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APPLICATION OF THE THEORY OF NEW INFORMATION OPERATORS IN
CONDUCTING RESEARCH IN THE FIELD OF INFORMATION TECHNOLOGIES

Abstract. Due to the rapid development and implementation of the latest information technologies
in many fields of science and technology significant changes have taken place. In particular, new
mathematical theories have emerged; they can be effectively used in building and improving
existing mathematical models of various phenomena and objects. Mathematical modeling is
currently one of the main methods in scientific research of technological, social, economic
processes and natural phenomena. No research thesis is complete without the use of mathematical
methods and algorithms. In view of this it is important to acquaint young scientists with modern
trends in mathematical modeling during their training for PhD degree, in particular.

The development of information technology has contributed to the emergence of new approaches
to obtaining, processing and analyzing information in scientific research. In this way, the theory of
new information operators, which is widely used in mathematical modeling, was created.

The analysis of the existing research reveals the need to consider the theoretical basics of new
information operators and their application to the numerical integration of several variables
functions. The example of the problem of numerical integration of two variables functions shows
the way how to create cubature formulas depending on the type of the input information about
function. The paper presents new cubature formulas for the approximate calculation of double
integrals, in the case when the information is given by the set of traces on lines and values of the
function at points. The proposed formulas have high accuracy but use much less input information
compared to classical formulas for numerical integration of double integrals. All the results are
supported by numerous examples made in the computer mathematics system Mathcad.

The implementation of the developed methodology of using new information operators in
scientific research has shown its efficacy during seminars with Master and PhD students.

Keywords: ICT; mathematical modeling; new information operators; numerical algorithms;
integration of functions of many variables; Mathcad; PhD students.

1. INTRODUCTION

Modern experience of many countries shows that the transition to a new development
stage is impossible without domestic specialists who have knowledge in the field of advanced
science. High technologies cause the emergence of complex engineering, economic,
pedagogical, social problems that require additional knowledge, skills, and abilities.
Therefore, the education system needs scientific and pedagogical staff whose level of training
and competence would meet today’s requirements.

Graduate students need to study facts, phenomena and processes, understand the
patterns, development features and formation of scientific discoveries. They need to know the
methods of scientific research, be acquainted with modern scientific hypotheses and different
areas of research in the relevant field of knowledge.

Mathematical modeling is an important part of modern scientific research. It has widely
penetrated into various fields of science and technology, which at first glance are far from
mathematics. The impetus for the development of mathematical modeling was the emergence
of electronic computers that are able to perform arithmetic and logical calculations at high
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speed. The necessity to solve difficult problems prompted scientists to develop mathematical
models, identify the basic patterns of the studied phenomena, and create effective numerical
algorithms for their solution. In turn, the implementation of these algorithms on computers
has led to the creation of new programming languages, operating systems and software
support systems, the development of new approaches in programming and information
technology. The interconnected process of development of mathematical models, numerical
algorithms, programming and creation of complexes of programs for solving these problems,
their analysis, storage and output of calculation results served as a basis for new directions in
scientific research. One of such directions in mathematical modeling is the theory of new
information operators [1]. The new information operators give the possibility to focus on such
stages of mathematical modeling as the preparation of initial information in modeling
processes and phenomena, the development of algorithms for numerical problem solving,
computer programming and direct calculations.

It is natural that scientists in many scientific areas, especially young ones, should be
familiar with new theories, inasmuch as they face the need to process the data of the
experimental research. The theory of new information operators could encourage scientists in
various fields to use new opportunities in mathematical modeling and information technology.

The problem statement. The current stage of the development of many fields of
knowledge (astronomy, radiology, computed tomography, holography, radar, etc.) is
characterized by the rapid introduction of new digital technologies, algorithms and methods.
Scientists are building new or improving already known mathematical models using
information technology [2]. Today many problems are being solved in cases when the input
information about a function is a set of traces of the function on planes, set of traces of the
function on lines or a set of values of the function in the points. It has been proven that
different views on data can give new results in digital signal and image processing, in space,
computed tomography, seismic tomography and non-destructive testing [3], [4]. By
understanding the principles of building new information operators, professionals in other
scientific areas may consider a possibility of solving their problems by using other types of
data. Important aspects of such a way include a search for a wide-spread problem, which is
able to demonstrate the efficacy of using new information operators, as well as the
presentation of well-defined algorithms and methods for the above-mentioned issue in
modern systems of computer mathematics Mathcad, Wolfram Mathematica.

Analysis of recent studies and publications. Within the framework of the training of
PhD students, much attention is paid to the mathematical modeling in various fields of
science and technology. According to the field in which the research is carried out, the degree
seekers are supposed to take either the general course “Mathematical Modeling in Research”
[5] or “Mathematical Modeling in the Field” [6]. Such attention is paid to mathematical
modeling since it is currently considered to be an effective method in scientific research.
Information technologies play a special role in mathematical modeling [7], [8].

