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The development of micro-power plants based on renewable energy sources
(RES) for decentralized areas is currently of particular relevance, since many remote
and underdeveloped regions of the world still lack access to reliable and affordable
energy supply.

The use of renewable energy sources such as solar, wind, hydropower, and
biomass can provide sustainable solutions to meet the energy needs of these regions,
while also contributing to climate change mitigation and the reduction of greenhouse
gas emissions.

In addition, the development of RES-based micro-power plants can stimulate
local economic growth, create jobs, and improve the quality of life of communities
living in remote and underdeveloped areas.

Thus, the development of a micro-energy complex based on renewable energy
sources for decentralized territories is relevant for solving the problem of energy
poverty, reducing greenhouse gas emissions, promoting sustainable development
and improving the well-being of communities living in remote and underdeveloped
regions.

Purpose of the study:

The purpose of the study is to develop scientific and theoretical foundations for
the effective transformation of renewable energy sources, the use of a microelectric
complex based on renewable energy sources for decentralized territories, to identify
and evaluate the feasibility of such a system in providing reliable and affordable
energy for remote regions.

In particular, research in this area should focus on the following tasks::

- 1. Development of a multi-criteria methodology for evaluating the efficiency of
autonomous energy systems based on renewable energy sources, using a hierarchical
structure of indicators and an aggregated utility function.

2. Construction and verification of mathematical models for energy generation
from solar, wind, and biomass sources, taking into account the climatic, resource,
and territorial characteristics of the Republic of Kazakhstan.

3. Development of a combined stochastic renewable energy model (CSM-RES)
that integrates various types of generation for calculating the energy and economic
performance of autonomous systems.

4. Development of a multi-criteria optimization methodology for RES system
configurations based on the CSM-RES, including the formation of a system of
criteria using the TOPSIS method and scenario analysis.

5. Creation of a software package that provides automation of calculations,
scenario analysis, multi-criteria decision-making, and visualization of results, with
the possibility of practical application in design and educational activities.



6. Development and proposal of a vacuum-dynamic power amplifier as a new
element that increases the stability and reliability of autonomous energy systems
under fluctuations in renewable energy generation.

The implementation of these tasks makes it possible to gain a deeper understanding
of the technical, economic, and social feasibility of RES-based micro-power plants
for decentralized areas and to contribute to the development of sustainable energy
systems.

The objects of research are a hybrid energy system with renewable energy
sources.

The subject of the research includes methods, algorithms, software tools,
and technical devices for energy generation from renewable sources for
decentralized areas.

Research methods. The dissertation employs methods of system analysis
and information processing, methods for selection and verification of micro-power
plants, simulation modeling methods, and mathematical modeling techniques.

The scientific novelty of the research.

The results submitted for defense are based on computational and theoretical
studies and summarize the author’s research aimed at improving the efficiency of
power supply in decentralized areas through the use of renewable energy sources.
The scientific novelty of the obtained results is as follows:

l. For the first time under the conditions of remote regions of Kazakhstan,
an integrated methodology for modeling and optimizing configurations of
autonomous RES-based energy systems has been developed, combining stochastic
modeling, multi-criteria analysis, and software implementation.

2. Adapted mathematical models of solar, wind, and biomass generation
have been developed, taking into account the climatic and infrastructural
characteristics of Kazakhstan, and a combined stochastic renewable energy model
has been proposed to assess the energy and economic performance of autonomous
systems.

3. A methodology for multi-criteria optimization of RES system
configurations and a system of criteria based on the integration of the CSM-RES and
the TOPSIS method has been developed, ensuring the selection of optimal solutions
under conditions of uncertainty and multidimensional requirements.

4. A specialized software package has been created that ensures
automation of calculations, visualization of results, and analysis of system stability.
In addition, a new engineering element—a vacuum-dynamic power amplifier—has
been developed to enhance the stability of autonomous RES-based energy systems.

Scientists: D.Blumberga, Anders N. Anderson, I. Pakere, T. Cho, Ya-Jun
Leng, Huan Zhang, Mohammed Hammam Mohammed Al-Madani, Fishburn P.C.,
Elias have made a great contribution to solving various aspects of the methodology
for assessing the effectiveness of involving renewable energy sources in electricity
supply in decentralized areas based on the principles and methods of a systematic
approach. M. Salilih, Alexandra Calvén, Nurul Nadia Ibrahim, Sikandar Ali Qalati,
Keeney R.L., Raiffa H., B. Paris, L. Li, U. Jamil, T. Hickey, Pratt J.W., Tleuov A.
H., Latif Bektenov, Baitanaeva B.A., Sarsenbaev E. A, Khabdullina Z.K., etc.



