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The disserlation work of Gulda::: i\::-:::,:::s : --.--:--=: :--.:e:dfic study
devoted to solving an urgent problen ..: s*<=:::^e ene:g. s-:r--. :.-: ;-Jentralized
territories using renewable energ) so---= RES r. tn the .o.=\- ..: =e :-.-:al energl'
transition, climate challenges. ar:i't: r3i€ it-r ensure etri:i. :----.i.: t ";, --rr rural
and remote regions, the prese:-::c :esarch has hign -:;::=; =-c isctical
significance.

The author has carriec u-r -i a compr€hensive anah'sis of the ci.-ea: :-tale of
electriciq' supplf in decenraiized re_sions of Kazakhsun and idenuied ke1.
development problems and barriers. including technical. economic. and i-n-<rirutional
aspects. The dissenation t'ocuses on the deveiopment of mathematical modeis of
solar, wind, and biomass energ,v, modeling their behar-ior under real climatic
conditions, as well as methods for their efficient integration into h1-brid energl.
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 ajustified and promising solution.

The dissertation presents an in-depth analysis of the current state of energy
supply in remote areas, intemational 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 olthe 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 ol 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 methodolosy 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



perfonnance 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 COz emissions.

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

Guldana Khabdullina has proven herselfto be an independent, goal-oriented,
and highly motivated researcher. She possesses a high level oftheoretical 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 intemational 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 ofboth 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 decentralizedareas", in terms ofthe scope ofconducted 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,
Faculty ofNatural Sciences and Technologies of
Riga Technical University
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Xa6.qy.ruruHa ly.nr,gana A6gyxa,rr,InoBHaHblr{
<<IIIa.nrafi eqiprepai 3ueprrqMeH xa6qur6ray ylrin xaqrurprbtJrarbllr

3Heprrq rcerAepi nerigin.qe icrefirin MHKpocraHIIuq acaca5D>

ra6srpsr6unAarLI AI{ccepraqlrq,,'rbIK rKyMbIcr'rHa
*,rJrbrMn neuecruiaen

IIIKIP

fynl4ana Xa64yruIaHaublq AI4ccepraIII4tJIbIK nqMLIcLI xar{FbIprbIJIarbIH

3Heprrrr xos4epin (X3K) naitgwrauy ap(blnbl uralrafi oqiprep4i TYpaKrLi

3neprl{fiMeH KaMTaMaCbr3 eTyAlrI o3eKTl MeceJleclH Ilrellryre apHaJIfaH €ulKTurnfaH

FblrrbrMra 3eptrey 6orsrn ra6ula4rr. Xahangrr4 SHepferIdKaJIBII( KoI[y,
rc'ruMarrbr4 cbrH-(arepnep xeHe ayblJrAblq epi uraaraft afiva4rap4rr sHeprurlMeu

Ka*vry (axerririri xarAaftr'rHAa ycblubulfaH 3eprrey xorapbl rbrJr;rMa xeue
nParcTr.rKaJrbr( Marlbr3AbrJrbr(Ka Le.

Aerop I(a:a4cran Pecrry6,Jrl4KacblHblr{ ualraft oqipnepAeri 3JIeKTpMeH

xa61u(tayAsrr{ xa3ipri xarAaistira xeuenAi TaJrtray xypri:in, rexr 'IKaILIK,
3xorroMnKilrrrr( xeHe r.rHcrrlTyilltouarAbl( cularrarsl neri:ri Mecenenep MeH AaMy
xeaeprinepiri aHbr(TafaH. [uccep'ragutJrbr( xyMblcra rclrr, xeJI Nane 6uosneprux
sg3aepinia MareMarI4KaJIbIK MoAeJrbAepiu esip:reyre, orapAbll{ Ha(Tbr KlIaMarrbIK
xarraftnapAa xlMllc ic'reyin MoAenbAeyre, couAai-a( oJIapAbI rE6pnATi
3neprerr{KaJrbr4 xyrienep qpbIrIbIMbIHa ruirlr4i 6ipirripy e4icrepine epeKllre

na3ap ayAapbrJrFaH.

