2021 Vol. 18 No. 3 248-257
BectHuk PYAH. Cepus: UndbopmaTusaums o6pa3oBaHna  http://journals.rudn.ru/informatization-education

& RUDN Journal of Informatization in Education ISSN 2312-8631 (Print); ISSN 2312-864X (Online)
)
%

EVOLUTION OF TEACHING AND LEARNING
THROUGH TECHNOLOGY

BJIMSHUE TEXHOJIOI' M1 HA PASBUTUE OBPA3OBAHUS

DOI 10.22363/2312-8631-2021-18-3-248-257

UDC 373
Research article / HayyHas ctatbsa

Realization of the scientific and cognitive potential
of teaching university students to inverse and incorrect
problems in the context of informatization of education

Viktor S. Kornilov

Moscow City University,
28 Sheremetyevskaya St, Moscow, 127521, Russian Federation

& vs_kornilov@mail.ru

Abstract. Problem and goal. Since the mid-50s of the 20th century, both Russian and
foreign scientists began to actively conduct, and, at present, scientific research on inverse and
incorrectly posed problems is being successfully carried out. Often, research on inverse and
incorrect problems is carried out jointly by Russian and foreign experts. At present, the results
of joint research by specialists on inverse and incorrect problems from Germany, Italy, China,
Russia, Sweden, Japan and other countries are discussed at various thematic international sci-
entific conferences and are subsequently published on the pages of scientific Russian and fo-
reign journals. Many such publications can be found in the electronic libraries of scientific
publications elibrary.ru, “CyberLeninka”, in the bibliographic and abstract database “Scopus”
and other bibliographic and abstract databases. The wide availability of such bibliographic
and abstract electronic databases allows the teacher who teaches students inverse and incor-
rect problems to keep abreast of modern scientific achievements in the scientific world and
to form the content of a variety of elective courses, including modern mathematical methods
and approaches to researching inverse and incorrect problems. When teaching inverse and
incorrect problems, the teacher must realize the goals and objectives of not only the formation
of deep scientific subject knowledge in students, but also the identification of the scientific
and cognitive potential of such training. Methodology. Realization of the scientific and cogni-
tive potential of teaching university students inverse and incorrect problems using computer
technologies. Results. Understanding the scientific and cognitive potential of inverse and in-
correct problems, their relationship with applied aspects, the ability to use computer technolo-
gies in the study of applied problems will allow students, after graduating from an educational
institution, to prove themselves as a successful specialist in applied mathematics in general,
and in inverse and incorrect problems, in particular. Conclusion. Graduates who have ac-
quired solid knowledge of inverse and incorrect problems, possess modern scientific methods
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of their research developed by specialists from different countries of the world, understand
the scientific and cognitive potential of inverse and incorrect problems, and possess the skills
of independent selection of effective information technologies for solving applied mathemati-
cal problems will successfully work in research organizations and independently conduct ap-
plied research.

