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

Disciplines:
. «Scientific and technical problems of electric power engineering of energy systemsy.

. Basic characteristics of energy.

. Improving the technology of using energy resources.

. Reliability of energy supply to consumers.

1
1
2
3. New solar technologies. Wind energy. Hydraulic and thermal energy of the world ocean.
4
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”.

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.

List of literature

1.Pesemns I1., Peeruis Y. Cpena Hamiero oOutanusi. JHEpreTHUeCcKue MpoOaeMbl 4YeTOBEUECTRA.
B 4- x Tomax, kH.3. [lepeBog . anrnuiickoro, M., ¢ «Mupy», 1995, ¢.291, un. ISBN 5.03-0028696-
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4. JlyxenOaeB K. Dnepreruka Kazaxcrana. YcioBust 1 MeXaHU3MbI €€ YyCTOMYMBOIO pa3BUTHSL. -
Anmartsl, 2014.

7. Bo3oOHOBIsIeMast sHeprus. ExekBapTanbHblii MHGOpPMaLMOHHBIN OroueTeHb. M3na-
Hue Pocculickoro nentpa conneunou sueprun. OIIDT CHI'. - Mocksa: "MuTepconapueHtp".

8. I'epacumenko A.A., ®equn B.T. Ilepenaua u pacnpeneneHue aekTpudeckoi 3Hepruu. Po-
croB Ha Jlony, U3 1. «®ennkc» 2014 1.

9. JIpikun JI.B. Dnexrpuueckue cetd U cucreMbl. M.: Jloroc. 2014.

10. XKenesxo 10.C., AprembeB A.B., CaBuenko O.B. Pacuer, ananu3 u HOpMUpOBaHHE MOTEPH
ANIEKTPOIHEPIUH B JieKTpuueckux cersax. M.: «3a. HII DHAC», 2014.

11. bonotoB A.B., bonotoB C.A. K nporpamme pa3Butusi BeTposHepretnku Kazaxcrana. JHep-
reTHKa U TOIIMBHBIE pecypcebl Kazaxcrana, Mel, 2009,Anmatsl, ctp. 33 - 37.

12. bororoB A.B. CunenvkoBckuii B.C., bomotos c.A. TenaeHun pa3BUTHs BETPOIHEPTETUKU B
mupe. Becthuk HanmonanbHoit nHxeHepHoit akagemun Pecriyonukn Kazaxcran, NI 4 (18) ISSN
1606-146X, ctp.78- 84

13. Bo3oOHoBnsiemast sHeprus. EsxxekBapTanbHbIi uHpOpMaMOHHBIA Orosierens. M3nanue
Poccuiickoro nentpa conneynoit s3neprun. OIIDT CHI'. Mocksa. "Untepconapuentp"”

14. T'epacumenko A.Jl., ®enun BT. Ilepenaua u pacnpeneneHue 31eKTpUuecKoil 3Hepruu. Po-
cToB Ha Jlony, uza. «®@enukc» 2014 r.

15. EBpokynuH ['.A. DekTpruecKkue CUCTEMBI U CeTH: YueOHOe MOocoOHue IS 3JIEKTPOIHEpre-
THYECKHX criell. By30B. - CII0.: U3marenscTBo CuzoBa m.11., 2014,
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16. Ynpasnenne kauecTBoM 3ekTpodHeprun/ nmox 10.B. Illaposa. - M.: MBOU, 2016

2. «Energy-saving technologies in electric power engineering and automationy.

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 guality 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.

List of literature

1 KonocoB O. C [u np. TexHuueckue cpeicTBa aBTOMATHU3AlUU U YIPABICHUS: YYCOHUK
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3 CazonnukoBa, H. A. YmopaBneHue TeXHOJIOTHUYECKUMU Tpolieccamu: y4yebd. mocodue / —
Camapa: M3garenscTBo Camapckoro yauBepeuteTa, 2017, — 192 c.

4 Boponun U. ®@., Aanpees C. A., ABToMaTH3aI1s TEXHOJIOTHYECKHUX TIPOIIECCOB U CUCTEMBI
ABTOMATUYECKOT0 YIPaBJICHUS. 2-€ U3JaHUE, UCIPABICHHOE U JomoJiHeHHoe —M: : 3naTens-
ctBo IOpaiit, 2018. — 386 c.

5 ®enopos F0.H CnpaBounuk nnkenepa no ACYTII, [IpoexktupoBanue u pazpaborka, Tom
1, M.: Undpa-Unxenepus, 2016. — 448 c.

