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Program of academic discipline

1. Descriptive discipline, its purpose, subject of study and learning outcomes

The program of the discipline "Intelligent methods of assessment of technical condition and resource efficiency of electrical equipment "is compiled in accordance with the educational and professional program training of graduate students in the field of knowledge 14 "Electrical Engineering" in the specialty 141 "Electric power, electrical engineering and electromechanics".
▪ The purpose of the discipline is to form students' ability to use artificial intelligence technologies to create intelligent evaluation systems technical condition and resource of electric power facilities, in particular: to own a modern one methodology of complex assessment of vehicles and strategies for maintenance and repair of electrical equipment; choose the most informative diagnostic signs of the state of electrical equipment; perform formalization of heuristic and expert information; choose and create
new models for assessing the technical condition of electrical equipment using modern IT-technologies; to conduct, adaptation of linguistic models to real conditions operation; apply modern methods vehicle and resource forecasting electrical equipment to select the optimal strategy for its operation.
The subject of the discipline - methods and mathematical models for evaluation and forecasting technical condition, service life and modes and the risk of failure of electrical equipment of the EEC.
Program learning outcomes:
Knowledge : about modern concepts of information systems of diagnostics of electric equipment; basic provisions and application in the problems of vehicle identification of the theory of fuzzy sets, artificial neural networks (ANN), genetic algorithms, cluster analysis; methods of neuro-fuzzy and genetic tuning of linguistic mathematical models of vehicle estimation and determination of the resource of electrical equipment; intelligent methods for forecasting vehicles, resources efficiency and modes of electric power facilities; principles of hierarchical construction hierarchical structures of fuzzy systems for determining the vehicle and the resource of power, switching equipment and aerial lines EEC.
Skills : to use modern information technologies when creating identification models TC and determination of the resource of electrical equipment of electric power systems; choose and apply methods for adjusting the parameters of linguistic models of vehicle assessment electrical equipment; use modern methods to predict resource and modes and decision-making on maintenance planning and repair of electrical equipment; improve existing and develop new linguistic models for assessing the vehicle and determining the spent resource electrical equipment EES.
Experience : use of modern information technologies for development of mathematical models assessment of the vehicle of individual functional units of electrical equipment; conducting fuzzy testing
models of vehicle diagnostics and adaptation to the operating conditions of the facility; using developed models for building models of electrical equipment failures; research regime reliability of the power system in case of electrical equipment failures.

2. Prerequisites and postrequisites of the discipline (place in the structural and logical scheme of training for relevant educational program)

To successfully master the discipline, the graduate student must have: a theoretical basis disciplines "Higher Mathematics", "Physics", "Theoretical Mechanics" and "Theoretical Foundations electrical engineering ". Discipline "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment ", using the technology of artificial intelligence, provides a methodology for creating intelligent systems for assessing the technical condition and resource power facilities. When studying issues related to the creation of models vehicle identification and determination and forecasting of the electrical equipment life of the power system are required also knowledge of the theory of electrical machines and devices, transformers, electrical materials, operation and modes of operation of electrical equipment, reliability theory electricity, basics of metrology and electrical measurement. Considerable attention devoted to the adaptation of linguistic models of vehicle assessment
electrical equipment setting up fuzzy knowledge bases. Closely related to the discipline "Modern methods and models analysis of regime reliability of electric power systems ”.

