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Abstract: Numerical solution of the problem for Poisson’s equation with the use of Daubechies wavelet dis-
crete-continual finite element method (specific version of wavelet-based discrete-continual finite element meth-
od) is under consideration in the distinctive paper. The operational initial continual and discrete-continual formu-
lations of the problem are given, several aspects of finite element approximation are considered. Some infor-
mation about the numerical implementation and an example of analysis are presented.
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JIJISI YPABHEHUS TYACCOHA HA OCHOBE
JJUCKPETHO-KOHTHHYAJIbBHOI'O METOJIA KOHEUYHBIX
3JIEMEHTOB C UCIIOJIb30OBAHUEM MACHITABUPYIOIINX
®YHKIIUHN JOBEIIN
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AHHoTaumsa: B Hacrosimed cratbe paccMaTpuBaeTCs YHUCICHHOE pEIleHHE KpaeBOW 3ajlayu I yYpaBHEHUS
IlyaccoHa Ha OCHOBE JAMCKPETHO-KOHTHHYAIBLHOTO METOJa KOHEYHBIX PJIEMEHTOB C MCIOJIb30BAaHUEM MAacCIITa-
oupyronx ¢yukuuii JJobemu. [IpuBeneHsl (B onepaTopHOM BHIC) UCXOJHAs KOHTHHYalbHAs U JUCKPETHO-
KOHTUHYaJIbHbIE MOCTAHOBKHU 3aJlauM, PACCMOTPEHBbl HEKOTOPBIE BOMPOCHI KOHEYHORJIEMEHTHOW ammnpoKcuma-
uuu. [IpeacraBiieHbl HEKOTOPBIE CBEIEHUS O YHCIEHHON pealn3aluy U IpUMep pacyera.

KnaroueBsle ciioBa: BeliBieT-peasn3anys AMCKPETHO-KOHTHHYAJIBHOT'O METO/Id KOHEYHBIX AJIEMEHTOB,
JIMCKPETHO-KOHTHHYAJIBHBII METO/T KOHEUHBIX 3JIEMEHTOB, METO/] KOHCYHBIX 3JIEMEHTOB,
¢ynkun Jlobemm, uncnennoe pemenne, ypasaenue [lyaccona.

INTRODUCTION

As is known [1], various problems of continuum
mechanics are reduced to the Poisson equation
and other similar equations of elliptic type [2-7].
Boundary value problems with the Poisson
equation describe, in particular, a stationary
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temperature field, a stress state during torsion of
a rod, membrane deflection, etc. In addition, the
operator of the corresponding problem (the La-
place operator) is part of other problems that
determine the state of structures under station-
ary and non-stationary actions.
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Figure 1.1. About formulation of the problem (initial domain).

From a mathematical point of view, it is the
simplest qualitative analogue of other problems
and an equivalent operator in iterative processes
[8]. In many numerical models, at different time
steps, it becomes necessary to solve (numerical-
ly) one or several boundary value problems for
the Poisson equation, and in some applications
the number of time steps during one analysis of
the model can be of the order of thousands to
millions or more [9]. In this regard, the objec-
tive of the distinctive paper is devoted to the
semi-analytical method of analysis of corre-
sponding structures with constant physical and
geometric parameters in one of the directions
(the so-called “basic direction™) [8, 10, 11]. This
objective seems to be very relevant. The consid-
ering method is semi-analytical in the sense that
along the basic direction of the structure the
problem remains continual and its exact analyti-
cal solution is constructed, while in another,
non-basic direction, a numerical approximation
is performed. In general, this paper continues a
series of papers devoted to the research and de-
velopment of various wavelet-based versions of
the discrete-continuous finite element method.

In the theory of boundary value problems for
the Poisson and Laplace equations, several clas-
sical well-tested solution methods are normally
used [2, 12-14], which, in particular, include
method of separation of variables or Fourier
method, Green's function method and a method
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of reducing boundary value problems for the
Laplace equation to integral equations using po-
tential theory.

Besides, numerical methods (finite element
method, boundary element method, finite differ-
ence method, variational-difference method, fi-
nite volume method, method of point field
sources, fast Fourier transform method using
parallel computations ( with the implementation
on the cores of the central processor and on
graphic processors (GPU), etc.) for solving the
Poisson equation are normally used [9, 15, 16].

