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The program of the discipline
1. Description of the discipline, its purpose, subject of study and learning outcomes
The purpose of the discipline is the formation and specification of knowledge of electrical engineering and electronics in order to apply the information obtained to solve professional problems in the field of technical operation of electrical equipment.
The objectives of studying the discipline are: 
- obtaining scientific knowledge on the theory of electrical circuits and methods for their calculation, on the theory of magnetic field; 
-the ability to apply their knowledge to solve problems using electrical engineering methods, namely: to develop measures to improve reliability in the design of equipment for electromechanical complexes;
- ability to identify and describe systems and components based on the use of analytical methods and modeling methods, namely: to choose basic and auxiliary materials and ways to implement the main technological processes in the field of mechanical engineering and apply methods of operation of technological equipment;
- learn to apply knowledge in the study of special disciplines and in further activities in production; 
- acquisition of skills to use electrical terminologyand electrical measuring devices. 
The subject of study of the course "Electrical Engineering and Electronics" are the basic concepts and laws of the electromagnetic field and the theory of electric and magnetic circuits; the theory of linear electrical circuits (circuits of direct and sinusoidal currents), three-phase circuits, transient processes in linear circles and methods for their calculation; modern packages of application programs for calculating electrical circuits on a computer; semiconductor elements of electronic devices; analog and digital electronics; transformers;  asynchronous and synchronous machines and DC machines.
As a result of studying the discipline, the student will acquire the following competencies:
General competencies
ZK2. Knowledge and understanding of the subject area and understanding of professional activity.
ZK7. The ability to learn and master modern knowledge.
Professional competencies
FC1. Ability to analyze materials, structures and processes based on laws, theories and methods of mathematics, natural sciences and applied mechanics.
FC10. Ability to describe and classify a wide range of technical objects and processes, based on a deep knowledge and understanding of basic mechanical theories and practices, as well as basic knowledge of related sciences.
The training should be completed with the following program results:
PH2. Use knowledge of the theoretical foundations of the mechanics of liquids and gases, heat engineering and electrical engineering to solve professional problems. 
PH9. Know and understand related fields (mechanics of liquids and gases, heat engineering, electrical engineering, electronics) and be able to identify interdisciplinary connections of applied mechanics at the level necessary to fulfill other requirements of the educational program.
PH11. Understand the principles of operation of automated control systems for technological equipment, in particular microprocessor ones, to choose and use optimal means of automation.
As a result of studying the course "Electrical Electronics and Electronics", the student must 
know: 
• methods of analysis of established processes in linear electrical circles with concentrated parameters, namely: knowledge and understanding of mathematics, physics, hydravlsandki, transformation (transformation) of energy, technical mechanics, structural materials, computer-aided design systems of energy machines at the level necessary to achieve the results of the educational program;
• the existence of electromagnetic processes in nonlinear electrical and magnetic circuits, namely: knowledge of structures, technological schemes, operating modes of equipment, characteristics of relevant materials used in the analysis of processes and design of equipment of a mechanical complex;
• the structure and principle of operation of electronic devices and devices common in engineering practice), namely: knowledge of technological and production processes and features of the operation of objects and their individual components in the field of mechanical engineering;
• structure, principle of operation and basic characteristics of transformers and common electrical machines, namely: knowledge of regulatory and technical documentation in the field of mechanical engineering
• features of electromagnetic processes in nonlinear electrical and magnetic circuits, namely: knowledge of computer programs for creating two- and three-dimensional models, systems and their elements and modeling processes in power equipment.
be able to: 
• Apply engineering technologies, processes, systems and equipment in accordance with the specialty 131 "Applied Mechanics" to choose and apply  suitable typical analytical, computational and experimental methods; correctly interpret the results of such research, namely: apply knowledge of fundamental disciplines to solve professional problems; 
• develop and design products in the field of mechanical engineering, processes and systems that meet specific requirements, which may include awareness of non-technical (society, health and safety, environment, economy and industry) aspects; selection and application of an adequate design methodology, namely: working with a computer and managing information;
• design objects of the atomic energy complex, apply modern commercial and author's software products based on an understanding of the advanced achievements of the industry, namely: use universal knowledge as a basis for practical engineering activities;
•use equipment, materials and tools, engineering technologies and processes, as well as understanding their limitations in solving professional problems;
• to apply the norms of engineering practice in the field of mechanical engineering.

2. Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
The place of the discipline in the structural and logical scheme of training in the relevant educational program. The discipline "Electrical Engineering and Electronics" is a basic normative discipline in the structure of training bachelors in the specialty 131 "Applied Mechanics".
In accordance with the structural and logical scheme of educational programs, the study of this discipline should be preceded by a deep assimilation of material from the courses "Higher Mathematics", "General Physics".
In turn, the discipline "Electrical Engineering and Electronics" is the basis for further training in educational components: "Machine parts and design basics", "Machine parts and design basics. Course project", "Diploma design".
3. Contents of the course 
90 hours / 3 ECTS credits are allotted for the study of the discipline.
The discipline contains one credit module: Fundamentals of Electrical Engineering and Electronics
Recommended distribution of study time
	Form
 teaching
	Credit 
Modules
	Just
	Distribution of study time by type of occupation
	Semester certification

	
	
