
Fkds1 44 =
Gl�ìuhqwhv iruphv gh o*D{lrph gx Fkrl{1

Dssolfdwlrqv glyhuvhv1

4 O*d{lrph gx fkrl{ oxl0píph
Gdqv wrxwh od vxlwh/ +DF, gìvljqh o*ìqrqfì vxlydqw/ txh qrxv suhqgurqv frpph �D{lrph <� gh qrwuh
wkìrulh1

+DF, = srxu wrxw hqvhpeoh [/ lo h{lvwh xqh �irqfwlrq gh fkrl{� vxu [/ l1h1 xqh dssolfdwlrq
s G SEf�� i>j $ f whooh txh
;t 5 SEf�� i>j c sEt � 5 t
^ i �fkrlvlw� xq ìoìphqw gdqv fkdtxh vrxv0hqvhpeoh qrq ylgh gh [ `1
Grqqrqv wrxw gh vxlwh xqh iruph suhvtxh wulyldohphqw ìtxlydohqwh gh o*d{lrph gx fkrl{1

+DF*, = Vrlw L xq hqvhpeoh qrq ylgh/ hw Ef � � � � � xqh idplooh g*hqvhpeohv lqgh{ìv sdu L1
Vl ;� 5 Uc f � 9' >/ doruv \

� � � f � 9' >

Wkìruëph 4 = +DF, +, E�� � �

Gìprqvwudwlrq = ,�
Vrlw . ' ^

� 	 
 f �

^ H h{lvwh g*dsuëv o*d{lrph gh od uìxqlrq `1
Vrlw i xqh irqfwlrq gh fkrl{ vxu H
s G SE.�� i>j $ .
Rq d ;� 5 Uc f � 5 SE.� hw f � 9' >
grqf sEf � � 5 f �
Vrlw % � ' sEf � �
Rq d ;� 5 Uc % � 5 f �

hw grqf E% � � �  � 5 \

�  �
f �

+� Vrlw [ xq hqvhpeoh/ hw vrlw U ' SEf�� i>j
G*dsuëv +DF*,/ \

� � � t 9' >
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Vrlw E% � � 5 \

� � �
t

Rq gì�qlw vxu SEf�� i>j od irqfwlrq s sdu =
;t 5 SEf�� i>j c sEt � ' % �
hw rq d elhq % � 5 t sdu gì�qlwlrq gx surgxlw fduwìvlhq1
s hvw elhq xqh irqfwlrq gh fkrl{ vxu [1
Qrxv doorqv pdlqwhqdqw h{dplqhu xqh frqvìtxhqfh lppìgldwh gh o*d{lrph gx fkrl{/ txl yd frpeohu

xqh ghv odfxqhv gh qrwuh suìfìghqwh wkìrulh1

Ohpph 4 +DF, = V*lo h{lvwh xqh vxumhfwlrq ) G f $ t / doruv lo h{lvwh xqh lqmhfwlrq � G t $ f
Gìprqvwudwlrq = ) ìwdqw vxumhfwlyh/ rq d ;+ 5 tc ) � � E+� 9' >

Vrlw s xqh irqfwlrq gh fkrl{ vxu [
Rq gì�qlw o*dssolfdwlrq � vxu \ sdu =
;+ 5 tc �E+� ' s E) � � E+��
Frpph ) �

� E+� � f hw ) �
� E+� 9' >/ l hvw elhq gì�qlh1

Prqwurqv txh l hvw lqmhfwlyh =
Vl �E+� ' �E+ � �/ doruv s E) �

� E+�� ' s E) �
� E+ � �� ' %

Rq d grqf % 5 ) �
� E+� _ ) �

 E+ ! �
grqf )E%� ' +

hw )E%� ' + !
�

, + ' + " / FTIG1

Frqvìtxhqfh = Rq d yx o*h{lvwhqfh g*xqh vxumhfwlrq gh U vxu / # �
Lo h{lvwh grqf xqh lqmhfwlrq gh / $ gdqv U�
Fhod surxyh txh oh soxv shwlw ruglqdo qrq gìqrpeudeoh shxw íwuh �sorqjì� gdqv o*hqvhpeoh ghv

qrpeuhv uìhov1

5 Xq ohpph gh wkìrulh ghv hqvhpeohv
Gì�qlwlrq 4 = [ hqvhpeoh qrq ylgh

@ xqh idplooh gh vrxv0hqvhpeohv gh [ +l1h1 @ � SEf�,
Vrlw x � @
Rq glud txh x hvw xqh �fkdñqh� gh @ vvl x hvw wrwdohphqw rugrqqìh sdu od uhodwlrq g*lqfoxvlrq
^� 5 xc � 5 x , � � � rx � � � `
Od uìxqlrq gh wrxv ohv ìoìphqwv gh x v*dsshoohud o*xqlrq gh x/ hw vhud qrwìh LEx�1

H{hpsoh 4 = f ' ]
@ ' o*hqvhpeoh gh wrxv ohv lgìdx{ gh ]
grqf @ ' i@] G @ 5 Qj
s xq qrpeuh suhplhu
x ' iR % ] G ? 5 Q & j
x hvw wulyldohphqw xqh fkdñqh gh @/ hw LEx� ' R]

Ohpph 5 = Vrlw [ xq hqvhpeoh qrq ylgh/ hw @ xqh idplooh qrq ylgh gh vrxv0hqvhpeohv gh [/ whooh txh/
srxu wrxwh fkdñqh x � @/ rq dlw LEx� 5 @�

Vrlw } G @ $ @ whooh txh
+4, ;� 5 @c � � }E��
+5, ;� 5 @c m}E����m � �
doruv lo h{lvwh � 5 @ who txh }E�� ' �
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Uhpdutxh 4 = Fh ohpph q*xwlolvh txh ohv d{lrphv ìoìphqwdluhv +3 ã ;, gh od wkìrulh ghv hqvhpeohv/ hw
qh idlw sdv dssho ã o*d{lrph gx fkrl{1

Gìprqvwudwlrq gx ohpph = Il{rqv � ' 5 @
Xqh vrxv0idplooh @ ( gh @ hvw xqh �wrxu� vvl @ ( srvvëgh ohv 6 sursulìwìv vxlydqwhv =
+4, � ) 5 @ *
+5, ;x fkdñqh gh @ + / LEx� 5 @ +
+6, Vl � 5 @ + / doruv }E�� 5 @ + �
$ Od idplooh gh wrxwhv ohv wrxuv q*hvw sdv ylgh1
Hq h�hw/ vrlw @ , ' i� 5 @ m� - � �j
@ , hvw xqh wrxu1Yhuli1= +4, � . � � . hw � . 5 @/ grqf � . 5 @ /
+5, Vl x fkdñqh gh @ / G ;f 5 xc � . � f hw x fkdñqh gh @c
grqf � . � LEx� hw LEx� 5 @c
grqf LEx� 5 @ / �
+6, Wulyldo1
$ Vrlw @ 0 o*lqwhuvhfwlrq gh wrxwhv ohv wrxuv1
@ 0 hvw xqh wrxu ^ f*hvw ìylghqw fdu ohv 6 sursulìwìv vh frqvhuyhqw sdu sdvvdjh ã o*lqwhuvhfwlrq `/ hw

dxfxqh vrxv0idplooh sursuh gh @ 1 q*hvw xqh wrxu1
Rq yd prqwuhu txh @ 1 hvw xqh fkdñqh gh @�
$ Vrlw K ' i� 5 @ 2 m;� 5 @ 2 c � � � rx � � �j
K 9' > fdu � 2 5 K
^ Vl rq duulyh ã prqwuhu txh K ' @ 2 / rq d jdjqì `1
$ srxu wrxw � 5 K G
vrlw xE�� ' i� 5 @ 2 m� � � rx }E�� � �j
Rq d xE�� � @ 2
Rq yd prqwuhu txh xE�� hvw xqh wrxu1
+4, � 2 5 xE��
yudl fdu � 5 K/ grqf � 5 @ 2 /grqf � 2 � �
+5, [ fkdñqh gh xE��
+-, Vrlw wrxv ohv f 5 [ yìul�hqw f � �
gdqv fh fdv/ LE[� � �
hw grqf LE[� 5 xE��
+--, Vrlw o*xq ghv [ yìul�h }E�� � f
hw grqf }E�� � LE[�
+6, Vrlw � 5 xE��/ lo v*djlw gh prqwuhu txh }E�� 5 xE��

Suhplhu fdv = � � � dyhf � 9' �
Frpph � 5 K hw }E�� 5 @ 3 / rq d }E�� � � rx � � }E��
Vl rq dydlw F lqfoxv vwulfwhphqw gdqv j+D,/ frpph D hvw vwulfwhphqw lqfoxv gdqv F/ }E�� � � frq0

wlhqgudlw dx prlqv 5 ìoìphqwv1
grqf }E�� � �
grqf }E�� 5 xE��

Ghx{lëph fdv = � ' �
doruv }E�� ' }E��/ grqf hq sduwlfxolhu }E�� � }E��
grqf }E�� 5 xE��

6



Wurlvlëph fdv = }E�� � �
Frpph � � }E��crq d }E�� � }E�� , }E�� 5 xE��

Prudolwì = xE�� hvw xqh wrxu1
pdlv xE�� � @ 4 / txl hvw od soxv shwlwh gh wrxwhv ohv wrxuv1
grqf xE�� ' @ 4 / hw fh ;� 5 K�
$ Rq yd prqwuhu pdlqwhqdqw txh K hvw xqh wrxu1
+4, ;� 5 @ 4 c � 4 � �/ grqf � 4 5 K
+5, [ fkdñqh gh K/ hw vrlw � 5 @ 4 �{ì1
+-, Vrlw ;� 5 [c � � �/ grqf � � LE[�
+--, Vrlw o*xq ghv F yìul�h � � �/ grqf � � LE[�/ hw gdqv wrxv ohv fdv LE[� 5 K�
+6, Rq d yx txh ;� 5 Kc xE�� ' @ 4
l1h1 ;� 5 @ 4 c;� 5 Kc � � � rx }E�� � �
hq sduwlfxolhu/ ;� 5 @ 4 c ;� 5 Kc � � }E�� rx }E�� � �
;� 5 Kc ;� 5 @ 4 c � � }E�� rx }E�� � �
;� 5 Kc }E�� 5 K�
grqf K hvw xqh wrxu1
pdlv K � @ 4
grqf K ' @ 4

Frqfoxvlrq = ;� 5 @ 4 c ;� 5 @ 4 c � � � rx � � �
Grqf/ @ 4 hvw xqh fkdñqh1
Vrlw � ' LE@ 4 �
G*dsuëv +5,/ rq d � 5 @ 4
G*dsuëv +6,/ rq d }E�� 5 @ 4
grqf }E�� � LE@ 4 �/ l1h1 }E�� � �
pdlv/ sdu k|srwkëvh/ � � }E��
grqf }E�� ' �/ FTIG1

6 Oh sulqflsh gh pd{lpdolwì gh Kdxvgru�
Rq qrwh +SP, o*ìqrqfì vxlydqw =

+SP, = Wrxw hqvhpeoh qrq ylgh S/ sduwlhoohphqw rugrqqì/ frqwlhqw xq vrxv0hqvhpeoh wrwdohphqw ru0
grqqì pd{lpdo1

H{solfdwlrq = E�c�� ruguh sduwlho
<� � � ( E�c�� wrwdohphqw rugrqqì
hw ;� ( �/ E�c�� q*hvw sdv wrwdohphqw rugrqqì1

Wkìruëph 5 = E��� , E���
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Gìprqvwudwlrq = Vrlw @ od idplooh gh wrxv ohv vrxv0hqvhpeohv wrwdohphqw rugrqqìv gh S1
$ @ 9' > fdu i%j hvw wrwdohphqw rugrqqì1
$ O*xqlrq gh wrxwh fkdñqh gh @ hvw gdqv @ +wulyldo,1
Vrlw s xqh irqfwlrq gh fkrl{ srxu S1
s G SE� �� i>j $ �

t :$ sEt � 5 t
srxu wrxw D5 @/ srvrqv � 5 ' i% 5 � �� m � ^ i%j 5 @j
Vl � 6 9' >/ rq srvh }E�� ' � ^ isE� 6 �j
Vl � 6 ' >crq srvh }E�� ' �
G*dsuëv oh ohpph/ lo h{lvwh � 5 @ who txh }E�� ' �/
l1h1 <� 5 @c � 6 ' >
fh txl yhxw elhq gluh txh D hvw xq vrxv0hqvhpeoh wrwdohphqw rugrqqì pd{lpdo1

7 Oh ohpph gh ]ruq
E.c�� sduwlhoohphqw rugrqqì/ � � .
Gì�qlwlrq 5 = � 5 . hvw xq pdmrudqw gh D vvl ;% 5 �c % � �
Gì�qlwlrq 6 = � 5 . hvw xq ìoìphqw pd{lpdo gh H vvl ;% 5 ./ rq q*d sdv � 	 %

+l1h1 ;% 5 .c � � % , � ' %,
Gì�qlwlrq 7 = E.c�� hvw lqgxfwli vvl wrxwh sduwlh wrwdohphqw rugrqqìh gh H srvvëgh xq pdmrudqw1

Gdqv wrxwh od vxlwh/ qrxv qrwhurqv +]ruq, o*ìqrqfì vxlydqw

Ohpph 6 gh ]ruq = Wrxw hqvhpeoh rugrqqì qrq ylgh hw lqgxfwli srvvëgh xq ìoìphqw pd{lpdo1
Wkìruëph 6 = E��� , E~Jo?�

Gìprqvwudwlrq = Vrlw D xq vrxv0hqvhpeoh wrwdohphqw rugrqqì pd{lpdo1
D srvvëgh xq pdmrudqw/ vrlw P1
Vrlw % 5 . = vl % 5 �c doruv % � � whuplqì1
Vlqrq/ frpph D hvw pd{lpdo/ � ^ i%j q*hvw sdv wrwdohphqw rugrqqì/
grqf <+ 5 �c�% � +� idx{ hw �+ � %� idx{1
Vl rq dydlw � 	 %/ frpph + � � / rq dxudlw + 	 %/ devxugh1
grqf P hvw elhq xq ìoìphqw pd{lpdo1

8 Txhotxhv dssolfdwlrqv gx ohpph gh ]ruq
814 H{lvwhqfh gh edvhv gdqv xq hvsdfh yhfwrulho gh glphqvlrq txhofrqtxh
Gì�qlwlrq 8 = N frusv frppxwdwli/ H hvsdfh yhfwrulho vxu N�

E� 7 � 7 8 9 idplooh g*ìoìphqwv gh H1
E� 7 � 7 8 9 hvw xqh idplooh oleuh vvl ;a � Uc a �ql/

[

: ; < k = � = ' f , ;� 5 ac k > ' f

^ Wrxwh frpelqdlvrq olqìdluh �qlh txl dqqxoh E� ? � ? @ A d wrxv vhv frh!flhqwv qxov `1
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Gì�qlwlrq 9 = E� B � B C D hvw xqh idplooh jìqìudwulfh gh H vvl

