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Abstract. Problem and goal. Currently, information and telecommunications technol-
ogies are widely used in the professional activities of most specialists in various subject areas.
This circumstance initiates the training of students in higher education institutions, who must
have not only deep subject knowledge, but also be able to master modern information and
telecommunications technologies and be able to apply them in their activities. One of the fun-
damental disciplines that is included in the university curricula for preparing students of phys-
ical and mathematical fields of study is “Equations of mathematical physics”. In the process
of teaching students the equations of mathematical physics, the goals are set not only to form
students' solid subject knowledge, but also to acquire the skills and abilities to apply modern
information technologies in the study of mathematical models based on the equations of
mathematical physics. Methodology. Educational electronic resources are used in training
sessions on mathematical physics equations. Such training sessions with students take place in
the form of laboratory classes, where modern computer technologies are used to find solutions
to equations of mathematical physics and then analyze them. Results. The implementation of
didactic principles of teaching mathematical physics equations in laboratory classes using
educational electronic resources allows students to achieve good results in the methods of
studying mathematical physics equations. Conclusion. The use of educational electronic re-
sources in the classroom on the equations of mathematical physics allows students, in addition
to deep subject knowledge, to acquire the skills and abilities to use modern computer techno-
logies to solve mathematical problems.
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AHHoTauus. /Ipobrema u yenv. B HacTosmiee BpeMs MH(QOPMAIIMOHHBIE U TEIEKOM-
MYHUKAIMOHHBIE TEXHOJOIMH TOBCEMECTHO HUCIOJB3YIOTCS B MPO(ECCHOHATBHON AesTelNb-
HOCTH OOJIBIIMHCTBA CICIHAJINCTOB Pa3HBIX NMPEIMETHBIX ob0macTeil. DT0 00CTOSTENBECTBO
WHHIMMPYET MOATOTOBKY B BY3aX CTYJEHTOB, KOTOPbIE JIOJDKHBI MMETh HE TOJBKO TITyOOKHe
IpeMETHbIC 3HAHMS, HO U CIIOCOOHBIX OBIAJ€BaTh COBPEMEHHBIMH HH(OPMAIMOHHBIMU U
TEJIEKOMMYHUKAIIHMOHHBIMH TEXHOJOTUSIMA M YMETh MX NPHMEHSTH B CBOCH JESITENBHOCTH.
OnHoit u3 QyHIaMEHTANBHBIX, BXOIINX B By30BCKHE yUeOHBIE ITaHBI IIOATOTOBKH CTYACH-
TOB (DU3UKO-MATEMATUUECKUX HAMPABICHUMH, SIBISCTCS AUCLUIUINHA «YPAaBHEHUS MaTeMaTH-
geckoil ¢u3ukm». B mporecce 00y4ueHns: CTYACHTOB ypaBHEHHSIM MaTEMaTHYECKOH (HU3UKH
CTaBSATCS II€NN HE TOJIBKO ()OPMUPOBAHUS Y HUX MIPOYHBIX MPEAMETHBIX 3HaHUI, HO U IIPHOO-
peTeHns] YMEHUH M HaBBIKOB HCIIOJIBb30BAHUS COBPEMEHHBIX MH()OPMAIIMOHHBIX TEXHOJIOTHH
IpU UCCIEOBAaHUH MAaTeMaTHYeCKUX MOJENCH, B OCHOBE KOTOPBIX JIEXKAT yPaBHEHHS MaTe-
MaTudecKoi Gu3nku. Memooonozus. Ha ydeOHBIX 3aHATHAX 1O ypaBHEHHAM MaTeMaTHde-
CKOHM (PM3HKH HCTIONB3YIOTCS 00pa3oBaTeNbHBIE 3JIEKTPOHHBIE pecypchl. Takue ydeOHbIE 3a-
HATHA CO CTYAEHTaMH IPOXOST B (hopMe T1a00paTOPHBIX, HA KOTOPBIX IMPUMEHSIOTCS COBpE-
MCHHBIE KOMIIBIOTEPHBIE TEXHOJIOTHH JUIs TOWCKA PEIICHHH ypaBHEHHH MaTeMaTHYeCKOH
(GM3UKN M UX MOCIIeAyIoIero ananmsa. Pesyiomamul. Peanusarys Ha 1a00paTOPHBIX 3aHATH-
SIX AUAAKTUYECKUX MPUHLIUNOB OOY4YEHUS! YPABHEHMSM MaTeMaTU4eCKOH (DU3UKHU C UCIIOJIb-
30BaHHEM OOPA30BATENBHBIX JIEKTPOHHBIX PECYpCOB MO3BOJIIET CTYJACHTaM JOCTHYb XOpPO-
KX PEe3yIbTaTOB 10 METOJaM HCCIEIOBaHUS ypaBHEHUH MaTeMaTHdeckoil ¢pusuku. 3axuio-
yenue. IlpumeHeHre 00pa30BaTENbHBIX 3IEKTPOHHBIX PECYPCOB HAa YyUEOHBIX 3aHATHSIX IO
YPaBHEHUSIM MaTeMaTH4eCKOH (M3MKM IO3BOJISIET CTYJICHTAM MOMHMO IIyOOKHX HpeaMeT-
HBIX 3HaHUH MPHUOOPECTH YMEHHUS M HAaBBIKM HCIONB30BaHHUS COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJIOTHH JJIS pelIeHNs] MaTeMaTHYeCKuX 3a/1ad.

