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Oxf Mdxolq

Oderudwrluh g*Lqjìqlhulh ghv V|vwëphv Dxwrpdwlvìv/

95 dyhqxh Qrwuh Gdph gx Odf 7< 333 Dqjhuv

mdxolqCxqly0dqjhuv1iu

kwws=22zzz1lvwld1xqly0dqjhuv1iu2�mdxolq2

Uìvxpì= Fhw duwlfoh looxvwuh o*xwlolvdwlrq gh o*dqdo|vh sdu lqwhuydoohv hw ghv pìwkrghv gh sursd0

jdwlrq gh frqwudlqwhv srxu o*hvwlpdwlrq g*ìwdw gh

v|vwëphv ã whpsv frqwlqx gìfulw sdu ghv ìtxdwlrqv gl�ìuìqwlhoohv ruglqdluhv1 Fhwwh dssurfkh

hvw suìvhqwìh gdqv xq frqwh{wh hqvhpeolvwh/ f*hvw0ã0gluh txh ohv lqfhuwlwxghv vxu ohv txdqwlwìv

pdqlsxoìhv vrqw uhsuìvhqwìhv sdu xq hqvhpeoh hw qrq soxv sdu xqh orl gh suredelolwì1

Prwv fohiv= hvwlpdwlrq ã huuhxuv eruqìhv/ sursdjdwlrq gh frqwudlqwhv/ FVS/ lghqwl�fdwlrq qrq0

olqìdluh/ dqdo|vh sdu lqwhuydoohv/ hvwlpdwlrq g*ìwdw/ hvwlpdwlrq hqvhpeolvwh1

Devwudfw= Wklv sdshu suhvhqwv d �uvw vwxg| rq wkh dssolfdwlrq ri lqwhuydo dqdo|vlv dqg frqvlv0

whqf| whfkqltxhv wr vwdwh hvwlpdwlrq ri frqwlqxrxv0wlph v|vwhpv ghvfulehg e| qrqolqhdu ruglqdu|

gl�huhqwldo htxdwlrqv1 Wkh dssurdfk lv suhvhqwhg lq d erxqghg0huuru frqwh{w dqg wkh uhvxowlqj

phwkrgrorj| lv looxvwudwhg rq dq h{dpsoh1

� �������	�
��

Frqvlgìurqv oh sureoëph gh o*hvwlpdwlrq gh o*ìwdw g*xq v|vwëph qrq0olqìdluh gìfulw sdu vhv ìtxd0

wlrqv g*ìwdw +
b{+w, @ i+{+w,,/

|+w, @ j+{+w,,
+4,

rü

� w hvw oh whpsv/ vxssrvì gdqv o*lqwhuydooh ^w> �w` � U

� {+w, 5 U? hvw oh yhfwhxu g*ìwdw ã o*lqvwdqw w>

� hw |+w, 5 U6 hvw oh yhfwhxu gh vruwlh ã o*lqvwdqw w=

Fh sureoëph d gìmã ìwì derqgdpphqw ìwxglì gdqv oh fdv rü ohv irqfwlrqv i hw j vrqw wrxwhv

ohv ghx{ olqìdluhv ^45`/ ^6`/ rx oruvtxh oh whpsv w hvw glvfuhw ^5`/ ^:` rx hqfruh gdqv xq frqwh{wh
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suredelolvwh1 Srxuwdqw/ ã pd frqqdlvvdqfh/ gdqv xq frqwh{wh ã huuhxuv eruqìhv hw srxu oh fdv

ghv v|vwëphv qrq0olqìdluhv ã whpsv frqwlqxv/ o*hvwlpdwlrq g*ìwdw q*d mdpdlv ìwì wudlwìh/ vdxi elhq

vxu gdqv o*duwlfoh ^9` grqw fhw duwlfoh uhsuhqg ohv sulqflsdx{ uìvxowdwv1 Ohv rxwlov txh qrxv doorqv

xwlolvhu vrqw o*dqdo|vh sdu lqwhuydoohv ^<` txl qrxv shuphwwud g*rewhqlu ghv uìvxowdwv jdudqwlv hw ohv

whfkqltxhv gh sursdjdwlrq gh frqwudlqwhv ^7` / ^44` txl qrxv shuphwwurqw g*dpìolruhu o*h!fdflwì

ghv dojrulwkphv sdu lqwhuydoohv1

Qrxv doorqv vxssrvhu txh od irqfwlrq i hvw gl�ìuhqwldeoh hw txh srxu wrxw w/ ghv grpdlqhv ^{�` +w,

hw ^|� ` +w, frqwhqdqw ohv yduldeohv {�+w, hw |�+w, vrqw glvsrqleohv d sulrul1 Fhv grpdlqhv shxyhqw

