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Wdeoh gh pdwlëuhv

Olvwh ghv Iljxuhv ly

4 Uìsrqvh rswltxh hw h{flwdwlrqv ìoìphqwdluhv gdqv ohv pìwdx{ qreohv hw
ohxuv qdqrvwuxfwxuhv 8
414 Ghvfulswlrq froohfwlyh gx jd} g*ìohfwurqv = Sodvprqv 1 1 1 1 1 1 1 1 1 1 1 1 1 9

415 Wkìrulh gh od irqfwlrqqhooh gh od ghqvlwì gìshqgdqwh gx whpsv + WGGIW , 1 49

41514 Irqfwlrq glìohfwultxh orqjlwxglqdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
41515 Dssur{lpdwlrq gh od skdvh doìdwrluh + USD , 1 1 1 1 1 1 1 1 1 1 1 1 1 56

416 Fdv ghv vrolghv fulvwdoolqv +pìwdx{ qreohv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

41614 Frqwulexwlrqv lqwudedqghv + prgëoh gh Guxgh , 1 1 1 1 1 1 1 1 1 1 1 1 5:
41615 Frqwulexwlrq lqwhuedqgh 1 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;

417 Fdv ghv djuìjdwv gh pìwdx{ qreohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
41714 Hwdw irqgdphqwdo 1 1 1 1 1 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;

41715 Uìsrqvh rswltxh gdqv oh fdguh gh od WGOGD 1 1 1 1 1 1 1 1 1 1 1 1 1 73

418 Dvshfwv G|qdpltxhv 1 1 1 1 1 1 1 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;
41814 Lqwhudfwlrq ìohfwurq0ìohfwurq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

41815 Lqwhudfwlrq ìohfwurq0skrqrq + Prgëoh ã ghx{ edlqv , 1 1 1 1 1 1 1 1 1 85

5 Wkìrulh gh od gl�udfwlrq gh od oxplëuh sdu ghv uìvhdx{ pìwdooltxhv vxe0

orqjxhxu g*rqgh 87

514 Sodvprqv gh vxuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
515 Dqrpdolhv gh Zrrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

516 Wudqvplvvlrq h{dowìh gh od oxplëuh sdu ghv �opv pìwdooltxhv vwuxfwxuìv sìul0
rgltxhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

517 Wkìrulh gh od gl�udfwlrq g|qdpltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

518 Fdv ghv uìvhdx{ xqlglphqvlrqqhov 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

519 Prgëoh dqdo|wltxh 1 1 1 1 1 1 1 1 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 Surwrfrohv H{sìulphqwdx{ hw Hfkdqwloorqv ;4

614 Sursdjdwlrq ghv lpsxovlrqv odvhu xowudeuëyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
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61414 Glvshuvlrq ^:5/:6` 1 1 1 1 1 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
61415 Dxwrprgxodwlrq gh skdvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
61416 Dxwrirfdolvdwlrq 1 1 1 1 1 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 Jìqìudwlrq ghv lpsxovlrqv odvhu xowudeuëyhv ^:7` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
61514 Plolhx gh jdlq 1 1 1 1 1 1 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
61515 Eorfdjh gh prghv ^:9` 1 1 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
61516 Frpshqvdwlrq gh od glvshuvlrq gh od ylwhvvh gh jurxsh ^:6` 1 1 1 1 1 1 <9

616 Dpsol�fdwlrq g*lpsxovlrqv ã gìulyh gh iuìtxhqfh +FSD, ^:<` 1 1 1 1 1 1 1 1 1 <<
617 Prqwdjh odvhu 1 1 1 1 1 1 1 1 1 1 1 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

61714 Rvfloodwhxu Vdsklu grsì dx Wlwdqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
61715 Dpsol�fdwhxu uìjìqìudwli 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
61716 Jìqìudwlrq g*xq frqwlqxxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

618 Glvsrvlwli h{sìulphqwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
61814 Whfkqltxh srpsh0vrqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
61815 Prqwdjh Plfurvfrsh frqirfdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
61816 Prqwdjh srpsh0vrqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;

619 Fdudfwìulvdwlrq ghv lpsxovlrqv ^;3` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
61914 Dxwrfruuìodwlrq hq lqwhqvlwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
61915 Fdudfwìulvdwlrq gh od gìulyh hq iuìtxhqfh +fklus, gh od vrqgh 1 1 1 1 1 444

61: Hoderudwlrq gh vwuxfwxuhv gh wurxv vxe0orqjxhxu g*rqgh sdu ILE ^;7` 1 1 1 1 446

7 Uìvxowdwv hw glvfxvvlrqv 44:
714 Fdv ghv �opv pìwdooltxhv 1 1 1 1 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:

71414 Gìwhuplqdwlrq gh od irqfwlrq glìohfwultxh gh o*ru 1 1 1 1 1 1 1 1 1 1 1 44:
71415 G|qdpltxh ihpwrvhfrqgh ghv �opv g*ru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455

715 Fdv ghv uìvhdx{ gh wurxv vxe0orqjxhxu g*rqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46<
71514 Sursulìwìv olqìdluhv gh od wudqvplvvlrq sdu ohv uìvhdx{ gh wurxv vxe0

orqjxhxu g*rqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46<
71515 G|qdpltxh ihpwrvhfrqgh ghv uìvhdx{ gh wurxv vxe0orqjxhxuv g*rqgh 483

8 Frqfoxvlrq hw shuvshfwlyhv 497
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Olvwh ghv Iljxuhv

414 Uhodwlrq gh glvshuvlrq w|sltxh g*xq pìwdo gdqv oh prgëoh gx Mhoolxp ^4` 1 1 48
415 Ohv srlqwv gh v|pìwulh gdqv od suhplëuh }rqh gh Euloorxlq ghv pìwdx{ qreohv 64

416 Vwuxfwxuh gh edqghv gh o*ru vhorq oh fdofxo gh Fkulvwhqvhq hw Vhudsklq ^4<` 1 64
417 Vwuxfwxuh gh edqghv gh o*dujhqw vhorq oh fdofxo gh Fkulvwhqvhq ^53` 1 1 1 1 1 1 65
418 Gìwdlo ghv edqghv gh o*dujhqw dx yrlvlqdjh gx srlqw gh v|pìwulh O 1 1 1 1 1 1 66

419 Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD
dyhf fhoohv gh od wkhrulh gh Plh srxu ohv djuìjdwv oleuhv g*ru 1 1 1 1 1 1 1 1 1 78

41: Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD
dyhf fhoohv gh od wkìrulh gh Plh srxu ohv djuìjdwv oleuhv g*dujhqw 1 1 1 1 1 1 1 78

41; Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD
dyhf fhoohv gh od wkìrulh gh Plh srxu ohv djuìjdwv g*ru gdqv xqh pdwulfh
g*doxplqh 1 1 1 1 1 1 1 1 1 1 1 1 1 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:

41< Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD
dyhf fhoohv gh od wkìrulh gh Plh srxu ohv djuìjdwv g*dujhqw lqvìuìv gdqv xqh
pdwulfh g*doxplqh 1 1 1 1 1 1 1 1 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:

514 Vfkìpd gh sodvprq gh vxuidfh +sur�o h{srqhqwlho, vxu xqh lqwhuidfh glìohf0
wultxh2pìwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

515 Uhodwlrq gh glvshuvlrq g*xq sodvprq gh vxuidfh gdqv oh fdv g*xqh lqwhuidfh
sodqh pìwdo2glìohfwultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

516 +d, Uhodwlrq gh glvshuvlrq ghv SSVv gdqv oh fdv g*xqh lqwhuidfh pìwdo2glìohfwultxh
prgxoìh sìulrgltxhphqw rü rq yrlw fodluhphqw ghv edqghv lqwhuglwhv1 Od oljqh
gurlwh uhsuìvhqwh od uhodwlrq gh glvshuvlrq ghv skrwrqv lqflghqwv1 +e,Uhodwlrq
gh glvshuvlrq h{sìulphqwdoh ghv SSVv revhuyìh gdqv oh fdv g*xq uìvhdx g*ru1
^6;` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93

517 Yxh dx plfurvfrsh ìohfwurqltxh ã edod|djh g*xq uìvhdx gh wurxv judyì vxu xq
�op g*dujhqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

518 +g*dsuìv^7;`,/ Vshfwuh gh wudqvplvvlrq g*xq uìvhdx gh wurxv vxe0orqjxhxu
g*rqgh gdqv xq �op g*dujhqw gìsrvì vxu xq vxevwudw gh yhuuh +Sìulrgh =
933 qp/ gldpëwuh ghv wurxv = 483 qp/ ìsdlvvhxu gh �op = 533 qp,1 Ohv pdu0
txhv yhuwlfdohv hq frqwlqxh lqgltxhqw ohv prghv sodvprqv hw fhoohv hq srlqwlooì
lqgltxhqw ohv dqrpdolhv gh Zrrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
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519 Vfkìpd gx uìvhdx gh ihqwhv xwlolvì gdqv ohv fdofxov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

614 Dxwrprgxodwlrq gh skdvh g*xq idlvfhdx jdxvvlhq gdqv xq plolhx dyhf q2 A 3=
+d, Oh idlvfhdx lqlwldo1 +e, Od uìsduwlwlrq whpsruhooh ghv iuìtxhqfhv jìqìuìhv1
+f, Ohv prgl�fdwlrqv dssruwìhv dx{ rvfloodwlrqv gh o*lpsxovlrq wudyhuvdqw fh
plolhx 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

615 Dxwrirfdolvdwlrq g*xq idlvfhdx odvhu wudyhuvdqw xq plolhx qrq olqìdluh dyhf
q2 A 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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 Hoìphqwv gh edvh g*xqh fdylwì odvhu ihpwrvhfrqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

617 Odvhu ihpwrvhfrqgh Wlwdqh = Vdsklu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

618 Hyroxwlrq whpsruhooh gh o*lqwhqvlwì gh vruwlh g*xq odvhu frqwlqx pxowlprghv 1 <6

619 +d, Wudlq gh sdtxhwv g*rqgh g*xq odvhu ihpwrvhfrqgh eortxì hq prghv1 +e,
Prghv orqjlwxglqdx{ gh od fdylwì odvhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

61: Frpsuhvvhxu rswltxh frqvwlwxì g*xqh sdluh gh sulvphv 1 1 1 1 1 1 1 1 1 1 1 1 <:

61; Frpsuhvvhxu rswltxh frqvwlwxì gh txdwuh sulvphv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

61< Frpsuhvvhxu rswltxh frqvwlwxì gh ghx{ uìvhdx{ gh gl�udfwlrq 1 1 1 1 1 1 1 1 <;

6143 Hwluhxu g*lpsxovlrqv ã ghx{ uìvhdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

6144 Vshfwuhv g*devruswlrq hw g*ìplvvlrq ghv lrqv Wl�n gdqv oh fulvwdo Wl = Vd 1 1 434

6145 Fdylwì gx odvhu Wl =Vd +Wvxqdpl gh Vshfwud Sk|vlfv, 1 1 1 1 1 1 1 1 1 1 1 1 1 435

6146 Prqwdjh srpsh0vrqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

6147 Prqwdjh Plfurvfrsh Frqirfdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43:

6148 Vfkìpd g*xq dxwrfruuìodwhxu rswltxh hq frq�jxudwlrq qrq0frolqìdluh 1 1 1 1 43<

6149 frxueh g*dxwrfruuìodwlrq gh o*lpsxovlrq gìolyuìh sdu oh Vslw�uh 1 1 1 1 1 1 1 1 443

614: Prqwdjh srpsh0vrqgh edvì vxu o*devruswlrq ã ghx{ skrwrqv gdqv xq fulvwdo
gh ]qV srxu od fdudfwìulvdwlrq gx fklus gx frqwlqxxp vshfwudo 1 1 1 1 1 1 1 445

614; uhwdug gh jurxsh gx frqwlqxxp vshfwudo hq irqfwlrq gh od orqjxhxu g*rqgh 1 445

614< +d, Vljqdx{ hw gìjåwv surgxlwv sdu lqwhudfwlrq gx idlvfhdx g*lrqv irfdolvì dyhf
xq ìfkdqwloorq1 +e, O*dssdulho ILE = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447

6153 Lpdjh PHE g*xq uìvhdx gh wurxv vxe0orqjxhxu g*rqgh judyì vxu xq �op
sro|fulvwdoolq g*ru gh 583 qp g*ìsdlvvhxu gìsrvì vxu xq vxevwudw gh Do2R� 1 448

714 Gìwdlo gh od vwuxfwxuh gh edqghv gh o*ru dx yrlvlqdjh gx srlqw gh v|pìwulh O
^49` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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<

715 Sduwlhv uìhooh +srlqwlooìv, hw lpdjlqdluh +wudlw sohlq, gh od frqwulexwlrq lqwhu0
edqgh ã od irqfwlrq glìohfwultxh gh o*ru/ fdofxoìhv hq xwlolvdqw oh prgëoh gh
Urvhl gìyhorssì dx sdudjudskh +41615, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

716 Sduwlhv uìhooh + wudlw sohlq, hw lpdjlqdluh +srlqwlooìv, gh od Irqfwlrq glìohf0
wultxh gh o*ru gìwhuplqìh h{sìulphqwdohphqw1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454

717 +d, Yduldwlrq gh od irqfwlrq gh glvwulexwlrq fruuhvsrqgdqw ã xqh yduldwlrq gh
whpsìudwxuh�We @ 433N> +e, Yduldwlrqv ghv sduwlhv uìhooh hw lpdjlqdluh gh od
irqfwlrq glìohfwultxh fdofxoìhv srxu od píph yduldwlrq gh od whpsìudwxuh/ +f,
Wudqvplvvlrq hw uì h{lrq gl�ìuhqwlhoohv fdofxoìhv srxu od píph yduldwlrq gh od
whpsìudwxuh1 Ohv frxuehv odujhv vshfwudohphqw hw gh wuëv idleohv dpsolwxghv
uhsuìvhqwhqw vfkìpdwltxhphqw ohv frqwulexwlrqv dwkhupdohv1 1 1 1 1 1 1 1 1 459



yl

718 Vshfwuhv gh uì h{lrq +d, hw gh wudqvplvvlrq +e, gl�ìuhqwlhoohv phvxuìv srxu
gl�ìuhqwv uhwdugv hqwuh od srpsh hw od vrqgh g*xq �op g*ru gh 5< qp gìsrvì
vxu xq vxevwudw gh vdsklu1 Od ghqvlwì g*ìqhujlh gh od srpsh hvw 553 �M2fp2= 45:

719 Vshfwuhv gh uì h{lrq gl�ìuhqwlhooh qrupdolvìh +d, hw gh wudqvplvvlrq gl�ìuhq0
wlhooh qrupdolvìh +e, g*xq �op g*ru gh 5< qp g*ìsdlvvhxu fruuhvsrqgdqwv ã
ghx{ ghqvlwìv g*ìqhujlh1 Oh uhwdug hqwuh srpsh hw vrqgh hvw 4 sv 1 1 1 1 1 1 45;

71: Vshfwuhv gh od uì h{lrq gl�ìuhqwlhooh qrupdolvìh +d, hw gh od wudqvplvvlrq
gl�ìuhqwlhooh qrupdolvìh +e, fdofxoìv srxu ghx{ fkdqjhphqwv gh whpsìudwxuh
ìohfwurqltxh �We @ 53N hw �We @ 633N 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<

71; Hyroxwlrq whpsruhooh gh od uì h{lrq gl�ìuhqwlhooh +wudlw sohlq, hw gh od wudqv0
plvvlrq gl�ìuhqwlhooh +srlqwlooìv, g*xq �op g*ru gh 5< qp g*ìsdlvvhxu dlqvl txh
ohv yduldwlrqv gh od irqfwlrq glìohfwultxh fruuhvsrqgdqwhv ��� +wudlw sohlq, hw
��2 +srlqwlooìhv,1 Od ghqvlwì g*ìqhujlh g*h{flwdwlrq hvw 63 �M2fp2= 1 1 1 1 1 464

71< Uh h{lrq +d, hw wudqvplvvlrq +e, gl�ìuhqwlhoohv qrupdolvìhv g*xq �op g*ru
gh 5< qp phvxuìhv ã � @843 qp1 Od ghqvlwì g*ìqhujlh g*h{flwdwlrq hvw
63�M2fp21 Od frxueh hq srlqwlooìv uhsuìvhqwh oh vljqdo gh fruuìodwlrq furlvìh
srpsh0vrqgh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

7143 Hyroxwlrq whpsruhooh gh od uì h{lrq gl�ìuhqwlhooh qrupdolvìh phvxuìh ã � @
843 qp srxu gl�ìuhqwhv ghqvlwìv g*ìqhujlh g*h{flwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 467

7144 Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh phvxuìh ã � @ 948 qp1
Od ghqvlwì g*ìqhujlh g*h{flwdwlrq hvw 63 �M2fp2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468

7145 Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh gx �op g*ru +5< qp,
ã � @ 8<3 qp phvxuìh srxu gl�ìuhqwhv ghqvlwìv g*ìqhujlh gh srpsh1 +d,
LR @ 63 �M2fp

2/ +e, LR @ <3 �M2fp
2= +f, LR @ 553 �M2fp

2= 1 1 1 1 1 1 1 1 1 469

7146 Vshfwuhv gh uì h{lrq gl�ìuhqwlhooh qrupdolvìh g*xq �op plqfh g*ru gh 5< qp
g*ìsdlvvhxu +srlqwlooìv, hw g*xq �op g*ru ìsdlv gh 563 qp g*ìsdlvvhxu +wudlw
sohlq, fruuhvsrqgdqwv ã xq uhwdug srpsh0vrqgh ìjdoh ã 4 sv1 Od ghqvlwì
g*ìqhujlh gh srpsh hvw 833 �M2fp2= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

7147 Vshfwuhv gh wudqvplvvlrq phvxuì +wudlw sohlq, hw fdofxoì +srlqwlooìv, g*xq
uìvhdx gh wurxv judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu dyhf
ohv sdudpëwuhv d @ 633 qp/ g @ 4:: qp/ k @ 563 qp1 1 1 1 1 1 1 1 1 1 1 1 1 473

7148 Vshfwuhv gh uì h{lrq +srlqwlooìv, hw g*devruswlrq +wudlw sohlq, gx píph uìvhdx
gh od �jxuh 7147 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474

7149 Píphv vshfwuhv txh fhx{ gh od �jxuh 7147 hq ìfkhooh orjdulwkpltxh1 1 1 1 1 1 476

714: Vshfwuhv gh wudqvplvvlrq +d, hw gh uì h{lrq +e, fdofxoìv g*xq uìvhdx gh wurxv
judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu srxu gl�ìuhqwhv ydohxuv
gh o*ìsdlvvhxu gx �op k/ dyhf d @ 633 qp hw g @ 433 qp1 Gdqv fh fdofxo od
sduwlh lpdjlqdluh gh od irqfwlrq glìohfwultxh gh o*ru hvw frqvlgìuìh ìjdoh ã }ìur1478

714; Vshfwuhv gh wudqvplvvlrq hw gh uì h{lrq fdofxoìv gh od píph vwuxfwxuh txh
srxu od �jxuh 714:/ pdlv hq suhqdqw fhwwh irlv0fl od irqfwlrq glìohfwultxh h{dfwh
gh o*ru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
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714< Vshfwuhv gh wudqvplvvlrq fdofxoìv g*xq uìvhdx gh wurxv judyì vxu xq �op g*ru
gìsrvì vxu xq vxevwudw gh vdsklu +�UUU @ 6=5, hq irqfwlrq gh od od frqvwdqwh
glìohfwultxh gx plolhx dgmdfhqw �U / dyhf d @ 633 qp hw g @ 433 qp/ k@433
qp1 +d, �U � �UUU > +e, �U � �UUU 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 483

7153 Vshfwuhv gh wudqvplvvlrq gl�ìuhqwlhooh phvxuìv g*xq uìvhdx gh wurxv judyì
vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu +d, rx gh yhuuh +e,/ srxu
gl�ìuhqwv uhwdugv hqwuh od srpsh hw od vrqgh1 Ohv sdudpëwuhv gx uìvhdx
+Dx2Do2R�, vrqw d @ 633 qp/ g @ 4:: qp/ k @563 qp hw fhx{ gx uìvhdx
+Dx2yhuuh, vrqw d @ 683 qp/ g @ 4:8 qp/ k @563 qp1 Od ghqvlwì g*ìqhujlh
gh od srpsh hvw 583 �M2fp2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486

7154 Vshfwuhv gh wudqvplvvlrq gl�ìuhqwlhooh w|sltxhv ghv ghx{ uìvhdx{ gh od �jxuh
7153 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487

7155 Yduldwlrqv w|sltxhv gh od irqfwlrq glìohfwultxh g*xq �op g*ru gh 5< qp h{0
wudlwhv ã sduwlu ghv phvxuhv gh wudqvplvvlrq hw gh uì h{lrq gl�ìuhqwlhoohv 1 1 488

7156 Yduldwlrqv vshfwudohv ghv frh!flhqwv w�> w2c u�c u2 gì�qlv gdqv o*ìtxdwlrq +718, 48:
7157 Vshfwuhv gh od wudqvplvvlrq gl�ìuhqwlhooh fdofxoìv +d, hw phvxuìv +e, g*xq

uìvhdx gh wurxv judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu fru0
uhvsrqgdqwv ã gl�ìuhqwv uhwdugv hqwuh od srpsh hw od vrqgh1 Ohv sdudpëwuhv
gx uìvhdx vrqw d @ 633 qp/ g @ 4:: qp/ k @563 qp1 1 1 1 1 1 1 1 1 1 1 1 1 48<

7158 Vshfwuh gh od uì h{lrq gl�ìuhqwlhooh qrupdolvìh +wudlw sohlq, gx píph uìvhdx
gh od �jxuh 7157 fdofxoì srxu xq uhwdg gh 5 sv1 Od wudqvplvvlrq gx uìvhdx
hvw uhsuìvhqwìh hq srxlqwlooìv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493

7159 +d, Vshfwuh gh od wudqvplvvlrq gx píph uhvhdx txh fhoxl gh od �jxuh 7157
fdofxoì hq xwlolvdqw od irqfwlrq glìohfwultxh gh o*ru fdofxoìh ã sduwlu gx prgëoh
gh Urvhl1 +e, Vshfwuhv gh od wudqvplvvlrq gl�ìuhqwlhooh fdofxoìv ã gl�ìuhqwhv
whpsìudwxuhv ìohfwurqltxhv hq xwlolvdqw oh prgëoh gh Urvhl1 1 1 1 1 1 1 1 1 1 495

715: Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh ã gl�ìuhqwhv orqjxhxuv
g*rqgh dxwrxu gh od uìvrqdqfh vlwxìh ã 863 qp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496

715; Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh gx uìvhdx ã � @ 873
qp srxu gl�ìuhqwhv ghqvlwìv g*ìqhujlh g*h{flwdwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497
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Uhphuflhphqwv

M*dl h�hfwxì fh wudydlo gh wkëvh gdqv oh Jurxsh g*Rswltxh Qrq0Olqìdluh hw Rs0

wrìohfwurqltxh +JRQOR,/ ã o*Lqvwlwxw gh Sk|vltxh hw gh Fklplh ghv Pdwìuldx{gh Vwudverxuj

+LSFPV,1

Mh wlhqv wrxw g*derug ã uhphuflhu prq gluhfwhxu gh wkëvh Mhdq0\yhv ELJRW srxu

p*dyrlu dffxhlool hw hqfdguì dx frxuv gh fhv 6 dqqìhv1 Lo d wrxmrxuv vx vh prqwuhu glvsrqleoh

srxu dlghu vxu od pdqls rx grqqhu ghv h{solfdwlrqv hw fh pdojuì vhv glyhuvhv uhvsrqvdelolwìv1

Vrq hqwkrxvldvph idfh dx{ ìyroxwlrqv gh o*h{sìulhqfh p*d wrxmrxuv lpsuhvvlrqqì1 M*dl ìqru0

pìphqw dssulv ã fhv frwìv hw fh ixw xq judqg sodlvlu gh wudydloohu dyhf xqh shuvrqqh g*xqh

vl judqgh txdolwì vflhqwl�txh1

Mh yrxgudl dxvvl h{sulphu pd uhfrqqdlvvdqfh hw pd judwlwxgh ã Ehuqdug FDU0

ULHUH hw Pduf GULOORQ/ Gluhfwhxuv vxffhvvliv gh o*Lqvwlwxw gh Sk|vltxh hw gh Fklplh ghv

Pdwìuldx{ gh Vwudverxuj/ srxu p*dyrlu dffxhlool dx vhlq gx oderudwrluh1

Mh uhphuflh fkdohxuhxvhphqw ohv phpeuhv gh prq mxu| = Dqwljrql DOH[DQGURX/

Dqqh0vrsklh FRUGDQ/ Ideulfh YDOOHH/ Fkduohv KLUOLPDQQ hw Euxqr SDOSDQW srxu

o*lqwìuíw tx*lov rqw sruwì ã fh wudydlo hw srxu dyrlu dffhswì gh o*h{dplqhu1

Mh uhphuflh ìjdohphqw Sdxo0Dqwrlqh KHUYLHX[ txl p*d idlw gìfrxyulu oh iru0

pdolvph ìoìjdqw gh WGGIW1 M*dl sduwlfxolëuhphqw dssuìflì fhv qrpeuhxvhv hw suìflhxvhv

h{solfdwlrqv frqfhuqdqw od wkìrulh gh od uìsrqvh rswltxh ghv djuìjdwv pìwdooltxhv> Ydoìulh

KDOWH srxu vd jhqwloohvvh hw vhv qrpeuhx{ frqvhlov1 Hooh d wrxmrxuv vx vh prqwuhu glvsrqleoh

srxu p*dlghu vxu oh prqwdjh h{sìulphqwdo> Oxnd JXLGRQL srxu vrq dlgh hw vhv h{solfd0

wlrqv frqfhuqdqw oh irqfwlrqqhphqw ghv odvhuv ihphwrvhfrqghv> Shwhu Q1 VDHWD srxu vd
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glvsrqlelolwì hw vd jhqwloohvvh/ dlqvl txh srxu vd frqfhswlrq ghv gl�ìuhqwv surjudpphv txl

qrxv rqw shuplv xqh judqgh  h{lelolwì gdqv o*dftxlvlwlrq hw oh wudlwhphqw ghv grqqìhv h{0

sìulphqwdohv1 M*dl ehdxfrxs dssulv ã fhv frwì vxu od surjudppdwlrq hq Ljru hw hq F..>

Plfkëoh DOEUHFKW srxu vd jhqwloohvvh hw vd erqqh kxphxu dlqvl txh srxu vrq dlgh gdqv oh

grpdlqh gh o*ìohfwurqltxh > Rolylhu FUXJHW srxu vd glvsrqlelolwì hw srxu vhv frpsìwhqfhv

hq rswltxh> Gdqlho DFNHU srxu vrq dlgh ã od frqfhswlrq hw ã od uìdolvdwlrq ghv gl�ìuhqwhv

slëfhv lqglvshqvdeohv srxu oh erq irqfwlrqqhphqw gh od pdqls> W1Z1 HEEHVHQ srxu vrq

dffxhlo gdqv vrq oderudwrluh ã O*lqvwlwxw gh Vflhqfh hw g*Lqjìqlhulh Vxsudproìfxodluh> Dor|vh

GHJLURQ srxu o*ìoderudwlrq ghv ìfkdqwloorqv txh qrxv dyrqv ìwxglìhv dlqvl txh srxu vhv

h{solfdwlrqv frqfhuqdqw oh irqfwlrqqhphqw gx ILE> Mhdq0Oxf UHKVSULQJHU srxu vd v|p0

sdwklh hw vhv h{solfdwlrqv frqfhuqdqw od v|qwkëvh ghv qdqrsduwlfxohv g*ru> Jdel hw Vìedvwlhq

srxu od fdudfwìulvdwlrqv ghv ìfkdqwloorqv sdu PHW1

Mh uhphuflh Mdqlqh MRVHSK hw Mhdqqlqh GULYRQ srxu ohxu sdwlhqfh/ ohxu jhqwlo0

ohvvh hw ohxu dlgh gdqv ohv wdfkhv dgplqlvwudwlyhv1

Mh uhphuflh Sdvfdo GLGLHU/ Ohdqgur DQGUDGH/ Plufhd YRPLU/ Deghojkdql

ODUDRXL dlqvl txh wrxv phv froohjxhv ohv wkìvdugv srxu o*dpeldqfh sduwlfxolëuhphqw gì0

whqgxh hw ohxu dlgh hq wrxwhv flufrqvwdqfhv1

Mh uhphuflh ìjdohphqw phv dplv/ Dehokdnlp/ Erxphgldqqh/ Udfklg/ Deghodwli

PHVVDRXGL/ Idrx}l JUDGL srxu ohxuv hqfrxudjhphqwv hw ohxu vrxwlhq hw mh uhphuflh

wrxw sduwlfxolëuhphqw Dgho EHQFKDEDQH hw Dgho EHJKLGMD srxu ohxu dlgh gdqv ohv

ghuqlëuhv ìwdshv gh od uìgdfwlrq gx pdqxvfulw1

Hq�q/ m*dguhvvh xq phufl sduwlfxolhu ã phv dplv/ pd idplooh hw hq sduwlfxolhu ã
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phv sduhqwv txl p*rqw vrxwhqx wrxw dx orqj gh phv ìwxghv hw vdqv ohvtxhoohv mh q*dxudlv

suredeohphqw sdv sx frqwlqxhu gdqv fhwwh yrlh1
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Lqwurgxfwlrq

Juåfh dx gìyhorsshphqw gh od whfkqrorjlh ghv odvhuv ihpwrvhfrqghv/ ohv whfkqltxhv

gh vshfwurvfrslh uìvroxh hq whpsv vh vrqw uìyìoìhv íwuh ghv rxwlov lqfrqwrxuqdeohv srxu

o*ìwxgh gh o*ìyroxwlrq whpsruhooh hw gh od g|qdpltxh gh uhod{dwlrq ghv v|vwëphv lvvxv gh

gl�ìuhqwhv glvflsolqhv whoohv txh od sk|vltxh/ od fklplh hw od elrorjlh1

Gdqv ohv v|vwëphv pìwdooltxhv sdu h{hpsoh/ hq udlvrq gh od judqgh gl�ìuhqfh hqwuh

od fkdohxu vsìfl�txh gx jd} ìohfwurqltxh hw fhooh gx uìvhdx fulvwdoolq/ od vshfwurvfrslh ihp0

wrvhfrqgh shuphw gh vìsduhu whpsruhoohphqw ohv uìsrqvhv qrq olqìdluhv gh fhv ghx{ v|vwëphv

hw gh vxlyuh gluhfwhphqw od g|qdpltxh gh wkhupdolvdwlrq ghv ìohfwurqv gh frqgxfwlrq1

Fhwwh whfkqltxh hvw g*dxwdqw soxv surphwwhxvh srxu o*ìwxgh ghv qdqrvwuxfwxuhv

pìwdooltxhv1 Gdqv gh whov v|vwëphv ã edvvh glphqvlrqqdolwì/ od eulvxuh gh od v|pìwulh ã

o*lqwhuidfh hw oh frq�qhphqw glìohfwultxh shuphwwhqw g*lqgxluh ghv uìvrqdqfhv gh pruskror0

jlh dsshoìhv ghv uìvrqdqfhv gh sodvprqv gh vxuidfh hw txl frqvlvwhqw hq ghv rvfloodwlrqv

frkìuhqwhv gh od ghqvlwì ìohfwurqltxh ã od vxuidfh gh od qdqrvwuxfwxuh1 Fhv uìvrqdqfhv vrqw

iruwhphqw dpruwlhv +ohxuv gxuìhv gh ylh gdqv ohv qdqrvwuxfwxuhv ghv pìwdx{ qreohv vrqw gh

o*ruguh gh txhotxhv gl}dlqhv gh ihpwrvhfrqghv,1 Fhv surfhvvxv shxyhqw íwuh uìvrqqdqwv gdqv

oh grpdlqh rswltxh hw grqqhqw qdlvvdqfh ã xqh h{dowdwlrq ghv uìsrqvhv rswltxhv olqìdluhv hw

qrq olqìdluhv frpph gdqv oh fdv ghv qdqrsduwlfxohv ghv pìwdx{ qreohv1 Ohv fdudfwìulvwltxhv

whpsruhoohv hw vshfwudohv gh fhv uìvrqdqfhv gìshqghqw ã od irlv gx pìwdo hw gx plolhx hq0

ylurqqdqw1 Fhv sursulìwìv rswltxhv h{dowìhv vrqw dwwudfwlyhv fdu hoohv shxyhqw íwuh xwlolvìhv

frpph ghv vrqghv orfdohv +srxu o*lpdjhulh ghv wlvvxv elrorjltxhv sdu h{hpsoh,1 Dowhuqdwlyh0

phqw rq shxw ìoderuhu ghv qdqrvwuxfwxuhv srvvìgdqw ghv uìsrqvhv rswltxhv vsìfl�txhv1 F*hvw
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oh fdv ghv uìvhdx{ sìulrgltxhv elglphqvlrqqhov gh wurxv vxe0orqjxhxu g*rqgh lpsulpìv vxu

ghv �opv pìwdooltxhv1 Fh w|sh gh vwuxfwxuh shxw wudqvphwwuh gh od oxplëuh dyhf xqh h!fdf0

lwì vxsìulhxuh gh ghx{ ruguhv gh judqghxuv ã fhooh txh suìglw ohv wkìrulhv wudglwlrqqhoohv gh

od gl�udfwlrq gh od oxplëuh sdu ghv rxyhuwxuhv vxe0orqjxhxu g*rqgh1 O*h!fdflwì shxw píph

íwuh vxsìulhxuh ã od vxuidfh rffxsìh sdu ohv wurxv/ f*hvw ã gluh píph od oxplëuh txl wrpeh ã

f÷wì ghv wurxv shxw uhvvruwlu gh o*dxwuh f÷wì gh o*ìfkdqwloorq1 Fhwwh wudqvplvvlrq h{wudrugl0

qdluh hvw gxh dx frxsodjh gh od oxplëuh lqflghqwh dyhf ohv sodvprqv gh vxuidfh hq irupdqw fh

tx*rq dsshooh ghv sodvprqv srodulwrqv gh vxuidfh1 Ohv vshfwuhv gh wudqvplvvlrq frqwlhqqhqw

ghv slfv fruuhvsrqgdqwv dx{ prghv gh fhv sodvprqv srodulwrqv gh vxuidfh hw txl gìshqghqw

gh od v|pìwulh hw gx sdudpëwuh gx uìvhdx sìulrgltxh1 Fhfl grqqh xqh judqgh  h{lelolwì gdqv

oh frqwu÷oh ghv sursulìwìv rswltxhv gh fhv vwuxfwxuhv hw rxyuh ghv shuvshfwlyhv lqwìuhvvdqwhv

gdqv ohxuv dssolfdwlrqv hq rswltxh lqwìjuìh1 Hq soxv/ hq whqdqw frpswh ghv gìyhorsshphqwv

dfwxhov ghv whfkqltxhv ghv lpsxovlrqv odvhu xowud0euëyhv/ rq shxw hqylvdjhu ghv frpsrvdqwv

xowududslghv frpph ghv frppxwdwhxuv rswltxhv rx ghv ìoìphqwv pdjqìwr0rswltxhv h!fdfhv1

Dx frxuv gh fh wudydlo gh wkëvh/ qrxv qrxv vrpphv dwwdfkìv ã o*ìwxgh gh od g|0

qdpltxh ihpwrvhfrqgh ghv qdqrvwuxfwxuhv ghv pìwdx{ qreohv +o*ru sulqflsdohphqw, hw qrxv

qrxv vrpphv lqwìuhvvìv soxv sduwlfxolëuhphqw/ gdqv oh fdguh g*xqh frooderudwlrq dyhf oh

jurxsh gx Surihvvhxu W1 Z1 Heehvhq gx oderudwrluh ghv qdqrvwuxfwxuhv gh o*Lqvwlwxw gh Vfl0

hqfh hw g*Lqjìqlhulh Vxsudproìfxodluhv +LVLV,/ ã od g|qdpltxh xowududslgh gh od wudqvplvvlrq

h{dowìh ghv uìvhdx{ gh wurxv vxe0orqjxhxu g*rqgh lpsulpìv vxu ghv �opv g*ru rsdtxhv1

Gdqv oh suhplhu fkdslwuh gh fh udssruw qrxv gìfulurqv ohv pìwdx{ qreohv gdqv

oh prgëoh gx � Mhoolxp � 1 Fhwwh gìpdufkh qrxv shuphwwud g*ìwxglhu ghx{ skìqrpëqhv
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wuëv lpsruwdqwv gdqv fhv v|vwëphv = o*ìfudqwdjh hw ohv rvfloodwlrqv froohfwlyhv +sodvprqv,1

Hqvxlwh qrxv suìvhqwhurqv eulëyhphqw od wkìrulh gh od irqfwlrqqhooh gh od ghqvlwì gìshqgdqw

gx whpsv +WGGIW,1 Qrxv yhuurqv hqvxlwh txh oh irupdolvph gh o*dssur{lpdwlrq gh od skdvh

doìdwrluh +USD, hvw xq fdv sduwlfxolhu gh fhwwh wkìrulh jìqìudoh hw qrxv xwlolvhurqv oh prgëoh

gh Urvhl srxu fdofxohu ohv frqwulexwlrqv lqwhuedqghv dx{ irqfwlrqv glìohfwultxhv gh o*ru hw

gh o*dujhqw1 Hq�q/ qrxv gìyhorsshurqv xq prgëoh qxpìultxh edvì vxu od WGGIW/ gdqv vd

yhuvlrq g*dssur{lpdwlrq orfdoh gx whuph g*ìfkdqjh0fruuìodwlrq +WGOGD, srxu gìfuluh od

uìsrqvh rswltxh olqìdluh ghv djuìjdwv ghv pìwdx{ qreohv1

Gdqv oh ghx{lëph fkdslwuh qrxv suìvhqwhurqv ohv qrwlrqv sk|vltxhv txl qrxv shuph0

wwurqv gh frpsuhqguh ohv gl�ìuhqwv surfhvvxv lpsoltxìv gdqv o*h{dowdwlrq gh od wudqvplvvlrq

gh od oxplëuh sdu ohv uìvhdx{ gh wurxv vxe0orqjxhxu g*rqgh1 Hqvxlwh qrxv udsshoohurqv hw

qrxv glvfxwhurqv ohv sulqflsdx{ uìvxowdwv gh od suhplëuh h{sìulhqfh txl d plv hq ìylghqwh fh

skìqrpëqh1 Dsuëv xq euhi udssho gh od wkìrulh gh od gl�udfwlrq g|qdpltxh qrxv gìyhors0

shurqv xq prgëoh vhpl0dqdo|wltxh edvì vxu od wkìrulh gh od gl�udfwlrq g|qdpltxh/ srxu

lghqwl�hu hw fodul�hu ohv gl�ìuhqwv pìfdqlvphv plv hq mhx gdqv od wudqvplvvlrq � h{wudrugl0

qdluh � ã wudyhuv ohv uìvhdx{ pìwdooltxhv vxe0orqjxhxu g*rqgh1 Fh prgëoh qrxv shuphwwud

sdu od vxlwh g*ìwxglhu od gìshqgdqfh ghv uìvrqdqfhv gh od wudqvplvvlrq h{dowìh hq irqfwlrq

ghv gl�ìuhqwv sdudpëwuhv gh od vwuxfwxuh1

Ohv suhplëuhv sduwlhv gx wurlvlëph fkdslwuh vhurqw frqvdfuìhv dx{ qrwlrqv gh edvh

frqfhuqdqw od jìqìudwlrq/ od sursdjdwlrq hw od fdudfwìulvdwlrq ghv lpsxovlrqv odvhu xowud

euëyhv dlqvl tx*ã od ghvfulswlrq ghv prqwdjhv txh qrxv dyrqv xwlolvì srxu qrv h{sìulhqfhv1

Od ghuqlëuh sduwlh vhud ghvwlqìh ã od ghvfulswlrq ã od pìwkrgh g*ìoderudwlrq ghv gl�ìuhqwv
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ìfkdqwloorqv txh qrxv dyrqv xwlolvìv gdqv qrv phvxuhv1

Oh ghuqlhu fkdslwuh vhud gìglì ã o*ìwxgh ghv sursulìwìv rswltxhv vwdwltxhv hw g|0

qdpltxhv ghv uìvhdx{ gh wurxv1 Gdqv xq suhplhu whpsv qrxv prqwuhurqv ohv uìvxowdwv

rewhqxv vxu ohv �opv plqfhv g*ru1 Fhv ìwxghv qrxv shuphwwurqw g*rewhqlu od g|qdpltxh

vshfwur0whpsruhooh gh od irqfwlrq glìohfwultxh frpsoh{h gh o*ru dx yrlvlqdjh ghv wudqvlwlrqv

lqwhuedqghv1 Qrxv xwlolvhurqv fhv uìvxowdwv srxu lqwhusuìwhu oh frpsruwhphqw g|qdpltxh ghv

ghx{ w|shv gh uìvrqdqfhv suìvhqwhv gdqv ohv vshfwuhv gh od wudqvplvvlrq olqìdluh ghv uìvhdx{

gh wurxv1
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Fkdslwuh 4

Uìsrqvh rswltxh hw h{flwdwlrqv

ìoìphqwdluhv gdqv ohv pìwdx{

qreohv hw ohxuv qdqrvwuxfwxuhv

Gdqv fh fkdslwuh/ qrxv doorqv ìwxglhu fhuwdlqv dvshfwv gh od ghvfulswlrq ghv pìwdx{

qreohv hw ohxuv djuìjdwv hq whuph g*h{flwdwlrqv ìoìphqwdluhv +txdvl0sduwlfxohv/ sodvprqv/

skrqrqv , txl lqwìudjlvvhqw/ ohv xqhv dyhf ohv dxwuhv1 Hq sduwlfxolhu/ qrxv yhuurqv frp0

phqw wudlwhu ohv uìsrqvhv rswltxhv olqìdluh hw qrq olqìdluh gh fhv v|vwëphv1 Gdqv od shplëuh

sduwlh/ qrxv gìfulurqv ohv pìwdx{ qreohv gdqv oh prgëoh gx �Mhoolxp�/ fhod qrxv shuphwwud

g*ìwxglhu ghx{ skhqrpëqhv wuëv lpsruwdqwv gdqv fhv v|vwëphv/ o*ìfudqwdjh frxorpelhq hw ohv

rvfloodwlrqv froohfwlyhv + sodvprqv ,1 Gdqv od ghx{lëph sduwlh/ qrxv h{srvhurqv eulëyhphqw

od wkìrulh gh od irqfwlrqqhooh gh od ghqvlwì gìshqgdqw gx whpsv + WGGIW ,/ txl frqvwlwxh/

ã o*khxuh dfwxhooh/ xqh whfkqltxh wuëv sxlvvdqwh srxu gìfuluh oh sureoëph ã Q0frusv1 Qrxv
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o*xwlolvhurqv hqvxlwh srxu o*ìwxgh gh od uìsrqvh olqìdluh g*xq v|vwëph vrxplv ã xqh shu0

wxuedwlrq h{wìulhxuh hw qrxv yhuurqv txh o*dssur{lpdwlrq gh od skdvh doìdwrluh +hq dqjodlv

�Udqgrp Skdvh Dssur{lpdwlrq� �USD�, hvw xq fdv sduwlfxolhu gh fhwwh wkìrulh jìqìudoh1

Od USD vhud xwlolvìh gdqv od wurlvlëph sduwlh srxu fdofxohu hw glvfxwhu ohv irqfwlrqv glìohf0

wultxhv gh o*ru hw gh o*dujhqw gdqv od jdpph vshfwudoh rswltxh1 Gdqv od txdwulëph sduwlh/ qrxv

gìyhorsshurqv xq prgëoh qxpìultxh edvì vxu od WGGIW/ gdqv vd yhuvlrq g*dssur{lpdwlrq

orfdoh gh o*ìfkdqjh0fruuìodwlrq + WGOGD,/ srxu gìfuluh od uìsrqvh rswltxh olqìdluh ghv djuì0

jdwv gh pìwdx{ qreohv1 Hq�q/ gdqv od ghuqlëuh sduwlh qrxv derughurqv eulëyhphqw fhuwdlqv

dvshfwv gh od g|qdpltxh gh uhod{dwlrq ghv ìohfwurqv gdqv ghv v|vwëphv pìwdooltxhv vrxplv

ã ghv lpsxovlrqv odvhu xowdeuëyhv1

414 Ghvfulswlrq froohfwlyh gx jd} g*ìohfwurqv = Sodvprqv

Xq sodvpd qhxwuh hvw xq jd} gh sduwlfxohv fkdujìhv hq prxyhphqw gdqv xq irqg gh

sduwlfxohv gh fkdujh rssrvìh1 Gdqv xq who v|vwëph ghv rvfloodwlrqv froohfwlyhv gh od ghqvlwì gh

fkdujh shxyhqw vh surgxluh1 Srxu gìwhuplqhu od iuìtxhqfh irqgdphqwdoh gh fhv rvfloodwlrqv/

rq vxssrvh tx*rq gìsodfh xqh sduwlh gh od fkdujh wrwdoh g*xqh glvwdqfh {1 Od srodulvdwlrq

lqgxlwh gdqv oh sodvpd +S @ hq{, > rü h hw q vrqw od fkdujh hw od ghqvlwì gh fhv sduwlfxohv

uhvshfwlyhphqw/ grqqh olhx ã xq fkdps ìohfwultxh +H @ �7�S, txl djlw vxu ohv fkdujhv

gìsodfìhv frpph xqh irufh gh udssho hH1 Oh prxyhphqw gh fhv fkdujhv shxw íwuh gìfulw sdu

o*ìtxdwlrq gh Qhzwrq
�
p_2%
_|2

@ �7�qh2{
�
1 F*hvw o*ìtxdwlrq g*xq rvfloodwhxu kduprqltxh gh

iuìtxhqfh

$R @

u
7�h2q

p
+414,
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tx*rq dsshooh od iuìtxhqfh gx sodvpd1

Gdqv ohv v|vwëphv pìwdooltxhv/ o*lqwhudfwlrq frxorpelhqqh hvw uhvsrqvdeoh g*h�hwv

ã orqjxh hw ã frxuwh sruwìhv1 Ohv h�hwv ã orqjxh sruwìh vrqw ã o*ruljlqh g*xq prxyhphqw

froohfwli ghv ìohfwurqv/ tx*rq dsshooh rvfloodwlrq gh sodvpd1 Fhv rvfloodwlrqv froohfwlyhv qh vh

pdqlihvwhqw tx*dx0ghod g*xqh orqjxhxu oS/ dsshoìh orqjxhxu g*ìfudqwdjh1 Srxu ghv glvwdqfhv

lqiìulhxuhv ã oS> ohv ìohfwurqv vrqw dvvlploìv ã ghv txdvl0sduwlfxohv lqglylgxhoohv kdelooìhv g*xq

qxdjh gþ dx{ dxwuhv ìohfwurqv1 Fhv txdvl0sduwlfxohv srvvëghqw xqh pdvvh h�hfwlyh +uhqru0

pdolvìh, hw q*lqwìudjlvvhqw hqwuh hoohv txh sdu o*lqwhupìgldluh g*xqh lqwhudfwlrq uìvlgxhooh1

Srxu frpsuhqguh fhuwdlqv dvshfwv gh fh frpsruwhphqw froohfwli ghv ìohfwurqv gdqv

ohv v|vwëphv pìwdooltxhv/ frpphqêrqv sdu od ghvfulswlrq g*xq pìwdo gdqv oh prgëoh oh

soxv vlpsoh = prgëoh gx Mhoolxp1 Frqvlgìurqv xqh dvvhpeoìh gh Q ìohfwurqv gh pdvvh

p hw gh fkdujh �h + lqwhudjlvvdqw hqwuh hx{ yld oh srwhqwlho frxorpelhq , hq suìvhqfh

g*xq irqg frqwlqx gh fkdujhv srvlwlyhv/ fhqvì prgìolvhu ohv lrqv gx vrolgh/ txl dvvxuhqw

o*ìohfwurqhxwudolwì1 Oh jd} g*ìohfwurqv gdqv oh vrolgh ghylhqw/ gdqv fh fdv/ xq jd} krprjëqh

lqyduldqw sdu wudqvodwlrq/ fh txl idflolwh ehdxfrxs ohv fdofxov oruvtxh o*rq sdvvh gdqv o*hvsdfh

uìflsurtxh +$>t, 1 Gdqv fh prgëoh/ oh Kdplowrqlhq gx v|vwëph hvw =

K @
[

�

s2�
5p

.
4

5

[

��'�

h2

mu� � u� m
+415,

rü u� hw s� vrqw ohv frrugrqqìhv hw ohv txdqwlwìv gh prxyhphqw ghv ìohfwurqv= Lo hvw suìiìudeoh

g*h{sulphu oh whuph g*lqwhudfwlrq frxorpelhqqh hq irqfwlrq ghv  xfwxdwlrqv gh od ghqvlwì

gx jd} ìohfwurqltxh1

� +u, @
[

�

� +u� u�, @
4




[

^

�^h
�^h +416,

Rü � +u, hvw o*rsìudwhxu ghqvlwì dx srlqw u hw �^ @
S
h�

h3�^h� hvw od  xfwxdwlrq dxwrxu gh od
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ghqvlwì ìohfwurqltxh pr|hqqh �f @ q> 
 hvw oh yroxph gx v|vwëph1 Sdu dqdo|vh gh Irxulhu/

rq rewlhqw gdqv o*hvsdfh ghv prphqwv ^4`

K @
[

�

s2�
5p

.
[

��'�

[

^

5�h2


t2
h�^Eh�3h�� � 5�qh2

[

^

4

t2
+417,

Ohv vrppdwlrqv vrqw whoohv txh t 9@ 3 = oh fdv t @ 3 fruuhvsrqg ã od frqwulexwlrq gh od

ghqvlwì gh fkdujh pr|hqqh �f txl v*dqqxoh dyhf fhooh ghv lrqv srvlwliv gx uìvhdx1 Grqf K

shxw v*ìfuluh frpph

K @
[

�

s2�
5p

.
[

�̂'f

y^
5


�
�n^ �^ �Q

�
+418,

Rü

y^ @
7�h2

t2
+419,

hvw od wudqvirupìh gh Irxulhu gh o*lqwhudfwlrq frxorpelhqqh1 Od orqjxh sruwìh gh o*lqwhudfwlrq

frxorpelhqqh hqwuh ohv ìohfwurqv hvw ã o*ruljlqh gh ghx{ skìqrpëqhv wuëv lpsruwdqwv gdqv oh

frpsruwhphqw froohfwli gx jd} ìohfwurqltxh = o*ìfudqwdjh hw ohv rvfloodwlrqv froohfwlyhv/ txh

qrxv doorqv gìfuluh xq shx soxv hq gìwdlo gdqv ohv sdudjudskhv txl vxlyhqw1

Oh skìqrpëqh g*ìfudqwdjh shxw v*h{soltxhu gh od pdqlëuh vxlydqwh = vxssrvrqv

tx*lo h{lvwh xq gìvìtxloleuh gh od glvwulexwlrq gh fkdujhv hq xq srlqw txhofrqtxh gdqv oh

sodvpd/ sdu h{hpsoh xq h{fëv gh fkdujh srvlwlyh1 Sdu frqvìtxhqw/ ohv ìohfwurqv dxurqw od

whqgdqfh ã vh frqfhqwuhu gdqv fhwwh uìjlrq/ fdu lov uìsrqghqw udslghphqw dx srwhqwlho dwwudf0

wli fruuìvsrqgdqw ã o*h{fëv gh od fkdujh srvlwlyh1 Gh fhwwh pdqlëuh/ ohv ìohfwurqv ìfudqwhqw

o*lq xhqfh gx gìvìtxloleuh gh fkdujh hw uhvwdxuhqw od qhxwudolwì orfdoh gdqv oh sodvpd1 Xqh

suhplëuh hvwlpdwlrq gh o*lpsruwdqfh gh o*ìfudqwdjh gdqv ohv sodvpdv txdqwltxhv shxw íwuh

rewhqxh sdu xq fdofxo gdqv o*dssur{lpdwlrq gh Wkrpdv0Ihupl gh od uìsrqvh ìohfwurqltxh ã
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xqh fkdujh vwdwltxh^4`1 Fhv dxwhxuv rqw prqwuì txh oh srwhqwlho qhw gþ ã xqh fkdujh h sodfìh

ã o*ruljlqh gdqv oh sodvpd hvw grqqì sdu

* +u, @
h2

u
h{s +�nA8 u, +41:,

Rü nA8 hvw oh yhfwhxu g*rqgh g*ìfudqwdjh gh Wkrpdv0Ihupl

nA8 @

�
9�qh2

H8

��*2

+41;,

H8 ìwdqw o*ìqhujlh gh Ihupl gx jd} hoìfwurqltxh1 Dlqvl/ od srodulvdwlrq lqgxlwh sdu od fkdujh

djlw srxu ìfudqwhu vrq sursuh fkdps ã xqh glvwdqfh oA8 @ n
3�
A8 1 Srxu ohv ghqvlwìv ìohfwurq0

ltxhv pìwdooltxhv/ oA8 hvw gh o*ruguh gh od glvwdqfh hqwuh ìohfwurqv1 O*ìfudqwdjh hvw grqf

wuëv h!fdfh1

Frqvlgìurqv pdlqwhqdqw fkdtxh ìohfwurq frpph xqh vrxufh orfdoh gh gìvìtxloleuh

gh fkdujh1 Doruv/ fhw ìohfwurq qx srodulvh hw uhsrxvvh ohv dxwuhv ìohfwurqv ã fdxvh gh od

uìsxovlrq frxorpelhqqh hw o*lqwhudfwlrq g*ìfkdqjh> fh txl uìgxlw od suredelolwì gh wurxyhu

g*dxwuhv ìohfwurqv gdqv vrq yrlvlqdjh lppìgldw1 Dlqvl/ o*ìohfwurq hqwudlqh dyhf oxl �xq

qxdjh gh wurx� hw vh frpsruwh frpph xqh txdvl0sduwlfxoh fdudfwìulvìh sdu xqh uhodwlrq

gh glvshuvlrq1 Juåfh ã o*h�hw g*ìfudqwdjh/ o*lqwhudfwlrq frxorpelhqqh hqwuh ohv ìohfwurqv

qxv ghylhqw xqh lqwhudfwlrq h�hfwlyh ìfudqwìh hqwuh ohv qrxyhoohv txdvl0sduwlfxohv hw txl hvw

grqqìh gdqv o*dssur{lpdwlrq Wkrpdv0Ihupl sdu xq srwhqwlho gh \xndzd +ìtxdwlrq +4=:,, =

Frpph ohv rvfloodwlrqv froohfwlyhv orqjlwxglqdohv shxyhqw vh surgxluh gdqv oh jd}

g*ìohfwurqv/ lo hvw qdwxuho g*hvvd|hu gh wudqviruphu oh Kdplowrqlhq hq xqh iruph txl frqwlhqw

xqh sduwlh h{solflwh g*rvfloodwhxuv kduprqltxhv gh od iruph = �
2

�
�_^�^ . $

2
RT

_
^T^

�
> rü T^

vrqw ghv frrugrqqìhv froohfwlyhv dssursulìhv/ �^ ohxuv prphqwv frqmxjxìv hw $R hvw od
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iuìtxhqfh g*rvfloodwlrq gx sodvpd1 Xqh whooh gìpdufkh d ìwì vxjjìuìh srxu od suhplëuh irlv

sdu Erkp hw Slqhv ^4 � 7`= Ohxu lgìh hvw edvìh vxu o*lqwurgxfwlrq g*xq qrpeuh olplwì gh

frrugrqqìhv froohfwlyhv srxu gìfuluh ohv sodvprqv1 Fhfl d ìwì dffrpsol hq frqvlgìudqw xqh

qrxyhooh iruph gh o*Kdplowrqlhq gx v|vwëph ìohfwurqltxh hw txl gìfulw xq fkdps ervrqltxh

hq lqwhudfwlrq dyhf ohv ìohfwurqv1

Fh qrxyhdx Kdplowrqlhq hvw grqqì vrxv od iruph =

K @
[

�

s2�
5p

.
[

^

y^
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�
�n^ �^ �Q

�
.
[

^	^S

�
4

5
�_^�^ .P^�

_
^�^

�
+41<,

dyhf

P^ @

�
7�h2


t2

�
+4143,

Ohv ghx{ ghuqlhuv whuphv gdqv K vrqw qrxyhdx{ hw lov uhsuìvhqwhqw/ uhvshfwlyh0

phqw/ o*ìqhujlh flqìwltxh g*xq hqvhpeoh gh txdqwd gx fkdps ervrqltxh +sodvprqv, dyhf ghv

prphqwv �^ hw oh frxsodjh gh fh fkdps dyhf ohv  xfwxdwlrqv gh od ghqvlwì ìohfwurqltxh �^=

Oh qrpeuh wrwdo ghv yduldeohv gh fkdps + sodvprqv , hvw ^6`

qR @
t�S
9��

+4144,

rü tS uhsuìvhqwh oh yhfwhxu g*rqgh pd{lpdo srxu ohtxho od ghvfulswlrq h{solflwh hq whuph gh

sodvprqv hvw wrxmrxuv ydodeoh1

Oh qrxyho Kdplowrqlhq vhud lghqwltxh ã o*Kdplowrqlhq g*ruljlqh vl rq lpsrvh xq

hqvhpeoh gh frqglwlrqv vxu �^= f0ã0g =

�^� @ 3> t ? tS +4145,

� uhsuìvhqwh od irqfwlrq g*rqgh gx v|vwëph frxsoì fkdps0ìohfwurqv1
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Frqvlgìurqv pdlqwhqdqw od wudqvirupdwlrq fdqrqltxh vxlydqwh =

�J,_ @ h
�r*|�?e� +4146,

jìqìuìh sdu o*rsìudwhxu Khuplwltxh V gì�ql frpph =

V @
[

�^�	^S

P^T^�^ +4147,

rü T^ uhsuìvhqwh od frrugrqqìh gh fkdps frqmxjxìh ã od yduldeoh �^> hooh vdwlvidlw ã od

uhodwlrq gh frppxwdwlrq vxlydqwh

�
�^>T^�

�
@ �l|�^c^� +4148,

Od uhodwlrq hqwuh xq rsìudwhxu lqlwldo R hw oh qrxyho rsìudwhxu fruuhvsrqgdqw R?e�

jìqìuì sdu od wudqiruplrq fdqrqltxh hvw ^4`

R?e� @ h
�r*|Rh3�r*| @ R � l

|
^V>R`� 4

5|2
^V> ^V>R`` . ==== +4149,

Ohv qrxyhdx{ rsìudwhxuv fruuhvsrqgdqwv dx{ rsìudwhxuv txl �jxuhqw gdqv o*h{suhvvlrq

gh K vrqw grqqìv sdu

+�^,?e� @�^ .P^�^> +T^,?e� @ T^>
�
�^
�
?e�

@ �^>

+s�,?e� @ �l
S

�^�	^S

P^T^th
3�^h . s�

D sduwlu gh fhv h{suhvvlrqv/ 0hw hq rphwwdqw o*lqglfh qhz0/ rq wurxyh txh oh qrxyho

Kdplowrqlhq txl gìfrxoh gh fhwwh wudqvirupdwlrq v*ìfulw vrxv od iruph

K @

%
[

�

s2�
5p

. Yro

&
.KR, .K

U
e3R, .K

UU
e3R, +414:,
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Rü

KR, @
4

5

[

f	^	^S
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2
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_
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7�qh2
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�
+414;,

KU
e3R, @

[

�

[

f	^	^S

P^

5p
t� +5s� . |t,T^h3�^h� +414<,

KUU
e3R, @

[

�

[

f	^c^�	^S
^ �'^�

P^P^�

5p
t � t�T_^T^�h�E^3^

��h� +4153,

Yro @
[

�^�:^S

y^
5


�
�n^ �^ �Q

�
+4154,

Oh Kdplowrqlhq +4=4:, gìfulw xq v|vwëph frxsoì gh sduwlfxohv hw g*h{flwdwlrqv fro0

ohfwlyhv1 Ohv sduwlfxohv vrqw ohv ìohfwurqv txl lqwhudjlvvhqw hqwuh hx{ sdu o*lqwhupìgldluh gh

o*lqwhudfwlrq ã frxuwh sruwìh Yro1 Ohv h{flwdwlrqv froohfwlyhv vrqw ghv sodvprqv/ txl rvfloohqw

ã od iuìtxhqfh $R1 Fhv sodvprqv gìfulyhqw o*lqwhudfwlrq frxorpelhqqh ã orqjxh sruwìh1 Ohv

whuphv txl gìfulyhqw o*lqwhudfwlrq hqwuh ohv ìohfwurqv hw ohv sodvprqv vrqw KU
e3R, hw K

UU
e3R,1 Vl

rq qìjoljh fhv ghx{ ghuqlhuv whuphv g*lqwhudfwlrq/ doruv oh Kdplowrqlhq K gìfulw xq v|vwëph

g*ìohfwurqv txl q*lqwhudjlvvhqw hqwuh hx{ txh sdu o*lqwhupìgldluh gh o*lqwhudfwlrq frxorpel0

hqqh ìfudqwìh gh sruwìh oS @ t3�S hw xq hqvhpeoh gh qR sodvprqv txl vrqw ghv h{flwdwlrqv

ìoìphqwdluhv lqgìshqgdqwhv1 Ohv ghx{ vrxv0v|wëphv/ gdqv fh fdv/ vrqw frpsoëwhphqw gìfrx0

soìv1 Od ydohxu gx sdudpëwuh tS txl gìwhuplqh oh qrpeuh gh sodvprqv gdqv oh v|vwëph hw

txl gìwhuplqh dxvvl od vìsdudwlrq hqwuh ohv ghx{ vrxv0v|vwëphv +txdvl0sduwlfxohv lqglylgx0

hoohv hw sodvprqv ,/ hvw hvwlpìh hq plqlplvdqw o*ìqhujlh gh o*ìwdw irqgdphqwdo gx v|vwëph

sdu udssruw ã tS ^6`1 Oh uìvxowdw gh fh fdofxo grqqh = tS @
�
eZ?e2

|/R

��*2
1

Srxu plhx{ frpsuhqguh od frqwulexwlrq gh fkdfxq ghv whuphv suìfìghqwv/ idlvrqv
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dssho dx irupdolvph gh od vhfrqgh txdqwl�txdwlrq1 Rq gì�qlw dlqvl ohv rsìudwhxuv gh fuìd0

wlrq hw g*dqqlklodwlrq gx fkdps +ohv sodvprqv, frpph

e_^ @
4s
5|$

�
$RT

_
^ � l�^

�
+4155,

e^ @
4s
5|$

�
$RT^ � l�_^

�
+4156,

dyhf

k
e^> e

_
^

l
@ 4 +4157,

hw rq frqvlgëuh txh f_!c� hw f!c� vrqw ohv rsìudwhxuv gh fuìdwlrq hw g*dqqlklodwlrq ghv ìohfwurqv1

Dsuìv ohv wudqvirupdwlrqv qìfìvvdluhv rq wurxyh =

KR, @
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f	^	^S
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�
e^e

_
^ .

