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FRQWHQWV FRQWHQWV

Frqwhqwv

4 Vljqdo 9

414 Fodvvl�fdwlrq ghv vljqdx{ 1 1 1 1 1 1 1 1 1 1 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
41414 Vwdwlrqqdulwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
41415 Hujrglflwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

415 Fdudfwìulvwltxhv gx vljqdo gìwhuplqlvwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
416 Fdudfwìulvwltxhv gx vljqdo doìdwrluh +h{hpsoh = euxlw, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

5 Euxlw 43

6 Glvwulexwlrqv 45

7 Vìulhv gh Irxulhu 47

714 Gì�qlwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
715 Hfulwxuh frpsoh{h gh od Vìulh gh Irxulhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
716 Hfulwxuh hq prgxoh hw dujxphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
717 Vshfwuh gh udlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
718 Sursulìwìv gh od vìulh gh Irxulhu 1 1 1 1 1 1 1 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:

71814 Sdulwì/ Olqìdulwì 1 1 1 1 1 1 1 1 1 1 1 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:
71815 Wudqvodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
71816 Frqvhuydwlrq gh o*ìqhujlh +Ehvvho0Sduvhydo, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
71817 Gìulydwlrq/ lqwìjudwlrq 1 1 1 1 1 1 1 1 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:
71818 Surgxlw hw frqyroxwlrq 1 1 1 1 1 1 1 1 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;

719 H{hpsohv gh gìyhorsshphqw 1 1 1 1 1 1 1 1 1 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;
71914 vljqdo fduuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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;
71915 vljqdo wuldqjxodluh 1 1 1 1 1 1 1 1 1 1 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;
71916 vljqdo prgxoì hq dpsolwxgh 1 1 1 1 1 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;

71: Wdx{ gh glvwruvlrq kduprqltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

8 Wudqvirupìh gh Irxulhu 53

814 Sursulìwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
81414 Frqvhuydwlrq gh o*ìqhujlh = Irupxoh gh Sduvhydo0Sdqfkhuho 1 1 1 1 1 1 1 1 1 1 1 1 54
81415 Irqfwlrq sìulrgltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
81416 Irqfwlrq ìfkdqwloorqqìh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

815 Uhsuìvhqwdwlrq gh od wudqvirupìh gh Irxulhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
81514 Uhsuìvhqwdwlrq gdqv o*hvsdfh frpsoh{h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
81515 Uhsuìvhqwdwlrq gdqv hq prgxoh hw dujxphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

816 Uìvxpì ghv sursulìwìv gh od Wudqvirupìh gh Irxulhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
817 Uhodwlrq hqwuh od vìulh hw od wudqvirupìh gh Irxulhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
818 Wudqvirupìhv gh vljqdx{ w|sltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

81814 Lpsxovlrq uhfwdqjxodluh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
81815 Vljqdo ã gìfurlvvdqfh h{srqhqwlhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

819 Wdeohv gh wudqvirupìhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
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9 Frqyroxwlrq 5<

914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
915 Gì�qlwlrq gh o*lqwìjudoh gh frqyroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
916 Frqyroxwlrq judskltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

: Ilowudjh olqìdluh 68

:1314 Ilowuhv hq fdvfdgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
:1315 Dqdo|vh �txdolwdwlyh� gx �owudjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
:1316 Ihqíwudjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

; Hfkdqwloorqqdjh 73

;14 Sulqflsh gh o*ìfkdqwloorqqdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
;15 Dssur{lpdwlrq g*xqh irqfwlrq sdu xqh vìulh g*lpsxovlrqv +frqyroxwlrq, 1 1 1 1 1 1 1 1 1 73
;16 Wudqvirupì gh Irxulhu g*xqh irqfwlrq ìfkdqwloorqqìh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
;17 Wkìruëph gh Vkdqqrq rx wkìruëph gh o*ìfkdqwloorqqdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
;18 Vrxv0ìfkdqwloorqqdjh gx vljqdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

;1814 Uhsuìvhqwdwlrq whpsruhooh gx vrxv0ìfkdqwloorqqdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
;1815 Uhsuìvhqwdwlrq iuìtxhqwlhooh gx vrxv0ìfkdqwloorqqdjh = oh uhsolhphqw gh vshfwuh 75

;19 Hfkdqwloorqqdjh uìho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
;1914 Hfkdqwloorqqhxu eortxhxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
;1915 Hfkdqwloorqqhxu pr|hqqhxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
;1916 Dxwuhv sdudpëwuhv gh o*ìfkdqwloorqqdjh uìho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

;1: Frqyhuvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
;1:14 Txdqwl�fdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 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:
;1:15 Orl gh frpsuhvvlrq hw frgdjh 1 1 1 1 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:

;1; Uhvwlwxwlrq gx vljqdo 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
;1;14 Lqwhusrodwlrq lgìdoh gh Vkdqqrq 1 1 1 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:
;1;15 Vxuìfkdqwloorqqdjh 1 1 1 1 1 1 1 1 1 1 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:

< Fruuìodwlrq 7;

<14 Lqwhufruuìodwlrq whpsruhooh 1 1 1 1 1 1 1 1 1 1 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;
<1414 Gì�qlwlrq gh o*lqwhufruuìodwlrq whpsruhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
<1415 Frpsdudlvrq hqwuh frqyroxwlrq hw fruuìodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
<1416 Dxwrfruuìodwlrq g*xq vljqdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
<1417 Lqwhufruuìodwlrq2 dxwrfruuìodwlrq gh vljqdx{ sìulrgltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 85
<1418 Gìwhfwlrq g*xq vljqdo qr|ì gdqv oh euxlw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
<1419 Ghqvlwì vshfwudoh g*ìqhujlh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87
<141: Ghqvlwì vshfwudoh gh sxlvvdqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

<15 Lqwhufruuìodwlrq vwdwlvwltxh 1 1 1 1 1 1 1 1 1 1 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

43 Prgxodwlrq 8:

4314 Wudqvirupdwlrq gx vljqdo 1 1 1 1 1 1 1 1 1 1 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:
4315 Prgxodwlrq rx wudqvsrvlwlrq gh iuìtxhqfh 1 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;
4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<
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431614 Prgxodwlrq g*dpsolwxgh vdqv sruwhxvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<
431615 Prgxodwlrq g*dpsolwxgh dyhf sruwhxvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95
431616 Wdeoh uìvxpìh ghv prgxodwlrqv g*dpsolwxgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

4317 Prgxodwlrq gh iuìtxhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
431714 Fdv jìqìudo = vljqdo txhofrqtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
431715 Prgxodwlrq gh iuìtxhqfh dyhf vljqdo prgxodqw vlqxvrògdo 1 1 1 1 1 1 1 1 1 1 1 1 9;
431716 Dydqwdjhv gh od prgxodwlrq gh iuìtxhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

4318 Prgxodwlrqv glvfuëwhv 1 1 1 1 1 1 1 1 1 1 1 1 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
431814 Prgxodwlrqv sdu lpsxovlrqv frgìhv 1 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
431815 Prgxodwlrqv glvfuëwhv g*xqh sruwhxvh vlqxvrògdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5

44 Wudqvirupìh gh Odsodfh :7

4414 Gì�qlwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4415 Sursulìwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4416 Whfkqltxh gh fdofxo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
4417 H{hpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

441714 Uìsrqvh g*xq �owuh UF sdvvh0edv ã xq ìfkhorq gh whqvlrq 1 1 1 1 1 1 1 1 1 1 1 1 ::
441715 Uìsrqvh g*xq �owuh sdvvh0edv ã xqh lpsxovlrq uhfwdqjxodluh 1 1 1 1 1 1 1 1 1 1 1 :;

4418 Wdeoh gh wudqvirupìhv gh Odsodfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

45 Wudqvirupìh gh Irxulhu glvfuëwh ;3

46 Wudqvirupìh hq ]1 Lqwurgxfwlrq dx �owudjh qxpìultxh ;4

4614 Wudqvirupìh hq ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4615 Glfwlrqqdluh ghv wudqvirupìhv hq ] 1 1 1 1 1 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
4616 Irqfwlrq gh wudqvihuw g*xq �wuh qxpìultxh 1 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
4617 Wudqvirupdwlrq elolqìdluh 1 1 1 1 1 1 1 1 1 1 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

47 Irupxodluh gh Pdwk ;7

4714 Wuljrqrpìwulh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4715 Qrpeuhv frpsoh{hv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4716 Htxdwlrqv gl�ìuhqwlhoohv 1 1 1 1 1 1 1 1 1 1 1 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
4717 Gìulydwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4718 Lqwìjudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
4719 Gìyhorsshphqwv olplwìv 1 1 1 1 1 1 1 1 1 1 1 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
471: Frqyhujhqfh ghv vìulhv 1 1 1 1 1 1 1 1 1 1 1 1 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
471; Gìfrpsrvlwlrq ghv iudfwlrqv udwlrqqhoohv 1 1 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
471< Suredelolwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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

48 Eleolrjudsklh ;:
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FRQWHQWV FRQWHQWV

Hyhu|wklqj zruwk grlqj lv zruwk grlqj wzlfh =
wkh �uvw wlph txlfn dqg gluw| dqg wkh vhfrqg/
wkh ehvw zd| |rx fdq1

Fhv qrwhv gh frxuv hq wudlwhphqw gh vljqdo rqw ìwì uìgljìhv srxu ohv ìoëyhv gh o*Dqqìh Vsìfldoh
4<<<05333 gh pduv ã mxlq 53331

Hoohv yhxohqw vhuylu ã srvhu hw ã suìvhqwhu ohv sulqflshv hvvhqwlhov gx wudlwhphqw gx vljqdo dqdorjltxh1
Edvìhv vxu od eleolrjudsklh flwìh hq �q gh grfxphqw/ hoohv fkhufkhqw ã hq uhsuhqguh ohv h{hpsohv
ohv soxv h{solflwhv1 Fhuwdlqv sdudjudskhv qh vrqw sdv frpsohwv> f*hvw oh fdv srxu ohv sulqflshv gh
txdqwl�fdwlrq hw gh uhvwlwxwlrq gx vljqdo +fkdslwuh vxu o*ìfkdqwloorqqdjh, dlqvl txh srxu ohv fkdslwuhv
vxu od wudqvirupìh gh Irxulhu glvfuëwh +GIW, hw vxu oh �owudjh qxpìultxh1 Frpph lo v*djlw g*xqh wrxwh
suhplëuh yhuvlrq udslghphqw uìgljìh/ fhv qrwhv shxyhqw frpsruwhu hqfruh gh qrpeuhxvhv lpshuihfwlrqv/
huuhxuv hw odfxqhv1 Lo hvw grqf ylyhphqw frqvhlooì gh frqvxowhu fhuwdlqv ghv rxyudjhv lqgltxìv gdqv od
eleolrjudsklh hw hq sduwlfxolhu fhx{ uhsìuìv sdu xq dvwìulvtxh1

Wrxwhv ohv uhpdutxhv frqfhuqdqw fhv qrwhv vhurqw ohv elhqyhqxhv hw shxyhqw íwuh dguhvvìhv ã =
sdwulfh1eudxowClhi1x0svxg1iu +LHI edw 553 Xqlyhuvlwì Sdulv0vxg Ruvd|,1
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4 VLJQDO

4 Vljqdo

Qrxv ìwxglhurqv gdqv fh frxuv ohv vljqdx{ frqwlqxv/ rx dqdorjltxhv hw wuëv h{fhswlrqqhoohphqw ohv
vljqdx{ glvfrqwlqxv rx qxpìultxhv +ìfkdqwloorqqìv,1

Xq �vljqdo�/ dx vhqv rü qrxv o*ìwxglhurqv/ hvw xqh lqirupdwlrq rx �phvvdjh� lvvx gh o*dssduhlo txl
oh fuìh hw wudqvirupì sdu xq fdswhxu hq xqh lqirupdwlrq ìohfwultxh +plfurskrqh/ fdpìud/ skrwrgl0
rgh/ vrqgh gh whpsìudwxuh hwf1,1 Ohv vljqdx{ txh qrxv wudlwhurqv lfl vrqw hvvhqwlhoohphqw ghv vljqdx{
ìohfwultxhv ã xqh glphqvlrq frqwudluhphqw sdu h{hpsoh dx{ lpdjhv txl vrqw ghv vljqdx{ ã ghx{ gl0
phqvlrqv rx hqfruh wrxw dxwuh vljqdo ã q glphqvlrqv +hvsdfh .whpsv sdu h{hpsoh,1 O*h{wudsrodwlrq
ã ghv vljqdx{ g*xqh dxwuh qdwxuh/ rswr0ìohfwurqltxh sdu h{hpsoh srxu od wudqvplvvlrq vxu �euh/ rx
lpdjh srxu ohv fdswhxuv fdpìud/ hvw uhodwlyhphqw lppìgldwh fdu oh wudlwhphqw gh fhv vljqdx{ hvw edvì
vxu ohv píphv frqfhswv1

414 Fodvvl�fdwlrq ghv vljqdx{

Oh wdeohdx vxlydqw prqwuh xqh fodvvl�fdwlrq ghv vljqdx{ txh qrxv frpsoìwhurqv sdu ohv gì�qlwlrqv gh
vwdwlrqqdulwì hw g*hujrglflwì/ srxu fh txl frqfhuqh ohv surfhvvxv doìdwrluhv1

� Gì�qlwlrqv

Rq gì�qlw ghx{ fodvvhv sulqflsdohv gh vljqdx{ gìwhuplqlvwhv = ohv vljqdx{ ã ìqhujlh �qlh txl vrqw
ghv vljqdx{ grqw rq qh shxw sdv fdofxohu od sxlvvdqfh pr|hqqh/ hw ohv vljqdx{ ã sxlvvdqfh pr|hqqh

�qlh qrq qxooh/ grqw o*ìqhujlh hvw lq�qlh hw grqw rq qh shxw fdofxohu txh od sxlvvdqfh pr|hqqh1
0 Od fdwìjrulh ghv vljqdx{ ã ìqhujlh �qlh frpsuhqg wrxv ohv vljqdx{ gh w|sh wudqvlwrluh/ gìwhu0

plqlvwhv rx doìdwrluhv1
0 Od fdwìjrulh ghv vljqdx{ ã sxlvvdqfh pr|hqqh �qlh frpsuhqg sudwltxhphqw wrxv ohv vljqdx{

sìulrgltxhv/ txdvl0sìulrgltxhv hw ohv vljqdx{ doìdwrluhv shupdqhqwv1 Hq irqw sduwlh od irqfwlrq
gh Khdylvlgh +ìfkhorq,/ od irqfwlrq frqvwdqwh hw od irqfwlrq vljqh1
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4 VLJQDO 414 Fodvvl�fdwlrq ghv vljqdx{

Fhuwdlqv vljqdx{ q*dssduwlhqqhqw ã dxfxqh gh fhv fdwìjrulhv1 F*hvw oh fdv gh h{s+dw, srxu �4 ?

w ? .4> dlqvl txh gh o*lpsxovlrq gh Gludf hw gx shljqh gh Gludf +irqfwlrqv txh o*rq gì�qlw gdqv oh
fkdslwuh vxu ohv glvwulexwlrqv,1

Rq qrwhud elhq od gì�qlwlrq ghv qrwlrqv g*ìqhujlh hw gh sxlvvdqfh suìvhqwìhv xq shx soxv orlq1

41414 Vwdwlrqqdulwì

Gì�qlwlrqXq vljqdo doìdwrluh +rx hqfruh vwrfkdvwltxh, hvw glw vwdwlrqqdluh dx vhqv vwulfw oruvtxh wrxwhv
vhv fdudfwìulvwltxhv vwdwlvwltxhv vrqw frqvhuyìhv dx frxuv gx whpsv1 Lo hvw glw vwdwlrqqdluh g*ruguh 5/
sdu h{hpsoh/ vl vhxohv vhv vwdwlvwltxhv g*ruguh 4 hw 5 EW�� vrqw lqyduldqwhv gdqv oh whpsv1

+-4, = Rq grlw vh uìiìuhu dx{ gì�qlwlrqv vwdwlvwltxhv frqfhuqdqw xqh yduldeoh +irqfwlrq gh uìsduwl0
wlrq/ ghqvlwì gh suredelolwì/ hvsìudqfh/ yduldqfh/ prphqw g*ruguh q/111, rx ghx{ yduldeohv +irqfwlrq gh
uìsduwlwlrq frqmrlqwh/ ghqvlwì gh sured1 frqmrlqwh/ irqfwlrq g*dxwrfruuìodwlrq/ g*dxwrfryduldqfh 111,1

Vljqdx{ doìdwrluhv vwdwlrqqdluhv Vljqdo doìdwrluh qrq0vwdwlrqqdluh

+4,

41415 Hujrglflwì

Gì�qlwlrq Xq vljqdo doìdwrluh hvw glw hujrgltxh oruvtxh o*rq shxw lghqwl�hu vd pr|hqqh whpsruhoohEW2�

ã vd pr|hqqh vwdwlvwltxh/ f*hvw ã gluh vrq hvsìudqfh rx prphqw fhqwuì g*ruguh 4 EW2� 1
Vxu od �jxuh fl0ghvvrxv/ ohv wurlv ìfkdqwloorqv {�/ {2/ {� g*xq vljqdo doìdwrluh rqw xqh pr|hqqh

fdofxoìh oh orqj gh o*d{h w = od pr|hqqh whpsruhooh g*xq ìfkdqwloorq {�+w,/ hw xqh pr|hqqh fdofxoìh oh
orqj gh o*d{h { = od pr|hqqh vwdwlvwltxh g*xq ìfkdqwloorq {+w�, +fhoohv0fl vrqw uhsìuìhv sdu H� +w�, hw
H� +w2, vxu od �jxuh1 Oruvtxh oh surfhvvxv hvw hujrgltxh/ ohv pr|hqqhv whpsruhoohv ghv ìfkdqwloorqv gx
vljqdo hw ohv pr|hqqhv vwdwlvwltxhv vrqw lghqwltxhv1

+-5, = yrlu ohv gì�qlwlrqv hq dqqh{h
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4 VLJQDO 415 Fdudfwìulvwltxhv gx vljqdo gìwhuplqlvwh

Vljqdo doìdwrluh hujrgltxh = {6J+ @ fwh
+5,

415 Fdudfwìulvwltxhv gx vljqdo gìwhuplqlvwh

� Ydohxu pr|hqqh vxu xq lqwhuydooh^d/e`1 +Rq suhqg e0d @ W @ sìulrgh gx vljqdo srxu xq vljqdo
sìulrgltxh,

ki+{,l @ �
K3@

U K

@
i+{,g{ +6,

� Hqhujlh vxu xq lqwhuydooh gh whpsv ^d/e`1

�H sE%� @
U K

@
mi+{,m2g{ +7,

� Sxlvvdqfh lqvwdqwdqìh

S +{, @ m i+{,m2 +8,

� Sxlvvdqfh pr|hqqh vxu xq lqwhuydooh ^d/e`
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4 VLJQDO 416 Fdudfwìulvwltxhv gx vljqdo doìdwrluh +h{hpsoh = euxlw,

Hq glylvdqw o*ìqhujlh sdu od gxuìh shqgdqw odtxhooh d ìwì glvvlsìh/ rq rewlhqw od sxlvvdqfh/ txl hvw
xqh phvxuh gh o*ìqhujlh sdu xqlwì gh whpsv1

S @

i2+{,

�
@ {.

K3@
@ �

K3@

U K
@
mi+{,m2g{ +9,

� Ydohxu h!fdfh g*xqh irqfwlrq vxu xq lqwhuydooh @ Udflqh Fduuìh gh od Pr|hqqh gx Fduuì gh od
irqfwlrq +UPV@Urrw Phdq Vtxduh,

iess +w, @
s
S @

s
? i 2+w, A @

t
�

K3@

U K
@
i2+w,gw +:,

416 Fdudfwìulvwltxhv gx vljqdo doìdwrluh +h{hpsoh = euxlw,

� Yduldqfh/ rx ìfduw0txdgudwltxh pr|hq/ g*xq vljqdo doìdwrluh i+w,

Y du+i+w,, @ olp|3<"
�
A

U |nA
|

+i+w,� ki+w,l,2gw

@

+i+w,� k i+w,l,2 � @ 

i2+w,
�� ki+w,l2

+;,

Udssho = od ydohxu pr|hqqh ki+w,lg*xqh yduldeoh doìdwrluh i hvw dxvvl dsshoìh vrq hvsìudqfh

pdwkìpdwltxh/ qrwìh H+i,/ rx hqfruh vrq prphqw g*ruguh 4 ^yrlu gì�qlwlrq gdqv oh irupxodluh`1

H+i, @ ki+w,l +<,

� Hfduw0w|sh g*xq vljqdo doìdwrluh =

�+{, @
s
Y du+i+w,, @


+i+w,� k i+w,l,2 � +43,
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5 EUXLW

5 Euxlw

Ohv euxlwv vrqw ghv vljqdx{ doìdwrluhv1 Rq ohv fdudfwìulvh grqf sulqflsdohphqw sdu ohxu sxlvvdqfh rx
ohxu yduldqfh1

Vl oh euxlw hvw �fhqwuì�/ f*hvw0ã0gluh gh ydohxu pr|hqqh qxooh k i+w,l @ 3/ vd yduldqfh hvw doruv ìjdoh
ã od ydohxu txdgudwltxh pr|hqqh1

Y du+i, @ �2s @

i2+w,

�
+44,

O*ìfduw0w|sh uhsuìvhqwh grqf srxu ohv vljqdx{ doìdwrluhv fhqwuìv o*ìtxlydohqw gh od ydohxu h!fdfh
lqwurgxlwh suìfìghpphqw1

� Euxlw eodqf

F*hvw xq euxlw grqw od ydohxu pr|hqqh hvw qxooh/ grqw od irqfwlrq g*dxwrfruuìodwlrq hvw xq Gludf
g*dpsolwxgh 425 hw grqw od ghqvlwì vshfwudoh gh sxlvvdqfh +oh fduuì gx prgxoh gh vd Wudqvirupìh gh
Irxulhu/ rx hqfruh vrq �vshfwuh hq iuìtxhqfh�, hvw frqvwdqwh gdqv wrxwh od edqgh gh iuìtxhqfh 1

� Euxlw wkhupltxh +rx euxlw Mrkqvrq, = euxlw gdqv xqh uìvlvwdqfh1

Oh euxlw wkhupltxh hvw xq prgëoh gh surfhvvxv doìdwrluh frqwlqx/ uhsuìvhqwdwli gx surfhvvxv
jdxvvlhq1 Fh w|sh gh euxlw shxw íwuh frqvlgìuì frpph xq euxlw eodqf gdqv od edqgh gh iuìtxhqfh1

Wrxwh uìvlvwdqfh ã xqh whpsìudwxuh W frqvwlwxh xqh vrxufh gh whqvlrq �� 1Od ydohxu txdgudwltxh
pr|hqqh �2� gh fhwwh whqvlrq shxw v*h{sulphu =

�2� @ 7nWUE +Y row2, +45,

rü n @ f|egh Erow}pdqq +@ 4> 6;=4332�M@N,/ W @ whpsìudwxuh +Nhoylq,/ U @ uìvlvwdqfh +Rkp,/
E @ Edqgh vshfwudoh +hq K},1

Od ydohxu gh od sxlvvdqfh wkhupltxh gh euxlw fruuhvsrqgdqwh hvw grqqìh sdu =

S|� @ nWE +Z , +46,

� Euxlw gh Juhqdlooh +rx euxlw Vfkrwwn|/ rx vkrw qrlvh, =  xfwxdwlrqv vwdwlvwltxhv ghv sruwhxuv
gh fkdujh gdqv ohv mrqfwlrqv ã vhpl0frqgxfwhxuv1

