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I . REPRESENTATION DU MODELE NON LINEAIRE
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ar. CONTROLABILITE DES SYSTEMES NON LINEAIRES
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Froonr

N T

AMME

BiME NS

ON X{t10,40) , XT[10)

DOUBLE PRECASION AMA, AML, AM

W RAITE

" READ (5, 100)( XT(I), Tz 4,10), XF, XA, XL

(6,200) ( X£(3), 3= 4, 10), ¥F, XA, XL

READ (T, 3o0) AL, MF N, Ny , NI

WRITE(&, yoo) AL4, MF, N, Ny

M r

/

READ (5, Soo) ALF, HY, H8, H

‘mRiTE[

G, boo) ALE, HO , H8,H

REAp (5, too) T
WRTE (6, Yoo} T

Kearn (

5, fos)y , AL}

WRIATE (L, foo)N , ALD

Do 4 Kz 4, wNv

Lo '

L=1lL¢A

X3z ){1(-1)

Yi = YE(2)

X5 = xx(o)

¥e = XT(9)

AMI = ATA[ (A4 (AT A-4) xxA)
PRODY = (M- ALF)x ( AM3 -A)
TAU 2 = HB/ PRo b3

AT = Taui

AM = ATA XXy [ (A% (ALA-A) % XY)
DiIFfx amM _, x3

DiFS= XA ~x3

PROpE= KD ;'”L He 4T3)

PRopd~ Popf x piF 8

U = F’Ragg/o,{p}

DIFE = Xé -x§

AMN = ATA[ (A+ (ATA-A) %XT)
fAoDio~  AMN x XS

DiF 1o = PROD IO ~ ¢S

PRA = Ul % pDiIFIO :
PR = st{u-rs}/(wxaru
PRD = ALF/ HX {\xy:x(,/;

uA = (PRA » PRL 4 Pk3) [/ DiFY
AM = ATA¥ XI(2)/ (A (4TA-A) * X 1))
NMFA = AM _ xx(4

PROPA = H/HD s DiF A

FTA = PRodA xul

X( A K) = XI’.(A} + TxFIA

L5 LS 4
Dot J=2&,L

Ra= yx (3)

RL = Xz (o+4A)

Rs = ¥E (J «.4}



e

Lrd “la Kk KL [ (4.,. [AI‘A—-n)il{L)
DiF2= KR2-RA :
PRODL = DiF2 ¥ UA
DiE3 =AML _AMa
PROH = DIF 3 # UL
FI = RRohL ¢ PRoY3
VAL = TxrL
K(IK) = ¥T(3) sval
3 ComTiNue
i Jz ME
DiFy = ¥F.xI(J)
PROPY = ALF /K% biFy
RA = YI(3)
AL = xt (3%
KA. = xr (dea)
AMA= ATA X KA [ (A4 (ATA ~a) %R1)
AML = ATA ¥ RL/( A+ (ATA_A) ¥R2)
DrL = -R3-R4 = '
PRopL= DIFZ % LA

DIF3 =  AMZL -AMA
PROJ D= DIFRXUL
Yy = PRob), +PRoD3
Fr 2 yy + TRodY
Y4L =  T¥FT

\ Y(Ik)=z ¥EQI) aval
KKz wi-A4
JT =z M+A

3 3= 33,

DFS = XL(JI-4).xx ()
PRopS = ALFE /e OIFS

kA - yx(J)
RL = yx(3+y
Ky = x32(3-4

AMA = AZAN K[ (e (404 -m%RY)
AmL = ArCA *‘RL/{»H* (Ardwd}lfly)
il - R3-Rf
fRanf = OIFLx U4
E D = AML - AMA
PRopd = ME3 x UL
2t = PROYL +PRoO3D
Er = 22 4 PRODT
Y4/L = TxFI
X (d,c) = XL (3) 4 val
3 lomnTiMUuE

J=z N

J/EC = XTI (J-4)-xx(d)
PROJG = ALF [Héx 81F6
Ra = X£(3J)




A
Aop
200
300
400
SO0
117
o0
5 oo
JOo

Ry = X1 (T-4)
AMA = AT, % R‘/
DIFLl= R3_RAh
PRODI= DIF2 % UA

= RA- AMA
PROD3 = DIF3xUZ

(A +(A[A-A)*R4)

TT = PROOD  PRODL
59 = L Tl H/HB

FL = 5%+ PRoD6
val = T»x FL

X(3Kk)= Xr(3d) 4vyal

Doy J= M N

XI(7) = X(3,K)

