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PROGRAM

1. General Provisions

The doctoral entrance examination is based on the disciplines studied at
previous levels of education, as well as on experience gained through participation
in scientific research and experimental work.

When taking the doctoral entrance examination, the applicant must
demonstrate the ability to formulate a scientific problem and present both domestic
and international experience in the field under study related to the topic of the future
dissertation, highlighting the positive and negative aspects of such practice.

The applicant must also demonstrate knowledge of the current state of
thermal power engineering, existing challenges in the field, and contemporary
trends in the development of engineering and technology.

The doctoral entrance examination consists of three sections and an
interview, as presented in the table below.

No Section Points Contents

Essay topics are developed and
1 |Essay 20 approved by the NC JSC «G.
Daukeyev AUPET»

Examination questions are
Examination in the Profile of the Educational 50 developed and approved by
Program Group the NC JSC «G. Daukeyev
AUPET»

Interview  questions  and
assessment criteria are

3 |Interview 30 developed and approved by
the NC JSC «G. Daukeyev
AUPET»
Total 100

The table above presents the maximum score for each section of the
examination. The passing score for admission to doctoral studies under the state
educational grant is 75 points. The passing score for admission to doctoral studies
on a fee-paying basis 1s 50 points.

The results of the entrance examination are announced on the day following
the examination. Applicants may review their results in their personal account on
the NTC website. Applications for appeal are accepted on the day following the
announcement of the entrance examination results at the regional branch of the
NTC from 1:00 p.m. to 1:30 p.m.



Appeal applications shall be reviewed by the Appeal Commission of NC JSC
«G. Daukeyev AUPET» within one day from the date of their submission.

2. Essay Writing

To assess the applicant’s analytical and creative abilities, demonstrated
through the capacity to develop independent arguments based on theoretical
knowledge, social experience, and personal experience, applicants for doctoral
studies are required to write an essay of 250-300 words in one of the following
formats:

Essay Type Description

The applicant’s justification of the motivations for engaging
in research activities (research statement).

Scientific and Analytical The applicant’s substantiation of the relevance and
Essay methodology of the proposed research (research proposal).
Presentation of the author's position on current issues within
the relevant field of knowledge.

Motivational Essay

Problem-Oriented Essay

The essay is assessed according to the following criteria:

Criteria Descriptors Points
The issue is addressed at a theoretical level with the correct 3
! use of scientific terms and concepts
gepth of Topic The applicant’s own viewpoint (position, attitude) is presented 5
RHERLR in discussing the issue

Information from various sources is used 1
Arguments from scientific literature and sources relevant to 3
the essay topic are provided

Argumentation and , , _ i

Evidence Base Cause-and-effect relationships are identified 2
Facts and evidence from historical, social, and personal 1
experience are presented
The essay demonstrates structural integrity, and its 3
components are logically connected

Coherence and Logic - - . =

: 81 Internal logic is maintained, with the ability to move from

of Presentation ; . 2
specific to general and from general to specific
Conclusions and generalizations are provided 1

. - Demonstration of a high level of academic writing
Academic Writing . .
: (vocabulary, knowledge of scientific terminology, grammar, 2

Skaills
and style)
Maximum Score 20




3. Structure and Content of the Entrance Examination for the
Educational Program Group profile (8D07102- Thermal Power Engineering)

The electronic examination ticket consists of three questions aimed at
assessing the level of theoretical knowledge, practical skills, and systemic
understanding in the field of Thermal Power Engineering.

Section Nature of the Question Points

Theoretical — assesses the level and systematic

et | nature of theoretical knowledge 13
Practical — identifies the degree of development
Cugstion 2 of functional competencies (the ability to apply 15

methods, technologies, and techniques in the
subject area)

Assesses systemic understanding of the subject
Question 3 area and specialized knowledge in research 20
methodology (systemic competencies

TOTAL 50

The examination question bank consists of 150 questions, including 50
questions for each section.

The examination questions are developed in accordance with the Dublin
Descriptors to assess systemic understanding of the subject area, knowledge of
research methodology and methods, and the ability to critically analyze, synthesize,
and evaluate ideas.

Assessment of responses to the electronic examination ticket is carried out
according to the following criteria:

Question Assessment Criteria Points
Demonstrates knowledge of the main processes within 7
the subject area; depth and completeness of the answer

. Expresses personal views on the issue under discussion

Question 1 . . 4
logically and consistently
Demonstrates command of conceptual and categorical 4
frameworks and scientific terminology.
Subtotal 15
Applies methods, techniques, and technologies to solve 7
problems in the subject area
Provides arguments, compares, classifies phenomena,

Question 2 events, and processes; draws conclusions and 5
generalizations based on practical skills
Analyzes information from various sources 3
Subtotal 15

Question 3 Critically analyzes and evaluates theoretical and 10




practical developments, scientific concepts, and current
trends in the development of science

Synthesizes methodological approaches interpreting
the main issues of the subject area

Identifies cause-and-effect relationships in the analysis 5
of processes, phenomena, and events
Subtotal 20

TOTAL 50 points

4. Structure and Content of the Interview for the Educational
Program Group profile (8D07102- Thermal Power Engineering)

The interview is intended to assess the applicant’s level of preparation,
understanding of the tasks to be addressed during doctoral studies, vision for the
dissertation research, interaction with the prospective supervisor, plans for academic
internships and practical training, the sequence of research activities during the
dissertation process, as well as the applicant’s general outlook, personal qualities,
and ability to work in a team.

