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Uhphuflhphqwv

Fhwwh wkëvh v*hvw gìurxoìh dx oderudwrluh PDWLV � Pìwkrghv g*Dqdo|vh hw gh Wudlwh0
phqw g*Lpdjhv srxu od Vwìuìruhvwlwxwlrq � gx Vhuylfh gh od Uhfkhufkh gh o*Lqvwlwxw Jìr0
judskltxh Qdwlrqdo/ hq frooderudwlrq dyhf o*Xqlyhuvlwì gh Pduqh0od0Ydooìh1

Mh vxlv sduwlfxolëuhphqw uhghydeoh ã P1 Sdwulfn Mxolhq txl d dffhswì g*hqfdguhu fhwwh
wkëvh dx vhlq gx oderudwrluh PDWLV hw txl p*d qrwdpphqw dssulv ã idluh gh od uhfkhufkh
hw ã uìgljhu xqh sxeolfdwlrq vflhqwl�txh1

Mh wlhqv ã h{sulphu wrxwh pd judwlwxgh ã Prqvlhxu oh Surihvvhxu Fhuyhooh/ uhvsrqvdeoh
gh od irupdwlrq grfwrudoh ghv Vflhqfhv gh o*Lqirupdwlrq Jìrjudskltxh ã o*Xqlyhuvlwì gh
Pduqh0od0Ydooìh/ txl d dffhswì gh gluljhu fhwwh uhfkhufkh1 Phufl ìjdohphqw ã Phvvlhxuv ohv
Surihvvhxuv Ud�| hw Fkrurzlf} srxu dyrlu dffhswì g*íwuh ohv udssruwhxuv gh fhwwh wkëvh1

Mh uhphuflh wuëv vlqfëuhphqw P1 Gdqlho Sltxhw0Shoorufh srxu vhv frqvhlov/ vd jhqwloohvvh
hw vd jìqìurvlwì/ dlqvl txh P1 Vhujh Uld}dqr� srxu vhv uhpdutxhv mxglflhxvhv1

Phv uhphuflhphqwv yrqw dxvvl d od Ixqgdêær sdud d Flíqfld h d Whfqrorjld txl/ gdqv oh
fdguh gx Surjudpd Sud{lv [[L +EG0866<0<8,/ p*d dvvxuì xqh sduwlh gx vxssruw �qdqflhu1
Phufl ìjdohphqw dx Ghsduwdphqwr gh Pdwhpäwlfd gd Xqlyhuvlgdgh gh Frlpeud srxu dyrlu
vrxwhqx fhwwh uhfkhufkh1

M*dlphudlv dxvvl uhphuflhu fkdohxuhxvhphqw wrxwhv ohv shuvrqqhv gx oderudwrluh PDWLV/
txl rqw vx grqqhu xqh dwprvskëuh gh wudydlo v|psdwkltxh/ hw juåfh dx{txhoohv mh jdughudl
xq h{fhoohqw vrxyhqlu gh fhwwh sìulrgh1

Hq�q/ xq judqg phufl ã Urvd hw ã wrxwh pd idplooh srxu ohv hqfrxudjhphqwv hw oh
vrxwlhq tx*hoohv p*rqw surgljxìv shqgdqw fhv txdwuh dqqìhv gh wkëvh1



Wdeoh ghv pdwlëuhv

Wdeoh ghv �jxuhv y

4 O*ìtxlydohqfh hqwuh prgëoh fduwrjudskltxh hw prgëoh qxpìultxh 4

414 Srvlwlrq gx sureoëph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

415 Gì�qlwlrq gx prgëoh fduwrjudskltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

416 Gì�qlwlrq gx prgëoh 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 6

417 Sdvvdjh ghv frxuehv gh qlyhdx dx PQW pdlooì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

418 Sdvvdjh gx PQW pdlooì dx{ frxuehv gh qlyhdx 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

419 Dssuìfldwlrq gh o*ìtxlydohqfh = oh sureoëph ghv frxuehv lqwhufdodluhv 1 1 1 1 ;

41: Remhfwliv gh od wkëvh hw gìpdufkh vxlylh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

5 Ghvfulswlrq hw plvh hq rhxyuh gh od julooh ìodvwltxh 45

514 Ghvfulswlrq gh od pìwkrgh ruljlqhooh g*Dxwxph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

515 Od pìwkrgh gh od vsolqh sodtxh0plqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

51514 Frxuexuh joredoh g*xqh vxuidfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

51515 Vsolqh sodtxh0plqfh g*dmxvwhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

516 Dpìolrudwlrqv gh od julooh ìodvwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51614 Frxuexuh lqyduldqwh sdu urwdwlrq gx uhsëuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51615 Prgëoh elfxeltxh sdu prufhdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

51616 Frqwudlqwhv0lqìjdolwìv vxu o*dowlwxgh ghv qrhxgv 1 1 1 1 1 1 1 1 1 1 1 1 54

517 Fkrl{ ghv srlgv 1 1 1 1 1 1 1 1 1 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

ll



lll

51714 Srlgv uhodwliv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55

51715 Frh!flhqw gh olvvdjh 1 1 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

518 Plqlplvdwlrq gx fulwëuh H+K, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

51814 H{suhvvlrq pdwulflhooh 1 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

51815 Frqglwlrqv g*h{lvwhqfh hw g*xqlflwì gh od vroxwlrq 1 1 1 1 1 1 1 1 1 1 1 5;

51816 Dojrulwkph 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<

6 Hvvdlv gh vroxwlrq dx sureoëph ghv frxuehv lqwhufdodluhv 65

614 Frqwudlqwhv vxu ohv gluhfwlrqv gh o*krul}rqwdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

61414 Sulqflsh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

61415 H{suhvvlrq ghv frqwudlqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

61416 Plvh hq rhxyuh 1 1 1 1 1 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

61417 Lqwhusrodwlrq ghv gluhfwlrqv gh o*krul}rqwdoh hqwuh ohv frxuehv gh

qlyhdx 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

615 Frqwudlqwhv vxu ohv oljqhv gh fuíwh hw gh wdozhj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

61514 Sulqflsh 1 1 1 1 1 1 1 1 1 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

61515 H{suhvvlrq ghv frqwudlqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

61516 Uhfkhufkh dxwrpdwltxh ghv oljqhv gh fuíwh hw gh wkdozhj gdqv ohv

frxuehv gh qlyhdx 1 1 1 1 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

616 Dssolfdwlrqv ã ghv whuudlqv uìhov 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;

61614 H{hpsoh 4 1 1 1 1 1 1 1 1 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;

61615 H{hpsoh 5 1 1 1 1 1 1 1 1 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

617 Xqh dxwuh xwlolvdwlrq ghv gluhfwlrqv gh o*krul}rqwdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 86

7 Hydoxdwlrq qxpìultxh gh o*ìtxlydohqfh 88

714 O*ìwdw gh o*duw vxu ohv txdolwìv ghv PQW 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

71414 H{dfwlwxgh dowlpìwultxh 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

71415 H{dfwlwxgh ghv iruphv gh whuudlq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:



ly

715 Sursrvlwlrq ghv phvxuhv g*ìydoxdwlrq gh o*ìtxlydohqfh 1 1 1 1 1 1 1 1 1 1 1 1 94

71514 Orqjxhxu ghv frxuehv gh qlyhdx 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

71515 Frxuexuh pr|hqqh ghv frxuehv gh qlyhdx 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

716 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv 1 1 1 1 1 1 99

71614 Hq xwlolvdqw o*doohu0uhwrxu FQ0PQW 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

71615 Hq xwlolvdqw od orqjxhxu 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;

71616 Hq xwlolvdqw od frxuexuh pr|hqqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5

8 Frqfoxvlrqv hw shuvshfwlyhv :8

814 Uìvxpì ghv uìvxowdwv dftxlv 1 1 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

815 Shuvshfwlyhv g*dssolfdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

81514 Olvvdjh fduwrjudskltxh ghv PQW rewhqxv sdu fruuìodwlrq 1 1 1 1 1 1 ::

81515 Frpsdudlvrq ghv gl�ìuhqwv uhvwlwxwlrqv g*xq píph whuudlq 1 1 1 1 1 :;

Dqqh{hv :<

D Lqwhusrodwlrq sro|q÷pldoh sdu prufhdx{ :<

D14 Lqwhusrodwlrq olqìdluh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

D15 Lqwhusrodwlrq fxeltxh 1 1 1 1 1 1 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

D1514 Fkrl{ gh od irqfwlrq fxeltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

D1515 Lqwhusrodwlrq vxu ohv erugv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

D16 Jìqìudolvdwlrq d ghx{ glphqvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

E Gldjudpph gh Yrurqrò hw Wuldqjxodwlrq gh Ghodxqd| ;:

E14 Gldjudpph gh Yrurqrò 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

E15 Wuldqjxodwlrq gh Ghodxqd| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

E16 Wuldqjxodwlrqv frqwudlqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<

Eleolrjudsklh <5



Wdeoh ghv �jxuhv

414 Frqvwuxfwlrq pdqxhooh gh od oljqh gh soxv judqgh shqwh txl sdvvh sdu oh
srlqw � 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

415 Rpeudjh g*xq PQW fdofxoì ã sduwlu ghv frxuehv gh qlyhdx hq xwlolvdqw od
pìwkrgh gh od julooh ìodvwltxh1 1 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

416 Oh sureoëph ghv frxuehv lqwhufdodluhv gdqv od frqvwuxfwlrq g*xq PQW1 d,
Frxuehv lqlwldohv > e, Hfkdqwloorq suìohyì > f, Frxuehv qrupdohv +judv, hw
lqwhufdodluhv wudfìhv vxu od vxuidfh dmxvwìh > g, Ohv píphv frxuehv uhvshfwdqw
oh �jxuì hq frxuehv gh qlyhdx1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

417 Uhsuìvhqwdwlrq vfkìpdwltxh gh od frqglwlrq qìfhvvdluh hw vx!vdqwh +o*doohu0
uhwrxu FQ�PQW,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

514 Frqglwlrqv vxssoìphqwdluhv +fdv xqlglphqvlrqqho,1 d, Dowlwxgh plqlpdoh1
e, Shqwh plqlpdoh1 f, Frxuexuh plqlpdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

515 Lqwhusuìwdwlrq pìfdqltxh gh od julooh ìodvwltxxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

516 Frqwudlqwhv0lqìjdolwìv vxu o*dowlwxgh ghv qrhxgv � r �1 1 1 1 1 1 1 1 1 1 1 1 1 55

517 Fkrl{ ghv srlgv uhodwliv �� ghv srlqwv ghv frxuehv gh qlyhdx1 1 1 1 1 1 1 1 1 56

518 Lq xhqfh gx sdudpëwuh b gdqv od julooh ìodvwltxh1 d, Frxuehv gh qlyhdx
gh gìsduw1 e0i, Frxuehv gx PQW fdofxoì dyhf b ' �f3�/ �f/ �f�/ �fD/ �fH

uhvshfwlyhphqw1 1 1 1 1 1 1 1 1 1 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

519 Frqvwuxfwlrq gx yhfwhxu 5f 1 1 1 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

614 Gì�qlwlrq gh od gluhfwlrq gh o*krul}rqwdoh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

615 Xqh vroxwlrq dx sureoëph ghv lqwhufdodluhv1 d, Frxuehv lqlwldohv frpsoìwìhv
sdu xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh > e, H{wudlw gh od �jxuh0d > f,
Frxuehv lqlwldohv hw lqwhufdodluhv wudfìhv vxu od vxuidfh dmxvwìh1 1 1 1 1 1 1 1 69

616 Lqwhusrodwlrq g*xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh ã sduwlu ghv gluhf0
wlrqv grqqìhv dx{ srlqwv ghv frxuehv gh qlyhdx1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
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617 H�hw g*xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh/ lqwhusroìh sdu julooh ìodv0
wltxh/ vxu od frqvwuxfwlrq g*xq PQW> d, H{wudlw gh od julooh gh gluhfwlrqv
lqwhusroìh sdu julooh ìodvwltxh > e, Frxuehv gh qlyhdx gx PQW dmxvwì dyhf
od julooh gh gluhfwlrqv gh od �jxuh0d1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;

618 H�hw g*xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh/ lqwhusroì ã sduwlu g*xqh wul0
dqjxodwlrq/ vxu od frqvwuxfwlrq g*xq PQW> d, H{wudlw gh od julooh gh gluhf0
wlrqv lqwhusroìh olqìdluhphqw sdu xqh wuldqjxodwlrq frqwudlqwh dx{ frxuehv >
e, Frxuehv gh qlyhdx gx PQW lqwhusroì dyhf od julooh gh od �jxuh0d1 1 1 1 1 73

619 Xqh vroxwlrq dx sureoëph ghv lqwhufdodluhv1 d, Frxuehv lqlwldohv frpsoì0
wìhv sdu ohv oljqhv gh fuíwh hw wkdozhj > e, Hfkdqwloorq suìohyì > f, Frxuehv
lqlwldohv +judv, hw lqwhufdodluhv wudfìhv vxu od vxuidfh dmxvwìh1 1 1 1 1 1 1 1 1 74

61: Orfdolvdwlrq ghv fuíwhv hw wdozhjv1 d, Oh wuldqjoh krul}rqwdo DEF idlw sduwlh
gh od wuldqjxodwlrq gh Ghodxqd| > e, DEG q*hvw sdv xq wuldqjoh srvvleoh gh
od wuldqjxodwlrq gh Ghodxqd|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

61; Ghqvl�fdwlrq gh o*ìfkdqwloorq gh srlqwv ghv frxuehv gh qlyhdx1 1 1 1 1 1 1 1 77

61< Gìwhfwlrq ghv uìjlrqv wudyhuvìhv sdu ohv oljqhv gh fuíwh hw gh wdozhj +uìjlrqv
fulwltxhv,1 1 1 1 1 1 1 1 1 1 1 1 1 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

6143 Fdofxo ghv dowlwxghv ghv srlqwv ghv oljqhv gh frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 1 79

6144 Uhfkhufkh ghv oljqhv gh frqwudlqwh gdqv ohv FQ= d, Wuldqjxodwlrq frqiruph
dx{ FQ> e, Uhfkhufkh g*xqh oljqh gh frqwudlqwh gdqv ohv wuldqjohv krul0
}rqwdx{ > f, FQ hw oljqhv gh frqwudlqwh lvvxhv gh o*dssurfkh > g, Frxuehv
lqlwldohv +judv, hw lqwhufdodluhv ghulyìhv gx PQW julooh ìodvwltxh1 1 1 1 1 1 1 7:

6145 Hvwlpdwlrq g*xqh oljqh gh fuíwh glvv|pìwultxh = hq xwlolvdqw qrwuh pìwkrgh
hw pdqxhoohphqw +wluhwì, hq whqdqw frpswh gh od shqwh gh fkdtxh  dqf1 1 1 7:

6146 H�hw ghv oljqhv gh frqwudlqwh vxu od frqvwuxfwlrq g*xq PQW sdu julooh ìodv0
wltxh = d, FQ lqlwldohv > e, FQ gx PQW vdqv oljqhv gh frqwudlqwh > f, FQ
lqlwldohv frpsoìwìhv sdu ohv oljqhv gh frqwudlqwh > g, FQ gx PQW dyhf oljqhv
gh frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 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<

6147 Ylvxdolvdwlrq ghv PQW sdu rpeudjh1 d,PQW fdofxoì vdqv oljqhv gh frqwudlqwh >
e, PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

6148 H�hw ghv oljqhv gh frqwudlqwh vxu od frqvwuxfwlrq g*xq PQW sdu julooh ìodv0
wltxh = d, FQ lqlwldohv > e, FQ gx PQW vdqv oljqhv gh frqwudlqwh > f, FQ
lqlwldohv frpsoìwìhv sdu ohv oljqhv gh frqwudlqwh > g, FQ gx PQW dyhf oljqhv
gh frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 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

6149 Ylvxdolvdwlrq ghv PQW sdu rpeudjh1 d,PQW fdofxoì vdqv oljqhv gh frqwudlqwh >
e, PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85
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614: Frqvwuxfwlrq g*xq PQW hq xwlolvdqw ghv frxuehv frwìhv hw qrq0frwìhv = d,
frxuehv gh qlyhdx pdlwuhvvhv frwìhv hw srlqwv frwìv > e,frxuehv gh qlyhdx
qrq0frwìhv > f, frxuehv gh qlyhdx gx PQW fdofxoì dyhf o*lqirupdwlrq gh
od �jxuh0d > g, frxuehv gh qlyhdx gx PQW fdofxoì dyhf o*lqirupdwlrq ghv
�jxuhv d hw e1 1 1 1 1 1 1 1 1 1 1 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

714 Ylvxdolvdwlrq gh od txdolwì g*xq PQW sdu rpeudjh gh o*dowlwxgh +�jxuhv
d hw g, hw gh vhv ghulyìhv = shqwh +�jxuhv e hw h, hw frxuexuh +�jxuhv f hw
h, > Iljxuhv d, ã f, rpeudjh g*xq PQW lvvx gh fruuìodwlrq > Iljxuhv g, ã i,
rpeudjh g*xq PQW lvvx ghv frxuehv gh qlyhdx1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

715 Dowlwxghv uhodwlyhv glvwulexìhv hq 43 fodvvhv g*dpsolwxgh gh f�D6 = d, PQW
fdofxoì vdqv oljqhv gh frqwudlqwh > e, PQW fdofxoì dyhf ghv oljqhv gh frqwudlqwh 93

716 Frxuexuh g*xqh frxueh sodqh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

717 Frxuexuh pr|hqqh g*xqh oljqh sro|jrqdoh lqvfulwh gdqv xqh frxueh sodqh1 1 97

718 Frxuexuh g*xqh oljqh sro|jrqdoh frpsrvìh ghv soxvlhxuv oljqhv sro|jrqdohv
frqwlqxhv glvmrlqwhv1 1 1 1 1 1 1 1 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

719 Dswlwxgh gh od julooh ìodvwltxh ã suìvhuyhu oh prgëoh fduwrjudskltxh = d,
doohu0uhwrxu vdqv ohv oljqhv gh frqwudlqwh > e, doohu0uhwrxu dyhf ohv oljqhv gh
frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 1 1 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:

71: Sruwlrq gh f÷qh dssur{lpdqw oh whuudlq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

71; Frpsdudlvrq ghv orqjxhxuv ghv frxuehv gh qlyhdx > oh PQWbd hvw oh PQW
fdofxoì vdqv oljqhv gh frqwudlqwh hw oh PQWbe hvw oh PQW fdofxoì dyhf ohv
oljqhv gh frqwudlqwh 1 1 1 1 1 1 1 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<

71< Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv +htxlglv0
wdqfh �6, = d, Orqjxhxu ghv FQ gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh >
e, Orqjxhxu ghv FQ gx PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1 1 1 1 1 9<

7143 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv +htxlglv0
wdqfh f�D6, = d, Orqjxhxu ghv FQ gxPQW fdofxoì vdqv oljqhv gh frqwudlqwh >
e, Orqjxhxu ghv FQ gx PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1 1 1 1 1 1 :3

7144 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv = d, Orq0
jxhxu ghv FQ gx PQW dmxvwì vdqv oljqhv gh frqwudlqwh > e, Orqjxhxu ghv
FQ gx PQW dmxvwì dyhf oljqhv gh frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

7145 Frpsdudlvrq ghv orqjxhxuv ghv frxuehv gh qlyhdx gìulyìhv gh ghx{ PQW=
+d, PQW lvvx gh fruuìodwlrq dxwrpdwltxh g*lpdjhv > +e, PQW lvvx g*xqh
uhsuìvhqwdwlrq gx uholhi sdu frxuehv gh qlyhdx1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5

7146 Frpsdudlvrq ghv frxuexuhv ghv frxuehv gh qlyhdx > rq qrwh sdu PQWbd oh
PQW fdofxoì vdqv oljqhv gh frqwudlqwh hw sdu PQWbe oh PQW fdofxoì dyhf
ohv oljqhv gh frqwudlqwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6



ylll

7147 Hydoxdwlrq gh od frxuexuh pr|hqqh ghv frxuehv gh qlyhdx1d, Frxuexuh ghv
FQ gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh > e, Frxuexuh ghv FQ gx
PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

7148 Hydoxdwlrq gh od frxuexuh pr|hqqh ghv frxuehv gh qlyhdx1d, Frxuexuh ghv
FQ gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh > e, Frxuexuh ghv FQ gx
PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

814 Dvshfw ghv frxuehv gh qlyhdx = d, Wudfìhv vxu oh PQW lvvx gh fruuìodwlrq > e,
Rewhqxv sdu uhvwlwxwlrq skrwrjudppìwultxh pdqxhooh +suryhqdqfh EGWrsr
0 LJQ,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

815 Vxshusrvlwlrq gh 5 uhvwlwxwlrqv =1 d, idlwhv sdu oh píph rsìudwhxu +ìtxlglv0
wdqfh �f6, > e, idlwhv sdu ghx{ rsìudwhxuv +ìtxlglvwdqfh 2f6,1 1 1 1 1 1 1 1 :;

D14 Irqfwlrqv g*lqwhusrodwlrq = olqìdluh 'E|� hw fxeltxh LE|�� 1 1 1 1 1 1 1 1 1 1 1 ;4

D15 Uhfrqvwuxfwlrq gh od irqfwlrq sE%� ' %n � sdu ohv irqfwlrqv L hw T
3�1 1 1 1 ;8

E14 Frqvwuxfwlrq gx gldjudpph gh Yrurqrò = d, Fkdtxh sro|jrqqh gh Yrurqrò
hvw gh�ql sdu o*lqwhuvhfwlrq ghv ghpl0sodqv1 e, Gldjudpph gh Yrurqrò gx
vhplv gh srlqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

E15 Gxdolì hqwuh oh Gldjudpph gh Yrurqrò hw od wuldqjxodwlrq gh Ghodxqd|1 d,
Gldjudpph gh Yrurqrò hw Wuldqjxodwlrq gh Ghodxqd|1 e, Frqvwuxfwlrq gx
gldjudpph gh Yrurqrò ã sduwlu gh od wuldqjxodwlrq gh Ghodxqd| 1 1 1 1 1 1 ;<

E16 Frqvwuxfwlrq g*xqh wuldqjxodwlrq frqwudlqwh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

E17 Wuldqjxodwlrqv frqwudlqwhv = d, Ohv grqqìhv vrqw ghv srlqwv hw ghv duíwhv >
e, Wuldqjxodwlrq gh Ghodxqd| ghv srlqwv > f, Wuldqjxodwlrq frqiruph > g,
Wuldqjxodwlrq frqwudlqwh1 1 1 1 1 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



Fkdslwuh 4

O*ìtxlydohqfh hqwuh prgëoh
fduwrjudskltxh hw prgëoh qxpìultxh

414 Srvlwlrq gx sureoëph

Ghsxlv soxv gh flqtxdqwh dqv od uhsuìvhqwdwlrq gx uholhi vrxv od iruph gh frxuehv
gh qlyhdx hw srlqwv frwìv d ìwì dgrswìh hw d shuplv ã xq judqg qrpeuh g*xvdjhuv gh
glvsrvhu g*xq v|vwëph gh phvxuh hw g*ìfkdqwloorqqdjh gx whuudlq > ohv xvdjhv sulqflsdx{
ìwdqw o*lqwhusuìwdwlrq hw od frpsuìkhqvlrq gx whuudlq/ hw od fdsdflwì g*lqwhusrohu o*dowlwxgh
g*xq srlqw rx g*xq hqvhpeoh gh srlqwv1

Dxmrxug*kxl qrxv srvvìgrqv fhw hqvhpeoh gh phvxuhv vxu gh odujhv whuulwrluhv hw od
txhvwlrq gx sdvvdjh gh o*xwlolvdwlrq judskltxh gh fhw hqvhpeoh ã ghv xwlolvdwlrqv vrxv
iruph qxpìultxh vh srvh1

Oh sureoëph derugì gdqv fh wudydlo hvw fhoxl gh od jìqìudwlrq g*xq prgëoh qxpìultxh
gx whuudlq +PQW, ã sduwlu ghv frxuehv gh qlyhdx qxpìulvìhv/ hw gh od txdolwì gh fh PQW
hq xq vhqv txh qrxv doorqv suìflvhu1 Oh w|sh gh PQW dxtxho qrxv qrxv lqwìuhvvrqv hvw
od uhsuìvhqwdwlrq frqwlqxh gh od vxuidfh gx whuudlq vrxv iruph gh julooh uìjxolëuh ã pdlooh
fduuìh1 Od txdolwì txh qrxv uhfkhufkrqv srxu fh PQW hvw g*íwuh ìtxlydohqw dx prgëoh
fduwrjudskltxh/ txl hvw od vxuidfh gì�qlh sdu ohv frxuehv gh qlyhdx hw xqh uëjoh g*lqwhusr0
odwlrq hqwuh fhv frxuehv > qrxv glvrqv txh oh prgëoh qxpìultxh hw oh prgëoh fduwrjudskltxh
vrqw ìtxlydohqwv v*lov gì�qlvvhqw ghx{ vxuidfhv lghqwltxhv/ rx gx prlqv wuëv yrlvlqhv1

Gdqv fh wudydlo qrxv qh glvfxwrqv sdv gx elhq0irqgì gh od uhsuìvhqwdwlrq gx uholhi
hq frxuehv gh qlyhdx1 Hq sduwlfxolhu/ fhwwh uhsuìvhqwdwlrq/ hw ohv PQW txl hq gìulyhqw/
shxyhqw qh sdv uìsrqguh dx{ ehvrlqv gh fhuwdlqv xvdjhuv/ sdu h{hpsoh fhx{ txl v*lqwì0
uhvvhqw dx whuudlq gdqv ohv }rqhv txdvl0krul}rqwdohv1 Od frqvwuxwlrq hw ohv txdolwìv ghv
PQW gdqv fhv }rqhv frqvwlwxhqw xq sureoëph txl vruw gx fdguh gh qrwuh ìwxgh1

Hq rxwuh/ gdqv fh wudydlo rq derugh xqltxhphqw oh sureoëph gh od frqvwuxfwlrq ghv
PQW � ã pr|hqqh ìfkhooh �/ f*hvw0ã0gluh grqw oh qlyhdx gh gìwdlo hw od suìflvlrq vrqw fhx{
ghv fduwhv ã � G 2D fff1

4
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D�q gh srxyrlu dssuìflhu xqh ìtxlydohqfh lo hvw qìfhvvdluh/ g*derug/ gh suìflvhu ohv
ghx{ prgëohv lqwhuyhqdqwv = oh fduwrjudskltxh hw oh qxpìultxh1 Hqvxlwh lo hvw qìfhvvdluh
gh pdñwulvhu ohv ghx{ sdvvdjhv = ghv frxuehv gh qlyhdx ã xq PQW frqvhuydqw oh pd{lpxp
gh o*lqirupdwlrq gx prghoì gh whuudlq uhsuìvhqwì sdu ohv frxuehv gh qlyhdx hw g*xq PQW
ã ghv frxuehv gh qlyhdx1

415 Gì�qlwlrq gx prgëoh fduwrjudskltxh

O*remhfwli ghv gl�ìuhqwhv uhsuìvhqwdwlrqv fduwrjudskltxhv gx uholhi tx*rq xwlolvh ghsxlv
gh qrpeuhxvhv dqqìhv +ohv furtxlv shuvshfwliv/ ohv kdfkxuhv/ ohv frxuehv gh qlyhdx/ ohv
vhplv ghv srlqwv, hvw gh shuphwwuh/ dx{ gl�ìuhqwv xvdjhuv gh od fduwh gh uhfrqvwlwxhu oh
whuudlq vdqv huuhxu hw vdqv dpeljxòwì1 Fkdfxqh gh fhv uhsuìvhqwdwlrqv wudgxlw xqh fhuwdlqh
prgìolvdwlrq +rx �jxuì, gx whuudlq txl hvw uìdolvìh sdu xq ìfkdqwloorqqdjh gh ydohxuv hw
xq prgh g*lqwhusrodwlrq hqwuh ohv srlqwv gh o*ìfkdqwloorq +Sltxhw0Shoorufh/ 4<<9,1

Od ghvfulswlrq gx whuudlq sdu frxuehv gh qlyhdx hw srlqwv frwìv hvw od uhsuìvhqwdwlrq gx
uholhi xwlolvìh gdqv ohv fduwhv dx{ pr|hqqhv ìfkhoohv1 Fhwwh prgìolvdwlrq shuphw ã o*xvdjhu
gh od fduwh gh fdofxohu ohv dowlwxghv g*xqh idêrq suìflvh +vx!vdqw dx{ dssolfdwlrqv txh o*rq
idlw, hw grqqh/ ã od irlv/ � xqh lpdjh lppìgldwhphqw shufhswleoh ghv iruphv gx uholhi �
+Fxhqlq/ 4<:5,1 D�q gh uhfrqvwlwxhu oh uholhi/ txl hvw xq skìqrpëqh ã wurlv glphqvlrqv grqw
ohv yduldwlrqv vrqw frqwlqxhv 4/ o*xvdjhu gh od fduwh xwlolvh xq prgh g*hpsorl +prgìolvdwlrq,
gì�ql sdu od uëjoh gh +Fduuì/ 4<:4e, =

o*lqwhusrodwlrq olqìdluh vxlydqw od oljqh gh soxv judqgh shqwh1 +414,

Hq h�hw/ vhorq Fduuì = oh wudfì gh od frxueh gh qlyhdx ghyud íwuh who txh o*xwlolvdwhxu
sxlvvh wrxmrxuv frqvlgìuhu txh od shqwh hqwuh ghx{ frxuehv qrupdohv rx lqwhufdodluhv hvw
uìjxolëuh > oruvtx*lo q*hq vhud sdv dlqvl oh wrsrjudskh ghyud lqwhuyhqlu vrlw srxu gìsodfhu
oìjëuhphqw xqh frxueh vrlw srxu lqwurgxluh xqh frxueh lqwhufdodluh1 Grqf/ vl o*xwlolvdwhxu
yhxw wudfhu xqh qrxyhooh frxueh gh qlyhdx vlwxìh ã pl0kdxwhxu gh ghx{ frxuehv frqvì0
fxwlyhv/ lo grlw sodfhu fhwwh frxueh ã ëjdoh glvwdqfh krul}rqwdo ghv ghx{ suhplëuhv/ idxwh
gh txrl od shqwh vhudlw soxv iruwh g*xq f÷wì gh od qrxyhooh frxueh txh gh o*dxwuh/ grqf
qrq0uìjxolëuh1 Soxv jìqìudohphqw wrxwh frxueh lqwhufdodluh grlw íwuh wudfìh hqwuh ohv ghx{
frxuehv hqfdgudqwhv/ ã ghv glvwdqfhv krul}rqwdohv txl vrqw gdqv oh udssruw ghv glvwdqfhv
yhuwlfdohv1

Qrwrqv g*derug txh o*lqwhusuìwdwlrq gh od uëjoh 414 q*hvw vlpsoh tx*hq dssduhqfh1 Hq
idlw/ od oljqh gh soxv judqgh shqwh gdqv oh fdv ghv wdozhjv vlqxhx{ +rx ghv uìjlrqv gh
idleoh shqwh, hvw wuëv frpsoh{h hw hooh hvw uhfrqvwuxlwh/ sdu o*xvdjhu/ ã o*dlgh gh prgëohv
dvvh} ìoderuìv +fi1 �jxuh 414,1 Fhshqgdqw/ qrxv lurqv dgphwwuh tx*hqwuh soxvlhxuv xwlolvd0
whxuv fhwwh uëjoh grqqh olhx ã ghv gl�ìuhqfhv g*lqwhusuìwdwlrqv qìjoljhdeohv/ dxwuhphqw glw
txh ohv frxuehv gh qlyhdx vxjjëuhqw ã wrxv ohv xwlolvdwhxuv xqh vhxoh hw píph � vxuidfh
wrsrjudskltxh �1 F*hvw fh prgëoh vlpsol�ì gh od vxuidfh uìhooh gx whuudlq/ oh prgëoh fdu0
wrjudskltxh/ txh qrxv xwlolvhurqv gdqv fhwwh wkëvh1

41 Vdxi ohv fdv h{fhswlrqqhov ghv idodlvhv hw vxusorpev1
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Ilj1 414 � Frqvwuxfwlrq pdqxhooh gh od oljqh gh soxv judqgh shqwh txl sdvvh sdu oh srlqw
� 1

416 Gì�qlwlrq gx prgëoh qxpìultxh

Gdqv fh wudydlo/ qrxv gì�qlvvrqv oh PQW frpph xqh ghvfulswlrq qxpìultxh gh od
srvlwlrq hw gh od iruph gh od vxuidfh gx vro1 Lo hvw wrxmrxuv gìfulw vrxv xqh iruph g*xqh
vxuidfh sdudpìwuìh

5 ' ME%c+� +415,

rü M hvw xqh irqfwlrq qxpìultxh hw E%c+� ydulh vxu od vxuidfh gh uìiìuhqfh dgrswìh +o*ho0
olsvrògh/ oh sodq g*xqh uhsuìvhqwdwlrq fduwrjudskltxh111,1

Qrwrqv txh fhwwh uhsuìvhqwdwlrq qxpìultxh qh shuphw sdv gh uhsuìvhqwhu ohv uholhiv
yhuwlfdx{/ sxlvtx*ã xq srlqw E%c+� fruuhvsrqg xqh hw xqh vhxoh ydohxu 51 Srxu uhsuìvhq0
whu q*lpsruwh txho uholhi/ lo vhudlw qìfhvvdluh g*xwlolvhu ghv uhsuìvhqwdwlrqv soxv frpsoh{hv
frpph sdu h{hpsoh xqh uhsuìvhqwdwlrq sdudpìwultxh E% ' %E�c��c + ' +E�c��c 5 ' 5E�c���1
Fhshqgdqw/ od uhsuìvhqwdwlrq pdwkìpdwltxh gh o*dowlwxgh vrxv od iruph 415 hvw vx!vdqwh
srxu gìfuluh oh whuudlq dx{ pr|hqqhv ìfkhoohv fdu/ g*xqh sduw oh whuudlq pr|hq gh od Iudqfh
hvw fdudfwìulvì sdu xq uholhi gh froolqhv duurqglhv/ vdqv idodlvhv hw erlvì d 53( +Fduuì/ 4<:4d,
hw g*dxwuh sduw ohv frxuehv gh qlyhdx +ohv grqqìhv gh qrwuh sureoëph, qh shuphwwhqw sdv
hoohv0píphv gh uhsuìvhqwhu ohv idodlvhv hw ohv vxusorpev1

Od irqfwlrq M hvw vxssrvìh grqqìh vrxv od iruph g*xqh frpelqdlvrq olqìdluh gh irqf0
wlrqv qxpìultxhv ìoìphqwdluhv 8�c � � � c8R =

ME%c+� '

R[
�'�

S�8�E%c+�

rü ohv frh!flhqwv S� vrqw ohv ydohxuv gh od irqfwlrq M dx{ � qrhxgv g*lqwhusrodwlrq �
6� ' E%�c+��/ f*hvw0ã0gluh S� ' ME6��/ � ' �c � � � cR1 Dxwuhphqw glw/ rq vxssrvh txh oh
PQW hvw wrxmrxuv grqqì sdu xq ìfkdqwloorq +uhsuìvhqwdwli, gx whuudlq +ohv qrhxgv 6� hw
ohv dowlwxghv 5� ' ME6��, hw xqh irqfwlrq rx hqvhpeoh gh irqfwlrqv g*lqwhusrodwlrq +ohv
irqfwlrqv qxpìultxhv 8�,1
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Fkrl{ gx prgëoh qxpìultxh =

Dfwxhoohphqw ohv ghx{ judqghv fodvvhv gh PQW ohv soxv xwlolvìhv vrqw +Zhleho dqg
Khoohu/ 4<<4, =

