
....

PRO JET DE fIN D~ E T UDES

EN VUE DE L'OBTENTION DU DIPL6'iE D' INGËNIEUR DE CONCEPTION

TITRE: OPTIMISATION DES INSTALLATIONS
ELECTRIQUES DE LA SEr~

DIOURBEL
AUTEUR : Mous tapha MBAYE
DIRECTEURS :

Ig-ol/I SAI3ATIN (EPT)

DATE: HAl 1987

Seydina A. DIA (SE.lB)



,

~ ~~ ~

$c.('"~ du

J~-d~l'Gw~

ak 'k lltv e2..e-r
SEN E. GAL.

.



Reroetciemeors

ct ~;~ ~ 1"W.tuàcx" "rvl~-\e.v.~ s~~~~ A.. b.i&l

k.c?~(i\ho( t-tb~ 1 A..\c?lU~ M.b~ 1 ~~ ') J<lh~~~

Gv.~ d" inl.~ k ~&1'.c~~d /~ ~('c.tUl Te~,,~~ -k l" ~I&

"P6\4.( -<..ur ~'\A'a1' CA~ ~.s .q \ <-u...~ -pa,r ~c..: ~"'t lA: 6'lo'I ~ <lt et.:\l e.~ ~r \ c-

io,",! -d- \~ i or nu /~ \'" ~(~~ étvJ.t ..

~ !U1Me.r~ ... ~slil fW\~'e..t.r l 6-or s.C\..\o~~ ~""r SoQo\

-W~dfew~ -c..l'" )C1\A.r \c. \o'"'s "h"C1\.\I~\ ;.c e.O((~a'lo1 .l..-.t iP

;:.' ~....c- el.""C"~' •

~'" fC.\.ue-c'cÂ.~*~s "cnJ" «M!..n ~ +~ \~ 1=-e(Sa'l1l'1~ ~ ' c:l.< r(~

t1'ù ~ \~"'/~ ~('.\""""'~ ;;.. \1 ~.-.I..o ..~cn.-. /~ c... i-rAIl..ùl ..

.d;l ""'-< ~Mt ~ ~1.M.o~ r ~ ~~rn- Y\ c< ~c-.a eaU ~~s 'J"ki

~ .-.cc<+tc.' /Jc ~\o\.~ \~ç ~~"'~1\0\4 JlA.'.r \" r-ij"" ~O\;,

~ Cil ~\"~wt \o\o~~ ..



SommaÎre

l ~cl~~ ~ \" ;~~ i'n.~t:JJ O\et~"""",,-.t ~

~~<:'t"aI; <:'t.H~~' \.,., e.f\l.rlac. .k &.aC''')C-''' 1 ~ le;; t>l~~t;~(j),

vck 1,., ~t>d.u~~ /cJ-'~«"ô'J- ~~~ 6'\J' ètl ~~~"~5(cl~~+rt. 2. ).

l ~\euJ)(.I) C(7W"~rJ:Q c:I...~ _ ci..~ , I~ ~i. f c.J:..·CI'\o\ .,k

la. r*abi. ~~ -\-t..e.<""'""'t"" / <>l-u tUc=a.u. -er ......\.u -Pd'\U,lo',(" .,\.. ea'\.-l.~rc. ck

.Qd-~~<:'t("~\\tI\ ~ ./aA.nCÀ ~ \e ri:i-a~ ....ck rJ1~ .le "Prt>-tceb:~r-~

.Ap~ e.uth cw eI...c t'-tu ~.

!.. clri.IC .....d.. e~b'''=' kT e.r ~,. -ù'is."(J;~ 0. ~~~ ;l>cl.D'\O.. le.;,

\'",,\w..l'"S .:c:J. ........"~b\c.s /~ \.. et.u~~ cl. +w~"'- ~c.r ..\c l'~d.OIU.lff""CIAt

~ ~Ç\\\u 1\\.0 nu..&. en.. cl. e.Mtt - ciJt..cuA.t Ccl~~ 4- ') .

U~ ~(I'\l&A&r -eA< 8;1' /.1." -t-n:uufor ......J"c.urç J...,. ~b.-u..t..'CI\'\ c:lt. .clf ~ tl4è

~au.r «~~iCll'"c..l'" 1", fiel: b-i.hre? -et \e f.eteu.r cl.. "pWssa""ce • .r)~tO\r~ lL,?

d" \G-? ûb\e" ~l.v..-\ucll~n~~~ a~ /~..._.,.;Il"'~Ç ~\liItj ~ wtC:~

~ (cL:~bu 5') .

'S' èt..l. -t~cl..~e-_ ~e~<t'" /..k la ~r~~M ~ \)~~~ ";ach"V(.,A

~"""-~ /<k fC1'l-\.\Ic.('"~w~ ~~I'\.U ~r \~ c.-.A 'o.,.l;.",eut....t.:CI"o\ pae le
""\>~ '>b1\rÇ.Lte. (1\\"~" lu; 't~ &~etc-o~'M.o l~~ 6').

!.~ ~J.w..i.~ .....~ .fàu.l. } Gt""~~c:., a.u oL.:~ 1, ~~~..llc:Mk"

i..u- r-M:i&\'\~~~ --t<cLlo\À'r"- et cCo"'-~""'" ~ \''('..\:~~'" ~

AM..t<v\\~n..s ~~ ..sk 1"1. St.-l & .

Il



Tob/Q
des . \

marier-es

Il
III

3
4

7

4-

4'ho\'~su' ....e:k C.cru.f h-eo cl. da,? 6
~ \ lOt~ ~ COI~.~ '*' l-=t -1-- ( tl ~et(6'lI

J }~c.r~e ~cJu't""

I k.-t,o J.uet:~ 1
S~~wa. yi~ÎtJ .4< l .. ~iM:b-u-

t:li\-\ ~ [)~u~ é1~etr(4M.2 3
1"""r",11~'~ .....k ~ n:)J.uGtidk ~

1/ '
~e.(""~

P \<:Il""" ~ c ctM.'~

Es -fA' l4.t ah"'"'" dt \-.: ~r,,-v\",-ce

d)~.ta.~1 ~61A

2. 1

2.2

2.2 :r

2.2.2
2.2.3

i

~~~~ 1

c,lt-a ~We.e 2
1

\l\



2.~ ~ b-utt5'r\ k 1"~t7cr-~ ~I-eeh:~ 8
2-.4 to ncl\l ~ cYl. 9

~h~~ 3 . C",1~ "As Qc1l.( (an,to Je cswu: - ciraUr 10.

ekM. I~ ~~1(.1I4~ .clt'etri'r'l~ 10
3.1 1~oU~~~ ok \~ m ~rt..o.l.t de ('~~I 10
3.Z Ca leul ck cru.ranto cL caurLciruJ,t 12
~.3 Cttb.d L~ C(1'\l.ÎtQ cl C.nAd-· Q.Â i c.uM

~~~um 20
! 3.4- C~ck~ 22"

Charuu 4 , V~rL -rC4dh ,,~ cl~x ,~c; caLolcs 23.
4.1 edlolq MT 24

4·2 CcÎb[~ .5, 27
4,3 :l.ter co", h ct i llh.a ~ d~pM~ BT 31
d.4. COnck~ 0"Yt 33

.ChaH~ 5 Uuth Cl\v l.o C1( cL.e1t )~ ci rc~1; ~T 35
5,1 Aval'\,re:t~ d<t ba\(c 1«~ 35
S:l:l 1>o,~b-ili t{ J t ....~ ~ e nt~.~ ~ ,xt''tt",r; 35 ...

5.1.2 6h~ -rL.Ji".. ble """ \~erCR""p~~"C' 36
5.1.5 A"5 mented:':d'l\ 11 tJ:u ("cdI, ....~ ,çaetG<.I. r

ch ~,~""ù 36
5.2- Ccdeu.1 cl; c(1'\l.r~'l.t;, dl C6ïA(\0. c.:. ("" uù t 37

- 5.<':1 @aç de k -t-tel"'s;tor M.J-Wr~ ~

1'::H~1I ~It' 37

IV



5,~.t (!o:<!o ck -J.rt\,:, +r-M--~rt"'..Je.AI'".l' e... Î'ctr-e..~I~I( 39
5.3 cidlx dt l'ap~arulla~ ~~~I':lI<e ...r.:ù« 45
5.~.1 ail,~,,,4 'S~d"rI\'\e.urJ 45
5". s. t c.~ 0 i x ck .~ n ~ G(t'L.I Pr(.(.L.r..s 45
s.s, '; tS~I",~t:,:6h o4t caW +Dt~t ~

5.4

5.5

Ch"rtre 6
6,~

. G.1.1

6:1. 2.

6.~.'

b.2..~

bIf"\<d'a 'je

ktt "'oeuvre en l'~~n,c d '&t\le:trie.

c.ll'rI du."~a'n

C~plM'!>~~ cL \'~et~ re'a.dA\!C

L" -i\'ler~ T'Ùt~\le.

L'~er~ -ria~1Ie ~ r-étil'lU

'ri Iw.'~cl ",,1

~~cl"~r dt ~%S.!.arl.CJ

r"'C~\JtM~~ J'-4..\1'1 ~~bl~

:fctetGU.r,dt ~~"44<CI

l ~tGM~ l:i ~ U:J" 4""'" cdt

tî\.c'Ce.d':lA.; t"( ,..cu... +rew~\ rLeP ~(M

~~M..J.:cn. c4 ~~ -w ~

~i~~ /ck t, ~'~\1.o;cL:..?~bre

,,~~ ,~ -t(,&l",-~rork4....twA-~ ~ \-e.

~ rI4.rc:.e c\'~ lIA~~d'\-\. •

46
47
49
5.0
50

51
52

53

53
54

54
1

G.L4. ~~ w-r~'~ cl< la. clute dt
~~~ 55

v



-'

6.3
6.3.1

6.3.2

6.4

.Ôr

6.4.1
6.4.2
6.4,.2.1

6.4.2.2

6.5

CMt~~ ~ ~blcs V~c:v.rç cl C4:>cp 56
~ c::'W\J cU,> &..oi.lt ..\.r. '\v 01'CoU_<~ ne.ktDtlS 57

2Jta.retÂ'(f\, d ~~(.,k J.s ~o1 eu.rs 57
\{~+ko~ cL ~ ~~oJA.'~ ~ ~".'.

1)G1.Ae.('~ d.~ctA.:\X' 5B
la. l''Md-tttJ ck l\'\~('JI~ 58
L"\ ft\A ~+to ~ a..'fti: f ~ dt 60
ka~~ +6\C.rll\A~ 60

e.~cl -e, '" S c;J- Ul C5 60

E.. va...\ \.(..JA.~ '*' i, e6·M.S~\U<tU""
cl ) / . (L. -
~V\.~ J'U.ACrlVC _~

~~s~\c, 61

01' ~ kM.~~ fv\ ~c.o~.~~ ~

-e,~~ .L Q..0\1..,J ~s4.t"e..ur~ 64

p~ t; 1W i~"Alc Je. \'" l!.6W1 p~ -
54'6\0- ~ \'~er~ tJ.&4.eJ:iIJe 64

D~.M c4-t tU.CA.l PeX.a.ti 6\-\ 65

hitV\ l4U \o\Atl6\-\ h {~~ ~ e~clC44.s~~~ 56

C6hk&i4\\ 72
GIl"k&.u.s 'Î d\A S et-

6.6

. 6.6.1

6.52

6.6.3
6.7
7 :.

A'" 'r'l"fX -C 1

1 1 2 1 3
Œ~ot~-l~ .a~etv.~ ols
Xi c:..c..p+<"~-" ç eX .> lf'\.(. ("<:..e.<)

VI

73

79

ao



2 'i/ t.~~~S";, ,,~ F!.~~c.,-----
rJ'~~A:t:~ B7

___~3_ 12de.v:s ,..-,J." proeket:cr,.,ç.-el"

~~~Ah:~, d)c::..e,"~ ~~etM:1""'"'

(..{5 Bt ~ -t~B6 j

lGo Üp«(~ ST

92
106

~ 0 l' ç: E, _ 00 2.
1

LJAMIJ~~ - ~d",..iu .{~n·)

~~Q~~~

liste des pl crn ç .

Mo pp€. _ 00 i', S cl.~~c:\ 1'~Îet,l ~ (CI cl~~r\~

d' e~~ï~ ~~~4"'" - SîEI1!l.

Se~~Mel. ...du bOlAcl~~e. envis~l .
-,

1----- . i'-".,-. -----l

VH



cbapltre premier

Introduction

Av~-'~

'i. ni<=J0 a.u~W1e...J-461AS /d,\A. pK d. IJ<.~u~e Jc~'1/\U 'pJ-"

IM~S l\lccc.o.J; »"\-\.1' \~ hic~t2 l'J'","" e<:\M~or4Gh du r'Cnd~\M~

.1. S6\).~ / cl.. """' t~ ~<:t~~llu >J.. )I.LS.!.6\4re:tS ....~ ~5\.\r(cUt t.:ù;-<.
J'e. ~'I..u.t ...... :t..}k~ 6l.l ""'" Di n,j \ 6KS ;k.r ~ e )"v\.,.~ ;.Q·e""r Ovt< 5~ t-II r

{ d~r de ~4'~a ÂAI\.o\( 1W\~1\w.'-e ~'al-t.

~c:\MS ICettL cle.r~ê\e. {aJo,", )(. '\}o', l' \.., c.ios~ l 0"- ~e.ra. a\Mc\Il~ /~

r: eo,,-'-'J~rer /J'-u>v }evA, le o~ ......el.. }-tA.t'-? d?~~5 1.-e...ulG\"'-\

)-~ \" <kr-it ~ .e.'~)lt\D"I.t~lT\.- if l, Yù" ~ ..~ ~o~if ,H\I.Hl-c'-

/'t'Vl<M.t4trtS t\A ~ 1"'1He:k\<.<tAdio~ke",,4J"s ~CO~b1AaM-;" i)a"",JL;or4,'o'1.

,....~ K-v.dtwe.wt', c1'o.-u.k }Mt .

U...... -+e..i 0~ '1' k <!l' fÂ 1c l'414 f ra.A.c

~ cl' AM. ~tM-~ ek.o -e. \°tre \1.( e V!X:, ('M,Jki ...eJ;.:'t'"~ i t:IÂ Sa..J' 1M.-t (. r Vc l1.i r

....~ 'lt\.ow.brWll ~"l-r'\ VI<~e-k5 • V"" ~-et:1:: !\ollw.b ~ ...... d< 1>~S()""""G:> ~ +-ro'IA.­

vuP..i.t IIM.. S..J:.:s1",et:cn.. ~ J(1of/.lp-ut, r...~ cc.A:t! iaJo,", ...J. ~(oc1d-er

lM ~o·~e.ttV'GI.Â.t}~ ) .. s'WY;Io;);s<.r t'À c~ }ro\'\.iIA..<"!:> \<, (J{~lo,t"i.J;

,1 rJs<t:W. J( -ÎA..~~JS' ]G\( e6VI. sdr-"""t 'h.C7'W) G\1J6W~ vn~i ~"t..r

~ 1MrC. /,'c.,.t}-« .. Je 'iN. /~5 :fa.;r-e ,-l iol1]'s dc'IJe.loHe....~

0'-~+ti ....~ 1'\,«5 .

1



t h-O'VI d Ju i~bl~
1 r ",-' , , ! ~ l'e. r ) \ 1\..",.' .

J\.I"1l\AA ),. U\v.I Slt'M n.~ r r oÎ"CY.l-<! s.'' cl "CM< d.( ~r -c C"t? ""'"~

~ <;,re;. \ L".tù\.o .a(C~ Cwt..C 5 Je -te. S .E-.l .& 1", r ~et. cr cle, - - . )

Cet f'o.et~s ~;'fl" (.4) 0"\0 t{ IMA.( (., ,'rv. r 1< ~.. -l: <cl. ...,; Co - ~. C'O"'-D ... i~J

46\<\<Ia' /;;~·s~~s~~ /.1: )~~~.n.. J'~r~~ ~~~1"'e.,.. ~

Mok OIMt~O'hu !.lIA rJS \o\u f\,\.o r ....&J. •

g~ Mv~o re;r le. r-«. cl e.w. tJ- r J. ~~ Y'~ "Ul , ""-0'\.v.J J ~6\t.S niJLl;rc

\~ ~~ /J<'tWJ Il--> C~~ )' &J.\wc:.v.t4a>.. ~wt 'Wo~S ;6nJ'~-

_ ~ ...~o r~r I.e t,,"crG<.lr ).~ ~SSOl.""C< ak<. ~(.r+(.4I.rs

cr~s t CA<! .1'......e :vw.,·tJI~(1\'\ J~~; e.x~t~nt( CS e t B) ;..

d<'Md:.Dra) 'h.ru" c-~t"lkawo t\Mll.><~ jt" }lMr r«d'4'l~ \~ 'f..~ )

.-J 1\0 '<k ,\>iM oru (,.o~o"" J le;w Y-YlA~U L.. ç.<=ettd1... ).~ c~I.(~ ~'J~ i kü,JI,~

"M.?\.VI 1~ C 6\H A: -r ")tA; \~ ?01 ( C-D'1.A rr ~ itv.. ,Jd.u;j <.M M.< ~Il.< <:Mf'.et.,r

-t ~""etw.r,..J.. 'r-W-~~etkCt •

9rur /:>C i<:ùr<. , f\.\.6\Nj 0I.116\1\q ~r0r- O-:lL) ,..J<M~ l'W\i-tt...o.ls dl AM iloocMte.r

\-e.'ko.ch'<A.r J., ~ss"W.Ct: ~çr~t.r /~ b.,J:t~~ .\..t ClJ).,.J~s~e..".r ~

/t\Mr~'-1'" \e ~~el-4I.r c1. cl..M'~ )1, -tr ........ s ~o{'''''...t~rs -et r-iee. ptUlIS .

eJ:t.. 1tu ok I\U'-M ~ "'M nJ;.i '1"" ~ctMo \ "" C!. dhre-tM re C<. et..Ji,

al;. -t e.~ cl l) e'.N. "r«..R r: g, -\Mu ~ c,.;, cl G1II Q . Ct. Cc r"\.\c. ) ,;; LJ "Jc~eù~

ck l'l.t IV-~ .v.. CGUA sc. ~ "'" .e'+t..... ek cL. et. n. )( 1, e.61A.a k ~ el.nJ:; _

\ 1 )J 1-'
(\(.s fl,L ~ etlM J{ -l ~4'\A.~ .

2



,-----------~~~ -

. f'Chapitre .â11

Schéma général
de la disrrlbutloo

1 .." 0

de IJenergle electrique

2.1 l ne ralla rloa s de prodt/ctio n de /'e~e':1te ..
i~ ,..~uw / cl-~ ~~<l'n...-- cl.< .f' '\M'\I'\.( ~ .J',~ }A' .t-L.~

a.I+u~,J-e.u"'~ " '\1.'1'\ turk - ~c.(I1.....te.u.( )' 'U."' ~S1.a:~C-l cl.: 4~75'kvA

-et cl. \Il< 1'6\4.~ -é;~eti-o~'~ ..... ok 11...00 ~A et-rc.ul'\ ~

St< Sotf\)tLec.. "" l ,i,"'\'''.nnGM1"' r1'"\ Gu CAl> r.l. ta 11 M trnr "'"'"
~l.~c... .....J... 'Sb kVA. J.>'lI.f 14).~ Jlt~l ç ,Nh.s-.Jt-V( l<

s-cLL-e I\UÙ't' l«-i.rt ( PI=E ;:;'001 ) -cf l''a''''''-~ 1.

c..", !AM &\Hc.n\<:J'eurs /J.J~t G-IA ta("""ll~ c;.u... I~ ~ J., ,
1

...--J", ,cli}M~ tuk~~l(.

le< ~'fMrc~ r~ -e~ r-o~et:n. A,t f~ ~ i/f)\et:~ ..... .1 (.,

JGW~d.. /c\:'~e('~ ~; ~ -t~ 'V~ •••,'\',l< r..\ '",,~ ~~~..k ~

.t~. E~ r~o"ek ...-- J.., ~ra~ ~~c.o 1< (~Q<".ne-r ~ .JW~ ,~ ll-et '>

J.... 1(O~et..:"", ~ ~aXÂ""'..Q( )-~ ~ ckr-.wJ" 1~ p~od.o -eli ~

l'MT\\..< .

~\ (J.""(.aet-~e&:,....." à.. ~ffe'rwt. ~et·h:41("s ~ ~u-i~I<, J~ l'et-\\'''-~ L.

3



Z.z Pfanl{/cafiolJ

.-
~ ..t.1 .f sfimarion de let /,ulsSetnCe ,d 'I/h'h's;:rf/O/? .

~ w ~ 1~ ~ J~ ~O~~ ~h:dIJ . r,..". ~t:""'~'~

.~ ~.....,J-,,,. "AA n-t'o:t.ok .......e1t ltl c.~c.~) )?~4er \"l ~""""Gt

~ lA .!>~u. ~ c..J.l, ~ .cflV? ~r~ ,M~(,("r \"!. CO"I \oI~~Ct

,...~ ~~ w.,\1J~ç \

~)A ~')~~ ~~~c't. ~ ~~ ~(!4-t"w('
_Jl. ~a.cA'"(,U.r )' ~{V,,~O'I-\ ('M.axA~~ ....dc. ci.et~ ~c.q..t'tA.L(

-t '}.e.kGI,A.r ....cl.c ~~\te:tl'\.~·l~' )'..w.... 1f"~~ c:k '('t.ee~t~rs

_ -à'<M.~"" -t ~d-~r ......J~{)(tt\\Avt~.

~) "..c..rw...'MJ. ..t~ -4 ~co/w.r~ ~~r~\\~ I\.v. :r-c\Ù.... \ll.t1\f t~

k.........Jt~ ~e....J' {): -e. rl~~ ck ~~e:t:~\-..~e.v.! ....d\-w... ~C.*~I

~ ~ +& 't""" 1", ~"""'-c.o. >tlJ1. ~~ />~ i~~~tM.re.

0. ~.:li:~~~c. ('.-..o.......:...I-.~c. > ~,,~.,~Ct d' ~e.\c~~ ).>e.ie:t

M..~rc. ..~ lA ~M.l ~ ~~'S -Vw,t~s.

L. ~CM1 ....cL ~ ~AACt ,.d'~.ew~d\- ......Jt J-~ .,t'~w Lt

~"'CM.t~ ~ A'fI. ...... exe 2

1. ~"aM.Cd )\.....J:;.:ti.oa.t:~ .....~ ww1~ ~(,("M~J

àt ~rer lA: ~.I'Q.M.e.". J~ ..tr~fo rMA.tGU-f""S -<i" s G"\I...('~

.w.~T~4 . Ymr -t oI.i~Mr C Cew.t,.~) , !ot. -tr~.storl"...t~r

~.stet.lle: ,Mo -\4M.L )~tW-c. .. <'t.}r-a.(~ de 2.000 k-VA ~Î

.A.M<.R ~~c... ~srd\~ ~ .23S2.. ky'Â j l~ ~Mo.Ct J'I\.JA'~....ti~'

cPJCM.r~ cyt- dt -11.:}b kvA. C?1ll>c,u\tu I~ -IoJ.(~PvJ c;-u.;v~.

4



'GC\..lole~ ,z,.1 : ~~ 'tAI...M~ ...-J... ~.....al,

bd~ ~~41.ce. ~~~CL P~"""Cc. Har'Y
( *-01)

~tetll~ d '-u.t:w~"", ,"~I\.,...{'

T r&\M.&~ Iwll"... d0~oMbll(kVA) (k\JA ) (11.'14 )
( % ) R,p"

C~~r-~ 23,G2. J11~6 LeOO 4D

2...000

1000

60

-f180 b1 .

:2. k~ (~~~) , -11DD bJA )( '2.

(1l: *\ ee:lte ""'Gtrçe ~ c.ot.IO\AI~ tA-. !""'HIJ~ l~ î-vJ:S rvw1'4 (tM-id;:'<t€')

Ce- -t~ ~CJlK...-ck M'M~r~O"I-\ .w.t.... ~ ~o~~ ~"'~~r

\e6 ~o~ J'~~~~ cl'" la ~~&W\Ct /Vl~~~ ).~ -j.r~_

i0f'M.A.t"w.f'S fu ~~cA ~f-cUQ.s.

t cI~~Ju. e.~l)nvv. O\A~ 1'VU .P~Yu' /1<...t<:w<Mc-of'(

MM.< /~ ~o~kl~;r~...-de ~O?\;V<Ct /ovy.}<~ ~ ~ô\k~1,6'\.tr

!-H<..e.tMu ~ o-h.... ((\l5"\M ~<:~ V\, C(1'o-l~d~rw- le" ~~ ~~

\" ~ du ot:~ u- /d~ --f.a.; c.O'V1. -56\>-.".evb: L1YI .

5



2.2.2 Aha &~~ d~s cour b~.de. cl, t:Vt-,9a ,

,j v-ec l~ ..dOl~(I,> ~r \A. ~JùctA:"""'" et\a. C~~\Y\~"""'"~"i'I<~
, ,~.

,M.\.r 't'~l. 'tlol"'C-CA\ /c.""""'o(.c:M.l..I.~ ,!111.~ 1---D\\.lirlv.l /a.~t~e.r 'tW-:

_ l;t /c.sw,SV'I\.,...~o. C'""t.tJc:.-i. w.pJ", .... co(("'~ } ev.. cl .... ~ l" 'P~oc:Lz a.11~

1 .J""'" lrÏC% a k 1\et dt. cl ... "'r'-' ct '"~~ ,

- L: / Ca"\vj~ ~~6'-I. ~ ~w~ ,r Q'\-I. ('M~\l.1V. CH·re,.,,~O\..,l

~ l~ 1~t)da a..U~ ~ """'~ J l~ <:tM ~rÎO k h-iC!_IoM..

- 4'~~ ~&: c.~~w..~ ~;t'Y\ J)~~ ..e~ ~ 1"~ ek.r"wJ

~~ 1t-ta.Xu ~.J.e..s rCorre.o1rr...d ûtUt .~ f'M.M .L 1W.\leJ" {~f3 .

(\lot J.'~w. ~ +~H.b kW"h,

le. c..~~V\l.eJ:..:~ Jl~~ ) .. ~ ..fM-b\t
4.(2..1- I-twl )~ le. tM~ t.ltWM.j,..u. -i El 85 .

1", ~'O-M~ ~~ l'Ma)t', l't'IoJ., ...-e.k. ('1'1.1~ ~ ~ 11c)- 10.f3

.,; e.Cl r r(.6 '\-- ev...~ ...--GIA.A 1ll'het:~ "'" !ML VI! ...--~ T1.1. r L,t> -cr d.'.-t.M... 'tt;u.J

(~+c.n\t~..~cu~ A~ d" A2 ) , l''~ ~"'~ A~ ~

~ ~'o..rri.t' .....ekrz:uJ" ~ ~ r'Mi5\..s. ~ ..1'~ ,.6"\A.rr~ r- [""
...ekux. (o..Her\'\a..t-e.u1"s 8"';1 t -::r"l\~C'k '" ~ -<M. ~.\ h.< cl~rPf c.J- s~

1<A"~ > )~ ~~ rok'"~ ~~ ..M'...,ek (~s=r:r bJA

+ ·1100 ~VA) ~nt S4,..( kvA.

Pa..r e..tn'I-~ ) 1f. ~~~ 'M ),( " .... C. G'MffW\~ Pvt:n- .... J..v ""'- lM

)..& ~ C. e..v... k. t< ...t..<a 9 ~ , -tAt ~~ 1-M le rot;."~ Y\e-\N\ e..J- )~

....~)C 'r'6'\A~ ~e",J A~ ) .tt.- ~1+~~t ~ /w..L.."..f ~}-o4-f.i,~,

~ ~~etrC\'l. ..tcrt-~ ~ -1(OD l' '2.- kVA 4iIX .z. 2-00 k.\JA,

6



-2 ..2,3 P/0 ni(l'CO fiorJ de la prcduc rîoo
d~/'ergie e/ectrîaoe .

