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The candidate has shown great interest and commitment to completing his research work. He has achieved the standard
of Doctor of Philosophy. In his work, the candidate has carried out theoretical, simulation, and experimental
assessments of automated single-axis and dual-axis photovoltaic systems with optimal orientation to the Sun with
wireless monitoring and control.

The orientation of the solar array in space has a decisive influence on the performance of solar panels. When installing
a stationary solar system at an optimal tilted angle has to be selected depending on the geographical latitude of the
location of the solar power plant; the following problems arise the loss of a large amount of energy at sunrise and sunset
and also during the season changes.

The study aims to create automated, photovoltaic systems with wireless control and monitoring, with one and two axes
of rotation, optimal Sun orientation, and effective MPPT controllers in various weather conditions.

The research work carried out in the dissertation has a very important scientific and practical significance in the design
of solar tracking systems. When installing trackers, it is necessary to consider the geographical location and climatic
conditions of the area. The research results obtained in this thesis can be useful in the case of the deployment of both
single-axis and dual-axis solar tracking systems in climatic conditions with variable clouds.

To optimize and improve the reliability of large photovoltaic systems in which a large distance separates solar panels a
wireless monitoring system is used, and its feedback control is proposed in this thesis. The results of this work can be
useful for improving the efficiency of photovoltaic systems with single-axis and dual-axis solar trackers. The efficiency
of existing solar trackers can be significantly increased with the integration of MPPT controllers.

The work of Mr. Nurzhigit has been published in two top journals and a few conferences, as listed below
List of scientific papers based on the materials of the dissertation

1. Kuttybay, N., Saymbetov, A.,, Mekhilef, S., Nurgaliyev, M., Tukymbekov, D., Dosymbetova, G., ... &mp;
Svanbayev, Y. (2020). Optimized single-axis schedule solar tracker in different weather conditions. Energies,
13(19), 5226.

2. Saymbetov, A., Mekhilef, S., Kuttybay, N., Nurgaliyev, M., Tukymbekov, D., Meiirkhanov, A., ... &mp;
Svanbayev, Y. (2021). Dual-axis schedule tracker with an adaptive algorithm for a strong scattering of sunbeam.
Solar Energy, 224, 285-297.
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weather conditions. 2019 IEEE international conference on automatic control and intelligent systems (12CACIS)
{pp. 315-319).

As part of his Ph.D. work, Mr. Nurzhigit has visited my laboratory at the University of Malaya, and he has shown
outstanding commitment and hard work to do his research work, | was very pleased with his presence at our laboratory.

In conclusion, the Ph.D. thesis presented by Mr. Kuttybay Nurzhigit: Development of automated photovoltaic systems
with wireless monitoring and optimal orientation to the Sun, presented for the degree of Doctor of Philosophy (Ph.D.)
has the scientific novelty, practical significance, and original contribution required for the Ph.D. degree.
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Director,
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On-®apabu aTbiHAarel Kazak yiaTThIK YHUBEPCHTETI
Du3nKa-TeXHAKATBIK (aKynpTeTi
KatTsl fieHe (r3uKacs! xoHe GefCh3IbIK Qr3KKa kadenpacet

JIOKTOPJIBIK ANccepTALHs OofBIHIA meTeIiK FHLIBIMH JKeTeKIiHiH MiKipi

Atsi-xeni: Kyrreibait Hypxirit

Taxpipsiber:  «Kynre oOHTaH/IBI GaFbITTAJATHIH KOHE ChIMCBI3 OaiaHbIC Herizinge
faKbLIAHATHIH ABTOMATTAH/ALIPBIIFAH doTornexTpIik Kyiieaepai xacay»

Mamarsress: «6D071900-PagnoTeXHIKA, 2IeKTPOHHKA KIHE TeJTEKOMMY HHKALHSIAP»

KanmuaT e3iHiH FBUIBIMHE XYMBICHIH asKTayFa Y/IKSH KBI3BIFYIIBUIBIK ICH YMTBLUIBIC TaubITTEL. Ol
drmocodus JOKTOPE! AeHICHIHE skerTi. Kanmauaar e3 ’KyMBICHIHIA CHIMCBI3 MOHHTOPHHITICH JKOHC
GacKapyMeH KaMTBLIFaH, KYHTe OHTaHIbl GarjapiaHFaH, aBTOMATTaH/bIPbUIFaH Gip ocbTi XKoHE €Ki
ockTi (OTOANEKTPIIK KyHenepain TEOPHATBIK, MOACIBICY JKIHE toxipubenik OaranaynapbiH
Kyprizai.

