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1. Introduction

The entrance examination program for the PhD doctoral specialty discipline is
developed within the scope of the programs of the preceding levels of higher education
(bachelor’s degree) and postgraduate education (master’s degree).

Doctoral candidates should have an understanding of:

- on the measurement of technological parameters and their specificity;

- on the elements of modern theory of automatic control,

- about problems, tasks, methods of their solution, advantages and disadvantages;

- the main goals and tasks of network and system administration;

- on the main characteristics of management objects;

-on standard automatic regulators, principles of setting industrial regulation systems,
methods of calculating optimal regulators for objects with delays;

Know:

- basic principles of functioning of modern integrated systems of automated design;

- the fundamental principles of building governance systems;

- principles of action and mathematical description of component parts of
mechatronic and robotic systems (information, electromechanical, electrohydraulic,
electronic elements and means of computing technology;

- principles of construction of modern automated control systems in technical
systems, their composition and structure, the content of types of software and hardware
management systems, their relationship;

- organization and architecture of automation and  automated  control  and
management systems for objects and processes in various industries; prospects and trends
in the development of tools and automation and management systems;

- principles, methods and ways of combining hardware and software to create
automation and control systems;

- rules, methods and means of preparing technical documentation.

Learn:

- in practice to implement automatic management under conditions of incomplete
prior information during the functioning of the system in the current environment and
situation;

- be able to determine the main parameters of automated systems in statics and
dynamics by known characteristics of elements;

- synthesize the functional and algorithmic schemes of technical systems
management systems;

- to be proficient in methods of investigation of complex technological processes
using modern computer technology;

- programming microcontrollers and industrial controllers.

Have skills:

- on the design of autonomous mathematical, informational, linguistic, programmatic
subsystems, technical, organizational, ergonomic provision of APCS.

- be able to work with network equipment, customize it to the needs of specific users
in the conditions of operation of the given operating systems.
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- obtain practical skills in the use of principles of system approach, basic provisions
of problems of automation of technical systems, main methods and algorithms of analysis
and synthesis of analog and discrete (digital) systems of technological process
management.

- choice of industrial instruments and means of automation and control systems.

Be competent:

- in the development of management algorithms that ensure the quality of technical
systems;

- in the rational choice of methods for calculating and determining the optimal
parameters of instruments and equipment;

- in the use of instruments for experimental research;

- to develop computer models of the processes and systems under investigation and
apply them to determine optimal options for design, engineering and technological
solutions.

The doctoral entrance exam is conducted in written or computer format in accordance
with the Model Regulations for admission to studies in educational organization,
implementing educational programs of technical and vocational education, approved by
the Order of the Minister of Education and Science of the Republic of Kazakhstan of
October 31, 2018 Ne 600.

2. The name of the discipline and its main sections
1. Discipline ""Modern methods and means of creating SWR"

Topics:

1. Methods for describing control objects in state-space coordinates
The concept of state space. Methods for obtaining mathematical models of processes and
systems in state-space coordinates. Structural representations of systems described in state
space.

2. Stability of processes in state space. Methods of absolute stability theory
Concepts of stability in state space. Criteria for motion stability “in the large.” Criteria for
motion stability “in the small.” Statism and astatism of systems in state space. Invariance
in control theory. Methods of absolute stability theory.

3. Methods and  algorithms  for  estimating  dynamic  processes
Classification of estimation problems. General provisions of the applied theory of
estimation for continuous processes. Algorithm for estimating continuous processes.
Mathematical description of discrete processes. Algorithms for estimating discrete-time
processes. Continuous algorithms for field estimation.

4. Methods and algorithms for identification of dynamic systems
General classification of identification problems. Classical methods of nonparametric
identification of linear dynamic systems. Direct methods of parametric identification. Non-
search identification algorithms with an adaptive model. Search-based identification




Edition Ne 1
FP 042-2.07-2026 02.03.2026 Page 5 from11

algorithms with an adaptive model. Identification algorithms based on process estimation
theory. Recursive identification algorithms under correlated noise. Optimal joint
estimation and parametric identification in discrete linear systems.

