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q^ofcp=aÛrqfifp^qflk=abp=obpb^ru=mr_if`p=ab=qo^kpmloq=bq=ab=afpqof_rqflk=
ab=iÛbib`qof`fqb=

=
q~êáÑë=Éå=îáÖìÉìê=~ì=NÉê=~çºí=OMMVI=áëëìë=ÇÉ=ä~=Ç¨Åáëáçå=Çì=R=àìáå=OMMVK=

=

q^ofcf`^qflk=^mmif`^_ib=^ru=`lkpljj^qbrop=o^``loabp=bk=alj^fkb=ab=qbkpflk=eq^==
=
=
=
iÉë=í~êáÑë=ÇÛìíáäáë~íáçå=ÇÉë=ê¨ëÉ~ìñ=éìÄäáÅë=ÇÉ=íê~åëéçêí=Éí=ÇÉ=ÇáëíêáÄìíáçå=ÇÛ¨äÉÅíêáÅáí¨=EqromF=çåí=¨í¨=ãçÇáÑá¨ë=
~Ñáå=ÇÉ=éêÉåÇêÉ=Éå=ÅçãéíÉ=äÉë=¨îçäìíáçåë=äá¨Éë=¶=äÛçìîÉêíìêÉ=Çì=ã~êÅÜ¨=ÇÉ=äÛ¨äÉÅíêáÅáí¨=~áåëá=èìÉ=äÉë=ÄÉëçáåë=
ÇÛáåîÉëíáëëÉãÉåí=ëìê=äÉ=ê¨ëÉ~ìK=`Éë=í~êáÑë=~Ççéí¨ë=ëìê=éêçéçëáíáçå=ÇÉ=ä~=`çããáëëáçå=ÇÉ=ê¨Öìä~íáçå=ÇÉ=äÛ¨åÉêÖáÉ=
E`obF=ëìáíÉ=¶=ìåÉ=Åçåëìäí~íáçå=éìÄäáèìÉ=ÇÉë=ìíáäáë~íÉìêë=ÇÉë=ê¨ëÉ~ìñ=EÅçåëçãã~íÉìêëI=éêçÇìÅíÉìêëI=
ÖÉëíáçåå~áêÉë=ÇÉë=ê¨ëÉ~ìñ=Éí=ÑçìêåáëëÉìêëFI=ëçåí=Éå=îáÖìÉìê=ÇÉéìáë=äÉ=NÉê=~çºí=OMMVK=fäë=çåí=¨í¨=~ééêçìî¨ë=Ç~åë=
äÉë=ÅçåÇáíáçåë=éê¨îìÉë=é~ê=ä~=äçá=ÇÉ=éêçÖê~ããÉ=Ñáñ~åí=äÉë=çêáÉåí~íáçåë=ÇÉ=ä~=éçäáíáèìÉ=¨åÉêÖ¨íáèìÉK=
qçìë=äÉë=í~êáÑë=ÅáJ~éê≠ë=ëçåí=Éñéêáã¨ë=Üçêë=éê¨ä≠îÉãÉåíë=çì=í~ñÉë=~ééäáÅ~ÄäÉë=¶=äÛìíáäáë~íáçå=ÇÉë=ê¨ëÉ~ìñ=
¨äÉÅíêáèìÉë=éìÄäáÅëK=
=
iÉ=í~êáÑ=eq^=ÅçãéêÉåÇ=P=çéíáçåë=í~êáÑ~áêÉë=W=ë~åë=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉI=R=éçëíÉë=í~êáÑ~áêÉëI=U=éçëíÉë=
í~êáÑ~áêÉë=~Ñáå=ÇÉ=ëÛ~Ç~éíÉê=~ì=ãáÉìñ=~ìñ=ÇáÑÑ¨êÉåíë=íóéÉë=ÇÉ=Åçåëçãã~íáçåK==
=
mçìê=ÅÉë=ÇáÑÑ¨êÉåíë=í~êáÑëI=äÉ=qrom=Ç¨í~áääÉ=äÉë=ÇáÑÑ¨êÉåíÉë=êÉÇÉî~åÅÉë=¶=é~óÉê=éçìê=ÅÜ~èìÉ=ìíáäáë~íÉìêK=^áåëáI=Éå=
ÅÜ~èìÉ=éçáåí=ÇÉ=ÅçååÉñáçåI=äÉ=éêáñ=é~ó¨=~ååìÉääÉãÉåí=éçìê=äÛìíáäáë~íáçå=Çì=ê¨ëÉ~ì=éìÄäáÅ=ÇÉ=ÇáëíêáÄìíáçå=Éëí=ä~=
ëçããÉ=ÇÉë=Åçãéçë~åíÉë=ëìáî~åíÉëI=éçìê=äÉë=Åçåëçãã~íÉìêë=ê~ÅÅçêÇ¨ë=Éå=Ççã~áåÉ=ÇÉ=íÉåëáçå=eq^=W=
=
=
= =`d== `çãéçë~åíÉ=~ååìÉääÉ=ÇÉ=dÉëíáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=N=
=
H= =``== `çãéçë~åíÉ=~ååìÉääÉ=ÇÉ=`çãéí~ÖÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=N=
=
H= `p= `çãéçë~åíÉ=~ååìÉääÉ=ÇÉë=pçìíáê~ÖÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=N=
=
H= `jamp= `çãéçë~åíÉ=jÉåëìÉääÉ=ÇÉë=a¨é~ëëÉãÉåíë=ÇÉ=mìáëë~åÅÉ=pçìëÅêáíÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=Q=
=
H= `^`p= `çãéçë~åíÉ=^ååìÉääÉ=ÇÉë=^äáãÉåí~íáçåë=`çãéä¨ãÉåí~áêÉë=Éí=ÇÉ=pÉÅçìêë KKKKKKKKKKKKKKKKKKKKK m~ÖÉ=R=
=
H= oo= oÉÇÉî~åÅÉ=ÇÉ=oÉÖêçìéÉãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=R=
=
H= `amm= `çãéçë~åíÉ=~ååìÉääÉ=ÇÉë=a¨é~ëëÉãÉåíë=mçåÅíìÉäë=mêçÖê~ãã¨ëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=S=
=
H= `o= `çãéçë~åíÉ=~ååìÉääÉ=ÇÉ=äÛ¨åÉêÖáÉ=o¨~ÅíáîÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK m~ÖÉ=S=
=
=
Z=qrom= q~êáÑ=ÇÛríáäáë~íáçå=ÇÉë=o¨ëÉ~ìñ=mìÄäáÅë=ÇÉ=íê~åëéçêí=Éí=ÇÉ=ÇáëíêáÄìíáçå=ÇÉ=äÛ¨äÉÅíêáÅáí¨
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NK i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=ÖÉëíáçå=E`dF=
=
i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=ÖÉëíáçå=ÅçìîêÉ=äÉë=Åçºíë=ëìééçêí¨ë=é~ê=äÉë=ÖÉëíáçåå~áêÉë=ÇÉ=ê¨ëÉ~ìñ=éìÄäáÅë=ÇÉ=
ÇáëíêáÄìíáçå=éçìê=ä~=ÖÉëíáçå=ÇÉë=ÇçëëáÉêë=ÇÉë=ìíáäáë~íÉìêëI=äÛ~ÅÅìÉáä=éÜóëáèìÉ=Éí=í¨ä¨éÜçåáèìÉI=ä~=Ñ~Åíìê~íáçå=Éí=äÉ=
êÉÅçìîêÉãÉåíK=
iÉ=ãçåí~åí=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=ÖÉëíáçå=Éëí=ÑçåÅíáçå=Çì=Å~ÇêÉ=Åçåíê~ÅíìÉä=ÅÜçáëá=é~ê=äÛìíáäáë~íÉìêK=bääÉ=
Éëí=ÇìÉ=éçìê=ÅÜ~Åìå=ÇÉë=éçáåíë=ÇÉ=ÅçååÉñáçå=Éí=ëÛ~ééäáèìÉ=ëÉäçå=ä~=ÖêáääÉ=ëìáî~åíÉ=W=
=