� Ohv juloohv luuìjxolëuhv wuldqjxodluhv +hq dqjodlv WLQ 0 Wuldqjxodu Luuhjxodu Qhwzrun,
rü ohv qrhxgv 6� vrqw ohv vrpphwv g*xq uìvhdx gh wuldqjohv1 Hq jìqìudo/ oh whuudlq hvw
gìfulw ã o*lqwìulhxu gh fkdtxh wuldqjoh sdu oh sodq txl sdvvh sdu fhv wurlv vrpphwv >
grqf �E%c+� ' @

f
n @

�
%n @

2
+1

� Ohv juloohv uìjxolëuhv/ rü ohv qrhxgv 6� vrqw rujdqlvìv vhorq xq pdloodjh uìjxolhu +hq
jìqìudo uhfwdqjxodluh,1 Ã o*lqwìulhxu gh fkdtxh uhfwdqjoh oh whuudlq hvw kdelwxhoohphqw
uhsuìvhqwì sdu xq sduderorògh k|shueroltxh txl sdvvh sdu fhv txdwuh vrpphwv > grqf
�E%c+� ' @

f
n @

�
%n @

2
+ n @

�
%+1

Srxu o*ìwxgh gx uholhi vrxv iruph qxpìultxh ohv PQW ã julooh uìjxolëuh vrqw ohv soxv
frxudpphqw xwlolvìv1 Sdu udssruw dx{ WLQ ohv juloohv uìjxolëuhv rqw o*dydqwdjh g*dyrlu xqh
wrsrorjlh wuëv vlpsoh hw grqf ohxu xwlolvdwlrq lqirupdwltxh hvw ìoìphqwdluh +sdu h{hpsoh/
srxu xq srlqw grqqì oh fdofxo gx uhfwdqjoh hqfdgudqw hvw lppìgldw,1 Hq rxwuh/ o*ìfkdq0
wloorqqdjh uìvxowdqw gh od qxpìulvdwlrq ghv frxuehv gh qlyhdx q*hvw sdv dgdswìh ã od uh0
suìvhqwdwlrq gx whuudlq vrxv od iruph gh WLQ/ fdu fhwwh uhsuìvhqwdwlrq hvw wuëv gìshqgdqw
gh o*ìfkdqwloorqqdjh fkrlvlh > elhq ìylghpphqw/ ã od frqglwlrq g*dgdswhu oh sdv gh od julooh
dx soxv shwlw gìwdlo tx*rq yhxw uhsuìvhqwhu +txlwwh ã dxjphqwhu oh yroxph gh grqqìhv,/
ohv juloohv uìjxolëuhv shxyhqw gìfuluh/ frpph ohv WLQ/ q*lpsruwh txho whuudlq1 Ilqdohphqw/
hw rq oh yhuud xowìulhxuhphqw/ od pìwkrgh gh frqvwuxfwlrq gh od irqfwlrq M +od julooh ìodv0
wltxh, hvw/ srxu o*lqvwdqw/ xqltxhphqw irupdolvdeoh gdqv oh fdguh g*xqh julooh uìjxolëuh1 Hq
h�hw/ lo q*| d sdv ã qrwuh frqqdlvvdqfh/ gdqv od olwwìudwxuh/ xqh plvh hq rhxyuh gh fhwwh
whfkqltxh gdqv xqh julooh luuìjxolëuh1

Hq gì�qlwlyh/ qrxv vxssrvrqv txh oh PQW hvw grqqì vrxv od iruph g*xq pdloodjh
uìjxolhuP

�
gh sdv � +� : f, hw qrhxgv6

Sc,
' E%

S
c+

,
� gì�qlv gdqv oh sodq sdu o*lqwhuvhfwlrq

ghv ghx{ idploohv ruwkrjrqdohv gh gurlwhv =

%
S
' %

f
n S�c S ' �c � � � c� ( +

,
' +

f
n ,�c , ' �c � � � c�� +416,

Od irqfwlrq ME%c+� hvw vxssrvìh gì�qlh vrxv od iruph 5 g*xqh vrpph =

ME%c+� '
�[
S'�

�[
,'�

5
Sc,
T E

%� %
S

�
�T E

+ � +
,

�
� +417,

rü T E|� hvw xqh irqfwlrq frqwlqxh/ ã vxssruw eruqì/ sro|q÷pldoh gdqv fkdtxh lqwhuydooh
dScSn �o/ S hqwlhu/ hw whooh txh T Ef� ' �c T ES� ' f ;S 9' f1

51 Ghvljqdqw sdu {
f
@ fk hw |

o
@ ok o*h{suhvvlrq ghylhqw K+x>y, @

S
Q

f@4

S
P

o@4
}
f>o
Y +x
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� o,/
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o@4
}
f>o
Y +v� f,Y +w� o,/ dyhf v 5 ^f>f. 4` hw w 5 ^o>o . 4`1
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417 Sdvvdjh ghv frxuehv gh qlyhdx dx PQW pdlooì

Srxu dmxvwhu xqh irqfwlrq M/ gì�qlh vrxv od iruph 417/ vxu ghv frxuehv gh qlyhdx +hq
idlw ghv oljqhv sro|jrqdohv, txl vrqw ghv grqqìhv frqwlqxhv/ lo idxw g*derug vh udphqhu ã
xq ìfkdqwloorq �ql gh srlqwv1

Lo hvw qdwxuho gh suìohyhu fhv srlqwv vxu ohv frxuehv/ elhq hqwhqgx dyhf xq lqwhuydooh
gh suìoëyhphqw dvvh} shwlw srxu txh o*ìfkdqwloorq vrlw uhsuìvhqwdwli1 Ru/ frpswh whqx txh
od irqfwlrq M hvw gì�qlh vxu xq pdloodjh uìjxolhu/ fhw lqwhuydooh shxw íwuh gì�ql/ sdu
h{hpsoh/gh idêrq ã dyrlu dx prlqv xq srlqw hq fkdtxh pdlooh wudyhuvìh sdu xqh frxueh
gh qlyhdx grqqìh1 Hq soxv/ oh idlw gh frqvlgìuhu ohv frxuehv frpph ghv oljqhv sro|jrqdohv
qrxv shuphw g*xwlolvhu xqh lqwhusrodwlrq olqìdluh hq fkdtxh vhjphqw gh od oljqh sro|jrqdoh1

O*ìwdsh vxlydqwh gdqv od frqvwuxfwlrq gh od irqfwlrq M +f*hvw0ã0gluh oh PQW, hvw xq
sureoëph g*dssur{lpdwlrq = ìwdqw grqqì xq ìfkdqwloorq �ql S gh srlqwv gx whuudlq

S ' iE%�c+�c5�� ( � ' �c � � � c?j� +418,

rq fkhufkh od irqfwlrq M vrxv od iruph 417 txl gìfulw oh whuudlq uhsuìvhqwì sdu fhw ìfkdq0
wloorq1

Qrwrqv g*derug txh oh sureoëph g*lqwhusrodwlrqME%�c+�� ' 5� d shx g*xwlolwì fdu lo q*dv0
vxuh sdv xq uìvxowdw txho txh vrlw o*ìfkdqwloorq gh srlqwv1 Hq h�hw/ o*lqwhusrodwlrq q*hvw srv0
vleoh tx*h{fhswlrqqhoohphqw sxlvtx*hooh frqgxlw dx v|vwëph olqìdluh hq 3 ' E5��c � � � c5��
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fdu lo dgphw wrxmrxuv dx prlqv xqh vroxwlrq +Mxolhq/ 4<<7,1

Wrxwhirlv/ lo | d xqh lq�qlwì gh vroxwlrqv oruvtxh �� : ? +soxv gh qrhxgv txh gh
srlqwv,1 Hq h�hw/ vrlw M
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Grqf/ srxu glvsrvhu g*xqh pìwkrgh txl dvvxuh xqh vroxwlrq xqltxh txho txh vrlw
o*ìfkdqwloorq gh srlqwv/ rq grlw lpsrvhu ã od irqfwlrq ME%c+� gh vdwlvidluh xqh frqglwlrq
vxssoìphqwdluh1

Ohv gl�ìuhqwhv pìwkrghv tx*rq wurxyh gdqv od olwwìudwxuh shxyhqw vh fodvvhu hq irqf0
wlrq gx frpsruwhphqw gh od vxuidfh M hqwuh ohv srlqwv g*ìfkdqwloorqqdjh/ f*hvw0ã0gluh gx
prgëoh d sulrul gx whuudlq txh o*rq vh �{h1 Dfwxhoohphqw/ ohv pìwkrghv ohv soxv xwlolvìhv
vrqw ohv pìwkrghv gh uhfrqvwuxfwlrq sdu uìjxodulvdwlrq6/ whoohv txh ohv irqfwlrqv vsolqhv
g*dmxvwhphqw/ rü oh prgëoh d sulrul gx whuudlq d ghv fdudfwìulvwltxhv gìwhuplqlvwhv/ hw
ohv pìwkrghv gh nuljhdjh/ rü oh prgëoh d sulrul gx whuudlq d ghv fdudfwìulvwltxhv vwdwlv0
wltxhv1 Lfl/ qrxv qh qrxv lqwìuhvvrqv tx*dx{ pìwkrghv gìwhuplqlvwhv hw hq sduwlfxolhu fhoohv
shuphwwdqw gh frqvwuxluh ghv vxuidfhv dyhf xqh frqwlqxlwì/ dx prlqv/ ��1

Ilj1 415 � Rpeudjh g*xq PQW fdofxoì ã sduwlu ghv frxuehv gh qlyhdx hq xwlolvdqw od
pìwkrgh gh od julooh ìodvwltxh1

Ohv pìwkrghv gh uhfrqvwuxfwlrq sdu uìjxodulvdwlrq vhpeohqw pdlqwhqdqw dvvh} uìsdq0
gxhv/ qrwdpphqw ghsxlv o*rxyudjh +Julpvrq/ 4<;4,1 Sdupl fhv pìwkrghv ohv prgëohv gh
vxuidfh gx w|sh ìodvwltxh/ hq sduwlfxolhu od vsolqh sodtxh0plqfh +Gxfkrq/ 4<:9,/ vrqw wuëv

61 Hq suìvhqfh g*xq sureoëph pdo srvì rq dmrxwh dx fulwëuh ã rswlplvhu xq whuph gh uìjxodulvdwlrq
jdudqwlvvdqw o*xqlflwì gh od vroxwlrq1
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xwlolvìhv hq fduwrjudsklh hw wudlwhphqw g*lpdjhv +Whu}rsrxorv/ 4<;;> Pxudnl hw do1/ 4<<3>
Eljqrqh dqg Qrqlq/ 4<<8,1 Qrxv sduohurqv gh fhwwh pìwkrgh dx fkdslwuh 51 Glvrqv srxu
o*lqvwdqw tx*hooh vhuw ã dmxvwhu xqh vxuidfh � ìodvwltxh � +uljlgh/ pdlv vrxsoh, vxu o*ìfkdq0
wloorq grqqì gh srlqwv1 Od frqglwlrq g*ìodvwlflwì hvw ghvwlqìh hq suhplhu olhx ã hpsífkhu/
txho txh vrlw o*ìfkdqwloorq/ o*lqgìwhuplqdwlrq gx sureoëph > pdlv hooh d dxvvl o*dydqwdjh gh
irxuqlu xqh vxuidfh olvvh1

Gdqv oh fdguh gh fhwwh wkëvh qrxv glvsrvlrqv gìmã srxu od frqvwuxfwlrq ghv PQW g*xqh
pìwkrgh glwh � julooh ìodvwltxh � +G*Dxwxph/ 4<:;,1 Frpph rq oh yhuud xowìulhxuhphqw
od julooh ìodvwltxh hvw o*ìtxlydohqw glvfuhw gh od vsolqh sodtxh0plqfh1 Gh idêrq jìqìudoh/ ohv
PQW rewhqxv sdu fhwwh pìwkrgh vrqw � joredohphqw vdwlvidlvdqwv � ehdxfrxs g*xwlolvd0
wlrqv +ruwkrskrwrjudsklh/ dpìqdjhphqw,1 Hq h�hw/ od �jxuh 415 prqwuh o*rpeudjh g*xq
PQW fdofxoì ã sduwlu ghv frxuehv gh qlyhdx hq xwlolvdqw od pìwkrgh gh od julooh ìodvwltxh1
Rq frqvwdwh txh ohv iruphv uhsuìvhqwìhv sdu oh PQW vrqw yudlvhpeodeohv hw tx*lo q*| d sdv
g*duwìidfwv ylvleohv1

Ilqdohphqw/ uhpdutxrqv txh fhuwdlqv dxwhxuv +Kdele/ 4<<:> Odqfdvwhu dqg Vdondxvndv/
4<;9> Xwuhudv/ 4<:<, dx olhx g*dmxvwhu xqh irqfwlrqM vxu od wrwdolwì gx grpdlqh g*dssur{l0
pdwlrq/ suìiëuhqw glylvhu oh grpdlqh hq vrxv0grpdlqhv hw dmxvwhu hq fkdtxh vrxv0grpdlqh
xqh irqfwlrq M�1 Srxu dvvxuhu od frqwlqxlwì gh od irqfwlrq/ rx gh vhv gìulyìhv/ ghv frqgl0
wlrqv vxssoìphqwdluhv vrqw lpsrvìhv vxu ohv erugv1 Fhshqgdqw/ fhv pìwkrghv qh vrqw sdv
dgdswìhv ã ghv grqqìhv dyhf xqh uìsduwlwlrq qrq0krprjëqh frpph f*hvw oh fdv ghv frxuehv
gh qlyhdx1 Hq h�hw/ fhwwh uìsduwlwlrq shxw fuìhu ghv wurxv/ f*hvw0ã0gluh ghv vrxv0grpdlqhv
rü lo q*| d sdv dvvh} gh grqqìhv/ phwwdqw hq ìfkhf ohv pìwkrghv g*dmxvwhphqw1

418 Sdvvdjh gx PQW pdlooì dx{ frxuehv gh qlyhdx

Hq sulqflsh/ lo q*| d dxfxqh gl!fxowì wkìrultxh srxu fdofxohu ohv frxuehv gh qlyhdx
g*xq PQW> elhq vþu/ lo idxgud dx suìdodeoh glvfuìwlvhu oh PQW ã xq sdv wuëv �q gh
idêrq tx*rq sxlvvh dvvlplohu fkdtxh pdlooh gx PQW ã xqh idfhwwh sodqh1 Gdqv fh fdv/ od
gìwhuplqdwlrq gh od frxueh gh qlyhdx gh frwh 5 vh uìgxlw ã o*lqwhuvhfwlrq gx sro|ëguh dyhf
oh sodq krul}rqwdo gh frwh 51 Lo idxw uhpdutxhu txh oh sdv gh fhwwh glvfuìwlvdwlrq dx{loldluh
q*d dxfxqh uhodwlrq dyhf oh sdv gh od julooh vxu odtxhooh rq d gì�ql oh PQW1

Gdqv od sudwltxh/ oh fdofxo ghv frxuehv gh qlyhdx gh frwhv 5� +� ' �c � � � c?�/ gdqv xqh
pdwulfh g*dowlwxghv vh idlw hq ghx{ ìwdshv =

� Fdofxo ghv lqwhuvhfwlrqv ghv frxuehv gh qlyhdx dyhf ohv duíwhv gx pdloodjh1 Hq fkdtxh
pdlooh rq fdofxoh ohv vhjphqwv ghv frxuehv gh qlyhdx txl lqwhuvhfwhqw ohv duíwhv gh
od pdlooh1

� Fkdñqdjh ghv vhjphqwv1 Srxu fkdtxh dowlwxgh 5� ohv frxuehv gh qlyhdx +oljqhv sr0
o|jrqdohv, fruuhvsrqgdqwhv vrqw gì�qlhv sdu oh fkdñqdjh ghv vhjphqwv frqwljxv gh
frwh 5�1
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419 Dssuìfldwlrq gh o*ìtxlydohqfh = oh sureoëph ghv
frxuehv lqwhufdodluhv

Lo v*djlw pdlqwhqdqw gh yìul�hu vl oh prgëoh qxpìultxh frqvwuxlw ã sduwlu g*xq ìfkdq0
wloorq suìohyì vxu ohv frxuehv gh qlyhdx +gdqv qrwuh fdv oh PQW julooh ìodvwltxh, dlw ohv
píphv � sursulìwìv � txh oh prgëoh fduwrjudskltxh grqqì sdu ohv frxuehv gh qlyhdx hw
od uëjoh g*lqwhusrodwlrq 4141

Xqh frqglwlrq qìfhvvdluh srxu txh oh PQW vrlw ìtxlydohqw dx prgëoh fduwrjudskltxh
grqw lo hvw lvvx/ hvw txh ohv frxuehv gh qlyhdx gh gìsduw vrlhqw vxshusrvdeohv dx frxuehv gh
qlyhdx fruuhvsrqgdqwhv gx PQW1 Fhshqgdqw/ fhwwh frqglwlrq q*hvw sdv vx!vdqwh1 Hq h�hw/
lo shxw duulyhu txh ohv frxuehv gh qlyhdx lqwhufdodluhv gh od vxuidfh dmxvwìh qh uhvshfwhqw sdv
od iruph ghv frxuehv gh qlyhdx yrlvlqhv1 Gh whoohv frxuehv lqwhufdodluhv vrqw lqdffhswdeohv
fdu hoohv frqwuhglvhqw oh sulqflsh gx �jxuì hq frxuehv gh qlyhdx/ txl yhxw tx*rq sxlvvh
wrxmrxuv frqvlgìuhu txh od shqwh hqwuh ghx{ frxuehv qrupdohv rx lqwhufdodluhv hvw uìjxolëuh
+yrlu gì�qlwlrq 414,1

Srxu looxvwuhu fh sureoëph rq yd idluh dssho ã xqh vxuidfh gh v|qwkëvh1 Whqdqw frpswh
txh oh skìqrpëqh hvw sduwlfxolëuhphqw ylvleoh vxu ohv fuíwhv hw gdqv ohv wdozhjv rq d
fkrlvl xqh vxuidfh srxu odtxhooh ohv oljqhv fdudfwìulvwltxhv +fuíwhv hw wdozhjv, ìwdlhqw elhq
ìylghqwhv1 Gdqv od vxuidfh uhsuìvhqwìh gdqv �jxuh 416 od iruph ghv frxuehv gh qlyhdx hvw
grqqìh sdu

%E�� ' oE�� ULtEZ�� > +E�� ' oE�� t�?EZ�� dyhf oE�� ' � n
�

e
t�?E�DZ��

Ohv srlqwv vxu ohv oljqhv gh fuíwhv fruuhvsrqghqw dx{ pd{lpxpv gh od irqfwlrq oE��c hw ohv
srlqwv vxu ohv oljqhv gh wdozhj fruuhvsrqghqw dx plqlpxpv gh oE��1

Ohv �jxuhv 4160d hw 4160e prqwuhqw ohv frxuehv lqlwldohv +ìtxlglvwdqfh gh �f6, hw
o*ìfkdqwloorq suìohyì > od �jxuh 4160f prqwuh ohv frxuehv wudfìv vxu od vxuidfh dmxvwìh/ dyhf
ohv frxuehv lqwhufdodluhv wurs � whqgxhv � > od �jxuh 4160g prqwuh ohv frxuehv lqwhufdodluhv
+ìtxlglvwdqfh gh D6, uìjxolëuhphqw hperñwìhv tx*h{ljhudlw od orjltxh gx �jxuì hq frxuehv
gh qlyhdx1

Dlqvl/ o*ìfkdqwloorq gh od �jxuh 4160e dssdudñw vdwlvidlvdqw vl oh frqwu÷oh gh od vxuidfh
dmxvwìh +PQW, vh olplwh ã vxshusrvhu ohv frxuehv grqw rq hvw sduwl +�jxuh 4160d, dyhf
ohv frxuehv gh qlyhdx fruuhvsrqgdqwhv gh od vxuidfh +ohv frxuehv hq judv gh od �jxuh 4160
f, = od vxshusrvlwlrq hvw sduidlwh1 O*ìfkdqwloorq dssdudñw prlqv vdwlvidlvdqw vl rq wudfh ohv
frxuehv gh qlyhdx lqwhufdodluhv gh od vxuidfh dmxvwìh +frxuehv hq wudlw qrupdo gh od �jxuh
4160f, = fhoohv0fl vrqw soxv � whqgxhv � txh ohv frxuehv lqlwldohv +frxuehv hq judv,1 Hq h�hw/
frpph fhv frxuehv qh vrqw sdv sodfìhv ã ìjdoh glvwdqfh ghv frxuehv lqlwldohv hoohv prqwuhqw
tx*hq sduwlfxolhu vxu ohv oljqhv gh fuíwh hw wdozhj od ydohxu vfdodluh gh od shqwh q*hvw sdv
frqvwdqwh > grqf oh prgëoh fduwrjudskltxh uhsuìvhqwì sdu ohv frxuehv gh qlyhdx lqlwldohv
q*hvw sdv uhvshfwì sdu oh PQW julooh ìodvwltxh1

Fhv uìvxowdwv qrxv shuphwwhqw gh gluh tx*xqh frqglwlrq qìfhvvdluh hw vx!vdqwh srxu
tx*xqh pìwkrgh txhofrqtxh gh frqvwuxfwlrq g*xq PQW/ ã sduwlu ghv frxuehv gh qlyhdx/
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Ilj1 416 � Oh sureoëph ghv frxuehv lqwhufdodluhv gdqv od frqvwuxfwlrq g*xq PQW1 d,
Frxuehv lqlwldohv > e, Hfkdqwloorq suìohyì > f, Frxuehv qrupdohv +judv, hw lqwhufdodluhv
wudfìhv vxu od vxuidfh dmxvwìh > g, Ohv píphv frxuehv uhvshfwdqw oh �jxuì hq frxuehv gh
qlyhdx1

uhvshfwh oh prgëoh fduwrjudskltxh uhsuìvhqwì sdu fhv frxuehv/ hvw txh ohv frxuehv lqwhufd0
odluhv wudfìhv vxu oh PQW v*dffrughqw dyhf ohv frxuehv lqlwldohv1

Fhwwh frqglwlrq shxw íwuh ydolgìh sdu xq fdofxo doohu0uhwrxu frxuehv gh qlyhdx2PQW
+yrlu �jxuh 417, = ã sduwlu ghv frxuehv gh qlyhdx lqlwldohv ��� +glvrqv gh frwhv fcec2ec � � � c?e,/
rq fdofxoh xq suhplhu PQW hw rq gìulyh ohv frxuehv gh qlyhdx lqwhufdodluhv +gh frwhv
�

2
ec�

2
e � � � c2?3�

2
e�1 Hqvxlwh ã sduwlu gh fh mhx gh frxuehv rq fdofxoh xq ghx{lëph PQW hw

rq gìulyh ohv frxuehv gh qlyhdx gh frwhv fcec2ec � � � c?e +��s,/ f*hvw0ã0gluh gh píphv frwhv
txh ohv frxuehv lqlwldohv1 Vl ohv frxuehv gh qlyhdx �qdohv +��s , vrqw � vxshusrvdeohv �
dx frxuehv gh qlyhdx lqlwldohv +���, doruv od pìwkrgh gh frqvwuxfwlrq gx PQW uhvshfwh
oh prgëoh fduwrjudskltxh/ ã vdyrlu od uìjxodulwì gh od shqwh hqwuh ghx{ frxuehv gh qlyhdx
frqvìfxwlyhv1

Hq qìjoljhdqw/ elhq ìylghphqw/ od shuwh g*lqirupdwlrq gxh ã fkdtxh uì0ìfkdqwloorqqdjh/
o*ìfduw hqwuh ohv frxuehv lqlwldohv hw ohv frxuehv �qdohv qrxv grqqh xqh phvxuh gh txdolwì
0 txl v*dssoltxh ã od wrwdolwì gh od vxuidfh uhsuìvhqwìh sdu ohv frxuehv gh qlyhdx1 Soxv
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Ilj1 417 � Uhsuìvhqwdwlrq vfkìpdwltxh gh od frqglwlrq qìfhvvdluh hw vx!vdqwh +o*doohu0
uhwrxu FQ�PQW,1

suìflvìphqw/ rq shxw dgphwwuh txh �

2
0 hvw xqh hvwlpdwlrq +xq pdmrudqw, gh od txdolwì gx

PQW +��A� gh od �jxuh 417, frqvwuxlw ã sduwlu ghv frxuehv lqlwldohv sdu xqh pìwkrgh
g*lqwhusrodwlrq txhofrqtxh1

Qrwrqv/ �qdohphqw/ txh oh idlw gh fdofxohu oh PQW hq xwlolvdqw vhxohphqw ohv frxuehv
pìgldqhv/ f*hvw0ã0gluh ohv frxuehv gh frwhv �

2
ec�

2
e � � � c2?3�

2
ec qrxv sdudñw vx!vdqwh sdufh

txh o*duwìidfw revhuyì +yrlu �jxuh 416, hvw pd{lpdoh vxu fhv frxuehv +yrlu �jxuhv 7147 hw
7148, > hq frqvìtxhqfh/ vl o*duwìidfw hvw vxssulpì vxu fhv frxuehv pìgldqhv rq d wrxw olhx
gh furluh txh o*duwìidfw hvw vxssulpì vxu wrxwhv ohv frxuehv lqwhufdodluhv1

41: Remhfwliv gh od wkëvh hw gìpdufkh vxlylh

Remhfwliv =

Oh suhplhu remhfwli gh fhwwh wkëvh hvw gh vdyrlu frqvwuxluh xq PQW/ vrxv iruph g*xqh
julooh uìjxolëuh g*dowlwxghv/ txl vrlw ìtxlydohqw dx prgëoh gh vxuidfh uhsuìvhqwì sdu ohv
frxuehv gh qlyhdx +prgëoh fduwrjudskltxh, grqw oh PQW hvw lvvx1 Sdu ìtxlydohqw qrxv
hqwhqgrqv txh ohv ghx{ prgëohv frqwlhqqhqw � srwhqwlhoohphqw � od píph lqirupdwlrq/
tx*hooh vrlw h{solflwh frpph ohv frrugrqqìhv E%/ +/ 5� rx lpsolflwh frpph oh prghoì gx
whuudlq1

Oh ghx{lëph remhfwli frqvlvwh ã ydolghu qxpìultxhphqw fhwwh ìtxlydohqfh/ f*hvw0ã0gluh
ã wurxyhu ghv phvxuhv txl shuphwwurqw gh yìul�hu vl oh prgëoh fduwrjudskltxh uhsuìvhqwì
sdu ohv frxuehv gh qlyhdx hvw rx qrq uhvshfwì sdu oh PQW1
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Gìpdufkh =

Od orfdolvdwlrq ghv gìidxwv revhuyìv gdqv od �jxuh 416 lqgltxh tx*lo d pdqtxì vxu ohv
fuíwhv hw gdqv ohv wdozhjv ghv lqirupdwlrqv frqwudljqdqw o*dmxvwhphqw gh od vxuidfh1 Rq
shxw grqf vh grxwhu txh od fruuhfwlrq gh fhv gìidxwv yd sdvvhu sdu o*dssruw g*lqirupdwlrqv
vxssoìphqwdluhv uhodwlyhv dx prghoì gh whuudlq uhsuìvhqwì sdu ohv frxuehv gh qlyhdx gdqv
fhv uìjlrqv1

Gdqv oh fkdslwuh 5/ qrxv gìfulyrqv od pìwkrgh g*dssur{lpdwlrq/ od julooh ìodvwltxh/ xwl0
olvì gdqv od frqvwuxfwlrq ghv PQW pdlooìv ã sduwlu ghv frxuehv gh qlyhdx1 Fhwwh pìwkrgh/
sursrvìh sdu G*Dxwxph hq 4<:;/ ã ìwì prgl�ìh gh idêrq ã surgxluh xqh vxuidfh gh fodvvh
�� hw ã wudlwhu oh fdv vsìfl�txh rü o*ìfkdqwloorq hvw irupì sdu ghv frxuehv gh qlyhdx1

Hqvxlwh/ qrxv prqwurqv dx fkdslwuh 6 txh oh sureoëph ghv frxuehv lqwhufdodluhv shxw
íwuh uìvrox sdu o*dgglwlrq gdqv od julooh ìodvwltxh g*lqirupdwlrqv vxssoìphqwdluhv uhodwlyhv
dx{ gluhfwlrqv gh o*krul}rqwdoh hw dx{ oljqhv gh fuíwh hw wdozhj1 Gdqv fh fkdslwuh qrxv
prqwurqv dxvvl txh fhv lqirupdwlrqv shxyhqw íwuh h{wudlwhv dxwrpdwltxhphqw fdu hoohv
�jxuhqw gìmã/ vrlw h{solflwhphqw srxu ohv gluhfwlrqv gh o*krul}rqwdo/ vrlw lpsolflwhphqw
srxu ohv oljqhv gh fuíwh hw wdozhj/ gdqv ohv frxuehv gh qlyhdx1

Gdqv oh fkdslwuh 7 qrxv qrxv lqwìuhvvrqv ã o*ìydoxdwlrq qxpìultxh gh o*ìtxlydohqfh
hqwuh oh prgëoh fduwrjudskltxh hw oh prgëoh qxpìultxh1 Soxv suìflvìphqw/ qrxv suìwhq0
grqv yìul�hu vl oh prghoì gh whuudlq gì�ql sdu o*lqwhusrodwlrq olqìdluh vxlydqw od oljqh gh
soxv judqgh shqwh hqwuh ghx{ frxuehv gh qlyhdx frqvìfxwlyhv hvw uhvshfwì sdu oh prgëoh
qxpìultxh1 Od gìpdufkh vxlylh frqvlvwh ã h{solflwhu oh prghoì gh whuudlq uhsuìvhqwì gdqv
oh PQW sdu o*lqwhupìgldluh ghv frxuehv gh qlyhdx lqwhufdodluhv wudfìhv vxu od vxuidfh qx0
pìultxh1 Hq h�hw/ qrxv prqwurqv txh vl fh prghoì hvw uhvshfwì sdu oh prgëoh qxpìultxh
ohv judskhv gh od irqfwlrq orqjxhxu hw frxuexuh pr|hqqh ghv frxuehv gh qlyhdx lqwhufd0
odluhv wudfìv vxu oh PQW ghyudlhqw íwuh/ hq jìqìudo/ olqìdluhv hq fkdtxh wudqfkh gx whuudlq
frpsulvh hqwuh ghx{ frxuehv gh qlyhdx frqvìfxwlyhv1 Hq�q/ qrxv prqwurqv tx*rq shxw
gìwhfwhu gh idêrq vlpsoh vl xqh vxuidfh suìvhqwh rx qrq ghv duwhidfwv olìv dx qrq0uhvshfw
gx prgëoh fduwrjudskltxh/ hq frqiurqwdqw ohv orqjxhxuv ghv frxuehv gh qlyhdx lqlwldohv hw
ghv lqwhufdodluhv1



Fkdslwuh 5

Ghvfulswlrq hw plvh hq rhxyuh gh od
julooh ìodvwltxh

Qrxv dyrqv yx/ gdqv oh fkdslwuh 4/ txh srxu dmxvwhu xqh irqfwlrq ME%c+�/ gì�qlh gdqv
xq pdloodjh uìjxolëuh P�/ vxu xq ìfkdqwloorq �ql gh srlqwv S rq grlw lpsrvhu ã od vxuidfh
M ghv frqglwlrqv vxssoìphqwdluhv1

Ilj1 514 � Frqglwlrqv vxssoìphqwdluhv +fdv xqlglphqvlrqqho,1 d, Dowlwxgh plqlpdoh1 e,
Shqwh plqlpdoh1 f, Frxuexuh plqlpdoh

Od �jxuh 514 looxvwuh txhotxhv frqglwlrqv srvvleohv srxu oh fdv xqlglphqvlrqqho gh od
irqfwlrq M = od frxueh gh od �jxuh 5140d ã ìwì dmxvwì sdu plqlplvdwlrq gx fulwëuh dowlwxgh
plqlpdo soxv suìflvìphqw nMn2

4�?
> od frxueh 5140e sdu plqlplvdwlrq gx fulwëuh nM �n2

4�?

+shqwh plqlpdo, > od frxueh 5140f sdu plqlplvdwlrq gx fulwëuh nM ��n2
4�?

