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KAMBIPBIMABIABIK, KOPbI

HALYK

CHARITY FOUNDATION

b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAyYIICHUS Ka4eCTBa )KU3HHU Ka3aXCTaHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHBIH HOHT « XaTbIK». 3aTOIBI CBOCH IEATETPHOCTH
Ha peasn3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001aCTSIX 00pa30BaHusl U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3ApaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManHue brnarorBopurensHeli  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCWJIBHBIA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHca JIIO#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pa3MuHBIX cdepax,
MOTCHUUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanbik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — mepBsrii B cTpane 6uzHec-uHKyOaTop utst ydamuxcs 9-11 kimaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaloMy OM3HECY HIKOJILHUKOB OBIJIO BBIZIEJIEHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOIHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHune B MextyHapoIHoH mkoie «Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM IIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Aptopckue
paboTsl B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3al NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHUMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO MOMOIIM IIKOJBHUKAM, YYaLIMMCSl KOJJIeIKeH u cryaeHtaM PoHx
CUUTAET BAXHBIM BHECTH CBOH BKJIaJl B MOBBIIICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHMH OyAayIIMX MOKOJICHHH Ka3axcTaHleB. [Ipu mommepikke
doHma «Xanplk» B IOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoro «Almaty Digital Ustaz.

BaxHo#il MHUIMATHBOM CTaJl peaju3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBOH
IrPaMOTHOCTH 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 coluasbHON 3aIIWTBHl HACEJCHUS aKTHBHO
MpOBOAXTCS paboTa MO MOAJEPIKKE AETEeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei n
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOEB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 0OCCIICUCHHIO HYKAAIOMINXCS COLHMAIBHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIA/IKH U (PU3KYIBTYPHO-0310POBUTEIbHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Haulel crpaHe. JKu3HEHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHIEMUHU
COVID-19. Torma, B pasrap Tsukenoil 00psObl ¢ KOpOHaBUPYCHOW MHQeEKIuei
®onpx Bblenun cBbiie 11 MWIIMapIOB TEHre Ha MPHOOpETeHHEe HEO0OXOIUMOro
MEIUIUHCKOTO OOOPYIOBaHUS M JIOPOTOCTOSIIMX MEAWIUHCKHAX IpPEernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHUS U JCHEKHBIC
BBIMJIATHl MEJUIIMHCKUM PaOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH NPOEKTAaMH, HALICICHHBIMU Ha MOBBILICHUE
071aroCcOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH/ pelu yIeauTh 0co00e BHUMaHNE
HayKe, IOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBEHb €€
Pa3BUTHS OINIPEACISIET YPOBEHD Pa3BUTHUS TOCYIaPCTBa.

[Monnepxka @oHIoM BbIMycKa XypHanoB HamuonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponxHble (OHABI Scopus U
Wos 1 B KOTOPBIX IMYOJMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHHI
W HayYHO-HCCJIEIOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkeHnnewm,
BbaarorBopurenbHblii ®oHT «XaabIK»!



KA3AKCTAH PECITYBJIMKACHI YJITTBIK FBIJIBIM AKAJIEMUSICBIHBIH
BASAHIAMAJIAPBI 20233

BAC PEJAKTOP:
BEHBEPUH Banepuii BacnibeBny, MeIuIHA FRUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran PecryOnmukacet [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTabIFIHBIH - JIUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTY.IbI, (6ac peJaKTOpABIH OpbIHOAcaps!), QH3HKa-MaTeMaTHKa FhUIBIMAPBIHEIH
JnokTopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnaan Mupxaiizapyibl, (6ac pemaktopaslH opbiHOacapel), npodeccop, KP  YFA
KoppecroHaeHT-My1reci, Ph.D GHOXHMusI jKoHE MOJIEKYIANIbIK TeHETHKA Caachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyiran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM 3KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FhUIBIMU-3ePTTeY OPTalbIFBIHBIH 0ac FHUIBIMU
kpi3meTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenaipyibl, OHOMOrus FBUIBIMIAPBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka rbUIbIMIApbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTAMIaHABIPY» Ka(eapachIHBIH
Menrepyuici, (Cankr-TlerepOypr, Peceit), H = 14

JIOKIIHNH Bstuectas HoranoBuu, MeuiHa FHUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP YFA akanemuri,
«PERSONA xaJbIKapaJblK KIMHUKAJIBIK PEMPOIYKTOIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baaguvup I'puropbeBuy, OuoOmorust FbUIBIMAAPBIHBIH —JOKTOpPBL, —mpodeccop, Yysamr
pecryOnrKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBalrl MEMJIEKETTIK arpapiiblK yHHBepcHTETh Denepanabik
MEMJICKETTIK OFO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYIIEpIK oHE Teparus KaelpachlHbIH MEHIEPYILICi,
(YeGokcaper, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeDKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsexcanipoBuY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa IITATHl YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOpECcopb
(Prm, Urtamus), H =26

