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Emergence de phénoménes collectifs |
en dynamique des populations

SOMMAIRE 0OV couRs O

7

E‘l""*é"on{ AZGF'ELM\A"“‘I 02 8in ~iRes (EDO) (2;°“£""“-~')

7

E1go~é;on( de ACCF\)Q;M (63(,‘ CLan\m)

CRAPYTAE 4

(- %]

CHAPYTAE 2

7

CRAP:T RE 9 E1qaé;Oﬂ{ Ac Kiacé;op-c\&p\).ﬁn

7

E-'omé;on{

/

E-'uaé'.m'\{

CRAP:TAE \’\ F\':ch-ka ((1 Ac. R-D (:p3x c‘qu:q.c.)

- %]

-
-

CHFP:TAE ) N F\fé"b.\ (t‘hi:é&nu ]QN‘o‘c vs. t’-r!u;m en ébﬂnrj En.’)

-

Chapitre 1 : EDO

-

B Ly
[N —

s ?.nhn dv CchpP 2

/—\_/;_—ﬁ
LD On s‘inl‘lfusu ; Q'iyo\]gkon un Lm\r, (\t N eo( Sons svaméuu resfnu.

I

N- 4 c\uasimu\\r PhkbovV dons e covps

X = X(b) = <X4,(H, e XN(H) € 0O owat 1 R

N————r" \’\/\/

® A

’\-,(\\\l Te'\\\c N
2 pop P

(’b évo%(’,;@ Ew?u Vo A X s X: 3((_’ X(\’)), Es o Jest ONE

EOo

v ¥ s’-mQQ\w\) ;: S(l-',x\) e)“’ (4')



N n
)- &: Foncl:;on AC cﬁo;.{(hf\tc

LbNQtISZ ;(2 X\ s &
3y

Oéc (ED o w\lol\omu) : Q,\ A"V ﬁvg (J‘\.\ .rv A\‘TONOME ¢\ g S A:em‘ q\)"

d K, e 4Ry 2 (X)),

ey XOLAET b (50X )

;(("\ : s'm('.')_(X(Y\)z €v~! mbo Nogme ( S(tj X§ 3 5"1\({-))(2)

l—b Osng | VS 5,.'\\('.‘ yoo\q QeJ EOQo so;\\ ,whangm“_{ ("""Qb'“ + Fkt;at)g
X=X, tse @
X? (O)Tw -0 _.()_ -SY su\w\.\m\ AL (Q.) s X A{%:AH\kAAL A’ ;«'\: S(X(r\), Vf(_(o,-r)_

D |}
LBN°h -‘/ Q" (\:Ha\)\e.p:\l:; de X: X ‘\ltﬂ;t( Ae Qb R’l%‘)!kk\é" de ( 2

[ ye Z(:; => [ o(x) € E(oﬂ} \(:1\)> [x c E(»,ﬂ N [xe el o,ﬂ}

& PQ G Q‘R\ "
Cb (bootsh-? A QIGR%\"‘“%\: [%€E ‘X‘:b[ieeétxtb L ‘:D )(fea d>[er’:\

%xe T

/>,> CARACTERE ®\EN Post

( J IR c\d& (7_) S oN 6;0., Pos’e (3\ SOQUV\QI\\/ ;Q Pﬁv\/ Q" v R A‘VM

A anet saaVaede. (én JF&\I’ (’\"-\(&)' X (\(\ = \)_,(\Q+ g::o K(Xl-f)) &S)

R ed
?Fixm Pom\ le\'\,ﬂ.)