KyH GaTapesichIHBIH KEHiCTiKTerl 6ariapsl KyH naHeNbAepiHiH eHIMALIIriHe ey acep eTeni.
CrauuoHapIEIK KYH O>KyHeciH OpHAaTKaH Kesze OHTaiNBl Kejbeynik Oypellbl KYH 3JICKTp
CTAHIMACHIHBIH reorpausuibIK eHAiriHe OaiNaHBICThl TaHAATYBl KEPCK; Kelneci Macenenep
TyBIHZAMIB KYHHIH UIBIFYBI MEH OaTybl Ke3iHe, COHJAN-aK MAyCHIMHBIH aybiCybl Ke3iHIe
SHEPrHsHBIH KOI MOJIIEpiH XOFalTy.

3eprTeymiH Makcarsl - Oip JkoHe eki aiHaiy oci Gap, KyHre OHTai/bl OarbITTANATBIH JKHE
aya-palibIHBIR op TYPJ JKarjainapblaia MakCHMallbl Kyar HYKTeCiH KajzaraladTbIH THIMI
KOHTpOJUIepi 6ap, CHIMCHI3 6acKapyMeH JKoHE MOHHTODHHITICH KaMTBLIFaH, aBTOMATTAH/IBIPBUIFaH
doToamexTpiK KyHenepai Kypy-

Jluccepraiusiaa OpbIHIANFaH 3epTTeY JKYMBICBI KyH/i Gakbuiay Kykecin jkobanayna eTe MaHbI3/IEI
FBUIBIMA JKOHE IPAKTHKAILIK MOHIE He. Tpekepnepai OpHATY Ke3iHIe KEpri/ikTi KepaiH
reorpadUsUTBIK OpHANACYSI MEH KIMMATTBIK JKaF[alNapblH €CKEpY Kaker. Ochl amccepTanHana
ANBIHFAH 3€PTTeY HOTHXKEEPi aybIcialibl OYITTHLIBIFBI 6ap KIMMATTHIK JKaFaiinap/aa 6ip ochTi XKoHE

exi 0chTi e KyH/i 6akpUIay JKyiienepit KoJIIaHFaH Ke3¢ MakIaibl 60Tyl MYMKIH.

JlnccepTalisuIbK  JKYMbICTa  YJIKEH HOTOINMEKTPIIK KyHeNepAiH CeHIMJIIJIIK apTTRIPYy JKoHE
OHTAIIAHABIPY YIKEH KAMBIKTHIKTBIH CHIMCEHI3 OaKbLiay JoHE Kkepi Gaiinassic Herisinie Gackapy
xKyiteci KommpHanasl. OChl JKYMBICTBIH HoTHKenepi 6ip OChTI XkoHE €Ki 0ChTI KYH Tpekepiepi 6ap
dorosnexTpiiK Kylenepain THIMZLTITIH apTTHIPY YLIiH naii1anst Gomyst MYMKiH. MakcuMaipl Kyat
HYKTeNepiH Oaxpuiay KOHTpOJUIEp/epiH OipiKTipy apKbUIbl KOJIJAHBICTArhl KYH TpeKepepiHiK
THIMJILTITIH eoyip apTThIpyFa Oonas!.

Hypirit MBIp3aHBIH KYMBICHI €Ki JeTeKkmli JKypHal MeH TeMeHie ararrad Gipreme
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KOH(epeHmHaIapaa XKapHsIaH bl
Juccepramss Marepuaniapbl GOHBIHINA FHUTBIMH KYMBICTAPBIH Ti3iMi
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I., ..&amp; Csanbaes 0. (2020). OnTHMH3HPOBAHHBIH OJHOOCEBOH COJIHEYHBIH TPEKEP C
rpadExoM B pa3TMYHBIX MOTOIHEIX YCIOBHAX. DHeprus, 13(19), 5226.

2. Caiimberos A., Mexuied C., Kyrroibaii H., Hypraimes M., Tyxemm6exos /1., Menpxanos A.,
... &amp; Csanbaes 0. (2021). JIByxoceBoii Tpekep pacniuCaHus ¢ alalTHBHBIM AJITOPUTMOM
JUIS CHABEOTO PacCeBaHus COJHEYHOTo Ty4a. ConHedHas SHeprus, 224, 285-297.