MAJIBM Amnna, dapmaneBTHKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MeuHa yHUBEPCHTETIHIH
(bapmanepTika dakyasTeTiHiH Aekansl (JIoommn, [onsma), H =22

BAUMYKAHOB [lactan Acbl10eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH J0KTOpbI, KP ¥FA koppecnon-
JIeHT Myteci, "Mait mapyanibUibFbl KoHEe BETEpUHAPHS FhUIbIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibeEbl
JKOHE BETEPUHAPIBIK MEIWIMHA JAeHapTaMeHTiHiH Oac roumbiMu Kbi3MeTkepi (Hyp-Cynran, Kasakcranm), H=1

TUTUHSAHY Uon MuxaiiioBuy, (hr3nka-MareMarika FbUIbIMIAPBIHBIH JOKTOPBI, akaieMuK, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MolioBa TexHUKaIBIK yHIBepeuTeTi (Kummues, Monyosa), H = 42

KAJIMMOJIJAEB Maxcar Hyponxinyisl, du3rka-MaremMaTnka FbUIBIMIAPBIHBIH JOKTOpBI, mpodeccop, KP
YFA akanemuri (Anvarsl, Kazakcran), H=7

BOULIKAEB KyanTtaii Arasbiyjibl, Ph.D. Teopusbik xoHe sSaponblK (Gu3nKa KadeapachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarst, 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
huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbiaars! Kasak yirTeik yausepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBuy, (r3ika-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpanHa YFA
akazemuri, KonnanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=5

TAKUBAEB Hypramu Kabarayiibl, (u3ika-MaTeMaTHKa FhUIBIMAAPBIHBIH JIOKTOpHI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kaszak yiTTeIk yHuBepenteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncinas HukonaeBnu, (usnka-mMareMarHka FhUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axagemuri, Kasakcran-bpuran texuukaisik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepenteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 20233
HALII/IOHAHBHOI/I AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacniibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akagemuk HAH PK, mupexrop
MemuumHckoro eHtpa YrpasneHus jenamu [pesunenta Pecrryonuku Kasaxcran (Anmarst, Kasaxcran), H= 11

PEJAKINUOHHAMA KOJJET US:

PAMA3AHOB Tiekkaya CaburoBud, (3aMECTHTEINb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHueCcKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiiiapsud, (3aMeCTHTEITb ITAaBHOTO PEIAKTOPa), Poheccop, WieH-KOPPECTIOHICHT
HAH PK, Ph.D B obnacti GMOXHMHH ¥ MOJEKYISIPHOH TeHeTHKH, [eHepanbHblil qupekTop HarpmoHansHOro nenTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHI'-CY KBak, noktop ¢unocoduu (Ph.D, Groxumutsi, arpoxumust), mpodeccop, [IaBHbI HayYHbIH COTPY/IHUK,
HayuHo-mccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-HCCIIeI0BaTeNbCKU MHCTUTYT
6uonayku u 6norexrororau (KRIBB), (Iouon, Kopest), H = 34

BEPCUMBAEB Paxmerka:kun UckenaupoBuy, TOKTop OHoNornyecknx Hayk, npogeccop, akanemuk HAH PK,
EBpasuiickuii HaumoHanbHbIi yHuBepeurteT uM. JI.H. I'ymunesa (Hyp-Cynran, Kazaxcran), H =12

ABUEB Pydar, noxrop TexHHUIeCKHX Hayk (Omoxumus), podeccop, 3aBemyronmid kadenpoi «OnTHmMusaims

XUMHYECKOU 1 OHOTEXHOIOTMIeCKOH anmaparypsy, CaHkT-IleTepOyprekuii rocyjapCTBeHHBIHA TEXHOIOTUYECKHI HHCTH-
TyT (Cankr-ITerepOypr, Poccus), H =14

JIOKIIIMH Bsiuecia HoraHoBW4, JOKTOp MEIMIMHCKUX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIIHHIYeCKoro neHTpa penpomykroioray «PERSONAY (Anvarsr, Kazaxcran), H=8

CEMEHOB Baagumup I'puropbeBuy, T0KTop OHOIOIMYECKHX HayK, IPO(eccop, 3aCiTy’KeHHBIN JesITeb HayKI
Yygarickoit PecriyOnumku, 3aBemyronmii kadeapoid Mopdomoruu, akynepeTsa 1 tepanuu, OesepanbHoe rocy1apcTBeHHOS
OromKkeTHOE 00pa3oBaTeIbHOC YUPEKICHHE BBICIIErO o0pazoBaHust «UyBalICKHil TOCYIApCTBEHHBIH arpapHbIit
yauBepcuteT» (Uebokcapsl, Uysamnickas Pecryomuxa, Pocenst), H =23