5. Control optimization criteria
Single-criterion and multi-criterion optimization. Methodology for selecting the
minimized functional. Expanded forms of functionals for optimizing continuous
deterministic processes. Expanded forms of functionals for optimizing continuous
deterministic processes with discrete time. Functionals for optimizing control of stochastic
processes.

6. Some general methods of optimal control theory
Classical calculus of variations and modern problems of dynamic system optimization.
Maximum principle.

7. Optimal control algorithms
Classification of optimal automatic control algorithms. Synthesis of control laws for
continuous deterministic processes under classical forms of functionals. Synthesis of
control laws for deterministic discrete-time processes under classical forms of functionals.
Synthesis of control laws for stochastic processes under classical-type functionals.
Solution of the generalized work criterion minimization problem in general form.
Synthesis of optimal and suboptimal nonlinear control laws at the system design stage
under generalized work functionals. Synthesis of control laws for linear processes under
the generalized work functional (ACOR method). Optimal control synthesized in real time
during system operation (combined synthesis). Model-based control algorithms.

8. Optimization  of  dynamic  systems  with random  structure
Basic definitions. Equations of systems with random structure. Optimal filtering of
processes with random structure. Control in systems with random structure.

9. Algorithms of adaptive automatic control systems
Classification of adaptive automatic control systems. Adaptive optimal control systems
with a full model of controlled processes. Adaptive suboptimal control systems with
simplified models. Non-search direct adaptive control systems. Non-search adaptive
systems with an implicit reference model. Non-search adaptive systems with linear
estimation based on a reference model.

10. Method of recurrent target inequalities in adaptive control
Formal description of an adaptive system. Description of the method of recurrent target
inequalities. Basic finitely convergent algorithms for solving an infinite system of
recurrent inequalities. Adaptive suboptimal control of a minimum-phase object. Adaptive
systems with a reference model. Adaptive stabilization of a non-minimum-phase object
and adaptive modal control. Adaptive control of nonlinear static objects.

11. Extremum control systems
General concepts. Influence of drift on stability. Transient processes and periodic motions.
Improvement of performance quality.

12. Methods of sensitivity theory
Sensitivity models of continuous and discrete systems. Solutions of boundary-value
sensitivity problems. Time-independent functions and sensitivity coefficients.
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Performance characteristics and optimality indices of control systems. Sensitivity
invariants. Applied problems of sensitivity theory.

13. Search methods for computer-aided design
Problem formulation for automating the design process of control systems. Structure of a
search optimization algorithm. Local parametric search algorithm. Accounting for
constraints in random search processes. Global search. Optimization under random
disturbances. Structural optimization.

14. Computer-aided design of automatic control systems
Principles of automation in the design of control systems. Methods for constructing
computer-aided design systems.

Questions:

1. Concept of state space

2. Methods for obtaining mathematical models of processes and systems in state-
space coordinates

3. Concepts of stability in state space. Criteria for motion stability “in the large”

4. Concepts of stability in state space. Criteria for motion stability “in the small”

5. Methods of absolute stability theory

6. Classification of estimation problems

7. Algorithm for estimating continuous processes

8. Algorithms for estimating discrete-time processes

9. General classification of identification problems

10. Classical methods of nonparametric identification of linear dynamic systems

11. Direct methods of parametric identification

12. Non-search identification algorithms with an adaptive model

13. Search-based identification algorithms with an adaptive model

14. Single-criterion and multi-criterion optimization

15. Methodology for selecting the minimized functional

16. Classical calculus of variations and modern problems of dynamic system
optimization

17. Classification of optimal automatic control algorithms

18. Synthesis of optimal and suboptimal nonlinear control laws at the system design
stage under generalized work functionals

19. Synthesis of control laws for linear processes under the generalized work
functional

20. Optimal filtering of processes with random structure

21. Classification of adaptive automatic control systems

22. Adaptive optimal automatic control systems with a full model of controlled
processes

23. Formal description of an adaptive system

24. General concepts of extremum control systems

25. Methods and algorithms for estimation in correlation-extremum systems
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Literature:
1. Porau B.4. Teopus aBToMatnyeckoro ynpasienus.- M.:-M9OH, 2004.-400c.
2. Teopus aBToMatudeckoro ympasienus/ 1o penakuuen

FO.M. Conomennena. - M: Bricmag mkoia, 2007. - 268 c.
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4. lopdp P. bumon P. CoBpemennbie cuctembl ynpasienus: - M.: JlaGo-
paropus ba3oBbix 3HaHuii, 2010.- 832 c.