CoNnTINUE

LE(L.LT- NL) Coto §

W RITE C&,So) XL(9), J=mN) ur, U2
I:F-'(K,LT’--Z CeoTO A

XF: o . Jgélf

ConTINUGE

FpRMAT (U3 F 5.3)

LY

FORMAT (“Ao(AY F8.4)/ 3(A X FS -4))
FeRMAT ( F3. 4 ,Ia, g, Ig, T3
FORIWAT (° Ar) F5.3 /3 (AX,TR), X, I3)
FORAAT “( FG. 3, 'BFI-A |
FORNAT (" AX, 7623 /3( 11 F5.1))
F#’MA’T( 1%, F4. 2)

FORMAT ( A, FG. L ,1‘3—-0)
F mar = (Ao (kx, F1.6), 4 (1% Fly) )
s TOoP _

END



53 APPLicATION |
a"f'aML'ca%;w 2 el ‘fm‘flc hour um eao Fout o fa.ﬂ' arboRane

gl " - 3 ,
d& (A’mm Q. dwk%w ,fmx}/wuowﬂ'- A© I‘l./ai.«l'(’-ﬂ—‘-%'

2hak Gnshal

o, 4306 voeurs ks foecs em sumutahoy

o, 034 xF:o,5f6y , &= 2.

o, T4 A4 He 25 molo , H =00 moleo , Hid =200 wolew
0, 6529 LF =0 066 woles /4

0, 59 84 T=20§5A

©, 56 90 Lan AF mn Cy & 33

0, L Ay Nz 10 ,NY =40 | NL[z20 puis 4oo
0, 450/ Z " vmem faha, ,M,fcufafm rxﬁ-.lw,u. s

o, 35 u¥

w, L4 38

Koo el effechie’ dua pchelomo de somsiggne de 47, - 27 o A7,
,‘-w_llucﬁuemem‘ g x4 , xm et X F

Qo paw blals obteucs pomt dumes aw bt T

le faed e.‘{ia,iwcf e {238[&) MWM o variaton de rany,
xf et . Ao en fneﬁa. e lwnfo



TABLEAL . I .

=94 <

xy |

e A e

l:(s?"; %4 | I ?[ | ¢ |2e5 {329 | xg | 2cip
i [
0000} 0,8306{ %031 io,?zsa onszsjo 5984(0,5690 10,5114 |O4501| 0,374% 0,24 55
0,9;2.54’0,86135; 0, 70384 10,12 ﬁoj_ Caky 0,6037(0,5312 (10,4547 0,34 34| 0,238%
A6 oo o‘,gz%:gsééﬂig?ﬁsa' 2, ?znw; 555450.6903 8,538% n;u;'zoio, 3454?0,.2544
1400 q,szsﬁfo 36‘33Eo FI37 | 07138 0, 6330 0)5936|0,536x |0, weuf 0, 3426 0,231%
éq,ez's:! o%&“&i o, ;:82.' o,}‘ars-r osz?-'s'. 0,597¢ -0,6355: o,%ﬁg U;3%40) 0,22 34
#ooe o,gégs:o,aéﬁs: 0,754% |o F47% 50,63613’-0; "53’63"0 I3 4% o,w;z o, 339% .oﬁ?zzi

0,330% 08704

0,930 | 0,8700
|
1.'0,4
‘ !
©,3304k jo0,8F04

YT Y

42000

Ab006O

] .

