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a version of the Pontryagin maximum principle providing a complete set of necessary optimality
conditions. The dominating discount condition is not assumed.
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SOME PROBLEMS OF ON-TARGET CONTROL
FOR A CLASS OF CONTINUOUS-DISCRETE SYSTEMS

© A.L. Chadov, V.P. Maksimov
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For a functional differential system with continuous and discrete times, the problem of control
with respect to an on-target vector-functional is considered. Conditions for the solvability
of the problem are obtained.

We consider here a system of functional differential equations (FDE, FDS) that, formally
speaking, is a concrete realization of the so-called abstract functional differential equation
(AFDE). Theory of AFDE is thoroughly treated in [1, 2]|. On the other hand, the system
under consideration is a typical one met with in mathematical modeling economic dynamic
processes and covers many kinds of dynamic models with aftereffect (integro-differential, delayed
differential, differential difference, difference) and impulsive perturbations resulting in system’s
state jumps at prescribed time moments. The equations of the system contain simultaneously
terms depending on continuous time, ¢ € [0,77, and discrete, ¢t € {0,¢1,...,t,, T}, this is why
the term <«hybrid» seems to be suitable. As this term is deeply embedded in the literature in
different senses, we will follow the authors employing the more definite name «continuous-discrete
systems» (CDS), see, for instance [3, 4], and references therein. Notice that in [3] a detailed
motivation for studying CDS and examples of applications can be found together with results
on stabilization, observability and controllabality for a class of linear CDS with continuous-time
dynamics described by ordinary differential equations.

The abstract functional differential system [1]

5r =0z + f (1)

is considered, where = = col(y,z), vy : [0,T] — R™, z : {0,t1,...,tn, T} — RV,
oz = col(y,Az), (Az)(t:) = 2(t:i) — 2(0),0 = < 811 glz > ; ©11:DS" — L™, Oy
21 O22
MY — L™, ©O9 : DS™ — MV, Oy : MY — MYV are linear operators. Given sets [ =
= {0,t1,..,t,,T}H0 < t1 < ... < t, <T5;J ={0,71,.., T, T},0 < 71 < ... < Ty < T, the
spaces DS™ and MYV are defined as follows. Let us denote the characteristic function of the
set A by xa. DS™ (see [2]) is the space of functions y : [0,7] — R™ representable in the
form y(t) = y(0) + fg y(s)ds + 31" Xpr) (D) [y(7) — y(mi = 0)] 5 MV is the space of functions
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z I — RY. All the spaces are equipped with natural norms and are Banach spaces. It is
suggested that operator © : DS™ x MY — L™ x MY is bounded and Volterra.
Consider the abstract control problem (CP)

0x =0z + Fu+ f, z(0)=col(a, ), lx=r, (2)

where F': H — L™ x MV is a linear bounded operator defined on a Hilbert space H of control
actions, £: DS"xMV" — R is a given linear bounded vector-functional (the so-called on-target
vector-functional with components £y, ...,¢x ).

We shall obtain conditions of the solvability to (2) on the base of the representation [5]
which gives the description of all solutions to dz = Ox + Fu + f under the initial conditions
y(0)=a € R", 2(0) =8 € R":

a
r=X| o | +Cf+CFu, (3)
g

where X is the fundamental matrix and C is the Cauchy operator [5]. Here the vector
o = col (Ay(m1),...,Ay(1m)) € R™ is arbitrary. Applying the vector-functional ¢ to both
sides of (3) and taking into account the goal of controlling as reaching the given value v € RY
for ¢z along the trajectories = of (2), we arrived at the equation

et
(X o | +4Cf+ICFu =~ (4)
g

with respect to 0 € R™ and u € H .

We reduce (4) to a linear algebraic system. Note that A; = ¢;CF is a linear bounded
functional defined on the Hilbert space H , this is why there exists v; € H such that
Aj = (vj, u) (v; = (CF)*¢;, -* stands for adjoint operator notation).

Let us seek the control % in the form of the linear span u = Zf\;l d;v; (recall that the space
can be considered as the sum span(vy, ..., vn) @ [span(vi, ..., on)]" ).

Thus, we have (CFu = Vd, where V = {(v;, vj)} v is the Gram N x N -matrix for
the system vy,...,oy € H.