3. The content of the discipline

The discipline is structurally divided into 6 sections , namely:
1. Introduction. Methodical bases of a complex estimation of a technical condition of the electric equipment ” , to which included questions about the problems and tasks of assessing the vehicle of modern electrical equipment, about existing strategies for maintenance and repair of electrical equipment, modeling of resource costs with taking into account operational factors, about modern concepts of information systems, methods and systems, methods and means of diagnosing vehicle electrical equipment.
2. Intelligent technologies in the tasks of diagnosing the vehicle electrical equipment to which included questions about the application of fuzzy set theory, fuzzy logic, fuzzy bases knowledge for the assessment of vehicles, the basic concepts of artificial neural networks (ANN) and them use in tasks of identification of the HARDWARE of the electric equipment, about the decision of a problem segmentation of the fleet of electrical equipment by methods of cluster analysis.
3. Adaptation of neuro-fuzzy models for assessing the vehicle electrical equipment, which included the question of setting up fuzzy knowledge bases for the classification of states, about application of genetic algorithms for setting up linguistic models of vehicle assessment equipment and training of neural networks, algorithms and methods of artificial training neural networks.
4. Modern methods of forecasting the vehicle and the resource of electrical equipment, which includes questions about the problems and tasks of ensuring a reliable forecast of the vehicle and the resource, about the characteristics existing traditional forecasting methods, resource forecasting and regime
parameters of electric power facilities using ANN.
5. Construction of linguistic models for assessing the vehicle and the resource of power and switching equipment energy systems, which included questions about the formation of a hierarchical fuzzy structure logical conclusion about the technical condition of electrical equipment, construction of fuzzy models determination of the worked resource of power transformers, high-voltage switches, overhead lines, asynchronous motors VP power plants, substations and electrical networks. 
Adaptation of models to vehicle monitoring data.

4. Training materials and resources

Main information resources:
1.  Назаричев А.Н. ,Андреев Д.А. Методы  и математические модели  комплексной  оценки  
технического состояния электрооборудования .-Иваново: ИГЭУ ,2005 .-224 с. 
2.  М.В. Костерев  , Э. Ы. Бардик  .Питання побудови нечітких моделей оцінки технічного 
стану об”єктів електричних систем  . [Текст] : [ монографія ] / .- К. НТУУ КПІ  ,2011  .-
148 с. 
3.  Алексеев Б.А. Контроль состояния (діагностика) крупных  силовых трансформаторов.-М.: Изд-во НЦ ЭНАС , 2002.-216 с. 
4.  Назаричев А.Н. Методы  и модели  оптимизации  ремонта  электрооборудования  с учетом технического систояния .-Иваново : ИГЭИ ,2002 .-189 с. 
5.  Диагностика ,реконструкця и  эксплуатация воздушных линий электропередачи : учебное пособие/ И.И. Левченко ,А.С. Засыпкин и др. –М.:Издательский дом МЭИ ,2007 .-448 с. 
6.  Кузнецов Н.Л. Надежность электрических машин /Н.Л. Кузнецов .-М  .:  Издательский дом МЭИ ,2006 .- 432 с. 
7.  Сивокобыленко В.Ф. ,Полковниченко Д.В. ,Кукуй К.А. Диагностика асинхронного электропривода по данным измерений рабочего режима .  Донецк ,2006 -50 с. 
8.  Ротштейн А.П. Интеллектуальные технологии идентификации: нечеткая логика ,генетические алгоритмы, нейронные сети .-Винница ,1999, - 320 с. 
9.  Осовский С.  Нейронные сети для обработки информации /Пер. с польского.-  М.: Финансы и статистика ,2004 .-344 с. 
10.  Саати Т. Принятие решений .Метод анализа иерархий .-М.:  Радио и связь ,1993 .-278 с. 
11.  Леоненков  А.В. Нечеткое моделирование в среде МАТЛАБ и   fuzzyTECH  .-  СПб  .:  БХВ  –
Пкетербург ,2004 .-736 с. 
12.  Штовба С.Д. проектироваиое нечетких систем средствами МАТЛАБ .-М  .:  Горячая линия – Телеком ,2007 ,- 288 с,
13.  Г.П. Шумилова , Н.Є. Готман.Прогнозированиеэлектрических нагрузок при оперативном
управлении ЕЕС на основе нейросетевых структур /Г.П. Шумилова  и  др.-  Сыктывкар КНЦ УрО РАН ,2008 .- 78 с. 
14.  Костерєв М.В. ,Бардик Є. І. Моделі технічного стану і режимів електрообладнання електричних станцій ,електронне видання, НТУУ "КПІ".-К.-2015 р. , 102 с.
Additional:
1.  Таджибаев В.В., Титкив Ф.Х ,Халилов Основы управления техническим состоянием электрооборудования /Таджибаев В.В и др.-СПб.: Изд-во Политехн.ун-та ,2015 .-204 с. 
2.  БардикЄ.І. Електрична частина електричних станцій  та підстанцій .Основне електрообладнання  [  Текст  ]  :навч. Посібн.  /  Є.І.  Бардик  , М.П.  Лукаш  .-К.:  НТУУ  КПІ, 2011 .- 220 с. 
3.  Круглов В.В. ,Борисов В.В .Искусственные нейронные сети . Теория и практика .-2-е изд.,- М.: Горячая линия –Телеком ,2002 .-382 с. 
4.  Китушин В.Г. Надежность энергетических систем .Ч 1. Теоретические основы .Новосибирск : Изд.во НГТУ ,2003 ,-256 С. 
5.  Згуровский М.З. ,Зайченко Ю.П. Модели и методы принятия решений нечетких условиях .-Киев .: “ Наукова думка “ ,-2011 .-280 с. 
6.  Острейковский В.А. Старение и прогнозирование ресурса оборудования атомных станций .-М.: Энергоатомиздат.-1994.-286 с. 
7.  Краковский Ю.М. Математические и програмные  средства  оценки  технического состояния оборудования /Ю.М. Краковский .-Новосибирск : Наука ,2006 .-228 с. 
8.  В.П. Калявин, Л.М. Рыбиков. Надежность и  діагностика  элементов электроустановок:. − СПб.: Элмор. 2009 − 336 с. 