6 Mamugeiikun B.T., ®ponos CB., lllextman M.b. [Ipumenenne SCADA-cuctem s aBTO-
MaTHU3ally TEXHOJOTHUYECKUX MPOoIeccoB: YueOHoe nocodbue. -M.-Tamb60B: MammHocTpoeHue, -
2014. - 176 c.
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7 Hupnua, A.M. OnTumManpHOE yIpaBieHUE TeXHOJOTHUYeCKuMU mporeccamu / A.M. Iup-
auH. - JI.: Dueproaromuzaar, 2015. - 400 c.

8 Mepxkep, 3. D. DHeprocOepekeHHE B TPOMBIIIUICHHOCTH U DKCEPreTHUYCCKUN aHAIN3 TeX-
HOJIOTUYECKUX TpolieccoB. YdueOHoe mocobue / 3.3. Mepkep. - M.: THT, 2014. - 316 c.

9 OrneHka PKOHOMHUYECKOH 3(h(HEKTUBHOCTH dHEprocoepexkenus. Teopust U npakTuka. - M.:
Tennosnepreruk, 2015. - 400 c.

10 Csupmepckas, O. B. OcHoBbl 3HEeprocoepexenus. - M.: TerpaCuctemc, 2016. - 176 c.

11  Cwmarynosa K.K., Bpeiino 1.B., CarutoB I1.11. DueprocOeperaromiye TeXHOJIOTHH B aBTO-
MaTH3aIuu ¥ 3JIeKTpodHepreTuke: y4ued. mocodue. — Kaparanma: M3a-so Kapl' TV, 2017. — 102
c. ISBN 978-601-315-254-7

12 AspneeB JI.A. DHeprocOeperaromme TEXHOJIOTHU B YIOJbHBIX MaxTax: MoHorpadus / Ka-
paraHIMHCKUN TOCYyAApCTBEHHBIM TeXHUYeCKUW yHuBepcuteT. — Kaparanma: M3g-so Kapl'TV,
2018. — 159 c. ISBN 978-601-315-496-1

13 ApyrionsH, A. A. OcHOBHI 3HEprocOepexenus: MoHorp. - M.: DHeprocepsuc, 2014. - 600
C.

3. «Non-traditional and renewable energy sourcesy.

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

List of literature

1. Yaanos C.H. Bo3o6nosnsembie ucrounuku suepruu / C.H. Y nanos // HoBocubupck: HI'TVY,
2014.-459c.:.ISBN 978-5-7782-2467-4 (31eKTpOHHBII pecypc)
http://znanium.com/bookread2.php?book=556622

2. Cubukun 1O. JI. Texnonorus sueprocoepexenus [ IIeKTpoHHbIH pecypc]: yaeoHuk / FO. 1.
CubukuH. - MockBa: U3znarenbctBo '@OPYM!', 2013. - 352 c. - (IIpodeccuonansHoe 0Opa3zoBa-
Hue). - ISBN 978-5-91134-596-9. — Pesxum nocryma: http://znanium.com/go.php?id=400962

3. Traiinemn [[x. BozooHoBmsiembie uctrounuku sueprun [Tekct] / k. Traitnenn, A. Yaup ;
nep. ¢ auri. B. A. Kopo6kosa. - Mocksa: Dueproaromusnat, 2020. - 408 c.: ui. - bubaunorpa-
¢us: c. 386-387. - 3arnmaBue u aBT. opuruHaiga: Renewable energy resources / J. W. Twidell, A.
D. Weir. - B miep. - ISBN 5-283-02469-5 (pyc.), 1990. - 392 c. - ISBN 0-419-12000-9 (anr.).

4. TIpotaceBuy A. M. DHeprocbepekeHrne B CUCTeMax TEII0Ta30CHA0KEHNU s, BEHTUIISALIUN U
KOH/IMITMOHUPOBAHMS BO3AyXa [ DIEeKTpOHHBIN pecypc] : yuedHoe nocobue / A. M. IIporaceBuu.
- Mockga: OOO 'Hayuno-u3narensckuit nientp MHOPA-M', 2013. - 286 c. - ISBN 978-5-16-
005515-2. - Pexxum mocryma: http://znanium.com/go.php?id=405334.

5. Cubukun 1O. [[. HetpanuuuroHHbIe 1 BO30OHOBIIIEMbIE UICTOUYHUKH dHEpruu [TekcT]: yueOHOe
nocobue / 0. JI. Cubukun, M. 0. Cubukus. - MockBa: KHOPVYC, 2012. - 228 c. - ISBN 978-5-
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http://znanium.com/bookread2.php?book=556622
http://znanium.com/go.php?id=400962

406-00278-0. (21 »x3.). [Iporpamma qucrunauasl "HeTpaauioHHbIe U BO30OHOBIISIEMBIC HC-
touHukH sHeprun’; 13.03.01 TerosnepreTrka U TEIIOTEXHUKA; CTAPIINI MpEnoaBareb, 0/c
XasueB M.JL.