Questions Points
Why do you want to obtain a doctoral degree? Please describe your long- 3
term goals
Why did you choose this educational program, and which faculty members 3
do you intend to work with?
What contribution do you plan to make to the development of your field? 6
Which research questions are of greatest interest to you?
Which fundamental works in your field do you plan to rely on when 6

conducting your research?

Describe the experience that has prepared you for doctoral studies
(including your bachelor's and master's research projects, teaching 6
experience, if any, significant laboratory work, or field research)

Doctoral studies involve teaching activities. Please describe your teaching
or tutoring experience and explain why you would like to become a lecturer 3
and/or researcher?

General questions about your life experience, favorite books, master's
studies, etc.

Total 30




5. Essay Topics

Ne Topic

Current Challenges and Prospects for the Development of Thermal Power Engineering
in Kazakhstan

Best Available Technologies in Thermal Power Engineering and Issues of Their
Implementation in Kazakhstan

o}

Renewable Energy Sources

Coal-Based Power Generation in Kazakhstan: Challenges and Development Prospects

Energy Conservation in the Energy Sector of Kazakhstan

Energy Security of Kazakhstan

N[N |Ww | AW

Advanced Energy Technologies and Their Implementation in Kazakhstan

6. Examination questions

The block of theoretical questions is based on the fundamental principles of
thermal engineering, including Engineering Thermodynamics, Heat and Mass
Transfer, Boiler Plants and Steam Generators, Compressors and Thermal Engines7
The block of practical questions focuses on the application of modern technologies
in the generation of electricity and heat, as well as on the analysis of factors
affecting the efficiency of thermal power plants, district heating systems, and
energy equipment. The third block of systemic questions is related to ensuring
energy security, I€pCIIEKTHBHBIE HAIpPaBJIEHHs Pa3BUTHs TEIIO3HEPreTHKY,
renewable and secondary energy resources.

Ne Question
THEORETICAL SECTION — ASSESSES THE LEVEL AND SYSTEMATIC NATURE
OF THEORETICAL KNOWLEDGE

1. Engineering Thermodynamics. Thermodynamic system. Thermodynamic process.
Gas mixtures. Heat capacity. Work in thermodynamics. Heat in thermodynamics.
Enthalpy and entropy. The First Law of Thermodynamics for a flow process. Equation
of the First Law of Thermodynamics for a flow process. Laval nozzle. The Second Law
of Thermodynamics. Reversible and irreversible processes. Heat engine. Thermal
efficiency of a heat engine. Carnot cycle. Reversed Carnot cycle. Refrigeration machine.
The Third Law of Thermodynamics. Absolute temperature scale. Concept of exergy.
Thermodynamic processes (isoprocesses). Thermodynamic properties of substances.
Van der Waals equation and isotherms. Phase equilibrium and phase transitions. Gibbs
phase rule. Phase diagram. Critical point and triple point of a substance. Clausius—
Clapeyron equation. Thermodynamic properties of water and steam. Maxwell relations.
Moist air and its properties. Flow thermodynamics. Adiabatic expansion processes.
Speed of sound and transition through the speed of sound. Laval nozzle. Mach—
Maievskii equation. Principle of inversion of action. Similarity of physical processes
and similarity criteria.
2. Fundamentals of Heat Transfer and Heat and Mass Transfer. Modes of heat




Ne Question

transfer. Fourier’s law of heat conduction. Methods of heat transfer enhancement.
Thermal conductivity, heat transfer, and overall heat transfer coefficients. Methods for
solving convective heat transfer problems. Thermal design of heat exchangers. Concept
of the critical diameter of a cylindrical wall. Calculation of the critical diameter.
Analogy methods in the study of heat conduction processes. Flow arrangements of heat
transfer media in heat exchangers.

3 Compressors. Steam turbine plant (STP) cycles. Rankine cycle. Energy and exergy
analyses of steam turbine plants. Binary cycles. Combined-cycle power plant cycles.
Cogeneration cycles. Cycles of reciprocating internal combustion engines. Gas turbine
plant (GTP) cycle. Gas turbine cycle with heat regeneration. Gas refrigeration systems.
Vapor-compression refrigeration systems.

