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+o00
- doenbrens J f(t)e ¥*dt = o(x™).
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Coik 1=15,1 1=11,8 aelon les 5> 1 §<1 ek M = sup|f], alores [A b
~ [6,1] su [1,3] cod 5>1 su 6 < Jedemnd 5111p\| pvg/rmytp\yme(a)
sonit IK>0,C>0,M >0 Lel que ¥t > 5, [f(t)] < Ct* + M, domne
+oo +oo
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|J f(t)e dt| < Mxe +CJ e tdt, wwmmwgnauaZa orij f(t)e dt0—+o(x).
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bc.

gfn hﬁﬂn/l’\ﬂacamt b1,b2, b3 /l'\DIL C1,C2,C3 O™ ngkynt Q,égaﬁkté (d):]),(q) = qu + % + g_ +O(\/a)
g)’a/rmﬁaw«xlbetgnﬁcedﬁan%homde‘ep\mﬁ%
Yy >0, Ty)=e Yy’ J+oo e UPlslgs = e YyY Jo e VPl gs e vyY J‘+oo e vollgs.
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E/t(b:(b+/l’\MLQadmﬂ\e On obbient deme
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0

On pote f(q) = (¢3)'(q) — (4=")'(q) = %+£\r+ V), alors loraque q tend. werws 0,
V2

f(q) :aoq(hfu)/u_._a]q(H?\fu)/u_._o(q(H?\fuJ/u)’ avec Ao = V2, a1 = o ek A=1/2, u=1.

Dapnes 24, etWr<) fr()—%r(%)——”, mwymm+m

F(]/y):L e Yf(q)dq = aol(1/2)y"? + aiT(3/2)y */* + oy *?) = (Zy”) (14+ —=— +0(1/y)), denc
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Deuxiéme partie
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Vit A > 1. c)b/[vwa N M\l:egnahm o /r\ﬂ)’\bk% on snbbient JA 7t/x J]A ((*X)Ne*t/x)(m%dt =

k=177 A nm
> ] + (=N L (—x)Ne V/* <¥> dt.
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(k—1)
, domc em Lendamk A verws +oo, Mo@b&n,t

N (N=K)
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T (o)

o (1) () Ne )M (

= (M= D -

N— =

1
t
Vx>0, F(x) =Sn(s)+ Rn(x)

%UQAWAWMM&W W@WR_OMM%M&@W
= G (Ru(x))n eat borvnee, MWQQ%&Q Sn(x) = F(x)—Rn(x), (Sn(x))n esk ausai bermze, dome de
méme /l’\l}UJ’L (52N+](X) — Son (X))N, maids Vx > O, SZN+](X) *SZN(X) = (2N)!X2N+167]/X Ei.UJ. 'TL’%t /r\ﬂ/b Q@’U‘l\é
, quingue (2N)NFT ent e tervme ﬁenef\a& de la aenie entizne Y (—1)*"(k = 1)X* qui ek diwengente
/[\ounl:oul:x>0.

1
—t/x —t/x
-V >1, e tN+1§e , demc

+oo
Vx >0, [Rn(x)| :NIXNJ Pl !
1

+ Rns1(¥)] < (%)) = (N + Dxfrn (x)], deme 0 <
[Rn1 (x| = o(frn (X))

1 +oo ,—t/x

+o00
_ N+1 N+1 —t/x - N+1 N+1 —1/x N N € _
Rn1(x) = (=1)N NN J] e (tNH) dt =(—1)"" Nlx + (1) "Nix L T dt = —rn(x) +

+o00o
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1
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RN (X), L{O/T\L

Rn (%) — (%) :RN+1(X)0:+O(TN(X)) cest & dine Rn(x) 1TN( x)

6d. it x €10,1/2[, 0 < ‘T:*Efi)l (N+1)x<1<:>N<l]<:>N<E<l]>
N

gamo/r\/b No—E<J—(—1) 21,W0<X<%,aﬁ@%
La suike (Irn(X) N>t eak décnoissambe W’dﬁe namﬁ No, /r\w./b owissambe.

M 2M

fa. e Sn(x) =) () (k=1e =3 (=) M (x)] = Iram ()] + Z (2 (%)l = Ir2ics1 (x)]) > 0.
k=1 k=1
3 N étamt/r\ﬂ,U’ua, denc Rn(x) >0 et/r\ﬂ]lAmte F(x) = Sni(x) + Rn(x )>SN( ).

