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Abstract

Purpose: The aim of our study is comparison of method applications based on differential transformations
for solving boundary value problems which are described by non-linear ordinary differential equations.
Methods: This article reviews two approaches based on differential transformations for solving non-linear
boundary value problems: the modified differential transform method and the system-analogue simulation
method. Results: In this paper, we present results of the numerical solution of non-linear boundary value
problem by methods based on differential transformations for demonstration the effectiveness and
applicability of techniques. The relative error for given solutions, obtained with using first 6 discretes of
differential spectra is presented. Discussion: Comparison of numerical solutions obtained by modified
differential transform method and system-analogue simulation method with exact solution shows that both
methods have good agreement with exact solution of non-linear boundary value problem for small intervals.
However, application of system-analogue simulation method is preferential for big intervals, on which the
boundary value problem is solved.

Keywords: Adomian polynomials; differential transformations; modified differential transform method;
non-linear boundary value problem; system-analogue simulation method.

1. Introduction

Non-linear boundary value problems occur
frequently at the simulation of different problems in
various fields of science and engineering, including
optimal control, flight dynamics, gas dynamics, fluid
mechanics, electrohydrodynamics, astrophysics,
nuclear physics, quantum mechanics and others.
In general, boundary value problems are described
by non-linear differential equations, don’t have
analytical solution and are solved by various
numerical and numerical-analytic methods, that
proved their effectiveness [1-6]. However,
application of the majority of these methods is
associated with overcoming of the variety of
mathematical and computational difficulties.

2. Analysis of the research and publications

One way to overcome given difficulties is the
differential transform method (DTM) that was
developed by academician Pukhov G.E. [7-9].

According to the DTM, the problem is solving in
the image field with further translation to the
original field and presentation of solution as
truncated Taylor series. The main advantage of
given approach is that it can be applied directly to
solve of non-linear differential equations without
preliminary linearization, eliminates dependence of
variables from time argument, admits the possibility
to obtain solution in analytic form and considerably
reduces the volume of computation.
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Each spectral model, obtained as result of
differential ~ transformations of the initial
mathematical model, is a quasi-analogue of initial
problem. Usually for the solution used one of the
infinite set of quasi-analogues, which can be
constructed on the base of differential
transformations. Application of the system of quasi-
analogues or in other words a set of spectral models,
allows with equal number of discretes of differential
spectrum to obtain more exact values of unknown
boundary conditions and, therefore, to obtain more
high solution accuracy [10]. On the base of the given
approach, the system-analogue simulation method
(SSM) has been proposed by Baranov [11], for
solving non-linear boundary value problems based
on differential transformations.

Frequently at solving of non-linear differential
equations, including DTM application, occur
mathematical difficulties, associated with the
complex nonlinearity of equations. These difficulties
can be overcoming by using of Adomian
polynomials [12]. This approach wuses the
decomposition of non-linear differential equation
into linear and non-linear parts and approximation of
unknown non-linear part of equation by Adomian
polynomials. Application of Adomian polynomials
in the differential transform method (the modified
differential transform method, MDTM) considerably
simplifies solving of non-linear boundary value
problems and extends the field of DTM application.
The application effectiveness of modified
differential transform method for solving non-linear
boundary value problem can be found in [13,14].

3. Research tasks

The aim of our study is comparison of method
applications based on differential transformations for
solving boundary value problems which are
described by non-linear ordinary differential
equations.

4. Differential transformations

The differential transformations allow to replace in
the mathematical model of physical process the
functions x(#) continuous argument : by their
spectral models in the form of discrete functions
X(k) of integer argument £ =0,1,2,....

The
x(t) are the functional transformations of the type:

differential transformations of function

k[ gk
X(k)=",’(—,{d df,f”} , (1)
' =0

where x(¢#) — the original, which represents the
continuous and bounded together with all its
derivatives function of real argument ;; X (k) — the
differential image of original (differential spectrum),
which represents the discrete function of integer
argument k& =0,1,2,... (discretes of differential
spectrum); H — the scale stationary value having
dimensionality of argument ; and usually chosen
equal to the segment 0<¢<H , on which the
function x(¢) is considered.