4

5

�
�

[

f	^	^S

5�qh2

t2
+4158,

Fhw rsìudwhxu uhsuìvhqwh 0 ã xq idfwhxu suìv 0 o*Kdplowrqlhq gh qR sodvprqv gh

iuìtxhqfh $R1 Fhv sodvprqv vrqw ghv ervrqv hw reìlvvhqw ã od vwdwlvwltxh gh Ervh0Hlqvwhlq

ã whpsìudwxuh �qlh1

Oh whuph g*lqwhudfwlrq ìohfwurq0sodvprq gx ghx{lëph ruguh KUU
e3R, frqwlhqw xqh

vrpph gh idfwhxuv gh skdvh
S
� h
�E^3^��h� / hw txl v*dqqxoh srxu xqh glvwulexwlrq doìdwrluh

ghv frrugrqqìhv u� ghv ìohfwurqv1 O*dssur{lpdwlrq gdqv odtxhooh/ K
UU
e3R, hvw frqvlgìuì frpph

qxo/ hvw frqqxh vrxv oh qrp = Dssur{lpdwlrq gh od Skdvh Doìdwrluh + USD, ^6`1 Vl rq ìfulw

fhw rsìudwhxu gdqv oh irupdolvph gh od vhfrqgh txdqwl�fdwlrq/ rq rewlhqw =

KUU
e3R, @
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f_E^n^�n!�c�f!c�

+4159,

Grqf/ hq qìjoljhdqw fh whuph/ rq qìjoljh wrxv ohv surfhvvxv gdqv ohvtxhov lo | d dxjxphqwd0

wlrq gx prphqw g*xq ìohfwurq gh +t. t�, vrlw sdu devruswlrq gh ghx{ sodvprqv +dyhf ghv
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prphqwv t hw t�, rx sdu ìplvvlrq gh ghx{ sodvprqv +dyhf ghv prphqwv �t hw �t�,/ rx sdu

devruswlrq hw ìplvvlrq g*xq sodvprq gh fkdfxq ghv prphqwv 	t hw 	t�=

H{dplqrqv pdlqwhqdqw oh whuph g*lqwhudfwlrq ìohfwurq0sodvprq gx suhplhu ruguh
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e3R, @ l
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|

5$

�
5t � n. |t2

�
T^h

3�^h�
�
e^f

_
^n!c�f!c� . e

_
3^f

_
^n!c�f!c�

�

+415:,

Fhw rsìudwhxu gìfulw ohv surfhvvxv gdqv ohvtxhov oh prphqw g*xq ìohfwurq dxjphqwh g*xqh

txdqwlwì t hq devruedqw +dqqlklodqw, xq sodvprq dyhf xq prphqw t +oh suhplhu whuph,/ rx hq

ìphwwdqw +fuìdqw, xq sodvprq dyhf xq prphqw�t +oh vhfrqg whuph,1 Fhv surfhvvxv shxyhqw

íwuh ghv surfhvvxv sk|vltxhv uìhov vhxohphqw gdqv oh fdv rü o*ìqhujlh hvw frqvhuyìh1 Ru/ fh

q*hvw sdv oh fdv/ hw f*hvw fh txh qrxv doorqv prqwuhu gdqv fh txl vxlw1 Srxu tx*xq ìohfwurq gh

prphqw |n h{flwh xq sodvprq gh prphqw |t/ lo idxw txh o*rq dlw = |2!2

26 �
|2E!3^�2

26 @ |$R/

sxlvtxh oh prphqw �qdo gh o*ìohfwurq hvw | +n� t,1 Grqf = |
2!^
6 � |

2^2

26 @ |$R= Frpph

n � n8 rü n8 hvw oh yhfwhxu g*rqgh gh Ihupl/ lo hvw fodlu tx*xq who surfhvvxv qh shxw vh

surgxluh txh srxu ghv judqghv ydohxuv gh t1 Soxv suìflvìphqw/ fh surfhvvxv hvw lqwhuglw

srxu xq sodvprq gh yhfwhxu g*rqgh t txl yìul�h ^4`

t � t4@ @
$R
y8

+415;,

rü y8 hvw od ylwhvvh gh Ihupl1 Qrxv vxssrvhurqv gruìqdydqw txh +t4@ � tS,1 Gdqv fhv

flufrqvwdqfhv/ KU
e3R, grqqh vhxohphqw olhx ã ghv surfhvvxv gh sodvprqv yluwxhov/ txl rqw

srxu h�hw gh = +l, gìsodfhu o*ìqhujlh gh sodvprq gh |$R yhuv xqh qrxyhooh ìqhujlh |$ +t, =

+ll, lqwurgxluh xqh lqwhudfwlrq h�hfwlyh hqwuh ohv ìohfwurqv/ fruuhvsrqgdqw ã xq ìfkdqjh gh

sodvprqv yluwxhov hqwuh fhv ìohfwurqv1 +lll, dxjphqwhu oìjëuhphqw od pdvvh gh o*ìohfwurq1
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Iljxuh 414= Uhodwlrq gh glvshuvlrq w|sltxh g*xq pìwdo gdqv oh prgëoh gx Mhoolxp ^4`

Frpph KU
e3R, qh idlw lqwhuyhqlu txh ghv surfhvvxv gh sodvprqv yluwxhov/ Slqhv

hw Erkp ^4> 6` rqw lqwurgxlw xqh ghx{lëph wudqvirupdwlrq xqlwdluh txl ìolplqh fh whuph

gh o*Kdplowrqlhq gx v|vwëph1 Gdqv fhwwh qrxyhooh uhsuìvhqwdwlrq/ rq rewlhqw gh qrxyhoohv

txdvl0sduwlfxohv hw ghv qrxyhdx{ sodvprqv/ grqw o*lqwhudfwlrq pxwxhooh hvw pdlqwhqdqw qìj0

oljhdeoh hw txl yìul�hqw ohv uhpdutxhv suìfìghqwhv ã vdyrlu/ od uhqrupdolvdwlrq gh od pdvvh

ghv ìohfwurqv/ o*devhqfh gh o*dpruwlvvhphqw gdqv fhv qrxyhdx{ sodvprqv hw od gìshqgdqfh

gh ohxu iuìtxhqfh hq irqfwlrq gx yhfwhxu g*rqgh t> �jxuh 4141

Gdqv ohv v|vwëphv pìwdooltxhv uìhov/ ohv ìqhujlhv ghv sodvprqv vrqw gh o*ruguh gh 8 ã

63 hY 1 Sdu frqvìtxhqw/ lov qh shxyhqw sdv lqwhudjlu dyhf ghv skrqrqv gdqv fhv v|vwëphv1 Od

uhodwlrq gh glvshuvlrq ghv sodvprqv gdqv oh prgëoh gh Mhoolxp srxu oh jd} ìohfwurqltxh hvw

uhsuìvhqwìh vxu od �jxuh +414, ^4` = Od }rqh kdfkxuìh vxu fhwwh �jxuh uhsuìvhqwh oh frqwlqxxp

ghv ìwdwv ghv txdvl0sduwlfxohv �ìohfwurq0wurx�1 Srxu t ? tS/ oh sodvprq hvw xqh h{flwdwlrq
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ìoìphqwdluh elhq gì�qlh dyhf xqh gxuìh gh ylh lq�qlh1 Lo qh shxw sdv vh gìvlqwìjuhu hq txdvl

sduwlfxohv �ìohfwurq0wurx� fdu ohv frqglwlrqv gh frqvhuydwlrq g*ìqhujlh hw gx prphqw qh

vrqw sdv vdwlvidlwhv gdqv fhwwh }rqh + od frxueh gh glvshuvlrq gx sodvprq qh frxsh sdv oh

frqwlqxxp ghv ìwdwv,/ pdlv srxu t A tS> oh sodvprq shug od qrwlrq g*h{flwdwlrq ìohphqwdluh

fdu lo hvw qr|ì gdqv oh frqwlqxxp ghv ìwdwv ghv txdvl0sduwlfohv1 Oruvtxh o*rq suhqg hq frpswh

o*lq xhqfh gx srwhqwlho sìulrgltxh ghv lrqv vxu oh vshfwuh gx sodvprq/ rq wurxyh + frpph rq

oh yhuud soxv wdug , txh od gxuìh gh ylh gx sodvprq gìshqg gh o*lpsruwdqfh ghv wudqvlwlrqv

lqwhuedqghv dx yrlvlqdjh gh |$R1 Srxu ehdxfrxs gh vrolghv/ |$R hvw judqgh frpsduìh dx{

h{flwdwlrqv lqwhuedqghv hw sdu frqvìtxhqw oh sodvprq hvw xqh h{flwdwlrq elhq gì�qlh srxu

xqh odujh jdpph gh pìwdx{/ vhplfrqgxfwhxuv hw lvrodqwv1

415 Wkìrulh gh od irqfwlrqqhooh gh od ghqvlwì gìshqgdqwh gx

whpsv + WGGIW ,

Xqh ghv dssurfkhv wkìrultxhv srxu gìfuluh oh sureoëph ã Q frusv hvw od wkìrulh

gh od irqfwlrqqhooh gh od ghqvlwì gìshqgdqwh gx whpsv/ gdqv odtxhooh oh v|vwìph uìho gh

sduwlfxohv hq lqwhudfwlrq hvw frqvlgìuì frpph xq v|vwëph �fwli gh sduwlfxohv lqgìshqgdqwhv

+ vdqv lqwhudfwlrq , dsshoì v|vwëph gh Nrkq0Vkdp +NV,1 Od frqqh{wlrq hqwuh oh v|vwëph

uìho hw oh v|vwëph �fwli hvw txh od ghqvlwì gx v|vwëph gh NV uhsurgxlw gh pdqlëuh h{dfwh od

ghqvlwì gx v|vwëph uìho
�
�g7 +u> w, @ �o�ee, +u> w, @ � +u> w,

�
1 Gh fhwwh idêrq/ lo hvw srvvleoh gh

uholhu od irqfwlrq gh uìsrqvh gh od ghqvlwì gh NV ã od irqfwlrq gh uìsrqvh gx v|vwhp uìho1

Xqh irupxodwlrq jìqìudoh gh o*ìyroxwlrq whpsruhooh g*xq v|vwëph hq lqwhudfwlrq/

vrxplv ã xq srwhqwlho h{wìulhxu Ye%| +u> w, d ìwì grqqìh sdu Uxqjh hw Jurvv^8� :`1 Fhv
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dxwhxuv rqw ìwdeol o*lqyhuvlelolwì gx vfkìpd Ye%| +u> w, �$ � +u> w,/ rü � +u> w, hvw od ghqvlwì

gh fkdujh gìshqgdqwh gx whpsv gx v|vwëph hq lqwhudfwlrq1 Lov rqw prqwuì txh � +u> w, shxw

íwuh rewhqxh sdu

� +u> w, @

JSS�R�er[

�

m*� +u> w,m2 +415<,

rü *� +u> w, vrqw ohv vroxwlrqv gh o*ìtxdwlrq gh Nrkq0Vkdp gìshqgdqwh gx whpsv/

l|
C*� +u> w,

Cw
@

�
�|

2u2

5p
. yess ^�` +u> w,

�
*� +u> w, +4163,

dyhf

yess ^�` +u> w, @ Ye%| +u> w, .

]
h2� +u�> w,

mu� u�m gu
� . Y%S ^�` +u> w, +4164,

Oh srwhqwlho h�hfwli ã xqh vhxoh sduwlfxoh yess ^�` +u> w, frqwlhqw hq soxv gx fkdps h{wìulhxu/

oh srwhqwlho gh Kduwuhh hw oh srwhqwlho g*ìfkdqjh0fruuìodwlrq Y%S ^�` +u> w, =

Oh irupdolvph gh od WGGIW hvw sduwlfxolëuhphqw elhq dgdswì srxu o*ìwxgh gh

od uìsrqvh olqìdluh g*xq v|vwëph ã soxvlhxuv ìohfwurqv ã xqh idleoh shuwxuedwlrq h{wìulhxuh

�Ye%| +u> w,1 Srxu vlpsol�hu/ vxssrvrqv txh �Ye%| +u> w, @ �Ye%| +u> $, h
3�/|1 O*dssolfdwlrq gh

od wkìrulh ghv shuwxuedwlrqv gìshqgdqwhv gx whpsv dx suhplhu ruguh gdqv oh gìyhorsshphqw

gh od ghqvlwì lqgxlwh ��?_ +u> $, hq irqfwlrq gh �Ye%| +u> $, grqqh

��?_ +u> $, @

]
gu�"

�
u> u�>$

�
�Ye%| +u> $, +4165,

rü " +u> u�>$, hvw od irqfwlrq gh uìsrqvh olqìdluh gh od ghqvlwì ^;`

"
�
u> u�>$

�
@
[

?

�W?f +u,�?f +u,

�
4

$ � $f? . l�
� 4

$ . $f? . l�

�
+4166,

rü $f? @ H?�Hf hw �?f +u, uhsuìvhqwhqw ohv ìohphqwv gh pdwulfh sulv hqwuh o*ìwdw irqgdphqwdo

qrq shuwxueì gx v|vwëph m�fl g*ìqhujlh Hf hw vrq ìwdw h{flwì qrq shuwxueì m�?l g*ìqhujlh
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H?> �?f +u, @ k�?me� +u, m�fl/ e� +u, ìwdqw o*rsìudwhxu ghqvlwì grqqì sdu o*ìtxdwlrq +4=6,1 Oh

qrpeuh srvlwli hw lq�qìwlvlpdo � hvw lqwurgxlw srxu whqlu frpswh gh od fdxvdolwì gh od uìsrqvh

gx v|vwëph1

Hq WGGIW od ghqvlwì lqgxlwh shxw íwuh fdofxoìh sdu

��?_ +u> $, @

]
gu�"f

�
u> u�>$

�
�Yess ^�` +u> $, +4167,

"f +u> u�>$, uhsuìvhqwh od irqfwlrq gh uìsrqvh gh od ghqvlwì gx v|vwëph gh Nrkq0Vkdp qrq

shuwxueì

"f
�
u> u�>$

�
@ 5

[

?

i� � i�
%� � %� . +$ . l�,

*� +u,*
W
� +u,*�

�
u�
�
*W�
�
u�
�

+4168,

i*� +u,j uhsuìvhqwhqw xq hqvhpeoh g*ìwdwv ã xqh sduwlfxoh g*ìqhujlh %� hw txl uìvxowhqw gh

od uìvroxwlrq gh o*ìtxdwlrq gh Nrkq0Vkdp +4=63, gdqv vd iruph lqgìshqgdqwh gx whpsv

+ �Ye%| +u> w, @ 3, ^<`= Jìqìudohphqw/ rq uìvrxw fhwwh ghuqlëuh ìtxdwlrq gdqv oh fdguh gh

o*dssur{lpdwlrq gh od ghqvlwì orfdoh +OGD, ^<`1 Fhwwh dssur{lpdwlrq uhsrvh vxu o*xwlolvdwlrq

gh od ghqvlwì gh o*ìqhujlh g*ìfkdqjh0fruuìodwlrq %�L4%S gx jd} krprjëqh > i� @ � +H8 � %�, hvw

oh qrpeuh g*rffxsdwlrq gh o*ìwdw *� +u,

Oh srwhqwlho h�hfwli �Yess ^�` +u> w, hvw grqqì sdu

�Yess ^�` +u> $, @ �Ye%| +u> $, .

]
YS
�
u� u�

�
��?_ +u> $, gu� .

]
i%S ^q`

�
u> u�>$

�
��?_ +u> $, gu�

+4169,

rü YS +u� u�, @ e2

�h3h�� hvw o*lqwhudfwlrq frxorpelhqqh qxh hw i%S ^�` +u> u
�>$, hvw od wudqvirupìh

gh Irxulhu gx sursdjdwhxu g*ìfkdqjh0fruuìodwlrq gì�ql sdu

i%S ^�`
�
u> w> u�> w�

�
@
�Y%S ^�` +u> w,

�� +u�> w�,
+416:,
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Fh whuph uhsuìvhqwh od uìgxfwlrq gh o*lqwhudfwlrq h0h gxh dx{ h�hwv g*ìfkdqjh0fruuìodwlrq ã

frxuwh sruwìh1

D sduwlu ghv ìtxdwlrqv +4=65> 4=67 hw 4=69, > rq yrlw txh " hvw uholìh ã "f sdu

o*ìtxdwlrq lqwìjudoh vxlydqwh =

"
�
u> u�>$

�
@ "f

�
u> u�>$

�
.

]]
"f
�
u> u��>$

�
N
�
u��> u���>$

�
"
�
u���> u�>$

�
gu��gu��� +416;,

O*lqwhudfwlrq uìvlgxhooh N +u��> u���>$, hvw gì�qlh frpph

N
�
u> u�>$

�
@ YS

�
u� u�

�
. i%S ^�`

�
u> u�>$

�
+416<,

O*h�hw h{solflwh gh i%S fruuhvsrqg ã xq h�hw gh fruuìodwlrq g|qdpltxh/ doruv txh

fhoxl gh �Y%S fruuhvsrqg ã xq h�hw gh fruuìodwlrq vwdwltxh1 Lo hvw lpsruwdqw gh vrxoljqhu

txh fh irupdolvph hvw iruphoohphqw h{dfw1 O*dssur{lpdwlrq surylhqw gx fkrl{ gh od iruph

irqfwlrqqhooh gh �Y%S ^q` +u> w, hw gh fhooh gh i%S fruuhvsrqgdqw1

Gdqv oh fdv g*xq jd} ìohfwurqltxh krprjëqh hw sdu wudqvirupìh gh Irxulhu / rq

rewlhqw

��?_ +t> $, @ " +t> $, �Ye%| +t> $, +4173,

dyhf

" +t> $, @ "f +t> $, . "f +t> $, +y +t, . i%S +t> $,," +t> $, +4174,

y +t, @ 7�h2@t2 hvw od wudqvirupìh gh Irxulhu gx srwhqwlho frxorpelhq YS +u� u�, > hw

i%S +t> $, hvw od wudqvirupìh gh Irxulhu gx sursdjdwhxu i%S +u> u
�>$, txl v*ìfulw jìqìudoh0

phqw vrxv od iruph i%S +t> $, @ �y +t,J +t> $, > rü J +t> $, hvw dsshoì idfwhxu gh fkdps

orfdo1 Od uìvroxwlrq gh o*ìtxdwlrq +4=74, grqqh ^;`

" +t> $, @
"f +t> $,

4� "f +t> $, y +t, +4�J +t> $,, +4175,
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41514 Irqfwlrq glìohfwultxh orqjlwxglqdoh

Qrxv doorqv pdlqwhqdqw fkhufkhu xqh h{suhvvlrq jìqìudoh gh od irqfwlrq glìohfwultxh

orqjlwxglqdoh gx v|vwëph ã Q ìohfwurqv1 Lpdjlqrqv srxu fhod txh qrxv lqwurgxlvlrqv gdqv

oh v|vwëph xqh glvwulexwlrq gh fkdujhv wìprlqv gh ghqvlwì �e%| +u> w, @ �e%| +u> $, h3�/|1 Oh

srwhqwlho h{wìulhxu jìqìuì sdu fhwwh glvwulexwlrq gh fkdujh �Ye%| +u> w, @ �Ye%| +u> $, h
3�/|

v*ìfulw frpph

�Ye%| +u> $, @

]
YS
�
u� u�

�
�e%| +u> $, gu� +4176,

sdu wudqirupìh gh Irxulhu/ rq rewlhqw

�Ye%| +t> $, @ y +t,�
e%| +t> $, +4177,

Fh fkdps h{wìulhxu grqqh qdlvvdqfh ã xqh fkdujh lqgxlwh/ txl shxw v*h{sulphu gdqv oh fdguh

gh od uìsrqvh olqìdluh sdu od irupxoh +4=67,1 Od yduldwlrq wrwdoh gh od ghqvlwì gh fkdujh gdqv

oh v|vwëph hvw = �|J| +u> w, @ �e%| +u> w, . ��?_ +u> w, = Sdu wudqvirupìh gh Irxulhu rq rewlhqw

�|J| +t> $, @ �e%| +t> $, . ��?_ +t> $, +4178,

Od irqfwlrq glìohfwultxh orqjlwxglqdoh gx v|vwëph ã Q ìohfwurqv hvw grqqìh sdu ^;`

4

� +t> $,
@

ghqvlwì gh fkdujh wrwdoh

ghqvlwì gh fkdujh wìprlq
@
�|J| +t> $,

�e%| +t> $,
@ 4 .

��?_ +t> $,

�e%| +t> $,
+4179,

Hq xwlolvdqw ohv ghx{ ìtxdwlrqv +4=73, hw +4=77,/ rq wurxyh txh od irqfwlrq glìohfwultxh

orqjlwxglqdoh gx jd} ìohfwurqltxh krprjëqh hvw olìh ã od irqfwlrq gh uìsrqvh dvvrflìh ã vd

ghqvlwì sdu

4

� +t> $,
@ 4 . y +t," +t> $, +417:,
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hw �qdohphqw/ rq rewlhqw

� +t> $, @ 4� y +t,"f +t> $,

4 . y +t,J +t> $,"f +t> $,
+417;,

Sodvprqv

Od plvh hq ìylghqfh gh o*h{lvwhqfh ghv sodvprqv frpph ghv h{flwdwlrqv elhq gì�qlhv

ghv ìohfwurqv gh frqgxfwlrq gdqv ohv vrolghv ylhqw g*h{sìulhqfhv gh vshfwurvfrslh gh shuwh

g*ìqhujlh ìohfwurqltxh +HHOV, ^43`1 Fhv h{sìulhqfhv vrqw edvìhv vxu od gl�xvlrq lqìodvwltxh

ghv ìohfwurqv udslghv sdu oh vrolgh1 Od phvxuh gh od glvwulexwlrq dqjxodluh ghv ìohfwurqv

gl�xvìv shuphw gh gìwhuplqhu oh wudqvihuw g*ìqhujlh hw gx prphqw gh fhv ghuqlhuv yhuv ohv

ìohfwurqv gx vrolgh1 Ohv ìohfwurqv lqflghqwv srvvëghqw ghv prphqwv dvvh} ìohyìv gh whooh idêrq

tx*lov lqwhudjlvvhqw idleohphqw dyhf oh uìvhdx hw o*dssur{lpdwlrq gh Eruq hvw elhq uhvshfwìh1

Od vhfwlrq h!fdfh gl�ìuhqwlhooh gh gl�xvlrq ghv ìohfwurqv sdu oh vrolgh hvw grqqìh sdu

g2�

g$g

@

�
g�

g


�

f

V +t> $, +417<,

rü t@$ hvw prphqw wudqviìuì2ìqhujlh1 Od txdqwlwì V +t> $, > dsshoìh idfwhxu gh vwuxfwxuh

g|qdpltxh/ irxuqlw xqh phvxuh gluhfwh gx vshfwuh ghv h{flwdwlrqv ghv  xfwxdwlrqv gh od ghq0

vlwì gx jd} ìohfwurqltxh1 Oh wkìruëph gh  xfwxdwlrq0glvvlsdwlrq uholh V +t> $, ã od irqfwlrq

glìohfwultxh gx vrolgh sdu ^4`

V +t> $, @ � |t
2

7�h2
Lp

�
4

� +t> $,

�
+4183,

Gh fhwwh uhodwlrq gìfrxohqw ghx{ uìvxowdwv lpsruwdqwv = +l, V +t> $, vhuw ã gìwhu0

plqhu gh idêrq frpsoëwh od irqfwlrq glìohfwultxh gx jd} ìohfwurqltxh/ +ll, ohv h{flwdwlrqv ghv
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 xfwxdwlrqv gh od ghqvlwì gx jd} g*ìohfwurqv vrqw ohv s÷ohv gh od irqfwlrq Lp
�

3�
"E^c/�

�
tx*rq

dsshooh irqfwlrq gh shuwh g*ìqhujlh> fh txl uhylhqw ã gluh txh fhv h{flwdwlrqv vrqw grqqìhv

sdu

� +t> $, @ 3 +4184,

Ohv h{flwdwlrqv ghv  xfwxdwlrqv gh od ghqvlwì vrqw jìqìudohphqw 0 frpph qrxv

o*dyrqv yx suìfìghpphqw gdqv od vhfwlrq +414,0 gh ghx{ w|shv = +l, Dx{ idleohv ydohxuv gh

t +t ? tS, fh vrqw ghv prghv froohfwliv/ ghv sodvprqv/ txl fruuhvsrqghqw ã ghv h{flwdwlrqv

frkìuhqwhv gh sdluhv ìohfwurqv0wurxv/ +ll, srxu ohv judqghv ydohxuv gh t +t A tS, ohv prghv

sursuhv vrqw hvvhqwlhoohphqw ghv h{flwdwlrqv gh txdvl0sduwlfxohv lqglylgxhoohv/ txl uhsuìvhq0

whqw ghv h{flwdwlrqv lqfrkìuhqwhv gh sdluhv ìohfwurq0wurx1

Gdqv od olplwh ghv judqghv orqjxhxuv g*rqghv +t $ 3,/ od frqglwlrq gh o*h{lvwhqfh

g*xq prgh sodvprq gdqv oh jd} g*ìohfwurqv hvw

�� +t> $ +t,, . l�2 +t> $ +t,, @ 3 +4185,

�� hw �2 vrqw ohv sduwlhv uìhooh hw lpdjlqdluh gh � +t> $, hw $ +t, hvw o*ìqhujlh frpsoh{h gx

sodvprq

$ +t, @ 
+t, . l� +t, +4186,


 hw � vrqw/ uhvshfwlyhphqw/ o*ìqhujlh hw o*dpruwlvvhphqw gx sodvprq1 Vl �2 +t>
+t,, ?? 4>

o*dssolfdwlrq gh od wkìrulh ghv shuwxuedwlrqv grqqh

�� +t>
+t,, @ 3 +4187,

� +t, @ ��2 +t>
+t,,
��
C��
C$

�

/'l

�3�
+4188,
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Fhfl vljql�h txh od sduwlh uìhooh gh od irqfwlrq glìohfwultxh gìwhuplqh od uhodwlrq gh

glvshuvlrq gx sodvprq/ doruv txh od sduwlh lpdjlqdluh jrxyhuqh vrq dpruwlvvhphqw1

Qrwrqv txh ohv frqvlgìudwlrqv suìfìghqwhv vrqw gl�ìuhqwhv ghv shuwhv g*ìqhujlhv

+devruswlrq, txh vxelw xq fkdps ìohfwurpdjqìwltxh wudqvyhuvh dvvrflì ã xq idlvfhdx gh

oxplëuh gdqv oh grpdlqh rswltxh1 Gdqv fh fdv od sduwlh lpdjlqdluh gh od irqfwlrq glìohfwultxh

fruuhvsrqg ã o*devruswlrq1

41515 Dssur{lpdwlrq gh od skdvh doìdwrluh + USD ,

Hq USD/ od ghqvlwì gh fkdujh lqgxlwh gdqv xq jd} g*ìohfwurqv hq lqwhudfwlrq/ sdu

xq srwhqwlho h{wìulhxu/ �Ye%| +u> $, > hvw dssur{lpìh sdu od ghqvlwì gh fkdujh lqgxlwh gdqv xq

jd} g*ìohfwurqv sdu xq srwhqwlho wrwdo pr|hq �Ye%| +u> $,.Y6J+ +u> $, > rü Y6J+ +u> $, gdqv vd

iruph od soxv vlpsoh hvw oh srwhqwlho gh Kduwuhh1 Rq shxw prqwuhu sdu xqh gìpdufkh dqdorjxh

ã fhooh vxlylh suìfìghphqw txh od irqfwlrq gh uìsrqvh gh od ghqvlwì gx jd} g*ìohfwurqv v*ìfulw

gdqv oh fdguh gh od USD vrxv od iruph ^;`

"-��
�
u> u�>$

�
@ "f

�
u> u�>$

�
.

]]
"f
�
u> u��>$

�
YS
�
u�� � u���

�
"-��

�
u���> u�>$

�
gu��gu���

+4189,

"f +u> u�>$, d od píph iruph txh fhooh gh o*ìtxdwlrq +4=68,/ pdlv ohv ìwdwv ã xqh sduwlfxoh

*� +u, txl dssdudlvvhqw gdqv vrq h{suhvvlrq shxyhqw íwuh gl�ìuhqwhv ghv ìwdwv gh Nrkq0Vkdp1

Lov shxyhqw/ sdu h{hpsoh/ íwuh ohv ìwdwv ã xqh sduwlfxoh lvvxv gh od uìvroxwlrq ghv ìtxdwlrqv

gh Kduwuhh0Irfn1 Sdu wudqvirupìh gh Irxulhu/ rq wurxyh gdqv oh fdv g*xq jd} krprjëqh

"-�� +t> $, @ "f +t> $, . "f +t> $, y +t,"-�� +t> $, +418:,
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hw sdu frqvìtxhqw/ vd irqfwlrq glìohfwultxh orqjlwxglqdoh hvw grqqìh gdqv oh fdguh gh od USD

sdu

�-�� +t> $, @ 4� y +t,"f +t> $, +418;,

Od frqglwlrq gh o*h{lvwhqfh gx sodvprq hvw wrxmrxuv grqqìh sdu �-�� +t> $ +t,, @ 3= Oh

gìyhorsshphqw gh fhwwh uhodwlrq gh glvshuvlrq gh sodvprq srxu xq jd} ìohfwurqltxh kr0

prjëqh/ gdqv od olplwh t $ 3 / grqqh

$ +t, @ 
 +t, @ $R

�
4 .

6y28
43$2R

t2 .R
�
te
��

+418<,

rü $R hvw od iuìtxhqfh sodvprq fodvvltxh grqqìh sdu od uhodwlrq +4=4, hw y8 hvw od ylwhvvh gh

Ihupl1 Fhwwh ghuqlëuh uhodwlrq frq�uph od uhpdutxh ìyrtxìh dx ghuqlhu sdudjudskh gh oh

sdudjudskh +414,/ f*hvw ã gluh tx*hq USD/ ohv sodvprqv gx jd} ìohfwurqltxh krprjëqh vrqw

qrq0dpruwlv hw ohxu iuìtxhqfh gìshqg gx yhfwhxu t1

Ohv fdofxov suìfìghqwv prqwuhqw txh od USD shxw vh gìgxluh gx irupdolvph gh od

WGGIW hq frqvlgìudqw txh i%S+rx J, hvw qxo1 Gdqv fh fdv/ oh srwhqwlho pr|hq Y6J+ +u> $,

q*hvw txh oh srwhqwlho gh Kduwuhh hw f*hvw srxu fhwwh udlvrq txh fhwwh pìwkrgh hvw dsshoìh

dxvvl wkìrulh gh Kduwuìh olqìdulvìh gìshqgdqw gx whpsv1

416 Fdv ghv vrolghv fulvwdoolqv +pìwdx{ qreohv,

Gdqv oh fdv ghv vrolghv fulvwdoolqv/ od gìpdufkh suìfìghqwh uhvwh ydodeoh hw lo vx!w

gh whqlu frpswh gh od sìulrglflwì gx uìvhdx fulvwdoolq1 Fhfl v*dffrpsolw hq lpsrvdqw dx{ ìwdwv

ã xqh sduwlfxoh txl �jxuhqw gdqv o*h{suhvvlrq gh "f 0 ìtxdwlrq +4=68,0 g*íwuh ghv irqfwlrqv

gh Eorfk ku mn>ol @ 
3�*2h�!hx!, +u, rü x!, +u, hvw sìulrgltxh vsdwldohphqw/ n hw o gìvljqhqw
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uhvshfwlyhphqw oh yhfwhxu g*rqgh hw o*lqglfh gh od edqgh frqvlgìuìh1 Gdqv fh fdv rq rewlhqw

xqh uhsuìvhqwdwlrq vshfwudoh gh "f vrxv od iruph

"f
BcB� +t> $, @

4




~�[

!

[

,c,�

i! � i!n^
H! �H!n^ . | +$ . l�,

kn>om h3�E^nB�h
��n. t>o�

� 

n. t>o�

�� h�E^nB��h mn>ol

+4193,

J hw J� vrqw ghv yhfwhxuv gx uìvhdx uìflsurtxh hw ohv ghx{ yhfwhxuv g*rqgh n hw t vrqw gdqv

od suhplëuh }rqh gh Euloorxlq +]E,1 Gdqv oh fdguh gh od USD ^;`/ rq d

�-��BcB� +t> $, @ �BcB� � y
�
t.J�

�
"fBcB� +t> $, +4194,

Rü �-��
BcB� vrqw ohv frh!flhqwv gh Irxulhu gh od irqfwlrq glìohfwultxh1 Od gìshqgdqfh gh �-��

hq irqfwlrq ghv yhfwhxuv gx uìvhdx uìflsurtxh J>J� grqqh olhx ã ghv h�hwv gh fkdps orfdo

+frpph o*h{lvwhqfh gh ghx{ edqghv gh sodvprq vìsduìhv sdu xq jds dx yrlvlqdjh ghv olplwhv

gh od }rqh gh Euloorxlq1 Fh jds glvsdudlw udslghphqw hq suìvhqfh gh o*dpruwlvvhphqw gdqv ohv

pìwdx{ uìhov ,1 Gdqv fh txl vxlw/ qrxv doorqv qìjoljhu fhv gìwdlov hw qrxv qrxv lqwìuhvvhurqv

vhxohphqw dx fdv sduwlfxolhu J @J� @ 3/ gdqv ohtxho od irqfwlrq glhohfwultxh orqjlwxglqdoh

gx v|vwëph v*hfulw vrxv od iruph

�-��8 +t> $, @ 4� 7�h
2

t2


~�[

!

[

,c,�

��
n>o m n. t>o�
���2 i!c, � i!n^c,�
H!c, �H!n^c,� . | +$ . l�,

+4195,

Od irqfwlrq glìohfwultxh ã xqh whpsìudwxuh �qlh +We 9@ 3, gx jd} ìohfwurqltxh/

v*rewlhqw sdu od vlpsoh jìqìudolvdwlrq gh fhwwh ghuqlëuh ìtxdwlrq1 Srxu fhod/ lo vx!w gh

uhpsodfhu ohv qrpeuhv g*rffxsdwlrqv i!c, sdu ohv irqfwlrqv gh Ihupl0Gludf fruuhvsrqgdqwhv

if +H!c,, @
4

4 . h{s
�
.!c,3>
g�Ae

� +4196,

rü � hvw oh srwhqwlho fklpltxh gx jd} g*ìohfwurqv1 Rq rewlhqw frpph uìvxowdw �qdo +hq
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ljqrudqw o*lqglfh USD ,

�8 +t> $, @ 4� olp
#<nf

7�h2

t2


~�[

!

[

,c,�

��
n>o m n. t>o�
���2 if +H!c,,� if

�
H!n^c,�

�

H!c, �H!n^c,� . | +$ . l�,
+4197,

Fh uìvxowdw d ìwì rewhqx sdu Olqgkdug ^44` sxlv sdu Hkuhquhlfk hw Frkhq ^45` hq xwlolvdqw

od pìwkrgh gx fkdps dxwrfrkìuhqw1 Fhwwh ghuqlëuh h{suhvvlrq prqwuh txh od irqfwlrq

glìohfwultxh �8 +t> $, shxw íwuh gìfrpsrvìh hq ghx{ frqwulexwlrqv = +l, o @ o� frqwulexwlrq

lqwudedqgh/ +ll, o 9@ o� frqwulexwlrq lqwhuedqgh1

Fh txl qrxv lqwìuhvvh gdqv fh wudydlo f*hvw o*ìwxgh ghv uìsrqvhv rswltxhv gh gli0

iìuhqwhv qdqrvwuxfwxuhv pìwdooltxhv/ vrxplvhv ã ghv lpsoxvlrqv odvhu xowud0euëyhv1 Ru/ od

uìsrqvh g*xq v|vwëph ã xqh rqgh ìohfwurpdjqìwltxh wudqvyhuvdoh hvw grqqìh sdu vd irqfwlrq

glìohfwultxh wudqvyhuvdoh �z +t> $, txl hvw jìqìudohphqw gl�ìuhqwh gh �8 +t> $, = Pdlv/ gdqv

od jdpph vshfwudoh rswltxh + XY0YLV0LU ,/ od orqjxhxu g*rqgh gh od oxplëuh lqflghqwh hvw

wuëv judqgh frpsduìh dx{ glvwdqfhv lqwhu0ìohfwurq rx lqwhu0dwrpltxh +� oS, / fh txl hvw

ìtxlydohqw ã gluh txh +t � tS, = Grqf/ rq shxw xwlolvhu xqh dssur{lpdwlrq glwh dssur{lpdwlrq

orfdoh hw sdvvhu ã od olplwh t $ 3 1 Gdqv fhwwh olplwh rq d �z +3> $, @ �8 +3> $, @ � +$, srxu

ohv vrolghv lvrwursuhv ^46`1 Gdqv fh txl vxlw/ qrxv qh ihurqv sdv gh glvwlqfwlrq hqwuh fhv ghx{

txdqwlwìv hw qrxv xwlolvhurqv ohv uìvxowdwv gh fdofxo gh �8 +3> $, srxu ìwxglhu ohv sursulìwìv

rswltxhv gh qrv v|vwëphv1

Yr|rqv/ pdlqwhqdqw/ frpphqw v*h{sulphqw ohv ghx{ frqwulexwlrqv lqwud hw lqwhu0

edqghv ã od irqfwlrq glìohfwultxh gdqv od olplwh t $ 3= Gdqv fh fdv/ rq d

olp
^<f

��
n>o m n. t>o�
���2 @ �,c,� .

�
4� �,c,�

� t2

p2$2,c,�

��S,c,�
��2 +4198,

rü S,c,� @ 
3�
U
xW!,� +u, s

>x!, +u, gu> s
> ìwdqw od frpsrvdqwh gx prphqw gdqv od gluhfwlrq
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gh t> |$,c,� @ H!c, �H!n^c,� =

41614 Frqwulexwlrqv lqwudedqghv + prgëoh gh Guxgh ,

Frqvlgìurqv oh fdv rü ohv wudqvlwlrqv ìohfwurq0wurx vh surgxlvhqw ã o*lqwìulhxu g*xqh

vhxoh edqgh +o @ o� @ f, txh o*rq frqvlgëuh lfl frpph ìwdqw od edqgh gh frqgxfwlrq1 Hq

xwlolvdqw o*ìtxlydohqfh
S
!

@
�

@;��

� U
~� g

�n> od irqfwlrq glìohfwultxh v*ìfulw gh od idêrq

vxlydqwh

�s8 +t> $, @ 4� olp
#<nf

h2

5�t2

]

~�

g�n
if +H!cS,� if +H!n^cS,

H!cS �H!n^cS . | +$ . l�,
+4199,

gdqv od olplwh t $ 3> hw vdfkdqw txh H!cS @
|!2

26 > txh o*rq shxw ìfuluh if +H!cS,�if +H!n^cS, *

t
Ysf
Y! > +$ . nt@p,3� * �

/ +4� nt@p, > od uhodwlrq +4=99, ghylhqw doruv

�s8 +t> $, @ 4�
$2R
$2
. l

h2

5�t2

]

~�
g�nt

Cif
Cn
�

�
$ .

nt

p

�
+419:,

Qrxv dyrqv xwlolvì od uhodwlrq

olp
#<nf

4

{. l�
@ S

4

{
� l�� +{, +419;,

Od irqfwlrq glìohfwultxh srvvëgh xqh sduwlh lpdjlqdluh qrq qxooh/ fh txl grqqh

qdlvvdqfh ã xq dpruwlvvhphqw ghv rvflooodwlrqv gh sodvpd dsshoì dpruwlvvhphqw gh Odqgdx1

Fh ghuqlhu hvw gluhfwhphqw olì dx uhfrxyuhphqw gx vshfwuh g*h{flwdwlrq ghv txdvl0sduwlfxohv

lqglylgxhoohv dyhf oh vshfwuh ghv sodvprqv/ fdu lo h{lvwh wrxmrxuv gdqv od txhxh gh glvwulexwlrq

gh Ihupl0Gludf ghv ìohfwrqv txl vrqw fdsdeohv g*devruehu xq sodvprq dyhf frqvhuydwlrq

gh o*ìqhujlh hw gx prphqw1 Fodvvltxhphqw/ rq dwwulexh fhw dpruwlvvhphqw dx{ ìohfwurqv

txl vh gìsodfhqw hq skdvh dyhf o*rqgh gx sodvpd hw shxyhqw grqf devruehu gh o*ìqhujlh1

Srxu ohv judqghv orqjxhxuv g*rqgh gx sodvpd/ oh qrpeuh gh fhv ìohfwurqv hvw wuëv shwlw hw
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sdu frqvìtxhqw o*dpruwlvvhphqw gh Odqgdx hvw qìjoljhdeoh > rq shxw dlqvl frqvlgìuhu txh

�s2 +3> $, @ 3=Grqf hq USD/ lo q*| d sdv gh frqwulexwlrq lqwudedqgh ã od frqgxfwlylwì ã kdxwhv

iuìtxhqfhv/ fh txl hvw frqwudglfwrluh dyhf o*h{sìulhqfh1 Fh txl hvw devhqw hq USD hw grlw íwuh

lqfoxv srxu uhqguh frpswh gh o*h{sìulhqfh f*hvw od gxuìh �qlh ghv ìohfwurqv gdqv od edqgh gh

frqgxfwlrq ã fdxvh ghv froolvlrqv tx*lov vxelvvhqw dyhf ohv skrqrqv/ ohv lpsxuhwìv/ 11hwf1 Xqh

dssurfkh vlpsoh txl vxssrvh txh ohv pìfdqlvphv gh gl�xvlrqv +froolvlrqv, h{whuqhv shxyhqw

íwuh gìfulwv sdu xq whpsv gh uhod{dwlrq � d ìwì vxjjìuìh sdu Olqgkdug^4> 44`1 Olqgkdug

d xwlolvì xqh yhuvlrq txdqwltxh gh o*ìtxdwlrq gh Erow}pdqq/ hw d fdofxoì od uìsrqvh gx

jd} g*ìohfwurqv ã xq fkdps ìohfwurpdjqìwltxh H +t>$,1 Lo d wurxyì txh od frqwulexwlrq

lqwudedqgh ã od irqfwlrq glìohfwultxh v*ìfulw vrxv od iruph

�s +3> $, @ 4�
$2R

$ +$ . l@�,
+419<,

rü $R @
t

eZe2?
6W > hw pW hvw od pdvvh h�hfwlyh rswltxh ghv ìohfwurqv gdqv od edqgh gh

frqgxfwlrq1 Fh uìvxowdw d ìwì rewhqx srxu od suhplëuh irlv sdu Guxgh hq frqvlgìudqw oh jd}

g*ìohfwurqv frpph xq sodvpd fodvvltxh^47`1 F*hvw srxu fhwwh udlvrq txh o*ìtxdwlrq +4=9<,

hvw dsshoìh vrxyhqw irupxoh gh Guxgh1

41615 Frqwulexwlrq lqwhuedqgh

Od frqwulexwlrq lqwhuedqgh +o 9@ o�, shxw v*ìfuluh/ gdqv od olplwh t $ 3> frpph

��K +3> $, @ olp
#<nf

h2|2

p2�2

[

,c,�

]

~�
g�n

��S,c,�
��2

�
|$,c,�

�2
�
if +H!c,,� if

�
H!c,�

�� 4

H!c, �H!c,� . | +$ . l�,
+41:3,
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Hq xwlolvdqw od uhodwlrq +4=9;,/ rq wurxyh

��K� +$> We, @ �
h2|2

p2�

[

,c,�

]
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�
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�
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�

+41:4,

hw

��K2 +$> We, @
h2|2

p2 +|$,2

[

,c,�

��S,c,�
��2
]

~�
g�n

�
if +H!c,,� if

�
H!c,�

��
�
�
H!c,� �H!c, � |$

�

+41:5,

Srxu ìydoxhu txdqwlwdwlyhphqw od frqwulexwlrq lqwhuedqgh ã whpsìudwxuh �qlh +We 9@ 3,

gdqv oh fdv ghv pìwdx{ qreohv +Dx/ Dj,/ qrxv dyrqv fkrlvl oh prgëoh gìyhorssì sdu Urvhl

hw do ^48> 49` srxu lqwhusuìwhu ohxuv phvxuhv gh wkhuprprgxodwlrq vxu o*ru hw o*dujhqw1 Fh

prgëoh shuphw gh fdofxohu ��K2 hq xwlolvdqw od vwuxfwxuh gh edqgh gìwdlooìh gh fhv pìwdx{ hw

oh frqfhsw gh ghqvlwì g*ìwdwv mrlqwh1 Hqvxlwh/ ��K� vhud fdofxoìh ã sduwlu gh ��K2 ã o*dlgh ghv

uhodwlrqv gh Nudphuv0Nurqlj1

Gdqv ohv pìwdx{ qreohv/ od frqwulexwlrq lqwhuedqgh uhqg frpswh ghv wudqvlwlrqv/

vrlw gx qlyhdx gh Ihupl yhuv xqh edqgh ylgh gh soxv kdxwh ìqhujlh + wudqvlwlrq s$ v ,/ vrlw

gh edqghv sohlqhv yhuv od edqgh gh frqgxfwlrq + wudqvlwlrq g$ s rx g$ v ,1 Ghv uìvxowdwv

h{sìulphqwdx{ ^4:`/ frq�upìv sdu ghv fdofxov wkìrultxhv^4;`/ prqwuhqw txh ohv wudqvlwlrqv

lqwhuedqghv rqw olhx dx0ghoã g*xq vhxlo |$U�/ ydodqw 5=78 hw 6=< hY / uhvshfwlyhphqw/ srxu

o*ru hw o*dujhqw1 Srxu fdofxohu fhwwh frqwulexwlrq/ lo idxw frqqdñwuh od vwuxfwxuh gh edqgh

gìwdlooìh gx pìwdo gdqv od }rqh vshfwudoh frqvlgìuìh1
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Prgëoh gh edqghv srxu o*dujhqw hw o*ru

Qrxv dyrqv frqvlgìuì ohv prgëohv gh edqghv gh o*ru hw gh o*dujhqw grqqìv sdu

Fkulvwhqvhq ^4<> 53` hw suìvhqwìv vxu ohv �jxuhv +416, hw +417, uhvshfwlyhphqw1 Fhv vwuxfwxuhv

gh edqghv ìwdqw wuëv vhpeodeohv/ qrxv doorqv ìwxglhu oh fdv gh o*dujhqw hw oh píph wudlwhphqw

vhud dssoltxì srxu o*ru1 Od sduwlh kdfkxuìh/ vxu od �jxuh +4=7, suìvhqwh xq judqg lqwìuíw

srxu ohv h{sìulhqfhv rswltxhv sxlvtxh ohv edqghv vlwxìhv gdqv fhwwh }rqh/ lqwhuylhqqhqw gdqv

od soxsduw ghv wudqvlwlrqv lqwhuedqghv dx{ iuìtxhqfhv rswltxh gx ylvleoh hw surfkh XY1 Oh

gìwdlo hvw prqwuì vxu od �jxuh +4=8, = Qrwrqv txh qrxv dyrqv sodfì oh qlyhdx g*ìqhujlh }ìur

dx qlyhdx gh Ihupl1 Ohv edqghv vrqw gìfulwhv sdu ghv pdvvhv h�hfwlyhv gl�huhqwhv vxlydqw

txh o*rq frqvlgëuh od gluhfwlrq sdudooëoh rx shushqglfxodluh ã od gluhfwlrq � $ O + � ìwdqw

oh srlqw gh v|pìwulh dx fhqwuh gh od }rqh gh Euloorxlq hw O ìwdqw vlwxì hq erug gh od }rqh

�jxuh+4=5, ,1 Ohv ydohxuv ghv pdvvhv h�hfwlyhv vrqw grqqìhv ìjdohphqw vxu od �jxuh +4=8,/ +

srxu o*ru qrxv dyrqv xwlolvì ohv sdudpëwuhv gh edqgh gx wdeohdx1L gdqv o*duwlfoh gh Frrshu hw

do ^435`,= Hq soxv ghv wudqvlwlrqv gh od edqgh g sohlqh yhuv od edqgh gh frqgxfwlrq s/ qrxv

dyrqv sulv hq frpswh od frqwulexwlrq lqwhuedqgh ghsxlv od edqgh gh frqgxfwlrq s yhuv od

edqgh v ylgh gdqv oh fdv gh o*dujhqw1 Gdqv o*ru fh vrqw ohv wudqvlwlrqv �$ [ gh od edqgh g

yhuv od edqgh s txl grlyhqw íwuh frqvlgìuìhv1 Pdlv/ frpph ohxu frqwulexwlrq hvw idleoh/ qrxv

ohv qìjoljhurqv hw qrxv qh suhqgurqv hq frpswh txh ohv wudqvlwlrqv �$ O gh g yhuv s,

Srxu fdofxohu od sduwlh lpdjlqdluh gh od irqfwlrq glìohfwultxh lqwhuedqgh/ lo hvw

qìfhvvdluh g*ìydoxhu o*lqwìjudoh gdqv o*ìtxdwlrq+4=:5,1 Srxu vlpsol�hu oh fdofxo/ rq idlw doruv

dssho ã od qrwlrq gh od ghqvlwì g*ìwdwv mrlqwh hq frqvlgìudqw ohv wudqvlwlrqv lqwhuedqghv

frpph ìwdqw gluhfwhv rx yhuwlfdohv^48` = Vl H&c, hw H&c,� vrqw uhvshfwlyhphqw ohv ìqhujlhv ghv
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Iljxuh 415= Ohv srlqwv gh v|pìwulh gdqv od suhplëuh }rqh gh Euloorxlq ghv pìwdx{ qreohv

Iljxuh 416= Vwuxfwxuh gh edqghv gh o*ru vhorq oh fdofxo gh Fkulvwhqvhq hw Vhudsklq ^4<`
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Iljxuh 417= Vwuxfwxuh gh edqghv gh o*dujhqw vhorq oh fdofxo gh Fkulvwhqvhq ^53`
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Iljxuh 418= Gìwdlo ghv edqghv gh o*dujhqw dx yrlvlqdjh gx srlqw gh v|pìwulh O
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ìohfwurqv gdqv ohv edqghv lqlwldoh hw �qdoh hw |$ o*ìqhujlh gx skrwrq lqflghqw/ ohv wudqvlwlrqv

vrqw uhvwuhlqwhv ã xqh vxuidfh/ gdqv o*hvsdfh n fruuhvsrqgdqw ã xq ìfduw hq ìqhujlh frqvwdqw

hqwuh ohv edqghv hw grqqì sdu od uhodwlrq

H!c,� �H!c, � |$ @ 3 +41:6,

Rq shxw uììfuluh o*ìtxdwlrq +4=:5, vrxv od iruph vxlydqwh

��K2 +$> We, @
h2|2

p2 +|$,2

[

,c,�

��S,c,�
��2 i,c,� +|$> We, +41:7,

rü i,c,� +|$, hvw od ghqvlwì g*ìwdwv mrlqwh1 Hooh uhsuìvhqwh oh qrpeuh wrwdo gh wudqvlwlrqv txl

shxyhqw dyrlu olhx dyhf xq skrwrq g*ìqhujlh |$= Srxu ohv wudqvlwlrqv gh od edqgh o yhuv od

edqgh o�/ hooh hvw grqqìh sdu

i,c,� +|$> We, @

]

~�
g�n

�
if +H!c,,� if

�
H!c,�

��
�
�
H!c,� �H!c, � |$

�
+41:8,

o*lqwìjudwlrq grlw íwuh h�hfwxìh dyhf od frqglwlrq H!c, ? H8 ? H!c,� = O*ìwdw g*rffxsdwlrq

ghv edqghv hvw sulv hq frpswh sdu od glvwulexwlrq gh Ihupl0Gludf1 Srxu fdofxohu od ghqvlwì

g*ìwdwv mrlqwh i,c,� +|$> We,/ rq idlw dssho dx frqfhsw gh glvwulexwlrq hq ìqhujlh gh od ghqvlwì

g*ìwdw mrlqwh G,c,� +|$>H, > xwlolvìh hq wkìrulh gh od skrwrìplvvlrq1 H gìvljqh o*ìqhujlh gh od

edqgh gh frqgxfwlrq s1 Qrxv doorqv grqqhu ohv uìvxowdwv rewhqxv srxu ohv ghx{ frqwulexwlrqv

frqvlgìuìhv gdqv oh fdv gh o*dujhqw vdqv gìwdloohu ohv fdofxov1 Srxu ohv wudqvlwlrqv gh od edqgh

s yhuv od edqgh v/ rq d

GR<r +|$>H, @
�
49�2|�

�3�
HR<r

�
H . |$ � |$}

pRz
� H . |$s

prz

�3�*2
+41:9,
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rü HR<r @
�
6r86Rzn6rz6R8

6r86Rz6rz6R8

�3�*2
= Gdqv oh fdv gh o*ru +GR<r +|$>H, @ 3, = Od

ghqvlwì mrlqwh hvw doruv grqqìh sdu

iR<r +|$> We, @

] .4@ 

.4�?