Keywords: scientific potential, cognitive potential, teaching, university students, inverse
problems, incorrect problems, computer technologies, informatization of education, applied
mathematics
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AnHoTamms. /Ipobaema u yens. C cepeaunsl 50-x rT. XX Beka KaKk POCCUHCKHMH, TaK
1 3apyOeKHBIMU YICHBIMH CTATM aKTUBHO IIPOBOIUTHCS HAYYHBIC HCCIEIOBAHNS OOPATHBIX H
HEKOPPEKTHO MOCTAaBJICHHBIX 33/Jau, KOTOPhIE YCIEIIHO NPOJOIKAIOTCSA B HACTOSIIEE BpEMs.
Hepenko nccrnenoBanus 0OpaTHBIX M HEKOPPEKTHBIX 3a/1a4 IIPOBOJATCS COBMECTHO POCCHHCKIMH
1 3apyOexxHbIMHU crieranuctamMu u3 ['epmannu, Utamuu, Kuras, [senun, Anonun u npyrux
crpaH. CerofHsl pe3yIbTaThl THX UCCICAOBAHMNA 00CYKIAFOTCS Ha PA3IMYHBIX TEMaTHIECKUX
MEXTyHAPOJHBIX HAYUHbIX KOH(EPEHIUAX U B JaidbHEHIIEM MyONIUKYIOTCSl Ha CTPaHUIAX HAyd-
HBIX POCCHHCKUX U 3apyOeKHBIX KypHAJIOB. CO MHOTHIMH ITyOJIMKAIMSIMI MOYKHO O3HAKOMUTHCS
B DJICKTPOHHBIX OMONMOTEKaX HaydHbIX MyOnukanuid elibrary.ru, «KuGepJlenunka», B Ou0-
auorpadudeckoi u pedeparuBHoil 6aze gaHHBIX Scopus u Ap. Llupokas TOCTYIHOCTb TaKUX
O6ubnuorpadguyeckux u peepaTUBHBIX NIEKTPOHHBIX 0a3 MO3BOJSIET MPENOaBaTeio, KOTO-
pBIit 00ydJaeT CTyIEHTOB OOPATHBEIM M HEKOPPEKTHBIM 33/1a4aM, OBITh B Kypce COBPEMEHHBIX
HAYYHBIX JOCTHXCHUIl B HAYYHOM MHpPE U C(POPMUPOBATEH COAECPIKAHUE PA3HOOOPA3HBIX KYp-
COB TI0 BEIOOPY, BKITIOYAIOIIEE COBPEMEHHBIE MaTeMaTHUYEeCKHE METOBI M IOAXOIBI K HCCIe-
JOBaHUAM OOpaTHBIX M HEKOPPEKTHHIX 3anad. Ilpm oOydeHmn oOpaTHBIM W HEKOPPEKTHBIM
3ajjauaM MpemnojaBaTeieM JOKHbBI Pean30BbIBATHCS €U U 331a4X HE TONBKO (hOPMHUPOBaA-
HUA Yy CTYACHTOB FJ'Iy6OKI/IX Hay4YHBIX NPEAMETHBIX 3HaHHI71, HO U BBIABJICHUS HAYYHO-TIO3HA-
BaTENBFHOTO TOTEHIHANA Takoro o0ydeHus. Memooonocus. Peannzanys HayqHO-TIO3HABATEIb-
HOTO MOTEHNHANa OOYYEeHHUs CTYICHTOB BY30B OOpATHBIM M HEKOPPEKTHBIM 3agadaM OCy-
LIECTBIISAIACH Yepe3 UCIOIb30BaHUE KOMIBIOTEPHBIX TEXHONOTUll. Pesynomamsi. [lonnMmanue
HAYYHO-TIO3HABATEIHHOTO ITOTEHINATa OOPaTHRIX M HEKOPPEKTHBIX 3a/1a4, X B3aHMMOCBS3H C
MPUKJIAJHBIMU aclIeKTaMH, YMEHHE UCIIOIb30BaTh KOMIIBIOTEPHbIE TEXHOJIOTUU IIPU UCCIIE0-
BaHUM MPHUKJIAJHBIX 33Ja4 MO3BOJIUT CTYJCHTaM IOCIEe OKOHYAHUS 00yueHMs B yueOHOM 3a-
BCICHNUU TIPOSABUTH cebst YCHICHUIHBIM CHEIUAJINCTOM I10 HpPIKJIaI[HOﬁ MaT€MaTHUKE B LICJIOM H
10 OOpaTHBIM U HEKOPPEKTHBIM 3a/ladaM B YaCTHOCTH. 3axiouenue. BbIyCKHUKY, OTyYUB-
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e MPOYHBIC 3HAHUA 110 06paTHI>IM 1 HCKOPPEKTHBIM 3a/jadaM, BJIaJICIOINE COBPEMCHHBIMHA
HayYHbIMU MCTOJaMU UX UCCIICNO0BaHUA, paBpa6OTaHHI>IMI/I CriequaJIMCTaMu pasHbIX CTpaH MUpa,
TIOHUMAaroniue Hay‘[HO-l’IO?»HaBaTeJ'IBHHfI TIOTCHIIHAJT O6paTHI:IX 1 HCKOPPEKTHBIX 3a1a4, BJIAJICTO-
IIMME HaBbIKaMH CaMOCTOATCIIbHOI'O BI)I60pa 3(1)(1)€KTI/IBHLIX I/IH(I)OpMaI_II/IOHHLIX TEXHOJIOTUM ISt
peHICHU MPUKIAAHBIX MATEMATHYCCKUX 3a/1a4, YCICIIHO 6yI[yT pa6OTaTI> B HAy4YHO-HCCJICIOBa-
TEJIbCKHUX OpraHu3aluiaXx U CaMOCTOATEIIbHO MPOBOJAUTH NPUKIIAIHBIC HAYYHBIC UCCIICJOBAHUS.