íwuh duelwudluhphqw judqgv/ sdu h{hpsoh ^{�` +w, @`�4>4^ vl dxfxqh lqirupdwlrq q*hvw glvsrqleoh

vxu {�+w,1 Lov shxyhqw dxvvl íwuh duelwudluhphqw shwlwv1 Dlqvl/ vl xqh phvxuh a|�+wf, gh od yduldeoh

gh vruwlh |�+wf, d ìwì uhfxhloolh ã o*lqvwdqw w @ wf hw vl xqh eruqh vxsìulhxuh �h vxu od ydohxu devroxh

gh o*huuhxu a|�+wf,� |�+wf, hvw frqqxh/ doruv/ oh grpdlqh srxu |�+wf, vhud

^|�` +wf, @ ^a|�+wf,� �h> a|�+wf, . �h`= +5,

Oh sdudjudskh 5 udsshooh ohv qrwlrqv gh edvh vxu o*dqdo|vh sdu lqwhuydoohv txl vhurqw xwlolvìhv

gdqv fhw duwlfoh1 Oh sdudjudskh 6 lqwurgxlw xqh pìwkrgh ìoìphqwdluh shuphwwdqw gh wudlwhu

vlpsohphqw dyhf ghv ìtxdwlrqv gl�ìuhqwlhoohv ruglqdluhv1 Xq dojrulwkph shuphwwdqw gh idluh

o*hvwlpdwlrq g*ìwdw gx v|vwëph +4, vhud sursrvì gdqv oh sdudjudskh 71 Hq�q/ xq h{hpsoh vhud

grqqì dx sdudjudskh 81

� �
�	�� ��� ��� 
�����
����

Xq lqwhuydooh ^{` @ ^{> {` hvw xq hqvhpeoh ihupì hw frqqh{h gh U1 Ohv rsìudwlrqv vxu ohv qrpeuhv

uìhov shxyhqw íwuh ìwhqgxhv dx{ lqwhuydoohv ^<`1 Hq h�hw/ wrxw rsìudwhxu elqdluh � who txh .>�> �> @
hw wrxwh irqfwlrq ìoìphqwdluh i whoohv txh h{s/ vlq/ vtu/ vtuw/ vxu ohv qrpeuhv uìhov vh jìqìudolvhqw

dx{ lqwhuydoohv gh od idêrq vxlydqwh =

^{` � ^|` @ ^lqi%Md%oc+Md+o { � |>
vxs%Md%oc+Md+o { � |`

i+^{`, @ ^lqi%Md%o i+{,> vxs%Md%o i+{,`

+6,

Sdu h{hpsoh/

^{` . ^|` @ ^{. |> {. |`

^{` � ^|` @ ^plq+{|> {|> {|> {|,

>pd{+{|> {|> {|> {|,`

h{s +^{`, @ ^h{s +{, > h{s +{,`>
s

^{` @ ^
s

pd{+{> 3,>
s
{` vl { � 3

hw > vl { ? 3

+7,
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Xq sdyì ^{` gh U? hvw oh surgxlw fduwìvlhq gh q lqwhuydoohv1 Lo shxw v*ìfuluh vrxv od iruph

^{` @ ^{�> �{�`� � � � � ^{
?
> �{?` @ ^{> �{`> +8,

rü { @ +{
�
> � � � > {

?
,W hw �{ @ +{�> � � � > �{?,W1 O*hqvhpeoh gh wrxv ohv sdyìv gh U? vhud qrwì LU?1

Uhpdutxrqv txh o*hqvhpeoh

U
? @`�4>4^�� � ��`�4>4^ +9,

hvw xq ìoìphqw gh LU
?1 Od orqjxhxu z+^{`, gx sdyì ^{` hvw od orqjxhxu gh vrq soxv orqj f÷wì1

Frxshu ^{` vljql�h = �frxshu hq ghx{ vxlydqw o*d{h gh v|pìwulh shushqglfxodluh dx f÷wì oh soxv

orqj�1

Vrlw i = U? $ U
R xqh irqfwlrq yhfwrulhooh1 Od irqfwlrq hqvhpeolvwh ^i ` = LU? $ LU

