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Abstract—The study is devoted to improving the professional training of
students in the field of mathematical modeling in the oil and gas industry.
Deeper integration into the training of modern statistical methods and models is
used to improve the educational efficiency and develop mathematical models of
technological processes of the oil and gas industry. To test the proposed models,
a pedagogical experiment with 189 students aged 19 to 21 is performed. The re-
search is based on the November Institute of Oil and Gas in the Yamalo-Nenets
Autonomous District. The outcomes of training under the new program are
evaluated at three levels of competency formation in accordance with the uni-
versity’s assessment systems. This approach ensures a level playing field for all
respondents. The relevance of improving the competence of students in the field
of mathematics is proved through the increase in grades at all three levels of
competency formation.

The study describes in detail the system of profile differentiation of the
mathematical training, which is based on a modular competency approach and
compares various approaches and methods of professional competence for-
mation among oil and gas workers.

Keywords—Oil and gas business, mathematical competence, mathematical
modeling, professional education.

1 Introduction

Mathematical education is among the basic elements of the university training of
future engineers. Therefore, in the process of professional education, an important
role belongs to the formation of the mathematical competence of an engineer, being a
crucial component of his professional skills [1,2]. The main goals of creating mathe-
matical competence are (1) studying the basic concepts and objects of mathematical
modeling within the challenges of the oil and gas industry, (2) developing clear logi-
cal thinking, and (3) analyzing technological processes in the oil and gas industry [3-
5].

Mathematical methods are used to study oil reservoir mechanics, oil production
processes, pumping and processing of hydrocarbons, to examine geological and tech-
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nical circumstances in the process of drilling, to forecast parameters when assessing
reserves of hydrocarbon deposits in the face of uncertainty, etc. [6-8]. The fuzziness
of the initial data and the objective fuzziness of the models in oil and gas geology
leads to the introduction of the concept of fuzzy modeling when creating mathemati-
cal models of oil and gas perspective objects and evaluating their parameters. Fuzzy
modeling consists of converting fuzzy data and a system of fuzzy petrophysical mod-
els into models of the geological structure [9].

When improving the professional training of specialists in the field of modeling in
the oil and gas industry, it is also relevant for students to master modern statistical
methods to increase the efficiency of organizing laboratory and field experiments and
ensure the reliability of the information base. During the mathematical modeling, each
object has a set of characteristics, which can serve as indicators of the properties of
working agents (drilling mud, grouting mixture, etc.), operating characteristics of the
equipment (mud pump rate, rotor torque, pressure in the elements of the circulation
system, etc.), information on external influences (reservoir pressure and temperature,
rock and fluid properties, bedding angles, etc.), and the nomenclature of materials and
equipment used. As an image or a class of a situation, one can use a variety of repre-
sentations (stable or unstable section, successful or unsuccessful work results, condi-
tion of the well, slides, cavings, sticking of strings).

The developed innovative didactic system for the formation of professional math-
ematical competence of bachelors allows transforming scientific knowledge into the
academic. Besides, it adjusts professional training of bachelors to modern require-
ments in the field of mathematical modeling in the oil and gas industry. For this rea-
son, current research contributes to the theory and methodology of professional edu-
cation.

2 Literature Overview

In this study, the experience of mainly Russian scientists is considered. In particu-
lar, the research is based on the fundamental principles of professional training, dif-
ferentiation of university disciplines and teaching methods [10,11]. Due to the rapid
change in the technical base and oil and gas extraction and refining technologies, the
development of educational technologies for specialists' training is of particular inter-
est [10,12]. The use of highly specialized skills is also associated with preparing stu-
dents for future work in an informational digital environment. It includes pedagogical
techniques and training programs that should take into account the digital environ-
ment and use it at all stages of training [13,14]. The achievements of modularity, the
succession of educational material, mathematical research methods, and solutions of
practical life problems described by Russian scholars are used to create the unique
training program within the current paper [15-17].

The oil and gas industry in Russia needs a constant influx of professionally trained
specialists, able to work immediately after graduation from a higher educational insti-
tution. Therefore, the solution of practice-oriented training problems is of great im-
portance. Approaches to solving such challenges are considered by several Russian
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researchers [5,18]. The modern practice of training a future specialist requires an ac-
tive inclusion of a student in all types of activities [4,19]. These are, first of all, the
tasks of mathematical modeling of physical processes and the application of probabil-
istic and statistical analysis methods for decision making in the oil and gas industry
[1,7].

