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The dissertation work of Guldana Khabdullinz is 2 completad scientific study
devoted to solving an urgent problem of sustzinzble energy supply for decentralized
territories using renewable energy sources {RES). In the context of the global energy
transition, climate challenges, and the need to ensure energy accessibility for rural
and remote regions, the presentsd research has high scientific and practical
significance.

The author has carried out 2 comprehensive analysis of the current state of
electricity supply in decentralized regions of Kazakhstan and identified key
development problems and barriers, including technical, economic, and institutional
aspects. The dissertation focuses on the development of mathematical models of
solar, wind, and biomass energy, modeling their behavior under real climatic
conditions, as well as methods for their efficient integration into hybrid energy
system structures.

The relevance of the research is beyond doubt, since in many countries,
including the Republic of Kazakhstan, a significant number of remote settlements
and infrastructure facilities lack reliable access to centralized power supply systems.
Under these conditions, the use of hybrid autonomous energy systems based on
renewable energy sources represents a justified and promising solution.

The dissertation presents an in-depth analysis of the current state of energy
supply in remote areas, international experience in the application of renewable
energy sources, and existing methodological approaches to modeling and optimizing
autonomous energy systems. Special attention is paid to the consideration of
climatic, resource, and infrastructural features of the Republic of Kazakhstan.

The scientific novelty of the work lies in the development of an integrated
methodology for modeling and multi-criteria optimization of autonomous energy
system configurations based on stochastic modeling of renewable energy sources.
The author has proposed adapted mathematical models of solar, wind, and biomass
generation, as well as a unified stochastic RES model that allows accounting for the
uncertainty of natural resources.

The author’s developed multi-criteria optimization methodology deserves
high evaluation. It is based on the integration of a stochastic RES model and the
TOPSYS method, with the formation of a hierarchical system of energy, economic,
environmental, and social criteria. This approach ensures a justified selection of the
optimal configuration of a micro-energy complex under multidimensional
constraints and uncertainty. For the verification of the developed models and the



performance of techno-economic calculations, the author employed the specialized
software package EnergyPRO, which is widely used in international energy
modeling practice. This made it possible to analyze energy balances, assess the
reliability of power supply, and evaluate operational scenarios of hybrid energy
systems, thereby confirming the correctness and practical applicability of the
proposed methodology.

The practical significance of the work is confirmed by the development of a
software package implementing the proposed models and algorithms, as well as by
the results of their approbation using the example of an agricultural enterprise
“Stepnoye” in the Kostanay region. An additional important result is the
development of a new engineering component — a vacuum-dynamic power
amplifier — aimed at improving system stability. The application of the developed
solutions made it possible to achieve positive effects, including increased energy
autonomy, reduced consumption of conventional fuels, optimized costs, and
decreased CO: emissions.

The dissertation is distinguished by a logically structured framework and
depth of analysis.

Guldana Khabdullina has proven herself to be an independent, goal-oriented,
and highly motivated researcher. She possesses a high level of theoretical training,
systems thinking, as well as skills in software modeling, engineering analysis, and
scientific argumentation. During her dissertation research, she demonstrated
initiative, academic integrity, and a strong focus on the practical implementation of
her developments.

The results of the dissertation are presented in publications, including articles
in international scientific journals indexed in Scopus, authorship certificates and
patents, as well as presentations at scientific conferences, which confirms
recognition by the scientific community.

The work presents a completed scientific study containing new scientific
results of both theoretical and applied significance. The research is characterized by
a high level of elaboration, well-founded conclusions, and practical value.

I consider that the dissertation work of Guldana Khabdullina on the topic
“Development of micro-power plants based on renewable energy sources for
supplying energy to decentralized areas”, in terms of the scope of conducted research
and its scientific and practical significance, fully meets all the requirements for
doctoral dissertations and is recommended for defense before the scientific council
for the degree of Doctor of Philosophy (PhD) under the educational program
8D07101 — Electric Power Engineering.

