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Abstract

Purpose: The present paper is aimed at estimating of accuracy and justification the application effectiveness of the
multi-step differential transform method for solving non-linear boundary value problems. Methods: This article reviews
the multi-step differential transform method for solving non-linear boundary value problem. Results: The upper bound
of estimate of accuracy of approximate solutions of non-linear boundary value problems by the multi-step differential
transform method for the case of accounting of restricted quantity of discretes of differential spectra is offered. We
present results of numerical solution of a non-linear boundary value problem and shown the efficiency of application of
the multi-step differential transform method compared with traditional differential transform method. Discussion: It is
shown, that upper bound of error estimate of the multi-step differential transform method compared with traditional

differential transform method is decreased in p° time, where s is the quantity of accounted discretes, p is the

quantity of intervals, over which the given time interval is divided. The multi-step differential transform method gives
the principal possibility to get more exact value of random analytic function x(t) on the end of interval at restricted

quantity of discretes of differential spectrum compared with the differential transform method application.

Keywords: approximate solution; differential transform method; estimate of accuracy; multi-step differential
transform method; simulation; upper and lower bounds of error estimate.

theorems are given in [1-5]. It can be applied

1. Introduction directly to solve non-linear differential equations

Non-linear boundary value problems occur
frequently in modeling of different problems in
various areas of science and engineering, including
optimal control, flight dynamics, nuclear physics,
quantum mechanics and others. In general, boundary
value problems are described by non-linear
differential equations, don’t have analytical
solutions and are solved by various numerical and
numerical-analytical methods. However, application
of majority of these methods is associated with
overcoming of the variety of mathematical and
computational difficulties.

One way to overcome given shortcoming is the
application of operation method of differential-taylor
transformations (differential transform method,
DTM), whose basic definition and the fundamental

without preliminary linearization, eliminates
dependence of variables from time argument, admits
the possibility to obtain solution in analytic form and
considerably reduces the computing volume [6,7].
But along with the evident advantages, the DTM has
some drawbacks. Restoring the differential equation
solution as a formal Taylor series, generally can be
impossible through the small radius of convergence,
which could be essentially less than transient time.
For extending the search region solution of non-
linear boundary value problems, different
modifications of DTM methods have been proposed
including the multi-step differential transform
method (MsDTM) [8-13]. The sense of last method
consists in dividing of entire interval into sub-
intervals, searching over each subinterval the
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solution by the DTM based method and obtaining
the general solution of equation as sum of solutions
over sub-intervals. In [14] was proposed the
modification of the MsDTM by using of
approximation of non-linear terms of differential
equations by Adomian polynomials permitting to
obtain the solution of non-linear differential
equations in more wide range with acceptable
accuracy.

The solution accuracy of non-linear boundary
value problems, obtained using different methods of
DTM, essentially dependent from the quantity of
accounted discretes used for restoring Taylor series
solution. The bigger quantity of discretes would be
accounted, the more exact the approximate solution
would be obtained. In practice at dynamic process
simulation the maximum quantity of accounted
discretes always are restricted through the great
volume of needed calculation that complicates the
obtaining of task solution in the real and speeding up
time. This results to increase the simulation error of
dynamical processes in the field of originals and
necessity of estimate of accuracy of solution
obtained.

2. Research tasks

The present paper is aimed at estimating of accuracy
and justification the application effectiveness of the
MsDTM for solving non-linear boundary value
problems.

3. Estimate of error of approximate solution

Consider the following non-linear boundary value
problem

i—i:f(t,x,x',...,x(m))=0, (1

subject to the initial conditions
Xt =c¢,, r=01,..,m—1,
The problem solution (1) will consider over the
interval ¢, <t<T, where the length of interval

L=T-t, inside the radius R of

convergence of  Taylor series, i.e. 0<L<R.
Assume that analytic function x(t) is continuously

1s selected

differentiated in any point re [1,,7], has derivatives

of m™ - order, which are limited in total for any
wholem =1 so that,

‘x('")(t)‘ <C < oo, te[ty,T]. ()

