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Ã phv fkhuv sduhqwv/
Ã phv vrhxuv hw iuëuhv/
Ã Lpdq hw Qdfhu/
Ã wrxv phv hqvhljqdqwv1
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Uhphuflhphqwv

Ohv wudydx{ gh uhfkhufkh suìvhqwìv gdqv fh pìprluh rqw ìwì h�hfwxìv ã o*Lqvwlwxw Qd0
wlrqdo Sro|whfkqltxh gh Oruudlqh +LQSO, dx Fhqwuh gh Uhfkhufkh g*Dxwrpdwltxh gh
Qdqf| +FUDQ, gluljì sdu Prqvlhxu Iudqflv Ohsdjh1
Mh wlhqv ã uhphuflhu Prqvlhxu Mrvì Udjrw/ gluhfwhxu gh o*ìtxlsh gldjqrvwlf hw Urexvwhvvh
dx FUDQ/ srxu p*dyrlu dffxhlool dx vhlq gh vrq ìtxlsh gh uhfkhufkh/ srxu vd frqvwdqwh
glvsrqlelolwì hw vhv suìflhx{ frqvhlov1 Mh uhphuflh ìjdohphqw Prqvlhxu Glglhu Pdtxlq
srxu vrq vrxwlhq hw vhv hqfrxudjhphqwv1 Mh ohxu vxlv wuëv uhfrqqdlvvdqw srxu od olehuwì
hw od frq�dqfh tx*lov p*rqw wìprljqìhv wrxw dx orqj gh phv wudydx{ gh uhfkhufkh1
M*h{sulph pd judwlwxgh ã Phvvlhxuv Slhuuh Eruqh hw Jhupdlq Jdufld g*dyrlu dffhswì gh
udssruwhu prq pìprluh hw srxu o*lqwìuíw tx*lov rqw elhq yrxox sruwhu ã fh wudydlo1 Ohxu
ohfwxuh dssurirqglh gx pìprluh/ ohxuv uhpdutxhv hw lqwhuurjdwlrqv mxglflhxvhv p*rqw
ìwì wuëv suìflhxvhv1
Mh uhphuflh dxvvl Prqvlhxu Ehqrñw Ehujhrq g*dyrlu dffhswì g*h{dplqhu fh wudydlo hw
g*dvvxuhu od suìvlghqfh gx mxu|1 Phv uhphuflhphqwv v*dguhvvhqw ìjdohphqw ã Prqvlhxu
Mdpdo Gddirx} srxu vd sduwlflsdwlrq dx mxu| hw srxu vhv uhpdutxhv iuxfwxhxvhv1
Phufl ã wrxv ohv frooëjxhv txh m*dl f÷wr|ìv shqgdqw ohv wurlv dqqìhv gh fhwwh wkëvh/ srxu
o*dpeldqfh frugldoh tx*lov rqw vx idluh uìjqhu dx vhlq gh o*ìtxlsh hw wrxw sduwlfxolëuhphqw
ã Pdumrulh Vfkzduw} srxu vd frqvwdqwh glvsrqlelolwì hw vd vhuyldelolwì1
Hq�q mh qh vdxudlv rxeolhu gh wurs uhphuflhu phv sduhqwv/ phv vrhxuv hw iuëuhv txl/
pdojuì od glvwdqfh/ p*rqw dffrpsdjqì prudohphqw wrxw dx orqj gh fh sdufrxuv1
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Wdeoh ghv pdwlëuhv

Qrwdwlrqv 44
Uìiìuhqfhv shuvrqqhoohv 46
Lqwurgxfwlrq 48
4 Yhuv ohv pxowlprgëohv 4<

414 Uhsuìvhqwdwlrq pxowlprgëoh 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<
41414 Pìwkrghv g*rewhqwlrq g*xq pxowlprgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 53

4141414 Sdu lghqwl�fdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
4141415 Sdu olqìdulvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
4141416 Sdu wudqvirupdwlrq g*xq v|vwëph qrq olqìdluh d!qh hq

od frppdqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
41415 Lqfoxvlrqv gl�ìuhqwlhoohv olqìdluhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

415 Dqdo|vh gh vwdelolwì 1 1 1 1 1 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
41514 Vwdelolwì dx vhqv gh O|dsxqry = pìwkrgh gluhfwh 1 1 1 1 1 1 1 1 1 63
41515 Irqfwlrqv gh O|dsxqry �w|shv� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

416 Dqdo|vh frqyh{h hw lqìjdolwìv olqìdluhv pdwulflhoohv 1 1 1 1 1 1 1 1 1 1 1 1 66
41614 Dqdo|vh frqyh{h 1 1 1 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
41615 Sureoëphv fodvvltxhv OPL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
41616 Whfkqltxhv g*dqdo|vh hw gh uìgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
41617 H{whqvlrqv 1 1 1 1 1 1 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:

4161714 Ohv OPL qrq vwulfwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
4161715 Ohv lqìjdolwìv pdwulflhoohv elolqìdluhv 1 1 1 1 1 1 1 1 1 1 6:

5 Vwdelolwì hw vwdelolvdwlrq txdgudwltxh ghv pxowlprgëohv 74
514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
515 Vwdelolwì txdgudwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

51514 Vwdelolwì joredoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
51515 Vwdelolwì orfdoh 1 1 1 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

5151514 Hoolsvrògh lqyduldqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
:
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WDEOH GHV PDWLËUHV

5151515 Pd{lplvdwlrq gx yroxph g*xq hoolsvrògh frqwhqx gdqv
xq sro|wrsh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

51516 Dxwuh dssurfkh 1 1 1 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
51517 Pxowlprgëoh glvfuhw 1 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;

516 Vwdelolvdwlrq sdu uhwrxu g*ìwdw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
51614 Vwdelolvdwlrq ghv pxowlprgëohv frqwlqxv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

5161414 Orl gh frppdqgh SGF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
5161415 Wdx{ gh gìfurlvvdqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
5161416 Dxwuh orl gh frppdqgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

51615 Pxowlprgëoh glvfuhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
517 V|qwkëvh ghv pxowlrevhuydwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

51714 Yduldeohv gh gìflvlrq phvxudeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
51715 Yduldeohv gh gìflvlrq qrq phvxudeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

518 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
6 Vwdelolwì hw vwdelolvdwlrq qrq txdgudwltxh :4

614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4
615 Vwdelolwì qrq txdgudwltxh ghv pxowlprgëohv frqwlqxv 1 1 1 1 1 1 1 1 1 1 1 :5

61514 Dqdo|vh sdu irqfwlrqv sro|txdgudwltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6
61515 Dqdo|vh sdu irqfwlrqv txdgudwltxhv sdu prufhdx{ 1 1 1 1 1 1 1 1 :9
61516 H{hpsoh looxvwudwli 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

616 Vwdelolwì qrq txdgudwltxh ghv pxowlprgëohv glvfuhwv 1 1 1 1 1 1 1 1 1 1 1 ;5
61614 Dqdo|vh sdu irqfwlrqv sro|txdgudwltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5
61615 Dqdo|vh sdu irqfwlrqv txdgudwltxhv sdu prufhdx{ 1 1 1 1 1 1 1 1 ;7
61616 H{hpsoh looxvwudwli 1 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

617 Vwdelolvdwlrq qrq txdgudwltxh sdu uhwrxu g*ìwdw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
61714 Dssurfkh xwlolvdqw ghv irqfwlrqv sro|txdgudwltxhv 1 1 1 1 1 1 1 1 ;8

6171414 Fdv ghv pxowlprgëohv frqwlqxv 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
6171415 Fdv ghv pxowlprgëohv glvfuhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

61715 Dssurfkh xwlolvdqw ghv irqfwlrqv txdgudwltxhv sdu prufhdx{ 1 1 <6
6171514 Fdv ghv pxowlprgëohv frqwlqxv 1 1 1 1 1 1 1 1 1 1 1 1 1 <7
6171515 H{whqvlrq dx{ pxowlprgëohv glvfuhwv 1 1 1 1 1 1 1 1 1 1 <:

618 V|qwkëvh gh pxowlrevhuydwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<
61814 Fdv ghv pxowlprgëohv frqwlqxv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<
61815 H{whqvlrq dx{ pxowlprgëohv glvfuhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

619 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436
7 Vwdelolvdwlrq sdu uhwrxu gh vruwlh 438

714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438
715 Vwdelolvdwlrq txdgudwltxh sdu uhwrxu gh vruwlh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

71514 Orl gh frppdqgh RSGF hw irupxodwlrq OPL 1 1 1 1 1 1 1 1 1 1 439
;
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WDEOH GHV PDWLËUHV

7151414 k0vwdelolwì 1 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<
7151415 Dpìolrudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

71515 H{whqvlrq dx fdv glvfuhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445
71516 Irupxodwlrq sdu frpsoìphqwdulwì vxu oh f÷qh 1 1 1 1 1 1 1 1 1 1 1 449

7151614 Holplqdwlrq ghv yduldeohv gx uìjxodwhxu 1 1 1 1 1 1 1 1 1 449
7151615 Uhfrqvwuxfwlrq ghv yduldeohv gx uìjxodwhxu 1 1 1 1 1 1 1 44;

716 Vwdelolvdwlrq qrq txdgudwltxh sdu uhwrxu gh vruwlh 1 1 1 1 1 1 1 1 1 1 1 1 453
71614 Fdv ghv irqfwlrqv sro|txdgudwltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453
71615 H{hpsoh looxvwudwli 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
71616 Fdv ghv irqfwlrqv txdgudwltxhv sdu prufhdx{ 1 1 1 1 1 1 1 1 1 1 459
71617 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45;

Frqfoxvlrqv hw shuvshfwlyhv 45<
Dqqh{hv 464
D Uìjlrqv OPL 466

D14 Gì�qlwlrq g*xqh uìjlrq OPL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466
D15 H{hpsohv gh uìjlrqv OPL lqwìuhvvdqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

E Sureoëph gh frpsoìphqwdulwì vxu oh f÷qh 46:
E14 Olqìdulvdwlrq hw dojrulwkph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
E15 Sursulìwìv gh o*dojrulwkph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

F Sursulìwìv ghv P0pdwulfhv 46<
G Gl�ìuhqwhv iruphv gh pxowlprgëohv 474

G14 Prgëohv orfdx{ frxsoìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474
G15 Prgëohv orfdx{ gìfrxsoìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476

Eleolrjudsklh 478

<
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WDEOH GHV PDWLËUHV

43
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Qrwdwlrqv
� Pdwulfhv hw rsìudwhxuv

� : f E� � f� Pdwulfh fduuìh v|pìwultxh gì�qlh +uhvs1 vhpl0gì�qlh, srvlwlyh/
� 	 f E� � f� Pdwulfh fduuìh v|pìwultxh gì�qlh +uhvs1 vhpl0gì�qlh, qìjdwlyh/
� 	 � Pdwulfh � �� 	 f fduuìh v|pìwultxh gì�qlh qìjdwlyh/
L� EL� Pdwulfh lghqwlwì gh glphqvlrq R +uhvs1 gh glphqvlrq dssursulìh,/
_e| E�� Gìwhuplqdqw gh od pdwulfh fduuìh �c
o@?} E�� Udqj gh od pdwulfh �c
� � � Lqyhuvh gh od pdwulfh fduuìh � /
� � �� �

� � Wudqvsrvìh gh � / uhvs1 gh o*lqyhuvh gh � /
� � Lqyhuvh jìqìudolvìh gh Prruh0shqurvh gh � /
� � Pdwulfh ~ whooh txh �~ ' f hw od pdwulfh �� � � 	

� gh udqj
pd{lpdo/

� 
 Sduwlh Khuplwlhqqh gh od pdwulfh � ã frh!flhqwv uìhov/
� � ' �


�� n� � �

� �� Sduwlh qrq Khuplwlhqqh gh od pdwulfh � ã frh!flhqwv uìhov/
� �� ' �

�
�� �� � �� � � � � � �

� � � �

�
Pdwulfh v|pìwultxh/ oh v|peroh � uhsuìvhqwh � �

� � c
bE�� Ydohxuv sursuhv gh od pdwulfh �c
b � � � E�� Ydohxu sursuh plqlpdoh gh od pdwulfh �c
b � � � E�� Ydohxu sursuh pd{lpdoh gh od pdwulfh �c
?e EbE��� Sduwlhv uìhoohv ghv ydohxuv sursuhv gh od pdwulfh �c
@6 EbE��� Sduwlhv lpdjlqdluhv ghv ydohxuv sursuhv gh od pdwulfh �c
n�n Qruph hxfolglhqqh gh od pdwulfh fduuìh �c
n%n Qruph hxfolglhqqh gx yhfwhxu % gh glphqvlrq R/ n%n  '

!S
" # $ %

%
& c

k%c +l Surgxlw vfdodluh/ k%c +l ' % ' +c E%c +� 5 U( � U)

 Surgxlw gh Nurqhnhu/

� Hqvhpeohv hw grpdlqhv
44
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Qrwdwlrqv

U Hqvhpeoh ghv qrpeuhv uìhov/
U

� EU � � � Hqvhpeoh ghv qrpeuhv uìhov srvlwliv rx qxov +uhvs1 vwulfwhphqwv sr0
vlwliv,/

U� Hvsdfh uìho hxfolglhq gh glphqvlrq R/
U� � � Hqvhpeoh ghv pdwulfhv gh glphqvlrq ER� ^� ã ìoìphqwv uìhov/
U � Hqvhpeoh ghv hqwlhuv qdwxuhov doodqw gh � ã ?c U � ' i�c 2c ���c ?j
� � Hqvhpeoh ghv irqfwlrqv frqwlqþphqwv gìulydeohv/
� Dfurq|phv

OPL Olqhdu Pdwul{ Lqhtxdolw| +Lqìjdolwì Pdwulflhooh Olqìdluh,
EPL Elolqhdu Pdwul{ Lqhtxdolw| +Lqìjdolwì Pdwulflhooh Elolqìdluh,
OWL Olqìdluh ã Whpsv Lqyduldqw
JHYS Jhqhudolvhg HljhqYdoxhv Sureohp +Sureoëph gh Ydohxuv Sursuhv

Jìqìudolvìhv,
LGOS Lqfoxvlrq Gl�ìuhqwlhooh Olqìdluh Sro|wrsltxh
PLPR Pxowlsoh Lqsxw Pxowlsoh Rxwsxw +Hqwuìh Pxowlsoh Vruwlh Pxowlsoh,
VLPR Vlqjoh Lqsxw Pxowlsoh Rxwsxw +Hqwuìh Vlpsoh Vruwlh Pxowlsoh,
� Qrwdwlrqv uhodwlyhv dx{ pxowlprgëohv

SGF Sdudooho Glvwulexwhg Frpshqvdwlrq +orl gh frppdqgh edvìh vxu oh
uhwrxu g*ìwdw,

FGI Frpshqvdwlrq hw Glylvlrq srxu prgëohv Iorxv
RSGF Rxwsxw SGF +orl gh frppdqgh edvìh vxu oh uhwrxu gh vruwlh,
% E�� c� E�� c + E�� Uhvshfwlyhphqw/ ìwdw/ hqwuìh hw vruwlh gx v|vwëph/

E% E�� c � E�� c + E��� 5 U� � U 	 � U



�� c�� c � � Uhvshfwlyhphqw/ pdwulfhv g*ìwdw/ g*hqwuìh hw gh vruwlh gx l � � � pr0
gëoh orfdo OWL E�� c �� c � � � 5 U� � � � U� � � � U

� � �

> � E�� l �� � � irqfwlrq g*dfwlydwlrq fruuhvsrqgdqw dx l �� � � prgëoh orfdo OWL
who txh > � E�� � fc

�S
� � �

> � E�� ' �
? Qrpeuh gh prgëohv orfdx{ OWL +fruuhvsrqgdqw dx qrpeuh gh uëjohv

gdqv od whuplqrorjlh ghv prgëohv Wdndjl0Vxjhqr,
o Qrpeuh pd{lpdo gh irqfwlrqv g*dfwlydwlrq >� E�� dfwlyhv ã fkdtxh

lqvwdqw/ l1 h1 > � E�� �> � � � E�� ����> � � � E�� 9' fc & 5 U � c & n o � ?
�S

 !" # $ %
%& %' Fhwwh h{suhvvlrq uhsuìvhqwh

(S
& ) %

(S
' ) % * + ,- .

%+ %.
/S

+ 0 1 2 3
%4 %1 Fhwwh h{suhvvlrq uhsuìvhqwh

5S
4 6 3

5S
1 6 3 7 4 0 1

%4 %1

m 8 E�c �� H{suhvvlrq xwlolvìh gdqv oh fdv frqwlqx/
m 8 Ef9 : ct � ' ; < = > ? @ > A B C

D t n t E F G H I F H G J
D

m K E�c �� H{suhvvlrq xwlolvìh gdqv oh fdv glvfuhw/
m K EfL M c t � ' N O P Q R O Q P S T

U t N O P Q R O Q P S
U � t

45
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Uìiìuhqfhv shuvrqqhoohv

Frqjuëv lqwhuqdwlrqdx{ dyhf frplwì gh ohfwxuh hw dfwhv
� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Uhod{hg vwdelolw| frqglwlrqv iru
Wdndjl0Vxjhqr ix}}| v|vwhpv�/ LHHH Lqwhuqdwlrqdo Frqihuhqfh rq V|vwhpv/ Pdq
dqg F|ehuqhwlfv +VPF*5333,/ Qdvkylooh/ Hwdwv0Xqlv/ sdjhv 68470684</ Rfw1 53331

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Rq wkh vwdelolw| dqdo|vlv ri pxo0
wlsoh prgho v|vwhpv�/ Hxurshdq Frqihuhqfh frqwuro +HFF*5334,/ Sruwr/ Sruwxjdo/
sdjhv 4;<704;<</ Vhs1 53341

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Rxwsxw vwdelolvdwlrq lq pxowlsoh
prgho dssurdfk�/ LHHH FVF Frqihuhqfh rq Frqwuro Dssolfdwlrq +FFD*5335,/
Jodvjrz/ Vfrwodqg/ sdjhv 4648�4653/ Vhs1 4;053/ 53351

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Vwdwlf rxwsxw ihhgedfn iru
Wdndjl0Vxjhqr v|vwhpv = Dq OPL dssurdfk�/ 43wk Phglwhuudqhdq Frqihuhqfh
rq Frqwuro dqg Dxwrpdwlrq +PHG*5335,/ Olverd/ Sruwxjdo/ Mxlo1 <045/ 53351

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Revhuyhu0edvhg frqwuroohu iru
Wdndjl0Vxjhqr prgëohv�/ LHHH Lqwhuqdwlrqdo Frqihuhqfh rq VPF/ Wxqlvlh/ Ghf1
53351

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Qrq txdgudwlf vwdelolw| dqdo|vlv
ri Wdndjl0Vxjhqr v|vwhpv �/ Surfhhglqjv ri wkh LHHH 74wk FGF/ Odv Yhjdv/
Qhydgd/ sdjhv 54760547;/ Ghf1 53351

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Dq OPL irupxodwlrq iru rxw0
sxw ihhgedfn vwdelolvdwlrq lq pxowlsoh prgho dssurdfk �/ Surfhhglqjv ri wkh LHHH
74wk FGF/ Odv Yhjdv/ Qhydgd/ sdjhv 6440649/ Ghf1 53351

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Pxowlsoh revhuyhuv iru glvfuhwh0
wlph pxowlsoh prgho�/ LIDF Frqjuhv/ Vdihsurfhvv/ Zdvklqjwrq/ Mxqh 53361

� Deghondghu Dnkhqdn/ Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Vwdwh
hvwlpdwlrq yld pxowlsoh revhuyhu zlwk xqnqrzq lqsxwv = Dssolfdwlrq wr wkh wkuhh
wdqn v|vwhp�/ LIDF Frqjuhv/ Vdihsurfhvv/ Zdvklqjwrq/ Mxqh 53361
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Uìiìuhqfhv shuvrqqhoohv

Frqjuëv qdwlrqdx{ dyhf frplwì gh ohfwxuh hw dfwhv
� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Vwdelolwì hw vwdelolvdwlrq ghv
prgëohv W0V frqwlqxv�/ Mrxuqìhv Grfwrudohv gh o*Dxwrpdwltxh +MGD*5334,/ sdjhv
;80;;/ Wrxorxvh/ Iudqfh/ Vhs1 53341

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Frppdqgh ghv prgëohv Wdndjl0
Vxjhqr frqwlqxv�/ Uhqfrqwuhv Iudqfrskrqhv vxu od Orjltxh Iorxh hw vhv Dssolfd0
wlrqv +OID,/ sdjhv 4:404:;/ Prqwshoolhu/ Rfw1 53351

� DeghoNdghu Dnkhqdn/ Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Hvwlpd0
wlrq g*ìwdw g*xq v|vwëph ã hqwuìhv lqfrqqxhv/ uhsuìvhqwì vrxv iruph pxowlprgëoh�
LDU dqqxdo phhwlqj/ Juhqreoh/ Iudqfh/ Qry1 53351

Wudydx{ vrxplv = Uhyxhv lqwhuqdwlrqdohv dyhf frplwì gh ohfwxuh
� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Rq uhod{hg OPL0edvhg dqd0
o|vlv dqg ghvljqv iru frqwlqxrxv Wdndjl0Vxjhqr v|vwhpv�/ LHHH Wudqv rq Ix}}|
V|vwhpv/ 5335/ Vrxplv1

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Vwdelolw| dqdo|vlv ri pxowlsoh
prgho v|vwhpv�/ Lqwhuqdwlrqdo Mrxuqdo ri V|vwhpv Vflhqfh/ 5335/ Vrxplv1

� Prkdpphg Fkdgol/ Glglhu Pdtxlq/ Mrvì Udjrw/ �Vxu od vwdelolwì ghv prgëohv
gh Wdndjl0Vxjhqr�/ Mrxuqdo Hxursìhq ghv V|vwëphv Dxwrpdwlvìv +MHVD,/ 5335/
Vrxplv1
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Lqwurgxfwlrq
� Frqwh{wh hw prwlydwlrq

O*dxwrpdwltxh uhsrvh vxu od qrwlrq gh v|vwëph/ uhsuìvhqwdqw xq hqvhpeoh g*ìoìphqwv
srxu iruphu xq wrxw vwuxfwxuì1 O*dxwrpdwlflhq frqvwuxlw xq vfkìpd wkìrultxh txl ylvh
ã uhqguh frpswh gx frpsruwhphqw g|qdpltxh lqwhuqh gh fh v|vwëph1 Rq rewlhqw doruv
xq prgëoh/ uhsuìvhqwdwlrq pdwkìpdwltxh txl grlw whqguh ã uhvvhpeohu oh plhx{ srvvleoh
ã od uìdolwì gx surfhvvxv1 Oh glohpph uìvlgh doruv hqwuh od �gìolwì gx prgëoh dyhf oh
surfhvvxv uìho hw o*dgìtxdwlrq gh fh prgëoh ã xqh iruph pdwkìpdwltxhphqw h{sorlwdeoh1
Ohv orlv gì�qlvvdqw xq v|vwëph uholhqw hqwuh hoohv xq fhuwdlq qrpeuh gh judqghxuv = ohv
hqwuìhv E� E|�� txl uh ëwhqw o*dfwlrq gh o*hqylurqqhphqw vxu oh v|vwëph/ ohv vruwlhv E+ E|��
txl uhsuìvhqwhqw o*dfwlrq gx v|vwëph vxu o*hqylurqqhphqw dlqvl txh ohv phvxuhv h{wudlwhv
gx v|vwëph/ hw hq�q ohv ìwdwv E% E|�� txl gìfulyhqw oh v|vwëph ã xq prphqw grqqì1
Sdu h{hpsoh/ xq v|vwëph vh prgìolvh sdu xqh orl pdwkìpdwltxh }E� E|� c + E|�� ' f gx
frpsruwhphqw hqwuìhv2vruwlhv rx sdu xqh orl _% E|� *_| ' sE% E|� c � E|�� gh o*ìyroxwlrq
gh vrq ìwdw1 Fhv orlv grlyhqw íwuh ohv soxv frpsoëwhv srvvleohv hw uhsuìvhqwhu wrxv ohv
prghv gh irqfwlrqqhphqw/ dlqvl txh wrxwhv ohv lqwhudfwlrqv hqwuh ohv gl�ìuhqwhv judq0
ghxuv1 Ghydqw od gl!fxowì gh od wåfkh/ o*dxwrpdwlflhq hvw vrxyhqw dphqì/ ã sduwlu gh
frqvlgìudwlrqv sk|vltxhv/ ã frqvlgìuhu fhuwdlqhv fodvvhv gh v|vwëphv pdqlsxodeohv sdu
ghv rxwlov pdwkìpdwltxhv h{lvwdqwv1 Ghv uhvwulfwlrqv vwuxfwxuhoohv +olqìdulwì ylv0ã0ylv gh
o*hqwuìh/ sodwlwxgh/ frqyh{lwì, surgxlvdqw ghv dssur{lpdwlrqv gh prgëohv vrqw frqvlgì0
uìhv1 Dx gìexw gh fhwwh gìpdufkh/ od whqgdqfh d ìwì g*xwlolvhu ghv prgëohv OWL1 Fhwwh
dssurfkh hvw g*dloohxuv suredqwh gdqv od phvxuh rü qrpeuh gh v|vwëphv/ hq suhplëuh
dssur{lpdwlrq hw dx yrlvlqdjh g*xq srlqw gh irqfwlrqqhphqw/ vrqw elhq uhsuìvhqwìv sdu
ohxu prgëoh OWL > oh prgëoh qrq olqìdluh hvw doruv uhsuìvhqwì sdu xq vhxo prgëoh olqìdluh
+olqìdulvì wdqjhqw dxwrxu g*xq srlqw g*ìtxloleuh,1 O*lqfrqyìqlhqw g*xqh whooh dssurfkh
hvw vrq dvshfw xqltxhphqw orfdo/ oh prgëoh olqìdluh q*ìwdqw tx*xqh ghvfulswlrq orfdoh gx
frpsruwhphqw gx v|vwëph1 Xqh dssurfkh joredoh edvìh vxu gh pxowlsohv prgëohv OWL
+olqìdluhv rx d!qhv, dxwrxu gh gl�ìuhqwv srlqwv gh irqfwlrqqhphqw d ìwì ìoderuìh fhv
ghuqlëuhv dqqìhv1 Fhwwh dssurfkh/ glwh pxowlprgëoh/ hvw xqh uhsuìvhqwdwlrq sro|wrsltxh
frqyh{h srxydqw íwuh rewhqxh vrlw gluhfwhphqw ã sduwlu g*xq prgëoh pdwkìpdwltxh
qrq olqìdluh sdu wudqvirupdwlrq gluhfwh g*xq prgëoh d!qh hq o*ìwdw ^Zdq<9`^Wdq<9`
^Pru33d` +yrlu sdudjudskh �������, rx sdu olqìdulvdwlrq dxwrxu gh gl�ìuhqwv srlqwv gh
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Lqwurgxfwlrq

irqfwlrqqhphqw ^Mrk<5`^Pxu<:`/ vrlw ã sduwlu gh grqqìhv vxu ohv hqwuìhv hw ohv vruwlhv
^Vxj;;`^Jdv33`1
Fhv ghuqlëuhv dqqìhv/ o*dssurfkh pxowlprgëoh d dwwluì o*dwwhqwlrq gh od frppxqdxwì
ghv dxwrpdwlflhqv hw hq sduwlfxolhu ohv sureoëphv gh vwdelolwì rqw vxvflwì xq lqwìuíw fhu0
wdlq1 Fh fkrl{ hvw prwlyì sdu oh gìvlu g*dvvhrlu ohv sureoëphv g*dqdo|vh hw gh v|qwkëvh
+gh orlv gh frppdqgh hw g*hvwlpdwlrq g*ìwdw, vxu ghv edvhv qxpìultxhv1 Gh whoohv srv0
vlelolwìv vrqw ghyhqxhv hqylvdjhdeohv juåfh ã od uhsuìvhqwdwlrq sro|wrsltxh frqyh{h gh
o*dssurfkh pxowlprgëoh hw oh gìyhorsshphqw g*rxwlov qxpìultxhv gh uìvroxwlrq h!fdfhv1
O*dydqfìh uìfhqwh ghv rxwlov lqirupdwltxhv hw pdwkìpdwltxhv edvìv vxu ohv surjudpphv
g*rswlplvdwlrq frqyh{h shuphwwhqw gh uìvrxguh xqh odujh fodvvh gh sureoëphv g*dqdo|vh
hw gh frppdqgh pxowl0fulwëuh1
Gh qrpeuhx{ wudydx{/ frqfhuqdqw od vwdelolwì ghv pxowlprgëohv rqw ìwì sxeolìv fhv ghu0
qlëuhv dqqìhv1 Od soxsduw gh fhv wudydx{ vh vrqw lqvsluìv ghv whfkqltxhv gh frppdqgh
uhqfrqwuìhv gdqv od olwwìudwxuh1 F*hvw gdqv fh vhqv txh ghv ìwxghv xwlolvdqw o*dssurfkh gh
O|dsxqry/ o*dssurfkh jìrpìwultxh/ oh fulwëuh gh Srsry rx oh fulwëuh gx fhufoh/ rqw ìwì
gìyhorssìhv1 Dlqvl gdqv ^Wdq<;e`^Eod34e`^Whl34`^Fkd34d`/ o*dqdo|vh gh od vwdelolwì sdu
ghv irqfwlrqv gh O|dsxqry txdgudwltxhv d ìwì ìwxglìh/ gdqv ^Pru33e`^Jxh34d`^Fkd35f`
^Eod34e` ^Wdq34d` ghv irqfwlrqv qrq txdgudwltxhv rqw ìwì xwlolvìhv/ gdqv ^Jxh<<e` fh
sureoëph hvw derugì sdu wudqvirupdwlrq hq xq sureoëph gh w|sh Oxu*h doruv txh gdqv
^Dnd33`^Dnd<;`^Fkh<9` o*dqdo|vh gh od vwdelolwì d ìwì ìwxglìh hq xwlolvdqw ohv sursulìwìv
ghv P0pdwulfhv1 O*ìwxgh gh od vwdelolwì frqvwlwxh xqh skdvh lpsruwdqwh gdqv o*dqdo|vh
ghv frpsruwhphqwv g|qdpltxhv g*xq v|vwëph hq erxfoh ihupìh1 Gdqv od olwwìudwxuh/ gh
qrpeuhxvhv dssurfkhv rqw ìwì gìyhorssìhv srxu ìwxglhu od vwdelolwì ghv gl�ìuhqwhv fd0
wìjrulhv gh v|vwëphv = v|vwëphv lqfhuwdlqv/ v|vwëphv qrq olqìdluhv/ v|vwëphv elolqìdluhv/
v|vwëphv ã sdudpëwuhv yduldqwv/ v|vwëphv ã uhwdug111^Irv<6`^Nkd<9`^Edu34`^Pdj<<`1 Gdqv
oh fdguh ghv pxowlprgëohv/ od v|qwkëvh gh uìjxodwhxuv hvw wudlwìh sdu ohv whfkqltxhv gh
v|vwëphv lqfhuwdlqv ^]dn<<`^Fdr<9` ^Ihq34` ^Wdq<9`^Nlu<9`^Whl<<`/ sdu ohv whfkqltxhv
ghv v|vwëphv lqwhufrqqhfwìv ^Fkh<9` ^Dnd<;` ^Dnd33`/ sdu prghv jolvvdqw ^Eod34e`/
sdu ohv whfkqltxhv gh v|qwkëvh gh orlv gh frppdqgh dgdswdwlyh ^Sdj34`/ sdu sdvvlylwì
^Jru<;`1
Qrwuh vxmhw gh wkëvh qh suìwhqg sdv wudlwhu wrxwhv ohv dssurfkhv srxu wrxwhv ohv fodvvhv
gh v|vwëphv/ lo frqfhuqh xqltxhphqw o*dqdo|vh gh od vwdelolwì hw od v|qwkëvh gh orlv
gh frppdqgh srxu ohv pxowlprgëohv1 Qrwuh gìpdufkh hvw h{foxvlyhphqw edvìh vxu od
ghx{lëph pìwkrgh gh O|dsxqry hw vd irupxodwlrq OPL1 O*ìwxgh txh qrxv dyrqv phqìh
hvw rujdqlvìh dxwrxu gh ghx{ d{hv = oh suhplhu wudlwh o*dqdo|vh gh od vwdelolwì sdu ghv
irqfwlrqv gh O|dsxqry txdgudwltxhv/ oh ghx{lëph idlw dssho dx{ irqfwlrqv gh O|dsxqry
qrq txdgudwltxhv1
O*lqwìuíw gh od pìwkrgh txdgudwltxh ylhqw gx idlw txh od uhfkhufkh g*xqh irqfwlrq gh
O|dsxqry +hw ghv jdlqv gh uhwrxu g*ìwdw gdqv oh fdv gh od vwdelolvdwlrq, hvw idfloh ã
phwwuh hq rhxyuh hw shxw íwuh ìqrqfìh frpph xq sureoëph g*rswlplvdwlrq frqyh{h hq
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Lqwurgxfwlrq

whuph gh OPL uìvrox h!fdfhphqw1 Fhshqgdqw/ od pìwkrgh txdgudwltxh v*hvw dyìuìh
wuëv frqvhuydwlyh gx idlw txh fhwwh dssurfkh qìjoljh wrxwhv ohv lqirupdwlrqv frqwhqxhv
gdqv ohv irqfwlrqv g*dfwlydwlrq � 1 Fhv frqwudlqwhv ghylhqqhqw soxv frqvhuydwlyhv hqfruh
vl o*rq dmrxwh ghv frqwudlqwhv gh shuirupdqfhv gx v|vwëph fruuljì1
Srxu uìgxluh oh shvvlplvph gh od pìwkrgh txdgudwltxh/ qrxv dyrqv phqì o*ìwxgh gh
vwdelolwì ghv pxowlprgëohv hq frqvlgìudqw ghx{ w|shv gh irqfwlrq gh O|dsxqry qrq
txdgudwltxhv1 Od suhplëuh/ glwh sro|wrsltxh rx pxowltxdgudwltxh/ hvw gh od iruph
T E% E|�� ' % E|� � S �� � � > � E5 E|��� � % E|� c � � : f� Hooh hvw frqvwuxlwh sdu lqwhusrodwlrq
gh irqfwlrqv gh O|dsxqry txdgudwltxhv orfdohv ã wudyhuv ohv píphv irqfwlrqv g*dfwl0
ydwlrq txh oh pxowlprgëoh oxl píph1 Oh ghx{lëph w|sh gh irqfwlrq gh O|dsxqry qrq
txdgudwltxh hvw gh od iruph T E%� ' 4@ ET � E%� c 111/T � E%�� dyhf T 	 E%� ' % E|� 
 � 	 % E|� c
� 	 : fc � 5 U � 1 Lo v*djlw gh irqfwlrqv gh O|dsxqry txdgudwltxh sdu prufhdx{ xwlolvìhv
frqmrlqwhphqw dyhf od surfìgxuh V srxu uìgxluh oh shvvlplvph ghv uìvxowdwv txdgud0
wltxhv1

� Rujdqlvdwlrq
Fh pìprluh/ gìfrpsrvì hq txdwuh fkdslwuhv/ hvw rujdqlvì gh od idêrq vxlydqwh =
Fkdslwuh 4 = Fh fkdslwuh hvw frqvdfuì dx{ qrwlrqv hw dx{ rxwlov xwlolvìv oh orqj gh
fh grfxphqw1 Rq | wurxyh xqh suìvhqwdwlrq ghv gl�ìuhqwv pìwkrghv g*rewhqwlrq g*xq
pxowlprgëoh hw xq udssho gh gì�qlwlrqv gh vwdelolwì dx vhqv gh O|dsxqry1 Lo suìvhqwh
ìjdohphqw o*rxwlo OPL hw gl�ìuhqwhv whfkqltxhv g*dqdo|vh hw gh uìgxfwlrq xwlolvìhv gdqv
fh pìprluh1
Fkdslwuh 5 = Oh fkdslwuh 2 hvw gìglì ã od pìwkrgh txdgudwltxh gh O|dsxqry1 Qrxv |
suìvhqwrqv txhotxhv frqglwlrqv vx!vdqwhv gh vwdelolwì ghv pxowlprgëohv1 O*dffhqw hvw
plv vxu xqh fodvvh gh pxowlprgëohv dffhswdqw ghv irqfwlrqv txdgudwltxhv1 Dlqvl/ hq vh
edvdqw vxu ohv sursulìwìv ghv P0pdwulfhv/ ghv frqglwlrqv vx!vdqwhv gh vwdelolwì vrqw
sursrvìhv1 Od vwdelolvdwlrq sdu uhwrxu g*ìwdw qrq olqìdluh d hqvxlwh ìwì frqvlgìuìh srxu
oh fdv frqwlqx1 Ohv frqglwlrqv rewhqxhv v*h{sulphqw vrxv iruph g*Lqìjdolwìv Pdwulflhoohv
Elolqìdluhv +EPL,1 Ghv dojrulwkphv shuphwwdqw gh uìvrxguh fh jhquh gh sureoëph qrq
frqyh{h vrqw xwlolvìv1 Dsuëv xq euhi udssho gh o*ìwdw gh o*duw ghv orlv gh frppdqgh h{lv0
wdqwhv/ od vwdelolvdwlrq sdu uhwrxu g*ìwdw/ edvìh hvvhqwlhoohphqw vxu ohv orlv gh frppdqgh
SGF� hw FGI  / hvw ìwxglìh1 Gdqv fh fdguh qrxv suìvhqwrqv ghv frqglwlrqv vx!vdqwhv
shuphwwdqw gh pd{lplvhu oh ghjuì gh vwdelolwì +wdx{ gh gìfurlvvdqfh, hq uìgxlvdqw oh
shvvlplvph ghv pìwkrghv h{lvwdqwhv1 O*hvwlpdwlrq g*ìwdw hvw hqvxlwh frqvlgìuìh1 Oh ghv

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ( ) % & # * + , ' ( ) - , ( ) % &  * ) ( " , . # # ) * " / % & * 0 1 , ( ) % & % .
* + ) & ( " 1 / % ! , ( ) % &  # % & ( * " # $ % & ' ( ) % & # & % 1 2 , ! ) # 0 " # - 0 1 ) 3 4 5 6 7 4 8 9 : 8 9 ; < 6 < = > ? : 5 @ > A B C D E F G H I J K L G M L I N O L

P I P L B P D O B Q G G R C I N C G P S T O Q L O R I H H G T I P J D Q D G J G R H I J K L G R F U V W
X Y Z [ Z \ \ ] \ ^ _ ` a [ _ b c a ] d Z e d f g h i ] e ` Z a _ g e
j k l m n o p q r s t l p o s u t v t q t l p n l w x m l y z { o q | } ~ � �

4:

te
l-0

00
04

60
5,

 v
er

si
on

 1
 - 

9 
Fe

b 
20

04



Lqwurgxfwlrq

yduldeohv gh gìflvlrq qrq phvxudeohv +sduwlhoohphqw rx frpsoëwhphqw, hvw wudlwì hw oh
sulqflsh gh vìsdudwlrq hvw derugì1
Fkdslwuh 6 = Oh fkdslwuh � hvw lqwìjudohphqw frqvdfuì ã o*dssurfkh qrq txdgudwltxh1
O*dqdo|vh gh vwdelolwì dlqvl txh od v|qwkëvh gh orlv gh frppdqgh sdu uhwrxu g*ìwdw hw
g*revhuydwhxuv +glw ìjdohphqw pxowlrevhuydwhxuv, | vrqw wudlwìv1 O*rujdqlvdwlrq dgrswìh
frqvlvwh ã ìwxglhu fkdfxq gh fhv dvshfwv +dqdo|vh sxlv v|qwkëvh, vxffhvvlyhphqw sdu
irqfwlrqv sro|txdgudwltxhv hw txdgudwltxhv sdu prufhdx{1 Srxu fh ghuqlhu w|sh gh
irqfwlrq qrq txdgudwltxh/ od surfìgxuh V hvw xwlolvìh hq yxh g*ìwhqguh ohv uìvxowdwv gh
v|qwkëvh gh od pìwkrgh txdgudwltxh1 Ghv sureoëphv qxpìultxhv vh vrqw srvìv dx{txhov
qrxv dyrqv sursrvìv ghv pìwkrghv gh uìvroxwlrq1
Fkdslwuh 7 = Od v|qwkëvh gh orlv gh frppdqgh sdu uhwrxu gh vruwlh vwdwltxh xwlolvdqw
ghv irqfwlrqv txdgudwltxhv hw qrq txdgudwltxhv hvw o*remhw gx fkdslwuh e1 Gdqv oh fdguh
gh od vwdelolvdwlrq txdgudwltxh ghx{ pìwkrghv vrqw sursrvìhv1 Od suhplëuh/ edvìh vxu
xqh wudqvirupdwlrq gluhfwh hq OPL/ vh idlw vrxv fhuwdlqhv uhvwulfwlrqv vxu od pdwulfh gh
O|dsxqry1 Od ghx{lëph sursrvh gh uìvrxguh oh sureoëph gh v|qwkëvh sdu irupxodwlrq
hq frpsoìphqwdulwì vxu oh f÷qh1 V*lqvsludqw ghv uìvxowdwv lvvxv gh od vwdelolvdwlrq qrq
txdgudwltxh sdu uhwrxu g*ìwdw/ ghv frqglwlrqv vx!vdqwhv gh vwdelolvdwlrq sdu uhwrxu gh
vruwlh vrqw sursrvìhv gdqv od ghx{lëph sduwlh gh fh fkdslwuh1
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Fkdslwuh 4
Yhuv ohv pxowlprgëohv
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414 Uhsuìvhqwdwlrq pxowlprgëoh
Od orjltxh  rxh/ ghsxlv ohv wudydx{ gh ]dghk ^]dg:6` d frqqx xq uìho vxffëv qrq vhxoh0
phqw gdqv od prgìolvdwlrq pdlv dxvvl gdqv od frppdqgh gh v|vwëphv frpsoh{hv qrq
olqìdluhv ^Wdn;8`1 Gdqv oh fdv gh od frppdqgh  rxh/ od txhvwlrq gh o*dssur{lpdwlrq
xqlyhuvhooh hvw sulprugldoh = xq prgëoh  rx shxw0lo xqlirupìphqw dssur{lphu q*lp0
sruwh txhooh irqfwlrq uìhooh vxu xq vrxv0hqvhpeoh frpsdfw dyhf xq ghjuì gh suìflvlrq
duelwudluh B Od fdsdflwì gh o*dssur{lpdwlrq xqlyhuvhooh g*xq prgëoh  rx hvw od edvh
gh suhvtxh wrxwhv ohv uhfkhufkhv wkìrultxhv hw gh ohxuv dssolfdwlrqv hq frppdqgh hw
hq lghqwl�fdwlrq  rxh1 Gh qrpeuhx{ fkhufkhxuv vh vrqw lqwìuhvvìv ã fhwwh qrwlrq srxu
grqqhu xqh mxvwl�fdwlrq wkìrultxh dx{ vxffëv uhqfrqwuìv dx qlyhdx ghv dssolfdwlrqv
^Exf<5`^Exf<6` ^Fdv<8`1
Gdqv od olwwìudwxuh/ rq shxw gìqrpeuhu gh qrpeuhx{ prgëohv  rxv1 Fhshqgdqw/ rq shxw
glvwlqjxhu ghx{ fodvvhv sulqflsdohv gh prgëohv  rxv = oh prgëoh  rx gh Pdpgdql hw oh
prgëoh gh Wdndjl0Vxjhqr +W0V, ^Wdn;8`^Vxj;;`1 Od sulqflsdoh gl�ìuhqfh hqwuh fhv ghx{
prgëohv uìvlgh gdqv od sduwlh frqvìtxhqfh1 Oh prgëoh  rx gh Pdpgdql xwlolvh ghv vrxv0
hqvhpeohv  rxv gdqv od sduwlh frqvìtxhqfh doruv txh oh prgëoh  rx gh W0V xwlolvh ghv
irqfwlrqv +olqìdluhv rx qrq olqìdluhv, ghv yduldeohv g*hqwuìhv1 Gdqv oh prgëoh olqìdluh
gh W0V/ od sduwlh frqvìtxhqfh hvw xq prgëoh olqìdluh +uhsuìvhqwdwlrq g*ìwdw/ prgëoh
dxwruìjuhvvli,1 Oh prgëoh gh W0V hq uhsuìvhqwdwlrq g*ìwdw hvw gh orlq oh soxv xwlolvì hq
frppdqgh +hw ìjdohphqw hq lghqwl�fdwlrq, fdu fkrlvlu ghv irqfwlrqv qrq olqìdluhv gdqv
od sduwlh frqvìtxhqfh frpsoltxh o*dqdo|vh hw od v|qwkëvh ghv prgëohv  rxv ^]hq33`1
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41414 Pìwkrghv g*rewhqwlrq g*xq pxowlprgëoh
Ohv prgëohv W0V uhsuìvhqwhqw ohv v|vwëphv qrq olqìdluhv vrxv iruph g*xqh lqwhusrodwlrq
hqwuh ghv prgëohv olqìdluhv orfdx{1 Fkdtxh prgëoh orfdo hvw xq v|vwëph g|qdpltxh
OWL ydolgh dxwrxu g*xq srlqw gh irqfwlrqqhphqw1 Wurlv pìwkrghv glvwlqfwhv shxyhqw íwuh
hpsor|ìhv srxu o*rewhqwlrq g*xqprgëoh W0V = sdu lghqwl�fdwlrq/ sdu olqìdulvdwlrq dxwrxu
gh gl�ìuhqwv srlqwv gh irqfwlrqqhphqw +gdqv fh fdv lo v*djlw gh prgëohv orfdx{ d!qhv
gþ ã od suìvhqfh gh od frqvwdqwh gh olqìdulvdwlrq, rx sdu wudqvirupdwlrq sro|wrsltxh
frqyh{h1 Gdqv od suhplëuh vlwxdwlrq/ ã sduwlu gh grqqìhv vxu ohv hqwuìhv hw ohv vruwlhv/
rq shxw lghqwl�hu ohv sdudpëwuhv gx prgëoh orfdo fruuhvsrqgdqw dx{ gl�ìuhqwv srlqwv
gh irqfwlrqqhphqw1 Gdqv od ghx{lëph hw od wurlvlëph vlwxdwlrq/ rq vxssrvh glvsrvhu
g*xq prgëoh pdwkìpdwltxh qrq olqìdluh1
4141414 Sdu lghqwl�fdwlrq
Ohv prgëohv gh w|sh �erñwh qrluh� vrqw lghqwl�ìv ã sduwlu ghv grqqìhv vxu ohv hqwuìhv
hw vxu ohv vruwlhv dxwrxu gh gl�ìuhqwv srlqwv gh irqfwlrqqhphqw1 Lqgìshqgdpphqw gx
w|sh gh prgëoh fkrlvl/ fhwwh lghqwl�fdwlrq uhtxlhuw od uhfkhufkh g*xqh vwuxfwxuh �rswl0
pdoh�/ o*hvwlpdwlrq ghv sdudpëwuhv hw od ydolgdwlrq gx prgëoh �qdo ^Vxj;;`^Jdv33`1 Ohv
wudydx{ sruwdqw vxu o*dqdo|vh gh vwdelolwì ghv pxowlprgëohv PLPR dgrswhqw vrxyhqw
od uhsuìvhqwdwlrq g*ìwdw +soxw÷w tx*xq prgëoh vrxv iruph hqwuìh0vruwlh,1 Gh píph/ od
v|qwkëvh gh orlv gh frppdqgh ghv surfhvvxv prgìolvìv juåfh ã o*dssurfkh pxowlprgëoh
xwlolvhqw od uhsuìvhqwdwlrq g*ìwdw d�q g*ìwhqguh dx fdv qrq olqìdluh ohv whfkqltxhv gh
frppdqgh sdu uhwrxu g*ìwdw1 Od frqvwuxfwlrq g*revhuydwhxuv qrq olqìdluhv glwv pxo0
wlrevhuydwhxuv ã sduwlu gh vwuxfwxuhv pxowlprgëohv xwlolvh ìjdohphqw od uhsuìvhqwdwlrq
g*ìwdw hq vh edvdqw vxu o*revhuydwhxu gh w|sh Oxhqehujhu1
Ohv prgëohv  rxv W0V vrqw dvvlplodeohv ã ghv pxwlprgëohv1 Hq h�hw/ xq prgëoh W0V
uìdolvh xqh sduwlwlrq  rxh gh o*hvsdfh fdudfwìulvwltxh ] glw dxvvl hvsdfh gh gìflvlrq � 1
Ohv }rqhv gh irqfwlrqqhphqw vrqw gì�qlhv hq whuphv gh sursrvlwlrqv vxu ohv yduldeohv
gh suìplvvh1 Oh prgëoh  rx W0V fròqflgh h{dfwhphqw dyhf xq pxowlprgëoh hq suhqdqw
o*rsìudwhxu surgxlw frpph rsìudwhxu gh frqmrqfwlrq ^Vxj;;`1 Oh fdudfwëuh  rx glvsdudñw
doruv gh od irupxodwlrq gx prgëoh W0V fdu od sduwlh frqvìtxhqfh g*xqh uëjoh hvw xqh
irqfwlrq pdwkìpdwltxh1 Oh prgëoh W0V d grqf soxv gh udssruw dyhf oh pxowlprgëoh
tx*dyhf ohv prgëohv olqjxlvwltxhv gh Pdpgdql rx ohv prgëohv ã uhodwlrq  rxh1 Ohv
qrwlrqv vxlydqwhv vrqw sdu frqvìtxhqw ìtxlydohqwhv hw h{sulphqw ohv píphv lgìhv =

� ghjuì gh yìudflwì qrupdolvì +, irqfwlrq g*dfwlydwlrq rx g*lqwhusrodwlrq/
� hvsdfh gh suìplvvh +, hvsdfh fdudfwìulvwltxh +rx hvsdfh gh gìflvlrq,/
� yduldeohv gh suìplvvh +, yduldeohv gh gìflvlrq +rx yduldeohv fdudfwìulvwltxhv,/
� sduwlh frqvìtxhqfh +, prgëoh orfdo1

� �  ! " # $  ! " % & ' ! ' & ( & ' # ) ( * " ) % & ( $  ! + " ! , - $ ! . ! " / & ( * & - $ ! " ' & ( & ' # ) ( * " # * 0 1 ! " 2 3 4 3 5 6 7 8 7 9 : ; < = > ? @ A B
C D A E D F G H I J K L K M N O J P O Q R K M L S T I O I U K M V J O Q R K M K I W X Y Z [ \ X ] ] [ ^ _ ` a
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Od iruph jìqìudohphqw uhwhqxh ghv prgëohv W0V hvw
ES@r SJ?|�?�� �% E|� '

�[
� � � >� E5 E|�� E�� % E|� n� � � E|�� +414,

ES@r _�rSoe|� % E& n �� '
�[

� � � > � E5 E&�� E�� % E&� n�� � E&�� +415,
rü 5 E�� 5 U � hvw oh yhfwhxu ghv yduldeohv gh gìflvlrq hw > � E�� c � 5 U � vrqw ohv irqfwlrqv
g*dfwlydwlrq1
Gruìqdydqw ohv prgëohv qrq olqìdluhv gh W0V vhurqw vlpsohphqw dsshoìv �pxowlprgëohv�1
G*dxwuhv iruphv gh pxowlprgëohv vrqw uìshuwrulìhv hq dqqh{h G1
4141415 Sdu olqìdulvdwlrq
Gdqv fh fdv/ rq vxssrvh glvsrvhu g*xq prgëoh pdwkìpdwltxh qrq olqìdluh gx surfhvvxv
sk|vltxh tx*rq olqìdulvh dxwrxu gh gl�ìuhqwv srlqwv gh irqfwlrqqhphqw mxglflhxvhphqw
fkrlvlv1 Frqvlgìurqv oh v|vwëph qrq olqìdluh vxlydqw

�% E|� ' s E% E|� c � E|�� +416,
dyhf s E�� 5 � � � Od olqìdulvdwlrq gx v|vwëph +416, dxwrxu g*xq srlqw gh irqfwlrqqhphqw
duelwudluh E% � c �� � 5 U� � U � hvw =

�% E|� ' �� E% E|�� % � � n�� E� E|�� �� � n s E%� c � � � +417,
txh o*rq shxw uììfuluh vrxv od iruph

�% E|� ' � � % E|� n�� � E|� n _� +418,
dyhf

�� ' Ys E%c ��
Y%

��� � � � � !  " c �# ' Ys E%c ��
Y�

��� $ ! $ " !  " c _ # ' s E% # c �# ���# % # � �# � # +419,
G*xq srlqw gh yxh pdwkìpdwltxh/ fhfl fruuhvsrqg ã dssur{lphu od irqfwlrq s E�� sdu
vrq sodq wdqjhqw dx srlqw E%# c � # �1
Hq vxssrvdqw txh ohv prgëohv orfdx{ +glwv dxvvl vrxv0prgëohv, vrqw lvvxv g*xqh ol0
qìdulvdwlrq dxwrxu gh ? srlqwv gh irqfwlrqqhphqw E% # c �# �/ od irupxodwlrq pxowlprgëoh
derxwlw ã

%% E|� '
&[

# ! '
># E5 E|�� E�# % E|� n�# � E|� n _ # � +41:,

rü > # E5 E|�� c � 5 U & vrqw ohv irqfwlrqv g*dfwlydwlrq hw 5 E|� hvw oh yhfwhxu ghv yduldeohv gh
gìflvlrq gìshqgdqw ghv yduldeohv g*ìwdw phvxudeohv hw ìyhqwxhoohphqw gh od frppdqgh
�E|�1 Qrwrqv txh gdqv fh fdv/ oh qrpeuh gh prgëohv orfdx{ E?� gìshqg gh od suìflvlrq
gh prgìolvdwlrq vrxkdlwìh/ gh od frpsoh{lwì gx v|vwëph qrq olqìdluh hw gx fkrl{ gh od
vwuxfwxuh ghv irqfwlrqv g*dfwlydwlrq1
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4141416 Sdu wudqvirupdwlrq g*xq v|vwëph qrq olqìdluh d!qh hq od frp0
pdqgh

Qrxv sursrvrqv g*ìwxglhu fhwwh wudqvirupdwlrq gdqv oh fdv jìqìudo g*xq v|vwëph qrq
olqìdluh d!qh hq od frppdqgh =

ES@r SJ?|�?��
� �% E|� ' s E% E|�� n� E% E|�� � E|�

+ E|� ' } E% E|�� n( E% E|�� � E|� +41;,

ES@r _�rSoe|�
� % E& n �� ' s E% E&�� n� E% E&��� E&�

+ E&� ' } E% E&�� n( E% E&�� � E&� +41<,
dyhf % E�� 5 U� c � E�� 5 U � c + E�� 5 U � c s E% E��� 5 U� c } E% E��� 5 U � c � E% E��� 5 U� � � hw
( E% E��� 5 U � � � �
Od pìwkrgh gh wudqvirupdwlrq h{srvìh d ìwì lqlwlìh sdu Wdqdnd hw do ^Zdq<9`^Wdq<9`1
Hooh hvw edvìh vxu xqh wudqvirupdwlrq sro|wrsltxh frqyh{h gh irqfwlrqv vfdodluhv rul0
jlqhv gh od qrq olqìdulwì1 O*dydqwdjh gh fhwwh pìwkrgh hvw gh qh sdv hqjhqguhu g*huuhxu
g*dssur{lpdwlrq hw gh uìgxluh oh qrpeuh gh prgëohv orfdx{ sdu udssruw ã od pìwkrgh
gh olqìdulvdwlrq1 Hq h�hw/ gdqv oh frqwh{wh gh o*dqdo|vh gh vwdelolwì ghv pxowlprgëohv
hw od v|qwkëvh gh uìjxodwhxuv/ oh qrpeuh gh frqwudlqwhv pdwulflhoohv vh wurxyh jìqìud0
ohphqw uìgxlw sdu od pìwkrgh gh wudqvirupdwlrq/ fh txl hvw v|qrq|ph gh prlqv gh
frqvhuydwlvph � 1
Gdqv fhwwh vhfwlrq/ ghx{ pìwkrghv gh wudqvirupdwlrq gh prgëohv qrq olqìdluhv d!qhv
hq od frppdqgh hq pxowlprgëohv vhurqw suìvhqwìhv1 Od suhplëuh hvw edvìh xqltxhphqw
vxu od eruqlwxgh ghv whuphv qrq olqìdluhv1 Od ghx{lëph hvw soxw÷w rulhqwìh frppdqgh/
hooh vh vrxflh gh od vwuxfwxuh ghv pdwulfhv g*hqwuìh lvvxhv gh od wudqvirupdwlrq1
Gdqv fh txl vxlw/ vhxo oh fdv frqwlqx hvw suìvhqwì vdfkdqw txh ohv ghx{ pìwkrghv v*ds0
soltxhqw ìjdohphqw dx fdv glvfuhw1

� Suhplëuh pìwkrgh 0 vxu oh qrpeuh gh prgëohv orfdx{
Gdqv ^Pru33d`/ xqh pìwkrgh gh wudqvirupdwlrq gh v|vwëph qrq olqìdluh d!qh hq od
frppdqgh hvw sursrvìh1 Od pìwkrgh hvw edvìh vxu od eruqlwxgh gh irqfwlrqv frqwlqxhv1
Ohpph 414 = vrlw � E% E|�� xqh irqfwlrq eruqìh gh d�@c Ko �$ U srxu wrxw % 5 d�@c Ko
dyhf E@c K� 5 U � � � Doruv lo h{lvwh ghx{ irqfwlrqv

8 � E�� G d�@c Ko �$ dfc �o c � 5 U � +4143,
% E|� :�$ 8 � E% E|��

dyhf 8 � E% E|�� n 8 � E% E|�� ' � hw ghx{ vfdodluhv k hw q whov txh
� E% E|�� ' 8 � E% E|��kn 8  E% E|�� q +4144,

! " # $ % & # ' ( ) ( & # $ * ) ' ( ) $ + , - . / 0 1 2 3 4 5 6 7 8 9 : ; < = > 7 7 > > : ? ? 9 8 @ A B C D E F 4 G H I H J K L M N O P P Q R S T U V W X Y
Y X W W Z Y [ X \ W Y Z ] ^ _ ` a b Z c d e f g Y g h
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Elhq ìylghphqw/ fhwwh gìfrpsrvlwlrq q*hvw sdv xqltxh1 Xqh gìfrpsrvlwlrq ìylghqwh gh
� E% E|�� hvw gh frqvlgìuhu vxu d�@c Ko

q � � E% E|�� � k +4145,
dyhf

q ' 4�?� � � � � � � � E� E% E|��� c k ' 4@ � � � � � �  � E� E% E|��� +4146,
8 ! E% E|�� ' � E% E|��� q

k� q c 8 " E% E|�� ' k� � E% E|��
k� q +4147,

Fhwwh pìwkrgh gh gìfrpsrvlwlrq vhud xwlolvìh sdu od vxlwh1 Hq uhyhqdqw dx{ gì�qlwlrqv
+41;,/ vrxv o*k|srwkëvh txh s E% E|�� hw } E% E|�� vrqw frqwlqxhv hw eruqìhv vxu L � U#
dyhf s Ef� ' f hw } Ef� ' fc fhv irqfwlrqv shxyhqw íwuh uììfulwhv vrxv od iruph vxlydqwh =

s E% E|�� ' � E% E|�� % E|� c } E% E|�� ' � E% E|�� % E|� +4148,
Oh prgëoh +41;, ghylhqw� $% E|�

+ E|�
�
'
� � E% E|�� � E% E|��

� E% E|�� ( E% E|��
�� % E|�

� E|�
�

+4149,
Sdu od vxlwh/ rq srvh

. E% E|�� '
� � E% E|�� � E% E|��

� E% E|�� ( E% E|��
�

+414:,
Vrxv o*k|srwkëvh txh . E% E|�� hvw frqwlqxh hw eruqìh/ oh ohpph 414 shuphw gh eruqhu
fkdtxh whuph qrq frqvwdqw gh od pdwulfh . E% E|�� hw gh od wudqviruphu vrxv od iruph
vxlydqwh =

. E% E|�� '
%[

& ' ( >& E% E|��.& +414;,
dyhf

.& '
� �& �&

� & (&
�

+414<,
Oh qrpeuh gh prgëohv orfdx{ ? lvvxv gh od wudqvirupdwlrq vh wurxyh sdu frqvìtxhqw
gìshqguh gx qrpeuh ghv qrq olqìdulwìv ghv yduldeohv g*ìwdw1 O*h{hpsoh vxlydqw looxvwuh
od pìwkrgh1
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H{hpsoh 414 1
Frqvlgìurqv oh prgëoh qrq olqìdluh d!qh hq od frppdqgh +4149, dyhf =

� E% E|�� '
� � t�? E% � E|��

2 ��
�
c � E% E|�� '

� �
% �� E|�

�
+4153,

� E% E|�� ' � % �� E|� f � c( E% E|�� ' f
O*remhfwli hvw g*ìfuluh . E% E|�� gì�qlh hq +414:, vrxv od iruph +414;,0+414<, dyhf =

. � '
3
EC � e � � �� � �

2 �� e � � �� �
e � � �� � f f

4
FD +4154,

Ohv vfdodluhv e �  !
" " vrqw ohv eruqhv lvvxhv gh od wudqvirupdwlrq ghv whuphv qrq frqvwdqwv

gh od pdwulfh . E% E|�� � Fhwwh ghuqlëuh suìvhqwh r ' 2 whuphv qrq frqvwdqwv =
� # E% # E|�� ' t�? E% # E|�� c � $ E% $ E|�� ' % $$ E|� +4155,

h2(x2(t))

x2(t)

-a a

a2

Ilj1 414= Oh whuph qrq frqvwdqw � % E% % E|�� �

Uhpdutxrqv txh oh whuph qrq frqvwdqw � & E% & E|�� hvw eruqì ; % E|� 5 U' doruv txh oh
whuph � ( E% ( E|�� qh shxw o*íwuh txh vxu xq frpsdfw eruqì d�@c @o c @ : f +�jxuh 414,�
Dlqvl/ rq shxw wudqviruphu ohv whuphv qrq olqìdluhv � ) E% ) E|�� hw � ( E% ( E|�� ; % E|� 5 L
dyhf L ' U� d�@c @o c @ : f whov txh =

� ) E% ) E|�� ' 8 )) E% ) � �� n 8 () E% ) � � E��� +4156,
� ( E% ( E|�� ' 8 )( E% ( � �@ ( n 8 (( E% ( � �f +4157,

dyhf
8 )) E% ) � ' �

2 E� n t�? E% ) E|��� c 8 () E% ) � ' �
2 E�� t�? E% ) E|��� +4158,

8 )( E% ( � ' % ( E|� (
@ ( c 8 (( E% ( � ' �� % ( E|� (

@ ( +4159,
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Dlqvl/ rq derxwlw ã e prgëohv orfdx{/ rewhqxv ã sduwlu ghv e frpelqdlvrqv srvvleohv
ghv eruqhv ghv whuphv qrq frqvwdqwv � � E% � E|�� hw � � E% � E|�� c gìfulwv sdu ohv pdwulfhv
.� +4154, vxlydqwhv =

. � '
3
C � � �

2 �� @ �

@ � f f

4
D c . � '

3
C � � �

2 �� f
f f f

4
D +415:,

. � '
3
C � �� �

2 �� @ �

@ � f f

4
D c .� '

3
C � �� �

2 �� f
f f f

4
D +415;,

Hq suhqdqw o*rsìudwhxu surgxlw frpph rsìudwhxu gh frqmrqfwlrq/ ohv irqfwlrqv g*dfwl0
ydwlrq/ dx qrpeuh gh ec vrqw rewhqxhv ã sduwlu ghv surgxlwv = 8 � � � �� �8 � � � ��

> � E% E|�� ' 8 �� E% � � �8 �� E% � � c > � E% E|�� ' 8 �� E% � � �8 �� E% � � +415<,

> � E% E|�� ' 8 �� E% � � �8 �� E% � � c >� E% E|�� ' 8 �� E% � � �8 �� E% � � +4163,

Uhpdutxrqv txh od wudqvirupdwlrq gh �E%E|��c �E%E|�� hw �E%E|�� frqgxlw ã xq fhu0
wdlq qrpeuh gh prgëohv orfdx{ OWL gìshqgdqw gx qrpeuh gh whuphv qrq frqvwdqwv
frqwhqxv gdqv fhv pdwulfhv1 Hq uëjoh jìqìudoh/ vl od pdwulfh .E%E|� suìvhqwh r whuphv
qrq frqvwdqwv doruv oh pxowlprgëoh hvw frqvwlwxì g*dx soxv 2  prgëohv orfdx{1 Qrwrqv
ìjdohphqw txh od wudqvirupdwlrq dgrswìh frqglwlrqqh iruwhphqw ohv uìvxowdwv g*dqdo|vh
sxlvtxh ohv pdwulfhv ghv prgëohv orfdx{ hq gìshqghqw gluhfwhphqw1
Gdqv o*h{hpsoh 414/ od ghfulswlrq pxowlprgëoh gx v|vwëph qrq olqìdluh +4153, q*hvw
ydolgh txh gdqv oh grpdlqh L ' U� d�@c @o gh o*hvsdfh g*ìwdw1 Hq h�hw ; % E|� 5 L / oh
pxowlprgëoh fruuhvsrqgdqw ã +4153, hvw

� !% E|�
+ E|�

�
'

"[
# $ % > # E% E|��

� �# �#
� # f

�� % E|�
� E|�

�
+4164,

rü ohv pdwulfhv �# c �# hw �# vrqw gì�qlhv hq +415:,0+415;, hw ohv irqfwlrqv g*dfwlydwlrqv
hq +415<,0+4163,1 Sdu frqvìtxhqw/ o*dqdo|vh gh od vwdelolwì gh +4153, edvìh vxu vrq pxo0
wlprgëoh +4164, q*hvw txh orfdoh píph vl od vwdelolwì ìwdeolh srxu fh ghuqlhu hvw joredoh1
Fhshqgdqw/ vl od pdwulfh .E%E|�� hvw eruqìh ; % E|� 5 U& c ohv uìvxowdwv +uhodwliv ã od
vwdelolwì, ìwdeolv srxu oh pxowlprgëoh vh frqirqghqw dyhf fhx{ gx v|vwëph qrq olqìdluh
sxlvtx*lo v*djlw h{dfwhphqw gx píph prgëoh1 Srxu ìylwhu wrxwh frqixvlrq/ qrxv suìfl0
vrqv txh ohv uìvxowdwv g*dqdo|vh hw gh v|qwkëvh txl vhurqw ìwdeolv oh orqj gh fh pìprluh
frqfhuqhurqw oh pxowlprgëoh1
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� Ghx{lëph pìwkrgh 0 wudqvirupdwlrq vwuxfwxuhooh hq yxh gh od frp0
pdqgh

Od sduwlh txl suìfëgh d prqwuì frpphqw uhsuìvhqwhu xq v|vwëph qrq olqìdluh d!qh
hq od frppdqgh sdu xq pxowlprgëoh dyhf uìgxfwlrq gx qrpeuh ghv prgëohv orfdx{
+sdu udssruw dx{ pìwkrghv edvìhv vxu od olqìdulvdwlrq dxwrxu gh gl�ìuhqwv srlqwv gh
irqfwlrqqhphqw,1 Lo hvw elhq frqqx txh ohv uìvxowdwv g*dqdo|vh hw gh v|qwkëvh gh orlv
gh frppdqgh irupxoìv hq whuphv g*lqìjdolwìv pdwulflhoohv gìshqghqw gx qrpeuh gh
prgëohv orfdx{ > frpph rq oh yhuud dx{ fkdslwuhv vxlydqwv/ od uìgxfwlrq gh fhv ghuqlhuv
hvw v|qrq|ph gh prlqv gh shvvlplvph1
Hq soxv gx qrpeuh gh prgëohv orfdx{/ lo hvw sduwlfxolëuhphqw txhvwlrq gh od vwuxfwxuh
ghv pdwulfhv g*hqwuìh1 Lo d ìwì prqwuì txh od vwuxfwxuh gh fhv ghuqlëuhv frqglwlrqqh
iruwhphqw ohv frqglwlrqv gh v|qwkëvh gh orlv gh frppdqgh hq whuph gh uìgxfwlrq gx
qrpeuh gh frqwudlqwhv ã uìvrxguh1 Dlqvl/ gdqv oh fdv gh od �frolqìdulwì srvlwlyh� ghv
pdwulfhv g*hqwuìh +l1 h1 �� ' k � �ck � : fc � 5 U � , hw soxv sduwlfxolëuhphqw oh fdv ghv
pdwulfhv g*hqwuìh lghqwltxhv +�� ' �c � 5 U � ,/ xqh orl gh frppdqgh glwh FGI +yrlu
sdudjudskh 2��, shuphw gh uìgxluh oh qrpeuh ghv OPL ã ? dx olhx gh � � � � � �� srxu od
orl gh frppdqgh SGF1
Gdqv fh txl vxlw xqh pìwkrgh edvìh vxu xqh wudqvirupdwlrq gh w|sh gl�ìrprusklvph
shuphw xqh plvh vrxv iruph uìjxolëuh ghv prgëohv qrq olqìdluhv d!qhv hq od frppdqgh
^Pru33d`^Eod34d`1
Od iruph uìjxolëuh fruuhvsrqgdqw dx v|vwëph qrq olqìdluh gìfulw hq +41;, v*ìfulw =

� �# � E|��# � E|�
�
'
� s � E# � �

s � E# � �
�
n
� f

�� E# � �
�
� E|� +4165,

dyhf # � 5 U� �  c # � 5 U  c _ 	 6 hw �� E# � � 5 U  �  xqh pdwulfh lqyhuvleoh gh udqj _1
Gdqv ^Xwn<5`/ lo d ìwì prqwuì txh vl o@?}E�E% E|��� ' 6/ �E% E|�� ìwdqw od pdwulfh
g*hqwuìh gx prgëoh +41;,/ doruv fh ghuqlhu shxw íwuh wudqvirupì vrxv od iruph uìjxolëuh
+4165,1 Oh fdv jìqìudo d ìwì wudlwì gdqv ^Shu<:` rü lo d ìwì prqwuì tx*rq shxw wrxmrxuv
uhpsolu fhwwh frqglwlrq gh udqj dyhf xq uhwrxu g*ìwdw vwdwltxh1 Vdqv shuwh gh jìqìudolwì/
frqvlgìurqv oh fdv fodvvltxh rü �E% E|��� 5 U� � ! dyhf o@?}E�E% E|��� ' 6�
Srxu frqvwuxluh oh gl�ìrprusklvph

) E%� ' � b " E%� � � � b# $ % E%� � � � b# E%� � & +4166,
wudqvirupdqw oh prgëoh +41;, hq od iruph uìjxolëuh +4165,/ rq lpsrvh ohv frqglwlrqv =

Yb ' E%�
Y% K( E%� ' fc � 5 U# $ % c � 5 U ) +4167,
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dyhf
� E%� ' � K � E%� � � � K� E%� � c K� E%� 5 U� +4168,

Ohv 6 irqfwlrqv uhvwdqwhv = b� � � E%� c � � � c b� E%� vrqw gìwhuplqìhv gh pdqlëuh ã
frpsoìwhu oh gl�ìrprusklvph ) E%� hw dvvxuhu od uìjxodulwì gh od mdfrelhqqh gh ) E%� �
D�q g*rewhqlu xq prgëoh uhsuìvhqwdwli gx surfìgì/ lo d ìwì prqwuì tx*lo hvw qìfhvvdluh
gh frpsoìwhu fh gl�ìrprusklvph sdu wudqvirupdwlrq/ qrq olqìdluh rx qrq/ gx yhfwhxu
gh vruwlh + E|� ' � E% E|�� ^Vho<4`1 Fhwwh wudqvirupdwlrq qrq olqìdluh d ìwì xwlolvìh gdqv
^Khq34` srxu od frqfhswlrq g*revhuydwhxuv qrq olqìdluhv ã hqwuìhv lqfrqqxhv1 Od v|q0
wkëvh gh uìjxodwhxu sdu prgh jolvvdqw srxu ohv v|vwëphv olqìdluhv ã uhwdug ^Jrx35` hw
ghv pxowlprgëohv ã uhwdug ^Eod34d` hvw ìjdohphqw edvìh vxu od wudqvirupdwlrq gx v|v0
wëph g*ruljlqh vrxv xqh iruph uìjxolëuh1 O*h{hpsoh vxlydqw looxvwuh fhwwh pìwkrgh gh
wudqvirupdwlrq1
H{hpsoh 415 1
Frqvlgìurqv o*h{hpsoh vxlydqw =

�% E|� '
3
C @ � E% E|��

@ � E% E|��
@ � E% E|��

4
D % E|� n

3
C �

% � � E|�
t�? E% � E|��

4
D � E|� +4169,

+ E|� ' % � E|�
dyhf % E|� 5 U � c @� E%�� 5 U � c � 5 U � hw o@?} E� E% E|��� ' �� Od uìvroxwlrq gh o*ìtxdwlrq =

Yb� E%�
Y% � E% E|�� ' fc � 5 U � +416:,

f*hvw0ã0gluh
Yb � E%�
Y% � n Yb � E%�

Y% � % � � E|� n Yb � E%�
Y% � t�? E% � E|�� ' fc � 5 U � +416;,

derxwlw dx{ irqfwlrqv vxlydqwhv
b � E%� ' ULt E% � E|�� n % � E|� c b � E%� ' �% � � E|�

� n % � E|� +416<,
Srxu frpsoìwhu oh gl�ìrprusklvph ) E%� hw dvvxuhu od uìjxodulwì gh vd mdfrelhqqh/ rq
fkrlvlw

b � E%� ' % � E|� +4173,
Rq rewlhqw od wudqvirupdwlrq qrq olqìdluh vxlydqwh =

) E%� '
3
C b � E%�

b � E%�
b � E%�

4
D +4174,
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grqw od mdfrelhqqh =
Y) E%�
Y% '

3
C � t�? E% � E|�� f �

�% � � E|� � f
� f f

4
D +4175,

hvw uìjxolëuh txhotxh vrlw % E|� � Hq h�hw dyhf od wudqvirupdwlrq qrq olqìdluh3
C # � E|�

# � E|�# � E|�

4
D '

3
EC ULt E% � E|�� n % � E|�

� �
� � � � �

� n % � E|�
% � E|�

4
FD +4176,

od iruph uìjxolëuh fruuhvsrqgdqwh ã +4169, hvw rewhqxh hq gìulydqw sdu udssruw dx whpsv
+4176, > hooh hvw gh od iruph

�# E|� '
3
C � t�?% � E|� �@ � E% E|�� n @ � E% E|��

% � � E|� �@ � E% E|�� n @ � E% E|��
@ � E% E|��

4
D % E|�

� ~} ��  ! " # $ % % " # $ %

n
3
C f

f
�

4
D � E|� +4177,

+ E|� ' # & E|�
Vdfkdqw txh % ' ) ' ( E#� c od pdwulfh � E# E|�� # E|� hvw rewhqxh hq vxevwlwxdqw % ( E|� sdu# & E|� c % ) E|� sdu �# * E|� n +

,, - . /0
� hw % 1 E|� sdu E# 2 E|�� ULt E# 1 E|��� � Oh prgëoh +4177,

hvw hqvxlwh ìfulw vrxv od iruph
3# E|� '

4[
5 6 2

> 5 E# E|���5 n��E|� +4178,
+ E|� ' �# E|� +4179,

dyhf � ' � f f � � 7 hw � ' � f f � �1
Qrwrqv txh vl fh w|sh gh plvh vrxv iruph uìjxolëuh shxw v*dyìuhu lqwìuhvvdqw gdqv fhu0
wdlqv fdv/ lo qh shxw o*íwuh gdqv xq frqwh{wh jìqìudo1 Od udlvrq hvw vlpsohphqw gxh dx
idlw txh/ vl fh w|sh gh wudqvirupdwlrq shuphw g*rewhqlu gh erqqhv sursulìwìv vxu ohv
pdwulfhv g*hqwuìh/ hooh shxw uhqguh soxv frpsoh{h oh uhvwh gx prgëoh1 Dlqvl rq shxw
lqwurgxluh soxv gh qrq olqìdulwì hw grqf xq qrpeuh gh prgëohv orfdx{ soxv lpsruwdqw1
Gdqv fh vhqv rq shxw píph uhqguh od wåfkh gh v|qwkëvh gh pxowlrevhuydwhxuv soxv
gl!floh = gdqv +4169, + E|� ' �% E|� c dyhf � ' � � f f � c od v|qwkëvh gh pxowlrevhu0
ydwhxuv sdu od pìwkrgh txdgudwltxh gdqv fh fdv hvw dlvìh/ hooh qìfhvvlwh od uìvroxwlrq
gh ? OPL +dyhf ? oh qrpeuh gh prgëoh orfdx{,1 Fhshqgdqw vl � ' � f � f �/ dyhf
od wudqvirupdwlrq qrq olqìdluh +4176,/ od vruwlh gx prgëoh vrxv iruph uìjxolëuh ghylhqw
+ E|� ' # 8 E|� n 9

:: ; < =1 txl frqwlhqw xq whuph qrq olqìdluh/ vd uhsuìvhqwdwlrq pxowlprgëoh
hvw + E|� 'S 4 6 85 6 2 > 5 E# E|���5 # E|�1 Od v|qwkëvh gh pxowlrevhuydwhxuv/ frpph rq oh yhuud
gdqv oh fkdslwuh vxlydqw/ ghpdqgh doruv od uìvroxwlrq gh ? 4 > 28 OPL1 Dlqvl/ lo idxw jdu0
ghu ã o*hvsulw txh ohv yduldeohv fkrlvlhv srxu frpsoìwhu od wudqvirupdwlrq qrq olqìdluh
shxyhqw ìjdohphqw uhqguh frpsoh{h od vwuxfwxuh gx yhfwhxu gh vruwlh1
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41415 Lqfoxvlrqv gl�ìuhqwlhoohv olqìdluhv
Xqh lqfoxvlrq gl�ìuhqwlhooh olqìdluh +LGO, hvw gì�qlh sdu ^Er|<7` =

�% E|� 5 l% E|� c % Ef� ' % � +417:,
rü % E|� 5 U� hw l � U� � � � Xqh LGO shxw gìfuluh/ sdu h{hpsoh/ xqh idplooh gh v|vwëphv
OWY1 Gdqv fh fdv/ wrxwh wudmhfwrluh gh o*LGO vdwlvidlw

�% E|� ' � E|�% E|� c % Ef� ' % � +417;,
Txdqg l hvw xq sro|wrsh/ o*LGO hvw glwh sro|swrsltxh +LGOS,/ l1 h1

� E|� 5 lc l ' SJ i� � c ��c �� j +417<,
Gdqv fh fdv/ od pdwulfh � E|� hvw xqh frpelqdlvrq frqyh{h ghv vrpphwv � � gx sro|wrsh =

� E|c % E|�� '
�[

� � �
k � E|c %��� +4183,

rü ohv pdwulfhv �� vrqw frqqxhv hw ohv vfdodluhv srvlwliv k � E�� c � 5 U � vdwlvirqw od sur0
sulìwì =

�[
� � �

k � E|c %� ' �c k � E|c %� � f +4184,
Od olqìdulvdwlrq joredoh ^Er|<7` shuphw gh uhsuìvhqwhu xq v|vwëph qrq olqìdluh yduldqw
gdqv oh whpsv sdu xqh LGOS1 Hq h�hw frqvlgìurqv oh v|vwëph =

�% E|� ' s E|c %� +4185,
Vl od mdfrelhqqh � E|c %� ' � �� � dssduwlhqw ã o*hqyhorssh frqyh{h gì�qlh hq +4183,/ doruv
wrxwh wudmhfwrluh gx v|vwëph qrq olqìdluh +4185, hvw dxvvl wudmhfwrluh gh o*LGOS gì�qlh
sdu l1 Elhq ìylghpphqw qrxv ghyrqv jdughu ã o*hvsulw tx*lo v*djlw g*xqh dssur{lpd0
wlrq vrxufh gh frqvhuydwlvph = gh qrpeuhxvhv wudmhfwrluhv gh o*LGOS qh vrqw sdv ghv
wudmhfwrluhv gx v|vwëph qrq olqìdluh1
Gdqv oh fdguh gh od vwdelolwì txdgudwltxh/ o*dqdo|vh gh od vwdelolwì dlqvl txh od v|qwkëvh
gh orlv gh frppdqgh sdu uhwrxu g*ìwdw olqìdluh qh gìshqg sdv ghv irqfwlrqv g*dfwlydwlrq
> � E��1 Gdqv fh vhqv/ o*ìwxgh gh od vwdelolwì gx pxowlprgëoh +414, hvw lghqwltxh ã fhooh gh
o*LGOS +417<,1 Fh frqvwdw shuphw gh txdol�hu od frppdqgh pxowlprgëoh gh urexvwh gx
prphqw rü ohv irqfwlrqv > � E��/ qh sduwlflsdqw sdv ã o*ìoderudwlrq gh orlv gh frppdqgh
ql ã o*dqdo|vh gh vwdelolwì/ shxyhqw íwuh frqvlgìuìhv frpph ghv lqfhuwlwxghv sro|wr0
sltxhv1 Sdu frqwuh/ oruvtx*xqh orl gh frppdqgh gh w|sh FGI/ SGF rx gh vwuxfwxuhv
gìulyìhv +yrlu sdudjudskh 2��, vrqw xwlolvìhv/ od frqqdlvvdqfh ghv irqfwlrqv g*dfwlydwlrq
hvw irqgdphqwdoh1 Ohv uìvxowdwv txl gìfrxohqw gh fhv orlv gh frppdqgh shuphwwhqw gh
whqlu frpswh ghv sursulìwìv vwuxfwxuhoohv gx pxowlprgëoh +skìqrpëqh gh furlvhphqw
ghv prgëohv orfdx{ OWL/ irqfwlrqv g*dfwlydwlrq rx ohxuv vxssruwv/ pdwulfhv g*hqwuìhv
olqìdluhphqw gìshqgdqwhv,1
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415 Dqdo|vh gh vwdelolwì
41514 Vwdelolwì dx vhqv gh O|dsxqry = pìwkrgh gluhfwh
Od pìwkrgh gluhfwh gh O|dsxqry v*dssxlh vxu xqh revhuydwlrq sk|vltxh irqgdphqwdoh =
vl o*ìqhujlh wrwdoh +txl hvw vfdodluh, g*xq v|vwëph/ olqìdluh rx qrq olqìdluh/ hvw frqwlqþ0
phqw glvvlsìh +rq sduoh gh v|vwëph glvvlsdwli,/ doruv rq shxw hvsìuhu txh oh v|vwëph
whqgh yhuv xq srlqw g*ìtxloleuh1 Dlqvl o*lgìh gh O|dsxqry hvw g*h{dplqhu od yduldwlrq
g*xqh irqfwlrq vfdodluh srxu ìwxglhu od vwdelolwì g*xq v|vwëph grqqì1
Frqvlgìurqv wrxw g*derug oh v|vwëph qrq olqìdluh hq uìjlph oleuh gìfulw sdu

�% E|� ' s E% E|�� +4186,
dyhf s E% E|�� 5 � � c % E|� G U � �$ U �
Oh v|vwëph +4186, hvw glw hq ìtxloleuh dxwrxu gh % � vl/ hq o*devhqfh g*lq xhqfh h{whuqh/
vrq ìwdw qh ydulh sdv dx frxuv gx whpsv/ % � hvw doruv dsshoì srlqw g*ìtxloleuh1
Gì�qlwlrq 414 +srlqw g*ìtxloleuh, = % � hvw dsshoì srlqw g*ìtxloleuh gx v|vwëph +4186,
vl s E% � � ' fc;| : f�
Sdu od vxlwh/ rq frqvlgìuhud txh o*ruljlqh gh o*hvsdfh g*ìwdw hvw srlqw g*ìtxloleuh E% � ' f�
gx v|vwëph +4186,1 Fhwwh k|srwkëvh wuëv fodvvltxh qh qxlw hq ulhq ã od jìqìudolwì gx
sursrv fdu vl % � 9' f hvw srlqw g*ìtxloleuh gh +4186, doruv % � ' f hvw srlqw g*ìtxloleuh
gx v|vwëph �5 ' s E5 E|� n % � �1
Gì�qlwlrq 415 = xqh irqfwlrq frqwlqxh k Eo� G dfc @� $ dfc4� hvw glwh gh fodvvh V vl
hooh hvw vwulfwhphqw furlvvdqwh hw k Ef� ' f1 Vl @ ' 4 hw *�4� � � k Eo� ' 4/ od irqfwlrq hvw
glwh gh fodvvh V � 1
Wkìruëph 414 ^Lvl<<`^Ylg<6` = vrlw xqh irqfwlrq vfdodluh T E% E|�� 5 � � whooh txh

k � E% E|�� � T E% E|�� � k � E% E|�� +4187,
; n%n 	 _ rü k � E�� hw k  E�� vrqw ghv irqfwlrqv gh fodvvh V gì�qlhv vxu dfc _� c _ 5 - ! "

� Vl # $ % & '( & s E%� � fc ; n%n 	 _ doruv oh srlqw g*ìtxloleuh E% ) ' f� gh +4186, hvw
orfdohphqw vwdeoh +lo hvw joredohphqw vwdeoh vl/ gh soxv/ _ ' 4 hw ohv irqfwlrqv
k * E�� hw k + E�� vrqw gh fodvvh V , ,1

� Vl - . / 0 1- 0 s E%� � �k 2 En%n� c ; n%n 	 _ dyhf k 2 E�� irqfwlrq gh fodvvh V gì�qlh vxu
dfc _� c doruv oh srlqw g*ìtxloleuh gh +4186, hvw orfdohphqw dv|pswrwltxhphqw vwdeoh1

� Vl - . / 0 1- 0 s E%� � �k 2 En%n� c ;% E_ ' 4� hw ohv irqfwlrqv k * E�� hw k + E�� vrqw gh
fodvvh V , doruv oh srlqw g*ìtxloleuh gh +4186, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1
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� Vl � � � � �� � s E%� � �k � En%n�;% E_ ' 4� hw ohv irqfwlrqv k � E�� c k � E�� hw k � E�� vrqw
gh fodvvh V � gh od iruph =
k � En%n� ' @ n%n� c k � En%n� ' K n%n� c k � En%n� ' S n%n�
whoohv txh @c Kc S � fc R � �c doruv oh srlqw g*ìtxloleuh gh +4186, hvw joredohphqw
h{srqhqwlhoohphqw vwdeoh1

Srxu ghv gì�qlwlrqv uhodwlyhv dx{ v|vwëphv qrq olqìdluhv glvfuhwv/ oh ohfwhxu shxw vh
uìiìuhu sdu h{hpsoh ã ^Eru<6`1

41515 Irqfwlrqv gh O|dsxqry �w|shv�
Gdqv oh fdv jìqìudo/ lo q*h{lvwh sdv gh pìwkrgh srxu wurxyhu wrxwhv ohv irqfwlrqv fdqgl0
gdwhv gh O|dsxqry1 Gëv oruv/ od wkìrulh gh O|dsxqry frqgxlw ã ghv frqglwlrqv vx!vdqwhv
gh vwdelolwì grqw oh shvvlplvph gìshqg gh od iruph sduwlfxolëuh lpsrvìh ã od irqfwlrq
T E% E|�� hw gh od vwuxfwxuh gx v|vwëph1 Fhshqgdqw/ lo h{lvwh ghv idploohv gh irqfwlrqv gh
O|dsxqry vrxyhqw xwlolvìhv hw grqw o*dgrswlrq gìshqg gh od qdwxuh gx v|vwëph ã ìwx0
glhu +v|vwëphv olqìdluhv/ v|vwëphv frqwlqxv sdu prufhdx{/ v|vwëphv ã uhwdug/ v|vwëphv
olqìdluhv lqfhuwdlqv/111,1

Irqfwlrq txdgudwltxh = oh fkrl{ oh soxv fodvvltxh frqvlvwh ã xwlolvhu xqh iruph txd0
gudwltxh =

T E% E|�� ' % E|� � �% E|� c � : f +4188,
O*ìwxgh gh od vwdelolwì ã o*dlgh gh fh w|sh gh irqfwlrq d frqvwlwxì od edvh gh wuëv qrp0
euhx{ wudydx{ mxvtx*ã pdlqwhqdqw +sdu h{hpsoh = ^Jdu<:`^Er|<7`,1 Gdqv oh fdv ghv
v|vwëphv lqfhuwdlqv/ txdqg dxfxqh lqirupdwlrq q*hvw frqqxh vxu od ylwhvvh g*ìyroxwlrq
ghv sdudpëwuhv lqfhuwdlqv/ f*hvw sudwltxhphqw od vhxoh pìwkrgh srvvleoh1 Fh w|sh gh
irqfwlrq/ dgrswìh srxu ìwxglhu od vwdelolwì ghv v|vwëphv olqìdluhv/ hvw dxvvl xwlolvìh gdqv
oh fdv ghv pxowlprgëohv ^Wdq<;d`1 Vd iruph jìqìudoh hvw fhooh xwlolvìh gdqv oh fdv ghv
v|vwëphv gh w|sh Oxu*h ^Nkd<9`1 Wurxyhu xqh whooh irqfwlrq uhylhqw ã wurxyhu xqh pd0
wulfh gì�qlh srvlwlyh1 Gdqv oh fdv gh o*dssurfkh pxowlprgëoh/ od irupxodwlrq frqyh{h gx
sureoëph shuphw dlvìphqw o*h{wudfwlrq g*xqh whooh irqfwlrq oruvtx*hooh h{lvwh1 O*lqfrqyì0
qlhqw gh od pìwkrgh uìvlgh gdqv o*rewhqwlrq gh frqglwlrqv gh vwdelolwì wuëv frqvhuydwlyhv
frpph rq oh yhuud gdqv oh fkdslwuh 2� Xqh dxwuh yduldqwh gh fhv irqfwlrqv hvw gh od
iruph

T E% E|�� ' % E|� � �[
� �  k � � � % E|� +4189,

dyhf � � : f hw k � 5 U ! " � Fhv irqfwlrqv txdgudwltxhv vrqw xwlolvìhv gdqv oh fdv ghv
v|vwëphv lqwhufrqqhfwìv ^Oxq<5`^Vh};;` hw uìfhpphqw gdqv od fdv ghv pxowlprgëohv
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^Dnd33`^Dnd<;`^Fkh<9`1 Fhv irqfwlrqv ihurqw o*remhw g*ìwxgh dx{ sdudjudskh 2�2�� hw
2�2�e1
Gh pdqlëuh ã doohu dx ghoã gx shvvlplvph gh od vwdelolwì txdgudwltxh/ lo hvw qìfhvvdluh
g*hqylvdjhu g*dxwuhv irqfwlrqv fdqglgdwhv gh O|dsxqry1

Irqfwlrq sro|txdgudwltxh = fhwwh irqfwlrq hvw gh od iruph

T E% E|� c 5 E|�� ' % E|� � �[
� � � > � E5 E|��� � % E|� +418:,

dyhf � � : f/ > � E5 E|�� : fcS �� � � > � E5 E|�� ' �� Hooh shuphw/ gdqv oh fdv gh o*dssurfkh
pxowlprgëoh/ gh uhod{hu ohv frqwudlqwhv lpsrvìhv sdu od pìwkrgh txdgudwltxh1 Fh w|sh
gh irqfwlrqv hvw ìjdohphqw xwlolvì gdqv oh fdguh ghv v|vwëphv glvfuhwv ã sdudpëwuhv lq0
fhuwdlqv eruqìv yduldqwv gdqv oh whpsv ^Gdd34d`1 Idlvdqw dssho ã o*rswlplvdwlrq frqyh{h/
xqh surfìgxuh hvw sursrvìh sdu Mrkdqvhq ^Mrk33` srxu h{wudluh gh whoohv irqfwlrqv srxu
ohv v|vwëphv qrq olqìdluhv frqwlqþphqw gl�ìuhqwldeohv gh od iruph % E|� ' s E%c w� rx
% E|� hvw od yduldeoh g*ìwdw hw w hvw xq sdudpëwuh ìyhqwxhoohphqw yduldqw gdqv oh whpsv1
Fh w|sh gh irqfwlrq hvw dxvvl soxv jìqìudo gdqv oh vhqv rü lo lqfoxw oh fdv txdgudwltxh/
fdu lo vx!w gh fkrlvlu � � ' �c � 5 U � srxu vh udphqhu dx fdv ghv irqfwlrqv txdgud0
wltxhv1 Lo hvw dxvvl lqwìuhvvdqw gh qrwhu txh/ sdu rssrvlwlrq ã od pìwkrgh txdgudwltxh/
fh w|sh gh irqfwlrq wlhqw frpswh gh od ylwhvvh gh yduldwlrq ghv yduldeohv gh gìflvlrq
gx pxowlprgëoh frqwlqx fh txl h{soltxh od uìgxfwlrq gx frqvhuydwlvph gh od pìwkrgh
^Mdg<<`^Fkd33`^Pru33e`^Eod34e`^Wdq34d`1 Gdqv oh fdv glvfuhw/ fh w|sh gh irqfwlrq d shu0
plv ã Pruëuh hw do1 ^Pru33d` g*rewhqlu ghv frqglwlrqv vx!vdqwhv prlqv frqvhuydwlyhv
txh ohv uìvxowdwv lvvxv gh od pìwkrgh txdgudwltxh ^Zdq<9`1 Gdqv oh fdguh ghv v|vwëphv
glvfuhwv ã lqfhuwlwxghv sro|wrsltxhv/ ohv wudydx{ gh Gddirx} hw do ^Gdd34d` rqw derxwl
ã ghv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv srxu txh gh whoohv irqfwlrqv h{lvwhqw1 Fh w|sh
gh irqfwlrq vhud ìwxglìh dx fkdslwuh 61

Irqfwlrq d!qh sdudpìwultxh = fh w|sh gh irqfwlrq gh od iruph

T E% E|�� ' % E|�� � Ew� % E|� +418;,
dyhf � Ew� ' � � n w � � � n ��� n w � � � : f hvw vrxyhqw xwlolvì srxu ìwxglhu ohv v|vwëphv
olqìdluhv ã sdudpëwuhv lqfhuwdlqv yduldqwv gdqv oh whpsv gx w|sh =�% E|� ' � Ew� % E|� dyhf � Ew� ' � � n w � � � n ��� n w � � � rü ohv sdudpëwuhv w � hw ohxuv
yduldwlrqv vrqw eruqìv1
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O*h{suhvvlrq +418;, jìqìudolvh ohv irqfwlrqv gh O|dsxqry txdgudwltxhv txl fruuhvsrqghqw
ã � ! ' ��� ' � " ' f1 Hoohv vrqw prlqv frqvhuydwlyhv # txh ohv irqfwlrqv txdgudwltxhv fdu
hoohv wlhqqhqw frpswh ghv yduldwlrqv ghv sdudpëwuhv +yrlu sdu h{hpsoh ^Jdk<9`^Edu34`1
Srxu looxvwuhu fh sursrv/ frqvlgìurqv oh fdv g*xq v|vwëph OSY lqfhuwdlq ã xq vhxo
sdudpëwuh w ! l1h1 � Ew� ' � $ n w ! � ! 1 Od frqglwlrq gh vwdelolwì gh fh v|vwëph lqfhuwdlq
hvw � Ew� % � Ew� n � Ew�� Ew� n & ' ( ) * + +, - 	 f/ fh txl hvw ìtxlydohqw/ gdqv oh fdv g*xq vhxo
sdudpëwuh ã = � Ew� . � Ew� n � Ew�� Ew� n /w 0 � 0 	 f1
Dlqvl od vwdelolwì qh vhud yìul�ìh/ srxu xqh ylwhvvh gh yduldwlrq /w 0 qrq eruqìh/ txh vl � 0 '
f/ fh txl fruuhvsrqg ã od irqfwlrq gh O|dsxqry txdgudwltxh T E% E|�� ' % E|� . � 1 % E|�1
Sdu frqvìtxhqw od vwdelolwì txdgudwltxh vh yhxw xqh vwdelolwì ã ylwhvvh gh yduldwlrq
sdudpìwultxh duelwudluh1 Od qrq sulvh hq frpswh gh od ylwhvvh gh yduldwlrq sdudpìwultxh/w 0 h{soltxh hq sduwlh oh frqvhuydwlvph gh od pìwkrgh txdgudwltxh1 Fhw h{hpsoh prqwuh
hq h�hw txh od txdolwì ghv uìvxowdwv rewhqxv gìshqg gx fkrl{ gx w|sh gh irqfwlrq gh
O|dsxqry uhodwlyhphqw ã od qdwxuh gx v|vwëph ìwxglì1
Irqfwlrqv frqwlqxhv sdu prufhdx{ = rq shxw glvwlqjxhu ohv irqfwlrqv gh O|dsxqry
olqìdluhv frqwlqxhv sdu prufhdx{ hw ohv irqfwlrqv gh O|dsxqry txdgudwltxhv frqwlqxhv
sdu prufhdx{ ^Rkw34`^Ihq35`^Shw<:`^Mrk<<e`^Kdv<;`1 Fhv irqfwlrqv qrq txdgudwltxhv
rqw idlw dxvvl o*remhw g*dssolfdwlrqv gdqv oh fdv ghv v|vwëphv  rxv ^Fdr<<`^]kd34`^Mrk<<e`1
Rq shxw glvwlqjxhu ìjdohphqw ohv irqfwlrqv txdgudwltxhv sdu prufhdx{ gh od iruph

T E% E|�� ' 4@ ET 0 E% E|�� c 111/T 2 E% E|�� c 111/T3 E% E|��� +418<,
dyhf

T 2 E% E|�� ' % E|� . � 2 % E|� c �2 : fc � 5 U 3 +4193,
Fh w|sh gh irqfwlrqv d idlw o*remhw g*ìwxgh gdqv oh fdv ghv v|vwëphv OWY ^Er|<7` hw
suìvhqwh o*dydqwdjh g*íwuh prlqv frqvhuydwlyhv txh ohv irqfwlrqv txdgudwltxhv1 Qrxv ohv
xwlolvhurqv gdqv oh fdguh ghv pxowlprgëohv dx fkdslwuh � hw dx fkdslwuh e1

416 Dqdo|vh frqyh{h hw lqìjdolwìv olqìdluhv pdwul0
flhoohv

41614 Dqdo|vh frqyh{h
Od qrwlrq gh frqyh{lwì wlhqw gdqv fh pìprluh xqh sodfh lpsruwdqwh ìwdqw grqqìhv
ohv rulhqwdwlrqv fkrlvlhv1 Hq h�hw/ ohv sureoëphv g*dqdo|vh hw gh v|qwkëvh grqw lo hvw
txhvwlrq vrqw irupxoìv hq whuphv g*rswlplvdwlrq/ frqyh{h vl srvvleoh1 Od frqyh{lwì g*xq
sureoëph g*rswlplvdwlrq d xq grxeoh dydqwdjh =

4 5 6 7 6 8 9 : ; < = 6 > ? 6 ? < @ A > ; B 7 6 C 9 D 9 > < E A > F G B A > < : G H A B > : F A > : < 7 I 6 G B I < C 9 D 9 > < 6 9 G 7 < : B < = = < F A > ; 9 B G
J ; < : : A = 9 G B A > : H A B > : 7 < : G 7 B F G B I < : K F A > : < 7 I 6 G B I < : L C 9 < F < = = < : B : : 9 < > G ; < = D 6 9 G 7 < M
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� ohv whpsv gh fdofxo srxu wurxyhu xqh vroxwlrq vrqw udlvrqdeohv >
� lo q*h{lvwh sdv gh plqlpxp orfdo gh od irqfwlrq frþw ã rswlplvhu > oh uìvxowdw rewhqx
fruuhvsrqg ã xq plqlpxp joredo xqltxh1

Fhshqgdqw/ vl xq sureoëph q*hvw sdv frqyh{h dx gìsduw/ oh wudqviruphu hq xqh irupx0
odwlrq frqyh{h shxw sduirlv hqwudñqhu ghv grpdlqhv gh ydolglwì wuëv uhvwulfwliv hw ghv
frqwudlqwhv wuëv frqvhuydwlyhv1 Od vroxwlrq dlqvl rewhqxh sdu rswlplvdwlrq frqyh{h hvw
rswlpdoh dx vhqv gx qrxyhdx sureoëph pdlv sdv qìfhvvdluhphqw dx vhqv gx sureoëph
lqlwldo1 Fhwwh uhpdutxh hvw irqgdphqwdoh srxu o*lqwhusuìwdwlrq ghv uìvxowdwv rewhqxv sdu
ghv pìwkrghv g*rswlplvdwlrq1 Fhshqgdqw/ vl od wudqvirupdwlrq qrq frqyh{h 2 frqyh{h vh
idlw sdu ghv ìtxlydohqfhv/ od vroxwlrq rewhqxh hvw ìjdohphqw rswlpdoh srxu oh sureoëph
lqlwldo1
Od frqyh{lwì hvw xqh qrwlrq ã od irlv hqvhpeolvwh hw irqfwlrqqhooh/ yrlfl ohv gì�qlwlrqv
gdqv fkdfxq ghv fdv1
Gì�qlwlrq 414 = hqvhpeoh frqyh{h
Vrlw xq hqvhpeoh . � U � c . hvw xq hqvhpeoh frqyh{h vl hw vhxohphqw vl

; b 5 dfc �o � Uc ; E% � c % � � 5 . � c b% � n E�� b� % � 5 . +4194,
Gì�qlwlrq 415 = irqfwlrq frqyh{h
Vrlw xqh irqfwlrq s G . � U � �$ U dyhf . xq hqvhpeoh frqyh{h/ doruv s hvw frqyh{h
vl hw vhxohphqw vl
; b 5 df/ �o � Uc ; E% � c % � � 5 . � c s Eb% � n E�� b�% � � � bs E% � � n E�� b� s E% � �

+4195,
Xq sureoëph g*rswlplvdwlrq frqyh{h v*ìqrqfh grqf frpph vxlw = 4�?� � � Es E%�� c rü . hvw
xq hqvhpeoh frqyh{h hw s xqh irqfwlrq frqyh{h1
Xqh irupxodwlrq sduwlfxolëuh uhwlhqgud qrwuh dwwhqwlrq/ lo v*djlw gh o*rswlplvdwlrq vrxv
frqwudlqwhv gì�qlhv sdu ghv lqìjdolwìv pdwulflhoohv olqìdluhv1 Gdqv fh txl vxlw/ rq udsshooh
ohv sulqflsdx{ uìvxowdwv gh fh irupdolvph1

41615 Sureoëphv fodvvltxhv OPL
Ghsxlv txhotxhv dqqìhv/ gh qrpeuhx{ wudydx{ d|dqw srxu sulqflsdo exw gh uìgxluh xqh
judqgh ydulìwì gh sureoëphv gh v|qwkëvh rx g*dqdo|vh ã ghv sureoëphv g*rswlplvdwlrq
frqyh{h lpsoltxdqw ghv OPL rqw yx oh mrxu1 Sdudooëohphqw/ ghv pìwkrghv h!fdfhv gh
uìvroxwlrq ghv sureoëphv g*rswlplvdwlrq frqyh{h rqw ìwì gìyhorssìhv1 Fhv pìwkrghv
dsshoìhv pìwkrghv gh srlqw0lqwìulhxu gìyhorssìhv lqlwldohphqw sdu Ndupdndu ^Ndu;7`
srxu od surjudppdwlrq olqìdluh ixuhqw ìwhqgxhv hqvxlwh sdu Qhvwhury hw Qhpluryvnll
^Qhv<7` dx fdv gh od surjudppdwlrq frqyh{h gdqv o*hvsdfh ghv pdwulfhv gì�qlhv srvl0
wlyhv1
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Sdupl ohv udlvrqv txl rqw idlw gh fhwwh dssurfkh xqh ghv soxv dssoltxìhv gdqv oh gr0
pdlqh gh od frppdqgh/ rq shxw flwhu = o*h{lvwhqfh gh pìwkrghv gh uìvroxwlrq qxpìultxh
h!flhqwhv rx od srvvlelolwì gh wudlwhu od frppdqgh pxowlfulwëuh1 Gdqv fhwwh sduwlh/ rq
suìvhqwh ohv lgìhv gh edvh gh o*dssurfkh OPL ^Er|<7`^Ulf34`1
Gì�qlwlrq 416 = ìwdqw grqqìh xqh idplooh gh pdwulfhv v|pìwultxhv � � hw � � c � 5 U � gh
U� � � hw xq yhfwhxu % ' E% � c % � c ���c %� � � 5 U � / xqh OPL vwulfwh +uhvs1 qrq vwulfwh, hq
% � c � 5 U � v*ìfulw vrxv od iruph =

8 E%� ' � � n
�[

� � �
% � � � : f EoerR� � f� +4196,

Uhpdutxrqv txh o*hqvhpeoh . gì�ql sdu . ' i% 5 U � G 8 E%� : fj hvw frqyh{h/ fh txl
qrxv dpëqh ã frqvlgìuhu xqh frqwudlqwh OPL frpph xqh frqwudlqwh frqyh{h1
Ohv wurlv sureoëphv g*rswlplvdwlrq frqyh{h ohv soxv uhqfrqwuìv vrxv iruph gh OPL
vrqw =

� Sureoëph gh uìdolvdelolwì� = lo v*djlw gh wurxyhu xq yhfwhxu % who txh od frqwudlqwh
frqyh{h 8 E%� : f hvw vdwlvidlwh1 Fh sureoëph shxw íwuh uìvrox hq fkhufkdqw oh
yhfwhxu % plqlplvdqw oh vfdodluh | who txh =

�8 E%� 	 |�L +4197,
Vl od ydohxu plqlpdoh gh | hvw qìjdwlyh/ oh sureoëph hvw uìdolvdeoh1

� Sureoëph gh ydohxuv sursuhv +HYS, = lo v*djlw gh plqlplvhu od soxv judqgh
ydohxu sursuh g*xqh pdwulfh v|pìwultxh vrxv xqh frqwudlqwh gh w|sh OPL =

4�?�4�tih b
rJ�r ,er SJ?|o@�?|er

� bL �� E%� : f
� E%� : f +4198,

� Sureoëph gh ydohxuv sursuhv jìqìudolvìhv +JHYS, = lo v*djlw gh plqlplvhu
od soxv judqgh ydohxu sursuh jìqìudolvìh g*xqh sdluh gh pdwulfhv/ sdu udssruw ã
xqh frqwudlqwh OPL =

4�?�4�tih b

rJ�r ,er SJ?|o@�?|er
;?
=

b� E%�� � E%� : f
� E%� : f
� E%� : f

+4199,

Fhv sureoëphv g*rswlplvdwlrq frqyh{h shxyhqw doruv íwuh uìvroxv sdu gl�ìuhqwv
w|shv gh pìwkrghv =

� �  !  " # $ % & '  ( )  ) & * + ( % , !  % - # ( $ . $ / 0 1 & % - , ( 2 )  ' , / 2 $ 1  / ! , 3 , & ' ' & $ 4 # - , ' & $ / 5 6 7 8 9 : ; < = > ? @ A B C D E F G @ H I J
K D L M J G I N @ M O P G Q M I R S T U V W X S Y Z [ \ ] ^ _ ` a b c d a Z e ] c b \ e d f
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� Pìwkrgh ghv sodqv vìfdqwv
� Pìwkrgh gh o*hoolsvrògh
� Pìwkrgh gx w|sh �vlpsoh{h�
� Pìwkrgh ghv srlqwv lqwìulhxuv +Pìwkrgh ghv fhqwuhv/ Pìwkrgh sulpdoh0gxdoh/
Pìwkrgh surmhfwlyhv gh Qhpluryvnll,

41616 Whfkqltxhv g*dqdo|vh hw gh uìgxfwlrq
Sdupl ohv h{hpsohv ohv soxv fodvvltxhv gh frqwudlqwhv gh w|sh OPL grqw qrxv dxurqv
ehvrlq wrxw dx orqj gh fh pìprluh/ flwrqv =

41 Frpsoìphqw gh Vfkxu = vrlhqw wurlv pdwulfhv - E%� ' - E%� � c' E%� ' ' E%� � hw
7 E%� d!qhv sdu udssruw ã od yduldeoh %1 Ohv OPL vxlydqwhv vrqw ìtxlydohqwhv =
��
#

' E%� 7 E%�
7 E%� � - E%�

$
: f

��� - E%� : fc ' E%�� 7 E%�- E%� �
� 7 E%� � : f

51 Frqwudlqwhv txdgudwltxhv frqyh{hv = od frqwudlqwh vxu od qruph n~ E%�n 	 �/ rü
~ E%� 5 U� � � hvw d!qh sdu udssruw od yduldeoh % 5 U� hvw uhsuìvhqwìh sdu#

L� ~ E%�
~ E%� � L �

$
: f +419:,

61 Surfìgxuh0V = fhwwh surfìgxuh hvw vrxyhqw xwlolvìh hq v|qwkëvh sdu dssurfkh OPL1
Lo v*djlw g*xqh whfkqltxh txl shuphw g*dssurfkhu xq hqvhpeoh gh frqwudlqwhv
frqyh{hv rx qrq sdu xqh frqwudlqwh frqyh{h1
Ohpph 415 = vrlhqw 8 � c ���c 8 � ghv irqfwlrqv txdgudwltxhv gìshqgdqwhv ghv yd0
uldeohv 1 5 U� =

8� E1� ' 1 � A 1 n 2� 1 n �! c � 5 U " +419;,
rü A! ' A #! 5 U$ � Doruv od sursrvlwlrq E�� lpsoltxh od sursrvlwlrq E2�1
E�� B % � fc ���c B & � f who txh 8 % E1��S &' ( ) B ' 8' E1� � f
E2� 8 % E1� � f ; 1 9' f who txh 8' E1� � fc � 5 U &
Vl ^ ' �/ doruv od uìflsurtxh hvw yudlh ìjdohphqw1

71 Ohpph gh surmhfwlrq = oh ohpph vxlydqw/ glw dxvvl ohpph g*ìolplqdwlrq/ hvw xq
ghv rxwlov xwlolvìv srxu od v|qwkëvh gh uìjxodwhxu1
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Ohpph 416 = srxu ghv pdwulfhv uìhoohv ` ' ` � c �c � gh wdloohv dssursulìhv/
ohv sursulìwìv vxlydqwhv vrqw ìtxlydohqwhv1

� Lo h{lvwh xqh pdwulfh uìhooh g whooh txh =
` n�g� � n�g � � � 	 f +419<,

� Lo h{lvwh xq vfdodluh j who txh =
` 	 j�� � hw ` 	 j�� � +41:3,

� Ohv frpsoìphqwv ruwkrjrqdx{ � � hw � � gh � hw � / uhvshfwlyhphqw/ yìul0
�hqw =

� � � `� � 	 f hw � � � `� � 	 f +41:4,

41617 H{whqvlrqv
4161714 Ohv OPL qrq vwulfwhv
Od OPL 8 E%E|�� � f hvw vwulfwhphqw uìdolvdeoh vl 8 E%E|�� : f hvw uìdolvdeoh1 Txdqg
xqh OPL hvw uìdolvdeoh pdlv qh shxw o*íwuh vwulfwhphqw/ od vroxwlrq gx sureoëph vrxv
vd yhuvlrq vwulfwh shxw íwuh gl�ìuhqwh gh vd yhuvlrq qrq vwulfwh1 Srxu looxvwuhu fhwwh
vlwxdwlrq/ frqvlgìurqv o*h{hpsoh vxlydqw =

8 E%� '
� % f

f �%
�
c % 5 U +41:5,

Od frqwudlqwh vwulfwh 8 E%� : f hvw qrq uìdolvdeoh doruv txh 8 E%� � f d srxu vroxwlrq
xqltxh % ' f1
Xqh pìwkrgh edvìh vxu od uìgxfwlrq dx{ OPL vwulfwhv hvw sursrvìh hq ^Er|<7`1 Od
pìwkrgh hvw edvìh vxu o*ìolplqdwlrq gh o*ìjdolwì lpsolflwh gx sureoëph qrq vwulfw1
Sdupl ohv orjlflhov shuphwwdqw od uìvroxwlrq ghv lqìjdolwìv pdwulflhoohv qrq vwulfwhv/ rq
shxw flwhu od OPLWRRO gh ^Qln<8`1 Qrwrqv txh od wrroer{ OPL Frqwuro gh pdwode
^Jdk<8` txl shuphw gh uìvrxguh ohv sureoëphv gh JHYS hw g*HYS/ qh shuphw sdv gh
uìvrxguh ohv OPL qrq vwulfwhv1
4161715 Ohv lqìjdolwìv pdwulflhoohv elolqìdluhv
Xq qrpeuh lpsruwdqw gh sureoëphv gh frppdqgh hw g*revhuydwlrq v*h{sulphqw vrxv
iruph g*lqìjdolwìv pdwulflhoohv elolqìdluhv +EPL vxlydqw o*dfurq|ph dqjor0vd{rq, txl
shxyhqw íwuh yxhv frpph xqh jìqìudolvdwlrq ghv OPL1 Lo q*h{lvwh sdv dxmrxug*kxl gh
pìwkrgh h{dfwh srxu uìvrxguh fh jhquh gh sureoëphv/ pdlv ghv khxulvwltxhv rqw ìwì
plvhv hq sodfh gdqv gl�ìuhqwv fdguhv1
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Gì�qlwlrq 416 = rq dsshooh EPL hq %� c � 5 U � c xqh frqwudlqwh gh od iruph =
8 E%� ' � � n

�[
� � �

%� �� n
�[

� � �

�[
� � �

%� %� � � � : f +uhvs1 � f� +41:6,
rü ohv pdwulfhv �� hw �� � dssduwhqdqw ã U� � � vrqw v|pìwultxhv1
Ohv EPL/ txl qh vrqw sdv frqyh{hv/ shxyhqw dyrlu soxvlhxuv vroxwlrqv orfdohv hw qh
shxyhqw sdv íwuh uìvroxhv sdu ohv whfkqltxhv g*rswlplvdwlrq frqyh{h gìyhorssìhv srxu od
uìvroxwlrq ghv OPL1 Gh whoohv frqwudlqwhv dssdudlvvhqw gdqv gh qrpeuhx{ sureoëphv >
ghv pìwkrghv lwìudwlyhv shuphwwhqw/ vdqv jdudqwlu od frqyhujhqfh/ gh uìvrxguh fhuwdlqhv
fodvvhv gh EPL1 Fhv ghuqlëuhv dqqìhv ghv dojrulwkphv derxwlvvdqw ã ghv vroxwlrqv
orfdohv ^Kdv<<` hw joredohv ^Ehu<:` rqw ìwì sursrvìv srxu uìvrxguh fhv sureoëphv qrq
frqyh{hv1 Fhuwdlqhv EPL shxyhqw íwuh frqyhuwlhv hq xq sureoëph OPL ìtxlydohqw
dyhf xqh frqwudlqwh gh udqj1 Od uìvroxwlrq gh fh jhquh gh sureoëph dssdudñw iuìtxhphqw
gdqv ohv irupxodwlrqv g*dqdo|vh hw gh v|qwkëvh1 Lo v*djlw g*xq sureoëph qrq frqyh{h
gl!floh1 Fhshqgdqw/ lo h{lvwh ghv pìwkrghv khxulvwltxhv shuphwwdqw gh wurxyhu ghv
vroxwlrqv ã fh jhquh gh sureoëphv1 Ghv dojrulwkphv g*rswlplvdwlrq orfdoh rx joredoh
shxyhqw íwuh hpsor|ìv1 Ã wlwuh g*h{hpsoh/ gdqv ^Khq<<` ohv dxwhxuv rqw sursrvì xq
dojrulwkph khxulvwltxh srxu uìvrxguh xq sureoëph OPL dyhf xqh frqwudlqwh gh udqj0
�1 Gdqv ^Dsn33` xqh pìwkrgh edvìh vxu fhooh gh Iudqn hw Zroih shuphw gh jdudqwlu
o*rswlpdolwì joredoh gh od vroxwlrq oruvtx*hooh h{lvwh1
Fhshqgdqw/ fhuwdlqv sureoëphv EPL shxyhqw vh udphqhu idflohphqw ã ghv OPL1 Sox0
vlhxuv pìwkrghv vrqw doruv hqylvdjhdeohv =
d, Sdu xq fkdqjhphqw gh yduldeoh mxglflhx{1 Fhwwh dvwxfh pdwkìpdwltxh hvw iuìtxhp0
phqw xwlolvìh gdqv oh fdv gx uhwrxu g*ìwdw vwdwltxh +fdv ghv orlv gh frppdqgh SGF hw
FGI gdqv oh fdguh ghv pxowlprgëohv, rü oh surgxlw gh ghx{ yduldeohv txl dssdudñw gdqv
ohv frqglwlrqv gh v|qwkëvh hvw uhpsodfì sdu xqh qrxyhooh yduldeoh1
e, Sdu ohv whfkqltxhv g*ìolplqdwlrq ghv yduldeohv hq xwlolvdqw oh ohpph gh surmhfwlrq1
Od prwlydwlrq sulqflsdoh gh fh ohpph hvw gh wudgxluh ohv sureoëphv vrxv iruph gh
frqglwlrqv OPL d�q gh ohv uìvrxguh h!fdfhphqw ã o*dlgh ghv rxwlov qxpìultxhv1 Fhwwh
whfkqltxh hvw vrxyhqw xwlolvìh gdqv oh fdv gx uhwrxu gh vruwlh rx ohv lqìjdolwìv pdwulflhoohv
dvvrflìhv qh vrqw sdv olqìdluhv pdlv elolqìdluhv sdu udssruw dx{ lqfrqqxhv1
Fhv whfkqltxhv gh olqìdulvdwlrq vhurqw xwlolvìhv dx frxuv ghv fkdslwuhv vxlydqwv1 Hoohv
vrqw looxvwuìhv sdu oh sureoëph EPL hq g� hw � vxlydqw =

� : fc E�� n�� g� � � � n � E�� n�� g� � 	 fc ; � 5 U � +41:7,
Hq suì0 hw srvw0pxowlsoldqw ohv lqìjdolwìv +41:7, sdu � � � ' ' rq rewlhqw

' : fc ' E�� n� � g� � � n E�� n� � g� �' 	 f +41:8,
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� Uìvroxwlrq sdu fkdqjhphqw gh yduldeoh
Hq srvdqw t� ' g� ' rq rewlhqw ohv OPL vxlydqwhv hq t� hw '

' : fc �� 'n'��
� n�� t� n t �

� � �
� 	 f +41:9,

� Uìvroxwlrq sdu ìolplqdwlrq gh yduldeoh
Hq suì0 hw srvw0pxowlsoldqw ohv lqìjdolwìv +41:9, sdu � �

� / oh frpsoìphqw ruwkrjrqdo
gh �� / rq rewlhqw ohv OPL ìtxlydohqwhv vxlydqwhv =

' : fc � � �
�
��� 'n'��

�
�� �

� 	 f +41::,
Xqh irlv ohv yduldeohv g� ìolplqìhv hw ' � � � fdofxoìh ã sduwlu gh +41::,/ ohv yduldeohv
g� vrqw rewhqxhv hq uìvroydqw ohv OPL +41:7,1
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Fkdslwuh 5
Vwdelolwì hw vwdelolvdwlrq
txdgudwltxh ghv pxowlprgëohv

514 Lqwurgxfwlrq
Qrwuh remhfwli gdqv fh fkdslwuh hvw gh idluh oh srlqw vxu txhotxhv dssurfkhv shuphwwdqw
o*ìwxgh gh vwdelolwì ghv pxowlprgëohv hw od v|qwkëvh gh orlv gh frppdqgh1
Fhv ghuqlëuhv dqqìhv/ gh qrpeuhx{ wudydx{ frqfhuqdqw o*dqdo|vh hw od v|qwkëvh gh
uìjxodwhxuv rqw ìwì sxeolìv1 Od soxsduw gh fhv wudydx{ vrqw lqvsluìv ghv whfkqltxhv gh
frppdqgh uhqfrqwuìhv gdqv od olwwìudwxuh1 Sdu h{hpsoh/ gdqv ^Wdq<;e`^Jxh34e`^Eod34e`
ghv uìvxowdwv rqw ìwì rewhqxv hq vh edvdqw vxu ghv irqfwlrqv gh O|dsxqry txdgudwltxhv/
gdqv ^Jxh<<e` fhv sureoëphv rqw ìwì derugìv sdu wudqvirupdwlrq hq xq sureoëph gh
w|sh Oxu*h doruv txh gdqv ^Dnd33`^Dnd<;`^Fkh<9` o*dqdo|vh hw od v|qwkëvh gh orlv gh
frppdqgh rqw ìwì ìwxglìhv hq xwlolvdqw ohv whfkqltxhv ghv v|vwëphv lqwhufrqqhfwìv hw
ohv sursulìwìv ghv P0pdwulfhv1 Od v|qwkëvh gh orlv gh frppdqgh d ìwì ìjdohphqw wudlwìh
sdu ohv whfkqltxhv gh v|vwëphv lqfhuwdlqv ^]dn<<`^Fdr<9`^Ihq34` ^Wdq<9` ^Nlu<9`^Whl<<`1
Fh fkdslwuh hvw lqwìjudohphqw frqvdfuì ã o*dssurfkh txdgudwltxh gh O|dsxqry1 Lo hvw
rujdqlvì gh od idêrq vxlydqwh1
Gdqv oh sdudjudskh vxlydqw/ qrxv suìvhqwrqv txhotxhv frqglwlrqv vx!vdqwhv gh vwdel0
olwì ghv pxowlprgëohv1 Hq vh edvdqw vxu ohv sursulìwìv ghv P0pdwulfhv/ xqh fodvvh gh
pxowlprgëohv dffhswdqw ghv irqfwlrqv gh O|dsxqry txdgudwltxhv hvw ìwxglìh1
Gdqv oh sdudjudskh 2��/ dsuëv xq euhi udssho gh o*ìwdw gh o*duw ghv orlv gh frppdqgh
h{lvwdqwhv/ od vwdelolvdwlrq sdu uhwrxu g*ìwdw hvw derugìh hvvhqwlhoohphqw sdu ohv orlv
gh frppdqgh SGF hw FGI1 Ghv uìvxowdwv prlqv frqwudljqdqwv txh fhx{ h{lvwdqwv hw
shuphwwdqw gh pd{lplvhu oh ghjuì gh vwdelolwì +wdx{ gh gìfurlvvdqfh, ghv pxowlprgëohv
hq erxfoh ihupìh vrqw hqvxlwh sursrvìv1
Oh sdudjudskh 2�e hvw frqvdfuì ã o*ìwxgh ghv pxowlrevhuydwhxuv1 Oh fdv ghv yduldeohv gh
gìflvlrq qrq phvxudeohv hvw wudlwì hw oh sulqflsh gh vìsdudwlrq hvw ìjdohphqw derugì1
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515 Vwdelolwì txdgudwltxh
O*dssurfkh sursrvìh gdqv fh fkdslwuh uhsrvh vxu ohv irqfwlrqv gh O|dsxqry txdgud0
wltxhv1 Lo v*djlw gh fkhufkhu xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh hw vd irqfwlrq gh
O|dsxqry txdgudwltxh dvvrflìh whoohv txh fhuwdlqhv frqglwlrqv vlpsohv jdudqwlvvhqw ohv
sursulìwìv gh vwdelolwì1 Elhq txh frqgxlvdqw ã ghv frqglwlrqv sduirlv frqvhuydwlyhv/ fhwwh
pìwkrgrorjlh hvw/ g*xq srlqw gh yxh sudwltxh/ idfloh ã phwwuh hq úxyuh1

51514 Vwdelolwì joredoh
Frqvlgìurqv oh pxowlprgëoh frqwlqx gh od iruph

"% E|� '
#[

$ % & > $ E5 E|�� E� $ % E|� n�$ � E|�� +514,
dyhf

> $ E5 E|�� � fc
#[

$ % & > $ E5 E|�� ' � +515,

Oh pxowlprgëoh hq erxfoh rxyhuwh fruuhvsrqgdqw ã +514, hvw
"% E|� '

#[
$ % & > $ E5 E|���$ % E|� +516,

Oh pxowlprgëoh +516, hvw joredohphqw dv|pswrwltxhphqw vwdeoh v*lo h{lvwh xqh pdwulfh
v|pìwultxh � : f whooh txh ohv OPL vxlydqwhv vrqw uìdolvdeohv ^Er|<7`^Wdq<;e` =

� : fc �'$ � n ��$ 	 fc ;� 5 U # +517,
Fh uìvxowdw hvw rewhqx hq gìulydqw/ oh orqj gh od wudmhfwrluh gx pxowlprgëoh +516,/ od
irqfwlrq txdgudwltxh +4188,1 O*h{lvwhqfh gh � gìshqg gh ghx{ frqglwlrqv =

� od suhplëuh hvw olìh ã od vwdelolwì gh wrxv ohv prgëohv orfdx{1 Lo hvw qìfhvvdluh txh
fkdtxh pdwulfh �$ vrlw gh Kxuzlw} ( 1

� od ghx{lëph frqglwlrq hvw uhodwlyh ã o*h{lvwhqfh g*xqh irqfwlrq gh O|dsxqry frp0
pxqh dx{ ? prgëohv orfdx{1 Hooh h{ljh txh od vrpph S #$ % & �$ vrlw gh Kxuzlw}1
Od suhxyh shxw íwuh rewhqxh hq vrppdqw ohv OPL +517,1

Fhwwh ghuqlëuh frqglwlrq shxw íwuh irupxoìh sdu od sursrvlwlrq vxlydqwh1
Sursrvlwlrq 514 = v*lo h{lvwh ghx{ pdwulfhv whoohv txh ohxu vrpph �$ n�) c ; E�c �� 5 U *#
q*hvw sdv vwdeoh/ doruv oh pxowlprgëoh+516, qh shxw íwuh txdgudwltxhphqw vwdeoh1

+ , - . / 0 1 2 3 4 . 5 6 - 1 7 . 8 9 0 7 . , 2 8 : 2 6 : 2 . 8 0 : : 0 2 1 3 . - - . - 1 0 , 5 . / 3 ; : 7 0 - < 0 , 4 = . 5 , : 7 0 - 4 6 / : 7 . > . ?
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Od sursrvlwlrq vxlydqwh jìqìudolvh od suìfìghqwh hw irxuqlw xqh pìwkrgh v|vwìpdwltxh
shuphwwdqw gh whvwhu od qrq h{lvwhqfh g*xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh frp0
pxqh1
Sursrvlwlrq 515 ^Er|<7` = gìwhuplqhu vl xqh pdwulfh � yìul�dqw +517, q*h{lvwh sdv
hvw ìtxlydohqw ã wurxyhu ghv pdwulfhv '� qrq wrxwhv qxoohv whoohv txh

' � � fc ���c '� � fc
�[

� � �
�' � ��

� n�� ' � � � f +518,

Vwdelolwì h{srqhqwlhooh
Oh ghjuì gh vwdelolwì/ rx oh wdx{ gh gìfurlvvdqfh +ghfd| udwh, gx v|vwëph +516,/ hvw oh
soxv judqg vfdodluh k who txh/ txhotxh vrlw od wudmhfwrluh yìul�dqw +516,/ rq d =

*�4� � � e � � n% E|�n ' f +519,
Hq g*dxwuhv whuphv/ oh wdx{ gh gìfurlvvdqfh shxw íwuh gì�ql/ vxu wrxwhv ohv wudmhfwrluhv
qrq qxoohv/ sdu *�4

� � �
�?u � � � � � �  ! � � Surxyhu od vwdelolwì h{srqhqwlhooh gx v|vwëph uhylhqw

ã dvvxuhu txh/ srxu wrxwhv ohv wudmhfwrluhv % E|� yìul�dqw +516,/ rq d srxu k : f G
<� : f G _T E% E|��

_| n 2kT E% E|�� 	 f +51:,
Hq h�hw/ gdqv fh fdv/ +51:, lpsoltxh txh T E% E|�� � T E% Ef�� e " # $ % hw txh srxu wrxwhv
ohv wudmhfwrluhv yìul�dqw +516, rq d

n% E|�n � e " $ % EV E� �� & ' ( n% Ef�n @�eS V E� � '
#b ) * + �� , ��

b ) - . E� , � �
$ / ' (

+51;,
Oh v|vwëph hvw doruv glw k0vwdeoh rü k hvw elhq xq plqrudqw gx wdx{ gh gìfurlvvdqfh ghv
wudmhfwrluhv gx v|vwëph +516, tx*lo vhudlw lpsruwdqw gh pd{lplvhu1 Qrwrqv txh pd{l0
plvhu oh plqrudqw gx wdx{ gh gìfurlvvdqfh hvw xq sureoëph gh JHYS hq � hw k1 Vd
irupxodwlrq hvw od vxlydqwh ^Er|<7` =

6@%�6�reo k
rJ�r ,er SJ?|o@�?|er

� � : f
� ,0 � n ��0 n 2k� 	 f +51<,

51515 Vwdelolwì orfdoh
5151514 Hoolsvrògh lqyduldqw
Ohv irqfwlrqv txdgudwltxhv gh O|dsxqry rqw xqh lqwhusuìwdwlrq jìrpìwultxh wuëv lqwì0
uhvvdqwh hq whuph g*hoolsvròghv lqyduldqwv 1 1 Vrlw xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh

2 3 4 5 6 6 7 8 9 : ; < = > ? @ A B C D E F D F G H I J F I G D E I G C K B C B G C L M N O P Q R S T U V W X U Y Z [ \ ] ^ _ R S T ` a b c d
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' hw o*hoolsvrògh fhqwuì vxu }ìur gì�ql sdu
0 � ' �% 5 U� G %� ' � � % � ��

Vl od irqfwlrq gh O|dsxqry T E% E|�� ' % E|� � ' � � % E|� yìul�h/ srxu wrxwh wudmhfwrluh
% E|�/ od frqglwlrq

_T E% E|��
_% E|� 	 f +5143,

doruv wrxwh wudmhfwrluh gh frqglwlrq lqlwldoh % Ef� 5 0 � qh v*ìfkdssh sdv gh o*hoolsvrògh1

x2(t)

x1(t)

x3(t)

Ilj1 514= Hoolsvrògh lqyduldqw gdqv oh fdv g*xq v|vwëph ã wurlv glphqvlrqv1
O*hoolsvrògh 0 � uhsuìvhqwh oh grpdlqh g*dwwudfwlrq tx*rq shxw hvwlphu xwlolvdqw od irqf0
wlrq gh O|dsxqry txdgudwltxh hw grqw lo idxw pd{lplvhu oh yroxph1
5151515 Pd{lplvdwlrq gx yroxph g*xq hoolsvrògh frqwhqx gdqv xq sro|wrsh
Frqvlgìurqv oh sro|wrsh gìfulw sdu

S '�% 5 U� G @ ! % � �c & 5 U " � +5144,
O*hoolsvrògh 0 # hvw frqwhqx gdqv oh sro|wrsh S vl hw vhxohphqw vl =

4@ �@  ! % G % 5 0 # � � �c & 5 U " +5145,
fh txl hvw ìtxlydohqw dx{ lqìjdolwìv olqìdluhv hq ' vxlydqwhv =

@ ! '@ ! � �c & 5 U " +5146,
Dlqvl o*lgìh hvw gh pd{lplvhu oh yroxph gh o*ìoolsvrògh 0 # hq pd{lplvdqw oh gìwhuplqdqw
gh od pdwulfh ' E_e| E'�� vrxv od frqwudlqwh +5146,1
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Od sursrvlwlrq vxlydqwh ìwdeolw od vwdelolwì orfdoh h{srqhqwlhooh gx srlqw g*ìtxloleuh
E% � ' f g*xq pxowlprgëoh ydolgh gdqv oh grpdlqh sro|wrsltxh S gh od iruph +5144, hw
ìydoxh ìjdohphqw oh grpdlqh g*dwwudfwlrq oh soxv odujh frqwhqx gdqv S ^Er|<7`1
Sursrvlwlrq 516 = vrlw oh pxowlprgëoh +516, ydolgh gdqv oh sro|wrsh S gìfulw hq +5144,1
O*ruljlqh gx pxowlprgëoh +516, hvw h{srqhqwlhoohphqw vwdeoh vl oh sureoëph frqyh{h vxl0
ydqw hq ' hvw yhul�ì =

6@%�6�reo _e| E'�

rJ�r ,er SJ?|o@�?|er
;?
=

' : f
'��� n�� 'n 2k' 	 fc � 5 U �
@� � '@ � � �c & 5 U �

+5147,

Gh soxv o*hoolsvrògh 0 � hvw oh grpdlqh g*dwwudfwlrq oh soxv odujh frqwhqx gdqv S tx*rq
shxw hvwlphu sdu xqh irqfwlrq txdgudwltxh gh O|dsxqry1
Suhxyh = yrlu ^Er|<7`/ sdudjudskh D�21

51516 Dxwuh dssurfkh
Hq jìqìudo/ lo q*h{lvwh sdv gh pìwkrgh v|vwìpdwltxh shuphwwdqw o*rewhqwlrq g*xqh irqf0
wlrq gh O|dsxqry txdgudwltxh1 Fhshqgdqw/ gdqv oh fdv sduwlfxolhu rü ohv pdwulfhv ��
vrqw gh Kxuzlw} hw frppxwdwlyhv sdu sdluh/ lo hvw srvvleoh gh frqvwuxluh/ gh pdqlëuh
v|vwìpdwltxh/ xqh irqfwlrq gh O|dsxqry txdgudwltxh ^Qdu<7`1 Sdu od vxlwh/ qrxv sursr0
vrqv xqh dssurfkh edvìh vxu ohv sursulìwìv ghv P0pdwulfhv1 Fhwwh dssurfkh phw o*dffhqw
vxu xqh dxwuh fodvvh gh pxowlprgëohv dffhswdqw ghv pdwulfhv gh O|dsxqry frppxqhv1
Fhwwh ìwxgh hvw edvìh vxu ohv irqfwlrqv fdqglgdwh vgh O|dsxqry gh od iruph =

T E% E|�� ' % E|�� �[
� � �

k � �� % E|� c � � : fc k � 5 U � � +5148,

Lo v*djlw g*xqh irqfwlrq gh fodvvh V � =
S � n% E|�n � � T E% E|�� � S � n% E|�n � +5149,

dyhf S � ' b � �  ES �� � � k � � � � : f hw S � ' b � ! " ES �� � � k � � � � : f�
Wkìruëph 514 ^Fkd35j` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv �# : fc
7 # # : f hw 7 # $ whoohv txh =

41 �%# � # n � # � # � �7 # # c ; � 5 U &
51 �%$ � # n � # �$ � 7$ # c ; E�c �� 5 U '& c � 9' �
61 x hvw xqh P0pdwulfh
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dyhf

x '

3
EEEEC

b � � � E7 � � � � mb � � � E7 � � �m � � � � mb � � � E7 � � �m
� mb � � � E7 � � �m b �  ! E7 � � � � � � 111111 111 1 1 1 � ��b � � �

�7 " � # � $ �
���

� mb � � � E7 � � �m � � � � ��b � � �
�7 � " � # � $

��� b �  ! E7 � � �

4
FFFFD
+514:,

doruv oh pxowlprgëoh +2��, hvw joredohphqw h{srqhqwlhoohphqw vwdeoh1
Suhxyh = frqvlgìurqv od irqfwlrq gh O|dsxqry +5148,1 Vd gìulyìh oh orqj gx pxowlprgëoh
+2��, grqqh
�T E% E|�� ' % E|� % �[

& ' �

�[
( ' �

k & >( E5 E|�� ��%( � & n �& �( �% E|�
' % E|� % # �[

& ' �
k & > & E5 E|�� ��%& � & n �& �& �n �[

& )' ( * �
k & >( E5 E|�� ��%( � & n � & �( �$ % E|�

+514;,
dyhf ohv frqglwlrqv 4, hw 5, gx wkìruëph 514/ o*ìjdolwì +514;, ghylhqw

�T E% E|�� � % E|� % #� �[
& ' �

k & >& E5 E|��7 & & n
�[

& )' ( * �
k & >( E5 E|��7 & (

$
% E|� +514<,

Vdfkdqw txh ^Zhl<4` =
; % E|� G mb �  ! E7 & ( �m n% E|�n � �

���% E|� % 7 & ( % E|�
��� � mb � � � E7 & ( �m n% E|�n � +5153,

o*lqìjdolwì +514<, hqwudlqh
�T E% E|�� � �

�[
& ' �

k & >& E5 E|��b �  ! E7 & & � n% E|�n � n
�[

& )' ( * �
k & >( E5 E|�� mb � � � E7 & ( �m n% E|�n �

' �> E5 E|�� xk n% E|�n � +5154,
dyhf x gì�qlh hq +514:, hw

> E5 E|�� ' � > � E5 E|�� > � E5 E|�� � � � >� E5 E|�� � c k ' � k � k � � � � k �
� %

+5155,
Ilqdohphqw frpph x hvw xqh P0pdwulfh/ doruv lo h{lvwh xq yhfwhxu srvlwli k who txh oh
yhfwhxu q ' xk hvw srvlwli +yrlu dqqh{h F,1 Srvrqv q ' � q � q � � � � q �

� % / qrxv
srxyrqv ìfuluh

> E5 E|��q � q �  ! : f +5156,
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dyhf q � � � ' 4�? � q � c q � c � � � c q � � � Dlqvl dyhf ohv frqglwlrqv +5156, hw od sursulìwì
+5149,/ o*lqìjdolwì +5154, ghylhqw

�T E% E|�� � �2BT E% E|�� +5157,
rü B ' ��

� � � �
� � : f hvw oh ghjuì gh vwdelowì gx v|vwëph1 Fh txl shuphw g*ìfuluh

�T E% E|�� � T E% E| � �� i T E�2B E|� | � �� c ; | � | � c; % E| � � 5 U� +5158,
Dlqvl od vwdelolwì joredoh h{srqhqwlhooh gx pxowlprgëoh +516, hvw surxyìh1
Oh uìvxowdw rewhqx xwlolvdqw od irqfwlrq gh O|dsxqry +5148, shuphw g*rewhqlu xqh dxwuh
fodvvh gh pxowlprgëoh dgphwwdqw xqh pdwulfh gh O|dsxqry frppxqh � 1
Od gl!fxowì pdmhxuh gh od pìwkrgh uìvlgh gdqv oh idlw txh o*rewhqwlrq g*xqh P0pdwulfh
q*hvw sdv gluhfwh hw tx*lo q*| d sdv/ ã qrwuh frqqdlvvdqfh/ gh pìwkrghv txl shuphwwhqw
g*lpsrvhu fhwwh sursulìwì ã xqh pdwulfh1 Xqh lgìh srxuudlw íwuh gh uhpsodfhu od pdwulfh
7 � � sdu 7 � � n �L rü � hvw xq sdudpëwuh uìho hw L od pdwulfh lghqwlwì gh glphqvlrq
dssursulìh/ hw sdu lwìudwlrq vxu � c fkhufkhu xqh P0pdwulfh vl hooh h{lvwh1
H{hpsoh 514 1
Frqvlgìurqv oh pxowlprgëoh gìfulw sdu ohv ghx{ prgëohv orfdx{ vxlydqwv =

� � '
� f �

�f�fS ��
�
c � � '

� f 2�fe
�f�D ���D

�
+5159,

O*dssolfdwlrq gluhfwh ghv frqglwlrqv gx wkìruëph 514 q*derxwlvvhqw sdv ã xqh P0pdwulfh1
Dlqvl/ rq qh shxw ulhq frqfoxuh txdqw ã od vwdelolwì gx v|vwëph1 Fhshqgdqw/ hq uhpsod0
êdqw ohv pdwulfhv 7   sdu 7   n �Uc rq rewlhqw oh v|vwëph OPL =

� ! : fc � � : fc 7 ! ! n �U : fc 7 � � n �U : f +515:,
�"

! � ! n � ! � ! � � E7 ! ! n �U� +515;,
�"

� � � n � � � � � � E7 � � n �U� +515<,
�"

! � � n � � � ! � 7 ! � +5163,
�"

� � ! n � ! � � � 7 � ! +5164,
Sdu lwìudwlrq vxu �c rq rewlhqw =
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� � '
� ��fbee ��f��D

��f��D ��Seb�
�
c � � '

� f�HeS2 f�SDb�
f�SDb� ���De2

�
+5165,

� ' f��c 7 � � '
� Sf�D�.� .�bbHS

.�bbHS S�.�S.2H
�
c 7 � � '

� �2b�Df�� ��f���bf
��f���bf SHS��.e�

�
+5166,

7 � � '
� SSS�H.eD �fD�SHS.

�fD�SHS. �Se��HfH�
�
c 7 � � '

� �2SD�eS�f ��fb�2�Se
��fb�2�Se �.D��fHb

�
+5167,

hw

x '
� Sf�.2S� �S.D��e�H

�2D�e�.� �2.�2.e2
�

+5168,
txl hvw xqh P0pdwulfh1 Rq frqfoxw txh oh pxowlprgëoh +5159, hvw joredohphqw h{srqhq0
wlhoohphqw vwdeoh hw lo d frpph irqfwlrq gh O|dsxqry

T E% E|�� ' % E|� � Ek � � � n k � � � � % E|� +5169,
dyhf/ sdu h{hpsoh/ k � ' � hw k � 5 d����2�� �2�H.S�o � Ohv pdwulfhv � � hw � � vrqw
gì�qlhv hq +5165,1

51517 Pxowlprgëoh glvfuhw
Frqvlgìurqv oh pxowlprgëoh glvfuhw vxlydqw

% E& n �� '
�[

� � �
>� E5 E&�� E�� % E&� n� � � E&�� +516:,

rü > � E�� vrqw ohv irqfwlrqv g*dfwlydwlrq uhvshfwdqw ohv sursulìwìv +515,1 Oh pxowlprgëoh
+516:, hq erxfoh rxyhuwh v*ìfulw

% E& n �� '
�[

� � �
> � E5 E&���� % E&� +516;,

Oh pxowlprgëoh glvfuhw +516;, hvw txdgudwltxhphqw dv|pswrwltxhphqw vwdeoh v*lo yìul�h
ohv frqglwlrqv vxlydqwhv =

� : fc � �
� ��� � � 	 fc; � 5 U � +516<,

Fhv frqglwlrqv rewhqxhv hq frqvlgìudqw/ oh orqj gh od wudmhfwrluh gx pxowlprgëoh +516;,/
od yduldwlrq gh od irqfwlrq gh O|dsxqry T E% E&�� ' % E&� � �% E&� c grqqh xqh frqgl0
wlrq vx!vdqwh gh vwdelolwì dv|pswrwltxh gx pxowlprgëoh glvfuhw +516;,1 Qìdqprlqv/
o*h{lvwhqfh gh od pdwulfh � : f gìshqg gh ghx{ frqglwlrqv =

7;
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� od suhplëuh hvw olìh ã od vwdelolwì gh wrxv ohv prgëohv orfdx{ = fkdtxh pdwulfh grlw
íwuh gh Vfkxu� 1

� od ghx{lëph frqglwlrq qìfhvvdluh h{ljh txh oh surgxlw pdwulflho
�T

� � � �� vrlw ìjdoh0
phqw gh Vfkxu ^Qjx<;`1

Qrwrqv txh gdqv oh fdv sduwlfxolhu rü ohv pdwulfhv �� vrqw gh Vfkxu hw frppxwdwlyhv sdu
sdluh/ lo hvw srvvleoh gh frqvwuxluh/ gh pdqlëuh v|vwìpdwltxh/ xqh irqfwlrq gh O|dsxqry
txdgudwltxh ^Qdu<7`1 Xwlolvdqw ohv sursulìwìv ghv P0pdwulfhv/ qrxv srxyrqv ìjdohphqw
ìwhqguh oh uìvxowdw txh qrxv dyrqv rewhqx gdqv oh grpdlqh frqwlqx +wkìruëph 514, dx
fdv glvfuhw/ fh uìvxowdw q*hvw sdv suìvhqwì gdqv fh pdqxvfulw1
Fhuwdlqv wudydx{ rqw hvvd|ì gh uìgxluh oh frqvhuydwlvph gh od pìwkrgh txdgudwltxh
^Rol<<`^Nlp<8`^Pdu<8`^Mrk<<e`1 Sdu h{hpsoh Nlp hw do ^Nlp<8` vxssrvhqw od frqqdlv0
vdqfh ã fkdtxh lqvwdqw ghv irqfwlrqv g*dfwlydwlrq/ lov frqvlgëuhqw oh pxowlprgëoh frpph
xq v|vwëph olqìdluh dyhf ghv lqfhuwlwxghv gh prgìolvdwlrq1 Od surfìgxuh V hvw dxvvl xwl0
olvìh srxu whqlu frpswh gx vxssruw ghv irqfwlrqv g*dfwlydwlrq hw uìgxluh oh shvvlplvph
ghv uìvxowdwv txdgudwltxhv g*xq pxowlprgëoh d!qh ^Pdu<8`^Mrk<<e`1 Gdqv ^Eod34e`/ lo
hvw prqwuì txh oruvtxh ohv irqfwlrqv g*dfwlydwlrq > � E�� yìul�hqw o*k|srwkëvh vxlydqwh =
K|srwkëvh 514 = lo h{lvwh ? srlqw % � whov txh > � E%� � ' �c � 5 U � �
doruv ohv ghx{ sursrvlwlrqv vxlydqwhv vrqw ìtxlydohqwhv
l, ' E%� '

�S
� � � > � E%� ���� � n ��� � 	 f

ll, '� ' � �� � n ��� 	 fc � 5 U �
Txdqg fhwwh k|srwkëvh q*hvw sdv yìul�ìh/ srxu dvvxuhu ' E%� 	 fc lo hvw srvvleoh gh
wurxyhu ghv frqglwlrqv vx!vdqwhv phloohxuhv txh '� 	 f hw dlqvl uìgxluh oh frqvhuyd0
wlvph gh od pìwkrgh txdgudwltxh1 Srxu soxv gh gìwdlov hw ghv h{hpsoh looxvwudwliv gh od
pìwkrgh/ oh ohfwhxu shxw frqvxowhu ^Eod34d`1 Lo hvw lpsruwdqw gh qrwhu txh gdqv oh fdv
gh irqfwlrqv g*dfwlydwlrq yìul�dqw o*k|srwkëvh 514/ oh uìvxowdw gh ^Eod34e` vh uìgxlw ã
od vwdelolwì txdgudwltxh fodvvltxh/ l1h1 ��� � n �� � 	 fc � 5 U � 1 Oh uìvxowdw rewhqx hvw
ìjdohphqw ìwhqgx dx grpdlqh glvfuhw1

516 Vwdelolvdwlrq sdu uhwrxu g*ìwdw
Ohv frqglwlrqv gh v|qwkëvh v*rewlhqqhqw iuìtxhpphqw hq xwlolvdqw iruphoohphqw ohv
frqglwlrqv g*dqdo|vh hw hq uhpsodêdqw ohv pdwulfhv gh od uhsuìvhqwdwlrq g*ìwdw gx v|v0
wëph hq erxfoh rxyhuwh sdu fhoohv gx v|vwëph erxfoì1 Oh sureoëph qh vh irupxoh sdv
gluhfwhphqw frpph xq sureoëph OPL/ pdlv v*dssxlh vxu ghv frqwudlqwhv gh w|sh

�  ! " # $ % & ' ( " ) * ! % + " # * ) , + " ) " ( - $ ( , ! " ) " . " . / $ + " , & . 0 & * 0 & " . $ 0 0 $ & % ' " ! % $ , ) ' . 1 , " ) " ( " ! % & "
2 3 4 3 5 " % ) " & $ 6 * ! 7 8
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EPL1 F*hvw oh fdv gh od vwdelolvdwlrq sdu uhwrxu g*ìwdw hw uhwrxu gh vruwlh1 Frpph lo
d ìwì gìfulw dx fkdslwuh suìfìghqw/ soxvlhxuv pìwkrghv vrqw doruv hqylvdjhdeohv srxu vh
udphqhu ã ghv OPL1
Qrxv suìvhqwrqv wrxw g*derug fhuwdlqhv whfkqltxhv plvhv hq rhxyuh srxu ìoderuhu ghv
orlv gh frppdqgh gdqv oh fdguh ghv pxowlprgëohv1

41 Orl gh frppdqgh SGF hw vhv gìulyìhv
Od pìwkrgh SGF ^Zdq<9` hvw xwlolvìh srxu ìoderuhu xqh orl gh frppdqgh srxu
ohv pxowlprgëohv1 O*lgìh hvw gh frqvwuxluh xq uìjxodwhxu sdu uhwrxu g*ìwdw uhodwli ã
fkdtxh prgëoh orfdo OWL1 Gh idêrq vlplodluh ã od whfkqltxh xwlolvìh srxu lqwhusrohu
ohv prgëohv orfdx{/ od orl gh frppdqgh joredoh hvw rewhqxh sdu lqwhusrodwlrq ghv
orlv gh frppdqgh olqìdluhv orfdohv1 Hooh hvw gh od iruph

� E|� ' �
�[

� � � > � E5 E|��g� % E|� +5173,

Rq v*dshuêrlw idflohphqw txh fh w|sh gh orl gh frppdqgh idlw lqwhuyhqlu ghv whuphv
furlvìv = oh prgëoh orfdo E�� c �� � dyhf oh jdlq gh uhwrxu olqìdluh g� 1
Srxu uìvrxguh fhwwh gl!fxowì/ xq uhwrxu g*ìwdw olqìdluh hvw xwlolvì rü ohv irqfwlrqv
g*dfwlydwlrq vrqw rplvhv ^Nlp<8` ^Nlu<9`^]dn<<` = � E|� ' g% E|�1 Fhshqgdqw od
pìwkrgh v*dyëuh wuëv shvvlplvwh fdu lo hvw idfloh gh wurxyhu ghv h{hpsohv rü lo
q*h{lvwh sdv gh orl gh frppdqgh olqìdluh vwdelolvdqwh doruv tx*xqh orl gh frppdqgh
SGF h{lvwh1 Fh frqvwdw hvw mxvwl�ì sdu oh idlw txh od yduldeoh frppxqh g grlw
vwdelolvhu ? prgëohv orfdx{ doruv txh/ gdqv oh fdv gh od frppdqgh SGF/ rq wlhqw
frpswh gx wdx{ gx uhfrxyuhphqw ã wudyhuv ohv irqfwlrqv g*dfwlydwlrq1 Ohv uìvxowdwv
lvvxv gh fhwwh orl gh frppdqgh vhurqw h{srvìv dx sdudjudskh vxlydqw1

� Orl gh frppdqgh SSGF
Od orl gh frppdqgh SSGF +Sursruwlrqdo SGF,/ gìulyìh gh od orl gh frp0
pdqgh SGF/ hvw ìjdohphqw sursrvìh gdqv ^Olq34`1 Hooh hvw gh od iruph =

� E|� ' �
�[

� � � > � E5 E|�� & � g% E|� +5174,

rü g 5 U � � � hvw oh jdlq gh uhwrxu frppxq ã wrxv ohv prgëohv orfdx{ hw
& � 5 U hvw xq frh!flhqw gh sursruwlrqqdolwì uhodwli ã fkdfxq ghv prgëohv
orfdx{1 O*dydqwdjh gh whooh orl gh frppdqgh hvw od uìgxfwlrq gx qrpeuh ghv
lqfrqqxhv ã E?n6R� dx olhx gh E?6R� srxu od orl gh frppdqgh SGF1

� Orl gh frppdqgh SGF dxjphqwìh gx whuph
�S

� � �
� �  ! " # $ % %& $ 8' % E|�
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Lo v*djlw g*xqh orl gh frppdqgh txl wlhqw frpswh gh od yduldwlrq ghv irqfwlrqv
g*dfwlydwlrq > hooh hvw gì�qlh frpph vxlw

� E|� ' �
�[

� � �
>� E5 E|�� & � g% E|��

�[
� � �

Y> � E5 E|��
Y| 8� % E|� +5175,

Fhwwh orl gh frppdqgh txl lpsrvh ghv irqfwlrqv g*dfwlydwlrq frqwlqþphqw
gìulydeohv/ shuphw gh uìgxluh oh frqvhuydwlvph gh od vwdelolvdwlrq txdgudwltxh
^Wdq34e`1

51 Orl gh frppdqgh FGI
Gdqv oh fdguh ghv v|vwëphv VLPR/ Jxhuud hw do ^Jxh<<d` rqw sursrvì xqh orl gh
frppdqgh glwh FGI1 O*dydqwdjh gh fhwwh orl gh frppdqgh/ lqvsluìh ghv wudydx{
gh Shwhuvrq ^Shw;:`/ hvw g*ìylwhu o*xwlolvdwlrq ghv prgëohv furlvìv1
Gdqv oh fdv ghv pdwulfhv g*hqwuìh E�� � srvlwlyhphqw olqìdluhphqw gìshqgdqwhv/
l1h1 < k � : f G �� ' k � �c ; � 5 U � c od orl gh frppdqgh FGI v*dssoltxh dxvvl dx{
v|vwëphv PLPR hw v*ìfulw ^Jxh34e` =

� E|� ' �

�S
� � � >� E5 E|��k � g�

�S
� � � > � E5 E|��k �

% E|� +5176,

Gdqv oh fdv sduwlfxolhu gh od frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh/ od erxfoh
ihupìh v*ìfulw vdqv ohv prgëohv furlvìv hw ohv frqglwlrqv gh vwdelolvdwlrq vrqw fhoohv
gh od vwdelolwì +hq vxevwlwxdqw �� sdu �� ��� g� ,/ fh txl shuphw gh uìgxluh oh ghjuì
gh frqvhuydwlvph ghv uìvxowdwv txdgudwltxhv sdu udssruw ã od orl gh frppdqgh
SGF> lo q*| d hq h�hw txh ? OPL ã yìul�hu dx olhx gh � � � � � �

� 1 Fhshqgdqw/ gdqv
oh fdv jìqìudo rü ohv pdwulfhv g*hqwuìh qh yìul�hqw sdv od sursulìwì gh frolqìdulwì
srvlwlyh/ od v|qwkëvh g*xqh orl gh frppdqgh FGI vwdelolvdqwh gh od iruph +5176,
surgxlw ghv EPL gl!flohv ã olqìdulvhu > xq dojrulwkph hvw sursrvì hq ^Pru33d`1
Gdqv fh pdqxvfulw/ fhwwh orl gh frppdqgh vhud xwlolvìh xqltxhphqw srxu looxvwuhu
oh fdv gh od frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh1

61 Dxwuhv orlv gh frppdqgh
Ohv dxwhxuv gh ^Sdu34` rqw sursrvì ghx{ orlv gh frppdqgh/ od suhplëuh hvw oìjë0
uhphqw gl�ìuhqwh gh od frppdqgh FGI +5176,/ od ghx{lëph shxw íwuh yxh frpph
xqh orl gh frppdqgh SGF +5173, �owuìh sdu xq �owuh sdvvh edv1

� Od suhplëuh orl gh frppdqgh/ lvvxh gh od frppdqgh FGI/ hvw gh od iruph =

� E|� ' �

�S
� � � > � E5 E|��g�

�S
� � � > � E5 E|��k �

% E|� +5177,
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Uhpdutxrqv txh vl k � ' �c; � 5 U � / fhwwh orl gh frppdqgh dlqvl txh od
frppdqgh FGI vh uìvxphqw ã od frppdqgh SGF1 Vrxv o*k|srwkëvh gh od
frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh/ fhwwh orl shuphw ìjdohphqw g*ìylwhu
ohv prgëohv furlvìv1

� Od orl gh frppdqgh vxlydqwh lqvsluìh ghv wudydx{ g*Dsnduldq hw do vxu ohv
v|vwëphv OSY ^Dsn<8` d dxvvl ìwì sursrvìh =

�� E|� ' � � � E|� n
�[

� � �
> � E5 E|��g� % E|�

� ~} �� � � � � � �  ! " #

+5178,

rü � $ 5 U % & % hw g' 5 U % & ( 1 Lo v*djlw gh od orl gh frppdqgh SGF �owuìh
sdu C Er� ' ErU �� ) � *

+ 1 Ohv uìvxowdwv txl hq gìfrxohqw vhurqw h{srvìv dx
sdudjudskh vxlydqw1

71 Orlv gh frppdqgh edvìhv vxu oh uhwrxu gh vruwlh
� Orl gh frppdqgh GSGF
Lo v*djlw g*xqh orl gh frppdqgh g|qdpltxh qrq olqìdluh edvìh vxu oh uhwrxu
gh vruwlh1 Hooh hvw frqvwuxlwh frpph vxlw ^Ol 33` =;AA?

AA=
,% - E|� '

.S
/ 0 1

.S
2 0 1 > / E5 E|��>2 E5 E|�� E� - / 2 % - E|� n� - / + E|��

� E|� '
.S

/ 0 1 >/ E5 E|�� E� - / % - E|� n( - + E|��
+5179,

Ohv frqglwlrqv gh vwdelolvdwlrq txdgudwltxh rewhqxhv vrqw ghv EPL hq ohv
sdudpëwuhv gx uìjxodwhxu GSGF E� - / 2 c � - / c � - / c ( - �1 Srxu uìvrxguh fhv
EPL/ xqh pìwkrgh gh olqìdulvdwlrq edvìh vxu fhooh sursrvìh sdu Fklodol
hw do ^Fkl<9e` hvw xwlolvìh1

� Orl gh frppdqgh RSGF
Od orl gh frppdqgh RSGF hvw gh od iruph ^Fkd35d` =

� E|� '
.[

/ 0 1 > / E5 E|��8/ + E|� +517:,
Lo v*djlw g*xqh orl gh frppdqgh vwdwltxh edvìh vxu oh uhwrxu gh vruwlh/ jì0
qìudohphqw qrq olqìdluh1 Gdqv oh fdv sduwlfxolhu rü ohv pdwulfhv g*hqwuìh �/
vrqw olqìdluhphqw gìshqgdqwhv/ od orl gh frppdqgh fl0ghvvxv hvw prgl�ìh hq
v*lqvsludqw gh od orl gh frppdqgh FGI1 Od orl gh frppdqgh RSGFprgl�ìh
v*h{solflwh ^Fkd35k` =

� E|� '

.S
/ 0 1 > / E5 E|��k / 8/

.S
/ 0 1 >/ E5 E|��k /

+ E|� +517;,
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Lo v*djlw g*xqh orl gh frppdqgh frqwlqxh gx idlw txh = S �� � � >� E5 E|��k � �
4�?� � � � Ek � � : f1 Fhwwh ghuqlëuh shuphw gh uìgxluh oh frqvhuydwlvph gh od orl
gh frppdqgh +517:,1 Fhv ghx{ orlv gh frppdqgh ihurqw o*remhw g*ìwxghv
gìwdlooìhv dx fkdslwuh e1

51614 Vwdelolvdwlrq ghv pxowlprgëohv frqwlqxv
Gxudqw fhv ghuqlëuhv dqqìhv/ gh qrpeuhx{ wudydx{ frqfhuqdqw od v|qwkëvh gh orlv gh
frppdqgh srxu ohv pxowlprgëohv rqw ìwì sxeolì ^Wdq<;e`^Jxh34e`^Eod34e` ^Nlp33`
^Fkd34d`1 Od v|qwkëvh gh uìjxodwhxuv sdu od pìwkrgh txdgudwltxh h{ljh o*h{lvwhqfh
g*xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh � vdwlvidlvdqw o*ìtxdwlrq gh O|dsxqry srxu
wrxv ohv whuphv grplqdqwv hw ohv whuphv furlvìv � 1 Ghv uhod{dwlrqv rqw ìwì dssruwìhv ã od
orl gh frppdqgh SGF ^Nlp33`1 Hq frpsdudlvrq dyhf fhwwh ghuqlëuh/ o*xvdjh gh od orl
gh frppdqgh FGI gdqv oh fdv gh od frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh surgxlw
ghv frqglwlrqv prlqv shvvlplvwhv1
Gì�qlwlrq 514 = vl ohv sdluhv E� � c � � � vrqw frppdqgdeohv +vwdelolvdeohv,/ doruv oh pxo0
wlprgëoh +514, hvw glw orfdohphqw frppdqgdeoh +vwdelolvdeoh,1
Gì�qlwlrq 515 = vl ohv sdluhv E�� c �� � vrqw revhuydeohv +gìwhfwdeohv,/ doruv oh pxowlpr0
gëoh +514, hvw glw orfdohphqw revhuydeoh +gìwhfwdeoh,1

Sdu od vxlwh/ oh pxowlprgëoh +514, hvw vxssrvì orfdohphqw frppdqgdeoh1
5161414 Orl gh frppdqgh SGF
Oh pxowlprgëoh frqwlqx +514, hq erxfoh ihupìh gdqv oh fdv gh od orl gh frppdqgh SGF
+5173, hvw grqqì sdu =

�% E|� '
�[

� � �

�[
 � � > � E5 E|��> E5 E|��C�  % E|� +517<,

dyhf
C�  ' �� � �� g +5183,

Oh pxowlprgëoh gìfulw hq +517<, hvw joredohphqw dv|pswrwltxhphqw vwdelolvì yld od orl
gh frppdqgh SGF +5173, v*lo h{lvwh xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh � hw ghv
pdwulfhv g� c � 5 U � txl yìul�hqw ^Wdq<;d` =

m ! EC� � c � � 	 fc ; � 5 U � +5184,
m ! EC�  c � � � fc; E�c �� 5 U "� c � 	 � +5185,

# $ % & % ' ( % ) * + , - . / 0 1 2 3 4 2 5 6 7 4 1 8 9 : ; < 3 = >? @ A B C D E F G H G B I J H G C K L @ M
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dyhf > � E5 E|��>� E5 E|�� 9' fE � �c C� � gì�ql hq +5183, hw

m � EC� � c � � '
�C� � nC� �

2
� �

� n �
�C� � nC� �

2
�

+5186,
Ohv frqglwlrqv gh vwdelolwì +5184,0+5185, vrqw dvvh} frqvhuydwlyhv fdu hoohv ghpdqghqw
od vwdelolwì gh wrxv ohv prgëohv +grplqdqwv hw furlvìv,1 Oh wkìruëph vxlydqw shuphw gh
uìgxluh fh frqvhuydwlvph hq whqdqw frpswh ghv lqwhudfwlrqv hqwuh ohv prgëohv orfdx{
yrlvlqv +fdudfwìulvìv sdu oh qrpeuh o gh prgëohv orfdx{ dfwliv ã fkdtxh lqvwdqw,1 Ohv
frqglwlrqv rewhqxhv q*lpsrvhqw txh od vwdelolwì ghv prgëohv grplqdqwv1
Wkìruëph 515 = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : fc ' � f hw ghv pdwulfhv
g� c � 5 U � txl yìul�hqw

m � EC� � c � � n Eo � ��' 	 fc; � 5 U � +5187,
m � EC� � c � ��' � fc ; E�c �� 5 U �� c � 	 � +5188,

dyhf >� E5 E|��>� E5 E|�� 9' fc C� � ' �� � �� g� hw o ìwdqw oh qrpeuh pd{lpdo gh pr0
gëohv orfdx{ dfwlyìv vlpxowdqìphqw/ doruv oh pxolprgëoh gìfulw hq +517<, hvw joredohphqw
dv|pswrwltxhphqw vwdeoh1
Suhxyh = yrlu ^Wdq<;e`1
Srxu uìgxluh g*dydqwdjh oh ghjuì gh frqvhuydwlvph ghv uìvxowdwv fl0ghvvxv/ oh wkìruëph
vxlydqw hvw sursrvì ^Nlp33`1
Wkìruëph 516 = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : fc ' � � hw ghv pdwulfhv g� c � 5
U � txl yìul�hqw

m � EC� � c � � n' � � 	 fc ; � 5 U � +5189,
m � EC� � c � � n'� � � fc ; E�c �� 5 U �� c � 	 � +518:,3

EC
' � � � � � ' � �111 1 1 1 111
' � � � � � ' � �

4
FD : f +518;,

dyhf >� E5 E|��>� E5 E|�� 9' f hw C� � ' �� ��� g� cdoruv oh pxolprgëoh gìfulw hq +517<, hvw
joredohphqw dv|pswrwltxhphqw vwdeoh1
Suhxyh = Od suhxyh hvw rewhqxh hq gìulydqw oh orqj gx pxowlprgëoh +517<, od irqfwlrq
fdqglgdwh gh O|dsxqry T E% E|�� ' % E|� � �% E|� hq whqdqw frpswh ghv frqglwlrqv +5189,0
+518;,1

 ! " # $ % " & ' ( $ ) " * & + $ , - . & ' % / ) $ 0 " ) # " 1 $ 2 / 3 . , $ ' / 1 4 . ' ) $ # $ " , , " 1 5 6 & ) ' 6 & ' 7 8 9 : ; < : 9 = > ? @A B C D E F G D HI J B F C K H J B L M N O P Q J I I J B R D J S T U V U W X X S Y U V U W X X Z [ \ ] ^ _ ` a b ^ c d ^ e f ^ c g f ` a c ^ h ^ i j d k c ^ f ^ ] j i e c l a i e ^ m n
m l e a m o l a c ^ p
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Uhpdutxhv 514 1
41 Suhxyh gh od uhod{dwlrq dssruwìh sdu oh wkìruëph 516 sdu udssruw dx wkìruëph

515 txdqg h ' ? = v*lo h{lvwh ghv pdwulfhv � : f hw ' � f txl vdwlvirqw +5187,0
+5188,/ doruv rq shxw wrxmrxuv wurxyhu xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh
vx!vdpphqw yrlvlqh gh 3/ '� r fc whooh txh o*lqìjdolwì vxlydqwh hvw yìul�ìh =

C�� � � n �C� � n E?� ��'n'� 	 fc ; � 5 U � +518<,
Frqvlgìurqv od frqglwlrq +518;, dyhf '� � ' �' hw '� � ' Eo � ��' n ' � c hw vd
iruph txdgudwltxh vxlydqwh rü �� 5 U� / � 5 U � G
3
EC

� �111
��

4
FD

� 3EEEEC
E?� ��'n'� �' � � � �'

�' E?� ��'n'� � � � 111111 111 1 1 1 �'
�' � � � �' E?� ��'n'�

4
FFFFD
3
EC

� �111
��

4
FD

' E?� ��
�[� � �

� �� '�� � 2
�[� � � � �� '�� n

�[� � �
� �� '� ��

'
�[� � � E�� � �� � � ' E�� � �� �
� ~} �� �

n
�[

 ! " �
# '$ � 

� ~} �% &
: f

Dlqvl rq prqwuh txh txdqg ohv frqglwlrqv gx wkìruëph 515 vrqw yìul�ìhv/ fhoohv
gx wkìruëph 516 oh vrqw ìjdohphqw/ fh txl h{soltxh od uhod{dwlrq dssruwìh1 Qrxv
frqvwdwrqv wrxwhirlv shx gh gl�ìuhqfh hqwuh fhv ghx{ uìvxodwv txdqg o 	 ?/ l1 h1
gdqv oh fdv ghv irqfwlrqv g*dfwlydwlrq ã vxssruwv eruqì1

51 Olqìdulvdwlrq ghv frqglwlrqv gx wkìruhph 516 = hq suì0 hw srvw0pxowlsoldqw sdu
� ' ( ' f ohv EPL +5189,0+518;, hq g) hw � / rq rewlhqw ohv OPL vxlydqwhv hq
�) hw f =

f : f +5193,
f�*) n�) f �� *) � *) � �) �) n t) ) 	 fc ; � 5 U + +5194,
f�*) n�) f nf�*, n�, f �� *) � *) � �) �) �
� *) � *, � �, � ) n 2t) , � fc ; E�c �� 5 U -+ c � 	 � +5195,3

EC
t ( ( � � � t ( +111 1 1 1 111
t ( + � � � t + +

4
FD : f +5196,

dyhf t ) , ' f') , f hw g) ' � ) f ' ( c ;� 5 i�c ��c ?j

Gdqv oh fdv sduwlfxolhu rü ohv pxowlprgëohv yìul�hqw od sursulìwì gh od frolqìdulwì srvlwlyh
ghv pdwulfhv g*hqwuìh E< k ) : f G �) ' k ) �c ;� 5 U + �/ od orl gh frppdqgh FGI +5176,
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surgxlw ghv frqglwlrqv gh vwdelolwì prlqv frqvhuydwlyhv txh od frppdqgh SGF1 Oh
pxowlprgëoh hq erxfoh ihupìh +517<, v*ìfulw dlqvl vdqv whuphv furlvìv1

�% E|� '
�[

� � �
> � E5 E|�� E� � �� � g� �% E|� +5197,

Ohv frqglwlrqv gh vwdelolwì rewhqxhv dx{ wkìruëphv 515 hw 516 vrqw uìgxlwhv ã od vwdelolwì
ghv prgëohv grplqdqwv =

� : fc E� � �� � g� �� n � E�� � �� g� � 	 fc � 5 U � +5198,
Od orl gh frppdqgh +5177, derxwlw hooh dxvvl ã ghv frqglwlrqv vlplodluhv +lo vx!w gh
vxevwlwxhu �� sdu ��1
Uhpdutxrqv txh vl ohv sdluhv E�� c �� �/ � 5 U � vrqw frppdqgdeohv/ doruv lo h{lvwh ghv
jdlqv gh uhwrxu g*ìwdw g� shuphwwdqw gh sodfhu ohv ydohxuv sursuhv ghv prgëohv orfdx{
grplqdqwv E�� � � � g� � dx píph hqgurlw1 Gdqv fh fdv/ lo hvw suredeoh tx*xqh pdwulfh
frppxqh ã wrxv ohv prgëohv grplqdqwv h{lvwh1

5161415 Wdx{ gh gìfurlvvdqfh
Ohv wkìruëphv 515 hw 516 jdudqwlvvhqw xqltxhphqw od vwdelolwì joredoh gx pxowlprgëoh gì0
fulw hq +517<,1 D�q gh jdudqwlu xq fhuwdlq wdx{ gh gìfurlvvdqfh/ ohv dxwhxuv gh ^Wdq<;d`
rqw sursrvì ghv frqwudlqwhv vxssoìphqwdluhv idlvdqw lqwhuyhqlu ohv whuphv grplqdqwv
EC� � � hw ohv whuphv furlvìv EC� � � � Fhv frqwudlqwhv dgglwlyhv dx qlyhdx ghv whuphv furlvìv
frqgxlvhqw elhq ìylghpphqw/ ã ghv frqglwlrqv soxv shvvlplvwhv1
Sdu od vxlwh/ oh wdx{ gh gìfurlvvdqfh hvw jdudqwl hq uhsruwdqw oh sureoëph xqltxhphqw
vxu ohv whuphv grplqdqwv soxv qdwxuhoohphqw frppdqgdeohv1 Dlqvl o*lgìh gh vrxodjhu
ohv frqwudlqwhv dx qlyhdx ghv whuphv furlvìv hvw pdlqwhqxh1 Qrxv sursrvrqv oh uìvxowdw
vxlydqw =
Sursrvlwlrq 517 ^Fkd35l` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : fc ' � fc ghv
pdwulfhv g� c � 5 U � hw xq vfdodluh k � f txl yìul�hqw

m � EC� � c � � n Eo � ��'n 2ko� 	 fc ; � 5 U � +5199,
m � EC� � c � ��' � fc ; E�c �� 5 U �

� c � 	 � +519:,
dyhf >� E5 E|��>� E5 E|�� 9' fc C� � ' �� � �� g� hw o ìwdqw oh qrpeuh pd{lpdo gh pr0
gëohv orfdx{ dfwlyìv vlpxowdqìphqw/ doruv oh pxolprgëoh gìfulw hq +517<, hvw joredohphqw
h{srqhqwlhoohphqw vwdeoh dyhf xqh ylwhvvh gh gìfurlvvdqfh dx prlqv ìjdoh ã k1
Suhxyh = pxowlsoldqw ohv frqwudlqwhv +5199, hw +519:, uhvshfwlyhphqw sdu > � E5 E|�� � hw
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> � E5 E|��>� E5 E|�� sxlv hq vrppdqw/ rq rewlhqw dsuëv vrppdwlrq =
�[

� � �
> � E5 E|�� � �C�

� � � n �C� � n Eo � ��'n 2k��n
�[

� � � � �
> � E5 E|��>� E5 E|��

�
EC� � nC� � � � � n � EC� � nC� � �� 2'

�
	 f +519;,

Fh txl grqqh hq whqdqw frpswh ghv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq

C E5� � � n �C E5� n
#
o

�[
� � �

> � E5 E|�� � � �
$
'n 2ok�

�[
� � �

>� E5 E|�� � 	 f +519<,

dyhf C E5� '
�S

� � �

�S
� � � >� E5 E|��>� E5 E|��C� � hw C� � ' �� � �� g� � Od sursulìwì vxlydqwh =

�S
� � � >

�
� E5� � �

� +yrlu sursrvlwlrq 614/ sdudjudskh ��2��, shuphw g*ìfuluh

C E5� � � n �C E5� n 2k� � C E5� � � n �C E5� n
#
o

�[
� � �

> � E5 E|�� � � �
$
'n

2ko�
�[

� � �
>� E5 E|�� � 	 f +51:3,

fh txl fruuhvsrqg ã �T E% E|�� n 2kT E% E|�� 	 f dyhf T E% E|�� ' % E|� � �% E|� � Sdu
frqvìtxhqw od frqglwlrq +51;, hvw yìul�ìh1
Qrwrqv txh oh wdx{ gh gìfurlvvdqfh pd{lpxp shxw íwuh rewhqx hq frqvlgìudqw oh sur0
eoëph gh JHYS hq f hw k ^Fkd35l` =
6@%�6�reo k

rJ�r ,er SJ?|o@�?|er

;AAA?
AAA=

f : f
f� �

� n�� f �� �
� � �

� � �� � � n Eo � ��t n 2okf 	 fc ; � 5 U �
f� �

� n�� f nf��
� n�� f �� �

� � �
� � �� �� �

� �
� � �

� ��� �� � 2t � fc ; E�c �� 5 U �
� c � 	 �

+51:4,
dyhf t ' f'f hw g� ' �� f � � c;� 5 U � �
Qrwrqv ìjdohphqw txh oh píph uìvxowdw shxw íwuh rewhqx hq frqvlgìudqw oh wkìruëph
5161 O*h{hpsoh vxlydqw looxvwuh od v|qwkëvh gh od orl gh frppdqgh SGF dyhf xq fhuwdlq
ghjuì gh vwdelolwì1
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H{hpsoh 515 1
Frqvlgìurqv oh pxowlprgëoh vxlydqw gìfulw sdu ghx{ prgëohv orfdx{ lqvwdeohv sdudpì0
wuìv sdu @ : f hw K : f =

�% E|� '
� � �[

� � �
>� E% � E|�� E�� % E|� n�� � E|�� +51:5,

dyhf
� � '

� 2 ��f
� f

�
c � � '

� �
f
�
c � � ' � � f �

� � '
� @ ��f

� �
�
c � � '

� K
f
�
c � � ' � � f � +51:6,

> � E% � E|�� ' �� > � E% � E|�� ' E�� |@?� E% � E|���
2 +51:7,

Oh pxowlprgëoh +51:5, vwdelolvì yld od orl gh frppdqgh SGF v*ìfulw
�% E|� ' C E% E|�� % E|� +51:8,

dyhf C E% E|�� 'S ��  �
S ��  � > � E% E|��>! E% E|�� E�� �� � g! � � Od v|qwkëvh gh fhwwh orl gh

frppdqgh dyhf xq ghjuì gh vwdelolwì k ' �D hvw rewhqxh hq frqvlgìudqw ohv frqglwlrqv
olqìdulvìhv gh od sursrvlwlrq 5171 Srxu E@c K� ' E�fc D� rq rewlhqw =

� '
� f�ff.H f��..

f��.. 2e��fbf
�
c ' '

� f�e �b�D
�b�D �fb2�e

�
+51:9,

g � ' � �.f�e H�f.�D � c g � ' � eb 2�2D�e � +51::,
Od �jxuh 515 prqwuh oh grpdlqh g*ìyroxwlrq ghv ydohxuv sursuhv gh od pdwulfh C E% E|��1
Rq yìul�h txh ohv sduwlhv uìhoohv ghv ydohxuv sursuhv gh od pdwulfh C E% E|�� vrqw wrxwhv
ã jdxfkh gh �k ' ��D�

5161416 Dxwuh orl gh frppdqgh
Oh pxowlprgëoh +514, dyhf od orl gh frppdqgh +5178, shuphw g*rewhqlu oh v|vwëph
dxjphqwì vxlydqw =

�7% E|� '
"[

# $ %
> # E5 E|�� 7�# 7% E|� +51:;,

dyhf
7% E|� '

�
% E|� & c � E|� & � &

c 7�# '
� �# �#

g# � '

�
+51:<,
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ℑ
m

(λ
(G

(x
))

)

ℜe(λ(G(x)))

Ilj1 515= Oh grpdlqh g*ìyroxwlrq ghv ydohxuv sursuhv gh od pdwulfh C E% E|�� �

Oh v|vwëph +51:;, hvw dv|pswrwltxhphqw vwdeoh v*lo h{lvwh xqh pdwulfh v|pìwultxh' : f
whooh txh

7�� 'n' 7��
� 	 fc ;� 5 U � +51;3,

Lo v*djlw g*xq sureoëph qrq frqyh{h hq ohv yduldeohv 'c� � hwg� c � 5 U � 1 Vrxv o*k|srwkëvh
txh od pdwulfh � g� � �

� c � 5 U � hvw gh sohlq udqj oljqh/ ohv dxwhxuv gh ^Sdu34` rqw
dssoltxì od whfkqltxh g*ìolplqdwlrq ghv yduldeohv pdwulflhoohv vxu � � hw g� � Hq suì0
pxowlsoldqw +51;3, sdu od pdwulfh gh udqj pd{lpdo � � ' � L� � � f� � �

� hw hq od srvw0
pxowlsoldqw sdu od pdwulfh �c rq rewlhqw oh sureoëph OPL hq ' G

' : fc � �� ��
�'� n� � ' � �� ��

� �
	 f +51;4,

Xqh irlv od pdwulfh ' : f fdofxoìh/ hooh hvw hqvxlwh uhsruwìh gdqv +51;3,1 Oh v|vwëph
g*lqìjdolwìv pdwulflhoohv rewhqx hvw frqyh{h hq ohv sdudpëwuhv gx uìjxodwhxu� � hwg� c � 5
U � �
Uhpdutxrqv txh qrxv srxyrqv olqìdulvhu ohv lqìjdolwìv +51;3, hq fkrlvlvvdqw od pdwulfh
v|pìwultxh ' : f gh iruph gldjrqdoh =

' '
� ' � � f

f ' � �

�
: f +51;5,
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Ohv lqìjdolwìv pdwulflhoohv +51;3, ghylhqqhqw ghv OPL hq ' � � c ' � � c t � hw t� =� �� ' � � n' � � ��� �� ' � � n t ��
� t � n t ��

�
	 f +51;6,

dyhf
g� ' t� ' � �� � c � � ' t � ' � �� �

Fhshqgdqw/ qrwrqv txh fkrlvlu od pdwulfh ' gh vwuxfwxuh gldjrqdoh hvw jìqìudwhxu gh
shvvlplvph1

51615 Pxowlprgëoh glvfuhw
Oh pxowlprgëoh glvfuhw +516:, hq erxfoh ihupìh gdqv oh fdv gh od orl gh frppdqgh SGF
hvw grqqì sdu =

% E& n �� '
�[

� � �

�[
� � �

> � E5 E&��>� E5 E&��C� � % E&� +51;7,
C� � ' �� ��� g� +51;8,

Oh pxowlprgëoh glvfuhw +51;7, hvw joredohphqw dv|pswrwltxhphqw vwdelolvì yld od frp0
pdqgh SGF v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : f hw ' � f txl yìul�hqw ^Wdq<;e`

m � EC� � c � � n Eo � ��' 	 fc ;� 5 U � +51;9,
m � EC� � c � ��' � fc; E�c �� 5 U �� c � 	 � +51;:,

dyhf > � E5 E|��>� E5 E|�� 9' f hw
m � EC� � c � � '

�C� � nC� �
2

� � �
�C� � nC� �

2
�
� � +51;;,

D�q gh uìgxluh oh shvvlplvph ghv frqglwlrqv +51;9,0+51;:,/ oh wkìruëph vxlydqw xwlolvh
soxvlhxuv pdwulfhv '� � dx olhx g*xqh pdwulfh frppxqh ' ^Nlp33`1
Wkìruëph 517 = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : fc '� � hw ghv pdwulfhv g�
txl yìul�hqw =

m � EC� � c � � n'� � 	 fc ;� 5 U � +51;<,
m � EC� � c � � n'� � � fc ; E�c �� 5 U �� c � 	 � +51<3,3

EC
' � � � � � ' � �
111 1 1 1 111

' � � � � � ' � �

4
FD : f +51<4,

dyhf >� E5 E&��>� E5 E&�� 9' f hw C� � ' � � � � � g� c doruv oh pxolprgëoh gìfulw hq +51;7,
hvw joredohphqw dv|pswrwltxhphqw vwdeoh1
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Suhxyh = Lo vx!w g*dqdo|vhu oh orqj gh od wudmhfwrluh gx pxowlprgëoh +51;7,/ od yduldwlrq
gh od irqfwlrq gh O|dsxqry txdgudwltxh T E% E&�� ' % E&� � �% E&� �
Od olqìdulvdwlrq ghv lqìjdolwìv pdwulflhoohv fl0ghvvxv hvw rewhqxh hq xwlolvdqw oh frpsoì0
phqw gh Vfkxu hw hq suì0 hw srvw0pxowlsoldqw sdu � � � ' f ohv EPL +51;<,0+51<4,1 Rq
rewlhqw =

f : f +51<5,� f � t� � �
�� f � �� �� f

�
: fc;� 5 U � +51<6,

� f � t� � �
�� E�� f n�� f ��� �� ��� �� � f

�
� fc ; E�c �� 5 U �

� c � 	 � +51<7,
3
EC

t � � � � � t � �111 1 1 1 111
t � � � � � t � �

4
FD : f +51<8,

dyhf t � � ' f' � � f hw g� ' �� f � � c ;� 5 U � �
Uhpdutxrqv txh ohv dxwuhv uìvxowdwv gx grpdlqh frqwlqx vrqw idflohphqw wudqvsrvdeohv
dx grpdlqh glvfuhw hq vxevwlwxdqw m � E�c �� sdu m � E�c ��1 Hq h�hw gdqv oh fdv gh od orl gh
frppdqgh FGI hw gh od frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh/ oh pxowlprgëoh hq
erxfoh ihupìh v*ìfulw vdqv prgëohv furlvìv =

% E& n �� '
�[

� � �
> � E5 E&�� E� � �� � g� �% E&� +51<9,

Od vwdelolwì joredoh dv|pswrwltxh gh fh pxowlprgëoh hvw uìgxlwh ã o*h{lvwhqfh g*xqh
pdwulfh v|pìwultxh � : f hw ghv pdwulfhv g� whoohv txh =

m � EE�� ��� g� � c � � 	 fc ;� 5 U � +51<:,

D�q g*dpìolruhu ohv shuirupdqfhv gh od orl gh frppdqgh SGF/ qrxv doorqv frqvlgìuhu
oh wdx{ gh gìfurlvvdqfh wrxw hq pdlqwhqdqw ohv uhod{dwlrqv dssruwìhv dx{ qlyhdx{ ghv
whuphv furlvìv1
Sursrvlwlrq 518 ^Fkd35l` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : fc ' � fc ghv
pdwulfhv g� c � 5 U � hw xq vfdodluh f � k � � txl yìul�hqw

m � EC� � c � � n Eo � ��'n o E�� k�� 	 fc ; � 5 U � +51<;,
m � EC� � c � ��' � fc ; E�c �� 5 U �

� c � 	 � +51<<,
dyhf >� E5 E|��>� E5 E|�� 9' fc C� � ' �� � �� g� hw o ìwdqw oh qrpeuh pd{lpdo gh pr0
gëohv orfdx{ dfwlyìv vlpxowdqìphqw/ doruv oh pxolprgëoh gìfulw hq +51;7, hvw joredohphqw
h{srqhqwlhoohphqw vwdeoh dyhf xqh ylwhvvh gh gìfurlvvdqfh dx prlqv ìjdoh ã k �� 1
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Suhxyh = whqdqw frpswh ghv frqwudlqwhv +51<;, hw +51<<,/ gh od gì�qlwlrq gh m � EC� � c � �
hw ghv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq/ o*h{suhvvlrq vxlydqwh hvw yìul�ìh =

�[
� � �

> � E5 E&�� � �C�� � �C� � � � n Eo � ��'n o E�� k���n
2

�[
� � � � �

> � E5 E&��>� E5 E&��
#�C� � nC� �

2
� �

�
�C� � nC� �

2
�
� � �'

$
	 f +51433,

Fh txl grqqh hq whqdqw frpswh ghv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq
C E5� � �C E5�� � n

#
o

�[
� � �

> � E5 E&�� � � �
$
'n o E�� k��

�[
� � �

> � E5 E&�� � 	 f
+51434,

dyhf C E5� '
�S

� � �
�S

� � � >� E5 E&��>� E5 E&��C� � hw C� � ' �� � �� g� � Od sursulìwì vxlydqwh =
�S

� � � >
�� E5� � � +yrlu sursrvlwlrq 614/ sdudjudskh ��2��,/ shuphw g*ìfuluh

C E5� � �C E5�� k� 	 f +51435,
fh txl fruuhvsrqg ã T E% E& n ���� kT E% E&�� 	 f dyhf T E% E&�� ' % E&� � �% E&� � Il0
qdoohphqw/ rq rewlhqw = n% E&�n � k ! " � EV E� �� � " � n% Ef�n @�eS V E� � '

� # $ % & E ' ( ' �) * + , - ' ( ' .
� / 0 1

�

Uhpdutxrqv txh srxu jdudqwlu xq fhuwdlq ghjuì gh vwdelolwì/ ohv dxwhxuv gh ^Wdq<;d`
rqw sursrvì ghv frqwudlqwhv vxssoìphqwdluhv vxu ohv frqwudlqwhv idlvdqw lqwhuyhqlu hw
ohv whuphv grplqdqwv EC2 2 � hw ohv whuphv furlvìv EC2 3 � � Oh uìvxowdw txh qrxv yhqrqv gh
suìvhqwhu uhsruwh oh sureoëph xqltxhphqw vxu ohv whuphv grplqdqwv soxv qdwxuhoohphqw
frppdqgdeohv/ fh txl frqgxlw elhq ìylghpphqw/ ã ghv frqglwlrqv prlqv shvvlplvwhv1
Qrwrqv ìjdohphqw txh oh wdx{ gh gìfurlvvdqfh pd{lpxp shxw íwuh rewhqx hq frqvlgì0
udqw oh sureoëph gh JHYS hq f hw k ^Fkd35l` =
6�?�6�reo k

rJ�r ,er SJ?|o@�?|er

;AAAAA?
AAAAA=

f : f� E�� o n ok�f � Eo � ��t �
�2 f � �2 �2 f

�
: fc; � 5 U 4� f n t �/1 EE�2 n�3 �f ��2 �3 � �3 �2 � f
�

� fc ; E�c �� 5 U 14 c � 	 �
+51436,

dyhf t ' f'f hw g2 ' �2 f 5 / c;� 5 U 4 � Udsshorqv txh k ' � fruuhvsrqg ã od vwdelolwì
dv|pswrwltxh1
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G*dxwuhv dssurfkhv frqfhuqdqw od v|qwkëvh gh uìjxodwhxuv h{lvwhqw1 Xwlolvdqw ohv sur0
sulìwìv ghv P0pdwulfhv/ qrxv srxyrqv ìwhqguh oh uìvxowdw g*dqdo|vh gx wkìruëph 514 ã
od v|qwkëvh gh orlv gh frppdqgh1 Od frppdqgh pxowlfulwëuh +frqwudlqwhv vxu od eruqh
gh od frppdqgh/ vxu od eruqh gh od vruwlh/111, ghv pxowlprgëohv hvw ìjdohphqw wudlwìh1
Fhv frqwudlqwhv vrqw irupxoìhv hq whuphv OPL ^Er|<7`^Wdq<;e`1

517 V|qwkëvh ghv pxowlrevhuydwhxuv
Ohv whfkqltxhv gh v|qwkëvh edvìhv vxu oh uhwrxu g*ìwdw +orlv gh frppdqgh SGF/ FGI,
qìfhvvlwhqw gh glvsrvhu gh wrxw oh yhfwhxu g*ìwdw1 Frpph fhwwh frqglwlrq hvw uduhphqw
yìul�ìh/ o*xvdjh g*xq revhuydwhxu ghylhqw qìfhvvdluh1 Gdqv od olwwìudwxuh ghv pxowlpr0
gëohv/ oh pxowlrevhuydwhxu hvw frqvwuxlw sdu lqwhusrodwlrq g*revhuydwhxuv orfdx{ g*ruguh
sohlq +rx uìgxlw, gh w|sh Oxhqehujhu1 Fhshqgdqw/ od soxsduw gh fhv wudydx{ vxssrvhqw
glvsrvhu gh yduldeohv gh gìflvlrq phvxudeohv ^Pd <;`^Ors<<`^Pru33e`^\rq33`^Fkd35i`
^Fkd35e`1 Fhuwdlqv wudydx{ rqw fhshqgdqw wudlwì oh fdv rü ohv yduldeohv gh gìflvlrq
qh vrqw sdv wrxwhv phvxudeohv1 Sdu h{hpsoh gdqv ^Eod34d`/ xqh pìwkrgh edvìh vxu od
pdmrudwlrq gh od sduwlh qrq phvxudeoh hvw sursrvìh > gdqv ^Fkd35g` rq wurxyh xqh sur0
fìgxuh gh uìvroxwlrq edvìh vxu oh gìfrxsodjh ghv yduldeohv gh v|qwkëvh +g� c u � c � , sdu xq
fkrl{ fodvvltxh gh od pdwulfh � gh vwuxfwxuh gldjrqdoh1 Fh fkrl{/ vrxyhqw frqwudljqdqw/
d shuplv gdqv qrwuh fdv gh v|qwkìwlvhu vìsduìphqw pdlv qrq vlpxowdqìphqw ohv jdlqv
gh o*revhuydwhxu +u� , hw fhx{ gx uìjxodwhxu +g� ,1 Fhshqgdqw/ oh sulqflsh gh vìsdudwlrq
txl d ìwì ìwdeol srxu oh suhplhu fdv/ vhpeoh gl!floh ã gìprqwuhu srxu oh ghx{lëph fdv1
Gdqv fhwwh vhfwlrq/ qrxv udsshorqv wrxw g*derug txhotxhv uìvxowdwv vxu ohv pxowlrevhu0
ydwhxuv hw od sursulìwì gh vìsdudwlrq gdqv oh fdv ghv yduldeohv gh gìflvlrq phvxudeohv1
Gdqv fh fdv/ qrxv prqwurqv txh fhwwh sursulìwì jdudqwlw o*h{lvwhqfh g*xqh irqfwlrq
gh O|dsxqry txdgudwltxh srxu oh pxowlprgëoh dxjphqwì1 Qrxv sursrvrqv hqvxlwh gh
wudlwhu oh fdv ghv yduldeohv gh gìflvlrq qrq phvxudeohv1

51714 Yduldeohv gh gìflvlrq phvxudeohv
D o*h{fhswlrq ghv orlv gh frppdqgh GSGF hw RSGF +yrlu sdudjudskh 2��,/ ohv orlv gh
frppdqgh sursrvìhv dxsdudydqw ìwdlhqw wrxwhv edvìhv vxu xq uhwrxu g*ìwdw1 Fhshqgdqw
hq sudwltxh/ ohv yduldeohv g*ìwdw qh vrqw sdv wrxmrxuv phvxudeohv1 Dlqvl/ vrxv o*k|srwkëvh
gh od gìwhfwdelolwì orfdoh gx pxowlprgëoh +514,/ fh sdudjudskh sursrvh od frqvwuxfwlrq
gh pxowlrevhuydwhxuv1 Rq vxssrvh txh ohv yduldeohv gh gìflvlrq gìshqghqw xqltxhphqw
ghv yduldeohv g*ìwdw phvxudeohv1 Oh pxowlrevhuydwhxu hvw rewhqx sdu lqwhusrodwlrq gh
soxvlhxuv revhuydwhxuv orfdx{ gh w|sh Oxhqehujhu =;A?

A=
�	% E|� '

�S
� � � > � E5 E|�� E�� 	% E|� n�� � E|� n u� E+ E|�� 	+ E|���

	+ E|� '
�S

� � � > � E5 E|���� 	% E|�
+51437,
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rü 	% E|� hw 	+ E|� uhsuìvhqwhqw uhvshfwlyhphqw oh yhfwhxu g*ìwdw hw oh yhfwhxu gh vruwlh
uhfrqvwuxlwv1 Ohv irqfwlrqv g*dfwlydwlrq vrqw ohv píphv txh fhoohv fdudfwìulvdqw oh pxo0
wlprgëoh +514,/ hoohv reìlvvhqw dx{ sursulìwìv +515,1 O*huuhxu g*hvwlpdwlrq gx yhfwhxu
g*ìwdw hvw qrwìh

�% E|� ' % E|�� 	% E|� +51438,
Whqdqw frpswh ghv h{suhvvlrqv +514, hw +51437,/ od g|qdpltxh gh o*huuhxu g*hvwlpdwlrq
hvw grqqìh sdu o*ìtxdwlrq vxlydqwh =

��% E|� '
�[

� � �

�[
� � �

>� E5 E|��>� E5 E|��X � � �% E|� +51439,
dyhf

X � � ' �� � u � �� c E�c �� 5 U �
� +5143:,

Od v|qwkëvh gx pxowlrevhuydwhxu frqvlvwh hq od gìwhuplqdwlrq ghv jdlqv orfdx{ u� c � 5
U � d�q g*dvvxuhu od frqyhujhqfh yhuv }ìur gh od g|qdpltxh gh o*huuhxu g*hvwlpdwlrq
+51439,1 Ohv frqglwlrqv gh v|qwkëvh gx pxowlrevhuydwhxu +51437, vrqw gxdohv gh fhoohv
gx pxowluìjxodwhxu +517<,1 Lo vx!w gh vxevwlwxhu gdqv ohv wkìruëphv gx sdudjudskh 2��c
ohv whuphv m  EC� � c � � sdu m  EX � � c � � srxu oh fdv frqwlqx hw m ! EC� � c � � sdu m ! EX � � c � �
hw srxu oh fdv glvfuhw1
Ohv frqglwlrqv rewhqxhv vrxv iruph EPL vrqw lppìgldwhphqw olqìdulvìhv sdu oh fkdqjh0
phqw gh yduldeohv t � ' �u� 1 Fhv frqglwlrqv vrqw ìwhqgxhv ã od frqyhujhqfh h{srqhqwlhooh
joredoh1
Wkìruëph 518 ^Fkd35i` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : f hw ' : f hw ghv
pdwulfhv u � c � 5 U � txl yìul�hqw

m  EX� � c � � n
�
o � �

2
�
' 	 fc � 5 U � +5143;,

2m  EX � � c � ��' � fc; E�c �� 5 U �
� c � 	 � +5143<,

dyhf > � E5 E&��>� E5 E&�� 9' f hw X � � ' �� � u� �� ,/ doruv oh pxowlrevhuydwhxu +51437, hvw
joredohphqw h{srqhqwlhoohphqw frqyhujhqw1
Suhxyh = Od suhxyh hvw lvvxh gh od gìulydwlrq gh od irqfwlrq txdgudwltxh T E% E|�� '
% E|� " �% E|�/ oh orqj gh od wudmhfwrluh gx v|vwëph +51439,1 Dsuëv txhotxhv rsìudwlrqv
ìoìphqwdluhv/ qrxv rewhqrqv #T E% E|�� 	 � $ % & ' ( ) *

� $ % + , ( - * T E% E|��/ fh txl surxyh od vwdelolwì
h{srqhqwlhooh joredoh1
Oh uhwrxu g*ìwdw uhfrqvwuxlw hq xwlolvdqw xqh frppdqgh SGF hvw

� E|� ' �
�[

� . /
> � E5 E|��g� 	% E|� +51443,
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Whqdqw frpswh gh +51443,/ o*revhuydwhxu +51437, ghylhqw
�	% E|� '

�[
� � �

�[
� � �

> � E5 E|��>� E5 E|�� EC� � 	% E|� n u � �� �% E|�� +51444,
rü C� � ' �� � �� g� hw �% E|� hvw gì�qlh hq +51438,1 Frpelqdqw +51444, hw +51439,/ rq
rewlhqw oh v|vwëph dxjphqwì vxlydqw

�7% E|� '
�[

� � �

�[
� � �

> � E5 E|��>� E5 E|�� 7C� � 7% E|� +51445,
dyhf

7C� � '
� C� � u � ��

f X � �

�
+51446,

7% E|� '
�

	% E|� � �% E|�� � �
+51447,

Dlqvl/ oh v|vwëph dxjphqwì gìfulw hq +51445, hvw joredohphqw h{srqhqwlhoohphqw vwdeoh
v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � : fc ' : f hw ghv pdwulfhv u� c g� c � 5 U � txl
yìul�hqw

m �
� 7C� � c ��n�o � �

2
�
' 	 fc � 5 U � +51448,

2m �
� 7C� � c ���' � fc ; E�c �� 5 U �

� c � 	 � +51449,
dyhf > � E5 E|��>� E5 E|�� 9' f� Lo v*djlw g*xq sureoëph qrq frqyh{h grqw ohv yduldeohv vrqw
�c '/ u � hw g� hw txl q*hvw sdv wudqvirupdeoh hq OPL sdu ohv whfkqltxhv fodvvltxhv gh
fkdqjhphqw gh yduldeohv1
Od sursulìwì gh vìsdudwlrq jdudqwlh srxu ohv v|vwëphv olqìdluhv ^Nkd;3` hvw ìjdohphqw
ydolgh gdqv oh fdv ghv pxowlprgëohv grqw ohv yduldeohv gh gìflvlrq vrqw phvxudeohv
^Pd <;`1 Oh wkìruëph vxlydqw vxu od sursulìwì gh vìsdudwlrq hvw rewhqx sdu dssolfd0
wlrq gluhfwh gx uìvxowdw gh ^Pd <;`1 Qrxv doorqv prqwuhu txh fhwwh sursulìwì jdudqwlw
o*h{lvwhqfh g*xqh irqfwlrq gh O|dsxqry/ sdudpìwuìh sdu xq vfdodluh srvlwli j/ gh od
iruph

T E% E|�� ' E% E|��� � Ej� E% E|�� +5144:,
� Ej� '

� � � f
f j� �

�
+5144;,

shuphwwdqw gh surxyhu od vwdelolwì +joredoh h{srqhqwlhooh, gx v|vwëph dxjphqwì +51445,1
Xqh frqglwlrq vxu j hvw rewhqxh1
Wkìruëph 519 ^Fkd35i` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : fc � � : fc' � : f
hw ' � : f txl yìul�hqw

E6�,|�o�e}�,@|e�o�
�

m  EC! ! c � " � n �o � "#
�' " 	 fc � 5 U $

2m  EC! % c � " ��' " 	 fc ; E�c �� 5 U #
$ c � 	 � +5144<,
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E6�,|�JKreo�@|e�o�
�

m � EX � � c � � � n �o � �
�
�' � 	 fc � 5 U �

2m � EX� � c � � ��' � 	 fc ; E�c �� 5 U �� c � 	 � +51453,

doruv od irqfwlrq +5144:, dyhf j � 4@ Ej � c j � � uhvshfwdqw ohv frqglwlrqv +51454,0
+51455,/ hvw xqh irqfwlrq gh O|dsxqry txl surxyh od vwdelolwì joredoh h{srqhqwlhooh gx
v|vwëph dxjphqwì +51445,1

j � '
b � �  

�
� � u ! � !

�
m " EX! ! c � � � n �o � �

�
�' �

� # � E� � u! � ! � $ �
b � % &

�
m " EC! ! c � � � n �o � �

�
�' �

� +51454,

j � '
b � �  

�
� � Eu ! �' n u' � ! � E2m " EX ! ' c � � ��' � � # � E� � Eu ! �' n u' � ! �� $ �

b � % & E2m " EC! ' c � � ��' � � +51455,
Suhxyh = od vwdelolwì gx v|vwëph dxjphqwì gìfulw hq +51445, hvw dvvxuìh sdu od uìdol0
vdelolwì ghv frqglwlrqv +51448,0+51449,1 Fkrlvlvvrqv ' Ej� gh píph vwuxfwxuh txh � Ej�
gì�qlh hq +5144;,

' Ej� '
� ' � f

f j' �

�
+51456,

Vxevwlwxdqw ohv pdwulfhv � Ej� hw ' Ej� gdqv +51448,0+51449, hw whqdqw frpswh gh
+51446,/ rq rewlhqw =

�
m " EC! ! c � � � � � u! �!

� jm " EX ! ! c � � �
�
n
�
o � �

2
�� ' � f

f j' �

�
	 f +51457,

� 2m " EC! ' c � � � � � Eu' �! n u! �' �
� 2jm " EX ! ' c � � �

�
�
� ' � f

f j' �

�
	 f +51458,

Oh frpsoìphqw gh Vfkxu dssoltxì dx{ lqìjdolwìv +51457,0+51458, shuphw gh wurxyhu
uhvshfwlyhphqw/ txdqg ohv lqìjdolwìv +5144<, hw +51453, vrqw vdwlvidlwhv/ j � hw j � gì�qlv
hq +51454, hw +51455,1 Dlqvl/ lo vx!w gh fkrlvlu j vx!vdpphqw judqg who txh j �
4@ Ej � c j � � srxu txh od irqfwlrq +5144:, vrlw xqh irqfwlrq gh O|dsxqry gx v|vwëph
dxjphqwì +51445,1
Od v|qwkëvh gh pxowlrevhuydwhxuv hw od sursulìwì gh vìsdudwlrq srxu oh fdv glvfuhw vrqw
rewhqxv gluhfwhphqw hq vxevwlwxdqw gdqv oh wkìruëph 519 m " E�c �� sdu m ( E�c �� � Qrwrqv
ìjdohphqw txh srxu rewhqlu xq revhuydwhxu dyhf xqh ylwhvvh gh frqyhujhqfh ã gì�qlu/
qrxv srxyrqv xwlolvhu od sursrvlwlrq 5171

51715 Yduldeohv gh gìflvlrq qrq phvxudeohv
Gdqv fhwwh vhfwlrq/ qrxv vxssrvrqv tx*xqh sduwlh +rx od wrwdolwì, ghv yduldeohv gh gì0
flvlrq qh vrqw sdv phvxudeohv1 Rq qrwh 	5 E|� xqh hvwlpdwlrq ghv yduldeohv gh gìflvlrq
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gìshqgdqw ghv yduldeohv g*ìwdw hvwlpìhv 	% E|�1 Dlqvl ohv irqfwlrqv g*dfwlydwlrq gx uì0
jxodwhxu SGF vrqw gl�ìuhqwhv gh fhoohv gx pxowlprgëoh +514,1 Od orl gh frppdqgh
v*h{solflwh =

� E|� ' �
�[

� � �
> � E	5 E|��g� 	% E|� +51459,

Oh pxowlrevhuydwhxu +51437, hw oh v|vwëph dxjphqwì +51445, vh uììfulyhqw doruv uhvshf0
wlyhphqw;A?

A=
�	% E|� '

�S
� � � > � E	5 E|�� E�� 	% E|� n�� � E|� n u� E+ E|�� 	+ E|���

	+ E|� '
�S

� � � > � E	5 E|���� 	% E|�
+5145:,

hw
�7% E|� '

�[
� � �

�[
� � �

�[
� � �

> � E5 E|��>� E	5 E|��> � E	5 E|�� �C� � � 7% E|� +5145;,

dyhf
�C� � � '

� C� � �� g �
7 � � � X� � n{�� � g �

�
+5145<,

{�� � ' �� � �� c {�� � ' �� � �� c {� � � ' � � � � � +51463,
C� � ' �� � �� g � c 7 � � � ' {�� � �{�� � g � n u� {� � � +51464,

Ohv h{suhvvlrqv gh 7% E|� hw X� � vrqw gì�qlhv uhvshfwlyhphqw hq +51447, hw +5143:,1 Oh
v|vwëph dxjphqwì +5145;, hvw joredohphqw dv|pswrwltxhphqw vwdeoh v*lo h{lvwh xqh
pdwulfh v|pìwultxh � : f/ hw ghv pdwulfhv u � hw g� txl yìul�hqw

�C�
� � � � n � �C� � � 	 fc ; E�c �� 5 U  

! +51465,� �C� � � n �C� � �
� �

� n �
� �C� � � n �C� � �

�
	 fc; E�c �c �� 5 U "

! c � 	 � +51466,
dyhf >� E5 E|��>� E	5 E|��> � E	5 E|�� 9' f� Ohv frqwudlqwhv rewhqxhv vrqw qrq frqyh{hv hw
shxyhqw dyrlu/ sdu frqvìtxhqw/ gh qrpeuhxvhv vroxwlrqv orfdohv1 Hoohv vrqw gl!flohv ã
olqìdulvhu sdu ohv whfkqltxhv fodvvltxhv gh fkdqjhphqw gh yduldeohv1 Ghv dojrulwkphv gh
olqìdulvdwlrq shxyhqw íwuh dssoltxìv ã fh jhquh gh frqwudlqwhv +yrlu sdudjudskh ����e�2,1
Od pìwkrgh txh qrxv sursrvrqv shuphw gh v|qwkìwlvhu oh uìjxodwhxu SGF hw o*revhuyd0
whxu vìsduìphqw pdlv qrq vlpxowdqìphqw ^Fkd35e`^Fkd35g`1 Vdqv shuwh gh jìqìudolwì/
qrxv fkrlvlvvrqv

� '
� � # f

f �  

�
+51467,
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Hq vxevwlwxdqw +51467, gdqv +51465, hw +51466,/ qrxv rewhqrqv uhvshfwlyhphqw� C�� � � � n � � C� � � � �� g� n 7 �� � � � �
� s � � �

�
	 fc E�c �� 5 U �� +51468,#

EC� � nC� � �  � ! n � ! EC� � nC� � � � ! �� Eg� ng � � n E7 � � � n 7 � � � �  � �
� s � � � n s � � �

$
	 f
+51469,

; E�c �c �� 5 U "� c � 	 � dyhf
s � � � ' EX� � n{�� � g � �  � � n � � EX� � n{�� � g � � +5146:,

Ohv lqìjdolwìv pdwulflhoohv +51468, hw +51469, vrqw ghv EPL hq ohv yduldeohv � ! c � � / u�
hw g� gl!flohv ã uìvrxguh vlpxowdqìphqw1 Fhshqgdqw/ uhpdutxrqv txh vl fhv lqìjdolwìv
+51468, hw +51469, vrqw yìul�ìhv/ fhod lpsoltxh ohv EPL hq g� hw � ! vxlydqwhv

C 
� � � ! n � ! C� � 	 fc E�c �� 5 U �� +5146;,

EC� � nC� � �  � ! n � ! EC� � nC� � � 	 fc ; E�c �c �� 5 U "� c � 	 � +5146<,
dyhf C� � ' �� � �� g � c grqw od olqìdulvdwlrq hvw idfloh ã rewhqlu sdu ohv pìwkrghv
fodvvltxhv gh fkdqjhphqw gh yduldeohv1 Ohv pdwulfhv � ! hw g� vrqw hqvxlwh uhpsodfìhv
gdqv +51468, hw +51469, sdu ohxuv ydohxuv uhvshfwlyhv � # $ %

! hw g # $ %
� rewhqxhv hq uìvroydqw

ohv frqwudlqwhv +5146;, hw +5146<,1 Dlqvl/ oh v|vwëph g*lqìjdolwìv pdwulflhoohv rewhqx
ghylhqw olqìdluh hq � � hw t � dyhf t� ' � � u � 1 Od surfìgxuh gh fdofxo gh u� hw g� shxw
íwuh uìvxpìh dlqvl ^Fkd35e` =

41 Fkrlvlu od pdwulfh � gh od iruph +51467,1
51 Fdofxohu � # $ %

! hw g # $ %
� ã sduwlu gh +5146;, hw +5146<,1 Vl xqh vroxwlrq h{lvwh doohu ã

o*ìwdsh 6/ vlqrq duuíwhu1
61 Ohv pdwulfhv � # $ %

! hw g # $ %
� � 5 U � vrqw uhsruwìhv gdqv ohv frqwudlqwhv +51468, hw

+51469,1 Fhv ghuqlëuhv ghylhqqhqw ghv OPL hq � � hw t� ' � � u� 1 Dsuëv rewhqwlrq
gh � � hw t� / gìgxluh u� ' t � � & !� c � 5 U � �

Od pìwkrgh shuphw/ txdqg ohv ìwdshv E2� hw E�� vrqw uìdolvdeohv/ gh fdofxohu ohv jdlqv
g� hw u � c � 5 U � vìtxhqwlhoohphqw1
H{hpsoh 516 = Fdv gh yduldeohv gh gìflvlrq phvxudeohv
Frqvlgìurqv oh pxowlprgëoh gh o*h{hpsoh 515 +sdjh 85, dyhf @ ' eb hw K ' �f� D sduwlu
ghv frqglwlrqv +5144<,/ whqdqw frpswh gh +5183,/ rq gìwhuplqh

g ! ' � e�b2 �f�D� � c g � ' � D��H �f�fb � +51473,
� ! '

� f�f2H f�fe�
f�fe� f��e.

�
c' ! '

� f�f�2 f�fSe
f�fSe f��.�

�
+51474,
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Ohv frqglwlrqv +51453, whqdqw frpswh gh +5143:, shuphwwhqw ìjdohphqw gh fdofxohu
u � ' � ��f�bH �b�fD�b � � c u  ' � Df�f�bH �b�fD�b � � +51475,
�  '

� 2b�be2. ��DDfb
��DDfb 2b�be2.

�
c'  '

� H�eD�. f�ff
f�ff H�e2.D

�
+51476,

Ohv frqglwlrqv +51454,0+51455, shuphwwhqw gh fdofxohu j � ' b�SHSb hw j  ' ��bfbH1 Hq
h�hw dyhf ohv pdwulfhv � ' � E�f� hw ' ' ' E�f� rü � � c �  c ' � c '  vrqw rewhqxhv hq
+51474, hw +51476,/ rq shxw idflohphqw yìul�hu txh ohv frqglwlrqv +51448,0+51449,/ jd0
udqwlvvdqw od vwdelolwì joredoh h{srqhqwlhooh gx v|vwëph dxjphqwì/ vrqw uhvshfwìhv1 Fhv
frqglwlrqv qh vrqw sdv uhvshfwìhv srxu j ' � sdu h{hpsoh1 Xq h{hpsoh gh vlpxodwlrq
hvw grqqì hq �jxuh 516 dyhf ohv irqfwlrqv g*dfwlydwlrq +51477, =

> � E% � E|�� ' �� >  E% � E|�� '
+

�� � � � � � � �
� c ;% � E|� 5 d��c �o

fc dloohxuv +51477,

�
( )x t2

� � � � � � � � �  !#"$ %

&
%

'

& ( % ) ' * + , - . (#&$ (
/ 021 3

0

041 3

0 5 6 7 8 3 9 : ; < 5#0/ 6=0

/>5?0

0

5#0

u(
t)

x 2
(t

)

 t

x 1
(t

)

Ilj1 516= Oh v|vwëph dxjphqwì dyhf % Ef� ' E��.c � f�.� hw 	% Ef� ' E��Dc � f�D�

518 Frqfoxvlrq
Gdqv fh fkdslwuh/ o*dqdo|vh gh od vwdelolwì hq vh edvdqw vxu ghv irqfwlrqv gh O|dsxqry
txdgudwltxhv hvw frqvlgìuì1 Qrxv dyrqv sursrvì xqh dssurfkh edvìh vxu ohv sursulìwhv
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ghv P0pdwulfhv1 Fhwwh dssurfkh phw o*dffhqw vxu xqh fodvvh gh pxowlprgëohv dffhswdqw
ghv pdwulfhv gh O|dsxqry frppxqhv1 Od vwdelolvdwlrq ghv pxowlprgëohv edvìh vxu fh
uìvxowdw surgxlw ghv uìvxowdwv qrq frqyh{hv1 Ghv dojrulwkphv gh olqìdulvdwlrq h{lvwdqwv
vrqw dssoltxìv/ fh txl shuphw gh wudqviruphu oh sureoëph hq OPL uìvroxeoh sdu ohv
rxwlov qxpìultxhv1 O*dssurfkh sursrvìh +wkìruëph 514, q*dssruwh dxfxqh uhod{dwlrq sdu
udssruw dx uìvxowdw fodvvltxh gh od pìwkrgh txdgudwltxh1 Od uhod{dwlrq gh od pìwkrgh
hq frqvlgìudqw od surfìgxuh V frqvwlwxh xqh shuvshfwlyh gh fh wudydlo1
D�q g*dpìolruhu ohv shuirupdqfhv gh od orl gh frppdqgh SGF/ qrxv dyrqv ìjdohphqw
sursrvì ghv frqglwlrqv vx!vdqwhv/ irupxoìhv hq xq sureoëph JHYS/ shuphwwdqw gh
pd{lplvhu oh ghjuì gh vwdelolwì gx pxowlprgëoh hq erxfoh ihupìh1 Oh uìvxowdw txh qrxv
dyrqv rewhqx uhsruwh oh sureoëph xqltxhphqw vxu ohv whuphv grplqdqwv/ fh txl frqgxlw
ã ghv frqglwlrqv prlqv shvvlplvwhv1
O*hvwlpdwlrq g*ìwdw ã edvh gh pxowlrevhuydwhxuv hvw ìjdohphqw frqvlgìuìh1 Gdqv fh
vhqv/ od frppdqgh ghv pxowlprgëohv frqwlqxv gdqv oh fdv ghv irqfwlrqv g*dfwlydwlrq
gìshqgdqwhv gh yduldeohv gh gìflvlrq qrq phvxudeohv hvw frqvlgìuìh1 Xqh pìwkrgh srxu
v|qwkìwlvhu vìsduìphqw +pdlv qrq vlpxowdqìphqw, ohv jdlqv gx uhwrxu g*ìwdw hw ohv jdlqv
g*revhuydwlrq hvw sursrvìh1 Gdqv oh fdv ghv irqfwlrqv g*dfwlydwlrq phvxudeohv srxu
ohtxho od sursulìwì gh vìsdudwlrq d ìwì ìwdeolh/ xqh pìwkrgh shuphwwdqw gh gìwhuplqhu
xqh irqfwlrq gh O|dsxqry surxydqw od vwdelolwì gx v|vwëph dxjphqwì hvw sursrvìh1
Gdqv ^Dnk36`/ qrxv dyrqv ìjdohphqw frqvlgìuì od frqvwuxfwlrq gh pxowlrevhuydwhxu ã
hqwuìhv lqfrqqxhv1 O*dssolfdwlrq gluhfwh gh fhw revhuydwhxu srxuudñw íwuh/ juåfh ã od sulvh
hq frpswh ghv hqwuìhv lqfrqqxhv/ od edvh gh od frqfhswlrq g*xqh surfìgxuh gh gìwhfwlrq
hw gh orfdolvdwlrq gh gìidxwv g*dfwlrqqhxuv +fhv uìvxowdwv qh vrqw sdv suìvhqwìv gdqv fh
pdqxvfulw,1
Od sxlvvdqfh gh od pìwkrgh txdgudwltxh ylhqw gx idlw txh od uhfkhufkh g*xqh irqfwlrq
gh O|dsxqry frppxqh +hw ghv jdlqv gh uhwrxu g*ìwdw gdqv oh fdv gh od vwdelolvdwlrq,
shxw íwuh ìqrqfì frpph xq sureoëph g*rswlplvdwlrq frqyh{h hq whuph gh OPL uìvrox
h!fdfhphqw1 Fhshqgdqw/ oh gìidxw pdmhxu uìvlgh gdqv o*reoljdwlrq gh vdwlvidluh ? OPL
ylv0ã0ylv gh od píph pdwulfh �� Fhv frqwudlqwhv ghylhqqhqw hqfruh soxv gl!flohv ã
vdwlvidluh vl o*rq dmrxwh ghv frqwudlqwhv gh shuirupdqfhv1 Fh frqvhuydwlvph surylhqw
ìjdohphqw gx idlw txh fhwwh dssurfkh rphw wrxwhv ohv lqirupdwlrqv frqwhqxhv gdqv ohv
irqfwlrqv g*dfwlydwlrq1
Oh fkdslwuh vxlydqw sursrvh xqh dxwuh yrlh/ fhooh gh o*dqdo|vh hw od v|qwkëvh gh orlv gh
frppdqgh sdu ghv irqfwlrqv qrq txdgudwltxhv1 Lo v*djlw sduwlfxolëuhphqw gh ghx{ w|shv
gh irqfwlrqv = ohv irqfwlrqv sro|txdgudwltxhv +418:, hw ohv irqfwlrqv txdgudwltxhv sdu
prufhdx{ +418<,1
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Fkdslwuh 6
Vwdelolwì hw vwdelolvdwlrq qrq
txdgudwltxh
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614 Lqwurgxfwlrq
Oh fkdslwuh suìfìghqw d ìwì frqvdfuì ã o*dqdo|vh gh vwdelolwì/ od v|qwkëvh gh uìjxodwhxuv
hw o*hvwlpdwlrq g*ìwdw ghv v|vwëphv qrq olqìdluhv gìfulwv sdu ghv vwuxfwxuhv pxowlprgëohv1
O*ìwxgh hvw edvìh vxu ohv irqfwlrqv txdgudwltxhv gh O|dsxqry hw ohv uìvxowdwv txl hq
gìfrxohqw vrqw vrxyhqw shvvlplvwhv1 Fh fkdslwuh sursrvh o*xwlolvdwlrq g*xqh dxwuh fodvvh
gh irqfwlrqv/ fhooh ghv irqfwlrqv gh O|dsxqry qrq txdgudwltxhv1
Sdupl fhv irqfwlrqv/ rq shxw flwhu ohv irqfwlrqv txdgudwltxhv sdu prufhdx{ +slhfhzlvh
txdgudwlf ixqfwlrqv,1 O*dqdo|vh hw od v|qwkëvh gh orlv gh frppdqgh xwlolvdqw fh w|sh
gh irqfwlrq rqw ìwì ìwxglìhv fhv ghuqlëuhv dqqìhv1 Dlqvl/ vxssrvdqw ohv irqfwlrqv g*df0
wlydwlrq frqqxhv/ ohv pxowlprgëohv vrqw wudqvirupìv hq xq hqvhpeoh gh prgëohv OWL
lqfhuwdlqv ã lqfhuwlwxghv eruqìhv > ghv frqglwlrqv gh vwdelolwì vrqw rewhqxhv hq xwlolvdqw
ghv irqfwlrqv txdgudwltxhv sdu prufhdx{ ^Fdr<<`^Fdr<9`^]kd34`1 O*xwlolvdwlrq gh fhv
irqfwlrqv d shuplv ìjdohphqw ã Mrkdqvhq hw do ^Mrk<<e` g*ìwxglhu od vwdelolwì ghv pxo0
wlprgëohv frqwlqxv d!qhv +prgëohv orfdx{ suìvhqwdqw ghv frqvwdqwhv,1 Fhwwh dssurfkh
shuphw gh uìgxluh oh frqvhuydwlvph gh od pìwkrgh txdgudwltxh hq whqdqw frpswh gh od
sduwlwlrq gh o*hvsdfh g*ìwdw lqgxlwh sdu ohv irqfwlrqv g*dfwlydwlrq ã vxssruw orfdo eruqì
+sdu h{hpsoh ohv irqfwlrqv wudsì}rògdohv/ wuldqjxodluhv,1 Dlqvl/ o*lgìh hvw gh sduwdjhu o*hv0
sdfh g*ìwdw hq uìjlrqv gh irqfwlrqqhphqw +rshudwlqj uhjlrqv,f2 fruuhvsrqgdqw fkdfxqh
ã xqh vhxoh g|qdpltxh dfwlyh +prgëoh orfdo �, hw hq uìjlrqv g*lqwhusrodwlrq +lqwhusr0
odwlrq uhjlrqv, rü gl�ìuhqwhv g|qdpltxhv vrqw dfwlyhv vlpxowdqìphqw1 Xqh pdwulfh � 2
frppxqh ã wrxv ohv prgëohv dfwliv hvw ã fkhufkhu gdqv fkdtxh uìjlrq1 Fhwwh dssurfkh/
sdu rssrvlwlrq ã fhooh flwìh suìfìghpphqw/ q*h{ljh sdv od frqqdlvvdqfh ghv irqfwlrqv
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g*dfwlydwlrq ã fkdtxh lqvwdqw/ od frqqdlvvdqfh gh ohxuv vxssruwv hvw vx!vdqwh1 Fh w|sh
gh irqfwlrq d ìwì ìjdohphqw frqvlgìuì sdu Shwwhuvrq hw do ^Shw<:`1 Fhshqgdqw/ vl gdqv
^Fdr<<` ^Fdr<9`^]kd34` ^Shw<:` od glvfrqwlqxlwì ghv irqfwlrqv gh O|dsxqry frqvlgìuìhv
hvw wroìuìh/ ohv irqfwlrqv xwlolvìhv sdu Mrkdqvrq hw do ^Mrk<<e` vrqw frqwlqxhv juåfh ã
ghv frqwudlqwhv vxssoìphqwdluhv vxu ohv pdwulfhv � � 1

Xq fhuwdlq qrpeuh gh wudydx{ sursrvhqw ìjdohphqw ghv irqfwlrqv gh O|dsxqry qrq txd0
gudwltxhv gh od iruph T E% E|�� ' % E|� � S �

� � � > � E5 E|��� � % E|� c � � : f/ glwh dxvvl sro|0
txdgudwltxhv frpswh whqx ghv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq +515, ^Mdg<<`^Fkd35h`
^Pru33e`^Jxh34d` ^Eod34e`^Wdq34d`^Gdd34d`^Mrk33`1 Rq shxw qrwhu txh ohv uìvxowdwv re0
whqxv shuphwwhqw gh uìgxluh oh shvvlplvph gh o*dssurfkh txdgudwltxh1 Wrxwhirlv/ lo hvw
lqwìuhvvdqw gh uhpdutxhu od judqgh gl�ìuhqfh hqwuh ohv uìvxowdwv gx grpdlqh frqwlqx hw
gx grpdlqh glvfuhw srxu fh w|sh gh irqfwlrq1 Vl ohv uìvxowdwv rewhqxv hq glvfuhw vrqw
joredx{ hw vrxv iruph OPL ^Jxh34d`^Gdd34d`/ ohv uìvxowdwv hq frqwlqx vrqw vrxyhqw
orfdx{ hw vrxv iruph EPL ^Eod34e`^Fkd33`^Wdq34d`1 Qrxv dyrqv ìjdohphqw frqvlgìuì
xqh dxwuh fodvvh gh irqfwlrqv qrq txdgudwltxhv gh od iruph T E% E|�� ' 4@ ET � E% E|���
dyhf T� E% E|�� ' % E|� � � � % E|� c � � : fc � 5 U � ^Fkd35f`1 Ohv uìvxowdwv rewhqxv hq frqwlqx
hw hq glvfuhw vrqw dvvh} vdwlvidlvdqwv hq frpsdudlvrq dyhf fhx{ rewhqxv dyhf ghv irqf0
wlrqv txdgudwltxhv1 Od pìwkrgh sursrvìh shuphw ìjdohphqw gh vxuprqwhu oh shvvlplvph
ghv irqfwlrqv txdgudwltxhv frqwlqxhv sdu prufhdx{ ^Mrk<<e` txdqg ohv irqfwlrqv g*df0
wlydwlrq vrqw ã vxssruw joredo +l1 h1 oh qrpeuh gh prgëohv orfdx{ dfwliv ã fkdtxh lqvwdqw
Eo� hvw ìjdo dx qrpeuh wrwdo gh prgëohv orfdx{ E?�/ fh txl hvw sdu h{hpsoh oh fdv ghv
irqfwlrqv g*dfwlydwlrq jdxvvlhqqhv,1

615 Vwdelolwì qrq txdgudwltxh ghv pxowlprgëohv frqwl0
qxv

Elhq txh o*dssurfkh txdgudwltxh vrlw lqwìuhvvdqwh gx srlqw gh yxh plvh hq úxyuh sud0
wltxh/ od gìpdufkh d prqwuì vhv olplwhv gdqv oh fdv ghv v|vwëphv vdwxuìv/ ghv v|vwëphv
olqìdluhv frqwlqxv sdu prufhdx{ ^Mrk<<d`/ ghv v|vwëphv olqìdluhv lqfhuwdlqv hw ìjdoh0
phqw gdqv oh fdv ghv pxowlprgëohv1 Sdupl ohv fdxvhv gh frqvhuydwlvph gh od pìwkrgh
txdgudwltxh/ rq shxw udsshohu tx*xq pxowlprgëoh hvw yx frpph xqh LGOS = ohv irqf0
wlrqv g*dfwlydwlrq jìqìudohphqw gìshqgdqwhv gh o*ìwdw vrqw wrwdohphqw ljqruìhv1 Wrxwh
o*lqirupdwlrq frqwhqxh gdqv fhv irqfwlrqv hvw qrq xwlolvìh +vxssrvìh lqfrqqxh,1

Ohv uìvxowdwv suìvhqwìv gdqv fh sdudjudskh vrqw lvvxv gh ^Fkd35h`^Fkd33` srxu o*ds0
surfkh sro|txdgudwltxh hw gh ^Fkd35f` srxu o*dssurfkh txdgudwltxh sdu prufhdx{1
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61514 Dqdo|vh sdu irqfwlrqv sro|txdgudwltxhv
Gdqv fhwwh vhfwlrq/ od irqfwlrq fdqglgdwh gh O|dsxqry frqvlgìuìh qh gìshqw txh gh
o*ìwdw gx v|vwëph > hooh hvw gh od iruph =

T E% E|�� ' % E|� � � E% E|��% E|� +614,
dyhf

� E% E|�� '
�[

� � � > � E% E|��� � c � � : f +615,

Frpswh whqx ghv sursulìwìv ghv pdwulfhv �� hw ghv irqfwlrqv g*dfwlydwlrq +frqyh{lwì,/
lo hvw idfloh gh yìul�hu txh od irqfwlrq +614, hvw xqh irqfwlrq fdqglgdwh gh O|dsxqry =

S � n% E|�n � � T E% E|�� � S � n% E|�n � +616,
dyhf

S � ' 4@ � � � � Eb � �  E� � �� : fc S � ' 4�?� � � � Eb � ! " E� � �� : f +617,
Fh w|sh gh irqfwlrq gh O|dsxqry d idlw o*remhw g*ìwxghv gdqv oh fdv ghv pxowlprgëohv1
Sdu h{hpsoh/ gdqv ^Eod34e`^Mdg<<` ^Wdq34d`/ od pìwkrgh sursrvìh ghpdqgh d sulrul xqh
eruqh vxu od yduldwlrq ghv yduldeohv g*ìwdw1 Fhwwh k|srwkëvh lpsoltxh/ gdqv oh fdv ghv
pxowlprgëohv frqwlqxv/ ghv gìulyìhv gh irqfwlrqv g*dfwlydwlrq # $ % & ' & ( ) )

# ( eruqìhv1 Qrwrqv
txh gdqv ^Wdq34d`/ ohv yduldeohv gh gìflvlrq E5E|�� qh vrqw sdv uhvwuhlqwhv dx{ yduldeohv
g*ìwdw hw ghv frqglwlrqv gh vwdelolwì vrxv iruphv g*lqìjdolwìv pdwulflhoohv vrqw rewhqxhv
vrxv o*k|srwkëvh txh ohv txdqwlwìv # $ % & * & ( ) )

# ( c � 5 U � vrqw eruqìhv1
K|srwkëvh 614 = ohv irqfwlrqv g*dfwlydwlrq >� E% E|�� vrqw frqwlqþphqw gìulydeohv1
Frqvlgìurqv od gìulyìh/ sdu udssruw dx whpsv/ gh od irqfwlrq fdqglgdwh gh O|dsxqry
+614, =

�T E% E|�� ' �% E|� + � E% E|��% E|� n % E|� + � E% E|�� �% E|� n % E|� + �� E% E|�� % E|� +618,
Oh ghuqlhu whuph % E|� + �� E% E|��% E|� shxw íwuh pdmruì frpph vxlw

% E|� + �� E% E|�� % E|� ' % E|�+ ,[
- . /

�Y> 0 E% E|��
Y% E|� c Y% E|�Y|

 
� 1 % E|�

� % E|�2 3[
1 4 5

�����
�Y> 1 E% E|��

Y% E|�
� 2

�% E|�
������ 1 % E|� +619,

Dlqvl/ gdqv oh fdv rü oh whuph
����� 6 7 8 9 : 9 ; < <

6 : 9 ; <
� 2

�% E|�
���� shxw íwuh pdmruì lqgìshqgdpphqw gh

o*ìwdw +rx gh vd yduldwlrq,/ f*hvw0ã0gluh
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K|srwkëvh 615 = lo h{lvwh xq vfdodluh D : f who txh

����� � � � � � � � � �� � � � � � �
�% E|�

���� � Dc ;% E|� 5
U� c � 5 U �
Doruv fhwwh k|srwkëvh shuphw g*ìfuluh

% E|� � �� E% E|�� % E|� � % E|� � D
�[� �  � � % E|� +61:,

Gdqv fhv frqglwlrqv/ od gìulyìh +617, gh od irqfwlrq fdqglgdwh gh O|dsxqry v*h{solflwh =
�T E% E|�� � �% E|� � � E% E|��% E|� n % E|� � � E% E|�� �% E|� n % E|� � D

�[� �  � � % E|� +61;,

Txdqg o*k|srwkëvh 615 hvw yìul�ìh ! / ohv frqglwlrqv gh vwdelolwì rewhqxhv vrqw joredohv/
gdqv oh fdv frqwudluh hoohv vrqw xqltxhphqw orfdohv1
Ohv uìvxowdwv txh qrxv doorqv suìvhqwhu sdu od vxlwh hq irupxodwlrq OPL vrqw edvìv
vxu od pdmrudwlrq gh od gìulyìh whpsruhooh gh od irqfwlrq fdqglgdwh sro|txdgudwultxh
+61;, gìshqgdqw xqltxhphqw gh o*ìwdw gx pxowlprgëoh1 Gdqv ^Eod34d`/ o*dqdo|vh gh od
vwdelolwì ghv v|vwëphv W0V hvw derugìh sdu fh w|sh gh irqfwlrqv1 Oh uìvxowdw gìyhorssì
gìshqg gh od qruph gx yhfwhxu g*ìwdw fh txl uhqg gl!floh vrq h{sorlwdwlrq g*xq srlqw
gh yxh qxpìultxh1 Ghv pdmrudwlrqv shuphwwhqw gh wudqviruphu fhv frqglwlrqv hq OPL1
Wkìruëph 614 = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv - : f/ � � : fc � 5 U � /
hw wurlv pdwulfhv v|pìwultxhv L/ T hw � " txl yìul�hqw =

��� � � n � � �� � L � 5 U � +61<,
��� �# n �# �� n��# � � n �� �# � 2Tc ; E�c �� 5 U $� c � 	 � +6143,

L � T � f +6144,
�- � � � � � " � - � 5 U � +6145,

T n
�[� �  > $� E% E|�� EL � T � n n �% E|�n

�[� �  ����Y> % E% E|��
Y% E|�

����- 	 f +6146,

doruv oh pxowlprgëoh hq erxfoh rxyhuwh +516, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1& ' ( ) * + * , - . * / - 0 1 ) . * , 1 . 2 3 , 0 4 5 . * 6 1 3 7 ( 8 2 9 :; < = > ? @AB C D E F G H G I J J K F H G I J L M N O E D G H G I J J P Q RE S G H G I J J P T U V W X Y Z [ \ ] ^ _ ` a b c d ` e f g h i h g f d j k l m n k g o
ppppp q r s t u v u w x xr v u w x y z {| } ~ � ����� � �

����� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � ����� � � �   ¡¢ £ ¤ ¥ ¦ § ¨ © ª « § ¬  ® ¯ ° ±  ² ³ ´ µ ¶ · ¸ ® ¯ ° ± ¹ º »¼ ½ ¾ ¿ À Á Â Ã ÄÅ Æ Ç È É Ê Ë Ì Í Î Ï Ð Ñ Ò Ó Ò Ô
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Suhxyh = yrlu ^Eod34d`1
Qrwrqv txh od vwdelolwì joredoh ìwdeolh dx wkìruëph 614 h{ljh o*h{lvwhqfh d sulrul g*xqh
eruqh vxu od yduldwlrq gh o*ìwdw n �% E|�n c ;% E|� 5 U� ( vl fh q*hvw sdv oh fdv/ fhv frqglwlrqv
q*derxwlvvhqw tx*ã xqh vwdelolwì orfdoh1 Qrwrqv ìjdohphqw txh gdqv ^Eod34d`/ srxu h{0
sorlwhu qxpìultxhphqw od frqglwlrq +6146,/ oh whuphS �� � � > �� E% E|�� hvw plqruì sdu ? �

�

+? ìwdqw oh qrpeuh gh prgëohv orfdx{ OWL,1
D�q g*dpìolruhu oh uìvxowdw suìfìghqw +wkìruëph 614,/ od pdmrudwlrq grlw vh idluh oh
soxv �qhphqw srvvleoh srxu txh ohv frqglwlrqv gh vwdelolwì vrlhqw ohv prlqv frqwudl0
jqdqwhv srvvleohv1 Srxu dwwhlqguh fhw remhfwli/ od sursrvlwlrq vxlydqwh txl vxssrvh xqh
fhuwdlqh frqqdlvvdqfh d sulrul gx frxsodjh ghv irqfwlrqv g*dfwlydwlrq/ l1 h1 oh qrpeuh
pd{lpdo gh prgëohv orfdx{ dfwlyìv ã fkdtxh lqvwdqw Eo� shuphw gh plqlplvhu oh whuphS �� � � > �� E% E|�� sdu o �

�
dx olhx gh ? �

�
^Fkd35h`^Fkd33` =

Sursrvlwlrq 614 = whqdqw frpswh ghv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq +515,/ ohv
lqìjdolwìv vxlydqwhv vrqw yìul�ìhv ; o 5 i2c ��c ?j =

�[
� �� � � � >� E5�>� E5� � �� �

o +6147,
�[

� � � > �� E5� � �
o +6148,

rü o hvw oh qrpeuh pd{lpdo gh prgëohv orfdx{ dfwlyìv ã fkdtxh lqvwdqw1
Suhxyh = ohv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq shuphwwhqw g*ìfuluh

� '
# �[

� � � > � E5�
$ �

'
�[

� � � > � E5� � n
�[

� �� � � � > � E5�>� E5� +6149,

O*lqìjdolwì vxlydqwh ^Wdq<;d` =
�[

� � � > � E5� � � �
o � �

�[
� �� � � � > � E5�>� E5� +614:,

shuphw gh gìgxluh od sursulìwì +6147,1 Gh píph o*lqìjdolwì +6148, vh gìgxlw gluhfwhphqw
ã sduwlu gh o*lqìjdolwì +6147, hw gh o*ìjdolwì +6149,1
Fhwwh sursrvlwlrq yd qrxv shuphwwuh gh uìgxluh oh shvvlplvph gx wkìruëph 614 hq
whqdqw frpswh gx qrpeuh pd{lpdo gh prgëohv orfdx{ Eo� dfwlyìv ã fkdtxh lqvwdqw1 Oh
uìvxowdw vxlydqw vxssrvh od frqqdlvvdqfh d sulrul g*xqh eruqh ED� vxu od yduldwlrq g*ìwdw
+k|srwkëvh 615,1
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Wkìruëph 615 ^Fkd35h` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv ' : f hw
� � : fc � 5 U � hw ghv pdwulfhv v|pìwultxhv L hw T txl yìul�hqw ohv OPL vxlydqwhv =

� � : �� � � c � 5 U � c � 5 U � � � +614;,
��

� � � n � � � � � Lc ; � 5 U � +614<,
��

� �� n �� �� n��
� � � n �� �� � 2Tc ; E�c �� 5 U �

� c � 	 � +6153,
L � T � f +6154,

T n o � � EL � T � n D
�[

� � �
� � 	 �' +6155,

dyhf >� E5 E|��>� E5 E|�� 9' fc o oh qrpeuh pd{lpdo gh prgëohv orfdx{ dfwlyìv ã fkdtxh
lqvwdqw hw D xqh eruqh vxu od yduldwlrq g*ìwdw suìdodeohphqw ìydoxìh +k|srwkëvh 615,1
Doruv oh srlqw g*ìtxloleuh gx pxowlprgëoh +516, hvw joredohphqw h{srqhqwlhoohphqw vwdeoh1
Suhxyh = vxssrvrqv txh o*k|srwkëvh 615 vrlw yìul�ìh/ od gìulyìh +61;, gh od irqfwlrq gh
O|dsxqry oh orqj gx pxowlprgëoh +516,/ whqdqw hq frpswh ghv frqglwlrqv +614;,/ +614<,
hw +6153,/ v*h{sulph