	Loans
	Hours
	Lecture
	practical (seminar) classes
	Laboratory work
	SRS
	

	Day
	Just
	3
	90
	36
	-
	18
	36
	Withalik

	Correspondence
	Just
	3
	90
	6
	-
	6
	78
	Withalik


Topic 1.1. DC linear circuits
The subject and content of the discipline, educational literature. Topological concepts of the theory of electrical circuits. Unbranched and branched electrical circuits. Conditional positive directions of electrical quantities on the circuits of electrical circuits.
Energy ratios in electrical circuits. Determination of parameters of two-element substitution schemes for passive and active two-poles.
Properties of linear electrical circuits. Principles of superposition, compensation and reciprocity. 
Analysis of the electrical state of unbranched and branched circuits with one source of energy. Analysis of branched electrical circuits with several sources of electrical energy by applying Kirchhoff's laws, contour currents method, nodal potentials method, active two-pole method, superposition method and transformation methods.
The concept of simple and complex branched circles. Equivalent transformations of circuits of electrical circuits with serial and parallel pairing of resistances, "triangle-star" pairing; Source conversion: taking the EMF source out of the node and bringing the current source to the circuit. The convolution method and the method of proportional values for calculating simple circles. A complete hybrid mathematical model of a complex electrical circuit. Abbreviated single-base mathematical models. Circuit current method (mathematical model in the basis of independent currents). Analysis of the electrical state of branched electrical circuits with several energy sources by the method of nodal potentials (mathematical model in the basis of independent voltages). The principle of overprinting and the method of blending. Input and mutual conductivities of branches. Active bipolar. Tevenen and Norton theorems. Equivalent generator method. Transmission of electricity from the active two-pole to the passive. 
Topic 1.2. AC linear electrical circuits
Electrical devices and AC electrical circuits. Features of electromagnetic processes in electric circuits of alternating current. The reasons for the widespread use of electrical devices of sinusoidal current of industrial frequency. Methods for depicting electrical quantities - sinusoidal functions: time diagrams, vectors, complex numbers. The main parameters characterizing the sinusoidal function.
Single phase circles
Sources of sinusoidal EPS. Receivers of electrical energy. Resistors, inductive coils, capacitors. Symbols of electrical devices of alternating current. Elements of substitution schemes: resistive, inductive, capacitive.
The equation of the electrical state of the sinusoidal current circuits. Record equations for instantaneous and complex quantities. Conditional positive directions of sinusoidal quantities in the circuits of electrical circuits.
The equation of the electrical state of a circuit with a serial connection of elements. Active, reactive and full resistance of the two-pole. Vector diagrams on a complex plane. Phase ratios between currents and voltages.
Parallel connection of elements. Equations of the electric state, vector diagrams on the complex plane. Phase ratios between currents and voltages.
 Resonant phenomena, conditions of occurrence. Practical application of resonant phenomena.
Frequency properties of AC circuits.
Fluctuations in energy and power  circuits of sinusoidal current. Active, reactive and full power. Power factor. 
Three-phase circles
Elements of three-phase circles. The principle of operation of a three-phase generator. Methods for depicting a symmetrical EMF system. 
Methods for connecting the phases of a three-phase power supply. Three-wire and four-wire systems. Phase and linear voltages. Conditionally positive directions of electrical quantities in three-phase circles. Classification and methods of enabling consumers in a three-phase circle.
Symmetric modes of a three-phase circle. The ratio between phase and linear voltages and currents for symmetric consumers. 
The concept of asymmetric modes in a three-wire and four-wire system. The purpose of the neutral wire. Voltage between neutrals. Examples of asymmetric modes of a three-phase circle. 
The power of a three-phase circuit. The power factor of symmetrical three-phase consumers and ways to increase it.
Periodic non-sinusoidal voltages and currents in electrical circuits
	Causes of periodic non-sinusoidal currents and voltages. Electrical circuits with valves. Methods of depicting periodic non-sinusoidal quantities. Maximum, average, operating values of non-sinusoidal voltages and currents. Coefficients characterizing non-sinusoidal voltages and currents.
	The influence of inductive and capacitive elements of a circuit on the form of time diagrams of instantaneous values of currents and voltages. Resonant phenomena in non-sinusoidal current circles. The power of these circles. 
	Methods for calculating the electrical circuits of non-sinusoidal current.
Transients
	Causes of transients in electrical circuits. Differential equations of the electrical state of circuits and methods for their solution. Established and free components of electric currents and voltages. The laws of switching and their use to determine the initial conditions of transient processes. The effect of circle parameters on the duration of the transient process is time constant.
Description of the process of charge and discharge of the capacitor, which is turned on in series with the resistor. The simplest pollen voltage generator.
Description of the transient process in a circuit containing a series-connected inductive coil and a resistor, when turned on at a constant voltage. The occurrence of overvoltages and arc discharge at the circuit breaker contacts when opening a circuit with an inductive coil and a resistor. Ways to limit overvoltages.
Description of the transient process when turning on a circuit containing a series-connected resistor, capacitor and inductive coil, for a constant voltage. The concept of a transient process in a circle containing a series-connected inductive coil, capacitor and resistor, when switched on to a sinusoidal voltage.
Topic 1.3. Nonlinear DC electrical circuits
The concept of a nonlinear circle. Classification of nonlinear elements of electrical circuits. Resistive, inductive and capacitive nonlinear elements. Inertial and inertial nonlinear elements, passive and active nonlinear elements. Controlled nonlinear elements. An electric arc as an uncontrollable nonlinear element of an electrical circuit. Analytical approximation of nonlinear characteristics. Nonlinear elements as transducers of spectra of periodic voltages and currents. A variety of nonlinear phenomena used by devices of modern electronics. 