R hvw xqh

irqfwlrq g*lqfoxvlrq gh i vl

i+^{`, � ^i `+^{`, +:,

srxu wrxw ^{` 5 LU
?1 Xqh irqfwlrq g*lqfoxvlrq hvw frqyhujhqwh vl/ srxu wrxwh vxlwh gh sdyìv ^{`

gh LU?/ rq d

z+^{`,$ 3, z+^i `+^{`,,$ 3> +;,

Gl�ìuhqwhv pìwkrghv h{lvwhqw srxu rewhqlu ghv irqfwlrqv g*lqfoxvlrq frqyhujhqwhv/ ^43`1 Od soxv

vlpsoh g*hqwuh hoohv hw txl shuphw gh wudlwhu xqh wuëv judqgh fodvvh gh irqfwlrq frqvlvwh ã uhpsodfhu

wrxwhv ohv yduldeohv g*hqwuìhv gh od irqfwlrq sdu ghv lqwhuydoohv hw wrxv ohv rsìudwhxuv hw ohv

irqfwlrqv ìoìphqwdluhv gì�qlvvdqw od irqfwlrq sdu ohv rsìudwhxuv hw irqfwlrqv lqwhuydoohv dvvrflìv1

Looxvwurqv fhod sdu ghx{ h{hpsohv1

H{hpsoh 514 Vrlw od irqfwlrq

i+{�> {2, @
4s
5�{2

h
3

�
2

E|3%��
2

%2 > +<,

rü w hvw xq qrpeuh uìho grqqì1 Xqh irqfwlrq g*lqfoxvlrq ^i ` gh i hvw grqqìh sdu

^i `+^{�`> ^{2`, @
4

s
5�^{2`

h
3

�
2

E|3d%�o�
2

d%2o > +43,

rü wrxwhv ohv rsìudwlrqv xwlolvìhv vrqw fhoohv gh o*dulwkpìwltxh ghv lqwhuydoohv1

H{hpsoh 515 Frqvlgìurqv od irqfwlrq yhfwrulhooh

i+{�> {2, /

#
+4� 3=34{2,{�

+�4 . 3=35{�,{2

$
= +44,
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Oh fdofxo vxlydqw prqwuh frpphqw vh fdofxoh xq sdyì frqwhqdqw o*hqvhpeoh i +^{`,/ rü ^{` @

+^43> 53`> ^73> 83`,=

i +^{`, �

#
+4� 3=34 � ^73> 83`, � ^43> 53`

+�4 . 3=35 � ^43> 53`, � ^73> 83`

$

@

#
+4� ^3=7> 3=8`, � ^43> 53`

+�4 . ^3=5> 3=7`, � ^73> 83`

$

@

#
^3=8> 3=9` � ^43> 53`

^�3=;>�3=9` � ^73> 83`

$

@

#
^8> 45`

^�73>�57`

$
=

Elhq vþu/ fh fdofxo shxw íwuh dssoltxì ã wrxw sdyì ^{` @ ^{�` � ^{2`1 O*dojrulwkph uìvxowdqw

fruuhvsrqg ã xqh irqfwlrq g*lqfoxvlrq srxu i 1 �

Vrlhqw ^{` hw ^|` ghx{ sdyìv gh U?1 Qrxv qrwhurqv ^{` w ^|` oh soxv shwlw sdyì frqwhqdqw o*xqlrq

^{` ^ ^|` ghv ghx{ sdyìv1 Jrq hu xq sdyì ^{` @ ^{�> {�` � � � � � ^{
?
> {?` gh % A 3 frqvlvwh ã oh

uhpsodfhu sdu oh sdyì

jrq h +^{`> %, / ^{� � %> {� . %`� � � �

�^{
?
� %> {? . %`=

� �������� �� �
	
��

O*xwlolvdwlrq gh o*dqdo|vh sdu lqwhuydoohv srxu oh wudlwhphqw g*ìtxdwlrqv gl�ìuhqwlhoohv d ìwì sur0

srvì srxu od suhplëuh irlv sdu Prruh ^<` +yrlu ^4` srxu xq vxuyro gx vxmhw,1 Hooh shuphw gh

gìyhorsshu ghv pìwkrghv qxpìultxhv txl irxuqlvvhqw ghv hqvhpeohv frqwhqdqw ã frxs vþu ohv

vroxwlrqv h{dfwhv ghv ìtxdwlrqv gl�ìuhqwlhoohv dx{ lqvwdqwv g*ìfkdqwloorqqdjh wf> w�> = = = oruvtx*xq

sdyì ^{`+3, frqwhqdqw o*ìwdw lqlwldo {+wf, hvw grqqì1 O*dssurfkh hvw irqgìh vxu oh wkìruëph gh

Slfdug txh qrxv doorqv pdlqwhqdqw ìqrqfhu1

Wkìruëph 614 Vrlhqw w� hw w2 ghx{ qrpeuhv uìhov1 Vxssrvrqv txh {+w�, dssduwlhqqh dx sdyì