The rapid development of information technology leads to the creation of innovative
mathematical directions, theories, and algorithms. Such innovative areas include the creation
of new information operators. The founder of this scientific direction is O.M. Lytvyn —
Doctor of Physical and Mathematical Sciences, Professor of the Department of Information
Computer Technologies of the Ukrainian Engineering Pedagogics Academy. The new
information operators include operators of interlineation, interflatation, interstripation, and
others [9] — [11]. They have effectively proven themselves in mathematical modeling in
various scientific fields. The main idea in building mathematical models of processes and
phenomena is a new look at obtaining and processing experimental data. In particular,
mathematical models are being developed where the information about a function can be
given by traces on stripes, planes, lines, and points. The developed algorithms have high
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accuracy and use less experimental data to achieve the desired result comparing to the
classical methods and algorithms. Along with the development of mathematical theory, the
scientific school of O.M. Lytvyn is fruitfully working on the introduction of innovative
methods in teaching PhD students. Algorithms, methods, programs that can be widely used in
mathematical modeling of various processes, are covered in the following textbooks [12] —
[15]. These techniques can assist young scientists in obtaining new scientific results.

Today scientists are interested in the problems of multidimensional numerical
integration. Modern methods are studied and can be used in solving engineering [16], or
economic problems [17]. The approximate calculation of integrals from highly oscillating
functions occupies a special place in the numerical calculation of functions of several
variables. Such integrals are widely used in digital signal and image processing, astronomy,
physics and in optic research. The paper [18] focuses on investigating the special features of
certain typical high-dimensional finance problems, namely, option pricing and bond
valuation. It should be noted that all the above-mentioned classical and more recent methods
of multidimensional numerical integration use nodes as input information.

The article’s goal. The aim of the article is to highlight, using the example of the
problem of numerical integration of functions of two variables, modern approaches in
mathematical modeling and information technologies, in particular using new information
operators, which allow young scientists to effectively conduct research in terms of obtaining
data for research, processing, analysis and numerical implementation on computers using
modern technologies.

2. THEORETICAL FUNDAMENTALS OF RESEARCH

2.1. Stages of the modeling process

In different fields of knowledge, the stages of the modeling process acquire their
specific features. But in all cases, we can identify several stages inherent in one way or
another in the modeling process in any field [19], [20].

1. Problem statement and its qualitative analysis. The main thing is to clearly formulate
the essence of the problem, the accepted assumptions and the questions that need to be
answered.

2. Construction of a mathematical model. This is the stage of formalization of the
problem, expression in the form of specific mathematical dependencies and relations.

3. Mathematical analysis of the model. The purpose of this stage is to clarify the general
properties of the model. Analytical study of the model clarifies such issues as, for example,
the uniqueness of solutions, which variables can be included in the solution, what type of
relations will be between them, within what limits and depending on what initial conditions
they change, etc.

Models of complex objects are difficult to subject to analytical study. In cases where
analytical methods can not determine the general properties of the model, one moves to
numerical research methods.

4. Preparation of input information. Depending on the nature of the processes, there are
also types of mathematical modeling, for example, deterministic, stochastic, static, and
dynamic. According to the type of modeling in the process of information preparation, the
methods of probability theory and mathematical statistics, one- and multidimensional theory
of interpolation and approximation are widely used.

Along with the problems of multidimensional interpolation in the construction of
mathematical models of various processes, the theory of new information operators has been
used for many decades.
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New information operators include operators of interlineation, interflatation,
interstripation and others. The theory of new information operators has effectively proved
itself in many branches of science, in particular, in the mathematical modeling of socio-
economic and natural processes.

Let us focus on planning an experiment for recovery function f(x,y) and let us find a

dependence z = f(Xx,y) that describes some characteristic of the process. To do so, of course,
the values x,,...,x, of the parameter x are fixed and for them there are functions

w (y)= f(x.,y), k=1,m (functions , (y) can be represented in the form of graphs drawn
by a record or can approximate their values at several points y, <y, <---<vy,_). Variables x
and y can be swapped: fix the value y,,...,y, of the parameter y and find the functions for

these values ¢ (x) = f(x,y,), 1=1,n.

The obtained information is used to build the desired function f(x,y) in the form of a
Lagrange polynomial from variables x and vy, or in the form of some piecewise polynomial
function (spline), which interpolates data on a selected set of nodes (x,,Y,), or in the form of

a smoothing spline, whose coefficients are least squares.
It is important to mention that in practice only functions y, (y) or only functions ¢, (x)

are often used. The use of interlineation makes it possible to take into account functions
v, (y) and functions ¢,(x) at the same time, which, of course, gives a more accurate

approximation to the function f (x,y).

In the general case, it is desirable to conduct the experiment so as to find the value of
the function f(x,y) (or its traces) not on a series of straight lines parallel to the coordinate

axes, but on a series of straight lines (or curves) of a more general position.

5. Numerical solution. This stage includes the development of algorithms for numerical
solution of the problem, compiling programs on a computer and direct calculations. Here,
various methods of data processing, solutions of various equations, calculation of integrals
become relevant. Numerical research can significantly complement the results of analytical
research, and for many models it is the only feasible option. The class of problems that can be
solved by numerical methods is much wider than the class of problems available to analytical
methods.

