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In article attention that when training in the inverse problems for differential equations at students 

scientific and cognitive potential develops is paid. Students realize that mathematical models of the 

inverse problems for differential equations find the application in economy, the industries, ecology, 

sociology, biology, chemistry, mathematician, physics, in researches of the processes and the phenomena 

occurring in water and earth’s environment, air and space.

Attention of the reader that in training activity to the inverse problems for differential equations at 

students the scientific outlook, logical, algorithmic, information thinking, creative activity, independence 

and ingenuity develop is focused. Students acquire skills to apply knowledge of many physical and 

mathematical disciplines, to carry out the analysis of the received decision of the reverse task and to 

formulate logical outputs of application-oriented character. Solving the inverse problems for differential 

equations, students acquire new knowledge in the field of applied and calculus mathematics, informatics, 

natural sciences and other knowledge.
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For over half a century in Russia and abroad, actively developing the theory of inverse 

problems for differential equations, one of the scientific fields of applied mathematics. 

A great contribution to its development is made by A.V. Baev, P.N. Vabishevich, 

A.O. Vatulyan, V.V. Vasin, A.M. Denisov, S.I. Kabanikhin, M.M. Lavrentiev, D.G. Orlovsky, 

A.I. Prilepko, V.G. Romanov, A.N. Tikhonov, V.A. Cheverda, V.G. Cherednichenko, 

V.A. Yurko, A.G. Yagola and other authors (see for example [1—3; 5; 17—19]). Using 

the methods of the theory of inverse problems for differential equations successfully 

explores a variety of processes and phenomena, reveal their causation.

Note some of the scientific area where the application of the theory of inverse problems 

for differential equations.

1. The problem of studying the Earth’s interior using geophysical methods, based on 

the study of the earth’s surface any of the physical field, carrying information on the deep 

structure of the Earth, having as theoretical importance to global Geophysics, and of 

great practical significance for mineral exploration. Such problems belong to inverse 

problems of Geophysics.

2. The study of the nature of elastic oscillations of the Earth observed data. Despite 

the diversity of the elastic fields they carry information about the properties of their 
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sources and on the structure of the earth through which seismic wave propagates. The 

task of studying such objects in the observed fields related to the problems of seismology 

and are inverse problems of seismology.

3. The problem of Maritime natural disasters, waves-flood type, tsunami caused by 

underwater earthquakes, landslides, explosions, underwater volcanoes. The inverse 

problem of marine natural disasters are the defining characteristics of these waves in the 

deep area close to island records mareographic station.

4. The creation of diagnostic devices that combine the possibility of collecting a very 

large number of angles, with a processing computer means. This, in particular, CT scanner, 

designed for diagnostics and non-destructive quality control of products and used in 

various fields: medicine, biology, chemistry, Geophysics etc. are of Decisive importance 

in the design and creation of computer tomography is the mathematical modeling of 

tomographybased. On the basis of this simulation program are the reconstruction images 

of the studied objects. Thus, in the basis of computer tomography is based on the theory 

of direct and inverse problems.

5. To solve the problem of controlled thermonuclear synthesis it is necessary to know 

the regularities of heating and plasma confinement in fusion devices. Identifying these 

patterns requires detailed information about the development of the discharge and plasma 

parameters. In modern installations, the temperature of the plasma measured in millions 

of degrees. No direct measurements inside a hot environment is impossible. So all the 

information about the plasma it is necessary to obtain on the basis of indirect measurements 

performed outside the plasma, and the subsequent solution of the corresponding 

mathematical problems and their implementation by computer means. These tasks relate 

to the inverse problems of plasma diagnostics.

6. The processing of photos, including the problem of image restoration (removal of 

scratches on the image, changing image contrast, etc. — and some processing elements 

increasing the visual informativeness of the frame), restoring blurry and defocused images. 

Tasks of image processing are reverse to the tasks of processing photographic images.

7. Planning and processing of experimental data engineering, economic optimal 

control problems. Similar problems are studied with variational methods for solving 

inverse problems.

Inverse problems for differential equations are also applied in the economy, industry, 

ecology, sociology, biology, chemistry, mathematics, physics, to study the processes and 

phenomena occurring in aquatic and terrestrial environment, air and outer space.

Thus, many applied studies in which the final word is experiment, faced with the 

solution of inverse problems for differential equations, representing the unity of theory 

and experiment that are relevant to all three methods of human cognition: theory, 

experiment and philosophy.