W NHT —1/x NER
© Rubol < ()] = N e, done Enx) = RN o e T N g (el
F(x Sni(x) Sni(x)el/x
2M 2M—1 M-1 M—1 M1
Z( DT k— 1k = Z (DR = 32U = Y (2 )T = Y (1 2L+ D2
=0 1=0 1=0
NixN+
(ee o[w. derme Qmwaajwle x) < Y .
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Troixieme partie
8 Gk h:(01,0,) — Z 1(01)gi(02) ot 1 € N*, f1, .0y fry g1y ey g € Cper(R) eb aoik & > 0, allorws ill encinke
MWMWW Piyery Pny Q1y ooy Qn J:eﬂ/aa[ueVIG [, |Ifi — Pilleo < Hg1

nM M
Qillo < m s M = ]Igax ([filloos Igilloo ). Conaidensmns le MW ffuﬁo«mnab*\w[ue R: (6,
ZPi(GﬂQi(Gz), af/,eru)
i=1

n

V61,0, € R, |h(01,02) — ) Pi(6y Z (81)g:(62) — Ps(61)Qi(62)] <

i=1

<Z\f1 01) — Pi(01)l1g:(02) HZ'P 01)l1g:(62) — Q:i(82)] <

i=1

E_

£
< Z(|\frmnm||gi||oo+nmnoongl Qille) < 5+ 5 =€ of pan passage au sup s (81,62) € B2, om

i=1
obiemt |[|h—R|je < e.
9. e graphe de by ek le snivant :

NN e /N

—14+1/j -1/j 1-1/j
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106,

%%ﬁu&e Ww,MWMmew,kMWMW&
pllas Ve e R, Wit 1) =i (t+T—k/j) =y (t—/k) =y it gmdf%muhmelb,kecper

T Vi ke € 110, — 111, Les fomcbions (01,02) — byi, (@111, (02) 2ot des slements de Cuep(R?) qui oot
MR—WW,MMMWK&HW, S(f ECsep(Rz).

% Goilt (L,12) €72 5> 2 et ki ka € [0, — 1. On o Wy, (1]_1> ., <l1 jk1>.

¢jM1fW,MWaWWWW&thmMW
. . . i — k4] ) P
quel]G[[O,]f]]},dym0<|l1fk1\<]et/r\an/auxte0< ; k]de/r\ﬂAMIDj%tAfafm&b’uq,w./r\an
1

WELQ&MX__MMMWWO<‘ ; <2.
91 £k, dlews 1kl > 1, done U ]k"z /[mmte%( jk‘>_o.

R ?L L =k, aﬁo"u& U (l] Jk]> :11)](0) =1.
8m d.é%mubﬂ}e U k, <IT]) =81,k de m&me Vj <1J—2> =01,k - O’T\_ M denc

L L L L
Sif) (2,2 )=f(2,2).
’”(J ]> (] ]>
K
S

o §sik 0= (61,0) [k— il [x {%sz“[

5 Zf(“ 1.2) i1, (015,14 (02).

13=01,=0
%Omxw,/rur\eﬁeorwak]<]f
-gjkh—k] 9]—T€|: ][ M¢J(91—T)—]—]91+k1—a1
-g)'kl1:k]+], 01 —
o< ti<ki—1, 08, — l‘e{k‘,l‘,k‘hﬁ[c[],’ [Ammq)](e] by o

) ) ) ) j )

ki—1 ki —1 1 1T —1
1j 1’ 1 j1+ {C L

k 1 -1 k 1 . .
L € |:f,0|:, deme 11)1(61 —%)Z]-‘-]e—k]—] :)9] —ki =

- % k1+2§l1§i],91171€[

SR OerAu/r\/r\@ﬁeorueh:jf].
gjk l1*k]*)—] 91—kT€ |:0 ;|: d@d\all)J(e]—T):—je]-Fj:OCL

?xh—o 91]96{]—][%1:@/[\@\@&&&%% (61 —1) {T],O{,Mmma

¥; (61 7%) =P;(0; —1)=1+j61 —j = az.