During the preparation of narrow-profile specialists, the matter of professional ori-
entation of training comes to the fore. These issues are reviewed by many Russian
scientists, in particular, in works devoted to the mathematical education of students of
higher educational institutions [20-22]. In the oil and gas industry, methods of modu-
lar training and the integration of mathematical statistics in resolving practical diffi-
culties on the technical and managerial levels are used for a long time [6, 23]. In in-
ternational practice, STEM-training [8] is also increasingly applied to solve these
problems. On the one hand, this enables the integration of students' mathematical
skills and the natural science knowledge with highly specialized skills of the chosen
speciality. On the other hand, the use of STEM methods makes the integration of the
educational process into a digital environment easier and involves more modern
teaching methods.

Foreign higher education system accumulated rich experience in improving the
professional training of students in the field of innovative technologies that are used at
certain stages of education modernization. They are associated with profile differenti-
ation, the integration of science and technology, and based on practice- and profes-
sional-oriented approaches [24-27]. A large number of studies examine competency
models that remain an effective means of determining the requirements for profes-
sional education and guiding the evaluation and development of professional and
practical training programs [2,19,28-30]. Reiss and Obersteiner discuss the construc-
tion of competency models applied to the study of mathematics. The proposed models
can be considered as useful tools for determining, understanding, and diagnosing
mathematical competence [2]. Furthermore, numerous works review the relation be-
tween teachers' professional knowledge and quality of training in the field of mathe-
matical education [30,31].

The development of modeling competencies has received much attention from sci-
entists [28]. Many approaches to solving the problem of changing education in the
field of mathematics in connection with the increasing demands on the quality and
volume of knowledge are proposed. These issues are especially relevant for special-
ties that provide the foundation for the existence of modern civilization and the infra-
structure of the world economy. Among other areas, the oil and gas complex [32-34]
should be included in such specialties. However, these issues continue to be among
the most challenging due to the rapid development of computer technologies of mod-
eling. Thus, this subject requires further study.

3 Methods

To achieve the goal of the research and attain its objectives, a set of methods is ap-
plied. Among them are modeling and design of didactic theories; a pedagogical exper-
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iment, which enables obtaining data on the level of students' training; mathematical
and statistical methods; and software for processing the results of the examination.
The current study is based on the November Institute of Oil and Gas in the Yamalo-
Nenets Autonomous District. The results of the pedagogical experiment are evaluated
under the fact that the level of students' two-year training under the new program cor-
responds or slightly exceeds the results demonstrated by the previous classes of the
same educational course. The experiment involves 189 students (92 women and 97
men) aged 19 to 21 years, who agree to take part in the examination voluntarily. The
research is conducted throughout the 2018 - 2019 academic year. The modular meth-
od is applied for the profile differentiation of students within the training program
21.03.01 “Oil and Gas Business”. The respondents received a full description of the
future teaching methodology and the required clarification. A randomly selected
group of students of the same age and the same number of men and women is chosen
as a control sample.

The assessment of the effectiveness of the mathematical competence formation is
performed in the form of tests and exams. Students' success is evaluated by three
types of mathematical competence: actual knowledge, theoretical knowledge, and the
ability to solve practical problems. The assessment method is identical for the control
and research groups and is carried out by the same composition of teachers on a 12-
point scale. Since the gender division is not significant within the current study, it is
not taken into account. The research is aimed at testing the hypothesis that the use of
the developed methodology for the formation of mathematical competence shows
different results from the ones of a regular curriculum. To test this hypothesis, the
grades for students from the experimental and control groups are compared.

The reliability and scientific validity of the results are driven by the development
of adequate diagnostic methods, quantitative and qualitative analysis of experimental
data, and the use of research results in pedagogical practice. During the development
of a methodology for testing the experiment outcomes, the level of formation of stu-
dents' professional mathematical competence is chosen as an integrative indicator of
the effectiveness of the developed technological approaches. In determining the level
of professional mathematical competence formation, generalized knowledge and
skills in solving problems at three levels of content profiling (factual, theoretical, and
practical) are evaluated.