Let us apply the basic features of DTM to the
function x(t)

X(k):ik{dkx(t)} @X(t):i(ﬁj X(k)

K| odi*
3)

where x(¢) is the original function, which represents
the continuous and bounded together with all its
derivatives the function of real argument ¢; X (k) is
the discrete function of integer argument & =0,1,2,...,
which is termed as the differential image of original
x(t) (the differential spectrum); H is the scale
stationary value having dimensionality of argument
¢+ and often equals the time interval L, over which
we want to find the function x(¢); < is the
correspondence symbol between the original x()
and its differential image X (k).

The expression to the left of symbol < in (3)
defines the differential direct transform, permitting
by the original x(¢) to find the image X (k), and on
the right - the differential inverse transform, which
recovers the original x(¢) by the images X (k).

Following the ideology of the MsDTM, the entire
time interval [t,,7] is divided into p given sub-

intervals, T, =t,—1,, qzrp, iTq =T-ty=L, of
g=1

equal step-size h=L/p. Restrict the quantity of

discretes of differential spectrum X (k) some given

number s >0 so, that integer argument k =0,1,2,... is

changed within bounds k=0,1,2,...,s. Applying the

DTM over the first sub-interval [to,tl], we will

obtain the approximate solution of equation (1) with
taking into account the finite quantity of discretes s
in the form:

x(ty) = ZXl(k)(f'to)ks te [tg.1].

k=0

the initial condition
xl(r)(to) =¢, and the expression (3) we will find for
the first sub-interval all values of differential
spectrum X, (k), k=0,1,2,...,s . For ¢ >2 and at each

following sub-interval [tq_l,th we will use the initial

. . ( _ (
condition xqr) ()= xqr_)l

(1) for the ¢™ sub-interval will be following:

Taking into account

(t4-1) . Then the expression
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k k
X, =21 L2

a py ,k=0.

t=t,
By applying given approach to each sub-interval

will obtain the sequence of approximate solutions
x,(®), q=0,,...,p for the solutions x(r) of equation

(1):
3, (0= Y X, =1, =y, 0, telit,) @
k=0

Finally, the MsDTM assumes the following
solution of equation (1):

x(t) =y (), te 1]
(1) =y, (0), te .6,

x, () =y, @ntel, ]

x(t) = )

It is easily observed that if p=1, then the
MsDTM reduces to the classical DTM.

The quantity of accounted discretes s for
restoring of the solution (5) as Taylor series is one of
the most essential factors that effect on the solution
accuracy obtained. Restriction of given quantity of
discretes leads to error of result obtained. The upper
bound of error estimate |£0| =|X(t)- y(t)| of the DTM

(3) is given by the expression [15,16]:

.

(6)

€0 = sup
| | (5+1)!0<t1<L

Taking into account the constraint (2), the
expression (6) can be written as:

le] <

In [17] as a criterion of preliminary estimation of
upper error bound of obtained solution G(n,m) at the

s+1

TR

(7

restriction of quantity of discretes used for restoring
solution as a power series is considered the
expression that links solutions, obtained for n and
n+m discretes:

1N

G(n,m)=\/—21—
S

i=0

2
x(tian)

, t,elo,L].
x(t;,n+m)

®)

Use the given criterion is enough awkward,
because besides the dual solution calculation it
demands the additional m discretes

X(m+1),X(n+2),.,X(n+m) calculation too. For
non-linear differential equations with complex
nonlinearities, the expression (8) in some particular
cases can give the wrong solution, when discretes

X() and X(n+m) have the same sign. In these
cases, are necessary to choose m>0, so that x(n)
and X (n+m) have the different signs.

For the MsDTM, the expression (6) for the upper
bound of error estimate |sq|:|xq(t)-yq(t)| over ¢
sub-interval with taking into account s discretes can
be written as:

L s+l o
e < @) a=hep . O
s Eelty ity

On the ground of the constraint (2) can make the
conclusion, that over ¢ sub-interval

C,= sup [0 (a)‘ <C < oo (10)

&e [

Really, if the (s +1) ™ derivative of function x, (1)

achieves the maximum value over the interval
[to,ththen C, =C, otherwise C, <C.