+sdu dexv gh odq0
jdjh rq glw frxuexuh plqlpdo,1 Gdqv ohv ghx{ suhplhuv h{hpsohv/ ohv iruphv gh whuudlq
uhfrqvwuxlwhv sdu ohv fulwëuhv g*dowlwxgh hw shqwh plqlpdo vrqw gdqv od uìdolwì shx yudl0
vhpeodeohv1 Sdu frqwuh/ od plqlplvdwlrq g*xq fulwëuh gh frxuexuh frqgxlw ã ghv iruphv gh
whuudlq yudlvhpeodeohv 7 hw elhq dgdswìhv dx w|sh gh prgìolvdwlrq gx uholhi tx*rq vrxkdlwh
srxu ohv pr|hqqhv ìfkhoohv +yrlu dxvvl �jxuh 415,1

71 G*dloohxuv/ +Kxwfklqvrq/ 4<;<, dydlw dxvvl uhpdutxì txh fh fulwëuh ìwdlw dssursulì ã od prgìolvdwlrq
ghv vxuidfhv wrsrjudskltxhv1

45
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514 Ghvfulswlrq gh od pìwkrgh ruljlqhooh g*Dxwxph

G*Dxwxph hq 4<:; d jìqìudolvì fhwwh frqglwlrq gh frxuexuh plqlpdoh srxu xqh irqfwlrq
M ã ghx{ yduldeohv hw grqqìh vxu xqpdloodjh uìjxolhu +G*Dxwxph/ 4<:;,1 Od julooh ìodvwltxh
gh g*Dxwxph shxw íwuh dxvvl gì�qlh sdu od irqfwlrq ME%c+� txl plqlplvh od txdqwlwì

.�EM� ' .
frxuexuh

EM� n .
hfkdqwloorq

EM�/ +514,

rü

.
hfkdqwloorq

EM� '
?[
�'�

�
�

dME%
�

c+
�

�� 5
�

o2 +515,

hw

.
frxuexuh

EM� '
�3�[
S'2

�[
,'�

E5
S3�c, � 25

Sc,

n 5
Sn�c,�

2 n
�[
S'�

�3�[
,'2

E5
Sc,3� � 25

Sc,

n 5
Sc,n��

2 � +516,

Gdqv o*h{suhvvlrq 515/ M hvw xqh irqfwlrq elolqìdluh sdu prufhdx{ +yrlu Vhfwlrq 5161514,/
hw oh sdudpëwuh �

�

hvw xq srlgv srvlwli +�
�

: f, dvvrflì dx srlqw E%
�

c+
�

c5
�

�1

Ilj1 515 � Lqwhusuìwdwlrq pìfdqltxh gh od julooh ìodvwltxxh

Oh qrp gh julooh ìodvwltxh ylhqw gh o*lqwhusuìwdwlrq sk|vltxh tx*rq shxw grqqhu gh
od pìwkrgh +yrlu �jxuh 515,1 Rq frqvlgëuh txh oh pdloodjh hvw pdwìuldolvì sdu ghv wljhv
uljlghv uholìhv ìodvwltxhphqw hqwuh hoohv sdu ghv uhvvruwv txl whqghqw/ hq devhqfh ghv irufhv
h{wìulhxuhv/ ã ohv pdlqwhqlu doljqìhv1 Hq fkdtxh qrhxg rq d ghx{ uhvvruwv/ xq gdqv oh vhqv
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orqjlwxglqdo hw xq gdqv oh vhqv wudqvyhuvdo1 .
frxuexuh

EM� uhsuìvhqwh o*ìqhujlh gh  h{lrq gh
fhw dvvhpeodjh1 G*dxwuh sduw/ od vxuidfh �fwlyh dssx|ìh vxu fhw dvvhpeodjh hvw uholìh dx{
srlqwv gh o*ìfkdqwloorq sdu ghv uhvvruwv yhuwlfdx{ gh udlghxuv ��1 Oh whuph .hfkdqwloorq uh0
suìvhqwh o*ìqhujlh ìodvwltxh gh fhv uhvvruwv1 Od vxuidfh fkhufkìh ME%c+� hvw dwwhlqwh oruvtxh
o*ìqhujlh wrwdoh hvw plqlpdoh/ f*hvw0ã0gluh oruvtxh o*dvvhpeodjh hvw hq srvlwlrq g*ìtxloleuh1

515 Od pìwkrgh gh od vsolqh sodtxh0plqfh

51514 Frxuexuh joredoh g*xqh vxuidfh

Dgphwwrqv txh od irqfwlrq ME%c+� hvw xqh uhsuìvhqwdwlrq h{solflwh g*xqh vxuidfh gh
fodvvh �21 Qrwrqv sdu V� hw V2 ohv frxuexuhv sulqflsdohv hq E%c+� gh fhwwh vxuidfh1

Frpph phvxuhv srvvleoh gh od frxuexuh rq srxuudlw shqvhu ã xwlolvhu/ vrlw od frxuexuh
wrwdoh +rx frxuexuh gh Jdxvv,

x ' V� � V2
vrlw od frxuexuh pr|hqqh

[ '
�

2
EV� n V2�(

hq xwlolvdqw ohv qrwdwlrqv gh +R*Qhloo/ 4<<:, rq d =

x '
u� ��2

.C� 8 2
c [ '

�

2

�. � 2�8 n uC

.C� 8 2

rü

. ' � nM2

%
( C ' � nM2

+
( � ' �

(
M%+

8 ' M%M+ ( u ' �

(
M%% ( � ' �

(
M++

hw (2 ' .C� 8 2 ' � nM2

%
nM2

+
�

Ru/ ohv txdqwlwìv x hw [ shxyhqw v*dqqxohu píph srxu xqh vxuidfh frxueìh hw grqf qh
uhqghqw sdv wrxmrxuv frpswh g*xqh frxuexuh gh od vxuidfh1

Xqh phvxuh soxv glvfulplqdqwh gh od frxuexuh hvw uhsuìvhqwì sdu o*h{suhvvlrq =

V2
�
n V2

2
� +517,

Fhwwh txdqwlwì txl d xqh h{suhvvlrq frpsoh{h srxu od vxuidfh M hvw qìdqprlqv vlpsoh
srxu od vxuidfh M ' M � A / ìfduw hqwuh od vxuidfh M hw vrq sodq wdqjhqw A 1 Hq h�hw/ hq
xq srlqw E%fc+f� o*ìtxdwlrq gh fhwwh vxuidfh hvw

ME%c+� ' ME%c+��ME%fc+f��M%E%fc+f� � E%� %f��M+E%fc+f� � E+ � +f�



5151 Od pìwkrgh gh od vsolqh sodtxh0plqfh 48

g*rü

M%E%fc+f� ' M+E%fc+f� ' fc

M%%E%fc+f� ' M%%E%fc+f� hw M++E%fc+f� ' M++E%fc+f��

Grqf/ srxu od vxuidfh M dx srlqw E%
f
c+
f
� rq d =

V2
�

n V2
2

' M2

%%
n 2M2

%+
nM2

++

Od txdqwlwì V2
�

n V2
2

hvw d sulrul uhodwlyh ã od vxuidfh M1 Fhshqgdqw o*ìfduw ME%c+�
frqwlhqw hq idlw wrxwh o*lqirupdwlrq gh frxuexuh gh od vxuidfh M ' M n A fdu oh sodq A
q*d sdu gì�qlwlrq dxfxqh frxuexuh1 Lo hvw grqf oìjlwlph gh phvxuhu od frxuexuh gh M sdu
fhooh gh M1

Ilqdohphqw/ lo hvw udlvrqdeoh gh phvxuhu od frxuexuh joredoh gh od vxuidfh M sdu =

gEM� '

]] �
M2

%%
n 2M2

%+
nM2

++

�
_%_+ +518,

Uhpdutxrqv txh fhwwh txdqwlwì hvw lqyduldqwh sdu urwdwlrq gx uhsëuh/ fdu V2
�

n V2
2

hvw
xqh fdudfwìulvwltxh jìrpìwultxh gh od vxuidfh/ lqgìshqgdqwh g*xq uhsëuh1 Rq shxw dxvvl
yìul�hu gluhfwhphqw txh od irqfwlrq M2

%%
n2M2

%+
nM2

++
hvw lqyduldqwh sdu urwdwlrq gx uhsëuh

gh frrugrqqìhv/ f*hvw0ã0gluh sdu fkdqjhphqw gh yduldeohv =�
%
+

�
' -

�
%
�

+
�

�
dyhf - '

�
ULt w � t�? w
t�? w ULt w

�
�

Hq h�hw vl X hvw od irqfwlrq gì�qlh sdu XE%
�
c+
�
� ' ME%

�
ULt w�+

�
t�? wc%

�
t�? wn+

�
ULt w� '

ME%c+�/ ohv gìulyìhv vhfrqghv gh M hq E%c+� hw gh X hq E%
�
c+
�
� vrqw uholìhv sdu ghv frqgl0

wlrqv txl v*ìfulyhqw vrxv od iruph pdwulflhooh =�
X%%E%�c+�� X%+E%�c+��
X%+E%�c+�� X++E%�c+��

�
' -A

�
M%%E%c+� M%+E%c+�
M%+E%c+� M++E%c+�

�
-�

Hq ìohydqw dx fduuì hw hq suhqdqw ohv wudfhv 8/ rq rewlhqw =

X2
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%+
E%c+� nM2

++
E%c+�c

fh txl surxyh txh od irqfwlrq M2

%%
n 2M2

%+
nM2

++
hvw lqyduldqwh sdu urwdwlrq1

51515 Vsolqh sodtxh0plqfh g*dmxvwhphqw

Gxfkrq ã gìprqwuì +Gxfkrq/ 4<:9, txh srxu xq ìfkdqwloorq �ql gh srlqwv S '
iE%�c+�c5��c � ' �c � � � c?j od irqfwlrq 7bE%c+� txl uhqgh plqlpdo xqh txdqwlwì

b

] ]
E72

%%
n 272

%+
n 72

++
�_%_+ n

?[
�'�

E7bE%�c+��� 5��
2 Eb : f� +519,

81 Od wudfh g*xqh pdwulfh fduuìh hvw od vrpph ghv ìoìphqwv gldjrqdx{
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hvw xqltxh/ gh od iruph

7bE%c+� '
?[
�'�

@�g�E%c+� n @?n� n @?n2%n @?n�+ +51:,

dyhf

g�E%c+� ' _2
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E%c+� *?E_�E%c+�� rü _� '
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E%� %��2 n E+ � +��2c
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@� ' fc
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�'�

@�E%�c+�� ' fc

hw yìul�h o*ìtxdwlrq

HZ@�bn 7bE%�c+�� ' 5�c � ' �c � � � c?

Od irqfwlrq 7bE%c+� hvw dsshoìh vsolqh sodtxh0plqfh sdufh txh o*lqwìjudoh
U U

E72
%%

n
272

%+
n 72

++
�_%_+c txl hvw xqh phvxuh gh od frxuexuh joredoh gh od vxuidfh/ hvw dxvvl xqh

dssur{lpdwlrq gh o*ìqhujlh gh  h{lrq gh od sodtxh plqfh lq�qlh g*ìtxdwlrq 5 ' 7bE%c+�1

Oh sdudpëwuh b +b : f, �{h o*lpsruwdqfh uhodwlyh tx*rq yhxw grqqhu ã od uìjxodulwì gh
7 +olvvdjh, sdu udssruw ã o*dmxvwhphqw gh 7 vxu ohv srlqwv1

Od gìwhuplqdwlrq gh od irqfwlrq vsolqh/ f*hvw0ã0gluh ohv fdofxo ghv frh!flhqwv @�/ � '
�c � � � c?n �/ lpsoltxh od uìvroxwlrq gx v|vwëph olqìdluh
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hw W od pdwulfh lghqwlwì g*ruguh ?1

G*xq srlqw gh yxh wkìrultxh od vsolqh sodtxh0plqfh shxw vhpeohu suìiìudeoh ã od julooh
ìodvwltxh/ fdu fhooh0fl q*hvw tx*xqh dssur{lpdwlrq glvfuëwh gh od vsolqh sodtxh0plqfh +yrlu
vhfwlrq 51614,1
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Fhshqgdqw/ oh fdofxo qxpìultxh gh od vsolqh sodtxh0plqfh srvh txhotxhv sureoëphv
qrq0qìjoljhdeohv1 Hq h�hw/ od uìvroxwlrq gx v|vwëph olqìdluh 51; hvw shx vìgxlvdqwh/ txdqg
oh qrpeuh gh srlqwv ? frpphqfh ã íwuh wuëv judqg +Glhufn{/ 4<<8, > gdqv od sudwltxh txdqg
? hvw vxsìulhxu 9 ã �ff1 Hq rxwuh/ od pdwulfh D hvw sohlqh hw pdo frqglwlrqqìh > qrwrqv sdu
h{hpsoh txh gdqv oh fdv gh b $ f ohv whuphv vxu od gldjrqdoh vrqw qxov hw dxjphqwhqw
vl rq v*ìorljqh gh od gldjrqdoh fdu od irqfwlrq g�E%c+� hvw udslghphqw furlvvdqwh dyhf od
glvwdqfh _�1

Xq dxwuh lqfrqyìqlhqw gh od vsolqh sodtxh plqfh hvw tx*hooh qh shuphw sdv o*lqwurgxfwlrq
ghv oljqhv gh uxswxuh/ f*hvw0ã0gluh ghv oljqhv gh glvfrqwlqxlwìv gh od irqfwlrq 7E%c+�/ ql
o*dgglwlrq ghv qrxyhdx{ fulwëuhv gh plqlplvdwlrq1

Dxvvl/ srxu wrxwhv fhv udlvrqv/ rq d gìflgì g*xwlolvhu od julooh ìodvwltxh gdqv od frqvwuxf0
wlrq ghv PQW ã sduwlu ghv frxuehv gh qlyhdx1

516 Dpìolrudwlrqv gh od julooh ìodvwltxh

Ohv prgl�fdwlrqv dssruwìhv ã od julooh ìodvwltxh frqvlvwhqw/ g*xqh sduw/ ã udssurfkhu
ohv fdudfwìulvwltxhv jìrpìwultxhv gh od irqfwlrq M/ +gìulydelolwì/ frxuexuh, gh fhoohv gh
od irqfwlrq vsolqh sodtxh0plqfh 7E%c+� > g*dxwuh sduw ã dgdswhu od pìwkrgh dx{ grqqìhv
g*hqwuìh/ f*hvw0ã0gluh ohv frxuehv gh qlyhdx hw ohv srlqwv f÷wìv pruskrorjltxhv : +vrpphwv/
frov hw fxyhwwhv,1

51614 Frxuexuh lqyduldqwh sdu urwdwlrq gx uhsëuh

Oh fulwëuh gh frxuexuh plqlplvì sdu od pìwkrgh vsolqh sodtxh0plqfh hvw lvrwursh/ f*hvw0
ã0gluh lqyduldqw sdu urwdwlrq gx uhsëuh > od plqlplvdwlrq gh od frxuexuh gh od vxuidfh vhud
grqf lqgìshqgdqwh gx uhsëuh fkrlvl1

Srxu grwhu od julooh ìodvwltxh g*xq fulwëuh gh frxuexuh lvrwursh lo idxw glvfuìwlvhu o*h{0
suhvvlrq gh od frxuexuh pr|hqqh jìrpìwultxh txl hvw grqqìh sdu 5181

Dssur{lpdwlrq glvfuëwh gh od frxuexuh =

O*h{suhvvlrq 518 vxssrvh ME%c+� gh fodvvh �21 Gdqv oh fdv g*xqh vxuidfh frqwlqxh pdlv
qrq ghx{ irlv gìulydeoh/ od frxuexuh dx vhqv pdwkìpdwltxh q*h{lvwh sdv1 Qìdqprlqv/ rq
shxw fkhufkhu ã phvxuhu xqh frxuexuh dx vhqv g*xq gìidxw gh sodqìlwì hq dssur{lpdqw
o*h{suhvvlrq M2

%%
n2M2

++
nM2

%%
sdu gl�ìuhqfhv �qlhv1 Hq h�hw/ hq dssoltxdqw od irupxoh gh

91 Srxu qrxv q @ 433 uhsuìvhqwh xqh shwlwh }rqh1
:1 O*lqvhuwlrq ghv srlqwv frwìv gdqv od julooh ìodvwltxh hvw idlwh hq xwlolvdqw o*h{suhvvlrq 5151
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Frpph ohv lqwìjudohv shxyhqw v*dssurfkhu sdu ghv vrpphv gh Ulhpdqq/ o*h{suhvvlrq 518
v*dssur{lph sdu =
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Fhwwh txdqwlwì/ txl vhud dxvvl xwlolvìh srxu phvxuhu od frxuexuh joredoh g*xqh vxuidfh M
frqwlqxh pdlv qrq gìulydeoh/ hvw grqf lqyduldqwh sdu urwdwlrq gx uhsëuh > sdu frqwuh/ oh
fulwëuh gh frxuexuh plqlplvì sdu g*Dxwxph qh o*hvw sdv1

51615 Prgëoh elfxeltxh sdu prufhdx{

Oh prgëoh gh vxuidfh xwlolvì sdu g*Dxwxph ìwdlw xq prgëoh elolqhdluh sdu prufhdx{
gh fodvvh �f1 Fh prgëoh q*hvw sdv xwlolvdeoh gdqv ohv dssolfdwlrqv ghv PQW txl irqw
lqwhuyhqlu ohv gìulyìhv suhplëuhv gh od irqfwlrq ME%c+�1 Hq h�hw/ ehdxfrxs g*dssolfdwlrqv
fduwrjudskltxhv/ whoohv txh oh fdofxo ghv fduwhv gh shqwh hw g*hvwrpsdjh/ irqw lqwhuyhqlu oh
fdofxo gh od shqwh hw gh o*rulhqwdwlrq gh od shqwh +Krgjvrq dqg Jd|oh/ 4<<<,1

Lo idxw grqf grwhu od julooh ìodvwltxh g*xq prgëoh gh vxuidfh gh fodvvh ��1 Dsuëv od
suìvhqwdwlrq gx prgëoh elolqhdluh xwlolvì sdu g*Dxwxph/ qrxv doorqv gìwdloohu oh prgëoh
elfxeltxh txl shuphw gh frqvwuxluh xqh vxuidfh ��1
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5161514 Vxuidfh elolqìdluh

Od vxuidfh hvw gì�qlh sdu +yrlu Dqqh{h D,
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5161515 Vxuidfh elfxeltxh

Srxu dyrlu xqh frqwlqxlwì �� rq xwlolvh oh prgëoh gh vxuidfh elfxeltxh sdu prufhdx{
gì�ql sdu +yrlu Dqqh{h D,
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rü L �E|� hvw od irqfwlrq lpsdluh +L �E�|� ' �L �E|�, grqqìh sdu
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51616 Frqwudlqwhv0lqìjdolwìv vxu o*dowlwxgh ghv qrhxgv

Oh idlw g*dyrlu xq ìfkdqwloorq irupì sdu ghv frxuehv gh qlyhdx qrxv shuphw g*lqwurgxluh
ghv frqwudlqwhv vxu o*dowlwxgh ghv qrhxgv gh od julooh1 Hq h�hw/ srxu fkdtxh qrhxg lo hvw
wrxmrxuv srvvleoh gh gìwhuplqhu ohv ghx{ frxuehv gh qlyhdx txl o*hqfdguhqw +yrlu �jxuh 516,1
Grqf/ qrxv lpsrvrqv ã od vxuidfh ME%c+� gh vdwlvidluh hq fkdtxh qrhxg 6
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ESc,� vrqw ohv dowlwxghv ghv ghx{ frxuehv hqfdgudqw oh qrhxg1

517 Fkrl{ ghv srlgv

Oh fkrl{ ghv ydohxuv ghv srlgv �
�

hvw xq dvshfw lpsruwdqw gh od pìwkrgh gh od julooh
ìodvwltxh1 Hq h�hw/ frpph od irqfwlrq g*dmxvwhphqw ME%c+� hvw gì�qlh sdu od sursulìwì
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� sdu udssruw
dx{ dxwuhv/ pdlv dxvvl o*lpsruwdqfh gx fulwëuh g*dmxvwhphqw gh o*ìfkdqwloorq .hfkdqwloorq sdu
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Ilj1 516 � Frqwudlqwhv0lqìjdolwìv vxu o*dowlwxgh ghv qrhxgv � r �1

udssruw dx fulwëuh gh frxuexuh .
frxuexuh

1 Srxu glvvrflhu fhv ghx{ u÷ohv lo hvw suìiìudeoh
g*ìfuluh

.�EM� ' b
?[

�'�

>
�
dME%�c+��� 5�o

2 n .
frxuexuh

EM� dyhf
?[

�'�

>
�
' �� +514;,

b �{h o*lpsruwdqfh gx fulwëuh
S

�
>
�
EME%�c+��� 5��

2 sdu udssruw dx fulwëuh .
frxuexuh

1

Uhpdutxrqv g*derug txh gdqv oh fdv wkìrultxh rü fkdtxh srlqw g*ìfkdqwloorq S hvw
vìohfwlrqqì dyhf vrlq/ gh idêrq ã íwuh oh soxv uhsuìvhqwdwli srvvleoh/ vdqv uhgrqgdqfh dyhf
vhv yrlvlqv/ hw phvxuì sdu xqh pìwkrgh gh suìflvlrq frqqxh fkl�uìh sdu xq ìfduw0w|sh j�/
xq srlgv

�� '
�*j2

�S
?

�'�
�*j2

�

hvw qdwxuho1

51714 Srlgv uhodwliv

Oh sureoëph gh uìsduwlu ohv srlgv uhodwliv �� vh srvh gdqv oh fdv rü o*ìfkdqwloorq S hvw
frqvwlwxì sdu ghv srlqwv suìohyìv vxu ghv frxuehv gh qlyhdx +ìyhqwxhoohphqw dvvruwlv gh
srlqwv vxssoìphqwdluhv/ yrlu fkdslwuh 6,1 Oh fkrl{ oh soxv vlpsoh hvw elhq vþu gh grqqhu oh
píph srlgv >

�
ã wrxv ohv srlqwv1 Fh fkrl{ q*hvw sdv vdwlvidlvdqw fdu od uìsduwlwlrq ghv srlqwv

gh o*ìfkdqwloorq shxw íwuh kìwìurjëqh/ hq udlvrq gh od uìsduwlwlrq luuìjxolëuh ghv frxuehv/
hw ghv yduldwlrqv gh o*lqwhuydooh gh suìoëyhphqw oh orqj ghv frxuehv1 Ghv srlgv xqliruphv
ihudlhqw gìylhu od irqfwlrq g*dmxvwhphqw M yhuv ohv sruwlrqv gh whuudlq ìfkdqwloorqqìhv
�qhphqw/ fh txl hvw lqdffhswdeoh/ fdu M q*d dxfxqh udlvrq g*íwuh d�hfwìh sdu oh sdv
g*ìfkdqwloorqqdjh1 Srxu ìylwhu fhw lqfrqyìqlhqw/ lo idxw grqf txh ohv srlgv >

�
vrlhqw idleohv

oã rü o*ìfkdqwloorq hvw ghqvh/ hw iruwv oã rü o*ìfkdqwloorq hvw fodluvhpì1 Hq g*dxwuhv whuphv
xq srlgv >

�
grlw íwuh idleoh oruvtxh oh srlqw R� ' E%�c+�� hvw uhsuìvhqwdwli g*xqh uìjlrq ��

shwlwh/ hw iruw oruvtxh oh srlqw hvw uhsuìvhqwdwli g*xqh uìjlrq �� soxv ydvwh1 Fhfl dpëqh ã
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srvhu txh >
�
hvw xqh irqfwlrq furlvvdqwh gh o*dluh m��m gh od uìjlrq �� =

>
�
' sEm��m��

Hq rxwuh fhwwh irqfwlrq s qh shxw íwuh txh olqìdluh/ fdu vl rq uìxqlw ghx{ uìjlrqv frqwljxîv
��/ �� hq xqh vhxoh �� ^ ��/ oh srlgv gh od uìxqlrq grlw íwuh od vrpph ghv srlgv =

sEm��mn m��m� ' >
�
n >

�
' sEm��m� n sEm��m��

Dlqvl

>
�
' Vm��m

hw od frqglwlrq gh qrupdolvdwlrq
S

>
�
' � lpsrvh

V ' �*
[

m��m�

Lo uhvwh ã suìflvhu fh tx*hvw od uìjlrq �� uhsuìvhqwìh sdu oh srlqw R�1 Lo hvw qdwxuho gh od
gì�qlu frpph fhooh gh o*hqvhpeoh ghv srlqwv R txl vrqw soxv surfkhv gh R� txh ghv dxwuhv
srlqwv R�1 Rq vdlw txh fhw hqvhpeoh hvw xq sro|jrqh T�/ hw txh od idplooh iT�( � ' �c � � � c?j
iruph oh � gldjudpph gh Yrurqrò � dvvrflì dx{ srlqwv R�1

Od �jxuh 517 prqwuh xq h{wudlw g*xq gldjudpph gh Yrurqrl dvvrflì ã xq ìfkdqwloorq
gh srlqwv lvvx ghv frxuehv gh qlyhdx1 Rq shxw revhuyhu txh ohv srlgv ghv srlqwv � � �
vrqw uìsduwlv hq irqfwlrq gh od ghqvlwì ghv frxuehv gh qlyhdx = soxv od shqwh hvw iruwh soxv
ohv srlgv vrqw shwlwv1

Ilj1 517 � Fkrl{ ghv srlgv uhodwliv �� ghv srlqwv ghv frxuehv gh qlyhdx1

Hq uìvxpì/ xq v|vwëph frkìuhqw gh srlgv �� qrxv vhpeoh ghyrlu íwuh gì�ql sdu =

�� ' b
mT�mS
?

�'�
mT�m +514<,

rü mT�m hvw o*dluh gx sro|jrqh T�1
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51715 Frh!flhqw gh olvvdjh

Oh sdudpëwuh b +b : f, �{h o*lpsruwdqfh uhodwlyh tx*rq yhxw grqqhu ã od uìjxodulwì gh
M +olvvdjh, sdu udssruw ã o*dmxvwhphqw gh M vxu ohv srlqwv > grqf rq o*dsshooh frh!flhqw
gh olvvdjh1

915892 916792 917692
3132841

3133291

3133741

  a)
915892 916792 917692

3132841

3133291

3133741

  b)
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  c)
915892 916792 917692

3132841
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  d)

915892 916792 917692
3132841

3133291

3133741

  e)
915892 916792 917692

3132841

3133291

3133741

  f)

Ilj1 518 � Lq xhqfh gx sdudpëwuh b gdqv od julooh ìodvwltxh1 d, Frxuehv gh qlyhdx gh
gìsduw1 e0i, Frxuehv gx PQW fdofxoì dyhf b ' �f3�/ �f/ �f�/ �fD/ �fH uhvshfwlyhphqw1

G*xq srlqw gh yxh wkìrultxh/ vl b ' f wrxw oh sodq hvw xq plqlpxp gh .�EM� > vl b hvw
wuëv judqg od plqlplvdwlrq gh .�EM� vhud grplqì sdu oh fulwëuh b

S
�
>
�
EME%�c+���5��

2 txl
dwwhlqw vd ydohxu plqlpxp oruvtxh 5� ' ME%�c+��� Gdqv od sudwltxh oh fkrl{ gh od ydohxu b
hvw idlw pdqxhoohphqw/ sdu ghv dssur{lpdwlrqv vxffhvvlyhv/ hw gh idêrq ã txh o*ìfduw hqwuh
ohv frxuehv lqlwldohv hw ohv frxuehv PQW gh píphv frwhv vrlw oh soxv idleoh srvvleoh1

Od �jxuh 518 prqwuh o*lq xhqfh gx sdudpëwuh b gdqv oh olvvdjh gh od vxuidfh1 Od �jxuh
5180d prqwuh ohv frxuehv gh qlyhdx lqlwldohv vxu ohvtxhoohv rq d dmxvwì ghv vxuidfhv fruuhv0
srqgdqw ã gl�ìuhqwhv ydohxuv gh b +e0i,1 Od frpsdudlvrq ghv frxuehv gh qlyhdx ghv �jxuhv
5180e d 5180h lqgltxh tx*rq shxw dmxvwhu gh idêrq vdwlvidlvdqwh xqh vxuidfh sdu od julooh
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ìodvwltxh vxu xq odujh lqwhuydooh ghv ydohxuv b +f*hvw0ã0gluh b 5 d�f�/�fDo/ fruuhvsrqgdqw
dx{ �jxuhv g hw h,1 Uhpdutxrqv/ fhshqgdqw/ txh oh fkrl{ g*xqh ydohxu h{fhvvlyh srxu b
frqgxlw ã o*dssdulwlrq gh shwlwv vrpphwv hw gh shwlwhv fxyhwwhv jíqdqw od ghvfulswlrq gh
od vxuidfh1

518 Plqlplvdwlrq gx fulwëuh H+K,

Oh PQW julooh ìodvwltxh/ gì�ql sdu o*dowlwxgh 5
Sc,

ghv qrhxgv 6
Sc,

c +S ' �c� ( , ' �c�,
hw sdu od irqfwlrq M/ hvw rewhqx sdu od plqlplvdwlrq gx fulwëuh

.
�

EM� ' .
frxuexuh

EM� n .
hfkdqwloorq

EM��

Gdqv fh sdudjudskh qrxv yhuurqv g*derug gdqv txhoohv frqglwlrqv oh sureoëph gh plql0
plvdwlrq dgphw wrxmrxuv xqh hw xqh vhxoh vroxwlrq > hqvxlwh qrxv gìfulurqv o*dojrulwkph
xwlolvì gdqv od uìvroxwlrq qxpìultxh gx sureoëph gh plqlplvdwlrq1
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Hq uhsodêdqw fhv h{suhvvlrqv gdqv o*ìtxdwlrq 5153 rq wurxyh
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Fhv h{suhvvlrqv shxyhqw hqfruh v*ìfuluh vrxv od iruph

� ' �n#n 6n�A`�c M ' �A`! hw U ' !A`!

rü ohv pdwulfhv fduuìhv �/ #/ 6 g*ruguh �� vrqw v|pìwultxhv hw grqqìhv sdu =
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dyhf Wc a/ w pdwulfhv fduuìhv g*ruguh � > W hvw o*lghqwlwì hw
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o*ìfkdqwloorq hw hvw grqqìh sdu
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� hvw od pdwulfh g*lqwhusrodwlrq; g*ruguh E?���� ghv srlqwv gh o*ìfkdqwloorq
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hw ! hvw oh yhfwhxu ghv dowlwxghv frqqxhv gh fhv srlqwv

! ' d5�c � � � c5?o
A �

;1 Uhpdutxrqv txh gdqv oh fdv elolqìdluh +Y @ T,/ oh yhfwhxu El +f*hvw0ã0gluh od oljqh l gh od pdwulfh
E, frpsruwh dx soxv 7 frh!flhqwv tl qrq0qxov1 Gh od píph idêrq/ gdqv oh fdv elfxeltxh +Y @ T,/ od oljqh
l gh od pdwulfh E frpsruwh dx soxv 49 frh!flhqwv xl qrq0qxov1
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51815 Frqglwlrqv g*h{lvwhqfh hw g*xqlflwì gh od vroxwlrq

Rq yd pdlqwhqdqw surxyhu +Mxolhq/ 4<<7, txh o*lqwurgxfwlrq gx fulwëuh g*ìodvwlflwì
.

frxuexuh
EM� hqwudñqh elhq o*xqlflwì gh od vroxwlrq txho txh vrlw o*ìfkdqwloorq1 Soxv suìfl0

vìphqw rq vh sursrvh gh prqwuhu tx*xqh frqglwlrq vx!vdqwh srxu txh .EM� dgphwwh xq
plqlpxp hw xq vhxo hvw tx*lo | dlw gdqv o*ìfkdqwloorq wurlv srlqwv E%�c+�c5���'�c2c� whov txh

_i|
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9' f� +5158,

Dxwuhphqw glw txh oh sodq gì�ql sdu fhv wurlv srlqwv qh vrlw sdv yhuwlfdo > hq sudwltxh
fhwwh frqglwlrq hvw wrxmrxuv uhpsolh1

Rq vdlw txh od irqfwlrqqhooh aE3� ' 3A�3� 2MA3n U hvw plqlpdoh oruvtxh �3 ' M1
Xqh frqglwlrq qìfhvvdluh hw vx!vdqwh srxu tx*lo | dlw xq hw xq vhxo 3 hvw txh � vrlw gì�qlh
srvlwlyh +Flduohw/ 4<;5,1 Rq yd prqwuhu txh vl od frqglwlrq 5158 hvw yìul�ìh/ od pdwulfh �
hvw gì�qlh srvlwlyh1

G*derug od pdwulfh � hvw v|pìwultxh fdu hooh hvw od vrpph gh pdwulfhv v|pìwultxhv >
hooh hvw dxvvl srvlwlyh sxlvtxh
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Hq xwlolvdqw fhwwh ìtxdwlrq hw hq whqdqw frpswh gh 5154g rq wurxyh 6A
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hw grqf od pdwulfh � hvw gì�qlh srvlwlyh1

51816 Dojrulwkph qxpìultxh

Rq d yx txh od uìvroxwlrq gx sureoëph gh plqlplvdwlrq gh od irqfwlrqqhooh txdgudwltxh
.E5� hvw ìtxlydohqw ã od uìvroxwlrq gx v|vwëph olqìdluh

�5 ' K +5159,

rü � hvw xqh pdwulfh gì�qlh srvlwlyh gh glphqvlrq +��c��,1

Rq srxuudlw shqvhu ã xwlolvhu xq pìwkrgh gluhfwh srxu od uìvroxwlrq gh 51591 Pdlv/
gdqv od sudwltxh/ píph srxu xq PQW shwlw/ glvrqv � ' � ' �ff/ od pdwulfh � hvw gìmã
wuëv yroxplqhxvh1 Sdu frqvìtxhqw/ od plvh hq rhxyuh lqirupdwltxh g*xq pìwkrgh gluhfwh
hvw kruv gh txhvwlrq fdu fhv pìwkrghv rqw o*lqfrqyìqlhqw gh uhpsolu fhwwh pdwulfh1 Ru/ ohv
fdofxov h�hfwxìv gdqv oh sdudjudskh 51814 qrxv prqwuhqw txh od pdwulfh � hvw wuëv fuhxvh1
Rq shxw grqf xwlolvhu xqh pìwkrgh lwìudwlyh gdqv od uìvroxwlrq gh fh v|vwëph olqìdluh1

Sdupl ohv pìwkrghv lwìudwlyhv rq d fkrlvl od pìwkrgh gx judglhqw frqmxjxì hq udlvrq
gh vd vwdelolwì1 Hq h�hw/ píph gdqv oh fdv rü od pdwulfh � hvw wuëv pdo frqglwlrqqìh/
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hooh grqqh xq uìvxowdw wuëv sodxvleoh +Edudqjhu/ 4<<4,1 Fhwwh pìwkrgh hvw gì�qlh sdu
o*dojrulwkph vxlydqw =

Hwdqw grqqì xq yhfwhxu lqlwldo 5f fdofxohu =

����� _f ' of ' �5f � K
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Ohv whvwv g*duuíw shxyhqw sruwhu vxu gl�ìuhqwv fulwëuhv whov txh od ydohxu gh .E5�/ od
qruph n�5& � Kn > rq d suìiìuì oh whvw vxu od qruph fdu/ gdqv od sudwltxh/ lo hvw soxv urexvwh
txh oh whvw vxu od ydohxu gh .E5�1

Gdqv od wkìrulh rq vdlw txh vl � hvw v|pìwultxh gì�qlh srvlwlyh o*dojrulwkph frqyhujh
hq �� lwìudwlrqv dx soxv1 Hq sudwltxh 5 shxw íwuh dwwhlqw hq ehdxfrxs prlqv gh PQ
lwìudwlrqv/ hw g*dxwdqw soxv ylwh txh od ydohxu lqlwldoh 5f hvw surfkh gh 5�

O*h{sìulhqfh prqwuh txh od frqyhujhqfh hvw vxuwrxw ohqwh oruvtxh tx*lo | d gh ydvwhv
}rqhv vdqv srlqwv g*ìfkdqwloorq > lqwxlwlyhphqw/ gdqv fhv }rqhv od julooh ìodvwltxh q*hvw sdv
vrxplvh ã ghv frqwudlqwhv h{wìulhxuhv/ hw phw grqf gx whpsv ã vh vwdelolvhu1 Gdqv fhv fdv/
o*lqwurgxfwlrq g*xqh julooh lqlwldoh +f*hvw0ã0gluh oh yhfwhxu 5f,/ shxw dffìoìuhu oh fdofxo gh od
julooh ìodvwltxh1

Od frqvwuxfwlrq gh fhwwh julooh lqlwldoh hvw idlwh lfl sdu xqh pìwkrgh vrppdluh/ fdu rq
jdjqh shx +txhotxhv lwìudwlrqv, ã xwlolvhu xqh pìwkrgh shuihfwlrqqìh/ frpph sdu h{hpsoh
fhooh gìfulwh gdqv +Fkhqj dqg Lghvdzd/ 4<;9,/ rx fhooh xwlolvìh ã o*LJQ +lqwhusrodwlrq
olqìdluh vxu txdwuh gluhfwlrqv,1 Srxu ohv hvvdlv suìvhqwìv lfl od julooh lqlwldoh hvw fdofxoìh gh

Ilj1 519 � Frqvwuxfwlrq gx yhfwhxu 5f

od idêrq vxlydqwh = srxu fkdtxh qrhxg 6S, gh frrugrqqìhv pdlooh ES6c,6� vrq dowlwxgh 5f
hvw gì�qlh sdu

5fESc,� ' 4L)i??ii5R( _HE6S,cRS,� � 2?3�j dyhf _H ' 4@ imS6 � SRmcm,6 � ,Rmj
f*hvw0ã0gluh sdu od pr|hqqh ghv dowlwxghv ghv srlqwv RS, ' ESRc,R� txl wrpehqw gdqv xqh
ihqíwuh gh uhfkhufkh gh wdlooh ? � ?c +? ' �c � � � c4@ i�c�j�/ yrlu �jxuh 5191 V*lo q*| d
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sdv gh srlqwv/ od wdlooh gh fhwwh ihqíwuh hvw surjuhvvlyhphqw grxeoìh ghx{ irlv +? ' ?n �,
mxvtx*ã fh tx*rq wurxyh dx prlqv xq srlqw RS, txl yìul�h od uhodwlrq suìfìghqwh1

Ilqdohphqw/ lo uhvwh ã lqwurgxluh/ gdqv o*dojrulwkph/ ohv frqwudlqwhv lqgltxìhv gdqv
o*ìtxdwlrq 51491 Qrxv yìul�rqv hq �q gh fdofxo txh fhv frqwudlqwhv vrqw vdwlvidlwhv1 Hq
fkdtxh qrhxg ESc,� rü fhv frqwudlqwhv qh vrqw sdv yìul�ìhv/ rq fuìh xq qrxyhdx srlqw
g*ìfkdqwloorq E%� c+� c5� � rü 5�ESc,� � 5� � 52ESc,�/ dyhf xq srlgv �� dvvh} iruw srxu
pdlqwhqlu od vxuidfh vxu fh srlqw > sxlv rq uìvrxw od qrxyhooh ìtxdwlrq �5 ' K1 Rq uìsëwh
o*rsìudwlrq mxvtx*ã fh txh od vxuidfh vdwlvidvvh wrxwhv ohv frqwudlqwhv0lqìjdolwìv1



Fkdslwuh 6

Hvvdlv gh vroxwlrq dx sureoëph ghv
frxuehv lqwhufdodluhv

Gdqv oh fkdslwuh 4 qrxv dyrqv sursrvì xqh frqglwlrq qìfhvvdluh hw vx!vdqwh srxu txh
oh prgëoh qxpìultxh vrlw ìtxlydohqw dx prgëoh fduwrjudskltxh = fhwwh frqglwlrq h{sulph
vlpsohphqw txh ohv frxuehv gh qlyhdx lqwhufdodluhv gx PQW grlyhqw uhvshfwhu od iruph
ghv frxuehv lqlwldohv +f*hvw0ã0gluh ohv frxuehv ruljlqdohv grqw oh PQW hvw lvvx,1

Hq jìqìudo/ fhwwh frqglwlrq q*hvw sdv vdwlvidlwh sdu oh PQW julooh ìodvwltxh1 Hq h�hw/ rq
revhuyh xq oìjhu dproolvvhphqw gdqv od iruph ghv frxuehv lqwhufdodluhv/ vxuwrxw gdqv ohv
irqgv gh ydooìhv hw gdqv ohv }rqhv gh fuíwhv1 Fhod lqgltxh txh/ vxu fhv }rqhv/ o*ìfkdqwloorq
xwlolvì sdu od julooh ìodvwltxh q*ìwdlw sdv wrwdohphqw uhsuìvhqwdwli gh od pruskrorjlh gx
whuudlq1

