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1. List of topics for Module 1 «Modern problems of electric power engineering».

Disciplines:
1. «Scientific and technical problems of electric power engineering of energy systems».

1. Basic characteristics of energy.

2. Improving the technology of using energy resources.

3. New solar technologies. Wind energy. Hydraulic and thermal energy of the world ocean.

4. Reliability of energy supply to consumers.

5. Decentralization of energy supply. New materials in energy.

6. Energy saving in power engineering, increasing the efficiency of energy conversion during the
production and transmission of electric power.

7. Overcoming global contradictions between Humanity and the Environment.

8. Laws of the Republic of Kazakhstan “On Electric Power Industry”, “On Energy Saving”, “On
Air Protection”, “On Support of the Use of Renewable Energy Sources”.
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9. Issues of application of low-energy technological processes and consumers.

10. Structure of the electric power industry.

11. Improving the technical and economic performance of the main equipment.

12. Modern switching equipment.

13. Issues of electricity transmission.

14. Problems of ensuring the main indicators of electric power quality.

15. Problems of increasing the reliability and electrical strength of insulation of electrical equip-
ment and power lines. Application of new insulation structures.
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2. «Energy-saving technologies in electric power engineering and automation».
l 1.General issues of energy saving economics.

2.Energy management.

3.Energy audit.

4.Energy service contracts as a mechanism for financing measures to improve energy efficiency.

5.Energy-saving technologies. Instrumentation and control systems for power engineering.

6.Principles of construction and examples of construction of systems for recording and monitoring
parameters of electricity consumption, heat consumption, gas and water consumption.Indicators of
electric power quality and their assessment when supplying controlled asynchronous electric drives.
7.Modern energy-saving and resource-saving technologies.

8.Automation of technological processes of the gas-mechanical plant based on a frequency-
controlled electric drive as a means of resource and energy saving.Results of modernization and au-
tomation of the main types of technological machines by replacing and installing frequency-
controlled electric drives of production mechanisms to improve energy efficiency and energy saving

9.Technologies and automation tools for energy saving in the mining and metallurgical com-
plex.Energy efficiency and energy saving indicators of GMP.

10.Technologies and automation tools for energy saving in mechanical engineering.Energy efficien-
cy and energy saving indicators.

11.Technologies and automation tools for energy saving in electric and thermal power engineer-
ing.Energy efficiency and energy saving indicators.

12.Technologies and automation tools for energy saving in transport. Ways to reduce energy con-

' sumption when using industrial transport with a controlled electric drive. Energy efficiency and en-
ergy saving indicators.

13.Technologies and automation tools for energy saving in construction.Energy efficiency and ener- |
gy saving indicators.

14. "Intelligent (smart) home" systems as a means of resource and energy saving.Automation of life
support processes for domestic, administrative, and cultural and sports buildings and structures
based on energy efficiency, energy conservation and resource conservation.

15.Integrated control systems for energy and technical complexes. Operational dispatch control sys-
tems as a means of increasing efficiency and energy saving. Integrated energy-saving automated
process control systems (APCS) and automated production control systems (APCS). SCADA

| systems.
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3. «Non-traditional and renewable energy sources».

1 Energy of Kazakhstan. Ways of its development.

2 Solar energy. Solar installations. Solar vehicles.

3 Solar energy converters. Solar light concentrators. Solar heating.

4 History of wind power development. Systems and types of wind turbines,

5 Wind energy. Types of winds used. Wind energy storage.

6 Thermal energy of the Earth. Energy of internal waters. Energy of natural disasters.

7 Hot systems of volcanic origin. High heat flow system

8. Energy of the world ocean. Energy of the tides.

9 Energy of ocean currents. Thermal energy of the ocean.

10 Energy of rivers.

11 Internal energy of water molecules.

12 Hydrogen energy. Modern and promising methods of hydrogen production.

13 Use of methane for energy purposes.

14 Environmental issues of using alternative and renewable energy sources
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2. List of topics for Module 2 «Scientific and technical problems of energy».

