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INTRODUCTION

The entrance examination programme defines the form of organisation, content and
peculiarities of the entrance examination in the speciality for the educational and scientific
programme for the preparation of Doctor of Philosophy “Electric Power Engineering,
Electrotechnics and Electromechanics” in the speciality G3 Electrical engineering.

The purpose of the programme is to test the applicant's acquisition of the competencies
and learning outcomes that the applicant has achieved at the second (master's) level of higher
education.



1. MAIN SUMMARY
1.1. List of sections and topics included in the speciality exam
Section 1. Theoretical electrical engineering

Topic 1.1. Basic concepts of electromagnetic field and electric circuits

General characteristics of the problems of the theory of the electromagnetic field and the
theory of electric and magnetic circuits. Basic equations of the electromagnetic field in integral
form. Energy, forces and mechanical manifestations of electric and magnetic fields. The main
parameters of electric and magnetic fields in integral form. Statement of problems of automated
design of electrical devices.

Topic 1.2. Theory of linear electric circuits

Electrical and electronic circuits in energy and information transmission and conversion
systems. Classification of circles and their elements. Bipolar and multipolar. Managed sources.
Inductively coupled elements. Graphs and topological matrices of electrical circuits, topological
equations. Ohm's law for the generalized branch, matrix component equations. Nodal and extended
nodal equations, contour equations. Numerical methods for solving the equations of circles at
steady states. Accurate and iterative methods. Gaussian method; decomposition of matrices into
triangular factors; numerical methods of matrix rotation. Conditions of convergence of iterative
methods. Calculation of input and transfer functions in symbolic form. Topological methods of
analysis. Signal graphs and their application to the analysis of electrical circuits.

Multiphase circuits. Calculation of symmetric and asymmetric three-phase circuits.
Method of symmetrical components.

Multipoles; matrix of multipoles. Basic equations of regular quadrupoles. Characteristic
supports and transmission ratio. Substitute schemes of mutual and non-reciprocal quadrupoles.
Connection of four-poles. Four-pole feedback. Features of formation of equations of circles with
multipolar components. Hybrid equations. Resistor gyrators and converters.

Electrical circuits with inharmonic voltages and currents. Harmonic analysis of periodic
functions. Current value and power. Signals and their spectra. Spectral density. Signal conversion
by linear systems. Elements of filter theory. Reactive filters. Induction filters. Frequency
characteristics and methods of their calculation.

Transients in linear circles. Analysis of dynamic processes in the time domain. The classic
method. Features of calculation in the presence of capacitive circuits and inductive sections. Compilation
and numerical methods for solving state equations. Discrete circuit models of circuit components and
their application for numerical solution of state equations. Analysis of dynamic processes in the
frequency domain. Application of Laplace and Fourier transforms to calculate transients. Approximate
and numerical methods of spectral analysis. Relationship between transient and frequency characteristics.

Elements of synthesis of linear circles. Properties of functions and methods of realization
of bipolar and quadrupole passive electric circuits. Synthesis of inductive quadrupoles with active
and non-reciprocal elements.

Circles with distributed parameters. Basic equations of long lines and their transportations for
steady-state sinusoidal oscillations. Transients in circles with distributed parameters.

Topic 1.3. Theory of nonlinear electric circuits
Steady processes in nonlinear circles. Methods for calculating nonlinear electric and
magnetic circuits at constant currents and voltages. Features of nonlinear alternating current
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circuits and methods of their calculation. Analysis of steady-state processes in nonlinear
alternating current circuits. Formation and numerical methods for solving algebraic equations of
nonlinear resistive electric circuits. Small parameter method.

Transients in nonlinear circles. Basic methods of analysis. Asymptotic methods.
Perturbation method. Harmonic balance method and frequency properties of nonlinear circuits.
Phase plane. State variable method. Numerical methods for solving nonlinear equations of state.
Methods of implicit integration. Discrete models of nonlinear reactive elements and their
application for calculation of dynamic processes.

Self-oscillation. Almost harmonic oscillations. Relaxation oscillations. Stability. Energy
ratios. Machine method for calculating periodic and self-oscillating modes.

Basic vectors and basic equations of the electromagnetic field. Systems of Maxwell's equations.
Electrodynamic potentials. Boundary conditions. Energy. Condition-Pointing Theorem. Gauss's theorem.

Static fields. Basic equations of electric and magnetic static field. Boundary value problems
and methods of their solution, Method of conformal transformations and method of separation of
variables. Numerical methods for solving boundary value problems: grid method, finite element
method. Method of integral equations of potential theory and its numerical realization. Capacity,
capacitance and potential coefficients.

Stationary electric and magnetic fields. Basic field equations. Differential form of the laws
of Ohm, Lenz-Joule, Kirchhoff. Similarity of static and stationary fields. Vector magnetic potential.
Flow inoculation. Own and mutual inductance. Application of the method of integral equations.

