APPROVED
at a meeting of the Scientific Council
NJSC «Al-Farabi KazNUy»

Minutes No. _ dated

The program of the entrance exam
for applicants to the PhD
for the group of educational programs
D102 - «Robotics and Mechatronics»

I. General provisions

1. The program was drawn up in accordance with the Order of the Minister of
Education and Science of the Republic of Kazakhstan dated October 31, 2018 No.
600 “On Approval of the Model Rules for Admission to Education in Educational
Organizations Implementing Educational Programs of Higher and Postgraduate
Education” (hereinafter referred to as the Model Rules).

2. The entrance exam for doctoral studies consists of writing an essay, passing
a test for readiness for doctoral studies (hereinafter referred to as TRDS), an exam
in the profile of a group of educational programs and an interview.

Block Points Bbael
1. Interview 30
2. Essay 20
3. Exam according to the profile of the group of the educational 50
program
Total /admission score 100/75

3. The duration of the entrance exam is 3 hours 10 minutes, during which the
applicant writes an essay, passes a test for readiness for doctoral studies, and answers
an electronic examination. The interview is conducted on the basis of the university
before the entrance exam.

I1. Procedure for the entrance examination

1. Applicants for doctoral studies in the group of educational programs D102
— Robotics and Mechatronics write a problematic / thematic essay. The volume of
the essay is at least 250 words.

The purpose of the essay is to determine the level of analytical and creative
abilities, expressed in the ability to build one’s own argumentation based on
theoretical knowledge, social and personal experience.

Types of essays:

o motivational essay revealing the motivation for research activities;



o scientific-analytical essay justifying the relevance and methodology of
the planned research;

o problem/thematic essay reflecting various aspects of scientific
knowledge in the subject area.

Tembl 3cce

1. Explain why you decided to go to doctoral studies. What do you plan to
acquire as a result of the training?

2. Why did you choose the educational program "Robotic systems™? What do
you expect from this particular program?

3. What is the ultimate goal of your study in the doctoral program? How will
this goal be related to your future activities?

4. Describe how you see your doctoral studies, what impact it will have on
yOu as a person, as a scientist.

5. Explain what a doctoral thesis is and why it is needed, what impact it has
on the development of science, how it affects the personal qualities of a scientist.

6. Tell us what scientific problem you would like to deal with, what benefit it
will bring to society

7. What qualities, in your opinion, should a real scientist have? Evaluate how
they match your own qualities.

8. Justify why your candidacy is the best for admission to doctoral studies.

9. Describe the place occupied by robotic systems in the modern world of
science.

10. The modern scientist must evaluate the impact of his research on the
environment. How do you understand this statement? How can the impact of
scientific research on the environment be assessed?

11. Explain what is meant by the term “scientific ethics”. Give your opinion
on the principles of scientific ethics.

12. Describe the software packages known to you that are used in the field of
robotic systems.

13. Justify the relevance of your proposed research topic in doctoral studies.

2. The electronic examination card consists of 3 questions.

Discipline ""Robot Mechanics"

1. Basic concepts of the theory of mechanisms and machines. A car.
Mechanisms. Problems of the theory of mechanisms. Movable and fixed links.

2. Kinematic pairs. Kinematic chains. Kinematic pairs and their classification.
Conditional images of kinematic pairs. Simple and complex kinematic chains.
Closed and open kinematic chains.

3. The main types of mechanisms. Flat mechanisms with lower pairs. Spatial
mechanisms with lower pairs. Cam mechanisms. Gear mechanisms. Friction
mechanisms. Flexible link mechanisms. Hydraulic and pneumatic mechanisms.

4. The structure of mechanisms. The mechanism and its kinematic diagram.
General structural formula of the kinematic chain. Generalized coordinates of the



mechanism. The number of degrees of freedom of the mechanism. Excessive linkage
mechanisms. Structural formula of flat mechanisms. The structure of flat
mechanisms. The structure of spatial mechanisms.

5. Classification of flat mechanisms. The basic principle of the formation of
mechanisms. Assur groups. Structural classification of flat mechanisms.

6. Kinematic analysis of mechanisms. Kinematic analysis of flat link
mechanisms by graphical method. Kinematics of the initial links of mechanisms.
Analogs of speeds and accelerations. Determination of speeds and accelerations by
the method of plans. Kinematic analysis of flat linkages by the analytical method.