ríáäáë~íÉìê=Éå=Åçåíê~í=`^oa= SQMIVO=č=
ríáäáë~íÉìê=Éå=Åçåíê~í=ìåáèìÉ= SNIUM=č=

=
OK i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=Åçãéí~ÖÉ=E``F=
=
mçìê=ÅÜ~èìÉ=ÇáëéçëáíáÑ=ÇÉ=Åçãéí~ÖÉI=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=Åçãéí~ÖÉ=Éëí=ä~=ëçããÉ=ÇÉ=W=
- ä~=êÉÇÉî~åÅÉ=ÇÉ=Åçåíê∑äÉ=ÇÉ=ÅÜ~èìÉ=ÇáëéçëáíáÑ=ÇÉ=Åçãéí~ÖÉI=
- ä~=êÉÇÉî~åÅÉ=ÇÉ=êÉä≠îÉ=ÇÉ=ÅÜ~èìÉ=ÇáëéçëáíáÑ=ÇÉ=Åçãéí~ÖÉI==
- ä~=êÉÇÉî~åÅÉ=ÇÉ=äçÅ~íáçå=Éí=ÇÛÉåíêÉíáÉå=Éí=ÇÛ~ééäáÅ~íáçå=ÇÉë=éêçÑáäë=~ìñ=ìíáäáë~íÉìêë=ÇÉ=ÅçãéíÉìêë=ë~åë=

ÉåêÉÖáëíêÉãÉåí=ÇÉ=ä~=ÅçìêÄÉ=ÇÉ=ãÉëìêÉ=ÇÉ=ÅÜ~èìÉ=ÇáëéçëáíáÑ=ÇÉ=Åçãéí~ÖÉI=äÉ=Å~ë=¨ÅÜ¨~åíK=
=
iÉ=ãçåí~åí=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=Åçãéí~ÖÉ=Éëí=ÑçåÅíáçå=Çì=åáîÉ~ì=ÇÉ=ëÉêîáÅÉ=ÇÉ=Åçãéí~ÖÉ=Ñçìêåá=¶=
äDìíáäáë~íÉìê=W=
=

