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ON REPRESENTATION OF SOLUTIONS OF ROESSER TYPE DISCRETELY-CONTINUOUS
LINEAR SYSTEM

A.Y. Jabbarova', K.B. Mansimov’, R.O. Mastaliyev'
(Presented by Academician of ANAS T.A.Aliyev)

In the paper a boundary value problem for Roesser type discretely continuous linear system of equa-
tions is considered. The analogue of the Cauchy matrix is introduced, and the representation of the solution

of the boundary value problem is found by its means.
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The paper is devoted to finding the represen-
tation of the solution of a Roesser type linear, ho-
mogeneous hybrid system of equations.

1. Consider the Roesser type system of equa-
tions

z,(t,x)= A(t, x)z(t,x)+ B(t, x) y(t,x)+ (2, x),
teTZ[tO,tl], xeXz{xO,x0+l,...,xl}, (1)

y(t,x +1)=C(t,x)z(t,x)+ D(t,x)y(t,x) + g(t,x),
te[to,tl],xzxo,xo +1,..,x, -1,

with the boundary conditions
ot x)=alx), xex, ytx,)=blt). ()

Here A(t,x), B(t,x), C(t,x), D(t,x) are the
given continuous with respect to ¢ for all xe X
functions dimensions,

(z(t,x), y(t,x)) is the sought for (1 +m) -dimen-

matrix of appropriate

sional vector-function, a(x) is the given n-dimen-

sional discrete vector-function, b(t) is the given

m - dimensional continuous vector-function.

The system (1) consisting of the «mixture» of
called
Roesser-type hybrid system or a hybrid 2-D system.
Many real processes are described by such systems
(see e.i. [1, 2]).

In the paper we find «integral representation»

differential and difference equation is

of the solution of the system of equation (1) with
boundary conditions (2).
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2. Let
V(t,x; T,S): Vn(f,x; T,S) Vi, (t,x; 7,8
V21(t’x; T,S) sz(t,x; T,S)

1s still unknown (n + m) X (n + m) dimensional
block matrix function, (z(t,x), y(t,x)) is the solu-
tion of problem (1)-(2).

This means that
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(Aless)2le.5) 4 Bes)yles) e fls)) )
- C(z,5)z(z,5)+ D(z,s) y(z,5)+ g(z,s5) )
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;[S_ZX;(VH(t X; T,S) 22 t X, T,S J(y s+1J
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From (4) using the rules of matrix multiplica-
tion will have:
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+ Vlz(t, X T, s) [C(T, s) Z(T, s) + D(T, s) y(T, S) + g{r, S)]J i
+ V;z(t,x, T, S) [C(T, s) Z(T, s) + dT, s) y(T, S) + g{r, S)]

On the basis of definition of equality of ma-
trices we get the validity of the relations

ji[ﬁl(f,x; 7,5)z. (¢

_JZ[ t,x; 7,5)[Alr,5)z(r )y(z,s)+

( S )]+ 12(t’xn T,S)[C(‘L',S)Z(‘L',S)-i- 5
+D(r,s)y(r,s)+ g(T,S)]d‘[’

j.i[lél(t,x; T,S)ZT (T,S)+ 6)

+V,(t,x; 7,8)y(z,5+1) a’r IZ[ (tx; T,s)
)
[

5)+V, (8,3 7,8) p(z,s +1)]d7 =

s)+B(r,s

x[A(r,s z(r,s)+B( ,s) ( ,s)+f(r,s)]+V22(t,x, r,s)x

X C(r, s)z(r, s) + D(r, s)y(r,s

)+g(r,s)]dr.

From (5), grouping the similar terms we get

j.XZlV“(t,x; T,S)Z (‘L‘

ty $=%o

,s)dr +

t ox-1

+_[ZV12(t’X; f,s)y(r
t o x-1
= J.Z[V“(t,x; T,S)A(T,S)+ V., (t,x; T,S)C(‘L',S)] X

x z(z,s)dT +

,s+1)dt =

1 x-1

+J.z ’ t X, T,8 B ‘L' s)+V12(t,x; r,s)D(r,s)] X

X (, )dz'+

t

+J.[V“(t,x; 7,8) f(2,5)+V, (t,x; 7,5)g(z,5)]d7.

In what follows, by using the formula of inte-
gration by parts in the certain integral, we can see
the validity of the identity

1 x-1

IZ 11txf )

+V, (t,x; r,s)y(f,s+ 1)]df = ZVH(t,x; t,s)z(t,s)—

—anfx t s) (t s)
_j‘ial/“tx TS)

{ x-1

+IZV12 t,x; 7,5 —1)y(z,s)dr +

7,s)dt +

I (t,x; 7,x—1)y(r,x)d7 -

t

- J.V12 (t,x; T,X, — l)y(r,xo)dr.

ty

Consequently,

x—1 x—1

ZVH(t,x; t,s)z(t,s)— ZVH(t,x; to,s)a(s)—
c oV, (tx; T,s
J'Z 1

+J.V12 (t,x; 7,x—1)y(z,x)d7 - (7)

7,5)d7 +

t

—J.V12 (t,x; T,X, — l)y(f,xo)df +

ty

Lox-1
+J.ZV12(EX; ,5=1)y(z,s)dr =

tox-1
= jZ[VH (t, X; T,S)A(T,S)+ Vi, (t,x; T,S)C(T,S)] X

—1

dr+jz V. (t,x;7,5)B(z,s) +

+V, (6,35 7,5 )D(f,s)]y( 7,8
IS 5 7.5) £ (.8 Vo 7,5)gle, 5l

s)dt +

In the similar way, using (6) and discrete ana-
logue of the formula of integration by parts, we get

Zl txts ts ZVzltxts)(t s)
ji@Vzltxf)

1 x-1

+IZV22txrs Dylz,s)de +

,5)dt +
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t Lox-l
+J.V22 (t,; 7,x=1)y(r,x)d7 — +J.Z:V12 (t,x; 7,5)g(r,s)dx, (11)
t 0 (8) x—1 " x—1
{nﬁxr%—w&%wﬁ= 2 Valtx 5)2(6,5) = Vo (6,33 10,5)2(00,5) +
t o1 !
IZ o t X7, s )+ V22(t,x; T,S)X +_[sz (t:XQ T,x—l)y(f,x)df—
t oyl t
x C(z,5)e(z,s)dr + IZ[V21(t,x; 7,5)B(z,s)+ —Isz (6, 7., =1)y(z, %, )7 =
+V,,(t,x; 7,5)D(z,5)|y(z,5)dr + jinl (63 7.5) £z )dz + (12)
tox-1
+IZ[V21(t,x; T,S)f(T,S)+ v, (t,x; r,s)g(r,s)]dr. .
o - _[Z:V22 (t,x;7,5)g(z,s)dr.

Assume that the matrix  functions

V, (t,x; r,s), i, j=1,2 satisfly the relations
AN

From (11) it follows that

x=2
Z V. (t,x; t,5)z(t,5)+ V, (6, x; £, x = 1)z(t,x —1) -

ot
=V, (t,x;7,5) Az, 5)-V, (t,x; 7,5)C(z, 5), —iVu(faXQ t,,5)z(t,, )+
Vi (t,x; t,s =1)=V, (t,x;7,5)B(z,s)+
+I/12(t"x; r,s)D(r,s), +J.Vl2(t,x; T,x—l)y(r,x)dr—
aVﬂ(téx; ) =V, (6.5 7,5) Alz,5)- ©)
T
v, (t,x; T,S)C(T,S), _[V12 1X; T, X, — l)y(r xo)dr =
v, (t,x' T, s—l)— V21(t X; T, s)B(r,s)+
¥, (tx: 7.5)Dle.s), J'ZV“txr 7,s)dr +
Vi (t,x;t,5)=0, x,<s<x-2, L
11(tx t,x— )=E J.ZVutx TS )dT

V,(tx;t,x=1)=0, 7€l
V,(t.x;t,5)=0, <s<x-1,

X0 = (10) Hunce, allowing for (9), (10), we have:
v, (t X, T, X — )

tx 1 ZVH t,x; to,s to,s)
Then from (7) and (8) we get

x—1 x—1
ZV“(t,x; t,s)z(t,s)— ZVH(t,x; to,s)a(s)+

+J.V12 1,X; T, X, — l)y(r xo)dr+

1 x-1

+J.ZVll 1,X;T,8 )dr+

+ J.V12 (t,; 7,0 =1)y(r, x)dr -

1 x-1

r,s)dr,

t

_J.Vl2(t x'fxo_l) (T xo)d‘[: +J.ZVI2tX‘L'S

Ly

that means

1 x-1

jZVu t,x;7,8) f(r,5)dr +
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t x)= iVll(t,x+l; to,s)z(to,s)+

$=Xo

+IK2 (t,x+1; 7,X, —l)y(f,xo)df +

ty

+J.Z:V11 (t,x+1;7,5) f(z,5)dr +

=X,
t, 0

+J.ZVl2tx+1 t,s)g(z,s)dr.

=X,
t, 0

Thus, we get

Z(t,x) =V, (t,x +1; ¢,,x)a(x)+

x—1
+ ZV“(t,x+ I; to,s)a(s)+

$=Xo

+IK2(t,x+1; T,X, —l)b(r)dr +

ty

+J.V“(t,x+1; T,x)f(r,x)dr+ (13)

tox-l1

+IZVH t,x+17,s) f(r,s)dr +

=X,
t, 0

t ox-1

+J.ZVl2tx+1 7,5)g(r,s)dr.

S=X,
[ 0

In what follows, using identity (12), we get

Isz (t,x; T,x—l)y(r,x)dr =

fy

—ZVzl t,x; to,s J.V22 1,X; T, X, 1)

S=X
0 ty

tox-1

x y(z,x,)dz + IZV21 (t,x;7,5) f(z,8)dr +

ty $=Xo

tox-1

+[ 2 Va(x 7.5)g(e.s)dr.

t, 5=%

Hence, allowing for (9), (10) we get:

L x—1
_[y(r,x)dr = Z Vo (t,x; t,,s)a(s)+

+.[V22(t x;r,x, —1)b()dr +
+.[ZV21(t x5 T, S)f(T S)dr+
+JZV22(t’x?TvS)g(T’S)dr.

Differentiating both parts of this relation with
respect to ¢, we arrive at the representation

x—1 .
)= ST ) )

V,(t,x; t,x, —1)b(t)+
N j- ov,, (t,x;r,xo -1

Py )b(r)dr +

Iy

tox-1

jz%f“ $) f(e,5)dz +

5=X,

+Zsz(fax; t,s)glt,s)+ (14)

ty

S=X,

j.XZIaVD 1, 7.5) g(z,s)dr.

S=X
Iy 0

Thus, we proved the following statement.
Theorem. Let, V,.j(t,x; r,s), i,j=1,2 be ma-

trix functions being the solutions of problem (9)-
(10).

Than the solution of the system of equations (1),
with boundary conditions (2) may be represented in
the form (13), (14).
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ROSSER TiPLi BiR XOTTi DiSKRET-KOSILMOZ SiSTEMIN HOLLININ
GOSTORILISI HAQQINDA

A.Y. Cabbarova, K.B. Mansimov, R.O. Mastaliyev

Maqalada Rosser tipli bir xatti bircins olmayan diskret-kasilmoz tonliklar sistemi iiglin qoyulmus sorhad masalasine
baxilir. Kosi matrisinin analoqu daxil edilmis vo onun vasitasilo sarhod mosalasinin hollinin gostarilisi tapilmigdir.

Acar sozlar:Rosser tipli sistem, sarhad masalasi, hallin géstoriligi
O IPEJICTABJIEHWAY PEINEHUSA OJJHOM JUCKPETHO-HEITPEPBIBHOM
CHUCTEMbI TUITA POCCEPA
A Ixa66apoBa, K.b.Mancumos, P.O.MacrajineB
B cratbe n3yuaercst KpaeBast 3ajaua JUis OJHON HEOJAHOPOIHOW JIMHEHHOMN AUCKPETHO-HEMPEPHIBHON CHCTEMbI
ypaBHenuii tuna Poccepa. Beenen ananor matpuiisl Koiiu, ¢ OMOIIBIO Yero U Hail/IeHO Mpe/CTaBICHUE PEIICHHS 10~

CTaBJICHHOM KpaeBOM 3a/lauu.

Knwueswvie cnoea: cucmema muna Poccepa, Kpaeesas 3a0aua, npedcmasﬂeHuepemeHuﬂ
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