
Fkds1 43 =
Fduglqdx{

4 Oh wkìruëph gh Fdqwru0Ehuqvwhlq
Gì�qlwlrq 4 = D/ E 5 hqvhpeohv

+4, � � � vvl lo h{lvwh xqh lqmhfwlrq gh D gdqv E1
+5, � � � vvl lo h{lvwh xqh elmhfwlrq gh D vxu E1
+6, � ! � vvl � � � hw =E� � ��

Sursrvlwlrq 4 = � hvw xqh uhodwlrq uì h{lyh hw wudqvlwlyh1
� hvw xqh uhodwlrq g*ìtxlydohqfh1

Gìprqvwudwlrq = Fodlu1
Wkìruëph 4 gh Fdqwru0Ehuqvwhlq = E� � � a � � �� , � � �

^ V*lo h{lvwh xqh lqmhfwlrq gh D gdqv E hw v*lo h{lvwh xqh lqmhfwlrq gh E gdqv D/ doruv lo h{lvwh xqh
elmhfwlrq gh D vxu E `1

Dxwuhphqw glw/ od uhodwlrq � vxu ohv fduglqdx{ hvw dqwlv|pìwultxh +oh fduglqdo gh D ìwdqw surylvrluh0
phqw gì�ql frpph ìwdqw od fodvvh g*ìtxlydohqfh gh D srxu od uhodwlrq g*ìtxlsrwhqfh � ,1

Gìprqvwudwlrq = s G � $ �
} G � $ �

�

lqm1
Rq srvh

� � � ' �
� � ' �

hw/ srxu wrxw hqwlhu q/
� � � � � ' }E� � �

� � � � ' sE� � �
Lo hvw fodlu txh ohv vxlwhv E� � � � � 	 hw E� 
 � 
 � 	 vrqw gìfurlvvdqwhv1
Rq srvh doruv

� � ' _

 � �
� 

� � ' _

 � �
� 

e| � ' _

� � �
E� � � q� � � � � �

hw rq gì�qlw � G � $ � gh od idêrq vxlydqwh =
Vl % 5 �c �E%� ' sE%�
Vl % *5 �c �E%� ' } �

� E%�
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$ k hvw elhq gì�qlh vxu D =
-Vl % 5 �/ sdv gh sureoëph1
--Vl % *5 �c

% *5 ^

� � �
E� � � q� � �  ! �

grqf ;? 5 Qc % *5 E� " # q� " # $ % �
hq sduwlfxolhu/
% *5 � & q� %

pdlv % 5 � &

�

, % 5 � % , % 5 }E��
grqf } '

% E%� h{lvwh/ hw hvw xqltxh fdu j lqm1
$ k hvw xqh elmhfwlrq gh D vxu E =
Rq yìul�h txh k hqyrlh elmhfwlyhphqw =
� ( �� ) vxu � ) � � *

� ) �� * vxu � �� )

� * �� + vxu � + � � ,

� - �� , vxu � . � � -

� . / � � . / 0 1 vxu � . / 0 1 � � . / 0 .

� . / 0 1 �� . / 0 . vxu � . / � � . / 0 1

hw � 2 vxu � 2

Ru/ � 3 � � 1 c � 1 � � . c � . � � - c ���c �4 � �4 5 6 c ���c � 7 frqvwlwxhqw xqh sduwlwlrq gh D/ lghp srxu E/
fh txl surxyh elhq txh k hvw xqh elmhfwlrq gh D vxu E1

Qrxv doorqv yrlu pdlqwhqdqw xqh dssolfdwlrq JLJDQWLVVLPH gx wkìruëph gh Fdqwru0Ehuqvwhlq1
Fruroodluh 4 = SEQ� � U

Gìprqvwudwlrq = Rq yd prqwuhu hq idlw txh SEQ� � ofc �d
^ Lo hvw sdu dloohxuv wulyldo txh ofc �d � U
suhqguh s G ofc �d $ U gì�qlh sdu sE%� ' *? �|@?E 8

