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Uhphuflhphqwv

Fh wudydlo d ìwì h�hfwxì dx Fhqwuh Vflhqwl�txh hw Whfkqltxh Mhdq Ihjhu gh od vrflìwì
Hoi H{sorudwlrq Surgxfwlrq ã Sdx1
Mh uhphuflh Prqvlhxu Plnkdlo Sdq�ory/ gh o*lqwìuíw tx*lo d pdutxì srxu fh wudydlo hw gh
o*krqqhxu tx*lo ph idlw gh suìvlghu oh mxu|1 Mh uhphuflh ìjdohphqw Phvvlhxuv Prkdphg
Dpdud/ Dodlq Edpehujhu hw Doodo Jxhvvde/ gh o*dwwhqwlrq tx*lo rqw sruwì ã fhwwh wkëvh hw
gh ohxu sduwlflsdwlrq dx mxu|1
Phvvlhxuv Dodlq Erxujhdw hw Mìu÷ph Md�uì rqw dffhswì g*íwuh phv udssruwhxuv1 Mh
vrxkdlwh ohxu h{sulphu wrxwh pd judwlwxgh srxu ohxuv uhpdutxhv frqvwuxfwlyhv hw ohxu
vdlv juì g*dyrlu elhq yrxox h{dplqhu fh wudydlo1
M*h{sulph ìjdohphqw wrxwh pd uhfrqqdlvvdqfh ã Prqvlhxu Eudklp Dpd}ldqh/ txl p*d idlw
o*krqqhxu g*íwuh prq gluhfwhxu gh wkëvh/ hw p*d jxlgì gdqv pd irupdwlrq gh pdwkìpd0
wltxhv dssoltxìhv1
Mh wlhqv ã uhphuflhu wrxw sduwlfxolëuhphqw Prqvlhxu Shsslqr Whusrolool/ lqlwldwhxu gh fhwwh
wkëvh/ hw suìvhqw oruv gh wrxwhv ohv ìwdshv gh fh wudydlo1 Mh oxl vdlv juì gh p*dyrlu dssruwì
txhotxhv xqhv gh vhv qrpeuhxvhv frpsìwhqfhv vflhqwl�txhv/ vhv uhpdutxhv hw vhv lgìhv
frqvwuxfwlyhv/ vrq hqwkrxvldvph hw vrq ìwhuqho rswlplvph1 Sdu dloohxuv mh oh uhphuflh
srxu oh judqg lqwìuíw tx*lo d sruwì ã fh wudydlo/ txh mh frqvlgëuh frpph q÷wuh/ dlqvl txh
srxu vhv hqfrxudjhphqwv hw vrq vrxwlhq prudo vdqv ohvtxhov fhwwh wkëvh q*dxudlw sx íwuh
phqìh ã whuph1
F*hvw o*rffdvlrq dxvvl srxu prl g*h{sulphu phv uhphuflhphqwv ã wrxv ohv djhqwv g*Hoi/
txh m*dl uhqfrqwuì dx frxuv gh fhv wurlv dqqìhv1 Mh ohxu vxlv lq�qlphqw uhfrqqdlvvdqw gh
ohxu fkdohxuhx{ dffxhlo hw gh o*h{sìulhqfh surihvvlrqqhooh tx*lov p*rqw wudqvplvh1 Soxv
sduwlfxolëuhphqw/ m*h{sulph phv uhphuflhphqwv ã Prqvlhxu Sklolssh Whvvlhu dlqvl tx*ã
vrq vxffhvvhxu Prqvlhxu Sdwulfn Jloo| srxu p*dyrlu dffxhlool gdqv ohxu surmhw hw srxu ohv
qrpeuhx{ frqvhlov tx*lov p*rqw vxjjìuìv vxu oh sodq lqgxvwulho1
M*dguhvvh hq�q phv uhphuflhphqwv ohv soxv d�hfwxhx{ ã phv sduhqwv dlqvl tx*ã wrxv phv
dplv g*xq shwlw frlq gx Vxg Rxhvw rü lo idlw erq ylyuh1
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WDEOH GHV PDWLHUHV
314 LQWURGXFWLRQ JHQHUDOH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
315 QRWDWLRQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

SDUWLH L 4<
4 Plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv 54

414 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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
415 Qrwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
416 Pìwkrghv dojìeultxhv 1 1 1 1 1 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

41614 Pr|hqqhv dulwkpìwltxh/ kduprqltxh hw jìrpìwultxh 1 1 1 1 1 1 1 1 59
41615 Pr|hqqh gh sxlvvdqfh 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:
41616 Pìwkrgh gh Fdugzhoo hw Sduvrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
41617 Dxwuhv hvwlpdwhxuv 1 1 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;
41618 Pìwkrgh gh uhqrupdolvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;

417 Pìwkrghv g*krprjìqìlvdwlrqv 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
41714 Orl gh Gduf| 1 1 1 1 1 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
41715 Krprjìqìlvdwlrq sìulrgltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
41716 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv 1 1 1 1 1 67
41717 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv frq�qìhv 1 1 1 1 1 69
41718 Krprjìqìlvdwlrq vwrfkdvwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;

418 Udsshov gh txhotxhv uìvxowdwv xwlolvìv hq krprjìqìlvdwlrq 1 1 1 1 1 1 1 1 1 73
41814 J0frqyhujhqfh 1 1 1 1 1 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
41815 J0frqyhujhqfh sduderoltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
41816 Ghx{ uìvxowdwv fodvvltxhv hq krprjìqìlvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 75

5 Dssur{lpdwlrq qxpìultxh gx whqvhxu ìtxlydohqw 76
514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
515 Qrwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
516 Pìwkrgh olqìdluh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
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51614 Hqfdguhphqw qxpìultxh gx whqvhxu ìtxlydohqw 1 1 1 1 1 1 1 1 1 1 1 79
51615 Hqfdguhphqw srxu ohv whuphv h{wud0gldjrqdx{ 1 1 1 1 1 1 1 1 1 1 1 85
51616 Hvwlpdwlrqv g*huuhxuv hw frqyhujhqfh ghv dssur{lpdwlrqv 1 1 1 1 1 86
51617 Hwxgh g*xq frqwh{wh v|pìwultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
51618 Vwdelolwì sdu udssruw ã od J0frqyhujhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
51619 Vwdelolwì sdu udssruw ã od J0frqyhujhqfh sduderoltxh 1 1 1 1 1 1 1 93
5161: Dxwuh hqfdguhphqw gx whqvhxu ìtxlydohqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

517 Frpsdudlvrq ghv pìwkrghv g*krprjìqìlvdwlrq olqìdluh/ frq�qìh hw sìul0
rgltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

6 Fdofxo qxpìultxh gh od shupìdelolwì ìtxlydohqwh sdu ìoìphqwv �qlv dyhf
ghv pdloodjhv gìvwuxfwxuìv ::
614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
615 Grqqìhv gx sureoëph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
616 Pdloodjhv 5G gìvwuxfwxuìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

61614 Pdloodjhv jìrorjltxh hw g|qdpltxh 5G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
61615 Pdloodjh ìoìphqwv �qlv 5G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

617 Pdloodjhv 6G gìvwuxfwxuìv 1 1 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
61714 Pdloodjhv jìrorjltxh hw g|qdpltxh 6G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
61715 Erlwh hqjoredqwh 1 1 1 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
61716 Pdloodjh ìoìphqwv �qlv wìwudìgultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5
61717 Jhvwlrq ghv idloohv 1 1 1 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
61718 Pdlooh gìjìqìuìh +Slqfk0rxwv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7
61719 Ud!qhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7
6171: Dssur{lpdwlrq yroxpltxh g*xqh pdlooh g|qdpltxh 1 1 1 1 1 1 1 1 1 ;9

618 Uìvroxwlrq qxpìultxh ghv sureoëphv orfdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
61814 Pìwkrgh ghv ìoìphqwv �qlv frqiruphv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
61815 Pìwkrgh ghv ìoìphqwv �qlv pl{whv k|eulghv 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

619 Fdofxov qxpìultxhv gx whqvhxu ìtxlydohqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
61914 Grpdlqh v|pìwultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
61915 Grpdlqh gx O lqyhuvì 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
61916 H{hpsoh 5G gìvwuxfwxuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
61917 H{hpsoh 6G vwuxfwxuì 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
61918 H{hpsoh 6G gìvwuxfwxuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

7 Vlpxodwlrqv qxpìultxhv <:
714 Jìrpìwulhv 5G gìvwuxfwxuìhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;
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715 Vlpxodwlrqv wudfhxu 5G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;
71514 Ghvfulswlrq g*xq wudfhxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
71515 Fdudfwìulvwltxhv gx wudfhxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
71516 Slorwdjh ghv sxlwv 1 1 1 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
71517 H{sìulhqfhv qxpìultxhv 5G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434
71518 Pdloodjh gh uìiìuhqfh 1 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
71519 Pdloodjh �q gìvwuxfwxuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
7151: Pdloodjh lqwhupìgldluh gìvwuxfwxuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443
7151; Pdloodjh jurvvlhu gìvwuxfwxuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447

716 Vlpxodwlrqv glskdvltxhv 5G 1 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
717 Jìrpìwulh 6G gìvwuxfwxuìh hw glvwulexwlrq gh od shupìdelolwì devroxh 1 1 44;
718 Vlpxodwlrqv wudfhxu 6G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;

71814 Fdudfwìulvwltxhv gx wudfhxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;
71815 Srvlwlrq hw slorwdjh ghv sxlwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454
71816 H{sìulhqfhv qxpìultxhv 6G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454
71817 Fduwhv gh shupìdelolwì plvhv ã o*ìfkhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454
71818 Pdloodjh gh uìiìuhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
71819 Pdloodjh jurvvlhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459
7181: Whpsv gh fdofxov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466

719 Vlpxodwlrqv glskdvltxhv 6G 1 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
71914 Fdudfwìulvwltxhv ghv  xlghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467
71915 H{sìulhqfhv qxpìultxhv glskdvltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
71916 Pdloodjh gh uìiìuhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
71917 Pdloodjh jurvvlhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468

71: Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473

SDUWLH LL 474
8 Dssolfdwlrq gx frqwu÷oh rswlpdo ã od plvh ã o*ìfkhooh ghv shupìdelolwìv

devroxhv dyhf ghv frqglwlrqv dx{ olplwhv txhofrqtxhv 476
814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476
815 Qrwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 478
816 Udsshov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 478

81614 Plqlplvdwlrq gh o*huuhxu gx  x{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 479
81615 Hjdolwì ghv  x{ srxu ghv frqglwlrqv dx{ olplwhv sìulrgltxhv 1 1 1 1 47:
81616 Dssurfkh ghv prlqguhv fduuìv srqgìuìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;
81617 Fulwëuh gh o*ìqhujlh hq plolhx vwrfkdvwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 47<

:



817 Lgìhv gh edvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47<
818 Fdguh 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 1 484

81814 Frqglwlrqv dx{ olplwhv gh Glulfkohw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485
81815 Frqglwlrqv dx{ olplwhv píoìhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485

819 Plqlplvdwlrq g*xqh irqfwlrqqhooh ìqhujìwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486
81: Plqlplvdwlrq g*xqh irqfwlrqqhooh edvìh vxu od ylwhvvh 1 1 1 1 1 1 1 1 1 1 1 1 487
81; H{hpsohv 4G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488

81;14 Irqfwlrqqhooh ìqhujìwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488
81;15 Irqfwlrqqhooh edvìh vxu od ylwhvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:

81< Hwxgh gh od irqfwlrqqhooh ìqhujìwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48;
81<14 Frqwlqxlwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<
81<15 H{lvwhqfh g*xq plqlpxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495
81<16 Gl�ìuhqwldelolwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495

8143 Hwxgh gh od irqfwlrqqhooh edvìh vxu od ylwhvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:;
814314 Frqwlqxlwì 1 1 1 1 1 1 1 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:;
814315 H{lvwhqfh g*xq plqlpxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:<
814316 Gl�ìuhqwldelolwì 1 1 1 1 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:<

8144 Dojrulwkph gh fdofxo 1 1 1 1 1 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;6
814414 Irqfwlrqqhooh ìqhujìwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;6
814415 Irqfwlrqqhooh edvìh vxu od ylwhvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;7

9 Sursulìwìv gx whqvhxu ìtxlydohqw rewhqx dyhf ghv frqglwlrqv dx{ olplwhv
txhofrqtxhv 4;8
914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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;8
915 Qrwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 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;9
916 Fdv sduwlfxolhuv lpsruwdqwv = pìwkrghv frxudpphqw xwlolvìhv hq lqjìqlhulh

sìwurolëuh 1 1 1 1 1 1 1 1 1 1 1 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;9
91614 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ olplwhv olqìdluhv 1 1 1 1 1 4;:
91615 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ olplwhv frq�qìhv 1 1 1 1 4<4
91616 Krprjìqìlvdwlrq sìulrgltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<8
91617 Krprjìqìlvdwlrq vwrfkdvwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534
91618 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 537

917 Vwdelolwì srxu od J0frqyhujhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 538
91714 Irqfwlrqqhooh ìqhujìwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 539
91715 Irqfwlrqqhooh edvìh vxu od ylwhvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 543

918 Dssolfdwlrq gdqv oh fdguh sìulrgltxh hw vwrfkdvwltxh 1 1 1 1 1 1 1 1 1 1 1 1 544
919 Xqlflwì g*xq plqlpxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 545

91914 Fdofxo gh od gl�ìuhqwlhooh g*ruguh ghx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 545
;



91915 Gìshqgdqfh frqwlqxh gh od gl�ìuhqwlhooh g*ruguh ghx{ 1 1 1 1 1 1 1 548
91916 Xqlflwì gx frqwu÷oh rswlpdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 553

91: Frqyhujhqfh gh o*dssur{lpdwlrq gx whqvhxu ìtxlydohqw 1 1 1 1 1 1 1 1 1 1 1 555
91; Frqyhujhqfh gh od vroxwlrq gìshqgdqw gx whqvhxu ìtxlydohqw 1 1 1 1 1 1 1 556
91< Hvwlpdwlrqv g*huuhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 559

: Whvwv qxpìultxhv 55<
:14 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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<
:15 Grpdlqh v|pìwultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563
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314 LQWURGXFWLRQ JHQHUDOH
Ohv uìvhuyrluv sìwurolhuv vrqw hq jìqìudo frqvwlwxìv gh urfkhv iruwhphqw kìwìurjëqhv ã o*lq0
wìulhxu ghvtxhoohv vh wurxyhqw ohv k|gurfduexuhv txh o*rq vrxkdlwh h{wudluh1 O*dpìolrudwlrq
gx wdx{ gh uìfxsìudwlrq gh fhv k|gurfduexuhv qìfhvvlwh xqh frqqdlvvdqfh gìwdlooìh ghv
plolhx{ sruhx{ vrxwhuudlqv hw hq sduwlfxolhu ghv yduldwlrqv vsdwldohv gh ohxuv sursulìwìv
sk|vltxhv1 Ohv pr|hqv g*ìwxgh hw gh prgìolvdwlrq gh fhv yduldwlrqv/ vrxyhqw frpsoh{hv/
irqw dssho ã ghv glvflsolqhv wuëv glyhuvhv1 Gh qrpeuhxvhv grqqìhv vrqw irxuqlhv sdu od
jìrorjlh/ od vlvpltxh/ ohv hvvdlv gh sxlwv/ ohv gldjudsklhv hw ohv oderudwrluhv1 Rq frq0
vwuxlw doruv xqh ghvfulswlrq �qh ghv sursulìwìv sìwursk|vltxhv gx uìvhuyrlu hq xwlolvdqw
ohv whfkqltxhv gh od jìrvwdwlvwltxh1 Oh prgëoh �q +rx jìrorjltxh, dlqvl frqvwuxlw hvw frp0
srvì hq jìqìudo gh xq ã gl{ ploolrqv gh pdloohv/ ã fkdfxqh ghvtxhoohv vrqw dvvrflìv ghv
sdudpëwuhv sìwursk|vltxhv whov txh od srurvlwì/ ohv shupìdelolwìv devroxhv hw uhodwlyhv1
Fhshqgdqw/ od gl!fxowì uìvlgh gdqv od sulvh hq frpswh gh fhwwh frpsoh{lwì oruv ghv vlp0
xodwlrqv qxpìultxhv ghv ìfrxohphqwv ghv  xlghv1
Gdqv oh fdguh gx wudydlo txl vxlw/ rq v*lqwìuhvvh dx sureoëph gh od uìfxsìudwlrq vhfrqgdluh
gx sìwuroh oruv gh o*h{sorlwdwlrq g*xq jlvhphqw1 Ohv surfìgìv gh uìfxsìudwlrq vhfrqgdluh/
frxudpphqw sudwltxìv/ frqvlvwhqw ã srxvvhu o*kxloh yhuv ghv sxlwv gh surgxfwlrq hq lqmhf0
wdqw xq  xlgh +gh o*hdx/ sdu h{hpsoh, sdu ghv sxlwv lqmhfwhxuv mxglflhxvhphqw uìsduwlv1
O*ìwxgh ghv ìfrxohphqwv sro|skdvltxhv hq plolhx{ sruhx{ frqgxlw hq jìqìudo ã wudlwhu ghv
ìtxdwlrqv qrq0olqìdluhv hw frxsoìhv/ suìvhqwdqw xq fdudfwëuh k|shueroltxh1 Od vlpxodwlrq
qxpìultxh g*xq who skìqrpëqh vxu xq prgëoh jìrorjltxh frpsruwdqw soxv g*xq ploolrq gh
pdloohv hvw hqylvdjhdeoh/ dx pr|hq gh vlpxodwlrqv sdudooëohv sdu h{hpsoh1 Pdlv elhq txh
ohv pr|hqv lqirupdwltxhv qh fhvvhqw gh surjuhvvhu/ od gxuìh gh od vlpxodwlrq hvw hqfruh
wurs judqgh hw fhuwdlqv sureoëphv gh frqyhujhqfh shxyhqw dssdudñwuh/ frpswh whqx gh
od idleoh wdlooh ghv pdloohv jìrorjltxhv1 G*dxwuh sduw/ lo vhpeoh tx*lo vrlw wuëv gl!floh gh
whqwhu oh fdodjh g*xq klvwrultxh gh surgxfwlrq srxu xq prgëoh vxsìulhxu ã xq ploolrq gh
pdloohv1
Od jìrvwdwlvwltxh hvw irqgìh vxu ghv whfkqltxhv suredelolvwhv1 Od frqvìtxhqfh hvw txh
o*rq qh glvsrvh sdv g*xq vhxo prgëoh jìrorjltxh/ pdlv g*xq hqvhpeoh +soxvlhxuv gl}dlqhv,
gh prgëohv +uìdolvdwlrqv, ìtxlsuredeohv gx jlvhphqw1 Ohv gl!fxowìv uhqfrqwuìhv vxu xq
vhxo prgëoh jìrorjltxh srxu od vlpxodwlrq ghv ìfrxohphqwv ghv  xlghv uhqghqw lpsrvvleoh
oh wudydlo gh vlpxodwlrq gh o*hqvhpeoh ghv uìdolvdwlrqv jìrvwdwlvwltxhv1 Srxu sdoolhu ã fhv
gl!fxowìv/ rq hvw dphqì ã uhfrxulu dx{ pìwkrghv g*krprjìqìlvdwlrq rx gh fkdqjhphqw
g*ìfkhoohv1 O*dssurfkh frqvlvwh ã frqvwuxluh/ srxu fkdtxh uìdolvdwlrq jìrvwdwlvwltxh/ xq
prgëoh jurvvlhu +rx g|qdpltxh,/ frpsruwdqw hqwuh ylqjw hw ghx{ fhqwv plooh pdloohv/ hq
phwwdqw ã o*ìfkhooh ohv fdudfwìulvwltxhv sìwursk|vltxhv1 Srxu fkdtxh pdlooh gx prgëoh g|0
qdpltxh/ rq h�hfwxh sdu h{hpsoh od plvh ã o*ìfkhooh gx whqvhxu gh shupìdelolwì devroxh/
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grqw oh uìvxowdw hvw dsshoì shupìdelolwì ìtxlydohqwh rx krprjìqìlvìh1 Od vlpxodwlrq g*xq
who hqvhpeoh gh prgëohv jurvvlhuv ghylhqw doruv uìdolvdeoh1 Fhshqgdqw/ fh surfhvvxv hvw
hqfruh wuëv orqj hq whpsv gh fdofxo1 F*hvw srxutxrl rq uhvwuhlqw oh qrpeuh gh uìdolvdwlrqv
jìrvwdwlvwltxhv ã wudlwhu1 Hq sudwltxh/ lo hvw frxudqw gh wudlwhu wurlv vlwxdwlrqv fruuh0
vsrqgdqw dx{ fdv plqlpxp/ pìgldq hw pd{lpxp ghv k|gurfduexuhv hq sodfh gdqv oh
jlvhphqw1 Gdqv od vxlwh rq v*lqwìuhvvh dx fdv g*xqh vhxoh uìdolvdwlrq jìrvwdwlvwltxh1
Ohv suhplhuv wudydx{ ^53` vxu od plvh ã o*ìfkhooh gdwhqw gh 4<78 hw vrqw edvìv vxu ghv orlv
khxulvwltxhv frpph od pr|hqqh dulwkpìwltxh rx kduprqltxh1 Gdqv ohv dqqìhv 4<:3 gh
qrpeuhx{ duwlfohv rqw ìwì sxeolìv/ gdqv ghv grpdlqhv g*dssolfdwlrq wuëv glyhuv/ idlvdqw
lqwhuyhqlu od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh1 Oh whqvhxu krprjìqìlvì hvw fdofxoì
ã sduwlu ghv vroxwlrqv gh sureoëphv orfdx{ dyhf ghv frqglwlrqv dx{ erugv sìulrgltxhv1
Xqh suìvhqwdwlrq gh fhwwh wkìrulh shxw íwuh wurxyìh gdqv ohv rxyudjhv gh Ehqvrxvvdq
hw do1 ^45` hw Vdqfkh}0Sdohqfld ^:;`1 O*krprjìqìlvdwlrq sìulrgltxh hvw xqh wkìrulh wuëv
sxlvvdqwh txl shuphw gh uìvrxguh gh qrpeuhx{ sureoëphv1 Wrxwhirlv o*k|srwkëvh gh
sìulrglflwì hvw dvvh} uhvwulfwlyh1 Hq 4<::/ Edpehujhu ^43` gìyhorssd xqh pìwkrgh srxu
gìwhuplqhu oh whqvhxu ìtxlydohqw vxu ghv jìrpìwulhv txhofrqtxhv1 Dyhf fhwwh dssurfkh oh
fdofxo gx whqvhxu ìtxlydohqw qìfhvvlwh od uìvroxwlrq gh sureoëphv orfdx{ dyhf ghv frqgl0
wlrqv dx{ erugv olqìdluhv1 Gh soxv oh whqvhxu ìtxlydohqw dlqvl rewhqx hvw vwdeoh srxu od
J0frqyhujhqfh1 Dx gìexw ghv dqqìhv 4<;3/ Erxujhdw ^48`/ ^78` dssoltxd o*krprjìqìlvd0
wlrq sìulrgltxh dx{ sureoëphv ghv ìfrxohphqwv ghv  xlghv gdqv ohv plolhx{ sruhx{1 Xqh
pìwkrgh soxv jìqìudoh txl hvw o*krprjìqìlvdwlrq vwrfkdvwltxh ixw dssoltxìh/ dx gìexw
ghv dqqìhv 4<<3/ sdu Erxujhdw hw do ^4:`/ dx{ sureoëphv gh o*lqgxvwulh sìwurolëuh1 Xqh
v|qwkëvh ghv qrpeuhx{ uìvxowdwv rewhqxv shxw íwuh wurxyìh gdqv ^78`1
O*xwlolvdwlrq gh pdloodjhv  h{leohv hq vlpxodwlrq gh uìvhuyrlu hvw hq sohlqh h{sdqvlrq1 Oh
prgëoh g|qdpltxh hvw frqvwuxlw hq uhvshfwdqw dx plhx{ ohv sduwlfxodulwìv gh od jìrpìwulh
uìhooh gx uìvhuyrlu/ whov txh ohv fkhqdx{ hw ohv idloohv1 Wrxwhv fhv frqwudlqwhv hqjhqguh
jìqìudohphqw xq pdloodjh uìvhuyrlu luuìjxolhu vxu ohtxho vrqw vlpxoìv ohv ìfrxohphqwv ghv
 xlghv1 Sdu frqvìtxhqw/ rq hvw frqiurqwì dx sureoëph gh od plvh ã o*ìfkhooh ghv fdudf0
wìulvwltxhv sìwursk|vltxhv vxu ghv pdloodjhv  h{leohv gh w|sh Fruqhu Srlqw Jhrphwu| rx
gìvwuxfwxuìv gh w|sh Yrurqrò1 Gdqv fh txl vxlw/ rq v*lqwìuhvvh xqltxhphqw ã od frpsrvl0
wlrq ghv shupìdelolwìv devroxhv/ txl hvw xq srlqw gh sdvvdjh fuxfldo hqwuh od jìrorjlh gh
surgxfwlrq hw o*ìwxgh ghv suìylvlrqv gh surgxfwlrq g*xq jlvhphqw1
O*hqvhpeoh ghv pìwkrghv gh plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv shxw vh glylvhu hq
ghx{ judqghv idploohv txl vrqw ohv pìwkrghv dojìeultxhv hw ohv pìwkrghv qxpìultxhv1 Ohv
pìwkrghv dojìeultxhv/ edvìhv vxu gh vlpsohv fdofxov dqdo|wltxhv/ vrqw hq jìqìudo wuëv udsl0
ghv hq whpsv gh fdofxov pdlv qh irxuqlvvhqw ghv uìvxowdwv vdwlvidlvdqwv txh gdqv txhotxhv
vlwxdwlrqv elhq sduwlfxolëuhv1 O*rewhqwlrq gh uìvxowdwv soxv suìflv h{ljh oh uhfrxuv dx{
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pìwkrghv qxpìultxhv txl qìfhvvlwhqw hq jìqìudo od uìvroxwlrq gh sureoëphv orfdx{/ srvìv
vxu fkdtxh pdlooh jurvvlëuh gx prgëoh uìvhuyrlu1
Ohv sureoëphv orfdx{/ vxlydqw ohv pìwkrghv/ vrqw uìvroxv srxu ghv frqglwlrqv dx{ olplwhv
sduwlfxolëuhv1 Od sduwlfxodulwì gh fhv frqglwlrqv dx{ olplwhv hvw xqh frqvìtxhqfh gh od
frqvwuxfwlrq píph gh fhv pìwkrghv qxpìultxhv1 Rq frqvwdwh txh srxu xqh glvwulex0
wlrq gh shupìdelolwì grqqìh/ ohv uìvxowdwv rewhqxv shxyhqw íwuh wuëv gl�ìuhqwv vxlydqw ohv
frqglwlrqv dx{ olplwhv fkrlvlhv1 O*h{sìulhqfh ghv lqjìqlhxuv uìvhuyrluv d frqgxlw ã o*xwlo0
lvdwlrq gh soxvlhxuv w|shv gh frqglwlrqv dx{ olplwhv = ohv frqglwlrqv gh w|sh olqìdluh/ gh
w|sh frq�qì rx elhq gh w|sh sìulrgltxh1 Xq dydqwdjh uhodwli ghv frqglwlrqv gh w|sh frq0
�qì hvw gh irxuqlu xq whqvhxu gh shupìdelolwì gldjrqdo txl shxw íwuh gluhfwhphqw lqwìjuì
sdu oh vlpxodwhxu lqgxvwulho Hfolsvh ^64` xwlolvì sdu oh jurxsh Hoi1 Srxu ohv dxwuhv w|shv
gh frqglwlrqv rq rewlhqw jìqìudohphqw ghv whqvhxuv sohlqv1 Shx gh wudydx{ rqw fkhufkì
ã suìflvhu oh fkrl{ ghv frqglwlrqv dx{ olplwhv = od sudwltxh hvw vrxyhqw frqglwlrqqìh sdu
ohv rxwlov glvsrqleohv1 Rq shxw phqwlrqqhu od sxeolfdwlrq gh Edunhu hw Wklehdx ^<` +dlqvl
txh ohv uìiìuhqfhv gh fhw duwlfoh, rü hvw idlwh xqh dqdo|vh ghv pìwkrghv gh plvh ã o*ìfkhooh
hw lov vrxoljqhqw od iruwh gìshqgdqfh ghv uìvxowdwv sdu udssruw dx w|sh gh frqglwlrqv dx{
olplwhv fkrlvlhv1 Lo hvw dxvvl uhfrppdqgì g*xwlolvhu ghv frqglwlrqv surfkhv ghv frqglwlrqv
uìhoohv g*h{sorlwdwlrq gx jlvhphqw1 Fh skìqrpëqh v*h{soltxh gdqv od wkìrulh gh o*kr0
prjìqìlvdwlrq fdu oh whqvhxu krprjìqìlvì hvw lqgìshqgdqw ghv frqglwlrqv dx{ olplwhv gx
jlvhphqw/ oruvtxh od gl�ìuhqfh hqwuh od wdlooh ghv pdloohv �qhv hw ghv pdloohv jurvvlëuhv hvw
wuëv judqgh1 Dlqvl/ vl rq frqvlgëuh oh sdudpëwuh 0 txl hvw oh udssruw hqwuh od wdlooh fdu0
dfwìulvwltxh ghv pdloohv �qhv hw fhooh ghv pdloohv jurvvlëuhv/ o*krprjìqìlvdwlrq shxw íwuh
lqwhusuìwìh frpph xqh dqdo|vh dv|pswrwltxh fruuhvsrqgdqw ã od vlwxdwlrq rü 0 whqg yhuv
}ìur1 Rq shxw frqvlgìuhu txh fhwwh vlwxdwlrq hvw uìdolvìh gdqv gh qrpeuhx{ sureoëphv gh
o*lqjìqlhulh sìwurolëuh1 Fhshqgdqw/ gdqv elhq ghv fdv/ 0 qh shxw íwuh lq�qlphqw shwlw/ hw od
txhvwlrq gh od gìshqgdqfh gx whqvhxu ìtxlydohqw sdu udssruw dx{ frqglwlrqv dx{ olplwhv
ghylhqw shuwlqhqwh1 Ohv uìvxowdwv ghv vlpxodwlrqv gìshqghqw grqf gx fkrl{ ghv frqglwlrqv
dx{ olplwhv +sìulrgltxhv/ olqìdluhv/ frq�qìhv, txl vrqw hq jìqìudo wuëv ìorljqìhv ghv frq0
glwlrqv uìhoohv gx jlvhphqw1 D�q gh plhx{ suhqguh hq frpswh ohv frqglwlrqv uìhoohv gx
uìvhuyrlu hw g*ìwxglhu oh frpsruwhphqw gx whqvhxu ìtxlydohqw hq irqfwlrq ghv frqglwlrqv
dx{ olplwhv dssoltxìhv dx{ sureoëphv orfdx{/ rq hvw frqiurqwì dx sureoëph gh fdofxohu
xq whqvhxu ìtxlydohqw srxu ghv frqglwlrqv dx{ olplwhv txhofrqtxhv1
Gdqv fh wudydlo rq gì�qlw xqh pìwkrgh gh fdofxo gx whqvhxu ìtxlydohqw srxu ghv frqgl0
wlrqv dx{ olplwhv jìqìudohv1 Fhwwh pìwkrgh hvw irqgìh vxu ghv whfkqltxhv g*rswlplvdwlrq
hw grqqh olhx ã xq dojrulwkph h�hfwli1 O*dssolfdwlrq gh fhw dojrulwkph gdqv ohv fdv sduwl0
fxolhuv ghv frqglwlrqv dx{ olplwhv olqìdluhv/ frq�qìhv hw sìulrgltxhv/ shuphw gh uhwurxyhu
ohv uìvxowdwv frqqxv ghv glyhuvhv pìwkrghv gh plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv1
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Gh soxv/ fhwwh pìwkrgh vh uìyëoh íwuh vwdeoh srxu od J0frqyhujhqfh1 Xqh ghv frqvìtxhqfhv
gh fhwwh ghuqlëuh sursulìwì hvw od jìqìudolvdwlrq g*xq uìvxowdw gh Erxujhdw hw Edghd ^;`1
Hq�q/ o*dojrulwkph plv dx srlqw shuphw ìjdohphqw gh wudlwhu ghv pdloodjhv gìvwuxfwxuìv1
Od srvvlelolwì g*h�hfwxhu od plvh ã o*ìfkhooh srxu ghv pdloodjhv gìvwuxfwxuìv hvw ghyhqx
txdvlphqw lqglvshqvdeoh gdqv o*lqgxvwulh sìwurolëuh1 Od pìwkrgh g*krprjìqìlvdwlrq dyhf
ghv frqglwlrqv dx{ olplwhv olqìdluhv/ d o*dydqwdjh gh srxyrlu íwuh dssoltxìh dx{ pdlo0
odjhv gìvwuxfwxuìv1 O*lpsoìphqwdwlrq uljrxuhxvh gh fhwwh pìwkrgh hq pdloodjhv vwuxfwxuìv
6G hvw uhodwlyhphqw idfloh1 Hq uhydqfkh/ vd plvh hq rhxyuh srxu ghv whpsv gh fdofxov
udlvrqqdeohv/ ghylhqw soxv gìolfdwh oruv gx wudlwhphqw gh pdloodjhv gìvwuxfwxuìv/ qrwdp0
phqw hq udlvrq gh o*dssdulwlrq ghv idloohv1 Gdqv fh wudydlo rq suìvhqwh ohv gl�ìuhqwhv ìwdshv
gh o*lpsoìphqwdwlrq ghv pìwkrghv olqìdluh hw frq�qìh srxu ghv pdloodjhv gìvwuxfwxuìv
6G dlqvl tx*xqh dssurfkh shuphwwdqw g*rewhqlu xq hqfdguhphqw qxpìultxh gx whqvhxu
ìtxlydohqw1 Ghv hvwlpdwlrqv g*huuhxuv hw ghv uìvxowdwv gh frqyhujhqfh vrqw ìwdeolv1 Rq
jìqìudolvh sdu dloohxuv oh uìvxowdw gh vwdelolwì gh J0frqyhujhqfh srxu od pìwkrgh olqìdluh
ã od J0frqyhujhqfh sduderoltxh1 Hq�q/ srxu ydolghu ohv pìwkrghv lpsoìphqwìhv rq hi0
ihfwxh ghv vlpxodwlrqv srxu ghv ìfrxohphqwv prqrskdvltxhv hw glskdvltxhv lpplvfleohv
hw lqfrpsuhvvleohv1

Rujdqlvdwlrq gx pìprluh
Fhwwh wkëvh hvw rujdqlvìh hq 5 sduwlhv1

Od suhplëuh sduwlh +fkdslwuhv 4 ã 7, hvw frqvdfuìh g*xqh sduw ã o*dssur{lpdwlrq qxpìultxh
gx whqvhxu ìtxlydohqw rewhqxh sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf ohv frqglwlrqv dx{
erugv olqìdluhv hw frq�qìhv hq pdloodjhv gìvwuxfwxuìv1
Gdqv oh suhplhu fkdslwuh/ rq udsshooh gl�ìuhqwhv pìwkrghv gh plvh ã o*ìfkhooh gh od shu0
pìdelolwì devroxh grqw od soxsduw vrqw frxudpphqw xwlolvìhv hq lqjìqlhulh sìwurolëuh1 Rq
suìvhqwh eulëyhphqw od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh hw vwrfkdvwltxh dlqvl txh
fhuwdlqv uìvxowdwv uhodwliv ã od J0frqyhujhqfh1
Gdqv oh fkdslwuh 5/ rq sursrvh g*xwlolvhu ã od irlv od pìwkrgh ghv ìoìphqwv �qlv frqiruphv
hw od pìwkrgh ghv ìoìphqwv �qlv pl{whv srxu uìvrxguh ohv sureoëphv orfdx{1 Rq prq0
wuh txh fhfl shuphw g*rewhqlu xq hqfdguhphqw qxpìultxh gh od shupìdelolwì ìtxlydohqwh
irxuqlh sdu ohv pìwkrghv olqìdluh rx gx prgh frq�qì1 Ghv uìvxowdwv gh frqyhujhqfh hw
g*hvwlpdwlrq g*huuhxu vrqw suìvhqwìv1 Rq prqwuh hq sduwlfxolhu txh ohv pìwkrghv olqìdluh
hw gx prgh frq�qì vrqw vwdeohv srxu od J0frqyhujhqfh sduderoltxh1 Rq whuplqh doruv fh
fkdslwuh sdu xqh frpsdudlvrq hqwuh ohv pìwkrghv g*krprjìqìlvdwlrq olqìdluh/ frq�qìh hw
sìulrgltxh1
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Oh wurlvlëph fkdslwuh v*lqwìuhvvh ã od plvh hq rhxyuh gh od pìwkrgh g*krprjìqìlvdwlrq
dyhf ohv frqglwlrqv dx{ erugv olqìdluhv hq pdloodjh gìvwuxfwxuì hq glphqvlrq 5 hw 61 Rq
gì�qlw g*derug od pìwkrgrorjlh hpsor|ìh d�q gh uhvshfwhu vfuxsxohxvhphqw oh pdloodjh
g|qdpltxh hw jìrorjltxh/ sxlv rq grqqh o*dojrulwkph sduwlfxolhu plv hq sodfh d�q gh
srxyrlu wudlwhu gh pdqlëuh dxwrpdwltxh ohv pdloohv gx prgëoh g|qdpltxh vlwxìhv suëv
ghv idloohv1 Hqvxlwh/ rq suìvhqwh ghv uìvxowdwv qxpìultxhv gh whqvhxuv ìtxlydohqwv fdofxoìv
srxu ohv pìwkrghv olqìdluh hw gx prgh frq�qì1 Rq frpsduh hq�q ohv uìvxowdwv dyhf ohv
glyhuvhv pìwkrghv gìfulwhv dx fkdslwuh 41
Oh txdwulëph fkdslwuh hvw frqvdfuì dx{ vlpxodwlrqv qxpìultxhv ghv ìfrxohphqwv ghv  x0
lghv gdqv xq jlvhphqw1 Ghv vlpxodwlrqv prqrskdvltxhv hw glskdvltxhv 5G/ shuphwwdqw
gh frpsduhu ohv glyhuvhv pìwkrghv gh plvh ã o*ìfkhooh/ vrqw h�hfwxìhv vxu ghv pdloodjhv
gìvwuxfwxuìv1 Rq frpsduh doruv fhv uìvxowdwv ã ghv vlpxodwlrqv h�hfwxìhv vxu xq pdloodjh
ruwkrjrqdo fodvvltxh1 Rq ìwxglh hqvxlwh od plvh ã o*ìfkhooh g*xqh sduwlh g*xq jlvhphqw
uìho 6G1 Srxu fh pdloodjh  h{leoh 6G rq h�hfwxh hq�q ghv vlpxodwlrqv prqrskdvltxhv hw
glskdvltxhv gh  xlghv lpplvfleohv hw lqfrpsuhvvleohv txl shuphwwhqw gh ydolghu od pìwk0
rgh gh plvh ã o*ìfkhooh lpsoìphqwìh1

Od ghx{lëph sduwlh +fkdslwuhv 8 ã :, frqfhuqh oh gìyhorsshphqw g*xqh pìwkrgh gh
plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv dyhf ghv frqglwlrqv dx{ olplwhv txhofrqtxhv
dssoltxìhv dx{ sureoëphv orfdx{1
D�q gh srxyrlu suhqguh hq frpswh ghv frqglwlrqv dx{ olplwhv jìqìudohv/ rq suìvhqwh gdqv
oh fkdslwuh 8 xqh pìwkrgh gh plvh ã o*ìfkhooh irqgìh vxu od plqlplvdwlrq g*xqh irqfwlrq0
qhooh uhsuìvhqwdqw od vrpph ghv ìfduwv ghv ìqhujlhv orfdohv hw joredohv/ srxu ghv frqglwlrqv
dx{ olplwhv gh w|sh Glulfkohw rx píoìhv1 Xqh vhfrqgh dssurfkh edvìh vxu od pr|hqqh ghv
yhfwhxuv gh �owudwlrq ã o*ìfkhooh orfdoh hw joredoh hvw ìjdohphqw suìvhqwìh1 Dsuëv dyrlu
grqqì txhotxhv h{hpsohv vxu xq fdv prqrglphqvlrqqho/ rq ìwxglh/ gdqv o*rswltxh g*xqh
plvh hq rhxyuh qxpìultxh/ ohv sursulìwìv gh frqwlqxlwì hw gh gìulydelolwì ghv gl�ìuhqwhv
irqfwlrqqhoohv frqvlgìuìhv1 Fh fkdslwuh v*dfkëyh sdu od suìvhqwdwlrq g*xq dojrulwkph gh
fdofxo h�hfwli gh od shupìdelolwì ìtxlydohqwh1
Dx fkdslwuh 9/ rq dssoltxh ohv pìwkrghv gx fkdslwuh suìfìghqw/ dyhf ohv frqglwlrqv dx{
olplwhv fodvvltxhv olqìdluhv/ frq�qìhv hw sìulrgltxhv1 Rq uhwurxyh dlqvl ohv whqvhxuv ìtxlyd0
ohqwv rewhqxv sdu ohv pìwkrghv g*krprjìqìlvdwlrq dyhf ohv frqglwlrqv dx{ erugv olqìdluhv/
frq�qìhv hw sìulrgltxhv1 O*ìwxgh gx fdguh vwrfkdvwltxh hvw ìjdohphqw derugì1 Gh soxv/
rq ìwdeolw xq olhq hqwuh xqh pìwkrgh gh plqlplvdwlrq/ shuphwwdqw oh fdofxo gx whqvhxu
ìtxlydohqw dyhf ghv frqglwlrqv dx{ erugv olqìdluhv ^67`/ hw xqh pìwkrgh gh plvh ã o*ìfkhooh
edvìh vxu ohv  x{ ^5<`1 Sdu dloohxuv/ rq h{dplqh gl�ìuhqwhv sursulìwìv ghv pìwkrghv gh
plvh ã o*ìfkhooh lqwurgxlwhv dx fkdslwuh 81 Rq prqwuh hq sduwlfxolhu od vwdelolwì srxu od
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J0frqyhujhqfh1 Fhfl shuphw doruv gh uhwurxyhu fhuwdlqv uìvxowdwv gìmã frqqxv1 Ghv uìvxo0
wdwv gh frqyhujhqfh hw ghv hvwlpdwlrqv g*huuhxuv vrqw ìjdohphqw gìprqwuìv1
Oh ghuqlhu fkdslwuh hvw frqvdfuì ã txhotxhv hvvdlv qxpìultxhv 5G rü o*rq dssoltxh od
pìwkrgh edvìh vxu od irqfwlrqqhooh ìqhujìwltxh txl d ìwì gìyhorssìh dx fkdslwuh 81 Rq
prqwuh txh oh whqvhxu ìtxlydohqw rewhqx hq uìvroydqw oh sureoëph gh plqlplvdwlrq gìshqg
ghv frqglwlrqv dx{ olplwhv sulvhv hq frpswh oruv gh od uìvroxwlrq ghv sureoëphv orfdx{1
Rq frpsduh doruv qrv uìvxowdwv dx{ whqvhxuv rewhqxv sdu ohv pìwkrghv fodvvltxhv1 Hq�q/
rq revhuyh qxpìultxhphqw fhuwdlqhv sursulìwìv gh od pìwkrgh txl rqw ìwì gìprqwuìhv
wkìrultxhphqw gdqv oh fkdslwuh 81
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315 QRWDWLRQV
Hq jìqìudo/ ohv qrwdwlrqv vrqw lqgltxìhv gdqv oh wh{wh oruvtx*hoohv vrqw lqwurgxlwhv1 Qìdq0
prlqv/ rq uhsurgxlw lfl ohv qrwdwlrqv ohv soxv xwlolvìhv1
l = jlvhphqw sìwurolhu
_ = glphqvlrq gh o*hvsdfh gh wudydlo
C� = pdloodjh jìrorjltxh
AM = pdloodjh g|qdpltxh
w = pdlooh jìrorjltxh
/ = pdlooh g|qdpltxh
g G' gE%� = whqvhxu ghv shupìdelolwìv devroxhv gx pdloodjh jìrorjltxh1
gW = shupìdelolwì ìtxlydohqwh
U3�c/E�� = rsìudwhxu gh pr|hqqh kduprqltxh vxu o*rxyhuw /
U�c/E�� = rsìudwhxu gh pr|hqqh dulwkpìwltxh vxu o*rxyhuw /
�Eb�c b2cl� = hqvhpeoh ghv pdwulfhv v|pìwultxhv ìtxl0eruqìhv hw ìtxl0frhuflyhv vxu l
�E�c @c /� = hqvhpeoh ghv pdwulfhv frqvwdqwhv dssduwhqdqw ã�Eb�c b2cl� frpsulvhv hqwuh
od pr|hqqh kduprqltxh hw od pr|hqqh dulwkpìwltxh g*xqh pdwulfh gE%� 5 �Eb�c b2cl�
Y/ = iurqwlëuh g*xq rxyhuw txhofrqtxh /m/m = phvxuh gh o*rxyhuw /
O? = qrupdoh xqlwdluh ã xq rxyhuw/ rulhqwìh yhuv o*h{wìulhxu
%� = l
e6e d{h gh frrugrqqìh
Oi� = l
e6e yhfwhxu gh od edvh fdqrqltxh
0 = vxlwh gh qrpeuhv uìhov vwulfwhphqw srvlwliv txl frqyhujh yhuv }ìur
F = frqvwdqwh lqgìshqgdqwh gh 0�O"�

�
= l
e6e frpsrvdqwh g*xq yhfwhxu O"

��� = ìoìphqw jìqìultxh g*xqh pdwulfh �
ghw E�� = gìwhuplqdqw gh od pdwulfh �
n�n�c/ '

�]
/
�E%�u��u� _%

��
2 ; � 5 M� E/�

mmmÔ mmm�c/ '
�]

/
�E%�Ô �Ô _%

��
2 ; Ô 5 Eu2 E/��_

n�n2 = qruph pdwulflhooh lqgxlwh sdu od qruph Hxfolglhqqh vxu U-_

mmm�mmm = qruph pdwulflhooh gì�qlh sdu mmm�mmm ' �]
/
n�E%�n22 _%

��
2

n�n7 = qruph gh Vfkxu gì�qlh sdu n�E%�n7 '
#

_S
�c�'�

���E�E%�������2
$�

2

t = fhooxoh gh edvh
M�
REt � = Hqvhpeoh ghv irqfwlrqv gh M� Et � t 0sìulrgltxhv
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' ' l�ofc A d
` Efc A � '

+
� * � 5 u2Efc Ac T �( Y�

Y| 5 u2Efc Ac T ��
,
c rü Y hvw xq hvsdfh gh Kloehuw grqw

oh gxdo hvw qrwì Y�

EUcI c >� = hvsdfh suredelolvì
�f = rsìudwhxu gh wudfh
K�( rx K( = sduwlh gh od iurqwlëuh gh Y/ vrxplvh ã xqh frqglwlrq dx{ olplwhv gh Glulfkohw
K�� rx K� = sduwlh gh od iurqwlëuh gh Y/ vrxplvh ã xqh frqglwlrq dx{ olplwhv gh Qhxpdqq
M�

fcK(
E/� ' i� 5 M� E/� who txh �f E�� ' f vxu K(j

ME_��c /� ' qOt(Ot 5 Eu2E/��_ ( _�� EOt� 5 u2E/�r
MfcK� E_��c /� ' iOt 5 ME_��c /�( Ot�O? ' f vxu K�j
MfE_��c /� ' iOt 5 ME_��c /�( _�� EOt� ' fj
Mf

fcK�
E_��c /� ' iOt 5 MfcK� E_��c /�( _�� EOt� ' fj

EMf E_��c /��6e@?f '
�
Ot 5 MfE_��c /�(

]
/
Ot _% ' f

�
M �

2
fcfEK(� '

q� 5 u2EK(�( < � 5 M� E/� dyhf ��Y/.K( ' fc ��K( ' �r
�
M �

2
fcfEK(�

�W = gxdo wrsrorjltxh gh M �
2
fcfEK(�

	 �c � : = furfkhw gh gxdolwì hqwuh M3 �
2 EY/� hw M �

2 EY/�
@E�c �� = iruph elolqìdluh gì�qlh sdu @E�c �� ' ]

/
g E%�u��u� _% ;�c � 5 M�E/�

uO1E�� = iruph olqìdluh gì�qlh sdu uO1E�� ' � ]
/
g E%�O1�u� _% ;� 5 M�E/� hw O1 5U-_

aO1E�� = irqfwlrqqhooh gì�qlh sdu aO1E�� ' �
2
@E�c ��� uO1E�� ;� 5 M�E/� hw O1 5U-_

m�E�c �� = irqfwlrqqhooh gì�qlh srxu Ot 5ME_��c /�c � 5 u2E/� hw � 5 M �
2 EY/� sdu

m�EOtc �� ' �
2

]
/
g3�E%�Ot�Ot _% n 	Ot�O?c � : � ]

/
_�� EOt� � _%

n�nu2EfcAcM�
fE/��

'
#] A

f
m�m2�c/ _|

$�
2

n�nu2EfcAcM3�E/�� '
#] A

f
n�n2M3�E/� _|

$�
2

D_ = hvsdfh ghv pdwulfhv fduuìhv g*ruguh _G = ìoìphqw gh o*hvsdfh surgxlw �M �
2 EY/��6

P = ìoìphqw gh o*hvsdfh surgxlw 6\
�'�

�
M �

2
fcfEK�(�� �

M �
2
fcfEK�� �

�W�
U& E�� = irqfwlrqqhooh ìqhujìwltxh srxu ghv frqglwlrqv dx{ olplwhv gh Glulfkohw
U} E�� = irqfwlrqqhooh ìqhujìwltxh srxu ghv frqglwlrqv dx{ olplwhv píoìhv
a& E�� = irqfwlrqqhooh edvìh vxu od ylwhvvh srxu ghv frqglwlrqv dx{ olplwhv gh Glulfkohw
a} E�� = irqfwlrqqhooh edvìh vxu od ylwhvvh srxu ghv frqglwlrqv dx{ olplwhv píoìhv
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Fkdslwuh 4
Plvh ã o*ìfkhooh ghv shupìdelolwìv
devroxhv
Dsuëv dyrlu lqwurgxlw ohv gl�ìuhqwhv qrwdwlrqv frqvlgìuìhv/ rq udsshooh gdqv fh fkdslwuh
ohv sulqflsdohv pìwkrghv gh plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv1 Od pdmhxuh sduwlh
gh fhv whfkqltxhv vrqw xwlolvìhv gdqv oh plolhx sìwurolhu hw frxudpphqw h{srvìhv gdqv od
olwwìudwxuh1 Rq v*lqwìuhvvh qrwdpphqw dx{ pìwkrghv rewhqxhv ã o*dlgh gh od wkìrulh gh
o*krprjìqìlvdwlrq whoohv tx*hoohv vrqw gìyhorssìhv gdqv oh olyuh ^78`1

414 Lqwurgxfwlrq
O*kìwìurjìqìlwì ghv plolhx{ sruhx{ qdwxuhov frqgxlw ã od qrwlrq g*ìfkhooh g*revhuydwlrq1
Vxlydqw ohv dssolfdwlrqv hqylvdjìhv/ rq shxw gì�qlu sulqflsdohphqw wurlv judqghv ìfkhoohv
g*revhuydwlrqv =� o*ìfkhooh plfurvfrsltxh txl frqvlvwh ã revhuyhu oh plolhx dx qlyhdx gx sruh1� o*ìfkhooh pdfurvfrsltxh +rü ìfkhooh g*krprjìqìlvdwlrq, txl frqvlgëuh oh plolhx frpph
frqwlqx/ hw shuphw g*hqjorehu soxvlhxuv }rqhv kìwìurjëqhv1� o*ìfkhooh jljdvfrsltxh +rü ìfkhooh gx jlvhphqw, txl suhqg hq frpswh ohv yduldwlrqv vsd0
wldohv ghv sursulìwìv pdfurvfrsltxhv gx plolhx1
O*ìwxgh ghv ìfrxohphqwv gh  xlghv g*xq uìvhuyrlu sìwurolhu qrxv frqgxlw ã íwuh frq0
iurqwì dx sureoëph frqqx vrxv oh qrp gh �plvh ã o*ìfkhooh� gdqv oh plolhx sìwurolhu1
Ohv sdudpëwuhv sìwursk|vltxhv/ fdudfwìulvdqw oh uìvhuyrlu/ whoohv txh od srurvlwì hw od
shupìdelolwì devroxh +srxu ohv plolhx{ prqrskdvltxhv, dx{txhoohv lo idxw dmrxwhu ohv shu0
pìdelolwìv uhodwlyhv hw od suhvvlrq fdsloodluh +srxu ohv plolhx{ sro|skdvltxhv, grlyhqw grqf
íwuh plv ã o*ìfkhooh1 Gdqv od vxlwh/ rq uhvwuhlqw qrwuh ìwxgh ã od plvh ã o*ìfkhooh gh od shu0
pìdelolwì devroxh/ grqw oh uìvxowdw vhud dsshoì shupìdelolwì ìtxlydohqwh1
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Iljxuh 414= Gì�qlwlrq g*xq plolhx krprjëqh ìtxlydohqw

Oh frqfhsw gh shupìdelolwì devroxh ìtxlydohqwh g*xq plolhx kìwìurjëqh hvw dvvh} gìolfdw1
O*lgìh irqgdphqwdoh hvw gh uhpsodfhu xq plolhx frpsrvì gh shupìdelolwìv kìwìurjëqhv
sdu xq plolhx gh shupìdelolwì krprjëqh gh vruwh txh od vxevwlwxwlrq vrlw ìtxlydohqwh srxu
fhuwdlqhv �qdolwìv hw gdqv fhuwdlqhv vlwxdwlrqv1 Oh sureoëph hvw gh suìflvhu fhv �qdolwìv
hw fhv vlwxdwlrqv sxlvtxh oh idlw gh uhpsodfhu soxvlhxuv ydohxuv sdu xqh vhxoh lpsoltxh
irufìphqw xqh shuwh g*lqirupdwlrq1 Gdqv od olwwìudwxuh rq shxw wurxyhu soxvlhxuv gì�ql0
wlrqv g*xq plolhx krprjëqh ìtxlydohqw1 Fhooh flwìh fl0ghvvrxv hvw vrxyhqw phqwlrqqìh hq
lqjìqlhulh sìwurolëuh1
Vrlw l xq rxyhuw eruqì gh U-� rffxsì sdu xq plolhx sruhx{ kìwìurjëqh hw / xqh sduwlh
kìwìurjëqh gh l +yrlu �jxuh 414,1 Pduoh gì�qlw doruv xq plolhx krprjëqh ìtxlydohqw gh
od pdqlëuh vxlydqwh =
�Rq d xq plolhx kìwìurjëqh l/ gdqv ohtxho d olhx xq ìfrxohphqw gh  xlgh lqfrpsuhvvleoh1
Rq yhxw uhpsodfhu xqh sduwlh / gh fh plolhx sdu xq plolhx krprjëqh/ gh fdudfwìulvwltxhv
whoohv txh o*ìfrxohphqw g*hqvhpeoh vrlw shuwxueì oh prlqv srvvleoh1�
O*krprjìqìlvdwlrq d xq vhqv pdwkìpdwltxh txl hvw soxv jìqìudo sdu udssruw dx vhqv/ soxv
uhvwulfwli/ ghv lqjìqlhxuv0uìvhuyrluv1 O*krprjìqìlvdwlrq pdwkìpdwltxh hvw o*ìwxgh/ sdu
xqh dqdo|vh dv|pswrwltxh/ gx frpsruwhphqw pdfurvfrsltxh g*xq surfhvvxv sk|vltxh rü
ohv skìqrpëqhv plfurvfrsltxhv mrxhqw xq u÷oh hvvhqwlho1 Gh whov surfhvvxv vrqw prg0
ìolvìv pdwkìpdwltxhphqw sdu xq v|vwëph g*ìtxdwlrqv dx{ gìulyìhv sduwlhoohv1 G*xqh
pdqlëuh jìqìudoh rq lqwurgxlw xq sdudpëwuh 0c txl uhsuìvhqwh oh udssruw hqwuh od wdlooh
ghv kìwìurjìqìlwìv orfdohv hw od wdlooh gx jlvhphqw1 Hq idlvdqw whqguh doruv fh sdudpëwuh 0
yhuv }ìur gdqv ohv ìtxdwlrqv ã o*ìfkhooh plfurvfrsltxh rq rewlhqw ghv ìtxdwlrqv �joredohv
rx krprjìqìlvìhv� srxu ohvtxhoohv od shupìdelolwì devroxh krprjìqìlvìh +ìtxlydohqwh,
hvw elhq gì�qlh1 Srxu ohv lqjìqlhxuv uìvhuyrluv/ o*krprjìqìlvdwlrq frqvlvwh ã dssurfkhu
sdu ghv frqvwdqwhv +ghvwlqìhv dx vlpxodwhxu gh uìvhuyrlu, ohv sdudpëwuhv sìwursk|vltxhv

55



vsdwldohphqw yduldeohv gdqv ohv ìtxdwlrqv dx{ gìulyìhv sduwlhoohv jrxyhuqdqw oh surfhvvxv
g*ìfrxohphqw hq plolhx sruhx{1

415 Qrwdwlrqv
Gdqv wrxwh od vxlwh gh fh wudydlo/ rq frqvlgëuh ohv qrwdwlrqv vxlydqwhv =
Vrlw l xq grpdlqh eruqì gh U-_c uhsuìvhqwdqw xq jlvhphqw rü _ ' �c 2c rx �� Od iurqwlëuh
gh l vhud qrwìh Yl� Oh whuph jìqìultxh g*xqh pdwulfh fduuìh � g*ruguh gc vhud qrwì
���c � � �c � � _ hw ghw E�� gìvljqhud oh gìwhuplqdqw gh ��
Hwdqw grqqìv ghx{ uìhov b� hw b2 whov txh f 	 b� � b2 	 n4c rq frqvlgëuh od idplooh
�Eb�c b2cl� ghv pdwulfhv v|pìwultxhv �E%� ' E@��E%���$�c�$_ yìul�dqw =;?

= @�� 5 u"El�c � � �c � � _
; O1 5 U-_ b�

���O1���2 � �E%�O1�O1 � b2
���O1���2 R� R� % 5 l +414,

rü 1 uhsuìvhqwh oh surgxlw vfdodluh Hxfolglhq gdqv U-_�
Vxu �Eb�c b2cl� rq lqwurgxlw o*ruguh sduwlho vxlydqw

� � � G' k � O1�O1 � � O1�O1 ; O1 5 U-_
l �

Rq frqvlgëuh xqh sduwlwlrq AM gh o*rxyhuw l hq Q rxyhuwv �/M� �
�$�$� c rü M uhsuìvhqwh

oh gldpëwuh pd{lpxp ghv rxyhuwv �/M
�

�
�$�$� G

l '
�̂

�'�

/M� �

Od sduwlwlrq AM gìvljqh oh pdloodjh g|qdpltxh vxu ohtxho hvw h�hfwxìh od vlpxodwlrq gx
uìvhuyrlu/ hw /M� / � � � � _c hvw xqh pdlooh +jurvvlëuh, gx pdloodjh g|qdpltxh1
Rq frqvlgëuh xqh vhfrqgh sduwlwlrq C� gx uìvhuyrlu l frpsrvìh gh� rxyhuwv �w�� ��$�$� /
rü k uhsuìvhqwh oh gldpëwuh pd{lpxp ghv rxyhuwv �w�� ��$�$� G

l '
�̂

�'�

w�� �

Od sduwlwlrq C� fruuhvsrqg dx pdloodjh jìrorjltxh frpsruwdqw soxvlhxuv ploolrqv gh
pdloohv �qhv +rx jìrorjltxhv, �w�� ��$�$� 1 Sdu od vxlwh/ srxu dooìjhu ohv qrwdwlrqv/ rq
qrwhud / doerR� wo o*rxyhuw /M

�

koerR� w�� l v*lo q*| d sdv g*dpeljxòwì hw Y/ doerR� m/mo
uhsuìvhqwhud od iurqwlëuh doerR� od phvxuho gh o*rxyhuw /1
Oruvtxh od sduwlwlrq C� hvw xqh vrxv sduwlwlrq g*xq ìoìphqw gh AM c rq dsshoohud wdx{
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Iljxuh 415= Pdloodjhv g|qdpltxh hw jìrorjltxh

g*djuìjdwlrq oh qrpeuh hqwlhu gh pdloohv �qhv w lqfoxvhv gdqv /� Vl oh qrpeuh gh pdloohv
�qhv lqfoxvhv gdqv / hvw frqvwdqw srxu fkdtxh pdlooh / gh AM / rq dxud doruv xq wdx{
g*djuìjdwlrq xqliruph/ vlqrq oh wdx{ g*djuìjdwlrq hvw txdol�ì gh qrq xqliruph1
Rq qrwh g od shupìdelolwì devroxh kìwìurjëqh gh C� yduldeoh g*xqh pdlooh ã o*dxwuh hw
gW od shupìdelolwì ìtxlydohqwh dvvrflìh ã fkdtxh pdlooh / gh AM 1 Ohv sduwlwlrqv C� hw
AM shuphwwhqw dlqvl gh gì�qlu ohv pdloodjhv jìrorjltxh hw g|qdpltxh +yrlu �jxuh 415,1
Sdu dloohxuv/ O? gìvljqh od qrupdoh xqlwdluh h{wìulhxuh g*xq rxyhuw txhofrqtxh hw Oi� hvw oh
l
e6e yhfwhxu gh od edvh fdqrqltxh1 Rq qrwhud EÔ �� od l
e6e frpsrvdqwh g*xq yhfwhxu Ô txl/
oruvtx*lo q*| dxud sdv gh frqixvlrq srvvleoh/ vhud uhsuìvhqwì vlpsohphqw sdu ^�� O*lqglfh
0 suhqgud vhv ydohxuv gdqv xqh vxlwh gh qrpeuhv vwulfwhphqw srvlwliv txl frqyhujh yhuv
}ìur/ hw rq gìvljqhud sdu F ghv frqvwdqwhv glyhuvhv lqgìshqgdqwhv gh 0�
Vrlw � xqh pdwulfh gh�Eb�c b2cl�� Gdqv od vxlwh/ rq frqvlgëuh ohv rsìudwhxuv gh pr|hqqh
dulwkpìwltxh U�c/ hw gh pr|hqqh kduprqltxh U3�c/ gì�qlhv sdu =

U�c/ E�� ' �m/m
]
/
�E%� _% U3�c/ E�� '

# �m/m
]
/
�3�E%� _%

$3�

Rq lqwurgxlw ìjdohphqw od fhooxoh gh edvh \ gì�qlh sdu t ' _T
�'�

ofc +f� d xwlolvìh srxu ohv
plolhx{ sìulrgltxhv1
Rq xwlolvh ohv qrwdwlrqv vwdqgdugv srxu ohv hvsdfhv gh Vrerohy hw rq qrwh

n�nfc/ '
�]

/
E�E%��2 _%

��
2 od qruph gh u2 E/�
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m�m�c/ '
�]

/
mu�E%�m2 _%

��
2 od qruph gh M�

f E/�

n�n�c/ ' �n�n2fc/ n m�m2�c/� �
2 od qruph gh M� E/�

Rq qrwhud sdu
M�
REt � ' q� 5 M� Et � 2 � hvw t 0sìulrgltxhr �

Vrlw W xq qrpeuh vwulfwhphqw srvlwli hw ' ' l�ofc A d� Rq frqvlgëuh xq hvsdfh gh Kloehuw
Y grqw oh gxdo vhud qrwì Y� hw rq lqwurgxlw o*hvsdfh

` Efc A � '
+
� * � 5 u2Efc Ac T �( Y�

Y| 5 u2Efc Ac T ��
,

txh o*rq pxqlw gh od qruph
n�n2` '

A]
f

n�n2T _|n
A]
f

�����Y�Y|
�����
2

T
�
_|

rü n�nT � gìvljqh od qruph gxdoh gì�qlh vxu T ��
Hq�q rq qrwh sdu EUcI c >� xq hvsdfh suredelolvì/ rü U gìvljqh o*hvsdfh ghv uìdolvdwlrqv/I xqh wulex hw > xqh phvxuh gh suredelolwì1

416 Pìwkrghv dojìeultxhv
Lo h{lvwh gh qrpeuhxvhv pìwkrghv gh plvh ã o*ìfkhooh hw fhoohv0fl yrqw idluh o*remhw ghv
sdudjudskhv vxlydqwv1 Ohv pìwkrghv dojìeultxhv vh glvwlqjxhqw sdu oh idlw txh gh vlpsohv
fdofxov dqdo|wltxhv vrqw h�hfwxìv srxu irxuqlu od shupìdelolwì ìtxlydohqwh rx ã gìidxw xq
hqfdguhphqw gh fhwwh ghuqlëuh1 Ohv whqvhxuv gh shupìdelolwì rewhqxv sdu ohv gl�ìuhqwhv
pìwkrghv vrqw wrxmrxuv gldjrqdx{ hw qh vrqw ydodeohv txh gdqv txhotxhv vlwxdwlrqv sdu0
wlfxolëuhv whoohv txh = sureoëph prqrglphqvlrqqho/ plolhx{ vwudwl�ìv/ plolhx{ gìfulwv sdu
xqh orl orjqrupdoh/ hwf111 Srxu vlpsol�hu ohv qrwdwlrqv/ rq suìvhqwh ohv gl�ìuhqwhv pìwk0
rghv gdqv oh fdv elglphqvlrqqho hw o*rq qrwh A@ oh wdx{ g*djuìjdwlrq1 Oh grpdlqh /
frqwlhqw �%� doerR� �%2o pdloohv �qhv oh orqj ghv d{hv %� doerR� %2o frpph lqgltxì gdqv
od �jxuh 4161 Rq vxssrvh sdu dloohxuv txh oh whqvhxu gh shupìdelolwì kìwìurjëqh gE%� gh
�Eb�c b2cl� hvw lvrwursh hw frqvwdqw vxu fkdtxh pdlooh �qh w gx grpdlqh / G

gE%�mw ' &?6 '

5
99999999997

&?6�� f � � � � � � f
f 1 1 1 1 1 1 111111 1 1 1 &?6�� 1 1 1 111111 1 1 1 1 1 1 f
f � � � � � � f &?6__

6
::::::::::8

dyhf &?6�� 5 U-n
W srxu

� � � � _
� � ? � �%�

� � 6 � �%2�
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Iljxuh 416= Wdx{ g*djuìjdwlrq
41614 Pr|hqqhv dulwkpìwltxh/ kduprqltxh hw jìrpìwultxh
Od pdqlëuh od soxv vlpsoh srxu rewhqlu xqh shupìdelolwì ìtxlydohqwh hvw g*xwlolvhu ohv
rsìudwhxuv gh pr|hqqh dulwkpìwltxh hw gh pr|hqqh kduprqltxh txl vhurqw qrwìhv uh0
vshfwlyhphqw DU hw KD oruv ghv vlpxodwlrqv qxpìultxhv1 Dlqvl/ hq suhplëuh dssurfkh/
rq shxw dyrlu =

gW
�� ' U3�c/ Eg��� '

3
C �
A@

�%2[
6'�

�%�[
?'�

�
&?6��

4
D3� � � � � _ +415,

gW
�� ' U�c/ Eg��� ' �

A@
�%2[
6'�

�%�[
?'�

&?6�� � � � � _� +416,
Srxu xq plolhx vwudwl�ì/ od pr|hqqh dulwkpìwltxh ^uhvs1 kduprqltxh` irxuqlw od shu0
pìdelolwì ìtxlydohqwh h{dfwh srxu ohv ìfrxohphqwv sdudooëohv ^uhvs1 shushqglfxodluhv` dx{
vwudwhv1
Rq shxw ìjdohphqw frqvlgìuhu od pr|hqqh jìrpìwultxh/ txl vhud qrwìh JH/ vxlydqw ohv
gluhfwlrqv =

gW
�� '

3
C�%2 c�%�\

6c?'�

&?6��
4
D

�
A@

� � � � _� +417,
Srxu xq plolhx orjqrupdo 5G lvrwursh/ od shupìdelolwì ìtxlydohqwh gW grqqìh sdu od
pr|hqqh jìrpìwultxh hvw h{dfwh1 Soxv jìqìudohphqw/ fh uìvxowdw hvw ìjdohphqw yudl srxu
wrxv plolhx{ 5G rü gE%�*. dgE%�o hw g3�E%�*. dg3�E%�o vxlyhqw xqh píph orl vsdwldoh
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lqyduldqwh sdu urwdwlrq gh <3�c rü . d�o gìvljqh o*hvsìudqfh pdwkìpdwltxh1 F*hvw qrwdp0
phqw oh fdv srxu xq gdplhu 5G1 Od gìprqvwudwlrq gdqv oh fdv jìqìudo hvw gþh ã Pdwkhurq
^94`1
Sdu dloohxuv/ g*dxwuhv dxwhxuv whov Fdugzhoo/ Sduvrqv ^53` hw Pdwkhurq ^94` rqw prqwuì
o*lqìjdolwì irqgdphqwdoh vxlydqwh =

U3�c/ Eg��� � gW
�� � U�c/ Eg��� � � � � _� +418,

Fhwwh lqìjdolwì hvw wrxmrxuv ydodeoh txhotxh vrlw oh plolhx hw txhooh txh vrlw od gluhfwlrq
frqvlgìuìh1

41615 Pr|hqqh gh sxlvvdqfh
Rq shxw ìfuluh wrxwhv fhv pr|hqqhv hq xqh vhxoh irupxoh sursrvìh sdu Mrxuqho hw do1 ^85`
hw frxudpphqw dsshoìh od pr|hqqh gh sxlvvdqfh =

gW
�� ' EU�c/ EEg���k�� �

k � � � � _ +419,
rx k hvw xq sdudpëwuh ã gìwhuplqhu1
Srxu k ' ��c k ' � hw k whqgdqw yhuv f rq uhwurxyh uhvshfwlyhphqw ohv pr|hqqhv kdu0
prqltxh/ dulwkpìwltxh hw jìrpìwultxh1 O*xwlolvdwlrq gh fhwwh pìwkrgh uhylhqw ã wurxyhu
oh erq sdudpëwuh k� Srxu ghv plolhx{ ã glvwulexwlrq orjqrupdoh lvrwursh/ Qrhwlqjhu ^99`
d gìprqwuì txh

k ' �� 2
_

rü g hvw od glphqvlrq gh o*hvsdfh frqvlgìuì1

41616 Pìwkrgh gh Fdugzhoo hw Sduvrqv
D sduwlu gh o*lqìjdolwì irqgdphqwdoh hw xwlolvdqw xqh dqdorjlh ìohfwultxh Fdugzhoo hw Sdu0
vrqv ^53` rqw prqwuì o*hqfdguhphqw vxlydqw =

U3�c/ Eg��� � g �?u
�� � gW

�� � gt�T
�� � U�c/ Eg��� +41:,

rü g �?u
�� ' U3�c/

�U�c�.� Eg���
� hw gt�T

�� ' U�c/
�U3�c��� Eg���

� +41;,
E�����$�$� uhsuìvhqwhqw ohv gl�ìuhqwhv frxfkhv sdudooëohv ã od gluhfwlrq � ìwxglìh hw
E�.���$�$� uhsuìvhqwhqw ohv gl�ìuhqwhv wudqfkhv shushqglfxodluhv ã od gluhfwlrq � frq0
vlgìuìh gx grpdlqh /1 Vl rq frqvlgëuh sdu h{hpsoh od gluhfwlrq � ' � doruv E�����$�$�%2hw E�.���$�$�%� vrqw gì�qlhv frpph lqgltxìhv gdqv od �jxuh 4171 Ohv gl�ìuhqwhv pr|hqqhv
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Iljxuh 417= Eruqhv gh Fdugzhoo hw Sduvrqv
vxu ohv frxfkhv sdudooëohv hw ohv wudqfkhv shushqglfxodluhv v*ìfulyhqw =

U�c�.� Eg��� ' �
�%2

�%2[
6'�

&�6�� hw U3�c��� Eg��� '
3
C �
�%�

�%�[
?'�

�
&?���

4
D3� �

Hq xwlolvdqw xqh dssurfkh yduldwlrqqhooh Oh Orf*k ^8:` hvw sduyhqx dx{ píphv uìvxowdwv1

41617 Dxwuhv hvwlpdwhxuv
D sduwlu ghv eruqhv lqiìulhxuh g �?u

�� hw vxsìulhxuh gt�T
�� rewhqxhv sdu od pìwkrgh gh Fdug0

zhoo hw Sduvrqv/ Oh Orf*k ^8:` hw Jxìuloorw ^6<` sursrvhqw gdqv oh fdguh elglphqvlrqqho
o*hvwlpdwhxu/ qrwì FZ oruv ghv vlpxodwlrqv qxpìultxhv hw gì�ql sdu =

gW
�� '

t
g �?u

�� gt�T
�� � � � � _� +41<,

Fhwwh lgìh d ìwì ìwhqgxh sdu Ohprx}| ^8;` dx fdguh wulglphqvlrqqho1 Sdu dloohxuv/
Urphx ^:9` d jìqìudolvì od irupxoh gh Oh Orf*k0Jxìuloorw hq qh suhqdqw soxv od pr|hqqh
jìrpìwultxh gh g �?u

�� hw gt�T
�� pdlv od irupxoh vxlydqwh =
gW

�� '
�g �?u

��

�k Egt�T
�� ��3k � � � � _ +4143,

rü k hvw xq sdudpëwuh ã gìwhuplqhu hqwuh 3 hw 41 Fhwwh dssurfkh d ìwì jìqìudolvìh dx
fdguh wulglphqvlrqqho sdu Urphx ^:9`1

41618 Pìwkrgh gh uhqrupdolvdwlrq
Irqgìh vxu od uìfxuvlylwì/ od pìwkrgh gh uhqrupdolvdwlrq/ qrwìh UH/ fdofxoh od shupìdelo0
lwì ìtxlydohqwh sdu xqh vìulh g*djuìjdwlrqv vxffhvvlyhv ghv pdloohv �qhv w1 Sdu h{hpsoh/
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Iljxuh 418= Dqdorjlhv ìohfwultxhv

hq ghx{ glphqvlrqv/ fhod frqvlvwh ã uhjurxshu sdu txdwuh ohv pdloohv �qhv yrlvlqhv w hw ã
fdofxohu od shupìdelolwì ìtxlydohqwh gh fh vrxv hqvhpeoh gh txdwuh pdloohv1 Fhwwh rsìud0
wlrq hvw lwìuìh mxvtx*ã o*rewhqwlrq gx grpdlqh / grqw od shupìdelolwì vhud od shupìdelolwì
ìtxlydohqwh gx plolhx1 Oh fdofxo gh od shupìdelolwì ìtxlydohqwh idlw dssho ã xqh dqdorjlh
dyhf ohv uìvhdx{ gh uìvlvwdqfhv ìohfwultxhv1 Gl�ìuhqwhv dqdorjlhv vrqw srvvleohv hw mrxhqw
ìylghpphqw xq u÷oh irqgdphqwdo vxu ohv uìvxowdwv1 Nlqj ^86`/ suìfxuvhxu gh od pìwkrgh gh
uhqrupdolvdwlrq/ sursrvh oh vfkìpd fhqwuì +fi �jxuh 418, txl frqgxlw ã xwlolvhu od pr|hqqh
kduprqltxh srxu oh fdofxo ghv wudqvplvvlylwìv lqwhu0pdloohv1
O*dqdorjlh srxu oh fdofxo gh od shupìdelolwì ìtxlydohqwh srxu xq jurxsh gh txdwuh pdloohv
vh gì�qlw frpph gdqv od �jxuh 4191 Xqh suhvvlrq �� hvw lpsrvìh vxu oh f÷wì K� hw xqh
suhvvlrq �2 vxu K2� Rq vxssrvh sdu dloohxuv txh K� hw Ke vrqw lpshupìdeohv1 Rq fdofxoh
doruv od shupìdelolwì ìtxlydohqwh ã fh uìvhdx gh uìvlvwdqfh1 Od pìwkrgh frqvlvwh ã uìxqlu
ohv srlqwv txl vrqw dx píph srwhqwlho hw ã ljqruhu ohv eudqfkhv grqw o*xqh ghv h{wuìplwìv
hvw vrxplvh ã xqh whqvlrq qxooh1 Hqvxlwh/ hq xwlolvdqw od wudqvirupdwlrq �wuldqjoh 0ìwrloh�/
rq rewlhqw od shupìdelolwì ìtxlydohqwh gW grqw oh whuph jìqìultxh hvw grqqì sdu =

gW
�� '

5
7 �
eEg�2

�� ng��
�� � n

#e
�

g�2
�� g22

��

g�2
�� ng22

��

n �
e

g��
�� g2�

��

g��
�� ng2�

��

$3�
n �

eEg22
�� ng2�

�� �
6
83� � � � � _

+4144,
Jdxwlhu hw Qrîwlqjhu ^69` sursrvh xqh pìwkrgh edvìh vxu oh surfìgì gh Nlqj dyhf xq
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Iljxuh 419= H{hpsoh gh uhjurxshphqw

vfkìpd gluhfw +fi1 �jxuh 418, hw ghv frqglwlrqv dx{ olplwhv sìulrgltxhv1
Ohv pìwkrghv dojìeultxhv vrqw grqf ghv pìwkrghv udslghv txl shuphwwhqw g*rewhqlu xq
whqvhxu gh od shupìdelolwì ìtxlydohqwh gldjrqdo/ rx ã gìidxw xq hqfdguhphqw gh fh ghuqlhu1
Fhshqgdqw ohv uìvxowdwv irxuqlv sdu fhv pìwkrghv qh vrqw h{dfwv txh srxu txhotxhv vlwx0
dwlrqv sduwlfxolëuhv1 Xqh dssurfkh soxv jìqìudoh qìfhvvlwh grqf oh uhfrxuv dx{ pìwkrghv
g*krprjìqìlvdwlrq srxu ohvtxhoohv lo | d ghv edvhv wkìrultxhv elhq ìwdeolhv1

417 Pìwkrghv g*krprjìqìlvdwlrqv
Lo h{lvwh gh qrpeuhxvhv pìwkrghv srxu rewhqlu ghv whqvhxuv ìtxlydohqwv1 Gdqv fh sdud0
judskh/ rq v*lqwìuhvvh xqltxhphqw dx{ pìwkrghv g*krprjìqìlvdwlrq edvìhv vxu ohv sulqflshv
yduldwlrqqhov hw srxu ohvtxhoohv ghv uìvxowdwv suìflv gh frqyhujhqfh rqw ìwì ìwdeolv srxu
ohv ìfrxohphqwv ghv  xlghv hq plolhx sruhx{ ^78`1 Wrxwhv fhv pìwkrghv qxpìultxhv vrqw
edvìhv vxu od uìvroxwlrq qxpìultxh g*ìtxdwlrqv dx{ gìulyìhv sduwlhoohv dx{txhoohv rq dg0
mrlqw ghv frqglwlrqv dx{ olplwhv1 O*remhw ghv surfkdlqv sdudjudskhv hvw gh suìvhqwhu fhv
gl�ìuhqwhv pìwkrghv fodvvltxhphqw xwlolvìhv hq lqjìqlhulh sìwurolëuh1 Frqwudluhphqw dx{
pìwkrghv dojìeultxhv/ od pdmhxuh sduwlh gh fhv pìwkrghv irxuqlvvhqw ghv whqvhxuv gh shu0
pìdelolwì ìtxlydohqwv dyhf ghv whuphv h{wud0gldjrqdx{1
Gdqv wrxv ohv sdudjudskhv txl vxlyhqw/ rq vxssrvh txh oh whqvhxu gh shupìdelolwì gx
pdloodjh jìrorjltxh g dssduwlhqw ã o*hqvhpeoh �Eb�c b2cl��
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41714 Orl gh Gduf|
D o*ìfkhooh gx sruh/ ohv ìfrxohphqwv ghv  xlghv lqfrpsuhvvleohv vrqw uìjlv sdu ohv ìtxd0
wlrqv gh Vwrnhv1 Wrxwhirlv/ ohv pìfdqlvphv plv hq mhx ã fhwwh ìfkhooh vrqw qìjoljhdeohv
srxu od vlpxodwlrq ghv jlvhphqwv/ g*rü oh sdvvdjh ã xqh ìfkhooh vxsìulhxuh = o*ìfkhooh
pdfurvfrsltxh1 D sduwlu ghv ìtxdwlrqv gh Vwrnhv hw hq vxssrvdqw txh ohv sruhv vrqw
ghv fkdpsv doìdwrluhv vwdwlrqqdluhv hw hujrgltxhv/ Pdwkhurq ^94` rewlhqw hq sdvvdqw ã
o*ìfkhooh pdfurvfrsltxh od orl gh Gduf| =

;A?
A=

O" ' �gE%�
> uR

_�� kO"l ' f
_@?r / +4145,

rü R gìvljqh od suhvvlrq hw > od ylvfrvlwì gx  xlgh1 Od pìwkrgh gh od pr|hqqh yroxpltxh
xwlolvìh sdu Pduoh ^93` shuphw gh uhwurxyhu ìjdohphqw od orl gh Gduf| ã sduwlu ghv ìtxdwlrqv
gh Vwrnhv1 Sdu dloohxuv/ Wduwdu ^;7` hw Vdqfkh}0Sdohqfld ^:;` uhwurxyhqw od orl gh Gduf| ã
o*ìfkhooh pdfurvfrsltxh hq dssoltxdqw od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh1 Hq�q/
hq xwlolvdqw od frqyhujhqfh ã ghx{ ìfkhoohv/ Doodluh ^78` derxwlw dx píph uìvxowdw1

41715 Krprjìqìlvdwlrq sìulrgltxh
Gdqv fh sdudjudskh/ rq vh frqvdfuh xqltxhphqw ã od ydvwh wkìrulh gh o*krprjìqìlvdwlrq
sìulrgltxh txh o*rq qrwhud KS oruv ghv vlpxodwlrqv qxpìultxhv1 Ohv suhplhuv wudydx{ frq0
fhuqdqw od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh dssoltxìh dx frpsruwhphqw ghv  x0
lghv gdqv ohv sureoëphv ghv plolhx{ sìwurolhuv vrqw gþv ã Erxujhdw ^48`/ ^78`1 Rq udsshooh
eulëyhphqw lfl od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh srxu xq  xlgh prqrskdvltxh
dx wudyhuv gh od pìwkrgh ghv gìyhorsshphqwv dv|pswrwltxhv dlqvl txh fhuwdlqv uìvxowdwv
frqfhuqdqw o*dssur{lpdwlrq qxpìultxh ghv frh!flhqwv krprjìqìlvìv1
Rq vxssrvh gdqv fh sdudjudskh txh oh grpdlqh / ' tc t ìwdqw od fhooxoh gh edvh/ hw
txh oh whqvhxu g gh �Eb�c b2cl� hvw t 0sìulrgltxh� Soxvlhxuv whfkqltxhv pdwkìpdwltxhv
whoohv txh ohv gìyhorsshphqwv dv|pswrwltxhv suìvhqwìv sdu h{hpsoh gdqv Ehqvrxvvdq hw
do1 ^45`/ ohv wudydx{ gh Vdqfkh}0Sdohqfld ^:;`/ od pìwkrgh gh o*ìqhujlh gh Wduwdu ^78`
^;6` hw od frqyhujhqfh ã ghx{ ìfkhoohv g*Doodluh ^4` shuphwwhqw g*rewhqlu ohv frh!flhqwv
krprjìqìlvìv rx ìtxlydohqwv1 Rq udsshooh lfl eulëyhphqw od pìwkrgh ghv gìyhorsshphqwv
dv|pswrwltxhv ã ìfkhoohv pxowlsohv1
Vrlw g0E%� ' g

�%
0
� 5 �Eb�c b2cl� hw g t 0sìulrgltxh/ rq frqvlgëuh oh sureoëph

E�0�
;?
= R0 5 M�

f El��_�� dg0E%�uR0o ' s _@?r l +4146,
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rü s hvw xqh irqfwlrq grqqìh gh u2El�� Oh sdudpëwuh 0 uhsuìvhqwh oh udssruw hqwuh od
wdlooh gh od fhooxoh t hw od wdlooh gx jlvhphqw lc % hvw od yduldeoh pdfurvfrsltxh hw + ' %

0hvw od yduldeoh plfurvfrsltxh� Oh exw ghv pìwkrghv g*krprjìqìlvdwlrq hvw oh sdvvdjh ã
od olplwh txdqg 0 whqg yhuv }ìur gdqv o*ìtxdwlrq +4146, d�q g*rewhqlu xq sureoëph olplwh
E�f� txdol�ì g*krprjìqìlvì1
Rq ìfulw iruphoohphqw oh gìyhorsshphqw dv|pswrwltxh gh R0 vrxv od iruph vxlydqwh =

R0E%� ' RfE%c %0 � n 0R�E%c %0 � n 02R2E%c %0 � n ��� ( + ' %
0 +4147,

dyhf R�E%c +� t 0sìulrgltxh hq + srxu wrxw % dssduwhqdqw ã l�
Hq vxevwlwxdqw o*h{suhvvlrq gh R0E%� grqqìh sdu +4147, gdqv oh sureoëph +4146, hw hq
lghqwl�dqw vxffhvvlyhphqw ohv gl�ìuhqwhv sxlvvdqfhv gh 0c rq rewlhqw o*ìtxdwlrq gx sure0
oëph krprjìqìlvì grqw oh suhplhu whuph Rf gx gìyhorsshphqw dv|pswrwltxh hvw o*xqltxh
vroxwlrq gh = ;?