X < L . .
Q) XA B ) o SN

X=X,



O’i(s-k\;u\ m\ax'\lho’.-)= OQQ @,X):((oiT),X\ ¥ une S°\°h“‘ R\\'\XM\'\"Q‘ A\' P‘ A‘

C‘““\‘l () & Xee' ;(= GO sk T X(0): Xe €T (maimattd)
—— "/ \/\’\/l ————

) ) «©)

~ o~ .. s ~J
s\ E,X\ vc.l.\Fle avss =) ®), (c), oliyy  NECEssAREMENT LS X,

L§ ’r O-‘Ql.'uuo\« &t "bpr‘ d Wie mw-t'm-A LS qu 5"0“3\.

g
g

DE (g L'\\)sc\u"ﬁ'\cnnc\: So'\-;‘ N>/ 1-' _(1 awal A \RN & St—o-‘blku.

oS Q & P\ L'\?SL\\'\V”B;"\M. kﬂ: ?) ?uk k~€c ot t P Q > o0 ov s'\m.(X( oY 9’ ‘-c S

l00- | < UIX-Y] - VX Yy en

Ry [y Syt < o
oRa. Ts - o [15)

f (Y) graphe de f
1F(X) = £(Y) (
f(X) .......... é ) \X A Y|
Y X

YXoe 0 AND ) & v vy o Vo b Xo by

S T T T AR M e S P TR N I Tt Y 3N

%\V. =Vo - \RN oY Q.'er.

o 3 e = = TS S o AP

D/E-F (& \ocn\tmu‘,\( Q;rl:k‘f‘\(u\n() S-us \u k\:g Qg\'«.cilm\% 3 ey ro-%e .s/ ..(1 <.

Lb ]:Q:A D [‘l-c Qie} (""’;“)



R—=

—-’b A lx»x Kig

w-s

%i‘ X [X) A
oW
. -~ 0y '.; ' ‘Q‘
%5.\&‘“){1 pos Gp meeis Kee ¢
R
& : \ \Q‘\.—b ne "'f' A ro-?it
ars i

&‘:kfi,“’)—blﬂ » Ves.
X s X

ls csS P v wbe \:?=

[3e e o [t 1t o [1e)

&6 € =N [S Q‘.f}
V'\Cﬂ-\;nk' EA Loanes

TR (CA\’C“‘I—L'\?ScMTi): So'\m\‘ Nét' L oweet e I(L", J:.O.-b’RN.

Si 5 es¥ &N-\'\Q s/ _Q) a&-m’ VXoC—Q, Q PC de C‘W(l\\j ('5) admd  upe

NSRS s.\v\'\m .«\.‘xxm'&l (I,X\ e..;kl\\ At Qa Aonn'u X°.

[—ﬁ@_(\ L] Qf‘ x\k“ ()s& a‘UJ kl. Q‘M"A.Jb‘ g\ag )< Qs\/ go_- SJ"V‘U"‘ J\.\ r$
v Cody (e (X))

O Sw.‘ Yos \!\3g Ao H‘ & CL} LY SN &{‘G donc Xfet.

L!S éghhec “iau le; Su“ \"-ms NS¢ CRaisewy r.s IO & (I&,)(A A (I;,Xz)

sort Qe sohdVieny A 2—) olops

[Atemnm b X)X 1) o [(Fa ) = (m,0))




|5

O Ep &mwn:"o\\ N:-L) lt /\v-cgoistmw.}( Aq ‘B&X (_\.M. Ua ‘:nind(‘e ¢L

°°m~(;.g.::.,\g
[x, (X | o] X0 < X0, Yeex)

TOEE OE CREOVUVE ©OW TW OF CAUCHY - LiPSchiTEg

L'> E-r\'\stcncng On PoSs( am (Y\oxm\xQ{sm\c m\‘&\ on '\g\t‘zam. Q'EBO de
s:o & S=t38

t

X@= x()+ §pxe) x
= $(x) (0
Bonc o= c\\egc\“ X (‘,.i C‘\.\f. X: (‘D(X\ [ N\Y) ()si(\\ ('\:-M Pwn 45

LBQQ\\R gf, on c\\tac\r‘ . ﬂ?eQi\em Q, TR Ao ?t:n\( Qm Jc G)*nac\\:

TN (Pk ?{m& kc &unﬁ:\\); S 7/ (Y)Y Q)e.(\cxc\\ <Y ¢¢“>¢
S: *> e contp_gcl:sn\ﬁ (?t. Q—QIP ayce Q<1—) QQ‘L’
ES I AR

l-b PREOVE. <"‘n = 4o b o bo - ‘\’(”‘o’)) PATRY G\-\c}l\j.
SN~—r—v— nEIN =

o ﬁﬁi

3 Mo

{
Lb 10\ "\mv\‘ AM\( (_\\u'.s'\s &t &oh.:\ng A& 3'& /)(,CE(",To) de Q,«Q?. & .S\)((_
flul‘,n.l.'\l\\ ?Quk o\ec Q s oY (M\\{p.at\'on\(: S/ ce Bem\'\eg.