Mathematical models of nonlinear resistive circuits. General characteristics of methods for calculating nonlinear DC electrical circuits. Graphic methods of engineering practice: the method of equivalent characteristics and the method of intersection of characteristics. Application of the active two-pole theorem when calculating circles with linear and nonlinear elements. Spread to magnetic circuits of the above methods. 
Topic 1.4. Magnetic circuits
The main values characterizing the magnetic field. Magnetic flux and flux coupling. The principle of continuity of magnetic flux. Ferromagnetic materials and their characteristics. The law of full current. Magnetic circuits of constant magnetic fluxes. Magnetomotive force and magnetic voltage. Weber-ampere characteristics of magnetic circuit sections. Magnetic circuit replacement schemes. 
Application of the law of full current for the analysis of an unbranched magnetic circuit. Magnetic circuits with an air gap in the magnetic circuit. Kirchhoff's laws for magnetic circuits. Analogy of methods for analyzing electrical and magnetic circuits. Energy and mechanical forces in electromechanical systems. The energy of the magnetic field of the coil, the thrust force of the electromagnet.
Topic 2.1. Semiconductor elements of electronic devices
The difference between semiconductors and metals and dielectrics. Own electrical conductivity of semiconductors. Physical basis for obtaining an electron-hole junction, its properties, volt-ampere characteristics and types of breakdowns.
Construction, principles of operation, purpose, conventional graphic designations on diagrams, static volt-ampere characteristics and parameters of semiconductor diodes: rectifier, high-frequency, pulsed diodes, zener diodes, tunnel diodes, Schottky diodes, photo and LEDs.
Principles of operation of p-n-p and n-p-n bipolar transistors (BT), their symbols on diagrams. Schemes for switching on transistors with a common base, a common emitter, a common collector, their main parameters and static characteristics. Dynamic mode of operation of BT. Equivalent substitution schemes and frequency properties of BT. Field-effect transistors and their varieties. Field-effect transistors with control p-n transitions and with an insulated gate (MDN, MES) – transistors). principles of their operation, symbols on the circuits, volt-ampere stick-gate and stock characteristics and parameters.
Thyristors, static induction transistors (SIT) and isolated gate bipolar transistors (VTIs, IGBT). Classification, principle of operation, VAX and thyristor parameters. Two-operation thyristors, photothyristors, electrostatic thyristors.
Rectifiers, their classification, parameters and characteristics. Single-phase rectifier according to the scheme with zero output. Single-phase bridge rectifier. The work of rectifiers on the active and inductive load. Single-phase controlled rectifiers. Asymmetric controlled single-phase bridge rectifiers. External characteristics of rectifiers.
Topic 2.2. Analog electronics
Purpose and classification of amplifiers. The principle of construction and block diagram of the amplifier. The main parameters and characteristics of amplifiers. Classes of amplifiers. Selection of the resting point of the transistor and its temperature stabilization in the amplifier circuits.
Amplifiers with resistor-capacitive bonds. Equivalent amplifier replacement circuits. Determination of the main parameters of amplifiers. Amplitude-frequency characteristic of the amplifier. High-frequency and low-frequency adjustment of the frequency response of amplifiers. Emitter repeater. Emitter repeater on a composite transistor. Pulse (broadband) amplifiers. Gain coefficients, amplitude-frequency and phase-frequency characteristics. Modes of operation. Temperature stabilization. The concept of multi-cascade voltage amplifiers. Feedback in amplifiers, their impact on the parameters and characteristics of amplifiers. DC amplifiers. Drift zero.  Differential cascades. Circuits, properties and application of operational amplifiers. Pulsed image of information. Harmonic oscillation generators. Pulse generators.
Topic 2.3. Digital Electronics
Classification and parameters of pulse signals. Saturated transistor key. Ways to improve the speed of transistor keys. Saturated transistor key with acceleratorina capacitor. Unsaturated transistor keys.
Generators and generators of electrical impulses.
Multivibrators and single-vibrators on transistors, OP. Logical foundations of digital devices. Logical elements. Triggers, registers and counters. Combined logic devices. Impulse devices on logical elements and timers. Semiconductor storage devices. Microprocessors.
Topic 3.1. Transformers
Purpose and scope of transformers. The structure and principle of operation of a single-phase transformer. 
Equations of electric and magnetic state. Transformer vector diagram. Substitution scheme with a reduced secondary winding.
Energy loss in the transformer. External characteristics for different types of load. Passport data of transformers. Calculation of short-circuit currents and changes in secondary voltage according to passport data. Structure, principle of operation and scope of three-phase transformers. Structure, principle of operation and scope of autotransformers. Transformers for special purposes.
Topic 3.2. Asynchronous machines
The structure and principle of operation of a three-phase asynchronous motor. The equation of the electrical state of the stator and rotor windings. Electromagnetic moment. Properties of self-regulation of torque.
Mechanical and performance characteristics. Passport data.
Start-up of asynchronous motors with a squirrel-cage and phase rotor. Adjusting the rotational speed.
Asynchronous power and actuator micromotors of process control systems. Tahogenerators.
Topic 3.3. Synchronous machines
The structure of a three-phase synchronous machine. The principle of operation of the generator and engine. The equation of the electrical state of the stator winding. The formula of the electromagnetic moment.
Operation of the synchronous machine in motor mode. Start the engine. Mechanical and performance, U-characteristics. Self-regulation of torque. Power factor adjustment.
Operation of the synchronous machine in the mode of synchronous compensator.Synchronous micromotors.
Topic 3.4. DC machines
Structure and principle of operation. Ways of arousal. Generator and engine modes. Formulas of emf winding of the armature and electromagnetic moment. The equation of the electrical state of the armature winding.
DC motors. Start the engine. The property of self-regulation of torque. Mechanical and performance characteristics. Adjusting the rotational speed. Passport data of DC motors. Valve motors.

