
" .; -
;.

RËPUBUOUE ,', DU SËNËGAL

~"~fl~

ÉCOLE POLVTECHNRQUE DE THIÈS

1

PRO J ET, DE,F 1 N D' ETUDES

EN VUE DE L'OBTENTION DU DIPL1:ME D' INGÉNIEUR DE COOCEPTION

, .

T 1 T R E Jly... SjJ-~ 4"'b{"

~'~·,~T:

.
•

1 ••

DATE : MAI 198t
~ • . Jo •

~~ :.' ru..c.~~
• t. '~ •.

'.,
,'.

AUTEUR

DI~ECTEUR

CO-DIRECTEUR :

MOR. FALL··
M'" WARMO.ES
\'\t' bUY#\ L

[.



.r-

..~ )

A ~ tC1vY~~ ~OP.Q et

A-m:,Y\~~ t'-lcll"Gj~

!



, r .

r ~ ~~ M"': ~~~.)~

ck fort, ~~1JL :;. U ~ ~ r:
·M., ~ ,(.()_JM.utw.".. .

J~ v\'~~ tD.4 (~ ~ l 'M'qJ;

11~ 'n'" Mo...Y' ~ ~"ac.k 'fro~ ~~

J'~ .. ..t'EP'r

f\U. ~~ ~ ~~~ ~~~

cp.o AT) J.... cr R. sR., J.t' 1 AStCN A .cl d- -4J t-

~ t ~f1 ~ ~'tR~~ CP..e:.lO.. AW\~....

lot .



SOMMl\r~E

JO\AA (~ r- ~~ .ftA f~ ck t. ~);:~

~~ J'~) ~\~ 4~ p~)~

l\.f\.VI "VI' <Wm\A 1~ ~ ~ ~ ~ ..)M\. ~~ e.o~

~t- (~) ~~~ ~€t, ~ ~(~~~
~) ')"M\M ~ ~~ ~ ~ dL aOeEAN

VI-J I\~E s'lATIS T T[.." ~~ d..e e...~. -Et ~ 0'~ A.'~-

-~ )~ ~ fv~ ~f~~ e.. rtk.~
"MW ~Mt,4 t~~ i~ ~ ~ ~ ~.~

~ thetA~ ~~~ ft~~cifl
~~ ltJ t: (;~}k~ f"'-~ ~ ~~ ~~

_~ ~~ ~.c,.~~J.\~~~

~ k r~o'W, ~~~ dL HI 3 ~"- ~

~ 'WW. ~~ ds: -l,/.-oC- k L~.

-\U..



IA~LE: bt.~ MÀTrER.E~

CliA PITR.E 1

TNTR.O-hUc..T10N

el-l~prTR.E li

THE.ORIE DEs VI\~UE5

"k..ko~~ 3

~I- l ' S
~ ~~ r~------------
~ ~ ~ ~----------l

c J+ ~ PITR.. E ni

~ E NE R.A- LI TE 5

~r~ L t:~~----------~--------9
~:~Q:..at~ ,'0 ~. , Q .
r.----~-- ~ ~------- .-------. ..J.

C~Ar'I TRE. \'S

LE CAP/EU R... bu l'IPE LAl~SON,

W-vo d....~ ~ J!

ft\.<.Q.J~~ ta.~ ~ ----H

1~ dt ~~~ et cL..~ A5"

eJ.~ ~ ~~ ~ f..~ A{)



ti~ d-9.. ~ ~~ a, r s»

~ 11. d.t. e.. ~ _____________ ________ u

\>~ ~ +~~~ .t!

?~ d.J Q'euA., ~ ~ ~~ .t&

(J o :. 1.4
~~------------------------

cr+API TR. E 11
~'1S1E ME tt\LÂN ClEI<.. _ ~Alt\NqE"

c(jea~~ ____ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ _____ t 5"

~er cL.- '1~ - --------- ---- ------- - t 5

eHA PITRE. 'il

Q,ALANCIER. _ MANI~ELLE

· ~ ,

r: .

~Ju.~ __ _ _ _ ________ __ _________ .t:}-

<9{A~~ - -- ----- - - - - - .'. - - - - ------ 11-
k ~ ~lvv ..t8

~~ ~~ ~~ k~~ h~~ se

~T ~ r~-----------> ----------HI

~ft t\ PI T R.. E 'Tf1

\ U P-... R> l N E ~ PAL E. ';) f'ZA !JI ALE s

e-ItA P1 TR.E 'lïTI

S~~TE..ME À PLAQu E. "lt.R.TI(j.\LE



~4~ -------------- - - - ~ - --------- .-3 g

eJwi ~ r: .J ck cf ~- ... 2>&

eJ,e.J. k ~ ~ .. ~ ~

fucJ As< ~' ....~~ ~_. . ._~K

~ ~ e.- ~ di~ ~ t~ .So

~e-~ tk eJb-~ - ... s,!,

CI+API'P..E

~r: ,_AR-tjlNVU.X./oJ-- ------ ---- ----- -- ---- ---------55"

ANNéxE

tAP-.ACTE R.1siltQUE tE. LA t+OUL[

~Jw- k ~I ~k~ ~ ~--:-- -- ..se
Uw2 cLt i 4~ ~ lFt'vOr ~:~ P&---- .58

eJ.<:»-Q cl.., ~ ?~ J'~~ ~.lo. (iOb .'0
~~ ~ ~!N~ ------ ------ ._~ 3

,

~~ f\-i: ~(JL. rk. 4.-~ ~r~ dE.- i;

ptkT(A)~~~~k~~
~~ 0"- . bS

t..~ ~: ~ ~kW- r ch- '0J v- ~(...J
~~~ h -;ü:". _ _ . _, (,

'il



1>~~ 4. :

1~ ~ :

f~ ~

~ 4 •.

•

-k~ ~1 ~ 'P~k~ T rJ;;;... ~
)\ ) ~~ 0"- - -- - - - - - - . - __ 't

to.~ /\ 4 : r<k (M~ ï rc4. ~
}.\)~ '30·-- 6'&

t;.~ À:) :~~~jfr~ ,
d.t. ~ rh T) Jw.J~ DO ,~

t..~ AG :~~~ if rJ;...;...
~ i.. rk) ~~ ~O°:. - -- 10

~~ A1 ~ &QwJ. tk f'~~ 1Ml~ ~~)----. tJi
~~ Âg : w..J.. ~ ~ ra\t, 1ho~ T(sJ. - ft

PL AN 'j

e.o~ ---- - -- ----.1'8

~o~__ -- t~

~ ~CAez.. . 8 0

~ " \" l-'. fi" ~-iSAj Ci. t...,w. ~~(. - - _

~lP.1L1.0G.~APH!E i.t



INTRO.hUC110N

· .{.



- 2-



THEORIE DE5 VAGUES

-t'Ph A, LEONHAP..D EULE.R. r ~ ~
~~~fu~~~~