KnroueBble cji0Ba: ypaBHEHHSI MAaTeMaTHICCKOH (H3UKH, 00pa30BATEIBHBIC JIICKTPOH-
HBIE PECYPChI, 00YUEHHUE, CTYICHT, HHPOPMATHU3ALKS 00pa30BaHUs
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Problem statement. The theory of equations of mathematical physics arose
on the basis of specific physical problems that lead to the study of individual par-
tial differential equations (see, for example, [1-12]). The study of mathematical
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models of physical problems led to the creation in the middle of the 18th century
of a new branch of analysis, which is called the equations of mathematical physics
and is the science of mathematical models of physical phenomena. In the 19th centu-
ry, applied problems of electrodynamics, thermal conductivity, optics and other
applied problems were investigated, as a result of which new equations of mathe-
matical physics were constructed and studied. In the 20th century, applied prob-
lems of quantum physics, plasma physics and other applied problems began to be
studied, as well as the theory of relativity developed. Therefore, new equations of
mathematical physics appeared.

The foundations of the theory of equations of mathematical physics were
laid by J. Herman, B. Taylor, D. Bernoulli, L. Euler, J. Dalembert, J. Lagrange,
G. Monge, P. Laplace, A. Legendre, S. Poisson, N.E. Zernov, G. Riemann,
V.G. Imshenetsky, J. Fourier, O. Cauchy, M.V. Ostrogradsky, P. Dirichlet and other
authors. Further development of the theory of equations of mathematical physics
is found in the research of N.E. Zhukovsky, S.V. Kovalevskaya, A.N. Krylov,
O. Lyava, A.M. Lyapunov, V.A. Steklov, N.M. Gunter, L. Prandtl, E. Schrodin-
ger, R. Courant, M.A. Lavrentiev, S.L. Sobolev, A.N. Tikhonov, M.V. Keldysh
and other authors.

Analytical methods for solving equations of mathematical physics include
methods such as the method of characteristics, the Fourier method, the Dalembert
method, the method of integral transformations, the Laplace transform, and other
methods. Approximate methods for solving equations of mathematical physics
include finite-difference methods. Among the fundamental scientific results that
have a major role in the development of finite-difference methods for solving par-
tial differential equations are: the necessary condition for the stability of an ex-
plicit numerical solution of some partial differential equations, set out in a 1928
article by R. Courant, K. Friedrichs and G. Levy [13].

Important results in the theory of difference schemes were obtained on the basis
of the energy method developed by R. Courant, O.A. Ladyzhenskaya, G. Levy,
L.A. Lusternik, K. Friedrichs and other authors. Studies of approximation, stabi-
lity, and convergence have created the necessary basis for a broad search for ef-
fective difference schemes designed to solve partial differential equations.