4. Learning Materials and Resources
Main literature:
1. Shcherba A.A., Povoroznyuk N.I. Electrical engineering. Part I. Electric circuits.: Manual for students of higher educational institutions. – Kyiv: LLC "Lazurit-Polygraph", 2013.  – 584 p.
2. Guzhviy A.M., Meshchankov S. K., Nelga A.T.  Electrical engineering and fundamentals of electronics: a textbook for applicants for professional (vocational-technical) education.  - Kyiv: Litera LTD, 20 20.  – 288 p.
3. Malyar V. C. Theoretical foundations elektrotechniks. : Manual for students of higher educational institutions.  – Lviv: Lviv Polytechnic Publishing House, 2018.  – 416 p.
4. Ostashevsky M. O., Yurieva O.Yu., ed., Milykh V.I. Electric machines and transformers. : Tutorial. manual.  – Kharkiv: FOP Panov A.M. , 2017.  – 452 p.
5. Methodical instructions "Modeling of linear electrical circuits in MathCad environment" in the discipline "Theoretical foundations of electrical engineering" for students of the following areas of training: "Electrical engineering and electrotechnology", "Electromechanics", etc., with the stamp of NTTU "KPI" compilers: A.A. Shcherby, Y.V. Peretyatko; under the general editorship of I.A. Kurylo. –  Kyiv, 2016. – 365 p.
Further reading:
1. Matviikov M. D. , Vus B.S., Matviikov O.M.  Elements and components of electronic devices: Textbook.  –  Lviv: Lviv Polytechnic Publishing House, 2015.  – 496 p.
2. Hilov V. Yes. Theoretical foundations elektrotechniks.  Steels and transients in electrical circuits. Fundamentals of the electromagnetic field. : Manual for students of higher educational institutions.  – Kharkiv: Caravel, 20 20.  – 486 p.
Educational content
5. Methods of mastering the discipline (educational component)
Credit module structure
	Section and topic titles
	Number of hours

	
	Just
	including

	
	
	Lecture
	Practical 
	Laboratory 
	SRS



	1
	2
	3
	4
	5
	6

	Section 1. Electric and magnetic circuits

	Topic 1.1. DC linear circuits
	8
	2
	
	2
	4

	Topic 1.2.  AC linear electrical circuits
	16
	2
	
	10
	4

	Topic 1.3. Nonlinear DC electrical circuits
	3
	
	
	
	3

	Topic 1.4. Magnetic circuits
	3
	
	
	
	3

	Modular test work 
	2
	
	
	
	2

	Total for Chapter 1
	32
	4
	
	12
	16

	Section 2. Electronics

	Topic 2.1. Semiconductor Elements of Electronic Devices
	1
	
	
	
	1

	Topic 2.2. Analog electronics 
	16
	12
	
	2
	2

	Topic 2.3 Digital electronics
	7
	2
	
	2
	3

	Total for Chapter 2
	24
	14
	
	4
	6

	Section 3. Electromagnetic devices and electrical machines

	Topic 3.1. Transformers
	6
	4
	
	
	2

	Topic 3.2. Asynchronous Machines
	8
	6
	
	
	2

	Topic 3.3. Synchronous Machines
	6
	4
	
	
	2

	Topic 4.4. DC Machines
	6
	4
	
	
	2

	Total under Chapter 3
	26
	18
	
	
	8

	Withalik
	8
	
	
	2
	6

	Total hours 
	90
	36
	
	18
	36


Lectures
	№
s/n
	The title of the lecture topic and a list of basic questions 
(list of didactic tools, tasks on the SRS with reference to the literature)

	Section 1.  ELECTRIC AND MAGNETIC CIRCUITS

	1. 
	Topic 1.1. DC linear circuits
Lecture 1. DC electrical devices and their areas of application. Elements of electrical circuits. Sources and consumers of electrical energy. Passive and active two-pole devices and their replacement circuits. Unbranched and branched electrical circuits. Ohm's law for the passive and active part of the circuit. Determination of the voltage between the points of the electrical circuit. Calculation of simple branched circuits based on Ohm's law and equivalent resistance. Kirchhoff's laws. Joule-Lenz law. Calculation of complex circles by equations  Kirchhoff. Power balance. The method of nodal potentials. Analysis of the electrical state of complex circuits by applying currents; equivalent generator method; methods of equivalent transformations.
Literature.
Basic:L. 1.1. L. , 1. 2.l. 1. 3.
Auxiliary:L. 2. 2.
SRS: nodal voltage method. L. 2.2 pp. 62–63; energy transfer from the active two-pole to the load.  L.  2.2. pp. 83-84.