('D Q\\.\Sﬂ“ % - Ao L I'cVQ-m\u\\‘ ro Q'\P, On  Ae eeo\ pe ,trép.ut
9oL 4 s conVaa vank S) ‘7"'\( \6(011-)

?sua uQ,’ e ?%\' P‘w,\ & sog(‘ Qe\vl\' /X-?,‘i {KQE(°,TD b-\ sup \Xlﬂ-)(.\u}

fcbﬂ§
LI) LQOILS (IY’) AQ oS Bm (X)/): (S:g \X‘y] eN  un oo Lom\‘)h) er
A=

’y/"’")(, v opVaachae & ew v N, T
3 e P Le(§:X.)



Lb Q.n écQQZCA\('\m 3o Qo;n\( th A %unsc\\, G :St: Yone seloWion (,..,:RQ
k(om), X\ c (P x€°(°rf.)>

Lb E- ¢\ on l\e\ Pwn &;, e 0 ey q\. e SAU\ o m\\u ((l\ \I\\ BILO\I\V ( ED o
on nt \'-NMA\& QQS k‘ é?(eﬂ-()l‘\““d\Q)h 7 X)

Lb Con X\\, XOM 9\._ (pn\lﬁ&l des EBO/ NNQA(‘:D C\lu-\o\dt
Lb NN que - N Y QQm VR tn QAN m S en il\(\:\‘l\'\e.._

LEE_,\ Q Qc\\)\ mu\\(lLu \o YIS ‘\Uh Q\\lk\c\bl AL I\o\‘n.\ 300\)\‘ Sup t’“\(
e( T\ & \5 Y 1\5(\\»«. Ba\)o\(l Wne aNn Stf\ Bam \Q("T)\')(/ #,&

L%Qb\m c&../ N QM\\ XEYX N \/ € \E(o,‘t.)\% Aevr s-.,QN\vn_(/
& e e bimsog Jhelom) by KM=YWY

Ev pbeqgeay 0 b A s G on o L - X ()= Vi)

o™ weenlp q»‘ on Fo:\\(\ L S>o ?g‘(:\( \Ie\ \ﬁ=\/ 5) (\:o, t.\-f) @ g cone Y Qo0 m\a‘v\\—
TN N b,

Xo+e F——
X (to) :\ Y (to) . 3
Xo 3
—
Xo — €&
r ] r 1 t
0 : to To = 1/Lip(f; Xo)

LD Qoo(l PXTY S 9\» Su\.\ﬁ« l\\\o.’)\"m\o&t, on \\I:M \« Qr\ousw.\i

E - O h e ‘: =
E Tc
7< ?V_D X () Q—° 7\('\'&\ —>
A1 ™~ X ¥Yinme
b" D)‘ho\m b" %\hr&

n
ov Q'\gp Tp —2 t oo

LO 6“ &  yoau SO (T\ /;(l.'\t\(nm\" Bonc (Y é.\% }‘Tf\ == T Koo

L) O(\ &v:l\.\\( A\oni ((D;TB, X) &a Ss&w\f\m\ m\m(.\ms&\ oé\”\uc.



1/Lip(f; Xo) 1/Lip(f; X (Tv))

1/Lip(f; X(71))

0 To

1 2

solution locale solution locale
Xo

partant de Xo (To) partant de X (7p)

} } > |
solution locale

X(T) partant de X (7%) X(Tz) etc.

|

® ov ‘.\% —‘_<+°° Q..\’