6. Analysis of numerical results and their application. At this final stage, the question
arises about the correctness and completeness of the modeling results, the adequacy of the
model, the degree of its practical application. Mathematical methods of checking the results
can reveal the incorrectness of the model and thus narrow the class of potentially correct
models. The analysis of theoretical conclusions and numerical results allows revealing
shortcomings of initial statement of the problem constructed by the mathematical model.

Since modern mathematical problems can be complex in structure and have a large
dimension, it often happens that the known algorithms and programs for the computer do not
allow solving the problem in its original form. If it is impossible to develop new algorithms
and programs in a short time, the initial problem statement and model are simplified: the
conditions are removed and combined, the number of factors taken into account is reduced,
nonlinear relations are replaced by linear ones, and so on.

The disadvantages that cannot be corrected at the intermediate stages of modeling are
removed at the further stages. But it means that the cycle matters. After starting the research
with simple models, you can quickly use useful data, and then move on to creating a larger
rooted model.
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2.2. New information operators

Here are examples of problems where the interlineation operators of functions are
effectively used.

The problem of reproducing the surface z = f (x,y) of the ocean floor or sea according
to the sonar data obtained on different lines — the courses of a ship with a sonar, is a typical
problem of function recovery of two variables according to its traces on several lines. Here
X,y are the coordinates of a variable point on the surface of the ocean or sea in some

coordinate system selected by the researcher; z = f(x,y) is the distance from the surface of
the ocean or sea at a point with coordinates (x,y) to the bottom. Traces
o, (X, Y) |Fk: f(xy) |rk of the function f(x,y) (sonar data) on the lines

I, (k=1,M), M(M >2) (the courses of the ship) are used for buildings.
According to the abovementioned lines and functions ¢, (x,y) (or their values at some
points of the lines I", ), one builds the function f(x,y) on the basis of one of the formulas of

piecewise polynomial interlineation. These formulas are easy to program. Therefore, the
building of the function f(x,y) and its level lines can be entrusted to the on-board computer.

The course of the ship is determined by the researcher. It should be noted that traces ¢, (X, y)
are  functions of one variable: @ (XY)=@ (X) or @ (XY)=¢/(y), or

P (% Y) = g (X(), Y1) = @ (1)

Another example of effective use of interlineation is the approximate reproduction of
the surface of a space body according to radar. The task of restoring the surface of a cosmic
body according to radar arises not only in astronomy. Its effective solution can also affect the
development of defense technologies and others. Let the radar beam travel along some pre-

selected system of lines T, k =1,M on the space object being studied (or simply on a

sufficiently distant object). The beam is reflected from the object, which makes it possible to
obtain the distance to the point of reflection: the value of the function z = f(x,y) in the
coordinate system Xx,Yy,z selected accordingly. Here z is the distance from the point with
coordinates (x,y) on the object to the radar (on the specified lines-courses of the locator
beam). Processing of such information often has to happen quickly enough and requires the
mathematical device which uses the received data in the most natural way. This possibility is
provided by the interlineation.

As for the interflatation operators, they can be used in the design of hulls of aircraft,
ships and cars; when approximating the functions of three variables using projections or
tomograms coming from a computer tomography; with non-destructive testing of three-
dimensional objects (for example, at customs), etc. The interstripation operators can be used
in practice when processing data obtained from a satellite moving over the surface under
study on different trajectories (orbits) at a fairly high altitude. These data provide information
about the surface under study (for example, photographs of the surface along the orbit) not on
the lines, but on the bands along these lines. The task is to restore (perhaps approximate) the
relief of the surface between the strips with the help of known reliefs on the strips. Thus, the
problem that arises here can be formulated as follows. A system of bands on the surface and a
system of traces of the function of two variables (relief of this surface) on these bands are
given. It is necessary to restore (possibly approximately) this function in points between
strips.

Definition 1. The interlineation of a function f(x,y) on several lines I',, k=12,...,K

will be called the restoration of the function f(x,y) on its traces ¢ f(x,y)= f(x,y) on the
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lines I',. That is, solving the problem of interlineation on given tracks ¢, f(x,y) means
building a function of T, f(x,y)= f(x,y) (we will call it an interlineant), which has a
property T, f(X,y)=¢ f(X,y) onlines I, .

Definition 2. Under the traces of a function g(x,y) on the lines x, =kA—-A/2,
y,=JA-Al2, K, ] =1/, A=1/¢, we understand, respectively, the function of one variable

g(X.y), 0<y<1, g(x,y;), 0<x<1 (see Fig.1).

Wi Vv v

3 /

-y

Figurel. Traces of a function g(x,y)

3. RESEARCH RESULTS

The elements of the theory of new information operators are taught at the Ukrainian
Engineering Pedagogics Academy for Master’s degree students in the courses “Theoretical,
Physical and Information Bases of Industry Knowledge”, “Mathematical Methods of Process
Description”, “Innovative Technologies and Resource Management in the Industry”,
“Numerical Modeling Technologies”. These courses are provided with manuals and
guidelines, which detail the basics of this theory. The Master’s degree students acquire
practical skills in building interlineation operators. As part of the course “Information
Technology in Research”, which is taught to PhD students, students get acquainted with the
operators of interlineation, as well as operators of interflatation, interstripation and others in
more detail. During their training, the future doctors of philosophy acquire skills in building
mathematical models of the research, learn how to select effective methods of experimental
data processing, and plan new experiments taking into account the type of the research task.

