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NOPQRSTU OV OWXYSQP RVQPZ R[\][^Q RST

_`ab
cdegfhijklimnojpjqortsmuegvo iwoemxmkj xh poyz{oji

|dpmkj xl pmz}imezvkjvwmzs~

�dx�izkor smuzpqjvo {fkmxmyo kspz{oji

�dw�w pmypo ko {my

�dwjiw psyojiuemvyemw {o�my
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controle +/− (discret)

voies
métaboliques

G1

G2ARNm2

ARNm1

.

.

.

prot2

prot1

régulation génétiquevie de la cellule
ADN

inducx=(x1...xn)∈E

�mw {m svxmyio�mzs~x�m ~egvmyyoji

≡h {z{xsy�y {l km

|hw fm ppmy xm {m keyim {{m kmi{xo�hvmi{my�
{

vhq spz{oji→rapide
kh {znjpoy km→lent

�vzixijknvm xm�zvo znpmy  xmqlimy¡
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x∈[0,1]
n

��mw {m svxmwjiwmi{vz{ojiy mi¤¥¦k¡ej svpmyqlimy1§n

¨fzrtsmwjiwmi{vz{ojixizsim�zpm sv�

©xh {mvko ihmezvp�miym knpmxsvhymzs  vhq spz{oji¡ ©xo ko iszi{po ihzo vm kmi{  xhqvzxz{oji¡

ª�j«pz¬jvkspz{oji�dx

dt
=Γ(x)−Λx

Γ��mw {m svxmy {zs~xmegvj xsw {ojiuwjiy {zi{ezvkjvwmzs ~

Λ�{zs~xmxhqvzxz{ojiukz{vowmxo zqjizpmwjiy {zi{m
Γezvkjvwmzs~=⇒ez�zqmxm[0,1]

n

�

Θi={θij|j=0...pi}ym so pyym pjipzxo vmw {ojii
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° ~e powz{oji�pzxmywvoe {ojimy {e psyvhzpoy {mej sv

Γ(x)=P(z(x))

z�mwej svw fzrtsmwjkejy zi{mxmP�siejp�ijkm§

∑

ipio ixh {mvko ihmyu

z(x)=(z11,...,z1p1,...,zn1,...,znpn),zij=H
±

(xi,θij)

±«H
+
(x,θ) ¬jiw {ojixm²o pp�

H
+

(x,θ)=
x

n

xn+θn

H
−

=1−H
+

²o pp�zeegvjw fhezv²mz�oyo xm0
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ªziysim nj¶ {mBjuh�jps{ojiyo ke pm�

x(t)=f+e
−Λt

(x−f)

j «

f=

(

γi

λi

)

i=1..n

:”pointfocal”

¤ee powz{ojixm {vziyo {ojimi{vmf�emve pziy

ym so py�

Mx=f+α(x)(f−x)

·vo iwoemxmyo kspz{oji  xziyR
2

¡ �
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¤�mwp� zpqjvo {fkmyo ke pme vhwh xmi{�¹qvzixy¹

vhymzs ~¬zwo pm kmi{yo ksphy�

·vjºp{m kejvm pxmw fzrtsm�zvo znpm
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½vjoy {�emy x� z{{vzw {m svy�
024681012
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±iyme pzwmxziypmwzxvmvmy {vmo i{�∀i,pi=1
→siym spym so pezv�zvo znpmurts�jivzklim§0ezv{vziy pz{oji

Á� zee powz{ojixm {vziyo {ojiy�hwvo {xziypmwzyqhihvzp�

Mx=f+
fi−θi

fi−xi

(x−f)ixo vmw {ojixmyjv {omuθiym so p ¬vziw fo

±izxjiwowo �

Mxj=
fixj−fjxi

fi−xi

Âsoem s{y�hwvo vm�mw {jvom ppm kmi{�

Mx=
Ax

1+ψtx

±«

ψ=[0...
−1

fi

...0]=
−1

fi

ei
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ÅÆ km ¬jvkmej svsiw�w pmxmpjiq sm svL�

Mx=M
L
...M

1
x

=
Bx

1+Ψtx

±«B∈R
n−1×n−1

ÇΨ∈R
n−1

¤pjvy�
w�w pmpo ko {m⇔[Mx=xm {x∈C]

¤�mwCwÈimxziyp�myezwmxmy

egfzymy�
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Ámyejo i{yº~my xmMm {pmy−→�exmByji{vm pohy�

∃x∈C,Mx=x⇐⇒x−→�exmBxm�eλ>1

¥hy sp {z{xmy {zno po {h�

y
∗
iejo i{º~m xmMu xm�ezyyjwohmλimy {�

•zy� ke {

t

y {znpmyo∀j6=i,λi>|λj|

¹λisiortsm�exjko izi{m¹

•y {znpmyoλixjko izi{mm {∃j6=i,λi=|λj|

•o iy {znpmyo iji

¨myvhy sp {z{y m {x� zs{vmy¡ xziysizv {ow pmzyymÉwjke pm {Ê

ËÌÍÌÎÏÐÑÒÏÓÔÖÕ×Ø ÓÙÚ ÑÛËÜÝÞËÝßÖàËááâäãåååæ
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Åzpqvhsim ¬jvkspz{ojiyo ke pmukj xl pmwjke pm ~m§h {sxomv

Âsm pr smyzyemw {y�

©kj xl pme svm kmi{xoywvm {yj sy �» zwmi{

©yjps{ojiyzsymiy xmèo poeej�

©vÈpmxmpzy {vsw {svm qvzegfm¡ xmyo i{mvzw {ojiy

©pomiz�mwvhymzs ~xmim svjimy ¬jvkm py
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