The inverse transformation, allows to obtain the
original x(¢#) by the image X (k) in the form of
Taylor series:

k
>t
-3 L] xk 2
x(1) %(H] (k) ()
orat H=1:
X0 =3 X (k). 3)
k=0

The value of A is to be less than the radius of
convergence p, which can be determined on the

base of D’ Alembert criterion:

—(X(k) H(k+1) — X(k)
p= 1n°1°| r o |=H11n°1°—. 4)
k| /Y TOHM T ke X (k+1)
When considering the differential

transformations of time function x(¢) in the point ¢,
expressions (1) and (2) are following:

_H'| d'x(t, +a)
X(k’ti)__k! {—dak LO ; 5
Ha)=>|—=| X(k,t), 6
0= 5] X ©

where a is the local argument, which value chosen
in the bounds 0<a<H or -H<a<H.
Application of differential transformations (5) to the
mathematical model of the object allows to construct
in depend on choosing the specific value ¢,, the set

of corresponded spectral models (quasi-analogues of
the initial problem) in the image field. In such case
holds the quasi-analogue simulation, which replace
the analysis of physical processes in the object by
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event investigations of other physical nature, which
described by models that different from initial
mathematical models, which are equivalent relative
to necessary simulation results [10,11].

5. The modified differential transform method

Consider the operator form of a non-linear
differential equation:

Px+Nx+QOx=c, @)

d" . .
where x=x(); P= . is the non-linear

t

. . d . .

differential operator, n>1; N= 5 is a linear

differential operator, Q) represents the non-linear
operator of non-linear function f = f(x), ¢ is the

source term. The solution of equation (7) is defined
as infinite series:

Ay = f(xp), 4 =x1f(1)(x0),

1
4, = xzf(l)(x0)+5x12f(2)(x0),

x(t) = i x, (D). 3

k=0

According to the method of Adomian
polynomials, the non-linear term of equation is
approximated by the Adomian polynomials as
infinite series:

Or=34, )
n=0

Components of the Adomian polynomials are
defined as:

A, = {W[ [Zm,ﬂ}m,nzo (10)

The Adomian polynomials for the non-linear
function f = f(x) are determined into the form [12]:

1
4, = x3f(1)(x0) + xlxzf(z) (x)+ gxffm(xo),

Ay =, f0 )<xo>+[x1x3 v jf(z)(xo) b V) + ),

(11)

= xsf( )(xo) + (x2x3 + XXy )f( )(xo) +— (xl X3+ XX, )f(3)(xo) +

3!

Taking into account the features of differential

transformations, components of differential image of
F(0)=f(x(0)=f(X(0)= f(xp)s
=x(0)/x(0)= X (1) /" (X(0)),

F(l)=%f(x(t)

t=0

1 1
+—x13x2f(4) (xo)+ gxlsf(s)(xo),---

non-linear function f(x) of desired differential
equation are defined in the following form [13]:

F(2)=X(Z)f“)(X(O))+%(X(l))2f(2’(X(0)),

F3)=XQR) SV (X(O0)+X (DX Q) /(X (0))+% (XD (X)),

(12)

F(@)=X@ " (XO)+XDXE) +%(X 2))/P (X () +

+%(X(l))ZX(z)f“kX(O))+$<X(1>>“f<4)<X<0)>,

F(5)=X(5) /P (X(0)+(X(2)X(3)+X()X(4)/? (X(0)) +% (XY X3+

+X(HX Q) (X (0))+;(X ) X)X (0))+$(X W)’ /P X(O)),...
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Taking into account that components of
differential image of original of non-linear function
of differential equation are similar in form to the
corresponding components of Adomian
polynomials, we can take, that components of
differential image of original of non-linear function
of equation can be obtained from corresponded
components of Adomian polynomials by replacing
each solution components x,(f) by the

corresponding component of differential image
X (k) of the same index.

In [13] shown, that such replacing can be applied
for any types of nonlinearity of differential
equations. Therefore, for solution of non-linear
boundary value problem we can applied the
combined method of differential transformations
with approximation of non-linear term of equation
by Adomian polynomials [15].

