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The candidate has demonstrated strong interest and dedication in completing his research work. He has met the
requirements for a Doctor of Philosophy degree. In his projects, the candidate has performed theoretical, simulation,
and practical evaluations on optimizing and enhancing the efficiency of photovoltaic systems, including power output
prediction using artificial intelligence.

The study aims to optimize and enhance the efficiency of photovoltaic system power output forecasting using artificial
intelligence and intelligent algorithms. High-accuracy forecasting of photovoltaic power output, their integration with
solar trackers, and the use of intelligent algorithms enable the full realization of their potential.

The main research work achievements are :

=  The proposed intelligent dual-axis tracker, using the clear-sky index and Al-based power output forecasting
under conditions of strong diffuse sunlight, generates 18.3%, 14.9%, and 10.01% more energy compared to
horizontal, single-axis, and dual-axis trackers, respectively.

= The Maximum Power Point Tracking (MPPT) controller based on the Improved Social Spider Optimization (ISSO)
algorithm converts photovoltaic system energy with an efficiency of 99.8% under various weather conditions.

= Under changing load conditions, the MPPT controller based on the Heavy Ball algorithm identifies the
maximum power point within 0.1 seconds.

Mr. Nursultan's work has been published in three leading journals and includes a patent, as listed below.

1. Koshkarbay N., Mekhilef S., Saymbetov A., Kuttybay N., Nurgaliyev M., Dosymbetova G., Orynbassar S., Yershov
E., Kapparova A., Zholamanov B., Bolatbek, A. (2024). Adaptive control systems for dual axis tracker using clear
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100432. IF 9.6, Q1

2.  Koshkarbay, N., Mohammed, K. K., Mekhilef, S., Kuttybay, N., Almen, D., Saymbetov, A., Nurgaliyev, M. (2025).
Improved MPPT technology for PV systems using Social Spider optimization (SSO): Efficient handling of partial
shading and load variations. Electric Power Systems Research, 247, 111822. IF 4.2, Q2
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Kuttybay N, Koshkarbay N., Saymbetov A., Nurgaliev M., Zholamanov B., Orynbasar S., Bolatbek A., Almen D.,
Meteorological parameter measurement system for photovoltaic installation optimization, Utility model patent No.
10890, Republic of Kazakhstan. The applicant and patent owner is Al-Farabi Kazakh National University. 07.03.2025,
N210890

As part of his Ph.D. work, Mr. Nursultan visited my laboratory at the University of Malaya, and he showed outstanding
commitment and hard work in conducting his research. | was very pleased with his presence at our laboratory.

In conclusion, the work presented by Mr. Nursultan Koshkarbay, titled "Optimization and Efficiency Improvement of
Photovoltaic System with Power Output Prediction Based on Artificial Intelligence," submitted for the degree of Doctor
of Philosophy (Ph.D.), demonstrates the scientific novelty, practical significance, and original contribution necessary for
the Ph.D. degree.
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®u3nKa-TeXHUKAIBIK (PaKyIbTETI
DNEeKTpOHMKA KOHE acTpopu3nKa Kaeapachl

PhD puccepranusicblHa IIETEIAIK KEeTEKIIIHIH ece0i

ATtei-)keHi: Hypcynran Komkap6ait

Taxpipbin: XKacanapl HHTEIUIEKT HET131HAe (OTOINEKTPIIIK )KYHEHIH IIBIFbIC
KyaThIH O00JKay apKbLIbl OHTAHIaHABIPY XKOHE TUIMAUIINIH apTThIPY
Mawmangpirel: 8D06201 — PagnoTexHuka, 3J€KTPOHUKA KOHE
TEJIEKOMMYyHHUKaLUsIap

YMiTKep ©31HIH FBUIBIMH YMBICHIH asKTayFa YJKEH KbI3BIFYIIbUIBIK IEH
CEHMUTIKTI KopceTTi. Punocodusi JOKTOPHI JopeKeciHe KOMbUIATHIH TajdanTapIbl
OpbIHAANbl. ©O3 KkobamapblHAa KaHAMJIAT SKACAHABl HMHTEIJIEKT  apKbUIbI
dorosnexTpiik skyheniH (DXK) mbiFbic KyaThlH OoJDKayAbl Koca aliFaHza,
(OTORNEKTPIIIK KYyHEeNIepIiH THIMAUTITTH OHTAWIAHBIPY KOHE apTThIpy OOMBIHIIA
TEOPUSIIBIK, CUMYJISLUSIIBIK dKOHE MTPAKTUKAIIBIK Oaranayiapabl OpbIHAAbI.

