
Fkds1 ; =
Frpsoìphqwv vxu o*dulwkpìwltxh ghv ruglqdx{

4 Oh wkìruëph gh uìfxuvlrq
Wkìruëph 4 = Vrlw V xq hqvhpeoh

Vrlw ) G 7 $ 7 xqh irqfwlrq
Vrlw @ 5 7
doruv lo h{lvwh xqh xqltxh dssolfdwlrq s G Q $ 7 whooh txh
+4, sEf� ' @
+5, ;? 5 Qc s E7E?�� ' ) EsE?��

Uhpdutxh 4 = Oh prw �dssolfdwlrq� s G Q $ 7 vljql�h txh i hvw xqh irqfwlrq/
_J6Es� ' Q hw W4Es� � 7

Uhpdutxh 5 = Ohv jhqv �qrupdx{� ìfulyhqw = od vxlwh E� � � � � � gì�qlh sdu =
+4, � � ' @
+5, ;? 5 Qc � � � � ' )E� � � � �

Gìprqvwudwlrq gx wkìruëph = Rq frqvlgëuh oh surgxlw fduwìvlhq Q�7
Vrlw K o*hqvhpeoh ghv vrxv0hqvhpeohv X gh Q� 7 d|dqw ohv 5 sursulìwìv vxlydqwhv =
+l, Efc @� 5 L
+ll, Vl E?c K� 5 L / doruv E7E?�c )EK�� 5 L
Frpph Q� 7 vdwlvidlw wulyldohphqw fhv 5 sursulìwìv/ lo hvw fodlu txh K 9' >
Vrlw s o*lqwhuvhfwlrq gh wrxv ohv hqvhpeohv L 5 K
Lo v*djlw gh gìprqwuhu txh s hvw od irqfwlrq gh Q gdqv 7 fkhufkìh1
$ Prqwurqv g*derug txh srxu wrxw hqwlhu q/ lo h{lvwh K 5 7 who txh E?c K� 5 s
Sdu uìfxuuhqfh vxu q =
sEf� ' @c grqf Efc @� 5 s
K|srwkëvh gh uìfxuuhqfh = <K 5 7c E?c K� 5 s
Frpph s hvw o*lqwhuvhfwlrq gh wrxv ohv L 5 K/ rq d grqf E7E?�c )EK�� 5 s
grqf <K 	 5 7c E7E?�c K 	 � 5 s / FTIG1
Srxu surxyhu txh s hvw xqh irqfwlrq gh Q gdqv 7/ lo uhvwh ã gìprqwuhu txh/ vl E?c K� 5 s hw E?c K 
 � 5 s /

doruv K ' K 
 �
Fhfl hvw ìtxlydohqw ã gìprqwuhu txh o*hqvhpeohW gh wrxv ohv hqwlhuv qdwxuhov whov txh dE?c K� 5 s hw E?c K � � 5 s ,

hvw o*hqvhpeoh Q wrxw hqwlhu1
Qrxv doorqv oh gìprqwuhu sdu uìfxuuhqfh vxu q1
-f 5 A
Vlqrq/ <@ � 5 7 who txh Efc @ � � 5 s dyhf @ � 9' @
Vrlw doruv s � ' s � iEfc @  �j
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Lo hvw fodlu txh s z vdwlvidlw ohv frqglwlrqv +l, hw +ll,/ grqf s z � s
Pdlv/ frpph s { ' s � iEfc @ { �j/ rq d dxvvl s { lqfoxv vwulfwhphqw gdqv s / Frqwudglfwlrq1
g*rü f 5 A�
--Vxssrvrqv tx*lo h{lvwh xq hqwlhu u who txh o 5 A hw 7Eo� *5 A
Vrlw Eoc K� 5 s
grqf E7Eo�c )EK�� 5 s hw/ frpph 7Eo� *5 Ac <S 9' )EK� who txh E7Eo�c S� 5 s
srvrqv doruv s | ' s � iE7Eo�c S�j
Frpph 7Eo� 9' f hw txh s frqwlhqw +3/d,/ doruv s } frqwlhqw +3/d,1
Oh píph dujxphqw surxyh txh/ vl ? 5 Q hw ? 9' o hw E?c _� 5 s ~ c doruv E7E?�c )E_�� 5 s ~
Pdlqwhqdqw/ vl Eoc K ~ � 5 s ~ c doruv K ~ ' Kc e| grqf E7Eo�c )EK�� 5 s � c fdu E7Eo�c )EK�� q*d sdv ìwì �hqohyì�

hq ideultxdqw s � ã sduwlu gh s 1
Sdu frqvìtxhqw/ s � yìul�h ohv sursulìwìv +l, hw +ll,/ grqf s � 5 K
Rq d ã qrxyhdx od frqwudglfwlrq s � � s hw s � lqfoxv vwulfwhphqw gdqv s 1
Rq d grqf surxyì txh vl o 5 Ac doruv 7Eo� 5 A
g*rü A ' Qc fh txl surxyh o*h{lvwhqfh g*xqh irqfwlrq i vdwlvidlvdqw dx{ frqglwlrqv +l, hw +ll, gx

wkìruëph1
Xqlflwì =
Vrlw j q*lpsruwh txhooh dssolfdwlrq vdwlvidlvdqw fhv frqglwlrqv1
Rq d } 5 K/ grqf } � s
Pdlv/ srxu 5 dssolfdwlrqv s hw }/ } � s lpsoltxh } ' s g*dsuëv od gì�qlwlrq g*xqh dssolfdwlrq1
Grqf s hvw xqltxh1

Uhpdutxh 6 = Oh wkìruëph gh uìfxuvlrq glw hq fodlu tx*lo hvw olflwh gh frqvwuxluh ghv vxlwhv gì�qlhv
sdu xq surfìgì gh uìfxuuhqfh +frqqdlvvdqfh gx whuph lqlwldo hw g*xqh uhodwlrq shuphwwdqw gh sdvvhu g*xq
whuph dx vxlydqw,/ fkrvh txh qrxv dylrqv vxssrvìh lpsolflwhphqw yudlh gdqv oh Fkds 8/ sdu h{hpsoh srxu
gì�qlu o*dgglwlrq hw od pxowlsolfdwlrq gdqv Q�

Qrwuh dpelwlrq gdqv fhwwh ghx{lëph sduwlh hvw gh jìqìudolvhu fh prgh gh udlvrqqhphqw ã ghv ruglqdx{
soxv frpsoh{hv txh ohv hqwlhuv qdwxuhov1Qrxv doorqv frpphqfhu sdu ìqrqfhu xq wkìruëph irqgdphqwdo/
txl hvw oh shqgdqw ruglqdo qdwxuho dx sulqflsh gh uìfxuuhqfh1

5 Oh sulqflsh gh uìfxuuhqfh wudqv�qlh
Wkìruëph 5 = Vrlw E.c�� xq hqvhpeoh elhq rugrqqì1

Vrlw 3 oh soxv shwlw ìoìphqw gh H1
Vrlw f � . yìul�dqw ohv 5 sursulìwìv vxlydqwhv =
+4, f 5 f
+5, Vl ;k 	 %c k 5 fc doruv % 5 f
doruv f ' .

Gìprqvwudwlrq = Vl f 9' ./ srvrqv t ' . �f
t 9' >/ grqf \ d xq soxv shwlw ìoìphqw/ vrlw |1
Ru/ ;k 	 +c k *5 t / grqf k 5 f
E2� , + 5 f/ frqwudglfwlrq fdu + 5 t

Uhpdutxh 7 = Oh wkìruëph hvw yudl hq sduwlfxolhu vl H hvw xq ruglqdo1
dEf � .� a Ef 5 f� a EE;k 5 .ck 	 % , k 5 f� , % 5 f�o , Ef ' .�
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Dvshfw sudwltxh = Srxu prqwuhu tx*xqh sursulìwì hvw yudlh srxu wrxw ìoìphqw k g*xq ruglqdo H/ lo
vx!w gh gìprqwuhu =