DAPYK Acana Jlap, npodeccop Kortemka BOCTOUHOM MemMIMHBI Xamaapaa ainb-Mapkusa, (haKyisTeT Boc-

TOYHOM MeauiHbl YauBepcutera Xamapaa (Kapaun, [akucran), H =21

HIENETKHH Hrops AJlekcanapoBhY, TOKTOp MEAULIMHCKHX HayK, podeccop YHuBepcuteTa mrara MoHTaHa
(CLIA), H=27

KAJIAH/IPA TIserpo, noxrop ¢unocodun (Ph.D, dusuka), mpodeccop MHCTUTYTA O M3YYEHUIO HAHOCTPYKTY-
pupoBaHHbIX MatepuanoB (Pum, Utamus), H =26

MAJIBM AnHa, 1okTOp (hapMarieBTHIeCKUX Hayk, mpodeccop, nekan dapmareBTiudeckoro haxynsrera JIroomiH-
CKOTO MEJIMIIMHCKOro yHuBepcurera (Jlrobmus, [ombuia), H =22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEJIBCKOXO3SICTBEHHBIX HAyK, YICH-KOPPECIIOHICHT
HAH PK, maBHbIil Hay4HbII COTPYIHHK JlenapraMeHTa )KUBOTHOBOJCTBA M BeTeprHapHOit Memuimubl TOO «HayuHo-
MPOM3BOCTBEHHBIN LIEHTP KNUBOTHOBOZICTBA U BeTeprHapum» (Hyp-Cynran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBH4, TOKTOp (PU3UKO-MAaTEMaTHYECKHX HayK, aKaJeMHK, IPE3UICHT AKaJeMHH HayK
Monpossl, Texanueckuii yausepcuteT Monnoss! (Kummnes, Monzosa), H =42

KAJIMUMOJIJAEB Maxkcar HypaauioBuy, T0KTop (hH3MKO-MaTeMaTHuecKuX Hayk, mpodeccop, akanemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOULIKAEB Kyanraii AsrassieBn4, noxrop Ph.D, npernonasarens, ToneHT kadeapsl TEOPETHUSCKOH H sIepHOI
m3ukn, Kazaxckuii HaroHANBHEI yHUBepeuTeT nM. anb-Dapadu (Anmarsl, Kazaxcran), H= 10

QUEVEDO Hemando, npodeccop, Harmonanbheiit aBroHomHbIi yHuBepeuTer Mekeuku (UNAM), UuctutyT
sepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:xaHoBHY, TOKTOp (H3HKO-MaTeMaTHISCKHX HayK, Ipodeccop Kadeapsl TEOPEeTHISCKOU 1
spnepHoit (hrsuky, Kazaxckuii HaoHAIBHEL yHIBepcuTeT UM. anb-Dapadu (Amvarsl, Kazaxcran), H="7

KOBAJIEB Aunekcanap MuxaiiioBuy, JTOKTOp (HU3MKO-MaTeMaTUYECKuX Hayk, akageMuk HAH VYkpaunsl,
WHCTUTYT NPUKNIaHOM MaTeMaThky 1 MexaHuku (JloHenk, Ykpauna), H=5

TAKUBAEB Hypramn JKa6araeBud, JoKTop (pU3MKO-MateMaTHISCKHX Hayk, npodeccop, akanemuk HAH PK,
Kazaxckuii HaMOHAIBHEI yHEBepcuTeT UM. anb-Dapadu (Ammarsl, Kazaxcran), H=15

XAPUH CrauucnaB HukonaeBuy, TOKTOp (M3MKO-MAaTeMAaTHYECKUX HayK, mpodeccop, akanemuk HAH PK,
Kazaxcrancko-bpuranckuit texanuecknii ynusepeuret (Anmarsl, Kazaxcran), H =

JABJIETOB Ackap EpoyaanoBud, TOKTOp (M3MKO-MaTeMaTH4YecKHX Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHEIN yHUBepcHTeT UM. anmb-Dapadu (Ammarsl, Kasaxcran), H =12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»

ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)

Cobcreennnk:  PecryOmikaHckoe  oOmiecTBeHHoe oObenuHeHne «HarmoHanbHas akajgemust Hayk  PecryOmukn
Kazaxcran» (r. Anmarsl). CBUIETENIBCTBO O MOCTAHOBKE HA Y4YET NEPHOIMYECKOrO eYaTHoro u3nanus B Komurere un-
(opmarmr MuHKcTepcTBa HH(OPMALHHU U 001IecTBeHHOTO passuths Pecriyonmku Kasaxcran Ne KZ93VPY 00025418,
BbllaHHOE 29.07.2020 1.

