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1. Purpose and objectives of studying the discipline (module) 
 

The goal of mastering the discipline is to develop the ability to apply the fundamentals of machine 

learning and data analytics using Python to design, implement, and justify the selection of 

intelligent systems for the digital transformation of power grids, as well as the ability to search for, 

critically analyze, and synthesize energy data, apply a systems approach to formulate and solve 

domain-specific tasks, and consciously account for operational constraints, model interpretability 

requirements, and methodological rigor when developing AI-driven solutions in technical, 

methodological, and applied contexts of power engineering. 

 

2. Place of the discipline (module) in the structure of the educational program 
The discipline Machine Learning and Data Analytics for Power Engineering " belongs to 

the part formed by the participants of educational relations within the educational program. It is 

studied in the 1th semester. 

 

3. List of planned learning outcomes for the discipline (module), mapped to the planned 

outcomes of the educational program 

 

 
Competency code and 

formulation 

 
 

Indicator code and formulation 

Planned learning outcomes for 
the discipline (module) 

describing the stages of 
competency and indicator 

formation 

PC-3. Capable of 

managing the power 

system operating mode of 
an electrical power supply 

system using digital 

technologies 

ID-3 PC-3. Applies knowledge of 

digital technologies in the processes 
of generation, transmission, and 

distribution of electrical energy; 

Analyzes the processes of 
generation, transmission, and 

distribution of electrical 

energy, identifying the 

potential for applying 
Python-based machine 

learning and data analytics; 

Performs the application of 
digital tools and predictive 

systems to monitor, forecast, 

and manage the operating 
modes of the electrical power 

supply system; 

Forms own engineering 

judgments and assessments 
when selecting machine 

learning solutions, 

accounting for model 
interpretability and 

operational constraints for 

optimizing system operating 
modes. 



4. Scope (credit load) of the academic discipline (module) and forms of control
Total study load: 3 credits / 216 academic hours In academic hours 

Contact work: 54 

Lectures / of which practical training 54 / 0 

Laboratory works / of which practical training 0 / 0 

Practical classes / of which practical training 54 / 0 

Independent work 108 

Forms of control: 

Exam 54 

Pass/Fail (Credit) 2th semester 

Graded Pass/Fail (Credit with grade) – 

Course project/paper – 

* The discipline (module) provides for the use of e-learning and distance educational

technologies (unless otherwise stipulated by the educational standard). 



5. Content of the discipline (module), structured by topics (sections), indicating the number of hours and types of classes

№ 
Section (topic) of the discipline and brief 

content 

Formed 

competencies 

and indicators 

Full-time form 

Forms of ongoing 

progress control 

Contact work of students with the 

teacher / of which in the form of 
practical training, hours 

In
d
ep

en
d
en

t 
w
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rk

, 

h
o
u
rs

 

L
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tu
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s 
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ra
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s 

L
ab

o
ra

to
ry

 