1. FORMULATIONS OF THE PROBLEM

Formulation of the problem has the form (Fig-
ure 1.1):

Lu=F, 0<x,<f,, 0<x,<¢,; (11)
L=—(0,00,+0,00,); F=6F+5,1;(12)
F(x,,x,)=Pd(x,—0.5-7,)0(x, -05-7,);

(1.3)
f(x,%,)=0; (1.4)
0,=010x; 0,=010X,; (1.5)

1, 0<x <, AO0<Xx, </,
0, =(0<x, <l , AO0<X,<?,),

(1.6)

e(xl’xz) :{
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Figure 2.1. Finite element discretication for N, =4 (sample).

where L is the operator of the problem within
the initial domain; 6(x,,x,) is the characteristic

function of the domain; o6, (x,,x,) is the delta-

function of the boundary.
Let x, be direction along which parameters of

the problem are constant (so-called “main direc-
tion”). Let us introduce the following notations

(1.7)
(1.8)
Then we can rewrite (1.1) in the following form:

-LVv'+Lu=F. (1.9)

Thus, we have

£ e S e
[3: } ) L;lOLZ ﬂm {LI(H SN CRED

where E is identity operator.
Finally we obtain system of differential equa-
tions with operational coefficients:

or

(1.12)

where

~ 0 E|l. = 0 |.~+ |ul.
S S e
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(1.14)

— 0 |ou| U
o-aw-[32)-1]

The system of equations (1.12) is supplemented
by boundary conditions, which are set in sec-
tions with coordinates x; =0 and x; =/, .

For instance, for U (x,) from the system of
equations (1.12) we have

U()=U(,)=0. (1.15)

2. SOME ASPECTS OF THE FINITE
ELEMENT APPROXIMATION

Let us divide the interval (0, ¢,) segment into
N, parts (elements). Therefore h, =7, /N, is

the length of the element. Besides, let us also
divide each element into N, parts (for instance,
N, =4 (Figure 2.1)). Let us use the following
notation system: i, is the element number;
X, (i,) is the coordinate of the starting point of
the i,-th element; x(i.) is the coordinate of the
end point of the i -th element. Let u,(x,) and
V. (x,) (i=1,2,3,4,5) be unknowns per element.
Thus, the number of unknowns is equal to 2N,
where N =5. The number of boundary nodes is
equal to N, =N_,+1. The number of inner
nodes for all elements is equal to
N, =N.(N, -1). Thus, the total (global) num-

ber of unknowns for such approximation is
equalto N, =2(N, +N,).
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Let us introduce local coordinates for arbitrary
element

t=(X—Xge) /e, <X < Xg(iey, 0T,

1(|e) -
(2.1)

In this case, we have the following relations:

X=Xy, =>t=0
X=X, =>t=0.25 d d dt 1 d
X=X, =>t=05 —=——=——;
X=X, =t=075 dx dt dx h,dt
X=Xgy) >t=1

dx=h,-dt. (2.2)

In order to construct the local stiffness matrix
corresponding to the operator L, (formula

(1.7)), we consider the bilinear form taking into
account relations (2.2)

Xs5(ig) 2

B(y,z) =<L,y,z>=— j szx:
X1(ie )
><5(ie)dy dZd _ij’d_W% _
Xm)dx dx h, 5 dt dt
= B(w,v),

(2.3)

where we consider the following functions

Y0 =Wt = Y apt+k)i  (24)
200 =V =3 Aot+k),  (25)
where X, SX<Xgi,; 0<t<l; ¢(s) is

Daubechies scaling function, [0, N] < suppe.
Let us substitute (2.4) and (2.5) into (2.3):
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1
B(W,v):ijd—W ﬂd
h, 5 dt dt
N-1N —1 1 1 ) )
=2 2w ote Dot dt=
i=0 j . e 0
=(K5a,B) =B, (@ p),
(2.6)
where

Kiy (i) = [t Do'tes et @7)

Q'=—. (2.8)

dt

Let us define the parameters «, through the
nodal unknowns on the element:

=w(0) = 3 a,0(K)