Temarnyeckas HaNPaBICHHOCTL: OUOMEXHONO02UA 8 0ONACHU PACHEHUEB00CMBA, IKONO2UL, MeOUYUHbL U PU3U-
yeckue HayKu.
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Abstract. The direct conversion of hydrogen chemical energy into electrical
energy is carried out in fuel cells (FC), which consist of an ion-conducting electrolyte
and electrodes. Solid oxide proton conductors with a perovskite structure are the
perspective materials for use as electrolytes in fuel cells. However, the efficiency
of fuel cells based on them is not high enough, leading to the high cost of generated
electricity. Therefore, the task of choosing the most effective electrolyte material
is urgent. Comparative studies of the properties of proton conductors based on
barium cerate and lanthanum scandate have been carried out. The research was
carried out using modern methods of analysis and mathematical processing.
A necessary condition for the appearance of proton conductivity in perovskites
is the presence of oxygen vacancies in the anion sublattice. Particular attention
is paid to studying the ability of an electrolyte to intercalate protons during the
dissociative dissolution of water. It has been shown that the concentration of
protons depends on the composition of the material, the type of dopant cation, as
well as the method of oxygen vacancies formation in the lattice. It was found that
the samples of barium cerate and lanthanum scandate, with equal doping levels,
are capable of intercalating the same number of protons. In the case of oxygen
vacancies formation in lanthanum scandate by creating a deficiency in one of the
cations, the concentration of intercalated protons sharply decreases, despite the fact
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that with this method 1.5 times more oxygen vacancies should be formed than with
acceptor doping. Analysis of the obtained results indicates the significant role of
negative defects of the V" type, which interact with positively charged oxygen
vacancies and, probably, block their participation in the process of H,O dissolution.

Keywords: proton conductors, barium cerate, lanthanum scandate, acceptor
doping, thermal desorption
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Annoranmus. CyTeKTiH XUMUSIIBIK SHEPTUSACHIH AIIEKTP SHEPTUACHIHA TiKeNeH
TYPJICHIPY HWOH OTKI3Till 3JCKTPOJUT TEH OJIEKTPOATApAaH TYPAThIH OTBIH
anementTepinge (O3) xysere acblppiiagsl. OD-iHAE 3MEKTPOIUTTEP pETiHAEC
naiananyra apHajraH MepCreKTHBTI MATEPUAAAP MEPOBCKUT KYPBUTBIMIBI KATTHI
OKCH/ITI IPOTOHIBI OTKI3TIIITEp OOIBIN Ta0bLTa L. [leTeHMeH, ONTap IbIH HEeT131Haer1
OD-HiH THIMAITIr KETKUTIKTI XKOFapbl eMec, Oyl OHIIPIIETIH MEKTP SHEPTUsIChI
KYHBIHBIH JKOFapbl OOJybIHAanmbill Keliedi.COHABIKTAaH €H THIMII DIEKTPOJIUAT
MaTepHaIIbIH TaHJIay MiHETi ©3€KTi OOJBIN Ta0bUIaAbl. bapwii eparsl )KoHETaHTaH
CKaH/aThl HETI3IHJETIMPOTOHIBl OTKI3TIIITEPIiH KACHETTEPiHE CalIbICTHIPMAIIbI
3epTTeyiep Kyprizinmi. 3eprreyinep 3aMaHayW Tayjgay >KOHE MaTeMaTHUKAJbBIK
OHJICY OMIICTEePIH KOJIAHY apKbUIbI )Ky3ere achipbuiaibl. [[epOBCKUTTEp/IC MPOTOH
OTKI3TIMITITiHIH 112 00TYBIHBIH KQXKETTi AP THIaHHOHIBIK TOMEHT'1 TOPYS1a0TTer
00c opbIHIAPABIH 00MybIOONBIT Ta0bLIanbL. CybIH IHCCOIMATUBTI CYHBLTYHI
Ke3iH/Ie 3JICKTPONUTTIH TPOTOHAAP/Ibl WHTEPKAIMOpiey KaOUIeTiH 3epaereyre
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epeKie Hazap ayaapbuiaabl. [IpoTOHIAPIBIH KOHIIEHTPAIMACH MaTepHaIbIH
KypaMbIHa, KOCBHIMILIAJaHFaH KAaTUOHBIHBIH TYPiHE, COHJAH-aK TOpIarbl OTTEri
00C OpbIHIAPBIHBIH Taii1a 00Ty TociaiHe OalIaHbICThI €KeHIITT KepceTini. bapuit
LepaThl OHE JIAHTAH CKaHJATBIHBIH YJITUIepl Oipied KochIMIIaiayJdeHreHinme
TIPOTOHAAPABIH OipIel CaHBIH WHTEPKATHOPICyTeKaduIeTTi eKeHI aHBIKTaJIbL.
JlaHTaH cKkaHIATHIHIAKATHOHAAPABIH O1piHIH )KeTICIeYIIUTITiH )Kacay apKbUIBIOTTET1
0oc opwIHIApHl Maiga OOJFaH JKarmaiia, WHTEPKAJTUOPICHIeH MPOTOHIAAPIBIH
KOHIICHTPAIUSCHI aKIIETITOPJIBIK KOCBIMIAIAYMEH CaJIbICTBIPFAHIa0YIJI TOCLIMEH
OTTETiHIH 00C OpBIHAAPHI 1,5 ece Kol Ty31Tyi Kepek OoJFaHbIHA KapaMacTaH KypT
TOMEHJICHI1. AJIBIHFAaH HOTWIKEJCPl Tajjay OH 3apsyITajfaH OTTeri 00C OpbIH-
JIApbIMEH ©3aPAdPEKETTECETIH KIHE, MYMKIH, onapabsi H,O cyiibuty mporuecine
KaTBICYbIH 6¥FaTTaﬁTBIHV"'LaTHHTi Tepic aKaylap/IbIH MaHBI3IbI POTIH KOPCETE/I.