w
o
rk
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1 

Section 1. Foundations of Energy Data 

Processing  

1.1 Introduction to the Python Ecosystem for 

Energy Data Analysis 

ID-3 PC-3 4 6 
Interview 

2 1.2 Data Architecture in Power Engineering 

ID-3 PC-3 4 6 
Interview 

3 1.3 Exploratory Data Analysis (EDA) ID-3 PC-3 4 6 Interview 

4 
1.4 Feature Engineering for Energy 
Applications 

ID-3 PC-3 4 6 Interview 

5 

Section 2. Load and Renewable Generation 

Forecasting 
2.1 Statistical Forecasting Methods 

ID-3 PC-3 4 6 Interview 

6 2.2 Decision Trees and Ensemble Methods ID-3 PC-3 4 6 Interview 

7 
2.3 Renewable Energy Generation 

Forecasting 

ID-3 PC-3 4 6 Interview 

8 2.4 Time Series and Deep Learning ID-3 PC-3 4 6 Interview 

9 2.5 Modern Architectures for Time Series ID-3 PC-3 4 6 Interview 

10 

Section 3. Equipment Diagnostics and 

Condition Monitoring 
3.1 Clustering in Power Engineering 

ID-3 PC-3 4 6 Interview 

11 3.2 Anomaly Detection ID-3 PC-3 4 6 Interview 

12 3.3 Predictive Equipment Diagnostics ID-3 PC-3 2 6 Interview 



13 3.4 Model Interpretability ID-3 PC-3 2 2 Interview 

14 

Section 4. Optimization and Industrial 

Deployment of ML Solutions 
4.1Power System Optimization with ML 

ID-3 PC-3 2 10 Interview 

15 4.2 MLOps for Energy Systems ID-3 PC-3 2 10 Interview 

16 4.3 Model Integration into Industrial Systems ID-3 PC-3 2 12 Interview 

32 44 



6. Assessment tools for ongoing progress control and intermediate assessment of students in 

the discipline (module) 

 

The assessment tools (AT) for ongoing progress control and intermediate assessment of 

students in the discipline are based on the list of competencies to be acquired, indicating the 

stages of their formation during the study of the discipline (module). The AT ensures objective 

monitoring of the achievement of the planned learning outcomes. The AT includes: 

 a description of indicators and criteria for assessing competencies at various stages 

of their formation, and a description of grading scales; 

 methodological materials defining the procedures for assessing knowledge, skills, 

abilities, and/or experience of activities that characterize the stages of competency formation; 

 standard control tasks and other materials necessary for assessing knowledge, skills, 

and the level of mastery of the competencies being formed during the study of the discipline 

(module). 

The assessment tools are an appendix to this discipline (module) program. 

 

7. Methodological guidelines for students on mastering the discipline 

When starting work, each student should take into account the following provisions. 
The discipline (module) is organized thematically; each topic represents a logically 

complete section. 

The lecture material is devoted to examining the key, fundamental provisions of the 

discipline (module) and explaining the learning tasks assigned for students' independent work. 

Practical classes are conducted to consolidate the acquired information and develop skills 

in applying it to solve practical problems in the relevant subject area. 

Students' independent work is aimed at independently studying additional material, 

preparing for practical and laboratory classes, as well as completing all types of independent work. 

For successful mastery of the discipline, it is necessary to complete all types of independent 

work using the recommended information sources. 

 

8. Educational, methodological, and informational support of the discipline 

8.1. List of basic and additional literature required for mastering the discipline 

(module) 

8.1.1. List of basic literature: 

1. Shevchenko, A. S. Machine Learning Methods : textbook / A. S. Shevchenko, O. V. 

Samarina. — Moscow : IPR Media, 2025. — 143 p. — ISBN 978-5-4497-4374-9. — Text : 

electronic // IPR SMART Digital Educational Resource : [website]. — URL: 

https://www.iprbookshop.ru/150766.html  

2. Ivanyuk, V.A. Neural Networks Practicum: Textbook / V.A. Ivanyuk. — Moscow : 

Prometheus, 2024. — 230 p. — ISBN 978-5-00172-601-2. — Text : electronic // IPR SMART 

Digital Educational Resource : [website]. — URL: https://www.iprbookshop.ru/153439.html  

3. Balanov, A.N. Machine Learning and Artificial Intelligence: Textbook for 

Universities / A.N. Balanov. — 3rd ed., stereotype. — St. Petersburg : Lan, 2026. — 172 p. — ISBN 

978-5-507-54962-7. — Text : electronic // Lan : Electronic Library System. — URL: 

https://e.lanbook.com/book/513580  

8.1.2. List of additional literature: 

4. Haykin, S. Neural Networks: A Comprehensive Foundation. Williams Publishing 

House, Moscow, 2006. 

5. Russell, S. J. Artificial Intelligence: A Modern Approach / S. J. Russell, P. Norvig. – 

4th ed. – Pearson, 2020. – 1136 p. – ISBN 978-0134610993. 

