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Problem and goal. The great need to apply the theory of inverse problems for differential
equations (IP) in the research of applied problems is explained by the fact that it is possible to
effectively study hard-to-reach or inaccessible objects and processes, to identify, for example,
the location of objects, determine their shape, etc. In addition, it is possible to identify cause-
and-effect relationships of processes and phenomena (see, for example, [5; 6; 8; 11; 14; 17; 19]).
It became possible, in many respects, thanks to modern computer technologies which allow to
investigate various mathematical models of inverse problems, realize modern computational
algorithms of the numerical solution of inverse problems for differential equations, carry out
three-dimensional visualization of their decisions and control of accuracy of calculations.

This circumstance explains the widespread introduction of modern computer technologies
in the process of teaching students of IP educational institutions of physics and mathematics
(see, for example, [2; 5; 6; 8; 10-14; 17; 19; 20]). In the process of teaching, goals are set to en-
sure that students form a system of fundamental knowledge in the field of theory and practice of
inverse problems, applied and computational mathematics, acquire the skills to choose and ap-
ply computer technology to find solutions to inverse problems, develop their ICT competence.

Methodology. The development of ICT competence among students of universities of
physical and mathematical areas of training, as a result of learning IP, is ensured by how suc-
cessfully the conditions will be implemented in practice, including: 1) involvement of specia-
lists in the field of inverse problems for differential equations with experience in the use of
computer technology in the study of inverse problems; 2) conducting lectures and practical
classes using multimedia and computer technologies; 3) implementation of didactic principles
of teaching inverse problems for differential equations using computer technologies; 4) attrac-
tion of students to performance of semester tasks, course and final qualifying works on inverse
problems for differential equations with use of computer technologies.

Results. In practical classes, students acquire the skills to apply modern computer tech-
nology in the study of IP. Students gain experience in analyzing new information about the
studied physical processes and phenomena using computer technology. Students form know-
ledge about the role of computer technology in mobile research of mathematical models of
inverse problems for differential equations, demonstrating ICT competence.
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Conclusion. Developed in the process of teaching inverse problems for differential
equations using computer technologies, ICT competence will obviously allow students in their
future professional activities to effectively apply a variety of computer technologies in the study
of mathematical models of inverse problems.

Key words: learning inverse problems for differential equations; informatization of
learning; ICT competence; computer technology; student

Problem statement. Computer technologies are widely used in modern applied
mathematics, the methods of which allow to study complex processes and phenomena
of different nature, and to use the acquired knowledge in practical activities. The use
of computer modeling as one of the modern information technologies in the develop-
ment of the theory and practice of mathematical models research currently plays an
important role. It is possible to identify certain properties of the mathematical model;
make appropriate conclusions about the properties of the studied processes and phe-
nomena, which can then be justified, and in the future can serve as a foundation for
theoretical research. There is an opportunity to accumulate the results obtained in the
study of some applied problems, and then effectively apply them to solving problems
in different areas of economics, industry, agriculture, natural sciences, humanities
and social sciences. Computer simulation is indispensable in cases where a physical
experiment is impossible because it is either forbidden, dangerous, or impracticable,
or the object under study exists in a single instance.

In this regard, the curricula of higher educational institutions contain such
disciplines as “Computer modeling”, “Information technology in mathematics”,
“Informatization of education” and other disciplines. The development of such dis-
ciplines allows students to understand the methodology of modeling in the know-
ledge of the world; form students understanding of the role of computer technolo-
gy in solving applied problems; provide students with ample opportunities for un-
derstanding the connection of applied mathematics with natural, humanitarian and
social sciences (see, for example, [1; 2; §8; 10; 14; 20]).

Currently, the university system of training specialists in applied mathematics
is experiencing a contradiction, on the one hand, between the need for students to
develop a large amount of fundamental scientific knowledge, allowing them after
graduation, working in scientific institutions, to successfully solve a variety of com-
plex mathematical problems in the implementation of applied research in practice
and, on the other hand, the limited time allotted for the development of such funda-
mental scientific knowledge.

This has much to do with teaching inverse problems for differential equations,
which constitute one of the directions of modern applied mathematics. One of the
ways to overcome this contradiction is the use of modern multimedia and computer
technologies in the process of teaching students inverse problems for differential
equations. The use, together with the fundamental principles of classical education,
of modern multimedia and computer technologies allows us to qualitatively change
the approaches and methods of teaching inverse problems for differential equations.
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The teacher is given the opportunity to use a demonstration method of teaching
at lectures: on interactive whiteboards, it is possible to quickly demonstrate analyti-
cal and approximate solutions of applied mathematical problems, two-dimensional
and three-dimensional graphs of their solutions, tables, drawings, etc.