6. JIsmxos B. U., Ky3emun C. H.. Hetpaguunonssie ¥ BO30OHOBIsIEMbIE HCTOYHUKH YHEPTUU:
ydyeOHoe nocobue [DnexkrpoHHsIit pecype]. — Tam60B: U3a-so ®I'BOY BIIO «TT'TY», 2012. —
95c., (http://biblioclub.ru/index.php?page=book&id=277820).

7. ®ensuun B. S. IHHOBaIIMOHHBIC TEXHOJOTHUH VISl TOBBIMIEHUS 3P HEKTHBHOCTH aJITalCKOM
sHepreTuku. — baprayn: [0. u.], 2014. 1u20.9(571.15) @ 356, HTb AntI'TY um. U. U. Ton3y-
HOBA.



http://biblioclub.ru/index.php?page=book&id=277820

2. List of topics for Module 2 «Scientific and technical problems of energy».

Disciplines:

1. «Theory of Experimenty.

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.

List of literature

1Edumosa O.B., Mouceesa M.B., 10.A. llladppun IIpakTHKyM O KOMIIBIOTEPHOW TEXHOJIOTHH.
[Tpumeps! u ynpaxxnenus. - Mocksa: ABF, 2017

2T opsiueB A., lladpun FO. Ipaktukym 1o nHpopMannoHHBIM TexHoJIorusaM. M.: Jlaboparopust
0a30BbIX 3HaHMH, 2011

3Cun B.M. Metoanueckue yka3anus K 1a00paTopHBIM padotam 1o Kypey «lIpumenenne 9BM
B JIEKTPUYECKUX pacueTax u skcrepuMmenTey». Kaparanna: Kapl'TV, 2014.-52c.

4 JlokyMeHTallMs K [MaKeTaM MPUKIaIHbIX IPOrpaMM.

Sbopucos FO.M. , Jlunaros /[.H., 3opun FO.H. Dnekrporexnuka: YuebHoe nocodue ajsi By30B.-
M.,2015.-552c.

6 bonotos, A.B. HerpanuiuoHnHsie 1 BO300HOBIISIEMbIE UICTOUHUKHU 3JIEKTPOIHEPTHH: YdeOHOe
nocobue it ctyaentoB / A. B. bonoros, 2011. - 78 c.

2. ""Electric drive control systems™.

1 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.




U/t = const
Frequency control .
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 systems in tracking modes and in positioning modes. Adaptive electric
drive control systems.

8. Software implementation of electric drive control tools.

List of literature

1. Cucrtembl ynpaBJICHHs SJEKTPOTEXHUYECKUMHU KOMIUJIEKCaMH: y4eOHOoe mocobue s
CTYJIEHTOB M MAarucTtpantoB cnenuainbHocter 6M070200-"ABToMaTu3anuss U yrpasieHue",
6MO071800 - "Dnekrpo3nepreruka’, "CucreMbl ynpaBlIeHUs JIEKTPOTEXHUYECKHUMU KOMILJICK-
camu", "Cucremsl ynpasienus snektponpusogamu’ / W. B. bpeiino, JI. M. Jlanuna; Munuctep-
CTBO oOpa3oBanusi U Hayku PecmyOnmuku Kaszaxcran, KaparanauHCKuil rocygapcTBEHHBIH TEX-

HU4eckui yHuBepcuter, Kadenpa "ABTomaTtuzanus mpou3BOACTBEHHBIX MporeccoB”. - Kapa-
ranga: Kapl'TY, 2018. - 94 c.: un. - (Peitrunr). - ISBN 978-601-315-472-5
2. CucteMbl ynpaBieHUS 3JEKTPOTEXHUUYECKMMM KOMIUIEKCaMH: yueOHoe mocolue Juis

CTYJ€HTOB, MarucTpantoB crenuainbHoctd 6MO071800 "Dnexrposnepreruka”, 6M070200 "As-
toMatu3anus u ynpasinenue" / U. B. bpeiino, JI. M. Jlanuna. - Anmatsl: Cyber Smith, 2018. -
122 c.: un. - (Peiituar). ISBN 978-601-310-519

3. CucteMbl ynpaBieHUs U KOHTPOJII aBTOMaTU3HMPOBAHHBIX TEXHOJIOTMYECKHX KOMILIEK-
coB (dactp 2): yue6. mocooue / b.H. ®emmn, K.M. Toxmerosa; Kaparanauackuii rocynap-
CTBEHHBIN TexHUYeCcKUi yHuBepcureT. — Kaparanna: M3a-so KapI'TV, 2018. 100 c. ISBN 978-
601-315-460-2