To study a particular process or phenomenon, a corresponding mathematical
model is constructed. There are no general ways to build mathematical models.
In each specific case, the model is selected taking into account the application
problem under study. The mathematical model should reflect the most important
features of the phenomenon, all the essential factors on which the success of
the operation mainly depends.

Specialists from different subject areas take part in the construction of
mathematical models. The mathematical model must be examined for its correct-
ness. Creating a mathematical model is the most important and responsible part of
the research, which requires a deep knowledge not so much of mathematics as of
the essence of the simulated phenomena.

In the process of teaching mathematical physics equations, students use sub-
ject knowledge in such disciplines of applied mathematics as “Ordinary differen-
tial equations”, “Integral equations”, “Numerical methods”, “Optimization Methods”
and other disciplines of applied mathematics, in special courses of applied mathe-
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matics devoted to mathematical modeling, inverse and conditionally correct prob-
lems [14-20]. In the process of such training, computer technologies are used,
which allow for mobile research of various applied tasks [21].

The process of informatization of education imposes new requirements on
future specialists. The importance of the information competence of the future
specialist increases. It is considered in connection with the categories “computer
literacy”, “information culture” and characterizing the level of personal develop-
ment in modern society.

Specialists who will use a wide range of computer technology tools in the edu-
cational process must have the necessary level of fundamental training in the field
of information and telecommunications technologies.

Research methods. Computer algebra systems are widely used in teaching
the disciplines of applied mathematics, such as “Equations of mathematical phy-
sics”, “Ordinary differential equations”, “Numerical methods”, “Optimization
methods” and other disciplines of applied mathematics. Among them are Mathcad,
Matlab, Mathematica, Maple, and others, which are also called computer math
packages.

Scientific and methodological aspects of the use of computer algebra sys-
tems in solving mathematical problems are developed in the works of such authors
as [.V. Belenkova, D.P. Goloskokov, E.A. Daher, S.A. Dyachenko, E.V. Klimen-
ko, P.P. Mashkov, S.N. Medvedev, M.I. Ragulin, E.A. Ryabukhin, M.G. Se-
menenko, Yu.Yu. Tarasevich, etc. (see, for example, [22-25]).

According to E.A. Daher, such systems of computer algebra from the point
of view of pedagogy is a didactic means of teaching, which, if there is an appro-
priate teaching methodology, allows you to optimize the educational process,
to intensify it. And from the point of view of computer science, such computer
algebra systems are an information technology that is designed to automate the so-
lution of mathematical problems in various fields of science, technology and edu-
cation [23]. Computer algebra systems have an easy-to-use interface, include ana-
lytical and numerical methods for solving various mathematical problems, and tools
for visualizing the results of calculations.

The use of computer algebra systems in teaching mathematical physics
equations allows us to implement didactic principles of teaching. Let us analyze
a number of such principles.

The principle of scientific learning is implemented, since it becomes possi-
ble to use them to reflect fundamental scientific achievements in the field of ap-
plied mathematics in the content of teaching mathematical physics equations,
to form knowledge about general scientific methods of cognition and methods of
research of mathematical models based on the equations of mathematical physics.

The principle of scientific learning is close to the principle of fundamental
education, which includes the aspect of strengthening the general education com-
ponent. The use of computer algebra systems in teaching mathematical physics
equations contributes to the formation of the ability to interpret and analyze
the results of activities, use databases and data banks, use a computer, which re-
fers to the general education training of students.

The use of computer algebra systems in teaching mathematical physics equa-
tions implements the principle of systematic learning, which is closely related to
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the principle of scientific knowledge, forming the quality of knowledge that charac-
terizes the presence in the minds of students of structural connections that are ade-
quate to existing, both intra-subject and inter-subject, connections and reflects
the content-logical connections, taking into account the cognitive capabilities of stu-
dents, previous training and the content of other disciplines of applied mathematics.

In procedural terms, the use of computer algebra systems makes it possible
to use various forms and methods that activate the cognitive activity of students.