KiroueBble c10Ba: HayIHO-ITIO3HABATENBHEIH MOTEHIIHAN, 00YYIEeHHUE, CTYACHTHI BY30B,
oOpaTHbIe 3a/1ayi, HEKOPPEKTHBIEC 3aJa4l, KOMIIBIOTEPHbIE TEXHOJOTUH, HH(OPMAaTHU3ALIHS
o0Opa3oBaHus, MPUKJIATHAS] MATEMATHKA

Hcropus cTaTbu: nocTynuia B penakiuio 22 maprta 2021 r.; mpuHsTa K MyOIHKanum
23 anpens 2021 1.

Jas uutuposanus: Kornilov V.S. Realization of the scientific and cognitive potential
of teaching university students to inverse and incorrect problems in the context of informati-
zation of education // BectHuk Poccuiickoro ynuBepcuteta npyx0bl HaponoB. Cepus: Un-
tdbopmaTuzanms oobpazopanus. 2021. T. 18. Ne 3. C. 248-257. http://dx.doi.org/10.22363/2312-
8631-2021-18-3-248-257

Problem statement. Inverse and incorrect problems have long attracted re-
searchers from many countries. For example, in the 19th century, in engineering,
astronomy, physics and other scientific fields, applied mathematical problems
were already formulated, which are inverse and incorrect problems.

The need to study inverse and incorrectly posed problems is initiated by
the provision of high-quality calculation results, taking into account the inevitable
errors in setting the coefficients and parameters of the mathematical model.

The implementation of non-destructive testing and diagnostics of objects,
determination of the location or shape of objects, reconstruction of images, identi-
fication of cause-and-effect relationships of the processes and phenomena under
study lead to the need to solve inverse and incorrect problems. Inverse and incor-
rect problems often arise in geophysics, chemistry, biology, economics, industry,
medical tomography, and many other scientific fields. Solving inverse and incor-
rect problems can provide new information, replacing direct measurements. This
is especially important in cases of inaccessibility or inaccessibility of the studied
objects, processes and phenomena. These can be the deep layers of the Earth, the
bottom of the world's oceans, objects in outer space, etc.

We note the following most important inverse and incorrect problems.

1. Inverse problems of finding the unknown boundary of a figure. Such ap-
plied problems appear in the theory of equilibrium figures of a rotating fluid.

2. Inverse problems of geophysics about the discovery of minerals using gra-
viometric data.

3. Inverse spectral problems of finding the scattering potential from spectral
data, etc.

4. Inverse problems of optimal control, which are used in engineering.

5. Incorrect problems of synthesis of optimal control systems.

6. Incorrect problems of calculating the eigenvalues of systems of linear
homogeneous equations.
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7. Incorrect problems for integral equations of the first kind, which appear,
for example, in problems of processing the readings of physical instruments, con-
tinuation of stationary fields.

Scientists from many countries have made a significant contribution to the de-
velopment of the theory of inverse and incorrect problems. We note such authors
as Zh. Hadamar, A.S. Alekseev, V.A. Ambartsumyan, Y.M. Berezansky, G. Borg,
[.M. Gelfand, N.B. Ilyinsky, S.G. Krein, M.M. Lavrentiev, E.M. Landis, B.M. Le-
vitan, V.A. Marchenko, P.S. Novikov, A.l. Prilepko, .M. Rapoport, V.G. Roma-
nov, A.A. Samarsky, L.N. Sretensky, V.N. Strakhov, A.N. Tikhonov, L.D. Fa-
deev, L.A. Khalfin, G. Gerglotz, H. Cordes, A.J. Douglas, D.W. Fox, T. Gallie,
F. Joxn, M.H. Protter, E. Wichert, N. Wiener.

