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émanant des établissements d’enseignement et de
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ẋ = f(x) + g(u)
y = h (x)
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{

˙̂x = f(x̂) + g(u) + K (ŷ − y)
ŷ = h (x̂)
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ẋ = Ax + f(y, t) + Bu
y = Cx

x ∈ <n, u ∈ <m, y ∈ <p ÉðÍ
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{

˙̂x = Ax̂ + f(y, t) + Bu + K (ŷ − y)
ŷ = Cx̂
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with

e = x̂ − x,

ė = ˙̂x − ẋ
= Ax̂ + f(y, t) + Bu + K(ŷ − y) − Ax − f(y, t) − Bu
= (A + KC)e

ÉôÍ

u��uq



«¬­®¬¯ °¯¬¯±²³®´¬ µ́ ¶·¸­®¸ ¹±²º ¯¸³´±®¯» ¼·¬¸½ ±´¬®¾ ¯¿ À ®³½ ¼¯¬»´± Á¬Â Ã³ ô

Ø Ù� �ûéá�æÜÞÜ ä â
ã à��ãâàÝ�
8=? J@/ @1 5C B=@DL J< C1M@DDJ5C? ^-@M- ^ @DD 1;<M-?C< @a0 ^ @5- J E@R0< M;MD@M 10<1C?; @<H=5 f
7_ ^0 ^J<5 5C =10 5-0 CB10?R0? 5-0C?;] ^0 <00L 5C -JR0 J /CL0D C_ 5-0 1;150/ f ÎC^0R0? ]
1C/ 05@/ 01 ] 5-0?0 @1 <C /CL0D JRJ@DJBD0 f ,-@1 D0JL1 =1 5C H?CHC10 5-0 _CDDC^ @<E / 05-CL ] @<5C
5^C HJ?51 É§ @E f OÍ `
Pf B= @DL J 1;150/ J1 J H-0<C/ 0<CDCE@MJD /CL0D ] ^-@M- 1@/=DJ501 5-0 10<1C? / 0J1=?0/ 0<51
S f B= @DL J< CB10?R0? C_ 5-@1 1;150/ ] @< ^-@M- J?0 @<G 0M50L 5-0 ?0JD 10<1C? / 0J1=?0/0<51

§@E=?0 O ` :M-0/ J5@M1 C_ 5-0 / 05-CL

,C 1@/=DJ50 J M;MD@MJD 10<1C? / 0J1=?0/ 0<5 ] C<0 MC=DL M-CC10 J D@<0J? 1;150/ J1 /CL0D ]
J<L H?CR@L0 @5 ^ @5- J M;MD@MJD @<H=5

u
É_C? 0¦J/HD0 ] J 1@<=1C@LJD @<H=5Í d @< 5-J5 MJ10 5-0 D@<0J?

1;150/ @1 1-JH@<E 5-0 @<H=5 1C J1 @51 C=5H=5 1@/=DJ501 5-0 E@R0< / 0J1=?0/0<5 f Æ H?CB D0/
J?@101 5-0< ` 5-0?0 @1 J <00L _C? H?CR@L@<E ^ @5- J M;MD@MJD @<H=5 ^-@M- -J1 5C B 0 1;<M-?C<C=1
^ @5- 5-0 /0J1=?0/ 0<5 f ,-@1 H?CBD0/ -J1 B 00< 0¦HDC?0L ÊK67QTÌ ] B=5 5-0 H?CHC10L 1CD=5@C<1
JLJH5 5C _?0A=0<M; M-J<E01 5CC 1DC^ D; _C? C=? JHHD@MJ5@C< f
§C? 5-@1 ?0J1C< ] ^0 M-C10 J <C<nD@<0J? C1M@DDJ5C? J1 H-0<C/ 0<CDCE@MJD /CL0D _C? C=? 10<1C?
/ 0J1=?0/ 0<5 ` @5 MJ< Z�Xl�l l�W©i É^ @5-C=5 @<H=5Í E0<0?J50 J [i[©�[Z© 1@E<JD f

� � ���	��

c0 H?0R@C=1D; H?010<50L C=? JHH?CJM- @< J E0<0?JD ^J;f 7< 5-@1 10M5@C< ] ^0 ^ @DD _C M=1 C< C<0
JHHD@MJ5@C< C_ 5-@1 / 05-CL ` -=/ J< EJ@5 CB10?RJ5@C< =1@<E J 10<1C? HDJM0L C< J D0E f

�� �Ï � w� w



PQ Ð Ñ­®´³ Ò Ó »Â ®²Ã

� ÙÚ � � ÞÝ� âÜÝÞßßàáâã àéç ��û �
� ���� � �ZX [l�©m V h X�h Y ���X �lY  l � Z� lW[�©©ZXlY�
,C 1C/ 0 0¦50<5 ] J<L =<L0? 5-0 J11=/H5@C< C_ ?@E@L@5;] J B@H 0LJD ^JDÈ@<E 1;150/ MJ< B0
/CL0DD0L J1 J 5?00n15?=M5=?0L <nD@<È / 0M-J<@MJD 1;150/ _?00 @< 1HJM0 f 751 L;<J/ @M1 MJ<
5-0?0_C?0 B 0 L01M?@B 0L 5-?C=E- J ñJE?J<E0 0A=J5@C< `

M(q)q̈ + N(q, q̇) + G(q) = −B(q̇) + Γ + λT C(q)
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ẍ − µ(1
j V ò − x2)ẋ + ω2
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ż = µ(1 − bx1 − x2
1)x2 − ω2

0x1 + k1x2 + 2k2x2x1 + 3k3x2x
2
1
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ż = −x2 − ω2
0x1

ż = −(z − k1y − k2y
2 − k3y

3) − ω2
0x1
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