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Let D C R? be a bounded simply connected domain with boundary
I'= 0D, T € C'. For a given wave number x € R, x > 0, find a functi-
on u satisfying the exterior Dirichlet problem for the Helmholtz equation

Au + k?u =0, in R%\ D,

u = —uihc, on T, (1)

g—;‘ — KU = 0(7‘_1/2) , r=l|z| = oo,
where u'"(z) = €**'? is an incident acoustic plane wave propagating in the
direction d € R?, |d| = 1. The function u, also denoted by u™, represents
the scattered field. The total field is given by u'°* = u™¢ + ¢, This problem
describes the scattering of an acoustic wave by the obstacle D.

The problem (1) is solved numerically using the method of fundamental
solutions (MFS) and the boundary integral equations method (BIE).

In the case of the MFS, the scattered field is approximated as follows

N
usc(m) ~ Zaj (I)(x’yj)ﬂ zeR? \E, (2)
j=1

where y; are source points located inside the obstacle D, o; are unknown
coefficients and ®(z,y) is the fundamental solution of the Helmholtz equation
in R? given by

1
(o) = Hy (sle—yl),  wyeR: x#y, 3)
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where )
HY (2) = Jo(2) + iYo(2)

is the Hankel function of the first kind and order zero.
The boundary condition is enforced at collocation points z; € I', leading
to the linear system

N
Zaj ®(zk, yj) = —u(zp), k=1,...,m, m2>N. (4)
j=1

The BIE approach is based on the representation of the solution of the
problem (1) by a single-layer potential

u(z) = / o) B(r.y)ds(y), =R\ D, (5)
I

where ¢ is an unknown density which is a solution of the boundary integral
equation of the first kind

/ o(y) ®(z,y) ds(y) = —u"(z), w €. (6)

r

2 is not an interior

The equation (6) is uniquely solvable provided that &
Dirichlet eigenvalue of the Laplacian in D.

The equation is split into real and imaginary parts. This leads to a coupled
system of first-kind boundary integral equations for the real-valued densities.
The boundary I' is parameterized by a periodic mapping z(t), t € [0, 2],
which transforms the system to integral equations on a fixed interval with
periodic kernels.

The formulation contains weakly singular logarithmic kernels. To treat
the singularity numerically, the kernel is split into a logarithmic term and a
smooth remainder, enabling accurate quadrature rules. The resulting discrete
system is solved to obtain approximations of the densities, which are then
used to reconstruct the scattered field.

Numerical results show that the method of fundamental solutions is si-
mpler and quite accurate but sensitive to source points, while the boundary
integral equation method is more complex but more stable and robust.
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IIOPIBHAHHSA METO/AIB ®YHIAMEHTAJIbBHUX
PO3B’A3KIB TA TPAHUYHUNX ITHTETPAJIBHUX PIBHAHD
JJId ITIJIOCKX 3AJAY PO3CIIOBAHHHA

Poseaanymo nopieHaHHA Memo00i8 PYHOAMEHMAADHUT DPO3E’A3KIE MG 2PAHU-
YHUL ITHMEZPAALHUL DIBHAHDL 0AA PO36°AYEAHHA NAOCKUL 3400% PO3CIIOBAHHA.
IHepwutdi nidzid 6a3Yyemvbea Ha anpoKcuMaysi wykarnoi Gynkuil y euaasdi AiHit-
HOT KOMOIHAUTT PYHOAGMERMAALHUL PO36 °A3KI6 Y PIKMUBHUL MOYKAT-0HCEPEAQT.
Y dpyeomy nidzodi pose’azox nodaro y eueandi nomenyiasy npocmozo wapy. Pe-
3YALMAMYU NOKA3YIOMb, WO MEMOI GYHIGMEHMAADHUL PO38°A3KI6 NpocMiwUl,
ane wymausutli 0o eubopy odvicepen, mModi AKX MeEMO0 ZPAHUNHUL THMELPAALHUL
PiIGHAHD CRAGOHIWUT, npome 6iabu, cmitikul.
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