Alternating electromagnetic field in a conductive medium. Waves in conductive media.
Surface effect. Penetration of the magnetic field into the ferromagnet array for the rectangular
magnetization characteristic. Modeling of variable fields in conducting environments.

Electromagnetic waves and radiation. Wave equation and its solution. Harmonic waves in
an ideal dielectric. Reflection of electromagnetic waves. Waves in space bounded by leading
boundaries. Waveguides and resonators. Types of waves. Phase and group speed. D'Alembert's
equation. Radiation of quantum generators. Electromagnetic fields in real dielectrics, ferromagnets
and anisotropic media. Complex parameters of the environment.

Numerical methods for calculating nonstationary fields. Electromagnetic fields in moving
media. Basic equations of magnetic hydrodynamics.

Section 2. Technique of high electric and magnetic fields

Topic 2.1. Electrophysical foundations of high electric and magnetic fields

Formation and neutralization of charged particles in the gas. The motion of charged
particles in a gas. Condition of discharge independence in gas. Initial voltages of intervals with
homogeneous and inhomogeneous electric field. Avalanche breakdown theory of Townsend-
Rogovsky. Pashen's law. Streamer breakdown theory. Features of breakdown of long air gaps,
leadership process. Characteristics and features of SF6 application. Overlapping solid insulation
in the air. Ways to increase the floor voltage of insulating structures. DC corona discharge. Crown
losses on the power line. Radio interference from corona discharge. Electrical conductivity of
liquids in strong electric fields. Pre-discharge processes in liguids. Ignition discharge. Dynamics
of pulse discharge in liquids. Breakdown of liquid dielectrics with impurities. Theory of thermal
breakdown of solid dielectrics. Theory of electric breakdown of solid dielectrics. Breakdown of
inhomogeneous solid dielectrics. Partial discharges. Aging insulation. Discharge on the
contaminated and moistened surface of the insulator.



Topic 2.2. Lightning surges and lightning protection of electrical installations

Characteristics and parameters of lightning discharges. Lightning protection grounding.
Methods of calculation and modeling. Induced overvoltages on overhead lines. Overvoltages of
direct lightning strike in power lines. Protection against direct lightning strikes. Lightning
protection zones. Methods for determining the probability of lightning breakthrough. Wave
propagation in a line. Refraction and reflection of waves in power lines. Influence of pulse corona
on wave processes in power lines. Lightning protection of substations. Tubular and valve arresters.
Nonlinear surge arresters. Number of thunderstorms of overhead power lines, APV. Indicator of
lightning resistance of substations. Lightning protection of overhead power lines.

Topic 2.3. Internal overvoltages in electrical systems and their limitations

Internal overvoltages in networks with isolated neutral. The role of arc suppressors.
Overvoltages when unloaded lines are switched off. Overvoltages when unloaded transformers are
switched off. Resonant overvoltages in power lines. Limitation of internal overvoltages. Statistical
characteristics of internal overvoltages. Estimated multiplicity of internal overvoltages.

Topic 2.4. Insulation of high voltage installations and high voltage test installations

Methods of electric field regulation in insulating structures. Insulation of overhead power
lines. The main types of internal insulation. Short-term and long-term electrical strength. Isolation of
power transformers. Insulation of power cables. Isolation of power capacitors. Insulation of
rotating electric machines. High voltage inputs. External insulation tests. Internal insulation tests.
Diagnosing internal insulation. Transformer installations for insulation testing. Test high-voltage
direct current installations. Pulse voltage generators. Methods of generating switching pulses.

Topic 2.5. Technique of high voltages and high currents

Measurement of high voltage pulses. Voltage dividers. Measurement of high direct current
(DC) and alternating (AC) voltage. Measurement of large pulse currents. Measurement of
capacitance and angle of dielectric losses. High-precision pulse discharges and their application.
Charging of macroscopic particles and their motion in an electric field. Electrostatic precipitators
and electroseparators. Ecological factors of ultra-high voltage overhead and cable lines.

Section 3. Electric power plants

Topic 3.1. General information about power stations and power systems

The structure of generating capacities of modern electric power systems of Ukraine. Ensuring
power balance in power systems. Types, technological schemes of power plants and their
characteristics. The participation of various power plants in the production of electricity. Load
schedules of electrical installations. Power quality indicators. Operating modes of neutrals in electrical
installations. Features of the main schemes of electrical connections of power plants of various types.

Topic 3.2. Main electrical equipment of power plants and substations

Characteristics, design features of the cooling and excitation system of modern synchronous
generators (SG) and synchronous compensators (SC). Systems of automatic regulation of excitation
of SG and SC. Automatic extinguishing of the field, synchronization of SG and SC with the
network. Normal and permissible operating modes of synchronous generators. Modes of operation
when changing the active load and excitation current. Diagram of permissible generator loads. The
effect of changing the network voltage and frequency on the operation of synchronous generators.
Abnormal operating modes of turbogenerators. Overloading of turbogenerators with stator and rotor
currents. Asynchronous and asymmetric modes of operation of synchronous generators.



