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Abstract. A simple algorithm for construction of the approximate solution of some classical
and nonlocal boundary value problems of the mathematical physics is considered. The effi-
ciency of the offered algorithm for construction of the approximate solutions of problems is
shown on the examples of two-dimensional classical and nonlocal boundary value problems
of the theory of elasticity and for two-dimensional equations of Laplace and Helmholtz.
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1. Introduction

In this work a simple algorithm for construction of the approximate solution of some
boundary value problems of the mathematical physics is considered. The mentioned
algorithm has been offered in [1]. We may call a considered method a semi-analytical
method. From the approximate methods known in the literature it is the closest to a
method of fundamental solutions [2-4] and a boundary elements method [5-9].

In the work the main relations of the offered method for the problems of the two-
dimensional equations of Laplace and Helmholtz and for problems of the plane theory of
thermoelasticity are obtained. By means of this method the approximate solutions for
several classical boundary value problems and nonlocal problems of Bitsadze-Samarskii
type [10-21] are constructed and exact solutions of these problems are known in ad-
vance. The relevant exact and approximate solutions are compared with each other
and appropriate conclusions are drawn.

2. Problems for the Laplaces two dimensional equation

Let Oxy be a rectangular cartesian coordinate system on the plane. We consider
the Laplace equation

Au =0, (1)
_ : . : : _ _o()
where A(+) = () zz + (+) 4y i a two-dimensional laplacian, (), = ——=, (), = B
Y
u(z,y) is a scalar function.
First we consider the simply connected domain €2 with a sufficiently smooth bound-
ary L . The domain 2 covers the origin of coordinates. On a contour L the 2N + 1
points with coordinates of (x1,41), (2, y2), ..., (Tan+1,Yon+1) are more or less evenly

distributed (Fig. 1).
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The approximate solution is sought in the form of

u=ay+ Z'r’"(&:, y)|an cos(nb(x,y)) + by, sin(nb(z,y))], (2)

where ag, ay, -+ ,a,, b1, , b, are sought-for real coefficients; r(z,y) = /22 + y2,

arctan g, x>0,
x

arctang—ﬂr, r<0,y>0,
x

O(x,y) = arctan 2 —m, x<0,y<0,
x
7r

= =0,y>0

27 x 7y Y
T

L —5, $:0,y<0

The partial derivatives of u(z,y) are expressed by the formulas

= Y0 oy an cos((n = 1Bz, y)) + by sin((n — 10w, y))
7 )
iy = S @)l =ansin((n — D0, ) + b cos((n — DA, )

Fig. 1. The simply connected domain {2

The algorithm of construction of the approximate solution is stated on the example
of the classical mixed boundary value problem. The contour L is divided into two
contours L; and Ly so that by Li(\Ly = @ and L;(Ly = L (Fig. 1). Let us
assume that the contour L; includes points of (z1,v1), (z2,¥2), -, (TN, yn,) and the
contour Lo includes points of (zn,+1,Yny+1), (Tny42,Yni42), -, (Tans1, Yoni1) - On
the contour L; the value of the sought-for function is set, and on the contour L, - of
the value of its normal derivative

{ u’Ll = fl<x>y)7 ($,y) € Ll

Un|r, = fo(z,y), (x,y) € Lo, (4)
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where fi(z,y) and fy(z,y) are the functions defined on the boundary; (-),, derivative
in the direction 7 = (cos o, sin ), i. e.

Uy = Uy COSQ+ Uy sina. (5)

External unit normal in a point (x;,y;) on the boundary is designated through
(cos aj, sin o).

When j = 1,2,--- ,N; in the formula (2) = and y are replaced through z; and
y; respectively. The expressions obtained fi(z;,y;) are equated to the corresponding
values of the boundary conditions (4). Similarly, when j = Ny +1,N; +2,--- 2N +1
in the formula (3) x and y are replaced through x; and y;. The expressions received are
substituted in (4), where instead of a value «; is substituted. The resulting expressions
are equated to the corresponding values fo(z;,y;) of the boundary conditions (4).