+4, � Ef� yudlh1
+5, � Ek� yudlh , � EE7Ek�� yudlh1
+6, Vl q ruglqdo olplwh hw vl ;k 	 qc� Ek� yudlh/ doruv � Eq� yudlh1
Gdqv oh ¢L,/ rq v*hvw vhuyl gx sulqflsh gh uìfxuuhqfh srxu gìprqwuhu tx*rq d oh gurlw gh gì�qlu xqh

irqfwlrq vxu Q sdu �uìfxuuhqfh�/ frqqdlvvdqw oh suhplhu whuph hw oh �surfhvvxv� txl shuphw gh sdvvhu
gh sE?� ã s E7E?�� �

Od txhvwlrq txl vh srvh pdlqwhqdqw hvw gh vdyrlu vl rq shxw jìqìudolvhu fh skìqrpëqh ã ghv surfìgìv
uìfxuuhqwv vxu ohv ruglqdx{1 Oh idlw txh od fodvvh ghv ruglqdx{ qh frqvwlwxh sdv xq hqvhpeoh hq idlw xqh
txhvwlrq �sklorvrskltxh�1

Rq dgphwwud tx*lo hvw srvvleoh gh gì�qlu ghv irqfwlrqv sdu �uìfxuuhqfh wudqv�qlh� vxu ohv ruglqdx{
hq gì�qlvvdqw =

+4, sEf�
+5, s E7Ek�� hq irqfwlrq gh sEk�
+6, sEq� hq irqfwlrq gh wrxv ohv sEk� srxu k 	 q gdqv oh fdv rü q hvw xq ruglqdo olplwh1
Srxu soxv gh gìwdlov frqfhuqdqw fhw dvshfw �pìwdpdwkìpdwltxh� gx sureoëph/ yrlu sdu h{hpsoh Nxqhq

= �Vhw wkhru|�1

6 Dgglwlrq ghv ruglqdx{
Gì�qlwlrq 4 = k ruglqdo �{ì1

Rq gì�qlw kn q sdu uìfxuuhqfh wudqv�qlh vxu q gh od idêrq vxlydqwh =
+4, kn f ' k
+5, kn 7Eq� ' 7Ekn q�
+6, kn q ' 7�R ikn 1 G 1 	 qj vl q ruglqdo olplwh

Sursrvlwlrq 4 = Od uhvwulfwlrq gh o*dgglwlrq dlqvl gì�qlh vxu ohv ruglqdx{ ã o*ruglqdo / fròqflgh dyhf
o*dgglwlrq �ruglqdluh� vxu Q�

Qrxv o*dyrqv yìul�ì h{sìulphqwdohphqw gdqv oh Fkds 81
Txhotxhv h{hpsohv prlqv �wulyldx{� = / n � ' / n 7Ef� ' 7E/ n f� ' 7E/� : /

� n / ' 7�R i� n 1 G 1 	 /j ' 7�R ie?|�eorj ' /
] = O*dgglwlrq gdqv RQ q*hvw sdv frppxwdwlyh1

Uhpdutxh 8 = Hq uhydqfkh/od uhvwulfwlrq gh o*dgglwlrq ã o*ruglqdo / HVW frppxwdwlyh/ fh txl hvw
srxu oh prlqv �udvvxudqw�1

Gh píph/ / n 2 ' / n 7E�� ' 7E/ n �� : / n �
hw 2 n / ' � n / ' /

Dvshfw �sklorvrskltxh� = Vl rq vxlw / khxuhv gh frxuv vxu ohv ruglqdx{/ vxlylhv g*xqh sdxvh hw gh
8 khxuhv gh frxuv vxssoìphqwdluhv/ rq dxud vxlyl hq wrxw E/ n D� khxuhv gh frxuv/ hw rq vh uhqgud elhq
frpswh gh od gl�ìuhqfh1

Hq uhydqfkh/ vl rq vxlw g*derug 8 khxuhv gh frxuv/ sxlv / khxuhv/ rq qh vh vrxylhqw soxv ã od �q ghv 8
khxuhv gx gìexw/ hw rq hvw mxvwh fdsdeoh gh gluh/ vl rq hq d hqfruh oh vrx"h/ tx*rq d vxlyl �xqh lq�qlwì�
g*khxuhv gh frxuv1