Further development of inverse and incorrect problems is found in the works
of Russian and foreign authors. Among them are V.Ya. Arsenin, A.V. Baev,
A.B. Bakushinsky, N.Ya. Beznoshchenko, Yu.A. Belov, A.L. Buchheim,
V.V. Vasin, V.K. Ivanov, A.Sh. Lyubanova, R.G. Novikov, Yu.P. Petrov, S.V. Po-
lyntseva, V.G. Romanov, V.S. Sizikov, R.V. Sorokin, V.P. Tanana, .V. Frolen-
kov, V.A. Yurko, A.G. Yagola, R. Arcangeli, Y.M. Chen, H. Engl, S. Falleta,
C.W. Groetsch, M. Grasselli, M. Hanke, G. Monegato, L. Scuderi, O.N. Strand
and other authors [1-12].

Currently, using the great potential of world science, numerous applied re-
search is being carried out. A special place in applied research is occupied by
hard-to-reach and inaccessible objects, processes and phenomena of various na-
ture and their cause-and-effect relationships, which can be effectively and mo-
bilely studied using mathematical models of inverse and incorrect problems.

In many Russian universities, students are taught a variety of elective cours-
es, the content of which includes modern methods for solving inverse and incor-
rect mathematical problems. At the same time, computer technologies are widely
used in such training.

Research of many Russian and foreign authors makes a significant contribu-
tion to the informatization of higher education mathematical education. Among
them E.R. Alekseev, 1.V. Belenkova, V.V. Grinshkun, D.P. Goloskokov, E.A. Dak-
her, E. Kovacheva, M.N. Kirsanov, E.V. Klimenko, E. Kovacheva, T.G. Kuz-
michev, J. Lavonen, M.P. Lapchik, I.V. Levchenko, 1.V. Maruseva, S.N. Med-
vedeva, D.E. Penny, E.A. Ryabukhina, Yu.Yu. Tarasevich, E.K Henner, J. Hughes,
Ch.G. Edwards and other authors [13—18].

Reverse and incorrectly posed tasks have not only universality, but also
a scientific and cognitive potential that allows one to acquire new scientific in-
formation about the properties of objects, processes and phenomena of various
natures that are difficult to access and inaccessible to humans. Obviously, when
teaching inverse and incorrect problems, the teacher realizes the goals and objec-
tives of not only the formation of deep scientific subject knowledge in students,
but also the identification of the scientific and cognitive potential of teaching in-
verse and incorrect problems [1-12; 19-25].

Method of research. Of course, the developed content, which includes
modern achievements of world science and takes into account the professional
orientation of teaching, didactic principles, forms and methods of teaching, make
a significant contribution to the effectiveness of teaching students inverse and in-
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correct problems. At the same time, it is obvious that a specialist in this field with
scientific and pedagogical experience of work at a university should act as a teacher
of inverse and incorrect problems. Such a teacher is able to teach students in the study
of inverse and incorrect problems to implement important principles of the study
of inverse and incorrect problems: interdisciplinary approach, structural, function-
al and dynamic unity, multilevel, cause-and-effect relationships; to reveal the sci-
entific and cognitive potential of teaching inverse and incorrect problems.

Conducting classes with students on inverse and incorrect problems, it is
advisable for the teacher to:

— to integrate natural science and humanitarian knowledge that will help stu-
dents to form fundamental knowledge on inverse and incorrect problems, in applied
mathematics, computational mathematics, to comprehend the epistemological as-
pects of inverse and incorrect problems, humanitarian, scientific and educational,
scientific and cognitive potential of teaching inverse and incorrect problems;

— to implement such pedagogical technologies that allow students to devel-
op mathematical creativity, develop a scientific worldview, acquire professional
competencies, skills and abilities to successfully research a variety of inverse and
incorrect problems with the subsequent analysis of scientific results and logical
conclusions about the new scientific information received;

— correctly use computer technologies in classrooms, with the help of which
it is possible, in the course of presenting educational material, to demonstrate to
students the formulations of mathematical definitions, lemmas, theorems, tables,
diagrams, function graphs, surface graphs, drawings, audio and video materials of
an educational and scientific nature;

— to identify the scientific and cognitive potential of teaching inverse and
incorrect tasks, which clearly demonstrates to students the need and effectiveness
of inverse and incorrect problems in the study of the surrounding world (water
space, earthly environment, air space, outer space, industry, economy, agriculture,
other spheres of human activity).