4. MHOroCBsI3HbIE CyNEepBU30PHbIE CUCTEMBl YIPABJICHUS YIIeJO0BIBAIOIIMMU MallllHa-
mu: MoHorpadust / b. H. @emmnn; M-Bo obpazoBanus u Hayku PK, Kaparanaunckuit rocynap-
CTBEHHBIN TexHW4eckuil yHuBepcuteT, Kadeapa "ABroMaTu3zaius mpou3BOJACTBEHHBIX MPoOIEC-
coB". - Kaparanna: KapI'TV, 2018. - 165 c. - (Petitunr). ISBN 978-601-315-470-1

5. CucteMbl ynpaBieHUsI U KOHTPOJISE aBTOMAaTHU3HMPOBAHHBIX TEXHOJIOTHMYECKHX KOMIIJICK-
coB (dactp 1): yue6. mocobue / b.H. ®emmn, K.M. Toxmerosa; Kaparannuuckuii rocynap-
CTBEHHBIN TexHn4yeckuit ynusepcutet. — Kaparanna: MU3na-so Kapl' TV, 2017. — 107 c. ISBN 978-
601-315-347-6

6. CucteMbl OnepaTuBHO-TUCIIETYEPCKOTO YIPABICHHUS aBTOMATH3UPOBAHHBIX TEXHOJIO-
THYECKUX KOMIUIEKCOB: yueOHoe mocooue mis maructpantoB / b. H. @emun, I'. U. Tlapmumna;
KaparannuHckuil rocynapcTBeHHbI TexHudeckuid yHuBepcuter, Kadenpa "ABTomaTuzanus
MPOU3BOJICTBEHHBIX mporeccoB”. - Kaparanga: Kapl'TV, 2017. - 96 c. - (Pefitunr). ISBN 978-
601-315-271-4

7. CucTteMbl aBTOMATHKM U TEJIEMEXaHUKHU: ydyeOHOe mocoOue Ui CTyJIEeHTOB M Maru-
crpantoB / I'. A. Om, B. B. KaBepun; Kaparanauackuii rocy1apCTBEHHBIH TEXHUYECKUM YHH-
Bepcute. - Kaparanga: Kapl'TV, 2015. - 145 c. - (Peiitunr). ISBN 978-601-315-044-4

8. Co3naHue ¥ SKCIUTyaTalusl aBTOMaTU3UPOBAHHBIX CUCTEM: YueOHOe 1mocodue JUIsl Maru-
CTPAHTOB U JIOKTOPAHTOB criell. "ABToMaTH3alys U ynpasienue" u "Dnextposnepreruxa” / JI.
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A. ABneeB; M-Bo oOpa3oBanus u Hayku PK, KaparanauHckuii rocy1apcTBEHHBIN TEXHUUECKHUI
yauBepcureT. - Kaparanga: KapI'TV, 2014. - 128 c. - (Peiitunr). ISBN 978-601-296-774-6

9. ABTOMaTH3UPOBAHHBIE CUCTEMbI KOHTPOJIS U YIIPaBJICHUS 0€30MaCHOCTHIO B YTOJIbHBIX
mraxtax: moHorpadus / JI. A. AeneeB; KaparanauHCKuii rocy1apCTBEHHBIH TEXHUYECKHH YHH-
BepcuTteT. - Kaparanga: Kapl'TV, 2013. - 193 c. : un. - (Pefitunr). - ISBN 978-601-296-469-1

3. «Modeling of electric drivesy.

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 (AAVI1) 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.

List of literature

1. OpapinieB B.M. Maremaruueckoe onrcanue 00ObeKTOB aBToMaru3zauuu. — M.: MammHo-
ctpoenue, 2019. — 360c.

2. bammapun A.B., HoBukoB B.A., Cokonosckuii I'.I'. YnpaBienue anekTponpuBogamMu: Y4eo-
Hoe nocoOue Juist By30B. — JI.: DHeproaromusnart. Jlenunrp.ota-uue, 2017.- 392c.

3. Heitu A.M. Metoasl uaeHTH(OUKAIIMA JTUHAMUYECKHMX 00BekToB. — M.: Dueprus, 2019. —
240c.

4. Porau B.S. Pacuer nuHaMHKH MPOMBINIJIEHHBIX aBTOMATHYECKHUX CHUCTEM PETyJIUPOBAHUSA.
M.: Dueprus, 2020. — 440c.

5. benenwkuit A.M., bepapimies B.®., biimaos O.M., Karanos B.}O. ABromaTudeckoe ymnpasiie-
HUE METAJUTypPrUUYeCKUMHU MpoLeccaMu: YYeOHHUK Ui BYy30B. — C

6. /esxonoB B.Il. MATLAB 6/6.1/6.5. / Ilox pen B.b. fIxoiesa. M.: Beicmas mkoina, 2016.—
263c.