Y, =w(0.25) = > o, o(k +0.25)
k=0

N-1
Y5 =W(0.5) = > a,p(k +0.5) (2.9)
k=0
y, =Ww(0.75) = Nz_lak(o(k +0.75)
k=0
N-1
Ys =W() = D> e p(k +1).
k=0
We can rewrite (2.9) in matrix form:
ve=Ta, (2.10)
where we have
Ye=Ivi Vo ¥s Vo ¥s 17 (210)
a=[a, a, a, a; a,]"; (2.12)
T =
»(0) ?() ?(2) ?(3) @(4)
(0.25) @(1.25) ¢(2.25) @(3.25) @(4.25)
=| 9(0.5) @15 @25 @35 @45 |
¢(0.75)  p(.75) @(2.75) @(3.75) @(4.75)
@(1) p(2) @) »(4) @(5)
(2.13)
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Figure 3.1. Daubechies scaling function.

We can also get

7" =T8. (2.14)
Using (2.10) and (2.14) we can obtain
a=T"'y; B=T7"z". (2.15)

Thus, we can rewrite (2.6) in the following
form:

(Kha,B)=(K5T 7y T7z%) =
=((TH)'KyTHy",7")= (2.16)
=(K'e)7'e,7'e),

where
Ke=T)'KsT™ (2.17)

is the local stiffness matrix.

3. NUMERICAL IMPLEMENTATION

The presented algorithm can be implemented
using MATLAB software tools. In particular,
the call to the standard function
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waveftun(*db8*",0)

allows to obtain the values of the Daubechies
scaling function [17-32] ¢ (Figure 3.1) on the

interval (segment) [0, 15] =supp¢ with a step
h =1/256=27". Let us denote N, =256=2°.

For the value under consideration (N =5) we
can use the first N, =N, -N+1 values deter-
mined on the interval [0, N]=][0, 5]. With such
a small step, we find it will natural to compute

the derivatives (Figure 3.2) in the form of finite
differences:

Pt “Pr | =

't.)=dp, =
o'(t,) Dy on

t

(3.1)

where we have ¢, =¢(t,) and t =k-h,. If
t, #[0,19] then ¢, = p(t,)=0.

When computing the coefficients of the local
stiffness matrix (formula (2.7)), one can use the
simplest quadrature formulas for numerical in-
tegration, in particular, the formula for “mean”
rectangles with a step 2h, .
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Figure 3.2. The first direvative (finite-difference) of Daubechies scaling function.

4. EXAMPLE OF ANALYSIS

For the numerical implementation, let us set, in
particular, the following numerical parameters:

P=100; ¢,=2.0; (,=286.

Let N, =16 be the number of elements (finite

elements). Then the total number of nodal points
in the discrete direction is equal to

N, =N, +N, =3-16+17 = 65.
Then the total number of unknowns is equal to
N, = 2N, =130.
The length of the element is equal to
h,=¢,/N, =2/16 = 0.125.

The distance between the coordinates of the
nodes is equal to

h,=h,/4=0.125/4=0.03125.

For comparison (verification purpose), we can
use the variational-difference discrete-continual
method with a step of discretization h, along the

discrete direction x, .

Graphical comparison of the corresponding re-
sults is presented at Figure 4.1, where we use the
following notation system: Udb is the result ob-
tained using the Daubechies scaling function;
Uvr is the result obtained on the basis of the var-
iational-difference method; d1U is a finite-
difference analogue of the derivative with a step;
d2U is derivative, o,u=v; h =h =0.03125

and h, =0.1 are steps for visualization of results

along directions x, and x, respectively.

As researcher can see, the results obtained are
almost completely identical.

REFERENCES

1. Mozgaleva M.L., Akimov P.A. Localiza-
tion of Solution of the Problem for Pois-
son’s Equation with the Use of B-Spline
Discrete-Continual Finite Element Method.
/I International Journal for Computational
Civil and Structural Engineering, 2021,
Volume 17, Issue 3, pp. 157-172.