	2. 
	Topic 1.2. AC linear electrical circuits
Lecture 2. Causes of widespread electrical devices of sinusoidal current of industrial frequency. The main parameters characterizing the sinusoidal function. Ways to image function. An ideal resistor in a sinusoidal current circuit. An ideal coil in a sinusoidal current circuit. An ideal capacitor in a sinusoidal current circuit. The equation of the electrical state of a circuit with a serial connection of a resistor, an inductive coil and a capacitor. Vector diagram of a circle. Voltage triangle. Triangle of resistances. Resonance  Voltages. Practical application of voltage resonance. The equation of the electrical state of a circuit with a parallel connection of a resistor, an inductive coil and a capacitor. Vector diagram. Triangle currents. Conduction triangle. Current resonance. Frequency and resonance characteristics. Practical application of current resonance. Calculation of sinusoidal current circuits by the method of complex numbers. Three-phase circles. Elements of three-phase circles. The principle of operation of a three-phase generator. Methods for depicting a symmetrical EMF system. Methods for connecting the phases of a three-phase power supply. Three-wire and four-wire system. Phase  and linear voltages. Classification and methods for turning consumers into a three-phase circle. Symmetric modes of a three-phase circuit. The ratio between phase and linear voltages and currents for symmetric consumers. Asymmetric modes in a three-wire and four-wire system. Voltage between neutrals. Examples of asymmetric modes in three-phase circles when consumers are connected by a star and a triangle. Three-phase circuit power. Linear circuits of non-sinusoidal current. Conditions of occurrence  periodic non-sinusoidal voltages and currents. Representation of periodic non-sinusoidal quantities by time diagrams, Fourier series, frequency spectrum. Graphoanalytic method for determining the harmonics of the Fourier series. Coefficients that characterize periodic non-sinusoidal voltages and currents. Resonant phenomena. Power in non-sinusoidal current circuits. Calculation of non-sinusoidal current circuits. Transients in linear electrical circuits. Causes. Differential equations of the electrical state of circles. Established and free components of currents and voltages. The laws of switching and their use to determine the initial conditions of transient processes. The effect of circle parameters on the duration of the transient process is time constant. The classic method of calculating the transition process.
Literature.
Basic:	L. 1.1. ; L. 1.2.;  L. 1.3. ;L.  1.5.
Auxiliary:L. 2. 2.
SRS: simpler L sine current generator.  2.2.

	Section 2. FUNDAMENTALS OF ELECTRONICS

	3. 
	Topic 2.2. Analog electronics
Lecture 3. Rectifiers.  Their classification, areas of application. Block diagram. Main characteristics. Single-phase and three-phase rectifiers.
Literature. 
Main: L. 1. 2.
Auxiliary: L. 2. 1
SRS: rectifiers as a source of adjustable voltage.  L.  2. 1.
Lecture 4.  The concept of inverters. Smoothing filters.
Literature. 
Main: L. 1. 2.
Auxiliary: L. 2.1.
SRS:LC filters.  L.  2. 1.
Lecture 5.  Semiconductor amplifiers. Classification and technical indicators. Transistor amplifiers according to the scheme OB, OE, OK. Temperature stabilization. 
Literature. 
Basic: L. 1.3.; L. 1.5. 
Auxiliary: L. 2.1.
SRS: operating modes of amplifying cascades.  L.  2.1.
Lecture 6.  Feedback in amplifiers. DC amplifiers.
Literature. 
Main: L. 1. 1.
Auxiliary: L. 2. 1.
SRS: DC amplifiers.  L. 2. 1.
Lecture 7.  Differential cascades. 
Literature. 
Main: L. 1. 1; L. 1. 5.
Auxiliary: L. 2.1
SRS: current-to-voltage converter. L.  2. 1.
Lecture 8. Operational amplifiers. Inverting  amplifier. Inverting adder. 
Literature. 
Main: L. 1. 1.; L. 1. 3.
Auxiliary: L. 2. 1.
SRS: voltage converter.  L. 2. 1.

	4. 
	Topic 2.3. Digital Electronics
Lecture 9.  General characteristics of impulse devices. Parameters of pulse signals. Pulse sequence parameters. Diode keys. Operation of the bipolar transistor in key mode. Logical elements. Pulsed mode of operation of operational amplifiers. Comparators.
Literature. 
Main: L. 1. 1.
Auxiliary: L. 2. 1.
SRS: microprocessors L.  2.1.

	Section 3. ELECTRIC MACHINES

	5. 
	Topic 3.1. Transformer
Lecture 10. Purpose and scope. Structure and principle of operation of a single-phase transformer. Electromotive forces of windings. Transformation coefficient. Equations of electric and magnetic state.
Literature.	
Basic:L. 1. 4.
Auxiliary:L. 2. 2.
SRS: classification of transformers.  L.  2.2.
Lecture 11.  Replacement circuit of the transformer with the reduced secondary winding. Energy loss in the transformer.  Determination of transformer efficiency. External characteristics for different types of load. Autotransformers and their areas of application. Three-phase transformers.
Literature.
Basic:L. 1. 4.
Auxiliary:L. 2. 2.
SRS: transformer vector diagram. Transformer losses.  L.  2.2.