9 %��o�
$ Prqwurqv g*derug tx*lo h{lvwh xqh lqmhfwlrq gh SEQ� gdqv ofc �d =
Vrlw � 5 SEQ�
4, Hfuluh ohv ìoìphqwv gh D gdqv o*ruguh furlvvdqw
� ' i@ : c @ ; c ���c @ < c ���j
5, Ohv wudgxluh hq edvh ; =
� ' iK = c K > c ���c K ? c ���j
6, Rq srvh sE�� ' fc K @ HK A H���K B H���
$ Prqwurqv pdlqwhqdqw tx*lo h{lvwh xqh lqmhfwlrq gh ofc �d gdqv SEQ�
Vrlw % 5 ofc �d
4, Hfuluh oh gìyhorsshphqw gh { hq edvh ; =
% ' fc @ C @ A @ D ���@ B ��� dyhf @ B 5 ifc �c 2c ���c .j
5, Dmrxwhu 4 ã fkdtxh fkl�uh =
+ ' fc K E K F K G ���K H ��� dyhf K H 5 i�c 2c �c ���Hj
6, Rq srvh }E%� ' iK I c K J K K c K L K M K N c ���j
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5 Gì�qlwlrq gh od fduglqdolwì
Gì�qlwlrq 5 = Vrlw D xq hqvhpeoh1

D hvw elhq rugrqqdeoh vvl <-c U hvw xq erq ruguh vxu D1
Vrlw D xq hqvhpeoh elhq rugrqqdeoh1
k�c-l hvw grqf xq hqvhpeoh elhq rugrqqì
G*dsuëv oh wkìruëph irqgdphqwdo +Fkds17 ¢LL wkìruëph 6,/ lo h{lvwh xq ruglqdo k who txh k�c-l �' kkc5l
hq sduwlfxolhu/ � � k
g*rü

Wkìruëph 5 = Wrxw hqvhpeoh elhq rugrqqdeoh shxw íwuh plv hq elmhfwlrq dyhf xq ruglqdo1

Vrlw doruv � ' ik G k ruglqdo hw � � kj
G*dsuëv oh wkìruëph/ � 9' >
grqf/ F srvvëgh xq soxv shwlw ìoìphqw1

Gì�qlwlrq 6 = Rq dsshooh fduglqdolwì gh D/ hw rq qrwh �@o_E�� rx m�m c oh soxv shwlw ruglqdo k who txh
� � k
H{hpsoh 4 = �@o_ > ' f

;? 5 /c�@o_? ' ?
�@o_/ ' /
�@o_] ' /
�@o_T ' /
�@o_E/ n �� ' �@o_E/ n .� ' �@o_E/ � 2� ' �@o_E/ O � ' �@o_E/ P � ' /

Uhpdutxh 4 = Vl U hvw elhq rugrqqdeoh/ doruv �@o_U ' �@o_SE/�
hw FdugU : / +fdu rq d yx dx fkds16 txh U q*hvw sdv gìqrpeudeoh,1
grqf �@o_U � / Q

Uhpdutxh 5 = Srxu o*lqvwdqw/ wrxwhv fhv frqvlgìudwlrqv qh vrqw txh ghv k|srwkëvhv/ fdu rq qh vdlw sdv
vl U hvw elhq rugrqqdeoh/ grqf rq qh vdlw sdv vl U srvvëgh xqh fduglqdolwì1
Uhpdutxh 6 = � � � , m�m ' m�m

+srxu ohv hqvhpeohv elhq rugrqqdeohv,
hw/ hq sduwlfxolhu/ m�m � ��
Srxu ohv hqvhpeohv elhq rugrqqdeohv/ od fduglqdolwì irxuqlw grqf xq uhsuìvhqwdqw gh fkdtxh fodvvh

g*ìtxlydohqfh srxu od uhodwlrq g*ìtxlsrwhqfh � +fh uhsuìvhqwdqw ìwdqw fkrlvl sdupl ohv ruglqdx{,1

6 Qrwlrq gh fduglqdo
Gì�qlwlrq 7 = Xq fduglqdo hvw xq ruglqdo txl qh shxw sdv íwuh plv hq elmhfwlrq dyhf xq ruglqdo soxv
shwlw1
Gì�qlwlrq 8 ìtxlydohqwh = Ek hvw xq fduglqdo� vvl Ek hvw xq ruglqdo hw k ' mkm�
H{hpsohv =
Sursrvlwlrq 5 = / hvw xq fduglqdo hw ;? 5 /c ? hvw xq fduglqdo1
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Gìprqvwudwlrq = F*hvw ìylghqw1
Sursrvlwlrq 6 = O*ruglqdo / R frqvwuxlw dx Fkds1< hvw xq fduglqdo1

Gìprqvwudwlrq = sdu frqvwuxfwlrq píph1
Gì�qlwlrq 9 = D hvw �ql vvl m�m 	 /

D hvw gìqrpeudeoh vvl m�m � /
Uhpdutxh 7 = Rq q*dxudlw sdv sx/vxu od edvh ghv d{lrphv 3 ã : +f*hvw0ã0gluh vdqv vxssrvhu oh Srzhu
Vhw, gìprqwuhu o*h{lvwhqfh g*xq fduglqdo qrq gìqrpeudeoh1

^ Srxu íwuh soxv suìflv/ od wkìrulh frpsrvìh ghv d{lrphv 3 ã:/ hw dxjphqwìh gh o*d{lrph vxssoìphqwdluh
�Wrxw hvw gìqrpeudeoh� d od píph frqvlvwdqfh txh ]I `1

7 Od klìudufklh ghv fduglqdx{ wudqv�qlv
Qrxv doorqv uhsuhqguh lfl od klìudufklh ghv ruglqdx{ �sduwlfxolhuv� lqwurgxlwh dx Fkds1<1
Gì�qlwlrq : = srxu wrxw ruglqdo +hw grqf srxu wrxw fduglqdo, k/ rq gì�qlw o*ruglqdo k S sdu =

k S ' ��? iq G q ruglqdo hw �@o_q : �@o_kj
Lo uìvxowh lppìgldwhphqw gh od gì�qlwlrq oh wkìruëph vxlydqw

Wkìruëph 6 = k T hvw xq fduglqdo hw k T : �@o_k
+hq wdqw txh fduglqdx{,1

Gì�qlwlrq ; = V ìwdqw xq fduglqdo/ rq glw txh V hvw xq fduglqdo vxffhvvhxu vvl <kc V ' k U

V hvw xq fduglqdo olplwh vvl V : / hw V q*hvw sdv xq fduglqdo vxffhvvhxu1
Rq shxw pdlqwhqdqw gì�qlu od klìudufklh gh WRXV ohv fduglqdx{ wudqv�qlv1

Gì�qlwlrq < = C V ' / V hvw gì�ql sdu uìfxuuhqfh wudqv�qlh vxu k gh od idêrq vxlydqwh =
+4, / W ' /
+5, / X Y Z ' E/ X � Y

+6, Vl � ruglqdo olplwh/ / [ ' 7�R i/ \ G k 	 �j
Ohpph 4 = +4, Wrxw / \ hvw xq fduglqdo1

+5, Wrxw fduglqdo lq�ql hvw ìjdo ã / \ srxu xq fhuwdlq ruglqdo k�
+6, k 	 q , / \ 	 / ]

+7, / ^ hvw xq fduglqdo olplwh vvl k hvw xq ruglqdo olplwh1
/ ^ hvw xq fduglqdo vxffhvvhxu vvl k hvw xq ruglqdo vxffhvvhxu1

Gìprqvwudwlrq = Fhv gl�ìuhqwhv sursrvlwlrqv gìfrxohqw gluhfwhphqw gh od gì�qlwlrq1
Uhpdutxh 8 = Gdqv fhuwdlqv rxyudjhv/ rq sulyloìjlh od qrwdwlrq �dohsk doskd� EC _ � srxu gìvljqhu
o*remhw / _ hq wdqw txh fduglqdo/ pdlv lo hvw elhq ìylghqw txh ohv v|perohv C _ hw / _ gìvljqhqw oh píph
hqvhpeoh1
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8 Ohv sureoëphv
Rq d yx txh / ` hvw oh soxv shwlw ruglqdo qrq gìqrpeudeoh/ hw rq vdlw sdu dloohxuv txh U q*hvw sdv
gìqrpeudeoh1