Given the wide practical importance of the theory of inverse problems for differential 

equations, some Russian universities for students of physical and mathematical science 

training areas taught in elective courses devoted to inverse problems for differential 

equations (see, e.g., [1—19]).

In the process of learning the inverse problems for differential equations, implemented 

ideas for the development of creative mathematical abilities of students. In the research 

process, learning the inverse problems for differential equations require students to 
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skillfully apply the knowledge of various methods of applied and computational 

mathematics that they were taught in courses of mathematical, functional, vector analysis, 

analytic geometry, algebra, integral equations and other courses. However, given the 

applied aspects and mathematical features of inverse and ill-posed problems, require 

students to independently implement a variety of creative solutions for the proof of 

corresponding theorems of existence, uniqueness and conditional stability of solutions 

to inverse problems. During the study of inverse problems for differential equations, 

students have realized to operate with such fundamental concepts of applied and 

computational mathematics, as conditional correctness of the mathematical models, 

causation of physical processes and phenomena, pulsed sources, initiating physical 

processes discretization of mathematical models, convergence and stability of solution 

of a differential inverse problem and other fundamental concepts..In the process of 

learning the inverse problems for differential equations, implemented ideas for the 

development of creative mathematical abilities of students. In the research process, 

learning the inverse problems for differential equations require students to skillfully apply 

the knowledge of various methods of applied and computational mathematics that they 

were taught in courses of mathematical, functional, vector analysis, analytic geometry, 

algebra, integral equations and other courses. However, given the applied aspects and 

mathematical features of inverse and ill-posed problems, require students to independently 

implement a variety of creative solutions for the proof of corresponding theorems of 

existence, uniqueness and conditional stability of solutions to inverse problems. During 

the study of inverse problems for differential equations, students have realized to operate 

with such fundamental concepts of applied and computational mathematics, as conditional 

correctness of the mathematical models, causation of physical processes and phenomena, 

pulsed sources, initiating physical processes discretization of mathematical models, 

convergence and stability of solution of a differential inverse problem and other fundamental 

concepts.

Realization of intersubject communications when training in the inverse problems for 

the differential equations allows students not only to create fundamental knowledge in 

the field of the theory and methodology of the inverse problems, to gain skills of use of 

mathematical methods of a research of physical processes, the qualitative analysis of their 

decisions, to develop scientific outlook and mathematical creative abilities, but also to 

fill up the knowledge in the field of such scientific concepts of informatics as information, 

modeling, formalization, algorithmization, a computing experiment, syntax, semantics 

and other scientific concepts of informatics, to comprehend their value and a role in 

knowledge of the world around.

When training in the inverse problems for differential equations data that mathematical 

models of the inverse problems are an effective method of knowledge of the world around, 

and also prediction and control are brought to the attention of students and allow to 

penetrate into an entity of the researched processes and the phenomena. In case of such 

training students seize not only the theory and methodology of the inverse and incorrect 

problems, but acquire fundamental knowledge in the field of applied and calculus 

mathematics, other knowledge domains which allows them to comprehend and apply 

the principles of the organization of theoretical and practical researches of the inverse 

problems for differential equations. We will mark some of them.
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1. Principle of interdisciplinary approach. The idea of this principle — multiconcreteness 

of the description of integral processes and the phenomena on the knowledge base from 

different scientific areas.

2. Principle of structurally functional and dynamic unity. This principle obliges to the 

description of laws of objects, functioning and development in their unity, and requires 

a research of processes, the phenomena or objects in all their diversity. It promotes an 

explanation of processes of formation of the phenomena, disclosure of character and 

content of behavior of this phenomenon or process.

3. Principle of a multilevelness. This principle urges to study an object and as a certain 

integrity and as the education switched on in more difficult system. Its use allows to 

research the general features and single lines of an object. In case of the multi-level 

description of system each of levels can be in turn broken into a row of subtotals. The 

quantity of these subtotals reflects penetration depth in an entity of the researched process 

or the phenomenon in each level.

4. Principle of causes and effect relationships. It is the basic principle which requires 

a deep study of the causes and effect relationships connected to the direction of the cause-

effect course of events and the phenomena. It allows to recover unknown properties of 

the studied objects. At the same time the technology of achievement of integrity of 

knowledge includes not only use of a certain set of methods of a research of the inverse 

problems for differential equations, but also generalizations of the gained application-

oriented knowledge in a uniform scientific pattern, clearings up of opportunities and 

practical application of the received results of researches of the reverse tasks. Such 

approach to a research of the inverse problems for differential equations promotes 

realization by students of interpenetration and mutual enrichment of the scientific 

methods, approaches and receptions developed in different knowledge domains.