The use of computer algebra systems in teaching the equations of mathema-
tical physics contributes to the students' awareness of a wide range of connections
between the theory and practice of studying the equations of mathematical phy-
sics. Inter-subject relations play a crucial role here.

The implementation of the principle of inter-subject connections in teaching
students the equations of mathematical physics using computer algebra systems
contributes to the reflection in the content of the training of the variety of cause-
and-effect relationships that operate in nature and are known by the methods
of modern world science. At the same time, interdisciplinary connections act as
an equivalent of inter-scientific connections, the methodological basis of which is
the process of integration and differentiation of scientific knowledge.

The use of computer algebra systems in teaching mathematical physics equa-
tions allows us to consider a large number of examples of the application of ma-
thematical models in various fields of scientific knowledge, including electro-
dynamics, geoelectrics, geophysics, seismology, astrophysics, photometry, econo-
mics, etc., the consideration of which would be impossible without their application
due to the complexity of the objects presented and the limited educational time.

The novelty of the educational material presented with the help of computer
algebra systems in the discipline “Equations of mathematical physics”, the illus-
trativeness and practical significance of the studied material contributes to the ac-
tivation of learning, which is closely related to the formation of a stable cognitive
interest.

The implementation of the principle of professional orientation of training
when teaching students the equations of mathematical physics using computer al-
gebra systems allows students to develop professionally significant skills and abi-
lities to analyze the role and degree of influence of various factors and conditions
on the nature of the studied properties of processes and phenomena.

Students acquire the skills and abilities to interpret the obtained solutions of
mathematical physics equations presented in the form of graphs and surfaces.

As a result, students master fundamental knowledge in the disciplines of ap-
plied mathematics, such as “Equations of mathematical physics”, "Ordinary dif-
ferential equations”, “Mathematical modeling”, “Computer modeling”, “Numeri-
cal methods”, “Information technologies in mathematics” and other disciplines of
applied mathematics. The use of computer algebra systems in the process of
teaching mathematical physics equations allows students to realize creativity and
initiative in combination with pedagogical guidance, shifting the focus from formal
reproduction to active learning.

Results and discussion. An essential characteristic of computer algebra sys-
tems is the performance of learning functions by this system. Its application im-
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plements the main didactic functions, such as compensatory, informative, integra-
tive, instrumental.

The inclusion of laboratory classes in the process of teaching mathematical
physics equations allows, with the use of educational electronic resources, to
achieve a high level of knowledge assimilation, mastering the necessary applied
mathematical apparatus by activating the educational and cognitive activities of
students and makes it advisable to use this form of training organization.

Providing the teacher and students with their extensive opportunities, educa-
tional electronic resources become a learning environment in which, as a result of
the interaction of the teacher and students, educational, cognitive, creative activi-
ties are carried out, this is a mathematical laboratory that allows you to solve a wide
range of educational, scientific and professional tasks.

In the laboratory classes, students master computer modeling as one of the mo-
dern information technologies in the development of the theory and practice of
mathematical model research. It is possible for students to identify certain proper-
ties of a mathematical model; to draw appropriate conclusions about the proper-
ties of the physical phenomenon under study, which can then be justified, and in
the future-to serve as a foundation for theoretical research.

Students acquire the skills and abilities to explore mathematical models
by computer means and realize that computer modeling is indispensable in cases
where a physical experiment is difficult or impossible to implement due to various
circumstances. As a result of such training, students develop an applied mathe-
matical culture and an information culture.

In teaching equations of mathematical physics, in the content of which there
is a complex conceptual apparatus, complex mathematical methods, the imple-
mentation of such a form of training as laboratory classes using educational elec-
tronic resources is justified. Such laboratory classes integrate fundamental know-
ledge in the field of equations of mathematical physics, develop practical skills
and skills of using educational electronic resources in solving mathematical mo-
dels based on the equations of mathematical physics.

Conclusion. Modern requirements for university graduates require strong
subject knowledge, the ability to know about new information technologies and
be able to choose the most effective one for solving a professional problem.
Also, a modern graduate should have an information mindset.
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