S Cii<u<io2, 91—1]46 k‘j_l‘,k‘_}‘“[ []— 1—;[ doqu,(e]_T):o.

m dé%kﬂubf\}e SDL L e{ki, ki +1}, Vj x, (01) = oy ek 1])1-,1““(61) =0, anvec x1 +ox =1.
SDL L #{ky, k1 + 1}, 11)1,1] (061) =0.
Onlq etkzMmr\fy@exhw\ébw,MM@M&%WMT@MWOLMW%*Z(GZ):

B1 ek Wjx,+1(02) =B2.

o= () oo (1) (5.5 s (155

avec x1P1+ o P2+ o+ x2fr = (1 +02)(Br+P2)=1.
o Goit e>0. On 2onik [0,112= U <[ﬁ,k‘.+]{x{ﬁ,kz.“D.
0<ky,ka<j—1

) ) ) )
ki ki +1 k2 k2 +1 ki k
vee[%%{x H 2t [ 1S5()(0) — £(0)] < o1 B f<772> f(e)‘Jrouﬁz

ki+1 k ki +1 ko +1
o ‘f <%TZ) f(e)‘ + B, ‘f (%%) f(e)‘

<E kz“) f(O)}+
it
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Mf%tumigehmmtm\hnmmﬁemw[\act[O,ﬂz,dmwiﬁmteoc>0tquw-:V9,d)€[O,ﬂz,M\
a |0 - < o= [f(0) —f(d) < e.
101,02) — (X1 X2} 2= o, - K1) po 2
j j j j2 i
‘(91,92) <k‘ E>H<adyn£5()() £(0)] < (crB1 + crBa + a2By + a2B2)e = ¢, ce qui domme
M«Wﬂg«e AwnIIS ) = fllo < e.
Coep(R )aMMAEWmmEQW“1oWCseP( 2) enk demae dams Cper(R?), om conclut
dome an bramaibioité de lo demasite,

—
—

[eS]

V]>]O

Quatriéme partie

12, % VLeR, /() =w = VEER, ) =tw+al0) & VtER, «ft) =tw.
& VteR, F'(t)=fla(t)) & .

VteR, F'(t)=f(tw) <= VteR, Fit)=F0) +J f(sw)ds &=Vt € R, F(t) = J f(sw)ds.
0

13. w esk réncnmnamk, dene kiwr +kawa =0 ol ki, k2 € Z ~{0}.
Coil £ (81,0;) — et2T(k101+Kk202) alorus  esk combimue 1— /péﬁwdmpu.s ek f(tw) = f(twi, tw,) = e2™tkiwrtkaws) —

t
e =1, dM\LF(t):J ldt=t.
0

i4a%mWWWMW%kMWWd&B@4Md&Q@W& (01,02)
g2k 01+k202) oy ki, k2 € Z, deme & M%AJZ de moenbren Gue F eak W /r\oun Ee/a fx.
t
3 Vt € R,F(t) = J fr(sw)ds = J g2tk Wy +kaws) ds, w m'est qas nésonmamt, dome kjwi + kaws # 0,

0 0

denc F(t) = ! (et witlowa) 9y of par /r\uAAuﬁe aw module b em ubilisamt Qmwga&te

127r(k1w1 +kows)

briangullaine, o obtient

1
vteR, |[FH) < ———MmMm——
» [Fol< nlkiwi + kaws|

14&.§0¢fecper(Rz)&M€>O,QQOMWAW&QQWR]1.,&MQMWM
tnigynymébdq.ueteﬂque”fonge.

VteR, F(t ):th(sw)ds:Jt(f(sw)—Q( ))ds—O—Jt Q(sw)ds, demnc
0 0

0

vt e R, [F(t JHf Q|‘md$+M<€t+MMMMWﬂ3@’IﬂH¢AE J ’/r\anp,o.q,uwtw/n

/r\f\écédmxte.

OmaM:o(t),dmiﬂmteA>Oteﬂz}uth>A, M <et et pan suite ¥t > A, [F(t) < 2et, clenk &
+o0

dine F(t) = o(t).

15a. o h tamt de dasse C7, Aymmd@mé%/rmhfﬁﬂ%wmhmmamave—(e],ez)emz, dh(0).w =
oh

w1ﬁ+wza—on8nauaﬁa/rwmdeh/rmrwp/rwntawdmmua%%

1 1

J O 40y —h(1,65) —h(0,02) = 0 et en imuersamt les noles de 0 etez,mammkj 35402 =0 dome
0 2

11
J J dh(8).w d6;de; =0.
0Jo
1

1
mm&egrmmtﬁzga&te dh(6).w +g(0) =, MMVZLL (0)de,do,.
ah

) £’éz}xmb.o/n (4) enk zarxwaneml:e A%AJZEAT\E w1 +wz +91(9) =vi, (i=1,2) ot (h1,h2),(g1,92) ek

(vi,v2) Mﬂwmur\mmh%fwec@mdzh,getv.
WAWMMMWMMWWWh,gMQUMWRJVER.