Tyiiin ce3nep: IlporoHmsr eTkisrimTep, Oapwii IiepaThl, JaHTaH CKaHJATEHI,
AKLENTOPIIBIK KOCHIMINIATAY, TEPMUSIIBIK J1€COPOIHS
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AnHotanmms. IIpsmoe mpeoOpa3oBaHMe XUMHUYECKOW 3HEPTUM BOAOPOAA B
ANMEKTPUUIECKYIO YHEPTHIO OCYIIECTBIIETCS B TOIIUBHBIX dJleMeHTax (T2), KoTopsie
COCTOSIT W3 HWOHIIPOBOJAIIETO DJEKTPOJIMTA W AIIEKTPOAOB. llepcrieKTMBHBIMU
MaTepualiaMy JIJIsl MCIIONIb30BaHUS B Ka4eCTBE ANIEKTPOJIUTOB B TD sBIsOTCS
TBEPIOOKCUHBIE MTPOTOHHBIE MPOBOAHUKH CO CTPYKTypoil mepoBckuTa. OnHaKo
spdextuBHOCT, TD HAa WX OCHOBE HEJOCTATOYHO BBICOKA, YTO MPHUBOIUT K
JIOPOTOBH3HE BhIpabaThIBAEMOM IeKTpodHeprur. [103TOMy aKkTyanbHOM SBIsIeTCS
3amavya BeIOOpa Hambonee A((EeKTUBHOTO Marepuana 3JeKTpoiuTa. IIpoBeneHbI
CpPaBHUTENbHBIE WCCIIEJIOBAaHMS CBOWCTB TPOTOHHBIX IMPOBOJHHWKOB HAa OCHOBE
1epara Oapus v CKaH1aTa JaHTaHa. VcciieoBaHuUs BBITIOIHEHBI C UCTIOJIh30BAHUEM
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COBPEMEHHBIX METOAOB aHAJIN3a M MaTeMaThdeckoil oOpaborku. HeoOxommumbim
YCIIOBHEM TIOSIBIICHHMSI TMPOTOHHOM TPOBOAMMOCTH B IEPOBCKHUTAX SIBISICTCS
HaJIMYME KUCIOPOIHBIX BaKaHCUH B aHMOHHOHN mopapemeTke. Ocoboe BHHUMaHHE
VAETICHO M3YYECHUIO CIIOCOOHOCTH JIEKTPOJIUTAa MHTEPKAIMPOBAaTh MPOTOHBI MPU
JMCCOLMAaTUBHOM PacTBOpEHHH BOAbl. [lokazaHO, YTO KOHLEHTpALMs MPOTOHOB
3aBUCUT OT COCTaBa Marepuaia, THIIA KaTHOHAa [ONAaHTa, a Takke crocoda
(hopMHpOBaHMS KHCIOPOIHBIX BaKaHCHH B pemeTke. OOHapy>KeHO, 4TO 0Opasibl
uepara 0apus M CKaHJara JJaHTaHAa PU PaBHOM YPOBHE JOMUPOBAHUS CHOCOOHBI
WHTEPKATUPOBATh OJMHAKOBOE KOJIMYECTBO NMPOTOHOB. B ciyuae dopmupoBanus
KHCJIOPOJHBIX BAKAHCHH B CKaHAaTe JTaHTaHa Iy TeM CO3IaHus Ne(UINTA [10 OJJHOMY
13 KAaTUOHOB KOHIIEHTPALMSI HHTEPKATUPOBAHHBIX IPOTOHOB PE3KO YMEHBIIACTCS
HECMOTpsl Ha TO, YTO HPHU TAaKOM crocole JOIKHO oOpa3oBbiBaThcs B 1,5 pasa
OoJipIlIe KUCIOPOAHBIX BaKAaHCHM, YeM IIPHU aKLENTOPHOM JONUPOBAHUH. AHAJIN3
MOJTYYEHHBIX PE3YyJIbTaTOB YKa3blBaeT Ha CYLICCTBEHHYIO POJIb OTPHILATEIBHBIX
nedexros Tuma V", KOTOpBIE B3aMMOAEHCTBYIOT € MOJOKUTEIBHO 3aPSIKEHHBIMU
BAaKaHCHUSMHU KHUCJIOPOAA M, BEPOSTHO, OJOKUPYIOT WX Y4acTHEe B Mpolecce
pacteopenus H,O.