	6. 
	Topic 3.2. Asynchronous machines
Lecture 12.  Asynchronous machines. Structure and modes of operation. The principle of operation of a three-phase asynchronous motor. Slipping. Energy ratios in the motor. Self-regulation of torque.
Literature.L. 1. 4.
Auxiliary:L. 2. 2.
SRS: single phase asynchronous motor L. 1. 4.
Lecture 13.  Asynchronous machines. Mechanical and operational characteristics.
Literature. l. 1.4.
Auxiliary:L. 2.2.
SRS: reverse engine. L. 1. 4.
Lecture 14.  Starting the motor with a phase and squirrel-cage rotor. Passport data.
Literature.  L. 1. 4.
Auxiliary:L. 2. 2.
SRS: Engine torque. L. 1. 4.


	7. 
	Topic 3.3. Synchronous machines
Lecture 15. The structure and modes of operation of the synchronous  machine. The principle of operation of the synchronous generator and its main characteristics. 
Literature.L. 1. 4. 
Auxiliary:L. 2.2.
SRS: synchronous compensator L. 2. 1. 
Lecture 16.  The principle of operation of the synchronous motor. Self-regulation of torque. U-shaped engine characteristic. Passport data.
Literature.L. 1. 4.
Auxiliary:L. 2. 2.
SRS: torque. L.  1. 4. 

	8. 
	Topic 3.4. DC machines
Lecture 17. The structure and modes of operation of DC machines. Excitation methods. The principle of operation of the DC generator and its main characteristics, depending on the method of excitation.
Literature.  L. 1. 4.
Auxiliary:L. 2.3.
SRS: valve engines L.  2.2.
Lecture 18.  The principle of operation of the DC motor and its main characteristics, depending on the method of excitation. Passport data of motors.
Literature.  L. 1. 4.
Auxiliary:L. 2.2.
SRS: valve engines L.  1. 4. 


Seminar classes
The curriculum of the discipline "Electrical Engineering and Electronics" does not provide for seminars.
Laboratory classes
	The main tasks of the cycle of laboratory classes: 

	· consolidate the acquired knowledge of the theoretical and calculated provisions of the credit module by experimentally checking the basic laws and theorems;

	· ensure that students gain experience in conducting experimental research and summarizing their results;

	· to form the ability to use methods of modeling processes in electrical and magnetic circuits under the action of constant and sinusoidal electromotive forces;

	· teach competently to use electrical measuring equipment;

	· to acquaint with the electrical equipment of industrial enterprises and scientific laboratories.


	No s/n
	Name of laboratory work
	Number of rooms. Hours

	1
	Study of the linear DC circuit. Experimental verification of Ohm and Kirchhoff's laws.
	2

	2
	Investigation of the electric circuit of single-phase sinusoidal current with serial connection of the resistor, inductive coil and capacitor.
	2

	3
	Investigation of the electric circuit of single-phase sinusoidal current with parallel connection of the resistor, inductive coil and capacitor.
	2

	4
	Investigation of the electric circuit of single-phase sinusoidal current with a mixed connection of a resistor, an inductive coil and a capacitor.
	2

	5
	Investigation of the phenomenon of voltage resonance in an electric circuit of a single-phase sinusoidal current with a serial connection of reactive elements.
	2

	6
	Investigation of the phenomenon of current resonance in an electric circuit of a single-phase sinusoidal current with a parallel connection of reactive elements.
	2

	7
	Study of transients in linear electrical circuits with reactive elements.
	2

	8
	Study of rectifier devices.
	2

	9
	Research of operational amplifiers.
	2


6. Independent work of the student
Independent work of the student (SRS) during the semester includes the repetition of lecture material, drawing up protocols for laboratory work, drawing up reports on laboratory work, preparation for the defense of laboratory work, preparation for the MKR and credit. A total of 36 hours are provided for the SRS. The distribution by type of occupation is given in paragraph 5 "Structure of the credit module".
Politics and control
7. Policy of the discipline (educational component)
The system of requirements that the teacher sets for the student:
· rules for attending classes: in accordance with Order 1-273 of 14.09.2020, it is forbidden to assess the presence or absence of the applicant in the classroom, including the accrual of incentive or penalty points. In accordance with the RSO of this discipline, points are awarded for the corresponding types of educational activity in lectures and practical classes. 
· a prerequisite for admission to the offset 
· working out, registration of the protocol and protection of laboratory work on the discipline;
· writing MKR (2 parts);
· rules of conduct in the classroom: the student has the opportunity to receive points for the relevant types of educational activity in lectures and laboratory classes, provided by the RSO disciplines. The use of communication tools to search for information on the teacher's Google disk, on the Internet, in a distance course on the Sikorsky platform is carried out subject to the instructions of the teacher;
· Rules for the protection of laboratory work: both individual protection of laboratory work and collective (as part of the team, the composition of which is determined at the first laboratory lesson) is allowed. In both cases, each student's individual answers are evaluated.
· because the student didnot appear at the ICR, his result is estimated at 0 points; if the skipping of the MKR is caused by a valid reason, then the student is given the right to write the MKR at the time by agreement between the applicant and the teacher;
· thereis no provision for the protection of laboratory work;
· Rules for assigning incentive and penalty points: 
· incentive and penalty points are not included in the main RSO scale, and their amount does not exceed 10% of the starting scale. Incentive points are awarded for participation in faculty and university competitions in the discipline "Electrical Engineering and Electronics", participation in scientific conferences;
· policy on academic integrity: The Code of Honor of the National Technical University of Ukraine "Kyiv Polytechnic Institute" https://kpi.ua/files/honorcode.pdf establishes general moral principles, rules of ethical behavior of persons and provides for a policy of academic integrity for persons working and studying at the university, which they should be guided by in their activities, including in the study and preparation of control measures in the discipline "Electrical Engineering and Electronics" ; when using digital means of communication with the teacher (mobile communication, e-mail, correspondence on forums and social networks, etc.), it is necessary to adhere to generally accepted ethical standards, in particular, to be polite and limit communication to the teacher's working time.
8. Types of control and rating system for evaluating learning outcomes (RSO)
Current control: MKR, laboratory work
Calendar control: carried out twice a semester as a monitoring of the current state of fulfillment of the requirements of the syllabus.
Semester control: credit
Conditions of admission to semester control: enrollment of all laboratory works.
The overall rating score of a student at the end of the semester consists of points received for:
- performance and protection of nine laboratory works;
- performing a modular test (MKR).
	Lab. Work
	FDM
	Just