Main operating parameters, design elements and cooling systems of power transformers
(PT) and autotransformers (AT). Surge limiting properties and application of transformers with
split windings. Modes of operation of three-winding autotransformers. Criteria for admissibility
of JSC work modes. Overvoltages in the AT caused by short circuits on the lines. Load capacity,
thermal characteristics and thermal regimes of transformers.

Topic 3.3. Systems of own needs of power plants and substations

Power sources of consumers of the system of own needs (ON). Categories of ON
consumers. Electric circuits of combined heat and power plants (CHP), thermal power plants
(TPP), hydraulic power plants (HPP), substations. Principles of power backup for consumers of
ON power plants of various types. The main types of ON working machines at power plants and
their features. Working and mechanical characteristics of ON mechanisms. The effect of changing
the rotation frequency on the operating characteristics of the ON mechanisms. Regulation of the
productivity of ON mechanisms.

Electric motors for own needs of power plants. Mechanical characteristics of asynchronous
and synchronous electric motors, ON direct current motors. Abnormal operating modes of ON
electric motors. The effect of changing the network frequency, voltage, and load on the operating
modes of electric motors of the ON. Asymmetric modes of operation of ON electric motors.
Coasting and self-starting of ON electric motors. Individual and group coasting of electric motors.
Characteristics of run-out. Self-starting of ON electric motors. Practical methods and algorithms
for calculating self-starting. Features of electrical equipment and mechanisms of nuclear power
plants (NPP). Connection of technological and electrical parts. Categories of consumers of NPP
ON. Requirements for emergency cooling systems. Principles of construction of electric power
supply schemes of VP NPP. Schemes of electricity supply to consumers of the NPP ON of normal
operation and reliable power supply.

Topic 3.4. Conditions of operation and operation of modern power systems from nuclear power plants

Features of the nuclear power plant as an object of energy generation in the power system.
Factors that determine the reliability and survivability of nuclear power plants. Climatic influences
on the elements of the power output system from nuclear power plants. Causes of extreme regimes of
power systems from nuclear power plants. The main factors and reasons for de-energizing the nuclear
power plant. Processes in the NPP ON system during de-energization of sections of normal operation.
Tasks and ways to ensure the reliability of the external power supply systems of the NPP.

Topic 3.5. Short circuits, asymmetric and incomplete phase modes of electrical installations

Calculation conditions of short circuits: electrical installation scheme, type of short circuit,
point and time of short circuit. Parameters of elements of substitute circuits in short-circuit (short-
circuit) calculations. Calculation of the initial value of the periodic component of the three-phase
short-circuit current. Transient processes in synchronous machines with three-phase short-circuits.
Practical methods of calculating the effective value of the short-circuit current. Thermal and
electrodynamic effect of short-circuit currents on conductors and electrical devices. Methods of
testing conductors and electrical devices for thermal and electrodynamic stability. The method of
compiling substitute schemes of various sequences. Unsymmetrical short circuits. Calculation of
currents and voltages with longitudinal asymmetry and complex asymmetric damage. Methods
and means of limiting short-circuit currents.

Calculation conditions for the selection of electrical equipment under the conditions of
long-term operating conditions. Checking electrical equipment for thermal and electrodynamic
stability in the event of a short circuit.



Topic 3.6. Transient electromechanical processes and stability of electric power systems

Power characteristics of the simplest unregulated system and a system with generator
excitation regulators. Sustainability categories. The concept of static stability of the power system.
Method of small oscillations for analysis of static stability. Practical criteria of static stability and their
use. Effective power limit. Static stability of the two-machine power system. Modern theory of stability.
The concept of the first and second (direct) Lyapunov methods. Transient processes during large
disturbances. Dynamic stability of the system. Methods of studying dynamic stability. Dynamic stability
of the electrical system in the emergency, post-emergency mode and in the mode after automatic
reactivation (AR). Asynchronous modes in electric power systems. Determination of system
parameters in asynchronous mode, resynchronization and resulting stability.

Static and dynamic load characteristics. Criteria of static stability of asynchronous motors
and complex load. Transient processes in load nodes during large disturbances.

Anti-emergency automation of energy systems. Types of control influences to ensure static
and dynamic stability: disconnection of generators, impulse unloading of turbines, long-term
unloading of turbines, forcing excitation of generators, disconnection of load. Measures to improve
the stability and quality of transient processes of electrical systems.

Section 4. Electrical systems and networks

Topic 4.1. Electrical networks

Technical and economic advantages of creating energy systems and their associations.
Electrical networks. Classification of electrical networks. Main and distribution electric networks.
Power system load schedule and its coverage. Schedules of loads of power stations of power
systems. Modes of operation of the neutral of electrical networks.