Thus, we obtain the system of the linear algebraic 2N + 1 equations with 2N + 1
unknown ag, a1, ..., an, by, ..., bn

N
ap + Z(Alnjan -+ A2njbn> = fl(xj,yj), j = 1, 2, s ,Nl,
W 0
S (Bungan + Bogba) = folwsyy) 5= N+ LN +2,-- 2N + 1,
n=1
where

Arnj = 1"(x5,y;) cos(nb(z;, y;)),
Agnj = 1"(x5,y;) sin(nb(x;, y;)),
By = 1" (x5, y;)[cos((n — 1)8(x;, ;) cos a; + sin((n — 1)6(x;, y;)) sin oy,
Bayj = "y, yj)[— sin((n — 1)0(x;, y;)) cos a; + cos((n — 1)0(x;,y;)) sin ay].

After solving the system (6), its solution (ag, a1, ..., an, by, ..., by) is substituted in
the formula (2) and thus we've got the approximate solution of a boundary value
problem (1), (4).

Example 1. As an example we consider a classical problem of Dirichlet in elliptic
domain V = {(x,y)| 2% + 4y*> < 1} . The boundary of domain V is the ellipse of S,
which is set parametrically x = cost, y = 0.5sint, 0 < t < 27w. Thus, the following
problem is considered

Au=0 1n V,
U|S = 0.5(1‘2 + y2)|(x,y)€S-

The exact solution of this problem is the following function
u =024+ 0.3(z* — y?).

On the boundary S the points (cos %(] —1),0.5sin %(] — 1)), j=1,2,...,71 are
marked (Fig. 2). The approximate solution is sought in the form (2), where N = 35.

Meeting the boundary conditions in the marked points, we've got the system of the
algebraic 71 equations with 71 unknown.
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Fig. 2. The domain V with the points marked on the boundary

After solving this system, the resulting solution is substituted in (2) ( NV = 35) and
we’ve got the approximate solution.

The appropriate program is made in the Maplel2. Numerical results are specified
in Table 1.

Tab. 1. Numerical results for the problem 1

(z,9) u(z,y) u(z,y) | |u(z,y) —ulz,y)|
(0.01, 0) | 0.2000300000 | 0.20003 0
(0.1, 0) | 0.2030000000 | 0.20300 0
(0.5,0) | 0.2750000000 | 0.27500 0
1
0

(0.9, 0) | 0.4429999995 | 0.44300 5.0-1071°
(0.2,—0.2) | 0.2000000000 | 0.20000

(0, 0.3) | 0.1730000000 | 0.17300 0
(0.8, 0.1) | 0.3890000001 | 0.38900 10710

As Table 1 shows the constructed approximate solution may be called the exact
solution of the problem of Dirichlet.

The approximate solutions for multi-connected domains are constructed analo-
gously. For simplicity the doubly connected domain €2, bounded by the simple closed
contours L; and L, is considered from which the last one embraces the latter and the
previous embraces the origin of coordinates. On these contours the points 2(2N + 1)
with the coordinates (w1,y1), (z2,%2), .., (T22n+41), Y2(2n+1)) are more or less evenly dis-
tributed (Fig. 3).

YA

Fig. 3. The doubly connected domain 2
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The approximate solution is sought in the following form

u=alnr(z,y)+ag+ Z r~"(z,y)[a, cos(nb(x,y)) + by, sin(nb(z,y))]

n=1

+r"(x, y)[c, cos(nb(z,y) + d, sin(nb(z,y))].

Partial derivatives of @(z,y) function are expressed by means of the formulas

ax

Uy = m + ; —nr~ " (x,y)[a, cos((n + 1)0(z,y))

b sin((n T 1)0(z, )] + 00" (2,9) [en cos((n — 10z, 3))
+d, sin((n — 1)0(x,y))],

TP 3 —nr " Yz, y)[a, sin((n x
L = 2 ) +; (2, y)]an sin((n +1)0(z, y))

—b, cos((n+ 1)8(x,y))] + nr"z, y)[—c, sin((n — 1)0(z, y))
+d,, cos((n — 1)0(z,y))],

(9)

Using the formulas (7)-( 9), (5) of the simply connected domain considered above,
the boundary conditions are satisfied point-wise in the points selected on the boundary.
As a result the we’ve got a system of the linear algebraic 4N + 2 equations with 4N + 2

unknowns a, ag, a1, ..., an, by, ..., bn, 1, ..., N, d, ..., d .

