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KAMBIPBIMABIABIK, KOPbI

HALYK

CHARITY FOUNDATION

b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  GoHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUYECTBEHHOMY OOpa30BaHMIO,
@DoH1 BHOCUT CBOW MOCWJIBHBINA BKJIaJ B Pa3BUTHE KAuCCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydleMy — NpodecCHOHAIOB B pa3IMuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6nzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. [y noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI TPAaHTHI Ha 00yueHue B MextyHapoIHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM kKoHkypce «USTEM Robotics» B CIIA. Aropckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIe/Ked u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyaylIMX MOKOJICHMH Ka3axcTaHieB. [Ipu momnepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHo#il MHMUIMATHBOM CTaJl peaau3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BocbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
PaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!



KA3AKCTAH PECITYBJIMKACHI YJITTBIK FBIJIBIM AKAJIEMUSICBIHBIH
BASHIAMAJIAPDBI 2023 ¢4

BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peJakTOpABIH OpbIHOacaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1eci, Ph.D GHoXuMus jKoHE MOJIEKYIAbIK TeHETHKA calachl OOMbIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), mpodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3€PTTEY OPTabIFBIHBIH 0ac FHUIBIMI
kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/ibl, Ononorus reUIbIMAApPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axangemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, Texuuka rFbUIbIMIapbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop, KP YFA akamemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PENPOLYKTONIOTUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Oronmorus FbUIBIMAAPBIHBIH JOKTOpBL —mpodeccop, UYysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipartkepi, «UyBarl MEMJICKETTIK arpapiiblK YHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OinmiM Oepy Mekemeci AKYILIEpIK oHE Teparus KaeIpachIHbIH MEHIEpYILICi,
(Yebokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap)i yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibrpic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsexcanipoBHY, MEIHIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIap/bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MenuimHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran Acbl10eKy.ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBI, KP ¥FA koppecrnon-
JIeHT Myleci, "Mail mapyanibuibFbl KoHE BETEpUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSAHY Uon MuxaiisioBuy, (hr3nka-MareMaTika FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Mosjosa Futbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MolioBa TexHUKaIBIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusinbik xoHe sSaposblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarsl, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibiMaap HHCTHTYTH! (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢uzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiiioBuy, (r3ika-MareMarnka FhUIBIMIAPBIHBIH JOKTOpbI, YKkpanHa YFA
akazemuri, KoinanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTeMaTHKa FHUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kazak yiTTeik yHuBepeuteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FBUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axagemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasaxcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadbu  arsiaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H= 12
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TOKJAJIBI 2023 ¢4
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akanemuk HAH PK, mupekrop
MemuumHckoro eHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H=11

PEJAKINUOHHASA KOJJET US:

PAMA3AHOB Tiekkaya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOpA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb INIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPeCOHIeHT
HAH PK, Ph.D B obnact OMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblil aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocoduu (Ph.D, Gnoxumusi, arpoxumus), mpodeccop, IIaBHbII HayqHbIiT COTPYIHHIK,
HayuHo-uccnenoBarenbekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU MHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKHX Hayk, mpodeccop, akanemuk HAH PK,
EBpasuiickuii HarmoHanbHelii yausepcurer um. JLLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumis), mpodeccop, 3aBemyronmii xkadenpoit «OnTHmMusarms

XUMHYECKOW 1 OMOTEXHONIOTMYECKOH anmaparypb», CaHkT-IleTepOyprekuii rocy1apCTBeHHbIN TEXHONIOTHYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H= 14

JIOKIIIUH Bsiuecia HoraHoBu4, JOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONA (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOIOrMYECKUX HAyK, MPOQEccop, 3aCITy KeHHBIN e TeI b HayKH
Yysarckoii PecryOnuku, 3aBeyrorimii kadeapoit Mopdosoriu, akymepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEXKICHHE BBICIIErO oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBINH arpapHbIi
yausepcute» (Yebokcapbl, Uysarickas Pecrryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Kormtemka BocTouHOM MemuimHbl Xamaapaa anb-Mapkusa, (haKyisTeT Boc-

To4YHOMN MetHIMHbEI YHuBepenuTeTa Xamaapna (Kapauu, [akucran), H= 21

MIENETKHWH Hrops AnlekcaHApoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CLIA), H=27