128 International Journal for Computational Civil and Structural Engineering



Numerical Solution of the Problem for Poisson’s Equation with the Use of Daubechies Wavelet Discrete-Continual

Finite Element Method

U(i,L,/2)
35 — Bdb 4— U(Ly/2,%,)
----- vr
i Udb
7T |eee-- Uvr
3 |
3 |
25 —| i
- 2 ]
2 | i
i L
15 —|
0 —v
1
05 I -1 I
0 04 0.8 12 16 2 0 1 2 3
a) b)
d1U(iL,/2) 8 — d2U(L,/2,%,)=V(L,/2,X,)
60 —
d1lUdb d2Udb=Vdb
1 |eeeaa d1Uvr 4l | eeem-- d2Uvr=Vvr
40 —|
4
20 — i
O —
0 —s
20 —
_ -4 —]
40 —
0 | | )
0 0.4 0.8 1.2 1.6 2 0 1 2 3
c) d)

Figure 4.1. Comparison of results.

2. Tihonov A.N., Samarskij A.A. Uravnenija
matematicheskoj fiziki [Equations of math-
ematical physics]. Moscow, Nauka, 2004,
798 pages (in Russian).

3. lvlev D.D. Mehanika plasticheskih sred.
Tom 1. Teorija ideal'noj plastichnosti. [Me-
chanics of plastic media. Volume 1. The

\Volume 17, Issue 4, 2021

theory of ideal plasticity]. Moscow, Fizmat-
lit, 2001, 445 pages (in Russian).

Ivlev D.D. Mehanika plasticheskih sred.
Tom 2. Obshhie voprosy. Zhestkoplastich-
eskoe i uprugoplasticheskoe sostojanie tel.
Uprochnenie.  Deformacionnye  teorii.
Slozhnye sredy. [Mechanics of plastic me-
dia. Volume 2. General problems. Rigid-

129



10.

11.

130

plastic and elasto-plastic state of bodies.
Strengthening. Deformation theories. Com-
plex environments]. Moscow, Fizmatlit,
2002, 448 pages (in Russian).

Ilvlev D.D., Ershov L.V. Metod vozmush-
henij v teorii uprugoplasticheskogo tela
[Perturbation method in the theory of an
elastoplastic body]. Moscow, Nauka, 1978,
208 pages (in Russian).

Lur'e A.l. Teorija uprugosti [Theory of
Elasticity]. Moscow, Nauka, 1970, 939
pages (in Russian).

Aleksandrov V.M. Zadachi mehaniki
sploshnyh sred so smeshannymi granich-
nymi uslovijami [Problems of Continuum
Mechanics with Mixed Boundary Condi-
tions]. Moscow, Nauka, 1986, 329 pages (in
Russian).

Zolotov A.B., Akimov P.A., Mozgaleva
M.L. Mnogourovnevye diskretnye i dis-
kretno-kontinual'nye realizacii variacionno-
raznostnogo metoda [Multilevel discrete
and discrete-continuous realizations of the
variational-difference method]. Moscow,
ASV, 2013, 416 pages (in Russian).
Mingalev O.V., Mel'nik M.N. Chislennoe
reshenie kraevyh zadach dlja uravnenija
Puassona metodom bystrogo preobra-
zovanija Fur'e s ispol’zovaniem parallel'nyh
vychislenij [Numerical solution of boundary
value problems for the Poisson equation by
the fast Fourier transform method using
parallel computations]. // Trudy Kol'skogo
nauchnogo centra RAN, 2018, Issue 5-4(9),
pp. 165-182 (in Russian).

Akimov P.A., Belostotskiy A.M., Mozga-
leva M.L., Mojtaba Aslami, Negrozov
O.A. Correct Multilevel Discrete-Continual
Finite Element Method of Structural Analy-
sis. // Advanced Materials Research Vol.
1040 (2014), pp. 664-6609.

Akimov P.A., Sidorov V.N. Correct Meth-
od of Analytical Solution of Multipoint
Boundary Problems of Structural Analysis
for Systems of Ordinary Differential Equa-
tions with Piecewise Constant Coefficients.
/I Advanced Materials Research Vols. 250-
253, 2011, pp. 3652-3655.

Marina L. Mozgaleva, Pavel A. Akimov, Mojtaba Aslami

12.

13.

14.

15.

16.

17.

18.