aáëéçëáíáÑ=ÇÉ=
Åçãéí~ÖÉ=

cê¨èìÉåÅÉ==
ãáåáã~äÉ=ÇÉ==
íê~åëãáëëáçå==

`çåíê∑äÉ=ÇÉ=ä~=
éìáëë~åÅÉ==

dê~åÇÉìêë==
ãÉëìê¨Éë==

`çåíêáÄìíáçå=~ååìÉääÉ=ÇÉ=
Åçãéí~ÖÉ=čL~å==

`çìêÄÉ=ÇÉ=
ãÉëìêÉ=

NMUPIOQ=
mêçéêá¨í¨=Çì=doa= jÉåëìÉääÉ= a¨é~ëëÉãÉåí=

fåÇÉñ= QSMIQQ=

`çìêÄÉ=ÇÉ=
ãÉëìêÉ=

RMTIPS=mêçéêá¨í¨=ÇÉ=
äÛìíáäáë~íÉìê=

jÉåëìÉääÉ= a¨é~ëëÉãÉåí=

fåÇÉñ= NPVIPO=

=
=
PK i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=ëçìíáê~ÖÉë=E`pF=
=
mçìê=äÛ¨í~ÄäáëëÉãÉåí=ÇÉ=äÉìê=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=ëçìíáê~ÖÉëI=äÉë=ìíáäáë~íÉìêë=ÇçáîÉåí=ÅÜçáëáê=ìåÉ=çéíáçå=
í~êáÑ~áêÉ=~áåëá=èìÛìåÉ=çì=éäìëáÉìêë=éìáëë~åÅÉë=ëçìëÅêáíÉë=Eéçìê=äÉë=í~êáÑë=¶=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉFK=
=
P=çéíáçåë=í~êáÑ~áêÉë=ëçåí=éêçéçë¨Éë=W=
=
√=ë~åë=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉI=
√=~îÉÅ=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=¶=R=Åä~ëëÉëI=
√=~îÉÅ=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=¶=U=Åä~ëëÉëK=
=
~F léíáçå=ë~åë=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=W=
=
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iÉ=ãçåí~åí=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=ëçìíáê~ÖÉë=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=
=
=
=
=
=

=
=
=
=
=
=
lª=äÉ=í~ìñ=ÇÛìíáäáë~íáçå=Éëí=Å~äÅìä¨=¶=é~êíáê=ÇÉ=W=
√=äÛ¨åÉêÖáÉ=~ÅíáîÉ=ëçìíáê¨É=éÉåÇ~åí=ä~=é¨êáçÇÉ=ÇÉ=NO=ãçáë=Ebëçìíáê¨É=Éå=âtÜFI=
√=ÇÉ=ä~=éìáëë~åÅÉ=ëçìëÅêáíÉ=EmëçìëÅêáíÉ=Éå=âtFI=
√=Éí=ÇÉ=ä~=Çìê¨É=Éå=ÜÉìêÉë=ÇÉ=äÛ~åå¨É=ÅçåëáÇ¨ê¨É=EÉå=Ö¨å¨ê~ä=ÇZUTSM=ÜÉìêÉëF=W=
=
=
 =
=
=
=
káîÉ~ì=ÇÉë=é~ê~ã≠íêÉë=
iÉ=åáîÉ~ì=ÇÉë=é~ê~ã≠íêÉë=Â=~O=ÊI=Â=Ä=Ê=Éí=Â=Å=Ê=Éëí=Ç¨Ñáåá=ÅçããÉ=ëìáí=W=
=

= ~O=
EčLâtL~åF

Ä=
EčLâtL~åF Å=

eq^= OMIMP= TTINO= MIUM=
=
=
=
ÄF léíáçåë=~îÉÅ=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=W=
=
iÉ=ãçåí~åí=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=ëçìíáê~ÖÉë=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=
=

`p=Z=E~OK=m=ëçìëÅêáíÉ=éçåÇ¨ê¨ÉF=H=Σ=Çá=K=bá=
=
=
=
lª=W=

• ~OKmpé=ÅçêêÉëéçåÇ=¶=ä~=é~êí=ÑáñÉ=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=ëçìíáê~ÖÉëI=
=

• Σˇ=ÇáKbá=ÅçêêÉëéçåÇ=¶=ä~=é~êí=î~êá~ÄäÉ=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=ëçìíáê~ÖÉëI=
=
• å=Éëí=äÉ=åçãÄêÉ=ÇÉ=Åä~ëëÉë=íÉãéçêÉääÉë=EáKÉK=é¨êáçÇÉë=ÜçêçJë~áëçååá≠êÉëFI=

• bá=êÉéê¨ëÉåíÉ=äD¨åÉêÖáÉ=ëçìíáê¨É=éÉåÇ~åí=ä~=á
≠ãÉ=Åä~ëëÉ=íÉãéçêÉääÉ=EÉñéêáã¨É=Éå=âtÜFK=

