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Abstract:

We consider the problem of minimizing the value of t; in the time interval [ty t;],t; —t, =T in
the field D . Let t, be given. Let's consider the problem of minimizing the value of T with the
restriction of the control norm u(t) in the field D and the value of T. In this case, the quantitiy A,,
defined by equations (1) or (2) in the previous section can be called a function of T, thatis 1, =
An(T). Then the minimum value of T = T* is the smallest real non-negative value of T and at this
value.

Keywords: minimizing, interval, non-negative.

(M <1 1)

the inequality is fulfilled, to determine T, the following equality can be obtained instead of equality
(1):

n(T) =1 )

The sought T* (2) is the smallest real and non-negative root of the equation. It is based on the fact
thet the function A,,(T) is a non-increasing function of the argument T. This is turn, follows from

the fact that the function 7 ( ; is a decreasing function of the argument ¢,. Letitbe T, > T;. In
n\t1
that case, according to formulas (1) and (2) in the previous section, condition.

Z?=1azfi=21 1“51 1, j=12,. (3)
is fulfilled, we have

1 1
1 . t]-' li ? t]-' pl ?
o = ming, g, (1) Ther Bher £i0* O dt) = () Thos| Ther 195 O )
equalities.
1
Let’s assume on the contrar < ——. Inthat case
Y@ an(tl) Tn(C])
1 1

An( ( tt)% £=1|2k 1 lgl (t)l dt) (ftlf |Zk 1 lgl (t)l dt) =
(f“ i gkl ar + [ s, fol o de ) =
(2 shlp gk oI dt) (5)
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1
An(t1)
smaller value compared to &;,i = 1, ...,n . This contradicts our assumption that A, (t1) This
contradicts our assumption that A,,(t1) is the minimum value of expression (4). This contradiction

is caused by the hypothesis TltZ) < ﬁ that we have accepted . So this assumption is wrong and
n\*1 n\*1
1

An(tD) = An(t1)

But inequality (5) means that if &7 is taken instead of

in equation (4), then (4) will have a

is correct.

In addition, it is often possible to see the problem of [ -moments in the case where the numbers
a,, ..., a, are a function of the value T , that is, a; = a,(T), ..., a,, = a,(T). Then it can be easily
seen that A,, is also a function of T, A,, = 1,,(T). But in this case 1,,(T) the function cannot be
said to have some mooton property. In this case, in the problem of finding the minimum value of
T =T", it is necessary to find the smallest real and non-negative value of T*that satisfies the
inequality (1).

Now we show that the typical problems related to the optimal control of the object expressed by
ordinary differential equations can be brought to the problem of moments . . t(t, <t <t;) and
the state of the controlled object at the moment X; = X, (¢t),...,X,, = X,,(t) is given by the
coordinates representing the points. Let the control effect on the moment of time t be expressed by
the quantity u = u,(t), ..., u,, = u,.(t). In that case, the movement of the object can be expressed
by a system of n -order differential equations with variable:

L = 4WX(©) + B(Ou) = C(t) (6)

where X = X(t) = (q1(t)),€ = C(t) = (C1(t)) n— order one-column matrix; u =u(t) =
(w(t)) 7 — order one-column matrix; A = A(t) = (aij(t)) nXn— square matrix; i,j =
1,..,n; B=B(t) = (bik(t)) n X r — dimensional rectangular matrix; i=1,..n k=1,..r
(6) the initial state of the system is given by a one-column matrix X, = X,(t,) = (Xol-(t)). In

addition, in system space (6) there is a point moving according to the law represented by a one-
column matrixX™ = X*(t) = (X;(t)).

X(t) =

The problem of optimal management is as follows. It is necessary to find the function u(t) t, <
t <t; so that the point X(t) moving by equation (6) moves from the initial state X, to the limit
state X (t) and the following two conditions are fulfilled:

The problem of optimal management is as follows. It is necessary to find the function u(t) t, <
t <t; sothatthe point X(t) moving by equation (6) moves from the initial state X, to the limit
state X* and the following two conditions are fulfilled:

(A) Let the norm lul of the controlled function u(t) in the space L,(to,t;) (wherep = 1,t, and
t, are given) reach the minimum value.

