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APPLICATION OF THE MAXIMUM PRINCIPLE TO SINGULARLY
PERTURBED SYSTEMS WITH VARIABLE RANGE OF PHASE SPACE SOLUTION
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Abstract. Developed the method for finding solve of singularly perturbed dynamic control system with variable
structure, that essentially using the Pontriagin maximum principle.
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Introduction xgj)(t_/fl): Cg{)xl(j_l)(t_/fl _)+ Cg)xgj_l)(t_/fl _)- 4)
In the work for systems with variable range of

phase space [1,2] with singularly perturbation In the relations (1)~(4): xl(j)(t), xgj)(t) _
[3,4] we propose the algorithm for finding solve.

Algorithm essentially using Pontriagin maximum )
principle. measurable vectors of phase state if ez,

AD(e), AD(e), 40(¢), 41)(r) — known matrix,
with size n/ xn/, n/ xnl, nixn/, nixn]
respectively, and matrix A7 (r), 41(z), 41)(¢)
have piecewise continuous elements, matrix

respectively  n/— measurable and  nl-

Mathematical model singularly perturbed
system with variable range of phase space

On the segment [T}, ;| with restricted partition

Al({ )(t) — differential elements under ez,
r= {Tj’ J=LN }’ where 7, = frire I.tj—l’tj ), cY, cY cY ¢ - rectangular matrix whith
=12 N-loy=ltitelty oty ], t,=T,<  size nlxn/™, nlxnl", nixn/™, nxni
<t <<ty <ty=T let’s consider the respectively, ¢, >0 — small parameter,

. . j =1, N . Furthermore, we consider, that if j =1
system, the dynamics of which has the next ) i ) 0
then the next equals is right: C)/ =E}"’,

Cl(;) =0, Cgll) =0, CSZ) = ES), where El(l), Eél)

. . . 1 1
— unitary matrix with orders », and n,

mathematical model:

(/)
dx;’—(t) = A )xD (1) + 49 )x V() (1) respectively, CU, C\) — null matrix with size
' mixny, o omyxnt, o xe)=x"() = 2,
(1) _ (e ()4 40 () © o ) i
e, 2 W g0 () + AP x0), @ xM6)=x"()=x - the starting phase
; dt .. .
conditions of the system (1), (2) respectively
under ¢ =¢,.
Wlth Variable ConditiOnS Ofphase Space range Assuming’ that quahty of functioning System
(1), (2) determining by value of the functional
e )=, )+, ). ) He Ot ) ()=
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L o,

where symmetrical

0/ (r). 0(r). 05"
positive-defining matrix with sizes n/ xn/,
ni xni, n xn respectively, matrix elements
OV)(¢r) differentiable when ¢ e z,, j=LN,the

symbol **’ meaning the transposition operation.

Formulate of the task. Main means and
confirmations.

Problem 1. Finding the minimum of the
functional (5) per x(¢)..,x"(r) under the
next limitations: x"(¢),...,x!¥)(¢) is the solve of
(1) with the conditions (3).

Assume that X'/)(¢,s) — normal fundamention

solution corresponding (1) homogeneous
system, or matrix solution of the next task:

Xm(j)(t,s)

) i),
Xl(")(s,s) — El(j) , (6)
where EY) — unitary matrix with sizes n/ xn/,

SET,, LET,, j=1LN.
Than, solution (1), that satisfy starting condition
x"(¢,) = x") and condition (3), is

0= X0 o, )l X1 ) +

+ 5 [0 (5) 4D (s (s)ds +

k=1 4,

+ ijj(j )(t, S)Al(zj ) (s)xgj )(s)ds +

1j-1
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J .
+2, Wk(j)(ta I )Cl(f)xSo) 5

k=1

(7)

where
)= X0, JODX o,
"‘Xl(k+l)(tk+l > tk )C1(1k+1)X1(k)(tk > S) >
SET,,LET,, I<k<j<N.
Ground of the solve construction for

singularly perturbed system with variable
range of phase space

Theorem. The solution of the problem 1 is

W (0)=(090) " 45T RV (D (), ()
where RU )(t) — matrix solution of the tasks

dt

RV, ~)= CYIRU: el

J

=4 ()RV()+01(t). (9)

j=N-1,N=-2,.1,
(10)
The proof. Assume that xgj)(t), tet;, j= LN

are control functions for the system (1) with the
conditions (3), examine the next functions:

H 02 1
4TG0+ )

+ iy/(j)*(t)(Af{)(t)xl(j)(f)+ Afé)(t)xgj)(t))’ (11)



U e e, <)+

+ (e, ), (12)

where /) (¢) is the solution of adjoint system

’H(xl(j), ng> W (j+1) )

dl//(j)(
dt

(),

=—gmd H(x1 , X ,

X (6, (2), t),
'/’(j)( j _) =

= gradxl(,) H(xl( )( —) x; (
j=N-1LLN-2,..,1,

V/(N)(tN): N)xl(N)(tN)'

Apply the Pontriagin maximum principle,
(7)o () finding as the solution of the equation

( )+ AI(Z)( )‘//(j)(t): 0,

L),

-0!

_Qz ()

or

Calculating

H (xf”(t),...,ng) V()™ (), t)

gradxfj)

finding the systems of equations for find the
adjoint variables y/)(t)

()

W) __ gm0+ ), (14)
dt
l//(j)(tj ): cu+) l//(ﬁl)(tj )’

(15)
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Finding »"(¢) as

w(e) = RO )x(r).

where RU )(t) — unknown matrix with size

(16)

l’llj X I’lii .
By substituting (16) in (14), finding equation (9)
and conditions of the over patching structures
(10) for finding matrixes R")(¢) with t e i
j=LN.
The formulas (13), (16) and conditions (4)
completely  defined  functions  x{/ (¢),
substituting that in (7), finding x"(r) with
ter; forall j=1,_N.

Solve of the task

/(1)
dt

49O+ 40OV ) AL (R (0))<

xx (1), (17)

(e + e, )" 4g e, -)x

xl(j)(tj—l ) =
X R(j)(tj—l _)Xl(j_l)(tj—l _>

finding the solve (1) x"/(s) that satisfy the
xl(l)(to): xl((l)) the
assumption of functional (5) obtain minimum

(18)

starting  condition on

valuation  when  x{)(t)=x{"(¢), ter,,
j=LN.
Now in the system (2) make substitute
110 =5"(), (19)
()= () +2(0) (20)
where  zU )(t) — unknown vector-functions

corresponding dimension.

So far as



+ 49" (R (Nl () 44" (R ()<

xx(t), @1
than, designation
90 _gug, 470 g0,

get the next task for the finding z )(t) ;

dzY)(t
£ dt( -

A0~ 4PNV () 4y

43 (0)2(0)+

e (09" (_ O ()oY (1) 4 (DR (1) +

(o) (LM or ) 4 0r -

T (OAT R (1) + 47 (00 (e) +
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+ A (R ()AD (oW (1) 44" (t)R(j)(t))x
xx (1), (22)
with the conditions of phase space range change
— (01 (6)) " A (1 )R (e )1y,
when j =1, and
0f,.)-

+ Cz(é)(z(j_l)(tjfl —)+ xgj_l)(tj,l —)),

when j=23,.. . N.

Z(l)(to ) = xg))

e, )+
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