=
=
i~=mìáëë~åÅÉ=ëçìëÅêáíÉ=éçåÇ¨ê¨É=Éëí=Å~äÅìä¨É=ÅçããÉ=ëìáí=W=
=

`p=Z=~OKmëçìëÅêáíÉ=H=ÄKτ=
ÅKm=ëçìëÅêáíÉ 

Part fixe, 
fonction de la 

puissance 
souscrite 

Part variable, 
fonction de 

l’énergie soutirée 
et de la puissance 

souscrite 

b=ëçìíáê¨É

a=Km=ëçìëÅêáíÉ=
τ = 

å

á=Z=N=

å=

á=Z=N=
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=

mëçìëÅêáíÉ=éçåÇ¨ê¨É=Z=âN=K=mN=H=Σ==âá=K=Emá=Ó=má=JNF=
=
=
=
=
lª=má=Éëí=ä~=éìáëë~åÅÉ=ëçìëÅêáíÉ=ÇÉ=ä~=Åä~ëëÉ=íÉãéçêÉääÉ=áK=nìÉä=èìÉ=ëçáí=áI=äÉë=éìáëë~åÅÉë=ëçìëÅêáíÉë=ÇçáîÉåí=ÆíêÉ=
íÉääÉë=èìÉ=máHN==≥==máK=
=
káîÉ~ì=ÇÉë=é~ê~ã≠íêÉë=
bå=éê~íáèìÉI=ÇÉìñ=çéíáçåë=í~êáÑ~áêÉë=ëçåí=éçëëáÄäÉë=W=
√=í~êáÑ=eq^=çéíáçååÉä=¶=Åáåè=Åä~ëëÉëI=ëçáí=åZRI=
√=í~êáÑ=eq^=çéíáçååÉä=¶=Üìáí=Åä~ëëÉëI=ëçáí=åZUK=
=

iÉ=åáîÉ~ì=ÇÉë=é~ê~ã≠íêÉë=Â=~O=Ê=I=Â=Çá=ÊI=Â=âá=Ê=Éëí=Ç¨Ñáåá=ÅçããÉ=ëìáí=éçìê=äÉë=ÇÉìñ=çéíáçåë=W=
=
q~êáÑë=¶=Åáåè=Åä~ëëÉë=Â=eq^=R=ÊI=ëçáí=å=Z=R=
=
=

~O=EčLâtL~åF NNIUU
=

= mçáåíÉ== eme== e`e== emb== e`b==

`çÉÑÑáÅáÉåí=
éçåÇ¨ê~íÉìê=ÇÉ=

äÛ¨åÉêÖáÉ=EÅčLâtÜF==
ÇN=Z=SISM== ÇO=Z=OITU== ÇP=Z=NIQU== ÇQ=Z=MIUU== ÇR=Z=MISU==

`çÉÑÑáÅáÉåí=
éçåÇ¨ê~íÉìê=ÇÉ=ä~=

éìáëë~åÅÉ==
âN=Z=NMMB== âO=Z=UUB== âP=Z=SOB== âQ=Z=ROB== âR=Z=QOB==

=
eme=Z=eÉìêÉë=mäÉáåÉë=eáîÉê= = = emb=Z=eÉìêÉë=mäÉáåÉë=bí¨=
e`e=Z=eÉìêÉë=`êÉìëÉë=eáîÉê= = = e`b=Z=eÉìêÉë=`êÉìëÉë=bí¨=

=
iÛÜáîÉê=áåÅäìí=äÉë=ãçáë=ÇÉ=åçîÉãÄêÉ=¶=ã~êëK==
iÛ¨í¨=áåÅäìí=äÉë=ãçáë=ÇÛ~îêáä=¶=çÅíçÄêÉK=iÉë=ÜÉìêÉë=ÇÉ=éçáåíÉ=ëçåí=Ñáñ¨ÉëI=ÇÉ=Ç¨ÅÉãÄêÉ=¶=Ñ¨îêáÉê=áåÅäìëI=¶=ê~áëçå=ÇÉ=
O=ÜÉìêÉë=äÉ=ã~íáå=Ç~åë=ä~=éä~ÖÉ=UÜJNOÜ=Éí=ÇÉ=O=ÜÉìêÉë=äÉ=ëçáê=Ç~åë=ä~=éä~ÖÉ=NTÜJONÜK==
iÉë=Çáã~åÅÜÉë=ëçåí=Éåíá≠êÉãÉåí=Éå=ÜÉìêÉë=ÅêÉìëÉëK==
iÉë=~ìíêÉë=àçìêë=ÅçãéêÉååÉåí=U=ÜÉìêÉë=ÅêÉìëÉë=¶=ÑáñÉê=Ç~åë=ä~=éä~ÖÉ=ONÜPMJTÜPMK=
=
q~êáÑë=¶=Üìáí=Åä~ëëÉë=Â=eq^=U=ÊI=ëçáí=å=Z=U=
 

~O=EčLâtL~åF NNIUU
=
= eÉìêÉ=ÇÉ=éçáåíÉ=Eá=Z=

NF== eme=Eá=Z=OF==
eÉìêÉë=éäÉáåÉë=j~êë=
Éí=kçî=Eá=Z=PF== e`e=Eá=Z=QF==

`çÉÑÑ=éçåÇ¨ê~íÉìê=ÇÉ=
äÛ¨åÉêÖáÉ=EÅčLâtÜF==

ÇN=Z=SIUM== ÇO=Z=PIOR== ÇP=Z=OIOT== ÇQ=Z=NITU==

`çÉÑÑ=éçåÇ¨ê~íÉìê=ÇÉ=
éìáëë~åÅÉ== âN=Z=NMMB== âO=Z=UVB== âP=Z=TRB== âQ=Z=SSB==

=

å

á=Z=O
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= eÉìêÉ=ÅêÉìëÉë=j~êë=Éí=
kçî=Eá=Z=RF==

emb=Eá=Z=SF== e`b=Eá=Z=TF== gìáääÉíJ^çºí=Eá=Z=UF==

`çÉÑÑ=éçåÇ¨ê~íÉìê=ÇÉ=
äÛ¨åÉêÖáÉ=EÅčLâtÜF== ÇR=Z=NIQP== ÇS=Z=MIVQ== ÇT=Z=MITP== ÇU=Z=MISO==