J
i

a,‘if?fm l 0,
03704 |
oFod otk

08%04

O'lh 0,63

6,#49¢5 ;p,w#f;o 6312 fa;sﬂ 12

,0,9504 [0, 5704 HSH’ 7 ;:h“s':a 6374 0,581%

0,#€5 | W,é :53!{3655% o, 5333

0,3104 io,a‘a?lz- 9}‘59 rasssa 05554

10,5421

06104 0, He| o4k 0,634 0,5916 | 0, 5303
,45:;3? o,?dééi ¢, 53&‘4-; o,a'%sio,sszf

9,797 u gjyuf‘” 0,6353}0, 595¢. 2,533

|
0,5303 ,o byky 0,3380

|
J
t 1

6,530 0, b4 4 1|0, 33 +8

z,

0,,6.;04 0,4453{9;33?9«

0,4 958[0,- 372

o4 kgl 03375

%4 u3% 035}7
|

9 445519,3577

0,5333 [0, 4455 0, 3547

0,%104

0,3304

0,5704
0¥ 4
0,3104
0,3?04

40050

0,930k

0;?.; £ | | & LY

07366 Jt?,ai!-rlr

D,#866 | oFjun

Dﬁﬁﬂ’, ‘ ;‘HQJ

lﬁiq'ﬂ:{'l{\

SELY !oﬂr‘é?u

91—153

J

P F L o.mg

o LG

‘Dg?’lis

0[ bﬁ!é 1@533'{‘
10,6311 10,517

0,63 400,516

10,6310 iafsstg,

f

0635% | 0;'55 49

0:‘355‘3j0;‘59 5610.5.:732,

|

i

n.f.aﬁﬁ I 0 ;535:}

lo, 6354 lo;sa:s}!a;sﬁﬁ

10, 5544

0,6310 | 06,5316 |

0, 5304

(10,5303
0,5303
05203

o, §il4

09333
0,533

0, %443

0.%% 4363373

33

0,%4330,3314
04434
0, bu31| 0,3%F4
0443%0,3334

0,3574

0,445 19,3376

0,4455]0,33¢4

0,4655 | 0,331%

0,9#561

03374

0,7410 oﬂss 10,6324 05330 asslq;o,wfm o,’ikz}‘ 0,222

0,2266
0,2262
0,2359
0,415%
0,2256
0,4455
0 <455
0,4355
0,228%
02255
0,2155
0,2i5%
0 Li56
02465
0,455
0,2455

0,258

331t l0,2255



.

K




TABLEAL T i
A‘!;L Wy g s L X | N [ U [ Xy | Xg | Xy | X
o 194040 0, 830419393+ 0 516511? 535‘5 a 5957 91553&0;'1!155 93333 -a,ilrr
1 |6,9040|0 g701(0, 497+ 0, b169 95559 0,5953 }o S4030,495° [05344- a,zwr;
2 |0.90%0|0,83010,49 3¢ 10,6164 iq,éo&g !v S@H'g_}'%ﬁ 'p,\NR 0534 19,225 :
A 10,9040 ai540410,43?-f%gj£,163 %0,9565 ojfﬁf’fqla,ms wuss lob.‘ﬂ*lﬁ 225S
5 |6,3040]0, 8301 b,%an?a;m&ﬁ 063 b1 iﬁ,mﬁ%ajsss‘s ;awss 05342-;0".1 |
L F 1090406830109 7 10,6464 ;e)ué!, :0'595% 5;0;::55.'5 !awsJ laa‘ﬂ’r !auss‘i
¥ 10,90¢0 |0 tx01 q}g}yi (164! 06565 %9,5%%;0__;53 Ilo daj‘.{{lo nnia.u'ssf
9 0,504050‘,!404 '0; Iy 06168 | naaw 7,588% :;.qusa ';Puds.f:a ’;‘2&}19 1'.155'.'
10 . 5 " " i ;qb&bb’ “ ' te E n l 4 I #
11 0] It 7 7 6’,5’55? 4 ' it I & | v [ “ |
[ |
13 i E i i i U}EHO 7 : 0 ‘ s 4 J i |
16 1" | ¥ " I n63Fs « " 1 1 u | .
1§ I W Loy i " 5 EE & it i E i j I
1o 7 i r, EO’:“}O :’J’éigai “ o \ o : ‘
22 I it Y i It | aL3gs| « | t | [ 4 | U
Ly I i 4 h 063351 4 “ “ +
db i T I I 0 by o4 P,SBSE. I “ " "
30 | 0 " b |0edi% | 4 ? t “
32 it i I i 0, eNAL! o f Y f y
53¢ i " 7 o131 106430123958 4 2 y "
36 h N I i 0, by3f iy 5 H "
LY} I iy It i 015445} Iy 4 4 " v
o |y I y y o |06452 ) " y f "




B3

5‘9\/:{ Lrny aiﬂd_.\,m .
2°) o e Mo d:wtowm et Ymem
o\ I L&y F ! ” 7 r JL& ‘.\? { = -0‘ "
FESIRNS ewid de aF oa ele Umcc. eflnavevment de + A o MO 33w
2 ; )
b -
M e A% v i *.Ix.u,:w 67 viany v £1 van QUAQAS fowd HL ﬁmt’ﬁ-ov\lﬂ(‘lm

.LI:MUfMBUvJC é'aru\l‘,a ,&A)Wb‘elﬁuﬁ ob‘f‘muz

I

ewt de ke fotovae, |

o O 4
3_‘;' \?QM“M o ," eLa) )orcdi.kc %u\;i’ [qu ra‘lzn(“,Qu, 1.