Professor,

Director of Institute of Energy Systems and Environm,e
Faculty of Natural Sciences and Technologies of 1S/ NG
Riga Technical University ( 5| M Dagnija



8D07101 — DurekTp 3HepreTHKachl Ol1imM Oepy OGaraapjaMachl OoHBIHIIA
¢puaocodus nokropsl (PhD) nopeskecin ajy ymiH yCbIHBLIFaH
Xa6ayamHa I'yabaana A0ayxaabIKOBHAHBIH
«Ilanraii eHipJjepai FHeprusiMeH Ka0AbIKTAY YIIIH KAHFBIPTHLIATHIH
IHeprus Ke3Jaepi HeriziHae icTedTiH MHKPOCTAHIHS Kacay»
TAKBIPBLIOBIHAAFBI JHCCEPTAUHAIBIK JKYMBICHIHA
FBUIBIMH KeHecLileH
IHIKIP

['yapmana XaOmy/UIMHAHBIH JUCCEPTALUSUIIBIK JKYMBICHl JKaHFBIPTHUIATHIH
sueprus  kesmepin (OKOK) mafimanany apkbuibl LIajFall eHIpIepAl TYpPaKThI
SHEPrusiMeH KaMTaMachl3 eTy/IH ©3eKTI MJCelIeCiH LIENIyTre apHalfaH asKrajlraH
FEUIBIME  3epTTey Oouibil  TaObutanpl. KahaHOBIK SHEPreTHKANBIK KOIly,
KJIMMATTBIK CBIH-KATepIIEp XKOHE aybUIIBIK opl IIalFai aiMaKTap[bl SHEPTrUsMeH
KaMmMTy KaXeTTUIrl »KargalblHAa YCBIHBUIFAH 3€pPTTEY YKOFapbl FBUIBIMHU JKOHE
MPaKTHKAJIBIK MaHBI3ABLIBIKKA He.

Asrop Kazakcran PecrmyOnuKackIHBIH INanFail ©HIpIEepAEri SJIEKTPMEH
#aOABIKTayAbIH Kasipri skarmadblHA KelIeHAl Taijay >KYPrisill, TeXHHKaJBIK,
3KOHOMMKAJIBIK JKOHE HHCTUTYLIMOHAIIBIK CUIIATTaFbl HErl3I1 Macellelep MeH JaMy
KeaeprijiepiH aHbIKTaraf. [{uccepTaiusiblK )KYMBICTa KYH, JKeJl )KoHe OHodHeprus
Ke3/1epiHiH MaTeMaTHKAJIBIK MOIEIBIEPIH d3ipieyre, olapAblH HAKThl KIMMATTHIK
xarfainapaa JKYMBIC ICTEYiH MOJeNbaeyre, COHIai-ak oJslapAbl TMOpPHATI
SHEPreTHKAIBIK JKyHelep KYpbUIBIMBIHA THiMAI OipikTipy oIicTepiHe epekiie
Hasap ayJapblIraH.

3epTTeyAiH ©3eKTiTr KYMoH TyIbIpMaiiipl, ©MTKeHI KeNTereH eiaepie,
cously imiHme Kasakcran PecmyOmukacklHaa [a, OpTalbIKTaHIBIPBLIFaH
3AEKTPMEH XKalOIBIKTay JKyielepiHe CeHIMIlI KOJDKeTIMIIIT JKOK Inanrai enmi
MeKeHIep MeH HH(PaKyphUIBIM HBICAH/IAPbIHBIH CaHbl e1dyip. MyHiai xaraaiia
JKaHApTBUIATBIH  SHEPrHs  KeslepiHe  HerizJeilreH THOpPHATI  aBTOHOMIBI
SHEPreTUKAJIBIK JKylenepl maififanany HerizzenreH opi OGonmalarsl 30p IIENIM
0O0JIBIN TaObLIABI.

JlyccepTralusaiblK JKYMBICTa INajraid eHipJaepll SHEeprusMeH KaMTaMmachl3
eTyHiH Kasipri jkaFmaiiblHa, >KaHFBIPTBUIATBIH 3HEPIUsl Ke3lepiH KOJJaHyIbIH
XanblKapaiblK ToXipubeciHe, coHmaif-aKk aBTOHOM/BI SHEPreTUKAIBIK JKyHheaepal
MOZENBAEY MeH OHTAaWIaHIBIPYABIH KOIIAHBICTAFbl OMICTEMENIK TACUIAEpiHe
TepeH Tanmay jkacanraH. KasaxcTaH PecmyOiMKachIHBIH KIMMATTBIK, PECYPCTHIK
KoHe MH(QPaKYPBUILIMIBIK €PEKIIeTiKTepiH ecKepy Maceseepine alpbIKiIa KOHiJ
OemiHreH.

