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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 fundamental
knowledge of power quality in electrical power systems, as well as the ability to search for,
critically analyze, and synthesize technical information, apply a systems approach to diagnosing
and assessing power quality disturbances, and apply the requirements of international regulatory
frameworks (IEC, IEEE, EN) in professional engineering practice.

2. Place of the discipline (module) in the structure of the educational program
The discipline "Power Quality" 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

Planned learning outcomes for
the discipline (module)
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4. Scope (credit load) of the academic discipline (module) and forms of control

Total study load: 4 credits / 144 academic hours In academic hours
Contact work: 36
Lectures / of which practical training 0/0
Laboratory works / of which practical training 0/0
Practical classes / of which practical training 36/0
Independent work 54
Forms of control:

Exam 54
Pass/Fail (Credit) 1th 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

Full-time form

Contact work of students with the

teacher / of which in the form of ~
. ) o ) ractical training, hours Q
Section (topic) of the discipline and brief Formed. P g 5 Forms of ongoing
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Topic 1. Fundamentals of Power Quality.
Definition and key parameters of power quality:

1 voltage variations, harmonics, flicker, voltage ID-1 PC-3 ) 4 Intervie
unbalance. Classification of power quality ID-2 PC-3 v
disturbances. Overview of the main PQ
phenomena and their impact on electrical
equipment and supply networks.

Topic 2. Voltage events.
Voltage sags, swells, interruptions and

2 transients: definitions, causes and
classification. Short-duration and long-
duration voltage variations. Characterization

! ID-1 PC-3 .
and typical waveforms of voltage events ID-2 PC-3 2 4 Interview
according to IEEE 1159 and IEC 61000
standards.




Topic 3. International standards and
regulatory framework.

Overview of the IEC, IEEE and EN standards
framework governing power quality. Structure
and scope of IEC 61000 series, IEEE 1159 and
EN 50160. Compatibility levels, emission
limits, and measurement procedures.
Interrelation between standards and their
application in practice.

ID-1 PC-3
ID-2 PC-3

Interview

Topic 4. Power Quality analyzers and
measurement procedures.

Principles of power quality measurement.
Class A and Class S instrument requirements
according to IEC 61000-4-30. Configuration
and operation of modern PQ analyzers.
Measurement intervals, aggregation methods,
and time synchronization requirements.
Practical aspects of connecting measuring
instruments in distribution networks.

ID-1 PC-3
ID-2 PC-3

I

nterview

Topic 5. Harmonic analysis.

Harmonics and interharmonics in power
systems: origins, effects, and parameters.
Measurement methodology for harmonic
distortion according to IEC 61000-4-7. FFT-
based harmonic analysis: principles of discrete
Fourier transform application to PQ data. Total
Harmonic Distortion (THD) and individual
harmonic orders. Spectrum analysis of current
and voltage waveforms.

ID-1 PC-3
ID-2 PC-3

Interview




Topic 6. FFT-based measurement and
spectrum analysis.

Practical application of FFT for harmonic
distortion measurement. Windowing functions,
spectral leakage, and grouping methods
(harmonic groups and subgroups) in
compliance with [EC 61000-4-7. Interpretation
of harmonic spectra. Identification of harmonic
sources in industrial and distribution networks.

ID-1 PC-3
ID-2 PC-3

Interview

Topic 7. Flicker severity assessment.
Nature and perception of voltage flicker.
Short-term flicker severity (Pst) and long-
term flicker severity (Plt): definitions and
calculation procedures. Flickermeter
design and functional specifications
according to IEC 61000-4-15. Typical
flicker sources: arc furnaces, welding
equipment, wind turbines.

ID-1 PC-3
ID-2 PC-3

Interview

Topic 8. Voltage unbalance and frequency
deviation.

Three-phase voltage unbalance: definition,
causes, and consequences. Negative and zero
sequence components; unbalance factor
calculation. Frequency deviation: permissible
limits and measurement. Impact of unbalance
and frequency deviation on rotating machines,
power converters, and other equipment.

ID-1 PC-3
ID-2 PC-3

Interview




Topic 9. Power Quality in modern grids.
Impact of renewable energy sources (solar
PV, wind generation) on power quality:
harmonic emissions, voltage fluctuations,
and frequency regulation challenges. Grid
codes and PQ requirements for distributed
generation. Overview of PQ issues specific
to modern distribution and transmission
systems.

ID-1 PC-3
ID-2 PC-3

Interview

10

Topic 10. Power Quality in EV charging
infrastructure

PQ challenges associated with electric vehicle
(EV) charging stations: harmonic injection,
unbalanced loading, voltage sags, and reactive
power consumption. Types of EV chargers
and their PQ impact. Standards regulating EV
charger emissions. Mitigation strategies and
smart charging concepts.

ID-1 PC-3
ID-2 PC-3

Interview

11

Topic 11. Statistical analysis of monitoring
data.

Statistical methods applied to long-term PQ
monitoring datasets. Construction and
interpretation of Cumulative Distribution
Function (CDF) curves. Calculation of 95th
percentile values for compliance assessment.
Aggregation of measurement results over
different time intervals. Data quality checks and
outlier handling.

ID-1 PC-3
ID-2 PC-3

Interview

12

Topic 12. Disturbance detection using signal
processing techniques.