Ki1roueBble cj10Ba: MpOTOHHBIE TPOBOJHMKH, LIepaT Oapusi, CKaHAAT JaHTaHa,
aKLEeNTOPHOE TONMPOBAHUE, TEPMOAECOPOLINS

Introduction

Solid oxide proton conductors with the ABO, perovskite structure are the per-
spective materials for use as solid electrolytes in various electrochemical devices.

A characteristic feature of these materials is that protons are not structural
elements of the base oxides. Protons appear in these materials when oxygen
vacancies are created and under subsequent heating in water vapor (Kreuer, 2000).

Oxygen vacancies in oxide materials can be created in various ways. The
most common is acceptor doping - partial replacement in the cation sublattice of
an element of a higher valence B with an element Me of a lower valence AB,
Me O, ., where x is the degree of cation doping. Below, as an example, is the
quasi-chemical equation for the formation of oxygen vacancies in barium cerate
when Ce*" is replaced by the rare earth element R**

RO, (-Ce0,) >R+ 12V + 0%, (1)

here O is lattice oxygen in its normal positions (Bonanos, 2001).

From equation (1) it follows that upon doping, negatively charged defects R
are formed in the cation sublattice, and oxygen vacancies V3 with an effective
charge of 2+, the concentration of which is x/2, are formed in the anion sublattice.

For structures that allow significant deviations from stoichiometry without the
appearance of additional phases, amethod of V' formation is considered by creating
a cation deficiency. Thus, when a vacancy is formed in the lanthanum sublattice V:;
in lanthanum scandate 3/2 vacancies are formed in the oxygen sublattice. The latter
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follows from the conservation of the electrical neutrality condition (Lybye and
Bonanos, 1999). Thus, with a lanthanum deficiency equal to x the stoichiometry of
the compound can be represented as La ScO, ,, .

Currently, a fairly wide range of solid oxide proton conductors with a perovskite
structure is known. The main requirements held for these materials as solid
electrolytes in electrochemical devices are their relatively high chemical stability
in water vapor and a carbon dioxide atmosphere, the ability to intercalate protons
and high proton conductivity.

The paper presents the results of a comparative analysis of proton conductors
based on barium cerate and lanthanum scandate according to thermal desorption
spectroscopy data.

Materials and methods

The samples of barium cerate doped with Nd, Gd and Sm (x=0, 10 and 15 %)
were synthesized using ceramic technology (Kuzmin et al., 2003). After synthesis,
solid ceramic samples were annealed in air or in water vapor at a temperature of
650°C for 7 hours.

Along with this annealing method, we synthesized the samples of lanthanum
scandate, in which La was partially replaced by Sr and Ca (x=0, 5 and 10%), as well
as the samples deficient in lanthanum La,_ScO,, , (x= 0, 3 %, 5 %, 10 %). After
synthesis, the samples of lanthanum scandate were annealed in air and water vapor
at a temperature of 500°C for 7 hours.

Annealing of the synthesized samples in water vapor or in air resulted in the
dissolution of water in the complex oxide lattice, according to the following quasi-
chemical equation written in the Kroeger-Wink notation:

H O+ V5 + 05 < 20H), (2)

where Og is oxygen in its normal site, OHg, is a proton localized on an oxygen
ion (proton defect) and V3 are oxygen vacancies. When heated in a vacuum, the
reaction in equation 2 proceeds from right to left and, as a consequence, the release
of water molecules from the studied materials is observed.

Studies of the thermal desorption of H,O, CO, and O, molecules from the
samples of different compositions were carried out using an installation for studying
the processes of gas evolution from solids, described in detail in (Aksenova et al.,
2003). The samples were heated at a rate of 42°C/min, the vacuum in the working
chamber was no worse than 10 mmHg.

X-ray diffraction analysis of the synthesized ceramics showed that in all cases
the samples had a perovskite structure.

Results and discussion

According to equation 1, when an oxide is doped with acceptors, oxygen
vacancies are formed in the lattice, the concentration of which increases with the
concentration growth of the dopant.

Annealing of doped samples in a humid atmosphere, according to equation

75



ISSN 2224-5227 3.2023

2, should lead to dissociative dissolution of water into the oxide lattice and, as a
consequence, an increase in the concentration of intercalated protons.

From equations 1 and 2 it follows that the number of intercalated protons, under
other identical conditions, should be determined by the concentration of vacancies
and the partial pressure of water. As experiments show, this is not always the case.