7. Kapnamyk B.W. Dnextponnas nadoparopus Ha IBM PC. JlaGopaTopHblii mpakTHKyM Ha Oa3e
Electronics Workbench u Matlab. M.: COJIOH-IIpecc, 2014




3. List of topics for Module 3 «Programming Industrial Controllers».

Disciplines:
1. «Programming industrial controllersy.

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 TI1A-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.

List of literature

1. [TerpoB U. B. [Iporpammupyembie KOHTposiepbl. CTaHAAPTHBIC S3BIKU U MPUEMBI MIPH-
KJIaAHoro npoektupoBanus; pea. B. I1. [Ipskonosa / U. B. Iletpos - M.: COJIOH-IIpecc, 2016.
—255c.

2. l'opman, I1. M. UHCTpyMEHTH HpPOrpaMMHUPOBAHUS MPOMBIIIIEHHBIX KOHTPOJIIEPOB.
SFC : yue6. mocoo6ue / I1. M. IN'odwman, I1. A. Kysuenos, B. B. Jloces ;. — Kpacnosipck: Cubl'y
uM. M. ®@. PemierneBa 2019. — 84 c.

3. Ceprees, A. U. IlporpammupoBaHue KOHTPOJUJIEPOB CHUCTEM aBTOMATH3alUM: yueOHOE
nocobue / A. U. Ceprees, A. M. UepHoycosa, A. C. PycseB. — OpenOypr: OI'Y, 2016. — 125 c.
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YEeCKHMH TpoleccaMu: yaeOHo-mMeToanueckoe nocodue/ BIITD CITGIYIIT/. CII6., 2019. — 68
C

5. PykoBoactBo nporpammucra CODESYS. AI'C®.421445.005 PII — ExarepunOypr: Kb
AT’ABA-2020. - 155 c.

6. [Tapmmna I'. Y. TIporpammHuoe oOecriedeHne MPOMBIIIUICHHBIX KOHTPOJIJIEPOB: Y4eOHOE
nocobue. Y. 1. — Kaparanna: KapI'TV, 2018. - 110 c.

1. [Tapmmna I'. Y. IlporpammHoe obecnieueHre MPOMBIIUIEHHBIX KOHTPOJUIEPOB: yueOHOe
nocobue . Y. 2. — Kaparanna : KapI'TV, 2019. - 105 c.

8. PykoBoactBo mosb3oBarenss no nporpammupoBanuto IIJIK B CoDeSys: IIK IIposor
(Pycckas penakiusi), 2017. — 453 c¢. URL: http://www.kipshop.ru/ CoDeSys /

9. Buzyanuzanus CoDeSys. JlononHeHne K pyKOBOJCTBY MOJIb30BATENS MO MPOrpaMMHPO-

Banuto [IJIK B CoDeSys 2.3 — IIK [IIpomor (Pycckas penmakuusi), 2018. URL:
http://www.kipshop.ru/ CoDeSys / steps / codesys_visu_v23_ru.pdf

10.  SIMATIC HMI. WinCC. Hauasno pa6oTsl. PykoBoACTBO. DIEKTPOHHOE H3JaHHE.

11.  Pycckas moxymentanus no SIMATIC, OOO «Cumenc» JlenapTaMeHT TEXHMKH aBTOMa-
TU3aLKUHU U TPUBOJOB: MOCKBa. DJIIEKTPOHHOE U3AaHUE.

12.  Tporpammupyemsiii koutpomtep S7-300. SIMATIC. Jlaunbie mMomyneil. CrpaBodHOE
pykoBoactBo. SIEMENS. Dnexrponnoe uznanne ASE00105505-03.
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13.  TIIporpammupyemsiii koutpomiep S7-300. Jaunsie CPU, CPU 31xC u CPU31x. Cnpa-
BouHOE pyKoBoacTBO. SIEMENS. Dnexrponnoe m3nanue ASE00105475-02.
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3. List of topics for Module 3 «Design of electric drive systemsy.

Disciplines:

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

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-
ty.

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. ®emwmn b.H., INapmmna I'M. u ap. KomnbroTepHoe MojaenupoBaHue U HAECHTU(UKALNA
ANIEKTPOTEXHUUECKUX KoMILIeKcoB: YuebHoe nocodue. Y.1. Kaparanna: Kapl'TV, 2015. 98c.