91Wt SatJ. fa.W ~ ck M a-.". cl. ~J )~ ~~~ ~~cJ;w:'f'<-R ' .il eWTe.

~~,.s 1'~~ b-\tL ~~ :

1_ cJMt..- f"~6\-\lI.tr ~ ...tr~ eJ.-rUh.:J"~("'Ç ~~~r~w«J'".

2 _ q ~t"t ~Mcl.L, .ea JM.M:.o a.Q.+eA""'~eu( el"~ ~UJ ~6'\A~

~C04<.Q

~ • .50 0'1A rn CI( A'II"'~ e, .h ..tM.r b 0 e:U'+e.r Y\ ooJ--w r: .s. evJ..

4 q~(. )"Ç\Af'Y\eA"" ~ ~\( tr~~ e.te'bOiw.ç

5.. tr\o. ~rYI. ~ 5~ "r"nA~ à~d;.-o 'i \M .

-:fl ~~tt "J~c ~""1 re.~~\h~5\\~ to,~ bIcs ...-..k5

~\.~.,J (.(.( rs ~~r ,..Lr~ ah-e. ê.. L~ ;J. e..w~ ~ . ~ ~~"'M~

rw...", '(,l w.~~ t f>\..\J <MJ" ~ ~~~ ) ,1 C-Cl ri"e» 1" l5'\'\ J~ ,etl.\x.

~~4 a.rr","'~\Y,e..J:ç ~J~ l)orJ. ...e, ~ .ddwS )~ 1'~Î

orJ..u c,r~';)~: b575 J -5 Lft.(, 1.{ 3:rt ,
.( ~ av .if 1.100 k VA .

A~ J) '\A...tr'Ï. '" 1~ -tcno..rl'\,U" ;QW-c.e J.'~ 0'1A 1)~ . d..

....-C-G-O JrvW.S.iOoMCq ~v~ la )«V4M.,c1e.

E-~ C-Il\'\S...J+~ -4. ~eNe:ç .--d., ICl ~ok.e.t..6VI , ~ ~ eG)v.)\-~

~ 1 '~W a.. ~et'0. 'M. r- (1vIu- ~ .J:i..M a.fto: \'\ ,~..h""re

(-t~b.-:t:.tt' 1) /J.v.("~ ..(~ ..{)"""IM:~ .-{~82.

~("~ ~ 0'.M.lA.t~ 6i.Mv.~ç -{'lZ3 1 ~i.l- otT &J" 1 le. .-turbo ~

(MJ. ('M.~ -'\.lM /~ 't0"\0l~ ~<-od ll\o-.t .--~~ 1<:: 1~r ~t,.~

\ n) /

cJc. A. .ew..r~ .

7



'i

l

~)~'W~cf),. /d... (<: ~O\Mc. />ll.....t.·e.:,,~n.. d' I-l:> ~I~\I~

à-, "'" '"~ --1'1 ~ 1.- 1 8~ , t ~ .if H ~Cf\-1.\t,....... <f \"\M ~ l' Js C&v,) 1

J,'~Iv )<...IrÎ~t "t6\l..VO\\'" .{O\.tr",-u MU 1" }O~~b-\\Àt.i z .
gl1W\. -eH<.etA..u ~ 1J~~ fàJ:"'6\-, .icehO""';I~ .....dc.. 1.: ~.k.~n..,

Al f"W.dr~-l ~ 'a..~oÎd j\.ULA~.Ji.u- ......dG.:! ....~"'<1 ~r~r-.·~ 'i14....

\" Q.~Sav..~...J;:~.....Jl~G-("~ .d~et....:~ eJ' f~ .A1 ~\1l'yi~ .,..dc../,:;

e~fv>,M ~6\-\ 'Î'Mr fout. ..e 1~"'I1~ • 41"...c.,1 !M 10)\et.av- )< \" ~~oek

~ elnv\rc...(~ ~Ds~L~lJ·<.' le ~-<.'CO"l.t>~ 'f'-u

'.l#3 .bistrtbotiorr de / 't/ner!Jie électÎ/tjv(! ..

fe: k lïUc-a:cT")... / Je. -e~ cr'fÛ ),pc.et;; j'M /'" ~ ~ l-<1"'1% ~

~un..... .....d"tMo ~ -tw,.,.~4""" M.-d~ Jle.a ~ 0 d(.r ~ : .f" 'i"'.JÂt<'

A :v,.,st.JI.,J;awo d }t\r co.üe'ju<j -}r;lM.or-kc.I<.

L. ~k\o5k. ~Jottû- A<'VW> ~ C!.~ de [" ~ 1& .tM- /l.,J.t,J!

c.~ -c..:. //À. ..e)a\J~~ d'.êk e.'cO"'-D v.,; '!W <..t ~ t<\c.-I ~ ~ dGi..(.ler.

C<..~,-",J~ c!."1'-" "-fM~C-IMJL. Qil'\..hn...W\~e.ur JI I\o.)~- 41MlM.t<! t"

'f0; r M...u ~-u..J.. {{. "r--'-; ..rcru.t" .M..c ; d«J-.;.-01('d e.".~ .r 1~ ....ol:,~et"" rr

Ô\< :r..'''lIOQ {A..tÎ~V\.l ....t 'a.rra ok tn...t ~ ~ .yi- ~h..<.' e..... 1MIt!'-/ .

. ~rur twrW~ .('" r~~[;t<' a 1< f<.~;b1l;.t2 ) je -t111A~y

2k . f

o..u .>M.J(~ ......~ FJ( ek tt<rce.(]' ,~T,.·P.;;;ttf}: -; ~U'Lrt'tV.
:') l

c.e... t"vJ" ~rc. ~J,;e! /""'""V c,('C~[;uc;4,j 5

T)~ /c:NKqw ,4 -t)~I~rd ......c!c 1" /dwt.,.:~6V\ l tt:tet~Î

~~SIMlÛ )::.;5 FU .,..A-\l(.C 1-<.ty"J 2)"IM-Ï~ ..tllU(M. LL 1>Ml~1<.~

. d'lA. ~et<A.(r dt. ~Gt1o" hU .t lo~....-eLu eÂ..~-L -E.



,z·,4 conclu sion .

~ <l\M S / C( ci '" f1..tu 'h <l'\Ivo .::vS<1W;) b:Le~lM c: ..e. SJ".d"'" c:. i '" d n:'I..(

11", l'~~'&u.h:~,,,d< ('~"''Sü ~l~e.t....:cr-u ~l~ 'PFE-DD1 ,}JnM

t>VJ 6W:l tJ.~\i...lv. ~ )" ~ H 6\;1.< Ct C. aYo.s cr... M ('C M +~.:vJ e. D'VIA ~L

)~ ~o{ff'CÀ~ ~1~{,.:~,Jin.... /c1, Itt'{.<./at-(.u.rç 6 d< çtMu2i"t...cit~

,d~ ~Î'-u;, ok ft!a.1--t.eA.l.r> • ! C... alc.r";'u ~Jiv.r '~~ ~ ra"""i~'

,t1 1I..c..v 4Îr ,Pa Ct't r,,~té ok )c~ souét.: ~ ~-t~f"C k d<:-tMO<.lo,.cl<

,d'~U~l. ~1~4'\M. JJdtu ~dt a. 1\M.6V\.if,-t' 'Y"" GD 0(0

)e. 14 ~~u/1, ~a"\A~ fu..:,tv. ~(.)(pcn+)e. j Cc ~e.rl'\-1d' J"I..S'

,{Jt'tv'-l'tif l'dt.~.... ",ok -.e.x+w~'cn,,5ds~e-& -e-~aih c"c. fClÀ.t ~~·r.

C!{-w J~~a\lr IW êM~U' -fa. 1'<;t b\l\t~ e.l- J.&. tet:>'-~~k) J...

~ '-tUA dt ~ 'vv: ~'ClVI. 1 th 6\v.l clu.L.:« rv. ~ ..{ \'1<-\<--rC0 V\ '" c..K i n.... d<

iux ~(-&-a.,rr~ -c&llY.ll tetA.<;co'f)., "Aul( of,,<::l ~k..s 4.e.r 5'

~'a.u.1r( ~ ~ """WlAra., rJt:tts-el,s u If..:> nJ..-vis ~at~-lf<C:;

,..Mc.r \'" }roJue..tA'6>1 .a- I~ Cak<;cn- ""'~~ """,~~t t"-' -€.t. ~tt~r

ek ~)çew.u ..r ~f~bt ~f~w~ ~ =tD~o ~ 10( I\-<~~r

~OV\..kt ,,~ CA.o. l?'tr c.~':' r---~ lI!. 1,Vvt~ I\..~+~J ~ -é1.<-ve'u,

, J..u~ \"" ~ rook.etï.-6V\ (~ru 12. if '2....0 % ~ ~etû. }-v>Jv~'fV\).

YG\.\f ltv~~tu -ez r~clûu~ ck. rt'l;<.t'W cL. ~.J~~6'h J I~e-v-~(

.dtc."h:j'N , I\-",~ ~ro~~ ~ ~ ~~~.~ e.x ~-e'l.S ~x

et,,~~ Yvùu~ ,

9



chapitre 3
co .cut des courants de

court - circuit dons
les iristo/torloos é/ecfr/ques '

Lt C&.~OM.ClZ )to CC'\U"~.....-~ c~s _ cÀ.r"c~~ ~)(

tlfu-e.J's -pei-"'[ J'~ ~tD~'\,l\~~ -)<.....,.,.,& ~ ~~~D'I\h~~

t1\l. ~~ ""~ rc~~ /J", /~tra.('eAls ctcu~s /~ lI!'( r-o+~~~

~~ lCll i>W'.w.."~~1.~ .
~ i1l~ ~vJ. rcJ.(., 1~ c.~rev,. t.-ch c.t!WLt. ~("~ ~ ~~

/ccrrr~i--cn-.d ,WJ J1t'ew.t ~~M.2 /chw ~ ~-t"l..tI~~

oo.t.~~e1.. ~ ...u;,.,. +!"~fb("''M~w..(" •

g.1. (P'escripfim Je la tnd-tode ,de ca/Cil!

Jrno ~~s l">\.S ~ l'M~fu~ ...~ iw-. 1o.i ...\o.M cs M 1~.'-'"W •

}ror0oS'lc. '\--~ l2 i Ch (1), c.Jt~ l'M ~+t..o~ )\L}O?-e ,,"r t"

t6'" lJ"""ln-. ~v~ :
IlIl) 1 \ l

.u., ~}Ld~ ce, ~ o-e... ...... s ,.0W cL.:"" sU::> }a.(" -e., ca. (" rt. eu a.

..rw~~ ,c..~~o~~ ,à. -e,,~J1 W" tnti ..tr. ,..ts~ 'i.u i--n~

~ ~ Am ~ ,/.)Ul-.n.cc- j .Jlt;",/ JwitM\1e.v.t ",c4 M...pi~~
• 1 • Il l , )aboiD e.
M tJ:i. '" Cil • tl- "- ~~ t\M. CP ...ch -er~ ~ ~«- ~d -- .~

1 kvA .

10



• 'PDW\. -lo ~ .(f..e;~ \'" ~-t%~ <t ri~cl""-1AC5 ~4«'s

..Icrv.t

V X 01. ...
!" r ::

ID ~G'\l4" ~ d+cn'\~(M.I"'~

:t-.,. ~ .i- .. ~
1'"" -1..00

A~ la d.àu vM. 'vi~S'lI _c:k fr'tW, ~ ~ ~~ cl~~ A.t..L~..t.:'\9oe:> ,

lA ~t.lt.\.'l.1.Cc rd.., c.~ .. ~r~ A '~~t ,./J)~ t"
~ 6't\ .?ce.: _1_

L =2.r

lc.e. =

Pf'"OUJc:l.rt. ~~: JJ~ c-cJevJ~ ..t~ ~ ..v....~~~~ ,

"" U.kM~ ~ ~rc:l~~ J1.J~~s.. ~:... r\\.~ +ra:.fA"'v.l

~ sJJv-....c:;; J~~~of\Ja.M~ ~ ...t~ ~ 1~'X.tr~t~ Il ...l~ ~

~ ~ dt. . (..~ 'h~ e..e'\'\. '" c.d"ll"\I.l ~ s~ cL

\J t:J Wor ..u.M..+o.N-..e ~ c.a. ~ yJ- <:~ \.A..I..Wn.\ er ..ec ~ I,..:t ~ l?r.....

c.o..Q eMJ. e ...t Ic<: . c..dtt. sofW'I..C,t cL.' ei..t. ~ Ic.c r<.cl.~J..../ .
J

11



3.t Co.I cu r de-s co LJ r~ 1'\t s ,d e co LJ rL ~ r CM ir
)J~ ~~f~ G"M 'f'v .-t'~ -4 ' 6'\Vt. cA, )..t' er.t .:.v..t cr: \IM.l1+~ \\.l'~W

""'" au ('M~eMi" ...~ d1~. Q." w ~ c~ ~ 1~ d.:.fVil­

r~ ...~ ~ ~ ~~rt.

Hoo kVA
K~: "J..rc/..
2.:2..0 V

-tUe k:v~
1,)<:<.: of.'$" 0/"

1j106 tLv A

XJ,': :l[o/~

2.'lDv

43'/C kul!,

x'~ " ~~o!o

{,bec v

(; 5sc>v' ---r""""------...,...=~---...,....E:l----

3. ~~ hl-!
~. ~ =t lI)- 1> -~Q.~:r l\l

A
A~A~

'2..

...
4.l+ lo-.I li- ,li l1l....r

B1 ô'\.- 63

12



Chf<Wtw A2 11\< A, :

let I ..G "2,-g '10 ~1. J"6 !lA': = -
~' 0.).(â

'\... /l<.." kA-

cp~faAAt <M Bi.:
• Si Iq +I)('\..O

•

Je' ~~ sCAJ &ur le J~f~ ~ B"
1~ G

:. 3B :. 2,,6 K'!A .A.- 3 kA- -
~' D. ..,.1Cl

1
I cc

1.

~ C.2 .'2.-=7 Ltl-4 + LI. \.l [Q -,rJ
'L

~ = 1-. ~~ k\l,\.

~~o"

Icc. =

cr "ckretwr ~+,,-U~' -4<

e..(\4. ÎWN aM.. (M4\ 1'\;1 2âc::JI r"lU

l cc, '::> Ie.c.. J.~c
~'\ A..

...u,.,.. Pcl. c. cL-' a.u ~~ >v:l

13

A1 ,/cl o-\A M e-\ ( .AlM. ~"" \1nr cl.

lc<: CM 00.JU. \M.1.l1\A • G~s CrI CAo



4i1~ iM B7.. tS\< B~
lt .Çd.'\\4~ .é.1~e.t..:.~ ~ ~îJJ""",Cl.C; ~ \~ ~"6Wlt

1 ~

~ ..r
: 3.~3 Il).

1- :.
=t.po

test

31. .s k.vA

Ic.c = _ 2....8=1- kA ~ 3. kA

Ql'~ tad" -ta

dt !\1....ro Le:.vA. ~

e.cv..raM..t l'l\.olMÀ"oJ _~ +<-w.....~forM~r

JI(MIJ'Î.~ .Il~2 A ..Ç~ ~Goo V

i?> L
0.0(,('

= 2·4 kA .

1s'"tl..~etw.rs -tLA ~s (A,. g'2.. -er E> 3 ~~ "e.,J"" cu~ -tlM.

16\A. \Ji-. t- ",cl. C?-Irv.~ /~ ('M 0 \ \IV? i'~eJ ~ ~ kA.

C$if~ ~ C'I , Cl.- n;. C3 .

'S..... e.~ -t. ~ cUfa.vo("a..~\~ ~ e.J'.A.l ~ /e.orr""~6"rI.~

e:tv ~(5\\ctA:~ \U MW ...c4 À~ ~.Q.J;(.V"~~~rs -w. ~ttrct.-\\~ .

l c.Àr~ i\e~~ /cor~~ln-cl ..u-t 'rt..~<"~üJ"~ ~ ICI

ttA« ~IJ~.

14



._~- -------_._~.~----_._----_.~----

::

B.z kA

;b~ -4)s~ettw\-s ,.~ eU~M\;:, kT (66oov)

..... d.nll~ rw cs i (' À,l. \\. 1>6V-\J a\.f" .....L e /1'10.~rt ~ t> 6,;:aH tt\t ~.J

~ ~ . 'L \.:.À ~ff'

br....w. ~ ~6V".U ....d(. Q.~{t.cAf~ ~ \'~M~ À ir""",-storl'l<'I-

4-~r' .1,. ,~to..l'~ ~'v\tAî-Ovv..X /.>uo.. tri.'i.~ "c.~"",,- ~<ll;J- le..

~!:Sé4(U .....d.. C-6"\\.rt- ~('c-..Mx a..uKt~ e,\ \ C",- ~ c.~ .

~ ~ ceJcu.\J. c,.,'. -{"'-Ut -e.t- Ij~ ~6.-b H.UA .

N~-teM~ '\..llWJ ~~Ol"cl()\o\.s le -yw bl~ ,\>0-1" /J.4AAt .
.D c:Mo-!> e.\-a~ ~ l ')..ll'\I.& ,)è ter ''l'M \'\~ I.e T ce. t;.. \ 1GW~ l

).-ù --tr~ste"...... a.t:iz.u.(' . ~ lcc. ~ 0 r r e-e \--8'-\- ~ C-6\Lfa..J'".L

~rt4 • eÂ reuÀt a.v....crwt -pntr \~ di\o-<I\rt":> Ç<.c~J..M.rq ~crre.s.-

p~~O<M1:ç .

15



ell\\I.\a,.;.~~~ ~ I ec ~w.axr ' le{ ..se.ct:~ ,k C<n<..4..crC4rr,

-er le; \~'ftw.r,.....1.< ~1.\.J.lS~t.:1l'w,) l ""nt..o ~t\,,~S I-e. ~bl<Au b4

ef\.t la ~1.t J'2\1~~1l\. ~ Ic.e ....d... kEf2.L.l~ &sl2.I~ (~)

1\ c.. Il

Dt) fGW.~ "'"' 1-~ ]):

1e: ..Ç eU lA. a ~~ \l"'"1c.W a.,.t- \". ~~ 1A...r :
-~z,·~"?.l~

1_-.f= ~.S lU
D.oT

2..000

~ 3.6..b t-ouJA.
1 --5:: - : 2.43 /0
Pcc.

p
-cc

66001 uco V
'2..000 !(.VI>.
Uce .:. 1- %

.=2.. 1 ) l,r '.2.." l;Jr.v. .: l. 2..=t 3 -+ '2, . .Ç" Cl :. \? ::.
t..+

I cc > ~ -= _1 _

-l.r. 1l .\f~:Ù b.L.~.\~.r~ ~ ,~go
"tb\"

lcc - Z~.4 kA eff .
~ ~t.dO ....~ CA-'eM.P~ .....~ c.~r~ .k c.4\A.cr-c\.("~ (Â,\.<

1~~t 'E.. ftcn.J" 1-(i~~c:'ç ~~ ion",e ok -I-~\û:l..U }.4'lA.r
~ b Il t . ~ "J- jl /1'1 " liA "
l/{.~1'-'-' ~it<:l.r ~""~r-~; C~w-4 J T'\).wr~~ ..u- \o\\'I~x.L,

'1\ ,1\ Il Il Il ï \
~~r-'r 1" rik re:et.:a;.. :T : _ce :: 2.4"; 1.< À eff G\.u }o;..r ]) .

C<.. ài}ttrr ....a ~~ '\IAZ~ ~\-t if "" F'fa-...c.. ~ 1(. ekll'-~ Il C Il •

16



'R~~~~ a:"",crJ: C3

~ec ': ~(.b kvA

r. Lo- r

€Obol> 1400 V
-'\000 k.uA

, o{
U~:::. J t>

L Q...Cl"V~ J... c.O'Urt. CÀrcW..t /<:tl.< tnw [._So'n~ ~dow1""e-'s (hA

..tAIo\<.tW

17



T~).o l '-O..A,.( X' j . l ; ê 0'vI.( o,.-.j, ~ C~ r ~ ~ cÀr-ctMl'
~ cc""-v'.t 1 • .

1 .\., \_ J/J ~d·._ , -~
AA -"';"'J'~ .~.<;. ~~etCM.(" ~CllJS -....vr-"V"O ,,6e.CtT>-. c;l~stll'\.\.r c.v."'1""

)ef~ ~~c,i.1-~ .

T4lUMA3.1: bc1.w \~eM-tr~ (\

...:;<.

b.<'y...-r
CA( C.u

Sect:~ ~~'Nr Iee. ~'l-o..rt ~~ [...,&"WA r"\'Uô\l.d~

""~ \
.s~c.I\<~ C""'.,."\.. owA.!

llM"",'-î lCM ) Um)
( \l~ e(t:)(kAdi,

Q2C ~o b0 i~ lX. l:rC 1f A~O <5"

Q3C. t..o bD -t~ Gll8l iD 1.00 <~

Q4C '1Er Ge 18 Ql~ l -1'2..c :ro ~4-

@S"C "'s[ "5"0 19 Ql.oc.. tI,(e 60 'lB

Q.GC AG 30 b Q2JC 1/ 1.e Ac 0 "11

Q:rc ~'" ?:la G Q1-lc.. 1~ L.oO G
1

Q~c n ..e 1.2 2.-:' Q,l.sc.. l.r '0 <5'
,

Q..gc. -'tG 40 ~ ~U-lC qr Ll..o i8

~1l1()C ~SlZ) rlJ ~6 ' .. Q 2-1"( - 60 ..

Q11C. 4 1.0 ,,; UU1C --tG 60 <fi'

Q11C ~o 60 18 Q;\ c b 60 <-s

Q.~3C :ru bo .-11 QU_L b bD <5

, QILie ~ S'a r; 1:1::'0 C- -113 30 b

Q1ÇC - ,3DG _.
Q~~c {(o ;co Ô

Q1bC =te -100 9

. ' .~

18



T ~blccto 3.Z tl.t'~arr IIT('Îtu,...~6X Il

Ic.c.tl", •.,r :: 2.41+ kA"r

!k'1-aA'" "';;~~l"M ~I.l:CCo",dlti"

(%~'l.) (lM) (kA en

Q 2.-T d~on,") tr 2-0

QST (1 SOJ 1) t.r 2-D
---- -

Q 4.T ~fOd,") 40 (8
, -

Q6"T (2.ll0 X1..) -110 14

Qf,T -15""0 i ,Ho -11
"'..

Q~T 35
! ,;
1 110

QCfT .rC
i

1DO r
Q1DT 'lb ! ;fSO oS

:

c911T
!

2....f IL l~

Q\2T .2..<1" 100 .r

QfT ~
• J

PV"\ \II-t<
r--

19

1 1/ Il

Te:U, 1<t'CU 3.3 'biYet,.t A-... lA. d:.Ca

I e e ......."t- = 19.i- kA ef

rk}-a-t' r 6A
lohf'f4, Jcc ,J

Sed-i6n "ll,\

&'lC"",Ja.<l"t.
(M.I"t'I\..) (1Wt \ (~Ac..f)

Q2A 1D ~o 5

Q'5A \ ~g5 ~1.- ~~

Q4-A 15'"D 1 1bLfO

Q5A
1

J..f 60 .ç

QbA ! ~b !1D S-

Q~A
1

,
7c1 "lb

i J"1

i

, -
QgA ~Iô

1 bD ,-

i ~

i

,

Q~A :2[ :j.6 r
---

1

i
Q {DA. '1 /10 16 S"

Q11A i(2UO>CL) -too 13
-f-- --

Q/2 A 1 ~DO 100 /lb

QHA -rD 1(0 ''1
-

Q1~A -1.6 40 .r
,

1 • ,QNA f<.1 erve: 1< '" ",'7'''' ~c.<



~.~ calcal des couranr de caurt-c/rcult mÎl);rnVfh*

qcMv> -G. ~M-a.î'a.}W. ~ciJM J ""-NVJ "")OW-~ +~ ~~ '}u 1

...-du ~ ~ JW'v\ seMi <ÂHar~ ~~ ~>t }w+~~ 'P~T" ~

'\TClJ~r ...-du ~~ l _~~ ..& C-<J".;,.<~ o\~ K~{c<~.e 'lt.CÀ"...,.;.~ Ir+e.

,OvU ~O"vWo'V- ek C-CT\A~ (p<:J C-) ,

cp.o;",... ~~~ ù~) ).-€.' M':)Q u.a.t<:"" ~~ _Jv.,~ck"~

-4( o: cl tf'r+.l~ 1-Cl'VJ\. (N?~ru ,c..d:U 'jvw+~dA.:~ . cD (i\Nv> ~ c <v.l ) e.
~ c:L-i.t .s~s~ \.e:, U'>\~t;,: ~ ~'Ir~.Ç :

t ~O'\<. PJC- ~ ê.k. wt~r~eur b'\A iêr'\ ,"tM. """~~ O-M

~ ra"W .k e..~d"- _ c; l' eu.J th.~~ "

2.. c.~« ~ CO"\.<ca.-W ~"'\!""""M d.. eO"W'k - cir~ .L"W'O '1.vh.

Xc-w fa --l C,..(l'I.ooo, ~ A.-t.:&<t Vvicc

4e.~~ ...~ c-~cll.L<:"h:.(Ar .. ~

\.(." +«-v. r te. ..\.". r-'1"1"~r~ ~

~~iN. t'-~~6VI. "k 41-",J..M.t }~ "

-}O'\-<.( [", ~Dt~ l!'h }ttr ~~~k ,

C-Hrv.,"'\--O"'hol 0.... C-i~~ ~ l~ C<1\.<J'vk d... ~~ J....

-et- d<lvt ~{.,~ -t;. ~t. ek (!.~M,~ +e.~~'f"i ck.

~h_d"~r,

t, ~"~~.z5 ~ cl ~~ ctM

t Oi.\ rI", 1'11\ dt l cc """

cLu -t~~ 5~ Ac ck

lot ke.t.:n-. cLv C-NN. -d" ..B, (!.~L.'Ï.t d..u~

l<t l~~CM..r 1Y.".etJ< i """"ï.!." ~ 0 ~ ~~~ (10'0- yu e-u.r

tu,(""\. ~p~ <M.r ~ 1 a. ) ,li.. l)~ dc

t\lf. C- IS" _100 .

20



tl~~rr ScAiort
c.ouraf1 t' l.o,,:\u<ur l.o~~v",,,

....... 0"". n,,( r~'el[< 1>(Oh!3",,~I,,-
<- rw. ...1.) .. f''''101. (A) {".,.,\ --'."'" \

Q6e- -1(, <6ù ~D -1lH.1
--'---

Q-te. 1\:, 8,0 30 Al\U
.

Q,q C ,10 80 Llo A 4-~

Q1~C 4- 40 2..0 [t'

QfTC ' Zr' ~D 1["D 2 "LoL_
Q(~C 110 lfD -1DO 140

Q1..)c 25" lU 60 140

1
Q2-5C. • -1b 60

,
bD 114U

1

Qz.qc 1 -10 40 60 2- '-5

Q&lC i b 40 bo -<co
----L-----

!
1

QJ:,2. c
1 fa 40 Go -1.00
i -- , ~ '''''- ,

(Q1DT 1 -1b 1 Go ,(~o

<

.-( f?(),
i

i !
Q12. T <'5" 1 80 i -100 LLo

Q'LA Ao---te,-;-i 30 70t 1

QGA 16 4-0 i 10 24,f
,

Q7A -1b &0 1-0 , 44

QSA I1b M bD A4-0
-

QCJA ~.( Bo 10 2.2.0

QWA 1'0 40 ID ,.:r2
QI:iA Ab 80 40 14-4-

Tabl~~ ~. 4­
V~ ~. c e:;J;,.'av-

ak l.. CC1\A~rt

<4 C 6\-1 f'Pl .,.J-

cL c.nA(r - cù"'~r

4<lM? le ta.l.lea.. t!.A.. d.e.~!>aLl5 ,1<0\\5 ï""r<tro.... s It.s [onjLJC4.(!> r~ellcs k~

C:;te.u..;t~ ..-dU': lO"jUW(S 'Meu''<WI''(~S 't-ro+~»-l", r~O"-+rt. les ecuf!;, ."cit"C.vir5 'PM

des fu~bles aM.

