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Abstract. The electronic course "Differential Equations" in the Digital
Learning System (DLS) NOMOTEX is developed and used for the
mathematical training of future engineers. The artcle presents the content
and features of the development of the module, as well as the methodology
for conducting classroom studies in a digital educational environment. In
the Nomotex DLS, the e-course is presented as a neural network structure
of knowledge - a tree. The content of the e-course is divided into chapters
and paragraphs. Within a paragraph, the content is presented in the form of
units of knowledge called quanta. The structure of quanta is described in
detail, examples are given. The peculiarity of the described methodology is
the preservation of traditional forms of education - lectures and seminars
with the use of a digital educational environment together. At the same
time, in the learning process using the NOMOTEX DLS, traditional
classroom lessons change significantly. The features of conducting lectures
and seminars, measures for monitoring students' knowledge are described.
The Digital Learning System NOMOTEX allows you to implement
various courses, forming the content of lectures and seminars from the
existing knowledge bank. E-course, usually a part of the course "Integrals
and Differential Equations", read to future engineers in the spring semester
of the first year at the Bauman Moscow State Technical University.

1 Introduction
Latterly, the process of informatization of education is gaining momentum. This process
determines the creation of new technologies and methodological systems of teaching aimed
at improving the intellectual potential of the student, at the formation of the ability to
independently acquire knowledge, to carry out educational, research activities, as well as
various types of independent activities [1,2,3]. All this requires the improvement of the
methodology for selecting the content, means, methods and organizational forms of
training. In full measure, all these aspects apply to the mathematical training of future
engineers.
The results of the studies described in the works [4,5,6], show a positive relationship
between the use of Internet learning technologies and student involvement in the learning
process, as well as the results of self-assessment of learning. The authors analyze the latest
advances in the application of digital technologies in mathematics education - mobile
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technologies, massive open online courses, digital libraries, mixed studying using digital
technologies.

2 Material and methods
The "Differential Equations" course in NOMOTEX DLS was started to develop and
introduced into the educational process in the 2018-2019 academic year. During the spring
semester, it was tested at the Faculty of Power Engineering and the Aerospace Faculty of
the Bauman Moscow State Technical University.

3 Course structure
The course is presented in DLS NOMOTEX in the form of a neural network structure of
knowledge (Fig. 1).

Fig. 1. Neural network knowledge structure (Tree).

The course content is traditionally divided into chapters and paragraphs.
Chapter 1. Differential equations of the first order.
General information about differential equations.
Ordinary differential equations of the first order.
Chapter 2. Differential equations of higher orders.
2.1. Equations admitting lowering of order.
Chapter 3. Linear differential equations of higher orders.
3.1. Linear differential equations of higher orders. General information.
3.2. Linear homogeneous differential equations of higher orders.
3.3. Linear inhomogeneous differential equations of higher orders.
3.4. Linear differential equations with constant coefficients.
Chapter 4. Systems of differential equations.
4.1. Normal systems of differential equations.
Chapter 5. Systems of linear differential equations.
5.1. Systems of linear homogeneous differential equations.
5.2. Systems of linear inhomogeneous differential equations.
5.3. Systems of linear differential equations with constant coefficients.
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The content inside every paragraph is presented in the form of quantum - units of
knowledge [7,8] (Fig. 2).

Fig. 2. Contents of the paragraph.

The quantum contain definitions (D), theorems (T), properties (P) and methods for
solving problems - the quantum "construction" (C). All quantums of the current paragraph
are located on a circle. The quantums from other chapters and courses, related to the
content of this paragraph, are located outside the circle. The connections between the
presented quantum are shown.

4 Course structure
Each quantum is graphically represented as a "traffic light" and consists of three windows
in green, yellow and red (Fig. 3).
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Fig. 3. Content of quantum.

The definition of a mathematical concept divided into 3 parts. The first two windows
contain a set of conditions necessary and sufficient for the selection of classes of objects
belonging to this concept, and the red one - the name of the concept.
4.1 Example 1. Quantum "Fundamental system of solutions of a linear
homogeneous differential equation"
Consider a linear homogeneous differential equation of the n-th order
y

(n)

 a1 ( x ) y ( n 1)  ...  an 1 ( x ) y   an ( x ) y  0 ,
a1 ( x), a2 ( x),..., an ( x)  (a, b) .

The set of any n linearly independent on the interval (a, b) solutions

y1 ( x), y2 ( x),..., yn ( x) to this equations is called the fundamental system of solutions (FSS)
on the interval (a, b)
The theorems are formulated not in a categorical, but in a conditional form. The
first two windows contain the condition of the theorem, the third - its conclusion.
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4.2 Example 2. Quantum "Theorem on the structure of the general solution of
a linear homogeneous differential equation of the n-th order" (T)
Consider a linear homogeneous differential equation of the n-th order
y

(n)

 a1 ( x ) y ( n 1)  ...  an 1 ( x ) y   an ( x ) y  0 ,
a1 ( x), a2 ( x),..., an ( x)  (a, b) .