Solution algorithm of non-linear boundary value
problem with regard of mentioned above approach
consider via example of solving of two-point non-
linear boundary value problem, in which object is
described by non-linear differential equation:

i(t) = fIx(@)] tet,T] (13)

with non-linear by x source term f[x(#)] and
boundary conditions:

i(ty) =0
o x(T)+Px(T) =1

(14)
(15)

where o,[3, Y are given constants, initial condition

x(ty) is unknown. Is assumed, that function x(), its

derivatives and also non-linear at x function f[x()]

are continuous functions and equation (13) has
unique solution.

Solution algorithm of non-linear boundary value
problem (13)-(15) with application of the modified
differential transform method consists of realization
the following steps [16].

1. Constructing of the spectral model of equation
(13) into the image field:

(k+D)X(k+1)=F(k), (16)

where F (k) is the differential image of non-linear
function f [x(t)].

2. Taking into account (1) and boundary
condition (14) the value of first discrete of solution

is X(1)=x(¢))=0. For =zero discrete assume

X(0)=x(ty))=m, where the value of parameter n
will be determined in further.

3. Differential image F(k) is
corresponding Adomian polynomials, in which each
solution component x,(f) is replaced on

corresponding component of differential image
X (k) of the same index:

replaced by

F(k)=4,,k=0]1.2,..,N. (17)

4. Substituting (17) to (16), with regard (3) and
step 2 we obtain the solution of non-linear boundary
value problem (13) - (15) as:

X(t) =N + NEI Zk—l "k+1
mk+1

(18)

5. Substituting the solution (18) to boundary
condition (15) we obtain the non-linear algebraic
equation for determination of unknown parameter n

6. Taking into account of founded parameter
value and expression (18) we obtain the solution of
non-linear boundary value problem (13)-(15).

6. The system-analogue simulation method

Consider solving of non-linear boundary value
problem by the system-analogue simulation method
[11,17]. Let’s, the mathematical model of non-linear
boundary value problem is described by wvector
differential equation:

dx
—=f(t,x) (19)
A
at additional conditions
g(x()axn)zp: (20)
telt,t,], (21)
where x(¢) is n-measurement of vector-function of
state, f(¢,x) is n-measurement vector-function,
g(xy,x,) 1is n-measurement vector-function of

initial and terminal state of object, p is the given

vector; x, =x(%,), x, = x(t,) are vectors of boundary

conditions.

Following [17], carry out the construction of
spectral model of nonlinear boundary value problem
(19)-(21) as follows. Time interval (21), on which
j- component of vector solution of boundary
problem should be defined, we cover by the grid
with variable step
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t, =t +H,,i=(LN).

(22)

The interval (21) is usually split into paired
quantity of sub-intervals. Around the arbitrary point
t,e[ty,t,] consider separately two sub-intervals:
[#_.t;] and [f,,2,,,]. Over the sub-interval [f,_,t;]

we use the mathematical model of boundary value
problem in the form (19)-(20). For the sub-interval
[#.t,,;] we transform the differential equation (19)

by introducing the inverse argument: T=*¢,, —¢:

dx_

=—/(1,x), (23)

where the line over symbols means that
corresponding variables and functions are reviewed
by the inverse argument <t .

Therefore, over the sub-interval [¢,_,,t;,] we use
the mathematical model (19)-(20) and over the sub-
interval [¢,,¢,,,] - the inverse model (20), (23).

Applying differential transformation (5) in the
point #,_, to the equation (19), obtain the recurrent
expression for determination of discretes of
differential spectrum over the sub-interval [z, ,,7,]:

X [k+1,t,x(4)]=
(24)

- FAT(k,t,_,), Xk ¥
_k+1 Jj ( ’ti—l)a [ ’ti—lﬂx(ti—l)]

j=Ln, i=2v—=1, v=12,..N/2, k=01.2,...

Differential spectrum for the sub-interval [¢,,¢,,,]

we form by the recurrent expression based on
differential transformation (5) of equation (23) in the
point ¢,

_j[k +1 tz+1’x(ti+1)] =

Hoin , (25)
- Fileth b)) Xt x(t, )1
j=Ln, i=2v—1, v=12,..N/2, k=012,...