7. Kinematic study of gear mechanisms. Basic kinematic relations. Friction
transmission mechanisms. Gear mechanisms.

8. Force analysis of mechanisms. The tasks of the power calculation of
mechanisms. Forces acting on the links of the mechanism.

9. Friction in mechanisms. Types of friction. Friction in a translational
kinematic pair. Friction in the helical kinematic pair. Friction in a rotary kinematic
pair.

10. Forces of inertia of links of flat mechanisms. Determination of the inertial
forces of the links.

11. Kinetostatic calculation of flat mechanisms. Determination of reactions in
Kinematic pairs of groups. Power calculation of typical mechanisms.

12. Bringing forces and masses in mechanisms. Reduced forces and moments.
Zhukovsky's lever. Reduced mass and reduced moment of inertia of the mechanism.

13. Synthesis of mechanisms. Basic concepts and definitions. Mechanism
design tasks.

14. Synthesis of flat gear mechanisms. Basic information from the theory of
links. Geometric elements of gear wheels.

15. Basic concepts of the theory of automatic machines. A brief introduction
to the theory of automatic machines.

16. Brief information on the theory of robots and manipulators. Industrial
robots and manipulators. Relative movements of the links of the manipulator.

17. Feeling. Far-field measurement sensors. Sensation in the near zone.
Tactile sensors. Force-moment sensation.

18. Systems of technical vision. Image acquisition. Lighting methods. Image
geometry. Preliminary processing of information. Recognition.

19. Robot drives. Types of drives. Kinematic characteristics of drives. Drive
gear ratio. Placement of drives on the executive device.

20. Mechatronics. Definitions and terminology of mechatronics.
Preconditions for the development of mechatronics and areas of application of
mechatronic systems. Modern mechatronic systems.

21. Humanoid robots. Definitions and terminology. Modern humanoid robots.

Discipline ""Theoretical Mechanics"
1. The subject of theoretical mechanics, basic concepts and definitions. Point
and rigid body kinematics. Methods for specifying the movement of a point. Speed



and acceleration in curved motion. Expansion of acceleration along the axes of a
natural trihedron.

2. Mechanical system. The translational motion of an absolutely rigid body.
Rotational movement of an absolutely rigid body around a fixed axis. Angular
velocity and angular acceleration. Velocities and accelerations of points when
rotating a rigid body.

3. Plane-parallel movement of an absolutely rigid body. Velocities and
accelerations of points of a flat figure. Instantaneous centers of speeds and
accelerations.

4. The movement of a rigid body about a fixed point. Euler angles. Euler's
kinematic equations. Euler - d'Alembert theorem. Velocity and acceleration of points
of a body moving about a fixed point.

5. Complex motion of a rigid body. Reduction of the system of sliding vectors.
The main vector and the main point. Invariants of reduction of a system of sliding
vectors. Screw. Euler's kinematic motions.

6. Motion of a free rigid body. Chassel's theorem. Velocities and accelerations
of points of a free rigid body.

7. Complex point movement. Absolute, relative, figurative movement.
Velocity addition theorem. Coriolis theorem.

8. Basic definitions and axioms of statics. Moment of force relative to the
center. The moment of force about the axis.

9. System of converging forces. Equilibrium conditions for a system of
converging forces. Parallel forces system. Equilibrium conditions, equivalent
equilibrium conditions. Center of gravity. Methods for finding the center of mass.

10. The theory of pairs. A system of forces arbitrarily located in space.
Equilibrium conditions for various systems of forces. Statically undefined systems.

11. Dynamics of a point and a system of material points. Rectilinear
oscillations of a point (harmonic, damped, forced). Differential equations of motion
for a system of material points.

12. General theorems of the dynamics of a point. Basic dynamic quantities of
the system. General theorems of system dynamics.

13. Types of connections. Elementary work of strength. The work of the force
of gravity, elastic force, friction force. Basic concepts.

14. Virtual and true movement. Variation of coordinates. The number of
degrees of freedom.

15. Generalized coordinates, speeds and forces. Conditions imposed by
constraints on coordinate variations. The principle of possible displacements.