3epTTey JKAacaHJIbl HWHTCIUICKT TICH WHTCIUICKTYAIbl  adrOpUTMACPIi
naiagaHa OTBHIPBIN, (OTOSIEKTPIIK J>KYWEHIH KyaThlH OoJKay THIMIUIITIH
OHTaWNAHABIPYFa JKOHE apTThIpyFa OarbITTanFaH. GOTOANEKTPIIIK MIBIFBIC KyaTThIH
KOFaphl JIQNJIKIEH OoJpKay, oJapAbpl KyH TpekepiepiMeH OipikTipy >koHe
UHTEIJIEKTYalIbl aNTOpUTMAEPIl TaijgajaHy oJjaplblH OJeyeTiH TOJNBIK ICKe
aceIpyFa MYMKIHJIIK Oepe/ii.

FpuTbIMU J)KYMBICTBIH HET13T'1 JKETICTIKTEPI:

e BynaTThl KYHIEpl aliblK aclaH WHACKCIH >KOHE >KacaHIbl WHTEIJICKTKE
HETI3[CJITEH MIBIFBIC KyaThIH OOJKayJabl KOJIIAHATHIH YCHIHBUIFaH
WHTEJUICKTYaIbl €Ki OChT1 KYH TpeKepi KeJlJIeHeH KoHdurypamwus, Oip
OCBT1 JKOHE €Ki OChTiI KYH TpeKepliepiHe KaparaHpaa coiikecinmie 18,3%,
14,9% xone 10,01% xorapsl SHEPTUS OHAIPEII.

e JXKakcapteurran oneyMmeTTiK epmekmiuiep oHTainanaeipy  (ISSO)
HETI31HJerT MakCUMalAbl KyaT HYKTEeCiH Oakpliay KOHTPOJUIEPl opTypii
aya paiipl xarmaiieiana 99,8% THIMIUTIKIEH (OTORMEKTPIIK KYHEHIH
SHEPTUACHIH TYPICHIIPEI.

o DOTOMIEKTPIIK KYWCHIH JKYKTeMe e3repy pexuminae, Heavy ball
QITOPUTMIHE HETI3ENTeH MaKCHMalJbl KyaT HYKTeCiH Oakpuiay
koHTposutepi 0,1 cekyHaTa MaKCUMAIBI KyaT HYKTECIH aHBIKTANIBI.

Hypcynrtan MbIp3aHbIH KYMBICHI YII JKETEKIIl JKypHalIJa KapusijaHFaH
YKOHE TOMEH/IC KOPCETIITEH MaTeHTTI KAMTH/IbI.
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ITaTenT

1. Kyrrei6ait H.b., Komkap6aii H.2K., Caiim6eToB A.K., Hypranues M.K.,
KonamanoB b.H., Opsibacap C.O., bomatbéex A.b., Omnmen [.b., Cucrema
N3MCPCHUA MCTCOPOJIOTHUICCKUX mapamMCcTpoOB JJIs1 OIITUMH3AlINN
doTorNeKTpUUECKUX YCTaHOBOK, [laiinanel mogensre nmateHT Nel0890, Kazakcran
PecniyOnukacel. OTiHimn Oepylni >KOHE TMAaTeHTKe HeNik ety an-Papadu
ateiHaarel Kaz¥V. 07.03.2025 xb11, Ne10890

O3inin Ph.D xymbIchiHBIH Oip Oediri peTinae Hypcyinran mpip3a Mamaiis
YHUBEPCHTETIHACTI MEHIH 3epTXaHamIbl apajiajbl JXOHE OJ1 63 3epPTTeYJepiH
KYPrizyJie epeKilne CEeHIMAUTIK MeH €HOEKKOPJBIK KepceTTi. MeH OHbBIH Oi371H
3epTxaHaaa 00JIybIHA 6T¢ pr3a OOJIBIM.

Kopwrteianpinait kene, Hypcynran Komkap6ait MpIp3aHblH - Gumocodus
noktopel (Ph.D.) nmopexecin amy yiniH ycbiHBUIFaH «JKacaHIbl HWHTEIICKT
Heri3igae  (DOTORICKTPIIIK  JKYHEHIH  IIBIFBIC KyaThlH OOJDKay — apKbLIbI
OHTAMIAHABIPY JKOHE THIMIUIITIH apTTBIPY» arThl kyMbICl Ph.D  gokTopsl
JIOpeXeciHe KaKeT FBUIBIMH JKAaHAJBIKTBI, TIPAKTHKAIBIK MaHbI3IBUIBIKTEI
KepceTe/i.
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