21



3.4- coocto sîo»
CCo cL.~ lM 1'0 àl ..tt-~*d~ -{, -&lAk ..-dt ~u Wl ettre GU.< J(

-U~ta,.,Js "de. cl., '\-- 0~e-<' ~ \JPl.,,! (.A.< rs )~ c nA r "'- \l'}"S .k CM,r -

e.<,CIM.-t ,,~ .Kov..s le" ~"C<:W.x ~ d6\~c.vJ-. ê-tiu. ~d-""I\b.. \""':, J;sro-

r.:r\,~is ...ok ~h.~JV\ _,t~ 10(., c.6\M"~ - cir-ctMl; ~s-1 b\~s l1ù.

cl!.~ot4tl.\ ). b<.\vW-s 1\;J":~~~6h ~~M Ic:wx r x dt IoM('(.5

&T , 1l->-6\,4.d "",,1 t't06\-\.S ~c;V,;J trC\A-V~ ~ '~ 1-\.0""~~ : I~ ~~crf,\.d)

,;"., sr,:J 11.; tr1A ).\M:)OcA.~(M ~~etwr; - ~S-;lo\! r(.'cJ..i~~f.. ~

,/~ "r-nt,\TN" ek c'vu~ ~ frsav..lL.. Q(. 1"'V 'kcl1Ao ""' I~ onS

~M "~f'u ow~c ~oll<:Àe;,1n... /e.'l!~ ~ C<1lAr~ J, ertvr"r_

c,ü~t ~h;f\.<\U" "c,Joul~ ..-GtM r~rt'18'a~ ~.; '}tl.r r-Apl'oV-

P.M C. ru.r '" l1X l a ~ t'\ di ~r~ .--?W W>~ }- "'- Î '"çc '" rt--e

t'Jci+~. C. t6wrr rM 2tu ... etuJ.t~' ~ ~'6\-\. 4en< J.e-;,

U"\Mb~~ ~ ~y;~ ~ ~4~l.\(.S ~ cll.:, c.ll\Ad:l~ cLz -e.:~h ~

c.~trA..tYlb -ft.l-rV\.<Â '}« ck ÎC~' ~c.c;. ~ Ure v:U'f~ 1--.::1'

le.. a}-l.o-ifcwt; <J'" d~-\- s.<- t~r< ,6<-u.!c.lM~ t-c1L-U l~ ~o~ "1.-

~~ ~~chw.r- ~L,rl . ~< ",c:.u. f'c~~ q ,,\\.l~cl \M~

~tf<-0M.e't ".-0lM 4",-t,,\laM 3.a..
91l\.I r l'Ci. ~ .Il,r ..-----~ ~t't '" ho<ev<.< )( J.e J.,:..,t.. ~ t,,~l1V1. }- tI\/t -- ( <,

cl~l; +er .w.v,0lM.l( , \~ ~~cl-u<'S ~c,t~Ls en.. ~ ~~ tdler

àc\~<Mt CHla\C- ... <4 t d c / C-O\M tA·i;"t~\l~ ...a..v~ \'-1 <26\'lrt?\M.t;, #

C-6Wt - ci.Î~ t /~ +ovbl<a.u x ~.1) ~. '2. ~ ~.?l.

22



Chapitre 4*
Verificat/on du choix

"des côbles

GC\ns ~~ e!"7~' (h.1l\M ~'"'jl"\v.> ft ,o\ae..r~her- \",

pe.et.:-"" +e.e-l~'tW de' ..Q\~.h-u. /ol~ c~blC/,). Lt1t~ "cllrer~V1~-O"

/ck \.::. $-<..ct.:on -T-<..c1y,;,'t" /c..~<. /~ .kr-ouvu Je::. 1k,,1'~

~eet:on rvvor\'>\&.s<'c. IAFr<MXc.VJ~nt ... CI.M .tjÎ~ Jo cdl-k,lt- clo-W-1 .4"""'

,6~+~ r\'>\..J~Y1d",,~ Je;-, C!.6nJ.:lGYv.> ~v~<.ç

~ ~1c1GULf\e""c."x <v..or""",,\ (.$,ee.t:G'h Sd )

chut. Je. ;('Ûd-L~ o.-d w...:. s y; 101 e. (S<e.t:fI. $ le ')

(~<.et:(5h Sc)

( SeetUno Sr )
S:t. , Sc ,SÎ' w ta.

'""" /Â <ire. e.tu~<. ..AM" ~ ,,<lUt"':: MT.if

~ \Iv.€Mt~ "J" ~ r e cre.""~ l.;, ","" ..\ 'U.l 'S ""-' S-e,r6\.,r

CJ;k -» t; "f\ e.4~

t c~

1<>.0 "\?~f~s }tCl\M 1 •
'\r\.t Cc SS<'l.< re.

23



~ .1 Câbles /vtT

('.v.. cnr \<lI.t . .k CMiÀ aM. ) ~ 13<~ ,.,:i <:.O'V\~derU" .s~ ~

.J~ ~eet.(n.. -i-"" 'r--O':l~ 1-OJ -{ '<.'cltW.H~cMt cl.u e~<

'V -\1110 IoJA
l..l.o v

Cl.-

~.

jJow> ~0W1 J.. co,Rc..& '}.n..r A c.~ ~1) Cl. ) S e.r e.4­

!s cô.kt, Q.o /'~ j>r~~ f ~s t"'r -t ccJW).iwuck<-U.r /.4 r+
~d:M,~'''M • 1. -S \-< ),~ ..v..li~ r.. '~-.r ~ Cll'V\ \'IAJ , '\. r\N)

~ ,
c-(;\. \:,.\ C _

~-{,.{, ~~.: ~

'1- ?-L.- (~M Pl( ')

k..ohd-f:2. 1~ k.v _ 1 C <1\- <,kn:keu..-

cl~1--- -ra J; c;J

\..

"'" '.:wow> 1-M fM-t )" \)"~fc..x..:~ ~

l ~uuw cL ~a MT ).t

24



/
./

.e, ed.bf, ilS\1..cli~ hi /- ~a -t~A""'r-~~r-c.

~ )
/ <:1. -{ "l"'W .

cl =-AV~ Jf1; :
dCA<......J.X J... Clf"'-(,~

(;8=
J.cc.

-1. ~CIS'<-.l... 1-6\1.(' li c.~

~OCO

44

=-

l a. ,,?,,,et.:en.- j:f'A 'fr scw.ti

.Ça -::. -1 Q.\) 'ho '"...

'L /-'~~ -t-Cc!M"î"" ~<.

~<-et.:a-... t,.t' .t-~~.J;w.e....r ~f~w(t,4 \... /lA.et:cn. ~c;hJ\~ .

Ct. "1"'Ü ..;- Co r..-cc..t1. ,,(Mfc.C A).N..< ""'" M'Y ). ~ cu. ~'t.' ;...... ft's~ .

25



l ~~,.~ /~ ecdcuh ,41\J" ~~wb:'s /-'6lM t<l'f~ d.. +~ew .

i ~"lou..L /->~ ~~G,.,t:~ ~ "-al;) ~a'J-t.

Tabl~e:ut 4- .1

(t)

c~ S· II.' S~et:\f)\ S~ Q-t,q-.j~A.~
" ~ +cd..wr i~T...\I~

1

,
(1\.",1..) (rr.. ..'-') (.........'l..)C~.:-)

:::jo A1.o .-1 '>0 M.-tr~""w"';lI'..";el -12.0 - .
_ 5,""",;~"';r(

C-i. lr .ro ro ~C> o ït:::
-

c.~ ~ç ,16 +0 la o.i:
-

1ù ~ (1<) 16
(:1»

C4 tr 0.1<.
/

kT er I~s

26



4·2 câbles BT
q;~ /'~ ~a..<f'Gl~ ;"e..J s IGa ~ ~~ 1.:.0 --\-evlrl",~"

)"~.< de. ~fn..J:<:~ c1, c,\.rC<AÀJ:, h:..-..M. 1441<"
r' ....

ok ,.o~1W,) ~ (ll.\X ,\-t.('~- /~ ,/~""':'Vl~ \"

Œ(lk\o,~,:>~ --4 C~("<l.ot~~~

~tCM~+~ ~ -tr~1-~r "'" A;L ) k.~(

6, \) cLt...!...rCM.~"" " J~~ 1~ #,r
}

l)ic.l~ffe ....ewt__~ ~

\" cl...h __~ +CMM~ ~~

~ (~ .Q I~) ta.- le fcn-..-k
-1 ~ ::- 11--n I.L r.t.

.r % ,~ \ .. -tCM.~"" ""-~"'~ ~Bov.

"""ê-.. lM~tko cl 1"" ,..c.eU /<l..'~e. cAM

~ ~)ivt "}w, )<'r~

kt«...,;.VI~ ek .s:j

1",r"or-c4~ ~Cl(cl~.'

t0-u~ ",-...c.:~ J. ~ =è.

/'ek J. ., .RA.:W, cn-t. 1

l \<:; t.:~fu eM ~~

)" ~~ lJl... ( !::, lJ =. Ag V

~ ~cvi( f~r~d--c..

»~n... t~clh~~ /'~

. )

J..: r.>...et:" fl-\. '"'"rcP-« 1- al\..

j~ ... __1-:_. '.-\.
~ /~~'" 1 ho\."1-o:><:.L l' CV\..

Si. .AoC ~~iGl""";"""

Jo. J '~.,~lJ4\<Û -p6W -e,

.M... ....2cka.tew.~ ""'f~-tu("c.. ,/~ \" V~r .J1..6\O.V~ •

~ ~~at., /.1, /e~~ l'~ 1-r~.....t~ rcnAc' cl",~

.tAA,~ J-., A ,t~"< ~Il~ •
/

l e~ ~~ ,-J<>,w, j-~5 ~ ~tM.oG1N3 ...,r .-t U 1000 TZ D2. V

27



LcM.oCJ\'\
P"';"".-..c. 1 L $' ~ -S'è.

. ,f"et.:", rtot:.:n..
~h~ ~ t.cl.~,... .:.....-t..II.:
(lev ~ ) LA \ c..en.. ) ~ ...l.) ( Q.!k... (~..:)

Itti.:..w Crn.";-)(~ ...t.)

Q~c. _ Qtc- ~e,o ~=t3 Go 1&r o.H
1

?lf 1&r ~e

- Q~c. -t80 2.=n Go -1g.r O.b~ ~.r -I&!" .2.4.0

- &4 c.. -1,fIl 2.'-& bD 1"2.ô O.~ l{ '120 19,Ç

- Q5"c 1&D ~3 5D 1re
1 O,~ 'Z.~ 1.ro 1&.(

- &sc, L..o ,30 ~o 4 -12.~1;- 1. ç 4- 'tE,
: .•...

- (H-c- 2.0 ?io ~o 4 -\2.• 1.- ,.,.~ 4 16

- Qtc. 100 -lS2- -il. 10 6.0 4 7D -12.0

- Q'Ic. U ~'6 40 6 1.1.- :.>.r (é, -'\'"
- 010(. .2.00 ~ .r-b -1 H' tl :"1.- ~~ 4gr" ~)('tr

- Q11 C. ~ '8 2..0 -1.( b&.& /{,( -1. r- 4

- Q\2.C 2.co ~1! ho ~o D.4b S'b '2..I{o L'-\-D

- (2'H(: gr 11.'1 ~ .(0 ,01.41.- -1 b . .rI:> ~
1

- Q,,4-C Sb -tb 1 ,fb 2\ 2.'(,'1 , L.1 2..(
.. '/

Qf.(C ~
• "-'.;rI'

4rël (ù:> 0·1-5 1"[ 11-0 ~- -'ti:i "'.. ..
";""/l' .. 0

- Q10C. ~D I1'1.L "1[0 SD O.bo 1f Jè i"tl

- t9 R-c 20 11) 4-"2.0 2.-\ \Mf 2-f l.-\ 2ç'
1

- QI~C. Â,o A.( : I::n:. b 4.~1 6 6 /f.D
i

- QI"L 1[D Z:l..:& qo H.o o.S''-l '~r- .-12.0 112..0

- QLoc Ho H~ Go . iS'o O. (, -=t ~.r 1,fo -1~0

- Quel Ho .z.r~ .-11,(0 12.0
1 o.~o

1
:::ru 1 2.<;):, 1 12.0

0'

28



li~ l\dA)
r L- S' =2.. 5 scc.e:"" See.I\",

teel-~t ~v..Jl';
(A \ ("""') ~...~ (n1k...) bv,,;'-) ( ........'- G--...~)

Q1C. - Q ~2..C A.oo "fi 2..<..0 .:1-0 O.~~ ~o =tu 1Sb

- Q23C. 4f 6& '10 o1b 1. ~ 0 10 -th .2t"

-Q"V-Ic.. '\0 ~~t bO 1D -\~\j. 1G 10 t.t[

- Q 'J.,fc.. b.f ,(0 bO 1. r 1t .~ 1· S" '1. S- 4

. - Qloc. (, Cf
1 30 --f.{ \1.0.1" -1.( 1,.( /16

- Q~?c 1De "-ft.. 1 ~Do 4f o.~ 'l~ tir -1.fo

Tt'\.bl~ 4·4 : 1-E.PAI(\ AIVM~)(ES (Q1A)

Q1A.Q2..A ~4 .2.4 ~~ i.c o1"1.Ç 1. S- t.S; -'la

,
-Q~A 2.ob ~"U"4 12- "U' 3.01 b hr 1&~

-QrA "\0 ~6 Go U .2.4\ -1.0 U U

o.6A tï "''1- ::}o 1..r "11. L.- ~.~ Q . .Ç 016

_ Q'tA 2.0 ~ =fo 4- S.O)- do 4- 16

_ Q1A I:t- 2( \)0 4- ::t.o-S" 2.. .s 4- -

_ QqA ~o 4-6 '70 "'-0 1.~ 1- -6 -10 ~

_ Q1l>A 6' ·0. ïo 2.-S' -1~ 4.~ z.r -to

_ Q11A ~o ..r.!1.. 1t:o 2No",L 0.1.1 ~o .2ucx"\... ~Dx"L

_ Q12..A 2..~ ~"Z. /[.cQ ~ Q. "3.2- ::te L~ $00

_ Qf~A· Aoo ~..rL 1'2. 70 6 ·O~ 4 :t-b ~o

_ Q4A -11f -1:r-f 40 4-r Ht AO ifS" "!.ro

- QISA 2.- ~ 40 4- &.H 2.r 4- --tG

29



l~
p L .('. -f.

-S"eot.:"", ~et:~
l S~ff -t~ol..~'r' i"",-I...\I";

(\.c.V A) (A') ~) (~) ~Ik...) ("""....t-) 6-- ...'- ) L'Iv....'L)

Q1 T _ Q1.."T Ho ,fo'L 1..( -1S"0X2_ O.g~ 14 ü·Oxl.. 1S"ox 2..

_ Q?T ?1,A lâG ~ 1ro ..'L o.q, 1.(' 1~1> l( '2.. -1Sox 'L

- Q41 31,<) ~t" 4-<:> 1S&J<'L O.St ~r "'S"o )( 1- -I.ro x l.-

".

- Q~T He H T '\10 A.'6Sx 'L O. \"1- ArC) 1&~ x t, 1A.I b){ 2

_Qn '30 1~1- /140 i-~ Dal 'L;) 1 =Fo /lro
1

_ Q:tT .ro 1{, -110 2.ô 1· 61- Ab U -

_ QgT - 7c. -110 le' If.3. 1- ..q, U ~(, -lo

_ QqT ~ 'iL 1'00 tf ". 1.- 1b U -~()
_ QloT ~o 4b Art> 4- 1'b 1b 4- /(b

- QliT SO 7(, J11. 1t> -tl...ob -t.S- -1.6 U"

- Qn.TI ~c 4-f. -'100 -1e '-.5~ /lo 10 <..r

30



lI.3.' inf-erconnexions .....des d€'par/-.s !3 r
9~( r..JI;e.< \)"""'c:o"'\J~~ J. i&; ~tv,:~ov. ra.J'~}

""6V14 1s"0~os",,-c, .--t. i""",cQaÇ< d~ ~r~\:o 't,T. C""s'\Alter ~(

~s c:k ~t~ \.s te eta.'r-J.. s .

Jfl1Vs ""-Il\i\.o ~ro'}.os~s ~ 1J'Ù.rt. le dei)" d~ c~l..l"", ..... ..\ ..... s CA' ~r"" _

tA~k<. cf; j'" },"-r &1, J!M..K e.:~)ihb ~ ccn...Y\cl~r-~,..:

l n, " "'.l- L 'Ii "1 . . Il Il /1
.;: M 'l,Ù ll'\o 0e.ut. "" (" _ TN lM. r"'-lA. ~ e.r T n\,u r:~ d),.. - A" '" ex~ .

Cltt(. s~ti.n. ,6<.r-&; "",dcrrt(.'~ <.v.. r-€~'''''''c J l""'IJ<'t,;< Où 4" lntu_

QC<. L<.< ~t':.~ ~ 1~ da. ''''f' ;:.6hf re'J.u; t t., 0-..... ~ lM lM. U. LM •

VIA \~ ~w;w~ J\'1A..t:tt.<~OI-'\t(<TU"e'<<; <:lM. cl.~~~tv z..!
.if t ~~J ~ le.,.. CR;, rJyi L<.<c.s la. }W~ft\MC( ,....cl1VlsOVl1IMLc. ~""';h.L.t(.,

""-0\1.5 t'\...u6\<..5 r-e.'dwt -f~ \rtM<;;'><Nv.CA ..... Jll\.Lt(t~S&vt~~ .....Ju ~~(~

ek /jOOO k2 VA •

(1,..w ~./ ~~ lu <1.M<.t ~ .. S lN!.< Ct

l'" -tt ct,.ts 6IA Il C~te'~ _T f'itM r 4.: d'vi /1

AM ~qw. ~

.et "T~tur~~

31



~ ~D\No ~<M6WJ -û 'VIA~(. ~ ~ d... ~~<.. BT "j'w

1,~~ cl~ ""~ , 'l-1-C1tVJ ;s<?v\I1!"v? ~ .\ ~ ~ketL "'" . -+e.et. """Y"'-!.

Mr- . dOV>I-1~ Î'-t7I ( \'" ~ <ta... J~ v.,J4J. r -Oh-k s;~ if S ~

dd~lM!.s ~'œIJ~w~.

S e.et.: av,. SJ ~

J" }tMÇSlMACf c\\~I;c;di:(5\" ~a-\- ~ 1000 kVA loz. C6\.{r".,t

'R . 1 1
'\.l<. ~ CM 'l-' ~ r '"

l =
Q

~5LO A

U 1DOO 1Z.02 V

{o. tJe~'n.. .Je. L40'\M""''L 'r~

J. 1Lj 1. A. ~ r "\AM.<. LOV\ yu w r~wt '\J-c.' h;, Cu \ cr -\AM. Q InA (" 1:1. VIl'

C'M t710 ~ "vi e J.. 2..6 r 'M~S /.> <'\IkS' 1W

, °1~ 0 ,

Il,Ç'Lo A

~4- 2 A/cÂIoI<
d< /-)< c.v.'av..

...
\ c, Il eJa., rel. l"e.~<:.e. ,

'se.~~ S:t,

:h tl'" r-n.-~o\~'(. Co e.tl-<. c<.et.: (f)" ~ j J<

0.21 V/A JI?)\-,

2-Llo ) \.;,
0.5.

32



,A«~ ~

.6 o , \fi r L =L.~"" GC.,J e c

6D = "'L.2 \J

-+ r "tM.s "fo r \'IA.,J-<.« ts Lk ek. <J,.oD V , 1"

de. ~oJ~ j Q( ~ .t.t \M'tL<.4~­

,M.c.. Iv> .... AJK cl~ .u.-w e-L.te, ..\. 1-~ ç.\~

.""",~ ""c..lt cl. 8"(0 ~6'\,(,r -4 frq CY\,ot-U~} -il /\.<...,+< 5"°10

...L ..... k ~ ,,- rx /01. {,a.rri<> ~T if 1-<-0 1r~,-~,....~ :Mo+-{..(.(.'5 .

JI"6W3 Nte: Vl~ r ~ o-, c. r c.eAite. ,Â(o\;.'llk )" 2.'--\ D "'" I~ / ~ yi t,~

/c6lArov.JR. -cl- ,.....d illAc. ;. p)( ~bDrd41<,

Le>. -&.. yu w.r .Ao1~...--..k J..<d t:~f."'- ç ~)( 2...0 D ~ ~s- .

~(!I.C JI F Mw {oYtç-uGU.r /.1< (';;:/"1.. /~ -icoo "",~t,.s . 1. c.a.l<.

U \000 flD.2..V 1 ~o "" .....1.) ea\Jo..i..t

LI. 1M)1<0 sOIMT M.u..<

L ,\yu li d'"cL~; cLt,

j.) 6\,t ~ =Jo ~\~

&U.<r-"e-..vr4cS\. ./ J. ~ J( - ek 10% 1,,·r a", J

k \1" cL e.~b t.: jJc.r~ ./d.. .3C+D DO D f: j:

4·4

c.D"-ch..et<.urs ,w'l-t",,(It'Srar rattor\:- tUix ,Ae, d:;..'(t.<:, -+tc.L~ 't"'" tr~u~t,

~ -tttAoluwJ( 4-,1 1 4-.2.)4·?f4~'4"CT 4·5 .~DIo-ktJ" 1W

33



iCf\A.b, le, ~~S ,\"",<;1-",,[(/,<, ,.6~ ~ 1\Nvin,;. ~U~ ~S'\,(c:.s ou,J(

;.w:,t~ll)-\S -\-e.cl.....:.l"'~s c.oçre.s.}o>-tolOl....h.S. ~e..\<:: ~ '~IIc.v..r- ~

,.a..u /->" "l1.CÀ cl 1 MM.jfo(""~;,u \", c 0 M lM~ ...... clL., .v- .....ek ~ OI( J-e,ç -u-

tYo..6Wl.l.re.)< JtA ~e,~~...--.1- ~Iore /'-'o-kù....t'" . Cô 't'tMotrt }OIrt

/C~ '" 1\11. 1 4t" ft\. S "cl~ 'i. ,,~tç,<f L()(..... C tt r t'vu:tu y- cl"" ~ "'" e.cM.M

~ /~ tLu.'6'\.\<€1Akt. 1"'1. SC~dk ..... !lk s;'c. Prrod..< ~ Iq Ilçeet(O .....

e!COhb~ 1"" If t fur 1" 1" JL ..f..t c Vl1t dl <-.li r-tuiX«b:~ -t~ "lM...-r Co~ ~rc'

J e: tt~ o"vti:ÇSCM-<~ .....-o!u rt)(.,J 1Ci d.~ ok. ~(~ if,~}~ 1>ttr

-e-tru ~ e.s+ ~~ lIk -s
Cdk t;)~6\\ e.'co\.\.!>~r .t.,k }",rOl dOX"J<",,~ .{~"IL(.(S" ~~lrlUl'(

;. 1" ~e.ot.:6l... +-<.cL~ efe '""'<:"tNJ ..... cI'"'-" AM-. COhT<.xk ~ \ ...

~ O<M dCi/)~I~ ....y J'i~e-.')M d-e...vie.tJ' MM. de..vw ..e.r~ d.~CI.-<.k

dn~ ",-lJn( ;t. Ç,6ùcÂ ..\. :f"cÀ.l-t~ i- ~O\.b-\ldd d1~ iv....v~l:.ts-

~ç< eA.. C.crh '.I"J~MA:~

\~ hL~

34



,.
Cbopl tre t)

Etude
des

du bouc/age
cir cuits BT.

5.1. Avontoges du boo ciace .
.Nl1\<.S 1-d'U"G'\.<} !hotu .tccM a.N.....jt'~cs y..... '\rosYikYiLd(/

J' 6tN ~ \M~c.' '}"l.( ~ .....~ +"0-\.0 e.{.~t6 , .·r~ltcn'dY1N\':'e

. ;u'~.sNl, le ..fAA M,.-t-er C<:tk.< ~A«- )"e\ lM ~ li 0 r~'"" o-, tJ:M. '(dt ) \A

f~et-(M.r ....-~ ~ Sçt:tM.~ ,~""- dJcil"'~

S.1.1 ~os~kl;*~ç J'tLl;\M~~D'Y\ ok'~Gtt-«<rs

q~ ~ clk: ~6k. (\e<J; ,..J< (~ """"t -l..~w ) k~ --i",.,. "'1 c:,\-ev.k,
/>'WC' MN< ~~ -lA WloI..'(.:(0 rlM.,J-e<..<.~ ~ J '~I (1<.< """-+Pt. t.: g,... ....;cls cL:t....,.".t; 'P-u IH~ p"'W J(

-Vhk~kt \'&l.rr-éJ ,Je .{~ ..t sc..d"e.u.r ,ctlY\c-G..("Vld. Lu (n~....~~

~ ..t ~(~Srr"",J-.eu( ok 1" 1rÜkr"l.t•.'al... ):~.b<.e...... ~nN ou

Ai- MM. /Lrotwf , ~I:u~ <M tVJ~ ( QiT) ~ "'" AIMav"f (~s~J-",

HT 63.0 A ) .to'\'>o.i.rt "'" id" lM 1 -Cle.... 'r" clt I.e ~Ç{A.o<o> ,A~+ ok~ ~~ (,i{'

~~ *~tforlV...t~..~) -1J '\-1 1~r t M Î'~bl< J 1", I.;,~~cr I~ ~ruM.t;

~D,.:,1Mr<-?.

~ )'M.+-uco,,",l'Ie"-ll\- ~ c..(rcu.d; ~ ~YJYi,b\< , dt. dot ~

JJ41~ t<r" ..-~t"'w-er -t'a t~~\ir, ....J,y re~<~ ~ ).';'6~~·6\,.

..u- lA;, '" i t, ~ ;I.-\L:U .

.35



5.1·2 é cO"'O.."f~ N'.I"s~l.k en ;ntercoam»Qf"n-r

Eh M..-t-(/\,CotwrA~, 1. -e.n..J.::;~ te.tMet ....-J, ja.rd.« cw.

<'Ml:lÎIovO ~ -\-r_~"*(" ..... At-eu.('"" ....-~ .eMr-iJ)......rewS 4-;;' 6 ...... 0\0.

~(o ~utt, -to-r..s" J'"",,- -\,Glo.~rO r 'MoJ"'CMr ~ L..Oi:lD \.cv A .:f~et·I,...,.,-

LObO '.L0A -e....

"

2 (,. 4- kw ~ 2.4 -e.. • ~D~!" )( 5 ~~ x 80 F" CFA
~r ~o\" kWh

- 7,603.2.00 FCFA <M Yt.<Tt~awt~ k /Qwf,. Nlùil<.o+~~DF,

A Ln.J .ku~ J ..J L,.t ;;.,;, ewa..,}""F" .......j~ :feürt. \" bO"\A ~a'i(

1''''''-r -rU M cktNt ....- ok ;fcÙ.t< io",et.:II'r\"tu J)~w &\NCC \~ w.:.. "'" .......... ""

,....1 -l- ('~ , :f0 (' "" a..t-~ -(.M f\'\A &l r ol c. •

~+~ Jo"'",~ 'tW 1", ::fuel e.ût. tu:' cler , 1" SEI & cl.nt ~~

A.M.u' .d::..Je de ~""'A.lo;k+~' ....-cL.. 2Jal; ~~U'.-. ta, I.~ ~NfLEc.

lM la ~ss"'V\"" ..... J... ~ç~Gt.u. q wfr~ ~.., . .P~r ioU,.., {'~J... c:k

"""",t-hc.\I"'''-~''r'''' c\. )"" C.6\MlOW1""~-ok )'.i~~,~. ev. ;....t'ercA:IMv-~~.