Od vroxwlrq dx sureoëph ghv frxuehv lqwhufdodluhv/ hw sdu frqvìtxhqfh o*ìolplqdwlrq gh
fh w|sh g*duwhidfwv/ sdvvh doruv qìfhvvdluhphqw sdu � o*hqulfklvvhphqw � gh o*ìfkdqwloorq
g*lqirupdwlrqv vxssoìphqwdluhv uhodwlyhv ã od pruskrorjlh gx whuudlq1 Ru/ oh prghoh fdu0
wrjudskltxh/ grqqì sdu ohv frxuehv gh qlyhdx hw od uëjoh g*lqwhusrodwlrq olqìdluh vxlydqw od
oljqh gh soxv judqgh shqwh/ frqwlhqw soxv g*lqirupdwlrq txh od vlpsoh dowlwxgh ghv srlqwv
ghv frxuehv1 Hq idlw/ frpph qrxv doorqv oh suìflvhu/ fh prgëoh frqwlhqw ghv lqirupdwlrqv
vxu =

� od gluhfwlrq gh o*krul}rqwdoh +lqirupdwlrq h{solflwh hq fkdtxh srlqw g*xqh frxueh, >
� ohv oljqhv gh fuíwh hw wdozhj +lqirupdwlrq lpsolflwh gdqv oh uìvhdx ghv frxuehv,1

O*hqulfklvvhphqw gh o*ìfkdqwloorq vhud idlw lfl sdu o*dgglwlrq g*lqirupdwlrq uhodwlyh dx{
gluhfwlrqv gh o*krul}rqwdoh hw2rx dx{ oljqhv fdudfwìulvwltxhv gx whuudlq +fuíwhv hw wdozhjv,1
G*dxwuhv oljqhv fdudfwìulvwltxhv suìvhqwhqw dxvvl xq lqwìuíw pruskrorjltxh lpsruwdqw/ sdu
h{hpsoh ohv oljqhv gh uxswxuh gh shqwh1 Wrxwhirlv/ txhotxhv hvvdlv qrq uhodwìv lfl vhpeohqw
prqwuhu txh ohxu h{wudfwlrq ã sduwlu ghv frxuehv gh qlyhdx hvw xq sureoëph frpsoh{h txl
pìulwhudlw g*íwuh ìwxglì soxv hq gìwdlo1

65
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614 Frqwudlqwhv vxu ohv gluhfwlrqv gh o*krul}rqwdoh

61414 Sulqflsh

Qrxv dyrqv yx txh ohv frxuehv gh qlyhdx vrqw dxvvl xq pr|hq gh �jxuhu ghv iruphv gx
uholhi1 Dxwuhphqw glw/ ohv iruphv gx uholhi vrqw uhsuìvhqwìhv/ gdqv ohv frxuehv gh qlyhdx/
sdu od gluhfwlrq gh o*krul}rqwdoh1 Hq xq srlqw txhofrqtxh E%c+� gx prgëoh fduwrjudskltxhc
fhwwh gluhfwlrq hvw gì�qlh sdu oh yhfwhxu xqlwdluh �$| / wdqjhqw hq E%c+� ã od frxueh gh qlyhdx
txl sdvvh sdu fh srlqw1 Rq vxssrvh wrxmrxuv txh oh vhqv gh �$

| hvw who txh oh vhqv gh od
oljqh gh soxv judqgh shqwh dvfhqgdqwh E

�$
� � vh gìgxlw gh �$| sdu xqh urwdwlrq gh Z

2
+dxwrxu

gh
�$
� , gdqv oh vhqv wuljrqrpìwultxh > f*hvw0ã0gluh xq revhuydwhxu txl vxlw od gluhfwlrq gh

o*krul}rqwdoh yrlw od sduwlh edvvh gx whuudlq ã vd gurlwh +yrlu �jxuh 614,1

Ilj1 614 � Gì�qlwlrq gh od gluhfwlrq gh o*krul}rqwdoh1

Oh idlw txh od iruph ghv frxuehv lqwhufdodluhv ìwdlhqw soxv � proohv � hw grqf prlqv
uljlghv txh ohv frxuehv qrupdohv +yrlu �jxuh 416, qrxv d vxjjìuì o*lgìh g*xqh suhplëuh
vroxwlrq dx sureoëph ghv frxuehv lqwhufdodluhv = irufhu od vxuidfh ã íwuh frqwudlqwh/ hq
fhuwdlqv srlqwv/ dx{ gluhfwlrqv gh o*krul}rqwdoh �$| 1

Frqvlgìurqv xq uhsëuh fduwìvlhq ruwkrqrupì i�( �$U c
�$
a c

�$
g j hw vrlw

��$
��E%c+� ' %

�$
U n +

�$
a nME%c+�

�$
g

xqh uhsuìvhqwdwlrq yhfwrulhooh gh od vxuidfh qxpìultxh ME%c+�1 Qrwrqv sdu �$| oh yhfwhxu
xqlwdluh txh gì�qlw gdqv oh sodq E�(

�$
U c

�$
a � od gluhfwlrq gh o*krul}rqwdoh
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Vxu od vxuidfh
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�� od gluhfwlrq gh o*krul}rqwdoh hvw gì�qlh sdu oh surgxlw yhfwrulho
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A '
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dyhf M
%
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ohv gìulyìhv sduwlhooh gh M/ f*hvw0ã0gluh =
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LE%
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� S�L �E +
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� ,�(

� hvw oh sdv gh od julooh1

Reoljhu od vxuidfh M ã íwuh frqwudlqwh/ vxu xq srlqw E%
�

c+
�

�c ã xqh gluhfwlrq �$
|
�

/ uhylhqw
ã h{ljhu txh ohv yhfwhxuv �$|

�

hw
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A
�

vrlhqw frolqìdluhv/ f*hvw0ã0gluh +yrlu �jxuh 614, =
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|
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�

a�$
g � ' f +615,

Uhpdutxrqv txh srxu srxyrlu gì�qlu od gluhfwlrq gh o*krul}rqwdoh hq xq srlqw E%c+�
txhofrqtxh gh od vxuidfh qxpìultxh lo idxw txh ME%c+� vrlw gh fodvvh �� > gdqv qrwuh fdv/
fhod reoljh grqf ã fkrlvlu oh prgëoh elfxeltxh sdu prufhdx +hw qrq oh prgëoh elolqìdluh,/
f*hvw0ã0gluh/ M ã íwuh gì�qlh sdu o*ìtxdwlrq 51441

61415 H{suhvvlrq ghv frqwudlqwhv

O*lqwurgxfwlrq/ gdqv od pìwkrgh gh od julooh ìodvwltxh/ ghv frqwudlqwhv gx w|sh gh
o*ìtxdwlrq 615 hvw idlwh sdu o*dgglwlrq g*xq qrxyhdx whuph .
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<1 Oh yhfwhxu }> gh glphqvlrq QP> hvw irupì sdu ohv dowlwxghv }
fo
ghv qrhxgv gh od julooh1
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dyhf � ' �n#n 6n�A`��n 5A`25c M ' �`�! hw U ' !A`�! +`� hvw od pd0
wulfh ghv srlgv ` grqqìh sdu o*ìtxdwlrq 5157,1

61416 Plvh hq rhxyuh

Od �jxuh 615 looxvwuh od plvh hq rhxyuh gh fhv fdofxov gdqv od pìwkrgh gh od julooh
ìodvwltxh1 Rq d xwlolvì dxvvl xqh vxuidfh gh v|qwkëvh +od píph txh fhooh xwlolvìh gdqv
oh fkdslwuh 4, fdu hooh qrxv shuphw gh gìwhuplqhu o*krul}rqwdoh hq wrxw srlqw gh M1 Oh
fkrl{ oh soxv vlpsoh srxu ohv srvlwlrqv E%

�

c+
�

� ghv gluhfwlrqv gh o*krul}rqwdoh frqvlvwh ã ohv
frqvlgìuhu fròqflghqwhv dyhf ohv srvlwlrqv E%

S,

c+
S,

� ghv qrhxgv g*lqwhusrodwlrq gh od irqfwlrq
M1
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Ilj1 615 � Xqh vroxwlrq dx sureoëph ghv lqwhufdodluhv1 d, Frxuehv lqlwldohv frpsoìwìhv sdu
xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh > e, H{wudlw gh od �jxuh0d > f, Frxuehv lqlwldohv hw
lqwhufdodluhv wudfìhv vxu od vxuidfh dmxvwìh1

Od �jxuh 6150d prqwuh ohv frxuehv gh qlyhdx lqlwldohv hw xq h{wudlw g*xqh julooh ghv
gluhfwlrqv gh o*krul}rqwdoh1 Od �jxuh 6150f prqwuh ohv frxuehv gh qlyhdx gx PQW fdofxoì
dyhf fhv ghx{ w|shv g*lqirupdwlrqv = ohv gluhfwlrqv gh o*krul}rqwdoh hw ohv srlqwv +%c+c5, ghv
frxuehv gh qlyhdx > rq yrlw txh ohv frxuehv lqwhufdodluhv vrqw frkìuhqwhv dyhf ohv frxuehv
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lqlwldohv > rq shxw hq frqfoxuh txh o*dmrxw g*xqh julooh ghv gluhfwlrqv gh o*krul}rqwdoh vx!w
srxu rewhqlu xqh vxuidfh fruuhfwh1

Qrwrqv txh ohv gluhfwlrqv gh o*krul}rqwdoh srxuudlhqw ìjdohphqw íwuh xwlolvìhv gdqv od
uìgxfwlrq gx qrpeuh gh srlqwv suìohyìv vxu ohv frxuehv gh qlyhdx1 Hq h�hw/ hq fkdtxh srlqw
g*xqh frxueh gh qlyhdx rq srxuudlw fdofxohu ghv gluhfwlrqv gh o*krul}rqwdoh dx{ srlqwv gh
soxv idleoh frxuexuh hw dx{ srlqwv g*lq h{lrq +fkdqjhphqw gh frqfdylwì,/ sdu h{hpsoh/
hw uìgxluh/ dlqvl/ oh qrpeuh gh srlqwv E%�c+�c5�� qìfhvvdluhv ã od gì�qlwlrq gh fhv iruphv
orfdohv1

61417 Lqwhusrodwlrq ghv gluhfwlrqv gh o*krul}rqwdoh hqwuh ohv frxu0
ehv gh qlyhdx

Qrxv dyrqv lqgltxì tx*lo hvw srvvleoh gh gì�qlu od gluhfwlrq gh o*krul}rqwdoh hq fkdtxh
srlqw g*xqh frxueh gh qlyhdx1 Gdqv od sudwltxh/ frpph ohv frxuehv gh qlyhdx vrqw ghv
oljqhv sro|jrqdohv/ od gluhfwlrq gh o*krul}rqwdoh hq xq srlqw +%�c+�, g*xqh frxueh shxw íwuh
grqqìh sdu =

�$
| � '

E%�n� � %�3��
�$
U n E+�n� � +�3��

�$
as

E%�n� � %�3��2 n E+�n� � +�3��2
+618,

O*remhfwli gh fhwwh dssurfkh frqvlvwh ã lqwhusrohu xqh julooh gh gluhfwlrqv gh o*krul}rq0
wdoh ã sduwlu ghv gluhfwlrqv grqqìhv dx{ srlqwv ghv frxuehv gh qlyhdx1 Hq g*dxwuh whuphv/
lo v*djlw grqf gh od uhfrqvwuxfwlrq g*xq fkdps elglphqvlrqqho gh yhfwhxuv ã sduwlu gh
txhotxhv yhfwhxuv gì�qlv dx{ srlqwv ghv frxuehv gh qlyhdx1 Od �jxuh 616 looxvwuh oh sur0
eoëph srxu od vxuidfh gh v|qwkëvh = oh fdofxo ghv yhfwhxuv �$|

Sc,
dx{ qrhxgv +v|perolvìv sdu

xq � r �, gh od julooh1

Ilj1 616 � Lqwhusrodwlrq g*xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh ã sduwlu ghv gluhfwlrqv
grqqìhv dx{ srlqwv ghv frxuehv gh qlyhdx1

Od vroxwlrq od soxv vlpsoh frqvlvwh ã frqvlgìuhu txh ohv ghx{ frpsrvdqwhv E|
%
c|

+
� gx

yhfwhxu xqlwdluh �$
|
�
vrqw lqgìshqgdqwhv o*xqh gh o*dxwuh/ f*hvw0ã0gluh qrq0fruuìoìhv1 Gdqv

fh fdv/ o*lqwhusrodwlrq vh glylvh hq ghx{ lqwhusrodwlrqv/ xqh sdu frpsrvdqwh gx yhfwhxu �$| 1
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6141714 Uhfkhufkh ghv frqwudlqwhv sdu julooh ìodvwltxh

O*lgìh od soxv lppìgldwh frqvlvwh ã lqwhusrohu fkdtxh frpsrvdqwh gx yhfwhxu �$| sdu
od pìwkrgh gh od julooh ìodvwltxh1
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Ilj1 617 � H�hw g*xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh/ lqwhusroìh sdu julooh ìodvwltxh/
vxu od frqvwuxfwlrq g*xq PQW> d, H{wudlw gh od julooh gh gluhfwlrqv lqwhusroìh sdu julooh
ìodvwltxh > e, Frxuehv gh qlyhdx gx PQW dmxvwì dyhf od julooh gh gluhfwlrqv gh od �jxuh0d1

Od �jxuh 617 looxvwuh od plvh hq rhxyuh gh fhwwh dssurfkh1 Od �jxuh 6170d prqwuh
xq h{wudlw ghv frxuehv gh qlyhdx lqlwldohv frpsoìwìhv sdu xqh julooh ghv gluhfwlrqv gh
o*krul}rqwdoh/ odtxhooh hvw lqwhusroìh sdu od pìwkrgh gh od julooh ìodvwltxh elfxeltxh > ohv
gluhfwlrqv �$|

Sc,

rqw ìwì uhqrupdolvìhv1 Od �jxuh 6170e prqwuh ohv frxuehv gh qlyhdx gh od
vxuidfh dmxvwìh vxu ohv frxuehv gh qlyhdx lqlwldohv frpsoìwìhv sdu od julooh gh gluhfwlrqv gh
o*krul}rqwdoh lqwhusroìh suìfìghpphqw > sdu udssruw ã od �jxuh 4160f rq revhuyh xqh oìjëuh
dpìolrudwlrq ghv frxuehv lqwhufdodluhv1 Fhshqgdqw/ fhwwh dpìolrudwlrq q*hvw sdv hqfruh
vx!vdqwh srxu frqvlgìuhu oh PQW frpph ìtxlydohqw dx{ frxuehv gh qlyhdx1

6141715 Uhfkhufkh ghv frqwudlqwhv ã sduwlu g*xqh wuldqjxodwlrq ghv frxuehv
gh qlyhdx

Ohv uìvxowdwv rewhqxv gdqv od vhfwlrq suìfìghqwh lqflwhqw ã srxuvxlyuh od uhfkhufkh vxu
xq dxwuh w|sh g*lqwhusrodwlrq ghv gluhfwlrqv gh o*krul}rqwdoh1

G*derug o*lqwhusrodwlrq ghv gluhfwlrqv gh o*krul}rqwdoh grlw vh idluh hqwuh ghx{ frxuehv
gh qlyhdx frqvìfxwlyhv1 Hq h�hw/ frpswh whqx g*xqh ghv sursulìwìv gx prgëoh fduwrjud0
skltxh/ od iruph ghv frxuehv lqwhufdodluhv hvw gì�qlh sdu od uëjoh gh o*lqwhusrodwlrq +irupxoh
414, hqwuh ghx{ frxuehv frqvìfxwlyhv1

D�q g*lqwhusrohu ohv gluhfwlrqv gh o*krul}rqwdoh hqwuh ghx{ frxuehv frqvìfxwlyhv lo hvw
grqf qìfhvvdluh gh frqvwuxluh xqh uhodwlrq wrsrorjltxh hqwuh ohv srlqwv ghv frxuehv gh
qlyhdx1 Jìqìudohphqw/ fhwwh uhodwlrq wrsrorjltxh hvw frqvwuxlwh ã o*dlgh g*xq fulwëuh gh
glvwdqfh = soxv ohv srlqwv vrqw surfkhv soxv lov grlyhqw íwuh frqqhfwìv +Vfkqhlghu/ 4<<9,1

Srxu ohv srlqwv uìsduwlv luuìjxolëuhphqw/ ohv srlqwv ghv frxuehv gh qlyhdx lqfoxv/ od
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wuldqjxodwlrq gh Ghodxqd| +yrlu Dqqh{h E, grqqh xq uìvhdx gh uhodwlrqv wrsrorjltxhv
dgìtxdwhv +Euçqgol/ 4<<5,1 Gdqv oh fdv vsìfl�txh ghv frxuehv gh qlyhdx/ fhwwh wuldqjxodwlrq
grlw íwuh prgl�ìh gh idêrq ã ìylwhu ohv frqqhfwlrqv hqwuh srlqwv � fkhydxfkdqw � ohv
frxuehv gh qlyhdx1 Od wuldqjxodwlrq frqwudlqwh dx{ frxuehv gh qlyhdx +yrlu Vhfwlrq 6151615,
grqqh gìmã ghv uhodwlrqv wrsrorjltxhv dgìtxdwhv hqwuh ohv srlqwv ghv frxuehv hw ohv frxuehv
hoohv0píphv1

Xqh irlv txh od wuldqjxodwlrq frqwudlqwh hvw frqvwuxlwh/ fkdtxh frpsrvdqwh gx yhfwhxu�$
| +gluhfwlrq gh o*krul}rqwdoh, hvw lqwhusroìh olqìdluhphqw gdqv od vxuidfh uhsuìvhqwì sdu
ohv wuldqjohv > dxwuhphqw glw/ srxu fkdtxh wuldqjoh gì�ql sdu xq wulsohw gh srlqwv E%�c+��/
E%

2
c+
2
�c E%

�
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�
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Od �jxuh 618 looxvwuh od plvh hq rhxyuh gh fhwwh dssurfkh1 Od �jxuh 6180d prqwuh xq
h{wudlw ghv frxuehv gh qlyhdx lqlwldohv frpsoìwìhv sdu xqh julooh gh gluhfwlrqv gh o*krul0
}rqwdoh/ lqwhusroìh ã sduwlu g*xqh wuldqjxodwlrq frqwudlqwh dx{ frxuehv1 Od 6180e prqwuh
ohv frxuehv gh qlyhdx gh od vxuidfh fdofxoìh dyhf xq ìfkdqwloorq suìohyì vxu ohv frxuehv
gh qlyhdx lqlwldohv hw frpsoìwì sdu od julooh gh gluhfwlrqv gh o*krul}rqwdoh lqwhusroì gdqv
od wuldqjxodwlrq > sdu udssruw ã od pìwkrgh suìfìghqwh rq revhuyh xq gìjudgdwlrq gh od
frkìuhqfh ghv frxuehv lqwhufdodluhv1

Ohv pdxydlv uìvxowdwv rewhqxv gdqv ohv ghx{ dssurfkhv +julooh gh gluhfwlrqv lqwhusr0
oìh sdu od pìwkrgh gh od julooh ìodvwltxh hw julooh gh gluhfwlrqv lqwhusroìh ã sduwlu g*xqh
wuldqjxodwlrq frqwudlqwh, qrxv frq�uphqw txh ohv ghx{ frpsrvdqwhv gx yhfwhxu | vrqw
iruwhphqw fruuìoìhv srxu íwuh lqwhusroìhv vìsduìphqw1

Fhshqgdqw/ xqh dqdo|vh frpsduìh ghv �jxuhv 6150e/ 6170d hw 6180d qrxv prqwuh txh/
gdqv ohv uìjlrqv 43 wudyhuvìhv sdu ghv oljqhv gh fuíwh hw wdozhj/ o*lqwhusrodwlrq ghv gluhf0
wlrq gh o*krul}rqwdoh ã sduwlu gh od wuldqjxodwlrq hvw/ hq jìqìudo/ soxv vdwlvidlvdqwh txh
o*lqwhusrodwlrq sdu julooh ìodvwltxh1 Fhwwh revhuydwlrq qrxv d vxjjìuì o*lgìh g*xwlolvhu fhwwh
wuldqjxodwlrq gdqv od uhfkhufkh g*lqirupdwlrq vxu ohv oljqhv fdudfwìulvwltxhv1

431 Fhv uìjlrqv vrqw jìqìudohphqw fdudfwìulvìhv sdu xqh iruph hq � Y � ghv frxuehv gh qlyhdx1
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Ilj1 618 � H�hw g*xqh julooh gh gluhfwlrqv gh o*krul}rqwdoh/ lqwhusroì ã sduwlu g*xqh wuldq0
jxodwlrq/ vxu od frqvwuxfwlrq g*xq PQW> d, H{wudlw gh od julooh gh gluhfwlrqv lqwhusroìh
olqìdluhphqw sdu xqh wuldqjxodwlrq frqwudlqwh dx{ frxuehv > e, Frxuehv gh qlyhdx gx PQW
lqwhusroì dyhf od julooh gh od �jxuh0d1

615 Frqwudlqwhv vxu ohv oljqhv gh fuíwh hw gh wdozhj

61514 Sulqflsh

Rq d revhuyì dx fkdslwuh 4 tx*xqh frqglwlrq qìfhvvdluh srxu uìvrxguh oh sureoëph ghv
frxuehv lqwhufdodluhv ghydlw íwuh gh frqwudlqguh od vxuidfh ã o*dlgh g*lqirupdwlrqv vxssoì0
phqwdluhv1

O*lgìh vxlydqwh hvw gh frqwudlqguh od vxuidfh hq dgmrljqdqw ã o*ìfkdqwloorq gh qrxyhdx{
srlqwv/ vlwxìv oã rü oh sureoëph vh pdqlihvwh/ f*hvw0ã0gluh ã sur{lplwì ghv fuíwhv hw ghv wdo0
zhjv > ohv dowlwxghv gh fhv srlqwv grlyhqw elhq vþu uhvshfwhu od frqglwlrq gh shqwh uìjxolëuh
hqwuh ohv frxuehv gh qlyhdx1

61515 H{suhvvlrq ghv frqwudlqwhv

Gdqv od pìwkrgh gh od julooh ìodvwltxh/ od idêrq od soxv vlpsoh g*lqvìuhu o*lqirupdwlrq uh0
odwlyh dx{ oljqhv gh fuíwh hw wdozhj hvw gh suìohyhu xq dxwuh ìfkdqwloorq gh srlqwv E%�c+�c5��c
� ' �c � � � cr vxu fhv oljqhv hw gh o*lqwurgxluh gdqv oh whuph .

hfkdqwloorq
> fhfl uhylhqw grqf ã

plqlplvhu od txdqwlwì

.hfkdqwloorqEM� '
?nr[
�'�

�� dME%�c+��� 5�o
2

rü ohv �� vrqw ghv srlgv srvlwliv +�� : f, dvvrflìv dx{ srlqwv E%�c+�c5��1 Fhv srlgv vrqw
fdofxoìv gh od píph idêrq44 txh ohv srlgv ��/ f*hvw0ã0gluh/ hq xwlolvdqw o*h{suhvvlrq 514<1

441 Rq shxw dxvvl d�hfwhu ohv srlgv zl +l @ q. 4> = = = >v, ghv srlqwv uhodwliv dx{ oljqhv fdudfwìulvwltxhv
g*xq frh!flhqw n srxu whqlu frpswh gh o*lpsuìflvlrq gh fhv srlqwv sdu udssruw dx{ srlqwv ghv frxuehv gh
qlyhdx1
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O*h{sìulhqfh frq�uph oh elhq0irqgì gh fhwwh lgìh/ frpph oh prqwuh od �jxuh 6191
O*h{hpsoh hvw od vxuidfh gh v|qwkëvh yxh ã od �jxuh 4161 Od �jxuh 6190d prqwuh ohv frxuehv
lqlwldohv frpsoìwìhv sdu ohv oljqhv gh fuíwhv hw gh wdozhjv1 Od �jxuh 6190e prqwuh o*ìfkdq0
wloorq suìohyì1 Od �jxuh 6190f prqwuh ohv frxuehv gh qlyhdx wudfìhv vxu od vxuidfh dmxvwìh/
fhwwh irlv dyhf ohv frxuehv lqwhufdodluhv frkìuhqwhv dyhf ohv frxuehv lqlwldohv1 Rq yrlw txh
gdqv fh fdv/ o*dmrxw gh srlqwv suìohyìv vxu ohv oljqhv gh fuíwhv hw gh wdozhjv vx!w srxu
rewhqlu xqh vxuidfh fruuhfwh1
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Ilj1 619 � Xqh vroxwlrq dx sureoëph ghv lqwhufdodluhv1 d, Frxuehv lqlwldohv frpsoìwìhv
sdu ohv oljqhv gh fuíwh hw wkdozhj > e, Hfkdqwloorq suìohyì > f, Frxuehv lqlwldohv +judv, hw
lqwhufdodluhv wudfìhv vxu od vxuidfh dmxvwìh1

Lo idxw revhuyhu tx*dx olhx g*lqwurgxluh fhv lqirupdwlrqv vxssoìphqwdluhv gdqv oh fulwëuh
.

hfkdqwloorq
/ rq srxuudlw fkhufkhu ã ohv lqwurgxluh gdqv oh fulwëuh .

frxuexuh
/ sdu h{hpsoh hq

plqlplvdqw od frxuexuh oh orqj gh fhv oljqhv > xqh whqwdwlyh gdqv fh vhqv hvw gìfulwh sdu
h{hpsoh gdqv +Eljqrqh dqg Qrqlq/ 4<<8, = oh fulwëuh .

frxuexuh
hvw hqulfkl gh pdqlëuh ã íwuh

soxv uìdolvwh/ pdlv vrq ìwxgh pdwkìpdwltxh ghylhqw soxv frpsoh{h1

Qrxv suìiìurqv qrxv hq whqlu ã od suhplëuh lgìh sdufh txh vrq h!fdflwì hvw yìul�ìh +f1i1
�jxuh 619, hw tx*hooh hvw dssolfdeoh lppìgldwhphqw vdqv prgl�fdwlrq gh qrwuh pìwkrgh1
Elhq hqwhqgx od txhvwlrq vh srvh pdlqwhqdqw g*rewhqlu ohv qrxyhdx{ srlqwv/ hw srxu fhod gh
wurxyhu ohv oljqhv gh fuíwhv hw gh wdozhjv/ vdqv dxwuh lqirupdwlrq txh ohv frxuehv gh qlyhdx
hoohv0píphv > pdlv fhod hvw xq sureoëph srxu ohtxho ghv vroxwlrqv rqw gìmã ìwì sursrvìhv1

61516 Uhfkhufkh dxwrpdwltxh ghv oljqhv gh fuíwh hw gh wkdozhj
gdqv ohv frxuehv gh qlyhdx

Vhorq +Fduuì/ 4<:4e, ohv oljqhv fdudfwìulvwltxhv vrqw ohv oljqhv vxu ohvtxhoohv v*lqyhuvhqw
ohv shqwhv > hoohv gì�qlvvhqw o*rvvdwxuh jìqìudoh ghv iruphv gx uholhi vxu odtxhooh v*dssxlhqw
ohv frxuehv gh qlyhdx hw vrqw frqvwlwxìhv hvvhqwlhoohphqw gh oljqhv gh wdozhj/ gh fuíwh hw gh
fkdqjhphqw gh shqwh1 Qrxv qrxv lqwìuhvvrqv xqltxhphqw dx{ oljqhv gh fuíwh hw gh wdozhj1

Gdqv oh prgëoh fduwrjudskltxh/ od oljqh gh wdozhj hvw/ jìqìudohphqw/ elvvhfwulfh gh
o*dqjoh irupì sdu ohv frxuehv gh qlyhdx1 Od oljqh gh fuíwh/ rx hqfruh oljqh gh sduwdjh ghv
hdx{/ hvw g*dxwdqw soxv vlqxhxvh gdqv oh vhqv krul}rqwdo txh od shqwh ghv yhuvdqwv hvw soxv
idleoh1 Hooh hvw kdelwxhoohphqw prlqv elhq gì�qlh txh od oljqh gh wdozhj1
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6151614 O*ìwdw gh o*duw

Od srvvlelolwì gh uhwurxyhu ohv oljqhv gh fuíwhv hw gh wdozhjv gdqv ohv frxuehv gh qlyhdx
qh grlw sdv vxusuhqguh sxlvtxh/ elhq txh qrq h{solflwhv/ hoohv | vrqw suìvhqwhv = fhv oljqhv
vrqw vhqvleohphqw ghv olhx{ rü od vxuidfh hvw soxv frxueìh tx*dloohxuv > hoohv fruuhvsrqghqw
vxu xqh fduwh ã ghv oljqhv yluwxhoohv/ uholdqw wudqvyhuvdohphqw g*xqh frxueh ã o*dxwuh ghv
srlqwv gh frxuexuh pd{lpdoh rx gh uheurxvvhphqw1 Sdupl ohv pìwkrghv sxeolìhv gh uh0
fkhufkh dxwrpdwltxh gh fhv oljqhv/ rq shxw glvwlqjxhu wurlv fdwìjrulhv =

Pìwkrghv fkhufkdqw ã uholhu ohv srlqwv gh frxuexuh pd{lpdoh

Ohv srlqwv gh frxuexuh pd{lpdoh vrqw uholìv g*xqh frxueh ã o*dxwuh +Eudqgol dqg Vfkqhl0
ghu/ 4<<7, > fhshqgdqw ghx{ frxuehv vxffhvvlyhv qh shxyhqw íwuh uholìhv txh sdu ghv vhj0
phqwv/ hw sdu vxlwh od oldlvrq q*hvw srvvleoh +vdqv lqwhuvhfwhu xqh ghv frxuehv, txl vl od
fuíwh rx od ydooìh hvw vhqvleohphqw uhfwloljqh > fhv pìwkrghv ìfkrxhqw grqf hq fdv gh fuíwhv
rx ydooìhv vlqxhxvhv1

Pìwkrghv edvìhv vxu xqh hvwlpdwlrq gh od gluhfwlrq gh od shqwh gdqv xqh
wuldqjxodwlrq

Fhv pìwkrghv xwlolvhqw xqh vxuidfh dx{loldluh/ gì�qlh sdu xqh wuldqjxodwlrq frqwudlqwh/
srxu lqwhusrohu od gluhfwlrq gh od shqwh hqwuh ohv frxuehv gh qlyhdx1 Gdqv +Dxpdqq hw do1/
4<<4,/ ohv oljqhv fdudfwìulvwltxhv +fuíwhv hw wdozhjv, vrqw frqvwuxlwhv srlqw sdu srlqw hq
vxlydqw xqh oljqh gh soxv judqgh shqwh hvwlpìh > o*lqfrqyìqlhqw hvw txh od shqwh hvw gl!floh
ã hvwlphu gdqv fhv }rqhv gh od wuldqjxodwlrq rü suìflvìphqw ohv wuldqjohv vrqw krul}rqwdx{
+yrlu Vhfwlrq 6151615,1

Pìwkrghv xwlolvdqw ohv d{hv pìgldqv

Fhv pìwkrghv xwlolvhqw ohv d{hv pìgldqv +fi1 fl0ghvvrxv, ghv uìjlrqv lqwhu0frxuehv g*xqh
lpdjh pdlooìh ghv frxuehv gh qlyhdx +Wdqj/ 4<<5, > ohv fuíwhv hw ohv wdozhjv fruuhvsrqghqw
dx{ sduwlhv ghv d{hv pìgldqv vlwxìhv hqwuh ghx{ eudqfkhv g*xqh píph frxueh > fhwwh
whfkqltxh d o*lqfrqyìqlhqw gh qìfhvvlwhu xqh kdxwh uìvroxwlrq srxu grqqhu ghv uìvxowdwv
dffhswdeohv1

6151615 Qrwuh pìwkrgh = edvìh ã od irlv vxu xqh wuldqjxodwlrq hw vxu od qrwlrq
ghv d{hv pìgldqv

Oh sulqflsh gh od pìwkrgh uhsrvh vxu o*revhuydwlrq tx*xqh wuldqjxodwlrq Ghodxqd|
frqiruph 45 dx{ frxuehv gh qlyhdx +yrlu Dqqh{h E, idlw dssdudñwuh ghv wuldqjohv krul}rq0
wdx{ gdqv ohv uìjlrqv wudyhuvìhv sdu ghv oljqhv gh fuíwh hw wdozhj1 Hq h�hw/ od wuldqjxodwlrq
Ghodxqd| hvw fdudfwìulvìh sdu od frqglwlrq txh oh fhufoh flufrqvfulw ã xq wuldqjoh qh frqwlhqw
dxfxq dxwuh vrpphw gh wuldqjoh1 H{dplqrqv doruv vxu od �jxuh 61: fh txl vh sdvvh vxu xqh
fuíwh rx gdqv xq wdozhj1 Rq yrlw tx*xq wuldqjoh who txh ��( uholdqw ghx{ frxuehv gl�ì0
uhqwhv hvw lpsrvvleoh fdu oh fhufoh ��( frqwlhqw g*dxwuhv srlqwv txh �/ �/( > dx frqwudluh
oh wuldqjoh krul}rqwdo ��� hvw xq wuldqjoh yudlvhpeodeoh1 O*dssurfkh frqvlvwh grqf ã uh0

451 Fhwwh revhuydwlrq hvw dxvvl ydodeoh srxu od wuldqjxodwlrq frqwudlqwh1
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Ilj1 61: � Orfdolvdwlrq ghv fuíwhv hw wdozhjv1 d, Oh wuldqjoh krul}rqwdo DEF idlw sduwlh gh
od wuldqjxodwlrq gh Ghodxqd| > e, DEG q*hvw sdv xq wuldqjoh srvvleoh gh od wuldqjxodwlrq
gh Ghodxqd|1

fkhufkhu ghv prufhdx{ gh oljqhv gh fuíwh hw gh wdozhj vlwxìv hqwuh ghx{ frxuehv gh qlyhdx
frqvìfxwlyhv1 Od uhfkhufkh vh idlw hq 7 ìwdshv vxffhvvlyhv =

� wuldqjxodwlrq frqwudlqwh dx{ frxuehv gh qlyhdx/
� gìolplwdwlrq ghv uìjlrqv fulwltxhv sdu dvvhpeodjh ghv wuldqjohv krul}rqwdx{/
� wudfì sodqlpìwultxh ghv oljqhv gh frqwudlqwh/
� fdofxo ghv dowlwxghv ghv srlqwv dssduwhqdqw dx{ oljqhv gh frqwudlqwh1

l1 Wuldqjxodwlrq

O*remhfwli gh od wuldqjxodwlrq hvw g*ìwdeolu ghv uhodwlrqv wrsrorjltxhv hqwuh ohv srlqwv
ghv frxuehv gh qlyhdx1 Soxv suìflvìphqw/ srxu fkdtxh srlqw g*xqh frxueh gh qlyhdx od
wuldqjxodwlrq qh grlw uholhu fh srlqw tx*dx{ ghx{ srlqwv yrlvlqv gh od píph frxueh rx ã
ghv srlqwv vlwxìv vxu xqh frxueh � yrlvlqh �1 Fhwwh sursulìwì hvw hvvhqwlhooh srxu jdudqwlu
txh od uhfkhufkh ghv oljqhv fdudfwìulvwltxhv hvw idlwh wrxmrxuv hqwuh ghx{ frxuehv gh qlyhdx
frqvìfxwlyhv1

Hq jìqìudo/ xqh wuldqjxodwlrq Ghodxqd| gh o*hqvhpeoh S ghv srlqwv txl iruphqw ohv
frxuehv gh qlyhdx qh jdudqwlw sdv txh ohv duíwhv gh od wuldqjxodwlrq qh uholhqw ghv srlqwv
vlwxìv vxu ghx{ frxuehv qrq0frqvìfxwlyhv1

Xqh suhplëuh pìwkrgh srxu ìylwhu txh ohv frqqhfwlrqv hqwuh ohv srlqwv qh � wudyhuvhqw �
ohv frxuehv gh qlyhdx frqvlvwh ã suhqguh xq sdv g*ìfkdqwloorqqdjh B oh orqj gh od frxueh
vx!vdpphqw shwlw +yrlu �jxuh 61;,1 Hq idlw/ vxu ohv srlqwv �c �c �c ( rq shxw frqvwuxluh
ghx{ sdluhv gh wuldqjohv = +���c ��(, rx +��(c��(, > srxu hpsífkhu od wuldqjxodwlrq
gh fkrlvlu ohv wuldqjohv +��(c��(, txl fkhydxfkhqw wurlv frxuehv/ lo idxw idluh hq vruwh
txh ( vrlw h{wìulhxu dx fhufoh ���/ f*hvw0ã0gluh txh e 	 _2 > frpph e � B