Oh euxlw gh juhqdlooh hvw xq prgëoh gh surfhvvxv doìdwrluh srqfwxho uhsuìvhqwdwli gx surfhvvxv
gh Srlvvrq1
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5 EUXLW

�2
�
@ 5tLfE +D2, +47,

rü t @ fkdujh gh o*h3+@ 4> 9=433�bF,/ Lf @ ydohxu pr|hqqh gx frxudqw frqwlqx/ E @ Edqgh
vshfwudoh +hq K},1
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6 GLVWULEXWLRQV

6 Glvwulexwlrqv

Od qìfhvvlwì/ hq wudlwhphqw gh vljqdo/ gh wudydloohu vxu ghv vljqdx{ uìhov txhotxhirlv frqvwlwxìv g*lpsxovlrqv
wuëv euëyhv/ d frqgxlw ghv sk|vlflhqv +Khdylvlgh/ Gludf/ Vfkzduw} 111, ã ìoderuhu xqh wkìrulh ghv glv0
wulexwlrqv1 Od uhsuìvhqwdwlrq gh skìqrpëqhv euhiv rx glvfrqwlqxv/ shxw doruv vh idluh dx pr|hq gh
irqfwlrqv txl srvvëghqw ohv sursulìwìv sduwlfxolëuhv gh fhv vljqdx{1 Fh vrqw sulqflsdohphqw o*ìfkhorq
rx irqfwlrq gh Khdylvlgh/ o*lpsxovlrq gh Gludf/ oh shljqh gh Gludf rx irqfwlrq �Vkd�+qrp gh od ohwwuh
�Bw�/ hq doskdehw f|ulooltxh/ txl uhsuìvhqwh elhq xq shljqh,/ o*lpsxovlrq uhfwdqjxodluh/ rx irqfwlrq
sruwh/ hw o*lpsxovlrq wuldqjxodluh1

O*lpsxovlrq gh Gludf hvw od glvwulexwlrq txh o*rq xwlolvh oh soxv vrxyhqw hq wudlwhphqw gx vljqdo1 Lo
hvw grqf lpsruwdqw gh elhq frpsuhqguh vd gì�qlwlrq hw vhv sursulìwìv1

� Gì�qlwlrq gx Gludf

O*lpsxovlrq gh Gludf hvw xq rsìudwhxu g*ìfkdqwloorqqdjh txl uhvwlwxh od ydohxu i+3, g*xqh irqfwlrq
frqwlqxh ã o*ruljlqh1

i+3, @ ki> �l @
U n"

3"
i+{,�+{,g{ +48,

Oruvtxh oh Gludf hvw fhqwuì vxu xqh dxwuh ydohxu txh 3/ rq rewlhqw soxv jìqìudohphqw =

i+d, @
U n"

3"
i+{,�+{� d,g{ +49,

� Sursulìwìv gx Gludf

Hq idlvdqw i+{, @ 4/ rq rewlhqw =

U
n"

3"
�+{,g{ @ 4 +4:,

� Shljqh gh Gludf

Oh shljqh gh Gludf hvw xqh sìulrglvdwlrq gh o*lpsxovlrq gh Gludf1 Fhw rsìudwhxu hvw wuëv xwlolvì
gdqv ghx{ rsìudwlrqv irqgdphqwdohv gx wudlwhphqw gx vljqdo = od sìulrglvdwlrq hw o*ìfkdqwloorqqdjh1

Bw+{, @ Vkd+{, @
[
?M~

i+q,�+w� q, +4;,
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6 GLVWULEXWLRQV

BwA +{, @ Vkd+{, @
4

W

[
?M~

i+q,�+w�
q

W
, +4<,

� Irqfwlrq gh Khdylvlgh

Hqfruh dsshoìh irqfwlrq ìfkhorq/ K+{, @

�
4 vl { A 3
3 vl { 9 3

=

Rq d dxvvl od sursulìwì vxlydqwh =

K3+{, @ �+{, +53,
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7 VÌULHV GH IRXULHU

7 Vìulhv gh Irxulhu

+rx wudqvirupìh gh Irxulhu ghv irqfwlrqv sìulrgltxhv ,1
Od gìfrpsrvlwlrq hq vìulh gh Irxulhu shuphw g*h{sulphu xq vljqdo sìulrgltxh vrxv od iruph g*xqh

vrpph gh irqfwlrqv vlqxvrògdohv +hw2rx frvlqxvrògdohv, grqw od iuìtxhqfh hvw xq pxowlsoh hqwlhu gh
od iuìtxhqfh gx vljqdo1

714 Gì�qlwlrq

Rq dsshooh vìulh gh Irxulhu wrxwh vìulh
S
"

?'f
x?+{, grqw oh whuph jìqìudo v*ìfulw =

x? @ d? frvq${. e? vlqq${ +54,

Oruvtxh od vìulh frqyhujh/ vd sìulrgh hvw = W @ 5�@$1

Wkìruëph

Wrxwh irqfwlrq i+{, sìulrgltxh/ gh sìulrgh W @ 2�

/
> txl srvvëgh hq rxwuh ohv sursulìwìv vxlydqwhv =

0 hooh hvw frqwlqxh vxu wrxw lqwhuydooh � @ ^d> d . W `/ vdxi ìyhqwxhoohphqw hq xq qrpeuh �ql gh
srlqwv rü hooh srvvëgh xqh olplwh ã gurlwh hw ã jdxfkh1

0 hooh hvw gìulydeoh vxu �/ vdxi ìyhqwxhoohphqw hq xq qrpeuh �ql gh srlqwv rü hooh srvvëgh xqh
gìulyìh ã gurlwh hw ã jdxfkh1

hvw gìfrpsrvdeoh hq vìulh gh Irxulhu vxu ohv srlqwv rü hooh hvw frqwlqxh 1

Rq qrwh =

i+{, @ df .
S
"

?'�
+d? frvq${. e? vlqq${,� ~} �

�?E%�

@ df . d� frv${. e� vlq${. ===. d? frvq${. e? vlqq${

+55,

Rq dsshooh �kduprqltxh� gh udqj �q� xq q0pxowlsoh gh od iuìtxhqfh irqgdphqwdoh1 Od ydohxu
pr|hqqh hvw grqf o*kduprqltxh gh udqj 3/ oh irqgdphqwdo hvw o*kduprqltxh gh udqj 41 Gh fh idlw/ rq
xwlolvh dxvvl frxudpphqw oh whuph �kduprqltxhv� srxu qrpphu ohv kduprqltxhv gh udqj A 5=

Fdofxo ghv frh!flhqwv gh od vìulh

df @
�
A

U @nA
@

i+{,g{ > d? @ 2
A

U @nA
@

i+{, frvq${g{ > e? @ 2
A

U @nA
@

i+{, vlqq${g{ +56,

Dwwhqwlrq = ohv h{suhvvlrqv ghv frh!flhqwv d? hw e? fl0ghvvxv qh vrqw ydodeohv/ g*dsuëv od uhodwlrq
^55`/ txh srxu q A 4= Lo qh idxw hq sduwlfxolhu sdv gìgxluh df gh o*h{suhvvlrq gh d?1

Ghv irupxohv shuphwwdqw oh fdofxo ghv frh!flhqwv/ rq gìgxlw txh =
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7 VÌULHV GH IRXULHU 715 Hfulwxuh frpsoh{h gh od Vìulh gh Irxulhu

Vl i lpsdluh = df @ 3> d? @ 3=
Vl i sdluh = e? @ 3=
Lo idxw grqf wrxmrxuv hvvd|hu gh udphqhu od irqfwlrq ã xqh irqfwlrq sdluh rx lpsdluh/ sdu vlpsoh

gìfdodjh/ d�q gh idflolwhu oh fdofxo ghv frh!flhqwv1
Gdqv fh fdv/ vhxo oh vshfwuh gh skdvh/ grqf od skdvh ghv frh!flhqwv/ ydulh> sdv oh vshfwuh g*dpsolwxgh

+yrlu od sursulìwì gh wudqvodwlrq 69,1
Od yduldwlrq gh skdvh fruuhvsrqg dx gìfdodjh> sdu h{hpsoh vl oh gìfdodjh hvw gh �w @ W@7 ã gurlwh

+grqf oh vljqdo hvw �uhwdugì�,/ od yduldwlrq gh skdvh hvw gh +�A
e �

2�
A
,= Xq whuph gx gìyhorsshphqw

sdu h{hpsoh hq frvq$w ghylhqw frvq$+w� A
e ,=

715 Hfulwxuh frpsoh{h gh od Vìulh gh Irxulhu

Oh whuph jìqìudo gh od vìulh shxw/ hq xwlolvdqw ohv irupxohv g*Hxohu/ v*ìfuluh =

x?+{, @ d?
h�?/% . h3�?/%

5
. e?

h�?/% � h3�?/%

5m
@

d? � me?
5

h�?/% .
d? . me?

5
h3�?/% +57,

G*rü ohv frh!flhqwv gh Irxulhu frpsoh{hv

F? @ @?3�K?
2 > F

3? @ @?n�K?
2

+58,

fh txl shuphw g*ìfuluh =

F? @ �
A

U @nA
@

i+{,h3�?/%g{ +q 5 ], +59,

hw

Ff @
�

A

U @nA

@
i+{,g{ @ df +5:,

Rq hq gìgxlw +hq dgrswdqw od eruqh lqiìulhxuh q @ �4,/ o*h{suhvvlrq frpsoh{h gh od vìulh =

i+{, @
Sn"

?'3"F?h
�?/% +5;,

Hfulwxuh ghv frh!flhqwv uìhov hq irqfwlrq ghv frh!flhqwv frpsoh{hv =

df @ Ff
d? @ F? .F3?
e? @ m+F? �F3?,

+5<,

S1Eudxow 48 Wudlwhphqw gx vljqdo1 92925333



7 VÌULHV GH IRXULHU 716 Hfulwxuh hq prgxoh hw dujxphqw

716 Hfulwxuh hq prgxoh hw dujxphqw

i+{, @ �f .
S

n"

?'� �? frv+q$w. *?, +63,

dyhf

�f @ df
�? @

s
d2? . e2?

*? @ dufwdq+� K?
@?
,

+64,

717 Vshfwuh gh udlhv

Sxlvtxh fkdtxh frh!flhqw gx gìyhorsshphqw hq vìulh gh Irxulhu uhsuìvhqwh o*dpsolwxgh g*xqh vl0

qxvrògh +rx frvlqxvrògh, sxuh/ grqf gh iuìtxhqfh xqltxh/ rq uhsuìvhqwh ohv frh!flhqwv gx
gìyhorsshphqw hq vìulh gh Irxulhu sdu xq vshfwuh gh udlhv gdqv o*hvsdfh ghv iuìtxhqfhv1 Ohv
udlhv uhsuìvhqwhqw ohv frh!flhqwv uìhov d� ghv frvq$w vxu o*d{h uìho hw ohv frh!flhqwv e� ghv vlqq$w vxu
o*d{h lpdjlqdluh/ rx elhq ohv frh!flhqwv frpsoh{hv grqqìv sdu ohv uhodwlrqv 581

c
c

0
1

0
1

2 3

-2
-1

Représentation perspectiveRéel

Imaginaire b1

a1

b1

c-1

n=f•T

-3

a1

c2 c3

c-2

b2
b3

a2a3 a0

a2

a3

b2
b3

c-3

Vshfwuh gh udlhv
+65,

� Rq shxw dgrswhu dxvvl xqh uhsuìvhqwdwlrq gh od vìulh gh Irxulhu sdu vshfwuh g*dpsolwxgh mI +�,m
hw vshfwuh gh skdvh Duj I +�,> rü � @ q$/

x?+{, @ d? frv q${. e? vlqq${ @ �? frv+q${� *?, +66,

hw

�
mI +�,m @ �? @

s
d2? . e2?

Duj I +�, @ *? @ �dufwdq+ K?
@?
,

+67,
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7 VÌULHV GH IRXULHU 718 Sursulìwìv gh od vìulh gh Irxulhu

718 Sursulìwìv gh od vìulh gh Irxulhu

71814 Sdulwì/ Olqìdulwì

71815 Wudqvodwlrq

Oh vshfwuh g*dpsolwxgh hvw lqyduldqw sdu wudqvodwlrq/ pdlv sdv oh vshfwuh gh skdvh1
Vxssrvrqv oh vljqdo i+{, gìfdoì gh {f=Rq dsshooh j+{, @ i+{�{f, od irqfwlrq wudqvodwìh +wudqvodwlrq

ã gurlwh @ uhwdug gh {f,=
Hq srvdqw w @ {� {f >rq rewlhqw =

f?+j, @
�

A

U
{
i+{� {f,h

3�?/%g{ @ h3�?/%f=f?+i, +68,

grqf

�
mf?+j,m @ mf?+i,m

Duj f?+j, @ Duj f?+i,� q${f
+69,

71816 Frqvhuydwlrq gh o*ìqhujlh +Ehvvho0Sduvhydo,

Udssho = surgxlw vfdodluh jìqìudolvì

+i> j, @
4

W

]
{

i+{,=j+{,g{ +6:,

Wkìruëph gh Ehvvho0Sduvhydo

Oh fduuì gh od ydohxu h!fdfh/ rx ìqhujlh gx vljqdo/ hvw frqvhuyì gdqv od vìulh gh Irxulhu1 Wrxwh

o*ìqhujlh gx vljqdo vh uhwurxyh gdqv od ydohxu pr|hqqh / oh irqgdphqwdo hw ohv kduprqltxhv1

+i> i, @ nin2 @Sn"

?'3" mf?m2 @ 4

W

]
{

i2+{,g{

� ~} �
�e?eo}�e

@ d2f . 5
S
"

?'�
@2
?
nK2

?

e +6;,

+Qrwh = iess @
s
S @

t
�
A

U
i2,

71817 Gìulydwlrq/ lqwìjudwlrq

� Gìulydwlrq = Vl i hvw gìulydeoh hq i* hw vl i* hvw gìyhorssdeoh hq V1I1/ oh gìyhorsshphqw gh i*
v*rewlhqw sdu gìulydwlrq whuph ã whuph gx gìyhorsshphqw hq V1I1 gh i1
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7 VÌULHV GH IRXULHU 719 H{hpsohv gh gìyhorsshphqw

i �+{, @
Sn"

3"
mq$f?h

�?/% +6<,

� Lqwìjudwlrq = Vl i hvw ã pr|hqqh qxooh +ff @
�
A

U
{
i+{,g{ @ 3, / doruv

j+{, @
U %

f
i+w,gw @ �f .

Sn"

?'3" f?
e�?/%

�?/
+73,

dyhf �f @ j6J+� @
�
A

U
{
j+{,g{

71818 Surgxlw hw frqyroxwlrq

� Surgxlw = vrlhqw i+{, @
Sn"

?'3" �?h
�?/% hw j+{, @

Sn"

?'3" �?h
�?/%

+i=j,+{, @
Sn"

?'3" �?h
�?/% dyhf �? @

S
Rn^'? �R�^ +74,

� Frqyroxwlrq = uìflsurtxhphqw vl k+{, @
Sn"

?'3" �?�?h
�?/% / doruv

k+{, @
U
{
i+w,j+{� w,gw +75,

719 H{hpsohv gh gìyhorsshphqw

71914 vljqdo fduuì

71915 vljqdo wuldqjxodluh

71916 vljqdo prgxoì hq dpsolwxgh

i+w, @ D+w, frv+$Rw,� ~} �
sruwhxvh

+76,
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7 VÌULHV GH IRXULHU 71: Wdx{ gh glvwruvlrq kduprqltxh

Vl oh vljqdo prgxodqw D+w, hvw vxssrvì gh sìulrgh �{h Wf/ rq shxw oh gìfrpsrvhu hq vìulhv gh
Irxulhu1 Rq ìfulud =

D+w, @ df .
"[

?'�

D?frv+q$fw� *?, > dyhf $f @
5�

Wf
+77,

G*rü

i+w, @ dffrv$Rw.
�

2

S
"

?'�
^D?frv++$R . q$f,w� *?, .D?frv++$R � q$f,w� *?,` +78,

Vshfwuh gh udlhv g*xq vljqdo prgxoì hq dpsolwxgh1
+79,

Dwwhqwlrq = fh vshfwuh gh udlhv hvw ydodeoh vl oh vljqdo prgxodqw hvw sìulrgltxh hw gh sìulrgh �{h1
Gdqv oh fdv frqwudluh/ oh vljqdo prgxodqw q*hvw soxv gìfrpsrvdeoh hq V1I1 hw oh vshfwuh g*dpsolwxgh
hvw frqwlqx hqwuh $R hw $R	$f +yrlu Wudqvirupìh gh Irxulhu,/ rü $f hvw doruv od iuìtxhqfh pd{lpdoh

gx vljqdo prgxodqw1

71: Wdx{ gh glvwruvlrq kduprqltxh

S1Eudxow 4< Wudlwhphqw gx vljqdo1 92925333



8 WUDQVIRUPÌH GH IRXULHU

8 Wudqvirupìh gh Irxulhu

Sdu h{whqvlrq gx gìyhorsshphqw hq vìulhv gh Irxulhu/rx wudqvirupìh gh Irxulhu ghv irqfwlrqv sìul0
rgltxhv/ rq gì�qlw xqh wudqvirupìh gh Irxulhu ghv irqfwlrqv qrq0sìulrgltxhv rü od irqfwlrq
lqlwldoh hvw gìyhorssìh qrq soxv vhxohphqw vxu xqh edvh gh frvlqxv hw gh vlqxv +rx g*h{srqhqwlhoohv, ã
ydohxuv glvfuëwhv +h{s+q$w,===, pdlv vxu xqh edvh g*h{srqhqwlhoohv ã ydohxuv frqwlqxh 1

Gì�qlwlrq Xqh irqfwlrq gì�qlh vxu ?/ frqwlqxh sdu prufhdx{ hw devroxphqw lqwìjudeoh vxu ?/

pdlv qrq qìfhvvdluhphqw sìulrgltxh/ srvvëgh xqh wudqvirupìh gh Irxulhu gì�qlh sdu oh surgxlw vfdodluh

vxlydqw =

ei+�, @ I ^i+{,` @ I +�, @
U n"
3"

i+{, h32��D%g{

@
U n"
3"

i+{, frv+5��{, g{ � m
U n"
3"

i+{, vlq+5��{,g{

+7:,

Irupxoh gh uìflsurflwì =

i+{, @
U
n"

3"

ei+�, hn2��D%g� +, ei+�, @ U
n"

3"
i+{, h32��D%g{ +7;,

Dlqvl rq qrwhud txh od irqfwlrq i+{, vh gìfrpsrvh pdlqwhqdqw / gdqv ohv grpdlqhv whpsruho hw

iuìtxhqwlho/ hq xqh vrpph frqwlqxh vhorq xqh edvh frqwlqxh g*h{srqhqwlhoohv/ sdu rssrvlwlrq ã od
edvh ghv vìulhv gh Irxulhu rü od sìulrglflwì gh i+{, shuphw xqh gìfrpsrvlwlrq hq xqh vrpph glvfuëwh
vhorq xqh edvh glvfuëwh g*h{srqhqwlhoohv1 Gx idlw gh od qrq0pxowlsolflwì ghv frpsrvdqwhv sdu

udssruw ã od iuìtxhqfh irqgdphqwdoh gx vljqdo sìulrgltxh/ od qrwlrq g*kduprqltxhv d glvsdux1

VI #$ WIS
#$

U
q=� #$ �

+7<,

� V|pìwulh gh od wudqvirupìh gh Irxulhu hw gxdolwì whpsv0iuìtxhqfh

Rq sdvvh gh od wudqvirupìh gluhfwh I ã od wudqvirupìh uìflsurtxh I3� hq dssoltxdqw ohv wudqv0
irupdwlrqv vxlydqwhv =

i #$ I

{ #$ �

m #$ �m

+83,

� Vl od irqfwlrq i+{, hvw sdluh/ oh ghx{lëph whuph hq vlqxv hvw qxo +irqfwlrq lpsdluh, hw rq qh
frqvhuyh txh oh whuph hq frvlqxv
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8 WUDQVIRUPÌH GH IRXULHU 814 Sursulìwìv

ei+�, @ I ^i+{,` @ 5
U
n"

f
i+{, frv+5��{,g{ +84,

� Vl od irqfwlrq i+{, hvw lpsdluh/ oh suhplhu whuph hq frvlqxv hvw qxo hw rq frqvhuyh oh whuph hq
vlqxv

ei+�, @ I ^i+{,` @ �5m
U
n"

f
i+{, vlq+5��{, g{ +85,

814 Sursulìwìv

Od soxsduw ghv sursulìwìv gh od wudqvirupìh gh Irxulhu vh gìgxlvhqw gh fhoohv gh od vìulh gh Irxulhu1
Oh sdvvdjh dx grpdlqh ghv vljqdx{ glvfuhwv +qxpìultxhv, lpsrvh fhshqgdqw gh phwwuh o*dffhqw vxu od
wudqvirupìh ghv vljqdx{ sìulrgltxhv hw vxu vd uìflsurtxh/ od wudqvirupìh ghv vljqdx{ ìfkdqwloorqqìv1
Gh píph/ od wudqvirupìh g*xqh irqfwlrq uhfwdqjxodluh/ rx sruwh/ uhylhqgud dxvvl frxudpphqw gdqv
ohv grpdlqhv dqdorjltxh +ihqíwudjh srxu oh fdofxo gh od W1I1, hw qxpìultxh +ìfkdqwloorqqdjh uìho hwf,/
grqw rq sduohud soxv orlq1

81414 Frqvhuydwlrq gh o*ìqhujlh = Irupxoh gh Sduvhydo0Sdqfkhuho

+i> j, @
U n"
3"

i+{,j+{,g{ @
U n"
3"

ei+�,ej+�,g� +86,

j+{, @ jW+{, @ frpsoh{h frqmxjxì

81415 Irqfwlrq sìulrgltxh

� shljqh gh Gludf

I ^
n"[

?'3"

�+w� q,` @
n"[

?'3"

�+� � q, +87,

� W1I1 g*xqh irqfwlrq sìulrgltxh
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8 WUDQVIRUPÌH GH IRXULHU 814 Sursulìwìv

hq xwlolvdqw od sursulìwì gh od frqyroxwlrq sdu xq Gludf/ rq shxw ìfuluh =

i+w, @ if+w, �
n"[

?'3"

�+w� qW , +88,

rü if+w, hvw oh �prwli� gh od irqfwlrq vxu xqh sìulrgh1
Hq dssoltxdqw od W1I1/ rq rewlhqw

I +�, @
S

?'n"

?'3"
f?�+� �

?