Lo sdudñw grqf ìylghqw txh U hvw �dx prlqv dxvvl jurv� txh / a 1 Rq yd yrlu txh f*hvw yudl �gdqv xq
fhuwdlq vhqv�1
Wkìruëph 7 = Lo h{lvwh xqh vxumhfwlrq gh U vxu / a �

Gìprqvwudwlrq = Xq surgxlw �ql g*hqvhpeohv gìqrpeudeohv hvw gìqrpeudeoh
+uhsuhqguh sdu h{hpsoh od gìprqvwudwlrq �gldjrqdoh� gx idlw txh T hvw gìqrpeudeoh srxu oh fdv g*xq

surgxlw gh 5 hqvhpeohv/ sxlv frqfoxuh sdu uìfxuuhqfh,1
Lo h{lvwh grqf xqh elmhfwlrq gh / vxu / � /�
Sdu oã0píph/ rq hq gìgxlw o*h{lvwhqfh g*xqh elmhfwlrq gh SE/� vxu SE/�/�c grqf gh U vxu SE/�/�/

hw rq yd prqwuhu o*h{lvwhqfh g*xqh vxumhfwlrq gh SE/ � /� vxu / b / fh txl dfkëyhud od gìprqvwudwlrq1
Vrlw - 5 SE/ � /�
Vl U hvw xq erq ruguh vxu // rq srvh )E-� ' A+Re k/c-l
Vlqrq/ rq srvh )E-� ' / c n 2.
Rq d yx +Fkds1</ ¢LL/ wkìruëph 6, txh wrxw ruglqdo gìqrpeudeoh 1 hvw oh w|sh g*ruguh g*xq erq ruguh

vxu // fh txl dvvxuh od vxumhfwlylwì gh )�
111111111111111111111111111111111111111111111111111

Vrlw1

111111111111111111111111111111111111111111111111111

Fh wkìruëph whqg ã surxyhu txh U hvw �soxv jurv� txh / d � Pdokhxuhxvhphqw/ hq o*devhqfh g*xq
d{lrph vxssoìphqwdluh/ lo hvw lpsrvvleoh gh gìprqwuhu o*h{lvwhqfh g*xqh lqmhfwlrq gh / d gdqv U1 Frpph/
sdu dloohxuv/ rq qh vdlw sdv vl U hvw elhq rugrqqdeoh/ lo q*d shxw0íwuh sdv gh fduglqdolwì/ vl elhq txh oh
�frqwlqx�/ f*hvw0ã0gluh oh idlw/ srxu xq hqvhpeoh/ g*íwuh ìtxlsrwhqw ã U/ shxw wuëv elhq q*dyrlu dxfxq
udssruw dyhf od klìudufklh /c / d c / e c ���c / f c ��� suìfìghpphqw gì�qlh1

D�q gh uhphwwuh xq shx g*ruguh gdqv fhwwh jdehjlh dssduhqwh/ oh soxv vlpsoh vhudlw gh vxssrvhu/ xqh
erqqh irlv srxu wrxwhv/ txh wrxw hqvhpeoh shxw íwuh pxql g*xq erq ruguh1 Uhvwh ã vdyrlu vl fhw d{lrph
vxssoìphqwdluh d ghv fkdqfhv g*íwuh �udlvrqqdeoh�/ hw vxuwrxw gh qh sdv phqhu ã ghv frqwudglfwlrqv1

Jùgho d gìprqwuì txh/ vl od wkìrulh ghv hqvhpeohv hvw frqvlvwdqwh +sdu h{hpsoh od wkìrulh ]I irupìh
ghv d{lrphv 3 ã ;,/ doruv lo hq hvw gh píph gh od wkìrulh ghv hqvhpeohv dxjphqwìh gh o*d{lrph �Wrxw
hqvhpeoh shxw íwuh elhq rugrqqì�1

Frpph qrxv q*dyrqv sdv ohv pr|hqv gh uhsurgxluh fhwwh gìprqvwudwlrq lfl/ qrxv doorqv qrxv frqwhqwhu
gh gìprqwuhu txh fhw d{lrph hvw ìtxlydohqw ã g*dxwuhv srvwxodwv dxvvl �udlvrqqdeohv�/ hw hq gìgxluh
txhotxhv frqvìtxhqfhv wuëv fodvvltxhv1
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