The error estimate (9) with taking into account
the constraint (10) can be written as

|<C(L/p)s+l
a7 s+

e (1
From the expression (11) follows that obtained
error at dividing the entire interval into equal p sub-

intervals, is the same over sub-intervals and depends
only from the quantity of accounted discretes s.
Convert the given estimate to the relative error
estimate. Let us select as a comparison base the error
(7) for the DTM. Then for the relative error on ¢ ™

sub-interval obtain:

o

Eq
s Ls+l ’

€|

yes D - (12)

Consider the full relative error of the MsDTM

e, =€ +¢&,+..+€, over the entire interval in
relation to the error €, of the DTM:
€ € € €
h_s:h_l+h_2+“.+h_}7. (13)
€| [&| € €

From expression (12) follows, that components
of relative errors are changed in the bounds:
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(14)

Bigger deviation of approximate solution from
exact solution, usually, falls on the end of time
interval. At that, it will be maximum in the case of
the same signs &, . Then, taking into account (12),

the expression (13) will be following:

3

e

1
|+ s+1| » |

s+l |

(15)

o T
This means that the upper bound of error estimate
of the MsDTM in p* time less than the upper bound

of error estimate of the DTM at dividing of given
interval into p sub-intervals of equal step-size, i.e.:

(16)

le< P

where s is the quantity of accounted discretes of
differential spectrum  X(k) above the zeroth
discrete X(0), i.e. the quantity s is equal the number
of the last accounted discretes of differential
spectrum X(k) . The analysis of obtained expression
shown, that with increasing of quantity of accounted
discretes s, the upper bound of summary error is
reduced on the exponential rule and at s— e
reduced to the zeroth lower bound. Therefore, the
range of changing of summary error at dynamical
processes simulation using MsDTM is defined by
constraints:

0<le,|< p™ -[&o] (17)

where |§o| is defined by expression (7).

From the expression (17) can make the
conclusion, that the MsDTM at the restricted
quantity of discretes s of differential spectrum
X(k) gives the possibility to get more exact solution
of boundary value problem (1) in the point t =7 at
condition execution (2), than the DTM.

The DTM (3) gives the exact value of analytical
function x(t) in the point ¢=T7 only in particular
x(t) 18
polynomial of n <s order. In other cases, the error
of the DTM (3) is equal |£0| >0 for restricted

quantity of discretes s <+ of differential spectrum
X(k) . The error |£0| >0 couldn’t be reduced to zero

case, when solution approximated by

by dividing the interval [¢,,7] over any finite sub-

interval quantity p < +oo, as the zeroth error value of

the DTM (3) gives in the general case over the
random non-null time interval only at taking into
account infinite amount of Taylor series terms or
discretes of differential spectrum X(k) [16].

The constraint (17) shows, that with increasing of
the quantity of accounted discretes s of differential
spectrum, the application effectiveness of the
MsDTM compared with the DTM is increasing on
the law of exponential function. Therefore, for the
high-accuracy calculation is appropriate to apply the
MsDTM instead of the DTM.

Enhance the solution accuracy of non-linear
boundary value problems and also to expand the
admissible solution interval, the restriction on which
is defined by the radius of convergence of Taylor
series is possible on the basis of application of
shifted differential transformations. In contrast to
traditional, shifted transformations are obtained by
transferring of the center of expansion of original to
a Taylor series from the initial point =0 to the
shifted point #=¢,. The best from the standpoint of

reducing the solution error is the arrangement of the
center of expansion of the original in a Taylor series
in the middle of the given interval [16]. In fact, it
means that given interval is divided into two sub-
intervals of same length and obtaining the solution
over each sub-interval using two models in the area
of shifted transformations: the direct model (from
shifted point to the end of interval) and the inverse
model (from shifted point to the start of interval). At
that has been obtained that compared with traditional
DTM the upper bound of error estimate of shifted
differential transformations is decreasing in 2° time,
where s is the quantity of accounted discretes of
differential spectrum. This is agreed with above
result obtained for the MsDTM, the use of which

allows to decrease the error in p° time, where p is

the quantity of sub-intervals into which given
interval is divided.