Based on the results, processed by methods of mathematical statistics, the dynam-
ics of differential indicators of students' professional mathematical competence devel-
opment is studied. The mathematical competence is formed on the integrative ap-
proach. Thus, the non-parametric criterion 2 (chi-square) is used along with the mul-
tivariate correlation and variance analysis. On their basis, the hypothesis about the
effectiveness of the profile differentiation of mathematical training is confirmed.

This study is aimed at implementing the professional orientation of the mathemati-
cal training of university students within the program 21.03.01 "Oil and Gas Busi-
ness".

Research objectives can be defined as follows:
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1. Implement the system of profile differentiation of the mathematical training
among university students on the basis of a modular competency-based approach.

2. Perform the application of a modular competency-based approach to the organiza-
tion of professional education for specialists of the 21.03.01 "Qil and Gas Busi-
ness" training program.

3. Develop a systematic diagnosis of differentiated indicators that determine the level
of formation of the professional mathematical competence of university students.

4 Results

Table 1 shows the distribution of the number of students who received one or an-
other grade when testing three types of competency, their comparison by the Chi-
square parameter, and the correlation coefficient between the experimental and con-
trol groups. All participants received grades from 7 to 12.

Table 1. Grades of the experimental and control groups

Factual Level | Theoretical Level | Practical Level
Number of students
Grade Experimental| Control Experimental Control Experimental Control
group group group group group group
12 44 18 41 15 39 9
11 32 19 30 22 29 16
10 33 24 33 24 35 28
9 37 54 39 49 39 51
8 20 44 22 47 26 48
7 32 39 33 41 30 46
Chi-square
parameter 5,12E-13 2,37E-13 1,62E-26
Correlation -0,37109 -0,34521 -0,24841

The analysis of the chi-square parameter shows the significance of the discrepancy
between the frequencies of the estimates obtained in the control and experimental
groups. It proves that the improvement in the indicators of mathematical competence
among students of the experimental group is not random. As expected values, the re-
sults of the control group evaluation, which coincide with the average indicators for
this discipline in other study groups, are used.

The grades correlation shows a weak level of compliance. For assessment by the
parameter of practical knowledge, the absence of correlation should be admitted. It is
explained by a random change in the level of distribution of grades among students.
The number of students who received one or another grade is poorly correlated in
both groups due to the personal characteristics of students, the degree of engagement,
motivation, and other aspects.

The results of the dispersion analysis are presented in Tables 2, 3, and 4. The null
hypothesis for analysis of variance is the assumption that the change in estimates of
the experimental group is not significant and is random.
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Table 2. Dispersion analysis of the factual level of mathematical competence

Groups Rate | Sum Average Dispersion
1 6 189 33 61,6
2 6 189 33 220
Dispersion analysis
Source of variation SS df MS F P-value F critical
Between groups 0 1 0 0 1 4,964602744
Within groups 1408 10 140,8
Total 1408 11

The value of the obtained variance of 4.96 is significantly higher than the expected
critical level of 1, which indicates that the assumption of the variance study is incor-
rect, and the change in the estimates obtained exists.

Table 3. Dispersion analysis of the theoretical level of mathematical competence

Groups Rate | Sum | Average Dispersion
1 6 189 33 46
2 6 189 33 208,4
Dispersion analysis
Source of variation SS df MS F P-value F critical
Between groups 0 1 0 0 1 4,964602744
Within groups 1272 10 127,2
Total 1272 11

The value of the obtained dispersion of 4.96 for all studied levels is identical and
significantly exceeds the boundary value.

Table 4. Dispersion analysis of the practical level of mathematical competence

Groups Rate | Sum | Average Dispersion
1 6 189 33 30
2 6 189 33 321,6
Dispersion analysis
Source of variation SS df MS F P-value F critical
Between groups 0 1 0 0 1 4,964602744
Within groups 1758 10 175,8
Total 1758 11

The results of the dispersion analysis also refute the hypothesis of the study. Thus,

it can be confidently asserted that a change in the quality of assessment of the compe-
tencies is significant, and not accidental.

Among the essential structural components of any pedagogical system and learning
process is content. The possibility of implementation of the main principles of didac-
tics creates the basis for material selection. However, the development and application
of methodological criteria are necessary for the curriculum content of a particular ac-
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ademic section. Thus, when choosing the content of professionally oriented courses,
the following criteria are considered:

o Tasks should contribute to the formation of a comprehensively developed personal-
ity.

