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Abstract— A discrete problem of optimal control is considered. The control function u(t) c U, teT is called an
Necessary optimality conditions are obtained.

admissible control, if the solution x(t ) of equation (4)
Key words— first order necessary conditions; difference analogy;

. S L corresponding to it satisfies constraint (3).
optimal control; equation in variations

III. NECESSARY OPTIMALITY CONDITIONS

L. INTRODUCTION . .
Assume that (u (l‘ ), x(t )) is a fixed admissible process and

We study an optimal control problem described by a introduce the denotation

tem of Volterra difference equations (see [1]) involving
Zﬁiality and inequalit; ty;: conest;laintsn on the right erlllz{ 0;“/ 1he H (t X (t ) u(t )= Vi (t )) =
trajectory. Necessary optimality conditions of first and second (p.'(x(t ))
orders are obtained. Therewith, the scheme suggested by the =—= : f (tl .1, x(t ),u(t ))+
author in the papers [2, 3] is used. Ox
II.  STATEMENT OF PROBLEM i ( r t, x u(t)),
Consider a problem on minimum of the terminal functional N
So(10) = 9, (x(1,)), M HO0)=H, (Ol (1)
under the constrains H)Ei )(t) =H, (l‘, x(t), u(t), W, (t)),
u(t)yeU cR", teT = {toi+ L....t, }, 2) H([)(Z)E H (l x(t) u(t) l//(t))
. = Q. < | = :
S, ()= p,(x(1,)) <0, 1. IL . HOO)=H_(e,x(t).ult)y,(t))
Si(u):¢i(X(t])):O, l :p+19q7 Q(t,T):f;l (t,T,X(T),u(T))—
t
t
x(t) = ;}f (t,7,%(2),u(7)), teT. ) ~ S R(ts)f, (s, ox(e)u(0))
Here ¢,,f, are the given numbers, moreover the 2
0 ven v K.(r,5)= -0z, )8 o, (x(z, ))Q(tl,s)
difference ¢,—, is a natural number, @,(x), i=1,q are ox? )
twice continuously differentiable scalar functions, U is a
given non-empty, bounded and open set, u(¢) is an 7 - + ZQ t T)Hxx )Q( ,8 )

tmaxr?

dimensional vector of control actions, f (t ,T, X, u) isagiven  and equation in variations

n -dimensional vector-function continuous in totality of
variables together with partial derivatives with respect to

(x, u) to second order inclusively.
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ox(0) = Y1 b2, x(e (e o) +

T=t,

+ /(e x(e)u(o)ou(o)]

Here 514(1 ) € R", t €T is an arbitrary bounded vector-

(6)

function (admissible control variation), R(Z', t ) is an (n X n)

matrix function (resolvent of the variational equation (6) for
system (4)) being a solution of the matrix difference equation

of Volterra type
ZR r,s s f, x(t) u(t))—

- f, (r,t,X(t),u(t))-
Assume that (u(t ), x(t )) is an optimal process in the

considered problem and forall i=1,p, S ] (u (t )) 0.

The first and second variations of the functional
have the forms:

()

5'S (us6u)= ZH’ ®)
52S[(u;5u)=5x'(tl)w&c( -
- i [/ (e ) ) ()t +. )

t=t,

+ 200 (e JF 2 0)ou)+ G (0)1 ) ()}

Theorem 1. For optimality of the admissible control u(t)

in the considered problem it is necessary the existence of the
vector

2=y 2y dy )€ RT, 2,20, i=0, p,

q
A= 2 JA]=1,
such, that
i/lic?lSi(u:&u):O,
i=0
for all 514(1‘)6 R ,teTl.

Each admissible control u(l‘) satisfying the conditions

theorem 1, is called classic extremals.
Following the scheme suggested in [2, 3], the second

variation (9) of the functional S, (u) is represented in the
form

$IEEE 43

028 (u;0u) = [Zéu Ot )ou(r)+

1=ty

+225u

=ty S=ly

o8] Sowtons

t=ty | 7=ty

(e puls)
0l Yl ﬂ |

Denote by A(u) the set of all vectors A€ R,

satisfying the conditions of theorem 1, and introduce the
analogy of the [4, 5] set of critical variations for the
considered problem.

DM (u; 6u) = {5u:5lSi(u;5u)S 0,i =0, p;
5lSi(u;5u):O,i:p+1,q}.

Theorem 2. For optimality of classical extremals in
problem (1)-(4) it is necessary that the inequality

maxz/152 ;) >0

ﬂeA u

be fulfilled for all 514( )e DM ;).

(10)

IV. CONCLUSION

An optimal control problem described by a system of
Volterra type difference equations involving equality and
inequality type functional constraints on the right end of the
trajectory, is studied. Necessary optimality conditions of first
and second orders are established.
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