2 & R %2 5 & F
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— X WP RBRENZEAT S

REARZTE

IX® F K
(PEBA Tl k38 %, vEiE 110178)
WE S KRB IR S, M M SRS, ST ZRABAAHRS,
IR T HAHOMUBR G R BAEA M SR, 4t T — IS & R G M
(kerE(h)) FE B B RS AR B0, N R T ORAR e R. e, %t

91 = AT A ey 1) PR 2 1 ) B0 0 5 o AR S 1 4 8 78 AR G0 L R Y B R 2 AN AR )
Vil

x#iE  HOBRS, ZEAESA, W%, JHk.

MR(2000) £EH%£E  34D05, 93D15

anf

1 5]

TEEMRGE LT, METZERMHESEEEZEN, RENBSER, MALEHLEH
Ferh, RETEME. AEMESH GBS EEERR. M TEAERS, AES AR
, mWHAEFLERGE R F, ARSI SEE 5AZE T E W SELERGE IR XA
BIFEA, anAE R RS AR B NS T IR M - SE R R R B, #
IR 43 A W RE SRR T 1. RS R AR A3 A R 5 TE R G % P A Bk 4
ARG R R T MR EE 2R 1.

B L 70 40, ELFRE. ZRIMALE. G ARE, L LIBMENRES
LIRRGH, —RENMPRBARLGE " XRE, TRAR) BN, HRZIRZEHNRE
(W3¢ [2-5]). 3 15 4F, ZIFLMER G IUTEIR I #ES), FLREHD RBR RN RERE
—Lok R, DR EAEN. WA LR, TR, @RS T R, dxr—
RAF AL 5 B LMD RBARR, FIHBRZEAZS MWL SHIR L, —HHER
B g B R, 3T ERE RN 4RO R A RBRE BF RE D,
A —RAR RN R RRER R LM BERBE P Z A ER P12,
WO TS IR R GE i U B bR S L, BERF IR RBAR S, BF R REARE T
AT, fEARR e R Z AL AT E IR T FHK RS, Nk —2H A X LR AR R
G H) — P ] AR (AL A

* I TEEEF S (20060621) ¥ EREE.
Wk H #: 2008-03-08, WeH| &k H £ 2008-08-07.
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ASCHM M SEOTE, HHZEAZENGRE, FRTEREZERZ AR — L
PR T B IF 5 0 2R o AR AR G Y B 5 T AR 0 o K P Y B R R R A G A TR, R
WM IR L& TE R S N BRI AT A BT &5, %l
=AM, B R R SR T B B R AR B S A R G A B R 2
NG A

2 REHHEEFIE X
/R R RS

= f(z,2) + Zgi(x,z)uia

0=p@2), (2.1)
Y= h(xv Z)v

Kz e R EREME, 2 R° HARME, ve R AHWAME, ye R™ Ak mi;
f(x,2), gi(x,2) i=1,2,---,m: R"x R® — R"™ N n dEm&Y; p(r,2): R" x R® — R®
HCH s gEEY;  h(x,2): R* x R® — R™ R6H m i85y
ARG (2.1) 18 (w0, 20) WERABAIAEG &M, B p(xo,20) = 0, I R E K EEH &
NCR*"x R L
Ip

rank(&) =s, Y(z,z)e€n.

A4 (2.1) WLARTIE N
= p(x, 2), (2.2)

B MpA(z,2) BREE Nz, 2) XTFEY Fi9 M 3%, &k 00
MgA = EN)f,

Hrp
0\ 8)\(8p>*1@

EN=9:"3:\3:) 3

o M FRE A
MEX= Mp(MF~'X), k>1,

B fx,2) M g(x, 2) B n dEmiEYy, M35 ECh 10
madgg = [f,glm = E(g) - f — E(f) - g.
W w(z,z): R"x R — R" R nfEKMEY, w2 RXTHEY M SHEECH

Miw = T (EW™)T +w- E(f).
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MEN, MSHMMESHES L S5 LIHESKUGHER. flaxtFriEy f(s,z2),
g(z, 2) Ml p(z,2) . RIAEY w(z,z) LEXEE a(z,2), B
1) Mgw,g)(x,2) = (Myw(z,2),g(, 2)) + (w(z, 2), [f, glm(z, 2)),
) Majw(z,2) = a(Mfw(z, 2)) + {(w(z, 2), f(2, 2)) E(a(z, 2)),
) [O‘fv g]m(xa Z) = 04(.13, Z)[f7 g]m(xa Z) - (Mga(x7 Z))f(l‘, Z)a
) 119 Plmlm + 95 [Ps flmlm + [0, [f, glm]m = 0.
)
)

4) WIEW]S L S8OM L 15509 A AR SRR IE W26, analad B 5 T A%

= = = N

My(w,g) = E((w,9)) - f = [T (Ew")" +wE(f)lg +wE(9)f —wE(f)g
= <Mfwvg> + <wa [fv g]m>7

2)
Magw = (af) " (B@™)" +wE(af) = af "(B@")" + aw- E(f) +w- fE(a)
= a(Myw) + (w, ) E(a),
3)

[af, glm = E(g)af — E(af)g = E(g)af — E(af)g = aE(g)f — (E(a)f + aE(f))g
= a[fv g]m - (Mga)fa

4)
[f: 19, Plmlm + (9, [P, Flmlm + s [f5 glm]m

=E([ Plm) f = E()g, plm + E(p, flm)g — E(9)[p, flm + E([f, glm)p — E®)[S, glm
E(E(p)g — E(9)p)f — E(f)(E(p)g — E(9)p) + E(E (f)p—E(p)f)g
—E@)(E(f)p—EW®)f)+EE@Q)f - E(f)g)p — EP@)(E(@9)f - E(f)g)
= (E(E(p))g + E(p)E(g9) — E(E(9))p — E(9)E(p ))f—E(f)E(p)g+E(f)E(g)p
+E(E()p+ E(f)E(p) — E(E(p))f — E(p)E(f))g — E(9)E(f)p + E(9)E(p) f
+E(E(9)f + E(9E(f) — E(E(f))g — E(f)E(9))p — E(p)E(9)f + E(p)E(f)g

=0

AT A R e A, B

A:Span{fl(xaz)an(xaz)a'"afk(xaz)}'
TEXE 2 £, =i A= span{fi(z,2), fa(x,2), -, fi(x,2)} A M XE8, 0

BT 1<i,j<kF
[fivfj]m eA

X 0 b, = Ai AGHRART RS g(2,2) & M AR, MR TR 7€ A,
H

9, Tlm € A.
3T RS (2.1) % (2.2), ZEARE K B

u=az,z)+ Bz, 2)v, (2.3)
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H Bz, 2) 76 2 C R* x R° WARF 5. LB (2.3), RS (2.1) #ikh

&= f(z,2) + gz, 2)alz, z) + g(z, 2)8(z, 2)v,
O:p(x,z), (24)
Y= h(i[,’, Z)v
i N
f=Ffz,2)+g(x, 2)a(z, 2),
5= 9(x. )B(x.2). (29)

EX 2.1 MTELXKEMSRERS 2.1), =P fi A BHRAEXE 0 Ly M ZER
AHy, MRIEXE Q b, BERBEX (o,0) BB A XTREY .78 M A48, BT
A (z,2)e 2, H -

[f Alm(z, 2) C A(z, 2), (2.6a)
(9, Alm(2,2) C A(z, 2). (2.6b)

EX 2.2 MTEKEHMRBARLE 2.1), =Pl A GHRNFEH M ZEALH,
MR TH—H (v,2) € 2, BFTE (v, 2) F—DEFHR 00, F1F A K 0° Liy M ZHEARES
i

I Rid

G = Span{gl(xv 3)792(‘7:7 Z)7 e ,gm(x, Z)}’
ﬁqj gl(xvz)ng(xaz)a e agm(xaz) Ehééjﬁ (2-1) T—ESL EFIZ"ES( 2-17 iﬁjﬁﬁ M ‘%éﬁ[ﬂ] M %%E/‘]
P 5 AT LASIE B R T 5] B

5138 2.1 AR MG, WRAMA+GEREK 0 LIEFR, W ARF

M Z TR A 24 BALY

[f, Alm C A+ G,

g Aln CA+G, 1<i<m. 27)
W TeA W MESHER, B
(ol = [f 4 90 7Im = [f. 7l + D 1055 TImas — > (Mrayj)g;, (2.8)
7j=1 7j=1
glv m Z g]ﬂj’b; m Z g]v mﬂji - Z(M‘rﬁji)gjv (29)
7j=1 j=1

7j=1
R 2 [f, Al © A, [9, Al © AT A [f, Al © A+G, g Al © A+G i =1,2,-,m

Rz, El;ﬁ:[f, Al CA+G, (95, Al CA+G, i =1,2,---,m, UK A M X4 HA
AL A+ GWERE, B

[faA]m+GCAﬂ[glvA]M+GCAa i:172a"'ama

FH (2.8) XK (29) &, B[], Alm C A[G, Alm C A
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3 BEATESMIRIGFAENE

TERX =T, WAPKITR AR R ERGE M TR AW R, R AES
PR RS

0= p(x;z)), (3.1)

XRGE (3.1) LR S A5

%
&= f(z,2) + gz, 2)alz, z) + g(z, 2)8(z, 2)v,
0= p(xa Z)a
Y= h(i[,’, Z)v
ﬁ ~
z = f(z,2) + g(x, 2)u,
0 = p(x, 2), (3.2)
y = h(z, 2),

HoAp flz,2) Mgz, 2) g1 (25) RE L. ik, ®ATE THEHAEHE.

TE 3.1 WR-HM4 AREREHSARERLE 3.1) WRE M ZHEARENA4, N
AMBIEREHMMBERS (3.2) R M ZBEARZE 44 K2, WRS A A R HEM
MUBRG (3.2) R M ZEEARESA, W A BRELEHSREERZS 3.1) WRE M
ZEARES . BAEREM AR R G R M 245 R 5 i A RS SR R A4

it RPEE N 2.2 Mg 2.1, WATME: WR A REREFESRERL 3.1) fRH M
SR A, W

[f, Alm C A+ G,
(95, Alm CA+G, 1<i<m,

T B(z,z) HIET T, BI1E
G=aG.

Hdr G = span{gi(w, 2), Ga(w, 2), -+, G, 2)}. HBLTH
A+G=A+G.
FARGE M SRR, MR - My REEY, o AR, F
(7, Vm (@, 2) = a[r, Vm(z, 2) — (M,a)r(z, 2),
BOEE, B (2.5) XM (2.7) X, EAEBETE, B

[f,Alm CA+G=A+G,
[Gi, Alm CA+G=A+G, 1<i<m.

XPLH A N AELMERA IR S (3.2) JRH M ZEAZM A
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ERFRE 32) IR RERB v=—0""(z,2)a(x,2) + 8 (z, 2)w FHEH ARG (3.1),
HAT—BMIE RIS, MM A ARG (3.2) MR M ZERBLAR, AWZERSE (3.1)
W JRHR M ZEEARAE S A

4 BEERGHERZ (ker(E(h))) AR EARZS T

S P2 o3 AT BRI TR 5T AR G A B AR 5 A5 — S th L T R N B B
B UHERGEHRHBNNZEAEI MEREBHEFNAH TR T EEEZERN. B
W, A BRI B AR AR R BRI IS 5 A Lt i R R e
S M) Y BER AR B E — U B A

B, MTRE (2.1), ZE IR (2.7) U SERG % ker(E(h)) W54 H
B AT, EA S(f, g, ker(E(h))). W T XA AR T kA &A%, FHILERRKIT
R, MM T RIM. RIEFIHE 2.1, AT S(f, 9. ker(E(h))) R RITR HREEH
TER G I ker(E(h) WEBRRZEARD MM BEIEI G TERX—F, RIS H—H5H
AR S(f, 9, ker(E(h))) BB RITTRIGFIE, FITRH %K —EM%R.

S PE AL I3 A 3k

F0% HIY Q2 =span{E(h)}.

Bk L

O = Q1+ Me(2 1 NGH)+ ) My (21 NGY). (4.1)

j=1

I3 41 BREFE-NBEE FH Q1 = O, M T—U k> KB 2 = Q.
WHR Qe NGH M Q5 6, W 25 & S(f,9,ker(E(h))) M KITE.

OB (41) MR, ROTAEDIFE 4.1 5 1 W40 B, BILRIUEEIE
B G HA 58 2 3

B, B Qe =2 A%, XF1<j<m B

My, (2 N GL) C Dy,

WRENL [ =90, EXAYRE j =0 & w & 2 NG PRHRMEEY, & % dmi
Y, ®OTAF
<ngwv7—> = Mg <wa7—> - <w7 [gjvT]m>a

j

lﬂ% ngw 6 ‘Qk?*) ﬂ"f‘%‘c
<ngwv7—> =0,

EETR e 0L, ®AE
<w77—> =0,

it
<w7 [gjv T]m> =0,

BT Qe NG IE8/A (95, 7] T Q- 0 G- FE—DRIAE, BIXTO0<j<m A

(95, T]m € Q;ﬁ; +G
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B
9, 2=]m € 25 + G,
KULHT 2 2 S(f, g, ker(E(h))) s TE.
B AR S(f, g ker(E(h) FHB—TEE, RITKIEW A c 08 BHEEEFME v &
A NGt Wk, i 2 A R, H
(Mg,w, 1) =0,
A

M, (A" nGY)c A
REE, HURBRAEEXT k>0, A C 2, N

Dep1 C Qe+ My( NG+ My (% NG C A,
j=1

FEEF 2 =span{E(h)} C Zl7 ®AMA
Ac 0k,

XL 2L R S(f, g, ker(E(h))) BB KTE.

T 5B L (40) B BB RS B R

G138 4.2 ¥ f, g BIEM—4l £, g B f = f+ga, §= g8 FIAFIM Y, NXT
JFF (4.1) E—ARSAT O, B

O = Q1 + M}E‘(Qk—l N GJ‘) + ZM'ng(.Qk_l N él),
j=1
ﬁqj é = Span{§1($7 Z)7§2(xa Z)a e agm(l‘a Z)}
OB, mAEK S mAEE R, B

G =G,
RIE M FREES, M TRENRARY o WEY - IiRERE N A
My;w = (M;w)A + (w, T)E(N),

R w R QNG Ry, T

MJ;w = Mpw+ Z(Mgiw)ai + Z(w, 9i)E(a;),

i=1 =1

m

M=w =3 (My,w)Bji + > {w,9;) E(Bj0),

Jj=1 i=1

BAweGH 1% (w,gj) =0, HItH

M1 1 GH) + ijmgvj(n,H NGY) C Mp(2 1 NGH)+ Y My (2 1NGh). (42)
Jj=1 j=1
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Bl TN 0 MIET SR, RIOTTUES f=f—38 ‘o, g=g0"", KB, i FIFE
FBIEL AR, BATRIEN (4.2) RMMIE 258, B, (4.2) XM F M A, BI5 5 4.2
VESTIS

HHE, RATBIHESATFH (4.1) A TEMA, iEH

A=+ + -+ 2+

XFaA R (4.1), MRFEEE E* H5 Qe = Qg BATHR A* BT HRITHH. MR
A TAERIE, W (At =025,

5138 4.3 R A* HERITHE, A (A +GFEFR, W (A9 M e HE
WETERG R ker(E(h) W RKIRDI M ZERZ 4.

BT AT (A + G AR RESR (A A NG ERE Y, B, 1T
TR (A*): & M X4 Rp.

ik d BARAA (A% B4R, FEAEAT S (2°,20), REFTLIRI (2°,20) By — 4484 2°
M—AHmEY rn,n, - 7q H15

(A*)l = Spa'n{T17T27 e 7Td}'
=yl
D = span{r; : 1 <i<d}+span{[r, 7j]m: 1<4,j <d},

Mg R D 7EXIK Q0 LAEar 5, WAE D iy — ity « RSN (4% i
Y o MRy o Z2m, W RETEAERX

d
T = Z Cij[Ti;Tj]ma
i=1 j=1
Hedtei;(1<i,j <d) & 2° LEIGIELEEE.
HAOVEEEIX T 1 <1 <m, K
I8 D iy - (g,  (4.3) KPR B F 0 T T A4E
s [7i Tilmlm € D+ G, g, 76 7jlmlm € D +G. (4.4)

WRYE M 558 Jacobi HAEFRX, (4.4) Kuy Al 7Bl 7™ 4 T i 5K
[fa [Tia Tj]m]m = [Tia [fv Tj]m]m - [Tja [fv Ti]m]ma

[gla [Tia Tj]m]m = [Tia [glvTj]m]m - [Tja [glvTi]m]m;

W RS (f7]n 8 (g, 7] BIET (A" + G Hed R, SXSmEgERAR (4%)"
FREES 5 G Ry g 2 M, HLE

[T’iv [fa Tj]m]m = [Tia T+ g]m;

(73, (905 Timlm = 70, T + glm.
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FEREEH [1i,9lm € (A")F + G, ®TH
176, > Tlm)m = [76, T + glm € D+ (A +G =D+ G,
(75, 91, Tjlm]m = [Tis T + glm € D+ (A*)* +G =D +G,
XA (4.3) BOL. FE5IE ker(E(h)) B9 M X &R, 1%
D C ker(E(h)),

EULH] D & S(f. g, ker(E(R) FH TR, mMEX, EIIXE D > (A)*F WMH (4%)" &
S(f, 9. ker(E(h))) BB RITE, X

D= (4",

B (A)* R RS E M ESIRE T (4)", WER (A7) & M X& 010

WERABBE D X 20 B HE (R4 5w, BOTTLR, 1£ 2° W/ D BRA WY
HRMRE SRS 2 £, D=(A")" 2030 1) JE, 276 0° HREE. PRSI (1] /9
513 1.3.4, M 2° F, D= (A%)"*

FEL, HHESTERG M M ker(E(h)) PHY R EOR Z £ A o A KK T T 9 77
% B, B

Wo(z, z) = E(h(z, 2)).

R Qe TE (2°,2°) BRI A R, W o1, XFE, Q1 BEH 20 B9
op—1 DERMEMSLAATER. BOTEH Wi (2, 2) RAWAH Q1 89 op—1 DRI LT H A
or—1 xn FEE, W 21 NGH(z,2) FHRIEY w WTRRHA w = puWi i (z,2), T HEH
p(x, ) 2

pWi_1(z,2)g(z,z) =0, (4.5)

SR

Ap_1(x,2) = Wi_1 (2, 2)g(x, 2),
TE (20, 20) M RSN A W, Waul pe—r, WHRE (45) S EE WL (01 —
pr—1), BITEFE—A (0k—1 — pr—1) X op—1 HRE, LN Sp_1(z,2), HH/ 21 NG (z,2) H
Sk—1(z, 2)Wi_1(z, 2) BATHERS. B, 2 B T AT HE#HE

O = 41 +span{M¢(Sp—1Wi-1)i , 1 <1 < (0p—1 — pr—1)}
+span{ My, (Sk-1Wk-1)i , 1 <i < (01 — pr-1), 1 <1 <m},

Her (Sk—1Who1)i B (Se—1Wi—1) BI5 0 17,

MR 2 78 (20, 20) B FERI P A F B, it on, A 2 RE Oy, EE AT
F, WS Qoo WRXMFEIEER b F o1 = o, WHBEFRIFIHRE 25

N ERTBREAEES 2 M 2.0 GH(z,2) BHEBEMBRSEARR. Hit, ®IMNKEL
(29,2°) BZEAESAEENEN K, WRFE L >0, ROM 2 M 2 NG (z,2) TE
(20, 20) M REARE N AE A 5 (A W B dt). MRS RTTE AT, RATE TEHHSR.