Advanced signal processing methods for PQ
disturbance detection and characterization:
Short-Time Fourier Transform (STFT), wavelet
transform, and Hilbert—-Huang transform.
Detection of transient events, voltage dips, and
oscillatory disturbances. Comparison of time—
frequency analysis approaches for PQ
applications.

ID-1 PC-3
ID-2 PC-3

Interview




13

Topic 13. Machine learning methods for PQ
disturbance classification.

Application of machine learning algorithms to
power quality disturbance classification: feature
extraction, supervised and unsupervised
classification approaches. Overview of
commonly used classifiers (SVM, decision
trees, neural networks, ensemble methods).
Performance evaluation metrics and practical
implementation considerations.

ID-1 PC-3
ID-2 PC-3

Interview

14

Topic 14. Compliance assessment against EN
50160 and other standards.

Methodology for assessing power quality
compliance against EN 50160, IEC 61000
series, and other applicable standards.
Evaluation of long-term monitoring results:
voltage magnitude, harmonics, flicker,
unbalance, frequency. Pass/fail criteria and
reporting obligations for network operators and
customers.

ID-1 PC-3
ID-2 PC-3

Interview

15

Topic 15. Technical reporting and mitigation
recommendations.

Structure and content of professional PQ
measurement reports in accordance with [EC
62586-2. Presentation of monitoring results,
compliance findings, and trend analysis.
Formulation of technically justified mitigation
recommendations. Overview of PQ mitigation
devices: passive and active filters, SVCs,
STATCOMs, UPS systems.

ID-1 PC-3
ID-2 PC-3

Interview




16

Topic 16. Case studies: industrial facilities
and distribution networks. Practical analysis
of real-world PQ problems in industrial
facilities (steel plants, data centers, hospitals)
and distribution networks. Application of the
full PQ assessment workflow: measurement
setup, data collection, statistical analysis,
compliance check, and technical reporting.
Discussion of solutions implemented in
documented cases.

ID-1 PC-3
ID-2 PC-3

Interview

TOTAL

36

54




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 "Power Quality" 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.

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. Sanjeevikumar P., Sharmeela C., Holm-Nielsen J.B., Sivaraman P. (Eds.) Power Quality
in Modern Power Systems. — Cambridge, MA: Academic Press, 2020.
2. Dugan R.C., McGranaghan M.F., Santoso S., Beaty H.W. Electrical Power Systems
Quality. 3rd ed. — New York: McGraw-Hill Education, 2012.
3. Bollen M.H.J. Understanding Power Quality Problems: Voltage Sags and Interruptions.
— New York: IEEE Press / Wiley-Interscience, 2000.
4. Fuchs E.F., Masoum M.A.S. Power Quality in Power Systems and Electrical Machines.
2nd ed. — Academic Press, 2015.
5. Singh B., Chandra A., Al-Haddad K. Power Quality: Problems and Mitigation
Techniques. — Chichester: Wiley-IEEE Press, 2015.

8.1.2. List of additional literature:

1. IEC 61000-4-30:2015. Electromagnetic compatibility (EMC) — Part 4-30: Testing and
measurement techniques — Power quality measurement methods. — Geneva: International
Electrotechnical Commission, 2015.

2. IEC 61000-4-7:2002/Amd 1:2008. EMC — Part 4-7: Testing and measurement techniques
— Harmonics and interharmonics measurements for power supply systems and equipment connected
thereto. — Geneva: IEC, 2008.

3. IEC 61000-4-15:2010. EMC — Part 4-15: Testing and measurement techniques —
Flickermeter — Functional and design specifications. — Geneva: IEC, 2010.

4. EN 50160:2010+A1:2015. Voltage characteristics of electricity supplied by public
distribution networks. — Brussels: CENELEC, 2015.

5. IEEE Std 1159™-2019. IEEE Recommended Practice for Monitoring Electric Power
Quality. — New York: IEEE Power & Energy Society, 2019.



6. IEC 62586-2:2017. Power quality measurement in power supply systems — Part 2:
Functional tests and uncertainty requirements. — Geneva: IEC, 2017.

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 «Power Quality» for
Students in the Field of Study 13.04.02 Electric Power Engineering and Electrical Engineering /
Compiled by D.A. Kostyukov. — Stavropol: North-Caucasus Federal University, 2026.

2. Methodological Recommendations for Organizing Independent Work of Students in the
Disciplines of the Field of Study 13.04.02 Electric Power Engineering and Electrical Engineering
(Master's programme) / North-Caucasus Federal University. — Stavropol: NCFU, 2026.

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 [IPR SMART

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

S. http://openedu.ru National Online Learning Portal «Open Education»

6. https://www.iec.ch Official website of the International Electrotechnical Commission
(IEC) — access to IEC standards and technical resources

7. https://ieeexplore.ieee.org IEEE Xplore Digital Library — access to IEEE standards,
journals and conference papers on power quality

8. https://minenergo.gov.ru/ Official website of the Ministry of Energy of the Russian
Federation

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

10. Description of the material and technical base necessary for the implementation
of the educational process in the discipline (module)

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.
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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);

. individual uniform lighting of at least 300 lux;

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

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.