	72
	28
	100


Performance and protection of laboratory works
The weight score of one laboratory work is 8 points. 
The maximum numberof points for all laboratory work is 8 points  9 = 72 points.
Evaluation criteria:
· high-quality preparation for laboratory work (availability of a protocol, knowledge of the purpose of the work, knowledge of the main theoretical provisions that are checked), active participation in the implementation of research, correct and tidy processing of the results of experiments, clear answers to control questions on the topic of work –
 Points;
· good preparation for laboratory work, active study in performing research, insignificant errors in processing the results of experiments, incomplete answers to control questions –  
 Points;
· insufficient preparation for laboratory work, passive participation in research, significant errors in the processing of experimental results, partial answers to control questions – 
 Points;
· unpreparedness for laboratory work, passive participation in the implementation of research, poor-quality processing of results, incorrect answers to control questions on the topic of work – 
.
Modular test work
The maximum score for the ICR is 28 points.
Evaluation criteria
· 90%-100% correctness of calculationsand neatness of registration of 25-28 points;
(selection of the optimal calculation method, correct execution of calculations with a complete explanation, verification of the results of the solution, construction of the diagrams specified in the condition); 
· 75%-90% correctness of calculations and neatness of registration	21-24 points
(correct or with minor errors of solving the problem with explanations of individual stages of solution, lack of verification of the results of the solution, absence of diagrams specified in the condition);
· 60%-75% correctness of calculations and neatness of registration	17-20 points
(solving the problem with significant errors without explanation of the solution, lack of verification of the results of the solution and the diagrams specified in the condition); 
· <60% correctness of calculations and neatness of registration0 points
(solving the problem with fundamental errors).

Calendar control is based on the current rating assessment. The condition for positive certification is the value of the current student rating of at least 50% of the maximum possible at the time of certification.
Form of semester control – credit
The testofthe work consists of three tasks. 
Each task includes a problem and a soaking of a detailed description of the theory used to analyze a given circle.
Criteria for evaluating the test
The rating system of evaluation consists of points received by the applicant based on the results of current control measures, incentive and penalty points. The rating assessment is communicated to applicants in the last lesson in the discipline in the semester. 
A prerequisite for admission to the test is the performance and protection of all laboratory work.
The rating assessment is communicated to applicants in the penultimate lesson in the discipline in the semester. Applicants who have fulfilled all the conditions of admission to the test and have a rating score of 60 or more points, receive a rating in accordance with the scored rating without additional tests.
With applicants who have fulfilled all the conditions for admission to the test and have a rating score of less than 60 points, as well as with those applicants who want to increase their rating rating, at the last lesson in the discipline in the semester, the teacher conducts semester control in the form of a test test.
In this case, the points received for laboratory work remain, and the points received for the modular test are canceled.
The maximum score of the test work is 28 points.
The control task of this work consists of three questions: the first question is the problem of DC circles, the second question is the theoretical question from the material of the second section, the third question is the theoretical question from the material of the third section.
27-28 points – the student correctly solved the problems and carried out their qualitative design, gave clear definitions of all concepts and quantities and exhaustive theoretical justifications for the analyzes of given electrical circuits, the answers are logical and consistent.
24-26 points – the student correctly solved the problems and carried out their qualitative design, gave clear definitions of all concepts and quantities and incomplete theoretical justifications for the analyzes of given electrical circuits, the answers are logical and consistent.
21-23 points – answering questions, the student makes individual mistakes, but can correct them with the help of a teacher, gave clear definitions of all concepts and quantities and partial theoretical justification of analyzes of given electrical circuits, the answers are logical and consistent.
18-20 points – the student partially answers the test questions, knows the definition of the basic concepts and values of the discipline, generally understands the essence of the analysis of given circles
17 points – the student partially answers the test questions, shows knowledge of the basic concepts and values of the discipline, but does not sufficiently understand the essence of the order of analysis of given circles. The answers are inconsistent and fuzzy.
0 – in the answer, the student makes significant mistakes, shows a misunderstanding of the physical essence of electromagnetic processes, cannot correct errors with the help of a teacher. The answers are incorrect, and in some cases do not correspond to the essence of the question posed. Or at least one of the tasks is not completed.
The sum of the points received by the student during the semester is transferred to the final grade according to the table. 
Table of correspondence of rating points to assessments on a university scale:
	Points:
Automatic: laboratory classes + MKR or
Credit: Laboratory classes + Test work
	Credit score