Sharfanec B.P., Sharfanec E.B. O vybory
metodov reshenija uravnenija Puassona Vv
obshhem sluchae raspredelenija objemnoj
plotnosti zarjada i o postanovke kraevyh
uslovij v jelektrokineticheskih zadachah
(obzor) [On the choice of methods for solv-
ing the Poisson equation in the general case
of the distribution of the volume charge
density and on the formulation of boundary
conditions in electrokinetic problems (re-
view)]. // Nauchnoe priborostroenie, 2015,
Volume 25, Issue 1, pp. 65-75 (in Russian).
Vladimirov V.S. Uravnenija matematich-
eskoj fiziki [Equations of mathematical
physics]. Moscow, Nauka, 1981, 512 pages
(in Russian).

Koshljakov N.S., Gliner Je.B., Smirnov
M.M. Uravnenija v chastnyh proizvodnyh
matematicheskoj fiziki [Partial differential
equations of mathematical physics]. Mos-
cow, Vysshaja shkola, 1970, 712 pages (in
Russian).

Vorozhcov E.V., Shapeev V.P. Chislennoe
reshenie uravnenija Puassona v poljarnyh
koordinatah  metodom  kollokacij i
naimen'shih nevjazok [Numerical solution
of the Poisson equation in polar coordinates
by the collocation and least residual meth-
od]. // Modelirovanie i analiz infor-
macionnyh sistem, 2015, Volume 22, Issue
5, pp. 648-664 (in Russian).

Knjazev S.Ju., Shherbakova E.E., Engi-
barjan A.A. Chislennoe reshenie kraevyh
zadach dlja uravnenija Puassona metodom
tochechnyh istochnikov polja [Numerical
solution of boundary value problems for the
Poisson equation by the method of point
field sources]. // Vestnik DLGTU, 2014,
Volume 15, Issue 2(77), pp. 15-20 (in Rus-
sian).

Dobeshi I. Desjat' lekcij po vejvletam [Ten
lectures on wavelets]. Izhevsk: NIC «Regu-
ljarnaja 1 haoticheskaja dinamika», 2001,
464 pages (in Russian).

Chui K. Vvedenie v vejvlety [Introduction
to wavelets]. Moscow, Mir, 2001, 412 pag-
es (in Russian).

International Journal for Computational Civil and Structural Engineering



Numerical Solution of the Problem for Poisson’s Equation with the Use of Daubechies Wavelet Discrete-Continual
Finite Element Method

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Chen X.F., Yang S.J., Ma J.X. The con-
struction of wavelet finite element and its
application. // Finite Elem. Anal. Des.,
2004, 40, pp. 541-554.

Daubechies 1. Orthonormal bases of com-
pactly supported wavelets. // Commun. Pure
Appl. Math., 1988, 41, pp. 909-996.

Jin J.M., Xue P.X., Xu Y.X., Zhu Y.L.
Compactly supported non-tensor product
form two-dimension wavelet finite element.
/I Appl. Math. Mech., 2006, 27, pp. 1673-
1686.

Li B., Cao H.R., He Z.J. The construction
of one-dimensional Daubechies wavelet-
based finite elements for structural response
analysis. // J. Vibroeng., 2011, 13, pp. 729-
738.

Li B., Chen X. Wavelet-based numerical
analysis: A review and classification. // Fi-
nite Elements in Analysis and Design, 2014,
81, pp. 14-31.

Ma J.X., Xue J.J. A study of the construc-
tion and application of a Daubechies wave-
let-based beam element. // Finite Elem.
Anal. Des., 2003, 39, pp. 965-975.

Mitra M., Gopalakrishnan S. Extraction
of wave characteristics from wavelet-based
spectral finite element formulation. // Mech.
Syst. Signal Process, 2006, 20, pp. 2046-
2079.

Mitra M., Gopalakrishnan S. Wave prop-
agation analysis in anisotropic plate using
wavelet spectral element approach. // J.
Appl. Mech., 2008, 75, pp. 1-6.

Mitra M., Gopalakrishnan S. Wavelet
based spectral finite element modelling and
detection of delamination in composite
beams, // Proceed. R. Soc. A, 2006. 462, pp.
1721-1740.

