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ci) - ii> /\] - -
dt 

(3) 

- -
dk - â) /\ k --
dt 
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" 1· 
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:I 
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: c!l _p.:l.JI rk-JI ~ ùl.9 Y'-" 04JL:ll( .)li:. 

dp df!; 
-, -
dt dt 

dp - dp +(ài /\ p) 
dt - dl ' 

dp = f;'. +(ÜJAp) 
dt 

di;'. = df!; + (w /\ f/;) 
dt dt 

dV; = f , +(roi\~) 
dl 

Y., =Y A+ B /\ p + W /\ [ r:.· + ( ilJ /\ p) ]+Y,. + ( (lJ /\ fi;) 
P,, = PA+&/\ fJ+iü/\ v; +cï.> /\ (w /\ fJ) + r,. + (ilJ /\°V;) 

r., = rr A + & /\ P + œ /\ < œ /\ p) J + r,. + 2( r» /\ \{.) 

~ 

:0î~~5 

.,,.#.-

'~! t.Jw1 "'r,. ,01.b.J1 t.Jw1 .JA r" . ~. 

[jï / 1 + i /\ p + ilJ /\ ( ilJ /\ p)] = ?; 
.Coriolis

2 ~J:Ufa t) ... ..:i ~ 2(w /\ \{.) =y c .J ~I t)·Yi11~ 
:c}! l.,S Jlh.JI t.JWI ~ ~ 1.,.#}' 

Ji., = r,. + rc + r c , .· " 

. wlc j .... ..:JI ~ _jil ~L )'1 :ü)l,J~ ~Lli ;\j)l,J\ !..-~ 

~ . . . 
tJL:i .J y;JI tJL:i .J ~I t.JL....:ill (,,5"'""-4-JI t~l l,?J~ ~ 01.b.JI tJ . ..alt 

.~J:..)~ 

:Coriolis (~J:!JJ5) ~I tJL...:iJI ~t.....:a,..f _ 
,Jl.J.J..l 4.c ~ ~L....::JI r.1~1 J.....:,h <.....k.....O ',?.J~ :i...6ill Coriolis ~ .J:U.fi t.)~/ 

.:i...bill ~I :i.e y.JI .J l~I JF ~ _p.:i.J\ r1-JI J~ 

f c = 2(m /\ fi; ) 

2 
Gaspard Gustave Coriolis ( 1792-1843) Malhéinati<.:ien et Ingénieur Français r-Jl.c 

. . . " \.,...Ql., /"'?, ...,....,_.)9(.)"~.JW , .. .) ~ 

-+ 

V
- dfA dp - _ 

= -+-+{J)Ap 
Il dt dt 

~ = ~+ V;+wA,ô 

~ = ( ~ + Qj /\ p) + V; 
:~ 

w..iëill 1- .Il ~li~ ·- ·: .1\ . ,_ .1\ l.l.IA ;i,,c. - v-. . r---- . . .r-' r--- . Y" A 

.~\;i,,c.~\~J.!~I~ Ai~ ~~MA.bii!\;i,,c.Y-" _ V, 
:<) ~\ t:' . ..r.JI ;i,,c. Y-" _,i ~\ ;i,,c. ~~ ~ - ~ 
~ = VA +@ A ,Ô 
w..i\.'.ill ,,J.:.....ll ~li M·~ ülh..JI ;i,,c. . . I\ .. - V 
•. ' . . ...)'"'"'~ n 

·w\.c. . 1\ LÀ. ::1 ;\..1 .•• L .. .,)i l :ü)WI .. ... · 1 · \ . .Y"" ., ..r .. ~ .>f"' 

V,; = ~+ï;. 
:w~ 

~\ ~\ · .. . .Il ~\ t . -- .1\ \.....i.i ülh..JI ;ï,,c. .. 1\ ~ . . 1\ :i_5 ·- 1\ J)G.. 
1 • J .. . L»"'- Y"""' 1./- ~ t?.J ...)'"'"' . ..)"'"' ..?"' 