One of the most important and most frequently seen problems in mathematical
modeling is the problem of numerical integration [21] (methods of approximate calculation of
integrals from fast-oscillating functions differ from the usual ones [4], [22] — [24]). Many
studies have been devoted to the issue of numerical integration of functions of several
variables. The most well-known methods used by modern engineers include the method of
central rectangles, the method of trapezoids, Simpson’s formula and Gauss’s formula. If we
classify these studies in the multidimensional case by the type of information assignment,
then mainly when building cubature formulas for the approximate calculation of double
integrals, the information about the function is given by the values in points.

In this section, the cubature formulas of the approximate calculation of double integrals
for different information operators are given. The cubature formulas are given in the case
when the information about the subintegral function is given by traces on lines and in points.
In addition, the algorithm for the optimal choice of lines in the construction of the cubature
formula for the approximate calculation of double integrals from the function of two variables
is indicated. The results of these studies are based on the theory of approximate calculation of
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integrals from rapidly oscillating functions of many variables using new information
operators [4], [25] — [29]. However, these results alone are also of great value, as numerical
integration is often used in mathematical modeling of processes.

3.1. The calculation of double integrals in the case when the information about the
subintegral function is given on the lines

To calculate the integral
11
='[j f (x, y)dxdy,
0 0
the formula is offered

:‘1[ j Jf (x, y)dxdy,

~

/ 14 14

J(xy)= :1f X y)h +Zf(x yJ) kZZf(Xw Y )Mo (%) Ho; (¥)

=1 j=1
LxeX,, — LyeY;, —
hOk(X): 0X€x k=1' ! HOJ(y) Oer = !E!
’ k? 1

X =[Xwzs Xov2]s Y :[yj-l/zv ym/z]’
X =kA—-Al2, y,=jA-Al2, k, j=17¢, A=1/¢.
If we substitute the expression for the operator of interlineation Jf (x,y), we obtain an
explicit form of the corresponding cubature formula:

X
k+1 yﬁi k+—
2 2

=i jdxjf(xk,y)der ij(xy)dxf dy - ZZf(xk,y)j dXI dy.

k=1 =
ka =lo kW y
2 2

y 1

The proposed cubic formula has a different apprOX|mat|on error depending on the class of
functions which the subintegral function belongs to. We give an estimate of the error of the

approximate calculation of the integral in the case when the class Hf'l(M,M) is considered.

H (M,M) is a class of real functions defined on G = [0,1]2 and such that partial derivatives
are bounded:

£ <M, £y <Mm, [F9 0y <M.
Theorem 1. [12] Suppose that f(x, y)er*r(M,M) and the function is given by
N=2¢ traces on a system of mutually perpendicular lines f(x.,Y), k=17,

f(xy;), J=1¢ in the domain G =[0,1]". The following estimate is valid for the cubature
formula:

11 M M
(f(x,y)—Jf(x,y))dxdy|< = .
D= | ] (o= o)y <7 = 0

Here are the results of testing the presented cubature formula in the system of computer
mathematics MathCad (see Tab. 1, Fig. 2).
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Example 1. Let the function be given by traces f(x,.y), k=1¢, f(x,y;), j=L1¢ on
a system of mutually perpendicular lines x, = kA—%, y; = jA—%, k,j=17, A=% in the
domain G =[0,1]".

To calculate 1] let us consider the cubature formula®?. In the class H}* (M,M) for

the function f (x,y)= %(cos(Zx— 2y)—cos(2x+ 2y)) the following numerical results of the

approximate calculation by the cubature formula ®? are valid.

Table 1.
Calculation of I using the cubature formula ®?
2 2 2 2
‘ P’ | E=\|1—q>l\ g:%wz
4 0.501312762205496 0.50136796566562 0.000055203460124 0.00391
6 0.501357149641647 0.50136796566562 0.000010816023973 0.00174
10 0.501366569721889 0.50136796566562 0.00000139594373 0.00063
15 0.501367690281103 0.50136796566562 0.000000275384517 0.00028
20 0.501367878571774 0.50136796566562 0.000000087093845 0.00016
25 0.501367929999473 0.50136796566562 0.000000035666147 0.0001

0=x=L 0=w=L L=1 M=4 f(xy) == -(cos(Zx-2y)—cos(2-x+2-%))

[

h h
h=— h =025 =1.M =1.M % =p-h-— v o=s-h-—
M ’ P ; 7P 7 8T 2
r1 r1
M ph M rsh
Tin = %" £x,.¥) - J lds- 1dy Din =" flx.y)- J Ldy- 1dx
p=1 o (p-1)-h e=1 o (s==1)-h
. M M e v rp-h - rs-h . L osL
1 PIRL LS AR J ' J ¥ It = J J f(x,y) dxdy
Cipot (p-1h (s=1)h oo

Iint = Ilin + 2in — I3 Iint = 0.301312762205496

It = 0.30136796366362 |]jnt - It| = 0.000035203460124

Figure2. Calculation of 1] using the cubature formula ®2 in MathCad

3.2. The optimal selection of lines when calculating double integrals.

The algorithm for optimal line selection will be demonstrated for an approximate
calculation of the integral of the form

|2(f)= f(Xl,XZ)dxldXZ.