® ov L-\m _‘__:—\-oo

’Y\k (xm\eqos'\c’\ un tcn\s?S ('\:n"); LQ{QSﬂJt ..Q=IRN' Sa0s Qu kl? dv TRH A C.o-.\“s.l_'\(),
= ((D,TW,‘/\\ eN Q'W\?\\)\ S&“\"‘W m«‘)('\m\At dapande fsn. Q T“/ u.\oflf:

dons Co cas Q'\m\_ lX(é)\: -\-Dol

b

)
L) e A\ pAeove 2 5: Ky ?‘-‘ en \:9-52 e 6:T' o.sz; ™~ Rz“‘f?Q.‘T“ Al TH
Ao Qc\(\\( \?:-m puoe o o~ un qot 9«» Sol UVivw Pca\f eh rnoQ\“B&, ce w (on\luc\'\\l Q. m-)‘zﬂ“j'\‘(

N

’E(Cmoc\\\\>-L}Qsév(\\(')b g\-é'&) S-u) 9\15 \'\:3? Au TH A C“°L\\3-L;PS<\\1\(:°‘ Si
A ?905 é esY %&-é.\Q\M\ l'\?, o Qa sdVien maximdl Qo (36 A Cavdng ('5)

eN e Lol «-&Qo‘.h ('u.. T=+°°)

L‘> ’S—é\/u A. Ph(,\NE?,

Lb Q'\s ﬂog:
1/Lip(f; Xo) T 1/Lip(f; X (To)) a 7 T
} } } } } —— » ¢
Lb Q...,R\ ‘g e\ 30‘4'0"‘?2 (L e G\imr\)
1/Lip(f) T 1/Lip(f) T 1/Lip(f) T 1/Lip(f) T, 1/Lip(f)
I } } } } »




/
2> ETOOE OFES sosLuviens (Eba ScALARES (ie N-.\))

OFE (o ¥ikian) obs X € R oy o Tplidac X QEDs (2) s A% )< o

P LT B D A 5 TR S Y TP A TR D b PO AP A O U AT 05 A TV AT AR N DT 7 s L FRROTE

L(> S. Xo s YF, '&OM Qt. S\’o\'\m\ esV 306(-‘0(' <v X(V\: XE RKE'VE&_

)—ﬁ C"M:'t\\‘u\u: (>M C""C‘/\\y L\() &u é/tk'é Ac Se CReisenY {.\a.s, A‘nc |\ ¢c\o=QC67ws

soN 3 bapitwe pea Lo s Ve g [Xb < XE\S Eb[)(( Xe 5/11
[X. > X § & [X>% 5 T)

Lb “pe g(?&\({»h-\ﬁ‘\ ” acch °

X : X(a-x), b>e
{ INQER SEACRY)

\—b Oh o &(X\: X(/\‘X\ A Qo(.-Q‘\P (()os BQo[aQuwwn\r CoR —)Z- de + o0 +
Qo\\u th.st\v-\ \)(\-b o-:)

ng\ Ju\. s et el (("T\/ )Q

-~

Lb Oﬂ. XF =0 N Xf':\ So,\V t\u :Q“:Q:S'\M.
LB ("’nw-sv- X' < (bl\)' LN (SIS XE < X(v) </)2g:\ Vf € (o,’l‘)

\‘b 0\'\L »( Aonnlg A‘AL (T‘\ A'.,.PLM.\ [T, L'(m(n P.‘,\;) T: +Oo_
L;/\(v\

O:*E < : ‘bb

LDN'\‘I'- ave St &“\4 Q.‘-&-\? Al .A,m‘\l Aes l-c‘\):QISI\M .\S~Q:.(’ O&o“ % « O

S\ o™ oo c\ac\oe. Qo:\ N k‘i .\v:\:Am sV ¢ctss’\\\s.



oR\TE

L> B"“ N CSI\'\ QU ()..'\M A'u\ J\'CCGS-\QS’( ov Afw )( f NSV veps XE

ou é:u‘ X\A N cV Veps XGA\\(\\E
J ! | Ca
D €€ ( S .\5'\“'\‘\ A un :.‘lelkh\ g

o . Ne>e by Yeele) Tmse ty [[X.—XE|<< ﬁ)DX(\r\-X,;l& Vé-}

Lﬁ OD\ XE esY S<ABLE (Qu Su%\ﬁonc ()MC\N! rw;\lun\! ():\oc.\us)

