
Fdofxo sdu lqwhuydoohv hw sursdjdwlrq gh frqwudlqwhv

Srxu o*rswlplvdwlrq joredoh
srxu o*ìfroh ghv plqhv gh Vdlqw Hwlhqqh

Oxf Mdxolq hw Sdvfdo Urxvwdqw

41 Fdofxo sdu lqwhuydoohv

Qrxv dsshohurqv lqwhuydooh/ xq hqvhpeoh ihupì hw frqqh{h gh U1 Sdu h{hpsoh

^4>5`> `�4> 3^> i3j> U hw >

vrqw ghv lqwhuydoohv doruv txh

`3> 4`> ^5> 4`> ^4> 5` ^ ^6> 7`

q*hq vrqw sdv1 Qrwrqv txh o*lqwhuvhfwlrq g*xq qrpeuh �ql rx lq�ql g*lqwhuydooh hvw xq lqwhuydooh1 Vl D hvw xq hqvhpeoh/

^D` gìqrwhud oh soxv shwlw hqvhpeoh frqwhqdqw D1

4141 Dulwkpìwltxh sdu lqwhuydoohv1

Vl � 5 i.>�> �> @>pd{>plqj/ rü � hvw o*rsìudwhxu gh pxowlsolfdwlrq/ rq d

^{` � ^|` / ^i{ � | m { 5 ^{`> | 5 ^|`j` =

Dlqvl/

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

^{�> {.` � ^|�> |.` @ ^plq+{�|�> {.|�> {�|.> {.|.,>

pd{+{�|�> {.|�> {�|.> {.|.,`

pd{ +^{�> {.`> ^|�> |.`, @ ^pd{+{�> |�,>pd{+{.> |.,`

Sdu h{hpsoh/ qrxv dyrqv +^4> 5` . ^�6> 7`, � ^�4>8` @ ^�5>9` � ^�4>8` @ ^�43> 63`/

4151 Irqfwlrqv ìoìphqwdluhv

Vl i 5 ifrv/ vlq/vtu/ vtuw/ orj/ h{s/ = = =j

i +^{`, / ^ii+{, m { 5 ^{`j` =

Sdu h{hpsoh/

vlq +^3> �`, @ ^3>4`

vtu +^�4> 6`, @ ^�4> 6`5 @ ^3> <`

dev +^�:> 4`, @ ^3>:`

vtuw +^�43> 7`, @
s
^�43> 7` @ ^3>5`

orj +^�5>�4`, @ >

4161 Irqfwlrq g*lqfoxvlrq

416141 Sdyì

Xq sdyì ^{` ri Uq hvw oh surgxlw fduwìvlhq gh q lqwhuydoohv
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O*hqvhpeoh gh wrxv ohv sdyìv gh Uq vhud gìqrwì LUq1 Od llëph frpsrvdqwh gh ^{` hvw qrwìh ^{l`1 Od orqjxhxu z+^{`,

gh ^{` hvw od orqjxhxu gh vrq soxv judqg f÷wì1 Sdu h{hpsoh/ od orqjxhxu gh ^{` @ ^4> 5`� ^�4>6` hvw ìjdoh ã 71 Oh sodq

sulqflsdo gh ^{` hvw oh sodq gh v|ppìwulh gh ^{` shushqglfxodluh dx f÷wì gh soxv judqgh orqjxhxu1 Elvhfwhu xq sdyì ^{`

vljql�h oh gìfrxshu hq ghx{/ vxlydqw vrq sodq sulqflsdo1 Sdu h{hpsoh/ elvhfwhu ^{` @ ^4>5`� ^�4> 6` surgxlw ghx{ sdyìv