5.1.3 AII3m~nicdt'on ha./Mre//e dv /acrUir de ~'s~qn~ -

E-n ejf<:d:ut?l-.-.r L. -&-d"\A.J.""y , 0"'- ~ ~I;""<I'\-t(..(' Jw" cl-e'y. ...r!<,

..tlTlArL s 1 t, cÀ.<t.r-r J., 1\u.j.....

Ai"""';' ~ cl;~V\I ~

1> ar A,M, l><AA\ -ÇMhSfo r "'" .,J-w r O\J,.

J~\l +rlMAç fo""".,}-a{rs e.....}M"- n~c

36



T _L. •
lU ~ CM \J ..

tUL(" .

calcul des coura n t s de eourr: cl'rcvif

"'" lÀtew-c -u... ~rNtlé:l< 01.1 /tr~ .te-?t 11. s.:ter W1 4"eu r.5 ~ t-C;:î'LIIJ le.

5.2.1 ecu J. d.eu.JL ";"'cu'~for~Afe.ur.s en' 'fC?(),a,/I~'--k .

'1 CAl,) ~ 'jks ~fa.l,)<:lr~l~ ..t.u-~1 1
1 a: U Q ci.--~ô'-' e:k~ -k-"'IM..!. te r-r

"",,<tt~rs Ce.<.<..+nJ~ ~ T >k-t..... ç-ed:.: il'\'l.. .,..<A.. ~M"~ ll.2[(: .

V,.., '" ~b.{, k~A c, ~Cc" :'b.b !-{VA c ~Cc; K6 /-WA C
3

~~ 12..L' 2- Rix........
:1 SC"tU,4

Tr..",fo
~\I\""'''lI!:Jc"'(

iSDt~
cl.<.

~c.c..u

!:J'3

Tr....' s f<>Tn:\:.... r~1I.<

2..:><=:>0 Ic.v A
~O(o

. . Tm ... s:fo
. • - Ce...tra.l~

'Z..ooC ~I1A

:roto

'Po. "", ea.u" cl.,
~~tri~m-.

--re.-W",OUlJC.

37



1 Cc :: 2. 4;4 k'AI~1r-

~ 'i-uJl+.Jç /'fU œ.u.>< ~c.."'VS .::tu

~ 1rcnl'V t ) (2, s~ le., v.J G« r, ~ ~tl\Ar4..to

~~{a4" au 1--.M.r lJ ;