JKYMBICTBIH FBUIBIMM KAHAIBIFEl JKAHFBIPTBUIATBIH OHEPrHs KO3JEpiH
CTOXACTHKANBIK MOIENbJIey HerisiHge aBTOHOM/IBl DHEpPreTHKAIBIK IKyHelep
KOHQUIypalUaaapblH  MOJENBAEY MEH KONIKPHUTEpUii OHTaHIaHIBIPY IbIH
WHTErpalksIaHFaH oIicTeMECiH a3ipieyie KepiHic Tadanbl. ABTOP KYH, )K€ XKoHe
6HOSHEpreTHKAIBIK IeHepallisHbIH OeliMIeNreH MaTeMaTHKAIBIK MOJENbIEPIH,



COHZali-ak TaOMFU pecypCTapAblH Oenrici3zirii eckepyre MYMKIHIIK OepeTiH
JKOK-Tig 6ipbIHFail cTOXaCTHUKAIBIK MOJENIH YChIHFaH.

ABTOp 93ipyiereH KONKPUTEpUiIi OHTAHIAHABIPY SICTEMECI IKOFaphl
Garanayra naibik. On croxacruxanelk JKOK mopenin sxene TOPSIS omicin
SHEPreTHKAIIBIK, SKOHOMUKAIIBIK, SKOIOTUSIIBIK JKOHE JIeyMETTIK KpUTEpHHIEpIiH
HepapXUSIBIK KYHeCIH KaIBIITaCTRIPY apKblIbl OipikTipyre Herizmenren. Mynjai
TaCLI KOTOJIIIeM/Ii HIEKTEYJIep MeH Genricizoix yKaFIalbIHaa
MUKPOSHEPTeTHKABIK KEIIEHHIH OHTaWIbl KOHMUIYpalMsACHIH HETI3Ai Typae
TaHzay/Ibl KaMTaMachl3 eTelli. O3ipieHreH MOJeNbAepAl BepH(UKalUsIay JKOHE
TEXHHUKO-DKOHOMUKAJIBIK ~ €CelTeyjep JKYpridy YUIIH aBTOp XalbIKapajbIK
SHEpreTHKANBIK MOJE/bIey Toxipubecinne KeHiHeH KonmaHbLIaTeiH EnergyPRO
MaMaHIaHIBIpBIIFaH OaraapiaMallblK KellleHIH Nakjananrald. by sHepreTHKaIbIK
GamaHcTapabl TalayFa, dJeKTPMEH jKa0IbIKTay IbIH CEHIMIUIINIH Oaranayra xoHe
rHOPUITI SHEPreTUKAIBIK SKYHelIepiH maiijanaHy CIEHapHHIepiH 3eprreyre
MYMKiHAIK Oepin, YCBHIHBUIFAH OMICTEMEHIH JYPBICTBIFBI MEH IPAKTUKAIBIK
KOJIIaHOABIFBIH pacTalbl.

JKYMBICTBIH TPAKTUKAIbIK MAaHbI3/BIIBIFEl YCBIHBUIFAH MOJENBAEP MEH
aATOPUTMIEP/l iCKe achIpaThiH GarmapraMaiblK KellleHMi a3ipleyMeH, COHIai-aK
omapaslH KocTtaHai oGubickinaarsl « CTETHOe» aybUl MIapyallbIBIFEl KoCITIOPHBI
MBICAJIBIH/IA ampodanusiiany HoTKenepiMeH masenaeHenl. KockMina MaHbI3/IbI
HOTHKE  pETIHIEe  OHEPreTHKAaJbIK JKYMEHIH  TYpPaKTBUIBIFBIH  apTTBIpyFa
OarpITTAIFAH JKaHa HMHJKEHEPIIIK KOMIIOHEHT — BaKyyMJbI-JAMHAMUKaIbIK Kyar
KYLIEHTKIII o3ipieHreH. YCBIHBUIFAH [ICIIIMAEPAl KOJIJaHy JSHEPreTHKaIbIK
aBTOHOMJIBIIBIKTEL apPTTHIPY, JOCTYpPJii OTBIH TYpJIEpIH TYTBIHYIBI Aa3alTy,
IIBIFBIHAAP B OHTalmanaspy sxkoHe CO2 onen/ey darAblIapbIMeH epeKIlIeIeHe .
JluccepTalUsUTBIK 3epTTey OapbIchiHa aBTOp OacTaMallbUIABIK, aKaIeMHSIIBIK
analblK JKoHe alblHFaH HOTIDKETepAl MpakTHKaja ICKe acelpyra OarbITTalraH
Oepik yCTaHBIM TaHBITTHL.