: (Coriolis ~J:!-"5 ~~) ;;.i~Jt.....:ill ~.; <)~t....i~i ~~l -4 
- :\.1:,~\ c~ ;i,;:;_ • · .. \ • \ .'1\ , ·~\ .A. 4..hii C. ;L...:i . ....r- ,_, . .7 ,... .._.. Y"' {_, 

V,; = VA+iiJ Ap+ V; 
:t?-'~ A A.bii!\ ~1 t.JL...:i 

-· d~ 
ra=dt 

_ d(VA +à>/\ ,ô+ f/; ) 
Y:! = ,, 

Ql 

_ d~ dm _ _ dp dÏ', r =-+ - /\ p+{J)/\ - + -
0 dt dt dt dt 

:~ 

. ·"' u..i\.'.ill 1_ . 11 ~A 4..1.iill L...:i -. .:r . r---- . . t.) 

d~ -df =rA 
:.Jhi ~\.'.il\~ ~l) .j~\ ~ '-?J\)i t) .. .:i -

dZü -
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dt 
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c.ilyl~I 
: ~ .J:/.) fi t ) .. ...:; ~_,l.:a .. ' 

~lj 4..hii J_p.. ~~~y.. /\ 

r c = 2cv V,: sin (<l>, V,:) 

Îz1 

y 

' :Coriolis~ -'1..Jfi t_}.......:i ol:;a:il -Y 

(Angles ~JI 1 'IJ • . j .. • . _ 
'If ~ .... :t"'•I~ ~ OJ-' V, l.J:!C~I L>-4 t:Jfi:WI 1.$.,WI ~ 1.$.:i JA'=' lj\ 'âJ /\ V,: t ~lS Y c ~ 
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.. -.r- · .~ ~J'*~J: r Y"" t 1..5""'"' ~ ~ (j) · .) • .J"-"A 'il"::"' •. ~ .. 

J~ ~~ ~ J~ ~JJt .~W\ y).ic. L;l.;J.:i ol:;a:i\ ~ 
l;l.;.J . .. 'Y.;IJ i:.i\.Al~J J.tUl 
~ Y'...>: û~l~)'I -~ ,Ji;t ' 

IJA ~ r/J, fJ, 1// "'"-4 l~ 

- ,USJJl~ - ?\/ 
,, ,, 

/ 

~ ....Jj /) . ... 1 · _, ~....-YJZ' r'ii1 ........ ! ~ 
~ -

-· ~1~ 1 
:·\ -! Yr 
1 
1 

1...1/\j r-1"-" J <l.'.iS> u-i.;.U ~1- i 1 

. · OXiftl' j ! 
:( Lignes des .IÂll.11 JM. l•I j i 
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f
-

~o-v~·- . , . .. 1'\. - ' \, •. -t --~ ·· 1 .. __ ,.,..,, : /• 
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,/ 
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/ 

-- • y ... (.; . -.- . -· ë"- L ! / _._,," i 
ùÂ!ri:..:JI 111. ,.fu.11.b;i OÀÎ~ -~ ' V . ë,-$:'~' ! 

.JWI t.?ji.....JI ~ t.,.i_,..,:. G., "'· ' ) ~' 1 
1 

o~\j 1-5 
3 • 

:Joukovski ~..P-?. 
.b\.i...w - ~1 . .. ·.< .. . . r c . ~ u-""':! 

(.$.) __,-11 !3 .. ~\ L,.k. ~ f-~I 
~ ~ ' -

~_,\y, V,.~ ô).:i) r'.iil> ~ 
. ~\ . \ .:i.11 bl:..JI . _j 90° •. (.)_)J . .....-

.1>. - ~ .1\ Ir 1/ ~ ·.u.üî .r '-? ~ 1..5""'"' v,. . ... 
/\ 

V, sin (il>, V,.) 

~ ~~ c;JI .::.t'iG.li 2-5 
:~;,i.)_? t).....:ï 

..w..i . i .. c: .. --.1 ,( t L...:i (> • (.) V---:: L>"*" .J:/.).r .) 
:~LJI w~WI .} . " . oz; J oz ~.J~., 

07 
.(Angle de"frecession) ù l_,bll J.,.J!Jf.••( 

~ .)_p..J\ Jy:.. ~l ù~~ .).h.:j ~11 - "" .· 
. '-r l/f 'Y.;ljll 

\...,~ <.SI CV= 0 ùfo. \...,~ J 
i ~~I ~\A.$ --1\ · .c:·: _, .. . ~ (.)_,...... 