0", ~w ...e.s /)v\ é\..u

~a.1>~ TrI C c!;fwt
et. C-O\.v\k. urCI,J,I <-<- cw~ ~ c< }Diht tJ /~Y<'\o'l r cl:tYl y r

~~~ tW }.MJ' 6',

t. ~"";"<'\0'1 Q.e....Jr""I~_Trili..r~~ - O.D1\.l.~ n L= D.13 "b.Ho )

VA. b :. -1 k VA ( 1nM.?<\M.'-< dt &0- J

Vh :. 350 v ( +(A.~G\< ci. 6<V1.< )

~
3 '601.::

1U-4.lj. SL=- '"
.-1000

~ll cÂ,b(e
O·OI~3 Lo- 5"= = Cf.'1.
1lj"'uC-T

+1''' nJfo' ... .Jc.ur
A....."IC< .i,.,ok'

Îr"~~f-T

3,.,s- 'lD- 5'

1

th

1 1
+~-r

".H l.o-r.... q .., l,,-r ~,2.~ 10

'--J\AMM. ~

'1." AO-.1· 0; av~

kVA

:l ~---------,----~---,
38

00'

'"



5.22 CCls..--des frois trapsft;rrnateurs en jJcu'a./lèle. .

9€.e au -p-oin/' D

o{,-t; <Mt '.

l6o.n :,('4..do IqA~ff
'A. '!o80 "1

1'......... A -h--sfrl4l.J-w.n; J.. 1..000 k.vA. t.r ~

D )

2.:;n Ù>-.>.... l.~ \'l)-S

t>Cc. -=.

'i1.L>
::

h ~ C.~cl~ 'r

Ji b..:{<-\A.t -v.. 1-a.c~ll~l .. ~r. Il!' J<fGUl..t" ) t)'VL. vbt;û,t \<.~oC>C> leVA

•

~..
1 ."1 !c,,-r"
-" ~JJ.
• • ". v

D.. l'IA b 2.

=

39·



"ïrlll'l"\sfo îr."'r-
Tr"~1rO T A

C.

t 1
Dl.- b-3

ni
1

D 1
2..

D'
3

"A Il.... ex.e."

= 12. 1 4-0 kI/A

•

40

Il /...,..'e v- 1

-



s
~ -.('" t.t: 10

//1.583; 10-4)

2..8 5"68 kvA

i cl~w... <k 1q ~~ ~ "cu.Jé ..v.., .l-; j'U- 1" \J cl..I e.u.r ft.< olt..oc. ; .......1" ck,

c.6\Ara. .,): S J., c.ow r - 0. \"GU.~1- ~;;. )"G\(,.~ \~ 'l-v\. ù e C:W" ~ ~n..t .\.." ~ t d!·c.'.;

1~c;L: .. ~e.t~(S •

1. C<suraM,.t ok c..awIk - ci r c...ùK ~ ><..; "'" "' \ ~cw "vIA li~ ~ y.v x d.

-{, 4.r.-CA 8lT (~eD V) 1

4~.4- k2A"'ff ~ }<1\A.~6\v) C<J CM le<floM<-r
l

~ eCl\L(a..J" 1 CCIA" t~ c.<. .c:..M.t tW rvv;. \l l:.e:uJ ~ cL~"\p ~t1"''''é:''Ul J,

.,\.~ t;.,;.~ a\-\ Ccr. ,,~,.,6IM.l" I e e et~ e .,r 1.; r~~ Je c~lo..J ~0 l

41



bbOOV

:sBov _,--'-____
.D; 4:'.4 kA 1)' .H .Il. kA

2.

1~ C6"\(.r t; - eÀ l'"(;A..L', t; eM.

).-r';'~ ~ dur,::;:

1t ~ f~+ )< v:";'rG4

~co~s \~ cl":>~~etw... s iM.,r",..I.l;s ~)C. -poi..JQ C, D ~ /:)'

!fk. +- J"" }6\.Wb', r- J, L ll\A p.-u.r~ !-:>1.J..~ t..u. r ~ \.. \JtA 1GU. r cL., C6\Art\..J"

ok c.4\A.r~ - tÀ.r~ t """~x.i Wl\..l.VI.\ ti.M I\-Û \fCo;:w. 6\... :tes ~~,...;.b.. Ù .

L c.D\.\.(~ .1 c.6\.\d' - ci,~-\- .. <::'\M 'hA" l.ct.u.--~ } et V\ h <<U.( )<

1 ~~~~ (E) SoM" "'r~""'+~ /G'Wlc 't~I~~){ cL" ~o~

~lJo...ues. Q D'''\I'\"w,<>~ \"l .sl.~-15"h ck 1"" etc:ùsc", ,J'", lOI-'?-,~r

-& -t c.ourttvJ' J., cU\-\.rr--cirou.l.t tt\MO~ ( Ja.u~ ~\c,c.<:l-<l -i.e.(

I ee a .....o.. r ~ 4-~. 4- kA '\... 4-.r kA )

'T\ tn..o \<.o r:d.:o ~b ~ b;fs J., ~o+u:.t."o... c.~

"t'\1t\.1 .\..s 'j,<:<",,,,.!tU<x Je. ek.+LA~~ D'">..r \!

42



~ .fd\A.~ le, ~c.e.-}>-t'«rs /':>0hA 1-(o-T<'y'.. C6~ ~ C-OIMrc, .. circe..c-.:t;

1'Gtr ....-Je, tuf'ible, , -iJI t1.'t..,t ~ """IC~~1"f. ~cL.'V~~·er ....-c.~ e.~(~

.,\.(. ~oun.l" .. CÀ.r~t 1>a.r- ra rr6""U"" ..-Cl.<-< l' cl c ...

T c:::'.b'~.:::w 5.1

.~~ "C~~c.. /1

~~\-A,.r
ev

l.c\\~c.. bc'}tlrr
W h ..va.l

~d4~ Lee: ~ca;.... l-yuw.r C...... p~..rj""'.../
("'~1..) l""" ) ~{Li..re~ ( ..........\.) ("'" ) (kA.~:ee'lcA~fl

"
Q2 C .240 60 .2-4 il ITC. l! ~ro S-

Q~c L.io 6() ~ QIgC -1D 100 r
-Q4C Ig[ ba l'-I Qlqc 11..0 -1-0 li

Qr-C IBr .ra .2Lj LV 1-0 L 1fD 60 ~

LOGe 16 30 6 Q uc 11..() -100 -1,

Qic 1(; 3D b Q l.LC 1S"o 2.00 .r

os: 1'2.0 n .. 3'6 Q?Jl z...r 60 .r-
I

Q'K -'lb /.ID S" Q~C ~J 40 .24

Q «i. ~[x2.) [0 24 Ql1C .- 60 -

Quc 4 2...0 s Q Lie 16 bD s
QIL( .t4o 60 h-t Q~I C b 60 .(

:v I~ c. 10 60 ;13 [Q sLC 6 60 of

Q l'le )K JO s Q~oc... -f6 ~o G

IS)lfc - 300 - Q~sc tS-o 300 .(

QlbL ::'fo .1\00 Cf - - - -,

43



l\ 1 ..." ,.(. __ ... - If_u~ 0(' l T N.\..U f'''-M~

.D~~IU-r
eu

l6\1.i"wr
Tee 'lV"(

~ÜI, ~oi..ré\

(",",,,,~) ~) (kA("#\

Q2.T (Ù'O ~2.) l{ 38

Q~T (Uod·l ~.r 38

Q4-T ~.Ço~ 2.) 40 M-

QET (t4o~ 2. ) 1to 24-

QbT -1~o 110 ·H

Q&T sf -110 (

QttT So 100 s
(1-1.01 1\6 1,(D --li

(\JlfT .<..r .11.. 14

Q (1--T {S' .t1DD S-

Q=tT ( ~p p<\'~e' - :

44

" 1 liA nue~art "I<.~~e--,;

141t rr Cv ~dv'C<tr l..cc~(

~c.w:.,., (p.i....r6)

( ........1. ) ~) . (kA~1?:

QLA /(0 30 s

Q~A -1B.r .-12.- &8

Q4-A. {rD
~o 2~

Q'SA 2,( 60 .r
QbA AG ~o ,r

-.i

Q=1A '16 Jo s
1

(9~A I\b bD s:
QqA -Zr ~ c

~roA tio 10 c
QflA (~O)/Z.) 100 24-

ex 1'2. A. ~oo 100 2~

G ,.~ A .fD -1..0 30

QISA 16 40 s
Qlu-A ~<.r e ka'" 1

' ('î""-'T-ee .



Choix de f'afjJore/'/lo!Je suP?/èmf'rJfo/re

c;bf~ d.(.~ /iai5(JhS <.-'/'edrires , 1t -(;(J)Ade?<jt M(~_d~

..{,lit e.uTaÀn "h~ /d.. ~ r-"yj ~r! .--o/~ Sat.énYlCUAe.uI er ci, t!6l-n-

rn-. et n cle • q~ \« S~dV1. ~F()'\l~ »<M 1<.-, .--~ -i".,.-te-r f'I.A J-ke.ur5 er .... ,k,

1>,e-t:D~"w.rs ~rploK ~~~s (c~etr ~ 'Pet1.< .P fE - 002. )

L )"r&WC\M.. ~ f7..v~ ) • ~

tr""c:' J . ÀuCMk. p01A.IIDir Je

G\A .1 :f c< .."dMre,

~ cou,d-_ cir~t

5.3.1 cho/'x des secttonneurs

f, +~"")~ 4<",',""~" '" »c r"""- ,-' ~ v-i de. » _ 1.,

'Pr"l-Cl~O'M t-G\I\t cl, !lMs~,.<1 -<>-c'cu('ir./

l1hX )11' ~or,..\.~o~ ~~k.\~~ (awur d""

~~rl
1

e rruro,..w,

~U"",~'~ , -t->r ole"", a", J~ ~ hV'l "j'W ....~ cMacl-~~ cr.d J'!Md L.l''''l''C<

fh.,~'caI1'W· ~ ~ /ce" ""1'ra.r-U ls ~...-J-s t~x tUror..la..k> les ,

5'.3.2 _- Choi x des Ïn teo-o breors

c; ltro.r-«\t ek C01.LAlUei....dC ( .....tlViudl O\A ~Ia.t~~;' 1~0e(ture )

Jo\veJ ~ cAra..l..l~ /.1 /C6\.t~U 6\-lclt ~-e(",,~r ~ c(reu..l.t CM

ft ~.,; "'1 "'-oc M.J. il~ ..r , ...<~ / ci,." 1,,0;; té,;. S ft h.A.1" (f" '".:
~ 11\\ v,ct ) . c:U~ 1},. ~1.lf~ t M L 1'0'" d:ù)Y\ c:L: }'Ul-te.e.t.: cm ~

'lM. 0\,\.s .\1s JDiIlc.W tW Gl r MM-< -+ c"""e .... "lM. .... C t5VI( a tJ:; cl.. Cl\1,f j- - ci r~+
J, ca.ra.et~e,rt.· j.u,

~ 1>~V,,'I' cl.. c~~

~ edû.f" J.ur~ 1 d~ {,. c.~ 0"\0. .-ifs sw1'Ul4<!s \

d <M.dLl.r~CJI r......Co. "" 'ru et eP~eb.... 'îU' .tA" 4t f '"
1 .

.v- cl. :fL- hf\ dM. re .CA. i 0 "' diCll'lh4<,( eW fh.or ..... 'li -d"' <M. fa", et.:0"'" Vi CVk~

oc:.ca..Johl\<1. C<-o ~fC.f..-u.pt--eur--S (ew. ""oko<bre ok deu.. ) ~0lJ-}D'«'
- )., CÂJc.....:.t~ ~J'\Aeti1'ç al. Clf>q> :: D.8 <A. ;fOhe-t<·~he....v.~ \<..OrlV.<:J.
_ 1

45



.POlAr -f<.\ 1o"cf"onVl.~c.W /,Oc.co..~O}\ ... eRç , i"-c'voir .z.. I", (~oooAj

/'~ Ca:>l cr s: 0 . B ~ t... ,J Gu<c...J- -UUr c1. 0 i l( ~cl a\K p< ;(.,ù <t. Go.. ~"",et:<Il, :

• ,ek.., co.r'let~ ..t;~ Ju rW(a.u Cil.<.~o,., "'Cl""';' v.c.L< 11?~'j'V-4<c..

~O~V1At~ :v..tCMy;tc.' \.{C>~V1pJ~ .et Ju 'h.Dn,.k,r-( d.. 1.~·s \ ., / F~ ))

.: ~ ~" t0"ke>t<."b.... ~ cv.:n...... rer (j'CAA.le-~ Ç"'ck,: 0 ........ UA.< eW"" a

s.as t.vl;\ w C\.bt'~ 4 CdW" .(o.{"!J ....ek 1JC5ùc1a)c .

1. ~x /~ ccîtlc ~ ok ~l 'I\;,.;\~O\IIç lMl.h.rblî.

rt'klllN.J -t ~x ~ .t'aH&lr(.;II"'Çt .u- l~ tr~s JtlJ~f1 ;, 1~:t'/o
,

/ck, c~ ~'\A c~ .t Q.0l2t +~&I.P ,du lnoyt Id< r~ t -k

l''~Ù' ~~s .
',.u ,, .

~"'" Co r-: $'Ï Ji'r-~ ~ w.1 <AM e".J' ...e1e'CD'" D w-v:. c 1"" 0"\.,. ~ A..-t,:sc. .e....

/ Cl\'\.<.~ cl~ r-au../- ..fJ,' s,ÛA. 1<. <; ~ <Al:<, C\ et,:v 'C.? )~ +r tVt.. c; ra J. 2.00 0 le"A

,.,arrHi ek r~ [" t~f'd.. d 1M.-tuc~l.I""J<."tcrc: ckra.J' 5'" k.<~

le cil 1:~ ), ~Ù{}e:.-~O\-, /;lU'c,';.J·).1 :~ ,"-' ~k.S }dlA.r ~

h :~<. ..{'" iW1Art~ <te" fc<L.iLt"l1 /J.... ~<:"U<. /'~ /,cl>t,;kt:~

!. Il- J. Jo- /n.,
{.II,. ,r.l ~(l'A.l 1"""'- <-lM. V\A.A t:\. I.\.t~ 0 ('",es •

:46



.5.4 .i1. aooeuvre en regime d'avarie

c;JG\<C" t-tL~SU 01 1
'IAM ~y "'" d. io ..... et.-C1"l'" ~l1A~ .-- ~ ~ <Wir-( ,J

i""""+ <'ff~et....y Cle.<teù"s """"'VloouvC"0. Co .... "'" Ja. ... ç {a'lA.11~

Jit-Mt ~ ,4~ctio"n«.<rs pM 'CM t}o.S; 1;..'"" FlNld~ (A". r-/yik<C 'kOl'w..J
j

hl MM..,.-.1, di}"\,rt; <At v., cldf"'j\"' ..... (Q , À.R fa.u.i: Mt'\v.k -/-6Ut ~~crfu

t -+ UV" çr- r""v..+<u.r C. 0 ,. r- e.-:> r0 ... 01~ .e-.-. 0'\\.1!l t'\ kt \ c ~ sJ- vi--c.u. r

<A... a.. ...... o-.J- ek. CL 'tr-C\4..<. cf 0 r >vi .,.j-~,. [k ~te ~ D"Lt~ 1.:. ~ce-

"'-"o~s t ttWl.c:cw /ei - d<5~CSlAS /~ ty,....~ )l~a.t.--ok tl,r0":-

t:f c; :,1 1--y 0+~ct;ay, 1 ~ t~ "'" "tM-d... -d' Je 1; e vt;..·o" h 0-..c:...vt

A1pfar« 1\ a'Y- 12..t1~ MI
Ava.. ri ~ du

11"4n.f04" m" ,"eu C'

., iVt.o r lM &J T.C T.T "T.A
1

Dc ~ 0 Il 1..
~ .

"'o~ DT " 1 0 1
~~

"
1 1

.,.
DA 0L:J '"

<- Sc ~ . 0 '1 1~
s:
r

ST 1 0 1,0 t1
,~
i~ SA t1 -1 1 0

1

0'-"1
.JL.
::s \0 I T_c () 1 1
~j

4-

1T-A 0
{.l 01"'\ 1c 0.-

1

1 Q1C 1 1 ~ 1. L

,a ~

QiT~dJ 1 1 -1 -1.t
.$ Q1A ~ ~ t1 1a

47



,
...

1" rCl"h ro r V\1A.+-u<. r

T.T Tr.a...;fH"".,J--«.lr c:L.,t",,,,d- "Tr-i-tMr~o",-'1

TAIr"lNo.1 r0 r IM..J-<M.'- Jit '" r \- fi f+v, ... (J{ "" 1/

]Je!" ) I\ ' DA
"

1

= /'okaà" '"a CM. r S 1--'1 T 1-6\<. r !"fA ~<ct,Ù CI.44

1
1 ( f-" . Il Il .L • Il l' A /1.... ~ l-&\.( ":> C4<.1;;", le ,II"\....... r...t..~ l "'" "l'E')c~ •

.5<et:.n.l"\.eurs ~ lA: Il,,,-1 J., -h-AIIl <;for"'''' -

Tc ) T.T if TA

l T- c.

I T_
A

Q1C QiT

o

l".r(,rru pt<'«i tt\.l.r l~ li~~~ Av-. he.x.:, -T'"'-6.treJ;.:1\"J

1 Q fA ~r\'lck~ l"~ gT ).~ Jd~,+s

1\ .,"11 • • /1 liA 1/
C<Aovrr ""-'1< , Trtb". r"lh.uv. , f\1,o" e.\l.-e" •

'0' 1t-:- .
. '~,f

1

1. 1

1

1

1<" ~s

(Jt' ) ...... edt<. 1l~.J (.A.t, }«A.t- ~

;;; t" ~<;c e",. ~tVal'~r~ )e:.
1

1> re..-w:1("{ 'a-"" r cl<

0\.A ci"" '"r I. 'vi.

~t"l~ r'~ /WI\M
1

\(,0 ..rc~· 0 1'1h«Lcc
1

-t,..{-u-rlA~+<.u.rs saY\.r fullU"rS



~~cl;D~ "~ï ....CO"'c.~"'e'., i ~-t~f' LA rt-eM'S ~ ~ M.t~ ez..prè"
!

{OIA~ 1 \~ 'M "''''oeu.~reo .

-5.5 conclusion

}-f~ t\.Vo~ p -e)~~ .... ~ -t~clay d "lIN;) ~ -&w-- cl~I1AC'_
,

~O'Ur --<.c. f'~d~IMl.J ~ ~ .. t-tJl4.."Oh5

.... CA ï lM J,;.,,'j.. 0 !.~}1"v.J ~

par \.e ~(1o - VvU<rl-\-tl-<M.r

cl \tl. b~d IVV\~~c', '\oevr -t .tCN c,;. c1 f\..< r. """ ~~ 1\<-r ek

)"u...,:)OIMC'> /~ -P6LI..rMt %"',:,1'<: JC't~ ;. p.t..o ln1 lh.<~hS fo",S +<.rvn,(.,

r,v.ov;" "e./.k .-e'~t .....~,~. ~o.r -û d~--\r- Je }r....t;'f'<eA" "-\Ml. \M~I\«<r<::

~(.4t:~ c() 4t .... JO...... \\I\AÇ< r ""a"'I.W t~\lO~S" ~~r< tw~1A'"
1

Q&\.\cwt -iCC"I"D'\TYi.~ ;k~ ÎN'cis

~)! cl, /'tQlTiwt ....ek kwt ~o~+

tr\<. ~A.' ~s ~cn,.. rt..o Jc.et...o '(\\c s

E"....: ~~oJe d'~iu_ Cl1.l<At--(f'h.l. , o...u. ""'o~~~ -(,~CO\l.~

.... de W:"",et..:V1.-Ci) J \e. --\'I.·I1Mr4:oh ~aVJ- a.(('-è~~ 7 \e. ~Dùd-~
1

~c.O'h.~c;(..("cUt .w.....( -S,i5W\....... cl.. .'1.' w...;llil5l\~ C.FA tO\.cr HOF.f.t klw<..

IH,M.I~~ ,..:::w. cf\Ar~ ....ek catc ~~ oe:k. c..( ~ :fa«- -1.M\~

~O'MVW ....ck ,'+6 'Mi IInm.<) c1 :Çr"",",c) CFA ~tW.s -10 ~l-1.5 ev Ç-urpo!>a.Jï

1"'1.L la. C6l.<.{~M4~ ,l;u-\,r C6h~~~/~r<'lMt ~"4 "MM '}M ~ .

G"i\..u,t~ ftlfh11'\ cw-k )0 rD~ .... ok ~-O)A (->4o..J- -e \~I; lM, ."l-cJ:;:~

10-1\..t" StNbLfC ~ 1'ÙÎDclC ok cL01-7 ,-{Ju..;,te..- . c.'4.,t ~

';""'\le-,bi~.I."""~ ~ tll'Ufr....,;J i~r<: Ùo""~ÇH ~ le:. SE.1B

)~ .c.~\'l-c.. "'\M~Of+"M.:h~.. s /c1 k.Je( """~~ ~ \(. ~f~ d.t

l "W\~C4_"(lI... -4

49



chapitre (;

Compeo sar/oo
de

/ 'eoerçie réactive

6.1. L'énergie réacrîve
~ '~~ -1l a.cAA.:'J< 1-~ rM~~ J'~ c."",l::o.;.", ~hL.ie. 1-ru.r '1..\. ....

l\\.ot:<lY\ ey..,;~"~<.<.t,-e . ~~I).wJ' 1\Ntt..u ),' .w.rvV..CM.r" ~-re.rr-o~ <;Mr l"

t'YI Mv. '\.( )c ~ f a,.... cl wr 1\..~ 'fW (',.,J. 50(. I!>~ 1--~ ;'1'~ ) e.etr ,

»' ~ ~ J' -e...o.1~cL ....ck c..J~e-r MU. ,. ~ '\)~ ~b\-ec C.a-".,.~\(0 1 l-c

"t-UI'VI.I : r'tv.~........ .t' <.c '\W1""tl'lAAl't» -t ...trcnAb\e. -tD(.~.J JG"Vt ~\(~~r;

'P~ï~~ ~J(;: -eM.:\;,..eM l'V )(IJ d~1-~(I:l .k~ JJd4 .....4 1rDak.~·~ et ­

ek ..tf"~ }aft .

~'iI. c.""-j .....ck'«l.r)t~ ~ ~ c.uto.,Â.....1eote-.Ji& V ~ '''+r~eA'S~ tM
~ cvta.,\" 1'\ (U'v.ïMJ' 1 , .y- -wtov.ri 1-001\. ........... clo.w~ ~~OMet~~1'U-,

c..t lw.. - e.,.;. 4t. CIl"M'}.~ ,..d.c c:b." Jt.etUJ..f"S "
....

_ \ e. cL ~ IV. ~ J(.~erw- E
~

~e.rl l,e. cl.o.\V.p ol)~c1.etA'~ (M~~t,:~ ~.

!' e)(:~i~ Ct. cie ~ ~ x. ci. '\.w.~5 u-t rv..:. c.cm Mn- 10 o-v..r 'r"') r\l J.iJ'
;t\'~~I(\l"\.. ,.,.\1ku~ .~M' t'\)C~ l'dt -l-rt:W\sf0l"""'~~ ~l~l:(' .

1i~ o.H& ~ ,,('~et:lrr> ~ -t'/IM. e-... dt .C~r-e .....1 u.,~" cLaw~.

50



6'.-u ~'~~~ rù,et:"'K ~ ~~...., !r'\1vW>r;~cJ. •

~ç..\J~~ .-w... o..~}e:tre& /d.J'UA·~c:l,.I;Ù'n ~e-Ic.o..,,'fV k re'seaM.

-tM. tM.~ ,.;: clc:;:~ ~stGW.t :

1 A...:. JI _1-' il P C
- "'\.~ r':lGIMCt Cl:Q\\.\x. 1 ~ 't"- ~ -e"l. --k~for""AtA.'n-.

~er~tqw 1~r l~t""&L, l'~t-~~'d"~ 0.. d:c. <:'~jM) .:

_ l.&... ~~AA.C4 "CA ~"'~ ~'J'<" l rC .ècl."""'aft. <Wt.G j, et~W\~

lJ~~ ~C.c.oOAAr-€ ...w.t" ~~e-v.t )~ ..<.'tt}~Md d I~ ~ ~o~­

\if .....;;.:~~ ~ s~ ~ ...e..J"~~ )

1 -L.:._ Il , l-' .. _,. Il 1/ 'l-' 1/ " }.1
- t...... lr....,...~ CA t'hot~r M ~ &'\<. fi,., "." ~e-v..1"'" ,.1~ e.""I\01..~

lW ec [, cLo.l"I\.1-- cP~ ~~C"k l'\'- ti t" ~ t·~ ~ ~ llJ u:>o~"G"" 4\!

1t~W") ~'o\J s~ AAÀ'-e.t en.. 1-""r<'t~!i .

p ---c

VL

-R
c..V~

T~ f v Jr

J?,:t \).1..
(1 + ~Lc$)tl:. -2.12. "L

'Ec. . - Vo c co ,.b'i.""wt~

1.2-
'î . + Va .;;. h 2.. wt
1 l'\>'l

. -
Jf 1

2Lw
1',., er Pc~ :I\.t ~tM.d.('~

~ 4i .ec c.t?o.i.~~ -4 ~ ':l.::l""""

jo~ 2~ ~ ["""'I:lck\c. , ~~ ....... ~ ,,.,J' .tr...jCf1M'5 d.. V'')-'f Ii}r~Ù ~

I;J ~" ~r~cr~w.t èei~'Y J)~c.r~ ~ ~ ck~~ <i~qw et

51



J)~ ~cJil1'.l ~~~ ~qw -& e.tUIj{ • -tt J~ ~ C"-A }cvvt..'~eA'" IL!
)

y~~' ty.'4t" t-M S~c\.~ ~ }~'cAi-er ~ 1'~lcLew.'t.

AV"CL k "J.~.,.",,~ <A,.. pM~~ ~JO}t/, 0"\... '" a..ll'r~ Le wl. = 1.

sf.; IGl -1-""",-c;.\00I. V ~'oJ' r-M ..\.-~D.s.d~) ~e.M ...... ..e;.w..t: 1«1 t'd"","'t'

l'de ~':)VIM 0 S C.~} 0. e< k\l( .if (VI.jl:~ li '1"-'-' : ~ ~ "l ~ S0'" ;\M. (.(. •

q~ .& ca,p ~ ~ :fc'~~ ~ pl'y, .e.t" ~c ~ .lA, ",",0 ~I e;,

) ~ l"'~S~~ Jc\.t ii~ l CM.I e.r .-IJ.M.o ~~~~c:.. ~HI-c.:..~ -

C'4-K !~ ~O~CI rJ.o.et.~ 'T"'uY\ )~~ }.:tr Q ,

Q -:. .Pn, ... l'c,

cS">-~~ ).1 .e'~~ ""I,.,cii..-.x ~ Q q 1-wi t;:\)o(

1ro~ dc \)~~~ ~",et.:\)'C ...., Q e.,t 'Yv'~4'\)'(,

'1 *~~~ .....~ ~'O~(.( ~"'tet.:"\1o< ..--<'tcc-r;\..t :

•
dv- -:.
V

6'.1 ..t. .r c;t e-tCM.(,.cL ~~U •

~. /tlpl"e:.wJ-e::tt.'~ '\Jt.et'o~&e.. ...c4 'Y/?lM.J~rs eet.rPletwt:~ ek

.J.'t.t~:~ r~~<:a.u /c.~~ ~ r~rY -el\. ~"""";"~~c.. "-t1~et:\)'4 Q

1AA ~ V<.ck"C44( o-Jk0'?'O~..,J ~ c~ ~ 1-' ~r< r 1 I~ 'r-~~c.

a.ot.'ow j I~r ~~VtO.L V«.cl"o riJ.1.A J~1v {"" ~'l.IM':)CNo.<.ca C(}~çtr~

S.

52



h c.iP) n.. d.~rMr ~ icotetw.r ~ ~..~Ü.r~c.< c""", .... !", v....re<.lr

('VI.\~ \'I.~ e:k. ra Ho rt

.t = c.O'JCf s:: fp't -+- Q 't1

s

::.
Q
-p.

~ -e.'"X.~{'cm-t~ A }~

~ p'L(-1 ... ~Cf)

v'-

d, ""~ ~~f ],,\ ~~ -t~o;.i~ 1 n. C'.I
,

Jv
'::,

'R.1'(1+ ~ *1ee) ::. 12 pl-'1.j. ttJ \fl -t"'âf)-V V'" VL

: XQ ( "... c.ot'a'tf ~cp)

lp l;lr'et''à'' l)( 112. )
VL

Ma. l:. .: ~r'r'-M~ J 1'~p~J~CI ~

1
NS~"-M.

l'
1 =

6.2" II? cooveoienrs cl 'uo ..feri'b/e fact-e.ur de .jJt//'s,sal)ce

'pt.i 1 ~t~v\t~ ~ ~v~ ~ e.e.ti 'h-e CeM~ r-( r"'W­

.k('~M.Q ri& tn-.("M.-.

le; Qn.oG'l"-'. ......~r.... J\~CI\.~ Jdç;,et;..·Vof .v c~r~c. ~r dt.

~Jw.t .....~ -i..\M.. CO"M~ (.frc.~ ) irrw "\.MM ~~e:.t G1.~\X

Jno.yJc.:) ...- c!,.'c:w.K~ ~ -IltAJe' ~ -G- fa.eteu.r Je ~'~Cf

.tj i~Io\~ .

53



1-+ \ !on' 1 1
~ vw" "" a C kt evJ; Qk.o ~ C:'IAol

,,~ .e,t ,le' r' M '}~ r le,

}~r Q.~.i"'r'CMt ~ .k""CM~~\\~~

~ c:..n- J\ lA: ""-L "r- N -t' dcle:tM f~ 1-\.\ eJ

VNtM-r c.r~'CA.CL ....ck c..~r~.

6.2,.~ À\\~Me,vJ'~~ ~ t~ {A.. t.~ ,

't. xi 'io\.ot"""a /~ e.ll'I-d~ cl"(.(If.s M \ a r~ M e,..J" ,.cc:o..\w..1~5 or-).\es

4ci.eMoè , r-uV04LJL- -GUjiru.rs "des turc-5 WtA:tt-e-'0 ~ f.:»a~tc...n.t

0. l'" el5Vl..sOh1IM~6l-t o.eb'ye..,).e 1) ~YI sr",-1 L.,h'oh, C!.", '}~ ,.66W" -p1"o 1~or­

r; on ne.Jle.s cw car('~ .....~ C61.<.r<":l'l-t .tr'tvt~r-0 rté ~ r- 6U ( ~ il'>te"W1c.

~<>\ '11.0 ,..-c::uJive 1 <:U/1 mc..Jt

~ "Î'M.tsS(;l V1 CI ,JÙtl1.Î. l'lM <. '

lt~ w. AA:~ (AA tM. rk~ ~l~MW 1-~ r :

i' z, 12. (P 1. + Q 1- ) 12.. .s L :: 12.l~ U1')L

U1.- u....
1 =- '612. r 'L Dr IG'l :: T CCP Cf

d~ t '= ~ iL ( l ~ y-.
Pi$\A." 4AM.t ~~""""C( ~:i::'Cf c~~ l~

( c..6lM.·~o" 6\wtL o..clA:-x ~ c 0\0If~ ~ fr'ca, ct. )

b~ i :: C~ 12. r;- ) -12-­
Cr:ro Cf

5.Z.~ ~~\IW~~ .....~ \~ ~~a ~et:.",~ ~tb~bl!
GW --tr~ fo r 'M.4ec.<.( O\l. ! lM- rC<. J )~ \oW eMt~c5'I-t •

:s.or~~ ~ 1o.~ ;k ~AMC( .~

~'ftt\r~ r- l1U f ~. ('Mt~~ss~

P~r "!.){<.w'~ ..~ iaetCMi .....ch ~l4l~

0·65 .s~+.(.AM. ..tlfrCf ~t~ ~

54

teÙ61e 1 c; ~llfMa

~ c*c:\K .t,t 'r"~C:L. •

.k lA sE l B ~+ ek
/'

1.2.. ,C§OMC



Q1p;: 1.'1; LA: ~~ ,J.tÂ.ct.:ve e"r~}~~te

A 1<: ~5.SM<~ o.d;c:1K Jq .2..00/0 • ~ '!-a\(.( ~ "'~Uh

,..,.elc~'(W ~ ,etH< Xa-Cf /<'W ~e.-t'< ~ 1.9- (c~Cf: o.~

) A. ~O~ et e>l 'l{e>l( CM!'e: rh1t:.14-:lM re /:lUcl 1J.u.o f aM.~ c-ar

l~ ~~(..I ;J.o.cJi'IX rtJ. ~o.M1. ,.de"'~ ~~hw.r~ ~ (""

(M~~')&tV.e< t\.dA: vc ,.cl;[oofo .

~ A.;5; P1CrJ;) Cf .
~ e.~q> ~~ \\A.U 1 Prt<>t e:w.t c d)v;)t~) ;5 ck," e.cJ-

~ ~d{Vlcie.

&.2.4- h1~M~6VI ~ \~ ~ ~ -teM.~~ ,
~) ~Î(.'~~ c:L. J.&. ~ /clt.-teM.hiD\-\. .~ vtM: l--h~ l-I" :

bu::: ~ t L ~ max

l ':: e6\\ ra-ut tranS t l' d-c' ..(M. A

L :. lt- '"ru ~r ~ \t;' l~~ G\.\ tu.k l'l'l

6u = oLh cL ..r~Yill\, aJ ~,~ br~ l V ~ ,

:t.M~J( :: ~~I cl «M~ cd< [~~~ lM CS). 1kM) .

J, }-eu ~0\1\ t<. d1.c k G\ n.i "

~u -::: \f3. CR.I C~Lf + X l ~Cf) .

12. q x.&~ la. r< 4i'~4\4~ et l~.,..ta et""""Cl? d.u <2..c~ .

