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The candidate has shown great interest and commitment to completing her research work. She has achieved the
standard of Doctor of Philosophy. In his work, the candidate has carried out theoretical, simulation, and experimental
assessments of concentrating photovoltaic systems with an active cooling system using the Internet of Things to monitor
the system's state and environmental conditions for making decisions to optimize the operation of the cooling system.

Polycrystalline silicon solar cells are not designed to operate at high concentration degrees. They are used at low and
medium concentration degrees. However, solar cells quickly lose their semiconductor properties without a good active
cooling system in such conditions. The cooling systems of photovoltaic installations are divided into passive and active.
Passive cooling systems do not use a heat carrier. The heat is dissipated by air without the use of additional devices.
Active cooling systems are devices in which a coolant, usually water, circulates through pipes using a pump, thereby
taking heat from heated devices.

This work aims to improve the efficiency of silicon polycrystalline solar cells under low concentration conditions and
improve the efficiency of the active cooling system using the Internet of Things. The main task is to increase the
efficiency of modern commercial silicon solar cells using a Fresnel lens and an active cooling system and optimize the
active cooling system using the Internet of Things. The research aims to increase the efficiency of polycrystalline
commercial silicon solar cells using Fresnel lenses at low concentrations and optimal operation of the active cooling
system using the Internet of Things. To achieve this goal, the following tasks have been performed:

1. design, assembly, and debugging of concentrating solar cells using a Fresnel |lens;

development and manufacture of a sensor system for monitoring the temperature of solar cells and the power
of incident solar radiation;

development of an active cooling system;

study of the dynamics of heating of a solar cell at different incident solar radiation;

study of the dynamics of cooling of a solar cell at different incident solar radiation and different pump power;
development of a model of a concentrating solar cell in conditions of low concentration;

development of a model for predicting the heating and cooling of solar cells using neural networks;
development of a decision-making system based on the Internet of Things to select the most optimal operation
mode of the cooling system.
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The results obtained in this work are significant for increasing the output power of solar cells. The obtained data can be
used to create concentrated polycrystalline silicon solar cells and active cooling systems for photovoltaic systems.
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The work of Ms. Gulbakhar 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. G.Dosymbetova etal., "Neural Network based Active Cooling System with loT Monitoring and Control for LCPV
Silicon Solar Cells," in IEEE Access, doi: 10.1109/ACCESS.2023.3280265.

2. Dosymbetova, G.; Mekhilef, S.; Saymbetov, A.; Nurgaliyev, M.; Kapparova, A.; Manakov, S.; Orynbassar, S.;
Kuttybay, N.; Svanbayev, Y.; Yuldoshev, I.; Zholamanov, B.; Koshkarbay, N. Modeling and Simulation of Silicon
Solar Cells under Low Concentration Conditions. Energies 2022, 15, 9404, https://doi.org/10.3390/en15249404

In conclusion, the Ph.D. thesis presented by Ms. Gulbakhar Dosymbetova: Concentrated photovoltaic systems with
control and monitoring based on the Internet of Things, presented for the degree of Doctor of Philosophy (Ph.D.) has
scientific novelty, practical significance, and original contribution required for the Ph.D. degree.
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JOKTOPJBIK AuccepTanus GOMBIHIIA METETTIK FHIIBIME AKeTeKIIHiH miKkipi

Artel xeHi: ['yn6axap JlocsiMGeToBa

TakeipeiObl:  «3aTTap  uHTepHeTi  HeriziHae OackappUlaTBIH ~ koHE  OaKbUIAHATLIH
KOHLEHTPALHATAYIIBI (POTOICKTPIIIK Kyiienep»

Mamannerer: «8D06201 — Pagnorexnuka, SNICKTPOHHKA JKOHE TEJIEKOMMYHHUKAIIHUAIAP)