] i > -

i [} { r,: N .. i i o, , f - . L " . -

O el 2iowny the I omeo oORLYN TS e A, Ma i A {0/, dur at
b 1) / i U - 2

i - = r} f _ i |
{ Cecoe %;;u h;’_w E&o <, 5  dedo = c;&g }7 o A -,-u,,gkzi_ Tz; d‘uf es et bt L?JF-@M AL

; T . ;
:WO’V\,HL*-MI" Aue &2 fmwtl.u_,ﬁv_,w N A 19{(_,(‘_. et e I RO RS VY
f ! | 4

[ - I I| - { Il
x4 Lt M i’:,g,&,l—{.r' )ﬁM‘L-M.-'T" wu }our‘:) Zonotam teo.
&

5.5.Tn Lm.*waro-w cles }&MLUQLS 2
7 Jovs Jeo pesutbe

SN S
i
J {“ ’\ ) A
= i

o..j Om voit Quie fo o }&'w xi gonb Sowmo V suven A

tmue vt U A,
bl leo vamahowo de n F m‘»ﬁ?&;mi’ g dun Jto s9Lheo a4 er P [ fw} {

daawoﬁaﬂe, M‘I'u,a/&src rout

”

e c’/’}.xw Mo W0 IhM,mU?‘ _d.c, (ocuw a,.,uL

EC’{MALA(/‘!A ALHL UA e b e Liouve,w 2an ’V
00037 [ lmlans a Volok Divitint )

L 95
0,09 M?:{:_ 1 (f 17 /wac:u? }
On Wl pue u,?‘> u’ oot U > UL . & pesuCat ehac s el

C) Ul = 0,004 , Ugo =

g

Ll,-“{ - ®,0034

f

j/3 M@&/—{ pour amm em &b &,u/)[wtem;ob x4
afous rounp 1 “alers el e fa diok Unkioy e f)
bonnes Gonedhou s puet Dio Gom vmamdes U etUL

L' elat plalde %J.ad} et afteint aw hout de B
AR A s o L. Lisico gt x4 et 0 Jar xn  ce ?_a,b of en MM.C
2ol entwce purec ba Sl

- Pano de

b Cuath LoV, GUEC



S

1§93

YT CONCLUSIONS

A Lo tovammamdes Ui eh Uy houveds om0 iuwtf“\in““&vff bem @ Qﬂd{-!‘lér,
de pe TJA:MLL doma Jio twaleo fu.mtén Y (‘nf 4%) o B (’”‘-i ;2",\
mwﬁﬁcmmﬁ N, s b . Gowk R:m P OPYS o [wsﬁ’% de seatices de
wen Ll o be&mm pur, w4 eh ma et Olavaclinen fo jwu.fo de
honet (ehe, em dwm;u._._am_f Cret To bt o ﬂ:mw ety deo
e pao ‘taser L haakma”.

¢ Fows ihmm et Jo el omadio ! it Lo v gimc It pan 28 four

J"!’}d" g ffmwz,& Wem.f“ anme. L €4 y2 Mm‘&w af’ff‘fnwa
an Leo #eafe.m-:fum de fomeosmetoy ahous dis *m”‘faqxu&-wu-

3 ‘}f sevct altaimont e ’f"”""“ chasiaee o 1ean ffu o um Lan
ﬂmmf’ e \‘Ed’FOV\uc:,-f-L%M» et lovn dlehe bumad <f /éauf'%.‘wm

i?fr@:’,!' o L aul he !fwc)au{‘-

49 Dowo efle ehuce , i wf falt obshachm de e plete Comtolalyl. f
er pamlcte B :y;skmr. , Mahowno «jr..w rwolent ?l?éz.c.ao D Lo nowr
,ﬁ%i &umﬁ. ; ém. !«Mtia/abfué«tf y29 ﬁiaiz'fgf te uzu«. m'a ele Mf&%&u 0’;%5«
die eac )w«,ﬁ; cottitsn
C}ww\,#c jEMM..- de it at_(q?, noua pon v &9 tornsliee Lo ojee noke Aaiinil

/51/34%'- o &J‘w’,ﬂ?&/mm&v et me /-LUJJ /utdtm/fa. .{z‘uiwu, af';féu.f' a/é)pﬁ&'m_:
i D). P et dele ponholalilile samo ko sysiomes now lineatiis



Ei‘ib{ioara '!:::hir_‘:

Exls g BACHA - m. ITDIR

o A e Evnil
: AFF’ oche gﬁaw\.a.