KAJIAH/IPA Iserpo, noxrop dunocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3YUCHUIO HAHOCTPYKTY-
pupoBaHHbIX Marepuaio (Pum, Utams), H =26

MAJIBM AnHa, 1oKTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, ekaH (apMareBTHIeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monbnra), H =22

BAUMYKAHOB Jlacran0exk AcbLIGEKOBHY, JIOKTOP CEJIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH cOTpYIHUK JlenapraMeHTa »KUBOTHOBOJCTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP JKUBOTHOBOZCTBA U BeTepunapmiy (Hyp-Cyirran, Kazaxcran), H=1

TUTUHSIHY Won MuxaiisioBu4, 10KT0p (GU3MKO-MaTeMaTHueCcKUX HayK, aKaJeMUK, PE3UICHT AKaIeMUU HayK
Mornyiobl, Texuuueckuii ynusepcurer Monioss! (Kummxes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, JOKTOp (GpU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresp, 101EHT Kadenpbl TEOPETUUECKOM U sIePHOM
m3nku, Kasaxckuii HalMOHaIBHBIA YHUBEpCHTET MM. anb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonanbHsiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A0:kaHoBHY, TOKTOp (H3HKO-MaTeMaTHISCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
sepHoit pmsnku, Kasaxcknii HatmoHanbHbINH yHHBepcHTeT nM. anb-Dapabu (Anvarsl, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VikpauHer,
VHCTHTYT NPUKNIAHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBI yHHBepeHTeT M. antb-Dapadu (Anmmarsl, Kasaxcran), H=15

XAPUH Cranncias HukomnaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 10KTOp (U3MKO-MareMaTnyeckux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT HM. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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INTENSIFICATION OF HEAT TRANSFER IN HYBRID SOLAR
COLLECTORS BY USING NANOFLUIDS AS A COOLANT
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Abstract. Intensification of heat transfer is one of the most important problems
of modern thermophysics. One of the modern methods for intensification of heat
exchange process is the use of coolants based on nanofluids. They are attracting
attention due to their potential to improve heat transfer in various systems, particularly
in the field of solar energy. In this work, the thermal conductivity of nanofluids
based on TiO, and CuO nanoparticles was studied. Various concentrations of TiO,
and CuO nanoparticles in the range from 0.5 to 2% were studied at temperatures
of 293-333 K in a mixture of bidistilled water, ethylene glycol/bidistilled water,
stabilized with the surfactant cetyltrimethylammonium bromide (CTAB). The
optimal concentration of CTAB, equal to 0.7%, was determined experimentally. To
evaluate the stability of nanofluids, zeta potential and hydrodynamic particle size
were measured. As a result of thermophysical measurements, a significant increase
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in the thermal conductivity of nanofluids relative to the base fluid was discovered.
The largest increase was observed at a mass concentration of nanoparticles of 2%
for both TiO, and CuO in all mixtures. With a further increase in the concentration
of nanoparticles, problems with the stability of the resulting solutions were
observed. Comparison of the obtained thermal conductivity values of TiO, and
CuO nanofluids was made. Both TiO, and CuO nanofluids showed an increase in
thermal conductivity coefficient for each mass concentration, while the CuO-based
nanofluid has a higher thermal conductivity than TiO,-based one. The results of this
work can be useful in determining the technological regimes of the coolant in hybrid
solar collectors, developing new models of solar panels and other applications of
thermophysics.

