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Let’s consider the boundary value problem for the following double harmonic equation:
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u(x,—1) =0,u(x,1) =0.
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Choosing a test function (determining solution) for problems (1)-(2)
ue(1) (X, y) — (1_ X2)2(1_ y2)2eAsinXSiny,
©)

ul?(x, y) = (@ x*)*(1—y*)?e Y,
To determine the form of the f(X,Yy) function from formula (1), we substitute solution
(3) into equation (1) and will have the following appearance:
f(x,y)=—e""" ((y* =1)*(Asin y(3(x* =1)?sin® x + +sin x(~6 A?(x* —1)° x
xsin® y cos® x — 48 Ax(x* —1)sin y cos X + (x* — 74x* + 25)) + Asin y cos” X x
x(A?(x* —1)%sin® ycos® X +16 Ax(x* —1)sin y cos x — 4(x* —20x* + 7)) +
+16X(7 — x*) cos X) +24) + 2- ((A(y* =1)*(x* =1)(-2A(x* —1) cos 2y cos* X —
—sin xsin y(x* —1) +8xcos xsin y) + A(y? —=1)?sin xsin y(A(x* =1)*sin y x
x(—c0s” xsin y +sin x) + 8Ax(1— x*) cos xsin y ——12x° + 4) — A(y? —1)sin x x
xc0s Y(Asin x(y* —1)cos y +8Yy)(—A*(x* —1)* cos’® xsin® y + A(x* =1)*sin xsin y —
—8AX(Xx* —1)cos xsin y —12x* + 4) — 4(3y* —1)(— A*(x* —1)* cos® xsin® y +
+A(X* —1)%sin xsin y —8Ax(x* —1)cos xsin y —12x* + 4) — A(y* —1)(x* =1)cos y x
x(2A(y? —1)sin xcos y +8Yy)(—2 A(x* =1) cos® xsin y + (x* —1) sin x —8xcos X))) +
+(x* =1)*(Asin x(3(y* =1)?sin® y + +sin y(-6 A*(y* —1)?sin® xcos® y — 48 Ay x
x(y* —=1)sinxcosy + (y* —74y® + 25)) + Asin xcos® y(A*(y® —1)*sin® xcos* y +
+16Ay(y*> =D sin xcos® y —4(y* —20y* + 7)) +16y(7 — y?) cos y) + 24)).
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To numerically model the differential problem (1)-(2), we first use the discrete variant of
the integration method. We search for the approximate solution u,(x,y) and the right-hand

function f(x,y) inthe form of a series of finite Chebyshev polynomials of the first kind:

w0 =2 D AT, ) =33 g, T00T, ) @

here, a; and g; are unknowns, and the bar code in the sums means that if the indices i

or j are equal to O, then they are multiplied by % and if they are i= j=0, then they are

multiplied by %

In this case, we enter the following lines to calculate the derivatives:

84U N M )

8x4a =22 g T OO (y),
i=0 j=0

a4ua . |M 1 4 (2X,2y)
8X28y2 :Z(; Z(; aij Y -I-I(X)Tj(y)’ (5)

i=0 j=

0', _ e

o =Z Z a"'T, ()T, (y).

Based on formulas (4)-(5) and equation (1), we form this equation [1-3]:
N N

ST AL (T, (1) + D03 A (T, (4) + 33 A T, (1) = -3 "0, T, 00T, (),

i=0 j=0 i=0 j=0 i j= i=

or by equating the coefficients in front of Chebyshev polynomials of the same order, we
form this equation:
(40 | 2(2x2y) | o(4y) _
a‘ij +a‘ij g +a‘ij 1 __gij’
i=012,..,N,
j=0,12,..., M.