^{`+w�,1 Vrlw ^z` xq sdyì gh LU
?1 Gdqv qrwuh frqwh{wh/ fh sdyì vhud fkrlvl sdv wurs jurv hw gh

whooh idêrq tx*lo dlw gh iruwhv fkdqfhv gh frqwhqlu od wudmhfwrluh {+�, srxu wrxw � 5 ^w�> w2`1 Vl

^{`+w�, . ^3> w2 � w�` � ^i `+^z`, � ^z`>

rü ^i `+=, hvw xqh irqfwlrq g*lqfoxvlrq srxu i hw rü ^3> w2� w�` hvw oh soxv shwlw lqwhuydooh frqwhqdqw

3 hw w2 � w�/ doruv srxu wrxw � 5 ^w�> w2`/ rq d

{+�, 5 ^{`+w�, . ^3> w2 � w�` � ^i `+^z`,> +45,
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Iljxuh 4= Looxvwudwlrq gx sulqflsh gh o*dojrulwkph ^!`

Gh soxv

{+w2, 5 ^{`+w�, . +w2 � w�, � ^i `+^z`,= +46,

Qrxv srxyrqv pdlqwhqdqw frqvwuxluh xq dojrulwkph ^!` fdsdeoh gh fdofxohu xq sdyì ^{`+w2, frq0

whqdqw {+w2, ã sduwlu g*xq sdyì ^{`+w�, grqw rq vdlw tx*lo frqwlhqw {+w�,1 Od �jxuh 4 looxvwuh oh

sulqflsh gh fhw dojrulwkph1

Irqfwlrq ^!` +lq = w�> w2> ^{`+w�,> rxw = ^{`+w2,,

4 ^a{`+w2, =@ ^{`+w�, . +w2 � w�, � ^i `+^{`+w�,,>

5 ^y` =@ ^{`+w�, w ^a{`+w2,>

6 ^z` =@ jrq h+^y`> �,> 22rü � A 3 hvw shwlw

7 vl ^{`+w�, . ^3> w2 � w�` � ^i `+^z`,, - ^z`

8 ~^{`+w2, =@ U?> �q�>

9 ^{`+w2, =@ ^{`+w�, . +w2 � w�, � ^i `+^z`,=

Oh sdv 4 fdofxoh xq sdyì ^a{`+w2, txl srxuudlw frqwhqlu o*hqvhpeoh gh wrxv ohv {+w2, whov txh

{+w�, 5 ^{`+w�,/ pdlv dxfxqh jdudqwlh q*hvw r�huwh1 Oh sdv 5 fdofxoh oh soxv shwlw sdyì ^y`

frqwhqdqw ^{`+w�, hw ^a{`+w2,1 Oh sdyì ^y` hvw doruv oìjëuhphqw jrq ì +gh � A 3, dx sdv 6 srxu

rewhqlu oh sdyì ^z`1 Vl/ dx sdv 7/ od frqglwlrq gx wkìruëph 614 q*hvw sdv vdwlvidlwh/ dxfxq sdyì

�ql frqwhqdqw {+w2, qh shxw íwuh fdofxoì hw U? vh wurxyh doruv uhqyr|ì dx sdv 81 Vlqrq/ oh sdv 9

fdofxoh xq sdyì frqwhqdqw {+w2, juåfh ã od sursulìwì +46,1

Uhpdutxh 614 Oh frh!flhqw gh jrq hphqw � gh od irqfwlrq ^!` grlw íwuh fkrlvl vx!vdpphqw

idleoh gh idêrq ã dyrlu ^z` ã shlqh soxv jurv txh ^y`/ pdlv sdv qxo fdu vlqrq/ od frqglwlrq gx sdv

7 d shx gh fkdqfh g*íwuh vdwlvidlwh1 Gdqv o*h{hpsoh wudlwì gdqv od vxlwh gh fhw duwlfoh/ qrxv dyrqv

fkrlvl � @ 3=4=z+^y`,. 3=3334 pdlv ehdxfrxs g*dxwuhv vwdwìjlhv srxu o*rewhqwlrq gh fh frh!flhqw
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grqqhqw ghv uìvxowdwv wrxw dxvvl vdwlvidlvdqwv1 Xqh uhfkhufkh glfkrwrpltxh srxuudlw dxvvl íwuh

hqylvdjìh srxu rewhqlu xq � frqyhqdeoh gh idêrq dxwrpdwltxh1

O*dojrulwkph vxlydqw xwlolvh o*rsìudwhxu ^!` srxu fdofxohu ghv sdyìv frqwhqdqw ã frxs vþu ohv

txdqwlwìv {+�,> {+5�,> = = = > {+�n�,/ rü � hvw od sìulrgh g*ìfkdqwloorqqdjh hw rü n hvw oh soxv judqg

hqwlhu lqiìulhxu ã w@�1 Fh fdofxo hvw idlw ã sduwlu gh od frqqdlvvdqfh g*xq sdyì ^{`+3, frqwhqdqw