Keywords: heat transfer, thermal conductivity, nanofluid, hybrid solar
collector, coolant, zeta-potential.
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Annoramus. JKelmy —anMacyapl KapKbIHIATy Kasipri 3aMaHfbl  KbLTY
(bM3UKaHBIH €H MaHBI3Ibl MIHACTTEpiHiH Oipi Oonbim TaObuTansl. XKBUTY ammacy
MpOIeCiH KapKbIHIATYbIHBIH 3aMaHayW oJiCTepiHiH Oipi HaHOCYHBIKTBIKTAP
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HETi3iH/eri JKbULy TachIMAJJIAFBIITAPIbl KOIJIaHy Oonbill Tabbutansl. Omap
OpTYPIi XKyHenepae, acipece KYH PHEPrHUsIChl calachlHAa KbUTy Oepyal xakcapTy
oneyeTine OalinaHbICTBI ©3iHe Hasap aymapabl. byn skymeicra TiO, sxonme CuO
HaHOO®JIIIeKTePl HEri31H1er HAHO CYUBIKTBIKTAP IbIH KbLTY OTKI3TILITITT 3€PTTEIII.
TiO, xone CuO nanoGemuektepinin 0,5-TeH 2%-Fa NEHIHIT IUANa3OHIAFbl
OpTYpINi KOHIIEHTpamuschl meTunTpuMermiaMmMonnii Opomuai (LITAB) Oerrik
OencenHyi 3aThIMEH TYPAaKTaHIBIPBUIFaH OWIUCTHIJIGHTCH CY, ITHJICHIIUKOIbB/
OunuctuiieHren cy kKocrnacel 293-333 K apanbIFbIHAAFbl TEMIEpaTypaiachbiHia
seprrenai. LITAB-teiH 0,7% TEH OHTaWIBI KOHICHTPAIMACH 3KCIICPUMEHTAIIBI
Typae TaObuLbl. HaHOCYHBIKTBIKTAPIBIH  TYPAaKTBUIBIFBIH — Oaranay — YIIIH
OJapIBIH J3€Ta MOTEHIHAIBI JKOHE THIPOAWHAMHUKAIBIK O6JIIeKTep/IiH emeMi
aHBIKTAIABL. JKbUTy (DU3WKAIBIK OJIIeyNep HOTHKECIHIe HAHOCYHBIKTHIKTApIbIH
HET13T1 CYHBIKTBIKKA KaThICTBI )KbUTY OTKI3TIIITITiHIH alTapibIKTall KOFapbLiaybl
aHBIKTANABl. EH yIIkeH eciM OapiiblK Kocmalaparbl TiO2 xkoHe CuO ymiH
ne 2% HaHOOONIICKTEpAiH MacCalblK KOHLEHTPAIMSACHIHAA — OalKasbl.
HanoOesmiekrep/iiH ~ KOHLIEHTPALMSACHIHBIH,  OJ]aH  Opi  JKOFapbUIATKaH Ke3J/ie
aJBIHFaH ePITIHAUICPIIH TYPaKTHUIBIFBIHIA MOCEJIeIep OPBIH alFaHbl OalKaJIIb.
TiO2 skoHe CuO HaHOCYWBIKTHIKTAPBIHBIH aJIbIHFAH )KBUTY OTKI3TIIITIK MOHEPiHIH
canbIcThIpybl XKyprizinai. TiO, xone CuO HaHOCYHBIKTBHIKTaphl 9pOip MaccaybIK
KOHLEHTpALUsl YIIiH KbUIy OTKI3TITIK KO3()(UIMEHTIHIH KOFapbUIaybIH
kepcerTi, an CuO Herisinaeri HaHoCYHBIKTBIK TiO -re KaparaHaa *OFapbl KbLIY
OTKI3TIIITIKKE Ne OOJIFaHbI AHBIKTAJIbL. BYJI )KYMBICTBIH HOTHXKeJIepi THOPUATI KYH
KOJUIEKTOPJIAPBIHAAFEl KBUTY TaCHIMAJIAFBIITEIH TEXHOJIOTHSIIBIK PEeXUMACPIH
aHBIKTAy/a, KYH TAaHEIbCPIHIH XKaHa YATIIepiH a3ipieye )KoHe KbUTy (PH3HKaHbIH
Oacka KonaHOamapeIH/Ia naiamsl 00Iysl MYMKIH.