urbations (. p. P),

(‘14‘1‘11&_ Su pt.“oL:.ie.'me: c:.'& €.
"" £ i H 143 I
la rejection oles pert Application 4 un

Mocle le hon.Lincaire ole Colonne & dishiller 1

ﬂ*o{jet de Bin d'2tude - ENPA Fromotion ‘_}anwe-" 1482 .
[e]. M. Mention ; 6 Gobon, ¥, mMeccier - " Distillation, . e tucie +He’0r‘f¢3)vte;f

Techm‘cjm e i’:'njc'n:‘ezi.r > S-&’ﬂ:‘e ;A:’m:?ur_ - T3
f‘SJ‘, T. Taka ma.l':':.u,

b Maakimgfzo; Y- Nakai:: A Geowetrie a

)‘o_proc’w to
Mu”:ivqra'ahk.ﬂﬂnlrro[ %ds?t'm ::Hi{&an

of a1 e:h&l-{“o*iew Coluwmwn”

Au%‘-omai—{ca_, Vol A5, Pp- 38F - bo2

(P"f'nrs f‘}?ﬂ)
ti]. G. Bonard . ™

“ Pt !
Coniribution a Uetude oo wo de le

LY - . ”‘ A ]
a <istiler Hhese !

S L AN { QML

etal . Uhf\«'er:si#f’ e Grennkle r:/{"-j‘f{)

51 6. Bornard I Gaulthier + * Modé {-Lsa.{-ion el
. 5;!.5;‘//8!'7 (9(»\

L€3. A Tsidoe; i

ynom iqwﬁ des colonnes

A 1 ' L = i S
Sufr g theorie ::{ru(.%-ua:‘eﬁe et le probleme !:Je. [ a
' i

fejection oleg Fe_t—‘mt\am‘t{m.s Howus ey Sy s+emes non. Linsaires” (=)
L] 1sidori, A3 Krener

C. Gori . Gfar\c}.il b Mﬂﬁaca ; - Non. Lineaar

d'cCOUPLEnB Via feedbaek : a i fFerential 3eomc4n'c. aP}:zfoch’
I.£ £ € Yrans. Auvi | Confraf '(a"‘??_‘f) ;

C31 R.M. Hirshorn - * (A E;).. invariance hsfribution and the. dis burbance

Fr-oblem : Glzcou‘Pi.ir% f:raé!em of noa.lineois 535*};»1”.

SIAMT . Cowntrel and oipéi.saéfon vol. 42 N 4 (_J'cmv.'cr 1334)

[9). J.7. Gauthier: * 5i¢ uctare eles systemes non Linceaices” (a‘, rarm-kr_)

{40].C. Labey - - Linéaires” (%)

¥ Condrotabilite ales S ystpes Non
[44). R, Hermann, A 3. keener

“Non,i;ncarconéml.ab:ii 3 and observability'
T.£.£. & Frans . Aut . Conbco

L Volume Ac.329 N°& (49 FF)



e R TR TS S

i 1 . st i
(421 Jean. Frangois levenQ: Le fortran: Lg ngage Scientirique des
- _‘ L 1

Ordmateu?‘\sj: Editions DuNop~ PARIs 1371,
M’.&J M. Dreyfus: NSt ten Ty L LR A DUNOD . 1930

Autres references:

Las]. 1. N»‘Jme.ijef‘: “cont volled invariance Fov affine conkrol syster
Stichina Ma'}‘-kemcﬂ:ic Centrum {1934)

L4357 L. Auslander, 7 = Mqcken.zse:\\-I.nhrodur.{:ion to diFferentiable
mamfelds”. Dover Ftu blicabion (l ??]

[46.:. Lauftent. Schwartz: ¥ cours c:icmn\:js.ﬂ‘ Tomne Tet I
Editions MERMANN _ par:s 1967

[ . Pon‘;riajuina:‘\ Equations differentielles ordimaices” Editions myr.iv

'“'-{45] - V. Smirngv ; “Cours de marh:mauqur’a éu‘acf 2u0s Y Tome T . £dibions MIR. Mose
[Eﬁ] ™ Eserﬁes B. Gostiaux:™ gGeomelrie olifferenticle” T

-Maonitise al-e ?";Q-Lhamalﬁqa;ﬁkm Collecticn U

Librairie . ARMAND . ColLinN. PARIS 1432 .

N

(wy Outils ermodeles mn%émui’nﬁu&a Fgur eutarn..,.tige ana[qsgdas &ys ey

, ¥ ,
et Le brarbewment dy 5'\3nql. « Vol 4 .éditions du cn RS (5‘384) :