= Rf 5 M�
fEl��_�� dgWuRfo ' s _@?r l� +4148,

Oh whqvhxu krprjìqìlvì gW gh �Eb�c b2cl� hvw frqvwdqw vxu l hw qìfhvvlwh od uìvroxwlrq
qxpìultxh gh sureoëphv orfdx{ srvìv vxu od fhooxoh gh edvh t dyhf ghv frqglwlrqv dx{
olplwhv sìulrgltxhv = ;?

= �� 5 M�
REt � *U-�_��+ dgE+�Eu+�� n Oi��o ' f gdqv t +4149,

Ohv frh!flhqwv krprjìqìlvìv vrqw grqqìv sdu =
gW
�� ' �mt m

]
t

%
g��E+� n

_[
&'�

g�&E+�Y��

Y+&
&
_+ � � �c � � _ +414:,

hw dxvvl sdu =
gW

�� ' �mt m
]
t
g E+� du+�� n Oi�o � du+�� n Oi�o _+ � � �c � � _� +414;,

O*krprjìqìlvdwlrq sìulrgltxh d o*dydqwdjh g*íwuh xqh pìwkrgh pdwkìpdwltxh urexvwh
elhq txh vrq fkdps g*dssolfdwlrq vrlw uhvwuhlqw dx{ grpdlqhv sìulrgltxhv1 Fhshqgdqw
fhwwh wkìrulh shuphw gh wurxyhu ghv orlv gh frpsruwhphqw srxu ghv v|vwëphv frpsoh{hv
whov txh ghv v|vwëphv g*ìtxdwlrqv qrq olqìdluhv grqw fhuwdlqv vrqw gìfulwv gdqv o*rxyudjh
gh Sdq�ory ^9:`1
Dssur{lpdwlrq Qxpìultxh
D�q g*rewhqlu xqh eruqh qxpìultxh lqiìulhxuh ^oerR� vxsìulhxuh` gx whqvhxu krprjìqìlvì
wkìrultxh gWc Pdulql ^8<` xwlolvh xqh pìwkrgh g*ìoìphqwv �qlv qrq frqiruphv ^oerR� frq0
iruphv` srxu uìvrxguh ohv sureoëphv orfdx{ +4149,� Srxu fhod/ rq vxssrvh txh od fhooxoh
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gh edvh t v*ìfulw t ' ^
6

'6/ dyhf E'6�6Df xq sro|jrqh vxu ohtxho oh whqvhxu g hvw
vxssrvì frqvwdqw1 Vrlw W� xqh wuldqjxodwlrq gh od fhooxoh t frpsrvìh gh wuldqjohv hw
O1 xq yhfwhxu gh U-_1 Rq lqwurgxlw doruv o*dssur{lpdwlrq vxsìulhxuh gW

�� gì�qlh sdu oh
sureoëph dssurfkì vxlydqw =

gW
��

O1�O1 ' 4�?
��M`�

�mt m
]
t

gE+� ku�� n O1l � ku�� n O1l _+ +414<,

rü o*hvsdfh g*dssur{lpdwlrq `� hvw gì�ql sdu =
`� ' q�� 5 �f Et � 2 ��mA 5 �& EA � c ; A 5 W�c �� t � sìulrgltxh1r +4153,

�& EA � gìvljqh o*hvsdfh ghv sro|q÷phv gì�qlv vxu A gh ghjuì lqiìulhxu rü ìjdo ã &1
D�q g*rewhqlu xqh eruqh lqiìulhxuh qrwìh gW

��/ oh sureoëph vxlydqw hvw lqwurgxlw
gW

��
O1�O1 ' 4�?

��M �̀
�

[
6

[
A

aAc6O1
E��� +4154,

rü aAc6O1
E�� hvw gì�ql sdu

aAc6O1
E��� ' �mt m

3
EC ]
AK'6

gE+�u���u�� _+ n 2
]

YAKY'6
gE+�O1�O? �� _j n

]
AK'6

gE+�O1�O1 _+
4
FD

+4155,
Gdqv oh sureoëph +4154,/ o*hvsdfh �̀

� hvw gì�ql sdu
�̀
� '

;?
= �� 5 u2 E/� 2 ��mA 5 �� EA � c ; A 5 W�c �� frqwlqx dx plolhx ghv f÷wìv

gh A _'6 hw �� hvw sìulrgltxh dx srlqw plolhx gh YA _ Y'6�
<@
>
+4156,

Gdqv oh fdguh elglphqvlrqqho/ rq d doruv o*hqfdguhphqw vxlydqw =
gW

�� � gW � gW
��� +4157,

Wrxwhirlv/ fhv dssur{lpdwlrqv qh vrqw ydodeohv txh srxu xq hvsdfh gh wudydlo gh glphqvlrq
ghx{1
Xqh dxwuh dssurfkh srxu hvwlphu qxpìultxhphqw oh whqvhxu krprjìqìlvì hvw gþh ã Gyr
uän
^63`1 O*dssur{lpdwlrq vxsìulhxuh/ qrwìh gW

(�c gx whqvhxu krprjìqìlvì hvw gì�qlh sdu od
vroxwlrq gx sureoëph vxlydqw =

gW
(�
O1�O1 ' 4�?

��M`�

�mt m
]
t

gE+� ku�� n O1l � ku�� n O1l _+ +4158,

rü `� hvw xqh idplooh ghqvh gh vrxv hvsdfhv gh M�
REt �c hw O1 xq yhfwhxu gh U-_�

Gdqv oh fdguh elglphqvlrqqho hw hq xwlolvdqw ohv irqfwlrqv frxudqwv/ rq gì�qlw xq whqvhxu
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�W
� sdu o*lqwhupìgldluh gx sureoëph gìfulw fl0ghvvrxv =

�W
�
O1�O1 ' 4�?

��M`�

�mt m
]
t

gE+�
_i| EgE+��

ku�� n O1l � ku�� n O1l _+� +4159,
O*dssur{lpdwlrq lqiìulhxuh/ qrwìh gW

(�c hvw doruv gì�qlh sdu od uhodwlrq =
gW

(� ' �W
�

_i| E�W
�� � +415:,

Gdqv oh fdguh elglphqvlrqqho/ rq d doruv ohv uìvxowdwv vxlydqwv =
gW

(� � gW � gW
(� hw *�4

�<f

���gW
(� �gW

��� '*�4
�<f

���gW
(� �gW

��� ' f +415;,
rü n�n gìvljqh xqh qruph pdwulflhooh txhofrqtxh1
Gdqv oh ghx{lëph fkdslwuh rq prqwuh tx*hq xwlolvdqw ohv irqfwlrqv frxudqwv/ rq rewlhqw
xqh eruqh qxpìultxh lqiìulhxuh gx whqvhxu ìtxlydohqw srxu od pìwkrgh g*krprjìqìlvdwlrq
dyhf ghv frqglwlrqv dx{ erugv olqìdluhv txl hvw h{srvìh fl0dsuëv1

41716 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv
Fhwwh pìwkrgh pdwkìpdwltxh wurxyh vrq irqghphqw gdqv xqh wkìrulh g*dssur{lpdwlrq
ghv frh!flhqwv g*rsìudwhxuv hoolswltxhv gþh ã Edpehujhu ^43`1 Gdqv xq fdguh vwrfkdv0
wltxh txl hvw gìfulw soxv orlq/ fhwwh pìwkrgh shxw íwuh lqwhusuìwìh frpph xqh pìwkrgh
pdwkìpdwltxh vwdqgdug g*krprjìqìlvdwlrq1 Gdqv od vxlwh rq dsshohud fhwwh pìwkrgh
g*krprjìqìlvdwlrq/ dyhf ghv frqglwlrqv dx{ erugv olqìdluhv/ od pìwkrgh olqìdluh txh o*rq
qrwhud PO srxu ohv vlpxodwlrqv qxpìultxhv1
Vrlw M 5 �Eb�c b2cl�� Rq frqvlgëuh ohv rsìudwhxuv hoolswltxhv gx vhfrqg ruguh gh od
iruph vxlydqwh =

� ' �_�� dgE%�uo � ' �_�� dME%�uo +415<,
Vrlw } 5 M �

2 EY/� rq frqvlgëuh oh sureoëph =;?
= �ER� ' f _@?r /

R ' } r�o Y/ +4163,
dxtxho hvw dvvrflìh od iruph elolqìdluh gì�qlh sdu =

@E�c �� '
]
/
gE%�u��u� _% ; �c � 5 M�E/�� +4164,

Rq qrwh R ' D3�E}� od vroxwlrq gh +4163,1
Sdu dloohxuv rq frqvlgëuh oh sureoëph =;?

= �E�� ' f _@?r /
� ' } r�o Y/ +4165,
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dxtxho hvw dvvrflìh od iruph elolqìdluh vxlydqwh =
KE�c �� '

]
/
ME%�u��u� _% ; �c � 5 M�E/� +4166,

hw rq qrwh � ' E3�E}� od vroxwlrq gh +4165,1
Vxlydqw Edpehujhu/ rq glud txh oh whqvhxu g hvw ìtxlydohqw/ dx vhqv gh o*ìqhujlh/ dx
whqvhxu M vxu / vl =

@ED3�E}�cD3�E}�� ' KEE3�E}�cE3�E}�� ; } 5 M �
2 EY/�� +4167,

Ru/ gdqv ^43`/ lo hvw surxyì txh o*rq q*hvw sdv dvvxuì gh wurxyhu gdqv fkdtxh fodvvh
g*ìtxlydohqfh xq uhsuìvhqwdqw ã frh!flhqwv frqvwdqwv vxu /1 Sdu frqvìtxhqw rq hvw dphqì
ã vh uhvwuhlqguh dx vrxv hvsdfh gh M �

2 EY/� hqjhqguì sdu od idplooh E%���$�$_ c rü %� gìvljqh
oh �
e6e d{h gh frrugrqqìhv1
Vrlw gW xq whqvhxu frqvwdqw vxu // hw � o*rsìudwhxu gì�ql sdu � ' �_�� dgWuo dxtxho
hvw dvvrflìh od iruph elolqìdluh =

SE�c �� '
]
/
gWu��u� _% ;�c � 5 M�E/�� +4168,

Rq frqvlgëuh doruv oh sureoëph = ;?
= �E�� ' f _@?r /

� ' } r�o Y/ +4169,

rü } dssduwlhqw ã o*hvsdfh yhfwrulho hqjhqguì sdu E%���$�$_ 1 Rq qrwh � ' F3�E}� od
vroxwlrq gh +4169,1
Od gì�qlwlrq gh o*ìtxlydohqfh gx whqvhxug sdu oh whqvhxu frqvwdqw vxu /c qrwì gWc v*ìfulw
doruv vrxv od iruph vxlydqwh =

@ED3�E%��cD3�E%��� ' SEF3�E%��c F3�E%��� � � �c � � _� +416:,
Od gì�qlwlrq +416:, shxw vh uììfuluh vrxv od iruph h{solflwh =

gW
�� ' �m/m

]
/
gE%�uR��uR� _% � � �c � � _ +416;,

rü ohv irqfwlrqv ER���$�$_ vrqw vroxwlrqv ghv sureoëphv orfdx{ vxlydqwv =;?
= �_�� dgE%�uR�o ' f _@?r /

R� ' %� r�o Y/ � � � � _� +416<,

Rq udsshooh pdlqwhqdqw fhuwdlqhv sursulìwìv gx whqvhxu ìtxlydohqw gW rewhqx sdu +416;,
hw +416<,1 Xqh gìprqvwudwlrq gh fhv uìvxowdwv shxw íwuh wurxyìh gdqv ^43`1
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Sursrvlwlrq 41714 Vl g 5 �Eb�c b2cl� doruv oh whqvhxu gW gì�ql sdu E���H� hw E���b�
srvvëgh ohv sursulìwìv vxlydqwhv =

gW 5 �Eb�c b2cl� +4173,

U3�c/ Eg� � gW � U�c/ Eg� +4174,
gW hvw vwdeoh srxu od J0frqyhujhqfh1 +4175,

Gdqv fhwwh pìwkrgh rq vxssrvh xqltxhphqw txh g 5 �Eb�c b2cl�/ pdlv dxfxqh
k|srwkëvh hvw idlwh vxu od jìrpìwulh gx grpdlqh /c fh txl shuphw g*dssoltxhu wkìrultxh0
phqw fhwwh gìpdufkh ã ghv pdloodjhv gìvwuxfwxuìv1 Gh soxv/ oh whqvhxu ìtxlydohqw gW hvw
wrxmrxuv v|pìwultxh gì�ql srvlwli1

41717 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv frq�qìhv
Fhwwh pìwkrgh hvw edvìh vxu xqh dssurfkh gh w|sh lqjìqlhxu ^58`1 Hooh frqvlvwh ã wurxyhu
oh fkdps ghv ylwhvvhv gh sureoëphv orfdx{ hq uìjlph lqfrpsuhvvleoh shupdqhqw dyhf ghv
frqglwlrqv dx{ olplwhv píoìhv sduwlfxolëuhv1 Od pìwkrgh vxssrvh txh oh grpdlqh / hvw
uìjxolhu +fi1 �jxuh 41:,/ rü o*rq qrwh K�f hw K�� ohv ghx{ idfhv rssrvìhv shushqglfxodluhv ã
o*d{h %�c � � � � _1 Hq g*dxwuhv whuphv/ K�f doerR� K��o hvw od iurqwlëuh gx grpdlqh /c ds0
sduwhqdqw dx sodq g*ìtxdwlrq %� ' @� doerR� %� ' K�o � Rq qrwh K�� ' Y/�EK�f ^ K��� � Fhwwh
pìwkrgh hvw sduirlv dsshoìh od pìwkrgh gx prgh frq�qì gdqv od olwwìudwxuh sìwurolëuh
txh o*rq qrwhud PF oruv ghv vlpxodwlrqv qxpìultxhv1
Rq frqvlgëuh ohv sureoëphv orfdx{ vxlydqwv =

;AAAAAAAAAA?
AAAAAAAAAA=

O"� ' �gE%�uR� _@?r /
_�� kO"�

l ' f _@?r /
R� ' R�f r�o K�f
R� ' R�� r�o K��YR�
Y? ' f r�o K��

� � � � _ +4176,

rü R�� 5 U-n
W c srxu wrxw � � � � _ hw f � � � ��

Rq lqwurgxlw od �
e6e frpsrvdqwh ghv  x{ pr|hqv qrwìh �O"�

�
�
G

�O"�

�
�
' �# �m/m

]
/
gE%�uR� _%

$
�Oi� � � � � _� +4177,
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Iljxuh 41:= Pdlooh g|qdpltxh /
Vrlw gW 5 �Eb�c b2cl� frqvwdqw vxu / hw vxssrvì _�@}L?@*/ rq frqvlgëuh doruv ohv
sureoëphv = ;AAAAAAAAAA?

AAAAAAAAAA=

O"W
� ' �gWuRW� _@?r /
_�� kO"W

�

l ' f _@?r /
RW� ' R�f r�o K�f
RW� ' R�� r�o K��YRW�
Y? ' f r�o K��

� � � � _ +4178,

dx{txhov rq dvvrflh od �
e6e frpsrvdqwh ghv  x{ pr|hqv �O"W
�

�
�
grqqìh sdu =

�O"W
�

�
�
' �# �m/m

]
/
gWuRW� _%

$
�Oi� � � � � _� +4179,

O*xqltxh vroxwlrq gx sureoëph +4178, hvw =
RW� E%�� ' K� � %�

u�
R�f n %� � @�

u�
R�� � � � � _� +417:,

rü u� ' K� � @�c � � � � _�
Sdu frqvìtxhqw/ rq rewlhqw =�O"W

�

�
�
' �R�� � R�f

u�
gW

�� � � � � _� +417;,
Dlqvl hq ìjdodqw �O"�

�
�
hw �O"W

�

�
�
rq rewlhqw oh whqvhxu gh shupìdelolwì ìtxlydohqw grqqì

sdu =
gW

�� ' u�

R�� � R�f
# �m/m

]
/
gE%�uR� _%

$
�Oi� � � � � _� +417<,
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Ohv frqglwlrqv dx{ olplwhv dssoltxìhv dx{ sureoëphv +4176, hw +4178, vrqw sduirlv dsshoìhv
frqglwlrqv gh w|sh lpshupìdeoh gdqv o*lqjìqlhulh sìwurolëuh1
Fhwwh pìwkrgh qìfhvvlwh ghv grpdlqhv / uìjxolhuv/ pdlv irxuqlw xq whqvhxu ìtxlydohqw
gldjrqdo1 Fhfl hvw xq dydqwdjh fdu fhuwdlqv vlpxodwhxuv lqgxvwulhov dfwxhov qh wlhqqhqw
sdv frpswh ghv whuphv h{wudgldjrqdx{ ghv whqvhxuv gh shupìdelolwì devroxh1

41718 Krprjìqìlvdwlrq vwrfkdvwltxh
Xqh jìqìudolvdwlrq ^45` gh o*krprjìqìlvdwlrq sìulrgltxh hvw o*krprjìqìlvdwlrq vwrfkdv0
wltxh grqw xqh suìvhqwdwlrq gìglìh dx{ sureoëphv gh o*lqjìqlhulh sìwurolëuh shxw íwuh
wurxyìh gdqv ^78`1 Od wkìrulh gh o*krprjìqìlvdwlrq vwrfkdvwltxh d ìwì dssoltxìh dx{ sure0
oëphv ghv ìfrxohphqwv ghv  xlghv glskdvltxhv sdu Erxujhdw ^78`1 Wrxwhirlv rq vh frqwhqwh
lfl gh udsshohu eulëyhphqw oh uìvxowdw sulqflsdo srxu xq  xlgh prqrskdvltxh1 Frqvlg0
ìurqv o*ìfrxohphqw g*xq  xlgh prqrskdvltxh lqfrpsuhvvleoh gdqv xq uìvhuyrlu kìwìurjëqh
l rü od shupìdelolwì gE%0 c o� hvw od uìdolvdwlrq g*xqh irqfwlrq doìdwrluh vwdwlvwltxhphqw
krprjëqh dyhf o dssduwhqdqw ã o*hvsdfh suredelolvì EUcI c >� =

�_��
�
gE%0 c o�EuRo0�

�
' s _@?r U-_ o 5 U +4183,

Oh sdudpëwuh 0 : f hvw oh udssruw hqwuh o*ìfkhooh w|sltxh gh yduldwlrq gh od shupìdelolwì hw
od wdlooh gx uìvhuyrlu l� Hq xwlolvdqw ohv rxwlov gh o*krprjìqìlvdwlrq vwrfkdvwltxh/ Erxujhdw
hw do1 ^4:` rewlhqqhqw xqh ìtxdwlrq h�hfwlyh +4184, txl gìfulw oh frpsruwhphqw gx  xlgh
gdqv oh plolhx krprjëqh txdol�ì g*ìtxlydohqw =

�_�� dgWuRW�o ' s _@?r U-_� +4184,
Oh whqvhxu gh shupìdelolwì ìtxlydohqw gW hvw grqqì sdu =

gWOi& '
]
,
gE+c o� du+�& n Oi&o _> +4185,

rü ohv irqfwlrqv �& vrqw vroxwlrq ghv sureoëphv vxlydqwv =
;AAA?
AAA=

�& 5 M�
,JSEU-_��_��+ dgE+c o�Eu+�& n Oi&�o ' f _@?r U-_ ; o 5 U]

,
u+�& _> ' f

+4186,

Dssur{lpdwlrq qxpìultxh
Oh fdofxo gx whqvhxu ìtxlydohqw gì�ql sdu +4185, hw +4186, hvw dvvh} gìolfdw g*xq srlqw gh
yxh qxpìultxh/ fdu lo qìfhvvlwh od uìvroxwlrq gh sureoëphv orfdx{ srvìv vxu U-_ hw fhfl
srxu fkdtxh uìdolvdwlrq o 5 U� Ohv suhplhuv wudydx{ srxu sdolhu ã fhwwh gl!fxowì rqw ìwì
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uìdolvìv gdqv oh fdguh gh o*ìodvwlflwì olqìdluh +yrlu ^::`,1 Fhv ghuqlhuv rqw ìwì uhsulv sdu
Edghd hw Erxujhdw ^:` ^;`/ hq lqwurgxlvdqw ghx{ idploohv gh sureoëphv dx{loldluhv/ d�q
gh fdofxohu xqh dssur{lpdwlrq qxpìultxh gx whqvhxu wkìrultxh gW gì�ql sdu +4185, hw
+4186,1 Vrlw T xq yroxph gh l gì�qlh sdu T ' � � ofc �d_ rü � 5 U-� Rq frqvlgëuh g*xqh
sduw ohv sureoëphv ;?

= �_�� dgE%�uR�o ' f _@?r T
R� ' Oi��O r�o YT � � � � _ +4187,

dx{txhov rq dvvrflh
gW

@R ETcgE%�� �Oi� '
]
T
gE%�uR� _% � � � � _� +4188,

Lo hvw ã qrwhu txh ohv sureoëphv +4187, fruuhvsrqghqw dx{ sureoëphv gh od pìwkrgh olqìdluh1
G*dxwuh sduw ohv sureoëphv dgmrlqwv vxlydqwv vrqw ìwxglìv =;A?

A=
�_�� dgE%�u��o ' f _@?r T

Y��

Y? ' Oi��O? r�o YT � � � � _ +4189,

dx{txhov rq dvvrflh
7W@R ETcgE%�� �Oi� '

]
T
gE%�u�� _% � � � � _� +418:,

Vrxv o*k|srwkëvh vxssoìphqwdluh txh oh fkdps gh shupìdelolwìg hvw hujrgltxh ohv dxwhxuv
gh ^:` ^;` gìprqwuhqw txh =

*�4
�<" gW

@R ETcgE%�� ' gW +418;,
*�4
�<" 7W@R ETcgE%�� ' EgW�3� +418<,

Juåfh ã fhv uìvxowdwv/ ohv dxwhxuv phwwhqw dx srlqw xq dojrulwkph frqvwuxfwli shuphwwdqw
g*rewhqlu xq �yroxph ìoìphqwdluh uhsuìvhqwdwli�1
Uhpdutxh 41715 = Oh whpsv gh fdofxo ghv pìwkrghv dojìeultxhv hvw lqgìshqgdqw gh od
yduldqfh gh od orl gh glvwulexwlrq gh od shupìdelolwì doruv txh oh whpsv gh fdofxo srxu ohv
pìwkrghv qxpìultxhv furñw dyhf fhwwh yduldqfh1

Fhwwh ghvfulswlrq ghv pìwkrghv q*hvw sdv h{kdxvwlyh/ sxlvtx*lo hq h{lvwh gh qrpeuhxvhv
dxwuhv srxu wurxyhu xq whqvhxu gh shupìdelolwì ìtxlydohqw1 Rq shxw phqwlrqqhu/ sdu
h{hpsoh/ od pìwkrgh gh sulvh gh pr|hqqh ã judqgh ìfkhooh gþh ã Txlqwdug hw Zklwdnhu
^:3` ^:4`1 Oh sulqflsh jìqìudo hvw g*ìfuluh ohv gl�ìuhqwhv yduldeohv orfdohv whoohv txh od
shupìdelolwì devroxh hw od srurvlwì frpph od vrpph g*xqh yduldeoh ã judqgh ìfkhooh hw
g*xq whuph gh gìyldwlrq1 Vrxv fhuwdlqhv k|srwkëvhv Erxujhdw hw do1 ^49` prqwuhqw txh od
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pìwkrgh g*krprjìqìlvdwlrq hw od pìwkrgh gh sulvh gh pr|hqqh ã judqghv ìfkhoohv vrqw
ìtxlydohqwhv1
G*dxwuh sduw/ rq shxw vljqdohu xqh pìwkrgh edvìh vxu ohv rqghohwwhv ^65`/ od wkìrulh
gh od shufrodwlrq rx ghv fkhplqv fulwltxhv ^73`/ o*krprjìqìlvdwlrq pxowljulooh ^87`/ od
pìwkrgh ghv oljqhv gh frxudqw ^74`/ od wkìrulh ghv plolhx{ h�hfwliv ^59`/ od pìwkrgh ghv
shuwxuedwlrqv ^94` hw hq�q od pìwkrgh gh Prqwh0Fduor ^;9`1 Gdqv od ghx{lëph sduwlh gh
fhwwh wkëvh rq udsshohud ìjdohphqw g*dxwuhv pìwkrghv gh plvh ã o*ìfkhooh/ fhv ghuqlëuhv
ìwdqw edvìhv vxu ghv sureoëphv g*rswlplvdwlrq1
Srxu foruh fh fkdslwuh/ rq udsshooh txhotxhv uìvxowdwv iuìtxhphqw xwlolvìv gdqv od wkìrulh
gh o*krprjìqìlvdwlrq1

418 Udsshov gh txhotxhv uìvxowdwv xwlolvìv hq krprjìqìl0
vdwlrq

41814 J0frqyhujhqfh
Xqh sursulìwì gh od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv
hvw txh oh whqvhxu ìtxlydohqw hvw vwdeoh srxu od J0frqyhujhqfh1 Rq udsshooh lfl od gì�0
qlwlrq gh od J0frqyhujhqfh hw fhuwdlqhv gh fhv sursulìwìv xwlolvìhv1 Od pdmhxuh sduwlh gh
fhv uìvxowdwv vh wurxyhqw gdqv ^78` hw ^84`1
Vrlw Eg0�/ xqh vxlwh gh pdwulfhv gh od idplooh�Eb�c b2cl� hwgf xqh pdwulfh gh�Eb�c b2cl��

Gì�qlwlrq 41814 Rq glud txh od vxlwh gh pdwulfh g0 J0frqyhujh yhuv gf gdqv l/
hw rq qrwhud g0

C��$ gf

Vl srxu wrxwh vxlwh Es0� whoohv txh s0 M3�El����$ sf iruw
doruv R0

M�
fEl���X Rf idleoh

rü R0 hvw od vroxwlrq gh Rf hvw od vroxwlrq gh;?
= R0 5 M�

fEl��_�� dg0E%�uR0o ' s0 _@?r l hw
;?
= Rf 5 M�

fEl��_�� dgfE%�uRfo ' sf _@?r l

Udsshorqv pdlqwhqdqw txhotxhv sursulìwìv olìhv ã od J0frqyhujhqfh1
Wkìruëph 41815 Gh wrxwh vxlwh gh pdwulfhv Eg0� 5 �Eb�c b2cl�c rq shxw h{wudluh xqh
vrxv vxlwh txl J0frqyhujh gdqv l yhuv gf 5 �Eb�c b2cl��
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Sursrvlwlrq 41816 Vl g0

C��$ gf doruv
g0uR0

Eu2El��_���X gfuRf idleoh
hw

*�4
0<f

]
l
g0E%�uR0�uR0 _% '

]
l
gfE%�uRf�uRf _%�

Sursrvlwlrq 41817 Vlg0��$ gf iruwhphqw srxu xqh qruph pdwulflhooh doruv g0

C��$ gf �
Wkìruëph 41818 +Frqyhujhqfh gh vroxwlrqv duelwudluhv,
Vrlhqw g0

C��$ gf gdqv l hw l� xq rxyhuw txhofrqtxh lqfoxv gdqv l� Rq vxssrvh tx*lo
h{lvwh ghv irqfwlrqv �0 5 M�El�� whoohv txh =

�0

M�El�����X �f idleoh hw � _�� dg0E%� EO3nu�0�o ' �
rü O3 5 Eu2El���_ hw � 5 M3�El��� Doruv

g0 EO3nu�0�
Eu2El��_���X gf EO3nu�f� idleoh hw � _�� dgfE%� EO3nu�f�o ' �

Fh wkìruëph lpsoltxh txh od pdwulfh J0olplwh hvw lqgìshqgdqwh gx whuph vrxufh dlqvl
txh ghv frqglwlrqv dx{ olplwhv dssoltxìhv vxu od iurqwlëuh gh l�

41815 J0frqyhujhqfh sduderoltxh
Hq yxh g*ìwhqguh od vwdelolwì gx whqvhxu ìtxlydohqw/ rewhqx sdu od pìwkrgh olqìdluh/ ã od
J0frqyhujhqfh sduderoltxh/ rq udsshooh od gì�qlwlrq vxlydqwh gþh ã ]klnry hw do1 ^;:`1
Gì�qlwlrq 41819 Rq glud txh od vxlwh gh whqvhxuv Eg0� 5 �Eb�c b2cl� frqyhujh yhuv
gf 5 �Eb�c b2cl� dx vhqv gh od J0frqyhujhqfh sduderoltxh hw rq qrwhud =

g0

C���$ gf

vl ; s 5 u2Efc AcM3� E/��
@� R0

u2EfcAcM�
fE/�������X Rf idleoh

K� YR0
Y|

u2EfcAcM3�E/�������X YRf
Y| idleoh

rü
R0 hvw od vroxwlrq gh Rf hvw od vroxwlrq gh;AAAA?

AAAA=
R0 5 ` Efc A �

YR0
Y| � _�� dg0E%�uR0o ' s _@?r '

R0Efc �� ' f R�R� _@?r /
e|

;AAAA?
AAAA=

Rf 5 ` Efc A �
YRf
Y| � _�� dgfE%�uRfo ' s _@?r '

RfEfc �� ' f R�R� _@?r /
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Xqh h{whqvlrq gh fhwwh gì�qlwlrq srxu ghv rsìudwhxuv sduderoltxhv txdvlolqìdluhv shxw
íwuh wurxyìh gdqv ^;5`1
Sursrvlwlrq 4181: Vl g0

C���$ gf doruv

g0uR0
Eu2E'��_���X gfuRf idleoh1

41816 Ghx{ uìvxowdwv fodvvltxhv hq krprjìqìlvdwlrq
Rq whuplqh fh fkdslwuh sdu txhotxhv uìvxowdwv fodvvltxhv xwlolvìv gdqv ohv sureoëphv g*kr0
prjìqìlvdwlrq hw uhsulv xowìulhxuhphqw gdqv fh wudydlo1
Ohpph 4181; Vrlw ) xqh irqfwlrq gì�qlh vxu od fhooxoh gh edvh t / tx*rq surorqjh sdu
sìulrglflwì ã wrxw U-_c dyhf ) 5 uREt �c R � �� Rq gì�qlw od vxlwh gh irqfwlrqv )0 vxu l
sdu =

)0E%� ' )
�%
0
�

doruv )0 hvw eruqìh gdqv uREl�c lqgìshqgdpphqw gh 0 hw
)0 ��X U�ct E)� ' �mt m

]
t
)E+� _+

gdqv uREl� idleoh vl R 	 n4�
gdqv u"El� idleoh - vl R ' n4�
Ohpph 4181< +Frpsdflwì sdu frpshqvdwlrq,
Vrlhqw EOT0� hw EÔ 0� ghx{ vxlwhv gh yhfwhxuv gh Eu2El��_ yìul�dqw ohv frqglwlrqv =

OT0
Eu2El��_���X OTf idleoh oJ| EÔ 0� ' f

Ô 0
Eu2El��_���X Ô f idleoh M3�El�_�� EOT0����$ _�� EOTf� iruw

doruv
OT0�Ô 0 ��$ OTf�Ô f gdqv G� El� �
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Fkdslwuh 5
Dssur{lpdwlrq qxpìultxh gx
whqvhxu ìtxlydohqw
Gdqv fh fkdslwuh/ rq v*lqwìuhvvh ã o*dssur{lpdwlrq qxpìultxh gx whqvhxu ìtxlydohqw rewhqx
sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv1 Rq prqwuh
g*derug tx*hq xwlolvdqw od pìwkrgh ghv ìoìphqwv �qlv frqiruphv srxu uìvrxguh ohv sure0
oëphv orfdx{/ rq rewlhqw xqh eruqh vxsìulhxuh gx whqvhxu ìtxlydohqw hw txh o*xwlolvdwlrq
gh od pìwkrgh ghv ìoìphqwv �qlv pl{whv irxuqlw xqh eruqh lqiìulhxuh1 Ghv uìvxowdwv gh
frqyhujhqfh hw ghv hvwlpdwlrqv g*huuhxu vrqw rewhqxv vrxv fhuwdlqhv k|srwkëvhv1 Rq prq0
wuh hqvxlwh txh od pìwkrgh olqìdluh hvw vwdeoh srxu od J0frqyhujhqfh sduderoltxh1 Fhv
uìvxowdwv vh jìqìudolvhqw vdqv gl!fxowì dx fdv gh od pìwkrgh frq�qìh1 Rq frpsduh hq�q
ohv pìwkrghv g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ olplwhv olqìdluhv/ frq�qìhv hw
sìulrgltxhv1

514 Lqwurgxfwlrq
Oh fdofxo gx whqvhxu ìtxlydohqw qìfhvvlwh od uìvroxwlrq gh sureoëphv orfdx{ srvìv vxu
fkdtxh pdlooh jurvvlëuh gx pdloodjh g|qdpltxh/ dx{txhov rq dgmrlqw ghv frqglwlrqv dx{
olplwhv1 Ohv gl�ìuhqwhv pìwkrghv frqvlgìuìhv gdqv oh fkdslwuh 4/ vh gl�ìuhqflhqw xqltxh0
phqw sdu ohv frqglwlrqv dx{ olplwhv sulvhv hq frpswh1 Gdqv fh fkdslwuh/ rq v*lqwìuhvvh
xqltxhphqw ã od pìwkrgh g*krprjìqìlvdwlrq txl xwlolvh ghv frqglwlrqv dx{ erugv olqìdluhv1
Srxu uìvrxguh ohv sureoëphv orfdx{/ rq xwlolvh doruv xqh pìwkrgh g*ìoìphqwv �qlv pl{whv
dlqvl tx*xqh pìwkrgh g*ìoìphqwv �qlv frqiruphv1 Fhwwh dssurfkh shuphw g*rewhqlu xqh
eruqh qxpìultxh lqiìulhxuh hw xqh vxsìulhxuh gx whqvhxu ìtxlydohqw1
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515 Qrwdwlrqv
Rq xwlolvh ohv qrwdwlrqv fodvvltxhv ghv hvsdfhv gh Vrerohy dlqvl txh fhuwdlqv hvsdfhv gì�qlv
fl0dsuëv =

M�
fcK(

E/� ' q� 5 M� E/� who txh �f E�� ' f vxu K(r

ME_��c /� '
�
Ot(Ot 5 �u2E/��_ ( _�� EOt� 5 u2E/�

�

MfcK� E_��c /� ' iOt 5 ME_��c /�( Ot�O? ' f vxu K�j
MfE_��c /� ' iOt 5 ME_��c /�( _�� EOt� ' fj

Mf
fcK�

E_��c /� ' iOt 5 MfcK� E_��c /�( _�� EOt� ' fj
EMf E_��c /��6e@?f '

;?
=Ot 5 MfE_��c /�(

]
/

Ot _% ' f
<@
>

Vrlw �E%� xqh pdwulfh dssduwhqdqw ã o*hqvhpeoh � Eb�c b2c /� gì�ql dx suhplhu fkdslwuh�
Rq qrwh n�n7 od qruph gh Vfkxu gì�qlh sdu =

n�E%�n7 '
3
C _[
�c�'�

m@��E%�m2
4
D

�
2

�

G*dxwuh sduw rq xwlolvhud ohv qruphv vxlydqwhv

n�nu2EfcAcM�
fE/��

'
#] A

f
m�m2�c/ _|

$�
2 e| n�nu2EfcAcM3�E/�� '

#] A

f
n�n2M3�E/� _|

$�
2

n�nu2EfcAcu2E/�� ' n�nfc'
Vrlhqw O1 xq yhfwhxu txhofrqtxh gh U-_ hw � xq ìoìphqw gh M �

2 EY/��
Rq dgrswh ohv qrwdwlrqv vxlydqwhv =

@E�c �� '
]
/
g E%�u��u� _% ;�c � 5 M�E/�

uO1E�� ' � ]
/
g E%�O1�u� _% ;� 5 M�E/�

aO1E�� ' �
2@E�c ��� uO1E�� ;� 5 M�E/�

m�EOtc �� ' �
2
]
/
g3�E%�Ot�Ot _% n 	Ot�O?c � : � ]

/
_�� EOt� � _% ;Ot 5ME_��c /�

hw ;� 5 u2E/�
rü 	 �c � : gìvljqh oh furfkhw gh gxdolwì hqwuh M3 �

2 EY/� hw M �
2 EY/�1
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Iljxuh 514= Grqqìhv gx sureoëph

516 Pìwkrgh olqìdluh
Rq frqvlgëuh xq grpdlqh �qhphqw pdlooì +yrlu �jxuh 514,/ rü oh whqvhxu gh shupìdelolwì
g hvw vxssrvì frqqx gdqv fkdtxh pdlooh �qh w1 Qrwuh exw hvw gh wurxyhu xq whqvhxu
ìtxlydohqw / qrwì gW/ txl uhsuìvhqwhud od ydohxu gh od shupìdelolwì devroxh gh od pdlooh
jurvvlëuh / gdqv oh vlpxodwhxu1 Srxu fhod/ rq dssoltxh od pìwkrgh g*krprjìqìlvdwlrq dyhf
ghv frqglwlrqv dx{ erugv olqìdluhv txl d ìwì udsshoìh dx suhplhu fkdslwuh/ gh od pdqlëuh
vxlydqwh =
Srxu wrxw rxyhuw / � lc ohv frh!flhqwv gx whqvhxu gW vrqw grqqìv sdu od irupxoh =

gW
�� ' �m/m

]
/
gE%�uR��uR� _% � � �c � � _ +514,

rü ohv irqfwlrqv ER���$�$_ vrqw vroxwlrqv ghv sureoëphv orfdx{ =
;?
= �_�� dgE%�uR�o ' f _@?r /

R� ' %� r�o Y/ � � � � _� +515,

Rq qrwhud txh oh whqvhxu ìtxlydohqw gW hvw v|pìwultxh gì�ql srvlwli1 Hq jìqìudo/ elhq
txh oh whqvhxu gh shupìdelolwì g hvw gldjrqdo ã o*ìfkhooh gx pdloodjh �q/ rq rewlhqw
ghv whqvhxuv ìtxlydohqwv frpsruwdqw ghv whuphv h{wud0gldjrqdx{ txl shxyhqw íwuh qrq
qìjoljhdeohv gdqv fhuwdlqv fdv1 Fhv vlwxdwlrqv vrqw uhqfrqwuìhv oruv gx wudlwhphqw gh
fhuwdlqv pdloodjhv gìwuxfwxuìv prgìolvdqw ghv uìvhuyrluv uìhov1
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51614 Hqfdguhphqw qxpìultxh gx whqvhxu ìtxlydohqw
Frqfhuqdqw o*hqfdguhphqw qxpìultxh gx whqvhxu ìtxlydohqw/ ohv suhplhuv wudydx{ vrqw
gþv ã Kloo/ Pdqghoo uhsulv sdu Vxtxhw ^;4`1 Pdulql ^8<`/ grqw ohv wudydx{ rqw ìwì uds0
shoìv dx fkdslwuh 4/ wudlwh oh fdv gh o*krprjìqìlvdwlrq sìulrgltxh hw rewlhqw ghv uìvxowdwv
ydodeohv xqltxhphqw gdqv xq hvsdfh gh glphqvlrq ghx{1 Srxu fh txl hvw gh od pìwkrgh
olqìdluh/ Fruuh hw do1 ^57` rqw phqì ghv wudydx{ uhodwlyhphqw vrppdluhv vxu oh vxmhw1 Sdu
dloohxuv xqh dxwuh dssurfkh txl d ìwì suìvhqwìh dx suhplhu fkdslwuh d ìwì gìyhorssìh sdu
Edghd hw Erxujhdw ^:` srxu hqfdguhu qxpìultxhphqw oh whqvhxu ìtxlydohqw grqqì sdu od
wkìrulh gh o*krprjìqìlvdwlrq vwrfkdvwltxh1
Od gìwhuplqdwlrq gx whqvhxu gh shupìdelolwì ìtxlydohqw grqqì sdu +514, qìfhvvlwh oh fdofxo
ghv irqfwlrqv R�c � ' �c ���c _c vroxwlrqv ghv sureoëphv orfdx{ +515,1 Gdqv fh sdudjudskh
rq xwlolvh ã od irlv od pìwkrgh ghv ìoìphqwv �qlv frqiruphv hw od pìwkrgh ghv ìoìphqwv
�qlv pl{whv srxu uìvrxguh ohv sureoëphv orfdx{ hw rewhqlu ghv dssur{lpdwlrqv gx whqvhxu
ìtxlydohqw1
Rq prqwuh/ gdqv xq fdguh pxowlglphqvlrqqho jìqìudo/ txh od pìwkrgh ghv ìoìphqwv �0
qlv frqiruphv grqqh xqh dssur{lpdwlrq qxpìultxh gx whqvhxu ìtxlydohqw/ txl frqyhujh
sdu ydohxu vxsìulhxuh yhuv oh whqvhxu gh shupìdelolwì ìtxlydohqw/ doruv txh od pìwkrgh
ghv ìoìphqwv �qlv pl{whv irxuqlw xqh dssur{lpdwlrq frqyhujhdqw sdu ydohxu lqiìulhxuh
^7`1 Dlqvl/ oruvtxh o*rq ud!qh oh pdloodjh ìoìphqwv �qlv/ ohv dssur{lpdwlrqv lqiìulhxuhv
hw vxsìulhxuhv frqyhujhqw yhuv oh whqvhxu ìtxlydohqw/ fh txl shuphw g*rewhqlu ghv dssur{0
lpdwlrqv qxpìultxhv suìflvhv1 O*hqfdguhphqw qxpìultxh gx whqvhxu ìtxlydohqw shuphw
grqf gh mxjhu od txdolwì gh o*dssur{lpdwlrq rewhqxh1
Gdqv o*rswltxh g*dssoltxhu od pìwkrgh ghv ìoìphqwv �qlv frqiruphv/ rq h�hfwxh xq
fkdqjhphqw gh od irqfwlrq lqfrqqxh R� gx sureoëph +515,1 Oh sureoëph orfdo +515, shxw
v*ìfuluh vrxv od iruph vxlydqwh =

;?
= �_�� dgE%� Eu�� n Oi��o ' f _@?r /

�� ' f r�o Y/ +516,

rü �� ' R� � %�� Oh whuph jìqìultxh gx whqvhxu ìtxlydohqw gW hvw sdu frqvìtxhqw grqqì
sdu =

gW
�� ' �m/m

]
/
g E%� du�� n Oi�o � du�� n Oi�o _% � � �c � � _� +517,

Frqvlgìurqv od irupxodwlrq yduldwlrqqhooh gh +516,
;?
= �� 5 M�

fE/�
@E��c �� ' uOi�E�� ;� 5 M�

fE/� +518,
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Od vroxwlrq gx sureoëph +518, hvw dxvvl vroxwlrq gx sureoëph gh plqlplvdwlrq vxlydqw=
;A?
A=

�� 5 M�
fE/�

aOi� E��� ' �?u
�MM�

f E/�
aOi� E�� +519,

Vrlw T f
� � M�

fE/� xq hvsdfh g*dssur{lpdwlrq rewhqx hq xwlolvdqw od pìwkrgh ghv ìoìphqwv
�qlv frqiruphv/ Eyrlu sdu h{hpsoh ^56`�/ rü k hvw od wdlooh gh od wuldqjxodwlrq uìjxolëuh gh
/1
Rq lqwurgxlw ��� od vroxwlrq glvfuëwh rewhqxh sdu od pìwkrgh ghv ìoìphqwv �qlv frqiruphv
hw txl vdwlvidlw = ;?

= ��� 5 T f
�

@E���c ��� ' uOi� E��� ;�� 5 T f
�

+51:,
��� txl hvw od vroxwlrq glvfuëwh gx sureoëph +516,/ hvw ìjdohphqw od vroxwlrq gx sureoëph
gh plqlplvdwlrq vxlydqw = ;A?

A=
�� 5 T f

�

aOi� E���� ' �?u
��MT f

�

aOi� E��� +51;,

D sduwlu ghv vroxwlrqv glvfuëwhv ��� gx sureoëph +51:, rq gì�qlw o*dssur{lpdwlrq gW
� gx

whqvhxu gh shupìdelolwì gW grqqìh sdu =
EgW

���� ' �m/m
]
/
g E%� du��� n Oi�o � du��� n Oi�o _% � � �c � � _� +51<,

O*xwlolvdwlrq gh od pìwkrgh ghv ìoìphqwv �qlv pl{whv qìfhvvlwh g*ìfuluh oh sureoëph orfdo
+515, vrxv od iruph vxlydqwh =

;AA?
AA=

<^� ' �gE%�uR� _@?r /
_�� �<^�� ' f _@?r /

R� ' %� r�o Y/
+5143,

Rq dvvrflh doruv dx sureoëph +5143, od irupxodwlrq yduldwlrqqhooh pl{wh vxlydqwh =
;AAAA?
AAAA=

E<^�c R�� 5 ME_��c /�� u2E/�]
/
g3�E%� <^� � <t _%� ]

/
R� _�� EOt� _% ' � 	<t �O?c %� : ; <t5 ME_��c /�]

/
� _�� EÔ �� _% ' f ;� 5 u2E/�

+5144,

Oh sureoëph +5144, srvvëgh xqh vroxwlrq xqltxh/ Eyrlu sdu h{hpsoh ^4<`�/ fdudfwìulvìh sdu
oh sureoëph gh srlqw vhooh vxlydqw =

m%�E<^�c R�� ' �?u<
rMME_��c/�

t�T
�Mu2E/�

m%�E<t c �� +5145,
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Gh soxv/ oh sureoëph +5144, hvw ìtxlydohqw ã od irupxodwlrq gxdoh
m%�E<^�c R�� ' �?u<

rMMfE_��c/�

m%�E<t c R�� +5146,
Srxu rewhqlu xqh dssur{lpdwlrq qxpìultxh/ qrwìh gW

�/ gx whqvhxu gh shupìdelolwì ìtxly0
dohqw gW hq xwlolvdqw od irupxodwlrq yduldwlrqqhooh pl{wh +5144,/ rq frqvlgëuh od idplooh
gh wuldqjxodwlrq uìjxolëuh gh / gh gldpëwuh k1 Rq lqwurgxlw ohv hvsdfhv g*dssur{lpd0
wlrqv vxlydqwv f� � ME_��c /� hw �� � u2E/� ghv irqfwlrqv sro|q÷pldohv sdu prufhdx{1
Ohv dssur{lpdwlrqv rewhqxhv sdu od pìwkrgh ghv ìoìphqwv �qlv pl{whv E <^��c R��� 5 f� �
�� gh E<^�c R�� 5 ME_��c /�� u2E/� vrqw vroxwlrqv gx sureoëph =;A?

A=
]

/
g3�E%� <^�� � <t� _%� ]

/
R�� _�� EOt�� _% ' � 	<t� �O?c %� : ; <t�5 f�]

/
�� _�� EÔ ��� _% ' f ;�� 5 ��

+5147,

Ghv h{hpsohv g*hvsdfhv Ef�c��� vdwlvidlvdqw od frqglwlrq fodvvltxh lqi0vxs vrqw ohv ìoì0
phqwv gh Udylduw0Wkrpdv wuldqjxodluhv hw uhfwdqjxodluhv ^:5`/ ^:8` hw ohv ìoìphqwv wìwudì0
gultxhv gh Qhghohf ^95` +srxu g*dxwuhv h{hpsohv yrlu ^4<`/ ^6:`,1
Rq gì�qlw doruv o*dssur{lpdwlrq gW

� gh gW sdu =
EgW

���� ' �m/m
]
/
g3� E%� <^�� � <^�� _% � � �c � � _� +5148,

Rq d doruv oh uìvxowdw vxlydqw =
Wkìruëph 51614 Vrlhqw / xq rxyhuw eruqì frqyh{h/ gh iurqwlëuh Y/ Olsvfklw} frqwlqxh/
hw g 5 � Eb�c b2c /�1 Rq vxssrvh txh gW

�

koerR� gW
�

l hvw grqqì sdu od uhodwlrq E2�b�
doerR� E2��D�o � Doruv rq d ohv hvwlpdwlrqv vxlydqwhv =

U3�c/ Eg� � gW
� � gW � gW

� � U�c/ Eg� +5149,
rü gW hvw oh whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frq0
glwlrqv dx{ erugv olqìdluhv1

Gìprqvwudwlrq =
Vrlw O1 5 U-_c O1 ' _S

�'�
1�Oi�� Rq lqwurgxlw ohv qrwdwlrqv vxlydqwhv =

O"� '
_[
�'�

1�Ô �� �� '
_[
�'�

1�R�� } '
_[
�'�

1�%�
O" '

_[
�'�

1�Ô � � '
_[
�'�

1�R�
`� '

_[
�'�

1���� ` '
_[
�'�

1���
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Hq xwlolvdqw oh sureoëph +5144, ^uhvs1 +5147,` hw sdu olqìdulwì rq rewlhqw txh
;AAAA?
AAAA=

EO"c� � 5 ME_��c /�� u2E/�]
/
g3�E%�O"� <t _%� ]

/
� _�� EOt� _% ' � 	<t �O?c } : ; <t5 ME_��c /�]

/
� _�� �O"� _% ' f ;� 5 u2E/�

+514:,

hw txh EO"�c��� 5 f� ��� hvw od vroxwlrq gx sureoëph
;AAAA?
AAAA=

EO"�c��� 5 f� ���]
/
g3�E%�O"�� <t� _%� ]

/
�� _�� EOt�� _% ' � 	<t� �O?c } : ; <t�5 f�]

/
�� _�� �O"�

� _% ' f ;�� 5 ��

+514;,

Oh sureoëph +514:, hvw ìtxlydohqw ã od irupxodwlrq gxdoh
m}EO"c� � ' �?u<

rMMfE_��c/�

m}E<t c � � +514<,

Hq xwlolvdqw +5148, rq rewlhqw txh
gW

�
O1�O1 ' �m/m

]
/
g3� E%� O"��O"� _% +5153,

Gh od píph pdqlëuh txh suìfìghpphqw/ hq xwlolvdqw ohv sureoëphv +518, ^uhvs1 +51:,` hw
sdu olqìdulwì/ rq rewlhqw txh ` hvw od vroxwlrq gx sureoëph =

;?
= ` 5 M�

fE/�
@E`c �� ' uO1E�� ; � 5 M�

fE/� +5154,

hw `� hvw od vroxwlrq gx sureoëph glvfuhw =
;?
= `� 5 T f

�

@E`�c ��� ' uO1E��� ; �� 5 T f
�

+5155,

Sdu dloohxuv/ ohv sureoëphv +5154, hw +5155, vrqw uhvshfwlyhphqw ìtxlydohqwv dx{ sureoëphv
gh plqlplvdwlrq fl0ghvvrxv = ;A?

A=
` 5 M�

fE/�
aO1E` � ' �?u

�MM�
fE/�

aO1E�� +5156,

hw ;A?
A=

`� 5 T f
�

aO1E`�� ' �?u
��MT f

�

aO1E��� +5157,
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Hq xwlolvdqw +51<, rq rewlhqw
gW

�
O1�O1 ' �m/m

]
/
g E%� ku`� n O1l � ku`� n O1l_% +5158,

Rq grlw gìprqwuhu txh
U3�c/ Eg� O1�O1 � gW

�
O1�O1 � gW O1�O1 � gW

�
O1�O1 � U�c/ Eg� O1�O1 +5159,

Ru f� � ME_��c /�c g*rü hq xwlolvdqw +514<, rq d =
�
2
]

/
g3�E%�O"�O" _% n 	 O"�O?c } : �

�
2
]

/
g3�E%�O"��O"� _% n 	 O"��O?c } :

+515:,

G*dxwuh sduw/ srxu E<t c �� ' EO"c� � gdqv +514:, hw E<t�c ��� ' EO"�c��� gdqv +514;,/ rq
rewlhqw ;A?

A=
]

/
g3�E%�O"�O" _% ' � 	 O"�O?c } :]

/
g3�E%�O"��O"� _% ' � 	 O"��O?c } : +515;,

G*rü = ��
2
]
/
g3�E%�O"�O" _% � ��

2
]
/
g3�E%�O"��O"� _% +515<,

hw g*dsuëv +5153,/ rq d =
gW

�
O1�O1 � gW O1�O1 +5163,

Prqwurqv txh U3�c/ Eg� O1�O1 � gW
�
O1�O1�

Frpph g 5 � Eb�c b2cl� rq d g3� 5 �
� �
b2 c

�
b� cl

�
/ g*rü

]
/
g3�E%� �O"�ngW

�
O1� � �O"�ngW

�
O1� _% � f +5164,

Hq gìyhorssdqw +5164, rq rewlhqw
]
/
g3�E%�O"��O"� _%n 2

]
/
g3�E%�O"��gW

�
O1 _%n

]
/
g3�E%�gW

�
O1�gW

�
O1 _% � f +5165,

Hq suhqdqw E<t�c ��� ' EgW
�
O1c��� gdqv +514;, rq rewlhqw

]
/
g3�E%�O"��gW

�
O1 _% ' � 	 gW

�
O1�O?c } : +5166,

fh txl grqqh g*dsuëv +5153, hw +5166, =
]
/
gW

�
O1�O1 _%� 2 	 gW

�
O1�O?c } : n

]
/
g3�E%�gW

�
O1�gW

�
O1 _% � f +5167,
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Ru g*dsuëv od irupxoh gh Juhhq rq d =]
/
gW

�
O1�u �O1�O � _% ' � ]

/
_�� �gW

�
O1� O1�O _%n 	 gW

�
O1�O?c } : +5168,

G*dxwuh sduw/ oh whqvhxu gW
� ìwdqw frqvwdqw vxu /c _��

�gW
�
O1� ' fc hw doruv =

]
/
gW

�
O1�O1 _% ' 	 gW

�
O1�O?c } : � +5169,

Sdu frqvìtxhqw/ juåfh ã +5167, hw +5169, rq d =]
/
g3�E%�gW

�
O1�gW

�
O1 _% � ]

/
gW

�
O1�O1 _% +516:,

fh txl hvw ìtxlydohqw ã]
/
g3�E%�gW

�
O1�gW

�
O1 _% � ]

/

�gW
�

�3�gW
�
O1�gW

�
O1 _% +516;,

Rq srvh O# 'gW
�
O11 Oruvtxh oh yhfwhxu O1 sdufrxuw U-_/ oh yhfwhxu O# sdufrxuw ìjdohphqw

U-_� Gh +516;, rq gìgxlw txh]
/
g3�E%�O#�O# _% � ]

/

�gW
�

�3� O#�O# _% +516<,
f*hvw ã gluh/ # �m/m

]
/
g3�E%� _%

$
O#�O# � �gW

�

�3� O#�O# +5173,
srxu wrxw O# 5U-_c g*rü rq d

�m/m
]
/
g3�E%� _% � �gW

�

�3� +5174,
fh txl hvw ìtxlydohqw ã =

U3�c/ Eg� � gW
�� +5175,

Pdlqwhqdqw/ rq gìprqwuh txh gW O1�O1 � gW
�
O1�O1�

Frpph o*hvsdfh T f
� hvw lqfoxv gdqv M�

f E/� c hq xwlolvdqw oh sureoëph gh plqlplvdwlrq
+5156, rq rewlhqw

�
2@E`c` �� uO1E` � � �

2@E`�c`��� uO1E`�� +5176,
F*hvw ã gluh txh

�
2
]

/
gE%�u`�u` _% n

]
/
gE%�O1�u` _% �

�
2
]

/
gE%�u`��u`� _%n

]
/
gE%�O1�u`� _%

+5177,
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Hq udmrxwdqw gh fkdtxh f÷wì gh o*lqìjdolwì �
2
]

/
gE%�O1�O1 _% hw hq pxowlsoldqw sdu 2m/m c rqrewlhqw juåfh ã +5158,

gWO1�O1 � gW
�
O1�O1 +5178,

Hq xwlolvdqw oh sureoëph gh plqlplvdwlrq +5157, hw hq suhqdqw �� ' f/ rq rewlhqw
�
2
]
/
gE%�u`��u`� _%n

]
/
gE%�O1�u`� _% � f +5179,

Rq udmrxwh gh fkdtxh f÷wì gh o*lqìjdolwì �
2
]

/
gE%�O1�O1 _% hw rq pxowlsolh sdu 2m/m c rqrewlhqw doruv =

gW
�
O1�O1 � U�c/ Eg�O1�O1 �� +517:,

51615 Hqfdguhphqw srxu ohv whuphv h{wud0gldjrqdx{
Srxu dyrlu xqh erqqh dssur{lpdwlrq ghv frh!flhqwv gx whqvhxu ìtxlydohqw/ lo hvw vrx0
yhqw lqwìuhvvdqw g*dyrlu xq hqfdguhphqw srxu oh whuph jìqìultxh EgW���/ � � �c � � _�
F*hvw o*remhw gx sdudjudskh txl vxlw1 Juåfh dx uìvxowdw jìqìudo +5149,/ rq glvsrvh g*xq
hqfdguhphqw lppìgldw srxu ohv whuphv gldjrqdx{ hq suhqdqw O1 ' Oi�/ � � � � _� Rq d
doruv

EgW
���� � EgW��� � EgW

���� � � � � _ +517;,
g*rü ohv hvwlpdwlrqv fl0ghvvrxv

f � EgW��� � EgW
���� � EgW

���� � EgW
����

f � EgW
���� � EgW��� � EgW

���� � EgW
���� � � � � _� +517<,

Frqfhuqdqw ohv whuphv h{wud0gldjrqdx{/ rq d oh uìvxowdw vxlydqw =
Sursrvlwlrq 51615 Vrxv ohv k|srwkëvhv gx wkìruëph 2����/ rq d =����EgW��� � �

2
kEgW

���� n EgW
����

l���� � �
e
kEgW

���� � EgW
���� n EgW

���� � EgW
����

l � � �c � � _�
+5183,

Gìprqvwudwlrq =
Rq d ohv lghqwlwìv

gWEOi� n Oi���EOi� n Oi�� ' EgW��� n 2 EgW��� n EgW��� +5184,
gWEOi� � Oi���EOi� � Oi�� ' EgW��� � 2 EgW��� n EgW��� +5185,

Hq xwlolvdqw +5184, hw hq suhqdqw O1 ' EOi� n Oi�� gdqv +5159, rq d =
EgW

����n2 EgW
����nEgW

���� � EgW���n2 EgW���nEgW��� � EgW
����n2 EgW

����nEgW
���� +5186,
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Gh od píph pdqlëuh hq xwlolvdqw +5185, hw hq suhqdqw O1 ' EOi� � Oi�� gdqv +5159, rq d =
EgW

�����2 EgW
����nEgW

���� � EgW����2 EgW���nEgW��� � EgW
�����2 EgW

����nEgW
���� +5187,

G*dsuëv +5186, hw +5187, =
;AA?
AA=

EgW
���� � EgW

����n
EgW

���� � EgW
����n

2 kEgW
���� n EgW

����
l
<AA@
AA> � e EgW��� �

;AA?
AA=

EgW
���� � EgW

����n
EgW

���� � EgW
����n

2 kEgW
���� n EgW

����
l
<AA@
AA> +5188,

g*rü oh uìvxowdw +5183, ��

Uhpdutxh 51616 Od pr|hqqh �
2
kEgW

���� n EgW
����

l grqqhud/ hq jìqìudo/ xqh dssur{l0
pdwlrq qxpìultxh gx whqvhxu ìtxlydohqw EgW��� soxv suìflvh txh EgW

���� rü EgW
���� srxu

� � �c � � _�

51616 Hvwlpdwlrqv g*huuhxuv hw frqyhujhqfh ghv dssur{lpdwlrqv
Ohv uìvxowdwv rewhqxv gdqv oh sdudjudskh suìfìghqw vrqw ydodeohv srxu xqh wuldqjxodwlrq
grqqìh gx grpdlqh /� Ru/ gdqv fhuwdlqhv vlwxdwlrqv/ qrwdpphqw oruvtxh ohv shupìdelolwìv
devroxhv ydulhqw �iruwhphqw� dx vhlq gx grpdlqh // ohv hqfdguhphqwv qxpìultxhv rewhqxv
qh vrqw sdv vdwlvidlvdqwv1 Rq d doruv uhfrxuv dx ud!qhphqw gh pdloodjh txl shuphw
gh uìgxluh fhw hqfdguhphqw qxpìultxh1 Dlqvl o*dssur{lpdwlrq qxpìultxh gx whqvhxu
ìtxlydohqw gW

� doerR� gW
�o rewhqxh hq xwlolvdqw od pìwkrgh ghv ìoìphqwv �qlv pl{whv doerR�

frqiruphvo frqyhujh yhuv od ydohxu wkìrultxh gW oruvtxh o*rq ud!qh oh pdloodjh1 Soxv
suìflvìphqw/ vrxv fhuwdlqhv k|srwkëvhv/ rq gìprqwuh oh uìvxowdw vxlydqw =
Sursrvlwlrq 51617 Vrlw / xq rxyhuw eruqì frqyh{h/ gh iurqwlëuh Y/ Olsvfklw} frqwlqxh1
Rq vxssrvh txh od pdwulfh v|pìwultxh g 5 E�� E/��_2 �
Doruv rq d

*�4
�<f

EgW
���� '*�4

�<f
EgW

���� ' EgW��� � � �c � � _ +5189,���gW
� �gW

���
7
' ���gW

� �gW
���
7
' � E�� � +518:,

Gìprqvwudwlrq =
Rq prqwuh g*derug txh *�4

�<f
EgW

���� ' EgW���c � � � � _�
Sdu gì�qlwlrq rq d

EgW��� � EgW
���� ' �m/m

�]
/
g E%� Eu�� n Oi�� � Eu�� n Oi�� _%

� ]
/
g E%� Eu��� n Oi�� � Eu��� n Oi�� _%

� +518;,
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vrlw hqfruh
EgW��� � EgW

���� ' �m/m d@ E�� � ���c ��� � ��� n 2@ E�� � ���c �� n %��o +518<,

Frpph g 5 E�� E/��_2 gh +518<,/ rq rewlhqw od pdmrudwlrq vxlydqwh=
���EgW

���� � EgW���
��� � � �m�� � ���m2�c/ n m�� � ���m�c/� +5193,

rü F hvw xqh frqvwdqwh lqgìshqgdqwh gh k1
Ru rq d = m�� � ���m�c/ � �� m��m2c/ +5194,
F*hvw xq uìvxowdw fodvvltxh edvì vxu xq uìvxowdw gh uìjxodulwì ^6;` dlqvl txh vxu ohv hvwl0
pdwlrqv g*huuhxuv/ uhodwlyhv ã od pìwkrgh ghv ìoìphqwv �qlv frqiruphv txl shxyhqw íwuh
wurxyìhv gdqv ^9<`1
Hq xwlolvdqw doruv +5194, rq rewlhqw

���EgW
���� � EgW���

��� � �� � � � � _ +5195,
Sdu frqvìtxhqw rq d

*�4
�<f

EgW
���� ' EgW��� � � � � _� +5196,

Rq wudlwh pdlqwhqdqw oh fdv ghv whuphv h{wud0gldjrqdx{1 Gh od uhodwlrq +5149, rq gìgxlw
txh =

gWO1�O1 � gW
�
O1�O1 ;O1 5 U-_ +5197,

g*rü hq suhqdqw O1 ' EOi� � Oi�� rq d =
EgW��� � 2 EgW��� n EgW��� � EgW

���� � 2 EgW
���� n EgW

���� +5198,
vrlw hqfruh

2 kEgW
���� � EgW���

l � EgW
���� � EgW��� n EgW

���� � EgW��� +5199,
Hq suhqdqw O1 ' EOi� n Oi�� gdqv +5197, rq d=

EgW��� n 2 EgW��� n EgW��� � EgW
���� n 2 EgW

���� n EgW
���� +519:,

vrlw hqfruh
EgW��� � EgW

���� n EgW��� � EgW
���� � 2 kEgW

���� � EgW���
l +519;,

Ghv uhodwlrqv +5199, hw +519;, rq rewlhqw=
���EgW

���� � EgW���
��� � �

2
kEgW

���� � EgW��� n EgW
���� � EgW���

l +519<,
87



g*rü hq xwlolvdqw od uhodwlrq +5195, rq wurxyh
���EgW

���� � EgW���
��� � �� � � �c � � _ +51:3,

Grqf
*�4
�<f

EgW
���� ' EgW��� � � �c � � _� +51:4,

Hq xwlolvdqw +51:3, rq d
���gW

� �gW
���
7
'

3
C _[
�c�'�

���EgW
���� � EgW���

���2
4
D

�
2 � �� +51:5,

od vhfrqgh ìjdolwì gh +518:, hvw doruv dftxlvh1
Rq prqwuh pdlqwhqdqw txh o*dssur{lpdwlrq qxpìultxh lqiìulhxuh gW

� frqyhujh yhuv oh
whqvhxu wkìrultxh gW�
Prqwurqv g*derug txh

*�4
�<f

EgW
���� ' EgW��� � � � � _� +51:6,

Rq d sdu gì�qlwlrq
EgW

���� � EgW��� ' �m/m
�]

/
g3�E%� <^�� � <^�� _%� ]

/
g3�E%� <^� � <^� _%

�
+51:7,

Fh txl vh uììfulw vrxv od iruph vxlydqwh
EgW

���� � EgW��� ' �m/m
�]

/
g3�E%� � <^�� � <^�

� � � <^�� � <^�
� _%

n 2
]

/
g3�E%� � <^�� � <^�

� � <^� _%
� +51:8,

g*rü rq rewlhqw od pdmrudwlrq vxlydqwh =
���EgW

���� � EgW���
��� � �

���� <^�� � <^�
���2
fc/

n ��� <^�� � <^�
���
fc/

�
+51:9,

rü � hvw xqh frqvwdqwh lqgìshqgdqwh gh k1
Sdu dloohxuv/ xq uìvxowdw fodvvltxh vxu ohv hvwlpdwlrqv g*huuhxu gh od pìwkrgh ghv ìoìphqwv
�qlv pl{whv ^9<` shuphw g*rewhqlu txh =

nÔ � � Ô ��nfc/ � �� mÔ �m�c/ +51::,
Hq xwlolvdqw doruv +51::, rq rewlhqw

���EgW
���� � EgW���

��� � �� � � � � _ +51:;,
g*rü

*�4
�<f

EgW
���� ' EgW��� � � � � _ +51:<,
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ru rq vdlw g*dsuëv od uhodwlrq +5163, txh =
gW

�
O1�O1 � gWO1�O1 ;O1 5 U-_ +51;3,

Gh od píph pdqlëuh txh suìfìghpphqw/ rq rewlhqw od uhodwlrq vxlydqwh���EgW��� � EgW
����

��� � �
2
kEgW��� � EgW

���� n EgW��� � EgW
����

l +51;4,
Gh +51:;, hw +51;4, rq d ���EgW��� � EgW

����
��� � �� � � �c � � _ +51;5,

Sdu frqvìtxhqw
*�4
�<f

EgW
���� ' EgW��� � � �c � � _� +51;6,

Ilqdohphqw/ g*dsuëv +51;5, rq d
���gW

� �gW
���
7
'

3
C _[
�c�'�

���EgW
���� � EgW���

���2
4
D

�
2 � �� +51;7,

g*rü od suhplëuh ìjdolwì gh +518:, �1

51617 Hwxgh g*xq frqwh{wh v|pìwultxh
Rq v*lqwìuhvvh lfl ã xq fdv v|pìwultxh/ f*hvw ã gluh ã xqh vlwxdwlrq rü od glvwulexwlrq gh
shupìdelolwì g hvw v|pìwultxh sdu udssruw dx{ d{hv gh frrugrqqìhv1 Hq v*lqvsludqw ghv
wudydx{ gh Erxujdw hw Ghuylhx{ ^47`/ rq prqwuh txh od plvh ã o*ìfkhooh g*xqh glvwulexwlrq
gh shupìdelolwì frqvwlwxìh gh whqvhxuv lvrwurshv uìsduwlh vxu xq grpdlqh v|pìwultxh
irxuqlw xq whqvhxu ìtxlydohqw gldjrqdo1 Fh uìvxowdw hvw grqqì sdu od sursrvlwlrq txl vxlw1
Sursrvlwlrq 51618 Rq vxssrvh txh oh whqvhxu g 5 �Eb�c b2cl� hvw gldjrqdo hw txh
od glvwulexwlrq gh shupìdelolwì gc dlqvl txh oh grpdlqh /c vrqw v|pìwultxhv sdu udssruw
dx{ d{hv gh frrugrqqìhv1 Doruv oh whqvhxu ìtxlydohqw gW rewhqx sdu od pìwkrgh olqìdluh
yìul�h=

gW
�� ' f

;?
= � � �c � � _

� 9' � �

Dydqw gh gìprqwuhu od sursrvlwlrq 51618/ rq lqwurgxlw txhotxhv qrwdwlrqv1
Rq qrwh 7� oh srlqw v|pìwultxh gx srlqw 7 sdu udssruw ã o*k|shusodq %�/ � � � � _c
frpph lqgltxì gdqv od �jxuh 5151 Rq frqvlgëuh xq hqvhpeoh gh sdudpëwuhv Ek���$�$_suhqdqw ohv ydohxuv 3 rx 4/ txh o*rq pxqlw gh o*dojëeuh gh Erroh1 Vrlw xqh irqfwlrq �
gì�qlh vxu /c rq gì�qlw doruv o*hqvhpeoh 7k�c���ck_

sdu
7k�c���ck_

' i � * � E7�� ' E���k� � E7� c � � � � _c ; 7 5 /j +51;8,
Rq glvsrvh doruv ghv sursulìwìv vxlydqwhv txl shxyhqw íwuh wurxyìhv gdqv ^47`1
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Iljxuh 515= V� hvw oh srlqw v|pìwultxh gh V sdu udssruw ã o*k|shusodq %�/ � � � � ��
Ohpph 51619 Vrlw xqh irqfwlrq � 5 7k�c���ck_

� Rq d ohv sursulìwìv vxlydqwhv =
l, Vl ) 5 7q�c���cq_

doruv �) 5 7k�nq�c���ck_nq_

ll, Y�
Y%� 5 7k�c���ck�n�c���ck_

lll, V*lo h{lvwh xq lqglfh l/ � � � � _c who txh k� hvw lpsdlu doruv ]
/
� _% ' f

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq 516181
Gìprqvwudwlrq =
Od glvwulexwlrq v|pìwultxh gh shupìdelolwì g 5 �Eb�c b2cl� vh wudgxlw gh od pdqlëuh
vxlydqwh=

g�� 5 7fcfc���cf � � �c � � _� +51;9,
Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +515, hvw grqqìh sdu =;AAA?