Tyiiin ce3mep: KbuUTy anMmacy, JKbUTY OTKI3TIIUTIK, HAHOCYHBIKTHIK, THOPHITI
KYH KOJUICKTOPBI, )KbITY TaChIMaJIIaFbIIl, J3eTa-MOTEHIIHAL.
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AnHoTauus. MaTecudukamus TerutooOMeHa SBISETCS OTHON M3 BaXKHEHIIHX
3amMa4  coBpeMeHHOH Teropm3ukd. OmHAM HW3  COBPEMEHHBIX METOJOB
WHTEHCH(HUKAIIMK  TETUIOOOMEHHOTO  TIpollecca  SIBJSICTCST  MCITOJIb30BAHME
TEIUIOHOCHUTEJe Ha OCHOBE HAHOXHIKOCTeH. OHHU TPHUBIEKAIOT BHUMAaHHE
Oyaromapsi CBOeMy TOTCHIIHAITY YITYUIICHUS TETUTOTICPEIadH B pa3INIHBIX CHCTEMAX,
B YACTHOCTH B 00JIACTH COJTHEUHOW SHEpreTuku. B manHo# paboTe mcciemoBana
TEIUIONPOBOJHOCTh HAHOKMAKOCTEH Ha ocHoBe Hanodactun TiO, u CuO.
HccnenoBanbl pa3inyHble KOHIEHTPAIIMM HAHOYACTHI] TiO2 n CuO B gmamasone
ot 0,5 o 2 % npm Temmneparypax 293-333 K B cmecu OnaucTHIITMpOBaHHAS BO/IA,
ATUJICHTIINKOIE/ONTUCTHILTHPOBAHHAS BOIA, CTA0OMIHM3UPOBAHHBIX IIOBEPXHOCTHO-
AKTUBHBIM BEMICCTBOM IeTuinTpuMeTraammonus opomun (LITAB). OntumansHas
xonnentpanus LITADB, paBnas 0,7% Obuta ompeneneHa 3KCIIEPUMEHTAIHHBIM
myTeM. J{71s1 OIleHKH CTaOMITEHOCTH HAHOKHUIKOCTEH OBLITO IPOU3BEICHO H3MEPECHHE
N3eTa-TMOTeHNnajda W THAPOAWHAMHYECKOTO pasMepa dacTuil. B pesynbrare
TeIIO(QU3NYECKNX W3MEpPeHHH OBUIO OOHApPY>KEHO 3HAYMTENIbHOE YBEIWYCHHE
TETUTOTIPOBOIHOCTH HAHOKUIKOCTEH TIO0 OTHOMICHHWI0O K 0a30BOM IKHIKOCTH.
HawnGompmmuit poct HaOMIOMAICS MPU MACCOBON KOHIIEHTpAIy HaHodacTuil 2%
KakK ISt TiOZ, tak u a1 CuO Bo Bcex cMmecsx. [lpu ganpHEHeM yBETHICHIH
KOHIIGHTPAaIlMM HAHOYACTHI[ HAOIIOMAINCh MPOOJIEMBI CO CTaOMIBHOCTHIO
TIOJIYICHHBIX ~ PacTBOpPOB. lIpoBeneHO CpaBHEHWE TIOMYUYCHHBIX 3HAYCHHUN
TEIUIONPOBOIHOCTH HAHOXKUJIKOCTEHN TiO2 n CuO. HanoxumkocTt Kax TiOz, TakK
1 CuO moxazanu pocT Ko3(pUIIMHTA TETUIOTPOBOAHOCTH IS KaXKIO0H MacCOBON
KOHIIEHTPAIINH, IPY TOM HAaHOKHUIKOCTh Ha ocHOBe CuO o0mamaet Oosee BEICOKOH
TEIUIONPOBOAHOCTEIO, ueM TiO,. Pesynbrarhl JaHHON pabOTI MOTYT OBITH MOJIE3HBI
TIPU  ONPEICIICHUHN TEXHOJOTHUYCCKUX PEKUMOB TETUIOHOCUTENSI B THOPHIHBIX
COJTHEYHBIX KOJIJICKTOpax, pa3paboTke HOBBIX MOZCICH COJMHEYHBIX TaHEIeH u
JIPYTUX MPHIOKCHHUSIX TEIIO(QU3UKH.

KualoueBble cjoBa: TemiooOMEH, TEIUIONMPOBOAHOCTh, HAHOXXHUIKOCTB,
THOPHUIHBINA COTHEYHBIN KOJIJIEKTOP, TETNIOHOCHTEIb, 13€Ta-MOTEHIHAIT.
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Hayku u gvlcuteco oopaszosanusn Pecnyonuxu Kazaxcman (epanm Ne AP19678220).
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Introduction