The function value x(z) in the point ¢ =1 may

obtain by the inverse transformations (6) using
differential spectrum (24) or (25). As result of
inverse transformations (6) of differential spectra

(24) and (25) at conditions H;=t,—1;,
H it =y — 1 obtain the system of equations:

X (tjl) ZX [kﬁt l’x(ti—l)]:

(26)
- ZXJ[k’ :+19x(ti+1)]>
j=Lni=2v—-1,v=12,.,N/2
The expression (26) we transform as:
ZX [k, 8y, x(t)] = ZX [kt x(t )] (27)
R;=Rji, j=Ln, i=2v-1,v=12,., (28)
n=N/2,

where

ZX_/ [k’ti—l’x(ti—l)]ak./i =

k:Wll +1

z}j [k, x(840)]

k=mz +1
Representation of the system of equations (26) in
the form (27) is assumed at condition of equal signs
of remainders of a Taylor series R; and R;. System

of equations (27) determines on the finite number of
discretes of differential spectra (24) and (25) the
exact mathematical link between function values

x(¢) in points #,_; and ¢,,. The exact link between
x(t,_,) and x(¢,,,) established by the system of
equations (27) thanks to joint compensation of
remainders R, and R;

realization of conditions (28).

Remainders of a Taylor series are expressed
exactly in forms of Lagrange and Taylor-Lagrange:

of a Taylor series at

my+1
Ry =" (1)) =
J ( +1)' J J (29)
i ’
=—L—[(1-0)" x""(t,_, +6H ,})dO
m! g '
—my+l
o . — Hjl
T (my +1)!
—7ma+l

H]’ '[(1 e)mz (m2+1)(t

1 %
»(fmz+ )(t . ) —

, (30)
- 6ﬁji)d6
m,!

S et tig]-

where t E[tjl 1> /1] t; Jio® ji+l

b j[

The system of finite equations (27) — (30)
determines the exact link between vector
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components of boundary conditions and jointly with
equation (20) allows to find unknown vectors x,

and x, . Expressions (28)-(30) are used for selection
of the step H; and ﬁji by time, the system of
(20) and (27) determines
boundary conditions x, and x, .

The system-analogue model (20), (27) - (30) of
non-linear boundary value problem (19) - (21)
allows to find exact values of vector components of
unknown boundary conditions X, and x,,.

equations unknown

7. Numerical experiment

Let’s the boundary value problem is given and
described by the system of non-linear differential
equations [16,17]:

X, () =Xy,

31
X, (t) =1-x; D
at the additional conditions
Xy + Xyp =th,
x(0)=x,,=0, x,(T)=x;; =In(chl), 32)

%(0) = xy9, X,(T)=2,7, 1€[0,T], T =1.

In this example, unknown boundary conditions
X5, X,7 are connected by the first equation of

system (32) and the boundary value problem (31)-
(32) has the following exact solution:

x,(t) =In(cht), x,(t)=tht,
x,(0)=0, x,(T') = In(chl),
x,(0)=0, x,(T) =thl.

(33)

Consider the solution of the given problem by
mentioned above methods.

Solution using the modified differential transform
method

Write the boundary value problem (31)-(32) in the
image field:

1
X1(k+1)=—k+1Xz(k),

1 -
X,(k+1)= k+1['b(k)_A2k]a

X,(0)+ X, (T) =thl,
X,(0)=x,, =0, X,(T)=0x,, =In(chl),
X,(0)=x,5, Xo(T)=x,, te[0,T],T =1

. (34

1, k=0
0, k>1"

In accordance with procedure (11) for the non-
linear part of the second equation of the system of

G AluO1=x0)  we
components 4,, of Adomian polynomials. Then,
Ay
components 4,, which are used for replacing of

corresponding components of differential image of
non-linear part of second equation in the spectral
model (34):

where v(k) = {

equations calculate

we use for definition of corresponding

LN

20 = Xzz(o) > 221 = 2X2(O)X2(1) 5
2 = X5 (1)+2X,(0)X,(2),
dyy =2X,(0)X,(3)+2X,() X, (2),
Ay, =2X,(0)X,(4)+2X,(DX,(3)+ X5 (2),
A5 =2X,(0)X,(5)+2[X, (D X,3) + X, (DX, (H)]...

l

N

(35)

Using the spectral model (34), with taking into
account computed values ka for £ =0,1,2,..., obtain

following expressions for determination of first 6
discretes of differential spectra, which are expressed

through unknown boundary condition x,:
X1(0)=2x,0 =0, X,(0)=1xy,
X()= x50, X, (1)=(1=23),