Physical processes and phenomena that occur during the transmission of electrical energy
along power lines. Alternative schemes of overhead and cable power transmission lines.
Determining the parameters of the alternate circuits of power lines.

Physical processes and phenomena that occur in power transformers during the
transmission of electrical energy. Replacement schemes of two- and three-winding transformers
and autotransformers. Transformers with split windings. Power transformers with shortened windings.
Determination of the parameters of substitute schemes of transformers according to catalog data.

Losses of power and energy in elements of electrical networks. Load schedules of electric
power system nodes. The number of hours of use of the maximum and set power. Coefficients of
participation in the maximum load, simultaneity coefficient, utilization coefficient of installed
capacity. Power losses in power lines. Power losses in transformers of various types. Energy losses
in lines and transformers and their determination according to load schedules. RMS load power
and time of maximum energy loss. Vector diagram of power line currents and voltages. Drop and
loss of voltage in the elements of the electrical network.

Topic 4.2. Calculation and analysis of modes of electrical systems

Characteristics of problems of calculating the parameters of steady-state modes of electric
power systems. Calculation schemes of electrical systems of different classes of nominal voltage.
Combined and estimated load. VVoltage reference and balancing point of the calculation scheme of
the electrical network. Static load characteristics by voltage

Iterative calculation of the mode of the electric network. Convergence criteria of iterative
calculation. Calculation of lines with two-way power supply. Method of contour equations.

Contour cutting method. Nodal stress equations and their modification. Iterative methods of
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implementing the nodal model: linearization, Seidel, Newton-Raphson method. Heterogeneity of
electrical networks. Means of compensation of heterogeneity.

Features of calculation of asymmetric modes of electrical systems. Incomplete phase
modes of power transmission lines. Ways and means of balancing the mode of the electrical
system. Causes and consequences of non-sinusoidal current and voltage curves. Means of
compensation of higher harmonics in electrical systems.

Topic 4.3. Regulating modes of electrical systems

Quality of electrical energy and its characteristics. Voltage deviations and fluctuations,
their causes, limit values, their influence on the operation of electrical receivers. The concept of
permissible voltage loss in the electrical network.

Means and methods of voltage regulation in electrical networks of energy systems.
Regulation of voltage in the network by changing the voltage on the busbars of generators, active
and reactive resistance of lines, redistribution of reactive power flows in the system network.
Advantages and disadvantages of synchronous compensators and batteries of static capacitors (BSC).
Transverse compensation as a means of voltage regulation in the network. An avalanche of tension.
Calculation of parameters of compensating devices of transverse compensation. Longitudinal
compensation (LC) as a means of voltage regulation in the network. Selection of the place of
installation in the network of compensating devices of longitudinal and transverse compensation.

Transformer means of voltage regulation in electrical networks of the power system. The
concept of reverse voltage regulation. Schemes of voltage regulation using autotransformers in
direct and reverse modes. The use of booster transformer (BT) for voltage regulation in electrical
networks. Longitudinal and transverse tension adjustment using BT.

Balance of active and reactive power and quality of electricity in systems. Static load
characteristics as a function of frequency. Turbine speed regulators. Static and astatic
characteristics of speed controllers. Regulatory effect of load by frequency. Primary and secondary
frequency regulation. Frequency regulation in the system using a non-regulating unit and a
frequency-regulating station. Frequency regulation in emergency modes. Automatic frequency
discharge and frequency automatic reconnection system.

Topic 4.4. Regulation of long-distance power transmission modes

Wave parameters of long-distance power transmissions (LDPT). Charging power and
natural power of LDPT. Voltage distribution along the LDPT. Basic equations of LDPT. Modeling
the LDPT mode using a quadrupole device.

Compensation of charging capacity of LDPT. Arrangement of shunt reactors along the
LDPT. Ensuring the balance of reactive power at the final substations of LDPT.

Bandwidth of LDPT. Characteristics of power transmission and its throughput. Artificial
measures to increase the carrying capacity and range of electrical energy transmission by
alternating current. Quarter-wave to half-wave energy transfer. Compensation of parameters and
adjustment of LDPT. Calculation of the parameters of compensation devices and tuning to increase
the bandwidth of the DEP.

Section 5. Control, protection and automation of electric power systems

Topic 5.1. Theory of automatic control
General information about management systems. Management principles. The principle of
compensation (principle of control by disturbance). The principle of open management. The
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principle of feedback (principle of deviation control). The principle of combined management.
Mathematical description of control elements and systems. Linearization of differential equations.
Forms of writing linearized equations.

Characteristics of linear links. Transitional link function. Frequency characteristics of the
link. Amplitude-phase frequency characteristic. Amplitude-frequency characteristic. Logarithmic
frequency characteristics. Mathematical modeling of automatic systems. Transformation of structural
schemes of regulation objects. Basic linear regulation laws. Typical regulators and their characteristics.