6. Géron, A. Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow: 

Concepts, Tools, and Techniques to Build Intelligent Systems / A. Géron. – 3rd ed. – O’Reilly Media, 

2022. – 856 p. – ISBN 978-1098125974. 

7. Bishop, C. M. Pattern Recognition and Machine Learning / C. M. Bishop. – Springer, 

2006. – 738 p. – ISBN 978-0387310732. 

https://e.lanbook.com/book/513580


8.2. List of educational and methodological support for students' independent work 

in the discipline (module) 
1. Methodological Guidelines for Practical Classes in the Discipline "Machine 

Learning and Data Analytics for Power Engineering " for Students in the Field of Study 13.04.02 

Training Program of Electrical Engineerings / Compiled by A.A.Stepanova. – Stavropol: North 

Caucasus Federal University, 2026. 

2. Methodological Recommendations for Organizing Independent Work of Students 

in Preparation for Classes in the Fields of Study: 13.03.02 Electric Power Engineering and 

Electrical Engineering, 18.03.01 Chemical Technology, 15.03.02 Technological Machines and 

Equipment, 15.03.04 Automation of Technological Processes and Productions, 15.04.04 

Automation of Technological Processes and Productions (Master's program), 18.03.02 Energy and 

Resource Saving Processes in Chemical Technology, Petrochemistry, and Biotechnology / 

Compiled by: M. V. Dolzhikova, A. A. Evdokimov, E. N. Pavlenko, A. I. Koldaev, A. V. 

Pashkovsky, T. S. Cherednichenko. – Nevinnomyssk: Nevinnomyssk Technological Institute 

(branch) of North Caucasus Federal University, 2019. – 45 p. 

 

8.3. List of resources of the information and telecommunications network "Internet" 

necessary for mastering the discipline (module) 
1. http://biblioclub.ru – Electronic Library System "University Library Online" 

2. http://catalog.ncstu.ru – Electronic Catalog of the Association of Electronic 

Libraries of Educational Institutions and Organizations of the North Caucasus Federal District 

3. http://www.iprbookshop.ru – Electronic Library System 

4. http://window.edu.ru/ – Unified Window of Access to Educational Resources 

5. http://openedu.ru – National Online Learning Portal "Open Education" 
 

9. List of information technologies used in the educational process for the discipline 

(module), including the list of software and information reference systems 

During lectures, computer equipment and presentation of multimedia materials are used. 

In seminar and practical classes, students present presentations prepared by them during 

independent study hours. 

Information reference systems: 
Information reference and information legal systems used in the study of the discipline: 

1 ConsultantPlus – http://www.consultant.ru/ 

2 https://minenergo.gov.ru/ – Official website of the Ministry of Energy of Russia 

Software: 

1 Alt Workstation 10 

2 Alt Workstation K 

3 Alt Server 

4 Office suite – R7-Office 

5 IDLE (Python 3.7) 
 

10. Description of the material and technical base necessary for the implementation 

of the educational process in the discipline (module) 

 

Lecture classes Classroom for conducting training sessions, equipped with multimedia 

equipment and technical teaching aids. 

Practical classes Classroom for conducting training sessions, equipped with multimedia 

equipment and technical teaching aids. 

Independent work A room for independent work of students, equipped with computer 

equipment with the ability to connect to the Internet and access to the 

university's electronic information and educational environment. 

http://biblioclub.ru/
http://catalog.ncstu.ru/
http://www.iprbookshop.ru/
http://window.edu.ru/
http://openedu.ru/
http://www.consultant.ru/


11. Features of mastering the discipline (module) by persons with disabilities 

 

Students with disabilities are provided with special textbooks, teaching aids and didactic 

materials, special technical means of learning for collective and individual use, services of an 

assistant who provides students with the necessary technical assistance, as well as sign language 

interpreting and typhlo-sign language interpreting services. 

Mastering the discipline (module) by students with disabilities may be organized together 

with other students, as well as in separate groups. 

Mastering of the discipline (module) by students with disabilities is carried out taking into 

account the characteristics of psychophysical development, individual capabilities and health 

status. 