~p~~

~ ~ ~~)JMt~h
~~~ ~~~(dJ.fu~

~~ ~ ~~;~ ~~~~b
~c. ~.u _ ro-J

d\ d~

(V - <Q.u- + à (.ft!/tt") +'è(wj'-t) = _-.i dt
ô t '"à ~ ô- 'X.-- f '0 IL (~)

(l) __ 'à ur + Ô (u.~1J.) + 'è v/-/t -=. _~ _ C/@
ô f '0- 1J ô- 1s f d~ lj



~~ b- ~ ~rr-.
~) - ~ [_ 'd<tP + i (fl'<+ W t) +il :: 0

&)(. . d t .t, f J ~)

1

(t{) ~ '0 [ _ d ~ + 1 ~ ', ~/J + -Ll =-~
d\ dt ( J~)

~~ ~ t~ CS) ~~ ')( if lrY\ ~:

_ 'O~ -4- j l.». t~y/.)+ -.L :: e-' (}J t)
êtt t ~ ( (1)

- 4-



~),.~ ~ ~ ~fa~ k ~'f'~ hl~

f~ ~ ,
~ ~ ~ l.-~ ~ ~. ~)~ M
~ OJ ~..i.. 1)4; +- effJ, [f;7

~ l" ~ ot d: ~

~r~ ~ 4 ~r~ ~~)~ ~~

~ ~~~ .d~~ ~fiL ~ ~=:o

~t- c Lb) ~ 0

;t~ ~" j-'- ~1~ ~: + ?
~ fP'\~

f -:. _~ ~ + _ ~tP
f a ôL

~k~ ~~~
s, ~~ ,k ea 4~ k ~/~ ;J~

ftU ~1J r 1;~ ~ (~): ~ a-t) ~o)
.MeL ~ .: .(if

L

. 5.



fA. ~ ~
W -: ~ tl ô ~~ k ( ~4; ~) ~ {ll - é t) ~~

~ ~fv ««,

J/ R-'~~ à w = _-i # cr t ~~ &.({~ }) Û'l{b-U~)
&t :[ ~tv if. { ~r)



----------------------1

~Ju~~

~)~ t<:h pJk~~ ~~~

d'~ ~l~ ~f'~~

tu- ~~ ~~:

+4..( z: J H

tlj = 4) ~ 4 ~,

& ~~~ e: 4~u-

1;! 1 ~ ~~ ~ lJ" t G1i-)

~ ~ -r~ J.e ~
f -=~ ~I ~ eAA. i(~; i) CM k~ ~ rr ~ ~

-v \J ~ P<{:

~u.h-

\J =_A H ô ~~ ~(~-I-~)~ i1l~ ~-t
:t. s ~~ L~ uo

<")W -( Hs (f~ ~~ i{!+~) ~~}l end:
à\; '"' -r ~:~ ftt lR.t)

-: 1- '



~eo.~~ ~~
,

~Jui~ ~~

<,

.- <,
<"---'P' ......-- ! ............
~ _i

- .,... t - -
,17777/7777777///////// //////7 7 7 1' / 1

.8.



G.EI'/ERA LITE S

~~~r~

1-fi'ovfL~ ~ &lp i~ ~:~~ ~rM
~ r<i' ~.,~ ~ ~ rh lr~ dD4 fW-
~ ~rA~ ~>e..~ ~ ~~

;:~~. ci r~ k.t e. 4~~ th~

ck~ ~~ ~~ dRA tr:":
4?~ r)~~~b ~~~ft~

t. ~,~~::- fu' r-~~ ~~
.rco: ~ ~~~.

~~~ ~4 ~ d'~ ÂlQ,I~_

-J;.;v.~~~ Q'~ 1~~ ~ ~~ cU

~ ~)MA~ cL'~ ~~ ~ ck- r ..
~~~

}:j \k~ ~ .1:~ ~ ~~,.~ ~ AAa-tL

a»J~ ~~ tk4~.k ~~~

.f..- ~ d,u.~ ~ ~) tcl~ ~ Pk d'fib-
~ ~t ~,r ~Q'~~-~4

~GL~O Jk~ ~r- tk~ ~~-&

r": ~';J i.. ~dL +~ .J.tt~ ~~~

~.! ~~ ;J-~~ ~,~~~
J-AP'~ ~ ~ Pl r: e..~ ~. ~~ .-t

~ t-fl~ At . .

• .3_



.-ta _



. LE CAF'TEU R. bU T'1PE 1 CAISSON

Ttvbvo~~-;

~ e.c:s. r-r:: e'~ J'~~
~~~ ) â ~ .t4 #"-~ .&~~~

~. r ~ ~ewv cak~ f
r&~rr~~~
~.l~~~i~~.

rr~;d(~ 'ï" ~~.~~~

~ rJ;1~~ ~~~~~
k- ~.te,~ ~ n~ ~1~r

~ ~~~e'~~~r'
F~~~~~.~

~ ~~ ~~ ,J,~IA~.~~_

~-~ ~h-~r-Ju~~~~

. -----_.--



~ <rr:

€R ~~ uN- ~ ~CL cls: e' WAA- ~~,&Jk t:
l:: ~ ~ ~~ ')L + 9, j - rt )

~ ~'t =- ~ CA tl

~J -;: ~ ~ 9

~ ~~\t-
.h :: (ti l!. ~ ~r~+l,) (~ ~... x +$. ~ - (ft)
} 0 t ~ te....' 3 (f

·At·



F)(:; (~I/of4~ ~~ ft(~+~) Lj/J~!t ex +~~ ~ _ (Je) _Ct< If<: l, ~JJ _j ~
J~ll a,t ~~(~() re.t- • , \" 1., t . uy 4

f
lt

:: f~ 1-\ .:l (-{ e.. .. J,~-~I-L ,.,fl. ~ ..,4j y_.t~J
o~l'A4t.~e..) ~ ~/.t ['" L' t- ')J

oxL ""ft a.{~ ..~) J~

~ h;ï1,
~~ ~J [e.<(-~ ~ -è~ 1-0+)- fAO(( ~ +~ J- ri1] ~

-~/t

~~ ~th -""":' (1, J - o-+J~ u. ~\ ~
_~~ L")

~(t

~~ ~ .!~ B. ~ L-~ Co1 (~ 1- o-C ) l~f.t
,

~ -.:: _~ ~ ~ rCM I~ ~ _n-~) _cM t~ fy _ ri-)1
~ t l ~~ ! ~ J

F ::. _ ~ ~ t", t... (_ J ~ - .t ot ",;"':, fs e, \
.A..... ~ t .t / ...~-- .t )



k
f=:: _ 4 f ~ CMel ) ~~ U -~ ~(~ - d) ,t t: . ~'J ey •

1(,,- - 1 ~T~-J:-a'

:j t ~ ev a.tv .t

. .-14·



...---- . ._0__. -------...,

~ d.L (M~ d-~~~

~ ~ €.... -::. ej = €\ c: A""'

~ A~ '~AO~

~ k ~ (~~OO AuJ"m5
•

..f.... t.... Î'MU\.<. M ~ eV -z: ( ~ ~ - (i - ~-< alMY]
M", ~ O<J, ~'- c' -<~Ol Al ~J
M =- ~ S()~ .

'h ~ e.. ~ J' Ihh.....:k a...~
PA == L J .. t; Y- ~

.J. M~ PA ~ LJ fil fJ =:- t1 ~

J z: M '
f.j... {j

d =- UTJ;So

,u; 4A /lÂ'f-1.
:,

.',- ..45"-



in ~,~~.
Fll,::' - 4'f. ) 04.A.)C j I~.A)(. -LiU ~~ (O/~9i-1.t\ -~ 0, /,cg (~- O,;al)

.t (0) JvO '3 ~G>I'<,o~ 'f-ltJ

fi ~ J:
~ F\

~~r~~~+~~~~
1

-A~·



t rfJ' ~~ ~'etI>\L ît J- t~ ~ ~ ~~

f-y.. - T~~ =' CM 0\4. :
l'

-w + f\ - T~ f =: 'YY\ Q\ :

~ G\'ol-:::- ~ ~ -!. cr ~ ~ ~(~t~~) 1~ (~.rx- _ 6"t)
6t.t ~~!ev 1 ~

et ~ _~ __ ! (f -t,~ i{~-t ~') ~~.).,_ IT"tJ
~ - o-t - et ~ ktv .

.f.;J,. t, &.~ ciL P"'-~ ~ t":~
c<W-. ~ k t\~

• 1

~~
•
~Au.~

[6J

" l'oQ Ji
~ke .t '\l,

(0 ~ 0,0:' ~ o-

\4 ~ ~ - ~ te)
~Cc :: 0) S' - (0, U+ °IO"U)

)4 :: 0)0 9~ (W\.

-.,n. '.
1



.))41- ~ (ix - cr- t ).

T~f -=- rll - M.al<. M:: ~:I~1

T F"W YI. ! W,,~'O"9,1(=,~8{rN
U1 f == \ - - '\:r _

~ == t-f 1 ~_ g}..t ~ Ir*: - ~ go 10:, ..1/4.,"~~ ... -lt'r) _,
L-0f)o?S' u.1 ut - ~i~.t{'..j. 3~o"o)~~fN3(~~-~

~_ t-1 [ -~J~ ~ (Tt - 5t-~,{ ~(f<. - (ftJ l-
- ~ h _ ~f/S- C&J f"~- ~g.t{1:-t ol4~ WJ (ftL ~t)J

f}r - w_ Mel)

~~::~f

1: ~ ~~ ~~~ ~ 1t -"'" fJM.
.l Ly "1 1<..w It~e,.,,:r~' P"oU!JINfst:<

~ -x: ::. ?4 + Y"~ ci TT ( t; - t" _' _0: [n
1 J. "~ ~T(~_d\. l "L)

"<'-:::._ L

t cs: ~1T ~

L

..u-



~ extv li
"<'-:.. - ----

il ~ ilv

1L 0= ~ ::: ~ ~Y fJ