PRACTICAL SECTION - ASSESSES THE LEVEL OF FUNCTIONAL
COMPETENCIES (ABILITY TO APPLY METHODS, TECHNOLOGIES, AND
TECHNIQUES IN THE SUBJECT AREA)

1. |Operation and Operating Modes of Thermal Power Plants (TPPs). Feedwater pump
arrangements. Feedwater heater system of steam turbine regenerative cycles. Cooling
tower operating parameters. Efficiency of a steam turbine condenser. Vacuum in the
condenser. Operational methods for reducing nitrogen oxide (NOx) formation at thermal
power plants. Regenerative condensate heating. Thermal efficiency of a power plant.
Load regulation range of power units. Minimum load operation of thermal power plants
and methods for passing through minimum-load conditions. Load distribution among
parallel-operating CHP units. Lay-up corrosion and boiler preservation; principal
methods of protecting boiler tube metal against corrosion. Technologies for reducing
ash, sulfur oxide (SOx), and nitrogen oxide (NOx) emissions at thermal power plants
and boiler houses. Methods for preventing slagging of steam boiler heating surfaces.

2. |Design and Calculation of Thermal Power Plant Schemes.

Heating load of residential buildings. Design thermal scheme of a thermal power plant.
Selection of turbine units for combined heat and power plants (CHPs). Selection of]
feedwater pump drives at thermal power plants. General layout of a thermal power
plant, arrangement of buildings and structures. Placement of deaerators at the power
plant. District heating water heating schemes at CHP plants and boiler houses. Sources
and systems of technical water supply for CHP plants. Coal combustion technologies.
Structure of electricity consumption for the plant's own needs. Gross efficiency of a
steam boiler determined by the indirect heat balance method.

3. |Energy Conservation and Efficiency Improvement of Thermal Power Plants.
Opportunities for improving the efficiency of steam turbine power units. Methods for
increasing the efficiency of labyrinth seals in steam turbines. Methods for evaluating the
technical and economic effectiveness of proposed energy-saving measures. Pump
efficiency. Energy performance indicators of condensing power plants (CPPs) and
combined heat and power plants (CHPs). Stages of an energy audit and their content.
Technological methods for improving the efficiency of heat recovery steam generators
(HRSGs) in combined-cycle power plants (CCPPs). Steam boiler efficiency. Methods
for reducing heat losses in boiler units. Approaches to improving the energy efficiency
of compressed air systems. Methods for increasing the output of gas turbine plants
(GTPs). Methods for reducing heat losses in district heating systems. Coal gasification
technologies. Heat pumps and their applications.

SYSTEMIC SECTION - ASSESSES SYSTEMIC UNDERSTANDING OF THE

SUBJECT AREA AND SPECIALIZED KNOWLEDGE IN RESEARCH
METHODOLOGY (SYSTEMIC COMPETENCIES)




Question

Energy Sector of Kazakhstan at the Current Stage — Structure and Status.
Prospects for the development of the energy sector of Kazakhstan. Electricity market in
Kazakhstan. Concept of industrial and innovation policy in the Republic of Kazakhstan.
Prospects for the development of nuclear power engineering. Problems of reconstruction
and modernization of thermal power equipment. Prospects for the construction of|
thermal power plants operating at ultra-supercritical parameters. Problems of centralized
heat supply development. Environmental issues of modern energy systems. Current
status and prospects of renewable energy sources (RES) in Kazakhstan. Problems and
prospects of RES utilization. Problems and prospects of sustainable development of the
Republic of Kazakhstan. Modern aspects of energy security of the Republic of]
Kazakhstan. Prospects for the development of clean coal technologies for Kazakhstan.
“Green economy” and its role in energy sector development.

Main Problems and Prospects of Modern Thermal Power Engineering. Main types
of environmental impact of thermal power plants. Applications of thermal power
systems in industry. Modem designs of heat exchangers. Heat pumps and heat pump-
based district heating systems. Key aspects of water treatment at thermal power plants.
Modern technologies for combustion of gaseous, liquid, and solid fuels. Features of]
combustion processes in gas turbine units. Modern methods of fuel preparation and
combustion in power engineering. Auxiliary equipment of thermal power plants.
Features of autonomous power supply systems. Advantages and disadvantages of]
cogeneration (district heating). Main layout solutions of modern thermal power plants
and nuclear power plants. Advanced schemes of combined-cycle power plants (CCPP).
Key reliability indicators of gas turbine units. Advanced methods for reducing nitrogen
oxide emissions in gas turbine combustors. Modern methods and schemes for coal
gasification for combined-cycle power planis.

Current Issues of Energy Efficiency in Thermal Power Engineering. Main methods
for assessing efficiency in the energy sector. Methods of intensification of heat and
mass transfer. Use of computer technologies in the study of thermophysical processes.
Mathematical modeling of heat and mass transfer systems and installations.
Reconstruction of existing boiler houses into mini (micro) CHP plants. Main directions
of energy saving in heating, ventilation, and air conditioning systems. Energy efficiency
measures in buildings. Methods for improving boiler plant efficiency. Energy saving
measures in district heating systems. Utilization of secondary energy resources in boiler
houses. Applications of solar energy in thermal technologies. Modern methods and
systems for thermal energy storage. Secondary energy resources and methods of their

utilization.
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