The use of multimedia and computer technologies allows to implement various
forms and methods of teaching inverse problems, in which the cognitive activity
of students is activated. Among the forms of teaching students inverse problems
for differential equations, laboratory classes are used as a type of training session.
The inclusion in the learning process, in addition to lectures and seminars, such
a form of training organization as laboratory classes with the use of modern com-
puter technologies allows to achieve a high level of knowledge assimilation, mas-
tering the necessary applied mathematical apparatus by activating the educational
and cognitive activity of students and makes it advisable to use this form of training
organization.

Methods of research. Under ICT competence, specialists understand a com-
plex concept that characterizes the way of human life in the modern information
society and includes targeted effective use of information and telecommunication
technologies in their professional and daily activities. The concept of ICT compe-
tence is used by many specialists in the works devoted to informatization of edu-
cation. The methodical aspects of ICT competence development are devoted to
the works of such authors as T.A. Boronenko, N.V. Buzhinskaya, V.F. Burmakina,
V.V. Grinshkun, E.V. Danilchuk, S.A. Zaitseva, V.R. Imakaev, S.S. Kartseva,
T.G. Kiseleva, A.A. Kuznetsov, M.P. Lapchik, I.Yu. Lepeshinsky, O.N. Noviko-
va, V.N. Podkovyrova, M.I. Ragulin, L.B. Senkevich, S.R. Udalov, S.A. Fadeev,
G.A. Fedorova, V.S. Fedotova, E.K. Henner, E.V. Chernobay and others (see,
for example, [3; 4; 7; 9; 15-18]).

The content of teaching inverse problems for differential equations includes
conceptual and mathematical apparatus from various mathematical disciplines, methods
of mathematical modeling, research methods of mathematical models themselves,
qualitative analysis of solutions, etc. Inverse problems for differential equations are
usually nonlinear mathematical problems, since usually unknown coefficients, the right
parts of the differential equation and the solution of the differential equation itself
are determined simultaneously. In most cases, the solution of the corresponding direct
problem can be represented only in the form of an integral equation or an integro-
differential equation. It is worth noting that in some cases there are statements of
inverse problems, the solutions of which, despite their nonlinearity, can be obtained
in the form of formulas.

The scheme of investigation of inverse problems for differential equations
includes two stages. At the first stage, the solution of the direct problem is constructed
and its properties are investigated under the assumption that the desired functions
are known and belong to specific functional spaces. In the second stage, the inverse
problem itself is investigated. Using the constructed equation of the direct problem,
the corresponding system of equations of the inverse problem is consistently con-
structed. Then we prove theorems on existence, uniqueness and conditional stability
of an inverse problem, where the matching conditions data of the inverse problem.
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The purpose of the study of the inverse problem for differential equations is
a constructive construction of its solution. In the process of studying the inverse
problem, mathematical difficulties are overcome, such as the construction of a so-
lution of a direct problem, which has a complex form; analysis of the properties
of the constructed solution of a direct problem; differentiation and integration of
cumbersome mathematical expressions, including integral equations, the use of ap-
proximate methods of solution, etc. It takes a lot of time, there is a possibility to
make a mistake in the calculations, which can lead to incorrect results and errone-
ous conclusions. Students face similar difficulties in solving inverse problems for
differential equations.

Currently, computer mathematics systems such as Maple, Mathematica, Mat-
lab, MathCad and others are used in the educational process of higher education
institutions. One of the advantages of computer mathematics systems is that it is
possible to study complex mathematical problems. The teacher is given the oppor-
tunity to use a visual demonstration method of teaching: on the computer screen,
you can quickly demonstrate analytical and approximate solutions of mathematical
problems, two-dimensional and three-dimensional graphs of their solutions, tables,
drawings, etc. Students get rid of routine work associated with cumbersome mathe-
matical calculations and transformations; gain confidence in symbolic calculations
and practical skills of mathematical reasoning and analysis of the results; get the
opportunity to independently and quickly solve a variety of mathematical problems.

Students without the teacher in the consistent implementation of the relevant
commands can quickly find analytic and approximate solutions of direct problems
for some ordinary differential equations and partial differential equations, which
will later be used to select additional information about the solution of the direct
problem, building a system of integral equations of the inverse problem. Students
can apply methods for solving differential or integral equations, build graphs of
complex functions and surfaces, with which, for example, solutions of direct and
inverse problems are evaluated, which greatly facilitates their analysis. Students
can find solutions to various integral and integro-differential equations; thus get rid
of complex routine mathematical transformations; get rid of the fear of making
a mistake in the process of solving the inverse problem, etc.