{+3,1 Srxu xqh txhvwlrq gh frqflvlrq/ od qrwdwlrq ^{`+n, vhud xwlolvìh ã od sodfh ^{`+n�,1

Slfdug +lq = ^{`+3,> rxw = ^{`+n,> n � 4,

4 srxu n =@ 3 mxvtx*ã �n � 4

5 ^{`+n . 4, =@ ^!` +n�> +n . 4,�> ^{`+n,,

H{hpsoh 614 Frqvlgìurqv oh prgëoh gh Orwnd0Yrowhuud grqqì sdu=+
b{� @ +4� 3=34{2,{�

b{2 @ +�4 . 3=35{�,{2
+47,

Srxu

^{`+3, @ ^7<=8> 83=8`� ^7<=8> 83=8`>

� @ 3=338 hw �n @ 733/ o*dojrulwkph Slfdug jìqëuh xq hqvhpeoh gh sdyìv ^{`+n,/ grqw od vxshu0

srvlwlrq hvw uhsuìvhqwìh vxu od �jxuh 51 Srxu wrxw n 5 i4> = = = > �nj/ qrxv dyrqv o*lpsolfdwlrq

{+3, 5 ^{`+3,, {+n, 5 ^{`+n,= +48,

Ohv {+n, hq uhsuìvhqwìv hq eodqf vxu od �jxuh rqw ìwì rewhqxv srxu {+3, @ +83> 83,1

O*h{hpsoh 614 looxvwuh oh sulqflsdo lqfrqyìqlhqw ghv pìwkrghv sdu lqwhuydoohv srxu oh wudlwhphqw

ghv ìtxdwlrqv gl�ìuhqwlhoohv/ ã vdyrlu/ o*h{sorvlrq udslgh gh od wdlooh ghv sdyìv ^{`+n, oruvtxh oh

whpsv dxjphqwh1 Fhwwh h{sorvlrq shxw íwuh uìgxlwh frqvlgìudeohphqw hq xwlolvdqw ohv pìwkrghv

gh Orkqhu ^;`1 Gdqv oh frqwh{wh gh o*hvwlpdwlrq g*ìwdw/ fhwwh h{sorvlrq shxw dxvvl íwuh uìgxlwh

juåfh dx{ phvxuhv suìohyìhv vxu oh v|vwëph ã gl�ìuhqwv lqvwdqwv1 Fh ghuqlhu srlqw ihud o*remhw gx

surfkdlq sdudjudskh1

� �����
���� ���� �����
�
�
�� ����
�

Frqvlgìurqv ã qrxyhdx oh v|vwëph qrq0olqìdluh +4,/ rü ghv grpdlqhv +txl vrqw hq idlw ghv lqwhu0

ydoohv, ^{�` +w, hw ^|�` +w, srxu ohv yduldeohv {�+w, hw |�+w, vrqw vxssrvìv frqqxv1 Udsshorqv txh fhv

lqwhuydoohv vrqw ìjdx{ ã `�4>4^ vl dxfxqh lqirupdwlrq d sulrul q*hvw glvsrqleoh vxu od yduldeoh

dvvrflìh1 Dx{ lqvwdqwv g*ìfkdqwloorqqdjh/ w @ n�/ ohv yduldeohv {�+w, hw |�+w, vhurqw qrwìhv {�+n,
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Iljxuh 5= Vxshusrvlwlrq gh sdyìv frqwhqdqw wrxwhv ohv wudmhfwrluhv srvvleohv gx v|vwëph vdfkdqw

txh oh yhfwhxu lqlwldo dssduwlhqw dx sdyì ^{` +3, > fhwwh vxshusrvlwlrq d ìwì jìqìuìh sdu

o*dojrulwkph Slfdug

hw |�+n,1 Ohv whfkqltxhv gh sursdjdwlrq shuphwwhqw gh frqwudfwhu ohv grpdlqhv srxu ohv yduldeohv

hq vxssulpdqw ghv sduwlhv ghv grpdlqhv txl vrqw lqfrpsdwleohv dyhf +4, hw ohv grpdlqhv srxu ohv

dxwuhv yduldeohv1 O*xwlolvdwlrq gh fhv pìwkrghv srxu oh wudlwhphqw ghv ìtxdwlrqv gl�ìuhqwlhoohv d