1
X,(2) =E(l—x§0), X,(2)= _xzo(l_x§o)v
1 2
X,3)= _Exzo(l_xzo)a
1
X,3)= _E[l - 4x220 + 3x§0]
1 [ 2 4 l
X,(4) = _E 1 —4x5, +3x5
. (36)
X,(4)= g[zxzo _ngo + 3x§ol
1
X,(5)= E[szo - 5x§0 + 3x§ol
1 [ 2 4 6 l
X,05)= s 17x5, —30x5, +15x,, — 2

I
X,(6)= —%[17;@0 304 1528, — 2]

1
X,(6)= _E[”x” 7753, +105x3, — 45 ]
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Therefore, taking into account (3), we have the
following solution of boundary value problem,
which is depended from unknown boundary
condition x,,

X, (1) = Xy -t+%(1—x§0)'t2 -
1 24 3
_gxzo(l_xzo)'t -

—%[1 IR P e 37)

+ %[szo — ngo + 3x§0]~ £ -

—io[mc;, Z30x%, +15x8, —2) 0.,

X, (1) = Xy +(1—x§0)-t—x20(1—x§0)'12 -
—%[1—4x220 +3x§0]~t3 +§[2x20 —5x;0 +3x§0]-t4 —

—%[m;o —30x} +15x8, — 2] -

—%[17);20 — 7733, +105x3, —45xD | 16— ..
From solving x,(¢f) at ¢=1 with taking into
account the boundary condition x,,+x,; =thl we

obtain the equation for determination of unknown
boundary condition x,,, which solving in the given

interval gives the value x,, =0,00015.

Therefore, solving of boundary value problem
(31)-(32) which is searching:
x,(¢)=0.00015 +0.5¢* —0.00005¢° —

—0.08333* +0.000027° —3.33-107°¢° — ...
x,(t) =0,00015+¢—0.00015- > —
—0.33333-£ +0.0001-#* —0.00002- £° —
—0.00005-£° — ..

(3%)

Solution using the system-analogue
simulation method [11,16].

The interval [0,T] is divided on two sub-intervals
H,=h and H,=1-h, so that H + H, =T =1. By
applying of differential transformations (1) to the

system (31) in the point t=0, we obtain the
following spectral model:

h
Xi(k+D)=-—= X5(h),

Xyl 1) = o)~ 3 X (k=D X D]
+1 =0 39)
X1(0)=x,=0, X,(0)=xy,
()= {1, k=0
0, k=1

The model (39) is of the form of recurrence
equations, which allow to find discretes of
differential spectra:

X,(0)=x0=0, X,(0)=xy, X;(1)=hryg, X,(1)=h(1—x3)),
3

- x,(1=x%),
3x20( xzo)

hZ
X1(2)=?(1—x§0), X,3)= (40)

3
X,(2) ==h*x0 (1= X3), X,(3) = —h?[l —4xd 3% |

4

h
X =—l-ax, 434

vl 30+ 353}
X,4)= ? 2X,0 = 5x50 +3x5,

hS
X9 = E[zxzo - 5x;0 + 3x§ol

5
X,(5) = _%[17x§° —30x% +15x8, - 2]

X,(6) =" [1722, 300 +15:5 2]
1 - 90 20 20 20

6
X,(6)= —2—5 [172, 7723, +105x3, — 4517 |.

Then, taking into account (3) we have the
following solution of boundary value problem (31)-
(32) over the sub-interval H, =/, which is depended

from unknown boundary condition x, :

2
x,(1) = hxy, ~t+%(1—x202)-12 -

e

_?xzo(l xzoz) r
h4

——2(1—4x202+3x204)~t4+ (41)
h5

6
—;’—()(17x202 — 30" +15x,° =2) - 1%+ ..,
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X, (1) = Xy +h(1—x202)-t—

3

- h2x20(1 _xzoz) - _h?(l _xzoz)'t3 -
X

—5(1—4)%2 +3x,,1) -1 +

5
+ E(2x20 - 5x203 + 3x205) 10—

6
- %(17x202 —30x,," +15x,)" =2)-1° + ...,

Equations (31) transform at the inverse argument
T=T-t=1-t:

(42)

By applying differential transformations (1) to
equations (42) in the point t=0 at the scale
stationary value 1-h we obtain the second spectral
model:

X, (k+1)=—,1€'—+hl)?2<k>,

X, (k+1) =%[—b(l€) + @)

I=k __ _
+IZXz(k—l)Xz(1)],
=0

)_(1(0) =Xj0 = X;15 )?2(0) =Xy = Xpp-

Using recurrence expressions (43) we determine

discretes of differential spectra for sub-
interval H, =1-4:
)?1(0) =X, )N(z(o) =Xor>
X ==(1=h)xy, X,()==(1-h)1-x3;),
~ 1-h)?
x-S,
X,(2)=—(1-h)x, (1-x2,),
~ 1-h)°
70)=L -,

_ 3
7,3 =L a2, 4348,

_ 4

)?1(4) == Sl [1 _4X§T + 3X;T1
~ 1—h
X,(4)= ( ) [2x2T _Sx;T + 3x;T1
~ 1-h)y’
X,(5)= _%[23‘” - SXST + 3x25T]7

_ 5
%5 =4 15h) [17:2, —30x%, +15x5, - 2]

_ 6

%,6)=-4 9;’) 1722, —30x%. +15x8, 2]

_ 6
7,60 = LM 175, — 7748, 410553, 4557, ]

45

Substituting received discretes to the expression
(27), obtain:

4

3
X20 +h(l_xzzo)_xzohz(l_x220)_h?[1_4x220 +3x;0]+h?[2x20 —5x3 +3x§0]—

5

=Xor _(l_h)(l_xzzo)_xzo(l_h)Z(l_xzzo)"'

(1-h)’

6
—E[ijo ~30x% +15x5, —2]—];—5[17x20 —77x3, +105x%, — 45x], |=

- 4x2 +3x% |+ (45)

1-h)* 1-h)°
D B s +3x§0]+%[17x220 ~30x% +15x%, - 2]+
_ 6
D g 77x 4105, — 457 ]

45

The equation (45) with selected the scale
stationary value h, jointly with boundary condition
Xy +X,p =thl creates the system of two equations

with two unknowns x,,, X,; . Solution of this system

gives values of unknown boundary conditions in the
given interval: x,, =0,00033% x,, =0,761263.
Substituting obtained values to expressions (41)

we receive the solution of boundary value problem
(31)-(32) as:
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x,()=0,00033-1+0,5-1> —0,00011- > — In figure 1 and tables 1-2 shown the comparison
between exact solution of boundary value problem
—_— . 4 . 5 . 6
0,08333-£7+0,00004-47 +0,02222-47 + ..., (31) - (32), solution using the modified differential
5 transform method and solution using the method of
x,(1) = 0,00033+0,99999 - ¢ - 0,00033 - ¢~ — system-analogue simulation, the relative errors for
~0.33333-£ +0.00022-t* +013333 - — the given solution, which was obtained with using
. first 6 discretes of differential spectra of the solution
=0,00013- 7" +... is also presented.
Table 1
Comparison of numerical solutions
) Exact solution SSM MDTM
X, (1) X, (1) X () X, (1) X (t) X5 (1)
0 0 0 0 0.000331 0 0.000149
0.2 | 0.019868 0.197375 0.019933 0.197694 0.019896 0.197477
0.4 | 0.077954 0.379949 0.078084 0.380315 0.077923 0.378794
0.6 | 0.170135 0.537049 0.170415 0.538602 0.169280 0.528105
0.8 | 0.290754 0.664037 0.291915 0.673199 0.285966 0.629408
1.0 | 0.433781 0.761594 0.439152 0.800092 0.416783 0.666697
Table 2
Comparison of relative errors
Relative error, &.
t SSM MDTM
X (t) X5 (1) x; (1) X, (1)
0 0 4.35e-04 0 1.96e-04
0.2 1.51-04 4.18e-04 6.48e-05 1.34e-04
0.4 2.99¢-04 4.80e-04 6.91e-05 1.52e-03
0.6 6.44e-04 2.04e-03 1.97e-03 1.17e-02
0.8 2.68e-03 1.20e-02 1.10e-02 4.55e-02
1.0 1.24e-02 5.05e-02 3.92e-02 1.25e-01
0.9 As mentioned in [17], the solution accuracy of
boundary value problem by system-analogue
0.8} A . . . .

