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CAE - Computer-aided engineering
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Beenenue

BBEJIEHUE

B nocobuu u3noxxeHsl MaTepuaibl IPaKTHYECKON 4acTH Y4eOHOTO
kypca «TexHomormum  pa3pabOTKH  3€JIEHBIX  PETYJISATOPOB U
poboTtorexnnueckux cucrem» (Technologies of Green Regulators and
Robotics Development), TOArOTOBIEHHOTO [UIsi MAarucTPaHTOB B
pamkax mpoekta TEMPUS «Green Computing & Communicationy
(530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR). Kypc mnocesiiexn
METOI0JIOTHH u MpaKTHUKe pa3paboTKH «3EJICHBIXY,
9Heprod((h)eKTUBHBIX CUCTEM YTPABJICHUS CIIOKHBIX TEXHOJIOTHUECKUX
U TEXHUYECKUX 00BEKTOB, B YACTHOCTH, POOOTOTEXHHUECKIX CUCTEM.

B mocobum mnpuBOAsTCS OmMHMCaHHWS Ja0OpaTOPHBIX paboT, B
MPHUJIOKEHHUSIX U3JI0XKEHBI ydeOHasi mporpaMMa Kypca U METOAUYECKHUE
PEKOMEH AT IO CaMOCTOSTETFHOMY M3yUeHHIO MaTepHajIoB Kypca.

[lepBrIit pazzmen MOCBSIMIEH MOAYIIO ydeOHOro Kypca «OCHOBBI
MSITKHX BBIYMCICHUH [UI «3€JICHOT0» YNPaBICHUS» M COJACPKHUT
TEOPETHUYECKUH MaTephal W OIMCaHWe TMOpPSAKA BBINIOJHEHHUS ABYX
nmabopatopHbIX padot. [lanHbIe TabopaTOpHBIE PaOOTHI HAIPaBICHBI HA
M3y4YeHHUE omepanui dazzuduraryu MePEeMEHHBIX B
9HeprodG(EeKTUBHBIX  CHCTEMax yIpaBIECHHS W  HCCICIOBaHHE
NPUMEHEHUS JIMHAMUYCCKUX HEHPOHHBIX ceTed Js MIeHTU(UKAIMH
CJIO’)KHOT'O SHEPIOEMKOT'0 00BEKTa PEryTUPOBaHUSI.

Bropoii pazgmen kacaercst — pa3paboTKM 3HEprocOeperarommx
PETYJIATOPOB — BTOPOrO0 MOAYJIs Yy4deOHOTO Kypca. DTO camblit
o0BeMHBIN pazfen. B HemM omucaHbl Tpu J1abOpaTOpHBIX PalOTHI, B
KOTOPBIX MarucTpantam HeoOXOANMO HCCIIE0BATh HHTEIUICKTYalbHbIC
CHUCTEMBl  PETYJIUPOBaHHWS M  YNPABICHUS  TEXHOJIOTHUYECKIMH
MpOoIlecCaMy Ha OCHOBE HEUECTKUX JTUArpaMM, HCCIICAOBATh PETYIISTOPHI
CHUCTEM  DJHEProcHaOXeHHsT U  JKH3HEOOeCmeueHHss 3JaHui ¢
NPUMEHEHHEM BO300HOBISIEMBIX HCTOUYHHKOB SHEPIUHM U HM3YUYHTh
CHUCTEMBl TEXHHYECKOTO 3PEHHs JUIi MOHHTOPWHTA M YIpPaBICHUS
TEXHOJIOTHYECKHUM IIPOIIECCOM 0OXKHUTA.

Tperuii pazgen packpbIBacT MPaKTHUECKYI0 M TEOPETHUECKYIO
4acTb  TpPeThero  Momyls  y4yeOHoro  kypca  «Pa3pabortka
9HEProdGHEKTUBHBIX CUCTEM YIPABIECHUSA B 00JIACTH POOOTOTEXHUKI.
B Hem mpuBeneHbl nBe JiabopaTOpHbIe pPa0OTHI, HAllCJICHHBIE Ha
CO3JIaHHE «3EJICHBIX» CHCTEM YIPaBJICHUS KaK JJIsl CTAllHOHAPHBIX, TaK
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Beenenue

W JUIS MOOWIIBHBIX POOOTOB. DTH CHCTEMBI IO3BOJISIIOT KaK CHHU3HTH
SHepromnorpedjIeHne MPHUBOJAOB C MOMOIIBIO TPEABAPUTEIHLHOIO
KOMITBIOTEPHOTO MOJCTUPOBAHUS CUCTEM YIpaBICHHUS
MaHUMYJSIIHOHHOTO po00Ta, TaKk W TMOBBICUTH AaBTOHOMHOCTH H
9HEPrOHE3aBUCUMOCTh  TEJIEYNPABIsIEMOr0  MOOMJIBHOTO  poboTa
Giaronapsi IPUMEHEHHUIO TEXHUYECKOTO 3PCHUSI.

Pucynku, Tabnumbl U (QopMynbl mis yAoOCTBa HYMEpPYIOTCS B
Mpejienax KakI0ro pa3ziena.

Kaura mpemHazHaueHa IS MarucTpaHTOB U aclUPAHTOB
YHUBEPCUTETOB, OOYYaIOUIMXCS MO HAIMPABICHUSM KOMIIBIOTEPHBIX
HayK, KOMIBIOTEPHOW M TPOTPAaMMHON WHXEHEPUH, MPH HIyUeHHUH
METOJIOB W CPEACTB pPa3pabOTKU «3eNeHBIX», 3Heprod(QeKTHBHBIX
CUCTEM YIIPABJICHUS CJIOXHBIMU TEXHOJIOTUYECKUMH U TEXHUYCCKHUMH
o0BEKTaMH, a TaKKe MOXKET OBITh MOJIe3HA JUIS IpEernojaBaTelei,
BEIIYIIHUX 3aHATUS IT0 COOTBETCTBYIOIIIM KyPCaM.

[Mocobue moaroroBneHo 3aBenytommM kadeapoit «TexHuuecKas
KHOEpHETHKa» belaropoackoro rocyaapcTBEHHOTO TEXHOJIOTHYECKOTO
yHuBepcutera uM. B.I'. lllyxoBa 11.1.H., mpodeccopom PyGanosem B.T'.
(pazmen 1 u mompazgen 3.1), A.T.H., mpodeccopom Marepryrom B.3.
(mogpaznensr 2.1, 2.3, 3.2), k.1.H., accucteHTOM Kadenpsl HOmuHbIM
H.A. (mogpaznensr 2.3 u 3.2), K.T.H., ToIeHTOM Kadeapsl bakaHOBEIM
A.I'. (mompazmen 2.1), crapmmm mnpenopaBareneM bymryessim J[.A.
(mompazgen  3.1), crapmmmM mnpemoaaBareneM Peibuneim  MLA.
(mogpaznen 1.1), marucrpantom KapukosiMm E.B. (mompazgen 1.2),
M.H.c. Kadenper Kommmmuem FO.A. (moampasgen 2.2.). Benenwue,
npunoxenust A, b moarorosnensr B.I'. Py6anossim 1 [I.A. FOnuueM 1
A.I. baxanoBeiM. OOmee peaaktupoBanue nposereHo B.I.
Py6anoBeiM u n.T.H., mpocdeccopom Xapuenko B.C. (xadenpa
KOMITBIOTEPHBIX CHCTEM M ceTed HaluoHanbHOro aj’spoKoCMHUYECKOTo
yuuBepcuteta umeHn H.E. JKykoBckoro «XA»).