The considered way can be applied to construct the approximate solution of rather
a wide class of tasks for harmonic functions. The example of construction of the ap-
proximate solution of nonlocal problem of Bitsadze-Samarskii for the doubly connected

domain bounded by the rectangular contours is given below.

_Example 2. Let the domain V' represent the doubly connected domain V' =
Vi\Va, where Vi = {2 <2 <3, -2<y<2}, Va={-1<z<1,-1<y<1} (Fig.

4). We consider below the nonlocal problem of Bitsadze-Samarskii

Au=0 iV,
(—2,7) 2 2420, —2<y<2
u(— = — — —
Y T Y , 2<y<2,
_ 2
u(z, 2)—m2+4—|—x —br+2, —-2<ux<3,
3.y) — u(2y) = — 2 gcy<2
u — U = — _
7y 7y 9+y2 4+y2’ y )
2
y - —1
S(—1y) = 7, —1<y<1,
U ) (y2 + 1)? Y
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2
y o —1
u (ly) =2~ 3 —1l<y<l.

The exact solution of this problem is as follows

u(z,y) = + 2% — 5x — y* + 6.

x
x2 4 y?

[B¥]

()
—
[=]
—
S iy s ol
Lad|
b

-2

Fig. 4. Doubly connected domain V', in which nonlocal problem is solved

On an external contour beginning from the point (3, 0), with a step 0.5 points 36 are
marked. Analogously, on an internal contour beginning from a point (1, 0), with the
same frequency 16 more points are marked. On an internal contour two more points
with coordinates (0.75,—1.0) and (—0.75,1.0) are marked. In fig. 4 also 7 points
are marked on the segment inside the body where nonlocal conditions are set. The
approximate solution sought in the form (7), where N = 13. Boundary and nonlocal
conditions are satisfied in the marked points.

The solution of the nonlocal problem is tabulated to solution of the problem of
system of the linear algebraic 54 equations with 54 unknown. After solving this system,
the resulting solution is substituted in (7) (N = 13) and we’ve got the approximate
solution.

The appropriate program is made in the Maple 12. Numerical results are presented
in Table 2.

Tab. 2. Numerical results for a problem 2

(.I,y) ﬂ(ZL’,y) u(xay) ‘ﬂ(l‘,y) —U(l‘,y>|
(2.0, 0) 0.5000066859 0.5 6.66859 - 107°

(1.6, 1.8) —2.404136519 | —2.404137931 1.412-10°

(0.4, 1.74) 1.257888466 1.257886259 2.203-107¢
(—1.43,—2.25) | 9.931201879 9.931201249 6.3-1077

(0.7, —1.23) 1.826596858 1.826593235 3.623 - 1076
(—1.5,1.5) 13.16666710 13.16666667 4.3-1077
(3.0, —2.0) —3.769230771 | —3.769230769 2.0-107°

3. Problems of the plane theory of thermoelasticity

Let consider the plane deformation parallel to the plane Oxy for the homogeneous
transversely isotropic thermoelastic body.
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If the plane of an isotropie is parallel to the Ozy plane then the homogenous system
of the equations of thermoelastic equilibrium in displacements has the form [22, 23, 25]

1 EiEy

A 2 x . — BT, =0,
1 EE (10)

A 1 1L ) AT —0

pavT 2(1—u1)Ey — 2V3F; (o +vy)y = BTy ;

FE; ' '
where pi are shear modulus p = m; vy, vy and Ey, 5 Poisson’s coefficients and
n

Young’s modulus in the Ozy and in the direction of perpendicular thereto, respectively.
u and v are components of the displacement vector along axes x and y, respectively;

EyEy(on + vas)
(]. — VI)EQ — 21/22E17
a1, o are the coefficients of the linear thermal expansion; 7' is the temperature changes
in the elastic body satisfying the Laplace equation