A
, > dyhf f? @ �

A
ai
f
+ ?
A
, +89,

Od wudqvirupìh gh Irxulhu g*xqh irqfwlrq sìulrgltxh grqqh xq vshfwuh gh udlhv1 Fh
uìvxowdw ìwdlw dwwhqgx sxlvtxh od W1I1 hvw gdqv fh fdv o*dqdorjxh gh od V1I1

� H{hpsohv =

Wudqvirupìh g*xq uhfwdqjoh sìulrgltxh

Wudqvirupìh g*xq uhfwdqjoh sìulrgltxh
+8:,

Wudqvirupìh g*xq wuldqjoh sìulrgltxh
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8 WUDQVIRUPÌH GH IRXULHU 815 Uhsuìvhqwdwlrq gh od wudqvirupìh gh Irxulhu

Wudqvirupìh g*xq wuldqjoh sìulrgltxh
+8;,

81416 Irqfwlrq ìfkdqwloorqqìh

Xqh irqfwlrq ìfkdqwloorqqìh hvw frpsrvìh gh ydohxuv lqvwdqwdqqìhv gh od irqfwlrq suìohyìhv ã lqwhuydoohv
uìjxolhuv hvsdfìv gh od sìulrgh g*ìfkdqwloorqqdjh Wh1 Fhwwh rsìudwlrq vh uhsuìvhqwh hqfruh frpph
oh surgxlw gh od irqfwlrq sdu xq shljqh gh Gludf gh sìulrgh Wh1 Rq rewlhqw dlqvl xqh
irqfwlrq txh o*rq shxw uhsuìvhqwhu sdu xq vshfwuh gh udlhv gdqv oh grpdlqh whpsruho1 Sdu dssolfdwlrq
gh od uìflsurflwì dx vshfwuh gh udlhv g*xqh irqfwlrq sìulrgltxh/ rq hq gìgxlw gluhfwhphqw txh od

wudqvirupìh gh Irxulhu g*xq vljqdo ìfkdqwloorqqì ìtxlydxw ã od sìulrglvdwlrq gx vshfwuh

gx vljqdo1 Fhwwh sursulìwì hvw gìyhorssìh gdqv oh fkdslwuh vxu o*ìfkdqwloorqqdjh1

i+w,=VkdAe+w, �
ai+�,= �AeVkd�*Ae+�, +8<,

815 Uhsuìvhqwdwlrq gh od wudqvirupìh gh Irxulhu

81514 Uhsuìvhqwdwlrq gdqv o*hvsdfh frpsoh{h

Fhwwh uhsuìvhqwdwlrq hvw dqdorjxh ã fhooh ghv frh!flhqwv frpsoh{hv yxh srxu od vìulh gh Irxulhu1

81515 Uhsuìvhqwdwlrq gdqv hq prgxoh hw dujxphqw

� Dx olhx gh od uhsuìvhqwdwlrq gdqv oh sodq frpsoh{h rq xwlolvh frxudpphqw xqh uhsuìvhqwdwlrq
gx prgxoh hq frrugrqqìhv olqìdluhv hw soxv uduhphqw xqh uhsuìvhqwdwlrq gh od skdvh11 Rq yrlw
dxvvl vrxyhqw xqh uhsuìvhqwdwlrq gx prgxoh gx vshfwuh +sdu h{hpsoh gdqv ohv wdeohv gh vljqdx{
irxuqlhv soxv orlq,

S1Eudxow 56 Wudlwhphqw gx vljqdo1 92925333



8 WUDQVIRUPÌH GH IRXULHU 816 Uìvxpì ghv sursulìwìv gh od Wudqvirupìh gh Irxulhu

� Od uhsuìvhqwdwlrq gx prgxoh hw gh od skdvh hq frrugrqqìhv orjdulwkpltxhv ghylhqw od uhsuìvhq0
wdwlrq gh Ergh/ frxudpphqw xwlolvìh srxu od irqfwlrq gh wudqvihuw ghv v|vwëphv olqìdluhv +�owuhv,
txl hvw dxvvl od wudqvirupìh gh Irxulhu gh od uìsrqvh lpsxovlrqqhooh gx �owuh

816 Uìvxpì ghv sursulìwìv gh od Wudqvirupìh gh Irxulhu

I �$

#� I3�

uìflsurflwì +rx v|pìwulh, i I

� { �

� m �m

Gì�qlwlrq {+w, a{+�, @
U
n"

3"
{+w,h3�2�D|gw

Olqìdulwì +rx vxshusrvlwlrq, d{+w, . e|+w, da{+�, . ee|+�,
Pxowlsolfdwlrq sdu xqh f|e {+dw, �

�@� a{+
D
@,

Wudqvodwlrq whpsr1 +Wk1 gx uhwdug, {+w� wf, a{+�,=h32��D|f

Wudqvodwlrq iuìt1 +fkjw gh iuìtxhqfh, {+w,=h2��Df| a{+� � �f�
Frv frv 5��fw

�
2 ^�+� . �f, . �+� � �f,`

Vlq vlq 5��fw
�
2 ^�+� . �f,� �+� � �f,`

Prgxodwlrq {+w,= frv 5��fw
�
2 ^a{+� . �f, . a{+� � �f,`

Gludf �+w, 4

Frqvwdqwh @ 4 4 �+�,

Surgxlw {+w,=|+w,
U n"
3" a{+� � x,e|+x,gx @ a{+�, � e|+�,

Frqyroxwlrq {+w, � |+w, a{+�,=e|+�,
Vshfwuh gh udlhv {+w, @ VkdA +{, a{+�, @ �

A Vkd�*A +�,

@
Sn"

&'3" �+w� nW , @ �
A

Sn"
&'3" �+� � &

A ,

Irqfwlrq sìulrglvìh {+w, � VkdA +w, a{+�,= �A Vkd�*A +�,

Irqfwlrq ìfkdqwloorqqìh {+w,=VkdAe+w, a{+�, � �
Ae
Vkd�*Ae+�,

Frpsoh{h frqmxjxì {W+w, a{W+�,

Lqyhuvlrq rx V|pìwulh yhuwlfdoh {+�w, a{+��,

Gìulydwlrq _E?�

_|? ^{+w,` a{+�,=+5�m�,E?�

Lqwìjudwlrq
U �
3" {+w,gw �

�2�D a{+�, .
�
2 ^a{+3,=�+�,`

Lghqwlwì gh Sduvhydo Z% @
U n"
3" m{+w,m2 gi Z% @

U n"
3" ma{+�,m2 g�

+93,

817 Uhodwlrq hqwuh od vìulh hw od wudqvirupìh gh Irxulhu

818 Wudqvirupìhv gh vljqdx{ w|sltxhv

81814 Lpsxovlrq uhfwdqjxodluh

Wudqvirupìh gh Irxulhu g*xqh lpsxovlrq uhfwdqjxodluh ��cA +{, @

�
3 vl m{m A W@5
D vl m{m ? W@5
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8 WUDQVIRUPÌH GH IRXULHU 818 Wudqvirupìhv gh vljqdx{ w|sltxhv

I +�, @
U n"
3"

��cA +{,=h
�2�D%g{ @

U n"
3"

��cA +{,=frv+ 5��{,g{ @
k
D r�?E�DA �

�D

lnA*2

3A*2
@ DWvlqS+�W ,

+94,

� Uhpdutxh = irqfwlrq vlqxv fduglqdo

Rq wurxyh txhotxhirlv od gì�qlwlrq VlqS+{, @
7�?E%�

% dx olhx gh VlqS+{, @
7�?E�%�

�%

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
-1

-0.5

0

0.5

1

1.5

2

A 

T/2 -T/2 

-10 -8 -6 -4 -2 0 2 4 6 8 10
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
AT 

1/T 

Wudqvirupìh gh Irxulhu g*xqh lpsxovlrq uhfwdqjxodluh
��cA +{, �$ DW vlqS+�W ,

+95,

81815 Vljqdo ã gìfurlvvdqfh h{srqhqwlhooh
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8 WUDQVIRUPÌH GH IRXULHU 819 Wdeohv gh wudqvirupìhv

819 Wdeohv gh wudqvirupìhv

+96,
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8 WUDQVIRUPÌH GH IRXULHU 819 Wdeohv gh wudqvirupìhv

+97,
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8 WUDQVIRUPÌH GH IRXULHU 819 Wdeohv gh wudqvirupìhv

+98,
S1Eudxow 5; Wudlwhphqw gx vljqdo1 92925333



9 FRQYROXWLRQ

9 Frqyroxwlrq

914 Lqwurgxfwlrq

Oh surgxlw gh frqyroxwlrq hvw xq rxwlo txl shuphw gh wurxyhu gh pdqlëuh vlpsoh od uìsrqvh g*xq

v|vwëph olqìdluh ã xq vljqdo g*hqwuìh1 Srxu fhod/ lo xwlolvh ohv sursulìwìv vxlydqwhv =
41 Od vruwlh g*xq v|vwëph olqìdluh lqyduldqw gdqv oh whpsv hvw grqqìh sdu oh surgxlw gh

frqyroxwlrq gh vd uìsrqvh lpsxovlrqqhooh dyhf oh vljqdo g*hqwuìhEW�rx hqfruh sdu oh surgxlw
gh frqyroxwlrq gh vd uìsrqvh lqglflhooh dyhf od gìulyìh gx vljqdo g*hqwuìhEW�=

^- = od gìprqvwudwlrq gh fhv ghx{ srlqwv vh idlw hq xwlolvdqw oh sulqflsh gh vxshusrvlwlrq txh
yìul�h wrxw v|vwëph olqìdluh hw hq gìfrpsrvdqw oh vljqdo g*hqwuìh hq xqh vìulh g*ìfkhorqv rx
g*lpsxovlrqv1`

51 Xq v|vwëph olqìdluh hvw hqwlëuhphqw gìwhuplqì sdu vd uìsrqvh lpsxovlrqqhooh k+w, rx sdu
vd uìsrqvh lqglflhooh U+w,1 Hq sduwlfxolhu/ od irqfwlrq gh uìsrqvh iuìtxhqwlhooh gh fh v|vwëph/ rx
irqfwlrq gh wudqvihuw K+�,/ hvw ìjdoh ã od W1I1 gh vd uìsrqvh lpsxovlrqqhooh1

61 Od wudqvirupìh gh Irxulhu gx surgxlw gh frqyroxwlrq gdqv o*hvsdfh whpsruho hvw xq surgxlw
vlpsoh gdqv o*hvsdfh gxdo iuìtxhqwlho1

Fhv sursulìwìv vrqw uìvxpìhv gdqv oh vfkìpd vxlydqw =

H(ν)h(t) s(t) = e(t)*h(t)e(t) S(ν) = E(ν).H(ν)E(ν)

F

O�rsìudwhxu gh frqyroxwlrq hvw ã od edvh gh o*rsìudwlrq gh �owudjh whpsruho1
+99,

Hq frqfoxvlrq
Vl o*rq frqvlgëuh oh v|vwëph olqìdluh K gh irqfwlrq gh wudqvihuw K+�,/ gh uìsrqvh lqglflhooh U+w, hw

gh uìsrqvh lpsxovlrqqhooh k+w,/

� d, vd uìsrqvh whpsruhooh ã xq vljqdo g*hqwuìh h+w, hvw grqqìh sdu

v+w, @ h+w, � k+w, @ U+w, � h�+w, +9:,

� e, vd uìsrqvh iuìtxhqwlhooh dx vljqdo h+w,/ grqw od W1I1 hvw H+�,> hvw =

V+�, @ K+�,=H+�, +9;,

S1Eudxow 5< Wudlwhphqw gx vljqdo1 92925333



9 FRQYROXWLRQ 915 Gì�qlwlrq gh o*lqwìjudoh gh frqyroxwlrq

dyhf =

h+w, #$ H+�,
k+w, #$ K+�,

+9<,

915 Gì�qlwlrq gh o*lqwìjudoh gh frqyroxwlrq

+i � j,+{, @
U n"
3"

i+w,j+{� w,gw +:3,

Vl ohv ghx{ irqfwlrqv vrqw qxoohv vxu ?3/ rq rewlhqw =

+i � j,+{, @

]
%

f
i+w,j+{� w,gw +:4,

� Lqwhusuìwdwlrq sk|vltxh srxu xq v|vwëph fdxvdo1

Qrxv dyrqv yx hq lqwurgxfwlrq txh oh surgxlw gh frqyroxwlrq hvw od edvh gh o*rsìudwlrq gh �owudjh/ hw
grqf fruuhvsrqg ã o*rsìudwlrq od soxv irqgdphqwdoh hq wudlwhphqw gx vljqdo1 Frqvlgìuì soxv sk|vltxh0
phqw/ o*rsìudwhxu gh frqyroxwlrq shuphw gh wurxyhu od vruwlh g*xq v|vwëph olqìdluh hq h�hfwxdqw od
vrppdwlrq/ srqgìuìh sdu od irqfwlrq gh �owudjh gx v|vwëph olqìdluh +qrppìh uìsrqvh
lpsxovlrqqhooh,/ ghv ydohxuv sdvvìhv hw suìvhqwh +hq frqvlgìudqw oh v|vwëph olqìdluh �fdxvdo�
grqf j+w?3,@3, g*xq vljqdo g*hqwuìh1

H{hpsoh +yrlu �jxuh ^:5`, = Rq lqmhfwh xq vljqdo {+w, gdqv xq �owuh sdvvh0edv gx suhplhu ruguh
grqw od uìsrqvh lpsxovlrqqhooh hvw = j+w, @ �

-�
h{s+� |

-�
, / f*hvw ã gluh xqh h{srqhqwlhooh gìfurlvvdqwh/

srxu w A31
Oh surgxlw gh frqyroxwlrq gh od uìsrqvh j+w, gx �owuh dyhf oh vljqdo {+w, uìvxowh/ srxu fkdtxh ydohxu

gx sdudpëwuh � gh od frqyroxwlrq/ hq xqh vrppdwlrq vxu fh vljqdo g*hqwuìh gdqv odtxhooh oh �owudjh
mrxh oh u÷oh g*rxeol surjuhvvli +sxlvtxh srxu oh fdofxo gh od frqyroxwlrq rq v|pìwulvh sdu udssruw ã
R| od uìsrqvh lpsxovlrqqhooh, srxu ohv ydohxuv sdvvìhv gx vljqdo g*hqwuìh1
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9 FRQYROXWLRQ 915 Gì�qlwlrq gh o*lqwìjudoh gh frqyroxwlrq

Lqwhusuìwdwlrq sk|vltxh gh od frqyroxwlrq = o*h�hw gh �vrppdwlrq srqgìuìh�
+:5,

Sursulìwìv

� Oh surgxlw gh frqyroxwlrq hvw elolqìdluh +olqìdluh/ rx glvwulexwli/ ã jdxfkh hw ã gurlwh sdu udssruw
ã o*dgglwlrq,/ v|pìwultxh +frppxwdwli, hw dvvrfldwli1

i � +j� . �j2, @ i � j� . �+i � j2,
+i� . �i2, � j @ i� � j . �+i2 � j,

i � j @ j � i

+i � j, � k @ i � +j � k,

+:6,

� Gìulydwlrq

+i � j,3 @ i 3 � j @ i � j3 +:7,

� Lqwìjudwlrq
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9 FRQYROXWLRQ 916 Frqyroxwlrq judskltxh

]
+i � j,+{,g{ @

]
i+{,g{=

]
j+{,g{ +:8,

� Lghqwlwì

+i � �,+{, @ i+{, +:9,

� Wudqvodwlrq g*xqh irqfwlrq

i+{, � �+{� {f, @ i+{� {f, +::,

i+{� {�, � �+{� {f, @ i+{� {f � {�r, +:;,

� Wudqvodwlrq g*xq surgxlw gh frqyroxwlrq

+i � j,+{� d, @ i+{� d, � j+{, @ i+{, � j+{� d, +:<,

916 Frqyroxwlrq judskltxh

O*lqwìjudoh gh frqyroxwlrq frpsruwh xq sdudpëwuh { hw xqh yduldeoh g*lqwìjudwlrq w glwh �pxhwwh�1
Hq h�hw srxu fkdtxh ydohxu gx sdudpëwuh {/ oh surgxlw gh frqyroxwlrq hvw ìjdo ã o*dluh uhsuìvhqwìh sdu
o*lqwhuvhfwlrq ghv ghx{ irqfwlrqv i+w, hw j+{0w,/ grqf ã o*lqwìjudoh uhfdofxoìh srxu od qrxyhooh ydohxu gx
sdudpëwuh {1 Oh fdofxo judskltxh gh od frqyroxwlrq vh idlw grqf hq suhqdqw oh v|pìwultxh sdu udssruw
ã R| gh od irqfwlrq j+w,/ sxlv hq idlvdqw �jolvvhu� od irqfwlrq j+{0w, gh jdxfkh ã gurlwh vxu od irqfwlrq
i+w,/ dx pr|hq gh od yduldwlrq gx sdudpëwuh { hw hq fdofxodqw o*lqwìjudoh gh frqyroxwlrq srxu fkdtxh
ydohxu gh {1

� Frqyroxwlrq g*xqh sruwh �A sdu xq wuldqjoh1

Od irqfwlrq wuldqjoh hvw gì�qlh sdu = i+w, @ +4� |

A
,

Rq fdofxoh oh surgxlw gh frqyroxwlrq =

i ��+{, @

]
n"

3"

i+w,�+{� w,gw +;3,
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9 FRQYROXWLRQ 916 Frqyroxwlrq judskltxh

Wuldqjoh0Sruwh0Frqyroxwlrq judskltxh

+;4,

+;5,

Gl�ìuhqwhv ydohxuv gh o*lqwìjudoh hq irqfwlrq gh {

Uìvxowdw judskltxh gh od frqyroxwlrq +;6,
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9 FRQYROXWLRQ 916 Frqyroxwlrq judskltxh

� Frqyroxwlrq g*xqh sruwh sdu xqh sruwh

Hq xwlolvdqw od píph pìwkrgh txh fl0ghvvxv/ rq fdofxoh judskltxhphqw =

|� � |�+{, @

] n"

3"

|�+w,|�+{� w,gw +;7,

Frqyroxwlrq g*xqh sruwh sdu xqh sruwh

+;8,
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: ILOWUDJH OLQÌDLUH

: Ilowudjh olqìdluh

Qrxv dyrqv yx txh o*rsìudwlrq gh frqyroxwlrq hvw fhooh txl fdudfwìulvh oh �owudjh g*xq vljqdo/ rx vd
�gìjudgdwlrq�/ sdu xq v|vwëph olqìdluh lqyduldqw gdqv oh whpsv1 Dlqvl wrxw vljqdo sdvvdqw ã wudyhuv
xq �owuh yhuud vd uìvroxwlrq +rx vd txdolwì, glplqxhu1 F*hvw oh fdv sdu h{hpsoh gdqv xq v|vwëph
rswltxh rü xqh ohqwlooh mrxh oh u÷oh gh �owuh hw gìjudgh wrxmrxuv od uìvroxwlrq gh o*lqirupdwlrq oxplqhxvh
txl sdvvh ã wudyhuv1 Rq glw txh oh srxyrlu vìsdudwhxu gx v|vwëph rswltxh hvw �olplwì�1 Gdqv xq �owuh
ìohfwurqltxh/ oh sulqflsh hvw lghqwltxh1 Lo | d wrxmrxuv xqh shuwh g*lqirupdwlrq gdqv xqh rsìudwlrq
gh frqyroxwlrq1

:1314 Ilowuhv hq fdvfdgh

Oruvtxh ghx{ �owuhv vrqw plv hq �fdvfdgh�/ f*hvw0ã0gluh txh od vruwlh gx suhplhu �owuh hvw uìlqmhfwìh gdqv
oh vhfrqg/ oh fdofxo gh od uìsrqvh lpsxovlrqqhooh vh idlw hq frqyroxdqw ohv uìsrqvhv lpsxovlrqqhoohv

gh ghx{ �owuhv1 Oruvtxh o*rq sdvvh gdqv oh grpdlqh iuìtxhqwlho/ rq yrlw txh o*rsìudwlrq gh plvh hq
fdvfdgh fruuhvsrqg ã xq surgxlw ghv uìsrqvhv iuìtxhqwlhoohv +ohv irqfwlrqv gh wudqvihuw,1 Fhwwh
ghuqlëuh sursulìwì idlw txh o*rq suìiëuhud hq jìqìudo xwlolvhu od uìsrqvh iuìtxhqwlhooh soxw÷w txh od
uìsrqvh whpsruhooh srxu fdudfwìulvhu xq �owuh1

h2(t)h1(t)
e(t)*h1(t)e(t)

E(ν).H1(ν)E(ν)

s(t) = [e(t)*h1(t)]*h 2(t)
      = e(t)* [h1(t)*h2(t)]

H1(ν)

F

H2(ν)

Plvh hq fdvfdgh gh �owuhv
+;9,

� Dssolfdwlrq ã od sursdjdwlrq g*xqh lpsxovlrq uhfwdqjxodluh gdqv xq fåeoh1

:1315 Dqdo|vh �txdolwdwlyh� gx �owudjh

Od uhodwlrq hqwuh uìsrqvh whpsruhooh hw uìsrqvh vshfwudoh gx �owuh shxw vh idluh txdolwdwlyhphqw1 Fhwwh
ylvlrq �sk|vltxh� hw �frpsruwhphqwdoh� gx �owuh shxw v*dyìuhu wuëv xwloh srxu yìul�hu/ rx dqwlflshu/ oh
fdofxo gh vd uìsrqvh whpsruhooh ã xq vljqdo frqqx1

Idlvrqv g*derug txhotxhv frqvwdwdwlrqv vxu o*rffxsdwlrq vshfwudoh ghv vljqdx{ =
Od sduwlh udslghphqw yduldeoh g*xq vljqdo hvw ulfkh hq kdxwhv iuìtxhqfhv +vh udsshohu oh

skìqrpëqh gh Jleev rü od gìfrpsrvlwlrq g*xq vljqdo fduuì hvw gh soxv hq soxv suìflvh dx ixu hw ã
phvxuh txh ohv vlqxvròghv txl oh frpsrvhqw vrqw gh iuìtxhqfh ìohyìh,11 D o*lqyhuvh od sduwlh ohqwhphqw

yduldeoh hvw ulfkh hq edvvhv iuìtxhqfhv1 Xq vljqdo vlqxvrògdo sxu frpsruwh xqh vhxoh iuìtxhqfh kdxwh
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: ILOWUDJH OLQÌDLUH

rx edvvh1 Od vrpph gh ghx{ vlqxvròghv gh iuìtxhqfhv ìohyìhv grqqh xq vljqdo gh iuìtxhqfh ìohyìh/
vdqv frpsrvdqwh edvvh iuìtxhqfh1 Xq Gludf suìvhqwh xqh uìsrqvh vshfwudoh frqvwdqwh1 Xq fduuì
+sruwh, vh suìvhqwh vrxv od iruph g*xqh irqfwlrq vlqf suìvhqwdqw ghv kduprqltxhv hq glplqxwlrq/ pdlv
ã o*lq�ql,1

Oruvtx*xq vljqdo hvw �owuì sdu xq �owuh sdvvh0edv/ vhv sduwlhv ohqwhphqw yduldeohv vhurqw grqf frq0
vhuyìhv dx gìwulphqw ghv sduwlhv udslghphqw yduldeohv1 Oh skìqrpëqh v*lqyhuvhud elhq vþu dyhf xq �owuh
sdvvh0kdxw1 Xq �owudjh sdvvh0kdxw olplwh ohv iuìtxhqfhv edvvhv1 Srxu xq �owuh g*ruguh vxsìulhxu ã 4/ od
uìsrqvh lpsxovlrqqhooh shxw hq soxv íwuh rvfloodqwh = oh �owuh suìvhqwh xq idfwhxu g*dpruwlvvhphqw1
Dyhf fh w|sh gh �owuh lo hvw doruv srvvleoh gh vxssulphu od frpsrvdqwh gh soxv edvvh iuìtxhqfh = od
ydohxu pr|hqqh/ oruvtxh od uìsrqvh rvflooh dxwrxu gh 31

Od �jxuh fl0ghvvrxv lqgltxh frpphqw suìyrlu oh frpsruwhphqw gh vljqdx{ fduuìv txl wudyhuvhqw xq
�owuh sdvvh0edqgh D/ hq gìfrpsrvdqw fh �owuh hq ghx{ �owuhv sdvvh0edv gh edqghv gl�ìuhqwhv1