.} ~_,1)1~y.JI0§.i Li~ 
, , ;.J ~· 1 IJ ·; • ·I\ _:; I· Ill 

y\...l..)I o~' ~Y' -~· 
:(Angle de !'~tation )~Jill ~JI.Ji[ 

.~yll ~Jl):i .fu.ll .h:>. J? ~l ul.JJ.:>~.h.:i ~I 8~.;ljll ""' , 

.:i..b..J ~I </; il)!(~:( Angle de Rotation Propre) 
\lll.(:)1_;JJ.ll 4,IJ A..t 

• j. j..9.1· 

ljl ;;._,._,~ ~\ L;l_J.;.:i.11 

. .bii~~I ~\ yt:...,....jl 
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. - 4-~. 
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\'"\ vV Vl .. \'' "\\ \'-..\\ ~\ /.\'N :l..-
:Li ·1 ~\ 1 - 11.bW .cl -- l.i.l.Jc :Li - '-~I ~ 4..S 1-.. .J .JA . ~ ~ ~ -~~ . ~ y.~ 

- \,j • • l...l:l Œ-IJ.:i __ ~ 

: <i~I <) l.aWI ~.)âoll ) .. 
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.(_j_µ1 l.'.ùl. ~ !.jJ_JAC y.uill.o .)~ J~ ~\..JJ.l 4..S...r--:i ~ 

: ~~ J.P-A J_p. l..;,ilJJ~I Â.S~I 2 .. 
.!J_µ1 ~ i;-l.JAC ..:.i,i\,j .J.P-A J_,:.. yl..:J\ ~l .JJ.l: ~l:JI o~ 

:~l~l~J.~-
_:11 c..::.i.i\.$ 1 ••• 1 • •• • 1 . :üt......i . -- 'i 6 ........... ü~\ . te. '5.Y"' ~ ~ ~ '-i ~ ~ -;r-:- - • (jO ~ 

. :(~'JI) ~~'JI Û~I~ 
-~ \.;}.JA ~\ l.'.ùl. r.) ~_p.L. ~!JI t+l~ 0-4 ~A ~I ~I ~\ ~.;:. 
~JL...:i.A ülc.) ... ..:ïJ ûlcY"' ~j ~ ~ r.) 4J c.Jfo .J o.h.\' ü\~,t......i [""'"""-"':'- \\ bt.i:i F~ 

+ ,\At.:;. .. :ilJ l.;l~i 
-""::,..: 

0 M (t) M(t) .. 
1 0 1 1 ... ,• :i..billl 4..S~ tl~l l-/}--

xo . ,~\4..S~I 

X ...>:!-""' .1ù. Ll .~ 
~ lb.:... ~ l . ~,, ... ~~ 

- .. _ 4..S 1- J .:\:~ ~ ~CS- _,....~ 
.t...•·W~'-~.m; ~ c-:: """J<!P. 
J~ ~_,l...:i.o üti\....J, 

:i.t.....:i.o~·~ . -..,J J .J!1-· 
: M Uiilll ~_,..1-1-l~ 

U:u.lll . .J M · _,.JI · l ~\ OX .... .1ù. > .cl " M Li 4J:.ij · I · .i ~ 0 t""° UA ç. • ~ ~ U (.)-0 ....-~ 

. OM] f"co= À() J Olvl = x ~ t ,U:ull\ r.) M ~_,.J\ i)} t0 . . = 

~t....JI ~.l~I o.'.ùl. ~. x= OM = x(J)~ t~\ ~M :i..billl ~.JA J~ 

. M :i..bill\ 4..S~ ~jll ~l.ll4 

·~ -~ 

";" 

.~lp~I ü\.~l~';I ~ ~ J..a:..1i 

X=pcos<p 

Y~psin<p 

Z=Z 

:~JjSll ~~\~'il 3-6-4 

q, = r, q2 = e, q3 = cp 
.~Jfal d.f.il~'il' 

X=rsin Bcos<p 

;:rcos8 

q = r; q~ cp, "<b =Of. • "I u...:,.. 1 .... ~ 
1 ~I ~ ~\ ül.jJI~ f . i.s-

\ 

' 

\i\~ 
1\.1 1\ 
1l1h 

1

,, 

\\Il n:;: 