5. Credanu E.Il. OcHOBBI pacyeTa HAaCTPOHKHU PEryJsITOPOB TEIJIOIHEPIeTHUECKUX
npoueccoB.- M.: Oueprus, 1972. -376 c.

6. Credanu E.IL., [lansko M.A., [Tukuna I'.A. C60pHUK 3a/1a4 IO OCHOBaM aBTOMa-
TUYECKOTO PEryJIHPOBAHUS TETUIODHEPTETUUECKUX TporeccoB. - M.: Dueprus, 1973.-336
C.

7. Teopust aBTomaTuyeckoro ynpasieHus. Yacts 1, 2. /BoponoB A.A. - M.: Beiciias
mkosa, 1986.

8. Upmkun A3. OcHOBBI TeOpUHU aBTOMaTH4YeCKuX cuctem. - M.: Hayka, 1977.

9. [lepBo3Banckuii A.A. Kypc Teopun aBromaruyeckoro ympasieHus. - M.: Hayka,
1986.

10. ChpaBouHHK IO T€OpUHM aBTOMaTH4eckoro ynpasienus. [Tog pen. A.A. Kpacos-
ckoro. M.: Hayka. 1987.

11. HO.U. TomyeeB Atnac aisi NpOEKTUPOBAHUS CUCTEM aBTOMATHYECKOIO Peryiiu-
poBanus. M.: MammnocTtpoenue. 1989.

12. Nmaes JI.X., Kpacnommopuna A.A., flkoBneB B.b. Teopus aBromaTHueckoro
ynpasienus. Yacte 1. JIMHENHHbIE CUCTEMBI AaBTOMAaTUYECKOTO yIpaBiieHus. -Kues: Brima
mkona. 1992,

13. AunekceeB A.A., Umaes J1.X., Ky3emun H.H., SIxoBneB B.b. Teopust ympasie-
Hus. - CI16: U3parennsctBo TOTY. 1999.

14. B.®. Komuccapuuk. ABTOMaTHYECKOE PETYyIMPOBAHUE TexHouornueckux IIpo-
1eccoB. TBEpPCKOM TOCYAapCTBEHHBIM TEXHUYECKUN YHUBEPCUTET. YueOHOe mocooOue.
Tsepb 2001.

15. 15.T.4. Jlazapea, 10.®. MaprembsinoB. JInHeliHbIE CUCTEMBI aBTOMATHYECKOTO
peryiaupoBanusi. TBEpCKOW TOCyAapCTBEHHBIM TEXHUYECKUN YHHBEPCHUTET. Yd4eOHOE To-
cobue. Treps 2001.

16. E.A. Huxynun. Teopust aBTOMaTU4eCcKOro ynpasieHus. AHaJIN3 NOIMHOMOB Me-
TOAWYECKUE yKa3aHUs K JJaOOpaTOpPHBIM, MIPAKTUUECKUM U KypcoBbIM paboTtam. Huxuuit
Hosropoa. 1998.

17.H. B. Kniunaué€s. Teopusi cucTeM aBTOMaTHYECKOTO PEeryJIupoBaHus. Y4eOHO- Me-
TOJUYECKUUN KOMILICKC.

18.B.H.Trokun. Teopust ynpasnenus. Yactb 1. OObIKHOBEHHbIEC JTUHEIHBIE CUCTEMBI
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2. Discipline "Automation of technical systems""

Topics:

1. Basic concepts of automation of technical systems. Overview of the current state
and development prospects

2. Study of the quality of transient processes in combined, cascade, and
multivariable automatic control systems with analog and/or digital controllers

3. Classification of control systems by levels of automation. Basic principles of
automation of technical systems

4. Control objects in technical systems, their classification. Properties and
characteristics of control objects in technical systems

5. Industrial automatic control systems (ACS). Principles of design. Typical
automatic control and regulation systems: properties and characteristics. Principles of
design, tuning, and adjustment