Disciplines:

1. «Theory of Experiment».

1. Classification, types and objectives of the experiment. Single-factor and multi-factor experi-
ment.

2. Basic principles and concepts of probability theory and mathematical statistics. Random
events, probability of an event.

3. Theory of random errors. Processing of experimental data of measurement results.
Fundamentals of the theory of random errors.

4. Statistical processing of experimental research results. Statistical, null, alternative hypothe-
ses.

5. Similarity and modeling in scientific research. Similarity theorems. Types of models: concep-
tual, cybernetic, electronic, physical, analog, mathematical.

6. Application of artificial intelligence algorithms for visualization and analysis of experimental
research results.

7. Calculation of mathematical expectation, dispersion and standard deviation for continuous
and discrete random variables. Artificial intelligence methods for automated calculation of sta-
tistical characteristics of random variables.
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2. "Electric drive control systems''.

| Introduction

2 Logical control of electric drives. Typical nodes of control and protection circuits. Typical relay-
contactor.DC SUEP. Typical relay-contactor Automatic control circuits for AD and SD.

3 Mathematical description and principles of construction of control systems. Mathematical
model of a DC electric motor. Controlled rectifier. Implementation of regulators.

Mathematical models of an AC electric machine.

Principles of electric drive coordinate control. Standard settings of the simplest contours. Typical
modes of mechanism control. Stabilization, tracking, positioning. Synchronization of speeds and
positions. Electric drive load control.

4 Closed-loop control systems for speed and torque of a DC electric drive. Electric drive with
feedback by EMF. Electric drive with delayed feedback by current with cutoff. Electric drive with
feedback by speed and current with cutoffs.

Electric drive with subordinate control of parameters.

5 Speed control systems for asynchronous electric drives.




(y. = const
Frequency control f

Frequency control with constant magnetic flux.

—

Vector control of AC electric drive.

6 Control systems for electric drives of technological complexes.Typical functions of process
line control systems.

Pump electric drive control system with frequency converter. Machine tool control systems for met-
alworking machines.

Control system for flying shears. Control systems for electric drives of reversible rolling mills.
Composition and properties of control systems.

‘mining equipment. Unified control systems for electric drives of single-bucket excavators.

Control systems for interconnected electric drives of continuous-flow production.

7. Electric drive control systelils in tracking modes and in positioning modes. Adaptive electric f‘
drive control systems.

8. Software implementation of electric drive control tools.
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3. «Modeling of electric drives».

Topic 1, 2. Elements of adjustable electric drive, features of simulation modeling.

Topic 3.4 MATLAB. Simulink and Simpower Systems libraries.

Topic 5. Simulation .modeling Diodes. Thyristor. Triac Series connection of valves. Parallel
connection of valves.

Topic 6.7. Simulation modeling Single-phase thyristor rectifiers. Half-controlled thyristor rectifiers.
Fully controlled thyristor single-phase converter. Three-phase controlled rectifiers. AC voltage
switch.,

Topic 8.9. MATLAB Simulink libraries, modeling methods.

Topic 10. Structural diagram of an adjustable electric drive.

Topic 11. Modeling of power supply systems of a controlled electric drive.

Topic 12. Modeling the mechanical part of an adjustable electric drive.

Topic 13. Modeling of controlled rectifiers.

Topic 14. Modeling of pulse converters.

Topic 15. Modeling of a three-phase rectifier and a three-phase AC switch. Calculation and selection
of parameters of power section elements.

Topic 16. Modeling of an autonomous AC inverter (AAVI) and a grid-followed inverter. AC inverter
with a DC link.

Topic 17. Modeling of DC electric motors with series, independent and mixed excitation.

Topic 18. Modeling of an asynchronous electric motor with a squirrel-cage rotor and a phase rotor.

Topic 19. Modeling of a synchronous electric motor.