Stability of linear systems. Lyapunov's theorem. Stability analysis by root method. Limit
of stability in the root plane. Stability criteria. Algebraic criteria of Raus, Hurwitz,. Frequency
criteria: Mykhailov, D-distribution, Nyquist. Analysis using logarithmic characteristics. Finding
the critical values of the parameters and determining the margin of stability using various criteria.

Assessment of the quality of automatic control systems (ACS). Basic criteria for static and
astatic systems.

Characteristics of nonlinear elements. Analysis of nonlinear systems by the method of
harmonic balance. Analysis of nonlinear systems by phase trajectories.

Mathematical foundations of the theory of discrete ACS. Impulse element. Discrete signals.
Lattice function. Digital regulators. Discrete signal conversion channel. Analog-digital converter.
Delta pulse modulator. Digital-analog converter. Demodulator. Structural diagram of a discrete ACS
with a digital regulator. Quality criteria of discrete ACSs with digital regulators. Stability of impulse
systems. Conditions for using the Hurvits and Mykhaylov criteria for stability assessment.

Topic 5.2 Automatic regulation in energy systems

Active power balance and alternating current frequency. Types of frequency and active
power regulation. Primary frequency adjustment. Turbine speed regulators. Static frequency
characteristics of the generating part of the power system. Static frequency characteristic of
consumption. Combined static frequency characteristics of the generating part of the power system
and consumption. The regulating effect of the load. Secondary regulation of frequency and active
power. Organization of automatic regulation of frequency and power (ARFP) in the power
association. System part of ARFP. Modes of operation of the system ARFP. Frequency and active
power regulation methods. The mode-leading station method.

Regulation of voltage and reactive power in power systems. Means of voltage regulation in
power systems. Flexible AC transmission systems (FACTS systems). Asynchronous mode in
power systems. Signs of asynchronous mode. Ways to eliminate asynchronous mode.

Topic 5.3 Relay protection of electrical systems

Maximum current directional and non-directional protections. Primary measuring
transducers in protection and automation systems. Relay protection of electrical systems,
requirements and principles of operation. Functional and logical elements of automatic devices.
Information sensors in relay protection and automation systems. Redundancy of action of relay
protection and switches. Measuring bodies and the logical part of relay protection systems.

Protection of electric motors. Protection of transformers of power plants and substations.

Protection of synchronous generators. Protection of the generator-transformer unit. Relay
protection of buses of stations and substations. Automatic frequency unloading (AFU), purpose
and principle of action. Automatic reactivation (AR), purpose and principle of action. Automatic
switching on of backup power (ABP), purpose and principle of action.



Section 6. Electromechanical automation systems and electric drive

Topic 6.1. Electromechanical systems of automation and electric drive

Classification of automation devices, their main features. Automatic control systems
(ACS), functional scheme of the ACS and its elements. Stabilization, software control, tracking
systems. Open ACSs: compensatory and software control. Combined control. General information
about ACS elements. Feedback in ACS. Feedback and gain.

Conditions of the equilibrium state of the automatic regulation system (ARS). Static
characteristics with serial and parallel connection of links. Characteristics of links with feedback.
Static error and gain. Contradiction of the requirements of statics and dynamics. Static error in
combined control. Forms of writing equations of statics.

Compilation of equations of link dynamics. The method of drawing up equations. Forms
of recording dynamics equations. Operating form, etc. Typical sections of ARS. Equations and
time characteristics of links.

Transfer functions, frequency characteristics of links. Assignment of transfer functions and
frequency characteristics. Transfer functions and amplitude-phase frequency response (APFR) in
series and parallel connection of links, for links with feedback. Logarithmic frequency
characteristics, their features and purpose, construction of logarithmic characteristics. AFC and
logarithmic characteristics of typical links.

Equations, transfer functions and APFR regulation systems. The equation of the open CAP,
its transfer functions and APFR. The equation of a single-loop closed stabilization system.
Obtaining the equation of a closed ACS with the help of Kramer's theorem. Equation of program
(tracking) ARS. Obtaining the ARS statics equation. Transfer functions and AFCHH ARS for task
and perturbation. Transformation of complex structural schemes of closed ACSs. Circuits with
simple and cross feedback connections.

Concept of stability of linear systems. Lyapunov theorems. Analysis of stability by the type
of roots of the characteristic equation. Limit of stability in the root plane. Stability criteria.
Algebraic criteria of Raus-Hurwitz, Vyshnegradskyi. Frequency criteria: Mykhailov, Mykhailov-
Nyquist. Stability analysis using amplitude and phase-frequency characteristics. Analysis using
logarithmic characteristics. Finding the critical values of the parameters and determining the
margin of stability using various criteria.

ARS quality indicators. Features of quality analysis in linear systems. Quality analysis by
type of roots of the characteristic equation. Degree of damping of transient processes.

General information about the electric drive. Purpose, features, tasks. Types of electric
drives. Functional scheme of the electric drive.