6. Logical control systems. Principles of design. Technical base. Design methods.
Principles of construction and technical implementation

7. Industrial automatic control systems. Typical automatic control and regulation
systems: properties and characteristics. Principles of design, tuning, and adjustment.
Hardware and software complexes for the design and implementation of automated
technical systems

8. Automation of typical technical processes. Mathematical models and
mathematical modeling of control and monitoring objects

9. Integrated control systems for technological processes and production

10. Identification of technical control objects (TCO): obtaining information about
the object; transformation of technological information; types and forms of signals; active
and passive identification methods

11. Microprocessor devices, systems, and industrial controllers. Digital
communications in control of technical objects

Questions:

1. Data transmission at the controller level of industrial process control systems
(APCS). AS-i protocols

2. Data transmission at the controller level of APCS. LON protocols

3. Multiloop automatic control systems. Classification, examples of practical
implementation

4. Principles of constructing APCS (centralized and decentralized)

5. Algorithms for synthesis of combinational control systems

6. Development of requirements for automation systems of technological processes

7. Functional diagrams of automation of technological processes

8. Algorithms for synthesis of sequential circuits based on transition tables and
Karnaugh maps

9. Data transmission at the controller level of APCS. PROFIBUS protocols
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10. Composition and content of design documentation for automation of
technological processes

11. Transient processes. Main performance indicators of control quality

12. Industrial network of APCS. Principles of industrial network design

13. Methods for describing technological processes as control objects

14. Data transmission at the controller level of APCS. Ethernet protocols

15. Typical transient processes

16. Concept of identification of automatic control objects

17. Methods for tuning automatic control systems with standard controllers for
monotonic objects with delay

18. Improving the reliability of initial information

19. Principles of technical and software implementation of automatic control systems
using SCADA systems

20. Methods for calculating cascade automatic control systems

21. Principles of constructing automation systems considering the advantages of
different branches of technical means

22. Methods for calculating combined automatic control systems

23. Interconnected control systems

24. Data transmission at the controller level of APCS. CAN protocols

List of recommended literature on the discipline:

1. Texuuueckue cpeacTBa aBromaTusanuu u yrpasienus. [lon penakmueit O. Koso-
coBa, M.: IOpaiit — 2017, 290c.

2. I'yctaB Omncon, JDxanuryumo Iluanum. [{udpoBbie cucTeMbl aBTOMATH3AIMH U
ynpasinenus. — CI16.: Hesckuii duanexr, 2011. — 557c.

3. Hopd P. CoBpemennnie cuctemsr ynpasnenusi / P.Jlopd, P. bumon. Ilep. ¢ anrm.
b.1. Konbuiosa. - M.: JIabopatopus bazossix 3nanuii, 2012. — 832c.

4. ABTOMAaTH3alMsl TUIOBBIX TEXHOJIOTUYECKUX IPOIIECCOB U YCTAHOBOK: YUEOHUK
st By30B / A.M. Kopeitun, H.K. Ilerpos, C.H. Panumos, H.K.Illanapes. — M.: Duepro-
aroMm-mu3aar, 1988. — 432.

5. lemenkoB H.I1. SCADA-cucremsl kak mHCTpyMeHT nipoektupoBanust ACY TII:

VYuebHoe nmocodue. — M.: I3a-so MI'TY um.H.D.baymana, 2004.— 328¢

6. [IpoexTpoBaHNE CUCTEM aBTOMATH3AIMHM TEXHOJIOTHYECKUX mporieccoB: Crpa-
BouyHoe nocobue / [A.C. Knroes, b.B. I'mazos, A.X. [lyoposckuii, A.A. Knroes]; Ilox pexn.
A.C. KmoeBa. — M.: DHeproaromuzaar, 1990. — 464 c.: ui.