AAA=
R� 5 M�E/�]

/
gE%�uR��u� _% ' f ;� 5 M�

fE/�
R� ' %� r�o Y/

� � � � _� +51;:,

Hq suhqdqw � ' R� � %� rq rewlhqw =]
/
gE%�uR��uR� _% '

]
/
gE%�uR��u%� _% � � �c � � _ +51;;,

8:



Hq xwlolvdqw +514, rq d =
m/mgW

�� '
]
/
gE%�uR�� <i� _% � � �c � � _ +51;<,

vrlw hqfruh
gW

�� ' �m/m
]
/

%
_[

&'�

g�&E%� YR�Y%&
&
_% � � �c � � _ +51<3,

Ru g hvw gldjrqdo g*rü =
gW

�� ' �m/m
]
/
g��E%� YR�Y%� _% � � �c � � _ +51<4,

Prqwurqv txh ]
/
g��E%� YR�Y%� _% ' fc srxu

;?
= � � �c � � _

� 9' � �
Srxu fhod rq prqwuh g*derug txh od irqfwlrq R� vroxwlrq gx sureoëph +51;:, dssduwlhqw ã
o*hqvhpeoh 7fcfc���c�

�
c���cf

Sdu gì�qlwlrq od irqfwlrq %� 5 7fcfc���c�
�
c���cf� Rq srvh

�%� ' E���k, %� � � , � _ +51<5,
rü k, ' B,c��
Rq lqwurgxlw ìjdohphqw od irqfwlrq �R,� gì�qlh sdu �R,� E7� ' R� E7,� c � � , � _� Rq d doruv
txh �R,� hvw o*xqltxh vroxwlrq gx sureoëph vxlydqw

;AAA?
AAA=

�R,� 5 M�E/�]
/
gE%�u�R,��u� _% ' f ;� 5 M�

fE/�
�R,� ' �%� r�o Y/

� � �c , � _� +51<6,

Hq srvdqw ��,
� ' �R,� � �%� rq d]

/
gE%�u ��,

�u� _% ' � ]
/
gE%�u�%��u� _% ;� 5 M�

f E/� +51<7,
ru hq xwlolvdqw +51<5, rq rewlhqw=]

/
gE%�u ��,

�u� _% ' � E���k,

]
/
gE%�u%��u� _% ;� 5 M�

fE/� +51<8,
Hq srvdqw �� ' R� � %� gdqv +51;:, rq rewlhqw=]

/
gE%�u��u� _% ' � ]

/
gE%�u%��u� _% ;� 5 M�

fE/� +51<9,
g*rü g*dsuëv +51<8, hw +51<9, rq d]

/
gE%�u ��,

�u� _% ' E���k,

]
/
gE%�u��u� _% ;� 5 M�

fE/� +51<:,
8;



dlqvl ]
/
gE%�u � ��,

� � E���k, ��

�u� _% ' f ;� 5 M�
fE/� +51<;,

Hq suhqdqw � ' ��,
� � E���k, �� gdqv +51<;, hw frpph od pdwulfh g 5 � Eb�c b2c /� rq

rewlhqw = ��� ��,
� � E���k, ��

���
�c/

' f +51<<,
fhod lpsoltxh txh

��,
� ' E���k, �� +51433,

f*hvw ã gluh
�R,� � �%� ' E���k, R� � E���k, %� +51434,

Hq xwlolvdqw +51<5, rq rewlhqw
�R,� ' E���k, R� +51435,

f*hvw ã gluh
�R,� E7� ' E���k, R� E7� rü

;?
= k, ' B,c�

� � , � _ +51436,
Ru +51436, hvw ìtxlydohqw ã

R� E7,� ' E���k, R� E7� rü
;?
= k, ' B,c�

� � , � _ +51437,

fh txl lpsoltxh txh
R� 5 7fcfc���c�

�
c���cf +51438,

Hq xwlolvdqw ohv gl�ìuhqwhv sursulìwìv gx ohpph 51619 rq rewlhqw vxffhvvlyhphqw txh
YR�
Y%� 5 7fcfc���c�

�
c���c�

�
c���cf fdu � 9' � +51439,

g*rü
g��

YR�
Y%� 5 7fcfc���c�

�
c���c�

�
c���cf

;?
= � � �c � � _

� 9' � +5143:,
fh txl lpsoltxh txh ]

/
g��E%� YR�Y%� _% ' f +5143;,

�qdohphqw rq rewlhqw =
gW

�� ' f
;?
= � � �c � � _

� 9' � �� +5143<,

8<



51618 Vwdelolwì sdu udssruw ã od J0frqyhujhqfh
Od J0frqyhujhqfh hvw xqh sursulìwì lpsruwdqwh txl shuphw g*dyrlu xqh uìsrqvh dx sure0
oëph gh od plvh ã o*ìfkhooh gdqv fhuwdlqhv vlwxdwlrqv dv|pswrwltxhv1 Frpph lo d ìwì
udsshoì dx suhplhu fkdslwuh/ oh whqvhxu rewhqx sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf
ghv frqglwlrqv dx{ erugv olqìdluhv hvw vwdeoh srxu od J0frqyhujhqfh1 Xqh gìprqvwudwlrq
gh fh wkìruëph/ ìqrqfì suìflvìphqw fl0dsuëv/ shxw íwuh wurxyìh gdqv ^43`1
Wkìruëph 5161: Vrlw g0 5 �Eb�c b2cl� who txh g0

C�$ gf doruv
gW

0
C�$ gW

f

rü gW
0 doerR� gW

f o hvw oh whqvhxu gh shupìdelolwì ìtxlydohqw ã g0 doerR� gfo rewhqx hq
xwlolvdqw od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv1

51619 Vwdelolwì sdu udssruw ã od J0frqyhujhqfh sduderoltxh
Gdqv fh sdudjudskh rq gìprqwuh txh oh whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh g*kr0
prjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv hvw ìjdohphqw vwdeoh srxu od J0
frqyhujhqfh sduderoltxh1 Soxv suìflvìphqw/ rq d oh uìvxowdw txl vxlw =
Wkìruëph 5161; Vrlhqw s 5 u2Efc AcM3� E/�� hw g0 5 �Eb�c b2cl� who txh

g0
C��$ gf +51443,

hw
�0

u"E/���X �f idleoh � dyhf f 	 6 � �0 � 6� 	 n4 +51444,
Doruv

RW0
u2EfcAcM�

f E/�����X RWf idleoh +51445,
�0YR

W
0

Y|
u2EfcAcM3�E/�����X �fYR

W
f

Y| idleoh +51446,

gW
0uRW0

Eu2E'��_���X gW
fuRWf idleoh +51447,

rü RW0 hvw od vroxwlrq gh
;AAAA?
AAAA=

RW0 5 ` Efc A �
�0YR

W
0

Y| � _�� dgW
0uRW0o ' s _@?r '

RW0Efc �� ' f R�R� _@?r /
+51448,
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hw RWf hvw od vroxwlrq gh;AAAA?
AAAA=

RWf 5 ` Efc A �
�fYR

W
f

Y| � _�� dgW
fuRWfo ' s _@?r '

RWfEfc �� ' f R�R� _@?r /
+51449,

rü gW
0 doerR� gW

f o hvw oh whqvhxu gh shupìdelolwì ìtxlydohqw ã g0 doerR� gfo rewhqx hq
xwlolvdqw od pìwkrgh olqìdluh1

Rq shxw jìqìudolvhu oh wkìruëph 5161; srxu ghv frqglwlrqv lqlwldohv txhofrqtxhv1 Wrxwh0
irlv/ d�q g*dooìjhu ohv fdofxov rq qh frqvlgëuh lfl txh oh fdv g*xqh frqglwlrq lqlwldoh kr0
prjëqh1
Rq gìprqwuh gdqv xq suhplhu whpsv ghx{ uìvxowdwv lqwhupìgldluhv txl lqwhuylhqqhqw gdqv
od gìprqvwudwlrq gx wkìruëph 5161;1
Od sursrvlwlrq txl vxlw surylhqw ghv wudydx{ gh Dpd}ldqh ^5`1
Sursrvlwlrq 5161< Vrlhqw 6 hw 6�ghx{ qrpeuhv uìhov1 Rq vxssrvh txh

R0
u2EfcAcM�

fE/�����X Rf idleoh +5144:,
�0

u"E/���X �f idleoh � dyhf f 	 6 � �0 � 6� 	 n4� +5144;,
Y E�0R0�

Y| hvw eruqì gdqv u2Efc AcM3�E/�� +5144<,
doruv

R0 u2E'������$ Rf iruw +51453,
Sursrvlwlrq 516143 Vrlhqw 6 hw 6�ghx{ qrpeuhv uìhov1 Rq vxssrvh txh

�0
u"E/���X �f idleoh � dyhf f 	 6 � �0 � 6� 	 n4� +51454,

Vrlw �0 od vroxwlrq gx sureoëph =;AAAA?
AAAA=

�0 5 ` Efc A �
�0Y�0

Y| � _�� dg0E%�u�0o ' s _@?r '
�0Efc �� ' f R�R� _@?r /

+51455,

rq d doruv
�0

u2EfcAcM�
fE/�����X �f idleoh +51456,

Y E�0�0�
Y|

u2EfcAcM3�E/�����X Y E�f�f�
Y| idleoh +51457,

ng0u�0nfc' � � +51458,
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Gìprqvwudwlrq =
Rq gìprqwuh g*derug txh �0 hvw eruqìh gdqv u2Efc AcM�

f E/���
Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +51455, hvw grqqìh sdu

;AAAA?
AAAA=

�0 5 ` Efc A �-
�0Y�0

Y| c �
.
n

]
/
g0E%�u�0�u� _% ' ksc �l ;� 5 M�

fE/�
�0Efc �� ' f

+51459,

Hq lqwìjudqw hqwuh dfc A o hw hq suhqdqw � ' �0 gdqv +51459,/ rq rewlhqw =
] A

f

-Y �t�0�0

�
Y| c

t
�0�0

.
_| n

] A

f

]
/
g0E%�u�0�u�0 _%_| '

] A

f
ksc �0l _| +5145:,

Rq rewlhqw doruv
�
2
����t�0�0EA �

����2
fc/

� �
2
����t�0�0Ef�

����2
fc/

n
] A

f

]
/
g0E%�u�0�u�0 _%_| '

] A

f
ksc�0l _|

+5145;,
Ru �0Efc �� ' f hw g0 5 � Eb�c b2c /� � Rq hq gìgxlw =

b� n�0n2u2EfcAcM�
f E/��

� ] A

f
nsnM3�E/� m�0m�c/ _| +5145<,

Fh txl lpsoltxh
n�0n2u2EfcAcM�

f E/��
� �

b� nsnu2EfcAcM3�E/�� n�0nu2EfcAcM�
f E/��

+51463,
Rq d doruv n�0nu2EfcAcM�

fE/��
� �

b� nsnu2EfcAcM3�E/�� +51464,
Od vroxwlrq �0 gx sureoëph +51455, ghphxuh grqf gdqv xq eruqì �{h gh u2 Efc AcM�

fE/�� �
Sdu dloohxuv frpph Eg0��� 5 u" E/� srxu wrxw � � �c � � _c rq d doruv

ng0u�0nfc' � � +51465,
rü F hvw xqh frqvwdqwh lqgìshqgdqwh gh 0
Rq prqwuh pdlqwhqdqw txh Y E�0�0�

Y| ghphxuh gdqv xq eruqì �{h gh u2 Efc AcM3�E/�� �
D sduwlu gh od irupxodwlrq yduldwlrqqhooh +51459, rq rewlhqw�����

-Y E�0�0�
Y| c �

.����� � k� nu�0nfc/ n nsnM3�E/�l m�m�c/ ;� 5 M�
f E/� +51466,

Hq glylvdqw sdu m�m�c/ hw hq suhqdqw oh vxsuhpxp vxu � 5 M�
f E/� rq d =�����Y E�0�0�

Y|
�����
M3�E/�

� � nu�0nfc/ n nsnM3�E/� +51467,
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Dyhf +51464, rq rewlhqw =
�����Y E�0�0�

Y|
�����
u2EfcAcM3�E/��

� � nsnu2EfcAcM3�E/�� +51468,

G*dsuëv +51444,/ +51464,/ +51468, hw od sursrvlwlrq 5161< rq d
�0

u2E'������$ �f iruw +51469,
hw sdu frqvìtxhqw

�0�0

u2EfcAcu2E/�����X �f�f idleoh +5146:,
Gh soxv rq d �0Y�0

Y| ' Y E�0�0�
Y| c doruv dyhf fh txl suìfëgh rq d +51457, ��

Gìprqwurqv oh wkìruëph 5161;1
Gìprqvwudwlrq =

Srxu od foduwì gh od gìprqvwudwlrq/ rq vxssrvh txh ohv grqqìhv vrqw vx!vdpphqw uìjxolëuhv
srxu dyrlu od uìjxodulwì YR0

Y| 5 u2 E'� c ;0 � f�
G*dsuëv o*k|srwkëvh gh J0frqyhujhqfh sduderoltxh +51443, hw od sursrvlwlrq 4181: rq d
srxu wrxw s 5 u2Efc AcM3� E/��

R0
u2EfcAcM�

fE/�����X Rf idleoh +5146;,
YR0
Y|

u2EfcAcM3�E/�����X YRf
Y| idleoh +5146<,

g0uR0
Eu2E'��_���X gfuRf idleoh +51473,

rü R0 hvw od vroxwlrq gh
;AAAA?
AAAA=

R0 5 ` Efc A �
YR0
Y| � _�� dg0E%�uR0o ' s _@?r '

R0Efc �� ' f R�R� _@?r /
+51474,

hw Rf hvw od vroxwlrq gh
;AAAA?
AAAA=

Rf 5 ` Efc A �
YRf
Y| � _�� dgfE%�uRfo ' s _@?r '

RfEfc �� ' f R�R� _@?r /
+51475,
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Sdu dloohxuv/ hq xwlolvdqw od sursrvlwlrq 516143 juåfh dx sureoëph +51448, hw ã o*k|srwkëvh
+51444,/ rq d

RW0
u2EfcAcM�

f E/�����X RWf idleoh +51476,
Y E�0RW0�

Y|
u2EfcAcM3�E/�����X Y E�fRWf�

Y| idleoh +51477,
ngW

0uRW0nfc' � �� +51478,
Vrlw ) 5 GEfc A �/ rq lqwurgxlw doruv ohv irqfwlrqv vxlydqwhv d�q gh vh udphqhu ã ghv
sureoëphv hoolswltxhv1

�0 '
] A

f
R0E%c |�)E|� _| � W0 '

] A

f
RW0E%c |�)E|� _|

�f '
] A

f
RfE%c |�)E|� _| � Wf '

] A

f
RWfE%c |�)E|� _|

s0 ' � ] A

f

YR0E%c |�
Y| )E|� _| s W0 ' � ] A

f
�0E%�YR

W
0E%c |�
Y| )E|� _|

sf ' � ] A

f

YRfE%c |�
Y| )E|� _| s Wf ' � ] A

f
�fE%�YR

W
fE%c |�
Y| )E|� _|

8 '
] A

f
sE%c |�)E|� _|�

+51479,

Rq d
s0 ' � ] A

f

YR0E%c |�
Y| )E|� _| '

] A

f
R0E%c |�)�E|� _| +5147:,

Gh od píph pdqlëuh rq rewlhqw
s W0 ' � ] A

f
�0E%�YR

W
0E%c |�
Y| )E|� _| '

] A

f
�0E%�RW0E%c |�)�E|� _| +5147;,

G*dsuëv oh sureoëph +51474, doerR� +51448,o ohv irqfwlrqv �0c s0 doerR� � W0 c s W0 o hw 8 yìul�hqw
uhvshfwlyhphqw ohv sureoëphv vxlydqwv =;?

= �0 5 M�
f E/��_�� dg0E%�u�0o ' 8 n s0 _@?r / +5147<,

;?
= � W0 5 M�

f E/��_�� dgW
0u� W0 o ' 8 n sW0 _@?r / +51483,

Rq h{dplqh ohv sursulìwìv ghv irqfwlrqv s0c sW0 hw �01
Hq xwlolvdqw od sursrvlwlrq 5161< juåfh ã +5146;,/ +5146<, doerR� E2��e��c E2��ee�o hw +51444,
rq d

R0 u2E'������$ Rf iruw +51484,
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hw
RW0

u2E'������$ RWf iruw +51485,
ru o*k|srwkëvh +51444, lpsoltxh/ hq xwlolvdqw +51485,/ txh

�0RW0
u2E'�����X �f RWf idleoh +51486,

O*lqmhfwlrq gh u2E'� gdqv u2Efc AcM3� E/�� ìwdqw frqwlqxh hw frpsdfwh/ rq d g*dsuëv
+51484, hw +51486, =

R0 u2EfcAcM3�E/�����$ Rf iruw +51487,
�0 RW0

u2EfcAcM3�E/�����$ �f RWf iruw +51488,
g*rü

s0 '
] A

f
R0E%c |�)�E|� _| M

3�E/����$ ] A

f
RfE%c |�)�E|� _| ' sf iruw +51489,

s W0 '
] A

f
�0E%�RW0E%c |�)�E|� _|

M3�E/����$ ] A

f
�fE%�RWfE%c |�)�E|� _| ' s Wf iruw +5148:,

G*dxwuh sduw frpph R0 u2EfcAcM�
f E/�����X Rf idleohphqw g*dsuëv +5146;, rq d =
�0

M�
fE/����X �f idleoh1 +5148;,

Rq prqwuh pdlqwhqdqw txh gW
0

C��$ gW
f �

G*dsuëv oh sureoëph +51475, ohv irqfwlrqv �fc sf/ hw 8 yìul�hqw o*ìtxdwlrq vxlydqwh;?
= �f 5 M�

f E/��_�� dgfE%�u�fo ' 8 n sf _@?r / +5148<,
Hq uìfdslwxodqw rq d =

�0
M�
fE/��X �f idleoh hw s0 M3�E/���$ sf iruw +51493,

rü �0 ^uhvs1 �f` hvw od vroxwlrq gx sureoëph +5147<, ^uhvs1 +5148<,`1 F*hvw ã gluh txh
g0

C�$ gf� +51494,
Ru g*dsuëv oh wkìruëph 5161: rq vdlw txh o*dssur{lpdwlrq srxu od pìwkrgh olqìdluh hvw
vwdeoh srxu od J0frqyhujhqfh1 Soxv suìflvìphqw rq d grqf =

gW
0

C��$ gW
f +51495,

Sdu gì�qlwlrq fhod lpsoltxh txh ; }0 5 M3� E/� whooh txh }0 M3�E/��$ }f iruwhphqw/ rq d
�W0

M�
f E/��X �Wf idleoh +51496,
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rü �W0 hvw od vroxwlrq gh ;?
= �W0 5 M�

f E/��_�� dgW
0u�W0o ' }0 _@?r / +51497,

hw �Wf hvw od vroxwlrq gh ;?
= �Wf 5 M�

f E/��_�� dgW
fu�Wfo ' }f _@?r / +51498,

Vrlw �Wf xqh irqfwlrq gh GE/�c rq frqvlgëuh doruv �W0 od vroxwlrq gx sureoëph +51497, dyhf
}0 ' �_�� dgW

fu�Wfo +51499,
Sdu frqvìtxhqw rq d

�W0
M�
f E/��X �Wf idleoh +5149:,

G*dsuëv +51478, lo h{lvwh xq yhfwhxu Ô Wf 5 Eu2E'��_ who txh

gW
0uRW0

Eu2E'��_��X <^Wf idleoh +5149;,
Lghqwl�rqv <^Wf �
Hq uìfdslwxodqw +5149;, +5149:, +51483, +5148:, rq d =

l, gW
0uRW0

Eu2E'��_��X <^Wf idleoh g*rü gW
0u� W0

Eu2E/��_��X ] A

f

<^Wf E%c |�)E|� _| idleoh
ll, u�W0

Eu2E/��_��X u�Wf idleoh
lll, � _�� dgW

0u� W0 o ' 8 n sW0 dyhf s W0 M3�E/����$ sWf iruw
+5149<,

g*dsuëv oh ohpph 4181< gh frpsdflwì sdu frpshqvdwlrq rq d =
gW

0u� W0 �u�W0 ���$ ] A

f

<^Wf E%c |�)E|� _|�u�Wf gdqv G�E/� +514:3,
Sdu dloohxuv gh +51495, +51476, +51497, +51499, rq d

l, gW
0u�W0

Eu2E'��_��X gW
fu�Wf idleoh

ll, RW0 u2EfcAcM�
f E/�����X RWf idleoh g*rü u� W0

Eu2E/��_��X u� Wf idleoh
lll, � _�� dgW

0u�W0o ' }0 dyhf }0 M3�E/����$ }f iruw
+514:4,

g*dsuëv oh ohpph 4181< gh frpsdflwì sdu frpshqvdwlrq rq d =
gW

0u�W0�u� W0 ���$ gW
fu�Wf�u� Wf gdqv G�E/� +514:5,
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Ru od pdwulfh gW
0 ìwdqw v|pìwultxh rq rewlhqw gh +514:3, hw +514:5, =

gW
fu�Wf�u� Wf '

] A

f

<^Wf E%c |�)E|� _|�u�Wf gdqv G�E/� hw ;�Wf 5 GE/� +514:6,
G*dxwuh sduw/ od pdwulfh gW

f ìwdqw v|pìwultxh rq d doruv
gW

fu� Wf '
] A

f

<^Wf E%c |�)E|� _| gdqv G�E/� +514:7,
fh txl v*ìfulw hqfruh

] A

f
gW

fuRWfE%c |�)E|� _| '
] A

f

<^Wf E%c |�)E|� _| gdqv G�E/� +514:8,
hw fhfl ;) 5 GEfc A �c g*rü �qdohphqw rq rewlhqw =

gW
fuRWf '

<^Wf gdqv G�E'� +514:9,
grqf hq ìfulydqw oh sureoëph +51448, vrxv iruph yduldwlrqqhooh hw hq sdvvdqw ã od olplwh
rq rewlhqw oh sureoëph +51449, �1

5161: Dxwuh hqfdguhphqw gx whqvhxu ìtxlydohqw
Lo h{lvwh g*dxwuhv dssurfkhv srxu rewhqlu xq hqfdguhphqw qxpìultxh gx whqvhxu ìtxlyd0
ohqw1 Hq v*lqvsludqw gh Gyr
uän ^63` rq xwlolvh/ gdqv fh sdudjudskh/ ohv irqfwlrqv frxudqwv
srxu rewhqlu xqh eruqh qxpìultxh lqiìulhxuh gx whqvhxu ìtxlydohqw1 Od eruqh vxsìulhxuh
ìwdqw rewhqxh gh od píph pdqlëuh txh gdqv oh wkìruëph 516141 D�q gh srxyrlu xwlolvhu ohv
irqfwlrqv frxudqwv rq vh uhvwuhlqw/ gdqv fh sdudjudskh/ dx fdv rü / hvw xq rxyhuw eruqì
gh U-2�
Vrlhqw g 5 � Eb�c b2c /� hw T f

� � M�
fE/� xq hvsdfh g*dssur{lpdwlrq rewhqx hq xwlolvdqw

od pìwkrgh ghv ìoìphqwv �qlv frqiruphv1 Rq frqvlgëuh oh sureoëph glvfuhw vxlydqw;A?
A=

��� 5 T f
�]

/
gE%�u����u�� _% ' � ]

/
gE%�Oi��u�� _% ;�� 5 T f

�

� � � � 2� +514::,

Rq gì�qlw doruv xqh dssur{lpdwlrq gx whqvhxu ìtxlydohqw/ qrwìh gW
�c sdu =

�gW
�

�
��
' �m/m

]
/
gE%� Eu��� n Oi�� � Eu��� n Oi�� _% � � �c � � 2 +514:;,

G*dxwuh sduw rq lqwurgxlw o*hvsdfh ` vxlydqw =

` '
;AA?
AA=

� 5 M�E/� w1t1 � ' ) n @%� n K%2 n S rü ) 5 M�E/�
dyhf @ ' � �m/m

]
/

Y)
Y%�_%/ K ' � �m/m

]
/

Y)
Y%2_% hw S 5 U-�

<AA@
AA> +514:<,

9:



Vrlw `� xq hvsdfh g*dssur{lpdwlrq gh `� Srxu wrxw � � � � 2/ rq lqwurgxlw doruv oh
sureoëph glvfuhw vxlydqw;A?
A=

��� 5 `�]
/
gE%� d_i| EgE%��o3�u����u�� _% ' � ]

/
gE%� d_i| EgE%��o3�Oi��u�� _% ;�� 5 T f

�

+514;3,
hw rq gì�qlw od pdwulfh �W� sdu od uhodwlrq txl vxlw =

E�W���� ' �m/m
]

/
gE%� d_i| EgE%��o3� Eu��� n Oi�� �

�u��� n Oi�
� _% � � �c � � 2

+514;4,
Xqh dssur{lpdwlrq/ qrwìh gW

�c gx whqvhxu ìtxlydohqw hvw doruv frqvwuxlwh sdu od uhodwlrq =
gW

� ' �W� d_i| E�W��o3� � +514;5,
Sursrvlwlrq 516144 Vrlhqw / � U-2 xq rxyhuw eruqì frqyh{h/ gh iurqwlëuh Y/ Olsvfklw}
frqwlqxh/ hw g 5 � Eb�c b2c /�1 Rq vxssrvh txh gW

�

koerR� gW
�

l hvw grqqì sdu od uhodwlrq
E2��.H� doerR� E2��H2�o � Doruv rq d ohv hvwlpdwlrqv vxlydqwhv =

U3�c/ Eg� � gW
� � gW � gW

� � U�c/ Eg� +514;6,
rü gW hvw oh whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frq0
glwlrqv dx{ erugv olqìdluhv

Oh uìvxowdw uhodwli ã od eruqh vxsìulhxuh d ìwì rewhqx juåfh dx wkìruëph 516141 Srxu od
eruqh lqiìulhxuh rq d ehvrlq gh txhotxhv uìvxowdwv lqwhupìgldluhv/ dydqw od gìprqvwudwlrq
gh od sursrvlwlrq 5161441
Ohpph 516145 Vrlhqw g 5 � Eb�c b2c /� hw gW oh whqvhxu ìtxlydohqw rewhqx sdu od pìwk0
rgh olqìdluh1 Rq d doruv od fdudfwìulvdwlrq vxlydqwh

;O1 5 U-2 gWO1�O1 ' t�T
OtMMfE_��c/�

2m/m
]

/
Ot�O1 _%� �m/m

]
/
g3�E%�Ot�Ot _% +514;7,

Gìprqvwudwlrq =
Vrlw O1 5 U-2cO1 ' 2S

�'�
1�Oi� hw rq qrwh } '

2[
�'�

1�%�� Hq vxlydqw od píph gìpdufkh txh
od gìprqvwudwlrq gx wkìruëph 51614/ ã sduwlu gh od irupxodwlrq yduldwlrqqhooh pl{wh ghv
sureoëphv orfdx{ +515,/ rq rewlhqw sdu olqìdulwì =;AAAA?

AAAA=

EO"c� � 5 ME_��c /�� u2E/�]
/
g3�E%�O"�Ot _%n

]
/
� _�� EOt� _% '	Ot�O?c } : ; <t5 ME_��c /�]

/
� _�� �O"� _% ' f ;� 5 u2E/�

+514;8,

9;



Oh sureoëph +514;8, hvw ìtxlydohqw ã od irupxodwlrq gxdoh
�
2
]
/

g3�E%�O"�O" _%� 	 O"�O?c } :' �?u
OtMMfE_��c/�

�
2
]
/

g3�E%�Ot�Ot _%� 	Ot�O?c } : +514;9,

Sdu dloohxuv frpph Ot dssduwlhqw ã MfE_��c /� rq rewlhqw hq xwlolvdqw od irupxoh gh Juhhq
txh ]

/

Ot�O1 _% '	Ot�O?c } : +514;:,
Hq suhqdqw Ot ' O" hw � ' � gdqv +514;8, rq d =]

/
g3� E%� O"�O" _% '	 O"�O?c } : +514;;,

G*dxwuh sduw frpph gdqv od gìprqvwudwlrq gx wkìruëph 51614 rq rewlhqw txh =
gW O1�O1 ' �m/m

]
/
g3� E%� O"�O" _%� +514;<,

Dlqvl hq xwlolvdqw +514;9,/ +514;:,/ +514;;, hw +514;<, rq gìgxlw od fdudfwìulvdwlrq vxlydqwh
gh gW = �m/m

2 gW O1�O1 ' �?u
OtMMfE_��c/�

�
2
]
/

g3�E%�Ot�Ot _%� ]
/

Ot�O1 _% +514<3,
Hq�q +514<3, hvw ìtxlydohqw ã

gWO1�O1 ' t�T
OtMMfE_��c/�

2m/m
]
/

Ot�O1 _%� �m/m
]
/

g3�E%�Ot�Ot _% �� +514<4,

Ohpph 516146 Oh whqvhxu ìtxlydohqw gW fdofxoì sdu od pìwkrgh olqìdluh vh gì�qlw gh od
pdqlëuh vxlydqwh G

;O# 5 U-2 EgW�3� O#�O# ' �?u
OhMEMfE_��c/��6e@?f

�m/m
]
/

g3�E%� EO# nOh� � EO# nOh� _% +514<5,

Gìprqvwudwlrq =
Gdqv od fdudfwìulvdwlrq gx ohpph 516145 rq shxw gìfrpsrvhu oh yhfwhxu Ot vrxv od iruph
Ot ' O# nOhc rü O# hvw xq yhfwhxu gh U-2 hw Oh 5 EMf E_��c /��6e@?f � Rq rewlhqw doruv

gWO1�O1 ' t�T
O#MU-2

k2O#�O1��O#�O#l +514<6,
rü

�O#�O# ' �?u
OhMEMfE_��c/��6e@?f

�m/m
]
/

g3�E%� EO# nOh� � EO# nOh� _% +514<7,
Xqh frqglwlrq qìfhvvdluh srxu wurxyhu oh vxsuhpxp O#f gdqv +514<6, hvw txh

�O#f ' O1 +, O#f ' �3�O1 +514<8,
9<



Gh +514<6, hw +514<8, rq rewlhqw txh
gWO1�O1 '2�3�O1�O1��3�O1�O1 +514<9,

F*hvw ã gluh
gW ' �3� +, EgW�3� ' � +514<:,

Hq xwlolvdqw +514<7, hw +514<:, rq rewlhqw oh uìvxowdw +514<5, ��
Ohpph 516147 Rq vxssrvh txh / hvw xq rxyhuw eruqì gh U-2�
Doruv

EMf E_��c /��6e@?f ' 'u` +514<;,
rü od pdwulfh T hvw gì�qlh sdu =

' '
5
7 f ��� f

6
8 +514<<,

hw o*hvsdfh ` hvw grqqì sdu E2��.b�1
Srxu gìprqwuhu oh ohpph 516147 rq d ehvrlq g*xq uìvxowdw vxu ohv irqfwlrqv frxudqwv

txh o*rq shxw wurxyhu gdqv ^6:`1
Sursrvlwlrq 516148 Rq vxssrvh txh / hvw xq rxyhuw eruqì gh U-2� Vrlw Oh xqh irqfwlrq
gh Eu2 E/��2 � Doruv

Oh 5Mf E_��c /� +, <) 5 M� E/� whooh txh Oh ''u)� +51533,
Gh soxv od irqfwlrq frxudqw � hvw xqltxh ã xqh frqvwdqwh dgglwlyh suëv1

Rq gìprqwuh pdlqwhqdqw oh ohpph 516147
Gìprqvwudwlrq =

Vrlw ) 5 M� E/� hw xq sro|q÷ph @%�n K%2n S dssduwhqdqw ã �� grqw ohv frh!flhqwv vrqw
grqqìv sdu =

@ ' � �m/m
]

/

Y)
Y%�_%/ K ' � �m/m

]
/

Y)
Y%2_% hw S 5 U-� +51534,

Rq gì�qlw doruv oh yhfwhxu Ol 5 Eu2 E/��2 gh od pdqlëuh vxlydqwh

Ol ''u d)n @%� n K%2 n So '
3
EEEC

Y)
Y%2 n K

� Y)
Y%� � @

4
FFFD +51535,
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+51535, lpsoltxh txh gly�Ol� ' f hw +51534, hqwudñqh txh ]
/

Ol_% ' f� Sdu frqvìtxhqw
Ol 5 EMf E_��c /��6e@?f � Rq d grqf o*lqfoxvlrq vxlydqwh = EMf E_��c /��6e@?f � 'u`�
H{dplqrqv o*lqfoxvlrq lqyhuvh1 Vrlw Ol 5 EMf E_��c /��6e@?f/ g*dsuëv od sursrvlwlrq 516148/
rq vdlw tx*lo h{lvwh xqh irqfwlrq ) 5 M� E/� xqltxh ã xqh frqvwdqwh dgglwlyh suëv whooh
txh

Ol ' 'u) '
3
EEEC

Y)
Y%2
� Y)
Y%�

4
FFFD +51536,

Ru frpph Ol 5 EMf E_��c /��6e@?f/ rq d ]
/

Ol _% ' fc g*rü hq xwlolvdqw +51536,/ rq rewlhqw
]

/

Y)
Y%�_% ' f hw

]
/

Y)
Y%2_% ' f +51537,

Hq xwlolvdqw +51536,/ +51537, hw oh idlw txh ) 5 M� E/� hvw xqltxh ã xqh frqvwdqwh dgglwlyh
suëv rq d txh Ol 5'u` 1 Rq rewlhqw doruv o*lqfoxvlrq vrxkdlwìh ��
Ohpph 516149 Vrlw od pdwulfh �W gì�qlw sdu =

;O1 5 U-2 �WO1�O1 ' �?u
�M`

�m/m
]

/
gE%� d_i| EgE%��o3� �O1 nu�� � �O1 nu�� _%�

+51538,
Doruv �W hw oh whqvhxu ìtxlydohqw gW vrqw olìv sdu od uhodwlrq

gW ' �W d_i| E�W�o3� � +51539,
Gìprqvwudwlrq =

G*dsuëv ohv ohpphv 516146 hw 516147 rq d =
;O# 5 U-2 EgW�3� O#�O# ' �?u

�M`
�m/m

]
/
g3�E%� EO# n'u�� � EO# n'u�� _% +5153:,

G*rü/ hq suhqdqw O# ''O1c ;O1 5 U-2 gdqv +5153:, rq rewlhqw
EgW�3�'O1�'O1 ' �?u

�M`
�m/m

]
/
g3�E%� �'O1 n'u�� � �'O1 n'u�� _% +5153;,

F*hvw ã gluh =
'| EgW�3�'O1�O1 ' �?u

�M`
�m/m

]
/
'|g3�E%�' �O1 nu�� � �O1 nu�� _% +5153<,

Rq srvh doruv
'| EgW�3�' ' �W +51543,
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G*dxwuh sduw srxu xqh pdwulfh � 5 Eu2 E/��e v|pìwultxh rq d
�3� ' d_i| E��o3�'|�' +, '|�3�' ' d_i| E��o3�� +51544,

Hq xwlolvdqw doruv +5153<, hw +51543, hw +51544, rq rewlhqw
�WO1�O1 ' �?u

�M`
�m/m

]
/
gE%� d_i| EgE%��o3� �O1 nu�� � �O1 nu�� _% +51545,

Ru/ g*dsuëv +51543, =
_i| E�W� ' _i| �'|

�_i| kEgW�3�l_i| E'� +51546,
Gh soxv/

_i| �'|
� ' _i| E'� ' � hw _i| kEgW�3�l ' �

_i| dEgW�o +51547,
grqf

_i| E�W� ' �
_i| dEgW�o +51548,

hw frpph
�W ' '| EgW�3�' ' gW d_i| EgW�o3� +51549,

rq rewlhqw/ hq xwlolvdqw +51548, hw +51549,/ txh
gW ' �W d_i| E�W�o3� +5154:,

Juåfh ã +51545, hw +5154:, rq d oh uìvxowdw vrxkdlwì ��
Rq udsshooh pdlqwhqdqw txhotxhv sursulìwìv vxu ohv pdwulfhv grqw ohv gìprqvwudwlrqv

shxyhqw íwuh wurxyìhv gdqv ^63`1
Ohpph 51614: Vrlhqw � hw � ghx{ pdwulfhv v|pìwultxhv lqyhuvleohv hw - xqh dssolfdwlrq
gh U-2 gdqv U-2� Doruv

�� r� � � � @,Jor -|�- � -|�-
��� � � � +, �3� � �3�

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq 5161441
Gìprqvwudwlrq =
Vrlw `� xq hvsdfh g*dssur{lpdwlrq gh ` 1 Gx ohpph 516149 rq gìgxlw txh =

�WO1�O1 ��W�O1�O1 ;O1 5 U-2 +5154;,
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rü
�W�O1�O1 ' �?u

��M`�

�m/m
]

/
gE%� d_i| EgE%��o3� �O1 nu��

� � �O1 nu��

� _% +5154<,
hw rq gì�qlw xqh dssur{lpdwlrq gW

� gx whqvhxu ìtxlydohqw sdu od uhodwlrq
gW

� ' �W� d_i| E�W��o3� +51553,
Hq xwlolvdqw oh ohpph 51614: hw od uhodwlrq +5154;,

'|�W' � '|�W�' +51554,
fh txl hvw ìtxlydohqw ã

'| E�W�3�' � '| E�W��3�' +51555,
G*rü hq xwlolvdqw +51544,/ +51553,/ +51555, hw +51539, rq rewlhqw

gW
� � gW� +51556,

G*dxwuh sduw oh sureoëph +5154<, hvw ìtxlydohqw ã
m/m�W�O1�O1 ' �?u

��M`�

�
2
]

/
gE%� d_i| EgE%��o3�u���u�� _%n

]
/
gE%� d_i| EgE%��o3�u��

O1 _%
+51557,

hw oh sureoëph gh plqlplvdwlrq +51557, hvw ìtxlydohqw dx sureoëph vxlydqw;A?
A=

��5`�]
/
gE%� d_i| EgE%��o3� �u�� n O1� �u� _% ' f ;�5T f

�

+51558,

Oh sureoëph +51558, ìwdqw olqìdluh/ lo vx!w gh oh uìvrxguh srxu od edvh fdqrqltxh EOi���$�$21;A?
A=

���5`�]
/
gE%� d_i| EgE%��o3� Eu��� n Oi�� �u� _% ' f ;�5T f

�

� � � � 2 +51559,

Rq rewlhqw doruv juåfh ã +5154<, od fdudfwìulvdwlrq vxlydqwh
E�W���� ' �m/m

]
/
gE%� d_i| EgE%��o3� Eu��� n Oi�� � Eu��� n Oi�� _%� � � � � 2

+5155:,
Ru

2�Oi��Oi� ' � EOi� n Oi�� � EOi� n Oi����Oi��Oi� � �Oi��Oi� +5155;,
Hq xwlolvdqw +5154<, hw +51559, hw +5155;, rq rewlhqw

E�W���� ' �m/m
]

/
gE%� d_i| EgE%��o3� Eu��� n Oi�� �

�u��� n Oi�
� _%� � � � � 2

+5155<,
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hw hq suhqdqw �� ' f gdqv oh sureoëph +5154<,/ rq d
�W�� �m/m

]
/

gE%� d_i| EgE%��o3� _% +51563,

Rq gìgxlw doruv txh =
'|�W�' � �m/m

]
/

'|gE%�' d_i| EgE%��o3� _% +51564,

Hq xwlolvdqw +51544, hw +51564, rq rewlhqw
d_i| E�W��o E�W��3� � �m/m

]
/

g3�E%� _% +51565,

Juåfh ã od uhodwlrq +51553, rq rewlhqw �qdohphqw
U3�c/ EgE%�� � gW

� �� +51566,

517 Frpsdudlvrq ghv pìwkrghv g*krprjìqìlvdwlrq
olqìdluh/ frq�qìh hw sìulrgltxh

Gdqv xq suhplhu whpsv/ rq vljqdoh txh wrxv ohv uìvxowdwv ìwdeolv dx frxuv gh fh fkdslwuh/
srxu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv/ vh jìqìudolvhqw
dlvìphqw ã od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ olplwhv frq�qìhv1 Gh
pdqlëuh soxv suìflvh oh whqvhxu ìtxlydohqw gh od pìwkrgh frq�qìh yìul�h dxvvl oh wkìruëph
51614/ od sursrvlwlrq 51617/ oh wkìruëph 5161: hw hq�q oh wkìruëph 5161;1 Fhfl d ghv ds0
solfdwlrqv sudwltxh wuëv lpsruwdqwhv fdu od pìwkrgh frq�qìh/ txl shuphw g*rewhqlu ghv
whqvhxuv ìtxlydohqwv gldjrqdx{/ hvw wuëv xwlolvìh gdqv o*lqjìqlhulh sìwurolëuh1 Fhwwh pìwk0
rgh ìylwh grqf gh qìjoljhu ohv whuphv h{wud0gldjrqdx{/ qrq sulv hq frpswh sdu fhuwdlqv
vlpxodwhxuv lqgxvwulhov1
Rq frpsduh doruv ohv pìwkrghv olqìdluh/ frq�qìh hw o*krprjìqìlvdwlrq sìulrgltxh1 Fhwwh
ìwxgh frpsdudwlyh sruwh vxu ohv whuphv gldjrqdx{ rewhqxv sdu ohv gl�ìuhqwhv pìwkrghv1
Sursrvlwlrq 51714 Rq vxssrvh txh od fhooxoh gh edvh gh o*krprjìqìlvdwlrq sìulrgltxh
t hvw lghqwltxh dx grpdlqh /c hw txh g 5 � Eb�c b2c /�1 Srxu od pìwkrgh gx prgh
frq�qì/ rq vxssrvh hq rxwuh txh od suhvvlrq R�f doerR� R��o lpsrvìh vxu od iurqwlëuh K�f
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doerR� K��o dssduwhqdqw dx sodq %� ' @� doerR� %� ' K�o hvw ìjdoh ã @� doerR� K�o1 Rq d doruv
ohv lqìjdolwìv vxlydqwhv

EgW
����� � EgW

�u��� � � � � _ +51567,
EgW

M� ��� � EgW
�u��� � � � � _ +51568,

rü gW
�u doerR� gW

M� c gW
��o gìvljqh oh whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh g*kr0

prjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv doerR� sìulrgltxhv/ frq�qìhvo �
Gìprqvwudwlrq =

Vrxv ohv k|srwkëvhv gh od sursrvlwlrq 51714/ rq grqqh vxffhvvlyhphqw ohv whuphv jìqìultxhv
ghv whqvhxuv ìtxlydohqwv rewhqxv sdu ohv gl�ìuhqwhv pìwkrghv dlqvl txh ohv sureoëphv
orfdx{ fruuhvsrqgdqwv1
Rq udsshooh txh oh whqvhxu gW

�u hvw grqqì sdu od irupxoh vxlydqwh
EgW

�u��� ' �mt m
]
t
g E+� du�� n Oi�o � du�� n Oi�o _+ � � �c � � _ +51569,

rü �� hvw od vroxwlrq gx sureoëph gh plqlplvdwlrq vxlydqw=
;A?
A=

�� 5 M�
fEt �

aOi� E��� ' �?u
�MM�

f Et �
aOi� E�� � � � � _� +5156:,

Sdu dloohxuv dyhf ohv k|srwkëvhv idlwhv srxu oh prgh frq�qì oh whqvhxu gW
�� hvw grqqì

sdu
EgW

����� '
# �mt m

]
t
gE+� Eu�� n Oi�� � Eu�� n Oi�� _+

$
� � � � _ +5156;,

rü �� hvw od vroxwlrq gx sureoëph vxlydqw
;A?
A=

�� 5 M�
fcK(

Et �
aOi� E��� ' �?u

�MM�
fcK(

Et �
aOi� E�� � � � � _� +5156<,

Oh whqvhxu gW
M� hvw grqqì sdu od irupxoh vxlydqwh

EgW
M� ��� ' �mt m

]
t
gE+� Eu5� n Oi�� � Eu5� n Oi�� _+ � � �c � � _ +51573,

rü ohv irqfwlrqv E5���$�$_ vrqw ohv vroxwlrqv ghv sureoëphv orfdx{ vxlydqwv;?
= 5� 5 M�

R Et ��_�� dgE+� Eu5� n Oi��o ' f _@?r t � � � � _� +51574,
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Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +51574, v*ìfulw =
;A?
A=

5� 5 M�
R Et �]

t
gE+� Eu5� n Oi�� �u� _+ ' f ;� 5 M�

R Et � � � � � _� +51575,

Od vroxwlrq gx sureoëph +51575, hvw dxvvl vroxwlrq gx sureoëph gh plqlplvdwlrq vxlydqw=
;A?
A=

5� 5 M�
R Et �

aOi� E5�� ' �?u
�MM�

REt �
aOi� E�� � � � � _� +51576,

G*dxwuh sduw/ frpph M�
fEt � hvw xq vrxv hvsdfh gh M�

fcK(
Et � koerR� M�

R Et �l/ rq rewlhqw
gh +5156<, doerR� E2�2e��o ohv lqìjdolwìv vxlydqwhv

aOi� E��� � aOi� E��� +51577,
aOi� E5�� � aOi� E��� +51578,

Hq udmrxwdqw gh fkdtxh f÷wì gh o*lqìjdolwì �
2
]

t
g E+�Oi��Oi� _+ hw hq pxowlsoldqw sdu 2mt m crq rewlhqw uhvshfwlyhphqw

�mt m
]

t
g E+� du�� n Oi�o � du�� n Oi�o _+ � �mt m

]
t
g E+� du�� n Oi�o � du�� n Oi�o _+

+51579,�mt m
]

t
g E+� du5� n Oi�o � du5� n Oi�o _+ � �mt m

]
t
g E+� du�� n Oi�o � du�� n Oi�o _+

+5157:,
g*rü ohv uhodwlrqv +51567, hw +51568, ��
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Fkdslwuh 6
Fdofxo qxpìultxh gh od shupìdelolwì
ìtxlydohqwh sdu ìoìphqwv �qlv dyhf
ghv pdloodjhv gìvwuxfwxuìv
Oh fdofxo gh od shupìdelolwì ìtxlydohqwh irxuqlh sdu o*xqh ghv pìwkrghv g*krprjìqìlvdwlrq
suìvhqwìhv dx{ fkdslwuhv suìfìghqwv qìfhvvlwh od uìvroxwlrq gh sureoëphv orfdx{1 Fhv g +gl0
phqvlrq hq hvsdfh, sureoëphv orfdx{ vrqw srvìv vxu fkdtxh pdlooh jurvvlëuh dssduwhqdqw
dx pdloodjh g|qdpltxh hw fruuhvsrqghqw ã ghv sureoëphv hoolswltxhv1 Srxu uìvrxguh
qxpìultxhphqw fhv sureoëphv orfdx{ gdqv ghv pdloodjhv gìvwuxfwxuìv/ qrxv dyrqv xwlolvì
xqh pìwkrgh g*ìoìphqwv �qlv frqiruphv d�q g*dyrlu xqh hvwlpdwlrq gh od eruqh vxsìulhxuh
gx whqvhxu ìtxlydohqw hw xqh pìwkrgh g*ìoìphqwv �qlv pl{whv srxu rewhqlu xqh eruqh lq0
iìulhxuh1 Gdqv fh fkdslwuh rq vh frqvdfuh h{foxvlyhphqw ã od suìvhqwdwlrq gh od pìwkrgh
g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv1 Rq suìvhqwh wrxw g*derug
od pìwkrgrorjlh hpsor|ìh d�q gh uhvshfwhu vfuxsxohxvhphqw oh pdloodjh g|qdpltxh hw
jìrorjltxh1 Hq jìqìudo oruv gx wudlwhphqw ghv pdloodjhv gìvwuxfwxuìv lo q*h{lvwh sdv gh
wdx{ g*djuìjdwlrq shuphwwdqw gh gìfuluh xqh pdlooh g|qdpltxh hq irqfwlrq ghv pdloohv
jìrorjltxhv1 Fh skìqrpëqh v*dffhqwxh dx{ derugv ghv iruwhv glvfrqwlqxlwìv jìrorjltxhv1
F*hvw srxutxrl xq dojrulwkph d ìwì plv dx srlqw srxu wudlwhu fruuhfwhphqw hw gh pdqlëuh
dxwrpdwltxh ohv pdloohv gx prgëoh g|qdpltxh vlwxìhv suëv ghv idloohv1 Od uìvroxwlrq sdu
xqh pìwkrgh g*ìoìphqwv �qlv vxu ghv pdloodjhv 6G gìvwuxfwxuìv hvw frþwhxvh hq whpsv
FSX1 Ghv h�ruwv rqw grqf ìwì idlwv d�q g*rswlplvhu fh whpsv gh fdofxo1 Rq whuplqh
hq�q fh fkdslwuh/ sdu ghv h{hpsohv qxpìultxhv gh fdofxov gh whqvhxuv ìtxlydohqwv txh
o*rq frpsduh dx{ uìvxowdwv rewhqxv dyhf ohv glyhuvhv pìwkrghv suìvhqwìhv dx frxu ghv
fkdslwuhv suìfìghqwv1

::



614 Lqwurgxfwlrq
O*xwlolvdwlrq gh pdloodjhv gìvwuxfwxuìv hq vlpxodwlrq g|qdpltxh gh uìvhuyrlu hvw ghyhqxh
xqh sudwltxh frxudqwh hq lqjìqlhulh sìwurolëuh1 Fhfl shuphw gh plhx{ suhqguh hq frpswh
ohv glvfrqwlqxlwìv jìrpìwultxhv frpph ohv idloohv hw ohv kìwìurjìqìlwìv sulqflsdohv g*xq
jlvhphqw whoohv txh ohv fkhqdx{1 O*dydqwdjh gh od pìwkrgh olqìdluh hvw g*íwuh ydodeoh
wkìrultxhphqw vxu ghv pdloohv g|qdpltxhv gh jìrpìwulh txhofrqtxh1 O*lpsoìphqwdwlrq
gh fhwwh pìwkrgh hq pdloodjhv vwuxfwxuìv 6G d gìmã ìwì h�hfwxìh ^76`1 Od plvh hq rhx0
yuh/ srxu ghv whpsv gh fdofxov udlvrqqdeohv/ ghylhqw soxv gìolfdwh oruv gx wudlwhphqw gh
pdloodjhv gìvwuxfwxuìv 6G/ qrwdpphqw hq udlvrq gh od uhsuìvhqwdwlrq h{solflwh ghv idloohv1

615 Grqqìhv gx sureoëph
Oruv gh o*ìwxgh g*xq jlvhphqw/ od frqvwuxfwlrq g*xq prgëoh uìvhuyrlu v*h�hfwxh dx frxuv
g*xq surfhvvxv frpsruwdqw soxvlhxuv ìwdshv hw idlvdqw dsshov ã glyhuvhv whfkqltxhv1 Od
plvh ã o*ìfkhooh/ txl hvw o*xqh gh fhv ìwdshv/ lpsoltxh ghv grqqìhv gh ghx{ vruwhv1 G*xqh
sduw/ rq glvsrvh g*xq pdloodjh jìrorjltxh +�q, gìvwuxfwxuì frqvwlwxì g*hqylurq 43S pdloohv
ã o*lqwìulhxu ghvtxhoohv rq frqqdñw hq sduwlfxolhu od shupìdelolwì devroxh hw od srurvlwì1
Fhv sdudpëwuhv sìwursk|vltxhv vrqw frqvwdqwv srxu fkdfxqh ghv pdloohv �qhv1 G*dxwuh
sduw/ xq pdloodjh g|qdpltxh +jurvvlhu, gìvwuxfwxuì frpsruwdqw hqylurq 43e pdloohv hvw
sursrvì sdu o*lqjìqlhxu uìvhuyrlu hw srxu ohtxho rq qh frqqdñw txh ohv frrugrqqìhv ghv
srlqwv1 Ohv pdloodjhv jìrorjltxhv hw g|qdpltxhv vrqw dx irupdw JUGHFO/ txl hvw oh
irupdw Fruqhu Srlqw Jhrphwu| +F1S1J1, frxudpphqw xwlolvì hq vlpxodwlrq g|qdpltxh
sìwurolëuh1 Oh sulqflsh hq hvw oh vxlydqw = od sduwlh lqiìulhxuh hw vxsìulhxuh gx uìvhuyrlu
hvw gìfulw sdu xq vhpl gh srlqwv1 Hqvxlwh ã sduwlu g*xq srlqw gh od sduwlh lqiìulhxuh hw
gh vrq srlqw fruuhvsrqgdqw gh od sduwlh vxsìulhxuh rq wudfh xqh gluhfwulfh vxu odtxhooh
oh vrpphw gh od pdlooh vhud vlwxì1 Hq�q srxu gì�qlu frpsoëwhphqw xq qrhxg +vrpphw,
g*xqh pdlooh lo qh uhvwh soxv tx*ã grqqhu od frwh } vxu od gluhfwulfh jìqìuìh +f1i1 �jxuh
616,1 Fhv pdloodjhv shxyhqw frqwhqlu ghv idloohv +sulqflsdohv hw vhfrqgdluhv, srxydqw íwuh
lqyhuvhv dlqvl txh ghv pdloohv gìjìqìuìhv frpph ohv slqfk0rxwv gdqv oh fdv ghv pdloodjhv
g|qdpltxhv1 Gh soxv/ ohv ghx{ pdloodjhv shxyhqw íwuh wrwdohphqw lqgìshqgdqwv/ f*hvw
ã gluh tx*lo q*h{lvwh sdv gh wdx{ g*djuìjdwlrq uholdqw oh pdloodjh jìrorjltxh dx pdloodjh
g|qdpltxh1 Od surfìgxuh gìyhorssìh v*lqvfulw gdqv oh fdv oh soxv jìqìudo srvvleoh= ghx{
pdloodjhv F1S1J1 srxydqw íwuh lqgìshqgdqwv1
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Iljxuh 614= Prgëohv jìrorjltxh hw g|qdpltxh 5G
616 Pdloodjhv 5G gìvwuxfwxuìv
Gdqv fh sdudjudskh rq vh frqvdfuh xqltxhphqw dx sureoëph elglphqvlrqqho/ d�q gh
phwwuh hq ìylghqfh fhuwdlqhv gl!fxowìv olìhv dx{ pdloodjhv1

61614 Pdloodjhv jìrorjltxh hw g|qdpltxh 5G
Rq suìvhqwh gdqv od �jxuh 614 xqh sduwlh g*xq pdloodjh g|qdpltxh hw jìrorjltxh elgl0
phqvlrqqho dlqvl txh ohv sursulìwìv sìwursk|vltxhv dvvrflìhv1 Ohv frxohxuv uhsuìvhqwhqw
ohv gl�ìuhqwhv shupìdelolwìv devroxhv/ frqvwdqwhv sdu pdlooh1 Ohv ghx{ pdloodjhv vrqw
gìvwuxfwxuìv hw dxfxq wdx{ g*djuìjdwlrq qh ohv uholh1

61615 Pdloodjh ìoìphqwv �qlv 5G
Rq xwlolvh xqh pìwkrgh g*ìoìphqwv �qlv frqiruphv ^uhvs1 pl{whv` srxu od uìvroxwlrq
qxpìultxh ghv sureoëphv orfdx{1 Srxu fhod lo hvw qìfhvvdluh g*dyrlu xqh wuldqjxodwlrq
gx grpdlqh // wrxw hq jdugdqw ohv qrhxgv gx pdloodjh �q/ txl vrqw gìmã lpsrvìv sdu od
frqqdlvvdqfh gh od shupìdelolwì devroxh gdqv fkdtxh pdlooh �qh1 Vl o*rq idlw vlpsohphqw
o*lqwhuvhfwlrq g*xqh pdlooh g|qdpltxh / dyhf oh pdloodjh �q frpph gdqv od �jxuh 615 d,/
rq q*rewlhqw sdv hq jìqìudo xqh wuldqjxodwlrq uìjxolëuh1
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Iljxuh 615= Pdloodjh ìoìphqwv �qlv

Oh suhplhu sureoëph ã uìvrxguh hvw grqf gh pdloohu oh grpdlqh / dyhf xqh wuldqjxodwlrq
ìoìphqwv �qlv wrxw hq jdugdqw ohv qrhxgv lqwìulhxuv lpsrvìv sdu oh pdloodjh �q1 Xqh
vroxwlrq hvw gh uhgìfrxshu ohv ìoìphqwv txl srvhqw sureoëph/ frpph gdqv od �jxuh 615 e,1
Xqh suìvhqwdwlrq soxv jìqìudoh gh fhwwh pìwkrgh dlqvl txh vrq lpsoìphqwdwlrq shxyhqw
íwuh wurxyìhv gdqv ^77`1 Rq glvsrvh dlqvl g*xq dojrulwkph shuphwwdqw gh wudlwhu xqh pdlooh
g|qdpltxh1 Srxu wudlwhu od wrwdolwì gx pdloodjh g|qdpltxh rq h�hfwxh doruv xqh erxfoh
vxu o*hqvhpeoh ghv pdloohv g|qdpltxhv1

617 Pdloodjhv 6G gìvwuxfwxuìv
Gdqv fh sdudjudskh rq wudydlooh dyhf ghv grqqìhv 6G/ lvvxhv g*xq fdv uìho gh uìvhuyrlu/
frpsruwdqw gh qrpeuhxvhv gl!fxowìv hw rq suìvhqwh od pìwkrgrorjlh hpsor|ìh srxu oh
fdofxo gh od shupìdelolwì ìtxlydohqwh1 Oh pdloodjh g|qdpltxh hvw jìqìudohphqw rewhqx
hq lqwìjudqw/ srxu xq prgëoh jìrorjltxh grqqì/ ohv frqwudlqwhv gx vlpxodwhxu whoohv txh
od iruph ghv pdloohv hw oh qrpeuh pd{lpxp gh pdlooh dxwrulvì1 Gdqv oh exw g*dpìolruhu
od vlpxodwlrq gx uìvhuyrlu/ oh prgëoh g|qdpltxh hvvdlh gh uhvshfwhu dx plhx{ ohv glv0
frqwlqxlwìv jìrpìwultxhv +idloohv, hw sìwursk|vltxhv +kìwìurjìqìlwìv irqgdphqwdohv, ghv
uìvhuyrluv1 Fhwwh vxffhvvlrq gh frqwudlqwhv ã ghv ìfkhoohv gl�ìuhqwhv frqgxlw jìqìudoh0
phqw ã xq prgëoh g|qdpltxh frpsoëwhphqw lqgìshqgdqw gx prgëoh jìrorjltxh1 F*hvw
srxutxrl lo hvw uduh g*dyrlu ghv wdx{ g*djuìjdwlrq uholdqw ohv ghx{ pdloodjhv1

;3



Iljxuh 616= Pdloodjhv 6G

61714 Pdloodjhv jìrorjltxh hw g|qdpltxh 6G
Xq h{hpsoh gh pdloodjh jìrorjltxh hw gh pdloodjh g|qdpltxh hvw grqqì gdqv od �jxuh 6161
Frpph srxu oh fdv elglphqvlrqqho/ od gl!fxowì g*rewhqlu xqh wuldqjxodwlrq gh fkdtxh
pdlooh / uìvlgh gdqv od frqvwuxfwlrq g*xq pdloodjh uhvshfwdqw ghv srlqwv jìrpìwultxhv
grqqìv1 Fhv frqwudlqwhv jìrpìwultxhv shxyhqw íwuh fodvvìhv hq ghx{ fdwìjrulhv1 G*xqh
sduw/ ohv vrpphwv ghv fhooxohv �qhv txl vrqw vlwxìv ã o*lqwìulhxu gh od pdlooh g|qdpltxh
frqvlgìuìh /1 G*dxwuh sduw/ ohv srlqwv txl vrqw gì�qlv sdu o*lqwhuvhfwlrq ghv pdloohv �qhv
dyhf od iurqwlëuh gh od pdlooh jurvvlëuh1 Oh wudlwhphqw joredo gx pdloodjh g|qdpltxh v*hi0
ihfwxh sdu oh eldlv g*xqh erxfoh vxu o*hqvhpeoh ghv pdloohv jurvvlëuhv1 F*hvw srxutxrl gdqv
od vxlwh gh fh fkdslwuh rq vh frqvdfuh xqltxhphqw dx wudlwhphqw g*xqh pdlooh g|qdpltxh
6G1
Od jìqìudwlrq gx pdloodjh ìoìphqwv �qlv uìvxowdqw gh o*lqwhuvhfwlrq g*xqh pdlooh g|0
qdpltxh hw gx pdloodjh jìrorjltxh hvw xq sureoëph gl!floh oruvtxh o*rq pdqlsxoh ghv
pdloodjhv gìvwuxfwxuìv1 Dx gìexw gh fh wudydlo gh wkëvh/ lo q*h{lvwdlw/ ã qrwuh frqqdlv0
vdqfh/ dxfxq orjlflho gh pdloodjh shuphwwdqw gh idluh o*lqwhuvhfwlrq gh ghx{ pdloodjhv
wrwdohphqw lqgìshqgdqwv +l1h1 vdqv wdx{ g*djuìjdwlrq,1 Xq prgxoh gh pdloodjh shuph0
wwdqw gh frqvwuxluh oh pdloodjh ìoìphqwv �qlv hq uhvshfwdqw wrxwhv ohv frqwudlqwhv flwìhv
suìfìghpphqw d sdu frqvìtxhqw ìwì gìyhorssì hq frooderudwlrq dyhf od vrflìwì Vlpxorj1
Fh prgxoh hvw frqvwuxlw ã sduwlu ghv dojrulwkphv gh pdloodjhv gx orjlflho Vlpdlo ^:<`1 Soxv
suìflvìphqw xqh wuldqjxodwlrq gh Ghodxqd|0Yrurqrò d ìwì xwlolvìh d�q gh whqlu frpswh
ghv qrhxgv lpsrvìv gdqv oh pdloodjh ìoìphqwv �qlv1 Gdqv ohv ghx{ sdudjudskhv vxlydqwv
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Iljxuh 617= Wuldqjxodwlrq
rq gìwdlooh ohv gl�ìuhqwhv ìwdshv srxu rewhqlu oh pdloodjh ìoìphqwv �qlv 6G shuphwwdqw
gh fdofxohu od shupìdelolwì ìtxlydohqwh1

61715 Erlwh hqjoredqwh
Hq yxh g*lqwìjuhu oh surjudpph gh plvh ã o*ìfkhooh gdqv oh orjlflho frpphufldo Vlpxs ^;3`/
od vrflìwì Ehlfls0Iudqode d ìjdohphqw frooderuì ã od frqvwuxfwlrq ghv grqqìhv suìolplqdluhv
dx{ dojrulwkphv gh pdloodjhv gx orjlflho Vlpdlo1 Srxu jìqìuhu oh pdloodjh ìoìphqwv �qlv
qìfhvvdluh ã od uìvroxwlrq ghv sureoëphv orfdx{/ rq fuìh gdqv xq suhplhu whpsv xqh erlwh
hqjoredqwh +f1i1 �jxuh 617, gh od pdlooh jurvvlëuh1 Fhwwh erlwh hqjoredqwh/ frqvwlwxìh ghv
pdloohv �qhv gx pdloodjh jìrorjltxh/ frqwlhqw vwulfwhphqw od pdlooh g|qdpltxh1 Fhwwh
ìwdsh shuphw gh plqlplvhu oh whpsv fsx oruv gh o*lqwhuvhfwlrq gh od pdlooh jurvvlëuh dyhf
oh pdloodjh jìrorjltxh1 Od vhfrqgh ìwdsh suìolplqdluh frqvlvwh ã pdloohu hq wuldqjoh od
vxuidfh gh od pdlooh g|qdpltxh1

61716 Pdloodjh ìoìphqwv �qlv wìwudìgultxh
D�q gh suhqguh hq frpswh ohv qrhxgv lqwhuqhv dx grpdlqh / xqh pìwkrgh gh wuldqjxod0
wlrq gh Ghodxqd|0Yrurqrò d ìwì xwlolvìh srxu frqvwuxluh oh pdloodjh ìoìphqwv �qlv1 Sduwdqw
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gx pdloodjh vxuidfltxh wuldqjxoì gh od pdlooh g|qdpltxh / hw gh od erlwh hqjoredqwh/ oh
prgxoh gh pdloodjh gìyhorssì jìqëuh dxwrpdwltxhphqw xq pdloodjh wìwudìgultxh srxu
fkdtxh pdlooh jurvvlëuh +f1i1 �jxuh 617,1 Fh pdloodjh hvw frpsrvì xqltxhphqw gh wìwudë0
guhv1 Fkdtxh wìwudëguh hvw frpsoëwhphqw lqfoxv gdqv xqh pdlooh �qh1 Dlqvl od srurvlwì
hw od shupìdelolwì devroxh dvvrflìhv ã fkdtxh pdlooh �qh vrqw d�hfwìhv ã fkdtxh wìwudë0
guh txl hvw frqwhqx gdqv fhwwh fhooxoh �qh1 Fhwwh gìpdufkh shuphw gh qh shuguh dxfxqh
lqirupdwlrq wdqw vxu oh sodq sìwursk|vltxh txh vxu oh sodq jìrpìwultxh1 G*dxwuh sduw
rq uìshuwrulh ohv qrhxgv txl vrqw vlwxìv vxu od iurqwlëuh gx grpdlqh / rx ã o*lqwìulhxu
gh fh ghuqlhu1 Rq d doruv wrxwhv ohv grqqìhv qìfhvvdluhv srxu dssoltxhu od pìwkrgh ghv
ìoìphqwv �qlv1

61717 Jhvwlrq ghv idloohv
Od prgìolvdwlrq ghv uìvhuyrluv idlw jìqìudohphqw dssdudñwuh ghv glvfrqwlqxlwìv whoohv txh
ohv idloohv grqw lo idxw whqlu frpswh oruv gh o*ìwdsh gh od plvh ã o*ìfkhooh1 Od vlwxdwlrq od soxv
jìqìudoh ã wudlwhu hvw od plvh ã o*ìfkhooh g*xq pdloodjh jìrorjltxh F1S1J1 yhuv xq prgëoh
g|qdpltxh F1S1J1 lqgìshqgdqw gx prgëoh jìrorjltxh1 Ghx{ w|shv gh idloohv vrqw doruv ã
frqvlgìuhu = ohv idloohv �jìrorjltxhv� uhsuìvhqwìhv ã o*ìfkhooh �qh hw ohxu wudgxfwlrq gdqv
oh prgëoh g|qdpltxh txh o*rq dsshoohud idloohv �g|qdpltxhv�1 Od gl�ìuhqfh ghv ìfkhoohv
gh uhsuìvhqwdwlrq idlw txh wuëv vrxyhqw od idlooh g|qdpltxh q*hvw sdv jìrpìwultxhphqw
lghqwltxh ã od idlooh jìrorjltxh txh o*rq vrxkdlwh suhqguh hq frpswh1 Lo shxw dlqvl duulyhu
txh ohv fhooxohv �qhv hqjoredqw od pdlooh jurvvlëuh / qh vrqw sdv wrxwhv gx píph f÷wì gh
od idlooh jìrorjltxh1 Od pdlooh jurvvlëuh qh shuphw sdv gh uhvshfwhu ohv glvfrqwlqxlwìv dxvvl
elhq txh gdqv oh prgëoh jìrorjltxh1 Gdqv od �jxuh 618/ rq shxw uhpdutxhu txh fhuwdlqhv
fhooxohv �qhv qh vrqw sdv gx píph f÷wì gh od idlooh jìrorjltxh txh od pdmrulwì ghv fhooxohv
�qhv frqvwlwxdqw od pdlooh jurvvlëuh1 Od �jxuh 618 uìyëoh ìjdohphqw xq dxwuh sureoëph txl
shxw vxuyhqlu oruv g*xq fkdqjhphqw g*ìfkhooh = od pdlooh g|qdpltxh q*hvw sdv hqwlëuhphqw
uhpsolh sdu ghv fhooxohv �qhv +uìjlrq 4,1 D�q gh uhvshfwhu ohv idloohv jìrorjltxhv/ xq
dojrulwkph gh pdloodjh vsìfl�txh d ìwì gìyhorssì1 Xq pdvtxh hvw dssoltxì vxu ohv fhooxohv
�qhv frqvwlwxdqw od erlwh hqjoredqwh hw vlwxìhv gx pdxydlv f÷wì gh od idlooh1 Xqh irlv txh
ohv fhooxohv �qhv lqgìvludeohv vrqw gìvdfwlyìhv sdu fh pdvtxh rq dssoltxh o*dojrulwkph
gh pdloodjh dxwrpdwltxh vxu ohv fhooxohv dfwlyhv gh od erlwh hqjoredqwh srxu rewhqlu oh
pdloodjh wìwudìgultxh1 Srxu wudlwhu oh vhfrqg sureoëph +fhooxohv �qhv pdqtxdqwhv,/ rq
gxsoltxh dxwdqw gh irlv txh qìfhvvdluh ohv fhooxohv �qhv vlwxìhv vxu oh erug gh od erlwh
hqjoredqwh/ d�q gh uhpsolu hqwlëuhphqw od pdlooh g|qdpltxh1 Rq xwlolvh doruv oh pdloohxu
Yrurqrò srxu rewhqlu od wuldqjxodwlrq1 Fhwwh dssurfkh shuphw g*h�hfwxhu xqh plvh ã
o*ìfkhooh dxwrpdwltxh txl ìylwh xq wudydlo idvwlglhx{ +hw sduirlv vrxufh g*huuhxu, gh jhvwlrq
pdqxhooh ghv idloohv1 Fh wudlwhphqw hvw h!fdfh hvvhqwlhoohphqw srxu ohv idloohv g|qdpltxhv
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Iljxuh 618= Wudlwhphqw ghv idloohv

vhfrqgdluhv +prgìolvìhv hq hvfdolhu,/ txl shxyhqw íwuh jìrpìwultxhphqw wuëv gl�ìuhqwhv
ghv idloohv jìrorjltxhv fruuhvsrqgdqwhv +f1i1 �jxuh 619,1

61718 Pdlooh gìjìqìuìh +Slqfk0rxwv,
Lo duulyh iuìtxhpphqw txh oh pdloodjh g|qdpltxh frqwlhqqh ghv pdloohv gìjìqìuìv frxudp0
phqw dsshoìhv slqfk0rxwv gdqv o*lqgxvwulh sìwurolëuh1 O*h{lvwhqfh gh whoohv pdloohv hvw
vrxyhqw olìh ã o*dssdulwlrq rx ã od glvsdulwlrq gh frxfkhv jìrorjltxhv +fi �jxuh 61:,1
Xq pdloodjh ìoìphqwv �qlv uhvshfwdqw od iurqwlëuh gx slqfk0rxw dlqvl txh oh pdloodjh
jìrorjltxh hvw rewhqx srxu fhv pdloohv vlqjxolëuhv gh od píph pdqlëuh txh suìfìghp0
phqw1 Hq rxwuh od pìwkrgh gìyhorssìh shuphw gh pdloohu ghv grpdlqhv / ã jìrpìwulh
txhofrqtxh1 Fhfl dxwrulvh oh wudlwhphqw ghv pdloodjhv g|qdpltxhv Yrurqrò +f1i1 �jxuh
61;, txl frpphqfhqw ã dssdudñwuh gdqv o*lqgxvwulh sìwurolëuh1

61719 Ud!qhphqw
Xq prgxoh gh ud!qhphqw gh pdloodjh d ìwì gìyhorssì d�q g*rewhqlu xqh erqqh suìflvlrq
qxpìultxh gx whqvhxu ìtxlydohqw1 Oh ud!qhphqw hvw h�hfwxì vxu ohv pdloohv �qhv txl
frqvwlwxh od erlwh hqjoredqwh1
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Iljxuh 619= Prgìolvdwlrq ghv idloohv

Iljxuh 61:= Slqfk0rxwv +frxsh wudqvyhuvdoh,
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Iljxuh 61;= H{hpsoh dyhf ghv pdloohv Yrurqrò
6171: Dssur{lpdwlrq yroxpltxh g*xqh pdlooh g|qdpltxh
Oh whpsv fsx qìfhvvdluh ã od frqvwuxfwlrq gx pdloodjh wìwudìgultxh hvw wuëv ìohyì1 Qìdq0
prlqv lo h{lvwh soxvlhxuv vroxwlrqv srxu oh glplqxhu frpph o*xwlolvdwlrq g*xqh wudqviru0
pdwlrq jìrpìwultxh srxu vh udphqhu ã xq fxeh gh uìiìuhqfh/ vxu ohtxho oh pdloodjh hvw
doruv frqvwuxlw1 Wrxwhirlv od plvh hq rhxyuh gh fhv gl�ìuhqwhv vroxwlrqv hvw uhodwlyhphqw
frþwhxvh> f*hvw srxutxrl o*ìwdsh gx pdloodjh wìwudìgultxh d ìwì uhpsodfìh sdu o*dowhuqdwlyh
gh od erlwh hqjoredqwh txl fruuhvsrqg ã xqh dssur{lpdwlrq yroxpltxh gh od pdlooh F1S1J1
frqvlgìuìh1 Fh wudydlo d ìwì uìdolvì dx vhlq gh od vrflìwì Hoi H{sorudwlrq Surgxfwlrq hw
shuphw gh frpsoìwhu od fkdñqh gh wudlwhphqw ghv pdloodjhv 6G gìvwuxfwxuìv1
Erlwh hqjoredqwh
Srxu fkdtxh pdlooh jurvvlëuh grqqìh / rq frqvwuxlw xqh erlwh hqjoredqwh frpsrvìh gh
pdloohv �qhv1 Wurlv rswlrqv +fi �jxuh 61<, vrqw glvsrqleohv =

d, Od erlwh hqjoredqwh hvw frqvwlwxìh ghv pdloohv �qhv lqfoxvhv gdqv / rx d|dqw xqh
lqwhuvhfwlrq dyhf od iurqwlëuh gx grpdlqh /�

e, Od erlwh hqjoredqwh hvw frqvwlwxìh ghv pdloohv �qhv grqw oh fhqwuh gh judylwì hvw
lqfoxv gdqv od pdlooh jurvvlëuh1

f, Od erlwh hqjoredqwh hvw frqvwlwxìh gh Q%� pdloohv �qhv gdqv o*d{h ghv %� srxu
� ' �c 2c ��
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Iljxuh 61<= Dssur{lpdwlrq g*xqh pdlooh g|qdpltxh

Rq dssoltxh doruv od pìwkrgh ghv ìoìphqwv �qlv frqiruphv hw2rx pl{whv vxu o*dssur{lpd0
wlrq yroxpltxh gh od pdlooh g|qdpltxh1 Fhfl shuphw gh v*d�udqfklu gh od frqvwuxfwlrq gx
pdloodjh wìwudìgultxh g*rü xq jdlq gh whpsv1 Elhq txh fhwwh idêrq gh idluh hvw xqh vrxufh
g*huuhxuv vxssoìphqwdluhv txl shxyhqw íwuh judqghv gdqv fhuwdlqv fdv/ fhwwh pìwkrgror0
jlh shxw hqfruh íwuh dpìolruìh1 Fh jhquh g*dssur{lpdwlrq hvw frxudpphqw xwlolvìh hq
lqjìqlhulh sìwurolëuh ^83`/ ^;3`/ rü od erlwh hqjoredqwh xwlolvì hvw o*rswlrq f,1

618 Uìvroxwlrq qxpìultxh ghv sureoëphv orfdx{
Oh exw gh fh sdudjudskh hvw gh suìvhqwhu ohv sulqflsdohv ìwdshv gh od surjudppdwlrq gh
od pìwkrgh ghv ìoìphqwv �qlv dssoltxìh ã od uìvroxwlrq ghv sureoëphv orfdx{ srxu ghv
pdloodjhv gìvwuxfwxuìv1

61814 Pìwkrgh ghv ìoìphqwv �qlv frqiruphv
D�q g*rewhqlu xqh eruqh vxsìulhxuh gx whqvhxu ìtxlydohqw/ xq frgh g*ìoìphqwv �qlv frq0
iruphv d ìwì gìyhorssì srxu uìvrxguh ohv sureoëphv orfdx{ vxu xq pdloodjh gìvwuxfwxuì1
Xqh suìvhqwdwlrq gh od pìwkrgh ghv ìoìphqwv �qlv frqiruphv shxw íwuh wurxyìh gdqv
^56`1 O*lpsoìphqwdwlrq h�hfwxìh shuphw gh wudlwhu xqh wuldqjxodwlrq frpsrvìh gh wul0
dqjohv hw2rx gh txdgulodwëuhv hq 5G1 O*lpsoìphqwdwlrq gdqv oh fdguh 5G hvw qìfhvvdluh
srxu uìsrqguh ã ghv vlwxdwlrqv gh o*lqgxvwulh sìwurolëuh whoohv txh oh wudlwhphqw gh furvv0
vhfwlrqv txl fruuhvsrqghqw ã xq sureoëph elglphqvlrqqho1 Gdqv oh fdguh wulglphqvlrqqho
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od wuldqjxodwlrq shxw íwuh frpsrvìh gh wìwudëguhv hw2rx g*kh{dëguhv1 Rq xwlolvh doruv
ghv ìoìphqwv �qlv gh ghjuì xq ^9<` gì�qlv vxu ohv glyhuv ìoìphqwv txh shxw frpsruwhu od
wuldqjxodwlrq1
Oh fdofxo gh od pdwulfh gh udlghxu hw gx vhfrqg phpeuh ìoìphqwdluh vh irqw fodvvltxh0
phqw sdu o*xvdjh g*xq ìoìphqw �ql gh uìiìuhqfh1 D sduwlu ghv frqwulexwlrqv ìoìphqwdluhv/
fdofxoìhv vxu fkdtxh ìoìphqw gh od wuldqjxodwlrq/ rq frqvwuxlw oh v|vwëph olqìdluh txh o*rq
vdxyhjdugh vrxv od iruph g*xq vwrfndjh pruvh1
Ohv sureoëphv orfdx{ qh gl�ëuhqw txh sdu ohxuv frqglwlrqv dx{ olplwhv1 Ru fhv frqglwlrqv
dx{ olplwhv vh uhwurxyhqw xqltxhphqw gdqv oh vhfrqg phpeuh gx v|vwëph olqìdluh1 Dx
frxuv gh o*dvvhpeodjh/ rq fdofxoh ohv vhfrqgv phpeuhv ìoìphqwdluhv hw fhfl srxu fkdtxh
frqglwlrq dx{ olplwhv/ fh txl shuphw g*rswlplvhu ohv whpsv gh fdofxov1 Rq hvw grqf dphqì
ã uìvrxguh ghx{ rx wurlv v|vwëphv olqìdluhv/ vxlydqw od glphqvlrq/ gh od iruph �% ' K rü
vhxo oh vhfrqg phpeuh K fkdqjh1 Rq uìvrxw doruv oh v|vwëph olqìdluh sdu o*xqh ghv ghx{
pìwkrghv vxlydqwhv =

0 Od pìwkrgh lwìudwlyh gx judglhqw frqmxjxì dyhf xq suìfrqglwlrqqhphqw edvì vxu od
gìfrpsrvlwlrq lqfrpsoëwh gh Fkrohvn|1

0 Od pìwkrgh gluhfwh gh Fkrohvn|1
Rq fdofxoh hq�q/ ohv frh!flhqwv gx whqvhxu ìtxlydohqw ã sduwlu ghv vroxwlrqv ghv gl�ìuhqwv
v|vwëphv olqìdluhv hw ghv ìoìphqwv gh od pdwulfh gh pdvvh1 Juåfh ã soxvlhxuv fdofxov
lqwhupìgldluhv/ vdxyhjdugìv hq pìprluh dx frxuv gh o*dvvhpeodjh/ rq rewlhqw dlqvl ohv
frh!flhqwv gx whqvhxu krprjìqìlvì sdu xqh vlpsoh frpelqdlvrq olqìdluh ghv gl�ìuhqwv
ìoìphqwv fdofxoìv suìfìghpphqw1

61815 Pìwkrgh ghv ìoìphqwv �qlv pl{whv k|eulghv
Srxu uìvrxguh ohv sureoëphv orfdx{ qrxv dyrqv xwlolvì sdu dloohxuv/ xqh pìwkrgh g*ìoì0
phqwv �qlv pl{whv k|eulghv ^4<`1 Fhwwh dssur{lpdwlrq shuphw g*rewhqlu xqh eruqh lq0
iìulhxuh gx whqvhxu ìtxlydohqw1 Oruv gh od surjudppdwlrq qrxv qrxv vrpphv edvìv vxu
ohv wudydx{ gh Ehqgdol hw do1 ^44`/ ^:6`1 Frpph oh whqvhxu g hvw frqvwdqw sdu ìoìphqw
hw txh o*rq xwlolvh o*hvsdfh gh Udylduw0Wkrpdv gh soxv edv ghjuì/ oh v|vwëph olqìdluh �qdo
ã uìvrxguh shxw íwuh rewhqx hq dssoltxdqw xqh pìwkrgh ìoìphqwv �qlv �� qrq0frqiruph
dx sureoëph lqlwldo1 O*dvvhpeodjh/ oh vwrfndjh hw od uìvroxwlrq gx v|vwëph olqìdluh hvw
h�hfwxì gh od píph pdqlëuh txh gdqv oh fdv gh od pìwkrgh ghv ìoìphqwv �qlv frqiruphv1
Oh fdofxo ghv frh!flhqwv ìtxlydohqwv hvw lppìgldw1
Fhwwh pìwkrgh d ìwì surjudppìh hq 5G srxu xq pdloodjh gìvwuxfwxuì frpsrvì xqltxh0
phqw gh wuldqjoh1 Hq 6G/ od pìwkrgh ghv ìoìphqwv �qlv pl{whv fdsdeoh gh wudlwhu ghv
wuldqjxodwlrqv frpsrvìhv g*kh{dëguhv d ìwì surjudppìh dx vhlq gh o*LIS sdu V1 Jdl�h
^66` hw O1 Mhdqqlq1
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Iljxuh 6143= Grpdlqh v|pìwultxh