Mitra M., Gopalakrishnan S. Wavelet
Spectral element for wave propagation stud-
ies in pressure loaded axisymmetric cylin-
ders. // J. Mech. Mater. Struct., 2007, 4, pp.
753-772.

Mozgaleva M.L., Akimov P.A., Kaytukov
T.B. About Wavelet-Based Computational
Beam Analysis with the Use of Daubechies
Scaling Functions. // International Journal

\Volume 17, Issue 4, 2021

30.

31.

32.

for Computational Civil and Structural En-
gineering, 2019, Volume 15, Issue 2, pp.
95-110.

Mozgaleva M.L., Akimov P.A., Kaytukov
T.B. Wavelet-based Discrete-Continual Fi-
nite Element Plate Analysis with the Use of
Daubechies Scaling Functions. // Interna-
tional Journal for Computational Civil and
Structural Engineering, 2019, Volume 15,
Issue 3, pp. 96-108.

Patton R.D., Marks P.C. One-dimensional
finite elements based on the Daubechies
family of wavelets. // AIAAJ, 1996, 34, pp.
1696-1698.

Zhou Y.H., Zhou J. A modified wavelet
approximation of deflections for solving
PDEs of beams and square thin plates. // Fi-
nite Elem. Anal. Des., 2008, 44, pp. 773-
783.

CIIMCOK JIMTEPATYPbI

1.

Mozgaleva M.L., Akimov P.A. Localiza-
tion of Solution of the Problem for Pois-
son’s Equation with the Use of B-Spline
Discrete-Continual Finite Element Method.
/I International Journal for Computational
Civil and Structural Engineering, 2021,
Volume 17, Issue 3, pp. 157-172.

TuxonoB A.H., Camapckuii A.A. Ypas-
HEHMsS MareMaTudeckod ¢uzuku. — M.:
Hayxka, 2004. — 798 c.

HUeaes JI./I. Mexanuka IUIaCTUYECKUX
cpen. Tom 1. Teopusa uaeanbHOU MIACTUY-
HocTH. — M.: @usmatimut, 2001. — 445 c.
NBaes J.JI. Mexanuka IUIaCTUYECKHX
cpen. Tom 2. O6mme Bompocsl. JKecTko-
IUIACTUYECKOE U YIMPYTOIIaCTHYECKOEe CO-
cTosiHue Ten. YmpouHenue. Jledopmaru-
oHHble Teopuu. CroxHbIE cpeabl. — M.:
®dusmatiaut, 2002. — 448 c.

HUsaes .., Epmos JI.B. Meron Bo3my-
HICHUH B TEOPUHU YIPYrOILUIACTUYECKOIO
tena. — M.: Hayka, 1978. — 208 c.

Jlypse A.U. Teopus ynpyroctu. — M.:
Hayxka, 1970. - 939 c.

131



10.

11.

12.

13.

14.

15.

132

Auekcanapos B.M. 3amaun MexaHUKH
CIUIOLIHBIX CPEJl CO CMEIIAHHBIMU T'PaHUY-
HbIMH ycioBusiMu. — M.: Hayka, 1986. —
329 c.

3oj0T0B A.B., AkumoB I1.A., Mo3rajieBa
M.JI. MHOroypoBHEBBIE IUCKPETHBIE U
AUCKPCTHO-KOHTUHYAJIbHBIC pcannsanuun
BApUALIMOHHO-PAa3HOCTHOIO Meroda. — M.:
ACB, 2013.-416c.

Mumnrajaes O.B., Meabuuk M.H. Yuc-
JIEHHOE pelIeHUe KPAaeBbIX 3a7ad sl ypaB-
Henus IlyaccoHa meromom OBICTpOro mpe-
oOpazoBanusi @Dypbe C HCIOIH30BAHUEM
napajuleNbHbIX BbuMciaeHuil. //  Tpymabl
Konbsckoro nayunoro nentpa PAH, 2018,
Ne5-4(9), c. 165-182.

Akimov P.A., Belostotskiy A.M., Mozga-
leva M.L., Mojtaba Aslami, Negrozov
O.A. Correct Multilevel Discrete-Continual
Finite Element Method of Structural Analy-
sis. // Advanced Materials Research Vol.
1040 (2014), pp. 664-6609.