ABTOpHI BBIPQXAIOT OJIATrOAAPHOCTH PEICH3eHTaM, KOJUIeraMm II0
MPOEKTY, COTPYOHWKaM Kadempsl 3a TICHHYIO HH(pOpMAITHIO,
METOJAMYECKYIO TIOMOIh U KOHCTPYKTHUBHBIC MPEJIOKEHUS, KOTOPHIE
BBICKA3bIBAJIMCh B TpOIlECCe OOCYXKICHUS TMPAKTUYCCKOH YacTH
JTAHHOTO Kypca.
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ABSTRACT AND CONTENT
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Technologies of Green Regulators and Robotics. Training. / Rubanov
V.G., Magergut V.Z., Yudin D.A., Bazhanov A.G., Karikov E.B., Bushuev
D.A., Rybin Y.A., Koshlich Y.A. — Edited by Rubanov V. G., Kharchenko V.
S. — Kharkiv: National Aerospace University named after N. E. Zhukovsky
“KhAI”. - 2015. - 112 p.

ISBN 978-966-662-713-4

Practical materials of study course “Technologies of Green Regulators
and Robotics Development” are developed within project TEMPUS «Green
Computing and Communication» (530270-TEMPUS-1-2012-1-UK-TEMPUS-
JPCR).

The course is devoted to the theory and practice of development of green,
energy-effective control systems for complex technological and technical
objects, in the particular case, robotic systems. It describes intelligent
approaches based on fuzzy logic, neural networks, and machine vision,
modeling of complex technological and robotic systems. In terms of
methodology the following were given: syllabus, description of laboratory
works and recommendations for independent learning of course.

The book is mainly addressed to MSc, PhD students of universities on
computer science, computer and program engineering, in particular studying
methods and tools for development of energy-aware control systems for
complex technological and technical objects. It could be useful for lecturers on
corresponding courses.

Ref. — 48 items, figures — 37
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Kypc npucssiueHnii MeTonosorii Ta NpakTUIl pO3pOOJICHHS 3eNICHUX
(eHEproeeKTUBHUX) CUCTEM VIPABIIHHSA CKIQJHUMH TEXHOJOTIYHUMH i
TEXHIYHUMH  00'€KTaMM, 30KpeMa, pPOOOTOTEXHIYHHMMH  CHCTEMaMH.
PosrnsmaroTeest iHTENEKTyalnbHI MMiIXOAW, 3aCHOBaHI HA HEUITKiM JOriMi,
HEHpPOHHMX MepeXaxX, MalIMHHOMY 30pi, Ha MOJEIIOBaHHI CKJIAJHUX
TEXHOJIOTIYHAX TIPOLECiB 1 pOOOTOTEXHIYHMX CcHCTeM. [IpHBOAWTHCS
HaBYaJbHA IIpOrpamMa KypcCy, NAETBCS OMHC JIAOOPATOPHHUX POOIT, METOIUIHI
pEeKOMEeHAAII III0/I0 CAMOCTIITHOTO BHBUEHHSI MaTepiary Kypcy.

Jnst MarictpaHTiB Ta acHipaHTiB YHIBEPCHTETIB, SIKi HaBYalOThCS 32
HanpsiMaM# KOMIT IOTEPHUX HayK, KOMIT'IOTEpPHOI Ta MPOrpaMHOI iHXKeHepii,
NPU BHBYEHHI METOJIB i 3aCO0IB pO3pPOOJICHHS 3€JCHUX CHUCTEM YIMpPAaBIiHHS
CKJIaJITHUMH TEXHOJIOTIYHMMH Ta TEXHIYHUMH 00’€KTaMH, a TaKOX MOXke OyTH
KOPUCHUM BHKJIaJia4aM BiMOBIHUX KYPCiB.

bi6s1. — 48 naiimenyBaHb, puCyHKIB — 37, Tabnuip — 7.
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[punoxenne A. YueOHas mporpamma

[MPUJIOXEHUE A. VYEBHAS [TPOTPAMMA
DESCRIPTION OF THE MODULE

TITLE OF THE MODULE Code
Technologies of Green Regulators and Robotics Development

Teacher(s) Department
Coordinating: Rubanov Vasily Technical Cybernetics
Grigorievich
Others:
Bazhanov Alexander Geraldovich
Karikov Evgeny Borisovich
Yudin Dmitry Alexandrovich

Study cycle Level of the module Type of the module
Master A compulsory
Form of delivery Duration Langage(s)
full-time tuition 1 cemectp english
Prerequisites

Co-requisites (if necessary):
Mathematical principles of soft logic

Prerequisites:

Automation Control Theory
Mathematical Analysis
Digital Control Systems

Credits of the
module

Total student
workload

Contact hours

Individual work
hours

144

72

72

Aim of the module (course unit): competences foreseeen by the study programme

Masters training to create and / or use energy-aware control systems of technological
objects and robots on the basis of mathematical soft computing methods: fuzzy logic,
neural networks, genetic algorithms.

As a result of studying the discipline Masters must:

1) Theoretical component:

— get a basic understanding of the problems scope associated with the issues in the field
of building intelligent energy-aware systems;

— have an understanding of the analysis and problem-solving methods of design and
control of complex systems based on artificial intelligence methods;

— have an understanding of the machine learning methods based on neural and neuro-
fuzzy networks;

— have an understanding on how to build control systems of technological objects and
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[punoxenne A. YueOHas mporpamma

robots based on machine vision;

— have an understanding of programming languages and technologies and intelligent
energy-aware systems;

2) Cognitive component:

— know the fundamental principles of green technologies;

— know the fundamental principles of the artificial intelligence methods;

— know the methods of construction various types of fuzzy control systems;

— know the methods of machine learning and knowledge;

— know the methods and principles of decision-making system;

3) The practical component:

— get an idea of choosing and using soft computing methods for building energy-aware
control systems;

— be able to develop various types of fuzzy and neuro-fuzzy control systems;

—be able to use a machine vision system as part of energy-aware control systems;

—be able to use methods and neural networks, genetic algorithms in designing of control
systems information provision.

