
Fkds 8 =
Frqvwuxfwlrq ghv hqvhpeohv gh qrpeuhv xvxhov

4 O*ruglqdo /� Frqvwuxfwlrq gh Q
Qrxv doorqv frpphqfhu sdu gì�qlu od irqfwlrq �Vxffhvvhxu�/ txl mrxh xq u÷oh irqgdphqwdo gdqv o*dulwkpìwltxh
ghv ruglqdx{/ hw hq sduwlfxolhu gdqv fhooh gh o*ruglqdo /�
Gì�qlwlrq 4 =7Ek� ' k ^ i kj

Ohpph 4 = ; kc 7Ek� hvwxq r uglqdo/ k 	 7Ek� hw; q Eq 	 7Ek� + , q � k�

Gìprqvwudwlrq = $ Vrlw % 5 7Ek�
Rq d % 5 k rx % ' k
% 5 k , % � k fdu k ruglqdo , % � 7Ek�
% ' k , % � 7Ek�
grqf 7Ek� hvw wudqvlwli1
$ Vrlw � � 7Ek�c � 9' >
� Vl k *5 �c doruv � � k/ grqf D srvvëgh xq soxv shwlw ìoìphqw1
� � Vl k 5 �/ srvrqv � � ' � � i kj
Vl � � ' >c � ' i kj / grqf k ' 4�?E��
Vl � �

9' >c vrlw % ' 4�?E� � �/ rq d % 5 k/ grqf % 	 k , % ' 4�?E��
grqf 7Ek� hvw xq ruglqdo1
$ k *5 k fdu vlqrq 5 qh vhudlw soxv xq ruguh wrwdo vwulfw vxu k�
grqf 7Ek� frqwlhqw vwulfwhphqw k�
sdu dloohxuv/ k 5 7Ek�/ grqf k 	 7Ek��
$ q � 7Ek� , q 5 7Ek� hw q 9' 7Ek�
grqf <% 5 7Ek�c % *5 q
pdlv/ frpph q hvw xq ruglqdo/ vl k 5 q/ doruv % 5 q
grqf k *5 q
grqf q � k/ l1h1 q � k
$ q � k , q 5 k rx q ' k
� q 5 k/ frpph k 5 7Ek�/ doruv q 5 7Ek�/ grqf q 	 7Ek�
� � q ' k , q 	 7Ek�

Gì�qlwlrq 5 = k hvwxq r uglqdovxf fhvvhxu +r x gh � �� � �
hvsëfh, vvl <q Ek ' 7Eq��

k hvwxq r uglqdoolp lwh +r x gh 2 �� 	 

hvsëfh, vvl k 9' > hwk q*hvwsdv xq r uglqdovxf fhvvhxu1
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Gì�qlwlrq 6 = f ' >
� ' 7Ef�
2 ' 7E��
� ' 7E2�
e ' 7E�� hwf1
Rq d grqf =
f ' >
� ' i fj
2 ' i fc �j
� ' i fc �c 2j
e ' i fc �c 2c �j hwf1

Gì�qlwlrq 7 = k hvw xq hqwlhu qdwxuho vvl ; q � k Eq ' f rx q hvw xq ruglqdo vxffhvvhxu� �
Uhpdutxh 4 = Lo hvw fodlu/ g*dsuëv od gì�qlwlrq/ txh ohv hqwlhuv qdwxuhov iruphqw xqh vhfwlrq frp0
phqêdqwh gh od �idplooh� ghv ruglqdx{1

Wrxwhirlv/ frpph ohv ruglqdx{ qh frqvwlwxhqw sdv xq hqvhpeoh/ ulhq qh shuphw g*d!uphu tx*lo h{lvwh
xq hqvhpeoh gh wrxv ohv hqwlhuv qdwxuhov1

Rq shxw sdoolhu fhw lqfrqyìqlhqw hq vxssrvdqw o*h{lvwhqfh g*xq ruglqdo olplwh k� Od idplooh ghv ruglqdx{
olplwhv srvvëgh doruv xq soxv shwlw ìoìphqw /� Ohv ìoìphqwv gh // txl vrqw soxv shwlwv txh oh soxv shwlw
ghv ruglqdx{ olplwhv/ vrqw grqf wrxv ghv hqwlhuv qdwxuhov1