Let us write the matrix X in the form (X = (5|, Za|, E.) where Z,, Za, Z; have
dimensions N xn, N x (mn), N X v respectively.

ij=L1,..

Now we arrive at the system
Eac+Vd=~y—UCf-Eyja—E.f (5)

and formulate the result as the following theorem.

T h e orem. The control problem (2) for CDS (1) is solvable if and only if the linear
algebraic system (5) s solvable in (mn + N) -vector col(o,d). Each solution col(oo,do),
oo = col(od,...,0l"), of the system (5) defines the control solving CP (2) including the impulses
ok = Ay(m.), k=1,...,m and the control € H, i = Zj\le dojv; .
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DJIEMEHTHI IPUTSI>KEHUA B ABCTPAKTHOM 3ATAYE O
JOCTNAKNMOCTHN C OTPAHUYEHUSAMU ACUMIITOTUYECKOT'O
XAPAKTEPA

© A.I. Yennos

Kmouesnie ca06a: KOMITAKT; MHOYKECTBO TIPUTSIIKEHUST; TTOJIyaaredpa; yiabTpaduabTp.

Jna abcTpakTHOW 3a4aud O JOCTUXKUMOCTH B TomojorumdeckoMm mpocrpancrtse (TII) wuc-
crepytorcs MHOXKecTBa nputszkenus (MII), umeromue CMbICT aCUMITOTHYECKUX AHAJOIOB
obiacTeit JOCTUKUMOCTH B 3a7adaxX TeOpuu ympapieHus. IlomydeHbl BecbMa OOIMHe TIpe-
crapienus MII B xuacce ynbrpadunsrpos (y/d) upocrpancrsa o6brunbix pemenuii. IIpu
9TOM HMCHOJIB3YIOTCA y/(b MUPOKO TTOHUMaAEMbIX U3MEPUMBIX TTPOCTPAHCTB. STO CBA3aHO C
TEM, UTO B «O0OBIYHOM» CJIyYae, KOTJia PacCMAaTPUBAIOTCS ¥ /¢ ceMeiicTBa BCeX MOIMHOKECTB
(/M) yIOMSIHYTOrO IPOCTPAHCTBA, MbI PACIIOJNAraeM KOHCTPYKTHBHBIM CIIOCOOOM MOCTPOE-
HUs TOJBKO T. H. TPUBHAJIBHBIX Y/, COOTBETCTBYIONMX OOBIYHBIM DEIIEHUIM, B TO BPEMs
KaK MHOTHE BasKHBIE JIJIs1 TEOPUHU U MPHUJIOKEHHUH aCHMOTOTHIeCKHE (P PEKThI PeATH3y 0T s
cBobouHbiMu y/d (umerorcst B Buay y/d ¢ nycrThiM nepecedeHneM BCEX CBOMX MHOXKECTRB),
KOTOpPBIE, TPY0O TOBOPS, «HE BU3yann3upyeMbls. CUTyaIwst, OTHAKO, MEHSIETCS B IEJIOM PSIJIe
CTy9aeB M3MEPHUMBIX MPOCTPAHCTE C MOMyanrebpaMu u anrebpaMu MHOXKECTB. DTO IETaeT
AKTYAJbHBIM MCCJIEI0BAHNE KOHCTPYKIUI aCUMIITOTHYECKOrO (1, BOODIIE TOBOPs, HECEKBEH-
UMAJIbHOIO) aHaju3a ¢ npuMeHenueM y/¢ Tex uim uHBIX cemelicTB MHOxkecTB. HanbGosiee
M3BECTHBIE TI0CTPOEHMst Yy /¢ Takoro Tuna coorsercreyiorT npocrpancream CroyHa, Korga us-
MepUMasi CTPYKTYPa COOTBETCTBYET OCHAIIEHWIO TPOCTPAHCTBA OOBIYHBIX PEIeHnit anreGpoit
MHOXKeCTB. Huke MpUBOAMTCS BapMaHT, OTBEYAIOIINI OCHAIEHUIO TIOJIyaarebpoii, a Takxke
HEKOTOpbIE «4acTH4Hbley (¢ Touku 3peHus onucanus MII) npeacraBienus, UCIOIb3YIONTE
eule 6osiee obiiue u3MepuMble CTPYKTYPbI (T. H. 7T -CUCTEMBI).
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