4. The effectiveness of multi-step differential
transform method

The effectiveness of the MsDTM can be illustrated
by following example.

Let us consider the following boundary value
problem, which is described by non-linear ordinary
differential equation with the quadratic source term
[14]:

dx(t)

. =2x(t)—-x2(1)+1, x(0)=0, ref0;1.2] (18)
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The exact solution is given by:

x(t)=1+ ﬁtanh[ﬁt +%10g(\6—1]} (19)

V2 +1

Let us divide the given interval [0;1,2] into 10
sub-intervals of the equal step-size A=12/10.
By applying the DTM, we write the equation (18)
in the spectral form for each sub-interval:
(k+DX, (k+1)=2X,(k)— 4, +0(k),
X1(0)=x(0)=x(0)=0,7,=0,9 =1,
X, (tq_l) =X, (tq_l), q=2,..,10,
Lk=0,
0,k #0.

(20)
o(k) = {

Accordingly, with procedure [14], for non-linear
part of equation (18) f (x)=x> we calculate over
each sub-interval the components 4, of Adomian

polynomials and thereon the corresponding
components 4, for replacement by them of

components of differential images of non-linear part
of equation:

Jog = X2(0), A, =2X,(0X,(1),
Ay =X (1) +2X,(0)X,(2),

4, =2X,(00X,(3)+2X,()X,(2),
Ay =2X (00X, (H)+2X, (DX, )+ X2(2),

A5, =2X,(0)X,(5)+2(X, (21X, (3)+ X, (DX, (4))

Substituting values qu in (19) and taking into

account (7), we find the approximate solution of
equation (18) over each subinterval. Summating
given solutions obtain the general solution of
equation (18) on the given interval.

Let us find the value of function x(¢) in the end
point #=2,0. Result obtained shown the following.
The exact solution (19) of function x(¢) of equation
(18) in the point (=20 1is equal 2,35777.
Application of the DTM doesn’t allow to obtain the
solution over given interval due to exceeding the
value of given interval the radius of convergence of
Taylor series by whom the approximate solution is
approximated.

The found solution by MsDTM with taking into
account first 6 discretes of the differential spectrum
and dividing given interval into two sub-intervals
(analogue of application of shifted differential
transformations) is 2,08641 (e=115-10""), while at
dividing interval into 10 sub-intervals, the

approximate solution has the value 2,3577717
(£=3,19-10""). The given example is illustrated the

effectiveness of the MsDTM application for solving
non-linear boundary value problems.

5. Conclusions

The upper bound of error estimate for approximate
solution of non-linear boundary value problem by
the MsDTM has been offered. It is shown, that upper
bound of error estimate of the MsDTM compared

with traditional DTM is decreased in p° time,
where s is the quantity of accounted discretes, p is

the quantity of intervals, over which the given time
interval is divided. The MsDTM gives the principal
possibility to get more exact value of random
analytic function x(¢) on the end of interval at

restricted quantity of discretes of differential
spectrum compared with the DTM application.

References

[1] Pukhov  G.E.  Priblizhennye  metody
matematicheskogo modelirovaniya, osnovannye na
primenenii  differentsial'nykh  T-preobrazovanii
[Approximate methods of the mathematical
simulation by differential T-transforms]. Kyiv,
Naukova dumka Publ., 1988, 216 p. (in Russian).

[2] Zhou J.K. Differential Transformation and
its Applications for Electrical Circuits. Wuhan-
China, Huazhong University Press, 1986, 317 p.

[3] Hatami M.; Ganji D.D.; Sheikholeslami M.
Differential Transformation method for Mechanical
Engineering Problems. Elsevier Science Publishing
Co Inc, 2016, 422 p.