Kazakhstan has significant potential for solar energy due to its vast land area
and abundant sunlight, especially in the southern regions. There are some ways to
utilize solar energy: using solar photovoltaic (PV) systems, solar water heating.
The most widely used equipment to catch solar radiation is using PV systems, that
allows not only to generate electricity but also to use the heat of sun. Solar panels,
also known as PV panels, are devices that convert sunlight into electricity. The main
drawback of solar panel is its surface heating. It results in decreased efficiency, so
it is necessary to withdraw the heat. Hybrid solar collectors combine different solar
technologies to improve energy efficiency and provide a more reliable source of
energy. It is designed to capture and utilize solar energy for various applications,
including electricity generation, heating, cooling, and hot water production (Fig.1).
In recent years, the number of research on intensifying heat transfer in solar
collectors using nanofluid coolants has increased significantly (Farhana et al., 2019;
Goel et al., 2020; Olia et al., 2019; Younis et al., 2018; Zayed et al., 2019). Popular
heat transfer agents, providing heat exchange, are liquids based on ethylene glycol
or propylene glycol.

In the framework of literature review many materials for nanofluid preparation
was considered and it was found that TiO, and CuO particles looks most promising
(Arifin et al., 2022; Liu et al., 2006). TiO, and CuO nanofluids show significant
increase in thermal conductivity (Ali et al., 2018; Ali, Sajid, Arshad, 2017; Das et
al., 2016; Saydi et.al.,2023; Wang et al., 1999).

Nanoparticles in a liquid suspension coagulate due to the imbalance of
electrostatic repulsion forces caused by the surface charge of nanoparticles and the
forces of mutual attraction of molecules. To prevent agglomeration surfactants are
added. There are different types of surfactants: anionic, cationic etc. The effect of
surfactans depends on surfactant type, its concentration and nanofluid preparation
conditions (Al-Waeli et al.,2019). One of the methods for predicting the stability
of a nanofluid is to determine its zeta potential, which is the value of the surface
charge of nanoparticles in the liquid. There is a direct relationship between zeta
potential and nanofluid stability (Vandsburger, 2009).

Additional information about the state of a colloidal system can be obtained by
studying the diameters of nanoparticles in a liquid. The process of precipitation of
colloidal agglomerations occurs when the particle diameter reaches more than 100
microns (Henze et al., 2006:391).

-~
R —
4 - et fe—————— ¢ =
= Heal supply
Buffer tank Heal pump

Fig. 1. Hybrid solar collector
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However most of the papers consider thermal properties of pure nanofluids.
Thermal conductivities of TiO, and CuO nanoparticles stabilized by surfactants are
not considered in depth. This work is intended to fill this gap, since the addition of
surfactants affects the thermophysical properties of nanofluids.

Materials and methods

Nanofluids were prepared by two-step method by magnetic stirring and
ultrasonication during the different periods of time. Duration of each process was
found experimentally, until required particle size in solutions and their stability
were provided. Nanoparticles were bought from Sigma Aldrich supplier. Double-
distilled water (DDW) water was produced in the laboratory of the university.
Ethylene glycol was bought from the chemical reagent manufacturer («Damu-
Chemistry» LLP). CTAB surfactant was chosen as the most suitable for this type
of nanoparticles.

Quantitative analysis of TiO, and CuO nanoparticles were made using «INCA
Energy 250» energy dispersive spectrometer of the Jeol JSM-6390LV scanning
electrone microscope.

Average particles sizes and zeta-potential of the solutions were investigated by
Zetasizer Nano ZS90 (Malvern Instruments Ltd., UK) on the basis of dynamic light
scattering method.

Thermal conductivity was measured by TEMPOS Thermal Properties Analyzer
(METER group, Inc. USA). KS-3 sensor was used to determine the properties of
nanofluids.

Results and discussion

Results of elemental analysis are shown in the Figs.2-3: TiO, and CuO
nanoparticles purity are equal to 98% and 99% respectively. There was insignificant
amount of borium and bromide in spectrum results. However, their mass fraction
was negligible.
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Fig. 2. Quantitative analysis in terms of weight for TiO, (a) and CuO (b) nanoparticles
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Fig. 3. Quantitative analysis of TiO, (a) and CuO (b) samples (spectrum)

An important stability factor, in addition to the consistency of the base liquid,
is the zeta potential and particle size in the nanofluid. EG/DDW-based (50:50 %)
nanofluids were investigated on zeta potential and particle size due to more stable
condition. The zeta potential for TiO, takes the value of -25mV, for CuO -31 mV.