Learning outcomes of module Teaching/learning
: Assessment methods
(course unit) methods
1. Analyze and  synthesize | Interactive lectures Module Evaluation
information; Practical and labs Questionnaire
. I ive 1 .
2. Ask and answer questions, to ntergctlve ectures Module Evaluation
. .. . Practical and labs . .
think critically and creatively; Questionnaire
3. Undertake research activities Interactive lectures
and assess the results obtained from . Module Evaluation
. Practical and labs . .
the wuse of qualitative and Questionnaire

quantitative indicators;

4. Formulate practical solutions .
Interactive lectures

to problems, effective use of time . Module Evaluation
. . Practical and labs . .

and available resources to achieve Questionnaire

the objectives of discipline;

5. Demonstrate flexibility, Interactive lectures

adaptability, initiative and self- . Module Evaluation
o o Practical and labs . .

motivation, the ability to express Questionnaire

their opinions;

6.  To improve and develop their | Interactive lectures Module Evaluation

intellectual and cultural level; Practical and labs Questionnaire

7. The ability for independent
learning new methods of research | Interactive lectures

and to change the scientific research | Practical and labs Module Evaluation

and production profile of their Questionnaire

professional activities;

8. Apply advanceq methods of Practical and labs Module Evaluation

researches and solving problems . .
Questionnaire

based on professional knowledge of
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trends  of
information

world  development
computer and
technologes;

9. Choose methods and
algorithms to develop energy-
efficient automation control and
robotic systems.

Interactive lectures
Practical and labs

Module
Questionnaire

Evaluation

Contact work hours

Time and tasks for

individual work

- =
2 2|8 o g =<
AEIFEHERERE
Themes S| S1El<|p 8 g =
S|lZ|E|E| 2| 2| 5|3 Tasks
I EIREIEIMEE
Ol |&£|R[TIE|E
— ol B
=15
Soft Mathematics for Green
Control (MM3.1)
1. Introduction in green control 1.3. Study off
systems. General course main terms off
characteristics 5 soft mathematics
1.1. Overview of soft mathematics
usage for green control
1.2. Main terms
2. Fuzzy sets theory methods for 24. Study off
the presentation and use of variables
knowledge at control systems fuzzification
2.1. Overview of fuzzy sets theory ’ 214 operations.
methods. 2.5. Research off
2.2. Main fuzzy operations. membership
2.3. Usage of Matlab for fuzzy functions
modelling properties.
3. Neural networks. 3.3. Research of]
Classification and Properties main neural
3.1. Overview of neural networks network
for classification, approximation and | 2 2 structures.
control tasks.
3.2. Usage of Matlab for neural
network modelling
4. Genetic algorithms. 4.3. Research
Foundations and the application for | 2 of foundations
control systems optimization and the
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4.1. Overview of evolution and
genetic algorithms.

application for
control

4.2. Control systems optimization systems
criteria optimization
5. Green fuzzy control systems. 5.3. Research
Classification structure and analysis of fuzzy
5.1. Introduction in fuzzy control control

systems for green tasks.
5.2. Usage of Matlab to fuzzy
control systems construction

systems usage
for green tasks

6.  Neuro-fuzzy modeling based
on soft computing

6.1. Overview of neuro-fuzzy
approach to processes modeling

6.2. Neuro-fuzzy models in Matlab

6.3. Research
neuro-fuzzy
approach  to
processes
modeling  in
Matlab

Energy-Aware Regulators

(MM3.2)

7.  Development of green fuzzy 7.3. Research of
regulators the basic
7.1. Overview of green fuzzy elements of]
regulators green fuzzy
7.2. Approaches to modeling of regulators
green fuzzy regulators in Matlab

8. Development of green hybrid 8.3. Study of]

fuzzy regulators

8.1. Overview of green hybrid
fuzzy regulators

8.2. Modeling of green hybrid
fuzzy regulators in Matlab

fuzzy inference
algorithms  for]
energy-aware

hybrid regulators

9.  Development of green
adaptive fuzzy regulators

9.1. Overview of green adaptive
fuzzy regulators.

9.2. Modeling of green adaptive
fuzzy regulators in Matlab

9.3. Study off
fuzzy inference
algorithms  for]|
energy-aware
adaptive
regulators

10. Development of energy-aware
neuro-fuzzy regulators

10.1. Structure of energy-aware
neuro-fuzzy regulators

10.2. Application of neuro-fuzzy
regulators

10.3. Modeling of energy-aware
neuro-fuzzy regulators in Matlab

10.4. Study off
the adaptive
neuro-fuzzy
control systems
functioning
based on models
of Mamdani and
Sugeno
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11. Regulators based on fuzzy
diagrams for the energy-aware
control of complex technological
objects

11.1. Fuzzy diagrams approach for
the energy-aware control.

11.2. Application of  regulators
based on fuzzy diagrams for the
energy-aware control of complex
technological objects

11.3.  Research
of fuzzy
diagrams
approach for the
energy-aware
control

12. Usage of computer vision
systems for the energy-aware
regulators development

12.1. Overview of computer vision
systems application for regulators
development.

12.2. Energy-aware properties of
regulators with computer vision

12.3. Example of computer vision
system for monitoring and control of
continious technological process

12.4. Research
of computer
vision  systems
for the energy-
aware regulators
development

Energy-Aware Control Systems
for Robotics (MM3.3)

13.  Energy-aware control systems
based on predictive models

13.1. Overview of energy-aware
control systems.

13.2. Predictive models of
continuous processes based on
neural networks.

13.3. Implementation of predictive
models for control systems in
Matlab.

13.4. The
research
methods of]
neural networks
for building
control systems

14. Control systems optimizing
with a genetic algorithm

14.1. Task of control
systems optimization to minimize
energy consumption

14.2. Optimization of mobile
robot control system parameters

14.3. Research
of genetic
algorithm

approach for|
optimization of]
mobile robot]
control  system|
parameters
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15. Development of fuzzy control 15.4.
system of horizontal movement Development off
drive motion-drive
15.1. Overview of  horizontal energy-efficient
movement drives. ’ 2|4 4 fuzzy control
15.2. Development of drive fuzzy system
control systems.
15.3. Modeling of horizontal
movement drive in
Adams/Machinery software package
16. Design of energy-aware 16.4. Research|
onboard control system hardware of of robot|
mobile robots hardware
16.1. Overview of approaches to modeling in
hardware design of mobile robots. ’ 2|2 4 Adams/Machine
16.2. Energy-aware onboard control ry software
systems of mobile robots. package
16.3. Robot hardware modeling in
Adams/Machinery software package
16.4.
17. Design of energy-aware 16.4. Research|
onboard control system software of of real-time
mobile robots operation
17.1. Approaches to design of systems of]
energy-aware onboard systems mobile robots
software. 16.5. Research|
17.2. Real-time operation systems of | 2 212 4 |of robot control
mobile robots algorithms
17.3. Robot control algorithms testing in
testing in Adams/Machinery Adams/Machine
software package and other ry software
packages. package and
other packages

18. Development of a higher- 16.5. Research|
level control system of a of  approaches
heterogeneous robots group and effective
18.1. Overview of task decided by algorithms to
heterogeneous robots group. 2 4 |control of
18.2. Approaches to control of heterogeneous
heterogeneous robots group. robots group
18.3. Effective algorithms of group
control

TOTAL: |36 18|18 72172
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‘Weight Dead-

Assessment . .
n - Assessment criteria
strategy o lines

Lecture activity, | 10 7,14 85% — 100% Outstanding work, showing a
including fulfilling full grasp of all the questions answered.
special self-tasks 70% — 84% Perfect or near perfect answers to
a high proportion of the questions answered.
There should be a thorough understanding
and appreciation of the material.