Educational content

5. Methods of mastering the discipline (educational component)
Lectures
	№

	The title of the lecture topic and a list of key issues (list of teaching aids, links to information sources)


	1
	Introduction . The main tasks and provisions of the assessment of the technical condition (TC) of electrical equipment. Terms and definitions. Monitoring and control of equipment. Technical strategies maintenance (repair) and repair of electrical equipment.
literary sources ;
distance course "Intelligent methods for assessing the technical condition and resource
efficiency of electrical equipment ", lecture 1

	2
	Assessment of the technical condition of electrical equipment on a set of controlled parameters. Generalized model of equipment resource costs taking into account operational factors. Deterministic models for determining the spent resource power and switching equipment of power systems. literary sources ,;
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment ", lecture 2

	3
	Modern concepts of information systems for diagnostics of electrical equipment. Basic types
and directions of development of systems of technical diagnostics of electric equipment of power systems. Tasks of technical diagnostics in electric power industry. Features of technical assessment
condition of electrical equipment. Modern methods and systems for assessing the technical condition
electrical equipment. literary sources [],
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment ", lecture 3.

	4
	The theory of fuzzy sets in the problems of identification of electrical equipment. Properties
fuzzy sets. Belonging functions. Fuzzy logic. Linguistic variables. Fuzzy logical inference. Fuzzy knowledge base. literary sources ;
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment "" Intelligent methods of technical assessment condition and service life of electrical equipment ", lecture 4

	5
	Neural networks in identification problems. Basic concepts of artificial neural networks (ANN). Neuro-fuzzy networks. Learning neural networks. Neurons and neuro-fuzzy models of multidimensional dependencies literary sources [] ,.
distance course "Intelligent methods for assessing the technical condition and resource
efficiency of electrical equipment ", lecture 5.