[ constant depending on the thermal properties of material § =

AT =0, (11)

Duhamel-Neumann relations has the form

21 ) ,
Tr — E — E - E E o 717
” (1 =) By — 2055, (B2 — 1y Er)us + (n Bz + vy Er)vy] = 6
2
o H [(nEy+ 1/22E1)u7x + (B — V22E1)U,y] — BT,

v (1 — I/l)EQ — 21/22E1
Ouy = Oyo = Uy + V),

V2E1E2
(1 — Vl)E2 — 2V22E1

(12)

0. = (uy+vy) — BT,
where 0,4, 0y, 02y, 0., are components of the stresses tensor. Other components of a
tensor of stresses in case of plane deformation equal to zero.

Next, we construct the general representation of the system of equations (10) by
means of harmonic functions (Kolosov-Muskhelishvilis formula).

The first equation of the system (10) is differentiated by z, the second - by y and
are added up. Given the fact, that we've got the T" harmonic function

Al(e+ p)(uy +vy)] =0, (13)
where denotation is entered

1 E\Ey
C = — .
2 (1 — V1>E2 — 21/22E1

If the second equation of the system (10) is differentiated by z , and the first equation
is differentiated by y and to consider their difference, we’ll obtain

Alp(ve —uy)] = 0. (14)
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The notation is introduced
O:=(c+p)(uy+vy), w:=pv,—uy,). (15)

Thus, according to (13) and (14), 6 and w are harmonic functions

A0 =0, Aw=0. (16)
According to notation (15)
0
Uy +Vy = n
ot (17)
Vg — Uy = ;
From (17) there follows
0, 0 -
Ay = — —@, Ay =¥ 422 (18)
ctp o op ctpoop

Formulas (18) are substituted in the system (10) and the notation introduced in this

section are accounted
0—pT)y —w, =0,
{ (0 —BT), +wy =0. (19)

As 0 and w are harmonic functions, from (19) we have
0 = ap + BT = 0.5[(ap” + 1) o + (ap + BT) . (20)

w = 0.5a(—¢", + @), (21)

where a is any real constant other than zero; ¢*, ¢ and T*, T are the mutually conjugate
harmonic functions
QOT:E = @,y = ¢, ijky = _()5,957

I,=Ty=T, T,=-T,,
Relations (20) and (21) are substituted in system (17)

a B a b&m) _
(“‘2<c+u>“” ‘5<c+u>T>,J (”‘2<c+m‘”‘2<c+u>T),y‘O’
L (—¢", + ) = 0.

Ve — Uy =

2
(2)
The first equation of system (22) is identically satisfied, if
u=7=a, + ¢ "+ b T, v=—-0,+ ¢ b T. (23)

2c+1)” " 20+ p) e+’ T 2cr )
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The equalities (23) are substituted in the second equation (22) as a result of which
we’ve got the equation relating to the function ®

o ca . - 15} -
AD = et ) (Ply = Pa) + 5 T M)( T +Ty). (24)

The general solution of equation (24) is presented in the form

ca 153 ~
P =—<(yp" — @)+ bp + ———(—yT" + 2T). 25
e+ 1) et p) (25)
where ¢ is an arbitrary harmonic function, b is any real constant other than zero.
Constants a and b may be represented as follows

c+ 1
a= , b= —,
c 20
and the formula (25) is substituted in the ratio (23)
c+2pn . . pB . ¥ |
2pu = ———¢" +0.5(yp), — 20,) + ¥y + W(T —yT, +aTy), (26)
c+2p . -
2 = 0.5(2@0 — yo™~) — o + L (T — T, +yT%). 27
o = —5—¢ +0.5(20. —yl) — ¥, +2(c+#)< 2Te +yT7) (27)

By substituting (26) and (27) in the formulas (12) we’ve obtained the following expres-
sions for stress tensor components

Ozz = ¢+ 0.5(yp%, — TP ay) + Py — m@T +yTs, — 2Tay),
£ ~ /B/’L * ‘A

Oyy = @ — 0-5(y§0,xy - ifs%y) - wﬂcy - m(ZT - yT,xy + xT,xy)a ( )
28

* ~ B,U * T
O-J:y = 0‘5(y§0,yy + ﬂp,zx) + ¢,yy - 2(0 + /,[,) (yryy + xz—‘,xa/‘)y
1-2
Ozz = 27/230_ ( VQ)C+M6T'
c+u