60% — 69% A very good knowledge of much
of the important material, possibly excellent
in places, but with a limited account of some
significant topics.

50% — 59% There should be a good grasp of
several important topics, but with only a
limited understanding or ability in places.
There may be significant omissions.

45% — 49% Students will show some relevant
knowledge of some of the issues involved, but
with a good grasp of only a minority of the
material. Some topics may be answered well,
but others will be either omitted or incorrect.
40% — 44% There should be some work of
some merit. There may be a few topics
answered partly or there may be scattered or
perfunctory knowledge across a larger range.
20% — 39% There should be substantial
deficiencies, or no answers, across large parts
of the topics set, but with a little relevant and
correct material in places.

0% — 19% Very little or nothing that is correct
and relevant.

Learning in | 30 7,14 85% — 100% An outstanding piece of work,
laboratories superbly organised and presented, excellent
achievement of the objectives, evidence of
original thought.

70% — 84% Students will show a thorough
understanding and appreciation of the
material, producing work without significant
error or omission. Objectives achieved well.
Excellent organisation and presentation.

60% — 69% Students will show a clear
understanding of the issues involved and the
work should be well written and well
organised. Good work towards the objectives.
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The exercise should show evidence that the
student has thought about the topic and has
not simply reproduced standard solutions or
arguments.

50% — 59% The work should show evidence
that the student has a reasonable
understanding of the basic material. There
may be some signs of weakness, but overall
the grasp of the topic should be sound. The
presentation and organisation should be
reasonably clear, and the objectives should at
least be

partially achieved.

45% — 49% Students will show some
appreciation of the issues involved. The
exercise will indicate a basic understanding of
the topic, but will not have gone beyond this,
and there may well be signs of confusion
about more complex material. There should
be fair work towards the laboratory work
objectives.

40% — 44% There should be some work
towards the laboratory work objectives, but
significant issues are likely to be neglected,
and there will be little or no appreciation of
the complexity of the problem.

20% — 39% The work may contain some
correct and relevant material, but most issues
are neglected or are covered incorrectly.
There should be some signs of appreciation of
the laboratory work requirements.

0% — 19% Very little or nothing that is correct
and relevant and no real appreciation of the
laboratory work requirements.

Module Evaluation | 60 8,16 The score corresponds to the percentage of
Quest correct answers to the test questions
Year No of Place of printing.
Author of Title periodical | Printing house or
issue or volume intrenet link
Compulsory literature
S. Haykin 2009 | Neural Networks and Prentice Hall, 906 p

Learning Machines.
—3rd ed.
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H. Zimmermann 2001 | Fuzzy set theory and Boston: Kluwer
its applications. Academic
Publishers. ISBN 0-
7923-7435-5.
G. Bekey 2005 | Autonomous Robots MIT Press.
John Lamb 2009 | The Greening of IT — IBM Press. ISBN:
How Companies Can 978-0-13-715083-0
Make a Difference
for the Environment
Eiben,  Agoston; | 2003 | Introduction to Springer. ISBN 978-
Smith, James Evolutionary 3540401841.

Computing.

Vose, Michael

1999

The Simple Genetic
Algorithm:
Foundations and
Theory.

Cambridge, MA:
MIT

Press. ISBN 978-
0262220583.

A.V. Leonenkov 2005 | Nechetkoye St. Petersburg.
modelirovaniye v "BHV-Petersburg".
srede Matlab i 725 p.
FuzzyTech.
[Fuzzy modeling in
Matlab and
FuzzyTech.]
A. Pegat 2009 | Nechetkoye Moscow, BINOM.
modelirovaniye i Laboratoriya znaniy.
upravleniye [Fuzzy 798 p.
modeling and http://window.edu.ru
Control] /resource/324/65324.
Mohammad Dastb | 2015 | Green Information Publisher
az, Technology Morgan Kaufmann
Colin Pattinson, http://store.elsevier.c
Babak Akhgar om/product.jsp?isbn
=9780128016718&p
agename=search
Giuseppe Lami, 2013 | Derivation of Green [Software Publisher
Luigi Buglione, Metrics for Software |Process Springer Berlin
Fabrizio Fabbrini [mprovemen| Hejidelberg
tCapabili t;nd http:/link.springer.
Determinati | €0m/chapter/10.1007
on %2F978-3-642-
Communica| 38833-0_2
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tions in|
Computer
and
Information
Science
Volume
349, 2013,
pp 13-24

Tyurin S.F.,
Kharchenko V. S.

2013

Green Logic

Radio
electronic
and
computer
systems.
2013. Ne
2(61).

Kharkiv: National
Aerospace
University named
after N. E.
Zhukovsky “KhAI”

Rubanov V.G., | 2014 | Technologies of / Edited by
Magergut V.Z., Green Regulators Kharchenko V. S. —
Yudin D.A., and Robotics Kharkiv: National
Bazhanov  A.G., Aerospace
Karikov E.B,, University named
Bushuev D.A., after N. E.
Rybin YA, Zhukovsky “KhAI”,
Koshlich Y.A. 2014. - 105 p.
J. H. Clark and D. | 2002 | Handbook of green Wiley-Blackwell,
J. Macquarrie chemistry and 2002, 560 p.
technology
Kim, Jae H.; Lee, | 2011 | Green IT: Springer, ISBN 978-
Myung J. Technologies  and 3-642-22178-1
Applications, Ist
Edition,
Additional literature
T. Terano, K. Asai, | 1993 | Prikladnyye Moscow, Mir. 368 p.
M. Sugeno nechotkiye —sistemy
[Applied fuzzy
systems]
Y.V. Vizilter, S.Y. | 2010 Obrabotka 1 analiz MOSCOW,

Zhetov, AV.
Bondarenko, M.V.
Ososkov, A.V.
Morzhin.

izobrazheniy v
zadachakh
mashinnogo zreniya:
Kurs lektsiy i
prakticheskikh
zanyatiy [Image
processing and
analysis tasks in
machine vision:
Lectures and
practical classes]