^{`+4, @ ^4>5`� ^�4>4` hw ^{`+5, @ ^4>5`� ^4>6`1

416151 Irqfwlrq g*lqfoxvlrq

Vrlw i xqh irqfwlrq gh Uq gdqv Up1 Xqh irqfwlrq hqvhpeolvwh ^i ` gì�qlh gh LUq gdqv LUp/ hvw xqh irqfwlrq g*lqfoxvlrq

gh i vl

; ^{` 5 LUq> i+^{`, � ^i ` +^{` ,=

Srxu fdofxohu xqh whooh irqfwlrq g*lqfoxvlrq/ lo vx!w gh vxevwlwxhu gdqv o*h{suhvvlrq gh i / ohv rsìudwlrqv vxu ohv uìhov

sdu ohv píphv rsìudwlrqv vxu ohv lqwhuydoohv1

H{hpsoh 4141 Od irqfwlrq i+{, @ {5 . 5{. 71 Xqh irqfwlrq g*lqfoxvlrq srxu i vh fdofxoh frpph vxlw

^i`+^{`, @ ^{` � ^{` . 5^{` . 7

Dlqvl/ vl ^{` @ ^�6> 7`/ qrxv dyrqv

^i `+^�6>7`, @ ^�6>7` � ^�6>7` . 5^�6>7` . 7 @ ^�45>49` . ^�9> ;` . 7 @ ^�47> 5;`=

Qrwrqv txh o*lpdjh sdu i gh o*lqwhuydooh ^{` hvw i+^�6>7`, @ ^6> 5;` txl hvw xq vrxv hqvhpeoh gh ^i `+^�6> 7`, @ ^�47>5;`1

H{hpsoh 4151 Vrlw od irqfwlrq

i =
U
5 $ U
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{4{5> {

5
4> {4 � {5

�
Xqh irqfwlrq g*lqfoxvlrq hvw grqqìh sdu

^i ` =
LU

5 $ LU
6

+^{4` > +{5,, $
�
^{4` � ^{5` > ^{4`

5
> ^{4`� ^{5`

� =

Dlqvl/ ^i ` +^�4>4`� ^�4>4`, @ ^�4>4`� ^3> 4`� ^�5> 5`=

51 Lqyhuvlrq hqvhpeolvwh

5141 Gì�qlwlrq

Xq sureoëph g*lqyhuvlrq hqvhpeolvwh v*h{sulph gh od idêrq vxlydqwh =

Vrlw i xqh irqfwlrq gh Uq gdqv Up hw ^|` xq sdyì gh Up1 Fdudfwìulvhu o*hqvhpeoh [ gì�ql sdu

[ / i{ 5 Uq m i+{, 5 ^|`j @ i�4+^|`,=

rü i�4 hvw od irqfwlrq uìflsurtxh gh i 1

H{hpsoh 5141 Fdudfwìulvhu xq ghv vrxv0hqvhpeohv

[4 /
�
+{4> {5, 5 U

5 m {54 . {55 � 4
�

[5 /
�
+{4> {5, 5 U

5 m {54 . {55 @ 4
�

[6 /
�
+{4> {5, 5 U

5 m {54 . {55 � 4 hw {4 � {5 5 ^3> 4`
�
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hvw xq sureoëph g*lqyhuvlrq hqvhpeolvwh1 Hq h�hw

[4 /
�
+{4> {5, 5 U

5 m {54 . {55 5`�4>4`
�

[5 /
�
+{4> {5, 5 U
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5151 Sloh0Iloh

Xqh olvwh xq hqvhpeoh +ìyhqwxhoohphqw ylgh, g*ìoìphqwv rugrqqìv1 Vl fhwwh olvwh q*hvw sdv ylgh/ wrxv ohv ìoìphqwv/ vdxi

xq +dsshoì oh ghuqlhu, srvvëgh xq vxlydqw1 Wrxv/ vdxi xq +dsshoì oh suhplhu, srvvëgh xq suìfìghqw1 Lo vh shxw txh oh

ghuqlhu hw oh suhplhu frlqflghqw1 Gdqv fh fdv/ od olvwh qh srvvëgh tx*xq vhxo ìoìphqw1