7. TexHUKa YTEHUS CXEM aBTOMATHYECKOTO YIPaBJICHUS U TEXHOJIOTHYECKOrO0 KOH-
tposisi / [A.C. Kimroes, b.B. I'nmazos, M.b. Munnun, C.A. Kmtoes]; Ilox pea. A.C. Kimoega.
— M.: Dueproaromuznaar, 1990. — 432 c.: u.
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3

Discipline "Industrial Robot Executive Systems"

Topics:

. General information about drives of mechatronic and robotic devices
. Types of drives for industrial robots

. Actuating devices based on electric drives

. Electric drives of industrial robots

. Drives based on electromagnetic clutches (EMC)

. Actuating devices based on pneumatic drives

. Pneumatic drives of industrial robots

. Actuating devices based on hydraulic drives

. Actuating systems of industrial robots

0. Composition and purpose of actuating systems of industrial robots
1. Features of different types of automatic control systems for industrial robots
2. Types of control systems for industrial robots

3. Control systems for electric drives of industrial robots

4. Control systems for pneumatic drives of industrial robots

5. Control systems for hydraulic drives of industrial robots

6. Control systems for micro-displacements based on piezoceramics
7. Cyclic control systems and their features

8. Position control systems

9. Contour (trajectory) control systems

0. Adaptive control systems for industrial robots

Questions:

. What is a robot and a robotic system?

. Purpose of robots

. Classification of robots

. Generalized scheme of the control system of an intelligent robot
. Adaptation and learning in robotics

. Main modeled procedures in robot automation

. Classification of adaptive control systems for robots

. Tasks of adaptation and learning of robots

. Problems of creating adaptive robots

0. Pneumatic drive of robots

1. Functional composition of the pneumatic drive of robots

2. Actuating motors of pneumatic drives of robots. Purpose and types
3. Relay-type pneumatic actuator systems of industrial robots

4. Servo (tracking) pneumatic drives of industrial robots

5. Damping of pneumatic drives. Types and purpose

6. Hydraulic drives of robots. Application area

7. Composition of hydraulic drives of robots

8. Control systems of gyro drives of robots
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19. Piezoelectric motors. Application area

20. Cyclic control systems of robots

21. Actuating systems based on electric drives

22. Actuating system based on an induction motor

23. Actuating system based on a DC motor

24. Actuating system based on a stepper motor

25. Role and place of the actuating system in the robot structure

List of recommended literature on the discipline:
1. YconbueB A.A. Dnextpuueckuii nmpuBoj/YdyeOnoe nocodue. — CI16: HUY UT-
MO, 2012. 238 c.

2. bopucos A.M. [Iporpammupyembie YCTPONCTBA aBTOMATH3AIUN: Y 4eOHOE MMOCO-
oue / A.M. bopuco, A.C. HecrepoB, H.A. JlorunoBa. — YensaOunck: M3narenbckuit
uentp FOYpl'Y, 2010. - 186 c.

3. bymrakoB A.I'., Bopo6seB B.A. IIpomsiniennsie po6otel. Kunemartuka, auHa-
MUKa, KOHTposib H ynpasieHue. Cepus "bubmmorexka umuxkenepa". — M.: COJIOH-
I[TPECC, 2008. — 488 c.: ni.

4. Tlomor E.IL., IMucemennsiii I'.B. OcHoBbI poboTOTEXHUKHU: BBeneHue B creru-
JIBHOCTB: Yuel. Uit By30B 10 crell. «PoOoTexHruueckne CUCTEMBbl U KOMIUIEKCH» — M.:
Bricm. mk., 1990. — 224 c.

5. Koutiok B.W., T'aBpumn A.I1., Kapnos A.I'. [Ipomsbinnenusie po6otsl: Koncrpyu-
pOBaHueE, yIpaBieHue, 3KcIuryatauus: Buma. mk. ['onoBHe uznarensctso, 1985.

6. Ycombuer A.A. DiekTpudeckuil MpuBoa/YdeOHoe mocodure. [DIeKTPOHHBIN pe-
cypc]. URL: http://e.lanbook.com/view/book/71195/. Jlata obpamienus 28. 07. 2019.

/. bynrakoB A.I'., BopooseB B.A. IIpombinuienHsie poOoThel. KuHemaTtuka, auHa-
MHKa, KOHTPOJIb U yrpaBiienue. Cepus "bubnunoreka unxenepa". [DIeKTpOHHBIN pecypc].
URL.: http://e.lanbook.com/view/book/13760/page475/.. lata oopamenus 28. 07. 2019.
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