Le—n
Le—n~

The cubature formula
1

fz(f):'lfJ.Lf (%, X, Jdx dx,

-1
is offered for calculation where
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L0600 = D105, 060+ 37 06, iy (6~

=1 ip=1
P1 P2
—igliZ_lf (i Xai, Mgy ()2, (X2),
=lip=

| . —isthe basic Lagrange polynomials, I, . (X, )=9.., k=12, x, =cos(iz/(p,+1)),
kpy b Pl ™ Kl 'k b

i, =1,p,, Xy, =c0s(i,z/ (P, +1)), i, =1,p, — are zeros of the Chebyshev polynomials
Upl’Upz of the 2" kind respectively for degree p, and p,
sin(m+1)0

sin@
The cubature formula has the following expanded form:

U, ()= , cosé=t, m=0,1,....

pp L 1 Py 1 1
()= J 1, O [ (), + 2 [ g, O6)Ax, [ 00, ), —
h=1_1 -1 =11 -1
p1 Py 1 1
DRI IRTCHY IR
i1:1i2:1 -1 -1
In [30] the estimation of error of calculating an integral by the cubature formula on a class of
differentiated functions is presented

i M p,p,7°

- <
(L o
Let us show an example which will ensure that at very small quantity of lines it is possible to
reach very high accuracy in calculations. Indeed, this algorithm can be used only for those
mathematical models where the experimental data are obtained in the nodes of the Chebyshev
polynomials of the 2" kind.

Here are the results of testing the presented cubature formula in the system of computer
mathematics MathCad (see Tab. 2, Fig. 3).

Example 2. For the function f (x,,X, )=cos(x, +X,), ‘f(pl’p”(xi,xz)‘sl the results of

calculations are given in the table.
Table 2.

Calculation of I, using the cubature formula T,.

pl:pzzf |2(f) IZ(f) ‘Iz(f)_IZ(f)‘
2 2.83229367309428 2.82707748909675 0.005216183997534
3 2.83229367309428 2.83228683047443 0.000006842619856
4 2.83229367309428 2.83229271424136 0.000000958852927
5 2.83229367309428 2.83229367288868 0.000000000205606
6 2.83229367309428 2.83229367305887 0.000000000035412

3.3. Calculation of double integrals in the case when the information about the
subintegral function is given in points

Let m,=m,=/% N =/*and

Xk = [Xk—1/2’ XK+1.2]1 Yj = ':yj—1/2’ yj+1/2:|’ X;z :[XE_M’ )N(mjg]' YN] :[yifuz’ ym/z]
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1LxeX,, — 1,erj, R
o, (X) = k=17, Hy(y)= =17,

0,xe X,, 0,yeY,,

- l,Xe)ZIZ, - . 1,er~J7, . =
hOlZ(X) = ~ k =1’€ ! HOJ'(y) = ~ J =1l ’
0,xe£XE, O,ngi,

A . A . — 1
X :kA__’ i = A__a k) :l1 ’ A:_a
K > Yi= > J /
~ ~ A ~ > A ~ Y l
=ka=oh = iA=L A=

Consider an interpolant operator that is built using a spline-interlineant Jf (x y):

V=SS (50T, o (i ()5 S5 (%3, )i (X)Hoy (¥)-

k=1 j=1 j=1 k=1
22 F (%0 Y5 Mo (X) Hoj (y).
k=1 j=1
To calculate the integral I/ the next formula is proposed:

o'—.r—‘

j Jf (X, y)dxdy = ZZf(xk,y )j dxj dy +

k=1 j=1 X 1 ’1
=3 =5
X

X 1 y
+= = k+
2 2 /

N\H

L
2

+ZZHmy) jw—iiumeWJw

j=1 k=L PR k=1 j=1 |
A A — 1
—kA__ = A__, k) 211 I A:_l
Y= > J 7

~ ~ A ~ ~ A ~ o 1

:kA1—711 yj:JAl_? k,J=1, Alzg_z'

Figure 3 presents the general principle of constructing a grid of nodes, which is used in the
cubature formulas with interlineation operators.

Figure 3. General view of the grid of nodes for the cubature formulas using interlineation
operators
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Theorem 2. [12] Let f(x,y)er*l(M,M) and  values

fy = f(xk,yj),
k=1m, j=1m, given no more than in N=mm,, m =m,=/> N=/¢* fixed nodes

(X.y;)€G . For the cubature formula @; (m,n) the following estimate of approximation is

M +8M i: M+8M 1 . To achieve the error O(LJ the cubature

valid: p(lf,qﬁ)g

16 /2 16 N JN
formula CDf(m,n) does not use the values O(¢*)=0(N) of the function as a classical, but
o(#*)=0(N?).

The given test results are presented in the computer mathematics program MathCad (see
Tab. 3, Tab. 4, Fig. 4).