Figure 1 shows the spectra of water yield from barium cerate samples doped
with Nd, Sm and Gd (x=0.1). The figure shows that the spectra of thermal
desorption of water depend qualitatively and quantitatively on the dopant cation,
and the temperature of the maximum rate of water yield is higher, the more water

is desorbed from the studied sample.
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Figure 1 - Spectra of water yield from doped barium cerate, annealed in air at a temperature of
650°C:

All of the above is confirmed by the results of numerous experiments performed
by us and other research groups (Kreuer, 2003).

Let us consider what may be associated with the identified features of water
desorption from the barium cerate samples with different dopant.

The processes of mass transfer during hydration of the studied materials in a
humid atmosphere occur through the surface of the sample, the properties of which
depend on the composition of the latter. The amount of dissociatively dissolved water
at a given temperature and water vapor pressure should be determined by the ratio
of the rate constants of sorption & and desorption k. A lower value of the desorption
rate constant k, should lead to an increase in the equilibrium concentration of water
in the oxide lattice during hydration. In this case, the temperature of the maximum
rate of water yield in the thermal desorption experiment should be higher. This is
exactly what follows from the results shown in Figure 1.

Thus, from the experimental data shown in Figure 1, we can conclude that the
rate constant of water desorption from the samples of barium cerate depends on the
dopant and increases in the series Sm, Gd, Nd.
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The observed anomalously low yield of water from a sample of barium cerate
doped with Nd, compared to the samples doped with Sm and Gd (x = 10 %),
cannot be caused by the difference in the rates of the forward and reverse reaction.
Previously, the low water content in BaCe, Nd O, , was explained by the mixed
valence of Nd"/Nd" in this compound (Oishi et al., 2008). This can be confirmed
by the detected desorption of molecular oxygen (Khromushin et al., 2017) from the
samples doped with Nd and the absence of O, desorption from the samples doped
with other rare earth elements with constant valence - Sm™ or Gd™ (Fig.2).
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Figure 2 - Spectra of the molecular oxygen yield from barium cerate doped with Nd, Sm and Gd
(x=0.1) after annealing in air at a temperature of 650°C

Desorption of O, is accompanied by the reduction of Nd'V (Nd*") to Nd™ (Nd**).
It should be noted that with the growth of doping degree, the amount of desorbed
oxygen increases (Fig.3). Also, as the degree of doping increases, the amount of

desorbed water also grows (Fig.4).
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From Figure 4 it is clear that the temperature of the maximum rate of water
desorption practically does not change with the changes in the degree of doping.
Thus, the dopant, and not its concentration, largely determines the temperature of
the maximum rate of water desorption from doped barium cerates.
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Lanthanum scandates (La"'Sc™O",), like barium cerates (Ba'Ce'VO'.), have
a perovskite structure, but differ in metal valences. The formation of oxygen
vacancies in lanthanum scandate, as noted earlier, was carried out in two ways - by

acceptor doping and creating a cation deficiency.
Figure 5 shows the spectra of H,O yield from the lanthanum scandate samples

doped with Sr and Ca (x=10%) after annealing in air.
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Figure 5 — TD spectrum of H,O yield from doped lanthanum scandate after annealing in air

From Figure 5 it can be seen that the yield of H,O was observed both from the
samples doped with Sr and Ca, and in the first case more water came out, and the
temperature of the maximum desorption rate was lower than in the second case —
776°C and 873°C, respectively.

According to equations 1 and 2, the amount of dissociatively dissolved water in
La, Sr, ScO, , and La ,Ca  ScO,, at the same x value should be approximately
the same. X-ray diffraction analysis of lanthanum scandate samples of the indicated
compositions showed that the ceramics were monophasic in a range of dopant
concentrations x = 0.05-0.1 (Lesnichyova et al., 2019). However, elemental
analysis of the cross section (cleavage) of La ,Ca  ScO, . ceramics at x=0.1
revealed an uneven distribution of calcium and the presence of a Ca-rich phase.
The precipitation of calcium into a separate phase is equivalent to a decrease in the
concentration of calcium as a dopant, and shall be accompanied by a decrease in
the concentration of oxygen vacancies that can participate in the process of water
dissolution. This may explain the difference in water yield from the samples doped
with Ca and Sr (Fig.5).

The obtained results highlight the importance of choosing the dopant cation,
since the features of the properties of a particular element can lead to unexpected
effects and dependencies.

A comparison of the spectra of H,O yield from barium cerate and lanthanum
scandate samples synthesized through acceptor doping showed that the amount of
desorbed water on the samples with the same doping level is of the same order of
magnitude. The temperature of the maximum rate of water desorption increases in
the series BaCe ,Re O, ., La Sr, ScO,  and La Ca,  ScO, .. The yield of water
from doped lanthanum scandate is greater than from the doped barium cerate.
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Figure 7 shows the spectra of water yield from the lanthanum scandate samples
synthesized by creating a lanthanum deficiency.