GR<r +|$>H, i +H>We, gH +41::,

Od gìwhuplqdwlrq gh H4�? hvw lppìgldwh hw lpsrvìh sdu o*ìtxdwlrq +4=:9,

H4�? @ �|$s .
prz

prz �pRz
+|$s . |$} � |$, srxu |$ ? |$s . |$} +41:;,

H4�? @ �|$s .
pr8

pr8 .pR8
^|$ � +|$s . |$},` srxu |$ A |$s . |$} +41:<,

Od olplwh vxsìulhxuh d ìwì fkrlvlh ã o*lqwhuvhfwlrq ghv vxuidfhv/ gìwhuplqìhv sdu od

frqglwlrq +4=:6, > dyhf xq sodq glvwdqw gh �@7d> shushqglfxodluh ã � � O/ srxu olplwhu ohv

wudqvlwlrqv ã od suhplëuh }rqh gh Euloorxlq1 Rq rewlhqw

H4@ @ �|$s�
|
2

5pR8

� �
7d

�2
.

prz
prz �pRz

�
|
2

5

�
4

pr8
� 4

pR8

�� �
7d

�2
� +|$s . |$} � |$,

�

+41;3,

Srxu ohv wudqvlwlrqv gh od edqgh g sohlqh yhuv od edqgh gh frqgxfwlrq s/ rq surfëgh

gh od píph idêrq txh srxu ohv wudqvlwlrqv s$ v/ rq rewlhqw

G_<R +|$>H, @
�
49�2|�

�3�
H_<R

�
|$ � |$f � |$s �H

pRz
� H . |$s

p_z

�3�*2
+41;4,

dyhf H_<R @
�
6_86Rzn6_z6R8

6_86Rz6_z6R8

�3�*2
= Od ghqvlwì g*ìwdw mrlqwh hvw doruv h{sulpìh

sdu

i_<R +|$> We, @

] .4@ 

.4�?

G_<R +|$>H, ^4� i +H>We,` gH +41;5,

Gdqv fh fdv od ydohxu H4@ hvw grqqìh sdu o*h{suhvvlrq +4=:6, hw ydxw

H4@ @ �|$s .
p_8

p_8 �pR8
^|$ � |$f` srxu |$ ? |$f +41;6,

H4@ @ �|$s �
p_z

p_z �pRz
+|$f � |$, srxu |$ A |$f +41;7,
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Gh od píph pdqlëuh txh suìfìghphqw/ od olplwh lqiìulhxuh fruuhvsrqg ã o*lqwhuvhfwlrq

ghv vxuidfhv grqqìhv sdu od uhodwlrq +4=:6, dyhf oh sodq shushqglfxodluh ã � � O hw glvwdqw

gh �@7d gx srlqw gh v|pìwulh O

H4�? @ �|$s �
|
2

5pR8

� �
7d

�2
.

pRz
pRz �p_z

�
|
2

5

�
4

pR8
� 4

p_8

�� �
7d

�2
. +|$ � |$f,

�

+41;8,

Ohv frqwulexwlrqv lqwhuedqghv/ dvvrflìhv dx{ wudqvlwlrqv s$ v hw g$ s/ lqwurgxlwhv

gdqv fh prgëoh rqw ghv srlgv gl�ìuhqwv1 Hq h�hw/ ohv ydohxuv gx udssruw ghv idfwhxuv

jìrpìwultxhv
H_<R

HR<r
hw fhoxl ghv ìoìphqwv gh pdwulfh

m�_cRm2
��Rcr�

2 / ìwdqw uhvshfwlyhphqw 5=939 hw

5=54/ prqwuhqw txh od frqwulexwlrq fruuhvsrqgdqw dx{ wudqvlwlrqv g $ s hvw 8=:9 irlv soxv

lpsruwdqwh txh fhooh gìfulydqw ohv wudqvlwlrqv s$ v1 ^48` 1

Srxu gìfuluh ohv surfhvvxv txh qrxv ìwxglrqv/ lo idxw suhqguh hq frpswh ohv glyhuv

pìfdqlvphv g*dpruwlvvhphqw txl/ srxu oh prphqw vrqw lqwurgxlwv gh idêrq skìqrpìqrorjltxh1

Srxu prgìolvhu fhv h�hwv/ qrxv lqvìurqv gdqv o*h{suhvvlrq gh i,c,� +|$, xqh iruph oruhqw}lhqqh

vdqv glphqvlrq1 Rq derxwlw doruv ã

��K2 +$> We, @
;�2h2|2

p2 +|$,2

5
997

U .4@ 

.4�?
GR<r +|$>H, i +H>We,

E|#�2

E.3|/�2nE|#�2
gH.

U .4@ 

.4�?
G_<R +|$>H, ^4� i +H>We,` E|#�2

E.3|/�2nE|#�2
gH

6
::8 +41;9,

Oh whuph fruuhfwli � uhqg frpswh g*xq ìodujlvvhphqw oruhqw}lhq ghv qlyhdx{ g*ìqhujlh

fruuhvsrqgdqw ã xqh gxuìh gh ylh �qlh ghv txdvl0sduwlfxohv^54> 55`1 Fhwwh pìwkrgh hvw gli0

iìuhqwh gh fhooh txl frqvlvwh ã frqvlgìuhu xqh sduwlh lpdjlqdluh gh o*ìqhujlh/ elhq tx*hooh

grqqh ghv uìvxowdwv vhpeodeohv 1 Qrwrqv txh oh whuph +|$,2 ã o*h{wìulhxu gh o*lqwìjudoh q*hvw

ydodeoh/ hq wrxwh uljxhxu/ txh oruvtxh od frqvhuydwlrq g*ìqhujlh H!c,� �H!c, � |$ @ 3 hvw dv0



6:

vxuìh1 Fhod q*hvw soxv oh fdv oruvtx*rq lqwurgxlw o*dpruwlvvhphqw/ pdlv o*huuhxu dlqvl frpplvh

hvw qìjoljhdeoh1

Ilqdohphqw/ ��K� +$, hvw fdofxoìh hq xwlolvdqw od uhodwlrq gh Nudphuv0Nurqlj

��K� +$> We, @
5

�
S

"]

f

��K2 +$
�> We,

$�2 � $2 $
�g$� +41;:,

Od irqfwlrq glìohfwultxh wrwdoh gx pìwdo ã whpsìudwxuh �qlh shxw v*ìfuluh doruv vrxv od iruph

� +$> We, @ �
s +$> We, . �

�K +$> We, +41;;,

Od gìshqgdqfh gx whuph gh Guxgh �s hq irqfwlrq gh od whpsìudwxuh surylhqw gx

idlw txh ohv frqwulexwlrqv dx whuph g*dpruwlvvhphqw joredo 4@� gdqv o*ìtxdwlrq +4=9<,/ 0

frpph sdu h{hpsoh o*dpruwlvvhphqw gþ ã o*lqwhudfwlrq ìohfwurq0ìohfwurq �e3e 0 gìshqghqw

gh od whpsìudwxuh1

Srxu foruh fhwwh sduwlh/ vrxoljqrqv txh fh fdofxo gh od irqfwlrq glìohfwultxh gìshq0

gdqw gh od whpsìudwxuh vhud odujhphqw xwlolvì gdqv oh fkdslwuh 7 srxu prgìolvhu qrv uìvxowdv

vxu od g|qdpltxh ihpwrvhfrqgh gdqv ohv qdqrvwuxfwxuhv gh pìwdx{ qreohv1

417 Fdv ghv djuìjdwv gh pìwdx{ qreohv

Gdqv oh exw g*ìwxglhu od uìsrqvh rswltxh ghv djuìjdwv gh pìwdx{ qreohv/ qrxv dyrqv

gìyhorssì xq prgìoh qxpìultxh edvì vxu od WGGIW 0h{srvìh suìfìghphqw 0 gdqv vd yhuvlrq

g*dssur{lpdwlrq orfdoh +WGOGD,1 Fh prgëoh fdofxoh od uìsrqvh rswltxh ghv djuìjdwv gdqv

o*dssur{lpdwlrq gx Mhooolxp vskìultxh/ gdqv ohtxho vhxov ohv ìohfwurqv gh frqgxfwlrq vrqw

wudlwìv txdqwltxhphqw1 Ohv ìohfwurqv orfdolvìv gh od frxfkh 7g vrqw wudlwìv fodvvltxhphqw hw

ohxu ìfudqwdjh hvw sulv hq frpswh hq ohv frqvlgìudqw frpph xq irqg srodulvdeoh gh frqvwdqwh
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glìohfwultxh ��K +$, > gìgxlwh gh od irqfwlrq glìohfwultxh h{shulphqwdoh gx pìwdo pdvvli> hq

vxlydqw od surfìgxuh gh Hkuhquhlfk hw do ^56` = O*ìfudqwdjh gþ ã od pdwulfh hqylurqqdqwh hvw

sulv hq frqvlgìudwlrq sdu oh eldlv gh vd frqvwdqwh glìohfwultxh �61

41714 Hwdw irqgdphqwdo

Ohv djuìjdwv pìwdooltxhv vrqw gìfulwv gdqv oh prgëoh gx Mhooxlp vskìultxh/ txl hvw

xqh wuëv erqqh dssur{lpdwlrq srxu ohv djuìjdwv ã frxfkhv ihupìhv1 Fh prgëoh frqvlvwh

0frpph gdqv oh fdv gx pìwdo pdvvli0/ ã uhpsodfhu oh frhxu lrqltxh sdu xq irqg frqwlqx

gh ghqvlwì gh fkdujhv xqliruph hw srvlwlyh ��e, hw gdqv ohtxho �edljqh� oh jd} g*ìohfwurqv

gh od edqgh gh frqgxfwlrq1 Od gl�ìuhqfh hqwuh fh prgëoh hw oh prgëoh gx Mhoolxp srxu oh

pìwdo pdvvli/ txh qrxv dyrqv ìwxglì suìfìghpphqw/ ylhqw sulqflsdohphqw gh od eulvxuh gh

od v|pìwulh gh wudqvodwlrq hw gx frq�qhphqw ghv ìohfwurqv gdqv xq hvsdfh �ql1 Srxu xq

djuìjdw gh ud|rq U @ urQ�*�> oh srwhqwlho gx mhoolxp hvw grqqì sdu

Y�e, +u, @ �
]
Y �S
�
u> u�

�
��e,

�
u�
�
gu� +41;<,

dyhf

��e, +u, @

;
AA?
AA=

q @ �
eZo�r

iru u � U

3 iru u A U

+41<3,

Oh srwhqwlho/ Y �S +u> u
�, > fruuhvsrqg/ gdqv fh fdv/ ã o*lqwhudfwlrq frxorpelhqqh hqwuh

ghx{ fkdujhv vlwxìhv ã u hw u� gdqv xq plolhx frqvwlwxì g*xqh vskëuh 0 gh ud|rq U hw gh

irqfwlrq glhohfwultxh ��K +$,�/ hw g*xqh pdwulfh wudqvsduhqwh gh frqvwdqwh glìohfwultxh �6

^57`1

Od ghqvlwì gh o*ìwdw irqgdphqwdo g*xq v|vwëph ã Q0ìohfwurqv v*ìfulw hq whuph ghv
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ìwdwv hw ghv ìqhujlhv ã xqh vhxoh sduwlfxoh *� +u, > %� frpph

� +u, @
�[

�

�� +u, @
�[

�

m*� +u,m2 +41<4,

Ohv ìwdwv ã xqh sduwlfxoh vrqw pdlqwhqdqw ohv vroxwlrqv gh o*ìtxdwlrq gh Nrkq0Vkdp

+4=63, txl/ gdqv vd iruph lqgìshqgdqwh gx whpsv/ v*ìfulw vrxv od iruph^58`

�
�|

2u2

5p
. Yess ^�` +u,

�
*� +u, @ %�*� +u, +41<5,

Oh srwhqwlho h�hfwli ã xqh vhxoh sduwlfxoh hvw grqqì/ gdqv fh fdv/ vrxv od iruph

Yess ^�` +u, @ Y�e, +u, . YM ^�` +u, . Y%S ^�` +u, +41<6,

YM ^�` +u, hvw oh srwhqwlho gh Kduwuhh1 Oh srwhqwlho g*ìfkdqjh fruuìodwlrq hvw gì�ql gdqv fh

fdv sdu

Y%S ^�` +u, @
�H%S ^�` +u,

�� +u,
+41<7,

Rü H%S ^�` hvw o*ìqhujlh g*ìfkdqjh0fruuìodwlrq1 Frpph od iruph irqfwlrqqhoooh

h{solflwh gh H%S hvw jìqìudohphqw lqfrqqxh/ soxvlhxuv dssur{lpdwlrqv rqw ìwì sursrvìhv1

O*dssur{lpdwlrq od soxv vlpsoh hw dxvvl od soxv xwlolvìh hvw o*dssur{lpdwlrq gh od ghqvlwì

orfdoh + OGD ,1 Fhwwh dssur{lpdwlrq hvw edvìh vxu o*xwlolvdwlrq gh od ghqvlwì g*ìqhujlh

g*ìfkdqjh0fruuìodwlrq %�L4%S gx jd} krprjëqh srxu fdofxohu H%S ^�` hq xwlolvdqw Hu(�%S ^�` @

U
%�L4%S ^� +u,` � +u,gu=Fhwwh uhodwlrq vljql�h txh o*rq uhpsodfh oh jd} ìohfwurqltxh lqkrprjëqh

ã fkdtxh srlqw u sdu xq jd} krprjëqh srvvìgdqw od píph ghqvlwì dx srlqw u= Gdqv fh wudydlo/

qrxv dyrqv xwlolvì srxu Hu(�%S o*h{suhvvlrq rewhqxh sdu Jxqqduvvrq hw Oxqgtylvw ^59` =

Srxu xq v|vwëph gh v|pìwulh vskìultxh ohv irqfwlrqv *� +u, shxyhqw v*ìfuluh frpph

*� +u, @
��Eo�
o \� +
,"�> hw gdqv fh fdv ohv ìtxdwlrqv gh NV suhqqhqw od iruph vxlydqwh

�
� |

2

5p

g2

gu2
.
o� +o� . 4, |2

5pu2
. Yess +u,

�
S� +u, @ %�S� +u, +41<8,
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Gdqv oh irupdolvph gh od GIW/ rq qh frqqdñw sdv od irqfwlrq g*rqgh gx v|vwëph

uìho1 Ohv irqfwlrqv *� +u, qh vrqw txh ghv rxwlov yduldwlrqqhov shuphwwdqw g*rewhqlu od ghqvlwì

gh o*ìwdw irqgdphqwdo/ pdlv gdqv fhuwdlqv fdv/ lo shxyhqw grqqhu xqh erqqh dssur{lpdwlrq

ghv ruelwdohv gx v|vwëph uìho1

41715 Uìsrqvh rswltxh gdqv oh fdguh gh od WGOGD

Gdqv fhwwh sduwlh/ qrxv doorqv derughu o*ìwxgh gh od uìsrqvh olqìdluh ã xqh h{fl0

wdwlrq ìohfwurpdjqìwltxh/ g*djuìjdwv gh pìwdx{ qreohv oleuhv rx lqvìuìv gdqv xqh pdwulfh

glìohfwultxh +�6, > hq xwlolvdqw oh irupdolvph gh od WGOGD^57> 5:> 5;`1

Hq suìvhqfh g*xq srwhqwlho h{wìulhxu idleoh �Ye%| +u> $, h
3�/| @ Hf}h

3�/|/ ohv ìohf0

wurqv gh frqgxfwlrq gh o*djuìjdw yrlhqw xq srwhqwlho ì{whulhxu h�hfwli �Y �e%| +u> $, h
3�/| txl

hvw ìjdo ã od vrpph gx srwhqwlho h{whulhxu hw g*xq srwhqwlho lqgxlw gþ ã od srodulvdwlrq

ghv ìohfwurqv gh od frxfkh g> txh o*rq d frqvlgìuì frpph xq irqg srodulvdeoh
�
��K +$,

�
1

Gdqv o*dssur{lpdwlrq glsrodluh + U� � rü � hvw od orqjxhxu g*rqgh gx fkdps lqflghqw ,/

�Y �e%| +u> $, v*ìfulw/ gdqv oh fdv g*xq djuìjdw +U> �, lqvìuì gdqv xqh pdwulfh glìohfwultxh +�6,/

vrxv od iruph ^57`

�Y �e%| +u> $, @ �Hf}

;
AA?
AA=

�"6
"�KE/�n2"6

u � U

4� "�KE/�3"6
"�KE/�n2"6

u � U
+41<9,

Od ghqvlwì lqgxlwh ��?_ +u> $, hvw uholìh dx srwhqwlho h�hfwli h{wìulhxu �Y �e%| +u> $,

sdu od uhodwlrq +4=65, hw dx srwhqwlho h�hfwli �Yess ^�` +u> w, sdu od uhodwlrq +4=69,> fh ghuqlhu

hvw grqqì sdu o*ìtxdwlrq +4=69,1 Od irqfwlrq gh uìsrqvh gh od ghqvlwì gx v|vwëph " +u> u�>$,/

txdqw ã hooh/ hvw uholìh ã od irqfwlrq gh uìsrqvh gh Nrkq0Vkdp "f +u> u�>$, sdu o*ìtxdwlrq
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+4=6;,1 O*lqwhudfwlrq uìvlgxhooh N +u> u�>$,

N
�
u> u�>$

�
@ Y �S

�
u> u�>$

�
. i%S ^�`

�
u> u�>$

�
+41<:,

Gdqv o*dssur{lpdwlrq gh od ghqvlwì orfdoh dgldedwltxh +DOGD,/ oh sursdjdwhxu g*ìfkdqjh0

fruuìodwlrq hvw orfdo hw qh gìshqg sdv gh od iuìtxhqfh/ lo v*ìfulw vrxv od iruph

i%S ^�`
�
u> u�

�
@

�
CY%S
C�

�

4'4fEh�

+41<;,

Lo idxw qrwhu txh od irqfwlrqhooh Y%S ^�` gdqv o*ìtxdwlrq suìfìghqwh hvw od píph txh fhooh

xwlolvìh gdqv oh fdofxo gh o*ìwdw irqgdphqwdo hq xwlolvdqw o*dssur{lpdwlrq gh od OGD1

Od irqfwlrq gh uìsrqvh v*ìfulw vrxv od iruph

"f
�
u> u�>$

�
@
[

&

i&*
W
& +u,*&

�
u�
�
Jn

�
u> u�> %& . $

�
.
[

&

i&*& +u,*
W
&

�
u�
�
Jn

�
u> u�> %& � $

�

+41<<,

Rü %& vrqw ohv ìqhujlhv ã xqh sduwlfxoh gh NV fruuhvsrqgdqw dx{ irqfwlrqv g*rqghv

*&> i& ìwdqw oh qrpeuh g*rffxsdwlrq gh o*ìwdw n = Jn hvw od irqfwlrq gh Juhhq uhwdugìh ã

xqh sduwlfxoh/ gì�qlh frpph

Jn
�
u> u�>$

�
@ kum

�
$ �Kg7 . l�

�3� ��u�
�
@
[

�

*W� +u,*� +u
�,

$ � %� . l�
+41433,

srxu ohv v|vwëphv txl srvvëghqw xqh v|pìwulh vskìultxh/ od irqfwlrq gh uìsrqvh

shxw v*ìfuluh vrxv od iruph

"
�
u> u�>$

�
@
[

,6

�", +u> u
�>$,

^uu�`2
\,6 +au,

�
au�
�

+41434,

Od srodulvdelolwì g|qdpltxh gh o*djuìjdw � +$, hvw od vrpph gh ghx{ frqwulexwlrqv

= � +$, @ �r +$, . �S, +$, > rü �r +$, hvw od srodulvdelolwì gxh dx ìohfwurqv gh od edqgh gh
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frqgxfwlrq +ìohfwurqv v , wudlwìh gdqv fh prgëoh g*xqh pdqlëuh txdqwltxh1 Hooh suhqg od

iruph

�r +$, @
7�

6

] "

f

] "

f
"�
�
u> u�>$

� �
uu�
��
gugu� +41435,

�S, +$, hvw od srodulvdelolwì glsrodluh fodvvltxh gxh ã o*ì{lvwhqfh gh plolhx{ glìohfwultxhv

srodulvdeohv + irqg lrqltxh
�
��K
�
hw pdwulfh +�6, , vd ydohxu hvw grqqìh vrxv od iruph

�S, +$, @ �6

�
��K +$,� �6
��K +$, . 5�6

�
U� +41436,

fh txl grqqh srxu od vhfwlrq h!fdfh gh skrwrdevruswlrq gh o*djuìjdw

� +$, @
7�$

f
s
�6
Lp ^�r +$, . �S, +$,` +41437,

Glvfxvvlrqv

Gdqv fh sdudjudskh qrxv doorqv glvfxwhu/ ohv vshfwuhv gh skrwrdevruswlrq ghv djuì0

jdwv g*ru hw g*dujhqw= Fhv djuìjdwv vrqw vxssrvìv oleuhv rx lqvìuìv gdqv xqh pdwulfh fdudf0

wìulvìh sdu xqh irqfwlrq glìohfwultxh �6= Gdqv fh ghuqlhu fdv qrxv vxssrvrqv txh od frqfhq0

wudwlrq ghv djuìjdwv hvw vx!vdpphqw idleoh srxu qìjoljhu ohv h�hwv gh pxowlgl�xvlrq1 Qrxv

h{dplqrqv hq sduwlfxolhu ohv frqglwlrqv g*h{flwdwlrq gh od uìvrqdqfh gx sodvprq gh vxuidfh

dlqvl txh o*lq xhqfh ghv sdudpëwuhv lqwulqvëtxhv hw h{wulqvëtxhv ã o*djuìjdw vxu od srvlwlrq

hw od odujhxu gh fhwwh uìvrqdqfh1

Od fdudfwìulvwltxh sulqflsdoh gx vshfwuh gh skrwrdevruswlrq ghv djuìjdwv ghv pì0

wdx{ qreohv gdqv oh ylvleoh hvw od suìvhqfh g*xqh wuëv iruwh uìvrqdqfh froohfwlyh tx*rq dsshooh

uìvrqdqfh gh sodvprq gh vxuidfh rx +uìvrqdqfh glsrodluh gh Plh , ^5<`1 Gdqv fhv pìwdx{/

od edqgh sohlqh g hvw surfkh gh od edqgh gh frqgxfwlrq s hw sdu frqvìtxhqw/ od uìsrqvh g|0

qdpltxh ghv ìohfwurqv gh frqgxfwlrq 0txl vrqw uhvsrqvdeohv ghv h{flwdwlrqv froohfwlyhv0 hvw
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iruwhphqw lq xhqfìh sdu od srodulvdwlrq ghv ìohfwurqv gh frhxu ã wudyhuv ohv h�hwv g*ìfudqwdjh1

Fhw ìfudqwdjh frqgxlw dx gìsodfhphqw gx sodvprq gh yroxph/ gx sodvprq gh vxuidfh hw gh

od uìvrqdqfh gh Plh yhuv ohv edvvhv ìqhujlhv1

Od iuìtxhqfh gh od uìvrqdqfh gh Plh 0g*xq djuìjdw vskìultxh0 shxw íwuh gìwhuplqìh

fodvvltxhphqw hq uìvroydqw o*ìtxdwlrq ^5<`

�� +$, . 5�6 @ �
s
� . �

�K
� . 5�6 @ 3 +41438,

fh txl grqqh srxu ohv jurv djuìjdwv

$e @
$Rt

5�6 . ��K� +$e,
+41439,

sdu frqwuh/ vl rq qh wlhqw sdv frpswh gh o*ìfudqwdjh ghv ìohfwurqv g/ rq rewlhqw

$?e @
$Rs
5�6 . 4

+4143:,

Srxu ohv qdqrsduwlfxohv g*ru oleuhv +�6 @ 4,/ rq d $e @ 5=7hY hw $?e @ 8=5hY 1

Hq soxv frpph oh vhxlo ghv wudqvlwlrqv lqwhuedqghv gdqv fh pìwdo hvw $U� � 5=68 ? $e/

o*ìtxdwlrq +439, lqgltxh txh od edqgh gh od uìvrqdqfh gh Plh vhud frqvlgìudeohphqw ìodujlh

sdu oh frxsodjh dyhf ohv wudqvlwlrqv lqwhuedqghv ^ ��K2 +$, A 3 srxu $ A 5=68 gdqv oh fdv gh

o*ru `1

Vxu ohv �jxuhv +419, hw +41:, rq d uhsuìvhqwì ohv vhfwlrqv h!fdfhv gh skrwrdevruswlrq

g*djuìjdwv oleuhv g*ru hw g*dujhqw fdofxoìhv sdu od WGOGD hw sdu od wkìrulh gh Plh hw fhfl

srxu gl�ìuhqwhv wdloohv1

Gdqv od wkìrulh fodvvltxh od vhfwlrq h!fdfh g*devruswlrq qh gìshqg gh od wdlooh txh

sdu xq idfwhxu gh yroxph1 Gdqv oh fdv gh o*ru ohv vhfwlrqv h!fdfhv fdofxoìhv sdu od WGOGD
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vrqw soxv lpsruwdqwhv txh fhoohv gh od wkìrulh fodvvltxh vxu wrxwh od jdpph ghv iuìtxhqfhv

frqvlgìuìh1

Srvlwlrq gh od uìvrqdqfh gx sodvprq gh vxuidfh Lqwìuhvvrqv qrxv pdlqwhqdqw ã od

srvlwlrq gh od uìvrqdqfh gh Plh1 Srxu o*ru rq q*d sdv g*h�hw gh wdlooh f1ã1g txh ohv suìglfwlrqv

gh od WGOGD vrqw sudwltxhphqw lghqwltxhv ã fhoohv gh od wkìrulh gh Plh srxu wrxwhv ohv

wdloohv txh o*rq d ìwxglì1 Fhw dffrug hvw dfflghqwho hw uìvxowh gh od frpshqvdwlrq h{dfwh hqwuh

+l, od whqgdqfh gh gìsodfhphqw yhuv oh urxjh lqgxlwh sdu oh gìerughphqw ìohfwurqltxh rx

oh �vsloo0rxw� dx erug gh o*djuìjdw +Frqwudluhphqw dx fdv fodvvltxh/ od ghqvlwì ìohfwurqltxh

q*hvw sdv qxooh hq ghkruv gx yroxph fodvvltxh gh o*djuìjdw,1 +ll, od whqgdqfh gh gìsodfhphqw

yhuv oh eohx gxh dx idlw txh o*lqwhudfwlrq frxorpelhqqh hvw pdo ìfudqwìh srxu ohv ìohfwurqv

txl vh vlwxhqw hq ghkruv gx yroxph fodvvltxh gh o*djuìjdw1

Srxu o*dujhqw/ od uìvrqdqfh gx sodvprq gh vxuidfh suìvhqwh xq gìsodfhphqw yhuv

oh urxjh sdu udssruw ã od ydohxu suìglwh sdu od wkìrulh gh Plh/ fh txl vljql�h txh od frp0

shqvdwlrq q*hvw sdv sduidlwh gdqv fh fdv hw f*hvw o*h�hw gh *vsloo0rxw* txl grplqh1 Od udlvrq

hvw txh gdqv o*dujhqw/ o*ìfudqwdjh gþ ã od srodulvdwlrq gx irqg lrqltxh hvw soxv idleoh hq

frpsdudlvrq dyhf oh fdv gh o*ru1 Hq h�hw/ gdqv ohv jdpphv vshfwudohv rü vh vlwxhqw ohxuv

edqghv gh uìvrqdqfh/ rq d �_� +$, * 718 hw 43 srxu o*dujhqw hw o*ru uhvshfwlyhphqw1

H�hw gh od pdwulfh Hq dxjphqwdqw �6> o*ìfudqwdjh gh o*lqwhudfwlrq ìohfwurq0ìohfwurq/

dx yrlvlqdjh gh o*lqwhuidfh/ ghylhqw soxv lpsruwdqw hw od ghqvlwì ìohfwurqltxh sìqëwuh gh

soxv hq soxv gdqv od pdwulfh frqgxlvdqw dlqvl ã xq h�hw gh �vsloo0rxw� soxv lpsruwdqw1

Sdu frqvìtxhqw/ od uìvrqdqfh gx sodvprq gh vxuidfh suìglwh sdu od WGOGD vh gìsodfh
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Iljxuh 419= Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD

dyhf fhoohv gh od wkhrulh gh Plh srxu ohv djuìjdwv oleuhv g*ru

Iljxuh 41:= Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD

dyhf fhoohv gh od wkìrulh gh Plh srxu ohv djuìjdwv oleuhv g*dujhqw
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yhuv oh urxjh sdu udssruw ã vd ydohxu fodvvltxh hw fh gìsodfhphqw ghylhqw gh soxv hq soxv

lpsruwdqw dx ixu hw ã phvxuh txh od wdlooh glplqxh1 Fhv uhpdutxhv vrqw elhq looxvwuìhv vxu

ohv �jxuhv +41;, hw +41<, rü o*rq d uhsuìvhqwì ohv vhfwlrqv h!fdfhv g*devruswlrq 0 fdofxoìhv

sdu od WGOGD hw sdu od wkìrulh gh Plh 0 srxu ghv djuìjdwv g*ru hw g*dujhqw lqvìuìv gdqv

xqh pdwulfh g*doxplqh +�6 @ 6=4,1

Gdqv oh fdv gh o*ru/ fh gìsodfhphqw yhuv oh urxjh dyhf od glplqxwlrq gh od wdlooh

hq v*ìorljqdqw dlqvl gx vhxlo ghv wudqvlwlrqv lqwhuedqghv hvw uhvsrqvdeoh gh o*dxjphqwdwlrq

surjuhvvlyh gx slf gh uìvrqdqfh sdu udssruw dx{ suìglfwlrqv gh od wkìrulh gh Plh1 Gdqv wrxv

ohv fdv ghv djuìjdwv oleuhv rx lqvìuìv gdqv xqh pdwulfh/ ohv vshfwuhv g*devruswlrq uhsuìvhqwìv

vxu ohv �jxuhv +4190<, lqgltxhqw txh o*dffrug txdqwlwdwli hqwuh od WGOGD hw od wkìrulh gh

Plh ghylhqw phloohxu dx ixu hw phvxuh txh od wdlooh dxjphqwh1 Fh txl hvw qdwxuho fdu hq

dxjphqwdqw od wdlooh/ rq vh udssurfkh gh soxv hq soxv gh od olplwh fodvvltxh txl hvw elhq

gìfulwh sdu od wkìrulh gh Plh1

Ghv phvxuhv h{sìulphqwdohv uìfhqwhv ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq ghv

djuìjdwv gh pìwdx{ qreohv +Dx hw Dj, rqw prqwuì txh od uìvrqdqfh gh sodvprq gh vxuidfh

gh o*djuìjdw vxelw xq gìfdodjh yhuv oh eohx oruvtxh vd wdlooh glplqxh^57`1 Srxu uhsurgxluh

fhwwh whqgdqfh/ Ohupì hw do ^57` rqw xwlolvì oh irupdolvph gh od WGOGD gìyhorssì gdqv

fh sdudjudskh pdlv hq lqfoxdqw ohv lqjuìglhqwv vxlydqwv = oh irqg lrqltxh pìwdooltxh hvw

xqh glvwulexwlrq gh fkdujh vskìultxh hw krprjëqh gh ud|rq U/ +ll, xq plolhx glìohfwultxh

^ dyhf xqh irqfwlrq glìohfwultxh �_ +$, `hvw ìwhqgx mxvtx*ã U� @ U � g rü g hvw o*ìsdlvvhxu

gh od frxfkh rü o*ìfudqwdjh hvw lqh!fdfh1 Hq soxv gþ ã od srurvlwì orfdoh ã o*lqwhuidfh

pìwdo2pdwulfh xqh frxfkh gh ylgh g*ìsdlvvhxu g6 hvw lqwurgxlwh > fh txl vljql�h txh od
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Iljxuh 41;= Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD
dyhf fhoohv gh od wkìrulh gh Plh srxu ohv djuìjdwv g*ru gdqv xqh pdwulfh g*doxplqh

pdwulfh hvw ìwhqgxh vhxohphqw dx ghoã gh U. g61

H�hw ghv h{flwdwlrqv lqglylgxhoohv +sduwlfxoh0wurx, Od vwuxfwxuh hq pdufkh +ohv slfv,

txl dssdudñw vxuwrxw gdqv ohv frxuehv ghv vhfwlrqv h!fdfhv fdofxoìhv sdu od WGOGD ghv jurv

+ghv shwlwv , djuìjdwv oleuhv g*ru +�jxuh1419, uìvxowhqw ghv h{flwdwlrqv sduwlfxoh0wurx gxhv dx{

wudqvlwlrqv hqwuh ohv qlyhdx{ glvfuhwv gh od edqgh gh frqgxfwlrq1

O*ìodujlvvhphqw lpsruwdqw gh od edqgh gh uìvrqdqfh gx sodvprq gh vxuidfh gdqv

oh fdv gh Dj��H oleuh hw gh Djeef / DjH�2 lqvìuìhv gdqv xqh pdwulfh hvw gþ dx frxsodjh gh

o*h{flwdwlrq froohfwlyh dyhf ohv h{flwdwlrqv sduwlfxoh0wurx gxhv dx{ wudqvlwlrqv lqwudedqghv

glvfuëwhv1 Fhoohv0fl suhqqhqw sodfh mxvwhphqw gdqv od jdpph vshfwudoh gh od edqgh gh uìvr0

qdqfh gx sodvprq gh vxuidfh1 Oh uhfrxyuhphqw gh fhv ghx{ w|shv g*h{flwdwlrqv frqgxlw ã
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Iljxuh 41<= Frpsdudlvrq ghv vhfwlrqv h!fdfhv gh skrwrdevruswlrq fdofxoìhv sdu od WGOGD
dyhf fhoohv gh od wkìrulh gh Plh srxu ohv djuìjdwv g*dujhqw lqvìuìv gdqv xqh pdwulfh g*doxplqh

ohxu dwwìqxdwlrq hw ã ohxu ìodujlvvhphqw1 Fh skìqrpëqh txh o*rq d gìmd glvfxwì gdqv oh fdv

gx pìwdo pdvvli hvw dsshoì dpruwlvvhphqw gh Odqgdx1

418 Dvshfwv G|qdpltxhv

Gdqv ohv ìwxghv gh od g|qdpltxh ihpwrvhfrqgh ghv pìwdx{ hw gh ohxuv qdqrvwuxf0

wxuhv/ xqh lpsxovlrq rswltxh xowudeuëyh hvw xwlolvìh srxu phwwuh od glvwulexwlrq ìohfwurqltxh

kruv g*ìtxloleuh sdu o*lqwhupìgldluh ghv wudqvlwlrqv lqwudedqghv +hw ìyhqwxhoohphqw lqwhuedq0

ghv,1 Gxudqw fh surfhvvxv txdvl lqvwdqwdqì od pìprluh gh skdvh hvw frqvhuyìh hqwuh oh

fkdps ìohfwurpdjqìwltxh dvvrflì ã o*h{flwdwlrq hw ohv ìwdwv ìohfwurqltxhv1 Od ghqvlwì ghv

ìwdwv h{flwìv gìshqg gh od iruph vshfwudoh gh o*lpsxovlrq odvhu1 Od glvwulexwlrq ìohfwurqltxh

fruuhvsrqgdqwh hvw dwkhupdoh hw gxudqw ohv suhplìuhv ihpwrvhfrqghv oh v|vwëph ìohfwurq0
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ltxh hvw iruwhphqw fruuìoì hw oh fdudfwëuh froohfwli hvw wuëv lpsruwdqw1 Hqvxlwh/ 0gdqv oh

fdv ghv wudqvlwlrqv lqwhuedqghv0/ ohv wurxv fuììv gdqv ohv edqghv lqiìulhxuhv/ +jìqìudohphqw

od edqgh g,/ vh uhfrpelqhqw wuëv udslghphqw > sudwltxhphqw gdqv ohv txhotxhv gl}dlqhv gh

ihpwrvhfrqghv txl vxlyhqw1 O*ìqhujlh oleìuìh hvw wudqviìuìh dx{ ìohfwurqv gh frqgxfwlrq sdu

o*lqwhupìgldluh gx surfhvvxv Dxjhu^63`1 O*ìwdsh vxlydqwh gx surfhvvxv gh uhod{dwlrq fruuh0

vsrqg ã od uhglvwulexwlrq gh o*ìqhujlh hqwuh ohv ìohfwurqv gh frqgxfwlrq sdu ghv froolvlrqv

ìohfwurq0ìohfwurq +h�h, +surfhvvxv gh wkhupdolvdwlrq,1 Ohv ìwdwv ìohfwurqltxhv rffxsìv whq0

ghqw yhuv xqh glvwulexwlrq gh Ihupl0Gludf dyhf xqh whpsìudwxuh elhq gì�qlh txl gìshqg gh

o*lqwhqvlwì gh o*lpsxovlrq odvhu1 O*dxjphqwdwlrq gh od whpsìudwxuh shxw dwwhlqguh soxvlhxuv

fhqwdlqhv gh ghjuìv hw o*ìfkhooh whpsruhooh gh fh surfhvvxv gh wkhupdolvdwlrq hvw gh txhotxhv

fhqwdlqhv gh ihpwrvhfrqghv1 Xq dxwuh pìfdqlvph lpsruwdqw gdqv od g|qdpltxh gh uh0

od{dwlrq gh fhv v|vwëphv hvw oh wudqvihuw gh o*ìqhujlh dx uìvhdx fulvwdoolq sdu o*lqwhudfwlrq

ìohfwurq0skrqrq +h� sk,1 Fh surfhvvxv hvw elhq gìfulw sdu oh prgho ã ghx{ edlqv +ohv ìohf0

wurqv hw oh uìvhdx,1 Od ghuqlëuh ìwdsh gh od uhod{dwlrq hvw o*ìydfxdwlrq gh od fkdohxu yhuv

o*hqylurqqhphqw sdu o*lqwhudfwlrq skrqrq0skrqrq +sk � sk,1 Hq soxv gh fhv surfhvvxv txl

vrqw frppxqv ã od soxsduw ghv v|vwëphv pìwdooltxhv/ lo shxw | dyrlu g*dxwuhv fdqdx{ gh uh0

od{dwlrq vsìfl�txhv ã fkdtxh v|vwëph1 Sdu h{hpsoh/ gdqv oh fdv ghv �opv pìwdooltxhv ìsdlv

ghx{ dxwuhv pìfdqlvphv v*dmrxwhqw dx{ wurlv suìfìghqwv = od gl�xvlrq ghv ìohfwurqv yhuv

ghv sduwlhv surirqghv gh o*ìfkdqwloorq dlqvl txh oh wudqvsruw edolvwltxh gh fhv ghuqlhuv1 Sdu

frqwuh/ srxu ohv qdqrsduwlfxohv gh shwlwhv wdloohv/ fh vrqw ohv h�hwv gh od vxuidfh txl mrxhqw

xq u÷oh lpsruwdqw ^54> 55> 64> 65`1 Gh soxv gdqv oh fdv ghv pìwdx{ pdjqìwltxhv/ lo h{lvwh ghv

skìqrpëqhv gh uhod{dwlrq olìv dx vslq who txh o*lqwhudfwlrq ìohfwurq0vslq ^66` = Gdqv fh txl
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vxlw/ qrxv glvfxwhurqv eulëyhphqw o*lqwhudfwlrq ìohfwurq0ìohfwurq hw qrxv qrxv lqwìuhvvhurqv

wrxw sduwlfxolëuhphqw ã vrq u÷oh gdqv od gìwhuplqdwlrq gh od gxuìh gh ylh lqìodvwltxh ghv

ìohfwurqv fkdxgv gdqv oh pìwdo1 Hqvxlwh qrxv ìwxglhurqv o*lqwhudfwlrq ìohfwurq0skrqrq gdqv

oh fdguh gx prgëoh ã ghx{ edlqv frxsoìv1

41814 Lqwhudfwlrq ìohfwurq0ìohfwurq

Od uhod{dwlrq ghv ìohfwurqv fkdxgv gdqv ohv pìwdx{ shxw íwuh dwwulexìh ã soxvlhxuv

pìfdqlvphv gh gl�xvlrq ìodvwltxhv hw lqìodvwltxhv whov txh ohv froolvlrqv ìohfwurq0ìohfwurq

+h0h,/ ìohfwurq0skrqrq + h0sk,/ ìohfwurq0gìidxwv1 Dx yrlvlqdjh gx qlyhdx gh Ihupl/ od gxuìh

gh ylh lqìodvwltxh gh fhv ìohfwurqv fkdxgv ghylhqw lq�qlphqw orqjxh> hw od frqwulexwlrq ghv

froolvlrqv +h0sk, hw gh od gl�xvlrq sdu ohv gìidxwv gdqv oh surfhvvxv gh uhod{dwlrq/ ghylhqw qrq0

qìjoljhdeoh1 Fhshqgdqw/ srxu ohv ìohfwurqv fkdxgv dyhf ghv ìqhujlhv vxsìulhxuhv ã � 3=8hY

dx ghvvxv gx qlyhdx gh Ihupl/ fh vrqw ohv froolvlrqv ìohfwurq0ìohfwurq txl grplqhqw1 Soxvlhxuv

wudydx{ h{sìulphqwdx{ hw wkìrultxhv rqw ìwì phqì srxu gìwhuplqhu od gìshqghqfh gx whpsv

gh froolvlrqv +h0h, hq irqfwlrq gh o*ìqhujlh ghv ìohfwurqv 1 Od whfkqltxh h{sìulphqwdoh od soxv

xwlolvìh hvw od skrwrìplvvlrq ã ghx{ skrwrqv uìvroxh hq whpsv +WU05SSH, ^67`1 Gdqv fh

w|sh g*h{sìulhqfhv/ xq idlvfhdx odvhu hvw glylvì hq ghx{ idlvfhdx{ g*ìjdoh lqwhqvlwì sdu xqh

vìsdudwulfh + 83283 ,1 Oh suhplhu vhuw gh srpsh srxu h{flwhu ghv ìohfwurqv fkdxgv gdqv oh

pìwdo/ wdqglv txh o*dxwuh/ txl sdvvh sdu xqh oljqh ã uhwdug/ hvw xwlolvì frpph xqh vrqgh srxu

od skrwrìplvvlrq ghv ìohfwurqv vhuydqw ã idluh sdvvhu o*ìohfwurq gx qlyhdx h{flwì lqwhupìgldluh

yhuv oh frqwlqxxp g*ìwdwv dx ghvvxv gx qlyhdx gh ylgh1 Hq phvxudqw o*lqwhqvlwì ghv ìohfwurqv

skrwr0ìplv lvvxv gh fkdtxh ìwdw ìohfwurqltxh h{flwì gdqv oh pìwdo/ hq irqfwlrq gx uhwdug hqwuh

od srpsh hw od vrqgh/ od uhod{dwlrq ghv ìohfwurqv h{flwìv shxw íwuh revhuyìh gluhfwhphqw1
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Xq whpsv h�hfwli gh uhod{dwlrq �ess hvw gì�ql ã sduwlu gx vljqdo g*dxwrfruuìodwlrq phvxuì

hq vxssrvdqw txh od uìsrqvh gx v|vwëph hvw prqrh{srqhqwlhooh1 �ess hvw hvvhqwlhoohphqw

gìwhuplqì sdu ohv froolvlrqv ìohfwurq0ìohfwurq hw suìvhqwh/ hq suhplëuh dssur{lpdwlrq/ xqh

gìshqgdqfh txdgudwltxh hq irqfwlrq gh o*lqyhuvh gh H�H8 / rü H hvw o*ìqhujlh gh o*ìohfwurq

h{flwì1 Ohv gxuìhv gh ylh xowudfrxuwhv gh fhv ìohfwurqv gh kdxwh ìqhujlh shxw v*h{soltxhu

sdu od iruwh lqwhudfwlrq ìohfwurq0ìohfwurq gxh dx qrpeuh lpsruwdqw g*ìwdwv glvsrqleohv gdqv

o*hvsdfh gh skdvh1 Ohv suhplëuhv suìglfwlrqv gx whpsv gh uhod{dwlrq ghv ìohfwurqv fkdxgv

gxh dx froolvlrqv +h0h,/ rqw ìwì phqìhv gdqv oh fdguh gh od wkìrulh gx oltxlgh gh Ihupl1 Hq

xwlolvdqw xq prgëoh gh Mhoolxp srxu oh pìwdo/ Txlqq hw Ihuuhoo rqw wurxyì txh fh whpsv

v*h{sulph vrxv od iruph �8uA @ D +H �H8 ,32 > D ìwdqw frqvwdqw srxu xq pìwdo grqqì^7`1

D edvvh ìqhujlh fh whpsv gh uhod{dwlrq+�8uA , hvw vljql�fdwlyhphqw soxv shwlw txh oh whpsv

phvxuì �ess 1 Soxvlhxuv prgëohv wkìrultxhv rqw ìwì sursrvìv uìfhpphqw srxu plhx{ vlpxohu

ohv uìvxowdwv ì{sulphqwdx{ gh + WU05SSH , glvsrqleohv/ vxuwrxw gdqv oh fdv ghv pìwdx{

qreohv^;> 68> 434`1 Qrxv glvfxwhurqv lfl ghx{ g*hqwuh hx{1 Oh suhplhu d ìwì sursrvì sdu Q1

Gho Idwwl hw do ^68`1 Fhv dxwhxuv rqw dwwulexì oh gìvdffrug hqwuh oh prgëoh gh Txlqq hw Ihuuhoo

hw ohv uìvxowdwv h{sìulphqwdx{ ã edvvhv ìqhujlhv/ vxuwrxw/ dx idlw txh fhv ìwdwv vrqw shxsoìv

qrq vhxohphqw sdu ohv lpsxovlrqv odvhu/ pdlv dxvvl/ lqgluhfwhphqw sdu xq h�hw gh fdvfdgh

ghv ìohfwurqv gh soxv kdxwh ìqhujlh1 Fh uhshxsohphqw/ txl hvw xqh ìwdsh lqwhupìgldluh

yhuv od wkhupdolvdwlrq lqwhuqh hvw hq frpsìwlwlrq dyhf od gìfurlvvdqfh gh srsxodwlrq fh

txl frpsoltxh oh frpsruwhphqw whpsruho gx vljqdo gh skrwrìplvvlrq1 Ohxu prgëoh/ txl

hvw dssolfdeoh vhxohphqw gdqv oh fdv ghv wudqvlwlrqv lqwudedqghv + ìohfwurqv txdvl oleuhv ,/

hvw edvì vxu od uìvroxwlrq qxpìultxh gh o*ìtxdwlrq gh Erow}pdqq txl frqwlhqw fhv h�hwv gh
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fdvfdgh1 Fh prgëoh/ txl suhqg hq frpswh od uìgxfwlrq gh o*lqwhudfwlrq frxorpelhqqh +h0

h, gxh ã o*ìfudqwdjh sdu ohv ìohfwurqv olìv +gdqv ohv pìwdx{ qreoh sulqflsdohphqw sdu ohv

ìohfwurqv gh od frxfkh g ,/ grqqh xq wuëv erq dffrug dyhf ohv uìvxowdwv h{sìulphqwdx{ gdqv

oh fdv gh o*dujhqw1 Oh ghx{lëph prgëoh ^434` hvw edvì vxu xq fdofxo de lqlwlr1 Od gxuìh

gh ylh lqìodvwltxh ghv ìohfwurqv fkdxgv hvw fdofxoìh ã sduwlu gh od �vhoi ìqhujlh� hq xwlolvdqw

o*dssur{lpdwlrq JZ 1 Oh fdofxo frpsohw gh od vwuxfwxuh gh edqgh/ gdqv oh fdv gh o*ru ^434`/

lqgltxh txh ohv ìwdwv sohlqv gh od frxfkh sohlqh g sduwlflshqw h!fdfhphqw ã o*ìfudqwdjh

gh o*lqwhudfwlrq ìohfwurq0ìohfwurq1 Ohv gxuìhv gh ylh ghv ìohfwurqv gdqv o*ru txl vh vlwxhqw

ã 4=3 � 6=3 hY dx ghvvxv gx qlyhdx gh Ihupl/ suìglwhv sdu fh prgëoh vrqw soxv judqghv

frpsduìhv ã fhoohv gx jd} g*ìohfwurqv oleuhv g*xq idfwhxu gh 7=8= Fhv suìglfwlrqv vrqw hq

dffrug dyhf ohv uìvxowdwv h{sìulphqwdx{ gh + WU05SSH , vxu ghv �opv Dx +444, ^434> 67` =

41815 Lqwhudfwlrq ìohfwurq0skrqrq + Prgëoh ã ghx{ edlqv ,

Dsuìv o*ìwdsh gh uhglvwulexwlrq gh o*ìqhujlh/ gìsrvìh sdu o*lpsxovlrq odvhu/ yld

o*lqwhudfwlrq + h0h ,/ oh jd} ìohfwurqltxh vh wkhupdolvh hw vh wurxyh ã xqh whpsìudwxuh ìohfwurq0

ltxh +We, soxv ìohyìh txh fhooh gx uìvhdx fulvwdoolq +W-, 1 Oh jd} ìohfwurqltxh vh uhiurlglw hq

wudqviìudqw o*h{fìv gh vrq ìqhujlh flqìwltxh yhuv oh uìvhdx fulvwdoolq sdu ìplvvlrq gh skrqrqv/

mxvtx*ã fh txh ohv whpsìudwxuhv ghv ghx{ vrxv0v|vwëphv vrlhqw ìjdohv1 Fh surfhvvxv hvw elhq

gìfulw sdu oh prgëoh ã ghx{ edlqv frxsoìv^54`1 Gdqv fh prgëoh/ oh pìwdo hvw frqvlgìuì frpph

xq v|vwëph rü ohv ìohfwurqv hw oh uìvhdx frqvwlwxhqw ghx{ edlqv/ grqw ohv fkdohxuv vsìfl�txhv

vrqw vx!vdpphqw gl�ìuhqwhv srxu srxyrlu glvwlqjxhu gdqv oh whpsv ohxuv uìsrqvhv uhvshf0

wlyhv1

Rq shxw gìfuluh o*ìyroxwlrq whpsruhooh gh od whpsìudwxuh ìohfwurqltxh We +w, hw gx
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uìvhdx W- +w, sdu xq v|vwëph g*ìtxdwlrqv gl�ìuhqwlhoohv qrq olqìdluhv

Fe +We,
gWe
gw

@ Neu2We � j +We � W-, . S +w, +4143;,

F-
gW-
gw

@ j +We � W-, .N-u2W- +4143<,

rü Fe +We, hw F- vrqw ohv fkdohxuv vsìfl�txhv ghv ìohfwurqv hw gx uìvhdx hw Ne +N-, hvw

od frqgxfwlylwì wkhupltxh ghv ìohfwurqv +uìvhdx,/ j hvw od frqvwdqwh gh frxsodjh hohfwurq0

skrqrq1 S +w, uhsuìvhqwh oh whuph vrxufh g*h{flwdwlrq gx v|vwëph1 Od gl�xvlrq ìohfwurqltxh

hvw grqqìh sdu oh whuph Neu2We1 Hq sudwltxh/ rq shxw qìjoljhu fh whuph gdqv o*ìfkhooh gh

whpsv gh txhotxhv slfrvhfrqghv shqgdqw odtxhooh vh surgxlw od uhod{dwlrq ghv ìohfwurqv yhuv oh

uìvhdx1 Gdqv oh fdv gx pìwdo pdvvli/ oh whuph gh gl�xvlrq gh od fkdohxu sdu oh uìvhdx grqqì

sdu N-u2W-> uhvwh qìjoljhdeoh1 D edvvh whpsìudwxuh/ od fkdohxu vsìfl�txh ìohfwurqltxh

gìshqg olqìdluhphqw gh od whpsìudwxuh ìohfwurqltxh hw hvw grqqìh sdu Fe @ �eWe= Fhfl lqgxlw

xqh dxjphqwdwlrq ghv whpsv gh uhod{dwlrq oruvtxh od whpsìudwxuh ìohfwurqltxh dxjphqwh1

Ohv whfkqltxhv uìvroxhv hq whpsv xwlolvìhv qrxv shuphwwhqw g*dffìghu ã ghv phvxuhv gh

wudqvplvvlrq hw gh uì h{lrq gl�ìuhqwlhoohv/ �W@W hw �U@U uhvshfwlyhphqw1 Rq shxw

hvwlphu ohv whpsìudwxuhv dwwhlqwhv oruv gh o*ìfkdx�hphqw sdu ghv lpsxovlrqv xowud0frxuwhv

hq frpsdudqw ghv whpsv gh uhod{dwlrq h{sìulphqwdx{ dyhf fhx{ grqqìv sdu ohv ìtxdwlrqv

gh od fkdohxu +4=43; hw 4=43<, 1

Oh prgëoh suìfìghqw qh wlhqw sdv frpswh gh od srvvlelolwì gh fuìhu ghv srsxod0

wlrqv qrq wkhupdolvìhv1 Srxuwdqw/ ghv h{sìulhqfhv xwlolvdqw o*ì{flwdwlrq frxsoìh g*xq fkdps