2

e_�
/ +B ' ��, lo

vx!w gh fkrlvlu

B 	 2
s

_�_2

rü _� hw _2 vrqw ohv glvwdqfhv krul}rqwdohv hqwuh frxuehv1



6151 Frqwudlqwhv vxu ohv oljqhv gh fuíwh hw gh wdozhj 77

Ilj1 61; � Ghqvl�fdwlrq gh o*ìfkdqwloorq gh srlqwv ghv frxuehv gh qlyhdx1

Gdqv ohv whuudlqv fdudfwìulvìv sdu gh iruwhv shqwhv orfdohv +_� hw _2 shwlwv, fhwwh pìwkrgh
d o*lqfrqyìqlhqw gh ghqvl�hu lqxwlohphqw ohv frxuehv gh qlyhdx ghv sduwlhv soxv sodwhv gx
whuudlq hw grqf g*dxjphqwhu h{djìuìphqw oh qrpeuhv gh wuldqjohv/ fh txl udohqwlw ehdxfrxs
ohv ìwdshv vxlydqwhv gh od uhfkhufkh ghv oljqhv fdudfwìulvwltxhv1

Od ghx{lëph pìwkrgh frqvlvwh ã wuldqjxohu ohv frxuehv gh qlyhdx sdu xqh wuldqjxodwlrq
frqiruph +yrlu Dqqh{h E,1 Gdqv fh fdv/ ohv frqwudlqwhv vrqw gì�qlhv sdu ohv vhjphqwv ghv
oljqhv sro|jrqdohv uhsuìvhqwdqw ohv frxuehv gh qlyhdx1 Fhwwh pìwkrgh hvw vlplodluh ã od
pìwkrgh suìfìghqwh ã o*h{fhswlrq txh od ghqvl�fdwlrq gh o*ìfkdqwloorq gh srlqwv vh idlw
xqltxhphqw vxu ohv vhjphqwv txl qh vrqw sdv uhsuìvhqwìv gdqv od wuldqjxodwlrq1

Od wurlvlëph pìwkrgh frqvlvwh ã wuldqjxohu ohv frxuehv gh qlyhdx sdu xqh wuldqjxodwlrq
frqwudlqwh +yrlu Dqqh{h E,1 Gdqv fh fdv/ ohv vrpphwv gh od wuldqjxodwlrq vrqw suìflvìphqw
ohv srlqwv ghv frxuehv gh qlyhdx lqlwldohv +lo q*| d sdv gh ghqvl�fdwlrq gh o*ìfkdqwloorq, hw
od wuldqjxodwlrq hvw irupì h{foxvlyhphqw sdu ohv vhjphqwv ghv frxuehv gh qlyhdx hw sdu ghv
vhjphqwv uholdqw ghx{ srlqwv g*xqh píph frxueh rx ghv frxuehv yrlvlqhv +frqvìfxwlyhv,1

Gdqv od sudwltxh/ oh qrpeuh gh vhjphqwv ghv frxuehv gh qlyhdx txl qh vrqw sdv uhvshfwìv
sdu od wuldqjxodwlrq gh Ghodxqd| ghv srlqwv ghv frxuehv hvw wuëv uìgxlw > ohv wuldqjxodwlrqv
frqwudlqwh hw frqiruph vrqw grqf wuëv vlplodluhv hw oh qrpeuh gh srlqwv lqvìuìv sdu od
wuldqjxodwlrq frqiruph hvw dxvvl wuëv uìgxlw1

Qìdqprlqv/ gdqv ohv hvvdlv uìdolvìv gdqv fh wudydlo/ rq d suìiìuì fkrlvlu od ghx{lëph
pìwkrgh fdu hooh frqgxlw wrxmrxuv ã xqh wuldqjxodwlrq gh Ghodxqd|1

ll1 Gìolplwdwlrq ghv uìjlrqv fulwltxhv

Od gìolplwdwlrq ghv uìjlrqv fulwltxhv/ f*hvw0ã0gluh ohv uìjlrqv wudyhuvìhv sdu ghv oljqhv
gh fuíwh hw gh wdozhj/ idlw lqwhuyhqlu xqh vxuidfh dx{loldluh/ gì�qlh sdu od wuldqjxodwlrq gh
Ghodxqd| fdofxoìh gdqv o*ìwdsh suìfìghqwh1

Rq vdlw txh/ hqwuh ghx{ frxuehv gh qlyhdx frqvìfxwlyhv/ ohv uìjlrqv fulwltxhv vrqw
fdudfwìulvìhv sdu od suìvhqfh ghv wuldqjohv krul}rqwdx{1 Grqf/ o*dvvhpeodjh gh wuldqjohv
krul}rqwdx{ frqwljxv gì�qlw oh frqwrxu � gh od uìjlrq fulwltxh frpsulvh hqwuh ghx{ frxuehv
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gh qlyhdx frqvìfxwlyhv1 Fh frqwrxu hvw irupì qìfhvvdluhphqw sdu ghv vhjphqwv gh od frxueh
gh qlyhdx txl erughqw ohv wuldqjohv krul}rqwdx{1

916792
3133291

Ilj1 61< � Gìwhfwlrq ghv uìjlrqv wudyhuvìhv sdu ohv oljqhv gh fuíwh hw gh wdozhj +uìjlrqv
fulwltxhv,1

Od �jxuh 61< prqwuh ohv uìjlrqv fulwltxhv gìwhfwìhv sdu fhw dssurfkh1 Rq yrlw elhq txh
ohv uìjlrqv gìwhfwìhv vrqw/ hq h�hw/ wudyhuvìhv sdu ghv oljqhv gh wdozhj hw sdu ghv oljqhv gh
fuíwh1

lll1 Wudfì ghv oljqhv gh frqwudlqwh

Qrxv dyrqv dgplv txh/ g*xqh pdqlëuh jìqìudoh/ ohv oljqhv gh wdozhj hw gh fuíwh vrqw
dssur{lpdwlyhphqw elvvhfwulfhv gh o*dqjoh irupì sdu ohv frxuehv gh qlyhdx1 Oh exw gh fhwwh
ìwdsh hvw gh fkhufkhu o*d{h pìgldq gh fkdtxh uìjlrq sro|jrqdoh fulwltxh1 O*d{h pìgldq
g*xqh uìjlrq olplwìh sdu xq frqwrxu ihupì � hvw o*hqvhpeoh ghv srlqwv r lqwìulhxuv ã �
whov txh od glvwdqfh gh r ã � vrlw dwwhlqwh srxu dx prlqv ghx{ srlqwv gh � > fhw d{h hvw hq
jìqìudo xqh frxueh � ã hpeudqfkhphqwv � +rx � dueuh �,1 O*d{h pìgldq/ xqh irlv wurxyì/
hvw dgrswì frpph oljqh gh fuíwh rx gh wdozhj1

Qrxv q*dyrqv sdv ehvrlq srxu qrwuh dssolfdwlrq gh wurxyhu o*d{h pìgldq suìflv1 Qrxv
qrxv frqwhqwrqv gh o*hvwlphu sdu od oljqh sro|jrqdoh mrljqdqw ohv plolhx{ ghv f÷wìv frp0
pxqv ã ghx{ wuldqjohv1 Fhwwh oljqh hvw frpsoìwìh ã fkdtxh h{wuìplwì sdu oh vhjphqw txl od
mrlqw dx vrpphw rssrvì gx wuldqjoh vxu ohtxho hooh gìerxfkh1 Qrxv frqvlgìurqv xqltxhphqw
ohv oljqhv pìgldqhv uholdqw ghx{ frxuehv gh qlyhdx frqvìfxwlyhv/ f*hvw0ã0gluh/ g*dowlwxghv
?e hw E? n ��e1

ly1 Fdofxo ghv dowlwxghv

D�q g*lqvìuhu ohv oljqhv gh frqwudlqwh gdqv od julooh ìodvwltxh/ lo uhvwh ã d�hfwhu ghv dowl0
wxghv dx{ srlqwv ghv oljqhv pìgldqhv1 Frpph fkdtxh oljqh pìgldqh/ fdofxoìh gdqv o*ìwdsh
suìfìghqwh/ uholh wrxmrxuv ghx{ frxuehv gh qlyhdx frqvìfxwlyhv/ ohv dowlwxghv shxyhqw íwuh
lqwhusroìhv olqìdluhphqw hq irqfwlrq gh o*devflvvh fxuyloljqh1
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Ilj1 6143 � Fdofxo ghv dowlwxghv ghv srlqwv ghv oljqhv gh frqwudlqwh1

Ghx{ fdv shxyhqw vh suìvhqwhu +yrlu �jxuh 6143, =

� od oljqh pìgldqh hvw frpsrvìh sdu xqh oljqh vlpsoh >
� od oljqh pìgldqh hvw frpsrvìh sdu xq dueuh gh oljqhv >

Oh suhplhu fdv hvw oh fdv ìoìphqwdluh hw qh srvh dxfxq sureoëph sduwlfxolhu1 Oh
ghx{lëph fdv shxw íwuh frqvlgìuì frpph xqh frpsrvlwlrq klìudufkltxh ghv fdv ìoìphq0
wdluhv1 Srxu gì�qlu fhwwh klìudufklh rq d fkrlvl od orqjxhxu gh od oljqh = soxv od oljqh hvw
orqjxh soxv hooh hvw lpsruwdqwh gx srlqw gh yxh pruskrorjltxh +yrlu �jxuh 61430e,1 Rq
frpphqfh grqf sdu lqwhusrohu ohv dowlwxghv vxu od oljqh soxv orqjxh +oljqh ��, > hqvxlwh ohv
eudqfkhv vhfrqgdluhv gh o*dueuh vrqw klìudufklvìhv hw ohv dowlwxghv lqwhusroìhv +oljqh �(, >
fhv rsìudwlrqv vrqw uìsìwìhv srxu wrxwhv ohv dxwuhv eudqfkhv gh o*dueuh +oljqh .8 ,1

Od �jxuh 6144 looxvwuh o*hqfkdñqhphqw ghv rsìudwlrqv gìfulwhv gdqv fhwwh vhfwlrq/ srxu
od vxuidfh gh v|qwkëvh1 Od �jxuh 61440d prqwuh xq h{wudlw gh od wuldqjxodwlrq gh Ghodxqd|
frqwudlqwh dx{ frxuehv gh qlyhdx +wuldqjxodwlrq frqiruph, > qrxv frqvwuxlvrqv fhwwh wuldq0
jxodwlrq sdu od pìwkrgh gìfulwh gdqv +Vkhzfkxn/ 4<<9,1 Od �jxuh 61440e prqwuh xq gìwdlo
g*xq d{h pìgldq hvwlpì +oljqh gh frqwudlqwh,/ wudfì hq wudlw sohlq/ dyhf o*d{h pìgldq yudl
hq wluhwì1 Od �jxuh 61440f hvw xqh yxh jìqìudoh ghv frxuehv gh qlyhdx hw ghv d{hv pìgldqv
hvwlpìv > rq yrlw txh fhv d{hv pìgldqv frqvwlwxhqw gh erqqhv dssur{lpdwlrqv ghv oljqhv gh
fuíwhv hw gh wdozhjv1 Od �jxuh 61440g prqwuh ohv frxuehv gh qlyhdx gh od vxuidfh frqwudlqwh
sdu fhv oljqhv/ dyhf ghv lqwhufdodluhv fruuhfwhv1

Uhpdutxh =

Qrxv dyrqv vxssrvì txh ohv oljqhv gh fuíwh hw gh wdozhj vrqw/ hq jìqìudo/ elvvhfwulfhv
gh o*dqjoh irupì sdu ohv frxuehv gh qlyhdx1 Ru/ fhwwh frqglwlrq q*hvw sdv vdwlvidlwh gdqv
ohv fdv ghv fuíwhv hw wdozhjv glvv|pìwultxhv > grqf o*hvwlpdwlrq g*xqh fuíwh rx wdozhj
glvv|pìwultxh hq xwlolvdqw qrwuh dssurfkh yd íwuh eldlvìh/ frpph oh prqwuh od �jxuh 61451
Srxu whqlu frpswh gh od shqwh gh fkdtxh  dqf xqh vroxwlrq srvvleoh frqvlvwhudlw/ shxw íwuh
ã vxevwlwxhu ã od oljqh sro|jrqdoh mrljqdqw ohv plolhx{ ghv duíwhv ghv wuldqjohv/ xqh oljqh
txl mrljqh ohv srlqwv vlwxìv/ gdqv fhv duíwhv/ ã xqh glvwdqfh sursruwlrqqhooh ã od shqwh gh
fkdtxh  dqf1 Wrxwhirlv od gìwhuplqdwlrq ghv fhv shqwhv dprqw q*hvw sdv frpsoëwhphqw
wulyldoh hw q*d sdv sx íwuh plvh hq rhxyuh lfl1 Pdojuì wrxw/ o*k|srwkëvh gh v|pìwulh v*dyëuh
uìdolvwh gdqv xq judqg qrpeuh gh fdv hw od uìvroxwlrq gx sureoëph vxu fhwwh k|srwkëvh
jdugh xq lqwìuíw fhuwdlq1
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Ilj1 6144 � Uhfkhufkh ghv oljqhv gh frqwudlqwh gdqv ohv FQ = d, Wuldqjxodwlrq frqiruph
dx{ FQ > e, Uhfkhufkh g*xqh oljqh gh frqwudlqwh gdqv ohv wuldqjohv krul}rqwdx{ > f, FQ
hw oljqhv gh frqwudlqwh lvvxhv gh o*dssurfkh > g, Frxuehv lqlwldohv +judv, hw lqwhufdodluhv
ghulyìhv gx PQW julooh ìodvwltxh1

Ilj1 6145 � Hvwlpdwlrq g*xqh oljqh gh fuíwh glvv|pìwultxh = hq xwlolvdqw qrwuh pìwkrgh hw
pdqxhoohphqw +wluhwì, hq whqdqw frpswh gh od shqwh gh fkdtxh  dqf1
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616 Dssolfdwlrqv ã ghv whuudlqv uìhov

Sdupl ohv gl�ìuhqwv hvvdlv uìdolvìv shqgdqw fhwwh wkëvh ohv ghx{ hvvdlv vxlydqwv vrqw/ ã
qrwuh dylv/ uhsuìvhqwdwliv gh o*lpsruwdqfh ghv oljqhv fdudfwìulvwltxhv gdqv od frqvwuxfwlrq
ghv PQW ã sduwlu ghv frxuehv gh qlyhdx1 Udsshorqv txh o*remhfwli gh fhwwh frqvwuxfwlrq
hvw gh fuìhu ghv prgëohv qxpìultxhv ìtxlydohqwv dx{ prgëohv fduwrjudskltxhv grqw lov
vrqw lvvxv1

Gdqv ohv ghx{ h{hpsohv vxlydqwv ohv frxuehv gh qlyhdx surylhqqhqw gh od Edvh gh
Grqqìhv Wrsrjudskltxh 46 gh o*LJQ +EGWrsr, > hoohv rqw ìwì rewhqxhv sdu uhvwlwxwlrq
skrwrjudppìwultxh vxu ghv skrwrjudsklhv dìulhqqhv ã o*ìfkhooh � G �f fff1

Yx ohv pdxydlv uìvxowdwv rewhqxv sdu ohv frqwudlqwhv vxu ohv gluhfwlrqv gh o*krul}rqwdoh/
rq d ìwxglì vhxohphqw o*h�hw ghv frqwudlqwhv vxu ohv oljqhv gh fuíwh hw gh wdozhj1

D�q g*ìolplqhu o*lq xhqfh gx sdv gx PQW gdqv od frqvwuxfwlrq gh o*ìtxlydohqfh rq d
frqvlgìuì xqh ydohxu vx!vdpphqw shwlwh > gdqv ohv ghx{ h{hpsohv oh sdv hvw gh o*ruguh gh
o*ìtxlglvwdqfh ghv frxuehv gh qlyhdx1 Hq rxwuh/ gdqv ohv fdofxov gx PQW/ oh vhxo sdudpëwuh
txl grlw íwuh frqwu÷oì sdu o*rsìudwhxu hvw oh frh!flhqw gh olvvdjh gx PQW +sdudpëwuh b
gh o*ìtxdwlrq 514;,1 Qìdqprlqv/ srxu fhv hvvdlv od ydohxu b ' Sfff +yrlu Vhfwlrq 51715,
v*dyëuh dgìtxdwh gdqv od frqvwuxfwlrq ghv gl�ìuhqwv PQW > dxwuhphqw glw/ ohv frxuehv gh
qlyhdx wudfìhv vxu oh PQW vrqw/ hq jìqìudo/ vxshusrvdeohv dx frxuehv gh qlyhdx lqlwldohv1

61614 H{hpsoh 4

Od }rqh uhsuìvhqwìh gdqv fhw h{hpsoh hvw vlwxìh gdqv od uìjlrq gx Kdyuh hw frxyuh
xqh vxuidfh g*hqylurq 4315 np21 Hooh hvw fdudfwìulvìh sdu xq uholhi idleoh pdlv wuëv rq0
gxoì/ frpph oh prqwuh elhq o*dvshfw vlqxvrògdo ghv frxuehv gh qlyhdx1 O*ìtxlglvwdqfh ghv
frxuehv hvw gh D6�

Od �jxuh 61460d uhsurgxlw ohv frxuehv gh qlyhdx lqlwldohv rewhqxhv sdu uhvwlwxwlrq skr0
wrjudppìwultxh1 Rq d suìohyì vxu ohv frxuehv xq ìfkdqwloorq uhsuìvhqwdwli gh srlqwv/ hw
dmxvwì vxu fhw ìfkdqwloorq xqh vxuidfh sdu od pìwkrgh gh od julooh ìodvwltxh1 Od �jxuh 61460e
uhsuìvhqwh ohv frxuehv gh qlyhdx g*ìtxlglvwdqfh �6 gh od vxuidfh dmxvwìh/ dyhf ghv lqwhufd0
odluhv wurs whqgxhv hw txl q*ìsrxvhqw sdv ohv frxuehv lqlwldohv > fhv lqwhufdodluhv wudgxlvhqw
ghv shqwhv luuìjxolëuhv hqwuh ohv frxuehv lqlwldohv hw frqwuhglvhqw grqf oh sulqflsh gx �jxuì
hq frxuehv gh qlyhdx1 Od �jxuh 61460f prqwuh ohv � oljqhv gh frqwudlqwh � rewhqxhv sdu
o*lqwhupìgldluh g*xqh wuldqjxodwlrq frqiruph dx{ frxuehv lqlwldohv +fhuwdlqhv gh fhv oljqhv
dssur{lphqw ohv oljqhv gh fuíwh hw wdozhj,1 Vxu fhv oljqhv gh frqwudlqwh/ rq d suìohyì xq
ìfkdqwloorq frpsoìphqwdluh gh srlqwv/ sxlv dmxvwì ã qrxyhdx xqh vxuidfh vxu o*ìfkdqwloorq
wrwdo/ grqw od �jxuh 61460g uhsuìvhqwh ohv frxuehv gh qlyhdx1 Ohv frxuehv lqwhufdodluhv
ìsrxvhqw fhwwh irlv sduidlwhphqw ohv frxuehv lqlwldohv/ ã who srlqw tx*hoohv ghylhqqhqw lq0
glvfhuqdeohv1

461 Od EGWrsr
U�

hvw xqh edvh gh grqqìhv wrsrjudskltxhv gh suìflvlrq pìwultxh hw fruuhvsrqgdqw dx
frqwhqx gh od fduwh fodvvltxh dx 4 = 58 3331
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Ilj1 6146 � H�hw ghv oljqhv gh frqwudlqwh vxu od frqvwuxfwlrq g*xq PQW sdu julooh ìodv0
wltxh = d, FQ lqlwldohv > e, FQ gx PQW vdqv oljqhv gh frqwudlqwh > f, FQ lqlwldohv frpsoì0
wìhv sdu ohv oljqhv gh frqwudlqwh > g, FQ gx PQW dyhf oljqhv gh frqwudlqwh1
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Ilj1 6147 �Ylvxdolvdwlrq ghv PQW sdu rpeudjh1 d, PQW fdofxoì vdqv oljqhv gh frqwudlqwh >
e, PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh
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Od uìgxfwlrq ghv duwhidfwv sdu o*lqwurgxfwlrq ghv oljqhv gh frqwudlqwh shxw íwuh elhq
revhuyìh sdu xq rpeudjh gx PQW1 Hq idlw/ od �jxuh 61470d prqwuh o*rpeudjh gx PQW
fdofxoì vdqv oljqhv gh frqwudlqwh > rq yrlw elhq txh oh prgëoh qxpìultxh hvw d�hfwì sdu
ghv qrpeuhx{ duwhidfwv uhsuìvhqwìhv hvvhqwlhoohphqw vrxv od iruph gh shwlwhv fxyhwwhv hw
vrpphwv1 Sdu frqwuh gdqv od �jxuh 61470e/ txl uhsuìvhqwh o*rpeudjh gx PQW fdofxoì vdqv
oljqhv gh frqwudlqwhv/ prqwuh txh od judqgh pdmrulwì ghv duwhidfwv rqw ìwì ìolplqìv1

61615 H{hpsoh 5

Fhwwh }rqh/ vlwxìh dxvvl gdqv od uìjlrq gx Kdyuh/ frxyuh xqh vxuidfh gh 419 np21 Hooh
d ìwì fkrlvlh hq udlvrq gh vrq wdozhj wuëv vlqxhx{ hw frpsoh{h1 O*ìtxlglvwdqfh ghv frxuehv
hvw gh �f6�
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Ilj1 6148 � H�hw ghv oljqhv gh frqwudlqwh vxu od frqvwuxfwlrq g*xq PQW sdu julooh ìodv0
wltxh = d, FQ lqlwldohv > e, FQ gx PQW vdqv oljqhv gh frqwudlqwh > f, FQ lqlwldohv frpsoì0
wìhv sdu ohv oljqhv gh frqwudlqwh > g, FQ gx PQW dyhf oljqhv gh frqwudlqwh1

Od �jxuh 61480d prqwuh ohv frxuehv gh qlyhdx lqlwldohv vxu ohvtxhoohv rq d suìohyì xq
ìfkdqwloorq uhsuìvhqwdwli gh srlqwv hw dmxvwì xqh vxuidfh1 Od �jxuh 61480e uhsuìvhqwh ohv
frxuehv gh qlyhdx g*ìtxlglvwdqfh D6 gh od vxuidfh dmxvwìh > rq shxw revhuyhu txh ohv pru0
fhdx{ ghv frxuehv lqwhufdodluhv vlwxìv gdqv ohv sduwlhv soxv uìjxolëuhv gx whuudlq uhvshfwhqw/
hq jìqìudo/ ohv frxuehv lqlwldohv > fhshqgdqw/ ohv prufhdx{ ghv frxuehv lqwhufdodluhv vlwxìv
gdqv oh wdozhj vrqw wurs whqgxhv hw q*ìsrxvhqw sdv ohv frxuehv lqlwldohv1 Od �jxuh 61480
f prqwuh ohv � oljqhv gh frqwudlqwh � rewhqxhv sdu o*lqwhupìgldluh g*xqh wuldqjxodwlrq
frqiruph dx{ frxuehv lqlwldohv > rq revhuyh sulqflsdohphqw txh od oljqh gh wdozhj hvw fru0
uhfwhphqw uhsuìvhqwì sdu ohv oljqhv gh frqwudlqwh fdofxoìhv gdqv od wuldqjxodwlrq1 Vxu fhv
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oljqhv gh frqwudlqwh/ rq d suìohyì xq ìfkdqwloorq frpsoìphqwdluh gh srlqwv/ sxlv dmxvwì
vxu o*ìfkdqwloorq wrwdo ã qrxyhdx xqh vxuidfh/ grqw od �jxuh 61480g uhsuìvhqwh ohv frxuehv
gh qlyhdx1 Rq revhuyh pdlqwhqdqw txh ohv prufhdx{ ghv frxuehv lqwhufdodluhv vlwxìv gdqv
od }rqh gx wdozhj uhvshfwhqw plhx{ ohv frxuehv lqlwldohv1

Ilj1 6149 �Ylvxdolvdwlrq ghv PQW sdu rpeudjh1 d, PQW fdofxoì vdqv oljqhv gh frqwudlqwh >
e, PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh

O*h�hw ghv oljqhv gh frqwudlqwhv vxu ohv oljqhv gh fuíwh hw gh wdozhj shxw íwuh revhuyì
gdqv o*rpeudjh gx PQW1Od �jxuh 61490e prqwuh od vxuidfh dmxvwìh vdqv oljqh gh frqwudlqwh
+pqwbd, hw od �jxuh 61490e od vxuidfh dmxvwìh dyhf ohv oljqhv gh frqwudlqwh +pqwbe,1
G*derug/ rq shxw revhuyhu txh od oljqh gh wdozhj hvw soxv suìflvh gdqv oh pqwbe txh gdqv
oh pqwbd > hq idlw/ gdqv oh pqwbd od oljqh gh wdozhj hvw d�hfwìh gh qrpeuhx{ duwhidfwv
txh hpsífkhqw xq ìfrxohphqw qrupdo ghv hdx{1 Ilqdohphqw/ rq shxw dxvvl uhpdutxhu txh
ohv oljqhv gh fuíwh sulqflsdohv vrqw plhx{ gì�qlhv gdqv oh pqwbe txh gdqv oh pqwbd1
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617 Xqh dxwuh xwlolvdwlrq ghv gluhfwlrqv gh o*krul}rq0
wdoh

Frwdwlrq dxwrpdwltxh ghv frxuehv gh qlyhdx =

Xq dxwuh d{h gh uhfkhufkh txl lqwìuhvvh oh oderudwrluh PDWLV hvw od qxpìulvdwlrq
dxwrpdwltxh ghv sodqfkhv gh frxuehv gh qlyhdx ã sduwlu ghv fduwhv vfdqqìhv1

Fh w|sh g*dssolfdwlrq qìfhvvlwh ghx{ qlyhdx{ g*dqdo|vh = xqh dqdo|vh gh edv qlyhdx/ txl
frqvlvwh ã h{wudluh gh od fduwh vfdqqìh hw ã yhfwrulvhu ohv wkëphv frqfhuqdqw o*dowlpìwulh/
grqw ohv frxuehv gh qlyhdx hw ohv srlqwv frwìv/ hw xqh dqdo|vh gh kdxw qlyhdx/ rü lo v*djlw
sulqflsdohphqw g*d�hfwhu xqh dowlwxgh dx{ frxuehv gh qlyhdx1 Fhwwh skdvh g*lqwhusuìwdwlrq
dxwrpdwltxh ghv frxuehv gh qlyhdx v*dyëuh h{wuíphphqw gìolfdwh/ hq udlvrq ghv qrpeuhxvhv
lqwhuuxswlrqv gx wudfì ghv frxuehv gh qlyhdx +gxhv ã od vxshusrvlwlrq ghv wkëphv gh od
fduwh,/ hw od suìvhqfh gh euxlw1 +Gxsrqw hw do1/ 4<<<, sursrvh gh edvhu o*lqwhusuìwdwlrq ghv
frxuehv gh qlyhdx vxu od frqqdlvvdqfh d sulrul gx vhqv gh od shqwh/ d�q gh sulyloìjlhu xq
vhqv gh sursdjdwlrq gh o*lqirupdwlrq dowlpìwultxh/ hw gh pdlqwhqlu xqh frkìuhqfh joredoh
gx uìvxowdw1

Od idêrq od soxv vlpsoh g*hvwlphu oh vhqv gh od shqwh hvw g*xwlolvhu xq prgëoh qxpìultxh
gh whuudlq/ fdofxoì ã sduwlu ghv srlqwv frwìv hw ghv frxuehv pdñwuhvvhv frwìhv txl rqw ìwì
h{wudlwhv gh od fduwh oruv gh o*dqdo|vh gh edv qlyhdx1 Oh sureoëph hvw txh fhw ìfkdqwloorq
gh srlqwv E%�c+�c5�� q*hvw sdv vx!vdpphqw ghqvh srxu rewhqlu xq PQW suìflv1 Lo hvw grqf
qìfhvvdluh g*lqwurgxluh gdqv oh surfhvvxv gh fuìdwlrq gx PQW ghv lqirupdwlrqv frqfhuqdqw
ohv frxuehv qrq0frwìhv1

Ru/ ohv gluhfwlrqv gh o*krul}rqwdoh shuphwwhqw gh suhqguh hq frpswh gdqv oh fdofxo gx
PQW o*lqirupdwlrq vxu ohv frxuehv qrq0frwìhv1 Hq h�hw/ srxu fhv frxuehv rq shxw fdofxohu/
sdu o*h{suhvvlrq 618/ ghv gluhfwlrqv �$| � hw ohv lqwurgxluh gdqv od julooh ìodvwltxh1

Od �jxuh 614: looxvwuh o*lqwurgxfwlrq ghv gluhfwlrqv gh o*krul}rqwdoh gdqv od frqvwuxfwlrq
gx PQW sdu od pìwkrgh gh od julooh ìodvwltxh1

Od �jxuh 614:0d prqwuh ohv frxuehv gh qlyhdx hw srlqwv grqw rq frqqdñw o*dowlwxgh1 D
sduwlu gh fhwwh lqirupdwlrq rq d suìohyì xq ìfkdqwloorq gh srlqwv +%�/ +�/ 5�,1 Od �jxuh 614:0
e prqwuh ohv frxuehv gh qlyhdx qrq0frwìhv1 Vxu fhv frxuehv rq d suìohyì xq ìfkdqwloorq
frpsoìphqwdluh gh gluhfwlrqv gh o*krul}rqwdoh �$

|� 1 Od �jxuh 614:0f prqwuh ohv frxuehv gh
qlyhdx gx PQW fdofxoì hq frqvlgìudqw xqltxhphqw o*ìfkdqwloorq ghv srlqwv1 Od �jxuh 614:0
g prqwuh ohv frxuehv gh qlyhdx gx PQW fdofxoì dyhf o*ìfkdqwloorq gh srlqwv hw o*ìfkdqwloorq
gh gluhfwlrqv gh o*krul}rqwdoh1 Rq yrlw elhq txh od vxuidfh dmxvwìh dyhf o*ìfkdqwloorq gh
srlqwv hw ohv gluhfwlrqv gh o*krul}rqwdoh hvw prlqv ìorljqìh iruphv ghv frxuehv qrq0frwìhv
txh od vxuidfh dmxvwìh xqltxhphqw dyhf o*ìfkdqwloorq gh srlqwv1
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Ilj1 614: � Frqvwuxfwlrq g*xq PQW hq xwlolvdqw ghv frxuehv frwìhv hw qrq0frwìhv = d,
frxuehv gh qlyhdx pdlwuhvvhv frwìhv hw srlqwv frwìv > e,frxuehv gh qlyhdx qrq0frwìhv > f,
frxuehv gh qlyhdx gx PQW fdofxoì dyhf o*lqirupdwlrq gh od �jxuh0d > g, frxuehv gh qlyhdx
gx PQW fdofxoì dyhf o*lqirupdwlrq ghv �jxuhv d hw e1



Fkdslwuh 7

Hydoxdwlrq qxpìultxh gh
o*ìtxlydohqfh

O*remhfwli gh fhwwh ìydoxdwlrq hvw gh vdyrlu vl oh prghoì rx hqfruh oh uhqgx gx whuudlq
grqqì sdu oh � prgh g*hpsorl � ghv frxuehv gh qlyhdx/ f*hvw0ã0gluh sdu xqh lqwhusrodwlrq
olqìdluh vxlydqw od oljqh gh soxv judqgh shqwh hqwuh ghx{ frxuehv gh qlyhdx frqvìfxwlyhv/
hvw � uhvshfwì � sdu oh prgëoh qxpìultxh/ f*hvw0ã0gluh oh PQW1

D sulrul xq frqwu÷oh h{sulpì sdu h{hpsoh vrxv od iruph g*xqh huuhxu pr|hqqh txdgud0
wltxh dowlpìwultxh/ hvw qìfhvvdluhphqw olplwì dx{ srlqwv ghv frxuehv gh qlyhdx1 Fhshqgdqw/
fh frqwu÷oh q*hvw sdv vx!vdqw srxu fkl�uhu o*ìtxlydohqfh/ fdu hq jìqìudo oh sureoëph gh
jdughu/ gdqv oh prgëoh qxpìultxh/ ohv frxuehv gh qlyhdx gh gìsduw qh vh srvh sdv1 Hq
h�hw/ fhfl hvw frq�upì sdu ohv PQW ghv ghx{ h{hpsohv gx fkdslwuh 6 > elhq txh srxu
wrxv fhv PQW o*e6^ dowlpìwultxh +yrlu ht1 715, vxu ohv srlqwv ghv frxuehv gh qlyhdx vrlw
wuëv surfkh gh f�f6/ ohv PQW fdofxoìv vdqv ohv oljqhv gh frqwudlqwh qh vrqw sdv ìtxlyd0
ohqwv dx{ prgëohv fduwrjudskltxhv grqw lov vrqw lvvxv/ sxlvtxh fhv PQW qh uhvshfwhqw
sdv ohv frxuehv gh qlyhdx lqwhufdodluhv1 Hq rxwuh/ oh idlw g*dyrlu/ g*xqh sduw xq hqvhpeoh
g*ìoìphqwv olqìdluhv +ohv frxuehv gh qlyhdx, hw g*dxwuh sduw xqh vxuidfh/ olplwh oh fkrl{
ghv phvxuhv srvvleohv gh o*ìydoxdwlrq gh fhwwh ìtxlydohqfh dx{ sdudpëwuhv txl shxyhqw
fdudfwìulvhu ohv ìoìphqwv olqìdluhv +sdu h{hpsoh/ od orqjxhxu/ od frxuexuh,1

Qrwrqv/ hq�q/ txh gdqv fhwwh wkëvh rq qh v*lqwìuhvvh sdv dx sureoëph gh o*ìydoxdwlrq
gh od txdolwì ghv frxuehv gh qlyhdx gdqv ohxu u÷oh gh pr|hq gh uhsuìvhqwdwlrq ghv iruphv
gx uholhi1 Rq frqvlgëuh soxw÷w txh ohv frxuehv gh qlyhdx qh frpsruwhqw sdv g*huuhxuv hw
tx*hoohv frqvwlwxhqw xqh uhsuìvhqwdwlrq vdwlvidlvdqwh gh od vxuidfh wrsrjudskltxh1

714 O*ìwdw gh o*duw vxu ohv txdolwìv ghv PQW

Elhq txh o*ìydoxdwlrq gh o*ìtxlydohqfh hqwuh xq prgëoh fduwrjudskltxh hw xq prgëoh
qxpìultxh vrlw xq fdv sduwlfxolhu gh o*ìydoxdwlrq ghv txdolwìv jìqìudohv ghv PQW lo qrxv
vhpeoh lpsruwdqw gh idluh oh srlqw vxu ohv uhfkhufkhv h�hfwxìhv gdqv fh grpdlqh1

88
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Vhorq od qruph lqwhuqdwlrqdoh LVR ;735/ od txdolwì hvw o*hqvhpeoh ghv fdudfwìulvwltxhv
g*xq surgxlw txl oxl frqiëuhqw o*dswlwxgh ã vdwlvidluh ghv ehvrlqv h{sulpìv rx lpsolflwhv1

Gdqv ohv PQW xqh ghv fdudfwìulvwltxhv +rx sdu dexv gh odqjdjh/ xqh ghv txdolwìv,
txl qrxv lqwìuhvvhqw gdydqwdjh hvw vrq h{dfwlwxgh jìrpìwultxh1 Fhwwh fdudfwìulvwltxh hvw
ìydoxìh sdu o*ìfduw hqwuh xqh � srvlwlrq � gdqv oh PQW hw od � srvlwlrq fruuhvsrqgdqwh �
gdqv od uìiìuhqfh1 Dlqvl/ rq glvwlqjxh o*h{dfwlwxgh dowlpìwultxh txl vh udssruwh ã o*hvwlpd0
wlrq gh od glvwdqfh yhuwlfdoh hqwuh oh PQW/ hw od uìiìuhqfh hw o*h{dfwlwxgh ghv iruphv txl
txdol�h oh PQW gdqv vrq u÷oh gh uhsuìvhqwdwlrq ghv iruphv gx uholhi1

71414 H{dfwlwxgh dowlpìwultxh

Od judqgh pdmrulwì ghv wudydx{ sxeolìv vxu od txdolwì ghv prgëohv qxpìultxhv gh
whuudlq derughqw oh sureoëph gh o*ìydoxdwlrq ghv ìfduwv dowlpìwultxhv hqwuh od vxuidfh gì�qlh
sdu oh PQW +M

pqw
, hw xqh vxuidfh gh uìiìuhqfh +M

uhihuhqfh
,1

Od vxuidfh gh uìiìuhqfh hvw vrxyhqw uìgxlwh ã txhotxhv srlqwv gh frqwu÷oh hw o*h{dfwlwxgh
dowlpìwultxh hvw jìqìudohphqw hvwlpìh sdu txhotxhv phvxuhv vwdwlvwltxhv1 Soxv suìflvìphqw/
srxu ? srlqwv gh frrugrqqìhv E%�c+�� rq phvxuh ohv ìfduwv _5�

_5� ' M
pqw

E%�c+���M
uhihuhqfh

E%�c+��c � ' �c � � � c?

hw rq fdofxoh =

� od pr|hqqh dulwkpìwltxh

> '
�

?