3eprreyaiu eserririri KyMeH ryAblpvafi4u, eftrxeni KorrereH eJIAepAe,

corrrtr{ iurinAe I(asa4cran Pecny6nuxacrnrga Aa,, opraJIbI(Tarr,4(rpEIJIraH

3JercrpMeH xa64sr4ray Nyfienepiue cenilr4i (onNetilr.lAiniri xo( uralrafi en,{i
ueKeHAep rtaeu nn(fpa(ypbrJrBiM HbrcaHAapbrHbIII cauu e4eyip. M$Iaaft xarAaftAa
xaHaprbrJrarbrH 3Hepru{ rorgepine nerigAelren ru6pugri aBToHoMAbI

3Hepferr4raJrBrx xyienep4i nat gmauy nerigAerren epi 6oraurarrr sop rueruiu
OOJILIII TAOEIJIAIbI.

[uccepraryuaJrbr4 xyMbrcra ruarraft oqiprepai 3HepfusMeH (aMraMacEI3

eryaiu xa:ipri xarAaftrrna, xarlFblprbiilarbrH 3Hepflix xes4epin (oJIAaIryAbIr{

xaJrbrKap€rJrbrK texipra6eciue, conaafi-ar< aBToHoMAbr sHepferuKaJibtx xyienep.ui
MoAe,'r bAey veu oHrafiraHA6rpy.qblH KoJIAaH6Icrarbl eAicrevelix recinaepine
Teper{ TaJrAay xacaJrfaH. K,a:a4cran Pecny6lur<acrrHbrH KJrItMarrbI(, pecypcrrll(
xene un$pa4ypbrJrbrMAbl( eperurerinepin ecr<epy lrecelelepine aftplr4ura roqin
OEJIIHTCH.

@rrcrrrq TIIJIIIMTI x(aq€IJIbIfbI xar{FLlprbiJlarbru 3Heprut xes.qepin

croxacrnKalrrr( MoAenrAey neririnAe aBroHoMAbI sHepreruKaJILI4 xyfielep
xon$r,rrypaquxnaprru MoAeJIbAey MeH ronxpurepufili or1:raftnair.qrrpyAnri

r.rHrerpaqujrJrauraH e4icrerueciu e:ipley4e nopiHic ra6arat Anrop ryri, xeJI xeHe

6xoenepreruxaJrbr( reHepaquqnHll 6efiiN,IAenreH MareMarIlKaJIbI4 uo4enrgepiu,



coHAai-a4 Ta6r4rr4 pecypcraprbrr{ 6e:ricig,uirin ecxepyfe rrYurcinAir 6eperin
X3K-riq 6ipsrqrafi croxacrl4Karbl( rr,ro,qelin YcbIHraH.

Anrop eaipreren xonxpareprfini orlrafilanlltpy egicrelteci xompbl
6ara:rayra rafisr4. Or croxacruxa,ru4 X3K rvroneliH Nene TOPSIS eaicin
3Heprerr4Karbr(, 3KoHoMr4KaJr6r(, sKonOrr4rJrbrK xoHe eJleyMerrlK KpIzTeplrrrJrepAlI{

uepapxr4rirbr( xyfi eciu rqaJlblrlTacrblpy ap(blnbl 6ipixripyre ueri:genreu. MYuaaft
rcci:r ronorurev4i llreKreyJrep MeH 6e:ricigair Nar'4aftltn,4a

Mr4Kp03Heprerr,rKaJlbl( xeureuuiq oqraftmr r<onlpzrypaqu-scrrH HerigAi 
"Ypa"

rar{AayAbr (aMTaMacbI3 ere4i. OaiprieHfeH MoAerbAepAi BepnlbuKaql4{nay xeHe

TexHr.rKo-3KoHoMIrKaJIbr( ecefiTeyJlep Nypri:y ylriu aBTop xanblKap€ulbl(

3Heprerr.KaJr6i( MoAeJrbAey rcNipI.r6ecin4e xeqinen (orAaHbIJIarbIn EnergyPRO
MaMaHAaHAbrpumaH 6ar,4apJIaMaJIbI( xeuesis naftAalanralr. Eyl eneprerararili4
6anancrapAsr raJlAayfa, gJIeKTpMeH xa64sr4:ray4ur{ ceuii\aAiririH 6aranayra xeue
ra6prz4:ri 3Heprerr4KaJlblx Nyierep4iq nafi4arrauy cqenapzfitrepiH 3eprreyrc
rq'r,,rxin4ir< 6epin, ycunulrau eAicreneuiH AypbIcrLIFbI MeH npaKTItKaJIbII(