2. ®emun b.H., ITapmuua I'"M. u np. KomnbioTepHoe MoAenMpoBaHWE W HUICHTU(UKAITUSL
ANIEKTPOTEXHUUECKUX KOMILIEKcoB: YueOHoe nocodue. Y.2. Kaparanna: KapI' TV, 2015. 88c.

3. ®emmn b.H., IMapmmua I''U. u np. KoMmmbelorepHoe MOAETUpOBaHHE M WACHTHU(DUKAIHS
AIIEKTPOTEXHUYECKMX KOMIUIEKCOB: YuebHoe nmocobue. Y. 3. Kaparanna: Kapl'TVY, 2016. 64c.

4. @emnn b.H., IMapmmna I''U. IlporpammHBIE cpeicTBa M TEXHOJOTMH MOJEIUPOBAHUA.
(vactp 1). Yuebnoe noco6ue /b.H. ®emun, I'.1. [Tapmmna; KaparanauHckuil rocyiapCcTBeHHBIN
TexHu4yeckni yausepcureT. — Kaparanna: M3n-so Kapl'TV, 2017. — 82c.

5. ®emun b.H., [Mapmmua I'M. IlporpaMMmHBIe CpeACTBa U TEXHOJOTUH MOAEITHPOBAHMUS.
(uacTb 2). Yuebnoe nocodbue /b.H. @emmun, I'.U. [Mapmuna; KaparanauHckuil rocy1apcTBEHHBIH
TeXHU4Yeckuil ynusepcutet. — Kaparanna: M3a-so Kapl' TV, 2017. — 121c.

2. «Automation of electrical complexes of mining and metallurgical productiony.

1. 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.
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ctpoenue, 2019. — 360c.
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M.: Dueproaromusnat, 2018. — 464 c.: un.

7. TexHuka YTeHHs] CXeM aBTOMAaTUYECKOT0 yMpaBJeHUs U TexHojoruueckoro koHtpois / [A.C.
Kioes, b.B. I'nazos, M.b. Munaun, C.A. Kmtoes]; Ilox pea. A.C. Kitoea. — M.: DHeproatom-
m3gat, 2015. — 432 c.: ni.
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2021. - 712 c.
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The subject of the Essay
$$$001
DC and AC electric motors.

$$$002
Electroconverting devices in the electric power industry.

$$$003
Sensors in the electric power industry and electromechanics.

$$$004
Electrotechnological systems and complexes.

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

$$$006
High-voltage electric drives.

$$$007
Features and structures of control and protection systems for high-voltage power transmis-
sion lines.

$$$008
Adaptive control systems for electric drives.

$$$009
Mathematical modeling of electric drives.

$$$010
Typical structures of controlled DC and AC electric drives.
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1. The program of the entrance exam for Module 1 «Modern problems of electric power
engineering» (list of exam questions).

1. The concept of "Electric power industry”. Objects of analysis and research in the specialty
"Electric Power Engineering”. Electrical engineering complexes. Electrical engineering systems.
2. Classification of electrotechnical complexes and electrotechnical systems.

. Traditional technologies for generating electric energy.

. Methods and technologies of using electric energy.

. Methods and technologies of electric power transmission.

. Theoretical foundations of electrical engineering. Methods for calculating DC circuits.

. Theoretical foundations of electrical engineering. Methods for calculating AC circuits.

. Theoretical foundations of electrical engineering. Electromagnetic induction. Principles of op-
eration and patterns of conversion of mechanical energy into electrical energy. Electric genera-
tors.

9. Theoretical foundations of electrical engineering. Principles of operation and patterns of
conversion of electrical energy into mechanical energy. Electric motors.

10. Theoretical foundations of electrical engineering. Three-phase circuits and systems. The
principle of operation of asynchronous electric motors.

11. Theoretical foundations of electrical engineering. Transients in electrical circuits.

12. The balance of active and reactive power in the electrical system.

13. Characteristics of the quality of electricity. Network influence on the propagation of con-
structive interference.

14. The influence of electricity quality on the operation of electric receivers.

15. Means of measuring the quality of electricity.

16. Quality control of electric power. Automated metering systems and power consumption
parameters.

17. Methods and technical means of ensuring the quality of electricity.

18. Types of regulated asynchronous electric drives and their energy indicators.

19. Ways to reduce power consumption when using electric drives.

20. Automation of technological processes based on a frequency-controlled electric drive as a
means of resource conservation and energy conservation. The main ways to increase the energy
efficiency of electric drives.