o simulation method can be raised, if necessary, by
07| e 1 raising of amount of considered discretes of
sl T differential spectra or by dividing of the given

' interval on larger number of sub-intervals.
05
* 8. Conclusion
04r
The application of two methods, based on
| differential transformations for solving non-linear
651 boundary value problems was reviewed. Both
methods give the good agreement with exact
| solution of boundary value problem over small
0 2 N N N intervals. The system-analogue simulation method is
0] 0.1 0.2 03 0.4 0.5 0.6 08 09 1

Fig.1. Comparison of exact solution (-) and solutions
using SSM (-0-) and MDTM (-x-), which are obtained

with using of first 6 discretes

more complicated for realization in comparison with
modified differential transform method due to
necessary to construct additional spectral models
(analogs) which leads to increase of dimension of
the system of equation. But it application is more
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preferable in cases of big intervals on which the
boundary value problem is considered.

Possible with the purpose of computational cost
reduction to apply in the system-analogue simulation
method of approximation of non-linear term of
differential equations by Adomian polynomials.
Effectiveness evaluation of this method is the
subject of separate investigations.
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3acrocyBanHs qudepeHmiaJbLHUX EPETBOPEHD 10 PO3B’A3KY HEJNiHIIHUX KpaiioBuX 3a1a4
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Merta: MeToro 1aHOi CTaTTi € TIOPiBHSAHHS 3aCTOCYBaHHS METOJIIB Ha OCHOBI JU(epeHLialbHUX ePETBOPEHD
IUIL  PO3B’SI3KY KpaloBUX 3amad, OI0 ONHCYIOTHCS HENIHIMHMUMH 3BHYAHUME AudepeHIiaTbHIMU
piBHSHHSIMH. MeToau: B cTaTTi po3rissHyTO /1Ba MiIXOIH i3 3aCTOCYBaHHAM AU EPECHIIAIEHAX TIEPETBOPEHD
JI0 PO3B’sA3KY HEINiHIHOI KpaioBoi 3a1aui: Moau(ikoBaHUI MeTo] Mu(epeHIliaTbHAX TEPETBOPEHb 1 METO
CHCTEMOAHaJIOroBoro MojenoBaHHi. Pe3yabratn: IlpencraBieHi pe3ynbTaTH YHCIEHHOTO DO3B’SI3KY
HeNiHiIiHOT KpaiioBoi 3ajaui MeToJaMHM Ha OCHOBI JUQepeHLiabHUX IePeTBOPEHb Ui JEMOHCTpAIlil
e(heKTHBHOCTI Ta 3aCTOCOBHOCTI MeTOAiB. HaBeneHa BigHOCHA MOXHMOKa I TaHUX PO3B’S3KiB, OTPUMAHHX 3
BUKOPDHUCTAHHSM IMEpPIINX MIECTH TUCKpeT audepeHuianbHuX crekTpiB. O6roBopenHs: I[lopiBHAHHS
YHCENbHUX PO3B’A3KiB, OTPUMAHUX MOIU(IKOBAHUM METOIOM IU(epeHLialbHUX NEepeTBOPEHb 1 METOAOM
CHUCTEMOAHAJIOTOBOTO MOJIC/IIOBAHHS 13 TOYHHUM PO3B’SA3KOM IOKa3ajio, 10 OOuABa METOIU MAKTh I00pY
30DKHICTH 3 TOYHHM PO3B’SA3KOM HEINIHIMHOI KpaloBOi 3amadyi Ha Manmx iHTepBanax. Ilpm 1pomy,
3aCTOCYBaHHS METO/a CHCTEMOAHAJIOrOBOIO MOJICIIOBAHHS € OB pallioHaTbHIM Ha BEJMKHUX IHTEpBaJax,
Ha SIKMX PO3TIIAJA€ThCs KpaiioBa 3a1aua.

KarouoBi cioBa: gudepeHmianbHi  NEPETBOPEHHS; METOX  CHCTEMOAHAIOTOBOTO  MOJICIIOBAHHS,
MoudikoBaHUI MeTox AudepeHialbHIX IePeTBOPEHb; HelliHIiiHa KpalioBa 3a7a4a; MoJiHOMH AJjoMiaHa.