ìohfwurpdjqhwltxh hw g*xq prgh gh sodvprq gh vxuidfh rqw plv hq hylghqfh gh glvwulexwlrqv

gh w|sh qrq0Ihupl gdqv oh uìjlph gh edvvh lqwhqvlwì^69`1 Srxu suhqguh hq frpswh fhwwh

dxwuh frqwulexwlrq ã od g|qdpltxh/ rq shxw xwlolvhu xq prgëoh g*ìtxdwlrqv gh wudqvsruw/
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irqgì vxu od jìqìudolvdwlrq gx prgëoh ã ghx{ whpsìudwxuhv/ txl vìsduh od g|qdpltxh hq

xqh frqwulexwlrq qrq wkhupdolvìh hw xqh wkhupdolvìh^6:`1 Gdqv xq suhplhu whpsv/ ohv frool0

vlrqv ìohfwurq0ìohfwurq lqgxlvhqw xq uhwdug ã o*ìfkdx�hphqw hw ohv ìohfwrqv qrq wkhupdolvìhv

uhglvwulexhqw ohxu ìqhujlh ã fhx{ txl vrqw gìmd wkhupdolvìv1 Vxlwh ã fhwwh wkhupdolvdwlrq/

ohv ìohfwurqv fkdxgv uhod{hqw yhuv oh uìvhdx sdu ìplvvlrq gh skrqrqv1 Qrxv xwlolvhurqv xqh

h{suhvvlrq dqdo|wltxh gìgxlwh gh fh prgëoh ã ghx{ whpsìudwxuhv jìqìudolvì srxu ìwxglhu od

gìshqgdqfh whpsruhooh gh od g|qdpltxh gh qrv ìfkdqwloorqv/ ohv gìwdlov gh fhwwh gìpdufkh

vhurqw h{srvìv dx fkdslwuh 71
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Fkdslwuh 5

Wkìrulh gh od gl�udfwlrq gh od

oxplëuh sdu ghv uìvhdx{

pìwdooltxhv vxe0orqjxhxu g*rqgh

Qrxv suìvhqwrqv gdqv fh fkdslwuh ohv qrwlrqv sk|vltxhv hw ohv rxwlov pdwkìpdwltxhv

txl qrxv shuphwwurqw gh frpsuhqguh ohv pìfdqlvphv lpsoltxìv gdqv o*h{dowdwlrq gh od wudqv0

plvvlrq gh od oxplëuh sdu ohv uìvhdx{ pìwdooltxhv vxe0orqjxhxu g*rqgh1 Qrxv frpphqêrqv

sdu ìyrtxhu txhotxhv udsshov vxu ohv sodvprqv gh vxuidfh hw qrxv lqvlvwrqv vxu ohv frqglwlrqv

hw ohv frqvìtxhqfhv gh ohxu frxsodjh dyhf od oxplëuh sdu o*lqwhupìgldluh ghv vwuxfwxuhv prg0

xoìhv sìulrgltxhphqw1 Hqvxlwh/ qrxv grqqhurqv xqh euëyh uhyxh ghv sulqflsdx{ wudydx{ txl

rqw ìwì phqìv vxu ohv dqrpdolhv gh Zrrg gdqv fh w|sh gh vwuxfwxuhv1 Gdqv od wurlvlëph sdu0

wlh qrxv udsshorqv hw qrxv dqdo|vrqv ohv sulqflsdx{ uìvxowdwv gh od suhplëuh h{sìulhqfh txl d

plv hq hylghqfh fh skìqrpëqh g*h{dowdwlrq gh od wudqvplvvlrq sdu ghv uìvhdx{ gh wurxv vxe0
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orqjxhxu g*rqgh1 Gdqv od txdwulëph sduwlh qrxv suìvhqwrqv oh irupdolvph gh od wkìrulh gh

od gl�udfwlrq pxowlsoh +rx gl�udfwlrq g|qdpltxh, hw qrxv o*dssoltxhurqv gdqv od flqtxlëph

sduwlh srxu gìyhorsshu xq prgëoh qxpìultxh txl qrxv shuphwwud gh vlpxohu od gl�udfwlrq

gh od oxplëuh sdu ohv uìvhdx{ sìulrgltxhv xqlglphqvlrqqhov1 Qrxv gìyhorsshurqv gdqv od

ghuqlëuh sduwlh xq prgëoh vhpl0dqdo|wltxh srxu lghqwl�hu hw elhq fodul�hu ohv gl�ìuhqwv pì0

fdqlvphv plv hq mhx gdqv od wudqvplvvlrq �h{wudruglqdluh� ã wudyhuv ohv uìvhdx{ pìwdooltxhv

vxe0orqjxhxu g*rqgh1 Fh prgëoh qrxv shuphwwud sdu od vxlwh/ g*ìwxglhu od gìshqgdqfh ghv

slfv gh wudqvplvvlrq h{dowìh hq irqfwlrq ghv gl�ìuhqwv sdudpëwuhv gh od vwuxfwxuh1

514 Sodvprqv gh vxuidfh

Od ghqvlwì ìohfwurqltxh ã od vxuidfh g*xq pìwdo shxw h{klehu ghv  xfwxdwlrqv fr0

kìuhqwhv tx*rq dsshooh rvfloodwlrqv gx sodvpd gh vxuidfh1 Fh vrqw ghv rvfloodwlrqv froohfwlyhv

dqdorjxhv ã fhoohv txl vh surgxlvhqw gdqv oh yroxph gx pìwdo whoohv txh qrxv ohv dyrqv

gìfulwhv gdqv oh sdudjudskh 414 gx fkdslwuh 4/ pdlv hoohv vrqw orfdolvìhv vxu xqh ìsdlvvhxu

wuëv plqfh ã od vxuidfh gx pìwdo ^6;`1 Oh txdqwxp g*ìqhujlh gh fhv rvfloodwlrqv hvw dsshoì

sodvprq gh vxuidfh SV1 Ohv SV rqw ìwì gìfrxyhuwv juåfh dx wudydlo wkìrultxh gh Ulfklh

vxu ohv shuwhv g*ìqhujlh gh sodvpd sdu ghv ìohfwurqv udslghv gdqv ohv �opv plqfhv^436` = Ohv

suìglfwlrqv gh Ulfklh rqw ìwì frq�upìhv h{sìulphqwdohphqw/ txhotxhv dqqìhv soxv wdug sdu

Srzhoo hw Vzdq^6<`1 Fhv  xfwxdwlrqv gh fkdujh/ txl shxyhqw íwuh orfdolvìhv gdqv od gluhfwlrq

} gdqv xqh frxfkh g*ìsdlvvhxu gh o*ruguh gh od orqjxhxu g*ìfudqwdjh gh Wkrpdv0Ihupl oA8

� 4 D�/ vrqw dffrpsdjqìhv sdu xq fkdps ìohfwurpdjqìwltxh k|eulgh wudqvyhuvh hw orqjlwx0

glqdo txl v*dqqxoh oruvtxh m}m $ 4 hw suhqg vd ydohxu pd{lpdoh ã od vxuidfh } @ 3= Od �jxuh
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Iljxuh 514= Vfkìpd gh sodvprq gh vxuidfh +sur�o h{srqhqwlho, vxu xqh lqwhuidfh glìohf0
wultxh2pìwdo 1

+5=4, uhsuìvhqwh o*lqwhuidfh hqwuh xq pìwdo +�6 +$,, hw xq glìohfwultxh +�_, oh orqj gxtxho hw

vxlydqw o*d{h {/ vh sursdjh xqh rqgh hohfwurpdjqìwltxh +H>K, srodulvì +WP, > f0ã0g txh K

hvw sdudooëoh ã o*d{h | = Ohv fkdpsv gdqv ohv ghx{ plolhx{ shxyhqw v*ìfuluh frpph

Gdqv oh pìwdo +} ? 3,

H� @ +H%�> 3> H5�, h
�E&Rr%3&5�53/|� / K� @ +3>K+�> 3, h

�E&Rr%3&5�53/|� +514,

Gdqv oh glìohfwultxh +} A 3,

H2 @ +H%2> 3> H52, h
�E&Rr%n&5253/|� / K2 @ +3>K+2> 3, h

�E&Rr%n&5253/|� +515,

Oh yhfwhxu g*rqgh nRr sdudooëoh ã od gluhfwlrq { hvw oh yhfwhxu g*rqgh gh o*rqgh gh

sodvpd + sodvprq gh vxuidfh ,1 n5�hw n52 vrqw ohv frpsrvdqwhv ghv yhfwhxuv g*rqghv gdqv od

gluhfwlrq }= Ohv frqglwlrqv gh udffrughphqw ã o*lqwhuidfh grqqhqw

n5�
�6

.
n52
�_
@ 3 +516,
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dyhf

n5�c2 @

�
�6c_

�$
f

�2
� n2Rr

��*2

+517,

D sduwlu gh fhv ghx{ ghuqlëuhv ìtxdwlrqv/ rq rewlhqw idflohphqw od uhodwlrq gh glvshuvlrq

srxu ohv sodvprqv gh vxuidfh

nRr @
$

f

�
�6�_
�6 . �_

��*2

+518,

Vl rq vxssrvh txh �62 � m�6�m > rü �6� hw �62 vrqw ohv sduwlhv uìhooh hw lpdjlqdluh gh �6/ rq

wurxyh txh nRr @ nRr� . lnRr2 dyhf

nRr� @
$

f

�
�6��_
�6� . �_

��*2

+519,

nRr2 @
$

f

�
�6��_
�6� . �_

��*2 �62

5�26�

+51:,

Od sursdjdwlrq gx sodvprq gh vxuidfh oh orqj g*xqh vxuidfh sodqh hvw dwwìqxìh

+nRr2 9@ 3,1 Fhwwh dwwìqxdwlrq hvw gxh dx{ shuwhv olìhv ã o*devruswlrq gdqv oh pìwdo1 Rq shxw

gì�qlu od orqjxhxu gh sursdjdwlrq gx sodvprq gh vxuidfh frpph od orqjxhxu ORr dx erxw

gh odtxhooh o*lqwhqvlwì gh o*rqgh dwwhlqw 4@h gh vd ydohxu lqlwldoh1 Grqf/ ORr @ ^5nRr2`
3� =

Fhwwh glvwdqfh hvw gh o*ruguh gh 55 �p gdqv oh fdv gh Dj ã � @ 848 qp ^6;` =

O*ìtxdwlrq +5=7, frpelqìh dx{ uhodwlrqv $@f ? nRr hw �6� ? 3 prqwuhqw txh

n5� hw n52 vrqw ghv txdqwlwìv lpdjlqdluhv sxuhv/ fh txl hvw ã o*ruljlqh gh od gìfurlvvdqfh

h{srqhqwlhooh ghv fkdpsv gh sduw hw g*dxwuh gh o*lqwhuidfh +yrlu �j1 514,1 Fhwwh sursulìwì

hvw xqh fdudfwìulvwltxh jìqìudoh/ frppxqh ã wrxwhv ohv rqghv gh vxuidfh1 Ohv surirqghxuv

gh sìqìwudwlrq gx fkdps ìohfwurpdjqìwltxh ghv ghx{ frwìv gh o*lqwhuidfh vrqw grqqìhv
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Iljxuh 515= Uhodwlrq gh glvshuvlrq g*xq sodvprq gh vxuidfh gdqv oh fdv g*xqh lqwhuidfh sodqh
pìwdo2glìohfwultxh

sdu a}� @ 4@ mn5�m dyhf l @ 4> 5= Srxu � @ 933 qp/ rq rewlhqw srxu o*ru a}� @ 64 qp

hw a}2 @ 5;3 qp= Fhwwh fdsdflwì ghv sodvprqv gh vxuidfh ã frqfhqwuhu o*ìqhujlh gdqv ghv

frxfkhv wuëv plqfhv g*ìsdlvvhxu vxe0orqjxhxu g*rqgh ã o*lqwhuidfh h{soltxh ohxu vhqvlelolwì

ã q*lpsruwh txhooh shuwxuedwlrq gh vxuidfh hw grqqh olhx ã xqh wuëv iruwh h{dowdwlrq gx

fkdps ìohfwurpdjqìwltxh1 Fhwwh ghuqlëuh sursulìwì shxw íwuh h{sorlwìh srxu pdqlsxohu ohv

lqwhudfwlrqv ud|rqqhphqw0pdwlëuh hw dpsol�hu ohv skìqrpëqhv qrq olqìdluhv1

Srxu rewhqlu od uhodwlrq gh glvshuvlrq +5=8,/ suhqrqv oh fdv g*xq pìwdo lgìdo + vdqv

dpruwlvvhphqw ,1 Vd irqfwlrq glìohfwultxh hvw grqqìh/ gdqv oh fdguh gx prgëoh gh Guxgh

sdu �6 +$, @ 4� $2R@$2= Fhfl shuphw hq srvdqw � @
S&Rr
/R
I
"_

hw 
+�, @ /EV�
/R
> gh wurxyhu txh

od uhodwlrq gh glvshuvlrq gx sodvprq gh vxuidfh v*ìfulw vrxv od iruph


+�, @
4s
5

yxxw
4 . �2

�
�_

�_ . 4

�
	
v

4 . �e
�
�_ . 4

�_

�2

. 5�2
�
�_ � 4
�_

�
+51;,

Vxu od �jxuh 515/ od frxueh frqwlqxh uhsuìvhqwh od uhodwlrq gh glvshuvlrq ghv sodv0
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prqv gh vxuidfh wdqglv txh od gurlwh g*ìtxdwlrq 
 @ � fruuhvsrqg ã od uhodwlrq gh glvshuvlrq

gh od oxplëuh lqflghqwh1 Ohv sodvprqv shxyhqw íwuh h{flwìv vrlw sdu gh od oxplëuh vrlw sdu

ghv ìohfwurqv udslghv1 Srxu tx*xq sodvprq sxlvvh íwuh h{flwì sdu xq skrwrq/ lo idxgudlw txh

od frqglwlrq gh frqvhuydwlrq gh o*ìqhujlh hw gx prphqw vrlw vdwlvidlwh/ fh txl vljql�h txh

srxu xqh ydohxu grqqìh gh $ rq grlw dyrlu n% @ nrR/ rü n% @
/

S
I
"_
vlq � hvw od frpsrvdqwh

gx yhfwhxu g*rqgh gh od oxplëuh lqflghqwh gdqv od gluhfwlrq {= Ru/ rq frqvwdwh ã sduwlu gh

gh o*ìtxdwlrq 51; txh nrR A
/
I
"_
S hw sdu frqvìtxhqw/ xqh rqgh ìohfwurpdjqìwltxh sursdjd0

wlyh qh shxw sdv h{flwhu xq sodvprq gh vxuidfh/ fdu od frqglwlrq n% A
/
I
"_
S qh shxw íwuh

yìul�ìh txh gdqv oh fdv rü oh fkdps hvw ìydqhvfhqw1 F*hvw vxu fh sulqflsh txh uhsrvh od

pìwkrgh DWU �Dwwhqxdwhg Wrwdo Uh hfwlrq�/ txl frqvlvwh ã h{flwhu ohv sodvprqv gh vxuidfh

sdu xqh rqgh ìydqhvfdqwh surgxlwh sdu od uì h{lrq wrwdoh g*xqh rqgh ìohfwurpdjqìwltxh vxu

xq sulvph1 Xqh dxwuh whfkqltxh srxu h{flwhu ohv sodvprqv gh vxuidfh hvw oh frxsodjh ã o*dlgh

g*xq uìvhdx1 Fhwwh pìwkrgh frqvlvwh ã wudydloohu dyhf xq pìwdo grqw od vxuidfh suìvhqwh xq

sur�o dyhf xqh prgxodwlrq sìulrgltxh1 Fhfl shuphw gh gl�udfwhu od oxplëuh lqflghqwh gdqv

ghv gluhfwlrqv gì�qlhv sdu ohv yhfwhxuv gh vrq uìvhdx uìflsurtxh J +rü J @q2Z@ a{ gdqv oh fdv

g*xq uìvhdx xqlglphqvlrqqho/ dyhf d hvw oh sdv gx uìvhdx/ q xq hqwlhu ,= Lo hvw doruv srvvleoh

gh frxsohu xq skrwrq ã xq sodvprq vhorq fh sulqflsh srxu shx txh vrq yhfwhxu g*rqgh yìul�h

od uhodwlrq gh Eudjj

nRr @ n% . q
5�

d
+51<,

Oh frxsodjh ghv sodvprqv gh vxuidfh dyhf ohv skrwrqv grqqh olhx ã fh txh o*rq ds0

shooh vrxyhqw gdqv od olwwìudwxuh srodulwrqv gh w|sh sodvprqv gh vxuidfh +SSV,1 O*ìtxdwlrq

+5=<, shxw íwuh lqwhusuìwìh frpph xq uhsolhphqw gh od uhodwlrq gh glvshuvlrq lqlwldoh1 Od
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Iljxuh 516= +d, Uhodwlrq gh glvshuvlrq ghv SSVv gdqv oh fdv g*xqh lqwhuidfh pì0
wdo2glìohfwultxh prgxoìh sìulrgltxhphqw rü rq yrlw fodluhphqw ghv edqghv lqwhuglwhv1 Od
oljqh gurlwh uhsuìvhqwh od uhodwlrq gh glvshuvlrq ghv skrwrqv lqflghqwv1 +e,Uhodwlrq gh glv0
shuvlrq h{sìulphqwdoh ghv SSVv revhuyìh gdqv oh fdv g*xq uìvhdx g*ru1 ^6;`

sursdjdwlrq ghv SSV ã wudyhuv xqh vxuidfh gh sur�o sìulrgltxh grqqh olhx dx{ píphv h�hwv

txh fhx{ dvvrflìv ã od sursdjdwlrq ghv ìohfwurqv gdqv xq uìvhdx fulvwdoolq rx fhx{ dvvrflìv ã

od sursdjdwlrq ghv skrwrqv gdqv xq plolhx glìohfwultxh dyhf xq lqglfh gh uìiudfwlrq prgxoì

sìulrgltxhphqw1 Fh w|sh gh plolhx glìohfwultxh v*dsshooh dxvvl fulvwdo skrwrqltxh1 Fhv h�hwv

vrqw od prgl�fdwlrq gh od orlv gh glvshuvlrq $ +nRr, hw o*dssdulwlrq ghv edqghv lqwhuglwhv^73`

gx srlqw gh yxh gh od sursdjdwlrq gh od oxplëuh> �jxuh+5161d,1 Sdu dqdorjlh dyhf ohv fulvwdx{

skrwrqltxhv/ D1 Y1 ]d|dwv hw do rqw dsshoì xqh lqwhuidfh pìwdooltxh vwuxfwxuìh sìulrgltxh0

phqw xq �fulvwdo srodulwrqltxh�^73` = Od uhodwlrq gh glvshuvlrq gdqv fh w|sh gh vwuxfwxuh

suhqg w|sltxhphqw od iruph uhsuìvhqwìh vxu oh vfkìpd+5=6=d, = Gh fh idlw/ o*xwlolvdwlrq gh

o*ìtxdwlrq +5=8, srxu gìfuluh od uhodwlrq gh glvshuvlrq ghv SSV gdqv ohv vwuxfwxuhv sìul0

rgltxhv q*hvw ydolgh txh vl ohv prgl�fdwlrqv dssruwìhv sdu oh sur�o sìulrgltxh vrqw idleohv
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sdu udssruw ã od vxuidfh sodqh +vxssrvìh sduidlwhphqw olvvh,1 Gdqv oh fdv frqwudluh/ rq grlw

uhfrxulu ã od prgìolvdwlrq qxpìultxh srxu gìwhuplqhu od uhodwlrq gh glvshuvlrq ghv SSV hw

od uìsrqvh rswltxh gh fhv vwuxfwxuhv1 Srxu foruh fhwwh sduwlh/ qrxv glurqv txh ohv vxuidfhv

vwuxfwxuìhv sìulrgltxhphqw shuphwwhqw gh frxsohu od oxplëuh dyhf ohv sodvprqv gh vxuidfh

hw f*hvw suìflvhphqw fhwwh sursulìwì txl wurxyhud vrq lqwìuíw gdqv od vxlwh gh qrwuh ìwxgh1

515 Dqrpdolhv gh Zrrg

Ohv dqrpdolhv gh Zrrg rqw ìwì plvh hq ìylghqfh/ srxu od suhplëuh irlv/ sdu Zrrg

hq 4<35 ^74`1 Fh whuph gìvljqh gh idêrq jìqìudoh ohv skìqrpëqhv fdudfwìulvìv sdu ghv ydul0

dwlrqv qrwdeohv gdqv oh vshfwuh gh gl�udfwlrq g*xq uìvhdx oruv g*xqh idleoh prgl�fdwlrq ghv

sdudpëwuhv fdudfwìulvwltxhv gh o*rqgh lqflghqwh1 Hq 4<3:/ Orug Ud|ohljk suìglw od srvlwlrq

hw od iruph gh fhuwdlqhv dqrpdolhv ^75` hw hq 4<6;/ Idqr hvw oh suhplhu ã vxjjìuhu xq olhq

hqwuh fh w|sh g*dqrpdolhv hw o*h{flwdwlrq g*xqh rqgh vh sursdjhdqw ã od vxuidfh gx uìvhdx

^76`1 Soxv wdug/ P1 Qdylëuh hw do ^77� 78` prqwuhqw txh o*ìwxgh ghv dqrpdolhv sdvvh sdu

od frqqdlvvdqfh ghv }ìurv hw ghv s÷ohv frpsoh{hv gh fhuwdlqv ìoìphqwv gh od pdwulfh V gh

gl�udfwlrq/ hw lov suìvhqwhqw xqh olvwh qrq h{kdxvwlyh ghv ruljlqhv sk|vltxhv ghv dqrpdolhv

gh Zrrg1

Oh suhplhu w|sh g*dqrpdolh fruuhvsrqg ã fhooh txl vh surgxlw dx{ orqjxhxuv g*rqgh

gh Ud|ohljk1 Srxu xq uìvhdx hw xqh lqflghqfh grqqìh gh od oxplëuh/ od orqjxhxu g*rqgh gh

Ud|ohljk fdudfwìulvh od wudqvlwlrq g*xq ruguh gh gl�udfwlrq hqwuh o*ìwdw g*rqgh sursdjdwlyh

hw fhoxl g*rqgh ìydqhvfhqwh1 Gdqv fh fdv/ od fdxvh ghv dqrpdolhv shxw íwuh dwwulexìh ã xq

h�hw gh uhglvwulexwlrq gh o*ìqhujlh gl�udfwìh hqwuh ohv glyhuvhv rqghv sodqhv lvvxhv gx uìvhdx1
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Rq ohv revhuyh dxvvl elhq srxu ohv uìvhdx{ lq�qhphqw frqgxfwhxuv txh srxu ohv uìvhdx{

glìohfwultxhv hw pìwdooltxhv1 Hoohv shxyhqw vh wudgxluh sdu ghv glvfrqwlqxlwìv ghv irqfwlrqv

gh wudqvplvvlrq rx gh uì h{lrq g*xq uìvhdx rx gh ohxuv gìulyìhv suhplëuhv1

Oh ghx{lëph w|sh g*dqrpdolhv frqfhuqh ohv uìvhdx{ pìwdooltxhv gh frqgxfwlylwì

�qlh uhfrxyhuwv rx qrq sdu xq glìohfwultxh/ gdqv oh fdv gh od srodulvdwlrq wudqvyhuvh pdjqì0

wltxh +WP,1 Fhv dqrpdolhv txl dssdudlvvhqw dx yrlvlqdjh ghv orqjxhxuv g*rqgh gh Ud|ohljk

vh pdqlihvwhqw sdu gh euxwdohv yduldwlrqv ghv frh!flhqwv gh uì h{lrq rx gh wudqvplvvlrq

hw vrqw fdudfwìulvìhv sdu xqh edlvvh qrwdeoh gh o*ìqhujlh wrwdoh gl�udfwìh sdu oh uìvhdx1 P1

Qhylëuh hw G1 Pd|vwuh ohv qrpphqw �dqrpdolhv gh sodvprqv�1

Od wurlvlëph fdwìjrulh g*dqrpdolh dssdudñw oruvtxh o*rq gìsrvh xqh frxfkh glìohf0

wultxh vxu od vxuidfh gx uìvhdx/ rx oruvtxh od frxfkh pìwdooltxh vxshu�flhooh v*hvw r{|0

gìh1 P1 Qhylëuh hw G1 Pd|vwuh rqw prqwuì txh fhv dqrpdolhv vrqw olìhv ã o*h{lvwhqfh gh

prghv gh sursdjdwlrq gdqv od sduwlh glìohfwultxh1 Lov qrwhqw txh fhv dqrpdolhv shxyhqw

dxvvl v*dffrpsdjqhu g*xqh iruwh devruswlrq g*ìqhujlh1 Wrxwhirlv rq shxw ohv glvwlqjxhu ghv

dqrpdolhv gh sodvprqv sdu oh idlw txh fhv ghuqlëuhv qh glvsdudlvvhqw sdv oruvtxh o*rq hqoëyh

surjuhvvlyhphqw od frxfkh glìohfwultxh1

Srxu plhx{ frpsuhqguh ohv uìvxowdwv gh P1 Qhylëuh hw do/ rq shxw phqwlrqqhu ohv

uìvxowdwv rewhqxv sdu D1 Khvvho hw do ^79` = Fhv dxwhxuv rqw ìwdeol xq prgëoh ruljlqdo ghv

dqrpdolhv gh Zrrg dx{txhoohv lov dwwulexhqw ghx{ ruljlqhv1 Od suhplëuh dssdudñw gdqv ohv

uìvhdx{ gh gl�udfwlrq dx{ orqjxhxuv g*rqgh gh Ud|ohljk frpph qrxv o*dyrqv gìmã phqwlrqqì1

Od vhfrqgh fruuhvsrqg ã ghv h�hwv gh uìvrqdqfh1 Gh whoohv uìvrqdqfhv surylhqqhqw gx

frxsodjh hqwuh od oxplëuh lqflghqwh hw ohv prghv sursuhv dvvrflìv dx{ uìvhdx{1 Ohv ghx{
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w|shv g*dqrpdolhv shxyhqw vh pdqlihvwhu vìsduìphqw hw lqgìshqgdpphqw rx hoohv shxyhqw

ìjdohphqw dssdudñwuh ã ghv orqjxhxuv g*rqghv yrlvlqhv1 Rq qrwh doruv txh ohv dqrpdolhv

gh sodvprqv dlqvl txh ohv dqrpdolhv olìhv dx{ prghv gh sursdjdwlrq ^77� 78` uhoëyhqw ghv

dqrpdolhv �uìvrqdqwhv�^79`1

516 Wudqvplvvlrq h{dowìh gh od oxplëuh sdu ghv �opv pì0

wdooltxhv vwuxfwxuìv sìulrgltxhphqw

Oh skìqrpëqh g*h{dowdwlrq gh od wudqvplvvlrq gh od oxplëuh ã wudyhuv ghv �opv

pìwdooltxhv vwuxfwxuìv sìulrgltxhphqw d ìwì revhuyì srxu od suhplëuh irlv sdu Heehvhq hw do

^7:> 7;` hq xwlolvdqw frpph ìfkdqwloorq xq uìvhdx fduuì gh wurxv f|olqgultxhv vxe0orqjxhxu

g*rqgh judyì vxu xq �op rsdtxh g*dujhqw gìsrvì vxu xq vxevwudw gh txduw}/ �jxuh15171 Ohxuv

phvxuhv rqw prqwuì txh fh w|sh gh vwuxfwxuh shxw wudqvphwwuh gh od oxplëuh ã fhuwdlqhv

orqjxhxuv g*rqgh dyhf xq uhqghphqw vxsìulhxu gh ghx{ ruguhv gh judqghxuv dx{ suìglfwlrqv

fodvvltxhv frqfhuqdqw od wudqvplvvlrq gh od oxplëuh sdu ghv rxyhuwxuhv vxe0orqjxhxu g*rqgh1

Qrwdpphqw od orl gh Ehwkh ^7<` suìglw txh od wudqvplvvlrq ã wudyhuv xq wurx ghylhqw wuëv gli0

�floh gëv txh vrq gldpëwuh hvw lqiìulhxuh ã od ghplh orqjxhxu g*rqgh gh od oxplëuh lqflghqwh1

Gh idêrq soxv vshfwdfxodluh/ fhv dxwhxuv rqw prqwuì txh od wudqvplvvlylwì gh fhv uìvhdx{

qrupdolvìh dx idfwhxu gh uhpsolvvdjh ghv wurxv shxw píph gìsdvvhu o*xqlwì1 Od �jxuh 518

prqwuh xq vshfwuh w|sltxh gh wudqvplvvlrq gh fhv uìvhdx{/ vxu ohtxho rq yrlw xqh dowhuqdqfh

gh pd{lpd hw gh plqlpd ^7:> 7;> 83� 85` =

Ohv srvlwlrqv ghv slfv gh wudqvplvvlrq vxelvvhqw xq gìfdodjh yhuv ohv judqghv

orqjxhxuv g*rqghv oruvtxh oh sdv gx uìvhdx dxjphqwh/ fh txl vljql�h txh fhv slfv uh ë0
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Iljxuh 517= Yxh dx plfurvfrsh ìohfwurqltxh ã edod|djh g*xq uìvhdx gh wurxv judyì vxu xq
�op g*dujhqw

whqw soxv ghv sursulëwìv gh od vwuxfwxuh sìulrgltxh wrxwh hqwlëuh hw sdv vhxohphqw fhoohv ghv

wurxv lqglylgxhov1

Gh soxv/ fhv dxwhxuv rqw prqwuì txh oh vshfwuh gh wudqvplvvvlrq frqwlhqw hq idlw

ghx{ idploohv gh slfv elhq glvwlqfwhv ^7;` > dvvrflìhv ã fkdfxqh ghv lqwhuidfhv gh od vwuxfwxuh1

Sdu h{hpsoh/ rq shxw gìsodfhu fhuwdlqv slfv vhxohphqw hq fkdqjhdqw oh vxevwudw vxu ohtxho

uhsrvh oh �op1 Od wudqvplvvlrq g*xq slf dwwhlqw vd ydohxu pd{lpdoh gdqv oh fdv v|pìwultxh

f*hvw ã gluh oruvtxh oh �op hvw hqwrxuì sduwrxw sdu oh píph glìohfwultxh1
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Iljxuh 518= +g*dsuìv^7;`,/ Vshfwuh gh wudqvplvvlrq g*xq uìvhdx gh wurxv vxe0orqjxhxu g*rqgh
gdqv xq �op g*dujhqw gìsrvì vxu xq vxevwudw gh yhuuh +Sìulrgh = 933 qp/ gldpëwuh ghv wurxv
= 483 qp/ ìsdlvvhxu gh �op = 533 qp,1 Ohv pdutxhv yhuwlfdohv hq frqwlqxh lqgltxhqw ohv
prghv sodvprqv hw fhoohv hq srlqwlooì lqgltxhqw ohv dqrpdolhv gh Zrrg
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O*ruljlqh gh o*h{dowdwlrq d ìwì dwwulexìh dx frxsodjh gh od oxplëuh lqflghqwh dyhf

ohv sodvprqv gh vxuidfh ^7:> 7;` = Sdu frqvìtxhqw ohv srvlwlrqv ghv slfv shxyhqw íwuh suìglwhv

hq vdwlvidlvdqw ohv frqglwlrqv gh frqvhuydwlrq gh o*ìqhujlh hw gx prphqw gdqv oh surfhvvxv

gh o*lqwhudfwlrq ghv sodvprqv gh vxuidfh dyhf ohv skrwrqv lqflghqwv1 Sdu h{hpsoh/ vl rq

frqvlgëuh oh fdv g*xq uìvhdx fduuì gh sìulrglflwì d/ doruv vrq uìvhdx uìflsurtxh hvw gì�ql sdu

ohv yhfwhxuv J @l2Z@ h% . m
2Z
@ h+> rü l hw m vrqw hqwlhuv/ h% hw h+ vrqw ghx{ yhfwhxuv xqlwdluhv

vhorq ohv gluhfwlrqv �{ hw �| uhvshfwlyhphqw1

Srxu tx*xq sodvprq gh yhfwhxu g*rqgh nrR vrlw h{flwì sdu xq skrwrq lqflghqw

gh yhfwhxu g*rqgh nU > lo idxw txh od frqglwlrq gh frqvhuydwlrq gx prphqw vrlw vdwlvidlwh

= nrR @ nU8 . J> nU8 ìwdqw od frpsrvdqwh gh nU sdudooëoh ã od vxuidfh1 Vl hq soxv/ rq

frqvlgëuh txh od uhodwlrq gh glvshuvlrq gx sodvprq gh vxuidfh hvw fhooh ghv SVv sdufrxudqw

xqh vxuidfh sodqh/ ìtxdwlrq +518,/ rq shxw prqwuhu gdqv oh fdv g*xq idlvfhdx oxplqhx{ hq

lqflghqfh qrupdoh/ txh ohv srvlwlrqv ghv slfv gh wudqvplvvlrq vrqw grqqìhv sdu od uhodwlrq

�4@ +l> m, @ d+l
2 . m2,3�*2

t
"6"_
"6n"_

=

Hq xwlolvdqw fhwwh irupxoh rq shxw lqgh{hu ohv slfv gh wudqvplvvlrq sdu xqh sdluh

gh qrpeuhv +l> m, txl lqgltxh oh vhqv gh sursdjdwlrq gx sodvprq h{flwì1 Dlqvl sdu h{hpsoh/

oh prgh sodvprq +4> 3, d ìwì h{flwì juåfh ã xq dssruw gh prphqw gh 2Z
@ h%1 Lo rvflooh grqf

vhorq o*d{h �{1

Fh prgëoh vlpsol�ì txl shuphw g*hvwlphu ohv srvlwlrqv ghv slfv gdqv oh fdv g*xqh

vwuxfwxuh dyhf xq idfwhxu gh uhpsolvvdjh wuëv idleoh/ q*h{soltxh txh wuëv jurvvlëuhphqw ohv

ruljlqhv gx skìqrpëqh sk|vltxh1 Srxu fhwwh udlvrq qrxv doorqv gìyhorsshu gdqv ohv sdud0

judskhv txl vxlyhqw ghv prgëohv soxv ìoderuìv hw soxv vrsklvwltxìv/ pdlv txl qrxv shuphwwhqw
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gh plhx{ fhuqhu ohv pìfdqlvphv lpsoltxìv gdqv oh surfhvvxv g*h{dowdwlrq gh od wudqvplvvlrq

sdu ohv �opv pìwdooltxhv vwuxfwxuìv sìulrgltxhphqw1

517 Wkìrulh gh od gl�udfwlrq g|qdpltxh

Gdqv fhwwh sduwlh/ qrxv suìvhqwrqv eulëyhphqw od wkìrulh gh od gl�udfwlrq g|0

qdpltxh +rx gl�udfwlrq pxowlsoh, txl frqvwlwxh xq sdupl ohv pxowlsohv prgëohv sursrvìv

srxu ìwxglhu oh skìqrpëqh g*h{dowdwlrq gh od wudqvplvvlrq gh od oxplëuh sdu ghv v|vwëphv

pìwdooltxhv sìulrgltxhv gh glphqvlrqv vxe0orqjxhxuv g*rqghv ^86�:3`1 Hqvxlwh qrxv suìvhq0

whurqv xq prgëoh qxpìultxh srxu hvvd|hu gh vlpxohu hw h{soltxhu o*h{dowdwlrq gh od wudqv0

plvvlrq gh od oxplëuh sdu ohv uìvhdx{ pìwdooltxhv xqlglphqvlrqqhov vxe0orqjxhxu g*rqgh1 Od

wkìrulh gh od gl�udfwlrq pxowlsoh gdqv ohv plolhx{ sìulrgltxhv d ìwì sursrvìh sdu Hzdog ^:4`

srxu h{soltxhu ohv dqrpdolhv txl vh surgxlvhqw gdqv ohv vshfwuhv gh gl�udfwlrq ghv ud|rqv

[ gdqv ohv vrolghv1 Fhwwh wkìrulh d ìwì hpsor|ìh uìfhpphqw sdu M1M1 Wuhdf| ^89> 94` srxu

h{soltxhu ohv dqrpdolhv gh wudqvplvvlrq gh od oxplëuh gdqv ohv uìvhdx{ pìwdooltxhv hw f*hvw

suhflvìphqw fhwwh gìpdufkh txh qrxv dgrswhurqv gdqv od vxlwh1

Od wkìrulh gh od gl�udfwlrq g|qdpltxh frqvlgëuh oh fkdps ìohfwrpdjqìwltxh gdqv

od vwuxfwxuh shqgdqw oh surfhvvxv gh gl�udfwlrq frpph xqh vhxoh hqwlwì1 Hq h�hw/ rq shxw

furluh ã suhplëuh yxh/ txh oh fkdps ìohfwurpdjqìwltxh frqvlvwh hq xq idlvfhdx lqflghqw hw

xq hqvhpeoh gh idlvfhdx{ gl�udfwìv1 Pdlv hq uìdolwì/ fhv idlvfhdx{ vrqw frxsoìv gh idêrq

frkìuhqwh hw lo | d xq ìfkdqjh g*ìqhujlh shupdqhqw hqwuh hx{ hw sdu frqvìtxhqw oh fkdps

ìohfwurpdjqìwltxh grlw íwuh frqvlgìuì gdqv vrq xqlwì1

Frqvlgìurqv xq plolhx sìulrgltxh qrq ihuurìohfwultxh hw qrq pdjqìwltxh/ fdudf0
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wìulvì sdu xqh irqfwlrq glìohfwultxh � +u> $, = Fhwwh ghuqlëuh hvw sìulrgltxh hw d od píph

sìulrglflwì txh oh plolhx/ sdu frqvìtxhqw vrq lqyhuvh shxw v*ìfuluh vrxv od iruph

4

� +u> $,
@
[

B

IB +$, h{s+lJu, +5143,

rüJ vrqw ohv yhfwhxuv gx uìvhdx uìflsurtxh1 Ohv frh!flhqwv gh Irxulhu IB +$, vrqw jìqìudoh0

phqw frpsoh{hv1

Vl rq vxssrvh txh fh plolhx hvw vrxplv ã xqh rqgh ìohfwurpdjqhwltxh sodqh lq0

flghqwh +Hf>Kf, h{s +ln�u�l$w, > doruv rq shxw prqwuhu ã sduwlu ghv ìtxdwlrqv gh Pd{zhoo

txh ohv fkdpsv ìohfwultxh H +u> w, @ H +u> $, h3�/| hw pdjqìwltxh K +u> w, @ K +u> $, h3�/|

txl v*ìwdeolvvhqw ã o*lqwìulhxu gx plolhx reìlvvhqw dx{ ìtxdwlrqv g*rqgh vxlydqwhv

u� ^u�H +u> $,` @ �n2f� +u> $,H +u> $, +5144,

u�
�

4

� +u> $,
u�K +u> $,

�
@ �n2fK +u> $, +5145,

nf hvw oh yhfwhxu g*rqgh gh o*rqgh lqflghqwh gdqv oh ylgh nf @ 5�@�=

Frpph oh plolhx hvw qrq pdjqìwltxh/ rq d uK +u> $, @ 3> fh txl lpsoltxh txh

K +u> $, hvw shushqglfxodluh ã od gluhfwlrq gh sursdjdwlrq1 F*hvw srxu fhwwh udlvrq txh o*rq

fkrlvlw gh uìvrxguh qxpìultxhphqw o*ìtxdwlrq +5=45, hw gh fdofxohu K +u> $, = Hqvxlwh/ rq

xwlolvh o*ìtxdwlrq gh Pd{zhoo
�
u�K @ �f�

Y,
Y|

�
srxu gìwhuplqhu H +u> $,1

Qrwuh sureoëph uhylhqw grqf ã uìvrxguh o*ìtxdwlrq g*rqgh +5=45, gdqv xq plolhx

sìulrgltxh1 Sdu frqvìtxhqw/ rq v*lqwìuhvvh dx{ vroxwlrqv txl v*ìfulyhqw vrxv od iruph g*rqghv

gh Eorfk g*lqglfh m =
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K
� +u> $, @

[

B

[

R

xRcBK
�
RcB h{s

�
l
�
n
� .J

�
u
�

+5146,

rü srxu fkdtxh yhfwhxu J> xRcB +s @ 4> 5, vrqw ghx{ yhfwhxuv xqlwdluhv dvvrflìv ã o*rqgh

sodqh
�
n
� .J

�
hw txl gì�qlvvhqw ohv ghx{ ìwdwv gh srodulvdwlrq sdu udssruw ã fhwwh rqgh1

Grqf oh wulsohw
�
!
�nB

�!�nB� >x�cB>x2cB
�
frqvwlwxh xqh edvh ruwkrqrupdoh1

Oh fkdps pdjqìwltxh wrwdo hvw od vrpph ghv rqghv gh Eorfk

K +u> $, @
[

�

#�R
[

B

[

R

xRcBK
�
RcB h{s

�
l
�
n
� .J

�
u
�

+5147,

#�R fruuhvsrqgdqw ã o*rqgh gh Eorfk m dyhf o*ìwdw gh srodulvdwlrq s= Oh fkdps ìohfwultxh

wrwdo hvw rewhqx ã sduwlu ghv ìtxdwlrqv gh Pd{zhoo

H +u> $, @ � 4

l$�f

4

� +u>$,
u�K @ � 4

$�f

[

B�

IB�

[

�

#�R
[

B

[

R

�
n
� .J�J��

xRcBK
�
RcB h{s

�
l
�
n
� .J

�
u
�

+5148,

Hq devhqfh gh fkdujhv oleuhv/ od ghqvlwì gh fkdujh lqgxlwh fuììh dx qlyhdx gh

o*lqwhuidfh hvw ��?_ +u> $, @ uS +u>$, @ ��fuH +u> $,1 Srxu o*ìwdw gh srodulvdwlrq s @ 4

+srodulvdwlrq WP ,/ hw txl vh wudgxlw gdqv oh fdv 4G sdu oh idlw txh K hvw sdudooëooh dx{

ihqwhv/ rq d

��?_ +u> $, @ � l
$

[

�

#��n
�
5

[

B�

[

B

J�IB�K�
RcB h{s

�
l
�
n
� .J

�
u
�

+5149,

hw srxu o*ìwdw gh srodulvdwlrq s @ 5 +srodulvdwlrq WH / gdqv oh fdv 4G/ H hvw sdudooëooh dx{

ihqwhv,

��?_ +u> $, @ 3 +514:,



:4

Hq suhqdqw od wudqvirupìh gh Irxulhu gh o*ìtxdwlrq +5=45, > rq wurxyh srxu fkdtxh ìwdw gh

srodulvdwlrq s @ 4> 5

[

B�

IB3B�

��
n
� .J

�
� xRcB

�
�
��
n
� .J��� xRcB

�
K�
RcB� � n2fK�

RcB� @ 3 +514;,

Fhwwh ìtxdwlrq dx{ ydohxuv sursuhv hvw xqh iruph jìqìudolvìh gh od pdwulfh gh

gl�xvlrq g|qdpltxh +gl�xvlrq pxowlsoh, rewhqxh sdu Hzdog ^:4` srxu gìfuluh od gl�udfwlrq

ghv ud|rqv [ sdu ohv fulvwdx{1

Ohv ydohxuv sursuhv n� vrqw jìqìudohphqw frpsoh{hv hw v*ìfulyhqw gdqv oh fdv elgl0

phqvlrqqho frpph
�
n�8> n

�
5 @ n

�
5� . ln

�
52

�
> n�8 hvw grqqì vlpsohphqw sdu od frpsrvdqwh gx

yhfwhxu g*rqgh gh o*rqgh lqflghqwh gdqv oh sodq gh od vxuidfh n�8 @ n8 @ n�8= Dlqvl/ oh sure0

oëph uhylhqw ã wurxyhu ohv prghv sursuhv n�5 1 Od yduldwlrq gh n�5� hq irqfwlrq gh n8 oh orqj

gh od suhplëuh }rqh gh Eulorxlq grqqh od vxuidfh gh glvshuvlrq ghv prghv1 Wdqglv txh n�52

grqqh o*dwwìqxdwlrq gh fkdtxh prgh gh Eorfk oh orqj gh }=

Oh sureoëph jìqìudo dx{ ydohxuv sursuhv +5=4;, hvw hq jìqìudo gl!floh ã uìvrxguh

fdu ohv ydohxuv sursuhv n�5 vrqw frpsoh{hv fh txl frqgxlw ã wudydloohu dyhf ghv pdwulfhv

qrq0khuplwlhqqhv hw frpsoltxh ohv fdofxov1 Pdlv/ gdqv oh fdv g*xq uìvhdx gh ihqwhv xqlgl0

phqvlrqqho/ ghv vlpsol�fdwlrqv wuëv xwlohv shxyhqw íwuh lqwurgxlwhv hw shuphwwhqw/ sdu od

vxlwh/ od uìvroxwlrq qxpìultxh gx sureoëph1 F*hvw o*remhw gx sdudjudskh vxlydqw1

518 Fdv ghv uìvhdx{ xqlglphqvlrqqhov

Frqvlgìurqv xq uìvhdx xqlglphqvlrqqho dyhf ghv ihqwhv vxe0orqjxhxu g*rqgh/ gì0

srvì vxu xq vxevwudw +�UUU, hw hqwrxuì sdu xq plolhx glìohfwultxh +�U,1 Od odujhxu ghv ihqwhv/

od sìulrgh hw o*ìsdlvvhxu gx uìvhdx vrqw gìvljqìhv sdu g> d> k uhvshfwlyhphqw/ �jxuh +519,1
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Iljxuh 519= Vfkìpd gx uìvhdx gh ihqwhv xwlolvì gdqv ohv fdofxov

Od orqjxhxu g*rqgh gh od oxplëuh lqflghqwh gdqv oh ylgh hvw �=

Od uhodwlrq +5=4:, prqwuh txh od ghqvlwì gh fkdujh lqgxlwh hvw qxooh gdqv oh fdv gh

srodulvdwlrq WH +H hvw sdudooëooh dx{ ihqwhv,> fh txl vljql�h txh ohv sodvprqv gh vxuidfh/

txl vrqw ohv prghv g*rvfloodwlrqv gh fhwwh ghqvlwì gh fkdujh/ qh shxyhqw sdv h{lvwhu gdqv

oh fdv gh fhwwh srodulvdwlrq1 F*hvw srxu fhwwh udlvrq txh o*rq d fkrlvl g*ìwxglhu oh fdv gh od

srodulvdwlrq WP +K hvw sdudooëooh dx{ ihqwhv, rü ohv sodvprqv gh vxuidfh h{lvwhqw hw shxyhqw

íwuh h{flwìv1 Gdqv fh fdv sduwlfxolhu/ oh whuph yhfwrulho gdqv o*ìtxdwlrq +5=4;, vh vlpsol�h

��
n
� .J

�
� xRcB

�
�
��
n
� .J��� xRcB

�
@
�
n
� .J

� �
n
� .J�� @ +n% .J, +n% .J�,.

�
n�5
�2

rü n% hvw od frpsrvdqwh gx yhfwhxu g*rqgh gh o*rqgh lqflghqwh vhorq o*d{h {= Gdqv fh fdv

o*ìtxdwlrq dx{ ydohxuv sursuhv +5=4;, suhqg od iruph

[

C�

IC3C� +n% .J,
�
n% .J

��K�
�cC� .

�
n�5
�2
IC3C�K

�
�cC� � n2fK

�
�cC� @ 3 +514<,
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Fhwwh ìtxdwlrq pdwulflhooh shxw v*ìfuluh vrxv od iruph

D �K @
�
n�5
�2
F �K +5153,

vrlw

�
F
3�
D
�
�K @

�
n�5
�2
K +5154,

rü ohv ìohphqwv ghv pdwulfhv vrqw grqqìv sdu

DCC� @ IC3C� +n% .J,
�
n% .J

��� n2f�CC� +5155,

hw

FCC� @ �IC3C� +5156,

Ohv frh!flhqwv IC gh od vìulh gh Irxulhu gh �
" v*ìfulyhqw doruv vrxv od iruph

IC @

;
AA?

AA=

s
"r
. �3s

"6
Srxu J @ 3

i
�

�
"r
� �

"6

�
t�?E}_*2�
}_*2 Srxu J 9@ 3

+5157,

rü j @ 5�@d hvw oh sdv gx uìvhdx uìflsurtxh1 J @ qj> q ìwdqw xq hqwlhu1 Oh sdudpëwuh

i @ g@d hvw oh idfwhxu gh uhpsolvvdjh1 �6 hw �r vrqw ohv irqfwlrqv glìohfwultxhv gx pìwdo hw

gx glìohfwultxh txl uhpsol od ihqwh uhvshfwlyhphqw1

Srxu wurxyhu ohv lqwhqvlwìv gl�udfwìhv gdqv ohv gl�ìuhqwhv gluhfwlrqv/ rq grlw sdvvhu

sdu oh fdofxo ghv fkdpsv gdqv ohv gl�ìuhqwhv uìjlrqv L> LL/ LLL= Ohv fkdpsv pdjqìwltxhv

KU hw KUUU gdqv oh plolhx g*lqflghqfh hw oh vxevwudw vrqw h{sulpìv vhorq xq gìyhorsshphqw

gh Ud|ohljk ^98`

KU @ h{s ^l +n�%{. n�5},` .
[

C

UC h{s +�lnU5C}, h{s +ln%C{, +5158,

KUUU @
[

C

WC h{s ^�lnUUU5C +} � k,` h{s +ln%C{, +5159,
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Oh suhplhu whuph gdqv o*ìtxdwlrq +5=58, uhsuìvhqwh o*rqgh lqflghqwh1 UC hw WC vrqw ohv dpsol0

wlwxghv gh uì h{lrq hw gh wudqvplvvlrq gl�udfwìhv vhorq o*ruguh J= Ohv dxwuhv sdudpëwuhv vrqw

grqqìv sdu n�% @ nf�
�*2
U vlq +�, > n�5 @ nf�

�*2
U frv +�,> n%C @ n�%.J> nU5C @

�
�Un

2
f � n2%C

��*2
>

nUUU5C @
�
�UUUn

2
f � n2%C

��*2

Hq xwlolvdqw o*ìtxdwlrq +5=47, > rq wurxyh txh oh fkdps pdjqìwltxh ã o*lqwìulhxu gx

uìvhdx +uìjlrq LL, v*ìfulw vrxv od iruph

KUU @
[

C

5

7
[

�

#�K�
C h{s

�
ln�5}

�
6

8 h{s +ln%C{, +515:,

Ohv dpsolwxghv gh gl�udfwlrq UC hw WC dlqvl txh ohv h{flwdwlrqv ghv rqghv gh Eorfk #�

shxyhqw íwuh gìwhuplqìhv hq vdwlvidlvdqw ohv frqglwlrqv dx{ olplwhv gh +H>K, dx{ ghx{

lqwhuidfhv } @ 3 hw } @ k= Fhv frqglwlrqv shxyhqw v*ìfuluh frpph

;
AAAAAAAAAA?

AAAAAAAAAA=

K+ +} @ 3n, @ K+ +} @ 3
3,

K+ +} @ k
n, @ K+ +} @ k

3,

H% +} @ 3
n, @ H% +} @ 3

3,

H% +} @ k
n, @ H% +} @ k

3,

+515;,

Dsuìv oh ghyhorsshphqw ghv fdofxov rq rewlhqw

;
AAAAAAAAAAAA?

AAAAAAAAAAAA=

�UC .
S
� K

�
C#

� @ �Cf

&U5C
"U
UC .

S

�
n�5V

�
C#

� @ &�5
"U

WC �
S

�
K�
C h{s

�
ln�5k

�
#� @ 3

&UUU5C
"UUU

WC �
S

�
n�5V

�
C h{s

�
ln�5k

�
#� @ 3

+515<,

Fh v|vwëph g*ìtxdwlrqv olqìdluhv shxw íwuh uìvrox hq xwlolvdqw ohv pìwkrghv vwdq0

gdugv g*dojëeuh olqìdluh1
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519 Prgëoh dqdo|wltxh

Frqvlgìurqv xq �op pìwdooltxh +uìjlrq LL, g*ìsdlvvhxu k vxu ohtxho rq d judyì xq

uìvhdx xqlglphqvlrqqho gh ihqwhv gh odujhxu O vìsduìhv sdu xqh glvwdqfh d rx xq uìvhdx

fduuì elglphqvlrqqho gh wurxv f|olqgultxhv gh gldpëwuh g vìsduìv sìulrgltxhphqw sdu xqh

glvwdqfh d1 Oh �op hvw sodfì hqwuh ghx{ plolhx{ glìohfwultxhv hw krprjëqhv = uìjlrq L hw

uìjlrq LLL/ fdudfwìulvìv sdu ohv frqvwdqwhv glìohfwultxhv �U hw �UUU uhvsìfwlyhphqw1

Od irqfwlrq glìohfwultxh gx �op vwuxfwxuì hvw sìulrgltxh hw srvvëgh od píph sìulrg0

lflwì gx uìvhdx = �UU +{, @ �UU +{. qd, gdqv oh fdv ghv ihqwhv hw �UU +{> |, @ �UU +{. qd> | .pd,

gdqv oh fdv ghv wurxv/ rx q hw p vrqw ghv qrpeuhv hqwlhuv1 Od ydohxu pr|hqqh gh od irqfwlrq

glìohfwultxh hvw qìjdwlyh k�UUl @ �f ? 3=

Od vwuxfwxuh hvw looxplqìh hq lqflghqfh qrupdoh ã sduwlu gx plolhx L1 Juåfh ã od

prgxodwlrq sìulrgltxh/ ohv sodvprqv gh vxuidfh shxyhqw íwuh h{flwìv dx{ ghx{ lqwhuidfhv gh

fhwwh vwuxfwxuh1 Gdqv oh fdv g*xqh rqgh srodulvìh WP vh sursdjhdqw gdqv od gluhfwlrq { / oh

fkdps ìohfwurpdjqìwltxh v*ìfulw vrxv od iruph

H @+H%> 3> H5, h
�&%%3�/| . ff> K @+3>K+> 3, h

�&%%3�/| . ff +5163,

rx n% @
/

S
I
"U

hvw od frpsrvdqwh gx yhfwhxu g*rqgh gh o*rqgh lqflghqwh gdqv od gluhfwlrq {

Od irqfwlrq glìohfwultxh sìulrgltxh �UU shxw íwuh gìyhorssìh vhorq xqh vìulh gh

Irxulhu

�UU @
?'n"[

?'3"
�? h{s+lqj{, +5164,

rx j @ 5�@d hvw oh sdv gx uìvhdx uìflsurtxh gh od vwuxfwxuh gdqv od gluhfwlrq {1

Gdqv od uìjlrq LL/ rq v*lqwìuhvvh/ frpph rq o*d h{soltxì gdqv oh sdudjudskh +517,/

dx{ vroxwlrqv gh o*ìtxdwlrq gh Pd{zhoo +5144,/ txl v*ìfulyhqw vhorq xq gìyhorsshphqw g*rqghv
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gh Eorfk

HUU@
?'n"[

?'3"
H? h{s+lqj{, +5165,

Gdqv oh fdv gh uìvhdx{ gh wurxv/ rq d rplv ohv frpsrvdqwhv gh gìyhorsshphqw vhorq

od vìulh gh Irxulhu gdqv od gluhfwlrq | fdu rq qh frqvlgëuh gdqv fh wudlwhphqw vlpsol�ì txh

ohv srodulwrqv sodvprqv gh vxuidfh txl vh sursdjhqw gdqv od gluhfwlrq {1 Gh fhwwh pdqlëuh/

oh sureoëph elglphqvlrqqho vh uhgxlw ã xq sureoëph xqlglphqvlrqqho txl shxw íwuh uìvrox

qxpìultxhphqw hq vxlydqw xqh gìpdufkh vlplodluh ã fhooh gìyhorssìh gdqv oh sdudjudskh

+518,1 Srxu rewhqlu xqh vroxwlrq dqdo|wltxh/ rq wurqtxh ohv vìulhv gh Irxulhu gh od irqfwlrq

glìohfwultxh hw ghv fkdpsv hq qh frqvlgìudqw txh ohv wurlv suhplëuhv frpsrvdqwhv+04 /3/ 4,1

�UU v*ìfulw doruv vrxv od iruph

�UU +{, @ �f . ��f h{s +lj{, . �3�f h{s +�lj{, @ �f . 5��f frv j{ +5166,

Lo hvw lpsruwdqw gh vljqdohu ã fh vwdgh gh fdofxo txh fhwwh ghuqlëuh dssur{lpdwlrq

uìgxlw od vwuxfwxuh gh gìsduw ã xq uìvhdx xqlglphqvlrqqho dyhf xqh prgxodwlrq kduprqltxh

+vlqxvrlgdoh,1 Oh wudlwhphqw txl yd vxlyuh grqqh xqh vroxwlrq dqdo|wltxh srxu fh w|sh gh

uìvhdx{1

Oh fkdps ìohfwultxh gdqv oh �op shxw v*ìfuluh gdqv fh fdv vrxv od iruph ^73> :3`

HUU @ +D.E frv j{.F vlq j{, h
V5 +5167,

Od uìvroxwlrq gx sureoëph gdqv od uìjlrq LL vh uìgxlw grqf ã od gìwhuplqdwlrq ghv

prghv sursuhv gh Eorfk �� hw ghv wurlv yhfwhxuv gh gìyhorsshphqw D> E hw F=
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Hq gìyhorssdqw o*ìtxdwlrq +5144,/ rq rewlhqw

;
AA?

