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Let us suppose, that matrices A7 (2)By(z), 4 Tl(2)A0(2), A TH2)Ba(z) ave analvtic i the
domain Djg and have removable singularity at the pout z=0.
The system (2) can be written as:

1= PEYI + F(2,1,12,1], V), (3)

where P(z) is analytic matrix in the domain Dig and has removable singularity at the point
z=0.F*(z,1,Y5, Yl/, YQ/) is analytic vector-function in the domain Dig % Giig x Giog < Gope x
GQQQ, ijO = Gj/,v\(),j, k=12

Let us introduce the class of functions Hg_p. This class is a class of (n — p)— dimensional
analytic in the domain Dyg functions that have removable singularity at the point z = 0.

In the case Y5 € H(;I'*p. let us study question about the existence of the analvtic solutions of
Cauchy’s problem

{ Y] = P(2)V] + F*(2,Y1,Y2, Y] Yy), o)
Y1(z) — 0 on the condition that z — 0,z € D). ‘
that satisfy additional condition

Yl( )= 0for z — 0,z € Dyg. (3)
Let us choose such vector-function ¥ € H) ™7 | that after completing at the point z = 0.

becomes analytic function in the domain Dy and Y5(0) = 0. In this case. the function F* ¢an be
written as:
F*(z,Y],Y0,Y] Yy) = F ZSAZ Y|, Zk St = Pz, v, YY), (6)
k=1
where F' @ Dy x Gy1 x Gay — CPS, < C"P k = 1,2,.... power series ZECZIS;,:A' and
Yoo k- Spz"~1 converge in the neighborhood of the point z = 0.
Thus problem (4) could be reduce to Cauchy’s problem:

Y, = P(5)Y, + F(=. V1. Y)). -
Y1(z) — 0 on the Condltlon that = — 0,2 € Dyq. (8]

The sufficient conditions have been found: For each arbitrary fixed function Y, &
Hi 7. Y5(0) = 0, there exists at least one analytic solution of Cauchy’s problem (7)-(8) with
add1t10nal condition (5) in some subdomain of the domain Do with point z = 0 at the domain
boundary.
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On one antiperiodic boundary—value problem for fractional
differential systems

Kateryna Marynets
Uzhhorod National University, Uzhhorod, Ukraine
e—mml.katcryna.marynctb@uhnuLdu.ua

1. Problem Setting. Consider a boundary-value problem (BVP) for a [ractional differential
system (FDS) with antiperiodic boundary conditions:

(DVa = f(t,z(t)).pec(0,1), 2(0) = —z(T),
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where § D is the generalized Caputo fractional derivative [1] with lower limit at 0. t £ 0,77
z:[0,T] - D, [+ G — R™ are continuous functions, & := 0,7] x D and D C 2" is o clo=od
and bounded domain.

Assume that the BVP (1) satisfies conditions:

(i) function f is bounded by a constant vector M € R™ and it satisfies the Lipschitz
condition with a non-negative real matrix K = (k'q;j)}fj:17 Le., the following inequalities

) <M ftw) = [t )] < Klu— v (2

are true for any t € [0. 7], z,u.v € D;
(ii) the set
Ds={&%eD:{ueck": ju-&' <3}c D}, (3)
MTP
22017 (p~1)>
(iii) the spectral radius +(Q) of matrix

Is non-empty, where 3 1=

KT?»

RS Ny o

satisfies the estimate:
Q) < 1. (5)
All operations | - |, =, <. >, max, etc. between matrixes and vectors are understood compo

nentwise.

The problem is to find a solution of the BVP (1) in the space of continuous vector—functions
z:{0,T] - D.

2. Construction of successive approximations. Using the main ideas of [2]. let us
connect with BVP (1) the sequence of functions {7 bmezg. Zo={0.1.2... }. given by the
iterative formula:

p T »
- (%) /0 (T~ S)p]f(b‘-,ﬂfm1(&50))615} -2 <1i> €. (6)

where t € {0,717, & € Dy and
t\”
zo(t. &) = <1 -2 <§:> > &o

is a zero approximation. Here ['(p) is the Camma function.
Theorem 1. Assume that conditions (2)~(5) hold for the BVP (1)
Then for all fized &y € Dy, it holds:
L. Functions of the sequence (6) are continuous and satisfy antiperiodic boundary conditions:

2 (0.&) = =z, (T, &), Vin € N,

2. The sequence of functions (6) for t = 0.T] converges uniformly as i — ~c to the limit
function
ZToolt, o) = hnéc T (t, &o).

m—

3. The limit function x. satisfies boundary condition:

‘TOO(OS 50) = _vLOC<T' 50)
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4. The limit function (7) is a unique continuous solution of the integral equation

IU%Ifﬁj%a{A%FWW*f@w@D%-<%>aA?T~®”3M&m®ﬂdﬁ~2<%)Ew

boe., it is the unique solution on [0,T] of the Canchy problem for the modified system of
fractional differential equations:

o Df = f(t2) + Al&), x(0) = &.

where -
o [ \ 2l (p+ 1)
A&y) = T (T = )" Fls o (5.80))ds *{[.;h'&w ()
Jo

5. The following error estimation holds:
o

| < m@’” (In = Q)7 M.

[Zoo(t. §0) — (2, &)
where I, is the unit n—dimension matriz, matriv Q and vector M are defined in formulae (4)
and (2).
3. Connection between the limit function and the exact solution of the given
BVP.
Consider the Cauchy problem

§DPx = f(t,2) + . £ € [0,T), 2(0) = &. ()

where ¢ € R” is a control parameter and &0 € Dg.
Theorem 2. Let &5 € Dy and o€ R” be some guen vectors. Suppose that for the BUVP (1)
all conditions of Theorem 1 hold.
Then the solution x = (- £y.p1) of the initial—calue problem (9) salisfies also boviairy
condition from (1) if and only if

T ;
y - 1. 2lM(p+1
po= *—j{p ; (T — )P f (s, 200(s. £0) ) ds — —“(fp) >€0:

where xo (+,&0) is a function from the assertion 2 of Theorem 1. In that case
z(t, &0, 1) = xoe (8,&0) for ¢ €0, 7).

Theorem 3. Let the original BVP (1) satisfy conditions (2)-(5).

Then woo(-. &) is a solution of the FDS with antiperiodic boundary condition from (1) if
and only if the point & is a solution of the determining system of algebraic or travscendenial
equations:

A(&) =0,
where A is given by (8).
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