For simplification of representations (26) - (28) the following notation is introduced

:uﬁ * * /’LB * 7 ~ /’Lﬁ
Ta ¢ =Y — T7 ¢:SO—
c+ c+pu C+ W

¢=¢— T. (29)

¢ is a harmonic function, and ¢* and ¢ are the mutually conjugate harmonic functions
¢jkg3 - ¢,y - ¢7 ¢:ky - _¢,$'

From (29) functions ¢, ¢*, ¢ are defined and are substituted in the formulas (26) - (28).
As a result we obtain displacement representations

c+2u

2 = 5 ¢ +0.5(ye", — a:q?,y) + Y, + %’“LT*, (30)
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2G4 05260 —ydty) — s+ AT (31)

The following representations are fair for stresses

= (b + O5(y¢7y - x¢,m) + d},xy?
= ¢ — 0-5(y¢,y - :1390,3;) — Yoy,

Oy = _0-5(y¢,x + x(b,x) + w,yw

2uv = et

(32)

0., = 2090 — (1 — 21) BT.

The analogs of formulas of Kolosov-Muskhelishvili [24] of (30)-(32) plane theories of
thermoelasticity for transversely isotropic bodies may be used both for construction
of exact solutions of boundary value problems and for construction of approximate
solutions of a wide class of problems.

In case of finite simply connected domain the harmonic functions ¢*, qg, ¢ are rep-
resented by the following finite series

o =ap+ Z'r’”(m, y)[a, cos(nf(x,y)) + b, sin(nbd(x,y))],
= by + Z r"(x,y)|a, sin(nb(z,y)) — by, cos(nb(x,y))], (33)

n=1

¢
— an”_l(x,y) [a, cos((n — 1)8(z,y)) + b, sin((n — 1)0(x,y))].

As the formulas (30), (31) show the constants ag , by correspond to rigid displacement
of a body, therefore they are equal to zero ag = by = 0. The harmonic function ¢ is
represented as

) = Z " (z,y)[c, cos(nb(x,y)) + d,, sin(nb(x,y))]. (34)

Analogously, the harmonic functions 7%, T, T are also represented as

T =ty + ZT:T”(JC, Y)[tn cos(nb(z,y)) + 7, sin(nd(z,y))],

n 1

=7+ Z (x,y)[tn sin(nb(z,y)) — 7, cos(nb(z,y))], (35)

T = an”_l(:c,y)[tn cos((n — 1)0(z,y)) + 1 sin((n — 1)8(z, y))].

n=1

For construction of the approximate solution of problems, the representations (33)-
(35) are substituted in the formulas (30)-(32), if necessary formulas of transformation
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of components of a vector and a tensor of the second rank are used and the conditions
set are satisfied point-wise. The problem is tabulated to the solution of square system
of the linear algebraic equations for required expansion coefficients (33)-(35).

The example of a nonlocal problem of Bitsadze-Samarskii in case of the plane theory
of elasticity for rectangular domain is given below.

Example 3. We consider the domain V' = {-25 < x < 25,-2 < y < 2}
(Fig. 5). In the domain V it is required to find such solution of system (10) (where
c=3,u=1,T =0 is accepted), which satisfies the following conditions (see [1])

u=—55y*+14.375, x =25, -2<y <2,

v="70y, r=-25-2<y<2
Oyyly=2 = —2.00 — 1, —2.5 <z < 2.5,
Oyaly=2 — Oyzly=1 = —14.0, —2.5 <2 < 2.5,
u=—5.5y*+16.875, x =25, -2<y <2,
v=—-80y, =25 -2<y<2,
=252 +0.5r—220, y=—-2,-25<z <25,
v=06.0r+1.0, y=-2,-25<x<2.5.

The exact solution of this problem is as follows
u = 2.52% — 5.5y + 0.5z,

v = —0.3zy — 0.5y.