Based on theoretical prerequisites, when there is a deficiency of a 3-valent
cation, the number of oxygen vacancies formed should be 1.5 times greater than
when doped with a 2-valent cation. Accordingly, it was expected that the amount
of dissolved water in this case would be greater. However, the results of thermal
desorption studies showed the opposite — the amount of desorbed water from the
“deficient” samples was significantly less than from the doped ones and was almost
comparable to the stoichiometric LaScO, sample.
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Analysis of the obtained results indicates the significant role of negative defects
of the V" type, which interact with positively charged oxygen vacancies and
probably block their participation in the process of water dissolution.

Let us denote Z, as the charge of the cation at site B, and Z, as the charge of the
dopant cation. Then the relative change in charge at site B upon doping with a low-
valent cation can be expressed as follows:
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When replacing a 4-valent cerium in barium cerate with a trivalent rare earth
element & =1/4, and when replacing 3-valent lanthanum in lanthanum scandate with
2-valent calcium or strontium £ = 1/3. In the first and second cases, a negatively
charged Re' defect is formed. In the case of deficient samples, when a lanthanum
atom is removed from a regular site Z, = 0, and then £ =1.

Taking into account the above, the obtained experimental results allow us to
conclude that the amount of desorbed water depends on the composition of the
samples and the method of oxygen vacancies formation. It is possible that the
value of the parameter k affects the processes of dissociative dissolution of water
in perovskites, and this influence manifests itself in the form of a nonmonotonic
dependence of n,,, on k. It is likely that the ability of complex oxides with /=1/3 to
dissolve H,O is higher than with k =1/4 and k =1.

Perovskite interaction with carbon dioxide

Particular attention in the study of solid oxide electrolytes is paid to their
activity towards carbon dioxide, since the latter negatively affects the stability of
the material and accelerates its degradation. This is especially true for ceramic
materials containing alkaline earth metals (AEMs), for example, barium in
BaCeO,. Thus, long-term exposure of barium cerate to H,O or CO, vapor leads to
the decomposition of oxide with the formation of interaction phases and ultimately
to degradation:

BaCeO, + H,0 « Ba(OH), + CeO, (4)
BaCeO, + CO, <> BaCO, + CeO, (5)

In this work, we monitored the CO, yield from annealed samples of barium cerate
and lanthanum scandate of different compositions. Figure 8 shows the spectra of
CO, yield from the samples of doped barium cerate and lanthanum scandate, doped
and deficient.
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It is clear from the Figures that the tendency to interact with CO, depends on the
composition of the samples, the type of dopant cation, and the method of oxygen
vacancies formation. It has been shown that barium cerate doped with Gd and Sm
is characterized by relatively high stability with respect to CO,, while the samples
doped with neodymium have higher activity with respect to carbon dioxide (Fig.
8a).

Lanthanum scandate, as noted earlier, does not contain alkali metals, and it was
assumed that this sample has higher chemical stability. Despite this, an insignificant
CO, yield was observed from this material.

A comparative analysis of the spectra of CO, yield from the doped samples of
barium cerate and lanthanum scandate showed that the maximum yield of CO, is
observed from the samples BaCe, Nd O, , among all studied compositions (Fig.
8a). CO, yield from other samples, including doped barium cerate and scandate
lanthanum, as well as the deficient lanthanum scandate, are significantly lower and
are characterized by values of the same order of magnitude (Fig. 8a, b, ¢).

The spectra of CO, yield from the studied samples have a complex shape, which
indicates the presence of energetically inhomogeneous forms of carbon dioxide
localization in the samples. According to literature data (Lei Zhang, Lingmin Zheg
et al., 2008), CO, can be present on the surface of oxides in the form of mono-
or bidentate carbonates (CO 3), while bidentate carbonates are less thermally
stable compared to monodentate carbonates. Thus, based on the nature of the TD
spectrum, we can talk about the predominant forms of adsorbed CO,. Thus, the
presence of CO, yield in the TD spectrum at temperatures below 500°C indicates
the presence of bidentate carbonate structures, the decomposition of which during
the TD experiment causes a low-temperature CO, yield.

In the case of annealing in air, the higher the level of ceramic defects, the greater
the amount of desorbed CO,,.

Conclusion

Solid oxide proton conductors based on barium cerate and lanthanum scandate,
which have a perovskite structure, are perspective electrolytes for use as an
electrolyte in fuel cells.

It was shown that the ability of the studied materials to intercalate protons depends
on the composition and method of oxygen vacancies formation. It turned out that
acceptor doping is a more effective way to create oxygen vacancies than creating
a deficiency of one of the cations. It is assumed that the dissociative dissolution
of water into these materials is influenced by the relative change in charge in the
cationic sublattice. It was noted that the type of dopant cation influences the activity
of the studied materials in relation to carbon dioxide.
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