The use of computer mathematics systems for the implementation of compu-
tational algorithms for solving inverse problems for differential equations allows
students to visualize the computational algorithm for solving the corresponding inverse
problem, analyze it, quickly obtain new results of numerical calculations when data
changes and visualize them graphically. As a result of the use of computer technol-
ogy, students gain experience and skills to explore mobile applied mathematical
problems, which allows to assess and identify the possibilities of computer techno-
logy in solving a variety of mathematical problems, to develop ICT competence.

Results and discussion. The use of modern multimedia and computer tech-
nologies in lectures and practical classes in teaching students of higher education-
al institutions of physical and mathematical areas of training universities inverse
problems for differential equations contributes to the implementation of didactic
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principles of training. Laboratory classes, using computer technology, as an orga-
nizational form of educational activity in teaching inverse problems have their own
specifics, which involves the development of appropriate guidelines. Conducting
such laboratory classes with a high mathematical level, complex conceptual appa-
ratus, mathematical methods of research and the complexity of research, methodi-
cally justified.

Such laboratory classes integrate theoretical and methodological knowledge,
practical skills and abilities of students in a single process of educational and re-
search activities. With proper organization of laboratory work, students act as re-
searchers of inverse problems for differential equations.

Conclusion. The presence of fundamental knowledge on inverse problems
for differential equations, skills and abilities to independently apply computer tech-
nology in the study of inverse problems, allows them to develop professional com-
petencies, including ICT competencies. ICT competencies help such students in
their future professional activity in the field of applied mathematics to successfully
develop not only the methods of world science, but also to solve important prob-
lems in industry, economy, agriculture and many other spheres of human activity.
It is obvious that a student with ICT competence, in his future professional acti-
vity as a mathematician-researcher is able to independently with the use of modern
information technologies to successfully solve complex applied problems from dif-
ferent subject areas.
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HayyHas cTaTbs

PasButune UKT-KOMNEeTeHTHOCTU Y CTYAEHTOB Npu 00y4eHnn
oOpaTHbIiM 3agavyam ana audpdepeHumnanbHbiX ypaBHEeHUN
C UCMNOJIb3OBaAHUEM KOMIMbIOTEPHbIX TEXHONIOIMUMN

B.C. Kopunios

MoOCKOBCKHUI TOPOACKON MENArOTMYECKU YHUBEPCUTET
Poccutickas ®eoepayus, 127521, Mockea, yn. [llepememvesckas, 29

IIpo6siema n nenab. bosbias TOTPeOHOCTs IPUMEHEHUS TEOPUH OOPATHBIX 3a1a4 IS
muddepenmanbHeIx ypaBHeHuit (O3) B uccaeJ0BaHUAX MPUKIAIHBIX 33/4a4 0OBSCHIETCS BO3-
MOXHOCTBIO 3((DEKTUBHO U3ydaTh TPYAHOJOCTYIHbIC UM HEJOCTYIHbBIE COBCEM OOBEKTHI U
MIPOLIECCHI, BBISIBIISATH, HATIPUMEP, MECTOMONOKEHUSI 00BEKTOB, OMPENEIATh UX POPMY U T. A.
Kpome Toro, BO3MOXKHO BBIIBUTH IPUUMHHO-CIIEICTBEHHBIE CBS3H MPOUCXOSIINX MPOLIECCOB
U sBIeHMI (cM., Haripumep, [5; 6; 8; 11; 14; 17; 19]). DTo okazanoch HOCTYIHBIM BO MHOIOM
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Omnarogapst COBpEMEHHBIM KOMIBIOTEPHBIM TEXHOIOTHSIM, KOTOPBIE TIO3BOJISTIOT UCCIIEIOBATH PA3HO-
00pa3HbIc MaTeMaTHUECKUE MOJICIIN 00PATHBIX 3a/1a4, PEaTu3yI0T COBPEMCHHBIC BHIUHUCITUTEb-
HBIC AJITOPUTMBI YUCICHHOTO PEIICHUS OOpaTHBIX 3a1ad st AuddepeHIMaibHbIX ypaBHCHU,
OCYIIECTBIISIIOT TPEXMEPHYIO BU3YATN3AINIO UX PEIICHUN M KOHTPOJIb TOYHOCTH BBIYHCIICHHH.