[4] Zbrutskiy 0.V, Gusynin V.P,;
Gusynin A.V. Dyferencialjni T-peretvorennja v
zadachakh avtomatychnogho keruvannja rukhom
litaljnykh aparativ [Differential T-transformations
for the tasks of automated control of wvehicle
motion]. Kyiv, NTUU KPI Publ., 2010, 176 p. (In
Ukranian).

[5] Bervillier C. Status of the differential
transformation method. Applied Math. Comput.,
2012, vol. 218, pp. 10158-101702012, doi: 10.1016/
j.amc.2012.03.094.

[6] Baranov V.L. Differentsial'no-teilorovskaya
model' nelineinykh kraevykh zadach [Differential-
taylor model of non-linear boundary value
problems]. Electronic simulation, 2000, no.5, issue
22, pp. 25-31. (in Russian).

[7] Gusynin V., Gusynin A., Tachinina H. The
use of differential transformations for solving non-
linear boundary value problems. Proc. of NAU,
2016, no. 4(69), pp.45-55, doi: 10.18372/2306-
1472.69.11054.



V. Gusynin, A. Gusynin, H. Tachinina. Estimate of Accuracy of Approximate Solutions of Non-Linear Boundary Value Problems 53

[8] Gusynin V.P., Gusynin A.V., Zamirets O.N.
Reshenie nelineinykh dvukhtochechnykh kraevykh
zadach modifitsirovannym metodom
differentsial'nykh preobrazovanii [Solving non-
linear two-point boundary value problem by
modified differential transform method]. The
technology of the instrumentations, 2016, no. 1, pp.
16-21. (in Russian).

[9] Do Y. Jang B. Enhanced multistage
differential transform method: application to the
population models. Abstract and applied analysis.
Special issue, 2012, vol. 2012, pp.1-14, doi:
10.1155/2012/253890.

[10] El-Zahar E.R. Application of adaptive
multistep differential transform method to singular
perturbation problems arising in science and
engineering. Applied Math. Inf. Sci., 2015, vol. 9,
pp. 223-232, doi: 10.12785/amis/090128.

[11]  Rashidi M.M.; Chamkha Al
Keimanesh M. Application of multi-step differential
transform method on flow of a second-grade fluid
over a stretching or shrinking sheet. American
Journal of Computational Mathematics, 2011, vol.1,
no.2, pp.119-128, doi:10.4236/ajcm.2011. 12012.
[12] Biazar J.; Mohammadi F. Multi-step
differential  transform method for nonlinear
oscillators. Nonlinear Sci. Lett. A., 2010, vol.1, no.4,
pp- 391-397, doi: 10.4208/aamm.10-m1138.

[13] El-Zahar E.R.; Habib H.M.; Rashidi M.M.;
El-Desoky I.M. A comparison of explicit semi-

Sciences, 2015, vol. 12(5), pp.304-320, doi:
10.3844/ajassp.2015.304.320.

[14]  Gusynin A.V. Modifitsirovannyi
mnogoetapnyi metod differentsial'nykh
preobrazovanii  dlya  resheniya  nelineinykh
obyknovennykh differentsial'nykh uravnenii

[Modified multi-step differential transform method
for solving non-linear ordinary differential
equations]. Problems of information technologies,
2016, n0.3(20), pp. 21-30. (in Russian).

[15]  Trukhaev G.I. Metody inflyuentnogo analiza
vysokikh poryadkov [Methods of influential analysis
of high orders]. Leningrad, Nauka Publ., 1987, 257
p. (in Russian).

[16] Baranov V.L.; Baranov G.L.; Frolova O.G.
Porivnjannja metodiv modeljuvannja dynamichnykh
procesiv osnovnymy ta zmishhenymy
dyferencialjnymy peretvorennjamy [Comparison of
methods of dynamic process simulation by
traditional and shifted differential transforms].
Problems of informatization and control, 2004,
n0.10, pp. 72-77. (in Ukranian).