�T E% E|�� � % E|� �
# �[

� � �
> � E% E|�� � L n 2

�[
� � � � �

> � E% E|��>� E% E|��T
$
% E|� n

% E|� � D
�[

� � �
� � % E|� +6156,

rx gh idêrq ìtxlydohqwh =
�T E% E|�� � % E|� � D

�[
� � �

� � % E|� n % E|� �
#
T n

�[
� � �

> � E% E|�� � EL � T �
$
% E|� +6157,

Od frqglwlrq +6154, hw od sursulìwì +6148, gh od sursrvlwlrq 614 shuphwwhqw g*ìfuluh
�T E% E|�� � % E|� �

#
T n o � � EL � T � n D

�[
� � �

� �
$
% E|� +6158,

sdu frqvìtxhqw od frqglwlrq +6155, jdudqwlw od vwdelolwì h{srqhqwlhooh gx pxowlprgëoh
+516,1
Uhpdutxrqv txh oruvtxh ohv irqfwlrqv g*dfwlydwlrq vrqw ã vxssruw joredo l1 h1 o ' ?/ od
frqglwlrq +614;, hvw wulyldoh1 Gdqv ^Fkd33`/ qrxv dyrqv ìjdohphqw rewhqx ghv frqglwlrqv
gh vwdelolwì orfdohv hw ghv frqwudlqwhv vxu o*ìwdw +rx vd yduldwlrq, vrqw sursrvìhv1

61515 Dqdo|vh sdu irqfwlrqv txdgudwltxhv sdu prufhdx{
Gdqv xqh vwuxfwxuh pxowlprgëoh/ ohv pdwulfhv g*ìwdw vrqw ydolghv gdqv xqh uìjlrq olpl0
wìh gh o*hvsdfh gh irqfwlrqqhphqw +txl fruuhvsrqg ã o*hvsdfh g*ìwdw txdqg oh yhfwhxu
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ghv yduldeohv gh gìflvlrq gìshqg xqltxhphqw gh o*ìwdw,1 Sdu frqvìtxhqw/ od frqglwlrq
txdgudwltxh +��� � n ��� 	 f, shxw q*íwuh ydolgh txh gdqv od }rqh gh irqfwlrqqh0
phqw fruuhvsrqgdqwh1 Srxu uìgxluh oh shvvlplvph gh od pìwkrgh txdgudwltxh/ txl rphw
wrxwh lqirupdwlrq frqwhqxh gdqv ohv irqfwlrqv g*dfwlydwlrq/ g*dxwuhv w|shv gh irqfwlrqv
qrq txdgudwltxhv fdqglgdwhv gh O|dsxqry vrqw frqvlgìuìhv1 Sdu h{hpsoh/ ohv irqfwlrqv
frqvlgìuìhv gdqv ^Fdr<<`^Fdr<9`^]kd34` vrqw edvìhv vxu oh gìfrxsdjh gh o*hvsdfh g*ìwdw
hq ? uìjlrqv1 Od pìwkrgh xwlolvh xqh khxulvwltxh srxu gìwhuplqhu ghv irqfwlrqv gh O|d0
sxqry txdgudwltxhv srxu fkdtxh uìjlrq1 Gdqv ^Mrk<<e`/ srxu whqlu frpswh ghv sursulì0
wìv vwuxfwxuhoohv ghv pxowlprgëohv/ ghv irqfwlrqv gh O|dsxqry txdgudwltxhv frqwlqxhv
sdu prufhdx{ rqw idlw o*remhw g*ìwxgh gdqv oh fdv ghv pxowlprgëohv d!qhv1 Od pìwkrgh
h{ljh txh ohv prgëohv orfdx{ dfwliv vxu ohv vxssruwv frqwhqdqw o*ruljlqh vrlhqw olqìdluhv1
Ohv frqglwlrqv gh vwdelolwì txl gìfrxohqw gh o*ìwxgh gh fhv irqfwlrqv vrqw vrxv iruph
OPL/ fh txl frqvwlwxh xq dydqwdjh sdu udssruw ã od pìwkrgh sursrvìh gdqv ^Fdr<<`1
Fhwwh surfìgxuh gh frqvwuxfwlrq hvw uhsulvh uìfhpphqw sdu Ihqj ^Ihq35` gdqv oh fdv
glvfuhw srxu o*dqdo|vh ghv v|vwëphv olqìdluhv sdu prufhdx{1 Qrxv sursrvrqv sdu od vxlwh
gh gìfuluh od surfìgxuh gh frqvwuxfwlrq gh fhv irqfwlrqv ^Mrk<<e`1
Frqvlgìurqv oh pxowlprgëoh d!qh vxlydqw =

�% E|� '
�[

� � �
> � E% E|�� E�� % E|� n @� � +6159,

rü @� ' f srxu ohv irqfwlrqv g*dfwlydwlrq qrq qxoohv ã o*ruljlqh1 Oh pxowlprgëoh +6159,
hvw uììfulw frpph vxlw =

�7% E|� '
�[

� � �
> � E% E|�� 7�� 7% E|� +615:,

dyhf =
7�� '

� �� @ �
f f

�
c 7% E|� '

�
% E|�� �

� � +615;,
O*dqdo|vh gh vwdelolwì gx pxowlprgëoh d!qh +615:, hvw edvìh vxu od frqvwuxfwlrq gh
irqfwlrqv gh O|dsxqry gh od iruph =

T E%E|�� '
+

%E|� � � � %E|�c %E|� 5 f� c � 5 L �
7% E|� � 7� � 7% E|� c 7% E|� 5 f� c � 5 L � +615<,

dyhf L � o*hqvhpeoh ghv lqglfhv gh sduwlwlrqv gh o*hvsdfh g*ìwdw f� � U� txl frqwlhqqhqw
o*ruljlqh hw L � o*hqvhpeoh ghv lqglfhv gh sduwlwlrqv f� txl qh frqwlhqqhqw sdv o*ruljlqh1
D�q g*dvvxuhu od frqwlqxlwì ghv irqfwlrqv fdqglgdwhv gh O|dsxqry +615<,/ ohv pdwulfhv
� � hw 7� � vrqw sdudpìwuìhv sdu od pdwulfh A frpph vxlw

� � ' 8 �
� A8� c � 5 L � +6163,

7� � ' 78 �
� A 78� c � 5 L � +6164,
::
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dyhf 78� ' E8 � s � � hw s � ' f srxu � 5 L � c vrqw ghv pdwulfhv ã frqvwuxluh/ vdwlvidlvdqw
78� 7% E|� ' 78� 7% E|� c %E|� 5 f� _f� +6165,

Rq frqvwuxlw ìjdohphqw ohv pdwulfhv 7. � ' E.� e � � dyhf e � ' f srxu � 5 L � whoohv txh
7.� 7% E|� hvw qrq qìjdwlyh � ; %E|� 5 f� � Od qrq qìjdwlylwì gh 7.� 7% E|� lpsoltxh txh =

7% E|� � 7. �
� �̀ 7.� 7% E|� : fc ; %E|� 5 f� +6166,

srxu wrxwh pdwulfh �̀ qrq qìjdwlyh1 Srxu soxv gh gìwdlov vxu od frqvwuxfwlrq ghv pd0
wulfhv 78� hw 7.� oh ohfwhxu shxw vh uìiìuhu ã ^Mrk<<e` vhfwlrq YL1
Od qrwdwlrq g E�� c txl vhud xwlolvìh sdu od vxlwh/ uhsuìvhqwh o*hqvhpeoh ghv lqglfhv ghv
pdwulfhv g*ìwdw ghv prgëohv dfwliv gdqv od sduwlwlrq f� +sdu h{hpsoh txdqg f� uhsuì0
vhqwh xqh uìjlrq gh irqfwlrqqhphqw/ g E�� frqwlhqw xq vhxo lqglfh/ fhoxl dvvrflì ã od
pdwulfh g*ìwdw dfwlyh,1
Wkìruëph 616 = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv Ac L� hw �̀ � / dyhf L � hw �̀ � qrq
qìjdwlyhv whoohv txh

� � ' 8 �
� A8� c � 5 L � +6167,

7� � ' 78 �
� A 78� c � 5 L � +6168,

hw txl vdwlvirqw � � � � . �� L� .� : f
�� � � � n � � � � n. �� �̀ � .� 	 fc � 5 L � c & 5 g E�� +6169,

� 7� � � 7. �� L� 7.� : f
7�� � 7� � n 7� � 7� � n 7. �� �̀ � 7.� 	 fc � 5 L � c & 5 g E�� +616:,

doruv oh pxowlprgëoh d!qh +615:, hvw h{srqhqwlhoohphqw vwdeoh vxu vrq grpdlqh gh
ydolglwì Vf� �
Suhxyh = yrlu ^Mrk<<e`1
Lo hvw lpsruwdqw gh udsshohu txh/ txdqg ohv irqfwlrqv g*dfwlydwlrq vrqw ã vxssruw joredo
+irqfwlrqv jdxvvlhqqhv sdu h{hpsoh,/ od sduwlwlrq vxjjìuìh gdqv ^Mrk<<e` hvw lpsrvvleoh
ã uìdolvhu hw o*dssurfkh hvw uìgxlwh ã od pìwkrgh txdgudwltxh/ l1 h1 ã fkhufkhu xqh pdwulfh
� : f frppxqh/ fh txl prqwuh ohv olplwhv gh od pìwkrgh1
Gdqv ^Fkd35f`/ qrxv dyrqv frqvlgìuì xq dxwuh w|sh gh irqfwlrq gh od iruph =

T E% E|�� ' 4@ ET � E% E|�� c ���c T � E% E|�� c ���c T  E% E|��� +616;,
! " # $ % & ' ( ) * $ + , - . / 0 1 2 3 4 5 6 7 8 9 : ; 9 7 < = < < > ? @ 9 ; A 7 8 ; 9 = B 9 7 8 8 7 8 C = D E = 8 @ < 9 7 8 F > 7 G G 7 8 H I J 8 = < 9 < = <

< > ? @ 9 ; A 7 8 K H I J L M N O
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dyhf
T � E% E|�� ' % E|� � � � % E|� c �� : fc � 5 U � +616<,

Lo v*djlw gh irqfwlrqv fdqglgdwhv gh O|dsxqry sxlvtxh T E% E|�� : fc ; % E|� 9' f hw
T Ef� ' f� O*xwlolvdwlrq gh fh w|sh gh irqfwlrq q*hvw sdv qrxyhdx hw d idlw o*remhw g*ìwxgh
gdqv oh fdguh ghv v|vwëphv OWY ^Er|<7`1 Frpswh whqx gh od vlplolwxgh gh fhv v|vwëphv
dyhf ohv pxowlprgëohv/ qrxv dyrqv derugì o*dqdo|vh gh od vwdelolwì ghv pxowlprgëohv hq
vh edvdqw vxu fhv irqfwlrqv gh O|dsxqry1
Oh wkìruëph vxlydqw grqqh ghv frqglwlrqv vx!vdqwhv gh vwdelolwì gx pxowlprgëoh

�% E|� '
�[

� � �
> � E5 E|��� � % E|� +6173,

hq xwlolvdqw oh surfìgxuh V hw od irqfwlrq fdqglgdwh gh O|dsxqry +616;,1
Wkìruëph 617 ^Fkd35f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv � � : f hw ghv vfdodluhv
� � � � � f whov txh

��
� �� n �� �� n

�[
� � �

� � � � E�� � � � � 	 f ; E�c �� 5 U �
� +6174,

doruv oh pxowlprgëoh +6173, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1
Suhxyh = frqvlgìurqv od irqfwlrq fdqglgdwh gh O|dsxqry +616;, > lo v*hqvxlw

T E% E|�� ' T � E% E|�� vl T� E% E|�� � T� E% E|�� c E�c �� 5 U �
� c � 9' � +6175,

Sdu frqvìtxhqw
_T E% E|��

_| ' _T � E% E|��
_| vl T � E% E|�� � T� E% E|�� c E�c �� 5 U �

� c � 9' � +6176,
Srxu ghv udlvrqv gh vlpsolflwì g*ìfulwxuh T � E% E|�� vhud qrwì T � 1 Rq rewlhqw

_T E% E|��
_| '

;AAAA?
AAAA=

L % E|�� �S
 ! " >  E5 E|�� ��� � " n � " � �% E|� vl ; % E|� = T " � T  # " c � 5 U � $ "

111
L % E|�� �S

 ! " >  E5 E|�� ��� � � n � � � � % E|� vl ; % E|� = T� � T  c � 5 U � $ "

+6177,
Od vwdelolwì dv|pswrwltxh gh +6173, hvw jdudqwlh vl % & ' ( ' ) * *

% ) 	 f srxu wrxwhv wudmhfwrluhv
qrq qxoohv yìul�dqw +6173,1 Dlqvl/ vl ohv frqglwlrqv vxlydqwhv vrqw yìul�ìhv;A?
A=

L % E|� � ��� � " n � " �  �% E|� 	 f vl ; % E|� = % E|� � E� " � �  # " � % E|� � fc � 5 U � $ "
111
L % E|� � ��� � � n � � � �% E|� 	 f vl ; % E|� = % E|� � E� � � �  �% E|� � fc � 5 U � $ "

+6178,
:<
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doruv oh pxowlprgëoh +6173, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1 Ilqdohphqw o*ds0
solfdwlrq gh od surfìgxuh V dx{ frqwudlqwhv txdgudwltxhv +6178, shuphw g*derxwlu dx
uìvxowdw +6174,1
Uhpdutxhv 614 1

41 Lo hvw lpsruwdqw gh qrwhu txh ohv frqglwlrqv gh vwdelolwì lvvxhv gh o*dssurfkh
txdgudwltxh vrqw lqfoxvhv gdqv ohv frqglwlrqv +6174,1 Dlqvl txdqg � � ' �c � 5 U � c
od irqfwlrq +616;, ghylhqw T E% E|�� ' % E|�� �% E|� hw ohv frqglwlrqv +6174, vrqw
uìgxlwhv ã ��

� � n ��� 	 f�
51 Oh wkìruëph 617 shxw ìjdohphqw íwuh gìprqwuì hq frqvlgìudqw od irqfwlrq gh

O|dsxqry fdqglgdwh
T E% E|�� ' 4�? ET � E% E|�� c ��c T� E% E|�� c ��c T � E% E|��� +6179,

dyhf
T� E% E|�� ' % E|� � � � % E|� c � 5 U � +617:,

61 O*xwlolvdwlrq gh od surfìgxuh V hw gh od irqfwlrq fdqglgdwh gh O|dsxqry +616;,
frqgxlw ã xq sureoëph qrq frqyh{h +6174,1 Fhshqgdqw vl rq �{h ohv vfdodluhv � � � � /
ohv frqwudlqwhv gx wkìruëph 617 ghylhqqhqw olqìdluhv hq � � hw derxwlvvhqw ã ? �
OPL1

61516 H{hpsoh looxvwudwli
Frqvlgìurqv oh pxowlprgëoh +6173, ã wurlv prgëohv orfdx{ vwdeohv

�% E|� '
�[

� � �
> � E5 E|���� % E|� +617;,

rü
? ' �c � � '

� f �
�f�fS ��

�
c � � '

� f �
���be ��

�
c � � '

� f 2�fe
�f�D ���D

�
+617<,

hw ohv irqfwlrqv g*dfwlydwlrq vrqw gì�qlhv sdu +�jxuh 614,
> � E% � E|�� ' / � E% � E|���S

 ! � /  E% � E|��
c > " E% � E|�� ' / " E% � E|���S

 ! � /  E% � E|��
c > � E% � E|�� ' / � E% � E|���S

 ! � /  E% � E|��
+6183,

dyhf
/ � E% � E|�� ' i T

#
��
2
�% � E|� n D

2
� " $

c / " E% � E|�� ' i T
#
��
2
�% � E|�

2
� " $

c

/ � E% � E|�� ' i T
#
��
2
�% � E|�� D

2
� " $

+6184,
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-10 0

0.5

1

0
10

Ilj1 614= Irqfwlrqv g*dfwlydwlrq jdxvvlhqqhv qrupdolvìhv +6183,1
Od pìwkrgh txdgudwltxh ìfkrxh ã surxyhu od vwdelolwì gh fh prgëoh1 Fhfl shxw íwuh dlvì0
phqw yìul�ì hq frqvlgìudqw oh sureoëph uìdolvdeoh vxlydqw +frqwudlqwhv +518,/ sursrvlwlrq
515, =

' � : fc' � : fc ' � : f +6185,
' � ��

� n� � ' � n' � � �
� n� � ' � n' � ��

� n� � ' � : f +6186,
Ohv frqglwlrqv gx wkìruëph 616 ìfkrxhqw ìjdohphqw ã surxyhu od vwdelolwì gh fh pxowl0
prgëoh fdu ohv irqfwlrqv g*dfwlydwlrq vrqw ã vxssruw joredo1 Dyhf od pìwkrgh sro|txd0
gudwltxh/ ohv frqglwlrqv gh vwdelolwì ã vdwlvidluh vrqw fhoohv gx wkìruëph 615 dyhf o ' ��
Od uìvroxwlrq gx v|vwëph OPL +614;,0+6155, prqwuh txh fh v|vwëph q*hvw uìdolvdeoh
txh srxu D � f�fHe� Sdu frqvìtxhqw/ oh uìvxowdw gx wkìruëph 615 lvvx gh od pìwkrgh
sro|txdgudwltxh derxwlw xqltxhphqw ã xqh vwdelolwì orfdoh1
Ohv frqglwlrqv gh vwdelolwì txh qrxv dyrqv sursrvìhv dx wkìruëph 617 derxwlvvhqw ã
qhxi lqìjdolwìv elolqìdluhv hq � � hw � � � � � f =

��
� � � n � � �� n

�[
� � �

� � � � E� � � � � � 	 fc � 5 U � +6187,

��
� � � n � � �� n

�[
� � � � � �� �

� � � � E� � � � � � 	 fc � 5 U � +6188,

��
� � � n � � �� n

�[
� � �

� � � � E� � � � � � 	 fc � 5 U � +6189,
Dyhf oh fkrl{ vxlydqw ghv sdudpëwuhv

� � � � ' � � � � ' fc � � � � ' � � � � ' �c � � � � ' � � � � ' f +618:,
� � � � ' � � � � ' fc � � � � ' � � � � ' �c � � � � ' � � � � ' f +618;,
� � � � ' � � � � ' �c � � � � ' � � � � ' fc � � � � ' � � � � ' � +618<,
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rq rewlhqw qhxi OPL hq � � c � � hw � � uìdolvdeohv =
� � '

� .��DH�D eb�fS.D
eb�fS.D .H�S�bD

�
c � � '

� .��DH�D eb�fS.D
eb�fS.D .H�S�bD

�
c � � '

� .f�H.2e �e�.D2e
�e�.D2e Sb��ef.

�
+6193,

Dlqvl oh pxowlprgëoh +617;, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1 Xq h{hpsoh gh
vlpxodwlrq gh fh pxowlprgëoh hvw suìvhqwì ã od �jxuh 615 dyhf gl�ìuhqwhv frqglwlrqv
lqlwldohv1

-20 -15 -10 -5 0 5
-10

-5

0

5

10

15

x1(t)

   
x 2

(t
)

Ilj1 615= Sodq gh skdvh gx pxowlprgëoh +617<,0+6183, dyhf gl�ìuhqwhv frqglwlrqv lql0
wldohv1

616 Vwdelolwì qrq txdgudwltxh ghv pxowlprgëohv glv0
fuhwv

61614 Dqdo|vh sdu irqfwlrqv sro|txdgudwltxhv
O*dqdo|vh gh od vwdelolwì ghv pxowlprgëohv glvfuhwv PLPR edvìh vxu ohv irqfwlrqv fdq0
glgdwhv gh O|dsxqry gh od iruph =

T E% E&�� ' % E&� � �[
� � �

>� E5 E&��� � % E&� c � � : f +6194,
d derxwl ã ghv uìvxowdwv dvvh} vdwlvidlvdqwv hq frpsdudlvrq dyhf fhx{ gx grpdlqh
frqwlqx1 Ohv uìvxowdwv gh vwdelolwì rewhqxv gdqv oh grpdlqh glvfuhw vrqw joredx{/ vrxv
iruph gh OPL hw prlqv shvvlplvwhv txh ohv uìvxowdwv gh od pìwkrgh txdgudwltxh1
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Ohv wudydx{ hqwuhsulv dyhf o*dssurfkh txdgudwltxh ylvdqw ã uìgxluh vrq ghjuì gh vx!0
vdqfh rqw shuplv gh gìyhorsshu xqh pìwkrgh dvvh} dydqwdjhxvh gdqv od phvxuh rü hooh
shuphw/ gdqv oh fdv glvfuhw/ g*lqwurgxluh xqh pdwulfh shuphwwdqw g*dmrxwhu xq ghjuì gh
olehuwì vxssoìphqwdluh wuëv xwloh gdqv od v|qwkëvh gh orlv gh frppdqgh ^Rol<<`1
Wkìruëph 618 = vrlw � xqh pdwulfh v|pìwultxh gì�qlh srvlwlyh1 Ohv lqìjdolwìv pdwul0
flhoohv vxlydqwhv vrqw ìtxlydohqwhv =

41 �� ��� � 	 f
51
� � �

C� CnC� � �
�

: f

Od vlplolwxgh dyhf ohv v|vwëphv lqfhuwdlqv ^Rol<<` d shuplv gh prqwuhu hq vh edvdqw vxu
ohv irqfwlrqv sro|txdgudwltxhv +6194,/ txh oh pxowlprgëoh glvfuhw +516;, hvw joredohphqw
dv|pswrwltxhphqw vwdeoh v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : f hw ghv pdwulfhv
C� c � 5 U � whoohv txh ^Pru33d` =� � � �

C� �� C� nC�� n ��
�

: fc ; E�c �� 5 U �
� +6195,

Gdqv ^Gdd34d`/ ghv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv srxu tx*xqh irqfwlrq gh O|dsx0
qry sro|txdgudwltxh h{lvwh rqw ìwì gìprqwuìhv1 Fh uìvxowdw gìyhorssì gdqv oh fdguh ghv
v|vwëphv lqfhuwdlqv hvw gluhfwhphqw dssolfdeoh dx{ pxowlprgëohv glvfuhwv1 Oh wkìruëph
vxlydqw hvw sursrvì1
Wkìruëph 619 = ohv sursrvlwlrqv vxlydqwhv vrqw ìtxlydohqwhv =

41 Lo h{lvwh xqh irqfwlrq gh O|dsxqry gh od iruph T E% E&�� ' % E&� � S �� � � > � E5 E&��� � % E&�
surxydqw od vwdelolwì joredoh dv|pswrwltxh gx pxowlprgëoh +516;,1

51 Lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : fc � 5 U � vdwlvidlvdqw� � � �
�� �� ��

�
: fc ; E�c �� 5 U �

� +6196,

Od irqfwlrq gh O|dsxqry hvw doruv grqqìh sdu T E% E&�� ' % E&� � S �� � � >� E5 E&��� � % E&�1
61 Lo h{lvwh ghv pdwulfhv v|pìwultxhv 7 � hw ghv pdwulfhv C� c � 5 U � vdwlvidlvdqw� C� nC�� � 7 � �

�� C� 7�
�

: fc; E�c �� 5 U �
� +6197,

Od irqfwlrq gh O|dsxqry hvw doruv grqqìh sdu T E% E&�� ' % E&� � S �� � � >� E5 E&��7 � �� % E&� �
Suhxyh = yrlu ^Gdd34d`1
O*dssruw pdmhxu gx wkìruëph 619 hvw gh irxuqlu ghv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv
vxu o*h{lvwhqfh g*xqh irqfwlrq sro|txdgudwltxh gh od iruph +6194,1 Lo d ìjdohphqw o*dydq0
wdjh gh prqwuhu txh ohv ghx{ frqglwlrqv gh vwdelolwì +6196, hw +6197, vrqw ìtxlydohqwhv
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hw suìvhqwhqw dlqvl oh píph ghjuì gh frqvhuydwlvph1 Hq h�hw/ ã o*hqfrqwuh gh fh tx*rq
srxuudlw furluh/ gx srlqw gh yxh dqdo|vh gh vwdelolwì/ od frqglwlrq +6197, q*dssruwh
dxfxqh �uhod{dwlrq� sdu udssruw ã +6196,1
O*lqwìuíw gh fhwwh irupxodwlrq uìvlgh gdqv od v|qwkëvh gh orlv gh frppdqgh1 Frpph
rq oh yhuud sdu od vxlwh/ od pìwkrgh lqwurgxlw od pdwulfh C� txl q*hvw sdv irufìphqw
v|pìwultxh gdqv ohv frqglwlrqv gh v|qwkëvh gh orlv gh frppdqgh/ fh txl shuphw hq soxv
gh gìfrxsohu ohv pdwulfhv gh O|dsxqry ghv jdlqv gx uìjxodwhxu1

61615 Dqdo|vh sdu irqfwlrqv txdgudwltxhv sdu prufhdx{
Gdqv ^Fkd35f`/ qrxv dyrqv frqvlgìuì od irqfwlrq fdqglgdwh gh O|dsxqry gh od iruph =

T E% E&�� ' 4@ ET � E% E&�� c ���c T � E% E&�� c ���c T � E% E&��� +6198,
dyhf

T � E% E&�� ' % E&� � � � % E&� c � � : fc � 5 U � +6199,
Xwlolvdqw od surfìgxuh V hw od irqfwlrq fdqglgdwh gh O|dsxqry +6198,/ oh uìvxowdw gìyh0
orssì gdqv oh grpdlqh frqwlqx hvw ìwhqgx dx fdv glvfuhw1
Wkìruëph 61: ^Fkd35f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : f hw
ghv vfdodluhv � � � � � f whov txh

��
� �� �� � �� n

�[
� � �

� � � � E�� � � � � 	 fc ; E�c �� 5 U �
� +619:,

doruv oh pxowlprgëoh +516;, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1
Suhxyh = Od suhxyh hvw lghqwltxh ã fhooh gx wkìruëph 6171
Ohv uhpdutxhv 614 vrqw dxvvl ydodeohv gdqv oh fdv glvfuhw1 Oh wkìruëph 61: surgxlw ghv
frqglwlrqv vx!vdqwhv gh vwdelolwì pdlv wrxwhirlv prlqv frqvhuydwlyhv txh fhoohv lvvxhv
gh od vwdelowì txdgudwltxh1 Lo idxw qrwhu ìjdohphqw txh oruvtx*dxfxqh irqfwlrq sro|0
txdgudwltxh q*h{lvwh +wkìruëph 619,/ xqh irqfwlrq txdgudwltxh frqwlqxh sdu prufhdx{
+wkìruëph 61:, shxw h{lvwhu frpph oh prqwuh o*h{hpsoh vxlydqw1

61616 H{hpsoh looxvwudwli
Frqvlgìurqv oh pxowlprgëoh vxlydqw gìfulw sdu ghx{ prgëohv orfdx{ vwdeohv

? ' 2c � � '
� f�.eb ��

f�e f�H
�
c � � '

� f�b�2 f�e
f�� f�e

�
+619;,
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Ohv irqfwlrqv g*dfwlydwlrq vrqw whoohv txh
> � E% � E&�� ' E�� |@?� E% � E&���

2 c > � E% � E&�� ' �� > � E% � E&�� +619<,
Ohv frqglwlrqv gh vwdelolwì gx wkìruëph 619 ìfkrxhqw ã surxyhu od vwdelolwì gh fh pxowl0
prgëoh/ fh txl prqwuh tx*dxfxqh irqfwlrq sro|txdgudwltxh gh od iruph +6194, qh shxw
h{lvwhu1 Dyhf ohv frqglwlrqv gh vwdelolwì txh qrxv dyrqv sursrvìhv dx wkìruëph 61:/ rq
rewlhqw txdwuh lqìjdolwìv elolqìdluhv hq � � : f hw � � � � � f =

��
� � � � � � � � n � � � � E� � � � � � 	 f +61:3,

��
� � � � � � � � n � � � � E� � � � � � 	 f +61:4,

��
� � � � � � � � n � � � � E� � � � � � 	 f +61:5,

��
� � � � � � � � n � � � � E� � � � � � 	 f +61:6,

Dyhf oh fkrl{ vxlydqw ghv sdudpëwuhv
� � � � ' fc � � � � ' �c � � � � ' 2c � � � � ' f +61:7,

ohv EPL vrqw wudqvirupìhv hq OPL uìdolvdeohv hq � � hw � � =
� � '

� ���.fSf f�.ee�
f�.ee� 2b�2SD�

�
c � � '

� ���fS�f D��2De
D��2De �e�H�He

�
+61:8,

Dlqvl oh pxowlprgëoh +619;,0+619<, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1 Xq h{hpsoh
gh vlpxodwlrq gh fh pxowlprgëoh hvw suìvhqwì ã od �jxuh 616 dyhf gl�ìuhqwhv frqglwlrqv
lqlwldohv1

617 Vwdelolvdwlrq qrq txdgudwltxh sdu uhwrxu g*ìwdw
61714 Dssurfkh xwlolvdqw ghv irqfwlrqv sro|txdgudwltxhv
6171414 Fdv ghv pxowlprgëohv frqwlqxv
Od v|qwkëvh gh orlv gh frppdqgh xwlolvdqw ohv irqfwlrqv gh O|dsxqry sro|txdgudwltxhv
d ìwì/ fhv ghuqlëuhv dqqìhv/ o*remhw gh qrpeuhx{ wudydx{1 Sdu h{hpsoh/ gdqv ^Eod34d`/ ohv
uìvxowdwv gh od vwdelolvdwlrq ghv pxowlprgëohv lvvxv gh od frppdqgh SGF vrqw h{sulpìv
hq whuphv gh EPL hw gìshqghqw gh o*ìwdw gx v|vwëph/ fh txl srvh oh sureoëph gh
od uìvroxwlrq qxpìultxh1 Gdqv ^Wdq34d`/ ghv frqglwlrqv gh vwdelolvdwlrq vrxv iruph
g*lqìjdolwìv pdwulflhoohv rqw ìwì rewhqxhv yld od orl gh frppdqgh SGF hw vd vwuxfwxuh
gìulyìh +5175,^Wdq34e`1
Udsshorqv txh qrwuh remhfwli hvw gh irupxohu ghv frqglwlrqv gh vwdelolwì vrxv iruph
g*lqìjdolwìv pdwulflhoohv hw vxvfhswleohv g*íwuh olqìdulvìhv sdu ohv dojrulwkphv h{lvwdqwv
txdqg fhv lqìjdolwìv vrqw elolqìdluhv hq ohv yduldeohv gh v|qwkëvh1 Srxu fhod/ rq vxssrvh
txh o*k|srwkëvh vxlydqwh hvw yìul�ìh =
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Ilj1 616= Sodq gh skdvh gx pxowlprgëoh +619;,0+619<, dyhf gl�ìuhqwhv frqglwlrqv lql0
wldohv1
K|srwkëvh 616 = rq vxssrvh txh vhxohphqw ghx{ prgëohv orfdx{ vrqw dfwlyìv ã fkdtxh
lqvwdqw Eo ' 2�1

Gdqv fh fdguh/ qrxv doorqv ìwdeolu ghv frqglwlrqv vx!vdqwhv gh v|qwkëvh gh orl gh
frppdqgh SGF/ h{sorlwdeohv qxpìultxhphqw hq vh edvdqw vxu fhoohv gh ^Eod34d`1 Xq
pxowlprgëoh frqwlqx erxfoì yld od orl gh frppdqgh SGF v*ìfulw =

�% E|� '
�[

� � �

�[
� � �

> � E5 E|��>� E5 E|��C� � % E|� +61:9,

dyhf
C� � ' �� � �� g� +61::,

Od gìulyìh +61;, gh od irqfwlrq gh O|dsxqry oh orqj gh od wudmhfwrluh gx pxowlprgëoh
+61:9,/ v*h{solflwh

�T E% E|�� ' % E|� � - E% E|��% E|� n % E|� � �� E% E|�� % E|� +61:;,
dyhf

- E% E|�� '
�[

� � �

�[
� � �

�[
� � �

> � E% E|��>� E% E|��> � E% E|��7 � � � +61:<,
7 � � � ' C�

� � � � n � � C� � +61;3,
;9
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Gdqv oh fdv gh od vwdelolvdwlrq/ oh whuph % E|� � �� E% E|��% E|� hvw gìshqgdqw gx jdlq gh
uhwrxu g� c � 5 U � =

% E|� � �� E% E|�� % E|� � % E|� � �[
� � �

�����
�Y> � E% E|��

Y% E|�
� �

�% E|�
������ � % E|� +61;4,

Vrxv o*k|srwkëvh 614/ od pdmrudwlrq vxlydqwh hvw ìjdohphqw yìul�ìh =�����
�Y>� E% E|��

Y% E|�
� �

�% E|�
����� �

����Y> � E% E|��
Y% E|�

���� n �% E|�n
�

����Y> � E% E|��
Y% E|�

���� n% E|�nk +61;5,
rü

k ' 4@ � � � � � � � � EnC� � n� +61;6,
Od frqwudlqwh +61;6, hvw yìul�ìh vl ohv OPL vxlydqwhv hq k hw g� vrqw uìdolvdeohv =#

kU E�� � �� g� � �

� kU
$

� fc; E�c �� 5 U !
� +61;7,

Dlqvl/ v*lo h{lvwh k hw g� yìul�dqw +61;7, hw # : f whov txh����Y> � E% E|��
Y% E|�

���� n% E|�n � #c ;% E|� 5 U" +61;8,
doruv o*h{suhvvlrq +61;4, shxw íwuh pdmruìh frpph vxlw

% E|� � �� E% E|�� % E|� � k#% E|� � �[
� � �

� � % E|� c ;% E|� 5 U" +61;9,

D�q g*d!qhu fhuwdlqhv pdmrudwlrqv qìfhvvdluhv srxu uhqguh ohv uìvxowdwv h{sorlwdeohv
qxpìultxhphqw hw dlqvl uìgxluh ohxuv shvvlplvphv/ qrxv doorqv wrxw g*derug frqvlgìuhu
ohv ghx{ sursrvlwlrqv vxlydqwhv ^Fkd34e` =
Sursrvlwlrq 615 = whqdqw frpswh ghv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq +515,/ o*lq0
ìjdolwì vxlydqwh hvw yìul�ìh =

�[
� � �

> � E5� # � �
o �

�[
� $� � % �

>� E5�>� E5� ! c ;o 5 i2c ��c ?j +61;:,

rü o hvw oh qrpeuh gh prgëohv orfdx{ dfwlyìv ã fkdtxh lqvwdqw1
;:
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Suhxyh = ohv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq shuphwwhqw g*ìfuluh
�[

� � �
>� E5� � ' ��

�[
� �� � � �

>� E5�>� E5� +61;;,

O*ìjdolwì +61;;, pxowlsolìh sdu
�S

� � � >� E5 E|�� v*h{solflwh dsuëv gìyhorsshphqw gx phpeuh
ã jdxfkh

�[
� � �

>� E5� � n
�[

� �� � � �
> � E5� � >� E5� ' ��

�[
� �� � � �

> � E5�>� E5� +61;<,

Whqdqw frpswh gh +6147, +sursrvlwlrq 614,/ rq gìgxlw od sursrvlwlrq 6151
Sursrvlwlrq 616 = txdqg oh qrpeuh gh prgëohv orfdx{ dfwlyìv ã fkdtxh lqvwdqw hvw
o ' 2/ o*lqìjdolwì vxlydqwh hvw yìul�ìh =

�[
� � �

> � E5� � � �
e +61<3,

Suhxyh = ohv sursulìwìv ghv irqfwlrqv g*dfwlydwlrq shuphwwhqw g*ìfuluh
�[

� �� � � �
>� E5� � >� E5� '

�[
� � � � �

> � E5�>� E5� �>� E5� n >� E5�� +61<4,

gdqv oh fdv rü o ' 2/ fhwwh ìjdolwì vh uìgxlw ã
�[

� �� � � �
> � E5� � >� E5� '

�[
� � � � �

>� E5�>� E5� +61<5,

Uhpdutxrqv ìjdohphqw txh
�[

� �� � � �
> � E5�>� E5� ' 2

�[
� � � � �

> � E5�>� E5� +61<6,

Whqdqw frpswh gh od sursrvlwlrq 615 hw gh od sursulìwì +6147, +sursrvlwlrq 614,/ rq
gìgxlw dyhf o ' 2 =

�[
� � �

> � E5� � � �
o � �

2
�
�� �

o
�
' �

e +61<7,

g*rü od sursrvlwlrq 6161
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Wkìruëph 61; = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv ' : fc � � : fc � 5 U � c
L hw Tc ghv pdwulfhv g� c � 5 U � hw xq vfdodluh k txl yìul�hqw ohv EPL vxlydqwhv =

� � : �� � � c � 5 U � c � 5 U � � � +61<8,
7 � � � � Lc � 5 U � +61<9,

7 � � � n 7� � � n 7 � � � � �Tc E�c �� 5 U �� c � 9' � +61<:,
L � T � f +61<;,

�T n L
e n k# E� � n � � � 	 �' +61<<,#

kU E�� � �� g� � �

�� ��� g� kU
$

� fc E�c �� 5 U �� +61433,

dyhf >� E5 E|��>� E5 E|�� 9' fc 7 � � � ' E� � �� � g� � � � � n � � E�� � �� g� � c hw # xqh eruqh
uhvshfwdqw +61;8,1 Doruv oh pxowlprgëoh +61:9, hvw h{srqhqwlhoohphqw vwdeoh1
Suhxyh = o*ìjdolwì +61:<, shxw vh uììfuluh

- E% E|�� '
�[

� � ! � " # $
> � E% E|��>! E% E|��> " E% E|��� ~} � % & ' ( ) * + , - . /

E7 0 1 2 n 7 0 2 1 n 71 0 2 n 71 2 0 n 7 2 0 1 n 7 2 1 0 � n
3[

0 4- 1 5 6
> 0 E% E|�� . >1 E% E|�� E7 0 1 0 n 71 0 0 n 7 0 0 1 � n

3[
0 - 6

> 0 E% E|�� 7 7 0 0 0 +61434,

Whqdqw frpswh ghv frqglwlrqv +61<9, hw +61<:,/ rq rewlhqw

- E% E|�� � T n
3[

0 - 6
> 0 E% E|�� 7 EL � T � +61435,

Hq xwlolvdqw od sursrvlwlrq 616/ o*h{suhvvlrq +61435, ghylhqw =

- E% E|�� � T n
3[

0 - 6
> 0 E% E|�� 7 EL � T � � �T n L

e +61436,

dyhf o*k|srwkëvh +61;9, hw od frqwudlqwh +61<8,/ o*h{suhvvlrq +61:;, v*h{solflwh
�T E% E|�� � % E|� 8

#�T n L
e n k#

.[
0 - 6

� 0
$
% E|� +61437,

Dyhf od frqglwlrq +61<<,/ rq yìul�h �T E% E|�� 	 �% E|� 8 '% E|� c g*rx od vwdelolwì h{sr0
qhqwlhooh1
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Uhpdutxhv 615 1
� Gdqv oh fdv ghv pdwulfhv g*hqwuìh srvlwlyhphqw olqìdluhphqw gìshqgdqwhv/ lo hvw
soxv lqwìuhvvdqw gh frqvlgìuhu od orl gh frppdqgh FGI txh od orl gh frppdqgh
SGF1 Dlqvl oh pxowlprgëoh +61:9, hvw h{srqhqwlhoohphqw vwdeoh v*lo h{lvwh ghv
pdwulfhv v|pìwultxhv ' : fc � � : fc � 5 U � c L hw T hw ghv pdwulfhv g� c � 5 U � txl
yìul�hqw ohv EPL vxlydqwhv =

� � : �� � � c � 5 U � c � 5 U � � � +61438,
C�

� � � � n � � C� � � Lc � 5 U � +61439,
C�

� � �� n �� C� � nC�
� � � � n � � C� � � 2Tc E�c �� 5 U �

� c � 	 � +6143:,
L � T � f +6143;,

T n o � � EL � T � n k#
�[

� � �
�� 	 �' +6143<,

� kU C�
� �

� kU
�

� fc � 5 U � +61443,
dyhf C� � ' �� ��� g� / ;o 5 i2c ��c ?j1

� Oh fdv jìqìudo/ l1 h1 xqh orl gh frppdqgh SGF hw ;o 5 i2c ��c ?j/ hvw wudlwì
gdqv ^Eod34d`1 Ohv uìvxowdwv rewhqxv derxwlvvhqw ã ghv frqglwlrqv gh vwdelolwì qrq
h{sorlwdeohv sdu ohv rxwlov qxpìultxhv1

Ohv uìvxowdwv gh od vwdelolvdwlrq sro|txdgudwltxh sdu uhwrxu g*ìwdw +orlv gh frppdqgh
SGF rx FGI, vrqw h{sulpìv vrxv iruphv gh EPL hq � � hw g� 1 Fhv ghuqlëuhv qh vrqw
sdv olqìdulvdeohv sdu ohv pìwkrghv fodvvltxhv gh fkdqjhphqw gh yduldeohv1 Ghv dojr0
ulwkphv derxwlvvdqw ã ghv vroxwlrqv orfdohv ^Kdv<<` hw joredohv ^Ehu<:` vrqw sursrvìhv
srxu uìvrxguh fh jhquh gh sureoëph qrq frqyh{h1 Od pìwkrgh dgrswìh hvw fhooh glwh
krprwrsltxh sursrvìh sdu Kdvvlel hw do ^Kdv<<` srxu uìvrxguh orfdohphqw xqh EPL1
Od pìwkrgh hvw edvìh vxu xqh dssur{lpdwlrq dx suhplhu ruguh shuphwwdqw gh uìgxluh
od frpsoh{lwì gh fdofxo ghv EPL ã fhooh ghv OPL1
Rq srvh =

� � ' � � � n B� � c g� ' g� � n Bg� +61444,
rü � � � hw g� � vrqw ghv ydohxuv lqlwldohv1 Dsuëv dyrlu qìjoljì ohv whuphv gx vhfrqg ruguh
�� Bg� B� � / B� � �� Bg� hw ohxuv wudqvsrvìv ghv EPL +61<9,0+61<:,/ qrxv rewhqrqv ghv
OPL hq B� � hw Bg� 1 Hq h�hw od irupxodwlrq OPL fruuhvsrqgdqwh ã fhv EPL v*rewlhqw
hq uhpsodêdqw 7 � � � sdu

7 � � � ' ��
� � � � n � � � �� �g �

� � � �
� � � � � � � � �� g� � n��

� B� � n B� � ��
�g �

� � � �
� B� � � B� � �� g� � � Bg �

� � �
� � � � � � � � �� Bg� +61445,
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dyhf � � � n B�� : f1
Srxu txh fhv dssur{lpdwlrqv uhvwhqw ydodeohv/ ohv frqwudlqwhv vxlydqwhv grlyhqw íwuh
dmrxwìhv = nB� � n 	 l n� � � n hw nBg� n 	 l ng� � n dyhf f 	 l � �� Od irupxodwlrq OPL
gh fhv frqwudlqwhv vxu ohv qruphv hvw od vxlydqwh =� l� � � B� �

B� � l�� �
�

: fc
� El ng� � n� � Bg ��

Bg� L
�

: f +61446,
dyhf L o*lghqwlwì gh glpphqvlrq dssursulìh1 Fhshqgdqw/ oh sureoëph pdmhxu gh od
pìwkrgh uhvwh oh fkrl{ gh ydohxuv lqlwldohv1

6171415 Fdv ghv pxowlprgëohv glvfuhwv
O*dssurfkh sro|txdgudwltxh d grqqì qdlvvdqfh ã ghv uìvxowdwv dvvh} lqwìuhvvdqwv gdqv oh
grpdlqh glvfuhw/ ghv uìvxowdwv vrxyhqw wudqvirupdeohv hq OPL sdu vlpsoh fkdqjhphqw
gh yduldeoh1 Gdqv fh vhqv/ ohv fulwëuhv gh vwdelolvdwlrq txdgudwltxh uhwhqxv dx gìsduw
srxu ohxu idflolwì gh plvh hq úxyuh vh wurxyhqw gìvrupdlv gìsdvvìv sdu od vlpsolflwì
gh od irupxodwlrq OPL hw od uìgxfwlrq frqvlgìudeoh gx frqvhuydwlvph dssruwìh sdu od
pìwkrgh sro|txdgudwltxh1 Gdqv oh fdguh gh od orl gh frppdqgh SGF/ ghv frqglwlrqv
gh vwdelolvdwlrq rewhqxhv hq vh edvdqw vxu o*dssurfkh gìfulwh gdqv ^Rol<<` rqw ìwì iru0
pxoìhv vrxv iruphv OPL ^Pru33d`1 D�q gh uhod{hu g*dydqwdjh fhv uìvxowdwv/ ghv orlv gh
frppdqgh rewhqxhv sdu prgl�fdwlrq gh od orl gh frppdqgh SGF rqw ìwì v|qwkìwlvìhv
^Jxh34d`1
Orl gh frppdqgh SGF =
Oh wkìruëph vxlydqw ^Pru33d` irupxoì hq whuphv gh OPL grqqh ghv frqglwlrqv vxi0
�vdqwhv gh vwdelolvdwlrq g*xq pxowlprgëoh glvfuhw gdqv oh fdv g*xqh orl gh frppdqgh
SGF = � E&� ' �S �

� � � > � E5 E&��g� % E&� � Oh pxowlprgëoh glvfuhw +516:, erxfoì yld od
orl gh frppdqgh SGF v*ìfulw

% E& n �� '
�[

� � �

�[
 � �

> � E5 E&��> E5 E&��C�  % E&� +61447,
dyhf C�  @� ! � �! g" 1
Wkìruëph 61< = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv � ! c ;� 5 U # hw ghv
pdwulfhv g! hw C vroxwlrqv ghv lqìjdolwìv pdwulflhoohv =� � ! �

CC$! ! CnC$ � � %
�

: fc; E�c &� 5 U &
# +61448,#

� ! n �" �
C EC! " nC" ! � $ 2 �CnC$ � � % �

$
: fc; E�c �c &� 5 U '

# c � 	 � +61449,
dyhf C! " ' � ! � �! g" / doruv oh pxowlprgëoh glvfuhw gìfulw hq +61447, hvw joredohphqw
dv|pswrwltxhphqw vwdeoh1
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Suhxyh = yrlu ^Pru33d`1
Od wudqvirupdwlrq hq OPL hvw lppìgldwh sdu oh fkdqjhphqw gh yduldeoh -� ' Cg ��
hw ohv jdlqv gh od frppdqgh SGF vrqw grqqìv sdu g� ' - �� C � � +o*h{lvwhqfh gh C � �
hvw dvvxuìh sdu od frqwudlqwh CnC� : � � : f�� Uhpdutxrqv txh oh qrpeuh gh OPL
hvw �

� �
� � � �� dx olhx gh �

�
� � � �� gdqv oh fdv txdgudwltxh1 Fh qrpeuh hvw uìgxlw ã ? � gdqv

oh fdv gh od orl gh frppdqgh FGI/ fdu vhxohv ohv OPL +61448, vrqw qìfhvvdluhv srxu
jdudqwlu od vwdelolvdwlrq gx pxowlprgëoh1
Orl gh frppdqgh SGF prgl�ìh =
Oh uìvxowdw vxlydqw sursrvh/ sdu xq fkdqjhphqw gh orl gh frppdqgh SGF/ xqh iru0
pxodwlrq OPL soxv dydqwdjhxvh txh od irupxodwlrq suìfìghqwh ^Jxh34d`1 Od orl gh
frppdqgh hq txhvwlrq v*h{solflwh =

� E&� ' � �[
� � �

> � E5 E&��g�
#

�[
� � �

> � E5 E&��C�
$ � �

% E&� +6144:,
Dyhf fhwwh orl gh frppdqgh/ oh pxowlprgëoh glvfuhw +516:, v*ìfulw

% E& n �� ' �[
� � �

�[
 � �

> � E5 E&��> E5 E&�� E�� C ��� g �
#

�[
� � �

> � E5 E&��C�
$ � �

% E&�
+6144;,

Wkìruëph 6143 = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � hw ghv pdwulfhv
g� hw C� vroxwlrqv ghv OPL =� � � �

�� C� � �� g� C � nC� � � � �
�

: fc ; E�c &� 5 U �
� +6144<,

� � � n � �
� � C n� C� � �� g �� g� 2 �C � nC� � � � � �

�
: fc ; E�c �c &� 5 U !

� c � 	 �
+61453,

doruv oh pxowlprgëoh +516:, hvw joredohphqw dv|pswrwltxhphqw vwdelolvì yld od orl gh
frppdqgh +6144:,1
Suhxyh = yrlu ^Jxh34d`1
Fh uìvxowdw shuphw gh �uhod{hu� g*dydqwdjh ohv frqwudlqwhv gx wkìruëph 61<1 Oh fkdqjh0
phqw gh od orl gh frppdqgh SGF hq od orl gh frppdqgh +6144:, shuphw g*lqwurgxluh
ghv pdwulfhv C� dx olhx g*xqh pdwulfh xqltxh C/ fh txl hvw v|qrq|ph gh prlqv gh
frqvhuydwlvph1 G*dxwuhv uìvxowdwv vrqw rewhqxv hq xwlolvdqw od orl gh frppdqgh

� E|� ' � �[
� � �

> � E5 E&��g�
#

�[
� � �

>� E5 E&��� �
$ � �

% E|� +61454,
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Srxu rewhqlu ohv frqglwlrqv gh vwdelolwì uhodwlyhv ã fhwwh orl gh frppdqgh/ lo vx!w gh
vxevwlwxhu gdqv +6144<, hw +61453, � � ã C� 1 Fhshqgdqw/ o*lqwìuíw gh od orl gh frppdqgh
+6144:, sdu udssruw ã fhooh gìfulwh hq +61454, hvw gh uhqguh lqgìshqgdqwh od v|qwkëvh gh
od orl gh frppdqgh ghv pdwulfhv gh O|dsxqry � � 1 G*dxwuhv uìvxowdwv lvvxv gh fhv orlv gh
frppdqgh rqw ìwì ìjdohphqw rewhqxv ^Jxh34d` hq v*lqvsludqw ghv wudydx{ gh ^Nlp33`1
Orl gh frppdqgh FGI =
Fhwwh orl gh frppdqgh hvw lqwìuhvvdqwh ã phwwuh hq úxyuh gdqv oh fdv gh od frolqìdulwì
srvlwlyh ghv pdwulfhv g*hqwuìh +k � : fc � 5 U � � =

% E& n �� '
�[

� � �
> � E5 E&�� E�� % E&� n k � �� E&�� +61455,

Oh uìvxowdw vxlydqw sursrvh ghv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv g*h{lvwhqfh g*xqh
irqfwlrq gh O|dsxqry sro|txdgudwltxh shuphwwdqw gh surxyhu od vwdelolvdwlrq gx pxo0
wlprgëoh glvfuhw +61455,1
Wkìruëph 6144 = lo h{lvwh xqh irqfwlrq gh O|dsxqry sro|txdgudwltxh shuphwwdqw gh
surxyhu od vwdelolwì dv|pswrwltxh joredoh gx pxowlprgëoh glvfuhw +61455, yld od orl gh
frppdqgh FGI +5176, vl hw vhxohphqw v*lo h{lvwh ghv pdwulfhv v|pìwultxhv 7 � c 7� hw
ghv pdwulfhv C� c -� vroxwlrqv ghv OPL� C� nC�� � 7 � �

�� C� � �� -� 7�
�

: fc; E�c �� 5 U �� +61456,
Ohv jdlqv gh od orl gh frppdqgh FGI vrqw whov txh g� ' -� C � �

� c � 5 U � �
Suhxyh = od suhxyh hvw rewhqxh sdu dssolfdwlrq gluhfwh gx wkìruëph 619 hq vxevwlwxdqw
�� � �� g� ã �� dyhf oh fkdqjhphqw gh yduldeoh -� ' g� C� 1 O*h{lvwhqfh gh C � �

� hvw
dvvxuìh sdu od frqwudlqwh C� nC�� : 7 � : f�
Uhpdutxrqv txh oh jdlq gh uhwrxu g� qh gìshqg sdv h{solflwhphqw gh od pdwulfh gh
O|dsxqry � � ' 7 � �

� � Od pdwulfh C� c txl q*hvw sdv irufìphqw v|pìwultxh/ lqwurgxlw xq
ghjuì gh olehuwì vxssoìphqwdluh srxu od v|qwkëvh gx jdlq g� �

61715 Dssurfkh xwlolvdqw ghv irqfwlrqv txdgudwltxhv sdu pru0
fhdx{

O*ìwxgh txh qrxv sursrvrqv gdqv fh sdudjudskh hvw h{foxvlyhphqw edvìh vxu ohv irqf0
wlrqv txdgudwltxhv sdu prufhdx{ =

T E% E|�� ' 4@ ET � E% E|�� c ���c T � E% E|�� c ���c T � E% E|��� +61457,
dyhf

T � E% E|�� ' % E|� � � � % E|� c �� : fc � 5 U � +61458,
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Qrxv suìvhqwrqv wrxw g*derug ghv frqglwlrqv gh vwdelolvdwlrq ghv pxowlprgëohv frqwlqxv
yld od orl gh frppdqgh SGF sxlv FGI1 Qrxv ìwhqgrqv hqvxlwh fhv uìvxowdwv hq yxh gh
od vwdelolvdwlrq ghv pxowlprgëohv PLPR glvfuhwv1
6171514 Fdv ghv pxowlprgëohv frqwlqxv
Orl gh frppdqgh SGF =
Hq xwlolvdqw od surfìgxuh V hw od irqfwlrq fdqglgdwh gh O|dsxqry +61457,/ od vwdelolwì
gx pxowlprgëoh +61:9, shxw íwuh rewhqxh gluhfwhphqw ã sduwlu gx wkìruëph 617 hq vxe0
vwlwxdqw C� � ã �� 1 Fhshqgdqw/ o*h{sorlwdwlrq v|vwìpdwltxh gx wkìruëph 617 frqgxlw ã
ghv uìvxowdwv frqvhuydwliv1 Dlqvl/ d�q g*rewhqlu ghv frqglwlrqv gh vwdelolvdwlrq prlqv
frqwudljqdqwhv/ ohv uìvxowdwv �uhod{ìv� gh od pìwkrgh txdgudwltxh ^Wdq<;d` vrqw h{sorl0
wìv1
Wkìruëph 6145 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv ' � fc
� � : fc ghv pdwulfhv g� hw ghv vfdodluhv � � � � � � f whov txh

C�
� � � � n � � C� � n Eo � ��'n

�[
� � �

� � � � � E� � � � � � 	 f ; E�c &� 5 U �
� +61459,

EC� � nC� � � � � � n � � EC� � nC� � �� 2'n
�[

� � �
� � � � � E� � � � � � 	 f ; E�c �c &� 5 U �

� c � 	 �
+6145:,

dyhf C� � ' �� � �� g� c doruv oh pxowlprgëoh +61:9, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1
Suhxyh = Frqvlgìurqv od irqfwlrq fdqglgdwh gh O|dsxqry +61457,1 Lo v*hqvxlw

T E% E|�� ' T � E% E|�� vl T � E% E|�� � T � E% E|�� c ; E&c ,� 5 U �
� c & 9' , +6145;,

Sdu frqvìtxhqw
_T E% E|��

_| ' _T � E% E|��
_| vl T � E% E|�� � T � E% E|�� c; E&c ,� 5 U �

� c & 9' , +6145<,
Srxu ghv udlvrqv gh vlpsolflwì g*ìfulwxuh T � E% E|�� vhud qrwì T � 1 Rq rewlhqw

_T E% E|��
_| ' % E|� � �[

� � �

�[
� � �

> � E5 E|��>� E5 E|�� �C�
� � � � n � � C� �

�% E|�
vl T � � T � c; E&c ,� 5 U �

� c & 9' , +61463,
tx*rq shxw uììfuluh vrxv od iruph vxlydqwh =
_T E% E|��

_| ' % E|� �
# �[

� � � � �
> � E5 E|��>� E5 E|��

�
EC� � nC� � � � � � n � � EC� � nC� � �

�$
% E|� n

% E|� �
# �[

� � �
> �

� E5 E|�� �C�
� � � � n � � C� �

�$% E|� vl T � � T � c ; E&c ,� 5 U �
� c & 9' , +61464,
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Dlqvl/ vl ohv frqglwlrqv vxlydqwhv vrqw yìul�ìhv;AAAA?
AAAA=

L % E|� � �EC� � nC� � � � � � n � � EC� � nC� � �� 2'
�
% E|� 	 f

vl ; % E|� = % E|� � E� � � � � �% E|� � fc E&c ,� 5 U �� c & 9' ,
L % E|� � �C�

� � � � n � � C� � n Eo � ��'�% E|� 	 f
vl ; % E|� = % E|� � E� � � � � �% E|� � fc E&c ,� 5 U �� c & 9' ,

+61465,

doruv � � � � � �   � � 	 f hw sdu frqvìtxhqw oh pxowlprgëoh +61:9, hvw joredohphqw dv|pswrwltxh0
phqw vwdeoh1 Ilqdohphqw o*dssolfdwlrq gh od surfìgxuh V dx{ frqwudlqwhv txdgudwltxhv
+61465, shuphw g*derxwlu dx{ uìvxowdwv +61459,0+6145:,1
Oh wkìruëph 6145 h{ljh o*rewhqwlrq g*xqh pdwulfh ' frppxqh ã fhv � ! � � " #  

� lqìjdolwìv
pdwulflhoohv1 Srxu uhod{hu g*dydqwdjh fh uìvxowdw/ qrxv qrxv lqvslurqv ghv frqglwlrqv
uhod{ìhv vxu od vwdelolvdwlrq txdgudwltxh ^Nlp33`1
Wkìruëph 6146 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv '� � c � � :
fc ghv pdwulfhv g� hw ghv vfdodluhv � � � � � � f whov txh

C�
� � � � n � � C� � n'� � n

�[
� $ # � � � � � E� � � � � � 	 fc E�c &� 5 U �� +61466,

EC� � nC� � � � � � n � � EC� � nC� � � n 2'� � n
�[

� $ # � � � � � E� � � � � � 	 fc E�c �c &� 5 U %� c � 	 �
+61467,

' '

3
EEEEC

' # # ' # � � � � ' # �
' # � ' � �

111 111111 � � � 1 1 1 111
' # � � � � � � � '� �

4
FFFFD : f +61468,

dyhf C� � ' �� � �� g� c doruv oh pxowlprgëoh +61:9, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1
Suhxyh = od suhxyh hvw rewhqxh gh od píph pdqlëuh tx*dx wkìruëph 6145/ hq frqvlgì0
udqw od irqfwlrq fdqglgdwh gh O|dsxqry +61457, hw hq dssoltxdqw od surfìgxuh V dx{
frqglwlrqv +5189,0+518;,1
Uhpdutxrqv txh fhv uìvxowdwv lqfoxhqw fhx{ gh od pìwkrgh txdgudwltxh gdqv oh vhqv
rü lov vrqw prlqv uhvwulfwliv1 Dlqvl/ lo vx!w gh suhqguh � � ' � � ' � srxu uhwurxyhu
ohv uìvxowdwv txdgudwltxhv1 Qìdqprlqv/ ohv uìvxowdwv lvvxv ghv irqfwlrqv gh O|dsxqry
txdgudwltxhv sdu prufhdx{ ghpdqghqw od uìvroxwlrq gh � ! � � " #  