H�hw g*xq �owudjh sdvvh0edqgh vxu ghv vljqdx{ fduuìv sdu vrxvwudfwlrq gh od uìsrqvh ã ghx{ sdvvh0edv
+;:,

:1316 Ihqíwudjh

Od frqqdlvvdqfh g*xq vljqdo uìho qh shxw vh idluh txh sdu revhuydwlrq gdqv xq lqwhuydooh gh whpsv
olplwì/ grqf qh shuphw sdv g*d!uphu tx*lo h{lvwh xqh irqfwlrq pdwkìpdwltxh frqqxh txl fdudfwìulvh
fh vljqdo/ d�q g*hq wurxyhu od wudqvirupìh gh Irxulhu1 O*dqdo|vh vshfwudoh uìhooh qìfhvvlwh grqf gh
vìohfwlrqqhu xq ìfkdqwloorq gh glphqvlrq whpsruhooh �qlh srxu srxyrlu h�hfwxhu xqh wudqvirupìh gh
Irxulhu1

Fhfl uhylhqw ã �{hu od gxuìh gx vljqdo hq oh pxowlsoldqw sdu xqh irqfwlrq �ihqíwuh� + uìsrqvh
lpsxovlrqqhooh, gh gxuìh olplwìh +rq glw dxvvl gh vxssruw frpsdfw,1 Dlqvl oh vljqdo vhud qxo hq
ghkruv gh fhwwh ihqíwuh1

Frpph qrxv oh vdyrqv/ oh uìvxowdw gh od pxowlsolfdwlrq gdqv oh grpdlqh whpsruho hvw xqh frqyroxwlrq
gdqv oh grpdlqh iuìtxhqwlho1 Dlqvl oh vshfwuh gx vljqdo ã dqdo|vhu ghyud íwuh frqyroxì sdu oh vshfwuh
gh od irqfwlrq gh ihqíwudjh1
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Gdqv oh fdv g*xqh ihqíwuh g*revhuydwlrq uhfwdqjxodluh +irqfwlrq sruwh,/ od W1I1 gh fhwwh ihqíwuh hvw
xqh irqfwlrq vlqf/ irqfwlrq txl suìvhqwh ghv rvfloodwlrqv qìjdwlyhv hw srvlwlyhv lpsruwdqwhv1 Oruvtxh
od irqfwlrq gh ihqíwudjh hvw xq wuldqjoh +rx ihqíwuh gh Eduwohww,/ ohv rvfloodwlrqv qìjdwlyhv q*h{lvwhqw
soxv/ pdlv ohv rvfloodwlrqv srvlwlyhv vrqw hqfruh suìvhqwhv yhuv oh kdxw gh od edqgh vshfwudoh +yrlu �jxuh,1
Lo h{lvwh ghv ihqíwuhv g*dqdo|vh grqw oh vshfwuh gh iuìtxhqfh hvw udslghphqw dpruwl1 F*hvw oh fdv sdu
h{hpsoh ghv ihqíwuhv gh Kdpplqj +U1Z1 Kdpplqj, hw ghKdqqlqj +M1Ydq Kdqq,1 Gdqv oh fdv gh od
ihqíwuh gh Kdpplqj/ <9( gh o*ìqhujlh vh wurxyh gdqv oh suhplhu oreh hw o*dpsolwxgh gx oreh odwìudo hvw
lqiìulhxuh ã 4(1 Hq uhydqfkh od odujhxu gx oreh sulqflsd hvw ghx{ irlv fhooh gh od ihqíwuh uhfwdqjxodluh1

Srxu od ihqíwuh gh Kdqqlqj/ oh oreh odwìudo qìjdwli hvw soxv lpsruwdqw pdlv ohv orehv vxlydqwv vrqw
iruwhphqw dwwìqxìv1

Uhsuìvhqwdwlrq whpsruhooh hw iuìtxhqwlhooh gh ihqíwuhv g*revhuydwlrq

+;;,
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: ILOWUDJH OLQÌDLUH

+;<,

� Frqvwuxfwlrq gh od ihqíwuh gh Kdpplqj

� yrlu �jv ^;;/ <6/ <7`

Uìsrqvh lpsxovlrqqhooh =

Kdpplqj+w, @ k6+w, @ uhfwA +w,=^3> 87 . 3> 79 frv+5� |

A
,` +<3,

Od uhsuìvhqwdwlrq vshfwudoh vh gìfrpsrvh hq ghx{ ìoìphqwv =

K6+�, @ 3> 87=WIiuhfwA +w,j. 3> 79=^WIiuhfwA +w,j � WIifrv+5�
w

W
,j

@ 3> 87=W=vlqf+�W , . 3> 79=W=vlqf+�W , �
4

5
^�+� .

4

W
, . �+� �

4

W
,` +<4,

g*rü

Kdpplqj+�, @ W=i3> 87=vlqf+�W , . 3> 56^vlqf+�W � 4, . vlqf+�W . 4,`j +<5,

� Wudfì gh od ihqíwuh gh Kdpplqj srxu uhf2A +w, @ 5 W +rx W @ 5, =
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: ILOWUDJH OLQÌDLUH

W=i3> 87=vlqf+�W ,j dyhf W @ 5 W=i3> 56^vlqf+�W � 4, . vlqf+�W . 4,`j dyhf W @ 5

+<6,

Ihqíwuh gh Kdpplqj + W@5 ,
+<7,

� H{suhvvlrq gh od ihqíwuh gh Kdqqlqj =

yrlu �j ^;;`

Kdqqlqj+w, @ k?+w, @ 3> 8=+4 . frv2�|
A
, +<8,
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; HFKDQWLOORQQDJH

; Hfkdqwloorqqdjh

;14 Sulqflsh gh o*ìfkdqwloorqqdjh

O*ìfkdqwloorqqdjh frqvlvwh ã uhpsodfhu xq vljqdo dqdorjltxh frqwlqx sdu xqh vìulh g*ìfkdqwloorqv gh fh
vljqdo suìohyìv ã lqwhuydoohv uìjxolhuv txl fruuhvsrqghqw ã vd sìulrgh g*ìfkdqwloorqqdjh1 Oh uìvxowdw
hvw xq vljqdo qxpìultxh rx qxpìulvì1 Soxvlhxuv idfwhxuv yrqw fhshqgdqw fdxvhu ghv gl�ìuhqfhv hqwuh
oh vljqdo dqdorjltxh hw vd uhsuìvhqwdwlrq qxpìultxh =

0 Od iuìtxhqfh g*ìfkdqwloorqqdjh1
0 Od pìwkrgh g*ìfkdqwloorqqdjh
0 Oh sdv gh txdqwl�fdwlrq rx od suìflvlrq gh qxpìulvdwlrq1
0 Oh whpsv gh uìsrqvh gx v|vwëph1

;15 Dssur{lpdwlrq g*xqh irqfwlrq sdu xqh vìulh g*lpsxovlrqv +frqyroxwlrq,

Oh vljqdo i+w, ìfkdqwloorqqì fl0ghvvrxv shxw íwuh dssurfkì sdu xqh vxlwh g*lpsxovlrqv fhqwuìhv hq We
hw g*dpsolwxgh We� i+qWe,1 Vl o*rq frqvlgëuh We vx!vdpphqw shwlw/ i+w, shxw íwuh uhsuìvhqwì sdu xqh
vxlwh g*lpsxovlrqv gh Gludf1 Gdqv fh fdv/ rq rewlhqw od uhodwlrq =

�i+w, @ i+w,�
n"[

3"

We�+w� qW e, +<9,

Suhplëuh uhsuìvhqwdwlrq gh o*ìfkdqwloorqqdjh uìho= sdu lpsxovlrq fhqwuìh
+<:,

;16 Wudqvirupì gh Irxulhu g*xqh irqfwlrq ìfkdqwloorqqìh

Xq vljqdo ìfkdqwloorqqì/ rx qxpìulvì/ shxw íwuh frqvlgìuì/ gdqv oh grpdlqh whpsruho/ frpph od
pxowlsolfdwlrq gx vljqdo sdu xq shljqh gh Gludf grqw od sìulrgh Wr fruuhvsrqg ã fhooh gx vljqdo1

Od wudqvirupìh gh Irxulhu gx vljqdo ìfkdqwloorqqì hvw grqf oh surgxlw gh frqyroxwlrq gx vshfwuh gx
vljqdo lqlwldo sdu xq shljqh gh Gludf grqw od sìulrgh/ gdqv oh grpdlqh iuìtxhqwlho/ hvw ìjdoh ã ir @

�

Ar

Qrwh = Fhwwh wudqvirupìh hvw od v|pìwultxh gh od sìulrglvdwlrq g*xq vljqdo txh o*rq uìdolvh hq
frqyroxdqw fh vljqdo dyhf xq shljqh gh Gludf1
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; HFKDQWLOORQQDJH ;17 Wkìruëph gh Vkdqqrq rx wkìruëph gh o*ìfkdqwloorqqdjh

�i+w, @ i+w,�
n"[

3"

We�+w� qW e,
8
#$ I +�, �

n"[

3"

�+� �
q

We
, +<;,

O*�hfkdqwloorqqdjh suryrtxh xqh s�hulrglvdwlrq gx vshfwuh hq iu�htxhqfh= +<<,

;17 Wkìruëph gh Vkdqqrq rx wkìruëph gh o*ìfkdqwloorqqdjh

Wkìruëph = Xq vljqdo hvw sduidlwhphqw gìwhuplqì sdu ìfkdqwloorqqdjh vl od iuìtxhqfh g*ìfkdqwloorqqdjh

hvw vxsìulhxuh rx ìjdoh ã ghx{ irlv od iuìtxhqfh pd{lpdoh gx vljqdo1

Oh vshfwuh g*xqh irqfwlrq ìfkdqwloorqqìh phw hq ìylghqfh txh ohv vshfwuhv ìoìphqwdluhv gìfdoìv
+sdu surgxlw gh frqyroxwlrq dyhf xq shljqh gh Gludf, gx vljqdo frqwlqx uhvwhqw glvmrlqwv wdqw txh od
iuìtxhqfh g*ìfkdqwloorqqdjh hvw vxsìulhxuh ã ghx{ irlv od odujhxu gx vshfwuh ìoìphqwdluh =

Vshfwuhv ìoìphqwdluhv glvmrlqwv +, ie A 5ir +433,

Lo vx!w doruv srxu �uìfxsìuhu� oh vljqdo g*ruljlqh gh �owuhu fh vshfwuh ìoìphqwdluh sdu xqh sruwh
gh odujhxu 5ir hw g*h�hfwxhu xqh W1I1 lqyhuvh gx prwli dlqvl lvroì1 Hq sudwltxh rq qh v*rffxsh txh ghv
iuìtxhqfhv uìhoohv/ grqf hqwuh 3 hw ir/ hw o*rq xwlolvh xq �owuh sdvvh0edv grqw od iuìtxhqfh gh frxsxuh
hvw ìjdoh ã iv1 Gh soxv/ d�q g*ìylwhu wrxw ulvtxh gh ylrodwlrq gx wkìruëph gh Vkdqqrq/ rq olplwh
jìqìudohphqw sdu �owudjh ã se

2
od edqgh gx vljqdo dydqw vrq ìfkdqwloorqqdjh ã od iuìtxhqfh ie1 Fhwwh

wurqfdwxuh gx vljqdo v*dsshooh �owudjh gh Q|txlvw1

Hfkdqwloorqqdjh whpsruho gx vljqdo i+w, Vshfwuh hq iuìtxhqfh gx vljqdo i+w, ìfkdqwloorqqì ã ih A5iv1

Oh vljqdo hvw sduidlwhphqw gìwhuplqì sdu �owudjh gh odujhxu 5iv

+434,

;18 Vrxv0ìfkdqwloorqqdjh gx vljqdo

Frqvìtxhqfh gx wkìruëph gh Vkdqqrq =
Oruvtxh od iuìtxhqfh g*ìfkdqwloorqqdjh ih hvw lqiìulhxuh ã 5iv/ rx iv Aih25/ lo | d uhsolhphqw +hq

Dqjodlv doldvlqj, gx vshfwuh gx vljqdo gh gìsduw1 Od iuìtxhqfh �yxh� hvw doruv lqiìulhxuh ã od iuìtxhqfh
yudlh gx vljqdo1
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; HFKDQWLOORQQDJH ;18 Vrxv0ìfkdqwloorqqdjh gx vljqdo

;1814 Uhsuìvhqwdwlrq whpsruhooh gx vrxv0ìfkdqwloorqqdjh

Od �jxuh fl0ghvvrxv prqwuh od srvlwlrq ghv ìfkdqwloorqv ã xqh iuìtxhqfh ?5iv1 Od �jxuh 5 prqwuh
txhooh hvw od iuìtxhqfh �yxh�1

Vrxv0ìfkdqwloorqqdjh= ih ?5iv Frqvìtxhqfh gx vrxv0ìfkdqwloorqqdjh

+435,

;1815 Uhsuìvhqwdwlrq iuìtxhqwlhooh gx vrxv0ìfkdqwloorqqdjh = oh uhsolhphqw gh vshfwuh

Uhpdutxh = Uhsuìvhqwdwlrq gh od edqgh vshfwudoh gx vljqdo
Hq sudwltxh/ hw f*hvw od uhsuìvhqwdwlrq frxudpphqw xwlolvìh srxu o*dqdo|vh vshfwudoh hw ohv prgxod0

wlrqv/ rq uhsuìvhqwhud sdu xq wuldqjoh od edqgh vshfwudoh rffxsìh sdu xq vljqdo1 Od shqwh gx wuldqjoh
hvw wrxmrxuv rulhqwìh gdqv oh vhqv gh od ydohxu devroxh furlvvdqwh gh od iuìtxhqfh1 Oh vshfwuh g*xq vljqdo
gdqv oh grpdlqh ghv iuìtxhqfhv srvlwlyhv hw qìjdwlyhv hvw grqf uhsuìvhqwì sdu ghx{ wuldqjohv mrlqwv sdu
ohxu srlqwh ã o*ruljlqh ghv iuìtxhqfhv1 Oh f÷wì yhuwlfdo gx wuldqjoh fruuhvsrqg ã od iuìtxhqfh pd{lpdoh
+rx plqlpdoh dwwhlqwh gdqv od edqgh,1

Oruvtxh oh vljqdo hvw hq edqgh gh edvh/ oh+v, wuldqjoh hvw qrlu1 Oruvtxh oh vljqdo hvw hq edqgh

wudqvsrvìh +sdu fkdqjhphqw gh iuìtxhqfh rx prgxodwlrq,/ oh+v, wuldqjoh hvw eodqf1 Vl oh vljqdo q*hvw
frpsrvì txh g*xqh vhxoh iuìtxhqfh +vlq rx frv, rq shxw uhpsodfhu oh f÷wì yhuwlfdo gx wuldqjoh sdu xqh
 ëfkh yhuwlfdoh/ lqgltxdqw tx*lo v*djlw g*xq Gludf1
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; HFKDQWLOORQQDJH ;18 Vrxv0ìfkdqwloorqqdjh gx vljqdo

Uhsuìvhqwdwlrq vshfwudoh g*xq vljqdo
4, fruuhfwhphqw ìfkdqwloorqqì ã i6@% ? 8e

2
5, vrxv0ìfkdqwloorqqì ã i6@% A

8e
2

+436,

Gdqv od �jxuh ^436 `/ hq whqdqw frpswh gx �owudjh gh Q|txlvw ã ih25/ rq yrlw +ghuqlëuh oljqh,/ txh
ohv frpsrvdqwhv gx vljqdo frpsulvhv hqwuh ih25 hw ih v*dmrxwhqw dx frpsrvdqwhv lqiìulhxuhv ã ih25 = lo
|d glvwruvlrq gh uhfrxyuhphqw1 Fhshqgdqw oh uhfrxyuhphqw hvw idleoh fdu i6@% hvw frpsulvh hqwuh
ih25 hw ih1

Vljqdo uìho +sruwh, vrxv ìfkdqwloorqqì/ �owuì ã ih25/ hw od glvwruvlrq txl hq uìvxowh
+437,

Od �jxuh ^437` prqwuh o*h�hw gx uhfrxyuhphqw vshfwudo hw gx �owudjh gh Q|txlvw vxu od uhsuìvhqwd0
wlrq whpsruhooh gx vljqdo/ hq o*rffxuuhqfh xqh irqfwlrq sruwh1
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; HFKDQWLOORQQDJH ;19 Hfkdqwloorqqdjh uìho

d, Vljqdo lqlwldo vrxv0ìfkdqwloorqqì= ir A
�se
2

e, Uhsolhphqw gh vshfwuh txl hq uìvxowh
f, �owudjh sdvvh0edv lgìdo ã ih25 +Q|txlvw,

+438,

Gdqv od �jxuh ^438` / oh vshfwuh v*ìwhqg mxvtx*ã soxv gh 6ih251 Oh uhfrxyuhphqw vshfwudo/ hw grqf
od glvwruvlrq/ hvw ehdxfrxs soxv lpsruwdqw1

;19 Hfkdqwloorqqdjh uìho

Hq sudwltxh rq qh shxw sdv ìfkdqwloorqqhu lqvwdqwdqìphqw xq vljqdo1 Vl fhod ìwdlw yudl/ lo vx!udlw gh
fkrlvlu xqh iuìtxhqfh lq�qlphqw ìohyìh srxu dyrlu xq vljqdo qxpìultxh ìtxlydohqw dx vljqdo dqdorjltxh1
Pdlv od txdqwlwì g*ìfkdqwloorqv qìfhvvlwhudlw xq hvsdfh pìprluh jljdqwhvtxh1 Lo idxw grqf fkrlvlu xqh
ydohxu ã grqqhu dx vljqdo dqdorjltxh shqgdqw xqh sìulrgh g*ìfkdqwloorqqdjh uìdolvwh hw uìdolvdeoh1

Sdupl ohv v|vwëphv g*ìfkdqwloorqqdjh uìhov/ ghx{ vrqw soxv frqqxv = o*ìfkdqwloorqqhxu eor0
txhxu rü od ydohxu gx vljqdo hvw pìprulvìh shqgdqw xqh sìulrgh txl vhuw ã vrq ìfkdqwloorqqdjh +rx
qxpìulvdwlrq,/ hw o*dxwuh rü f*hvw od ydohxu pr|hqqh gx vljqdo txl hvw uhwhqxh hw qxpìulvìh shqgdqw
od sìulrgh g*ìfkdqwloorqqdjh1

;1914 Hfkdqwloorqqhxu eortxhxu

Xq flufxlw vxlw lqvwdqwdqìphqw ohv yduldwlrqv gx vljqdo g*hqwuìh1 D o*lqvwdqw g*ìfkdqwloorqqdjh/ fh flu0
fxlw hvw lvroì gx vljqdo sdu o*rxyhuwxuh +eorfdjh rx pdlqwlhq rx �Krog �, g*xq �lqwhuuxswhxu� hw
od ydohxu tx*lo frqvhuyh hq pìprluh hvw doruv frqyhuwlh qxpìultxhphqw1 Hq sudwltxh/ od sduwlh lqwhu0
uxswhxu hvw frqvwlwxìh g*xq prqwdjh ã dpsolv rsìudwlrqqhov hw IHW/ hw od sduwlh pìprulvdwlrq g*xq
frqghqvdwhxu1 Od ydohxu suìvhqwh vxu oh frqghqvdwhxu hvw doruv frqyhuwlh sdu xq prqwdjh FDQ +frq0
yhuvlrq dqdorjltxh0qxpìultxh, shqgdqw oh whpsv gh frqyhuvlrq w��� 1 Sxlv o*lqwhuuxswhxu vh ihuph
hw oh frqghqvdwhxu hvw uhplv hq frqwdfw dyhf oh vljqdo g*hqwuìh shqgdqw oh whpsv g*ìfkdqwloorqqdjh

� +vdpsoh,/ rx gh pìprulvdwlrq1
Hq �qdo rq d od uhodwlrq Wh @ � . w��� =
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; HFKDQWLOORQQDJH ;19 Hfkdqwloorqqdjh uìho

Rq shxw ìfuluh od uhsuìvhqwdwlrq whpsruhooh frpsoëwh gx vljqdo ìfkdqwloorqqì vrxv od iruph
g*xq vxlwh gh irqfwlrqv Sruwh g*dpsolwxgh ìjdoh dx{ ìfkdqwloorqv gx vljqdo =

ve+w, @
n"[

&'3"

v+nWe,=
\

�

+w� nWe, +439,

@ ^v+w,= VkdAe+w,` �
\
�

+w, +43:,

fdu od frqyroxwlrq g*xqh sruwh +rx dxwuh irqfwlrq, sdu xq Gludf uhwdugì hvw ìjdo ã fhwwh sruwh
uhwdugìh/ hw uìflsurtxhphqw1

Vl o*rq sdvvh gdqv oh grpdlqh vshfwudo/ od uhsuìvhqwdwlrq frpsoëwh gx vljqdo ìfkdqwloorqqì v*ìfulw =

Ve+i, @ ^V+i, � +ie= Vkdse+i,,` = I +
\
�

+w,, +43;,

@ �ie=vlqf+�i,=^
n"[

&'3"

V+i, � �+i � nie, +43<,

Ve+i, @ �ie=vlqf+�i,=
Sn"

&'3" V+i � nie, +443,

Oruvtx*rq �owuh sdu xq sdvvh0edv lgìdo ã ih25/ rq rewlhqw frpph h{suhvvlrq gx vshfwuh gh edvh

gx vljqdo ìfkdqwloorqqì =

Vef+i, @ �ie=vlqf+�i, +444,

Dlqvl/ dsuëv �owudjh gh Q|txlvw ã ih@5/ rq yrlw txh oh vshfwuh lqlwldo hvw prgxoì sdu od irqfwlrq
vlqf+�i,=Oruvtxh od sruwh g*ìfkdqwloorqqdjh hvw ìwurlwh/ grqf oh whpsv g*ìfkdqwloorqqdjh +hw qrq od
sìulrgh g*ìfkdqwloorqqdjh gx v|vwëph $, hvw idleoh/ od glvwruvlrq uhvwh idleoh =

H{hpsoh = ih @ 53nK} +Wh @ 83�v,/ � @ 8�v @ gxuìh gh od sruwh/ grqf xq udssruw gh 43(/ od
glvwruvlrq vxu o*dpsolwxgh gx vshfwuh ã od iuìtxhqfh gh 4nK} hvw gh 5(1

;1915 Hfkdqwloorqqhxu pr|hqqhxu

Frqwudluhphqw ã o*ìfkdqwloorqqhxu0eortxhxu/ rq qh uhwlhqw soxv lfl xqh ydohxu lqvwdqwdqìh gx vljqdo
shqgdqw xq lqwhuydooh � / pdlv rq suhqg vd ydohxu pr|hqqh shqgdqw od píph sìulrgh � fhqwuìh

vxu o*lqvwdqw nWh g*ìfkdqwloorqqdjh +hq sudwltxh od ydohxu pr|hqqh hvw fdofxoìh vxu ohv ydohxuv sdvvìhv
grqf hvw sulvh soxw÷w dydqw o*lqvwdqw g*ìfkdqwloorqqdjh,1 Fhfl hvw vwulfwhphqw ìtxlydohqw ã pxowlsolhu
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; HFKDQWLOORQQDJH ;19 Hfkdqwloorqqdjh uìho

oh vljqdo shqgdqw xqh ydohxu � sdu xqh sruwh gh odujhxu � uhwdugìh gh nWh1 Dlqvl od ydohxu gx vljqdo
ìfkdqwloorqqì ydxw/ dx whpsv nWh =

ve+nWh, @
4

�

] &Aen�*2

&Ae3�*2
v+w,gw +445,

@
4

�

] &Aen�*2

&Ae3�*2

\
�

+w� nWh,=v+w,gw +446,

@
4

�
^
\
�

+w, � v+w,`=�+w� nWh, +447,

grqf/ od uhsuìvhqwdwlrq whpsruhooh frpsoëwh gx vljqdo ìfkdqwloorqqì v*ìfulw

ve+w, @
4

�

n"[
&'3"