(B) Ly(to,t;) the norm of the controlled function in the space is less than the value [ > 0,
lull <! (7)
let the control time be t; minimal when the condition is met.

Now we will show how it is possible to write problems A and B in the form of moment problem.
(6) compatible with the system

X = ADX (8)
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Let the fundamental matrix of the solution of the homogeneous system be @(t) = ((pl— j (t))

Then it is known that the function X (t) satisfying the equation (6) can be written as follows when
the initial condition X (t,) = X, is fulfilled:

X() = 2()X, + (1), ¥()C(@)dr + [ Y(OB@u()dr, 9)

Here @(t) = (lPij(t)),i,j =1,..,n—(8) is the fundamental matrix of the solution of the joint
system to the system:

P(t) = A)YP(t) (10)
where the matrix A'(t) is the transposed matrix of the matrix A(t).
The matrices @(t) and ¥(t) have the following properties:

Y(t) = d~L(t), (11)
Y(—t) = &(t), (12)
®(0) =d(0) =E (13)

where the E —matrix is an n X n — dimensional unit matrix.
(9) we integrate using the boundary condition X*(t,) = X(¢t;) :
X*(t) = #(t)Xo + (1) [ ¥ (@C@dr + 0 (ty) [} P (@B@u()dr. (14)

By multiplying both sides of this equation by ¥ (t) and using equality (11), the matrices ®(t)
and ¥ (t) are non-unique matrices for any t € [t,, t;] from uncomplicated transformations then the
following equality must be fulfilled for equality (14):

ffol G(Du(®)dr = a(ty) (15)
here

a(ty) =¥ (t)q"(t) — f, P(@OC(@dr— X, (16)
G(t) =¥([@)B(7) 17)

In particular, when the excitation C(t) = 0 and the system representing the point are brought to the
coordinate origin X*(t;) = 0 (15), the equation changes to the following form:

[ 6@u@dr = - X (18)

Thus, equality (15) or for a special case (18) equality (6) represents the sufficient and necessary
conditions satisfying the function u(t) that ensures the transition of the system from the given
initial state to the given limit state. On the other hand, these equations represent the problem of

moments written in vector-matrix form:; where G(t) = (Xi"(t)) this X¥(t),i = 1,2,...,m;k =
1,2, ..., hasn X r elements is a dimensional matrix.

According to theorem 2 in the previous section, problem A has the following form;

u(t) = A, |66 (6) [P ~LsignéG(t), to < t < ty,p' = 1, (19)

where ¢ = (&4, ...,&,) isavector andA,, is the solution of the following problem:

Published under an exclusive license by open access journals under Volume: 3 Issue: 12 in Dec-2023
Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

57



e
International Journal of Discoveries and

| J D |AS Innovations in Applied Sciences

| e-ISSN: 2792-3983 | www.openaccessjournals.eu | Volume: 3 Issue: 12

a(t))é =1 (20)
when the condition is met

1
ming ([ 1E6O1" de ) = (21)
must be found. It should be noted here that éG(t) term
|Z?=1 Elglk(t) § k = 1!2! A (22)

is a vector with coordinates. The minimum norm of optimal control consists of ||u|| = A,,.

To solve problem B, when condition (20) is fulfilled, it is necessary to find the minimum function
of (21) A,, = A,,(t;) -And then

At <1 (23)

the smallest real non-negative number t; satisfying the inequality is found .
After that, the solution of problem B will be as follows:

u(t) = 1EG ()P ~LsignéG(b), to < t < t5, (24)

where £ is the solution for the case t = t; of (21) and (20).

List of available publications.

1. A.G.Butkovsky. Theory of Optimal Control of Systems with Distributed Parameters, Moscow,
Nauka, 1965.

2. Yu.O.Savelyeva. Simulation of the process of optimal control of a system with distributed
parameters. Bulletin of NGIEI. 2019 No. 3.

3. G.M.Muminov, J.R.Aliyeva. Methods for managing optimal moment tasks. Methods of
improving the teaching of mathematics in a free education system. Andijan-2006.

Published under an exclusive license by open access journals under Volume: 3 Issue: 12 in Dec-2023
Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

58