~~~~~

,,= <€il ~ ~'~ J
~ ~~ ~ c:tM-~ J.e...~)~

~ ,d;- tk~ r: ~ ~ T)-cM~~~
,

~ Cw.·~}A . .~ ~ ~~~ r "M\M~

.~ ~ ~ &. pd.e/~ ~~

~.

"l- =: .e 1~ s~ (~T) ;'
l T 4 :

')L = ~ 6g'
r- .(-Î "'

f z: ~-~ - t,~ ).··..1)- Sil, ~~ (0, ""'~'8..ïy,;

.- ~t .tG" ad 1\ - ~3~b' +~42~~,IO<J,,:,b:ij\
) ~\ \ 2,

~ -
~ = - 0).J 4 rvd '.

.J- 1" = -~)..t~~/.t) - 5T~) 3~ (ol,4"O~'P~168-7ï/~)

~ L-OrAY)

'1:: _ ~ '&15 N



,

~~ ~~ ~ cL...~

t ,A1ar ~ ~ ~Vv ~~ ~ ff4

~ P ~~ Lk-~ :'~~'a~~

~ r- ~~ r~ ~r~~

~~~ d'~.~ r ~'eJJa.c-~ 4L c:
~ ~ ~ ?,8 t<;\'Yv ~~ ',k e,J~.~

~ ~ ,,' a "-- ~~~ T

'i.J. "-~ ~ -""" ~ ~ Ll Ji.) n. N

'~~ ~ AJ~)OI& ~~~L

~ : 0. e)~~ W-t-J~f; ~

?À':' ~ 0.,..(.,. Li) - d::. W -t rr ~ ~
[ f '

- cL =- ?:.goy.9,~,A+ ~~1-fœ-O,A~
, Ml.{.{

d:: 0) H 'WI. '

-~-



~~ r UlWlML r &~ G ..

e, ~~'ft'\t O'~~c-+ (- 0Jti-~

~~ Â) g~ (W' .

.~ """'"~ &~~ ••~~~ .c:
~.

e~~ ~ ~ ~
,

~ 4 ~ ~~~J2~

N.t G~~-oo.t-;f5 ~t'





.2. 2l.



Jt..
~ ~ I).._I_

- 4

~ 10 (L x.tA..YJ~ fA (-fA S - Pt)1,3 c Il

_~ ~ so10 '(l,Al>-~' lIvoY'~. f1ft" y,\to -}1'~
---liI"~ 1.A (o,() sA fA- )9(9..')'~ =. .l.l.4~~ .(8~ ~ r

<Â ~ r'~~~ ~: ).l4 MePt:t .

~~

~~ ~ ~r~~.~~pJ

~ ~, e, ~ ÔJ-~ ~,(k ~'v\'~

~ ~~ dM ~ ~ ~.1J~r
cI- ~~ t'~·~ e...~ ~ ~~

~ r" dL e;. ~~ r~C-~ rYI',..t

~~ ~~.

.2.J,.





, 'mur



CA P1 EU R BALAN CIER - M,ANIVE HE

I-nhcdu.~:

1tUlM~ 1 ~I~ r r-: r~
.o- L~ .~ ~!fiJvl -ti~ ~ ~1-&~·

~) ~~ ~ dJ.A ~ ~~fu
,

~ 4 ~~~ ~ rF.2t~

~.~ ~~&~~r1»

rbfu td!~ dL ~.J- J'~ ~ (CU.6

F.G)~ ~ \Ï7L~~ ch e'~ ~~~

JlJWv & ~~ reL. /1'r-- r ~.

1eJ#~

~~t

\8\M r ~ fL~ ~:~~~
~~ck~~ ~~~.

iJ~ ~ ? J.L cr 0-~~ k ~~ ~ ~

P.>.AJ; B~. ~ ~ ta ~~)~~~~

~ f-u-JJ- r dM~ 41~ ~ ~f'

b, ~ ~Â J:, J-V"t (W~U).~ t' U \)~ r tr"::
~: ~ 1

~ )~r~
(0 c.\-' d





"

~--\---- 'X. .

-Zt t--------\----i:;:::.I
-lA ~

(!YI.~ ~~~~ "C\M. -P 0- 0~(?4o)

~A,;-l +~ t,~ - ~4 Ô{ -~ ~(m~

'Jt,t =-t +)~ 1f.> + ~~ ~

j, df 0 f('nÎ"t).t, ~'~ - tl~,'•• ,t)t ~t
~~k~

b1 -= Ji _~L ~
~0 t,-a-

b:, ;:~ +T'~



~\~ ~ &U +1.) ~~( ~-t~1 1f -i~~)
0'-:: f~~(~-t~J U?~~ -t~/1f -fu17p)J),
~;: w4 ( ~ 4-~1 ~f -~) ~\~ - ~,~~ ,{(~4iI1t2~
"1\\ = W3P-. ~(~+ ~J ~ V\ ~ Î ~~ e,.( e..k~l\ .



1

\T ~ .{ ~ ~ ( ~+) \ cP k ( .!:- t'} ~ f-> - t. \f-. A ) li. t· ~ ~J)(1 )

+ J~ Re. (1-+ "t)~~-t. (~ -t-~. V Ji:!') d~ 1

,

t ~ ~e.. ~é ~*~I) b -= Â ~ ~(~-t-~I

~:: ~ Ik.{~-t ~11~ -;-ûb~) d'~ k1~ (o-)~(~*~It-~

B~ 1~ [~ ~ ~(~~t) ~&.(~ +~11f -{U1 ~

~ - 1~ 1"',( ~(fc+~.) "" 8< (t~~,1fi -~fh]
\J"'-c. i. ~~ k(t. z ) V1 ~( ~ -t 1 -6 f _!:- '\

~ d ,( 't a, -~ lwof )
-t- ~~ [i (Ml k( ~+~, J~ A ( ~ {-~/)f -.fcnf) - ~~~v-J

<r(~+ ~ 'pl =f~ 1..( ~.".l CI' ~(~ .~.~ f' -J.;,iJ
k + if (M~ *{~+~.l~ k (t :;1.V -:"'(1

l .,., (~ _ ~ 4 ~) r 1. ~ ( /l (t.. -i ~,) (;1 k (!= .., ~ 1/;P-~
tA Ct1f-> .t Ô L~(~ 1'7 (1 J . lt d 1'11

+~ U4t.. '-(e..+~) ~ k{L.",,~ lit -~ )J_1 JII"J~
~ , l{ " 6 &/J 61~

Ng\M F~ ,
s ~J~ ~{(+~,) "'.{ C~ +~.1tS - ~~t3 \ J l ,

»» ~J. ~(~*~,\ .A' :-~~ i (e+~,)

w-' = ~ ~ (!:=.. ..H ~ Po - ~ \ w--:.. .3-~ t(~ of S~ (1- ~ J
li. ~l ot' t/A)~) ~1~:' 'i. 1 d kt



s -=-...i. ~e.. ~(~-t 7c \ ~ ftt (1:. + ~ ~ A; _ e.. "\
'1~ IJ 4 dl a( : .tWJ(3 )

-~~ f~ ~(t~d ~ ~ (*+'>'1/-lfJ~,
SA.

~~ ~ ~ (!-+ )1) /'-' -=- ~~ ~(~-I:~l)

o':: ~ k.( '=- + l t. (J _.!:.- ) 0::. -"/J1.- ,Gn k !L -4: 7 ~ f _e. )
4ct16{ ~~ /lt~[1: L't OLr .fu>(l

SA -:. - -~ r: L ~ ft. (t: ~ ) tri ~ ( L *: 2 te' ~_ s. ),8 t ~,~ l ~àl d .!~~

+ ;~ f~~ P<Uu,J '" 4« ~ "'7, ,V-::#)J'la

5: --l ~t. ~(~*1aI)~ ~ ( ~ -+~l1~' -~ )
-Atj~~ L~ts w4c t(~+ "J tH ~(t ,~, 1~ -;.JJ] - ;i< S

S -:: -i t~( '-(~ -t- ~ \~ ~ ( r~ ~ t f -" s. ) ]
l~~(A.J...L- 1): 1 -d ~f

d ff) r- ':

+:L ~ '-( i, ~J U1 &. ( ~ '+ ~L 1~ -" .s, ) ]

~ ~"" ~ ~~ ) L-. !t : ~(}

~r ,',
Sot e, JoJ. l((,{)) ,..:. k. ( ~ +;" V-.t

f
) .I~,

~~ [-* ~ ~(.U.,\ '" 1..( ~''l,V -1;~hl(A,t'fl\ _
x~ I..(~~~,J,...:..1« ~ • t V -l,.l ~ [..,l. t.(L.\,) ",1.(b'~"4

_~.t_ .





· M'l::: ~ ('1 lis ~ cr-I- x. ~
~ ~~ 0]; cHA-~ bA "

~ M- M' MIl '.
-{- .A+ .A. , 0

MA ~ - (Ô~/[ ~~('- ~ ~<1fJ: ~ :t:" ·GJ
~ -ZA

~ ~-:;tU1~~Z~~

~ ~ T ~ c: t-I "
c: q~ ,

f.> dN-r ~ 1...~ Jt'CVMA.~ r:' r':
~. !

"

i. ~ ~~ r ~/I) ~~ (li 1J er-
('-: tk + ~~@) [Â ~ t (~+-~J ~ t: (L -t-~ /;,ft f-
t t~~"' Pt (,(+1~) : 1{ ~d( .f/h~

-\- 3.L ~ i(~J,: z. ) ~,~( f.. J.~ ~g ~ ~-'f)ll
~(A-t~f) i-t,: tt ~d( 2"'t'J

-~~f" 1~ CA+~ \ [[~ t.(f.*\.J~~ (~ '''L~f '" .,Ç<,)]
~ ~J 1:

+ ~ [~Ii(~.\,) ,.. "- (~ +), lf '{~J]JJ

+ ~[[- i. ~ a.. ((. l' '\~) ~ '( ~ +\ ftf + .;:
~ Pl1~ t-d e

+..:i-[ -1 r~{'-(f..+~~~,{(~+)t-f+~\J
,~ ~,~(ü f~) LL L): -dl ~e)

t 1~ [CÀ f.(t+5...\ '" k( ~~l.jh~)JJl

-~ .



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



\.



TURBINE A PA LE s kAlJIALES

,
,

,

"



,

LE SYSTEME A PLAQUE \JER.1ïl CALE



o

~o\-e.ou eh

be~ 0"' Y'tl':



~ \="~~= ~O&)S(..{tOJA4J

F\__ :: ~~S",~ N.

L~ tlO-~ Jl/'\ ~~ ~~ fw' t., W~ ru-~
1~~6 di ~ ~f/ Mt r-:-

rvY\.1( -:: 4~ ri~ - (n'li) t +t 7, ~) "f- ..f ~
~ ~{ ,

)

dF=[ f (~ )~ )t) - f (~~ )~ J b~ 11 ~ J~.

Q.::' ~ e.-.

1

- 4o~



c:wu- r: M~.L ,/-..-~

d,. j,ri J.. ~ r--/) ~

~~... ·n ,.. 02..)(.}, u. Yh..

l::. g i

L 4t, ;
~ = ( ~ ~ t4N\~ ~) = 0, 44~: .

~~4~ t-o~~e..~(~e,.~J~ut)

t1<..= JlO~~{..g(u)< .ti..~,~l- ~ i , 'Sfl~ (~(if: (~~oot)_U1-2r(f~~.qo~
.t otT 5"1'14 4 1 Il 'h~\-ç- V

x ~ (G;lt )( h) - ~ e. if,~ (~ -A) ~ cr+-

~~ oZ! If 4
51}..



~ t = ~ .J- t =-- 30

& -"\tlL:::' - ~ t 1 l ~ (0) 44 .t Y>. 4~ )

FIA ~ - s1) 4 1'1

i:M~ M-= - '31-) ~ N. rC«l ôt

~ ~ t::: t .el- r~ go~

M:::. - 5' f) ~ t-\ r