Example 3. For a function f(x,y)=sin(x+y) (for which M=1 M =1) we show

that:
I\D/I 1 M1 I\D/I M|l 91
‘|12_(i)12‘§__2 PR IER AR A
16 /7 2/ 16 2 (/7 16/
Exact value of integral is 17 =0.773644542790111.
Table 3.
Calculation of I, using the cubature formula ®?.
T 2 2 12
/ D’ ‘|1 _q)l‘ £
10 0.773650858142159 0.000006315352048 0.018
20 0.773644937376223 0.000000394586111 0.045
30 0.773644620728563 0.000000077938452 0.002
L=1 ORIGIN=1 f(xy)=sinfzx+y) M=10 N:= }s-T: h= L hl = L_
M N
p=1.M s=1.M i=1.N j=1.N
xp:=p-h—% :\'Jii2=i-h1—% V.= s-h—% ¥¥. =j-h1—%
N M [ ~p-h j-hl }
= fl=_.vv | 1 dx- 1dy
El ol IRL A Jtp—l}-h JU—_D_M
M N l ri-hl S }
= Fle.v |- 1 dx- 1dy
= El e J(i—l}-hl J[s—l}-h
M M [ ~p-h rsh }
3= £(x_.v) 1 dx- 1dy _= B e 077365085814215
o & o Ys J(p—l)-h }(5_1)_}1 I=T+D2-13 I=0773630858142150
AL AL
It = J f(a,y)dxdy  It= 0.773644542790111 |1t - 1| = 0.000006315352048
00
N N [ ri-hl #j-hl }
Z= £, vy ) 1dx 1dy 1Z = 0.773650989860203
El El U W e ym Yg-na

|it - [Z| = 0.000006447070092

Figure 4. Calculation of !, using the cubature formula 2 in MathCad
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Example 4. The purpose of the numerical experiment is to compare the formula @ with

the formula
y.

k+1 j+=

f o

by parameters such as the number of values Q, Q of function f(x,y) and accuracy ¢, &,.

02 2

O =Y F(x.y;) [ dx
k=1 j=1 X y

The table 4 shows that at the same value of accuracy the cubature formula CI>12 uses less nodes
2
of function than the cubature formula ;.

Table 4.
- . 2 2
Calculation of I} using the cubature formula ®; and ®;
0 g Q=20-77 & Q="
10 6.31-10°° 1900 6.44-10°° 10000
20 3.94-107 15600 4.02-10” 160000
30 7.79-10° 53100 7.95.10° 810000

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

As a result of scientific and technological progress, mathematical modeling has become
an integral part of scientific research in various fields. Information technologies have
contributed to the development of mathematical methods and mathematical modeling,
expanded the scope of their implementation in both sciences and the humanities.
Mathematical modeling is currently one of the main methods in dissertation research, so the
issue of modern training of young scientists in this area is relevant.

The analysis of the scientific literature allowed us to find a problem where reviewing
the theoretical foundations of new information operators is appropriate. The example of the
problem of numerical integration of two variable functions shows a way of building cubature
formulas depending on the type of input information about the function. We considered the
cubature formulas for the approximate calculation of double integrals based on interlineation
in the case when the information about the function is given by its traces on the lines and
values of the function at points.

The knowledge monitoring was carried out on the masters and postgraduate students as
the result of the implementation of the explanation method which deals with the basics of the
theory of new information operators taking the problem of numerical integration of the
functions of many variables as an example.

The results of monitoring showed a significant increase in the level of skills of applying
new information operators in research, there is an increase in research and subject competence
in mathematical modeling in experimental groups of students compared to students in control
groups. This indicates the viability of the method and the feasibility of its further use in
pedagogical practice.

In the future, it is necessary to consider the theoretical foundations of new information
operators in more detail, taking the problem of numerical integration of functions of three
variables as an example.
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3ACTOCYBAHHSA TEOPII HOBUX IH®OOPMAIIMHUAX OITEPATOPIB HIJT YAC
MPOBEJIEHHA JOCIIKEHB Y TAJTY3I IHOOPMAIIMHUX TEXHOJIOT'TA

Ouecs IlerpiBna HeuyiiBiTep

JOKTOp (hi3MKO-MaTeMaTHYHUX HAYK, TOLICHT,

3aBimyBauka Kadeapu iHGOpMAIIHHAX KOMIT FOTEPHUX TEXHOJIOTIH 1 MaTeMaTHKH
YkpaiHCchbKO iHXKEHEepHO-TIeIaroriyta akaaemis, M. XapkiB, YkpaiHa