Topic 20. Modeling of electric drive control system.
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3. List of topics for Module 3 «Programming Industrial Controllers».

Disciplines:
1. «Programming industrial controllers».

Application software for PLC programming. Typical structure of automated control system based
on PLC.

Analyze the methods of programming industrial controllers according to the IEC 61131 standard.
Identify the main advantages and disadvantages of PLC design languages.

‘Standard operators of IEC languages. Standard components of IEC languages. Resources,
equipment, task synchronization.

To analyze the features, advantages and disadvantages of software for various lines of controllers.

Creation of process control systems based on standard blocks

To systematize automation systems and tools using computer-aided design technologies.

Study of PLC programming languages based on the STEP7 and TIA-portal tool systems.

To identify the main features of designing systems and automation tools using application envi-
ronments for PLC programming.

Creation of control systems. Combination logic, creation of a control program according to a given
algorithm,

'To analyze the main methods of construction and features of operation of SCADA systems of pro-
duction processes.

Basics of working in WinCC-flexable — environment for developing operator panels. Establishing
communication with the controller.

To identify the main trends in the development of modern automation tools.
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3. Ceprees, A. W. IlporpaMmipoBanie KOHTPONIEPOB CHCTEM ABTOMATH3ALMK: YueOHOE
nocobue / A. M. Ceprees, A. M. YUeproycosa, A. C. Pycsies. — OpenGypr: OI'Y, 2016. — 125 ¢.
4. Hstnosa E.IL IlpoekrupoBanie aBTOMATH3HPOBAHHBIX CHCTEM YIPABICHHS TEXHOIOIH-

YECKHMH Tponeccamu: yuedno-meroanyeckoe nocodue/ BILITD CIIGIYIIT/I. CII6., 2019. — 68
c

i Pyxososictso nporpammucra CODESYS. AI'C®.421445.005 PIT — Exarepuntypr: Kb
AT'ABA-2020.- 155 c.

6. [Tapummna I'. M. TIporpammuoe obecriedenne MPOMBIIIEHHBIX KOHTPOJLIEPOB: ydeOHOe
nocobue. Y. 1. — Kaparanna: Kapl'TV, 2018. - 110 ¢.

T [Tapummsa I'. Y. TIporpammuoe ofecrnieveHne MPOMBIILIEHHBIX KOHTPOIEPOB: yueOHOe
nocobue . Y. 2. — Kaparanna : KapI'TV, 2019. - 105 c.

8. PykoBozicTBo nosb3osatens no nporpammuposanuio IIK B CoDeSys: 1K Ilposor
(Pycckas penakums), 2017. — 453 ¢, URL: http://www.kipshop.ru/ CoDeSys /

9. Busyamusauus CoDeSys. Jlononsenue K pykoBOICTBY MOJB30BATENS 10 POrPaMMHpPO-

Banuio [UIK B CoDeSys 23 - IIK Ilponor (Pycckas penakuus), 2018. URL:
http://www .kipshop.ru/ CoDeSys / steps / codesys_visu v23 ru.pdf

10.  SIMATIC HMI. WinCC. Hawasio paGoTsi. PykoBoACcTBO. DlIeKTPOHHOE H3aHHE.

11.  Pycckas nokymenramms no SIMATIC, OO0 «Cumency JlenapTaMenT TeXHHKH aBTOMa-
TH3aIKK ¥ NpUBoJIoB: MockBa. DIEKTPOHHOE H3/IaHHE.

12, Iporpammupyemsiit kortpostep S7-300. SIMATIC. J[lannuste momyrneii. Cripasounoe
pyxosoactso. SIEMENS. Drnexrponnoe uznanne ASE00105505-03,
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13.  Ilporpammupyemsiii kontposiep S7-300. lannsie CPU, CPU 31xC u CPU31x. Cnpa-
BouHoe pykoBoscTo. SIEMENS. Dnexrponnoe usanue ASE00105475-02.
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3. List of topics for Module 3 «Design of electric drive systems».