Despite the significant number of works in this field, Methods for assessing the
effectiveness of involving renewable energy sources in electricity supply in
decentralized areas based on the principles and methods of a systematic approach
and their practical implementation have not yet been adequately developed.

The theoretical significance of the results lies in the advancement of
scientific understanding of renewable energy modeling methods for decentralized
areas, taking into account the climatic factors of Kazakhstan, such as sharp
temperature fluctuations, snow cover, dust loads, and high wind turbulence. The
proposed models of solar, wind, and biomass generation expand the theoretical basis
for studying energy conversion processes under regional conditions and enable the
formation of reliable scenario sets.

The practical significance consists in the development and validation of a
comprehensive methodology for evaluating and selecting optimal configurations of
autonomous RES-based energy systems for decentralized areas. The developed
software package can be used in design organizations, regional authorities, and
educational institutions for the practical implementation of sustainable energy
solutions. The developed vacuum-dynamic power amplifier, when widely
implemented, makes it possible to significantly reduce electricity and fuel
consumption; calculations indicate low specific costs for the generation of 1 kW of
energy

Main Provisions Submitted for Defense
1. A stochastic RES modeling methodology including adapted models of solar,
wind, and biomass generation for decentralized areas of Kazakhstan, ensuring the
formation of reliable scenario sets.

2. A methodology for multi-criteria optimization of energy system
configurations based on the integration of a combined stochastic RES model and the
TOPSIS algorithm, taking into account energy, economic, environmental, and social
factors.

3. An RES-based micro-power plant developed for the village of Stepnoye,
Kostanay region of the Republic of Kazakhstan, implemented using a software
package integrated with NASA POWER climate databases and local meteorological
data, providing automated scenario analysis and visualization of results.

4. A new element of autonomous energy systems—the vacuum-dynamic power
amplifier—which enables smoothing of generation fluctuations and enhances the
stability of energy supply under variability of renewable energy resources.

The degree of trust and the results of the approbation. The main results of
the dissertation work were presented and discussed at international and foreign
scientific conferences, scientific seminars.:

1.Xabmymmuna I A. , «Kputepun  >PGHEKTUBHOCTH  UCIIOJIb30BAHUS
BO30OHOBIIIEMBIX HMCTOYHUKOB d3Heprum». // Marepuansl MexayHapoaHOU
(3aouHoi) HayuyHO-npakTHueckor koHpepeHunn. HAYKA W OBPA3OBAHUE:
ITPOBJIEMBI U TTEPCIIEKTHUBBI (SCIENCE AND EDUCATION: PROBLEMS
AND PROSPECTS, 31 oktsa6ps 2022, r.Ilpara, Uexwus, C. 43-38.

2. Xabnynmmuna I. A., I'mymenko T.M., buxanos H.Y., «cABTOHOMJIbI
SHEPITUSMEH  XXABJIBIKTAY  XXYMEJIEPI  YHIIH BHUOMACCA



OHEPI'MACBIH MOIEJIBAEY». // Marepuansl MexayHapoaHOH Hay4dHO-
npaktnuecko uHTEepHET-KOHpepenunu «TEHJEHIIUW W TIEPCIIEKTUBBI
PASBUTHUA HAYKU 1 OBPASOBAHU A B YCJIOBUAX TJTIOBAJIU3ATLIN» 31
deBpans 2023 rona (Beim. 90), 31 suBaps 2023 1. 1. [lepesicnas, Ykpaunna, c. 231-
235.

Personal contribution of the researcher. The author independently carried out
all stages of the research, developed methodologies and mathematical models,
created a software package for automation of calculations and scenario analysis,
developed an RES-based micro-power plant for decentralized areas, and designed a
vacuum-dynamic power amplifier. Calculations were performed, results were
analyzed, and conclusions were formulated.

Publication of the main results of the dissertation research.

On the topic of the dissertation, 3 copyright certificates, 1 utility model patent
were obtained and 6 papers were published, including 1 articles in publications
indexed by Scopus and Web of Science and 3 articles published in journals
recommended by the Committee for Quality Assurance in Science and Higher
Education of the Ministry of Education and Science of the Republic of Kazakhstan,
and 1 monograph and a textbook have also been published:

1. I'A. Xabpymnuna, T.M.I'mymenko, T.B.benbru, «JlocTypmi emec xoHe
YKaHAPTHIIATBIH SHEPTCTHKAHBIH TEOPUSIIBIK HETi3Aepi», ABTOPIBIK KYKBIKIICH
KOpFajaTblH 00BEKTUIEpre KYKBIKTAPIbIH MEMJICKETTIK T131MI'e€ MOJIIMETTEP/I1 €HT13Y
Typaisl Kyamik 2021 xbutrbl «22» ka3zan Ne21096, Hyp-Cynras K.