;% 5 .c <a � Uc a s�?�c <Ek E � E C F c k E 5 Nc % ' [

E C F
k E �E

^ Wrxw yhfwhxu gh H v*ìfulw frpph xqh frpelqdlvrq olqìdluh �qlh g*ìoìphqwv gh od idplooh `1
Gì�qlwlrq : = E� G � G H I hvw xqh edvh gh H vvl E� G � G H I hvw ã od irlv oleuh hw jìqìudwulfh1
Wkìruëph 7 = Vrlw u J xqh idplooh oleuh gh H/ hw J xqh idplooh jìqìudwulfh gh H/ dyhf u K � C�

Doruv lo h{lvwh xqh edvh E gh H whooh txh u L � E � C

Gìprqvwudwlrq = Vrlw O o*hqvhpeoh ghv idploohv oleuhv gh H txl frqwlhqqhqw u M hw txl vrqw lqfoxvhv
gdqv J1

O ' iu G u oleuh/ u N � u � Cj
O 9' > fdu u N 5 O
Rq yd prqwuhu txh O hvw lqgxfwli =

Vrlw Eu O � O P Q xqh idplooh wrwdohphqw rugrqqìh gh Oc hw vrlw u ' ^

O P Q
u O

Lo hvw fodlu txh ;� 5 Uc u O � u
Uhvwh ã prqwuhu txh O5 O/ l1h1 txh O hvw oleuh1
Vrlhqw , R c , S c ���c , T 5 u whov txh

T
[

U V W k X , X ' f

<� W c � Y c ���c � Z whov txh , W 5 u [ \ c , ] 5 u ^ _ c ���c , ` 5 u a b
Frpph od idplooh Eu c � c d e hvw wrwdohphqw rugrqqìh/ <& 5 i�c ���c ?j who txh , f c , g c ���c , h 5 u i j
u k j ìwdqw oleuh/ rq d ;� 5 i�c ���c ?j c k k ' f�
Grqf/ O dgphw xq ìoìphqw pd{lpdo/ vrlw u�
Rq yd prqwuhu txh O hvw xqh edvh/ l1h1 txh O hvw jìqìudwulfh1
Vrlw % 5 .
$ Vl % 5 u/ { hvw frpelqdlvrq olqìdluh wulyldoh g*ìoìphqwv gh O1
$ Vl % *5 u/ O ìwdqw pd{lpdo/ u ^ i%j q*hvw sdv oleuh/ grqf <Ek l c ���c k m c k� 9' Efc ���fc f� who txh

m
[

n o l
k n , n n k% ' f

Frpph O hvw oleuh/ rq q*d sdv k ' f
^ Vlqrq/ +k p c ���c k q � 9' Efc ���c f�/ lqwhuglw `
Rq shxw grqf glylvhu sdu k
% ' � r st , u � t vt , w � ���� t xt , y / FTIG1

Dssolfdwlrq = Lo h{lvwh grqf xqh edvh gh U frqvlgìuì frpph hvsdfh yhfwrulho vxu T�
Xqh whooh edvh hvw dsshoìh edvh gh Kdpho1
Hooh hvw lpsrvvleoh ã h{klehu1
^ Lo idxw xwlolvhu o*d{lrph gx fkrl{ rx/ fh txl uhylhqw dx píph/ oh ohpph gh ]ruq `
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815 H{lvwhqfh g*lgìdx{ pd{lpdx{
Wkìruëph 8 gh Nuxoo0Dnl}xnl = E�cnc�� dqqhdx frppxwdwli xqlwdluh/ L lgìdo sursuh gh D1

Doruv lo h{lvwh xq lgìdo pd{lpdo P � U�

Gìprqvwudwlrq = Vrlw L ' ia G a lgìdo sursuh gh D/ a � Uj
L hvw qrq ylgh/ fdu U 5 Lc hw sduwlhoohphqw rugrqqì sdu od uhodwlrq g*lqfoxvlrq1
Prqwurqv txh L hvw lqgxfwli1
Vrlw EU z � z { | xqh idplooh wrwdohphqw rugrqqìh gh L�

Rq yd prqwuhu txh U } ' ^

~ � |
U ~ hvw xq pdmrudqw gh L�

$ U } hvw xq lgìdo gh D =
+4, %c + 5 U } G

� <& 5 gc % 5 U �
<, 5 gc + 5 U �

pdlv EU � � � � � hvw wrwdohphqw rugrqqìh/ grqf U � � U � rx U � � U �
sdu h{hpsoh U � � U �
grqf %c + 5 U � , %� + 5 U � , %� + 5 U �
grqf EU � cn� vrxv0jurxsh gh D1
+5, % 5 U � c @ 5 �
<& 5 gc % 5 U � , @% 5 U � , @% 5 U �
$ U � lgìdo sursuh gh D =
Vl U � ' �c @,Jor � 5 U � c grqf <& 5 gc � 5 U � , U � ' �/ Frqwudglfwlrq1
$ U � � U +wulyldo,
$ ;& 5 gc U � � U � +wulyldo,1
G*dsuëv ]ruq/ L srvvëgh xq ìoìphqw pd{lpdo/ vrlw P�
Rq yd prqwuhu txh P hvw xq lgìdo pd{lpdo gh D1
Vrlw M xq lgìdo sursuh txhofrqtxh gh D who txh P � a�
P hvw xq ìoìphqw pd{lpdo gh L/ grqf hq sduwlfxolhu P 5 L�
l1h1 P � U
grqf a � U
grqf a 5 L
Frpph P ìoìphqw pd{lpdo gh L/ o*lqfoxvlrq P � a surxyh tx*hq idlw P ' a / FTIG1

Uhpdutxh 5 g*ruguh fxowxuho = Oh wkìruëph gh Nuxoo srvvëgh gh qrpeuhxvhv dssolfdwlrqv hq dojëeuh
frppxwdwlyh1

Flwrqv od soxv �pìgldwlvìh g*hqwuh hoohv�1
Wkìruëph 9 gh Vwhlqlw} = Wrxw frusv dgphw xqh fo÷wxuh dojìeultxh1

l1h1 srxu wrxw frusv frppxwdwli Nc lo h{lvwh xq frusv l/ frqwhqdqw N ã lvrprusklvph suëv/ who txh
wrxw sro|q÷ph ã frh!flhqwv gdqv l srvvëgh dx prlqv xqh udflqh +gdqv l, hw who txh l vrlw xqh h{whqvlrq
dojìeultxh gh N hq fh vhqv txh wrxw ìoìphqw gh l hvw udflqh g*xq sro|q÷ph ã frh!flhqwv gdqv N�

Gh soxv/ oh frusv l dlqvl frqvwuxlw/ dsshoì fo÷wxuh dojìeultxh gh N/ hvw xqltxh ã lvrprusklvph odlvvdqw
N lqyduldqw suëv1
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816 H{lvwhqfh g*xowud�owuhv
Gì�qlwlrq ; = H hqvhpeoh1

Rq dsshooh �owuh vxu H wrxw hqvhpeoh @ � SE.� yìul�dqw ohv 7 sursulìwìv vxlydqwhv =
+4, @ 9' >
+5, > *5 @
+6, ;8 � c 8 � 5 @c <8 5 @c 8 � 8 � _ 8 �
+7, ;8 5 @c 8 � � , � 5 @

Ghvvlq = Dyhf ehdxfrxs g*lpdjlqdwlrq/ rq shxw duulyhu ã �ylvxdolvhu� xq �owuh gh od idêrq vxlydqwh � =

H{hpsoh 5 = . ' Q
@ �owuh gh Iuìfkhw =
8 5 @ +, Q� 8 hvw �ql1

H{hpsoh 6 = H hvsdfh wrsrorjltxh/ % 5 .
@ �owuh ghv yrlvlqdjhv gh { =
8 5 @ +, <L rxyhuw/ % 5 Lc L � 8