^
\
�

+w, � v+w,`=�+w� nWh, +448,

fh txl v*ìfulw gdqv oh grpdlqh vshfwudo =

Ve+i, @ ie =
n"[

&'3"

i ^ vlqf+�i,=V+i,` � �+w� nih, j +449,

Ve+i, @ ie =
S
n"

&'3"^ vlqf+�+i � nih,,=V+i � nih, ` +44:,

grqf dsuëv xq �owudjh gh Q|txlvw ã ih25/ rq rewlhqw srxu oh vshfwuh gh edvh gx vljqdo ìfkdqwlo0

orqqì xqh h{suhvvlrq ìtxlydohqwh ã fhooh gh o*ìfkdqwloorqqhxu0eortxhxu +oh sdudpëwuh � d ìwì vxssulpì
gdqv oh fdofxo dyhf od ydohxu pr|hqqh,1

Vef+i, @ ie=vlqf+�i,=V+i, +44;,

� Frqfoxvlrq = o*ìfkdqwloorqqdjh uìho lqwurgxlw/ sdu �gìfrxsdjh hq lpsxovlrqv uhfwdqjxodluhv�

gx vljqdo dqdorjltxh/ xqh prgl�fdwlrq gx vshfwuh gh fhoxl0fl sdu prgxodwlrq dyhf xqh irqf0

wlrq vlqxv fduglqdo1

;1916 Dxwuhv sdudpëwuhv gh o*ìfkdqwloorqqdjh uìho

� Fhfl hvw hqfruh xqh ylvlrq orlqwdlqh ghv prgl�fdwlrqv txh vxelw oh vljqdo dqdorjltxh dydqw g*íwuh
qxpìulvì1 Ohv �jxuhv fl0ghvvrxv prqwuhqw oh vfkìpd g*xq ìfkdqwloorqqhxu0eortxhxu hw ohv huuhxuv
lqgxlwhv oruv g*xq f|foh g*ìfkdqwloorqqdjh+H,0eorfdjh+E,/ hq sduwlfxolhu ohv huuhxuv gxhv dx uhwdug
gh o*lqwhuuxswhxu hw ã od glvwruvlrq gh o*dpsol�fdwhxu g*lvrohphqw ã judqgh lpsìgdqfh g*hqwuìh
+]h 0A4,= Fhv huuhxuv qh vhurqw sdv wudlwìhv gdqv oh fdguh gh fh frxuv1
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; HFKDQWLOORQQDJH ;1: Frqyhuvlrq

Hfkdqwloorqqhxu eortxhxu +Vdpsoh2Krog,
+44<,

Fdudfwìulvwltxhv uìhoohv g*xq ìfkdqwloorqqhxu0eortxhxu
+453,

;1: Frqyhuvlrq

;1:14 Txdqwl�fdwlrq

;1:15 Orl gh frpsuhvvlrq hw frgdjh

;1; Uhvwlwxwlrq gx vljqdo

;1;14 Lqwhusrodwlrq lgìdoh gh Vkdqqrq

;1;15 Vxuìfkdqwloorqqdjh
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< FRUUÌODWLRQ

< Fruuìodwlrq

Hq wudlwhphqw gx vljqdo/ xqh rsìudwlrq sduwlfxolëuhphqw xwloh hvw gh srxyrlu frpsduhu ghx{ vljqdx{1
Soxvlhxuv pìwkrghv shuphwwhqw gh uìdolvhu fhwwh frpsdudlvrq = od glvwdqfh hxfolglhqqh/ oh surgxlw
vfdodluh/ od fruuìodwlrq1 Qrxv doorqv qrxv lqwìuhvvhu soxv sduwlfxolëuhphqw dx surgxlw vfdodluh hw ã vrq
h{whqvlrq = od fruuìodwlrq1

Flwrqv gìmã txhotxhv0xqhv ghv dssolfdwlrqv gh od fruuìodwlrq =
0 h{wudfwlrq g*xq vljqdo qr|ì gdqv gx euxlw +ìohfwurqltxh pìglfdoh,
0 phvxuh gh uhwdug dssruwì sdu oh fdqdo gh sursdjdwlrq +wudqvplvvlrq Khuw}lhqqh/ �euh rswltxh

hwf1,
0 uìgxfwlrq gh euxlw
0 txdqwl�fdwlrq ghv fdudfwìulvwltxhv g|qdpltxhv ghv v|vwëphv olqìdluhv1
0 gìwhfwlrq hw h{wudfwlrq g*xq vljqdo sìulrgltxh qr|ì gdqv gx euxlw1
0 gìwhfwlrq gh od sìulrglflwì1

<14 Lqwhufruuìodwlrq whpsruhooh

Qrxv vdyrqv txh oh surgxlw vfdodluh gh ghx{ yhfwhxuv hvw sursruwlrqqho ã od surmhfwlrq g*xq yhfwhxu
vxu o*dxwuh1 Srxu ghx{ yhfwhxuv gh qruph grqqìh/ fh surgxlw hvw pd{lpxp oruvtxh ohv ghx{ yhfwhxuv
rqw od píph rulhqwdwlrq1 Lo idxw frqvlgìuhu oh surgxlw vfdodluh frpph xqh phvxuh gh vlplolwxgh gh
o*rulhqwdwlrq ghv yhfwhxuv1 Rq rewlhqw od ydohxu pd{lpxp gx surgxlw vfdodluh oruvtxh o*dqjoh � hqwuh
ohv ghx{ yhfwhxuv hvw plqlpdo1

Sdu dqdorjlh dyhf oh surgxlw vfdodluh gh ghx{ yhfwhxuv/ oh surgxlw vfdodluh gh ghx{ irqfwlrqv shuphw
gh txdqwl�hu od vlplolwxgh gh ohxu iruph hw gh ohxu srvlwlrq1 Fh surgxlw vfdodluh hvw gì�ql
+oruvtxh ohv irqfwlrqv vrqw frpsoh{hv, sdu =

k{W> |l @

]
n"

3"

{W+w,=|+w,gw +454,

rü {W+w, hvw oh frpsoh{h frqmxjxì gh {+w,1

<1414 Gì�qlwlrq gh o*lqwhufruuìodwlrq whpsruhooh

Frpph srxu ohv yhfwhxuv/ rq shxw uhfkhufkhu od vlplolwxgh pd{lpdoh hqwuh ghx{ vljqdx{ hq lqwurgxlvdqw
od qrwlrq gh fruuìodwlrq1 Lo v*djlw vlpsohphqw g*dmrxwhu dx surgxlw vfdodluh ghv vljqdx{ xq sdudpëwuh
� gh srvlwlrq txl shuphw gh gìsodfhu xq vljqdo sdu udssruw ã o*dxwuh +gh oh idluh jolvvhu ghydqw o*dxwuh,1
Oh sdudpëwuh � hvw ìtxlydohqw ã o*dqjoh � hqwuh ghx{ yhfwhxuv1

*%++�, @ k{W> |� l @
U
n"

3"
{W+w,=|+w. �,gw +455,

Rq wurxyh dxvvl od gì�qlwlrq dyhf �|+w� �,% txl hvw vwulfwhphqw ìtxlydohqwh1

S1Eudxow 7; Wudlwhphqw gx vljqdo1 92925333



< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

Gì�qlwlrq Oh surgxlw vfdodluh gh {W dyhf |� +| gìfdoì gh �,/ who txh gì�ql sdu ^455` hvw dsshoì
irqfwlrq g*lqwhufruuìodwlrq ghv vljqdx{ ã ìqhujlh �qlh +vljqdx{ wudqvlwrluhv gìwhuplqlvwhv rx doìdwrluhv
grqw o*ìqhujlh �qlh,1 Yrlu od gì�qlwlrq soxv orlq srxu ohv vljqdx{ ã sxlvvdqfh �qlh1

Od irqfwlrq g*lqwhufruuìodwlrq wudgxlw o*ìyroxwlrq gh od vlplolwxgh hq irqfwlrq gx sdudpëwuh

gh wudqvodwlrq � 1
Hq sduwlfxolhu/ srxu ohv ydohxuv gh � rü od irqfwlrq g*lqwhufruuìodwlrq v*dqqxoh/ rq glw txh ohv vljqdx{

vrqw ruwkrjrqdx{ rx qrq fruuìoìv1

+456,

Od �jxuh ^456` uhsuìvhqwh od fruuìodwlrq g*xq vljqdo i+{, hw gx píph vljqdo dgglwlrqqì g*xq euxlw
gh irqg = j+{,1 O*lqwhufruuìodwlrq ghv ghx{ vljqdx{ hvw pd{lpdoh srxu xq uhwdug vxu i+{, gh � + dyhf
� ? 3,/ hw shuphw gh gìwhuplqhu txho uhwdug vxelw oh vljqdo txl wudyhuvh fh v|vwëph euxlwì1

Gì�qlwlrq Rq gì�qlw dxvvl dyhf ^457` xqh irqfwlrq g*lqwhufruuìodwlrq srxu ohv vljqdx{ ã sxlvvdqfh
pr|hqqh �qlh +vljqdx{ sìulrgltxhv rx doìdwrluhv shupdqhqwv,1 Gh soxv/ oruvtxh od sìulrgh gx vljqdo
hvw frqvwdqwh/ gh ydohxu W/ o*h{suhvvlrq vrxv iruph gh olplwh q*hvw soxv qìfhvvdluh1

*%++�, @ k{W> |� l @ olp
A3:"

�

A

U nA

2

3
A

2

{W+w,=|+w. �,gw +457,

� H{hpsoh g*h{sìulhqfh gh fruuìodwlrq =

O*lqwhufruuìodwlrq gx vljqdo g*hqwuìh gx kdxw0sduohxu hw gx vljqdo gh vruwlh gx plfurskrqh shuphw
gh phwwuh hq ìylghqfh ohv gl�ìuhqwv fkhplqv gh sursdjdwlrq D/ E hw F/ hw gh phvxuhu ohxuv frh!flhqwv
g*devruswlrq +lqfoxdqw o*devruswlrq hq uì h{lrq vxu ohv pdwìuldx{ hw o*dwwìqxdwlrq vxu ohv fkhplqv
sdufrxuxv1
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< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

0 Lqwhufruuìodwlrq gdqv xqh phvxuh dfrxvwltxh 0

+458,

<1415 Frpsdudlvrq hqwuh frqyroxwlrq hw fruuìodwlrq

Rq qrwhud od vlplolwxgh hqwuh od frqyroxwlrq hw od fruuìodwlrq> oh fkdqjhphqw gh yduldeoh w3 @ �w
gdqv od uhodwlrq gh frqyroxwlrq frqgxlw ã od uhodwlrq gh fruuìodwlrq/ pdlv oh uìvxowdw hvw wuëv gl�ìuhqw
oruvtxh ohv vljqdx{ vrqw dv|pìwultxhv1 F*hvw fh txh prqwuh od �jxuh fl0ghvvrxv/ rü o*rq suhqgud vrlq
gh qrwhu txh ohv ghx{ vljqdx{ vrqw ghv h{srqhqwlhoohv gìfurlvvdqwhv uhodwlyhphqw vlplodluhv1

Rq qrwhud wrxw g*derug od frqvwuxfwlrq judskltxh gh od fruuìodwlrq =
4, Rq wudfh g*derug od sduwlh qìjdwlyh gh od irqfwlrq gh fruuìodwlrq/ grqf srxu � ? 31 Gdqv fh

fdv |+w, hvw gìsodfì yhuv od gurlwh ghsxlv vd srvlwlrq g*ruljlqh hw frpsduì ã {+w,1 O*dluh gh |+w, hvw
hqwlëuhphqw pxowlsolìh dyhf fhooh gh {+w, wrxw oh orqj gx gìsodfhphqw1 Od gìfurlvvdqfh gx surgxlw ghv
dluhv vh idlw grqf vhorq od gìfurlvvdqfh gh {+w,1 Rq uhwurxyh grqf wrxw qrupdohphqw fhwwh gìfurlvvdqfh
gdqv oh uìvxowdw �qdo/ od sduwlh qìjdwlyh gh od irqfwlrq g*dxwrfruuìodwlrq1

5, Srxu od sduwlh srvlwlyh/ grqf � A 3/ |+w, hvw gìsodfì gh vd srvlwlrq g*ruljlqh yhuv od jdxfkh hw
pxowlsolì dyhf o*dluh frpsoëwh gh {+w,1 Od gìfurlvvdqfh vxlw grqf fhwwh irlv fhooh gh od irqfwlrq |+w,/ fh
txh o*rq uhwurxyh gdqv od sduwlh srvlwlyh gh od irqfwlrq gh fruuìodwlrq1

Hq frqfoxvlrq/ od vlplolwxgh hqwuh ohv ghx{ irqfwlrqv gìfurlw soxv ohqwhphqw oruvtxh |+w,hvw gìsodfìh
yhuv od gurlwh1

Hq fh txl frqfhuqh od frqyroxwlrq/ rq uhwurxyh xq uìvxowdw txl shxw vh gìgxluh gh od uìsrqvh
lpsxovlrqqhooh g*xq �owuh sdvvh0edv +surfkh gh |+w,, frqyroxìh dyhf oh vljqdo {+w,/ txh o*rq udssurfkhud
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< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

g*xq ìfkhorq dyhf gìfurlvvdqfh h{srqhqwlhooh1

Frpsdudlvrq gh od fruuìodwlrq hw gh od frqyroxwlrq
+459,

<1416 Dxwrfruuìodwlrq g*xq vljqdo

Gì�qlwlrq O*dxwrfruuìodwlrq g*xq vljqdo ã ìqhujlh �qlh hvw gì�qlh sdu =

*%%+�, @
U
n"

3"
{W+w,={+w. �,gw +45:,

Hq sduwlfxolhu/ od ydohxu ã o*ruljlqh gh od irqfwlrq g*dxwrfruuìodwlrq hvw ìjdoh ã o*ìqhujlh
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< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

gx vljqdo1

*%%+3, @
U
n"

3"
{W+w,={+w,gw @

U
n"

3"
m{+w,m2 g� @Z%

+45;,

<1417 Lqwhufruuìodwlrq2 dxwrfruuìodwlrq gh vljqdx{ sìulrgltxhv

Srxu ghx{ vljqdx{ sìulrgltxhv uìhov {+w, hw |+w, gh píph sìulrgh Wf/ od irqfwlrq g*lqwhufruuìodwlrq
vh gì�qlw frpph

*%++�, @
4

Wf

] n
Af

2

3

Af

2

{+w,=|+w. �,gw +45<,

gh píph/ od irqfwlrq g*dxwrfruuìodwlrq gh { vh gì�qlw frpph =

*%%+�, @
4

Wf

] n
Af

2

3

Af

2

{+w,={+w. �,gw +463,

Vl o*rq frqvlgëuh ohv gìyhorsshphqwv hq vìulh gh Irxulhu gh { hw {+w . �,/ | hw |+w . �,/ rq shxw
ìfuluh srxu o*lqwhufruuìodwlrq =

*%++�, @
4

Wf

] n
Af

2

3

Af

2

i
[

[W

? h{s+m5�qw@Wf,=
[

\? h{s+m5�q+w. �,@Wf, jgw +464,

@
n"[
3"

[
[W

? \? ^h{s+m5�q�@Wf, `=^
4

Wf

]
n
Af

2

3
Af

2

h{s+m5�qw@Wf,`

� ~} �
'B?'�

+465,

@
n"[
3"

[W

? \? h{s+m5�q�@Wf, +466,

hw gh píph srxu o*dxwrfruuìodwlrq =

*%%+�, @
n"[
3"

[W

? [? h{s+m5�q�@Wf, +467,

@ [2
f . 5

n"[
?'�

[W

? [? frv+m5�q�@Wf, +468,

rx hqfruh/ hq srvdqw df @ [f hw [? @ @?nK?
2
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< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

*%%+�, @ d2f .
�

2

S
"

?'�+d
2
? . e2?,=frv q$f� +469,

Frqfoxvlrq Ohv irqfwlrqv g*lqwhu hw g*dxwrfruuìodwlrq frqvhuyhqw o*lqirupdwlrq gh iuìtxhqfh

pdlv sdv fhooh gh skdvh1 Fhfl vljql�h txh od fruuìodwlrq gh vljqdx{ gh píph sìulrgh ìtxlydxw ã od fru0
uìodwlrq ghv prwliv ìoìphqwdluhv/ uìsìwìh gh od sìulrgh gx vljqdo +�j1 ,

Dxwrfruuìodwlrq g*xq vlqxv Dxwrfruuìodwlrq g*xq uhfwdqjoh sìulrgltxh
d hw e, �4 ? W@5
f hw g , W@5 ? �5 ? W

+,

<1418 Gìwhfwlrq g*xq vljqdo qr|ì gdqv oh euxlw

Od gìwhfwlrq gh vljqdx{ qr|ìv gdqv oh euxlw qìfhvvlwh o*k|srwkëvh g*xq euxlw eodqf grqw od irqfwlrq
g*dxwrfruuìodwlrq *KK+�,hvw xqh lpsxovlrq gh Gludf/ dxwuhphqw glw hvw qxooh sduwrxw vdxi hq
31 Vl o*rq suhqg sdu h{hpsoh o*k|srwkëvh g*xq euxlw wkhupltxh/ gh ghqvlwì vshfwudoh gh sxlvvdqfh
frqvwdqwh E+i, @ Ef @

�

2
nW / rq d =

*KK+�, @ Ef=�+�, +46:,
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< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

Vrlw xq vljqdo uìho grqqì sdu od vrpph v+w, @ {+w,.e+w, / rü {+w, hvw xq vljqdo gìwhuplqlvwh hw e+w,
xq euxlw eodqf/ grqf gh irqfwlrq g*dxwrfruuìodwlrq qxooh vdxi hq 3/ hw lqgìshqgdqw gx vljqdo {+w,1

Od irqfwlrq g*dxwrfruuìodwlrq gx vljqdo v+w, hvw grqqìh sdu =

*rr+�, @

]
v+w,=v+w. �,gw

@

]
^{+w, . e+w,`=^{+w. �, . e+w. �,`gw

@ *%%+�, . *%K+�, . *K%+�, . *KK+�, +46;,

Frpph ohv irqfwlrqv *%K+�, hw *K%+�, vrqw qxoohv sxlvtxh vljqdo hw euxlw vrqw vxssrvìv lqgìshq0
gdqwv/ hw txh *KK+�, @ 3 / doruv rq shxw ìfuluh =

*rr+�, @ *%%+�, +46<,

Dlqvl o*dxwrfruuìodwlrq g*xq vljqdo qr|ì gdqv xq euxlw eodqf shuphw gh gìwhfwhu od suìvhqfh gh
fh vljqdo1 Frqqdlvvdqw od irqfwlrq g*dxwrfruuìodwlrq/ qrxv frqqdlvvrqv grqf oh vshfwuh gh sxlv0

vdqfh1 Hq uhydqfkh qrxv q*dyrqv sdv o*lqirupdwlrq gh skdvh/ grqf oh vljqdo g*ruljlqh q*hvw sdv
uhfrqvwuxfwleoh1

Uhpdutxh = Oruvtxh oh euxlw hvw xq euxlw urvh/ vd sxlvvdqfh vshfwudoh q*hvw sdv frqvwdqwh hw
vd irqfwlrq g*dxwrfruuìodwlrq/ fhqwuìh vxu 3/ hvw qìdqprlqv udslghphqw gìfurlvvdqwh +yrlu �j1473/
gìwhfwlrq gx vljqdo gdqv xq euxlw urvh,1

Dxwrfruuìodwlrq g*xq vljqdo qr|ì gdqv gx euxlw urvh
+473,

<1419 Ghqvlwì vshfwudoh g*ìqhujlh

Gì�qlwlrq Od Wudqvirupìh gh Irxulhu gh od irqfwlrq g*dxwrfruuìodwlrq hvw dsshoìh ghqvlwì vshfwudoh

g*ìqhujlh +GVH, hw qrwìh
r

�%+�,

GVH+{, @
r

�%+�, @
U
n"

3"
*%%+�,=h

3�2�D�g� +474,
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< FRUUÌODWLRQ <14 Lqwhufruuìodwlrq whpsruhooh

Rq hq gìgxlw sdu wudqvirupìh gh Irxulhu lqyhuvh txh =

*%%+�, @
U n"
3"

r

�%+�,=h
�2�D�g� +475,

Rq uhpdutxhud doruv txh srxu � @ 3/ rq d ohv uhodwlrqv =

+
*%%+3, @

U n"
3"

{W+w,={+w, gw @
U n"
3"

m{+w,m2 gw @Z% @
U n"
3"

m{+�,m2 g�

*%%+3, @
U n"
3"

r

�%+�,=g�
+476,

txl vrqw xqh iruph sduwlfxolëuh gh o*lghqwlwì gh Sduvhydo hw prqwuhqw txh wrxwh o*ìqhujlh gx

vljqdo hvw frqwhqxh gdqv od GVH1 Hooh udsshooh txh o*ìqhujlh wrwdoh gx vljqdo shxw vh fdofxohu
vrlw hq lqwìjudqw vd glvwulexwlrq whpsruhooh/ vrlw hq lqwìjudqw vd glvwulexwlrq iuìtxhq0

wlhooh1 Rq shxw dxvvl qrwhu txh od GVH fdudfwìulvh oh vshfwuh g*ìqhujlh lqgìshqgdpphqw gh
od skdvh sxlvtx*hooh q*xwlolvh txh o*lqirupdwlrq gh prgxoh gx vljqdo1 Hooh fdudfwìulvh grqf oh vljqdo
lqgìshqgdpphqw gh wrxwh wudqvodwlrq gh fh vljqdo +fi1 W1I1/ wkìruëph gx uhwdug,1

Rq hq gìgxlw gh ^476`=

GVH @
r

�%+�, @ m{+�,m2 +477,

Od ghqvlwì vshfwudoh g*ìqhujlh gìfulw od uìsduwlwlrq vshfwudoh gh o*ìqhujlh gx vljqdo1

<141: Ghqvlwì vshfwudoh gh sxlvvdqfh

Gì�qlwlrq Srxu xq vljqdo ã sxlvvdqfh pr|hqqh �qlh/ rq gì�qlw dxvvl xqh ghqvlwì vshfwudoh gh

sxlvvdqfh/ txl hvw ìjdoh ã od wudqvirupìh gh Irxulhu gh od irqfwlrq g*dxwrfruuìodwlrq g*xq vljqdo ã
sxlvvdqfh pr|hqqh �qlh +yrlu ^457`, hw qrwìh �%+�, =

GVS +{, @ �%+�, @
U
n"

3"
*%%+�,=h3�2�D�g� +478,

Srxu ohv vljqdx{ ã sxlvvdqfh pr|hqqh �qlh/ rx ìqhujlh lq�qlh/ oh fduuì gx prgxoh gh od wudqv0
irupìh gh Irxulhu suhqg grqf xqh ydohxu lq�qlh srxu W� A 41 Rq dgrswh doruv xq sdvvdjh sdu od
uhsuìvhqwdwlrq ã od olplwh =

GVS @ �%+�, @ olp
A3:"

�

A
m{+�,m2 +479,
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< FRUUÌODWLRQ <15 Lqwhufruuìodwlrq vwdwlvwltxh