In order to ensure accessibility of higher education under the educational program for 

persons with disabilities when mastering the discipline (module), the following is provided: 
 

1) For persons with visual disabilities: 

 

 presence of an assistant who provides the student with the necessary technical 

assistance taking into account individual characteristics (helps to take a seat, move around, read 

and complete the task, including writing under dictation); 

 written assignments, as well as instructions on the procedure for their completion, 

are formatted in enlarged font; 

 special textbooks, teaching aids and didactic materials (with large print or audio 

files); 

 

 

task. 

 

 individual uniform lighting of at least 300 lux; 

 if necessary, a magnifying device is provided to the student for completing the 

 

2) For persons with hearing disabilities: 

 

 presence of an assistant who provides the student with the necessary technical 

assistance taking into account individual characteristics (helps to take a seat, move around, read 

and complete the task, including writing under dictation); 

 provision of collective sound amplification equipment; if necessary, the student is 

provided with individual sound amplification equipment; 

 provision of appropriate sound means of information reproduction. 
 

3) For persons with musculoskeletal disorders (including those with severe motor 

impairments of the upper limbs or absence of upper limbs): 

 

 written assignments are performed on a computer with specialized software or 

dictated to an assistant; 

 at the student's request, assignments may be completed orally. 
 

 

12. Features of implementing the discipline using distance educational technologies 

and e-learning 
According to Part 1 of Article 16 of Federal Law No. 273-FZ of December 29, 2012 "On 

Education in the Russian Federation," e-learning is understood as the organization of educational 

activities using information contained in databases and used in the implementation of educational 

programs, information technologies and technical means that ensure its processing, as well as 

information and telecommunications networks that ensure the transmission of said information 

through communication lines and the interaction of students and teaching staff. Distance 

educational technologies are understood as educational technologies implemented primarily using 



information and telecommunications networks with indirect (remote) interaction between students 

and teaching staff. 

The discipline may be implemented using distance educational technologies and e-learning 

in whole or in part. The components of the educational and methodological set of the discipline 

(syllabus, assessment and methodological materials, forms of certification) implemented using 

distance educational technologies and e-learning contain an indication of their use. 

When organizing educational activities using distance educational technologies and e- 

learning, asynchronous and synchronous methods of interaction between participants in 

educational relations via the information and telecommunications network "Internet" may be 

provided. 

When using distance educational technologies and e-learning, the schedule for the 

discipline indicates: methods of interaction between participants in educational relations via the 

information and telecommunications network "Internet" (VCS – video conferencing, ET – 

electronic testing); links to the electronic information and educational environment of NCFU, to 

educational platforms and resources of other organizations to which open access is provided via 

the information and telecommunications network "Internet"; for synchronous learning – the time 

of online classes and the instructors; for asynchronous learning – the authors of online courses. 

When organizing intermediate assessment using distance educational technologies and e- 

learning, the Methodological Recommendations on the use of technical means ensuring the 

objectivity of results during intermediate and state final assessment in higher education programs 

– bachelor's programs, specialist's programs and master's programs using distance educational 

technologies (Letter of the Ministry of Science and Higher Education of the Russian Federation 

dated December 7, 2020 No. MN-19/1573-AN "On sending methodological recommendations") 

are applied. 

The implementation of the discipline using e-learning and distance educational 

technologies is carried out using the electronic information and educational environment of NCFU, 

to which students have access via the information and telecommunications network "Internet", or 

using resources of other organizations, including platforms that provide services for video 

conferencing, online meetings and distance learning (MTS-Link), as well as using the capabilities 

of social networks to facilitate communication between students and instructors. 

The educational and methodological support of the discipline implemented using e- 

learning and distance educational technologies includes the syllabus, educational and 

methodological manuals or a lecture course, methodological guidelines for performing various 

types of learning activities provided for by the discipline, and other educational and 

methodological materials posted in the electronic information and educational environment of 

NCFU, all presented in electronic form. 
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