¢ Content should have high scientific and practical significance.

e - content complexity should correspond to the real educational capabilities of stu-
dents

¢ Content amount should correspond to the available time for studying.

The innovative educational process is based on a modular competency-based ap-
proach and performed in several stages. The first is the stage of modeling the educa-
tional process, at which levels of study of the academic discipline are established. The
second stage involves the design of educational content based on the educational
standard of the country and a competency passport. For this aim, the principal func-
tions that make up the chosen profession and determine the challenges of professional
and applied training, the resolution of which requires mastering the appropriate disci-
pline, are described. The third stage is the design of modular programs and training
modules. In the fourth stage, the implementation of the model and its further im-
provement is conducted. In the last fifth stage, the analysis, evaluation, and develop-
ment of teacher's recommendations to improve the educational model are performed.
As an example, the study presents the application of a modular competency-based
approach to the organization of professional training within the training program
21.03.01 "Oil and Gas Business" (Table 5).

The objective of studying the modules of professional training by specialists in the
oil and gas industry lies in the development of modern statistical methods and models
to improve the organization of laboratory and field experiments. It is also aimed at
ensuring the reliability of the information base when developing mathematical models
of technological processes for drilling wells. Besides the main modules related to the
application of probabilistic and statistical analysis, as well as the methods of the theo-
ry of experimental design, such modules as “Methods of the Theory of Pattern
Recognition” and “Mathematical Modeling of Technological Processes for the Trans-
portation of Oil and Gas Products” are also added.
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Table 5. The main modules of professional training

Module name

Content

1. The Use of Probabilistic and
Statistical Analysis in the

Field of Mathematical Model-
ing in the Oil and Gas Industry

Probability distribution laws; distribution of the size of rock or particles
during crushing; the Poisson distribution; determination of the failure time
of the well lining due to the influx of waters of primary cementing taking
into account the service life of the wells. Parametric and nonparametric
tests; testing the hypothesis of the exponential law of the distribution of the
appearance time of drilling fluid with a density higher or lower than the
nominal value at the wellhead; verification of the hypothesis of a limited
data belonging to the normal distribution law; Shapiro-Wilk test, testing the
measurement results of the drilling fluid loss and their belonging to the
generalized normal distribution. Dispersion, correlation, and regression
analysis; control of the drilling fluid loss according to the results of meas-
urements and their belonging to the generalized normal distribution. Multi-
variate analysis of variance of changes in the properties of Portland cement
mortar when mixed with different volumes of oil (water loss, static shear
stress, the start and end time of setting, a tensile strength in bending after 2
days). The Kruskal-Wallis test by ranks of vertical borehole curvature
when drilling depth from 2400 to 2850 m with three different layouts (A,
B, C) of the bottom of the drill string for samples from five wells; correla-
tion and regression analysis in constructing the regression equation based
on the results of experiments aimed to study the change in the strength of
two-day cement stone.

2. Methods of the Experiment
Planning Theory

Research related to the study of the mechanism of various phenomena;
experimental search for optimal conditions; assessment of the significance
of the effect on of the drilling fluid loss and composition components (clay,
weighting agent, lime, calcium chloride, oxyl, carboxymethyl cellulose, oil
and graphite in cold conditions) within 30 minutes; designing an experi-
ment according to the plan of Plackett-Berman; evaluation of the effect on
the depression of an inflow stimulation, drilling fluid types, fluid loss re-
ducer, viscosity reducer, and also the method of perforation; design of a
cement slurry formulation for cold conditions (bottom-hole temperature 25
... 30°C), which provides a minimum deviation from the time of setting and
consists of a fluid loss reducer and setting time accelerator; optimization of
drilling mode parameters i.e. selection of axial load on the bit and rotational
speed; cementing of wells with a bottom-hole temperature of 100°C; design
of sedimentation-resistant cement slurry formulation; determination of the
appropriate change in the conditions noted during drilling to increase pene-
tration by the bit.