Frqwlqxrqv od vìulh ghv h{hpsohv1
/ n / ' 7�R i/ n 1 G 1 	 /j ' 7�R i/c / n �c / n 2c ���j
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Ghvvlq = suhqguh 5 frslhv gh // hw ohv uhfroohu erxw ã erxw1

Rq yd yrlu pdlqwhqdqw txhotxhv h{hpsohv gh erqv ruguhv vxu // hw ohv w|shv g*ruguh gh fhv hqvhpeohv
elhq rugrqqìv1

Frqyhqwlrq jìqìudoh = Vl rq ìfulw / hq h{whqvlrq/ rq glud txh ? 	 R vvl q hvw ìfulw dydqw s gdqv od
olvwh1
H{hpsoh 4 = / ' ifc �c 2c �c ec Dc Sc ���j

W|sh k/c�l ' /
H{hpsoh 5 = / ' i�2c Hc �c fc �c 2c ec Dc Sc .c bc �fc ��c ��c �ec ���j

W|sh k/c�l ' /
H{hpsoh 6 = / ' ifc �c 2c ec Dc Sc .c bc �fc ��c ��c �ec ���j ^ i�2c Hc �j

W|sh k/c�l ' / n �
H{hpsoh 7 = / ' ifc 2c ec Sc Hc ���j ^ i�c �c Dc .c ���j

W|sh k/c�l ' / n /
H{hpsoh 8 = / ' ifc �c �c Sc �fc �Dc 2�c 2Hc ���j ^ i2c ec .c ��c �Sc 22c 2bc ���j

^ iDc Hc �2c �.c 2�c �fc ���j ^ ���
W|sh k/c�l ' / n / n ���n / n ���+/ irlv,' / �

Rq yhuud gdqv oh Fkds < gh soxv dpsohv gìwdlov frqfhuqdqw ohv erqv ruguhv vxu / hw ohxuv w|shv g*ruguh1

7 Pxowlsolfdwlrq ghv ruglqdx{
Gì�qlwlrq 5 = k ruglqdo �{ì1

Rq gì�qlw k�q sdu uìfxuuhqfh wudqv�qlh vxu q =
+4, k�f ' f
+5, k�7Eq� ' k�q n k
+6, Vl q ruglqdo olplwh/k�q ' 7�R ik�1 G 1 	 qj

H{hpsoh 9 = e�. ' 2H111hw/ g*xqh idêrq jìqìudoh/ od uhvwulfwlrq ã o*ruglqdo / gh od pxowlsolfdwlrq gì�qlh
fl0ghvvxv fròqflgh dyhf od pxowlsolfdwlrq �ruglqdluh� gdqv Q�
H{hpsoh : = 2� / ' 7�R i2� ? G ? 	 /j ' /

/ � 2 ' / � 7E�� ' / � � n / ' / n /
Od pxowlsolfdwlrq gdqv RQ q*hvw sdv frppxwdwlyh1] = Sdu dexv gh odqjdjh/ rq ìfulw vrxyhqw 2// dx olhx gh / � 2/ srxu gìvljqhu o*ruglqdo / n /�
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8 H{srqhqwldwlrq ghv ruglqdx{
Gì�qlwlrq 6 = k ruglqdo �{ì1

Rq gì�qlw k� sdu uìfxuuhqfh wudqv�qlh vxu q G
+4, k � ' �
+5, k � � � � ' k � �k
+6, Vl q hvw xq ruglqdo olplwh/ k � ' 7�R�k � G 1 	 q�

Rq wurxyhud txhotxhv h{huflfhv �vlpsohv� shuphwwdqw gh vh idploldulvhu dyhf ohv ruglqdx{ gdqv
N1Nxqhq = �Vhw wkhru|� +�q gx fkds1L,/ qrwdpphqw xqh wkìrulh dvvh} lqdwwhqgxh frqfhuqdqw od

gìfrpsrvlwlrq ghv ruglqdx{ gìqrpeudeohv hq surgxlwv g*ruglqdx{ sduwlfxolhuv/ fh txl pëqh lqyduldeoh0
phqw ã gìjdjhu od qrwlrq g*ruglqdx{ �lqgìfrpsrvdeohv� +ã fh vxmhw/ yrlu dxvvl Erxuednl = �Wkìrulh ghv
hqvhpeohv�,1
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