Xqh �oh hvw xqh olvwh vxu odtxhooh rq shxw idluh 5 rsìudwlrqv = +l, udmrxwhu xq ìoìphqw ã od �q +sxvk, +ll, hqohyhu oh

suhplhu ìoìphqw gh od �oh +sxoo,1

Xqh sloh hvw xqh olvwh vxu odtxhooh rq shxw idluh 5 rsìudwlrqv = +l, udmrxwhu xq ìoìphqw dx gìexw +vwdfn, +ll, hqohyhu oh

suhplhu ìoìphqw gh od �oh +srs,1

H{dpsoh 5141 Vrlw O xqh �oh lqlwldohphqw ylgh1 Oh wdeohdx vxlydqw lqgltxh o*ìyroxwlrq gh od �oh hq irqfwlrq ghv

rsìudwlrqv h�hfwxìhv1

n rsìudwlrq uìvxowdw

3 O @ >

4 sxvk +O> d, O @ idj

5 sxvk +O> e, O @ id> ej

6 { =@ sxoo +O, { @ d>O @ iej

7 { =@ sxoo +O, { @ e>O @ >

Srxu xqh sloh lqlwldohphqw ylgh/ qrxv dyrqv

n rsìudwlrq uìvxowdw

3 O @ >

4 vwdfn +O> d, O @ idj

5 vwdfn +O> e, O @ id> ej

6 { =@ srs +O, { @ e>O @ idj

7 { =@ srs +O, { @ d>O @ >

5161 Dojrulwkph g*lqyhuvlrq hqvhpeolvwh

O*dojrulwkph txh qrxv doorqv sursrvhu sduwlwlrqqh fh sdyì hq xq hqvhpeoh gh vrxv0sdyìv ^{`1 Srxu whvwhu vl xq sdyì

^{` hvw ã o*lqwìulhxu rx ã o*h{wìulhxu gh [/ qrxv doorqv xwlolvhu oh whvw vxlydqw1

+l, ^i `+^{`, � ^|` , ^{` � [

+ll, ^i `+^{`, _ ^|` @ > , ^{` _ [ @ >=

Ohv sdyìv srxu ohvtxhov qrxv q*dyrqv sdv uìxvvl ã prqwuhu tx*lov ìwdlhqw ã o*h{wìulhxu rx ã o*lqwìulhxu gh [ vhurqw

elvvhfwìv/ vdxi v*lov vrqw wurs shwlwv/ f*hvw0ã0gluh g*xq wdlooh lqiìulhxuh ã od suìflvlrq uhtxlvh %1 Oh sdyì ^{`+3, hvw xq

sdyì fhqvì frqwhqlu o*hqvhpeoh vroxwlrq [=

Vwhs 4 O =@ i^{`+3,j >

Vwhs 5 sxoo +^{`, >

Vwhs 6 li ^i`+^{`, � ^|`/ ~gudz+^{`> *uhg*,�>

Vwhs 7 hovhli ^i`+^{`, _ ^|` @ > ~gudz+^{`> *eoxh*,�>

Vwhs 8 hovhli z+{, ? %/ ~gudz +^{`> *|hoorz*,�>

Vwhs 9 hovh elvhfw ^{` hq ^{`+4, hw ^{`+5,> Sxvk +^{`+4,/^{`+5,, >

Vwhs : li O 9@ >> jr wr 5
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Vl �[ gìqrwh o*xqlrq ghv sdyìv mdxqhv hw [� o*xqlrq ghv urxjhv/ doruv/ o*hqvhpeoh vroxwlrq [ hvw hqfdguì sdu =

[
� � [ � [

� ^�[= +514,

5171 Grpdlqh gh vwdelolwì

Oh grpdlqh gh vwdelolwì Vs gx sro|q÷ph

S +v>s, @ vq . dq�4+s,v
q�4 . = = =. d4+s,v. d3+s,

hvw o*hqvhpeoh ghv s whov txh S +v>s, vrlw vwdeoh1 Frqvlgìurqv sdu oh sro|q÷ph S +v>s, grqqì sdu