B.IL I'yceinun’', A.B. chmnnﬂz, E.H. Taunnuna’. IIpumenenue nuddepeHuAIBLHBIX
npeodpa3oBaHNii K pelIeHNI0 HeJIMHEHHBIX KPaeBbIX 3a1a4

! BunanuonansHas kommanus «Alc?ntara Cyclone Space» Av. L3 Norte — Ed. Finatec — Bloco H, Brasilia-
DF — Brasil

? Hanmonanpubiit Texandecknii Yuusepenter Yikpanasl «KITH» nm. W. Cuxopexoro, mp. ITo6exnst, 37,
Kues, Ykpauna, 03056,

3 HaumoHanbHbIH aBHAIHOHHEIH YHUBEpCHTeT, pocit. Kocmonasta Komaposa, 1, Kues, Yipauna, 03680
E-mails: 'viacheslav.gusynin@gmail.com; *gusynin@gmail.com; *tachinina@mail.ru

Heun: Llenpto JaHHOW CTAaThU SBISIETCS CPAaBHEHUE NMPHMEHEHHS METOIOB Ha OCHOBE AuG(epeHIHanbHbIX
npeoOpa3oBaHUi A7l  PELIeHHs KpaeBbIX 3aJad, OIUCHIBAEMBIX HEIMHEHHBIMH OOBIKHOBEHHBIMHU
muddepeHIanbHBIME  ypaBHEHUAMH. Metoabl: B craThe paccMOTpeHO [Ba MOAXOJa C MPHUMEHEHHEM
muddepeHInanbHBIX MpeoOpa3oBaHUil K PEUICHUI0 HEMTMHEWHOW KpaeBoW 3ajaun: MoAu(UIMPOBaHHBIHN
MeTox nuddepeHuanbHbIX IpeoOpa3oBaHUii 1 METOJ CUCTEMOAHAIIOTOBOTO MOAEIUPOBaHus. Pe3y/ibTaThl:
[IpencraBneHbl pe3ynbTaThl YUCIEHHOTO PEIICHUS HEIMHEHHOW KpaeBOW 3aladd METOAAMH Ha OCHOBE
muddepeHInanbHBIX MpeoOpa3oBaHui A AeMOHCTpanuuu 3(PQPEKTUBHOCTH M NPUMEHUMOCTH METOMOB.
[IpuBenena oTHOCHTENbHAS TOTPEIIHOCTD ISl JAHHBIX PELICHHM, MOJYyYEHHBIX C MCIOIb30BAHNEM MEPBhIX
mecTd auckper nmuddepeHnnanbHeIX CrekTpoB. O0cy:xkmenue: CpaBHEHHE YHCICHHBIX PEIICHUH,
MOJYYEHHBIX ~MOAWGUIHUPOBAHHBIM METONOM IU(QepeHunanbHbIX NpeoOpa3oBaHU M METOAOM
CHCTEMOAHaJIOTOBOTO MOJENUPOBaHMS C TOYHBIM pEIIeHHEM I10Ka3ajio, YTo 00a MeToJa MMEIOT XOPOIIYIo
CXOJUMMOCTh C TOYHBIM PEIICHUEM HEIMHEHMHOW KpaeBOM 3aJauyd Ha MalblX HHTepBanax. lIpu arom,
[IPUMEHEHUE METOJa CHCTEMOAHAIOTOBOIO MOJEIMPOBAHUS SIBISETCA IPEANOYTUTEIbHBIM Ha OOJBLIMX
HMHTEpBajax, Ha KOTOPOM pacCMaTpHUBAETCs KpaeBas 3a/1ada.

KiroueBbie cioBa: aud¢epeHnnanbHple IpeoOpa3oBaHusi; METOJl CUCTEMOAHATIOTOBOIO MOAEIMPOBAHMUS;
MOIU(GHULIUPOBaHHBIH MeTon IudQepeHInalbHbIX NpeoO0pa3oBaHUil; HENWHEeWHas KpaeBas 3aaadya;
MOJIMHOMBI AJTOMHaHa.
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