ìwì sursrvìh srxu od suhplëuh irlv gdqv ^8`1 Ohv frqwudfwlrqv frqvlgìuìhv xwlolvhqw ohv lpsolfdwlrqv

vxlydqwhv1

+l, {+n, 5 ^{`+n,

@, {+n . 4, 5 ^!`+n�> +n . 4,�> ^{`+n,,>

+ll, {+n, 5 ^{`+n,

@, |+n, 5 j+^{`+n,,>

+lll, |+n, 5 ^|`+n,

@, {+n, 5 j3�+^|`+n,,>

+ly, {+n . 4, 5 ^{`+n . 4,

@, {+n, 5 ^!`++n . 4,�> n�> ^{`+n . 4,,=

Fkdfxqh gh fhv lpsolfdwlrqv hqjhqguh xqh surfìgxuh gh frqwudfwlrq gh o*dojrulwkph suìvhqwì

fl0ghvvrxv1

:



Frqwudfw+lqrxw = ^{`+n,> ^|`+n,> n � 3,

4 srxu n =@ 3 mxvtx*ã �n>

5 ^{`+n . 4, =@ ^{`+n . 4,

_^!`+n�> +n . 4,�> ^{`+n,,>

6 ^|`+n, =@ ^|`+n, _ ^j`+^{`+n,,>

7 srxu n =@ �n mxvtx*ã 3>

8 ^{`+n, =@ ^{`+n, _ ^j3�`+^|`+n,,>

9 ^{`+n, =@ ^{`+n,

_^!`++n . 4,�> n�> ^{`+n . 4,,>

Dx sdv 6/ ^j`+=, uhsuìvhqwh xqh irqfwlrq g*lqfoxvlrq srxu j+=,1 Od frqwudfwlrq srxu ^{`+n, dx

sdv 8 shxw vh idluh juåfh ã o*dojrulwkph gh sursdjdwlrq0uìwursursdjdwlrq +yrlu sdu h{hpsoh ^:`,1

Fhwwh surfìgxuh grlw íwuh dsshoìh soxvlhxuv irlv/ wdqw txh ghv frqwudfwlrqv vljql�fdwlyhv shxyhqw

íwuh h�hfwxìhv1 Oruvtxh o*ìtxloleuh hvw dwwhlqw/ ghv grpdlqhv frqwhqdqw hqfruh gh jurvvhv sduwlhv

lqyudlvhpeodeohv shxyhqw hqfruh vxevlvwhu1 Xq sduwlwlrqqhphqw grlw doruv íwuh idlw srxu ohv

ìolplqhu1 Od vwudwìjlh txh qrxv doorqv vxlyuh hvw oh sduwlwlrqqhphqw gh ^{`+nf,> srxu xq nf

grqqì/ hq shwlwv sdyìv1 O*dojrulwkph uìvxowdqw hvw gìfulw fl0ghvvrxv1

Vwudqjoh+lq = nf> %/ lqrxw = ^{`+n,> ^|`+n,> n � 3,

4 sduwlwlrqqhu ^{`+nf, hq c sdyìv ^{
�
`+nf,>

= = = > ^{
�
`+nf, gh orqjxhxu soxv shwlwh txh %>

5 srxu l =@ 4 mxvtx*ã c>

6 srxu wrxw n 9@ nf

7 ~^{
�
`+n, =@ ^{`+n,> ^|

�
`+n, =@ ^|`+n,�>

8 Frqwudfw+^{
�
`+n,> ^|

�
`+n,> n � 3, >

9 srxu n =@ 3 mxvtx*ã �n>

: ^{`+n, =@ ^{
�
`+n, w � � � w ^{

�
`+n,>

^|`+n, =@ ^|
�
`+n, w � � � w ^|

�
`+n,>

Píph srxu ghv ydohxuv lq�qlphqw shwlwhv gh %/ ohv grpdlqhv srxu ^{`+n, hw ^|`+n, shxyhqw hqfruh

frqwhqlu gh jurvvhv sduwlhv lqfrqvlvwdqwhv1 Oh sulqflsh gh o*dojrulwkph VwdwhErxqg fl0ghvvrxv

hvw g*dsshohu Vwudqjoh srxu gl�ìuhqwv nf hw gh idluh gìfurñwuh % gdqv oh exw gh frqwudfwhu ohv

grpdlqhv oh soxv srvvleoh1

;