Y }(F &Y sNable N que (u (’Q*s), 5‘1“ l\ BX-'XEPB‘% Xm*_*: XEB |

Lc o0 Q Xe Y ASYmPTOSTIQUEMENT srtha(ch $o)uVi ong (3’“‘\'\"

COI\\IQR%O\'\\)
O S( %E '\'u“ ‘)q: ,\««S\z, a0 3 )(e A .m;\o\é\u

L> CRITERE OF STABLTE EN OMENSON  N=s49

[Q\L(KE\> D’X =P [Xe '\M\’*él*_x
[ (<ol [ ¥e Mol

RN tmegionr 0o sdMiom comam A pein¥s
.[ }‘Q;n.m s I Q;V\ A Q‘w\m...

\"vg'hcn\ﬂc \j's\u\ AVeS  VUne \-"3"" L b\\*’“i

6 e

o ¢ <quilidno

*

%>§ & Qe x> \¢e §>§

(PSATS 8\ stpMLE FPRA TS 6\1 stpmLE 1astndle

LBNQ\‘ ‘E\ O "0(\ v cune \(\? (“‘ &'afl-l\zﬂ-"-)
%

l—bc}: X’—X

o
X=-X* S Xgp:=0 <Y STPRLE

Xgz o o insvadle




(I\OI\ w“oaum;*.

L% NERGd 3 s'e.(o\p.o{:io“ Aes vAp.'\o.élu QP.,.E;,,M 13‘Q‘M\, Peve ;(: () 4\,\)

Lb S: X° eV  uUn ",‘\,-.\l-\j,,u, ‘&'M XEX- Q.p.z\lu.

Ls S X. Jox g on ailibon, Qe %(x(vﬂ + o Ve T, dem on pedv dviien:

) t 0
X(V\ = 4 on '\n“',\!u‘ S X(‘\ A -t ("‘\

)
o AR L))
LB T—m«'&\nom q\s, o Wanelie s ‘l\'\l\\\'\\h’vc é\b 2= -z‘(-?a\ ‘\“‘ o~ ke CP(%\

N ) o (] L

L O« w, X9 o %@x —. = XO)x @(x) - (ﬂP(xm})

3
g(‘((s\) !

dipivic y Ons f.tnnfosi\;h

LbAQon en n«g:\.uw}( <‘"\. N v

4
S (‘P(X(ﬂﬂ\ AS = € dene (P(X((:))_LP(XJ S 6, <, proa pev 10,01\
RN

S ache nVeRScr LP : K(Y) = QP (L?(X.)‘{‘ é)

I E""‘"E“" (A-Nas X.>s )
o YR " /
o - §-° oy TRRIIN g (Lz\(\/\mﬂ A =t

@ Qy(Xo)- Rey(x )= ¢

"i> Xk\(\_\ X.Ct (soQ 2906:?«5 A SUQPI\;SQ, e\,;n‘\u
R 750’5'0‘(’)

;(\)Z D gsz '}‘é(’)és:e =N g(—;) ds = ¢
‘&#_;\t‘w: =2




2Ny

VT CU g A U G (e

A opNeER:

Qus“qm% Ij> kh(\‘t\"‘(?, -t

enle (B
ew.;\ AW K% ‘:b X(ﬂ S (& t é) (5)
e Xze e

( N piec vest VX.3o ‘lﬂ_'\_)

L> Qu; Se P,;‘g-\l-.\Q Pgu' X.:Q (Q‘- fo;n oo & l\)‘-'v ()q; Q(?)
L$ N’:: ° é°f‘c ° v (\YN i(\\f\“'\sm Aont KEO 5"0"\‘:0“

L—ﬁ Qs._ (";), X(‘(\ = (: sz‘ﬁon ("3" pev V'v.n_'\g:(.k ({23 ).(: 2X.)

*v)
Ls E-,\ P.\'N, VS’>°’ X (¥) = }, ° :: X € (o,7) ) I_'.L‘>
(t-5) 5 x> ~ ‘

by

ey oS5 S o‘ U\'\o o \

Q. e QOnv ‘\n‘:h\iv\ ('\ba Afum\ln.a-\ -8 Suo\)\;ns\.

LDN\OKALEQ % pes &:c =% A