Vo=r ·O+c1 =c1 
1 

x0 =-y·O+c 1 ·O+c2 =c2 2 

=!> C1 = V 0 

=!> C2 = Xo 
"' ,, 

• t....:ï tu.ajll ~b.11 · L .... 1;u .LjJ .. L). (.:..-

1 
x = - rt? +Vot+ AO 

2 
:,a~4 ô~l '-s~I ~.)'W' ~~li 2-2-2 

'-..biill ~ ·- t lu.ajll ~Lill J \ri ~I .. • ..Y""'.. • J ~ 

V-=Y t+ Vo 

, 1 .... , . • , .. · 'I • •• l' • ·- 1 2 :r~":l~J~ "·;•··u,4..S...i-13-2-
1.lWI . '"""' .)\..l ... 4..c. · .Il ~I Wll Wj\.S 1~1 \.h:üli ~ W.. t ··.\A..$ ·- 11 · J .:11 .) .....,.-:' y ~ .. . (" . .) ';!--' ..)-"-' oc ..)""' 

.:i..uW.. ~j ülfa J~ 

:r~4 ~\.:loJI ;i ·;'lïo 0 •ll '-s~I 4-2-2 
l.lWI " "L:ûi ~ · .. Il ~I Wll Wj\.S l:~l \.h:üli 4.'...blfu 1 • "I ~ ·- 1\ • J "• .) ~ ~ Y""" .. . (" . . ';!--' ...J-" oc YJ 

.:i.~uw.. ~j ülfa J)U. 

: ~ ~l.;J~I '-s~I -3 
:Û:!JLi 1-3 

· )\ J -L · " \..'.j ......blil · · l:i..bii :i..JÎ 1 • I~ Il·" Il\ ~ ~ . _à ~ J . t>" _,.... ~ t>" u .. ~ ~ !.,/'"" • ~ Y"-....,..-
· 1 .l.11 · •'" 1..'.ill -.. ~L~"'w WI -·~~ .... \\ .u .)J .)~ lJ:!-U:I ~ . .) r--

~~Y" r._,A :\,iyl.l.11 ~y.JI .oyl.) lJ"' ô.J4c t.i..Jt.......i 4.,i_,:L-~Y"~ y..ï _».l'Û.!J 
~j·~.t~j l ::~ ,,. l ~ ~'-t l •C dl ",. &.'"' t . h · P • t h t • • t t ·: • .1: . r 

4r .....,, ..... ............, .J'4 l>'"""-'41 YJA """" ....... J '-"J.J U:JU .)~f l>~I ~ <...JLwQ.J ~ L)_,.:>;j 

• l> L.:::.Al 1 

• ~La li ' \.l.11 '..s ·- 11 2-3 • f' • LJ-1 ..;-
4..i ljllül:..l'"lü l.....:il~I ·ï · ,~\..'.i~·-~ ·'I~ · -<~~ti '\.l~ . .-à .. J .Jt J . Y"-~ . ~ ..>"" u_,..... .. ..Y Y" o..,r· 

ti W..4..i... ·l J~ ... -11 ... J .) f'""""""" 
...h ti 1 · .t:..1 · 1 t tu.a · ;; ~ . .J • t.~. Û.1:1...l \.h:üw .lJ .... - 11 • I · ..a.i . 'f' .. J.) ..), .. .) _,-~ ~ ... ?' . .)J .. ~ u l)""_,-
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x== J vdt=vt+c 
: W:i.ll :y:i1~ ~ 1 Ua:.]I t) 

t==O,x == Xo 

:::::> x == V· Û + C 

:::::> x = x0 = c 
M : ~~1 ~~.)il l\l.l.11 i)i:-~ L.>~l 
x= vt+ x0 :r~4 ô.PI ,a t;ê'i · ...J\ ~_?li 2-2 

1 '~~ w ,' \C." lJC .h...i -~ .1\ t L,..:il\ • )S.\~\ \..l;Uili" illLiA ~ \ . -.i ~ ~ :.c. J di J . .. Lr .) . y- .) L) • ?' . .fi"- .. '1t"' ..r ...., ..r-
.0-'Jl :<~\~ ~~\ ~ _)~\ Ù" l\\.l ~ ~ ) \ l\.)Üt.A y..i ~ 

:'-5.;:Jl ~y\ Â.l\.ll\ 1-2-2 

dv te y==- =C 
dt 

=> dV-= J r dt 

v== rt+ c\ 

. dx 
X=-== V 

dt 
:::> dX= vdt 

dx=(rt+c1 )dt 

:::> X== J (yt+C1 )dt+ C1 

:::::> X== J ytdt+J C1 dt+ C2 

l ? 