v6 . +s4 . s5 .5,v5 . +s4 . s5 . 5,v. 5s4s5 .9s4 .9s5 .5 . �5>

� @ 3=81 Od wdeoh gh Urxwk hvw grqqìh sdu

4 s4 . s5 .5

s4 . s5 . 5 5s4s5 .9s4 .9s5 .5 . �5

+s4.s5.5,5�5s4s5.9s4.9s5.5.�5

s4.s5.5
@ +s4�4,

5.+s5�4,
5
��5

s4.s5.5
3

5s4s5 . 9s4 . 9s5 . 5 . �5 @ 5+s4 . 6,+s5 . 6,� 49 . �5 3

Oh grpdlqh gh vwdelolwì hvw grqf gì�ql sdu

Vs / is 5 Uq m u+s, A 3j @ u�4
�
`3>.4^�q

�
=

rü

u+s, @

3
C s4 . s5 .5

+s4 � 4,5 . +s5 � 4,5 � �5

5+s4 . 6,+s5 . 6,� 49 . �5

4
D =

61 Frqwudfwhxuv

6141 Gì�qlwlrq

O*rsìudwhxu F[ = LUq $ LU
q hvw xq frqwudwhxu srxu o*hqvhpeoh [ gh Uq vl

;^{` 5 LUq>

�
F[+^{`, � ^{` +frqwudfwdqfh,/

F[+^{`, _ [ @ ^{` _ [ +fruuhfwlrq,/

Qrxv glurqv txh
F[ hvw prqrwrqh vl ^{` � ^}`, F[+^{`, � F[+^}`,

F[ hvw plqlpdo vl ;^{` 5 LUq> F[+^{`, @ ^^{` _[`

F[ hvw �q vl ;{ 5 Uq> F[+{, @ i{j _ [

F[ hvw lghpsrwhqw vl ;^{` 5 LUq>F[ +F[+^{`,, @ F[+^{`,=

6151 Surmhfwlrq gh frqwudlqwhv

Vrlhqw 6 yduldeohv {> |> } whoohv txh

{ 5 ^4>8`

| 5 ^5>7`

} 5 ^9>43`

} @ {. |
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Ohv ydohxuv 4 srxu { hw 43 srxu } vrqw glwhv lqfrqvlvwdqwhv1

Surmhwhu xqh frqwudlqwh +lfl/ } @ { . |,/ f*hvw fdofxohu ohv soxv shwlwv lqwhuydoohv txl qh frqwlhqqhqw txh ghv ydohxuv

frqvlvwdqwhv1 Srxu qrwuh h{hpsoh/ fhod uhylhqw ã surmhwhu 6 irlv +vxlydqw {> |> sxlv }, oh vrxv0hqvhpeoh gh U6 grqqì sdu

V @i+{> |> }, 5 ^4>8`� ^5>7`� ^9> 43` m } @ {. |j =

Pìwkrgh gh fdofxo ghv wurlv surmhfwlrqv gh V vxlydqw {> | hw }

} @ {. |, } 5 ^9>43` _ +^4>8` . ^5>7`,

@ ^9>43`_ ^6><` @ ^9><`

{ @ } � |, { 5 ^4>8` _ +^9> 43`� ^5>7`,

@ ^4>8` _ ^5>;` @ ^5> 8`

| @ } � {, | 5 ^5>7` _ +^9> 43`� ^4>8`,

@ ^5>7` _ +^4><`� ^4>8`, @ ^5> 7`

6161 Sursdjdwlrq gh frqwudlqwhv

Vrlhqw ohv wurlv frqwudlqwhv vxlydqwhv

+F4, = | @ {5

+F5, = {| @ 4

+F6, = | @ �5{.4

D fkdtxh yduldeoh rq h�hfwh oh grpdlqh `�4>4^1 Xqh sursdjdwlrq gh frqwudlqwhv frqvlvwh ã surmhwhu ohv frqwudlqwhv

mxvtx*dx eorfdjh1 Od �jxuh fl0ghvvrxv looxvwuh fhwwh sursdjdwlrq1

8



Od suhplëuh �jxuh uhsuìvhqwh ohv wurlv frqwudlqwhv1 Gdqv od ghx{lëph/ od suhplëuh frqwudlqwh +od sduderoh, d shuplv