Fizmatkniga. 672 p.
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J.-S.Wang, L. [ 2010 | Intelligent  control Control Conference
Zhang, X.-W.Gao, method of rotary kiln (CCCQ), 29th
and S.-F. Sun process based on Chinese, pp.: 2930 —
image processing 2935.
technology: A
survey
T. Logenthiran, 2011 | Intelligent IEEE Ninth| http://www.ncl.ac.uk
D. Srinivasan Management of |International| /eee/research/publica
Distributed  Storage |Conference | tion/196835
Elements in a Smart jon  Power
Grid Electronics
and  Drive
Systems
(PEDS). -
Singapore,
2011.
pp. 855 —
860.
M. Aliberti 2011 | Green networking in (Consumer | Publisher: IEEE
home and building |Electronics, | http://ieeexplore.icee.

automation systems |[EEE org/xpl/articleDetails.j
through power state [Transactions| sp?arnumber=595517
switching on (Vol.:57, 8
Issue: 2)
P. Barsocchi, 2014 | Smart buildings: an [ERCIM http://puma.isti.cnr.it/
A. Crivello, energy saving and [NEWS, vol| rmydownload.php?file
E. Ferro, control system in the |99, pp. 51 - name=cnr.isti/cnr.isti/
L. Fortunati, CNR Research Area, |52. Special| 2014-A0-031/ 2014-
F. Mavilia, Pisa issue: A0-031.pdf
G. Riolo Software
quality. 25
years Ercim:
challenges
fo ICTS.
Ercim,
2014.
AA. Orekhov, | 2014 | Building energy- |All-Ukraine | Harkiv: National
AP.  Plakhteev, efficient sensor [Scientific | University of
G.V. Skripkin networks Sonference Aecrospase  "Harkiv
CIntegrated Aviation Institute"
omputer
Technologie
s in
machinery
IKTM-
2014"
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Kharkiv:
National
Aerospase
University
"HhAI" Vol.
2. —pg. 205
C. Woodford,C. 2012 | Numerical Methods Springer, 2012, 256
Phillips with Worked p-
Examples: Matlab Publisher:  Springer
Edition Netherlands
http://www.springer.
com/us/book/978940
0713659
E. Zaitseva 2012 | Importance Analysis [Recent Publisher: Springer.
of a Multi-State Advances in| http:/link.springer.c
System Based on Sys_tem . om/chapter/10.1007/
Multiple-Valued ~ [ReHability, | 978 1 44712207-
. Springer
Logic Methods Series inl 4.8
Reliability
Engineering,
2012, pp
113-134
E. Zaitseva, , 2013 | Multiple-Valued Journal of | Publisher: Elsevier
V. Levashenko Logic mathematical |Applied B.V.
approaches for Logic http://www.sciencedi
multi-state system 'Volume 11, | rect.com/science/arti
reliability analysis Issue 3, cle/pii/S1570868313
September | 000414
2013, Pages
350-362
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[IPMJIOKEHUE . METOJIMYECKUE PEKOMEHJIALIMN
10 CAMOCTOSTEJIbHOM PABOTE

IosicHenns k y4e0HOII mporpamMme

CaMOCTOSITENbHYIO paboty HaT TUACIUTUTIHON
«TECHNOLOGIES OF GREEN REGULATORS AND
ROBOTICS DEVELOPMENT) («Texnomoruu pa3padoTKy 3eIeHBIX
PETYISATOPOB M POOOTOBY») ClieAyeT HAauMHATh C HM3YYEHUs Y4eOHOil
nporpaMMmebl, KoTopas mnpuBeaeHa B [lpunoxeHun. DTa mporpamma
BKJIIOYAET CIECIYIOLINE 3JIEMEHTHI.

O0beKT wu3yYeHHMs — D3HeprocOeperarolme peryisTopbl U
CHCTEMBI yTpaBieHUus poboTamMu (YHKIHOHHUPYIOIIHE HAa OCHOBE
METOJIOB MATKUX BBIYMCIECHUI: HEUETKON JIOTUKHU, HEMPOHHBIX CETEM,
TEHETUYECKUX AJITOPUTMOB.

IpeameT m3ydyeHust — KOHIICTIIMH, OOIIIE TPUHIIAIIBI, METOJbI,
TEXHOJIOTHH TPOCKTUPOBAHHUS W TPUMEHEHHUS JHEProdeKTHBHBIX
CHCTEM YIpPaBJICHUS TEXHOJOTMYECKUMH OOBEKTaMH U poOoTami,
MaTeMaTHYECKUe METOJbl MSTKUX BBIYMCICHUI: HEYETKOH JIOTHKH,
HEHPOHHBIX CeTeH, TI'CHETHYECKHX alrOPUTMOB, WX TMPOrpaMMHast
peanu3zanus U aCTIEKTHI NPUMEHEHUS JUIst CO3JaHHUs
9Heprod((HEeKTUBHBIX CHCTEM.

TpeOoBaHHsI K HCXOJAHBIM 3HAHHUSIM M HABBIKAM, KOTOpbIE
He00X0IMMO MMETH Mepel HAYAI0M H3YYeHHsI:

— 0Ga3oBble 3HAHUS B O0JIACTH COBPEMEHHBIX KOMIIBIOTEPHBIX
crcTeM M UH(DOPMAIIOHHBIX TEXHOJIOTHH;

— MPUHLHUIIBI U METO/IbI CHCTEMHOTO aHAJIN3a;

— TEOpHUsI HEYSTKHX MHOXKECTB;

— TEOPUS IPUHATUH pellICHUH;

— OCHOBBI TCOPHH YIIPABIICHNUS;

— TEOpHs BBIYUCIUTEIIBHBIX IPOLIECCOB;

— METO/IbI ONTUMHU3ALIHH;

— 3HaHUS M NPAKTHYECKIE HABBIKK MCIIONb30BaHus Matlab.
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Heabo wu3yveHuss AUCHMILUIMHBI SIBIISIETCS TMOATOTOBKA
MarucTpoB K CO3JIaHHIO W/WIU TPUMEHEHUIO SHEeprodhdeKTHBHBIX
CUCTEM YIPABJICHUS TEXHOJOTMYSCKUMHU OOBEKTaMH W poOOTaMu Ha
OCHOBE MaTE€MaTHYECKHX METOJOB MSITKUX BBIUUCICHHUM: HEUYETKOU
JIOTUKH, HEUPOHHBIX CETEH, TeHETUUYECKUX aJITOPUTMOB.

