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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. In the process of forming coatings of the system, which are solid
solutions of cadmium in hafnium, the maximum critical dimensions were
established, at which metals can spontaneously form solid solutions from the point
of view of thermal fluctuation melting: for hafnium - 1.8 nm, for cadmium - 1.6
nm. The boundaries of the existence of solutions extend up to 64.1 at. % Cd in
hafnium. Based on this, the hyperbolic dependences of the decrease in the melting
point of ultrafine particles of hafnium and cadmium on their size are calculated.
Based on the Thomson formula, without taking into account the Laplace correction,
the approximate values of the surface tension at the liquid-crystal interface were
calculated, which amounted to 0.60 J/m2 for hafnium and 3.82x10-2 J/m2 for
cadmium. A comparison of these values with similar data for niobium, tantalum,
molybdenum, and wolfraum showed that the size effect is the predominant factor
in the formation of solid solutions of refractory metals.
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AnHoTanus. [apHuiineri KaJIMUNAIH KaTThl epiTiHIepl OO TaObUIATHIH
KYHEHIH KaObIHAAPbIH KaJIBIITACTHIPY NPOLECIHAC TEPMUSUIBIK (DIyKTyausIbIK
0aJIKy TYPFhICBIHAH METaJJIap ©3/IrHEH KaTThl epITIHAUIED Ty3€ allaThlH MaKCH-
MaJI/Ibl KPUTUKAIIBIK emeM ep oenrinenai: rapuui ymin — 1,8 HM, yurid. kaamui
— 1,6 um. Epitinainepain 6oybIHbIH mekapanapbl raguuiiaeri 64,1 at.% Cd neiiin
co3bu1aibl. OCBIHBIH HET131H/1e TaQHUI MEH KaJIMUNIIH 6Te ycaK OeJIIeK TepiHiH
0aJIKy TeMIlepaTypachIiHbIH TOMEH/ICYIHIH OJIAPJIbIH OJIIIeM/ICPiHe TUIICPOOIABIK
Toyenainikrepi ecenreneni. Tomcon gopmynaceiHa cylieHe oTeipbin, Jlarac Ty3e-
TyiH ecenke anMacTad, ra¢puuii ymid 0,60 x/m2 xone kaamuil yunin 3,82x10-
2 JIx/M2 KypalTbhIH CYHBIK-KPHCTANIBIK HHTepdeicTeri 0eTTIK KePiLTydiH KYbIK
MoHJIepi ecenTenai. byn MoHmepai HHOOWH, TaHTall, MOIHOJCH JKOHE BOJIb(PaM
OoMbIHIIIA YKCAC IEPEKTEPMEH CANBICTBIPY OJIIIEMIIIK 9CepAiH OaJKUTHIH MeTall-
JIap/IbIH KaTThl €PITIHALIEPIHIH TY31TyiHae 6achiM (akTop eKeHiH KOpPCeTTi.

Tyiiin ce3nep: raduuii, kaaMuil, HaHoOeNIeK, AUppaKTOrpaMMa, KaTrThl epi-
TiHA1, CYHBIK, KPUCTAJ, OCTTIK Kepity

© E.A. ’Kakanoaes*, B.H. Bosonun, 10.2K. Tyaeymes, 2023
WuctutyT sineproit pusnku, Anmarel, Kazaxcran.
E-mail: zhakanbayev.yeldar@inp.kz

MOHUXEHUE TEMIEPATYPBI IIJTABJIEHUSI HAHOYACTHIL]
U MNOBEPXHOCTHOE HATSI’)KEHUE HA T'PAHUIIE PACILJIAB —
KPUCTAJLI BCUCTEME T'A®HUM — KAJIMUIN

Kakan6aeB Eamap AcxaroBm4 — KaHAnAaT GU3HKO-MaTeMaTHUECKHX HaykK, VIHCTHUTYT sepHOM
¢usuku, Anmarsl, Kazaxcran
E-mail: zhakanbayev.yeldar@inp.kz. ORCID: 0000-0001-9133-5487;