AA=

�
�UUn

2
f .

Y2

Y52

�
H% � Y2.5

Y5Y% @ 3

�
�UUn

2
f .

Y2

Y%2

�
H5 � Y2.%

Y5Y% @ 3

+5168,

Hq vxevwlwxdqw +5166,hw +5167, gdqv +5168,/ rq rewlhqw xq v|vwëph gh vl{ ìtxdwlrqv

srxu ohv vl{ dpsolwxghv D%(5/ E%(5> F%(5= Fh v|vwëph g*ìtxdwlrqv shxw íwuh glylvì hq ghx{

vrxv v|vwëphv lqgìshqgdqwv srxu ohv dpsolwxghv ghv fkdpsv D%/ E%> F5 hw D5/ E5> F%

uhvshfwlyhphqw1 Ohv frqglwlrqv gh vroydelolwì gh fhv ghx{ vrxv v|vwëphv g*ìtxdwlrqv grqqhqw

olhx ã vl{ ydohxuv sursuhv �� srvvleohv txl v*ìfulyhqw vrxv od iruph

�2�c2 @
4

5

�
j2 � 5�fn2f 	

t
je . ;���fn2f

�
�fn2f � j2

��
+5169,

�2� @ ��fn2f .
j2

4� 5��
+516:,

Vhxohphqw wurlv ghv vl{ ydohxuv sursuhv �� vrqw lqgìshqgdqwhv fdu �ecDcS @ ���c2c�

Oh fkdps ìohfwultxh gdqv od uìjlrq LL v*ìfulw gdqv oh fdguh gh fhwwh dssur{lpdwlrq

vrxv od iruph

HUU% @ +D�(% .E�(% frv j{, h
V�5 . +D2(% .E2(% frv j{, h

V25 .F�c% vlq +j{, h
V�5

.+d�(% . e�(% frv j{, h
3V�E5n�� . +d2(% . e2(% frv j{, h

3V2E5n�� . f�c% vlq +j{, h
3V�E5n��

HUU5 @ F�c5 vlq j{h
V�5 .F2(5 vlq j{h

V25 . +D�(5 .E�(5 frv j{, h
V�5 +516;,

.f�c5 vlq +j{, h
3V�E5n�� . f2c5 vlq +j{, h

3V2E5n�� . +d�(% . e�(% frv j{, h
3V�E5n�� +516<,

dyhf

D�c2(% @
��Un2f

�fn2f . �
2
�c2

E�c2(% / F�c2(5 @
j��c2

j2 � �fn2f
D�(5 @

���
�f
E�(5> F�(5 @

��
j
+5�� � 4,E�c5 +5173,
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Od uìvroxwlrq gh o*ìtxdwlrq +5144, gdqv ohv ghx{ uìjlrqv krprjëqhv grqqh

+l, gdqv od uìjlrq L +} A 3,

HU% @ D�?Sh
3�&U5 . uffh

�&U5 . +E% frv j{.F% vlq j{, h
3#U5

HU5 @ +E5 frv j{.F5 vlq j{, h
3#U5 +5174,

+ll, gdqv od uìjlrq LLL +} ? �k,

HUUU% @ wffh
�&UUUE5n�� . +e% frv j{. f% vlq j{, h

3#UUU E5n��

HUUU5 @ +e5 frv j{. f5 vlq j{, h
3#UUUE5n�� +5175,

dyhf

nUcUUU @ �UcUUUn
2
f> �2UcUUU @ j

2 � �UcUUUn2f +5176,

F5 @ �
j

�U
E%> F% @

�U
j
E5> f5 @

j

�UUU
e%> f% @ �

�UUU
j
e5 +5177,

hw D�?S> uff> wff vrqw ohv dpsolwxghv ghv rqghv lqflghqwh/ uì ìfklh hw wudqvplvh/ uhvshfwlyh0

phqw> jìqìudohphqw rq suhqg D�?S @ 4=

Oh whuph HU% gdqv o*ìtxdwlrq +5174, hvw od vrpph gh o*rqgh lqflghqwh/ gh o*rqgh

uì ìfklh hw g*xq wurlvlëph whuph txl uhsuìvhqwh od vrpph ghv ghx{ rqghv gl�udfwìhv gdqv oh

plolhx L dyhf ohv ruguhv +4/3, hw +04/3,1 Od frpsrvdqwh gx yhfwhxu g*rqgh gh fhv ghx{ rqghv

gl�udfwìhv gdqv od gluhfwlrq } hvw �U / gì�qlh gdqv o*ìtxdwlrq +5176,1 Fhwwh txdqwlwì v*dqqxoh

srxu

�U @ d
s
�U +5178,

Fhwwh orqjxhxu g*rqgh dsshoìh orqjxhxu g*rqgh gh Ud|ohljk fdudfwìulvh od wudqvl0

wlrq ghv ghx{ ruguhv gh gl�udfwlrq +4/3, hw +04/3, gh o*ìwdw g*rqghv sursdjdwlyhv +�U ? d
s
�U
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hw sdu frqvìtxhqw �U hvw sxuhphqw lpdjlqdluh, hw fhoxl g*rqghv ìydqhvfhqwhv +�U A d
s
�U hw

sdu frqvìtxhqw �U hvw uìho hw srvlwli,1 Hooh uhsuìvhqwh oh suhplhu w|sh g*dqrpdolhv gh Zrrg

tx*rq d phqwlrqqì gdqv oh sdudjudskh +515,1

Oh whuph HUUU% gdqv o*ìtxdwlrq +5175, hvw frpsrvì gh o*rqgh wudqvplvh hw od vrpph

ghv ghx{ rqghv gl�udfwìhv vhorq ohv gluhfwlrqv +4/ 3,/ +04/3, gdqv oh plolhx LLL1 Gdqv fh fdv

od orqjxhxu gh Ud|ohljk hvw grqqìh sdu

�UUU @ d
s
�UUU +5179,

Ohv dpsolwxghv gh uì h{lrq uff hw gh wudqplvvlrq wff> dlqvl txh o*hqvhpeoh ghv

frh!flhqwv +D/ E/ F/ d/ e/ f, shxyhqw íwuh gìwhuplqìv hq vdwlvidlvdqw ohv frqglwlrqv dx{

olplwhv dx{ ghx{ lqwhuidfhv } @ 3 hw } @ k= Hq xwlolvdqw ohv ìtxdwlrqv +5173, hw +5177, hw ghv

uhodwlrqv dqdorjxhv hqwuh d�%c2%> e�%c2% hw f�5c25> oh v|vwëph g*ìtxdwlrqv uìvxowdqw shxw íwuh

uìgxlw ã xq v|vwëph gh 7 ìtxdwlrqv gì�qlvvdqw 7 dpsolwxghv D�%c2% hw d�%c2% hq irqfwlrq gh

o*dpsolwxgh gh o*rqgh lqflghqwh D�?S
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+517:,

Srxu vlpsol�hu ohv fdofxov rq d gì�ql/ gdqv o*ìtxdwlrq pdwulflhooh +517:,/ ohv sdudpëwuhv

vxlydqwv

I�c2 @
�U
�U
.

�f��c2
j2 � �fn2f

> �I�c2 @
�U
�U
� �f��c2
j2 � �fn2f

i�c2 @
�UUU
�UUU

.
�f��c2

j2 � �fn2f
> �i�c2 @

�UUU
�UUU

� �f��c2
j2 � �fn2f

+517;,
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��c2 @ nU . l��c2> #�c2 @ nUUU . l��c2> *�c2 @ ��c2 . �fn
2
f +517<,

Od uìvroxwlrq gx v|vwëph g*ìtxdwlrqv +517:, grqqh D�%c2% @ ��c2@� hw d�%c2% @

��ce@�> rx � @ghw^P ` hvw oh gìwhuplqdqw gh od pdwulfh 7{7 gì�qlh ã jdxfkh gh o*ìtxdwlrq

+517:, hw ��c2c�ce vrqw ohv gìwhuplqdqwv ghv pdwulfhv rewhqxhv ã sduwlu gh od pdwulfh P hq

uhpsodêdqw od frorqqh fruuhvsrqgdqwh sdu od frorqqh gì�qlh ã od gurlwh gh o*ìtxdwlrq +517:,1

Gdqv fh fdv/ ohv dpsolwxghv gh uh h{lrq hw gh wudqvplvvlrq vrqw grqqìhv vrxv od iruph

wff @
4

�

�
��h

3V�� .�2h
3V2� .�� .�e

�
+5183,

uff @
4

�

�
�� .�2 .��h

3V�� .�eh
3V2�

�
�D�?S +5184,

Ohv frh!flhqwv gh wudqvplvvlrq hw gh uì h{lrq vrqw gì�qlv frpph Wff @ mwff@D�?Sm2

hw Uff @ muff@D�?Sm2 = Vl rq frqvlgëuh gdqv od vwuxfwxuh suìfìghqwh/ txh �U ? �UUU > doruv srxu

ohv orqjxhxuv g*rqgh � A �UUU @ d
s
�UUU wrxv ohv ruguhv gh gl�udfwlrq vrqw ìydqhvfhqwv hw

rq qh gìwhfwh gdqv oh fkdps orlqwdlq txh od wudqvplvvlrq hw od uì h{lrq gh o*ìfkdqwloorq1 Oh

frh!flhqw g*devruswlrq v*ìfulw gdqv fh fdv vrxv od iruph

D @ 4� Wff �Uff +5185,

Fh prgëoh dqdo|wltxh qh grqqh txh ohv ghx{ slfv lqgh{ìv +4/3,UcUUU gþv dx{ uì0

vrqdqfhv ghv sodvprqv gh vxuidfh gh fkdfxqh ghv ghx{ lqwhuidfhv gx �op1 Lo vhud xwlolvì

gdqv oh fkdslwuh 7 srxu vlpxohu od wudqvplvvlrq h{wudruglqdluh sdu ghv uìvhdx{ gh wurxv vxe0

orqjxhxu g*rqgh judyìv vxu ghv �opv rsdtxhv g*ru hw srxu ìwxglhu o*lq xhqfh ghv gl�ìuhqwv

sdudpëwuhv gh od vwuxfwxuh vxu fh skìqrpëqh1 Gh soxv/ hq xwlolvdqw od irqfwlrq glìohfwultxh

gx pìwdo gìwhuplqìh ã sduwlu ghv phvxuhv vshfwurwhpsruhoohv gh od wudqvplvvlrq hw gh od

uì h{lrq gl�ìuhqwlhoohv vxu ghv �opv plqfhv g*ru/ fh prgëoh qrxv shuphwwud dxvvl gh vlpxohu
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qrv uìvxowdwv h{sìulphqwdx{ vxu od g|qdpltxh ihpwrvhfrqgh gdqv fhv uìvhdx{1
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Fkdslwuh 6

Surwrfrohv H{sìulphqwdx{ hw

Hfkdqwloorqv

Ohv suhplëuhv sduwlhv gh fh fkdslwuh vrqw frqvdfuìhv g*xqh sduw dx{ qrwlrqv gh edvh

gh jìqìudwlrq/ sursdjdwlrq/ dpsol�fdwlrq hw fdudfwìulvdwlrq ghv lpsxovlrqv odvhu xowudeuëyhv

hw g*dxwuh sduw ã od ghvfulswlrq ghv prqwdjhv txh qrxv dyrqv xwlolvìv srxu qrv h{sìulhqfhv1

Od ghuqlëuh sduwlh hvw ghvwlqìh ã od ghvfulswlrq ghv gl�ìuhqwv ìfkdqwloorqv xwlolvìv gdqv qrv

phvxuhv hw ohxuv pìwkrghv g*ìoderudwlrq1

614 Sursdjdwlrq ghv lpsxovlrqv odvhu xowudeuëyhv

Ohv lpsxovlrqv xowudeuëyhv gìvljqhqw jìqìudohphqw ghv lpsxovlrqv odvhu grqw od

gxuìh hvw gh o*ruguh gh od slfrvhfrqgh
�
4 sv @ 433�2v

�
rx gh od ihpwrvhfrqgh

�
4 iv @ 433�Dv

�
1

O*xwlolvdwlrq gx whuph �xowudeuëyh� srxu gìvljqhu ghv lpsxovlrqv ihpwrvhfrqghv gdqv oh gr0

pdlqh gx ylvleoh hw lqiudurxjh hvw sduidlwhphqw mxvwl�ìh/ fdu od gxuìh g*xq vhxo f|foh gh
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od oxplëuh ylvleoh hvw gh o*ruguh gh 5 iv1 Od surgxfwlrq ghv lpxsovlrqv soxv frxuwhv txh

txhotxhv ihpwrvhfrqghv qìfhvvlwh g*doohu dx0ghoã gx vshfwuh ylvleoh f0ã0g yhuv od uìjlrq gh

o*xowudylrohw hw ghv ud|rqv [1 Hq udlvrq gh od uhodwlrq gh Irxulhu whpsv0iuìtxhqfh fhv lp0

sxovlrqv srvvëghqw ìjdohphqw xqh edqgh vshfwudoh wuëv odujh1 Sdu dloohxuv/ ghv sxlvvdqfhv

fuíwhv wuëv lpsruwdqwhv shxyhqw íwuh rewhqxhv/ o*ìqhujlh ìwdqw frqfhqwuìh gdqv xqh jdpph

gh whpsv wuëv euëyh1

Od sursdjdwlrq ghv lpsxovlrqv xowudeuëyhv hvw uìjlh sdu ohv píphv ìtxdwlrqv txl

jrxyhuqhqw od sursdjdwlrq ghv rqghv ìohfwurpdjqìwltxhv gh idêrq jìqìudoh1 Fhshqgdqw/ fhu0

wdlqhv sursulìwìv rswltxhv qrq0olqìdluhv/ dlqvl txh od glvshuvlrq gh od ylwhvvh gh jurxsh oruv gh

od sursdjdwlrq gh fhv lpsxovlrqv gdqv ohv pdwìuldx{ vrqw frqvlgìudeohphqw dpsol�ìhv1 Gdqv

fhwwh sduwlh/ qrxv glvfxwhurqv ohv h�hwv gh od glvshuvlrq vxu od sursdjdwlrq gh o*lpsxovlrq

xowudeuëyh dlqvl txh ohv h�hwv qrq0olqìdluhv g*dxwrprgxodwlrq gh skdvh hw g*dxwrirfdolvdwlrq1

61414 Glvshuvlrq ^:5/:6`

Od sursdjdwlrq g*xqh rqgh ìohfwurpdjqìwltxh hvw uìjlh sdu o*ìtxdwlrq g*rqgh gì0

gxlwh ghv ìtxdwlrqv gh Pd{zhoo1 O*ìtxdwlrq g*rqgh srxu oh fkdps ìohfwultxh gdqv xq plolhx

krprjëqh hw qrq pdjqìwltxh +� @ 4, hvw

u
2
H� �C

2
H

f2Cw2
@ 3 +614,

rü � hvw od irqfwlrq glìohfwultxh gh fh plolhx1 O*ìtxdwlrq +614, srvvëgh ghv vroxwlrqv gh od

iruph

H @ Hfh
�E!h3/|� dyhf n @

s
�

f
$ +615,
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Oh fkdps ìohfwultxh gh o*rqgh lqgxlw xqh srodulvdwlrq gdqv oh plolhx = S @ "H> rü " hvw

od vxvfhswlelolwì olqìdluh1 Oh fkdps gh gìsodfhphqw gdqv fh plolhx v*ìfulw vrxv od iruph

G @ H.7�S @ +4 . 7�",H @ �H= Od irqfwlrq glìohfwultxh � hvw xqh txdqwlwì frpsoh{h txl

gìshqg gh od iuìtxhqfh hw fdudfwìulvh od uìsrqvh rswltxh gx plolhx1 O*lqglfh gh uìiudfwlrq

gx plolhx hvw gì�ql sdu

�q @
s
� +616,

Doruv oh yhfwhxu g*rqgh n shxw v*ìfuluh vrxv od iruph

n @
�q$

f
@ � . l

�

5
+617,

rü � hvw oh frh!flhqw g*devruswlrq gx plolhx txl grqqh od gìfurlvvdqfh h{srqhqwlhooh gh

o*lqwhqvlwì gh o*rqgh hq irqfwlrq gh od glvwdqfh gh sursdjdwlrq }

L @ Lfh
3k5 +618,

Od glvshuvlrq gx plolhx hvw gìwhuplqìh sdu oh frh!flhqw �1 Vl rq frqvlgëuh od

sursdjdwlrq g*xqh lpsxovlrq ã wudyhuv xq plolhx wudqvsduhqw +� @ 3, g*ìsdlvvhxu O/ doruv oh

fkdps shxw dftxìulu xqh skdvh gìshqgdqw gh od iuìtxhqfh

! +$, @ � +$,O +619,

hw v*ìfulud +gdqv od uhsuìvhqwdwlrq hq iuìtxhqfhv, vrxv od iruph

HJ�| +$, @ h
��E/�H�? +$, +61:,

rü H�? hw HJ�| vrqw uhvshfwlyhphqw ohv fkdpsv lqflghqw hw wudqvplv1

Lo hvw frpprgh gh gìyhorsshu � hq vìulh gh Wd|oru dx yrlvlqdjh gh od iuìtxhqfh

fhqwudoh $f srxu h{dplqhu ohv h�hwv ghv frh!flhqwv gh gìyhorsshphqw vxu od iruph gh
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o*lpsxovlrq

� +$, @ �f . �
� +$ � $f, .

4

5
�
��

+$ � $f,2 . === +61;,

Oh frh!flhqw g*ruguh }ìur �f hvw vlpsohphqw xq gìfdodjh gh skdvh frqvwdqw hw lo

q*d dxfxq h�hw vxu od iruph gh o*lpsxovlrq1 �� hvw o*lqyhuvh gh od ylwhvvh gh jurxsh gx sdtxhw

g*rqgh Y} txl v*h{sulph vrxv od iruph

Y} @
g$

g�
m/f @

4

�
�

+61<,

Vl rq frqvlgëuh txh wrxv ohv frh!flhqwv vxshulhxuv ã o*ruguh xq gdqv oh gìyhorssh0

phqw +6=;, vrqw qxov/ doruv o*hqyhorssh gx sdtxhw g*rqgh vh sursdjh vdqv vh gìiruphu dyhf

od ylwhvvh Y}1 Grqf/ �
�� hvw oh suhplhu whuph txl dowëuh od iruph gh o*lpsxovlrq/ fh frh!flhqw

shxw v*ìfuluh vrxv od iruph

��� @
g2�

g$2
m/f @

g

g$

�
4

Y} +$,

�

/f

@ � �2

5�f
G> dyhf G @

4

O

gw}
g�

+6143,

G hvw oh sdudpëwuh gh glvshuvlrq h{sulpì hq irqfwlrq gx uhwdug gh jurxsh w} rewhqx

oruv gh od sursdjdwlrq vxu xqh glvwdqfh O1 Gdqv oh vshfwuh ylvleoh/ od soxsduw ghv ìoìphqwv

rswltxhv wudqvsduhqwv rqw xqh glvshuvlrq srvlwlyh +G ? 3,1 l1h1 ohv frpsrvdqwhv gx fkdps

gh iuìtxhqfh urxjh vh sursdjhqw soxv ylwh txh fhoohv gh iuhtxhqfh eohxh1 Grqf/ o*h�hw gh ���

vh pdqlihvwh sdu o*dssdulwlrq g*xqh gìulyh gh iuìtxhqfh +fklus, fruuhvsrqgdqw ã xq ìwdohphqw

gdqv oh whpsv ghv frpsrvdqwhv vshfwudohv gh o*lpsxovlrq1 Ohv frpsrvdqwhv edvvh iuìtxhqfh

suìfëghqw fhoohv gh soxv kdxwh iuìtxhqfh1 Hq frqwuhfduudqw dvwxvflhxvhphqw fhw h�hw/ rq

duulyh ã frpsulphu whpsruhoohphqw xqh lpsxovlrq1
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61415 Dxwrprgxodwlrq gh skdvh

Hq udlvrq gh od judqgh lqwhqvlwì ghv lpsxovlrqv xowudeuëyhv/ ohv h�hwv qrq0olqìdluhv

mrxhqw xq u÷oh lpsruwdqw gdqv ohxu sursdjdwlrq1 Hq gìyhorssdqw od srodulvdwlrq lqgxlwh

gdqv oh plolhx rü vh sursdjh o*lpsxovlrq hq irqfwlrq ghv sxlvvdqfhv gh fkdps ìohfwultxh/ rq

rewlhqw

S @ "E��H . "E2�HH . "E��HHH . === +6144,

Oh suhplhu whuph fruuhvsrqg dx whuph ruglqdluh gh od sursdjdwlrq olqìdluh/ doruv

txh ohv whuphv g*ruguhv vxsìulhxuv gìfulyhqw od uìsrqvh qrq0olqìdluh txl lqwurgxlw xqh gìshq0

gdqfh gh od sursdjdwlrq hq irqfwlrq gh o*lqwhqvlwì hw txl pìodqjh ohv gl�ìuhqwhv iuìtxhqfhv

hqwuh hoohv1 "E2� hvw qxo srxu ohv plolhx{ fhqwurv|pìwultxhv1 Hq jìqìudo/ ohv frh!flhqwv gh od

vxvfhswlelolwì vrqw ghv whqvhxuv1 Sdu h{hpsoh "E�� hvw xq whqvhxu g*ruguh 71 Srxu vlpsol�hu

od glvfxvvlrq/ qrxv vxssrvhurqv gdqv fh txl vxlw txh oh plolhx hvw lvrwursh hw sdu frqvìtxhqw/

"E�� ghylhqw xq vfdodluh1 Oh grpdlqh ghv skìqrpëqhv qrq0olqhdluhv hvw wuëv ydvwh hw qrxv

qh qrxv lqwìuhvvhurqv lfl tx*ã xqh vhxoh qrq0olqìdulwì g*ruguh 6 txl d srxu h�hw g*lqwurgxluh

xqh prgxodwlrq gh o*lqglfh gh uìiudfwlrq hq irqfwlrq gh o*lqwhqvlwì

Frqvlgìurqv oh whuph gh od srodulvdwlrq g*ruguh 6 vxlydqw

S E�� +$, @ 6"E��H +$,HW +$,H +$, @ 6"E��L +$,H +$, +6145,

dyhf L +$, @ H +$,HW +$, hvw o*lqwhqvlwì gh o*lpsxovlrq= Hq frpelqdqw fh whuph dyhf oh whuph

gh od uìsrqvh olqìdluh/ rq wurxyh

S @ S E�� . S E�� @
�
"E�� . 6"E��L

�
H @ "essH +6146,

rü "ess hvw xqh vxvfhswlelolwì h�hfwlyh gìshqgdqw gh o*lqwhqvlwì1 O*lqglfh gh uìiudfwlrq
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Iljxuh 614= Dxwrprgxodwlrq gh skdvh g*xq idlvfhdx jdxvvlhq gdqv xq plolhx dyhf q2 A 3=
+d, Oh idlvfhdx lqlwldo1 +e, Od uìsduwlwlrq whpsruhooh ghv iuìtxhqfhv jìqìuìhv1 +f, Ohv
prgl�fdwlrqv dssruwìhv dx{ rvfloodwlrqv gh o*lpsxovlrq wudyhuvdqw fh plolhx



;;

fruuhvsrqgdqw v*ìfulw frpph

q @
s
� @

t
4 . 7�"ess +6147,

Vl od frqwulexwlrq qrq0olqìdluh hvw uhodwlyhphqw idleoh/ q shxw íwuh gìyhorssì dxwrxu gh vd

ydohxu ruglqdluh frpph

q @
s
4 . 7�"f .

9�"E��L
s
4 . 7�"f

@ qf .
9�"E��

qf
L @ qf . q2L +6148,

Fh skìqrpëqh hvw dsshoì h�hw Nhuu hw q2 uhsuìvhqwh o*lqglfh qrq0olqìdluh1 Od

gìshqgdqfh gh o*lqglfh gh uìiudfwlrq hq irqfwlrq gh o*lqwhqvlwì surgxlw xqh prgxodwlrq gh od

skdvh oh orqj gh od gxuìh gh o*lpsxovlrq1 Rq shxw fdofxohu oh uhwdug gh skdvh/ �!> gþ ã od

sursdjdwlrq gh o*lpsxovlrq gdqv xq plolhx gh orqjxhxu O/ hq oh uholdqw dx fkhplq rswltxh

h�hfwli qO>

�!
5�

@
qO

�
+6149,

! @
�5�
�
O +qf . q2L, +614:,

Od prgxodwlrq gh skdvh gìshqgdqw gh o*lqwhqvlwì surgxlw xq gìfdodjh gh iuìtxhqfh

gìshqgdqw gx whpsv

�$ @
g!

gw
@
�5�Oq2
�

gL

gw
+614;,

Od �jxuh +614, uhsuìvhqwh oh gìfdodjh hq iuìtxhqfh g*xqh lpsxovlrq jdxvvlhqqh1 Srxu q2 A 3/

fh txl hvw oh fdv srxu od soxsduw ghv pdwìuldx{/ od sduwlh dydqw gh o*lpsxovlrq hvw gìfdoìh

yhuv oh urxjh/ doruv txh od sduwlh duulëuh hvw gìfdoìh yhuv oh eohx1 Grqf/ o*dxwrprgxodwlrq

gh skdvh hqwudñqh o*dssdulwlrq gh qrxyhoohv iuìtxhqfhv = ghv edvvhv iuìtxhqfhv vxu oh iurqw

prqwdqw hw ghv kdxwhv iuìtxhqfhv vxu oh iurqw ghvfhqgdqw1 Sdu frqvìtxhqw/ o*dxwrprgxodwlrq

gh skdvh mrxh xq u÷oh lpsruwdqw gdqv od jìqìudwlrq gh od oxplëuh eodqfkh1
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61416 Dxwrirfdolvdwlrq

O*dxwrprgxodwlrq gh skdvh ìyrtxìh gdqv od vhfwlrq suìfìghqwh hvw od frqvìtxhqfh

whpsruhooh gh o*h�hw Nhuu1 Gdqv fhwwh vhfwlrq/ qrxv qrxv lqwìuhvvhurqv ã od frqvìtxhqfh

vsdwldoh gh fhw h�hw hw tx*rq dsshooh dxwrirfdolvdwlrq1 Vl oh sur�o gx idlvfhdx hvw grqqì sdu

L +u, > doruv o*lqglfh gh uìiudfwlrq gx plolhx hvw vlpsohphqw

q @ qf . q2L +u, +614<,

Od frqvìtxhqfh gh fhwwh uhodwlrq srxu xq idlvfhdx jdxvvlhq vh sursdjhdqw gdqv xq

plolhx grqw o*lqglfh q2 hvw srvlwli/ hvw txh o*lqglfh gh uìiudfwlrq hvw soxv judqg dx fhqwuh gx

idlvfhdx txh vxu vhv erugv1 Oruv gh od wudyhuvìh g*xqh idleoh ìsdlvvhxu Of gx pdwìuldx qrq0

olqìdluh/ o*h�hw g*xq who judglhqw g*lqglfh hvw vwulfwhphqw dqdorjxh ã fhoxl surgxlw sdu xqh

ohqwlooh frqyhujhqwh frqvwlwxìh g*xq pdwìuldx g*lqglfh qf/ hw lpsrvdqw xq fkhplq rswltxh

o +u, soxv orqj hq vrq fhqwuh tx*hq vhv erugv vxlydqw od orl

o +u, @ Of

�
4 .

q2
qf
L +u,

�
+6153,

Oruvtxh o*lpsxovlrq vh sursdjh gdqv xq plolhx ìsdlv/ fh surfhvvxv hvw dffhqwxì fdu od irfdol0

vdwlrq gx idlvfhdx hqwudñqh xqh dxjphqwdwlrq gh L +u, wrxw dx orqj gh od wudyhuvìh gx plolhx1

Od glplqxwlrq gh od irfdoh gh od ohqwlooh v*duuíwh oruvtxh od wdlooh gx idlvfhdx hvw vx!vdpphqw

shwlwh srxu txh od gl�udfwlrq v*ìtxloleuh dyhf o*h�hw Nhuu +�jxuh 615,1 Fhw h�hw txl sruwh oh

qrp gh ohqwlooh Nhuu/ hvw h{sorlwì/ frpph rq oh yhuud gdqv fh txl vxlw/ gdqv xqh whfkqltxh

gh eorfdjh gh prghv dsshoìh/ mxvwhphqw/ eorfdjh ghv prghv sdu ohqwlooh Nhuu �Nhuu0ohqv

prgh orfnlqj � rx �NOP�1
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Iljxuh 615= Dxwrirfdolvdwlrq g*xq idlvfhdx odvhu wudyhuvdqw xq plolhx qrq olqìdluh dyhf q2 A 3

615 Jìqìudwlrq ghv lpsxovlrqv odvhu xowudeuëyhv ^:7`

Dfwxhoohphqw/ lo h{lvwh soxvlhxuv w|shv gh odvhuv txl surgxlvhqw ghv lpsxovlrqv

ihpwrvhfrqghv1 Xq h{hpsoh w|sltxh g*xqh fdylwì odvhu ihpwrvhfrqgh hvw vfkìpdwlvìh vxu od

�jxuh 6161 Fhwwh ghuqlëuh frqwlhqw wurlv ìoìphqwv hvvhqwlhov = xq plolhx gh jdlq/ xq ìoìphqw

srxu oh eorfdjh ghv prghv hw xq ìoìphqw srxu frpshqvhu od glvshuvlrq gh od ylwhvvh gh jurxsh

+GYJ, uìvxowdqw gh od sursdjdwlrq gh o*lpsxovlrq gdqv ohv gl�ìuhqwv ìoìphqwv glvshuvliv gh

od fdylwì1 Oh plolhx gh jdlq grlw dyrlu xqh odujhxu vshfwudoh gdqv vd frxueh gh jdlq dvvh}

judqgh srxu shphwwuh ã xq judqg qrpeuh gh prghv gh �odvhu� vlpxowdqìphqw1 Xqh irlv

txh fhv prghv vrqw eortxìv hq skdvh/ lov iruphqw xqh lpsxovlrq txl flufxoh gdqv od fdylwì hw

grqw xqh iudfwlrq hvw ìmhfwìh kruv gh od fdylwì ã wudyhuv xq frxsohxu gh vruwlh1 Rq surgxlw

dlqvl xq wudlq g*lpsxovlrqv hvsdfìhv sdu oh whpsv g*doohu0uhwrxu gdqv od fdylwì1 Xq h{hpsoh

gh odvhu ihpwrvhfrqgh hvw suìvhqwì vxu od �jxuh +617,/ lo v*djlw g*xq odvhu vrolgh rü oh plolhx
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Iljxuh 616= Hoìphqwv gh edvh g*xqh fdylwì odvhu ihpwrvhfrqgh

Iljxuh 617= Odvhu ihpwrvhfrqgh Wlwdqh = Vdsklu
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gh jdlq hvw xq fulvwdo gh vdsklu grsì sdu ghv lrqv Wlwdqh +Wl = Do2R�,1 Vleehww hw do ^:8`

rqw prqwuì srxu od suhplëuh irlv hq 4<<4 txh fh w|sh gh odvhu hvw fdsdeoh gh surgxluh ghv

lpsxovlrqv xowudeuëyhv1 Od fdylwì Wlwdqh0vdsklu vh fdudfwìulvh sdu xqh judqgh vwdelolwì/ xqh

sxlvvdqfh lpsruwdqwh dlqvl t*xqh fhuwdlqh dffrugdelolwì fdu oh vshfwuh gh jdlq gx Wl =Vd hvw

wuëv odujh +frpsduì ã fhoxl ghv frorudqwv sdu h{hpsoh,1 Gdqv o*h{hpsoh suìfìghqw gx odvhu

Wlwdqh0vdsklu/ oh eorfdjh gh prghv hvw dvvxuì sdu h�hw Nhuu hw od frpshqvdwlrq gh od GYJ

hvw dvvxuìh sdu ghv sulvphv1 Gdqv ohv vhfwlrqv vxlydqwhv qrxv h{dplqhurqv g*xqh idêrq soxv

gìwdlooìh ohv qrwlrqv gh jdlq/ eorfdjh gh prghv hw frpshqvdwlrq gh GYJ

61514 Plolhx gh jdlq

Hq udlvrq gh od uhodwlrq iuìtxhqfh
whpsv txl olh xqh lpsxovlrq whpsruhooh ã vd

wudqvirupìh gh Irxulhu vshfwudoh

�w�� � N +6154,

rü N hvw xqh frqvwdqwh txl gìshqg gx sur�o whpsruho ghv lpsxovlrqv/ lo hvw lqglvshqvdeoh

srxu oh plolhx gh jdlq g*dyrlu xqh odujh frxueh gh jdlq vl o*rq yhxw rewhqlu ghv lpsxo0

vlrqv euëyhv1 Soxv od odujhxu gh od edqgh gh  xruhvfhqfh �� hvw judqgh/ soxv od gxuìh

gh o*lpsxovlrq hvw frxuwh1 Ohv lpsxovlrqv vrqw glwhv �olplwìhv sdu wudqvirupìh gh Irxulhu�

vl o*ìjdolwì hvw yìul�ìh gdqv o*ìtxdwlrq +6154,1 Oh idfwhxu gh pìulwh vrxyhqw xwlolvì srxu

frpsduhu ohv gl�ìuhqwv plolhx{ gh jdlq hvw

P @ ���� +6155,

rü � hvw od ydohxu gx slf gh od vhfwlrq h!fdfh g*ìplvvlrq vwlpxoìh hw � hvw oh whpsv gh

 xruhvfhqfh1 Soxv oh surgxlw �� hvw judqg/ soxv oh vhxlo gh srpsdjh hvw idleoh1 Vl�� hvw soxv
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judqg txh fh txl hvw qìfhvvdluh srxu surgxluh ghv lpsxovlrqv d|dqw od gxuìh gìvluìh/ rq shxw

doruv dffrughu hq iuìtxhqfh o*ìplvvlrq odvhu1 Sdupl ohv dxwuhv fdudfwìulvwltxhv gìvludeohv srxu

xq plolhx gh jdlq/ rq shxw flwhu = xqh edqgh g*devruswlrq dgdswìh dx{ vrxufhv gh srpsdjh

h{lvwdqwhv/ xqh erqqh frqgxfwlylwì wkhupltxh/ xqh vwdelolwì skrwrfklpltxh hw xqh vwdelolwì

pìfdqltxh1 Srxu ghv udlvrqv gh frpsdflwì hw gh idflolwì srxu ohv dssolfdwlrqv lqgxvwulhoohv

hw pìglfdohv/ xqh ghv whqgdqfhv dfwxhoohv gdqv fh grpdlqh hvw o*ìoderudwlrq ghv plolhx{

gh jdlq srpsìv gluhfwhphqw sdu ghv glrghv odvhu gh sxlvvdqfh shuirupdqwhv whoohv txh ohv

glrghv odvhu hq DoJdDv/ ìphwwdqw yhuv ;3; qp rx hq LqJdDv/ ìphwwdqw yhuv <730<;3 qp1

61515 Eorfdjh gh prghv ^:9`

Xqh fdylwì odvhu srvvëgh ghv prghv orqjlwxglqdx{ vdwlvidlvdqw i? @ qf@5O> rü O

hvw od orqjxhxu gh od fdylwì1 Oh fkdps odvhu shxw vh gìyhorsshu vxu od edvh frqvwlwxìh sdu

fhv prghv1 Fhshqgdqw/ oh qrpeuh gh prghv srxydqw rvfloohu gdqv xqh fdylwì odvhu hvw olplwì

sdu od frxeh gh jdlq gx plolhx dfwli/ gh vruwh txh o*rq d

H +w, @
�[

?'�

H? +w, @
�[

?'�

D? h{s +l +$?w. *?,, +6156,

rü Q hvw oh qrpeuh gh prghv orqjlwxglqdx{ sduwlflsdqw ã o*ìplvvlrq odvhu1 Fhod uhylhqw ã

gluh txh vhxov ohv prghv srxu ohvtxhov oh jdlq hvw vxsìulhxu dx{ shuwhv gh od fdylwì shxyhqw

vh sursdjhu1 Q shxw ydulhu gh txhotxhv xqlwìv +srxu ohv odvhu Kh0Qh, ã txhotxhv 43e +srxu

oh odvhu Wl=Vd sdu h{hpsoh,1

Gdqv oh fdv gx uìjlph frqwlqx/ od sxlvvdqfh gh vruwlh g*xq odvhu pxowlprgh q*hvw

sdv uljrxuhxvhphqw frqvwdqwh1 Hq h�hw/ ohv  xfwxdwlrqv gh fhwwh sxlvvdqfh surylhqqhqw

gh o*rvfloodwlrq vlpxowdqìh gh soxvlhxuv prghv orqjlwxglqdx{1 Vl od odujhxu vshfwudoh gh od
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Iljxuh 618= Hyroxwlrq whpsruhooh gh o*lqwhqvlwì gh vruwlh g*xq odvhu frqwlqx pxowlprghv

Iljxuh 619= +d, Wudlq gh sdtxhwv g*rqgh g*xq odvhu ihpwrvhfrqgh eortxì hq prghv1 +e,
Prghv orqjlwxglqdx{ gh od fdylwì odvhu

frxueh gh jdlq +��, gx plolhx dpsol�fdwhxu hvw vx!vdpphqw judqgh srxu txh soxvlhxuv

prghv rvfloohqw hq píph whpsv/ hw vdqv frqwu÷oh gh ohxu skdvh whpsruhooh/ od sxlvvdqfh gh

vruwlh hvw doruv �euxlwìh� = lo v*djlw g*xqh vxffhvvlrq gh pd{lpd doìdwrluhphqw uìsduwlv gdqv

oh whpsv +�jxuh 618,1 Sdu frqwuh/ vl sdu xq surfìgì txhofrqtxh rq sduylhqw ã v|qfkurqlvhu

od skdvh gh vhv prghv orqjlwxglqdx{ +*? @ 3,/ rq edvfxoh doruv yhuv xq uìjlph lpsxovlrqqho1

Od sxlvvdqfh gx odvhu vh suìvhqwhud vrxv od iruph g*xqh vxffhvvlrq gh sdtxhwv gh pd{lpd/

vìsduìv sdu xqh gxuìh ìjdoh ã o*lqyhuvh gh o*ìfduw iuìtxhqwlho hqwuh ghx{ prghv vxffhvvliv

�jxuh+619,1 Ohv prghv orqjlwxglqdx{ vrqw glwv doruv v|qfkurqlvìv rx eortxìv hq skdvh1 Od

fdghqfh ghv lpsxovlrqv hvw ìjdoh ã o*lqyhuvh gx whpsv doohu0uhwrxu g*xqh lpsxovlrq gdqv od



<8

fdylwì = �i @ i?�i?3� @ 4@W- @ f@5O1 Srxu xqh orqjxhxu gh fdylwì w|sltxh g*hqylurq xq

pëwuh/ od fdghqfh ghv lpsxovlrqv odvhu surgxlwhv sdu eorfdjh gh prghv vhud grqf gh o*ruguh

gh od fhqwdlqh gh pìjdkhuw}1

Ohv pìwkrghv gh eorfdjh ghv prghv vh glvwlqjxhqw hq ghx{ fdwìjrulhv sulqflsdohv =

eorfdjh dfwli ghv prghv hw eorfdjh sdvvli ghv prghv1 Oh eorfdjh ghv prghv sdvvli hvw edvì

vxu o*lgìh gh idyrulvhu xqh iruwh frqfhqwudwlrq g*ìqhujlh hq xq srlqw gh od fdylwì hq lqvìudqw

xq plolhx qrq olqìdluh1 Vl ohv frqglwlrqv vrqw elhq fkrlvlhv/ fhod vh wudgxlw sdu od irupdwlrq

g*xqh lpsxovlrq xqltxh vh sursdjhdqw gdqv od fdylwì1 Vìohfwlrqqhu xq pd{lpxp g*lqwhqvlwì

xqltxh +srxu xq doohu gdqv od fdylwì, gdqv oh grpdlqh whpsruho ìtxlydxw ã ìwdeolu xqh uh0

odwlrq gh skdvh hqwuh ohv prghv orqjlwxglqdx{ gdqv oh grpdlqh vshfwudo1 Fhwwh pìwkrgh

qìfhvvlwh o*xwlolvdwlrq g*xq devruedqw vdwxudeoh = f*hvw od frpelqdlvrq gh od vdwxudwlrq gh

o*devruswlrq hw gx jdlq txl hvw ã o*ruljlqh gh od irupdwlrq g*lpsxovlrqv frxuwhv1 Od suìvhqfh

gh o*devruedqw vdwxudeoh idyrulvh oh uìjlph lpsxovlrqqho fdu vd wudqvplvvlrq q*hvw judqgh

txh srxu gh iruwhv lqwhqvlwìv fuíwhv = fhod vljql�h tx*lo lqwurgxlw ghv shuwhv lpsruwdqwhv

srxu oh uìjlph frqwlqx +fdudfwìulvì sdu ghv shwlwhv lqwhqvlwìv fuíwhv, hw idleohv shuwhv srxu

oh uìjlph lpsxovlrqqho +fdudfwìulvì sdu gh judqghv lqwhqvlwìv fuíwhv,1 Ohv devruedqwv vdw0

xudeohv shxyhqw íwuh glylvìv hq wurlv judqghv fdwìjrulhv = devruedqwv vdwxudeohv ohqwv +mhw

gh frorudqw,/ devruedqwv vdwxudeohv udslghv +ohqwlooh Nhuu, hw devruedqwv vdwxudeohv ohqwv hq

uìjlph vrolwrq1 Gdqv vh txl vxlw/ qrxv qh glvfxwhurqv txh oh eorfdjh gh prghv sdu ohqwlooh

Nhuu/ txl hvw ã od edvh gx odvhu Wl = Vd/ txh qrxv dyrqv xwlolvì gdqv qrv hvsìulhqfhv1
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Eorfdjh gh prghv sdu ohqwlooh Nhuu

Hq uìjlph ihpwrvhfrqgh/ od sxlvvdqfh fuíwh ghv lpsxovlrqv vh sursdjhdqw gdqv

od fdylwì hvw ehdxfrxs soxv judqgh txh od sxlvvdqfh lqvwdqwdqìh hq uìjlph frqwlqx1 Sdu

frqvìtxhqw/ o*dxwrirfdolvdwlrq hvw soxv lpsruwdqwh gdqv oh suhplhu fdv txh gdqv oh vhfrqg1

Fhod vljql�h txh oh gldpëwuh gx prgh rvfloodqw gdqv od fdylwì hvw soxv shwlw tx*hq uìjlph

frqwlqx1 Ru/ qrxv srxyrqv idflohphqw lqwurgxluh ghv shuwhv soxv lpsruwdqwhv srxu ghv

judqghv wdloohv gh idlvfhdx txh srxu ghv shwlwhv/ vlpsohphqw ã o*dlgh g*xq gldskudjph rx

xqh ihqwh/ d�q gh idyrulvhu oh uìjlph lpsxovlrqqho1

Vl xqh ihqwh gh odujhxu dmxvwdeoh hvw lqvìuìh gdqv od fdylwì odvhu/ hw vl oh uìjlph

lpsxovlrqqho hvw lqlwlì sdu xq pìfdqlvph txhofrqtxh + yleudwlrq g*xq plurlu sdu h{hpsoh,/

doruv qrxv rewhqrqv xq uìjlph lpsxovlrqqho dsshoì eorfdjh gh prghv sdu ohqwlooh Nhuu +hq

dqjodlv �Nhuu ohqv prgh orfnlqj� +NOP,,1 Fhwwh whfkqltxh txl dssduwlhqw ã od fdwìjrulh

ghv eorfdjhv gh prghv sdvvliv/ hvw edvìh vxu xq devruedqw vdwxudeoh udslgh txdvl0lgìdo grqw

od surirqghxu gh prgxodwlrq hvw uìdolvìh juåfh ã o*dxwrirfdolvdwlrq hw ã od ihqwh1 Srxu df0

fhqwxhu fhw h�hw hw idyrulvhu hqfruh soxv o*rvfloodwlrq g*lpsxovlrqv frxuwhv/ od fdylwì odvhu hvw

jìqìudohphqw xwlolvìh hq olplwh gh vwdelolwì d�q gh od uhqguh soxv vhqvleoh dx prlqguh h�hw

gh irfdolvdwlrq vxssoìphqwdluh1 Od frqvìtxhqfh hvw xq pdqtxh gh vwdelolwì hq uìjlph ihp0

wrvhfrqgh/ fh txl hvw o*lqfrqyìqlhqw pdmhxu gx NOP1 Ohv odvhuv ihpwrvhfrqghv gh od qrxyhooh

jìqìudwlrq xwlolvhqw gh soxv hq soxv oh eorfdjh ghv prghv sdvvli dyhf xq devruedqw vdwxudeoh

vhplfrqgxfwhxu +hq dqjodlv �Vhplfrqgxfwru Vdwxudeoh Devruehu pluuru� +VHVDP,, d�q gh

glvsrvhu g*xqh phloohxuh vwdelolwì hw g*xq gìpduudjh dxwrpdwltxh gx odvhu1
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61516 Frpshqvdwlrq gh od glvshuvlrq gh od ylwhvvh gh jurxsh ^:6`

Srxu surgxluh ghv lpsxovlrqv odvhu xowudfrxuwhv/ lo hvw qìfhvvdluh gh plqlplvhu

od glvshuvlrq gh od ylwhvvh gh jurxsh +GYJ, gdqv od fdylwì odvhu1 Lo | d ghx{ h�hwv txl

qìfhvvlwhqw g*íwuh frpshqvìv = od glvshuvlrq sdu ohv ìohphqwv gh od fdylwì hw o*dxwrprgxodwlrq

gh od skdvh1 Fhv ghx{ h�hwv lqgxlvhqw xqh glvshuvlrq gh ylwhvvh gh jurxsh srvlwlyh1 Srxu

frpshqvhu fhw h�hw/ rq lqwurgxlw xq v|vwëph gh frpsuhvvlrq txl irxuqlw xqh glvshuvlrq

qìjdwlyh1 Fhfl shxw íwuh uìdolvì sdu ghv plurluv ã glvshuvlrq qìjdwlyh +hq dqjodlv �Qhjdwlyh

Glvshuvlrq Pluuruv +QGP,�, rx sdu ghv duudqjhphqwv dvwxflhx{ gh sulvphv rx gh uìvhdx{1

Ghv ud|rqv gh orqjxhxuv g*rqghv gl�ìuhqwhv sdufrxuhqw ghv fkhplqv gl�ìuhqwv1 O*lgìh gh edvh

hvw gh frqvwuxluh xq duudqjhphqw jìrpìwultxh txl shuphw ã od sduwlh gh kdxwh iuìtxhqfh

gx vshfwuh gh udwwudshu vd sduwlh edvvh iuìtxhqfh1 Ohv uìvhdx{ vrqw lqwìuhvvdqwv/ fdu lov

lqwurgxlvhqw xqh iruwh glvshuvlrq qìjdwlyh1 Fhshqgdqw/ ohv phloohxuv g*hqwuh hx{ rqw xqh

h!fdflwì lqiìulhxuh ã ;3(1 Gdqv xqh fdylwì odvhu/ fhod hqwudñqh ghv shuwhv wurs lpsruwdqwhv

hw rq suìiëuh xwlolvhu ghv sulvphv hq frq�jxudwlrq uhsolìh +�jxuh 61:, rx gìsor|ìh +�jxuh

61;,1 Od txdolwì gh fhwwh frpshqvdwlrq gìshqg gh soxvlhxuv sdudpëwuhv frpph od glvwdqfh

hqwuh ohv sulvphv/ oh pdwìuldx frqvwlwxdqw ohv sulvphv/ od txdqwlwì gh yhuuh wudyhuvìh1 Hq�q/

srxu plqlplvhu ohv shuwhv/ rq sodfh fhv sulvphv ã o*dqjoh gh Euhzvwhu1

Oh sulqflsh gh od frpsuhvvlrq ghv lpsxovlrqv xowud0euëyhv sdu ghv uìvhdx{ uhsrvh

vxu xqh gl�udfwlrq soxv iruwh ghv judqghv orqjxhxuv g*rqgh txh fhoohv ghv frxuwhv orqjxhxuv

g*rqghv1 Oh fkhplq rswltxh sdufrxux hvw soxv shwlw oruvtxh od iuìtxhqfh dxjphqwh1 Rq fuìh

dlqvl xqh glvshuvlrq qìjdwlyh +G A 3,1 Od �jxuh 61< uhsuìvhqwh xq frpsuhvvhxu frqvwlwxì

g*xqh sdluh gh uìvhdx{1 Oh suhplhu uìvhdx gl�udfwh oh idlvfhdx lqflghqw1 Dsuëv oh sdvvdjh ã
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Iljxuh 61:= Frpsuhvvhxu rswltxh frqvwlwxì g*xqh sdluh gh sulvphv

Iljxuh 61;= Frpsuhvvhxu rswltxh frqvwlwxì gh txdwuh sulvphv
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Iljxuh 61<= Frpsuhvvhxu rswltxh frqvwlwxì gh ghx{ uìvhdx{ gh gl�udfwlrq

Iljxuh 6143= Hwluhxu g*lpsxovlrqv ã ghx{ uìvhdx{

wudyhuv oh vhfrqg uìvhdx/ ohv ud|rqv vrqw ã qrxyhdx sdudooëohv/ pdlv glvshuvìv vsdwldohphqw1

Sdu uhwrxu lqyhuvh gh od oxplëuh ã o*dlgh g*xq plurlu/ rq uhfroolpdwh oh idlvfhdx hw rq grxeoh

od glvshuvlrq1

Xq v|vwëph gh sdluh gh uìvhdx{ shxw ìjdohphqw vhuylu ã ìwluhu ghv lpsxovlrqv1 Lo

d ìwì prqwuì ^:;` tx*hq sodêdqw xq wìoìvfrsh gh judqglvvhphqw 4 hqwuh ohv ghx{ uìvhdx{

+�jxuh 6143,/ rq shxw fuìhu xqh glvwdqfh h�hfwlyh gh gl�udfwlrq qìjdwlyh txl shuphw/ dlqvl/

xqh glvshuvlrq gh ylwhvvh gh jurxsh srvlwlyh1 O*ìwluhxu suìfìghqw shxw íwuh judqghphqw
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dpìolruì/ vl rq xwlolvh ghv rswltxhv gh uì h{lrq soxw÷w txh gh wudqvplvvlrq/ hw/ hq h{sorlwdqw

od v|pìwulh gx v|vwëph/ rq derxwlw ã xq prqwdjh soxv frpsdfw hq uhpsodêdqw oh vhfrqg

uìvhdx sdu xq plurlu sodq1

616 Dpsol�fdwlrq g*lpsxovlrqv ã gìulyh gh iuìtxhqfh +FSD,

d.bo

Ohv rvfloodwhxuv ihpwrvhfrqghv ã odvhu vrolgh surgxlvhqw ghv lpsxovlrqv wuëv shx

ìqhujìwltxhv gh txhotxhv gl}dlqhv gh slfrmrxohv ã txhotxhv qdqrmrxohv,1 Ru/ gdqv od sox0

sduw ghv h{sìulhqfhv g*rswltxh qrq0olqìdluh/ rq d ehvrlq g*ìqhujlhv soxv ìohyìhv txl qh vrqw

jìqìudohphqw dwwhlqwhv txh sdu dpsol�fdwlrq1 Hwdqw wuëv frxuwhv/ ohv lpsxovlrqv ihpwrvhf0

rqghv suìvhqwhqw gh wuëv iruwhv sxlvvdqfhv fuíwhv/ txl shxyhqw hqgrppdjhu ohv ìoìphqwv

rswltxhv oruv gx surfhvvxv g*dpsol�fdwlrq1 Srxu srxyrlu dpsol�hu ghv lpsxovlrqv xowud0

euëyhv vdqv gìsdvvhu fh vhxlo gh grppdjh/ xqh vroxwlrq frqvlvwh ã glplqxhu ohxu  xhqfh

fuíwh hq doorqjhdqw ohxu gxuìh vdqv shuguh ohxu frkìuhqfh whpsruhooh1 Od whfkqltxh txl qrxv

shuphw gh uìdolvhu fhwwh lgìh sruwh oh qrp g*dpsol�fdwlrq g*lpsxovlrq ã gìulyh gh iuìtxhqfh

+hq dqjodlv �Fklushg Sxovh Dpsol�fdwlrq +FSD,�,1

Fhwwh whfkqltxh frqvlvwh ã ìwluhu whpsruhoohphqw ohv lpsxovlrqv hq dssoltxdqw xq

gìskdvdjh vshfwudo olqìdluh ã fhooh0fl sdu o*lqwhupìgldluh g*xq v|vwëph rswltxh dsshoì ìwluhxu

+�jxuh6143,1 Sur�wdqw gx odujh vshfwuh gh fhv lpsxovlrqv/ o*ìwluhxu shuphw g*ìwdohu gdqv

oh whpsv ohxuv gl�ìuhqwhv frpsrvdqwhv vshfwudohv/ hq xwlolvdqw xq uìvhdx gh gl�udfwlrq hw

xq v|vwëph g*lpdjhulh gh vruwh txh vrq h{whqvlrq vsdwldoh hw whpsruhooh vrlw od píph ã

o*hqwuìh hw ã od vruwlh gx prqwdjh1 W|sltxhphqw/ ohv lpsxovlrqv vrqw ìwluìhv whpsruhoohphqw
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g*xq idfwhxu gh 5333 ã 7333/ glplqxdqw g*dxwdqw od sxlvvdqfh fuíwh ghv lpsxovlrqv1 Dsuëv

dpsol�fdwlrq/ o*dssolfdwlrq gh od orl gh skdvh vshfwudoh lqyhuvh sdu xq frpsuhvvhxu/ shuphw

gh frpsulphu whpsruhoohphqw ohv lpsxovlrqv mxvtx*ã ohxu gxuìh g*ruljlqh1 Vl o*dpsol�fdwhxu

dssruwh ghv prgl�fdwlrqv vhqvleohv vxu ohv ruguhv vxsìulhxuv ã ghx{ gh od skdvh vshfwudoh ghv

lpsxovlrqv/ fhwwh ghuqlëuh qh vhud soxv frpshqvìh fruuhfwhphqw sdu oh frpsuhvvhxu grqw od

orl gh gìskdvdjh vshfwudo hvw txdgudwltxh1 Dxwuhphqw glw/ vhxoh xqh glvshuvlrq lqiìulhxuh rx

ìjdoh ã ghx{ shxw íwuh uljrxuhxvhphqw fruuljìh sdu oh frpsuhvvhxu + xqh glvshuvlrq g*ruguh

wurlv shxw qìdqprlqv íwuh frpshqvìh hq prgl�dqw od urwdwlrq ghv uìvhdx{ gx frpsuhvvhxu,1