B pe3yabTare ee n3yueHus1 00y4aeMble T0JKHbI HAYYUThCH:

— aHANMM3UPOBATh U CHHTE3UPOBATh HH()OPMAITHIO;

— 3a/aBaTh W OTBEYATh HAa IOCTABJICHHBIE BOMPOCHI, MBICIHUTH
KpPEaTHBHO W KPUTHYECKU;

— TpennpUHAMATh WCCIIEIOBATENbCKIE JEUCTBUS W OIECHHBATH
MOJTlydyaeMble pe3yJbTaTbl C HCIOJb30BAHWEM KAUECTBEHHBIX H
KOJIMYECTBEHHBIX MOKa3aTesei;

—  (QopMynupoBaTh  NpakTHYECKHE  pelleHus  mnpoliem,
3¢ (}eKTUBHO HCIIONB30BaTh BpeMs H JIOCTYIHBIE PECypChl I
JIOCTUKEHUS LeNel AUCIUIUINHEI,

- JEMOHCTPUPOBATh THOKOCTB, aJanTuPyeMOCTb,
CaMOMOTHBAIIMIO U UHUIIHATUBY, YMEHHE BHIPA3UTh CBOE MHEHHE.

— COBEpIIICHCTBOBATh M Pa3BHBATh CBOW WHTEIUICKTYAIbHBIN U
0OIIEKYJIBTYPHBI YPOBEHB;

— CHOCOOHOCTh K CaMOCTOSTENBHOMY OOYUYEHHIO HOBBIM
METOJaM HCCIEJOBaHUS, K W3MEHEHHIO HAydyHOTO W HAyYHO-
MPOU3BOJICTBEHHOTO npogust cBOEM npoheCcCUOHANTBHOM
JIeSITENIHOCTH;

— TIPUMEHSATh TEPCIEKTUBHBIE METONBI HCCICIOBAHHUS M
pemieHns: Mpo()eCCHOHANBHBIX 3a7jad Ha OCHOBE 3HAHUS MHPOBBIX
TEHICHIHUH Pa3BUTHUS BBIYMCIMTEILHON TEXHHUKH M MH(POPMALMOHHBIX
TEXHOJIOTHH;

— BBIOMpaTh MeTONBI W  pa3pabaThiBaTh  aJTOPHUTMBI
9Heprod(h(HEeKTUBHOTO YIpaBICHUS CUCTEMaMH aBTOMATHU3alMH U
POOOTOTEXHUYECKUMHU CUCTEMaMHU

B pe3ysabTaTe u3ydyeHus JTMCHUIITHHBI MATUCTPHI 00SI3aHbI:

1) meopemuueckuti Komnonenm:

—TONyYnTh ©0a30BBIe TpEACTaBICHUS O cdepe mpodiem,
CBSI3aHHBIX C BOIIPOCAaMH B 00JIACTH MOCTPOSHUS 3HEProd3PeKTHBHBIX
CHUCTEM;
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—HMEeTb NPEJCTABICHUE 00 aHaIM3€ U METOJaxX PeLIeHUs 3aiad
IIPOCKTUPOBAaHUS U YNPABIEHUS CIOXHBIMH CHUCTEMaMU Ha OCHOBE
METO/I0B MATKHUX BBIYUCIICHUM;

—HMETh IPEACTaBIEHHE O METOJaX MAIIMHHOTO OOYy4YeHHus Ha
OCHOBE HEUPOHHBIX U HEUPO-HEUETKUX CETEH;

—UMETb MPEACTABIECHHE O METOJAaX MOCTPOEHUS CHCTEM
YIpaBJIeHUsS. TEXHOJIOTMYECKUMH OOBEKTaMH M POOOTaMH Ha OCHOBE
TEXHHYECKOTO 3PEHUS

—HUMETh  NPEJICTAaBICHUE O  S3bIKAX M TEXHOJIOTMSX
NPOrpaMMHUPOBaHUsl SHEPro3(PPeKTUBHBIX CHCTEM, OCHOBAHHBIX Ha
MSTKUX BBIYHCICHHUSAX;

2) nosHasamenbHblli KOMNOHEHM.:

—3HaTh (yHAaMEHTAIbHBIC IIOJIOKEHHS B OONACTH 3€JECHBIX
TEXHOJIOTHH;

—3HaTh (yHJaMEHTAIbHBIE IIOJIOKEHHS B OOJIACTH METOJOB
MSTKUX BBIUYNCIIEHUH;

—3HaTh METOJBl IOCTPOEHUS] HEUYETKUX CHUCTEM YIPABICHUA
Pa3IMYHBIX TUIIOB,;

—3HAaTh METOJbl MALIMHHOTO O0Y4eHUs 1 00pabOTKH 3HAHUIA;

—3HaTh CIIOCOOBI M MIPUHIIUTIBI CUCTEMBI IPUHSITHS PEIICHU;

3) npakxmuueckuii KOMROHEHM.:

—IONyYUTh TPEJICTABICHHE O BHIOOpPE H  HCIOJIB30BAHUU
METO/IOB MATKUX BBIYMCICHUH Uil MOCTPOEHHs SHEProd3h(eKTUBHBIX
CUCTEM YTPABJICHUS;

—yMeTh pa3pabaThiBaTh HEYETKHE M HEWPO-HEYETKHUE CHCTEMBI
YIPaBIEHUS pa3IMYHBIX TUIIOB;

—YMETh NPUMEHATHh CHUCTEMbl TEXHUYECKOTO 3PEHUSI B COCTaBE
9HEProdGHEeKTUBHBIX CHCTEM YIIPABJICHIS;

—yYMETb U [OJb30BAaThCA METOJAMH HEHPOHHBIX CETEH,
TeHETUYECKUX AITOPUTMOB TPH NMPOCKTHUPOBAHWU WH(POPMAIIMOHHOTO
obecredeHus CHCTEM YIIPaBICHUSI.

Cmpyxmypa u codepacarnue mooyneti. JJucuniimia BKIIOYaeT TPU
MOJTYJIS:
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MOAVYJIb 1. OcHOBBI MATKHUX BBLIYUCJIEHHH Ui «3€JIEHOT0»
yIpaBJIeHUA

Jekuuu

TEMA 1. BBeneHue B «3ele€HbIE» CHUCTEMbI yIPaBJICHUS.
OcHoBHas nHpoOpMaIHs 0 Kypce

TEMA 2. Metoasl Teopud HEYETKUX MHOXKECTB IS
MIPEACTABICHUS U UCIIOIb30BaHMsI 3HAHUHN B CUCTEMAX YIIPABICHUS

TEMA 3. Hetiponnsie cetn. Kitaccudukarus u cBoicTBa.

TEMA 4. T'enernyeckue anropuTMbl. OCHOBBI M aCHEKTHI
MPUMEHEHUS AJI1 ONTUMH3ALUU CUCTEM YIIPaBICHUS

TEMA 5. «3eneHble) HEYETKUE CUCTEMBbl aBTOMAaTUYECKOTO
ympasienns. Kitaccudukarus, CTpyKkTypa 1 OCHOBBI aHAJIHA3a

TEMA 6. Helipo-HeueTkoe MOJENHpPOBaHNE Ha OCHOBE MSTKHX
BBIYHCIICHU N

JlaGopaTopHble padoThbl

Jladopatopnass  paGora Nel. H3yuyeHue  omnepanuii
dazzupukanum nepeMeHHbIX B 3HEPro3PeKTUBHBIX CHCTEMAX
ynpasieHus (4 gyaca).

