MUHUCTEPCTBO OBPABOBAHUS PECIIYBJINKN BEJIAPYCH
BEJIOPYCCKUI I'OCYIAPCTBEHHBII YHUBEPCUTET

IFoOCYJAPCTBEHHOE HAYYHOE VUPEZKJIEHNE
UMHCTUTYT MATEMATUKN HAIIMOHAJILHON AKAJIEMUN HAYK BEJIAPYCH»

dex

MexayHapoaHada MaTeMaTmieckass KOH(epeHs

«IIgareie BorpanoBckue 4TeHusd
110 OOBLIKHOBEHHBLIM JuddepeHnnajabHbIM yPaBHEHIIM »

Te3ucer gokJ1a/10B

7—10 pekabpst 2010 romga

Musck
Pecnybanka Bemapych

MUWHCK 2010



VIK 517
BBK 22.161.61a43
M43

PemaxTopsn:

C.T. Kpacosckunit, A. A. Jlesakos, C. A. Mazanuk

Mexaynapontuass mMaremarudeckasi koHdeperHmnus «IIlaroie BormanoBckue

M43 uTeHusi 10 OOBIKHOBEHHBIM UM DEPEHITNATIHLHBIM YPABHEHUAM»: Te3. JTOKJIaJI0B

Mexaynaponoit HayuaHol Koudepeniuu. Munck, 7—10 gekabpsa 2010 r. — Mu.: UacturyT
marematruku HAH Benapycu, 2010. — 152c.

ISBN 978-985-6499-65-7

COOpHUK COEPXKUT TE3NUCHI JOKJIAI0B, IIPEACTABICHHBIX Ha MexK IyHapoaHOi MaTeMaTHIeCKOi
koHdepennun «IIarbie Bormanosckue arenns Mo 0OBIKHOBEHHBIM I depeHnaabHbIM yPaBHEHN-
aM». B cOOpPHHUK BOIILIN TE3WCHI JOKJIAI0B II0 BOIIPOCAM AHAJIUTUIECKOHN, KAUEeCTBEHHON M aCUMII-
TOTUIECKOI Teopun guddepeHnnaabHbIX yPABHEHN, TEOPUN YCTOWIHMBOCTH, TEOPUU YIIPABICHUS
JBUYKEHNIEM, CTOXaCTHIECKUM I depeHITnaIbHBIM YPABHEHUIM, METOINKE IIPEIIOIABAHISA MaTe-
MATHKH.

(© Kounextus asropos, 2010
ISBN 978-985-6499-65-7 © Uncruryr maremaruku HAH Benapycu, 2010



Teopust ycTOMYIMBOCTHA M T€OPUs YIPABIECHUS JIBUKECHUEM 99

cucrema (1) crabunmsupyema rorja u TobKO Torja, koryma & = (8o — F170) /(14 B2y0) < 0.
Crabuusupyonmuit peryiarop nMeeT BU/I:

_ (5352+50(51+52)+51 ta ) /
u(t) = Bayo + 1 10 r1 (t) } i
_ (ﬁoﬁﬂo + 017+ e +1 n azo) 22 (1)
Bayo + 1
B (BofBa + b1 + [2) /

i _( Bavo + 1 +a11) {xl(t—h)]_F

_ (5052 + 51+ B2 n a21> o (£ = h)
Bayo + 1
B2 (Bof2 + 261 + B2) / 9 /
N ( Bryo + 1 ”12) {:'cl(t—hw+ —ﬁ Fl(t—h)}
Bavo+1 " %

CONSISTENT SYSTEMS AND POLE ASSIGNMENT PROBLEM
V. A. Zaitsev (Izhevsk, Russia)
Consider a bilinear control system
T=(A{t)+u()A(t) + ... +u, (DA )z, teR, 2ze€K' K=CVR, (1)

with bounded piecewise continuous functions A(-), A;(+), w(-), I =1,r. The system (1)
is said to be consistent on [to,t1] [1] if for any matrix G € M, ,(K) there exists a bounded
piecewise continuous control function u = (uy,...,u,) : [to, 1] — K" such that the solution
of the matrix initial value problem Z = A(t)Z + (u1(t)A1(t) + ... + u.(t)A-(t)) X (¢, to),
Z(ty) = 0 satisfies condition Z(t1) = G; X(t,s) denotes the Cauchy matrix of the system
& = A(t)x. Let us assume that system (1) is time-independent:

t=A4+uwuA+... +uA)z, zeK" (2)

We consider pole assignment problem for system (2). We shall say that system (2) is
arbitrarily pole assignable if for a given polynomial p(\) = A" 4+ y A" 4+ ...
.. + v, with v € K there exists a control @ = (uy,...,u,) € K" such that det(\ —

— (A+wmA + ... +u,A)) = p(A). Consider a linear control system with static output
feedback

&=Ar+ Bu, y=C*z, u=Uy, (2,u,y)€K"xK"xKP"
The matrix U € M,, ;(K) is a compensator. The closed-loop system has the form
t=(A+BUC")z, xe€K" (3)

System (3) is a special case of system (2). Let us construct the matrix @ = {Q;;} from
the system (2) as follows: Q;; = Sp(A;A"), i = 1,n, j = 1,r. Let J be first unit
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superdiagonal matrix that is J = >0 e;el,; € M, ,(K). Set @ = {S = {8ij}ij=1 1 8ij =
=0fori<j+k}e M, (K), k=0,n—1.

Theorem 1. Suppose the matriz A of system (3) has the Hessenberg form that is
A={ai}t=1; @i #0, i=1n—1; a;; =0, j>i+1 and the first (p —1) rows of
matriz B and the last (n — p) rows of matriz C are equal to zero (p € {1,...,n}). Then
implications 1 = 2 <= 3 hold for the following assertions:

1. System (3) is consistent.

2. The matrices C*B,C*AB, ..., C*A" !B are linearly independent.

3. System (3) is arbitrarily pole assignable.

Moreover, the implication 2 = 1 holds if one of the following conditions is satisfied:
(a) rank B =n; (b) rankC =n; (¢) A=J; (d) rank B+rankC >n-+1; (e) n <6.

Theorem 2. Suppose the matriz A of system (2) has the Hessenberg form and the
first (p—1) rows and the last (n —p) columns of matrices A;, 1= 1,7 are equal to zero
(pe{l,...,n}). Then implications 4 =5 <= 6 hold for the following assertions:

4. System (2) is consistent.

5. rank Q) = n.

6. System (2) is arbitrarily pole assignable.

Moreover, the implication 5 = 4 holds if one of the following conditions is satisfied:
(a) A=J; (b) n<3.

Theorem 3. Suppose the matriz A of system (2) has the Hessenberg form, r = n,

and A; € U1, L =1,n. Then implications 4 <= 5 <= 6 hold.
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