	6
	Methods of setting up fuzzy knowledge bases. Setting up fuzzy Mamdani knowledge bases and Sugeno. Setting up fuzzy knowledge bases for classification tasks. Neuron setting up linguistic models. Algorithms for learning neural networks. Method reverse propagation. literary sources [],
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment ", lecture 6

	7
	Genetic adjustment of linguistic models of electric power objects. Tasks optimal settings. Genetic algorithms and their features. Settings parametric membership functions. Learning neural networks based on genetic algorithms. literary sources: []
distance course "Intelligent methods for assessing the technical condition and resource
efficiency of electrical equipment ", lecture 7

	8
	Neural network forecasting of resource and mode parameters of electric power objects. Levenberg-Markar method, the method of group consideration (MGС) of arguments. Short-term and long-term forecasting .Intra-daily and daily forward forecastingnodalload. Inversion neural network direct
distribution ..literary sources: [],
distance course "Intelligent methods for assessing the technical condition and resource
efficiency of electrical equipment ", lecture 8

	9
	Hierarchical structure of fuzzy logical conclusion about the technical condition electrical equipment. Algorithm and hierarchy of logical conclusion regarding the power vehicle transformer. Fuzzy mathematical model for estimating TC ST based on KHARG. literary sources: [],
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment ", lecture 9


Practical training

	№

	The name of the topic of the lesson and a list of main questions


	1
	Fuzzy knowledge bases for diagnosing power transformer vehicles based on the results of HARG. Calculations to determine the class of the vehicle ST at different combinations of values ​​of the input 
data. literary sources [],
distance course "Intelligent methods for assessing the technical condition and resource
efficiency of electrical equipment "

	2
	Formation of fuzzy knowledge bases to determine the total resource worked high-voltage switches. Calculations of the worked resource of switches of various types with taking into account the level of significance of functional nodes.
literary sources [],
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment "

	3
	Formation of fuzzy knowledge bases of the model of estimation of the worked resource of an air line.
Estimated testing of the model by determining the activated resource of the transmission line voltage 110 Kv and above. literary sources [],
distance course "Intelligent methods for assessing the technical condition and resource
efficiency of electrical equipment "individual tasks on MKR .

	4
	Regression models of resource forecasting. Resource forecasting and mode parameters
of electric power objects with the use of ANN. Adjustment of ANN. Estimated short-term and medium-term forecasting of active and reactive capacity of power units of power system.
literary sources [],
distance course "Intelligent methods for assessing the technical condition and resource efficiency of electrical equipment "



6. Independent student work

	№
	Type of independent work
	Number hours of IWS

	1
	Preparation for classroom classes
	10

	2
	Execution of calculation and graphic work
	15

	3
	Preparation for MCR
	4

	4
	Exam preparation
	30



Policy and control

7. Policy of academic discipline (educational component)

The system of requirements that the teacher puts before the student:
rules for attending classes: in accordance with Order 1-273 of 14.09.2020, it is prohibited assess the presence or absence of the applicant in the classroom, including number to accrue incentive or penalty points. According to the RSO of this discipline points are awarded for the relevant types of educational activities for lectures and practical classes;
rules of conduct in class: the student has the opportunity to receive points for appropriate types of educational activity in lectures and practical classes, provided RSO disciplines. Using communication tools to search for information on Google disk teacher, on the Internet, in a distance course on the Sikorsky platform carried out under the direction of the teacher;
rules of protection of individual tasks: protection of calculation and graphic work with disciplines are carried out individually and only if the student does not agree with the accrued points according to the results of the RGR check (subject to observance calendar plan for the implementation of RGR);
rules for assigning incentive and penalty points: incentive and penalty points points are not included in the main scale of RSO, and their sum does not exceed 10% of the starting scale. Incentive points are awarded for participation in faculty and institute scientific conferences. Penalty points are awarded for late implementation of the RGR.
policy of deadlines and rearrangements: untimely implementation of RGR is envisaged accrual of penalty points. If the student did not pass or did not appear at the MCR, his the result is estimated at 0 points.
Academic Integrity Policy: Code of Honor of the National Technical university Of Ukraine "Kyiv polytechnic institute" https://kpi.ua/files/honorcode.pdf  establishes general moral principles, rules ethical conduct of individuals and provides a policy of academic integrity for individuals that work and study at the university, which they should be guided in their own activities, including the study and preparation of control measures in the discipline "Intelligent methods for assessing the technical condition and service life electrical equipment ";
when using digital means of communication with the teacher (mobile communication, electronic mail, correspondence on forums and social networks, etc.) must be followed generally accepted ethical norms, in particular to be polite and restrict communication working hours of the teacher.