The mechanical part of the electric drive. Kinematic and calculation schemes. Static loads.
Equations of motion.

Direct current electric motors. Electromechanical characteristics. Natural characteristic.
Types of artificial characteristics. Braking modes. Dynamic properties. Characteristics of direct
current motors with series, mixed or combined excitation.

Asynchronous electric motors. Obtaining mechanical characteristics. Slip. Natural
mechanical characteristics. Types of artificial characteristics. Braking modes. Construction of
artificial characteristics. Dynamic properties.

Synchronous electric motors. The principle of action. Angular characteristic. Braking
modes. Dynamic properties. Advantages and disadvantages.

Electromechanical system. Equations and structural diagram. Dynamic properties.
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Optimal transient processes: speed, power consumption with moment limitation,
acceleration or jerk. Working out stepwise control and disturbing influence. Smooth start. Reverse.
Features of transient processes for alternating current electric motors.

Thermal transient processes. Nominal modes of electric motors. Methods of equivalent
current, moment, power. Choice of engine power.

Adjusting the coordinates of the electric drive. Types of control and main functions of the electric
drive. Frequency converter-asynchronous motor system. Precision. Adjustment range. Electric
drive with subordinate adjustment of coordinates. Regulation of torque, current, speed.

Frequency and vector control of induction motors. Induction motor flux observers and their
stability. Vector control of permanent magnet synchronous motors.

Section 7. Electric machines and apparatus

Topic 7.1. Direct current machines

Design and principle of operation of a direct current machine (DC). Switching processes
in the DC machines. Ways to improve switching: additional poles, brush offset, etc. Compensation
winding. Expressions for electromotive force (EMF) and electromagnetic moment of the DC
machines. The phenomenon of the anchor reaction and its effect on the magnetic flux of excitation.
Traction DC machines. Performance characteristics of the traffic police with sequential excitation.

Topic 7.2. Transformers

Structure and principle of operation of the transformer. Classification of transformers.
Transformation coefficient. Design of windings and magnetic circuit of three-phase transformers.
Higher harmonics in the curve of magnetizing current, magnetic flux and phase EMF of three-
phase transformers with different ways of connecting primary and secondary windings. Modes of
non-working (idling) and short circuit of transformers. Short-circuit voltage and idling current.
Losses in idling and short circuit modes. Experimental determination of parameters of the
substitution scheme. Operation of transformers under load. Fundamentals of mathematical equations.
Transformer replacement schemes. Vector and energy charts. Determination of transformer efficiency.

Topic 7.3. General questions of the theory of alternating current machines

Design of alternating current machines. Insulation of windings. Conditions for obtaining a
rotating magnetic field in AC machines. Magnetic field of alternating current machines and its
calculation. Inductance and mutual inductance of windings. Magnetic fluxes of mutual induction
and scattering of windings. Electromotive forces of the coil, coil, phase of the AC winding.
Winding coefficients. Ways to reduce higher harmonics in EMF. Bevel grooves. Magnetomotive
forces of AC windings of machines. Higher harmonics of MRS.

Topic 7.4. Asynchronous machines

Equation of electrical circuits of stator and rotor windings. Bringing the rotor winding to
the stator winding. Asynchronous machine replacement scheme. Operating modes of asynchronous
machine: motor, generator, electromagnetic brake. Vector and energy charts. Methods of speed
control of induction motors. Autonomous asynchronous generator. Conditions of self-excitation.
Asymmetric modes of operation of asynchronous machines. Influence of power voltage
asymmetry and winding parameters on mechanical characteristics of induction motors.

Topic 7.5. Synchronous machines

Synchronous machine in idle mode. Requirements for the distribution of the magnetic field
in the air gap. The phenomenon of the anchor reaction in a synchronous machine and the factors
that affect it. Parallel operation of a synchronous generator with the network. Conditions and
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methods of switching on a synchronous generator for parallel operation, V' - similar characteristics,
regulation of active and reactive power of synchronous machine. Angular characteristics of a
synchronous machine. Static and dynamic stability of the synchronous machine. Synchronous
motor and synchronous compensator. Ways to start. Vector charts. Working and V - similar
characteristics. Transient, asynchronous and asymmetric modes of operation of a synchronous
machine. Inductive impedances of a synchronous machine in transient and asymmetric modes of operation.

Topic 7.6. Electrical appliances

Electrodynamic forces in electrical devices. Thermal processes in electrical appliances.
Electrical contacts: definition and classification, their resistance, materials, contact heating,
electrodynamic forces in contacts. Designs of low-voltage and high-voltage switching contacts.
Electric arc and methods of its extinguishing. The selection of switching devices: general
conditions for the selection of electrical devices. Protective devices: fuses and their choice,
protective switching device, surge arresters and limiters, current-limiting reactors.