VwdwhErxqg+lq = %/ lqrxw = ^{`+n,> ^|`+n,> n � 3,

4 idluh

5 idluh

6 fkrlvlu doìdwrluhphqw nf 5 i3> 4> = = = > �nj>

7 Vwudqjoh+nf> %> ^{`+n,> ^|`+n,> n � 3, >

8 wdqw txh od frqwudfwlrq hvw vljql�fdwlyh>

9 % =@ %@5>

: wdqw txh od frqwudfwlrq hvw vljql�fdwlyh1

Uhpdutxh 714 Sdu vlpsolflwì/ gdqv o*h{hpsoh gx sdudjudskh 8/ od erxfoh h{whuqh d ìwì uhp0

sodfìh sdu od erxfoh �srxu q� =@ 4 mxvtx*ã �q��/ rü �q� hvw xq hqwlhu suìdodeohphqw gì�ql1 Od

erxfoh lqwhuqh d ìwì uhpsodfìh sdu od erxfoh �srxu q2 =@ 4 mxvtx*ã 63�1 �

� � �����

Frqvlgìurqv ã qrxyhdx oh prgëoh gh Orwnd0Yrowhuud1 O*ìtxdwlrq g*revhuydwlrq hvw grqqìh sdu

| @ {�1 Ohv grqqìhv a|+w, rqw ìwì rewhqxhv hq vlpxodqw oh prgëoh dyhf {+3, @ +83> 83, hw hq |

dmrxwdqw xq euxlw eodqf dyhf xqh glvwulexwlrq xqliruph grqw oh vxssruw hvw o*lqwhuydooh ^�4>�4`1

Ohv grpdlqhv ^|`+w, srxu |+w, rqw ìwì sulv ìjdx{ ã

^|`+w, @ ^a|+w,� 4=8> a|+w, . 4=8`> +49,

srxu suhqguh hq frpswh oh idlw txh ohv eruqhv h{dfwhv srxu ohv huuhxuv gh phvxuhv vrqw uduhphqw

glvsrqleohv1 Ohv grpdlqhv d sulrul glvsrqleohv srxu {+w, rqw ìwì sulv ìjdx{ ã ^3> 433`� ^3> 533`1

Srxu � @ 3=36 hw n @ 533/ Vwudqjoh+nf @ 3> % @ 7, jìqëuh ohv ^{`+n, uhsuìvhqwìv vxu od �jxuh

6 +d,/ hq 4166 vhf1 vxu xq Shqwlxp 6331 Qrwrqv txh srxu n idleoh/ ohv grpdlqhv ^{`+n, vrqw

soxv suìflv txh srxu ohv judqgv n1 Odqêrqv Vwudqjoh
�
nf @ �n> % @ 7

�
1 Srxu ghv judqgv n ohv

grpdlqhv rqw pdlqwhqdqw ìwì frqvlgìudeohphqw frqwudfwìv +yrlu od �jxuh 6 +e,,1 Srxu �q� @ 4

+f*hvw0ã0gluh txh od erxfoh h{whuqh q*hvw sdufrxuxh tx*xqh vhxoh irlv,/ VwdwhErxqg+% @ 7, jìqëuh

ghv grpdlqhv gh od Iljxuh 6 +f, hq 4417 vhf1

! ���	���
��

Fhwwh duwlfoh ìwxglh/ srxu od suhplëuh irlv/ ohv dssolfdwlrqv gh o*dqdo|vh sdu lqwhuydoohv hw ghv pìwk0

rghv gh sursdjdwlrq srxu o*hvwlpdwlrq g*ìwdw gh v|vwëphv qrq0olqìdluhv gìfulwv sdu ghv ìtxdwlrqv

gl�ìuhqwlhoohv gdqv xq frqwh{wh hqvhpeolvwh1 Xq dojrulwkph h!fdfh/ fdsdeoh g*hqihuphu wrxv

ohv yhfwhxuv g*ìwdw yudlvhpeodeohv ã o*lqwìulhxu g*hqvhpeohv frqvwlwxìv g*xqlrqv gh sdyìv/ d ìwì

sursrvì1 Vrq h!fdflwì srxuudlw íwuh dpìolruìh juåfh ã o*xwlolvdwlrq gh pìwkrghv gh frqvlvwdqfhv

soxv iruwhv ^8` hw ohv whfkqltxhv gh vlpxodwlrq hqvhpeolvwhv soxv suìflvhv ^;`1

<



Iljxuh 6= Grpdlqhv ^{`+n, frqwudfwìv sdu Vwudqjoh
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Qrwrqv txh píph vl od pìwkrgh g*hqihuphphqw sursrvìh vhpeoh h!fdfh srxu qrwuh h{hpsoh

uhodwlyhphqw dfdgìpltxh/ qrxv q*dyrqv/ ã fh vwdgh/ dxfxqh srvvlelolwì g*ìydoxhu od txdolwì gh

o*hqihuphphqw jìqìuì/ ql píph g*lpdjlqhu ohv shuirupdqfhv gh o*dssurfkh srxu ghv v|vwëphv soxv

frpsoh{hv1 Gh soxv/ o*h{whqvlrq gh o*dssurfkh srxu o*hvwlpdwlrq g*ìwdw gh v|vwëphv lqfhuwdlqv