YMITKep 3iHiH 3epTTey JKYMBICHIH asKTayFa YIKeH KbI3HIFYIIBUIBIK e TaGaHIbUIbIK TAHEITTEL
On ¢unocodus HOKTOPH IeHreifin amyra Kerri. YMITKEp 03 JKYMBICBIHA CaIKBIHIATY
JKYHECIHIH JKYMBICBIH OHTaiiNaHABIPY Typalsl Iuewim KaObUINay YINH JKYHEHIH KyitiH koHe
KOplIaraH OpTa JKar[aiiapelH GaKeuUlay YUIiH 3aTTap HHTEPHETIH KOJIaHA OTHIPBIN, AKTHBTI
CalKbIHAATy OKyHeci Gap KOHLEHTpauusuiaymisl (hOTOINEKTPIIK JKYHENIepre TeOpHsUTBIK,
MMHTAIUATEIK XKHe TaKipubenik Garanay xyprisi.

TTonuKpHCTaAbl KpeMHHMH KYH OaTapesiapsl >OFapsl KOHIEHTpAUUAaa KYMBIC icTeyre
apranmarad. Onap TeMeH oHE OpTalla KOHUEHTPAIHSNA KOJIAHBLIAMIbL. Anaiiia, MyHnaii
JKarJaiapia KyH 6arapesutaphl JKakChl aKTHBTI CATKBIHIATY KyHeCiHCI3 )KapThuiai ©TKI3rimTiK
KacHeTTepiH Te3 KoranTamel. DOTOIIEKTPIIK KOHIBIPFHLUIAPIBIH CaJIKbIHJATy Kyifenepi
MIaCCHBTI JXKOHE AaKTHBTI Oonbm  Gemimexi. IlaccuBTi CanKpIHAATY JKYHenepi IKbLIY
TaChIMAIIaFbIITHl Mal1ananbaiae.  KockMma KypeUtrbUtapisl naiinananGail sxeuty ayameH
Tapanajel. AKTHBTI CalKbIHAATy Kyienepi Oyl CalKbIHIATKBIII, JJETTE CY, COPFBI KOMEriMeH
KYObIp/iap apKbLIbI aifHaNATEIH, OCHUTAlilA KBI3JBIPEUIFAH KYpPBUIFBUIADIAH JKBUTY/IbI aTaThiH
KYPBUIFBLIAP.

Byn kymbic TemeH KOHIEHTpaLmMsiarbl KpeMHHHTI IOIHKpPHCTANIEI KYH OarapesutapeIHbIH
THIMZLTTiE apTTeipyra sxoHe IOT KeMeriMeH akTHBT CaIKBIHIATY XKYHECiHIH THIMIUIIriH
aprTeipyFa Oarerrranrad. Herisri Minger ®penens THH3ACH MEH aKTHBTI CaJIKBIHAATY JKYHeciH
KOJIIaHa OTBIPBII, Ka3ipri 3aMaHFbl KOMMEPLHSIBIK KPEMHHH KYH DaTapesslapbIHbIH THIMILTITH
apTTeIpy sxoHe IOT xemeriven akTHBTI cankemAaTy Kyitecin OHTalnanasIpy. 3eprrey Openeins
THH3ATIAPBIH  TOMCH KOHUEHTPALMANA KOJNJAHA OTBHIPHI, MOTHKPACTAIAB KOMMEPIHSIIBIK
KPeMHMH KYH OarapessiapbIHBIH THIMAUTINIH apTTHIpyFa sKoHE 3aTTap MHTEPHETIH KOJIJaHa
OTBIPBIN, AKTUBTI CAJIKbIHIATY KYHECIiHiH OHTaiIbl *KyMbIchbiHa Garbrrramran. Ochl MakcaTka
JKETy YLIIH Keleci MiHIeTTep OpbIHIAIBL:
1. O®peHenb TMH3ACKIH KONJAHBINI KOHLEHTPAHSIAYIIEl KYH GarapesnapeiH skobanay,
KYPacThIpy JkKoHE OHJIEY;
2. KYH OIEMEHTIHIH TeMIepaTypachlH XoHe TyceTiH KyH paguanuschiHbig KyaTbIH
bakplrayra apHalIFaH CEHCOPIIBIK JKylieri a3ipney xoaHe eHIipy:;