Uhpdutxh 61814 Lo d ìwì ìjdohphqw surjudppì hq 5G +P1H1I1 frqiruphv hw P1H1I1
pl{whv k|eulghv, dlqvl tx*hq 6G +P1H1I1frqiruphv, od uìvroxwlrq ghv sureoëphv orfdx{
hw oh fdofxo gx whqvhxu ìtxlydohqw irxuqlv sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv
frqglwlrqv dx{ erugv frq�qìhv1

619 Fdofxov qxpìultxhv gx whqvhxu ìtxlydohqw
Rq suìvhqwh ghv h{hpsohv gh fdofxov gh whqvhxuv ìtxlydohqwv srxu ohv gl�ìuhqwhv pìwkrghv
gh plvh ã o*ìfkhooh suìvhqwìhv gdqv ohv fkdslwuhv suìfìghqwv1 Rq h{dplqh qxpìultxhphqw
ohv frh!flhqwv ìtxlydohqwv rewhqxv srxu glyhuvhv jìrpìwulh 5G hw 6G1

61914 Grpdlqh v|pìwultxh

Rq frqvlgëuh oh grpdlqh v|pìwultxh grqw od glvwulexwlrq gh shupìdelolwì +krprjëqh hw
lvrwursh, hvw grqqìh sdu od �jxuh 61431 Od shupìdelolwì hvw �{ì ã 4 Gduf| ã o*lqwìulhxu gx
grpdlqh +}rqh eohx, hw o*rq idlw ydulhu od shupìdelolwì gdqv oh plolhx gìfulw sdu od }rqh
yhuwh1 Fhw h{hpsoh d ìwì ìwxglì sdu gh qrpeuhx{ dxwhxuv ^5`/ ^6` hw ^87`/ fh txl yd qrxv
shuphwwuh gh frpsduhu qxpìultxhphqw ohv glyhuvhv pìwkrghv fodvvltxhphqw xwlolvìhv1 Od
v|pìwulh gh od glvwulexwlrq ghv shupìdelolwìv devroxhv gh od pdlooh jurvvlëuh hw o*lvrwurslh
gh fkdtxh plolhx lpsoltxh o*lvrwurslh gx whqvhxu krprjìqìlvì1 F*hvw srxutxrl ohv uìvxowdwv
rewhqxv/ uhsulv gdqv oh wdeohdx +614,/ grlyhqw íwuh pxowlsolìv sdu od pdwulfh lghqwlwì g*ruguh
5 d�q g*rewhqlu oh whqvhxu ìtxlydohqw �qdo1
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+614,
Ohv deuìyldwlrqv gx wdeohdx fl0ghvvxv irqw uìiìuhqfh dx{ pìwkrghv vxlydqwhv =

gW
�� = Pìwkrgh frq�qìh +eruqh vxsìulhxuh,

gW
�� = Pìwkrgh frq�qìh +eruqh lqiìulhxuh,

gW
�u = Pìwkrgh olqìdluh +eruqh vxsìulhxuh,

gW
�u = Pìwkrgh olqìdluh +eruqh lqiìulhxuh,

gW
M� = Krprjìqìlvdwlrq sìulrgltxh

gW
�C = Pìwkrgh pxowljulooh ^87`

gW
-. = Pìwkrgh gh uhqrupdolvdwlrq

gW
�` = Pìwkrgh gh Fduzhoo hw Sduvrqv

gW
M� = Pr|hqqh kduprqltxh

gW
C. = Pr|hqqh jìrpìwultxh

gW
�- = Pr|hqqh dulwkpìwltxh

+615,

Frpph oh suìyrlw od wkìrulh wrxwhv ohv pìwkrghv gh plvh ã o*ìfkhooh irxuqlvvhqw ghv uìvxo0
wdwv frpsulv hqwuh od pr|hqqh kduprqltxh hw dulwkpìwltxh1 Ohv pìwkrghv qxpìultxhv
irxuqlvvhqw gdqv o*hqvhpeoh ghv uìvxowdwv vhpeodeohv1 Rq revhuyh ìjdohphqw txh ohv uì0
vxowdwv gh od pìwkrgh frq�qìh hw gh o*krprjìqìlvdwlrq sìulrgltxh vrqw lqiìulhxuv dx{
uìvxowdwv gx whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh olqìdluh1

61915 Grpdlqh gx O lqyhuvì
Od �jxuh 6144 gìfulw o*h{hpsoh gx O lqyhuvì txl d ìwì h{wudlw ghv wudydx{ gh Dpd}ldqh
hw Do1 ^5` hw ^6`1 Frqwudluhphqw ã o*h{hpsoh suìfìghqw/ od glvwulexwlrq gh od shupìdelolwì
+krprjëqh hw lvrwursh, hvw qrq v|pìwultxh1 Gdqv fh fdv/ píph vl wrxv ohv plolhx{ vrqw
lvrwurshv/ oh whqvhxu krprjìqìlvì q*hvw sdv lvrwursh1 Ohv uìvxowdwv gh od plvh ã o*ìfkhooh
srxu fkdfxqh ghv pìwkrghv frqvlgìuìhv vrqw uhsulv gdqv oh wdeohdx fl0ghvvrxv1 Rq suìvhqwh
ohv whqvhxuv ìtxlydohqwv rewhqxv hq irqfwlrq gx qrpeuh g*ìoìphqwv gh od wuldqjxodwlrq
gx grpdlqh vxu odtxhooh rq dssoltxh od pìwkrgh ghv ìoìphqwv �qlv srxu uìvrxguh ohv
sureoëphv orfdx{1 Rq xwlolvh ohv píphv qrwdwlrqv txh srxu o*h{hpsoh suìfìghqw hw ohv
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Iljxuh 6144= O lqyhuvì
whuphv ghv whqvhxuv ìtxlydohqwv vrqw grqqìv gh od pdqlëuh vxlydqwh =

gW
��

gW
�2 ' gW

2�

gW
22

+616,

Pdlo1 gW
M� gW

-. gW
�� gW

�� gW
�` gW

M� gW
C. gW

�u gW
�u gW

�-

�S
howv

��fH
f�ff
��fH

e�Hf
f�ff
S�.D

e�.D
f�ff
S�S2

e�bb
f�ff
S�be

D���
f�ff
S�.�

D�D.�f��e
S�be

D�S2
f�ff
D�S2

D�S2�f��2
S�SS

D�H.�f��2
S�be

.�.D
f�ff
.�.D

2DS
howv

��fH
f�ff
��f.

e�Hf
f�ff
S�.D

e�H.
f�ff
S�..

e�HH
f�ff
S�.b

D���
f�ff
S�.�

D��D�f�2H
S�.H

D�S2
f�ff
D�S2

D�.��f��e
S�H�

D�.D�f��e
S�H�

.�.D
f�ff
.�.D

.He
howv

��fH
f�ff
��fH

e�Hf
f�ff
S�.D

e�H.
f�ff
S�.H

e�H.
f�ff
S�.H

D���
f�ff
S�.�

D����f�2H
S�.S

D�S2
f�ff
D�S2

D�.e�f��e
S�H2

D�.e�f��e
S�H2

.�.D
f�ff
.�.D

Od glvwulexwlrq gh od shupìdelolwì q*ìwdqw sdv v|pìwultxh/ ohv whqvhxuv ìtxlydohqwv rewhqxv
sdu ohv pìwkrghv olqìdluh hw sìulrgltxh frpsruwhqw ghv whuphv h{wud0gldjrqdx{ qrq qxov/
frqwudluhphqw dx{ pìwkrghv dojìeultxhv1 Fhv whuphv qrq qxov lpsoltxhqw txh ohv gluhf0
wlrqv sulqflsdohv gh o*ìfrxohphqw gx  xlgh qh vrqw sdv doljqìhv dyhf ohv d{hv gh frru0
grqqìhv gh od pdlooh jurvvlëuh1 Rq uhpdutxh sdu dloohxuv txh ohv uìvxowdwv ghv whqvhxuv
ìtxlydohqwv rewhqxv dyhf ohv pìwkrghv qxpìultxhv frqyhujhqw oruvtxh o*rq ud!qh oh pdlo0
odjh ìoìphqw �qlv1 Soxv suìflvìphqw rq frqvwdwh txh ohv whqvhxuv rewhqxv ã o*dlgh g*xqh
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Iljxuh 6145= Jìrpìwulh txhofrqtxh 5G

pìwkrgh g*ìoìphqwv �qlv pl{wh0k|eulgh frqyhujhqw sdu ydohxu lqiìulhxuh wdqglv txh od
pìwkrgh g*ìoìphqw �qlv frqiruph shuphw gh frqyhujhu yhuv oh whqvhxu ìtxlydohqw sdu
ydohxu vxsìulhxuh1

61916 H{hpsoh 5G gìvwuxfwxuì
Gdqv fh sdudjudskh rq h{srvh ohv uìvxowdwv gx whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh
olqìdluh vxu xqh jìrpìwulh txhofrqtxh elglphqvlrqqhooh/ h{wudlwh g*xqh frxsh 5G g*xq
jlvhphqw uìho1 Od glvwulexwlrq gh od shupìdelolwì krprjëqh hw lvrwursh yduldqw hqwuh
43 hw 43333 pG hvw looxvwuìh sdu od �jxuh 61451 Ohv frh!flhqwv gx whqvhxu ìtxlydohqw
rewhqxv sdu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv vrqw
grqqìv gdqv oh wdeohdx vxlydqw =

Whuphv gx whqvhxu Pìwkrgh ìoìphqwv �qlv
ìtxlydohqw Pl{wh k|eulgh Frqiruph

gW
�� 2�bD�D2 2�b.��e

gW
�2 e�2b e�2b

gW
22 ��.��He ��.��bD

+617,

Ohv uìvxowdwv suìvhqwìv gdqv oh wdeohdx +617, rqw ìwì rewhqxv dyhf xq pdloodjh ìoìphqw
�qlv ud!qì frpsrvì gh 553 wuldqjohv1 Rq uhpdutxh txh od pìwkrgh ghv ìoìphqwv �qlv
frqiruphv ^uhvs1 pl{whv k|eulghv` irxuqlw elhq xqh eruqh vxsìulhxuh ^uhvs1 lqiìulhxuh` gx
whqvhxu ìtxlydohqw1
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Iljxuh 6146= Pdloodjh ruwkrjrqdo 6G

61917 H{hpsoh 6G vwuxfwxuì
Rq frqvlgëuh pdlqwhqdqw xq h{hpsoh gìfulw sdu xqh jìrpìwulh 6G ruwkrjrqdoh1 Gdqv oh
fdv gh od �jxuh 6146 txl fruuhvsrqg ã xq wdx{ g*djuìjdwlrq gh �� �� � pdloohv �qhv/ rq
rewlhqw ohv uìvxowdwv vxlydqwv =

Whuphv gx whqvhxu
ìtxlydohqw gW

�� gW
�� gW

�u gW
�u

gW
�� �Sb��eb �Sb��DS �H���H2 �H���b.

gW
�2 f�f f�f �f�e�. �f�e2.

gW
�� f�f f�f ��DS ��DS

gW
22 �DS���D �DS2�Db �SeD�bD �SeS�2�

gW
2� f�f f�f D�e� D�e�

gW
�� 2e���.� 2e�e�fD 2D2.��D 2D2.�H2

+618,

Ohv fdofxov rqw ìwì h�hfwxìv vxu xq pdloodjh ìoìphqwv �qlv ud!qì hw frpsrvì gh 4:5;
kh{dëguhv1 Rq uhpdutxh txh ohv whuphv gldjrqdx{ gh o*dssur{lpdwlrq gx whqvhxu ìtxly0
dohqw fdofxoìh dyhf od pìwkrgh olqìdluh vrqw vxsìulhxuv dx{ whuphv gldjrqdx{ lvvxv gh od
pìwkrgh frq�qìh1
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Iljxuh 6147= Jìrpìwulh txhofrqtxh 6G
61918 H{hpsoh 6G gìvwuxfwxuì
Rq whuplqh hq�q sdu oh wudlwhphqw g*xq h{hpsoh 6G gìvwuxfwxuì1 O*h{hpsoh gh od �jxuh
6147 fruuhvsrqg ã od vwuxfwxuh g*xqh pdlooh jurvvlëuh 6G Fruqhu Srlqw Jhrphwu|/ grqw
od shupìdelolwì devroxh krprjëqh hw lvrwursh gx pdloodjh �q ydulh hqwuh 43 hw 43333
pG1 Rq dssoltxh gdqv fh fdv od pìwkrgrorjlh suìvhqwìh suìfìghpphqw srxu rewhqlu oh
pdloodjh wìwudìgultxh gh od �jxuh 6147 vxu ohtxho rq dssoltxh od pìwkrgh ghv ìoìphqwv
�qlv1 Od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv irxuqlw doruv
oh whqvhxu ìtxlydohqw vxlydqw =

Whuphv gx whqvhxu Pìwkrgh ìoìphqwv �qlv
ìtxlydohqw Pl{wh Frqiruph

gW
�� .���.2 .�2�2f

gW
�2 �2�.2 �2�.2

gW
�� f�DD f�DD

gW
22 Db��S� Db2��.

gW
2� ��.b ��Hf

gW
�� D�e�Se D�e�H�

+619,

Od eruqh lqiìulhxuh rewhqxh sdu od pìwkrgh ghv ìoìphqwv �qlv pl{whv d ìwì fdofxoìh vxu
xq pdloodjh frpsrvì gh ;97 kh{dëguhv doruv txh od eruqh vxsìulhxuh d ìwì rewhqxh dyhf
oh pdloodjh wìwudìgultxh gìfulw sdu od �jxuh 6147 hw txl frpsruwh 457; wìwudëguhv1 Od
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gl�ìuhqfh hqwuh ohv whuphv irxuqlh sdu od pìwkrgh ghv ìoìphqwv �qlv frqiruphv hw pl{whv
hvw lqiìulhxuh ã 4(1 Rq shxw grqf hq frqfoxuh txh o*rq d rewhqx xqh erqqh dssur{lpdwlrq
gx whqvhxu ìtxlydohqw irxuqlh sdu od pìwkrgh olqìdluh1
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Fkdslwuh 7
Vlpxodwlrqv qxpìultxhv

Rq dssoltxh ohv gl�ìuhqwhv pìwkrghv gh plvh ã o*ìfkhooh/ ìwxglìhv gdqv ohv fkdslwuhv suìfì0
ghqwv/ ã od vlpxodwlrq qxpìultxh ghv ìfrxohphqwv hq plolhx{ sruhx{1 Ghv h{sìulhqfhv
qxpìultxhv rqw ìwì uìdolvìhv d�q gh whvwhu hw gh frpsduhu ohv glyhuvhv pìwkrghv1 Ghv whvwv
qxpìultxhv hq 5G dyhf xq pdloodjh vwuxfwxuì rqw ìwì suìvhqwìv gdqv ^7`1 Xq h{hpsoh hq
6G dyhf pdloodjh gìvwuxfwxuì d ìwì suìvhqwì gdqv ^8`1 Gdqv fh fkdslwuh rq vh frqwhqwh
gh suìvhqwhu ghx{ h{hpsohv d�q g*looxvwuhu od pìwkrgrorjlh h{srvìh dx fkdslwuh 61 Oh
suhplhu whvw fruuhvsrqg ã xq prgëoh dfdgìpltxh 5G vxu ohtxho rq frpsduh ohv glyhuvhv
pìwkrghv gh plvh ã o*ìfkhooh vxu xq pdloodjh ruwkrjrqdo hw gìvwuxfwxuì1 Frqwudluhphqw
dx pdloodjh ruwkrjrqdo/ frqvwuxlw gh pdqlëuh fodvvltxh/ oh pdloodjh gìvwuxfwxuì d ìwì frq0
vwuxlw gh pdqlëuh ã uhvshfwhu ohv kìwìurjìqìlwìv sulqflsdohv whoohv txh ohv fkhqdx{ ã iruwh
shupìdelolwì1 D�q gh ydolghu gdqv xq fdguh wulglphqvlrqqho od pìwkrgh suìvhqwìh dx
fkdslwuh 6/ oh vhfrqg h{hpsoh wudlwh oh fdv soxv jìqìudo g*xq prgëoh 6G gìvwuxfwxuì/ grqw
ohv grqqìhv rqw ìwì h{wudlwhv g*xq jlvhphqw sìwurolhu uìho1 Srxu fkdtxh whvw/ rq suìvhq0
whud ghv uìvxowdwv qxpìultxhv srxu ghv ìfrxohphqwv prqrskdvltxhv/ dlqvl txh srxu ghv
ìfrxohphqwv glskdvltxhv lpplvfleohv hw lqfrpsuhvvleohv1 Xqh ghvfulswlrq dlqvl txh od
prgìolvdwlrq qxpìultxh hw o*dqdo|vh pdwkìpdwltxh gh fhv skìqrpëqhv shxw íwuh wurx0
yìv gdqv o*rxyudjh gh Fkdyhqw hw Md�uì ^55`1 Gdqv oh fdguh glskdvltxh/ ohv h{sìulhqfhv
qxpìultxhv h�hfwxìhv vlpxohqw ohv gìsodfhphqwv irufìv gh o*kxloh sdu gh o*hdx1 Srxu ohv
gl�ìuhqwhv vlpxodwlrqv h�hfwxìhv rq frpsduh ohv uìvxowdwv gh od vlpxodwlrq gh uìiìuhqfh
+l1h1 vlpxodwlrq vxu oh pdloodjh �q, dx{ uìvxowdwv rewhqxv vxu oh prgëoh plv ã o*ìfkhooh
hq xwlolvdqw ohv whqvhxuv ìtxlydohqwv irxuqlv sdu ohv gl�ìuhqwhv pìwkrghv g*krprjìqìlvd0
wlrq1 Rq suìvhqwh ohv frxuehv gh frqfhqwudwlrq dlqvl txh ohv fduwhv gh vdwxudwlrqv hw gh
suhvvlrqv gx jlvhphqw1 Ohv whpsv gh fdofxo vrqw phqwlrqqìv srxu looxvwuhu oh jdlq rewhqx1
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714 Jìrpìwulhv 5G gìvwuxfwxuìhv
Oh suhplhu h{hpsoh frqfhuqh xq fdv dfdgìpltxh grqw od glvwulexwlrq gh shupìdelolwì
lvrwursh hvw grqqìh gdqv od �jxuh 7141 Lo v*djlw g*xq furlvhphqw hq gldjrqdoh gh ghx{
fkhqdx{/ grqw xq vh vìsduh hq ghx{ sduwlhv srxu vh uhmrlqguh ã o*h{wuìplwì gurlwh1 Oh
pdloodjh frpsruwh 433��ff pdloohv �qhv hw od shupìdelolwì ydulh hqwuh :333 hw <333 pG
gdqv ohv fkhqdx{ sxlv vh gìjudgh dx{ dohqwrxuv gh fhv ghuqlhuv1 Soxvlhxuv pìwkrghv gh
plvh ã o*ìfkhooh rqw ìwì whvwìhv vxu fhw h{hpsoh1 Ohv whqvhxuv krprjìqìlvìv vrqw rewhqxv
vxu ghx{ pdloodjhv jurvvlhuv gl�ìuhqwv1 O*xq hvw xq pdloodjh g|qdpltxh jurvvlhu txl
d ìwì frqvwuxlw d�q gh uhvshfwhu dx plhx{ od jìrpìwulh ghv fkhqdx{/ fh txl d frqgxlw
dx pdloodjh gìvwuxfwxuì gì�ql gdqv od �jxuh 715 hw frpsruwdqw 4<8 pdloohv1 Oh vhfrqg
pdloodjh jurvvlhu hvw txdqw ã oxl frqvwuxlw gh pdqlëuh fodvvltxh hw fruuhvsrqg ã xq pdloodjh
ruwkrjrqdo frqvwlwxì gh 46��D +4<8, pdloohv1 Od srurvlwì � gh fkdfxqh ghv pdloohv �qhv
hvw gìgxlwh gh vd shupìdelolwì & sdu od orl vxlydqwh =

� ' f�fD n Ef�f2�eD � u?E&��
hw vl � � �f32 doruv � ' �f32

+714,

Od srurvlwì gh fkdtxh pdlooh gx pdloodjh g|qdpltxh hvw fdofxoìh sdu od pr|hqqh dulwk0
pìwltxh1

715 Vlpxodwlrqv wudfhxu 5G
Gdqv fh sdudjudskh rq vh uhvwuhlqw ã ghv vlpxodwlrqv wudfhxu grqw xqh euëyh suìvhqwd0
wlrq hvw grqqìh gdqv oh sdudjudskh vxlydqw1 Vxu oh jlvhphqw suìvhqwì suìfìghpphqw rq
yd frpsduhu gl�ìuhqwhv pìwkrghv gh plvh ã o*ìfkhooh1 Oruv ghv vlpxodwlrqv dvvrflìhv ã od
pìwkrgh g*krprjìqìlvdwlrq dyhf ohv frqglwlrqv dx{ erugv olqìdluhv +PO,/ qrxv dyrqv sulv
od pr|hqqh ghv whqvhxuv ìtxlydohqwv rewhqxv dyhf od pìwkrgh ghv ìoìphqwv �qlv pl{whv0
k|eulghv hw od pìwkrgh ghv ìoìphqwv �qlv frqiruphv +l1h1 eruqhv gh o*hqfdguhphqw,1
Frqfhuqdqw od pìwkrgh frq�qìh +PF, qrxv dyrqv dxvvl sulv od pr|hqqh ghv eruqhv lq0
iìulhxuhv hw vxsìulhxuhv rewhqxhv qxpìultxhphqw1 Txdqw ã od pìwkrgh gh Fdugzhoo hw
Sduvrqv +FZ, hooh irxuqlw ìjdohphqw ghx{ eruqhv txl hqfdguhqw od shupìdelolwì ìtxlyd0
ohqwh1
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Figure 4.1: Distribution de la perméabilité absolue        
 (maillage fin de référence) 
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Frpph fhod hvw lqgltxì gdqv od uhodwlrq +41<, gx suhplhu fkdslwuh/ qrxv dyrqv xwlolvì
od pr|hqqh jìrpìwultxh gh fhv ghx{ eruqhv oruv ghv vlpxodwlrqv1 Hq�q/ qrxv dyrqv
ìjdohphqw xwlolvì ohv pr|hqqhv dulwkpìwltxh +DU, hw kduprqltxh +KD,1

71514 Ghvfulswlrq g*xq wudfhxu
Ohv vlpxodwlrqv wudfhxu shuphwwhqw gh vlpxohu ohv gìsodfhphqwv g*xq  xlgh prqrskdvltxh
+h{1 o*hdx, gdqv xq jlvhphqw kìwìurjëqh1 Rq shxw doruv revhuyhu oh frpsruwhphqw g*xq
jlvhphqw hw vlwxhu ohv fkhplqv g*ìfrxohphqw suìiìuhqwlhov gx  xlgh/ fkhplqv tx*lo idxgud
uhvwlwxhu dx plhx{ oruv gh o*ìwdsh gh plvh ã o*ìfkhooh1 Fh w|sh gh vlpxodwlrqv shuphw
gh v*d�udqfklu ghv frxuehv gh shupìdelolwìv uhodwlyhv sxlvtxh o*rq qh wudlwh tx*xq vhxo
 xlgh1 Sdu frqvìtxhqw/ oruv ghv frpsdudlvrqv ghv vlpxodwlrqv �qh hw jurvvlëuhv ohv vhxov
sdudpëwuhv txl ydulhqw vrqw od srurvlwì hw od shupìdelolwì devroxh/ fh txl shuphwwud gh
ydolghu ohv pìwkrghv g*krprjìqìlvdwlrq1 Gh soxv/ ohv vlpxodwlrqv wudfhxu qìfhvvlwh gh
idleohv whpsv gh fdofxov1 Wrxwhv ohv vlpxodwlrqv rqw ìwì h�hfwxìhv dyhf oh orjlflho lqgxvwulho
Hfolsvh ^64`1

71515 Fdudfwìulvwltxhv gx wudfhxu
Oh wudfhxu xwlolvì hvw xq wudfhxu gdqv od skdvh hdx dyhf ohv fdudfwìulvwltxhv vxlydqwhv=

Ylvfrvlwì ' ��SD �R
Ghqvlwì ' �fff &}*6�

+715,

71516 Slorwdjh ghv sxlwv
Rq glvsrvh gh vl{ sxlwv vxu oh fkdps/ grqw ohv hpsodfhphqwv vrqw grqqìv gdqv od �jxuh
7141 Ohv txdwuh sxlwv lqmhfwhxuv/ qrwìv LQ/ vrqw vlwxìv dx{ h{wuìplwìv ghv fkhqdx{ hw o*rq
glvsrvh gh ghx{ sxlwv surgxfwhxuv grqw xq/ qrppì SURG4 oruv ghv vlpxodwlrqv/ hvw vlwxì
ã o*lqwhuvhfwlrq ghv ghx{ fkhqdx{1 Oh vhfrqg sxlwv surgxfwhxu/ qrppì SURG5 hvw vlwxì
gdqv o*xqh ghv sduwlhv gx fkhqdo vflqgì hq ghx{1 Ohv sxlwv vrqw jìuìv gh pdqlëuh ã fh txh
od txdqwlwì gh  xlgh lqmhfwì vrlw ìjdoh ã od txdqwlwì gh  xlgh surgxlw hw ohv fdudfwìulvwltxhv
ghv sxlwv vrqw ohv vxlydqwhv =

Gìelw g*lqmhfwlrq ghv sxlwv lqmhfwhxuv G 2D 6�*�
Gìelw gh surgxfwlrq gx sxlwv SURG4 G Df 6�*�
Gìelw gh surgxfwlrq gx sxlwv SURG5 G Df 6�*�

+716,
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71517 H{sìulhqfhv qxpìultxhv 5G
Rq lpsrvh txh oh fkdps dlw xqh frqfhqwudwlrq lqlwldoh hq wudfhxu qxooh1 Dlqvl hq lq0
mhfwdqw xq wudfhxu sdu ohv sxlwv lqmhfwhxuv/ rq shxw revhuyhu o*ìfrxohphqw gh fh wudfhxu
gdqv oh jlvhphqw mxvtx*dx{ sxlwv surgxfwhxuv1 Od vlpxodwlrq gh uìiìuhqfh vxu oh pdloodjh
�q hvw qrwìh UHIbW +UHIìuhqfh Wudfhxu, hw ohv glyhuvhv vlpxodwlrqv h�hfwxìhv vxu
oh pdloodjh jurvvlhu gìvwuxfwxuì vrqw qrwìhv JGHbW +Jurvvlhu GHvwuxfwxuì Wudfhxu,
vxlylh gh o*deuìyldwlrq gh od pìwkrgh gh plvh ã o*ìfkhooh xwlolvìh1 Ohv vlpxodwlrqv hi0
ihfwxìhv vxu oh pdloodjh jurvvlhu ruwkrjrqdo vrqw qrwìhv JRUbW +Jurvvlhu RUwkrjrqdo
Wudfhxu, vxlylh ìjdohphqw gh o*deuìyldwlrq fruuhvsrqgdqw ã od pìwkrgh g*krprjìqìlvdwlrq
hpsor|ìh1 Srxu fkdfxqh ghv pìwkrghv gh plvh ã o*ìfkhooh rq h�hfwxh/ dyhf ohv whqvhxuv
ìtxlydohqwv rewhqxv/ wurlv vlpxodwlrqv vxu ohv pdloodjhv g|qdpltxhv gì�qlv fl0ghvvrxv1
4�� D�q gh v*d�udqfklu ghv dssur{lpdwlrqv qxpìultxhv idlwhv oruv gh od vlpxodwlrq ghv
ìfrxohphqwv/ ohv ydohxuv ghv whqvhxuv ìtxlydohqwv vrqw uhglvwulexìhv vxu xq pdloodjh frp0
sruwdqw dxwdqw gh pdlooh txh oh pdloodjh gh uìiìuhqfh1 Gdqv oh fdv ruwkrjrqdo fhod fru0
uhvsrqg ã uhglvwulexhu ohv ydohxuv ghv whqvhxuv ìtxlydohqwv vxu oh pdloodjh gh uìiìuhqfh1
Rq shxw dlqvl frpsduhu ghv vlpxodwlrqv qxpìultxhv rü od wdlooh gx pdloodjh hvw lghq0
wltxh1 Ohv vlpxodwlrqv h�hfwxìhv vxu fh pdloodjh �Ilq� vhurqw uìiìuhqfìhv sdu od ohwwuh I1
Sdu h{hpsoh JGHbWbPObI fruuhvsrqg ã od vlpxodwlrq vxu oh pdloodjh GHvwuxfwxuì/
g*xq Wudfhxu srxu ohv whqvhxuv ìtxlydohqwv rewhqxv sdu od Pìwkrgh Olqìdluh1 Oh pdloodjh
gìvwuxfwxuì frpsruwdqw oh píph qrpeuh gh pdloohv �qhv txh oh pdloodjh Ilq gh uìiìuhqfh 1
5��Ghv vlpxodwlrqv g*ìfrxohphqwv prqrskdvltxhv vrqw uìdolvìhv vxu xqpdloodjh qxpìultxh
gìvwuxfwxuì/ lqwhupìgldluh hqwuh oh pdloodjh gì�ql suìfìghpphqw gdqv oh 4�� hw oh pdlo0
odjh jurvvlhu ruljlqdo1 Rq h�hfwxh dlqvl ghv vlpxodwlrqv vxu xq pdloodjh jurvvlhu �Ud!qì�
txl vhurqw qrwìhv U1 Sdu h{hpsoh/ od vlpxodwlrq g*xq Wudfhxu vxu oh pdloodjh Jurvvlhu
GHhvwuxfwxuì Ud!qì +lqwhupìgldluh, srxu ohv whqvhxuv ìtxlydohqwv rewhqxv sdu od Pìwk0
rgh Olqìdluh vhud qrwìh = JGHbWbPObU1
6�� Hq�q/ rq xwlolvh oh pdloodjh jurvvlhu ruljlqdo vxu ohtxho ohv gl�ìuhqwhv pìwkrghv gh
plvh ã o*ìfkhooh rqw ìwì dssoltxìhv1 Rq qrwhud doruv vlpsohphqw JGHbWbPO srxu xqh
vlpxodwlrq vxu oh pdloodjh Jurvvlhu GHvwuxfwxuì g*xq Wudfhxu dyhf ohv frh!flhqwv gh od
Pìwkrgh Olqìdluh1

434



71518 Pdloodjh gh uìiìuhqfh
Ohv whqvhxuv ìtxlydohqwv rqw ìwì fdofxoìv vxu oh pdloodjh jurvvlhu ruwkrjrqdo grqqì gdqv
od �jxuh 7151 Rq uhglvwulexh doruv ohv ydohxuv ghv whqvhxuv ìtxlydohqwv vxu oh pdloodjh gh
uìiìuhqfh d�q g*h�hfwxhu ohv vlpxodwlrqv vxu od píph wuldqjxodwlrq gx jlvhphqw1 Gdqv fh
txl vxlw/ rq suìvhqwh ohv frxuehv gh frqfhqwudwlrq gx wudfhxu/ ohv gìelwv gh surgxfwlrq
dlqvl txh od surgxfwlrq fxpxoìh gx wudfhxu dx{ sxlwv surgxfwhxuv1 Gh soxv ohv fduwhv gh
frqfhqwudwlrq hw gh suhvvlrq vrqw frpsduìhv ã od vlpxodwlrq gh uìiìuhqfh1 Ohv uìvxowdwv
rewhqxv vrqw suìvhqwìv gdqv ohv �jxuhv 716 ã 7191
Frqfhqwudwlrqv gh wudfhxu
Rq suìvhqwh gdqv od �jxuh 716 ohv frxuehv gh frqfhqwudwlrq gh wudfhxu dx frxuv gx whpsv
srxu ohv gl�ìuhqwv sxlwv surgxfwhxuv1 Srxu oh sxlwv surgxfwhxu SURG4 frpph srxu oh
sxlwv surgxfwhxu SURG5 od iruph jìqìudoh ghv frxuehv hvw txdvlphqw od píph txhotxh
vrlw od pìwkrgh hpsor|ìh dyhf xqh phloohxuh iruph jìqìudoh srxu oh sxlwv SURG51 Ohv
frxuehv rewhqxhv dyhf ohv pìwkrghv qxpìultxhv +PO hw PF, vrqw txdvlphqw lghqwltxhv1
Ohv gl�ìuhqfhv hqwuh ohv frxuehv surylhqqhqw vlpsohphqw gx whpsv gh shufìh txl hvw gli0
iìuhqw vxlydqw ohv pìwkrghv xwlolvìhv1 Oh whpsv gh shufìh oh soxv surfkh gh od uìiìuhqfh
srxu ohv sxlwv SURG4 hw SURG5 hvw fhoxl lvvx gh od pr|hqqh dulwkpìwltxh1 Wrxwh0
irlv srxu ghv frqfhqwudwlrqv ìohyìhv gh wudfhxu ohv pìwkrghv qxpìultxhv whqghqw ã íwuh
phloohxuhv1
Gìelwv hw surgxfwlrqv wrwdohv gh wudfhxu
Gdqv od �jxuh 717 rq frpsduh ohv gìelwv gh surgxfwlrq gh wudfhxu ã fkdtxh sxlwv sur0
gxfwhxu dlqvl txh od surgxfwlrq fxpxoìh gh wudfhxu1 Srxu oh sxlwv SURG4 ohv frxuehv gh
surgxfwlrq gh wudfhxu rewhqxhv sdu ohv pìwkrghv qxpìultxhv vrqw gìfdoìhv gdqv oh whpsv
sdu udssruw ã fhoohv gh od vlpxodwlrq gh uìiìuhqfh1 Gdqv fhw h{hpsoh od pìwkrgh gh Fdug0
zhoo hw Sduvrqv grqqh ghv uìvxowdwv vdwlvidlvdqwv1 Frqfhuqdqw ohv gìelwv gh surgxfwlrq/
rq uhpdutxh xq phloohxu frpsruwhphqw joredo srxu oh sxlwv SURG5 rü o*rq frqvwdwh txh
ohv pr|hqqhv dulwkpìwltxh hw kduprqltxh irxuqlvvhqw ghv uìvxowdwv uhodwlyhphqw ìorljqìv
sdu udssruw ã od uìiìuhqfh1
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Figure 4.3: Concentrations de traceur         
 (simulations effectuées sur le maillage fin de référence) 

 

Figure 4.4: Débits et productions totale de traceur       
 (simulations effectuées sur le maillage fin de référence) 
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Fduwhv gh frqfhqwudwlrq
Gdqv od �jxuh 718 rq frpsduh ohv fduwhv gh frqfhqwudwlrq gh wudfhxu ã xq píph sdv
gh whpsv1 Ohv fduwhv fruuhvsrqgdqwhv ã od pìwkrgh frq�qìh qh vrqw sdv suìvhqwìhv fdu
hoohv vrqw txdvlphqw lghqwltxhv ã fhoohv rewhqxhv dyhf od pìwkrgh olqìdluh1 Dx yx ghv
uìvxowdwv suìfìghqwv/ qrxv dyrqv fkrlvl gh qh suìvhqwhu txh ohv fduwhv gh frqfhqwudwlrq
ohv soxv surfkhv gh od vlpxodwlrq gh uìiìuhqfh1 F*hvw srxutxrl frqfhuqdqw ohv pìwkrghv
dojìeultxhv rq suìvhqwh vhxohphqw ohv uìvxowdwv rewhqxv dyhf od pìwkrgh gh Fdugzhoo hw
Sduvrqv dlqvl txh od pr|hqqh dulwkpìwltxh1 G*xqh pdqlëuh jìqìudoh rq uhpdutxh txh
ohv fduwhv gh frqfhqwudwlrq dftxlvhv dyhf od pìwkrgh PO hw FZ +srxu fhw h{hpsoh,
vrqw txdvlphqw lghqwltxhv hw uhsurgxlvhqw elhq od vlpxodwlrq gh uìiìuhqfh1 Txdqw ã od
pr|hqqh dulwkpìwltxh/ txhotxhv lpshuihfwlrqv dssdudlvvhqw/ qrwdpphqw dx{ derugv ghv
sxlwv lqmhfwhxuv1
Fduwhv gh suhvvlrq
Gdqv od �jxuh 719 rq suìvhqwh ohv fkdpsv gh suhvvlrq ã xq whpsv grqqì1 Lo dssdudñw
qhwwhphqw txh od pìwkrgh qxpìultxh olqìdluh +PO, d shuplv gh uhsurgxluh oh fkdps gh
suhvvlrq oh soxv surfkh gh od uìiìuhqfh1 Oh fkdps gh suhvvlrq lvvx ghv vlpxodwlrqv idlwhv
dyhf od pìwkrgh frq�qìh +PF, ìwdqw lghqwltxh ã fhoxl rewhqx dyhf od pìwkrgh PO/ lo
q*hvw sdv suìvhqwì1 Od fduwh gh suhvvlrq rewhqxh dyhf od pìwkrgh gh Fdugzhoo hw Sduvrqv
suìvhqwh xqh vxusuhvvlrq joredoh sdu udssruw ã od vlpxodwlrq gh uìiìuhqfh1 Fhfl v*h{soltxh
sdu oh idlw txh ohv shupìdelolwìv ìtxlydohqwhv fdofxoìhv sdu fhwwh pìwkrgh vrqw lqiìulhxuhv
dx{ shupìdelolwìv irxuqlhv sdu ohv pìwkrghv qxpìultxhv suëv ghv sxlwv1 Dlqvl dyhf od
pìwkrgh FZ/ ohv gìelwv lpsrvìv ghv sxlwv lqmhfwhxuv rqw srxu frqvìtxhqfh g*dxjphqwhu
od suhvvlrq dxwrxuv gh fhv ghuqlhuv1 Txdqw ã od pr|hqqh dulwkpìwltxh/ hooh irxuqlw ghv
shupìdelolwìv soxv ìohyìhv fh txl shxw h{soltxhu txh oh fkdps gh suhvvlrq revhuyì hvw
txdvlphqw frqvwdqw1
Frqfoxvlrq
Ilqdohphqw oh phloohxu frpsurplv hqwuh wrxv ohv uìvxowdwv hvw rewhqx juåfh dx{ pìwkrghv
qxpìultxhv gh plvh ã o*ìfkhooh dyhf wrxwhirlv ghv uìvxowdwv wuëv pr|hqv dx qlyhdx ghv
frxuehv gh frqfhqwudwlrq hw ghv gìelwv gh surgxfwlrq gh wudfhxu1 Fhfl q*hvw sdv vxusuhqdqw
sxlvtxh oh pdloodjh vxu ohtxho d ìwì h�hfwxì od plvh ã o*ìfkhooh qh wlhqw devroxphqw sdv
frpswh gh od jìrpìwulh ghv fkhqdx{1 Fhw dujxphqw idlw o*remhw gx sdudjudskh vxlydqw1
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Figure 4.5: Cartes de concentration (18 ans) 

 

Figure 4.6: Cartes de pression (18 ans) 
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71519 Pdloodjh �q gìvwuxfwxuì
Gdqv fh sdudjudskh rq ìwxglh ohv whqvhxuv ìtxlydohqwv fdofxoìv vxu oh pdloodjh jurvvlhu
gìvwuxfwxuì gìfulw gdqv od �jxuh 7151 Rq frqvwuxlw gdqv xq suhplhu whpsv xq pdloodjh
�q gìvwuxfwxuì gh od pdqlëuh vxlydqwh = rq vxeglylvh fkdtxh pdlooh jurvvlëuh gh whooh
pdqlëuh ã dyrlu xq pdloodjh �q gìvwuxfwxuì frpsruwdqw oh píph qrpeuh gh pdlooh txh
oh pdloodjh gh uìiìuhqfh1 Ohv whqvhxuv ìtxlydohqwv fdofxoìv vxu oh pdloodjh g|qdpltxh
gìvwuxfwxuì looxvwuì sdu od �jxuh 715 vrqw doruv uhglvwulexìv vxu oh pdloodjh �q gìvwuxfwxuì1
Ilqdohphqw/ ohv vlpxodwlrqv h�hfwxìhv vxu fh pdloodjh *�q* gìvwuxfwxuì vrqw frpsduìhv ã
od vlpxodwlrq gh uìiìuhqfh1 Gdqv ohv �jxuhv 71: ã 7143/ rq grqqh ohv uìvxowdwv rewhqxv1
Frqfhqwudwlrqv gh wudfhxu
Gdqv od �jxuh 71: txl uhsuìvhqwh ohv frxuehv gh frqfhqwudwlrq gh wudfhxu rq qrwh txh
ohv frxuehv txl dssurfkhqw oh plhx{ od vlpxodwlrq gh uìiìuhqfh vrqw rewhqxhv dyhf ohv
pìwkrghv qxpìultxhv1 Sdu dloohxuv fhv uìvxowdwv vrqw phloohxuv txh fhx{ dftxlv gdqv
oh fdv suìfìghqw dyhf xqh krprjìqìlvdwlrq vxu oh pdloodjh jurvvlhu ruwkrjrqdo1 Srxu oh
sxlwv surgxfwhxu SURG4 rq uhpdutxh píph xqh gl�ìuhqfh vljql�fdwlyh hqwuh od pìwk0
rgh olqìdluh hw od pìwkrgh frq�qìh1 Oruv gx wudlwhphqw gh fhw h{hpsoh od pìwkrgh gh
Fdugzhoo hw Sduvrqv shuphw g*rewhqlu od phloohxuh suìglfwlrq gx whpsv gh shufìh1 Srxu oh
sxlwv surgxfwhxu SURG5 od iruph jìqìudoh ghv frxuehv hvw txdvlphqw od píph srxu ohv
glyhuvhv pìwkrghv hpsor|ìhv1 Ohv frxuehv lvvxhv ghv vlpxodwlrqv idlwhv dyhf ohv pìwkrghv
qxpìultxhv +PO hw PF, vrqw sudwltxhphqw lghqwltxhv vxu fh sxlwv1 Oã hqfruh f*hvw od
pìwkrgh FZ txl shuphw g*dyrlu oh whpsv gh shufìh oh soxv surfkh gh od uìiìuhqfh srxu
oh sxlwv SURG51
Gìelwv hw surgxfwlrqv wrwdohv gh wudfhxu
Gdqv od �jxuh 71; ohv frxuehv gh surgxfwlrq wrwdoh gh wudfhxu rewhqxhv dyhf ohv pìwkrghv
g*krprjìqìlvdwlrq qxpìultxhv shuphwwhqw gh uhvwlwxhu sudwltxhphqw ohv uìvxowdwv gh od
vlpxodwlrq gh uìiìuhqfh1 Hq fh txl frqfhuqh ohv gìelwv gh surgxfwlrq rq uhpdutxh txh
ohv pìwkrghv qxpìultxhv irxuqlvvhqw ìjdohphqw xqh phloohxuh suìglfwlrq1 Wrxwhirlv rq
qrwh srxu oh sxlwv surgxfwhxu SURG5 xq fhuwdlq eldlv srxu ohv 48 ghuqlëuhv dqqìhv gh
od vlpxodwlrq1 Frpph f*hvw oh fdv srxu ohv frxuehv gh frqfhqwudwlrq gh wudfhxu/ rq d gh
phloohxuv uìvxowdwv tx*hq h�hfwxdqw xqh plvh ã o*ìfkhooh vxu oh pdloodjh ruwkrjrqdo idlw
gdqv oh fdv suìfìghqw1 Ohv pìwkrghv dojìeultxhv irxuqlvvhqw txdqw ã hoohv ghv uìvxowdwv
uhvshfwdqw od whqgdqfh ghv vlpxodwlrqv �qhv1
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Figure 4.7: Concentrations de traceur       
 (simulations effectuées sur le maillage fin déstructuré) 

 

Figure 4.8: Débits et productions totale de traceur       
 (simulations effectuées sur le maillage fin déstructuré) 
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Fduwhv gh frqfhqwudwlrq
Ohv fduwhv gh frqfhqwudwlrq suìvhqwìhv gdqv od �jxuh 71< whqghqw ã frq�uphu ohv uìvxowdwv
frpphqwìv suìfìghpphqw1 Od fduwh suìvhqwìh srxu od pìwkrgh PO hvw od soxv surfkh
gh od uìiìuhqfh elhq txh oh frqwudvwh gh frqfhqwudwlrq vrlhqw dffhqwxìhv sdu oh idlw txh
oh pdloodjh vxlw oh fkhqdo1 Ohv fduwhv fruuhvsrqgdqwhv ã od pìwkrgh frq�qìh qh vrqw sdv
suìvhqwìhv fdu hoohv vrqw txdvlphqw lghqwltxhv ã fhoohv rewhqxhv dyhf od pìwkrgh olqìdluh/
fh txl ìwdlw oh fdv suìfìghpphqw1 G*xqh pdqlëuh jìqìudoh rq uhpdutxh txh ohv pìwkrghv
DU hw FZ irxuqlvvhqw ghv fduwhv gh frqfhqwudwlrq txl suìvhqwhqw ghv frqfhqwudwlrqv wurs
lpsruwdqwhv gdqv ohv fkhqdx{1 Ohv iurqwv gh frqfhqwudwlrq vrqw wurs �qv/ fh txl hvw
lpsxwdeoh ã od plvh ã o*ìfkhooh vxu xq pdloodjh uhvshfwdqw oh fkhqdo1
Fduwhv gh suhvvlrq
Ohv fduwhv gh suhvvlrq vrqw suìvhqwìhv gdqv od �jxuh 71431 Lo dssdudñw hqfruh qhwwhphqw txh
oh fkdps gh suhvvlrq oh soxv surfkh gh od uìiìuhqfh hvw rewhqx dyhf od pìwkrgh qxpìultxh
olqìdluh +PO,1 Fh ghuqlhu hvw píph phloohxu txh oh fkdps gh suhvvlrq gh o*h{hpsoh
suìfìghqw1 Frpph gdqv oh fdv ruwkrjrqdo/ ohv vlpxodwlrqv idlwhv dyhf od pìwkrgh gh
Fdugzhoo hw Sduvrqv grqqh xq fkdps hq vxusuhvvlrq sdu udssruw ã od vlpxodwlrq gh
uìiìuhqfh doruv txh fhoxl rewhqx dyhf od pr|hqqh dulwkpìwltxh hvw txdvlphqw frqvwdqw1
Frpph gdqv oh fdv ruwkrjrqdo/ fhfl hvw ã uholhu dx{ shupìdelolwìv ìtxlydohqwhv fdofxoìhv
sdu od pìwkrgh FZ ^uhvs1 DU` txl vrqw lqiìulhxuhv ^uhvs1 vxsìulhxuhv` dx{ shupìdelolwìv
irxuqlhv sdu ohv pìwkrghv qxpìultxhv suëv ghv sxlwv1
Frqfoxvlrq
Ohv pìwkrghv olqìdluh hw frq�qìh rqw shuplv gh uhvwlwxhu txdvlphqw od vlpxodwlrq gh
uìiìuhqfh1 Rq hq frqfoxw tx*lo hvw suìiìudeoh gh frqvwuxluh oh pdloodjh g|qdpltxh hq
irqfwlrq gh od jìrorjlh hw fhfl d�q gh fdswhu dx plhx{ ohv kìwìurjìqìlwìv hw gh shuphwwuh
xqh phloohxuh uhvwlwxwlrq ghv ìfrxohphqwv dsuëv od plvh ã o*ìfkhooh1 Ohv uìvxowdwv rewhqxv
dyhf ohv pìwkrghv dojìeultxhv vrqw vhqvleohphqw dpìolruìhv sdu udssruw ã xqh plvh ã
o*ìfkhooh vxu xq pdloodjh ruwkrjrqdo/ pdlv uhvwh wrxwhirlv dvvh} orlq gh od uìiìuhqfh1 F*hvw
od pìwkrgh gh Fdugzhoo hw Sduvrqv txl irxuqlw ohv phloohxuv uìvxowdwv sdupl ohv pìwkrghv
dojìeultxhv1 O*xwlolvdwlrq g*xq pdloodjh gìvwuxfwxuì srxu uìdolvhu o*krprjìqìlvdwlrq hq
yx g*xqh vlpxodwlrq qxpìultxh vxu oh pdloodjh �q gìvwuxfwxuì d shuplv g*dpìolruhu ohv
uìvxowdwv/ sdu udssruw dx{ vlpxodwlrqv gx sdudjudskh suìfìghqw1
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Figure 4.9: Cartes de concentration (18 ans) 

 

Figure 4.10: Cartes de pression (18 ans) 

109



7151: Pdloodjh lqwhupìgldluh gìvwuxfwxuì
Rq h�hfwxh pdlqwhqdqw ohv vlpxodwlrqv vxu xq pdloodjh gìvwuxfwxuì lqwhupìgldluh hqwuh
oh pdloodjh �q gìvwuxfwxuì gx sdudjudskh suìfìghqw hw oh pdloodjh jurvvlhu ruljlqdo gh
od �jxuh 7151 Fh pdloodjh gdqv ohtxho rq d uhglvwulexì ohv whqvhxuv ìtxlydohqwv rewhqxv
sdu ohv gl�ìuhqwhv pìwkrghv g*krprjìqìlvdwlrq frpsruwh 78�6< +4:88, pdloohv hw hvw
gìfulw gdqv ohv �jxuhv 7146 hw 71471 Ohv �jxuhv 7144 ã 7147 looxvwuh ìjdohphqw ohv uìvxowdwv
lvvxv ghv vlpxodwlrqv idlwhv vxu oh pdloodjh lqwhupìgldluh gìvwuxfwxuì srxu ohv gl�ìuhqwhv
pìwkrghv gh plvh ã o*ìfkhooh1
Frqfhqwudwlrqv gh wudfhxu
Ohv pìwkrghv g*krprjìqìlvdwlrq qxpìultxhv shuphwwhqw g*rewhqlu gh phloohxuv uìvxo0
wdwv sdu udssruw dx{ pìwkrghv dojìeultxhv +f1i1 �jxuh 7144,1 Srxu oh sxlwv surgxf0
whxu SURG4/ ohv pìwkrghv qxpìultxhv vh udssurfkhqw wuëv suëv gx whpsv gh shufìh gh
uìiìuhqfh hw uhsurgxlvhqw txdvlphqw sdu od vxlwh ohv frqfhqwudwlrqv gh od uìiìuhqfh dyhf
xq shwlw dydqwdjh srxu od pìwkrgh olqìdluh +PO,1 Fh udssurfkhphqw gx whpsv gh shufìh
gh uìiìuhqfh hvw lpsxwdeoh dx pdloodjh lqwhupìgldluh gìvwuxfwxuì xwlolvì1 Hq h�hw/ soxv
rq vlpxoh vxu xq pdloodjh jurvvlhu/ soxv rq whqg ã uhwdughu oh whpsv gh shufìh1 Qrwrqv
txh srxu oh xlwv SURG4 oh whpsv gh shufìh oh soxv surfkh gh od uìiìuhqfh hvw rewhqx
dyhf od pìwkrgh gh Fdugzhoo hw Sduvrqv elhq txh od frxueh dlw whqgdqfh ã v*ìfduwhu gh od
uìiìuhqfh sdu od vxlwh1 Srxu oh sxlwv SURG5 ohv pìwkrghv PO hw PF uhvwlwxhqw txdvlphqw
oh sur�o ghv frqfhqwudwlrqv gx pdloodjh �q1
Gìelwv hw surgxfwlrqv wrwdohv gh wudfhxu
Frpph srxu od vlpxodwlrq vxu oh pdloodjh �q gìvwuxfwxuì/ ohv frxuehv gh surgxfwlrq
wrwdoh gh wudfhxu ohv soxv surfkhv gh od uìiìuhqfh vrqw rewhqxhv dyhf ohv pìwkrghv g*kr0
prjìqìlvdwlrq qxpìultxhv frpph o*lqgltxh od �jxuh 71451 Hq fh txl frqfhuqh ohv gìelwv gh
surgxfwlrq rq revhuyh ìjdohphqw txh ohv pìwkrghv qxpìultxhv irxuqlvvhqw xqh phloohxuh
suìglfwlrq1 Wrxwhirlv rq uhpdutxh xq fhuwdlq gìfdodjh srxu ohv whpsv gh vlpxodwlrq
vxsìulhxuv ã 58 dqv1 Ohv uhpdutxhv frqfhuqdqw ohv pìwkrghv dojìeultxhv vrqw lghqwltxhv
ã fhoohv idlwhv gdqv oh fdv ghv uìvxowdwv rewhqxv vxu oh pdloodjh �q gìvwuxfwxuì1
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Figure 4.11: Concentrations de traceur        
 (simulations effectuées sur le maillage numérique intermédiaire déstructuré) 

 

Figure 4.12: Débits et productions totale de traceur       
 (simulations effectuées sur le maillage numérique intermédiaire déstructuré) 
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Fduwhv gh frqfhqwudwlrq
Gdqv ohv fduwhv gh frqfhqwudwlrqv gh od �jxuh 7146 rq uhwurxyh ohv uìvxowdwv gh od �jxuh
71<1 Ohv frpphqwdluhv vrqw lghqwltxhv d fhx{ idlw doruv suìfìghpphqw1 Ohv fduwhv gh
frqfhqwudwlrq lvvxhv ghv vlpxodwlrqv h�hfwxìhv vxu fh pdloodjh qxpìultxh lqwhupìgldluh
q*dowëuhqw hq ulhq od txdolwì ghv uìvxowdwv rewhqxv vxu oh pdloodjh �q1
Fduwhv gh suhvvlrq
Ohv fkdpsv gh suhvvlrq suìvhqwìv gdqv od �jxuh 7147 ã xq whpsv grqqì vrqw txdvlphqw
lghqwltxhv ã fhx{ rewhqxv gdqv od �jxuh 71431 Wrxwhirlv rq yrlw dssdudñwuh xqh soxv judqgh
vxuidfh rü od suhvvlrq hvw lqiìulhxuh ã 593 eduv srxu od pr|hqqh dulwkpìwltxh1 Ilqdohphqw/
rq uhpdutxh txh f*hvw dyhf ohv frh!flhqwv ìtxlydohqwv irxuqlv sdu od pìwkrgh olqìdluh txh
o*rq uhvwlwxh oh plhx{ oh fkdps gh suhvvlrq gh od vlpxodwlrq gh uìiìuhqfh1
Frqfoxvlrq
Od uhglvwulexwlrq vxu oh pdloodjh jurvvlhu gìvwuxfwxuì lqwhupìgldluh ghv whqvhxuv ìtxly0
dohqwv lvvxv ghv pìwkrghv g*krprjìqìlvdwlrq qxpìultxhv d hx srxu h�hw g*rewhqlu xqh
phloohxuh suìglfwlrq gx whpsv gh shufìh wrxw hq uhvwlwxdqw gh idêrq vdwlvidlvdqwh od vlp0
xodwlrq gh uìiìuhqfh dx{ whpsv orqjv1 Sdu dloohxuv/ lo d ìwì frqvwdwì txh ohv uìvxowdwv
rewhqxv vxu oh pdloodjh jurvvlhu gìvwuxfwxuì lqwhupìgldluh vrqw phloohxuv txh fhx{ rewhqxv
vxu xq pdloodjh ruwkrjrqdo lqwhupìgldluh +4:88 pdloohv,1 Oh uhvshfw ghv glvfrqwlqxlwìv
jìrorjltxhv oruv gh od frqvwuxfwlrq gx pdloodjh jurvvlhu dlqvl txh srxu o*ìwdsh gh plvh gh
plvh ã o*ìfkhooh dssdudñw xqh irlv hqfruh xq ìoìphqw hvvhqwlho vl o*rq vrxkdlwh uhsurgxluh
dx plhx{ ohv uìvxowdwv ghv vlpxodwlrqv �qhv vxu xq pdloodjh soxv jurvvlhu1 Fhwwh uhpdutxh
hvw g*dxwdqw soxv yudlh txh oh pdloodjh vxu ohtxho hvw sudwltxì od vlpxodwlrq hvw jurvvlhu1
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Figure 4.13: Cartes de concentration (18 ans) 

 

Figure 4.14: Cartes de pression (18 ans) 
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7151; Pdloodjh jurvvlhu gìvwuxfwxuì
Od ghuqlëuh ìwdsh frqvlvwh ã uìdolvhu ohv vlpxodwlrqv vxu oh pdloodjh jurvvlhu gìvwuxfwxuì vxu
ohtxho rqw ìwì fdofxoìv ohv frh!flhqwv ìtxlydohqwv1 Hwdqw grqqì txh ohv uìvxowdwv rewhqxv
vrqw sudwltxhphqw ohv píphv txh gdqv oh fdv gx pdloodjh lqwhupìgldluh gìvwuxfwxuì rq
qh suìvhqwh lfl txh ohv frxuehv gh frqfhqwudwlrq gh wudfhxu hw ohv fduwhv gh suhvvlrqv1
Frqfhqwudwlrqv gh wudfhxu
Frpph fhod d ìwì gìmã vljqdoì gdqv oh fdv suìfìghqw/ rq uhpdutxh o*h�hw gx pdloodjh
vxu oh whpsv gh shufìh rewhqx dyhf ohv whqvhxuv ìtxlydohqwv ghv pìwkrghv qxpìultxhv1
Fhv ghuqlëuhv irxuqlvvhqw hqfruh od suìglfwlrq od soxv �deoh sdu udssruw ã od uìiìuhqfh
frpph o*lqgltxh od �jxuh 71481 Wrxwhirlv ohv uìvxowdwv frpphqfhqw ã vh gìjudghu dx
sxlwv surgxfwhxu SURG51
Fduwhv gh suhvvlrq
Ohv fkdpsv gh suhvvlrq suìvhqwìv gdqv od �jxuh 7149 vh gìjudghqw txhotxh shx sdu udssruw
ã fhx{ gh od �jxuh 71471 Fhwwh gìjudgdwlrq hvw gþ dx idlw txh od vlpxodwlrq hvw h�hfwxìh
vxu oh pdloodjh jurvvlhu d|dqw vhuyl ã fdofxohu ohv frh!flhqwv ìtxlydohqwv1 Rq qh uhwurxyh
sdv gh iurqwv gh suhvvlrq dxvvl fruuhfwv dyhf od pìwkrgh PO/ elhq txh fhv ghuqlhuv vrlhqw
hqfruh wuëv surfkhv gh od uìiìuhqfh1
Frqfoxvlrq
Ohv vlpxodwlrqv idlwhv vxu oh pdloodjh jurvvlhu gìvwuxfwxuì vxu ohtxho od plvh ã o*ìfkhooh
ghv shupìdelolwìv devroxhv d ìwì h�hfwxìh frq�uphqw ohv uìvxowdwv rewhqxv vxu ohv gli0
iìuhqwv pdloodjhv lqwhupìgldluhv1 Xqh gìjudgdwlrq suìylvleoh ghv uìvxowdwv hvw plvh hq
ìylghqfh1 Wrxwhirlv/ ohv vlpxodwlrqv idlwhv dyhf ohv frh!flhqwv ìtxlydohqwv ghv pìwkrghv
g*krprjìqìlvdwlrq qxpìultxhv vrqw hqfruh vdwlvidlvdqwhv1 Sdu dloohxuv/ ghv vlpxodwlrqv
qxpìultxhv rqw ìwì h�hfwxìhv srxu gl�ìuhqwhv fdudfwìulvwltxhv gx  xlgh wudfhxu1 Qrxv
dyrqv doruv uhohyì ghv frqfoxvlrqv vhpeodeohv ã fhoohv gìfulwhv suìfìghpphqw gdqv fh
fkdslwuh1
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Figure 4.15: Concentrations de traceur         
 (simulations effectuées sur le maillage grossier déstructuré) 

 

Figure 4.16: Cartes de pression (18 ans) 
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716 Vlpxodwlrqv glskdvltxhv 5G
Ghv vlpxodwlrqv glskdvltxhv gh  xlghv lpplvfleohv hw lqfrpsuhvvleohv rqw ìjdohphqw ìwì
h�hfwxìhv vxu fhw h{hpsoh dfdgìpltxh elglphqvlrqqho1 Oruvtxh o*rq uìd�hfwh ohv shupìd0
elolwìv devroxhv ìtxlydohqwhv vxu oh pdloodjh gh uìiìuhqfh/ rq shxw revhuyhu ghv skìqrpëqhv
lghqwltxhv ã fhx{ uhqfrqwuìv gdqv oh fdv gx wudfhxu1 Srxu ohv vlpxodwlrqv glskdvltxhv vxu
oh pdloodjh �q gìvwuxfwxuì/ rq uhpdutxh ìjdohphqw ghv frpsruwhphqwv vlplodluhv ã fhx{
uhohyìv gdqv oh fdv ghv vlpxodwlrqv wudfhxu1 F*hvw srxutxrl ohv uìvxowdwv qh vrqw sdv
suìvhqwìv lfl1 Sdu frqwuh oruv ghv vlpxodwlrqv h�hfwxìhv vxu ohv pdloodjhv lqwhupìgldluhv
jurvvlhuv ohv uìvxowdwv gl�ëuhqw judqghphqw vxlydqw ohv frxuehv gh shupìdelolwìv uhodwlyhv
fkrlvlhv hw oh pdloodjh qxpìultxh sulv hq frpswh1 Dxfxqh h{solfdwlrq frkìuhqwh shuphw
gh mxvwl�hu fhv uìvxowdwv1 Hq idlw/ fhfl q*hvw sdv ìwrqqdqw vl o*rq frqvlgëuh txh oruv g*xqh
vlpxodwlrq pxowlskdvltxhv vxu xq pdloodjh jurvvlhu rq grlw dx suìdodeoh uìdolvhu o*kr0
prjìqìlvdwlrq gh od shupìdelolwì devroxh pdlv dxvvl o*krprjìqìlvdwlrq ghv shupìdelolwì
uhodwlyh vxlylh g*xqh fruuhfwlrq gh od glvshuvlrq qxpìultxh1 Píph oruvtx*rq pdqlsxoh
xq vhxo mhx gh shupìdelolwì uhodwlyh gdqv oh jlvhphqw gh vìulhx{ sureoëphv shxyhqw ds0
sdudñwuh1 Fh sureoëph gh o*krprjìqìlvdwlrq ghv frxuehv gh shupìdelolwì uhodwlyh srxu
xq prgëoh g*ìfrxohphqw glskdvltxh d ìwì wudlwì sdu Erxujhdw hw Klgdql ^4;`1 Gh qrp0
euhx{ wudydx{ rqw ìwì phqìv gdqv fh grpdlqh grqw xqh v|qwkëvh shxw íwuh wurxyìh gdqv
^<` hw ^78`1 Qìdqprlqv/ ghv vlpxodwlrqv glskdvltxhv rqw ìwì h�hfwxìhv ^7` srxu frpsduhu
o*krprjìqìlvdwlrq sìulrgltxh dyhf ohv pìwkrghv ìwxglìhv gdqv fh fkdslwuh1 Gdqv oh fdv
g*xqh glvwulexwlrq gh shupìdelolwì 5G doìdwrluhphqw uìsduwlh/ lo d ìwì frqvwdwì txh o*rq
rewlhqw gh phloohxuv uìvxowdwv dyhf od pìwkrgh olqìdluh1 Gdqv o*h{hpsoh wulglphqvlrq0
qho gh od ghx{lëph sduwlh gh fh fkdslwuh rq suìvhqwh txhotxhv uìvxowdwv gh vlpxodwlrqv
glskdvltxhv1
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717 Jìrpìwulh 6G gìvwuxfwxuìh hw glvwulexwlrq gh od
shupìdelolwì devroxh

Gdqv fh sdudjudskh/ rq suìvhqwh od vwuxfwxuh jìqìudoh g*xqh }rqh h{wudlwh g*xq jlvhphqw
uìho 6G txh qrxv dyrqv ìwxglìh1 Od jìrpìwulh gx uìvhuyrlu gh uìiìuhqfh looxvwuì sdu od
�jxuh 714:/ hvw frqvwlwxì gh 498333 pdloohv uìsduwlhv vxu 73 frxfkhv1 Fh prgëoh �q hvw
xq pdloodjh gìvwuxfwxuì gh w|sh Fruqhu Srlqw Jhrphwu|/ frpsuhqdqw soxvlhxuv idloohv hw
slqfk0rxw1 Xqh frxsh krul}rqwdoh gh od glvwulexwlrq gh od shupìdelolwì devroxh txl ydulh
hqwuh 3 hw ;333 pG hvw grqqìh gdqv od �jxuh 714:1 Rq vljqdoh txh ohv whqvhxuv gh shu0
pìdelolwì qh vrqw jìqìudohphqw sdv krprjëqhv1 Gh soxv rq frqvwdwh txh oh srxufhqwdjh
gh shupìdelolwì lqiìulhxu ã 43 pG hvw wuëv ìohyìh1 Fhfl ã srxu h�hw gh fuìhu ghv eduulëuhv
tx*lo idxgud uhvwlwxhu oruv gh o*ìwdsh gh plvh ã o*ìfkhooh1 Od wdlooh gx prgëoh �q ã shuplv
gh vlpxohu fhwwh sduwlh gx jlvhphqw ã o*ìfkhooh �qh/ fh txl r�uh od srvvlelolwì gh srxyrlu
frpsduhu ohv uìvxowdwv rewhqxv hq xwlolvdqw ohv glyhuvhv pìwkrghv gh plvh ã o*ìfkhooh1
Oh pdloodjh jurvvlhu vxu ohtxho hvw h�hfwxì oh fdofxo ghv shupìdelolwìv ìtxlydohqwhv hvw
grqqì gdqv od �jxuh 714;1 Gdqv fhwwh �jxuh rq uhsuìvhqwh od jìrpìwulh gx pdloodjh g|0
qdpltxh vxlydqw od surirqghxu ã odtxhooh vrqw vlwxìhv ohv pdloohv jurvvlëuhv1 Fh prgëoh
jurvvlhu hvw xq pdloodjh Fruqhu Srlqw Jhrphwu| gìvwuxfwxuì frpsrvì gh 6633 pdloohv
uìsduwlhv vxu 53 frxfkhv1

718 Vlpxodwlrqv wudfhxu 6G
Rq vh uhvwuhlqw gdqv xq suhplhu whpsv dx{ fdv ghv vlpxodwlrqv wudfhxu 6G1 Vxu oh jlvhphqw
wulglphqvlrqqho suìvhqwì suìfìghpphqw rq yd frpsduhu ohv gl�ìuhqwhv pìwkrghv gh plvh
ã o*ìfkhooh1 Frpph gdqv oh suhplhu h{hpsoh/ rq gl�ìuhqflh ohv vlpxodwlrqv txl vrqw
h�hfwxìhv sdu ghv deuìyldwlrqv fruuhvsrqgdqw dx{ pìwkrghv gh plvh ã o*ìfkhooh xwlolvìhv1

71814 Fdudfwìulvwltxhv gx wudfhxu
Oh wudfhxu xwlolvì hvw xq wudfhxu gdqv od skdvh hdx dyhf ohv fdudfwìulvwltxhv vxlydqwhv =

Ylvfrvlwì ' f�SD �R
Ghqvlwì ' ��Df &}*6�

+717,
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Figure 4.17: Carte de perméabilité du maillage de référence 
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Figure 4.18: Maillage dynamique (Profondeur) 
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Figure 4.19: Cartes de perméabilité (PERMX) 
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Figure 4.20: Cartes de porosité (PORO) 
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71815 Srvlwlrq hw slorwdjh ghv sxlwv
Wurlv sxlwv vrqw uìsduwlv vxu oh fkdps grqw ohv hpsodfhphqwv vrqw grqqìv gdqv od �jxuh
714;1 Ohv frxfkhv 47 ã 4: vrqw shuiruìhv sdu oh sxlwv lqmhfwhxu qrwì LQM hw ohv ghx{ sxlwv
surgxfwhxuv grqw o*xq/ qrwì SURG4/ shuiruh ohv frxfkhv 6 ã : hw o*dxwuh/ qrwì SURG5/
shuiruh ohv frxfkhv 4 ã :1 Gh idêrq ã qh sdv dowìuhu oh uìjlph gh suhvvlrq gx jlvhphqw/
rq lqmhfwh gdqv oh uìvhuyrlu dxwdqw gh  xlgh txh o*rq hq surgxlw hw fhfl gh od pdqlëuh
vxlydqwh = Gìelw g*lqmhfwlrq gx sxlwv LQM G S��c 2 6�*�

Gìelw gh surgxfwlrq gx sxlwv SURG4 G �fDc S 6�*�
Gìelw gh surgxfwlrq gx sxlwv SURG5 G �fDc S 6�*�

+718,

71816 H{sìulhqfhv qxpìultxhv 6G
Od vlpxodwlrq gh uìiìuhqfh vxu oh pdloodjh �q hvw qrwìh IW +Ilq Wudfhxu, hw ohv gl0
yhuvhv vlpxodwlrqv h�hfwxìhv vxu oh pdloodjh g|qdpltxh jurvvlhu vrqw qrwìhvJW +Jurvvlhu
Wudfhxu, vxlylh gh o*deuìyldwlrq gh od pìwkrgh gh plvh ã o*ìfkhooh xwlolvìh1 Ohv vlpxod0
wlrqv rewhqxhv vxu oh pdloodjh g|qdpltxh dyhf ohv gl�ìuhqwhv pìwkrghv gh plvh ã o*ìfkhooh
vrqw frpsduìhv ã od vlpxodwlrq gh uìiìuhqfh rewhqxh vxu oh pdloodjh �q1 Ghx{ w|shv gh
pdloodjhv rqw ìwì xwlolvìv srxu ohv vlpxodwlrqv qxpìultxhv =
4�� Oh pdloodjh �q gh uìiìuhqfh gdqv ohtxho ohv shupìdelolwìv ìtxlydohqwhv rqw ìwì uhglv0
wulexìhv1
5�� Oh pdloodjh jurvvlhu grqqì sdu od �jxuh 714;1
Rq lpsrvh txh od frqfhqwudwlrq lqlwldoh gx wudfhxu hvw qxooh gdqv oh fkdps hw o*rq dgrswh
ohv píphv qrwdwlrqv txh gdqv o*h{hpsoh elglphqvlrqqho1

71817 Fduwhv gh shupìdelolwì plvhv ã o*ìfkhooh
Rq grqqh gdqv od �jxuh 714< xqh lgìh gh od glvwulexwlrq ghv shupìdelolwìv ìtxlydohqwhv
rewhqxhv sdu ohv glyhuvhv pìwkrghv gh plvh ã o*ìfkhooh xwlolvìhv1 Rq ohv frpsduh ã wlwuh
lqglfdwli ã od shupìdelolwì gh uìiìuhqfh gx pdloodjh �q1 O*lqìjdolwì irqgdphqwdoh hvw elhq
uhvshfwìh sxlvtxh o*hqvhpeoh ghv fduwhv ghv shupìdelolwìv devroxhv gx pdloodjh jurvvlhu
vrqw frpsulvhv hqwuh od pr|hqqh dulwkpìwltxh hw od pr|hqqh kduprqltxh1 Hq udlvrq gh
od suìvhqfh gh shupìdelolwìv wuëv idleohv gdqv oh pdloodjh �q/ od pìwkrgh gh Fdugzhoo hw
Sduvrqv irxuqlw hq jìqìudo ghv shupìdelolwìv lqiìulhxuhv ã fhoohv ghv pìwkrghv qxpìultxhv1
Gdqv od �jxuh 7153/ rq suìvhqwh od glvwulexwlrq gh od srurvlwì gx pdloodjh �q txl hvw xqh
irqfwlrq gh od shupìdelolwì & gh fkdtxh pdlooh �qh1 Ohv pdloohv qrq ylvleohv fruuhvsrqghqw
ã ghv yroxphv gh urfkhv lpshupìdeohv1 Oh fkdps gh srurvlwì gì�qlw vxu oh pdloodjh
g|qdpltxh hvw ìjdohphqw grqqì gdqv od �jxuh 71531
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71818 Pdloodjh gh uìiìuhqfh
Ohv shupìdelolwìv devroxhv ìtxlydohqwhv fdofxoìhv sdu ohv gl�ìuhqwhv pìwkrghv gh plvh ã
o*ìfkhooh rqw ìwì uhglvwulexìhv vxu oh pdloodjh �q gh uìiìuhqfh1 Gdqv ohv �jxuhv 7154 ã 7157
rq frpsduh ohv uìvxowdwv dyhf od vlpxodwlrq gh uìiìuhqfh1
Frqfhqwudwlrqv gh wudfhxu
Gdqv od �jxuh 7154/ rq suìvhqwh ohv frxuehv gh frqfhqwudwlrq gh wudfhxu dx{ sxlwv sur0
gxfwhxuv1 Srxu oh sxlwv surgxfwhxu SURG4 od iruph jìqìudoh ghv frxuehv rewhqxhv dyhf
ohv pìwkrghv qxpìultxhv hvw phloohxuh txh fhoohv rewhqxhv dyhf ohv gl�ìuhqwhv pr|hqqhv1
Gh soxv/ ohv pìwkrghv qxpìultxhv uhvwlwxh fruuhfwhphqw oh whpsv gh shufìh gh od vlpx0
odwlrq gh uìiìuhqfh frqwudluhphqw dx{ pìwkrghv dojìeultxhv1 Frqfhuqdqw ohv pìwkrghv
qxpìultxhv/ rq shxw vljqdohu xq oìjhu dydqwdjh srxu od pìwkrgh g*krprjìqìlvdwlrq dyhf
ghv frqglwlrqv dx{ erugv frq�qìhv1 Srxu oh sxlwv surgxfwhxu SURG5/ ohv pìwkrghv
qxpìultxhv uhsurgxlvhqw txdvlphqw od frxueh gh frqfhqwudwlrq gh uìiìuhqfh doruv txh
ohv gl�ìuhqwhv pr|hqqhv irxuqlvvhqw ghv uìvxowdwv dssur{lpdwliv1 Rq shxw vljqdohu wrxwh0
irlv txh od pìwkrgh gh Fdugzhoo hw Sduvrqv shuphw g*rewhqlu vxu fh sxlwv ghv uìvxowdwv
vdwlvidlvdqwv1
Gìelwv hw surgxfwlrqv wrwdohv gh wudfhxu
Gdqv od �jxuh 7155 rq frpsduh ohv gìelwv gh surgxfwlrq dlqvl txh od surgxfwlrq fxpxoìh
gh wudfhxu dx{ sxlwv surgxfwhxuv1 O*dooxuh jìqìudoh ghv frxuehv IWbPO hw IWbPF
fruuhvsrqghqw ã od uìiìuhqfh srxu oh sxlwv SURG41 Sdu frqwuh ohv frxuehv rewhqxhv sdu
ohv gl�ìuhqwhv pr|hqqhv grqqhqw ghv gìelwv hw ghv surgxfwlrqv gh wudfhxu wuëv ìorljqìv
gh od vlpxodwlrq gh uìiìuhqfh1 Oã hqfruh lo vhpeoh txh od pìwkrgh frq�qìh irxuqlw xqh
phloohxuh suìglfwlrq sdu udssruw ã od pìwkrgh olqìdluh1 Frqfhuqdqw oh sxlwv SURG5 rq
uhpdutxh oh píph frpsruwhphqw dyhf xq phloohxu fdodjh srxu ohv pìwkrghv qxpìultxhv1
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Figure 4.21: Concentrations de traceur       
 (simulations effectuées sur le maillage de référence) 

 

Figure 4.22: Débits et productions totale de traceur       
 (simulations effectuées sur le maillage de référence) 
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Fduwhv gh frqfhqwudwlrq
Gdqv od �jxuh 7156 rq frpsduh ohv fduwhv gh frqfhqwudwlrq gh wudfhxu vxlydqw xqh frxsh
yhuwlfdoh \]/ ã xq sdv gh whpsv grqqì1 Fhwwh frxsh hvw vlwxìh gdqv o*doljqhphqw ghv sxlwv
lqmhfwhxu +LQM, hw surgxfwhxu +SURG5, pdwìuldolvì sdu xq wudlw eodqf1 Rq uhpdutxh
g*xqh pdqlëuh jìqìudoh txh ohv gl�ìuhqwhv pìwkrghv gh plvh ã o*ìfkhooh irxuqlvvhqw ghv
uìvxowdwv wuëv yrlvlqv1 Qìdqprlqv/ rq frqvwdwh xqh phloohxuh uhvwlwxwlrq gx iurqw gh
frqfhqwudwlrq srxu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv/
qrwdpphqw gdqv ohv frxfkhv lqiìulhxuhv1
Fduwhv gh suhvvlrq
Rq frpsduh gdqv od �jxuh 7157 ohv fduwhv gh suhvvlrq vxlydqw od píph frxsh yhuwlfdoh \]
gìfulwh suìfìghpphqw1 Lo dssdudñw fodluhphqw txh od fduwh gh suhvvlrq od soxv surfkh gh
od uìiìuhqfh hvw dvvrflì ã o*xwlolvdwlrq ghv whqvhxuv ìtxlydohqwv gh od pìwkrgh qxpìultxh
olqìdluh1 Sdu dloohxuv/ frqwudluhphqw dx{ pìwkrghv dojìeultxhv/ ohv gl�ìuhqwv iurqwv gh
suhvvlrq vrqw sudwltxhphqw uhvwlwxìv hw fhfl gh idêrq vdwlvidlvdqwh1 Ohv pr|hqqhv dulwk0
pìwltxh hw gh Fdugzhoo hw Sduvrqv irxuqlvvhqw xqh vxusuhvvlrq dxwrxu gx sxlwv lqmhfwhxu
txl q*d sdv olhx g*íwuh1
Frqfoxvlrq
Od vlpxodwlrq gh uìiìuhqfh hvw elhq uhvwlwxìh gdqv vrq hqvhpeoh sdu ohv whqvhxuv ìtxlyd0
ohqwv rewhqxv dyhf od pìwkrgh olqìdluh1 Oh whpsv gh shufìh/ od frqfhqwudwlrq/ ohv gìelwv
hw od surgxfwlrq fxpxoì gh wudfhxu vrqw wuëv surfkh gh od uìiìuhqfh1 Gh soxv od pìwkrgh
g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv shuphw gh uhwurxyhu oh fkdps
gh suhvvlrq gh od vlpxodwlrq vxu oh pdloodjh �q1 Txdqw dx{ pìwkrghv dojìeultxhv fhuwdlqv
eldlv dssdudlvvhqw sdu udssruw dx{ uìvxowdwv gh od vlpxodwlrq gh uìiìuhqfh/ qrwdpphqw
dx{ derugv ghv sxlwv1
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Figure 4.23: Cartes de concentration (40ans) 

 