The distribution of particles according to size was obtained by dynamic light
scattering method. The highest size density of TiO, particles lies in the range of
35-45 nm. Small agglomerations at the level of 2% are observed in particles with
a hydrodynamic diameter of 110-120 nm. For CuO the particle distribution takes
values of 45-55 nm. A series of experiments showed that the most optimal CTAB
surfactant concentration is 0.7%

After the quality of the source materials and the required particle size were
ensured, thermal conductivity measurements of the nanofluids were taken. Double-
distilled water, a mixture of ethylene glycol/double-distilled water in a ratio of
50:50%, a mixture of ethylene glycol/double-distilled water in a ratio of 30:70%
were used as a based fluid.

An increase in the thermal conductivity of the nanofluids is observed in 3
variants of the base fluid for TiO, and CuO (Fig. 4-6).
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Fig. 4 shows the obtained thermal conductivity of TiO, and CuO nanofluids
based on double-distilled water (DDW). For TiO, (Fig. 4 a, ¢), there is an increase in
the thermal conductivity coefficient in terms of nanofluid temperature ranging from
293 to 333 K for 0,5 wt.% mass concentration by an average of 6,3%, while for 2
wt.% by 12,3%. For every 0.5 wt. % the thermal conductivity coefficient increases
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by 2%. CuO demonstrates higher thermal conductivity coefficients compared to
TiO, (Fig. 4 b,d). For 0,5 wt. % mass concentartion the increase is on average 7,9%,
and 2 wt. % solution shows an increase in the thermal conductivity coefficient by
16,2%. For an increase in the mass concentration of CuO by 0,5%, the increase in
the thermal conductivity coefficient is on average 2,8%.

Using a mixture of EG and double-distilled water as a base liquid shows a
significant increase compared to distilled water (Figs. 5-6).

For the base liquid EG/DDW 50:50% (Fig. 5), the increase in the thermal
conductivity coefficient of TiO, (Fig.5 a,c) for each mass concentration at a certain
temperature of the nanofluid is on average 11,5%, while the thermal conductivity
growth in comparison with bidistilled water based nanofluid is 9% (Fig.5 a,c). For
CuO the values become 15,5 % and 12,1%, respectively. The maximum increase for
this base liquid is observed for 2 wt. % concentration. At a nanofluid temperature
of 333 K for TiO, and CuO, this figure gets 17,2% and 21,8% versus 14.4% and
19.3% compared with bidistilled water based nanofluid.
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In case of reducing the ethylene glycol ratio to 30%, there is an increase in
the thermal conductivity coefficient of the nanofluid comparing to a 50% ethylene
glycol concentration (Fig. 6). The average increase in the thermal conductivity
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coefficient of the considered mass concentrations for TiO, is 13,1%, for CuO
18,5%. An increase in mass concentration by 0.5% has a similar increase in the
thermal conductivity coefficient as in the case of the double-stilled water as base
fluid: by 2 % for TiO,, by 2,1% for CuO.

A clear dependence of the increase in the thermal conductivity coefficient
of the nanofluid on concentration and temperature was revealed. The difference
in thermal conductivity coefficient for different nanoparticles is due to different
thermophysical properties of nanoparticles. The increase in thermal conductivity
of a nanofluid based on a mixture of EG: DDW is much higher than the effective
thermal conductivity based on double-distilled water due to the viscosity properties
of ethylene glycol, which ensures some stability of the solution.

Conclusion

Problem of heat transfer enhancement in hybrid solar collectors can be solved
using nanofluids as cooling agent. It was found that CTAB stabilized TiO, and
CuO nanofluids can successfully increase heat exchange rate in such systems.
Thermal conductivity coefficients of nanofluids at various mass concentrations and
temperatures were experimentally obtained. Mass concentration of nanoparticles
contribution is more significant in thermal conductivity performance than
temperature factor. But technological regime of solar panels implies that coolant
undergoes temperatures up to 333 K. Thus, thermal properties of coolants under
such conditions were determined. The increase in thermal conductivity for each
specific case is shown in the graphs above. Thermal conductivity enhancement
makes it possible to improve the current-voltage characteristic under operating
conditions due to the intensification of heat transfer.

It is planned to continue research to determine the viscosity of nanofluids to
identify the features of the hydrodynamics of nanofluids under various working
conditions.
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www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the work described has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance
of a paper automatically implies the copyright transfer to the National Academy of sciences of the
Republic of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.
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