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

The system of equations

K
(1= AV, =V — (v-V)v + ZﬁlVQWl —Vp+f,
1=1
V.-v=0,
an
— = v+ qw,

ot
o € R, lzl, K,

models the dynamics of an incompressible viscoelastic Kelvin — Voight fluid of order
K [1]. Function v = (vy, ve, ..., v,), v; = v(x,t), has the physical meaning of flow
velocity, the function p = p(x,t) corresponds to the pressure of the liquid. Here z € Q,
Q CR", n=23, is abounded domain with a boundary 0f2 of the class C*°. The
parameters 7 € R, and A € R characterize the viscous and elastic properties of the liquid,
respectively. The parameters 3, € Ry, | = 1, K, determine the pressure retardation
(delay) time.
Earlier, we considered the Cauchy — Dirichlet problem

v(x,0) = vo(x), p(z,0) = po(x),
wi(z,0) = wy (), Ve,
v(x,t) =0, wi(z,t) =0, =1, K, VY(z,t) €00 xR
for this system under the assumption that the free term f = (fi, fo, ..., fa)s

characterizing the external effect on the liquid, does not depend on time [2]. The approach
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proposed in [3, 4], and developed in [5], allows us to consider the Avalos-Triggiani problem
(in the future the AT problem) for the corresponding linearized Oskolkov system of non-
zero order.

We will be interested in the unique solvability of the AT problem for the linearized
Oskolkov system of non-zero order. It is convenient to study this problem within the
framework of the theory of Sobolev-type equations. So we consider the AT problem
for the linearized Oskolkov system of non-zero order as a concrete interpretation of the
corresponding abstract problem.

1. Physical and Mathematical Model

Let Q be a bounded domain in R, n = 2,3, with sufficiently smooth boundary 0f2.
Let u = col(uq, us, ..., u,) be a n—dimensional velocity vector n = 2,3, the scalar function
p be a pressure, and the vector w = col(wy, ws, ..., w,) be a vector of displacement of a
body, which occupies the domain €2, and is immersed in a fluid occupying the domain
Q2¢. Therefore, 2 = QU Qf,ﬁs N ﬁf = 0Q), =T, is the common boundary of €2, and
and denote (0,7 x Q¢ as Qpf. Let us denote the outer boundary of Q; by I'y (Fig. 1).
Our goal is to investigate the AT problem |3, 4| for the case when the fluid in ¢ is an
incompressible viscoelastic Kelvin—Voight fluid discribed by the linearized Oskolkov system
of non-zero order. Note that here the vector-function @ = col(y, s, ..., @,) corresponds to
the stationary solution of the original system [1| . The mathematical model in question is
defined by the system

K
(1= AV —nV2u— (i V)u— (u- V)i — Y BV’w + Vp =0, V(t,z) € Qry, (1)

=1

B -
% —utaw, wmeR., BeER, =1 K, Ytz)eQy; (2
V-u=0, V(t,x) € Qpy, (3)

wy — Vw+w=0, V(tz)ec (0,T]x Q= Qp, (4)

with the boundary value conditions

u\rf =0, V(t,z) € (0, 7] xI'y =I'py, (5)

Wl‘Ff =0, V(t,l') c FTf, (6)

u = wy, V(t,z) € (0,T] x I'y = T'p, (7)
ou Ow

% — 5 = pr, V(t,f) c PTS (8)

and the initial value condition

(w(0, ), w(0,-), wi(0,-),...,wg(0,-),u(0,)) = (wy, w1, Wig, - . ., Wgo,ug) € H,  (9)
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Fig. 1. Physical model

where H = (H'(Q,))" x (L*(2))" X Hy x ... X Hyx x Hy and H; = (L*(Q,))", 1 =1
He={f€(L* Q)" :V-f=0inQ; and [f - Vllp, = 0}.

In the system (1)—(9), the parameters A\ and 7 characterize the elastic and viscous
properties of the fluid, respectively, v is a unit normal vector, the parameters f;, | =1, K
determine the time of pressure retardation (delay). In the case of A = 0, K = 0 problem
(1)—(9) without clauses containing @ was investigated in [3, 4]. The AT problem for the
linear Oskolkov system and a system of wave equations for A # 0 was considered in [5, 6],
and the AT problem for the linear Oskolkov system of non-zero order and a system of wave
equations is investigated in |7, 8] . The AT problem for the linearized Oskolkov system
and a system of wave equations was considered in [9]. The AT problem for the linearized
Oskolkov system of non-zero order and a system of wave equations is considered for the
first time and in this article the results [9] are generalized.