Figure 4.24: Cartes de pression (40ans) 
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71819 Pdloodjh jurvvlhu
Gdqv oh whvw elglphqvlrqqho/ rq d suìvhqwì ghv uìvxowdwv suryhqdqw gh vlpxodwlrqv idlwhv
vxu soxvlhxuv pdloodjhv g|qdpltxhv/ d�q gh ydolghu ohv pìwkrghv qxpìultxhv gh plvh ã
o*ìfkhooh vxu ghv pdloodjhv gìvwuxfwxuìv1 Ru gdqv ohv fdv uìhov/ o*lqjìqlhxu uìvhuyrlu shxw
wuëv gl!flohphqw h�hfwxhu ohv vlpxodwlrqv prqrskdvltxhv vxu oh pdloodjh gh uìiìuhqfh
dlqvl txh vxu ghv pdloodjhv lqwhupìgldluhv1 Txdqw dx{ vlpxodwlrqv gh  xlghv pxowl0
skdvltxhv/ hoohv irqw o*remhw gh uhfkhufkh lqwhqvh/ qrwdpphqw juåfh ã o*xwlolvdwlrq ghv
fdofxodwhxuv sdudooëohv1 Ru gdqv oh suhplhu h{hpsoh rq yrlw dssdudñwuh ghv uìvxowdwv gli0
iìuhqwv +whpsv gh shufìh, vxlydqw ohv pdloodjhv xwlolvìv/ fh txl hvw xqh vrxufh g*lqfhuwlwxgh
srxu o*lqjìqlhxu uìvhuyrlu1 Dlqvl gdqv xq fdv uìho/ oh vhxo pdloodjh vxu ohtxho o*lqjìqlhxu
shxw mxjhu od plvh ã o*ìfkhooh gh od shupìdelolwì devroxh hvw oh pdloodjh g|qdpltxh jurvvlhu
ruljlqdo1 F*hvw srxutxrl gdqv ohv �jxuhv 7158 ã 7165 rq suìvhqwh ohv uìvxowdwv ghv vlpxod0
wlrqv idlwhv vxu oh pdloodjh jurvvlhu gìfulw sdu od �jxuh 714;1 Fhv ghuqlhuv vrqw frpsduìv
dx{ uìvxowdwv gh od vlpxodwlrq gh uìiìuhqfh1
Frqfhqwudwlrqv gh wudfhxu
Gdqv od �jxuh 7158 rq uhpdutxh txh srxu oh sxlwv surgxfwhxu SURG4 od iruph jìqìudoh
ghv frxuehv gh frqfhqwudwlrq gh wudfhxu rewhqxhv dyhf ohv pìwkrghv qxpìultxhv vrqw
phloohxuhv txh fhoohv rewhqxhv dyhf ohv gl�ìuhqwhv pr|hqqhv1 Qìdqprlqv od pr|hqqh
dulwkpìwltxh hw od pìwkrgh gh Fdugzhoo hw Sduvrqv uhvwlwxhqw oh phloohxu whpsv gh shu0
fìh1 Frqfhuqdqw oh sxlwv surgxfwhxu SURG5 ohv pìwkrghv qxpìultxhv uhsurgxlvhqw txd0
vlphqw od uìiìuhqfh doruv txh ohv gl�ìuhqwhv pìwkrghv dojìeultxhv irxuqlvvhqw ghv uìvxowdwv
dssur{lpdwliv1
Gìelwv hw surgxfwlrqv wrwdohv gh wudfhxu
Hq fh txl frqfhuqh ohv gìelwv hw ohv surgxfwlrqv wrwdoh gh wudfhxu looxvwuì gdqv od �jxuh
7159/ rq uhpdutxh txh srxu oh sxlwv SURG4 o*dooxuh jìqìudoh ghv frxuehv JWbPO hw
JWbPF fruuhvsrqghqw ã od uìiìuhqfh1 Dx frqwudluh ohv frxuehv rewhqxhv sdu ohv gli0
iìuhqwhv pìwkrghv dojìeultxhv vrqw wuëv dssur{lpdwlyhv/ yrluh pdxydlvhv1 Srxu oh sxlwv
SURG5 ohv frpphqwdluhv vrqw lghqwltxhv1
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Figure 4.25: Concentrations de traceur       
 (simulations effectuées sur le maillage grossier) 

Figure 4.26: Débits et productions totale de traceur       
 (simulations effectuées sur le maillage grossier) 
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Fduwhv gh frqfhqwudwlrq
D�q g*dyrlu xqh lgìh joredoh gh o*ìfrxohphqw rq suìvhqwh ghv yxhv 6G1 Ohv pìwkrghv
olqìdluh hw frq�qìh grqqhqw sudwltxhphqw ohv píphv uìvxowdwv/ f*hvw srxutxrl rq qh
suìvhqwh txh ohv vlpxodwlrqv uìdolvìhv dyhf ohv frh!flhqwv ìtxlydohqwv gh od pìwkrgh
olqìdluh1 Txdqw dx{ pìwkrghv dojìeultxhv/ rq suìvhqwh ohv uìvxowdwv rewhqxv dyhf od
pìwkrgh gh Fdugzhoo hw Sduvrqv dlqvl txh od vlpxodwlrq dyhf od pr|hqqh dulwkpìwltxh
ghv whqvhxuv ghv shupìdelolwìv devroxhv1
Gdqv od �jxuh 715: txl fruuhvsrqg ã 43 dqv gh vlpxodwlrq/ rq frqvwdwh txh od frqfhqwud0
wlrq gh wudfhxu dxwrxu gx sxlwv lqmhfwhxu hvw plhx{ uhvwlwxì sdu od pìwkrgh olqìdluh1
Dx erxw gh 53 dqv +f1i1 �jxuh 715;, ohv frqfhqwudwlrqv gh wudfhxu ìohyìhv rewhqxhv dyhf
od pr|hqqh dulwkpìwltxh vh vlwxhqw sulqflsdohphqw dxwrxu gx sxlwv lqmhfwhxu/ frqwudluh0
phqw ã od vlpxodwlrq gh uìiìuhqfh1 Rq uhpdutxh sdu dloohxuv tx*xq fkhplq suìiìuhqwlho
krul}rqwdo whqg ã íwuh uhvwlwxì sdu od pìwkrgh gh Fdugzhoo hw Sduvrqv/ fh txl q*hvw sdv
oh fdv gdqv od vlpxodwlrq gh uìiìuhqfh1 Srxu od pìwkrgh qxpìultxh olqìdluh rq yrlw txh
oh wudfhxu hvw sudwltxhphqw duulyì dx sxlwv surgxfwhxu SURG4/ frpph oh frq�uph od
uìiìuhqfh hw txh oh iurqw gh frqfhqwudwlrq hvw joredohphqw elhq uhvwlwxì1
Dx erxw gh 73 dqqìhv gh surgxfwlrq +f1i1 �jxuh 715<, ohv glyhuvhv fduwhv gh frqfhqwudwlrq
vrqw wuëv gl�ìuhqwhv vxlydqw ohv pìwkrghv gh plvh ã o*ìfkhooh1 Pdojuì o*xwlolvdwlrq gx pdlo0
odjh jurvvlhu frpph pdloodjh gh vlpxodwlrq/ f*hvw hqfruh od pìwkrgh gh plvh ã o*ìfkhooh
olqìdluh txl grqqh ohv phloohxuv uìvxowdwv1 Od pìwkrgh dojìeultxh gh Fdugzhoo hw Sdu0
vrqv irxuqlw ghv fduwhv g*lvr0frqfhqwudwlrq txdvl krul}rqwdohv hw txl vxlyhqw ohv frxfkhv
suìfìghpphqw vdwxuìhv fh txl hvw wuëv ìorljqì gh od vlpxodwlrq gh uìiìuhqfh1 Frqfhuqdqw
od pìwkrgh gh od pr|hqqh dulwkpìwltxh/ ohv frxfkhv vxsìulhxuhv qh vrqw sdv edod|ìhv
frqwudluhphqw ã od vlpxodwlrq �qh1
Srxu oh ghuqlhu sdv gh whpsv suìvhqwì gdqv od �jxuh 7163/ ohv skìqrpëqhv gìfulwv vrqw
dffhqwxìv1 Rq yrlw txh od frqfhqwudwlrq gh wudfhxu dxwrxu gx sxlwv surgxfwhxu SURG5
rewhqxh dyhf JWbPO ydulh dxwrxu gh 315/ fh txl fruuhvsrqg dx{ frxuehv gh frqfhq0
wudwlrq gh wudfhxu gh od uìiìuhqfh gx sxlwv SURG5 gh od �jxuh 71581 Od pìwkrgh gh
Fdugzhoo hw Sduvrqv whqg ã gìfuluh oh píph skìqrpëqh dxwrxu gx sxlwv SURG5/ pdlv
ohv iurqwv gh frqfhqwudwlrq vrqw pdxydlv gdqv ohv dxwuhv }rqhv gx jlvhphqw1 Sdu h{hpsoh
dxwrxu gx sxlwv SURG4 od frqfhqwudwlrq hvw wurs ìohyìh sdu udssruw ã od vlpxodwlrq gh
uìiìuhqfh1

Fduwhv gh suhvvlrq
Gdqv ohv �jxuhv 7164 ã 7165 rq suìvhqwh ohv fduwhv gh suhvvlrq 6G dx{ whpsv w@43 dqv hw w@
53 dqv1 Od uhpdutxh jìqìudoh hvw txh fhv fduwhv vrqw lqfkdqjìhv dx frxuv gx whpsv1 Hq
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idlw oh uìjlph gh suhvvlrq gx fkdps v*ìwdeolw udslghphqw gdqv ohv ghx{ suhplëuhv dqqìhv
gh od vlpxodwlrq hw ydulh wuëv shx sdu od vxlwh1 G*dxwuh sduw/ srxu ohv gl�ìuhqwhv pìwkrghv
gh plvh ã o*ìfkhooh xwlolvìhv ohv fduwhv gh suhvvlrq whqghqw ã uhvshfwhu joredohphqw oh fkdps
gh suhvvlrq gh od vlpxodwlrq gh uìiìuhqfh1 Fhfl hvw suredeohphqw gþ ã o*lpphqvlwì gx
jlvhphqw frqvlgìuì txl whqg ã glplqxhu o*h�hw gh vxusuhvvlrq rx gh gìsuhvvlrq hqjhqguì
sdu ohv gl�ìuhqwv sxlwv1 Qìdqprlqv rq rewlhqw xqh vhqvleoh dpìolrudwlrq dyhf od pìwkrgh
olqìdluh/ qrwdpphqw dxwrxu gx sxlwv lqmhfwhxu hw ghv frxfkhv vxsìulhxuhv1
Frqfoxvlrq
Ohv uìvxowdwv suìvhqwìv frq�uph lqgìqldeohphqw txh ohv shupìdelolwìv ìtxlydohqwhv rewhqxhv
dyhf ohv pìwkrghv qxpìultxhv shuphwwhqw gh wuëv elhq uhvwlwxhu od vlpxodwlrq gh uìiìuhqfh1
Pdojuì o*xwlolvdwlrq gx pdloodjh jurvvlhu frpph pdloodjh gh vlpxodwlrq/ rq rewlhqw gh wuëv
erqqhv suìglfwlrqv srxu oh whpsv gh shufìh dlqvl txh srxu ohv gìelwv gh surgxfwlrq1 Ohv
fduwhv gh frqfhqwudwlrq hw gh suhvvlrq vrqw joredohphqw vdwlvidlvdqwhv1 Ohv gl�ìuhqwhv
pìwkrghv dojìeultxhv irxuqlvvhqw/ txdqw ã hoohv/ ghv uìvxowdwv wuëv ìorljqìv gh od vlpxod0
wlrq gh uìiìuhqfh1
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Figure 4.27: Cartes de concentration (10 ans) 

Figure 4.28: Cartes de concentration (20 ans) 
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Figure 4.29: Cartes de concentration (40 ans) 

Figure 4.30: Cartes de concentration (80 ans) 
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Figure 4.31: Cartes de pression (10 ans) 

Figure 4.32: Cartes de pression (20 ans) 

132



7181: Whpsv gh fdofxov
Gdqv oh wdeohdx txl vxlw rq suìvhqwh ohv whpsv gh fdofxo FSX qìfhvvdluh dx frgh ìoìphqwv
�qlv txl d ìwì uìdolvì srxu oh fdofxo ghv whqvhxuv ìtxlydohqwv gh od pìwkrgh g*krprjìqìl0
vdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv hw frq�qìhv1 Ohv gl�ìuhqwv whpsv gh fdofxo
phqwlrqqìv fl ghvvrxv rqw ìwì uhohyìv oruv gx wudlwhphqw gh o*h{hpsoh wulglphqvlrqqho
+vlpxodwlrqv wudfhxuv, txl ã ìwì suìvhqwì suìfìghpphqw1 D wlwuh lqglfdwli rq frpsduh
dx{ whpsv ghv pìwkrghv dojìeultxhv txl vrqw lpsoìphqwìhv gdqv xq orjlflho lqwhuqh ã
Hoi H{sorudwlrq Surgxfwlrq1 Sdu dloohxuv rq grqqh oh whpsv gh vlpxodwlrq vxu oh pdlo0
odjh jurvvlhu d�q gh srxyrlu frpsduhu dx whpsv gh fdofxo qìfhvvdluh ã od vlpxodwlrq gh
uìiìuhqfh1

Rq frqvwdwh txh ohv whpsv gh fdofxo srxu ohv pìwkrghv qxpìultxhv gh plvh ã o*ìfkhooh
vrqw fruuhfwv sdu udssruw dx{ whpsv qìfhvvdluhv srxu ohv pìwkrghv dojìeultxhv1 Od vlp0
xodwlrq g|qdpltxh srxu xqh fduwh gh shupìdelolwì grqqìh vxu oh pdloodjh jurvvlhu hvw
lqiìulhxuh ã 63 vhfrqghv1 Hq frqvìtxhqfh oh whpsv wrwdo fxpxoì srxu rewhqlu ohv whqvhxuv
ìtxlydohqwv dlqvl txh od vlpxodwlrq g|qdpltxh hvw lqiìulhxu ã < plqxwhv srxu od pìwkrgh
olqìdluh1 Oh wudlwhphqw gx uìvhuyrlu qìfhvvlwh xqh gxuìh wrwdoh gh 44 plqxwhv srxu od
pìwkrgh frq�qìh1 Vdfkdqw txh od vlpxodwlrq gh uìiìuhqfh gxuh hqylurq 5k 63/ rq phw
grqf hqylurq 47 irlv prlqv gh whpsv srxu rewhqlu ohv uìvxowdwv lqwìjudqw od plvh ã o*ìfkhooh
dyhf ohv pìwkrghv olqìdluh rx frq�qìh hw ohv vlpxodwlrqv jurvvlëuhv txl vrqw vdwlvidlvdqwhv
sdu udssruw dx{ uìvxowdwv gh uìiìuhqfh1
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719 Vlpxodwlrqv glskdvltxhv 6G
Gdqv fhwwh sduwlh rq v*lqwìuhvvh dx sureoëph gh od uìfxsìudwlrq vhfrqgdluh gx sìwuroh
oruv gh o*h{sorlwdwlrq g*xq jlvhphqw1 Dx{ suhplhuv whpsv gh o*lqgxvwulh sìwurolëuh/ od
uìfxsìudwlrq gx sìwuroh frqvlvwdlw ã odlvvhu surgxluh ohv jlvhphqwv g*hx{0píph sdu vlp0
soh gìfrpsuhvvlrq mxvtx*ã xq fhuwdlq vhxlo gh gìsoìwlrq +uìfxsìudwlrq sulpdluh,1 Fhwwh
uìfxsìudwlrq suhqg ìylghpphqw �q txdqg od suhvvlrq gdqv oh jlvhphqw ghylhqw ìjdoh ã
od suhvvlrq dwprvskìultxh/ elhq tx*ã fh prphqw/ lo sxlvvh uhvwhu hqfruh gdqv oh jlvhphqw
o*hvvhqwlho gh o*kxloh lqlwldoh1 Srxu dffurñwuh oh wdx{ gh uìfxsìudwlrq/ rq phw hq rhx0
yuh ghv surfìgìv g*h{wudfwlrq frpsoìphqwdluhv/ dsshoìv surfìgìv gh edod|djh duwl�flho
+lqmhfwlrq g*hdx rx gh jd},1 Fhwwh skdvh hvw dsshoìh dxvvl �uìfxsìudwlrq vhfrqgdluh� rx
�uìfxsìudwlrq dvvlvwìh�1 Ohv surfìgìv gh uìfxsìudwlrq vhfrqgdluh/ frxudpphqw sudwltxìv/
frqvlvwhqw ã srxvvhu o*kxloh yhuv ohv sxlwv gh surgxfwlrq hq lqmhfwdqw xq  xlgh +gh o*hdx/
sdu h{hpsoh, sdu ghv sxlwv lqmhfwhxuv mxglflhxvhphqw uìsduwlv1 Frpph lo d ìwì phq0
wlrqqì suìfìghpphqw ohv vlpxodwlrqv glskdvltxhv hqjhqguhqw gh qrpeuhx{ sureoëphv
vxssoìphqwdluhv gþv dx fkdqjhphqw g*ìfkhooh ghv shupìdelolwìv uhodwlyhv1 Qìdqprlqv
ohv ìfrxohphqwv glskdvltxhv d|dqw ghv dssolfdwlrqv sudwltxhv hq lqjìqlhulh sìwurolëuh rq
suìvhqwh ghv vlpxodwlrqv fruuhvsrqgdqw dx{ gìsodfhphqwv irufìv gh o*kxloh sdu gh o*hdx
gdqv oh jlvhphqw1

71914 Fdudfwìulvwltxhv ghv  xlghv
Ohv ohwwuhv � hw J vh uìiìuhqw dx{ skdvhv kxloh hw hdx hw o*rq gìvljqh sdu 4� od ghqvlwì/ 7�
od vdwxudwlrq hw >� od ylvfrvlwì gh od skdvh � srxu � ' �c J1 Ohv fdudfwìulvwltxhv ghv ghx{
 xlghv xwlolvìv vrqw =

>J ' ��f �R
4J ' �fff n}*6�

>� ' ��D �R
4� ' HDf &}*6�

+719,

Rq xwlolvh ghv shupìdelolwìv uhodwlyhv hq furl{/ gì�qlhv sdu =
noE7�� ' 7�
nJE7�� ' �� 7� +71:,
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71915 H{sìulhqfhv qxpìultxhv glskdvltxhv
Rq glvsrvh gh wurlv sxlwv/ glvsrvìv frpph suìfìghpphqw hw jìuì gh od píph pdqlëuh
txh oruv ghv vlpxodwlrqv wudfhxu1 Oh fkdps hvw frpsoëwhphqw vdwxuì hq kxloh ã o*lqvwdqw
lqlwldo hw o*rq lqmhfwh gh o*hdx sdu oh sxlwv lqmhfwhxu srxu srxvvhu hw uìfxsìuhu o*kxloh1 Od
vlpxodwlrq gh uìiìuhqfh vxu oh pdloodjh �q hvw qrwì IG +Ilq Glskdvltxh, hw ohv glyhuvhv
vlpxodwlrqv h�hfwxìhv vxu oh pdloodjh g|qdpltxh vrqw qrwìhv JG +Jurvvlhu Glskdvltxh,
vxlylh gh o*deuìyldwlrq fruuhvsrqgdqw ã od pìwkrgh gh plvh ã o*ìfkhooh xwlolvìh1 Rq xwlolvh
ohv píphv fduwhv gh shupìdelolwì plvhv ã o*ìfkhooh hw suìvhqwìhv gdqv od �jxuh 714< srxu
h�hfwxhu ohv vlpxodwlrqv g|qdpltxhv1

71916 Pdloodjh gh uìiìuhqfh
Qrxv dyrqv uìdolvì xqh vlpxodwlrq glskdvltxh vxu oh pdloodjh gh uìiìuhqfh +498333 pdloohv,
txl d qìfhvvlwì 55 khxuhv hw 65 plqxwhv1 Fh whpsv gh vlpxodwlrq soxw÷w orqj hvw hvvhq0
wlhoohphqw gþ ã od idleoh wdlooh ghv 498333 pdloohv �qhv txl hvw xqh vrxufh gh qrpeuhx{
sureoëphv gh frqyhujhqfh qxpìultxh1 Rq frqvlgëuh doruv fhwwh vlpxodwlrq frpph od vlp0
xodwlrq gh uìiìuhqfh txh o*rq yd frpsduhu dx{ uìvxowdwv rewhqxv vxu oh pdloodjh jurvvlhu1

71917 Pdloodjh jurvvlhu
Rq h�hfwxh ghv vlpxodwlrqv glskdvltxhv lpplvfleohv hw lqfrpsuhvvleohv vxu oh pdloodjh
jurvvlhu dyhf ohv fduwhv gh shupìdelolwì rewhqxhv sdu ohv gl�ìuhqwhv pìwkrghv g*krprjìqìl0
vdwlrq1 Oh whpsv FSX qìfhvvdluh srxu xqh vlpxodwlrq glskdvltxh vxu oh pdloodjh jurvvlhu
hvw gh 48 plqxwhv1 Dlqvl vl o*rq xwlolvh od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqgl0
wlrqv dx{ erugv olqìdluhv/ srxu oh fdofxo gh od shupìdelolwì ìtxlydohqwh +; pq,/ rq rewlhqw
xq whpsv �qdo lqiìulhxu ã 63 plqxwhv srxu rewhqlu ohv suìglfwlrqv gx jlvhphqwv1 Rq phw
grqf 78 irlv prlqv gh whpsv txh od vlpxodwlrq gh uìiìuhqfh srxu dssurfkhu fhwwh ghuqlëuh1
Gdqv ohv �jxuhv 7166 ã 7169 rq suìvhqwh ohv uìvxowdwv rewhqxv vxu oh pdloodjh jurvvlhu txh
o*rq frpsduh ã od vlpxodwlrq glskdvltxh gh uìiìuhqfh1
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Frxuehv gh zdwhu fxw
Gdqv od �jxuh 7166 vrqw wudfìhv ohv frxuehv gh �zdwhu0fxw� txl fruuhvsrqghqw ã od iudfwlrq
gh o*hdx gdqv od surgxfwlrq oltxlgh ghv sxlwv surgxfwhxuv1 Srxu oh sxlwv surgxfwhxu
SURG4 lo dssdudñw fodluhphqw txh od pìwkrgh qxpìultxh PO irxuqlh ohv uìvxowdwv ohv soxv
surfkhv gh od vlpxodwlrq gh uìiìuhqfh1 Hq h�hw srxu od pìwkrgh olqìdluh oh whpsv gh shufì
hvw fruuhfwhphqw uhvwlwxì hw od iruph jìqìudoh gh od frxueh gh zdwhu0fxw hvw txdvlphqw
lghqwltxh ã od frxueh gh uìiìuhqfh1 Txdqw dx{ whqvhxuv ìtxlydohqwv gh od pìwkrgh frq�qìh
lov shuphwwhqw gh uhvwlwxhu oh whpsv gh shufìh gh uìiìuhqfh/ pdlv irxuqlvvhqw sdu od vxlwh
xqh pdxydlvh suìglfwlrq gx srxufhqwdjh g*hdx dx sxlwv1 Wrxmrxuv srxu oh sxlwv SURG4/
rq rewlhqw dyhf ohv pìwkrghv dojìeultxhv ghv uìvxowdwv wuëv dssur{lpdwliv sdu udssruw ã
od uìiìuhqfh1 Frqwudluhphqw dx sxlwv SURG4/ f*hvw od pìwkrgh frq�qìh txl irxuqlh od
phloohxuh suìglfwlrq gh od frxueh gh zdwhu0fxw srxu oh sxlwv SURG51 Od iruph jìqìudoh
gh od frxueh hvw uhvshfwì oruvtxh o*rq xwlolvh od pìwkrgh olqìdluh dyhf wrxwhirlv xq whpsv
gh shufìh dvvh} ìorljqì gh od uìiìuhqfh1 Sdupl ohv pìwkrghv dojìeultxhv f*hvw od pìwkrgh
gh Fdugzhoo hw Sduvrqv txl irxuqlw ohv uìvxowdwv/ dx{ sxlwv SURG4 hw SURG5/ ohv soxv
surfkhv gh od uìiìuhqfh1
Gìelwv hw surgxfwlrqv wrwdohv g*kxloh
Gdqv od �jxuh 7167/ rq frpsduh ohv gìelwv gh surgxfwlrq dlqvl txh od surgxfwlrq fxpxoìh
g*kxloh dx{ sxlwv surgxfwhxuv1 Srxu ohv sxlwv SURG4 hw SURG5 od vlpxodwlrq h�hfwxìh
dyhf ohv shupìdelolwìv ìtxlydohqwhv rewhqxhv sdu od pìwkrgh PO irxuqlw ohv gìelwv gh
surgxfwlrq g*kxloh ohv soxv surfkhv gh od uìiìuhqfh1 O*dooxuh jìqìudoh ghv frxuehv rewhqxhv
dyhf ohv dxwuhv pìwkrghv uhvshfwhqw joredohphqw od suìglfwlrq gh od vlpxodwlrq �qh1 Hq�q/
od phloohxuh suìylvlrq ghv surgxfwlrqv wrwdohv g*kxloh dx{ ghx{ sxlwv surgxfwhxuv hvw
hqfruh irxuqlh sdu od vlpxodwlrq JWbPO1 Ohv dxwuhv pìwkrghv irxuqlvvhqw qìdqprlqv
ghv uìvxowdwv dffhswdeohv1
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Figure 4.33: Courbes de Water-cut 

 

Figure 4.34: Débits de production et productions totale d’huile 
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Fduwhv gh vdwxudwlrq
Gdqv od �jxuh 7168 rq frpsduh ohv fduwhv gh vdwxudwlrq hq hdx ã w@ 73 dqv hw vxlydqw
xqh frxsh yhuwlfdoh []1 Lo dssdudñw fodluhphqw txh f*hvw od pìwkrgh olqìdluh txl shuphw
gh uhvwlwxhu oh plhx{ od fduwh gh vdwxudwlrq rewhqxh vxu oh pdloodjh gh uìiìuhqfh1 Od
vlpxodwlrq JGbPO irxuqlw ghv iurqwv gh vdwxudwlrq txdvlphqw lghqwltxh ã fhx{ gh od
uìiìuhqfh1 Dyhf od pìwkrgh gh Fdugzhoo hw Sduvrqv rq rewlhqw xq fkhplq suìiìuhqwlho
krul}rqwdo srxu o*hdx txl q*d sdv olhx g*íwuh1 Txdqw dx{ vdwxudwlrqv rewhqxhv dyhf od
pr|hqqh dulwkpìwltxh/ hoohv vrqw wurs idleohv dx yrlvlqdjh gx sxlwv lqmhfwhxu1
Fduwhv gh suhvvlrq
Gdqv ohv �jxuhv 7169 rq suìvhqwh xqh frxsh yhuwlfdoh ghv fduwhv gh suhvvlrq srxu xq
píph sdv gh whpsv1 Frpph gdqv oh fdv gx wudfhxu/ oh uìjlph gh suhvvlrq v*ìwdeolw
gdqv ohv suhplëuhv dqqìhv hw qh ydulh sudwltxhphqw sdv sdu od vxlwh1 Rq frqvwdwh txh
srxu ohv pìwkrghv gh plvh ã o*ìfkhooh xwlolvìhv/ ohv fduwhv gh suhvvlrq vrqw vhqvleohphqw
ohv píphv1 Qìdqprlqv rq rewlhqw xqh oìjëuh dpìolrudwlrq dyhf od pìwkrgh olqìdluh/
qrwdpphqw dxwrxu gx sxlwv lqmhfwhxu hw gdqv ohv frxfkhv vxsìulhxuhv gx uìvhuyrlu1
Frqfoxvlrq
Dx yx ghv gl�ìuhqwv uìvxowdwv f*hvw od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv
dx{ erugv olqìdluhv txl shuphw gh irxuqlu gdqv o*hqvhpeoh ohv phloohxuv uìvxowdwv1 Ohv
fduwhv gh vdwxudwlrqv hw gh suhvvlrqv rewhqxhv dyhf fhwwh ghuqlëuh pìwkrgh vrqw ohv soxv
surfkhv gh fhoohv irxuqlhv sdu od vlpxodwlrq gh uìiìuhqfh1
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Figure 4.35: Cartes de saturation (40 ans) 

 

Figure 4.36: Cartes de pression (40 ans) 
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71: Frqfoxvlrq
Ohv gl�ìuhqwhv vlpxodwlrqv rewhqxhv gdqv gh fdguh elglphqvlrqqho rqw shuplv gh phwwuh
hq dydqw o*dydqwdjh ghv pdloodjhv gìvwuxfwxuìv1 G*derug rq h�hfwxh od plvh ã o*ìfkhooh
ghv fdudfwìulvwltxhv sìwursk|vltxhv vxu xq pdloodjh gìvwuxfwxuì frqvwuxlw hq uhvshfwdqw
dx plhx{ ohv glvfrqwlqxlwìv jìrorjltxhv1 Hqvxlwh rq uìdolvh ohv vlpxodwlrqv qxpìultxhv
ghv ìfrxohphqwv ghv  xlghv1 Rq rewlhqw doruv ghv uìvxowdwv phloohxuv txh fhx{ rewhqxv
vxu xq pdloodjh ruwkrjrqdo1
Fhv vlpxodwlrqv qxpìultxhv rqw ìjdohphqw shuplv gh ydolghu ohv pìwkrghv g*krprjìqìl0
vdwlrqv vxu ghv pdloodjhv gìvwuxfwxuìv 6G1 Gdqv o*hqvhpeoh/ Lo dssdudñw txh ohv pìwkrghv
qxpìultxhv shuphwwhqw gh uhvwlwxhu ghv suìglfwlrqv/ ghv fduwhv gh vdwxudwlrq hw gh suhv0
vlrq vdwlvidlvdqwhv sdu udssruw dx{ uìvxowdwv gh od vlpxodwlrq gh uìiìuhqfh1 Gh soxv/ ohv
whpsv gh fdofxo FSX qìfhvvdluhv dx{ fdofxov ghv whqvhxuv ìtxlydohqwv vxu ghv pdloodjhv
gìvwuxfwxuìv 6G vrqw ghv soxv dffhswdeohv1 Fhfl shuphw g*hqylvdjhu o*xwlolvdwlrq srxu ghv
sureoëphv lqgxvwulhov gx frgh gh plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv hq pdloodjhv
gìwuxfwxuìv1
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Fkdslwuh 8
Dssolfdwlrq gx frqwu÷oh rswlpdo ã od
plvh ã o*ìfkhooh ghv shupìdelolwìv
devroxhv dyhf ghv frqglwlrqv dx{
olplwhv txhofrqtxhv
Gdqv fh fkdslwuh rq frqvwuxlw xqh pìwkrgh gh plvh ã o*ìfkhooh edvìh vxu od plqlplvd0
wlrq g*xqh irqfwlrqqhooh uhsuìvhqwdqw od vrpph ghv ìfduwv ghv ìqhujlhv glvvlsìhv orfdohv
hw joredohv1 Fhwwh pìwkrgh shuphw gh suhqguh hq frpswh ghv frqglwlrqv dx{ olplwhv
jìqìudohv gh w|sh Glulfkohw rx píoìhv txl vrqw dssoltxìhv dx{ sureoëphv orfdx{1 Xqh
vhfrqgh dssurfkh edvìh od plqlplvdwlrq gh o*ìfduw ghv ghx{ fkdpsv gh ylwhvvh orfdo hw
joredo hvw ìjdohphqw suìvhqwìh1 Dsuëv dyrlu grqqì txhotxhv h{hpsohv vxu xq fdv prqrgl0
phqvlrqqho/ rq ìwxglh/ gdqv o*rswltxh g*xqh plvh hq rhxyuh qxpìultxh/ ohv sursulìwìv gh
frqwlqxlwì hw gh gìulydelolwì srxu ohv gl�ìuhqwhv irqfwlrqqhoohv frqvlgìuìhv1 Fh fkdslwuh
hvw doruv whuplqì sdu od suìvhqwdwlrq g*xq dojrulwkph gh fdofxo h�hfwli gh od shupìdelolwì
ìtxlydohqwh1

814 Lqwurgxfwlrq
Xqh ìwdsh lpsruwdqwh ghv pìwkrghv qxpìultxhv fodvvltxhv/ xwlolvìhv srxu fdofxohu od
shupìdelolwì ìtxlydohqwh gdqv xq grpdlqh /c hvw od uìvroxwlrq gh sureoëphv orfdx{ txl
gìfulyhqw o*ìfrxohphqw shupdqhqw g*xq  xlgh prqrskdvltxh prgìolvì sdu oh v|vwëph vxly0
dqw = ;AA?

AA=
O' '�gE%�u� _@?r /

_��dO'o ' f _@?r /
n �u

+814,
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Iljxuh 814= Plolhx vwudwl�ì ã 78�

rü g hvw oh whqvhxu gh shupìdelolwì dssduwhqdqw ã �Eb�c b2c /��
Fhv sureoëphv orfdx{/ srvìv vxu fkdtxh pdlooh / gx pdloodjh g|qdpltxh vrqw vrxplv ã
ghv frqglwlrqv dx{ olplwhv E�u� sduwlfxolëuhv1 Sdu h{hpsoh/ ohv frqglwlrqv dx{ olplwhv
olqìdluhv ^uhvs1 frq�qìhv` vrqw xwlolvìhv srxu od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frq0
glwlrqv dx{ erugv olqìdluhv ^uhvs1 frq�qìhv`1 O*krprjìqìlvdwlrq sìulrgltxh txdqw ã hooh
frqgxlw ã uìvrxguh ghv sureoëphv hoolswltxhv vrxplv ã ghv frqglwlrqv dx{ olplwhv sìul0
rgltxhv1 Od wkìrulh pdwkìpdwltxh gh o*krprjìqìlvdwlrq sìulrgltxh fruuhvsrqg ã xqh
dqdo|vh dv|pswrwltxh ghv sureoëphv/ rü oh udssruw hqwuh od wdlooh fdudfwìulvwltxh gx pdlo0
odjh �q +ìfkhooh plfurvfrsltxh, hw od wdlooh gx pdloodjh jurvvlhu +ìfkhooh pdfurvfrsltxh,
hvw wuëv shwlw1 Gdqv oh fdv rü ohv ghx{ ìfkhoohv vrqw lq�qlphqw vìsduìhv/ lo hvw elhq frqqx
txh o*lq xhqfh ghv frqglwlrqv dx{ olplwhv v*hvwrpsh ^:`/ ^;`1 Dx frqwudluh/ oruvtxh fhwwh
frqglwlrq gh vìsdudwlrq ghv ìfkhoohv q*hvw sdv yìul�ìh/ ohv vlpxodwlrqv rewhqxhv sdu od plvh
ã o*ìfkhooh ghv shupìdelolwìv gìshqghqw ghv frqglwlrqv dx{ olplwhv xwlolvìhv ^<`1 Uhqdug
hw gh Pduvlo| ^:7` grqqh o*h{hpsoh g*xq plolhx vwudwl�ì lqfolqì ã 78� +f1i Iljxuh 814, vxu
ohtxho ohv whqvhxuv ìtxlydohqwv rewhqxv/ vxlydqw ohv frqglwlrqv dx{ olplwhv vrqw =5

7 2S�S� 2��HH
2��HH 2S�S�

6
8

� ~} �
��u� olqìdluhv

5
7 b�fD f

f b�fD
6
8

� ~} �
��u� frq�qìhv

O*ìwxgh gh od gìshqgdqfh gx whqvhxu ìtxlydohqw hq irqfwlrq ghv frqglwlrqv dx{ olplwhv
dssoltxìhv dx{ sureoëphv orfdx{ ghylhqw doruv qìfhvvdluh1 Sdu dloohxuv/ txhotxhv vrlhqw ohv
frqglwlrqv dx{ olplwhv sduwlfxolëuhv frqvlgìuìhv gdqv ohv pìwkrghv fodvvltxhv/ hoohv vrqw hq
jìqìudo wuëv ìorljqìhv ghv frqglwlrqv uìhoohv gx uìvhuyrlu oruv gh od plvh hq surgxfwlrq1 D�q
gh srxyrlu suhqguh hq frpswh fhv frqglwlrqv uìhoohv/ lo hvw qìfhvvdluh g*ìwdeolu xqh pìwkrgh
gh plvh ã o*ìfkhooh ghv shupìdelolwìv devroxhv srxu ghv frqglwlrqv dx{ olplwhv jìqìudohv/
dssolfdeohv ã ghv pdloodjhv gìvwuxfwxuìv1 Srxu fh idluh rq lqwurgxlw gdqv fh fkdslwuh xqh
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pìwkrgh ^;8` srxu fdofxohu xq whqvhxu ìtxlydohqw uhvwlwxdqw dx plhx{ o*ìfrxohphqw gìfulw
sdu +814, srxu ghv frqglwlrqv dx{ olplwhv jìqìudohv vxssrvìhv grqqìhv1

815 Qrwdwlrqv
Vrlw g 5 �Eb�c b2c /�c rq gì�qlh od qruph pdwulflhooh mmm�mmm sdu =

mmmgmmm ' �]
/
ngE%�n22 _%

��
2

rü n�n2 gìvljqh od qruph pdwulflhooh lqgxlwh sdu od qruph Hxfolglhqqh m�m vxu U-_1
Rq lqwurgxlw sdu dloohxuv o*hqvhpeoh qrwì �E�c @c /� hw gì�ql sdu =

�E�c @c /� '
5
7 M 5 �Eb�c b2c /� who txh M hvw frqvwdqw vxu /

hw U3�c/Eg� � M � U�c/Eg�
6
8

Ohv qrwdwlrqv � hw @ gh �E�c@c /� vljql�hqw txh o*rq frqvlgëuh ohv pdwulfhv frqvwdqwhv
M frpsulvhv hqwuh od pr|hqqh kduprqltxh hw dulwkpìwltxh gh g1 Gh soxv �E�c @c /�/
pxql gh od qruph mmm�mmmc hvw xq hqvhpeoh frqyh{h ihupì eruqì1
Rq lqwurgxlw ìjdohphqw od qruph

mmmÔ mmmgc/ '
�]

/
gE%�Ô �Ô _%

��
2 ; Ô 5 �u2 E/��_

Vrlw K xqh sduwlh gh od iurqwlëuh gh Y/ rq gì�qlw o*hvsdfh =

M �
2
fcfEK� '

q� 5 u2EK�( < � 5 M� E/� dyhf ��Y/.K ' fc ��K ' �r �

Hq�q/ rq qrwhud sdu
�
M �

2
fcfEK�

�Woh gxdo wrsrorjltxh gh M �
2
fcfEK��

816 Udsshov
Gdqv fh sdudjudskh rq udsshooh txhotxhv pìwkrghv fodvvltxhv gh plvh ã o*ìfkhooh edvìhv
vxu ghv fulwëuhv gh frqvhuydwlrq g*ìqhujlh/ gh  x{ hw gh ylwhvvh hqwuh ohv ìfkhoohv �qhv hw
jurvvlëuhv1 Fhuwdlqhv gh fhv pìwkrghv vhurqw xwlolvìhv gdqv od vxlwh gh fh wudydlo1 Vrlw g
xq whqvhxu gh shupìdelolwì dssduwhqdqw ã �Eb�c b2c /��
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81614 Plqlplvdwlrq gh o*huuhxu gx  x{
Jdoorxîw hw Jxìuloorw ^67` ^68` sursrvhqw od pìwkrgh gh plvh ã o*ìfkhooh vxlydqwh1 Lov
frqvlgëuhqw xq yrlvlqdjh Tc lqfoxdqw oh grpdlqh /c vxu ohtxho rq uìvrxg oh sureoëph orfdo=;AAAA?

AAAA=
O"Ob ' �gE%�

>
�uROb � 4O}� _@?r T

_�� kO"Ob

l ' f _@?r T
ROb ' Ob�O r�o YT

+815,

rü Ob hvw xq sdudpëwuh gh U-_1 Oh  xlgh hvw fdudfwìulvì sdu od ylvfrvlwì > hw od ghqvlwì 41
Frpph oh sureoëph +815, hvw olqìdluh/ rq uìvrxg _ sureoëphv orfdx{ hq idlvdqw ydulhu od
ydohxu gx sdudpëwuh Ob�
Vrlw oh whqvhxu frqvwdqw vxu /c qrwì gW/ rq frqvlgëuh doruv oh sureoëph =;AAAA?

AAAA=
O"W
Ob
' �gW

>
�uRWOb � 4O}� _@?r T

_�� kO"W
Ob

l ' f _@?r T
RWOb ' Ob�O r�o YT

+816,

Jdoorxîw hw Jxìuloorw gì�qlvvhqw doruv od irqfwlrqqhooh =
aEgW� '

]
r

�]
Y/

k�O"Ob � O"W
Ob

� �O?l2 _%� +817,

rü 7 '
+
Ob 5 U-_

1 _[
�'�

b2� ' �
,
� +818,

Od pìwkrgh sursrvìh frqvlvwh ã plqlplvhu oh fduuì gh od gl�ìuhqfh hqwuh oh gìelw gx plolhx
kìwìurjëqh hw oh gìelw gx plolhx krprjëqh vxu od iurqwlëuh gh // srxu wrxwhv ohv gluhfwlrqv
srvvleohv Ob1
Vl o*rq uhvwuhlqw oh yrlvlqdjh T ã xq grpdlqh / uhfwdqjxodluh hq 5G/ rx fxeltxh hq 6G/
hw vl Ob ' Oi�c � � � � _c rü Oi� hvw oh l
e6e yhfwhxu gh od edvh fdqrqltxh/ ohv vroxwlrqv ghv
sureoëphv orfdx{ +816, vrqw frqqxhv hw RWOi� ' %�c � � � � _� Ohv frh!flhqwv gx whqvhxu
ìtxlydohqw v*ìfulyhqw doruv vrxv od iruph h{solflwh vxlydqwh =

gW
�� ' � �]

Y/
?2
� _j

]
Y/

�O"
Oi�

�
�
�?2

� _j +819,

rü �O"
Oi�

�
�
hvw od �
e6e frpsrvdqwh gx yhfwhxu ylwhvvh O"

Oi�
vroxwlrq gx sureoëph orfdo +815,

hw ?� hvw od �
e6e frpsrvdqwh gx yhfwhxu qrupdo O? dx grpdlqh /�
Fhwwh pìwkrgh hvw ìjdohphqw dssolfdeoh dxwrxu ghv sxlwv rü od frqglwlrq dx{ olplwhv
olqìdluh gdqv +815, hw +816, hvw uhpsodfìh sdu � Eo� ' ,?Eo�/ o uhsuìvhqwdqw oh ud|rq1 Gh
soxv fhwwh pìwkrgh shxw íwuh plvh hq rhxyuh vxu ghv pdloodjhv gìvwuxfwxuìv1 Fhshqgdqw
oh whqvhxu ìtxlydohqw rewhqx hvw hq jìqìudo qrq v|pìwultxh/ píph vxu ghv jìrpìwulhv
uìjxolëuhv/ fh txl hqwudlqh ghv gl!fxowìv g*xwlolvdwlrq gh od pìwkrgh1
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81615 Hjdolwì ghv  x{ srxu ghv frqglwlrqv dx{ olplwhv sìul0
rgltxhv

Rq uhsuhqg ohv qrwdwlrqv gh od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv
frq�qìhv +f1i1 �jxuh 41: gx fkdslwuh 4, rü o*rq vxssrvh gh soxv txh oh grpdlqh hvw xq
fduuì hq 5G rx xq fxeh hq 6G1 Rq qrwh K�f hw K�� ohv ghx{ idfhv rssrvìhv shushqglfxodluhv
ã o*d{h %�c � � � � _1 Hq g*dxwuhv whuphv/ K�f doerR� K��o hvw od iurqwlëuh gx grpdlqh
/c dssduwhqdqw dx sodq g*ìtxdwlrq %� ' @� doerR� %� ' K�o � Fhwwh pìwkrgh sursrvìh sdu
Gxuorivn| ^5;` ^5<` frqvlvwh ã fdofxohu o*ìfrxohphqw g*xq  xlgh lqfrpsuhvvleoh gìfulw sdu
od orl gh Gduf| dxtxho rq dssoltxh ohv frqglwlrqv dx{ olplwhv fl0dsuëv =

;AAAAAAA?
AAAAAAA=

O"� ' �gE%�uR� _@?r /
_�� kO"�

l ' f _@?r /
R�mK�f ' R�mK�� �B�B�� � � � � _

guR��O?m
K
�
f

' �guR��O?m
K
�
�

� � � � _
� � � � _ +81:,

rü B�� gìvljqh oh v|peroh gh Nurqhfnhu hw OB hvw xq yhfwhxu grqqì gh U-_1
Vrlw gWc xq whqvhxu frqvwdqw vxu /c rq frqvlgëuh doruv ohv sureoëphv =

;AAAAAAA?
AAAAAAA=

O"W
� ' �gWuRW� _@?r /
_�� kO"W

�

l ' f _@?r /
RW� mK�f ' RW� mK�� �B�B�� � � � � _

gWuRW� �O?m
K
�
f

' �gWuRW� �O?m
K
�
�

� � � � _
� � � � _� +81;,

Srxu fhv frqglwlrqv dx{ olplwhv/ ohv suhvvlrqv RW� c � � � � _c v*ìfulyhqw gh od pdqlëuh
vxlydqwh =

RW� ' � �B�
E%� � @��

u�
+81<,

rü u� ' K� � @�c � � � � _c hw � hvw xqh frqvwdqwh1
Ohv frpsrvdqwhv gx whqvhxu ìtxlydohqw vrqw doruv gìwhuplqìhv sdu frqvhuydwlrq ghv  x{ =]

K��

O"W
� �O? _j '

]
K��

O"��O? _j � � �c � � _ +8143,
vrlw hqfruh

gW
�� ' ��

B�

]
K��

O"��O? _j � � �c � � _� +8144,
Fhwwh pìwkrgh qìfhvvlwh txh oh grpdlqh / vrlw xq fduuì rx xq fxeh/ wrxwhirlv oh whqvhxu
ìtxlydohqw rewhqx hvw wrxmrxuv v|pìwultxh gì�ql srvlwli1 Gdqv oh fkdslwuh 9 rq prqwuh
frpphqw od pìwkrgh gþh ã Gxuorivn| hvw uholìh ã od pìwkrgh gh plqlplvdwlrq gh o*huuhxu
gx  x{1
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81616 Dssurfkh ghv prlqguhv fduuìv srqgìuìv
Frqwudluhphqw dx{ pìwkrghv qxpìultxhv suìfìghqwhv fhwwh dssurfkh qh qìfhvvlwh sdv od
uìvroxwlrq gh sureoëphv orfdx{ vxu oh grpdlqh /1 Od pìwkrgh vh sodfh vxu oh jlvhphqw l
wrxw hqwlhu1 Srxu fhod rq lqwurgxlw od sduwlwlrq A gh o*rxyhuw l hq � rxyhuwv E/���$�$�

l '
�̂

�'�

/�� +8145,

hw xqh irqfwlrq s 5 u2El� whooh txh ]
l
s _% ' f� Qlhovhq hw Wyhlwr ^96` frqvlgëuhqw oh

sureoëph vxlydqw = ;AAA?
AAA=

O" ' �gE%�uR _@?r l
_�� kO"l ' s _@?r l
guR�O? ' f r�o Yl

+8146,

Vrlw D_6c o*hqvhpeoh gì�qlh sdu =
D_6 ' i� 5 �Eb�c b2cl� who txh � hvw frqvwdqw vxu /�c � � � � �j +8147,

Srxu gW 5 D_6 rq lqwurgxlw oh sureoëph =
;AAA?
AAA=

O"W ' �gWE%�uRW _@?r l
_�� kO"W

l ' s _@?r l
gWuRW�O? ' f r�o Yl

+8148,

Ohv dxwhxuv sursrvhqw gh plqlplvhu od irqfwlrqqhooh vxlydqwh =
���O"W � O"���2

fcl
+8149,

srxu wrxw whqvhxu gW 5 D_6�
D�q g*ìylwhu oh fdofxo gx yhfwhxu ylwhvvh O" vroxwlrq gx sureoëph +8146, lov plqlplvhqw
o*ìfduw ghv ylwhvvhv srxu od qruph n�ng3�cl c ìohyìh dx fduuì1 Dsuëv vlpsol�fdwlrqv od
irqfwlrqqhooh ã plqlplvhu v*ìfulw =

UEgW� '
]
l
g3�E%�O"W�O"W _% +814:,

Gh soxv xq surfìgì gh uìjxodulvdwlrq hvw xwlolvì hq udmrxwdqw oh whuph ngW �gn2fcl ã od
irqfwlrqqhooh +814:,1 Ilqdohphqw od pìwkrgh uhylhqw ã plqlplvhu srxu wrxw gW 5 D_6c od
irqfwlrqqhooh =

aEgW� '
]
l
g3�E%�O"W�O"W _%n k ngW �gn2fcl +814;,

rü k � f hvw xq shwlw sdudpëwuh ã gìwhuplqhu1
Fhwwh pìwkrgh v*d�udqfklw ghv sureoëphv orfdx{ hw hvw dssolfdeoh vxu ghv pdloodjhv
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gìvwuxfwxuìv1 Wrxwhirlv od shupìdelolwì ìtxlydohqwh rewhqxh sdu fhwwh pìwkrgh/ txl qh
uìvrxg sdv oh sureoëph +8146,/ q*hvw ydodeoh txh srxu ghv frqglwlrqv dx{ olplwhv gh Qhx0
pdqq krprjëqhv1 Gdqv fh fkdslwuh rq gìyhorssh xqh dssurfkh vhpeodeoh uhvwuhlqw ã xqh
pdlooh g|qdpltxh / dyhf od pr|hqqh ghv yhfwhxuv ylwhvvh gh �owudwlrq1

81617 Fulwëuh gh o*ìqhujlh hq plolhx vwrfkdvwltxh
Lqghopdq hw Gdjdq ^7:`/ ^7;` hw ^7<` sursrvhqw xqh dssurfkh vxu oh jlvhphqw l wrxw hq0
wlhu1 Lov frqvlgëuhqw xq plolhx vwrfkdvwltxh kìwìurjëqh lc vrxplv ã ghv frqglwlrqv dx{
olplwhv sduwlfxolëuhv1 Xqh ghv frqglwlrqv qìfhvvdluhv srxu fdofxohu oh whqvhxu ìtxlydohqw
hvw txh o*ìqhujlh glvvlsìh gdqv oh plolhx vwrfkdvwltxh kìwìurjëqh vrlw ìjdoh ã o*ìqhujlh gx
plolhx krprjëqh1 Oh srlqw gh gìsduw hvw o*ìfrxohphqw g*xq  xlgh prqrskdvltxh gìfulw
sdu od orl gh Gduf| gdqv oh jlvhphqw l vrxplv ã ghv frqglwlrqv dx{ olplwhv frq�qìhv1 Od
glvwulexwlrq gh shupìdelolwì g hvw frqvlgìuìh frpph xqh irqfwlrq doìdwrluh vwdwlrqqdluh
hw ohv vroxwlrqv O" hw � gx v|vwëph gh Gduf| vrqw ohv uìsrqvhv gh uìiìuhqfh1 O*dwwhq0
wlrq hvw vxuwrxw sruwìh dx{ uìsrqvhv joredohv gx v|vwëph/ jìqìudohphqw h{sulpìhv hq
whuphv gh gìelw wrwdo +pr|hqqh hw yduldqfh,1 Od glvfuìwlvdwlrq vsdwldoh hvw gì�qlh sdu od
sduwlwlrq l '

�̂

�'�

/� txl shuphw gh wudlwhu oh sureoëph qxpìultxhphqw� Rq qrwh gW
� od

uhvwulfwlrq vxu oh grpdlqh /� gx whqvhxu ìtxlydohqw1 Oh fulwëuh g*ìydoxdwlrq gh od txdolwì
gh o*dssur{lpdwlrq gW

� +dsuëv fhuwdlqhv frqvlgìudwlrqv/ txl sulyloìjlhqw xq dffrug txdqw
ã od uìsrqvh joredoh gx v|vwëph, hvw suìflvì hq whuphv ìqhujìwltxhv1 Srxu fkdtxh pdlooh
/�/ rq h{solflwh od glvvlsdwlrq g*ìqhujlh gh od vroxwlrq qxpìultxh hw gh od vroxwlrq gh
uìiìuhqfh> ohxuv ghx{ suhplhuv prphqwv vwdwlvwltxhv grlyhqw íwuh ìjdx{1 Ohv frqglwlrqv
srxu vdwlvidluh fhv fulwëuhv vrqw glvfxwìhv gdqv Lqghopdq ^79`1
Gdqv fhwwh pìwkrgh oh fdguh vwrfkdvwltxh hvw wuëv lpsruwdqw fdu lo hvw dvvrflì ã fhu0
wdlqhv frqvlgìudwlrqv jìrpìwultxhv txl vxssrvh txh /� hvw wuëv judqg ghydqw od wdlooh ghv
kìwìurjìqìlwìv orfdohv1

817 Lgìhv gh edvh
Fhuwdlqv rxwlov gh od wkìrulh gx frqwu÷oh rswlpdo/ txl frpsuhqg gh ydvwhv fkdpsv g*ds0
solfdwlrq gìyhorssìv sdu h{hpsoh gdqv Olrqv ^88`/ ^89` hw Slurqqhdx ^9;` vhurqw xwlolvìv
gdqv od vxlwh gh fh wudydlo 1 Gdqv xq suhplhu whpsv rq h{srvh gdqv oh fdguh oh soxv
vlpsoh srvvleoh qrwuh pìwkrgh gh plvh ã o*ìfkhooh shuphwwdqw gh suhqguh hq frpswh ghv
frqglwlrqv dx{ olplwhv gh w|sh Glulfkohw txhofrqtxhv1 Rq frqvlgëuh g*xqh sduw oh v|vwëph
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+814,/ dxtxho rq dgmrlqw xqh frqglwlrq dx{ olplwhv } 5 M �
2 EY/� �

;?
= �_�� dgE%�u� o ' f _@?r /

� ' } r�o Y/ +814<,

Rq lqwurgxlw doruv o*ìqhujlh gx v|vwëph +814<, gì�qlh sdu =
.} Eg� ' �

2
]
/
gE%�u��u� _% +8153,

G*dxwuh sduw/ rq frqvlgëuh srxu xqh pdwulfh frqvwdqwh M 5 �E�c @c /�c xq v|vwëph
dqdorjxh ã +814,/ dxtxho rq dgmrlqw od píph frqglwlrq dx{ olplwhv } 5 M �

2 EY/� gx
sureoëph +814<, ;?

= �_�� dM uL o ' f _@?r /
L ' } r�o Y/ +8154,

Rq gì�qlw doruv o*ìqhujlh gx v|vwëph +8154, =
.} EM� ' �

2
]
/
MuL�uL _% +8155,

Od pìwkrgh frqvlvwh doruv ã wurxyhu xqh pdwulfh M 5 �E�c @c /� txl plqlplvh o*ìfduw
hqwuh o*ìqhujlh .} EM� hw o*ìqhujlh .} Eg� � Soxv suìflvìphqw/ rq fkhufkh ã uìvrxguh oh
sureoëph gh plqlplvdwlrq vxlydqw =

�?u
MM�E�c@c/�

d.} EM�� .} Eg�o2 � +8156,
Od pdwulfh M/ vroxwlrq gx sureoëph +8156,/ vhud doruv qrwìh gW hw uhsuìvhqwhud oh whqvhxu
ìtxlydohqw ã g vxu oh grpdlqh /�
Xqh dxwuh dssurfkh edvìh vxu od ylwhvvh gh �owudwlrq vhud ìjdohphqw gìyhorssìh1 Oh
sulqflsh jìqìudo hq hvw oh vxlydqw = Srxu oh sureoëph +814<, rq frqvwuxlw ã sduwlu gh od
ylwhvvh gh �owudwlrq oh yhfwhxu vxlydqw =

OV} Eg� ' �m/m
]
/
gE%�u� _% +8157,

hw rq dvvrflh dx sureoëph +8154, od txdqwlwì
OV} EM� ' �m/m

]
/
MuL _% +8158,

Rq rewlhqw gh fhwwh pdqlëuh od pr|hqqh ghv ylwhvvhv gh �owudwlrq ã o*ìfkhooh orfdoh hw
joredoh1 Oh sulqflsh hvw gh frpsduhu ghv judqghxuv/ lfl ohv ylwhvvhv gh �owudwlrq/ hq ohv
udphqdqw ã od píph ìfkhooh1 Oh soxv vlpsoh hvw doruv gh vh udphqhu ã o*ìfkhooh jurvvlëuh
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f*hvw srxtxrl rq fkhufkh ã plqlplvhu o*ìfduw hqwuh ohv yhfwhxuv ã o*ìfkhooh plfurvfrsltxh
hw pdfurvfrsltxh hq uìvroydqw oh sureoëph =

�?u
MM�E�c@c/�

���OV} EM�� OV} Eg����2 +8159,
rü m�m gìvljqh od qruph Hxfolglhqqh vxu U-_1
Oh plqlpxp gx sureoëph +8159, txl vhud qrwì gW uhsuìvhqwhud xq whqvhxu ìtxlydohqw ã
gc dx vhqv ghv ylwhvvhv/ gì�qlh vxu oh grpdlqh /�
Gdqv ohv fkdslwuhv txl vxlyhqw rq gìprqwuh txh ohv sureoëphv +8156, hw +8159, dgphw0
whqw xqh vroxwlrq/ pdlv txl hvw jìqìudohphqw qrq xqltxh1 Elhq txh o*xqlflwì gx whqvhxu
ìtxlydohqw qh vrlw sdv lpsruwdqwh rq lqwurgxlw xq qrpeuh �ql gh frqglwlrqv dx{ olplwhv
glvwlqfwhv txh o*rq dssoltxh dx{ sureoëphv +814<, hw +8154, d�q gh uìgxluh o*hqvhpeoh
ghv vroxwlrqv dx{ sureoëphv gh plqlplvdwlrq1 Od pìwkrgh frqvlvwh doruv ã plqlplvhu
od vrpph ghv ìfduwv ghv ìqhujlhv fruuhvsrqgdqw dx{ gl�ìuhqwhv frqglwlrqv dx{ erugv1
Srxu fh txl hvw ghv ylwhvvhv rq plqlplvh od vrpph ghv ìfduwv ghv ylwhvvhv pr|hqqhv vxu
oh grpdlqh /� F*hvw od pìwkrgh dyhf ohv ghx{ dvshfwv ìqhujlhv hw ylwhvvhv txl yd íwuh
gìyhorssìh pdlqwhqdqw1

818 Fdguh jìqìudo
D�q gh srxyrlu gìfuluh od pìwkrgh gh pdqlëuh jìqìudoh/ rq lqwurgxlw ohv qrwdwlrqv fl0
dsuëv1 Rq frqvlgëuh xqh pdlooh txhofrqtxh / � U-_ gx pdloodjh g|qdpltxh hw xq qrpeuh
hqwlhu 6 : f� Rq qrwh doruv sdu G xq ìoìphqw gh o*hvsdfh �M �

2 EY/��6 c grqw od l
e6e
frpsrvdqwh vhud qrwìh }�c � � � � 6 G

G 5 �M �
2 EY/��6 +815:,

Gdqv ohv pìwkrghv fodvvltxhv 6 ' _c rü _ hvw od glphqvlrq hq hvsdfh1 Gdqv od vxlwh/ rq
vh sodfh gdqv xq fdguh soxv jìqìudo rü o*rq shxw glvvrflhu oh qrpeuh gh frqglwlrqv dx{
olplwhv hw od glphqvlrq gh o*hvsdfh gh wudydlo1
Vrlhqw Y/ ' K�( ^ K�� / � � � � 6c rü K�( duhvs1 K�� o hvw xqh sduwlh gh od iurqwlëuh
vrxplvh ã xqh frqglwlrq dx{ olplwhv gh Glulfkohw duhvs1 Qhxpdqqo � Rq qrwhud P xq ìoì0
phqw gh o*hvsdfh surgxlw

�
M �

2
fcfEK�

(�� �
M �

2
ffEK�

��
�W�� �����

M �
2
fcfEK�(�� �

M �
2
ffEK�� �

�W��
��� � �

M �
2
fcfEK6(�� �

M �
2
ffEK6��

�W� � Od l
e6e frpsrvdqwh gh o*ìoìphqw P dssduwhqdqw ã
M �

2
fcfEK�(�� �

M �
2
ffEK�� �

�W vhud qrwì �}(� c }�� � G

P 5 6\
�'�

�
M �

2
fcfEK�(�� �

M �
2
ffEK���

�W� +815;,
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Ohv ìoìphqwv G hw P gì�qlvvhqw dlqvl xq qrpeuh �ql gh frqglwlrqv dx{ olplwhv1 Srxu
xq whqvhxu g dssduwhqdqw ã o*hqvhpeoh �Eb�c b2c /�/ rq lqwurgxlw xq whqvhxu frqvwdqw
M 5 �E�c @c /� hw xq hqvhpeoh gh irqfwlrqv Es���$�$6 5 u2 E/�1 Elhq txh oh fdv jìqìudo
sxlvvh íwuh wudlwì/ rq vxssrvh/ d�q gh vlpsol�hu ohv fdofxov/ txh ohv irqfwlrqv Es���$�$6vrqw lqgìshqgdqwhv ghv whqvhxuv g hw M 1

81814 Frqglwlrqv dx{ olplwhv gh Glulfkohw
Rq gìfulw pdlqwhqdqw ohv gl�ìuhqwv sureoëphv orfdx{ dlqvl txh ohv glyhuvhv txdqwlwìv txl
vhurqw xwlolvìhv srxu gì�qlu ohv pìwkrghv ìwxglìhv1
Vrlhqw ohv 6 sureoëphv gì�qlv sdu =

;?
= �_�� dgE%�u��o ' s� _@?r /

�� ' }� r�o Y/ � � � � 6� +815<,

Rq frqvlgëuh doruv ohv txdqwlwìv vxlydqwhv =
.(
�� Eg� ' �

2
]
/
gE%�u���u�� _%� ]

/
s���_% � � �c � � 6 +8163,

OV(
� Eg� ' �m/m

]
/
gE%�u�� _% � � � � 6� +8164,

Oruvtxh � ' � od txdqwlwì .(
�� Eg� q*hvw dxwuh txh o*ìqhujlh glvvlsìh gx v|vwëph +815<, hw

oh yhfwhxu OV(
� Eg� uhsuìvhqwh od ylwhvvh gh �owudwlrq pr|hqqh gdqv oh grpdlqh /�

G*dxwuh sduw/ rq frqvlgëuh ohv 6 sureoëphv vxlydqwv =
;?
= �_�� dM uL�o ' s� _@?r /

L� ' }� r�o Y/ � � � � 6 +8165,

dx{txhov rq dvvrflh .(
�� EM� hw OV(

� EM� grqqìv sdu =

.(
�� EM� ' �

2
]
/
M uL��uL� _%� ]

/
s�L� _% � � �c � � 6 +8166,

OV(
� EM� ' �m/m

]
/
M uL� _% � � � � 6� +8167,

81815 Frqglwlrqv dx{ olplwhv píoìhv
Gh od píph pdqlëuh txh suìfìghpphqw rq gì�qlw pdlqwhqdqw/ srxu ghv frqglwlrqv dx{
olplwhv píoìhv/ ohv sureoëphv orfdx{ dlqvl txh ohv txdqwlwìv txl yrqw lqwhuyhqlu gdqv od

485



irqfwlrqqhooh ã plqlplvhu1
Srxu ghv frqglwlrqv dx{ olplwhv píoìhv rq lqwurgxlw ohv 6 sureoëphv =

;AA?
AA=

�_�� dgE%�u`�o ' s� _@?r /
`� ' }(� r�o K�(

gu`��O? ' }�� r�o K��
� � � � 6� +8168,

Rq gì�qlh doruv =
.�
�� Eg� ' �

2
]
/
gE%�u`��u`� _%�]

K��

}�� `� _j�]
/
s�`� _% � � �c � � 6 +8169,

OV�
� Eg� ' �m/m

]
/
gE%�u`� _% � � � � 6� +816:,

Oruvtxh � ' � .�
�� Eg� uhsuìvhqwh o*ìqhujlh glvvlsìh gx v|vwëph +8168, hw OV�

� Eg� hvw od
ylwhvvh gh �owudwlrq pr|hqqh gdqv oh grpdlqh /�
Sdu dloohxuv/ rq frqvlgëuh ohv 6 sureoëphv gì�qlv sdu =

;AA?
AA=

�_�� dMu~�o ' s� _@?r /
~� ' }(� r�o K�(

Mu~��O? ' }�� r�o K��
� � � � 6 +816;,

dlqvl txh ohv txdqwlwìv .�
�� EM� hw OV�

� EM� =
.�
�� EM� ' �

2
]
/
Mu~��u~� _%� ]

K��

}�� ~� _j � ]
/
s�~� _% � � �c � � 6 +816<,

OV�
� EM� ' �m/m

]
/
Mu~� _% � � � � 6� +8173,

Oruvtxh o*rq fdofxoh ghv whqvhxuv gh shupìdelolwìv devroxhv ìtxlydohqwv/ o*remhfwli hvw
gh shuwxuehu oh prlqv srvvleoh o*ìfrxohphqw gx  xlgh srxu ghv frqglwlrqv dx{ olplwhv
grqqìhv1 Soxvlhxuv fulwëuhv shxyhqw íwuh xwlolvìv srxu gìwhuplqhu oh whqvhxu ìtxlydohqw1
Gdqv fh fkdslwuh rq v*lqwìuhvvh sulqflsdohphqw ã o*ìqhujlh hw ã od ylwhvvh gh �owudwlrq1

819 Plqlplvdwlrq g*xqh irqfwlrqqhooh ìqhujìwltxh
Vxlydqw ohv frqglwlrqv dx{ olplwhv dssoltxìhv dx{ sureoëphv orfdx{ rq gì�qlw ohv sure0
oëphv gh plqlplvdwlrq txl vhuylurqw ã fdofxohu oh whqvhxu ìtxlydohqw1 Gdqv oh exw gh
pdqlsxohu ghv judqghxuv sk|vltxhv rq gì�qlw ohv irqfwlrqqhoohv �ìqhujìwltxhv�/ qrwìhv U&
hw U}c sdu =

U& EM� '
6[

�c�'�

k.(
�� EM�� .(

�� Eg�l2 +8174,
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U} EM� '
6[

�c�'�

k.�
�� EM�� .�

�� Eg�l2 � +8175,
Rq frqvlgëuh doruv ohv sureoëphv g*rswlplvdwlrq =

�?u
MM�E�c@c/�

U& EM� +8176,
�?u

MM�E�c@c/�
U} EM� � +8177,

D sduwlu ghv sureoëphv +8176, hw +8177, rq gì�qlw fl0ghvvrxv oh whqvhxu ìtxlydohqw dvvrflì1
Gì�qlwlrq 81914 Srxu ghv frqglwlrqv dx{ olplwhv gh Glulfkohw rq glud tx*xq whqvhxu
gW 5 �E�c @c /� hvw ìtxlydohqw ã g vxu / dx vhqv gh o*ìqhujlh vl gW hvw vroxwlrq gx
sureoëph ED�e�� l1h1

U& EgW� ' �?u
MM�E�c@c/�

U& EM� � +8178,
Gì�qlwlrq 81915 Srxu ghv frqglwlrqv dx{ olplwhv píoìhv rq glud tx*xq whqvhxu gW 5
�E�c @c /� hvw ìtxlydohqw ã g vxu / dx vhqv gh o*ìqhujlh vl gW hvw vroxwlrq gx sureoëph
ED�ee� l1h1

U} EgW� ' �?u
MM�E�c@c/�

U} EM� � +8179,
Uhpdutxh 81916 Oh fkrl{ ghv frqwudlqwhv � hw @ gh o*hvsdfh �E�c @c /� ylhqw qdwxuhooh0
phqw gx idlw txh oh whqvhxu ìtxlydohqw txh o*rq fkhufkh ã fdofxohu hvw wrxmrxuv frpsulv
hqwuh ohv pr|hqqhv kduprqltxh hw dulwkpìwltxh +f1i1 +418, gx fkdslwuh 4,1

81: Plqlplvdwlrq g*xqh irqfwlrqqhooh edvìh vxu od ylwhvvh
Xqh dxwuh dssurfkh frqvlvwh ã xwlolvhu od pr|hqqh ghv ylwhvvhv gh �owudwlrq orfdohv hw
joredohv txl rqw xqh vljql�fdwlrq sk|vltxh elhq suìflvh srxu o*lqjìqlhxu jlvhphqw1
Rq gì�qlw doruv ohv irqfwlrqqhoohv/ qrwìhv a& hw a}c gh od idêrq vxlydqwh =

a& EM� '
6[
�'�

���OV(
� EM�� OV(

� Eg����2 +817:,

a} EM� '
6[
�'�

���OV�
� EM�� OV�

� Eg����2 +817;,
hw rq lqwurgxlw ohv sureoëphv g*rswlplvdwlrq =

�?u
MM�E�c@c/�

a& EM� +817<,
�?u

MM�E�c@c/�
a} EM� � +8183,

Vxlydqw ohv frqglwlrqv dx{ olplwhv/ oh whqvhxu ìtxlydohqw hvw doruv gì�ql frpph vxlw =
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Gì�qlwlrq 81:14 Srxu ghv frqglwlrqv dx{ olplwhv gh Glulfkohw rq glud tx*xq whqvhxu
gW 5 �E�c @c /� hvw ìtxlydohqw ã g vxu / dx vhqv ghv ylwhvvhv vl gW hvw vroxwlrq gx
sureoëph ED�eb� l1h1

a& EgW� ' �?u
MM�E�c@c/�

a& EM� � +8184,
Gì�qlwlrq 81:15 Srxu ghv frqglwlrqv dx{ olplwhv píoìhv rq glud tx*xq whqvhxu gW 5
�E�c @c /� hvw ìtxlydohqw ã g vxu / dx vhqv ghv ylwhvvhv vl gW hvw vroxwlrq gx sureoëph
ED�Df� l1h1

a} EgW� ' �?u
MM�E�c@c/�

a} EM� � +8185,
Dsuëv dyrlu lqwurgxlw ghv sureoëphv gh plqlplvdwlrq idlvdqw lqwhuyhqlu ghv irqfwlrq0

qhoohv edvìhv vxu o*ìqhujlh hw od ylwhvvh/ lo vhpeoh qdwxuho g*lqwurgxluh xqh dxwuh judqghxu
sk|vltxh txl hvw oh  x{1 Hq vxlydqw ohv píphv ìwdshv gìfulwhv suìfìghpphqw rq gì�qlw
xq sureoëph g*rswlplvdwlrq idlvdqw lqwhuyhqlu xqh irqfwlrqqqhooh edvìh vxu oh  x{1 Fhwwh
dssurfkh qh vhud sdv wudlwìh gdqv fhwwh wkëvh/ elhq tx*hooh qh vrxoëyh dxfxqh gl!fxowì
vxssoìphqwdluh sdu udssruw dx{ pìwkrghv edvìhv vxu o*ìqhujlh rx od ylwhvvh1 Gdqv oh
fkdslwuh 9 rq prqwuh wrxwhirlv fhuwdlqhv uhodwlrqv hqwuh od pìwkrgh gh plvh ã o*ìfkhooh
txl frqvlvwh ã plqlplvhu o*huuhxu gx  x{ hw od pìwkrgh ghv  x{ srxu ghv frqglwlrqv dx{
olplwhv sìulrgltxhv1

81; H{hpsohv 4G
Srxu looxvwuhu ohv ghx{ dssurfkhv/ rq dssoltxh ohv gl�ìuhqwhv pìwkrghv vxu xq fdv prqrgl0
phqvlrqqho1 Vrlhqw / ' o@c Kd xq rxyhuw eruqì txhofrqtxh gh U- hw g xq whqvhxu gh
shupìdelolwì dssduwhqdqw ã � Eb�c b2c /�1

81;14 Irqfwlrqqhooh ìqhujìwltxh
Gdqv xq suhplhu whpsv/ rq h{dplqh oh fdv gh od irqfwlrqqhooh ìqhujìwltxh hw gx sureoëph
+8178, fruuhvsrqgdqw ã od gì�qlwlrq 819141 Gdqv oh fdguh prqrglphqvlrqqho/ ohv sureoëphv
+815<, hw +8165, v*ìfulyhqw xqltxhphqw srxu � ' �/ txh o*rq rphw srxu dooìjhu ohv ìfulwxuhv1
Vrlhqw kf hw k� ghx{ qrpeuhv uìhov glvwlqfwv/ vl rq vxssrvh txh oh vhfrqg phpeuh s� hvw
qxo/ oh sureoëph +815<, ghylhqw =

;AAAA?
AAAA=

� _
_%

#
gE%�_�_%

$
' f _@?r o@c Kd

� E@� ' kf

� EK� ' k�

+8186,
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dyhf � od vroxwlrq ���
Gx sureoëph +8186, rq rewlhqw txh

gE%�_�_% ' � +8187,
rü � hvw xqh frqvwdqwh1
Hq pxowlsoldqw sdu _�

_% gh fkdtxh f÷wì gh o*ìjdolwì +8187,/ sxlv hq lqwìjudqw vxu o*rxyhuw
o@c Kd rq rewlhqw ] K

@
gE%�_�_%

_�
_% _% ' � Ek� � kf� � +8188,

G*dxwuh sduw/ hq glylvdqw o*ìjdolwì +8187, sdu g : fc fdu g 5 � Eb�c b2c /� c sxlv hq
lqwìjudqw vxu o*rxyhuw o@c Kd rq rewlhqw

Ek� � kf� ' �
] K

@
g3�E%� _% +8189,

g*rü � ' Ek� � kf�] K

@
g3�E%� _%

� Lo hvw doruv srvvleoh gh fdofxohu o*ìqhujlh .(
�� Eg� hq uhsruwdqw

od ydohxu gh � gdqv +8188, =

.(
�� Eg� ' �

2
]
/
gE%�_�_%

_�
_% _% ' Ek� � kf�2

2
#] K

@
g3�E%� _%

$3�
+818:,

Rq frqvlgëuh doruv oh sureoëph +8165, srxu M 5 �E�c @c /�� Hq 4G/ fh sureoëph v*ìfulw
vrxv od iruph vxlydqwh = ;AAAA?

AAAA=
� _
_%

#
M_L

_%
$
' f _@?r o@c Kd

LE@� ' kf

LEK� ' k�

+818;,

O*ìqhujlh .(
�� EM� hvw doruv ìjdoh ã =

.(
��EM� ' �

2
]
/
M_L

_%
_L
_% _% ' Ek� � kf�2M

2 EK� @� � +818<,
Od irqfwlrqqhooh U& E�� frqvlgìuìh hvw grqqìh sdu =

U& EM� ' k.(
�� EM��.(

�� Eg�l2 � +8193,
Rq fkhufkh grqf od vroxwlrq dx sureoëph +8176, txl v*ìfulw =

4�?
MM�E�c@c/�

U& EM� � +8194,
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Od irqfwlrq U& E�� ìwdqw frqwlqxh hw vwulfwhphqw frqyh{h vxu�E�c @c /�c oh sureoëph +8194,
dgphw xqh vroxwlrq xqltxh1 Hq gìulydqw gluhfwhphqw od irqfwlrqqhooh U& E�� sdu udssruw
ã Mc rq rewlhqw =

_U& EM�
_M '

3
CEk� � kf�2M

2 EK� @� � Ek� � kf�2
2

#] K

@
g3�E%� _%

$3�4D Ek� � kf�2
EK� @� � +8195,

4eo fdv = k� ' kf hw @ 9' K doruv srxu wrxw M 5 �E�c @c /�c U& EM� � f hw grqf wrxw
whqvhxu gh �E�c @c /� hvw vroxwlrq gx sureoëph +8194,1
5
e6e fdv = k� 9' kf hw @ 9' Kc g*rü rq d od fdudfwìulvdwlrq vxlydqwh =

_U& EM�
_M ' f +, M '

# �
EK� @�

] K

@
g3�E%� _%

$3�
� +8196,

Gh soxv
# �
EK� @�

] K

@
g3�E%� _%

$3� 5 �E�c @c /�c sdu frqvìtxhqw

gW '
# �
EK� @�

] K

@
g3�E%� _%

$3�
+8197,

hvw elhq o*xqltxh vroxwlrq gx sureoëph +8194,1 Gh soxv oh whqvhxu ìtxlydohqw gì�qlw sdu
+8197, dqqxoh od irqfwlrq frþw U& E�� �
Rq uhwurxyh dlqvl xq uìvxowdw elhq frqqx = od pr|hqqh kduprqltxh gh g hvw oh whqvhxu
ìtxlydohqw ã g vxu o*rxyhuw o@c Kd�

81;15 Irqfwlrqqhooh edvìh vxu od ylwhvvh
Rq dssoltxh pdlqwhqdqw od gì�qlwlrq 81:14 idlvdqw lqwhuyhqlu od irqfwlrqqhooh edvìh vxu od
ylwhvvh1 Dx sureoëph +8186, rq dvvrflh od pr|hqqh gx yhfwhxu ylwhvvh =

OV(
� Eg� ' �

EK� @�
] K

@
gE%�_�_% _%� +8198,

Hq xwlolvdqw +8187, hw +8189, rq rewlhqw
OV(
� Eg� ' Ek� � kf�

#] K

@
g3�E%� _%

$3�
� +8199,

Sdu dloohxuv dx sureoëph +818;, hvw dvvrflì OV(
� EM� gì�qlh sdu =

OV(
� EM� ' �

EK� @�
] K

@
M_L

_% _% ' Ek� � kf�
EK� @� M� +819:,

Od irqfwlrqqhooh a& E�� hvw grqqìh sdu =
a& EM� ' �OV(

� EM�� OV(
� Eg��2 � +819;,
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Vxlydqw od gì�qlwlrq 81:14/ rq fkhufkh od vroxwlrq dx sureoëph =
4�?

