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THE LINEAR OSKOLKOV SYSTEM OF NON-ZERO ORDER
IN THE AVALOS-TRIGGIANI PROBLEM

A. 0. Kondyukov', k.a.o_leksey999@mail.ru,
T. G. Sukacheva', tamara.sukacheva@novsu.ru
! Novgorod State University, Velikiy Novgorod, Russian Federation

The Avalos—Triggiani problem for a linear Oskolkov system of non-zero order and
a system of wave equations is investigated. The mathematical model contains a linear
Oskolkov system of non-zero order and a wave vector equation corresponding to some
structure immersed in the Kelvin—Voight incompressible viscoelastic fluid. The theorem
of the existence of the unique solution to the Avalos—Triggiani problem for the indicated
systems is proved using the method proposed by the authors of this problem. The results
of this article generalize the results received earlier.

Keywords: Avalos—Triggiani problem; incompressible viscoelastic fluid; linear Oskolkov

system.

Formulation of the problem

Let 2 be a bounded domain in R" n = 2,3, with sufficiently smooth boundary 0f2.
Let u = col(uy, us, ..., u,) be a n-dimensional velocity vector n = 2,3, the scalar function
p be a pressure, and the vector w = col(w;.ws, ..., w,) be a vector of displacement of a
body, which occupies the domain €2,, and is immersed in a fluid occupying the domain 2.
Therefore, 2 = Q, Uy, ﬁsﬂﬁf = 0Q); = I'; is the common boundary of 2, and €. Let us
denote the outer boundary of Q0 by I's (see Fig. 1). Our goal is to investigate the Avalos—
Triggiani problem [1,2] for the case when the fluid in Q is an incompressible viscoelastic
Kelvin—Voigt fluid of the non-zero order [3]. The mathematical model in question is defined
by the system

K
(L =AV?)u —nV2u— Y BVW +Vp=0 V(t,z) eRxQy=Qrp, (1)
=1

0 _
% = U+ qwy, a € R_, B e Ry, =1, K, V(t,x) S QRf, (2)
V-u=0, V(t,x) € Qgy, (3)
wy — Vw+w=0 V(tz)€R X, =, (4)

with the boundary value conditions

U|Ff =0, V(t,l‘) €eR x Ff = P[Rf, (5)
W1|Ff =0, V(t,m) S F[Rf, (6)
u = wy, V(t,z) € R x I’y = gy, (7)
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ou Ow
% — E = pv V(t,x) S FRS (8)

and the initial value condition

(w(0, ), w(0,-), w1(0,-),...,wg(0,-),u(0,-)) = (wo, w1, Wig, - . ., Wko, ug) € H, 9)

where H = (H'(2))" x (L*(2))" X Hi X ... X Hi x Hy and H; = (L*(Qs))", 1 =1
He={f€(L*(y)": V- f=0inQ; and [f - l/HFf =0}.

Fig. 1. Physical model

In system (1), the parameters A and 7 characterize the elastic and viscous properties
of the fluid, respectively, the parameters f8;, | = 1, K determine the time of pressure
retardation (delay), v is a single normal vector. In the case of K = 0, A = 0, problem
(1)—(8) was investigated in [1,2], and for K = 0, # 0 in [4,5]. The case of K # 0, A # 0
is investigated for the first time and generalizes the results for the case K = 0 in [5].

1. Reduction to the Cauchy problem and its solvability

Following [1,2], we assume that p(t) satisfies the following elliptic problem:

Ap = in Ogy,

~ OJu ow r
TR AU (0)
a—l]i =Au-v on Iy

Then the pressure p can be represented as follows:

pit) = DB, 20 ) N ) i s
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where the Dirichlet map Dy is defined by the relations
Ah = 0 in Q fs

. h=g on I},
h = Dy(g) < on

=
and the Neumann map Ny is defined by the relations
Ah =0 in Q fo

h:Nf(g)@ h:O on Fsy
%— n I
al/—g (@) f-

Then original system (1)—(4), which describes the interaction of the fluid and the body
immersed in the fluid, may be presented in the form

0 on Ff,

K
(1 = AV?)uy — nV?u — ZﬁlVQWz —Giw—Guu=0 V()€ Qgy, (11)

=1

8wl

WZUJFO“W“ aqeR., pfeR, I[I=1 K, (12)
V-u=0, (13)
wy — Vw+w=0 V()€ Qs (14)

with the boundary value conditions
u\rf =0, V(t,z) € I'ry, (15)
Wl]Ff =0, V(t,x) € gy, (16)
U= wy, V(t, x) € Tgs, (17)

where
Gro=v(DAZ ) i o,
Gou = —V{DS{(ag—l(/t) : V)FRS} + Ne((Au(t) - I/)FRf)} in  Qgy.

Let us rewrite problem (11)—(17), in which pressure is excluded, in the form of an
abstract Cauchy problem:

Lo = Mv, v(0) = vy, (18)
where the operators L and M are defined by the matrices respectively
I O O O O O O I O O O O
O I O O O O A—-I1 O O 0 O O
O 0 I O O O O O o O O 1
O 0O O I O 0O |, O O 0O « O I
O O O O I O O O O O ... ag I
O O O O O A, Gy O [BiA BA ... BgA nA+ G,
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and v = col(w, wy, Wi, W, ..., Wg,u), Ay=1-AV? [isaunit operator whose domain
is clear out of context. We study problem (18) based on the results obtained in [6-9].

Lemma 1. Let A € R, n € Ry, the operators L and M be linear continuous operators
from G to H (L,M € L(G, H)), then there exists L=* € L(H). Here is the space G =
(H2(Q))" x (H*(Q))" %G1 X ... X G X Gy, where G = (H*(Q))", 1 =1, K, Gy is closure
according to the morm of the space (H?(Q))" spaces of infinitely differentiable solenoid
functions such that (15)-(17) are fulfilled.

Theorem 1. For any A € R,n € R, and vy € G, there is a unique solution to the problem
(18) v € C*(R, G)

Remark 1. Received results can be generalized to the Avalos-Triggiani problem with the
linear Oskolkov system of the highest order [3].

Remark 2. We intend to develop our research in the direction indicated in [10-12].

This work was supported by the laboratory of differential equations and mathematical
physics of the Center for Applied Mathematics of the Yaroslav the Wise Novgorod State
University. The authors express their gratitude to Professor Georgy A. Sviridyuk for his
attention to the work and discussion of the results.
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JINMHENMHASA CUCTEMA OCKOJIKOBA HEHYJIEBOT'O
ITIOPAJIKA B BAIJAYE ABAJIOC - TPUJI2KNTAHU

A.O. Konoiwxos, T.I. Cyxauesa

Uccirenyercs 3agaua Asanoc — TpumKuanu ajis auHeiHoi cucreMmbl OCKOJIKOBA HEHY-
JIEBOTO TIOPSIJIKA U CUCTEMBI BOJIHOBBIX ypaBHeHUI. MaTemMaTndeckast MOJIe/Ib COIEPKUT JIN-
Heiinyio cucremy (OCKOJIKOBa HEHYJIEBOI'O IIOPSIAKA U BOJIHOBOE YPAaBHEHUE, COOTBETCTBY-
IOIee HEKOTOPOil CTPYKType, HOTIPYKEHHON B HECXKMMAEMYIO BI3KOYIPYIYIO KHJIKOCTH
Kenbpuna—®@oiirra. C moMoIpo MeTO/a, IPEIIOXKEHHOI'O aBTOPaMy 9TON 3aJ1a4dd, JT0Ka-
3BIBAETCS TEOPEMa, CyIeCTBOBAHMS €IMHCTBEHHOrO pemenus 3agadn Asajoc—TpumKkuanu
JIJIS YKa3aHHBIX CHUCTeM. Pe3yibTarThl JIAaHHON cTaThu 000OIIAIOT PE3YJIbTATHI, IOy I€HHbIE
pamnee.

Karuesnie caosa: 3adaua Asaroc — Tpudocuaru, HECHCUMAEMAA BAZKOYNPY2A.H4 HCUOD-
xocmob; Aunetinas cucmema Ockoakosa.
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