g*ìolplqhu o*hqvhpeoh ghv +{> |, rü | ? 31 O*k|shueroh shuphw hqvxlwh g*ìolplqhu ohv { ? 3/ frpph uhsuìvhqwì vxu od

wurlvlëph �jxuh1 Od sulvh hq frpswh gh od wurlvlëph frqwudlqwh +od gurlwh,/ qrxv prqwuh txh ohv vroxwlrqv vrqw wrxwhv

gdqv oh uhfwdqjoh eodqf gh od txdwulëph �jxuh1 Od sduderoh hvw uhsulvh hq frpswh gdqv od flqtxlëph �jxuh1 Hq�q/ od

ghx{lëph frqwudlqwh/ derxwl ã xq hqvhpeoh vroxwlrq ylgh1

Oh fdofxo srxu gìprqwuhu o*lqfrqvlvwhqfh gx v|vwëph ghv 6 ìtxdwlrqv ã ghx{ lqfrqqxhv hvw oh vxlydqw1

+F4,, | 5 `�4>4^5 @ ^3>4^

+F5,, { 5 4@^3>4^ @ ^3>4^

+F6,, | 5 ^3>4^ _ ++�5, =^3>4^.4,

@ ^3>4^ _ +`�4>4`, @ ^3> 4`

{ 5 ^3>4^ _ +�^3>4`@5 . 4@5,

@ ^3>4@5`

+F4,, | 5 ^3>4` _ ^3>4@5`5 @ ^3> 4@7`

+F5,, { 5 ^3>4@5` _ 4@^3>4@7` @ >

| 5 ^3>4@7` _ 4@> @ >

6171 Gìfrpsrvlwlrq hq frqwudlqwhv sulplwlyhv

Srxu ohv frqwudlqwhv soxv frpsoh{hv/ lo qrxv idxw h�hfwxhu xqh gìfrpsrvlwlrq1 Sdu h{hpsoh/

{. vlq+|, � {} � 3>

{ 5 ^�4> 4`> | 5 ^�4> 4`> } 5 ^�4>4`

vh gìfrpsrvh hq ;AA?
AA=

d @ vlq+|,

e @ {. d

f @ {}

e� f @ g

>

{ 5 ^�4> 4` d 5`�4>4^

| 5 ^�4> 4` e 5`�4>4^

} 5 ^�4>4` f 5`�4>4^

g 5`�4>3`
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71 H{hpsoh g*dssolfdwlrq gh od sursdjdwlrq gh frqwudlqwhv srxu xq sureoëph g*hvwlpdwlrq

ã huuhxuv eruqìhv

Frqvlgìurqv oh flufxlw ìohfwultxh uhsuìvhqwì vxu od �jxuh fl0ghvvrxv1

Ohv frqwudlqwhv oldqw ohv gl�ìuhqwhv yduldeohv gh fh flufxlw vrqw

S @ HL> H @ +U4 .U5, L >

X4 @ U4L > X5 @ U5L > H @ X4 . X5=

Ohv grpdlqhv lqlwldx{ srxu ohv yduldeohv/ rewhqxv sdu h{hpsoh ã od vxlwh gh od sulvh g*xqh phvxuh/ vrqw

U4 5 `�4>4^> U5 5`�4>4^>

H 5 ^56Y>59Y `> L 5 ^7D> ;D`> X4 5 ^43Y> 44Y `>

X5 5 ^47Y>4:Y `> S 5 ^457Z> 463Z `>

Dsuëv sursdjdwlrq/ qrxv rewhqrqv txh ohv grpdlqhv frqwudfwìv vrqw

U4 5 ^4=;7>5=64` > U5 5 ^5=8;>6=68`>

L 5 ^7=:9<D>8=74:D` > X4 5 ^43Y > 44Y ` > X5 5 ^47Y > 49Y ` >

H 5 ^57Y > 59Y ` > S 5 ^457Z>463Z ` =

:


