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1
1 11> to, ¢ x1 € R,
u(t).t €[t t1] () x(tr, ®) = x1, (1) b
, C_ .
2 (D,
A= {x ERVx= x(0.0u() )
t1 °
1 (1) > toC
R
(1) n o C . Ht1) CR' x1 €R",
u(t) x(t1)= x° x1 € Hu), Ht1) € R"
, 1) = R", x1 € R ®  x(t, ®
{Ex' (1)= Av(t)+ Be(t— 1) ¢ 2to
x(t)= 9t), t € [to— 1, to]
© xi-«x(t, ® €ER", u(t)
x1— x(t, ?) = x(11,0),
x1= x(t1, )+ x(11,0)°
x(ti, )+ x(11,0)
(1) ¢ , (1) n o C . 1
[4] ; (E.A) , .
(1)
2x(t) = Awxi(t)+ Buxi(t— 1)+ Boxa(t—- 1)+ Cru(t) t >0,
N>(t) = xo(t) + Baxi(t— 1)+ Buxa(t— 1)+ Coru(t) t 20,
xi(t)= @), - 1< <0,
xa(t) = Poft), - 1< <0

A1) =

x1(t), P € R"; x2(t), & € R ni+ na= n;Ay, By € R""; N, Bp € R"""; By €

RnIXILz, 321 E anx nl;N

(1) = Awxi(t) + Bixi(t— 1)+ Baxz(t— 1)+ Ciu(t),
Na2(t) = x2(t)+ Bax2(t— 1)+ Cou(i),
x1(t) € Ry x2(t) € R ni+ na= n;Ay, By € RW™"; N, By € R"""; B, € R

, [ = ind(N)= ind(E); Ci € Rnlxm’ C) € anxm‘
(2,
3

(2),
;//’ﬁ(h): X1 ER"‘/x1= x1(t1,0), u(t) ,
JB(t1) = {x2 €ER"Y/x2= x2(11,0), u(t) .

I= ind(N) = ind(E); Ci € R"™, C, € R+

(2)

Xn2, N
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)= F(t)+ IB(t1)*

2 (2) 1> to
() = R, JB(t1)) = R™
[ 5] 2 , u ul+ w2, wi
X2 s ult u2*
(2),

xa(1) =~ Z{ViB4x£i)(t— e Ve (1)

- (1
dl—l T -
""IF = (I,D,D* ..,D"")".

[ € R2"™ ,D= Id/dt,
x2(t) = - NDB4x2(t— 1)- NDCau(t)*
k t € [to+ k,to+ k+ 1),

xa(1) = Z'f NDB g (= NDCo)u (1~ j) =

2UNDBo (NDC2) (= 1) (i = j) -

Bj = BuBj1n+ NBiBj 111+ -+ N'B_1¢ (3)
Bii Chej , j Bih N ,

N -1 0

In € R™™ Dy = Ipyd/de,

(1D, D% ., D" VE)TC, = (L DL, pPCy, . DY) =
(C3, C5Dy, CAD3, oy CID VYT,

(NDB4)' (NDC2) = (Bj.0C2, Bi.1C2, oy By, s (- 1)C2) =
(Im Dm D%n D(/¥z+ 1)”_ 1))'11.

Aj = (Bj.0C2, Bj 1Ca, -, Bj (j+1)(1-1) C2), (4)
Dj= (In, D, D, -y DAY

k
()= 240 U ue- )

-
Jr = (Ao, Ay, - Ap)® (5)
w= (= (Do) u(t), (D) u(t= 1), s (- DDy u(t- k)"

x2(t) = Jiu® (6)
(6) (2)
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Av 0 0 .. 0
Bt A1 0 ... O
4, = 0O B:1 A1 ... 0 ’
0 0 0 .. A1 0
0O 0 0 .. Bi1 Ay
Ei= [0,0, 0,1, ],
I
Zi(0) = ¢ 2 1(0) Zo(0) = In*
[1]
xi(t) = .:)IEkeA’f(e_ Y Z6(0)( B2Jw, 01){

B(t) = Awxi(t)+ Bixi(t— 1)+ BoJwur(t— 1)+ Cru(t)e

Ci= Zi(0)(B2Ji, C1),

up( -1

Jo

Q(t1) = [EoCo, -y Eo(Ao) " 1Co, oo EiChy -evy Ek(Ak)"l(k”)-le].
1 E [t0+ k,to+ k+ 1]