3. Kyrrsibait H., Mexuned C., CaiimberoB A., Hypramues M., Meitupxanos A., JloceimbeToBa
I'. &amp; Kemxan, 3. (2019, urons). ABTOMAaTH3HpOBaHHAs HMHTE/IEKTyalnbHas CHCTEMa
yIpassesEms CICKCHHEM 3a COJHEYHBIMHM OarapesMH C alanTHBHBEIM alrOpUTMOM JUIA
paznE=Esx moroassX yeiaoBuid. 2019. ABromarTel 6ackapy KIHe HHTEIUIEKTyalIbl XKyienep
Soiismma IEEE 2019 xamsikapansik koHbeperuuacs (I2CACIS) (315-319 Gerrep)

JloxTopassx mmccepranus asceiHfa Hypixirit Meipsa Manaiin yHHBepCUTETIHAEr MEHIH
3epTXaHamaa Gommsl Xx2He 071 03iHiH 3epTTey XXYMBICHIHA JIEreH afalbIFbl MEH KaXbIPJIbl €HOErH
KOpCeTTi, MeH oHBIH Gi37iH 3epTXaHara KaThICybIHA ©T€ pu3a G0oIbM.

Kopurremasunaii kene, Kyrreibaiit Hypxirit gpunocogus moxrope! (Ph. D.) reumsivu gapeskecin any
YIIiH yesiasUraH «KyHre OHTaiibl GaFbITTATAThIH XKAHE CBIMChI3 OaiiTaHbIC Herisinae GaKbLUIaHaTHIH
aBTOMATTaHABIPEUIFAH (OTO3NEKTPIIK OJKyiHenepAi jkacay» TaKbIpBIOBIHIArbl KaHIHAATTHIK
JECCepTANUSCHIHBIH  (unocobus JOKTOPHl FHUIBIMH JIopexeciH Oepy YIOIH KaXeTTi FBUIBIMH
JKaHAJIBIFB], IPAKTHKAIBIK MAHBI3/IUIBIFBI XoHe Gipereil yieci 6ap eKeHiH aTam oTy Kepek.

Kypmernes, [Ipod.[dp. Caax Mexuned
/xous1 6ap/

HupexTop,

Manait yausepcuteTiHiH UHxerepik dakyreteri KymTik 2/1€KTPOHHKA XKIHE )KaHAPTHUIATHIH
SHEPrHs KO3/ICpiH 3epTTeY 3cPTXaHachl
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Men, Kemxeraesa /JImana Cepukbonosna, HWHWH 890416450513, (ten Kyxkat Ne
037494459, Kasakcran Pecrry6makacsisiy Imki Icrep Munuctpririven, 02.02.2015 xbuisl Gepinres,
01.02.2025 xbUTFa feliin kapamupl), Gy1 KykaT TYDHYCKANBIFBIHA COHKECTITIH JK9HE IYphIC
ayIapraHablFbIHA KOIBIM/IBI KOMBI pacTaiMBIH.

com A eicepe bl Mecobon (Bpenidieifn

.......................

XCHI/WWH 890416450513
KeHxeraesa [luaHa
Aynapmawsi/lepesonynk
Cor. +7 747 580 89 48
«25» cayip 2022 xbuUtbL, MEH MyTamiesa 361 Kasakcran PecnybnukachHbIH OLIET

MuHHCTPIIriHIE XaTbIKKa KOMEK XKOHE 3aHIePIIiK KbI3MET KOpCeTyli YHbIMIACTEIpY KOMHUTETI Gepre
03.10.205 xbuter Ne 000252 MeMJIGKETTIK JIMIE3MACHIHBIH HETi3iHIAE OpEKeT Kacaylsl AJIMATEI
Kanacel HoTapuychl aynapmamsiHeH Kenskeraesa [Inana Cepnk00/10BHA KOJIBIHBIH TYTHYCKATBIFBIH
KyoNaHIbIpaMbIH. AyJapMalIbIHbIH Jkeke Gachl aHBIKTaI/bl, JPEKET KaGLieTTiiri xaHe oKineTTiir
TeKCEPLILL.
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