Ilenv pabomobi: HAYYUTH MATHCTPOB BBIMOJTHATH OIEPAITUIO
(haz3uduKaru BXOIHBIX U BBIXOHBIX IIEPEMEHHBIX CUCTEMBI HEUETKO-
JIOTUYECKOTO BBIBOJA HA OCHOBE IIOCTPOECHUSI MapaMETPUUYECKUX U
MapaMeTPU3NPOBAHHBIX (DYHKITHHA MPHHAIEKHOCTEH.

JladopaTtopHass paGora Ne2. HccienoBaHue mnpUMeHEHUs!
AUHAMMYECKUX HEHPOHHBIX ceTei AJisl MIEHTU(PUKANNU CJI0KHOTO
o0beKTa peryupoBanus (4 4aca)

Ilenv pabomovi: W3y4UTh NPUMEHEHUE KOMILICKCHOTO METOJa
UACHTU(UKALIUU CIIOKHOTO SHEPrOEMKOTO OOBEKTa YIPABICHUS IS
MOJTyYeHUs] €ro MaTeMaTHYeCKoW Moneiln B (opme MepenaToYHbIX
GYyHKITHA.

IIpakTHyecKue 3aHATHSA

IpakTuyeckoe 3ansaTne Nel. HccienoBanue CcBONCTB
(yHkumii npuHagiie:kHocTu (4 yaca).

Lleno  3anamus: HAay4YUTh  MAarucTpPOB HCITOJIB30BaTh
MOIU(UKATOPHI HEYETKUX MHOMKECTB I KCCICIOBaHMS CBOWCTB
MapaMeTPU3UPOBAHHBIX (DYHKIIHHA MTPHHAICKHOCTEH.

MOAYJIb 2. PazpadoTka 3Heprocéeperaloux peryjsiropos
Jlexkunu
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IIpunoxenne b. Metoanveckne peKOMEHIANH IO CAMOCTOSTENBHOMN pabore

TEMA 1. [IpoekTrpoBaHHUE «3€JIEHBIX» HEUETKUX PETYJISTOPOB

TEMA 2. IIpoeKTHpOBaHHE «3€JIEHBIX» THMOPUIHBIX HEYETKHX
PETYNIATOPOB

TEMA 3. TIpoekTupoBaHuE «3€JICHbIX» aJalTHBHBIX HEYETKHUX
PETYIATOPOB

TEMA 4. IlpoexkTupoBaHHE HEWPO-HEUETKUX PEryJsTOpOB,
YUYUTBIBAIOIIUX 3aTPaThl SHEPTrUU

TEMA 5. Perynstopbl Ha OCHOBE HEYETKHX JHarpaMm s
9Heprod¢(HeKTUBHOTO yMIPABICHHUS CIOXXHBIMH TEXHOJIOTHYECKIMH
o0BeKTaMu

TEMA 6. IlpuMeHeHHE CHCTEM TEXHMUYECKOTO 3pEeHHUs s
pa3paboTKH PETYIATOPOB, YUUTHIBAIOIINX 3aTPAThl SJHEPTUU

JlabopaTopHble padoThl

JlaGopatopHas padora Ne3. HccaenoBanue
HHTEJIEKTYaJdbHbIX CHCTEM PpPeryJupoBaHUsl U yHpaBJeHUsi
TEXHOJOTMYeCKMMH MpoueccaMu Ha OCHOBE HEYETKHX AHArpamMm
(4 yaca).

Llenv pabomei: MccnenoBaHUe MPUMEHEHUS METO/a HEYETKUX
JUarpaMM IOBEICHMS A CO3AaHus Mojened HedopMaTu30BaHHBIX
OOBEKTOB YINpaBJIeHHWS U CHUHTE3a SHeprodpQexkTuBHBIX cHUCTEM
YIIpaBJIECHUS UMHU.

JlaGopaTopHasi padota Ned. HccienoBanue peryiasiTopoB
CHCTeM JHeprocHad:keHUsl W JKM3HeoOecmedeHUsl 3HaHUH C
NpUMeHeHneM BO300HOBJIsIeMbIX HCTOYHHUKOB 3Hepruu (4 1aca).

Lenv pabomur: nuccnenoBanue dHEProdP(GEKTUBHON CHCTEMBI
ropsi4ero BOJIOCHAOXKEHNUS 3/1aHUS c WCIIOJIb30BaHUEM
BO300HOBIISIEMBIX HCTOYHUKOB SHEPTUU Ha OCHOBE
HU3KOTEMIIEPATYPHOMN T'eIM0YCTaHOBKHU

JladopatopHass paGora NeS. McciaemoBaHHe CHCTEM
TEXHHYECKOr0 3peHusi /I MOHHUTOPHHIAa W  YIpaBJeHMs
TEXHOJIOTMYEeCKUM NnpoueccoM o0:xura (4 yaca).

Llenv pabomsi: MccnegOBaHUE CHUCTEM TEXHUYECKOTO 3PEHHS
JUIE MOHHTOPHMHTAa W YOPABICHUS TEXHOJOTHMYECKHM IPOLIECCOM
o0kHMra BO BpalAOMIUXCS I€4ax pasIiHOr0 MNPUMEHEHHUs Ui
CHIDKCHHS TIOTPEOJICHUS JHEPropecypcoB M IIOBBIIIEHUS KauecTBa
KOHEYHOH MPOAYKIHH.
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IIpakTHyecKue 3aHATUS
IpakTnueckoe 3ansaTue Ne2. HcciieqoBaHMe OCHOBHBIX

3J1€MEHTOB 3eJIeHbIX HeYeTKUX PeryaaTopos (6 yacos)

Lenv 3auamus: Hay4YUTh MarucTpoB MOJENUPOBATh OCHOBHBIE
QJIEMEHTHl HEYETKHUX PETryJATOPOB, HCIIONB30BAaTh OMEPAldU C
HEYETKMMH MHOXKECTBAMH: IiepecedyeHue, OOBeIMHEHUE, CIIOXKCHHUE,
BBIYMTAaHUE, YMHOKEHHE M JEJCHUE, HCIONb30BaTh pPa3JInuHbIC
onepauun neda3zuduKaluyd pe3yNbTaToB: METOA LEHTpa TSKECTH,
METOJBl IEHTPAa CYMM, METOJABI IIEPBOTO, CPETHETO W IOCIETHETO
MaKCHUMyMa, METOJI BBICOT.