3 (2)

rank(Q (t1)) = ni,rank(J;) = no*

xz( tl) =

rank( Q(t1)) Z ni,
i = 0
J’?z(tl) ¢Rn2, 1

rank(Jr) Zna TE € R™
Jik,  Woxo(t1) = W Jur= Oup= 0,
rank( Q(t1)) Zn1 i

MmEe T e = 0,

s € (- i- Loi—if,i= 0,1, - k*

(3
xi(t) = J'O‘Eke/‘k(e’ Y 71(0)( B2Jk, C1)

uk( 60— 1)}016: J‘l({uk(e— 1)} 0= 0
u(0) ol w(0)

Mxi(t) = J:)]nTlEkeAk(“)c{

AA(t) ZRM, 2
(2) ,
R
() ZR™,
Myxa(t1) = 0
N Jr= O
u(t) we= JiM,

Il rlTJk ||2: 0, rir]k: 0,

2,

L, € R"™,

nNQ(u)= 0

rank( Jk) Z n2°
v 1) € A1),

x1(t1) E J’a(m),
uk(e— 1) 1

e.

ﬂa(h) Z R”‘,

x2(t) € JB(11),

(10)
(11)

Cayley Hamilton

/’iﬁ(h) Z
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S

+ u(t)

rank(Jr) = n2
JA(n) ZR"M, n € RY
xi(t1) € Zi(11)
rﬂxl(tl) = 0,
- o ur(0- 1
Mixi(t) = L]nﬁEkeAk(e_k)Ck{ ki(e) )} d0= 0
ur(0- 1) T~ A (0-k) T
= (MEre s Ci),
[ u(0) } (ThEx k)
j:)] I IFITEkeAk(aL k)Ck d0= 0,
rlTlEkeAk(e_ k)CkZ 0,
0=k TQ(t1)= O rank(Q (1)) =
2
() = x1(t)+ x1(t— D+ x3(t— D+ u(t)
3(t) = xo(t)+ x2(t— 1)+ u(t)
0= x3(t) + u(t)
x(t)= Ht)
x1(t) x2(t) x3(t) y (2)
xoft—-1)
2x(t) = x1(t)+ x1(t—= 1)+ (0, 1){x3(t— 1)
[o 1} 2(1)] (1) {1 ﬂ xalt= 1)
0 o |w(0) (ae)) L0 of [xse- 1)
1 u(t) 1 20,
xl(t); P1) - 1< <0
)| - 1< Lo
x3(t) U3(t)
(2)
Ar= (1), Bi= (1), B2= (0, 1), Ci1= (1),
o v [
oo "7 oo T |1
0<tu<1 , (4 (5

Jo= (Ao) = (BooC2) = C2= [ﬂ,
rank(Jo) = 1< 2, 3, (2) n

(12)
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1<u<2 , (4 (5

B .o 1 0
1,0 = 4= O 0 5

2 2 0 0
Bii1= BsN"+ NBaN+ N B4 = 0 )
Bia= BuN?+ NB4N + N°By = 8 8 ,

Ar= (B1oC2 B11C2, B12C2) =

1 1 10
Ji= (Ao, A1) = [ ] ,

1 0 0 O
rnak(J1) = 2= no2*
(7) (8),

A 0 1 0
Al = B, A = 1 1,E1:[0,I]= (0,1);

—
(e
S =
K==,

(9
I 1
710 = Lf‘ozo(ojz { ;
(10) J
Ci= Z1(0)(BaJ1, C1) = j(l 000 1]=
100 o 1
e 00 0 e
(11)

Q(t1)= (EoCo E1C1, E1(A1)C) =
(19 6707 0907691‘}' 670,0,0, 1+ e),
rank(Q (t1) )= 1= n1*

3, (12) 4 .
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The Controllability of Delay Degenerate Control
Systems With Independent Subsystems

JIANG Wei
(Department of Mathematics, University of Anhui, Hefei 230039, P. R. China)

Abstract: The controllability of delay degenerate differential control systems is discussed. Firstly,

delay degenerate differential control system was transformed to be canonical form, and the

comnected terms were gotten rid of, had delay degenerate differential control systems with

independent subsystems. For the general delay degenerate differnetial control systems,it was

gotten that the necessary and sufficient condition of that they are controllable is that their

reachable set is equal to the whole space. For the delay degenerate differential control systems

with independent subsystems, it was gotten that the necessary and sufficient conditions of that they

are controllable are that their reachable sets are equal to their corresponding subspaces. Then some

algebra criteria were gotten. Finally, an example was given to illustrate the main results.

Key words: independent subsystem; delay degenerate differential control system; controllability