q*hvw d sulrul lppìgldwh txh srxu ghv lqfhuwlwxghv gh qdwxuh sdudpìwultxh1 Tx*hq hvw0lo srxu

ghv shuwxuedwlrqv g*xqh dxwuh qdwxuh B Ehdxfrxs gh txhvwlrqv uhvwhqw grqf ã uìvrxguh dydqw gh

srxyrlu hvsìuhu wudlwhu ghv dssolfdwlrqv uìhoohv1

Ohv frghv F.. +hq Exloghu 6, frpsohwv fruuhvsrqgdqw ã o*h{hpsoh gx sdudjudskh 8 vrqw glvsrqleohv

vxu kwws=22 zzz1lvwld1xqly0dqjhuv1iu 2�mdxolq2yrowhudbfss1}ls1
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^4` P1 Ehu}/ F1 Elvfkri/ J1 Fruolvv/ dqg J1 D1/ hglwruv1 Frpsxwdwlrqdo Gl�huhqwldwlrq= Whfk0

qltxhv/ Dssolfdwlrqv dqg Wrrov1 VLDP/ Sklodghoskld/ Shqq1/ 4<<91

^5` J1 Fkhq/ M1 Zdqj/ dqg O1 V1 Vklhk1 Lqwhuydo Ndopdq �owhulqj1 LHHH Wudqv1 rq Dhurvsdfh

dqg Hohfwurqlf V|vwhpv/ 66+4,=583�58;/ 4<<:1

^6` I1 O1 Fkhuqrxvnr1 Vwdwh Hvwlpdwlrq iru G|qdplf V|vwhpv1 FUF Suhvv/ Erfd Udwrq/ IO/

4<<71

^7` H1 Gdylv1 Frqvwudlqw sursdjdwlrq zlwk lqwhuydo odehov1 Duwl�fldo Lqwhooljhqfh/ 65+6,=5;4�664/

4<;:1

^8` \1 Ghylooh/ P1 Mdqvvhq/ dqg S1 Y1 Khqwhqu|fn1 Frqvlvwhqf| whfkqltxhv lq ruglqdu| gl�hu0

hqwldo htxdwlrqv1 Lq Surfhhglqjv ri wkh Irxuwk Lqwhuqdwlrqdo Frqihuhqfh rq Sulqflsohv dqg

Sudfwlfh ri Frqvwudlqw Surjudpplqj/ Ohfwxuh Qrwhv lq Frpsxwhu Vflhqfh1 Vsulqjhu Yhuodj/

4<<;1

^9` O1 Mdxolq1 Qrqolqhdu erxqghg0huuru vwdwh hvwlpdwlrq ri frqwlqxrxv0wlph v|vwhpv1 wr dsshdu

lq Dxwrpdwlfd/ 53351

^:` O1 Mdxolq/ P1 Nlh�hu/ R1 Glgulw/ dqg H1 Zdowhu1 Dssolhg Lqwhuydo Dqdo|vlv/ zlwk H{dpsohv lq

Sdudphwhu dqg Vwdwh Hvwlpdwlrq/ Urexvw Frqwuro dqg Urerwlfv1 Vsulqjhu0Yhuodj/ Orqgrq/

53341

^;` U1 Orkqhu1 Hqforvlqj wkh vroxwlrqv ri ruglqdu| lqlwldo dqg erxqgdu| ydoxh sureohpv1 Lq

H1 Ndxfkhu/ X1 Nxolvfk/ dqg F1 Xooulfk/ hglwruv/ Frpsxwhu Dulwkphwlf= Vflhqwl�f Frp0

sxwdwlrq dqg Surjudpplqj Odqjxdjhv/ sdjhv 588�5;91 EJ Whxeqhu/ Vwxwwjduw/ Jhupdq|/

4<;:1

^<` U1 H1 Prruh1 Lqwhuydo Dqdo|vlv1 Suhqwlfh0Kdoo/ Hqjohzrrg Fol�v/ QM/ 4<991

^43` U1 H1 Prruh1 Phwkrgv dqg Dssolfdwlrqv ri Lqwhuydo Dqdo|vlv1 VLDP/ Sklodghoskld/ SD/

4<:<1

^44` G1 Vdp0Kdurxg dqg E1 Idowlqjv1 Frqvlvwhqf| whfkqltxhv iru frqwlqxrxv frqvwudlqwv1 Frq0

vwudlqwv/ 4+405,=;8�44;/ 4<<91

^45` I1 F1 Vfkzhssh1 Uhfxuvlyh vwdwh hvwlpdwlrq= xqnqrzq exw erxqghg huuruv dqg v|vwhp

lqsxwv1 LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ 46+4,=55�5;/ 4<9;1
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