Disciplines:

1. «Modern theories, methods and means of creating automation and control systems».

1 Modern control theory and systems theory. Mathematical research methods.

2. New objects and tasks of management in technology, economics, social and biological sys-
tems. Universal nature of the basic principles of management and the interdisciplinary nature of
management science.

3. Methods of analysis and synthesis of control systems under conditions of incomplete certain-

4. Methods for describing control objects in state space coordinates.

5. Observability. Identifiability. Controllability. Adaptability.

6. Stability of processes in state space. Methods of the theory of absolute stability.

7. Robust and invariant systems. Classification of robust control systems. Uncertain control
systems. Robust stability.

8. Methods and algorithms for assessing dynamic processes.

9. Methods and algorithms for identification of dynamic systems.

10. Criteria for control optimization. Some general methods of optimal control theory. Optimal
control algorithms. Optimization of dynamic systems.

11. Algorithms of adaptive automatic control systems. Method of recurrent target inequalities in
adaptive control.

Extreme control systems, Methods and algorithms of estimation in correlation-extreme systems.
13. Methods of sensitivity theory.

14. Search methods of automation. Automation of design of automatic control systems.

15. Software for simulating dynamic systems.

List of literature

1. ®Gemwmn B.H., IMapumua ['M. u np. KoMmbiotepHoe MOJETHpOBaHHE H HICHTHQHKAINS
1eKTPOTEXHHUECKMX KoMILIekeoB: Yuebroe nocobue. U.1. Kaparanna: KapI'TV, 2015. 98c.

2. ®eumn B.H. INapumma .M. u ap. KoMibloTepHOE MOJICIHPOBAHAE W HICHTHOHKAIMA
MEKTPOTEXHHYECKHX KOMILIEKcoB: Yuebroe nocobue. U.2. Kaparanaa: Kapl'TV, 2015. 88c.

3. ®emmn B.H., IMTapmmua "W, u jap. KoMmibioTepHOE MOACIHPOBaHHE H AIeHTHQHKALIAS
2IEKTPOTEXHHUECKHX KomILiekcos: YueGroe nocodue. U. 3. Kaparanza: Kapl TV, 2016. 64c.

4, Qemmu B.H., Ilapmmra I'M. TIporpammubie CpejcTBa W TEXHOJOIHH MOJC/IHPOBAHHA.
(wacts 1). Yuebroe nocobue /b.H. ®emmn, 1. [lapumna; KaparanitHCKHi rocy1apCTBCHHbIN
TexHWYeCcKnil yHuBepenter. — Kaparanna: M3a-so Kapl'TY, 2017. — 82c.

5. ®eumn B.H., Ilapumua I'M. IlporpammHbie CpeicTBA W TEXHOJIOTHH MOJCIHPOBAHHA.
(uacth 2). Yuebroe nocodue /b.H. ®emmn, I'.W. Napumna; Kaparan/iMHckui rocy/1apCTBCHHBIH
Texuuyeckuii ynusepeurer. — Kaparanza: M3j-so Kapl'TV, 2017. - 121c.

2. «Automation of electrical complexes of mining and metallurgical production».

I. Introduction. Basic concepts of automation of technical systems. Classification of electrical com-
plexes (EC) of mining and metallurgical enterprises (MME) as automation objects.

2. Basic principles of automation of the EK GMP. Classification of control systems of the EK GMP
by automation levels.

3. Automation of power supply systems of the EK GMP. Principles, methods and means of manag-
ing the quality of electricity in power supply systems of the EK GMP, including surface and under-
ground facilities of the USh.
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4. Automation of mining and quarrying enterprises' power supply systems. Properties and character-
istics of power supply systems (PSS) of metallurgical enterprises (ME) as control objects. Princi-
ples, methods and means of automation of PES of ME.

