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- Rappel: ai partie de maintenant nous allows itadier

les equations differentielles ordinaries de la forme

X's flt,x) (oldies, sous formemmale, nonautonome)

on X's flx) ( i , i n , autonome)

1. Resolution desedo liniaries

On considerelesedodela forme

alt)-✗ "t bit)x=dlt) , teICIR

hypotheses: on suppose a,betd continues sans

et que alt) to AM I



A. GAS oil Alt) = ◦ fallout

Etudions l' edo: alt)x'+ blt)x=o (* Mad'ⁿʰᵗhomogine (arsons second )

member)

Method: derisolution:

étager: on divisedeszcotes powatt) Contentionalt)#◦ sure)

date: on multiple e'equations pm e) "%""

on oblient: e) KEHNA) tbyq.dk#dtxH)=oD

on oblient: ✗ ' (1) I
8¥

= D

Remarque: pangas fait.ms a



si on pose pour simplifies ult):S %%jdt also n'It): 2¥,

et done ↳ "MEM" ✗ 'A) + ultzel"! ✗ 4) so
U

si on pose v4) sent) almult). n'4) et't)
-

Par consequent (2) s' euit:

F. Jf

Fkf

NCE) _✗ '4) t V'A) ✗ A) -0

(A) ✗ It))'s⇒

⇔ V16) Nt) = C ai CEIR constant

Par consequent

✗ (t)
• Et): Eula

= C. e- 4) , C. e
-1k¥,dᵗ

Remarque: C est calcule in parti de la condition initiate:

✗ (o): Xo.



Exercise: resoride:

1 2×1+44=0

2 Ex't ×-0

are ✗ 101=1

are ✗ (1) =L

1 Resolution de 2x' tax:O are No)-1

étage, on dimilar 2: on obtient ×'t {×:O

⇔ ✗ '+ 2x:

etage 2: on multiple Is 2 members lar' ed'd's e"

ce qui donne et ✗ '+ Lex:O

quel' on eint (ex)' so

⇔ e2ᵗxH):C

elapsi ✗ It):&," C. é"

/CEIR

etage 4 : comme × (o) si na: 1. ✗ lo)sCé"= C. e:C-1 ⇒

et ✗ est define pointoutter

Cst

conclusion: ✗ (t) = e- 2t



② Resolution de tx't x:O are ✗ (1) =,

étager: on dinse part: attention on ne peut le faire que si t to

%

attention! on ne peut ps venire te IR"

em ✗ doit die devisible et done continue.

on dirt one choiri te]-got on to Total

la condition initiate ed.

✗ (I): I

↑ to ⇒ par consequent on choist te total
> 0

Soit te]oHo(, mouse tart:

on oblient ×' tf x so t> o

itsyez: on mullybelane"st" or JEdt.lu/t1!lnt­


doncettdtselnt..t­


cequidonne ⇔ Ax'tx:O^

etages: on reconnait la denied' un poouit: (t.nl so

⇒ AXA)-C

⇐ ✗ It):& it> 0



⇐ ✗ It):& it> 

etyed: comme × (1) =, on a: 1:X/1) :{:C

done Csl

Conclusion: ✗ It): ¥ avec t> o

Exercites: resoure:

1 ✗ '+5 ✗ so are ✗ (o):|

Z ✗ 't 10×-0 " ✗ 101=2

3 ✗ 't

→ ✗ 454=0 are ✗ 101=1

i ✗ '+ lox so are ✗ 101=2

→ ✗ 464=0 are ✗ (21=5

4 ✗ 'ttx = are ✗ (11=1

5 3 Ex't Ex:O are ✗ 111=1

t ✗ 'tax :O are ✗ (1) -16



b. Resolution act)x' tbltlsd.lt) (cette fois-aid 4) to),teICIR

hypotheses: on suppose a, beta continues sure

et alt) to sort

Method: étager: on divine pu alt)

on obtient ✗ 't
2¥, ×:*,

etage 2:

on multiple par e) h ¥dᵗ les ♀ membus!

on oblient e) baidu.tt ✗ I + by, esthet.t×, e) baked dit)

at,

else 3: ① ⇔ (e 1k¥! ×)' = etat#a

⇔

1

⇔ est#they = Jes:#it ¥1, at t c, CEIR

E me/as

outlai laConclusion:
-5k¥.io#eskEiygpattc) constant

A) 



.io#eskEiygpattc) constant
✗ A) = e

Example: ① calcula 2 × 'tax = 1

② calcula Ax't ✗ = 2

etyer: on divise poor 2

on oblient ✗ '+ 2x = {

are ✗ 107=1.

are ✗ 111=1

1



✗ '+ 2x = {

etyer. on mullybe qui ert, et

ce qui nous done eux' + Let ×:{e"

EMTs {eat

etyes: Par consequent eat ✗ = Jjet date

= {je"dftC

:{ETC =#etc

conclusion ✗ It). éʰᵗ(get c)

= fette" teett = & + cett,
ft Est✗ A)

comme × 101st ma 1 = No) = It &: f te

done c- 1- {=}

Finalement
✗ (f) s ¥ + 34221. =  (1%1)