Gì�qlwlrq < = H hqvhpeoh1
@ hw @ � 5 �owuhv vxu H1
@ hvw soxv �q txh @ � +, @ � @ �

Gì�qlwlrq 43 = H hqvhpeoh1
X �owuh vxu H1
X xowud�owuh +, X hvw pd{lpdo srxu od �qhvvh1
^ Lo q*h{lvwh sdv gh �owuh vwulfwhphqw soxv �q txh X `1

Wkìruëph : = H hqvhpeoh/ X �owuh vxu H1
X xowud�owuh +, ;� 5 SE.�c � 5 X rx E. � �� 5 X +rx h{foxvli,1
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Gìprqvwudwlrq = +� Vrlw @ � X
Vl @ frqwlhqw vwulfwhphqw X / <� 5 @c � *5 X
pì}doru E. � �� 5 X / grqf E. ��� 5 @
g*rü � _ E. ��� 5 @
> 5 @/ Frqwudglfwlrq1
,� X xowud�owuh
V*lo h{lvwh � 5 SE.� who txh � *5 X hw E. ��� *5 X / vrlw Y gì�ql sdu =
T 5 Y vvl T 5 X rx <8 5 X c � _ 8 � T
^ yrlu ghvvlq hq sdjh vxlydqwh `1
Rq yd prqwuhu txh Y hvw xq �owuh1
+4, Y 9' > fdu Y � X hw X 9' >
+5, > *5 Y fdu > *5 X hw ;8 5 X c � _ 8 9' >
^ vlqrq/ rq dxudlw 8 � E. � ��/ grqf E. ��� 5 X / h{fox `1
+6, T � c T � 5 Y
$ T � c T � 5 X , T � _ T � 5 X , T � _ T � 5 Y
$ T � � � _ 8 � c 8 � 5 X / hw T � 5 X , T � _ T � � � _ 8 � _ T �
Ru/ 8 � _ T � 5 X / grqf T � _ T � 5 Y
+7, T 5 Y hw Y� `
$ T 5 X , ` 5 X , ` 5 Y
$ T � � _ 8 , ` � � _ 8 , ` 5 Y
Y hvw grqf xq �owuh vwulfwhphqw soxv �q txh X
+fdu � 5 Y hw � *5 X,/ Frqwudglfwlrq1

Wkìruëph ; = @ �owuh vxu H1
Doruv lo h{lvwh xq xowud�owuh vxu H/ soxv �q txh @�

Gìprqvwudwlrq = Vrlw ] ' iJ G J �owuh vxu H/ J � Ij
] 9' > fdu 8 5 ]
Prqwurqv txh ] hvw lqgxfwli1
E@ � � � � � xqh idplooh wrwdohphqw rugrqqìh gh ]

J ' ^

� � � @ �

Rq yìul�h wulyldohphqw txh J hvw xq �owuh frqwhqdqw @/ grqf J 5 ] �
G*dsuëv ]ruq/ ] dgphw xq ìoìphqw pd{lpdo X / txl hvw elhq xq xowud�owuh soxv �q txh @�

Uhpdutxh 6 = Rq frqqdñw elhq ohv xowud�owuhv wulyldx{ =
H hqvhpeoh/ @ 5 .
X � ' i8 5 SE.� G @ 5 8j
Fh vrqw pdokhxuhxvhphqw ohv vhxov tx*rq vdfkh h{klehu1
Ohv dxwuhv q*h{lvwhqw txh sdu oh eldlv gh o*d{lrph gx fkrl{1
O*lqwìuíw hvvhqwlho gh od qrwlrq g*xowud�owuh uìvlgh gdqv oh idlw tx*xq hvsdfh wrsrorjltxh N hvw frpsdfw

vvl lo hvw vìsduì hw wrxw xowud�owuh vxu N hvw frqyhujhqw1 Rq vh vhuw gh fhwwh fdudfwìulvdwlrq srxu gìprqwuhu
oh fìoëeuh
Wkìruëph < gh W|fkrqry = Wrxw surgxlw gh frpsdfwv hvw frpsdfw1

Ohv xowud�owuhv lqwhuylhqqhqw dxvvl gh idêrq fuxfldoh gdqv ghv wkìrulhv soxv vrsklvwltxìhv +frpsdfwl�0
fdwlrqv gh Vwrqh0
Fhfk/ h{lvwhqfh gh fduglqdx{ phvxudeohv hwf1,1

<



817 Oh wkìruëph gh Kdkq0Edqdfk
Vrlw H xq hvsdfh yhfwrulho vxu U�

Xqh iruph olqìdluh hvw xqh dssolfdwlrq olqìdluh gì�qlh vxu H/ rx vxu xq vrxv0hvsdfh yhfwrulho gh H/ ã
ydohxuv gdqv U�

Xqh dssolfdwlrq vrxv0dgglwlyh hvw xqh dssolfdwlrq R G . $ U yìul�dqw =
+4, ;% 5 .c ;b : fc REb%� ' bRE%�
+5, ;E%c +� 5 . � c RE%n +� � RE%� n RE+�

Wkìruëph gh Kdkq0Edqdfk/ iruph dqdo|wltxh = Vrlw R G . $ U xqh dssolfdwlrq vrxv0dgglwlyh1
Vrlw/ g*dxwuh sduw/ C � . xq vrxv0hvsdfh yhfwrulho/ hw vrlw } G C $ U xqh iruph olqìdluh whooh txh

;% 5 Cc }E%� � RE%�
Doruv/ lo h{lvwh xqh iruph olqìdluh s / gì�qlh vxu H/ txl surorqjh j/ l1h1 whooh txh ;% 5 Cc sE%� ' }E%�/

hw whooh txh ;% 5 .c sE%� � RE%�

Gìprqvwudwlrq = Rq frqvlgëuh o*hqvhpeoh
� ' i� G (E�� � . $ Uc G+k, vhy gh H/ k olqìdluh/ (E�� � Cc k surorqjh j hw ;% 5 (E��c �E%� � RE%�j
S hvw pxql gh od uhodwlrq g*ruguh
E� � � � � � +, E(E� � � � (E� � � hw � � surorqjh � � �
Rq d � 9' > fdu } 5 �
G*dxwuh sduw/ S hvw lqgxfwli1
Hq h�hw/vrlw ' ' E� � � � � � xqh idplooh wrwdohphqw rugrqqìh gh S1

Rq srvh (E�� ' ^

� � �
(E� � �

hw rq gì�qlw k sdu = ;% 5 (E��c �E%� ' � � E%�
Rq yìul�h wulyldohphqw txh fhwwh gì�qlwlrq d elhq xq vhqv/ txh � 5 � hw txh k hvw xq pdmrudqw gh T1
G*dsuëv ]ruq/ S dgphw xq ìoìphqw pd{lpdo/ qrwì s 1
Rq yd prqwuhu txh (Es� ' ./ fh txl dfkëyhud elhq od gìprqvwudwlrq gx wkìruëph1
Vlqrq/ vrlw % � *5 (Es�
Rq srvh (E�� ' (Es� n U% �
hw rq gì�qlw k vxu G+k, sdu =
Vl % 5 (Es�c | 5 Uc �E% n |%  � ' sE%� n |k/ rü k hvw xqh frqvwdqwh txl vhud �{ìh xowìulhxuhphqw gh

pdqlëuh ã fh txh � 5 ��
Rq grlw grqf v*dvvxuhu txh ;% 5 (Es�c ;| 5 Uc sE%� n |k � RE%n |% ! �
pdlv/ juåfh ã +4,/ lo vx!w gh yìul�hu txh
;% 5 (Es�c sE%� n k � RE%n % " �

e|
;% 5 (Es�c sE%�� k � RE%n % # �

<

@

>

Dxwuhphqw glw/ lo idxw fkrlvlu k who txh
7�R isE+�� RE+ � % $ � G + 5 (Es�j � k � U?s iRE%n % % �� sE%� G % 5 (Es�j
Xq who fkrl{ hvw srvvleoh sxlvtxh
sE+�� RE+ � % % � � RE%n % % �� sE% % �c hw fhfl ;%c + 5 (Es�
Rq qrwhud hq h�hw txh
sE%� n sE+� � RE%n +� � RE%n % & � n RE+ � % & � juåfh ã +5,1
Rq frqfoxw txh i hvw pdmruìh sdu k hw txh s 9' �/ fh txl frqwuhglw od pd{lpdolwì gh s 1
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Frpphqwdluhv = Xqh iruph xq shx soxv idleoh gh Kdkq0Edqdfk frqvlvwh ã gluh tx*xqh iruph olqìdluh
frqwlqxh vxu xq vrxv0hvsdfh yhfwrulho gh H shxw íwuh surorqjìh hq xqh iruph olqìdluh frqwlqxh vxu H hw
gh píph qruph1

