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General information 

Summary 

The educational component "Mathematical Basis of Technical Diagnostics" in the training program is aimed 
at studying the key provisions of the theory of pattern recognition, including methods, mathematical 
models and algorithms, and their practical use for technical diagnostics of the condition of electrical 
network equipment. The result of the training is that the students possess not only theoretical aspects, but 
also practical skills that allow them to effectively recognize and forecast the state of electrical equipment, 
as well as evaluate its residual resource. This discipline is key in the context of the high-tech world and the 
development of modern energy, where it is extremely important to ensure the reliability and safety of 
electric power systems. 

 

Course objectives and goals 

The purpose of studying the discipline is to provide students with basic knowledge of the theory of 
technical diagnostics, in particular, of methods, mathematical models and algorithms of diagnostics and 
control of the state of electric power equipment, taking into account the physical processes that occur 
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under conditions of long-term operation in the volume necessary for the successful performance of 
professional responsibilities and conducting research. 
 

Format of classes 

Lectures, laboratory classes, practical classes, self-study, consultations. Final control in the form of an 
exam. 
 
Competences 

General competences: 
ZK1. Ability to abstract thinking, analysis and synthesis. 
ZK3. Ability to conduct research at an appropriate level. 
ZK4. Ability to search, process and analyze information from various sources. 
ZK8. Ability to adapt and act in a new situation. 
ZK9. Ability to identify, pose and solve problems. 
ZK10. Ability to make informed decisions. 
 
Special (professional) competences 
SK 1. Ability to determine technical characteristics, design features, application and operation of software, 
software and technical tools, computer systems and networks of various purposes. 
SK 9. Ability to present the results of one's own research and/or development in the form of presentations, 
scientific and technical reports, articles and reports at scientific and technical conferences. 
SK 10. Ability to identify, classify and describe the operation of software and technical tools, computer 
systems, networks and their components. 
SC 13. The ability to apply the acquired theoretical knowledge, scientific and technical methods and 
appropriate software to solve scientific and technical problems and conduct scientific research in the field 
of electric power, electrical engineering and electromechanics. 
SK 15. The ability to apply analytical methods of analysis, mathematical modeling and perform physical, 
mathematical and computational experiments to solve engineering problems and when conducting 
scientific research. 
SK 17. Knowledge and understanding of laws, mechanisms and consequences of equipment failures, the 
ability to develop and implement measures to increase reliability, efficiency and safety in the design and 
operation of equipment and objects of the power industry, electrical engineering and electromechanics. 
SC 19. The ability to demonstrate understanding of normative legal acts, norms, rules and standards in 
electric power, electrical engineering and electromechanics. 
SC 20. The ability to choose methods and carry out appropriate calculations for the analysis of operating 
modes of electrical systems and networks and modes in elements of circuits and processes in systems and 
networks. 
 

Learning outcomes 

Program results of study in the specialty (defined by the standard of higher education of the specialty) 
 
RN 1. Apply general approaches to cognition, methods of mathematics, natural and engineering sciences to 
solving complex problems of computer engineering.  
RN 2. Find the necessary data, analyze and evaluate them.  
RN 3. Build and research models of computer systems and networks, evaluate their adequacy, determine 
limits of applicability.  
RN 6. Analyze the problem, identify and formulate specific problems that need to be solved, choose effective 
methods of solving them.  
RN 8. Apply knowledge of technical characteristics, design features, purpose and rules of operation of 
software and technical means of computer systems and networks to solve complex problems of computer 
engineering and related problems.  
RN 15. Reproduce processes in electric power, electrotechnical and electromechanical systems when 
simulating them on a personal computer. 
RN 16. Analyze processes in electric power, electrotechnical and electromechanical equipment and 
corresponding complexes and systems. 



 

RN 17. To master the methods of mathematical and physical modeling of objects and processes in electric 
power and electromechanical systems. 
RN 18. Master new versions or new software designed for computer modeling of objects and processes in 
electric power, electrotechnical and electromechanical systems. 
RN 24. Solve professional problems in the design, installation and operation of electric power, 
electrotechnical, electromechanical complexes and systems. 
RN 25. To master new methods of synthesis of electric power, electrotechnical and electromechanical 
installations and systems with specified indicators 
PH 26. Combine methods of empirical and theoretical research to find ways to reduce losses of electrical 
energy during its production, transportation, distribution and use. 
 