Sdu frqvìtxhqw/ od gxuìh �qdoh ghv lpsxovlrqv hvw hq jìqìudoh oìjëuhphqw vxsìulhxuh ã

ohxu gxuìh lqlwldoh frpswh whqx ghv h�hwv gh glvshuvlrq g*ruguh vxsìulhxu lqwurgxlwv oruv gh

o*ìwluhphqw rx gh o*dpsol�fdwlrq1

617 Prqwdjh odvhu

Gdqv fhwwh vhfwlrq/ qrxv suìvhqwhurqv oh prqwdjh odvhu txh o*rq d xwlolvì gdqv

wrxwhv qrv h{sìulhqfhv gh g|qdpltxh ihpwrvhfrqgh ghv qdqrvwuxfwxuhv g*ru + �opv plqfhv/

qdqrsduwlfxohv hw uìvhdx{ gh wurxv,1 Fh v|vwëph hvw frqvwlwxì gh ghx{ fdylwìv odvhuv frp0

phufldohv ideultxìhv sdu Vshfwud Sk|vlfv = o*rvfloodwhxu hvw xq �Wvxqdpl� hw o*dpsol�fdwhxu

uìjìqìudwli hvw xq �Vslw�uh�1

61714 Rvfloodwhxu Vdsklu grsì dx Wlwdqh

Od suhplëuh sduwlh gx odvhu hvw frqvwlwxìh g*xq rvfloodwhxu grqw oh plolhx gh jdlq

hvw xq eduuhdx gh vdsklu grsì dx wlwdqh = lo hvw frqvwlwxì g*doxplqh +Do2R�, fulvwdoolq gdqv
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Iljxuh 6144= Vshfwuhv g*devruswlrq hw g*ìplvvlrq ghv lrqv Wl�n gdqv oh fulvwdo Wl = Vd

ohtxho ohv lrqv Do�n vrqw vxevwlwxìv hq idleoh sursruwlrq sdu ghv lrqv Wl�n uhvsrqvdeohv gh

o*h�hw odvhu1 Fh pdwìuldx devrueh gdqv od jdpph vshfwudoh doodqw gh 733 qp ã 933 qp hw

suìvhqwh xqh edqgh gh  xruhvfhqfh wuëv odujh/ doodqw gh 933 qp ã soxv gh 4 �p +�jxuh 6144,1

Pdlv/ frpswh whqx ghv frpsrvdqwv gh od fdylwì/ o*dffrugdelolwì gh o*rvfloodwhxu vh idlw vxu

xqh jdpph gh � 433 qp1 Gdqv qrwuh fdv fhwwh edqgh hvw vlwxìh hqwuh :83 qp hw ;83 qp1

O*rvfloodwhxu Wl = Vd hvw srpsì sdu xq odvhu Ploohqqld +Qg= \YRe, grxeoì hq

iuìtxhqfh +865 qp,/ txl hvw oxl píph srpsì sdu ghv glrghv odvhu1 Od fdylwì+�jxuh 6145,

irqfwlrqqh hq prghv eortxìv sdu NOP1 Oh eorfdjh gh prgh hvw gìfohqfkì sdu xq fulvwdo

dfrxvwr0rswltxh dvvhuyl ã od fdylwì txl lpsrvh xqh fdghqfh gh ;5 PK}1

Gdqv oh grpdlqh whpsruho/ oh eduuhdx gh Wl = Vd lqgxlw sdu dxwrprgxodwlrq gh

skdvh/ xqh glvshuvlrq gh ylwhvvh gh jurxsh +GYJ, srvlwlyh txl hvw frpshqvìh sdu txdwuh

sulvphv grqqdqw xqh JYG qìjdwlyh1 Od gxuìh gh lpsxovlrqv gìolyuìhv ã od vruwlh hvw gh ;3

iv1 O*dffrugdelolwì hvw rewhqxh dx pr|hq g*xqh ihqwh uìjodeoh hw od sxlvvdqfh pr|hqqh hq
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Iljxuh 6145= Fdylwì gx odvhu Wl =Vd +Wvxqdpl gh Vshfwud Sk|vlfv,

vruwlh hvw g*hqylurq 933 pZ srxu 8 Z gh sxlvvdqfh gh srpsh1

61715 Dpsol�fdwhxu uìjìqìudwli

Ohv lpsxovlrqv lvvxhv gh o*rvfloodwhxu +Wl= Vd, vrqw shx ìqhujìwltxhv +�; qM2lpsxovlrq,1

Fhod hvw lqvx!vdqw srxu fhuwdlqhv gh qrv phvxuhv1 Srxu dpsol�hu fhv lpsxovlrqv/ qrxv

dyrqv xwlolvì xq dpsol�fdwhxu uìjìqìudwli gh Vshfwud Sk|vlfv = oh Vslw�uh1 Oh plolhx dp0

sol�fdwhxu gh fh ghuqlhu hvw dxvvl xq eduuhdx gh vdsklu grsì dx wlwdqh srpsì gh pdqlëuh

v|qfkurqh sdu xq odvhu Qg = \OI +Qìrg|ph grsì dx Ioxruxuh g*\wwulxp hw Olwklxp,/ grx0

eoì gdqv xq fulvwdo gh OER +85: qp, hw irqfwlrqqdqw ã xqh fdghqfh gh 8 nK}1 Od whfkqltxh

g*dpsol�fdwlrq hpsor|ìh hvw od FSD gìfulwh gdqv od vhfwlrq +616,1 Dydqw g*hqwuhu gdqv od

fdylwì dpsol�fdwulfh/ oh idlvfhdx lvvx gh o*rvfloodwhxu hvw ìwdoì whpsruhoohphqw sdu xq ìwluhxu

ã uìvhdx{ vxu ohtxho lo h�hfwxh txdwuh sdvvdjhv vxffhvvliv srxu íwuh uhfrqvwuxlw vsdwldoh0

phqw1 Hq vruwlh/ oh idlvfhdx hvw uhfrpsulpì sdu xq frpsuhvvhxu ã uìvhdx{ vhpeodeoh1 Od

whfkqltxh g*dpsol�fdwlrq uìjìqìudwlyh/ pr|hq wuëv h!fdfh srxu dpsol�hu ghv lpsxovlrqv gh

idleoh ìqhujlh/ frqvlvwh ã slìjhu o*lpsxovlrq gdqv xq uìvrqdwhxu odvhu/ sxlv ã o*h{wudluh1 Gdqv
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qrwuh frq�jxudwlrq g*dpsol�fdwlrq/ o*lpsxovlrq hqwuh gdqv oh uìvrqdwhxu sdu uì h{wlrq vxu

oh eduuhdx/ hooh h�hfwxh doruv xq grxeoh sdvvdjh dx wudyhuv g*xqh odph txduw g*rqgh/ vd sr0

odulvdwlrq hvw doruv wrxuqìh gh <3�= Dsuëv oh sdvvdjh gh o*lpsxovlrq gdqv xqh suhplëuh fhooxoh

gh Srfnhov/ fhooh0fl/ mxvtx*doruv qhxwuh/ hvw gìfohqfkìh sdu xqh kdxwh whqvlrq hw frpshqvh

dlqvl o*h�hw gh od odph �@7 = o*lpsxovlrq hvw slìjìh gdqv oh uìvrqdwhxu1 Dsuëv xqh ylqjwdlqh

gh sdvvdjhv od vhfrqgh fhooxoh gh Srfnhov hvw dfwlyìh hw o*lpsxovlrq dpsol�ìh g*xq idfwhxu

�43S hvw h{wudlwh1

61716 Jìqìudwlrq g*xq frqwlqxxp

Od jìqìudwlrq g*xq frqwlqxxp hvw xq skìqrpëqh gdqv ohtxho oh vshfwuh g*xqh

oxplëuh frkìuhqwh hvw ìodujl soxvlhxu irlv1 F*hvw xq surfhvvxv frpsoh{h txl uìvxowh gh od frp0

sìwlwlrq hqwuh soxvlhxuv surfhvvxv qrq0olqìdluhv irqgdphqwdx{1 W|sltxhphqw/ o*dxwrprgxodwlrq

gh skdvh/ od gl�xvlrq Udpdq vwlpxoìh hw oh pìodqjh ã txdwuh rqghv vrqw ohv pìfdqlvphv

grplqdqwv1 Ohv pdwìuldx{ fdqglgdwv srxu od jìqìudwlrq gx frqwlqxxp grlyhqw dyrlu xqh

qrq0olqìdulwì g*ruguh 6 ìohyìh/ xqh idleoh GYJ hw xq vhxlo gh grppdjh ìohyì1 Gdqv qrwuh fdv/

qrxv dyrqv surgxlw xq frqwlqxxp vshfwudo +7830:83 qp, hq irfdolvdqw xqh iudfwlrq gx idlv0

fhdx gh vruwlh gh o*dpsol�fdwhxu gdqv xq fulvwdo gh vdsklu +Do2R�, gh 6 pp g*ìsdlvvhxu1 Xqh

sdluh gh sulvphv hvw xwlolvìh srxu uhphwwuh hq skdvh ohv gl�ìuhqwhv frpsrvdqwhv vshfwudohv gh

fh frqwlqxxp1 Ohv lpsxovlrqv gh vruwlh srvvëghqw xqh gxuìh gh 533 iv1 Fh frqwlqxxp vshf0

wudo vhud xwlolvì frpph lpsxovlrq vrqgh d�q g*h�hfwxhu ghv phvxuhv g|qdpltxhv uìvroxhv

vshfwudohphqw1
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618 Glvsrvlwli h{sìulphqwdo

61814 Whfkqltxh srpsh0vrqgh

Wrxwhv qrv phvxuhv gh vshfwurvfrslh uìvroxh hq whpsv rqw ìwì h�hfwxìhv sdu od

whfkqltxh srpsh0vrqgh1 Xqh suhplëuh lpsxovlrq lqwhqvh/ dsshoìh srpsh/ gìfohqfkh xq

ìyìqhphqw wudqvlwrluh dx whpsv wf sulv frpph ruljlqh ghv whpsv +wf @ 3, = Oh v|vwëph ìyroxh

hqvxlwh dsuëv fhwwh h{flwdwlrq1 Fhwwh shuwxuedwlrq vh wudgxlw sdu xqh prgl�fdwlrq gh od

uìsrqvh rswltxh gx v|vwëph txl shxw íwuh phvxuìh sdu xq fkdqjhphqw gh wudqvplvvlrq rx gh

uì h{lrq1 Oh vljqdo fruuhvsrqgdqw sdvvh gh vd ydohxu dx uhsrv V +�4, ã V +w, @ V +wf . �, >

� ìwdqw oh uhwdug hqwuh oh gìexw gh od shuwxuedwlrq +duulyìh gh od suhplëuh lpsxovlrq, hw

o*lqvwdqw w= Vl od phvxuh hvw idlwh ã o*lqwdqw w/ rq uhfxhlooh od ydohxu V +w, = Fhwwh phvxuh

hvw idlwh sdu xqh ghx{lëph lpsxovlrq/ dsshoìh vrqgh/ txl hvw fhqvìh íwuh vx!vdpphqw shx

lqwhqvh srxu qh sdv shuwxuehu hooh píph oh v|vwëph hw grqw od orqjxhxu gx wudmhw rswltxh

hvw ìjdoh ã fhooh gh od srpsh srxu � @ 3=

Fhwwh phvxuh qh grqqh tx*xq srlqw gx vljqdo V +�, = Srxu rewhqlu V +�, rq h�hfwxh

soxvlhxuv phvxuhv hq fkdqjhdqw oh uhwdug hqwuh od srpsh hw od vrqgh1 Uhpdutxrqv txh

gdqv od sudwltxh/ lo hvw qìfhvvdluh g*h�hfwxhu fh w|sh gh phvxuhv hq pr|hqqdqw vxu soxvlhxuv

lpsxovlrqv odvhu1 Lo hvw grqf qìfhvvdluh txh oh skìqrpëqh ã revhuyhu dlw xqh gxuìh gh ylh

lqiìulhxuh dx wdx{ gh uìsìwlwlrq gx odvhu1 Frpph ohv shuwxuedwlrqv gx vljqdo sdu udssruw ã

vd ydohxu gh uhsrv vrqw jìqìudohphqw wuëv idleohv/ rq suìiëuh/ hq sudwltxh/ phvxuhu oh vljqdo

gl�ìuhqwlho vxlydqw {7
7 @ 7E|�37E3"�

7E3"� =

Gdqv qrwuh fdv �jxuh 6146/ xqh sduwlh gx idlvfhdx ã od vruwlh gh o*dpsol�fdwhxu hvw

glylvìh hq ghx{ sduwlhv sdu xqh odph vìsdudwulfh1 Od pdmhxuh sduwlh gh o*lqwhqvlwì hvw xwlolvìh
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Iljxuh 6146= Prqwdjh srpsh0vrqgh

srxu jìqìuhu oh idlvfhdx srpsh sdu grxeodjh gh iuìtxhqfh gdqv xq fulvwdo gh EER + Ehwd

Erudwh gh edu|xp, d�q gh srxyrlu h{flwhu ohv wudqvlwlrqv lqwhuedqghv gh o*ru1 Od vhfrqgh

sduwlh gx idlvfhdx hvw xwlolvìh srxu jìqìuhu xq frqwlqxxp vshfwudo +7830:83 qp, gdqv xq

fulvwdo gh vdsklu +sdudjudskh +61716,, hw txl frqvwlwxh oh idlvfhdx vrqgh1 Od glvshuvlrq gh

ylwhvvh gh jurxsh hvw frpshqvìh sdu xq grxeoh sdvvdjh gdqv xqh sdluh gh sulvphv1 Hqvxlwh/

oh idlvfhdx hvw froolpdwì sdu xqh sdluh gh plurluv vskìultxhv1 Hq sodêdqw xqh ihqwh uìjodeoh

hqwuh ohv ghx{ sulvphv/ qrxv srxyrqv vìohfwlrqqhu ghv wudqfkhv vshfwudohv gh o*ruguh gh 8

qp gdqv oh vshfwuh gh od vrqgh fh txl qrxv shuphw g*ìwxglhu od g|qdpltxh whpsruhooh gh

qrv ìfkdqwloorqv ã soxvlhxuv orqjxhxuv g*rqgh1 Hq�q xqh odph g*rqgh �@5 hvw sodfìh vxu oh

wudmhw gh od vrqgh srxu srxyrlu ydulhu vd srodulvdwlrq1 Vxu oh wudmhw gx idlvfhdx srpsh/ xq

prwhxu sdv ã sdv gh uìvroxwlrq 319: iv shuphw gh ydulhu oh uhwdug � hqwuh od srpsh hw od

vrqgh1 Rq | d ìjdohphqw sodfì xqh odph g*rqgh �@5 txl shuphw gh furlvhu vd srodulvdwlrq
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gh <3� sdu udssruw ã fhooh gh od vrqgh= Gh fhwwh pdqlëuh/ hq sodêdqw ghuulëuh o*ìfkdqwloorq xq

dqdo|vhxu grqw o*d{h hvw gluljì vhorq od srodulvdwlrq gh od vrqgh rq shxw v*d�udqfklu ghv h�hwv

gh gl�xvlrq gh od srpsh vxu oh vljqdo gìwhfwì1 Hqvxlwh/ ohv ghx{ idlvhdx{ vrqw rulhqwìv vrlw

yhuv oh prqwdjh plfurvfrsh frqirfdo srxu ghv phvxuhv vxu ghv qdqrsduwlfxohv lqglylgxhoohv

rx vxu ghv uìvhdx{ gh wurxv/ vrlw yhuv xq prqwdjh srpsh0vrqgh shuphwwdqw g*dqdo|vhu ã od

irlv od uì hfwlylwì hw od wudqvplvvlrq1

61815 Prqwdjh Plfurvfrsh frqirfdo

Fh prqwdjh +�jxuh 6147, d ghx{ frq�jxudwlrqv gh irqfwlrqqhphqw = hq gl�xvlrq

rx hq wudqvplvvlrq 1 Od frq�jxudwlrq hq gl�xvlrq d ìwì gìyhorssìh gdqv oh exw g*ìwxglhu ohv

sursulìwì rswltxhv olqìdluhv hw od g|qdpltxh ihpwrvhfrqgh gh qdqrsduwlfxohv lqglylgxhoohv gh

pìwdx{ qreohv/ hq h{sorlwdqw od iruwh gl�xvlrq gh od oxplëuh sdu fhv qdqrsduwlfxohv gdqv od

uìjlrq vshfwudoh gx sodvprq gh vxuidfh1 Od frq�jxudwlrq hq wudqvplvvlrq/ txdqw ã hooh/ qrxv

d shuplv g*ìwxglhu od uìsrqvh rswltxh gh qdqrvwuxfwxuhv gh wurxv vxe0orqjxhxu g*rqgh gdqv

xq �op g*ru gìsrvì vxu xq vxevwudw wudqvsduhqw1 Gdqv ohv ghx{ frq�jxudwlrqv/ ohv idlvfhdx{

srpsh hw vrqgh vrqw irfdolvìv vxu od qdqrvwuxfwxuh ìwxglìh sdu xq plurlu vskìultxh1 Od wdlooh

ghv ghx{ idlvfhdx{ hvw gh o*ruguh gh 83 �p gh gldpëwuh + oh gldpëwuh gx idlvfhdx srpsh

hvw xq shx soxv judqg txh fhoxl gx idlvfhdx vrqgh ,1 Oh plurlu vskìultxh hvw prqwì vxu

xqh sodwlqh [\]/ d�q gh srxyrlu frqwu÷ohu o*ìfodludjh hw od irfdolvdwlrq ghv ghx{ idlvfhdx{

vxu od qdqrvwuxfwxuh1 Oh vxssruw gh od sodwlqh hvw prqwì vxu xq slhg hvfdprwdeoh fh txl

shuphw gh edvfxohu idflohphqw g*xqh frq�jxudwlrq ã o*dxwuh1 Oh vxssruw g*ìfkdqwloorq hvw

oxl dxvvl prqwì vxu xqh sodwlqh [\] dyhf ghv ylv plfurpìwultxhv1 Oh prxyhphqw yhuwlfdo

vhorq ] vhuw ã od irfdolvdwlrq/ doruv txh ohv prxyhphqwv gdqv oh sodq krul}rqwdo [\ vhuyhqw
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Iljxuh 6147= Prqwdjh Plfurvfrsh Frqirfdo

ã fkrlvlu od qdqrvwuxfwxuh txh o*rq yhxw ìwxglhu1 Dsuëv od wudyhuvìh gh o*ìfkdqwloorq/ od

oxplëuh wudqvplvh +rx gl�xvìh, hvw froohfwìh sdu xq remhfwli gh plfurvfrsh hw hqyr|ìh yhuv

xq froolpdwhxu dfkurpdwltxh1 Hqvxlwh/ hq xwlolvdqw xq mhx gh plurluv hvfdprwdeohv/ fhwwh

oxplëuh shxw íwuh gluljìh vrlw yhuv xqh skrwrglrgh frqqhfwìh ã xqh fdpìud ylghr srxu lpdjhu

ohv qdqrvwuxfwxuhv fh txl qrxv shuphw g*h�hfwxhu xqh vìohfwlrq udslgh gh od qdqrvwuxfwxuh

ã ìwxglhu hw od plvh dx srlqw ghv ghx{ idlvfhdx{> vrlw yhuv xq vshfwurpëwuh frqqhfwì ã xqh

fdpìud FFG uhiurlgìh ã o*d}rwh oltxlgh1 Fh ghuqlhu irqfwlrqqh hq ghx{ prghv = +l, prgh

lpdjh +ruguh 3 gx uìvhdx, = txl qrxv shuphw xqh vìohfwlrq soxv �qh gh od oxplëuh wudqvplvh

+gl�xvìh, sdu od qdqrvwuxfwxuh fkrlvlh hq ihupdqw soxv rx prlqv od ihqwh gx vshfwurpëwuh/ +ll,

prgh vshfwudo +ruguh 4, txl qrxv shuphw g*dyrlu oh vshfwuh gh od qdqrvwuxfwxuh hq vwdwltxh

rx xqh vìulh gh vshfwuhv hq irqfwlrq gx uhwdug hqwuh od srpsh hw od vrqgh gdqv oh uìjlph

g|qdpltxh1 Oh vljqdo ã revhuyhu shxw ìjdohphqw íwuh gìwhfwì sdu xq skrwrpxowlsolfdwhxu
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gdqv oh fdv rü o*rq vrxkdlwh h�hfwxhu ghv phvxuhv uìvroxhv hq whpsv ã orqjxhxu g*rqgh �{h1

Gdqv fh ghuqlhu fdv/ oh vljqdo hvw phvxuì gh idêrq v|qfkurqh dyhf xq dpsol�fdwhxu �Orfn0Lq�

grqw oh vljqdo gh uìiìuhqfh gh 548 K} hvw grqqì sdu xq prgxodwhxu pìfdqltxh lqvwdooì vxu

oh eudv gh od srpsh1 Fh prqwdjh qrxv shuphw g*dwwhlqguh xqh uìvroxwlrq vsdwldoh gh 4 �p2

hw xqh uìvroxwlrq whpsruhooh gh 533 iv1

61816 Prqwdjh srpsh0vrqgh

Fh prqwdjh qrxv shuphw vrlw gh idluh ghv phvxuhv g*dxwrfruuìodwlrq hw gh gìwhu0

plqhu/ dlqvl ohv gxuìhv ghv lpsxovlrqv +vhfwlrq +619,,/ vrlw g*h�hfwxhu ghv phvxuhv gh wudqv0

plvvlrq hw gh uì h{lrq gl�ìuhqwlhoohv gdqv oh fdv ghv �opv plqfhv g*ru1 Gdqv fh ghuqlhu fdv/

ohv idlvfhdx{ srpsh hw vrqgh vrqw irfdolvìv vxu o*ìfkdqwloorq sdu xq plurlu vskìultxh1 Rq

sodfh xq srodulvhxu vxu oh eudv gh od vrqgh mxvwh dydqw oh plurlu vskìultxh srxu rewhqlu xqh

phloohxuh txdolwì gh srodulvdwlrq1 Ohv idlvfhdx{ wudqvplv hw uì hfkl vrqw froolpdwìv sdu ghx{

plurluv vskhultxhv1 Hqvxlwh/ lov vrqw gluljìv/ frpph gdqv oh fdv ghv phvxuhv vrxv plfurvfrsh/

vrlw yhuv od fdpìud ylgìr/ vrlw yhuv oh vshfwurpëwuh rx vrlw yhuv oh skrwrpxowlsolfdwhxu1

619 Fdudfwìulvdwlrq ghv lpsxovlrqv dHfo

61914 Dxwrfruuìodwlrq hq lqwhqvlwì

Frqvlgìurqv xqh lpsxovlrq ihpwrvhfrqgh dvvrflìh ã xq fkdps ìofwultxh H +w, >

grqw od wudvirupìh gh Irxulhu hvw H +$, = Srxu xqh fdudfwìulvdwlrq frpsoëwh gh fhwwh lp0

sxovlrq/ lo idxw grqf/ gìwhuplqhu ã od irlv o*dpsolwxgh D +$, @ mH +$,m hw od skdvh vshfwudoh

! +$, @ duj +H +$,, gx fkdps ìohfwultxh1 Lo h{lvwh soxvlhxuv whfkqltxhv txl qrxv shuphwwhqw
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Iljxuh 6148= Vfkìpd g*xq dxwrfruuìodwhxu rswltxh hq frq�jxudwlrq qrq0frolqìdluh

g*dffìghu ã fhv ghx{ txdqwlwìv/ ohv soxv iuìtxhqwhv vrqw od whfkqltxh IURJ + Iuhtxhqf| Uh0

vroyhg Rswlfdo Judwlqj, ^;4> ;5` hw od whfkqltxh VSLGHU +Vshfwudo Skdvh Lqwhuihurphwu| iru

Gluhfw Hohfwulf Ilhog Uhfrqvwuxfwlrq, ^;6` = Gdqv fh sdudjudskh/ qrxv suìvhqwhurqv xqh whfk0

qltxh vlpsoh edvìh vxu oh sulqflsh g*dxwrfruuìodwlrq hq lqwhqvlwì/ txl grqqh ghv lqirupdwlrqv

lqfrpsoëwhv/ pdlv txl qrxv shuphw qìdqprlqv g*dffìghu ã od gxuìh gh o*lpsxovlrq1

Od gxuìh ghv lpsxovlrqv ihpwrvhfrqghv qh shxw sdv íwuh phvxuìh gluhfwhphqw sdu

ghv v|vwëphv ìohfwurqltxhv1 Lo idxw grqf uhfrxulu ã ghv pìwkrghv sxuhphqw rswltxhv1 Od

pìwkrgh od soxv vlpsoh hvw o*dxwrfruuìodwlrq hq lqwhqvlwì grqw oh vfkìpd gh sulqflsh hvw

grqqì vxu od �jxuh 61481 Od phvxuh gh gxuìh hvw wudqvsrvìh hq xqh phvxuh gh glvwdqfh1 Srxu

fhod/ rq hqyrlw xqh lpsxovlrq gdqv xq dxwrfruuìodwhxu rswltxh gh jìrphwulh qrq0frolqìdluh1

Fhwwh lpsxovlrq hvw glylvìh sdu xqh odph vìsdudwulfh hq ghx{ sduwlhv g*ìjdoh lqwhqvlwì txl

sdufrxuhqw fkdfxqh xq wudmhw gl�ìuhqw frpph gdqv od frq�jxudwlrq srpsh0vrqgh/ xq ghv

ghx{ eudv gh o*dxwrfruuìodwhxu hvw ìtxlsì g*xq v|vwëph ã ghx{ plurluv ã dqjoh gurlw prqwì
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Iljxuh 6149= frxueh g*dxwrfruuìodwlrq gh o*lpsxovlrq gìolyuìh sdu oh Vslw�uh

vxu xq prwhxu sdv ã sdv gh uìvroxwlrq 314 �p2sdv 1 Ohv ghx{ idlvfhdx{ vrqw irfdolvìv vxu xq

fulvwdo gh NGS +grxeodjh gh iuìtxhqfh,1 Oh vhfrqg kduprqltxh gx idlvfhdx/ dlqvl jìqìuì/

hvw hqyr|ì vxu xq skrwrpxowlsolfdwhxu1

Od irqfwlrq gh fruuìodwlrq hquhjlvwuìh hvw grqqìh sdu
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rü L� hw L2 vrqw ohv lqwhqvlwìv oxplqhxvhv gh fkdfxq ghv idlvfhdx{ hw � oh uhwdug hqwuh ohv

ghx{ lpsxovlrqv1 Hq vxssrvdqw txh fhoohv0fl vrqw gh píph lqwhqvlwì/ rq dffëgh ã od irqfwlrq

g*dxwrfruuìodwlrq gx vhfrqg ruguh hq lqwhqvlwì J2 +�, grqqìh sdu
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vsrqg ã od skdvh gh o*lpsxovlrq1 Rq uhprqwh ã od gxuìh ghv lpsxovlrqv �w sdu od odujhxu

ã pl0kdxwhxu �� gh J2 ã frqglwlrq gh frqqdñwuh oh sur�o whpsruho ghv lpsxovlrqv1 Frp0

pxqìphqw ghx{ iruphv g*lpsxovlrqv vrqw xwlolvìhv = +l, Oh sur�o jdxvvlhq hq lqwhqvlwì/ gdqv

fh fdv oh idfwhxu gh gìfrqyroxwlrq hvw 41741 +ll, Oh sur�o vìfdqwh k|shueroltxh srxu odtxhooh

oh idfwhxu gh gìfrqyroxwlrq hvw gh 41881

Od �jxuh 6149 uhsuìvhqwh oh vljqdo g*dxwrfruuìodwlrq rewhqx dyhf ghv lpsxovlrqv

gìolyuìhv sdu o*dpsol�fdwhxu uìjìqìudwli/ gdqv xq fulvwdo gh NGS gh 633 �p g*ìsdlvvhxu1 Hq

frqvlgìudqw txh oh sur�o gh o*lpsxovlrq hvw xqh vìfdqwh k|shueroltxh/ od gxuìh phvxuìh ghv

lpsxovlrqv hvw gh o*ruguh gh 483 iv

61915 Fdudfwìulvdwlrq gh od gìulyh hq iuìtxhqfh +fklus, gh od vrqgh

Oh idlvfhdx vrqgh txh qrxv dyrqv xwlolvì srxu qrv phvxuhv gh g|qdpltxh ihpwrvhf0

rqgh hvw xq frqwlqxxp vshfwudo +4=98 hY � 5=:8 hY ,1 Oruv gx surfhvvxv gh jìqìudwlrq gx

frqwlqxxp sdu dxwrprgxodwlrq gh skdvh xqh gìulyh gh iuìtxhqfh +fklus, lpsruwdqwh hvw

suìvhqwh vxu od vrqgh 1 Fh fklus hvw sduwlhoohphqw frpshqvì sdu xq grxeoh sdvvdjh gdqv xqh

sdluh gh sulvph1 Od phvxuh gx fklus uìvlgxho grlw íwuh fdudfwìulvìh gdqv xqh edqgh vshf0

wudoh dvvh} odujh +� 533 qp,1 Srxu fhod qrxv dyrqv xwlolvì od whfkqltxh g*devruswlrq ã ghx{

skrwrqv gdqv oh ]qV1 Fh ghuqlhu hvw xq vhplfrqgxfwhxu grqw o*ìqhujlh gh od edqgh lqwhuglwh

�jds� hvw H}@R @ 6=: hY 1 Oh vfkìpd gh sulqflsh gh od whfkqltxh gh phvxuh hvw uhsuìvhqwì

vxu od �jxuh +614:, Lo v*djlw g*xqh h{sìulhqfh srpsh0vrqgh whooh tx*hooh hvw gìfulwh gdqv

od vhfwlrq +61814,/ o*ìfkdqwloorq ìwdqw xq fulvwdo gh ]qV1 Oh idlvfhdx vrqgh hvw oh frqwlqxxp

vshfwudo hw oh idlvfhdx srpsh hvw od vhfrqgh kduprqltxh gx idlvfhdx dpsol�ì/ fhqwuì dxwrxu

gh 6=4 hY= Vìsduìphqw/ fhv ghx{ idlvfhdx{ qh shxyhqw sdv íwuh devrueìv sdu oh pdwìuldx
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Iljxuh 614:= Prqwdjh srpsh0vrqgh edvì vxu o*devruswlrq ã ghx{ skrwrqv gdqv xq fulvwdo gh
]qV srxu od fdudfwìulvdwlrq gx fklus gx frqwlqxxp vshfwudo
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Iljxuh 614;= uhwdug gh jurxsh gx frqwlqxxp vshfwudo hq irqfwlrq gh od orqjxhxu g*rqgh
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hw lqgxluh ghv wudqvlwlrqv lqwhuedqghv/ fdu ohv ìqhujlhv gh ohxuv skrwrqv vrqw lqiìulhxuhv ã

fhooh gx jds gh ]qV1 Sdu frqwuh/ oh idlvfhdx srpsh ìwdqw vx!vdpphqw lqwhqvh/ xq surfhvvxv

g*devruswlrq ã ghx{ skrwrqv d olhx oruvtxh ohv ghx{ idlvfhdx{ frlqflghqw whpsruhoohphqw1 Oh

idlvfhdx vrqgh wudqvplv hvw gìwhfwì vxu fdpìud FFG dsuëv glvshuvlrq sdu xq vshfwurpëwuh1

Hq idlvdqw xqh phvxuh uìvroxh vshfwudohphqw hw whpsruhohphqw gh od wudqvplvvlrq gl�ìuhq0

wlhooh gh od vrqgh/ qrxv srxyrqv dlqvl fdudfwìulvhu oh uhwdug gh jurxsh gh fhwwh ghuqlëuh

hq irqfwlrq gh od orqjxhxu g*rqgh/�jxuh+614;,1 Od frqqdlvvdqfh gh fh uhwdug gh jurxsh

qrxv shuphw gh fruuljhu ohv vshfwuhv rewhqxv gdqv qrv gl�ìuhqwhv h{sìulhqfhv gh g|qdpltxh

ihpwrvhfrqgh uìvroxh vshfwudohphqw1

61: Hoderudwlrq gh vwuxfwxuhv gh wurxv vxe0orqjxhxu g*rqgh

sdu ILE dHeo

Gdqv fhwwh sduwlh/ qrxv doorqv gìfuluh ohv ìfkdqwloorqv txh qrxv dyrqv ìwxglìv dlqvl

txh od pìwkrghv xwlolvìh srxu ohxu ìoderudwlrq1 Fh vrqw ghv qdqrvwuxfwxuhv gh wurxv vxe0

orqjxhxu g*rqgh +uìvhdx{ sìulrgltxhv, judyìhv vxu ghv �opv g*ru rsdtxhv1

Ohv �opv g*ru rsdtxhv +5830633qp g*ìsdlvvhxu, vrqw gìsrvìv vxu xq vxevwudw wudqv0

sduhqw +yhuuh rx vdsklu, sdu sxoyìulvdwlrq fdwkrgltxh1 Hqvxlwh/ od judyxuh ghv vwuxfwxuhv gh

wurxv vxe0orqjxhxu g*rqgh hvw h�hfwxìh hq xwlolvdqw oh ILE1

Oh ILE +Irfxvhg lrq ehdp, hvw xq lqvwuxphqw txl uhsrvh vxu od olwkrjudsklh gluhfwh

dx pr|hq gh idlvfhdx g*lrqv irfdolvìv1 F*hvw xq dssduhloodjh fdsdeoh gh surfìghu dxvvl elhq

ã o*deodwlrq tx*dx gìs÷w gh frxfkhv frqgxfwulfhv rx lvrodqwhv1 Vrq irqfwlrqqhphqw shxw

íwuh frpsduì ã fhoxl g*xq plfurvfrsh ìohfwurqltxh ã edod|djh +PHE, fodvvltxh1 O*ìoìphqw
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Iljxuh 614<= +d, Vljqdx{ hw gìjåwv surgxlwv sdu lqwhudfwlrq gx idlvfhdx g*lrqv irfdolvì dyhf
xq ìfkdqwloorq1 +e, O*dssdulho ILE =

sulqflsdo g*xq PHE hvw vd frorqqh dffìoìudwulfh txl surgxlw xq idlvfhdx g*ìohfwurqv gh

txhotxhv qdqrpëwuhv gh gldpëwuh1 Fhoxl0fl vhuw ã vrqghu orfdohphqw o*remhw txh o*rq gìvluh

ìwxglhu1 Oh edod|djh jìqëuh ghv ìohfwurqv hw ghv ud|rqv [ txl irxuqlvvhqw ghv lqirupdwlrqv

gh wrsrorjlh hw gh vwuxfwxuh gh pdwìuldx1 Od pìwkrgh hvw qrq ghvwuxfwlyh/ fdu ohv dwrphv

gh o*ìfkdqwloorq ìwxglì qh vrqw sdv qrwdeohphqw prgl�ìv gxudqw oh surfhvvxv1

Oh ILE uhsrvh vxu oh píph sulqflsh/ vl fh q*hvw txh oh fdqrq ã ìohfwurqv hvw uhpsodfì

sdu xqh frorqqh dffìoìudwulfh g*lrqv orxugv/ w|sltxhphqw ghv lrqv gh jdoolxp Jdn1 Gx idlw

gh ohxu pdvvh ìohyìh hw gh ohxu dffìoìudwlrq/ fhod suryrtxh xqh fdvfdgh gh froolvlrqv/ dx

frxuv gh odtxhooh vrqw ìmhfwìv ghv ìohfwurqv/ pdlv dxvvl ghv dwrphv qhxwuhv hw ghv lrqv +�jxuh

614< +d,,1 Hq frqwu÷odqw oh gìsodfhphqw gx idlvfhdx lqflghqw/ lo hvw dxvvl srvvleoh gh idluh gh

o*deodwlrq gh pdwlëuh vhorq xq prwli suìgì�ql1 Od suìflvlrq gh od judyxuh hvw olìh ã od wdlooh

gh idlvfhdx g*lrqv txl/ gdqv oh fdv gx jurxsh gh W1 Z1 Heehvhq/ shuphw g*dwwhlqguh xqh
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Iljxuh 6153= Lpdjh PHE g*xq uìvhdx gh wurxv vxe0orqjxhxu g*rqgh judyì vxu xq �op sro|0
fulvwdoolq g*ru gh 583 qp g*ìsdlvvhxu gìsrvì vxu xq vxevwudw gh Do2R�

uìvroxwlrq gh o*ruguh gh 63 qp1 Od gìsrvlwlrq g*xq pdwìuldx sdu ILE vh idlw gh od pdqlëuh

vxlydqwh = fh ghuqlhu hvw dphqì vrxv iruph jd}hxvh dx yrlvlqdjh gx vxevwudw1 Od uìdfwlrq

dyhf oh idlvfhdx g*lrqv hvw ã o*ruljlqh gx gìs÷w1 Oh ILE shxw vhuylu ìjdohphqw frpph xq

plfurvfrsh/ fdu xqh edwwhulh gh gìwhfwhxuv uìfrowhqw ohv ìohfwurqv jìqìuìv sdu oh edod|djh ã

ghv �qv g*dqdo|vh hw g*lpdjhulh1

Ohv glvsrvlwliv ohv soxv dydqfìv ã o*khxuh dfwxhooh/ gdqv fh grpdlqh/ vrqw ghv v|v0

wëphv k|eulghv/ txl frpelqhqw/ hq xqh píph lqvwdoodwlrq/ xq ILE hw xq PHE1 F*hvw dyhf

xq who rxwlo txh ohv vwuxfwxuhv txh qrxv dyrqv ìwxglìhv rqw ìwì uìdolvìhv1 Lo v*djlvvdlw hq

o*rffxuhqfh gx prgëoh �Vwudwd GxhoEhdp 568� frqêx sdu od frpsdjqlh IHL �jxuh +614<

+e,,1

Srxu ideultxhu xq duudqjhphqw gh wurxv vxe0orqjxhxu g*rqgh/ rq sdudpëwuh o*dssduhlo

dyhf xq �fklhu ìohfwurqltxh gh od vwuxfwxuh ã judyhu srxu tx*lo od fuhxvh1 Oh surfhvvxv gh
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od judyxuh ydulh iruwhphqw g*xq judlq ã o*dxwuh gx �op sro|fulvwdoolq1 Lo hvw grqf gl!floh

gh uìdolvhu xq hqvhpeoh gh wurxv gh glphqvlrqv krprjëqhv1 Qìdpprlqv/ fhuwdlqv uìjodjhv

shxyhqw íwuh h�hfwxìv d�q gh vxuprqwhu dx plhx{ fhwwh gl!fxowì1 Oh ILE shuphw dlqvl

gh ideultxhu ghv uìvhdx{ gh wurxv txl rqw oh píph gldpëwuh ã 8( suìv1 Od �jxuh +6153,

uhsuìvhqwh xqh lpdjh PHE g*xq uìvhdx gh wurxv judyì vxu xq �op g*ru gh 583 qp g*ìsdlvvhxu

gìsrvì vxu xq vxevwudw gh vdsklu1

Qrxv uhphuflrqv wrxw sduwlfxolëuhphqw P1 Dor|vh Ghjlurq hw oh Surihvvhxu W1Z1

Heehvhq g*dyrlu ideultxì ghv ìfkdqwloorqv vxu phvxuh hw dyhf ohv sursulìwìv rswltxhv gìvluìhv1
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Fkdslwuh 7

Uìvxowdwv hw glvfxvvlrqv

Gdqv fh fkdslwuh qrxv doorqv h{dplqhu ohv sursulìwìv rswltxhv vwdwltxhv hw g|0

qdpltxhv gh uìvhdx{ gh wurxv hq oldlvrq dyhf oh prgëoh gìyhorssì dx fkdslwuh 51 Gdqv xq

suhplhu whpsv qrxv prqwuhurqv ohv uìvxowdwv rewhqxv vxu ghv �opv g*ru dyhf oh prqwdjh h{0

sìulphqwdo gìfulw gdqv oh fkdslwuh suìfìghqw/ fhv ìwxghv shuphwwdqw g*rewhqlu od g|qdpltxh

vshfwur0whpsruhooh gh od irqfwlrq glìohfwultxh frpsoh{h gh o*ru dx yrlvlqdjh ghv wudqvlwlrqv

lqwhuedqghv1 Qrxv xwlolvhurqv fhv uìvxowdwv srxu lqwhusuìwhu oh frpsruwhphqw g|qdpltxh ghv

ghx{ w|shv gh uìvrqdqfhv suìvhqwhv gdqv ohv vshfwuhv gh wudqvplvvlrq olqìdluh ghv uìvhdx{

gh wurxv1

714 Fdv ghv �opv pìwdooltxhv

71414 Gìwhuplqdwlrq gh od irqfwlrq glìohfwultxh gh o*ru

Od irqfwlrq glìohfwultxh g*xq pdwìuldx grqqh xqh ghvfulswlrq frpsoëwh gh vhv sur0

sulìwìv rswltxhv1 Fhwwh txdqwlwì hvw jìqìudohphqw frpsoh{h1 Vd sduwlh lpdjlqdluh fdudfwìulvh
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sulqflsdohphqw o*devruswlrq gx pdwìuldx hw srvvëgh ghv pd{lpd ã ghv ìqhujlhv rü od ghqvlwì

g*ìwdw mrlqwh +MGRV, hvw lpsruwdqwh/ l1h1/ gdqv ohv uìjlrqv vshfwudohv rü xq judqg qrpeuh gh

wudqvlwlrqv ìohfwurqltxhv vrqw dxwrulvìhv1 Od sduwlh uìhooh hvw uholìh ã od sduwlh lpdjlqdluh sdu

ohv uhodwlrqv gh Nudphuv0Nurqlj hw srvvëgh o*dooxuh g*xqh frxueh gh glvshuvlrq dx yrlvlqdjh

gh fkdtxh slf g*devruswlrq1

Gdqv xq fulvwdo/ od vwuxfwxuh gh edqghv vh uh ëwh gdqv od irqfwlrq glìohfwultxh1

Hq h�hw/ fhwwh vwuxfwxuh gh edqgh vh pdqlihvwh gdqv ohv ìqhujlhv hw ohv v|pìwulhv ghv ìwdwv

ìohfwurqltxhv hw yleudwlrqqhov gx v|vwëph1 Fhv sursulìwìv lqwulqvëtxhv dx pdwìuldx vh pdq0

lihvwhqw gdqv od irqfwlrq glìohfwultxh yld xq prgëoh g*lqwhudfwlrq txl hq jìqìudo vh olplwh

dx whuph g*lqwhudfwlrq glsrodluh dyhf oh fkdps ìohfwurpdjqìwltxh1 Od irqfwlrq glìohfwultxh

shxw íwuh rewhqxh gdqv oh fdguh gh od USD sdu od irupxoh gh Olqgkdug ^44` +ìtxdwlrq +4197,

gx fkdslwuh14,1 Od �jxuh 714 uhsuìvhqwh od vwuxfwxuh gh edqgh vlpsol�ìh gh o*ru dx yrvlqdjh

gx srlqw gh v|pìwulh O1 Gdqv oh grpdlqh gx ylvleoh/ o*devruswlrq gh o*ru vh surgxlw sulq0

flsdohphqw dx yrlvlqdjh gh fh srlqw hq udlvrq ghv wudqvlwlrqv lqwhuedqghv ghsxlv od edqgh

lqiìulhxuh g yhuv od edqgh gh frqgxfwlrq s1 Qrwrqv tx*xqh frqwulexwlrq prlqv lpsruwdqwh

ghv wudqvlwlrqv lqwhuedqghv g $ s dx yrlvlqdjh gx srlqw gh v|pìwulh [ hvw ìjdohphqw

suìvhqwh1 Qrxv o*dyrqv qìjoljìh gdqv qrwuh prgìolvdwlrq1 Vxu od �jxuh 715/ rq d uhsuìvhqwì

ohv uìvxowdwv gx fdofxo gh od frqwulexwlrq lqwhuedqgh �K ã od irqfwlrq glìoìfwultxh gh o*ru

hq xwlolvdqw oh prgëoh Urvhl ^48> 49` gìwdlooì gdqv oh sdudjudskh +41615, gx fkdslwuh 41 Oh

slf g*devruswlrq gdqv od sduwlh lpdjlqdluh �2K +�, ã 517 hY hvw gþ dx{ wudqvlwlrqv g $ s

dx yrlvlqdjh gx srlqw O1 Od pdqlihvwdwlrq gh od glvwulexwlrq ìohfwurqltxh gdqv od uìsrqvh

� +�, qrxv shuphwwud g*dqdo|vhu od g|qdpltxh gh uhod{dwlrq ghv ìohfwurqv dsuìv h{flwdwlrq
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Iljxuh 714= Gìwdlo gh od vwuxfwxuh gh edqghv gh o*ru dx yrlvlqdjh gx srlqw gh v|pìwulh O ^49`
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Iljxuh 715= Sduwlhv uìhooh +wudlw sohlq, hw lpdjlqdluh +srlqwlooìv, gh od frqwulexwlrq lqwhuedqgh
ã od irqfwlrq glìohfwultxh gh o*ru/ fdofxoìhv hq xwlolvdqw oh prgëoh gh Urvhl gìyhorssì dx
sdudjudskh +41615,

sdu xqh lpsxovlrq ihpwrvhfrqgh hq gìgxlvdqw o*ìyroxwlrq whpsruhooh gh � +�> w, ã sduwlu ghv

phvxuhv gh wudqvplvvlrq hw gh uì hfwlylwì gl�ìuhqwlhoohv {A
A +�> w, hw {-

- +�> w, =

Gìwhuplqdwlrq h{sìulphqwdoh gh od irqfwlrq glìohfwultxh gh o*ru

Od gìwhuplqdwlrq h{sìulphqwdoh gh od irqfwlrq glìohfwultxh g*xq pdwìuldx gìshqg

jìqìudohphqw gh od pìwkrgh gh suìsdudwlrq hw gh od txdolwì gh o*ìfkdqwloorq xwlolvì1 F*hvw

srxu fhwwh udlvrq txh qrxv qh qrxv vrpphv sdv frqwhqwì gh suhqguh ohv ydohxuv gh od olw0

wìudwxuh/ txl idlw ìwdw gh ydohxuv uhodwlyhphqw gl�ìuhqwhv srxu � +�, ^437` = Qrxv dyrqv dlqvl

phvxuì od irqfwlrq glìohfwultxh gh qrv ìfkdqwloorqv1 Frpph fhwwh ghuqlëuh hvw xqh txdqwlwì

txl q*hvw sdv gluhfwhphqw dffhvvleoh/ ghv uhodwlrqv frqvwlwxwlyhv vrqw qìfhvvdluhv srxu od uh0

olhu ã ghv judqghxuv phvxudeohv1 Lo idxw phvxuhu dx prlqv ghx{ txdqwlwìv srxu gìwhuplqhu

ã od irlv �� +�, hw �2 +�,1 Qrxv dyrqv phvxuì od wudqvplvvlrq W hw od uì hfwlylwì U devroxhv
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Iljxuh 716= Sduwlhv uìhooh + wudlw sohlq, hw lpdjlqdluh +srlqwlooìv, gh od Irqfwlrq glìohfwultxh
gh o*ru gìwhuplqìh h{sìulphqwdohphqw1

gh qrwuh ìfkdqwloorq txl frqvlvwh hq xq �op plqfh g*ru sro|fulvwdoolq gìsrvì vxu xq vxevwudw

gh Vdsklu gh 833 �p g*ìsdlvvhxu= Hqvxlwh qrxv dyrqv gìwhuplqì od irqfwlrq glìohfwultxh gh

o*ru hq od uholdqw dx{ ghx{ txdqwlwìv suìfìghqwhv ã o*dlgh g*xq fdofxo pdwulflho txl gìwhuplqh

U hw W srxu xqh vwuxfwxuh pxowlfrxfkh hq suhqdqw hq frpswh o*h�hw ghv uì h{lrqv pxowlsohv

dx{ lqwhuidfhv1 O*ìsdlvvhxu gx �op hw od frqvwdqwh glìohfwultxh gx vxevwudw rqw ìwì phvxuìv

suìdodeohphqw1 Od pìwkrgh gh gl�udfwlrq ghv ud|rqv [ hq lqflghqfh udvdqwh grqqh xqh

ydohxu gh 5< qp srxu o*ìsdlvvhxu gh od frxfkh g*ru1 Gdqv fh jhquh g*h{sìulhqfhv vh srvh

oh sureoëph gh od phvxuh gh od uì hfwlylwì g*xq ìfkdqwloorq rü oh idlvfhdx uì ìfkl L- +�,

vxlw xq fkhplq gl�ìuhqw gh fhoxl gx idlvfhdx lqflghqw L� +�,1 Od fdoleudwlrq gx v|vwëph grlw

whqlu frpswh ghv shuwhv sdu devruswlrq rx gl�xvlrq txh vxelw oh idlvfhdx uì ìfkl oh orqj

gh vrq wudmhw1 Gdqv qrwuh fdv/ oh idlvfhdx vrqgh hvw glylvì hq ghx{ sduwlhv sdu xqh odph

vìsdudwulfh1 Od suhplëuh sduwlh sdvvh sdu o*ìfkdqwloorq hw o*dxwuh hvw sulvh frpph uìiìuhqfh1
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Od uì hfwlylwì gh o*ìfkdqwloorq hvw grqqìh sdu

U +�, @ F +�,
L-?Jo6 +�,

L�?Jo6 +�,
+714,

rü L�?Jo6 +�, @ L� +�, @Loes +�, hw L-?Jo6 +�, @ L- +�, @Loes +�, vrqw ohv lqwhqvlwìv

lqflghqwh hw uì ìfklh qrupdolvìhv sdu o*lqwhqvlwì gh od uìiìuhqfh srxu whqlu frpswh ghv  xf0

wxdwlrqv gh od vrxufh odvhu1 F +�, hvw xq idfwhxu gh fdoleudwlrq lqgìshqgdqw gh o*ìfkdqwloorq1

Qrxv o*dyrqv gìwhuplqì hq xwlolvdqw/ ã od sodfh gh o*ìfkdqwloorq xqh odph gh EN: gh 463

�p g*ìsdlvvhxu hw grqw o*lqglfh gh uìiudfwlrq hq irqfwlrq gh � hvw elhq frqqx1 Od irqfwlrq

glìohfwultxh gx �op g*ru dlqvl rewhqxh hvw uhsuìvhqwìh vxu od �jxuh 7161

Gdqv od vxlwh/ qrxv xwlolvhurqv fhwwh irqfwlrq glìohfwultxh/ gìwhuplqìh h{sìulphq0

wdohphqw/ srxu prgìolvhu ohv surfhvvxv gìshqgdqw gx whpsv gdqv ohv uìvhdx{ gh wurxv1 Hq

h�hw/ elhq txh gdqv oh fdv ghv qdqrvwuxfwxuhv oh �op vrlw ehdxfrxs soxv ìsdlv txh fhoxl

txh qrxv yhqrqv gh frqvlgìuhu/ od pìwkrgh gh suìsdudwlrq hvw lghqwltxh1 Qrxv srxyrqv

grqf udlvrqdeohphqw frqvlgìuhu txh fhwwh irqfwlrq glìohfwultxh fruuhvsrqg elhq ã fhooh ghv

qdqrvwuxfwxuhv1

71415 G|qdpltxh ihpwrvhfrqgh ghv �opv g*ru

Gdqv fhwwh sduwlh qrxv suìvhqwrqv hw qrxv glvfxwrqv ohv uìvxowdwv gh phvxuhv gh

wudqvplvvlrq hw2rx gh uì h{lrq gl�ìuhqwlhoohv uìvroxhv vshfwudohphqw hw whpsruhoohphqw vxu

ghv �opv g*ru gh ghx{ ìsdlvvhxuv/ oh suhplhu hvw xq �op plqfh gh 5< qp g*ìsdlvvhxu grqw

ohv sursulìwìv rswltxhv vwdwltxhv rqw ìwì fdudfwìulvìhv gdqv oh sdudjudskh suìfìghqw1 Oh

ghx{lëph/ txl hvw fhqvì uhsuìvhqwhu oh pìwdo pdvvli/ hvw gh 563 qp g*ìsdlvvhxu1 Qrxv

frpphqêrqv wrxw g*derug sdu ohv uìvxowdwv rewhqxv vxu oh �op plqfh1
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Qrxv dyrqv xwlolvì xq idlvfhdx srpsh grxeoì hq iuìtxhqfh +733 qp/ 533 iv, grqw

o*ìqhujlh ghv skrwrqv hvw vxsìulhxuh dx vhxlo ghv wudqvlwlrqv lqwhuedqghv gh od edqgh g yhuv oh

qlyhdx gh Ihupl gdqv o*ru +HU� @ H8 �H_ � 5=7 hY , d�q gh prgl�hu gh idêrq lpsruwdqwh

od glvwulexwlrq ìohfwurqltxh gdqv od edqgh gh frqgxfwlrq sulqflsdohphqw sdu o*lqwhupìgldluh

ghv wudqvlwlrqv lqwhuedqghv1 O*devruswlrq gh qrwuh ìfkdqwloorq ã � @ 733 qp hvw gh 73(1

Gdqv oh uìjlph whpsruho txl fdudfwìulvh qrv h{sìulhqfhv qrxv srxyrqv frqvlgìuhu txh o*h�hw

gx idlvfhdx srpsh hvw hvvhqwlhoohphqw g*lqgxluh xqh glvwulexwlrq g*ìohfwurqv fkdxgv/ kruv

g*ìtxloleuh dyhf oh uìvhdx1 Frpph qrxv oh yhuurqv/ qrxv vrpphv ìjdohphqw vhqvleohv dx{

h�hwv gh uhod{dwlrq lqlwldx{ txl hq jìqìudo fdudfwìulvhqw oh uìjlph g|qdpltxh dwkhupdo

gh od glvwulexwlrq ìohfwurqltxh1 Udsshorqv hq h�hw tx*lqlwldohphqw ohv ìohfwurqv qh vrqw

sdv hq ìtxloleuh wkhupltxh/ o*lqwhudfwlrq frxorpelhqqh hq suìvhqfh g*ìfudqwdjh g|qdpltxh

frqwulexh ã xqh uhglvwulexwlrq g*ìohfwurqv fkdxgv dxwrxu gx qlyhdx gh Ihupl1 Vlpxowdqì0

phqw/ ohv wurxv fuììv gdqv od edqgh g vh uhfrpelqhqw wuëv udslghphqw/ sdu o*lqwhuplgldluh gh

surfhvvxv Dxjhu ^63` = Fh pìfdqlvph frqwulexh ìjdohphqw ã �fkdx�hu� hw ã wkhupdolvhu od

glvwulexwlrq ìohfwurqltxh1 O*hqvhpeoh gh fhv surfhvvxv/ uhodwlyhphqw ìqhujìwltxhv/ vh sur0

gxlvhqw w|sltxhphqw gxudqw ohv 833 suhplëuhv ihpwrvhfrqghv hw rqw ìwì ìwxglìv hq gìwdlo

gdqv ohv �opv hw ohv qdqrsduwlfxohv gh pìwdx{ qreohv ^54> 55> 64> 65> 68> ;8� <7` dyhf ghv

uìvroxwlrqv whpsruhoohv gh o*ruguh gh txhotxhv gl}dlqhv gh ihpwrvhfrqghv1 Gdqv ohv �opv

plqfhv/ grqw o*ìsdlvvhxu hvw gh o*ruguh gh od orqjxhxu gh o*h�hw gh shdx gh od srpsh +� 53

qp,/ o*lqkrprjìqìlwì vsdwldoh gh od glvwulexwlrq ìohfwurqltxh lqgxlwh sdu od sursdjdwlrq gh od

srpsh hvw �olvvìh� sdu oh wudqvsruw ìohfwurqltxh gþ dx surfhvvxv edolvwltxh gdqv od gluhfwlrq

qrupdoh dx �op txl vh idlw sudwltxhphqw ã od ylwhvvh gh Ihupl1 Fhwwh ghuqlëuh hvw gh o*ruguh
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gh 417 qp2iv gdqv o*ru1 Fhod vljql�h txh gdqv xq �op plqfh frpph oh qrwuh/ o*hqvhpeoh gh

fhv surfhvvxv shuphwwhqw gh frqvlgìuhu tx*hq �q g*h{flwdwlrq dyhf oh idlvfhdx srpsh gh 533

iv rq d xqh glvwulexwlrq ìohfwurqltxh vsdwldohphqw krprjëqh dyhf xqh uìsduwlwlrq vshfwudoh

fruuhvsrqgdqw ã xqh glvwulexwlrq gh Ihupl0Gludf wuëv fkdxgh +txhotxhv fhqwdlqhv gh ghjuëv