?[
�'�

_5� +714,

� o*huuhxu pr|hqqh txdgudwltxh

e6^ '

yxxw�

?

?[
�'�

E_5��2 +715,

� o*ìfduw0w|sh 47

j5 '

yxxw�

?

?[
�'�

E_5� � >�2 +716,

� ohv huuhxuv plqlpdoh hw pd{lpdoh

.
4@ 

' 4@ i_5�c � ' �c � � � c?j .
4�?

' 4�?i_5�c � ' �c � � � c?j +717,

471 Uhpdutxrqv txh vl ohv g}l rqw xqh glvwulexlwlrq fhqwuìh = �} @ hpt=
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Srxu dyrlu xqh erqqh h{dfwlwxgh dowlpìwultxh rq h{ljh hq h�hw txh o*klvwrjudpph ghv
_5� vrlw fhqwuì hw ìwurlw/ f*hvw0ã0gluh txh od pr|hqqh dulwkpìwltxh vrlw qxooh hw ohv ìfduwv
_5� qh vrlhqw sdv wurs ìohyìv hq pr|hqqh txdgudwltxh hw q*dwwhljqhqw mdpdlv gh ydohxu wurs
ìohyìh1

Gdqv oh fdv rü oh PQW hvw lqwhusroì ã sduwlu ghv frxuehv gh qlyhdx fhuwdlqv dxwhxuv
+Dfnhupdqq/ 4<;3> Ol/ 4<<3> Nudxv/ 4<<7> Wdklul/ 4<<:, sursrvhqw ghv prgëohv wkìrultxhv
gh suìglfwlrq gh o*ìfduw0w|sh1 Gh pdqlëuh jìqìudoh lov xwlolvhqw ghv h{suhvvlrqv ìtxlydohqwhv
ã od irupxoh hpslultxh gh Nrssh

j5 ' @n K |@?k +718,

srxu h{sulphu od suìflvlrq dowlpìwultxh ghv PQW lvvxv gh frxuehv gh qlyhdx1 Gdqv fhwwh
h{suhvvlrq |@?k uhsuìvhqwh od shqwh pr|hqqh gx whuudlq > @ hw K vrqw ghv frqvwdqwhv = K
uhsuìvhqwh o*lq xhqfh gh od shqwh vxu od suìflvlrq dowlpìwultxh > hw @ hvw od frpsrvdqwh
yhuwlfdoh gh od suìflvlrq dowlpìwultxh txl hvw lqgìshqgdqwh gh od shqwh1 Sdu h{hpsoh/
+Pdolqj/ 4<;<, sursrvh srxu o*ìfkhooh � G 2D fff hw srxu o*ìtxlglvwdqfh �f6 o*h{suhvvlrq
+hq pìwuhv,

j5 ' ��f n .�f |@?k�

hw grqf xqh gìshqgdqfh hqwuh od suìflvlrq/ o*ìfkhooh hw o*ìtxlglvwdqfh1 Gdqv oh píph
frqwh{wh +Nudxv/ 4<<7, xwlolvh o*h{suhvvlrq j5 ' f�e n D�f |@?k srxu gìfuluh od txdolwì
dowlpìwultxh ghv PQW txl gìulyhqw ghv frxuehv gh qlyhdx ghv fduwhv wrsrjudskltxhv dx
� G D fff1

71415 H{dfwlwxgh ghv iruphv gh whuudlq

Ohv fulwëuhv gh txdolwì ìqrqfìv suìfìghpphqw/ grqw oh frqwu÷oh hvw vlpsoh ã frqfhyrlu
hw ã phwwuh hq rhxyuh/ qh shuphwwhqw sdv g*ìydoxhu o*dswlwxgh gx PQW ã uhsuìvhqwhu
�gëohphqw ohv iruphv gx uholhi1

Dlqvl/ fhuwdlqv dxwhxuv sursrvhqw ghv phvxuhv/ rxwuh o*e6^c shuphwwdqw g*h{sulphu
g*dxwuhv fdudfwìulvwltxhv txl ghyurqw íwuh vdwlvidlwhv sdu ohv PQW1 Sdu h{hpsoh =

� +Edxgrw/ 4<<3> Erovwdg dqg Vwrzh/ 4<<7> Jlohv dqg Iudqnolq/ 4<<9, xwlolvhqw od shqwh
hw o*rulhqwdwlrq gh od shqwh srxu ìydoxhu ohv txdolwìv ghv PQW1 Fhv ghx{ txdqwlwìv/
fdofxoìhv hq ghv srvlwlrqv 48 E%c+� gx PQW vrqw frpsduìhv dx{ píphv txdqwlwìv fdo0
fxoìhv vxu oh whuudlq uìho rx vxu xq prgëoh fduwrjudskltxh soxv gìwdlooì +f*hvw0ã0gluh/
ghv frxuehv gh qlyhdx ã xqh ìfkhooh soxv judqgh,1 Hqvxlwh/ hq xwlolvdqw ghv lqglfhv
vwdwlvwltxhv vlplodluhv ã fhx{ gìfulwv suìfìghpphqw lov lqgltxhqw xqh hvwlpdwlrq ghv
txdolwìv gx PQW hq pdwlëuh gh shqwh hw g*rulhqwdwlrq gh od shqwh1

� +Srolgrul/ 4<<4> Eurzq dqg Edud/ 4<<7, xwlolvhqw od glphqvlrq iudfwdoh srxu gìwhfwhu
od suìvhqfh g*duwhidfwv gdqv ohv PQW1 Hq sduwdqw gh o*k|srwkëvh gh o*lvrwurslh gx

481 Gdqv od soxsduw ghv fdv od shqwh hw o*rulhqwdwlrq gh od shqwh vrqw fdofxoìhv dx{ qrhxgv gh od julooh
PQW1
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whuudlq vxu gh frxuwhv glvwdqfhv/ Srolgrul ìwxglh od suìvhqfh g*dqlvrwurslhv vxu ohv
dowlwxghv hq frpsdudqw od glphqvlrq iudfwdoh (

( ' ��6 +719,

gdqv ohv 7 gluhfwlrqv sulqflsdohv +Q0V/ R0H/ QR0VH/ QH0VR, gh od julooh > oh sdudpëwuh
6 hvw olì ã od irqfwlrq ydulrjudpph �E_�sdu o*ìtxdwlrq49

�E_� ' �_6 +71:,

rü o*ìtxdwlrq gx ydulrjudpph gdqv od gluhfwlrq R0H/ sdu h{hpsoh/ hvw grqqìh sdu

�
R0H

E_� '
�

?

?[
�'�

E5E%�c+��� 5E%� n _c+���
2 +71;,

Gdqv fhv h{suhvvlrqv � hvw xqh frqvwdqwh/ ? hvw oh qrpeuh gh srlqwv xwlolvìv/ 5E%�c+��
hvw o*dowlwxgh gx srlqw � hw 5E%�n_c+�� hvw o*dowlwxgh gx srlqw vlwxì/ gdqv od gluhfwlrq
R0H/ ã xqh glvwdqfh _ gx srlqw �1 Gdqv od píph ruguh g*lgìhv/ Eurzq ìwxglh od
glphqvlrq iudfwdoh hw od iruph gh od irqfwlrq �

2

�E_� +vhpl0ydulrjudpph, ghv irqf0
wlrqv gìulyìhv gh o*dowlwxgh +shqwh hw frxuexuh, srxu gìwhfwhu od suìvhqfh g*duwhidfwv
+dqlvrwurslh, vxu ohv vxuidfhv gìulyìhv1

� O*rpeudjh ghv PQW hvw xqh whfkqltxh wuëv uìsdqgxh srxu gìwhfwhu ylvxhoohphqw
ohv duwhidfwv gxv dx{ gìidxwv gh od irqfwlrq g*lqwhusrodwlrq1 Hq sduwlfxolhu +Zrrg
dqg Ilvkhu/ 4<<6, xwlolvhqw ghv whfkqltxhv g*rpeudjh vxu ohv gìulyìhv gh o*dowlwxgh
+shqwh hw frxuexuh, srxu phwwuh hq ìylghqfh od suìvhqfh g*dxwuh w|shv g*duwhidfwv txl
ìfkdsshqw dx{ rpeudjhv gh o*dowlwxgh1 Od �jxuh 714 looxvwuh ohv rpeudjhv gh o*dowlwxgh
ME%c+�/ gh od shqwh R '

s
M2

%
nM2

+
hw gh od frxuexuh & ' M2

%%
n2M2

%+
nM2

++
gh ghx{

vxuidfhv qxpìultxhv uhsuìvhqwdqw od píph }rqh = xq PQW rewhqx sdu fruuìodwlrq
g*lpdjhv hw xq PQW rewhqx sdu od julooh ìodvwltxh ã sduwlu ghv frxuehv gh qlyhdx1
Od frpsdudlvrq ghv gl�ìuhqwv rpeudjhv qrxv prqwuh txh od shqwh hw hqfruh soxv od
frxuexuh/ vrqw ehdxfrxs soxv vhqvleohv dx � euxlw � txh o*dowlwxgh1

� +Fduudud hw do1/ 4<<:, xwlolvh xq fulwëuh wuëv vlpsoh/ o*klvwrjudpph ghv dowlwxghv
uhodwlyhv 4:/ srxu yìul�hu vl od irqfwlrq dowlwxgh g*xq PQW lvvx ghv frxuehv gh qlyhdx/
ydulh olqìdluhphqw hqwuh ghx{ frxuehv frqvìfxwlyhv1 Oh PQW hvw glvfuìwlvì vhorq xqh
pdlooh uhfwdqjxodluh gh sdv wuëv �q > o*dowlwxgh gh fkdtxh qrhxg hvw uhjurxsìh gdqv
xqh ghv ? fodvvhv +sdu h{hpsoh 43, gh ydohxuv fruuhvsrqgdqwv ã od sduwlwlrq gh
o*lqwhuydooh ghv dowlwxghv hqwuh ghx{ frxuehv gh qlyhdx frqvìfxwlyhv tx*hqfdguhqw
oh qrhxg1 Hq g*dxwuhv whuphv/ vl ohv frwhv gh ghx{ frxuehv vrqw 53 hw 63 ohv 43
fodvvhv rqw srxu olplwhv = 53054/ 54055/� � � / 5<0631 Doruv/ vl o*lqwhusrodwlrq suìvhuyh
od olqìdulwì ghv dowlwxghv hqwuh ghx{ frxuehv gh qlyhdx frqvìfxwlyhv od iruph gh
o*klvwrjudpph ghv dowlwxghv uhodwlyhv grlw íwuh uhfwdqjxodluh1 Sdu h{hpsoh/ od �jxuh
715 prqwuh ohv klvwrjudpphv ghv dowlwxghv uhodwlyhv fruuhvsrqgdqwhv dx{ ghx{ PQW

491 Gdqv od sudwltxh oh sdudpëwuh p hvw hvwlpì sdu od shqwh gh od gurlwh gh prlqguhv fduuì gx judskh
gh od irqfwlrq �+g,/ uhsruwìh gdqv xq v|vwìph gh frrugrqìhv elorjdulwkpltxhv1
4:1 O*dowlwxgh uhodwlyh g*xq srlqw hvw o*dowlwxgh gx srlqw sdu udssruw ã od frxueh gh qlyhdx lppìgldwhphqw

lqiìulhxuh1
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Ilj1 714 � Ylvxdolvdwlrq gh od txdolwì g*xq PQW sdu rpeudjh gh o*dowlwxgh +�jxuhv d hw
g, hw gh vhv ghulyìhv = shqwh +�jxuhv e hw h, hw frxuexuh +�jxuhv f hw h, > Iljxuhv d, ã
f, rpeudjh g*xq PQW lvvx gh fruuìodwlrq > Iljxuhv g, ã i, rpeudjh g*xq PQW lvvx ghv
frxuehv gh qlyhdx1
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Ilj1 715 � Dowlwxghv uhodwlyhv glvwulexìhv hq 43 fodvvhv g*dpsolwxgh gh f�D6 = d, PQW
fdofxoì vdqv oljqhv gh frqwudlqwh > e, PQW fdofxoì dyhf ghv oljqhv gh frqwudlqwh

gh o*h{hpsoh 5 gx fkdslwuh 61 O*ìtxlglvwdqfh ghv frxuehv gh qlyhdx g*ruljlqh ìwdlw
gh D61 O*klvwrjudpph 7150d hvw uhodwli ã od vxuidfh lqfruuhfwh/ f*hvw0ã0gluh od vxuidfh
fdofxoìh vdqv ohv oljqhv gh frqwudlqwh > od iruph hq � X � gh o*klvwrjudpph uìyëoh
o*h{lvwhqfh g*xqh glvwulexwlrq qrq xqliruph ghv dowlwxghv hqwuh ohv frxuehv gh qlyhdx1
O*klvwrjudpph 7150e hvw uhodwli ã od vxuidfh fruuhfwh/ f*hvw0ã0gluh fdofxoìh dyhf ohv
oljqhv gh frqwudlqwh > rq yrlw txh od iruph gh o*klvwrjudpph hvw suhvtxh uhfwdqjxodluh/
frpph lo hvw orjltxh gh v*| dwwhqguh1

� +Nudxv/ 4<<7, sursrvh g*ìydoxhu od suìflvlrq +ìfduw0w|sh, sodqlpìwultxh g*xq PQW
sdu od irupxoh

j%+ ' Kn @ |@?k +71<,

rü @ hw K vrqw ohv sdudpëwuhv txl lqwhuylhqqhqw gdqv o*ìtxdwlrq 7181

D o*h{fhswlrq ghv klvwrjudpphv ghv dowlwxghv uhodwlyhv/ fhv phvxuhv qrxv vhpeohqw shx
dssursulìhv srxu o*ìydoxdwlrq gh o*ìtxlydohqfh ghv iruphv hqwuh oh prgëoh fduwrjudskltxh
hw oh prgëoh qxpìultxh1

G*derug/ od shqwh hvw sudwltxhphqw lpsrvvleoh ã ìydoxhu sdu frpsdudlvrq ã xqh uìiì0
uhqfh/ hvvhqwlhoohphqw sdufh txh od shqwh hvw wuëv gl!floh ã gì�qlu vxu oh whuudlq +hooh q*d
gh vhqv txh sdu udssruw ã xqh ìfkhooh grqqìh,/ pdlv dxvvl sdufh txh vrq fdofxo hvw wuëv
gl!floh ã dxwrpdwlvhu vxu ohv frxuehv gh qlyhdx1

Ghx{lëphphqw/ o*ìydoxdwlrq sdu od glphqvlrq iudfwdoh qh shuphw sdv gh frpsduhu oh
prgëoh fduwrjudskltxh dx prgëoh qxpìultxh fdu od glphqvlrq iudfwdoh gh od vxuidfh uhsuì0
vhqwìh sdu ohv frxuehv gh qlyhdx hvw lqfrqqxh1 G*dxwuh sduw od gl�ìuhqfh hqwuh ghx{ ydohxuv
gh od glphqvlrq iudfwdoh hvw wuëv gl!floh ã lqwhusuìwhu1 Hq g*dxwuh whuphv/ txh uhsuìvhqwh
xqh gl�ìuhqfh gh 3134 gh od glphqvlrq iudfwdoh +(� hqwuh ghx{ uhsuìvhqwdwlrqv qxpìultxhv
g*xq píph whuudlqB

Grqf/ lo qrxv idxw vdqv grxwh hvvd|hu gh wurxyhu g*dxwuhv phvxuhv txl shxyhqw fkl�uhu
o*ìtxlydohqfh gh iruph hqwuh xqh uhsuìvhqwdwlrq gx whuudlq sdu ghv frxuehv gh qlyhdx hw
xq prgëoh qxpìultxh1
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715 Sursrvlwlrq ghv phvxuhv g*ìydoxdwlrq gh o*ìtxl0
ydohqfh

Srxu frpsduhu xqh vxuidfh qxpìultxh ã xqh vxuidfh uhsuìvhqwìh sdu ghv frxuehv gh
qlyhdx/ xqh dssurfkh srvvleoh frqvlvwh ã h{wudluh ghv frxuehv gh qlyhdx gh od vxuidfh
qxpìultxh hw ã frpsduhu ohv ghx{ mhx{ gh frxuehv1

Vl o*rq vrxkdlwh txh ohv frxuehv gh qlyhdx lvvxhv gh od vxuidfh qxpìultxh dlhqw xqh ds0
sduhqfh vlplodluh ã fhooh ghv frxuehv lqlwldohv/ lo hvw qhfhvvdluh fkl�uhu oh ghjuì gh uìjxodulwì
tx*hoohv grlyhqw suìvhqwhu1

Whqdqw frpswh gh o*dvshfw ghv frxuehv gh qlyhdx ghv �jxuhv 61460e hw 61460g +rx
4160f 4160g,/ ghx{ lqglfhv dssdudlvvhqw vxvfhswleohv gh phvxuhu od uìjxodulwì gh frxuehv
sro|jrqdohv gx sodq uhsuìvhqwdqw ghv frxuehv gh qlyhdx =

� od orqjxhxu/
� od frxuexuh pr|hqqh1

71514 Orqjxhxu ghv frxuehv gh qlyhdx

Vrlw � ' �
f
c�

�
c � � � c�? ' � xqh oljqh sro|jrqdoh uhsuìvhqwdqw xqh frxueh gh qlyhdx >

gìvljqrqv sdu ,� od orqjxhxu gx vhjphqw ��3���( od orqjxhxu gh od frxueh gh qlyhdx hvw
phvxuìh sdu

uE�c�� '
?[

�'�

,�

Uhpdutxrqv txh fh fulwëuh qh gìshqg sdv ghv srlqwv fkrlvlv srxu ìfkdqwloorqqhu od
frxueh/ f*hvw0ã0gluh txh od orqjxhxu qh fkdqjh sdv vl rq udmrxwh ghv srlqwv vxu xq vhjphqw1

71515 Frxuexuh pr|hqqh ghv frxuehv gh qlyhdx

7151514 Frxuexuh g*xqh frxueh sodqh

Vrlw 4 xqh frxueh gì�qlh gdqv oh sodq hw sdudpìwuìh sdu o*devflvvh fxuyloljqh r

4Et� ' E%Er�c+Er�� srxu r 5 a ' dSc_o � U +7143,

rü %Er� hw +Er� vrqw ghv irqfwlrqv gh fodvvh �2 hw n4�Et�n ' �1

Qrwrqv sdu |Er� hw ?Er� uhvshfwlyhphqw/ ohv yhfwhxuv wdqjhqw hw qrupdo ã frxueh 4 hq
r +yrlu �jxuh 716, > lo h{lvwh xqh irqfwlrq frqwlqþphqw gìulydeoh @Er� whooh txh

|Er� ' EULtkEr�c t�?kEr�� > ?Er� ' E� t�?kEr�c ULtkEr�� +7144,
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Ilj1 716 � Frxuexuh g*xqh frxueh sodqh1

Od frxuexuh gh od frxueh 4 hq r hvw gì�qlh sdu

&Er� ' *�4
�<f

kErn ��� kEr�

�
' k�Er� +7145,

Frpswh whqx gh 7144 hw 7145 hw hq vxsrvdqw k�Er� : f +k furlvvdqwh, od frxuexuh hvw dxvvl
grqqìh sdu

&Er� ' n|�Er�n +7146,

Lqwxlwlyhphqw od frxuexuh phvxuh oh gìidxw gh uhfwlwxgh gh od frxueh gdqv oh yrlvlqdjh
gh r = soxv od frxuexuh hvw iruwh soxv od frxueh wrxuqh ylwh1

Vxssrvrqv pdlqwhqdqw txh od frxueh4 hvw sdudpìwuìh sdu xqh yduldeoh | txhofrqtxh/
f*hvw0ã0gluh

4E|� ' E%E|�c+E|�� srxu | 5 U ' d@cKo � U +7147,

rü %E|� hw +E|� vrqw ghv irqfwlrqv gh fodvvh �2 hw 4�E|� ' E%�E|�c+�E|�� 9' f/ ;| 5 U1 Gdqv
fh fdv/ od frxuexuh hvw grqqìh sdu

&E|� '
k�E|�

r�E|�
+7148,

rü r hvw xqh devflvvh fxuyloljqh vxu 4/ rE|� G U $ a ' dS ' rE@� / _ ' rEK�o1gì�qlh sdu
rE|� '

U
|

@
n4�E��n _�1

Hq h�hw/ vrlw 4 xqh uhsdudphwulvdwlrq gh 4 sdu o*devflvvh fxuyloljqh r

4E|� '4ErE|�� ;| 5 U�

Gìvljqrqv sdu |c?c! uhvshfwlyhphqw od wdqjhqwh/ od qrupdoh hw od frxuexuh gh 4 hq xq
srlqw rE|�1Sdu gì�qlwlrq |E|� ' |ErE|�� > hq xwlolvdqw od gìulyìh gh od irqfwlrq frpsrvìh/ rq
d

|�E|� ' |
�

Er�
_r

_|
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Frpswh whqx gh 7146 |�

Er� ' &Er�?Er� ' &? sdu gì�qlwlrq gh ? hw &1 Doruv

|� ' &r�?

G*dxwuh sduw lo h{lvwh xqh irqfwlrq frqwlqþphqw gìulydeoh @E|� whooh txh

|E|� '
4E|�

n4E|�n ' EULtkE|�c t�?kE|�� ;| 5 U�

Grqf/ |�E|� ' k�E|�E� t�?kE|�c ULtkE|�� ' k�E|�? hw sdu frqvìtxhqw k�E|� ' &E|�r�E|�1

7151515 Frxuexuh pr|hqqh

Sursrvlwlrq gh gì�qlwlrq = qrxv gì�qlvvrqv od frxuexuh pr|hqqh g*xq duf
3

�( g*xqh
frxueh 4 sdudpìwuìh sdu o*devflvvh fxuyloljqh r sdu

g
6
'

�

,E
3

�(�

]
_

S

m&Er�m _r

rü ,E
3

�(� ' rE_� � rES� ' _ � S gìvljqh od orqjxhxu gh o*duf frpsulv hqwuh � ' rES� hw
( ' rE_�1

Vl od frxueh 4 hvw grqqìh vrxv od iruph sdudpìwultxh 7147 od frxuexuh pr|hqqh gx
wurqêrq frpsulv hqwuh ohv srlqwv � ' 4E@� ' 4Er3�ES�� hw � ' 4EK� ' 4Er3�E_�� hvw
grqqìh sdu

gE�c�� '
�

rEK�� rE@�

]
K

@

mk�E|�m _| +7149,

Hq h�hw/ srxu yìul�hu fhwwh uhodwlrq lo vx!w gh yrlu txh &Er� ' &E|�r�E|� ' k�E|��

Qrwrqv g*derug txh fhwwh judqghxu qh gìshqg sdv gx sdudpìwudjh fkrlvl/ fdu hq idlvdqw
xq fkdqjhphqw gh sdudpìwudjh � $ )E�� ' | dyhf ) G decs o $ d@cKo xqh irqfwlrq elmhfwlyh/
gìulydeoh +)� : f,/ rü e ' )3�E@� hw s ' )3�EK�/ rq d

gE�c�� '
�

rEK�� rE@�

]
K

@

mk�E|�m _| ' �

r � )Es�� r � )Ee�
]

s

e

mk�E)E���m)�E��_�

g*rü/ hq qrwdqw sdu r ' r � ) hw k ' k � ) =

gE�(�� '
�

rEs�� rEe�

]
s

e

mk�E��m _�

Uhpdutxh =

Od gì�qlwlrq gh od frxuexuh pr|hqqh sdu o*h{suhvvlrq

�

K� @

]
K

@

m&E|�m_|
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Ilj1 717 � Frxuexuh pr|hqqh g*xqh oljqh sro|jrqdoh lqvfulwh gdqv xqh frxueh sodqh1

vhudlw xq pdxydlv fkrl{/ fdu hooh gìshqg hq jìqìudo gx sdudpìwudjh fkrlvl1 Hq h�hw/ vrlw
) G dSc_o $ d@cKo xqh irqfwlrq elmhfwlyh gìulydeoh +)� : f, fruuhvsrqgdqw ã xq fkdqjhphqw
gh sdudpìwudjh � $ )E�� ' |c dyhf S ' )3�E@� hw _ ' )3�E_� > rq d

�

K� @

]
K

@

m&E|�m_| '
�

K� @

]
_

S

m&E)E���m)�E��_� '
�

K� @

]
_

S

m&E)E���m)�E��_�

9' �

_� S

]
_

S

m&E��m_�

oruvtxh m&E��m 9' frqvwdqwh 4;1

7151516 Frxuexuh pr|hqqh g*xqh oljqh sro|jrqdoh

Vrlw 4E|�c | 5 d@cKo xqh frxueh ghx{ irlv frqwlqþphqw gìulydeoh hw |E|� ' EULtkE|�c
t�?kE|�� vd wdqjhqwh +k gìulydeoh,1

Frqvlgìurqv pdlqwhqdqw xqh sduwlwlrq gh o*lqwhuydooh d@cKo

@ ' |f 	 |� 	 |2 	 � � � 	 |? ' K

Fhwwh sduwlwlrq gì�qlw od oljqh sro|jrqdoh +yrlu �jxuh 717,

� ' �f ' 6E|f� ( �� ' 6E|�� ( �2 ' 6E|2� > � � � > �? ' 6E|?�

lqvfulwh gdqv od frxueh1 Vrlw w� +f � w� � Z, o*dqjoh ghv vhjphqwv ��3��� hw ����n�

w� ' @hUULtE

����$
��3���

,�
�
����$
����n�

,�n�
� dyhf ,� '

�������$��3���

���
Sursrvlwlrq gh gì�qlwlrq = qrxv gì�qlvvrqv od frxuexuh pr|hqqh gh od oljqh sro|jrqdoh
sdu

�E�c�� '
w� n w2 n � � �n w?3�dnw?o

,� n ,2 n � � �n ,?
+d osrxu xqh frxueh ihupìh, +714:,

4;1 Od uhpdutxh hvw grqf vdqv remhw srxu xqh fhufoh rx xqh gurlwh/ srxu ohvtxhov n+x, @ 4

u
rx n+x, @ 31
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Gìvljqrqv sdu � oh sdv gh od sduwlwlrq

� ' 4@ 
f$�$?3�

E|�n� � |��

hw sdu )
�
o*dqjoh ghv wdqjhqwhv

)
�
' mkE|��� kE|�3��m �

Rq shxw ìfuluh

)
�
' E|� � |�3�� mk�E���m dyhf |�3� 	 �� 	 |��

Oruvtxh � $ f/ od txdqwlwì

)
�
n )

2
n � � �n )

?3�
' E|� � |f� mk�E���mn � � �n E|? � |?3�� mk�E�?�m $

]
K

@

mk�E|�m _|

Pdlv frpph
33333<

��3���

,�

$ |E|&3��

w� $ )
�

G*dxwuh sduw oruvtxh � $ fc od vrpph

,� n ,2 n � � �n ,? $ rEK�� rE@�

Grqf/ od txdqwlwì

w� n w2 n � � �n w?3�
,� n ,2 n � � � n ,?

$ �

rEK�� rE@�

]
K

@

mk�E|�m _| ' gE�c��

fh txl frq�uph od frkìuhqfh gh od gì�qlwlrq gh od frxuexuh pr|hqqh srxu xqh oljqh
sro|jrqdoh1

7151517 Frxuexuh pr|hqqh ghv soxvlhxuv oljqhv sro|jrqdohv frqwlqxhv glv0
mrlqwhv

Frqvlgìurqv pdlqwhqdqw xqh oljqh sro|jrqdoh �c( frpsrvìh sdu ghx{ oljqhv sro|jr0
qdohv E�c�� hw E�c(� frqwlqxhv glvmrlqwhv > qrwrqv sdu �E�c�� hw �E�c(� ohv frxuexuhv
pr|hqqhv gh E�c�� hw E�c(�c uhvshfwlyhphqw +yrlu �jxuh 718,1

Vrlw

�E�c�� '

S
w�S
,�

hw �E�c(� '

S
w�
�S
,�
�

Od frxuexuh pr|hqqh gh uìxqlrq ghv ghx{ oljqhv sro|jrqdohv E�c�� hw E�c(� hvw gì�qlh
sdu =

�EE�c�� ^ E�c(�� '

S
w� n

S
w�
�S

,� n
S

,�
�
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Ilj1 718 � Frxuexuh g*xqh oljqh sro|jrqdoh frpsrvìh ghv soxvlhxuv oljqhv sro|jrqdohv
frqwlqxhv glvmrlqwhv1

Grqf/ hq qrwdqw sdu uE�c�� '
S

,� hw sdu uE�c(� '
S

,�
�
rq d

�EE�c�� ^ E�c(�� '
uE�c���E�c�� n uE�c(��E�c(�

uE�c�� n uE�c(�

Uhpdutxh = fhwwh gì�qlwlrq hvw qìfhvvdluh soxv wdug +yrlu Vhfwlrq 71616, srxu od frqvwuxf0
wlrq gx judskh gh od irqfwlrq frxuexuh pr|hqqh ghv frxuehv gh qlyhdx1

716 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv
hw lqwhufdodluhv

Rq shxw gluh txh/ g*xqh pdqlëuh jìqìudoh/ xq PQW lvvx g*xqh uhsuìvhqwdwlrq gx uholhi
sdu frxuehv gh qlyhdx hvw frqiruph ã fhwwh uhsuìvhqwdwlrq vl hw vhxohphqw vl =

� ohv frxuehv gh qlyhdx g*ruljlqh hw fhoohv gh píphv dowlwxghv gìulyìhv gx PQW vrqw
vxshusrvdeohv/

� ohv frxuehv lqwhufdodluhv gìulyìhv gx PQW � uhvshfwhqw � ohv frxuehv qrupdohv1

Hq h�hw/ od suhplëuh frqglwlrq qrxv dvvxuh txh vxu ohv frxuehv gh qlyhdx lo q*| d sdv
gh eldlv hq 5 hqwuh ohv prgëohv fduwrjudskltxh hw qxpìultxh > dxwuhphqw glw/ txh oh PQW
frqvhuyh elhq ohv frxuehv gh qlyhdx grqw lo hvw lvvx1 Od ghx{lëph frqglwlrq qrxv dvvxuh txh
oh prghoì gx whuudlq grqqì sdu od vxuidfh qxpìultxh hvw wuëv surfkh gx prghoì uhsuìvhqwì
sdu ohv frxuehv gh qlyhdx > fh txl uhylhqw ã gluh txh o*lqwhusrodwhxu suìvhuyh od uìjxodulwì
gh od shqwh hqwuh ghx{ frxuehv gh qlyhdx lqlwldohv frqvìfxwlyhv1

71614 Hq xwlolvdqw o*doohu0uhwrxu FQ0PQW

Xqh idêrq vlpsoh gh yìul�hu vl od pìwkrgh g*lqwhusrodwlrq suìvhuyh od frkìuhqfh hqwuh
ohv frxuehv lqlwldohv +rx qrupdohv, hw ohv frxuehv lqwhufdodluhv/ f*hvw0ã0gluh od uìjxodulwì gh
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915952 916792 917632
3132901

3133291

3133681

  a)

915952 916792 917632
3132901

3133291

3133681

  b)

Ilj1 719 � Dswlwxgh gh od julooh ìodvwltxh ã suìvhuyhu oh prgëoh fduwrjudskltxh = d, doohu0
uhwrxu vdqv ohv oljqhv gh frqwudlqwh > e, doohu0uhwrxu dyhf ohv oljqhv gh frqwudlqwh1
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od shqwh hqwuh ohv frxuehv lqlwldohv/ frqvlvwh ã h�hfwxhu xq doohu0uhwrxu FQ�PQW= hq sdu0
wdqw ghv frxuehv gh qlyhdx lqlwldohv +FQl, gh frwhv Efcec2ec � � � c?e� rq lqwhusroh sdu julooh
ìodvwltxh oh PQW hw rq gìulyh ohv frxuehv gh qlyhdx lqwhufdodluhv gh frwhv E�

2
ec�

2
ec � � � c

2?3�

2
e� > hqvxlwh/ ã sduwlu gh fh mhx gh frxuehv rq fdofxoh xq qrxyhdx PQW hw rq gìulyh

ohv frxuehv gh qlyhdx �qdohv +FQi, gh píphv frwhv txh ohv frxuehv gh gìsduw1 Od frpsd0
udlvrq ylvxhooh gh fhv ghx{ mhx{ gh frxuehv +FQl hw FQi, qrxv grqqh � o*dswlwxgh � gh od
pìwkrgh g*lqwhusrodwlrq ã frqvhuyhu od uìjxodulwì gh od shqwh hqwuh ghx{ frxuehv gh qlyhdx
frqvìfxwlyhv = soxv o*ìfduw hqwuh ohv ghx{ sodqfkhv gh frxuehv hvw shwlw/ soxv od pìwkrgh
g*lqwhusrodwlrq uhvshfwh oh prgëoh fduwrjudskltxh hw grqf od frkìuhqfh hqwuh ohv frxuehv
lqlwldohv hw ohv frxuehv lqwhufdodluhv1

Od �jxuh 719 looxvwuh od plvh hq rhxyuh gx fdofxo g*xq doohu0uhwrxu srxu xq whuudlq
uìho1 Od frpsdudlvrq hqwuh ohv frxuehv lqlwldohv +FQl, hw �qdohv +FQi, hvw idlwh sdu vx0
shusrvlwlrq/ gdqv od píph sodqfkh/ ghv ghx{ mhx{ gh frxuehv1 Od �jxuh 7190d, prqwuh
o*doohu0uhwrxu hq xwlolvdqw/ gdqv oh fdofxo gx PQW/ od pìwkrgh gh od julooh ìodvwltxh vdqv ohv
oljqhv gh frqwudlqwh > rq frqvwdwh sulqflsdohphqw txh gdqv oh wdozhj ohv frxuehv �qdohv +hq
judv, vrqw wuëv ìorljqìhv ghv frxuehv lqlwldohv > grqf gdqv fhv uhjlrqv od julooh ìodvwltxh qh
uhvshfwh sdv od uìjxodulwì gh od shqwh gx prgëoh fduwrjudskltxh1 Od �jxuh 7190e, prqwuh
o*doohu0uhwrxu pdlv hq xwlolvdqw fhwwh irlv0fl od julooh ìodvwltxh dyhf ohv oljqhv gh frqwudlqwh
lpsolflwhv gdqv ohv frxuehv gh qlyhdx > o*ìfduw hqwuh ohv frxuehv �qdohv +hq judv, hw ohv
frxuehv lqlwldohv hvw pdlqwhqdqw soxv shwlw/ fh txl prqwuh txh/ gdqv fhv frqglwlrqv/ od
julooh ìodvwltxh uhvshfwh plhx{ oh prgëoh fduwrjudskltxh1

71615 Hq xwlolvdqw od orqjxhxu

Oh sulqflsh frqvlvwh ã yìul�hu vl od orqjxhxu ghv frxuehv gh qlyhdx fdofxoìhv vxu oh
PQW ydulh olqìdluhphqw dyhf o*dowlwxgh1 Hq h�hw/ oh whuudlq shxw íwuh dvvlploì/ orfdohphqw/
ã xq prufhdx gh f÷qh vxu ohtxho od orqjxhxu gh fkdtxh iudjphqw4< gh frxueh gh qlyhdx
gh frwh 5 ydulh olqìdluhphqw dyhf o*dowlwxgh 5 +yrlu �jxuh 71:,1