(orAan6a:rurbrH pacra.qbl.
Xylrucrrrq npaKTLIKanbII( MaHbI3AbInbIrbI ycEIHLIrraH MoAeJrLAep MeH

€uropr4rM,4epAi icxe acuparLrH 6arAapraMaJIbIK KeIIreHAi esipneyvex, coHAaft-a(

onapAbrr{ Kocrasafi o6lrrcunAaru <Crennoe> ayblJr rfiapyal[blJrbrrbr racinopnlr
vLrc€LrrbrHAa anpo6arluxnalry Herl4xeJlepilren 4e:rel4ene4i. K,ocsrrra[ra MaqLI3AbI

Herrzxe perin4e SHeprerI4KaJIbI( xYr,reHlrI rYpaKrbrnbifblH apTrblpyFa

6arrrrrarras xaqa I4HxeHeplix xoltnoH BaKyyMALI-AITHaMI4KaJIII( Kyar
rl.nreitrxiuri 03ipneHreH. Ycrrururau ureurirrrAepAi KonAaHy ?HeprerI{KaJIbI(

aBToHoMAbrJrbr(TbI aprrblpy,,uocrypni orblH rypnepiu ryrblHy,ubl azafiry,
rrrbrrbrHAapAbr oqraftran4rrpy xeHe coz Aele,lAey Aar,4bIJIap6IMeu epexure:renegi.

.{raccepraquxrbr( 3eprrey 6apricuuga anrop 6acrarraarrrllJlAbl(, aKaAeMI{rIJIbI\

aAanALr( xeHe €LirbrHraH Herl4x(eJlep4i nparrura4a icxe acrrpyra 6arutralrau
6epix ycraurrM TaHr,rr-rbr.

,,{uccepraqlrxriu4 xyMrlcrblr{ HerI,IXeJIepl Scopus AepeK(opLIHAa
nn,qexcre:reriu xa;rbr(apaJrrl( TEIJTrIMIT xypHalr,qapAarbl MaI(aJIaJrapAa, aBTopJIbI(

rcyenixrep MeH [areHTTepAe, conAafi-a( TrIJIIIMIT roHQepeuqnrJlapAa xacaJlfaH
6aarqalralapga r<opinic ran(aH, 6yl 3eprrey neruxe:repiuirl FrIJIrIMU

u brrap br HrblliapblH K[,IcKapry ctrfiKTbr oH Heruxenepre rcon Nerrilyre tryrrariHaix
6epai.

,{uccepraquxJrbr( xyMblc JIofIlKaJrrIK rypfblAa Nyfieli (YpbIJIbIMbIMeH

NeHe xlprisi;rreu ranAayAblIl Teper{,qiriMen eperureleue4i.
lylrAana Xa6gy r'nuua osin lep6ec, MaKcarKa YMTbIJiTaH xene xoFapLI

yexgi sepmeyuri perin4e ropcerri. Ol reopuxlrr( AaspnblrblHblrl xoFapLI
geqreiliueu, Nyfteri oftnay xa6ineriuen, con,4aii-a4 6ar,qapnarrta.,'Ibl( MoAeJibAey,

rauxeuep:rix raJrray xeHe lbIrIbIMI,I KaybrMAacrblK Tapanbruau TaHbIJIFaHbTH

pacraftAbr.
Ararran xyMblc reoplrtJlbl( Nese (orAan6a!'Ibl MarIbI3r'I 6ap xaqa TIIJIrIMI'I

HernNelep,4i (aMTr4TbIH at(TaJIraH fbIJrbIMI4 3eptrey 6olsn ta6rrla4rr. 3epmey
xofapbl Aeqreft4e rrbrcbr(TaJ1faH, KopbITbIH,4LI;rapU neri:4elren xeire afr4rrn

IIpaKTr4KaJrbi( rqrrAbrJrbr((a ue.



fylr4ana Xa6Aynnnxaru,E <<Illanrafi oqiprep,4i sHeprblMeH xa6rougray

yarin xar{rrrprblJlarbru 3Hepnlr ros4epi uerisin4e icteirix IlffiPocragr{E

*u.uy, rarqupu6rrnAaFbl Al{ccepraqlulJlrl\ x}MbIcbI xyprisinren 3eprrr€yneP

renerr.li, fbrJrblMr{ xeHe flparcTnKzurbrx, MaI{bI3ALIJIbIf6I )KaFEIH'F ,4On0PJII'I('
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