Nhoylq,1 O*ìwdsh vxlydqwh gdqv od g|qdpltxh gh uhod{dwlrq ghv ìohfwurqv hvw oh wudqvihuw

g*ìqhujlh yhuv oh uìvhdx fulvwdoolq sdu o*lqwhupìgldluh gh o*lqwhudfwlrq ìohfwurq0skrqrq +h0sk,1

Od whpsìudwxuh ìohfwurqltxh lqlwldohphqw vxsìulhxuh ã fhooh gx uìvhdx glplqxh doruv txh fhooh

gx uìvhdx dxjphqwh1 Fh surfhvvxv hvw elhq gìfulw sdu xq prgëoh ã ghx{ edlqv +ohv ìohfwurqv

hw oh uìvhdx, + sdudjudskh 41815 gx fkdslwuh 4, ^54> 55`1 Od ghuqlìuh ìwdsh gh od uhod{dwlrq hvw

od sursdjdwlrq gh od fkdohxu gh od uìjlrq h{flwìh yhuv o*hqylurqqhphqw1 O*ìfkhooh whpsruhooh

gh fh ghuqlhu surfhvvxv hvw vxsìulhxuh ã txhotxhv fhqwdlqhv gh slfrvhfrqghv1

Srxu dqdo|vhu txdqwlwdwlyhphqw od g|qdpltxh gh od uhod{dwlrq ghv ìohfwurqv gdqv

ohv �opv pìwdooltxhv/ lo qrxv idxw uholhu ohv yduldwlrqv gh od glvwulexwlrq ìohfwurqltxh dx{

yduldwlrq ghv sursulìwìv rswltxhv gh o*ìfkdqwloorq1 Oruv ghv h{sìulhqfhv gh wkhuprprgxodwlrq

vxu ghv �opv plqfhv ^<8> <9`/ lo d ìwì prqwuì txh gdqv xq uìjlph gh idleoh shuwxuedwlrq/ ohv

wudqvplvvlrq hw uì h{lrq gl�ìuhqwlhoohv
�
{-
- >

{A
A

�
gh o*ìfkdqwloorq shxyhqw v*h{sulphu frpph

ghv frpelqdlvrqv olqìdluhv ghv yduldwlrqv ghv sduwlhv uìhooh hw lpdjlqdluh gh od irqfwlrq

glìohfwultxh ��� +�> w, hw ��2 +�> w,

{-
- @ D��� .E��2

{A
A @ F��� .G��2

+715,

Ohv frh!flhqwv D> E> F hw G gìshqghqw gh o*ìsdlvvhxu hw gh o*lqglfh gh uìiudfwlrq

gx vxevwudw/ gh o*ìsdlvvhxu gx �op hw gh vd irqfwlrq glìohfwultxh/ dlqvl txh gh od orqjxhxu

g*rqgh g*h{lwdwlrq1 Lov vrqw fdofxoìv ã sduwlu gx píph prgëoh txh qrxv dyrqv xwlolvì gdqv
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oh sdudjudskh +714, srxu fdofxohu �� +�, hw �2 +�, ã sduwlu gh U hw W1

Oh olhq hqwuh ��� +�, hw ��2 +�, hw od yduldwlrq gh od irqfwlrq gh glvwulexwlrq ìohf0

wurqltxh �i shxw íwuh rewhqx gdqv oh fdguh gh od USD hq xwlolvdqw od irupxoh gh Olqg0

kdug +ìtxdwlrq+4197, gx fkdslwuh 4,1 Gdqv oh fdv g*xq jd} ìohfwurqltxh kruv g*ìtxloleuh

qrq wkhupdolvì / od gìwhuplqdwlrq gh od irqfwlrq gh glvwulexwlrq i qìfhvvlwh gh uìvrxguh

qxpìultxhphqw o*ìtxdwlrq gh Erow}pdqq hq suhqdqw xq prgëoh soxv rx prlqv frpsoh{h

gh od vwuxfwxuh gh edqghv gx pìwdo ^68> 6:`1 Fhshqgdqw/ oruvtxh oh jd} ìohfwurqltxh dwwhlqw

xq ìtxloleuh wkhupltxh fdudfwìulvì sdu xqh whpsìudwxuh We/ txl hvw vxsìulhxuh ã od whp0

sìudwxuh gx uìvhdx fulvwdoolq/ od irqfwlrq gh glvwulexwlrq i hvw grqqìh wrxw vlpsohphqw sdu

od irqfwlrq gh glvwulexwlrq gh Ihupl0Gludf1 Gdqv fh fdv rq shxw olhu ohv yduldwlrqv gh od

irqfwlrq glìohfwultxh dx{ yduldwlrqv gh od irqfwlrq gh glvwulexwlrq hq xwlolvdqw oh prgëoh gh

Urvhl tx*rq d gìwdlooì gdqv oh sdudjudskh +41615, gx fkdslwuh14 hw hq suhqdqw od vwuxfwxuh

gh edqgh vlpsol�ìh uhsuìvhqwìh vxu od �jxuh 7141

Od �jxuh 717 +d, uhsuìvhqwh od yduldwlrq gh od irqfwlrq gh glvwulexwlrq gh Ihupl0

Gludf srxu xqh yduldwlrq gh whpsìudwxuh ìohfwurqltxh gh �We @ 433N sdu udssruw ã od whp0

sìudwxuh lqlwldoh + Wf @ 5<9 N,1 Ohv yduldwlrqv gh od irqfwlrq glìohfwultxh +��� +�, > ��2 +�,,

gh o*ru fdofxoìhv hq xwlolvdqw oh prgëoh gh Urvhl hw txl fruuhvsrqghqw ã fh fkdqjhphqw gh

whpsìudwxuh vrqw uhsuìvhqwìhv vxu od �jxuh 717 +e,1 Qrxv dyrqv xwlolvì fhv ghx{ txdqwlwìv

srxu fdofxohu od wudqvplvvlrq hw od uì hfwlylwì gl�ìuhqwlhoohv gh qrwuh ìfkdqwloorq hw ohv uìvxo0

wdwv vrqw uhsuìvhqwìv vxu od �jxuh 717 +f,1 Vxu fhwwh píph �jxuh qrxv dyrqv dxvvl uhsuìvhqwì

gh idêrq vfkìpdwltxh ohv yduldwlrqv gh od wudqvplvvlrq hw gh od uì h{lrq uìvxowdqw gh od glv0

wulexwlrq dwkhupdoh fuììh lqlwldohphqw hw txl hvw wuëv odujh vshfwudohphqw hq vh edvdqw vxu
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Iljxuh 717= +d, Yduldwlrq gh od irqfwlrq gh glvwulexwlrq fruuhvsrqgdqw ã xqh yduldwlrq gh
whpsìudwxuh �We @ 433N> +e, Yduldwlrqv ghv sduwlhv uìhooh hw lpdjlqdluh gh od irqfwlrq
glìohfwultxh fdofxoìhv srxu od píph yduldwlrq gh od whpsìudwxuh/ +f, Wudqvplvvlrq hw uì h{0
lrq gl�ìuhqwlhoohv fdofxoìhv srxu od píph yduldwlrq gh od whpsìudwxuh1 Ohv frxuehv odujhv
vshfwudohphqw hw gh wuëv idleohv dpsolwxghv uhsuìvhqwhqw vfkìpdwltxhphqw ohv frqwulexwlrqv
dwkhupdohv1
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Iljxuh 718= Vshfwuhv gh uì h{lrq +d, hw gh wudqvplvvlrq +e, gl�ìuhqwlhoohv phvxuìv srxu
gl�ìuhqwv uhwdugv hqwuh od srpsh hw od vrqgh g*xq �op g*ru gh 5< qp gìsrvì vxu xq vxevwudw
gh vdsklu1 Od ghqvlwì g*ìqhujlh gh od srpsh hvw 553 �M2fp2=

oh fdofxo gh F1 0N1 Vxq hw do ^6:`

Ghv phvxuhv vshfwur0whpsruhoohv w|sltxhv gh {-
- hw {A

A g*xq �op g*ru gh 5< qp

hq irqfwlrq gh � hw w> rü w hvw oh uhwdug hqwuh od srpsh hw od vrqgh vrqw uhsuhvhqwìhv vxu

od �jxuh 7181 Qrxv dyrqv ìjdohphqw uhsuìvhqwì vxu od �jxuh 719 ohv vshfwuhv gh {-
- hw {A

A

srxu ghx{ lqwhqvlwìv gh srpsh gh idleoh hw gh iruwh h{flwdwlrq fruuhvsrqgdqw dx uhwdug

w @ 4 sv1 Fhv vshfwuhv vrqw hq dffrug txdolwdwli dyhf ohv uìvxowdwv gx prgëoh/ �jxuh 717

+f,1 Ohv yduldwlrqv gh od wudqvplvvlrq hw od uì hfwlylwì vrqw pd{lpdohv dx yrlvlqdjh gx vhxlo

ghv wudqvlwlrqv lqwhuedqghv/ {-
- suhqg vd ydohxu pd{lpdoh yhuv � @ 833 qp/ doruv txh od
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Iljxuh 719= Vshfwuhv gh uì h{lrq gl�ìuhqwlhooh qrupdolvìh +d, hw gh wudqvplvvlrq gl�ìuhqwlhooh
qrupdolvìh +e, g*xq �op g*ru gh 5< qp g*ìsdlvvhxu fruuhvsrqgdqwv ã ghx{ ghqvlwìv g*ìqhujlh1
Oh uhwdug hqwuh srpsh hw vrqgh hvw 4 sv
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Iljxuh 71:= Vshfwuhv gh od uì h{lrq gl�ìuhqwlhooh qrupdolvìh +d, hw gh od wudqvplvvlrq gli0
iìuhqwlhooh qrupdolvìh +e, fdofxoìv srxu ghx{ fkdqjhphqwv gh whpsìudwxuh ìohfwurqltxh
�We @ 53N hw �We @ 633N

ydohxu pd{lpdoh gh {A
A hvw vlwxìh yhuv � @ 843 qp= Ohv srvlwlrqv gh fhv ghx{ pd{lpd

qh fkdqjhqw sdv dyhf o*lqwhqvlwì gh od srpsh1 Ohv vljqdx{ {-
- hw {A

A glplqxhqw ghv ghx{

f÷wìv oruvtxh o*rq v*ìorljqh gx vhxlo ghv wudqvlwlrqv lqwhuedqghv hw fkdqjhqw gh vljqh1 Gh

soxv/ ohv vljqdx{ fkdqjhqw gh vljqh ã ghv hqgurlwv gl�ìuhqwv srxu ghv lqwhqvlwìv gh srpsh

gl�ìuhqwhv1 Soxv suìflvìphqw/ fhv ghx{ frxuehv v*ìodujlvvhqw oruvtxh o*lqwhqvlwì dxjphqwh1

+Fhod hvw prlqv ylvleoh gx f÷wì ghv idleohv orqjxhxuv g*rqgh ã fdxvh gh od olplwh vshfwudoh

gh qrwuh frqwlqxxp/ pdlv oh fdofxo USD oh prqwuh fodluhphqw �jxuh 71:,1 Fhw h�hw hvw gþ ã

o*ìodujlvvhphqw gh od glvwulexwlrq gh Ihupl0Gludf txl dxjphqwh srxu xq uhwdug grqqì oruvtxh
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od whpsìudwxuh ìohfwurqltxh dxjphqwh dyhf o*lqwhqvlwì gh srpsh1 Ohv vljqdx{ {-
- gh idleoh

hw gh iruwh lqwhqvlwì fkdqjhqw gh vljqh ã � @ 853 qp hw � @ 863 qp uhvshfwlyhphqw +yrlu

�j1719,1 Doruv txh ohv vljqdx{ {A
A fkdqjhqw gh vljqh ã � @ 8:8 qp hw 953 qp1

Lqwìuhvvrqv qrxv pdlqwhqdqw dx frpsruwhphqw ghv vljqdx{ hq irqfwlrq gx whpsv1

Dx yxh gh od gìshqgdqfh ghv vshfwuhv gh wudqvplvvlrq hw gh uì h{lrq hq irqfwlrq gh od

orqjxhxu g*rqgh rq v*dwwhqg ã sulrul ã fh tx*lov dlhqw ghv frpsruwhphqwv whpsruhov gl�ìuhqwv

ã ghv orqjxhxuv g*rqghv gl�ìuhqwhv1

Vxu od �jxuh 71; qrxv dyrqv uhsuìvhqwì ohv gìwdlov gh od g|qdpltxh whpsruhooh

gh qrwuh ìfkdqwloorq gdqv oh uhjlph gh uhodwlyhphqw idleoh lqwhqvlwì gh srpsh +LR @ 63

�M2fp2,1 O*hqvhpeoh gh �jxuhv vxu oh frwì jdxfkh fruuhvsrqghqw ã {-
- +oljqhv frqwlqxhv, hw

{A
A + oljqhv srlqwlooìhv, phvxuìhv ã gl�ìuhqwhv orqjxhxuv g*rqgh gh od vrqgh dxwrxu gx vhxlo

ghv wudqvlwlrqv lqwhuedqghv1 Ohv yduldwlrqv gh ��� +w, > ��2 +w, fruuhvsrqgdqwhv fdofxoìhv ã

sduwlu ghv {-
-

{A
A vrqw uhsuìvhqwìhv vxu oh f÷wì gurlw srxu od píph orqjxhxu g*rqgh1

Frpphqêrqv sdu h{dplqhu oh frpsruwhphqw ghv vljqdx{ dx yrlvlqdjh gh od uìsrqvh

pd{lpdoh +yhuv 843 qp,1 Vxu od �jxuh 71< qrxv dyrqv uhsuìvhqwì od uì h{lrq gl�ìuhqwlhooh

qrupdolvìh +d, hw od wudqvplvvlrq gl�ìuhqwlhooh qrupdolvìh +e, ã � @ 843 qp hw gdqv xq uìjlph

g*dvvh} idleoh shuwxuedwlrq +LR @ 63 �M2fp
2,1 Qrxv dyrqv ìjdohphqw vxshusrvì vxu fkdfxqh

ghv ghx{ frxuehv oh vljqdo gh fruuìodwlrq furlvìh srpsh0vrqgh qrupdolvì1 Rq frqvwdwh vxu

fkdfxqh ghv ghx{ frxuehv {-
- hw {A

A txh oh vljqdo dwwhlqw vd ydohxu pd{lpdoh gdqv xq whpsv

qhwwhphqw soxv orqj txh od gxuìh gx vljqdo gh fruuìodwlrq furlvìh srpsh0vrqgh hw lo gìfurñw

hqvxlwh gh pdqlëuh h{srqhqwlhooh yhuv o*ìwdw g*ìtxloleuh1 Od prqwìh uhwdugìh gx vljqdo hvw

gxh dx uhwdug gh wkhupdolvdwlrq ghv ìohfwurqv dx yrlvlqdjh gx qlyhdx gh Ihupl ^68> 6:`1 Sdu



465

-15

-10

-5

0

5

x1
0

-3
 

86420
Retard (ps)

∆R/R
∆T/T

λ   =  510 nm

60

40

20

0

-20

-40
x1

0
-3

 

86420
Retard (ps)

 ∆ε2

 ∆ε1

λ   =  510 nm

-6

-4

-2

0

x1
0

-3
 

1086420
Retard (ps)

∆R/R
∆T/T

λ   =  540 nm

60

50

40

30

20

10

0

x1
0

-3
 

1086420
Retard (ps)

∆ε2

 ∆ε1

λ    =  540 nm
 

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

x1
0

-3
 

86420
Retard (ps)

 ∆R/R
 ∆T/T

λ   =  660 nm
20

10

0

x1
0

-3
 

86420
Retard (ps)

∆ε2

 ∆ε1

λ   =  660 nm

Iljxuh 71;= Hyroxwlrq whpsruhooh gh od uì h{lrq gl�ìuhqwlhooh +wudlw sohlq, hw gh od wudqvplv0
vlrq gl�ìuhqwlhooh +srlqwlooìv, g*xq �op g*ru gh 5< qp g*ìsdlvvhxu dlqvl txh ohv yduldwlrqv gh
od irqfwlrq glìohfwultxh fruuhvsrqgdqwhv ��� +wudlw sohlq, hw ��2 +srlqwlooìhv,1 Od ghqvlwì
g*ìqhujlh g*h{flwdwlrq hvw 63 �M2fp2=
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Iljxuh 71<= Uh h{lrq +d, hw wudqvplvvlrq +e, gl�ìuhqwlhoohv qrupdolvìhv g*xq �op g*ru gh 5<
qp phvxuìhv ã � @843 qp1 Od ghqvlwì g*ìqhujlh g*h{flwdwlrq hvw 63�M2fp21 Od frxueh hq
srlqwlooìv uhsuìvhqwh oh vljqdo gh fruuìodwlrq furlvìh srpsh0vrqgh1

frqwuh/ od gìfurlvvdqfh gx vljqdo wudgxlw oh wudqvihuw g*ìqhujlh gx jd} g*ìohfwurqv yhuv oh

uìvhdx sdu lqwhudfwlrq ìohfwurq0skrqrq +h0sk, 1

Srxu gìfuluh txdqwlwdwlyhphqw ohv vljqdx{ {-
- hw {A

A dx yrlvlqdjh gh od uìsrqvh

pd{lpdoh gdqv oh uìjlph gh idleoh shuwxuedwlrq qrxv dyrqv xwlolvì oh prgëoh gìyhorssì sdu

F10N1 Vxq hw do ^68/6:`1 Fh prgëoh hvw edvì vxu od glylvlrq gh od glvwulexwlrq ìohfwurqltxh hq

xqh glvwulexwlrq wkhupdolvìh gh ghqvlwì ìohyìh hw xqh glvwulexwlrq dwkhupdoh gh wuëv idleoh

ghqvlwì1 Oh wudqvihuw g*ìqhujlh gh od ghx{lëph yhuv od suhplëuh vh idlw sdu froolvlrqv ìohfwurq0

ìohfwurq1 Xq whpsv fdudfwìulvwltxh gh wkhupdolvdwlrq shxw íwuh gì�ql hq frqvlgìudqw xqh
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prqwìh prqrh{srqhqwlhooh gx vljqdo 1 Sdu frqvìtxhqw/ ohv phvxuhv h{sìulphqwdohv shxyhqw

íwuh dmxvwìhv sdu od irqfwlrq gh uìsrqvh vxlydqwh

U +w, @ K +w, iD ^4� h{s+�w@� |�,` h{s+�w@�e3o, .E ^4� h{s+�w@�e3o,`j +716,

K +w, ìwdqw od irqfwlrq gh Khdylvlgh1 Oh suhplhu whuph gh o*ìtxdwlrq +716, gìfulw od uìsrqvh

sxuhphqw ìohfwurqltxh txl furñw dyhf xqh frqvwdqwh gh whpsv � |� hw gìfurñw sdu wudqvihuw

g*ìqhujlh yhuv oh uìvhdx dyhf xq whpsv gh frxsodjh hohfwurq0uìvhdx �e3o= Oh ghx{lëph whuph

uhsuìvhqwh xq shwlw vljqdo uìvlgxho gþ ã o*dxjphqwdwlrq gh od whpsìudwxuh gx uìvhdx1 Srxu

xq phloohxu dmxvwhphqw gh qrv uìvxowdwv h{sìulphqwdx{/ od irqfwlrq gh uìsrqvh +716, hvw

frqyroxìh dyhf oh vljqdo gh fruuìodwlrq furlvìh srpsh0vrqgh1 Ohv grqqìhv vrqw elhq uhsur0

gxlwhv gdqv oh fdv rü � @ 843 qp hq suhqdqw � |� � 833 iv hw �e3o � 4 sv1 Srxu ohv vljqdx{

fruuhvsrqgdqwv ã ghv lqwhqvlwìv soxv iruwhv/ rq frqvwdwh txh oh whpsv gh uhod{dwlrq ìohfwurq0

uìvhdx dxjphqwh oruvtxh o*lqwhqvlwì gh srpsh dxjphqwh1 D wlwuh g*h{hpsoh/ qrxv dyrqv

uhsuìvhqwì vxu od �jxuh +7143, ohv vljdx{ {-
- qrupdolvìv ã � @ 843 qp hw fruuhvsrqgdqwv ã

ghv  xhqfhv gh srpsh LR @ 63/ <3 hw 553 �M2fp
21 O*dmxvwhphqw ghv vljqdx{ sdu od irqf0

wlrq gh uìsrqvh +716, grqqh ghv whpsv gh uhod{dwlrq ìohfwurq0uìvhdx �e3o @ 4 sv hw 4=7 sv

srxu ohv vljqdx{ fruuhvsrqgdqwv dx{  xhqfhv gh srpsh 63 �M2fp2 hw <3 �M2fp21 Oh vljqdo

fruuhvsrqgdqw ã od soxv iruwh lqwhqvlwì LR @ 553 �M2fp2 gìfurñw gh idêrq qrq h{srqhqwlhooh1

Fh frpsruwhphqw hvw elhq h{soltxì sdu oh prgëoh ã ghx{ whpsìudwxuhv1 Lo hvw dvvrflì ã od

gìshqgdqfh hq whpsìudwxuh gh od fkdohxu vsìfl�txh ìohfwurqltxh +yrlu sdudjudskh 41815 gx

fkdslwuh 4, ^54`1

Oh frpsruwhphqw whpsruho ghv vljqdx{ {-
- hw {A

A ghylhqw soxv frpsoh{h oruvtxh

o*rq v*ìorljqh gh od uìjlrq gx vljqdo pd{lpxp/ vxuwrxw dxwrxu ghv orqjxhxuv g*rqgh rü {A
A
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2
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2

Ip = 220 µJ/cm
2

Iljxuh 7143= Hyroxwlrq whpsruhooh gh od uì h{lrq gl�ìuhqwlhooh qrupdolvìh phvxuìh ã � @ 843
qp srxu gl�ìuhqwhv ghqvlwìv g*ìqhujlh g*h{flwdwlrq

rx {-
- fkdqjh gh vljqh1 Suhqrqv sdu h{hpsoh oh fdv gh {A

A ã � @ 948 qp txl hvw wuëv surfkh

gh od orqjxhxu g*rqgh rü vh surgxlw oh fkdqjhphqw gh vljqh gh {A
A / �jxuh 71441 Fh vljqdo

prqwuh xq whpsv gh prqwìh qìjdwli wuëv udslgh soxv frxuw txh od gxuìh gh qrwuh lpsxovlrq

vxlyl sdu xq vljqdo srvlwli txl uhylhqw soxv ohqwhphqw yhuv o*ìtxloleuh1 Fh frpsruwhphqw

hvw xqh dxwuh pdqlihvwdwlrq gx fdudfwëuh qrq lqvwdqwdqì gh od wkhpdolvdwlrq lqwhuqh gx jd}

ìohfwurqltxh hw shxw íwuh h{soltxì txdolwdwlyhphqw gh od pdqlëuh vxlydqwh= od glvwulexwlrq

dwkhupdoh odujh fuììh lqlwldohphqw sdu od srpsh/ grqqh olhx ã xq vljqdo {A
A qìjdwli vxu

wrxwh od jdpph vshfwudoh ìwxglìh ^6:`/ doruv txh od glvwulexwlrq wkhupdolvìh grqqh olhx ã xq

vljqdo txl fkdqjh gh vljqh �jxuh 7171f1 Dx yrlvlqdjh gh od orqjxhxu g*rqgh txl fruuhvsrqg

dx pd{lpxp gx vljqdo +yhuv 843 qp, fh frpsruwhphqw hvw devhqw fdu od yduldwlrq gh od

wudqvplvvlrq gxh ã od glvwulexwlrq wkhupdolvìh hvw ehdxfrxs soxv lpsruwdqwh txh fhooh gxh

ã od glvwulexwlrq dwkhupdoh1 Od frqwulexwlrq gh fhwwh ghuqlëuh vh pdqlihvwh vhxohphqw sdu
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Iljxuh 7144= Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh phvxuìh ã � @ 948 qp1
Od ghqvlwì g*ìqhujlh g*h{flwdwlrq hvw 63 �M2fp2

xq uhwdug gh od prqwìh gx vljqdo frpph qrxv o*dyrqv glvfxwì suìfìghpphqw1 Pdlv/ oruvtxh

o*rq vh udssurfkh gh od orqjxhxu g*rqgh rü {A
A fkdqjh gh vljqh/ ohv dpsolwxghv ghv ghx{

frqwulexwlrqv ghylhqqhqw frpsdudeohv1 Fh txl shuphw ã od vrqgh gh vxlyuh gluhfwhphqw od

wkhupdolvdwlrq ghv ìohfwurqv dx yrlvlqdjh gx qlyhdx gh Ihupl rü od wkhupdolvdwlrq shxw íwuh

vxlylh shqgdqw 4 ã 5 sv ^6:`1 Oh udohqwlvvhphqw gh od wkhupdolvdwlrq dx yrlvlqdjh gx qlyhdx

gh Ihupl hvw gþ dx idlw txh oh whpsv gh od wkhupdolvdwlrq � |� gì�ql gdqv o*ìtxdwlrq +716, hvw

gìwhuplqì sulqflsdohphqw sdu ohv lqwhudfwlrqv ìohfwurq0ìohfwurq +h0h,1 Fhshqgdqw/ od ghqvlwì

ìohfwurqltxh wuëv ìohyìh dx yrlvlqdjh gx qlyhdx gh Ihupl uìgxlw frqvlgìudeohphqw o*h!fdflwì

ghv lqwhudfwlrqv +h0h, ã fdxvh gh = +l, sulqflsh g*h{foxvlrq gh Sdxol txl hvw wuëv h!fdfh

fdu od pdmrulwì ghv ìwdwv shuplv gdqv fhwwh }rqh vrqw rffxsìv +ll, o*ìfudqwdjh txl uìgxlw

frqvlgìudeohphw o*h!fdflwì gh o*lqwhudfwlrq frxorpelhqqh +sdudjudskh1414 gx fkdslwuh14,1

Fh udohqwlvvhphqw d ìwì phvxuì txdqwlwdwlyhphqw sdu ohv h{sìulhqfhv gh od skrwrìplvvlrq ã
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Iljxuh 7145= Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh gx �op g*ru +5< qp, ã
� @ 8<3 qp phvxuìh srxu gl�ìuhqwhv ghqvlwìv g*ìqhujlh gh srpsh1 +d, LR @ 63 �M2fp

2/ +e,
LR @ <3 �M2fp

2= +f, LR @ 553 �M2fp
2=

ghx{ skrwrqv uìvroxh hq whpsv hw hvw hq erq dffrug dyhf ohv uìvxowdwv ghv wudydx{ wkìrultxhv

suìvhqwìv eulëyhphqw gdqv oh sdudjudskh 418141 Fhv fdofxov vrqw ghv dpìolrudwlrqv gh od

wkìrulh gx oltxlgh gh Ihupl txl suìglw xq whpsv gh uhod{dwlrq ìohfwurq0ìohfwurq txl ydulh

frpph �e3e @ D +H �H8 ,32 rü D hvw xq qrpeuh frqvwdqw hw H8 hvw o*ìqhujlh gh Ihupl

^7`1

Srxu h{dplqhu o*lq xhqfh gh o*lqwhqvlwì gh srpsh vxu fhw h�hw qrxv dyrqv uhsuìvhqwì

vxu od �jxuh +7145, ohv yduldwlrqv gh od wudqvplvvlrq dx yrlvlqdjh gh � @ 8<3 qp srxu wurlv

 xhqfhv gh srpsh1 Oh fkdqjhphqw gh vljqh hvw soxv dssduhqw srxu o*lqwhqvlwì od soxv idleoh
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�
LR @ 63�M2fp

2
�
hw lo glvsdudñw frpsoëwhphqw gdqv oh vljqdo fruuhvsrqgdqw ã od soxv iruwh

lqwhqvlwì
�
LR @ 553�M2fp

2
�
1 Srxu ohv ghx{ idleohv lqwhqvlwìv od frqwulexwlrq gh od glvwulex0

wlrq qrq wkhupdolvìh hvw qìjdwlyh doruv txh od frqwulexwlrq gh od glvwulexwlrq wkhupdolvìh

hvw srvlwlyh fh txl grqqh olhx ã fh fkdqjhphqw gh vljqh1 Sdu frqwuh/ gdqv oh fdv gh od soxv

iruwh lqwhqvlwì/ od frxueh {A
A +�, srxu fkdtxh uhwdug ghylhqw soxv odujh/ �jxuh 719 hw fkdqjh

gh vljqh ã xqh orqjxhxu g*rqgh vxsìulhxuh ã � @ 8<3 qp ã fdxvh gh o*dxjphqwdwlrq gh od

whpsìudwxuh ìohfwurqltxh1 Fh txl vljql�h txh srxu � @ 8<3 qp fkdfxqh ghv ghx{ frqwul0

exwlrqv grqqh xq vljqdo qìjdwli hw sdu frqvìtxhqw/ od wudqvplvvlrq gl�ìuhqwlhooh uìvxowdqwh

uhvwh wrxmrxuv qìjdwlyh1

Qrxv dyrqv dxvvl h�hfwxìh ghv phvxuhv gh uì h{lrq gl�ìuhqwlhooh vxu xq �op g*ru

gh 563 qp gìsrvì vxu xq vxevwudw gh vdsklu1 F*hvw vxu fh píph �op tx*rqw ìwì judyìhv

ohv vwuxfwxuhv sìulrgltxhv gh wurxv vxe0orqjxhxu g*rqgh txh qrxv doorqv ìwxglhu gdqv ohv

sdudjudskhv vxlydqwv1 Od iruph vshfwudoh gx vljqdo {-
- +�, uhvvhpeoh ã fhooh rewhqxh dyhf oh

�op plqfh gh 5< qp g*ìsdlvvhxu pdlv hvw gìsodfìh yhuv ohv frxuwhv orqjxhxuv g*rqghv +�jxuh

7146,1 Fhfl hvw gþ ã od gìshqgdqfh ghv frh!flhqwv gh wudqvplvvlrq hw gh uh h{lrq hq irqfwlrq

gh o*ìsdlvvhxu gx �op1 Ohv sdudpëwuhv + D/ E/ F/ G, gì�qlv gdqv o*ìtxdwlrq +715, vrqw grqf

gl�ìuhqwv gh fhx{ gx �op plqfh1 Sdu frqvìtxhqw/ ohv uhodwlrqv txl olhqw ��� +�, hw ��2 +�,

ã {-
- +�, hw {A

A +�, vrqw prgl�ìhv= Gh soxv/ o*dpsolwxgh gx vljqdo glplqxh gudvwltxhphqw

sdu udssruw dx fdv gx �op plqfh hw oh whpsv gh prqwìh gx vljqdo ghylhqw soxv frxuw txh od

gxuìh gh o*lpsxovlrq vrqgh1 Fhfl hvw gþ dx idlw txh gdqv fh w|sh g*ìfkdqwloorq/ oh wudqvsruw

edolvwltxh hw od gl�xvlrq ghv ìohfwurqv fkdxgv kruv gh od uìjlrq h{flwìh sdu od srpsh/ txl

hvw gìwhuplqìh sdu vd orqjxhxu gh sìqìwudwlrq gdqv o*ìfkdqwloorq/ sduwlflshqw h!fdfhphqw
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Iljxuh 7146= Vshfwuhv gh uì h{lrq gl�ìuhqwlhooh qrupdolvìh g*xq �op plqfh g*ru gh 5< qp
g*ìsdlvvhxu +srlqwlooìv, hw g*xq �op g*ru ìsdlv gh 563 qp g*ìsdlvvhxu +wudlw sohlq, fruuh0
vsrqgdqwv ã xq uhwdug srpsh0vrqgh ìjdoh ã 4 sv1 Od ghqvlwì g*ìqhujlh gh srpsh hvw 833
�M2fp2=



473

ã o*dffìoìudwlrq gx surfhvvxv gh uhod{dwlrq ghv ìohfwurqv1

715 Fdv ghv uìvhdx{ gh wurxv vxe0orqjxhxu g*rqgh

71514 Sursulìwìv olqìdluhv gh od wudqvplvvlrq sdu ohv uìvhdx{ gh wurxv vxe0

orqjxhxu g*rqgh

Gdqv fh sdudjudskh qrxv doorqv ìwxglhu ohv sursulìwìv olqìdluhv gh od gl�udfwlrq gh

od oxplëuh sdu ghv uìvhdx{ gh wurxv vxe0orqjxhxu g*rqgh hw qrxv prqwuhurqv txh oh prgëoh

dqdo|wltxh txh qrxv dyrqv gìyhorssì gdqv oh sdudjudskh +519, gx fkdslwuh 5/ shuphw gh

vlpxohu ohv sulqflsdx{ dvshfwv gx skìqrpëqh g*h{dowdwlrq gh od wudqvplvvlrq ã wudyhuv fhv

uìvhdx{1 Qrxv o*xwlolvhurqv hqvxlwh srxu ìwxglhu o*lq xhqfh ghv gl�ìuhqwv sdudpëwuhv gh

od vwuxfwxuh vxu fhwwh wudqvplvvlrq h{dowìh1 Dyhf fh prgëoh qrxv fdofxohurqv ã od irlv ohv

frh!flhqwv gh wudqvplvvlrq/ gh uì h{lrq hw g*devruswlrq gh qrv ìfkdqwloorqv/ fh txl qrxv

shuphwwud gh plhx{ frpsuhqguh ohv pìfdqlvphv sk|vltxhv lpsoltxìv gdqv o*h{dowdwlrq gh od

wudqvplvvlrq1

Lo idxw suìflvhu txh oh prgëoh uìgxlw od vwuxfwxuh gx gìsduw grqw od irqfwlrq glìohf0

wultxh hvw prgxoìh sìulrgltxhphqw ã 5G+ uìvhdx fduuì gh wurxv sdu h{hpsoh, rx ã 4G + uìvhdx

gh ihqwhv,/ ã xqh vwuxfwxuh vlpsol�ìh d|dqw xqh irqfwlrq glìohfwultxh prgxoìh gh idêrq kdu0

prqltxh +vlqxvrlgdoh,1 Gh soxv/ ã fdxvh ghv dssur{lpdwlrqv txl rqw ìwì idlwhv +wurqfdwxuh

ghv vìulhv Irxulhu gh od irqfwlrq glìohfwultxh hw ghv fkdpsv ìohfwurpdjqìwltxhv,/ lo qh shuphw

gh suìgluh txh od uìvrqdqfh sulqflsdoh fruuhvsrqgdqw ã fkdfxqh ghv lqwhuidfhv gx �op1 Fhv

ghx{ uìvrqdqfhv vrqw gìvljqìhv sdu ohv v|perohv +4/3,U hw +4/3,UUU rü LLL hw L v|perolvhqw

oh vxevwudw hw oh plolhx glìohfwultxh dgmdfhqw dx �op gx f÷wì rssrvì hw txl vrqw fdudfwìulvìv
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Iljxuh 7147= Vshfwuhv gh wudqvplvvlrq phvxuì +wudlw sohlq, hw fdofxoì +srlqwlooìv, g*xq uìvhdx
gh wurxv judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu dyhf ohv sdudpëwuhv d @
633 qp/ g @ 4:: qp/ k @ 563 qp1

sdu ohv frqvwdqwhv glìohfwultxhv �UUU hw �U uhvshfwlyhphqw1 Qrwrqv txh qrxv gìvljqrqv dxvvl

oh sdv gx uìvhdx/ o*ìsdlvvhxu gx �op hw oh gldpëwuh ghv wurxv sdu d/ k/ g uhvshfwlyhphqw1

Qrxv dyrqv uhsuìvhqwì vxu od �jxuh 7147 oh vshfwuh gh wudqvplvvlrq phvxuì g*xq

uìvhdx gh wurxv judyìv vxu xq �op g*ru gh 563 qp g*ìsdlvvhxu1 Oh sdv gh fh uìvhdx ydxw 633

qp hw ohv wurxv rqw xq gldpìwuh gh 4:: qp1

Ohv dqrpdolhv gh Zrrg gdqv fh uìvhdx fruuhvsrqgdqwv dx{ lqwhuidfhv pìwdo0dlu hw

pìwdo0vxevwudw vrqw vlwxìhv ã �U @ 633 qp hw �UUU @ 869 qp/ uhshfwlyhphqw1 Frpph qrxv

o*dyrqv phqwlrqqì gdqv oh sdudjudskh +519, gx fkdslwuh 5/ srxu � A �UUU wrxv ohv ruguhv gh

gl�udfwlrq vrqw ìydqhvfhqwv hw rq qh gìwhfwh gdqv oh fkdps orlqwdlq txh ohv idlvfhdx{ uì ìfkl

+Uff, hw wudqvplv +Wff,1 Sdu frqvìtxhqw/ o*devruswlrq gh od vwuxfwxuh shxw íwuh fdofxoìh hq

xwlolvdqw od irupxoh +5185,1



475

0.8

0.6

0.4

0.2

0.0

750700650600550500450
Longueur d'onde (nm)

 Réflexion
 Absorption

Iljxuh 7148= Vshfwuhv gh uì h{lrq +srlqwlooìv, hw g*devruswlrq +wudlw sohlq, gx píph uìvhdx
gh od �jxuh 7147

Vxu od �jxuh 7147 qrxv dyrqv uhsuìvhqwì dxvvl oh uìvxowdw gh fdofxo gh od wudqvplvvlrq

gh od vwuxfwxuh suìfìghqwh/ hw qrxv dyrqv uhsuìvhqwì vxu od �jxuh 7148 ohv vshfwuhv wkìrultxhv

gh od uh h{lrq hw gh o*devruswlrq gx píph uìvhdx1

Gdqv fhwwh vlpxodwlrq wrxv ohv sdudpëwuhv vrqw lghqwltxhv ã fhx{ gh od vwuxfwxuh

uìhooh vdxi o*ìsdlvvhxu gx �op g*ru tx*rq d sulv ìjdo ã 458 qp srxu txh ohv dpsolwxghv

gh wudqvplvvlrq wkìrultxh hw phvxuìh vrlhqw frpsdudeohv1 Od �jxuh 7147 prqwuh txh oh

prgëoh uhsurgxlw g*xqh pdqlëuh dvvh} vdwlvidlvdqwh ohv sulqflsdohv fdudfwìulvwltxhv gx vshfwuh

h{shulphqwdo1 Soxv suìflvìphqw/ ohv ghx{ vshfwuhv prqwuhqw o*ì{lvwhqfh gh ghx{ slfv gh

wudqvplvvlrq/ oh suhplhu yhuv � @ 863 qp hw oh ghx{lëph yhuv � @ :33 qp1 Oh slf ã 863 qp

dssdudñw gh idêrq v|vwìpdwltxh gdqv wrxv ohv vshfwuhv gh wudqvplvvlrq ghv vwuxfwxwuhv txh

qrxv dyrqv ìwxglìhv txh fh vrlw ghv uìvhdx{ gh wurxv sìulrgltxhv rx doìdwrluhv/ ghv wurxv

xqltxhv rx ghv fleohv +wurxv xqltxhv hqwrxuìv sdu ghv fruuxjdwlrqv sìulrgltxhv,1 Vd srvlwlrq
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vshfwudoh qh fkdqjh sdv vl rq ydulh ohv sdudpëwuhv gx uìvhdx frpph oh sdv sdu h{hpsoh1

Irfdolvrqv pdlqwhqdqw qrwuh dwwhqwlrq vxu oh slf ã :33 qp txl hvw ã o*rssrvì gx slf suìfìghqw

vhqvleoh ã wrxwh yduldwlrq ghv sdudpëwuhv gh od vwuxfwxuh1 Dx pd{lpxp gh wudqvplvvlrq

fruuhvsrqg xq plqlpxp gh uì h{lrq hw xq pd{lpxp g*devruswlrq/ fh txl hvw hq erq dffrug

dyhf ohv uìvxowdwv h{sìulphqwdx{ uìfhqwv gh Eduqhv hw do vxu fh w|sh gh vwuxfwxuhv^<:`1 Od

iruwh devruswlrq ã � @:33 qp/ txl hvw orlq gh od uìjlrq ghv wudqvlwlrq lqwhuedqghv +yhuv 853

qp gdqv o*ru,/ q*hvw h{solfdeoh txh vl o*rq dgphw o*k|srwkëvh gh o*h{flwdwlrq g*xq sodvprq

gh vxuidfh1 Fhfl frqvwlwxh xqh suhxyh gx idlw txh oh frxsodjh ghv skrwrqv lqflghqwv dyhf ohv

sodvprqv gh vxuidfh mrxh xq u÷oh foì gdqv oh pìfdqlvph gh o*h{dowdwlrq gh od wudqvplvvlrq

h{wudruglqdluh gh od oxplëuh sdu ohv �opv pìwdooltxhv vwuxfwxuìv sìulrgltxhphqw + hw vxuwrxw

gdqv oh fdv ghv uìvhdx{ gh wurxv vxe0orqjxhxu g*rqgh,1

Lo idxw qrwhu txh oh pd{lpxp gh wudqvplvvlrq hvw wrxmrxuv suìfìgì sdu xq plq0

lpxp rü od wudqvplvvlrq fkxwh gh idêrq dssuìfldeoh1 Fhfl hvw soxv ylvleoh vl rq wudfh oh

vshfwuh gh wudqvplvvlrq hq ìfkhooh orjdulwkpltxh/ �jxuh 71491 Od srvlwlrq gh fh plqlpxp

+� � 963 qp, qh frlqflgh sdv dyhf od orqjxhxu g*rqgh gh Ud|ohljk +�UUU @ 869 qp, hw sdu

frqvìtxhqw/ fh plqlpxp hvw gl�ìuhqw gh o*dqrpdolh gh Zrrg gx suhplhu w|sh +yrlu sdud0

judskh 515 gx fkdslwuh 5,1 Fhwwh ghuqlëuh vh pdqlihvwh soxw÷w sdu xqh glvfrqwlqxlwì gdqv

fkdfxqh ghv frxuehv gh wudqvplvvlrq/ uì h{lrq hw devruswlrq1 F*hvw ã fdxvh gh fhv plqlpd

txh ohv uìvrqdqfhv fruuhvsrqgdqw dx{ pd{lpd gh od wudqvplvvlrq h{dowìh gdqv ohv uìvhdx{

pìwdooltxhv vrqw gdqv od soxsduw ghv fdv qrq v|pìwultxhv1 Gh soxv/ f*hvw shxw íwuh ã fdxvh

gh fhv plqlpd txh Ododqqh hw do ^99` rqw frqvlgìuì gh idêrq qìjdwlyh oh u÷oh ghv sodvprqv

gh vxuidfhv gdqv od wudqvplvvlrq h{dowìh ghv uìvhdx{ pìwdooltxhv1 Od srvlwlrq gx slf gh



477

2

4

6

8
0.01

2

4

6

8
0.1

T
ra

ns
m

is
si

on

750700650600550500450
Longueur d'onde (nm)

 T00 calculé
  T00 mesuré

Iljxuh 7149= Píphv vshfwuhv txh fhx{ gh od �jxuh 7147 hq ìfkhooh orjdulwkpltxh1

wudqvplvvlrq vh gìsodfh yhuv oh urxjh oruvtxh oh sdv gx uìvhdx dxjphqwh1

Hwxgh gx fdv v|pìwultxh

Oh fdv v|pìwultxh vljql�h txh oh �op pìwdooltxh hvw hqwrxuì sduwrxw sdu oh píph

glìohfwultxh1 Srxu phqhu ã elhq fhwwh ìwxgh lo idxw wrxw g*derug udsshohu txh oruvtxh o*rq

frqvlgëuh xq �op pìwdooltxh olvvh + vdqv fruuxjdwlrq, dyhf xqh ìsdlvvhxu k lq�qlh/ ohv sodv0

prqv gh vxuidfh txl vh fuìhqw vsrqwdqìphqw vxu o*xqh rx o*dxwuh gh fhv ghx{ lqwhuidfhv rqw

ghv iuìtxhqfhv gìjìqìuìhv hw q*lqwhudjlvvhqw sdv hqwuh hx{1 Pdlv oruvtxh o*ìsdlvvhxu gx �op

ghylhqw �qlh ohv fkdpsv ìohfwurpdjqìwltxhv dvvrflìv dx{ ghx{ sodvprqv vh uhfrxyuhqw fh txl

oëyh od gìjìqìuhvfhqfh hw grqqh olhx ã ghx{ vruwhv gh sodvprqv v|pìwultxhv gh soxv idleoh

iuìtxhqfh hw dqwlv|pìwultxhv gh soxv kdxwh iuìtxhqfh ^6;`1 Ohxuv uhodwlrqv gh glvshuvlrq
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v*ìfulyhqw gdqv oh fdv g*xq �op gh idleoh ìsdlvvhxu frpph ^6;`

$� @
$R

+4 . �_,

4	 h{s +�n�7k,
4
 � h{s +�n�7k,

� @
�_ � 4
�_ . 4

+717,

$R hvw od iuìtxhqfh gx sodvprq gh vxuidfh gìjìqìuì/ n�7 vrq yhfwhxu g*rqgh hw �_ hvw

od frqvwdqwh glìohfwultxh gx plolhx txl hqwrxuh oh �op1 Lo hvw wuëv lpsruwdqw gh qrwhu

txh/ frpph gdqv oh fdv gh od proìfxoh K2 rü o*hohfwurq q*dssduwlhqw ql ã o*dwrph 4 ql ã

o*dwrph 5 pdlv ã od proìfxoh K2 hw vd irqfwlrq g*rqgh hvw ìwhqgxh vxu ohv ghx{ dwrphv/

fkdfxq ghv sodvprqv gh vxuidfh v|pìwultxh hw dqwlv|pìwultxh/ hw txh o*rq dssëoh sodvprq

gh �op/ vh sursdjh vxu ohv ghx{ lqwhuidfhv1 Gh soxv/ frpph fhv sodvprqv uhsuìvhqwhqw ghv

ydohxuv sursuhv gx �op/ ohv dpsolwxghv ghv fkdpsv ìohfwurpdjqìwltxhv dvvrflìv ã fkdfxq

ghv sodvprqv vrqw ohv píphv vxu ohv ghx{ lqwhuidfhv1 Yr|rqv pdlqwhqdqw/ txho hvw oh u÷oh

gh fhv sodvprqv gdqv oh surfhvvxv g*h{dowdwlrq gh od wudqvplvvlrq sdu xq �op vwuxfwxuì

sìulrgltxhphqw1

Od �jxuh +714:, uhsuìvhqwh ohv vshfwuhv gh wudqvplvvlrq gh uìvhdx{ gh wurxv vxu

ghv �opv g*ru gh gl�ìuhqwhv ìsdlvvhxuv1 Ohv dxwuhv sdudpëwuhv vrqw lghqwltxhv srxu wrxv

ohv uìvhdx{ hw ydohqw = d @ 633 qp/ g @ 433 qp/ �U @ �UUU @ 6=51 Fhv vshfwuhv vrqw

fdofxoìv gdqv xq suhplhu whpsv hq qìjoljhdqw ohv shuwhv sdu devruswlrq gdqv oh pìwdo l1h1 hq

frqvlgìudqw txh od sduwlh lpdjlqdluh gh od irqfwlrq glìohfwultxh gh o*ru hvw qxooh +�2 +�, @ 3,=

Rq yrlw h�hfwlyhphqw txh/ srxu ohv idleohv ydohxuv gh k/ od uìvrqdqfh gx sodvprq gh vxuidfh

+4/3,UUU vh glylvh hq ghx{ uìvrqdqfhv txl v*ìorljqhqw o*xqh gh o*dxwuh dyhf od glplqxwlrq

gh k= Od wudqvplvvlrq gx �op ã fhv uìvrqdqfhv hvw ìjdoh ã 4/ fh txl vljql�h txh oh �op

ghylhqw frpsoëwhphqw wudqvsduhqw srxu fhv orqjxhxuv g*rqgh1 Od uìvrqdqfh gx sodvprq gh
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Iljxuh 714:= Vshfwuhv gh wudqvplvvlrq +d, hw gh uì h{lrq +e, fdofxoìv g*xq uìvhdx gh wurxv
judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu srxu gl�ìuhqwhv ydohxuv gh o*ìsdlvvhxu
gx �op k/ dyhf d @ 633 qp hw g @ 433 qp1 Gdqv fh fdofxo od sduwlh lpdjlqdluh gh od irqfwlrq
glìohfwultxh gh o*ru hvw frqvlgìuìh ìjdoh ã }ìur1
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vxuidfh dqwlv|pìwultxh + yhuv ohv soxv kdxwhv ìqhujlhv, hvw soxv ìwurlwh txh fhooh gx sodvprq

gh vxuidfh v|pìwultxh1 Srxu ohv judqghv ydohxuv gh k fhv ghx{ uìvrqdfhv vh udssurfkhqw

mxvtx*ã fh tx*hoohv qh iruphqw tx*xqh vhxoh uìvrqdqfh txl gìfurlw dyhf o*dxjphqwdwlrq gh k=

Od wudqvplvvlrq gh 433( gdqv oh fdv ghv idleohv ìsdlvvhxuv vljql�h tx*lo | d iru0

pdwlrq frpsoëwh ghv sodvprqv gh �op +v|pìwultxh hw dqwlv|pìwultxh, txl dssduwlhqqhqw

ã od irlv dx{ ghx{ lqwhuidfhv1 Oh wudqvihuw g*ìqhujlh g*xqh lqwhuidfh ã o*dxwuh vh idlw sdu

frqvìtxhqw gh pdqlëuh uìvrqdqwh srxuyx txh od gxuìh gh ylh gh fhv sodvprqv vrlw dvvh}

orqjxh1 Gdqv oh fdv ghv �opv soxv ìsdlv/ oh frxsodjh hqwuh ohv sodvprqv ghv ghx{ lqwhuidfhv

hvw soxv idleoh1 Lov srvvëghqw grqf ohv fdudfwìulvwltxhv ghv sodvprqv gh vxuidfh lvroìh soxv

txh fhoohv ghv sodvprqv gh �op hw od wudqvplvvlrq vh idlw sdu h�hw wxqqho vìtxhqwlho rü oh

skrwrq lqflghqw vh frxsoh dyhf oh sodvprq gh od suhplëuh vxuidfh hw sdvvh sdu h�hw wxqqho

ã o*dxwuh lqwhuidfh hq vh frxsodqw dyhf vrq sodvprq srxu íwuh hq�q uììplv gh o*dxwuh f÷wì1

Fh surfhvvxv hvw prlqv h!fdfh txh oh wudqvihuw uìvrqdqw g*hqhujlh + h�hw wxqqho uìvrqdqw,1

F*hvw srxu fhwwh udlvrq txh od wudqvplvvlrq glplqxh oruvtxh o*ìsdlvvhxu dxjphqwh1 Fhwwh

vlwxdwlrq hvw wuëv dqrorjxh dx surfhvvxv gh wudqvsruw ghv ìohfwurqv gdqv ohv kìwìurvwuxfwxuhv

vhplfrqgxfwulfhv ã pxowlsxlwv txdqwltxhv rü vxlydqw ohv odujhxuv ghv eduulëuhv o*ìohfwurq

shxw sdvvhu g*xq sxlwv ã o*dxwuh sdu h�hw wxqqho uìvrqdqw rx sdu h�hw wxqqho vìtxhqwlho1

Vl rq frqvlgëuh pdlqwhqdqw ohv shuwhv sdu devruswlrq hq suhqdqw od irqfwlrq glìohf0

wultxh wrwdoh gh o*ru/ od �jxuh 714; prqwuh txh o*rq qh yrlw gdqv ohv vshfwuhv gh wudqvplvvlrq

tx*xqh vhxoh uìvrqdqfh txl hvw hq idlw frpsrvìh gh ghx{ uìvrqdqfhv wuëv surfkhv o*xqh gh

o*dxwuh1 Gh soxv od wudqvplvvlrq hvw gudvwltxhphqw glplqxìh sdu udssruw dx fdv suìfìghqw1

Fhshqgdqw/ od vwuxfwxuh ã grxeoh uìvrqdqfh hvw elhq ylvleoh gdqv ohv vshfwuhv gh uì h{lrq
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Iljxuh 714;= Vshfwuhv gh wudqvplvvlrq hw gh uì h{lrq fdofxoìv gh od píph vwuxfwxuh txh srxu
od �jxuh 714:/ pdlv hq suhqdqw fhwwh irlv0fl od irqfwlrq glìohfwultxh h{dfwh gh o*ru
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hw g*devruswlrq gdqv oh fdv ghv �opv gh idleohv ìsdlvvhxuv1 Fh tx*rq uhpdutxh dxvvl vxu ohv

vshfwuhv gh wudqvplvvlrq f*hvw txh srxu ohv idleohv ìsdlvvhxuv/ od uìvrqdqfh +4/3,UUU v*ìodujlw

hq vh gìsodêdqw yhuv oh urxjh oruvtxh k glplqxh1 Dx frqwudluh/ srxu ohv �opv soxv ìsdlv vd

srvlwlrq qh fkdqjh sdv hq dxjphqwdqw o*ìsdlvvhxu pdlv vrq dpsolwxgh glplqxh frqvlgìudeoh0

phqw1 Fhfl hvw hq erq dffrug dyhf ohv wudydx{ txl rqw ìwì h�hfwxìh uìfhpphqw dyhf ghv

qdqrvwuxfwxuhv ìoderuìhv vxu ohv �opv g*dujhqw ^<;`1

Hwxgh gx fdv dv|pìwultxh

Fh fdv hvw fdudfwìulvì sdu oh idlw txh ohv plolhx{ glìohfwultxhv dgmdfhqwv dx �op

vrqw gl�ìuhqwv1 Oh pìfdqlvph gh od wudqvplvvlrq gdqv fh fdv hvw oh sdvvdjh ghv skrwrqv

sdu h�hw wxqqho yld oh frxsodjh dyhf o*xq ghv sodprqv ghv ghx{ lqwhuidfhv1 O*h!fdflwì gh

wudqvplvvlrq hvw qhwwhphqw lqiìulhxuh ã fhooh gx fdv v|pìwultxh1

Gdqv fh sdudjudskh qrxv doorqv ìwxglhu sulqflsdohphqw o*lq xhqfh ghv frqvwdqwhv

glìohfwultxhv ghv plolhx{ dgmdfhqwv dx �op vxu od wudqvplvvlrq h{dowìh1 Srxu fhod qrxv

doorqv uhsurgxluh sdu vlpxodwlrq qxpìultxh o*dqdorjxh gh o*h{sìulhqfh idlwh sdu D1 Nulvkqdq

hw do ^<<` gìglìh mxvwhphqw ã o*ìwxgh h{sìulphqwdoh gh fhw h�hw1 Fhv dxwhxuv rqw phvxuì ohv

vshfwuhv gh wudqvplvvlrq g*xq uìvhdx gh wurxv judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw

gh txduw}1 Od yduldwlrq gh od frqvwdqwh glìohfwultxh gx plolhx dgmdfhqw hvw idlwh hq sodêdqw

od vxuidfh gx �op ã wrxu gh u÷oh hq frqwdfw dyhf xq vroydqw dyhf xqh irqfwlrq glìohfwultxh

vrljqhxvhphqw fkrlvlh1

Od �jxuh 714< uhsuìvhqwh ohv vshfwuhv fdofxoìv gh od wudqvplvvlrq g*xq uìvhdx gh

wurxv judyì vxu xq vxevwudw gh vdsklu +�UUU @ 6=5, doruv txh od frqvwdqwh glìohfwultxh �U

gx plolhx dgmdfhqw ã od idfh rssrvìh gx �op ydulh hqwuh 4 hw 71 Fhwwh vlpxodwlrq uhsurgxlw
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Iljxuh 714<= Vshfwuhv gh wudqvplvvlrq fdofxoìv g*xq uìvhdx gh wurxv judyì vxu xq �op g*ru
gìsrvì vxu xq vxevwudw gh vdsklu +�UUU @ 6=5, hq irqfwlrq gh od od frqvwdqwh glìohfwultxh gx
plolhx dgmdfhqw �U / dyhf d @ 633 qp hw g @ 433 qp/ k@433 qp1 +d, �U � �UUU > +e, �U � �UUU
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sduidlwhphqw ohv uìvxowdwv gh o*h{sìulhqfh ^<<` ã vdyrlu = o*lqwhqvlwì gh wudqvplvvlrq dxjphqwh

hq dxjphqwdqw �U hw dwwhlqw vd ydohxu pd{lpdoh oruvtxh �U @ �UUU @ 6=5 + frqglwlrq gh

grxeoh uìvrqdqfh,1 Fhfl hvw dffrpsdjqì sdu xq gìsodfhphqw gx slf yhuv oh urxjh1 Od �jxuh