Results and discussion. In the classroom, students study a variety of ap-
proaches and methods for solving inverse and incorrect problems, learn to conduct
a logical analysis of mathematical statements of inverse and incorrect problems.
Such research work helps students, if appropriate, transform a given mathematical
problem into a form that is convenient for research. Moreover, in the future, after
such scientific research, students come to understand and comprehend the effec-
tiveness of the study of processes and phenomena using mathematical modeling.

In the classroom, students are taught to use environmental and health-
preserving technologies in applied research on the example of using inverse and
incorrect problems. As a result, students gain useful experience in analyzing the
new information received about the objects, processes and phenomena under
study, and form new scientific knowledge about the world around them. A devel-
oped scientific worldview helps students to understand the relationship of inverse
and incorrect problems to theory, experiment and philosophy — the main methods
of cognition of researchers; to comprehend the humanitarian value of mathemati-
cal models of inverse and incorrect problems.
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The process of studying many inverse and incorrectly posed problems is la-
borious due to their nonlinearity, which creates mathematical difficulties in fin-
ding a solution and, in the future, proving the correctness of the problem.

Students master such effective mathematical methods as the method of se-
lecting solutions for ill-posed problems, the method of quasi-inversion, the meth-
od of operator equations, the Tikhonov regularization method, the compact solu-
tion method, the Fourier method, the Laplace transform method, the method of
characteristics, the method of scales in Banach spaces, the Sobolev method, etc.
other mathematical methods.

Computer technologies help students overcome some mathematical difficul-
ties, such as routine mathematical transformations, finding a solution to a scientific
problem, visualizing the solution obtained, and the final scientific analysis of
the results of solving a problem. Using computer technologies, students gain expe-
rience in mobile research of inverse and incorrect problems, realize the huge poten-
tial of computer technologies in solving various applied mathematical problems.

To teach inverse and incorrectly posed problems, it is necessary to involve
specialists in inverse and incorrect problems who know modern computer tech-
nologies and have experience in their application. It is from such specialists that
students can gain solid scientific knowledge on inverse and incorrect problems,
but also learn from them the valuable experience of choosing and using the most
effective computer technologies for the study of such specific non-standard ap-
plied mathematical problems. It is such specialists who can realize the scientific
and cognitive potential of teaching inverse and incorrectly posed tasks.

Students can gain valuable experience in mastering deep subject scientific
knowledge in the field of inverse and incorrectly posed tasks when they are in-
volved in the performance of final qualification works on inverse and incorrect
problems in which computer technologies are supposed to be used. A useful acti-
vity for students may also be the study, at the request of the teacher, of scientific
work on the opposite or incorrectly posed problems, in which computer technolo-
gies are used. And, further to discuss with him the scientific result set forth in
the scientific work. It is important to emphasize here that the student, while study-
ing scientific work, master the scientific style of presenting material, which is
much more difficult than the style of presenting educational material in textbooks
and problem books.

The opportunity to find the required scientific article for students can be
provided, for example, by electronic bibliographic and abstract databases of scien-
tific libraries elibrary.ru, “CyberLeninka”, “Scopus”.

In the future, this can develop the student’s motivation for the subsequent
study of the theory of inverse and incorrectly posed problems in the master’s and
postgraduate studies and play an important role in choosing a future profession in
the field of applied mathematics.

When teaching students inverse and incorrect problems, attention is paid to
approximate methods for their solution. Students develop the skills and abilities of
finding approximate solutions to inverse and incorrect problems using the methods
of computational mathematics. They master finite-difference methods, variational
methods, optimization methods, methods for solving stationary problems in math-
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ematical physics, methods for solving non-stationary problems in mathematical
physics.

In the classroom, students master the techniques and technologies for the cor-
rect use of computer technologies in the search for approximate solutions to in-
verse and incorrectly posed problems. Students are convinced that modern com-
puter technologies are able not only to quickly find an approximate solution to
the desired mathematical problem, but also to visualize it in a form convenient for
the researcher. This can be, for example, a graphic image, a table, a diagram,
etc., which allows you to visually conduct a scientific analysis, and, if necessary,
to carry out a new computational experiment in a mobile manner.

Conclusion. Understanding the scientific and cognitive potential of inverse
and incorrect problems, its relationship with applied aspects, the ability to use
computer technology to research a variety of atypical applied problems will allow
students to be successful researchers.
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