-("lA. val~( JcJaJ:c.Vc , e~ re l Aoli en. cl 0-.. I\.t

~ U = TL P +)( Q .... ~ ~ v<M.t ~rt ~
U U:'-

1-6\U'" ~ rv..e.ê"'u ~~C( ~V< .P 1 ~ (Q tt(.(~~ 1

~ ~U ~'fj'MCMÛ. Pl-:, -e. r0. eh.u.r J, hi s.s t'lM.CI JwÎe.Ji
U

icù\o\.: , ~...{<: ~ n&iiiJi>'( ek +w~dl-\ tAM«W'~.

55 i'
i'



6,3 Causes de-s fai ble.s valeurs du c(YjC(J.
s, ~~ '" ek, ~bl~ I)itlwr$" J", t""'cf-tM( ek }MSStt"'e.,. ~O),.t ~~b.:h.u.,

to.r 1 '<ffu- J.u fo"1cU'tmnen-.ev..t. )t.s 'r0!> c.~~"",4<.«r .. ~ ~4\l..r~nr

tJ. aetq{~ J . (l<,-J <!.6\.v.ll>mmM-~rs sont" ~h~ r-Alunt..,J- t'~tltct:.·s

-(M d~lI. 'â''t0'U~.s :

- \€ ~cru~ -Ge' ..-e:tuJ' cir~ 1'wI"''O"I'\.~ b.:eyu(.~

\<0 !'h<o+e.u.rs ~ c.~.s~ M~ 2.0 ~ 60 °10 ~ lA

~~ Cl f(.'tt et;ve.. ..tol- ,J e..

\w iCt'tI'H fO(l1-taJ<.urç

I~ io-u.rs ;.. ~ J.vot.:6h

I~ 1'-O"\t-}-t- c: .: l 'arc e~~dn'~

o::t

.le. \'- Co5'P. --= o. U-
t>1~ ....

Il' 0 ~ lM U , t~ r el "'1'W lM a.~ l'U'

• -f'tli.U";;" lJifC ck c0 -:. CP -=
1" )""'~'"

• \ &\ Ivt \-t. 5 fl'U 0 cee c~Q..o

· 1~ /.k ~6\.(d u.re ~ ~' "'-rc.

l, ::

': .
~ ~ c.ilV\.~~ WI<, ~Î

U 1'(
1­

[?,..... l'\). W

56



Mauvcd~ cholx des motear.s ~\o.ckrll~

p()'\(.r .tCl\A.~ \~ "",,-o-+«<.rs .é)"ctri ~(.S ) 1\-\()'1M) Clbse..rvon.s que:

1-).. b~5 \'C/) \iYY1i+e~ d'emi--Lo; (w..e \«t """<trcl-.e ~ vide et

't: tr.,'\r(/h~ fi. pA«\I\.< et.a.r'i') .-G. 4a.cf<-«.r Je 1,M.û~5tHtC< Ç' ... lMlkort

(MILe \A ckOJPf

.2,0) le ~",cl"Û(.r clei-lM.s~atl~ G,r .f<::Ùlole f,. '\Y(·d..e l!M..hro",

D.1 ;. o.'1,Ç ) ; ~ VetYt.e al<:\. r'1 itP <t..HeÀ l->.t 0, e, '}C"'U' lc4

'f~h "Mo1wrs -et o. tjo -r.~r l0 "(o,!i "",,-ot-w.rs

~ 0) ~Cl'\A.r M" l'rvIoTe..u..r Ig,el'l COh~lfu.i.t ) le -pOÎVlt 'e:k fond-;6),.-

I"r\(~- V>'t e nt ... c. 0 rrzo} O'n- d c:;u,). lM t't->'.-l \II-W. Wl Je,.... c, dJ Cf .
~ ~Oh.sd~eM~ ...~ s '<N dtekù5~ Sll"ht··.

• <{R 'j-?t .lmC~v~~-<Mt s.~riutl{ ) tU..< -p~vJ- J.< vwc CI51A.(~wt"l.-

-t.L6'V\ J'e: ..u'l'-' f'e't\,etA:vc 1 ~ ~\..;,Se.f ..-I.A.k. f"lvtoiwr J.e. ~"A..Y\.~

-UO'f ~ r ct 1'1 cle ~ t:t r 'f~ l+0 r r à \A.. '\:ru' s!>?\ lit Ct ""- ~ Cl.O~ t0. re .

• l'.....~ rJ,01. dt. ~~UA.r~ FdiJ;; ':YI'IotlLufS ~tr~

. llM.L <!.~o m """'~O'Yl. ......d 14.<.r~ rc.' ti. ct.. \.!! ~ ~~tk ~ /:! dit

d)~ 1'~ IkO+Ulf de. ~~~OIMCJe.:rtV.J~1Z (M...c.ol'tv~~40

de. lct c.ov.. lM a vtde ~ c:li. li ; d lot e..ll <: ~ :'vYI a. cl-..;,~-.nJA:1s .

t Ç1.A.rd-t·""eM~O"\1.(~~ r: J~ tVhote..urs ~ l~ 1&5

~.3.t

y~ I.~.

(?et.u.~-{. r:d '.MA. {~Io\e 1""c.re.tu ek t~aM.œ .
kJ.e'para fion el- e ntre tien cie.s moteurs.

c~ ~ 1t<> (lM 0 t-<..« ( S' 6)oJ-.éd. ,lu. 60 b1 "' <' ~ Ol.<~' le..

1"<':\· \; ccç sM..-\.v.I~ ..()~(.tc.r

..& t hA!. ~ O'\A ~W 1YvL0~ ~e' .

57

(..&-takor - rotor') ):>1e.,,--trcru..ùe

Or- M l'w,efu aM r ~ 1



)u e.G'tLcaM1: rt().d:i.~ Gtutln~ . et ~ ~ffe::tÀblit JA..I~A~ I~

:f",ettur de ~"IM-CII •

tr. 4 l1·,/fhode s cie compensCl r/oo c::Je 1 ~ne':5'l{;>

reacf/lle. .

qbUr CSYkrÛ1.f>U l'e.~c.r''r'<''' r<.'",et."v< /,e.o-,.,.sa'h1lM~ t~( .\Mu

M,.~t-t:\,II~tt:6\t , ,J ~)(.~tt eku.Jl iWll~J~ le \~.:fw'e '.
_ \~ l'M.JK.oek (Y\~,d6 ~ r.u'c~')~ '}e.v- J)~vô>t.·s~­

!"'r'" eM.t

1", ('rv\ i+evo d< tt.( t.: f c,-; dQ. 4~ t11. dc.V,)~+c 1 \-1. et4

,....ek iVl 0 ~ ve Ct.W< oc' 1rW.~~~

Ce.r(M,d~ 1·01A.r .-t'rD"Uvc:,.(' \" ~~6lt crptiW\~ ) 6\> ~ êW.

.:MMt.d rA e O'M 10-\ n.C-( l-(/,),/~ X' !VI-t i rft 0 de-, .

{i.4.1 Lt\ i\Y\ ~+ko ck cna1:u. r~ .

~{. cJ1.v.rÏ.ot-e. ~ ~t.::cl" ,....d-e cuttU.",~ r-~ ~ ~ ck'CDV.,-

1e vJ' /' ck.. e rm.. 1-- oru- t-w. e-.J:- 1~ >.-1~ /~ ) ~~ c "'"~ f~e.c

/~~ CCf)<tk~·6Vv,),..J l-ex~~OVt •

y rw1 1~ tr&\Mo1or",.q'«41 cl"' l~ ....... bh~A.H·( , -pl~u~ ~""e.t.:\X

~ Itr\.~ O'M~(' '"oAAÜ. ~ -<Mt.. {, ~~ cM:ll'I\ hLM«Nt ;. """ ek .<J" -<.«..:f0 '" d'A: 6)0. -

('<I.tM.~ û< eL«.rty. A ~Io\~ clM'à< if ~ 'J'Ï.d..:~r i"et(.A.(.('

...-4. ~,~jÔMCo w ~ fcù bit. .

'fJ.:f~ J6'hC ~-+er

1. 1", rv.,.Ma. et v\~ -tt ~ f~ \..1 ~ cla. r-1f

~.&,....~ t&t u \1\.ci"e.u. rs j

58



I~ &-t«c1M<A.~lT>\keMAeJ- ,.~ rn.D+~rs et -t1""tl'nS{Orn...J"-G«rç •..
1

le:::: 0'-tll.M.V~ -t"L~a.r~t1Y- ,..~ rn--,,1a<.(c; <t \'~(t.,...k, t,J;us

2.

~.

e~ 'fA1 ~ fo.Mf :fù~

Li. Q.L~~ r lo(.;) C6\.. 1'\te.h:~

c.a-.-v\~"~~ "~ {}\~ t~u.r OIok~"'er J.e. l',\A,,J..;.,,,~ à ~~ ~t~

ftV-pw(.M.r(l) ~ 5DO -tr 1'\\.1 YI. • C?1~da4 ,. C\M.){ vl1<m-eo ';"'t~e.ures

;15 Je..ti u...,.~ ü. c.6\o.. br~V\.iq ek c.oW-~ ~ ~ ~ .R.u...r 1... et-w r

ek ~PvI.\U cl- {w.( Jt~de"",41.t AM d' t\M.tJt....t "-r ~~ts

~ ~&;. ..n.t~ q --G~. A~ -1,.M-OGo ~+VJks "f )4..~' ~

(\""-o-t{ur<; SQ"'" d..rtll\.l )€...,i M tarl:\.'CM-t~M t:Mt MA'" +a ~j( ~r,

't" dL. ~.s~ le.un vit~l , \<M.r~ ftete.ur)< ~.sso.....c< /-i'~

t~ll\l(S rU1o.C/J ~ ;{DOO/o ~ -<..t.u.'Ste1.td~~s Je.v<A~4<t&eNds.

Bi""" ttw {,;: l!..6W>bw.clicn.. ~~ /C0 ""'o+<M.rc; ,h6"\K ·~s c..~~~~

Iw.r uW:-d ~r tn.~ .J:>6\'\t" ~CMX ~~r;eurf ,. ~ c~ux ~

C'-O~(A.<,~ a..1creto"'~ cl ~I<.<I ~S~a.u.CR .t6\4(\'\~ ~ l.;: lM.f'uu

~t~. J)~ ~~A:ç; . Ju (\\.<6tutr ~Q"'~m..... ...r la 0(n:.-L.~

de. \)~u7Ü rtaet:\lC _ q)~ ~ . ,u,.. "",crl-w.r ~cLro~ okVJD~

AlM. ~\"\O 'Y"""",cl C-a1A-rt ,..- .J~Arra~ fA.'AM. (\M o1<.Ur "VO"l('cLro)U

,.M r cn-. te.ut.Mo~ e-..J-(lJ., l '1. /l.io-i.ot <\M ce .,k of&;. I!. "" Î' J:C4oc. r e.u i 1

fi> ttM 0vv.i.re. ".tùl !l-tM ck.w eMt er ~ ~H (M.J. 4Af ,.(.M r-I. ~ """ <

59



~Jt.. ~umrw~cJi6\, w ,J.alM.e.e (),)I~c \'e.....-reo-i J~ re'<:e.ptetl('J

6.4.2.1 ka~L-.J, +~(V\&{..J~ .

«Q ~ l "<j-\t cL. -y,." « cl;. '" l.o " ~Co~ 1'0 w." 6\t .q",t' d. r0 ~ C. ho! rU. J"-4.

~ i(..U,Jt.\J" ;fol'et.·~ kU

.l.>6\f ~ e~r~ ~,if~r t«r

et AM", ","0, cL"" el- ek -€" ~s~~ CL rel«et.:V c .....c;ue. rt.s et:U-c. •

c.0 '\<lA a: clM.1'I-\ N """" eM ravJ c.M.o. tMf d ) '(J(~+~ <Th 1<nA. r~ t;'t vJ"

\'~u0 ~.:tY"'tl-,~. 1 ek'\o~ .:k ~C\M.~ r.(t:\~-IJe.

W Jtèt~l.:. tt>..r t'ch'~ ~ \)aci+~on .
Ln. ~ "-0-- ~,!'~eJ::, tJ~J e-wt J~ le t~ 1'-'1 dt S ç~u..r

~tO"\Mbr", ",tes -<.t 'h~c.~h.,.:t ~. ~c.b.'~

6.4.~.2. C~cl<A.<ÇoJ-W.fS

i e.~o\fMs.,u-""'-r> )~ ~~çV\M.c. Cl1W)t,'h..u.t \'" ~~Dn L'l., tlv,{
r

l ,
{.Co ~ 1) tM t"" """'~ 'f'1'U :

- \~f tMt=.~b('" ......~t~t,J~
1

IUle ,.j"~,,,-II~6'>- ~tf.>'\~ .u- ~ .ÇI'\-\ t6. ,

_ \.15 "'-'- de man de..J-}~ d)~-I:rdt'~

_ )wr l!.llY-~Dh't"...,JÙn eX' ~ :to.À.ble j

_ 1-«.< r c..W ~ -t M e \5VvI 'r- -'l r~ ; à c~ J<:-, 'hl ....ck lA t.;,

1 _

60



C<.1te.«cla...J ~rs. VùI-\cÂ.~t:W.ll .A.M.CO~V~I'ÛCvJ-S rutc~·.
•

I~ cf""ù,J;..'6>t d<: -t~ki6\v.) hMI.uC~~

l~ cr"C.'tt t,.'6\, J, wrtw~~

1a cr~ ~tn. ck 'rt.trtn.-teM~t~ .; Il û< J.u.d..t~eM..t .

4l~ \< CM J..5 M...-Ldl~b"s ~Icc.h·' 'ft0 J", \", 'SEl & i Ih.%

~~rLi..,...c..ro"'~ ....-eJtc. JeA~~("(. "'v\.<lKock ....CM ;"Q ",,1(1- e:i. tM .,k

CM a d.:l""" tG\ll'''a.J-e. rJ;" ~o"';'bIH '1--0"\.1.( [" }ro dMe.t;4). c1'~c:.ri<. ,,",active.

A1rrzs \>';'4.<.eo.t.:6\<. ft le Ca\MJOh<W\~l:>-'\ Jl~e.Ut< rd ...et:vt 11<.6\4()

,

"dàec """'''' U'OY\l.l 1« 'F-H ~C< rcls {a,}tui (,o,-<=k c r...dc. ... saJ'eucs I\1.c'Ce.«l.«.r-~

1aur rJ~<.r le t/Âetw.r.-J. ~'Stl\"'~.

6.5 Evala a flot? de la cons omm Clfion d'e~ e':.5'le

r/ae.hve ë concrrxe l'eq//sab/e _

-er ni "1:otA'~ ~ \<-0 ::f'"et-GU I""Ç,~~-o .-'-f

~ C. Il'>- duvi a'r\ ç tt'" 1d\I\. ~ b-"t-e-r

ettr!~tMts )<tM ~ /->~

o. 10•

t~r \", c~t•.,Jc ;

~r lq T~lrM'IOY\
1

• 0·82. 1-o'--r l~ f:h..Vt.e!l.~ j

'k 1o-cJ-<-ur ci< FHCWCD ÇRo1~e .é.t~t "L O.::r.
i. .A"~o..u. 0.1 /d~ lU « "C~S~IM~~S /J~~ »

y'~M4n.- _~ ctill- -t~~ ..--de l\~u<?-c . CC CM ~ W ed\M~~'

.... tW c~+..---1 ..t~~~ ,,~ 'lM. e~ Cf ck i. jI;; '

61



•
~-ç .Q'~V...tu~CJ'f\.--..lt, ~s ~ \'~'-r~ d~~r Cd\-.s_IM~ 1

"n.n.t,.l. ;"-CWI1\M> 't~r'~ J~ TaMfcc;\:;,:6'-1, h, de ,,, <;~l\)€L:EC

}S e-, S """ O\i\ t U'A. c;;.~ 4"'" ...t. ~ Il dt fI.t..n M _c.k la. w ~ r- 0 M

~ ~rl~ ,--'W~)( ~ '-'~){J l.awh d~ \'" ~t-)EoU::C (Aet.:f IH

+c.r\f tL1 ) ; P6Ur la HOW"w. 1.u.<;'6\-, (TG) 1 or. Mi<-tJ" \-< -t.J.I~~

<rtM v",14"" •

\.( 1 \<2- Pn~ "f;JU r-M Vu.v
(0 .;. 1<a t; ') ('1Bh; 23\,)Z~ ;. 2..<L- 1-,

46.06 FeL [,6. 4Ç f'ŒA. 11~"O() F CFA.
~~ ",,*1-

Ce. +tJ"I~ ~G\-k.( \ .... -I-.:tlVlc....t.·6)". f~Ù,J kT (+ÙCYifh ~ ~ok\})

'1.t~ '" d (flo~ f't '\ol"'5 'k( d0t ln Cl\o-.s r'" <; r Ju ~ \( c1 1),(~ e"..,r

.......cL b k 1- roe:kvii \,-"1. r .-ec. 'irE' lB. ) ( CL /~ ok bill k "" 1" ~A"\>o~

.Lr~J )d,h:,{"~V\-c') .'v-.6\N) tV~5 w.rro~,/ 'f't ICI. ~x: ~ l"eNiM'

.d-w:..t" ~ l'ro<~ Cf" le 1~~ <i-v~ <k ~~ t'o.1W.t}N" 1<: Çf/l)H~

ri: D 1 1 _,. - l 'J D 1 / . J ~ 1
)' AA.S ,..-{ Gv&MU 4"", ..- <>l1.< [OI\-i1 ClL c~ Î 0-'- l 'h.1\Iv.> th PvV "'-:l ra..,., ïl-vt ~

~~ ..-~t., }MlMi:J f"Go ~ ~4~e..J-,..ck le ~sre\uC( &1\V)~pl<

~ d.u fe;et'CUr _ ok }u.i:W:L\t(( •

'--~6M \(~ ~~41h\<;' ~e. ~ ,*I~<f ~~ etf-eti.t~$ "Wc.c.

.t +~1 /<1 )-t ~ ~hl e ,

q~t..L tMl" tts f«et~.s",~ ~,çl7r>-.~ ""''''-'S"'\o\d6 /dlA. +41<'<41 6.1

t>rsv-X K(TI,Ir) (!.~~<, ~ o.'.:f if o:1.r . 1110\.< "'Jt~~av.).'

101)10 v..r &t,rr-f,."'1,\«', .......tt4 rw:JI ci.< .t~uyU if ~ I.e 'f'ùlMc ~A.R.

'l1...('~\I\d1-~Cl"h (~ .t"l.r\{s ~"'" ~~ er~l': Je I)~aç..:.c cL

O.'iS 0/..0 lM' cw.tiGv.v /~ Ca:JCf ). o.tj-r L.,t tMu.0 t11th:~i( .

62



b~c .~oV.-.TU 1Iù :ru \Ll. ADÛ T c;.f"PT. rer.

~''t----t----t--+--+---+--+--+----l---I---+--------.:....---+----'
o.=to O. ':Tl.

3 61

( ~I~ov>:> d.. ç:. CFA )

Ccie.r ..]. 1) e-:.cr)M
tqv..S cr- ... .:c A C6'>'f. 2-1-
MAot~~r ;,. O."'!,(

((fi)~:.1) (Ilhlll.,.s ç. Cï=~
.=---.:.!.I------+------- f---.---+---t--'-~_+--+_-__1_--+-~------1,--------+---.J.---~

\:.c.C'ht>~ ,...1~4{<

l""",Œ'l-\s.,k FO::A) ~."I ~.L g::r 7-.S- 5.3

T<Ak.L~c:AM '.1. : t\l.-kd.:~ cL c,(J dt Il i.- c.r~ 1 C-I5kS 0 >vtlv.:~ ~ .(:5 86
tCo'M~ ~~.!>...b\~ /a..~c ....,,; co~lf':;:.i. .



!"'M.è·",;h·~ '" .~ ;'-''"' lot: ,\-i'lX Jt r-wi~
&lU cdw.. ~ <. l'" <;.t; N E3. L- E'; c: 1 1)W\M.~ 0 r Att""

/' --

.2..~ hviVlil1'l<ç ek ç GÇA }-Af '1'\.\av., ~ 't~:lB6. Âvtc .......... ~er-.w.r

~ ~~~l<).( i \", Çou~ aM1~- ~cOVl~sL Üo. 1~66

54·2.,. !wy'\ij~ J, PC4=A. e... 1"'" /Ja\t rr..r{t;.,,~ I~ ttnt--4"\.-.s<l.bl~

,k 1.,. ~Ju~f"h q ck \c.~~~ d. l' G-\oc-1"0J. clt.Clt:'A>TM .:

et.-.kL1v't.e k- J rt ,\tvML (~U-t:O(~~ /ok.. ftet~r c1 ~!:>s.~C-( •

~~ ~'u. 1J.u.s";wrs l'v\1.it!t.ocLs }4\;or :tr"0'\.\.1I"(,(" L:: """\(Mf b~·lMA.\t.

,..ci cla\-\ht< (C4t. f"!.cI"<M ~ J..l ~SS.~4 .

6.6 opfimisaHon e:con.omi'lve des b atieries cie

Conden~cdel.Jrs .

Y~t;'f"v r~·r~.I< ek [,( c.~ ~""~~fh J
nJ -' , _l-'

.-t e"",.(.r~e 1Le.':;'ÇOU"<.

St; ~'r~ ...~ /'~rrCl.re..:lf J \~e,;,.~(l\., /.>1l'\IIot'~ e..uv..~~IMa.kwrf

cl 1~v~ Nt'd::lIX-) 'fn«s ~"l1. \~ .fCJ'Y,eti.crv.l'\.~ "'ô'dCf ~ MM. d.4\yr

~ PI "'r"~1"" . PM e..6Vv.><
1T c.M1'" l~ ;J" e t:t.v.ll & "vk~ '"V\( el1n-..

-1,.~~, -tf.\.\e,,1tr\.. /,,>N 1:N~,"U'~ ...sk. C.~$~'lY\YYI.,J-c.«rç J'-4..U"~ ric-rJ::~v~.

1.. ,-c.r.-.~t\.tseo..k[1"h /<1 ceAL ~U0 /l1""etLl>< ~cu.r-e ~ icO'\to­

~ d~ ~~~cr\.t41l"h /c\t-o rJ.ç,w.-ux .Je ~~In'\ :

dt~ 'MA\:\:.~ ,..~ } c.M:s .v- a lM U\. i5\~~ dt L; 1'-'~hl ck le,

,{w~-1.6\-t. ia ç~~ "t,cl<!4 /Ju 1o\vJ" dt. Vtu iailM.~ .serA-it

J. iO'\\r~t\.(.rt. .cl \~u0 f'(.'aete:V'C. 1--a.r dt, .sflM'~ l'Oc ... ksà~

64



~ cd!:i j..., ..: HMù 1s ,/~ sav.. l\.\ 4-e.u rs .

jf...'a .... w,~ ,u M c.\v{d~ 4'"' ~ ~ ~b.k\I"'Î.s< te 1u0d..ucUa>..

d'~~~ ~c."t:vu ) ~ cJ", ~trOlA~ ~ d4~S0 /.i~e~)

'he.. "ur-a\,t - ce cru '}tU' 1", M u1ki~C<::l.ttov.. "cJ.DôS 'h ic<.--:nl'Ù r<

tk .--e la Ho:{'~ II c. </ ek c.1fw, W1 AM..d.< ~.-eL ~+e cQOV\ .

L. ~uf;t;.~'WY- ~~ or~y\-~ ~ (JL 1~ C-lrh~

. ~J(. )~1'-~S;0 ~~ok.1A-10 ~w\YY\",,\e.s; i CL., d<'''re.V\.s~ J:t~j

\ A: ,olllM loW' cA \ ~< ~&t r-r /' J.s c.w J\'" aL wr .if d) '(.1(~o1,t4'~

~ ~cll-vs~-w.rç .ek ek I.ev.r tA. }IJa 1~1\<'iY <:\:\t\ v\ (Xe 1 ero\.la.M.t'U

t\-tV t ~ e~ a otu<:\.l: s-d ....~ r~ )t:\Nv.l )~ '(~>.UUl.x. cl cl,~­

~cn. et de +rews}6Ikt.-r ck·1 ~ "]U~+c! .c1.ea. +~~O\.-

~ lt1M t c. ev c1 .e~ S t. 1~ ) !VI. 6Vv.> ÂJ:U~/1 cw> t cM.tf f"G J«

J~tU. .,.--cl rt CM.~~rd<.: l1\- ~ C lA ~.r~ ÀM \J~ tA: .Ar f"VI.'- .t cL".t.

t \" Cgv.. ~ IlIA ~vJ;i: D"h D~ \!lA.Jt .

S.u ..2 D-éP.:v: <1 re'CM. ~'(~ ~ (J. ca~t~

etQ tuloAe..t /d... ~ ~t'W"J:)<r ,~ ..e" ck.ru cL."IJ-Ù. ....clt .e.\~<;.hJ)Ji~ . ":lI,<

~ ffet ) (5\" ~ crcL "J.. CfV1 n AA k l{ +<Mol~ / ()lM .-&n-tt ){A Î"'"d je,

j.:>il""Y\\t /'~ /q.~..,ç etdM.~.H's. ..".t J<.N<. h.-I.U lô-""f< /:::'.e '~Ii(/) ~çse..wt<J
o . Y\.

'A 'CQî _ L (D - D(Q)) (~+,tr ~
, 0

at.. ACQ)" -t cn;.t ok .{\~IIV7~çre,w<Mt' {Ml';' -<,'Cf"l,)..Ç11v

i'~ ~ f,a.tt~ <J., t~,;)01-\4 CA Q k. Vtt r

Dol C J,'t Ut s.< tW. iIll.< dt J 'tAo <::1' yU N' t;. et; \J-( J...... s

-1." ç!!tu ~6\.. /-" '"' s c uv-.. t-"'" !,.,);:.'/Tlo. ,

1\. 1 / Il l ,. 1 1 IlU(Q; .ta (H~<"'~ tt>uweU. '* ~.,,,yi.t reOle.t:J't wv'c "b~~ 1:.\" '

65



,
dl..otA.< .::;.&S'~ ei-, (rv...fw-J t-r<'V1d~s --& +a..uxA. ~ {.::{MX

~

ck 1~ °fo ~', a.r~ Ju \No..." relu' ) .e-:

:. \(. 'h O\~ br( cl 'a"" ",J< '~!J\tr ~ 1" ~-vlitn-\ ~n.r

""~G<-~ .

~~ A"6\11 S 1\"~ ccJ. eMJ.S 1 1\.. il\NJ ~~~ ssec0')Vj /' 1'W \C, ch'~ t-t. ~
'J'~u~~ot<..~ ~~ /,c6Y\sr",,,,,ks /J'~ t:\hl1.~ 't' l)tUL~

r A(Q)·.(l
'h ::: _ ..e0'd- l4 Do _ t:{Q') J

~o~ (~+ .t )

le.. -{alh.M.l rJ.c...t 1"" ~çç~c< Q . c.orres ~(1'hJ .s:

Q<. ~ ~~er

1ot?l.c > ..{.;: tor~

6. 6.~ D.d-a~ VI~~ ~ -t-A1l~ 1 QOhJ~SoJ-euÎ.s.

C-hcri. )( c:lu 'yÙu 0( ?I.U cl. +ü.~ 6).., ~ 'lA lu -\- eM ..-i il)..,.. <1-b.J.!t. e ~<l'\J;.:t

.... ~ MM. cru.t tlM.crÎ.Vl.ok 1 11M~ ;..111~ 1\..<h7G:':>< ~ ew.t-o-tr~<,;fo'IIA."-

flUr O\A .u-... 4;--.s"ft> M\o. t;,t'«,<r d'\-J1. k. M <;-( 1'- tYlA r t-rMA. et e r: 1 <: 10A.fteAÂe

r J.:c., Iv\T (GGbO 'J) le ~x ek. --K"tM& 'fo 'ôla~e ;..

cJ.w ~ €'" loalt~. ~-f, ~ .t. -+(l1M~~rMJ.e«r r~-+r,uw ,ks

t~ aet~vC? e le.k t~r ~q) ~t:: Co-M}tw. c."tÙ·"" /L)- ~f"'~Î,1~_

(M~ N.'e;J;.. .. ~' ~rc::d"e-IM~ ~r l c: lott.!."'~ ;t4A~0\rI ..

1.> l;Ûlli t'" f\" ~t ctU"i.wî.HW fio1J" ks r~ .l.r f,W'Vl0 ~T )

tM..< ~V(tlu. ,.-k etc;,~ de'-ra. rt . ŒJtL ~~"" M-.e! c trk /:) -

66



1

~~ a<':r ..tru..t \a ~SSlllhc. f\.\.J~C(nOC:Ùn. ~ C~C"E!lYl.~~e a.o... AJ.M }1fÏ~

l'1\1.( &.~"!"'" U'r"'l"t oU \~ 4ra.,.~10I"M..j.wrç ~~ SCT'1AIC\.«'s • ~...~ \~
,

c.lrriJC' /ek l.. pw.,s.~_c.. :(.:t.i.r :"'terVCM\"" t c.Oof-f~ cO.CMi" dr 1ri'5G'h",eM-.t"i

C- CG'f'..k..a- à: )oc, L:.~e,.I"i&:> (M~"ç 1v'M s~d\M.1S .

1. -S.'CU.1 /d..'~e<.v~a<t ~ le. i~ 't"'-' \., 1\v).t-.,•.H4.:<lô'\<;' ~ <N\i.J

rrv. $.~ ~"'" c;.~<>-.i<.? ,....cetr Il cl!\'lr.:wJ" c..i"o...l,,~ ....J"IIW) l~ c,Â,\"ls ",,'e,t

t<M .l.:~~1ot ~ .

.f +,v\,\,,;;w. b. 2.., c1 lce t- ..~ &uÀvaJ'",,- )«1A~ ~ ~".I.GWCQ

J.1-1At.·~e;:.t..'csn .l. CLaj'V....-Jef-Ar-t ).-t :t~clc.uf' cL. ~0CtM.c.. C\o...~~-et'

.-e"l c..~~~fu- .... .i' -e:..er~ ,...aet'~ (),.~""'- CiM. "-,,,JQ. .

1.1. t;"'~.QJ:' ~J-d--a."J' 'Î'-""" c,1l'oo ....... (4 s;o..u{ ~ le.. c~ rt. 1)~l.-.t

-w çJ;,w.~~ t<l:<" \.. St~ tS ll:c. (p~«.<... S6\AAeN.ti 5D kvA ) ,
,

mow> "";'MIl'-'l -}.., i'~ Je c"Jevj À \I«J.~rs ~\\o~ J,.c, ~Q,ekw.«;

). ~':.s-.ce tO'V.r C!t1.4"-' ;:k'tal't. J3tWJ WJ'D'h-> 1x-~c.vl~....-~ ~

j~e\,(.ll( 6. s ~ b. 5' , \~ ~'WctS /~> -t-.J1..,w, ~ c..1'.\~~-«lI'~

'" 1\1,( M ""i ("'..\M... ,./ CPi V\..W> Cf .4tCf wV..~ .

q~ --t CRS /~ .A.IML -vc:+e..o."";d"I--o e.,t~ , j \:V\M~D r.JA:8'o- .lu

1et.eteu r .L.. ~~Cr 1U 'M.et / Jl~ ...e'a c1,J-- ....- ~ IMM ""-4\.WCttù.,

Act>\sf~(....,J-~r- •

4etwJ .t +~-eu G.6 , /hw ~~t1M ~ ~t-,J; /ck. l~

ty...~~.L ~ le, ~ ok re.cu ~~~Il'h IJu CA.~~ ~~l:nt.': /GLH.e.:'f'~e..

/~ J~\;lvt.",.t~~ 't--etr le;: Ç.\ONeLU.. t. \00. ~ ~ }M\IU , 1... Rr...rUUJ,,(

.if \'" \Ji .,~ eyr e.n.... /"tyJ-- ~ ..... G.I.J"~~ 1«{" -e. ~s fo r "V-.J-w c tXl. ~4t. cL

S'Cl laVA. JVI)w fÀl'frvv,' ~s "e :fc<J-<ur .... .k ~t1au~ J~ [~,Vi'~M:~'

67



~~U en Cf
c,." st........ c:ot.:,..,.

4",rt d '........tAt.. ~. (1."
'l'>I''1~ "m.~1I.1'W.

("'VA ) «"M..u.( kw-e..~
1

cE. ~.T n.. Jo. L.E. ,,'1'1 C2lo o.t 3810
,

. ~ ,

ï Itù\l lUT ICII) 810 O:=è ~~DO

1

AI\)~HéS 5=tc Q·B %100,

:
:

~~<-(..w..~.~~ al. l~ ~~(. d... Cr....Je...ÇcJCMI1

1J<.~«t : CE"I\jTR-ALE- Ce.o~ae.tt.&: 0.10)

C~Cf •
~ft;.l

1,
0·60 o.gç o.se o.qS-

.:~\-ws~~

-p.
)" b..tt~~- 1AM{;w.C"

do' c r....J.... ~C(.I.r 2.~ ~ïo u..~s- 5 ':Tf ~.r"o,
. CkVi.\.r )

&\J: .wt.......~ .\...
l '~1/'" t..:,..~CMol--r ~ .16 a...'B 6.1.1 ~.cc t1~ :=t4

( n.,;[biw, cl.. ç . CF"A )
/"

68



,
"1

~4Cf ~

a:tT't<! o. %0 c·~s 0,'\0 Q."t.f" .{.. co,

~ y..CM'i,~.I:Ù"''''

~ .1 .l.(c:\M.s.,t0lM.t.t,

!~~w.. ~ CM~~'_ 11.$"0 lAI 0 ~1)b ~"tQ .s-~tl

b~ ( \c.vaï\

crn.c , ~·lIA.i ~

l' ~V;:"'~".1e.w.~ '2...C':t" 1.~ d-. 'tl.j- $".1..4-1 g.00

Cr.M.WC'\<, ~ (:.cÇA)

c:6~c.(\wi."~~ ..k 1.. \.,....Ii~ ~ cn-.\--~.dt4t("'i

~a.rt: T,<;TUQ..AT\OI\) le~'faet...&. = 0.10)

~

~t:l~ ~
-1.00O. t a·,K$" o ·4\e Ci ."ft

1 e.~ ~~d\o\.

1

~~t~CI ~ le:.
1~ lA.Ù ~ e""ek.c.. s~ . - =te A.1.<l .l\QO %0

J..w. CkVe<<')rs
1