`çÉÑÑ=éçåÇ¨ê~íÉìê=ÇÉ=
éìáëë~åÅÉ== hR=Z=RSB== hS=Z=PSB== hT=Z=OQB== hU=Z=NTB==

=
eme=Z=eÉìêÉë=mäÉáåÉë=eáîÉê= = = emb=Z=eÉìêÉë=mäÉáåÉë=bí¨=
e`e=Z=eÉìêÉë=`êÉìëÉë=eáîÉê= = = e`b=Z=eÉìêÉë=`êÉìëÉë=bí¨=

=
=
iÛÜáîÉê=áåÅäìí=äÉë=ãçáë=ÇÉ=Ç¨ÅÉãÄêÉI=à~åîáÉê=Éí=Ñ¨îêáÉêK==
iÛ¨í¨=áåÅäìí=äÉë=ãçáë=ÇÛ~îêáäI=ã~áI=àìáåI=ëÉéíÉãÄêÉ=Éí=çÅíçÄêÉK==
iÉë=ÜÉìêÉë=ÇÉ=éçáåíÉ=ëçåí=Ñáñ¨ÉëI=ÇÉ=Ç¨ÅÉãÄêÉ=¶=Ñ¨îêáÉê=áåÅäìëI=¶=ê~áëçå=ÇÉ=O=ÜÉìêÉë=äÉ=ã~íáå=Ç~åë=ä~=éä~ÖÉ=UÜJ
NOÜ=Éí=ÇÉ=ÇÉìñ=ÜÉìêÉë=äÉ=ëçáê=Ç~åë=ä~=éä~ÖÉ=NTÜJONÜK==
iÉë=ë~ãÉÇáëI=Çáã~åÅÜÉë=Éí=àçìêë=Ñ¨êá¨ë=ëçåí=Éåíá≠êÉãÉåí=Éå=ÜÉìêÉë=ÅêÉìëÉëK=
iÉë=~ìíêÉë=àçìêë=ÅçãéêÉååÉåí=S=ÜÉìêÉë=ÅêÉìëÉë=¶=ÑáñÉê=Ç~åë=ä~=éä~ÖÉ=OPÜPMJTÜPMK=
=
=
QK i~=Åçãéçë~åíÉ=ãÉåëìÉääÉ=ÇÉë=Ç¨é~ëëÉãÉåíë=ÇÉ=éìáëë~åÅÉ=ëçìëÅêáíÉ=E`jampF=
=
i~=Åçãéçë~åíÉ=ãÉåëìÉääÉ=ÇÉë=Ç¨é~ëëÉãÉåíë=ÅçìîêÉ=äÉ=Åçºí=ÇÉë=Ç¨é~ëëÉãÉåíë=ÇÉ=éìáëë~åÅÉ=~ééÉä¨É=é~ê=
äÛìíáäáë~íÉìê=~ìJÇÉä¶=ÇÉ=ë~=éìáëë~åÅÉ=ëçìëÅêáíÉK==
=
iÉ=ãçÇÉ=ÇÉ=Å~äÅìä=ÇÉ=ä~=Åçãéçë~åíÉ=ãÉåëìÉääÉ=ÇÉë=Ç¨é~ëëÉãÉåíë=Ç¨éÉåÇ=ÇÉ=äÛçéíáçå=í~êáÑ~áêÉ=êÉíÉåìÉ=Éí=Çì=
ÇáëéçëáíáÑ=ÇÉ=Åçãéí~ÖÉ=Çì=éçáåí=ÇÉ=ÅçååÉñáçåK=fä=ëÉ=Ñ~áí=W=
√=ëçáí=é~ê=é¨êáçÇÉ=ÇÛáåí¨Öê~íáçå=ÇÉ=NM=ãáåìíÉëI=
√=ëçáí=é~ê=áåÇáÅ~íáçå=ÇÉ=éìáëë~åÅÉ=ã~ñáã~äÉK=
=
~K `çãéíÉìê=ãÉëìê~åí=äÉë=Ç¨é~ëëÉãÉåíë=é~ê=é¨êáçÇÉ=ÇÛáåí¨Öê~íáçå=ÇÉ=NM=ãáåìíÉë=EÅçãéíÉìêë=¨äÉÅíêçåáèìÉë=¶=

ÅçìêÄÉ=ÇÉ=ÅÜ~êÖÉF=
=
mçìê=ìå=í~êáÑ=ë~åë=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=äÉ=ãçåí~åí=ÇÉ=ä~=`jamp=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=

`jamp=Z=MIMU=K=~O=K=√=Σ=E∆=m
O
F=

=
=
=
=
=
mçìê=ìå=í~êáÑ=~îÉÅ=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=äÉ=ãçåí~åí=ÇÉ=ä~=`jamp=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=
=

`jamp=Z=Σ=MINR=K=âá=K=~O=K=√Σ=E∆=mO
F=

=
=
=
ÄK `çãéíÉìê=~îÉÅ=áåÇáÅ~íÉìê=ÇÉ=éìáëë~åÅÉ=ã~ñáã~äÉ==
=
mçìê=ìå=í~êáÑ=ë~åë=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=äÉ=ãçåí~åí=ÇÉ=ä~=`jamp=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=
=

classes i du mois 



5 

`jamp=Z=MIT=K=~O=K=∆=m=ã~ñ=
=
=
=
mçìê=ìå=í~êáÑ=~îÉÅ=ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=äÉ=ãçåí~åí=ÇÉ=ä~=`jamp=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=