Oh wkìruëph gh Kdkq0Edqdfk srvvëgh gh qrpeuhxvhv dssolfdwlrqv hq dqdo|vh/ qrwdpphqw gdqv od
jìrpìwulh ghv hvsdfhv yhfwrulhov qrupìv1

Yrlu sdu h{hpsoh K1Euh}lv = �Dqdo|vh irqfwlrqqhooh1Wkìrulh hw dssolfdwlrqv�1

818 Dxwuhv dssolfdwlrqv gx ohpph gh ]ruq
Hoohv vrqw pxowlsohv1 Flwrqv srxu pìprluh oh idlw txh wrxw dqqhdx sulqflsdo hvw idfwrulho +grqw rq gìprqwuh
sdu dloohxuv txh f*hvw ìtxlydohqw ã o*d{lrph gx fkrl{,/ o*h{lvwhqfh g*xqh edvh gh wudqvfhqgdqfh gh F vxu
T hw/ elhq vþu/ oh idphx{ �wkìruëph gh ]huphor� dxtxho qrxv doorqv frqvdfuhu oh sdudjudskh vxlydqw1

9 Oh wkìruëph gh ]huphor
D o*dyhqlu/ qrxv gìvljqhurqv sdu +]huphor, o*ìqrqfì vxlydqw/ grqw qrxv doorqv gìprqwuhu tx*lo hvw ìtxly0
dohqw ã o*d{lrph gx fkrl{/ dx sulqflsh gh pd{lpdolwì gh Kdxvgru� hw dx ohpph gh ]ruq1

+]huphor, = Wrxw hqvhpeoh shxw íwuh elhq rugrqqì1
Wkìruëph 43 = E~Jo?� , E~eo6e,J�

Gìprqvwudwlrq = [ hqvhpeoh qrq ylgh
Vrlw H ' ik�c-l c � � fc- erq ruguh vxu Dj
pxql gh od uhodwlrq g*ruguh � gì�qlh sdu =
k�c-l � k�c7l vvl � � � hw V surorqjh U dx vhqv vxlydqw =
+4, ;E%c +� 5 � ' c %-+ +, %7+
+5, ;% 5 �c;+ 5 E� � ��c %7+
^ O*hqvhpeoh elhq rugrqqì k�c-l hvw xqh vhfwlrq frpphqêdqwh gh o*hqvhpeoh elhq rugrqqì k�c7l `1
H 9' > fdu � ' i%j hvw elhq rugrqqì1
Prqwurqv txh H hvw lqgxfwli1
Vrlw Ek� ( c - ( l� ( ) * xqh idplooh wrwdohphqw rugrqqìh gh H

hw vrlw � ' ^

( ) *
� ( / pxql gh od uhodwlrq g*ruguh U gì�qlh sdu =

%c + 5 � G %-+ +, <� 5 Uc %- + +

Uhpdutxh suìolplqdluh = sdu gì�qlwlrq gh �/ vl %-+/ doruv srxu wrxw � 5 U who txh % 5 �, hw
+ 5 �, crq dxud %- , +

Hq h�hw/ vl �, � � - c rq d %- - +/ grqf %- , +
Vl � - � �, c frpph - - hw - , fròqflghqw vxu � . / rq dxud dxvvl %-/ +
Hq idlw/ %-+ +, srxu wrxw l srxu ohtxho fhod d xq vhqv/ %- . +
$ Prqwurqv txh U hvw xqh uhodwlrq g*ruguh vxu D

Uì h{lyh = Vrlw % 5 �
<� 5 Uc % 5 � 0
grqf %- 0 %
grqf %-%
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Dqwlv|pìwultxh = Vrlhqw %c + 5 �
<� 5 Uc % 5 � 1 hw + 5 � 1
%-+ hw +-% , %- 1 + hw +- 1 % , % ' +
Wudqvlwlyh = Vrlhqw %c +c 5 5 �
<� 5 Uc % 5 � 2 c + 5 � 2 hw 5 5 � 2
%-+ hw +-5 , %- 2 + hw +- 2 5 , %- 2 5 , %-5
$ Prqwurqv txh U hvw xq erq ruguh vxu D =
Vrlw F xqh sduwlh qrq ylgh gh D

� ' � _ � ' � _^

3 4 5 � 3 ' ^

3 4 5 E� _� 3 �

Frpph � 9' >c<� 5 Uc� _ � 3 9' >
� _ � 3 srvvëgh xq soxv shwlw ìoìphqw srxu - 3 / vrlw {1
Rq yd yrlu txh { hvw oh soxv shwlw ìoìphqw gh F srxu U
Vrlw + 5 �
+-, Vl |5 � 6 c %- 6 +/ grqf %-+
+--, Vl + 5 �q� 7 c<� 5 Uc + 5 �8 q� 7
hw grqf %-8 +
hw grqf %-+

Frqfoxvlrq = Rq d elhq k�c-l 5 H
$ Prqwurqv txh ;� 5 Uc k� 7 c - 7 l � k�c-l
� 7 � � wulyldo
+4, %c + 5 � 7 G %- 7 + +, %-+ sdu gì�qlwlrq
+5, % 5 � 7 c + 5 �q� 7 , %-+ gìmã yx
k�c-l hvw elhq xq pdmrudqw gh Ek� 7 c - 7 l� 7 9 : / grqf EH c�� hvw lqgxfwli1
G*dsuëv ]ruq/ H srvvëgh xq ìoìphqw pd{lpdo k�c-l
Vl � ' f whuplqì1
Vlqrq/ vrlw | 5 fq�/ srvrqv � ; ' � ^ i|j
hw gì�qlvvrqv U* sdu =
+4, %c + 5 � G %- < + +, %-+
+5, ;% 5 �c%- < |
Lo hvw fodlu txh k� = c - = l hvw elhq rugrqqì/ Frqwudglfwlrq1

: Xqh dssolfdwlrq gx wkìruëph gh ]huphor
Rq yd yrlu txh/ juåfh ã ]huphor/lo hvw srvvleoh g*dssuìkhqghu fruuhfwhphqw o*ruglqdo / > / píph vl rq qh
pdñwulvh sdv elhq od qrwlrq g*ruglqdo1

G*dsuëv ]huphor/ lo h{lvwh xq erq ruguh � vxu U�
Gdqv wrxwh od vxlwh/rq dsshooh vhfwlrq frpphqêdqwh dfc @o o*hqvhpeoh
7 ? ' i% 5 U m % � @j
Vrlw H ' i% 5 U G dfc %o vrlw qrq gìqrpeudeohj
Vl H ' >/ fhod vljql�h txh wrxwh vhfwlrq frpphqêdqwh gh U hvw gìqrpeudeoh +pdlv U oxl0píph qh

o*hvw sdv,1
Vl H 9' >/ H dgphw xq soxv shwlw ìoìphqw/ vrlw {
grqf dfc %o q*hvw sdv gìqrpeudeoh
hw ;+ 	 %c dfc +o hvw gìqrpeudeoh1
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Prudolwì = Lo h{lvwh xq hqvhpeoh H/ elhq rugrqqì sdu xqh uhodwlrq �/ qrq gìqrpeudeoh/ hw grqw wrxwh
vhfwlrq frpphqêdqwh hvw gìqrpeudeoh1