~
. , d.,e....l:A IV.I

1\ ...'Xoo t;: 50 Hw<MÎ" - il.O~ -1.~t. LG!" a..":tl.
(~l~ d.~ç:-. ef='Â ')

69



(~ .(.lM. ;f~et-w.r ok ~~~lt.Vc. cl l'J.66 (eo.,..,-u..Q.t~

.l,. l' ctM"eJ4.- A~, l!> -e,...r~ n-J- ~ -&n... ::fet.....r

l ~ b.6

1

.f,. +~ A~. 1.0,
1

l r~~ (Q.'\l\- ') .
i

):..: G't\. ..ek ;IMI.i~ ~<..~ ......e.J:s
1

-et.l,. qo(~ .. L S~n,.,. ~""....e.. Q.O'f(0~""'.\ /~ ~ c.cr.>C{' ek O.~~

J.. ~"WC. cL le ~..J;t~ 4./r cl.. -tt. ~Va:, ..r- 1 c~

,Hl~ F, ~A ~ ke-r ~k. &nl- , \Jnv> «V'nv, <:ttj.t:"r'"~';' ~
1

/c.~'r A.w.- 'W.~n.. c1 d:00/'o 1aur -t«<.Lr CO\\oI.\rt' J.. le 1..t:,.\~et:c$)\-er
/J'!Wu ~~&Q. ~ r: c4 ~, ~..'I:'" ,"~ç ) ""''''''' ew"",~

1

hIv- d~~ ....& ru\Ul~~ 4.~ 1..4- %M .

lG: Q~~{ ~e;~.fetW r~ "'-tw> GUIW> ~Ht~~ q CJteJ.
,

~ ~rr-'" i:.t.v.ç\.~ ( T:' c;:., ) if'X~ , ok~ L. ""'M J.~ lt..r
1

..{~8b • : fSn..o ewQ'>o..~ 1 C4\.1.e,,-;.J~r.! -e. +,:u'"'-1 k 1 ~ co(("C·... ~~J

~"'J( \-~o-,-> 0 .e. ;- Â<a t.. .er '2..~ -t.. â i4 {. .
,

~~it ~ c~~ , fh.1'M """ \ "VJt\I.o }"tf' ~v e.O"w.r-t /d.. ~~ l'II)

1~~\~ J;)o\\( e, ~~ J~ /d'Wo .e., C.:t.\\~~~~S jJrw, M~~

~H~~'"", 1.A ~~ 4r -€n-lIMolu / ~('(.e-t~II4~ /tlAoo. ~~ ~

..e.: V reû~'I\0\. ...\. \>~~ •

q~ ~ &.C'\)( J. ~ \...Jt~ ? :& ~+ ,keM-ir an.. ~te.. /.k. l.\.w:..r~
,

~t-ol~~ -r- i~ r I~ ~:rrw.4W.C; ck \.., Io~è. ~
,

..Ii )'t ~ cl e _J,",- 1(. -t-e.w. ~ S •

70



~e-r...w.",a.t..'"" J,. 1 c l..~~ cL. cAJ~a.rWr.s

< M-v,t "'Clte-r ~r V. ~lC ~ 1... M ("~ aT cL

l~ ~~eJ~~ r-M le ~~H,e.c:. ~ VI~ At6UUE.

(~()~.. c4.. ek\\cU d.. ~ C1.' r~d.:n.- cL ~teJ) )

C-c1 ~ CtVJ J.., eN 1 j)~....: J.. l't\c.. ~ ok ",'"",
CIMekv..s" _

~~
c ~ al Il<,<S<:tJ'-<A.l~ [' , t"~·~ . r~cW:n..

tdf<A.~ ii.cÇ..l\<~
e.-~~ Allee w.. "Ne(. '"'"

lkV~r) ~e:.et,:ve. tow~ ol'"oW... l.:sc; 0\: """,.. .\ 1.....0..

(f. cRA ') lç:. C-ÇA ')
t;;G'\" d.o ,'\CL.. V-~"". '1 °1.

(A~!. \ 1 Il-ws ,
1,,

0 s-e« 0 "':tG> u'DO - -,

S O.~I ~ot ~~o 1Ir Gll"D 2.. .ss ~ .&L

:

12.- o. tj -1,&u ~o 0 1. ~4\ 1. .,~
1

ts": O.~:r
'l-~ ,gb 0 1. G~ "1'bl

:
:

'Lo 0.4t.- ~i' aT'O ~ L'B 2., \ \.
1

'2.1 O, 'f.r ~"tq ;m, tl 1..& ~ . 2.. b r

~c o. '(~ U62. 't~o - ~ r2.-~o '2..::l'\ 1.-,14

~' 1.00 -'H '1 sc -~\.l.~tlO ~ . l.\- i,l'2..

i Metet.:ur ,J 'Fccwû ~l\A.4 4t

.1'\~' cL ~cup~Ilk'OV\ cl, --1.1<:t ttl-tS

ek 0, Il~ 'r6\M" MM,.

~ 1. ""'"s et'"

2 n..~ -cl' 'f'~rç . ~ r.l.~ ~ 'CI") Cf Jo O/B ct 0, rt
"ocf~ ; ~ccq.t..J.,k .

71



Conclusion

'\0\.1\00 lIt.AlMI ,- okj ~ <Je \--~ ,- ~<:t4.<se.. cl"" rtL .
~ 1(: eN ck Il~~ #rot ~..1.:.

IV\. d\N) ~Y'~ c1\v.I r~ t -e. k'o..a- 4""-'- """ D\.v.l 'lu

-e. ~et.eur ,-~ ~~s~" ~1M.j). cL.')'I-u

're:fM~ ~

~ ~tWc. ~kA~ "'\ClA.v> ~ k ~ ~r 1", kA~".l, ok. eW"u

ck /u.lc.v.~...k6\,. '1"""

.Gt te> ~"i~ ".~

( Pret w ~rS J .
Q .
-:Jl1\.t(" ~ ~ ~,..~ oJ-e.t.CA"S GtL lA.. ~l> tAo!" le ~ tJ E:LéC .û.

/CM,-J-c ~) 11."'" /l.tC.6'>oo.~6M ~c.,.j"r4t ~C'bJJer et

tAre .d..:.o;:-t.:d)o. ,cl..! '" c.~~ CM SAt.:6'l1.. A'1(.c ~:r~etr.....,...l.. ~s. V\"'~-L

~(.1." V;V\~l(ui.( ) l'~r"llr: ~r ~c~ J\ac<t=~ ,J<'IMI') \'d-at

iraet.d I\\.~ j>Î. ,cJL C6)o.~n.. .... .JA:n-. V J;i, ~u... :P"te .~ ""-1"Iv.>

M aw. \I"U ~ l' N.. '"~\H.w wt ".~ n.i..J..:~e.r ,...e~ Co lAI.l..."..<Mi""

1.00 000 ~ ~I\ ,,,,,..nf"l"lo\ . 1 J11~.l, ~Co4.lp~,.t.'zn... ~ dt

11+ """~ ,~ .~ ~ .-tu: ~l-~L.r~ .

72



Chapitre 2'
Conctustons

et .
Recommondat/oos

i- l r-aM-~ ej.eet("'O~he-:l -dl~ +C-e::t"s.foc"IM~«lr.s ....Je

l'~ 1'\( ,...a e.c e,rL ~ <.le \-c::-M l:.-\ lYl\ ....~ \ "t ~ S Set k Cq de.

2 _ 1..0 ~~ ~\~e-rrc:. )ct\o\s le ~:''i.t:.a..u ~t~ -{~B'2...id"

1~86 ...-otMt kr~ :Jc."ics [~2 ~ 2..o°{o '1 .

3 _ l. ~chA.(.C" ....~ FS.S,Gtt'\Cf (M~"" ok \') 'I.L~VI.( ~ .\Y\ :rri~r;

~ 0.7 ..... à <-vot<"lh.1YU.....J~ p~ .\' c.~~c0c ~~~ el...utC4

<k +(M ""un .ex e<m-\ v Co S •

4 - Cdl1\Ar AA').o\l'("'G(" le~)( ~,,"M"'\)~ kM ~il"-50m""'~ ~CI'

\ el. S E...I & ,Oh J~rc>U.t eo- Î>...rc("" 1<s ccn1.rç ...Je \'"

pro~e.t:~ ,AU.t~1l'\o\AC /"p~(.f"~<. 'tClr \c.-t",rloo _""Hcr_

'h4c.u.r" I~ ~ eSf.L 0'\4 t ar -UM nlM.ll~ plP-t< .k
\i">c"M!.S'V\ J< \"1 ~rvEL.E:c. ~2.oo0k\)A '}M exe ... ~c: ') •

73



- ~~

5 - Ill\. t"tlcv~ /J.,. ~~ ek cLcx..~ rrl'\""{;.«e.o ;.~

~u:>~rc. 1~r. ~JW~ l~ ~\r'~ ek ~"tl'\~

.:t r1'-eU"" ta.r ~ ~~rc~~ Je \... J ~"'~ '" cl< ~ \'.....iJ<

) 1~ ~ 'Cr-"t~ ",Le .1 ee t~ Ç<

6 - t., ~y\\I\U )I~-\er ~\I\<'r-'l~ (<lr.-e.r .k 1.. t.,;b..l'"~ln\ ) ,

"l.A4.w ~ M ~e:t.t4.'fio\ 'PM ..e... ~~ E. L€c ~ r~w.ti l'Ma I\.~" ?-

__ <l'v..t;l,,\ Se r -w.. s,c.u.( -h-~~ fo r ~ .....t-eu.r Ctc.1 tA.\. ..kt ~~ ok

l; "reM~,") r"""'" \".c.u t:k "5' kJs ~ ~c~,,"1"<. ~

~ dw..J( ~E.~L cr-t'" ~I.i.~~ . C?dtl~~ rdc:1.u\.r

\c..o ~ut<-? ..u- e:t lM~o~ loC "fetfM.(,.....\< ~S5.otH~..et"

ôW,- uJ:i t.. ColS\-\.t.:~I ,) J~~~~en,.,)~ eO>'v,)lfhc \IW"t-

1- \II .
l.eu rs ~ (!..\.4 U'~ •

7_ ~ .A,0\4.ck ~ ,..cLu lU'S.~OJ.A ~T ~ ~C~.AA 1"( pl1\.l1f

~of·+e., 1, <:w~.J'aÇ'-o ,.~1=t'5 cu. ~csi...t 6.

~\.\M.V(/}.t.:':.s~~ /~w..:. ~ t-d1'"e-. 2.D ~lli~

~ ~. cc»: Ac<", aM.<~.Lt... I\o\AcnlllS ck 4 ~'"'~

8 _ i ~ cR~ ~ /~ 1~~ ek -h~~fl)f~.,J-~r ..-ccü' BT

-pc-<>tm.: , ~~ r __<>\Nec ....de.> c~~r~ U (000 'P-02. V

c:k 5")( l-4.0 "M ",-<1. 1' "" r -p.t..ev.>e, •

~ ]

74



.er ~ "';'\llA.IAMA. /~ cn..~l'~ ~ \~ ~l..I~ -et

1)~HA('«\l~Cf -p6)'O<J.~ ~ ~~b-i~r..' 1t.~~'fW ,

~ Î'6\WOl r ).e. eCM.r(1. cl" ~ ~n)+~~

dt ~ 1""~r

10 - L ~~cn.s /b. (!.;;;'bl~ ~\ d" ki ,.4.~Sf0Nt
\'t('~we~ \c.o ~O'\o\~\;"~S J '-G'e!A.UfflUe.vJ" eu ri<fl.U.l

"t\.o(""".J 1 ~ et> 10\. r t ei r~ -et .-c e1A J.~ ci l.A.b e:k>

..t'w'ifÎCl"lo\ eiIt J.14.t.4 s..; k.\C' .

t..k ~ ~ CÂIc.~ &l" 1(J1.\o(dtt.,J- .wu 1rotecli~ ~

"'PUl.S6\1. ...~ c.~ -<" c.en.-tAd:O .t- cL;. rcd;, .

11 u, 0''''"~o l'o-tA'"" ,~ ~"'et~r".s:t. ~')_Cc 'I0I..,J

J., .e. 1l\4..ti. \lu ~ }Ca ea- lU-.Uc. . g Il\ll' ci aGI'~ '" • r .s.e:t

VAl"Ur ol'l;.·m~c. pt ~ SCS\ArC4. ~I~&(~ rC. ... ~\rl \<: \-Wo

.e C01'\.O"'M.À O(W Ce.6\,.dWs.a.t"eu.rs $~~ ~ firuC .aeÀ.+... ­

h:6'\o\ .....~~ ç.c\",~c-.,J-G(.(rr, ~lr"Gk("O'k.Io ') J ~ fa-u..rltlld.icC"

{g r'tit ~ ~"'I~ .....~ kw'l ~roJ.wk. ~ ...r Ill' «<I~.

12 . A,.....iofU·. /t iQetJuÇ" ~ ~,,~""'(J) ~ -frrake.O.<!:lMe..J""

~ \.. ~t-:>e:LEe <M ~."f-AllA...r Ja>v.) le.

7S~
, "



VUJA\'-UIZ.lE "..J.c.., cO'\'\cle-'!:.are..~'" """'rrlllU~~çe., al., ~z. ci

-1-:; I.e \JAC" t 1 -iM \le.?~'s~~wt ....~ cr- cl "r""> Q. .Ç"0 cn1) ç cFA

"")Aw~t -CM 1\4- ""'lM ,.et" ~er"".:t )L frlA.rr~"'i" l; \~J\,~t~ .

13 t ~e;.ck"-e.vC' d. ~""""CI ....~ ~eA.':c:.rt (~ëTTOYAG-é )

h~c.o~.:n CA(;\;, <!.OIo(IoWI\') Tlù,.U I2.ATIO No <.1- 'Pt; u.e Tl SoATlOA))

(lat' «.oo(.~ -;{ N.\.~ L0.'5') .. ~ .~ ), \1" s.~.s. - cl""r~

...~ """o~-euC'c,, co.s~ .. tl. l'tl .....es 1>Cl'\&.(" \' Q. 1ItoJ~ 0" e r ~ .... S

/e\)"W\~eMs.tII.è~r 1 c:l.CShc. (.)«M!- -1MVG?tiç~ew~, tI"" ~nr

M..'('fcl.,,~~ \~ ~o-t~'"S 1~r '"" I~t ~S~AMe...t

a~~etd sQ\t;' rU! ~~ -t.se;Je ;;. \eur ~Ç~ilW"

~""'" IM....,Q. • cDe.? ~~ c>h::"«~ ~otA:\){' et 1JOlcAllei

f",..~~\l-<O r~~Co ~n\l<'~ ~ -er~~~ 'Î-~\

~-r« ~~-«"" \ Q ~IlIIMCI Arp-Gla'< et~:fAd-~r ~ ~_c«

)~ e.t"''r'-'. ~\)-tw,.

76



77



78



A~J~jE:XE5

1_2_3.

79



Annexe 1) :
1 Q' / "caracrerisr/çues eleclrlqUeJi

1cesrecepteurs el sources 1

A1+(Il n afeM.rs :

C~.t-wet~r . J SlHtO ~T SCH N E.ID E,l<.

AI~Uh~Wr ToRBO ( A1 )

T~r- : se , :rIO. L. ~

S~V'ÏCt·: C-n..t:.: \IW

1?,.ot~O'\I\: l p 4.4

t~f~tM.t: st B

Vi+fMt. d '~ba.ll(;W. e-J :

k 0 d.t d' ~~t ~th.:C'V'\

c)~e J' .0~M~-

R.e F
"1 Boo +1'" 1"",,,,,

. Af12.T

T~,",,0"\01 ~6oo\l c..~l"'~ l"J" ~83 A

P\A.Îmt'm~ a1t~r~ : idr5 kVA C~r : 0·5

V~r~ 15'00 +r /.,.,,,, Ç,..d~~Ct : 50 !·h

T(M s'in. JI ex c:,;. t~O"r\ 12..9 v

80

104 v



G rou ~!.S E. \eetr 0 i l'\.(.~ :

(9'U

.J"-E.U kONT SC.H N bl ~'E72. .

't et.~ftewc..J"

Vit~ d'€M<b.J\~mr '

K.c tit d'ex '-Î.t~O"h ;

el'\ML JI ~o{L~evJ" "

600 +r I~,.,

.}JrYlo.~ ch ~~<? :. 3

c~'\oQa.~ Â _ y

T~Y\O"\ ' '- 2.0 V ~evvJ' :

p~"""û ClhM~" ~ 100 kVA ~Cf

2.eQO A

0.8

T~s-i-~ J' eKc,;.t~~ ~ ~ V

e.rur~ cl 1 «~tcd::i'"", -11\ 0.4

81



.P~~~(kVA ~ 1000 1UO 2000

PriMAA-1'C. LV) 6600 Z-S1 6600
T~~~ .se~~lV,) LlOD 6600 ~Do

Pe-à", :~.-,.~. ck (kw) 2..; 2..:t- 3.:l

1'e<'t, cW."l.l à ~"c (kw) 1\ 1. 1 1S' 2. e:
Pul4 "et:.v-c, MA4 (kw) 114 ·U 11 i-.1- '16'. LI

p..;.~"",u À ~ r-çe.- . \ :r 2. ..( ~w..~ ~1-6;;., -1i~1'\< a-Al"Ct LW 4,
'T(M ç.i C1\'l cl.< Û"rt - ... r&lM. j-

E 7~ 1-5 Oc. (%) - lh. 5.-5'

c~ ctr.>cf .. -1 Il.B 1·~4 -1.~(,

ekiCMc,.in,

<M. 0/" ~~: O.i! ~.q~ ~. 2..4 5".~

(eMek...c..J"
~~ .. 1 ~! .Yo ~e,g~ 'j~. ~I .

v.-. :, /4-
elt cb.t~ ~% Cd(: olo j8 ..ro 18.S'lf ~ ~ .6l4

't~d""""""'" C-r.lf~ :i gg.[~ 5& .60 ~g . '1-0~ j.2e;. ....

~~D{D ~~ :.o.~ ~Y. 2~ 5! .u, g8.36

~~ k. l1'\'ek v.. % 2,,4 2.'2.. -1.q

D':J 1'\ ii

82

( P :> 1-60 k. VA) .



12.:c~e«-rç

j)~CVtt C~~e Il

PiMH IW CL "v\6'1M \'lJ e, :2 ~ 6 2.. k:v A

Tt-'>< ~ l7\A 'Ko >l,.:, >t ~.1 : 3~0 v

1'\' .. " ï ,/.- _+" 1/
~r-a.rL l 'k L-u r<u-L.Ol'l

~'W.r.>'J <'UA. C. ....... ,,~ ....~

iJ ~a.'tt '1 A'r\ lAe)(.{.<J Il

P~G{M.û. !K.G'Mi kqjJ~

'lGGù kuA

3coo v

o.~

,H.S'S k.VA

3caOv

0,8

]j~ ~ c~I,,\< 'WA':~s~ '.

HT AVlU Tl-\ E t\) E '1. 2.L '12 1~D kv

BT U100D lL()"LV

83



C0.r~et~~ q,w,,.~ c:k~ ~ J-eu.r~

".ek d~~ Sec,tM J e:Ùl"l.o -el" ~~ c:: t-~M)(. .

. ïji't b-!~eÛt- ci ~fÇ :
Ca.U \0 11

Pdcbe:e,i 'ra. . ~~~I(1 1

t;1S\< r
., cl.<

LA) l l'"-lf.
WnOt.\c.

II~~IC':~r"" (A"

Q1t bSAl ~loo - gr

Qu: \-ISOtl D~lo
160tllnoo - '5'D

- -

Qlc.. f..\,foo D3~ 1bno'~1..W - rD
Q~c. Hn-o 'bW ~Wllac - .JO

--
QS'c. 4,fOo b :'Lo /tf,Do 1~"Uo - nJ

QbC- MDO - 1o/1S" - ~D Sil
-
~1C H1~o - ~ {IJ.O - . tc Sb ,
--

tHe. t11..fc A1.00 - <Sb-.

Q5c ~~~
- 4c {bD - ~o Jb

~ '!oc. ~m b~oo ....00 2cto lueoo - ..rc .-
Q1~C. ~ (CO ~ - <.r /'40 - llo -f"o

QltC t\SbcG &,rDO J'DO 1l)ctI /7..000 . - .f-o
- - J- I---

QgC ti40 ~"Loo - .rD
- - - l- --

Qt\.l.C H(SC A\2-S' - Sb-_.- ----

Qlre HzJo A160 - .n

~16t \-tl.Jb A'loo - S-O

Q\1{. ~ mo 14 ~ '-~ /'.1,0 ~D $D-_._---- - ---- -~ ~._. ----- ..

~I~C Ntoo fi - :tC/wc 40 .)0

84



1 CA),; b..e. oP de cl.
b~..;t' ... - T~ l>icleN\.et e.ur S ~ble. l'Mdoc...... -

l:.i~ I,.H, Il' ..... ' )

t'I al- ( k: A~~OeA.e
CA) CA \

~-

G1QC H,fOD b326 31.0 If~oo1~ '2..Do - <Jo

Q20C ~ ,rot .c ~oo ~oo 2..D o OI'lDoo - .Ço
.-

Q2.IC (·+roc:, {; ~Lo ~?-o ~OI12io - 50

Qnc HUo G-'1.ob 'U>o rOOI~DDO - rt>
---1----- .. _------ ,- .

Q1.3 C N lDD H - .rr 1re - 1W <fa i
:

Q'2A.ic H~o A160 - -S"o i
-

QUe ~ lOb fi .(,j'14- 0 - SD_ ..rD-
f-

Qt-.qC NIDOH - ,'/Ç" /'2..f - IJ.O ~o

Qgo c.
1

IX ~I C ~O! (f~ lOOH - - ,,-\0 ' Sb
-t-'- --_.-

~'LC I\f[DO H - 10 !If - Llo ~

QiT DSA1 32.DD - g.r
.. -

Q2..T C 12J"o t)62"o 6;0 ~lfDlb3DO - .ro

Q~T f.j 030 ~ Gb:l:Jo b~D 1.210!~..roo - -rD

Q4-1 HbJOc G. (;'.lo 6:'0 12.JbI-woo - Ç"o

Q5Î c ~UbG G6~ b 30 1U'o !2.foD - 5"0

QGT \-12.fo A2-ùo 2...00 5""0

QgT H2.(() A1l..f" -1 'L-f - -5"0
-- -

Q<1T HUo A 'lU - S-o

(11oT NiDOH - '-+0160 - go ["0

~- --.....' --,-.---~--~----'---_~--~~I

85



Dis i.9 l'ltt- Type
tion

Q4H H{fo

i Q~2..T I\IlooH

D2cl el d, eu. oS

Ir+? Al

(",(; bl't

,fu-.i. bl~
- ,

a..-uoCAe

80

.ro

S-o

Q1 A DSAt 2000 - 1 63
f------f-------- --------- ------- -- ------ ------- ----

Q'LA I\JIOOH - ~..r/~D - go 1-50
cQ; 1\__ ~S;~ __ ~~o~__T_~oo__loool,o••.. -_~_'5ï_O__ f

Q lJ.. A ~lfo ALeo ?..Po 1 5'0

Q;;;A

1 Q6A

l, Q:tA

j..\ 2...fo

I\IloO H

NlOOl-i

f-J 100 H

N(oo\-l

A \1...\

40

go

~o

8D

4-0

80

1

ISb
!
,.rD
,
1

i.ft)

1

, ~o

1

1

'50

f--------------j----f-----

f-------+-------------- ---~-/------/-------~---+-----,

r-----i----+----f----/-------i-----j----I

86



.,
ANNE.XE .... :

Est/mot/DI) des puissances
, d1ufl/f.sotiofJ.

Ce1tJ Vat:Z lM~Oh t->t ~tM-l c: /'>1A. r \ '" ""- 0 r lM.< Uïf. 6 '3 _ 4-1 0 ~

ftLc 0 \'AI'" Ci. YI d. J l .owt.:~eJ;;an /~ -t.,J,{U::W. cc ,J-e-:,O D1.-v.> M

tt-ahc5"lk.. nr ~ ~ .:;v""oire ,1 /J~~n.. BT 't~~1W>t

~ <-U.rç e,,;. r~ \;0 0{ ~ ~ t. taX..'~ WpJ;.: \1 <.0 GUI. J( c2 Cl"V\ ch. /:;{6\-vo

tÀrcMtXl, à\c
1ePe.ù r A8 ) 1h.iTW) Mow> ~i ~ ')vwd-wJ- et ~;l{~(~r

n 1 .+'
,rC~ tt'i c.te-u rs ~ ~ ,.( M. \0\<. -c •

T~IoI«UA jc.-S i",etCM-CS ~ Ç;\l-v\uH.. ..J;te' }-rur C\(\M.O', res

Je cko~~-wt.i~ M.du.olA..:<1l..S (~e1n">\ nor"" un:. 6~ -4-(0)

0.5

O,B

0.7

0.6

~ ~&lctLlA.r JI~{l~cJA'~ v.~":' -ut,'\M<' c.. o.s 'l'-d\.d I~ ~or~

"""ok.:q . ~L!\« --t',/d~rAy er (... &ttu.:ffAY 0\< 1"" vu.t:\4o.. Al 4t Je 1 •

87



p~~C( ~,.,.u_" P.... SSAkG Co~1r L1lAo.~ ~ottr ~"4'111&.

o~ ~ s~. 0"l1. if'WhJI~ iMt...U~ c\,....t;.:-!.<- d'~t~~. cl'.....li'i. J. "' .....1. cll~l< .

~...t:~ t.:6Y\ ~itoo ~er ta~~t' ~...v.:""

(kVA) (k ù ) (kVA)
1<.r~~e41 """;J<A.o< .2<~VC4< 1..'~ ....

kSI (bJA) k:~ ..... (k0A)

eto..ucl;w l ~60 o.\? -1lW

et. Ji. Co - 'IBoaM. e-rt. li 1'·16 -'l'lU

C~ ...~" cLtW..k~ -1-ro o. ~ ;j 2..0
,

At'ro tO\'1d ""-&-ù.{ rç ·{60 O,'ô 12.&

~I/JJ HAtV Il 2.0 D.g --1.6

~t-o di kAIV .ID Lo D.~ -1b ,

Fc1aAra~ (~ \ 1DD '1 --1.00et..4.l.Lf~l
1-~3J?ont rl5W~ 0.6 ;m 1

~.f o.g 2..0

C-IJ\>'- pC'~':)-lLlr -1- ~",/etw.r 200 0.& /l60

TMl/W C .C. c!tl("(W-r -5' 1 -5'

Ii 1- . - ( /~CW.ektJ 2-bO (J·B tD~G"'" tII.U. J. l'ora~

1> . - ( Etw WJ't) gr 0.8 GB6Wt~.!!- ~n>e~d.

S \J<It } 0 ra..tim... -ID (l.% 4D

l r~t~~ E-~e.M; ~ o.g ~b

Att-lit.1". &';'t'l>r . H~"~" gD 0.&' bv

Ç-t-o c..k "1.~ A-rCtck1.e:, 2-D O.B 16

Tof.,J ,f boS' ;j ~o~ :tY3 .:t-n

88



·

Ij \A.'~4'd\..
r;~ kll Pel k~~ 1>"1 1L51- P, L

(l:vA) (1LvAl (loJA.) (~ VA.)

,1 GoS ~~o[ 0,6 1B 1 19~
- - -

Eet. awt: Il "" \'101.V .1\0 O,~ ~

lUfc~~ hd:t~A.\, I{SC 0.\ -'t2.D

~c.orl<: ClAY "t~o o,~ -"\I,,\,l!-

( d r /Â, e:.t:d'h ,..,=ro D·t /f~b

~Î<G'\..(.I.~ --100 -1 {aD D. G 1116 '1 -1116

ü:.lA.<raç. fJ~. ~cort:. 4!' " 4--(

V~l4", ewtr4 10 1 10
,

~ ~lUr lCw.tr~< -d......M G 1 {;

P6'nl~ ~ L 1<:: b ~ b
il-e'} 01. rI- C's t..,. ~r t?o.R .2-362 - 1q6D - -11-16 11.g.bc..EI\lTIZ.ALE. -

89



1)tPA1Z.T T12-ITURATIOi\).

L5». .... Ill' 1"':k ro.k6\-1

Pr<mVl t -et".IL

330 O.e,

D.g

30

[0

Go

0.6

40

1

1

o.€,

0.8

0·8i2 ..ff kA f{ (l<Ultt4 1'S
J) re, ( ~LcR. )
K"n''''''''Y a1~o40'

J6W<~<N.... JI

~ocActi? ~It

'EeP tÙr""7
(ïri\:ureX::' n,... ff·l.açP) Jo

ë:c:.I..... ra?" U-e.tQ~...t.:G'lo) ~D

D~A.rt ~~ rcJ
TILl TLll2.A..\ 0 i'J 1tbD

90



bCDp.12-T A I-J I\JEXES .

1-11.\6 1 -

D4a.r-r G<M~(~

AN~EXES

Pu,~t lu Pu \(>1 ~U kSl.- ~V
~ L-

U~~~~
(l'lA) (I.cv~) (\lvA) ( v:vA)

(.\4.t\.otJ-~ltl(? ~ile --14- O,g 11.2.

\'l,o~cJ:[o-.. ~a.u &\"ci. <tJo o.g -1.bO 1

1+etbncdi~ b6Vl«ll(" ~ -1 r ~2.D. ~

Vjl'l~ 'Ôî(.M.L ro o.? ll-o

J?~ 5 D.tg 1.2.-

b~~C( .20 D.8 Ab

,Pt; rfuHA~ 17 o.~ A:'.6 O.~ -1

JewJ 30 D. B ~4

E....b6I<C~UQr .J'Mdl B o.~ 6.4-

IOl'>l'>eQlW-t. 3~() D.~ LBD

H.o.r'6 4 ';"k eA-Ù Z~~ o.g '! BD

EJt/.À rc.. V ~I-\as ~oo 1 {aD

A~""05cr{s (DTUA L ') 20 0.& -16
..

91



~ Rele-v;s J-e~ 1'rcd..uW:c-a-.s -& c.5\\Sfrv\Y\\~~S

-J'e:~ -k-lech'Itt-t-{-1eln ~ -\~86),

l , 1 1 1 1 1.M(..Y\l.rt-S y-(~S<.~S ~r «l ...-Oe.tetrt;, ~T

CJ~\lltr - Ç'~/\J('~e.r -re B':f )

92 '"



Ta.bl~ A~ - i

_...

~r'tC 'lX) ..", :\~ () ~ .-Q (VI ('f\, _._.. 'Ç) \S), - .':'":-- ,('<\--,.l.' ..
'..:< i:x,- 1.,,- .N--:.......

~'
~ ~.!~ ~

\,. ,-r . 'Xl .r\--" ;'-Sl,.. r- :
"':~ l":;i "'\\ ,\\ '\' :~ "'": 1 : ' , :~,. ,

'X) ;-J" .~ r;,o
.",.,' ~-

-, ,

"" t).: I><l e;:,
(\l "-l ,rJ) <:>;

V
,

l,,"i :\1 N
'r> :~

93

i

1
" ..1

1 - 1','
s:



-1
~
i
j>
~,
f0

e.,
-df - ~

~ ~,
~.~ .
i

~ s,~

-{ (:)

Z
?
~

~ ~~

?~

_,11.1 66 13 2 7f , 4

ALl I., ~,!J AA~ /..,

.A 37-s, 7- ù 2/~

/"2, € . l J?7 3

"RO~ uc:no N ET CON.!3"I'11'-1Fr-,-ioAlS ENER6-"~, . '-' , ' - ' E.Lé:CTR7 QlJ~ /92.3PROlWjGT10NS . : . ' l .. c ..o.~_sD""H'!.:!"!._~!!~ ....._ . ' _.__..?.(illTéS .' _ .A1 A ,., A 2 TorAL '~" J ' n' '''''O ' d'l ' rz'r '" Tor~ .z.. . cN512.G 0/ ô) l-

'- ..J ?RODUC. CD/IJZIJt.P .'"(q J I _ 1-(. 'N~.,ü.r.\. ç, f'.I:{§.t;J!:J_ .p~RDUi3 /l) .1:',01.(,.0
._ _ ~ YV ~._ ~~!!... . .l-1.)Y Il , t' t.l1t MW \-l PI"'-l li- : t'\'l'H~ . . 'N 11 : , Y'I hl ~ .1ANVlét:/fI,1t 155,4 1 ~ 1 , 1- jl:1~/J 211~~ .~-,_ .~~8~:~ .2~S.'23. " .?_:_~ ~ , .~ ~'-Q ' . '.-I o: ~ ç,·_ ·HV/ZIE R 1051, 3 ./131; '2 '3.~, J1 -12. ~ , 6 40~ :6 : _ .4 A.J;"!._ .15 1;r2.:.. .AO..3_1r~ ,--,-~~-s:.~ =t- ,q, "5

30)5 ' /I~3.lt~1. 455,,_i::S:.()LÏ· : - .~ : ·, __ ~2:5.'~~~~ 0_2:j:~t ~.t$'.5 1("b2.
12/ .-1 lJ 1?/ 43'j~~5jg;:5·- '2.~g/:)~ 'ï2 ~'2';9" 2 '2 ~~ ~ )~6'I -. '2 ~t5 ' (f "" -- -:'2~"--: " 'o- -' t\- ------- '- - :2'6j . 1 A i

u ,4 1z., -$ ,~ Û 2, 7 '2._.. _~ _ " -" -5, " 3 __1.~()... _.I.2S~.~ . ' - ~ 4A 3" ".Ao.~5 , 13J~"'iJ>a.;- ~"':' ~_ " ' /!J :L _ :.L,-ç:_Z~ .± j~~3~ :i ' ' ~'3 ' '' '