Akimov P.A., Sidorov V.N. Correct Meth-
od of Analytical Solution of Multipoint
Boundary Problems of Structural Analysis
for Systems of Ordinary Differential Equa-
tions with Piecewise Constant Coefficients.
/I Advanced Materials Research Vols. 250-
253, 2011, pp. 3652-3655.

MMapdanen B.I1., llapdanen E.b. O BbI-
00pbl MeTO/I0B pelieHus: ypaBHeHus Ilyac-
coHa B 00IeM ciy4ae pacrpeaeneHus: 00b-
€MHOM TUIOTHOCTH 3apsiia U O MOCTAaHOBKE
KpPaeBbIX YCIIOBUM B 3JIEKTPOKHMHETHUYECKUX
3amauax (00630p). // Hayunoe mpubopoctpo-
enune, 2015, Tom 25, Nel, c¢. 65-75.
Baagumupos B.C. YpaBHeHus maremartu-
yeckoi gusuku. — M.: Hayka, 1981. — 512
C.

Komusikos H.C., 'muuep J.b., CMmupHoB
M.M. YpaBHEHHS B YaCTHBIX MMPOU3BOAHBIX
MaTeMaTudeckoil ¢usuku. — M.: Bricmias
mkona, 1970. — 712 c.

Bopoxuos E.B., lllanees B.II. Yucnen-
HOe pelmieHue ypaBHenus [lyaccona B 1mo-
JISIPHBIX KOOPJMHATAaX METOJO0M KOJIJIOKa-
U ¥ HAaUMEHBINUX HEBA30K. // Monmenu-

Marina L. Mozgaleva, Pavel A. Akimov, Mojtaba Aslami

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

poBaHHE W aHaIU3 MHPOPMAIMOHHBIX CH-
crem, 2015, Tom 22, Ne5, c. 648-664.
Kunszes C.1O., lllep6akoBa E.E., Enru-
Oapsin A.A. YucieHHOE pelIeHne KpaeBbIX
3ama4 Ui ypaBHeHus llyaccona merogom
TOYEYHBIX WMCTOYHUKOB Ioid. // BecTHHK
JUITTY, 2014, Tom 15, Ne2(77), c. 15-20.
Jooemu U. [lecsaTs nekuuii Mo BerBiIeTaM.
— Mxesck: HULL «Perynspras u xaotnue-
ckas nuHamukay, 2001. — 464 c.

Yyu K. Beenenue B BeniBnetsl. — M. Mup,
2001. - 412 c.

Chen X.F., Yang S.J., Ma J.X. The con-
struction of wavelet finite element and its
application. // Finite Elem. Anal. Des.,
2004, 40, pp. 541-554.

Daubechies I. Orthonormal bases of com-
pactly supported wavelets. // Commun.
Pure Appl. Math., 1988, 41, pp. 909-996.
Jin J.M., Xue P.X.,, Xu Y.X., Zhu Y.L.
Compactly supported non-tensor product
form two-dimension wavelet finite element.
/I Appl. Math. Mech., 2006, 27, pp. 1673-
1686.

Li B., Cao H.R., He Z.J. The construction
of one-dimensional Daubechies wavelet-
based finite elements for structural response
analysis. // J. Vibroeng., 2011, 13, pp. 729-
738.

Li B., Chen X. Wavelet-based numerical
analysis: A review and classification. // Fi-
nite Elements in Analysis and Design,
2014, 81, pp. 14-31.

Ma J.X., Xue J.J. A study of the construc-
tion and application of a Daubechies wave-
let-based beam element. // Finite Elem.
Anal. Des., 2003, 39, pp. 965-975.

Mitra M., Gopalakrishnan S. Extraction
of wave characteristics from wavelet-based
spectral finite element formulation. // Mech.
Syst. Signal Process, 2006, 20, pp. 2046-
2079.

Mitra M., Gopalakrishnan S. Wave prop-
agation analysis in anisotropic plate using
wavelet spectral element approach. // J.
Appl. Mech., 2008, 75, pp. 1-6.