The boundary counter of the considered domain is divided by points into 72 equal
segments. 19 points are also distributed evenly on a segment inside the domain where
nonlocal conditions are set. The approximate solutions are sought as follows

5Zr” 1{[ r cos(nf) — Ey sin((n — 1)0) — giﬁ cos((n — 1)«9)] an

+ [gr sin(nd) + gy cos((n —1)0) — gx sin((n — 1)0)} bn
—nsin((n — 1)8)c, + ncos((n — 1)«9)dn},
52 " 1{[ rsin(nd) + 2ysm((n —1)0) — gx cos((n — 1)9)] an

- [gr cos(nf) + gy cos((n —1)0) + ga; sin((n — 1)9)} by,

—ncos((n —1)0)c, — nsin((n — I)H)dn}.
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The components of the stress tensor o,, and o,, appearing in the reference condition
are presented in the form of the following finite rows

n—1 n—1

ysin((n —2)0) +

zcos((n — 2)9)]%

Oyy = 32_6717’”_2{ [r cos((n —1)8) +

+ [r sin((n — 1)0) — ycos((n —2)0) + ——asin((n — 2)0)} by

+(n— 1) sin((n — 2)8)cn — (n — 1) cos((n — 2)9)dn},

36

Oys = Z Mr”_z{ [ —ycos((n —2)0) + xsin((n — 2)9)] an

— [y sin((n — 2)0) + z cos((n — 2)9)] by

“2cos((n — 2)8)e, — 2sin((n — 2)0)dn}.

In the last four formulas the coordinates of points marked on the boundary and
inside the domain are substituted and the corresponding boundary and nonlocal con-
ditions are satisfied on them. As a result we obtained the system consisting of the 144-
linear algebraic equations and containing 144 unknowns (ay, ..., ase, b1, ..., bsg, 1, ..., 36,
dy,...,dsg). After solving this system by means of the formulas given above one can
easily find components of a vector of displacement and a tensor of stresses.

2
LA
=]
[E¥]
L
B

Fig. 5. The domain V in which the nonlocal problem of the plane theory of elasticity is solved

The appropriate program is made in the Maple 12. Numerical results are pre-
sented in Table 3, where u and v denote the approximate values of components of the
displacement vector.



22 Janjgava R.

Tab. 3. Numerical results for a problem 3

(I’,y) ﬂ(l’,y) u(m,y) |fL((L’,y) — U(l‘,y)|
(0, 0) 4.166195286 - 108 0 4.166195286 - 109
(-1.0,1.0) —3.499999843 —3.500 1.57-1077
(1.5,—1.5) —5.999999978 —6.000 2.2-1078
(1.2,-0.8) 0.6800000324 0.680 3.24-1078
(—1.7,1.5) —5.999999651 -6.000 3.49-1077
(2.2,-1.4) 2.420000034 2.420 3.4-1078
(1.25,1.75) |  —12.31250013 | —12.31250 1.3-1077
('Tay) TJ(J],y) U(l’,y) |17(I',y) —U(ZE,y)|
(0, 0) —1.190721638 - 10~7 0 1.190721638 - 107
(-1.0,1.0) 2.499999817 2.500 1.83-1077
(1.5, —1.5) 7.499999968 7.500 321078
(1.2, -0.8) 3.279999938 3.280 6.2-1078
(-1.7,1.5) 6.899999694 6.900 3.06- 1077
(2.2,—1.4) 9.939999959 9.940 4.1-1078
(1.25,1.75) —7.437500134 —7.43750 1.34-1077

As numerical results show the considered method gives the good approximate solution
for nonlocal mixed boundary value problem of the plane theory of elasticity.