� lqìjdolwìv pdwulflhoohv
+vrlw ? irlv soxv txh od pìwkrgh txdgudwltxh,1 Fhv lqìjdolwìv pdwulflhoohv vrqw hq soxv ghv
EPL hq � � /g� hw � � � � � gl!flohv ã olqìdulvhu sdu ohv pìwkrghv fodvvltxhv +fkdqjhphqw gh
yduldeohv,1 Od pìwkrgh txh qrxv vxjjìurqv srxu olqìdulvhu fhv frqwudlqwhv hvw g*xwlolvhu
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wrxw g*derug od surfìgxuh h{srvìh dx sdudjudskh ��e���� sxlv gh surfìghu sdu lwìudwlrq
vxu � � � � � : f1
Gdqv oh fdguh gh od orl gh frppdqgh FGI/ oh pxowlprgëoh +61:9, v*h{solflwh =

% E& n �� '
�[

� � �
> � E5 E&��C� � % E&� +61469,

dyhfC� � ' �� �� � g� 1 Rq rewlhqw/ sdu dssolfdwlrq gluhfwh gx wkìruëph 617 hq vxevwlwxdqw
ã �� od pdwulfh C� � / oh uìvxowdw vxlydqw G
Wkìruëph 6147 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : fc
ghv pdwulfhv g� hw ghv vfdodluhv � � � � � f whov txh

C�
� � � � n � � C� � n

�[
� � �

� � � � E� � � � � � 	 f ; E�c &� 5 U �
� +6146:,

doruv oh pxowlprgëoh +61469, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1
Suhxyh = yrlu wkìruëph 6171
Gdqv oh fdv g*xqh orl gh frppdqgh olqìdluh �E|� ' �g%E|�/ ohv frqglwlrqv gh vwdelolwì
vrqw vlplodluhv ã fhoohv gx wkìruëph fl0ghvvxv hq vxevwlwxdqw ã C� � od pdwulfh �� ��� g�
Ohv frqglwlrqv ghv wkìruëphv gh fh sdudjudskh vrqw h{sulpìhv vrxv iruphv gh EPL
hq � � c g� hw � � � � � 1 Fhv ghuqlëuhv qh vrqw sdv olqìdulvdeohv sdu ohv pìwkrghv fodvvltxhv1
Od pìwkrgh gh olqìdulvdwlrq gìfulwh dx sdudjudskh ��e���� shxw íwuh xwlolvìh1 Dlqvl/ od
olqìdulvdwlrq gh � � C� � hvw rewhqxh dsuëv dyrlu uhpsodfì � � sdu � � � n B�� : fc g� sdu
g� � nBg� c rü � � � hw g� � vrqw ghv ydohxuv lqlwldohv/ hw qìjoljì ohv whuphv gx vhfrqg ruguh1
Od irupxodwlrq OPL fruuhvsrqgdqwh ã fhv EPL v*rewlhqw hq uhpsodêdqw � � C� � sdu

� � C� � ' E� � � n B� � ��� � E� � � n B� � ��� g� � � � � � �� Bg� +6146;,
dx{txhoohv lo idxw dmrxwhu ohv frqwudlqwhv +61446, dvvxudqw od ydolglwì gh o*dssur{lpdwlrq1
H{hpsoh 614 1
Frqvlgìurqv oh v|vwëph vxlydqw ã ghx{ prgëohv orfdx{ lqvwdeohv dyhf � � ' 2� � =

� � '
3
C 2��� �.��H� 22.�S

� f f
f � f

4
D c � � '

3
C �

f
f��

4
D

� � '
3
C ��Sf ��f.�� �Hf

� f f
f � f

4
D c � � '

3
C 2

f
f�2

4
D
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Ohv frqwudlqwhv ã uìvrxguh vrqw fhoohv gx wkìruëph 6147 olqìdulvìhv hq +6146;, dyhf ohv
frqwudlqwhv vxu � � / � � c g � hw g �� l� � � B� �

B� � l�� �
�

: fc
� El ng� � n� � Bg ��

Bg� L
�

: fc l ' f�2c � 5 U �

Dyhf ohv ydohxuv lqlwldohv

� � � '
3
C f�2 f�. f

f�. S ��
f �� b

4
D c � � � '

3
C f�� f�D f

f�D .S f�S
f f�S �

4
D

g � � ' � S ��� 2f2 � c g � � ' � D �D2 �2f �
hw

� � � � ' �c � � � � ' fc � � � � ' �c � � � � ' f +6146<,
ohv frqwudlqwhv olqìdulvìhv vrqw uìdolvdeohv hw derxwlvvhqw dx{ uìvxowdwv vxlydqwv =

� � '
3
C f��b f�HD f�fe

f�HD .��H �2�bD
f�fe �2�bD �f�2�

4
D c � � '

3
C 2�2D 2�fe �f�Db

2�fe He�b2 �f�HH
�f�Db �f�HH ���2�

4
D

Ohv jdlqv gh od orl gh frppdqgh SGF vrqw
g � ' � 2b�Db �2b�2H 2fe�2e � c g � ' � �S�bS �e���� ��H��2 � +61473,

6171515 H{whqvlrq dx{ pxowlprgëohv glvfuhwv
Hq xwlolvdqw od surfìgxuh V hw od irqfwlrq fdqglgdwh txdgudwltxh sdu prufhdx{/ ohv
uìvxowdwv txh qrxv dyrqv rewhqxv gdqv oh fdv frqwlqx yld od orl gh frppdqgh SGF vrqw
ìwhqgxv dx fdv glvfuhw1
Wkìruëph 6148 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv ' � fc
� � : fc ghv pdwulfhv g� hw ghv vfdodluhv � � � � � � f whov txh

C�� � � � C� � � � � n Eo � ��'n
�[

� � �
� � � � � E� � � � � � 	 f ; E�c &� 5 U �� +61474,

EC� � nC� � � � � � EC� � nC� � �� e� � � e'n
�[

� � �
� � � � � E� � � � � � 	 f +61475,

; E�c �c &� 5 U �� c � 	 �
dyhf C� � ' �� �� � g� c doruv oh pxowlprgëoh +61447, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1
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Suhxyh = od suhxyh hvw vlplodluh ã fhooh gx wkìruëph 6145 hq frqvlgìudqw ohv frqglwlrqv
+51;9,0+51;:,1
Oh wkìruëph vxlydqw �uhod{h� oh suìfìghqw gdqv oh vhqv rü ghv pdwulfhv '� � vrqw lqwur0
gxlwhv ã od sodfh gh od pdwulfh ' frppxqh1
Wkìruëph 6149 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv '� � c � � :
fc ghv pdwulfhv g� hw ghv vfdodluhv � � � � � � f whov txh

C�
� � � � C� � � � � n'� � n

�[
� � �

� � � � � E� � � � � � 	 f ; E�c &� 5 U �
� +61476,

EC� � nC� � � � � � EC� � nC� � �� e� � n e' � � n
�[

� � �
� � � � � E� � � � � � 	 f +61477,

; E�c �c &� 5 U �
� c � 	 �

' '

3
EEEEC

' � � ' � � � � � ' � �

' � � ' � � 111 111111 � � � 1 1 1 111
' � � � � � � � � '� �

4
FFFFD : f +61478,

dyhf C� � ' �� ��� g� c doruv oh pxowlprgëoh +61447, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1
Suhxyh = od suhxyh hvw vlplodluh ã fhooh gx wkìruëph 6145 hq frqvlgìudqw ohv frqglwlrqv
+51;<,0+51<4,1
Gdqv oh fdv gh od frolqìdlulwì srvlwlyh ghv pdwulfhv g*hqwuìh hw gh od orl gh frppdqgh
FGI/ oh pxowlprgëoh +514, v*h{solflwh

% E& n �� '
�[

� � �
> � E5 E&��C� � % E&� +61479,

dyhf C� � ' �� � �� g� 1 Qrxv rewhqrqv sdu dssolfdwlrq gluhfwh gx wkìruëph 61:/ hq
vxevwlwxdqw ã � � od pdwulfh C� � c oh uìvxowdw vxlydqw G
Wkìruëph 614: = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : fc ghv pdwulfhv
g� hw ghv vfdodluhv � � � � � f whov txh

C�
� � � � C� � � � � n

�[
� � �

� � � � E� � � � � � 	 f ; E�c &� 5 U �
� +6147:,

dyhf C� � ' �� � �� g� c doruv oh pxowlprgëoh +61479, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1
Ohv frqglwlrqv ghv wkìruëphv gh fh sdudjudskh vrqw h{sulpìhv vrxv iruphv gh EPL hq
� � c g� hw � � � � � 1 Fhv ghuqlëuhv qh vrqw sdv olqìdulvdeohv sdu ohv pìwkrghv fodvvltxhv1 Od
pìwkrgh gh olqìdulvdwlrq gìfulwh dx sdudjudskh ��e���� shxw íwuh xwlolvìh dsuëv wudqv0
irupdwlrq sdu oh frpsoìphqw gh Vfkxu1
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618 V|qwkëvh gh pxowlrevhuydwhxuv
Gdqv fhwwh vhfwlrq/ od v|qwkëvh gh pxowlrevhuydwhxuv gh od iruph +51437, hvw wudlwìh1
O*ìwxgh hvw derugìh xqltxhphqw hq xwlolvdqw ohv irqfwlrqv txdgudwltxhv sdu prufhdx{1
Oh fdv sro|txdgudwltxh hvw gluhfwhphqw wudqvsrvdeoh srxu oh grpdlqh glvfuhw ã sduwlu
gx wkìruëph 61<1

61814 Fdv ghv pxowlprgëohv frqwlqxv
Od g|qdpltxh gh o*huuhxu g*hvwlpdwlrq gdqv oh fdv gh yduldeohv gh gìflvlrq phvxudeohv
hvw grqqìh sdu o*ìtxdwlrq vxlydqwh =

��% E|� '
�[

� � �

�[
� � � > � E5 E|��>� E5 E|��X � � �% E|� +6147;,

dyhf
X � � ' � � � u � �� c E�c �� 5 U �� +6147<,

Od v|qwkëvh gx pxowlrevhuydwhxu frqvlvwh hq od gìwhuplqdwlrq ghv jdlqv orfdx{ u� c � 5
U � d�q g*dvvxuhu od frqyhujhqfh yhuv }ìur gh od g|qdpltxh gh o*huuhxu g*hvwlpdwlrq
+6147;,1 Srxu od v|qwkëvh gx pxowlrevhuydwhxu +51437,/ lo vx!w gh vxevwlwxhu/ gdqv ohv
wkìruëphv 6145 hw 6146c ohv whuphv C� � ' �� ��� g� sdu X � � ' �� �u� �� � Ohv frqglwlrqv
rewhqxhv vrqw ghv EPL txh qrxv srxyrqv olqìdulvhu hq xwlolvdqw od surfìgxuh gìfulwh
dx sdudjudskh ��e����� Sdu od vxlwh/ qrxv doorqv irupxohu ghv frqglwlrqv vx!vdqwhv
g*h{lvwhqfhv gh pxowlrevhuydwhxuv vrxv iruph OPL dyhf frqwudlqwhv vxu oh udqj +yrlu
sdudjudskh ����e�2,1 Fhv frqglwlrqv vrqw ìqrqfìhv dx wkìruëph 614; sxlv srxu prlqv
gh frqvhuydwlvph dx wkìruëph 614<1
Wkìruëph 614; ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv gh U� � �
' � f hw � � : fc ghv pdwulfhv - � � hw ghv vfdodluhv � � � � � � f whov txh

��� � � n � � �� � - � � � � � � �� - �
� � n Eo � ��'n

�[
� � � �

� � � � E� � � � � � 	 fc ; E�c &� 5 U ��

+61483,
E�� n�� � � � � n � � E�� n�� ��- � � �� �- � � � � � � �� - �

� � � � �� - �
� � � 2'n

�[
� � � � � � � � E� � � � � � 	 fc ; E�c �c &� 5 U  � c � 	 � +61484,
o@?} � � -� � ' o@?}E� � ' Rc � 5 U � +61485,

dyhf
� ' � � � � � � � � � � � �

c -� ' � - � � - � � � � � -� � � � +61486,
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doruv lo h{lvwh xq pxowlrevhuydwhxu gh od iruph +51437, joredohphqw dv|pswrwltxhphqw
frqyhujhqw1 Oh jdlq gh o*revhuydwhxu hvw u � ' � � -� � Od pdwulfh � � uhsuìvhqwh o*lqyhuvh
jìqìudolvìh gh Prruh0Shqurvh gh ��
Suhxyh = fhv frqglwlrqv vrqw rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph 6145 hq vxewl0
wxdqw X � � ' �� �u� �� ã C� � ' � � ��� g� dyhf oh fkdqjhphqw gh yduldeohv - � � ' � � u� 1
Od frqwudlqwh gh udqj +61485, v*lpsrvh d�q gh jdudqwlu txh oh fkdqjhphqw gh yduldeohv
- � � ' � � u� ; E�c &� 5 U �� frqgxlw dx prlqv ã xqh vroxwlrq�
Wkìruëph 614< ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv '� � c � � :
fc ghv pdwulfhv - � � hw ghv vfdodluhv � � � � � � f whov txh

��
� � � n � � �� � - � � �� � � �

� - �
� � n' � � n

�[
� � �

� � � � � E� � � � � � 	 fc E�c &� 5 U �� +61487,
E�� n�� � � � � n � � E�� n�� �� - � � �� � - � � � � � � �

� - �
� � � � �

� - �
� � n 2'� � n�[

� � �
� � � � � E� � � � � � 	 fc ; E�c �c &� 5 U �� c � 	 � +61488,

' '

3
EEEEC

' � � ' � � � � � ' � �
' � � ' � �

111 111111 � � � 1 1 1 111
' � � � � � � � � '� �

4
FFFFD : f +61489,

o@?} � � -� � ' o@?}E� � ' Rc � 5 U � +6148:,
dyhf

� ' � � � � � � � � � � � �
c -� ' � - � � - � � � � � -� � � � +6148;,

doruv lo h{lvwh xq pxowlrevhuydwhxu gh od iruph +51437, joredohphqw dv|pswrwltxhphqw
frqyhujhqw1 Oh jdlq gh o*revhuydwhxu hvw u � ' � � - � �
Suhxyh = fhv frqglwlrqv vrqw rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph 6146 hq vxewl0
wxdqw X � � ' �� �u� �� ã C� � ' � � ��� g� dyhf oh fkdqjhphqw gh yduldeohv - � � ' � � u� 1
Od frqwudlqwh vxu oh udqj +6148:, dvvxuh o*h{lvwhqfh g*xq jdlq g*revhuydwlrq u� 1
Gdqv oh fdv g*xqh pdwulfh gh vruwlh frppxqh � � ' �c � 5 U � / od g|qdpltxh gh o*huuhxu
g*hvwlpdwlrq gdqv oh fdv gh yduldeohv gh gìflvlrq phvxudeohv hvw grqqìh sdu o*ìtxdwlrq
vxlydqwh =

��% E|� '
�[

� � �

�[
� � �

> � E5 E|��>� E5 E|��X � � �% E|� +6148<,

dyhf X � � gì�qlh hq +6147<,1 Gdqv fh fdv/ od v|qwkëvh gh pxowlrevhudwhxuv hvw uìgxlwh dx{
frqglwlrqv vxlydqwhv =
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Wkìruëph 6153 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � : fc
ghv pdwulfhv - � � hw ghv vfdodluhv � � � � � f whov txh

��
� � � n � � �� �- � � � � � � �

� - �
� � n

�[
� � �

� � � � E� � � � � � 	 fc ; E�c &� 5 U �
� +61493,

o@?} � � -�
� ' R +61494,

dyhf

� ' � � � � � � � � � � � �
c -� ' � - � � - � � � � � -� �

� � +61495,
doruv lo h{lvwh xq pxowlrevhuydwhxu gh od iruph +51437, joredohphqw dv|pswrwltxhphqw
frqyhujhqw1 Oh jdlq gh o*revhuydwhxu hvw u � ' � � -� �
Suhxyh = fhv frqglwlrqv vrqw rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph hq vxewlwxdqw
X � � ' � � � u � � � ã C� � ' �� ��� g� dyhf oh fkdqjhphqw gh yduldeohv - � � ' � � u � 1
D�q gh frqvwuxluh oh pxowlrevhuydwhxu/ qrxv ghyrqv uìvrxguh ohv lqìjdolwìv pdwulflhoohv
+61487,0+61489, dyhf od frqwudlqwh gh udqj0R1 Uìvrxguh fhv frqwudlqwhv OPL +dsuëv
dyrlu �{ì ohv vfdodluhv � � � � � , dyhf xqh frqwudlwh gh udqj0R hvw xq sureoëph qrq frqyh{h
gl!floh1 Ghv pìwkrghv khxulvwltxhv shxyhqw íwuh xwlolvìhv srxu uìvrxguh fhwwh fodvvh gh
sureoëph +yrlu sdudjudskh ����e�2,1
Uhpdutxrqv tx*lo vx!w gh suhqguh �� ' � � c � 5 U � srxu uhwurxyhu ohv uìvxowdwv txdgud0
wltxhv1 Hq h�hw/ ohv frqglwlrqv ghv wkìruëphv 614;/ 614< hw 6153 ghylhqqhqw ghv OPL hq
� � hw - � � / sxlvtxh � � � � � ' f hw od frqglwlrq gh udqj ghylhqw doruv wulyldoh +oh jdlq gh
o*revhuydwhxu hvw rewhqx gluhfwhphqw u � ' � � �� - � � ,1 Fhv uìvxowdwv lqfoxhqw grqf fhx{
gh od pìwkrgh txdgudwltxh gdqv oh vhqv rü lov vrqw prlqv uhvwulfwliv1

61815 H{whqvlrq dx{ pxowlprgëohv glvfuhwv
Od g|qdpltxh gh o*huuhxu g*hvwlpdwlrq gdqv oh fdv gh yduldeohv gh gìflvlrq phvxudeohv
hvw grqqìh sdu o*ìtxdwlrq vxlydqwh =

 �% E& n �� '
�[

� � �

�[
� � �

> � E5 E&��>� E5 E&��X � � �% E&� +61496,

dyhf X � � gì�ql hq +6147<,1 Ohv uìvxowdwv txh qrxv dyrqv rewhqxv gdqv oh fdv frqwlqx
vrqw ìwhqgxv dx fdv glvfuhw1 Hq xwlolvdqw oh frpsoìphqw gh vfkxu/ xqh irupxodwlrq OPL
vrxv frqwudlqwh gh udqj hvw sursrvìh sdu oh wkìruëph 61541
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Wkìruëph 6154 ^Fkd36` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv gh U� � �
' � f hw � � : fc ghv pdwulfhv - � � hw ghv vfdodluhv � � � � � � f whov txh3

C � � � Eo � ��'�
�S

� � � � � � � E� � � � � � �
� � �� �- � � � � � �

4
D : fc ; E�c &� 5 U �� +61497,

3
C e� � n e'�

�S
� � � � � � � � E� � � � � � �

� � E�� n�� ��- � � �� �- � � �� � �

4
D : fc ; E�c �c &� 5 U �� c � 	 � +61498,

o@?} � � -� � ' Rc � 5 U � +61499,
dyhf

� ' � � � � � � � � � � � � c -� ' � - � � - � � � � � -� � � � +6149:,
doruv o*huuhxu g*hvwlpdwlrq +61496, hvw joredohphqw dv|pswrwltxhphqw frqyhujhqwh yhuv
}ìur1 Oh jdlq gh o*revhuydwhxu hvw u ' � ! - �
Suhxyh = fhv frqglwlrqv vrqw rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph 6148 dsuëv
dyrlu dssoltxì oh frpsoìphqw gh Vfkxu hw vxewlwxì X  " ' � �u  �" ã C " ' � �� g"
dyhf oh fkdqjhphqw gh yduldeoh - #  ' � # u  1 Od frqwudlqwh gh udqj +61499, v*lpsrvh d�q
gh jdudqwlu txh oh fkdqjhphqw gh yduldeohv - #  ' � # u ; E�c &� 5 U $% frqgxlw dx prlqv
ã xqh vroxwlrq�
Ghv frqglwlrqv vlplodluhv shxyhqw íwuh rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph 6149
hq vxewlwxdqw X  " ' � � u  �" ã C " ' � � � g" dyhf oh fkdqjhphqw gh yduldeoh
- #  ' � # u 1
Gdqv oh fdv g*xqh pdwulfh gh vruwlh frppxqh �  ' �c � 5 U % / od g|qdpltxh gh o*huuhxu
g*hvwlpdwlrq gdqv oh fdv gh yduldeohv gh gìflvlrq phvxudeohv hvw grqqìh sdu o*ìtxdwlrq
vxlydqwh =

�% E& n �� '
%[

 & '

%[
" & '

> E5 E&��>" E5 E&��X   �% E&� +6149;,

dyhf X  gì�ql hq +6147<,1 Od v|qwkëvh gx pxowlrevhudwhxu hvw doruv uìgxlwh dx{ frqgl0
wlrqv vxlydqwhv =
Wkìruëph 6155 ^Fkd36` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv �  : fc ghv
pdwulfhv - #  hw ghv vfdodluhv �  " # ( � f whov txh3

C � # �
%S

( & ' �  # ( E� # � � ( � �
� # � �- #  �  � #

4
D : fc ; E�c &� 5 U $% +6149<,

o@?} � � - � ' R +614:3,
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dyhf
� ' � � � � � � � � � 

� � c -� ' � - � � - � � � � � - �
� � +614:4,

doruv o*huuhxu g*hvwlpdwlrq +61496, hvw joredohphqw dv|pswrwltxhphqw frqyhujhqwh yhuv
}ìur1 Oh jdlq gh o*revhuydwhxu hvw u� ' � � -� �
Suhxyh = fhv frqglwlrqv vrqw rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph 614: hq vxe0
vwlwxdqw X � � ' �� �u� � � ã C� � ' �� ��� g� dyhf oh fkdqjhphqw gh yduldeoh - � � ' � � u� 1

Fhv uìvxowdwv lqfoxhqw fhx{ gh od pìwkrgh txdgudwltxh1 Hq suhqdqw �� ' � � c � 5 U  c
lo v*hqvxlw txh � � � � � ' f hw od frqglwlrq gh udqj ghylhqw doruv wulyldoh1 Gdqv fh fdv/
ohv frqglwlrqv ghv wkìruëphv 6154 hw 6155 vrqw ghv OPL hq � � hw - � � hw oh jdlq gh
o*revhuydwhxu hvw rewhqx gluhfwhphqw sdu u � ' � � �

� - � � 1

619 Frqfoxvlrq
Gdqv fh fkdslwuh/ ghv frqglwlrqv vx!vdqwhv gh vwdelolwì/ gh v|qwkëvh gh orlv gh frp0
pdqgh hw gh pxowlrevhuydwhxuv rqw ìwì sursrvìhv1 O*ìwxgh d ìwì phqìh hq frqvlgìudqw
ghx{ w|shv gh irqfwlrqv qrq txdgudwltxhv1 Frqfhuqdqw ohv irqfwlrqv sro|txdgudwltxhv/
lo hvw lpsruwdqw gh uhpdutxhu od judqgh gl!fxowì ã wurxyhu ghv uìvxowdwv vdwlvidlvdqwv
gdqv oh grpdlqh frqwlqx1 Rxwuh ohv sureoëphv qxpìultxhv/ ghv h�ruwv vxssoìphqwdluhv
uhvwhqw qìfhvvdluhv srxu dpìolruhu ohv uìvxowdwv gh v|qwkëvh1 Gdqv oh fdv ghv irqfwlrqv
txdgudwltxhv sdu prufhdx{/ od gxdolwì grpdlqh frqwlqx0grpdlqh glvfuhw vh idlw qdwx0
uhoohphqw1 O*ìwxgh gh vwdelolwì d derxwl ã ghv uìvxowdwv lqwìuhvvdqwv +wkìruëph 617 hw
wkìruëph 61:,1 Srxu od v|qwkëvh gh orlv gh frppdqgh hw gh pxowlrevhuydwhxuv/ gh qrp0
euhxvhv frqglwlrqv vx!vdqwhv rqw ìwì sursrvìhv1 Fhv uìvxowdwv frqgxlvhqw fhshqgdqw ã
ghv frqwudlqwhv qrq frqyh{hv1 Xqh irupxodwlrq OPL vrxv frqwudlqwhv gh udqj d ìwì
sursrvìh srxu od v|qwkëvh gh pxowlrevhuydwhxuv1
Ohv frqglwlrqv sursrvìhv gdqv fh fdguh/ frqfhuqdqw od vwdelolvdwlrq hw o*hvwlpdwlrq
g*ìwdw/ jdudqwlvvhqw xqltxhphqw od vwdelolwì dv|pswrwltxh1 Oh sureoëph gh sodfhphqw
gh s÷ohv/ od v|qwkëvh g*xqh orl gh frppdqgh vwdelolvdqwh edvìh vxu xq revhuydwhxu hw
sdu vxlwh od sursulìwì gh vìsdudwlrq qh vrqw sdv derugìv1 Fhv srlqwv shxyhqw frqvwlwxhu
xqh shuvshfwlyh lqwìuhvvdqwh gh fh wudydlo1
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Fkdslwuh 7
Vwdelolvdwlrq sdu uhwrxu gh vruwlh

714 Lqwurgxfwlrq
Od frppdqgh sdu uhwrxu g*ìwdw vxssrvh od glvsrqlelolwì frpsoëwh ghv yduldeohv g*ìwdw
gx v|vwëph/ fh txl q*hvw sdv wrxmrxuv srvvleoh1 Qrxv vrpphv grqf dphqìv ã frqvlgìuhu
ghv sureoëphv rü od frppdqgh gìshqg xqltxhphqw gh od vruwlh phvxuìh gx v|vwëph
+ E��1 Gdqv fh vhqv/ ghv uìjxodwhxuv edvìv vxu oh uhwrxu gh vruwlh vrqw sursrvìv1 Sdu
h{hpsoh gdqv oh fdv frqwlqx/ Wdqdnd hw do ^Ol 33` vh vrqw lqwìuhvvìv dx fdv g|qdpltxh qrq
olqìdluh1 Gdqv fh fdv/ xqh orl gh frppdqgh qrq olqìdluh/ dsshoì GSGF +G|qdplf SGF,/
hvw sursrvìh1 Gdqv ^Kdq33`/ xwlolvdqw ohv whfkqltxhv ghv v|vwëphv lqfhuwdlqv hw ghv
irqfwlrqv txdgudwltxhv sdu prufhdx{/ xq uìjxodwhxu g|qdpltxh olqìdluh hvw frqvlgìuì1
Od pìwkrgh hvw edvìh vxu oh gìfrxsdjh gh o*hvsdfh g*ìwdw hq vrxv0hvsdfh gì�ql sdu
fkdfxqh ghv irqfwlrqv g*dfwlydwlrq1 Oh pxowlprgëoh hvw dlqvl wudqvirupì hq gl�ìuhqwv
prgëohv orfdx{ olqìdluhv suìvhqwdqw ghv lqfhuwlwxghv eruqìhv1
Fh fkdslwuh wudlwh oh sureoëph gh od vwdelolvdwlrq sdu uhwrxu gh vruwlh/ lo hvw frpsrvì gh
ghx{ sduwlhv1 Od suhplëuh sduwlh wudlwh od vwdelolvdwlrq txdgudwltxh hw od ghx{lëph sdu0
wlh od vwdelolvdwlrq qrq txdgudwltxh1 Gdqv od vhfwlrq e�2/ qrxv suìvhqwrqv wrxw g*derug
od v|qwkëvh gh od orl gh frppdqgh RSGF +517:, hq xwlolvdqw ghv irqfwlrqv gh O|d0
sxqry txdgudwltxhv1 Ghx{ dssurfkhv vrqw frqvlgìuìhv > od suhplëuh v*dssxlh vxu xqh
wudqvirupdwlrq hq OPL gx sureoëph EPL gh gìsduw hw od ghx{lëph xwlolvh xqh iru0
pxodwlrq hq xq sureoëph gh �frpsoìphqwdulwì vxu oh f÷qh� � 1 Gdqv od vhfwlrq e��/ qrxv
sursrvrqv gh v|qwkìwlvhu fhwwh orl gh frppdqgh +RSGF, hq h{sorlwdqw ohv uìvxowdwv gh
od vwdelolvdwlrq lvvxv ghv irqfwlrqv sro|txdgudwltxhv hw ghv irqfwlrqv txdgudwltxhv sdu
prufhdx{1
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715 Vwdelolvdwlrq txdgudwltxh sdu uhwrxu gh vruwlh
Fhwwh vhfwlrq hvw gìglìh ã od v|qwkëvh gh od orl gh frppdqgh RSGF sdu od pìwkrgh
txdgudwltxh1 Ohv uìvxowdwv txl | vrqw h{srvìv vrqw lvvxv gh ^Fkd35k`^Fkd35d`^Fkd35l`1
Od vwdelolwì srxu od frppdqgh RSGF hw oh sodfhphqw gh s÷ohv srxu od frppdqgh
RSGF prgl�ìh +517;, vrqw ìjdohphqw wudlwìv1

71514 Orl gh frppdqgh RSGF hw irupxodwlrq OPL
Udsshorqv txh gdqv oh fdv g*xq v|vwëph OWL =

�% E|� ' �% E|� n��E|� +714,
+E|� ' �% E|�

Oh v|vwëph OWL +714, hvw vwdelolvdeoh sdu uhwrxu gh vruwlh vwdwltxh �E|� ' g+E|� vl hw
vhxohphqw v*lo h{lvwh ghv pdwulfhv � : f hw f : f whoohv txh =

� � � �f� � n�f�� � 	 f +715,
� � � ��� � n ���� � 	 f +716,

�f ' L +717,
dyhf � � � � ' f hw �� � ' f1
Gdqv ^Jdu34`/ xqh pìwkrgh dojìeultxh hvw sursrvìh srxu v|qwkìwlvhu xq uhwrxu gh vruwlh
vwdwltxh srxu xq v|vwëph OWL glvfuhw1 Vrxv fhuwdlqhv frqglwlrqv/ oh jdlq gh uhwrxu hvw
fdofxoì ã sduwlu ghv pdwulfhv E�c�c�� gx v|vwëph1
Vh edvdqw vxu ohv wudydx{ gh ^Jhu<9` vxu od vwdelolvdwlrq ghv v|vwëphv OWL sdu uhwrxu
gh vruwlh vwdwltxh/ ohv dxwhxuv gh ^Ehq<:` sduohqw gh wulsohw E�c�c�� vlpxowdqìphqw
vwdelolvdeoh hw gìwhfwdeoh +VVG,1 Srxu od vxlwh/ qrxv vxssrvrqv txh oh pxowlprgëoh hvw
orfdohphqw VVG1
Gì�qlwlrq 714 = vl ohv wulsohwv E�� c �� c �� � � 5 U � vrqw VVG/ doruv oh pxowlprgëoh hvw
glw orfdohphqw VVG1
Prwlyìv sdu ohv wudydx{ gh Ihqj hw do ^Kdq33`/ gh ^Gdd34e` vxu ohv v|vwëphv ã frp0
pxwdwlrqv hw ohv uìvxowdwv lvvxv gh od orl gh frppdqgh SGF ^Wdq<;d`/ qrxv sursrvrqv
g*ìwxglhu od vwdelolvdwlrq ghv pxowlprgëohv sdu od orl gh frppdqgh RSGF =

� E|� '
�[

� � �
> � E5 E|��8� + E|� +718,

Oh pxowlprgëoh frqwlqx +514, dyhf oh uìjxodwhxu +718, gdqv oh fdv rü � � ' �c � 5 U �
v*h{solflwh =

�% E|� '
�[

� � �

�[
� � �

> � E5 E|��>� E5 E|�� ��� � % E|� +719,
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dyhf
��� � ' �� n�� 8� � +71:,

Od v|qwkëvh gh od orl gh frppdqgh RSGF +718, shxw íwuh rewhqxh gluhfwhphqw hq vxe0
vwlwxdqw ã od pdwulfh C� � ' �� ��� g� od pdwulfh ��� � gdqv ohv frqglwlrqv gh vwdelolvdwlrq
+5187,0+5188, hw +5189,0+518;,/ rewhqxhv yld od orl gh frppdqgh SGF1 Dlqvl/ ã sduwlu gh
fhv frqglwlrqv/ rq rewlhqw uhvshfwlyhphqw

� : fc ' : f +71;,
m �
� ��� � c �

�
n Eo � ��' 	 fc ;� 5 U � +71<,

m �
� ��� � c �

�
�' � fc ; E�c �� 5 U �

� c � 	 � +7143,
hw

m �
� ��� � c �

�
n'� � 	 fc ;� 5 U � +7144,

m �
� ��� � c �

�
n' � � � fc; E�c �� 5 U �

� c � 	 � +7145,

' '
3
EC

' � � � � � ' � �111 1 1 1 111
' � � � � � '� �

4
FD : f +7146,

dyhf
m �
� ��� � c �

�
'
# ��� � n ��� �

2
$ �

� n �
# ��� � n ��� �

2
$

+7147,
Pdokhxuhxvhphqw/ fhv lqìjdolwìv pdwulflhoohv qrq frqyh{hv hq � hw 8� ;� 5 U � / vrqw
lpsrvvleohv ã olqìdulvhu sdu ohv whfkqltxhv gh fkdqjhphqw gh yduldeoh fodvvltxhv/ fh txl
frqvwlwxh od gl!fxowì pdmhxuh gh od vwdelolvdwlrq sdu uhwrxu gh vruwlh1 Sdu od vxlwh/ qrxv
sursrvrqv xqh irupxodwlrq OPL srxu od v|qwkëvh g*xq uìjxodwhxu RSGF hw ìjdohphqw
srxu oh sodfhphqw gh s÷ohv1
K|srwkëvh 714 = od pdwulfh � hvw gh sohlq udqj oljqh
Frqvlgìudqw o*k|srwkëvh 714 yìul�ìh/ qrxv sursrvrqv xqh irupxodwlrq frqyh{h gx sur0
eoëph EPL wudgxlw sdu ohv frqglwlrqv +71<,�+7143, sxlv +7144,0+7146,1 Elhq txh od
pìwkrgh grqqh qdlvvdqfh ã ghv frqwudlqwhv dojìeultxhv vxssoìphqwdluhv/ hooh hvw idfloh
ã phwwuh hq úxyuh1 Od irupxodwlrq OPL hvw grqqìh sdu oh wkìruëph 714 hw/ srxu prlqv
gh shvvlplvph/ sdu oh wkìruëph 7151
Wkìruëph 714 ^Fkd35d` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv 7 � f hw
f : fc dlqvl txh ghv pdwulfhv �� hw � txl yìul�hqw =

�� f nf��
� n�� �� � n � � � �

� � �
� n Eo � ��7 	 fc ;� 5 U � +7148,
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E�� n�� �f nf E�� n�� � � n E�� �� n�� �� �� n � � E�� �� n�� �� � � � 27 � f
+7149,

; E�c �� 5 U �
� c � 	 �

dyhf
�f ' �� +714:,

hw > � E5 E|��>� E5 E|�� 9' f doruv oh pxowlprgëoh +719, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1 Oh uhwrxu gh vruwlh qrq olqìdluh +718, hvw gì�ql sdu

8� ' �� � �
� +714;,

Suhxyh = frpswh whqx gh od gì�qlwlrq +7147,/ od frqglwlrq +71<, hvw ìtxlydohqwh ã
f E�� n�� 8� �� � n E� � n�� 8� ��f n Eo � ��7 	 f +714<,

dyhf � �
� ' f : f hw 7 ' � �

� '� �
� � Whqdqw frpswh gh +714:, hw gx fkdqjhphqw gh

yduldeoh vxlydqw
8� � ' �� +7153,

rq rewlhqw ohv OPL +7148,1 Ohv OPL +7149, vrqw rewhqxhv ã sduwlu gh +7143, ã o*dlgh
ghv píphv fkdqjhphqwv gh yduldeoh1 Frpph � hvw vxssrvìh gh sohlq udqj oljqh/ ghv
ìtxdwlrqv +714:, hw +7153,/ rq gìgxlw txh � ' �f� � ��� � � �

� hw 8� ' �� � �
� �

Wkìruëph 715 ^Fkd35k` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv f : f hw
7 � � c ghv pdwulfhv �� hw � txl yìul�hqw

�� f nf��
� n� � �� � n � � � �

� � �
� n 7 � � 	 fc ;� 5 U � +7154,

E�� n�� �f nf E� � n�� � � n E�� �� n�� �� �� n � � E�� �� n�� � � � � n 27 � � � f
+7155,

; E�c �� 5 U �
� c � 	 �3

EC
7 � � � � � 7 � �
111 1 1 1 111

7 � � � � � 7 � �

4
FD : f +7156,

dyhf
�f ' �� +7157,

hw > � E5 E|��>� E5 E|�� 9' f� Doruv oh pxowlprgëoh +719, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1 Oh uhwrxu gh vruwlh qrq olqìdluh +718, hvw gì�ql sdu

8 � ' �� � �
� c � 5 U � +7158,
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Suhxyh = od suhxyh hvw vlplodluh ã fhooh gx wkìruëph 7141
Ohv frqglwlrqv gh vwdelolwì gx wkìruëph 715 q*h{ljhqw sdv xqh pdwulfh frppxqh V
frpph f*hvw oh fdv srxu oh wkìruëph 714/ g*rü od uìgxfwlrq gx shvvlplvph1
Uhpdutxrqv txh gdqv oh fdv g*xq uhwrxu gh vruwlh olqìdluh 8� ' 8c ;� 5 U � c ohv frqglwlrqv
gh vwdelolwì ghv wkìruëphv 714 hw 715 vh uìgxlvhqw ã o*h{lvwhqfh gh pdwulfhv f/ � hw �
whoohv txh =

f : fc �� f nf��
� n�� �� n � � � � � �

� 	 f +7159,
dyhf �f ' ��� Oh jdlq gh uhwrxu hvw 8 ' �� � � 1

7151414 k0vwdelolwì
Ohv wkìruëphv 714 hw 715 jdudqwlvvhqw xqh orl gh frppdqgh SGF dv|pswrwltxhphqw
vwdelolvdqwh1 D�q gh jdudqwlu xq fhuwdlq wdx{ gh gìfurlvvdqfh/ rq shxw v*lqvsluhu gh od
sursrvlwlrq 5171 Qrxv rewhqrqv oh uìvxowdw vxlydqw =
Sursrvlwlrq 714 ^Fkd35l` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv 7 � f hw
f : fc ghv pdwulfhv �� hw � hw k � f txl yìul�hqw =

� � f nf� �
� n�� �� � n � � � �

� � �
� n Eo � ��7 n 2okf 	 fc ;� 5 U � +715:,

E�� n�� �f nf E�� n�� � � n E�� �� n�� �� �� n � � E� � �� n�� �� � � � 27 � f
+715;,

; E�c �� 5 U �
� c � 	 �

dyhf

�f ' �� +715<,
hw > � E5 E|��>� E5 E|�� 9' f hw u oh qrpeuh pd{lpdo gh prgëohv orfdx{ dfwliv vlpxowd0
qìphqw/ doruv oh pxowlprgëoh +719, hvw joredohphqw h{srqhqwlhoohphqw vwdeoh dyhf xqh
ylwhvvh gh frqyhujhqfh dx prlqv ìjdoh ã k1 Oh uhwrxu gh vruwlh qrq olqìdluh +718, hvw
gì�ql sdu

8� ' � � � � � +7163,
Suhxyh = od suhxyh hvw rewhqxh gluhfwhphqw hq frqvlgìudqw oh wkìruëph 714 hw hq
v*lqvsludqw gh od sursrvlwlrq 5171
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7151415 Dpìolrudwlrqv
Gdqv oh fdv sduwlfxolhu gh od frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh/ od orl gh frp0
pdqgh RSGF prgl�ìh ^Fkd35k` =

� E|� '

�S
� � � > � E5 E|��k � 8�

�S
� � � > � E5 E|��k �

+ E|� +7164,

frqgxlw dx pxowlprgëoh vxlydqw
�% E|� '

�[
� � �

> � E5 E|�� 7�� � % E|� +7165,

dyhf 7�� � gì�qlh hq +71:,1 Uhpdutxrqv txh oh pxowlprgëoh +7165, v*ìfulw xqltxhphqw
hq irqfwlrq gh vhv whuphv grplqdqwv +l1h1 � ' � ,1 Dlqvl oh pxowlprgëoh +7165, hvw
joredohphqw dv|pswrwltxhphqw vwdeoh v*lo h{lvwh xqh pdwulfh v|pìwultxh � : f whooh
txh

m �
� �
�� � c �

�
	 fc ;� 5 U � +7166,

rü m � E�c �� hvw gì�ql hq +7147,1 Oh wkìruëph vxlydqw sursrvh xqh irupxodwlrq OPL ghv
frqglwlrqv qrq frqyh{hv +7166,1
Wkìruëph 716 ^Fkd35k` = vxssrvrqv tx*lo h{lvwh xqh pdwulfh v|pìwultxh f : f hw
ghv pdwulfhv � hw � whoohv txh

�� f nf��
� n�� �� � n � � � �

� � �
� 	 fc ;� 5 U � +7167,

dyhf
�f ' �� +7168,

Doruv oh pxowlprgëoh +7165, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1 Oh uhwrxu gh vru0
wlh qrq olqìdluh +7164, hvw gì�ql sdu

8� ' �� � �
� +7169,

Suhxyh = gìgxlwh gluhfwhphqw ã sduwlu gx wkìruëph 714 hq frqvlgìudqw ohv frqwudlqwhv
+7166,1
Lo hvw lqwìuhvvdqw gh qrwhu txh/ gdqv fh fdv sduwlfxolhu/ od orl gh frppdqgh RSGF
+718, qìfhvvlwh od uìvroxwlrq gh E?n ��?*2 OPL doruv txh od orl gh frppdqgh RSGF
prgl�ìh +7164, olplwh fh qrpeuh ã ?/ fh txl shuphw gh uìgxluh frqvlgìudeohphqw oh
frqvhuydwlvph gh od frppdqgh sdu uhwrxu gh vruwlh1
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Od vhfrqgh dpìolrudwlrq sursrvìh frqfhuqh ohv shuirupdqfhv gh od orl gh frppdqgh
RSGF prgl�ìh hq whuphv gh sodfhphqw gh s÷ohv hw od irupxodwlrq OPL gx sureoëph1
Lo | d shx gh olwwìudwxuh frqvdfuìh dx sodfhphqw gh s÷ohv sdu uhwrxu g*ìwdw rx sdu uh0
wrxu gh vruwlh1 Gdqv ^Krq33`/ ohv dxwhxuv frqvlgëuhqw tx*lo vx!w gh sodfhu ohv s÷ohv ghv
whuphv grplqdqwv +l1 h1 �� �� � g� gdqv oh fdv gh od vwdelolvdwlrq sdu uhwrxu g*ìwdw, gdqv
xqh uìjlrq ( gx sodq frpsoë{h srxu jdudqwlu ohv píphv shuirupdqfhv gx pxowlprgëoh
hq erxfoh ihupìh1 Pdokhxuhxvhphqw/ fhfl qh shxw íwuh yìul�ì wkìrultxhphqw > ohv dx0
whxuv rphwwhqw o*lq xhqfh ghv whuphv furlvìv +l1 h1 �� ��� g� , vxu ohv shuirupdqfhv gx
v|vwëph hq erxfoh ihupìh1 Dlqvl/ lo hvw wuëv lpsruwdqw gh qrwhu txh ohv frqwudlqwhv gh
shuirupdqfhv vxssoìphqwdluhv uhodwlyhv dx{ whuphv grplqdqwv qh jdudqwlvvhqw sdv ohv
shuirupdqfhv gx pxwlprgëoh hq erxfoh ihupìh1 Srxu uìvrxguh fh sureoëph hw jdudqwlu
fhv shuirupdqfhv srxu oh v|vwëph erxfoì/ rq shxw lpsrvhu ohv píphv frqwudlqwhv gh
shuirupdqfhv dx{ whuphv furlvìv ^Wdq<;d`1 O*lqfrqyìqlhqw g*xqh whooh pìwkrgh hvw od
shuwh ghv uhod{dwlrqv dssruwìhv dx{ fulwëuhv gh v|qwkëvh1
Sdu od vxlwh/ qrxv qrxv lqwìuhvvrqv dx sodfhphqw gh s÷ohv sdu uhwrxu gh vruwlh gx
pxowlprgëoh +7165, hw soxv sduwlfxolëuhphqw ã vd irupxodwlrq OPL1 O*dpìolrudwlrq ghv
shuirupdqfhv gh od orl gh frppdqgh RSGF prgl�ìh v*dssxlh vxu ohv uìvxowdwv ìqrqfìv
sdu ^Fkl<9e` txl vrqw udsshoìv hq dqqh{h D1 Srxu txh ohv s÷ohv gx v|vwëph uìjxoì +7165,
vrlhqw vlwxìv gdqv xqh uìjlrq OPL sduwlfxolëuh gì�qlh sdu ghx{ pdwulfhv k ' k � hw q
suìdodeohphqw gìwhuplqìhv hw fdudfwìulvdqw ohv shuirupdqfhv gìvluìhv/ lo vx!w txh

� � � 7�� � cf� ' kf n q  � 7�� � f�n q �  � 7�� � f� � 	 f +716:,
rü 7�� � hvw gì�qlh hq +71:,1 Whqdqw frpswh gh +714:, hw +714;,/ ohv lqìjdolwìv pdwulflhoohv
qrq olqìdluhv +716:, ghylhqqhqw ghv OPL hq f hw � � =

� � � 7�� � cf� ' kf n q  E�� f n�� �� �� n q �  E�� f n�� � � �� � 	 f +716;,
Dlqvl/ v*lo h{lvwh xqh pdwulfh v|pìwultxh f : f hw ghv pdwulfhv �� hw � txl yìul�hqw =

kf n q  E�� f n�� �� �� n q �  E�� f n�� � � �� � 	 f +716<,
dyhf

�f ' �� +7173,
doruv od orl gh frppdqgh RSGF +718, dyhf

8� ' � � � � � +7174,
dvvxuh od vwdelolwì joredoh dv|pswrwltxh gx pxowlprgëoh +7165, hw vdwlvidlw ohv shuiru0
pdqfhv gìvluìhv1
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Ã wlwuh g*h{hpsoh/ frqvlgìurqv od uìjlrq ( irupìh sdu oh glvtxh gh fhqwuh E�^c f� hw gh
ud|rq o : f� Od uìjlrq OPL fruuhvsrqgdqwh hvw +yrlu dqqh{h D, =

s � E5� '
# �o 5 n ^�5 n ^ �o

$
+7175,

Xqh whooh uìjlrq shuphw gh �{hu oh wdx{ gh gìfurlvvdqfh = �^ n o hw oh frh!flhqw
g*dpruwlvvhphqw = 1 � � � 's�� o � *^ � Eo 	 ^� gx v|vwëph erxfoì hq txhvwlrq1 Od uìjlrq
OPL fruuhvsrqgdqwh ã od uìjlrq gì�qlh sdu +7175, v*h{solflwh� �of ^f n�� f n�� �� �

� �of
�

	 fc � 5 U � +7176,

Fh sodfhphqw gh s÷ohv hvw ìjdohphqw ydodeoh gdqv oh fdv g*xq uhwrxu olqìdluh gh vruwlh
hw gdqv oh fdguh gh od orl gh frppdqgh FGI +srxu od vwdelolvdwlrq sdu uhwrxu g*ìwdw,1

71515 H{whqvlrq dx fdv glvfuhw
Gdqv fhwwh vhfwlrq/ od v|qwkëvh gh orlv gh frppdqgh RSGF srxu ghv pxowlprgëohv
glvfuhwv hvw derugìh > wrxw g*derug hq ìwhqgdqw gluhfwhphqw ohv uìvxowdwv rewhqxv gdqv
oh grpdlqh frqwlqx dx grpdlqh glvfuhw/ sxlv hq vxssrvdqw od pdwulfh gh vruwlh vrxv od
iruph � ' EL f�1 Gdqv fh fdv sduwlfxolhu/ rq lqwëjuh od frqwudlqwh dojìeultxh +7157,
gluhfwhphqw gdqv ohv frqglwlrqv gh v|qwkëvh1
Dyhf od orl gh frppdqgh RSGF

� E&� '
�[

� � �
>� E5 E&��8� + E&� +7177,

oh pxowlprgëoh glvfuhw +516:, rü � ' � � c � 5 U � v*h{solflwh =
% E& n �� '

�[
� � �

�[
� � �

>� E5 E|��>� E5 E|�� ��� � % E&� +7178,
dyhf

��� � ' �� n� � 8� � +7179,
Od v|qwkëvh gh od orl gh frppdqgh +7177, shxw íwuh rewhqxh gluhfwhphqw hq vxevwl0
wxdqw gdqv ohv frqglwlrqv +51;9,0+51;:, hw +51;<,0+51<4,/ o*h{suhvvlrq gh m � EC� � c � � sdu
m �
�

��� � c �
�
� Rq rewlhqw uhvshfwlyhphqw

m �
�

��� � c �
�
n Eo � ��' 	 fc;� 5 U � +717:,

m �
�

��� � c �
�
�' � fc ; E�c �� 5 U �� c � 	 � +717;,
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hw
m �
� �
� � � c �

�
n'� � 	 fc ;� 5 U � +717<,

m �
� �
�� � c �

�
n' � � � fc ; E�c �� 5 U �

� c � 	 � +7183,3
EC

' � � � � � ' � �111 1 1 1 111
' � � � � � ' � �

4
FD : f +7184,

O*h{suhvvlrq m � E�c �� hvw gì�qlh hq +51;;,1 Ohv frqglwlrqv rewhqxhv vrqw ghv EPL hq
� hw 8� 1 Frqvlgìudqw o*k|srwkëvh 714 yìuliìh/ qrxv doorqv ìwhqguh ohv uìvxowdwv rewhqxv
gdqv oh grpdlqh frqwlqx dx grpdlqh glvfuhw1 Ohv frqglwlrqv vx!vdqwhv rewhqxhv dyhf
oh wkìruëph vxlydqw vhurqw uhod{ìhv sdu od vxlwh1
Wkìruëph 717 = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv fc 7 hw ghv pdwulfhv
�� c � yìul�dqw =

f : fc 7 � f +7185,� f � Eo � ��7 �
�� f n�� �� � f

�
: fc ;� 5 U � +7186,

� f n 7 �
�� E�� f n�� f n�� �� � n�� �� �� f

�
� fc; E�c �� 5 U �

� c � 	 � +7187,
dyhf

�f ' �� +7188,
hw > � E5 E|��>� E5 E|�� 9' f� Doruv oh pxowlprgëoh +7178, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1 Oh uhwrxu gh vruwlh qrq olqìdluh +7177, hvw gì�ql sdu

8� ' � � � � � +7189,
Suhxyh = whqdqw frpswh gh od gì�qlwlrq ghm � E�c ��/ oh frpsoìphqw gh Vfkxu hvw dssoltxì
dx{ frqglwlrqv +717:,0+717;, suìdodeohphqw suì0 hw srvw pxowlsolìhv sdu f ' � � � � Od
frqglwlrq +7188, hw oh fkdqjhphqw gh yduldeoh 8� � ' �� frqgxlvhqw dx{ frqwudlqwhv
+7185,0+7187,1
Ghv frqglwlrqv vx!vdqwhv vlplodluhv ã fhoohv rewhqxhv dx wkìruëph 717 pdlv prlqv shv0
vlplvwhv shxyhqw íwuh rewhqxhv hq frqvlgìudqw ohv frqglwlrqv +717<,0+7184,1 Od uìgxfwlrq
gx frqvhuydwlvph hvw lqwurgxlwh sdu ohv pdwulfhv 7 � � dx olhx g*xqh pdwulfh frppxqh 71
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Wkìruëph 718 = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv f hw 7 � � hw ghv pd0
wulfhv �� c � yìul�dqw = � f � 7 � � �

�� f n�� � � � f
�

: fc ;� 5 U � +718:,
� f � 7 � � ��� E�� f n�� f n�� �� � n� � �� �� f

�
� fc; E�c �� 5 U �

� c � 	 � +718;,
3
EC

7 � � � � � 7 � �111 1 1 1 111
7 � � � � � 7 � �

4
FD : f +718<,

dyhf
�f ' �� +7193,

hw >� E5 E|��>� E5 E|�� 9' f� Doruv oh pxowlprgëoh +7178, hvw joredohphqw dv|pswrwltxhphqw
vwdeoh1 Oh uhwrxu gh vruwlh qrq olqìdluh +7177, hvw gì�ql sdu

8� ' �� � � � +7194,
Suhxyh = od suhxyh hvw lghqwltxh ã fhooh gx wkìruëph 717 hq frqvlgìudqw ohv frqglwlrqv
+717<,0+7184,1
Dyhf od orl gh frppdqgh RSGF prgl�ìh

� E&� '
�S

� � � >� E5 E&��k � 8� + E&�
�S

� � � > � E5 E&��k �
+7195,

rü k � 5 U � � c oh pxowlprgëoh +7178,/ gdqv oh fdv gh od frolqìdulwì srvlwlyh ghv pdwulfhv
g*hqwuìh/ v*ìfulw =

% E& n �� '
�[

� � � >� E5 E|�� E�� n�� 8� �� % E&� +7196,

Lo vx!w tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv f : f/ �� hw � yìul�dqw =� f �
�� f n�� � � � f

�
: fc ;� 5 U � +7197,

dyhf
�f ' �� +7198,
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srxu txh oh pxowlprgëoh +7196, vrlw joredohphqw dv|pswrwltxhphqw vwdeoh1 Oh uhwrxu
gh vruwlh qrq olqìdluh +7195, hvw gì�ql sdu 8� ' �� � � � c fh txl shuphw gh uìgxluh oh
qrpeuh gh OPL ã ? dx olhx gh �

�
� � � �� OPL gx wkìruëph 7171

Fdv sduwlfxolhu = Vl o*rq vxssrvh txh od pdwulfh gh vruwlh v*ìfulw vrxv od iruph
� ' E L f � dyhf L hvw od pdwulfh lghqwlwì hw f hvw od pdwulfh qxooh gh glphqvlrqv
dssursulìhv/ od v|qwkëvh g*xqh orl gh frppdqgh RSGF vh udpëqh ã fhooh gh od orl gh
frppdqgh SGF dyhf xqh vwuxfwxuh sduwlfxolëuh gx uhwrxu g*ìwdw1 Gdqv fh fdv/ od orl gh
frppdqgh RSGF +718, dyhf +E&� ' �%E&� ghylhqw =

� E&� ' �[
� � �

>� E5 E&�� 78� % E&� +7199,
dyhf

78� ' � 8� f � +719:,
�E&� 5 U � c %E&� 5 U� c +E&� 5 U � hw 8� 5 U � � � 1 Oh pxowlprgëoh hq erxfoh ihupìh ghylhqw

% E& n �� ' �[
� � �

�[
� � �

> � E5 E|��>� E5 E|�� ��� n�� 78� �% E&� +719;,
O*xvdjh gx fkdqjhphqw gh yduldeoh fodvvltxh dgrswì gdqv oh fdv gh od vwdelolvdwlrq
txdgudwltxh sdu uhwrxu g*ìwdw frqgxlw ã xqh frqwudlqwh qrq frqyh{h frpswh whqx gh
od vwuxfwxuh lpsrvìh dx uhwrxu g*ìwdw 78 � 1 Fhwwh gl!fxowì hvw uìvroxh dyhf oh wkìruëph
vxlydqw txl shuphw g*dvvxuhu od vwdelolwì dv|pswrwltxh gx pxowlprgëoh +719;, hw dlqvl
v|qwkìwlvhu oh jdlq gh uhwrxu 78� c whqdqw frpswh gh vd vwuxfwxuh +719:,1
Wkìruëph 719 = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv 7 � � 5 U� � � c f 5 U� � �
hw ghv pdwulfhv �� 5 U � � � c � 5 U � d|dqw ohv vwuxfwxuhv vxlydqwhv

�� ' � � � � f � cf '
� f � � f

f f � �
�

+719<,
rü f � � 5 U � � � c f � � 5 U

� � � � � � � � � � � hw yìul�dqw ohv OPL� f � 7 � � �
� � f n�� �� f

�
: fc ;� 5 U � +71:3,

� f � 7 � � �
�� E�� f n�� f n�� �� n�� �� � f

�
� fc; E�c �� 5 U �

� c � 	 � +71:4,
3
EC

7 � � � � � 7 � �111 1 1 1 111
7 � � � � � 7 � �

4
FD : f +71:5,

dyhf > � E5 E|��>� E5 E|�� 9' f� Doruv oh pxowlprgëoh +719;, hvw joredohphqw dv|pswrwltxh0
phqw vwdeoh1 Od orl gh frppdqgh +7199, hvw gì�qlh sdu

8� ' �� � f � �� � +71:6,
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Suhxyh = Ohv frqglwlrqv +51<6,0+51<8, gdqv oh fdv gh od orl gh frppdqgh +7199, dyhf
oh fkdqjhphqw gh yduldeoh 78� f ' �� derxwlvvhqw dx{ frqglwlrqv OPL +71:3,0+71:5,1
Ohv vwuxfwxuhv lpsrvìhv dx{ pdwulfhv f hw �� jdudqwlvvhqw o*h{lvwhqfh gh od vroxwlrq
+71:6,1 O*h{lvwhqfh gh f � �� � hvw jdudqwlh sdu od frqwudlqwh f : f
Ohv frqglwlrqv rewhqxhv vrqw dvvh} frqwudljqdqwhv1 Fh frqvhuydwlvph hvw gþ/ g*xqh
sduw/ dx{ vwuxfwxuhv sduwlfxolëuhv lpsrvìhv dx{ pdwulfhv f hw �� hw/ g*dxwuh sduw/ ã od
gìshqgdqfh gx jdlq 8� gh od pdwulfh f � � hw sdu frqvìtxhqw gh od pdwulfh gh O|dsxqry
ET E%� ' %E|� � f � � %E|��1 Fh uìvxowdw vhud uhod{ì gdqv oh sdudjudskh e�2 hq xwlolvdqw ohv
irqfwlrqv sro|txdgudwltxhv1
Ghv uìvxowdwv vlplodluhv ã fhx{ gx wkìruëph 719 shxyhqw íwuh rewhqxv hq frqvlgìudqw
ohv frqglwlrqv +51;9,0+51;:,1 Fhv uìvxowdwv shxyhqw íwuh ìjdohphqw ìwhqgxv dx grpdlqh
frqwlqx hq dssoltxdqw ohv píphv fkdqjhphqwv gh yduldeoh dyhf ohv vwuxfwxuhv sduwlfx0
olëuhv gìfulwhv hq +719<, +fhv uìvxowdwv qh vrqw sdv suìvhqwìv gdqv fh pdqxvfulw,1

71516 Irupxodwlrq sdu frpsoìphqwdulwì vxu oh f÷qh
Xqh dxwuh pdqlëuh g*derughu od vwdelolvdwlrq sdu uhwrxu gh vruwlh hvw gh wudqviruphu oh
sureoëph hq xq sureoëph gh frpsoìphqwdulwì vxu oh f÷qh ^Hoj<:`1 Hooh surfëgh sdu xqh
whfkqltxh g*ìolplqdwlrq ghv yduldeohv gx uìjxodwhxu1 Od uhfrqvwuxfwlrq gx uìjxodwhxu
hvw rewhqxh dlvìphqw gdqv xq vhfrqg whpsv hq uìvroydqw oh sureoëph OPL hq 8� c
� 5 U � 1 V*lqvsludqw gh fhv wudydx{/ qrxv suìvhqwrqv od v|qwkëvh gh od frppdqgh RSGF
^Fkd35d`1
Lo d ìwì ìwdeol txh oh pxowlprgëoh +719, hvw joredohphqw dv|pswrwltxhphqw vwdeoh v*lo
h{lvwh xqh pdwulfh v|pìwultxh � : f whooh txh =

m �
� �
�� � c �

�
	 fc ;� 5 U � +71:7,

m �
� �
�� � c �

�
� fc; E�c �� 5 U �

� c � 	 � +71:8,
dyhf �

�� � ' � � n �� 8� � hw m � E�c �� gì�qlh hq +7147,1 Od v|qwkëvh gh od orl gh frp0
pdqgh RSGF +718, uhylhqw ã uìvrxguh ohv lqìjdolwìv elolqìdluhv +71:7,0+71:8, hq � hw
8� c � 5 U � � Qrxv sursrvrqv gh uìvrxguh fhv EPL sdu wudqvirupdwlrq hq xq sureoëph
gh frpsoìphqwdulwì vxu oh f÷qh1 Od surfìgxuh gh uìvroxwlrq frpsruwh ghx{ ìwdshv1 Od
suhplëuh frqvlvwh hq o*ìolplqdwlrq ghv yduldeohv gx uìjxodwhxu +8� c � 5 U � , hq surfìgdqw
sdu ìtxlydohqfh doruv txh od ghx{lëph ìwdsh vhuw ã uhfrqvwuxluh fhv yduldeohv 8� c � 5 U � 1
7151614 Holplqdwlrq ghv yduldeohv gx uìjxodwhxu
Frpswh whqx gh od gì�qlwlrq gh m � E�c �� +7147,/ ohv frqwudlqwhv +71:7, shxyhqw íwuh
uììfulwhv =

��� � n ��� n ��� 8� � n � � 8 �� E��� � � 	 f +71:9,
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O*dssolfdwlrq gx ohpph g*ìolplqdwlrq 416 dx{ lqìjdolwìv +71:9, shuphw g*ìolplqhu ohv
yduldeohv 8� c � 5 U � =

� �
� � n ��� � j � ��� � �

� � 	 f +71::,
��

� � n ��� � j � � � � 	 f +71:;,
j � c � 5 U � vrqw ghv vfdodluhv uìhov1 Srxu jdudqwlu o*ìtxlydohqfh hqwuh ohv sursrvlwlrqv gx
ohpph 416/ od píph surfìgxuh g*ìolplqdwlrq hvw dssoltxìh ã od iruph vwulfwh gh +71:8,1
Qrxv rewhqrqv/ dsuëv ìolplqdwlrq gh od yduldeoh 8�

E�� n�� n�� 8� �� � � n � E�� n�� n�� 8� ��� j � � ��� � �
� � 	 f +71:<,

E�� n�� n�� 8� �� � � n � E�� n�� n �� 8� ��� j � � � � � 	 f +71;3,
Sxlv hq ìolplqdqw 8� ghv lqìjdolwìv +71:<,0+71;3,/ rq rewlhqw =

E�� n�� � � � n � E�� n�� �� j � � ��� � �
� � � hj � � ��� � �

� � 	 f +71;4,
E�� n�� � � � n � E�� n�� �� j � � ��� � �

� � � hj � � � � � 	 f +71;5,
E�� n�� � � � n � E�� n�� �� j � � � � � � j � � ��� � �

� � 	 f +71;6,
E�� n�� � � � n � E�� n�� �� j � � � � � � j � � � � � 	 f +71;7,

Hq uhjurxsdqw +71::,/ +71:;,/ +71;4,0+71;7,/ qrxv rewhqrqv oh v|vwëph g*lqìjdolwìv pdwul0
flhoohv ìtxlydohqw dx sureoëph qrq frqyh{h +71:7,/ +71:8, dyhf > � E5 E|��>� E5 E|�� 9' f G;AAAAAAAAAAAAAAAAAA?