~~~k F rX. ~ ~~,~~~
,

laro- k ')..Jk~ S'1-/~~ ~/6.~

, ~ 4. JiAAA.A L: fL' ~ Jn \ ~"---r- ~

- L..J./. 1



RA::: 10 t'""'-

Rot ~ )4i'O~ ,

U oU .to ~ Jl~)~ Jv r~: t0r:----
, .

~ cL U: ~ ~ G::.k o"-o)o~r;,v:l ~ 4,8~
..10./0-10



~ÔL~~

U&~~.~ ~~~~~J.~
~~ ~ ~1~ ~ (alk--~ M~~ 4-

~ J.R. ++r ~ ~.

L~~ ~~~~~~
LP ~ J (:~ L\....,~)

.J..t

~ zr t.-~~k r~h~~
k~ \ 0:~ ~ r r- e, m...-.JL ~Ul.. i~

~ J: J'~ r- e: r ~ ~ lb l'a--- ~ u-

~"'""-- ~.

(À.. ~ ~ = z AWI S- =: ~ if f1 ~ ') v- r- ~~
,

l./ "'IV/< +"lJ..~

li- -=- "IL ~ "':.

1

L ~~ k \~ tk~.~t .Jt+i}

Jt :: [~Ct+ü') k1 3C!- -hU-) - BA (t-)- !.t~)]

&. ~<. ~~ J'!=-\(v\eU-). )iJçJ

J'" -e, 0" Jk if

1~ di ~ ~ ~~~v{~ ~ ~'~ h
t (t-~Jkl z: (f 0- J'If =- r (f s) trdhLr

~ Ju JF:
v') ~



,.