MM�E�c@c/�
a& EM� +819<,

Oh sureoëph +819<, dgphw xqh vroxwlrq xqltxh fdu od irqfwlrq a& EM� hvw frqwlqxh hw
vwulfwhphqw frqyh{h vxu �E�c @c /�1 Rq d =

_a& EM�
_M ' 2

3
CEk� � kf�

5
7 M
EK� @� �

#] K

@
g3�E%� _%

$3�68
4
D Ek� � kf�

EK� @� � +81:3,

4eo fdv = k� ' kf hw @ 9' K grqf srxu wrxw M 5 �E�c @c /�c a& EM� � f fh txl lpsoltxh
txh q*lpsruwh txho whqvhxu gh �E�c @c /� hvw vroxwlrq gx sureoëph +819<,1
5
e6e fdv = k� 9' kf hw @ 9' Kc rq rewlhqw od fdudfwìulvdwlrq =

_a& EM�
_M ' f +, M '

# �
EK� @�

] K

@
g3�E%� _%

$3�
� +81:4,

Hq rxwuh
# �
EK� @�

] K

@
g3�E%� _%

$3� 5 �E�c @c /�c grqf

gW '
# �
EK� @�

] K

@
g3�E%� _%

$3�
+81:5,

hvw o*xqltxh vroxwlrq dx sureoëph +819<, hw a& EgW� ' f�
Rq uhwurxyh elhq od pr|hqqh kduprqltxh gh g vxu o@c Kd 1

81< Hwxgh gh od irqfwlrqqhooh ìqhujìwltxh
Gdqv oh fdv pxowlglphqvlrqqho rq qh shxw h�hfwxhu ohv fdofxov gh pdqlëuh h{solflwh srxu
wurxyhu xq plqlpxp dx{ sureoëphv g*rswlplvdwlrq vhuydqw ã gì�qlu oh whqvhxu ìtxlydohqw1
Fhfl surylhqw gx idlw txh od vroxwlrq L� duhvs1 ~�o c � � � � 6c gx sureoëph +8165,
duhvs1 +816;,o hvw hq jìqìudo xqh irqfwlrq qrq olqìdluh gx whqvhxu M 5 �E�c @c /�� Sdu
frqvìtxhqw/ rq uìvrxw qxpìultxhphqw ohv sureoëphv gh plqlplvdwlrq d�q gh gìwhuplqhu oh
whqvhxu ìtxlydohqw gW1 Wrxwhirlv/ hw f*hvw o*remhw gx sdudjudskh txl vxlw/ lo hvw qìfhvvdluh
g*dyrlu ghv lqirupdwlrqv vxu od frqwlqxlwì hw od gl�ìuhqwldelolwì ghv irqfwlrqqhoohv U& hw
U}� Od frqwlqxlwì vhud xq ìoìphqw hvvhqwlho +elhq txh od vhpl0frqwlqxlwì lqiìulhxuh vrlw
vx!vdqwh, srxu v*dvvxuhu gh o*h{lvwhqfh g*xq plqlpxp dx sureoëph gh plqlplvdwlrq1
Txdqg ã od gl�ìuhqwldelolwì hooh vhud xwlolvìh srxu ohv fdofxov qxpìultxhv1
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81<14 Frqwlqxlwì
Frqglwlrqv dx{ olplwhv gh Glulfkohw
Sursrvlwlrq 81<14 Od irqfwlrqqhooh U& gì�qlh sdu ED�e�� hvw frqwlqxh vxu
E�E�c @c /�c mmm�mmm�1

Dydqw gh gìprqwuhu od sursrvlwlrq 81<14 rq d ehvrlq g*xq uìvxowdw frqqx srxu o*ìqhujlh
^84`/ txh o*rq ìwhqg lfl1
Sursrvlwlrq 81<15 Vrlhqw s� 5 u2E/� e| }� 5 M �

2 EY/�c � � � � 6� Rq vxssrvh txh
M0

C�$ Mfc doruv
�� R0�

M�E/���X Rf� idleoh � � � � 6
��� M0uR0�

Eu2E/��_��X MfuRf� idleoh � � � � 6
���� *�4

0<f

]
/
M0E%�uR0� �uR0� _% '

]
/
MfE%�uRf� �uRf� _% � � �c � � 6

rü R0� hvw od vroxwlrq gh
E��0�

;?
= �_�� dM0E%�uR0� o ' s� _@?r /

R0� ' }� r�o Y/ � � � � 6 +81:6,

hw
Rf� hvw od vroxwlrq gh

E��f�
;?
= �_�� dMfE%�uRf� o ' s� _@?r /

R0� ' }� r�o Y/ � � � � 6� +81:7,

Gìprqvwudwlrq =
Oh srlqw l, hvw od frqvìtxhqfh gluhfwh gh od gì�qlwlrq 41814 gh od J0frqyhujhqfh hw oh
srlqw ll, hvw xqh frqvìtxhqfh gh od sursrvlwlrq 418161 Fh vrqw ghv uìvxowdwv fodvvltxhv gh
od wkìrulh gh od J0frqyhujhqfh1 Fhwwh píph wkìrulh qrxv grqqh dxvvl od frqyhujhqfh ghv
ìqhujlhv =

*�4
0<f

]
/
M0E%�uR0� �uR0� _% '

]
/
MfE%�uRf� �uRf� _% � � � � 6

txl fruuhvsrqg grqf dx srlqw lll, srxu � ' �1 Lo uhvwh ã gìprqwuhu oh fdv � 9' ��
Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +81:6, hvw grqqìh sdu =

;AAA?
AAA=

R0� 5 M�E/�]
/
M0E%�uR0� �u� _% '

]
/
s�� _% ; � 5 M�

fE/�
R0� ' }� r�o Y/

� � � � 6� +81:8,
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Srxu wrxw � � � � 6c rq frqvlgëuh xqh irqfwlrq �� 5 M� E/� whooh txh �� ' }� vxu Y/�
Hq suhqdqw frpph irqfwlrq whvw �0� ' R0� � �� gdqv +81:8, rq d =
]
/
M0E%�uR0� �uR0� _% '

]
/
M0E%�uR0� �u�� _%n

]
/
s�ER0����� _% � � �c � � 6� +81:9,

Ru g*dsuëv l, hw ll, rq rewlhqw txh
*�4
0<f

]
/
M0E%�uR0� �uR0� _% '

]
/
MfE%�uRf� �u�� _%n

]
/
s�ERf� � ��� _% � � �c � � 6�

+81::,
Sdu dloohxuv xqh irupxodwlrq yduldwlrqqhooh gh +81:7, hvw grqqìh sdu =

;AAA?
AAA=

Rf� 5 M�E/�]
/
MfE%�uRf� �u� _% '

]
/
s�� _% ; � 5 M�

fE/�
Rf� ' }� r�o Y/

� � � � 6� +81:;,

Hq suhqdqw �f� ' Rf� � �� gdqv +81:;, rq rewlhqw =
]
/
MfE%�uRf� �uRf� _% '

]
/
MfE%�uRf� �u�� _%n

]
/
s�ERf����� _% � � �c � � 6� +81:<,

Sdu frqvìtxhqw hq xwlolvdqw +81::, hw +81:<, rq rewlhqw =
*�4
0<f

]
/
M0E%�uR0� �uR0� _% '

]
/
MfE%�uRf� �uRf� _% � � �c � � 6 �� +81;3,

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq 81<14
Gìprqvwudwlrq =

Vrlhqw EM0�0:f xqh vxlwh gh pdwulfh dssduwhqdqw ã �E�c @c /� hw Mf 5 �E�c @c /�� Rq
vxssrvh txh M0 frqyhujh yhuv Mf srxu od qruph mmm�mmm�
G*dsuëv od sursrvlwlrq 41817/ rq d txh M0

C�$ Mf� Dlqvl hq xwlolvdqw od sursulìwì lll, gh
od sursrvlwlrq 81<15 rq rewlhqw txh =

*�4
0<f

]
/
M0uR0� �uR0� _% '

]
/
MfuRf� �uRf� _% � � �c � � 6 +81;4,

rü R0� duhvs1 Rf� o hvw od vroxwlrq gh +81:6, duhvs1 ED�.e�o �
G*rü hq xwlolvdqw l, gh od sursrvlwlrq 81<15/ +BB, hw +81;4, rq d

*�4
0<f

�
2
]
/
M0uR0� �uR0�_%� ]

/
s�R0�_% ' �

2
]
/
MfuRf� �uRf�_%� ]

/
s�Rf�_% � � �c � � 6

+81;5,
l1h1

*�4
0<f

.(
�� EM0� ' .(

�� EMf� � � �c � � 6� +81;6,
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fh txl lpsoltxh txh

*�4
0<f

5
7 6[
�c�'�

�.(
�� EM0��.(

�� Eg��2
6
8 '

6[
�c�'�

�.(
�� EMf�� .(

�� Eg��2 +81;7,

f*hvw ã gluh
*�4
0<f

U& EM0� ' U& EMf� � +81;8,
Grqf/ od irqfwlrqqhooh U& hvw frqwlqxh ��

Frqglwlrqv dx{ olplwhv píoìhv
Rq gìprqwuh pdlqwhqdqw od frqwlqxlwì gh od irqfwlrqqhooh ìqhujìwltxh U} srxu ghv frq0
glwlrqv dx{ olplwhv píoìhv1

Sursrvlwlrq 81<16 Od irqfwlrqqhooh U} gì�qlh sdu ED�e2� hvw frqwlqxh vxu
E�E�c @c /�c mmm�mmm�1

Dydqw gh gìprqwuhu od sursrvlwlrq 81<16 rq d ìjdohphqw ehvrlq g*xq uìvxowdw frqqx
uhodwli ã od J0frqyhujhqfh hw txh o*rq udsshooh lfl1

Sursrvlwlrq 81<17 Vrlhqw s� 5 u2E/� hw �}(� c }�� � 5 M �
2
ffEK�(���

M �
2
ffEK���

�W c � � � � 6�
Rq vxssrvh txh M0

C�$ Mf/ doruv
�� �0

�

M�E/���X �f
� idleoh � � � � 6

��� M0u�0
�

Eu2E/��_��X Mfu�f
� idleoh � � � � 6

���� *�4
0<f

]
/
M0E%�u�0

� �u�0
� _% '

]
/
MfE%�u�f

� �u�f
� _% � � �c � � 6

+81;9,

rü �0
� hvw od vroxwlrq gh

E��0�
;AA?
AA=

�_�� dM0E%�u�0
� o ' s� _@?r /

�0
� ' }(� r�o K�(

M0u�0
� �O? ' }�� r�o K��

� � � � 6 +81;:,

hw
�f
� hvw od vroxwlrq gh

E��f�
;AA?
AA=

�_�� dMfE%�u�f
� o ' s� _@?r /

�f
� ' }(� r�o K�(

Mfu�f
� �O? ' }�� r�o K��

� � � � 6� +81;;,
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Gìprqvwudwlrq =
Od gìprqvwudwlrq uhsrvh vxu oh idlw txh od J0frqyhujhqfh hvw lqgìshqgdqwh ghv frqgl0
wlrqv dx{ olplwhv g*dsuëv od sursrvlwlrq 418181 Hq vxlydqw oh píph fkhplqhphqw txh od
gìprqvwudwlrq gh od sursrvlwlrq 81<15 rq rewlhqw doruv oh uìvxowdw vrxkdlwì ��

Gìprqvwudwlrq gh od sursrvlwlrq 81<16 =
Od gìprqvwudwlrq hvw lghqwltxh ã fhooh gh od sursrvlwlrq 81<14 hq xwlolvdqw ohv uìvxowdwv gh
od sursrvlwlrq 81<17 ��

81<15 H{lvwhqfh g*xq plqlpxp
Od frqwlqxlwì ghv irqfwlrqqhoohv U& hw U} shuphw g*dssruwhu xqh suhplëuh sursulìwì
frqfhuqdqw o*h{lvwhqfh g*xqh vroxwlrq dx{ sureoëphv gh plqlplvdwlrq1 Soxv suìflvìphqw/
rq d oh uìvxowdw txl vxlw1

Sursrvlwlrq 81<18 Oh sureoëph gh plqlplvdwlrq ED�e�� doerR� ED�ee�o dgphw dx prlqv
xq plqlpxp1

Gìprqvwudwlrq =
Od irqfwlrqqhooh U& doerR� U}o hvw frqwlqxh vxu oh ihupì eruqì �E�c @c /� g*dsuëv od
sursrvlwlrq 81<14 duhvs1 D�b��o � Grqf hooh dgphw dx prlqv xq plqlpxp vxu �E�c @c /�
��

81<16 Gl�ìuhqwldelolwì
Rq ìwxglh pdlqwhqdqw od gl�ìuhqwldelolwì sdu udssruw dx whqvhxu M ghv gl�ìuhqwhv irqf0
wlrqqhoohv lqwurgxlwhv dxsdudydqw1 Dyrlu xqh iruph h{solflwh gh od gl�ìuhqwlhooh hvw xqh
sursulìwì lpsruwdqwh/ qrwdpphqw g*xq srlqw gh yxh qxpìultxh/ fdu o*rq glvsrvh doruv
g*dojrulwkphv shuirupdqwv srxu fdofxohu oh plqlpxp1 Hq sduwlfxolhu vl s� ' fc � � � � 6
oh fdofxo ghv judglhqwv vh vlpsol�h ìqrupìphqw fh txl shuphw g*dyrlu ghv whpsv gh fdofxo
udslghv1 Rq h{dplqh hq suhplhu olhx oh fdv jìqìudo gh od irqfwlrqqhooh U& idlvdqw lqwhuyhqlu
ghv frqglwlrqv dx{ olplwhv gh Glulfkohw1

Frqglwlrqv dx{ olplwhv gh Glulfkohw
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Sursrvlwlrq 81<19 Od irqfwlrqqhooh U& gì�qlh sdu ED�e�� hvw gl�ìuhqwldeoh hw srxu wrxw
� � kc q � _/ rq d =
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+81;<,
rü L� hvw od vroxwlrq gx sureoëph ED��2� hw [� hvw od vroxwlrq gx sureoëph �dgmrlqw� gì�ql
sdu = ;?

= [� 5 M�
f E/��_�� dM u[�o ' s� _@?r / � � � � 6� +81<3,

Dydqw gh gìprqwuhu od sursrvlwlrq 81<19 rq lqwurgxlw ohv rsìudwhxuv �)���$�$. gì�qlvfl0dsuëv1 Fhv ghuqlhuv shuphwwhqw g*ìfuluh ohv gl�ìuhqwhv irqfwlrqqhoohv ìwxglìhv frpph
ghv frpsrvìhv g*rsìudwhxuv ìoìphqwdluhv idfloh ã pdqlsxohu1
Srxu wrxw whqvhxu M 5 �E�c @c /� rq gì�qlw ohv rsìudwhxuv E)����$�$6 hw E)�2��$�$6 sdu =

M )������$ uL� +81<4,
M )�2����$ L� +81<5,

rü L� hvw od vroxwlrq gx sureoëph +8165,1
Srxu wrxw �O�c O#�5 Eu2 E/��_ � Eu2 E/��_ rq gì�qlw )� hw )e sdu =

�O�c O#� )���$ MO��O# +81<6,
O� )e��$ MO� +81<7,

Rq vxssrvh hq rxwuh txh fkdtxh frpsrvdqwh ghv yhfwhxuv O� hw O# hvw gl�ìuhqwldeoh� Od
gì�qlwlrq ghv rsìudwhxuv )D hw E)�S��$�$6 srxu wrxw � 5 u2 E/� hvw grqqìh sdu =

� )D��$ ]
/
� _% +81<8,

496



� )�S��$ ]
/
s�� _% +81<9,

rü s� hvw o*xq ghv ìoìphqwv gh o*hqvhpeoh Es���$�$6 xwlolvìhv gdqv ohv sureoëphv +815<, hw
+8165,1 Hq�q/ rq lqwurgxlw o*rsìudwhxu )kq. gì�qlh sdu =

)kq. EL�c L�� ' YL�

Y%k
YL�

Y%q � � kc q � _ +81<:,

rü EL���$�$6 hvw od vroxwlrq gx sureoëph +8165,1
Od gìprqvwudwlrq gh od sursrvlwlrq 81<19 qìfhvvlwh soxvlhxuv uìvxowdwv lqwhupìgldluhv grq0
qìv fl0dsuëv1 Xqh sursulìwì lpsruwdqwh hvw gh frqqdñwuh od gìshqgdqfh sdu udssruw ã M
gh od vroxwlrq L� duhvs1 ~�o gx sureoëph +8165, duhvs1 ED��H�o1 Od uìsrqvh hvw grqqìh sdu
od sursrvlwlrq txl vxlw gþh ã Fkdyhqw ^54`1

Sursrvlwlrq 81<1: Vrlw xqh pdwulfh M 5 � Eb�c b2c /� hw s 5 u2 E/�1 Rq frqvlgëuh oh
sureoëph =

�_�� dME%�uL o ' s _@?r / +81<;,

dxtxho rq dgmrlqw ghv frqglwlrqv dx{ olplwhv txl shxyhqw íwuh gx w|sh Glulfkohw/ Qhxpdqq
rx píoìhv1
Doruv od vroxwlrq L gx sureoëph ED�bH� txl hvw xqh irqfwlrq qrq olqìdluh hq M hvw gh
fodvvh �" sdu udssruw ã M�

Od sursrvlwlrq fl0ghvvrxv ìwxglh od gl�ìuhqwldelolwì ghv rsìudwhxuv �)���$�$. lqwurgxlwvsuìfìghpphqw1
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Sursrvlwlrq 81<1; Ohv rsìudwhxuv �)���$�$. vrqw gl�ìuhqwldeohv hw srxu wrxw � � kc q �
_ rq d =

Y)�� EM�
YMkq

' u# YL�

YMkq

$
� � � � 6

Y)�2 EM�
YMkq

' YL�

YMkq

� � � � 6

Y)�

�O�c O#�
YMkq

' M
5
7 YO�
YMkq

O# n O� YO#
YMkq

6
8n

;?
= [k #q
[k #q n[q #k

r� k ' q
r� k 9' q

Y)e

�O��
YMkq

' M YO�
YMkq

n
;?
= [q Oik
[k Oiq n[q Oik

r� k ' q
r� k 9' q

()DE�� '
]
/
� _%

()�SE�� '
]
/
s�� _% � � � � 6

Y)kq. EL�c L��
YMkq

' Y
Y%k

# YL�

YMkq

$ YL�

Y%q n YL�

Y%k
Y

Y%q
# YL�

YMkq

$
� � �c � � 6�

+81<<,

Gìprqvwudwlrq =
Ohv �dssolfdwlrqv� )D hw E)�S��$�$6 ìwdqw ghv �dssolfdwlrqv� olqìdluhv �frqwlqxhv� hoohv
vrqw gl�ìuhqwldeohv hw hoohv vrqw ohxuv sursuhv gl�ìuhqwlhoohv1
G*dsuëv od sursrvlwlrq 81<1: rq d

Y)�2 EM�
YMkq

' YL�

YMkq
; � � � � 6� +81433,

Gh soxv frpph o*dssolfdwlrq � |�$ u� hvw olqìdluh hw frqwlqxh ;� 5 M� E/� rq rewlhqw =
Y)�� EM�
YMkq

' Y E| � )�2� EM�
YMkq

' |
%Y)�2 EM�

YMkq

&
' u# YL�

YMkq

$
� � � � 6� +81434,

Fkdtxh frpsrvdqwh gx frxsoh �O�c O#� ìwdqw gl�ìuhqwldeoh/ �o*dssolfdwlrq� )� hvw gl�ìuhq0
wldeoh sdu udssruw ã EMkq��$kcq$_ frpph frpsrvìh g*dssolfdwlrqv gl�ìuhqwldeohv1Rq d

Y)�

�O�c O#�
YMkq

' Y
YMkq

MO��O# ' Y
YMkq

3
C _[
�cB'�

M�B[B #�
4
D � � kc q � _� +81435,

g*rü
Y)�

�O�c O#�
YMkq

'
_[

�cB'�

M�B

% Y
YMkq

�[B #�
�&n

;?
= [k#q
[k #q n[q #k

r� k ' q
r� k 9' q � +81436,
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Hq gìyhorssdqw rq rewlhqw
Y)�

�O�c O#�
YMkq

'
_[

�cB'�

M�B

% Y[B

YMkq
#� n[B

Y#�
YMkq

&
n

;?
= [k #q
[k #q n[q #k

r� k ' q
r� k 9' q +81437,

fh txl lpsoltxh
Y)�

�O�c O#�
YMkq

' M
5
7 YO�
YMkq

O# n O� YO#
YMkq

6
8n

;?
= [k #q
[k #q n[q #k

r� k ' q
r� k 9' q � +81438,

G*dxwuh sduw rq d
Y)e

�O��
YMkq

' Y
YMkq

MO� ' Y
YMkq

#
_[

B'�

M�B [B

$
�$�$_

� � kc q � _ +81439,

g*rü
Y)e

�O��
YMkq

'
_[

B'�

#
M�B

Y[B

YMkq

$
�$�$_

n
;?
= [q Oik
[k Oiq n[q Oik

r� k ' q
r� k 9' q � � kc q � _

+8143:,
f*hvw ã gluh

Y)e

�O��
YMkq

' M YO�
YMkq

n
;?
= [q Oik
[k Oiq n[q Oik

r� k ' q
r� k 9' q � � kc q � _ +8143;,

Od ghuqlëuh uhodwlrq gh +81<<, hvw rewhqxh juåfh ã o*dssolfdwlrq gh od suhplëuh uhodwlrq gh
+81<<,1 ��

D�q gh pdqlsxohu od txdqwlwì gh edvh txl frpsrvh od irqfwlrqqhooh U& rq lqwurgxlw u(
��

gì�qlh sdu =
u(
�� EM� ' k.(

�� EM�� .(
�� Eg�l2 � � �c � � 6 +8143<,

rü .(
�� EM� duhvs� .(

�� Eg�o hvw grqqì sdu +8166, duhvs1 +8163,o1 Od irqfwlrqqhooh U& lqlwldoh
shxw vh uììfuluh vrxv od iruph

U& EM� '
_[

�c�'�

u(
�� EM� � +81443,

Rq ìwxglh doruv od gl�ìuhqwldelolwì gx whuph jìqìultxh u(
�� 1
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Sursrvlwlrq 81<1< Od irqfwlrqqhooh u(
�� hvw gl�ìuhqwldeoh hw srxu wrxw � � �c � � 6 hw

� � kc q � _ rq d =
Yu(

��EM�
YMkq

' 2 k.(
�� EM�� .(

�� Eg�l �
%�
2
]
/
M

#u# YL�

YMkq

$uL� nuL�u
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YMkq
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� ]
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YMkq
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AAA=
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YL�
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Y%q _% r� k ' q
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#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
$
_% r� k 9' q

6
:::8

+81444,

rü EL���$�$6 hvw od vroxwlrq gx sureoëph ED��2��

Gìprqvwudwlrq =
Srxu wrxw � � �c � � 6c oh whuph .(

�� EM� shxw v*ìfuluh frpph od frpsrvì ghv rsìudwhxuv�)���$�$S=
.(
�� EM� ' �

2
k)D � )�

�)�� EM� c )�� EM��l� )�S � )�2 EM� +81445,
Ru g*dsuëv od sursrvlwlrq 81<1; rq vdlw txh fkdtxh rsìudwhxu )� hvw gl�ìuhqwldeoh/ grqf
.(
�� EM� hvw gl�ìuhqwldeoh frpph frpsrvì g*rsìudwhxuv gl�ìuhqwldeohv1 Rq d =

Yu(
��EM�

YMkq

' 2 k.(
�� EM�� .(

�� Eg�l � Y.(
�� EM�

YMkq

� +81446,

Oh fdofxo gh od gl�ìuhqwlhooh uhylhqw grqf ã frqqdñwuh Y.(
�� EM�

YMkq
� G*dsuëv +81445, rq d =

Y.(
�� EM�

YMkq
' Y

YMkq
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2
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�)�� EM� c )�� EM��l� )�S � )�2 EM�
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+81447,
vrlw hqfruh
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' �
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Y
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k)D � )�

�)�� EM� c )�� EM��l� Y
YMkq

�)�S � )�2 EM�� � +81448,
Juåfh dx{ uìvxowdwv gh od sursrvlwlrq 81<1; rq d

Y
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$
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G*dxwuh sduw rq d
Y

YMkq

k)D � )�
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Ru hq xwlolvdqw od sursrvlwlrq 81<1; rq d txh
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Fh txl lpsoltxh �qdohphqw
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+81453,
Hq uìfdslwxodqw +81448, +81449, +8144:, hw +81453, rq rewlhqw txh
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# YL�
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+81454,

g*rü oh uìvxowdw dqqrqfì hq xwlolvdqw +81446, �1
Oh ghuqlhu uìvxowdw gh od sursrvlwlrq 81<1< qrxv lqgltxh vlpsohphqw txh u(

�� hvw gli0
iìuhqwldeoh1 Wrxwhirlv od irupxoh +81444,/ txl gìfulw od gl�ìuhqwlhooh/ qh shxw íwuh fdofxoìh
h{solflwhphqw fdu hooh gìshqg ghv yduldwlrqv gh od vroxwlrq L� sdu udssruw ãM/ txh o*rq qh
frqqdñw sdv1 D�q g*rewhqlu xqh gl�ìuhqwlhooh h{solflwh/ fh txl hvw o*remhw gh od sursrvlwlrq
txl vxlw/ rq lqwurgxlw xq sureoëph dgmrlqw txl shuphw gh v*d�udqfklu gh od gl�ìuhqwlhooh
gh L� sdu udssruw ã M�
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Sursrvlwlrq 81<143 Od gl�ìuhqwlhooh gh od irqfwlrqqhooh u(
�� gì�qlh sdu ED��fb� shxw

hqfruh v*ìfuluh srxu wrxw � � �c � � 6 hw � � kc q � _ =
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r� k 9' q

+81455,
rü L� hvw od vroxwlrq gx sureoëph ED��2� hw [� hvw od vroxwlrq gx sureoëph �dgmrlqw� gì�ql
sdu = ;?

= [� 5 M�
f E/��_�� dM u[�o ' s� _@?r / � � � � 6� +81456,

Dydqw gh gìprqwuhu od sursrvlwlrq 81<143 rq ìwdeolw ghx{ uìvxowdwv lqwhupìgldluhv1
Sursrvlwlrq 81<144 Vrlw EL���$�$6 od vroxwlrq gx sureoëph ED��2� doruv

YL�

YMkq
5 M�

fE/� � � � � 6
� � kc q � _� +81457,

Srxu gìprqwuhu od sursrvlwlrq 81<144/ rq d ehvrlq gh txhotxhv hvwlpdwlrqv d sulrul
txl irqw o*remhw gx surfkdlq ohpph1
Ohpph 81<145 Vrlhqw xqh vxlwh gh pdwulfh M0 5 � Eb�c b2c /� hw .(

�� EM0� gì�qlhv sdu=
.(
�� EM0� ' �

2
]
/
M0E%�uR0� �uR0� _%� ]

/
s�R0�_% � � �c � � 6 +81458,

rü od irqfwlrq ER0� ��$�$_ hvw od vroxwlrq gx sureoëph
;?
= �_�� dM0E%�uR0� o ' s� _@?r /

R0� ' }� r�o Y/ � � � � 6 +81459,

dyhf s� 5 u2 E/� hw }� 5 M �
2 EY/� � � � � 6� +8145:,
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Doruv rq d ohv hvwlpdwlrqv vxlydqwhv
���.(

�� EM0�
��� � � e| nR0�n�c/ � � � � �c � � 6 +8145;,

rü F hvw xqh frqvwdqwh lqgìshqgdqwh gh 0 hw gh od pdwulfh M0�
Gìprqvwudwlrq =

Vrlw �̀
� xqh irqfwlrq gh M� E/� whooh txh �f

� �̀
�

� ' }�
Rq srvh ` 0

� ' R0� � �̀
�� Oh sureoëph +81459, vh uììfulw vrxv od iruph =;?

= ` 0
� 5 M�

f E/��_�� kM0E%�u �` 0
� n �̀

�

�l ' s� gdqv / � � � � 6� +8145<,

Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +8145<, hvw grqqìh sdu =;A?
A=

` 0
� 5 M�

f E/�]
/
M0E%�u �` 0

� n �̀
�

�u� _% '
]
/
s�� _% ;� 5 M�

f E/� � � � � 6 +81463,

Hq suhqdqw � ' ` 0
� gdqv +81463, rq d =]

/
M0E%�u` 0

� �u` 0
� _% ' � ]

/
M0E%�u �̀

��u` 0
� _n

]
/
s�` 0

� _% +81464,
Ru M0 5 �Eb�c b2c /�/ s� 5 u2 E/� hw �̀

� 5 M� E/� g*rü lo h{lvwh xqh frqvwdqwh F lqgìshq0
gdqwh gh 0 hw gh M0 whooh txh

b� m` 0
� m2�c/ � � m` 0

� m�c/ n � n` 0
� nfc/ � +81465,

Hq xwlolvdqw o*lqìjdolwì gh Srlqfduuì rq rewlhqw=
b� m` 0

� m2�c/ � � m` 0
� m�c/ +81466,

rü od frqvwdqwh F hvw hqfruh lqgìshqgdqwh gh 0 hw gh M0� Grqf
m` 0

� m�c/ � �� +81467,
Rq rewlhqw doruv txh n` 0

� n�c/ � �� +81468,
G*dxwuh sduw nR0�n�c/ � n` 0

� n�c/ n ��� �̀
�

���
�c/

+81469,
hw fhfl srxu wrxwh irqfwlrq �̀

� 5 M� E/� whooh txh �f
� �̀

�

� ' }�� G*rü
nR0�n�c/ � n` 0

� n�c/ n n}�n �
2
cY/ +8146:,
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Sdu frqvìtxhqw juåfh ã +81468, rq d =
nR0�n�c/ � � n n}�n �

2
cY/ � +8146;,

Fh txl lpsoltxh ���.(
�� EM0�

��� � � �� +8146<,

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq 81<1441
Gìprqvwudwlrq =
Srxu 0 : fc rq lqwurgxlw od pdwulfh � 0 vxlydqwh =

E�0��# '

;AAAAA?
AAAAA=

0 srxu
;?
= � ' k

# ' q hw
;?
= � ' q

# ' k r� k 9' q
0 srxu � ' # ' k r� k ' q
f vlqrq

� � �c # � _ +81473,

Rq qrwh od pdwulfhM0 ' Mn�0c �0 ìwdqw gì�qlh gh pdqlëuh ã fh txhM0 5 �Eb�c b2c /��
Rq lqwurgxlw ohv sureoëphv =;?

= �_�� dM0 uL 0
� o ' s� _@?r /
L 0
� ' }� r�o Y/ � � � � 6� +81474,

Ru L� hvw od vroxwlrq gx sureoëph +8165, fh txl shuphw hq xwlolvdqw +81474, g*dyrlu =
_�� dM0 uL 0

� �M uL�o ' f +81475,
Rq rewlhqw doruv =

_��
�
M0 u�L 0

� � L�

0
��

' �_��
��M0 �M

0
� uL�

�
+81476,

Vxssrvrqv txh o*rq vrlw gdqv oh fdv rü k 9' q doruv +81476, vh uììfulw gh od pdqlëuh
vxlydqwh=
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::::::8 +81477,

g*rü =

]
/
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� � L�

0
�u� _% '

]
/
u

3
EEEEEEEEC
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f
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u� _% ;� 5 M�

f E/� +81478,
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Hq suhqdqw � ' L 0
� � L�

0 rq rewlhqw dsuëv pdmrudwlrqv =
����u�L 0

� � L�

0
�����

fc/
� �

b�
3
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/

#YL�

Y%k
$2

n
#YL�

Y%q
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4
D

�
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+81479,

Sdu frqvìtxhqw L 0
� � L�

0 ghphxuh gdqv xq eruqì �{h gh M� E/�1 G*dsuëv od sursrvlwlrq
81<1: rq vdlw txh ohv irqfwlrqv EL���$�$6 vrqw gl�ìuhqwldeohv sdu udssruw ã M hw grqf
YL�

YMkq
h{lvwh1 Fhod lpsoltxh txh

L 0
� � L�

0
M�E/���X YL�

YMkq
idleoh +8147:,

Frpph o*dssolfdwlrq wudfh �f gì�qlh gh M� E/� gdqv M �
2 EY/� hvw olqìdluh hw frqwlqxh rq

rewlhqw =
�f

�L 0
� � L�

0
�

M
�
2 EY/���X �f

# YL�

YMkq

$
idleoh� +8147;,

Sdu olqìdulwì rq d =
�f EL 0

� �� �f EL��
0

M
�
2 EY/���X �f

# YL�

YMkq

$
idleoh +8147<,

ru �f EL 0
� � ' }� hw �f EL�� ' }�c grqf =

YL�

YMkq

5 M�
f E/� � � � � 6

� � kc q � _ �� +81483,

Rq glvsrvh doruv pdlqwhqdqw gh wrxw ohv ìoìphqwv qìfhvvdluhv ã od gìprqvwudwlrq gh
od sursrvlwlrq 81<1431

Gìprqvwudwlrq =
Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +8165, hvw grqqìh sdu;AAA?

AAA=
L� 5 M�E/�]

/
MuL��u� _% '

]
/
s�� _% ; � 5 M�

fE/�
L� ' }� r�o Y/

� � � � 6� +81484,

Hq fkrlvlvvdqw � ' YL�

YMkq
c fh txl hvw xq fkrl{ orlvleoh g*dsuëv od sursrvlwlrq 81<144/ rq

rewlhqw = ]
/
MuL��u

# YL�

YMkq

$
_% '

]
/
s� YL�

YMkq
_% � � �c � � 6 +81485,
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g*rü hq xwlolvdqw od sursrvlwlrq 81<1< rq rewlhqw srxu � � �c � � 6 =

Yu(
��EM�

YMkq
' 2 k.(

�� EM�� .(
�� Eg�l �

%�
2
]
/
M

#u# YL�

YMkq

$uL� �uL�u
# YL�

YMkq

$$
_%

n
;AAA?
AAA=

�
2
]
/

YL�

Y%k
YL�

Y%q _% r� k ' q
�
2
]
/

#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
$
_% r� k 9' q

6
:::8

+81486,

Hq gìulydqw +81484, sdu udssruw ã EMkq��$kcq$_ rq d =

]
/
Mu# YL�

YMkq

$
�u� _% '

;AAA?
AAA=

� ]
/

YL�

Y%k
Y�
Y%q _% r� k ' q

�#]
/

YL�

Y%k
Y�
Y%q _%n

]
/

YL�

Y%q
Y�
Y%k _%

$
r� k 9' q

+81487,
srxu wrxw � 5 M�

f E/� � Fhwwh uhodwlrq hvw dftxlvh hq suhqdqw )�� EM�� � � gdqv +8144:,1
Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +81456, hvw grqqìh sdu =

;A?
A=

[� 5 M�
f E/�]

/
Mu[��u� _% '

]
/
MuL��u� _% ;� 5 M�

f E/� � � � � 6 +81488,

Hq suhqdqw � ' YL�

YMkq
gdqv +81488, rq d =

]
/
Mu[��u

# YL�

YMkq

$
_% '

]
/
MuL��u

# YL�

YMkq

$
_% � � �c � � 6� +81489,

Hq fkrlvlvvdqw � ' [� gdqv +81487, lo ylhqw

]
/
Mu# YL�

YMkq

$
�u[� _% '

;AAA?
AAA=

� ]
/

YL�

Y%k
Y[�

Y%q _% r� k ' q
� ]

/

#YL�

Y%k
Y[�

Y%q n YL�

Y%q
Y[�

Y%k
$

_% r� k 9' q
+8148:,
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srxw wrxw � � �c � � 6�
Hq xwlolvdqw +81486, +81489, hw +8148:, rq rewlhqw

Yu(
��EM�

YMkq
' k.(

�� EM�� .(
�� Eg�l �;AAAAAAAAAAAAAAA?

AAAAAAAAAAAAAAA=

%]
/

YL�

Y%k
YL�

Y%q _%n
]
/

YL�

Y%k
Y[�

Y%q _%� ]
/

YL�

Y%k
Y[�

Y%q _%
&

r� k ' q
%]

/

#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
$
_% n]

/

#YL�

Y%k
Y[�

Y%q n YL�

Y%q
Y[�

Y%k
$

_%� r� k 9' q]
/

#YL�

Y%k
Y[�

Y%q n YL�

Y%q
Y[�

Y%k
$

_%
&

��
+8148;,

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq lqlwldoh 81<19 juåfh dx{ glyhuv uìvxowdwv lqwhu0
pìgldluhv gìprqwuìv suìfìghpphqw1
Gìprqvwudwlrq =
G*dsuëv +8174,/ srxw wrxw � � kc q � _c rq d

YU& EM�
YMkq

' Y
YMkq

5
7 6[
�c�'�

k.(
�� EM�� .(

�� Eg�l2
6
8 +8148<,

Hq xwlolvdqw od sursrvlwlrq 81<1< rq vdlw txh u(
��EM� ' k.(

�� EM�� .(
�� Eg�l2 hvw gl�ìuhq0

wldeoh � � �c � � 6/ g*rü
YU& EM�
YMkq

'
6[

�c�'�

Y
YMkq

ku(
�� EM�l +81493,

Juåfh ã od sursrvlwlrq 81<143 rq rewlhqw �qdohphqw =
YU& EM�
YMkqE%� '

6[
�c�'�

k.(
�� EM�� .(

�� Eg�l �;AAAAAAAAAAAAAAA?
AAAAAAAAAAAAAAA=

%]
/

YL�

Y%k
YL�

Y%q _%n
#]

/

YL�

Y%k
Y[�

Y%q _%� ]
/

YL�

Y%k
Y[�

Y%q _%
$&

r� k ' q
%]

/

#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
$
_% n]

/

#YL�

Y%k
Y[�

Y%q n YL�

Y%q
Y[�

Y%k
$

_%� r� k 9' q]
/

#YL�

Y%k
Y[�

Y%q n YL�

Y%q
Y[�

Y%k
$

_%
&

fh txl hvw oh uìvxowdw uhfkhufkì ��
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Frqglwlrqv dx{ olplwhv píoìhv
Ohv frqglwlrqv dx{ olplwhv vrqw g*xqh lpsruwdqfh irqgdphqwdoh gdqv ohv sureoëphv gh
frqwu÷oh rswlpdo srvìv suìfìghpphqw1 F*hvw srxutxrl oh fdofxo gx judglhqw ghv gl�ìuhqwhv
irqfwlrqqhoohv gìshqg ghv frqglwlrqv dx{ olplwhv sulvh hq frpswh1 Rq h{sulph gdqv od
sursrvlwlrq txl vxlw od gl�ìuhqwldelolwì gh od irqfwlrqqhooh U} srxu ghv frqglwlrqv dx{
olplwhv píoìhv1

Sursrvlwlrq 81<146 Od irqfwlrqqhooh U} gì�qlh sdu ED�e2� hvw gl�ìuhqwldeoh hw srxu wrxw
� � kc q � _/ rq d =

YU} EM�
YMkk

'
6[

�c�'�

k.�
�� EM�� .�

�� Eg�l �
3
EEEC

]
/

Y~�

Y%k
Y~�

Y%q _%n
]
/

Y~�

Y%k
YX�

Y%q _%�]
/

Y~�

Y%k
YX�

Y%q _%

4
FFFD r� k ' q

YU} EM�
YMkq

'
6[

�c�'�

k.�
�� EM�� .�

�� Eg�l �
3
EEEEEEEEEC

]
/

#Y~�

Y%k
Y~�

Y%q n Y~�

Y%q
Y~�

Y%k
$
_% n]

/

#Y~�

Y%k
YX�

Y%q n Y~�

Y%q
YX�

Y%k
$

_%�]
/

#Y~�

Y%k
YX�

Y%q n Y~�

Y%q
YX�

Y%k
$

_%

4
FFFFFFFFFD

r� k 9' q

+81494,
rü ~� hvw od vroxwlrq gx sureoëph ED��H� hw X� hvw od vroxwlrq gx sureoëph �dgmrlqw� grqqì
sdu = ;AA?

AA=
X� 5 M�

fcK(
E/��_�� dM uX�o ' s� _@?r /

M uX��O? ' f r�o K��
� � � � 6� +81495,

Gìprqvwudwlrq =
Rq vxlw oh píph fkhplqhphqw txh srxu od gìprqvwudwlrq gh od sursrvlwlrq 81<19 hq
xwlolvdqw ohv uìvxowdwv ghv wurlv sursrvlwlrqv grqqìhv fl0ghvvrxv ��
D�q g*ìwxglhu xq whuph jìqìultxh gh U} rq lqwurgxlw od irqfwlrqqhooh u�

�� grqqìh sdu =

u�
�� EM� ' k.�

�� EM�� .�
�� Eg�l2 � � �c � � 6 +81496,

rü .�
�� EM� duhvs1 .�

�� Eg�o hvw gì�qlh sdu +816<, duhvs� +8169,o1
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Sursrvlwlrq 81<147 Od irqfwlrqqhooh u�
�� hvw gl�ìuhqwldeoh hw rq d

Yu�
�� EM�

YMkq
' 2 k.�

�� EM�� .�
�� Eg�l �%�

2
]
/
M

%u# Y~�

YMkq

$u~� nu~�u
# Y~�

YMkq

$&
_%

� ]
/
s�

# Y~�

YMkq

$
_%� ]

K��

}��
# Y~�

YMkq

$
_j

n
;AAA?
AAA=

�
2
]
/

Y~�

Y%k
Y~�

Y%q _% r� k ' q
�
2
]
/

#Y~�

Y%k
Y~�

Y%q n Y~�

Y%q
Y~�

Y%k
$
_% r� k 9' q

6
:::8

+81497,

srxu wrxw � � �c � � 6 hw � � kc q � _c E~���$�$6 ìwdqw od vroxwlrq gx sureoëph ED��H��
Gìprqvwudwlrq =

Lghqwltxh ã od gìprqvwudwlrq gh od sursrvlwlrq 81<1< ��
D�q g*ìolplqhu oh whuph

# Y~�

YMkq

$
gh od sursrvlwlrq 81<147 rq ìwdeolw oh uìvxowdw vxlydqw 1

Sursrvlwlrq 81<148 Oh judglhqw gh od irqfwlrqqhooh u�
�� shxw hqfruh v*ìfuluh =

Yu�
�� EM�

YMkk
' k.�

�� EM��.�
�� Eg�l �

3
EEEC

]
/

Y~�

Y%k
Y~�

Y%q _%n
]
/

Y~�

Y%k
YX�

Y%q _%�]
/

Y~�

Y%k
YX�

Y%q _%

4
FFFD r� k ' q

Yu�
�� EM�

YMkq
' k.�

�� EM��.�
�� Eg�l �

3
EEEEEEEEEC

]
/

#Y~�

Y%k
Y~�

Y%q n Y~�

Y%q
Y~�

Y%k
$
_% n]

/

#Y~�

Y%k
YX�

Y%q n Y~�

Y%q
YX�

Y%k
$

_% �]
/

#Y~�

Y%k
YX�

Y%q n Y~�

Y%q
YX�

Y%k
$

_%

4
FFFFFFFFFD

r� k 9' q

+81498,
rü ~� hvw od vroxwlrq gx sureoëph ED��H� hw X� hvw od vroxwlrq gx sureoëph dgmrlqw fl0
ghvvrxv = ;AA?

AA=
X� 5 M�

fcK(
E/��_�� dM uX�o ' s� _@?r /

M uX��O? ' f r�o K��
� � � � 6� +81499,

Gìprqvwudwlrq =
Rq vxlw od píph gìpdufkh txh od gìprqvwudwlrq gh od sursrvlwlrq 81<143/ hq xwlolvdqw od
sursrvlwlrq 81<149 ��
Oh uìvxowdw vxlydqw hvw o*dqdorjxh gh od sursrvlwlrq 81<144 pdlv dssoltxì ã ghv frqglwlrqv
dx{ olplwhv píoìhv1
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Sursrvlwlrq 81<149 Vrlw E~���$�$6 od vroxwlrq gx sureoëph ED��H� doruv
Y~�

YMkq
' f r�o K�( � � � � 6

� � kc q � _� +8149:,
Gìprqvwudwlrq =

Lghqwltxh ã od gìprqvwudwlrq gh od sursrvlwlrq 81<144 ��
Uhpdutxh 81<14: Vl ohv vhfrqgv phpeuhv s� vrqw wrxv qxov srxu wrxw � � � � 6c doruv
od gl�ìuhqwlhooh gh U& hw U} vh vlpsol�h hw rq q*d soxv ehvrlq gx sureoëph dgmrlqw1 Fhfl hvw
g*xqh judqgh lpsruwdqfh fdu gdqv ohv dssolfdwlrqv qxpìultxhv gh o*lqjìqlhulh sìwurolëuh
oh vhfrqg phpeuh hvw jìqìudohphqw qxo1 Soxv suìflvìphqw rq d oh uìvxowdw vxlydqw =
Sursrvlwlrq 81<14; Rq vxssrvh txh s� ' f srxu wrxw � � � � 6� Doruv od irqfwlrqqhooh
U& gì�qlh sdu ED�e�� hvw gl�ìuhqwldeoh hw srxu wrxw � � kc q � _/ rq d =

YU& EM�
YMkq

'
6[

�c�'�

k.(
�� EM��.(

�� Eg�l �
;AAA?
AAA=

]
/

YL�

Y%k
YL�

Y%q _% r� k ' q]
/

#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
$
_% r� k 9' q

+8149;,
Gìprqvwudwlrq =

Gdqv od gìprqvwudwlrq gh od sursrvlwlrq 81<143 rq d gluhfwhphqw txh =]
/
MuL��u

# YL�

YMkq

$
_% ' f ; � � �c � � 6 +8149<,

juåfh ã od uhodwlrq +81485, hw ã o*k|srwkëvh txh s� ' f srxu wrxw � � � � 6�
Hq xwlolvdqw doruv +81444, hw +8149<, rq rewlhqw ; � � �c � � 6 =

Yu(
��EM�

YMkq
' 2 k.(

�� EM�� .(
�� Eg�l �

;AAA?
AAA=

�
2
]
/

YL�

Y%k
YL�

Y%q _% r� k ' q
�
2
]
/

#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
$
_% r� k 9' q

+814:3,
Rq whuplqh doruv od gìprqvwudwlrq gh od píph pdqlëuh txh od sursrvlwlrq 81<19 ��
Sursrvlwlrq 81<14< Rq vxssrvh txh s� ' f hw }�� ' f srxu wrxw � � � � 6� Doruv od
irqfwlrqqhooh U} gì�qlh sdu ED�e2� hvw gl�ìuhqwldeoh hw rq d srxu wrxw � � kc q � _ =

YU} EM�
YMkq

'
6[

�c�'�

k.�
�� EM�� .�

�� Eg�l �
;AAA?
AAA=

]
/

Y~�

Y%k
Y~�

Y%q _% r� k ' q]
/

#Y~�

Y%k
Y~�

Y%q n Y~�

Y%q
Y~�

Y%k
$
_% r� k 9' q

+814:4,
Gìprqvwudwlrq =

Lghqwltxh ã od gìprqvwudwlrq gh od sursrvlwlrq 81<14; ��
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8143 Hwxgh gh od irqfwlrqqhooh edvìh vxu od ylwhvvh
Rq ìwxglh gdqv fh sdudjudskh ohv sursulìwìv gh frqwlqxlwì hw gh gl�ìuhqwldelolwì ghv irqf0
wlrqqhoohv a& hw a}c gì�qlhv sdu +817:, hw +817;, hw txl vrqw edvìhv vxu od pr|hqqh gx
yhfwhxu ylwhvvh gh �owudwlrq1 Hq vxlydqw oh píph sodq txh srxu o*ìwxgh ghv irqfwlrqqhoohv
ìqhujìwltxhv rq ìwdeolw ohv uìvxowdwv fl0dsuëv1

814314 Frqwlqxlwì
Frqglwlrqv dx{ olplwhv gh Glulfkohw
Sursrvlwlrq 814314 Od irqfwlrqqhooh a& gì�qlh sdu ED�e.� hvw frqwlqxh vxu
E�E�c @c /�c mmm�mmm� �

Gìprqvwudwlrq =
Vrlhqw EM0�0:f xqh vxlwh gh pdwulfhv dssduwhqdqw ã �E�c @c /� hw Mf 5 �E�c @c /�� Rq
vxssrvh txh EM0� frqyhujh yhuv Mf srxu od qruph mmm�mmm�
G*dsuëv od sursrvlwlrq 41817 rq d txh M0

C�$ Mf� Dlqvl hq xwlolvdqw od sursulìwì ll, gh od
sursrvlwlrq 81<15 rq rewlhqw txh ;Ô 5 Eu2E/��_

*�4
0<f

]
/
M0uR0� �Ô _% '

]
/
MfuRf� �Ô _% � � � � 6 +814:5,

rü R0� hvw od vroxwlrq gh Rf� hvw od vroxwlrq gh
E��0�

;?
= �_�� dM0uR0� o ' s� _@?r /

R0� ' }� r�o Y/ hw E��f�
;?
= �_�� dMfuRf� o ' s� _@?r /

R0� ' }� r�o Y/
+814:6,

Hq suhqdqw Ô ' Oi� gdqv +814:5, rq rewlhqw =
*�4
0<f

�]
/
M0uR0� _%

�
�
'

�]
/
MfuRf� _%

�
�

� � � � 6 hw � � � � _ +814:7,
g*rü

*�4
0<f

�OV(
� EM0�

�
�
' �OV(

� EMf�
�
�

� � � � 6 hw � � � � _� +814:8,
Hq xwlolvdqw +814:8, rq rewlhqw

*�4
0<f

���OV(
� EM0�� OV(

� Eg����2 ' ���OV(
� EMf�� OV(

� Eg����2 � � � � 6 +814:9,
fh txl lpsoltxh

*�4
0<f

6[
�'�

���OV(
� EM0�� OV(

� Eg����2 ' 6[
�'�

���OV(
� EMf�� OV(

� Eg����2 +814::,
f*hvw ã gluh

*�4
0<f

a& EM0� ' a& EMf� � +814:;,
Sdu frqvìtxhqw od irqfwlrqqhooh a& hvw frqwlqxh ��
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Frqglwlrqv dx{ olplwhv píoìhv
Sursrvlwlrq 814315 Od irqfwlrqqhooh a} gì�qlh sdu ED�eH� hvw frqwlqxh vxu
E�E�c @c /�c mmm�mmm� �

Gìprqvwudwlrq =
Od gìprqvwudwlrq hvw lghqwltxh ã od gìprqvwudwlrq gh od sursrvlwlrq 814314/ hq xwlolvdqw
ohv uìvxowdwv gh od sursrvlwlrq 81<17 ��

814315 H{lvwhqfh g*xq plqlpxp
O*h{lvwhqfh g*xq plqlpxp dx{ sureoëphv gh plqlplvdwlrq +817<, hw +8183, hvw doruv lp0
pìgldwh1
Sursrvlwlrq 814316 Oh sureoëph gh plqlplvdwlrq ED�eb� doerR� ED�Df�o dgphw dx prlqv
xq plqlpxp1

Gìprqvwudwlrq =
Od irqfwlrqqhooh a& doerR� a}o hvw frqwlqxh vxu oh ihupì eruqì �E�c @c /� juåfh ã od
sursrvlwlrq 814314 duhvs1 814315o/ grqf hooh dgphw dx prlqv xq plqlpxp vxu �E�c @c /�
��

814316 Gl�ìuhqwldelolwì
Hq xwlolvdqw od píph gìpdufkh txh oruv gh o*ìwxgh gh od irqfwlrqqhooh ìqhujìwltxh/ rq
prqwuh txh ohv irqfwlrqqhoohv a& hw a} vrqw gl�ìuhqwldeohv1

Frqglwlrqv dx{ olplwhv gh Glulfkohw
Sursrvlwlrq 814317 Od irqfwlrqqhooh a& gì�qlh sdu ED�e.� hvw gl�ìuhqwldeoh hw rq d =

Ya& EM�
YMkq

'
6[
�'�

5
999999999999997

2m/m
_[

#'�

��OV(
� EM��

#
� �OV(

� Eg��
#

� �

;AAAAAAAAAAAAAA?
AAAAAAAAAAAAAA=

]
/

YL�

Y%q _% r� k ' q ' #
]
/

YL�

Y%q _% r�
;?
= k 9' q

# ' k
]
/

YL�

Y%k_% r�
;?
= k 9' q

# ' q
f vlqrq

6
::::::::::::::8

+814:<,
rü EL���$�$6 hvw od vroxwlrq gx sureoëph ED��2�1
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Od gìprqvwudwlrq gh od sursrvlwlrq 814317 v*h�hfwxh hq soxvlhxuv ìwdshv suìvhqwìhv
fl0dsuëv1 Rq lqwurgxlw od irqfwlrqqhooh 8(

� gì�qlh sdu =
8(
� EM� ' ���OV(

� EM�� OV(
� Eg����2 +814;3,

rü OV(
� EM� duhvs1 OV(

� Eg�o hvw grqqì sdu +8167, duhvs� +8164,o�
Od suhplëuh ìwdsh frqvlvwh doruv ã ìwxglhu oh whuph jìqìultxh 8(

� gh od irqfwlrqqhooh a&�
Sursrvlwlrq 814318 Od irqfwlrqqhooh 8(

� hvw gl�ìuhqwldeoh hw ; � � � � 6/ rq d =

Y8(
� EM�

YMkq
' 2m/m

_[
#'�

��OV(
� EM��

#
� �OV(

� Eg��
#

� �

;AAAAAAAAAAAAAA?
AAAAAAAAAAAAAA=

]
/

YL�

Y%q _% r� k ' q ' #
]
/

YL�

Y%q _% r�
;?
= k 9' q

# ' k
]
/

YL�

Y%k_% r�
;?
= k 9' q

# ' q
f vlqrq

+814;4,
Gìprqvwudwlrq =

Oh whuph OV(
� EM� shxw v*ìfuluh frpph od frpsrvìh ghv rsìudwhxuv �)���$�$. G

OV(
� EM� ' �m/m

k)D � )e � )��EM�l +814;5,

G*dsuëv od sursrvlwlrq 81<1; rq vdlw txh fkdtxh rsìudwhxu �)���$�$. hvw gl�ìuhqwldeoh/
grqf OV(

� EM� hvw gl�ìuhqwldeoh frpph frpsrvì g*rsìudwhxuv gl�ìuhqwldeohv1 Rq d =
Y8(

� EM�
YMkq

' 2
_[

#'�

��OV(
� EM��

#
� �OV(

� Eg��
#

� Y �OV(
� EM��

#

YMkq
� +814;6,

Oh fdofxo gh od gl�ìuhqwlhooh uhylhqw grqf ã frqqdñwuh Y �OV(
� EM��

#

YMkq
� Gh +814;5, rq shxw

ìfuluh
Y �OV(

� EM��
#

YMkq
' �m/m Y

YMkq

�)D � )e � )��EM��
#

� � # � _� +814;7,
Ru

Y
YMkq

�)D � )e � )��EM��
#
' ()D

# Y
YMkq

�)e � )��EM��
#

$
� � # � _ +814;8,
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pdlv +81<<, lpsoltxh
()D

# Y
YMkq

�)e � )��EM��
#

$
'

]
/

Y
YMkq

�)e � )��EM��
#
_% � � # � _� +814;9,

Hq xwlolvdqw od sursrvlwlrq 81<1; rq d srxu � � # � _
]
/

Y
YMkq

E)e � )��EM��# _% '
]
/

#
MY)��EM�

YMkq

$
#

_%

n

;AAAAAAAAAAAAA?
AAAAAAAAAAAAA=

]
/
E)��EM��q _% r� k ' q ' #]

/
E)��EM��q _% r�

;?
= k 9' q

# ' k
]
/
E)��EM��k r�

;?
= k 9' q

# ' q
f vlqrq

+814;:,

fh txl ghylhqw

]
/

Y
YMkq

�)e � )��EM��
#
_% '

]
/

#
MY)��EM�

YMkq

$
#

_%n

;AAAAAAAAAAAAAA?
AAAAAAAAAAAAAA=

]
/

YL�

Y%q _% r� k ' q ' #
]
/

YL�

Y%q _% r�
;?
= k 9' q

# ' k
]
/

YL�

Y%k_% r�
;?
= k 9' q

# ' q
f vlqrq

+814;;,
Ilqdohphqw rq rewlhqw txh

Y8(
� EM�

YMkq
' 2m/m
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#'�

��OV(
� EM��

#
� �OV(

� Eg��
#

� �
5
999999999999997

]
/
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Mu# YL�

YMkq
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#

_%n

;AAAAAAAAAAAAAA?
AAAAAAAAAAAAAA=

]
/

YL�

Y%q _% r� k ' q ' #
]
/

YL�

Y%q _% r�
;?
= k 9' q

# ' k
]
/

YL�

Y%k_% r�
;?
= k 9' q

# ' q
f vlqrq

6
::::::::::::::8
�

+814;<,

Hwdqw grqqì txh oh whqvhxu M 5 �E�c @c /� hvw frqvwdqw vxu / rq d txh _��EMOi#� ' f� D
o*dlgh g*xqh irupxoh gh Juhhq rq d doruv]

/
MOi#u� _% ' f ;� 5 M�

f E/� +814<3,
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Hq fkrlvlvvdqw � ' YL�

YMkq
gdqv +814<3, rq rewlhqw txh

]
/

#
Mu# YL�

YMkq

$$
#

_% ' f +814<4,
Ilqdohphqw juåfh ã +814;<, hw +814<4, rq wurxyh +814;4, ��

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq 8143171
Gìprqvwudwlrq =
G*dsuëv +817:, rq d

Ya& EM�
YMkq

' Y
YMkq

%
6[
�'�

���OV(
� EM�� OV(

� Eg����2
&
� +814<5,

Hq xwlolvdqw od sursrvlwlrq 814318 rq vdlw txh ���OV(
� EM�� OV(

� Eg����2 hvw gl�ìuhqwldeoh g*rü
rq d Ya& EM�

YMkq
'

6[
�'�

Y
YMkq

k8(
� EM�l +814<6,

hw rq rewlhqw +814:<, ��
Uhpdutxh 814319 Frqwudluhphqw ã od irqfwlrqqhooh ìqhujìwltxh oh fdofxo gh od gl�ìuhq0
wlhooh gh a& gdqv oh fdv jìqìudo qh qìfhvvlwh sdv od uìvroxwlrq g*xq sureoëph dgmrlqw1
Frqglwlrqv dx{ olplwhv píoìhv
Frqfhuqdqw ohv frqglwlrqv dx{ olplwhv píoìhv rq glvsrvh g*xq uìvxowdw dqdorjxh ã od
sursrvlwlrq 814317 srxu od gl�ìuhqwldelolwì1
Sursrvlwlrq 81431: Od irqfwlrqqhooh a} gì�qlh sdu ED�eH� hvw gl�ìuhqwldeoh hw srxu
wrxw � � kc q � _ rq d G

Ya} EM�
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'
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�'�
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# ' q
f vlqrq

6
:::::::::::::::8

+814<7,
rü ~� hvw od vroxwlrq gx sureoëph ED��H��
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Rq vxlw ohv píphv ìwdshv gh od gìprqvwudwlrq gh od sursrvlwlrq 814317 hq xwlolvdqw od
sursrvlwlrq fl0ghvvrxv1
Sursrvlwlrq 81431; Vrlw od irqfwlrqqhooh 8�

� gì�qlh sdu =
8�
� EM� ' ���OV�

� EM�� OV�
� Eg����2 � � � � 6 +814<8,

rü OV�
� EM� doerR1 OV�

� Eg�o hvw gì�qlh sdu ED��e� doerR� ED����o� Doruv 8�
� hvw gl�ìuhqwldeoh

hw srxu wrxw � � � � _ rq d =

Y8�
� EM�
YMkq

' 2m/m
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#'�

��OV�
� EM��

#
� �OV�

� Eg��
#

� �

;AAAAAAAAAAAAAA?
AAAAAAAAAAAAAA=

]
/
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Y%q _% r� k ' q ' #
]
/

Y~�

Y%q _% r�
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= k 9' q

# ' k
]
/

Y~�

Y%k_% r�
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= k 9' q

# ' q
f vlqrq

+814<9,
Gìprqvwudwlrq =

Lghqwltxh ã od gìprqvwudwlrq gh od sursrvlwlrq 814318�

8144 Dojrulwkph gh fdofxo
Rq ìqrqfh pdlqwhqdqw o*dojrulwkph shuphwwdqw gh fdofxohu gdqv xq grpdlqh txhofrqtxh
/ xq whqvhxu gh shupìdelolwì gW 5 � E�c @c /� ìtxlydohqw ã g 5 � Eb�c b2c /� hq suhqdqw
hq frpswh ghv frqglwlrqv dx{ olplwhv txhofrqtxhv srxu ohv sureoëphv orfdx{� O*dojrulwkph
gh fdofxo vh gìfrpsrvh hq soxvlhxuv ìwdshv txh o*rq suìvhqwh srxu oh sureoëph +8178, txl
idlw lqwhuyhqlu od irqfwlrqqhooh ìqhujìwltxh1

814414 Irqfwlrqqhooh ìqhujìwltxh
Srxu ghv frqglwlrqv dx{ olplwhv gh Glulfkohw rq uìvrxw g*derug ohv sureoëphv orfdx{
+815<,1 Ohv pr|hqqhv dulwkpìwltxh hw kduprqltxh gh g vrqw gìwhuplqìhv d�q gh �{hu
ohv frqwudlqwhv k hw d gh o*hqvhpeoh ghv whqvhxuv dgplvvleohv � E�c @c /� � Juåfh dx{
vroxwlrqv ghv sureoëphv +815<, rq fdofxoh doruv ohv txdqwlwìv .(

�� Eg� c � � �c � � 6� Gdqv
xq ghx{lëph whpsv rq lqlwldolvh xq whqvhxu frqvwdqw Mf 5 �E�c @c /� sdu xq whqvhxu
frpsulv hqwuh ohv frqwudlqwhv suìfìghpphqw fdofxoìhv1 Rq uìvrxw hqvxlwh ohv sureoëphv
+8165, dyhf oh whqvhxu frqvwdqw lqlwldolvì ã Mf hw rq fdofxoh ohv txdqwlwìv .(

�� EMf� c � �
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�c � � 6� Od wurlvlëph ìwdsh frqvlvwh ã fdofxohu od ydohxu gh od irqfwlrqqhooh U& EMf� '
6S

�c�'�

k.(
�� EMf�� .(

�� Eg�l2 dlqvl txh vrq judglhqw dyhf od irupxoh +81;<,1 Vl U& EMf� ' f
doruv Mf hvw xq whqvhxu ìtxlydohqw ã gc vlqrq xqh qrxyhooh gluhfwlrq gh ghvfhqwh hvw
fdofxoìh1 Dlqvl rq rewlhqw xq qrxyho lwìuì M�c ã sduwlu gxtxho rq uìvrxw ã qrxyhdx ohv
sureoëphv +8165,1 Rq h�hfwxh o*ìwdsh 6 dxwdqw gh irlv txh qìfhvvdluh mxvtx*ã rewhqlu xq
plqlpxp dx sureoëph +8178,1
O*dojrulwkph v|qwkìwltxh gh fdofxo vh suìvhqwh vrxv od iruph vxlydqwh =

4 0 Uìvroxwlrq ghv sureoëphv +815<,
5 0 Fdofxov gh .(

�� Eg� � � �c � � 6
6 0 Lqlwldolvdwlrq ghv frqwudlqwhv
7 0 Lqlwldolvdwlrq gh Mf

8 0 Idluh mxvtx*ã wurxyhu oh plqlpxp gx sureoëph +8178,
d, Uìvroxwlrq ghv sureoëphv +8165,
e, Fdofxov gh .(

�� EM?� � � �c � � 6
f, Fdofxov gh U&EM?� hw gh vrq judglhqw
g, Fdofxo gh od gluhfwlrq gh ghvfhqwh

9 0 gW ' M?

Srxu ghv frqglwlrqv dx{ olplwhv píoìhv o*dojrulwkph hvw lghqwltxh1
Uhpdutxh 814414 Od srvvlelolwì gh fkhufkhu oh whqvhxu K gdqv o*hvsdfh � E�c @c /� odlvvh
ehdxfrxs gh vrxsohvvh1 Rq shxw hq sduwlfxolhu uhfkhufkhu xq whqvhxu gldjrqdo/ hq lp0
srvdqw dx{ whuphv h{wudgldjrqdx{ gx whqvhxu M g*íwuh qxov1 Fhfl shxw íwuh xq dydqwdjh
gh od pìwkrgh fdu fhuwdlqv vlpxodwhxuv lqgxvwulhov dfwxhov qh suhqqhqw sdv hq frpswh ghv
whqvhxuv sohlq gh shupìdelolwì1

814415 Irqfwlrqqhooh edvìh vxu od ylwhvvh
O*dojrulwkph gh fdofxo srxu xqh irqfwlrqqhooh edvìh vxu od ylwhvvh hvw sudwltxhphqw oh
píph txh srxu od pìwkrgh dyhf od irqfwlrqqhooh ìqhujìwltxh1 Gdqv o*dojrulwkph suìfìghqw
lo vx!w gh uhpsodfhu ohv txdqwlwìv

.(
�� Eg� � � �c � � 6 R@o OV(

� Eg� � � � � 6
.(
�� EM?� � � �c � � 6 R@o OV(

� EM?� � � � � 6
hw U&EM?� R@o a&EM?�

Srxu oh fdofxo gx judglhqw gh od irqfwlrqqhooh a&EM?� rq xwlolvh od irupxoh +814:<,1
Srxu ghv frqglwlrqv dx{ olplwhv píoìhv o*dojrulwkph hvw lghqwltxh hq fkrlvlvvdqw ohv irqf0
wlrqqhoohv/ oh judglhqw dlqvl txh ohv sureoëphv dx{ olplwhv fruuhvsrqgdqw/ dx{ fdv ghv
frqglwlrqv dx{ olplwhv píoìhv/ ìqrqfìhv suìfìghpphqw1
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Fkdslwuh 9
Sursulìwìv gx whqvhxu ìtxlydohqw
rewhqx dyhf ghv frqglwlrqv dx{
olplwhv txhofrqtxhv
Gdqv fh fkdslwuh rq suìvhqwh fhuwdlqhv sursulìwìv ghv pìwkrghv gh plvh ã o*ìfkhooh ghv
shupìdelolwìv devroxhv ìqrqfìhv dx fkdslwuh suìfìghqw1 Rq dssoltxh g*derug ohv pìwkrghv
gx fkdslwuh 8 srxu ohv frqglwlrqv dx{ olplwhv sduwlfxolëuhv xwlolvìhv gdqv ohv pìwkrghv
qxpìultxhv fodvvltxhv1 Rq uhwurxyh dlqvl ohv uìvxowdwv gh od pìwkrgh g*krprjìqìlvdwlrq
dyhf ghv frqglwlrqv dx{ erugv olqìdluhv/ frq�qìhv/ sìulrgltxhv dlqvl txh ohv uìvxowdwv
gh o*krprjìqìlvdwlrq vwrfkdvwltxh1 Gh soxv/ rq ìwdeolw xq olhq hqwuh od pìwkrgh gh
plqlplvdwlrq gh o*huuhxu gx  x{ hw od pìwkrgh edvìh vxu o*ìjdolwì ghv  x{ srxu ghv
frqglwlrqv dx{ olplwhv sìulrgltxhv1 Hqvxlwh/ rq h{dplqh gl�ìuhqwhv sursulìwìv gh od
pìwkrgh gh plvh ã o*ìfkhooh lqwurgxlwh dx fkdslwuh 81 Rq prqwuh hq sduwlfxolhu oh uìvxowdw
lpsruwdqw gh vwdelolwì srxu od J0frqyhujhqfh1 Vrxv fhuwdlqhv frqglwlrqv rq prqwuh sdu
dloohxuv txh od vroxwlrq ghv sureoëphv g*rswlplvdwlrq idlvdqw lqwhuyhqlu od irqfwlrqqhooh
ìqhujìwltxh hvw xqltxh1 Hq�q ghv hvwlpdwlrqv g*huuhxuv dlqvl txh od frqyhujhqfh gx
whqvhxu ìtxlydohqw vrqw ìjdohphqw gìprqwuìv1

914 Lqwurgxfwlrq
Ohv gl�ìuhqwhv pìwkrghv lqwurgxlwhv gdqv oh fkdslwuh suìfìghqw irxuqlvvhqw xq whqvhxu
ìtxlydohqw txhotxh vrlhqw ohv frqglwlrqv dx{ olplwhv jìqìudohv dssoltxìhv dx{ sureoëphv
orfdx{1 Lo hvw grqf qdwxuho gh vh srvhu od txhvwlrq = txho whqvhxu rewlhqw0rq dyhf fhv
pìwkrghv srxu ohv frqglwlrqv dx{ olplwhv fodvvltxhv B Od suhplëuh sduwlh gh fh fkdslwuh
hvw hqwlëuhphqw gìglì ã fh sureoëph ^;8`1 Sdu dloohxuv oh whqvhxu rewhqx dyhf ohv pìwkrghv
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gx fkdslwuh 8 gìshqg ghv frqglwlrqv dx{ olplwhv dssoltxìhv vxu ohv erugv gx grpdlqh /1
Rq ìwxglh doruv o*lq xhqfh gh fhv frqglwlrqv dx{ olplwhv oruvtxh od wdlooh gx grpdlqh /
ghylhqw judqgh sdu udssruw ã od wdlooh ghv kìwìurjìqìlwìv1 O*ìwxgh gh od vwdelolwì gh od
pìwkrgh srxu od J0frqyhujhqfh shuphwwud gh uìsrqguh ã fh sureoëph1 Lqyhuvhphqw/ rq
shxw ìjohphqw h{dplqhu oh frpsruwhphqw gx whqvhxu ìtxlydohqw oruvtxh od wdlooh gx gr0
pdlqh whqg yhuv }ìur hq ìwxgldqw od frqyhujhqfh gh o*dssur{lpdwlrq gx whqvhxu ìtxlydohqw1
Gdqv oh fkdslwuh suìfìghqw qrxv dyrqv prqwuì txh ohv gl�ìuhqwv sureoëphv g*rswlplvdwlrq
vhuydqw ã gì�qlu oh whqvhxu ìtxlydohqw srvvëghqw dx prlqv xqh vroxwlrq1 Qrxv whuplqrqv
doruv fh fkdslwuh hq ìwxgldqw od txhvwlrq gh o*xqlflwì gh od vroxwlrq1

915 Qrwdwlrqv
Vrlw EUcI c >� xq hvsdfh suredelolvì rü U gìvljqh o*hvsdfh ghv uìdolvdwlrqv/ I xqh wulex
hw > xqh suredelolwì1 Gdqv oh surfkdlq sdudjudskh oh fdguh gh o*krprjìqìlvdwlrq vwr0
fkdvwltxh vhud derugì1 Srxu fhod lo v*dyëuh xwloh g*lqwurgxluh ohv hvsdfhv qrwìv sdu dexv
gh odqjdjh u2 EU� � u2 EUcI c >� hw M� EU� � M� EUcI c >� � Rq gì�qlw doruv ohv hvsdfhv
ghv irqfwlrqv gìulydqw g*xq srwhqwlho/ dlqvl txh ghv vroìqròghv =

u2
rJ, EU� '

�
� 5 �u2 EU��_ c gly � ' f gdqv U-_

�
+914,

u2
RJ| EU� ' U-_ � qu�c � 5 M� EU�r +915,

Fhod shuphw gh gì�qlu ohv hqvhpeohv =
Y2
RJ| '

�
� 5 �u2

RJ| EU��_ c ]
,
� _> ' f

�
+916,

Y2
rJ, '

�
� 5 �u2

rJ, EU��_ c ]
,
� _> ' f

�
+917,

Rq d doruv od gìfrpsrvlwlrq gh Zh|o*v =
�u2 EU��_ ' Y2

RJ| � Y2
rJ, � U-_ ' Y2

RJ| � �u2
rJ, EU��_ +918,

916 Fdv sduwlfxolhuv lpsruwdqwv = pìwkrghv frxudp0
phqw xwlolvìhv hq lqjìqlhulh sìwurolëuh

Rq dssoltxh gdqv fh sdudjudskh ohv gl�ìuhqwhv pìwkrghv gìfulwhv dx fkdslwuh suìfìghqw
gdqv oh fdguh sduwlfxolhu ghv frqglwlrqv dx{ olplwhv olqìdluhv hw frq�qìhv1 Oh fdguh gh
o*krprjìqìlvdwlrq sìulrgltxh hw vwrfkdvwltxh hvw ìjdohphqw h{dplqì1 Srxu fkdtxh fodvvh
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gh frqglwlrqv dx{ olplwhv ìwxglìhv rq frqvlgìuhud od plqlplvdwlrq ghv irqfwlrqqhoohv lq0
wurgxlwhv suìfìghpphqw1 Rq ìwdeolw xqh uhodwlrq hqwuh ghx{ pìwkrghv edvìhv vxu ohv  x{
txl rqw ìwì udsshoìhv dx fkdslwuh suìfìghqw1 Rq whuplqh fh sdudjudskh hq udsshodqw vrxv
iruph gh wdeohdx ohv uìvxowdwv rewhqxv phwwdqw dlqvl hq ìylghqfh ohv uhodwlrqv hqwuh ohv
gl�ìuhqwhv pìwkrghv fodvvltxhv gh o*lqjìqlhulh sìwurolëuh1

91614 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ olplwhv olqìdluhv
Rq vh sodfh gdqv oh fdguh sduwlfxolhu gh od pìwkrgh g*krprjìqìlvdwlrq dyhf ohv frqglwlrqv
dx{ erugv olqìdluhv1 Oh qrpeuh gh sureoëphv orfdx{ hvw ìjdo ã od glphqvlrq gx sureoëph
rq d grqf 6 ' _� Rq frqvlgëuh o*ìoìphqw G gì�ql sdu +815:, dssduwhqdqw ã �M �

2 EY/��6
grqw od l
e6e frpsrvdqwh }� ' %� srxu wrxw � � � � _1 Hq�q rq suhqg s� ' f srxu wrxw
� � � � _�
Rq frqvlgëuh ohv sureoëphv vxlydqwv =;?