Mitra M., Gopalakrishnan S. Wavelet
based spectral finite element modelling and

International Journal for Computational Civil and Structural Engineering



Numerical Solution of the Problem for Poisson’s Equation with the Use of Daubechies Wavelet Discrete-Continual

Finite Element Method

detection of delamination in composite
beams, // Proceed. R. Soc. A, 2006. 462,
pp. 1721-1740.

28. Mitra M., Gopalakrishnan S. Wavelet
Spectral element for wave propagation
studies in pressure loaded axisymmetric
cylinders. // J. Mech. Mater. Struct., 2007,
4, pp. 753-772.

29. Mozgaleva M.L., Akimov P.A., Kaytukov
T.B. About Wavelet-Based Computational
Beam Analysis with the Use of Daubechies
Scaling Functions. // International Journal for
Computational Civil and Structural Engineer-
ing, 2019, Volume 15, Issue 2, pp. 95-110.

30. Mozgaleva M.L., Akimov P.A., Kaytukov
T.B. Wavelet-based Discrete-Continual Fi-

nite Element Plate Analysis with the Use of
Daubechies Scaling Functions. // Interna-
tional Journal for Computational Civil and
Structural Engineering, 2019, Volume 15,
Issue 3, pp. 96-108.

31. Patton R.D., Marks P.C. One-dimensional
finite elements based on the Daubechies
family of wavelets. // AIAAJ, 1996, 34, pp.
1696-1698.

32. Zhou Y.H., Zhou J. A modified wavelet
approximation of deflections for solving
PDEs of beams and square thin plates. //
Finite Elem. Anal. Des., 2008, 44, pp. 773-
783.

Marina L. Mozgaleva, Senior Scientist Researcher,
Dr.Sc.; Professor of Department of Applied Mathematics,
National Research Moscow State University of Civil En-
gineering; 26, Yaroslavskoe Shosse, Moscow, 129337,
Russia; phone/fax +7(499) 183-59-94; Fax: +7(499) 183-
44-38; Email: marina.mozgaleva@gmail.com.

Pavel A. Akimov, Full Member of the Russian Academy
of Architecture and Construction Sciences, Professor,
Dr.Sc.; Rector of National Research Moscow State Uni-
versity of Civil Engineering; 26, Yaroslavskoe Shosse,
Moscow, 129337, Russia; phone: +7(495) 651-81-85;
Fax: +7(499) 183-44-38; E-mail: AkimovPA@mgsu.ru,
rector@mgsu.ru, pavel.akimov@gmail.com.

Mojtaba Aslami, Ph.D; Assistant Professor; Fasa Univer-

sity;  University, Fasa, Iran; E-mail:  asla-
mi.mojtaba@gmail.com

\Volume 17, Issue 4, 2021

Moseanesa Mapuna Jleonuooena, cTapUIMid HAYIHBIH
COTPYIOHHK, TOKTOP TEXHHYECKHX Hayk; mpodeccop Ka-
(benpsl MpUKIAAHON MaTeMaTHKH HanmoHansHOTO Mccie-
JIOBaTEIbCKOr0o MOCKOBCKOTO TOCYJapCTBEHHOI'O CTPOU-
TenpHOrOo yHHUBepcutera; 129337, Poccusi, r. Mocksa,
Spocnasckoe mrocce, aoMm 26; tenedon/dakc: +7(499)
183-59-94; Email: marina.mozgaleva@gmail.com.

Axumos Iasen Anexceesuu, akanemux PAACH, ipodeccop,
JIOKTOp TEXHUUYECKHX HayK; pekTop HanmoHanbHOro uccie-
JIOBATEIIbCKOTO MOCKOBCKOTO TOCYJapCTBEHHOTO CTPOH-
TenbHOrO yHHUBepeuteta; 129337, Poccust, r. Mocksa, fpo-
CIaBcKoe Iocce, joM 26; tenedon: +7(495) 651-81-85;
dakc: +7(499) 183-44-38; Email: AkimovPA@mgsu.ru,
rector@mgsu.ru, pavel.akimov@gmail.com.

Moooicmaba Achamu, KaHIUAAT TEXHUYECKUX HAYK; JO-

nent YuuBepcutera Pecor; deca, Upan; E-mail: asla-
mi.mojtaba@gmail.com.

133