.~ ~ ~ +1f~ cl~ = -1 (r~ )~ dt tlf
"i.tl f",

~~ 4.~~ ~ +" =- ~~ F~

il - .~~ "'- ( ! J- vdt-U: +1fr :v-JrcU="
)F1 F~.

il ~ ~U-) - lA\-J e,kCf;;') or ,ft Ji,
1

~'~ ~ i.t (t-+ di-) - 1~JtJ Ihl c:~
\~i~~ Jrw-

~ (t* U) -~.t~) =- ~ Jt -= Jl [f-:; J:"7 Jt
~t- 'O-t J

!ft

t.~ Z?' -e, J ~J 1- ..( +f (if- ,J- M"

~~~ F:





..~ -= ~-t.~, 1.1., 1( ~I fA K 01L09

.t O)b~.t

-«.Â. -:: ~\ E;~ c"-) A

~~ ~ ~ "
p~;:; 8/(,4 rl;1

fl~:::: t/ t 1 l'- jA
~ .)N-- 1, = t\6't-€/l1,.140= 4"/0

~ltC3

l'
1

~ ~ ~ a, L,j R1- z;~ ,.,JI'P-- cL;~ ~
~ 4 ~ ck.- 'v.0~.:

~/r ~~~ ~J c; ~ ~ 1~~~
1~rA-w..& ~ ~~ ~e....~~ ~

f~ ri.J~~· Q~ ~ ~~~
c:U~ ~~ ~ GlL LU\~l<iPRANfTL)~ r':':
~ ~ ~ ~ ~(~ rtMt ~~~&.f~jd

: ak ~fu-' 9~ ~ f~~ ~ ~,~~r
~k~d..l~~. ,;

J \. :1

~~~~/~~d'~~~~
~ ~A~JN<(?~ ~ ~ ~ ~~ .~~da-~

h ~ t!L~ ~ W ~ fJ~~ r(4·
~~~~~~ u-J z: V =. v- -;.. '11lt.~ ~ 1;t1-.J(

~ R , O/Ji+A A,A



'1
;1
"
" i
,

~~~QI~~~ i

~ rlk~ f~~~)~~
0lM Mr~~~)r :

,

:::

-
1

fll.- R.:::. ~t «,
(u) - R.. (.A,~) t M :::\ oL 4- ~t a..tVo

1

(JI ~J 0-+ '" 0-0<.

t- ~~ ~ i~~~ 4t.L~ckr'
di-. i\~&t ~-~. [



x =- (.t 8t- A3(~") 01 ~ + fi ~ 3 'l- 0 ,0 ~ S'

4s, t3

X ::. 0) lt~ C""'-

e,..-=. '(.- +0 (-!::. o}S"t cm .
. ~-:: (.t-8+J3(1)'loCJ/~+-1-13~~jI5

't ~ 1l;

1.

[

"1

1.

-~~- '
"



,.

r;g '~ ~ ~ ~4) ~) 'V~!) :'

O-t::: b0( 04)

-l, -=: 'VY\ (b.-() _ F)t. lAs)
)/ ~t-b0{ - F;,) 4-M=. :r

b
-<. .t(n, b-<J b ,0-~)

LI~ ,@~~) ~ ,i~L~~ i~e,

, t--'\ - A1 Af u, -:: (~f- C""- 6 ~ - ..A ,!;1 C"" t b ) 0(
1

JI~

0(-:: M- .AIA~

- {

~ -1; "'" t- ~ -;V l'" t b



1 ) ~ ()
A. 6\v ",--6'8o~N"" -)

.R/\~~ ,,=- b~) 0 IV.

"~~U- ? = R CA)

f:::. lS~,{))( r3, 5 1- ~t

6 0

1"
,

,
i
1

"
1



1.

l',
1

~~ <h~~

&·r ~JJ/r\~~~ r'11A

~~ ~ cUt.k ~ ~~.Q~~

~ d.'~ ~~'~ ~!~~ ~
jù.rl'.. ~ V\~~ ()JXJ.. ~ ;MJ.., O\A d.v..~

~ ~ k. ~~.~ {a.~~ d:
, ~ .Q,\~ ~ ~~. t!~ -f"\'- ~ fiA-

~ ~ ~ J-1~~)~~I)A,..t--~~

t'~ ~~~ ~i.t;~h~

~.?~ ~ ~ ~ eL))AN' + ~ &r
~~ ~~ ~ ~ut ~~ rfrU.~
~ (CR- ~ t" ~ (~J-J~ ~:.~_~ ~

1.

~ ~ ~ 1f-J:, ~~ ~~f~~
rU"~ c . b-atJ~ ckF~ ~'ea~,.

1

~ ~ ~
1,

poJ\.~ (t1.~ ~ ri: 4- ~()~

~~ ~ ~ MU- ~~j-M~~~&
~ .t- ~~ ~ W ~J-; ~ 1 fA't- ';c:..

_5'ot,_



1
1
1r

1

1
1

i

r i ~"tr·rr
~;·~~1'tA,

0.. ~~ ~ cd; .ttJ}~ ~ ~-tt A 1~ta. J»-~~~

~ ,\"'4. Dt ~ o..t.. J..."w-J. ~~ ~~. 11' ~t.

~ ~~ .il ~ ~ o/lJ.t.. Si ~ -r-- th.

~ ~ ~.~~~) &. ~~ VI- ~~ e...

~ A ~ ~ triV<,. .F-frG~ rk rc~,
1

1

1



CONCLU510N ET
i

1<.. E( 0 iYI MAN ~ ATI 0 NS,



R.EFERENCE ~

~ ] !". N. ~J0 UN KO\lS (~I ET \>.1<. P.>o J ne: 1-\ d-., lo. W
1

t~'- M~
[.t J 1'\. N ..il joLI. '" K.o v\s 1" l Jr P. 1<'

i

8~JL~cH ~~~
1.

1.

i'
1.



"

1.

l,

i
1
1

l,
,

,
l,

1

"

i

ANNEXE

1

1.

1

i
1



l,
,

CA R.~crE R15TIQ.UE~ ~5 LA ~OULE,,





O.O? 003
lalter Goda: 1970a)

0.010.005

,1,

0.003 0.004
Hb

gT2

0.0020.0010.0004 0.0006

.

1
1-

. H: i Ht HI !~ ~ ~L
.~ .~ Ir ' , - i

1 Il li i HIi 1i j 1, 1 1

f -
1

1

1 1 1

" m1

1

li '-:+ .,' , ,
tH,.+!r !;

1 l'in
1 1

,
,

, ,11

u -.. :.
1 11 1

•
,

!', .~ 1,
Jrll '.'., .. ,

~ r7t~ _ , lIT: Iii.. 1 . m 1 ~1, 1 m l' ,1 . fT, 1

1.0

0.8

0.6

2.8

2.6

2.4

2.2

2.0

1.8

Hb 1.6
H~

1.4

1.2

_S~-



1

\'

~~CA d& ~~ dl~ )uA. ~ ck

l~ ~Jl~ bI ~rk~
~ ::-n :

-tIr 1.-

~ ,::-' 9)~) -( ,f, S"

et1T
4,:. )J~I ~ C"'-

I

~: 4"", t--=- 0IOOS,{;' "
a+t. j\~ h <.f

i'
1

-lo L ::. '5" f) 4 r

~ ~ ~ ~~ k~d'~~foP'



'CS'
~

1

.....
1.....
o
J>-

K and

----0.01 • .

VSi

0.002 0.02 0.03 0.04 0.3

Figure 7-68. 2Relative wavelength and pressure factor versus d/gT (Airy wave theory).



0.007 0.0"

0.004 0.006 0.01

2.0

mHEmE
1.0

0.1 0.2 0.3
(after Dean, 1974)

0.4 0.6

:mmmm

0.04 ' 0.06

0.2

0.02
d

gT2

d
r;

0.10.04 0.06

llllEmlm
0.02

0.002

110.

1.20

1.05

1.00
o.oo.

...h..1.15
LA

......
1.....
a

1 00
ZJ"

t:

Figure 7-70. Wavelength correction factor for finite amplitude effects.

1



!,
1:,
1

1
1

J'
1

-( -:. ~\ TI 1- :s fol 4 (.,~ .( ilJ< lj ,

\ :ti.91~ A S't,y
1

T ::. 9,4/.1

01,' Co j ~ - «1 r
10 t>I~ C == ;LOO,. _1 _

g,5"

i'



* 1Î .... ,.~~ ~ ~ ~~ cha ovv:k
:!h~ ~. cfJ~ iL ~ cW!~~~
t~e,) ~~~ ~ ~;~ r:':
~~

é,)JJO·(tS [,]
r _ ,,"". (\'-r .
E. ~ g10

N.~. ~&- ~ ~ ~r ~UW~ ~
d.::.~=-4(l'- 1

~ =- ~ -=- .fI ~z-
T =- T-::.- ~/~)

L -::: s t-I 4~ .



- S ,-

Yi'

\\M-~) rrt~ ry~ "ô'r
fT (V '"'Y).L ?1fd "? -rr ~~ ld~ 'â ~ 1J)~j

'slJ( i.l ~' G1' b8 ~J1" ~\ti b~" &1'~ ~3~~\ 1"10
.\.

1 o;'~

: . OQ',&

i ~\t,

t
00'+1

-----
"

, œ\)
1

y- 00 \~

-.,:: :!
OSISr- .1 r- l'

~--.

r 1
1

1 l' V 'i' 00 j1

h y -1" s ~v ry t '6' QS ']

~f v- a ~
"

r
~ 3( H' f? 1'1' ~ oo'~,

?W a 0 t i
J 9Y Q)'~1 s Ji" ES C!f ~~

'1

: E;~~
b"~

i7' 2- Z ? ~ .s~y }ry- G6" ooJ~if--. ------_.. '---'.._-~'

017 t' 0 .,. : E O'i" a r~ t~~· rÇ QS~.,

1

0 0 '1'lV rr r r r- 1 e "'? r;~ for Jl"i Sn GG 6-
-

1

f. ;- "tr JY "Y s 'i l 1'~ \î t~r J ~9 arrJ'" t]Y6( osly

r! !

00' r~v tlJ sr " s t bf i rs J JI' rssr 1'8~
" ..
1 ".

fY J? 0 ~
,. 1 r S 'if 5lY 80S "'~( 'aH; 05 10

1 ------- .__ ...._---- -------- ..__._---.-. -------

iY i
v- In- o~ , sr'o°31:.( 1? °i () r ? Cf

1

°'lS
.5 ~'"

5 f(Jj .5 f8yi .5 /~r .5/'r 5~( S(!TY s /3 S'~ SI, ~~)1t
1

(<;'-)J..1"~.L
,
1
1

1
1

,

, (/'0 ~

"
\



·,~-

./7-.;

.\~ tf:~ Vf'~ '?- Of 1"
(s)L '7~'~ '1 ~ ';Yf~ ~ ~ ~ ~+;!

1()y CY?
1

8 :1 -CCi ~t 1 i~11 }3l>'}-1 ~r~~ \17tb8 \t~~81 â"'c>-\e.l..
1

QSI~

'? 'l' 1
00 ~

y

l' 1 1 r 1

7'

'f"

.9

~v

"
.t

\,

, 1

; 1

"

~

l . l' 1 s

q) li

00 '-t
G1J\~

001,}

~r
If
,f!
! 1

': ,
r s s '1

(
CU.s

p '1
1 i r ï v 1

CIO S

tG
1

Y r \ 7' 1 W Y'l' i( l'V leu'~

a$ 1"

<) 0 / ~

1

H 1
0 0 1

t1 I~f
~~ \ .soS

ni 1 ~j (

HY

~n

.sU

t 1 i! tt
1

~y(

!I r 1 c~ 1 .s ~ 1 ~J(;'

orb'

~o'7

l)j y

s ~lYf'

~I
:1 v-

I 1 1 ----L_ 1

J-U-~-1 -I:.~ 1 oyr 1 1

l:l ~ ! -tr 1 ~J 1 H r

~n l, r~G( 16t'&f

~ l &. f

f ? t.9

Hn 1· b/'

i

1 i
!
1

:

.s 1

'i 1 1 1

l' i Jri?(i te 1 -ts

17H(

r()l8

iut 1 ot~

ti.~~ 1 \;.9 or
00 '"

Q5'r

00 'r

3 1

rJGV

Sv t'

~9
1

S i
1;

~ !

v- '1

r

i
1 s,

r

\~)~

.s (~j '3.) ',,( 1 j 1pt! j j { 'l, • 1

(C;)l.·1

.s 1&1 1 .> \~r 1 j '?JI;'j'tl j./~

'd'Or1.

oo~ ~~



P~dw, ~r~k 2/~~ o~
1 )

i
,

T(,s)
,
,

-t"~1

~~ 4,5 ~,S c, S' .An,s .-t.l,S )4,s -t.r s .Ar, s- -lo, fi ..2.1, r T (fi)
, 1

+~ D/fjf 0)04 ! D,0S %4
D)~r - - -' - ~90- - 0) 93}: . 3,JO 0, ~g , 0,6'6"

" 1l. ... 1

°,sv
t: il} e0 o} "W (J,o 3 o)oS

~ b8
:~' 3, S~ 0,(( o)b. .A,ot
,

0,~ o)~~ ~o ~ 0) 01.<-

~4 g).,00
:lf ~ -(,Ôt oP,0 s °)4 8 t?J-1.~ i

( Ortf 0) b':, 0) Â~ 0/04 o.o» :

Â,~ {;., 4~
f~' .l,3,t . 3/4"1- ,(, u 0)31- O,.M 1· .
f o)Ât 0, o (' 0, ,30 o}o "i 0,0 :i- i

~Oil
, e) ~r: C,5"6 .D) ~Â ~S'( o,~f °).fr
,·(..

It~(
0)0 g j31' 0) 3( 0/). 4 0,04 0, ott

,

~~ 'h j 8
0,34 " ~ ,(, !J ~) 4g 0) rot 0, ~ ,,

f~ D)o T o,,u O)3Q o~ 0,0 s I

~,oo
,

~~.t
, ~) yeIf,' ~: o} 3-! A,lot 2} 3~ O,6~
1·

J,
0/0 1- 0).2A 0);0 o}J-'3 ()/..J.-l ~,o ~ o,o-t:. (J, 03

~6 .//~I~
1"" ,

1
·~. o,~)! )) ~ c "" !"b ~4 3 ") ~ c 0) 3 g D) ~ c ~))€11' • t

J~l.' °1° ( o) t4 ~,1U' o,~ 0l'~ r -o,c 3
1

400
,

0° ~ ~3-f- ,
1 "p '.'. o,!S J,n· ..f,,u .t,3~ A, 9,2 O/4.t

,
, 1 • 1 oJ53,

4, sv f 0,0 Q' 0,.2) O)J-l rJH (JI) r (.),0c
1

~)o 3 J)lt) - -
1 t.. ~· ~/~ .A/il 4 -i 4 ;/,84 o,sr ! 0/;11, \

"f: 0) S" j, .(' r o/~(
r.

5",00 -' ~ - - ~J!..- ..-

1 FJI: ~ ,.t( 16.t )/)1/
;- 1

1
1

1- 1-
1

5".... =- 0;4

-
TsS" - 8,l> A -r: =0 ttW'l- ~=-T;- ~-~/~"'", .... - {,

-1 ).;0 1 S' .A~W\. ':-

,
1
1
,

A:;



~ &~.