= �_�� dgE%�u��o ' f _@?r /
�� ' %� r�o Y/ � � � � _� +919,

Rq lqwurgxlw doruv ohv txdqwlwìv .(
�� Eg� hw OV(

� Eg� gì�qlhv sdu =
.(
�� Eg� ' �

2
]
/
gE%�u���u�� _% � � �c � � _ +91:,

OV(
� Eg� ' �m/m

]
/
gE%�u�� _% � � � � _� +91;,

Vrlw M 5 �E�c @c /� rq gì�qlw doruv ohv sureoëphv;?
= �_�� dMuL�o ' f _@?r /

L� ' %� r�o Y/ � � � � _ +91<,
dx{txhov rq dvvrflh .(

�� EM� hw OV(
� EM� grqqìv sdu =

.(
�� EM� ' �

2
]

/
MuL��uL� _% � � �c � � _ +9143,

OV(
� EM� ' �m/m

]
/
MuL� _% � � � � _� +9144,

Ru srxu wrxwh pdwulfh M 5 �E�c @c /� o*xqltxh vroxwlrq gx sureoëph +91<, hvw L� ' %�c
� � � � _� Dlqvl ohv txdqwlwìv .(

�� EM� c hw OV(
� EM� v*ìfulyhqw vrxv od iruph h{solflwh =

.(
�� EM� ' m/mM��

2 � � �c � � _ +9145,
OV(
� EM� ' M Oi� � � � � _� +9146,
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d, Irqfwlrqqhooh ìqhujìwltxh
Srxu fdofxohu oh whqvhxu ìtxlydohqw rq dssoltxh od gì�qlwlrq 81914 fruuhvsrqgdqw ã od
uhfkhufkh gh od vroxwlrq gx sureoëph =

�?u
MM�E�c@c/�

U& EM� +9147,
rü g*dsuëv +8174, U& hvw gì�qlh sdu =

U& EM� '
_[

�c�'�

k.(
�� EM�� .(

�� Eg�l2 � +9148,
Hq xwlolvdqw +9145,/ U& ghylhqw lfl =

U& EM� '
_[

�c�'�

% m/mM��

2 � .(
�� Eg�

&2
� +9149,

Rq vdlw g*dsuëv od sursrvlwlrq 81<18 txh oh sureoëph +9147, dgphw dx prlqv xqh vroxwlrq1
Hq rxwuh od irqfwlrqqhooh gìfulwh sdu +9149, hvw txdgudwltxh hq M�� hw qrq gìjìqìuìh/ fh
txl lpsoltxh tx*hooh hvw vwulfwhphqw frqyh{h1 Sdu frqvìtxhqw oh sureoëph +9147, dgphw
xqh vroxwlrq xqltxh1 Xq fdofxo gluhfw grqqh

YU& EM�
YM��

' 2
% m/mM��

2 � .(
�� Eg�

& m/m
2 � +914:,

Rq d doruv od fdudfwìulvdwlrq vxlydqwh
YU& EM�
YM��

' f +, % m/mM��

2 ' .(
�� Eg�

&
� +914;,

Fh txl vh uììfulw g*dsuëv +91:, vrxv od iruph
M�� ' �m/m

]
/
gE%�u���u�� _% � � �c � � _� +914<,

Ru od pdwulfh K gì�qlh sdu +914<, dssduwlhqw ã o*hvsdfh �E�c @c /� g*dsuëv od sursrvlwlrq
41714� Sdu frqvìtxhqw o*xqltxh vroxwlrq gx sureoëph gh plqlplvdwlrq +9147, hvw od pdwulfh
gW grqw oh whuph jìqìultxh hvw grqqì sdu

gW
�� ' �m/m

]
/
gE%�u���u�� _% � � �c � � _� +9153,

Rq uhwurxyh grqf ohv frh!flhqwv gh od pìwkrgh g*krprjìqìlvdwlrq dyhf ohv frqglwlrqv
dx{ erugv olqìdluhv1 Gh soxv rq d U& EgW� ' f fh txl vljql�h txh o*ìqhujlh glvvlsìh hvw
ìjdoh srxu oh whqvhxu g hw oh whqvhxu gW/ fh txl d ìwì gìprqwuì sdu Eûh ^46` dyhf xqh
wrxwh dxwuh pìwkrgh1 Rq frqvwdwh dxvvl txh ohv frqwudlqwhv qh mrxhqw sdv hw hq idlw

�?u
MM�E�c@c/�

U& EM� ' �?u
MM�Eb�cb2c/�

U& EM� ' �?u U& EM� � +9154,
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e, Irqfwlrqqhooh edvìh vxu od ylwhvvh
Rq xwlolvh pdlqwhqdqw od gì�qlwlrq 81:14 srxu fdofxohu oh whqvhxu ìtxlydohqw txl frqvlvwh
ã fkhufkhu od vroxwlrq gx sureoëph vxlydqw

�?u
MM�E�c@c/�

a& EM� +9155,
dyhf a& gì�qlh sdu

a& EM� '
_[
�'�

���OV(
� EM�� OV(

� Eg����2 +9156,
Juåfh ã +9146, rq d

a& EM� '
_[
�'�

���M Oi� � OV(
� Eg����2 +9157,

Fh txl hvw ìtxlydohqw ã
a& EM� '

_[
�c�'�

�M Oi��Oi� � OV(
� Eg� �Oi�

�2 +9158,
Rq uhpdutxh txh od irqfwlrqqhooh a& grqqìh sdu +9158, hvw txdgudwltxh hq M�� hw qrq
gìjìqìuìh/ fh txl lpsoltxh tx*hooh hvw vwulfwhphqw frqyh{h1 G*dxwuh sduw od sursrvlwlrq
814316/ qrxv lqgltxh txh oh sureoëph +9155, dgphw dx prlqv xqh vroxwlrq1 Dlqvl oh sure0
oëph +9155, dgphw xqh vroxwlrq xqltxh1 Hq gìulydqw gluhfwhphqw a& EM� sdu udssruw ã
EM����$��$_ rq rewlhqw =

Ya& EM�
YM��

' 2 �M�� � OV(
� Eg� �Oi�

� +9159,
g*rü rq d = Ya& EM�

YM��

' f +, M�� ' OV(
� Eg� �Oi� +915:,

fh txl grqqh
M�� ' �m/m

�]
/
gE%�u�� _%

�
�Oi� � � � � _� +915;,

D�q gh srxyrlu xwlolvhu +915;,/ rq ìwdeolw xqh uhodwlrq juåfh dx sureoëph +919,1
Xqh irupxodwlrq yduldwlrqqhooh gx sureoëph +919, hvw grqqìh sdu

;AAA?
AAA=

�� 5 M�E/�]
/
gE%�u���u� _% ' f ; � 5 M�

fE/�
�� ' %� r�o Y/

� � � � 6� +915<,

Hq suhqdqw frpph irqfwlrq whvw � ' �� � %�c gdqv +915<, rq rewlhqw]
/
gE%�u���u�� _% '

�]
/
gE%�u�� _%

�
�Oi� +9163,
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Sdu frqvìtxhqw/ hq xwlolvdqw +915;, hw +9163, rq uhwurxyh ohv frh!flhqwv gh od pìwkrgh
olqìdluh1 Rq rewlhqw ìjdohphqw txh od irqfwlrqqhooh a& EM� hvw qxooh srxu oh whqvhxu
ìtxlydohqw gì�qlw sdu +915;, hw txh ohv frqwudlqwhv gh o*hqvhpeoh ghv whqvhxu dgplvvleohv
�E�c @c /� q*lqwhuylhqqh sdv gdqv oh sureoëph gh plqlplvdwlrq +9155,1
f, Irqfwlrqqhooh  x{
Gdqv od pìwkrgh gh od plqlplvdwlrq gh o*huuhxu gx  x{/ Jdoorxîw hw Jxìuloorw lqwurgxlvhqw
od irqfwlrqqhooh vxlydqwh =

8& EM� '
_[

�'�

�]
Y/

dEM uL� �gE%�u��� �O?o2 _j
�

+9164,

dlqvl txh oh sureoëph gh plqlplvdwlrq =
�?u
MM�

8& EM� +9165,
rü � hvw o*hvsdfh jìqìudo ghv pdwulfhv fduuìhv frqvwdqwhv vxu /�
Gdqv od vxlwh gh fh sdudjudskh 8& vhud xwlolvìh srxu ìwdeolu xq olhq hqwuh od pìwkrgh gh
plqlplvdwlrq gh o*huuhxu gx  x{ hw od pìwkrgh gh o*ìjdolwì ghv  x{ srxu ghv frqglwlrqv dx{
olplwhv sìulrgltxhv1 Srxu ohv sureoëphv orfdx{ +919, hw +91<, oh sureoëph gh plqlplvdwlrq
+9165, fruuhvsrqg ã od pìwkrgh gh plqlplvdwlrq gh o*huuhxu gx  x{ gìfulwh dx fkdslwuh
81 D�q gh yrlu ohv sduwlfxodulwìv gh fhwwh pìwkrgh sdu udssruw ã od qrxyhooh dssurfkh
suìvhqwìh gdqv oh fkdslwuh 8 rq gìwdlooh ohv fdofxov1
Srxu wrxwh pdwulfh M 5 � o*xqltxh vroxwlrq gx sureoëph +91<, hvw L� ' %�c � � � � _c
g*rü rq rewlhqw

8& EM� '
_[

�'�

�]
Y/

dM Oi��O?�gE%�u���O?o2 _j
�
� +9166,

Hq gìyhorssdqw +9166, rq d

8& EM� '
_[

�'�

5
7]

Y/

%
_S
,'�

M,�?,
&2

_j � 2
]
Y/

%
_S
,'�

M,�?,
&
gE%�u���O? _j

n
]

Y/
dgE%�u���O?o2 _j

� +9167,

Frpph gdqv oh fdv gh od irqfwlrqqhooh ìqhujìwltxh/ od irqfwlrqqhooh +9167, hvw vwulfwhphqw
frqyh{h1 Oh sureoëph +9165, dgphw sdu frqvìtxhqw xqh vroxwlrq xqltxh1 Hq gìulydqw sdu
udssruw ã M lo ylhqw =
Y8& EM�
YM��

' 2
]
Y/

#%
_[
,'�

M,�?,
&
?� � ?�

%
_[
,'�

EgE%�u���, �?,
&$

_j � � �c � � _� +9168,
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Ru vl o*rq fkhufkh oh srlqw txl dqqxoh oh judglhqw lo vx!w gh uìvrxguh oh v|vwëph olqìdluh
vxlydqwv =

]
Y/

#%
_[
,'�

M,�?,
&
?� � ?�

%
_[
,'�

EgE%�u���, �?,
&$

_j ' f � � �c � � _� +9169,
Vl oh grpdlqh / hvw xq uhfwdqjoh rx xq sdudooìoìslsëgh gurlw oh judglhqw +9168, ghylhqw
doruv Y8& EM�

YM��

' 2
]
Y/

�M��?2
� � EgE%�u���� �?2

�

� _j � � �c � � _� +916:,
G*rü rq rewlhqw od irupxoh h{solflwh vxlydqwh =

M�� ' �]
Y/
?2
� _j

]
Y/

EgE%�u���� �?2
� _j +916;,

F*hvw oh whqvhxu ìtxlydohqw rewhqx sdu Jdoorxîw hw Jxìuloorw1 Qrwrqv txh fh whqvhxu q*hvw
sdv irufìphqw v|pìwultxh1

91615 Krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ olplwhv frq�qìhv
Rq vh sodfh pdlqwhqdqw gdqv oh fdguh sduwlfxolhu gh od pìwkrgh g*krprjìqìlvdwlrq dyhf
ghv frqglwlrqv dx{ erugv frq�qìhv/ rü s� ' f srxu wrxw � � � � _ hw 6 ' _1 Od sduwlwlrq
gh od iurqwlëuh gx grpdlqh / vh gìfrpsrvh hq ghx{ sduwlhv K�f hw K��/ � � � � _� Rq
d K�( ' K�f ^ K�� rü K�f hw K�� uhsuìvhqwhqw ohv ghx{ idfhv ruwkrjrqdohv ã o*d{h %�c srxu
wrxw � � � � _� F*hvw ã gluh txh K�f doerR� K��o hvw od iurqwlëuh gx grpdlqh uìjxolhu /c
dssduwhqdqw dx sodq g*ìtxdwlrq %� ' @� doerR� %� ' K�o � Rq qrwh K�� ' Y/ � K�(� Od l
e6e
frpsrvdqwh gh P gì�qlh sdu +815;, hvw frqvwuxlwh gh od pdqlëuh vxlydqwh

}(� '
;?
= R�f r�o K�f

R�� r�o K��
}�� ' f r�o K��

� � � � _�

rü R�� 5 U-n
W c srxu wrxw � � � � _ hw f � � � ��

Vxlydqw +8168,/ +8169, hw +816:, rq frqvlgëuh ohv sureoëphv
;AAAAA?
AAAAA=

�_�� dgE%�u`�o ' f _@?r /
`� ' R�f r�o K�f
`� ' R�� r�o K��

gu`��O? ' f r�o K��
� � � � _ +916<,

dlqvl txh ohv txdqwlwìv vxlydqwhv =
.�
�� Eg� ' �

2
]
/
gE%�u`��u`� _% � � �c � � _ +9173,
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OV�
� Eg� ' �m/m

]
/
gE%�u`� _% � � � � _� +9174,

Srxu xq whqvhxu M 5 �E�c @c /� gldjrqdo/ rq frqvlgëuh doruv ohv sureoëphv vxlydqwv;AAAAA?
AAAAA=

�_�� dMu~�o ' f _@?r /
~� ' R�f r�o K�f
~� ' R�� r�o K��

Mu~��O? ' f r�o K��
� � � � _ +9175,

dx{txhov rq dvvrflh .�
�� EM� hw OV�

� EM� gì�qlhv gh od pdqlëuh vxlydqwh =
.�
�� EM� ' �

2
]
/
Mu~��u~� _% � � �c � � _ +9176,

OV�
� EM� ' �m/m

]
/
Mu~� _% � � � � _� +9177,

O*xqltxh vroxwlrq gx sureoëph +9175, hvw grqqì sdu
~� ' K� � %�

u�
R�f n %� � @�

u�
R�� � � � � _ +9178,

rü u� ' K� � @�c � � � � _�
Rq shxw doruv fdofxohu

.�
�� EM� ' �

2
]
/
M

#R�� � R�f
u�

$
Oi��

#R�� � R�f
u�

$
Oi� _% +9179,

hw
OV�
� EM� '

#R�� � R�f
u�

$
M Oi�� +917:,

Ru od pdwulfh M 5 �E�c @c /� hvw gldjrqdoh/ rq rewlhqw doruv o*h{suhvvlrq h{solflwh =

.�
�� EM� '

;AA?
AA=

m/mM��

2
#R�� � R�f

u�

$2

r� � ' �
f r� � 9' �

+917;,

d, Irqfwlrqqhooh ìqhujìwltxh
Frpph lqgltxì gdqv od gì�qlwlrq 81915/ rq frqvlgëuh doruv oh sureoëph

�?u
MM�E�c@c/�

e| M��'f vl ��'�
U} EM� +917<,

rü U} hvw gì�qlh sdu=
U} EM� '

6[
�c�'�

k.�
�� EM�� .�

�� Eg�l2 � +9183,
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D sduwlu gh +917;, hw sdu xq fdofxo gluhfw rq rewlhqw
YU} EM�
YM��

' 2
5
7 m/mM��

2
#R�� � R�f

u�

$2 �.�
�� Eg�

6
8 m/m

2
#R�� � R�f

u�

$2

+9184,
fh txl frqgxlw ã

YU} EM�
YM��

' f +, M�� ' 2m/m
# u�

R�� � R�f
$2

.�
�� Eg� +9185,

g*rü
M�� ' �m/m

# u�

R�� � R�f
$2 ]

/
gE%�u`��u`� _% � � �c � � _� +9186,

D�q g*ìfuluh +9186, vrxv od iruph g*xqh ylwhvvh gh �owudwlrq rq frqvlgëuh od irupxodwlrq
yduldwlrqqhooh gx sureoëph +916<, txl hvw grqqìh sdu =;AAAAAA?

AAAAAA=

`� 5 M�E/�]
/
gE%�u`��u� _% ' f ; � 5 M�

fcK(
E/�

`� ' R�f r�o K�f
`� ' R�� r�o K��

� � � � _� +9187,

rü o*rq udsshooh txh M�
fcK(

E/� ' i� 5 M� E/� who txh �f E�� ' f vxu K(j �
Hq suhqdqw � ' `� �

#K� � %�
u�

R�f n %� � @�
u�

R��
$
gdqv +9187, rq rewlhqw

]
/
gE%�u`��u`� _% '

]
/
gE%�u`��

#R�� � R�f
u�

$
Oi� _% +9188,

Sdu frqvìtxhqw hq xwlolvdqw +9186, hw +9188, rq rewlhqw
M�� ' u�

ER�� � R�f�
# �m/m

]
/
gE%�u`� _%

$
�Oi� � � � � _� +9189,

Oh whqvhxu M gì�ql sdu +9189, dssduwlhqw ã �E�c @c /�� Fhfl vh gìprqwuh gh od píph
pdqlëuh txh srxu od sursrvlwlrq 417141 Grqf o*xqltxh vroxwlrq gx sureoëph +917<, hvw oh
whqvhxu gW gì�ql sdu

gW
�� '

;AA?
AA=

u�

ER�� � R�f�
# �m/m

]
/
gE%�u`� _%

$
�Oi� r� � ' �

f r� � 9' �
� � �c � � _� +918:,

Rq uhwurxyh dlqvl ohv uìvxowdwv gh od pìwkrgh gx prgh frq�qì1 Gh soxv U} EgW� ' f hw
grqf o*ìqhujlh glvvlsìh fruuhvsrqgdqwh dx whqvhxu g hvw ìjdoh ã o*ìqhujlh glvvlsìh fdofxoì
dyhf oh whqvhxu gW� Hq�q ohv frqwudlqwhv txl lpsrvhqw txh oh whqvhxu gW vrlw frpsulv
hqwuh ohv pr|hqqhv kduprqltxh hw dulwkpìwltxh vrqw vdwlvidlwhv pdlv q*hqwuh sdv hq mhx
oruv gh od plqlplvdwlrq hw o*rq d =

�?u
MM�E�c@c/�

U} EM� ' �?u
MM�Eb�cb2c/�

U} EM� ' �?u U} EM� � +918;,
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e, Irqfwlrqqhooh edvìh vxu od ylwhvvh
Hq xwlolvdqw od gì�qlwlrq 81:15 rü od irqfwlrqqhooh a} hvw gì�qlh sdu

a} EM� '
6[
�'�

���OV�
� EM�� OV�

� Eg����2 +918<,
rq lqwurgxlw oh sureoëph

�?u
MM�E�c@c/�

e| M��'f vl ��'�
a} EM� +9193,

D sduwlu +917:, hw +918<, rq d od gìfrpsrvlwlrq vxlydqwh =

a} EM� '
6[

�c�'�
� �'�

##R�� � R�f
u�

$
M�� � OV�

� Eg� �Oi�
$2

+9194,

Od vwulfwh frqyh{lwì gh a} hw od sursrvlwlrq 814316 qrxv dvvxuh txh oh sureoëph +9193,
dgphw xqh vroxwlrq xqltxh1 Hq gìulydqw sdu udssruw ã M�� rq rewlhqw

Ya} EM�
YM��

' f +, M�� ' u�

ER�� � R�f�
OV�
� Eg� �Oi� � � � � _� +9195,

Hq xwlolvdqw +9174, rq derxwlw ã =
M�� ' u�

ER�� � R�f�
# �m/m

]
/
gE%�u`� _%

$
�Oi� � � � � _� +9196,

Ilqdohphqw rq uhwurxyh oh whqvhxu ìtxlydohqw gh od pìwkrgh g*krprjìqìlvdwlrq dyhf ghv
frqglwlrqv dx{ erugv frq�qìhv1
f, Irqfwlrqqhooh  x{
Rq fkhufkh pdlqwhqdqw od vroxwlrq gx sureoëph vxlydqw=

�?u
MM�E�c@c/�

e| M��'f vl ��'�
8& EM� +9197,

rü 8& EM� hvw gì�qlh sdu

8& EM� '
_[
�'�

�]
Y/

dEM u~� �gE%�u`�� �O?o2 _j
�

+9198,
G*dsuëv +9178, rq rewlhqw

8& EM� '
_[
�'�

3
C]

Y/

%##R�� � R�f
u�

$
M Oi� �gE%�u`�

$
�O?

&2
_j

4
D +9199,
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Hq gìyhorssdqw +9199, rq rewlhqw

8& EM� '
_[
�'�

5
7]

Y/

%#R�� � R�f
u�

$
M��?�

&2
_j

�2
]
Y/

%#R�� � R�f
u�

$
M��?�

&
_j

]
Y/

gE%�u`��O? _j
n

]
Y/

dgE%�u`��O?o2 _j
�

+919:,

Frpph gdqv ohv fdv suìfìghqw oh sureoëph +9197, dgphw xqh vroxwlrq xqltxh1 Hq fdofxodqw
oh judglhqw sdu udssruw ã M rq rewlhqw srxu wrxw � � � � _ =
Y8& EM�
YM��

' 2
#R�� � R�f

u�

$2

M��

]
Y/
?2
� _j � 2

#R�� � R�f
u�

$]
Y/

EdgE%�u`��O?o?�� _j +919;,
Oh grpdlqh ìwdqw xq fduuì rx xq fxeh/ oh judglhqw v*ìfulw hqfruh

Y8& EM�
YM��

' 2
#R�� � R�f

u�

$%#R�� � R�f
u�

$
M�� mK�f ^ K��m

n
]

K�f

EgE%�u`��O?� _j � ]
K��

EgE%�u`��O?� _j
& � � � � _ +919<,

Oh whqvhxu txl dqqxoh od gl�ìuhqwlhooh hvw doruv grqqì sdu od irupxoh vxlydqwh
M�� ' u�

mK�f ^ K��m ER�� � R�f�
%]

K��

EgE%�u`��O?� _j � ]
K�f

EgE%�u`��O?� _j
&

� � � � _
+91:3,

Sdu frqvìtxhqw o*xqltxh vroxwlrq dx sureoëph gh plqlplvdwlrq +9197, hvw oh whqvhxu gW

txl dqqxoh od irqfwlrqqhooh 8& E�� grqw oh whuph jìqìultxh srxu wrxw � � �c � � _c hvw
grqqì sdu =

gW
�� '

;AA?
AA=

u�

mK�f ^ K��m ER�� � R�f�
%]

K��

EgE%�u`��O?� _j � ]
K�f

EgE%�u`��O?� _j
&

r� � ' �
f r� � 9' �

+91:4,
Fhv irupxohv gì�qlvvhqw xq whqvhxu ìtxlydohqw qh fruuhvsrqgdqw/ ã qrwuh frqqdlvvdqfh/ ã
dxfxqh pìwkrgh frqqxh1

91616 Krprjìqìlvdwlrq sìulrgltxh
Rq vh sodfh gdqv oh fdguh gh o*krprjìqìlvdwlrq sìulrgltxh txl d ìwì udsshoìh dx fkdslwuh
41 Rq frqvlgëuh grqf xq grpdlqh / ' t txl hvw od fhooxoh gh edvh gh iruph fduuì hq 5G
rü fxeltxh hq 6G gh f÷wì xqlwì> oh qrpeuh gh sureoëphv orfdx{ hvw ìjdo ã od glphqvlrq
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gx sureoëph/ vrlw 6 ' _� Rq d dxvvl s� ' fc srxu wrxw � � � � _� Ohv sureoëphv orfdx{
frqvlgìuìv vrqw gh od iruph vxlydqwh =;?

= R� 5 M�
REt � *U-�_��+ dgE+�Eu+R� n Oi��o ' f gdqv t � � � � _ +91:5,

Oh sureoëph +91:5, v*ìfulw hqfruh vrxv od iruph vxlydqwh;?
= R� 5 M�

REt � *U-�_��+ dgE+�u+R�o ' _��+ dgE+�Oi�o gdqv t � � � � _ +91:6,
Oh vhfrqg phpeuh gx sureoëph +91:6, gìshqg gh g� D�q gh srxyrlu dssoltxhu ohv pìwk0
rghv gh plvh ã o*ìfkhooh suìvhqwìhv dx fkdslwuh 8 rq h�hfwxh oh fkdqjhphqw gh yduldeoh
vxlydqw =

�� ' R� n +� � � � � _� +91:7,
Oh sureoëph +91:5, v*ìfulw doruv;AAAAAAA?

AAAAAAA=

�� 5 M�Et ��_��+ dgE+�u+��o ' f gdqv t
��mK�f ' ��mK�� � B�� � � � � _

gu+���O?m
K
�
f

' �gu+���O?m
K
�
�

� � � � _
� � � � _ +91:8,

dxtxho rq dvvrflh
.(
�� Eg� ' �

2
]
t
gE+�u+���u+�� _+ � � �c � � _ +91:9,

OV(
� Eg� ' �mt m

]
t
gE+�u+�� _+ � � � � _� +91::,

Rq frqvlgëuh srxu M 5 �E�c @c /� oh sureoëph vxlydqw =;?
= �� 5 M�

R Et � *U-�_��+ dMEu+�� n Oi��o ' f gdqv t � � � � _ +91:;,
Gh od píph pdqlëuh txh suìfìghpphqw rq h�hfwxh oh fkdqjhphqw gh yduldeoh

L� ' �� n +� � � � � _� +91:<,
Oh sureoëph +91:;, v*ìfulw doruv;AAAAAAA?

AAAAAAA=

L� 5 M�Et ��_��+ dMu+L�o ' f gdqv t
L�mK�f ' L�mK�� � B�� � � � � _

Mu+L��O?m
K
�
f

' �Mu+L��O?m
K
�
�

� � � � _
� � � � _ +91;3,
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Rq yìul�h dlvìphqw txh od vroxwlrq gh fh sureoëph hvw grqqìh sdu =
L� ' +� n � � � � � _� +91;4,

rü � hvw xqh frqvwdqwh1
Rq gì�qlw doruv ohv txdqwlwìv fl0dsuëv =

.(
�� EM� ' �

2
]
t
Mu+L��u+L� _+ � � �c � � _ +91;5,

OV(
� EM� ' �mt m

]
t
Mu+L� _+ � � � � _� +91;6,

d, Irqfwlrqqhooh ìqhujìwltxh
Xwlolvrqv od gì�qlwlrq 81914 txl frqvlgëuh od irqfwlrqqhooh

U& EM� '
_[

�c�'�

k.(
�� EM�� .(

�� Eg�l2 +91;7,

hw oh sureoëph gh plqlplvdwlrq vxlydqw =
�?u

MM�E�c@c/�
U& EM� +91;8,

Hq xwlolvdqw +91;4, hw +91;5,/ U& v*ìfulw

U& EM� '
_[

�c�'�

% mt mM��

2 � .(
�� Eg�

&2
+91;9,

g*rü rq d YU& EM�
YM��

' f +, % mt mM��

2 ' .(
�� Eg�

&
+91;:,

Fh txl lpsoltxh
M�� ' �mt m

]
t
gE+�u+���u+�� _+ � � �c � � _ +91;;,

Hq xwlolvdqw +91:7, rq rewlhqw �qdohphqw
M�� ' �mt m

]
t
gE+�u+ ER� n +�� �u+ ER� n +�� _+ � � �c � � _ +91;<,

txl hvw oh whqvhxu ìtxlydohqw rewhqx sdu od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh1 Rq
uhpdutxh txh oh whqvhxu gì�qlh sdu +91;<, dssduwlhqw ã �E�c @c /� hw tx*lo dqqxoh od
irqfwlrqqhooh U&� Rq frqvwdwh xqh irlv hqfruh txh oh plqlpxp ghU& hvw dxvvl xq plqlpxp
joredo vdqv frqwudlqwh1
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e, Irqfwlrqqhooh edvìh vxu od ylwhvvh
Frpph gdqv od gì�qlwlrq 81:14 rq frqvlgëuh od irqfwlrqqhooh a& gì�qlh sdu

a& EM� '
_[
�'�

���OV(
� EM�� OV(

� Eg����2 +91<3,
hw oh sureoëph vxlydqw

�?u
MM�E�c@c/�

a& EM� +91<4,
Gh +91;6, rq rewlhqw

a& EM� '
_[

�c�'�

## �mt m
]
t
Mu+L� _+

$
�Oi� � OV(

� Eg� �Oi�
$2

+91<5,
Juåfh ã +91;4, rq d

a& EM� '
_[

�c�'�

�M�� � OV(
� Eg� �Oi�

�2 +91<6,
g*rü Ya& EM�

YM��

' f +, M�� ' OV(
� Eg� �Oi� +91<7,

f*hvw ã gluh
M�� ' �mt m

�]
t
gE+�u+�� _+

�
�Oi� � � � � _� +91<8,

G*dsuëv oh fkdqjhphqw gh yduldeoh +91:7, rq shxw ìfuluh
M�� ' �mt m

�]
t
gE+� Eu+R� n Oi�� _+

�
�Oi� +91<9,

Sdu dloohxuv oh whqvhxuM gì�qlh sdu +91<9, dssduwlhqw ã�E�c @c /�� Grqf o*xqltxh vroxwlrq
gx sureoëph +91<4, hvw oh whqvhxu gW gì�ql sdu

gW
�� ' �mt m

�]
t
gE+� Eu+R� n Oi�� _+

�
�Oi� +91<:,

Dlqvl hq xwlolvdqw ohv sureoëphv orfdx{ +91:5, hw +91:;, rq uhwurxyh o*h{suhvvlrq gx whqvhxu
ìtxlydohqw rewhqxh sdu od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh1 Oh plqlpxp gW

gì�qlw sdu +91<:, hvw xq plqlpxp joredo vdqv frqwudlqwh hw a& EgW� ' f1
f, Irqfwlrqqhooh  x{
Rq vh sodfh pdlqwhqdqw gdqv oh fdguh gh od pìwkrgh txl lpsrvh o*ìjdolwì ghv  x{ srxu ohv
frqglwlrqv dx{ olplwhv sìulrgltxhv +f1i1 sdudjudskh 81615,1 F*hvw ã gluh txh o*rq frqvlgëuh
ohv sureoëphv orfdx{ gh od iruph vxlydqwh =;?

= R� 5 M�
REt � *U-�_��+ dgE+�Eu+R� nB�Oi��o ' f gdqv t � � � � _ +91<;,
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rü OB hvw xq yhfwhxu txhofrqtxh gh U-_� Hq h�hfwxdqw oh fkdqjhphqw gh yduldeoh vxlydqw=
�� ' R� nB�+� � � � � _� +91<<,

Dlqvl/ oh sureoëph +91<;, v*ìfulw;AAAAAAA?
AAAAAAA=

�� 5 M�Et ��_��+ dgE+�u+��o ' f gdqv t
��mK�f ' ��mK�� � B��B� � � � � _

gu+���O?m
K
�
f

' �gu+���O?m
K
�
�

� � � � _
� � � � _ +91433,

Rq frqvlgëuh srxu M 5 �E�c @c /� oh sureoëph vxlydqw=;?
= �� 5 M�

R Et � *U-�_��+ dMEu+�� nB�Oi��o ' f gdqv t � � � � _ +91434,
Frpph suìfìghpphqw rq h�hfwxh oh fkdqjhphqw gh yduldeoh

L� ' �� nB�+� � � � � _� +91435,
Oh sureoëph +91434, shxw doruv v*ìfuluh;AAAAAAA?

AAAAAAA=

L� 5 M�Et ��_��+ dMu+L�o ' f gdqv t
L�mK�f ' L�mK�� � B��B� � � � � _

Mu+L��O?m
K
�
f

' �Mu+L��O?m
K
�
�

� � � � _
� � � � _ +91436,

Ru od vroxwlrq gh fh sureoëph hvw grqqìh sdu
L� ' B�+� n � � � � � _� +91437,

rü � hvw xqh frqvwdqwh�
Rq fkhufkh pdlqwhqdqw od vroxwlrq gx sureoëph vxlydqw=

�?u
MM�

8& EM� +91438,
rü 8& EM� hvw gì�qlh sdu

8& EM� '
_[

�'�

�]
Y/

dEM u+L� �gE+�u+��� �O?o2 _j
�

+91439,
Hq xwlolvdqw +91437, hw +91439, rq rewlhqw

8& EM� '
_[

�'�

�]
Y/

dEM�Oi�B� �gE+�u+��� �O?o2 _j
�

+9143:,
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fhfl vh uììfulw vrxv od iruph vxlydqwh
8& EM� ' _S

�'�

5
7]

Y/

%
_S
,'�

M,�B�?,
&2

_j � 2
]
Y/

%#
_S
,'�

M,�B�?,
$
gE+�u+���O?

&
_j

n
]
Y/

dgE+�u+���O?o2 _j
�

+9143;,
Hq gìulydqw sdu udssruw ã K rq rewlhqw=

Y8& EM�
YM��

' 2
]
Y/

#%
_[
,'�

M,�B�?,
&
B�?� � ?�B� dgE+�u+���O?o

$
_j � � �c � � _

+9143<,
Ru oh grpdlqh hvw xq fduuì rx xq fxeh fh txl lpsoltxh txh oh judglhqw v*ìfulw

Y8& EM�
YM��

' 2
]
Y/

�M��B2
�?2

� � EgE+�u+���� �B�?2
�

� _j � � �c � � _ +91443,

Hq dqqxodqw Y8& EM�
YM��

rq d
]
Y/

M��B�?2
� _j '

]
Y/

EgE+�u+���� �?2
� _j� +91444,

Ohv frqglwlrqv dx{ olplwhv ghv sureoëphv +91433, hw +91436, lpsoltxh �qdohphqw txh
M�� ' �

B�

]
K��

EgE+�u+���� _j � � �c � � _� +91445,
Rq uhwurxyh dlqvl ohv frh!flhqwv rewhqxv sdu Gxuorivn|1
O*dssurfkh gìfulwh fl ghvvxv grqqh xqh lqwhusuìwdwlrq gh od pìwkrgh edvìh vxu o*ìjdolwì
ghv  x{ hq whuph gh plqlplvdwlrq g*xqh irqfwlrqqhooh1 Gh soxv fhod phw hq ìylghqfh
ohv uhodwlrqv +hq whuph gh plqlplvdwlrq hw hq whuph gh frqglwlrqv dx{ olplwhv, dyhf od
pìwkrgh gh plqlplvdwlrq gh o*huuhxu ghv  x{1 Soxv suìflvìphqw vl rq dssoltxh od pìwkrgh
gìyhorssìh sdu Jdoorxîw0Jxìuloorw dyhf ghv frqglwlrqv dx{ olplwhv sìulrgltxhv rq uhwurxyh
ohv frh!flhqwv ìtxlydohqwv rewhqxv sdu Gxuorivn|1 Fhv ghuqlhuv ìwdqw ulhq g*dxwuh txh ohv
frh!flhqwv lvvxv gh o*krprjìqìlvdwlrq sìulrgltxh1 Hq h�hw ghv uhodwlrqv +91<8, hw +91<:,
rq rewlhqw =

gW
�� ' �mt m

�]
t
gE+�u+��_+

�
�u++� +91446,

D o*dlgh g*xqh irupxoh gh Juhhq lo ylhqw =
gW
�� ' �mt m

�]
Yt

gE+�u+���O? +�_j
�

+91447,
Fh txl v*ìfulw hqfruh juåfh dx{ frqglwlrqv dx{ olplwhv

gW
�� ' �mt m

#]
K��

EgE+�u+���� _j
$

+91448,
rü �� hvw grqqì sdu +91:7,1 Fhod fruuhvsrqg elhq dx{ frh!flhqwv +91445, srxu od fhooxoh
xqlwh t hw oh yhfwhxu OB grqw fkdtxh frpsrvdqwh ydxw 41
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91617 Krprjìqìlvdwlrq vwrfkdvwltxh
Rq vh sodfh gdqv oh fdguh gh o*krprjìqìlvdwlrq vwrfkdvwltxh gì�qlh vxu o*hvsdfh sured0
elolvì EUcI c >�1 Srxu fkdtxh uìdolvdwlrq o 5 U rq gì�ql oh whqvhxu gh shupìdelolwì sdu
gE%0 c o� ' g0E%c o�1 Gdqv ohv pìwkrghv gx fkdslwuh 8 fhod fruuhvsrqg ã srvhu g*xqh sduw
ohv sureoëphv orfdx{ vxu U-_ hw g*dxwuh sduw/ ã uhpsodfhu o*lqwìjudoh vxu oh grpdlqh / sdu
o*hvsìudqfh pdwkìpdwltxh gì�qlh vxu o*hvsdfh suredelolvì EUcI c >� � Rq frqvlgëuh grqf
ohv sureoëphv orfdx{ gh od iruph vxlydqwh =

;AAA?
AAA=

Ro� 5 M�
,JS

�U-_
�

�_��+ dgE+c o� EOi� nu+Ro� �o ' f _@?r U-_ ;o 5 U]
,
u+Ro� _> ' f

� � � � _ +91449,

D�q gh srxyrlu dssoltxhu ohv pìwkrghv gh plvh ã o*ìfkhooh suìvhqwìhv dx fkdslwuh suìfì0
ghqw rq h�hfwxh oh fkdqjhphqw gh yduldeoh vxlydqw=

� o
� ' Ro� n +� ;o 5 U � � � � _� +9144:,

Oh sureoëph +91449, v*ìfulw doruv
;AAA?
AAA=

� o
� 5 M�

,JS

�U-_
�

�_��+ dgE+c o�u+� o
� o ' f _@?r U-_ ;o 5 U]

,
u+� o

� _> ' Oi�
� � � � _ +9144;,

srxu ohtxho rq dvvrflh ohv txdqwlwìv vxlydqwhv
.(
�� Eg� ' �

2
]
,
gE+c o�u+� o

� �u+� o
� _> � � �c � � _ +9144<,

OV(
� Eg� '

]
,
gE+c o�u+� o

� _> � � � � _� +91453,
Rq frqvlgëuh srxu M 5 �E�c @c /� oh sureoëph vxlydqw =;?

= �� 5 M�
,JS

�U-_
�

�_��+ dM EOi� nu+���o ' f _@?r U-_
� � � � _ +91454,

Hq h�hfwxdqw oh fkdqjhphqw gh yduldeoh
L� ' �� n +� � � � � _� +91455,

Oh sureoëph +91454, v*ìfulw doruv;?
= L� 5 M�

,JS

�U-_
�

�_��+ dMu+L�o ' f _@?r U-_
� � � � _ +91456,
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Ru od vroxwlrq gh fh sureoëph hvw grqqìh sdu
L� ' +� n � � � � � _� +91457,

Rq gì�qlw doruv
.(
�� EM� ' �

2
]
,
Mu+L��u+L� _> ' �

2M�� � � �c � � _ +91458,
OV(
� EM� '

]
,
Mu+L� _> � � � � _� +91459,

d, Irqfwlrqqhooh ìqhujìwltxh
Rq frqvlgëuh od irqfwlrqqhooh U& gì�qlh sdu

U& EM� '
_[

�c�'�

k.(
�� EM�� .(

�� Eg�l2 +9145:,

hw oh sureoëph
�?u

MM�E�c@c/�
U& EM� � +9145;,

Gh +91458, rq shxw ìfuluh

U& EM� '
_[

�c�'�

�M��

2 � .(
�� Eg�

�2 +9145<,

fh txl irxuqlw
YU& EM�
YM��

' f +, �M��

2 ' .(
�� Eg�

�
+91463,

Ilqdohphqw/ juåfh ã +9144<,/ rq d
M�� '

]
,
gE+c o�u+� o

� �u+� o
� _> � � �c � � _ +91464,

Hq xwlolvdqw doruv oh fkdqjhphqw gh yduldeoh +9144:, rq rewlhqw
M�� '

]
,
gE+c o� Eu+Ro� n Oi�� �

�u+Ro� n Oi�
� _> � � �c � � _ +91465,

Oh whqvhxu gì�ql sdu +91465, dssduwhqdqw ã �E�c @c /� hvw o*xqltxh vroxwlrq gx sureoëph
+9145;, hw f*hvw xq plqlpxp joredo vdqv frqwudlqwh1 D�q g*rewhqlu xq whqvhxu ìtxlydohqw
edvì vxu od ylwhvvh rq yd uììfuluh oh sureoëph +91449, hq xwlolvdqw ohv irqfwlrqv srwhqwlhov
hw vroìqròghv1
Rq srvh ]o

� ' u+Ro� +91466,
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Hq xwlolvdqw +91466,/ oh sureoëph +91449, shxw vh uììfuluh juåfh ã od gìfrpsrvlwlrq gh
Zh|o*v +918, vrxv od iruph vxlydqwh =;A?

A=
]o
� 5 Y2

RJ|]
,
gE+c o� EOi� n ]o

� �) _> ' f ;) 5 Y2
RJ|

� � � � _ +91467,

Hq suhqdqw ) ' ]o
� gdqv +91467, rq rewlhqw

]
,
gE+c o� EOi� n ]o

� �]o
� _> ' f � � �c � � _ +91468,

Juåfh ã +91465,/ +91466, hw +91468, rq d
M�� '

]
,
gE+c o� Eu+Ro� n Oi�� �Oi� _> � � �c � � _ +91469,

Grqf oh whqvhxu krprjìqìlvì rewhqx sdu od pìwkrgh gh o*krprjìqìlvdwlrq vwrfkdvwltxh
shxw vh uììfuluh vrxv od iruph +91469,1
e, Irqfwlrqqhooh edvìh vxu od ylwhvvh
Frpph gdqv od gì�qlwlrq 81:14 rq frqvlgëuh od irqfwlrqqhooh a& gì�qlh sdu

a& EM� '
_[
�'�

���OV(
� EM�� OV(

� Eg����2 +9146:,
hw oh sureoëph vxlydqw

�?u
MM�E�c@c/�

a& EM� +9146;,
Hq xwlolvdqw +91457, hw +91459, rq rewlhqw

a& EM� '
_[

�c�'�

�M�� � OV(
� Eg� �Oi�

�2 +9146<,

Od irqfwlrqqhooh a& hvw frqwlqxh hw txdgudwltxh hq K/ grqf oh sureoëph gh plqlplvdwlrq
+9146;, dgphw xqh vroxwlrq xqltxh1 +9146<, qrxv grqqh gluhfwhphqw txh

Ya& EM�
YM��

' f +, M�� ' OV(
� Eg� �Oi� +91473,

f*hvw ã gluh
M�� '

�]
,
gE+c o�u+� o

� _>
�
�Oi� � � � � _� +91474,

Hq xwlolvdqw oh fkdqjhphqw gh yduldeoh +9144:, rq d
M�� '

�]
,
gE+c o� Eu+Ro� n Oi�� _>

�
�Oi� � � �c � � _� +91475,
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Sdu dloohxuv oh whqvhxu K gì�ql sdu +91475, dssduwlhqw ã�E�c @c /�� Grqf o*xqltxh vroxwlrq
gx sureoëph +9146;, hvw oh whqvhxu gW gì�ql sdu =

gW
�� '

�]
,
gE+c o� Eu+Ro� n Oi�� _>

�
�Oi� � � �c � � _� +91476,

Dlqvl hq xwlolvdqw ohv sureoëphv orfdx{ +91449, hw +91454, rq uhwurxyh o*h{suhvvlrq gx
whqvhxu ìtxlydohqw rewhqxh sdu od wkìrulh gh o*krprjìqìlvdwlrq vwrfkdvwltxh/ juåfh dx{
uhodwlrqv +91469, hw +91476,1

91618 Frqfoxvlrqv
Rq uìvxph gdqv oh wdeohdx vxlydqw ohv uìvxowdwv gh fh sdudjudskh1 Hq irqfwlrq ghv
irqfwlrqqhoohv xwlolvìhv hw ghv frqglwlrqv dx{ olplwhv fkrlvlhv rq ìqrqfh od pìwkrgh grqw
rq uhwurxyh oh whqvhxu ìtxlydohqw1
Frqglwlrqv dx{ Irqfwlrqqhooh

olplwhv Hqhujìwltxh Ylwhvvh Iox{
Olqìdluhv Pìwkrgh olqìdluh Pìwkrgh olqìdluh Plqlplvdwlrq gh

o*huuhxu gx  x{
Frq�qìhv Prgh frq�qì Prgh frq�qì Uìvxowdwv

+91:4,
Sìulrgltxhv Krprj1 sìulrgltxh Krprj1 sìulrgltxh Pìwkrgh gh

o*ìjdolwì ghv  x{

Fdguh
Vwrfkdvwltxh Krprj1 vwrfkdvwltxh Krprj1 vwrfkdvwltxh �
Dx whuph gh fh sdudjudskh soxvlhxuv frpphqwdluhv shxyhqw íwuh dssruwìv srxu o*hqvhp0

eohv ghv wurlv frqglwlrqv dx{ olplwhv fodvvltxhphqw xwlolvìhv dlqvl txh srxu oh fdguh vwr0
fkdvwltxh =

41 Txhotxhv vrlhqw ohv pìwkrghv gx fkdslwuh 8 dssoltxìhv dyhf ohv frqglwlrqv dx{
olplwhv fodvvltxhv rq uhwurxyh od soxsduw ghv uìvxowdwv frqqxv1 Dlqvl o*hqvhpeoh ghv
pìwkrghv fodvvltxhv ìwxglìhv gdqv fh sdudjudskh shxyhqw íwuh lqwhusuìwìhv frpph
od plqlplvdwlrq g*xqh irqfwlrqqhooh1

51 Srxu ohv frqglwlrqv dx{ olplwhv fodvvltxhv lo | d ìtxlydohqfh hqwuh o*dssurfkh ìq0
hujìwltxh hw o*dssurfkh ylwhvvh gìyhorssìh lfl1 Fhshqgdqw srxu ghv frqglwlrqv dx{
olplwhv txhofrqtxhv qrxv q*dyrqv sdv gh uìvxowdwv1
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61 Gdqv wrxv fhv fdv sduwlfxolhuv od irqfwlrqqhooh ìwxglìh hvw txdgudwltxh frqyh{h qrq
gìjìqìuìh hq ohv whuphv M��� Fhfl hvw xqh sursulìwì iruwh shuphwwdqw g*derxwlu ã xq
whqvhxu ìtxlydohqw xqltxh = oh plqlpxp rewhqx gdqv fkdtxh fdv hvw dxvvl plqlpxp
vdqv frqwudlqwhv1

71 Oh whqvhxu ìtxlydohqw rewhqx dqqxoh od irqfwlrqqhooh remhfwli1 Fhfl v*lqwhusuëwh
sk|vltxhphqw sdu o*ìjdolwì ghv ìqhujlhv glvvlsìhv dx{ ìfkhoohv plfurvfrsltxhv hw
pdfurvfrsltxhv1 Qrxv uhwurxyrqv ghv uìvxowdwv gþv ã Qmlihqmrx d97o hw Eûh d46o
srxu ghv frqglwlrqv dx{ olplwhv sìulrgltxhv hw olqìdluhv1 Oh uìvxowdw gdqv oh fdguh
vwrfkdvwltxh vhpeoh qrxyhdx dlqvl txh gdqv oh fdv frq�qì1

81 Rq uhpdutxh txh ohv gl�ìuhqwhv vroxwlrqv ghv sureoëphv orfdx{ srxu ghv whqvhxuv
M frqvwdqwv/ vrqw olqìdluhv1 Hylghpphqw srxu ghv frqglwlrqv dx{ olplwhv jìqìudohv
fhfl hvw idx{1

91 Vrlw Ob xq yhfwhxu gh U-_� Sdu olqìdulwì/ wrxwh frpelqdlvrq gx w|sh _[
�'�

b�R� rü
ER���$�$_ vrqw ohv vroxwlrqv ghv sureoëphv ES�S� duhvs1 ES��b�c ES�.2�o yd íwuh vr0
oxwlrq ghv sureoëphv ES�S� duhvs1 ES��b�/ ES�.2�o srxu xqh frpelqdlvrq olqìdluh ghv
frqglwlrqv dx{ erugv olqìdluhv duhvs1 frq�qìhv hw sìulrgltxhvo� Rq ìwhqg doruv sdu
olqìdulwì wrxv ohv uìvxowdwv rewhqxv ã fh w|sh gh frqglwlrqv dx{ olplwhv1 Fhfl ìwhqg
xq uìvxowdw gh Qmlihqmrx +wkìruëph 6/ ss1 686/ d98o,�

Txhotxhv uhpdutxhv sduwlfxolëuhv uhodwlyhv ã od irqfwlrqqhooh  x{ =
:1 Od pìwkrgh gh o*ìjdolwì ghv  x{ srxu ghv frqglwlrqv sìulrgltxhv shxw íwuh lqwhu0

suìwìh frpph od pìwkrgh gh plqlplvdwlrq gh o*huuhxu gx  x{ ã odtxhooh rq dssoltxh
ghv frqglwlrqv dx{ olplwhv sìulrgltxhv1

;1 Vl rq plqlplvh od irqfwlrqqhooh  x{ dvvrflìh ã ghv frqglwlrqv dx{ olplwhv frq�qìhv
rq rewlhqw xq whqvhxu ìtxlydohqw irxuql sdu od irupxoh h{solflwh +91:4,1 Fh uìvxowdw
qh fruuhvsrqg ã dxfxq ghv uìvxowdwv frqqxv1

917 Vwdelolwì srxu od J0frqyhujhqfh
Rq ìwxglh gdqv fh sdudjudskh fhuwdlqhv sursulìwìv gh vwdelolwì ghv pìwkrghv gh plvh
ã o*ìfkhooh gìyhorssìhv dx frxuv gx fkdslwuh suìfìghqw1 Od gì�qlwlrq ghv sureoëphv
g*rswlplvdwlrq idlvdqw lqwhuyhqlu o*ìqhujlh dlqvl txh od ylwhvvh gh �owudwlrq qìfhvvlwhqw ghv
grqqìhv txl shxyhqw vh uìsduwlu hq 5 fdwìjrulhv =
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4�, ghv frqglwlrqv dx{ olplwhv hw ghv vhfrqgv phpeuhv grqqìv hw �{ìv1
5�, xq grpdlqh / vxu ohtxho hvw gì�qlw xq whqvhxu g 5 �Eb�c b2c /��
Od uìvroxwlrq gx sureoëph g*rswlplvdwlrq shuphw doruv gh wurxyhu xq whqvhxu gW 5
�E�c @c /� ìtxlydohqw ã g�
Gdqv od wkìrulh gh o*krprjìqìlvdwlrq fodvvltxh/ rq vxssrvh txh oh whqvhxug0 gìshqg g*xq
sdudpëwuh 0 : f txl hvw oh udssruw hqwuh od wdlooh ghv kìwìurjìqìlwìv orfdohv hw od wdlooh
gx grpdlqh1 Oruvtxh o*rq idlw whqguh fh udssruw 0 yhuv }ìur rq rewlhqw od J0frqyhujhqfh
vxlydqwh = g0

C�$ gW
M� rügW

M� hvw oh whqvhxu ìtxlydohqw gh o*krprjìqìlvdwlrq sìulrgltxh1
Hq fh txl frqfhuqh qrwuh dssurfkh/ srxu fkdtxh 0 : f �{ì/ rq shxw dssoltxhu xqh ghv
pìwkrghv gx fkdslwuh suìfìghqw hw rewhqlu xq whqvhxugW

0 ìtxlydohqw ãg0 5 �Eb�c b2c /��
Rq shxw doruv vh ghpdqghu txho hvw oh frpsruwhphqw gh od vxlwh gh whqvhxu ìtxlydohqw
gW
0 oruvtxh 0 whqg yhuv }ìur1 F*hvw o*remhw gx sdudjudskh txl vxlw1

91714 Irqfwlrqqhooh ìqhujìwltxh
Srxu fhuwdlqhv frqglwlrqv dx{ olplwhv/ lqfoxdqw ohv frqglwlrqv fodvvltxhv/ od pìwkrgh gh
plvh ã o*ìfkhooh gìfulwh dx fkdslwuh 8 xwlolvdqw od irqfwlrqqhooh gh o*ìqhujlh hvw vwdeoh srxu
od J0frqyhujhqfh1 Soxv suìflvìphqw rq d oh uìvxowdw vxlydqw =
Wkìruëph 91714 Vrlw g0 xqh vxlwh gh pdwulfh dssduwhqdqw ã �Eb�c b2c /� hw gf 5
�Eb�c b2c /� who txh g0

C�$ gf� Srxu wrxw 0 : fc rq qrwh gW
0 doerR� gW

f o xq whqvhxu
ìtxlydohqw ã g0 doerR� gfo rewhqx hq xwlolvdqw od gì�qlwlrq D�S�� rx D�S�2 dyhf ghv frqgl0
wlrqv dx{ olplwhv srxu ohvtxhoohv gW

0 hw gW
f vrqw ghv plqlpxpv joredx{1

Doruv lo h{lvwh xqh vxlwh h{wudlwh gW
0 c hqfruh qrwìh gW

0 c whooh txh
gW
0

C�$ gW
f � +91477,

Uhpdutxh 91715 Gdqv oh fdv ghv frqglwlrqv dx{ olplwhv fodvvltxhv +olqìdluhv/ frq�qìhv/
sìulrgltxhv, o*k|srwkëvh g*dyrlu ghv plqlpxpv joredx{ hvw yìul�ìh1

Dydqw gh gìprqwuhu oh wkìruëph 91714 rq grqqh ghx{ uìvxowdwv lqwhupìgldluhv1 Od
sursrvlwlrq txl vxlw hvw xq uìvxowdw fodvvltxh grqw xqh gìprqvwudwlrq shxw íwuh wurxyìh
gdqv Gdo Pdvr ^5:` rx Dwwrxfk ^9`1
Sursrvlwlrq 91716 Rq frqvlgëuh ohv sureoëphv vxlydqwv =

U0EM� ' �?u
MM�Eb�cb2c/�

u0EM� e| UfEM� ' �?u
MM�Eb�cb2c/�

ufEM� +91478,
rü u0EM� doerR1 ufEM�o hvw xqh irqfwlrqqhooh txhofrqtxh gìshqgdqw g*xqh pdwulfh M
dssduwhqdqw ã o*hqvhpeoh �Eb�c b2c /��
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Rq vxssrvh txh u0EM� frqyhujh xqlirupìphqw sdu udssruw ã M yhuv ufEM� gdqv U-�
Doruv

*�4
0<f

U0 EM� ' UfEM� xqlirupìphqw� +91479,

Rq ìwdeolw pdlqwhqdqw xq uìvxowdw txl shuphw g*d!uphu txh od irqfwlrqqhooh U&
doerR� U}o gì�qlh sdu +8174, doerR� ED�e2�o frqyhujh xqlirupìphqw1
Sursrvlwlrq 91717 Rq vxssrvh txh g0

C�$ gf� Rq frqvlgëuh doruv srxu wrxw 0 � f ohv
sureoëphv =

;?
= �_�� dg0E%�u� 0

� o ' s� _@?r /
� 0
� ' }� r�o Y/ e|

;AA?
AA=

�_�� dg0E%�u` 0
� o ' s� _@?r /

` 0
� ' }(� r�o K�(

g0u` 0
� �O? ' }�� r�o K��+9147:,

dx{txhov rq dgmrlqw ohv txdqwlwìv vxlydqwhv =
.(
�� Eg0� ' �

2
]
/
g0E%�u� 0

� �u� 0
� _%� ]

/
s� � 0

� _%

.�
�� Eg0� ' �

2
]
/
g0E%�u` 0

� �u` 0
� _%� ]

K��

}�� ` 0
� _j � ]

/
s� ` 0

� _%
� � �c � � 6�

+9147;,
Doruv
l, od irqfwlrqqhooh gì�qlh sdu 6S

�c�'�

k.(
�� EM��.(

�� Eg0�
l2 frqyhujh xqlirupìphqw yhuv

6S
�c�'�

k.(
�� EM�� .(

�� Egf�
l2sdu udssruw ã M 5 �Eb�c b2c /� txdqg 0 $ f/ rü .(

�� EM� hvw
grqqì sdu ED�����
ll, od irqfwlrqqhooh gì�qlh sdu 6S

�c�'�

k.�
�� EM��.�

�� Eg0�
l2 frqyhujh xqlirupìphqw yhuv

6S
�c�'�

k.�
�� EM�� .�

�� Egf�
l2sdu udssruw ã M 5 �Eb�c b2c /� txdqg 0 $ f/ rü .�

�� EM� hvw
grqqì sdu ED��b��

Gìprqvwudwlrq =
H{dplqrqv l,1 Rq fdofxoh gdqv xq suhplhu whpsv od olplwh vlpsoh gh =

6[
�c�'�

k.(
�� EM�� .(

�� Eg0�
l2 � +9147<,

Srxu fhod rq lqwurgxlw srxu wrxw M 5 �Eb�c b2c /� od irqfwlrqqhooh 8 0 EM� gì�qlh sdu =
8 0 EM� '

������
6[

�c�'�

�k.(
�� EM�� .(

�� Eg0�
l2 � k.(

�� EM�� .(
�� Egf�

l2������� +91483,
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G*dsuëv od sursrvlwlrq 81<15 rq vdlw txh
*�4
0<f

.(
�� Eg0� ' .(

�� Egf� � � �c � � 6 +91484,
hw juåfh dx ohpph 81<145 rq d ���.(

�� Eg0�
��� � � +91485,

rü F hvw xqh frqvwdqwh lqgìshqgdqwh gh 0 hw gh g0�
Gh +91483, hw +91485, rq rewlhqw od pdmrudwlrq vxlydqwh

; M 5 �Eb�c b2c /� 8 0 EM� � �
6[

�c�'�

���.(
�� Eg0�� .(

�� Egf�
��� ���.(

�� EM���� +91486,
dyhf F xqh frqvwdqwh lqgìshqgdqwh gh 0c gh g0 hw gh M�
Hq xwlolvdqw +91484, rq d doruv =

*�4
0<f

8 0 EM� ' f +91487,
Rq uhjdugh pdlqwhqdqw od frqyhujhqfh xqliruph1 G*dsuëv +91486, hw oh ohpph 81<145 rq
hq gìgxlw

t�T
MM�Eb�cb2c/�

8 0 EM� � �
6[

�c�'�

���.(
�� Eg0�� .(

�� Egf�
��� +91488,

rü F gìvljqh xqh frqvwdqwh lqgìshqgdqwh gh 0 hw gh M� Dlqvl hq sdvvdqw ã od olplwh juåfh
ã +91484, lo ylhqw =

*�4
0<f

#
t�T

MM�Eb�cb2c/�
8 0 EM�

$
' f +91489,

Od gìprqvwudwlrq gh ll, hvw lghqwltxh ��

Rq gìprqwuh pdlqwhqdqw oh wkìruëph 917141
Gìprqvwudwlrq =

Rq frqvlgëuh xqh vxlwh gh pdwulfh g0 5 �Eb�c b2c /�� Hq dssoltxdqw od gì�qlwlrq 81914
srxu wrxw 0 � f �{ì/ rq gì�qlw xq whqvhxu/ qrwì gW

0 c ìtxlydohqw ã g0 dyhf o*k|srwkëvh
vxlydqwh =

�?u
MM�E�0c@0c/�

U& EM� ' �?u
MM�Eb�cb2c/�

U& EM� +9148:,
Rq udsshooh txh U& hvw gì�qlh sdu =

U& EM� '
6[

�c�'�

k.(
�� EM�� .(

�� Eg0�
l2 � +9148;,

Rq d gW
0 5 �E�0c @0c /� hw rq qrwh L W0� od vroxwlrq gx sureoëph;?

= �_�� dgW
0uL W0� o ' s� _@?r /

L W0� ' }� r�o Y/ � � � � 6 +9148<,
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txl shuphw gh fdofxohu
.(
�� EgW

0 � ' �
2
]
/
gW
0uLW0� �uL W0� _%� ]

/
s� L W0� _% � � �c � � 6� +91493,

Sdu gì�qlwlrq rq d srxu wrxw 0 � f �{ì
6[

�c�'�

k.(
�� EgW

0 �� .(
�� Eg0�

l2 ' �?u
MM�Eb�cb2c/�

6[
�c�'�

k.(
�� EM��.(

�� Eg0�
l2 +91494,

Frpph gW
0 5 �Eb�c b2c /� srxu wrxw 0 : f oh ohpph 81<145 qrxv grqqh =

nL W0� n�c/ � � +91495,
rü � hvw xqh frqvwdqwh lqgìshqgdqwh gh 0 hw gh gW

0 1
Gh +91495, rq hq gìgxlw tx*lo h{lvwh xqh vxlwh h{wudlwh gh L W0� / hqfruh qrwìh LW0� c whooh txh

L W0�
M�E/����X L Wf� idleoh +91496,

Rq frqvlgëuh pdlqwhqdqw od vrxv0vxlwh gh whqvhxu gW
0 lqgh{ì sdu ohv píphv lqglfhv txh od

vxlwh frqyhujhqwh L W0� � Srxu wrxw 0 � f rq d gW
0 5 �E�0c @0c /� txl hvw xq hqvhpeoh lqfoxv

gdqv �Eb�c b2c /�� Sdu frqvìtxhqw EgW
0 � hvw xqh vxlwh eruqìh fh txl lpsoltxh g*dsuëv oh

wkìruëph 41815 o*h{lvwhqfh g*xqh vrxv vxlwh/ hqfruh qrwì gW
0 c whooh txh

gW
0

C�$ gW
f +91497,

Hq rxwuh gW
f 5 �Eb�c b2c /� grqf gW

f hvw xq whqvhxu frqvwdqw v|pìwultxh gì�qlh srvlwli
^5:`1
Rq frqvlgëuh oh sureoëph =;?

= �_�� dgW
fuL Wf� o ' s� _@?r /

L Wf� ' }� r�o Y/ � � � � 6� +91498,
dxtxho rq dvvrflh

.(
�� EgW

f� ' �
2
]
/
gW

fuL Wf� �uLWf� _%� ]
/
s� L Wf� _% � � �c � � 6 +91499,

Juåfh ã +91497, rq hq gìgxlw txh o*rq d =
L W0�

M�E/����X L Wf� idleoh +9149:,
rü L W0� doerR� L Wf� o hvw od vroxwlrq gx sureoëph +9148<, doerR� ES��SD�o �
Ilqdohphqw rq d txh g0

C�$ gf hw gW
0

C�$ gW
f fh txl shuphw gh sdvvhu ã od olplwh gdqv

+91494, hq xwlolvdqw ohv sursrvlwlrqv 81<15/ 91716 hw 917171 Rq rewlhqw doruv =
6[

�c�'�

k.(
�� EgW

f�� .(
�� Egf�

l2 ' �?u
MM�Eb�cb2c/�

6[
�c�'�

k.(
�� EM��.(

�� Egf�
l2 +9149;,
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Rq hq frqfoxw txh oh whqvhxu frqvwdqw gW
f hvw xq plqlpxp joredo gx sureoëph gh plq0

lplvdwlrq +9148:,1
Od gìprqvwudwlrq srxu od gì�qlwlrq 81915 hvw lghqwltxh ��

Oh wkìruëph 91714 shxw íwuh dssoltxì gdqv ohv fdv sduwlfxolhuv ghv frqglwlrqv dx{
olplwhv olqìdluhv rx frq�qìhv1 Frpph rq o*d yx suìfìghpphqw gdqv fhv vlwxdwlrqv rq d
xqlflwì gx whqvhxu ìtxlydohqw txl gh soxv hvw xq plqlpxp joredo/ g*rü oh uìvxowdw vxlydqw1
Fruroodluh 91718 Vrlw g0

C�$ gf1 Srxu wrxw 0 : f rq qrwh gW
0 doerR� gW

f o oh whqvhxu
ìtxlydohqw ã g0 doerR� gfo hq xwlolvdqw od gì�qlwlrq D�S�� rü D�S�2� Rq vxssrvh txh ohv
sureoëphv orfdx{ vrqw uìvroxv dyhf ghv frqglwlrqv dx{ olplwhv olqìdluhv rx frq�qìhv1
Doruv od vxlwh gh whqvhxuv ìtxlydohqwv gW

0 J0frqyhujh yhuv o*xqltxh whqvhxu ìtxlydohqw gW
f �

Fh fruroodluh shuphw gh uhwurxyhu hq sduwlfxolhu xq uìvxowdw gh Edpehujhu ^43` txl
d ìwì udsshoì dx suhplhu fkdslwuh1 Oh fdv ghv frqglwlrqv dx{ olplwhv sìulrgltxhv hw gx
fdguh vwrfkdvwltxh vhud derugì xq shx soxv orlq gdqv fh fkdslwuh1

91715 Irqfwlrqqhooh edvìh vxu od ylwhvvh
Rq h{dplqh pdlqwhqdqw oh fdv gh od irqfwlrqqhooh edvìh vxu od ylwhvvh gh �owudwlrq grqw
rq ìwxglh o*lq xhqfh g*xqh vxlwh gh whqvhxuv gW

0 ìtxlydohqwv ã g0 oruvtxh 0 whqg yhuv }ìur1
Wkìruëph 91719 Rq vxssrvh txh g0

C�$ gf� Srxu wrxw 0 : fc rq qrwh gW
0 doerR� gW

f o
oh whqvhxu ìtxlydohqw ã g0 doerR� gfo rewhqx hq xwlolvdqw od gì�qlwlrq D�.�� rx D�.�2 dyhf
ghv frqglwlrqv dx{ olplwhv srxu ohvtxhoohv gW

0 hw gW
f vrqw ghv plqlpxpv joredx{1

Doruv lo h{lvwh xqh vxlwh h{wudlwh gW
0 c hqfruh qrwìh gW

0 c whooh txh
gW
0

C�$ gW
f � +9149<,

Gìprqvwudwlrq =
Rq vxlw ohv píphv ìwdshv txh srxu od gìprqvwudwlrq gx wkìruëph 91714 hq xwlolvdqw

od sursrvlwlrq 9171: grqqìh fl0dsuëv1
Sursrvlwlrq 9171: Rq vxssrvh txh g0

C�$ gf hw o*rq frqvlgëuh ohv txdqwlwìv vxlydqwhv=
OV(
� Eg0� ' �m/m

]
/
g0E%�u� 0

� _%

OV�
� Eg0� ' �m/m

]
/
g0E%�u` 0

� _%
� � � � 6 +914:3,
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rü E� 0
� ��$�$6 hw E` 0

� ��$�$6 vrqw ohv vroxwlrqv ghv sureoëphv gì�qlv sdu ES��e.�1
Doruv
l, od irqfwlrqqhooh gì�qlh sdu 6S

�'�

���OV(
� EM�� OV(

� Eg0�
���2 frqyhujh xqlirupìphqw yhuv

6S
�'�

���OV(
� EM�� OV(

� Egf�
���2sdu udssruw ã M 5 �E�c @c /� txdqg 0 $ f/ rü OV(

� EM� hvw
grqqì sdu ED��e�
ll, od irqfwlrqqhooh gì�qlh sdu 6S

�'�

���OV�
� EM�� OV�

� Eg0�
���2 frqyhujh xqlirupìphqw yhuv

6S
�'�

���OV�
� EM�� OV�

� Egf�
���2sdu udssruw ã M 5 �E�c @c /� txdqg 0 $ f/ rü OV�

� EM� hvw
grqqì sdu ED�ef�1

Gìprqvwudwlrq =
Od gìprqvwudwlrq hvw lghqwltxh ã od suhxyh gh od sursrvlwlrq 917171 ��

918 Dssolfdwlrq gdqv oh fdguh sìulrgltxh hw vwrfkdv0
wltxh

Gdqv oh fdv gh o*krprjìqìlvdwlrq sìulrgltxh hw vwrfkdvwltxh/ rq vdlw txh od pdwulfh J0
olplwh +xqltxh, hvw oh whqvhxu krprjìqìlvì frqvwdqw1 Fhwwh lqirupdwlrq vxssoìphqwdluh
txl lqgltxh txh od pdwulfh hvw frqvwdqwh shuphw g*d!uphu txh od vxlwh gh whqvhxuv ìtxly0
dohqwv fdofxoìh hq xwlolvdqw o*xqh ghv pìwkrghv gx fkdslwuh 8 yd J0frqyhujhu yhuv fhwwh
pdwulfh J0olplwh frqvwdqwh1 F*hvw xq fdv sduwlfxolhu lpsruwdqw fdu od pdwulfh J0olplwh
rewhqxh hvw doruv lqgìshqgdqwh ghv frqglwlrqv dx{ olplwhv xwlolvìhv sdu ohv pìwkrghv
gìyhorssìh dx fkdslwuh 81 Dlqvl od vxlwh gh whqvhxuv ìtxlydohqwv frqyhujh yhuv oh whqvhxu
irxuql sdu o*krprjìqìlvdwlrq vwrfkdvwltxh fh txl shuphw gh uhwurxyhu xq uìvxowdw gþv ã
Vde ^::` dlqvl txh Edghd hw Erxujhdw ^:`1 Soxv suìflvìphqw rq d od sursrvlwlrq fl0ghvvrxv1

Sursrvlwlrq 91814 Vrlw xq whqvhxu gh shupìdelolwì g�
0

koerR� g7
0

l dssduwhqdqw ã
� Eb�c b2c /� gì�ql vxu xq plolhx sruhx{ sìulrgltxh doerR� vwrfkdvwltxho1 Doruv

gW�
0

C�$ gW
M� +914:4,

gW7
0

C�$ gW
M7 +914:5,

rü gW�
0

koerR� gW7
0

l hvw oh whqvhxu ìtxlydohqw ã g�
0

koerR� g7
0

l rewhqx sdu o*xqh ghv
txdwuh gì�qlwlrqv D�S��/ D�S�2c D�.��c rx D�.�2c hw gW

M� doerR� gW
M7o gìvljqh oh whqvhxu

krprjìqìlvì lvvx gh o*krprjìqìlvdwlrq sìulrgltxh doerR� vwrfkdvwltxho1
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Gìprqvwudwlrq =
Sdu k|srwkëvhg�

0 5 � Eb�c b2c /� c grqf g*dsuëv oh wkìruëph 41815 rq shxw hq h{wudluh xqh
vrxv vxlwh txl yd J0frqyhujhu yhuv xqh olplwh xqltxh1 Sdu dloohxuv gh o*krprjìqìlvdwlrq
sìulrgltxh rq vdlw txh od J0olplwh hvw grqqìh sdu gW

M� c rü gW
M� hvw rewhqx hq xwlolvdqw

o*krprjìqìlvdwlrq sìulrgltxh1 Grqf rq d
g�
0

C�$ gW
M� +914:6,

Hq xwlolvdqw oh wkìruëph 91714 rq hq gìgxlw =
gW�
0

C�$ gW
M� +914:7,

Od gìprqvwudwlrq hvw lghqwltxh srxu ohv gì�qlwlrqv 81915/ 81:14/ 81:15 dlqvl txh srxu oh
fdguh vwrfkdvwltxh �1
Fh uìvxowdw v*dssoltxh hq sduwlfxolhu dx{ frqglwlrqv dx{ olplwhv frq�qìhv = rq d srxu
wrxw 0 : f txh gW

0 hvw xqh pdwulfh gldjrqdoh hw o*rq rewlhqw doruv txh od vxlwh EgW
0 � yd

J0frqyhujhu yhuv xqh pdwulfh sohlqh1

919 Xqlflwì g*xq plqlpxp
Lo d ìwì prqwuì gdqv oh fkdslwuh 8 txh ohv gl�ìuhqwv sureoëphv gh plqlplvdwlrq vhuydqw ã
gì�qlu oh whqvhxu ìtxlydohqw srvvìgdlhqw dx prlqv xqh vroxwlrq1 Hqvxlwh oruv gh od suh0
plëuh sduwlh gh fh fkdslwuh rq d prqwuì tx*lo h{lvwdlw fhuwdlqhv vlwxdwlrqv/ fruuhvsrqgdqw
dx{ pìwkrghv fodvvltxhv/ rü lo | d xqlflwì gx whqvhxu ìtxlydohqw1 Fhwwh xqlflwì surylhqw
ghv frqglwlrqv dx{ olplwhv sduwlfxolëuhv xwlolvìhv1 Oh exw gh fh sdudjudskh hvw g*ìwhqguh
ã ghv frqglwlrqv dx{ olplwhv soxv jìqìudohv fhv vlwxdwlrqv rü lo | xqlflwì gx sureoëph gh
plqlplvdwlrq1 Rq vh uhvwuhlqw dx fdv gh od irqfwlrqqhooh ìqhujìwltxh1

91914 Fdofxo gh od gl�ìuhqwlhooh g*ruguh ghx{
Oh exw gh fh sdudjudskh hvw gh fdofxohu od gl�ìuhqwlhooh g*ruguh ghx{ gh od irqfwlrqqhooh
U& gì�qlh sdu +8174, hw gh prqwuhu tx*hooh hvw gì�qlh srvlwlyh hq wrxw srlqw g*xq fhuwdlq
grpdlqh1 Rq dxud doruv txh od irqfwlrqqhooh U& hvw vwulfwhphqw frqyh{h fh txl qrxv
dvvxuhud gh o*xqlflwì gh od vroxwlrq dx sureoëph g*rswlplvdwlrq +8176,1

Sursrvlwlrq 91914 Srxu wrxw � � � � 6 rq vxssrvh txh s� ' f gdqv ohv sureoëphv
ED�2b� hw ED��2�� Doruv od irqfwlrqqhooh U& gì�qlh sdu ED�e�� hvw ghx{ irlv gl�ìuhqwldeoh hw
srxu wrxw � � kc qc �c B � _/ rq d =
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+914:8,
rü L� hvw od vroxwlrq gx sureoëph ED��2��

Gìprqvwudwlrq =
G*dsuëv od gì�qlwlrq +817:, rq d

U& EM� '
6[

�c�'�

k.(
�� EM�� .(

�� Eg�l2 +914:9,
Ru od sursrvlwlrq 81<14; qrxv lqgltxh txh U& hvw gl�ìuhqwldeoh hw txh =

YU& EM�
YMkq

'
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�c�'�

k.(
�� EM�� .(

�� Eg�l Y.(
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YMkq
+914::,

rü
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#YL�

Y%k
YL�

Y%q n YL�

Y%q
YL�

Y%k
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_% r� k 9' q

+914:;,

Hq xwlolvdqw od sursrvlwlrq 81<1; oh whuph jìqìultxh gh Y.(
�� EM�

YMkq
shxw v*ìfuluh frpph od

frpsrvìh g*rsìudwhxuv gl�ìuhqwldeohv =]
/

YL�

Y%k
YL�

Y%q _% ' )D � )kq. �)�2 EM� c )�2 EM�� +914:<,
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Rq hq gìgxlw doruv txh Y.(
�� EM�

YMkq

hvw gl�ìuhqwldeoh1 Gh +914::, lo ylhqw
Y2U& EM�
YM�BYMkq

'
6[
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%#Y.(
�� EM�
YM�B
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�� EM�

YMkq

$
n k.(

�� EM��.(
�� Eg�l Y2.(

�� EM�
YM�BYMkq

&
+914;3,

Oh fdofxo gh Y2U& EM�
YM�BYMkq

uhylhqw grqf ã fdofxohu ohv whuphv Y.(
�� EM�
YM�B

Y.(
�� EM�

YMkq
hw Y2.(

�� EM�
YM�BYMkq

/
ohv dxwuhv ìwdqw frqqxv1
Hwxgh gx whuph Y.(

�� EM�
YM�B

Y.(
�� EM�

YMkq
G

Hq xwlolvdqw +914:;, rq rewlhqw gluhfwhphqw =
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Hwxgh gx whuph Y2.(
�� EM�

YM�BYMkq
G

H{dplqrqv oh fdv rü k ' q� Hq xwlolvdqw +914:;, hw +914:<, rq d
Y2.(

�� EM�
YM�BYMkq

' Y
YM�B

k)D � )kq. �)�2 EM� c )�2 EM��l +914;5,
Ru )D hvw xqh dssolfdwlrq olqìdluh g*rü =

Y
YM�B

k)D � )kq. �)�2 EM� c )�2 EM��l ' ]
/

Y
YM�B

k)kq. �)�2 EM� c )�2 EM��l _% +914;6,
Sdu dloohxuv gh od sursrvlwlrq 81<1; rq rewlhqw vxffhvvlyhphqw =
]
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YM�B
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+914;7,
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Fh txl v*ìfulw hqfruh
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Hq xwlolvdqw +914;5,/ +914;6,/ +914;7, hw +914;8, rq rewlhqw �qdohphqw =
Y2.(
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Srxu k 9' q rq vxlw ohv píphv ìwdshv txh suìfìghpphqw hw rq rewlhqw
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+914;:,

Gh +914;3,/ +914;4,/ +914;9, hw +914;:, rq d doruv oh uìvxowdw +914:8, ��

91915 Gìshqgdqfh frqwlqxh gh od gl�ìuhqwlhooh g*ruguh ghx{
Srxu ghv frqglwlrqv dx{ olplwhv olqìdluhv rq vdlw tx*lo | d xqlflwì dx sureoëph g*rswlpl0
vdwlrq +8176,1 D�q g*ìwhqguh fhwwh sursulìwì ã ghv frqglwlrqv dx{ olplwhv �surfkhv� ghv
frqglwlrqv olqìdluhv rq ìwxglh od frqwlqxlwì gh od gl�ìuhqwlhooh g*ruguh ghx{ Y2U& EM�

YM�BYMkq

sdu
udssruw dx whqvhxu M hw dx{ frqglwlrqv dx{ olplwhv }� 5 M �

2 EY/� c srxu wrxw � � � � 6�
Hq h�hw vl od gl�ìuhqwlhooh g*ruguh ghx{ hvw frqwlqxh sdu udssruw dx{ ìoìphqwv flwìv
suìfìghpphqw rq srxuud doruv prqwuhu tx*lo h{lvwh xq yrlvlqdjh ghv frqglwlrqv dx{ olp0
lwhv olqìdluhv gdqv ohtxho od irqfwlrqqhooh U& hvw hqfruh vwulfwhphqw frqyh{h1
Sursrvlwlrq 91915 Srxu wrxw � � � � 6 rq vxssrvh txh s� ' f gdqv ohv sureoëphv
ED�2b� hw ED��2�c dlqvl txh 6 ' _� Doruv od gl�ìuhqwlhooh g*ruguh ghx{ Y2U& EM�

YM�BYMkq

gì�qlh
sdu ES��.D� gìshqg frqwlqþphqw gx whqvhxu M hw ghv frqglwlrqv dx{ olplwhv }� 5 M �

2 EY/� c
srxu wrxw � � � � 6�

Dydqw gh gìprqwuhu od sursrvlwlrq 91915 rq d ehvrlq gx uìvxowdw fl0ghvvrxv1
Sursrvlwlrq 91916 Vrlhqw EM?�?Df 5 � Eb�c b2c /� c rq frqvlgëuh srxu wrxw � � � � 6
ohv sureoëphv =
E��?

� �
;?
= �_�� dM?uL?

� o ' f _@?r /
L?
� ' }?� r�o Y/ hw E��f

� �
;?
= �_�� dMfuLf

� o ' f _@?r /
L f
� ' }f� r�o Y/ �

+914;;,
548



Rq vxssrvh txh
hw M? �$ Mf srxu xqh qruph pdwulflhooh mmm1mmm

}?� �$ }f� srxu od qruph gh M �
2 EY/� � � � � 6 +914;<,

Doruv od vroxwlrq L?
� txl gìshqg gh M? hw gh }?� whqg yhuv Lf

� srxu od qruph M� E/� c l1h1
L?
�

M�E/��$ L f
� iruw � � � � 6� +914<3,

hw rq d dxvvl
YL?

�

YM?
�B

M�
f E/��$ YLf

�

YMf
�B

iruw
;?
= � � � � 6

� � �c B � _� +914<4,
Gìprqvwudwlrq =

Od gìprqvwudwlrq vh idlw hq 5 sduwlhv1
4
eoe sduwlh = Rq gìprqwuh +914<3,1 Hq vxlydqw ohv píphv ìwdshv txh srxu oh ohpph 81<145
rq gìprqwuh g*derug txh nL?

� n�c/ � � � � � � 6 +914<5,
Sdu frqvìtxhqw rq shxw h{wudluh xqh vrxv vxlwh gh L?

� hqfruh qrwì L?
� whooh txh

L?
�

M�El���X �� idleoh � � � � 6 +914<6,
O*dssolfdwlrq wudfh ìwdqw frqwlqxh gh M� E/� gdqv M �

2 EY/� rq d =
}?�

M
�
2 EY/���X �f E��� idleoh � � � � 6 +914<7,

Ru sdu k|srwkëvh rq vdlw
}?�

M
�
2 EY/���$ }f� iruw � � � � 6 +914<8,

Sdu xqlflwì gh od olplwh rq hq gìgxlw doruv
�f E��� ' }f� � � � � 6 +914<9,

Xqh irupxodwlrq yduldwlrqqhooh gh E��?
� � hvw grqqìh sdu =;AAA?

AAA=
L?
� 5 M� E/�]

/
M?uL?

� �u� _% ' f ;� 5 M�
f E/�

L?
� ' }?�

� � � � 6 +914<:,

Hq xwlolvdqw +914;<,/ +914<6, hw +914<9, rq shxw sdvvhu ã od olplwh hw rq rewlhqw;AAA?
AAA=

�� 5 M� E/�]
/
Mfu���u� _% ' f ;� 5 M�

f E/�
�� ' }f�

� � � � 6� +914<;,
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Fh txl hvw ìtxlydohqw ã ;?
= �_�� dMfu��o ' f _@?r /

�� ' }f� r�o Y/ +914<<,
Od vroxwlrq gx sureoëph +914<<, hw E��f

� � ìwdqw xqltxh rq hq gìgxlw
�� ' Lf

� � � � � 6� +91533,
Grqf gh +914<6, hw +91533, rq d

L?
�

M�El���X Lf
� idleoh +91534,

Gh soxv sdu frpsdflwì lo ylhqw
L?
�

u2El����$ Lf
� iruw +91535,

Rq prqwuh pdlqwhqdqw txh od vrxv vxlwh L?
� ��$ L f

� iruwhphqw srxu od vhpl0qruph gh
M�

fEl��
b� mL?

� � Lf
� m2�c/ � ]

/
M?u EL?

� � L f
� � �u EL?

� � Lf
� � _% � ]
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� � Lf
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� _%
� ]

/
M?uL?

� uL f
� _%

n
]
/
M?uL f

� uL f
� _%

+91536,
Oruvtxh ? whqg yhuv }ìur ohv ghx{ ghuqlhuv whuphv gh o*lqìjdolwì +91536, whqghqw yhuv]
/
MfuL f

� uL f
� _% hw grqf v*dqqxoh pxwxhoohphqw1 Oh wurlvlëph whuph vh jëuh gh od

pdqlëuh txl vxlw1 Hq xwlolvdqw xqh irupxoh gh Juhhq hw oh sureoëph E��?
� � rq d]

/
M?uL?

� �u �L?
� � L f

�

� _% ' GM?uL?
� �O?c }?� � }f�

H +91537,
Ru M? 5 � Eb�c b2c /� fh txl shuphw g*rewhqlu juåfh ã +914<5,]
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f +91538,
Sdu frqvìtxhqw gh +91536, hw +91538, rq d���L?

� � Lf
�

���2
�c/

�$
?<f

f +91539,
Ilqdohphqw juåfh ã +91535, hw +91539, rq rewlhqw +914<3,1
5
e6e sduwlh = Rq gìprqwuh pdlqwhqdqw +914<4,1 Ghv ghx{ sureoëphv E��?

� � hw E��f
� � rq

rewlhqw hq gìulydqw sdu udssruw ã M?
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+9153;,
srxu wrxw � 5 M�

f E/� � Fhv uhodwlrqv vrqw rewhqxhv hq suhqdqw L� � � gdqv +81453,1
Ru g*dsuëv od sursrvlwlrq 81<144 rq d srxu wrxw ? � f =

YL?
�

YM?
�B

5 M�
fE/�

;?
= � � � � 6

� � �c B � _� +9153<,

Dlqvl hq suhqdqw � ' YL?
�

YM?
�B

gdqv +9153:, rq rewlhqw dsuëv pdmrudwlrqv =
����� YL

?
�

YM?
�B

�����
�c/

� � nL?
� n�c/ +91543,

Ru L?
� 5 M� E/� grqf gh +91543,/ rq hq gìgxlw txh YL?

�

YM?
�B

uhvwh gdqv xq eruqì �{h gh
M�

fE/�� Grqf lo h{lvwh X 5 M�
fE/� who txh

YL?
�

YM?
�B

M�
fEl���X X idleoh +91544,

Hq sdvvdqw doruv ã od olplwh gdqv +9153:, rq rewlhqw juåfh ã +9153;,
X ' YL f

�

YMf
�B

+91545,
Sdu frqvìtxhqw =

YL?
�

YM?
�B

M�
fEl���X YL f

�

YM?
�B

idleoh +91546,
fh txl lpsoltxh sdu frpsdflwì gh M�

f El� gdqv u2El� txh =
YL?

�

YM?
�B

u2El���$ YLf
�

YMf
�B

iruw +91547,

Rq prqwuh pdlqwhqdqw txh YL?
�

YM?
�B

frqyhujh yhuv YL f
�

YMf
�B

srxu od vhpl qruph gh M�
fEl��

b�
����� YL

?
�

YM?
�B

� YL f
�

YMf
�B

�����
2

�c/

� ]
/
M?u# YL?

�

YM?
�B

� YL f
�

YMf
�B

$
�u# YL?