FE 4.1 RiE (2°,2°) BZEAT S AM AL IEN &, WL (2°,2°) BES U A,
A AR E A* f (A 4+ G FEE S
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5 —AES

FZR—ADENTE R° EWAEWA— AR EREM e B RS, KRB R 4E %
s =1, AL N

[ T2 ] [ T2 ] [ T2 ]
0 0 0
flxy2)=|z1za |, gi(x,2)= | @1xa |, g2(,2) = | 2124 |
3 3 3
L z1 L z1 L 21

p(:c,z):x1+:c2+fc4+fc5+z,

hi(z,z) = 21,
ho(z,z) = x2.

MTEARE, ®A1F

Wo(z, 2) = {

O =
=)
o o
o O
o O
—_

NI}
Ao(z,2) = [ Lo ],

XHE, o0 =2 po =1, KATREIE S
So=[-=zs 1],

)
20 NG+ = span{SoWy(z, 2)} = span{w},

Hebrw=(-2zs 1 0 0 0). fiffeitEasE
Mjw = (—z1z4 —x3 0 0 0),
Myw=(0 0 1 0 0),
Myw=(-1 0 0 0 0),
XHEE, MER 2 i, RATATESE Wiz, 2) K

1
0
0

o = O
= o O
o O O

Wi(z, z) = [

o O O
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5]

1 0
Ai(z,z) = Wi(z,2)G(z,2) = |23 0],
0 1
HLE HXT AR (2, 2), po =2, BIAESR. F bk, @
Sl(xvz):[_x3 1 O]a
R ATREZR 5 & B
Si(x, z2)Wi(x, z) = So(z, 2)Wo(z, 2) = w,
Mf(.Ql n GJ') C Ql,
Mgl(‘Ql N GJ—) - 'Ql7
MQQ(‘Ql N GJ—) - 'Ql7

Bk =1. W, Q- B Wiz, 2) B74ERE

(24+)*F = ker(W7) = span

o= O OO
_ o o OO

6 &

EAASHIRAE N, 8 M SBOE, ZEARS NS ERA FLEY
R RERLE, HRFFE —BIFREREZEAR AT — R, WA, w
G RT DA AR A R R U % (ker(E(R))) WY SRR ZTEARZE M, o8 kL, i H X
P RRZEAR N A BB RA R, FEd —DHG, W T xR Y

HREENRAR N EREMDT NBAEZEALE AR S LG ERS AT
BN R Z BRI AR BED S FIA R L RGN WA SRk B, MY
AR R G RBU A ELERG (WRERNLEL s = 0) B, ACRE N ZEAZS
A A R A TE R G R B R R Z A AT B S RA B A N F R R AR
X RIAE S . R R 24 R 29 3R 07 R T W 2 OB I 2R Bl (RB R e e A O — iR 4t
ARG (HAATFERM, MERBIERESEIN) B, ASCHR T M ZENEI AL
PEANAL oy A e — B HY

] 3 — 42 BT 52 B )R A {157 T R £} B 52 95 S 28 o A A A A A S0 B T AR Rk B oy
PREZR G 0 e 7 — L 45 5 22 ) ) R
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CONTROLLED INVARIANT DISTRIBUTIONS FOR A CLASS OF

NONLINEAR DIFFERENTIAL-ALGEBRAIC SYSTEMS
AND THEIR INVARIANT PROPERTIES

WANG Wentao LI Yuan
(College of Science, Shenyang University of Technology, Shenyang 110178)

Abstract In this paper, by means of M-derivative methods, the concept of controlled

invariant distributions is introduced to a class of nonlinear differential-algebraic systems, and
some invariant properties on this distribution are discussed. An algorithm of calculating the
maximal controlled invariant distributions contained in the system output kernel is developed,
and some properties on this algorithm are discussed. An example of calculating the maximal
controlled invariant distributions contained in the system output kernel is provided to illustrate
the results of the paper.

Key words Differential-algebraic systems, controlled invariant distributions, output

kernel, algorithm.