21. Energy efficiency of asynchronous electric drives of kinematically connected electric
drives.

22. Energy efficiency of asynchronous electric drives of centrifugal pumps.

23. Energy efficiency of asynchronous electric drives of fans and turbochargers.

24. Energy efficiency of asynchronous electric drives of reciprocating machines.

25. Energy efficiency of asynchronous electric drives of conveyors and transporters.

26. Energy efficiency of control of arc steelmaking furnaces.

27. Features of semiconductor frequency converters.

28. Efficiency of transformation systems in housing and communal services facilities.

29. Classification of renewable sources of electric energy.

30. Principles of using solar energy to generate electric energy.

31. Principles of using wind energy to generate electrical energy.

32. Principles of using the tides of the sea to generate electric energy.

33. Principles of using biological waste to generate electrical energy.

34. Principles of using geothermal energy to generate electrical energy.

35. Principles of using nuclear fission energy to generate electrical energy.

36. Principles of using thermonuclear fusion to generate electrical energy.

37. Principles of generating electric energy based on hydrogen energy.

38. Principles of construction of energy storage devices when using non-traditional sources of
electric energy.

cONO O~ W
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39. Reconstruction and modernization of the technical equipment of electric power plants.
Problems and prospects of development of non-traditional and renewable energy sources.

40. Energy and technological opportunities and prospects for the use of non-traditional and
renewable energy sources for energy supply to combined and autonomous consumers.

41. Problems of electricity transmission in backbone networks. Problems of electricity trans-
portation in distribution networks. The problem of ensuring the capacity of electrical networks of
different classes of rated voltage. New tasks and control objects in electrical networks.

42. Control of reactive power flows in electrical networks. The problem of the quality of elec-
tricity in its transmission and distribution. Transfer of networks to power transmission lines and
new generation equipment. The main trends in the development of electric networks.

43. Principles of construction and structure of automated technological complexes (ATC)
with multi-motor electric drive systems. Typical ATC structures.

44. Principles of construction and structure of automated technological complexes (ATC)
with multi-motor electric drive systems. Technical means of ATC complexes.

45. Principles of construction and structure of automated technological complexes (ATC)
with multi-motor electric drive systems.

46. Power networks of ATC (automated technological complexes).

47. Principles of construction and structure of automated technological complexes (ATC)
with multi-motor electric drive systems.

48. ATK information networks.

49. Operating modes of the technological equipment of the ATC.

50. Control algorithms for electric drives, mechanisms, units and complexes. Mathematical
models and structures of control systems.
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2. The program of the entrance exam for Module 2 «Scientific and technical problems of
energy» (list of exam questions).

1. Mathematical modeling as a means of understanding and analyzing technical systems.
Purpose, types and functions of models.

2. Mathematical models, mathematical modeling, basic concepts and definitions.

3. Tasks of studying electrical systems using methods of mathematical and simulation
modeling.

4. Identification. Basic concepts and definitions. Mathematical foundations of modeling
dynamic systems.

5. Features of technological processes as objects of modeling and identification.

6. Concepts of methods of identification of technical systems in static modes.

7. Concepts of methods for identifying technical systems in dynamic modes.

8. Methods for obtaining and forms of presentation of mathematical models of dynamic
systems (using examples of a DC motor with an independent excitation winding).

9. Algorithms and software for solving problems of modeling dynamic systems on a PC.
10.  Mathematical modeling of dynamic systems in the WINDOWS environment in

the TURBO-BASIC algorithmic language.

11. Modeling of dynamic systems by the method of reducing the order of the derivative in
the environment of problem-oriented application packages.

12. MATLAB-SIMULINK software system. Extensions of MATLAB software for identifi-
cation of dynamic objects and systems.

13.  Extensions of MATLAB PPP for studying electrical engineering objects and systems.
Simulink library — prototypes of electrical engineering blocks.

14.  Features of modeling power electronics circuits. Software systems for circuit modeling
Proteus and Multisim.

15.  Symbolic modeling software system MathCAD.

16.  Adaptive systems for automatic control of technical objects with modeling and identifi-
cation loops.

17.  Adaptive automatic control systems with identification of models based on monitoring
results using SCADA systems.

18.  Calculation schemes of automated electric drive. Basic equation of motion of electric
drive.

19.  Calculation schemes of the mechanical part of the electric drive. Typical static loads of
the electric drive.

20. Dynamic processes in the mechanical part of the electric drive.

21.  Classification of automatic control system of electric drive and automated control system
of electric drive.

22.  Relay control systems for electric drives.

23.  Principles of construction of automatic control systems for adjustable electric drives.

24.  Main design parameters of DC motors in automated electric drive systems.

25. Mathematical models of DC motors.

26.  Typical circuit diagrams of an automated DC electric drive.

27. Irreversible electric drive TPD.

28. Mathematical modeling of elements and systems of automated AC electric drives.

29.  Principles of construction of automated AC electric drive systems.

30.  Parametric optimization of dynamic systems.

31. A technique for planning full factorial experiments and steep ascent in the direction of
the antigradient of the objective function.