ORCID ID 0000-0003-2775-8471

olesia.nechuiviter@gmail.com

AHoTaunis. 3aBIsSKH CTPIMKOMY PO3BUTKY Ta BIPOBAPKEHHIO B JKUTTS HOBITHIX iH(GOpPMaIIiHUX
TEXHOJIOTIH y OaraTbox rajry3sx HayKd Ta TEXHIKW BiIOYyJIWCs 3HA4HI 3MiHH. 30Kpema 3’sSBUIIUCH
HOBI MaTeMaTH4Hi Teopii, sSKi MOXYTh OyTH e(eKTHBHO BHKOPHCTaHI NHpu MoOyIOBI Ta
BJOCKOHAJICHI ICHYIOUMX MaTEeMAaTHYHHUX MOJENeH pI3HOMAHITHUX SBUII Ta OO0 €KTIB.
MaremaTtiyHe MOZEIIOBAHHS Ha JAaHUM 4Yac € OJHWUM 3 OCHOBHHX METONIB y HayKOBHX
JOCTIDKCHHSAX TEXHIYHHUX, COILIANBHUX, CKOHOMIYHHX TIPOLECIB Ta NPUPOAHUX sBHIL. be3s
BUKOPHCTAHHS MaTeMaTHYHHX METOMIB Ta aJrOpPUTMIB He BiJOYBA€ThCS >KOAHE IUcepTaliiiHe
jpociipkeHHs. ToMmy mOpu miarotoBui IOKTopiB ¢inocodii HEOOXiAHO 3HAWOMUTH MOJIOIAMX
HAYKOBIIIB 13 Cy4aCHUMH TEH/ICHIIIIMH PO3BUTKY MAaTEMaTHYHOT'O MO/ICITIOBAHHSI.

Po3BuTok iHGOpMAIiHHUX TEXHOJOTIH CHpHSB BUHUKHEHHIO HOBHUX MiAXOMIB A0 OTPUMAaHHS,
00poOku Ta aHami3zy iHpopMallii B HayKoBUX mocmikeHHsX. Came Tak Oyna CTBOpeHa Teopis
HOBHX iH(pOpMAIIHHUX OIEepaTopiB, fKa 3HAMIUIA IIUPOKE 3aCTOCYBAaHHA B MaTEMATHIHOMY
MOJICTIOBaHHI.

3nificHeHnit aHai3 JliTepaTypy JaB 3MOT'Y aKLIEHTYBAaTH yBary Ha HEOOXiJHOCTI pO3IIALy OCHOB
Teopii HOBMX iH(oOpMamifHUX OmepaTopiB Ta IX 3aCTOCYBaHHS IO YHCEIHHOTO IHTETPyBaHHS
¢yHkIii nexinpkox 3MiHHMX. Ha mpukiani 3ajgadi 4ncenbHOrO IHTErpyBaHHS (YHKIIH JBOX
3MIHHHX TIPOJEMOHCTPOBAHO SIK IMOOyIyBaTu KyOaTypHi (OopMynu y BHNAAKY, KOJHM BXijHa
iHpopMmamis 3amaeTbcs chaigamMu  QYHKIII Ha JIHIAX Ta 3HAYeHHSIMH (QYHKOIIT B TOYKaXx.
3anpornoHoBaHi (GOPMYJIH TaKOX MalOTh BHCOKY TOUYHICTB, ajlé BUKOPHCTOBYIOTh 3HAYHO MEHIIIE
BXimHOi iH(OpMarii B MOPIBHAHHI 3 KJIACHYHUMH (GOPMYJIaMH YHCEIbHOTO IHTErpyBaHHSA
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MOJBIMHMUX 1HTETpaNiB. YCi pe3ylbTaTH MiAKPIIUICHI YHUCICHHUMH TNPUKIAJAaMH, 3pOOJICHUMH B
crcTeMi KoMn totepHoi MaTtemaruku Mathcad.

YupoBakeHHs po3po0IeHOi METOIUKH MO0 MOXKIMBOCTI BUKOPUCTaHHS HOBUX 1H(OPMAIHHUX
OIepaTopiB y HAYKOBUX JIOCIIKCHHAX MOKa3aJio CBOK e(DeKTUBHICTh MPU MPOBEJCHHI CeMiHapiB
3 MaricTpaMmu Ta acmipaHTaMu.

KoarouoBi caoBa: IKT; wmaremaTtnyHe MOJAENIOBaHHS B HayKOBUX JIOCITIDKEHHSX; HOBI
iHpopMaliliHI omepaTopy; YUCENbHI aJrOPUTMH; IHTErpyBaHHS (QYHKUIH OaraTboX 3MIHHUX;
Mathcad; miaroroBka 1okTopiB dimocodii.

MNPUMEHEHUE TEOPUU HOBBIX HH®OPMAILIMOHHBIX OIIEPATOPOB IIPU
IIPOBEJEHUU UCCJIEJIOBAHHUI B OBJIACTH HHO®OPMALIMOHHBIX
TEXHOJIOI'M1

Ounecs IlerposHa HeuyiiButep

JOKTOP q)I/ISI/IKO-MaTeMaTI/I‘IeCKI/IX HaykK, JOIICHT,

3aBenymomas kadeapoit nHGOPMAIIMOHHBIX KOMITBIOTEPHBIX TEXHOJIOTHI U MAaTEMATHKH
YKpaI/IHCKaSI HHXXCHCPHO-TICAArOrn4eCKasa akaaeMus, r. XapLKOB, YKpaI/IHa