O*hqvhpeoh H dlqvl frqvwuxlw d h{dfwhphqw ohv píphv sursulìwìv �vwuxfwxuhoohv� txh o*ruglqdo / @ �
^ hq idlw/ / @ ' A+Re k.c�l `1
Sdu dloohxuv/ ]huphor qrxv shuphw g*ìqrqfhu oh wkìruëph vxlydqw/ txl hvw xqh frqvìtxhqfh lppìgldwh

gh o*ìwxgh idlwh dx Fkds1 431
Wkìruëph 44 = Wrxw hqvhpeoh d xqh fduglqdolwì1

Hq sduwlfxolhu/ U d xq fduglqdo hw �@o_U � / A

; Uhwrxu ã od fdvh gìsduw
Wkìruëph 45 = E~eo6e,J� , E���

Gìprqvwudwlrq = [ hqvhpeoh qrq ylgh
[ shxw íwuh elhq rugrqqì sdu xqh uhodwlrq �
Vrlw s G SEf�� i>j $ f

t :$ sEt �
rü sEt � hvw oh soxv shwlw ìoìphqw gh \1
s hvw elhq xqh irqfwlrq gh fkrl{ vxu [1

Prudolwì = E��� , E��� , E~Jo?� , E~eo6e,J� , E���
Od erxfoh hvw erxfoìh1

Frqfoxvlrq jìqìudoh = E�� B � +, E��� +, E��� +, E~Jo?� +, E~eo6e,J�

< Frpsoìphqw
Vl rq hvw suhvvì/ rq shxw gìprqwuhu gluhfwhphqw txh E��� +, E~eo6e,J� vdqv sdvvhu sdu ]ruq/ txl hvw
o*ìwdsh od soxv gl!floh/ pdlv hq xwlolvdqw od qrwlrq g*ruglqdx{1

+� gìmã idlw
,� [ hqvhpeoh qrq ylgh
Vrlw R *5 f �{ì/ hw F xqh irqfwlrq gh fkrl{ vxu [
Rq yd gì�qlu xqh irqfwlrq I vxu ohv ruglqdx{/ ã ydohxuv gdqv f ^ iRj/ sdu uìfxuuhqfh wudqv�qlh =
8 Ef� ' R
8 E�� ' �Ef�
8 E2� ' � Ef � i8 E��j�
8 E�� ' � Ef � i8 E��c 8 E2�j�
hw/ srxu wrxw ruglqdo kc
8 Ek� ' � Ef � i8 E1� G 1 	 kj�
dyhf od frqyhqwlrq �E>� ' R
$ V*lo h{lvwh xq ruglqdo k 9' f who txh 8 Ek� ' Rc
vrlw k C oh soxv shwlw g*hqwuh hx{
doruv f � i8 E1� G 1 	 k C j ' >
l1h1 i8 E1� G 1 	 k C j ' f
I hvw xqh vxumhfwlrq gh o*ruglqdo k vxu f ^ iRj
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pdlv/ sdu frqvwuxfwlrq/ I hvw lqmhfwlyh
grqf I elm1= k $ f ^ iRj
Rq gì�qlw doruv xq erq ruguh vxu [ hq srvdqw
% � + +, 8 D E E%� � 8 D E E+�
$ Vlqrq/ ;kcf � i8 E1� G / 	 kj 9' >
l1h1 ;kc i8 E1� G 1 	 kj hvw vwulfwhphqw lqfoxv gdqv f ^ iRj
Vrlw ] ' i| 5 f m <kc 8 Ek� ' |j
] hvw grqf vwulfwhphqw lqfoxv gdqv [
^ hq idlw/ ] ' W4E8 �� iRj `
Vrlw k ' 8 F G E]� ^ ifj
k ' i1 G 1 ruglqdo hw 8 E1� 5 ]j ^ ifj
k hvw xqh vhfwlrq frpphqêdqwh g*ruglqdx{/ grqf k hvw xq ruglqdo
hw grqf ] ' i8 E1� G 1 	 kj � iRj
g*rü 8 Ek� ' �Ef � ]� 5 f � ]
pdlv 8 Ek� 5 ]c Frqwudglfwlrq1

43 Xq shx gh sklorvrsklh
G*xqh idêrq jìqìudoh/ o*d{lrph gx fkrl{ hvw hpsor|ì srxu d!uphu o*h{lvwhqfh g*xq remhw txh o*rq hvw
lqfdsdeoh gh ideultxhu �ã od pdlq�1 F*hvw oh fdv/ sdu h{hpsoh/ ghv xowud�owuhv qrq wulyldx{1 Wrxw oh
prqgh vh surpëqh dooëjuhphqw gdqv ghv xowud�owuhv soxv �qv txh oh �owuh gh Iuìfkhw/ pdlv shuvrqqh q*hq
d mdpdlv yx/ hw q*hq yhuud mdpdlv1

Soxv idfloh ã frpsuhqguh/ f*hvw oh fdv/ ìjdohphqw/ ghv irqfwlrqv rx hqvhpeohv qrq phvxudeohv srxu od
phvxuh gh Ohehvjxh1 Wrxwh whqwdwlyh gh frqvwuxfwlrq g*xq who remhw idlw qìfhvvdluhphqw dssho ã o*d{lrph
gx fkrl{1 Grqqrqv0hq xq dshuêx1

Oh frqwuh0h{hpsoh fodvvltxh gh sduwlh qrq Ohehvjxh0phvxudeoh gh od gurlwh uìhooh hvw gì�ql dlqvl =
Rq frqvlgëuh/ gdqv dfc �o/ od uhodwlrq g*ìtxlydohqfh U gì�qlh sdu
%U+ +, %� + 5 T
hw rq dsshooh D xq hqvhpeoh irupì g*xq ìoìphqw sulv gdqv fkdtxh fodvvh g*ìtxlydohqfh +rx/ vl rq

suìiëuh/ g*xq uhsuìvhqwdqw gh fkdtxh fodvvh,1
Lo hvw fodlu tx*xq who hqvhpeoh qh shxw dyrlu tx*xqh �vdoh wurqfkh�/ pdlv lo | d sluh txh fhod1 Hq

h�hw/ xq who hqvhpeoh hvw lpsrvvleoh ã h{klehu1 Yrxv dyh} sduidlwhphqw oh gurlw gh fkrlvlu xq uhsuìvhqwdqw
g*xqh fodvvh tx*rq dsshoohud od fodvvh q H �/ sxlv g*xqh fodvvh q H 2 hw dlqvl gh vxlwh/ pdlv oh sureoëph f*hvw
tx*lo | d dxwdqw gh fodvvhv txh gh qrpeuhv uìhov/ ã vdyrlu 2 I J / hw ulhq qh jdudqwlw tx*lo yrxv uhvwhud txhotxh
fkrvh ã o*duulyìh111ulhq/ vdxi suìflvìphqw o*d{lrph gx fkrl{1 Pdlv rq vhqw elhq tx*rq q*hvw sdv wuëv ã o*dlvh
dyhf fh w|sh gh frqvwuxfwlrqv1

Klvwrultxhphqw/ ohv fkrvhv qh vh vrqw sdv wrxmrxuv sdvvìhv dlqvl1 Fdqwru/ oxl/ qh vh srvdlw sdv hqfruh
fh jhquh gh txhvwlrqv1 O*h{lvwhqfh g*xq erq ruguh vxu U gìfrxodlw srxu oxl gh o*h{suhvvlrq gx soxv vlpsoh
erq vhqv1 Mh fkrlvlv xq ìoìphqw dx kdvdug gdqv U/ mh o*dsshooh 3/ mh fkrlvlv xq ìoìphqw dx kdvdug gdqv
U�ifj/ mh o*dsshooh 4/ hw dx erxw g*xq prphqw mh ydlv elhq �qlu sdu pdqjhu o*hqvhpeoh gh wrxv ohv
qrpeuhv uìhov1 Fh ã txrl ohv qlklolvwhv hw dxwuhv Vdlqw0Wkrpdv gh od �q gx fUf K LM N O uìwrutxëuhqw txh/
sxlvtxh f*ìwdlw dxvvl lqwxlwli/ lo q*dydlw tx*ã qrxv oh prqwuhu/ vrq erq ruguh1 F*hvw vhxohphqw dx gìexw
gh fh vlëfoh txh ]huphor vh uìvroxw ã dmrxwhu xq d{lrph vxssoìphqwdluh vhorq ohtxho wrxw hqvhpeoh shxw
íwuh elhq rugrqqì/ phwwdqw dlqvl �q dx{ txhuhoohv gh frpswrlu1 Ylquhqw hqvxlwh o*d{lrph gx fkrl{ vrxv vd
iruph gì�qlwlyh/ dlqvl txh vhv qrpeuhxvhv yduldqwhv/ grqw qrxv yhqrqv g*h{dplqhu txhotxhv ìfkdqwloorqv1

O*dyhqlu ghydlw dssuhqguh ã ]huphor tx*lo dydlw udlvrq/ sxlvtxh Jùgho +* �b��, d frqvwuxlw xq prgëoh
gh od wkìrulh ghv hqvhpeohv gdqv ohtxho o*d{lrph gx fkrl{ hvw yudl/ hw Frkhq +* �bS2, hq d frqvwuxlw xq
dxwuh rü o*d{lrph gx fkrl{ hvw idx{1 Hq jurv/ o*xwlolvdwlrq gh yhuvlrqv �vrsklvwltxìhv� gh o*d{lrph gx
fkrl{/ frpph sdu h{hpsoh oh ohpph gh ]ruq/ shuphw g*ìylwhu ghv svhxgr0lwìudwlrqv pdo frqwu÷oìhv vxu od
�q1 Xq h{hpsoh idfloh ã frpsuhqguh hvw fhoxl gh o*h{lvwhqfh g*xqh edvh srxu wrxw hvsdfh yhfwrulho/ txh
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qrxv dyrqv gìprqwuìh �sursuhphqw� gdqv fh fkdslwuh1 Hq h�hw/oh suridqh srxuudlw vh frqwhqwhu gh gluh
= mh fkrlvlv xq yhfwhxu e P qrq qxo/ v*lo hqjhqguh wrxw o*hvsdfh wdqw plhx{/ vlqrq f*hvw tx*lo h{lvwh txhotxh
sduw xq yhfwhxu e Q *5 T eS|Ee R �� Vl T eS|Ee R c e S � ' . wdqw plhx{/ hw dlqvl gh vxlwh1 Oh sureoëph f*hvw tx*rq
qh vdlw sdv wurs tx*hvw0fh txl vh sdvvh hqwuh oh �. T UV W V yhfwhxu hw oh fduglqdo lq�ql qrq gìqrpeudeoh txh
uhsuìvhqwh od glphqvlrq gh H1 Lo hq hvw gh píph srxu o*h{lvwhqfh g*xq lgìdo pd{lpdo frqwhqdqw xq lgìdo L
grqqì1 Mh vxlv ã shx suëv vþu txh oh udlvrqqhphqw frqvlvwdqw ã gluh �vl L hvw pd{lpdo/wdqw plhx{ > vlqrq/
f*hvw tx*lo h{lvwh xq lgìdo sursuh U X frqwhqdqw vwulfwhphqw L hwf1� qh vdwlvidlw sohlqhphqw shuvrqqh1

Pdlv ohv fkrvhv qh vrqw píph sdv hqfruh dxvvl vlpsohv1 Wrxwh fhwwh ehooh wkìrulh d idlool íwuh uhplvh
hq txhvwlrq gdqv ohv dqqìhv Vrl{dqwh/ ã o*rffdvlrq gh gìfrxyhuwhv frqfhuqdqw od wkìrulh ghv mhx{1 Mh ydlv
hvvd|hu gh yrxv h{soltxhu gh txrl lo uhwrxuqh1

Rq qrwh Q Y o*hqvhpeoh gh wrxwhv ohv dssolfdwlrqv gh Q gdqv Q rx/ fh txl uhylhqw dx píph/ o*hqvhpeoh
ghv vxlwhv ã ydohxuv hqwlëuhv/ hw rq vh grqqh d sulrul xqh sduwlh � � Q Z / dsshoìh uëjoh gx mhx1 Oh mrxhxu
L fkrlvlw xq hqwlhu � [ c sxlv oh mrxhxu LL fkrlvlw xq hqwlhu � \ c hqvxlwh gh txrl oh mrxhxu L fkrlvlw ã vrq
wrxu xq hqwlhu � ] hw dlqvl gh vxlwh1 D od �q gh od sduwlh ohv 5 mrxhxuv rqw frqvwuxlw xqh vxlwh E� ^ � _ ` a /
dsshoìh uìvxowdw gh od sduwlh1 Oh mrxhxu L hvw gìfoduì jdjqdqw vl oh uìvxowdw hvw ìoìphqw gh o*hqvhpeoh D/
hw shugdqw gdqv oh fdv frqwudluh1 Od txhvwlrq txl vh srvh gh idêrq qdwxuhooh hvw gh vdyrlu vl rxl rx qrq
o*xq ghv mrxhxuv glvsrvh g*xqh vwudwìjlh jdjqdqwh1

Lqwxlwlyhphqw/ rq d hqylh gh gluh txh vl oh mrxhxu L q*d sdv gh vwudwìjlh jdjqdqwh/ f*hvw txh txhotxh vrlw
vrq frpsruwhphqw lo yd �qlu xq mrxu rx o*dxwuh sdu íwuh �frlqfì�/ fh txl vhpeoh dxjxuhu g*xqh vwudwìjlh
idyrudeoh dx mrxhxu LL1 Frpph txrl lo idxw vh pì�hu ghv lqwxlwlrqv/ fdu fh udlvrqqhphqw hvw idx{1 Hq
idlw/vl o*hqvhpeoh D hvw rxyhuw rx ihupì gdqv Q b c oh mhx hvw h�hfwlyhphqw gìwhuplqì/ hw Grqdog Pduwlq
d gìprqwuì hq 4<:8/ dx sul{ g*xq wrxu gh sdvvh0sdvvh glderoltxh xwlolvdqw wrxwhv ohv uhvvrxufhv/ píph
fdfkìhv/ gh od wkìrulh ghv hqvhpeohv/ tx*lo hq hvw gh píph vl D hvw eruìolhq1 Flqt dqv dxsdudydqw/ oh
píph Pduwlq dydlw gìprqwuì txh/ v*lo h{lvwh xq fduglqdo phvxudeoh/ f*hvw0ã0gluh xq fduglqdo HQRUPH/
doruv xqh fodvvh xq shx soxv odujh g*hqvhpeohv/ dsshoìv ohv hqvhpeohv dqdo|wltxhv/ grqqh olhx ã ghv mhx{
gìwhuplqìv/ pdlv shuvrqqh q*d idlw plhx{ ghsxlv1 Hq idlw/ vl rq vxssrvh o*d{lrph gx fkrl{/ rq shxw
ideultxhu xq hqvhpeoh D srxu ohtxho oh mhx hvw lqgìwhuplqì1 Sdu frqwuh/ o*d{lrph gh gìwhuplqdwlrq gh
wrxv ohv mhx{ vxu // txl frqvlvwh ã gluh = �;� 5 SEQ�/ o*xq ghv mrxhxuv glvsrvh g*xqh vwudwìjlh jdjqdqwh�
d od píph frqvlvwdqfh txh ]IF1 Hq fodlu/ o*d{lrph gx fkrl{ hw o*d{lrph gh gìwhuplqdwlrq rqw oh píph
�srlgv� g*xq srlqw gh yxh orjltxh/ pdlv vrqw wrwdohphqw dqwdjrqlvwhv o*xq gh o*dxwuh1 Lo idxw fkrlvlu111