The independent research students of various inverse problems for differential equations 

on the basis of knowledge in the field of the theory and methodology of the reverse and 

incorrect tasks, implementation not only the known methods of applied and calculus 

mathematics, but also own approaches and the ideas promotes their creative development 

and formation in them of application-oriented mathematical thinking. Proving difficult 

existence theorems, uniqueness and the conditional stability of the decision of various 

inverse problems for differential equations, students comprehend physical aspects of the 

application-oriented task, reveal causes and effect relationships, study to formulate logical 

outputs of application-oriented and humanitarian character by results of the conducted 

researches.

In the course of such training at students the scientific outlook, logical, algorithmic, 

information thinking, creative activity, independence and ingenuity develop. Students 

acquire skills to apply knowledge of many physical and mathematical disciplines, to carry 

out the analysis of the received decision of the reverse task and to formulate logical outputs 

of application-oriented character. Solving educational reverse problems for differential 

equations, students not only master the theory and practice of the reverse tasks, 

methodology of a research of application-oriented tasks, acquire new knowledge in the 

field of applied and calculus mathematics, but, obviously, develop also a mathematical 

intuition.
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Existence of the mathematical intuition which is based on fundamental knowledge 

in the field of applied and calculus mathematics, the theory and methodology of the 

inverse problems for differential equations, experience of a successful research of the 

reverse tasks allows students to realize the rational ideas allowing to research and find 

successfully solutions of various inverse problems. The mathematical intuition helps 

students to comprehend a physical sense of the researched application-oriented task, to 

select a successful mathematical apparatus, to plan a rational way of a research of a 

mathematical model of the reverse task, and, eventually, successfully to find its solution.

When training in the inverse problems for differential equations data that mathematical 

models of the reverse tasks are an effective method of knowledge of the world around, 

and also prediction and control are brought to the attention of students and allow to 

penetrate into an entity of the studied phenomena. On the basis of the analysis of the 

received decisions, students are convinced that decisions of the inverse problems for 

differential equations can give new scientific knowledge, having replaced direct 

measurements while decisions of direct tasks which are predetermined by the most 

mathematical model and the given influences, don’t give new information on the studied 

phenomenon if external influences are studied.
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РАЗВИТИЕ НАУЧНО-ПОЗНАВАТЕЛЬНОГО ПОТЕНЦИАЛА 

СТУДЕНТОВ ПРИ ОБУЧЕНИИ ОБРАТНЫМ ЗАДАЧАМ 

ДЛЯ ДИФФЕРЕНЦИАЛЬНЫХ УРАВНЕНИЙ

В.С. Корнилов

Московский городской педагогический университет

Шереметьевская ул., 29, Москва, Россия, 127521

В статье обращается внимание на то, что при обучении обратным задачам для дифферен-

циальных уравнений у студентов развивается научно-познавательный потенциал. Студенты 

осознают, что математические модели обратных задач для дифференциальных уравнений на-



Kornilov V.S. RUDN Journal of Informatization in Education, 2017, 14 (2), 205—212

211INNOVATION PEDAGOGICAL TECHNOLOGIES IN EDUCATION

ходят свое применение в экономике, промышленности, экологии, социологии, биологии, 

химии, математике, физике, в исследованиях процессов и явлений, происходящих в водной 

и земной среде, воздушном и космическом пространстве.

Акцентируется внимание читателя на то, что в процессе обучения обратным задачам для 

дифференциальных уравнений у студентов развиваются научное мировоззрение, логическое, 

алгоритмическое, информационное мышление, творческая активность, самостоятельность и 

сообразительность. Студенты приобретают умения и навыки применять знания по многим 

физико-математическим дисциплинам, проводить анализ полученного решения обратной 

задачи и формулировать логические выводы прикладного характера. Решая обратные задачи 

для дифференциальных уравнений, студенты приобретают новые знания в области приклад-

ной и вычислительной математики, информатики, естествознания и другие знания.

Ключевые слова: обучение обратным задачам для дифференциальных уравнений, научно-

познавательный потенциал студентов, математическое моделирование, прикладная матема-

тика
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