By using a discrete formula of the integration method[1-2]:
ket akx _akx
alk™ X _ Zi-l i+l’ 6
S ©)
both sides of this equation are integrated four times. Then, from the expression of
boundary conditions (2) in terms of rows, we form this algebraic system (7):
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Ko G2 =D(G+DG+ 2 +3)a - + (T -D(1-2)(J -3)a j.0) — (K, (J° -1)-
(D +2(i+3)+Z)a ;, — (K (i -1 -D(i -2(J-3) + Z,)a ., +
+(Z,+Z,)a ;+K ,(I2 -9+ (j+Da_ 22K L7 -9)(+Da,_ ot

+K, (i =9 +D (i -Da, ., + K, (i* =9 -D(i +Da,, ;, — 2K, |-

(=9 -Day,,; + K, (" =9)(i ~D(i —Day,,, 5., +16°(J* ~1)°(j* ~4)-

(J* =9)(CT,~C,T, +C;T,)) ==Co(i -1 (i +D( + 2)( +3)(J* =14, ja —
~4(J* =D(i* =41 +3)9i4 ;. +6](i* ~D(J* ~9)gi ; —4(i* ~D(j* - 4)-
(1=3)Gig oz + (=D =2)(J =3)(J* ~DGi g j,0) + §(2¢,(1 —2) + C, (i +1))-
((J+D+2)(+3)(° =D ;0 =40 =D =D +3)0 5. +

+6j(i* =1)(i* =99 ,; —4(J°* D" - D -3)9; 4 5., + (I -D(1 -2)(i -3)-
(J* =D9i5,j,a) — J(CL(i=3) + 2C,i + Co (i + 3N +D(i +2)(J +3)(J* 1) 95 ;4 —
~4(J* -D(i* =41 +3)0; ;. +6i(i* ~D(i* ~9)g; ; —4(J* - 1)(i* - 4)-
(i=3)9i o + (I =D =2)(J =3)(J* =19, j.4) + J(C, (I ~1) +2C,(i +2)) -
(DG + 2 +3(° ~D i e =4 -D(* =D +3)Gi o +

+6j(i* ~1)(J* =99, —4(J°* ~D(J* =D ~3)i.5 .o + (T -D(1 - 2)(j -3)-
(3 =D05,2,5.0) = Co(+D J(H+D(1 + 2)(J +3)(J* =Dy, ;0 —4(J° =D(J* - 4)-
(1+3)0i,02 +81(J* ~1)(J* =9)G.4 ; —4(J* ~D(J* =D =3)Gi.a .o + (1 =D
(=21 =3)(J* =D Yira jua),
1

Eqﬂ+@2+qA+m+a w =0,
Qi+t 3+ +..+3,y4 =0, (i O,_N),
43, , +16a, , + 363, +..+(2M)? 8 ,u =0,

a,+93,,+25a 5 +...+ (2M —-1)*a, ,,,, =0,

1
an,j +8,;+8,;ttay =0,

& +a; +..ta, ;=0 (j=4M),
4a,  +16a, ; +36a, ; +...+ (2N)*a, ; =0, (7)

a,; +9a, +25a;  +..+ (2N -1)’a,, , , =0,

here

\\\//

32/"

Volume 1, Issue 6 CONFERENCE OF MODERN SCIENCE
& PEDAGOGY/ WASHINGTON/THE USA /‘ \




K, =16i%j(i* =1)*(i* - 4)(i* - 9),
K, =32ij(i* ~1)(i* - 4)(* -9)(J* -D(J* -4),
T,=(0-Da_,;,—-2(i-2)a_,; +(-3)a
T,=(+Da_,, —2ia ; +(i-1)a
T,=(i+3)a;-2(i+2)a,,,
Z, = (3K, (j—D)(j +2) +2K,i)(j* ~9)(j +1),
Z, = (3K, (j - 2)(j +1) +2K,i)(j* ~9)(j ),
C,=i(i+1)°(@+2)(i+3),
C, = 2i(i* - 4)(i* -9),
C,=i(i—1)°(i—2)(i-3).

In this system, (N +1)-(M +1) unknowns a;(i=0,1,...,N; j=0,1...,M) are determined.

(R
i+2,)!

+({+Da,;,

From system (7), the coefficients a, are obtained and substituted into the formula for the
approximate solution:
N M
U, (X’ Y) - lelaijTi (X)Tj (y)
i=0 j=0
The values of the approximate solution at the nodal points (x,y,) are computed and
compared with the exact solution u,(x, y) of the given problem.
The dynamics of the exact and approximate solutions for the function u,(X,y) are
Illustrated in Fig. 1 for the case A=1,N =M =50.

Fig. 1. a) exact solution u, 0) approximate solution u,
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