✗ '+5×-0 are ✗ (o)-1

✗ '+10×-0 11 ✗ 101=2

✗ 't

✗ 'ttx so are ✗ (1) =/

3 Ex't Ex:O are ✗ 111=1

t ✗ 'tax :O are ✗ (1) -1

12 October 2022

solutions

Z

3

→ ✗ 454=0 are ✗ 101=1

→ ✗ '+ lox so are ✗ 101=2

→ ✗ 464=0 are ✗ (21=5

4

Exercises: resolute:

1

5

6

✗ '+5×-0 are ✗ 107=1

Soit te ICIR_are 065

1%-0

Stapel: on multiple l' equation fore) 5" = est

Hafez: on oblient: (est × (a) 'so

Eboye: on integrels 2 member: est ✗ (t):C KER

d'oi ✗ (E) scest



are ✗ (o): I done 1 = C. e- ° :C

Gonclusion: thx (t) s 1 est la solution dupoblime, are ter
est

2 ✗ '+ lox so are ✗ 101=2

Soit te ICIR are ◦ et

On multiple por et't sent

Onollient alas (e' "✗ a) 'so aquidonne e'txt):C, CER

d 'ai ✗ (t): celot

et comme ✗ 10): 2 , c. et:@

Conclusion: t↔2é't pointer estla solution dupoblime.

23

3 ✗ 46 ✗ so are ✗ (2) = 5

on multiple pan elodts eft'

On obtient (8×4))' so aquidonne exit):c, car, oui ✗ A) scett

Avee × (2) :S be 5=Cé"= Ce-12: ≤
@12

done C = 562

Conclusion t ↔ 5 e'2 é" s 5 e'2.*, te IR est solution on poblime

are tetar, et LEI

4 Nttx so ✗ a) =\ , te ICR are let

on multipiechaquemembre delegation par ettdt.se

Aquidonne (842×14)'so

et" ✗ (e) -C) CER

✗ (E) = cette

8%

soit

et done -comme × (1) =/ , Ma: 1- C. e- %: ≤
@ "2

done C = elk

Conclusion the'kéᵗ%, Éᵗ)k , are teh est solution dupoblime

⑤ 3Ex'ttx= ✗ (1) =/

On dime for 362: doe il faut s 'assurer que 0$ I mais 15, done Is]o, tool

On oblient Nt,#✗ so

ce qui donne: ×' I 1*0

, te ICIR, are 161

Int ri t so

Edt: en Itt: in Eiji. [

On multiple chauen des members pm et#t.es/Edt..e'sln1t1! e'sent



On multiple chauen des members pm et#t.es/Edt..e'sln1t1! 

:(eent)"s,

↑

entst

63
On obtunt (t's. ✗ It))':O

soit 6'" ✗ 4) = C, CEIR, done ✗ A) = Ct'% = ¥,

comme ✗ (1) = 1 ma: 1s c. 1- "3:&, se dmc

Gonduron on E's:&,:& , aretz est solution dupoblime

Cst

6 Ex' + 2x so =/ , E E ICIR are + A EI

On divite for t, four ga, il faut que 041 et comme 161, il faut que Iga to [

On oblient ✗ '+ Ex so to

on multiple por es" " set"ᵗ, een't' & e2ents@entj.t 2

✗ (4)

Onollient (Ext))):O soit 4×4):C, CER

d'ai Xlt):& , 665C]9toL

Comme ✗ (1) si Ma 1:& :C

Conclusion tts  avert Eloi tool est la solution on polleine

si xc.tk,

6×72×-0 ✗ C- 1) :| At ICIR, are -1 ELI
5:-1- 5)

On divine pout, pom sa il faut que o#et comme-1 EI, il faut que IC]-go [↑

ex: 1-51=5

in =

I
1-1-71-t)

On oltient × + Ex-o

- On mullybe pm et Edt, ed bat, elutti,

stco, done It/=-t

e2lntt) = 2

On oblient:

1,2, ???
62

(62×41)'s o

and - 62×16) =L, CEIR.

⇔ ✗ It) = ≤
- £2

et comme ✗ 617=1 on 9: 1 p.-16 done c- 4

conclusion ✗ It): :& /to

• (62×16))/so ⇔ Exit)=

⇔ ✗ 4) :& comme ✗ 1- 1) =/ Ma: 1s £, Omics-1

One ✗ It) ¥ ,

m

to



m





Exercise: Ex'tX:L, ✗ (1) =/ , AEICIB are 165

On dine for t, pom sa il faut que 045 et comme 165, I CJo Hoo [

On oblient ✗ 't Ex = ¥

On multiple µ elf at = een/ftp.t"Histeat.t

On oblient (t. ✗ a) '÷ ¥

Ohintegrelszmembles: txt):#date

A ✗ 4) = 2. t to

+ ♀, tso

• JEdtszf.pt. adult

= 2. Antimbo

et done ✗ A) = 2.