[17]  Stukach O.V. Modelirovanie i optimizatsiya
sverkhvysokochastotnykh reguliruyushchikh
ustroistv. Diss. doct. tekhn. nauk [Simulation and
optimization of super-high-frequency regulator
devices. Dr. eng. sci. diss.]. Tomsk, TUCSR Publ.,
2010, 272 p. (in Russian).

Received 20 December 2017

analytical numerical integration methods for solving
stiff ODE systems. American Journal of Applied

B. IL. I'ycunin’, A. B. T'ycunin®, E. M. Taunnina®

Ouninka TOYHOCTI HAaOJMIKEHOro PO3B’A3KYy HeJiHIlfHMX KpaloBHX 3afa4y 0araToeTamHAM MeTOA0M
AudepeHmiaIbHUX NEPETBOPEHb

! BinanionansHa kommanis «Alcantara Cyclone Spacey

Av. L3 Norte — Ed. Finatec — Bloco H, Brasilia-DF — Brasil

? Hartionansunii Texuiunnii Yuisepenrer Yrpainn «KITI» im. I. Cukopcbkoro

mp. I[lepemoru, 37, Kuis, 03056, Ykpaina

3 HauionanbHuii aBiamiitauit yrisepcurer, npocrn. Kocmonasra Komaposa, 1, Kuis, Vipaina, 03680

E-mails: 'viacheslav.gusynin@gmail.com; *gusynin@gmail.com; *tachinina@mail.ru

Mera: Meroro 1i€i cTarTi € OIliHKA TOYHOCTI Ta OOIPYHTYBaHHS €(EeKTHBHOCTI 3acCTOCYBaHHS
OararoertalmHOTO MeToAa Au(EepeHIiaTbHUX IEPETBOPEHb JJS PO3B’S3KYy HENIHIHHMX KpaHoBHX 3ajad.
Mertoau: B crarti posrmsHyTo OaraToeramHui MeToA AMdepeHLiaNbHUX MEePEeTBOPEHb 1O PO3B’SI3KY
HeNiHIHOT KpaiioBoi 3ajgaui. Pe3yabraTm: 3amponoHOBaHO OIHKY 3BepXy TOYHOCTI HAOIMIKEHOTO
PO3B’S3KYy HENIHIMHMX KpaloBHX 3agad OaraTOeTallHUM METOIOM Iu(epeHUialbHUX IEePETBOPEHb IS
BUIIAJIKy ypaxyBaHHs OOMEXEHOT KIIbKOCTI AUCKPeT AudepeHIliabHUX CIIeKTpiB. [IpecTaBneni pe3yabTaT
YHUCICHHOIO PO3B’S3Ky HeNiHiiHOI KpaloBoi 3amayi Ta moOKa3zaHa €(EKTUBHICTH 3aCTOCYBaHHS
0araroeTalmHOTO MeToJa TU(EepeHLiaTbHIX TEepPeTBOPEHb TOPIBHSAHO 3 OCHOBHHMH JH(EpeHIiATbHUMH
neperBopeHHsAMU. OOrosopennsi: [lokazaHo, 10 OImiHKAa 3BepXy HAONIMKEHOTO PO3B’A3KY HENiHIHHOI
KpaiioBoi 3ajaui OaraTroeTalmHUM METOAOM JH(epeHIialbHIX IEePEeTBOPEHb IOPIBHSHO 3 OCHOBHHMH

nudepeHiaTbHUMU IEPETBOPEHHIMH 3HUKYETHCS B p° pas, € s — KUIBKICTh JUCKPET, [0 BPAXOBYETHCA,
p — KUIBKICTh WiJIHTEpPBaNIiB, HAa SKi pPO30MBAETHCA 3alaHUil 4YacoBWM iHTepBan. OTpumaHo, IO
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3aCTOCYBaHHS MeTona OararoeTamHuX IudepeHIliaTbHIX IePETBOPEHb A€ TMPUHITAIIOBY MOKIHBICTH
OTpUMAaTH TOYHE 3HAYCHHS MOBIIBHOI aHamTHYHOI (YHKII x(z) HaA KIHII IHTEpBAIY NpHU OOMEKCHIH

KUTBKOCTI TUCKPET AUQPEPEHINATEHOTO CIIEKTPY.