JlanHOE 00CTOSATEIHCTBO OOBSCHSET MIMPOKOE BHEIPEHUE COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJIOTHH B mporiecc 00yuenust O3 CTyICHTOB BBICIINX YIEOHBIX 3aBEICHUH (DH3HKO-MaTeMa-
TUYECKUX HAIIPABICHHIA MTOATOTOBKHU (CM., Haripumep, [2; 5; 6; 8; 10—14; 17; 19; 20]). B mpo-
Ijecce MPEToaBaHusl CTABATCS IIEIH, HAPaBJICHHBIC HA TO, YTOOBI CTYJACHTH C(hOpMHUPOBAIN
cucteMy (hyHIaMECHTAJIBHBIX 3HAHUH B 00JACTH TCOPHUU M MPAKTUKU OOPATHBIX 337134, MPH-
KJIQTHON M BBIYMCIIMTEIBHON MaTeMaTuKy, MPHOOpENN YMEHNS W HaBBIKH BBIOMPATh W MPH-
MEHSITh KOMITBIOTEPHBIC TEXHOJIIOTHH AJIsI TOUCKA PEeIIeHUI 00paTHBIX 33134, Pa3BUIIN CBOIO
UKT-KOMIETEeHTHOCTb.

Metonoaorus. Pazsurne MK T-kOMIIETEHTHOCTH Y CTYICHTOB By30B (DU3HKO-MaTeMaTH-
YECKHX HaIllPaBJICHUH TOTOTOBKHU B pe3ynbTare 00yueHns O3 obecneynBaeTcs TeM, HACKOIBKO
YCIICIIHO OYyyT peann30BaHbl HA MPAKTHKE YCIOBHS, CPEIU KOTOPHIX: 1) MpUBIEUYEHHE CIICIH-
QIMCTOB B 001acTH 00paTHBIX 3a7a4 A JU(PepeHINATBHBIX YPAaBHCHNH, HMEIOIIUX OIBIT
MIPUMEHEHHSI KOMITBIOTEPHBIX TEXHOIOTHH MTPH UCCIICIOBAHNH 0OPATHBIX 33/1a4; 2) TIPOBE/ICHIE
JICKIIMOHHBIX U MPAKTUYECKUX 3aHATHI C UCIONB30BAHUEM MYJIBTUMEIUHHBIX M KOMITBIOTEP-
HBIX TEXHOJIOTHH; 3) peann3anys AUIAKTHYECKUX NPUHINIOB O0ydeHHS OOpaTHBIM 3a1adam
Tt U depeHIaIbHbIX ypaBHEHUH C UCTIONB30BAHIEM KOMIIBIOTEPHBIX TEXHOJIOTHIA; 4) TIpH-
BJICUCHHUE CTYJCHTOB K BBINOJHEHUIO CEMECTPOBBIX 33aHUH, KyPCOBBIX U BBITYCKHBIX KBAJHU-
(bUKAIMOHHBIX PA0OT MO 0OPATHBIM 3aJ1auam JJis U GepeHITHATBHBIX YPABHEHHH C UCTIONIB30-
BaHMEM KOMITBIOTEPHBIX TEXHOIOTHH.

Pe3yabrarsl. Ha IpakTHYecKUX 3aHATHAX CTYACHTHI MPHOOPETAIOT YMEHHUS U HABBIKU
MIPUMEHATH COBPEMEHHBIC KOMITBIOTEPHBIE TEXHOJIOTHH MPH nccienoBaniu O3, a TaKKe OIBIT
aHaJ3a HOBOW MH(OPMAIHH 00 NCCIeTYEeMBIX (PH3MUYECKHX MPOIeccax U SBICHHUSX C HCIIOTb-
30BaHMNEM KOMIBIOTEPHBIX TEXHONOTHH. CTyAeHTH (GOPMUPYIOT 3HAHHS O POJIM KOMITBIOTEP-
HBIX TEXHOJOTHI B MOOWIBHOM HCCIIEJOBAaHUN MaTeMaTHIeckux mozneneit O3, neMoHcTpupys
UKT-KkOMIETEeHTHOCTb.

3axouyenue. Paspuras B nporecce o0yueHuss O3 ¢ UCIOIB30BAaHUEM KOMITBIOTEPHBIX
texHonoruii UKT-KoMIeTeHTHOCTh MO3BOJUT CTYJIEHTaM B CBOEH Oyaymiei mpodeccruoHab-
HOH JeATenbHOCTH 2P (HEKTUBHO IPUMEHSTh Pa3HOOOPa3HbIE KOMITBIOTEPHBIE TEXHOJIOTHH TIPH
UCCIIE0BaHNN MaTeMaTH4eCKUX MOZeNneil 00paTHBIX 3a4ad.

KiroueBble cjioBa: 00ydeHre oOpaTHBIM 3a1auaM Juis JuQepeHIInanbHbIX YpaBHEHUH;
nndopmaruzanus o0yuenns; UK T-KOMIETEHTHOCTh; KOMITBIOTEPHBIE TEXHOJIOTUH; CTYICHT
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