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avec des parties imaginaires petites, qui convergent vers les racines carrées des valeurs
propres multiples du probléme limite.
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1. Introduction

It is known that the scattering of E-polarized electromagnetic field on the ideally conducting cylindrical surface, the
cross-section of which is the curve I's, and the vibrations_ of a membrane fixed on T, are described by the solution to the
following Dirichlet boundary value problem in €5 =R?\Ts:

u
(A+Kk)us=f, xeQs, us=0, xels, a—:—iku(g:o(r”/z), ) (1)

* Correspondence to: Bashkir State Pedagogical University, 3a October Revolution str., 450000 Ufa, Russia.
E-mail address: gadylshin@yandex.ru.

http://dx.doi.org/10.1016/j.crme.2015.10.002
1631-0721/© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.


http://dx.doi.org/10.1016/j.crme.2015.10.002
http://www.ScienceDirect.com/
http://www.sciencedirect.com
mailto:gadylshin@yandex.ru
http://dx.doi.org/10.1016/j.crme.2015.10.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crme.2015.10.002&domain=pdf

182 R.R. Gadyl'shin / C. R. Mecanique 344 (2016) 181-189

where x = (x1, x2), r = |x|, k is a positive number. In its turn, the following Neumann boundary value problem

(A+KHus=f, xeQs, aailf =0, xeTy, % —ikus=00"?), r—o0 (2)
where n is the normal to Iy, describes an H-polarized electromagnetic field on the ideally conducting cylindrical surface,
the cross-section of which is the curve I's, and the vibrations of a membrane not fixed on the cut I's.

Hereinafter, we assume that § > 0, I'o € C* is a boundary of a bounded simply-connected domain € and, for § =¢ > 0,
the curve 'y is obtained from I'g by cutting out a great number of openings of small diameter located close to each
other. Namely, let w be a unit circle with its center at the origin. Suppose that yp = dw, N > 1 is an integer number,
& =2N"1. For the boundary value problem (1), we assume that y, = {(r,0) : r =1, e(—a(e)+mm) <6 < e(a(e) +mm), m=
0,1,...,N — 1}, where 0 is the polar angle and 0 < a(e) < % and for the boundary value problem (2), we assume that
Ve ={@,0):r=1,¢e@() +mn) <O <e(@m+1)—a(e)), m=1,...,N}. We denote Q =P(w), I's =P(ys), P is a
difffomorphism R? into R? and assume that n is the outer normal to Q. For § = &, we will call the problems (1) and (2)
the perturbed problems. Since Q¢ =Q U (Rz\ﬁ), it follows that for § =0 the problem (1) decomposes into two Dirichlet
problems, in © and in R?\, and the problem (2) decomposes into two Neumann problems, in © and in R?\2. We will
call them the internal limit and the external limit problems, respectively.

In the following, we assume that

elna(e) ;))00 (3)

for the boundary value problem (1) and

a(s):exp(— ) A(e) >0, lin})A(s)zo e—>0 (4)

eA(g)
for the boundary value problem (2).

For these cases, it is known [1] (see also [2]) that if A = k? is not the eigenvalue of the limit internal problem, then a
solution to the perturbed problem converges to solutions to the limit problems in € and R?\. Assume that kg > 0 and
o= k% is an eigenvalue of the limit internal problem. In [3] it is shown that the analytic continuation (with respect to k)
of the solution to the perturbed problem has a pole t¢ with small imaginary part (a scattering frequency), converging to
ko as € — 0. This pole lies in the lower complex semi-plane Imk < 0, and the residue of the analytic continuation of the
solution is a solution to the boundary value problem

<A+(r€)2) YE=0, x€Q, Y =0, xeTl, (5)
for (1) and a solution to the boundary value problem
YA aye
(A+(r)>1// =0, xeQ. =0 xel, (6)

for (2). Let us emphasize that for fixed & the function ¢ increases exponentially as r — oco. We will call it a quasi-
eigenfunction.

In the case when Ag =l<% is a simple eigenvalue of the limit internal problems, the leading terms of the asymptotics
of pole converging to ko and of the associated quasi-eigenfunction were constructed in [4,5]. In the present paper, we
constructed the leading terms of the asymptotics of poles converging to ko and of the associated quasi-eigenfunctions in
cases when the multiplicity of an eigenvalue Ag = k% of the limit internal problems is equal to n > 2.

2. Asymptotics of quasi-eigenelements for the boundary value problem (1)

In this section we assume that the condition (3) holds. Let Ao be an eigenvalue of multiplicity n > 2 of the limit interior
boundary value problem for (1), and let %l) (I=1,2,...,n) be the corresponding orthonormal eigenfunctions in L,(f2), i.e.,

Ay =aop, xe@,  y=0, xery

/(wé”<x>)2dx=1, fl/fé’Rx)x/fé")(x)dx:o, I#p, Lp=T,
Q

Q

=

The leading terms of the asymptotics for the poles ¢! and associated quasi-eigenfunctions ¢+ outside a neighborhood
of I'g are constructed in the form
re”=ko+erl(’)+82t2(’)+... ™
el (D (O] 2., (D
Y =Yy () +ev ) +eY, () +..., XeQ (8)

vl =ewP o) 2w et +..., xeRAQ 9)
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