	95... 100
	Perfectly

	85 ... 94
	very good

	75 ... 84
	well

	65 ... 74
	Satisfactory

	60 ... 64
	enough

	Less than 60
	Disappointing

	There are unaccounted laboratory work, not completedand MKR or scored less than 25 points in the semester
	not allowed

	Violation of the principles of academic integrity or moral and ethical norms of behavior
	eliminated


A student who received more than 60 points in the semester can take part in a test paper. In this case, the points received by him at the test paper are final.
The final student rating is the sum of the points received for the semester and the credit.
9. Additional information on the discipline (educational component)
The list of questions that are submitted for semester control.
1. Passive and active elements of the electrical circuit and their parameters.
2. Kirchhoff's laws for voltages and currents.
3. The relationship between the currents and voltages of the branches of the electrical circuit (Ohm's law).
4. The method of contour currents.
5. The method of nodal potentials.
6. The principle of overlapping (superposition).
7. Equivalent conversions in electrical circuits.
8. Equivalent generator method.
9. Power in the sinusoidal current circuit. Power factor. 
10. Power in complex form. The balance of complex capacities.
11. Complex method for calculating electrical circuits.
12. Complex resistance and conductivity. Recording the laws of Oma and Kirchhoff in a complex form.
13. Calculation of electrical circuits for sequential connection of sections of the circuit.
14. Calculation of electrical circuits with parallel connection of sections of the circuit.
15. Calculation of electrical circuits with a mixed connection of sections of the circuit.
16. The calculation of the electrical circuit is based on the transformation of the connection by a "triangle" into an equivalent connection by a "star".
17. The resonant state of the electrical circuit. General condition of resonance.
18. Voltage resonance.
19. Current resonance.
20. The practical significance of resonance in electrical circuits. Electric filter.
21. Calculation of three-phase circuits in the general case of asymmetry of electromotive forces (EMF) and asymmetry of the circle.
22. The power of the three-phase circuit and its measurement.
23. Initial conditions and laws of switching.
24. Transitional, well-established and free processes.
25. The classic method of calculating transients.
26. Transients in circles R, L and R, C.
27. Characteristics of sinusoidal electromotive forces (EMF), voltages and currents.
28. Image of sinusoidal electromotive forces (EMF), voltages and currents using rotating vectors. Vector diagrams.
29. Active and average values of periodic electromotive forces (EMF), voltages and currents.
30. Electrical circuits with distributed parameters. Electrical circuits with averaged parameters.
31. The difference between semiconductors and metals and dielectrics.
32. Static volt-ampere characteristics and parameters of semiconductor diodes.
33. Principles of operation of p-n-p and n-p-n bipolar transistors (BT).
34. Two-operation thyristors.
35. Rectifiers, their classification, parameters and characteristics.
36. The main parameters and characteristics of amplifiers.
37. Amplifiers with resistor-capacitive bonds.
38. Classification and parameters of pulse signals.
39. Saturated transistor key.
40. Generators and generators of electrical impulses.
41. Multivibrators and single-vibrators on transistors.
42. Operational amplifiers.
43. Logical foundations of digital devices.
44. Logical elements.
45. Triggers, registers and counters.
46. Purpose and classification of transformers.
47. The main design options for modern power transformers. The design of magnetic circuits and windings of transformers. 
48. Circuits and connection groups of transformer windings.
49. The principle of operation and electrical ratios in an ideal transformer. 
50. The equation of electromotive forces of the transformer.
51. The equation of magnetizing forces.
52. Brought transformer.
53. Transformer substitution scheme.
54. Transformer idle current.
55. Transformer idling losses.
56. Transformer idling.
57. The experiment of the idling of the transformer.
58. Mode and experiment of short circuit of a real transformer.
59. Transformer operation under load.
60. Change in the secondary voltage of the transformer under load.
61. External characteristic of the transformer.
62. The principle of operation of AM.
63. Vector diagram and substitution scheme of blood pressure.
64. Losses and efficiency of blood pressure.
65. Mechanical characteristics of AM.
66. Performance AD.
67. Starting the blood pressure with a squirrel-cage rotor.
68. Start of blood pressure with a phase rotor.
69. Design and principle of operation of the CM.
70. Explicit pole and implicit pole constructions of CM.
71. The principle of the DM.
72. The principle of operation of SG.
73. The phenomenon of the reaction of the anchor SM.
74. Factors affecting the nature of the anchor reaction.
75. The reaction of the anchor in obviously polar CM.
76. The reaction of the anchor in implicit pole CM.
77. Power, electromagnetic moment and static overload of SM.
78. Purpose, design and application areas of the IPS.
79. Design and purpose of the collector.
80. DPS excitation schemes.
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