Learning outcomes 

РНс2.1. Know the principles of organizing the processes of transportation and distribution of 
electricity and power in electrical systems and networks from generation to consumer. 
pH 2.2. Find options for increasing the energy efficiency and reliability of electric power, 
electrotechnical and electromechanical equipment and relevant complexes and systems, use 
modern methods of collecting, processing and interpreting scientific and technical information for 
the preparation of design and analytical solutions, expert conclusions and recommendations. 
pH 2.3. Identify the main factors and technical problems that may hinder the implementation of 
modern methods of controlling electric power, electrotechnical and electromechanical systems. 
pH 2.4. Be able to carry out technical and economic calculations, comparison and justification of 
the processes of design, construction, production, repair, renovation, operation of electric power 
facilities 
 

Student workload 

The total volume of the discipline is 120 hours. (4 ECTS credits): lectures – 32 hours, laboratory classes – 

16 hours, practical classes – 16 hours, self-study – 56 hours. 
 

Course prerequisites 

In order to successfully master the educational component "Mathematical foundations of technical 
diagnostics", it is necessary to have knowledge and practical skills from the following educational 
components: 

- Chemistry 
- Higher mathematics 
- Physics 
- Basics of metrology and electrical measurements 
- Electrical materials 
- Electrical systems and networks 
- High voltage technology 

 

Features of the course, teaching and learning methods, and technologies 

The methods of teaching in the teaching of the academic discipline "Mathematical foundations of technical 
diagnostics" are: 

- verbal (conversation, discussion, lecture, work with a book) 
- visual (illustrated by practical examples) 
- practical (practical exercises, research of processes and phenomena using special laboratory 

equipment). 
Active learning methods used: discussion, brainstorming, problem-based methods. 
  



 

 

Program of the course 

Topics of the lectures 

Topic 1. Statistical methods of recognition 
Introduction. General characteristics of the discipline. Tasks of technical diagnostics. Bayes method. 
Method of sequential analysis. 
Topic 2. Methods of statistical solutions 
Methods of statistical solutions. Errors of the first and second kind. Medium risk. Method of minimal risk. 
The method of the minimum number of false solutions. Minimax method. Neumann-Pearson method. The 
method of maximum likelihood. Methods of statistical solutions in the presence of an uncertainty zone. 
Medium risk with a zone of uncertainty. Average risk and Neumann-Pearson methods in the presence of 
an uncertainty zone. Methods of statistical solutions for several states. Methods of statistical solutions for 
multivariate distributions. 
Topic 3. Assessment of the informativeness of diagnostic signs 
Basic provisions of information theory. Diagnostic value of indicators. Diagnostic value of the examination. 
Topic 4. Methods of separation in the feature space 
Feature space. Discriminants and separating functions. Linear separation methods. Definition of dividing 
hyperplanes. Methods of potential functions and the method of potentials. 
Topic 5. Metric recognition methods 
Feature space metric. Diagnostics by distance to the standard. Diagnostics by angular distance. Diagnosis 
by distance to the set. The method of trajectories. 
Topic 6. Curve recognition methods 
Detection of non-random deviations by the method of averages. Detection of non-random deviations based 
on variance analysis of linear regression. Evaluation of non-random deviations by control levels. The 
general task of recognizing curved features. 
Topic 7. Logical recognition methods. Diagnostic methods are built on the basis of graph theory. 
Diagnostic models are built on Boolean functions. 
Topic 8. Recognition methods based on fuzzy logic and neural networks. 
Introduction to the theory of fuzzy logic. Algorithm for forming a fuzzy conclusion. Membership functions. 
Fuzzy inference algorithms. Diagnostics in the environment of fuzzy logic. 
Diagnostics of equipment condition using neural networks. 
 

Topics of laboratory classes 

Topic 1.Study of the laws of distribution of gases dissolved in oil for transformers with different conditions. 
Topic 2.Study of the tightness of correlations between gases dissolved in the oil of transformers with 
different states. 
Topic 3.Determination of limit values of gas concentrations by the method of minimum risk of multivariate 
distributions. 
Topic 4.Study of the influence of the duration of operation on the value of the parameters of transformer 
oils 
Topic 5.Study of features of the drift of transformer oil indicators under conditions of long-term operation 
 

Topics of practical classes 

Topic 1.Diagnosis of the state of insulation of transformers using the generalized Bayesian method 
Topic 2.Determination of limit values of gas concentrations by the method of minimum risk for one-
dimensional distributions 
Topic 3.Algorithm for determining the average risk for multivariate distributions. 
Topic 4.Assessment of the diagnostic value of known methods for recognizing the type of defects based on 
the results of the analysis of gases dissolved in oil 
Topic 5.Estimation of the degree of oxidation of transformer oils using a multiple regression model 
 

  



 

 
Individual tasks  

The educational component "Mathematical foundations of technical diagnostics" involves the performance 
of a calculation task (P). The results of the calculations are drawn up in a written report, which is subject 
to protection. 