comme ✗ 111=1 ma 1 = 2. + ♀ Mln 1=0

Conclusion 6h est solution on pollime

Exercie: Resoudre Ax't ✗ =3 are ✗ C- 1) -I
=

✗

✗
=2t

2ft

C =-21

2 BE Ax't ✗ = 2 icix: 2-116

✗ '=

t. 2+21-12=-2
- Eat:&-

(E) 't.kz

6-4-14-2

E- !62 + 2-  = 1+2.#=② OK

Resolution de E) Ax'tx:3, on te ICR

are -IEI et ✗ C- 1) = I

Pom gov, on divite part sous reserve que IC]-go [ (cos t.to et -165)

On obtient alas ✗ '+ £ ✗ =} C)
to

On multiplicensuite por es:*. eat' = 14!-t les members deb

on oblient ft. ✗ (A) '=-t.}

=-3

et on integre des 2 cotes, pour avoir:

- Exit) = -36+0

⇔ ✗ (E) =:#t ¥ (cont EIC]-go [ (Eto))

⇔ ✗ 6) =3-¥

Cherchons Ct.a. × 611=1 ✗ 611=1 = 3-  =3 to

done 



done 3+2=1 ⇔ C =-2

Conclusion × It): 3T¥ est la solution du probleme are te]-o, o EI



Exercise: on considerie le modele a effet Allee:

✗ '= ✗ (1- ×) Cx-M) are 0951

on put eerie ×'s fix) ai Anf 4) = ✗ (1.x) (x-M)
' af/X)

flx/:O ✗ (x-x) G- M) so

⑤ ✗ = 0
on

✗ = I
M
✗ =M

1M

•

= - X't.-X't ✗ t.
W

Lemon's to

lini✗ → to'" =-o

^

\

portrait de phase

◦ o•

M

1

A

1

.

capacite de change del' environnement

Exercise: Etude des equilibres et de leur stabiliter

✗ '= C- ✗ 72 (x-2) (Xt 5)

Dessiner quelques trajectories representatives.

Recherche des equilibres: on pose f- (x):(1- ×} (x-2) 4+5)

les equilibs venfant ✗ 'so cold FLN 



les equilibs venfant ✗ 'so cold FLN so

↔ 4- xp (a) (✗ + 5) so ⇔ (

⇐ ✗ =/

✗ = 2

✗ = -5

G- ☐ 30 ⇔ 1- ✗ so
ou

✗ -2=0 J ✗ = 2

7+5=0 ⇒ ✗ =-5

f

1 2

...
- 5

fl, - 4- ×} (x-2) 1×+5)

:(1- 2x + x2) (x-2) (4+5)
•

= ~

ftp.jflx) Eleni I = to
✗ → -D

t. * 3+-1×2 t.--X t. _

lini f. 4) slerix's to
→ to ✗ → to

stable
-5

a

instable 2

shunt
negatif

t

✗

- g-

1

2

\



Exercise: meme question are ✗ '= (x-35 (x-D x2

Ow pose flx) = (x-3) (x-1) x2

Les equilibs venfant ✗ 'so odd 741=0

⇔ (x-3) 3 (x-1) ✗ 2=0

⇔

(ee
✗ so

✗ =3

Cya 3 equilibor.

On a un polynome edge 6 ☒ -33 (x-D x2
w

↓
(x 7..) Cx-1×2  E- 



(x 7..) Cx-1×2  E- --

lini flx) = lens
↔-0 ✗ → -N

lim flx) = leni ✗ 6
✗ → to ✗ → too "t"

✗ 6=+0

aflx)

O 1 3

^
✗

0

:

3instable

stable

shunt.
positif

✗

3

1

O



Exercise: ✗ = ✗ C- ×) Cx-M) - EX ◦ ≤Msl

M

Y

s

1 Ezo

modele a effet Allee are exploitation.

On pose fly = × (1.x) (x-M) - Ex

Les equilibs reagent

✗ '= o c 'est I die f- 4) so

⇔ ✗ C- x) (✗ -M)-Ex:O

⇔ ✗ ((1- ×) (x-M)-E) so

⇔ {✗ 0

4- ☐ CX-M)-Eso ⇔ ✗ -M-✗ FXM -E:O

⇔ ✗ 2- ✗ (Mtl)tEtM:O



⇔ ✗ 2- ✗ (Mtl)tEtM:O

de la forme ax't bxtc=o

are as I

b =_ (MH)

C: Etm

D. b'-Gac = ((Mail)- 4. (EAM)

= (4+1)' - 4 (EAM)

= MAZMH - 4E-4M = M? 2M +1-4E

= (M-1) 2- 45
A 2 - B2

D≥o ⇔ (M-D's, 4E> ◦

⇔ 1M¥>, E

 <O E> CM.DZ☐ Anam autre equilibe ques

an Moins legitimate plus

- autre methode ✗ 'so ⇔ 71×1=0

⇔ ✗ (1- ×) (✗ -M) -Ex:O

⇔ ✗ (1-2%-4) =#

= hey
y

1M

glx)

E "critique) (regulus)

E flit (3 equilibs)

E grand