Section 8. Systems of providing consumers with electric energy, electrotechnical
complexes, electromechanical systems, automation of electrotechnical and electrotechnological
complexes, energy management and energy efficiency

Topic 8.1. Electrotechnological and electrotechnical complexes

The efficiency of the use of electrical energy and its transformation into other types of
energy in the implementation of electrotechnological processes.

Features of construction and operation of electromechanical and electrotechnical installations.

Automated control  systems of electrotechnological and electrotechnical
complexes.Diagnostic systems (systems of technical diagnostics), control and protection of
electrotechnological and electrotechnical complexes.

Digital and analogandautomation systems of electrotechnical and electrotechnological
complexes. Typical structures of analog and digital control systems. Conversion of analog and digital
signals. Analog and digital filtering. Analog and digital PID controllers. Programmable logic controllers.

Classification of electrotechnological installations as consumers of electricity.

Modern systems and means of energy and resource saving in electrotechnological
installations. Increasing the energy efficiency of electrotechnological and electrotechnical complexes.

Topic 8.2. Elements of electrical engineering complexes

Electric machine converters. Uncontrolled AC rectifiers. Controlled thyristor rectifiers of
single- and three-phase current. Current and voltage inverters. Resonant inverters. Thyristor and
transistor AC frequency converters. Semiconductor converters of alternating voltage. Voltage and
current stabilizers. Pulse width converters. Pulse-phase control systems. Active filters. Filter-
compensating devices. Electromechanical devices of automated electric drives. Sensors and setters of
electric drive coordinates. Accumulators and energy accumulators for power supply (electrochemical,
electrical, electromechanical): construction, principle of operation and main indicators.

Switching elements and their characteristics. Disconnectors and high-voltage switches.
Commutators of impulse current sources. Semiconductor and superconductor current switches.
Integrated modules and microprocessors.

Topic 8.3. Electromechanical systems
General functional scheme of the electromechanical system. Characteristics of typical
loads of regulated electric drives. Calculation schemes and mathematical models of the mechanical
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part of electric drives. Equations of motion. Operating modes of electric drives. Modes of operation
of mechatronic pulse systems.

Structural diagrams, control properties, dynamics quality indicators and statics of typical
structures of electromechanical systems based on direct and alternating current electric drives
according to the "controlled converter-motor" scheme.

Stability of linear and nonlinear systems. Algebraic criteria, frequency criteria, Lyapunov
function, Popov criterion. Numerical methods of identification of nonlinear systems.

Microprocessor control of electrotechnical and electromechanical systems. Microcontrollers.
Programmable logic controllers. Signal processors.

Topic 8.4. Power supply systems of technological and technical complexes

Structure and general characteristics of power supply systems. Theoretical justification
of the estimated load. Practical methods of determining the calculated load. Requirements for
reliability of power supply. Determination of parameters of elements of power supply systems
(power transformers, networks with a voltage of up to and over 1000 V). Methods of calculating
electrical energy losses in the elements of power supply systems, their scope of application.
Organizational and technical measures to reduce electrical energy losses. The essence of the
reactive power compensation problem. Compensation of reactive power in power supply systems.
Indicators of the quality of electric energy and their standardization. Electromagnetic compatibility of
electrotechnical and electrotechnological installations in load nodes of electrical networks.

Autonomous power supply systems. Characteristics of energy sources, types and main
parameters of primary converters of electrical energy for autonomous power supply systems of
stationary and mobile objects. Types of electric generators and structures of automatic control
systems of electric generator installations with thermal energy, wind and water propulsion.

Hybridization of power sources. Autonomous power supply systems with renewable
energy sources. Non-traditional and renewable energy sources.

Topic 8.5. Energy management and energy saving in energy systems and complexes
Main directions of energy saving policy. Main directions and reserves of energy saving.
Directions and tasks of energy management. Assessment and monitoring of energy consumption.
Economic and mathematical modeling of energy systems and complexes. Losses from
shortages of energy resources and environmental pollution. Consideration of reliability in the
optimization of energy systems, assessment of technical risks of innovative developments.

Topic 8.6. Theory of electric and magnetic circuits

Linear electric circuits of direct current (basic laws of electrical engineering). Features of
calculation and methods of calculation of electric circuits.

Linear electrical circuits of alternating current. Single-phase and three-phase circuits.
General characteristics.

Transient processes in linear circles. Features and methods of calculating transient
processes (classical and operator method).

Nonlinear DC circuits. Methods of calculating non-linear electric circuits at constant
currents and voltages in series, parallel and mixed connection).

General characteristics of direct current and alternating current magnetic circuits.

Energy characteristics and indicators of non-sinusoidal (non-linear) circuits.
Monitoring and diagnostics of nonlinear and magnetic circuit parameters. Computer modeling of
nonlinear and magnetic circuits.
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1.2. The procedure for conducting the entrance examination

The entrance exam is conducted in the form of an oral examination. There are 50
examination tickets for the entrance exam, each of which contains three theoretical questions: the
first question from the first section, the second and third questions from the second to the eighth sections.