K

Y Y

2. Reduction Method
Following [3, 4], we assume that p(t) satisfies the following elliptic problem:

Ap = in Qry,

_ Ou ow r
p_g'y_a'l/ on Ts» (10)
Jp

—=Au-v on Iy

Then due to (10) the pressure p can be represented as follows:

0. { (=20 beato-on,) w o
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where the Dirichlet map Dy is defined by the relations
h=Dyg) e t=9 o T

and the Neumann map Ny is defined by the relations

AhzO in Qf,

_ h=0 on T4,
h_Nf(g)@ oh

@Z‘q on I’y

Then original system (1)—(7), which describes the interaction of the fluid and the body
immersed in the fluid, takes the form

K
(1= AV — V2 — (i V)u— (u- V)i — Y BV?w, — Giw — Gou = 0,
=1

V(t, .CE) c QTf,

an P
W = U+ oqwy, a € R_, G € Ry, =1, K, V(t, 33') € QTf, (12)
V.u=0, (13)
Wit — v2w +w = 07 V(t, 33') € QTs (14>

with the boundary value conditions

u\rf =0, V(t,x) € I'py, (15)
Wl‘rf = O, V(t, 33') € FTf7 (16)
u = wy, V(t,x) € I'rs, (17)

where

Gy {Ds { (azgit) .V) m}} in Qpy,

Gou = —V{DS{<ag—(yt) ~1/>F } + Ny ((Au(t) 'V)FTf)} in  Qpy.

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

Lo = Mv, v(0) = v, (18)
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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 O 0 O
O 0 I O O O O O o O O I
O 0 O I O O [, O O 0O 0 I
O o0 o0 o0 ... 1 O o O O O ... oag I
O 0 O O ... O A, Gi O BiA BA ... BkA B+ Gy

Here v = col(w, wy, Wi, Wo, ..., Wi, u), Ay=1-AV% B:u— nViu—(a-V)u—(u-V)u
[9]. I is a unit operator. It’s domain is clear out of context.

3. Solvability of the Problem
We study problem (18) based on the results citing in [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 the space G =
(H%(Q2))" x (H*(Qs))" x Gy X ... X G X Gy, where G = (H*(Q))", 1 =1, K, Gy is closure
according to the morm of the space (H?())" 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 problem
(18) v € C*(R, G).

Remark 1. Received results generalize results of the article [9] and can be generalized to
the AT problem with the linearized Oskolkov system of the highest order [1]. We intend
to develop our research in the direction indicated in [10, 11].
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JINHEAPN30BAHHAYA CUCTEMA OCKOJIKOBA
HEHYJIEBOI'O IIOPAJIKA B 3A/IAYE
ABAJIOC - TP KNAHN

T. I. Cyxauesa', A. O. Kondoxos!
'Hosroposackuit rocyapersenneiii ynusepeuter uM. dpociaasa Myaporo, T. Bemukuit Hos-
ropox, Poccuiickas @enepariust

Uccienyercs 3amada ABasoc—TpumKkuanu Ajist JuHeapu30BaHHON crucreMbl OCKOJIKOBA
HEHYJIeBOTO TOPSIIKA W CHCTEMbI BOJIHOBBIX ypaBHeHmil. MaTemMaTmdeckass MOJETb COMIEp-
KAT JIUHeapu30BaHHY0 cucreMy OCKOJIKOBAa HEHYJIEBOI'O MOPSIKA M BOJIHOBOE ypaBHEHUE,
COOTBETCTBYIOIEE HEKOTOPO#l CTPYKType, IOIPYKEHHOI B HECXKUMAEMYIO BA3KOYIPYTYIO
xuaroctb KenbBuaa—®@oiirra. C MOMOIIBIO METOJA, IIPEJJIOYKEHHOTO aBTOPAMH ITOH 3a-
JIa9M, JOKA3bIBAETCS TEOpeMa CYIIECTBOBAHUS €JIMHCTBEHHOTO PEIeHNs YKAa3aHHOM 3a/1a4u
Apajtoc—Tpumkuanu. Pe3yabraTsl JaHHO cTaThu 0000IIAIOT PE3Y/ILTATHI, IOy YeHHbIE Pa-
Hee.

Karuesnvie caosa: 3adavwa Asaroc — Tpudocuaru, HECHCUMAEMAA BAZKOYNPY2AH HCUOD-
KoCmb, AuHeapu3osarnas cucmema Ockoskosa.
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