:::::> x=-rr +c1t+c2 

2 
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t:_ . 
~ ~ 
f' 
i' 

l': =Cie 

:~Jljll ~ y.Jl ~ ~ U..tS.J4 
a>= J edt= et+ c1 .'!J 

- d</J 
r/J = - = a>=> d<f> = œdt= (et+ q)dt 

dt 
:~~~~Ua~ 

r/J = f (et+ c1 )dt= J ctdt+ c1 f dt • 
. l..6:i.il.i .. ~ ~ . l\ . 1 .li\ . 't! ,_ t - • ·r . ~ U .J.J U,JJ ~ u--i 

1 2 
r/J =-et +c1t+c2 2 

<!>=<Po 

CO= C.0 0 

% =c·O+c; =q 
1 

r/J0 =-e·O+c; ·O+c2 =c2 2 

·:i..i:il.lJ.i)'\ 4-ùl .li\ .li 1 ·-'1 . .. . .. .J.J .. J y 

:~l~'il ~.;ljll 4.c y.JI 

:~~ 

:t'Uili\a ~I ôlJJJ.!I ù.J.ili 3-3-3 
: .l;>-i ~l..JI ~~l.A..JI r.} û,il Jill u-0:/y..:i ~ 
l 2 

<!> = <l>o + (.!) o t + ~ f: t 

(J) = d</J 
dt 

.t:. 

m=mo+et 

:~Jljll 4..c:. ,;..JI ~ ÜJ.'1.i 4-3~3 

:~I ~y.JI 5-3-3 

v= Rt:ù= R(a>0 +et) 

Yr = Ri/J =RE 
:c,rat.-31 t.;t....:itl 6-3-3 
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· "' A...ül ~\ ~I ·'.)U J ~\ ~~ • .. 1\ . _à . 'f • .J.J .), .J ~ ....,---

0) = !!!!!.. = </J = etc 

dt 
:<5J1Jll tJ'......:JI 3-2-3 

.. -· Il •• 1 \1 -· li j lt ~~ ... -' 
; (J) A..;JI .).J::UI ~j• _}; A.r- _,u..ùl L J ~ \ ~\ _jb 

dro s=- =0 
dt 

: Will ~_,ljll ~y.JI 04 ~ 

d</J = œdt 

::::> </J =J œdt = œt+ c 
::ï.S.y..il ~\~;/\ ,b_,~I 

t=0,rp=~0 =></lo =a>·O+c=> c=<Po 
· 1 -- ~-. ~.b~l\:i- ,,,, "'I ~.bl......JI --5 A...ül ~\ ;i.5. ·-Il ~\~li\ .b · ~.I\ · • .w · ~\ .u--- ___.y ~ • .).J y-' • . .J.r"' l)-"':l,YU • u . 

</J = <Po + œt 

• :~~\~y.JI 4-2-3 

V= R<fr-Rm 

:~ '-"""Wll tJl.i.MjJ\ 5-2-3 
:01 .JJ~ ~\A.JI ~\ ~ y.Jl J_, "il ~\ y. 

dv 
Yr =dt =0 

:'Jd.Ul ~üll tJ~\ 6-2-3 

V =. R(p2 = RoJ2 
( 1/ , 

:rl.lai:î.a~ o~I L,..;1~1J..s.;=Ji3-3 

.~l.:i ~y:..Jl r, IJ""'11..A.J1 t.Jw1 w.f..:. ~ ~;i1.:i ;i,5.~ ~ 

:6\.;.,~ (,,f""'\.4.All t.J~I 1-3-3 

Yr =RE= C1
c 
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. dp AX V ~Li B ~14.c. ·I • ~ 2 JJ • • Y" w dt -
y2 

X, 

Y,, = R~1 = R( Cûo + s t)2 

:!"~4 lil=4J..JI ~_;.il.131 .:ls~I 9 .. 3 .. ~ 
.ô .JLl';I-} ~ <.,?Jl)I t} ... .ull J ~Jl)I :\c _,..JI L.ùlS \jj ;i,lb\.+i.a \+ll 4..Sy. lJc- Jfa 

~b....i.i\ lsp ~! ~~\ lsp.11 J.ih.'.i-4 
:~1..;JJJ 0 ~ 

A jSyJL,i .JWI AZ2 .J~I J_p.. ~l.J_,..i 4..S_;:.. ~ AX
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