`jamp=Z=Σ=NIS=K=âá=K=~O=K=∆=m=Eã~ñFá=

=
=
RK i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=~äáãÉåí~íáçåë=Åçãéä¨ãÉåí~áêÉë=Éí=ÇÉ=ëÉÅçìêë=E`^`pF=
=
råÉ=~äáãÉåí~íáçå=Åçãéä¨ãÉåí~áêÉ=Éëí=ìåÉ=~äáãÉåí~íáçå=~ì=ãÆãÉ=Ççã~áåÉ=ÇÉ=íÉåëáçå=èìÉ=äÛ~äáãÉåí~íáçå=
éêáåÅáé~äÉ=Éí=åçå=å¨ÅÉëë~áêÉ=é~ê=ë~=Å~é~Åáí¨=¶=äÛ~äáãÉåí~íáçå=åçêã~äÉ=Çì=ëáíÉK=`ÉííÉ=~äáãÉåí~íáçå=Éëí=ã~áåíÉåìÉ=
ëçìë=íÉåëáçå=Éí=é~êíáÅáéÉ=¶=äÛ~äáãÉåí~íáçå=Éå=ÑçåÅíáçååÉãÉåí=åçêã~äK=
råÉ=~äáãÉåí~íáçå=ÇÉ=ëÉÅçìêë=Éëí=ìåÉ=äáÖåÉ=ê~ÅÅçêÇ¨É=Éå=ëìÄëíáíìíáçå=ÇÛìåÉ=çì=éäìëáÉìêë=äáÖåÉë=éêáåÅáé~äÉë=
áåÇáëéçåáÄäÉë=Éå=Å~ë=ÇÉ=Ç¨Ñ~áää~åÅÉI=ÇÉ=ê¨é~ê~íáçå=çì=ÇÉ=ã~áåíÉå~åÅÉK=
=
iÉ=ãçåí~åí=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=~äáãÉåí~íáçåë=Åçãéä¨ãÉåí~áêÉë=Éí=ÇÉ=ëÉÅçìêë=ëÉ=Å~äÅìäÉ=Éå=ÑçåÅíáçå=
ÇÉ=ä~=äçåÖìÉìê=ÇÉë=äá~áëçåë=Éí=Çì=åçãÄêÉ=ÇÉ=ÅÉääìäÉë=éçìê=äÉë=é~êíáÉë=Ç¨Çá¨Éë=¶=äÛìíáäáë~íÉìê=ëÉäçå=ä~=ÖêáääÉ=
ëìáî~åíÉ=W=
=

`ÉääìäÉë=
EčLÅÉääìäÉL~åF=

iá~áëçåë=EčLâãL~åF=

PMRM= ~¨êáÉååÉë= UPO=
= ëçìíÉêê~áåÉë= NOQU=

=
aÉ=éäìëI=éçìê=ìå=ëÉÅçìêë=~ëëìê¨=¶=ìå=Ççã~áåÉ=ÇÉ=íÉåëáçå=áÇÉåíáèìÉ=ëìê=ìå=íê~åëÑçêã~íÉìê=ÇáÑÑ¨êÉåí=ÇÉ=ÅÉäìá=ÇÉ=
äÛ~äáãÉåí~íáçå=éêáåÅáé~äÉI=ä~=`^`p=áåÅäìí=¨Ö~äÉãÉåí=ìåÉ=Ñ~Åíìê~íáçå=ÇÉ=ä~=ê¨ëÉêî~íáçå=ÇÉ=éìáëë~åÅÉ=ëìê=ÅÉ=
íê~åëÑçêã~íÉìê=W=
=

čLâtL~å=
RIVR=

=
=
båÑáåI=éçìê=ìå=ëÉÅçìêë=~ëëìê¨=¶=ìå=Ççã~áåÉ=ÇÉ=íÉåëáçå=áåÑ¨êáÉìê=¶=ÅÉäìá=ÇÉ=äÛ~äáãÉåí~íáçå=éêáåÅáé~äÉI=ä~=`^`p=
áåÅäìí=¨Ö~äÉãÉåí=ìåÉ=~ìíêÉ=êÉÇÉî~åÅÉI=Ä~ë¨É=ëìê=ä~=í~êáÑáÅ~íáçå=Çì=åáîÉ~ì=ÇÉ=íÉåëáçå=áåÑ¨êáÉìê=ëÉäçå=ä~=ÖêáääÉ=
ëìáî~åíÉ=W=
=