3. Methods of the Pattern
Recognition Theory

Assessment of probable situations to predict the possible nature of the
process and make decisions on the choice of control actions for efficient
work; indicators of the properties of working agents (drilling mud, grouting
mixture, etc.), operating characteristics of the equipment (mud pump rate,
rotor torque, pressure in the elements of the circulation system, etc.), in-
formation on external influences (reservoir pressure and temperature, rock
and fluid properties, bedding angles, etc.), and the nomenclature of materi-
als and equipment used.

4. Mathematical Modeling of
Technological Processes for
the Transportation of Oil and
Gas Products

Thermal calculation of the pipeline; changes in the volume of the pipeline
depending on temperature and pressure; dependence of the hydraulic re-
sistance coefficient on the diameter of the pipeline and the pumping flow;
increase in the speed of oil flow in the pipeline when using an anti-
turbulent additive; gravity flows in pipelines; design calculation for oil
pipelines and compressor stations; design calculation for the centrifugal
supercharger; design calculation for a water hammer in the pipeline section;

calculation for oil transmix.
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The introduction of the module “Methods of the Theory of Pattern Recognition” is
necessary since in the oil and gas industry there is the need to predict the possible
nature of the process and decide on the choice of controlling actions for efficient
work. The main tasks of the theory of pattern recognition can be considered as fol-
lows:

o Object recognition or discrimination (assignment of an object or situation to a par-
ticular category).
o Object classification and clustering (objects' division into groups with common
properties).

The need to introduce the “Mathematical Modeling of Technological Processes for
the Transportation of Oil and Gas Products” is associated with the fact that in the oil
and gas industry, when implementing complex technological processes, many tasks
may arise (Table 6).

Table 6. Mathematical Modeling of Technological Processes for the Transportation

of Oil and Gas Products

No.

Module sections

Content

Thermal calculation of
the pipeline

Heating is used to reduce hydraulic losses during the pumping of highly
\viscous oils and petroleum products. When moving through the pipeline,
the oil product cools down.

The section discusses the distribution of oil product temperature along
the pipeline, which allows more accurate determination of hydraulic
losses.

2. |Changes in the volume of |Most bodies expand when heated. Thus, if they are exposed to internal
the pipeline depending on [pressure, their geometric dimensions can increase significantly.
temperature and pressure |The section examines the effect of changes in temperature and internal

pressure on changes in the pipeline volume.

3. |Dependence of the hy-  |During transportation, between the pipeline wall and the oil occurs fric-
draulic resistance coeffi- [tion, which is considered as a hydraulic resistance coefficient. This coef-
cient on the diameter of  [ficient is crucial since it is possible to determine the pressure losses along
the pipeline and the the length of the pipeline by its value and, accordingly, choose pumping
pumping flow equipment that will overcome these losses. The hydraulic resistance

coefficient depends on the flow rate and the geometric characteristics of
the pipeline.

The section presents the determination of the dependence of the hydrau-
lic resistance coefficient on the diameter of the pipeline and pumping
flow.

4. |Increase in the speed of  |Friction losses remain the main reason for energy expenses when pump-

oil flow in the pipeline
when using an anti-
turbulent additive

ing liquids and gases through pipelines. Friction losses are caused by the
internal friction between the layers of moving fluid and the inner surface
of the pipeline. Both in the laminar and the turbulent flow, the mechani-
cal energy of motion is dissipated, and the fluid movement becomes
chaotic. One of the ways to reduce energy loss is the introduction of
special high molecular weight additives in the turbulent flows. The
mechanism of action of all anti-turbulent additives is based on the sup-
pression of the near-wall turbulence in pipes due to the interaction of
long additive molecules with turbulent vortexes. Due to the suppression
of near-wall turbulence, the hydraulic resistance exerted by the pipe flow
decreases. Hence, either an increase in pumping capacity or a pressure
reduction at the pumping stations is achieved. The effect of hydraulic

resistance reduction, as well as electricity consumption, can vary from 20
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to 60%. Among the well-known foreign additives to petroleum products,
the American additive CDR of the company Dupon-Conoco and the
additive NECCAD-547 of the Finnish company Neste can be distin-
guished. These additives are developed on a carbon basis. The first addi-
tive is equally suitable for pumping both gasoline and diesel fuels, while
the second one is recommended for pumps with diesel fuel. The use of
anti-turbulent additives has a limitation - additives are destroyed after the
prolonged action in a turbulent flow, especially after passing through the
compressor stations. Therefore, after each compressor station, it is neces-
sary to add new portions of additives into the flow.