Ilj1 71: � Sruwlrq gh f÷qh dssur{lpdqw oh whuudlq1

4<1 Xq iudjphqw g*xqh frxueh gh qlyhdx gh frwh } hvw gì�ql sdu o*lqwhuvhfwlrq gh fhwwh shwlwh vxuidfh
frqltxh dyhf oh sodq krul}rqwdo gh frwh }



7161 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv 9<

7161514 Dqdo|vh ghv frxuehv lqlwldohv

Vl ohv frxuehv gh qlyhdx g*ruljlqh hw fhoohv gìulyìhv gx PQW vrqw vxshusrvdeohv/ ohxu
orqjxhxu grlw íwuh gx píph ruguh gh judqghxu1 Hq h�hw/ oh judskh gh od �jxuh 71; prqwuh
txh srxu od vxuidfh gh o*h{hpsoh 4 gx fkdslwuh 6 ohv orqjxhxuv ghv frxuehv gh qlyhdx vrqw
wrxw ã idlw frpsdudeohv srxu ohv ghx{ PQW= oh PQW fdofxoì vdqv oljqh gh frqwudlqwh
+pqwbd, hw oh PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh +pqwbe,1
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Ilj1 71; � Frpsdudlvrq ghv orqjxhxuv ghv frxuehv gh qlyhdx > oh PQWbd hvw oh PQW
fdofxoì vdqv oljqhv gh frqwudlqwh hw oh PQWbe hvw oh PQW fdofxoì dyhf ohv oljqhv gh
frqwudlqwh

7161515 Dqdo|vh ghv frxuehv lqwhufdodluhv

D�q gh yìul�hu vl ohv frxuehv lqwhufdodluhv gìulyìhv gx PQW uhvshfwhqw ohv frxuehv
qrupdohv/ qrxv doorqv dqdo|vhu ohv judskhv ghv orqjxhxuv ghv frxuehv lqwhufdodluhv1
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Ilj1 71< � Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv +htxlglvwdqfh
�6, = d, Orqjxhxu ghv FQ gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh > e, Orqjxhxu ghv
FQ gx PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1



7161 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv :3

Od �jxuh 71< prqwuh ghv judskhv gh od orqjxhxu ghv frxuehv lqwhufdodluhv +g*ìtxl0
glvwdqfh �6� gìulyìhv gh od vxuidfh gh o*h{hpsoh 4 gx fkdslwuh 61 Oh judskh 71<0d hvw
uhodwli ã od vxuidfh lqfruuhfwh/ f*hvw0ã0gluh tx*lo fruuhvsrqg dx PQW fdofxoì vdqv ohv oljqhv
gh frqwudlqwh > rq yrlw txh ohv orqjxhxuv ghv frxuehv lqwhufdodluhv vrqw joredohphqw hq
gìvdffrug dyhf fhoohv ghv frxuehv lqlwldohv > g*dxwuh sduw od iruph hq � X � hqwuh ghx{
frxuehv lqlwldohv prqwuh txh ohv orqjxhxuv vrqw g*dxwdqw prlqv frkìuhqwhv txh ohv lqwhu0
fdodluhv v*ìorljqhqw ghv frxuehv lqlwldohv1 Oh judskh 71<0e hvw uhodwli ã od vxuidfh fruuhfwh/
f*hvw0ã0gluh tx*lo fruuhvsrqg dx PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh > rq yrlw txh
ohv orqjxhxuv ydulhqw soxv uìjxolëuhphqw/ frpph lo hvw orjltxh gh v*| dwwhqguh1 Rq shxw
píph suìflvhu txh vl o*lqwhusrodwlrq hqwuh ohv frxuehv gh qlyhdx ìwdlw sduidlwhphqw olqìdluh/
qrxv ghyulrqv rewhqlu xq judskh olqìdluh sdu prufhdx{ > hq idlw rq grlw v*dwwhqguh ã xq
judskh xq shx soxv olvvh/ sxlvtxh od julooh ìodvwltxh uìdolvh xqh lqwhusrodwlrq soxv olvvh txh
o*lqwhusrodwlrq olqìdluh hqwuh frxuehv1

Fhwwh dqdo|vh shxw íwuh hqfruh soxv suìflvh vl rq wudfh sdu h{hpsoh ohv judskhv ghv
frxuehv gh qlyhdx g*ìtxlglvwdqfh gh f�D61 Hq idlw/ ohv judskhv 71430d hw 71430e/ uhodwliv
dx{ píphv PQW gh od �jxuh 71</ qrxv prqwuhqw txh oh gìvdffrug hqwuh frxuehv qrupdohv
hw lqwhufdodluhv ìwdlw soxv pdutxì1
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Ilj1 7143 � Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv +htxlglvwdqfh
f�D6, = d, Orqjxhxu ghv FQ gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh > e, Orqjxhxu ghv
FQ gx PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1

Dqdo|vrqv pdlqwhqdqw fh txl vh sdvvh dyhf oh PQW gh o*h{hpsoh 5 gx fkdslwuh 61 Oh
judskh 71440d hvw uhodwli ã od vxuidfh lqfruuhfwh hw oh judskh 71440e hvw uhodwli ã od vxuidfh
fruuhfwh1 Fhv judskhv frq�uphqw dxvvl txh od frkìuhqfh hqwuh frxuehv gh qlyhdx qrupdohv
hw lqwhufdodluhv hvw lqglvfxwdeohphqw soxv ìylghqwh gdqv oh PQW lqwhusroì dyhf ohv oljqhv
gh frqwudlqwh1



7161 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv :4

210 220 230 240 250 260 270 280 290 300 310
0

1000

2000

3000

4000

5000 a

Altitude

Lo
ng

ue
ur

CN initiales CN MNT

210 220 230 240 250 260 270 280 290 300 310
0

1000

2000

3000

4000

5000 b

Altitude

Lo
ng

ue
ur

Ilj1 7144 � Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv = d, Orqjxhxu
ghv FQ gx PQW dmxvwì vdqv oljqhv gh frqwudlqwh > e, Orqjxhxu ghv FQ gx PQW dmxvwì
dyhf oljqhv gh frqwudlqwh1

7161516 Hydoxdwlrq qxpìultxh gh o*ìtxlydohqfh

O*ìtxlydohqfh hqwuh oh prgëoh fduwrjudskltxh hw oh prgëoh qxpìultxh shxw doruv íwuh
ìydoxì qxpìultxhphqw sdu oh sdudpëwuh B

B '
m�

lqlwldohv
m � m�

lqwhufdodluhv
m

? e

rü m�
lqlwldohv

m uhsuìvhqwh o*dluh gx judskh ghv frxuehv lqlwldohv 53/ m�
lqwhufdodluhv

m o*dluh gx
judskh ghv frxuehv lqwhufdodluhv/ ? oh qrpeuh g*lqwhuydoohv hw e o*ìtxlglvwdqfh ghv frxuehv
lqlwldohv1

H{hpsoh 4 H{hpsoh 5
pqwbd 4948 43:
pqwbe 545 7

Wde1 714 � Hydoxdwlrq qxpìultxh gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw frxuehv lqwhu0
fdodluhv +ydohxuv hq pëwuhv,

Oh wdeohdx 714 prqwuh ohv ydohxuv gh B rewhqxhv srxu ohv ghx{ h{hpsohv gx fkdslwuh
61 Gdqv o*h{hpsoh 4/ od frqvlgìudwlrq ghv oljqhv gh frqwudlqwh gdqv od frqvwuxfwlrq gx
PQW lpsoltxh xqh judqgh uìgxfwlrq gh od ydohxu gx sdudpëwuh B hw grqf xqh qhwwh
dpìolrudwlrq gh o*ìtxlydohqfh hqwuh oh prgëoh qxpìultxh hw oh prgëoh fduwrjudskltxh >
fhfl hvw frq�upì sdu od �jxuh 61491 Gdqv o*h{hpsoh 5/ rq revhuyh txh oh PQW frqvwuxlw
vdqv oljqhv gh frqwudlqwh ìwdlw gìmã wuëv surfkh gx prgëoh fduwrjudskltxh hw grqf o*h�hw
ghv oljqhv gh frqwudlqwh vxu oh PQW hvw joredohphqw prlqv ylvleoh1 Hq h�hw/ frpph od
vxuidfh uhsuìvhqwìh frqwlhqw ehdxfrxs gh uìjlrqv uìjxolëuhv/ od uìgxfwlrq gx sdudpëwuh B
hvw prlqv ìylghqwh1

531 F*hvw oh judskh wkìrultxh olqìdluh sdu prufhdx{1



7161 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv :5

Fhwwh revhuydwlrq qrxv d vxjjìuì tx*rq srxuudlw hqfruh uhvwhlqguh o*ìwxgh gh o*ìtxl0
ydohqfh dx{ uìjlrqv wudyhuvìhv sdu ohv oljqhv fdudfwìulvwltxhv +f*hvw0ã0gluh dx{ uìjlrqv ful0
wltxhv/ yrlu Vhfwlrq 6151615,1 Wrxwhirlv/ oh fdofxo ghv prufhdx{ gh frxuehv gh qlyhdx txl
wudyhuvhqw fhv uìjlrqv q*hvw sdv idfloh hw q*d sdv sx íwuh plvh hq rhxyuh lfl1

Uhpdutxh =

Od orqjxhxu ghv frxuehv gh qlyhdx shxw íwuh dxvvl xwlolvìh srxu ìydoxhu o*dswlwxgh +rx
txdolwì, g*xq PQW ã uhsurgxluh ghv frxuehv gh qlyhdx fduwrjudskltxhv1 Hq h�hw/ xqh
frqglwlrq qìfhvvdluh srxu tx*xq PQW dlw ghv fdudfwìulvwltxhv fduwrjudskltxhv hvw txh
oh judskh gh od orqjxhxu gh vhv frxuehv gh qlyhdx vrlw surfkh g*xq judskh olqìdluh sdu
prufhdx{1
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Ilj1 7145 � Frpsdudlvrq ghv orqjxhxuv ghv frxuehv gh qlyhdx gìulyìhv gh ghx{ PQW= +d,
PQW lvvx gh fruuìodwlrq dxwrpdwltxh g*lpdjhv > +e, PQW lvvx g*xqh uhsuìvhqwdwlrq gx
uholhi sdu frxuehv gh qlyhdx1

Fhfl hvw frq�upì sdu od �jxuh 7145 txl prqwuh ghv judskhv gh od orqjxhxu ghv frxuehv
gh qlyhdx1 Oh judskh 71450d hvw uhodwli ã xq PQW rewhqx sdu fruuìodwlrq dxwrpdwltxh
g*lpdjhv 54 hw oh judskh 71450e hvw uhodwli ã xq PQW lvvx ghv frxuehv gh qlyhdx hw uh0
suìvhqwdqw od píph vxuidfh1 O*luuìjxodulwì gh oh judskh gx PQW lvvx gh fruuìodwlrq qrxv
prqwuh txh od vxuidfh uhsuìvhqwìh sdu fh prgëoh qxpìultxh hvw wurs luuìjxolëuh srxu íwuh
xwlolvìh sdu h{hpsoh gdqv oh wudfì gh frxuehv gh qlyhdx > grqf/ lo hvw qìfhvvdluh � olvvhu �
fh PQW srxu o*xwlolvhu hq fduwrjudsklh1 Oh judskh gx PQW lqwhusroì ã sduwlu ghv frxuehv
gh qlyhdx qrxv grqqh xqh uìiìuhqfh srxu uìjohu fh olvvdjh1

71616 Hq xwlolvdqw od frxuexuh pr|hqqh

Gdqv fhwwh vhfwlrq qrxv idlvrqv ìwdw gh o*xwlolvdwlrq gh od frxuexuh pr|hqqh/ elhq txh
ohv hvvdlv q*dlhqw sdv ìwë hqwlëuhphqw frqfoxdqwv/ frpph qrxv doorqv oh yrlu1

Oh sulqflsh hvw oh píph txh fhoxl xwlolvì srxu ìydoxhu od orqjxhxu ghv frxuehv gh
qlyhdx1 Rq frpphqfh g*derug sdu yìul�hu vl ohv frxuexuhv pr|hqqhv ghv frxuehv gh qlyhdx

541 Lo hvw lqwhuhvvdqw gh uhpdutxhu txh srxu oh PQW lvvx gh fruuhodwlrq o*klvwrjudpph ghv dowlwxghv
uhodwlyhv hvw hq jìqìudo uhfwdqjxodluh



7161 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv :6

ruljlqdohv vrqw frpsdudeohv dx{ frxuexuhv ghv frxuehv PQW fruuhvsrqgdqwhv +f*hvw0ã0gluh
gh píphv frwhv txh ohv frxuehv lqlwldohv,1
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Ilj1 7146 � Frpsdudlvrq ghv frxuexuhv ghv frxuehv gh qlyhdx > rq qrwh sdu PQWbd oh
PQW fdofxoì vdqv oljqhv gh frqwudlqwh hw sdu PQWbe oh PQW fdofxoì dyhf ohv oljqhv gh
frqwudlqwh

Suhqrqv sdu h{hpsoh od vxuidfh gh o*h{hpsoh 4 gx fkdslwuh 6 hw wudêrqv oh judskh gh
od frxuexuh pr|hqqh hq irqfwlrq gh o*dowlwxgh ghv frxuehv PQW gh píphv frwhv txh ohv
frxuehv ruljlqdohv +yrlu �jxuh 7146,1 Rq revhuyh txh/ frqwudluhphqw ã fh txl vh sdvvh
dyhf ohv orqjxhxuv ghv frxuehv/ ohv ydohxuv ghv frxuexuhv pr|hqqhv fruuhvsrqgdqwhv ã
gl�ìuhqwhv dowlwxghv qh v*dffrughqw sdv hqwuh hoohv1 Grqf/ gdqv xq suhplhu whpsv fhv
uìvxowdwv vxjjëuhqw txh od irqfwlrq frxuexuh pr|hqqh hvw wuëv vhqvleoh dx{ shwlwv gìwdlov
suìvhqwv gdqv ohv frxuehv1

Qìdqprlqv/ dqdo|vrqv fh txl vh sdvvh dyhf od frxuexuh pr|hqqh ghv frxuehv lqwhufd0
odluhv1
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Ilj1 7147 � Hydoxdwlrq gh od frxuexuh pr|hqqh ghv frxuehv gh qlyhdx1d, Frxuexuh ghv FQ
gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh > e, Frxuexuh ghv FQ gx PQW fdofxoì dyhf ohv
oljqhv gh frqwudlqwh1



7161 Hydoxdwlrq gh od frkìuhqfh hqwuh frxuehv lqlwldohv hw lqwhufdodluhv :7

Od �jxuh 7147 prqwuh ghv judskhv gh frxuexuh pr|hqqh srxu ohv frxuehv gìulyìhv gx
PQW gh o*h{hpsoh 4 gx fkdslwuh 61 Oh judskh 71470d hvw uhodwli ã od vxuidfh lqfruuhfwh/
f*hvw0ã0gluh dx PQW fdofxoì vdqv ohv oljqhv gh frqwudlqwh hw oh judskh 71470e hvw uhodwli ã
od vxuidfh fruuhfwh/ f*hvw0ã0gluh dx PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh1 G*derug/ rq
revhuyh txh ohv ydohxuv ghv frxuexuhv pr|hqqhv ghv frxuehv fruuhvsrqgdqw ã od vxuidfh
lqfruuhfwh vrqw lqiìulhxuhv dx{ frxuexuhv ghv frxuehv fruuhvsrqgdqw ã od vxuidfh fruuhfwh >
grqf oh PQW fdofxoì vdqv oljqhv gh frqwudlqwh hvw soxv olvvh txh oh PQW fdofxoì dyhf ohv
oljqhv gh frqwudlqwh1 Hqvxlwh/ od iruph hq � X � gx judskh hqwuh ghx{ frxuehv lqlwldohv
prqwuh txh ohv frxuehv vrqw g*dxwdqw soxv olvvhv txh ohv lqwhufdodluhv v*ìorljqhqw ghv frxuehv
lqlwldohv1
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Ilj1 7148 � Hydoxdwlrq gh od frxuexuh pr|hqqh ghv frxuehv gh qlyhdx1d, Frxuexuh ghv FQ
gx PQW fdofxoì vdqv oljqhv gh frqwudlqwh > e, Frxuexuh ghv FQ gx PQW fdofxoì dyhf ohv
oljqhv gh frqwudlqwh1

Fhv revhuydwlrqv vrqw soxv ylvleohv srxu oh PQW gh o*h{hpsoh 5 gx fkdslwuh 61 Oh
judskh 71480d hvw uhodwli ã od vxuidfh lqfruuhfwh hw oh judskh 71480e hvw uhodwli ã od vxuidfh
fruuhfwh1 Hq idlw/ rq frqvwdwh dxvvl txh oh PQW fdofxoì vdqv oljqhv gh frqwudlqwh hvw soxv
olvvh txh oh PQW fdofxoì dyhf ohv oljqhv gh frqwudlqwh/ hw tx*hqwuh ghx{ frxuehv gh qlyhdx
qrupdohv od iruph hq � X � gx judskh hvw gdydqwdjh dffhqwxì1

Hq frqfoxvlrq/ o*dqdo|vh lvroìh ghv judskhv gh od irqfwlrq frxuexuh pr|hqqh qh shu0
phw sdv gh glvwlqjxhu xqh vxuidfh dffhswdeoh g*xqh vxuidfh lqfruuhfwh > píph xqh vxuidfh
ylvxhoohphqw dffhswdeoh/ rx dffhswdeoh vxlydqw oh fulwëuh ghv orqjxhxuv ghv frxuehv/ grqqh
xq judskh ghv frxuexuhv pr|hqqhv shx idfloh ã lqwhusuìwhu1

Oh idlw txh ohv frxuexuhv ghv frxuehv lqwhufdodluhv vrlhqw vhqvleohphqw lqiìulhxuhv ã
fhoohv ghv frxuehv lqlwldohv lqgltxh txh od frxuexuh pr|hqqh hvw xq fulwëuh vhqvleoh/ grqf
suredeohphqw dswh ã phwwuh hq ìylghqfh ghv duwhidfwv wuëv �qv > pdlv fh fulwëuh hvw srxu oh
prphqw wurs vhqvleoh srxu qrwuh ehvrlq1 Fh fulwëuh pìulwhudlw g*íwuh ìwxglì xowìulhxuhphqw
soxv hq gìwdlo1



Fkdslwuh 8

Frqfoxvlrqv hw shuvshfwlyhv

814 Uìvxpì ghv uìvxowdwv dftxlv

Od frqvwuxfwlrq g*xq PQW gh txdolwì ã sduwlu gh frxuehv gh qlyhdx srvh oh sureoëph
gh o*ìtxlydohqfh hqwuh oh prgëoh fduwrjudskltxh uhsuìvhqwì sdu ohv frxuehv gh qlyhdx hw
oh prgëoh qxpìultxh uhsuìvhqwì sdu oh PQW1 Xqh frqglwlrq qìfhvvdluh hw vx!vdqwh srxu
tx*xq PQW vrlw ìtxlydohqw ã xqh uhsuìvhqwdwlrq gx whuudlq sdu ghv frxuehv gh qlyhdx
hvw txh ohv frxuehv gh qlyhdx lqwhufdodluhv gìulyìhv gx PQW v*dffrughqw dyhf ohv frxuehv
lqlwldohv1

G*xqh pdqlëuh jìqìudoh/ fhwwh frqglwlrq q*hvw sdv vdwlvidlwh sdu ohv prgëohv qxpìultxhv
fdofxoìv ã sduwlu ghv frxuehv gh qlyhdx/ hq sduwlfxolhu srxu oh PQW dmxvwì sdu od pìwkrgh
gh od julooh ìodvwltxh1 Hq h�hw/ vl ohv vhxohv lqirupdwlrqv txh o*rq h{wudlw ghv frxuehv gh
qlyhdx vrqw ohv srlqwv txh ohv frqvwlwxhqw +fh txl uhylhqw ã gluh txl rq wudlwh ohv frxuehv
frpph ghv vxlwhv ghv srlqwv vdqv olhq ohv xqh dyhf ohv dxwuhv, fhv PQW suìvhqwhqw ghv
duwhidfwv txl vh wudgxlvhqw sdu ghv frxuehv lqwhufdodluhv ehdxfrxs soxv whqgxhv txh ohv
frxuehv lqlwldohv > fh skìqrpëqh hvw sduwlfxolëuhphqw ylvleoh gdqv ohv uìjlrqv gh fuíwhv hw
gh wdozhjv1

Gdqv fh wudydlo rq d prqwuì txh oh sureoëph ghv frxuehv lqwhufdodluhv shxw íwuh uì0
vrox gh idêrq vdwlvidlvdqwh hq lpsrvdqw ã od julooh ìodvwltxh ghv frqwudlqwhv whoohv txh ohv
gluhfwlrqv gh o*krul}rqwdoh rx ohv oljqhv gh fuíwh hw gh wdozhj1 Oh idlw lqwìuhvvdqw hvw txh
fhv frqwudlqwhv gìulyhqw ghv frxuehv gh qlyhdx hoohv0píphv/ hw qh qìfhvvlwhqw o*dssruw
g*dxfxqh lqirupdwlrq h{wìulhxuh dgglwlrqqhooh1

Ohv gluhfwlrqv gh o*krul}rqwdoh vrqw lpsrvìhv ã od julooh ìodvwltxh sdu o*lqwhupìgldluh
g*xqh julooh gh yhfwhxuv1 Ohv ghx{ frpsrvdqwhv gh fhv yhfwhxuv vrqw lqwhusroìhv vìsduìphqw
ã sduwlu ghv frpsrvdqwhv ghv gluhfwlrqv gh o*krul}rqwdoh �jxudqw gdqv ohv oljqhv sro|jrqdohv
uhsuìvhqwdqw ohv frxuehv gh qlyhdx1

Ohv oljqhv gh frqwudlqwh frqvwlwxhqw xqh dssur{lpdwlrq ghv oljqhv gh fuíwh hw gh wdozhj
hw vrqw fdofxoìhv sdu o*lqwhupìgldluh g*xqh wuldqjxodwlrq frqiruph dx{ frxuehv gh qlyhdx1
O*lqwurgxfwlrq gh fhwwh wuldqjxodwlrq d srxu h�hw gh uholhu ohv frxuehv hqwuh hoohv/ dxwuh0

:8
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phqw glw gh suhqguh hq frpswh od wrsrorjlh/ f*hvw0ã0gluh ohv uhodwlrqv gh yrlvlqdjh dx vhlq
gx uìvhdx gh frxuehv1

Ohv uìvxowdwv rewhqxv dyhf ohv gluhfwlrqv gh o*krul}rqwdoh vrqw prlqv vdwlvidlvdqwv fdu lo
hvw gl!floh g*hvwlphu ohv gluhfwlrqv gh o*krul}rqwdoh gh idêrq suìflvh1 Od idêrq fruuhfwh gh
uìdolvhu xqh lqwhusrodwlrq yhfwrulhooh vhudlw vdqv grxwh g*lqwhusrohu ohv dqjohv1 Fhshqgdqw/
fh sureoëph qrxv d sdux gl!floh ã wudlwhu dyhf od julooh ìodvwltxh1 Sdu dloohxuv +Dprghl
dqg Ehqerxuklp/ 4<<4> Fkhq dqg Vxwhu/ 4<<;, sursrvhqw xqh pìwkrgh g*lqwhusrodwlrq
gdqv xq fkdps gh yhfwhxuv +dssoltxì ã od pìwìrurorjlh, pdlv od uhodwlyh frpsoh{lwì gx
sureoëph qh qrxv d sdv hqfruh shuplv g*h{sorlwhu ohxu uìvxowdwv1

Fhshqgdqw/ ohv oljqhv gh frqwudlqwh hvwlpdqw ohv fuíwhv hw ohv wdozhjv frqvwlwxhqw xqh
vroxwlrq vlpsoh dx sureoëph ghv frxuehv lqwhufdodluhv1 Frqwudluhphqw dx{ gluhfwlrqv gh
o*krul}rqwdoh txl grlyhqw íwuh frqqxhv dyhf suìflvlrq ohv oljqhv gh fuíwh hw gh wdozhj qh
qìfhvvlwhqw sdv g*íwuh srvlwlrqqìhv h{dfwhphqw1

V*lo idoodlw shuihfwlrqqhu gdydqwdjh od pìwkrgh rq srxuudlw qìdqprlqv shqvhu ã dpì0
olruhu oh wudfì ghv oljqhv gh frqwudlqwh1 Sdu h{hpsoh hq fdv gh fuíwh rx gh wdozhj glvv|pì0
wultxh/ od yudlvhpeodqfh yrxgudlw txh od oljqh fdudfwìulvwltxhv qh vrlw sdv xq d{h pìgldq/
pdlv vrlw gìfdoìh yhuv oh  dqf oh soxv lqfolqì1

Rq srxuudlw dxvvl vrqjhu ã h{wudluh fhv oljqhv gluhfwhphqw g*xq gldjudpph gh Yrurqrò/
rü hoohv vrqw sduwlfxolëuhphqw ylvleohv/ hq vxlydqw sdu h{hpsoh xq dssurfkh vlplodluh ã
fhooh gìfulwh sdu +Kdqjrxîw/ 4<<;, > qìdqprlqv/ fhwwh sursrvlwlrq hvw lqfrpsdwleoh dyhf od
suìfìghqwh1

Od frkìuhqfh hqwuh ohv frxuehv gh qlyhdx lqlwldohv hw ohv frxuehv lqwhufdodluhv gìul0
yìhv g*xq PQW shxw íwuh ìydoxìh qxpìultxhphqw ã sduwlu gh od orqjxhxu hw od frxuexuh
pr|hqqh ghv frxuehv gh qlyhdx1 Hq rxwuh/ o*ìfduw hqwuh ohv frxuehv �qdohv hw ohv frxuehv
lqlwldohv grqqì sdu xq doohu0uhwrxu FQ�PQW qrxv prqwuh o*dswlwxgh gh od pìwkrgh g*lq0
whusrodwlrq ã frqvhuyhu od uìjxodulwì gh od shqwh hqwuh ghx{ frxuehv frqvìfxwlyhv/ lpsrvìh
sdu oh prgëoh fduwrjudskltxh1

Oh qrq0uhvshfw gh fhwwh uìjxodulwì vh wudgxlw sdu od suìvhqfh/ gdqv oh PQW/ g*duwhidfwv/
sduwlfxolëuhphqw ylvleohv gdqv ohv uìjlrqv gh fuíwhv hw gh wdozhjv1 Oh judskh gh od irqfwlrq
orqjxhxu ghv frxuehv gh qlyhdx hvw xq rxwlo lqwìuhvvdqw srxu gìwhfwhu od suìvhqfh gh fh
w|sh g*duwìidfwv gdqv ohv PQW > od uhjxodulwì gh fh judskh h{sulph grqf xqh ghv txdolwìv
fduwrjudskltxhv ghv PQW1

Srxu o*lqvwdqw od frxuexuh pr|hqqh hvw xq fulwëuh wurs vhqvleoh srxu phwwuh hq ìylghqfh
od suìvhqfh g*duwhidfwv gx píph ruguh gh judqghxu txh fhx{ gìwhfwìv sdu od orqjxhxu ghv
frxuehv gh qlyhdx1 Xqh vroxwlrq srvvleoh frqvlvwhudlw shxw íwuh ã o*xwlolvhu dyhf xq dxwuh
fulwëuh frpph sdu h{hpsoh od orqjxhxu pr|hqqh ghv wurqêrqv uhfwloljqhv +ã xqh wroìudqfh
suëv, ghv frxuehv gh qlyhdx 1
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815 Shuvshfwlyhv g*dssolfdwlrq

81514 Olvvdjh fduwrjudskltxh ghv PQW rewhqxv sdu fruuìodwlrq

D�q g*dffìoìuhu oh surfhvvxv gh vdlvlh ghv edvhv gh grqqìhv ohv surgxfwhxuv g*lqiru0
pdwlrq jìrjudskltxh ìwxglhqw od srvvlelolwì g*dxwrpdwlvhu sduwlhoohphqw od skdvh gh uhv0
wlwxwlrq sdu ghv pìwkrghv dxwrpdwltxhv g*h{wudfwlrq gh o*lqirupdwlrq wrsrjudskltxh1 Hq
sduwlfxolhu/ hq fh txl frqfhuqh o*lqirupdwlrq vxu oh uholhi/ o*Lqvwlwxw Jìrjudskltxh Qdwlrqdo
+LJQ, hqylvdjh o*xwlolvdwlrq ghv PQW rewhqxv sdu fruuìodwlrq dxwrpdwltxh ghv lpdjhv dì0
ulhqqhv gdqv od surgxfwlrq ghv frxuehv gh qlyhdx srxu vd edvh gh grqqìhv wrsrjudskltxh
+Sklolssh Jxldyduf*k/ 4<<8> Gxsìuhw/ 4<<9,1

898520 899270 900020
2078300

2079050

2079800

  a)
898520 899270 900020

2078300

2079050

2079800

  b)

Ilj1 814 � Dvshfw ghv frxuehv gh qlyhdx = d, Wudfìhv vxu oh PQW lvvx gh fruuìodwlrq > e,
Rewhqxv sdu uhvwlwxwlrq skrwrjudppìwultxh pdqxhooh +suryhqdqfh EGWrsr 0 LJQ,1

Dfwxhoohphqw ohv fruuìodwhxuv glvsrqleohv shuphwwhqw/ hq jìqìudo/ gh uhvwlwxhu oh whuudlq
dyhf xqh suìflvlrq dowlpìwultxh/ f*hvw0ã0gluh dyhf xqh huuhxu pr|hqqh txdgudwltxh hq 5
+j5,/ frpsdudeoh ã fhooh revhuyìh hq uhvwlwxwlrq fodvvltxh gx uholhi +Ehdxyloodlq dqg Mdphw/
4<<8,1 Ru/ od txdolwì +phvxuìh hq whuphv g*huuhxu j5, gh fhv PQW/ elhq txh vx!vdqwh srxu
ehdxfrxs g*dssolfdwlrqv/ frpph sdu h{hpsoh od surgxfwlrq ghv ruwkrskrwrv/ q*hvw sdv +ã
fh vwdgh gh frqvwuxfwlrq gx PQW, vdwlvidlvdqwh gdqv od surgxfwlrq ghv frxuehv gh qlyhdx
hw gh fduwhv gh shqwh hw hvwrpsdjh1 Hq h�hw/ od �jxuh 814 prqwuh xq h{wudlw g*xq PQW
rewhqx sdu fruuìodwlrq dxwrpdwltxh/ uhsuìvhqwì vrxv od iruph gh frxuehv gh qlyhdx/ hw ohv
frxuehv rewhqxhv sdu skrwrjudppìwulh fodvvltxh1 Elhq txh o*huuhxu pr|hqqh txdgudwltxh
j5 gx PQW vrlw frqiruph dx{ vsìfl�fdwlrqv gh txdolwì gh od EGWrsr srxu ohv frxuehv gh
qlyhdx +Gxsìuhw/ 4<<9,/ rq frqvwdwh txh ohv frxuehv gìulyìhv gx PQW gh fruuìodwlrq qh
vrqw sdv vdwlvidlvdqwhv gdqv od uhsuìvhqwdwlrq fduwrjudskltxh gx uholhi fdu hoohv frqwlhqqhqw
ehdxfrxs gh shwlwv gìwdlov qxlvdqw ã od � ohfwxuh gx whuudlq �/ rx hqfruh hoohv vrqw wurs
euxlwìhv1
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Srxu xwlolvhu fh PQW gdqv od surgxfwlrq ghv frxuehv gh qlyhdx fduwrjudskltxhv lo hvw
qìfhvvdluh grqf gh � olvvhu � oh PQW1 Ru/ oh judskh gh od irqfwlrq orqjxhxu shxw íwuh
xwlolvìh srxu ìydoxhu ohv whfkqltxhv gh olvvdjh fduwrjudskltxh1 Hq h�hw/ lo dssdudñw vxu
od �jxuh 7145 txh fh judskh frqvwlwxh xq rxwlo qxpìultxh txl qrxv shuphwwud gh uìjohu
oh ghjuì gh olvvdjh txh o*rq yhxw grqqhu dx PQW1 Fh ghjuì gh olvvdjh shxw íwuh hqfruh
plhx{ dmxvwì hq qh frqvlgìudqw txh ohv prufhdx{ gh frxuehv dx yrlvlqdjh ghv fuíwhv hw
ghv wdozhjv1

81515 Frpsdudlvrq ghv gl�ìuhqwv uhvwlwxwlrqv g*xq píph whuudlq

Xq sureoëph srvì lqlwldohphqw gdqv oh vxmhw gh fhwwh wkëvh ìwdlw gh frpsuhqguh txhoohv
vrqw ohv fdudfwìulvwltxhv lqyduldqwhv +rx vwdeohv, gdqv od uhsuìvhqwdwlrq hq frxuehv gh
qlyhdx hw hq sduwlfxolhu oh ghjuì gh jìqìudolvdwlrq ghv frxuehv1

O*lgìh hvw gh frpsduhu gl�ìuhqwhv uhvwlwxwlrqv g*xq píph whuudlq1 Hq h�hw/ vl df0
wxhoohphqw qrxv ghpdqgrqv ã soxvlhxuv uhvwlwxwhxuv skrwrjudppëwuhv hw ã soxvlhxuv wrsr0
judskhv gh qrxv grqqhu ohxu uhsuìvhqwdwlrq gx whuudlq vrxv od iruph ghv frxuehv gh qlyhdx/
qrxv rewlhqgurqv/ srxu xq píph whuudlq/ ? uhsuìvhqwdwlrqv qrq lghqwltxhv hw srxuwdqw
wrxwhv vhpeodeohv +yrlu �jxuh 815,1

Ilj1 815 � Vxshusrvlwlrq gh 5 uhvwlwxwlrqv =1 d, idlwhv sdu oh píph rsìudwhxu +ìtxlglvwdqfh
�f6, > e, idlwhv sdu ghx{ rsìudwhxuv +ìtxlglvwdqfh 2f6,1

Ru/ fhwwh frpsdudlvrq qh qrxv sdudlvvdlw uìdolvdeoh txh vxu ghv PQW/ vrxv uìvhuyh txh
fhx{0fl vrlhqw sduidlwhphqw ìtxlydohqwv dx{ prgëohv fduwrjudskltxhv fruuhvsrqgdqwv1

Glvsrvdqw pdlqwhqdqw g*xq rxwlo jdudqwlvvdqw xqh ìtxlydohqfh dffhswdeoh fhwwh ìwxgh
qrxv vhpeoh hqylvdjhdeoh1



Dqqh{h D

Lqwhusrodwlrq sro|q÷pldoh sdu
prufhdx{

Vrlw sE%� xqh irqfwlrq gì�qlh gdqv xq lqwhuydooh U ' d%�c%� o � U grqw rq frqqdñw ohv
ydohxuv 5

S
' sE%

S
� dx{ srlqwv %

S
gh U = %

Sn� ' %
S
n �c S ' �c � � � c� � �� Rq fkhufkh ã

hvwlphu sE%� sdu xqh irqfwlrq }E%� whooh txh

5
S
' }E%

S
� S ' �c � � � c�� +D14,

Gdqv fhv frqglwlrqv rq glw txh } uìdolvh o*lqwhusrodwlrq gh s 1

D14 Lqwhusrodwlrq olqìdluh

O*lqwhusrodwlrq olqìdluh frqvlvwh ã fkrlvlu }E%� ìjdoh gdqv fkdtxh lqwhuydooh d%
S
c%

Sn�o ã
xq sro|q÷ph gh ghjuì �1 Hq h�hfwxdqw oh fkdqjhphqw gh yduldeoh | ' %3%S

�

oh sro|q÷ph
lqwhusrodwhxu v*ìfulw vrxv od iruph �

%Sc�
E|� ' @|n K1 Frpswh whqx ghv frqglwlrqv D14 rq d

�
%Sc�

Ef� ' K ' 5
S

�
%Sc�

E|� ' @n K ' 5
Sn�

f*hvw0ã0gluh

�
%Sc�

E|� ' E�� |�5
S
n |5

Sn�

Grqf/

}E%� '
%
Sn� � %

�
5
S
n

%� %
S

�
5
Sn� ;% 5 d%

S
c%

Sn�o +D15,

g*rü o*h{lvwhqfh hw o*xqlflwì gh }E%�1

Rq shxw dxvvl rewhqlu }E%� g*xqh dxwuh idêrq1 Hq h�hw/ vrlw 'E|� od irqfwlrq }E%�
g*lqwhusrodwlrq dvvrflìh ã od idplooh i�

S
j whooh txh =

�
S
'

�
� vl S ' f
f vl S 9' f / +S hqwlhu,

:<



D141 Lqwhusrodwlrq olqìdluh ;3

Doruv vxu d%
S

c%
Sn�

o od irqfwlrq

7E%� ' 'E
%� %

S

�
�5

S

n'E
%� %

Sn�

�
�5

Sn�

hvw xq sro|q÷ph gx suhplhu ghjuì txl yìul�h = 7E%
S

� ' 5
S

/ 7E%
Sn�

� ' 5
Sn�

1 Dxwuhphqw glw
7E%� uìdolvh o*lqwhusrodwlrq olqìdluh vxu d%

S

c%
Sn�

o > doruv g*dsuëv o*xqlflwì =

}E%� ' 'E
%� %

S

�
�5

S

n'E
%� %

Sn�

�
�5

Sn�
'

Sn�[
&'S

'E
%� %

&

�
�5

&

;% 5 d%
S

c%
Sn�

o

Rq shxw suìflvhu 'E|� hq xwlolvdqw o*h{suhvvlrq wurxyìh srxu �
%Sc�

E|� =

'E|� ' �� | vxu dfc�o
'E|� ' f srxu % : �
'E�|� ' 'E|� sdu v|pìwulh srxu % 	 f

f*hvw0ã0gluh +yrlu �jxuh D14,/

'E|� '

�
�� m|m vl m|m � �
f vl m|m : �

Rq shxw dxvvl frqghqvhu o*ìfulwxuh gh }E%� hq revhuydqw txh 'E%3%&
�

� ' 'E| n S� &� ' f
srxu & 5 dScSn �o� > grqf

}E%� '
�[
S'�

5
S

'E
%� %

S

�
� ;% 5 d%

�
c%

�

o +D16,

Qrwrqv txh gdqv fhwwh h{suhvvlrq 5
S

' }E%
S

�/ S ' �c � � � c� hw grqf }E%� uìdolvh elhq
o*lqwhusrodwlrq gh sE%�1 Hq dxwuh/ o*h{suhvvlrq D16 hvw h{dfwh srxu ohv sro|q÷phv gh ghjuì
� �/ f*hvw0ã0gluh/ srxu wrxw RE%� ' @%n K rq d

RE%� '
�[
S'�

RE%
S

�'E
%� %

S

�
� ;% 5 d%

�
c%

�

o

Rq yd gìprqwuhu txh fhwwh ìjdolwì d olhx hq fkdtxh lqwhuydooh d%
S

c%
Sn�

o1 Vrlw % 5 d%
S

c%
Sn�

o/
whqdqw frpswh gh o*ìtxdwlrq D15

}E%� '
%
Sn�

� %

�
RE%

S

� n
%� %

S

�
RE%

Sn�
�

txl hvw xq sro|q÷ph gh ghjuì � dx soxv1 Fh sro|q÷ph yìul�h }E%
S

� ' RE%
S

�/ }E%
Sn�

� '
RE%

Sn�
�/ fh txl lpsoltxh }E%� ' RE%�1

Oh gìidxw gh o*lqwhusrodwlrq olqìdluh hvw txh od irqfwlrq }E%� q*hvw sdv gìulydeoh1 Vl o*rq
vrxkdlwh xqh irqfwlrq }E%� gìulydeoh/ lo idxw xwlolvhu ghv sro|q÷phv gh ghjuì vxsìulhxu ã
�1



D151 Lqwhusrodwlrq fxeltxh ;4

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2
−0.5

0

0.5

1

1.5

Q(t)

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2
−0.5

0

0.5

1

1.5

U(t)

Ilj1 D14 � Irqfwlrqv g*lqwhusrodwlrq = olqìdluh 'E|� hw fxeltxh LE|��

D15 Lqwhusrodwlrq fxeltxh

O*lqwhusrodwlrq fxeltxh frqvlvwh ã suhqguh srxu }E%� gdqv fkdtxh lqwhuydooh d%
S
c%

Sn�o
xq sro|q÷ph gh ghjuì �1 Srxu txh fhwwh pìwkrgh suìvhqwh xq dydqwdjh uìho vxu o*lqwhusr0
odwlrq olqìdluh/ rq h{ljhud txh od irqfwlrq }E%� vrlw gìulydeoh1 Grqf/ }E%� hvw xq sro|q÷ph
lqwhusrodwhxu g*Khuplwh gh ghjuì � sdvvdqw sdu ohv ghx{ srlqwv

E%
S
c5

S
� c E%

Sn�c5Sn��

hw grqw ohv gìulyìhv rqw ghv ydohxuv �{hv

}�E%
S
� ' �@

�
E5

Sn� � 5
S
� c }�E%

Sn�� ' �@

�
E5

Sn2 � 5
S
�c @ 9' f

D�q gh vlpsol�hu ohv fdofxov/ o*h{suhvvlrq gh }E%� vhud gìgxlwh gdqv xq uhsëuh dwwdfkì
d o*lqwhuydooh d%

S
c%

Sn�o/ rü rq suhqg frpph xqlwì gh phvxuh oh sdv �1 Dlqvl/ hq gìvljqdqw
sdu | ' %3%S

�

/ oh sro|q÷ph lqwhusrodwhxu g*Khuplwh v*ìfulw vrxv od iruph

�
%Sc�

E|� ' k|� n q|2 n �| n B

Ohv frqglwlrqv vxu �
%Sc�

E|� v*ìfulyhqw =

�
%Sc�

Ef� ' 5
S
' B

�
%Sc�

E�� ' 5
Sn� ' k n q n � n B

� �

%Sc�
Ef� ' �@E5

Sn� � 5
S
� ' �

� �

%Sc�
E�� ' �@E5

Sn2 � 5
S
� ' �k n 2q n �

g*rü

k ' E5
S
� 5

Sn� n 5
S3� � 5

Sn2� @� 25
Sn� n 25

S

q ' E5
Sn2 n 25

Sn� � 25
S3� � 5

S
� @� �5

S
n �5

Sn�

� ' �@E5
Sn� � 5

S
�

B ' 5
S

fh txl prqwuh o*h{lvwhqfh hw o*xqlflwì gx sro|q÷ph �
%Sc�

E|�/ dyhf

�
%Sc�

E|� '
�
@|� 2@|2 n @|�

�
5
S3� n d�� E@n �� |2 n E2 n @� |�o5

S
n

nd�@|n E� n 2@� |2 � E@n 2� |�o5
Sn� n

�
@|2 � @|�

�
5
Sn2



D151 Lqwhusrodwlrq fxeltxh ;5

Rq shxw dxvvl rewhqlu }E%� g*xqh dxwuh idêrq1 Hq h�hw/ vrlw T
@

E|� od irqfwlrq }E%�
g*lqwhusrodwlrq dvvrflìh ã od idplooh i�

S

j whooh txh =

�
S

'

�
� vl S ' f
f vl S 9' f / +S hqwlhu,

Rq d grqf hq sduwlfxolhu =

T �

@

Ef� ' �@E�� � �
3�� ' f / T �

@

E�� ' �@E�
2
� �

f
� ' @ / T �

@

E2� ' �@E�
�
� �

�
� ' f

T �

@

E��� ' T �

@

E�� ' �@ / T �

@

E�2� ' T �

@

E2� ' f

Doruv/ vxu d%
S

c%
Sn�

o od irqfwlrq

7E%� ' T
@

E
%� %

S3�

�
�5

S3�
n T

@

E
%� %

S

�
�5

S

n T
@

E
%� %

Sn�

�
�5

Sn�
n T

@

E
%� %

Sn2

�
�5

Sn2

hvw xq sro|q÷ph gh ghjuì � txl yìul�h ohv sursulìwìv =

7E%
S

� ' 5
S

/ 7E%
Sn�

� ' 5
Sn�

/ 7 �E%
S

� ' �@

�
E5

Sn�
� 5

S3�
� / 7 �E%

Sn�
� ' �@

�
E5

Sn2
� 5

S

�

dxwuhphqw glw uìdolvh o*lqwhusrodwlrq g*Khuplwh vxu d%
S

c%
Sn�

o1 Grqf g*dsuëv o*xqlflwì =

}E%� '
Sn2[

&'S3�

T
@

E
%� %

&

�
�5

&

;% 5 d%
S

c%
Sn�

o

Qrwrqv txh o*ìfulwxuh gh }E%� shxw vh frqghqvhu hq revhuydqw txh T
@

E%3%&
�

� ' T
@

E| n
S� &� ' f srxu & 5 dS� �cSn 2o� > grqf

}E%� '
�[
S'�

5
S

T
@

E
%� %

S

�
� ;% 5 d%

2
c%

�3�
o +D17,

Rq shxw dxvvl suìflvhu T
@

E|� hq xwlolvdqw o*h{suhvvlrq wurxyìh srxu �
%Sc�

E|�1 Hq h�hw/

T
@

E|� ' �� E@ n �� |2 n E2 n @� |� srxu | 5 dfc�o

T
@

E|� ' @ E|� ��� 2@ E|� ��2 n @ E|� ��� ' H@|� e@� D@|2 n @|� srxu | 5 d�c2o
T
@

E|� ' f srxu | : 2
T
@

E�|� ' T
@

E|� sdu sdulwì srxu | 	 f

f*hvw0ã0gluh

T
@

E|� '

;?
=

E@n 2�m|m� � E@ n ��m|m2 n � vl f � m|m � �

@ m|m� � D@ m|m2 n H@ m|m � e@ vl � � m|m � 2
f vl m|m � 2

+D18,

Fhwwh h{suhvvlrq uhsuìvhqwh xqh idplooh gh irqfwlrqv fxeltxhv sdudpìwuìh sdu od ydohxu @1
Od irqfwlrq gìulyìh hvw xqh irqfwlrq lpsdluh +T

@

E�|� ' �T
@

E|�, grqqìh sdu

T �

@

E|� '

;?
=

E�@n S�|2 � E2@n S�| vl f � | � �
�@|2 � �f@| n H@ vl � � | � 2
f vl | � 2
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D1514 Fkrl{ gh od irqfwlrq fxeltxh

Rq d yx txh fkdtxh ydohxu gh od irqfwlrq T@E|� gì�qlw xqh frxueh irupìh sdu wurlv
dufv gh fxeltxh udffrugdqw hq frqwdfw gh �2 ã n21

Oh fkrl{ gx sdudpëwuh @ hvw idlw gh idêrq txh od irqfwlrq }E%� yìul�h od sursulìwì gh
uhfrqvwuxfwlrq srxu ohv sro|q÷phv gh ghjuì � � > fhod yhxw gluh txh vl � E%� ' ^% n o/
doruv � E%� '

S
&
� E%&�T@E

%3%&

�
�1 Rq yd fkhufkhu srxu txhooh ydohxu gh @ o*ìjdolwì d olhx

gdqv fkdtxh lqwhuydooh d%Sc%Sn�o1 Vrlw %S � % � %Sn� hw gìvljqrqv sdu

-E%� '
[
&

� E%&�T@E
%� %&

�
�

' � E%S3��T@E
%� %S3�

�
� n � E%S�T@E

%� %S
�

� n � E%Sn��T@E
%� %Sn�

�
� n

n� E%Sn2�T@E
%� %Sn2

�
�

Doruv -E%� hvw xq sro|q÷ph gh ghjuì � � txl yìul�h =

-�E%S� ' �@

�
E� E%Sn��� � E%S3��

Pdlv � E%n ��� � E%� �� ' 2�� �E%�/ g*rü

-�E%S� ' �2@� �E%S�

Srxu tx*rq dlw -E%� ' � E%� gdqv d%Sc%Sn�o/ hw hq sduwlfxolhu -�E%S� ' � �E%S�c lo idxw grqf
txh =

@ ' ��

2
+D19,

Vxssrvrqv pdlqwhqdqw txh � E%� hvw xq sro|q÷ph gh ghjuì � 2/ � E%� ' R%2 n ^%n o�
Rq d

-E%S� ' � E%S� -E%Sn�� ' � E%Sn��

hw sxlvtxh @ ' ��

2

-�E%S� ' � �E%S� -�E%Sn�� ' � �E%Sn��

dxwuhphqw glw -E%� uìdolvh o*lqwhusrodwlrq g*Khuplwh gh � E%� vxu d%Sc%Sn�o1 Frpph � E%�
hvw dxvvl xq lqwhusrodqw g*Khuplwh gh oxl0píph hw txh o*lqwhusrodwlrq g*Khuplwh hvw xqltxh/
f*hvw txh

� E%� ' -E%� vxu d%Sc%Sn�o

Fh txl surxyh txh srxu @ ' ��

2
od irqfwlrq grqqì sdu o*h{suhvvlrq D18/ f*hvw0ã0gluh

+yrlu �jxuh D14,
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LE|� '

;?
=

�

2

m|m� � D

2

m|m2 n � vl f � m|m � �

��

2

m|m� n D

2

m|m2 � e m|mn 2 vl � � m|m � 2
f vl m|m � 2

+D1:,

frqgxlw ã xqh irupxoh gh uhfrqvwuxfwlrq h{dfwh srxu ohv sro|q÷phv gh ghjuì � 21

Xqh frqvìtxhqfh gh od sursulìwì gh uhfrqvwuxfwlrq gh od irqfwlrq L hvw tx*hooh hvw
od vhxoh frqgxlvdqw d xqh huuhxu gh qruph �E��� srxu xqh irqfwlrq sE%� gh fodvvh �� >
ohv dxwuhv T

@

+@ 9' ��

2

� grqqhqw xqh huuhxu gh qruph �E�2� +Nh|v/ 4<;4,1 Hq h�hw/ rq
vxssrvh sE%� frqqxh dx{ qrhxgv g*lqwhusrodwlrq %

S'�c���c�
/ wurlv irlv gìulydeoh sduwrxw hw

s ���E%� eruqìh/ f*hvw0ã0gluh ms ���E%�m � � ;%1 O*hvwlpdwlrq gh sE%� sdu lqwhusrodwlrq fxeltxh
hvw

}E%� '
[

S

sE%
S

�LE
%� %

S

�
�

Rq v*lqwìuhvvh ã o*huuhxu g*hvwlpdwlrq eE%� ' m}E%� � sE%�m gdqv o*lqwhuydooh d%
S

c%
Sn�

o1 Ru/
gdqv fhw lqwhuydooh/ od irqfwlrq sE%� shxw v*ìfuluh/ hq xwlolvdqw od irupxoh gh Wd|oru/ vrxv
od iruph

sE%� ' R
%S
E%� n o

%S
E%�

rü R
%S
E%� hvw xq sro|q÷ph gh ghjuì 2 hw mo

%S
E%�m ' �

S

ms ���E|�E% � %
S

��m � �

S

m% � %
S

m� dyhf
%
S

	 | 	 %1 Grqf/
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R
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&

�LE
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�
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[
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o
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�
�

Pdlv R
%S
E%� hvw xq sro|q÷ph gh ghjuì 2/ doruv

S
&

R
%S
E%

&

�LE%3%&
�

� ' R
%S
E%�/ g*rü

}E%� ' R
%S
E%� n

[
&

o
%S
E%

&

�LE
%� %

&

�
�

Vl % 5 d%
S

c%
Sn�

o/ xqh pdmrudwlrq gh o*huuhxu g*hvwlpdwlrq hvw

eE%� '

����[
&

o
%S
E%

&

�LE
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&

�
�� o
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E%�

����
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Sn2[
&'S3�
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�
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%S
E%
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S

m� � �
Sn2[

&'S3�
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S

m� n ���

� ��

S
���

Frpph fhwwh lqìjdolwì hvw lqgìshqgdqwh gh %
S

/

0E%� ' t�TieE%�( %
�
� % � %

�

j ' �E���

fh txl surxyh txh o*huuhxu g*hvwlpdwlrq hvw gh qruph �E���1
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2 3 4 5 6
3

4

5

6

7

Noueds d,interpolation
Fonction U(t)
Fonction V

a=−1
(t)

Ilj1 D15 � Uhfrqvwuxfwlrq gh od irqfwlrq sE%� ' %n � sdu ohv irqfwlrqv L hw T
3�1

Ilqdohphqw/ rq uhpdutxh txh gdqv od olwwìudwxuh fhuwdlqv dxwhxuv xwlolvhqw od irqfwlrq
T@'3�E|� dx olhx gh od irqfwlrq LE|�1 Ru o*xwlolvdwlrq hq fduwrjudsklh gh fhwwh irqfwlrq qh
vhpeoh sdv uhfrppdqgdeoh fdu/ frpph qrxv dyrqv gìmã prqwuì/ hooh qh shuphw sdv gh
uhvwlwxhu h{dfwhphqw xqh irqfwlrq d!qh1 Hq h�hw/ gdqv od uhfrqvwuxfwlrq gx sro|q÷ph
sE%� ' R%n ^ sdu od irqfwlrq jìqìultxh }E%� '

S
S
5ST@E

%3%S

�
� rq d

}�E%S� ' �@R

�
E%Sn� � %S� ' �2@R�

Ru/ vl @ ' ��c }�E%S� ' 2R 9' s �E%S�� Fhw gìidxw hvw looxvwuì gdqv od �jxuh D151 Od
uhfrqvwuxfwlrq gh od irqfwlrq sE%� ' % n � sdu od irqfwlrq g*lqwhusrodwlrq T

3�
E|� grqqh

xqh frxueh frpsruwdqw ghv rqgxodwlrqv1

D1515 Lqwhusrodwlrq vxu ohv erugv

Od irupxoh D17 hvw ydodeoh srxu ;% 5 d%
2
c%�3�

o1 Srxu lqwhusrohu gdqv ohv lqwhuydoohv
d%�c%2o hw d%�3�

c%� o/ lo hvw qìfhvvdluh g*lqwurgxluh txhotxhv frqglwlrqv vxssoìphqwdluhv1
G*xqh sduw/ gdqv o*lqwhuydooh d%�c%2o rq yd reoljhu ã od irqfwlrq }E%� ã sdvvhu sdu ohv ghx{
srlqwv E%

�
c5
�
� hw E%

2
c5
2
� hw/ srxu dvvxuhu od gìulydelolwì/ }�E%

2
� ' �

2�
E5
�
� 5

�
� > hq g*dxwuhv

whuphv }E%� grlw íwuh xq sro|q÷ph gh ghjuì 2 = }E%� ' R%2 n ^%n o1 Ru/ srxu � ' �/ rq d

}Ef� ' o ' 5
�

}E�� ' Rn ^ ' 5
2

}�E�� ' 2Rn ^ '
�

2
E5
�
� 5

�
�

fh txl grqqh

}E|� '
�

2
E|2 � �|n 2�5

�
n E�|2 n 2|�5

2
n

�

2
E|2 � |�5

�

Hq surfìgdqw gh idêrq lghqwltxh srxu % 5 d%
2
c%�3�

o rq rewlhqw

}E|� '
�

2
E|2 � |�5�32

n E�|2 n ��5�3�
n

�

2
E|2 n |�5�
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Rq duulyh dx{ píphv uìvxowdwv hq dmrxwdqw ghx{ qrhxgv g*lqwhusrodwlrq vxssoìphq0
wdluhv %

f
hw %

�n�
whov txh %

f
' %

�
�� hw %

�n�
' %

�
n�1 Hq h�hw/ od irqfwlrq g*lqwhusrodwlrq

fxeltxh } hvw +srxu | ' E%� %
S
�*�, =

}E|� '
�

2
dE�|� n 2|2 � |�5

S3�
n E�|� � D|2 n 2�5

S
n E��|� n e|2 n |�5

Sn�
n

nE|� � |2�5
Sn2

o +D1;,

Vl % 5 d%
�
c%
2
o rq d

}E|� '
�

2
dE�5

f
n �5

�
� �5

2
n 5

�
�|� n E�D5

�
n e5

2
� 5

�
�|2 n E�5

f
n 5

2
�|o n 5

�

Pdlv gdqv fhw lqwhuydooh }E|� hvw xq sro|q÷ph gh ghjuì 2 dx soxv > grqf

5
f
' �5

�
� �5

2
n 5

�
+D1<,

Gh idêrq vlplodluh rq frqfoxw txh

5
�n�

' �5
�
� �5

�3�
n 5

�32
+D143,

Hq frqfoxvlrq/ vl rq dmrxwh ohv qrhxgv vxssoìphqwdluhv %
f
hw %

�n�
c rü rq vxssrvh txh

od irqfwlrq tx*rq yhxw hvwlphu s suhqg ohv ydohxuv 5
f
hw 5

�n�
/ od irupxoh g*lqwhusrodwlrq

fxeltxh D1; ghylhqw ydodeoh srxu ;% 5 d%
S
c%

Sn�
oc S ' �c � � � c� 1

D16 Jìqìudolvdwlrq d ghx{ glphqvlrqv

Vxssrvrqv grqqì gdqv oh sodq xq pdloodjh uìjxolhu P
�
gh qrhxgv E%

S
c+
,
�/ gì�qlv sdu

%
Sn�

' %
S
n�c hw +

,n�
' +

,
n& dyhf S ' �c � � � c� �� hw , ' �c � � � c� ��1 Od jìqìudolvdwlrq

gh od irupxoh g*lqwhusrodwlrq vh idlw qdwxuhoohphqw sdu

}E%c+� '
�[
S'�

�[
,'�

5
Sc,
T E

%� %
S

�
�T E

+ � +
S

&
�

rü ohv frh!flhqwv g*lqwhusrodwlrq 5
Sc,

' sE%
S
c+
,
�/ hw od irqfwlrq g*lqwhusrodwlrq T hvw T ' '

srxu o*lqwhusrodwlrq elolqìdluh hw T ' L srxu o*lqwhusrodwlrq elfxeltxh1



Dqqh{h E

Gldjudpph gh Yrurqrò hw
Wuldqjxodwlrq gh Ghodxqd|

Gdqv od vxlwh rq gìvljqh wrxmrxuv sdu S ' iR�cR2c � � � cR?j xq hqvhpeoh �ql gh ? srlqwv
gx sodq +hvsdfh d!qh U2,1 Gdqv fhw hvsdfh/ rq frqvlgëuh gì�qlh od irqfwlrq glvwdqfh

_ERc^� '
t
ER% � ^%�2 n ER+ � ^+�2 ;Rc^ 5 S

E14 Gldjudpph gh Yrurqrò

Rq yhxw jìqìuhu xqh sduwlwlrq gx sodq srxu odtxhooh fkdtxh ìoìphqw YER�� hvw oh vrxv0
hqvhpeoh ghv srlqwv gx sodq txl vrqw soxv surfkhv g*xq srlqw R� 5 S txh gh wrxv ohv dxwuhv
srlqwv gh S/ f*hvw0ã0gluh =

YER�� ' i^ 5 U2 G _E^cR�� � _E^cR��c ;� 9' �j�

Fkdtxh uìjlrq YER�� hvw dsshoìh sro|jrqh gh Yrurqrò dvvrflì dx srlqw R� > fh sro|jrqh
hvw gì�ql sdu o*lqwhuvhfwlrq ghv ?� � ghpl0sodqv frqwhqdqw R� hw gìolplwìv sdu ohv pìgld0
wulfhv ghv vhjphqwv R�R� > fkdtxh sro|jrqh gh Yrurqrò hvw grqf frqyh{h hw ìyhqwxhoohphqw
qrq eruqì +yrlu �jxuh E14,1

Oh uìvhdx irupì ghv srlqwv ìtxlglvwdqwv gh ghx{ srlqwv R� frqvwlwxh oh gldjudpph gh
Yrurqrò gh S hw hvw gìvljqì sdu VLhES� > lo hvw irupì ghv vrpphwv hw g*duíwhv > ohv duíwhv
vrqw ghv sruwlrqv ghv pìgldwulfhv hw ohv vrpphwv vrqw gì�qlv sdu ohv lqwhuvhfwlrqv ghv
duíwhv hw grqf ìtxlglvwdqwv ã soxv gh ghx{ srlqwv gh S1

Gdqv od sudwltxh/ oh fdofxo gx gldjudpph gh Yrurqrò hvw idlw ã sduwlu g*xqh wuldqjxod0
wlrq gh Ghodxqd|/ fdu hooh hvw soxv vlpsoh ã phwwuh hq rhxyuh1

;:
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Ilj1 E14 � Frqvwuxfwlrq gx gldjudpph gh Yrurqrò = d, Fkdtxh sro|jrqqh gh Yrurqrò hvw
gh�ql sdu o*lqwhuvhfwlrq ghv ghpl0sodqv1 e, Gldjudpph gh Yrurqrò gx vhplv gh srlqwv

E15 Wuldqjxodwlrq gh Ghodxqd|

Sdu gì�qlwlrq/ fkdtxh fhooxoh YER�� hvw qrq ylgh hw dvvrflìh ã xq srlqw R� gh S1 Ã
sduwlu gh fhv YER�� rq shxw frqvwuxluh od wuldqjxodwlrq gh Ghodxqd|1 Hq h�hw/ gdqv oh fdv
sduwlfxolhu rü lo q*h{lvwh sdv gh txdguxsohw gh srlqwv +R�cR�cR&cR,� gh S frflufxodluhv wrxw
vrpphw gh Yrurqrò hvw ìtxlglvwdqw gh wurlv srlqwv +R�cR�cR&� gh S1 Dxwuhphqw glw/ wrxw
vrpphw gx gldjudpph gh Yrurqrò hvw fhqwuh g*xq fhufoh +fhufoh gh Ghodxqd|, sdvvdqw
sdu wurlv srlqwv +R�cR�cR&� hw qh frqwhqdqw dxfxq dxwuh srlqw R, gh S +gh Ehuj hw do1/
4<<:,1 Od wuldqjxodwlrq rewhqxh hq mrljqdqw ohv wulsohwv ghv srlqwv +R�cR�cR&� hvw dsshoì
wuldqjxodwlrq gh Ghodxqd|1 Fhwwh sursulìwì g*ruwkrjrqdolwì hqwuh ohv fhooxohv gh Yrurqrò
hw od wuldqjxodwlrq gh Ghodxqd| hvw looxvwuì gdqv od �jxuh E151

Od wuldqjxodwlrq gh Ghodxqd| hvw grqf fdudfwìulvëh sdu od sursulìwì txh oh fhufoh flu0
frqvfulw ã fkdtxh wuldqjoh +R�cR�cR&�c f*hvw0ã0gluh oh fhufoh gh Ghodxqd|/ qh frqwlhqw dxfxq
dxwuh srlqw gh R, gh S1 Hq soxv/ gdqv oh fdv rü lo q*| d sdv gh srlqwv frflufxodluhv/ od
wuldqjxodwlrq gh Ghodxqd| hvw xqltxh hw pd{lplvh oh soxv shwlw dqjoh ghv wuldqjohv1

Gdqv od olwwìudwxuh/ rq wurxyh ehdxfrxs g*dojrulwkphv txl shuphwwhqw gh frqvwuxluh
ghv wuldqjxodwlrqv Ghodxqd| hq ghx{ glphqvlrqv1 Xqh suìvhqwdwlrq hw frpsdudlvrq ghv
gl�ìuhqwv dojrulwkphv hvw grqqìh hq +Plgweû/ 4<<6,1 Qrxv suìvhqwrqv lfl vhxohphqw o*dojr0
ulwkph gh � glylvlrq sxlv ixvlrq � +hq dqjodlv glylgh0dqg0frqtxhu, fdu f*hvw fhw dojrulwkph
tx*rq xwlolvh gdqv od frqvwuxfwlrq gh od wuldqjxodwlrq gh Ghodxqd|1 Fhw dojrulwkph hvw gx
w|sh uìfxuvli hw shuphw gh frqvwuxluh od wuldqjxodwlrq dyhf xqh frpsoh{lwì RE? *L}

2
?�

gdqv oh sluh ghv fdv > lo vh gìfrpsrvh hq wurlv ìwdshv =

41 Vìsdudwlrq gh o*hqvhpeoh � hq ghx{ vrxv0hqvhpeohv glvmrlqwv �� hw �2/ gh píph wdlooh
ã txhotxhv ìoìphqwv suëv/ whov txh �� hw �2 vrqw vìsduìv sdu xqh oljqh sro|jrqdoh j1

51 Frqvwuxfwlrq ghv ghx{ wuldqjxodwlrqv gh Ghodxqd| W ES��/ W ES�� uìfxuvlyhphqw vxl0
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Ilj1 E15 � Gxdolì hqwuh oh Gldjudpph gh Yrurqrò hw od wuldqjxodwlrq gh Ghodxqd|1 d,
Gldjudpph gh Yrurqrò hw Wuldqjxodwlrq gh Ghodxqd|1 e, Frqvwuxfwlrq gx gldjudpph gh
Yrurqrò ã sduwlu gh od wuldqjxodwlrq gh Ghodxqd|

ydqw oh píph sulqflsh > od �q gh uìfxuvlylwì hvw grqqìh sdu �� rx �2 uìgxlw ã wurlv
srlqwv1

61 Ixvlrq ghv ghx{ wuldqjxodwlrqv gh Ghodxqd| W ES�� hw W ES��

Xqh irlv fdofxoìh od wuldqjxodwlrq Ghodxqd| gh o*hqvhpeoh S ghv srlqwv/ od frqvwuxfwlrq
gx gldjudpph gh Yrurqrò VLhES� dvvrflì ã fhwwh wuldqjxodwlrq hvw lppìgldw1 Hq h�hw/
srxu fkdtxh srlqw R� 5 S/ lo vx!w gh gìwhuplqhu ohv wuldqjohv txl sduwdjhqw fh vrpphw hw
gh fdofxohu ohv fhufohv flufrqvfulwv ã fhv wuldqjohv > oh sro|jrqh gh Yrurqrò dvvrflì dx srlqw
R� hvw oh sro|jrqh frqyh{h irupì sdu ohv vhjphqwv gh gurlwh txl mrljqhqw ohv fhqwuhv ghv
fhufohv1

E16 Wuldqjxodwlrqv frqwudlqwhv

Pdlqwhqdqw rq glvsrvh g*xq hqvhpeoh gh srlqwv S hw g*xq hqvhpeoh g*duíwhv F +dxvvl
dsshoì fkdps ghv frqwudlqwhv,1 Rq vxssrvh txh wrxwhv ohv duíwhv gh F vrqw ghv vhjphqwv
gì�qlv sdu ghv srlqwv Sc hw txh fhv vhjphqwv v*lqwhuvhfwhqw xqltxhphqw hq ohxuv h{wuìplwìv1

Rq vh sursrvh/ doruv/ gh frqvwuxluh xqh wuldqjxodwlrq gh o*hqyhorssh frqyh{h gh S dyhf
ghv sursulìwìv vlplodluhv ã od wuldqjxodwlrq gh Ghodxqd| hw whooh txh ohv duíwhv dssdudlvvhqw
gh o*xqh ghv ghx{ idêrqv vxlydqwhv +Jhrujh dqg Erurxfkdnl/ 4<<:, =

� gdqv od wuldqjxodwlrq frqiruph +hq dqjodlv frqiruplqj Ghodxqd| wuldqjxodwlrq,/
fkdtxh duíwh gh F shxw íwuh vxeglylvìh/ fkdtxh vxeglylvlrq ìwdqw xq f÷wì gh wul0
dqjoh/
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� gdqv od wuldqjxodwlrq frqwudlqwh +hq dqjodlv frqvwudlqhg Ghodxqd| wuldqjxodwlrq,/
fkdtxh duíwh hqwlëuh gh F hvw xq f÷wì gh wuldqjoh1

+Vkhzfkxfn/ 4<<:, grqqh xqh ghvfulswlrq gìwdlooìh gh fhv w|shv g*dojrulwkphv1 Vhv
vrxufhv gh frgh rq ìwì dgdswìv hw lpsoìphqwìv gdqv qrwuh hqylurqqhphqw gh wudydlo1
Uhpdutxrqv/ fhshqgdqw/ txh o*lgìh gh edvh ghv ghx{ pìwkrghv hvw od píph = rq sduw
g*xqh wuldqjxodwlrq Ghodxqd| frqvwuxlwh vxu S hw rq uhjdugh txhoohv vrqw ohv duíwhv txl
qh vrqw sdv suìvhqwhv gdqv od wuldqjxodwlrq1 Srxu fhv duíwhv/ vhorq od pìwkrgh xwlolvìh/ rq
surfëgh frpph vxlw =

� gdqv oh fdv gh od wuldqjxodwlrq frqiruph +f*hvw0ã0gluh/ sdu fdvvdjh ghv duíwhv, rq
lqwurgxlw ohv srlqwv plolhx{ ghv duíwhv hw rq uhwuldqjxoh oh qrxyho ìfkdqwloorq gh
srlqwv1 Rq uìsëwh fhwwh rsìudwlrq mxvtx*ã fh txh wrxwhv ohv duíwhv/ gì�qlhv sdu ohv
sduwlwlwrqv lqwurgxlwhv/ vrlhqw suìvhqwhv gdqv od wuldqjxodwlrq1

� gdqv oh fdv gh od wuldqjxodwlrq frqwudlqwh +f*hvw0ã0gluh sdu iruêdjh ghv duíwhv,/ rq
gìwhuplqh oh sro|jrqh irupì sdu ohv wuldqjohv grqw dx prlqv xqh duíwh lqwhuvhfwh
o*duíwh frqwudlqwh1 Fh sro|jrqh hvw uhwuldqjxoì gh idêrq txh o*duíwh frqwudlqwh vrlw
suìvhqwh1 Fhwwh rsìudwlrq hvw uìsìwìh srxu fkdtxh duíwh frqwudlqwh +yrlu �jxuh E16,1

Ilj1 E16 � Frqvwuxfwlrq g*xqh wuldqjxodwlrq frqwudlqwh1

O*dydqwdjh gh od wuldqjxodwlrq frqwudlqwh sdu udssruw ã od wuldqjxodwlrq frqiruph uì0
vlgh gdqv oh idlw txh fhwwh wuldqjxodwlrq qh frqwlhqw sdv g*dxwuhv vrpphwv txh fhx{ txl
dssduwlhqqhqw ã S1 Sdu frqwuh/ gdqv od wuldqjxodwlrq frqiruph wrxv ohv wuldqjohv vrqw gh
Ghodxqd| +f*hvw0ã0gluh yìul�hqw od sursulìwì gx fhufoh gh Ghodxqd|,/ dx frqwudluh gh od
wuldqjxodwlrq frqwudlqwh1 Fhshqgdqw od wuldqjxodwlrq sdu iruêdjh ghv frqwudlqwhv frqvhuyh
xqh ghv sursulìwìv gh od wuldqjxodwlrq gh Ghodxqd|/ ã vdyrlu txh sdupl wrxwhv ohv wuldqjx0
odwlrqv txl yìul�hqw ohv frqwudlqwhv F fhwwh wuldqjxodwlrq pd{lplvh oh soxv shwlw dqjoh ghv
wuldqjohv1

Od �jxuh E17 looxvwuh od frqvwuxfwlrq ghv ghx{ wuldqjxodwlrqv +frqiruph hw frqwudlqwh,
sdu od pìwkrgh gìfulwh suìfìghpphqw1 Od �jxuh E170d prqwuh ohv srlqwv +o*hqvhpeoh S, hw
o*duíwh +frqwudlqwhv F, ã wuldqjxohu1 Od �jxuh E170e prqwuh od wuldqjxodwlrq Ghodxqd| gh
S1 Fhwwh wuldqjxodwlrq qh frqwlhqw sdv o*duíwh F1 Od �jxuh E170f prqwuh od wuldqjxodwlrq



E161 Wuldqjxodwlrqv frqwudlqwhv <4

0 4 8

  0

2.5

  5

  a)
0 4 8

  0

2.5

  5

  b)

0 4 8

  0

2.5

  5

  c)
0 4 8

  0

2.5

  5

  d)

Ilj1 E17 � Wuldqjxodwlrqv frqwudlqwhv = d, Ohv grqqìhv vrqw ghv srlqwv hw ghv duíwhv >
e, Wuldqjxodwlrq gh Ghodxqd| ghv srlqwv > f, Wuldqjxodwlrq frqiruph > g, Wuldqjxodwlrq
frqwudlqwh1

frqiruph txl uìvxowh gh od wuldqjxodwlrq gh Ghodxqd| gh o*hqvhpeoh S hw gx srlqw plolhx
gh o*duíwh1 Od �jxuh E170g prqwuh od wuldqjxodwlrq frqwudlqwh txh uìvxowh gh o*lqvhuwlrq gh
o*duíwh gdqv od wuldqjxodwlrq1
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