5. Automation of the EC of metallurgical enterprises. Properties and characteristics of the power
supply systems (PS) of metallurgical enterprises (ME) as control objects. Principles, methods and |
means of automation of the PE of ME.

| 6. Automation of coal mine hoisting equipment.
7. Automation of the electronic control systems of coal mine production areas.

8. Automation of mining equipment for coal mine heading sections.
9. Automation of stationary conveyor systems of coal mines.

10. Automation of open-pit coal mine excavator control systems.

11. Automation of hot rolling mill electronics.

12. Automation of cold rolling mill electronics.

13. Automation of continuous annealing and electrolytic tinning units.

14. Automation of electric heating furnaces.

15. Integrated control systems for electrical complexes, technological processes and production of
mining and metallurgical enterprises.

List of literature

1. ABTOMATH3AIAS THIIOBBIX TEXHOJIOTHYECKHX MPOIECCOB M YCTAHOBOK: Y4eGHHK JUIS BY30B /
AM. Kopsrrun, H.K. Ilerpos, C.H. Pajumos, H.K.[lanapes. — M.: Dueproarom-u3nar, 2020. —
432.

2. Opaemnes B.M. Maremarnyeckoe onmcanne 0GbeKToB aBToMathsaimu. — M.: MaummHo-
crpoenue, 2019. — 360c.

3 Coxonosekuii I'.I°. Ynpasienne anekrponpusogamu: YdebHoe mocobue i By30B. — JL:
DueproaroMusiar. Jlenuurp.ori-aue, 2018.- 392¢.

4, Benenbkuit A M., bepasiues B.®., Binnos O.M., Kararos B.JO. Asromarnueckoe ynpasie-
HHe METAUTYpPrudecKMMH mpolieccamu:  YueGHuk Juis Bysos. — JI.: Dueproaromussar. Jle-
HUHTp.oTA-HHIE, 2020.- 392¢.

5. Bpeitno WU.B., Kasepun B.B., Ycosa E.JI., Om I''A.. JlaGopaTtopHOo-NpakTHYECKHH KOMILIEKC
110 21IeKTPONPHBOY H TipeobpasoBarenbHoit Texuuke. M3a-so Kapl'TV, 2011. -85 c.

6. IIpoeKTHPOBAHKE CHCTEM ABTOMATH3AIMK TEXHOJOTHYECKHX npoueccos: CripaBouHOe 110C0-
6ue / [A.C. Kmoes, B.B. I'nazos, A.X. ly6posekuii, A.A. Kmoes]; ITox pea. A.C. Kinoesa. —
M.: Dueproaromuszar, 2018, — 464 c.: ui.

7. TexHMKa YTCHHUS CXEM aBTOMATHYECKOTO YIpaBlIeHHs W TeXHOMornyeckoro kourposs / [A.C.
Kmioes, B.B. I'nazos, M.B. Munaun, C.A. Kmoes); [Tox pex. A.C. Kmoepa. — M.: Dueproarom-
n3nar, 2015. —432 ¢.: ui.

8. ®emmn B.H. ABroMaTu3aius MPOMBIIICHHBIX YCTAHOBOK ¥ TEXHOJIOTHYECKHX KOMILICKCOB!
Yueb. nocodue. — Kaparaunja, Kapl'TV, 2010. - 100 c.

9. Kpacosckuit A.A, CripaBouHMK 110 TEOPHH aBTOMaTHyeckoro ympasinenus. — M.: Hayka,
2021.-712c.
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The subject of the Essay
$$$001
DC and AC electric motors.

$$5002
Electroconverting devices in the electric power industry.

$$8003

Sensors in the electric power industry and electromechanics.

$$$004

Electrotechnological systems and complexes.

$$%005
Renewable and non-traditional sources of electricity.

$$5006
High-voltage electric drives.

$$8007
Features and structures of control and protection systems for high-voltage power transmis-
sion lines.

$$5008
Adaptive control systems for electric drives.

$$5009
Mathematical modeling of electric drives.

$$$010
Typical structures of controlled DC and AC electric drives.
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