KarouoBi cioBa: GararoetanHuii MeToJ1 qU(EpEHIliaIbHUX TEPETBOPEHb; BEPXHS Ta HUXKHS MEXI OI[IHKA
MMOXHOKM; METO TH(epeHITiaTLHIAX MIEPETBOPEHD; OIlIHKA TOYHOCTI; MOACITIOBAHHS; HAOJIMKEHUH PO3B’SI30K.
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Henaw: Llenpfo maHHOW CTAaThU SBISIETCS OIEHKAa TOYHOCTH W 000CHOBaHWE 3(PPEKTHBHOCTH NMPUMEHEHUS
MHOT03TaItHOr0 MeToja MU GepeHIMANBHBIX TPe0Opa30BaHMA I PEIICHUS HEJIMHEWHBIX KPAaeBhIX 3a]1ad.
MeTtoampl: B cratbe paccMOTpeH MHOTOAXTAHBIA MeToA nuddepeHInaIbHBIX MpeoOpa3oBaHuil K PEIICHHIIO
HEJIMHEWHOW KpaeBoil 3agaun. Pesyabrartel: [Ipennoxkena olueHKa cBEpXY TOUHOCTU PELICHUS HEJIMHENHBIX
KpaeBBIX 3a/1a4 MHOTOJTAIHBIM METONOM Ju(depeHINaTBHBIX MPeo0pa3oBaHUil A ciiydas ydera
OTPaHWYCHHOTO KONW4YeCcTBa MAHCKpeT auddepeHnmanbHpx crnekTpoB. [IpeacTaBiieHbl  pe3ybTaThl
YUCIEHHOTO pemIeHUs] HEeTWHEHHON KpaeBod 3afadyd W Toka3aHa d((EeKTUBHOCTh MPUMEHEHUS
MHOTO3TaltHOIO0 ~ MeTona  JU(QEpEeHIUANBHBIX  MPeoOpa3oBaHWii B CPaBHEHUHM C  OCHOBHBIMHU
muddepennmansHeIMu TIpeoOpazoBanusaMu. Oo0cy:kaenne: [lokazaHo, 9To OIEHKA CBEPXY MPUOIIKEHHOTO
pEIIeHUs] HETMHEHHOM KpaeBoi 3aJaud MHOTOATAIHBIM METOJI0M JuddepeHIranbHbIX Mpeodpa3oBaHuii 1Mo

CPaBHEHHIO C OCHOBHBIMH H((epeHIHaNTbHBIMA TPeOOpPa30OBaHUAMU CHIDKAeTCs B p° pas, TAe S -
KOJINYECTBO YUUTHIBAEMBIX JHCKPET, p - KOJIMYECTBO MOJMHTEPBAIOB, HA KOTOPOE pa3dMBaeTcs 3aAaHHBIN

BpeMeHHOH uHTepBai. llomydeHo, 4To mpumeHeHHe MeTona MHorodtambelx [ T-mpeoOpasoBaHuil maet
MPUHLHUIHAIBHYIO BO3MOXXHOCTD ITOJYYUTh TOYHOE 3HAYCHHUE MPOU3BOJIBHON aHAINTHYECKON (DYHKLUUH x(¢)

Ha KOHIIC MHTCPBAJIa IPHU OTPaHUYCHHOM KOJUYCCTBC OUCKPECT ,I[I/I(i)(bepeHI_II/IaJ'IBHOFO CIICKTpa.

KioueBble ciaoBa: BEpXHSS W HIDKHSIS TPaHHWIA OLCHKH IOTPEHIHOCTH; MeTol Au(epeHInaNbHBIX
npeoOpa3oBaHUi; MHOTO3TANHBIH MeToa AuddepeHIranbHbIX NpeoO0pa3oBaHuil; MOIEINPOBAHKE; OLCHKA
TOYHOCTH; IPUOIMKEHHOE peIlIeHHe.
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