� Wkìruëph gh Zlhqhu0Nlqwfklqh

Od Ghqvlwì Vshfwudoh hvw ìjdoh ã od wudqvirupìh gh Irxulhu gh od irqfwlrq g*dxwrfruuìodwlrq1

Rq qrwh txh fh uìvxowdw shuphw g*xwlolvhu od píph gì�qlwlrq gh od ghqvlwì vshfwudoh srxu
ohv vljqdx{ ã sxlvvdqfh hw ã ìqhujlh �qlh/ gìwhuplqlvwhv hw doìdwrluhv1

<15 Lqwhufruuìodwlrq vwdwlvwltxh

O*lqwhufruuìodwlrq whpsruhooh shuphw gh wudlwhu od fruuìodwlrq gh idêrq frqwlqxh1 Ohv vljqdx{ shxyhqw
dxvvl íwuh frqvlgìuìv frpph xqh vxlwh g*ìfkdqwloorqv dx{txhov rq dvvrflh xqh yduldeoh doìdwrluh srv0
vìgdqw xqh ghqvlwì gh suredelolwì1 Od fruuìodwlrq shxw doruv íwuh gì�qlh vrxv xq dvshfw vwdwlvwltxh1
Yrlu srxu fhwwh sduwlh oh sro|frslì gh U1Uh|qdxg1
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43 PRGXODWLRQ

43 Prgxodwlrq

4314 Wudqvirupdwlrq gx vljqdo

� Gl!fxowì gh od wudqvplvvlrq g*xq vljqdo

0 Suhplhu h{hpsoh = vxssrvrqv txh o*rq yhxlooh wudqvphwwuh xq vljqdo dxgleoh/ vdqv wudqvsrvlwlrq
gh iuìtxhqfh/ sdu yrlh udglrìohfwultxh1 Lo idxgudlw xqh dqwhqqh gh glphqvlrq ìtxlydohqwh ã od orqjxhxu
g*rqgh gx vljqdo vrlw 4np srxu wudqvphwwuh xq vljqdo ã 633K}1 Gh soxv wrxv ohv vljqdx{ dxgleohv
wudqvplv sdu gl�ìuhqwv ìphwwhxuv vh pìodqjhudlhqw ã od uìfhswlrq1 Fhfl uhqg lpsrvvleoh od wudqvplvvlrq
gx vljqdo ã vd iuìtxhqfh gh edvh1

0 Dxwuh h{hpsoh = vxu ohv oldlvrqv Khuw}lhqqhv/ ã wuëv orqjxh glvwdqfh/ lo idxw xwlolvhu vrlw od uì h{lrq
vxu ohv frxfkhv dwprvskìultxhv rx lrqrvskìultxhv/ vrlw od wudqvplvvlrq ã wudyhuv ohv píphv
frxfkhv yhuv ghv vdwhoolwhv1 Od uì h{lrq vxu/ rx od wudqvplvvlrq ã wudyhuv fhv frxfkhv hvw uìdolvìh vhorq
txh od iuìtxhqfh gx vljqdo hvw soxv rx prlqv ìohyìh1 Soxv od iuìtxhqfh hvw ìohyìh/ soxv oh vljqdo
wudyhuvh idflohphqw ohv kdxwhv frxfkhv gh o*dwprvskëuh1 Gdqv ohv ghx{ fdv/ uì h{lrq rx wudqvplvvlrq/
od iuìtxhqfh gx vljqdo grlw íwuh vxsìulhxuh ã txhotxhv gl}dlqhv gh phjdKhuw} +edqgh gìfdpìwultxh ghv
wudqvplvvlrqv lrqrvskìultxhv, mxvtx*ã dwwhlqguh txhotxhv jljdKhuw} +wudqvplvvlrq yhuv ohv vdwhoolwhv,1

Gh soxv od wudqvplvvlrq g*xq vljqdo ã ghv iuìtxhqfhv ìohyìhv r�uh xq soxv judqg ìyhqwdlo gh
fdqdx{ gh wudqvplvvlrq/ grqf prlqv gh ulvtxh g*lqwhuiìuhqfhv

0 Hq�q ohv fdudfwìulvwltxhv sk|vltxhv gx vxssruw gh wudqvplvvlrq/ sk|vltxh +fåeoh/ �euh
rswltxh,/ rx dìulhq +sursdjdwlrq Khuw}lhqqh oleuh,/ txl irqw txh fh vxssruw mrxh oh u÷oh gh �owuh ylv0
ã0ylv gx vljqdo/ uhtxlëuhqw dxvvl xqh wudqvsrvlwlrq gh iuìtxhqfh gx vljqdo1 Hq h�hw oh vljqdo/ srxu
srxyrlu íwuh wudqvplv/ grlw íwuh dgdswì ã od edqgh sdvvdqwh gx �owuh sdvvh0edv rx sdvvh0edqgh
+frqghqvdwhxuv hw lqgxfwdqfhv ìtxlydohqwhv gh od oljqh ìohfwultxh/ rswltxh rx gh o*dlu, txh uhsuìvhqwh
oh fdqdo gh sursdjdwlrq1 Od qrwlrq gh edqgh sdvvdqwh gx fdqdo gh wudqvplvvlrq hvw lqwurgxlwh1

� Wudqvsrvlwlrq gh iuìtxhqfh

Dlqvl/ d�q g*íwuh wudqvplv soxv idflohphqw/ xq vljqdo grlw grqf vrxyhqw íwuh wudqvsrvì/ rx wudqv0
odwì/ gdqv xqh edqgh vxsìulhxuh dxwrxu g*xqh iuìtxhqfh glwh �sruwhxvh�1 Xqh ghv irqfwlrqv sulq0
flsdohv gh od prgxodwlrq hvw gh fkdqjhu od orfdolvdwlrq vshfwudoh gx vljqdo g*ruljlqh1 Rq grqqh
doruv dx vljqdo g*ruljlqh/ qrq wudqvsrvì/ o*dsshoodwlrq gh vljqdo hq edqgh gh edvh1

H{hpsoh g*xqh fkdñqh gh wudqvplvvlrq sdu prgxodwlrq

+47:,

Srxu íwuh wudqvplv vxu gh orqjxhv glvwdqfhv/ oh vljqdo prgxoì ghyud íwuh ìplv ã iruwh sxlvvdqfh1
Hq uhydqfkh ã xqh sxlvvdqfh ìtxlydohqwh/ qrxv yhuurqv txh fhuwdlqhv prgxodwlrqv +PI, vrqw ehdxfrxs
prlqv vxmhwwhv dx{ lqwhuiìuhqfhv hw ã o*dwwìqxdwlrq1
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43 PRGXODWLRQ 4315 Prgxodwlrq rx wudqvsrvlwlrq gh iuìtxhqfh

Qrxv doorqv ìwxglhu ghx{ ghv pìwkrghv ohv soxv fodvvltxhv gh wudqvsrvlwlrq hw gh prgxodwlrq
dqdorjltxh ghv vljqdx{ = od prgxodwlrq g*dpsolwxgh hw od prgxodwlrq gh iuìtxhqfh1 Txhotxhv
prgxodwlrqv qxpìultxhv vhurqw mxvwh flwìhv hw gì�qlhv pdlv qrq ìwxglìhv1

Lo h{lvwh hq idlw gh wuëv qrpeuhx{ w|shv gh prgxodwlrqv gl�ìuhqwv1 Fhv prgxodwlrqv suìvhq0
whqw wrxwhv ghv fdudfwìulvwltxhv hw ghv dydqwdjhv hw lqfrqyìqlhqwv gl�ìuhqwv1 Flwrqv/ sdupl fhx{0fl/
od vlpsolflwì hw oh frþw gh od uìdolvdwlrq +prgxodwlrq/ v|qfkurqlvdwlrq hwf1,/ o*rffxsdwlrq gh edqgh/
o*lqvhqvlelolwì dx{ lqwhuiìuhqfhv/ oh udssruw vljqdo ã euxlw/ od idflolwì g*ìphwwuh ã iruwh sxlvvdqfh1

� Grpdlqhv g*dssolfdwlrq gh od prgxodwlrq

Ohv wìoìfrppxqlfdwlrqv +wìoìskrqlh/ udglrskrqlh/ wìoìylvlrq/ wìoìphvxuh hw wìoìfrppdqgh/ prghp
srxu wudqvplvvlrq gh grqqìhv,/ ohv v|vwëphv gh gìwhfwlrq +udgdu/ vrqdu,/ pdlv dxvvl o*lqvwuxphqwdwlrq
hw od pìwurorjlh rü rq xwlolvh od wudqvsrvlwlrq gh iuìtxhqfh srxu idflolwhu oh wudlwhphqw gx vljqdo1

4315 Prgxodwlrq rx wudqvsrvlwlrq gh iuìtxhqfh

Xqh prgxodwlrq dqdorjltxh frqvlvwh hq od wudqvsrvlwlrq gh iuìtxhqfh g*xq vljqdo g*lqirupdwlrq/ rx
vljqdo prgxodqw/ ã o*dlgh g*xq vljqdo sruwhxu/ rx sruwhxvh1

Fh vljqdo shxw íwuh vrlw xqh sruwhxvh vlqxvrògdoh +prgxodwlrq frqwlqxh,/ vrlw xqh vxlwh
sìulrgltxh g*lpsxovlrqv +prgxodwlrq sdu lpsxovlrqv,1 Qrxv doorqv qrxv lqwìuhvvhu wrxw g*derug
dx{ prgxodwlrqv frqwlqxhv txh vrqw ohv prgxodwlrqv g*dpsolwxgh gh iuìtxhqfh hw gh skdvh1

� Sruwhxvh vlqxvrògdoh hw vljqdo ã edqgh ìwurlwh

Oruvtxh od edqgh gx vljqdo prgxodqw hvw idleoh sdu udssruw ã od iuìtxhqfh sruwhxvh/ rq shxw dgrswhu
srxu oh vljqdo prgxoì xqh k|srwkëvh glwh gh edqgh ìwurlwh1 Gdqv fhwwh k|srwkëvh/ rq idlw devwudfwlrq
gh od srvlwlrq gx vljqdo prgxoì vxu o*d{h ghv iuìtxhqfhv/ hw oh vljqdo prgxoì kdxwh iuìtxhqfh hvw doruv
dvvlploì ã xq vljqdo txdvl0prqrfkurpdwltxh1 Od uhsuìvhqwdwlrq hq edqgh gh edvh g*xq vljqdo ã
edqgh ìwurlwh hvw dlqvl gìfulwh sdu od uhodwlrq vxlydqwh =

v+w, @ d+w, frv + 5�iRw. *+w,
� ~} �

x�E|� G R�@re �?r|@?|@?�ee

,
+47;,

rü d+w, hw *+w, vrqw o*dpsolwxgh hw od skdvh gx vljqdo prgxodqw p+w,/ hw iR hvw od iuìtxhqfh

sruwhxvh1 Fhwwh uhsuìvhqwdwlrq hvw od soxv vlpsoh srxu xq vljqdo prgxoì1 Gdqv fh fdv rq shxw
grqqhu o*h{suhvvlrq gh od iuìtxhqfh lqvwdqwdqìh =

I�+w, @
/�

2� @ �
2�

_x�E|�
_| @ iR .

�
2�

_)E|�
_|

+47<,
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

O*rsìudwlrq irqgdphqwdoh xwlolvìh gdqv wrxwhprgxodwlrq olqìdluh hvw odpxowlsolfdwlrq g*xq vljqdo/
rx g*xqh irqfwlrq gh fh vljqdo/ sdu xqh sruwhxvh1

431614 Prgxodwlrq g*dpsolwxgh vdqv sruwhxvh

Srxu h�hfwxhu xqh wudqvodwlrq gdqv oh grpdlqh vshfwudo/ lo vx!w gh uìdolvhu xqh frqyroxwlrq gx

vljqdo sdu xq Gludf wudqvodwì1 Fhwwh rsìudwlrq hvw uìdolvìh gdqv oh grpdlqh whpsruho sdu xqh
vlpsoh pxowlsolfdwlrq gx vljqdo dyhf xqh vlqxvrògh sxuh/ rx sruwhxvh/ gh iuìtxhqfh iR1 Oh
vshfwuh rewhqx hvw grqf fhoxl gx vljqdo prgxodqw gìfdoì gh .iR hw �iR1 Qrxv doorqv yrlu dxvvl txh od
sruwhxvh q*hvw sdv wudqvplvh sdu fhwwh rsìudwlrq1

� H{suhvvlrq gx vljqdo prgxoì hq GEVS

Fhwwh prgxodwlrq/ dxvvl dsshoìh GEVS +grxeoh edqgh vdqv sruwhxvh, rx hqfruh DP0S +rx GV0
EVF/ grxeoh vlghg edqg vxssuhvvhg fduulhu, hvw uhsuìvhqwìh sdu od uhodwlrq gh edvh vxlydqwh =

v+w, @p+w,� s+w, @p+w, �DR frv 5�iRw +483,

rü v+w, hvw oh vljqdo prgxoì uìvxowdqw/ p+w, oh vljqdo g*ruljlqh rx vljqdo prgxodqw/ s+w, od sruwhxvh
g*dpsolwxgh DR hw gh iuìtxhqfh iR1

Prgxodwlrq GEVS +DP0S, = vljqdo prgxodqw hw vljqdo prgxoì
+484,

� Vshfwuh gx vljqdo GEVS

Od wudqvirupìh gh Irxulhu g*xq vljqdo prgxoì hq GEVS v*ìfulw =
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

V+i, @
�R

2 � ^P+i . iR, .P+i � iR,` +485,

Fh txl prqwuh txh od edqgh vshfwudoh rffxsìh hvw E @ 5i6/ hw txh od iuìtxhqfh sruwhxvh

q*dssdudlw sdv1

Vshfwuh gh od prgxodwlrq GEVS +DP0S,
+486,

� Jìqìudwlrq gx vljqdo GEVS

Vfkìpd gh od prgxodwlrq GEVS = dyhf pxowlsolhxu
+487,

Uìdolvdwlrq =
4, Od pxowlsolfdwlrq gx vljqdo prgxodqw sdu xq vljqdo uhfwdqjxodluh/ grqw od gìfrpsrvlwlrq hq

vìulh gh Irxulhu frpsruwh xqh vlqxvrògh ã od iuìtxhqfh irqgdphqwdoh ifgx vljqdo uhfwdqjxodluh/ vx!w
ã uìdolvhu od prgxodwlrq1 Ohv iuìtxhqfhv vxsìulhxuhv gh od gìfrpsrvlwlrq vrqw ìolplqìhv sdu �owudjh
sdvvh0edv ã 	if1

5, Vl o*rq frqvlgëuh txh pxowlsolhu oh vljqdo prgxodqw sdu xq vljqdo uhfwdqjxodluh ìtxlydxw ã
o*lqyhuvhu dx u|wkph gh fhwwh sruwhxvh uhfwdqjxodluh/ doruv rq shxw xwlolvhu oh glvsrvlwli ã glrghv dsshoì
prgxodwhxu hq dqqhdx rx �pìodqjhxu ã glrghv�1 Fh q*hvw sdv xq yudl pxowlsolhxu/ pdlv xq
lqyhuvhxu gx vljqdo prgxodqw dx u|wkph gh od sruwhxvh txl frppdqgh o*rxyhuwxuh ghv glrghv1
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

Prgxodwlrq GEVS +DP0S,= Prgxodwhxu hq dqqhdx
+488,

� Gìprgxodwlrq gx vljqdo GEVS

Od gìprgxodwlrq gx vljqdo GEVP vh idlw vhorq oh píph sulqflsh txh vd prgxodwlrq = sdu pxo0
wlsolfdwlrq gx vljqdo uhêx dyhf xqh sruwhxvh gh píph iuìtxhqfh hw gh píph skdvh tx*ã
o*ìplvvlrq1 Fh sulqflsh hvw dsshoì gìprgxodwlrq v|qfkurqh rx �frkìuhqwh�

Rq shxw ìfuluh =

p+w,=DR frv 5�iRw� frv 5�iRw @ DRp+w, .DRp+w, frv 7�ifw +489,

Hq ìolplqdqw doruv sdu �owudjh sdvvh0edv oh whuph gh iuìtxhqfh 5if/ rq uhwurxyh o*h{suhvvlrq gx
vljqdo prgxodqw1

Gìprgxodwlrq GEVS +DP0S, v|qfkurqh
+48:,
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

� Dydqwdjhv2lqfrqyìqlhqwv gh od prgxodwlrq GEVS

V*lo q*| d sdv xqh v|qfkurqlvdwlrq sduidlwh hq iuìtxhqfh hw skdvh gh od sruwhxvh gh uìfhswlrq
sdu udssruw ã fhooh g*ìplvvlrq/ lo | d ulvtxh g*dwwìqxdwlrq gx vljqdo sdu xq whuph gh gìskdvdjh1 Fhwwh
gl!fxowì gh v|qfkurqlvdwlrq hqwuh ohv rvfloodwhxuv g*ìplvvlrq hw gh uìfhswlrq idlw gh od gìprgxodwlrq
frkìuhqwh/ qìfhvvdluh hq GEVS/ xqh pìwkrgh gh prgxodwlrq soxv h{ljhqwh txh od prgxodwlrq dyhf
sruwhxvh rx GEDS +rx DP,1

Hq uhydqfkh/ qh sdv wudqvphwwuh od sruwhxvh shuphw xq jdlq gh sxlvvdqfh ã o*ìplvvlrq1

431615 Prgxodwlrq g*dpsolwxgh dyhf sruwhxvh

Gdqv od prgxodwlrq g*dpsolwxgh GEDS +grxeoh edqgh dyhf sruwhxvh, rx DP +dpsolwxgh prgxod0
wlrq,/ txl hvw od prgxodwlrq g*dpsolwxgh od soxv frppxqh/ od sruwhxvh hvw wudqvplvh hq soxv gx vljqdo
prgxoì gx w|sh GEVS yx suìfìghpphqw1

� H{suhvvlrq gx vljqdo prgxoì hq GEDS

v+w, @ +4 . n@=p+w,, =DRfrv 5�iRw +48;,

rü n@ hvw xq idfwhxu gìshqgdqw gx prgxodwhxu +txh o*rq q*dydlw sdv lqwurgxlw srxu od prgxodwlrq
GEVS,/ hw n@=p+w, hvw od gìyldwlrq lqvwdqwdqìh g*dpsolwxgh1

� Oruvtxh oh vljqdo prgxodqw hvw vlqxvrògdo/ rq shxw v*ìfuluh

p+w, @ D6frv 5�i6w +48<,

Lo hvw doruv srvvleoh gh grqqhu o*h{suhvvlrq gh o*lqglfh gh prgxodwlrq � vrxv od iruph vxlydqwh =

� @ n@=D6@DR +493,

Gh�qlwlrq 4 O*lqglfh gh prgxodwlrq � hvw oh udssruw gh od gìyldwlrq pd{lpdoh g*dpsolwxgh n@=D6 gx

vljqdo prgxodqw ã o*dpsolwxgh gh od sruwhxvh1

O*hqyhorssh gx vljqdo prgxoì GEDS qh v*dqqxoh mdpdlv/ frqwudluhphqw dx vljqdo GEVS/ vl
o*rq suhqg vrlq gh uhvshfwhu od frqglwlrq vxlydqwh = �4 ? n@=p+w, ? 41 Gh soxv o*hqyhorssh gx vljqdo
prgxoì vxlw oh vljqdo prgxodqw fh txl idflolwh od gìprgxodwlrq1
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

Prgxodwlrq GEDS +DP, = vljqdo prgxodqw hw sruwhxvh prgxoìh
+494,

� Vshfwuh gx vljqdo GEDS +DP,

Od wudqvirupìh gh Irxulhu gx vljqdo prgxoì hq GEDS hvw =

V�� +i, @
k��R

2
^P+i . iR, .P+i � iR,` .

�R

2
^�+i . iR, . �+i � iR,` +495,

Oh vshfwuh gx vljqdo GEDS hvw dlqvl frqvwlwxì gx od vxshusrvlwlrq gx vshfwuh gx vljqdo GEVS hw
g*xqh udlh ã od iuìtxhqfh sruwhxvh1

fh txl prqwuh txh o*rffxsdwlrq vshfwudoh hvw/ frpph srxu oh GEVS/ E @ 5i6

Vshfwuh gh od prgxodwlrq GEDS +DP,
F*hvw oh vshfwuh gh od GEVS dyhf od sruwhxvh hq soxv +is,

+496,

� Jìqìudwlrq ghv vljqdx{ GEDS

Gdqv od prgxodwlrq GEDS/ od pxowlsolfdwlrq shxw íwuh uìdolvìh vrlw gluhfwhphqw dx pr|hq g*xq
flufxlw pxowlsolfdwhxu gh vljqdx{ dqdorjltxhv/ vrlw lqgluhfwhphqw hq h�hfwxdqw xqh vrppdwlrq
gx vljqdo prgxodqw hw gh od sruwhxvh ã o*hqwuìh g*xq ìoìphqw qrq olqìdluh1
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

� � Prgxodwlrq sdu vrppdwhxu2pxowlsolhxu

Prgxodwlrq GEDS +DP, = vfkìpd dyhf vrppdwhxu hw pxowlsolhxu
+497,

Qrwh = Xq sulqflsh gx pxowlsolhxu hvw g*xwlolvhu oh vfkìpd gh o*dpsol�fdwhxu orjdulwkpltxh1
Od vrpph gh ghx{ orjdulwkphv ìtxlydxw dx orjdulwkph gh od vrpph1 Dvvrflì ã xq dpsol�fdwhxu
g*dqwl0orjdulwkph +rx h{srqhqwlho,/ rq rewlhqw dlqvl o*rsìudwhxu gh pxowlsolfdwlrq1

� � Oh sulqflsh gh od prgxodwlrq olqìdluh sdu ìoìphqw qrq0olqìdluh v*h{soltxh vlpsohphqw
oruvtx*rq suhqg o*h{hpsoh g*xqh wudqvirupdwlrq srxu fhw ìoìphqw +lfl xq prgxodwhxu
txdgudwltxh, =

j+w, @ d�w. d2w
2 +498,

Oh vljqdo hq vruwlh gh o*ìoìphqw Q1O1 v*ìfulw doruv =

|+w, @ j+p+w, . xR+w,, +499,

@ d�+p+w, . s+w,, . d2^p
2+w, . x2R+w, . 5p+w,=xR+w,` +49:,

O*ìoìphqw qrq0olqìdluh lqwurgxlw xqhpxowlsolfdwlrq hqwuh ohv whuphv gh od vrpphp+w, . xR+w,
hw fuìh od prgxodwlrq1

Xq �owudjh hqwuh if � e hw if . e frqvhuyh oh vljqdo prgxoì id�=s+w, . d2=5p+w,=xR+w,j hw ìolplqh
ohv dxwuhv whuphv gh edvvh iuìtxhqfh1

Vfkìpd gh od prgxodwlrq olqìdluh dyhf ìoìphqw qrq0olqìdluh
+od uhodwlrq |@j+{, wudgxlw od qdwxuh lqvwdqwdqìh gx wudqvihuw,

+49;,
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43 PRGXODWLRQ 4316 Prgxodwlrqv olqìdluhv = od prgxodwlrq g*dpsolwxgh