~tt .
1

!

i-J --si -t
·s~(~, ~ &.1. 1'3(.9::' 1. ~ V9(~::.L

i - -
1

ss'] iY (7 6' 7(y,
:\ ~t 1

7~'tr
. '1 0/

", .-' Q)~
S (0 'i~'i7 if 10 ~<f 1.1

1

1'y'r srr ~$? 1':] (1' .1-

'lE'; 1 i
:k~

0
01

"- trIo (' >6' (0
.-'

~: 1 .s r'~ 1li Cl: 1

1 ?O'y Ji'z 1j{f i Gla \~I,
3Ft; '" 055to{} ~e 'a H~ 1)v la

,- .i-
1

1 ; :'rr:f
.>

00'7
,

r8(a
çOIG ! Gr f DOS

8 f. 1o rr (0 " ,~8- f (a,1

otlg
H,(o ~J y '0 ~r {&' .sIr rt '~ 1:91( 7~ )1' hsJo

~~ f15'7,1

fi Y'f} 1r Jo
~~ .:V'o 10'0 rr '~ q1~ »? '0

1"-9 (0 <ï oS '0 ~'? ~ 08 (1' ri Ir }~ 'a r.:J:
8S(8

• )l,

001,,. ...-
;, 0 10 ~ 0

10 f~ (0 1:6' 'l) ~OO ~I~'1' '0

t:/J
~r( 0 -rs '» t s Jo ~8 (1 # (i' ,S8'y o't '0 7~;1 0)' ç
,1 ( ? 0(0 to '0 t1 (0 --t-, (0 vs'» -{ 0 If)I~ a
: t-t'o s» 'l- l'f~ .J 0 16- -r'f 1C' h;;;

J l 's
i ,,1:(0

a~ 'f;

Gr (0 j o'o ~I10(0 ~oJo h,'a 1'î 10

;6 (i -/:.1' {Il 01'0 7~ IV ~1(~ J é Jç. J<i(o :l:f
a.s'(

y-o(o Ci o'ô 'ir'a 6'Z '0 j Elo ~/o :~
1

, 7('0 03' 0 ~3'~ 1'6" I~ 1;5' ~ ~K,èf

tr'l 00'(, r O '0

,
n10 OSlO rr '0 i, ~ 0 0,

1 't,co vair 5.5 'it 8 r 'r ...,.'1.
1 Q)(Y-tY ~ : '10' 0 zlo ss'c rs (0 :11

Jn.t.>
1 • 6cr. 10 ';0 '~ ~ t '1' ~"t :r

oo'r1 - 5~o'O Y'i.1o rs» ~f,

77:S
Jr-eo ;r'o gy/o 1 b.5 (0 tf: '~ ~::r

(}5'O
fo~ ;0'0 '6' 0 '0 60 '

0 'n'o :1
97 «(J 1fô

--_ .._--~--._.
~ ri (j

n~
1

j30{O ~~'~ ;y. =cl
)6'1 0

10 '0 f'Q((jJ
1

..
(O/~ ?~i ' r 0 10 'Hia

; ,

cr) .1.. JI,? 5 'f1è .5 'gt ,Ij 'sr j''JV J leV .5 'O'J' .5 /3 j'J s [~

J~~~lIh(Y\Ao\ 1
---.. -~ \"')~

~ «)J..

(~ Tf~ ~-svrperyd.00' ~ ~~ '. ,'ô



-~~-
Sv_ :

:

.0f~ ~ rp1

~1t~~ "l'p' ~c~, tt
1.,

1 ss (tJ CJt~ y'?~ 1ç 'r 'r?? '?~ ?C1y H/r l~ 'Û \~liss 0
1

:

CI5 '3
1,
1

!
1

DOS:
1

it (t?
'1 Go 10 -to(oc> yi 0 Q) I?

Ir 0 ((JI :1(0 '01 6' a'0 {OIO

t7 o/o QJ'o ~rl~ :,'f rio ( rr 'a .,o~Yi' 0
00 '~- (

~ 0
1
0" ob sr 0 ç0 II) I~ 0/0 :Job roJo,1

1?Jy ~' 0 Ir: II} 'iet (0 ?'l'a cyvlO Q5(f/ - J' (0 -tV 1() *,0' ...ovlo to '0 t 0'01 0

n'a S7'0 'tl'Il ?-v'o ~ (0 H'O ~/O 90'0 oC>''t1
1.0

1
(1 sr (0 ~ 0

1
0 Yr If)~ 0)(1 8 0

10 -co'0 'l'0'0,
1 ar If) 1 J$'~ ~ f) (a ClS 10 5;10 ~ r, 10 ~J'o ~ O'()1'0rJ QS Ir

roto ..-
J 0 I~ OV'q i"~ (0 1'{'0 8(rO' &ob Y-O (0et( fIJ

~ Ole) TriO (W '0 y{IO ~ ~ 10 6~(q y..s 10 ()~(o l' 0 10 60'() 1 1 •

ra1o W(o
J 0'0 or'o :z.? 10 6y la ..nltJ 0<;; ' 0 '10'0 J 0 r" 001-

rr (0 ~o(O tr'0 :1Y'O *-t'a ~~/O ~'i '0 t' ~ '0 ~~'o nfo aY(r
Jol(Jl ~o'o J ('0 Orla :~ÎI( 5r'a ~ (0 'iq'~ 1 ~ 10 60

1
0

B.Y(Q' JO'o Yl'O ;\~ v'o H(~ tO I (1 n'QI ~'o H '0 ex/rir (0
...-

.~ O'Q 'rlol-\:.olo cd'~J o'@ rr 10 rylo: 'n'la
-

r1'(o ~o (0 1'0 '1] 1'0'0 1 0'(1 '10'0 ~'o Fo 10 ' ra 10 1-f 10
QÇ~J'y '0

il
t s fa j 0 'a so (0 '~ 010 j 0 la· 7' 0 '0 ,"0 'c i oh li r '0

1,
1

7aV sr»
1

: Q 8r~(o ~"':1' ! S~(o
sr'o ~:la - - ;l40 ,.. - - ,

i:. 0(0 1J i
1 \ .

j'n- J/Oj" j I~r j 'Jr -ç 'w J 'sr S/~ ~ '3 S(9 s(7.:

\~H1 (3) .L
1
,

: 00 ~
,

Il



-of.'
~

~v ,

.'

1
,

.,

1 '(5)_1 ~~ ~ ~~,

(~H .~~ ~ ~eYWJ ~ti
,
,

\~)J±r; s/, ;(J(, 'i~ J g(; iot? 1'?~ H~ ~~? ~'r t o(r
1

as '(J 'hy 10
:l , -f. y la fOIO qJJ7'l'y1() t o'~
rvo

1; 0/0 ?,(lJa''j 0 'a
}l',la 11. (0 wlo ~v 10 jOlcp

00 '~....
~o'o :aoh ~o h J, 0 (0 V6~1

.... &t(@ ~~ 10 f~ (~ 3~ (0 1Vl
rj 70 1(J

QJJ~TV ((J '; rn'q 6(70 or0 ~ o Ir) rO'o.,
rrr(y f~ '0 ~~/O 65 '0 a) 'o ~/O ()J/~ 10 '0 o ,,'rHG }y f(J jJyJo ~~ tr~ bO~ (0

1
0 rO)o

1

...- k.0 ' G }3'0 f:.5 Id Q9Io iJ.s 10 O'6"(Q 7dllâ'
QJ~

~ 0 Ca ~'cY î~lo Iyrlo f?lo t (J '0 è0/(J

'l'fi 0 'P6- '0 ~/(J yllo J~/O ~V~ rrf ).... 1

j (Id n'(1 o a'(
3V" (0 .:OV (0) vr(o (GO J(J(1 ,.

Hlo FY IQ 80(0 ,r'q 3VI(} nl(J (ff0 7:J' 0 :Jr.'o lU I(
J1" 1() 1ve J 0'0 '60 10 ov'» hv (0 ?rlo l 17 f

O tr'o,
1

rt:~ <t 1~ ,hJo o ~ f()l ~r/() i t' () 5 0 1(j 8 ()'0 rr'» Hb
Hlyf(l(J 'i (0 j~' 0 O'h '0 :~((o "r'o J o7~ &0

1
"

nlo 1t]~

n~ 1 ~'o J'olO fo/o
'. ,

yq'O ( o'a rO '0 lO 1(1:~ -"
(1)'00 10 J ~ la 6'y~ 5(J/(}

1 ,

10
10 fO 1~ roh '1"0'0 b(JI>,~

1'0 (()I }4/o
1 rolo, - - " :ef. l' -n'lo...-

,i~
...-

~f80 '0 - t 0 '0 "}Q\O
...- - J l}lO

JIn' J'oz- J'Br JJv J'7V j'}( J (aV 5(~ .s~ 5(7
1

(~~(s) l
!