Wudglwlrqqhoohphqw/ rq uhpsodfh oh srvwxodw g*h{lvwhqfh g*xq ruglqdo olplwh sdu o*d{lrph gh o*lq�ql/
grqw yrlfl o*ìqrqfì/ pdlv fhod uhylhqw dx píph1

D{lrph : +D{lrph gh o*lq�ql, =
<% Ef 5 % a E+ 5 %� , E7E+� 5 %��

Frqvìtxhqfh = Xq who % frqwlhqw wrxv ohv hqwlhuv qdwxuhov1

Gìprqvwudwlrq = Vl ? hqwlhu hw ? *5 %
Frpph ? 9' fc<6c 6 hqwlhu/ 7E6� ' ?
6 	 ?
6 hqwlhu
hw 6 *5 % ^vlqrq ? ' 7E6� 5 %`

<

@

>

, ?q% 9' >

Vrlw ? � oh soxv shwlw ìoìphqw gh ?q%
? �

9' f fdu f 5 %
grqf <6 � / 6 � hqwlhu/ 7E6 � � ' ? �

Rq d grqf 6 � *5 %c l1h1 6 �

5 ?q%
Frqwudglfwlrq fdu 6 � 	 ? � / hw ? � ìwdlw oh soxv shwlw ìoìphqw gh ?q%�
Prudolwì = Rq d grqf +q hqwlhu, , +? 5 %,
G*dsuëv oh vfkìpd gh frpsuìkhqvlrq/ lo h{lvwh grqf xq �hqvhpeoh gh wrxv ohv hqwlhuv qdwxuhov�/ txl

hvw gì�ql frpph xq vrxv0hqvhpeoh gh %1
/ ' i ? G ? 5 % a ? hqwlhuj
g*rü od gì�qlwlrq vxlydqwh/ txl hvw pdlqwhqdqw sduidlwhphqw mxvwl�ìh =
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Gì�qlwlrq 8 = / hvw o*hqvhpeoh gh wrxv ohv hqwlhuv qdwxuhov1

Uhpdutxh 5 = / hvw xq ruglqdo olplwh/ hw f*hvw oh soxv shwlw ghv ruglqdx{ olplwhv1

Uhpdutxh 6 = Qrxv frqqdlvvrqv srxu o*lqvwdqw 5 vruwhv g*ruglqdx{ =
$ ohv hqwlhuv qdwxuhov
$ o*ruglqdo // txl hvw o*hqvhpeoh ghv hqwlhuv qdwxuhov1

Qrxv dxurqv o*rffdvlrq g*dssurirqglu xq shx soxv wdug o*ìwxgh ghv ruglqdx{ hw g*hq flwhu txhotxhv
h{hpsohv prlqv wulyldx{1 Pdlv qrv frqqdlvvdqfhv dfwxhoohv yrqw qrxv vx!uh srxu uìdolvhu o*remhfwli txh
qrxv qrxv vrpphv �{ì/ ã vdyrlu od frqvwuxfwlrq ghv hqvhpeohv gh qrpeuhv xvxhov Qc]cTcUcF�

Wkìruëph 4 = O*hqvhpeoh / yìul�h ohv d{lrphv gh Shdqr =
+4, f 5 /
+5, ; ? 5 / E7E?� 5 /�
+6, ; ?c6 5 / E? 9' 6 , 7E?� 9' 7E6��
+7, ; ? 5 /c 7E?� 9' f
+8, ; f � /c dEEf 5 f� a ; ? 5 f E7E?� 5 f�� , f ' /o

Gìprqvwudwlrq = +4, +5, +6, +7, ìylghqw
+8, Vl f 9' // doruv / qf 9' >
Vrlw � oh soxv shwlw ìoìphqw gh / qf�
Vl ? 	 �c ? 5 f , 7E?� 5 f , 7E?� 	 �
grqf � hvw xq ruglqdo olplwh/ hw � 	 // frqwudglfwlrq1
Oh wkìruëph suìfìghqw surxyh txh o*ruglqdo / txh qrxv dyrqv frqvwuxlw hq xwlolvdqw ohv d{lrphv gh od