JluccepTalldsUIBIK ~ KYMBICTBIH — HOTUIKENlepl  Scopus  JIepeKKOpBIHIA
HHJIEKCTENIETIH XaJbIKapalblK FhUIBIMU >KypHaJlAapAarbl MaKajanapa, aBTOPJIBIK,
KyaJIIKTEp MEH IaTeHTTeple, COHIal-aK FhUIBIMU KOH(pEpeHIHsIapaa XKacauraH
OagHgaManapia KepiHic TamkaH, OyJl 3epTTey HOTW)KENEPIHiH  FBUIBIMH
IIBIFAPBIH/BUIAPBIH KBICKAPTY CHSKTBHI OH HOTKOKENIepre KOl XKeTKi3yre MYMKIHIIK
Hepi.

JluccepTanmsaiblK JKYMBIC JIOTHKATBIK TYPFblAa KyHenl KypBUIBIMBIMEH
KOHE JKYPTi3ijreH Tajgay bl TepeHAirMeH epeKIleneHe .

['ynpmana XaOmynauHa e31H Aepbec, MakcaTKa YMTBUIFaH JKoHE JKOFapbl
yoxai seprreymi periHge kepcerTi. On TEOPHSJIBIK OaspJIBIFRIHBIH JKOFAphI
neHreifiMen, JKyieni oiay KabieTiMeH, cCOHal-aK OaraapiamMaliblK MOJENBIEY,
HHOKEHEPITIK Tajfay >KoHE FBUIBIMM KaybIMAACTHIK TapalbiHaH TaHBLIFaHbIH
pacTan/bl.

Aranran KyMBIC TEOPHSJIBIK XKaHe KoJTaHOa bl MaHbI3bl Oap jKaHa FEUIBIMH
HOTHIKeJIEP/ll KAMTUTBIH AsSKTalIFaH FBUIBIMU 3epTTey OOJIBI TaObliaabl. 3epTrey
KOFaphl JeHrele MbICHIKTalFaH, KOPBITBIHABUIAPE] HETI3JENreH JKoHE aWKbIH
MIPaKTUKANBIK KYHBUIBIKKA He.



I'ynpmana XabxyummHanblH «[lanrai eHipNepii dHeprusMeH XaOIsIKTay
VIIiH KaHFBIPTHUIATEIH OHEPTHs Ke3zlepi HeriziHAe ICTEHTIH MHKPOCTAHIINA
’Kacay» TaKbIPBIOBIHAAFEl IHCCEPTALMAIBIK IKYMBICHI KYPTi3lreH 3eprreyJiep
KeneMi, FBUIBIMM JKOHE NPAKTUKATBIK MaHBI3/BLIBIFEl JKAaFblHAH AOKTOPIBIK
JECCepTalMsAIapFa KOMBIIAThIH 0apiblK TananTapra TOJIBIK colikec Keledl XoHe
8D07101 — Diextp JHepreTukacsl Oimim Oepy Oarmapramacs! OoiBIHIIA
dunocopust mokrops (PhD) JepeskeciH aly YHIiH JHMCCepTalHAIbIK KEHECTe
KOpFayFa YChIHBIIAIBL.

ITpodeccop, Pura TexHUKaIBIK YHUBEPCUTETIHIH
TAOUFU FRUJIBIMIIAP JKOHE
TexHOJOTHANAp (QaKyJbTETiHIH AeKaHbl /KON xotiviizar/  Jlaraus baymbepra

Teneenex mep: PUT'A TEXHHKAJIBIK VHUBEPCHTETI
SYHEPTETHKA JXOHE JJIEKTP TEXHHUKACBI ®AKYJIBTETI
KOPIIIAFAH OPTAHBI KOPFAY JKOHE JKBIIBITY 2K YHEJIEPI HHCTHTYVTBI/
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Men, Actana KamachIHBIH HOTapuycel EcHasaposa XKanna Amunxanosna, Kazakcran
PecrryOnukacer Opiner munucTpriri Tipkey KbI3MeTi XoHe KYKBIKTHIK KOMEK KOPCETY
KOMUTETIHIH Tipkey KpI3MeTi koHE KYKBIKTBIK KOMEK KOpCETYy KOMHTETIMEH OepinreH
Nel2019357 nunensus Herizinge opeker eremin. Kasakcran 2012 xpiirsl 24 5KeNTOKCAHIAFHI
aynapmaiuel  JixalnaybaeBa Anns BepHKOBHAHBIH KOJIBIHBIH TYITHYCKAIBIFBIH MEHIH
KaThICYBIMMEH TOJITBIPFAH HOTAPHYC KyauaHabIpaasl. OHEIH Keke 0achl aHBIKTAJIBII, 9PEKET
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