ORCID ID 0000-0003-2775-8471

olesia.nechuiviter@gmail.com

AHHoTanusi. bnaromaps cTpeMHTENbHOMY pasBUTHIO W BHEIPEHHIO B JKM3Hb HOBEHIINX
MH(QOPMAMOHHBIX TEXHOJOTMH BO MHOTHX OTpacisiX HAayKd M TEXHHKH IPOU3OIILIH
3HAYNTEIbHBIC M3MEHCHHUs. B 4acTHOCTH MOSIBUINCH HOBBIE MAaTEMaTHYECKHUE TEOPHH, KOTOPHIE
MOryT ObITh 3((EeKTHBHO HCHONB30BaHbl MPHU IOCTPOCHHH U  YCOBEPUICHCTBOBAHHBIE
CYLIECTBYIOIMX MaTeMaTHYECKHX MOJAENeH pa3iu4HbIX SBICHUH M 00BeKTOB. MaTeMaTHueckoe
MOJICIUPOBAaHUE B HACTOAIIEE BpeMs SBIAETCS OJHMM M3 OCHOBHBIX METOJOB B HAy4YHBIX
HCCIIEIOBAaHUAX TEXHUYECKUX, COLMAIBHBIX, YKOHOMHUYECKUX IPOLIECCOB U NPUPOIHBIX SABICHUH.
be3 wucnonb3oBaHMsS MaTeMaTHYECKHX METOJOB M AITOPUTMOB HE OOXOJUTCS HU OIHO
JUCCepTAlMOHHOE HCclleZloBaHHe. VIMEHHO IMO3TOMY IpH MOATOTOBKE, B YaCTHOCTH, JOKTOPOB
¢unocopun aKTyanbHO O3HAKOMIICHHE MOJIOJBIX YYEHBIX C COBPEMEHHBIMH TEHICHIUSIMA
Pa3BUTHUSI MATEMAaTHIECKOTO MOJIEITMPOBAHHSI.

Pa3BuTtre MH(QOPMAMOHHBIX TEXHOJIOTHH CIOCOOCTBOBAIO BOSHUKHOBEHMIO HOBBIX IO/IXO/IOB K
MOJy4eHHIO, 00paboTKe M aHaIM3y MHGOPMAIMK B HAYYHBIX MCCIENOBaHMAX. FIMEHHO Tak Obuia
CO3/]aHa TeOpHsl HOBBIX MH(OPMAIMOHHBIX OIIEpaToOpoB, KOTOPAs HalllJla IMUPOKOE IPHMEHEHUE B
MaTeMaTHYECKOM MOJCINPOBAHHH.

[TpoBeneHHbI aHAINM3 JUTEPATYphbl MMO3BOJIMII AKLIEHTUPOBATH BHUMaHHE Ha HEOOXOAMMOCTH
paccCMOTpPEHUS] OCHOB TEOPUHM HOBBIX WH()OPMALMOHHBIX ONEPATOPOB M HX NPUMEHEHHH K
YHUCIICHHOMY WHTErPUPOBaHMI0 (YHKIMH HECKOJNBKUX NepeMeHHbIX. Ha mpumepe 3amaqm
YHCICHHOTO WHTETPUPOBAHMUSA (QYHKLUHUI ABYX MEPEMEHHBIX NPOJEMOHCTPHPOBAHO MOCTPOCHHE
KyOaTypHbIX GOpMya B ciy4dae, Korja BXOAHAas HMHQpOpMAlMs 3aJaeTcs  CleJaMu
MOAMHTErpaIbHOM (PYHKIMHM Ha JIMHMSAX M 3HaueHHWsIMH (yHKumM B Toukax. IIpeanokeHHbIE
(hopMysIBl TaK)ke MMEIOT BBICOKYIO TOYHOCTH, HO HCIIOJB3YIOT 3HAYMTEIHFHO MEHBIIE BXOIHOMN
nHGOpMAaMK MO CPaBHEHHIO C KJIACCHYECKUMH (OPMYJIaMU UYHUCIEHHOTO WHTErPHUPOBAHMS
JIBOMHBIX WHTErpaJioB. Bce pe3ynbTaThl IMOJKPEIUICHBI MHOTOYHCICHHBIMH IPHUMEpaMH,
C/ICNIaHHBIMU B CHICTEME KOMIIbIOTEpHOH MaTemaruku Mathcad.

Baenpenne pa3paOOTaHHONH METOAMKH OTHOCHTEIHFHO BO3MOXXHOCTH HCIIOJIB30BaHUS HOBBIX
MHQOPMALMOHHBIX OIEPATOPOB B HCCIECIOBAHMAX II0OKA3ajlo CBOIO 3((eKTHBHOCTH BO BpeMs
CEMHHAPOB C MAaTMCTPAaHTAMHU M aCIIpPaHTaAMHU.

Kirouesnie cnosa: MKT; MaremaTHueckoe MOAEIMPOBAHUE B HAYUHBIX UCCIIEIOBAaHUIX; HOBBIE

MHQOPMALMOHHBIE OIEepPaTOPHl; YHCICHHBIE AalTOPUTMBI; WHTETPHPOBAaHUS (DYHKIMH MHOTHX
nepemennbix; Mathcad; noaroroska mokTopos dunocodum.
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