^äáãK=mêáåÅáé~äÉ= ^äáãK=ÇÉ=ëÉÅçìêë= mêáãÉ=ÑáñÉ=
EčLâtL~åF

m~êí=båÉêÖáÉ=
EÅčLâtL~åF=

eq_O= eq^= TITO= NISS=
eq_N= eq^= OISV= NISS=

eq^= _q= J= J=
=
=
SK i~=êÉÇÉî~åÅÉ=ÇÉ=êÉÖêçìéÉãÉåí=EooF=
=
iÉë=ìíáäáë~íÉìêë=Çáëéçë~åí=ÇÉ=éäìëáÉìêë=éçáåíë=ÇÉ=ÅçååÉñáçå=Ç~åë=äÉ=ãÆãÉ=Ççã~áåÉ=ÇÉ=íÉåëáçå=eq^=Éí=ëìê=äÉ=
ãÆãÉ=ëáíÉ=éÉìîÉåíI=ëÛáäë=äÉ=ëçìÜ~áíÉåíI=Ä¨å¨ÑáÅáÉê=Çì=êÉÖêçìéÉãÉåí=í~êáÑ~áêÉ=éçìê=äÉ=Å~äÅìä=ÇÉë=Åçãéçë~åíÉë=ÇÉë=
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áåàÉÅíáçåëI=ÇÉë=ëçìíáê~ÖÉë=Éí=ÇÉë=Ç¨é~ëëÉãÉåíëK=a~åë=ÅÉ=Å~ëI=ä~=Ñ~Åíìê~íáçå=Éëí=¨í~ÄäáÉ=ëìê=ä~=Ä~ëÉ=ÇÉ=ä~=ëçããÉ=
ÇÉë=ÅçìêÄÉë=ÇÉ=ãÉëìêÉ=ÇÉë=ÇáÑÑ¨êÉåíë=éçáåíë=ÇÉ=ÅçååÉñáçåK=
=
mçìê=ìå=ìíáäáë~íÉìê=~ó~åí=çéí¨=éçìê=äÉ=êÉÖêçìéÉãÉåí=ÇÉ=éäìëáÉìêë=éçáåíë=ÇÉ=ÅçååÉñáçåI=äÉ=ãçåí~åí=ÇÉ=ä~=
êÉÇÉî~åÅÉ=ÇÉ=êÉÖêçìéÉãÉåí=ëÉ=Å~äÅìäÉ=éçìê=ÅÜ~Åìå=ÇÉë=éçáåíë=ÇÉ=ÅçååÉñáçå=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=

oo=Z=i=K=â=K=më=
=
lª=W=
√=i=Éëí=ä~=éäìë=éÉíáíÉ=äçåÖìÉìê=íçí~äÉ=ÇÉë=çìîê~ÖÉë=¨äÉÅíêáèìÉë=Çì=ê¨ëÉ~ì=éìÄäáÅ=ÅçåÅÉêå¨=éÉêãÉíí~åí=
éÜóëáèìÉãÉåí=äÉ=êÉÖêçìéÉãÉåíK=
√=â=Ç¨éÉåÇ=Çì=íóéÉ=ÇÉ=äá~áëçå=E~¨êáÉååÉ=çì=ëçìíÉêê~áåÉFK=
√=më=Éëí=ä~=éìáëë~åÅÉ=ëçìëÅêáíÉ=éçìê=äÛÉåëÉãÄäÉ=ÇÉë=éçáåíë=ÅçåîÉåíáçååÉääÉãÉåí=êÉÖêçìé¨ëK=
káîÉ~ì=ÇÉë=é~ê~ã≠íêÉë=
iÉ=åáîÉ~ì=Çì=é~ê~ã≠íêÉ=Â=â=Ê=Éëí=Ç¨Ñáåá=ÅçããÉ=ëìáíI=ëìáî~åí=äÉ=íóéÉ=ÇÉ=äá~áëçå=W=
=

â=EčLâtLâãL~åF=
iá~áëçåë=~¨êáÉååÉë MIQT=

iá~áëçåë=
ëçìíÉêê~áåÉë=

MIST=

=
TK i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=Ç¨é~ëëÉãÉåíë=éçåÅíìÉäë=éêçÖê~ãã¨ë=E`ammF=
=
mçìê=ÇÉë=Ç¨é~ëëÉãÉåíë=éçåÅíìÉäë=éêçÖê~ãã¨ë=Éí=åçíáÑá¨ë=éê¨~ä~ÄäÉãÉåí=~ì=ÖÉëíáçåå~áêÉ=ÇÉ=ê¨ëÉ~ìI=ìå=
ìíáäáë~íÉìê=~äáãÉåí¨=Éå=eq^=Éí=¨èìáé¨=ÇÛìå=ÅçãéíÉìê=¶=ÅçìêÄÉ=ÇÉ=ÅÜ~êÖÉ=éÉìí=ÇÉã~åÇÉê=äÛ~ééäáÅ~íáçå=ÇÛìå=í~êáÑ=
ëé¨ÅáÑáèìÉ=éÉåÇ~åí=ä~=é¨êáçÇÉ=Çì=NÉê=àìáääÉí=~ì=NR=ëÉéíÉãÄêÉK=
rå=ãÆãÉ=ìíáäáë~íÉìê=éÉìí=Éå=Ä¨å¨ÑáÅáÉê=ìåÉ=ëÉìäÉ=Ñçáë=é~ê=~åå¨É=Å~äÉåÇ~áêÉ=éçìê=ìåÉ=ìíáäáë~íáçå=ÅçåíáåìÉ=~ì=
ã~ñáãìã=ÇÉ=NQ=àçìêëI=äÉë=àçìêë=åçå=ìíáäáë¨ë=¨í~åí=éÉêÇìëK=
=
i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉë=Ç¨é~ëëÉãÉåíë=éçåÅíìÉäë=éêçÖê~ãã¨ë=~ååìäÉ=Éí=êÉãéä~ÅÉ=ä~=`jamp=éÉåÇ~åí=ä~=
é¨êáçÇÉ=ÇD~ééäáÅ~íáçåK=pçå=ãçåí~åí=ëÉ=Å~äÅìäÉ=ëÉäçå=ä~=ÑçêãìäÉ=ëìáî~åíÉ=W=
=