AAAAAAAAAAAAAAAAAA=

'��
� n� � '� j � �� � �

� 	 f
��

� � n ��� � j � � � � 	 f#
' E�� n�� � � n E�� n�� �'� j � � �� � �

� ��
� hv � � L

$
	 f#

' E�� n�� � � n E�� n�� �'� j � � �� � �
� '� �

� hv � � L
$

	 f#
E�� n�� � � � n � E�� n�� �� j � � � � � ���

� v � � L
$

	 f#
E�� n�� � � � n � E�� n�� �� j � � � � � � �

� v � � L
$

	 f

+71;8,

�' ' L +71;9,
rü L hvw od pdwulfh lghqwlwì/ hv � � ' Ehj � � � �

� hw v � � ' Ej � � � �
� 1 Uhpdutxrqv txh oh v|vwëph

g*lqìtxdwlrqv pdwulflhoohv +71;8, hvw olqìdluh hq ohv pdwulfhv �c ' hw ohv vfdodluhv j � c j � � chv � � hw v � � doruv txh o*ìjdolwì +71;9, hvw qrq olqìdluh1 Fhwwh ìjdolwì hvw ìfulwh vrxv vd iruph
ìtxlydohqwh ã o*dlgh ghv ghx{ frqwudlqwhv vxlydqwhv =

Ao E�'� ' R +71;:,
44:

te
l-0

00
04

60
5,

 v
er

si
on

 1
 - 

9 
Fe

b 
20

04



� � � � � � � � � 	 
 � � � � � �  � � � � � � � � � � � � � � � �  � � � � �

� � L
L '

�
� f +71;;,

Od frqwudlqwh AoE�'� q*hvw sdv frqyh{h/ srxu uìvrxguh xq who sureoëph/ xq dojrulwkph
frqyhujhqw hvw sursrvì hq ^Hoj<:`1 Fhwwh khxulvwltxh hvw edvìh vxu o*dssur{lpdwlrq
olqìdluh gh Ao E�'� sdu �� Ao E� � 'n' � � � rü � � hw ' � vrqw ghv vroxwlrqv sduwlfxolëuhv
ghv OPL +71;8, = lo v*djlw gh plqlplvhu fhwwh wudfh hq gl�ìuhqwv srlqwv uìdolvdeohv1 Fhw
dojrulwkph hqjhqguh xqh vxlwh | � +ghv ydohxuv gh od wudfh = Ao E� � 'n' � � �, gìfurlvvdqwh
hw plqruìh sdu 2Rc vl fh plqrudqw hvw dwwhlqw/ doruv oh plqlpxp joredo hvw dwwhlqw +yrlu
dqqh{h E,1 Od vroxwlrq gx sureoëph lqlwldo v*rewlhqw doruv hq uìvroydqw oh sureoëph gh
frpsoìphqwdulwì vxu oh f÷qh vxlydqw =

6�?�6�reo Ao E� � 'n' � � � rJ�r ,er SJ?|o@�?|er G Ee�HD� e| Ee�HH� +71;<,
7151615 Uhfrqvwuxfwlrq ghv yduldeohv gx uìjxodwhxu
Lo hvw lpsruwdqw gh qrwhu txh v*lo h{lvwh ghv pdwulfhv � � � � hw ' � � � vdwlvidlvdqw +71;<,/
doruv lo h{lvwh xq uhwrxu gh vruwlh qrq olqìdluh +718, txl vwdelolvh joredohphqw dv|pswr0
wltxhphqw oh pxowlprgëoh +719,1 Hq h�hw/ xqh irlv rewhqxhv ohv pdwulfhv � � � � hw ' � � � ã
sduwlu gh +71;<,/ rq vxevwlwxh od pdwulfh � � � � ã od pdwulfh � gdqv oh sureoëph lqlwldo
+71:7,0+71:8,/ txl ghylhqw olqìdluh hq ohv jdlqv gx uìjxodwhxu 8� c � 5 U � 1 Dlqvl rq shxw
ìqrqfhu oh wkìruëph vxlydqw =
Wkìruëph 71: ^Fkd35d` = vrlhqw � � hw ' � ghv pdwulfhv gh U� � � vroxwlrqv sduwlfxolëuhv
ghv OPL +71;8,0+71;;,1 V*lo h{lvwh ghv pdwulfhv � � � � hw ' � � � vdwlvidlvdqw ohv OPL
+71;<, whoohv txh Ao E� � ' � � � n' � � � � � � ' 2Rc doruv lo h{lvwh xq uhwrxu gh vruwlh qrq
olqìdluh gh od iruph +718, grqw oh jdlq gh uhwrxu 8 � c � 5 U � hvw vroxwlrq ghv OPL
+71:7,0+71:8,1

H{hpsoh 714 1
Frqvlgìurqv oh v|vwëph gh o*h{hpsoh 515 +sdjh 85, dyhf @ ' �/ K ' �f1 Od uìvroxwlrq
gx sureoëph gh frpsoìphqwdulwì vxu oh f÷qh +71;<, dvvrflì ã o*dojrulwkph ^Hoj<:` +yrlu
dqqh{h E, frqgxlw dx{ uìvxowdwv vxlydqwv =

� � � � '
� f���S� f�f�D2

f�f�D2 ��DDbS
�
c ' � � � '

� .��HbS �f��SSS
�f��SSS f�SeDf

�
+71<3,

txl yìul�hqw elhq � � � � ' � � � ' L� Dyhf od ydohxu gh � � � � rewhqxh/ oh sureoëph +71:7,0
+71:8, ghylhqw olqìdluh hq 8 � hw 8 � G

E� � n� � 8 � �� � � � � � n � � � � E� � n� � 8 � �� 	 f +71<4,
E� � n� � 8 � �� � � � � � n � � � � E� � n� � 8 � �� 	 f +71<5,

E� � n� � n� � 8 � � n� � 8 � �� � � � � � n � � � � E� � n� � n� � 8 � � n� � 8 � �� 	 f +71<6,
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Ilj1 714= Vwdelolvdwlrq yld od orl gh frppdqgh RSGF +71<8, 1
Od uìvroxwlrq gh fhv OPL grqqh ohv jdlqv gh uhwrxu vxlydqwv =

8 � ' �.���2Hc 8 � ' �2�22�b +71<7,
Od vlpxodwlrq gx v|vwëph vwdelolvì yld od orl gh frppdqgh RSGF +718,

� E|� ' E> � E+ E|��8 � n > � E+ E|��8 � � + E|� +71<8,
dyhf ohv h{suhvvlrqv vxlydqwhv ghv irqfwlrqv g*dfwlydwlrq

> � E+ E|�� ' E�� |@?� E+��
2 c > � E+ E|�� ' E� n |@?� E+��

2 +71<9,
hw ohv frqglwlrqv lqlwldohv % Ef� ' � �f f�D � hvw grqqìh sdu od �jxuh +714,1
Lo hvw lpsruwdqw gh qrwhu txh o*xwlolvdwlrq gx wkìruëph 714 ìfkrxh ã v|qwkìwlvhu xqh orl
gh frppdqgh RSGF vwdelolvdqwh srxu fhw h{hpsoh1

Uhpdutxhv 714 1
� Od irupxodwlrq sdu frpsoìphqwdulwì vxu oh f÷qh hvw prlqv frqvhuydwlyh txh fhooh
lvvxh ghv wkìruëphv 714/ 715 fdu dxfxqh uhvwulfwlrq vxu od vwuxfwxuh gh od pdwulfh
' hw dxfxqh k|srwkëvh vxu od pdwulfh � qh vrqw lpsrvìhv1

� Od irupxodwlrq sdu frpsoìphqwdulwì vxu oh f÷qh vhpeoh soxv gl!floh ã phwwuh
hq rhxyuh gdqv oh fdv ghv frqwudlqwhv +71<,0+7143, hw +7144,0+7146, ã fdxvh gh od
pdwulfh '1
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� Od irupxodwlrq sdu frpsoìphqwdulwì vxu oh f÷qh gdqv oh fdv gh gl�ìuhqwhv pdwulfhv
gh vruwlhv � � c � 5 U � hvw srvvleoh1 Srxu fhod lo vx!w gh uhpsodfhu gdqv +71:7,/ ��� �
sdu � � n �� 8� � � ; E�c &� 5 U �� hw gdqv +71:8, ��� � sdu �� n �� 8� � � ; E�c �c &� 5
U �� c � 	 �1

� Gx srlqw gh yxh qxpìultxh/ ohv frqglwlrqv lvvxhv ghv wkìruëphv 714/ 715 vrqw
soxv idflohv ã phwwuh hq úxyuh > dlqvl rq sursrvh gh q*xwlolvhu od irupxodwlrq sdu
frpsoìphqwdulwì vxu oh f÷qh txh oruvtxh od suhplëuh pìwkrgh qh shuphw sdv
g*rewhqlu xq uìvxowdw1

716 Vwdelolvdwlrq qrq txdgudwltxh sdu uhwrxu gh vru0
wlh

Gdqv fh sdudjudskh qrxv sursrvrqv gh wudlwhu od vwdelolvdwlrq qrq txdgudwltxh sdu
uhwrxu gh vruwlh ghv pxowlprgëohv glvfuhwv/ wrxw g*derug sdu ohv irqfwlrqv sro|txdgud0
wltxhv hw hqvxlwh sdu ohv irqfwlrqv txdgudwltxhv sdu prufhdx{1 Ohv uìvxowdwv uhodwliv
dx{ pxowlprgëohv frqwlqxv srxu fhv ghuqlëuhv irqfwlrqv shxyhqw íwuh rewhqxv gluhfwh0
phqw sdu h{whqvlrq ghv uìvxowdwv gx grpdlqh glvfuhw1 Lov qh vrqw sdv h{srvìv gdqv fh
pdqxvfulw1
Udsshorqv txh oh pxowlprgëoh +516:, dyhf od orl gh frppdqgh RSGF +718, v*ìfulw

% E& n �� '
�[

� � �

�[
� � �

> � E5 E&��>� E5 E&�� E�� n� � 8� �� % E&� +71<:,

Gdqv fh txl vxlw/ qrxv doorqv sursrvhu ghv frqglwlrqv vx!vdqwhv gh vwdelolwì gx pxowl0
prgëoh +71<:,1 Od suhplëuh pìwkrgh v*dssxlh vxu ohv irqfwlrqv sro|txdgudwltxhv vrxv
o*k|srwkëvh 714/ l1 h1 � gh sohlq udqj oljqh +sdudjudskh e����,1 Ghx{ dssurfkhv vrqw
frqvlgìuìhv > od suhplëuh idlw xvdjh gx fkdqjhphqw gh yduldeoh sursrvì dxsdudydqw +sd0
udjudskh e�2��,/ od ghx{lëph vh udpëqh dx uhwrxu g*ìwdw dyhf ghv vwuxfwxuhv sduwlfxolëuhv
vxu ohv jdlqv orfdx{1 Ohv uìvxowdwv rewhqxv gdqv fhv ghx{ fdv vrqw h{sulpìv vrxv iruph
gh OPL1 Od ghx{lëph pìwkrgh qh ghpdqgh dxfxqh k|srwkëvh vxu od pdwulfh gh vruwlh
� +sdudjudskh e����,1 Hooh xwlolvh ohv irqfwlrqv gh O|dsxqry txdgudwltxhv sdu prufhdx{
txl frqgxlvhqw ã ghv frqglwlrqv vx!vdqwhv vrxv iruph gh EPL/ fh txl frqvwlwxh vrq
sulqflsdo lqfrqyìqlhqw1

71614 Fdv ghv irqfwlrqv sro|txdgudwltxhv
Frqvlgìudqw o*k|srwkëvh 714 yìul�ìh/ qrxv doorqv ìwxglhu od vwdelolvdwlrq sdu uhwrxu gh
vruwlh hq vh edvdqw vxu ohv irqfwlrqv sro|txdgudwltxhv +418:, hw ohv fkdqjhphqwv gh
yduldeoh dssoltxìv gdqv oh fdv txdgudwltxh1 Qrxv srxyrqv ìqrqfhu oh wkìruëph vxlydqw
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  � � � 	 
 � � � �

Wkìruëph 71; ^Fkd34f` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � hw ghv pdwulfhv ��
� 5 U � c � hw C yìul�dqw� � � �� Cn� � �� �

� CnC� � � �
�

: fc; E�c ,� 5 U �
� +71<;,

� � � n �� � � Cn�� �� � n�� Cn�� �� �
� 2 �CnC� � � � �

�
: fc ; E�c �c ,� 5 U �

� c � 	 � +71<<,
dyhf

�C ' �� +71433,
doruv oh pxowlprgëoh glvfuhw gìfulw hq +71<:, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1
Od orl gh frppdqgh RSGF +7177, hvw gì�qlh sdu

8� ' � � � � � +71434,
Suhxyh = udsshorqv txh od yduldwlrq gh od irqfwlrq sro|txdgudwltxh +418:, oh orqj gx
v|vwëph +71<:, v*ìfulw

{T E5 E&�� ' % E&� � #�� E5�
�[

� � � > � E5 E& n ���� � � E5��
�[

� � � > � E5 E&��� �
$
% E&�
+71435,

dyhf
� E5� '

�[
� � �

�[
� � � >� E5 E&��>� E5 E&�� E�� n�� 8� �� +71436,

Frpswh whqx ghv h{suhvvlrqv +71<;, hw +71<<,/ o*h{suhvvlrq vxlydqwh hvw wrxmrxuv yìul�ìh
�[

 � � >  E5 E& n ���
# �[

� � � > � E5 E&�� ! x  � � n
�[

� " � # � > � E5 E&��>� E5 E&�� Ex  � � nx  � � �
$

: f
+71437,

dyhf
x  � � '

� � � � � Cn�� �� �
� 2 �CnC� � �  �

�
+71438,

fh txl hvw ìtxlydohqw ã
3
EC

�S
� � � > � E5 E&��� � k E5�C

� CnC� �
�S

 � � >  E5 E& n ����  

4
FD : f +71439,

454

te
l-0

00
04

60
5,

 v
er

si
on

 1
 - 

9 
Fe

b 
20

04



� � � � � � � � � 	 
 � � � � � �  � � � � � � � � � � � � � � � �  � � � � �

dyhf k E5� '
�S

� � �
�S

� � � > � E5 E&��>� E5 E&�� E�� n�� �� �C � � �1 Hq suì0 hw srvw0pxowlsoldqw
uhvshfwlyhphqw sdu � L �k E5� � hw � L �k E5� � � o*h{suhvvlrq +71439,/ rq rewlhqw

�[
� � � > � E5 E&���� � k E5�

�[
� � � > � E5 E& n ����� k � E5� : f +7143:,

dyhf ohv frqwudlqwhv +71434, hw +71433,/ o*h{suhvvlrq +7143:, v*ìfulw
�� E5�

�[
� � � > � E5 E& n ���� � � E5��

�[
� � � >� E5 E&��� � 	 f +7143;,

fh txl hvw ìtxlydohqw ã {T E5 E&�� 	 f�
Hq v*lqvsludqw ghv wudydx{ gh Nlp hw do ^Nlp33` vxu od vwdelolvdwlrq txdgudwltxh hw srxu
prlqv gh frqvhuydwlvph/ qrxv sursrvrqv od v|qwkëvh gh od orl gh frppdqgh RSGF sdu
ohv frqglwlrqv vx!vdqwhv vxlydqwhv1
Wkìruëph 71< ^Fkd34f` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv � � c '� � c '� � � c E�c �c ,� 5
U �� c � 	 � hw ghv pdwulfhv �� c ;� 5 U � c � hw C yìul�dqw� �� �� Cn�� �� �

� CnC� � � �
�

: '� � c ; E�c ,� 5 U �� +7143<,
� � � n �� �� Cn� � �� � n�� Cn�� �� �

� 2 �CnC� � � � �
�

: 2'� � � c; E�c �c ,� 5 U �� c � 	 � +71443,3
EEEEC

' � � ' � � � � � � ' � � �
' � � � ' � � 111111 1 1 1 ' � � � � � � �
' � � � � � � ' � � � � � � � '� �

4
FFFFD : fc ;, 5 U � +71444,

dyhf
�C ' �� +71445,

doruv oh pxowlprgëoh glvfuhw gìfulw hq +71<:, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1
Od orl gh frppdqgh RSGF +7177, hvw gì�qlh sdu

8� ' �� � � � +71446,
Suhxyh = frpswh whqx ghv h{suhvvlrqv +7143<, hw +71443, hw ghv sursulìwìv ghv irqfwlrqv
g*dfwlydwlrq/ o*lqìjdolwì vxlydqwh hvw yìul�ìh

�[
� � � > � E5 E& n ���

# �[
� � � > � E5 E&�� � x � � � n

�[
� � � � � > � E5 E&��>� E5 E&�� Ex � � � nx � � � �

$
:

�[
� � � > � E5 E& n ���

# �[
� � � >� E5 E&�� � '� � n 2

�[
� � � � � >� E5 E&��>� E5 E&��'� � �

$
+71447,
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dyhf x � � � gì�qlh hq +71438,1 Frpswh whqx gh od frqglwlrq +71444,/ rq yìul�h txh =
�[

� � �
>� E5 E&�� � ' � � n 2

�[
� � � � �

> � E5 E&��>� E5 E&��'� � � '
3
EEEC

> � E��
> � E��111
> � E��

4
FFFD

� 3
EEEEC

' � � ' � � � � � � ' � � �
' � � � ' � � 111111 1 1 1 ' � � � � � � �
' � � � � � � ' � � � � � � � ' � �

4
FFFFD

3
EEEC

> � E��
> � E��111
> � E��

4
FFFD : f +71448,

od vxlwh gh od suhxyh hvw lghqwltxh ã fhooh gx wkìruëph 71;1
Uhpdutxrqv txh gdqv ohv ghx{ wkìruëphv 71; hw 71</ od v|qwkëvh gx jdlq 8� hvw lqgìshq0
gdqwh ghv pdwulfhv gh O|dsxqry � � / fh txl frqvwlwxh xq dydqwdjh pdmhxu sdu udssruw
dx{ uìvxowdwv lvvxv gh od pìwkrgh txdgudwltxh +sdudjudskh e�2,1 Fhshqgdqw oh uìvxo0
wdw gx wkìruëph 71< d shuplv gh �uhod{hu� g*dydqwdjh ohv frqwudlqwhv gx wkìruëph 71;1
Fhv uhod{dwlrqv vrqw lqwurgxlwhv ã wudyhuv ohv pdwulfhv '� � � txl qh vrqw sdv irufìphqw
gì�qlhv srvlwlyhv1
Gdqv oh fdv rü � ' � L f � c oh wkìruëph vxlydqw sursrvh gh v|qwkìwlvhu od orl gh
frppdqgh RSGF +7199, +l1 h1 oh jdlq gh uhwrxu 78� � hq whqdqw frpswh gh vd vwuxfwxuh
+719:,1
Wkìruëph 7143 ^Fkd34f` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv �� 5 U�  � hw ghv pd0
wulfhv �� 5 U !  � � 5 U � c hw C 5 U�  � d|dqw ohv vwuxfwxuhv vxlydqwhv

�� ' � �� � f � c C '
� C � � f

C � � C � �
�

+71449,
rü C � � 5 U �  � c C � � 5 U � � � � �  � cC � � 5 U � � � � �  � � � � � hw yìul�dqw ohv OPL� � � � � Cn�� ��

� CnC� � � �

�
: fc; E�c ,� 5 U �

� +7144:,
� � � n �� �� Cn�� �� n�� Cn�� ��

� 2 �CnC� � � � �
�

: fc ; E�c �c ,� 5 U "
� c � 	 � +7144;,

doruv oh pxowlprgëoh +719;, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1 Od orl gh frp0
pdqgh +7199, hvw gì�qlh sdu

8� ' �� � C � �� � +7144<,
Suhxyh = ohv frqglwlrqv vrxv iruphv gh OPL +7144:,0+7144;, vrqw rewhqxhv gluhfwh0
phqw ghv frqglwlrqv +61448,0+61449, hq vxevwlwxdqw �� n�� 78� ã C� � dyhf oh fkdqjhphqw
gh yduldeoh 78 � C� ' �� 1 Ohv vwuxfwxuhv lpsrvìhv dx{ pdwulfhv C hw �� hq +71449, jdudq0
wlvvhqw o*h{lvwhqfh gh od vroxwlrq +7144<,1 Ohv frqwudlqwhv +7144:,0+7144;, dvvxuhqw txh
C n C� � � # : f hw � # : f fh txl jdudqwlw o*h{lvwhqfh gh C � �� � hw sdu frqvìtxhqw gx
jdlq 8 � 1
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Uhpdutxhv 715 1
� Hq v*lqvsludqw gx wkìruëph 71</ ohv frqglwlrqv +7144:,0+7144;, shxyhqw íwuh gluhf0
whphqw uhod{ìhv hq lqwurgxlvdqw ghv pdwulfhv '� � hw '� � � 1

� Uhpdutxrqv txh gdqv oh fdv ghv wkìruëphv 71;/ 71< hw 7143/ od v|qwkëvh gh od
orl gh frppdqgh RSGF +7199, hvw lqgìshqgdqwh ghv pdwulfhv gh O|dsxqry � � 1
Gh soxv hq frpsdudlvrq dyhf ohv frqglwlrqv +719<,0+71:5, gx wkìruëph 719 +lvvxhv
gh od vwdelolvdwlrq txdgudwltxh,/ dxfxqh vwuxfwxuh sduwlfxolëuh q*hvw lpsrvìh dx{
pdwulfhv gh O|dsxqry � � 1 Od pdwulfh C/ txl q*hvw sdv irufìphqw v|pìwultxh/
shuphw dlqvl g*lqwurgxluh xqh uhod{dwlrq frqvlgìudeoh sdu udssruw dx{ uìvxowdwv
lvvxv gh od vwdelolvdwlrq txdgudwltxh +yrlu h{hpsoh 71615,1

� Qrwrqv ìjdohphqw tx*rq shxw wrxmrxuv vh udphqhu ã xqh pdwulfh gh vruwlh gh
sohlq udqj oljqh vrxv od iruph � ' � L f � � Lo vx!w g*dssoltxhu oh fkdqjhphqw
gh yduldeoh 7% E�� ' A% E�� rü A hvw xqh pdwulfh uìjxolëuh whooh txh + E�� ' �A � � 7% E��
hw �A � � ' � L f � �

Gdqv oh fdv gh od frolqìdulwì srvlwlyh ghv pdwulfhv g*hqwuìh/ o*xvdjh gh od orl gh frppdqgh
RSGFprgl�ìh +7195, dyhf � ' � L f � shuphw dx pxowlprgëoh +7178, gh v*ìfuluh vdqv
vhv whuphv furlvìv =

% E& n �� '
�[

� � �
>� E5 E|�� ��� n�� 78� �% E&� +71453,

rü 78� ' � 8� f �1 Dlqvl ohv frqglwlrqv gh vwdelolwì gx pxowlprgëoh +71453, vh uìgxlvhqw
dx{ frqglwlrqv +71449, hw +7144:, gx wkìruëph 71431 Fhshqgdqw/ srxu prlqv gh frqvhu0
ydwlvph qrxv sursrvrqv g*h{sorlwhu ohv frqglwlrqv +6197, txl irxuqlvvhqw soxv gh ghjuìv
gh olehuwì1
Wkìruëph 7144 ^Fkd34f` = v*lo h{lvwh ghv pdwulfhv v|pìwultxhv 7 � 5 U� � � hw ghv pd0
wulfhv �� 5 U � � � hw C� 5 U� � � � 5 U � d|dqw ohv vwuxfwxuhv vxlydqwhv

� � ' � �� � f � c C� '
� C� � � f

C� � � C� � �
�

+71454,

rü C� � � 5 U � � � c C� � � 5 U
� � � � � � � cC� � � 5 U

� � � � � � � � � � � hw yìul�dqw ohv OPL� C� nC�� � 7 � �
�� C� n�� �� 7�

�
: fc; E�c �� 5 U �� +71455,

doruv oh pxowlprgëoh +71453, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1 Od orl gh frp0
pdqgh +7195, hvw gì�qlh sdu

8� ' �� � C � �� � � +71456,
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Suhxyh = od suhxyh hvw rewhqxh sdu dssolfdwlrq gluhfwh ghv frqglwlrqv +6197, hq vxe0
vwlwxdqw �� n�� 78� ã �� dyhf oh fkdqjhphqw gh yduldeoh �� ' 78� C� 1 O*h{lvwhqfh gh C � �

� � �
hvw dvvxuìh sdu od frqwudlqwh C� nC�� : 7 � : f�

O*dydqwdjh gh fhwwh irupxodwlrq hvw g*lqwurgxluh gl�ìuhqwhv pdwulfhv C� qrq v|pì0
wultxhv1 Ohv jdlqv 8� qh gìshqghqw soxv g*xqh pdwulfh xqltxh Cc fh txl hvw v|qrq|ph
gh prlqv gh frqvhuydwlvph1

71615 H{hpsoh looxvwudwli
O*h{hpsoh vxlydqw shuphw gh frpsduhu ohv uìvxowdwv lvvxv ghv ghx{ wkìruëphv +71; hw
71<,1 Frqvlgìurqv oh pxowlprgëoh glvfuhw vxlydqw gìfulw sdu ghx{ prgëohv orfdx{ =

� � '
� ���� f�e.

f f�D
�
c � � '

� 2�e
e�.

�
c � � ' � � f �

� � '
� �f�� f�D

f�S f�D
�
c � � '

� f��
2�2

�
c � � ' � � f � +71457,

Ohv frqglwlrqv gh vwdelolvdwlrq +7143<,0+71444, gx wkìruëph 71< vrqw uìdolvdeohv hw derx0
wlvvhqw dx{ uìvxowdwv vxlydqwv =

� � '
� 2�����D� �2e�.H�D

�2e�.H�D .fH�HSbf
�
c � � '

� ��.�2��. �2�SD.2
�2�SD.2 SbD��fbS

�
c

C '
� 2eS�e2bf f

�2f�Dee. .fe�S2f�
�

Ohv jdlqv gh od orl gh frppdqgh RSGF/ � E&� ' �S
� � � > � E5 E&��8� + E&� c vrqw

8 � ' f��2bec 8 � ' f���.D +71458,
Xq h{hpsoh gh vlpxodwlrq gx pxowlprgëoh dyhf od orl gh frppdqgh RSGF grqw ohv
jdlqv vrqw gì�qlv hq +71458, hw ohv irqfwlrqv g*dfwlydwlrq hq +71459, hvw suìvhqwì sdu od
�jxuh 7151

> � E% E&�� ' �� > � E% E&�� ' �
2 E�� |@?� E% E&��� +71459,

Uhpdutxrqv txh ohv frqglwlrqv +71<;,0+71<<, gx wkìruëph 71; qh vrqw sdv uìdolvdeohv hw
lo hq hvw gh píph srxu fhoohv +718:,0+718<, gx wkìruëph 718 lvvxhv gh od vwdelolvdwlrq
txdgudwltxh1
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Ilj1 715= Vwdelolvdwlrq qrq txdgudwltxh sdu uhwrxu gh vruwlh gx pxowlprgëoh +71457,
dyhf od orl gh frppdqgh RSGF1

71616 Fdv ghv irqfwlrqv txdgudwltxhv sdu prufhdx{
Ohv uìvxowdwv gh vwdelolvdwlrq sdu uhwrxu g*ìwdw txh qrxv dyrqv ìwdeolv yld od orl gh
frppdqgh SGF gdqv oh grpdlqh glvfuhw hq xwlolvdqw od irqfwlrq fdqglgdwh gh O|dsxqry
+418<, vrqw ìwhqgxv ã od vwdelolvdwlrq sdu uhwrxu gh vruwlh +orl gh frppdqgh RSGF,1
Dlqvl/ lo vx!w gh uhpsodfhu gdqv ohv wkìruëphv 6148 hw 6149 C� � ' �� � �� g� sdu
�� n� � 8� �� Oh uìvxowdw vxlydqw shxw íwuh rewhqx =
Wkìruëph 7145 ^Fkd34f` = vxssrvrqv tx*lo h{lvwh ghv pdwulfhv v|pìwultxhv ' � fc
� � : fc ghv pdwulfhv 8� hw ghv vfdodluhv � � � � � � f whov txh

3
C � � � Eo � ��'�

�S
� � �

� � � � E� � � � � � �
� � E� � n�� 8� �� � �

4
D : fc ; E�c &� 5 U �

� +7145:,
3
C e� � n e'�

�S
� � �

� � � � � E� � � � � � �
� � E�� n�� n�� 8� � n�� 8 � �� � �

4
D : fc ; E�c �c &� 5 U �

� c � 	 � +7145;,

doruv oh pxowlprgëoh +7178, hvw joredohphqw dv|pswrwltxhphqw vwdeoh1

Suhxyh = fhv frqglwlrqv vrqw rewhqxhv gluhfwhphqw ã sduwlu gx wkìruëph 6148 hq vxe0
vwlwxdqw �� n�� 8� � ã C� � ' �� ��� g� 1
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Gdqv oh fdv gh od orl gh frppdqgh RSGF prgl�ìh/ ohv frqglwlrqv gh vwdelolvdwlrq vh
uìvxphqw dx{ frqglwlrqv vxlydqwhv3

C � � �
�S

� � � � � � � E� � � � � � �
� � E�� n�� 8� �� � �

4
D : f +7145<,

Fhv frqglwlrqv vrqw h{sulpìhv vrxv iruph gh EPL hq � � c 8� hw � � � � 1 Od pìwkrgh gh
olqìdulvdwlrq gìfulwh dx sdudjudskh ��e���� shxw íwuh xwlolvìh1 Od irupxodwlrq OPL
fruuhvsrqgdqwh ã fhv EPL v*rewlhqw hq vxevwlwxdqw ã � � E�� n�� 8� ��/ o*h{suhvvlrq =

E� � � n B� � ��� n E� � � n B� � ��� 8 � � � n � � � �� B8� �c ; E�c &� 5 U �� +71463,
dyhf � � � n B�� : fc dx{txhoohv lo idxw dmrxwhu ohv frqwudlqwhv +BB, dvvxudqw od ydolglwì
gh o*dssur{lpdwlrq1
H{hpsoh 715 1
Frqvlgìurqv oh pxowlprgëoh glvfuhw gh ^\rq33` gìfulw sdu ghx{ prgëohv orfdx{

� � '
� f �

�f�S ��S
�
c � � '

� f�D
��2

�
c � � ' � � f �

� � '
� f �

�f�b ��H
�
c � � '

� f
��e

�
c � � ' � � f � +71464,

srxu ohtxho ohv dxwhxuv rqw sursrvì xqh orl gh frppdqgh SGF edvìh revhuydwhxu1 Sdu
od vxlwh qrxv sursrvrqv xqh orl gh frppdqgh RSGF srxu fhw h{hpsoh1 Od v|qwkëvh gh
fhwwh orl gh frppdqgh hvw edvìh vxu ohv frqglwlrqv gh vwdelolvdwlrq +7145:,0+7145;, gx
wkìruëph 7145 olqìdulvìhv hq +71463, hq whqdqw frpswh ghv frqwudlqwhv vxu � � / � � c 8 � hw
8 � = � l� � � B� �

B� � l� � �
�

: fc
� El n8� � n� � B8 ��

B8� L
�

: fc � 5 U �

Dyhf l ' f�2c ohv ydohxuv lqlwldohv
� � � '

� �f ��f
��f �f

�
c � � � '

� � ��
�� .

�

8 � � ' ��fc 8 � � ' �2f
hw

� � � � ' �c � � � � ' 2c � � � � ' �c � � � � ' 2c � � � � � ' �c � � � � � ' f +71465,
ohv frqwudlqwhv olqìdulvìhv vrqw uìdolvdeohv hw derxwlvvhqw/ ã od 47  ! " ! lwìudwlrq/ dx{ uì0
vxowdwv vxlydqwv =
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� � '
� ��.�Se ���DDb�

���DDb� ��.���
�
c � � '

� ��.��f ���DDS�
���DDS� ��.2.b

�
c ' '

� f�ff.� �f�ffS2
�f�ffS2 f�ffSH

�

Ohv jdlqv gh uhwrxu gh od orl gh frppdqgh RSGF vrqw =
8 � ' �f��.D.c 8 � ' �f�fS�2 +71466,

71617 Frqfoxvlrq
Ã wudyhuv fh txdwulëph fkdslwuh/ qrxv dyrqv sursrvì ghv frqglwlrqv vx!vdqwhv shuphw0
wdqw od v|qwkëvh gh orlv gh frppdqgh vwdwltxh sdu uhwrxu gh vruwlh +orl gh frppdqgh
RSGF,1 Gl�ìuhqwhv dssurfkhv rqw ìwì frqvlgìuìhv > od suhplëuh v*dssxlh vxu o*xwlolvd0
wlrq ghv irqfwlrqv gh O|dsxqry txdgudwltxh1 Gdqv fh vhqv/ xqh irupxodwlrq OPL sdu
frpsoìphqwdulwì vxu oh f÷qh +wkìruëph 71:, dlqvl txh sdu wudqvirupdwlrq hq OPL gx
sureoëph EPL gh gìsduw +wkìruëphv 714 hw 715, rqw ìwì sursrvìhv1 Vl od suhplëuh
irupxodwlrq q*lpsrvh dxfxqh uhvwulfwlrq/ od ghx{lëph vxssrvh xqh pdwulfh gh vruwlh �
xqltxh hw gh sohlq udqj oljqh1 Gdqv xq ghx{lëph whpsv/ fhwwh ìwxgh d ìwì edvìh vxu ohv
irqfwlrqv qrq txdgudwltxhv1 Hq vh edvdqw vxu ohv irqfwlrqv sro|txdgudwltxhv ohv uìvxo0
wdwv rewhqxv gdqv oh grpdlqh glvfuhw vrqw vrxv iruphv gh OPL doruv txh fhx{ rewhqxv
sdu ohv irqfwlrqv txdgudwltxhv sdu prufhdx{ vrqw vrxv iruphv gh EPL1 Fhv ghuqlhuv
uìvxowdwv srvhqw oh sureoëph gh uìvroxwlrq qxpìultxh1 Qrwrqv ìjdohphqw od judqgh gli0
�fxowì ã irupxohu/ sdu od pìwkrgh sro|txdgudwltxh/ ghv uìvxowdwv vdwlvidlvdqwv srxu oh
grpdlqh frqwlqx1 Od pìwkrgh ghpdqgh ghv ìwxghv soxv dssurirqglhv srxu derxwlu ã
ghv uìvxowdwv prlqv shvvlplvwhv hw uìvroxeohv qxpìultxhphqw1
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Frqfoxvlrqv hw shuvshfwlyhv
� � � � � � � � � � � � � 	 � 
 � � �  � � 
 � � 	 � 	 �  
 � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � �  ! � ! � � " � � # � ! � � �
� $ % ! & � ' � � � �  ! � ! � � " � � � ! � � � � � � � � � ( ) * + , - . /
0 1 2 3 / 2 4 5 6

Ohv pìwkrgrorjlhv gìyhorssìhv gdqv fh pìprluh gh wkëvh vrqw hvvhqwlhoohphqw wkìr0
ultxhv1 Hoohv vrqw gìglìhv ã o*dqdo|vh hw od v|qwkëvh gh orlv gh frppdqgh srxu ohv
v|vwëphv qrq olqìdluhv gìfulwv sdu ghv vwuxfwxuhv pxowlprgëohv1 Ohxu ìwdeolvvhphqw idlw
dssho h{foxvlyhphqw ã od ghx{lëph pìwkrgh gh O|dsxqry hw dx irupdolvph OPL1 Dx
ghoã gh o*rxwlo pdwkìpdwltxh/ ohxuv plvhv hq rhxyuh qìfhvvlwhqw vrxyhqw oh uhfrxuv ã ghv
dojrulwkphv qxpìultxhv whov txh od olqìdulvdwlrq gh EPL/ od plqlplvdwlrq gh wudfh/ od
sulvh hq frpswh gh frqwudlqwh gh udqj1
O*ìwxgh txh qrxv dyrqv phqìh hvw rujdqlvìh hq ghx{ sduwlhv = od suhplëuh wudlwh o*dqdo|vh
gh od vwdelolwì sdu ghv irqfwlrqv gh O|dsxqry txdgudwltxhv/ od ghx{lëph idlw dssho dx{
irqfwlrqv gh O|dsxqry qrq txdgudwltxhv1
Dlqvl/ hq vh edvdqw vxu ohv sursulìwìv ghv P0pdwulfhv/ xqh fodvvh gh pxowlprgëohv dffhs0
wdqw ghv irqfwlrqv txdgudwltxhv vrqw ìwxglìhv hw ghv frqglwlrqv vx!vdqwhv gh vwdelolwì
vrqw sursrvìhv ^Fkd35j`1 Od vwdelolvdwlrq sdu uhwrxu g*ìwdw qrq olqìdluh d hqvxlwh ìwì
frqvlgìuìh1 Ohv frqglwlrqv rewhqxhv v*h{sulphqw vrxv iruph gh EPL1 Ghv dojrulwkphv
shuphwwdqw gh uìvrxguh orfdohphqw rx joredohphqw fh jhquh gh sureoëph qrq frqyh{h
vrqw xwlolvìv1 D�q g*dpìolruhu ohv shuirupdqfhv gh v|qwkëvh +gh uìjxodwhxuv SGF rx gh
pxowlrevhuydwhxuv,/ qrxv dyrqv sursrvì ghv frqglwlrqv prlqv frqvhuydwlyhv vrxv iruph
OPL shuphwwdqw gh �{hu oh wdx{ gh gìfurlvvdqfh gh o*huuhxu g*hvwlpdwlrq1 Hq h�hw/
fhwwh frqwudlqwh gh shuirupdqfh hvw jdudqwlh hq uhsruwdqw oh sureoëph xqltxhphqw vxu
ohv whuphv grplqdqwv vxssrvìv frppdqgdeohv/ fh txl shuphw gh pdlqwhqlu ohv uhod{d0
wlrqv dx qlyhdx ghv whuphv furlvìv1
Xqh orl gh frppdqgh vwdwltxh qrq olqìdluh edvìh vxu oh uhwrxu gh vruwlh hvw ìjdohphqw
sursrvìh ^Fkd35d` ^Fkd35k`1 Ghx{ whfkqltxhv gh v|qwkëvh gh fhwwh orl gh frppdqgh
vrqw h{srvìhv1 Od suhplëuh hvw edvìh vxu xqh irupxodwlrq frqyh{h vrxv iruph gh OPL
^Fkd35k` > qrxv dyrqv ìjdohphqw frqvlgìuì oh sureoëph gh sodfhphqw gh s÷ohv irupxoì
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Frqfoxvlrqv hw shuvshfwlyhv

hq whuph gh OPL1 Od ghx{lëph whfkqltxh txdqw ã hooh/ hvw edvìh vxu od wudqvirupdwlrq
gx sureoëph +qrq frqyh{h, gh v|qwkëvh hq xq sureoëph gh frpsoìphqwdulwì vxu oh f÷qh
^Fkd35d`1
Ohv whfkqltxhv gh v|qwkëvh edvìhv vxu oh uhwrxu g*ìwdw qìfhvvlwhqw od glvsrqlelolwì gh wrxw
oh yhfwhxu g*ìwdw1 Frpph fhwwh frqglwlrq hvw uduhphqw yìul�ìh/ o*xvdjh g*xq revhuydwhxu
ghylhqw qìfhvvdluh1 Fh pxowlrevhuydwhxu hvw frqvwuxlw sdu lqwhusrodwlrq g*revhuydwhxuv
orfdx{ gh w|sh Oxhqehujhu ^Fkd35i`^Fkd35e`1 Gdqv xq suhplhu whpsv/ oh fdv rü o*rq
glvsrvh gh yduldeoh gh gìflvlrq phvxudeohv hvw ìwxglì ^Fkd35i`1 Srxu uhpìglhu ã fhwwh
k|srwkëvh vrxyhqw gl!floh ã yìul�hu/ qrxv dyrqv wudlwì oh fdv ghv yduldeohv gh gìfl0
vlrq qrq +wrxwhv, phvxudeohv ^Fkd35e`^Fkd35g`1 Ohv frqglwlrqv gh v|qwkëvh rewhqxhv
v*h{sulphqw vrxv iruph gh EPL gl!flohv ã olqìdulvhu sdu ohv whfkqltxhv fodvvltxhv gh
fkdqjhphqw gh yduldeoh1 Gdqv fh vhqv/ qrxv dyrqv sursrvì xqh surfìgxuh gh uìvrox0
wlrq edvìh vxu oh gìfrxsodjh ghv yduldeohv gh v|qwkëvh +jdlqv gh o*revhuydwhxu hw gx
uìjxodwhxu,^Fkd35g`^Fkd35e`1 Od pìwkrgh sursrvìh shuphw gh v|qwkìwlvhu vìsduìphqw/
pdlv vìtxhqwlhoohphqw/ ohv jdlqv gh o*revhuydwhxu hw gx uìjxodwhxu1
O*lqwìuíw ghv uìvxowdwv rewhqxv ylhqw gx idlw txh od uhfkhufkh g*xqh irqfwlrq gh O|dsxqry
frppxqh +hw ghv jdlqv gh uhwrxu g*ìwdw gdqv oh fdv gh od vwdelolvdwlrq, hvw idfloh ã phwwuh
hq rhxyuh hw shxw íwuh ìqrqfìh frpph xq sureoëph g*rswlplvdwlrq frqyh{h hq whuph
gh OPL uìvrox h!fdfhphqw1 Fhshqgdqw/ od pìwkrgh txdgudwltxh v*hvw dyìuìh wuëv
frqvhuydwlyh gx idlw txh fhwwh dssurfkh qìjoljh wrxwhv ohv lqirupdwlrqv frqwhqxhv gdqv
ohv irqfwlrqv g*dfwlydwlrq1 Fhv frqwudlqwhv ghylhqqhqw soxv frqvhuydwlyhv hqfruh vl o*rq
dmrxwh ghv frqwudlqwhv gh shuirupdqfh gx v|vwëph fruuljì1
Srxu uìgxluh oh shvvlplvph gh od pìwkrgh txdgudwltxh/ qrxv dyrqv phqì o*ìwxgh gh
vwdelolwì ghv pxowlprgëohv hq frqvlgìudqw ghx{ w|shv gh irqfwlrq gh O|dsxqry qrq
txdgudwltxhv1
Od suhplëuh/ glwh sro|wrsltxh rx pxowltxdgudwltxh/ hvw gh od iruph T E% E|� c 5 E|�� '
% E|� � S �

� � � > � E5 E|��� � % E|� c � � : f� Hooh hvw frqvwuxlwh sdu lqwhusrodwlrq gh irqfwlrqv
gh O|dsxqry txdgudwltxhv orfdohv ã wudyhuv ohv píphv irqfwlrqv g*dfwlydwlrq txh oh
pxowlprgëoh oxl píph1 O*ìwxgh gh fh w|sh gh irqfwlrq d shuplv/ gdqv oh fdv frqwlqx/
g*rewhqlu ghv frqglwlrqv gh vwdelolwì vxu od yduldwlrq gh o*ìwdw ^Fkd33`^Fkd35h`1 Fhv
uìvxowdwv v*dyëuhqw wuëv xwlohv oruvtx*dxfxqh irqfwlrq gh O|dsxqry txdgudwltxh qh shxw
íwuh wurxyìh ^Fkd35h`1
Oh ghx{lëph w|sh gh irqfwlrq gh O|dsxqry hvw gh od iruph T E%� ' 4@ ET � E%� c ��c T � E%��
dyhf T � E%� ' %� � � %c � � : fc � 5 U � � Lo v*djlw gh irqfwlrqv gh O|dsxqry qrq txdgudwltxhv1
Fhv irqfwlrqv/ glwhv txdgudwltxhv sdu prufhdx{/ vrqw xwlolvìhv frqmrlqwhphqw dyhf od
surfìgxuh V srxu uìgxluh oh shvvlplvph ghv uìvxowdwv txdgudwltxhv1 Ohv frqglwlrqv gh
vwdelolwì rewhqxhv vrqw irupxoìhv vrxv iruph gh OPL ^Fkd35f`1 Fhv uìvxowdwv/ dvvh}
vdwlvidlvdqwv gdqv oh grpdlqh frqwlqx hw glvfuhw/ rqw derxwl ã uìgxluh frqvlgìudeohphqw
oh frqvhuydwlvph gh od pìwkrgh txdgudwltxh1 Fh w|sh gh irqfwlrq shuphw g*hqylvdjhu
ghv h{whqvlrqv lqwìuhvvdqwhv frqfhuqdqw od frppdqgh sdu uhwrxu g*ìwdw rx sdu uhwrxu
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Frqfoxvlrqv hw shuvshfwlyhv

gh vruwlh hw ìjdohphqw ã sursrv gh o*hvwlpdwlrq g*ìwdw ghv pxowlprgëohv ^Fkd34f`1 Ohv
uìvxowdwv rewhqxv vrqw elolqìdluhv hq ohv yduldeohv gh v|qwkëvh1 Ghv irupxodwlrqv OPL
vrxv frqwudlqwhv gh udqj rx hq xwlolvdqw ghv dojrulwkphv gh olqìdulvdwlrq h{lvwdqwv vrqw
sursrvìhv1
Pdojuì fhv gìyhorsshphqwv/ fhuwdlqv d{hv pìulwhqw ghv uì h{lrqv soxv dssurirqglhv1
Ohv shuvshfwlyhv ghphxuhqw qrpeuhxvhv hw grlyhqw íwuh rulhqwìhv yhuv od glplqxwlrq gx
frqvhuydwlvph ghv frqglwlrqv txl shxw lqwhuyhqlu dx{ qlyhdx{ vxlydqwv =

� O*xwlolvdwlrq ghv irqfwlrqv fdqglgdwhv gh O|dsxqry sro|txdgudwltxhv hw txdgud0
wltxhv sdu prufhdx{ rqw shuplv gh uìgxluh oh frqvhuydwlvph ghv uìvxowdwv lvvxv
ghv irqfwlrqv txdgudwltxhv1 H{soruhu g*dxwuhv fodvvhv gh irqfwlrqv gh O|dsxqry
uhvwh xq pr|hq srvvleoh gh uìgxfwlrq gh frqvhuydwlvph1

� Oh fkrl{ v|vwìpdwltxh ghv orlv gh frppdqghv SGF/ FGI +rx gh vwuxfwxuhv gìul0
yìhv, q*hvw sdv wrxmrxuv xqh erqqh gìpdufkh1 O*lgìh srxuudlw íwuh gh frpelqhu fhv
ghuqlëuhv dyhf ghv pìwkrghv lvvxhv ghv v|vwëphv qrq olqìdluhv1 Xq h{hpsoh g*xqh
whooh gìpdufkh hvw suìvhqwì gdqv ^Pru33d` hw frqvwlwxh xqh slvwh lqwìuhvvdqwh1

� Ohv frqglwlrqv g*dqdo|vh hw gh v|qwkëvh lvvxhv gh od pìwkrgh sro|txdgudwltxh gdqv
oh grpdlqh frqwlqx/ ghpdqgh ghv uì h{lrqv soxv dssurirqglhv srxu derxwlu ã ghv
uìvxowdwv prlqv shvvlplvwhv hw uìvroxeohv qxpìultxhphqw1 Od olwwìudwxuh uìfhqwh
vxu fh vxmhw sursrvh ghv slvwhv lqwìuhvvdqwhv qrwdpphqw ã wudyhuv ^Wdq34d` txl
sursrvh xqh irupxodwlrq OPL gx sureoëph gh v|qwkëvh1

� Od soxsduw ghv pìwkrghv dfwxhoohv edvìhv OPL/ ghpdqghqw od vwdelolwì gh wrxv
ohv prgëohv orfdx{ +�� , +ã sduw fhooh gh Eodqfr ^Eod34e` lvvxh gh od pìwkrgh txd0
gudwltxh hw txl ghpdqgh ghv irqfwlrqv g*dfwlydwlrq sduwlfxolëuhv txl q*dwwhlqjqhqw
sdv ohv eruqhv/ l1 h1 f hw �,1 Qrxv shqvrqv tx*lo q*| d sdv qìfhvvlwì ã frqvlgìuhu
od vwdelolwì gx prgëoh orfdo +�, txdqg fhoxl0fl fruuhvsrqg vhxohphqw ã xq srlqw
wudqvlwrluh hw qrq ã xq srlqw g*ìtxloleuh1 Fhwwh �frqvwdwdwlrq� shuphwwudlw gh
uìgxluh oh frqvhuydwlvph ghv uìvxowdwv g*dqdo|vh dfwxhov1 Fhfl shuphwwudlw ìjdoh0
phqw/ ã qrwuh dylv/ gh uìgxluh oh frqvhuydwlvph ghv k|srwkëvhv wuëv frqwudljqdqwhv
gh �pxowlfrppdqgdelolwì� hw gh �pxowlrevhuydelololwì�1

� Ohv frqglwlrqv sursrvìhv gdqv oh fkdslwuh 6 xwlolvdqw ohv irqfwlrqv txdgudwltxhv sdu
prufhdx{ hw frqfhuqdqw od vwdelolvdwlrq hw o*hvwlpdwlrq g*ìwdw/ jdudqwlvvhqw xql0
txhphqw od vwdelolwì dv|pswrwltxh1 Oh sureoëph gh shuirupdqfhv gx pxowlprgëoh
fruuljì/ od v|qwkëvh g*xqh orl gh frppdqgh vwdelolvdqwh edvìh vxu xq revhuydwhxu
hw/ sdu vxlwh/ od sursulìwì gh vìsdudwlrq qh vrqw sdv derugìv1 Fhv srlqwv shxyhqw
frqvwlwxhu xqh shuvshfwlyh lqwìuhvvdqwh gh fh wudydlo1 Fhv frqglwlrqv rqw derxwlw
ã ghv frqwudlqwhv qrq frqyh{hv txl srvhqw ghv sureoëphv qxpìultxhv hw txl gh0
pdqghqw ghv h�ruwv vxssoìphqwdluhv srxu dgdswhu ghv dojrulwkphv h{lvwdqwv gdqv
fh grpdlqh1
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Dqqh{h D
Uìjlrqv OPL

D14 Gì�qlwlrq g*xqh uìjlrq OPL
Xq vrxv0hqvhpeoh ( gx sodq frpsoh{h hvw dsshoì uìjlrq OPL g*ruguh ? v*lo h{lvwh xqh
pdwulfh v|pìwultxh k 5 U � � � hw xqh pdwulfh q 5 U � � � whoohv txh =

( ' �5 5 � G s � E5� ' kn q5 n q � 75 	 f� +D14,
Rq shxw uhpdutxhu txh od irqfwlrq fdudfwìulvwltxh s � gh yduldeoh frpsoh{h 5 suhqg vhv
ydohxuv gdqv o*hqvhpeoh ghv pdwulfhv Khuplwlhqqhv g*ruguh ? hw tx*xqh uìjlrq OPL hvw
v|pìwultxh sdu udssruw ã o*d{h uìho sxlvtxh s �

� E5� ' s � E75�1 Fhwwh ghuqlëuh sursulìwì
hvw vrxyhqw yìul�ìh sdu ohv uìjlrqv xwlolvìhv srxu o*ìwxgh gh od(0vwdelolwì � g*xqh pdwulfh
uìhooh sxlvtxh oh vshfwuh g*xqh pdwulfh uìhooh hvw dxwr0frqmxjxì1
Wkìruëph D14 ^Fkl<9e`^Fkl<9d` = vrlhqw � 5 U � � � hw ( xqh uìjlrq OPL gì�qlh sdu
+D14,1 Od pdwulfh � hvw (0vwdeoh vl hw vhxohphqw v*lo h{lvwh xqh pdwulfh f 5 U � � � /
v|pìwultxh gì�qlh srvlwlyh/ whooh txh =

� � E�cf� ' kf n q  E�f� n q �  E�f� � 	 f +D15,
Srxu whvwhu od (0vwdelolwì g*xqh pdwulfh uìhooh gdqv xqh lqwhuvhfwlrq gh uìjlrqv OPL/
ohv dxwhxuv gh ^Fkl<9e` rqw prqwuì tx*xqh vhxoh vroxwlrq v|pìwultxh gì�qlh srvlwlyh ã
fhwwh OPL hvw qìfhvvdluh1
Frqvlgìurqv od uìjlrq ( uìvxowdqwh gh o*lqwhuvhfwlrq gh o vrxv0uìjlrqv OPL (� 1 Ohv
ydohxuv sursuhv g*xqh pdwulfh uìhooh dssduwlhqqhqw ã ( vl hw vhxohphqw v*lo h{lvwh xqh
pdwulfh f 5 U � � � / v|pìwultxh gì�qlh srvlwlyh/ whooh txh =

� � � E�cf� ' k � f n q �  E�f� n q �
�  E�f� � 	 fc � 5 U � +D16,

� 	 
 � �  � � � 
 � � �  � � � � � � � � � � � � � �  � � � � � � �  � !  � �  " �  #  $ � � ! � % " �  � �  � & � �  " ' � ( ' % ( '  � � % $ �
� � ' ! ) �  #  $ � ) % $ �  $ "  � * � + ! $ � , ' !  " ' - + " $  ' , . ! % $ � - " ( � � $ ) % # ( �  /  
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� � � � � � � � � 	 
 � � �  � � � � �

fh txl hvw ìtxlydohqw ã =
� � E�cf� ' kf n q  E�f� n q �  E�f� � ' _�@} E� � � E�cf�� 	 fc � 5 U �

+D17,
rü =

k ' _�@} Ek � c ���c k � � c q ' _�@} Eq � c ���c q � � +D18,
Fhwwh lqìjdolwì prqwuh fodluhphqw txh ( shxw hooh0píph íwuh irupxoìh frpph xqh
uìjlrq OPL1 Fhfl prqwuh txh o*dssurfkh OPL shuphw gh frqvlgìuhu od píph pdwulfh
f srxu wrxwhv ohv vrxv0uìjlrqv gh o*lqwhuvhfwlrq wrxw hq suìvhuydqw od qìfhvvlwì gh od
frqglwlrq gh G0vwdelolwì1

D15 H{hpsohv gh uìjlrqv OPL lqwìuhvvdqwhv
O*lqìjdolwì +D15, shxw ìjdohphqw v*ìfuluh vrxv od iruph vxlydqwh =3
EC

k � � f n q � � �f n q � � E�f� � � � � k � � f n q � � �f n q � � E�f� �111 1 1 1 111
k � � f n q � � �f n q � � E�f� � � � � k � � f n q � � �f n q � � E�f� �

4
FD 	 f +D19,

rü R � � hw ^ � � uhsuìvhqwhqw ohv ìoìphqwv E�c �� gh k hw q uhvshfwlyhphqw1
� Ghpl0sodq jdxfkh rxyhuw

?e E5� 	 f / 5 n 75 	 f +D1:,
Lo vx!w gh suhqguh k ' f hw q ' �1 Gh o*h{suhvvlrq +D1:, rq gìgxlw od OPL
vxlydqwh =

�f n E�f� � 	 f +D1;,
� k0vwdelolwì

?e E5� 	 �@ / 2@n 5 n 75 	 f +D1<,
Lo vx!w gh suhqguh k ' 2@ hw q ' �/ fh txl grqqh od OPL =

2@� n�f n E�f� � 	 f +D143,
� Edqgh yhuwlfdoh

@ � 	 ?e E5� 	 @ � /
� �2@ � n 5 n 75 f

f 2@ � � E5 n 75�
�

	 f +D144,
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� � � � � � � � � � 	 
 � � �  � � � 	 � � � � � � � � � 	 	 � � � � 	

Lo vx!w gh suhqguh k '
� �2@ � f

f 2@ �
�

hw q '
� � f

f ��
�
/ fh txl grqqh od

OPL =# �2@ � f n�f n E�f� � f
f 2@ � f �

�
�f n E�f� � � $ 	 f +D145,

� Edqgh krul}rqwdoh
m@6 E5�m 	 @ /

� �2@ 5 � 75
�5 n 75 �2@

�
	 f +D146,

Lo vx!w gh suhqguh k '
� �2@ f

f 2@
�
hw q '

� f �
�� f

�
/ fh txl grqqh od OPL =

#
�2@f �f � E�f� �

��f n E�f� � 2@f
$

	 f +D147,
� Glvtxh gh ud|rq + hw gh fhqwuh E^c f�

m5 � ^m 	 - /
� �- 5 � ^

75 � ^ �-
�

	 f +D148,

Lo vx!w gh suhqguh k '
� �- �^

�^ �-
�
hw q '

� f �
f f

�
/ fh txl grqqh od OPL =

#
�-f �^f n�f

�^f n E�f� � �-f
$

	 f +D149,
Gdqv oh fdv rü - ' � hw ^ ' f +fh txl fruuhvsrqg dx fdv glvfuhw,/ rq rewlhqw =
�� f��f 	 f1

� Vhfwhxu frqltxh
@?e E5� n mK�@6 E5�m 	 f /

� @ E5 n 75� �K E5 � 75�
K E5 � 75� @ E5 n 75�

�
	 f +D14:,

Lo vx!w gh suhqguh k '
� f f

f f
�
hw q '

� @ �K
K @

�
/ fh txl grqqh od OPL =

3
C @

�
�f n E�f� � � �K

�
�f � E�f� � �

K
�
�f � E�f� � � @

�
�f n E�f�� �

4
D 	 f +D14;,

Rq d = f 	 w 	 � � c ULt Ew� ' � ��  ! " # ! c t�? Ew� '  �  ! " # !
Hq h�hw =3

C t�? Ew�
�
�f n E�f� $ � ULt Ew�

�
�f � E�f� $ �

� ULt Ew�
�
�f � E�f� $ � t�? Ew�

�
�f n E�f� $ �

4
D 	 f +D14<,
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Dqqh{h E
Sureoëph gh frpsoìphqwdulwì vxu
oh f÷qh
Gdqv oh exw gh srxyrlu xwlolvhu ohv rxwlov gh uìvroxwlrq ghv lqìjdolwìv pdwulflhoohv ^Jdk<8`
^Qln<8`/ wrxwhv ohv frqglwlrqv grlyhqw qìfhvvdluhphqw íwuh frqyh{hv1 Od suìvhqfh gh
frqglwlrqv qrq frqyh{hv uhqg hq jìqìudo oh sureoëph QS0gl!floh1
Frqvlgìurqv oh sureoëph qrq frqyh{h hq Tc` hw ~ vxlydqw =

8 ETc c̀ ~� � fc
� T L

L `
�

� f +E14,
T` ' L +E15,

rü Tc` vrqw ghv pdwulfhv v|pìwultxhv gh píph glphqvlrq hw 8 E�� hvw xqh irqfwlrq pd0
wulflhooh d!qh v|pìwultxh1 Ohv lqìjdolwìv +E14, uhsuìvhqwhqw o*hqvhpeoh ghv frqwudlqwhv
OPL gx sureoëph hw od frqglwlrq +E15, od frqwudlqwh qrq frqyh{h1 Oh sureoëph gh
frpsoìphqwdulwì vxu oh f÷qh fruuhvsrqgdqw hvw

6�?�6�reo Ao ET` � rJ�r ,er SJ?|o@�?|er E���� +E16,
Oh wkìruëph vxlydqw jdudqwlw o*h{lvwhqfh g*xqh vroxwlrq dx sureoëph vl hw vhxohphqw vl
oh plqlpxp gh +E16, hvw R ^Hoj<:`1
Wkìruëph E14 = vrlhqw T hw ` ghx{ pdwulfhv v|pìwultxhv gì�qlhv srvlwlyhv gh U� � �
whoohv txh

� T L
L `

�
� f +E17,

Doruv T` ' L vl hw vhxohphqw vl AoET` � ' R1
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� � � � � � � � � 	 
 � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

E14 Olqìdulvdwlrq hw dojrulwkph
O*khxulvwltxh sursrvìh gdqv ^Hoj<:` srxu uìvrxguh fh sureoëph uhsrvh vxu xqh pìwkrgh
gh olqìdulvdwlrq lqwurgxlwh sdu Iudqn )Zroih1 O*khxulvwltxh suhqg doruv od iruph g*xqh
vxlwh gh frqglwlrqv OPL =

41 Wurxyhu T � / ` � hw ~ � txl vdwlvirqw ohv frqwudlqwhv OPL +E14,1 Vl oh sureoëph hvw
uìdolvdeoh/ duuíwhu1 Vlqrq/ srvhu & ' �1

51 Ohv pdwulfhv T  ! " / `  ! " hw ~  ! " ìwdqw �{ìhv/ wurxyhu T  / `  hw ~  vroxwlrqv gx
sureoëph OPL =

6�?�6�reo Ao ET  ! " `  n`  ! " T  � rJ�r ,@ SJ?|o@�?|e E����
61 Vl o*remhfwli Ao ET  ! " `  n`  ! " T  � dwwhlqw xq srlqw vwdwlrqqdluh/ duuíwhu1 Vlqrq/

srvhu & ' & n � hw doohu ã +5,1

E15 Sursulìwìv gh o*dojrulwkph
Qrxv udsshorqv txhotxhv sursulìwìv irqgdphqwdohv gh fhw dojrulwkph1
Wkìruëph E15 = vrlw E|  � od vxlwh gì�qlh sdu Ao ET  ! " `  n`  ! " T  � c & : f

41 Od vxlwh E|  � hvw plqruìh = ; & � �c |  � 2R�
51 Od vxlwh E|  � hvw gìfurlvvdqwh1
61 Od vxlwh E|  � frqyhujh yhuv | # � 2R�
71 | # ' 2R vl hw vhxohphqw vl T` ' L ã o*rswlpxp1

Oh sureoëph gh od frqyhujhqfh gh od vxlwh vrxoëyh oh sureoëph gx fulwëuh g*duuíw1 Gdqv
oh fdv gh od vwdelolvdwlrq txdgudwltxh sdu uhwrxu vwdwltxh gh vruwlh g*xq v|vwëph OWL/
xq fulwëuh hvw sursrvì gdqv ^Hoj<:`1
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Dqqh{h F
Sursulìwìv ghv P0pdwulfhv
Fhv gì�qlwlrqv vh wurxyhqw gdqv ^Irv<6`1
Gì�qlwlrq F14 = ~0pdwulfh
Xqh pdwulfh � ' E@� � � 5 U� � � grqw wrxv ohv whuphv h{wud0gldjrqdx{ vrqw qìjdwliv rx
qxov hvw dsshoìh ~0pdwulfh1
Wkìruëph F14 = �0pdwulfh
Srxu tx*xqh ~0pdwulfh � vrlw xqh P0pdwulfh/ lo idxw hw lo vx!w tx*xqh ghv sursulìwìv
vxlydqwhv txl vrqw ìtxlydohqwhv hqwuh hoohv/ vrlw yìul�ìh =

� Wrxwh ydohxu sursuh gh � d vd sduwlh uìhooh srvlwlyh/
� Wrxv ohv gìwhuplqdqwv plqhxuv sulqflsdx{ gh � vrqw srvlwliv/
� � �

� h{lvwh hw hvw qrq qìjdwlyh +wrxv vhv ìoìphqwv vrqw srvlwliv rx qxov,/
� Lo h{lvwh xq yhfwhxu � srvlwli +� 9' f,/ who txh oh yhfwhxu �� hvw dxvvl xq yhfwhxu
vwulfwhphqw srvlwli/

� � hvw xqh pdwulfh ã gldjrqdoh txdvl0grplqdqwh srvlwlyh/ l1 h1 lo h{lvwh xq hqvhpeoh
gh uìhov V� whov txh =

V� @� � �
�[

� 	
 � � �
V� m@� � m : fc ; � 5 U�
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Dqqh{h G
Gl�ìuhqwhv iruphv gh pxowlprgëohv
Rq shxw ìqxpìuhu gl�ìuhqwhv iruphv gh pxowlprgëohv vhorq txh o*rq idlw od vhjphqwdwlrq
vxu o*hqwuìh rx vxu od vruwlh +l1 h1 vxu ohv yduldeohv g*ìwdw phvxudeohv, hw dxvvl vhorq od
qdwxuh gx frxsodjh hqwuh ohv prgëohv orfdx{1 Fhshqgdqw rq shxw qrwhu flqt vwuxfwxuhv
gh pxowlprgëohv jurxsìhv hq ghx{ fodvvhv =

� prgëohv orfdx{ frxsoìv
� prgëohv orfdx{ gìfrxsoìv

Dx olhx g*xq prgëoh vrxv iruph hqwuìh0vruwlh/ vrxyhqw xwlolvì hq lghqwl�fdwlrq/ od uh0
suìvhqwdwlrq g*ìwdw hvw gh orlq soxv dgrswìh hq dqdo|vh ghv pxowlprgëohv1 Gh píph/
od frppdqgh ghv surfhvvxv uhsuìvhqwìv sdu ghv pxowlprgëohv dgrswh od uhsuìvhqwdwlrq
g*ìwdw d�q g*ìwhqguh dx fdv qrq olqìdluh ghv whfkqltxhv gh frppdqgh sdu uhwrxu g*ìwdw1
Od frqvwuxfwlrq g*revhuydwhxuv qrq olqìdluhv/ dsshoìv pxowlrevhuydwhxuv gdqv oh fdguh
gh o*dssurfkh pxowlprgëoh/ uhtxlhuw dxvvl ghv prgëohv orfdx{ h{sulpìv vrxv od iruph
gh prgëoh g*ìwdw1 Rq vh frqwhqwhud sdu od vxlwh gh od iruph glvfuëwh gh od uhsuìvhqwdwlrq
g*ìwdw1

G14 Prgëohv orfdx{ frxsoìv
Frqvlgìurqv oh v|vwëph qrq olqìdluh vxlydqw

% E& n �� ' s E% E&�� n� E% E&�� � E&�
+ E&� ' } E% E&�� +G14,

Od uhsuìvhqwdwlrq pxowlprgëoh gh +G14, rewhqxh sdu lqwhusrodwlrq gh ? prgëohv orfdx{
hvw

% E& n �� '
�[

� � �
> � E5 E&�� E�� % E&� n �� � E&�� +G15,

+ E&� '
�[

� � �
> � E5 E&��� � % E&�
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rü > & E5 E&�� hvw od irqfwlrq g*dfwlydwlrq uhodwlyhphqw dx prgëoh orfdo � gìshqgdqwh gx
yhfwhxu ghv yduldeohv gh gìflvlrq 5 E&�1
Uhpdutxhv G14 =

� Fkdtxh prgëoh orfdo � q*hvw ydodeoh txh gdqv o*hvsdfh hqjhqguì sdu od irqfwlrq
g*dfwlydwlrq > ' E5 E&�� fruuhvsrqgdqwh píph vl ohv yduldeohv % E&� hw + E&� vrqw
joredohv1

� Gdqv oh fdv jìqìudo/ od vhjphqwdwlrq hvw irqfwlrq gh o*ìwdw phvxudeoh +rx g*xqh
frpelqdlvrq gh o*ìwdw phvxudeoh/ od vruwlh gx v|vwëph hq o*rffxuuhqfh, hw ìyhq0
wxhoohphqw gh o*hqwuìh1

Fhwwh vwuxfwxuh hvw od soxv xwlolvìh hq dqdo|vh dxvvl elhq tx*hq v|qwkëvh ghv pxowl0
prgëohv1 Xqh dxwuh yduldqwh gh od vwuxfwxuh +G15, hvw sursrvìh gdqv ^Old<<`1 Fhwwh
vwuxfwxuh vlpsol�ìh/ txl hvw edvìh vxu xq prgëoh OWL xqltxh srqgìuì sdu ghv vfdodluhv
& ( 5 U/ shuphw gh uìgxluh oh qrpeuh gh sdudpëwuhv ã rswlplvhu1 Od uhsuìvhqwdwlrq
pxowlprgëoh d od iruph vxlydqwh =

% E& n �� '
)

[

* + ,
> - E5 E&�� & - E�% E&� n�� E&�� c � 5 U . +G16,

Ohv vwuxfwxuhv vxlydqwhv shxyhqw íwuh yxhv frpph ghv yduldqwhv gh od vwuxfwxuh +G15,1
Lo v*djlw g*xqh lqwhufrqqh{lrq gh ? prgëohv hq sdudooëoh grqw od srqgìudwlrq hvw uìdolvìh
vxu ohv hqwuìhv rx vxu ohv vruwlhv orfdohv ^Udj34`1 Od vrppdwlrq gh fhv ghuqlëuhv irxuqlw
od vruwlh joredoh gx v|vwëph

� Prgëohv orfdx{ frxsoìv dyhf vhjphqwdwlrq gh o*hqwuìh
Vwuxfwxuh gx prgëoh orfdo � =

%/ E& n �� ' �/ % E&� n�/ 0� E&� c 0� E&� ' >1 E5 E&�� � E&� +G17,
+2 E&� ' � 3 %3 E&� c � 5 U 4

Oh prgëoh joredo hvw rewhqx sdu vrppdwlrq gluhfwh ghv prgëohv orfdx{ frxsoìv +�jxuh
G14, gh od idêrq vxlydqwh =

% E& n �� '
5

[

6 7 8

�

�9 % E&� n�9 :� E&�
�

+G18,

+ E&� '
;

[

< = >
+< E&� c � 5 U ;

� Prgëohv orfdx{ frxsoìv dyhf lqwhusrodwlrq ghv vruwlhv orfdohv
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Modèle local 1

Modèle local n

u(k)
y(k)

µµ1(z(k))

µµn(z(k))

Ilj1 G14= Prgëohv orfdx{ frxsoìv dyhf vhjphqwdwlrq gh o*hqwuìh1

Modèle local 1Modèle local 1

Modèle local n

u(k)
y(k)

µµ1(z(k))

µµn(z(k))

Ilj1 G15= Prgëohv orfdx{ frxsoìv dyhf lqwhusrodwlrq ghv vruwlhv orfdohv1

Vwuxfwxuh gx prgëoh orfdo � =
% � E& n �� ' �� % E&� n�� � E&� +G19,

+� E&� ' � � % � E&� c � 5 U �

Oh prgëoh joredo hvw lqwhusroì sdu srqgìudwlrq ghv prgëohv orfdx{ +�jxuh G15, gh od
idêrq vxlydqwh =

% E& n �� '
�

[

� � �
> � E5 E&�� E� � % E&� n�� � E&�� +G1:,

+ E&� '
�

[

� � �
> � E5 E&�� + � E&� c � 5 U �

G15 Prgëohv orfdx{ gìfrxsoìv
Gdqv ohv fdv suìfìghqwv/ ohv prgëohv orfdx{ vrqw frxsoìv gx idlw gh o*xwlolvdwlrq gh
od vruwlh joredoh gdqv ohxuv h{suhvvlrqv1 Xqh dxwuh uhsuìvhqwdwlrq pxowlprgëoh hvw gh
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Modèle local 1Modèle local 1

Modèle local n

u(k)
y(k)

µµ1(z(k))

µµn(z(k))

Ilj1 G16= Prgëohv orfdx{ gìfrxsoìv dyhf lqwhusrodwlrq ghv vruwlhv orfdohv1

frqvlgìuhu txh ohv prgëohv orfdx{ vrqw wrwdohphqw gìfrxsoìv1

� Prgëohv orfdx{ gìfrxsoìv dyhf lqwhusrodwlrq ghv vruwlhv orfdohv
Lo v*djlw g*xqh lqwhufrqqh{lrq gh ? prgëohv hq sdudooëoh grqw ohv vruwlhv orfdohv vrqw
srqgìuìhv sdu ohv irqfwlrqv g*dfwlydwlrq/ ohxu vrppdwlrq irxuqlw od vruwlh joredoh gx
v|vwëph1
Oh prgëoh orfdo � shxw v*ìfuluh vrxv od iruph g*ìtxdwlrq g*ìwdw

%� E& n �� ' �� % � E&� n�� � E&� +G1;,
+� E&� ' � � %� E&� c � 5 U �

Oh prgëoh joredo shxw íwuh lqwhusroì sdu od vrppdwlrq srqgìuìh ghv yduldeohv g*ìwdw
hw gh vruwlh +�jxuh G16, gh od idêrq vxlydqwh =

% E& n �� '
�

[

� � �
> � E5 E&�� E�� %� E&� n�� � E&�� +G1<,

+ E&� '
�

[

� � �
> � E5 E&�� + � E&� c � 5 U �

� Prgëohv orfdx{ gìfrxsoìv dyhf vhjphqwdwlrq gh o*hqwuìh
O*dufklwhfwxuh gh fh gìfrxsodjh uhvwh od píph txh suìfìghpphqw vdxi txh ohv srqgì0
udwlrqv vrqw uìdolvìhv dx qlyhdx gh o*hqwuìh1
Vwuxfwxuh gx prgëoh orfdo � =

%� E& n �� ' �� %� E&� n��  � E&� c  � E&� ' >� E5 E&��� E&� +G143,
+ � E&� ' �� %� E&� c � 5 U �
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Modèle local 1

Modèle local n

u(k)
y(k)

µµ1(z(k))

µµn(z(k))

Ilj1 G17= Prgëohv orfdx{ gìfrxsoìv dyhf vhjphqwdwlrq gh o*hqwuìh1

Oh prgëoh joredo hvw lqwhusroì gh od idêrq vxlydqwh +�jxuh G17, =

% E& n �� '
�

[

� � �

�

�� %� E&� n�� �� E&�
�

+G144,

+ E&� '
�

[

� � �
+� E&� c � 5 U �

478

te
l-0

00
04

60
5,

 v
er

si
on

 1
 - 

9 
Fe

b 
20

04



� � � � � � � � � 	 � � 
 � � � � � �  � � � � �  � � � � � � � � � � � � � 

479

te
l-0

00
04

60
5,

 v
er

si
on

 1
 - 

9 
Fe

b 
20

04



Eleolrjudsklh
^Dnd<;` Dndu P1/ R}jxqhu X1 Vwdelolw| dqg vwdelol}dwlrq ri W0V ix}}| v|vwhpv1 Lq

Surf1 ri wkh DFF/ Sklodghoskld/ XVD/ 4<<;1 ss1 6;73�6;781
^Dnd33` DnduP1/ R}jxqhu X1 Ghfhqwudol}hg whfkqltxhv iru wkh dqdo|vlv dqg frqwuro

ri W0V ix}}| v|vwhpv1 LHHH Wudqvdfwlrqv rq Ix}}| V|vwhpv/ 53331 yro1 ;/
qr1 9/ 9<4�:371

^Dnk36` Dnkhqdn D1/ Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Vwdwh hvwlpdwlrq yld
pxowlsoh revhuyhu zlwk xqnqrzq lqsxwv = Dssolfdwlrq wr wkh wkuhh wdqn v|v0
whp1 Lq Surf1 ri wkh LIDF frqjuhv/ Vdihsurfhvv*36/ Zdvklqjwrq/ 53361

^Dsn<8` Dsnduldq S1 / Jdklqhw S1 / Ehfnhu J1 Vhoi0vfkhgxohg K+lqi, frqwuro ri
olqhdu sdudphwhu0ydu|lqj v|vwhpv = d ghvljq h{dpsoh1 Dxwrpdwlfd/ 4<<81 qr1
64/ ss1 4584�45941

^Dsn33` Dsnduldq S1/ Wxdq K1 G1 Urexvw frqwuro yld frqfdyh plqlplvdwlrq = orfdo
dqg joredo dojrulwkpv1 LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro / 53331 yro1
78/ qr1 5/ ss1 5<<�6381

^Edu34` Edud J1 L1 Hvwlpdwlrq g*ìwdw ghv v|vwëphv ã sdudpëwuhv yduldqwv1 Grfwrudw
gh o*Lqvwlwxw Qdwlrqdo Sro|whfkqltxh gh Oruudlqh/ Qdqf|/ 53341

^Ehq<:` Ehqwrq U1 H1/ Vplwk G1 Rxwsxw0ihhgedfn vwdelolvdwlrq zlwk suhvfulehg
ghjuhh ri vwdelolw|1 Lq Surf1 ri DFF/ Doextxhutxh/ Qhz Ph{lfr/ 4<<:1 ss1
7<<�8371

^Ehu<:` Ehudq H1/ Ydqghqehujkh O1 dqg Er|g V1 D joredo EPL dojrulwkp
edvhg rq wkh jhqhudolvhg ehqghu ghfrpsrvlwlrq1 Lq Surf1 ri HFF/ Euxvvhov/
Ehojltxh/ 4<<:1

^Eod34d` Eodqfr \1 Vwdelolvdwlrq ghv prgëohv Wdndjl0Vxjhqr hw ohxu xvdjh srxu od
frppdqgh ghv v|vwëphv qrq olqìdluhv1 Grfwrudw gh o*Hfroh Fhqwudoh gh Olooh/
53341

^Eod34e` Eodqfr \1/ Shuuxtxhwwl Z1/ Eruqh S1 Vwdelolw| dqg vwdelol}delolw| ri
qrqolqhdu v|vwhpv dqg W0V ix}}| prghov1 Lq Pdwkhpdwlfdo Sureohpv lq Hq0
jlqhhulqj/ 53341 qr1 :/ ss1 554�5731

^Eru<6` Eruqh S1/ Gdxsklq0Wdqjx| J1/ Ulfkdug M1 S1/ Urwhood I1/ ]dpehw0
wdnlv L1 Dqdo|vh hw uìjxodwlrq ghv surfhvvxv lqgxvwulhov1 Whfkqls/ Sdulv/
4<<61
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ELEOLRJUDSKLH

^Er|<7` Er|g V1/ HoJkdrxl O1/ Ihurq H1/ Edodnulvkqdq Y1 Olqhdu pdwul{ lq0
htxdolwlhv lq v|vwhpv dqg frqwuro wkhru|1 Sklodghoskld/ SD =VLDP/ 4<<71

^Exf<5` Exfnoh| M1 M1 Xqlyhuvdo ix}}| frqwuroohuv1 Dxwrpdwlfd/ 4<<51 yro1 5;/ qr1 9/
ss1 4578�457;1

^Exf<6` Exfnoh| M1 M1 Vxjhqr w|sh frqwuroohuv duh xqlyhuvdo frqwuroohuv1 Ix}}| Vhw
dqg V|vwhpv/ 4<<61 qr1 86/ ss1 5<<�6361

^Fdr<9` Fdr V1J1/ Uhhv Q1 Z1/ Ihqj J1 Vwdelolw| dqdo|vlv dqg ghvljq iru d fodvv
ri frqwlqxrxv0wlph ix}}| frqwuro v|vwhpv1 Lqwhuqdwlrqdo Mrxuqdo ri Frqwuro /
4<<91 yro1 97/ qr1 9/ ss1 439<�43;:1

^Fdr<<` Fdr V1J1/ Uhhv Q1 Z1/ Ihqj J1 Dqdo|vlv dqg ghvljq ri ix}}| frqwuro
v|vwhpv xvlqj g|qdplf ix}}| vwdwh vsdfh prghov1 LHHH Wudqvdfwlrqv rq
Ix}}| V|vwhpv/ 4<<<1 yro1 :/ qr1 5/ ss1 4<5�5331

^Fdv<8` Fdvwur M1 Ix}}| orjlf frqwuroohuv duh xqlyhuvdo dssur{lpdwru1 LHHH Wudq0
vdfwlrqv rq V|vwhpv Pdq dqg F|ehuqhwlfv0sduw F / 4<<81 yro1 58/ ss1 95<�9681

^Fkd33` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Uhod{hg vwdelolw| frqglwlrqv iru Wdndjl0
vxjhqr ix}}| v|vwhpv1 Lq Surf1 ri wkh LHHH Lqwhuqdwlrqdo Frqihuhqfh rq
V|vwhpv/ Pdq dqg F|ehuqhwlfv/ Qdvkylooh/ XVD/ 53331 ss1 6847�684<1

^Fkd34d` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Rq wkh vwdelolw| dqdo|vlv ri pxowlsoh
prgho1 Lq Surf1 ri wkh HFF/ Sruwr/ Sruwxjdo / 53341 ss1 4;<7�4;<<1

^Fkd34e` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Vwdelolwì hw vwdelolvdwlrq ghv prgëohv
W0V frqwlqxv1 Mrxuqìhv Grfwrudohv gh o*Dxwrpdwltxh +MGD*5334,/ Wrxorxvh/
Iudqfh/ 53341 ss1 ;8�;;1

^Fkd34f` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Vxu od vwdelolwì hw od vwdelolvdwlrq
qrq txdgudwltxh ghv pxowlprgëohv1 Udssruw lqwhuqh/ FUDQ0LQSO/ Qdqf|/
Rfwreuh 53341

^Fkd35d` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Dq OPL irupxodwlrq iru rxwsxw ihhgedfn
vwdelolvdwlrq lq pxowlsoh prgho dssurdfk1 Lq Surf1 ri wkh LHHH 74wk FGF/
Odv Yhjdv/ Qhydgd/ 53351

^Fkd35e` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Frppdqgh ghv prgëohv Wdndjl0Vxjhqr
frqwlqxv1 Uhqfrqwuhv Iudqfrskrqhv vxu od Orjltxh Iorxh hw vhv Dssolfdwlrqv
+OID,/ Prqwshoolhu/ Iudqfh/ 53351

^Fkd35f` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Qrqtxdgudwlf vwdelolw| ri Wdndjl0
Vxjhqr v|vwhpv1 Lq Surf1 ri wkh LHHH 74wk FGF/ Odv Yhjdv/ Qhydgd/ 53351

^Fkd35g` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Revhuyhu0edvhg frqwuroohu iru Wdndjl0
Vxjhqr prghov1 Lq Surf1 ri wkh LHHH Lqwhuqdwlrqdo Frqihuhqfh rq V|vwhpv/
Pdq dqg F|ehuqhwlfv +VPF*5335,/ Wxqlvld/ 53351

^Fkd35h` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Rq uhod{hg OPL0edvhg dqdo|vlv dqg gh0
vljqv iru frqwlqxrxv Wdndjl0Vxjhqr v|vwhpv1 LHHH Wudqv1 rq Ix}}| V|vwhpv/
Vrxplv/ 53351
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ELEOLRJUDSKLH

^Fkd35i` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Rxwsxw vwdelolvdwlrq lq pxowlsoh pr0
gho dssurdfk1 Lq Surf1 ri wkh LHHH Frqihuhqfh rq Frqwuro Dssolfdwlrq
+FFD*35,/ Jodvjrz/ Vfrwodqg / 53351 ss14648�46531

^Fkd35j` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Vwdelolw| dqdo|vlv ri pxowlsoh prgho
v|vwhpv1 Lqwhuqdwlrqdo Mrxuqdo ri V|vwhpv Vflhqfh/ Vrxplv/ 53351

^Fkd35k` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Vwdwlf rxwsxw ihhgedfn iru Wdndjl0
Vxjhqr v|vwhpv = dq OPL dssurdfk1 Lq Surf1 ri wkh 43wk Phglwhuudqhdq
Frqihuhqfh rq Frqwuro dqg Dxwrpdwlrq +PHG*35,/ Olverd/ Sruwxjdo / 53351

^Fkd35l` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Vxu od vwdelolwì ghv prgëohv gh Wdndjl0
Vxjhqr = Dssurfkh txdgudwltxh1 Mrxuqdo Hxursìhq ghv V|vwëphv dxwrpdwlvìv
+MHVD,/ Vrxplv/ 53351

^Fkd36` Fkdgol P1/ Pdtxlq G1/ Udjrw M1 Pxowlsoh revhuyhuv ri glvfuhwh0wlph
pxowlsoh prghov1 Lq Surf1 ri wkh LIDF frqjuhv/ Vdihsurfhvv*36/ Zdvklqjwrq/
53361

^Fkh<9` Fkhqj F1 P1/ Uhhv Q1Z1/ Ihqj J1 Vwdelolw| dqdo|vlv ri ix}}| frqwlqxrxv
wlph g|qdplf v|vwhp1 Lq Surf1 ri wkh LFDUFY/ Vlqjdsruh/ 4<<91 ss1 459<�
45:61

^Fkl<9d` Fklodol P1 Pìwkrghv OPL srxu o*dqdo|vh hw od v|qwkëvh pxowl0fulwëuh1 Grf0
wrudw gh o*Xqlyhuvlwì Sdulv0L[ Gdxsklqh/ 4<<91

^Fkl<9e` Fklodol P1/ Jdklqhw S1 K+lqi, ghvljq zlwk sroh sodfhphqw frqvwudlqwv =
dq OPL dssurdfk1 LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro / 4<<91 yro1 74/
qr1 6/ ss1 68;�69:1

^Gdd34d` Gddirx} M1/ Ehuqxvvrx M1 Sdudphwhu ghshqghqw O|dsxqry ixqfwlrq iru
glvfuhwh wlph v|vwhpv zlwk wlph ydu|lqj sdudphwulf xqfhuwdlqwlhv1 V|vwhpv
dqg Frqwuro ohwwhuv/ 53341 yro1 76/ qr1 8/ ss1 688�68<1

^Gdd34e` Gddirx} M1/ Ulhglqjhu S1/ Lxqj F1 Vwdwlf rxwsxw ihhgedfn frqwuro iru
vzlwfkhg v|vwhpv1 Lq Surf1 ri FGF/ Ruodqgr/ Iorulgd/ 53341 ss1 53<6�53<71

^Hoj<:` Hojkdrxl O1/ Rxvwu| I1/ Dlwudpl P1 D frqh frpsohphqwdu| olqhdulvdwlrq
dojrulwkp iru vwdwlf rxwsxw0ihhgedfn dqg uhodwhg sureohpv1 LHHH Wudqvdf0
wlrqv rq Dxwrpdwlf Frqwuro / 4<<:1 yro1 75/ qr1 ;/ ss1 44:4�44:91

^Ihq34` Ihqj J1 Dq dssurdfk wr txdgudwlf vwdelolvdwlrq ri xqfhuwdlq ix}}| g|qdplf
v|vwhpv1 LHHH Wudqvdfwlrqv rq Flufxlwv dqg V|vwhpv/ 53341 yro1 7;/ qr1 9/
ss1 :93�:9<1

^Ihq35` Ihqj J1 Vwdelolw| dqdo|vlv ri slhfhzlvh glvfuhwh0wlph olqhdu v|vwhpv1 LHHH
Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro / 53351 yro1 :/ qr1 :/ ss1 443;�44441

^Irv<6` Irvvdug D1 M1/ Qrupdqg0F|urw G1 +vrxv od gluhfwlrq gh,1 V|vwëphv qrq
olqìdluhv/ wrph 5 1 Pdvvrq/ Sdulv/ 4<<61
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^Jdk<8` Jdklqhw S1 Qhpluryvnl D1/ Odxe D1/ Fklodol P1 OPL frqwuro wrroer{ 1
Wkh Pdwk Zrunv lqf/ 4<<81

^Jdk<9` Jdklqhw S1/ Dsnduldq S1/ Fklodol P1 D!qh sdudphwhu0ghshqghqw O|d0
sxqry ixqfwlrqv dqg uhdo sdudphwulf xqfhuwdlqw|1 LHHH Wudqvdfwlrqv rq
Dxwrpdwlf Frqwuro / 4<<91 yro1 74/ qr1 6/ ss1 769�7751

^Jdu<:` Jdufld J1 Frqwulexwlrq ã od v|qwkëvh gh orlv gh frppdqgh urexvwh sdu
o*dssurfkh txdgudwltxh1 KGU/ Xqlyhuvlwì Sdxo Vdedwlhu/ Udssruw ODVV qr
<:876 / 4<<:1

^Jdu34` Jdufld J1/ Sudglq E1/ ]hqj I1 \1 Vwdelol}dwlrq ri glvfuhwh wlph olqhdu v|v0
whpv e| vwdwlf rxwsxw ihhgedfn1 LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro /
53341 79/ qr1 45/ ss1 4<87�4<8:1

^Jdv33` Jdvvr N1 Lghqwl�fdwlrq ghv v|vwëphv g|qdpltxhv qrq0olqìdluhv = dssurfkh
pxowlprgëoh1 Grfwrudw gh o*Lqvwlwxw Qdwlrqdo Sro|whfkqltxh gh Oruudlqh/
Qdqf|/ 53331

^Jhu<9` Jhurpho M1 F1/ Shuhv/ S1 O1 Vrx}d V1 U1 Frqyh{ dqdo|vlv ri rxwsxw0
ihhgedfn frqwuro sureohpv = urexvw vwdelolw| dqg shuirupdqfh1 LHHH Wudq0
vdfwlrqv rq Dxwrpdwlf Frqwuro / 4<<91 yro1 74/ qr1 :/ ss1 <<:�43361

^Jru<;` Jruh} U1/ Fdofhy J1/ Gh Qh|hu P1 Sdvvlylw| dssurdfk wr ix}}| frqwuro
v|vwhpv1 Dxwrpdwlfd/ 4<<;1 qr1 69/ ss1 66<�6771

^Jrx35` Jrxdlvedxw I1/ Gdpeulqh G1/ Ulfkdug M1 S1 Volglqj prgh frqwuro ri
olqhdu ghod| v|vwhpv = d ghvljq yld OPLv1 LPD Mrxuqdo ri Pdwkhpdwlfdo
Frqwuro dqg Lqirupdwlrq/ 53351 qr1 4</ ss1 ;6�<71

^Jxh<<d` Jxhuud W1 P1/ Yhuphluhq O1/ Ghoprwwh I1/ Eruqh S1 Orlv gh frp0
pdqgh srxu v|vwëphv  rxv frqwlqxv1 DSLL0MHVD/ 4<<<1 yro1 66/ qr1 724<<</
ss1 7;<�85:1

^Jxh<<e` Jxhvwd I1/ Jrugloor I1/ Dudflo M1/ Roohur D1 Vwdelolw| dqdo|vlv ri qrqol0
qhdu pxowlyduldeoh W0V ix}}| frqwuro v|vwhpv1 LHHH Wudqvdfwlrqv rq Ix}}|
V|vwhpv/ 4<<<1 yro1 :/ qr1 8/ ss1 83;�84<1

^Jxh34d` Jxhuud W0P1/ Yhuphluhq O1 Frqglwlrqv iru qrq txdgudwlf vwdelol}dwlrq ri
glvfuhwh ix}}| prghov1 LIDF dgydqfhv lq ix}}| dqg qhxudo frqwuro/ Ydodqfld/
Vsdlq/ 53341 ss1 48�531

^Jxh34e` Jxhuud W1 P1/ Yhuphluhq O1 Frqwuro odzv iru wdndjl0Vxjhqr ix}}| prghov1
Ix}}| Vhw dqg V|vwhpv/ 53341 yro1 66/ qr1 453/ ss1 <8�43;1

^Kdq33` Kdq ]1 [1/ Ihqj J1/ Zdofruw E1 O1/ Pd M1 G|qdplf rxwsxw ihhgedfn
frqwuroohu ghvljq iru ix}}| v|vwhpv1 LHHH Wudqvdfwlrqv rq V|vwhpv Pdq dqg
F|ehuqhwlfv0sduw F / 53331 yro1 63/ qr1 4/ ss1 537�5431

^Kdv<;` Kdvvlel D1/ Er|g V1 Txdgudwlf vwdelol}dwlrq dqg frqwuro ri slhfhzlvh0olqhdu
v|vwhpv1 Lq Surf1 ri wkh FGF/ Iorulgd/ XVD/ 4<<;1 ss1 698<�69971
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^Kdv<<` Kdvvlel D1/ Krz M1/ Er|g V1 D sdwk0iroorzlqj phwkrg iru vroylqj EPL
sureohpv lq frqwuro1 Lq Surf1 ri DFF/ Vdq Glhjr/ Fdoliruqld/ 4<<<1 ss1
46;8�46;<1

^Khq<<` Khqulrq G1/ Wduerxulhfk V1/ Vhehn P1 Udqn0rqh OPL dssurdfk wr
vlpxowdqhrxv vwdelol}dwlrq ri olqhdu v|vwhpv1 V|vwhpv dqg Frqwuro ohwwhuv/
4<<<1 yro1 6;/ qr1 5/ ss1 :<�;<1

^Khq34` Khqu| G1 Gldjqrvwlf hw frqwu÷oh gh frkìuhqfh ghv v|vwëphv pxowlyduldeohv
lqfhuwdlqv1 Grfwrudw gh o*Xqlyhuvlwì gh Erughdx{ L1/ 53341

^Krq33` Krqj V1N1/ Odqjdul U1 Dq OPL0edvhg K+lqi, ix}}| frqwuro v|vwhp ghvljq
zlwk W0V iudphzrun1 Lqirupdwlrq Vflhqfhv/ 53331 qr1 456/ ss1 496�4:<1

^Lvl<<` Lvlgrul D1 Qrqolqhdu frqwuro v|vwhpv LL 1 Vsulqjhu0Yhuodj/ Orqgrq/ 4<<<1
^Mdg<<` Mdgededlh D1 D uhgxfwlrq lq frqvhuydwlvp lq vwdelolw| dqg O5 jdlq dqdo|vlv

ri Wdndjl0Vxjhqr ix}}| v|vwhpv yld olqhdu pdwul{ lqhtxdolwlhv1 Lq Surf1 ri
wkh LIDF/ Fklqd/ 4<<<1 ss1 5;8�5;<1

^Mrk<5` Mrkdqvhq W1 D1/ Irvv D1 E1 Qrqolqhdu orfdo prgho uhsuhvhqwdwlrq iru
dgdswlyh v|vwhpv1 Lq Surf1 ri Lqw1 Frqi1 rq Lqwhooljhqw Frqwuro dqg Lqvwux0
phqwdwlrq/ Vlqjdsruh/ 4<<51 ss1 9::�9;51

^Mrk<<d` Mrkdqvhq P1 Slhfhzlvh olqhdu frqwuro v|vwhpv1 Grfwrudw gh Oxqg Lqvwlwxw/
Vxëgh/ 4<<<1

^Mrk<<e` Mrkdqvvrq P1/ Udqw}hu D1/ Du}ìq N1 Slhfhzlvh txdgudwlf vwdelolw| ri
ix}}| v|vwhpv1 LHHH Wudqvdfwlrqv rq Ix}}| V|vwhpv/ 4<<<1 yro1 :/ qr1 9/ ss1
:46�:541

^Mrk33` Mrkdqvhq W1 D1 Frpsxwdwlrq ri O|dsxqry ixqfwlrq iru vprrwk qrqolqhdu
v|vwhpv xvlqj frqyh{ rswlpl}dwlrq1 Dxwrpdwlfd/ 53331 qr1 69/ ss1 494:�49591

^Ndu;7` Ndupdundu Q1 D qhz sro|qrpldo wlph dojrulwkp iru olqhdu surjudpplqj1
Frpelqdwrulfd/ 4<;71 7/ qr1 7/ 6:6�6<81

^Nkd;3` Nkdlodwk W1 Olqhdu v|vwhpv1 Hqjohzrrgfol�v/ XVD/ 4<;31
^Nkd<9` Nkdolo K1 Qrqolqhdu v|vwhpv1 Suhqwlfh0Kdoo/ Lqf1 vhfrqg hglwlrq/ XVD/ 4<<91
^Nlp<8` Nlp Z1F1/ Dkq V1F1/ Nzrq Z1K1 Vwdelolw| dqdo|vlv dqg vwdelolvdwlrq ri

ix}}| vwdwh vsdfh prghov1 Ix}}| Vhw dqg V|vwhpv/ 4<<81 qr1 :4/ ss1 464�4751
^Nlp33` Nlp H1/ Ohh K1 Qhz dssurdfkhv wr uhod{hg txdgudwlf vwdelolw| ri ix}}|

frqwuro v|vwhpv1 LHHH Wudqvdfwlrqv rq Ix}}| V|vwhpv/ 53331 yro1 ;/ qr1 8/
ss1 856�8671

^Nlu<9` Nluldglv N1/ Julydv D1/ W}hv D1 Txdgudwlf vwdelolw| dqdo|vlv ri wkh W0V
ix}}| prgho1 Ix}}| Vhw dqg V|vwhpv/ 4<<91 qr1 <;/ ss1 4�471

^Ol 33` Ol M1/ Zdqj K1 R1/ Qhzpdqq G1/ Wdqdnd N1 G|qdplf sdudooho glvwul0
exwhg frpshqvdwlrq iru Wdndjl0Vxjhqr ix}}| v|vwhpv = Dq OPL dssurdfk1
Lqirupdwlrq Vflhqfhv/ 53331 qr1 456/ ss1 534�5541
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^Old<<` Oldr M1/ Hu P1 M1 Vwdelolw| dqdo|vlv dqg v|vwhpdwlf ghvljq ri ix}}| frqwuro0
ohuv zlwk vlpsol�hg olqhdu frqwuro uxohv1 Lq Surf1 ri wkh FGF/ Skrhql{/ Dul0
}rqd/ XVD/ 4<<<1 ss1 7;97�7;9<1

^Olq34` Olq G1/ Hu P1 M1 D qhz dssurdfk iru vwdelolvlqj qrqolqhdu v|vwhpv zlwk
wlph ghod|1 Lq Surf1 ri wkh HFF/ Sruwr/ Sruwxjdo / 53341 ss1 447�44<1

^Ors<<` Orsh}0Wrulelr F1M1/ Sdwwrq U1M1 W0V ix}}| idxow0wrohudqw frqwuro iru d
qrq0olqhdu v|vwhp1 Lq Surf1 ri FGF/ Skrhql{/ XVD/ 4<<<1 ss1 769;�76:61

^Oxq<5` Oxq} M1 Ihhgedfn frqwuro ri odujh0vfdoh v|vwhpv1 Suhqwlfh Kdoo Lqw1/ X1N/
4<<51

^Pd <;` Pd [1 M1/ Vxq ]1/ Kh \1 Dqdo|vh dqg ghvljq ri ix}}| frqwuroohu dqg
ix}}| revhuyhu1 LHHH Wudqvdfwlrqv rq Ix}}| V|vwhpv/ 4<<;1 yro1 9/ qr1 4/
ss1 74�841

^Pdj<<` Pdjdurwwr H1 Dssurfkh OPL srxu od v|qwkëvh gh fruuhfwhxuv hw g*revhuyd0
whxuv = Dssolfdwlrq dx{ v|vwëphv vsdwldx{ hw elolqìdluhv1 Grfwrudw gh o*Xql0
yhuvlwì gh Qdqf| L/ 4<<<1

^Pdu<8` Pdulq M1S1 Qhfhvvdu| dqg vx!flhqw frqglwlrqv iru txdgudwlf vwdelolw| ri d
fodvv ri W0V ix}}| v|vwhpv1 OID*<8/ Sdulv/ Iudqfh/ 4<<81 ss1 573�57:1

^Pru33d` Pruëuh \1 Plvh hq rhxyuh gh orlv gh frppdqghv srxu ohv prgëohv  rxv
gh w|sh Wdndjl0Vxjhqr1 Grfwrudw gh o*xqlyhuvlwì gh Ydohqflhqqhv hw gx Kdxw
Fdpeuìvlv/ Olooh/ 53331

^Pru33e` Pruëuh \1/ Jxhuud W0P1/ Yhuphluhq O1 Vwdelolwì hw vwdelolvdwlrq qrq
txdgudwltxh gh prgëohv  rxv glvfuhwv1 FLID/ Olooh/ Iudqfh/ 53331 ss1 9<�:61

^Pxu<:` Pxuud|0Vplwk U1 Pxowlsoh prgho dssurdfkhv wr prghoolqj dqg frqwuro 1
Wd|oru dqg Iudqflv/ 4<<:1

^Qdu<7` Qduhqgud N1 V1/ Edodnulvkqdq M1 D frpprq O|dsxqry ixqfwlrq iru
vwdeoh OWL v|vwhpv zlwk frppxwlqj D0pdwulfhv1 LHHH Wudqvdfwlrqv rq Dx0
wrpdwlf Frqwuro / 4<<71 yro1 6</ qr1 45/ ss1 579<�57:41

^Qhv<7` Qhvwhury \1/ Qhpluryvnl D1 Lqwhulru srlqw sro|qrpldo phwkrgv lq frqyh{
surjudpplqj = wkhru| dqg dssolfdwlrqv1 VLDP/ Sklodghoskld/ SD/ 4<<71

^Qjx<;` Qjx|hq K1 W1/ Vxjhqr P1 Ix}}| v|vwhpv/ prghoolqj dqg frqwuro 1 Noxzhu
dfdghplf sxeolvkhuv/ XVD/ 4<<;1

^Qln<8` Qlnrxnkd U1 Ghohehtxh I1/ HoJkdrxl O1 OPL Wrro = D sd0
fndjh iru OPL rswlpl}dwlrq lq vflode1 LQULD/ Urftxhqfrxuw/ 4<<8/
kwws =22zzzz1urft1lquld1iu2vflode21

^Rkw34` Rkwd \1 Rq wkh frqvwuxfwlrq ri slhfhzlvh olqhdu O|dsxqry ixqfwlrqv1 Lq
Surf1 ri wkh FGF/ Ruodqgr/ Iorulgd/ 53341 ss1 54:6�54:;1

^Rol<<` Rolyhlud P1 F1/ Ehuqxvvrx M1/ Jhurpho M1 F1 D qhz glvfuhwh0wlph
urexvw vwdelolw| frqglwlrq1 V|vwhpv dqg Frqwuro ohwwhuv/ 4<<<1 yro1 6:/ qr1 7/
ss1 594�5981

485

te
l-0

00
04

60
5,

 v
er

si
on

 1
 - 

9 
Fe

b 
20

04



ELEOLRJUDSKLH

^Sdj34` Sdjëv R1 Hwxgh hw frpsdudlvrq gh gl�ìuhqwv vwuxfwxuhv gh frppdqgh pxo0
wlfrqwuroohxuv = Dssolfdwlrq ã xq d{h urerwlvì1 Grfwrudw gh o*Xqlyhuvlwì gh
Vdyrlh/ 53341

^Sdu34` Sdun M1/ Nlp M1/ Sdun G1 OPL0edvhg ghvljq ri vwdelol}lqj ix}}| frqwuroohuv
iru qrqolqhdu v|vwhpv ghvfulehg e| W0V ix}}| prgho1 Ix}}| Vhw dqg V|vwhpv/
53341 qr1 455/ ss1 :6�;51

^Shu<:` Shuuxtxhwwl Z1/ Ulfkdug M1 S1/ Eruqh S1 D jhqhudol}hg uhjxodu irup
iru volglqj prgh vwdelol}dwlrq ri PLPR v|vwhpv1 Lq Surf1 ri wkh 69wk FGF/
Ruodqgr/ Iorulgd/ 4<<:1

^Shw;:` Shwhuvhq L1 U1 D surfhgxuh iru vlpxowdqhrxvo| vwdelol}lqj d froohfwlrq ri
vlqjoh lqsxw olqhdu v|vwhpv xvlqj qrq0olqhdu vwdwh ihhgedfn frqwuro1 Dxwrpd0
wlfd/ 4<;:1 qr1 56/ ss1 66�731

^Shw<:` Shwhuvrq V1/ Ohqqhuwvrq E1 Dq OPL dssurdfk iru vwdelolw| dqdo|vlv ri
qrq olqhdu v|vwhpv1 Lq Surf1 ri wkh HFF/ Eux{hov/ Ehojltxh/ 4<<:1

^Udj34` Udjrw M1 Gl�ìuhqwhv iruphv pxowlprgëohv1 FUDQ0LQSO/ Qdqf|/ qrwh lq0
whuqh/ 53341

^Ulf34` Ulfkdug M1 S1 +vrxv od gluhfwlrq gh,1 Dojëeuh hw dqdo|vh srxu o*dxwrpdwltxh1
Khupëv Vflhqfh/ Iudqfh/ 53341

^Vho<4` Vholjhu U1/ Iudqn S1P1 Idxow0Gldjqrvlv e| glvwxuedqfh ghfrxsohg qrqol0
qhdu revhuyhuv1 Lq Surf1 ri wkh FGF/ Euljkwrq/ Hqjodqg / 4<<41 ss1 557;�
55861

^Vh};;` Vh}hu P1 H1/ Vlomdn G1 G1 Urexvw vwdelolw| ri glvfuhwh v|vwhpv1 Lqwhuqd0
wlrqdo Mrxuqdo ri Frqwuro / 4<;;1 yro1 7;/ qr1 8/ ss1 5388�53961

^Vxj;;` Vxjhqr P1/ Ndqj J1 W1 Vwuxfwxuh lghqwl�fdwlrq ri ix}}| prgho1 Ix}}|
Vhw dqg V|vwhpv/ 4<;;1 qr1 5;/ ss1 48�661

^Wdn;8` Wdndjl P1/ Vxjhqr P1 Ix}}| lghqwl�fdwlrq ri v|vwhpv dqg lwv dssolfd0
wlrq wr prghoolqj dqg frqwuro1 LHHH Wudqvdfwlrqv rq V|vwhpv Pdq dqg
F|ehuqhwlfv0sduw F / 4<;81 yro1 48/ qr1 4/ ss1 449�4651

^Wdq<9` Wdqdnd N1/ Lnhgd W1/ Zdqj K1 R1 Urexvw vwdelolvdwlrq ri xqfhuwdlq qrq0
olqhdu v|vwhpv yld ix}}| frqwuro = txdgudwlf vwdelolw|/ K+lqi, frqwuro wkhru|/
dqg OPLv1 LHHH Wudqvdfwlrqv rq Ix}}| V|vwhpv/ 4<<91 yro1 7/ qr1 4/ ss1
4�451

^Wdq<;d` Wdqdnd1 N/ Lnhgd W1/ Zdqj K1 R1 Ix}}| uhjxodwruv dqg ix}}| revhuyhuv =
uhod{hg vwdelolw| frqglwlrqv dqg OPL0Edvhg ghvljqv1 LHHH Wudqvdfwlrqv rq
Ix}}| V|vwhpv/ 4<<;1 yro1 9/ qr1 5/ ss1 4�491

^Wdq<;e` Wdqdnd N1/ Qlvklpxud P1/ Zdqj K1 R1 Pxowl0remhfwlyh Ix}}| frqwuro
ri Kljk ulvh 2Kljk vshhg hohydwruv xvlqj OPLv1 Lq Surf1 ri wkh DFF/ Sklod0
ghoskld/ XVD/ 4<<;1 ss1 6783�67871
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^Wdq34d` Wdqdnd N1/ Krul W1/ Zdqj K1 R1 D ix}}| O|dsxqry dssurdfk wr ix}}|
frqwuro dqg ghvljq1 Lq Surf1 ri wkh DFF/ Duolqjwrq/ XVD/ 53341 ss1 7:<3�
7:<81

^Wdq34e` Wdqdnd N1/ Krul W1/ Zdqj K1 R1 Qhz sdudooho glvwulexwhg frpshqvdwlrq
xvlqj wlph ghulydwlyh ri phpehuvkls ixqfwlrqv = D ix}}| O|dsxqry dssurdfk1
Lq Surf1 ri wkh FGF/ Ruodqgr/ Iorulgd/ 53341 ss1 6<75�6<7:1

^Whl<<` Whl{hlud P1 F1 P1/ ]dn V1 K1 Vwdelol}lqj frqwuroohu ghvljq iru xqfhuwdlq
qrqolqhdu v|vwhpv xvlqj ix}}| prghov1 LHHH Wudqvdfwlrqv rq Ix}}| V|vwhpv/
4<<<1 yro1 :/ qr1 5/ ss1 466�4731

^Whl34` Whl{hlud P1 F1 P1/ Dvvxqêdr H1/ Slhwurerp K1 F1 Rq uhod{hg OPL0
edvhg ghvljq iru ix}}| uhjxodwruv dqg ix}}| revhuyhuv1 Lq Surf1 ri wkh HFF/
Sruwr/ Sruwxjdo / 53341 ss1 453�4581

^Xwn<5` Xwnlq Y1 Volglqj prghv lq frqwuro rswlpl}dwlrq1 Vsulqjhu0Yhuodj/ XVD/
4<<51

^Ylg<6` Ylg|dvdjdu P1 Qrqolqhdu v|vwhpv dqdo|vlv1 Suhqwlfh kdoo/ vhfrqg hglwlrq/
4<<61

^Zdq<9` Zdqj K1 R1/ Wdqdnd N1/ Jul!q P1 Dq dssurdfk wr ix}}| frqwuro ri
qrqolqhdu v|vwhpv = vwdelolw| dqg ghvljq lvvxhv1 LHHH Wudqvdfwlrqv rq Ix}}|
V|vwhpv/ 4<<91 yro1 7/ qr1 4/ ss1 47�561

^Zhl<4` Zhlqpdqq D1 Xqfhuwdlq prghov dqg urexvw frqwuro 1 Vsulqjhu0Yhuodj/ Zlhq/
4<<41

^\rq33` \rqh|dpd M1/ Qlvklndzd P1/ Ndwd|dpd K1/ Lfklndzd D1 Rxwsxw
vwdelol}dwlrq ri W0V ix}}| v|vwhpv1 Ix}}| Vhw dqg V|vwhpv/ 53331 qr1 444/
ss1 586�5991

^]dg:6` ]dghk O1 Rxwolqh ri d qhz dssurdfk wr wkh dqdo|vlv ri frpsoh{ v|vwhpv dqg
ghflvlrq surfhvv1 LHHH Wudqvdfwlrqv rq V|vwhpv Pdq dqg F|ehuqhwlfv0sduw
F / 4<:61 6/ qr1 4/ 5;�771

^]dn<<` ]dn V1 K1 Vwdelol}lqj ix}}| v|vwhpv xvlqj olqhdu frqwuroohu1 LHHH Wudqvdf0
wlrqv rq Ix}}| V|vwhpv/ 4<<<1 yro1 :/ qr1 5/ ss1 566�5731

^]hq33` ]hqj N1/ ]kdqj Q1 \1/ [xZ1 O1 D frpsdudwlyh vwxg| rq vx!flhqw frqgl0
wlrqv iru Wdndjl0Vxjhqr ix}}| v|vwhpv dv xqlyhuvdo dssur{lpdwruv1 LHHH
Wudqvdfwlrqv rq Ix}}| V|vwhpv/ 53331 yro1 ;/ qr1 9/ ss1 ::6�:;31

^]kd34` ]kdqj M1P1/ Ol U1 K1/ ]kdqj S1 D1 Vwdelolw| dqdo|vlv dqg v|vwhpdwlf
ghvljq ri ix}}| frqwuro v|vwhpv1 Ix}}| Vhw dqg V|vwhpv / 53341 qr1 453/ ss1
98�:51
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Lqgh{
EPL/ 46

Frqwudlqwh gh udqj/ <8
Frqwudlqwh vwuxfwxuhooh/ 436
Gì�qlwlrq/ 67
Irupxodwlrq sdu frpsoìphqwdulwì vxu

oh f÷qh/ 445
Olqìdulvdwlrq/ 84
Fkdqjhphqw gh yduldeohv/ 67
Frqwudlqwh gh udqj/ 67
Whfkqltxhv g*ìolplqdwlrq/ 67

Olqìdulvdwlrq orfdoh/ ;9
Olqìdulvdwlrq sdu dssur{lpdwlrq/ <5
Olqìdulvdwlrq sdu lwìudwlrq/ ;4
Surfìgxuh gh uìvroxwlrq/ 97

Frppdqgdeoh/ Vwdelolvdeoh/ 7<
Orfdohphqw frppdqgdeoh/ 7<
Pxowlfrppdqgdelolwì/ 45:

Frppdqgh
Frppdqgh  rxh/ 48
Frppdqgh RSGF/ GSSGF/ 7;
Frppdqgh SGF/ SSGF/ FGI/ 79/

7:
Orlv gh frppdqgh/ 45
V|qwkëvh sdu RSGF/ 435/ 43;
V|qwkëvh sdu SGF/ FGI/ 7</ 85/

89/ 8:/ 8</ ;6/ ;9/ <3/ <6
Frpsoìphqwdulwì vxu oh f÷qh/ 47/ 434

Irupxodwlrq/ 445/ 447
Frqvhuydwlvph/ 4;/ 58
Frqyh{lwì/ 63

Hqvhpeoh +irqfwlrq, frqyh{h/ 63
Hvwlpdwlrq g*ìwdw/ 46/ <8�<:

Yduldeohv gh gìflvlrq phvxudeohv/ 8<

Yduldeohv gh gìflvlrq qrqphvxudeohv/
96

Iorx/ 48/ 49
Dssur{lpdwlrq xqlyhuvhooh/ 48
Prgëoh Pdpgdql/ 48
Prgëoh Wdndjl0Vxjhqr/ 48

LGO
Lqfoxvlrq Gl�ìuhqwlhooh Olqìdluh/ 58

OPL
Irupxodwlrq OPL/ 45
OPL qrq vwulfwhv/ 66
Whfkqltxhv g*dqdo|vh/ 65

O|dsxqry/ 45/ 46
Irqfwlrqv gh O|dsxqry/ 5:
Irqfwlrqv sro|txdgudwltxhv/ 5;
Irqfwlrqv txdgudwltxhv/ 5:
Irqfwlrqv txdgudwltxhv sdu pru0
fhdx{/ 5<

Vwdelolwì dx vhqv gh O|dsxqry/ 59
P0pdwulfhv/ 45

Dqdo|vh gh vwdelolwì/ 74
Khxulvwltxh gh uìvroxwlrq/ 76
Sursulìwìv/ 468

Pxowlprgëoh/ 44
Lghqwl�fdwlrq/ 49
Olqìdulvdwlrq/ 4:
Prgëoh gh Wdndjl0Vxjhqr/ 48
Vwdelolwì ghv pxowlprgëohv/ 45
Wudqvirupdwlrq/ 4;

Pxowlrevhuydwhxu/ 8<
Frqyhujhqfh dv|pswrwltxh/ <8/ <:
Frqyhujhqfh h{srqhqwlhooh/ 93
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LQGH[

Hqwuìhv lqfrqqxhv/ 99
Revhuydeoh/ Gìwhfwdeoh/ 7<

Pxowlrevhuydelolwì/ 45:
Sro|wrsh/ 58

Grpdlqh g*dwwudfwlrq/ Pd{lplvdwlrq
gh yroxph/ 74

Vwdelolvdwlrq
Uhwrxu g*ìwdw/ 6:/ 6;/ 79/ 83/ ;5/

;:/ ;<
Uhwrxu gh vruwlh/ 434�436/ 43;/ 449/

44;/ 455
Vwdelolwì

Gì�qlwlrq/ 59
Vwdelolwì h{srqhqwlhooh/ 6<
Vwdelolwì joredoh/ 6;
Vwdelolwì orfdoh/ 73
Vwdelolwì qrq txdgudwltxh/ 9;/ :;
Vwdelolwì txdgudwltxh/ 58/ 5;/ 6;/

78
Hoolsvrògh lqyduldqw/ 73

Wdx{ gh gìfurlvvdqfh/ 46/ 6:/ 6</
85/ 8:/ 438/ 43;/ 458
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