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ABSTRACT
In the paper we consider one class dynamic control system with discrete parameter and under conditions of

indeterminacy initial data. The minimax control problem for this system is researched. For this non-smooth
control problem the necessary and sufficient conditions for optimality are obtained.
Keywords: control system, discrete parameter, non-smooth functional, minimax, control problem,

conditions of optimality.

INTRODUCTION
The issues of decision-making in the economic planning and organization of production, in the design of

technical devices and process control lead to various optimization problems [1,2]. Non-smooth optimization
problems constitute a special class of mathematical models of such problems. They are often represented with
non-smooth objective functions.

One of the approaches used in decision-making in conditions of incomplete information about the
initial data of the system and external influences is the principle of optimization by the minimax criterion, which
assumes obtaining a guaranteed value of the management quality criterion [3]. This usually leads to problems of

optimizing a non-smooth function of the maximum or minimum type [4,5].

In the research of system models under conditions of information constraints, the methods of estimating
the reachability set and predicting the phase state of the system, the conditions of guaranteed control, etc. are of
great interest. They are closely related to the problems of controlling an ensemble of trajectories [6-9] and are

solved by methods of non-smooth optimization problems for dynamic control systems.

As a result of studies of non-smooth optimization models, special methods for solving them have been

developed, and sections of non-smooth and multi-valued analysis are being developed [1,3,4,6].

In this paper, we consider a dynamic control system with a discrete parameter under conditions of
incomplete information about the initial state. The goal of management is to achieve a guaranteed result under
such conditions of inaccuracy of information. A terminal functional of the minimum function type is considered
as a criterion for evaluating the quality of management. Necessary and sufficient optimality conditions are

obtained. They develop research of work [10]

STATEMENT OF THE PROBLEM

Consider a dynamic control system with a parameter of the form

X=A(t, y)x+b(t,u,y),teT =[t,,t,], uev, yeY, (1)
where X — is state N -vector, U— is control M vector, Y — K - dimensional parameter, A(t,y)-Nxn -
matrix, D(t,u,y) € R". The initial state of the system is inaccurate, i.e. X(t,) € D, where D — convex

compact subset R" ; V — compact space R™ ; the parameter Y  takes discrete values, i.e.
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Y ={y1, Yo yq}. With respect to the right side of equation (1), we assume that the following conditions

are met:

1) the elements of the matrix A(t, y) are summableby t € T foreach y €Y ;

2) the mapping (t,u,y) — b(t,u, y) is measurable over t €T and continuous over U €V, for

every y €Y, with ||b(t,u, y)|| < B(), p()eL(T).

The admissible controls for system (1) are each measurable bounded M -vector function u = u(t),

t €T, which take values from V' almost everywhereon T .

Let: UT — the set of all admissible controls; H+ (U, y)-the set of all absolutely continuous solutions
X = X(t,u, X,, Y) of equation (1) with the initial condition X(t,) = X, € D for a given admissible control
u eUT and parameter Y €Y ; Under given conditions, H. (u,y) is a compact set in the space of

continuous N -vector functions C"(T).

Let the quality of control of a dynamical system be evaluated by a non-smooth terminal functional

J(u, X,) Inf Z(P(y)x(tl,u Xs:¥), 1), where P(y)is an Sx N matrix, and L is a bounded set of R®

er
Given the inaccuracies of setting the initial state of the system (1), the goal of management can be considered to

achieve a guaranteed value of the quality criterion J(u, X,) . In other words, for system (1), consider the

following minimax problem:

Ju= max inf Z(P(y)x(t ),1) > min,u U, @)

x()eHr (u,y) yeY le

We will study the necessary and sufficient optimality conditions for the minimax problem (2).

METHODS AND RESULTS OF THE STUDY
Consider a set consisting of the ends of all the trajectories of X(-) € H; (U, y) attime t, >t,:

Xr(t,u,y) ={¢ € R"[£ =x(t,), x() € Hy (U, V)}.

Due to the results of [6], X+ (t,,U,Y) is a convex compact set of R". Using the minimax theorem known from

convex analysis, we obtain that the equality is valid

in fZ(P(y)x(t ), )= |nf Z (P(y)x(t ),)VueU,

max
X()eHy (u,y).yeY le v X0 HT(uy)
Therefore, the minimax problem (2) can be written as follows:

Iiergg"LyZEY:C(P(y)X(tl,u,y),I) — min,ueU,, ®)
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where C(PX, 1) =sup(P&,1) — support function of the set PX , COL — convex hull of aset L. In that way,

EeX
the minimax problem (2) is reduced to the problem of repeated minimize (3). View this problem clear that it is a task
management terminal state of the ensemble of trajectories of a dynamical system (1) with imprecisely specified initial

condition.

Consider the function w (t, y,1) = F/(t,,t)P'(y)l . The reference function C(P(y) X (t,,u, y),l)) of

the set P(y) X (t;,u, y) has the representation:

CP(Y) X (1, Y1) = C(D,p o, i) + [ (L (D), Y, v, .

)

where F (t,7) — the fundamental matrix of solutions to the equation X=A(t,y)x , ie.

oF, (t,
M: At y)F,(t,7), teT,zeT F (r,7) =E, E - singular N X N-matrix.

Let's introduce the function

yeY yeY

y(1)=> D,y (s, y).1) +tj1rp€ivn > Cb(t, v, y), w(t, y,1))dt, I < coL .

Theorem. For optimality control UO(-) in problem (2), the existence of a global minimum point

1° e coL of the function (1)1 € coL is necessary and sufficient, and the condition is satisfied

fylian(b(t,V, Yty 1)) =2 b u’ @), y)wityl%) ieonT. @

yeY yeY

CONCLUSION
In this paper, we study the problem of controlling an ensemble of trajectories of a system formulated in the

form of a non-smooth control problem of the minimax type. Necessary and sufficient optimality conditions are

obtained for this problem. They provide a theoretical justification for the method of constructing a solution to

problem (2) by solving finite-dimensional problems of the form (4).
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