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The Avalos—Triggiani problem for a system of wave equations and a linear Oskolkov
system of the highest order is investigated. The mathematical model contains a linear
Oskolkov system describing the flow of an incompressible viscoelastic Kelvin—Voigt fluid of
of the highest order, and a wave vector equation corresponding to some structure immersed
in the specified fluid. Based on the method proposed by the authors of this problem, the
theorem of the existence of the unique solution to the Avalos—Triggiani problem for the
indicated systems is proved.
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Introduction

Let € 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
Q2¢. Therefore, 2 = Q, U Qf,ﬁs N ﬁf = 00, = I'; is the common boundary of €2, and €.
Let us denote the outer boundary of 2y by I'; (see Fig. 1). Our goal is to investigate the
Avalos-Triggiani problem |1, 2| for the case when the fluid in Qf is an incompressible
viscoelastic Kelvin—Voigt fluid of the highest order K(K = ny + ... 4+ nay) [3]. The
considered mathematical model is determined by the system

M npm—1
(1= 3VHu, — vV?u+ (u- V)u — Z Z A s VWi s +Vp =10 (1)

m=1 s=0

V(t,l‘) c (O,T] X Qf = QTf,

8wm70

5 U+ Wi, oy €E R, m=1, M V(t,x) € Qpy, (2)
an s =
P = = SWypso1 + 0 Winsy S =1, Ny, — 1 V(t,x) € Qpy, (3)
V-u=0, V(t,x) € Qpy, (4)
wy — Vw+w=0 V(tz) € (0,T] x Q = Qp, (5)
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with the boundary value conditions

u\rf =0, V(t,z) € (0, 7] xI'y = I'py, (6)
Wms\rf =0, V(t,x) € I'py, (7)
u = wy, V(t,z) € (0,T] x I'y = 'y, (8)
ou Ow
5 — 5 = pv V(t, l‘) € FTS (9)

and the initial value condition

(w(07 ')7 wt(oa ')7 W1,0(07 ')7 SRR W]V[,nmfl(ov ')7 U(O, )) = (10)
- (U}(), w17W?,07 s 7W(J)\/[,nm—l) S H7

where H = (H'(Q5))" % (L*(2))" X Hio X ... X Hpypn—1 X Hyp and Hy, s = (L*(25))",

m=1 Ms=1 n,—LH={f € (L))" : V- f=0inQand [f - vl =0}.

Fig. Physical model

In system (1), the parameters £ and p characterize the elastic and viscous properties
of the fluid, respectively, the parameters A,, ; determine the time of pressure retardation
(delay), v is a unit normal vector. In the case of a zero-order Oskolkov system, i.e. K =0,
and k = 0, problem (1) — (9) was investigated in [1,2], and for K = 0 and x # 0 — in [4,5].
The results of this work generalize the results of [6, 7] to the case of the Kelvin—Voigt
model of the highest order.

1. Reduction to the Cauchy problem

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

Ap=0 in Qgy,

ou ow r
= — V- ——" UV on
p v Ov Ts» (1]_)
Ip
—=Au-v on I'py.
ov
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Then the pressure p can be represented as follows:

p(t):Ds{(ag—l(f)"/—ag—l(/w'V)FTS}—l-Nf((Au(t)-V)FTf) in Qg

where the Dirichlet map D, is defined by the relations

AhZO n Qf,

h:Ds(g)<fr’ h:g on Fsy

oh
% =0 on Ff,

and the Neumann map Ny is defined by the relations

AhZO n Qf,

_ h=0 on I},

%—g on Iy

Then original system (1) — (5), which describes the interaction of the fluid and the

body immersed in the fluid, takes the form

M nm—1
(1 — 2V u, — vV2u + (u-V)u — Z Z A s VW o + Giw + Gou = 0 (12)
m=1 s=0
V(t,l‘) c (O,T] X Qf = QTf,
awmo ——
8757 = U+ pWino, 0 €R_, A eR, m=1, M V(t,x) € Qpy, (13)
an s E T —
P = = SWipso1 + 0 Wins, S =1, Ny, — 1 V(t,x) € Qpy, (14)
Vou=0, (15)
wy — Vw+w=0 V(tz)€ Qp, (16)
with the boundary value conditions
ulp, =0, V(t,x) € Iy, (17)
Winslp, =0, V(t,x) € Iy, (18)
u = wy, Y(t,x) € T'rs, (19)
where du(t)
w
Gyw = V{D (LY in Qp,
w=vAZed ) 1 oy
oul(t .
Gou = —V{DS{(% . V)F F+ Ne((Au(t) - IJ)FTf)} in  Qpy.
Ts
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Based on the corresponding results for the operators L and M [8] , problem (12) —
(19), in which pressure is excluded, will be written as an abstract Cauchy problem

Lo = Mo, v(0) = v, (20)

Here v = col(w, wy, Wi1,05 - - WMo, Wi,y Wiy oo s WM, oo o, WMy u), where l,,, = 1y, —
I,m=1,M.
We study the problem (20) using the results obtained in [9-12].

Lemma 1. Let k € R, p € 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(2))" % (H*(Q:))" X G10 X« . . X Gasno1 X G, where G s = (H2(Q))",m =1, M,s =
1, n, —1, Gy is closure according to the norm of the space (H?())" of the space of
infinitely differentiable solenoid functions such that (17) — (19) are fulfilled.

Theorem 1. For any k € R,u € Ry and vy € G, there is the unique solution to the
problem (20) v € C*((0,T], G)

In conclusion, we note that the corresponding stochastic models can also be considered
using the approach outlined in [13-15].
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AHAJIN3 BAJAYN ABAJIOC — TPUI2KNAHN
A1 JIMHEMHON CUCTEMBI OCKOJIKOBA BBICIIIET'O ITOPSIJIKA
1 CUCTEMBI BOJTHOBEIX YPABHEHUN

T.I. Cyxauesa', A.O. Kondrwxos'
"Hosroposckuit rocymapersennbiii yausepeuteT uM. Spocaasa Mymporo,
r. Benuknit Horopon, Poccuiickas ®eneparms

B pabore ucciienosana 3amada Asajoc — TpumKuaHu [ijisi CUCTEMBI BOJIHOBBIX ypaBHE-
Huil 1 JMHeHHO#H cucTreMbl OCKOJIKOBa BBICIIErO HOpsaka. MaremMarudyeckast MOJIEIb COLEP-
KAT JuHeiHy10 cucreMy OCKOJIKOB&, OIUCHIBAIOINLYIO TEUeHNE HECKIMAEMON BA3KOYIIPYT O
xkugakoctu Kemabpuna — @oiirra BbICHIEro MOPsiIKa, W BOJTHOBOE BEKTOPHOE ypaBHEHUE, CO-
OTBETCTBYIOIEe HEKOTOPOI CTPYKTYPe, MOIPYKEHHON B YKAa3aHHYIO KUJIKOCTh. Ha ocHOBe
METO/Ia, IIPEJJIOZKEHHOI'0 aBTOPaMU 33/1a4u, JIOKa3aHa TeopeMa CyIeCTBOBAHUS €JIMHCTBEH-
HOTO pereHust 3aa49n ApaJsioc — TpuKuanu Jijisi YKa3aHHBIX CHCTEM.

Karouesvie crosa: 3adaua Aeansoc — Tpuddcuanu, HecoCumMaemas 8A3KOYNPY2ai HCUOD-
Kocmob, Aunetinvie cucmemvr Ockoxosa.
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