Topic "Comparative analysis of current standards and methods for interpreting ARG results" 

Calculation taskcontains the following sections: 
1. Introduction.The urgency of the problem. The purpose and tasks of the work. An overview of the methods 
of analysis of gases dissolved in transformer oil (TRO). Analysis of the physical processes of oil 
decomposition and gas release during defects 
2. Output data. 
3. Recognizing the type of defects of oil-filled equipment based on the results of ARG using norms and 
criteria regulated by various standards and methodsG. 
4. Analysis of diagnostic results and establishment of diagnoses. 
5. Results of a comparative analysis of the reliability of defect type recognition.Justification of recognition 
efficiency criteria. Comparison of different methods and their effectiveness for recognizing the type of 
defect. 
6. Conclusions.General conclusions and important results of the study. Recommendations for choosing a 
method of ARG analysis in practical applications 
7. List of used sources.List of literature and standards used during the analysis 
8. Attachments (if necessary).Additional information, graphs, tables, diagrams and other materials. 
 

Self-study  

 
One of the mandatory tasks for the students of this course is to perform a calculation task according to an 
individual task. This task contributes to the development of analytical and research skills of the applicants 
and encourages a deep understanding and comprehension of problems related to technical diagnostics. 
The topics taught during the lectures provide candidates with the necessary foundations and a general 
understanding of the subject area. Lecture material is presented in a form that ensures optimal assimilation 
of basic concepts and information. However, in order to become a true specialist in their field, applicants 
should go more into details and practical applications of the acquired knowledge. Therefore, in order to 
improve the level of understanding and mastering of the OK, applicants are recommended to independently 
study additional materials that will help deepen their knowledge and skills. Independent study and analysis 
of additional materials, such as scientific articles, books, and online resources, will help to significantly 
enrich knowledge and prepare students for solving practical tasks in the future. 
 

Course materials and recommended reading 

1. Shutenko O., Kulyk O., Ponomarenko S. Comparative analysis of existing standards and methodologies 
for interpreting DGA results : study guide for individual computational and graphical tasks / O. 
Shutenko, O. Kulyk, S. Ponomarenko. – Kharkiv : Typography Madrid, 2021. – 121 p. 

2. Hnatienko H.M., Snityuk V.E. Expert decision-making technologies. - K.: Maklaut, 2008. - 444 p. 
3. Richard S. Sutton, Andrew G. Barto. Reinforcement Learning : An Introduction MIT Press, Adaptive 

Computation and Machine Learning Ser.: 2018. - 552 p 
4. Johnson NL, Leone FC Statistics and experimental design in engineering and the physical sciences: v. 1 

(Probability & mathematical statistics S.). 2nd ed. New York: Wiley, 1977. 618 p. 
5. Handbook of Technical Diagnostics: Fundamentals and Application to Structures and Systems / Czi-

chos H. - Springer, 2013. — 560 p. 



 

Assessment and grading  

Criteria for evaluating 
student performance and 
distribution of points 
 

 
100 points of the final assessment make up the 
assessment results: 

Exam:written assignment (2 questions on theory 
and problem solving) and oral report - 20 points. 

Current assessment  
laboratory works: oral defense and written report 
with interpretation of the results - 15 points (3 
points x 5 works); 
practical works: oral defense and written report 
with interpretation of the results - 15 points (3 
points x 5 works); 
test papers: test questions on theory and problem 
solving - 20 points (10 points x 2 papers); 
calculation task: oral defense andwritten report 
with calculation results - 20 points; 
independent study of the material - 10 points. 

 
 

Grading scale  

Total 
points 

National ECTS 

90–100 Excellent A 
82–89 Good B 
75–81 Good C 
64–74 Satisfactory D 
60–63 Satisfactory E 
35–59 Unsatisfactory 

(requires additional 
learning) 

FX 

1–34 Unsatisfactory (requires 
repetition of the course) 

F 

 

Norms of academic integrity and course policy  

The student must adhere to the Code of Ethics of Academic Relations and Integrity of NTU "KhPI": to 
demonstrate discipline, good manners, kindness, honesty, and responsibility. Conflict situations should be 
openly discussed in academic groups with a lecturer, and if it is impossible to resolve the conflict, they 
should be brought to the attention of the Institute's management. 
Regulatory and legal documents related to the implementation of the principles of academic integrity at 
NTU "KhPI" are available on the website: http://blogs.kpi.kharkov.ua/v2/nv/akademichna-
dobrochesnist/  
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