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Problem and goal. The great need to apply the theory of inverse problems for diff erential 
equations (IP) in the research of applied problems is explained by the fact that it is possible to 
eff ectively 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-eff ect 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 diff erential 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 fi eld of theory and practice of 
inverse problems, applied and computational mathematics, acquire the skills to choose and ap-
ply computer technology to fi nd 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 fi eld of inverse problems for diff erential 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 diff erential equations using computer technologies; 4) attrac-
tion of students to performance of semester tasks, course and fi nal qualifying works on inverse 
problems for diff erential 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 diff erential 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.



Kornilov V.S. RUDN Journal of Informatization in Education, 2019, 16(4), 328–337 

330 EDUCATIONAL ELECTRONIC PUBLICATIONS AND RESOURCES

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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Научная статья

Развитие ИКТ-компетентности у студентов при обучении 
обратным задачам для дифференциальных уравнений 

с использованием компьютерных технологий

В.С. Корнилов

Московский городской педагогический университет
Российская Федерация, 127521, Москва, ул. Шереметьевская, 29

Проблема и цель. Большая потребность применения теории обратных задач для 
дифференциальных уравнений (ОЗ) в исследованиях прикладных задач объясняется воз-
можностью эффективно изучать труднодоступные или недоступные совсем объекты и 
процессы, выявлять, например, местоположения объектов, определять их форму и т. д. 
Кроме того, возможно выявить причинно-следственные связи происходящих процессов 
и явлений (см., например, [5; 6; 8; 11; 14; 17; 19]). Это оказалось доступным во многом 



Корнилов В.С. Вестник РУДН. Серия: Информатизация образования. 2019. Т. 16. № 4. С. 328–337

335ЭЛЕКТРОННЫЕ СРЕДСТВА ПОДДЕРЖКИ ОБУЧЕНИЯ

благодаря современным компьютерным технологиям, которые позволяют исследовать разно-
образные математические модели обратных задач, реализуют современные вычислитель-
ные алгоритмы численного решения обратных задач для дифференциальных уравнений, 
осуществляют трехмерную визуализацию их решений и контроль точности вычислений. 

Данное обстоятельство объясняет широкое внедрение современных компьютерных 
технологий в процесс обучения ОЗ студентов высших учебных заведений физико-матема-
тических направлений подготовки (см., например, [2; 5; 6; 8; 10–14; 17; 19; 20]). В про-
цессе преподавания ставятся цели, направленные на то, чтобы студенты сформировали 
систему фундаментальных знаний в области теории и практики обратных задач, при-
кладной и вычислительной математики, приобрели умения и навыки выбирать и при-
менять компьютерные технологии для поиска решений обратных задач, развили свою 
ИКТ-компетентность. 

Методология. Развитие ИКТ-компетентности у студентов вузов физико-математи-
ческих направлений подготовки в результате обучения ОЗ обеспечивается тем, насколько 
успешно будут реализованы на практике условия, среди которых: 1) привлечение специ-
алистов в области обратных задач для дифференциальных уравнений, имеющих опыт 
применения компьютерных технологий при исследовании обратных задач; 2) проведение 
лекционных и практических занятий с использованием мультимедийных и компьютер-
ных технологий; 3) реализация дидактических принципов обучения обратным задачам 
для дифференциальных уравнений с использованием компьютерных технологий; 4) при-
влечение студентов к выполнению семестровых заданий, курсовых и выпускных квали-
фикационных работ по обратным задачам для дифференциальных уравнений с использо-
ванием компьютерных технологий.

Результаты. На практических занятиях студенты приобретают умения и навыки 
применять современные компьютерные технологии при исследовании ОЗ, а также опыт 
анализа новой информации об исследуемых физических процессах и явлениях с исполь-
зованием компьютерных технологий. Студенты формируют знания о роли компьютер-
ных технологий в мобильном исследовании математических моделей ОЗ, демонстрируя 
ИКТ-компетентность. 

Заключение. Развитая в процессе обучения ОЗ с использованием компьютерных 
технологий ИКТ-компетентность позволит студентам в своей будущей профессиональ-
ной деятельности эффективно применять разнообразные компьютерные технологии при 
исследовании математических моделей обратных задач.

Ключевые слова: обучение обратным задачам для дифференциальных уравнений; 
информатизация обучения; ИКТ-компетентность; компьютерные технологии; студент
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