714< +d, prqwuh dxvvl o*dssdulwlrq surjuhvvlyh gx slf gh wudqvplvvlrq +4/3,U gþ ã o*lqwhuidfh

pìwdo0oltxlgh txl vh udssurfkh gx slf +4/3,UUU hq glplqxdqw g*lqwhqvlwì oruvtxh �U dxjphqwh1

Srxu ohv ydohxuv gh �U vxsìulhxuhv ã �UUU / �jxuh 714< +e,/ o*dxjphqwdwlrq gh �U hqwudñqh oh

gìsodfhphqw gx slf +4/3,U yhuv oh urxjh hq glplqxdqw vrq lqwhqvlwì hw srxu ohv judqghv

ydohxuv gh �U rq yrlw oh slf +4/3,UUU txl uìdssdudñw surjuhvvlyhphqw1

Fhwwh glvfxvvlrq qrxv prqwuh fodluhphqw txh od yduldwlrq gh od frqvwdqwh glìohf0

wultxh gh o*xqh ghv ghx{ lqwhuidfhv lq xh frqvlgìudeohphqw vxu od uìvrqdqfh gx sodvprq gh

vxuidfh dvvrflì ã od ghx{lëph lqwhuidfh/ hw oh surfhvvxv g*h{dowdwlrq dwwhlqw vrq pd{lpxp

gdqv oh fdv v|pìwultxh +�U @ �UUU, =

71515 G|qdpltxh ihpwrvhfrqgh ghv uìvhdx{ gh wurxv vxe0orqjxhxuv g*rqgh

Od g|qdpltxh ihpwrvhfrqgh dvvrflìh dx{ sodvprqv gh vxuidfh orfdolvìv gdqv ohv

qdqrsduwlfxohv pìwdooltxhv d ìwì odujhphqw ìwxglìh fhv ghuqlëuhv dqqìhv^54> 55> 64> 65> ;;> 433` =

Gdqv fh sdudjudskh qrxv suìvhqwrqv qrv uìvxowdwv vxu od g|qdpltxh ihpwrvhfrqgh ghv sodv0

prqv gh vxuidfh gìorfdolvìv +sodvprqv0srodulwrqv gh vxuidfh, h{flwìv vxu ohv vxuidfhv ghv

�opv pìwdooltxhv vwuxfwxuìv sìulrgltxhphqw1

Ohv ìfkdqwloorqv txh qrxv dyrqv ìwxglìv vrqw ghx{ �opv g*ru rsdtxhv gh 563 qp

g*ìsdlvvhxu/ o*xq hvw gìsrvì vxu xq vxevwudw gh vdsklu hw o*dxwuh vxu xq vxevwudw gh yhuuh1

Vxu oh �op +Dx2Do2R�, xqh vìulh gh uìvhdx{ dyhf ghv sdv dmxvwdeohv gdqv od jdpph 5930653

qp d ìwì judyìh1 Fhfl qrxv d shuplv g*dmxvwhu od srvwlrq gh od uìvrqdqfh gx sodvprq gh
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vxuidfh +4/3, olìh dx vxevwudw gh vdsklu gh 973 qp mxvtx*ã :63 qp1 Xqh vìulh gh uìvhdx{

vhpeodeohv ã ìwì judyìh vxu oh �op +Dx2yhuuh, pdlv dyhf ghv sdv soxv judqgv1

Od g|qdpltxh vshfwur0whpsruhooh gh fhv uìvhdx{ vh uhvvhpeoh hw rq d fkrlvl gh

suìvhqwhu xq h{hpsoh srxu fkdfxqh ghv ghx{ vìulhv1

Ohv sdudpëwuhv gx uìvhdx judyì vxu +Dx2Do2R�, vrqw ohv vxlydqwv = d @ 633 qp/ g

@ 4:: qp hw k @ 563 qp1 Vrq vshfwuh srvvëgh ghx{ uìvrqdqfhv1 Od suhplëuh hvw vlwxìh yhuv

863 qp hw vh vlwxh grqf gdqv od uìjlrq ghv wudqvlwlrqv lqwhuedqghv gh o*ru hw od ghx{lëph hvw

vlwxìh yhuv :33 qp + yrlu �jxuh 7147,1 Hooh hvw sdu frqvìtxhqw orlq gh od uìjlrq ghv wudqvlwlrqv

lqwhuedqghv1 Oh uìvhdx judyì vxu +Dx2yhuuh, srvvëgh ohv sdudpëwuhv vxlydqwv d @ 683 qp

hw g @4:8 qp1 Lo srvvëgh oxl dxvvl ghx{ uìvrqdfhv o*xqh yhuv 863 qp hw o*dxwuh yhuv 9;3

qp1 Fkdfxqh ghv �jxuhv 7153 +d, hw +e, uhsuìvhqwh xq hqvhpeoh gh vshfwuhv gh wudqvpvvlrq

gl�ìuhqwlhooh {A
A fruuhvsrqgdqw ã xqh vìulh gh uhwdugv hqwuh od srpsh hw od vrqgh1 Od ghqvlwì

g*ìqhujlh gh od srpsh hvw 583 �M2fp21 Gdqv fh txl vxlw qrxv doorqv glvfxwhu qrv uìvxowdwv

rewhqxv dyhf oh uìvhdx judyì vxu +Dx2Do2R�,/ pdlv od glvfxvvlrq uhvwh sduidlwhphqw ydodeoh

srxu oh fdv ghv uìvxowdv rewhqxv dyhf oh uìvhdx judyì vxu yhuuh +Dx2yhuuh,1

Srxu phqhu ã elhq fhwwh glvfxvvlrq qrxv dyrqv uhsuìvhqwì vxu od �jxuh +7154, xq

vshfwuh gh wudqvplvvlrq gl�ìuhqwlhooh w|sltxh fruuhvsrqgdqw ã xq uhwdug hqwuh srpsh hw

vrqgh ìjdo ã 418 sv1 Od wudqvplvvlrq gl�ìuhqwlhooh phvxuìh h{kleh ghx{ frpsruwhphqwv wuëv

gl�ìuhqwv dxwrxu ghv ghx{ uìvrqdqfhv1 Wrxw g*derug/ o*dpsolwxgh gx vljqdo hvw gh o*ruguh gh

48( dx yrlvlqdjh gh od uìvrqdqfh ã 863 qp/ doruv tx*hooh hvw vhxohphqw gh 6( dx yrlvlqdjh

gh od ghx{lëph uìvrqdqfh ã :33 qp 1 Oh pd{lpxp gx vljqdo dxwrxu gh od uìvrqdqfh ã 863

qp vh gìsodfh yhuv oh eohx hq irqfwlrq gx uhwdug1 Od iruph gh {A
A dxwrxu gh 863 qp vxjjëuh
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Iljxuh 7153= Vshfwuhv gh wudqvplvvlrq gl�ìuhqwlhooh phvxuìv g*xq uìvhdx gh wurxv judyì vxu
xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu +d, rx gh yhuuh +e,/ srxu gl�ìuhqwv uhwdugv
hqwuh od srpsh hw od vrqgh1 Ohv sdudpëwuhv gx uìvhdx +Dx2Do2R�, vrqw d @ 633 qp/ g @
4:: qp/ k @563 qp hw fhx{ gx uìvhdx +Dx2yhuuh, vrqw d @ 683 qp/ g @ 4:8 qp/ k @563
qp1 Od ghqvlwì g*ìqhujlh gh od srpsh hvw 583 �M2fp2
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Iljxuh 7155= Yduldwlrqv w|sltxhv gh od irqfwlrq glìohfwultxh g*xq �op g*ru gh 5< qp h{wudlwhv
ã sduwlu ghv phvxuhv gh wudqvplvvlrq hw gh uì h{lrq gl�ìuhqwlhoohv

txh oh slf gh wudqvplvvlrq ã fhwwh orqjxhxu g*rqgh vxelw xq ìodujlvvhphqw hw xq gìsodfhphqw

yhuv oh eohx hw lo vh uhod{h hqvxlwh yhuv o*ìwdw vwdwltxh1 Fh frpsruwhphqw frpsoh{h gh od

uìsrqvh qrqolqìdluh xowududslgh gh fhwwh uìvrqdqfh hvw gþ dx idlw txh ohv ghx{ sduwlhv gh od

irqfwlrq glìohfwultxh �� +�, hw �2 +�, gh o*ru ydulhqw gh idêrq lpsruwdqwh gdqv fhwwh uìjlrq

frpph qrxv o*dyrqv gìmã yx oruv gh od glvfxvvlrq gh od g|qdpltxh ihpwrvhfrqgh ghv �opv

plqfhv g*ru1 Od �jxuh 7155 uhsuìvhqwh ghv yduldwlrqv w|sltxhv gh �� +�, hw �2 +�, gdqv od

jdpph vshfwudoh txl qrxv lqwìuhvvh h{wudlwhv ã sduwlu ghv phvxuhv {-
- hw {A

A gx �op plqfh1

Od iruph vshfwudoh gdqv od jdpph 9830:83 qp +yrlu �jxuh 7153 +d, hw +e,, hvw fdu0

dfwìulvwltxh g*xq gìsodfhphqw yhuv oh urxjh gh od uìvrqdqfh gx sodvprq gh vxuidfh +4> 3,UUU 1

Pdlv od iruph dv|pìwultxh gh od frxueh {A
A lqgltxh txh fhwwh uìvrqdqfh vxelw dxvvl xq idleoh

ìodujlvvhphqw1 Oh gìsodfhphqw yhuv oh urxjh gh od uìvrqdqfh hvw gþ ã o*dxjphqwdwlrq gh od

sduwlh uìhooh gh od irqfwlrq glìohfwultxh1 Doruv txh o*ìodujlvvhphqw hvw gþ ã o*dxjphqwdwlrq



489

idleoh pdlv qrq qxooh gh od sduwlh lpdjlqdluh gh od irqfwlrq glhohfwultxh �2 +�, gdqv fhwwh

jdpph vshfwudoh/ frpph lqgltxì vxu od �jxuh 71551

Srxu txdqwl�hu qrv uìvxowdwv qrxv doorqv wrxw g*derug uholhu od wudqvplvvlrq hw od

uì h{lrq gl�ìuhqwlhoohv gx uìvhdx dx{ yduldwlrqv gh od irqfwlrq glìohfwultxh gh o*ru/ frpph

qrxv o*dyrqv gìmã idlw gdqv oh fdv ghv �opv plqfhv gh o*ru/ +yrlu ìtxdwlrq +715,,1

Gdqv oh uìjlph gh idleoh shuwxuedwlrq/ od wudqvplvvlrq hw od uh h{lrq gl�ìuhqwlhoohv

shxyhqw v*h{sulphu frpph ghv frpelqdlvrqv olqìdluhv ghv yduldwlrqv ghv sduwlhv uìhooh hw

lpdjlqdluh gh od irqfwlrq glìoìfwultxh ��� +�, hw ��2 +�, gx �op pìwdooltxh vxu ohtxho d ìwì

judyì oh uìvhdx

{A
A @ w���� . w2��2

{-
- @ u���� . u2��2

+718,

Ohv frh!flhqwv w�> w2> u�> u2 gìshqghqw gdqv fh fdv ghv frqvwdqwhv glìohfwultxhv

ghv wurlv uìjlrqv txl frqvwlwxhqw od vwuxfwxuh + �op/ vxevwudw hw plolhx hqylurqdqw,/ ghv

sdudpëwuhv gx uìvhdx +d/ g/ k, hw gh od orqjxhxu g*rqgh g*h{flwdwlrq1 Fhv txdwuh sdudpëwuhv

vrqw uhsuìvhqwìv vxu od �jxuh +7156,1 Rq frqvwdwh doruv txh u� hw u2 suhqqhqw ghv ydohxuv

ìohyìhv hw suìvhqwhqw ghv glvshuvlrqv lpsruwdqwhv dxwrxu gh od uìvrqdqfh gx sodvprq gh

vxuidfh hw lov uhvwhqw idleohv hw vdqv glvshuvlrq dxwrxu gh od uìvrqdqfh ã 863 qp1 Ohv frh!0

flhqwv w� hw w2 suhqqhqw hx{ dxvvl ghv ydohxuv ìohyìhv hw lov vrqw iruwhphqw glvshuvìv dxwrxu

gh od uìvrqdqfh gx sodvprq gh vxuidfh vlwxì yhuv :33 qp1 Dxwrxu gh od uìvrqdqfh ã 863

qp / lov qh suìvhqwhqw sdv gh glvshuvlrq/ pdlv oh sdudpëwuh w2 olì ã ��2 suhqg ghv ydohxuv

dvvh} lpsruwdqwhv dx yrlvlqdjh gh fhwwh uìvrqdqfh hw/ vl rq vh udsshooh txh ��2 hvw hooh dxvvl

lpsruwdqwh gdqv fhwwh uìjlrq/ rq frpsuhqg srxutxrl oh vljqdo {A
A hvw dvvh} iruw dxwrxu gh
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Iljxuh 7156= Yduldwlrqv vshfwudohv ghv frh!flhqwv w�> w2c u�c u2 gì�qlv gdqv o*ìtxdwlrq +718,
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fhwwh uìvrqdqfh hw srxutxrl vd g|qdpltxh hvw grplqìh sdu xq ìodujlvvhphqw1

Srxu prgìolvhu oh frpsruwhphqw vshfwur0whpsruho gh od wudqvplvvlrq gl�ìuhqwlhooh

rq surfëgh gh od pdqlëuh vxlydqwh1 Rq phvxuh wrxw g*derug od wudqvplvvlrq gl�ìuhqwlhooh

gx uìvhdx gh wurxv dlqvl txh od wudqvplvvlrq hw od uì h{lrq gl�ìuhqwlhoohv gx �op plqfh gh

5< qp g*ìsdlvvhxu ìwxglì gdqv oh sdudjudskh +71415,1 Hqvxlwh/ rq gìwhuplqh ohv yduldwlrqv

vshfwur0whpsruhoohv ��� +�> w, hw ��2 +�> w, ghv sduwlhv uìhooh hw lpdjlqdluh gh od irqfwlrq

glìohfwultxh gh o*ru ã sduwlu ghv phvxuhv gh
�
{-
- +�> w, / {A

A +�> w,
�
gx �op plqfh hq lqyhuvdqw

oh v|vwëph g*ìtxdwlrqv +715,1 Od wudqvplvvlrq gl�ìuhqwlhooh {A
A +�> w, gx uìvhdx fruuhvsrqgdqw

dx{ yduldwlrqv +��� +�> w, >��2 +�> w,, gh od irqfwlrq glìohfwultxh gh o*ru hvw hqvxlwh fdofxoìh

gh ghx{ pdqlëuhv= +l, vrlw hq xwlolvdqw o*ìtxdwlrq +718,> +ll, vrlw hq xwlolvdqw wrxw vlpsohphqw

od uhodwlrq {A
A +�> w, @ A E"Eb�n{"Ebc|��3A E"Eb��

A E"Eb�� rü � +�, hvw od irqfwlrq glìohfwultxh vwdwltxh

gh o*ru1 Fhwwh dssurfkh lpsoltxh qdwxuhoohphqw txh od wudqvplvvlrq vxlyh dgldedwltxhphqw

od yduldwlrq whpsruhooh gh od irqfwlrq glìohfwultxh1 Fhfl hvw xqh erqqh k|srwkëvh srxu ghv

uhwdugv soxv judqgv txh oh whpsv gh wkhupdolvdwlrq ghv ìohfwurqv gdqv ohv pìwdx{/ txl hvw gh

o*ruguh gh 833 iv gdqv o*ru ^6:`/ frpph qrxv o*dyrqv gìmã glvfxwì gdqv oh sdudjudskh 714151

Lo idxw qrwhu dxvvl txh qrwuh surfìgxuh qh frqvlgëuh sdv o*lqkrprjìqìlwì vsdwldoh gx sur�o

gh od whpsìudwxuh/ lqgxlwh sdu oh idlvfhdx srpsh hq surirqghxu gdqv od qdqrvwuxfwxuh1 Hq

sulqflsh/ rq grlw whqlu frpswh gh od orqjxhxu gh sìqìwudwlrq gh o*lpsxovlrq srpsh +� 53

qp, txl lqgxlw xq sur�o gh whpsìudwxuh1 Fhshqgdqw/ xq who sur�o hvw gl!floh ã prgìolvhu

fdu rq grlw lqfoxuh od gl�xvlrq gh od fkdohxu hw oh wudqvsruw edolvwltxh ghv ìohfwurqv fkdxgv

gdqv xq �op prgxoì sìulrgltxhphqw1

Qrxv dyrqv uhsuìvhqwì vxu od �jxuh 7157 ohv vshfwuhv fdofxoìv gh od wudqvplvvlrq
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Iljxuh 7157= Vshfwuhv gh od wudqvplvvlrq gl�ìuhqwlhooh fdofxoìv +d, hw phvxuìv +e, g*xq uìvhdx
gh wurxv judyì vxu xq �op g*ru gìsrvì vxu xq vxevwudw gh vdsklu fruuhvsrqgdqwv ã gl�ìuhqwv
uhwdugv hqwuh od srpsh hw od vrqgh1 Ohv sdudpëwuhv gx uìvhdx vrqw d @ 633 qp/ g @ 4::
qp/ k @563 qp1
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Iljxuh 7158= Vshfwuh gh od uì h{lrq gl�ìuhqwlhooh qrupdolvìh +wudlw sohlq, gx píph uìvhdx
gh od �jxuh 7157 fdofxoì srxu xq uhwdg gh 5 sv1 Od wudqvplvvlrq gx uìvhdx hvw uhsuìvhqwìh
hq srxlqwlooìv1

gl�ìuhqwlhooh gx uìvhdx ã gl�ìuhqwv uhwdugv hqwuh od srpsh hw od vrqgh/ dlqvl txh ohv vshfwuhv

phvxuìv txl ohxuv fruuhvsrqghqw1 Plv ã sduw od gl�ìuhqfh hq dpsolwxgh gx vljqdo/ oh prgëoh

uhsurgxlw elhq ohv sulqflsdohv fdudfwìulvwltxhv gh od wudqvplvvlrq gl�ìuhqwlhooh phvxuìh1 Qr0

wrqv hq sduwlfxolhu= +l, oh gìsodfhphqw gx pd{lpxp gx vljqdo dxwrxu gh od uìvrqdqfh ã 863

qp yhuv oh eohx oruvtxh oh uhwdug w dxjphqwh +ll, o*dv|pìwulh gx vljqdo dxwrxu gh od uìvrqdfh

gx sodvprq gh vxuidfh/ fh txl surxyh txh od g|qdpltxh qrqolqìdluh ihpwrvhfrqgh gh fhwwh

uìvrqdqfh hvw xq pìodqjh g*ìodujlvvhphqw hw gh gìsodfhphqw yhuv oh urxjh1 Fhwwh uìsrqvh

qrqolqìdluh hvw dqdorjxh ã fhooh ghv sodvprqv gh vxuidfh orfdolvìv gdqv ohv qdqrsduwlfxohv

g*dujhqw^54> 65> ;:`/ rü/ gdqv fh fdv dxvvl/ od uìvrqdqfh gx sodvprq gh vxuidfh txl vh vlwxh

yhuv 753 qp hvw orlq gx vhxlo ghv wudqvlwlrqv lqwhuedqghv gh o*dujhqw � 643 qp1

Od uìsrqvh qrqolqìdluh gh od uìvrqdqfh gx sodvprq gh vxuidfh hvw soxv idfloh ã

frpsuhqguh vxu ohv vshfwuhv fdofxoìv gh od uì h{lrq gl�ìuhqwlhooh gx uìvhdx1 Qrxv dyrqv
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uhsuìvhqwì vxu od �jxuh 7158 xqh frxueh qrupdolvìh gh {-
- ã w @ 5 sv dlqvl txh oh vshfwuh gh

uì h{lrq gx uìvhdx suìfìghqw1 Vxu fhwwh frxueh rq glvwlqjxh ghx{ jdpphv vshfwudohv dyhf

ghv uìsrqvhv qrqolqìdluhv gl�ìuhqwhv1 Gdqv od jdpph vshfwudoh 7:3qp0963 qp/ od iruph gx

vljqdo hvw gxh wrxw vlpsohphqw ã od yduldwlrq gh uì h{lrq g*xq �op g*ru ìsdlv dx yrlvlqdjh

gh od uìjlrq ghv wudqvlwlrqv lqwhuedqghv +sdudjudskh 71415, hw rq uhwurxyh h�hfwlyhphqw txh

oh vshfwuh gh {-
- +�, g*xq �op ìsdlv +563 qp , hvw gìsodfì yhuv oh eohx sdu udssruw ã fhoxl

g*xq �op plqfh +sdudjudskh1 71415,1 Oh slf gh uì h{lrq gl�ìuhqwlhooh gdqv fh fdv hvw vlwxì

yhuv 7;3 qp/ doruv tx*lo hvw vlwxì gdqv oh fdv gx �op plqfh gh 5< qp g*ìsdlvvhxu ã 833 qp1

Fhwwh uìsrqvh hvw frqiruph dx{ idleohv ydohxuv hw dx{ iruphv qrq glvshuvìhv ghv frh!flhqwv

u� hw u2 txl �jxuhqw gdqv o*h{suhvvlrq +718,/ �jxuh 71561 Frqfhuqdqw od jdpph vshfwudoh

963 qp0 :83qp/ elhq txh ohv yduldwlrqv gh od irqfwlrq glìohfwultxh ��� hw ��2 qh vrlhqw sdv

wuëv lpsruwdqwhv gdqv fhwwh uìjlrq +fdu rq hvw orlq gh od }rqh ghv wudqvlwlrqv lqwhuedqghv,/

rq frqvwdwh xqh iruwh dxjphqwdwlrq gx vljqdo {-
- = Fhfl hvw gþ dx idlw txh od g|qdpltxh

xowududslgh gdqv fhwwh uìjlrq hvw grplqìh sulqflsdohphqw sdu o*h{dowdwlrq gh od uìsrqvh

qrqolqìdluh dxwrxu gh od uìvrqdqfh gx sodvprq gh vxuidfh ã fdxvh gh od iruwh dxjphqwdwlrq

gx fkdps ìohfwurpdjqìwltxh hw fhfl vh pdqlihvwh elhq sdu ohv judqghv ydohxuv hw ohv iruphv

iruwhphqw glvshuvìhv ghv ghx{ frh!flhqwv u� hw u2 gdqv fhwwh jdpph vshfwudoh1 O*dv|pìwulh

gx vshfwuh hvw ehdxfrxs soxv ylvleoh gdqv fh fdv1

Qrxv dyrqv dxvvl xwlolvì ohv yduldwlrqv gh od irqfwlrq glhohfwultxh ��� hw ��2

fdoxoìhv srxu gl�ìuhqwhv fkdqjhphqwv gh od whpsìudwxuh ìohfwurqltxh hq xolvdqw oh prgëoh

gh Urvhl txh qrxv dyrqv udsshoì gdqv oh sdudjudskh +41615, srxu vlpxohu qrv phvxuhv h{0

sìulphqwdohv gh od wudqvplvvlrq gl�ìuhqwlhooh ghv uìvhdx{ gh wurxv suìfìghqwv1 Ohv uìvxowdwv
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Iljxuh 7159= +d, Vshfwuh gh od wudqvplvvlrq gx píph uhvhdx txh fhoxl gh od �jxuh 7157
fdofxoì hq xwlolvdqw od irqfwlrq glìohfwultxh gh o*ru fdofxoìh ã sduwlu gx prgëoh gh Urvhl1 +e,
Vshfwuhv gh od wudqvplvvlrq gl�ìuhqwlhooh fdofxoìv ã gl�ìuhqwhv whpsìudwxuhv ìohfwurqltxhv
hq xwlolvdqw oh prgëoh gh Urvhl1

gh fh fdofxo vrqw uhsuìvhqwìv vxu od �jxuh 71591 Oh vshfwuh gh od wudqvplvvlrq olqìdluh/ fdofxoì

gh fhwwh pdqlëuh/ �jxuh 71591+d,/ prqwuh txh ohv ghx{ uìvrqdqfhv ghylhqqhqw soxv ìwurlwhv hw

od uìvrqdqfh gh sodvprq gh vxuidfh lqlwldohphqw vlwxì ã :33 qp vh vlwxh pdlqwhqdqw yhuv 9;3

qp/ doruv txh oh plqlpxp gh wudqvplvvlrq vh vlwxh yhuv 963 qp1 D fdxvh gh od �qhvvh ghv

udlhv gh uìvrqdqfhv rq glvwlqjxh gdqv fh fdv/ wurlv uìsrqvhv qrqolqìdluhv gl�ìuhqwhv1 Ghx{

g*hqwuh hoohv vrqw fhoohv txh qrxv dyrqv gìmã ìwxglì f*hvw ã gluh dxwrxu gh 863 qp hw 9;3

qp1 Od wurlvlëph hvw olìh dx plqlpxp gh wudqvplvvlrq vlwxì yhuv 963 qp1 Hooh hvw prlqv

dssduhqwh gdqv ohv vshfwuhv h{sìulphqwdx{ hw wkìrultxhv txh qrxv dyrqv ìwxglìv dxsdudydqw
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Iljxuh 715:= Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh ã gl�ìuhqwhv orqjxhxuv
g*rqgh dxwrxu gh od uìvrqdqfh vlwxìh ã 863 qp

ã fdxvh gh vrq uhfrxyuhphqw dyhf ohv ghx{ dxwuhv uìsrqvhv1 Vrxoljqrqv dxvvl txh fh fdofxo

qh suìglw sdv gh gìsodfhphqw yhuv oh eohx gx pd{lpxp gh vljqdo gþ ã od uìvrqdqfh ã 863

qp oruvtxh od whpsìudwxuh glplqxh1

Lqwìuhvvrqv qrxv pdlqwhqdqw dx frpsruwhphqw whpsruho gh od wudqvplvvlrq gdqv

fhv uìvhdx{1

D fdxvh gx gìsodfhphqw gx pd{lpxp gx vljqdo fruuhvsrqgdqw ã od uìvrqdqfh ã

863 qp/ od g|qdpltxh whpsruhooh dxwrxu gh fhwwh uìvrqdqfh hvw soxv udslgh gx f÷wì ghv

judqghv orqjxhxuv g*rqgh hw soxv ohqwh gx f÷wì ghv idleohv orqjxhxuv g*rqghv1 Od �jxuh

+715:, uhsuìvhqwh od wudqvplvvlrq gl�ìuhqwlhooh uìvroxh hq whpsv srxu wurlv orqjxhxuv g*rqgh

gh od vrqgh 838 qp/ 863 qp/ 883qp1 Od ghqvlwì g*ìqhujlh gh od srpsh hvw 453 �M2fp21

O*dmxvwhphqw gh fhv frxuehv hq xwlolvdqw od uhodwlrq +716, grqqh srxu oh whpsv gh uhod{dwlrq

ìohfwurq0uìvhdx �e3o ohv ydohxuv vxlydqwhv = 41; sv/ 419 sv hw 4 sv srxu ohv orqjxhxuv g*rqghv

838/ 863 hw 883 qp uhvshfwlyhphqw1



497

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

∆
T

/T
 (

no
rm

al
is

ée
)

1086420
Retard (ps)

 Ip=30 µJ/cm
2

 Ip=70 µJ/cm
2

 Ip=120 µJ/cm
2

Iljxuh 715;= Hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh gx uìvhdx ã � @ 873 qp
srxu gl�ìuhqwhv ghqvlwìv g*ìqhujlh g*h{flwdwlrq1

Srxu xqh orqjxhxu g*rqgh grqqìh oh whpsv gh uhod{dwlrq ìohfwurq0uìvhdx �e3o dxj0

phqwh oruvtxh o*lqwhvlwì gh od srpsh dxjphqwh1 D wlwuh g*h{hpsoh qrxv dyrqv uhsuìvhqwì

vxu od �jxuh 715; o*hyroxwlrq whpsruhooh gh od wudqvplvvlrq gl�ìuhqwlhooh ã � @ 873 qp srxu

wurlv ghqvlwìv g*ìqhujlh gh srpsh 453 �M2fp2> :3 �M2fp2 hw 63 �M2fp2= Ohv whpsv gh

uhod{dwlrq ìohfwurq0uìvhdx fruuhvsrqgdqwv vrqw uhvshfwlyhphqw 417 sv/ 4 sv hw 31; sv1 Fh

frpsruwhphqw hvw wuëv elhq h{soltxì sdu oh prgëoh ã ghx{ whpshudwxuhv gdqv oh fdv ghv

�opv hw ghv qdqrsduwlfxohv ^54`1 Lo hvw dvvrflì ã od gìshqgdqfh hq whpsìudwxuh gh od fkdohxu

vsìfl�txh ìohfwurqltxh1
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Fkdslwuh 8

Frqfoxvlrq hw shuvshfwlyhv

Dx frxuv gh fh wudydlo gh wkëvh/ qrxv dyrqv ìwxglì od g|qdpltxh ihpwrvhfrqgh gh

qdqrvwuxfwxuhv gh pìwdx{ qreohv1 Dx gìexw gh od wkëvh/ qrxv qrxv ìwlrqv wrxw g*derug

lqwìuhvvìv ã o*ìwxgh gh od uìsrqvh rswltxh olqìdluh hw qrq0olqìdluh gh qdqr0sduwlfxohv lqgl0

ylgxhoohv gh pìwdx{ qreohv1 O*dssurfkh h{sìulphqwdoh v*ìwdqw dyìuìh soxv gl!floh txh suìyx

qrxv qrxv vrpphv frqfhqwuëv vxu od prgìolvdwlrq g*djuìjdwv gh wdloohv gl�ìuhqwhv hq xwlolvdqw

oh irupdolvph gh od WGOGD +Wlph Ghshqghqw Orfdo Ghqvlw| Dssur{lpdwlrq,/ hq frooder0

udwlrq dyhf S10D1 Khuylhx{/ o*xq ghv phpeuhv gh qrwuh jurxsh1 Hqvxlwh/ qrxv qrxv vrpphv

lqwìuhvvìv ã od g|qdpltxh xowududslgh gh od wudqvplvvlrq h{dowìh gh uìvhdx{ gh wurxv vxe0

orqjxhxu g*rqgh lpsulpìv vxu ghv �opv g*ru rsdtxhv1 Fh wkëph/ txl frqvwlwxh o*hvvhqwlho

gx suìvhqw pìprluh d ìwì derugì wdqw g*xq srlqw gh yxh h{sìulphqwdo txh wkìrultxh1 Ohv

uìvhdx{ gh wurxv rqw ìwì ideultxìv dx oderudwrluh LVLV gdqv oh jurxsh gx Suri1 W1 Heehvhq1

Qrxv udsshorqv fl0ghvvrxv txhotxhv ìwdshv sulqflsdohv gh qrwuh wudydlo1

Od uìsrqvh rswltxh gh qdqrsduwlfxohv gh pìwdx{ qreohv hvw elhq gìfulwh sdu od
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wkìrulh gh Plh srxu ghv wdloohv w|sltxhphqw vxsìulhxuhv ã 6 qp/ vl rq suhqg hq frpswh oh

whuph gh froolvlrqv dyhf o*lqwhuidfh1 Hq ghvvrxv gh fhv wdloohv/ ohv qdqrsduwlfxohv +rx djuìjdwv,

rqw xq frpsruwhphqw txl vh udssurfkh gdydqwdjh ghv v|vwëphv proìfxodluhv txh gh fhoxl gx

pìwdo pdvvli1 Hq sduwlfxolhu/ od qrwlrq gh vwuxfwxuh gh edqgh shug vrq vhqv hw lo dssdudñw

ghv qlyhdx{ g*ìqhujlh glvfuhwv1 Sdu frqvìtxhqw/ xqh dssurfkh txdqwltxh v*dyhuh qìfhvvdluh

srxu prgìolvhu ohv sursulìwìv ìohfwurqltxhv hw rswltxhv gh fhv v|vwëphv1 Qrxv dyrqv hqwdpì

od prgìolvdwlrq gh od uìsrqvh rswltxh gh fhv shwlwv djuìjdwv hq xwlolvdqw oh irupdolvph gh od

WGOGD1 Qrwuh prgëoh hvw dqdorjxh ã fhoxl txl d ìwì gìyhorssì sdu Ohupì hw do ^57`1 Ohv

ìohfwurqv gh frqgxfwlrq vrqw wudlwìv txdqwltxhphqw1 Ohv ìohfwurqv olìv gh od frxfkh g vrqw

sulv hq frpswh hq ohv frqvlgìudqw frpph xq plolhx srodulvdeoh fdudfwìulvì sdu xqh frqvwdqwh

glìohfwultxh �_ +$, txl fruuhvsrqg ã xqh frqwulexwlrq lqwhuedqgh ã od irqfwlrq glìohfwultxh

gh o*ru1

Fh prgëoh qrxv d shuplv g*ìwxglhu ohv yduldwlrqv gh od srvlwlrq hw od odujhxu gh od

uìvrqdqfh gx sodvprq gh vxuidfh hq irqfwlrq ghv sdudpëwuhv gh o*djuìjdw hw gh vrq hqyl0

urqqhphqw1 Oh fdofxo ghv vshfwuhv gh skrwr0devruswlrq qrxv d phqì dx{ uìvxowdwv vxlydqwv

= +l, Od srvlwlrq gh od uìvrqdqfh gx sodvprq gh vxuidfh sdu udssruw ã fhooh suìglwh sdu od

wkìrulh fodvvltxh gh Plh hvw jrxyhuqìh sdu ghx{ whqgdqfhv frqfxuuhqwhv1 O*xqh g*hooh whqg ã

gìsodfhu oh vshfwuh yhuv oh urxjh hw hvw dvvrflìh ã xq gìerughphqw ìohfwurqltxh +� vsloo0rxw �,

ghv irqfwlrqv g*rqghv hq ghkruv gh o*djuìjdw1 O*dxwuh whqgdqfh fruuhvsrqg ã xq gìsodfhphqw

yhuv oh eohx hw surylhqw gx idlw txh o*lqwhudfwlrq frxorpelhqqh hvw prlqv elhq ìfudqwìh srxu

ohv ìohfwurqv txl vh vlwxhqw hq ghkruv gx yroxph fodvvltxh gh o*djuìjdw1 +ll, Od srvlwlrq gh od

uìvrqdqfh vh gìsodfh yhuv oh urxjh oruvtxh od frqvwdqwh glìohfwultxh gh od pdwulfh dxjphqwh
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ã fdxvh gh o*dxjphqwdwlrq gh o*ìfudqwdjh ã od vxuidfh gh o*djuìjdw 1 Qrxv dyrqv ìjdohphqw

ìwxglì o*h�hw gh od qdwxuh glvfuëwh ghv wudqvlwlrqv lqwudedqghv vxu od uìvrqdqfh froohfwlyh1

Qrxv dyrqv prqwuì txh/ vl od srvlwlrq vshfwudoh gh od uìvrqdqfh gx sodvprq gh vxuidfh vh

vlwxh gdqv od píph uìjlrq tx*xqh rx soxvlhxuv h{flwdwlrqv ìohfwurq0wurx/ ohv dpsolwxgh gh fhv

ghx{ uìvrqdqfhv glplqxhqw hw ohxuv odujhxuv uhvshfwlyhv dxjphqwhqw1 Fhw h�hw q*hvw dxwuh

tx*xqh pdqlihvwdwlrq gh o*dpruwlvvhphqw gh Odqgdx1

Gx srlqw gh yxh h{sìulphqwdo/ qrxv dyrqv sduwlflsì dx gìyhorsshphqw g*xq prq0

wdjh srpsh0vrqgh lqwìjudqw xq plfurvfrsh frqirfdo + sdudjudskh 61815,1 Fh prqwdjh irqf0

wlrqqh gdqv ghx{ frq�jxudwlrqv = hq gl�xvlrq hw hq wudqvplvvlrq1 Lo d ìwì gìyhorssì lql0

wldohphqw srxu ìwxglhu ohv sursulìwìv rswltxhv olqìdluhv hw od g|qdpltxh ihpwrvhfrqgh ghv

qdqrsduwlfxohv lqglylgxhoohv gh pìwdx{ qreohv1 O*remhfwli dpelwlhx{ ìwdlw qrq vhxohphqw gh

phvxuhu ghv vshfwuhv rswltxhv gh qdqrsduwlfxohv lqglylgxhoohv pdlv ìjdohphqw gh ohv fruuìohu

ã ohxu fdudfwìulvdwlrq sdu plfurvfrslh ìohfwurqltxh ã wudqvplvvlrq +PHW,1 Mxvtx*ã suìvhqw

fhwwh dssurfkh v*hvw dyìuìh lqiuxfwxhxvh hq udlvrq sulqflsdohphqw gh od gl!fxowì ã dyrlu xq

uhsdluh g*d{h �deoh gdqv ohv ghx{ w|shv g*h{sìulhqfhv1 Oh prqwdjh qrxv d ìwì fhshqgdqw

wuëv xwloh hw v*hvw dyìuì elhq dgdswì srxu o*ìwxgh ghv vwuxfwxuhv frqvwlwxìhv gh qdqr0wurxv

+uìvhdx{ sìulrgltxhv rx doìdwrluhv/ wurxv xqltxhv hw fleohv +wurxv xqltxhv hqwrxuìv gh vwuxf0

wxuhv sìulrgltxhv,, fuhxvìv gdqv ghv �opv g*ru1

Oruvtxh qrxv dyrqv frpphqfì o*ìwxgh gh od g|qdpltxh ihpwrvhfrqgh ghv uìvhdx{

gh wurxv qrxv qrxv vrpphv khxuwìv wrxw gh vxlwh dx sureoëph gh o*lqwhusuìwdwlrq ghv sur0

sulìwìv rswltxhv olqìdluhv gh fhv vwuxfwxuhv hw vxuwrxw ã o*dpeljxòwì txl uëjqh vxu o*ruljlqh

sk|vltxh gx surfhvvxv g*h{dowdwlrq gh od wudqvplvvlrq gdqv fh w|sh gh vwuxfwxuh1 Hq h�hw/
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od soxsduw ghv prgëohv sursrvìv ^86 � 88> 8: � 8<` rswhqw srxu o*lgìh txh o*h{dowdwlrq gh

od wudqvplvvlrq hvw gxh dx frxsodjh gh od oxplëuh lqflghqwh dyhf ghv sodvprqv gh vxuidfh

sdu o*lqwhupìgldluh gx uìvhdx1 Xqh dxwuh lqwhusuìwdwlrq ^98`/ txl hvw vsìfl�txh dx uìvhdx{

xqlglphqvlrqqhov/ frqvlgëuh ohv ihqwhv frpph ghv fdylwìv uìvrqdqwhv gh Ideu|0Sìurw1 Ohv

vlpxodwlrqv qxpìultxhv txl rqw ìwì idlwhv uìfhpphqw vxu ghv �opv frqwlqxv vwuxfwxuìv sìul0

rgltxhphqw ^9<> 438` ylhqqhqw frqvrolghu o*k|srwkëvh gx frxsodjh gh od oxplëuh dyhf ohv

sodvprqv gh vxuidfh1 Hwdqw grqqì tx*lo q*| d sdv g*rxyhuwxuhv gdqv oh �op/ wrxw pìfdq0

lvph gh wudqvplvvlrq gluhfwhphqw dx wudyhuv ghv ihqwhv hvw devhqw1 O*h�hw wxqqho uìvrqdqw

ã wudyhuv oh �op hvw oh vhxo pìfdqlvph sodxvleoh txl vrlw uhvsrqvdeoh gh od wudqvplvvlrq

h{dowìh1

Elhq txh o*lpsolfdwlrq ghv sodvprqv gh vxuidfh gdqv o*h{dowdwlrq gh od wudqvplvvlrq

gdqv ohv �opv vwuxfwxuìv sìulrgltxhphqw vrlw pdlqwhqdqw dgplvh/ oh gìwdlo gx surfhvvxv vhorq

ohtxho vh surgxlw oh wudqvihuw g*h{flwdwlrq hqwuh skrwrq hw sodvprq/ vxlyl g*xqh uì0ìplvvlrq

g*xq skrwrq gh o*dxwuh frwì gx �op uhvwh wrxmrxuv dpeljx hw frqvwlwxh mxvtx*ã o*khxuh dfwxhooh

xq vxmhw gh gìedw1

Srxu prgìolvhu ohv sursulìwìv rswltxhv gh qrv ìfkdqwloorqv qrxv dyrqv fkrlvl od

wkìrulh gh od gl�udfwlrq g|qdpltxh fdu hooh vxlw xqh gìpdufkh fodluh hw qdwxuhooh gdqv od

uìvroxwlrq gx sureoëph hq gìyhorssdqw oh fkdps ìohfwurpdjqìwltxh gdqv od vwuxfwxuh vhorq

xqh vìulh g*rqghv gh Eorfk1 Ohv sodvprqv gh vxuidfh dssdudlvvhqw gdqv fhwwh wkìrulh gh idêrq

wuëv qdwxuhooh hw lo vrqw uhsuìvhqwìv sdu ghv prghv gh Eorfk ìydqhvfhqwv1 Hq xwlolvdqw fh

irupdolvph/ qrxv dyrqv gìyhorssì xq prgëoh qxpìultxh srxu vlpxohu ohv sursulìwìv rswltxhv

g*xq uìvhdx gh ihqwhv judyìhv vxu xq �op pìwdooltxh1 Ru/ frpph fhod d ìwì vrxoljqì sdu
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soxvlhxuv dxwhxuv ^86> 8:`/ fh prgëoh qh shuphw sdv gh vlpxohu od wudqvplvvlrq gh uìvhdx{ gh

wurxv1 Hq h�hw lo dxwrulvh od sursdjdwlrq gh prghv jxlgìv txl vrqw elhq hqwhqgx devhqwv gdqv

ohv uìvhdx{ elglphqvlrqqhov vxe0orqjxhxu g*rqgh1 Qrxv dyrqv grqf gìyhorssì xq prgëoh

dqdo|wltxh vlpsoh pdlv wuëv h!fdfh hw txl qh grqqh hq sulqflsh txh od uìvrqdqfh sulqflsdoh

lqgh{ìh +4/3, gh fkdfxqh ghv ghx{ lqwhuidfhv gx �op1 Fh prgëoh shuphw gh fdofxohu ohv

frh!flhqwv gh wudqvplvvlrq/ gh uì h{lrq hw g*devruswlrq gh od vwuxfwxuh1

Juåfh ã fh prgëoh/ qrxv dyrqv sx lqwhusuìwhu ohv vshfwuhv rswltxhv olqìdluhv gh

qrv ìfkdqwloorqv1 Hq sduwlfxolhu/ qrxv dyrqv sx uhqguh frpswh gh o*h{lvwhqfh gh ghx{ uì0

vrqdqfhv g*ruljlqhv sk|vltxhv gl�ìuhqwhv gdqv ohv uìvhdx{ gh wurxv vxu �op g*ru1 Srxu ohv

ìfkdqwloorqv txh qrxv dyrqv ìwxglìv/ od suhplëuh uìvrqdqfh vh vlwxh yhuv od orqjxhxu g*rqgh

863 qp hw o*dxwuh vh vlwxh yhuv :33 qp1 Od uìvrqdqfh ã 863 qp hvw vsìfl�txh ã o*ru1 Hooh

dssdudñw gh idêrq v|vwìpdwltxh gdqv wrxv ohv vshfwuhv gh wudqvplvvlrq ghv vwuxfwxuhv txh

qrxv dyrqv ìwxglìhv1 Hooh qh ydulh sdv vl rq ydulh ohv sdudpëwuhv gh od vwuxfwxuh1 Hooh

dssdudñw píph gdqv oh vshfwuh gh wudqvplvvlrq gh �opv g*ru vdqv vwuxfwxuh pdlv dyhf xqh

dpsolwxgh h{wuíphphqw idleoh txl hvw odujhphqw dpsol�ìh gëv txh o*rq uìdolvh xqh vwuxfwxuh

sìulrgltxh rx doìdwrluh gdqv oh �op1 Sdu frqwuh od uìvrqdqfh ã :33 qp hvw xqh frqvìtxhqfh

gh od prgxodwlrq sìulrgltxh gh od irqfwlrq glìohfwultxh gh od vwuxfwxuh hw hooh hvw vhqvleoh

ã wrxwh yduldwlrq ghv sdudpëwuhv gx uìvhdx1 Srxu ohv ìwxghv txh qrxv dyrqv phqì +uìjlrq

vshfwudoh gx vshfwuh ylvleoh, hooh fruuhvsrqg ã od uìvrqdqfh sulqflsdoh +4/3,/ gxh dx sodvprq

gh vxuidfh gx f÷wì pìwdo2vxevwudw1 Hq h�hw/ oh vshfwuh g*devruswlrq suìvhqwh xq slf ã fhwwh

orqjxhxu g*rqgh1 Fhfl frqvwlwxh xqh suhxyh wuëv frqydlqfdqwh txh fhwwh uìvrqdqfh uìvxowh

gx frxsodjh gh od oxplëuh dyhf ohv sodvprqv vxuidfh1
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Qrwuh prgëoh dqdo|wltxh uhsurgxlw elhq oh frpsruwhphqw ghv ghx{ uìvrqdqfhv1

Uìvxprqv ohv sulqflsdohv fdudfwìulvwltxhv gh od wudqvplvvlrq h{dowìh ã od uìvrqdqfh gx sodv0

prq gh vxuidfh vlwxìh ã :33 qp1 Gdqv oh fdv v|pìwultxh +oruvtxh oh �op hvw hqwrxuì sduwrxw

sdu oh píph glìohfwultxh,/ qrxv dyrqv plv hq ìylghqfh ghx{ uìjlphv gh wudqvplvvlrq vhorq

o*ìsdlvvhxu gx �op1 Srxu ohv idleohv ìsdlvvhxuv/ oh frxsodjh hqwuh ohv sodvprqv ghv ghx{

lqwhuidfhv hvw iruw hw od wudqvplvvlrq vh idlw sulqflsdohphqw sdu xq h�hw wxqqho uìvrqdqw1

Doruv txh/ srxu ohv soxv judqghv ìsdlvvhxuv/ oh frxsodjh hqwuh ohv sodvprqv hvw idleoh hw od

wudqvplvvlrq vh idlw sdu h�hw wxqqho vìtxhqwlho1 Qrxv dyrqv ìjdohphqw ìwxglì o*lq xhqfh

ghv frqvwdqwhv glìohfwultxhv ghv plolhx{ glìohfwultxhv dgmdfhqwv vxu od wudqvplvvlrq h{dowìh1

Qrxv dyrqv prqwuì txh od yduldwlrq gh od frqvwdqwh glìohfwultxh gh o*xq ghv ghx{ plolhx{

dgmdfhqwv lq xh frqvlgìudeohphqw vxu oh prgh gh sodvprq dvvrflì ã o*lqwhuidfh gh o*dxwuh

f÷wì gx �op1

Qrxv dyrqv ìjdohphqw ìwxglì od g|qdpltxh vshfwur0whpsruhooh ghv �opv plqfhv

g*ru sdu vshfwurvfrslh ihpwrvhfrqgh1 Srxu fhod qrxv dyrqv ìwxglì od wudqvplvvlrq hw od

uì h{lrq gl�ìuhqwlhoohv hq frq�jxudwlrq srpsh0vrqgh +srpsh ã 733 qp hw vrqgh ã 8330:33

qp, gdqv od uìjlrq ghv wudqvlwlrqv lqwhuedqghv1 Qrxv dyrqv dlqvl prqwuì tx*dx yrlvlqdjh

ghv pd{lpd gh od wudqvplvvlrq hw gh od uì h{lrq gl�ìuhqwlhoohv od prqwìh gx vljqdo q*hvw sdv

lqvwdqwdqìh pdlv hvw uhwdugìh gh txhotxhv fhqwdlqhv gh ihpwrvhfrqghv1 Fh frpsruwhphqw hvw

od frqvìtxhqfh g*xq uhwdug gþ ã od wkhupdolvdwlrq lqwhuqh gx jd} ìohfwurqltxh1 Orlq ghv slfv

gh wudqvplvvlrq hw gh uì h{lrq gl�ìuhqwlhoohv/ hw hq sduwlfxolhu dx yrlvlqdjh ghv orqjxhxuv

g*rqghv rü ohv vljqdx{ fkdqjhqw gh vljqh/ od g|qdpltxh gh uhod{dwlrq ghv ìohfwurqv ghylhqw

frpsoh{h dyhf xqh prqwìh wuëv udslgh vxlylh g*xq fkdqjhphqw gh vljqh gx vljqdo txl vh
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uhod{h hqvxlwh soxv ohqwhphqw1 Fh frpsruwhphqw frpsoh{h v*h{soltxh ìjdohphqw frpph xqh

pdqlihvwdwlrq gh od wkhupdolvdwlrq gx jd} ìohfwurqltxh txl srvvëgh xqh g|qdpltxh gl�ìuhqwh

oruvtxh o*rq v*dssurfkh gx qlyhdx gh Ihupl1 Qrxv dyrqv ìjdohphqw prqwuì tx*dx{ whpsv

soxv orqjv/ o*hvvhqwlho gh od g|qdpltxh hvw grplqìh sdu od uhod{dwlrq gx jd} ìohfwurqltxh

yhuv oh uìvhdx1 Fhwwh g|qdpltxh gìshqg gh o*lqwhqvlwì gx idlvfhdx srpsh/ frpsruwhphqw

txl hvw olì ã od gìshqgdqfh hq whpsìudwxuh gh od fkdohxu vsìfl�txh ìohfwurqltxh1

Od g|qdpltxh vshfwur0whpsruhooh ghv uìvhdx{ gh wurxv prqwuh txh ohv frpsruwh0

phqwv ghv ghx{ uìvrqdqfhv vlwxìhv dx{ orqjxhxuv g*rqghv 863 qp hw :33 qp/ uhvshfwlyhphqw

vrqw wuëv gl�ìuhqwv1 Wrxw g*derug/ o*dpsolwxgh gx vljqdo dx yrlvlqdjh gh od uìvrqdqfh ã 863

qp hvw soxv lpsruwdqwh txh fhooh gh od uìvrqdqfh ã :33 qp1 Qrxv dyrqv prqwuì txh od

iruph gh od wudqvplvvlrq gl�ìuhqwlhooh dxwrxu gh 863 qp vxjjëuh txh oh slf gh wudqvplvvlrq

ã fhwwh orqjxhxu g*rqgh vxelw xq ìodujlvvhphqw hw xq gìsodfhphqw yhuv oh eohx hw tx*lo vh

uhod{h hqvxlwh yhuv o*ìwdw vwdwltxh1 Oh frpsruwhphqw frpsoh{h gh od uìsrqvh qrq0olqìdluh

xowududslgh gh fhwwh uìvrqdqfh hvw gþ dx idlw txh ohv ghx{ sduwlhv uìhooh hw lpdjlqdluh gh od

irqfwlrq glìohfwultxh ydulhqw gh idêrq lpsruwdqwh gdqv fhwwh uìjlrq hq udlvrq gh od sur{lplwì

ghv wudqvlwlrqv lqwhuedqghv1 Hq fh txl frqfhuqh od uìvrqdqfh ã :33 qp/ vd iruph vshfwudoh

gl�ìuhqwlhooh hvw fdudfwìulvwltxh g*xq gìsodfhphqw yhuv oh urxjh gh od uìvrqdqfh gx sodvprq

gh vxuidfh1 Od iruph dv|pìwultxh ghv vshfwuhv gh wudqvplvvlrq gl�ìuhqwlhooh lqgltxh txh

fhwwh uìvrqdqfh vxelw dxvvl xq ìodujlvvhphqw1 Od g|qdpltxh gh fhwwh uìvrqdqfh hvw vlplodluh

ã fhooh gx sodvprq gh vxuidfh gdqv ghv qdqrsduwlfxohv g*dujhqw grqw od uìvrqdqfh vh vlwxh

orlq ghv wudqvlwlrqv lqwhuedqghv1

Srxu prgìolvhu qrv uìvxowdwv vxu od g|qdpltxh xowududslgh ghv uìvhdx{ gh wurxv
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qrxv dyrqv fdofxoì ohv yduldwlrqv ghv sduwlhv uìhooh hw lpdjlqdluh gh od irqfwlrq glìohfwultxh

gdqv xq uìjlph gh idleoh shuwxuedwlrq ã sduwlu ghv phvxuhv h{sìulphqwdohv gh od wudqvplvvlrq

hw gh od uì h{lrq gx �op plqfh g*ru ìwxglì suìfìghpphqw1 Hqvxlwh/ qrxv dyrqv lqmhfwì

fhv yduldwlrqv gh od irqfwlrq glìohfwultxh gdqv oh prgëoh srxu fdofxohu ohv yduldwlrqv gh

wudqvplvvlrq hw gh uì h{lrq fruuhvsrqgdqwhv gx uìvhdx gh wurxv1 Fhwwh gìpdufkh d grqqì

xq dffrug wuëv vdwlvidlvdqw hqwuh ohv phvxuhv h{sìulphqwdohv hw od prgìolvdwlrq1

Srxu �qlu lqgltxrqv txhotxhv txhvwlrqv rxyhuwhv hw txhotxhv slvwhv srxu ghv ìwxghv

xowìulhxuhv1

� Od iruwh dpsolwxgh gx vljqdo gh wudqvplvvlrq gl�ìuhqwlhooh gdqv ohv �opv ìsdlv

vwuxfwxuìv sìulrgltxhphqw hvw lqwuljdqwh fdu lo q*hvw sdv ìylghqw ã sulrul tx*xq who vljqdo

sxlvvh íwuh revhuyì gdqv fhv �opv +g*ìsdlvvhxu 563 qp,1 Txho hvw oh u÷oh gh od gl�xvlrq ghv

ìohfwurqv fkdxgv hw gh ohxu wudqvsruw edolvwltxh gdqv ohv vshfwuhv g|qdpltxhv B

� Od frpsuìkhqvlrq gh od wudqvplvvlrq ghv wurxv xqltxhv vxe0orqjxhxu g*rqgh/ hvw

lqwìuhvvdqwh hq hooh píph/ fdu ghv ìwxghv h{sìulphqwdohv uìfhqwhv rqw prqwuì tx*lo shxw

| dyrlu xqh h{dowdwlrq gh od wudqvplvvlrq gh od oxplëuh gxh ã o*h{flwdwlrq gh sodvprqv gh

vxuidfh orfdolvìv dx erug gx wurx1

� Xqh dssurfkh wkìrultxh lqwìuhvvdqwh/ txh qrxv dyrqv hqwuhsulvh gdqv xq wudydlo

hq frxuv frqfhuqh od prgìolvdwlrq gh od gl�xvlrq gh od oxplëuh sdu ghv wurxv xqltxhv hq

xwlolvdqw oh irupdolvph ghv irqfwlrqv gh Juhhq dgdswì dx{ plolhx{ vwudwl�ìv1

� Lo srxuudlw íwuh wuëv lqwìuhvvdqw g*lqgxluh oh skìqrpëqh g*h{dowdwlrq gh idêrq

wrwdohphqw rswltxh vdqv qìfhvvdluhphqw uìdolvhu ghv wurxv1 Frpph gdqv oh fdv g*xqh h{sìul0

hqfh gh pìodqjh g*rqghv/ ghx{ idlvfhdx{ lqwhqvhv ylhqgudlhqw prgxohu o*lqglfh gh uìiudfwlrq
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gx �op1 Rq srxuudlw dlqvl revhuyhu od gl�udfwlrq +h{dowìh B, g*xq wurlvlëph idlvfhdx vxu oh

uìvhdx dlqvl fuìì1

� Hq�q/ xqh ìwxgh txl dssruwhudlw suredeohphqw ghv lqirupdwlrqv xwlohv vxu oh

pìfdqlvph g*h{dowdwlrq gh od wudqvplvvlrq frqvlvwhudlw ã phqhu ghv h{sìulhqfhv g|qdpltxhv

dyhf xqh uìvroxwlrq whpsruhooh vx!vdqwh srxu h{soruhu od gxuìh gx surfhvvxv oxl píph hq

phvxudqw od gxuìh txh phwwhqw ohv skrwrqv srxu sdvvhu g*xqh lqwhuidfh ã o*dxwuh gx �op1
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