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—Thi i i f findi h : .
Abstract 's paper is proposing a way of finding the measurable vector of contral, Aj Ao _ constant square

solution of linear control systems with alag and with change
of phase space measur ability and the method of investigation
the controllability’s property for such systems.
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|I. INTRODUCTION

The aim of the given scientific work is the finding the
solution [2,4] and investigation the controllability of
systems [1,3] with a lag and with change of phase space
measurability.

The research controllability of control systems with lag
is much more difficult, than objects which are described by
the usual differential equations because the conditions of
such objects are characterized not by a set of final quantity
of sizes. Besides in the decision of some control problems
one opportunity of the object transition from any condition
to another is not enough. Specificity of control systems
with lag is more difficult that is why they we enter the
concepts of a relative controllability of control systems and
entirely controllability of such systems.

Il. THEMATHEMATICAL MODEL OF CONTROL PROBLEM
WITH A LAG WITH CHANGE OF PHASE SPACE
MEASURABILITY

Let t,,t,...,
where T, =t, <t, <t, <..<t,, <t, =T,.

The mathematicd model of a control problem looks
like:

t, issome breskdown of asegment [T,,T,],

dx@ (t , ,
dt( ):A&jxm(t)JrAszm (t-h,)+
28U (0.1 100 @
( +q; ) (J-1+qj)’qJT gh.og (2
X (t, +q1) (t, +q1) C =E,,
G-t j’J:lN (3)
(J) — (D) (i)
where =0 X2 % ) =N -measurabl e vector of

0 =y ¢y
u? =(u?, W, ... ul _
phase  coordinates, (u1 2 1) - M.

n,” n, measurable matrixes, B;,C,, constant rectangular
matrixes of n," m;, n,~
j =1L, N, and at we shall count, that if j =1 then C, = E,

" n, - measurable unit matrix, j (q) - continuous initial

n,., sizes accordingly, h, — lag,

function, X (t,) =j (t,)- an initial condition of system
@.

Let's enter the base definitions, necessary in the further
researches.
Attribute 1. The control system is called controlled, if

for any function j (t,+a,)T X,q1 [-h,0], xT X,
where X - phase space of control system and any
parameters T, T, T, =t, <t <..<t,<t, =T, exists
such controls u® (t),u® (t),..,u™ (t), which transfer
control system from initial x (t,) tofinal condition.

We find the solution of control problem (1), (2), (3). Let
us assume that exist such matrix functions:

X, (tt) _
— =X (L) A - X (tt +h) At £t -
X, (tt-)=E, X, (tt)=0, t£t £t+h,j=1N,

of t ,and

ﬂxlﬁ(tt’t) = AX, (L) + A X (t- bt ) 8T [t +h), ©

X (tt-)=E X, (tt
of t.

The mathematica model of a control problem on a
segment [t,,t) is:

LN

)=0t - h £t£t,tT [t .t),

= AP (1) + A (t- h)+Bul (1), t1 [ty,1),

(¢ +q1)=J (t,+a,). a1 [-h.0], C =E,.
The left and right parts of equation multiplied by
X, (t,t )and integrated over t :

t

o 1) % ey = 011 At ()

+;‘)X1 (tt)Ax(t - h) +(‘)><1 (t,t ) Bu® (t )t

Thelast equation isintegrated by parts.
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] o‘Llﬂ (t“ L3 (1)t == X, (1) ).

% () A (t )t + 3% () Anx(t - )+

+

+;=)><1 (t,t ) Bu® (t )dt.
Oro:

1‘ﬂX1 t,t 1
-0 ﬂg ) X( ) (t )

% () A (£ )t + &% (1) Anx(t - h)+

==X (1) X, (L)X (1) +

+;=)><1 (t,t ) Bu® (t )ot .
W:ecan seg, that:
X (L) A (£ - h) ek = 3, (1 +h) A )t +
to ty
toth
+ O X, () ACKI (t - h)dt.

b

That is why we obtain the equation:

t t

X () Ax (1) dt + X, (6t +h) A (t )t =
to to

= (1) 4 X, (64,) 0 (t) + 5% (6 ) A (¢ )t +

F O (bt +h) Ax(t )+

to+hy

+ QX (tt-h)Aj (t-h)d +
b

- O (1) BUY ()t
b

So:

to+hy
()= XY (t,t) %+ § X (tt)ACH (t - h)dt +

£, (1 )BUY (1)

For asegment [t,,t,) we'll obtain:
X7 (t) =X, (6.4) C, X, (tut) G +

+X2 (t!tl)czlobhl Xl(tl’t - hl)AmC]J (t - hl)dt +

fo

X, (1), 3% (6t ) BUY (1)t +
b

t+h,

+ O X, (tt - h)AC) (t-h)dt +

O, (6.t ) Bu® (t ) dt .
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With the same ideas and assumptions we can find the
solutions for every interval [t; ,,t;), j =1L N.
The solution of control system with lag (1), with
conditions (2), (3) isfound:
. ) j:1 )
X(J) (t) :\val(t’tl)J (tO) + é. ij,|+1(t!tl+1)

gxl (t,t)ACK Y (t - R)dt +

-1
L

a @ @

i u
+OX (t.t)Bul t)dt g+
s ¢!

ti.o+h;

+ 0 X, (6t)ACx Y (t - h)dt +
ty

t

oX, (tt)Bul (t)dt,

t,

where

&
W, tt) =X, (tt_,)C, O X (t.t.,)C. 13 k2 .
X, (t,t ) —matrix function, which satisfy (5), (6)
conditions.

Attribute 2. The determining equation of control system
with alag (1) is called the equation:

Q" (s)=A,Q",(s)+ A, QY (s - hy),

o K =12,

Q((JJ) (tj-l) = Bj S, :tj_l;
o uwur

sttt ) =LN.

The solution of the determining equations is a set of

matrixes, which are defined for
k =12,.., s =t_,+h,t_ +2h,..

And with any fixed k;, matrixes Qﬁf) (sj):O for
s=t, +(k +Dh,t_, +(k +2)h, ...

The solutions of determining equations for any ajT R

3
s 3t

Qi (s;) =0,

and every interval [t, ,,t,),j =L N arethose:

p{ ={Q"(s;).k =0,12....n; - L T [t; 1.t , +a;h)}

We can represent the next theorem.
The theorem 1. The control system (1) with conditions
(2), (3) will be controlled then and only then, when:

rank p{! =n;, | =1N,
é, -t ,u

wherea, = ¢-——¢.
e h
This theorem can be proved in much the same way as

the similar nature theorem in [1] for the case without the

change of phase space measurability.

Though, the contrallahility’s problem of control system
(1), (2, (3 is reduced to the construction of
controllability’s matrixes.

When we find the rank of controllability’s matrixes we
can answer on the controllability question.
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For computer reslization the results of this investigation
work used the mathematica package MathCad and its
basic opportunities.

The controllability’s condition of a dynamic system are
describes with the help of the determining equation for
simplification the result and its practical use. In this case
the problem of controllability is reduced to the
construction of matrixes with some structure and finding
their rank. So, controllahility’s property of control system

CONCLUSION
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with lag can be represented with the help of determining
equation of control system.
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