The section discusses the determination of the increase in the speed of oil
products in the pipeline when using an anti-turbulent additive.

5. |Gravity flows in pipelines|When transporting oil products in the pipeline, there can be sections,
where the petroleum product flows at partial (gravity) flow. Gravity flow
is a section of a pipe, where air pockets occur, and oil moves by a cross-
section under the influence of gravity. The pressure in such air pockets is
almost constant and equal to the elastic pressure of the saturated vapor of
the oil product. Accordingly, the flow in the gravity section is also called
free-flow. However, the difference in pressure between the beginning
and end of the gravity flow exists. It is equal to the difference in the
heights of the flow sections. Gravity flows with air pockets can exist only
in the descending pipeline sections. Among the main parameters of the
gravity flow is the degree of its filling with an oil product on the particu-
lar section o. By the value of o, it is possible to determine the flow rate
of the petroleum product and clarify the coefficient of hydraulic re-
sistance.

The section discusses gravity flows in pipelines.

6. |Design calculation for oil |On a line pipe, the oil products flow from a section with high pressure to
pipelines and compressor [the lower one. The constant pressure decrease can be explained with the
stations expenditure of energy to overcome the friction forces. Consequently, for
the movement of the petroleum product in the pipeline, pumps are need-
ed. Each of them has its head and rate specification AH = F (Q). Besides,
they can be connected in parallel or series-parallel to each other to ensure
better productivity of oil compressor stations.

The section reviews the design calculation for oil pipelines and compres-
sor stations, examines the influence of the parameters at the outlet of the
pumping station on the oil flow rate and pressure at the end of the pipe-
line section.

7. |Design calculation for the |Gas is transported through pipelines by compressor stations equipped
centrifugal supercharger |with pumping units. Superchargers, together with gas turbine units
(GTU), make a gas-pumping unit (GPU). The task of the GTU is to ro-
tate the shaft of the centrifugal supercharger. The centrifugal super-
charger is aimed at forcing the gas from the low-pressure line (suction
line) to the high-pressure line (discharge line). When changing the
productivity of the pipeline, or increasing its length, in most cases, a new
compression ratio and the number of revolutions of the GTU is calculat-

ed.
The section presents the design calculation of the centrifugal super-
charger.
8. |Design calculation fora |Water hammer is the result of a pressure surge or high-pressure shock-
water hammer in the wave that propagates through a piping system when a fluid in motion is
pipeline section forced to change direction or stop abruptly. The possibility of water

hammer should be taken into account when designing and operating oil
product pipelines, since the shock pressure can far exceed the permissible
norms, leading to the pipe rupture. The need to reckon with the destruc-
tive force of water hammer in liquid pipelines is since the valves, that
immediately stop the cross-sectional area, are never installed on such
pipes. Liquid pipelines use valves that provide a slow cross-section clo-
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sure. As a result of the water hammer, air pockets may occur. They sig-
nificantly reduce the flow and cause increased pipeline vibration. To
protect the pipe from the consequences of a water hammer, oil pumping
stations use specialized devices.

The section reviews the design calculation of a water hammer in the
pipeline section.

9. |Calculation for oil trans- |At present, in Russia and abroad, light petroleum products, gasoline,
mix kerosene, diesel fuels, and the like are pumped by the sequential pump-
ing. Within this method, multi-grade petroleum products, combined into
separate batches of several thousand tons each, are pumped one after the
other, and transported to the consumer. The mixing of oil products poses
a relatively small risk to lower oil product quality since the petroleum
products belonging to the same type are more compatible with each other
than oil products with different compositions. The mixture of such petro-
leum products as gasoline and diesel fuels, or gasoline and kerosene,
poses a serious threat to their quality. Modes of transportation of petrole-
um products should be selected from the conditions of the minimum
\volume of the mixture area and the capabilities of pumping equipment.
The section discusses the calculation for oil transmix.

The scientific novelty of the study is in the process of increasing the level of pro-
fessional competence of bachelors in the field of mathematical modeling in the oil and
gas industry. Based on a professionally oriented integrative approach, an innovative
system of differentiation of mathematical profiles is developed. Here, the generalized
mathematical methods for analyzing the production process in the petroleum industry
serve as the key knowledge sources. The problem of designing the content of profes-
sionally directed modules in the field of mathematical modeling in the oil and gas
business is solved at the scientific, theoretical, and practical levels. Furthermore, with-
in the framework of the research, the differentiated indicators which determine the
formation of professional mathematical competence among university students are
examined.