MOJIVYJIb 3. Pazpaborka 3Heprodg¢peKTHBHBIX CHCTEM
ylpaBjeHuUs: B 001aCTH po0OTOTEXHUKHU

Jexnuu

TEMA 1. Cucrempl ympaBieHHSA, OCHOBaHHBIE  Ha
MIPOrHOCTHYECKUX MOJIEISX U YUUTHIBAIOIINE 3aTPAThl SHEPTHH

TEMA 2. OntuMu3anus CHCTEM YNPaBICHHUA C NMPUMEHEHHEM
TE€HETUYECKOI0 aJIFOPUTMa

TEMA 3. PazpaboTka HEYETKOH CHCTEMBl yIPaBICHUA
MIPUBOJIOM TOPU30HTAJIEHOTO NEPEMELIEHUS

TEMA 4. [IpoexTupoBanue anmnapaTHou 4acTH
9Heprod((HeKTUBHEIX OOPTOBBIX CHCTEM YIPABICHHAS MOOWIBHBIMH
poboTaMu /7Sl MOBBIICHHUS JJTUTEIBHOCTH HX aBTOHOMHOM PaOOTHI

TEMA 5. [IlpoekTupoBaHHE NPOrPaMMHOI0 OOecreUeHHs
9Heprod((HeKTUBHBIX OOPTOBBIX CHUCTEM YIIPABICHUS MOOWIBHBIMH
poboTaMu /7Sl MOBBIICHHUS JJTUTEIBHOCTH HX aBTOHOMHOM PaOOTHI

TEMA 6. Pa3paboTka BepXHEYpOBHEBOM CHCTEMBI yIPaBICHUS
IpyNIoON pa3HOPOIAHBIX pOOOTOB

JlaGopaTopHbie paGoThl

JlaGopatopHas paborta Ne6. KomnblorepHoe
MO/eIMPOBAHME CHCTEM YNPABJICHHS MAHMIYJIANUOHHOr0 podoTa
(4 yacoB).

Lens  paboTel:  TOJydeHHE  TNPAKTHUECKUX  HABBIKOB
HCIOJB30BaHMUsI COBMECTHOTO KOMIbIOTepHOro Moaeiauposanusa (Co-
simulation) it pa3paboTKu 3HEPTOIPPEKTUBHBIX CUCTEM YTIPABICHUS
MaHHUITYJISIIIMOHHBIX POOOTOTEXHUYECKUX CUCTEM.
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JlabopatopHas paGora Ne7. MHcciaenoBaHue cucrem
yIpaBJjieHHs] MOOWJILHBIM PO0OOTOM C NPHMMEHEHUEM TEXHHYECKOIro
3peHus.

Ilene  paOoThI:  HCCIENOBAHWE  CHUCTEM  YIPABICHUS
MOOWJIEHEIMU POOOTaMH C OOHapyXeHHEM OOBEKTOB OKpPY’Karomen
CpeAbl C TMOMOIIBI0 TEXHUYECKOTO0 3peHHs, O0eCleunBaIOIINX
MOBBIIICHUE BPEMEHN aBTOHOMHOTO (PYHKIIMOHHPOBAHHSI POOOTOB.

IIpakTHyeckune 3aHATHUS
IpakTnueckoe 3ansaTue Ne3. HMcciaenoBaHue MeTOA0B

HEHPOHHBIX ceTel VISl MOCTPOEHUs CHCTeM ynpasBJieHus (4 yaca).

Ilenv 3amAmusA: HayuuThb MarucTpoB MOJEIHMPOBaTb U
HCIIOJIb30BaTh HEUPOHHBIE CETU PA3IUYHBIX THUIIOB IS YNPABICHUS
TEXHOJIOTHYECKUMH 00bEKTaMU B POOOTaMHU.

IIpakTHyeckoe 3aHsITHE Ned4, HccaenoBanue
HeprodpPeKTUBHLIX HEHPO-HeUeTKHX CcHCTeM YynpaBjiaenus (4
4acoB).

Llenv  3amamus:  HayduThb  MarucTpoB  NPOEKTUPOBATH,
MOJIETMPOBATh HEHPO-HEUETKUE CHCTEMBI yIPABICHUS, YIUTHIBAIOIIHE
3aTpaThl SHEPTHH B XOJIE CBOCH PabOTHI.

MeToabl OLIEHKH
Ox3amen (100 %)
[To oxoHuaHUM Kypca mpoBoaAUTCs 90-MUHYTHBIN SK3aMEH

Omuyemuocms no aucuunﬂune BKJIIOYAaCT OTYCTHI IO KaXIOMY

BUAY HNPAKTHUYCCKOT'O 3aHATHSA, 4@ TAKIKC 3K3aMCH, KOTOpLIﬁ BKJIIOYacCT
THUIIOBBIC BOIIPOCHI U 3aa1H.
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IMoaroroBka K 3aHATUAM U IK3aMEHYy

IIpy noxaroroBke K CeMHHapaM, IPAKTUKyMaM W TPEHHHIaM
ciemyeT oOpaTHTh BHUMaHHE Ha YSICHEHHE Ieneil M 3amad (ydeOHBIX
NN TCOPETUYCCKUX, MPAKTUUCCKUX U I/ICCJ'IGZ[OBaTe.HBCKI/IX) u 3HaHHI>1,
KOTOPBIC HYKHBI [JIs1 X BBITIOJIHCHUS. HpI/I BBIIIOJTHEHU N pa3p360T0K u
WCCIIEJIOBAaHUH HEOOXOJMMO CTPOTO PYKOBOJICTBOBAThHCS OIMCAHUEM H
MOMBITAThCST HAWTH OTBETHI HA BOMPOCHI, NPUBEACHHBIE B KOHIIC
Kaxmou paboTel. Ocoboe BHUMAHHUE CIEAYET yACTUTH (DOPMYITHUPOBKE
BBIBOJIOB IO pe3yjbTaTaM HCCIEAOBaHUN NpH O(QOPMIECHHH OT4YeTa.
ITpy MOArOTOBKE K CEMHHAPaM Ba)KHO MPABUIIBHO CIUIAHUPOBATh Kak
CBOI0  WHAMBUAyalbHYI0, TaKk H®  KOJUIGKTHBHYIO  pabory,
OpraHu30BaTh OTOOP U aHAINU3 HEOOXOIUMOH JIUTEPaTyphl, HOATOTOBKY
KaueCTBEHHO! NPE3eHTAI[MN U K OTBETAM Ha BOMPOCHI, IPUBE/ICHHBIC B
Ka)XJIOM pazJielie.

CHCI[yeT 06paTI/ITI) BHMMAHUEC Ha BOIPOCHI, BBIHECCHHBLIC Ha
CaMOCTOSITEIbHOE HM3Y4YEHUE, KOTOpBIE MPHUBOIATCS B IpOrpaMMe u
YTOUHSIOTCSI TPEOaBaTeNIeM.
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