1.:O l ? s rI.; c. Li 0 1511) 1- i.t2 l;).~~-i .~~~~:3~::3 oJ~~..j:~?~~~:~~O:~~ J ;~3, 45')1, ;. '2. ;2 :1., ·Z I~ J5 It;t1;.j :?5'~.~b6..s:, .L. ~e'~~J'~" .9 J:G~ ~ ' JS) =7- .J. 5J 35SEPrSMB~m.t- > U V " ". l ,21","' j5'b, i l q l ~" ~' : 'G;ii ()}5;5 -' '''_9,3 /e , ,6OcTO se / 10 'V "" l , ) C " "11., J " c« ...J,c<:~~Ll~9-;t~':::: L<Lnr :'5.Z, > .Hl ~5~bvEM B 36 l, 1 2 12 / 3 0 10 ~~l; ~"~: . !!~:_ :t._~r2~:~) ,,= j~9_ ~ ..~~.!_ ~~~/?- ~.~,~~bEC:éHS 111 52, 9 :J O/oS . 0 l'2.v ~ 5 315;.G. .3.g .1:;.3. b.,,!J_ .uis:. . .L!. _ 2r _'L .Alt,6{T<>rAL IA~ " 6_> 1.f.l, )1- 6 12. r ,S2 12, 4~1lI. ~J,Ûi;:rf~3.-'L'2; s:: :1.3:0SV 2..2'4'L,!> ,fib 66

CD 1 HA /ZS+'- 1 A.vRI'-
1

"141

JUùv

1U/UET

Ao:UT

'f
. -.. ...._- ... .. - --_.. -'- '-- -. . _ . _-~... _-

1 _------,---- : --t~~:~ L---:-!-.!4-----;-;--:l~~-~-:~~~~~-~C~L-~,;icCyi=~L,~,ç-----J



------- - ----_._---------

.. - ---

1'l"Otk.~ cr CI'\.OO\-\"" I\h.:~ à J~ e:~

~t!~'j"U A~B 4--
-~

, . 1 , . _ I- l, ; H '. . .. . _ f- 1-- ' -
~ ..:J="'-="- 1 - r- "-'1- -

-/' i :,. 1'->
"

'~ t<1 rJ 1Mo, ILl -L~
N: 1\9 .'" 1-' ._

~
~ ~ "-

l'V h .... :.3·.. i 1

,~ ~ "'\, '\ ...,.
I~ J

- .
...... 1 1

'\ ",. i
! 1, "

....$.' - 1" , 1
.-+- .

.- oJ( 1

I~ ~ .... -l-.. ..... \) ':>.; 1"
~.-

,-
ex: 11"1

.~" ,:~. - :p
~ 1'- :~ le-- i">< ~ Ire' I~ ~,- ' 1 -- ,

l:S1:
. 'li: .~ _ . - ~-l' .

'-i~ .~
fY /) I~ :-.,.; 1.... '- ~S li" t\J 1;:;

., 1

l''t' .... '<; I~ '\'1 ''''''
..

' 1 ~

~- 1· Il 1
..

-- ~

:..:;':~
1":' l' It-, r:>< N

~~
1<;:..1'- 1

~-
It- =I~

..... p li)
I~ ..:S ~

C\I
~-~ ,

I~-- -

- ~lS: : ~:o;,

- ~ I~ I l\! 1';;- "- 1)0' -
~r I~ ..

- '-t ~ ~ l::s' 1 . \,

1'" ~ 'f '" ~ ~ .-
~;. .. !.... . ' h' 1

Il' ,.' ' r 1IV I- Itl- Itt- .. ' I~ 'EV'1.. •

~
Ir\- 1.... Iii k\. I-..J l''\' 1'-, ·1"': oJ Il ,,, Ir' ri-' -

"\ 11\ 1..:1 1'..1\ I.J Ir ~ 1..:: ~
r;..:: 1"-=

. , --"~

- -t-t\lU .. l'V I\..\l ,"- ..... '" 0; le\> ·1\'
..j, W ... I :!.-

~ Il.- -' 1-' ~ II'" 1·... tr ~ (>',

+~--~-
.j

""""
' b.'.

...
1"

~... . Iv. ~ :1<" "" ...: \ri It',
lb l' " '1", . ~ I~ ~ ,,:

- ~ Mo ~ ~"1 r"\.

~ - .. Il' 1'" ~I ' l''r - ..~

ai:. • - d N ~ .~ . I l i \)
~ ~ W I~ ~ ~ •

. 1- .- _ .. -lll~ . :~ "" . _~ - ~ .:r~. . . '-"s- ~-1- -x- ~ ..l~) '. :

~ _ _.. os : l ~ ' ~, ,-!; - 1 1~ ' iJ-~ - ~ .. ~.-N~ -~-i~ ~0 ; l.j
- .. - - "l- ,-- - 1 ~I-'\) -- t',) --~-.~~ '/11 -: ~

~ ~ _ ' , l ' : ; l , , '1 1

~" I~ ~ cUi ~ ' 1 1 t 1J I ' . , 'l"" ..'! . - n_ - ' + --- -;j.- " ~'- "-W"- r ~; .~ i ~'~ ;.)L"~~--'~-:~ -~ 1 -....,~ I -I -- - '""- -- N 1 1Ji- ~'· - -to.l - """,!, ,, ~~_..., I ~ ~;; - ' -l - l~ -î-ti-I;j-~ --~1~:"'tÉi~ i~ ~~n~: 1~~ f~I---= '" .. '.. l'-~ ''I\' ' '11'-1-- ' ~1~' -rii 'i~ - ~-- i-j~ t ~
; - 1-' 1 h' JW I ~ I I : I I : .-tl - '" . - ~ .~ l~· . ~ ~ _ .. ,--_ . . , , - f - -:-~--1i4 ' I l

~ - -_ . .. . -<. . k -~ .. . - 1'- - 1- ., - · -t- .'..1<' -t;;"' -' - '

~ F -ll~l~ .~ ~ -wi+~-g~t:t;-~:a-~"" ,'~ -'-I~' - ' - j"r- r.-, - "';;--!S:< f· i- :..~-~ -t~ · - " i~'-' - ~' "Q ~ _ . • l , - , l ,

'-l .. f-. --i= 1 J ! ~ ,-H-. l i ~: : ! ': { ' -r- I~ - - f- ' - ~. - - - , . ' - . ,~-.::r--. : - • ..-m --1 ..

,J -- I~ - 4 - '-'~ ~r J-i§l'"1*':'~"'-~ ~~- "!- 1<>--..1,* !", l;:;:- ~
~ 1. _. . . ' ~. . ~~-~$-'~ -~ . ~-I+ -\ri- ~ij"·--i~'1..1'~-; .

~I=-'~F_I.-,~.x ..- _"'<1 ,~- I~~ ,'!-~I- ~- '1- ~i 4-!~ -j\\;1 " _:
" _ ~~ .L~5t -h .''=k1.>l-j~ ,.A_-M -i-J ",-::n .o r-. T' 'J , .... l-. -l- • , • ,"""-1 -

~ . r'\~ >~ .. . § . rr ~ ~.~ . :t:..~~ ~-I~-h\' 7'- j , - -'

~ ",1 -- "'" ~J </ _i::3--", 'N "'f-k~iIŒI ;.Ci "" 1 l ,
-:. I~. " .. -

Ci,. ~ ... ~ ' '\ ..L ~ ~ l- . ' . -: .~

r-- ._- - -- -~. - · I·~ ,- ~
__ l\ 1 ~ -~ . ~ : <::-t~ - . l , r - '

1 1.;: j -.. ~ . (' --).:~' Ti"- ; ~ '''' - ~ ''' 1 - ..
" , : - . . ~ . ~ 1: ' . ' , ::: ' . ~. , ' Q ... , ~. , ..,

~5



~ .... 4 ~l't\ ""- \n~ ~ :\; .~ .'<l ~: ~' .:r ci' """ :~ : ~ . ~ . ~
C\j' ~ """::\ ,~

~ ~ ~ '\,

J
..-- - --- - - - --- ---

:" rt
. : !"-{

~ ,'" .J' \ r-j ~-.) .s t,f) C

~s b<J
~.... J: \. \>' , ",,' .......' --:> - N'

~ :\.51 . ~ "" 5'l - ~..n M . ~ \ - ~r. - C\J
~. : ~ "

, (\ 1 \1 ':xi .s ,-.9 If. ,~ rn
~,

;~ ;J" . .; ' ~ ~

I~ ~ ..st .r "<> ' 11 ~ \ ..... '~ ....... r-l- "",...~ 0-
: ~ s: ...

'J~ IJ'1 s: ~ ~ .~ ", J 'P . ...... 1») <::>

'"
.,..,

;t rr- 'll J c-l ç J ,
<::>~; , :r' ,~ \"'-:- tl'! 'Jl '..: ,) f'

~ .s I..C\ - }- '- S, ~

.~ ' r\-- ri- rJ .....
i I...i .:s .:r --rl \.ll. ;r \A

~ ~ r:v N ('l

~ ,,,,..; .;» C"'

~ vi ï """ I ~
, ,~ , J . , -..3,; .~

\'" l'> ~

,.....; ...... ~
: ~- : <4-,- : ">

, ~
">.,.

:M
' ~ : r-.i

C'l ~ h

: cr' (;\J , , Y.
, ~ -s '- -

. ,~

. ~ , (V1 "-4
~ ~~ "'<;1

1
"

1.N , .1 /\-S' ~

. 'l. . C>: s '\t

, -v s d'
,'~

.~ ' 'o!): . -.0

--;! r . ~ , ~

"'" '1

,..,.;
"'" .r

"""';"'- , \,:;,)
' ~d '.."P -::! ~, ';1-'

'.... ..,
'"'" ~

1 --.< ~
~.-

..~
o!,

..l 1
J ' ~

~

~ 1 J J ~.,.. )

~ -L-î.,.
'1 ' , ..) ..

oc

~
-co <1

~ ~ --:: ~ ~ ~ " ~

~:l:' x:- l-) q:- V7 a '2 .a

96

~ - ,.' .
1 ~l' -.
, ~
1 \1

i
.J



L6

~\; i: 'i. '7 '7
/"" ,

"'I:-l:.,. 'J '1

~"O'3~

V2 s ~ a

-e- s's s 'lS \"\C"14

'i.1:>-tl'J'7
/'

'O"'--'~" , 'iCOi:'i.'71J

~ Z Z

.,.

1
t

"'!-l'Cl ''i.s sc;; ~('2 ~ 5 r- . 11MlI + 'i.'.so.s."l ~ M\,l

-{ A"I'1 ( '3'L Sv/:. , l' ~ 'i 8 ~
'~ , 2. V y"'l r s-e Z t
~ _ l' 4: 1, '1 9 'i-l:. r- ~ ~ ~ ..__---":..==-c'-"'- --+, ......::~~~~

~

'6
cr.

-'oï
~
' ::1

\-"1

5'8 -s

-1'~ 'l"Z

9.,' 1:G Z

5't.. s '2

~rtl S G :a
r- li: 0 'l~

Z S y 0 Il

'} '7-& 1, S

fJ 0 ç,-!: t

,,81'08

"'SSf.

'7ClÇ,i:f:

1: b-i: 'i .., <J
/' ..

'i.<;, ·t'i ? '7

ni-t: l.. '7'"

./ '~"-i:.~I]'7

YHV *"2 ~ '7 G .., ..,

'iG-t:l..~7

'l'O-lll •8 v i: 'i '>: ?

~ oz ""2 '7 ?

c

~

J\ll'\11 '"

~r
.-- ,'2 H:. cs

'2 9-.t <;; 5
r",("l 0 ~

02> tr 'i t:.

b'Z.5.5/::.

( .., t /:.5 Z .,
~ ~r;-f: •

~~-i:.t:'i'"

.~

L
·~I"alo1

~)OI) .>
G 9-/; \;5

? 'H: c s
~on

Vl:'i\lt

08 '7 'i l:

+tG89 1''1

2.~~ ·?'H:. S G '7

1]:; Sb 0'7

%-t •'7 t: s 9 v '7

1'7'1007, ~

't'>.-~ç, '7.55\;0'1

'2/;1]c;:,9

ç'ç,2>V 'H. ~ l' t

"2'11'" .9'..,0 l39
2 t '7 ~ '1

OI''Z\;,5>~('\~ (
l '''255 ?.9-tÇ,..s,~\"'p~

~I~J' 5 ç; v\35'5 vo v •
)s~~ 0 v G c s

~.,
cr.

~
'i:

1.

".."
'f!

!:!,.
c
<S

YI

.~HIlI ( 0 '2 s 1: .s
'S-t'r r

,<-11,,1<7 .5 ç, v s s

'~H'lr' 0 '2 SI t. s./ :
~1"I,ç 0'2 8 1: 5

~ U19')
( 1.-

St,YI' -'}''1039

) '1 s S q

5' '2 'è. Y -: v \:. a '3 9 1. '29 -:
li S Ci '7 <;; l..

"':0 VJ ~ V'OI,,-J 2 vON 1 .....,1l-\"'VJ1l.H'" -o9~n.L

\ 't'ri; 59.GV S3J'.1.L::>'Q' S'3JNVSSlnd Stin3J.dWO'J 3f\313è:l s-r1 ~11~.L

-----



86

9 -~'q ~\~.L

e
-" . J! /"Iot
.~

, . 5 'i 065 ( o~ ... o2> <;''11'0'é'7
t.'Z-\:. 1r ; )6';.1- , / ,

A )*'!I\ 2> ~-l:. 0 '} 55'328 S'7 \- 0'i '1
~

i ' ~~lo 'i l{
.5 '~ s 2

O-l:. t- ~$ 12'ç, 1.'2
"l'iG-tt. li '1 y 0 l: '1

i ' ' ~I""l
.. ./ ;

5'30\05 O$l:':oS G'1Yo't'l

." )lfolo'i 1 s.s 9'ZS ,'i.ti'lt / (,'lvQ'i:'1-h
Q t l-.5 Z b.5 V ~ -:: . ~

~ YlF'M. . 0-1:1''35 G'Z l,;i t &'7 Y'o ·$; ., .

1~ ~~o~ . ~2 ç:, oS
~ ' 252 ~

/;.? G OZ t 6 :'1 ~O~'7

]- ~~fl
5'~t '2 ... . ./ .

. 3.59 $; 5 'i:1:./;'7t. ' 6' '7 l-6'i~

cl.. _4,jV. g<~..s, .5. ? ~.1il7 1 · 'i '2 -Z 0 t: " . ~ 1' "2 · t:; g I Z 7.d
Ç>

.l5i~ol~
'7 l ol '-

SI 2.1. !.i;:G;"fV'O''ê't< .. . 'i:lç,a.5' enrz «
-;'ft~oIO\

Gr
,. Cl 'Z s:'7 1 .s-aas.s ( · :!H .. t.Ç;y'].=.- . . (5 ~ \1 V " . ~ '1';;.~ ~ l'OZ · lo.' &:-i '7~ . ' ~It· ~ ~ YZ:<2'7 · · .ez:;. . , .t.

'"2"20

s ' ~ -,*'! "- Qoz8'7 . . ~{v~V ~oz 1:. '7: (i~ ' 'l; : 9 ~ v i V 7 '

~ ' . '~j;olo~ --' 5"V 1'8 ;:-' . . . .
cr a 'Z $"7 .ss "2 ·s·~ · . . , . U '/:.·ç,ty ·.,

'(f . ~M·$ '3'oz$ ..,
~\ o z ;,Géz'19 ç;Ç,%YO'7

~'$·I'I
-: 7'9kC;; ;, . . . .

î ':r0 Z 3·'" HI? '3~ ... . · <i.·9 9 V' V '7

.l-!(.a/,,, r'7ijJé'l G~'32" ( ~<;:$S (Oz
>

Jl,1~oIO'i
'f? , c'ç,13 V ~ . . . 1'%'):: ..

q- 'l'D 'i. s 7 . G 1:. "'·'19 e r; 9 \-'0'7

.â : : jJ.H~1 9"08'37
.s'~ 'H

ry '7'i V:9 · . ~"i li ~;~.'i'. .

'L>ll~oll'< 5 '"
.. . O'è:'ç, s: '
'1'-.s /; ..., . . Z 29· Z 9 · l!:~ SS 'G 'i

_~_ , .1LP~ \-'25'3'7 . ':).y 2 09 . . "l. ~ '3 O·~~

-' -t 'ï. ~ ·'Z vv;, . 2'0 '?~S· :. .
ï,~ , ' }l~op, z 1\; 3 'r 7 .3"'1,<:yg . . , . .g~19 ~.'C

,~ _:_~l'r ~~ -, , -

~ _l./)Ihl~ rZ5'3i'1 '3 vz 0 ·9 ':l'r90g't:

, -;'.ot...l . ~ "'O'VI : i ' . 2 '-'''W .h1:l-jlov-,'3.j \'" -"""."j..
1 ~ .r(~.Jl?" l1;5~_br , S Jf.i:..LJ\':J~ !5 J:'Yl IVSS.lnd S UnJ.1.d\"lO"J' 3I\3i3'èl



T....,\", "'lh., ... ,,\-......... no.'l "l- M",... :, MJ,;..,
..

41..,-1-12 906-1~ ";164--15 ",l"h~ '"•, -:':'>1,'1 ,1,1. tn,~ f
1, ~ ~ ':f !l3 90">:1':1 ,:' 3 b':; 4 ~1"ltr

- _._- - - -
l. '5'" S S~ ~" 1., -1 3 '}}Z i O - - - ' tIH\~

...,
: " t,~,~ : 'Ci O s <;<; ,5 :.

L, 1, :} ~ -1 2 ~O[,1:, ~ b 4 A .; 11Y,~ ,
,-- ,.--'

1..6642.3 ')-30" 0 792...'36 Y11·~rj. ~
~l ~. .. 15q,;'l " 2.0-1,8 1

t. ':;' 6 S .:. 7 , '; ,141 :. ':1-'Jrl- e O l\1·~~ -
- - - "- '- - " ---

1,750.-47 9~3~-5'- gC'l 8 9 9 ...'...Iu r
: 1'>59,4 ,137,5 .. -166,-1 l .

1.,6641-3 9 '3 ~-1 D 79t.3!'> "1·\11l
-n, '0 -6 4 9 9 5642.--'-' 8 z 2. .1-a ,.j.ril! r., S'&3,2. .. -1t5,~ A~,3

t,75011 94385 8Dg99 1~"'h'

I..B 66 ZG 976" 5 8387-'1 \f'I~ ~.,. 5~n,1 .-\~1;3 e. ...166,5
a.80649 '35642- 82. 2..-1 2- 11)Ofj~

,.

4 fi 6 /) 'l6 9 .95-17 86 '2.-13 "1,,!11 r1 ./ :. ~O)2
, 133,6

L+g 66 e.s 8381'7' J<j../Il
.-

9"7615 T'

4\3662.6 t1D-1Z'2.z.. e1S5go 11Hil. ::>:>, ,110,5 Z:~;f,1 •/
~I.o-g662(; 99511":1 $62.-13 ..I·>/il

48662.6 -10'30'":\1.,- '30 -:J ~8 +1'<' 1:'
-' . ~g5:t LZo,8 -e

: ;r-
I, '(,66 et; AO-le.2.Z SS 59 0 ",).../lt 1.r-
Lt~6 6t6 APL,-t.l-I2. '3304-0 "I·.rd "",:

./ , 22LJ ~ ~ r:
lIB6 '626 )D'30:} .... 90 ':l-'38 r./"/fl ~

~

t.8 .6 .6 .l.6 iJf O b 0 1 ';J- ~4Lo5'3 ·"'J.III ~

zss szs / / ' 'IB,5 ..M.9> ~

,40444" 93040 111"1~ J

r-
.436Gb'Z ..JOS82'O '3(,2.7-3 .,In/t' ~, 3,b ,

l'~1
, ~t~) ~

4-8662.~ J\066"1':} 94458 .+)p ~r-
. t.'lg~'} .-1 lit?, ~ .t. t ~{,'

99



-r; r\,o .. <>il ~e~~",J ,t ....... . . t'\ 'ln i<'. M'l'" ":. j1..o'(

1. 1, .3 6 30.1
:,il.~,~ ,'

~?6·H 63.2. .06 ../.,}.... 'fi
~ :~ ;b :55

.AlGl\"" .," ,1K....:"1..1;' . .~ ..
4 .~.o .-1 ,It ," . ~ O~ ') ~ ~

t.t. :~ . " ,'<.z., 1

t ~it\~~
Il ::!> ~~-1 . 1,: b -S :') b ç

~r'l" l',.
~ ....- . . - . . , : ~~ ; ~... '\".~

~1"lu .
'~ I '

, ~ '>'>.b .30 . g ~? :6 :=1 : l ' •.:. z 0 l': ,
.t...5 3 ,9.e ,.1 . 8,5 :"' ;5.9 . , 6 .5 ,6 .69 "l'*~ . ;:I

" ." !~"':,Ù.,
~ A05~~ '. -16lt,~. "" "101-_

~H~
: . :~

... . 8 : ~ : "/I . l, 5.> .':l G
,

i: 6 :34 :7 ;0
S5r.,'?

a:6.5 ~33 6.7 ,-15-1 1!<f'1~ f.; ,
-1~1;4.

, 1l,S ,Z
" 5 ,:3 '3 .~~ . 1'>5" -159 . GS .66 9 l-1!'llu

.1,.6 .'3.'- .8 .5 g J- 1 .5 .1- 6B ,330
-1"'1,'3

:tl/.'/If. i., 60'1,5 ~ illY, ,
t.6 .3.4 .:;r.O. 865.?3 6.1:"'5-1 +..r~
1.76....,63 8962'1

~ 86~~.
6.9 ,7 ,'15

-1 l,1t,!> .. "/"'/tl . ~.
. 6 .6! ;30. ~

,
6:8.~ .3.o [}11~(j(C

-, .
Lt6 .'34,85 51"15"7 ,..

L;1-K -1 6 6 ')"-364 '1-1 .~ os ~I"/U .!-'
/' 11"1, ,3 1.03,.1.

l.t16Hd3. 8.96'2.. .... 6:9775 t'--H~ ~

"
t. 76'165 '3 .'Z.,;}L, O 1t, oq 5 .

:1.1il.6
fl11·~/I>_ · oh

151",6 . e
4'16162- 9-1364- 1-1 W9 I-+~ll \!-
416 -163 '346 9 ~ "/ 6 p ~4 . /Iolml~ . ...,

., i ~~,c, :
._. .g .

/'
1.:4 :09 .5

_" 2>.'3 .
l+t[~ :

.r.
4-16-1 69, 92. .91,.0 J..

~

:r 1 C' 168 1'3(, ez z. ".? 13...-1 o~ . l'/oo/!J. ~»" ~3l.)(, :
":6 0 ~ lo-

to1-
..J~/i ~(r '1 ~i -1 b /) 9 14.(, ~ (, .~

4~ G.-16 ~ BSl5 -1 ~;959"" "1!·liL. - é::;

2zz..'3 . ' -1 L,~1 : - 1 "
/.,f6A6 ~

/' s e cz ; ~g !A OL, +/ti · l
~

l, ":1- f A '3 -1 .., 0 0 4 & 5 8A :1,.:9 .5'. . . .. - I l l'IN · · ~
z.,~ ; zt~)t, . .~>;9i5 ;9~::

_ . ~~O,lt_ . FJ - -'-i--4~6-168 '}52.5-1 .. I."~ .. ~

_.

100



~ '1 B.[v- 1!H 6 (EroJuet:oh~
IW.~ Y1.t JJt'S

1 q 8.( ,1.~3.6 6

Maih .Puissance Pu; SS'tl1c.

-t~lf -lfrCfo.cti Ile, "'~a:et:1i é.'
p.t Q,t '"'0'cr'" P.t Q.t l'n,nrk(Mwh) (Mvotrh) (Hwt.. ) (H var ~ \

J~IW;u 6Slj.S - ~ 610,l1 .rQI·4- O.'{'t

+~"ne(" 161.3 ~o4f3 1.56 --1110.6 ~1:l;,1'.Ç -1,D2.-

k~rç 11.11· L.i Il [iO,e 1.00 ~~4tt>.~ ~?> 6.1. 'l -1.03

!>nrri \ .f.1'1.1 g5'1. 8 1.4'1' 1163 4240.,( -1 ,01-

~ -10qB.Q 11\3,[. 7 1·08 g'2.o,2. ~41. 6 ~.o ~

k .. qqq. ) Qq3,1 O.qq 461.5 qqq.1. 11.04

~1IcJ- -110Q.6 '\0 Bq ,7 O,qg Li 2.3. e. 311.1 o.~~

A~ 6Glj.tf GOo{ 0.1{1 40&.1.- 3~b.1. o,~.r

~ett~brC -SUS'.b ,[2.6.1 D. qG /.i.o6 36~.5 O·~I

OC!-ob~ .(Q4.Q 1b=t.1 O. q[ ~ 61 ~H,6 {).9L1

/\la"e,...6rt. Sl.if.1 S't'l. ~ 0.47 36[,3 ~11.6 1.02.-

~'caJo~ L1 ~q .b I-l 0.[, ~ o.4l 400.2.. 361. a o.qr

To-t-J Ii'({j .1 '1 sbo.4 0·Q8 B-'12;1 8422...b 1.01
a:lo.\A.v-e9

-'--

101



Q~t.vÙ /Jeo rrv.-wu re,:, e-:fr~etu~to (Jelkll.+C". ig'3J
e01l\scn.IM~"'" .

1----"' -- - -------~-------------

DEPART CEI'-.\IRALS

1

Di~ ~Ation
c (,~' ,.~

~ s,y e°ll-,},l 1 U ca1 p Qd-ù ·l.,fcl <'ttu..r ~ ~'" (k.,) ( A) ( V) l(kwÎ (kVt~r) .

~cwck~ r Qu. t1 161 3'10 o::n l..j:J. 46

â.M< ck l:M- ]1 Q~c . 1 '1:ro ~8:r o.'7L. LiT u6

CCl'W~" eL Gt.oJ J;.~ Qac '1 1~D 38=1 P.84 62 40

A~roc.6)<~ew,wrs fX.S"C 1 U1 3qD O·SC '60 60

~ô.lJ /viAN .Il Qf>C

tri~J HA 10 KI Q~c

f cl tti.-t:\ ~ C~4 Q&C 1 ~8.5 ~::rLj O~n l''i- l\.e+-~W rÎ-(__________ ........... _- _._---1--'--_ .

.P~ mJV'v\J" QtjC
---_.-----_._- ----- .._---

Q. i5Y"-r....0':>GUr +
Q10C 11 "l.. 'loS ~41 O.:t '-1 W 26.. ~ (.'cleur --

TA-lhtW Cn.trW (.~'~

cR", r . Q1i C '! Li. ~n D.~ -1.0 1
----~ -
P~1-M 1

Q-12..( 2/~ <1J H1 o.g,( 41 {b1 j"e.....ciU .. fo('AG< ). ,

~sv...~<.. l (eAu
QI~C 1./4 ~4- ~ g~ O.io 2-6 2.0 ,

~ .. o.é(t)~i.t'-~ ... ..t\ ,

-ë-v lA} 0«"~ "'" QI~C D.Tb 2.1 111(
Il

\ 1-8 ~ 6'1 ,

TrM1-<AAwr e~w-t., Q1S"C 1 1,1 ~bG D.Tb <).tJ =1-D.
,,------_. .. --f------

L\·kl;u .. G"I:f'OÇ<
Q16C 1· ~2 ~n- O?tl -1D ~HACy~vi", r

v l,

_. ~OckCly MAet.;d. &JHc 1 2.0.1 '~n 0.36 ~ 1-

EJ.~t:trn. f'\.::l Vi Q18L '1 '1.3 ~1f o. g, 'D.~ o.s

Qae.~o- ~d:h~~"!( Q~qc.

'"
1Kf 361 o.~1.- ~r ·H

'àJ.c~Cc. Cf Qlac si: 3~i 3ff o. Li ~ 62- 1,D
. Ell+rAet.·~ Q'2.IC '1 I:tG ~&2- D.6:r u.[ St> ,

102



oEPAf2.T CE~T12ÂLt (çW..h:').
'. tA \ CV) (k-w\ ( kVAr(

~r~<w )( Q2l.C 1 g!> Hf O·'f4 3D '11
EeP<:l-Ï.ra 'iC ( ~'a~ -

QL3C 1 1q 3,68 o .Sf b Li')o\d(OI.l" i\.( - \dc."rtA:âo Çi' )

V~I:..t.:aM (CuJr.~
Q.l4C 33 ~:ro ::rc.k.w ~fw\ t ') " D.bD -10

D"'i-M~ cwr,...Qt" - Q2.Jec.~CU: ffeM-., ,

@ .Pl1lo-~ ê. k; 1<" Q30c

loc<w>' .souaw( Q'Bc
b':1'arl- bc.kof·~ . 1"

Q1C 0.92. t2D ~qq
CffVT1H.Lt" (c)

:::

::.

103

0.12. .



T4\~ Â!.10 ~) . Dt.PAQI T121 TL) e.ATlO r0

t~ "r'~. tl '" l eot t~· ,j l LJ CDçf
p Q

0 d.t \10~"

.wd4art ~f ~ ...~
LA) CV) (kw) Ct.: V4.r)l ks)

eO'M ~I.(n T..:.krAt.'".,. Q 2..T 1 "4~ ~qS- D.4[ 61. /1 2-1

Pr0;)W 1 d- JI Qn ),!t- ~g6 ~,Af:, O·~l -1 '1-ll gCi
Vt-t"" D-'tr Or-5~ 1-CO A~

~r~Jv., !II q i:ï! Q4T ~( i, .-1tf-;r ~"l \ D·B ~ 4'S
r-

~<liétflAt.: 0\->
~:r.Ç ~58 o.b'i '\00 106

QST .1 n !>S'l O.ll-,)" 1'-l "2"l

)2afr"'<'l:Ç< . QbT ", "12..1.. ~q'L. D.1'"2- ~ ~4. L'l\.G<.<.\;r,J..;...,4"", )

Q"'ff ",aCf QBT 1 SR ~qo a·ll.. -16 1b(d ~c.e. _ el <'u,do. )

v~~~ JI. Q?j, 1 141.- J,fll. 0.'62 lj.s- ~\

Stock-c::l:Çt ·~I!. Q{oT -
~raÇl (1'-':h.rAt:O\.1 Q11T :1; ·2~.: .<~ o·go s: \.f

14ff-'''A~_L1-- --

EJA.<rt<Çt ~dii r"~aJf.1'>t Qn-T A -12 ~q4 Q. 'll. 4 '3

D.e'}t:ut' «C-'"ùtAi -li<

0,70 ll-bt 4':70mlTu RATIO M

Q+otA\e
Pt,o,.çJ~

= 4- Tb

Lj..6i--

104



1T:'4\~~ A~. \D C~) Dt DA T2..1 A~~EXES .

D~~'t1h <>W l ~l~~' -\~ l U côJ~ P Q
eU·~MK

. r-~ OJ .;,
....) \>:,~

CA) LV) (kw) (kI/a()\)\ ~rtI' ( 'Ild

1=>.'1 bMl'~\I ... Çt I-hù 1<- Q~A 1 10.10 ~:rs- 0·66 q.0 5'
.Pr'b4Llet; n. t<U.t Glal:é"e. Q3.A 100 3B4- o .g\ ~2... li

rccb-uctt.t.:15\1 Bcn.Jü lita 04A 0\.01- ~n o.1-\.{ ~o 2~

Vi h tU. 'd'rcw Q~A ~l- 3:>~L 0.6(; ~ cr
Pa,o-u:, QbA ~ 3&1 O.!)11 0.6 1.

D-(..1,</;:f-Uû Q7A ? ~ ~ 1 D.ro /f ..( g

Po..r f< W1.~ QSA

JcwJ QqA

~k<bn.tu'lle;Çt .JMJ Q10A 1

T~~J.Q~ Q11A

f1. tH i" N. 1-\ CtVÜ Q12A A l.l3 ~go O.~ 1
;/3 /(0

E.J~rtlÇt ~ "'~X-0 Q'HA 1 " Il,+1- 2.24 '0 ÇU; SI 5

Aùo s;~r ({Yu.ai) Qt1SA <- ~?I D·tg 0·1 D·4

~-e(V~ Q1GA
ù-t}.a rt-. ~e r<U' tl'

1'l.( 81-AII.HJ-EX f;5; Q1A O.U

"" 0.616

105
\



Bib\iogroph\e

H. ~Cl-\-, c dcv.1 Je \e: ~ctM.c. ,.1. c.dWr"r-c..:.~ J"INv.> ~

.t:.(t<> 1,.0.(" o..v. ik ek 1 \.v....~I!\~~ ~d.W.G ,

t\~\l\<- &\<t"v..cL 1'fI.-~ 1'&1- 1U ,.(g~'L., ) ,

GW-.k J. .). 1~+oJi~~ e1-e~ ,

~c.. /('il~L

\..t.t!LU IJ G-s 12.{ loJ ) c.....: cl cil ~'l.:'. ~'n,.. oh ~cr-otws ~ l

Hi:Ul~ G;ru f'J ) ~~t> y.... cl< d.V,k ~"'" HT I~T l rlli" \~n~

I-lE- 'Q.. li. t.l G'é: f'2.\ t-J C:" \.,..;. UJ 4-td. lM~ th 0 .;t~ } "2.ô , &\.i ,Lia,

1CD

t.-llT , .I1..'H6 .

A. +::0 UIl~ , ~l-u;il;.,.Q+,cl.~~ ~ \' o1M<:tÇL ~ i.,..<t:~w rs ,

Tc'ÎNl,.<.1. T6'I'-u. '- ,T~ 3 ) ~ ....~c:l ) -1.~~D

11-1- 'E, 0 J:)..c~ W l L.tr\ ) t lect'~h.c1.~r ' lz, 'Pt~ do \1 ~~ IJ-e;' v..~
dt L~.J.} ..-jgii.

106



+R..AK:>Ç-ûIS CAHS~ ) t.lcct\:t>1:.:~cl~1"'-' T~ 1 , Ci,r~Ts e..r

~~X: ~ ~~l'I\,I. ~"""oeYlevJ" l GaM.~ V;Il""s ,":Ho

4-1;I~'-l et' c.APLlé~ , Td..lM)k~ )'clee.tu:e.:-k' , TC"I\.,e 1.) 2.. et 3> ,

Ç'a'\o.~ 1 /f g 1-~

CL. ~~ t-J b L,. ~hJI..h:l'\<S ~~'M ~ ~ ba.t:"'~ ,

"E:-~ ratQ.; ) tt~1-f

Cl . tF ka ~b 1 l' t.~~ ...e-J' .&<.etM:~ d.s t~ 11.<w.l(; ,

t-jn:M..ç ) ,{~1o

107