32.  Design stages and composition of projects for electric drives and automation systems.
33.  Technical means of automated electric drive systems.

34.  Calculation of operating modes and selection of automated electric drives.
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35.  Software for automated electric drives.

36.  Technical means of automation systems.

37.  Software for automation systems.

38.  Technologies for increasing the reliability of automated electric drive and automation
systems.

39.  Technologies for designing automated electric drives and automation systems.

40.  Technologies for carrying out installation, adjustment and operational work with auto-
mated electric drives and automation systems for technological processes.

41.  The concept of integrated technologies for creating electric power systems. Complete
DC electric drives.

42.  The concept of integrated technologies for creating electric power systems. Complete
AC electric drives.

43.  Electromechanical and electrical complexes as components of integrated automation sys-
tems.

44.  Characteristics of the current state of energy saving in the electric power industry and the
level of efficiency of energy resources. The main reasons for the low energy efficiency of facili-
ties.

45.  Review of regulatory legal acts governing relations on energy saving and increasing en-
ergy efficiency in energy supply systems.

46.  Characteristics of electric power facilities by energy intensity and energy saving poten-
tial. Directions for reducing energy costs.

47.  Priority areas, activities and technologies for energy saving in electric power systems
and their characteristics by types of activity: electricity generation, transportation and distribu-
tion of electricity, electricity consumption.

48.  Characteristics of competitive energy market models. Reasons for creating a wholesale
electricity market.

49. Nuclear energy problems. How will the NPP affect energy stability? Will there be stable
electricity tariffs?

50.  Thermal energy on organic fuel. Hydropower. Ocean energy conversion plants.
Geothermal energy. Nuclear energy. Wind energy. Solar energy.
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3. The program of the entrance exam in Module 3 «Programming of industrial control-

lers», «Design of electric drive systemsy.
(list of exam questions).

1. Operation of industrial logic controllers with analog input signals, standard input signal
ranges.

2. ESC 61131-3 standard, general information about programming languages of industrial
controllers.

3. FBD (functional block diagrams), LAD (relay-contact automation) language.

4. The structure of a modern industrial controller.

5. Interfaces of industrial controllers.

6. Types of inputs and outputs of industrial controllers.

7. High-performance industrial logic controllers.

8. Physical interfaces of industrial networks.

9. Standardization of signals. Operating conditions of industrial logic controllers.

10. The main differences between an industrial computer and industrial controllers.

11. Basic requirements for industrial logic controllers.

12. Distributed control systems with industrial logic controllers.

13. The design of industrial logic controllers.

14. Programmable controller SIEMENS Simatic S7-300. The nomenclature and the composi-

tion of the modules.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.

28
techn
29

Degrees of protection of industrial logic controller enclosures.

IBM-compatible logic controllers.

Standard interfaces RS-232, RS-422, RS-485.

Real-time modes and limitations on the use of industrial logic controllers.

Industrial networks.

The main disadvantages of PC-based control systems (personal computers).

Features of unified current signals.

The LD programming language.

AC current measurement modules.

Standardization of input signals of industrial logic controllers.

DC current measurement modules.

Industrial networks, their features and main differences from office networks.

The main advantages and disadvantages of serial data transmission.

. Historical review, current state and prospects of development of equipment of electro-
ical complexes.

. The purpose and classification of the components of the equipment of electrical complex-

es and the requirements for them.

30
31
nical

32.
33.
34.
35.
36.
37.
38.
39.
40.

. Power switching equipment.

. Controlled power converters of electric energy as elements of equipment of electrotech-
complexes.

Electromechanical energy converters.

Classification and general characteristics of sensors in an electric drive.

Equipment for protection and alarm circuits.

Electrical, mechanical, thermal and structural calculations of insulating structures.
Technical specifications of cables and wires.

Protective protection against electrical corrosion.

Power cables up to 1000 V, types, design, scope of application.

High-voltage cables (over 1000 V), types, design, scope of application

Digital communications in the management of electric power facilities. Information and

communication.

41

. Digital communications in the management of electric power facilities. A model of the

communication process.
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42. Digital communications in the management of electric power facilities.

43. Communication in the management of technical processes.

1. Digital communications in the management of electric power facilities. Hierarchical struc-
ture of technical processes.

2. Digital communications in the management of electric power facilities. Protocols of auto-
mated electric power facilities.

46. System integration in the electric power industry. Integration of electric power industry
systems.

47. System integration in the electric power industry. Levels of integration.

48. System integration in the electric power industry. Choosing the integration level.

49. Describe the programming language on which the ST language is based.

50. Describe the levels of use of industrial controllers in the automation process and what
functions they perform.
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