8. Types of control and rating system for assessing learning outcomes (RSO)

Current control : express survey, MCR, work in practical classes.
Calendar control : is carried out once a semester as monitoring of the current state
compliance with the requirements of the syllabus.
Semester control : exam
Conditions of admission to the semester control : minimally positive assessment for the calculated
graphic work, semester rating more than 30 points.

Table of correspondence of rating points to grades on the university scale:
	Scores
	Rating

	95-100
	Excellent

	85-94
	Very good

	75-84
	Good

	65-74
	Satisfactory

	60-64
	Enough

	Less than 60
	Poor

	Less than 30
	Not allowed



The overall rating of the student after the end of the semester consists of points, received for:
-answers during express surveys at lectures;
-solving problems in practical classes;
-performance of individual work (RGR);
-performing modular control work (MCR).

	Express survey

	Solving problems
	Lab.
work

	RGR

	MCR

	Rs

	Req

	R


	4.5

	17.5

	
	22

	16

	60

	40

	100




Answers during express surveys at lectures
Weight score - 0.5.
Maximum number of points in all lectures -
0.5 points * 9 = 4.5 points.
Evaluation criteria
-correct answers to some questions from the place - 0.5;
Solving problems in practical classes
Weight score - 3.5.
The maximum number of points in all practical classes -
3.5 points * 5 = 17.5 points.
Evaluation criteria
-independent problem solving, free possession of the topic of the lesson - 3.5;
-problem solving with the help of a teacher, mastery of individual sections of the topic classes - 1.5;
Individual semester task (RGR)
According to the working curriculum, each student performs calculation and graphics
work.
The maximum number of points for performing the RGR is 22.
Evaluation criteria
-complete, accurate and timely execution - 25 points;
-the calculation is inaccurate, there are some insignificant errors - 8… 14 points;
-the calculation is incomplete, there are some significant errors - 2… 7 points;
-calculation is incorrect - 0 points;
-8 weeks are allotted for the implementation of the RGR from the moment of issuing the task; delivery of RGR after the established term provides accrual of a penalty point -2 for each week over the deadline.
Modular control work
The modular test consists of four parts: " Intelligent technologies in tasks of diagnosing TC electrical equipment ", Adaptation of neuro-fuzzy evaluation models Vehicle electrical equipment " Modern methods of forecasting vehicles and electrical equipment life " and " Construction of linguistic models for assessing the vehicle and the resource of power and switching equipment energy systems ”respectively. The task of each test consists of two tasks.
Weight score of each part of the MCR.
The maximum score for MCR is 16.
Evaluation criteria
- correct solution of 2 problems - 16 points;
-partial solution of problems, the presence of minor errors - 9-12 points;
-correct solution of 1 problem - 8 points;
-no answer - 0 points.
Calendar control is based on the current rating. Positive condition
certification is the value of the current student rating of not less than 50% of the maximum possible
at the time of certification.
The form of semester control is an exam
Exam work consists of two theoretical questions
Exam evaluation criteria
Rating Rc ≥ 0.6 * R, ie 60 points - is credited automatically.
Rating Rc within (0.4 - 0.59) * R, ie 40 - 59 points - students take the exam.
Maximum exam rating Rs = 40 points.
Exam rating Rs = 33 - 40 points - the student gave comprehensive answers to all questions (at necessity - and additional), gives clear definitions of all concepts and quantities, logical and logical answers
consistent.
Exam rating Rc = 25 - 32 points - answering the question, the student is assumed individual errors, but can correct them with the help of a teacher; knows the definition of basic concepts and values ​​of the discipline, generally understands the essence of modern information concepts systems of complex estimation of the HARDWARE of the electric equipment.
Exam rating Rз = 16 - 24 points - the student partially answers the exam questions, shows knowledge, but does not sufficiently understand the essence of modern concepts of information systems comprehensive assessment of vehicle electrical equipment. Answers are inconsistent and unclear.
Exam rating Rz ≤15 points - in the answer the student makes significant mistakes, shows a lack of understanding of the essence of modern concepts of information systems for integrated assessment of vehicles electrical equipment, cannot correct errors with the help of a teacher. Answers incorrect, and in some cases do not correspond to the essence of the question.