2. 'A. Xabnynnuna , Xa0aynnun A.b., Imymenko T.W., nporpamma ayis O9BM
«BoBieyeHue = BO300OHABISEMBIX  HCTOYHMKOB  DHEPrHM B CHUCTEMBI
aNeKTpocHadkeHus», CBUIETETHCTBO O BHECEHUU CBEICHHUM B TOCYIapCTBEHHBIN
peecTp TpaB Ha OOBEKTHI, OXpaHseMble aBTOPCKUM TMpaBoM Ne39752 ot «19»
okTs10psa 2023 roga, r. ActaHa

3. T.A. XaOpgymnmuua, T.M.Inymenko, Monorpadpus «IIpumenenue
BO300OHOBIIIC-MBIX HMCTOYHHKOB JHEPTUM JUISl TOBBIMIEHUS A(P(HEKTUBHOCTH
ANEKTPOCHAOKEHHUS COITUATBHBIX 00bEKTOBY», CBUIETEIHCTBO O BHECEHUH CBEACHUI
B TOCYIAPCTBEHHBIN peecTp MpaB Ha OOBEKTHI, OXPaHSIEMbIC aBTOPCKUM ITPABOM
Ne26567 ot «27» mas 2022 rona, . Hyp-Cynran

4. T.A. Xa6nynnuna , T.W. I'mymenxko, A.b. Xaoaymmn, «KKASAKCTAH/IAFBI
SHEPI'ETUKA CEKTOPBIHBIH, XAM-KYMI», TopaifblpoB YHHBEpPCHUTETiHIH
XABAPHIBICBI. Dueprerukansik cepuschl. IlaBmomap, 2022 Ne2, 334-346 6.,
https://doi.org 10.48081/WWGAT172

5TA. Xabnyumaa , TH. DIimymenko, A.B. Xa6aywmn, «PYJIHBIN
KAJIACBIHBIH KYH KOHE XEJI SHEPI'MSACBIHBIH OJIEYETIH BAFAJIAY
YIITH MATEMATUKAJIBIK MOJAEJIBAEPAI O3IPJIEY», Anmarsl sHEpreTHKa
xoHe Oaiinanbic yHuBepcuTeTiHIH XABAPIIBICHI, Anmatsel, 2022 Ne4 (59) 6-17
0.

6. I'A. XaOaynnuna, A. b. Xa0aymnun, T. U. I'mymenko, A. b. ToHipbepren, A.
K. Kymanuposa, «PA3PABOTKA 41 NCCIIEAOBAHUE
BAKYYMHOAMHAMUWYECKOI'O YCHWIIMTEJISA MOILIHOCTW», BectHuk
IITY. Duepreruueckas cepus. [1aBnogap, 2023 Nel, ¢.323-334



7. T.A. Xaonynnuna, T.M.I'mymenko, Monorpadus «lIpumenenue
BO300HOBIISIE-MbIX HCTOYHHUKOB DSHEPTUM I TOBBIIICHUS 3((HEKTUBHOCTH
AIIEKTPOCHAOKEHUSI  cOlMalbHBIX  00BbekTOB», Kocranait, KPY wum. A.
BaiitypcsinoBa, 2022 - 96 c., ISBN 978-601-7481-37-7

8. I'A. Xabaymnuna, T.W.Inymenxo, T.B. benbru, oky kypansl «JlacTypii emec
KOHE >KaHAPTHUIATHIH DHEPTeTUKAHBIH TEOPUSIIBIK HETI3Aepi», AJMaThl: DBepo,
2022 — 168 6. ISBN 978-601-352-731-4

9. Guldana KHABDULLINA, Dace PAULE, Ieva PAKERE, Asset
KHABDULLIN, Dagnija BLUMBERGA, «Boosting of Dissipated Renewable
Energy Systems Towards Sustainability in Kazakhstan», Environmental and Climate
Technologies, 2024, vol. 28, no. 1, pp. 540-555 https://doi.org/10.2478/rtuect-2024-
0042.

10. Xa6mymuna ['ynbiana A6ayxasnbikoBHa, Xaonymuind Acetr bakuposuy,
I'mymenko Taresana MBanoBHa, IlatenT Ne9818 Ha monesnyro monens Bakyymuabi-
JUHAMUKAJIBIK KyaT KylenTkimi , ot 22.11.2024 Acrana

The structure and scope of the thesis. The dissertation consists of an
introduction, five chapters, a conclusion, a list of references comprising 103 sources,
and three appendices. The total volume of the work is 154 pages and includes 31
figures and 24 tables.