At the beginning of the entrance examination, members of the certification committee
inform applicants about the procedure for conducting the examination, the peculiarities of paperwork, and
give applicants exam papers with the appropriate options and pre-printed signed sheets for preparing
answers to the questions on the exam papers. Subsequently, applicants write down written answers to
the questions on these sheets, indicate the date and put their personal signature at the end of the work.

The duration of the preparation of answers by the applicant is 2 academic hours (90 minutes).

Upon completion of the entrance exam writing stage, the answers are checked and
evaluated by all members of the commission. The members of the Examination Board make a joint
decision on assigning a grade to each of the questions on the examination paper. These marks are
given on the student's answer sheet.

The results of the entrance examination are summed up by entering the scores in the
examination record. The student's acquaintance with the results of the entrance examination is
carried out in accordance with the rules of admission to the University.

1.3. Auxiliary materials

The use of auxiliary literature and other auxiliary materials and tools is prohibited during the exam.

1.4. Rating system of assessment (RSA)

In the answer to the theoretical questions of the of the entrance exam, the applicant must
demonstrate knowledge of the theory of the discipline, conceptual and categorical apparatus,
terminology, and principles of the subject area of the discipline. The applicant must present
answers clearly, logically and consistently.

In answering the theoretical tasks of the examination paper, the following are evaluated:

- completeness of disclosure of the question;

- ability to clearly formulate definitions of concepts/terms and explain them;

- the ability to argue the answer;

- analytical reasoning, comparison, formulation of conclusions;

- accuracy of the written work.

The maximum score that can be obtained for answering the first and second questions of
the examination paper is 30. Answers to the first and second questions of the examination paper
are assessed according to the following criteria

- complete answer, at least 90% of the required information — 27-30 points;

- a sufficiently complete answer, at least 75% of the required information (minor
inaccuracies are permissible) — 23-26 points;

- incomplete answer, not less than 60% of the required information (the answer contains
certain shortcomings) — 18-22 points;

- no answer or completely incorrect answer — 0 points.

The maximum score that can be obtained for answering the third question of the
examination paper is 40. Answers to the first and second questions of the examination paper are
assessed according to the following criteria:

- complete answer, at least 90% of the required information — 36-40 points;

- a sufficiently complete answer, at least 75% of the required information (minor
inaccuracies are permissible) — 30-35 points;
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- incomplete answer, not less than 60% of the required information (the answer contains
certain shortcomings) — 24-29 points;

- no answer or completely incorrect answer — 0 points.

The total score of an applicant for the entrance examination is determined as the sum of
the points received by the applicant for answering each question of the examination paper. The
maximum score that can be obtained based on the results of the entrance examination is 100.

For the purpose of calculating the applicant's competitive score, the result of the entrance
exam in the speciality is recalculated from a scale of 0 to 100 points to the scale specified in the Procedure for
Admission to Higher Education (100...200 points) according to the Correspondence Table:

Tadmmis mepepeneHH SATIB cTo0ATBLHOT KA H0 mkam 100 - 200

Ban za mxasmoro ba 3a mkajoro ban 3a mkamnoro Bai 3a mkasnoro
0-100 100 - 200 0-100 100 - 200
60 100 81 162
61 105 82 164
62 110 83 166
63 115 84 168
64 120 85 170
65 125 86 172
66 128 87 174
67 131 88 176
68 134 89 178
69 137 90 180
70 140 91 182
71 142 92 184
72 144 93 186
73 146 94 188
74 148 95 190
75 150 96 192
76 152 97 194
74 154 98 196
78 156 99 198
79 158 100 200

80 160

Applicants whose exam results on the RSO scale range from 0 to 59 points receive an unsatisfactory
grade and are not allowed to participate in the next entrance exams (if any) and in the competitive selection.
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1.5. Example of a typical examination paper of the entrance examination

NATIONAL TECHNICAL UNIVERSITY OF UKRAINE
«IGOR SIKORSKY KYIV POLYTECHNIC INSTITUTE»

Educational degree Doctor of Philosophy
Speciality G3 Electrical Engineering
Educational programme  Electric Power Engineering, Electrotechnics and Electromechanics
Examination Entrance examination
EXAMINATION PAPER Ne 1

1. Compilation and numerical methods for solving state equations.
2. Means and methods of voltage regulation in electrical networks of energy systems..
3. Compensation of reactive power in power supply systems.

Adopted by University scientific and methodical commission
protocol No. _ from « » 2026

Guarantor of the educational programme Serhii KOVBASA

2. FINAL PROVISIONS

1. Persons who did not appear at the entrance examinations at the time specified in the
schedule without valid reasons and persons whose knowledge was assessed with scores below the
established level are not allowed to participate in subsequent entrance examinations and in the
competitive selection.

2. Retakes of entrance examinations are not allowed.
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