9. Additional information on the discipline (educational component)

Individual work
	№

	The name of the topic submitted for self-study

	Number hours of IWS

	1
	The architecture of the system for assessing the technical condition of electrical equipment.
Architecture of intelligent decision-making subsystem. Structure
systems for assessing the technical condition of electrical equipment. Hierarchical, relational and multidimensional data models. literary sources [], [], [], [], 
distance course "Intelligent methods of assessing the technical condition and service life of electrical equipment ", lecture
	4

	2
	Segmentation of electrical equipment by cluster analysis methods. Introduction to clustering. Clustering by c-means algorithms. Mining clustering methods. Fuzzy clustering of objects. literary sources [], [[1,
distance course "Intelligent methods of assessing the technical condition and service life of electrical equipment ", lecture
	6

	3
	Tasks of forecasting the vehicle and the resource of power and switching electrical equipment of power systems. Extrapolation forecasting methods. Probabilistic forecasting of residual resource. 
Vehicle forecasting by statistical classification methods. 
literature sources [], [], [], 
distance course "Intelligent methods for assessing the technical condition and service life of electrical equipment", lecture
	6

	4
	Fuzzy modeling of TC windings of ST. Knowledge base and determination algorithm the risk of failure of ST in case of short circuit in the electrical network.
literary sources [2], Ch.14, p.286-291, [2], Ch.14, p.291-297; [1], Chapter 15 pp.301-307; [2], Chapter 15, pp.310-316;
distance course "Intelligent methods of assessing the technical condition and service life of electrical equipment ", lecture 5-8
	6

	5
	Designing a fuzzy system for determining the total triggered
resource of air and SF6 high-voltage switches. Neural networks
setting the parameters of membership functions.
literary sources [], [], [],
distance course "Intelligent methods of assessing the technical condition and service life of electrical equipment ", lecture
	6

	6
	Formation of the structure of a fuzzy model of estimation of the worked resource
overhead line. Expert evaluation of input and output parameters
linguistic variables. Knowledge base of fuzzy definition model
the worked resource of air lines of 110 Kv and above.
literary sources [], [], [],
distance course "Intelligent methods of assessing the technical condition and service life of electrical equipment ", lecture
	4

	7
	Construction of a fuzzy mathematical model for estimating the vehicle of induction motors (AD) own needs. Expert evaluation of input and output parameters linguistic variables. Formation of a fuzzy logical conclusion about the vehicle AD node aggregation of conclusions. Knowledge base of fuzzy evaluation model TS AD.
literary sources [],, [], [],
distance course "Intelligent methods of assessing the technical condition and service life of electrical equipment ", lecture
	4



Certificates of distance or online courses on the relevant topic can be credited subject to compliance with the requirements set out in the ORDER № 7-177 FROM 01.10.2020 ON APPROVAL OF THE PROVISIONS ON RECOGNITION IN KPI NAMED AFTER IHOR SIKORSKY LEARNING OUTCOMES ACQUIRED IN NON-FORMAL / INFORMAL EDUCATION

Work program of the discipline (syllabus):

Compiled by Associate Professor of Renewable Energy FEA, Ph.D. Bardicom AA

Approved by the Department of Renewable Energy Sources FEA (protocol № from 30.06.2020)

Approved by the Methodical Commission of the Faculty 1 (protocol № __ from _______)














































1 Methodical council of university – for general university disciplines.
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