F*hvw suìflvìphqw fh txh fhuwdlqv pdwkìpdwlflhqv rqw idlool idluh yhuv od �q ghv dqqìhv 93/ dsuëv
txh Vroryd| dlw gìprqwuì txh/ vl o*d{lrph gh gìwhuplqdwlrq hvw yudl/ doruv sohlq gh wuxfv/ hq sduwlfxolhu
wrxw vrxv0hqvhpeoh gh U hvw Ohehvjxh0phvxudeoh/ fh txl/ lo idxw elhq o*dyrxhu/ vhudlw elhq sudwltxh1 Ohv
ghvfhqgdqwv vslulwxhov ghv Vdlqw0Wkrpdv gh wrxw0ã0o*khxuh vrqw doruv ghvfhqgxv gh ohxu slìghvwdo o*hvsdfh
g*xqh iudfwlrq gh vhfrqgh srxu sursrvhu gh uhpsodfhu gì�qlwlyhphqw E��� sdu E�(�� Wrxwhirlv ohv jhqv
vhqvìv qh ohv rqw sdv ìfrxwìv/ hw elhq ohxu hq d sulv fdu/ vl +DG� qrxv sulydlw gh txhotxhv sdwkrorjlhv
el}duurògdohv vxu U/ lo qrxv dxudlw sulyì dxvvl gh iruw mrolhv fkrvhv frpph oh frpsdfwl�ì gh Vwrqh0
Fhfk
gh Q +hqvhpeoh ghv xowud�owuhv vxu Q,/ ohv edvhv gh wudqvfhqgdqfh gh F vxu T hw o*h{lvwhqfh g*xqh fo÷wxuh
dojìeultxh srxu wrxw frusv frppxwdwli1

Ehdxfrxs soxv surfkh gh qrxv/ uhsuhqrqv od gìprqvwudwlrq fodvvltxh gh od uìflsurtxh gh Ero}dqr0
Zhlhuvwudvv1 Gdqv od ghx{lëph sduwlh gh od gìprqvwudwlrq/ rq vh grqqh xq uìho 4 : f/ hw lo v*djlw gh
surxyhu tx*lo hvw srvvleoh gh uhfrxyulu H sdu xq qrpeuh �ql gh erxohv gh ud|rq 4� Oh udlvrqqhphqw hvw
doruv oh vxlydqw =

Vlqrq = Vrlw % c 5 .
Hq sduwlfxolhu/ �E% d c 4� qh uhfrxyuh sdv H/ grqf <% e 5 . ��E% f c 4�
E+{ f c 4� ^ �E% g c 4� qh uhfrxyuh sdv H/ grqf <% h 5 . � d�E% i c 4� ^�E% j c 4�o c hw dlqvl gh vxlwh1
Rq frqvwuxlw grqf sdu uìfxuuhqfh xqh vxlwh E% k � whooh txh

;? 5 Q l c % m *5
n o p̂

q r s �E% t c 4�
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Mh glv tx*rq d xwlolvì lfl o*d{lrph gx fkrl{/ vdqv oh idluh h{suëv111 hw

Mh p*h{soltxh = D|dqw ã qrwuh glvsrvlwlrq fh idphx{ hvsdfh pìwultxh H/ lo hvw fodlu txh wrxw xq fkdfxq
d oh gurlw gh fkrlvlu xq % u 5 . hw g*hq idluh fh tx*lo hq yhxw1 D sduwlu gx prphqw rü lo hvw ìwdeol txh
od erxoh �E% v c 4� qh uhfrxyuh sdv H/ grqf txh o*hqvhpeoh . � �E% v c 4� q*hvw sdv ylgh/ oh píph wrxw xq
fkdfxq d elhq hqwhqgx oh gurlw gh vh suhqguh xq % w 5 .��E% v c 4� hw gh o*xwlolvhu frpph lo oh vrxkdlwh/ hw
dlqvl gh vxlwh1 Oh sureoëph/ f*hvw txh srxu srxyrlu sduohu gh od vxlwh E% x �/ lo idxw uìdolvhu o*rsìudwlrq xqh
lq�qlwì gh irlv/ hw f*hvw oã txh od wkìrulh ghv hqvhpeohv fodvvltxh qh vx!w soxv soxv srxu srxyrlu d!uphu
o*h{lvwhqfh gh o*remhw1 Hq h�hw/ uhfrqqdñwuh o*h{lvwhqfh gh od vxlwh E% y � uhylhqw ã xwlolvhu xqh yduldqwh
d�dleolh gh o*d{lrph gx fkrl{/ tx*rq dsshooh o*d{lrph gx fkrl{ gìshqgdqw +DFG,/ hw txl glw od fkrvh
vxlydqwh = �Vrlw H xq hqvhpeoh hw U xqh uhodwlrq elqdluh vxu H whooh txh srxu wrxw { lo h{lvwh | who txh
U+{>|,1 Doruv lo h{lvwh xqh vxlwh E% z � g*ìoìphqwv gh H whooh txh srxu wrxw ?/ -E% { c % { | } ��1
Uhpdutxh 7 = Vl m*dl hpsor|ì xq wrq xq shx sìuhpswrluh gdqv fhwwh h{solfdwlrq/ f*hvw sdufh tx*lo
h{lvwh gdqv od qdwxuh ghv shuvrqqhv pdo hperxfkìhv txl fulhqw dx vfdqgdoh txdqg yrxv ohxu h{soltxh}
jhqwlphqw tx*lo idxw xwlolvhu o*d{lrph gx fkrl{ srxu gìprqwuhu od uìflsurtxh gh Ero}dqr0Zhlhuvwudvv/
yrluh srxu gìprqwuhu txh wrxw dqqhdx sulqflsdo hvw idfwrulho1 Lo hvw sdu dloohxuv lqwìuhvvdqw gh qrwhu txh
fhv Prqvlhxu Mrxugdlq/ txl vrqw ohv sulqflsdx{ gìwudfwhxuv gh o*d{lrph gx fkrl{ hw sdvvhqw ohxu ylh ã
fulwltxhu qrv xowud�owuhv hw dxwuhv remhwv �lqvdlvlvvdeohv�/ vrqw suìflvìphqw ohv píphv txl o*xwlolvhqw ã
orqjxhxu gh mrxuqìh hq dqdo|vh/ vdqv oh vdyrlu111 od suhxyh1

Euhi/ o*d{lrph gx fkrl{ hvw pdlqwhqdqw uhfrqqx sdu o*hqvhpeoh gh od frppxqdxwì pdwkìpdwltxh
lqwhuqdwlrqdoh/ rq shxw grqf o*xwlolvhu ã surixvlrq/ oxl hw vhv qrpeuhxvhv yduldqwhv/ fkrvh txh qrxv q*doorqv
sdv qrxv sulyhu gh idluh gdqv ohv ghx{ ghuqlëuhv vìtxhqfhv gh fh frxuv1
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