�

YM?
�B

� YL f
�

YMf
�B

$
_% +91548,
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Hq gìyhorssdqw +91548, rq d
b�

����� YL
?
�

YM?
�B

� YL f
�

YMf
�B

�����
2

�c/

� ]
/
M?u# YL?

�

YM?
�B

� YL f
�

YMf
�B

$
�u# YL?

�

YM?
�B

$
_%

� ]
/
M?u# YL?

�

YM?
�B

� YL f
�

YMf
�B

$
�u# YL f

�

YMf
�B

$
_%

+91549,

Sdu o*lqwhupìgldluh gh o*lqìjdolwì gh Fdxfk|0Vfkzduw} rq derxwlw ã =
b�

����� YL
?
�

YM?
�B

� YLf
�

YMf
�B

�����
2

�c/

� �
����� YL?

�

YM?
�B

� YL f
�

YMf
�B

�����
fc/

+9154:,

Fh txl juåfh ã +91547, shuphw g*rewhqlu txh YL?
�

YM?
�B

frqyhujh yhuv YL f
�

YMf
�B

srxu od vhpl qruph
gh M�

fEl� ��

Rq gìprqwuh pdlqwhqdqw od sursrvlwlrq 919151
Gìprqvwudwlrq =

Srxu ohv k|srwkëvhv +914;<, rq grlw prqwuhu
Y2U& EM?c }?� c ���c }?6�

YM?
�BYM?

kq

U-�$ Y2U& EMfc }f�c ���c }f6�
YMf

�BYMf
kq

+9154;,
Srxu fhod lo vx!w g*ìwxglhu oh frpsruwhphqw oruvtxh ? $ f ghv whuphv jìqìultxhv gh od
irupxoh +914:8, txl vrqw =

]
/

YL?
�

Y%�
YL?

�

Y%B _%c
]
/

Y
Y%k

# YL?
�

YM�B

$ YL?
�

Y%q _% hw .(
�� EM?�

;?
= � � �c � � 6

� � �c B � _
+9154<,

dyhf L?
� od vroxwlrq gx sureoëph vxlydqw =;?

= �_�� dM?uL?
� o ' f _@?r /

L?
� ' }?� r�o Y/ � � � � 6 +91553,

4
eoeìwdsh = Rq fkhufkh od olplwh gh ]
/

YL?
�

Y%�
YL?

�

Y%B _%� Srxu fhod rq lqwurgxlw Lf
� txl hvw od

vroxwlrq gx sureoëph vxlydqw =;?
= �_�� dMfuL f

� o ' f _@?r /
L f
� ' }f� r�o Y/ � � � � 6 +91554,

hw o*rq frqvlgëuh =�����
]
/

YL?
�

Y%�
YL?

�

Y%B _%� ]
/

YL f
�

Y%�
YL f

�

Y%B _%
����� �

�����
]
/

YL?
�

Y%�
#YL?

�

Y%B � YL f
�

Y%B
$
_%

����������
]
/

YLf
�

Y%B
#YL?

�

Y%� � YL f
�

Y%�
$
_%

�����
+91555,

54<



Hq xwlolvdqw o*lqìjdolwì gh Fdxfk|0Vfkzduw} rq rewlhqw =
�����
]
/

YL?
�

Y%�
YL?

�

Y%B _%� ]
/

YL f
�

Y%�
YL f

�

Y%B _%
����� � nL?

� n�c/ ���L?
� � L f

�

���
�c/

n ���L f
�

���
�c/

���L?
� � Lf

�

���
�c/

+91556,
Juåfh ã od sursrvlwlrq 91916 rq hq gìgxlw txh oh vhfrqg phpeuh gh +91556, whqg yhuv }ìur
txdqg q whqg yhuv }ìur1 Dlqvl rq d =

]
/

YL?
�

Y%�
YL?

�

Y%B _%
U-�$ ]

/

YL f
�

Y%�
YL f

�

Y%B _% +91557,

5
e6eìwdsh = Rq fkhufkh od olplwh gh ]
/

Y
Y%k

# YL?
�

YM�B

$ YL?
�

Y%q _% hw o*rq ìwxglh
�����
]
/

Y
Y%k

# YL?
�

YM?
�B

$ YL?
�

Y%q _%� ]
/

Y
Y%k

# YL f
�

YMf
�B

$ YL f
�

Y%q _%
����� �

�����
]
/

Y
Y%k

# YL?
�

YM?
�B

� YLf
�

YMf
�B

$ YL?
�

Y%q _%
�����n�����

]
/

Y
Y%k

# YL f
�

YM�B

$ YL?
� � YL f

�

Y%q _%
�����

+91558,
Frpph suìfìghpphqw fhod lpsoltxh
�����
]
/

Y
Y%k

# YL?
�

YM?
�B

$ YL?
�

Y%q _%� ]
/

Y
Y%k

# YL f
�

YMf
�B

$ YLf
�

Y%q _%
����� �

����� YL
?
�

YM?
�B

� YL f
�

YMf
�B

�����
�c/

���L?
�

���
�c/

n����� YL
f
�

YM�B

�����
�c/

���L?
� � L f

�

���
�c/

+91559,
Hq xwlolvdqw od sursrvlwlrq 91916 rq hq gìgxlw txh =

]
/

Y
Y%k

# YL?
�

YM?
�B

$ YL?
�

Y%q _%
U-�$ ]

/

Y
Y%k

# YL f
�

YMf
�B

$ YLf
�

Y%q _% +9155:,

6
e6eìwdsh = Hwdqw grqqì txh M? �$ Mf srxu xqh qruph pdwulflhooh mmm1mmm rq d txh
M? C�$ Mfg*rü hq xwlolvdqw od sursrvlwlrq 81<15 rq d =

���.(
�� EM?�� .(

�� Eg���� U-�$ ���.(
�� EMf�� .(

�� Eg���� +9155;,
Dlqvl juåfh ã +91557,/ +9155:, hw +9155;, rq hq gìgxlw +9154;, �1

91916 Xqlflwì gx frqwu÷oh rswlpdo
Gdqv xq yrlvlqdjh ghv frqglwlrqv dx{ olplwhv olqìdluhv od irqfwlrqqhooh U& hvw hqfruh
vwulfwhphqw frqyh{h1
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Sursrvlwlrq 91917 Vrlw }� 5 M �
2 EY/� c � � � � _ hw rq qrwh U ��

& E�� od gl�ìuhqwlhooh
g*ruguh ghx{ gì�qlh sdu ES��.D�� Doruv =

E<#� : f � � � � _� who txh ;}� 5 �n}� � %�n �
2
cY/ � #� � � � � _�

, U ��
& EMc }�c ���c }_���� : f ;� 5 U- _E_n��

2

+9155<,

Gìprqvwudwlrq =
G*dsuëv od sursrvlwlrq 91915 rq vdlw txh od gl�ìuhqwlhooh g*ruguh ghx{ U ��

& EM� hvw frqwlqxh
sdu udssruw dx{ frqglwlrqv dx{ olplwhv E}���$�$_ hw dx whqvhxu M 5 � Eb�c b2c /� c fh txl
v*ìfulw hqfruh =

;0 : f E<#� : f � � � � _� who txh ;}� 5 �n}� � %�n �
2
cY/ � #� � � � � _�

, ���U ��
& EMc }�c ���c }_���� � U ��

& EMc %�c ���c %_����
��� � 0 ;� 5 U- _E_n��

2

+91563,
Rq hq gìgxlw =
�0n U ��

& EMc%�c ���c %_���� � U ��
& EMc }�c ���c }_���� � 0n U ��

& EMc%�c ���c %_���� +91564,
Ru rq vdlw txh srxu ghv frqglwlrqv dx{ olplwhv olqìdluhv rq d

U ��
& EMc%�c ���c %_���� : f ;� 5 U- _E_n��

2 +91565,
Grqf ;� 5 U- _E_n��

2 vl rq suhqg sdu h{hpsoh
0 ' U ��

& EMc %�c ���c %_����
2 : f +91566,

gdqv +91564, rq rewlhqw =
f 	 U ��

& EMc%�c ���c %_����
2 � U ��

& EMc }�c ���c }_���� +91567,
Ilqdohphqw rq d =
;� 5 U- _E_n��

2 E<#� : f � � � � _� who txh ;}� 5 �n}� � %�n �
2
cY/ � #� � � � � _�, U ��

& EMc }�c ���c }_���� : f ��
+91568,

Uhpdutxh 91918 Ohv sursrvlwlrqv S�S�2 hw S�S�e vrqw ìjdohphqw ydodeohv srxu ohv frq0
glwlrqv dx{ olplwhv frq�qìhv hw sìulrgltxhv1 Fhod vljql�h txh srxu ghv frqglwlrqv dx{
olplwhv vx!vdpphqw surfkhv ghv frqglwlrqv dx{ olplwhv srxu ohvtxhoohv rq vdlw tx*lo | d
xqlflwì gx whqvhxu ìtxlydohqw rq d hqfruh xqh irqfwlrqqhooh vwulfwhphqw frqyh{h1 Fhfl
lpsoltxh doruv txh o*rq d xqlflwì gh od vroxwlrq gx sureoëph gh plqlplvdwlrq ED�e��1
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91: Frqyhujhqfh gh o*dssur{lpdwlrq gx whqvhxu ìtxly0
dohqw

Ohv pìwkrghv gx fkdslwuh 8 rqw ìwì plvhv dx srlqw srxu xq grpdlqh / �{ì1 Oh exw gh fh
sdudjudskh hvw g*ìwxglì od frqyhujhqfh gx whqvhxu ìtxlydohqw oruvtxh od wdlooh gx grpdlqh
/ ghylhqw gh soxv hq soxv shwlwh1 Srxu fhod rq dssoltxh xq uìvxowdw gþ ã Edpehujhu ^43`1
Rq frqvlgëuh AM xqh sduwlwlrq gh o*rxyhuw lc rü M uhsuìvhqwh oh gldpëwuh pd{lpxp ghv
rxyhuwv �/M

�

�
�$�$� G

AM '
�̂

�'�

/M� � +91569,

Wkìruëph 91:14 Oh whqvhxu ìtxlydohqw ã g 5 �Eb�c b2cl�cqrwì gW
M hvw gì�ql vxu

fkdtxh rxyhuw /M
� sdu gW

M m/M� txl hvw oh whqvhxu ìtxlydohqw ã gm/M� rewhqx hq dssoltxdqw
o*xqh ghv txdwuh gì�qlwlrqv D�S��/ D�S�2/ D�.��/ D�.�21 Doruv o*dssur{lpdwlrq gW

M hvw frq0
yhujhqwh l1h1

*�4
M<f

EgW
M� ' g _@?r �u2 El��_2 � +9156:,

Gìprqvwudwlrq =
G*xqh sduw rq prqwuh txh

*�4
M<f

U3�c/M� Eg� ' *�4
M<f

U�c/M� Eg� ' gm/M� _@?r �u2 El��_2 � � � � �� +9156;,
G*dxwuh sduw frpph gW

M m/M� 5 � ��c @c /M
�

� hw juåfh ã xqh sursulìwì gx txrwlhqw gh
Ud|ohljk srxu ohv pdwulfhv v|pìwultxhv rq d

���gW
M m/M� � U3�c/M� Eg����

2
� ���U�c/M� Eg�� U3�c/M� Eg����

2
+9156<,

Grqf
f �]

/M�

���gW
M E%� m/M� � U3�c/M� Eg����2

2
_% �]

/M�

���U�c/M� Eg�� U3�c/M� Eg����2
2
_% +91573,

Ru g*dsuëv +9156;, rq d
]

l

���U�c/M� Eg�� U3�c/M� Eg����2
2
_% U-����$ f +91574,

g*rü hq xwlolvdqw +91573, rq hq gìgxlw
]
/M�

���gW
M E%� m/M� � U3�c/M� Eg����2

2
_% U-����$ f +91575,
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Sdu dloohxuv���gW
M m/M� �gm/M� ���

2
� ���gW

M m/M� � U3�c/M� Eg����
2
n ���U3�c/M� Eg��gm/M� ���

2
+91576,

fh txl shuphw g*rewhqlu o*lqìjdolwì vxlydqwh]
/M�

���gW
M E%� m/M� �g E%� m/M� ���2

2
_% � 2

]
/M�

���gW
M E%� m/M� � U3�c/M� Eg����2

2
_%

n2
]
/M�

���U3�c/M� Eg��g E%� m/M� ���2
2
_% +91577,

G*dsuëv +91575, hw +9156;, ohv ghx{ phpeuhv gh gurlwh gh o*lqìjdolwì +91577, whqghqw yhuv
}ìur sdu frqvìtxhqw]

/M�

���gW
M E%� m/M� �g E%� m/M� ���22 _% U-����$ f � � � � � +91578,

fh txl lpsoltxh
]

l
ngW

M E%��g E%�n22 _% '
�[
�'�

]
/M�

���gW
M E%� m/M� �g E%� m/M� ���22 _% U-����$ f +91579,

txl q*hvw dxwuh txh oh uìvxowdw +9156:, ��

91; Frqyhujhqfh gh od vroxwlrq gìshqgdqw gx whqvhxu
ìtxlydohqw

Rq ìwxglh pdlqwhqdqw o*ìfrxohphqw g*xq  xlgh prqrskdvltxh lqfrpsuhvvleoh vxu oh jlvh0
phqw l grqw oh fkdps gh shupìdelolwì devroxh ã ìwì plv ã o*ìfkhooh sdu o*xqh ghv pìwkrghv
gìyhorssìhv dx fkdslwuhv 81 Oh fdofxo qxpìultxh gh od vroxwlrq +suhvvlrq, hvw idlwh srxu
xq sdv gh glvfuìwlvdwlrq txl hvw hq jìqìudo lqiìulhxu rx ìjdo dx sdv gh glvfuìwlvdwlrq M fh
ghuqlhu ìwdqw oh gldpëwuh pd{lpxp ghv rxyhuwv �/M� �

�$�$� vxu ohvtxhov od pìwkrgh gh
plvh ã o*ìfkhooh ã ìwì dssoltxìh1 Hq idlvdqw whqguh oh sdv gh glvfuìwlvdwlrq yhuv }ìur rq
rewlhqw doruv txh o*dssur{lpdwlrq qxpìultxh gh od suhvvlrq whqg yhuv od vroxwlrq fdofxoìh
dyhf oh fkdps gh shupìdelolwì g lqlwldo1
Rq sduwlwlrqqh od iurqwlëuh gx jlvhphqw l gh od pdqlëuh vxlydqwh Yl ' K( VK� hw rq
lqwurgxlw }( 5 M �

2
ffEK(�c }� 5 �

M �
2
ffEK��

�W hw s 5 u2El��
Wkìruëph 91;14 Vrlhqw g 5 �Eb�c b2cl� hw AM xqh sduwlwlrq gh o*rxyhuw l� Rq frq0
vlgëuh ohv sureoëphv vxlydqwv;AA?

AA=
�_�� dgE%�uL o ' s _@?r l

L ' }( r�o K(
guL�O? ' }� r�o K�

;AA?
AA=

�_�� dgW
M E%�uLWM o ' s _@?r l
L WM ' }( r�o K(

gW
MuLWM �O? ' }� r�o K�

+9157:,
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rü oh whqvhxu ìtxlydohqw ã g/ qrwì gW
M hvw gì�ql vxu fkdtxh rxyhuw /M

� sdu gW
M m/M� txl

hvw oh whqvhxu ìtxlydohqw ã gm/M� rewhqx hq dssoltxdqw o*xqh ghv txdwuh gì�qlwlrqv D�S��/
D�S�2/ D�.��/ D�.�21
Doruv oruvtxh M whqg yhuv }ìur rq d =

L WM
M�El���$ L iruw +9157;,

hw
gW
MuL WM

Eu2El��_��$ guL iruw +9157<,

Gìprqvwudwlrq =
Od gìprqvwudwlrq v*h�hfwxh hq txdwuh ìwdshv1
4
eoeìwdsh = rq prqwuh txh LWM M�El���X L idleohphqw txdqg M $ f�
Vrlw ~ xqh irqfwlrq gh M� E/� whooh txh ~ ' }( r�o K(� Rq srvh doruv

` W
M ' L WM � ~ hw ` ' L � ~ +91583,

Xqh irupxodwlrq yduldwlrqqhooh ghv sureoëphv +9157:, v*ìfulw;A?
A=

` 5 M�
fcK(

El�]
l
gE%�uE` n ~��u� _%� ]

K�
�}� _j '

]
l
s� _% ; � 5 M�

fcK(
El� +91584,

hw ;A?
A=

` W
M 5 M�

fcK(
El�]

l
gW
M E%�uE` W

M n ~��u� _%� ]
K�

�}� _j '
]

l
s� _% ; � 5 M�

fcK(
El�
+91585,

Hq suhqdqw � ' ` W
M gdqv +91585, lo ylhqw]

l
gW
M E%�u` W

M �u` W
M _% ' � ]

l
gW
M E%�u` W

M �u~ _%n
]

K�
` W

M}� _j n
]

l
s` W

M _%
+91586,

Gh +91586, rq rewlhqw txh ` W
M ghphxuh gdqv xq eruqì �{h gh M�

fcK(
E/� c pxql gh od

vhpl0qruph gh M�
f E/�1 Sdu frqvìtxhqw lo h{lvwh xqh irqfwlrq `f gh M�

fcK(
E/� whooh txh

` W
M

M�
fcK(

E/���X `f idleoh +91587,
Sdu dloohxuv rq d ngW

Mu` W
Mnfcl � � +91588,
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g*rx lo h{lvwh xqh irqfwlrq ^ gh Eu2 El��_ whooh txh

gW
Mu` W

M

Eu2El��_��X ^ idleoh +91589,
Gh +91587, rq hq gìgxlw

]
l
g E%�u E` W

M �`f� �u) _% U-����$ f ;) 5 M�
fcK(

El� +9158:,
G*dxwuh sduw hq xwlolvdqw oh wkìruëph 91:14 rq shxw ìfuluh

]
l
dgW

M E%��g E%�ou` W
M �u) _% U-����$ f ;) 5 M�

fcK(
El� +9158;,

D sduwlu gh +9158:, hw +9158;, rq rewlhqw
]

l
gW
M E%�u` W

M �u) _% U-����$ ]
l
g E%�u`f�u) _% ;) 5 M�

fcK(
El� +9158<,

fh txl shuphw dlqvl txh oh wkìrëph 91:14 gh sdvvhu ã od olplwh gdqv +91585, hw g*dyrlu
]

l
g E%�uE`f n ~��u� _%� ]

K�
�}� _% '

]
l
s� _% ; � 5 M�

fcK(
El� +91593,

Ru od vroxwlrq gx sureoëph +91584, hvw xqltxh grqf
`f � ` +91594,

Hq xwlolvdqw +91583,/ +91587, hw +91594, rq rewlhqw �qdohphqw LWM M�El���X L 1
5
e6eìwdsh = rq prqwuh txh gW

MuL WM
Eu2El��_��X guL idleohphqw�

Srxu wrxw yhfwhxu O� gh Eu2El��_rq frqvlgëuh
]

l
dgW

M E%�uLWM �g E%�uL o O�_% '
]

l
dgW

M E%��g E%�o O��uLWM _%
n

]
l
g E%� O��u ELWM � L� _% +91595,

Gh +91595, rq rewlhqw od pdmrudwlrq vxlydqwh
����
]

l
dgW

M E%�uL WM �g E%�uL o O�_%
���� � � ���dgW

M �go O����
fcl

n
����
]

l
g E%� O��u ELWM � L� _%

����
+91596,

Ru hq xwlolvdqw oh wkìruëph 91:14 hw oh uìvxowdw gh od suhplëuh ìwdsh lo ylhqw txh oh vhfrqg
phpeuh gh +91596, whqg yhuv }hur fh txl lpsoltxh

gW
MuL WM

Eu2El��_��X guL idleoh1 +91597,
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6
e6eìwdsh = Prqwurqv txh od vrxv vxlwh L WM M�El���$ L iruwhphqw�
Rq d
b� mL WM � L m2�cl � ]

l
gW
M E%�u ELWM � L� �u ELWM � L� _% '

]
l
gW
M E%�uL WM �u EL WM � L� _%

� ]
l
gW
M E%�uL WMuL _%

n
]

l
gW
M E%�uLuL _%

+91598,
Hq xwlolvdqw oh sureoëph +91585, lo ylhqw]

l
gW
M E%�u ELWM � L� �u ELWM � L� _% '

]
l
s EL WM � L� _%� ]

l
gW
M E%�uL WMuL _%

n
]

K�
EL WM � L� }�_j n

]
l
gW
M E%�uLuL _%

+91599,
G*rü hq sdvvdqw ã od olplwh rq rewlhqw txh oh vhfrqg phpeuh gh +91599, whqg yhuv }ìur
txdqg M $ fc fh txl lpsoltxh

LWM
M�El���$ L iruw +9159:,

7
e6eìwdsh = rq prqwuh txh gW
MuL WM

Eu2El��_��$ guL iruwhphqw�
Gh o*lqìjdolwì

mgW
MuLWM �guL m � mgW

MuL WM �guL WM mn mguLWM �guL m +9159;,
rq d]

l
mgW

M E%�uLWM �gE%�uL m2 _% � 2
]

l
mgW

M E%�uLWM �gE%�uL WM m2 _%
n2

]
l
mgE%�uL WM �gE%�uL m2 _% +9159<,

Sdu frqvìtxhqw frpph nuL WMnfcl hvw eruqì rq d =
]

l
mgW

M E%�uL WM �gE%�uL m2 _% � 2� ngW
M �gn22

n2� nuL WM �uLn2fcl +915:3,

Ru g*dsuëv oh wkìruëph 91:14 hw od 6
e6e ìwdsh/ oh vhfrqg phpeuh gh +9159;, frqyhujh yhuv
}ìur oruvtxh M $ f ��

91< Hvwlpdwlrqv g*huuhxuv
Xqh hvwlpdwlrq gh o*huuhxu hvw qìfhvvdluh d�q gh srxyrlu dssruwhu ghv lqirupdwlrqv vxu
od suìflvlrq ghv uìvxowdwv rewhqxv1 Fhuwdlqv wudydx{ rqw gìmã ìwì h�hfwxìv vxu oh vxmhw
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qrwdpphqw sdu ]rkgl hw do1 ^;;` srxu prgìolvhu ghv vwuxfwxuhv ìodvwltxhv kìwìurjëqhv
hq xwlolvdqw ghv prgëohv klìudufkltxhv1 Fhwwh lgìh d ìwì uhsulvh sdu Khuvyln dqg Hvshgdo
^75` srxu h�hfwxhu xqh plvh ã o*ìfkhooh klìudufkltxh dgdswdwlyh g*xq uìvhuyrlu kìwìurjëqh1
Qrxv o*dgdswrqv dx{ fdv ghv pìwkrghv gh plvhv ã o*ìfkhooh gìyhorssìhv dx fkdslwuh 81
Vrlw xqh pdwulfh � 5 �Eb�c b2cl� rq udsshooh ohv gì�qlwlrqv ghv qruphv n�n�cl hw mmm�mmm�cl
gì�qlhv sdu =

n�n�c/ '
�]

/
�E%�u��u� _%

��
2 ;� 5 M� E/�

mmmÔ mmm�c/ '
�]

/
�E%�Ô �Ô _%

��
2 ;Ô 5 Eu2 E/��_ �

+915:4,

Wkìruëph 91<14 Vrxv ohv k|srwkëvhv gx wkìruëph 91;14 rq d o*hvwlpdwlrq vxlydqwh =
nL � LWngcl � mmmW WuL Wmmmgcl +915:5,

rü W W ' U �g3�gW
M � +915:6,

Gìprqvwudwlrq =
Ohv sureoëphv +9157:, v*ìfulyhqw vrxv iruph yduldwlrqqhooh

;AAA?
AAA=

L 5 M� E/�]
l
gE%�uL�u� _%� ]

K�
�}� _% '

]
l
s� _% ; � 5 M�

fcK(
E/�

L ' }( r�o K(
+915:7,

hw ;AAA?
AAA=

L WM 5 M� E/�]
l
gW
M E%�uLWM �u� _%� ]

K�
�}� _% '

]
l
s� _% ; � 5 M�

fcK(
E/�

L WM ' }( r�o K(
+915:8,

Od irupxodwlrq yduldwlrqqhooh +915:8, vh uììfulw vrxv od iruph vxlydqwh]
l
gE%�uL WM �u� _%�]

l
dgE%��gW

M E%�ouLWM �u� _% '
]

K�
�}� _%n

]
l

s� _% ; � 5 M�
fcK(

E/�
+915:9,

Hq xwlolvdqw +915:7, rq d]
l
gE%�uL WM �u� _%�]

l
dgE%��gW

M E%�ouLWM �u� _% '
]

l
gE%�uL�u� _% ; � 5 M�

fcK(
E/�

+915::,
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Hq suhqdqw � ' EL � LWM� rq rewlhqw]
l
gE%�u EL � L WM� �u EL � L WM� _% ' � ]

l
dgE%��gW

M E%�ouL WM �u EL � LWM� _%
+915:;,

f*hvw ã gluh
nL � L WMn2gcl � � ]

l
dgE%��gW

M E%�ouL WM �u EL � LWM� _% +915:<,
Fh txl v*ìfulw hqfruh

nL � LWMn2gcl � � ]
l
g �

2 E%�g3�E%� dgE%��gW
M E%�ouL WM �g �

2 E%�u EL � LWM� _%
+915;3,

g*rü
nL � L WMn2gcl � � ]

l
g �

2 E%� kU �g3�E%�gW
M E%�luL WM �g �

2 E%�u EL � LWM� _% +915;4,
Hq xwlolvdqw o*lqìjdolwì gh Fdxfk|0Vfkzduw} rq rewlhqw

nL � LWMn2gcl � �]
l
g �

2 E%�W WuLWM �g �
2 E%�W WuL WM _%

� �
2

�]
l
g �

2 E%�u EL � LWM� �g �
2 E%�u EL � LWM� _%

� �
2

+915;5,

l1h1 nL � L WMn2gcl � mmmW WuL WM mmmgcl nL � L WMngcl �� +915;6,

Uhpdutxh 91<15 Od uhodwlrq ES�2.2� grqqh xqh hvwlpdwlrq gh o*huuhxu txh o*rq frpphw
oruvtx*rq fdofxoh oh fkdps gh suhvvlrq vxu xq jlvhphqw l grqw ohv shupìdelolwìv devroxhv
rqw ìwì plvh ã o*ìfkhooh1 Xqh �erqqh� pìwkrgh gh plvh ã o*ìfkhooh frqvlvwhudlw doruv ã
plqlplvhu fhwwh huuhxu1 O*lqwhusuìwdwlrq gh o*hvwlpdwlrq ES�2.2� frqgxlw ã frqvlgìuhu od
irqfwlrqqhooh vxlydqwh =

a EgW� '
]

l
dgE%��gWE%�ouLWM �uL WM _%n

]
l

kg3�E%�� EgWE%��3�l'W�'W _%
+915;7,

rü 'W ' gWuL W� Rq frqvwdwh txh od plqlplvdwlrq gh fhwwh irqfwlrqqhooh qh qìfhvvlwh
sdv od uìvroxwlrq gx sureoëph �q frpph gdqv od pìwkrgh ghv prlqguhv fduuìv srqgìuìv
udsshoìh dx fkdslwuh 81 Qìdqprlqv gdqv ES�2He� rq qh sulyloìjlh sdv od ylwhvvh sdu udssruw
ã od suhvvlrq rx lqyhuvhphqw/ frqwudluhphqw ã od pìwkrgh ghv prlqguhv fduuìv srqgìuìv
txl hvw edvìh vxu od ylwhvvh1 F*hvw xq frpsurplv hqwuh fhv ghx{ txdqwlwìv txl hvw vxjjìuì
sdu ES�2.2��
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Fkdslwuh :
Whvwv qxpìultxhv
Gdqv fh fkdslwuh rq whvwh qxpìultxhphqw vxu ghv h{hpsohv 5G od pìwkrgh gh plvh ã
o*ìfkhooh edvìh vxu od plqlplvdwlrq gh od vrpph ghv ìfduwv ghv ìqhujlhv1 F*hvw ã gluh txh
o*rq uìvrxw oh sureoëph =

�?u
MM�E�c@c/�

U& EM� @�eS U& EM� '
6[

�c�'�

k.(
�� EM�� .(

�� Eg�l2 +:14,

rü .(
�� EM� kuhvs1 .(

�� Eg�l hvw grqqì sdu +8166, duhvs1 ED��f�o �
Srxu ghv frqglwlrqv dx{ olplwhv jìqìudohv rq fkhufkh xq whqvhxu ìtxlydohqw hq dssoltxdqw
o*dojrulwkph gh fdofxo h�hfwli txl d ìwì suìvhqwì dx fkdslwuh 81 Xqh surfìgxuh g*rswl0
plvdwlrq gh od oleudlulh LPVO hvw xwlolvìh srxu uìvrxguh oh sureoëph +:14, hw oh judglhqw
gh od irqfwlrqqhooh U& E�� hvw fdofxoì ã o*dlgh gh od sursrvlwlrq 81<14;1 Ohv uìvxowdwv lvvxv
gh fhwwh pìwkrgh vrqw doruv frpsduìv dyhf fhx{ ghv pìwkrghv fodvvltxhv1 Rq prqwuh
qxpìultxhphqw txh oh whqvhxu ìtxlydohqw rewhqx sdu od pìwkrgh gh plqlplvdwlrq ghv
ìqhujlhv gìshqg ghv frqglwlrqv dx{ olplwhv dssoltxìhv dx{ sureoëphv orfdx{1 Rq fdo0
fxoh hq�q srxu gl�ìuhqwv wdx{ g*djuìjdwlrq xq whqvhxu ìtxlydohqw hw o*rq frpphqwh ohv
uìvxowdwv rewhqxv1

:14 Lqwurgxfwlrq
Gdqv ohv ghx{ fkdslwuhv suìfìghqwv qrxv dyrqv frqvwuxlw xqh pìwkrgh shuphwwdqw gh
fdofxohu xq whqvhxu ìtxlydohqw/ srxu ghv frqglwlrqv dx{ olplwhv txhofrqtxhv dssoltxìhv
dx{ sureoëphv orfdx{1 Xqh ghv sduwlfxodulwìv gh fhwwh dssurfkh hvw tx*hooh frqgxlw ã ghv
dojrulwkphv h�hfwliv = od plvh ã o*ìfkhooh gh od shupìdelolwì devroxh hvw idlwh hq uìvroydqw xq
sureoëph g*rswlplvdwlrq1 Fh ghuqlhu hvw uìvrox hq xwlolvdqw xqh surfìgxuh g*rswlplvdwlrq
qrq0olqìdluh dyhf frqwudlqwhv gh od oleudlulh LPVO1 G*dxwuh sduw xqh pìwkrgh g*ìoìphqwv
�qlv pl{whv k|eulghv hvw hpsor|ìh srxu uìvrxguh ohv sureoëphv orfdx{1 O*dojrulwkph gh
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Iljxuh :14= Glvwulexwlrq gh od shupìdelolwì devroxh

fdofxo plv dx srlqw gdqv oh fkdslwuh 8 hvw doruv ydolgì qxpìultxhphqw vxu ghv h{hpsohv
5G1 D�q gh srxyrlu frpsduhu qrv uìvxowdwv dyhf fhx{ rewhqxv sdu ohv pìwkrghv gh plvh
ã o*ìfkhooh fodvvltxhv/ rq wudlwh gdqv xq suhplhu whpsv o*h{hpsoh gx grpdlqh v|pìwultxh
srxu ohtxho ohv uìvxowdwv ghv pìwkrghv vwdqgduwv rqw ìwì suìvhqwìv gdqv oh fkdslwuh 61
Srxu xq fkrl{ gh frqglwlrqv dx{ olplwhv grqqìhv rq whvwh dlqvl o*dojrulwkph shuphwwdqw
g*rewhqlu xq whqvhxu txl dqqxoh od irqfwlrqqhooh remhfwli hw txl vhud sdu gì�qlwlrq oh
whqvhxu ìtxlydohqw1 Gdqv fh fkdslwuh rq vh uhvwuhlqw ã o*ìwxgh qxpìultxh gh od irqfwlrqqhooh
frþw U& E�� c gì�qlh sdu od vrpph ghv ìfduwv ghv ìqhujlhv hw fhfl srxu ghv frqglwlrqv dx{
olplwhv gh Glulfkohw1 Oruv gh od uìvroxwlrq gx sureoëph +:14, rq xwlolvh od sursrvlwlrq
81<14; txl shuphw g*dyrlu xqh h{suhvvlrq h{solflwh gx judglhqw gh od irqfwlrq frþw U& E�� �

:15 Grpdlqh v|pìwultxh
Rq frqvlgëuh o*h{hpsoh gx grpdlqh v|pìwultxh +f1i1 �jxuh :14, grqw od shupìdelolwì
devroxh hvw grqqìh sdu =

gE%� '
;A?
A=

g U2 gdqv od sduwlh mdxqh
U2 gdqv od sduwlh eohx @�eS g 5 U-n

W +:15,

rü U2 hvw od pdwulfh lghqwlwì g*ruguh 51
Oh grpdlqh hvw xq fduuì gì�ql srxu D � % � �f hw D � + � �f� Rq vh sursrvh doruv
g*ìwxglhu o*lq xhqfh ghv frqglwlrqv dx{ olplwhv vxlydqwhv =;AA?

AA=
}�E%c +� ' D%

}2E%c +� ' eE+3S�
+:16,
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Iljxuh :15= Frqglwlrqv dx{ olplwhv ìwxglìhv
dvvrflìhv ã ghv vhfrqgv phpeuhv qxov1 Rq d ylvxdolvì ohv uhsuìvhqwdwlrqv gh }� hw }2 vxu
od �jxuh :151 Rq shxw qrwhu txh od irqfwlrq }2 hvw iruwhphqw qrq0olqìdluh srxu oh grpdlqh
gh ydolgdwlrq fkrlvl1 D wlwuh frpsdudwli rq d wudfì hq mdxqh ohv frqglwlrqv olqìdluhv1 Hq
yxh g*ìwxglhu o*lq xhqfh ghv kìwìurjìqìlwìv gh od shupìdelolwì devroxh vxu ohv uìvxowdwv
rewhqxv rq frqvlgëuh ghx{ fdv g*ìwxghv1

FDV 4= N@43 G
Oh suhplhu fdv frqvlvwh ã suhqguh g ' �f( gdqv od glvwulexwlrq gh shupìdelolwì1 Ohv
uìvxowdwv rewhqxv vrqw v|qwkìwlvìv gdqv oh wdeohdx :14 hw xqh uhsuìvhqwdwlrq judskltxh ghv
ydohxuv gh od irqfwlrq frþw ã fkdtxh lwìudwlrq hvw grqqìh gdqv od �jxuh :161
Lo dssdudñw g*derug txh oh whqvhxu fdofxoì sdu od plqlplvdwlrq gh U& E�� q*hvw sdv gh
od iruph kU2c +k 5 U-n

W , frqwudluhphqw dx{ uìvxowdwv ghv pìwkrghv fodvvltxhv txl vrqw
udsshoìv gdqv oh wdeohdx :13 +ohv qrwdwlrqv vrqw fhoohv gx fkdslwuh 6 dwdeohdx 615o�1

Wdeohdx :13= Whqvhxuv ìtxlydohqwv rewhqxv sdu ohv pìwkrghv fodvvltxhv
g gW

M� gW
C. gW

-. gW
�` gW

�� gW
�� gW

M� gW
�C gW

�u gW
�u gW

�-

�f ��fH D�S2 S��. S�eS S�e. S�eH S�D2 S�.f .�2H .�2b .�.D
�ff ��HH ���S2 De�2e DH�eb DH�De DH�DS Db�2� S��.� Sb�2f Sb�22 .D�2D
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Wdeohdx :14= Hyroxwlrq ghv shupìdelolwìv hw gh od irqfwlrq frþw +fdv 4,
Lwìudwlrq N�� N�2 N22 Ydo1 irqfw1

4 81746 3133333 81746 5153H.3:
5 81746 3163:9< 8197: 41:3H.3:
6 817<3 3135:7< 81;8: 4175H.3:
7 91<<< 03134988 :178: :133H.37
8 91856 3145:75 :17:9 51:9H.37
9 917<4 3135:3; :183: 4166H.37
: 91675 03134:<4 :18:7 5198H.36
; 9154: 03134446 :1949 4153H.35
< 914<6 03133457 :1956 4145H.33
43 914<5 03133347 :1956 41:8H035
44 914<5 3133334 :1956 4164H037

Srxuwdqw rq frqvlgëuh xqh glvwulexwlrq v|pìwultxh gh shupìdelolwì +krprjëqh hw lvrwursh,
txl hvw uìsduwlh gdqv xq grpdlqh v|pìwultxh fh txl frqgxlw jìqìudohphqw ã o*rewhqwlrq
g*xq whqvhxu ìtxlydohqw lvrwursh1 Rq yrlw fodluhphqw o*lq xhqfh ghv frqglwlrqv dx{ olp0
lwhv fkrlvlhv txl rqw �fdvvì� od v|pìwulh gx grpdlqh1 Od frqglwlrq dx{ olplwhv }2 d xqh
lq xhqfh soxv lpsruwdqwh txh }�/ fh txl vh wudgxlw lfl sdu oh idlw txh oh whuph N22 hvw
vxsìulhxu dx whuph N���
G*dxwuh sduw lo dssdudñw txh o*dojrulwkph frqyhujh fruuhfwhphqw sxlvtxh od irqfwlrq frþw
ã xqh ydohxu gh 515 H.3: oruv gh od suhplëuh lwìudwlrq srxu derxwlu ã xqh ydohxu gh
4164 H037 dx erxw gh 44 lwìudwlrqv1 Oruv gh fhwwh ghuqlëuh lwìudwlrq oh whqvhxu ìtxlydohqw
rewhqx sdu od pìwkrgh gh plqlplvdwlrq hvw grqqì sdu =

gW '
5
7 S��b2 ��ff. � fD
��ff. � fD .�S2�

6
8 +:17,

Grqf/ hq dssoltxdqw o*dojrulwkph grqqì dx fkdslwuh 8 hw sdu o*lqwhupìgldluh gh od surfì0
gxuh g*rswlplvdwlrq/ rq rewlhqw glyhuv lwìuìv txl shuphwwhqw gh glplqxhu od ydohxu gh od
irqfwlrq frþw1 Od frpsdudlvrq gx whqvhxu ìtxlydohqw gW dyhf ohv whqvhxuv krprjìqìlvìv
lvvxv ghv pìwkrghv fodvvltxhv shuphw gh uhpdutxhu txh oh whuph N�� hvw surfkh gx uì0
vxowdw rewhqx sdu od pìwkrgh gh uhqrupdolvdwlrq wdqglv txh oh whuph N22 hvw yrlvlq gh
fhoxl irxuql sdu od pr|hqqh dulwkpìwltxh1 Hq rxwuh/ rq frqvwdwh txh oh whqvhxu +:17, hvw
gl�ìuhqw gh fhx{ rewhqxv sdu ohv dxwuhv pìwkrghv qxpìultxhv1
Oruv gh od suhplëuh lwìudwlrq/ od pr|hqqh dulwkpìwltxh gh od eruqh lqiìulhxuh hw gh od
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Iljxuh :16= Frqyhujhqfh gh od irqfwlrq frþw

eruqh vxsìulhxuh gh o*hqvhpeoh ghv whqvhxuv dgplvvleohv d ìwì fkrlvlh srxu gì�qlu oh
whqvhxu lqlwldo1 D�q g*ìwxglhu o*lq xhqfh gh od ydohxu gx whqvhxu lqlwldo/ soxvlhxuv hvvdlv
rqw ìwì h�hfwxìv1 Vljqdorqv dxsdudydqw txh gdqv o*h{hpsoh ìwxglì ulhq q*dvvxuh txh od
irqfwlrq frþw vrlw frqyh{h hw sdu frqvìtxhqw o*h{lvwhqfh gh plqlpxp orfdx{ q*hvw sdv
h{foxh1 Fhshqgdqw ohv uìvxowdwv qxpìultxhv prqwuhqw txh gdqv wrxv ohv fdv od pìwkrgh
d frqyhujì yhuv oh whqvhxu +:17,1
Oh whpsv FSX qìfhvvdluh dx{ 44 lwìudwlrqv d ìwì gh 73 vhfrqghv +vxu xqh pdfklqh KS,/
gxudqw ohvtxhoohv od surfìgxuh g*rswlplvdwlrq d idlw dssho 49 irlv ã od irqfwlrq frþw hw
46 irlv dx fdofxo gx judglhqw1 Fh whpsv uhodwlyhphqw idleoh hvw gþ wrxw g*derug/ dx idlw
txh oh fdofxo gx judglhqw qh qìfhvvlwh dxfxq fdofxo vxssoìphqwdluh/ fdu ohv vhfrqgv php0
euhv ghv sureoëphv orfdx{ vrqw qxov +f1i1 sursrvlwlrq 81<14;,1 Hqvxlwh/ od uìvroxwlrq ghv
sureoëphv orfdx{ srxu ohv whqvhxuv frqvwdqwv/ irxuqlv sdu od surfìgxuh g*rswlplvdwlrq/
hvw shx frþwhxvh hq whpsv gh fdofxo1

FDV 5= N@433 G
Rq h�hfwxh h{dfwhphqw od píph h{sìulhqfh txl d ìwì gìfulwh suìfìghpphqw pdlv rq
suhqg fhwwh irlv N@433 G gdqv od glvwulexwlrq gh shupìdelolwì1 Ohv uìvxowdwv rewhqxv
dx{ frxuv ghv lwìudwlrqv vrqw uhsulv gdqv oh wdeohdx :151 Lo d idoox ã qrxyhdx 44 lwìudwlrqv
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Wdeohdx :15= Hyroxwlrq ghv shupìdelolwìv hw gh od irqfwlrq frþw +fdv 5,
Lwìudwlrq N�� N�2 N22 Ydo1 irqfw1

4 6<1899 3133333 6<1899 71:5H.3<
5 6<1899 61;;683 :81583 614;H.3:
6 781;<; 061;;683 :71:86 4184H.3:
7 7917:5 03143934 :61833 918;H.39
8 831934 3193;6< :51843 41;;H.39
9 8618:9 3175473 :41796 514:H.38
: 871:48 3136;96 :4137: 613:H.36
; 8718;; 3133735 :413;9 41;<H.35
< 871897 313335: :413;: 3183H.33
43 871897 03133334 :413;: 91;5H037
44 871897 3133333 :413;: 81::H038

srxu rewhqlu oh whqvhxu ìtxlydohqw gW gì�ql sdu =

gW '
5
7 De�DSe f�

f� .��fH.
6
8 +:18,

hw srxu ohtxho od irqfwlrq frþw U& EgW� hvw qxooh1 Rq uhpdutxh txh oh skìqrpëqh
g*dqlvrwurslh/ suìvhqwì gdqv oh fdv q��c hvw dffhqwxì gdqv fhw h{hpsoh oã1 Sdu frqvìtxhqw
o*lq xhqfh ghv frqglwlrqv dx{ olplwhv/ dssoltxìhv dx{ sureoëphv orfdx{/ hvw soxv lpsru0
wdqwh oruvtxh oh grpdlqh ã krprjìqìlvhu frqwlhqw gh iruwhv kìwìurjìqìlwìv1
Sdu dloohxuv/ od frqyhujhqfh gh o*dojrulwkph hvw txdvlphqw lghqwltxh dx fdv q�� fh txl
lpsoltxh txh fh ghuqlhu hvw lqgìshqgdqw ghv kìwìurjìqìlwìv gx grpdlqh1 Oh whuph N��

gx whqvhxu ìtxlydohqw +:18, hvw wuëv surfkh gh od ydohxu wurxyìh sdu od pìwkrgh gh uhqru0
pdolvdwlrq1 Sdu frqwuh oh whuph N22 q*hvw rewhqx sdu dxfxqh ghv pìwkrghv fodvvltxhv1
Srxu fh fdv oã hqfruh/ soxvlhxuv fkrl{ gh whqvhxu lqlwldo rqw ìwì whvwìv1 Frpph gdqv oh
fdv suìfìghqw o*dojrulwkph d wrxmrxuv frqyhujì yhuv oh whqvhxu ìtxlydohqw gW grqqì sdu
+:18, elhq txh od frqyh{lwì gh od irqfwlrqqhooh qh vrlw sdv dvvxuìh1

:16 Lq xhqfh gx wdx{ g*djuìjdwlrq
Gdqv o*h{hpsoh gx sdudjudskh suìfìghqw oh whqvhxu ìtxlydohqw gW d ìwì fdofxoì dyhf ohv
frqglwlrqv dx{ olplwhv +:16, dssoltxìhv ã od fhooxoh gh edvh gìfulwh sdu od �jxuh :141 Rq
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Iljxuh :17= Grpdlqh 43-43

ìwxglh pdlqwhqdqw o*lq xhqfh gh fhv frqglwlrqv dx{ olplwhv oruvtxh oh whqvhxu ìtxlyd0
ohqw hvw fdofxoì vxu xq grpdlqh sìulrgltxh frqvwlwxì gh soxvlhxuv fhooxohv gh edvh1 Soxv
suìflvhphqw rq fkhufkh ã fdofxohu dyhf o*dojrulwkph gx fkdslwuh 8 xq whqvhxu ìtxlydohqw
vxu wrxw oh grpdlqh gìfulw sdu od �jxuh :17 dxtxho rq dssoltxh ohv frqglwlrqv dx{ olplwhv
+:16,1 Gdqv fh fdguh sduwlfxolhu/ txl fruuhvsrqg ã xq fdv sìulrgltxh/ rq frqqdñw oh whqvhxu
ìtxlydohqw h{dfw1 Fhoxl0fl hvw grqqì sdu od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh grqw
oh uìvxowdw hvw lfl =

gW
M� '

5
7 S�D2 f�

f� S�D2
6
8 +:19,

Rq h{dplqh hq suhplhu olhx ohv uìvxowdwv rewhqxv sdu od pìwkrgh gh plqlplvdwlrq gh
o*ìqhujlh vxu oh grpdlqh fduuì gì�ql srxu D � % � �f hw D � + � �f hw uhsuìvhqwì sdu od
�jxuh :171 Fh ghuqlhu hvw frqvwlwxì sdu 43 uìsìwlwlrqv gdqv fkdtxh gluhfwlrq gh od fhooxoh
lqlwldoh grqqìh gdqv od �jxuh :141 Gdqv od wkìrulh gh o*krprjìqìlvdwlrq sìulrgltxh/ fhod
uhylhqw ã srvhu 0 ' f�� 1 Hq xwlolvdqw oh píph mhx gh frqglwlrqv dx{ olplwhv gì�qlhv sdu
+:16, hw hq suhqdqw N@43G rq rewlhqw/ dsuëv 4: lwìudwlrqv/ oh whqvhxu ìtxlydohqw vxlydqw
=

gW '
5
7 S��. e�D�. � fS
e�D�. � fS S�2f

6
8 +:1:,
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Iljxuh :18= Grpdlqh 53-53
Srxu fh whqvhxu od ydohxu gh od irqfwlrqqhooh remhfwli U& EgW� ydxw = �f3e� Elhq txh fh
whqvhxu hvw uhodwlyhphqw ìorljqì gx whqvhxu +:19,/ rq frqvwdwh gìmã xqh fkrvh lqwìuhvvdqwh1
Frqwudluhphqw dx{ uìvxowdwv rewhqxv suìfìghpphqw oh whqvhxu frpsruwh ghv whuphv gl0
djrqdx{ txdvlphqw ìjdx{1 Fhfl v*h{soltxh sdu oh idlw txh o*lq xhqfh ghv frqglwlrqv dx{
olplwhv v*hvwrpsh oruvtxh od wdlooh gx grpdlqh ã krprjìqìlvhu ghylhqw judqgh sdu udssruw
ã od wdlooh ghv kìwìurjìqìlwìv1 Rq yrlw tx*lfl o*h�hw ghv frqglwlrqv dx{ olplwhv vxu oh whqvhxu
ìtxlydohqw rewhqx hvw soxv idleoh1 Wrxwhirlv rq qh uhwurxyh sdv oh uìvxowdw wkìrultxh gh
o*krprjìqìlvdwlrq sìulrgltxh1 Rq gìflgh doruv g*h{dplqhu oh fdv gìfulw sdu od �jxuh :18
hw txl fruuhvsrqg ã suhqguh 0 ' f�fD gdqv o*krprjìqìlvdwlrq sìulrgltxh1
Dx erxw gh 4: lwìudwlrqv rq rewlhqw txh od irqfwlrq frþw U& EgW� ydxw 2�Sf. � f. srxu
oh whqvhxu ìtxlydohqw vxlydqw =

gW '
5
7 S��D ���Hb. � fH���Hb. � fH S��H

6
8 +:1;,

Rq frqvwdwh txh fh whqvhxu hvw txdvlphqw lvrwursh hw whqg yhuv oh whqvhxu gh o*krprjìqìl0
vdwlrq sìulrgltxh sdu ydohxu lqiìulhxuh1 Rq uìlwëuh oh surfhvvxv vxu xq pdloodjh 73-73
+0 ' f�f2D, hw rq rewlhqw doruv =

gW '
5
7 S�ee D�2.. � fb
D�2.. � fb S�eS

6
8 +:1<,
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Rq uhwurxyh ã suìvhqw oh whqvhxu gh od wkìrulh gh o*krprjìqìlvdwlrq dyhf xqh huuhxu
uhodwlyh lqiìulhxuh ã 4/6(1 Sdu frqvìtxhqw srxu xq pdloodjh vx!vdphqw judqg +lfl 73-73,
ohv frqglwlrqv dx{ olplwhv q*rqw sudwltxhphqw soxv g*lq xhqfh vxu oh uìvxowdw �qdo hw o*rq
uhwurxyh doruv ohv uìvxowdwv fodvvltxhv1

:17 Frqfoxvlrqv
Qrxv dyrqv whvwì qxpìultxhphqw od pìwkrgh gh plvh ã o*ìfkhooh irqgìh vxu od plqlplvdwlrq
gh od irqfwlrqqhooh ìqhujìwltxh1 Xq whqvhxu ìtxlydohqw shxw gìvrupdlv íwuh fdofxoì srxu
ghv frqglwlrqv dx{ olplwhv qrq vwdqgdug hw fhv suhplhuv whvwv rqw shuplv gh prqwuhu
txh o*dojrulwkph gìfulw dx fkdslwuh 8 frqyhujh srxu ghv glvwulexwlrqv gh shupìdelolwìv
dfdgìpltxhv1 Lo d ìwì ìjdohphqw plv hq ìylghqfh od iruwh gìshqgdqfh gx whqvhxu ìtxlydohqw
sdu udssruw dx{ frqglwlrqv dx{ olplwhv dssoltxìhv dx{ sureoëphv orfdx{1 G*dxwuh sduw
soxv ohv kìwìurjìqìlwìv gx grpdlqh v*dffhqwxh hw soxv o*lq xhqfh ghv frqglwlrqv dx{ olplwhv
v*dffurñw1 Sdu frqwuh/ o*h�hw ghv frqglwlrqv dx{ erugv v*hvwrpsh dx ixu hw ã phvxuh txh od
wdlooh gx grpdlqh ã krprjìqìlvhu ghylhqw judqgh sdu udssruw ã od wdlooh ghv kìwìurjìqìlwìv
orfdohv1 Hq�q od sursulìwì txl shuphw g*dyrlu oh judglhqw vdqv dxfxq fdofxo vxssoìphqwdluh
ã shuplv g*derxwlu ã ghv whpsv gh fdofxov vdwlvidlvdqwv1
Wrxwhirlv fhv h{hpsohv qxpìultxhv suìolplqdluhv vrxoëyhqw gìmã txhotxhv txhvwlrqv txl
srxuurqw idluh o*remhw gh wudydx{ vxssoìphqwdluhv1 G*derug/ srxutxrl rewlhqw0rq/ gdqv ohv
fdv ìwxglìv/ o*xqlflwì gx whqvhxu ìtxlydohqw doruv txh ulhq qh jdudqwlh txh od irqfwlrqqhooh
plqlplvìh vrlw frqyh{h1 Lo vhpeohudlw txh fhod vrlw gþ dx idlw txh ohv frqglwlrqv dx{
olplwhv vrlw �lqgìshqgdqwhv� hq xq fhuwdlq vhqv1 Hqvxlwh/ oh whqvhxu ìtxlydohqw txl d ìwì
fdofxoì dqqxoh gdqv wrxv ohv fdv od irqfwlrqqhooh remhfwli1 Fhfl vhpeoh wurxeodqw sxlvtx*lo
q*| d dxfxqh udlvrq txh od ydohxu gh od irqfwlrq frþw vrlw wrxmrxuv qxooh srxu oh plqlpxp
rewhqx1 Rq frqvwdwh hq�q txh ohv gl�ìuhqwv whqvhxuv fdofxoìv gdqv ohv h{hpsohv frqvlgìuìv
frqyhujhqw sdu ydohxuv lqiìulhxuhv yhuv oh whqvhxu grqqì sdu o*krprjìqìlvdwlrq sìulrgltxh1
Fhfl hvw suredeohphqw gþ ã o*xwlolvdwlrq g*xqh pìwkrgh g*ìoìphqwv �qlv pl{whv k|eulghv
oruv gh od uìvroxwlrq ghv sureoëphv orfdx{1 Xqh ìwxgh wkìrultxh vxu o*hqfdguhphqw gx
whqvhxu ìtxlydohqw/ vhpeodeoh ã fhooh h�hfwxìh dx fkdslwuh 5 pdlv hq lqfoxdqw oh surfhvvxv
gh plqlplvdwlrq pìulwhudlw g*íwuh phqìh1 Fhfl d�q gh yrlu vl od sursulìwì hvw yudlh gdqv oh
fdv jìqìudo1 Elhq g*dxwuhv txhvwlrqv vh srvhqw hw vrqw gìyhorssìhv gdqv ohv shuvshfwlyhv
jìqìudohv gh fhwwh wkëvh1
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Frqfoxvlrq jìqìudoh hw shuvshfwlyhv
Dydqw g*derughu ohv shuvshfwlyhv gh uhfkhufkh txh fh wudydlo vxvflwh/ uìvxprqv od

gìpdufkh txh qrxv dyrqv dgrswìh dlqvl txh ohv sulqflsdx{ uìvxowdwv rewhqxv1
Frqfoxvlrq jìqìudoh
4
eoesduwlh

Srxu ghv jìrpìwulhv txhofrqtxhv 6G qrxv dyrqv prqwuì frpphqw lo hvw srvvleoh g*rewhqlu
qxpìultxhphqw ghv eruqhv lqiìulhxuhv hw vxsìulhxuhv gx whqvhxu ìtxlydohqw lvvx gh od
pìwkrgh g*krprjìqìlvdwlrq dyhf ghv frqglwlrqv dx{ erugv olqìdluhv1 Srxu fhod qrxv
dyrqv xwlolvì ã od irlv xqh pìwkrgh g*ìoìphqwv �qlv pl{whv hw xqh pìwkrgh g*ìoìphqwv
�qlv frqiruphv srxu uìvrxguh ohv sureoëphv orfdx{1 Od frqyhujhqfh ghv dssur{lpdwlrqv
lqiìulhxuhv hw vxsìulhxuhv dlqvl txh ghv hvwlpdwlrqv g*huuhxuv rqw ìwì ìwdeolv1 Rq prq0
wuh sdu dloohxuv txh fhwwh pìwkrgh gh plvh ã o*ìfkhooh hvw vwdeoh srxu od J0frqyhujhqfh
sduderoltxh1 Wrxv fhv uìvxowdwv vrqw ìjdohphqw ydodeohv srxu od pìwkrgh gh plvh ã
o*ìfkhooh dyhf ghv frqglwlrqv dx{ erugv frq�qìhv1 Qrxv dyrqv hqvxlwh uìdolvì xqh ìwxgh
frpsdudwlyh hqwuh ohv ghx{ pìwkrghv suìfìghpphqw flwìhv hw od wkìrulh gh o*krprjìqìl0
vdwlrq sìulrgltxh srxu ohvtxhoohv vhxohv ohv frqglwlrqv dx{ olplwhv fkdqjhqw1 Qrxv dyrqv
doruv sx prqwuhu txh ohv frh!flhqwv gldjrqdx{ gx whqvhxu ìtxlydohqw lvvxv gh od pìwkrgh
olqìdluh/ pdmruhqw ohv frh!flhqwv gldjrqdx{ ghv whqvhxuv ìtxlydohqwv rewhqxv ã o*dlgh ghv
pìwkrghv g*krprjìqìlvdwlrqv dyhf ohv frqglwlrqv dx{ erugv frq�qìhv hw sìulrgltxhv1
Ohv prgëohv gh jlvhphqwv frpsruwhqw wuëv vrxyhqw gh qrpeuhxvhv glvfrqwlqxlwìv jìrorjltxhv
hw vrqw frqvwlwxìv gh soxvlhxuv ploolrqv gh pdloohv oh wrxw ghydqw íwuh jìuì dx frxuv gh
o*ìwdsh gh plvh ã o*ìfkhooh1 Edvìh vxu od pìwkrgh gh plvh ã o*ìfkhooh dyhf ghv frqglwlrqv
dx{ olplwhv olqìdluhv/ qrxv dyrqv sursrvì xqh lpsoìphqwdwlrq shuphwwdqw gh fdofxohu fru0
uhfwhphqw oh whqvhxu ìtxlydohqw srxu ghv prgëohv gìvwuxfwxuìv 6G1 Srxu fhod xq prgxoh
gh pdloodjh/ edvì vxu xqh wuldqjxodwlrq gh Ghodxqd|0Yrurqrò/ shuphwwdqw gh frqvwuxluh
oh pdloodjh ìoìphqwv �qlv hq uhvshfwdqw o*lqwhuvhfwlrq ghv pdloodjhv jìrorjltxhv hw g|0
qdpltxhv d ìwì gìyhorssì hq frooderudwlrq dyhf od vrflìwì Vlpxorj1 G*dxwuh sduw srxu
uìvrxguh ohv sureoëphv orfdx{ xqh pìwkrgh g*ìoìphqwv �qlv +pl{whv hw frqiruphv, d ìwì
lpsoìphqwìh dffhswdqw gh suhqguh hq frpswh ghv pdloodjhv 5G hw 6G gìvwuxfwxuìv1 Gh
soxv xq dojrulwkph sduwlfxolhu d ìwì plv hq sodfh d�q gh srxyrlu wudlwhu gh pdqlëuh
dxwrpdwltxh ohv pdloohv gx prgëoh g|qdpltxh vlwxìhv suëv ghv idloohv1 Wrxw fhfl shuphw
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�qdohphqw gh wudlwhu ohv pdloodjhv lqgxvwulhov ohv soxv uìsdqgxv dfwxhoohphqw1 Ghv dssur{0
lpdwlrqv qxpìultxhv gx whqvhxu ìtxlydohqw vrqw suìvhqwìhv srxu ghv pdloodjhv gìwuxfwxuìv
5G hw 6G1
D�q gh ydolghu ohv gl�ìuhqwhv vroxwlrqv sursrvìhv oruv gh od vlpxodwlrq qxpìultxhv ghv
ìfrxohphqwv ghv  xlghv hq plolhx{ sruhx{/ qrxv dyrqv frqvwuxlw ghx{ fdv g*ìwxghv1 Ohv
gl�ìuhqwhv vlpxodwlrqv prqrskdvltxhv hw glskdvltxhv rqw ìwì h�hfwxìhv dyhf oh vlpxodwhxu
lqgxvwulho Hfolsvh1 Gdqv oh suhplhu fdv txl hvw xq h{hpsoh elglphqvlrqqho/ lo d ìwì plv hq
dydqw o*dydqwdjh g*xwlolvhu ghv pdloodjhv gìvwuxfwxuìv sdu udssruw dx{ pdloodjhv ruwkrj0
rqdx{ oruv gh o*ìwdsh gh plvh ã o*ìfkhooh1 Gdqv oh vhfrqg fdv g*ìwxgh fruuhvsrqgdqw dx
wudlwhphqw g*xqh sduwlh g*xq jlvhphqw sìwurolhu uìho/ lo d ìwì suìvhqwì ghv uìvxowdwv srxu
ghv ìfrxohphqwv prqrskdvltxhv dlqvl txh srxu ghv ìfrxohphqwv glskdvltxhv lpplvfleohv
hw lqfrpsuhvvleohv1 Qrxv dyrqv rewhqx ghv uìvxowdwv vdwlvidlvdqwv hw fh srxu ghv whpsv
gh fdofxo wuëv dffhswdeohv1

5
e6esduwlh
Ohv pìwkrghv g*krprjìqìlvdwlrqv qxpìultxhv fodvvltxhv vrqw edvìhv vxu od uìvroxwlrq gh
sureoëphv orfdx{ dx{txhov rq dgmrlqw ghv frqglwlrqv dx{ olplwhv olqìdluhv/ frq�qìhv rx
elhq sìulrgltxhv1 Fhshqgdqw/ fhv gl�ìuhqwhv frqglwlrqv dx{ olplwhv shxyhqw íwuh wuëv
ìorljqìhv gh fhoohv gh od uìdolwì1 Ru vl o*rq vrxkdlwh plhx{ suhqguh hq frpswh ohv frqgl0
wlrqv uìhoohv gx uìvhuyrlu hw ìwxglhu oh frpsruwhphqw gx whqvhxu ìtxlydohqw hq irqfwlrq
ghv frqglwlrqv dx{ olplwhv/ rq hvw frqiurqwì dx sureoëph gh fdofxohu xq whqvhxu ìtxlyd0
ohqw srxu ghv frqglwlrqv dx{ olplwhv txhofrqtxhv1 F*hvw srxutxrl qrxv dyrqv gìyhorssì
xqh pìwkrgh/ edvìh vxu xq sureoëph g*rswlplvdwlrq/ shuphwwdqw gh fdofxohu xq whqvhxu
ìtxlydohqw srxu ghv frqglwlrqv dx{ olplwhv jìqìudohv dssoltxìhv dx{ sureoëphv orfdx{1
Od shupìdelolwì ìtxlydohqwh hvw fdofxoìh hq plqlplvdqw xqh irqfwlrqqhooh uhsuìvhqwdqw od
vrpph ghv ìfduwv ghv ìqhujlhv orfdohv hw joredohv1 Xqh vhfrqgh dssurfkh edvìh vxu od
pr|hqqh ghv yhfwhxuv ylwhvvhv gh �owudwlrq ã o*ìfkhooh orfdoh hw joredoh d ìwì ìjdohphqw
ìwxglìh1 O*h{lvwhqfh g*xq plqlpxp dx sureoëph g*rswlplvdwlrq dlqvl tx*xqh gìulyìh h{0
solflwh rqw ìwì rewhqx1 Hq v*dssx|dqw doruv vxu od wkìrulh gx frqwu÷oh rswlpdo/ qrxv dyrqv
frqvwuxlw xq dojrulwkph gh fdofxo h�hfwli gx whqvhxu ìtxlydohqw srxydqw v*dssoltxhu vxu
ghv pdloodjhv gìvwuxfwxuìv1
Ohv pìwkrghv fodvvltxhv g*krprjìqìlvdwlrqv srvvëghqw gh qrpeuhxvhv sursulìwìv txl rqw
ìwì udsshoìhv dx frxuv gx suhplhu fkdslwuh1 O*h{lvwhqfh gh whoohv sursulìwìv srxu od
pìwkrgh gìyhorssìh d/ sdu frqvìtxhqw/ ìwì ìwxglìh1 Qrxv dyrqv g*derug prqwuì tx*hq
dssoltxdqw od pìwkrgh sursrvìh dyhf ohv frqglwlrqv dx{ olplwhv fodvvltxhv/ qrxv uhwurx0
ylrqv od soxsduw ghv uìvxowdwv frqqxv1 Hqvxlwh/ od pìwkrgh v*hvw uìyìoìh íwuh vwdeoh srxu
od J0frqyhujhqfh gdqv ohv fdv fodvvltxhv1 Sdu od vxlwh/ qrxv dyrqv doruv uhjdugì oh sure0
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oëph gh o*xqlflwì gx whqvhxu ìtxlydohqw1 Qrxv q*dyrqv rewhqx txh ghv uìvxowdwv sduwlhov/
txl lqgltxhqw txh srxu ghv frqglwlrqv dx{ olplwhv uhodwlyhphqw surfkhv ghv frqglwlrqv
fodvvltxhv/ rq rewlhqw xq whqvhxu ìtxlydohqw xqltxh1 Vxu oh sodq qxpìultxh o*dojrulwkph
h�hfwli shuphwwdqw gh fdofxohu xq whqvhxu ìtxlydohqw srxu ghv frqglwlrqv dx{ olplwhv
txhofrqtxhv d ìwì lpsoìphqwì1 Ohv sureoëphv orfdx{ vrqw uìvroxv dyhf xqh pìwkrgh
g*ìoìphqwv �qlv pl{whv k|eulghv hw oh sureoëph gh plqlplvdwlrq hvw wudlwì ã o*dlgh g*xqh
surfìgxuh g*rswlplvdwlrq qrq0olqìdluh dyhf frqwudlqwhv1 Hq�q/ txhotxhv hvvdlv qxpìultxhv
rqw ìwì h�hfwxìv hw phwwhqw hq dydqw txh oh whqvhxu ìtxlydohqw gìshqg ìqrupìphqw ghv
frqglwlrqv dx{ olplwhv dssoltxìhv dx{ sureoëphv orfdx{1

Shuvshfwlyhv
Od suhplëuh sduwlh gh fh wudydlo d frqvlvwì ã od plvh hq sodfh dx vhlq gh od vrflìwì Hoi
H{sorudwlrq Surgxfwlrq g*xq frgh qxpìultxh gh jlvhphqw/ shuphwwdqw gh uìdolvhu od plvh
ã o*ìfkhooh ghv prgëohv gh uìvhuyrluv frpsruwdqw soxvlhxuv ploolrqv gh pdloohv hw fh/ srxu
ghv jìrpìwulhv frpsoh{hv 6G1 D�q gh idflolwhu oh wudydlo gh o*lqjìqlhxu uìvhuyrlu/ o*ìwdsh
vxlydqwh frqvlvwh ã lqwìjuhu fh surjudpph gdqv xq orjlflho pxql g*xqh lqwhuidfh frq0
ylyldoh1 Sdu dloohxuv/ oh gìyhorsshphqw g*xq rxwlo judskltxh shuphwwdqw gh ydolghu ohv
uìvxowdwv rewhqxv vhpeoh qìfhvvdluh1
Gdqv od ghx{lëph sduwlh/ qrxv dyrqv plv dx srlqw xqh pìwkrgh gh plvh ã o*ìfkhooh shu0
phwwdqw gh suhqguh hq frpswh ghv frqglwlrqv dx{ olplwhv txhofrqtxhv1 Glyhuv uìvxowdwv
rqw ìwì rewhqxv/ fhshqgdqw/ d�q gh frpsoìwhu oh wudydlo uìdolvì/ lo qrxv vhpeoh lqwìuhvvdqw
g*hqylvdjhu ohv wurlv wkëphv gh uhfkhufkh vxlydqwv =

41 Wudydx{ wkìrultxhv
Dx yx ghv suhplhuv uìvxowdwv qxpìultxhv/ lo vhpeoh txh o*rq dlw xqlflwì gx whqvhxu ìtxly0
dohqw/ srxu ghv frqglwlrqv dx{ olplwhv jìqìudohv uhvshfwdqw xq fhuwdlq fulwëuh �g*lqgìshq0
gdqfh�+ã gì�qlu,1 Fh frqvwdw/ v*lo hvw frq�upì/ pìulwhudlw xqh ìwxgh wkìrultxh soxv
dssurirqglh1
Gdqv fh wudydlo gh wkëvh/ od pìwkrgh gh plvh ã o*ìfkhooh ìoderuìh suhqg hq frpswh vdqv
glvwlqfwlrq ohv gl�ìuhqwhv frqglwlrqv dx{ olplwhv1 F*hvw0ã0gluh txh o*rq d�hfwh hq txhotxhv
vruwh oh píph srlgv dx{ frqglwlrqv dx{ olplwhv vdqv uhfkhufkhu gh sulrulwì1 Ru/ srxu gl0
yhuvhv udlvrqv/ lo vh shxw tx*xqh frqglwlrq dx{ olplwhv vrlw soxv lpsruwdqwh txh ohv dxwuhv
f*hvw srxutxrl xqh ìwxgh gx sureoëph gh plqlplvdwlrq dx vhqv gh Sduhwr srxuudlw íwuh
hqylvdjìh1
Xq dxwuh d{h gh uhfkhufkh vhudlw gh srxuvxlyuh oh wudydlo gdqv oh fdguh gh  xlghv pxowl0
skdvltxhv hq lqwurgxlvdqw ohv frxuehv gh shupìdelolwìv uhodwlyhv gdqv oh sureoëph g*rswl0
plvdwlrq1
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51 Fdofxov qxpìultxhv
Elhq txh ohv suhplhuv uìvxowdwv vxu oh sodq qxpìultxh vrlhqw hqfrxudjhdqwv/ lo hvw lq0
gìqldeoh tx*lo idlooh srxvvhu soxv hq dydqw ohv whvwv qxpìultxhv/ qrwdpphqw dx wudyhuv
g*h{hpsohv vxu ghv jìrpìwulhv gìvwuxfwxuìhv1 Lo qrxv vhpeoh ìjdohphqw lpsruwdqw g*lp0
soìphqwhu o*dssurfkh edvìh vxu oh yhfwhxu ylwhvvh/ g*ìwxglhu od uìvroxwlrq gx sureoëph
gh plqlplvdwlrq srxu ghv whqvhxuv gldjrqdx{ shuphwwdqw dlqvl xqh jìqìudolvdwlrq gh od
pìwkrgh frq�qìh hw hq�q g*hqylvdjhu oh fdv wulglphqvlrqqho1

61 Xwlolvdwlrq gh od pìwkrgh
Ohv frqglwlrqv dx{ olplwhv jìqìudohv shxyhqw gìvrupdlv íwuh sulvhv hq frpswh1 Lo v*djlw
pdlqwhqdqw/ gh vdyrlu frpphqw hoohv shxyhqw íwuh xwlolvìhv dx plhx{ srxu ghv sureoëphv
lqgxvwulhov1 Xqh suhplëuh dssurfkh frqvlvwhudlw ã h�hfwxhu srxu xq  xlgh prqrskdvltxh
od vlpxodwlrq gx prgëoh jìrorjltxh shuphwwdqw dlqvl gh frqqdñwuh od suhvvlrq hq wrxw srlqw
gx jlvhphqw1 D sduwlu gh fhwwh lqirupdwlrq/ lo vx!udlw doruv g*dssoltxhu vlpsohphqw
od pìwkrgh vxu fkdtxh pdlooh g|qdpltxh1 G*dxwuhv vwudwìjlhv elhq soxv vrsklvwltxìhv
shxyhqw ìjdohphqw ìwuh hqylvdjìhv1
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phwkrg ri odujh0vfdoh dyhudjlqj1 Wudqvsruw lq Srurxv phgld/ yro1 6/ ss1 68:0746/
4<;;1

^:5` S1 D1 Udylduw dqg M1 P1 Wkrpdv/ D pl{hg �qlwh hohphqw phwkrg iru vhfrqg rughu
hoolswlf sureohpv/ Pdwkhpdwlfdo Dvshfwv ri wkh Ilqlwh Hohphqw Phwkrg/ L1 Jdooljdql/
H1 Pdjhqhv/ hgv1/ Ohfwxuh Qrwhv lq Pdwk1 939/ Vsulqjhu0Yhuodj/ Qhz \run/ ss1 5<50
648/ 4<::1

^:6` Q1 Ud|qdxg/ Dssur{lpdwlrq sdu pìwkrgh g*ìoìphqwv �qlv gh sureoëphv gh wudqv0
plvvlrq udlghv/ Wkëvh gh o*Xqlyhuvlwì gh Sdx hw ghv Sd|v gh o*Dgrxu/ 4<<71

^:7` S1 Uhqdug dqg J1 gh Pduvlo|/ Fdofxodwlqj htxlydohqw shuphdelolw|= d uhylhz/ Dg0
ydqfhv lq Zdwhu Uhvrxufhv/ Yro1 53/ Q� 809/ ss1 58605:;/ 4<<:1

57;



^:8` M1 H1 Urehuwv dqg M1 P1 Wkrpdv/ Pl{hg dqg k|eulg phwkrgv/ Kdqgerrn ri Qx0
phulfdo Dqdo|vlv/ S1J1 Flduohw dqg M1O1 Olrqv/ hgv1/ Yro1 LL/ Ilqlwh Hohphqw Phwkrgv
+Sduw4,/ Qruwk0Kroodqg/ Dpvwhugdp/ ss1 857096</ 4<<41

^:9` U1 N1 Urphx/ Hfrxohphqw hq plolhx{ kìwìurjëqhv= sulvh gh pr|hqqh gh shupìdelolwì
hq uìjlphv shupdqhqw hw wudqvlwrluh/ Wkëvh gh o*Xqlyhuvlwì Slhuuh hw Pdulh Fxulh/
Sdulv YL/ 4<<71

^::` N1 Vde/ Rq wkh krprjhqhl}dwlrq dqg wkh vlpxodwlrq ri udqgrp pdwhuldov/ Hxurshdq
Mrxuqdo ri Phfkdqlfv D2Vrolgv/ 44/ q�Dc ss1 8;8093:/ 4<<51

^:;` H1 Vdqfkh}0Sdohqfld/ Qrq0krprjhqhrxv phgld dqg yleudwlrq wkhru|/ Ohfwxuh Qrwhv
lq Sk|vlfv 45:/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<;31

^:<` Vlpdlo yhuvlrq 916/ Pdqxho g*xwlolvdwlrq/ Vlpxorj/ 4<<:1
^;3` Vlpxs yhuvlrq 514/ Xvhu Jxlgh/ Ehlfls0Iudqode/ 4<<<1
^;4` S1 Vxtxhw/ Sodvwlflwì hw krprjìqìlvdwlrq/ Wkëvh g*Hwdw gh o*Xqlyhuvlwì Slhuuh hw

Pdulh Fxulh/ Sdulv YL/ 4<;51
^;5` Q1 Vydqvwhgw/ J0frqyhujhqfh ri sduderolf rshudwruv/ Qrqolqhdu Dqdo|vlv/ 69/ ss1

;3:0;75/ 4<<<1
^;6` O1 Wduwdu/ Txhotxhv uhpdutxhv vxu o*krprjìqìlvdwlrq1 Lq K1 Ixmlwd/ hglwru/ Surf1 ri

wkh Mdsdq0Iudqfh Vhplqdu 4<:9 �Ixqfwlrqdo Dqdo|vlv dqg Qxphulfdo Dqdo|vlv�/ ss1
79<07;41 Mdsdq Vrflhw| iru wkh Surprwlrq ri Vflhqfhv/ 4<:;1

^;7` O1 Wduwdu/ Lqfrpsuhvvleoh  xlg  rz lq d srurxv phglxp 0 frqyhujhqfh ri wkh kr0
prjhql}dwlrq surfhvv1 lq ^:;` ss1 69;06::/ 4<;31

^;8` S1 Whusrolool dqg W1 Krqwdqv/ Erxqgdu| h�hfwv lq wkh xsvfdolqj ri devroxwh shu0
phdelolw|= d qhz dssurdfk/ Surfhhglqjv ri wkh :wk Hxurshdq Frqihuhqfh rq wkh
Pdwkhpdwlfv ri Rlo Uhfryhu|/ Lwdo|/ 80; vhswhpehu 53331

^;9` M1 H1 Zduuhq/ dqg K1 V1 Sulfh/ Iorz lq khwhurjhqhrxv srurxv phgld/ VSH Mrxuqdo/
yro1 4/ ss1 486049</ 4<941

^;:` Y1 Y1 ]klnry/ V1 P1 Nr}ory/ dqg R1 D1 Rohlqln/ J0frqyhujhqfh ri sduderolf rshudwruv/
Uxvvldq Pdwk1 Vxuyh|v 69=4/ ss1 <093/ 4<;41

^;;` W1 L1 ]rkgl/ M1 W1 Rghq/ dqg J1 M1 Urglq/ Klhudufklfdo prgholqj ri khwhurjhqhrxv
erglhv/ Frps1 Phwk1 Dsso1 Phfk1 Hqju1/ 46;/ ss1 5:605<;/ 4<<91

57<







Résumé

HOMOGENEISATION NUMERIQUE DE PARAMETRES  
PETROPHYSIQUES POUR DES MAILLAGES DESTRUCTURES EN  

SIMULATION DE RESERVOIR  
 

Dans cette thèse on s’intéresse aux méthodes d’homogénéisations qui nécessitent la 
résolution de problèmes locaux soumis à des conditions aux limites. Dans la 
première partie on étudie une méthode avec des conditions aux limites linéaires 
applicables sur des maillages déstructurés. On montre qu’en utilisant une méthode 
d’éléments finis mixtes [resp. conformes] on obtient une approximation numérique 
inférieure [resp. supérieure] du tenseur équivalent. On démontre également un 
résultat de stabilité pour la G-convergence parabolique. Des approximations 
numériques du tenseur équivalent calculées sur des domaines 2D et 3D déstructurés 
sont données ainsi que des simulations d’écoulements monophasiques et 
diphasiques permettant de valider la méthode.  
Dans la deuxième partie on définit une nouvelle méthode de mise à l’échelle 
permettant de prendre en compte des conditions aux limites quelconques appliquées 
aux problèmes locaux. Sur des maillages déstructurés le tenseur équivalent est 
déterminé en minimisant l’écart des énergies dissipées (ou. des vitesses moyennes) 
locales et globales. On obtient, en utilisant les techniques du contrôle optimal, un 
algorithme de calcul effectif qui permet de retrouver, pour les conditions aux limites 
classiques, les résultats bien connus. Des résultats de convergence et des 
estimations d’erreurs sont établis. On montre enfin que cette méthode est stable pour 
la G-convergence et quelques essais numériques 2D sont présentés. 

 

Abstract

NUMERICAL HOMOGENIZATION OF PETROPHYSICAL  
PARAMETERS USING UNSTRUCTURED GRIDS 

IN RESERVOIR SIMULATION 
 

Homogenization methods that require to solve local problems subject to boundary 
conditions are addressed in this thesis. In the first part we study a method with linear 
boundary conditions which can be applied to unstructured grids. We show that using 
a mixed [resp. conforming] finite elements method we obtain a lower [resp. upper] 
numerical approximation of equivalent tensor. We prove also that the resulting 
equivalent permeability tensor is stable as defined relative to parabolic G-
convergence. Numerical approximations of equivalent tensor computed on 2D and 
3D unstructured grids are given. Moreover simulations of one-phase and two-phase 
flow are performed in order to validate the method. 
In the second part we define a new upscaling method which can take into account 
general boundary conditions applied to local problems. The determination of 
equivalent tensor is made, on unstructured grid, by minimizing the difference of 
dissipated energies (or averaged velocity) at local and global scale. Using optimal 
control techniques, we obtain an effective computing algorithm which allows us to 
find, with classical boundary conditions, the well-know results. Convergence results 
and errors estimates are presented. We show finally that this method is stable as 
defined relative to G-convergence and 2D numerical experiments are presented. 
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