4. Problems for the Helmholtzs two dimensional equation

Let on the plane Ozy there be a domain ) (shown in Fig. 3). In this domain the
following equation of Helmholtz is considered

Aw—Cw=0 in Q, (36)

where ( is any real constant other than zero.
The approximate solution is sought as follows

@ = agly(Cr(z,y)) + boKo(Cr(z,y))

)an cos(nb(z,y)) + by, sin(né(x,y))] (37)

Mz

+K:<<r<x 9))en cos(nb(z, ) + dy sin(nb(z, y))]},

where I,,(¢r) and K, (¢r) are modified Bessel functions of n order according to [26].
Partial derivatives of functions w(x,y) are expressed by means of the formulas

2 = L anhi(¢r) ~ o E(Cr)

+§—f > {Tnea (Cr) + Lisa (Cr)[an cos((n — 1)0(x, y)) + by sin((n — 1)0(z, y))] (38)

— (K1 (Cr) + Knpa(Cr))[en cos((n — 1)0(x, y)) + dnsin((n — 1)0(z, y))]},
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W, = %(aoh(gr) — bo K1 (Cr))
+§_?7{ Z{(In 1(C7) 4 L1 (Cr)) [=an sin((n — 1)0(z, y)) (39)

+by, cos((n — 1)0(z,y))] + (Kn-1(Cr) + Kns1(Cr))[cp sin((n — 1)0(z, y))
—dp, cos((n — 1)0(x,y))]}.

By means of the formulas (37)-(39) one can construct the approximate solutions of
various boundary value problems or boundary value contact problems for Helmholtz’s
equation (36).

An example of nonlocal problem of Bitsadze-Samarskii for the Helmholtz’s equation
is given below.

Example 4. The Helmholtz equation in a rectangle V ={-3 <z <3, -2 <y <
2}(Fig. 6) is given as an example to find such a function w satisfying the following

conditions )

T
Aw— —w = ) 40
w 12w 0 m V, (40)
w(=3,y) — V2w(-1.5,9) + w(0,y) =0, —2<y <2,

2

w(z, £2) = &5 sin%x, 3<r<3,

w(3,y) = e, —2<y<?2.
It is easy to verify that the exact solution of the problem set is as follows

w(z,y) = e’ sin 7r_63:

The approximate solution of the considered nonlocal problem is sought in the form of
the sum

& = aalo (L xy>+z{ (L

+by, sin(nf(z, Z/))]}

r(x y)> la,, cos(nd(zx,y)) (41)

Beginning from a point (-3, 0) on the boundary of the considered rectangle with
a step 0.25, 79 points are evenly distributed. 15 points are evenly distributed on
each piece inside the domain where nonlocal conditions are set. After satisfying
the given boundary conditions and nonlocal conditions we’ve obtained the system
of the linear algebraic 79 equations with 79 unknowns. The solution of this system
(ag,ay, ..., asg, by, ..., bgg) is substituted in formula (41) representing the approximate
solution of the stated problem. The constructed approximate solution satisfies the
Helmholtz equation in the domain V' and satisfies the boundary conditions and nonlo-
cal conditions in the respective points marked in advance.
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Fig. 6. Domain V | in which the nonlocal problem for Helmholtz’s equation is considered

The appropriate program is made in the Maple 12. Numerical results are presented
in the table 4.

Tab. 4. Numerical results for the problem 4.

(z,9) w(x,y) w(,y) (2, y) — w(z,y)|
(—3.0,—15) | —0.2078795840 | —0.2078795765 75-109
(—1.75,1.75) —4.958529035 —4.958529038 3.0-107°

(0,—1.5) | —3.564486401 - 10~ 0 3.564486401 - 1010
(0.5,—2.0) 0.03187219544 0.03187219654 1.1-1079
(1.0, 1.5) 2.405238691 2.405238689 2.0-1079
(1.5, 1.25) 2.618033198 2.618032200 2.0-107°
(3.0, 1.5) 4.810477384 4.810477377 7.0-1079

As the table shows the constructed approximate solution of the nonlocal problem is a
good approximation to the exact solution of this problem.

5. Conclusion. In the work we propose the simple method of the approximate
solution of boundary value problems of mathematical physics. The approximate so-
lutions of such two-dimensional classical and nonlocal boundary value problems for
Laplace’s and Helmholtz’s equations and the theory of elasticity, the exact solutions of
which are known in advance, are constructed by the proposed method.

We believe that by means of the considered algorithm it is possible to receive quite
good approximate solutions of some boundary value problems of mathematical physics.
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