Om/mur\/r\oﬁedomco[ueh:]Rz—)R, g:R? — R et veR.
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156. &

15¢. &

9—>-?Lg:cte,aﬁomv:cte&hzomwmwwm]_dedew
rulle.

- i g mlesk pas comafambe. Quitte & utilisen le theoneme de awpernposition, il auffit de nésoudne
Qaafuabwyn pewn g(61,02) = acos(2n(ki 0 +k202)) + Bsin(2n(ki0; +k202)) eit (ki ka) € Z% . {(0,0)}.

Omn wa chencher. ume aolubion de la gmm h(0) = Acos(2m(k101 + k202)) + Bsin(2m(k:1071 + k26,)).

—2nt(wiky + waka)x =B
hoest solufion de @it + w2 +g(0) =v i, eb seuloment i ok sk -
00, 2m(wiky + waka)p =A

B
hoeat aolufion, ot sedoment ai, 4 ZHOK T @I i oune Fexistonce de b
b= 2m(wiky + wakz)
@M\(ﬁujxx@fn : SDL I /I'ME g1(61,62) = Z axcos(27t(k101 + k202) + brsin(2t(k161 + k202))) ek 92(91,92) =

keK

> ckcos(2n(ki01 +Kk202) + disin(2n(ki01 +k202))) ot K esf ume pantie fimie de 27, alows la aclubion h
kekK
rj&t denmée /r\an :
1 .
hi(01,02) = kEK\Z{(OVO)} Tk T oak] (T Preos2nlwik + waka)) 4 awsin(2n(wiki + waka)))
1 .
h2(01,02) = kEK\Z{(O 0)}m (—drcos(2m(wiky + waka)) + crsin(2m(wiks + w2k2)))
defwx}amtﬁaga&te t) + xh(x MWQtWQbMC]MWW
imbervoiemment damas ceble egaﬁ«te ST A
VteR, &'(t) = a(t) +xdh(a(t)).a’ (t ,mdwﬁw t) = w + xg(«(t)), donc

vteR, a'(t) = w+xg(a(t)) + xdh(a(t)).(w + xg(ex &Wda/r\nm Qaq.unbuyn
g(a(t)) + dh(a(t)).w = v, on obtient Vt € R, oc(t) (w+xv)+x dh(a(t)).(g(e(t))) ek pan suite
(

VtER, &'(t) =
% donbrons que sup e(x, t)] — 0.

teR x—0
h étamk de dasse C! W,Mdh:RZHRZWWWMW,M%MWM
Rz,wwmﬁ'mtmudethJWVteR mdh( W< M.

w +xv) + xe(x,t) avec e(x,t) =xdh(x(t)).g(a(t)).

de plus vt e R, fg(a(t)]| = [[v = dh(a(t)).w]| < [v]| + lldh(a(®)llw] < V]| + M]w].
ek auike Vt € R e(x, t)|| < IxIM(||v]| + M||w]|), ce eml'fwmz sup |le(x, t)|]| — O.
pan , n I < n |+ Mllwl), ce qui que suplex, )] —,
t
[ enbre 0 ek t, on sbbient & t(w—b—xv)—o—xj e(x,s)ds ek vu
mxte,gr\amt ega&te/[\mcedm»te e que

x(t) = a(t) — xh(a(t)), ek &(0) =xh(0,0)
at) = t(w +xv)+xj e(x, s)ds — x(h(e(t)) —h(0,0)), denc

0
Vte [0,T], «ft) =t(w+xv)+ x(h(0,0) — h(tw)) + xn(x,t) e 1(x,t) :J e(x,s)ds + h(tw) — h{x(t)).

Daqwes Lequation (3) integnee enbre 0 ok t, alt) = tor+x | glals)s ek pon suite gace & Linsgalite
dmmmw@%mwamwahwmdg&amc‘ el:aﬂawnl:«nuul:edegoocmlzewm/r\aat
[0,T]
vt € [0,T], [[h(tw)—h(x(t))]| < M|tw —a(t)| = M”XL gla(s))ds| < MIX|T sup llg(ex(s))], dene

sel0,
vte o, T T , Mx|T ek e au donme
t€ 0T, 0o bl < Tsuple(x, t)]] + Mix] SSEI,)TJHQ(“(S))H adsoge ou AU

sup Im(x,t)]] < Tsup|le(x, t)|| + MIx|T sup [lg(«x(s))|]] — O.
telo teR s€[0,T] x—0
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