3. aKTHBTI CaJIKBIHAATY XyHeECiH xkacay;

4. op TYpm TyceTiH KyH paJHalMsChIHIAFb] KYH 3JIE€MEHTIHIH JXBUIBITY IHHAMHKACHIH
3eprrey;

5. op TYpii TYCETiH KYH pajMauMsCHIHIAFbl KYH JJEeMEHTIiHIiH CAJIKBIHIATY MHHAMHKACHIH
JKOHE 3P TYPJIi COPFbI KyaTEIH 3€pTTey;

6. TOeMEH KOHILEHTpAIHs >KarjaibIHma KOHIIEHTpalMAIAyIIbl KYH 3JEMEeHTIHIH MOJIesiH
XKacay;

7. HeWPOHIBIK JKENiNepi KOJIIaHa OTHIPKIN, KYH SeMeHTIHIH XKBUIBITY MEH CaJIKBIH/ATY IbI
Bomxay Mozemiu Kacay;

8. canKplHIaTy KyHeciHiH eH OHTANIIBI KyYMBIC PeXXHMIH TaHzay ymiH 3arTap HHTEpHETiHE
HeTi3/e/IreH emim Kabsuinay xyitecin asipney.

By xymbicTa aneimran HOTHKeNep KYH GaTapesnapblHbIH ITBIFBIC KyaTHIH apTTBIPY YIIIH ©Te
MaHb3IEL AJIBIHFAH MAJIMETTEpi KOUCHTPALMSIAHFaH MOJMKPHCTANAB KPEMHUI KYH
SMEMEHTIHIH JK3HE (DOTOINMEKTPIIIK Kylenep yIIiH aKTUBTI CAlKbIHAATY XKyHenepiH Kypy YIiin
naiananyra 6onamusl.

['ynGaxapmei KyMBICBI eKi JKeTeKIN JKypHanga KoHE TOMEHe Kenripinren Gipueme
KoH(pepeHIMsnapaa KapHsiIaH Ik

Jliccepranus Matepraigapbiia Heri3eireH FhUTBIMA JKYMBICTapJIBIH Ti3iMi

I. I'. NHocemmGerona xone T. 6., LCPV kpemuumii kyn anemenTTepi ymid loT MonuTopuHri
MeH 0acKkapysl Gap HEHpPOHIBIK JKelliepre Heri3JeNreH aKTHBTI CANKBIHIATY Kyieci.
IEEE Access —te. doi: 10.1109/ACCESS.2023.3280265.

2. Jlocemberos, I'.; Mexuned, C.; CaiimGeros, A.: Hypramues, M.; Kanmaposa, A.;
Manaxkos, C.; Opembacap, C.; Kyreibait, H.; Ceanbaes, E.: IOnnomes H, Xonamanos,
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Koperremapuiaii  kene, JloceimGeropa [ynbaxap dunocodust ToKTOpsI (PH.D.) rbutbIMH
JOpeXkECiH aly YUIiH YCHIHBUIFAH "3aTTap MWHTEpHETI HerisiHue OackappUlaTEIH  JKOHE
OaKbUIAHATEIH KOHIEHTPAMANAyIIBl (OTOMNEKTPIIK KyHenep" TaKbIpbIGBIHIAFE] YMITKEpiH
JUCCEPTALMSICHIHBIH (UIOCO(HS IOKTOPH FBUIBIMH JIOpEKeCiH Oepy YIIH KaKeTTi FhUIBIMHU
JKAHAIBIFBI, IPAKTHKAJIBGIK MAHBI3IBUIBIFbI JKOHE ©31HJIIK YJIeci Oap eKeHiH aramn eTy Kepek.
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