`amm=Z=âK=Σ=∆m=
=
=
=
iÉë=Ç¨é~ëëÉãÉåíë=ÇÉ=éìáëë~åÅÉ=é~ê=ê~ééçêí=¶=ä~=éìáëë~åÅÉ=ëçìëÅêáíÉ=∆m=ëçåí=Å~äÅìä¨ë=é~ê=é¨êáçÇÉ=ÇÛáåí¨Öê~íáçå=
ÇÉ=NM=ãáåìíÉëK=iÉ=Ñ~ÅíÉìê=â=~ééäáÅ~ÄäÉ=Éëí=Ç¨Ñáåá=Ç~åë=äÉ=í~ÄäÉ~ì=ÅáJ~éê≠ë=W=
=

ÅčLât
MIPSP

=
UK i~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=äÛ¨åÉêÖáÉ=ê¨~ÅíáîÉ=E`oF=
=
iÛ¨åÉêÖáÉ=ê¨~ÅíáîÉ=ëçìíáê¨É=éÉåÇ~åí=äÉë=ãçáë=ÇÉ=åçîÉãÄêÉ=¶=ã~êëI=ÇÉ=SÜ=¶=OOÜI=äÉë=àçìêë=çìîê~ÄäÉëI=ëÉê~=
Ñ~Åíìê¨ÉI=éçìê=ä~=é~êíáÉ=èìá=Ç¨é~ëëÉ=QMB=ÇÉ=äÛ¨åÉêÖáÉ=ê¨~ÅíáîÉ=Åçåëçãã¨É=éÉåÇ~åí=ä~=ãÆãÉ=é¨êáçÇÉK=
m~ê=ÉñÅÉéíáçå=ä~=Ñ~Åíìê~íáçå=ëÛ~ééäáèìÉ=~ìñ=ÜÉìêÉë=ÇÉ=éçáåíÉë=Éí=~ìñ=ÜÉìêÉë=éäÉáåÉë=ÇÛÜáîÉê=éçìê=äÉë==í~êáÑë=¶=
ÇáÑÑ¨êÉåÅá~íáçå=íÉãéçêÉääÉ=~áåëá=èìÉ=äÉë=ÜÉìêÉë=éäÉáåÉë=ÇÉ=åçîÉãÄêÉ=Éí=ã~êë=ÇÉë=çéíáçåë=¶=U=Åä~ëëÉë=íÉãéçêÉääÉëK=
=
cäìñ=ÇÉ=ëçìíáê~ÖÉ=E~ééäáÅ~ÄäÉ=~ìñ=ÅäáÉåíë=Åçåëçãã~åí=ÇÉ=äÛ¨åÉêÖáÉ=ëìê=äÉ=ê¨ëÉ~ìF=W=
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iD¨åÉêÖáÉ=ê¨~ÅíáîÉ=~ÄëçêÄ¨É=~ìJÇÉä¶=Çì=ê~ééçêí=íÖ=ÉåíêÉ=äD¨åÉêÖáÉ=ê¨~ÅíáîÉ=~ÄëçêÄ¨É=Éí=äD¨åÉêÖáÉ=~ÅíáîÉ=ëçìíáê¨É=
é~ê=éçáåí=ÇÉ=ÅçååÉñáçå=Éëí=Ñ~Åíìê¨É=ëÉäçå=äÉ=í~ÄäÉ~ì=ëìáî~åí=W=
=

o~ééçêí=íÖ `čLâî~êÜ
MIQ= NITT=

=
cäìñ=ÇÛáåàÉÅíáçå=E~ééäáÅ~ÄäÉ=~ìñ=ÅäáÉåíë=áåàÉÅí~åí=ÇÉ=äÛ¨åÉêÖáÉ=ëìê=äÉ=ê¨ëÉ~ìF=W=
iÉ=ãçåí~åí=ÇÉ=ä~=Åçãéçë~åíÉ=~ååìÉääÉ=ÇÉ=äÛ¨åÉêÖáÉ=ê¨~ÅíáîÉ=ëÉ=Å~äÅìäÉ=ëìáî~åí=ä~=ê≠ÖäÉ=ëìáî~åíÉ=W=
=

`čLâî~ê
Ü=

NITT=
=
mçìê=äÉë=Ñäìñ=ÇÛáåàÉÅíáçåI=äÉë=î~äÉìêë=ÇÉë=ëÉìáäë=ÇÉë=ê~ééçêíë=íÖ=ëçåí=Ç¨ÑáåáÉë=Åçåíê~ÅíìÉääÉãÉåíK=

°p
=°
åÉ

êÖ
áÉ
ë=
pí
ê~
ëÄ
çì

êÖ
=~
ì=
Å~
éá
í~
ä=Ç

É=
R=
MM

M=
MM

M=
čÓ

=R
MN

=N
VP

=N
TN

=o
`p

=p
íê
~ë
Äç

ìê
ÖK
=b
Çá
íáç

å=
gì
áå
=O
MM

VK
=a
çÅ
ìã

Éå
í=Å

çå
íê
~Å
íì
Éä
K=q
Éê
êáí
çá
êÉ
=Ç
Éë
ëÉ
êî
á=é

~ê
=°
p=