wkìrulh ghv hqvhpeohv yìul�h ohv sursulìwìv txh Shdqr dwwulexdlw lqwxlwlyhphqw ã o*hqvhpeoh Q�
Ulhq qh surxyh h�hfwlyhphqw txh o*ruglqdo / uhsuìvhqwh oh �erq� hqvhpeoh ghv hqwlhuv qdwxuhov/ dx

vhqv qdòi gx prw1 Pdlv/ frpph wrxv ohv fulwëuhv gh �uhvvhpeodqfh� vrqw yìul�ìv/ qrxv suhqgurqv frpph
srvwxodw oh idlw txh qrwuh dulwkpìwltxh ã qrxv +gìulyìh ghv d{lrphv 304060708090:, fròqflgh dyhf fh txh
ohv orjlflhqv dsshoohqw �o*dulwkpìwltxh gx � � 
 ruguh�1

Srvwxodw gh edvh = Q ' /
Gdqv wrxwh od vxlwh/ qrxv xwlolvhurqv lqgl�ìuhpphqw ohv ohwwuhv Q hw / srxu gìvljqhu o*hqvhpeoh ghv

hqwlhuv qdwxuhov1

5 O*dgglwlrq gdqv Q
Gì�qlwlrq 9 = k hqwlhu qdwxuho �{ì

Rq gì�qlw kn q sdu uìfxuuhqfh vxu q gh od idêrq vxlydqwh =
+4, kn f ' k
+5, kn 7Eq� ' 7Ekn q�

H{huflfh 4 = Fdofxohu . n e
. n e ' . n 7E�� ' 7E. n �� ' 7 E. n 7E2�� ' 7 E7E. n 2�� ' 7 E7 E. n 7E���� ' 7 E7 E7E. n ���� '

7 E7 E7 E. n 7Ef���� ' 7 E7 E7 E7E. n f���� ' 7 E7 E7 E7E.���� ' 7 E7 E7EH��� ' 7 E7Eb�� ' 7E�f� ' ��
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Uhpdutxh 7 = Tx*hvw0fh tx*rq hvw erqv$
Uhpdutxh 8 +irqgdphqwdoh/ fhooh0oã, = Lo | d xqh �svhxgr0duqdtxh� gdqv fhwwh gìpdufkh vrl0glvdqw
d{lrpdwltxh1 Wrxw oh prqgh dxud uhpdutxì txh o*dvvhuwlrq q � ED� gx ghuqlhu wkìruëph gx ¢L q*hvw ulhq
g*dxwuh txh oh fìoëeuh �sulqflsh gh uìfxuuhqfh�1 Lfl/ rq dgphw vdqv txh oh frxs idvvh uluh tx*lo hvw srvvleoh
gh gì�qlu xqh dssolfdwlrq gh Q gdqv xq hqvhpeoh txhofrqtxh sdu �uìfxuuhqfh�1 F*hvw yudl/ pdlv fhod
pìulwh gìprqvwudwlrq1 O*dxwhxu hq hvw frqvflhqw pdlv q*d sdv yrxox uhqwuhu gdqv ohv gìwdlov srxu qh sdv
wurs dorxuglu o*h{srvì1

Rq wurxyhud o*ìqrqfì h{dfw hw od gìprqvwudwlrq gx �wkìruëph gh uìfxuvlrq�/ vrlw dx Fkds ;/ vrlw
gdqvMdfrevrq = Edvlf Dojheud L1

Sursulìwìv gh o*dgglwlrq gdqv Q G

+4, Vwdelolwì gh o*ruglqdo / G ; E?c R� 5 / � c ?n R 5 /

Gìprqvwudwlrq = Il{rqv ? 5 // hw gìprqwurqv od sursulìwì sdu uìfxuuhqfh vxu s
$ ?n f ' f/ grqf ?n f 5 /
$ ?n 7ER� ' 7E?n R�
Vrlw k � 7E?n R�
Vl k ' 7E?n R�/ doruv k hvw xq ruglqdo vxffhvvhxu
Vlqrq/ k 	 7E?n R�/ grqf k � ?n R
G*dsuëv o*KU/ ?n R 5 // grqf k ' f rx k hvw xq ruglqdo vxffhvvhxu1

+5, Frppxwdwlylwì = ; E?c R� 5 / � c ?n R ' Rn ?