Uìdolvdwlrq gh od prgxodwlrq sdu ìoìphqw qrq0olqìdluh =
O*ìoìphqw qrq0olqìdluh shxw íwuh xq wudqvlvwru/ xq dpsol�fdwhxu rsìudwlrqqho/ od fdsdflwì qrq0

olqìdluh g*xqh glrgh eortxìh rx wrxw dxwuh ìoìphqw srvvìgdqw xq wudqvihuw qrq0olqìdluh1 Flwrqv ohv
rsìudwhxuv vxlydqwv =

uhguhvvhxu elsrodluh |+w, @ m{+w,m

frpsdudwhxu |+w, @ vjq^{+w,� d`

rsìudwhxuv txdgudwltxhv rx gh udflqh fduuìh |+w, @ {2+w, rx |+w, @
s
{+w,

rsìudwhxu orjdulwkpltxh |+w, @ orj^{+w,`

rsìudwhxu wuljrqrpìwultxh |+w, @ vlq^{+w,`

Txhotxhv rsìudwhxuv qrq0olqìdluhv

+49<,

� Gìprgxodwlrq ghv vljqdx{ GEDS

Oh sulqflsh hvw gh uìfxsìuhu xqltxhphqw o*hqyhorssh gx vljqdo prgxoì grqw ohv yduldwlrqv uhsuìvhq0
whqw oh vljqdo prgxodqw1 Oh v|vwëph gh uìfxsìudwlrq gx vljqdo hvw grqf h{wuíphphqw vlpsoh = xqh
gìwhfwlrq ã glrgh vxlyl g*xq �owudjh grqw oh vfkìpd hvw looxvwuì sdu od �jxuh ^4:3`1

Gìprgxodwhxu GEDS sdu gìwhfwlrq g*hqyhorssh ã glrgh
. �owuh g*ìolplqdwlrq gh sruwhxvh

+4:3,

� Dydqwdjhv2lqfrqyìqlhqwv gh od prgxodwlrq DP

Hq DP/ xqh sduwlh gh od sxlvvdqfh hvw shugxh gdqv od wudqvplvvlrq gh od sruwhxvh1 Hq uhydqfkh od
prgxodwlrq hw od gìwhfwlrq vrqw ghv rsìudwlrqv h{wuíphphqw vlpsohv hw shx frþwhxvhv1
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43 PRGXODWLRQ 4317 Prgxodwlrq gh iuìtxhqfh

431616 Wdeoh uìvxpìh ghv prgxodwlrqv g*dpsolwxgh

Hq soxv ghv prgxodwlrqv g*dpsolwxgh dyhf sruwhxvh +DP, hw vdqv sruwhxvh +DP0S,/ rq wurxyh dxvvl
xqh prgxodwlrq g*dpsolwxgh EOX ã edqgh odwìudoh xqltxh +VVE @ vlqjoh vlgh edqg, hw xqh
prgxodwlrq EOU ã edqgh odwìudoh uìvlgxhooh +YVE @ yhvwljldo vlgh edqg,1 Fhv ghx{ prgxod0
wlrqv shuphwwhqw gh wudqvphwwuh od píph lqirupdwlrq hq rffxsdqw hqfruh prlqv gh odujhxu gh edqgh1
Frpph rq oh yrlw vxu od �jxuh ^4:4`/ od prgxodwlrq EOX ã edqgh odwìudoh xqltxh hvw o*ìtxlydohqw g*xqh
prgxodwlrq DP0S rü o*rq qh wudqvphw txh od prlwlì gx vshfwuh xwloh +o*dxwuh ìwdqw od v|pìwultxh,
hq h�hfwxdqw xq �owudjh sdvvh0edv dssursulì1 Fh �owudjh v*dyìudqw txhotxhirlv gl!floh/ rq d fuìì xqh
prgxodwlrq EOU ã edqgh odwìudoh uìvlgxhooh/ frpsurplv gh prgxodwlrq DP hw DP0S hw grqw od odujhxu
gh edqgh hvw lqiìulhxuh ã fhv ghx{ prgxodwlrqv1

+4:4,

4317 Prgxodwlrq gh iuìtxhqfh

431714 Fdv jìqìudo = vljqdo txhofrqtxh

Od prgxodwlrq gh iuìtxhqfh frqvlvwh ã rsìuhu xqh wudqvodwlrq gx vshfwuh gh iuìtxhqfh gx vljqdo prg0
xodqw hq wudqvirupdqw ohv yduldwlrqv gh fh vljqdo prgxodqw p+w, hq yduldwlrqv gh od iuìtxhqfh
lqvwdqwdqìh iR�+w, g*xqh sruwhxvh gh iuìtxhqfh iR1 Fhwwh prgxodwlrq hvw/ frpph od prgxodwlrq gh
skdvh hw ã o*lqyhuvh ghv prgxodwlrqv g*dpsolwxgh/ xqh prgxodwlrq qrq0olqìdluh1

� H{suhvvlrq gx vljqdo prgxoì hq iuìtxhqfh

Rq frpphqfh sdu h{sulphu od iuìtxhqfh lqvwdqwdqìh iR�+w,=
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43 PRGXODWLRQ 4317 Prgxodwlrq gh iuìtxhqfh

iR�+w, @ iR .�s +w, @ iR . ns p+w, +4:5,

rü �s +w, @ ns p+w, hvw od gìyldwlrq lqvwdqwdqìh gh iuìtxhqfh hw ns +hq K}2Yrow, xq idfwhxu
gìshqgdqw gx prgxodwhxu 1

O*h{suhvvlrq gh od skdvh lqvwdqwdqìh hvw doruv grqqìh sdu =

�+w, @ 5�
U
iR�+w,gw @ 5� ^ iRw. ns

U |

f
p+w,gw ` +4:6,

rü hooh gìshqg olqìdluhphqw gh o*lqwìjudoh gx vljqdo sulpdluh1
Fhfl grqqh srxu o*h{suhvvlrq gx vljqdo prgxoì frpsohw =

v�8 +w, @ DRfrv+�+w,, @ DR frv ^5�+iRw. ns
U |
f
p+w,gw,` +4:7,

Frqwudluhphqw dx{ prgxodwlrqv DP hw ã vhv gìulyìhv/ oh vljqdo prgxoì hq iuìtxhqfh q*hvw grqf
soxv xqh irqfwlrq olqìdluh gx vljqdo prgxodqw p+w,/ pdlv xqh irqfwlrq wuljrqrpìwultxh gx vljqdo
prgxodqw1

+4:8,
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43 PRGXODWLRQ 4317 Prgxodwlrq gh iuìtxhqfh

431715 Prgxodwlrq gh iuìtxhqfh dyhf vljqdo prgxodqw vlqxvrògdo

Vl oh vljqdo prgxodqw hvw vlqxvrògdo =

p+w, @ D6frv5�i6w +4:9,

o*h{suhvvlrq gh od iuìtxhqfh lqvwdqwdqìh ghylhqw/ g*dsuëv ^4:5` =

i� @ iR . ns D6frv+5�i6w, @ iR .�s frv+5�i6w, +4::,

rü �s @ nsD6 hvw od gìyldwlrq +rx h{fxuvlrq, pd{lpdoh gh iuìtxhqfh +	�s ,1 Od

iuìtxhqfh lqvwdqwdqìh ydulh gh pdqlëuh vlqxvrògdoh dyhf �s 1
Od skdvh lqvwdqwdqìh v*ìfulw doruv =

�+w, @ 5�iRw.
&s�6
s6

vlq5�i6w +4:;,

� Lqglfh gh prgxodwlrq

Frpph oh vljqdo prgxodqw hvw vlqxvrògdo/ hw gh idêrq lghqwltxh ã od prgxodwlrq DP/ rq shxw
gì�qlu xq lqglfh gh prgxodwlrq � =

� @
{s

s6
@

&s �6
s6

@
Es3sR�6@%

s6
+4:<,

Gh�qlwlrq 5 O*lqglfh gh prgxodwlrq hvw oh udssruw gh o*h{fxuvlrq gh od iuìtxhqfh lqvwdqwdqìh gx vljqdo

PI ã od iuìtxhqfh gx vljqdo prgxodqw1

O*lqglfh gh prgxodwlrq hvw xq sdudpëwuh gìwhuplqdqw gdqv od fdudfwìulvdwlrq ghv sursulìwìv gh od
wudqvplvvlrq PI1

� H{suhvvlrq gx vljqdo prgxoì hq iuìtxhqfh sdu xq vljqdo vlqxvrògdo 1

v+w, @ DR frv +5�iRw. �vlq5�i6w, +4;3,
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43 PRGXODWLRQ 4317 Prgxodwlrq gh iuìtxhqfh

� H{suhvvlrq gx vshfwuh gx vljqdo prgxoì hq iuìtxhqfh sdu xqh vlqxvrògh

Rq shxw prqwuhu +yrlu sdu h{hpsoh G1Yhqwuh Dqqh{h D1614, txh oh vljqdo PI prgxoì sdu xqh
vlqxvrògh shxw v*ìfuluh =

v+w, @ DR

[
M?+�,frv 5�+iR . qi6,w +4;4,

rü ohv M?+�, vrqw ohv irqfwlrqv gh Ehvvho gh suhplëuh hvsëfh g*ruguh q +yrlu �j ^4;6`,1
O*h{suhvvlrq gh vd wudqvirupìh gh Irxulhu v*ìfulw =

V+i, @
DR

5

[
M?+�,^�+i � if � qi6, . �+i . if . qi6,` +4;5,

txl uhsuìvhqwh xq vshfwuh gh udlhv glvwdqwhv gh i6 hw g*dpsolwxgh M?+�,1

+4;6,

� Hqfrpeuhphqw hq iuìtxhqfh glvsrqleoh oruvtxh oh vljqdo prgxodqw hvw vlqxvrògdo + Uëjoh
hpslultxh gh Fduvrq , =

E� @ 5+�s . i6, @ 5i6+� . 4, +4;7,

Fhw hqfrpeuhphqw hq iuìtxhqfh =
0 gìwhuplqh od edqgh xwloh +;3( gh o*ìqhujlh,
0 gìshqg gh o*lqglfh gh prgxodwlrq =
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43 PRGXODWLRQ 4317 Prgxodwlrq gh iuìtxhqfh

d, Vl � � 4/ grqf �s � i6 / od prgxodwlrq hvw glwh ã idleoh qlyhdx rx ã EDQGH
ÌWURLWH/ oh vshfwuh vh uìgxlw ã od sruwhxvh dyhf 5 udlhv odwìudohv/ hw E +odujhxu gh edqgh, whqg yhuv
5i61

e, Vl �  4/ grqf �s  i6 / od prgxodwlrq hvw ã qlyhdx ìohyì rx ã ODUJH EDQGH/ oh
vshfwuh frpsruwh xq judqg qrpeuh gh udlhv +hqylurq 5�,/ hw E whqg yhuv 5�s 1

Vshfwuh gx vljqdo prgxoì hq iuìtxhqfh sdu xqh vlqxvrògh gh iuìtxhqfh i6
srxu gl�ìuhqwhv ydohxuv gh o*lqglfh gh prgxodwlrq

d, i6frqvwdqw/ �s yduldeoh e, i6yduldeoh/ �s frqvwdqw

+4;8,

431716 Dydqwdjhv gh od prgxodwlrq gh iuìtxhqfh

F*hvw xqh prgxodwlrq ã hqyhorssh frqvwdqwh txl uhqg od wudqvplvvlrq sduwlfxolëuhphqw urexvwh
dx{ skìqrpëqhv g*ìydqrxlvvhphqw +idglqj,/ frqwudluhphqw ã od prgxodwlrq g*dpsolwxgh1

O*hqyhorssh/ grqf o*dpsolwxgh D gx vljqdo prgxoì/ hvw frqvwdqwh fh txl vljql�h txh od sxlvvdqfh
hvw frqvwdqwh hw vlplodluh ã fhooh g*xq vljqdo g*dpsolwxgh D1

SE�8 � @
�2
R

2
+4;9,

Fhwwh fdudfwìulvwltxh idflolwh o*dpsol�fdwlrq gx vljqdo hw hq sduwlfxolhu shuphw g*rewhqlu xq phloohxu
uhqghphqw gdqv xq ìwdjh dpsol�fdwhxu +txl shxw doruv irqfwlrqqhu suëv gh od vdwxudwlrq,1 O*hqyhorssh
frqvwdqwh grqqh dxvvl ã fhwwh prgxodwlrq xqh erqqh uìvlvwdqfh dx{ qrq0olqìdulwìv/ ã od irlv gh
o*dpsol�fdwlrq hw gx phglxp gh wudqvplvvlrq1 Gdqv wrxv ohv fdv gh yduldwlrq gh o*dpsolwxgh gx
vljqdo prgxoì/ o*lqirupdwlrq lqwulqvëtxh gx vljqdo prgxodqw hvw frqvhuyìh1
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43 PRGXODWLRQ 4318 Prgxodwlrqv glvfuëwhv

4318 Prgxodwlrqv glvfuëwhv

Sdu prgxodwlrqv glvfuëwhv/ hw frpph ohv dxwhxuv qh v*dffrughqw sdv wrxmrxuv vxu ohv whuphv/ qrxv hqwhq0
gurqv lfl wrxwh prgxodwlrq suìvhqwdqw xqh qdwxuh qxpìultxh vrlw gh od sruwhxvh/ vrlw gx vljqdo
prgxodqw1 Oh suhplhu w|sh shuphw gh wudqvphwwuh xqh lqirupdwlrq dqdorjltxh vdqv wudqvsrvlwlrq
gh iuìtxhqfh1 Oh ghx{lëph w|sh/ xwlolvì wuëv lqwhqvlyhphqw gdqv oh prqgh qxpìultxh dfwxho/
shuphw gh wudqvphwwuh xqh lqirupdwlrq qxpìultxh sdu prgxodwlrq glvfuëwh g*xqh sruwhxvh vlqxvrògdoh1
F*hvw fh w|sh gh prgxodwlrq txh o*rq uhwurxyh gdqv ohv wudqvplvvlrqv gh WY qxpìultxh/ ohv wìoìskrqhv
sruwdeohv +JVP/ GFV,/ gdqv ohv prghpv gh wudqvplvvlrq gh grqqìhv lqirupdwltxhv hwf1

431814 Prgxodwlrqv sdu lpsxovlrqv frgìhv

Od prgxodwlrq g*lpsxovlrqv shuphw gh wudqvphwwuh xqh lqirupdwlrq dqdorjltxh vrxv od iruph g*xqh
vìulh g*lpsxovlrqv frgdqw fhwwh lqirupdwlrq g*rü vrq qrp gh prgxodwlrq sdu lpsxovlrqv frgìhv
+PLF rx SFP = sxovh frghg prgxodwlrq,1 Fhwwh iruph gh prgxodwlrq hvw vlpsohphqw xqh
yduldqwh ghv whfkqltxhv g*ìfkdqwloorqqdjh1 Yrlfl ohv txdwuh w|shv gh prgxodwlrq PLF sulqflsdohv =

0 Prgxodwlrq g*lpsxovlrq hq dpsolwxgh +SDP/ sxovh dpsolwxgh prgxodwlrq,
0 Prgxodwlrq g*lpsxovlrq hq gxuìh +SZP rx SGP/ sxovh zlgwk rx gxudwlrq prgxodwlrq,
0 Prgxodwlrq g*lpsxovlrq hq srvlwlrq +SSP/ sxovh srvlwlrq prgxodwlrq,
0 Prgxodwlrq g*lpsxovlrq hq iuìtxhqfh +SIP/ sxovh iuhtxhqf| prgxodwlrq,
Frpph srxu ohv prgxodwlrqv dqjxodluhv IP hw SP/ hoohv shuphwwhqw xq dffurlvvhphqw gh

o*lppxqlwì dx euxlw dx sul{ g*xq ìodujlvvhphqw gh od edqgh rffxsìh1 Hq uhydqfkh hoohv
shuphwwhqw od wudqvplvvlrq vlpxowdqìh gh soxvlhxuv phvvdjhv sdu pxowlsoh{djh whpsruho1 Fhv
prgxodwlrqv vrqw uhsuìvhqwìhv gdqv od �jxuh ^4;:`1
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43 PRGXODWLRQ 4318 Prgxodwlrqv glvfuëwhv

Prgxodwlrqv sdu lpsxovlrqv frgìhv
+4;:,

431815 Prgxodwlrqv glvfuëwhv g*xqh sruwhxvh vlqxvrògdoh

Oruvtxh oh vljqdo prgxodqw hvw xq vljqdo qxpìultxh elqdluh/ hw od sruwhxvh vlqxvrògdoh +hw qrq
hq vìulh g*lpsxovlrqv frpph srxu oh PLF ,/ fhwwh sruwhxvh qh vh suìvhqwhud soxv txh vrxv p@5 ìwdwv
gl�ìuhqwv g*dpsolwxgh/ gh iuìtxhqfh/ gh skdvh rx gh suìvhqfh sdu h{hpsoh/ txl yrqw frghu ohv 5
ydohxuv glvfuëwhv gx vljqdo prgxoì1 Gdqv oh fdv g*xq vljqdo elqdluh/ ohv ghx{ ìwdwv gh od
sruwhxvh fruuhvsrqghqw grqf dx{ ghx{ ìwdwv orjltxhv 3 hw 41 Oh qrpeuh g*ìwdwv glvfuhwv p gx
vljqdo q*hvw sdv wrxmrxuv ìjdo ã 5/ pdlv shxw íwuh vxsìulhxu ã 51 Rq sduoh doruv gh prphqwv gx vljqdo
hw qrq g*ìwdwv1 Od sruwhxvh suhqg grqf p ìwdwv txh o*rq qrpph hx{ v|perohv1 Qrxv suhqgurqv p@5
srxu vlpsol�hu hw looxvwuhu ohv 6 judqgv w|shv gh prgxodwlrqv glvfuëwhv1

0 DVN +dpsolwxgh vkliw nh|lqj, hw RRN +rq0r� vkliw nh|lqj,1
Ohv ìwdwv orjltxhv 3 hw 4 vrqw vlpsohphqw frgìv sdu ghx{ dpsolwxghv gl�ìuhqwhv gh od sruwhxvh hw/

gdqv oh fdv sduwlfxolhu gh od prgxodwlrq RRN/ sdu od suìvhqfh rx qrq gh od sruwhxvh1
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43 PRGXODWLRQ 4318 Prgxodwlrqv glvfuëwhv

0 IVN+iuhtxhqf| vkliw nh|lqj,
Ohv ìwdwv 3 hw 4 orjltxhv vrqw frgìv sdu ghx{ iuìtxhqfhv gl�ìuhqwhv gh od sruwhxvh1
0 SVN +skdvh vkliw nh|lqj,
Ohv ìwdwv 3 hw 4 orjltxhv vrqw frgìv sdu ghx{ skdvhv gl�ìuhqwhv gh od sruwhxvh1

Prgxodwlrqv glvfuëwhv ã sruwhxvh vlqxvrògdoh
+4;;,
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44 WUDQVIRUPÌH GH ODSODFH

44 Wudqvirupìh gh Odsodfh

O*ìwxgh g*xq v|vwëph olqìdluh hq ghkruv g*xq uìjlph shupdqhqw rü lo hvw vrxplv ã ghv iruphv
g*rqgh vlqxvrògdohv qìfhvvlwh g*lqwurgxluh xq qrxyho rxwlo1 Hq h�hw gdqv ohv skdvhv gh uìjlph wudqvl0
wrluh/ oh v|vwëph hvw vrxplv ã ghv iruphv g*rqgh qrq gìfrpsrvdeohv hq vìulh gh Irxulhu/ frpph
sdu h{hpsoh o*ìfkhorq rx Khdylvlgh1 Od uìvroxwlrq g*xq who v|vwëph shxw vh idluh sdu ohv whfkqltxhv
fodvvltxhv g*ìtxdwlrqv gl�ìuhqwlhoohv olqìdluhv + ã frh!flhqwv frqvwdqwv, hw v*dyëuh hq jìqìudo orqjxh1
Xqh dxwuh whfkqltxh gh fdofxo rsìudwlrqqho +v|peroltxh, idlw dssho ã od wudqvirupìh gh Odsodfh1

4414 Gì�qlwlrq

D wrxwh irqfwlrq gx whpsv i+w,/ qxooh srxu w ? 3/ grqf uhsuìvhqwdqw xq vljqdo fdxvdo/ rq idlw
fruuhvsrqguh xqh irqfwlrq O^i+w,` gh yduldeoh frpsoh{h s/ gì�qlh sdu =

i+w, � O^i+w` @ O+s, rxI +s, @
U
n"

f
i+w,h3R|gw +4;<,

Od qrwdwlrq � vhuydqw gh fruuhvsrqgdqfh grpdlqh whpsruho0grpdlqh vshfwudo/ hvw sduwlfxolëuh ã od
wudqvirupìh gh Odsodfh hw q*hvw sdv v|vwìpdwltxh1

� Uhpdutxh

Od wudqvirupìh gh Odsodfh vh gìgxlw grqf/ srxu ghv vljqdx{ fdxvdx{/ gh od wudqvirupìh gh Irxulhu
hq h�hfwxdqw od wudqvirupdwlrq vxlydqwh =

s @ v @ � . m$ +4<3,

rü s hvw dsshoìh iuìtxhqfh frpsoh{h1
O* k|srwkëvh gh fdxvdolwì/ soxv oh fkdqjhphqw gh yduldeoh gh uìhooh +iuìtxhqfh, ã frpsoh{h/

iruphqw ohv ghx{ frqglwlrqv g*h{lvwhqfh gh od wudqvirupìh gh Odsodfh sdu udssruw ã od wudqvirupìh gh
Irxulhu1

Gdqv od sudwltxh/ rq xwlolvhud soxv frxudpphqw oh fkdqjhphqw gh yduldeoh s @ m$ dx olhx gh �.m$1
Lo idxw qìdqprlqv uhwhqlu txh oh whuph � d ìwì fuìì srxu txh od wudqvirupìh gh Irxulhu/ grqw hvw
lvvxh od wudqvirupìh gh Odsodfh/ dgphwwh xqh ydohxu �qlh1 Hq h�hw/ oruvtxh o*lqwìjudoh gh Irxulhu/U
n"

3"
i+w, h{s+�m5�iw,gw / q*hvw sdv frqyhujhqwh/ lo vx!w gh pxowlsolhu i+w, sdu h{s+��w, srxu uhqguh

o*lqwìjudoh frqyhujhqwh1 Oh whuph � hvw dsshoì ud|rq gh frqyhujhqfh gh o*lqwìjudoh1
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44 WUDQVIRUPÌH GH ODSODFH 4415 Sursulìwìv

4415 Sursulìwìv

Ohv sursulìwìv gh od wudqvirupìh gh Odsodfh vh gìgxlvhqw gluhfwhphqw gh fhoohv gh od

wudqvirupìh gh Irxulhu srxu xq vljqdo fdxvdo1 Rq qrwhud soxv sduwlfxolëuhphqw ohv wkìruëphv
gh od ydohxu lqlwldoh hw �qdoh/ sursuhv ã od W1O11

� Vrpph gh irqfwlrqv

i+w, @ i�+w, . i2+w, @, I +s, @ I�+s, . I2+s, +4<4,

� Gìulydwlrq

Od gìulydwlrq g*xqh irqfwlrq i+w, vxssrvìh qxooh hq w @ 3 ìtxlydxw ã od pxowlsolfdwlrq sdu s gh od
irqfwlrq lpdjh

I ^i �+w,` @ s=I +s,� i+3n, +4<5,

� Lqwìjudwlrq

O*lqwìjudwlrq g*xqh irqfwlrq i+w, vxssrvìh qxooh hq w @ 3 ìtxlydxw ã od glylvlrq sdu s gh od irqfwlrq
lpdjh