, oO~ ~:

,



r •

~ dt. 2/~ (fnO~ ,r\(~)
,

~ 0 0 :~~Oo
". : ~. " IA.. ,_-a. h ~ #.-

• ~(.L. r~ t· ~.
: ~ r ~ "Ki,

'" <-

0,93 &.2cfJ (\1>5 o)~E) J) 01- &~~ 0) ~ 8 0) ~{

.A,~1 SloU 0,31- 0) ~ .A, (; ~ g,3 ~ °11~ o,~4
"

AJ3.t t~ ,(j o ) \ 0) z.s ~\O~ ~ C A.r;;; 0) ),(; <:l)3~
1

.l, k 1--&1- 0,0 r O/l.{ a! 11 5 ft b-1. oJOS O),t;
J

~I~ ss« 010.2 0, 0 ~ ~) ~.t-
.u,.. e/c{ °1°t

,

.A, ,11- 8J ,. 0,00 -!,')<> 8~ /'

,

~/~ ,2.1 A) 8! 3)- ,.-,... -

~11i ~ - .( 1::2.0 ~ /'
/'

,

0%9 <r- I·
~- .A, 0) ,-

) /'

o 16~ )4 î .0)01 (}Jo -1. o,F~ M-1. r:

,

A~3 ss o~9 .Al ~ c
1 .2J.iJj 0) jj A} S",l;}

i~ \1~'r ~.~~ ~ ~ !:.~;t~ z: ~.;,,), ,4(""
. t: 1~ 0,.1.1:

~~
,

~~ 0° H A Z (;' - .J 2>'1- J'- 1 -c >» C""'.
0, 93

:

A.1



~&i ~ ~k~~ ~ (i).
,
,
!

~
1 ~ ~O

e
0°

,

T· h· 1~
"

M' .-f: 1;t~f' T:- Til.- I. l.
1.."

5',90 5" 3o C)03
,

4450) !.Jo 5"iU (J, o~ 0) .A.ol,

r, ~ .))10 a/lA. 0) cs ef;i~ ~ )Ja6 10(0 ~ 0) ~s

~ 4J 4rA~ O,U ).)f;Ç ri~ ~ A.fj ID) .2..1- -il, ~ t.
l '

"

~14 j 4"1-.Â4 °1~O J) 9.l <b Ai- El1-4 ~ 0, ;() .AI gtJ1 :

g/-1 ~.lt o))r A, .U 't lA ft 3~8~ 0, Ary. AI.!)1

~JS ),u-t 0)08 0) ~{ ~:1.{ !!AJo f ..o/Og ,[);611 1

&) 4~ 4to 0)03 0) u. ~ ~~ )" ..1M 6104 0) 3~J :
"J) ~.t ~iB o,ol 0/..)3 g)ft- 408 01 al- 0.)(

1

.J, st tV4 4?,01 0,0(;; 8)r~ Â f)~ O/O..{. O,Ob

34
[,

g~~,11 ... ~ ) '17)-
l'

J,19 4 - . 8 Ô1 g -1 1:

M,r .t - .j) ~ (; )~ -i,

j '1'.0 ~< -Ji:

)~(~v t,; -
1

fJ:5' .) -
t::r

~ ...II
"
1,

)s-~(l3 A. ~)~f , ~.tg <'.1 .iL b).{~
,

~ ~~ ~;.t~ ,ra T,. ~5r).
1

-r ~Oa T~ {lI) ~). ,

Ag
1.·



.."

MbV'(. ~;Sl' SY\oh~\'\

.....

J. ca''''-sa "1\

.t GoV'aa.. {la-x~bllZ

h-t ~k~
~ t...':jaLl. -r', ~Ja-

~ 4 ~ou ,; cl.

'5 hwe.- .\II'"t'-'f'tI.,o\:)', 1ct

s C.o V'r\ ~o('~.sJcLU""



J-eJ 0

.1--4 _

î



=

1

ln
P-

o



l'

-

""" ""'" '"

"

, ,



·
~

(1 (

/ r r 1 ;7



,
00
t+-

1

CllLLIE.

SJb1= A LlMoR.

Eco'Cl- P.o\~ ta.. c."" n ; 4u.e d,1"i'\;e,s
'Pf'Oj eJ .0e ~;., <:\ 1 al.l~e. ';) 8Ç' - '(.t

PJ\..O~ro.~"W\e. de 'nIouve."v'\'\v--.t d€-- la V'ou.(..

~'C" le.. wH; e.-Y'

QAt

-lo

_. _...5

~c..h: -1./4.0



!Pr~ -'

i ~
$
~

~.... --.

0

V -..;; ln
1;)

1

0\1

1

Q
~ 0

0...
l ,

,

",

i

"

l'
1

,

i',
"

"1

l',

EGOl E. POL'1TEC-HNI~UE.~t THIES

rl'"oj ~r de. ç..... cl'~~~(.s ,H- t r

•

Mo~ F~LL
b.k : ~ -S"·1l

e...hJ\t...: 1,1.0



~a o. !:

,

5'0 HM
r-

,

,

!
~

,
i

Cl ,

~
1

Ç)
,

~ 950 i,
1-- "

"
-~

:'
~

"1

""="" 0
"

.-.- .-

1
1

1

:
i

",,

1
l'

t)
t>
t> 1

""<!
"
1

,1

"

l, m .-b1:"

L
~

(~ 'fl!n

1

.
t- -
1: -,
~:'

",

"
1

:
1

<1

ECOLE. ~OL'j'T~c.'H\\G\.\~ ~~i PLAQUE,

YE P..nCALt.
Tl\-lEs l',

"
t1=", 'Z.

i'
"

1...\-e:, lo-S-ifl' :
MoR. Ç!l'.LL S"..( b

l'

i:
e.,th , .l /),0

1
.

,



~I 'èLIO CiRA PI·H!

- L'~ f~ l' JEAN LE.FE\JR.E ~ 1f.<- '[
...t~ J-'T~~ F R. ~tl!A~,~.J. r.~ONNHi

.Skt- rMltJM:... l"\~ rr (1~ 6+:0 ~f.~c.l ~

(c.E.",,,) U~ All"M'f 6OP-,~~ O~ 'l.N~'t~~E&S)V'b~ ...1J:

~~ ~ J,ù'A A.~ ~f! ~ ~Û4~ ~,
• '+J~ w--utt.~ r- ;~ ~ S~
~ f\o~t G. ~t::~N tk R.ob~V'~ A. ~~LR~MPLE

Jf r~ ~'Iv...~U twr c. K. "ATC-I\E. L~:"

Il 1· J.. . ...'t:J. J~~ ~'1 t-IftML.b 'E. SAUN~E"RS
.. n~Uof'O- "J-~u .J,I'r\ "'ï 0 v :

~.~.N. A. Il.M. c.) ~o ~ ! J.. 'Il e 1 .IL

1
1,.

1

i'

l,



20S03 0

,
1

4 '("0\1 c- t ...;\o..~\c. ~c..;t.l'"
1
1

L."~~ ~c..; t.V"i S

~ flaque. ~~~\-i <-0.\.. I.oi,

-! ,t " '*'Ul. 0( Jl
\Jo.,,,, o.~"""'(. .

~ -, h.....9"'01:.;01'1 M",~e '1';010'"

eCOLE PoLVTECHHIQuE At 'Tl11E5 ~~~iE.ME " l'l~GUE 'VE.RT! tAL!
~.f- dol p.. cj,'.~ ..dc,

~ AI P.o fll"... 4. MoR. rAll M'· 5'4G .AQ~e. to-s·U,
~-

400

n,..... beJo1'l =:J--

.....Q~ .. f'•• k,;t....
!

-~

.,hA.. .. t'I-~ Ilo i\
-

"le. -«Ah • "le. ft. AC Il.
-- te.

CIo

,....-- .~-----