16. The d'Alembert principle. General theorems deduced from the d'Alembert
principle. D'Alembert-Lagrange principle.

17. Method of Lagrange multipliers. Lagrange equations of the first kind.
Holonomic and nonholonomic systems. Determination of reactions using Lagrange
equations of the 1st kind.

18. Lagrange equations of the second kind. Lagrange equations for a system
under the influence of potential forces. Lagrange function. Integral of energy.



19. Differential equations for the rotational motion of a rigid body. Axle
pressure. Plane-parallel movement of an absolutely rigid body.

20. The theory of deformations. Elongation coefficient. Strain tensor. The
geometric meaning of its components. Strain tensor invariants. Volumetric
expansion coefficient. Deformation compatibility condition. Strain rate tensor. The
formula and the Cauchy-Helmholtz theorem.

21. Strength and destruction. Classical theories of strength. Cracked body
model. Destruction criteria. Crack mechanics. Scattered fracture mechanics.

22. Friction. Sliding friction laws. Rough bond reactions. Angle of friction.
Rolling friction.

23. Center of gravity. Center of Parallel Forces. The center of gravity of a
rigid body. Coordinates of the centers of gravity of homogeneous bodies. Centers of
gravity of some homogeneous bodies.

24. Kinematics of a point and a rigid body. Point kinematics. Methods for
specifying the movement of a point. Trajectory. Point velocity vector. Point
acceleration vector. Solid body movements.

25. Rectilinear oscillations of a point. Free vibrations. Forced vibrations.
Resonance.

26. Dynamics of the system. Introduction to system dynamics. System
dynamics theorems.

27. General theorems of the dynamics of a point. The amount of motion and
Kinetic energy of a point. Impulse of power. Power work.

Discipline "Algorithmization and Programming, CAD / CAM*"*

1. Algorithmization. The concept of an algorithm, properties of the algorithm.
Basic algorithmic structures. Linear aogorhythm. Branching. Cycles. Nested loop
structures. lterative structures.

2. Fundamentals of programming. Stages of solving problems on a computer.
The structure of the program in a high-level language. Basic operators.

3. Typical computing processes. Branches and loops. Condition check
operators, jump operator. Logical operations. Relationship operations. Selection
operator. Cyclic computing processes. Loop operator with parameter, precondition,
postcondition. Nested loops. Iterative cyclical computational processes.

4. Operations with indexed variables. Operations with indexed variables. One-
dimensional arrays. Two-dimensional arrays.

5. Subprograms. Organization of function. Passing arguments and calling a
function.

6. High-level programming languages. Evolution of programming languages.
Classification of programming languages. Translators, compilers, interpreters.
Integrated programming environments.

7. Regulatory and technical documents. Types of products and stages of
development of design documentation. Types of design documents.

8. Assembly and detailing drawings. Assembly and detail drawings.
Specifications.

9. Commands of the AutoCAD system. Entering the command of the



AutoCAD system.

10. Units of measurement in the AutoCAD system. Setting the units of
measurement for the AutoCAD system.

11. Types of primitives in the AutoCAD system: segment, point, ray, line,
circle, arc, ellipse. Examples of primitives are line, point, ray, line, circle, arc, ellipse
of AutoCAD system.

12. Methods for entering the coordinates of points in the AutoCAD system.
An example of entering the coordinates of points in the AutoCAD system.

13. Modes used in the AutoCAD system. An example of modes used in the
AutoCAD system

14. Types of primitives in the AutoCAD system: polyline, rectangle, polygon,
multiline, labels. An example of primitives polyline, rectangle, polygon, multiline,
labels of the AutoCAD system.

15. Three-dimensional construction. Setting the coordinate system, level and
height. Examples of setting the coordinate system, level and height in the AutoCAD
system. Methods for creating three-dimensional models of parts in AutoCAD.

16. Modeling robotic and mechatronic systems. Definition and purpose of
modeling. Classification of modeling methods by model type. Automated modeling
of technical objects. Visual modeling packages for robotic and mechatronic systems.

17. Control of robots. Control tasks for manipulation robots. Robot control
systems.

18. Artificial intelligence and task planning in robotics. Artificial Intelligence.
Foundations of the theory of neural networks. Artificial neural networks. Self-
learning in neural networks. Robot training.

19. Robot programming languages. Characteristics of robotic languages.

20. Arduino. General information about the Arduino platform. Hardware
Arduino boards.
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