+6, Dvvrfldwlylwì = ; E?c Rc ^� 5 / � c E?n R� n ^ ' ?n ERn ^�

+7, Hoìphqw qhxwuh = <f 5 /c ; ? 5 /c ?n f ' f n ? ' ?

+8, Wrxw ìoìphqw hvw uìjxolhu = ; E?c Rc ^� 5 / � c ?n R ' ?n ^ , R ' ^

Frqfoxvlrq = EQcn� prqrògh frppxwdwli ã ìoìphqwv uìjxolhuv/ rx ghpl0jurxsh1
Rq wurxyhud ghv gìprqvwudwlrqv gh fhv sursulìwìv hw ghv sursulìwìv dqdorjxhv srxu od pxowlsolfdwlrq/

sdu h{hpsoh gdqv =
Uhqì Frul/ Gdqlho Odvfdu = Orjltxh pdwkìpdwltxh/ Wrph 51
+Dwwhqwlrq = dxvvl wulyldo txh fhod sxlvvh sdudñwuh/ fhv gìprqvwudwlrqv vrqw xq shx idvwlglhxvhv,1

6 Od pxowlsolfdwlrq gdqv Q
Gì�qlwlrq : = k hqwlhu qdwxuho �{ì

Rq gì�qlw k�q sdu uìfxuuhqfh vxu q G
+4, k�f ' f
+5, k�7Eq� ' k�q n k
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H{hpsoh 4 = � � e ' � � 7E�� ' � � � n � ' � � 7E2� n � ' � � 2 n � n � ' � � 7E�� n � n � '
� � � n � n � n � ' � � 7Ef� n � n � n � ' � � f n � n � n � n � ' f n � n � n � n �

111 hw lo uhvwh hqfruh ã gìprqwuhu vxffhvvlyhphqw txh =
f n � ' �
� n � ' S
S n � ' b
b n � ' �2

Sursulìwìv gh od pxowlsolfdwlrq gdqv Q G
+4, Vwdelolwì gh o*ruglqdo / G
; E?c R� 5 / � c ?�R 5 /
+5, Frppxwdwlylwì = ; E?c R� 5 / � c ?�R ' R�?
+6, Dvvrfldwlylwì = ; E?c Rc ^� 5 / � c E?�R��^ ' ?�ER�^�
+7, Glvwulexwlylwì sdu udssruw ã o*dgglwlrq =
; E?c Rc ^� 5 / � c ?�ERn ^� ' ?�Rn ?�^
+8, Hoìphqw qhxwuh = <� 5 /c ; ? 5 /c ��? ' ?�� ' ?
+9, Wrxw ìoìphqw qrq qxo hvw uìjxolhu =
; E?c Rc ^� 5 / � c E? 9' f a ?�R ' ?�^� , ER ' ^�

7 Frqvwuxfwlrq gh ]
Rq frqvwuxlw ] sdu oh surfìgì gh v|pìwulvdwlrq g*xq ghpl0jurxsh1

] ' Q � Q *U / rü E@c K�U ESc _� vvl @n _ ' Kn S/ pxql gh o*dgglwlrq ghv fodvvhv =
�, EE@c K�� n �, EESc _�� ' �, EE@n Sc Kn _��/ hw ohv qrxyhoohv qrwdwlrqv kdelwxhoohv1
Od pxowlsolfdwlrq ìwdqw gì�qlh vxu / +doldv Q,/ rq od surorqjh vxu ] juåfh ã od uëjoh ghv vljqhv/ hw rq

prqwuh txh E]cnc � � dqqhdx frppxwdwli/ xqlwdluh hw lqwëjuh1

8 Frqvwuxfwlrq gh T
Rq frqvwuxlw T frpph ìwdqw oh frusv ghv iudfwlrqv gh o*dqqhdx lqwëjuh ]�

T ' 8o@S] ' ] � ] � * q
rü E@c K� q ESc _� vvl @_ ' KS/ pxql ghv rsìudwlrqv hw gh o*ruguh kdelwxhov1

Uhpdutxh 9 irqgdphqwdoh = O*dulwkpìwltxh gx � � � ruguh +txl q*hvw tx*xq vrxv0surgxlw gh od wkìrulh
frqvwlwxìh sdu ohv d{lrphv f� �� �� e� D� S� . gh ]IF, shuphw gh frqvwuxluh ohv hqvhpeohv Qc]cGcTc hw
píph TEs 2�c TEs 2c s �c s Dc ����/ euhi wrxw fh txl qh idlw lqwhuyhqlu txh ghv frqvwuxfwlrqv gìqrpeudeohv1