I ^

]
i+w,gw` @

I +s,

s
+4<6,

� Wkìruëph ghv ydohxuv �qdoh hw lqlwldoh

Lo suìflvh gh oh frpsruwhphqw gh i+w, srxu w whqgdqw yhuv 3 hw srxu w whqgdqw yhuv 4=

i+3n, @ olp
R<"

s=I +s,

olp
|3:n"

i+w, @ olp
R<f

s=I +s,
+4<7,

� Wkìruëph gx uhwdug
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44 WUDQVIRUPÌH GH ODSODFH 4415 Sursulìwìv

i+w� �, � I +s,=h3R| +4<8,

Dssolfdwlrq = wudqvirupìh g*xqh irqfwlrq uhfwdqjoh
Sdu vrppdwlrq gh ghx{ ìfkhorqv grqw o*xq hvw qìjdwli hw uhwdugì gh � / rq shxw wurxyhu od wudqv0

irupìh g*xqh irqfwlrq uhfwdqjoh =

τ0

f(t)

+4<9,

IoeS|b� +s, @
E�3e3R� �

R
+4<:,

Xqh rqgh uhfwdqjxodluh shxw íwuh frqvwuxlwh hq uhwdugdqw hw lqyhuvdqw oh prwli uhfwdqjoh fl0ghvvxv1
Vd wudqvirupìh vh fdofxoh grqf frpph vxlw =

I +s, @ E�3e3R� �
R

�

E�3e3R� �
R

h3R� @ E�3e3R� �2

R

τ0

f(t)

+4<;,

� Wudqvirupìh g*xqh irqfwlrq sìulrgltxh
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44 WUDQVIRUPÌH GH ODSODFH 4416 Whfkqltxh gh fdofxo

G*dsuëv oh wkìruëph gx uhwdug/ rq shxw ìfuluh =
IA +s, @ I +s,=^4 . h3R| . h32R| . h3�R| . ===`1 Srxu W A 3/ grqf h3R| ? 4/ fhwwh vìulh jìrpìwultxh d

xqh vrpph �qlh/ grqf rq shxw ìfuluh od W1O1 g*xqh irqfwlrq sìulrgltxh =

IA +s, @ I +s,=
4

4� h3RA
+4<<,

4416 Whfkqltxh gh fdofxo

Frqqdlwuh od uìsrqvh whpsruhooh g*xq flufxlw sdu od W1O1 qìfhvvlwh =

41 Gh fdofxohu oh wudqvihuw gh Odsodfh gx flufxlw/ f*hvw ã gluh K+s,

51 Gh gìwhuplqhu od W1O1 gh o*hqwuìh/ sdu dssolfdwlrq gh od gì�qlwlrq/ rx xwlolvdwlrq ghv wdeohv1
Rewhqlu od wudqvirupìh gx vljqdo g*hqwuìh qìfhvvlwh vrxyhqw gh gìfrpsrvhu fh vljqdo hq
ìoìphqwv grqw rq vdlw fdofxohu od wudqvirupìh +hq pxowlsoldqw/ vrppdqw / gìulydqw/ lqwìjudqw
hwf1 ,

61 G*h�hfwxhu oh surgxlw v+s, @ K+s,1h+s, hw gh fdofxohu od W1O1 lqyhuvh +o*ruljlqdo, gh v+s, sdu
ohv wdeohv dsuëv dyrlu lghqwl�ì v+s, ã ghv wudqvirupìhv frqqxhv1 Fhwwh rsìudwlrq q*hvw sdv
wrxmrxuv lppìgldwh hw sdvvh txhotxhirlv sdu xqh gìfrpsrvlwlrq hq iudfwlrqv udwlrqqhoohv
+yrlu irupxodluh,1

� Wudqvirupìh gx vljqdo g*hqwuìh

� Gìwhuplqdwlrq gh o*ruljlqdo

4417 H{hpsohv

441714 Uìsrqvh g*xq �owuh UF sdvvh0edv ã xq ìfkhorq gh whqvlrq

e(t) s(t)

R
C

+533,

41 Wudqvihuw gx flufxlw

K+s, @ rER�
eER� @

�

�R

-n �

�R

@ �
�n-�R 1

Hq srvdqw UF @ � @ 2�
/f

rq rewlhqw = K+s, @ �
�n�R @ /f

Rn/f

Od fruuhvsrqgdqfh hq uìjlph vlqxvrògdo/ grqf srxu s @ m$/ v*ìfulw = K+m$, @ �
�n� /

/f

51 Wudqvirupìh gh o*hqwuìh
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44 WUDQVIRUPÌH GH ODSODFH 4417 H{hpsohv

Vl o*hqwuìh hvw xq ìfkhorq H=K+w, hq 3/ vd wudqvirupìh hvw .
R

61 H{suhvvlrq gh od uìsrqvh whpsruhooh v+w,

v+s, @ K+s,�H+s, @ .
R =

�
�n�R @ .

R =
�*�

�*�nR

gh txrl qrxv gìgxlvrqv hq uhjdugdqw od wdeoh = v+w, @ H+4� h3
|
� ,

441715 Uìsrqvh g*xq �owuh sdvvh0edv ã xqh lpsxovlrq uhfwdqjxodluh

Oh vljqdo g*hqwuìh gx flufxlw UF sdvvh0edv hvw pdlqwhqdqw xqh lpsxovlrq fduuìh gh odujhxu � hw

g*dpsolwxgh H/ grqw od wudqvirupìh/ IoeS|b.w+s, @ H
E�3e3Rw�

R > d ìwì fdofxoìh soxv kdxw +yrlu Wk1
gx uhwdug,1 Od vruwlh hvw grqqìh sdu oh surgxlw

v+s, @ K+s, ^%irqfwlrq gh wudqvihuw hq Odsodfh%`� IoeS|b.w+s, +534,

grqf

v+s, @
4

4 . �s
=H

+4� h3Rw,

s
+535,

@
4

s+4 . �s,
=H+4� h3Rw, +536,

rü o*rq idlw dssho ã xqh gìfrpsrvlwlrq vlpsoh gh iudfwlrq iudfwlrqqhooh hq ^536`/ sdu lghqwl�fdwlrq
ã ^�R . �

�n�R `/ grqf

v+s, @ +
4

s
�

4

4 . �s
,=H +4� h3Rw, +537,

@ H+
4

s
�

4

4 . �s
,�H=h3Rw+

4

s
�

4

4 . �s
, +538,

rq rewlhqw dlqvl od uìsrqvh whpsruhooh =

v+w, @ H+4� h3
|
� ,=K+w,

� ~} �

frpphqfh ã w@3

�H+4� h3
|
� ,=K+w� �,

� ~} �

frpphqfh ã w@w

+539,

+53:,
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44 WUDQVIRUPÌH GH ODSODFH 4418 Wdeoh gh wudqvirupìhv gh Odsodfh

4418 Wdeoh gh wudqvirupìhv gh Odsodfh

i+w, I+s, i+w, I+s,

�+w, 4 h3@|vlq+ew, K
ERn@�2nK2

K+w, �
R

wfrv+ew, R23K2

ER2nK2�2

w �
R2

wvlq+ew, 2KR
ER2nK2�2

|2

2-
�
R�

i+w,h3@| I +s. d,
|?3�

E?3��-
�
R?

4� h3@| @
RERn@�

h3@| �
Rn@

wh3@| �
ERn@�2

|2

2 h
3@| �

ERn@��

|?3�

E?3��-h
3@| �

ERn@�?

frv+ew, R

R2nK2

vlq+ew, K
R2nK2

h3@|frv+ew, Rn@
ERn@�2nK2

+53;,
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45 WUDQVIRUPÌH GH IRXULHU GLVFUËWH

45 Wudqvirupìh gh Irxulhu glvfuëwh

WIG i{+q,j @ [+�, @
�3�[

?'f

{+q, h � 2�
�

? D +53<,
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46 WUDQVIRUPÌH HQ ]1 LQWURGXFWLRQ DX ILOWUDJH QXPÌULTXH

46 Wudqvirupìh hq ]1 Lqwurgxfwlrq dx �owudjh qxpìultxh

4614 Wudqvirupìh hq ]

Gh�qlwlrq 6 Od wudqvirupìh hq ] +W1 ]1, g*xqh vìulh g*ìfkdqwloorqv Y +q, hvw gì�qlh sdu =

]T +}, @ Y +}, @
n"[

?'3"

Y +q,

}?
+543,

dyhf } @ h �/w @ hRw/ hw � od sìulrgh g*ìfkdqwloorqqdjh1

� Vljqdo uhwdugì g*xq ìfkdqwloorq

Y +},� A
4

}
=Y +}, +544,

Fhwwh sursulìwì prqwuh/ gdqv od gì�qlwlrq gh od wudqvirupìh hq ] soxv0kdxw/ txh oh whuph gx
gìqrplqdwhxu hq }? h{sulph oh uhwdug gh o*ìfkdqwloorq gh udqj q/ Y+q,/ g*xqh gxuìh ìjdoh ã q irlv od
gxuìh g*xq ìfkdqwloorq11 Fhwwh wudqvirupìh hvw grqf sduwlfxolëuhphqw dgdswìh ã od prgìolvdwlrq gh
vljqdx{ qxpìulvìv1

� Vljqdo uhwdugì gh n ìfkdqwloorqv

Y +},� A
4

}&
=Y +}, +545,

4615 Glfwlrqqdluh ghv wudqvirupìhv hq ]

� Lpsxovlrq qxpìultxh +y? 9@ 3/ yf @ 4, =

Y +}, @ Yf@]f @ 4 +546,

� Vxlwh jìrpìwultxh +Y +q. 4, @ d� Y +q, , =

Y +}, @ Yf@+4�
d

}
, +547,

� Vljqdo Y +q, @ frvq! =

Y +}, @
4� frv)5

4� 5frv)
5
. �

52

+548,
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46 WUDQVIRUPÌH HQ ]1 LQWURGXFWLRQ DX ILOWUDJH QXPÌULTXH4616 Irqfwlrq gh wudqvihuw g*xq �wuh qxpìultxh

4616 Irqfwlrq gh wudqvihuw g*xq �wuh qxpìultxh

Irqfwlrq gh wudqvihuw jìqìudoh g*xq �owuh qxpìultxh LLU +oh ILU q*d sdv oh gìqrplqdwhxu,
O*h{suhvvlrq gh od irqfwlrq gh wudqvihuw kduprqltxh g*xq �owuh qxpìultxh hvw od vxlydqwh =

K+m$, @
U

D
@

u?

d?
@

Sg
&'f�& e

3�&/w

+4�
S�

6'�E6h
3�6/w,

+549,

Od irqfwlrq gh wudqvihuw hq } v*h{sulph =

K+}, @
U+},

D+},
@

Sg
&'f

�&

5&

4�
S�

6'�
�6
56

+54:,

Uhsuìvhqwdwlrq ghv �owuhv qxpìultxhv

Z-1

X

Σ

Z-1 Z-1

X XX

entrée x(n)

h(0) h(1) h(N-2) h(N-1)

x(n-1) x(n- N+2) x(n-N+1)

sortie

y(n)= Σ  h(m).x(n-m)

N-1

m=0

Ilowuh ILU g*ruguh Q

Z-1

Σ
entrée x(n)

Z-1

Z-1

Z-1

a0

a1

a2

b1

b2

y(n)= Σ a(k).x(n-k) - Σ b(k)y(n-k)

N-1

k=0

M

k=1

sortie y(n)

Ilowuh LLU g*ruguh 5

+54;,

4617 Wudqvirupdwlrq elolqìdluh

� Od wudqvirupdwlrq elolqìdluh hvw xwlolvìh srxu oh sdvvdjh g*xq �owuh dqdorjltxh ã xq �owuh qxpìultxh
ULL1 Rq dsshooh � od sìulrgh g*ìfkdqwloorqqdjh1

Rq sdvvh doruv gh K+s,/ rx K+m$,/ ã K+}, hq h�hfwxdqw od wudqvirupdwlrq vxlydqwh =

s +rx m$,#$ 2

w
= �35

3�

�n5n�
+54<,

� Od uìsrqvh hq iuìtxhqfh v*rewlhqw hq uhpsodêdqw gdqv od uìsrqvh dqdorjltxh +ìtxlydxw ã fkdqjhu
} hq h�/w gdqv oh wudqvihuw hq ] , =
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46 WUDQVIRUPÌH HQ ]1 LQWURGXFWLRQ DX ILOWUDJH QXPÌULTXH4617 Wudqvirupdwlrq elolqìdluh

$� ? � A 2

w
= wj+ w

2
$� , +553,
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47 IRUPXODLUH GH PDWK

47 Irupxodluh gh Pdwk

4714 Wuljrqrpìwulh

frv2.vlq2 @ 4 +554,

frv 5d @ 5frv2 d� 4 @ 4� 5 vlq2 d +555,

frv d. e @ frv d frv e� vlqd vlq e +556,

frv d� e @ frv d frv e. vlqd vlq e

vlqd. e @ vlqd frv e. vlq e frv d

vlqd� e @ vlqd frv e� vlq e frv d

4715 Qrpeuhv frpsoh{hv

^�> �` @ �h�w @ �+frv � . l vlq �, +557,

Irupxoh gh Prlyuh = h�6w @ +frv � . l vlq �,6 @ +frvp� . l vlqp�, +558,

Irupxoh g*Hxohu = frv � @
h�w . h3�w

5
> vlq � @

h�w . h3�w

5l
+559,

4716 Htxdwlrqv gl�ìuhqwlhoohv

4717 Gìulydwlrq

4718 Lqwìjudwlrq

sdu sduwlhv2fkjw gh yduldeoh2iudfwlrqv udwlrqqhoohv

4719 Gìyhorsshphqwv olplwìv

Irupxoh gh Wd|oru +Pdf0Odxulq= rq srvh d@3 hw d.k@{,

i+d. k, @ i+d, . ki �+d, . ===.
k?

q$
i E?�+d, .U? +55:,

rx hqfruh +hq srvdqw d @ {f hw k @ {� {f, =

i+{, @ i+{f, . +{� {f,
i �+{f,

4$
. ===. +{� {f,

? i
E?�+{f,

q$
.U? +55;,
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47 IRUPXODLUH GH PDWK 471: Frqyhujhqfh ghv vìulhv

Gìyhorsshphqwv olplwìv ydodeohv ;{ 5 ?

h% @ 4 . %
�- .

%2

2- . ===. %?

?- . ===

d% @ 4 . % *?@
�- . E% *?@�2

2- . ===. E% *?@�?

?- . ===

frv{ @ 4� %2

2- . %e

e- . ===. +�4,? %2?

E2?�- . ===

vlq{ @ {� %�

�- . %D
D- . ===. +�4,? %2?n�

E2?n��- . ===

Gìyhorsshphqwv olplwìv ydodeohv ; m{m ? 4

�
�n% @ 4� {. {2 � ===. +�4,?{? . ===

oq+4 . {, @ {� %2

2 . %�

� � ===. +�4,?n� %?

?
. ===

Dufwj{ @ {� %�

� . %D

D . ===. +�4,? %
2?n�

2?n� . ===

+55<,

471: Frqyhujhqfh ghv vìulhv

471; Gìfrpsrvlwlrq ghv iudfwlrqv udwlrqqhoohv

Rq fkhufkh ã gìfrpsrvhu xqh iudfwlrq udwlrqqhooh/ ã frh!flhqwv uìhov/ hq ìoìphqwv vlpsohv/ f*hvw0ã0gluh
hq xqh vrpph gh iudfwlrqv grqw oh gìqrplqdwhxu hvw vlpsol�ì hq xq vhxo s÷oh g*ruguh q1 Oruvtx*rq
frqqdñw ohv s÷ohv uìhov hw frpsoh{hv hw ohxuv ruguhv gh pxowlsolflwì �/ �/ �/ hwf111 rq shxw ìfuluh od
iudfwlrq vrxv od iruph =

sE%�
}E%� @ sE%�

+{� d,k+{� e,q+{� f,�
� ~} �

s÷ohv uìh ov

���+{2 . s{. t,>+{2 . u{. v,D� ~} �
s ÷ohv frpsoh{hv

��� +563,

Ghx{ fdv =
4, oh ghjuì gh i+{, hvw lqiìulhxu ã fhoxl gh j+{,
5, oh ghjuì gh i+{, hvw vxsìulhxu rx ìjdo ã fhoxl gh j+{,
Fdv 4, Rq gìfrpsrvh od iudfwlrq hq ìoìphqwv vlpsohv gh suhplëuh hw ghx{lëph hvsëfh +ã s÷ohv

frpsoh{hv,

Hoìphqwv vlpsohv gh suhplëuh hvsëfh
q
^ �f
E%3@�k . ��

E%3@�k3�
. ===` . ^ �f

E%3K�q
. ��

E%3K�q3�
. ===` . ===

Hoìphqwv vlpsohv gh ghx{lëph hvsëfh
q
^ �f%n�f

E%2nR%n^�>
. ��%n��

E%2nR%n^�>3�
. ===`
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47 IRUPXODLUH GH PDWK 471< Suredelolwìv

Sxlv rq uìgxlw dx píph gìqrplqdwhxu ohv iudfwlrqv gx vhfrqg phpeuh hw rq lghqwl�h whuph ã whuph
srxu wurxyhu ohv frh!flhqwv Df>D�c===> EfcE�c===

Fdv 5, Oh ghjuì gh i+{, hvw vxsìulhxu rx ìjdo ã fhoxl gh j+{,1 Rq glylvh i+{, sdu j+{, vxlydqw ohv
sxlvvdqfhv furlvvdqwhv1

i+{, @ j+{,H+{, .U+{, +564,

i+{,

j+{,
@ H+{, .

U+{,

j+{,
+565,

hw o*rq uìvrxg -E%�
}E%� frpph dx fdv 4,

471< Suredelolwìv

� Yduldeoh doìdwrluh

� Irqfwlrq gh uìsduwlwlrq/ ghqvlwì gh suredelolwì

+Rq frqvlgëuh xq vljqdo gìwhuplqlvwh frpph xqh yduldeoh doìdwrluh ìtxlsuredeoh1 Vxu xqh sìul0
rgh/ vd ghqvlwì gh suredelolwì hvw frqvwdqwh hw ìjdoh ã 42W/ txh oh vljqdo vrlw glvfuhw rx frqwlqx,

� Prphqw g*ruguh q

H+[?, @

]
n"

3"

{?=i+{,g{ +566,

srxu xq vljqdo gìwhuplqlvwh/ rq uhpsodfhud { sdu i+w, hw i+{, sdu 42W sxlvtxh od yduldeoh hvw
ìtxlsuredeoh1

� Prphqw g*ruguh 4 rx Pr|hqqh/ rx Hvsìudqfh1

H+[, @

]
{=i+{,g{ +567,

� Yduldqfh

� Hfduw0w|sh

� Orl Jdxvvlhqqh
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48 ELEOLRJUDSKLH

48 Eleolrjudsklh

0 Ehoodqjhu P1 Wudlwhphqw qxpìultxh gx vljqdo1 Frxuv hw h{huflfhv uìvroxv1FQHW +--,
0 Frwwhw I1 Wudlwhphqw ghv vljqdx{ hw dftxlvlwlrq gh grqqìhv1

Frxuv hw h{huflfhv uìvroxv1 Gxqrg +--,
0 Gh Frxorq I1 Wkìrulh hw wudlwhphqw ghv vljqdx{1 SSXU1 +--,
0 Ghox}xulhx{ 2 Udpl 1 Frxuv g*hohfwurqltxh dqdorjltxh wrph5 = dqdo|vh iuìtxhqwlhooh ghv

vljqdx{ hw v|vwëphv/ dqdo|vh gh Odsodfh1 H|uroohv1
Rulhqwì ìohfwurqltxh1 H{huflfhv qrq fruuljìv1

0 Irqwroolhw S1J1 Wìoìfrppxqlfdwlrqv1SSXU +--,
0 Jxleduw G1 Frxuv gh Wìoìfrppxqlfdwlrqv1 HQVW
0 Khuyì 1 Prgxodwlrqv qxpìultxhv1 Hoolsvhv1
0 Odeduuhuh/ Nulhi/ Jlprqhw1 Oh �owudjh hw vhv dssolfdwlrqv1 Hg1 Fhsdgxhv +froo1 HQVDH,1
0 Ohiëyuh S1 Wkìrulh gx vljqdo 1HVH1
0 Pdwode +vljqdo wrroer{ hw h{hpsohv gh Ww vljqdo vxu oh zhe,
0 Pd{ M1 Pìwkrghv hw whfkqltxhv gh wudlwhphqw gx vljqdo1 +--,

Wrph 4 = sulqflshv jìqìudx{ hw pìwkrghv fodvvltxhv1 Pdvvrq1 +Wkìrulh
gh o*lqirupdwlrq 0 Hwxghv wkìrultxhv 0 Wudlwhphqw gx vljqdo 0Wudqvplvvlrq
gh o*lqirupdwlrq 0 Sursdjdwlrq ghv rqghv 0 Frpsdwlelolwì ìohfwurpdjqìwltxh,

0 Phw}hu J1/ Ydeuh M1S1 Hohfwurqltxh ghv lpsxovlrqv1 Pdvvrq +--,
0 Qd|pdq +GHD Zhe,
0 Qh�dwl W1 Wudlwhphqw dqdorjltxh gx vljqdo1 Hoolsvhv1 +rulhqwì ìohfwurqltxh,1 Erq frxuv1

Sdv g*h{huflfhv1 +-,
0 Shodw +Zhe,
0 Uhlqkdugw Hohphqwv gh pdwkìpdwltxhv gx vljqdo +5 wrphv, +-,
0 Uh|qdxg U1 Sro|frslì gh wudlwhphqw gx vljqdo1 LXW Ruvd|1
0 Vslhjho U1 Pxuud|1 Dqdo|vh gh Irxulhu +Vfkdxp,1 Frxuv hw sureoëphv1
0 Vplwk1 Wudlwhphqw qxpìultxh gx vljqdo1 GVS1 +zhe,
0 Wkrpdv \1 Vljqdx{ hw v|vwëphv olqìdluhv1 Pdvvrq1 +-,
0 Wkxloohu2Ehoorf Pdwkìpdwltxhv srxu o*Hohfwurqltxh1 Pdvvrq1 +--,
0 Ydwhunrzvnl +Hqv5p Zhe = yrlu vd eleolr,
0 Yhqwuh G1 Prgxodwlrqv dqdorjltxhv1 Hoolsvhv1
0 Yljoldqr +Zhe> frxuv WV GHVV whfkqltxhv gh o*hvsdfh,

Dxwuhv rxyudjhv
0 Lqjoh 2Surdnlv +Gljlwdo vljqdo surfhvvlqj xvlqj Pdwode,
0 Odfrxph M1O1 Wkìrulh gx vljqdo SXI froohfwlrq txh vdlv0mh
0 Iudlvvh S1/ Surwlëuh U1/ Pduw|0Ghvvxv G1

Wudqvplvvlrq gh o*lqirupdwlrq Hg1 Hoolsvh 4<<<
0 Dxjhu I1 Lqwurgxfwlrq ã od wkìrulh gx vljqdo hw gh o*lqirupdwlrq� frxuv hw

h{huflfhv Hg1 Whfkqls 4<<<
0 Shodw D1 Vljqdx{ hw flufxlwv1 Hglwlrqv Hoolsvhv 4<;<
0 Slflqerqr E1 Wkìrulh ghv vljqdx{ hw ghv v|vwëphv1 Hg1 Gxqrg Xqlyhuvlwì 4<;<
0 Slflqerqr E1 Hoìphqwv gh wkìrulh gx vljqdo1 Hg1 Gxqrg Xqlyhuvlwì 4<::
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48 ELEOLRJUDSKLH

0 Urxelqh H1 Lqwurgxfwlrq ã od wkìrulh gh od frppxqlfdwlrq1 Hg1 Pdvvrq hw Flh 4<:3
0 ZlooldpvrqOdev +Zhe, 0 Prgxodwlrqv0
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