If y1 ( x), y2 ( x),..., yn ( x) is some fundamental system of solutions of this
equation on an (a, b) interval, then the general solution of this equation on the interval

(a, b) is the linear combination
n

yo.o  C1 y1 ( x)  C2 y2 ( x)  ...  Cn yn ( x)   Ci yi ( x)
i 1

where

C1 , C2 ,..., Cn 

are arbitrary coefficients.

Some windows contain proofs of theorems, corollaries, remarks, geometric illustrations,
mathematical examples, and problems matched to a studied quantum.
We note a convenient system of links located in the content of the quantum, that allows
you to see the necessary information from the entire presented knowledge base in the popup windows, and the possibility of a step-by-step presentation of the material presented in
the quantum.
The uniqueness of the DLS NOMOTEX is that it allows the possibility of conducting
all types of classroom and independent work with students.
The cornerstone issue in the discussion of the use of digital technologies in mathematics
education is the issue of preserving the classical lecture in existing realities or transforming
it into any other forms [9,10,11,12].
In the process of teaching mathematical disciplines in the DLS NOMOTEX, the lecture
significantly changes. Reading lectures using DLS NOMOTEX is accompanied by showing
on an interactive whiteboard the necessary theoretical material collected in a unified
knowledge base and highlighted in a separate lecture using the option "implementation of
neural network educational programs".
Students have the opportunity to use their own laptops, tablets in the classroom, to
work with the mobile version of the NOMOTEX DLS and, which is very important,
continue the work they started at home.
In addition, the teacher has the opportunity to use the blackboard and chalk during the
lecture.
Seminars are also held in specialized classrooms. DLS NOMOTEX provides algorithms
for solving standard problems. Each seminar is equipped with a large number of analyzed
examples and tasks for independent work (Fig. 4).
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Fig. 4. An example of a problem for a seminar.

Testing activities are also carried out in the DLS. Issuance of papers for a control event,
check of completed work, rating of students are available to the teacher through the
"personal account" service.
The differential equations module provides the following test activities: control work
(differential equations of the first order, equations allowing lowering the order), homework
(equations allowing lowering the order, linear differential equations of higher orders),
milestone control (theoretical test, linear differential equations of higher orders, systems of
linear differential equations).
As is known, when designing automated control tools for mathematical knowledge and
skills, it is very difficult to check the correctness of the answers.
In those problems that require finding a general solution to an ordinary differential
equation, in the DLS Nomotech the answer can be entered in the form or in the form of a
function given implicitly (Fig. 5).

Fig. 5. An example of a problem for a seminar.

After the answer is entered the system automatically checks it using the following
algorithm:
1. Calculate the derivative of a function (for an equation of the 1st order), several
derivatives (for equations of a higher order). Well-known formulas are used to calculate the
derivative of the inverse function and the derivative given implicitly in this case.
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2. The resulting function and its derivatives are substituted into the original equation
and the fact that the original equation has become an identity is verified. This check is
performed in several stages. The system contains 15 algorithms to simplify the expression
(this number is constantly growing in the process of improving the system).
3. When solving the Cauchy problem, a check is added for the fulfillment of the initial
conditions by means of their direct substitution into the resulting function and its
derivatives.
Theoretical tests contain questions of the following types
1. Choose the correct statement from the proposed ones.
2. Select a match.
3. Choose the correct condition for a certain theorem.
Note that during the final certification, a theoretical question with proof is added to the
test tasks, which the student answers verbally.
DLS NOMOTEX allows to implement various courses, forming the content of lectures
and seminars from the existing knowledge bank.
For example, traditionally in the spring semester future engineers learn the course
"Integrals and Differential Equations", consisting of two corresponding modules.

5 Conclusion
The training module "Differential Equations" in the Digital Learning System NOMOTEX
is developed and used for the mathematical training of future engineers at the Bauman
Moscow State Technical University. The paper shows the features of the selection of the
content of the studied material and methods of conducting classroom studies using a digital
educational environment. The fact to emphasize is DLS NOMOTEX makes it possible both
to preserve traditional forms of education - lectures and seminars, and to use various
blended forms of learning. Students have an uninterrupted opportunity to continue the work
begun in the classroom and study the necessary material on their own. With the help of an
automated knowledge testing system, the process of monitoring students' activities and
assessing their achievements is simplified and improved.
Training using the presented digital educational environment for two years has shown
its effectiveness, including during the forced full transition to distance learning. 90% of
students received positive marks on the basis of the intermediate control (exam) in the
spring semester of 2020.
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