The theoretical significance of the study lies in the development of technical sup-
port of the innovative educational process. It is worth noticing that this support is
based on a modular competency approach. Additionally, the mathematical competen-
cy which characterizes the degree of students mastering the knowledge and skills is
determined as a core component of the university students' professional competency.
The present study proves the effectiveness of the profile differentiation of students'
mathematical training.

The practical significance of the study is that the content of the main modules of
professional training in the field of modeling in the oil and gas industry it developed.
The results of the study can be used in the process of mathematical education of stu-
dents in educational institutions with disciplines of the corresponding profile. During
the implementation of the current teaching technology, training programs, and study
guides for “Operation and Maintenance of Oil Production Facilities” and “Operation
and Maintenance Services for Oil and Gas Production Facilities” educational speciali-
zations are developed. The study guides can be added to the lecture course since they
promote the consolidation of the theoretical skills by solving professional tasks.
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5 Discussion

In the study, on the basis of a modular competency-based approach, the profile dif-
ferentiation of the mathematical preparation of students in the training program
21.03.01 “Oil and Gas Business” is improved. Many similar or close methods of dif-
ferential training of students with an emphasis on mathematical statistics exist [35].
Among the most effective is STEM. This technique involves a more precise definition
of the practical goals of training and achieving competencies in solving professional
problems [8,19]. Mathematical modeling is easily integrated into the learning process
without interruption of the practice. Such methods can solve many educational diffi-
culties. In Russia, the application of this method may be somewhat complicated due
to the lack of technical means for modeling real situations and challenges in the oil
and gas industry. However, this problem can be resolved by applying digital modeling
[1,9,36].

The identification of mathematically gifted students [9,35,37] plays a key role in
training. Early talent recognition and development enable better specialist training and
enhances a person’s potential. Methods for the development of talent and creativity in
solving mathematical problems make it possible to create a unique competence for
solving unpredictable problems in real life, especially, in extreme situations or when
certain technological violations occur.

The use of mathematical competencies for making managerial decisions is among
the crucial issues for the oil and gas industry. The matter of this competency for-
mation is considered one of the most important by many researchers. The application
of mathematical analysis and probabilistic methods in predicting system behavior,
choosing managerial decisions, and managing stocks of companies is also examined
very carefully [6,23].

The conducted examinations cannot pretend to be an exhaustive scientific descrip-
tion of all aspects of the profile differentiation of the mathematical preparation due to
the increased requirements for the implementation of professional tasks. Among the
issues that require further investigation, the following can be stated:

o Development of an advanced system of mathematical profile differentiation;
¢ Improvement of modern methods for the approbation of the experimental results.

6 Conclusion

An experimental study of the proposed modular methodology for increasing math-
ematical competence shows relevant positive differences in the levels of formed com-
petencies among students. Based on an analysis of mathematical training, a modular
competency-based approach to the organization of professional education for special-
ists within the training program 21.03.01 “QOil and Gas Business” is implemented. The
content of training modules is aimed at developing of modern statistical methods and
models by students to increase the efficiency of organizing laboratory and field exper-
iments. The training modules' content should also guarantee the reliability of the in-
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formation concerning the development of mathematical models of well drilling. Be-
sides, mathematical training modules should conduct an assessment of various situa-
tions that may arise to predict the possible nature of the process and make decisions
on the selection of actions toward efficient work. They are to control petroleum prod-
ucts' transportation, design calculation oil transmix, the capabilities of oil pumping
equipment, water hammer, the dependence of the hydraulic resistance coefficient on
the diameter of the pipeline, and the pumping flow.

According to the results of the research, on the basis of a modular competency ap-
proach, a methodology that allows implementing profiling of the mathematical educa-
tion of university students is developed. As a result of a theoretical and experimental
analysis of existing standards, curricula, programs, and textbooks, the content of pro-
fessionally directed modules are determined. Thus, various teaching materials can be
created to ensure the professional orientation of the students’ mathematical training
(guidelines, textbooks, lectures, collections of practical tasks and exercises, technical
teaching aids).
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