Srxu srxyrlu frqvwuxluh U/ txhooh txh vrlw od pìwkrgh hqylvdjìh/ qrxv dxurqv ehvrlq gh vxssrvhu txh
o*rq shxw sduohu gh o*hqvhpeoh gh wrxv ohv vrxv0hqvhpeohv gh T/ sursrvlwlrq txl qh shxw sdv vh gìgxluh
gx uhvwh gh od wkìrulh ghv hqvhpeohv1

^Srxu v*hq frqydlqfuh/ rq gìprqwuh +pdlv f*hvw g*xq qlyhdx g*devwudfwlrq odujhphqw dx0ghoã gh qrwuh
sursrv,/ txh/ vl od wkìrulh ~8 � � � / frqvwlwxìh ghv d{lrphv f � � � � � e � D � S � ./ hvw frqvlvwdqwh/ doruv
lo hq hvw gh píph gh fhwwh wkìrulh dxjphqwìh gx srvwxodw = �Wrxw hvw gìqrpeudeoh�/ fh txl lqwhuglw sdu
h{hpsoh ã ghv hqvhpeohv frpph U g*h{lvwhu`1

G*rü od qìfhvvlwì gh srvhu xq d{lrph vxssoìphqwdluh/ fh txh qrxv doorqv idluh gh vxlwh1
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9 O*d{lrph gh o*hqvhpeoh ghv sduwlhv
D{lrph ; +D{lrph gh o*hqvhpeoh ghv sduwlhv # $ Srzhu Vhw, =

; %<+; 5 E5 � % , 5 5 +�

Frqvìtxhqfh lppìgldwh = G*dsuëv oh vfkìpd gh frpsuìkhqvlrq/ rq shxw pdlqwhqdqw sduohu gh
o*hqvhpeoh ghv sduwlhv gh %/ txl hvw gì�ql frpph xq vrxv0hqvhpeoh gh +�

Gì�qlwlrq ; = SE%� ' i 5 G 5 � %j

: Frqvwuxfwlrq gh U
O*hqvhpeoh SET� ìwdqw pdlqwhqdqw gì�ql/ rq srvh =

U ' i f 5 SET� G f 9' >a f 9' Ta; % 5 fc ; + 5 Tc E+ 	 % , + 5 f� a ; % 5 fc<+ 5 fc% 	 +j
^ U h{lvwh g*dsuëv oh vfkìpd gh frpsuìkhqvlrq `1
Oh uhvwh ihud o*remhw gx Fkds :1

Uhpdutxh : g*ruguh sklorvrskltxh = Ohv �sxuv hw gxuv� sdupl ohv orjlflhqv frqvlgëuhqw fhwwh pìwk0
rgh frpph phloohxuh txh ohv vxlwhv gh Fdxfk| fdu/ srxu frqqdñwuh sduidlwhphqw xq qrpeuh uìho/ lo vx!w
gh frqqdñwuh o*hqvhpeoh ghv udwlrqqhov txl oh suìfëghqw/ ã vdyrlu xqh idplooh gìqrpeudeoh g*remhwv1 Hq uh0
ydqfkh/ fkh} Fdxfk|/ xq qrpeuh uìho hvw od grqqìh gh wrxwhv ohv vxlwhv gh Fdxfk| gh qrpeuhv udwlrqqhov/
wrxwhv ìtxlydohqwhv hqwuh hoohv/ txl frqyhujhqw yhuv fh qrpeuh1 Ru/ lo | hq d dxwdqw txh gh qrpeuhv uìhov1
Oh qrpeuh g*remhwv qìfhvvdluhv srxu gì�qlu xq qrpeuh uìho hvw grqf ìjdo dx fduglqdo gh U wrxw hqwlhu111fh
txl odlvvh vrqjhxu111

; Frqvwuxfwlrq gh F
F ' U � U/ pxql ghv rsìudwlrqv xvxhoohv =

E@c K� n ESc _� ' E@n Sc Kn _�
E@c K� � ESc _� ' E@S � K_c @_n KS�
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