21



ISSN 2224-5227 3.2023

Boaonun Banepuii HukonaeBnd — 10kTOp (DM3MKO-MaTeMaTHUeCKUX HayK, MHCTHTYT sepHOM
¢usuku, Anmarsl, Kazaxcran

E-mail: volodinv_n@mail.ru. ORCID: 0000-0001-9543-5944;

Tyneymes IOpmii KuanmaxoBuu — KaHAuaar (HU3MKO-MaTeMaTHYECKHX HayK, Hpodeccop,
Wncruryt sipepHoit ¢pusukn, Anmarsl, Kazaxcran

E-mail: yuriy.tuleushev@mail.ru. ORCID: 0000-0002-6555-3891.

AnHoTauus. B iporiecce popMUpOBaHUS TTOKPBHITHH CHCTEMBI, TIPEICTABIISAIO-
X co0o¥ TBep/ble PacTBOPHI KaIMUSl B TaHUHM YCTAaHOBJICHBI MaKCHMallbHbIC
KPUTHYECKHE Pa3MEpbl, IPH KOTOPBIX METAJIBI MOTYT CaMOIIPOU3BOIBHO 00pa3o-
BBIBAaTh TBEP/IbIC PACTBOPHI C TOUYKH 3pPEHUS] TEPMOMITYKTYallMOHHOTO TUIABICHUS:
st rapawst — 1.8 HM, st kagmust — 1.6 M. [paHuUITsl cymecTBOBaHMS pacTBOPOB
npoctupatorcst 10 64.1 ar. % Cd B raguuu. Ha 3TOM OCHOBaHMH paccUMTaHBI
THIIEPOOIMYECKIE 3aBUCHUMOCTH MOHWKEHHsI TeMIIepaTyphl IUJIABICHUS YIbTpa-
JCTIEPCHBIX YacTHIl TadHHUS M KaJMHUsl OT UX pazmepa. Ha ocHoBanuu (hopmyisl
Tomcona 6e3 yuera monpasku Jlaruraca paccuuTaHbl OpUEHTHPOBOYHEIE BETHUHUHBI
MTOBEPXHOCTHOTO HATSDKEHUS HAa TPaHUIlE KUIKOCTh — KPUCTAJT COCTABHUBIINE
Benmuuny 0.60 Jhx/m? st radaus u 3.82x1072 [x/m? i kaamust. ConocTaBieHne
YKa3aHHBIX BEJIMYMH C aHAJIOTMYHBIMH JJAHHBIMU JIJIsl HIOOWSI, TAHTaNa, MO0 IeHa
1 BoJNb(paMa MoKa3aio, 9To IpeodiagaroniuM (GakTopoM oOpa3oBaHUS TBEPIBIX
PacTBOPOB TYTOIUTABKUX METAIIOB SBISETCS Pa3MEepPHBIA dPPEKT.

KioueBsble cioBa: rapuuii, KaIMuil, HaHOYACTUIA, TUPpPAKTOTpaMMa, TBEp-
JIBII PacTBOP, JKUAKOCTh, KPHUCTAIJI, TOBEPXHOCTHOE HATSKEHHE

Introduction

The development of nanotechnology has led to the interest of researchers in
the field of materials science, which includes knowledge about the influence of
ultradisperse formations on the properties of materials. Roduner E. (Roduner, 2006
a: 9) (Roduner, 2010 a: 192) when considering the thermodynamics of small
systems, noted several key points, in particular: for sufficiently small systems, ideas
about the phase state and phase transitions become meaningless; for very small
and isolated systems, fluctuations begin to play a huge role; in such systems, a
reasonable definition of the concept of temperature becomes impossible; the melting
and boiling temperature of liquid nanosized droplets of a substance is always lower
than the corresponding values in the bulk phase of the same material, etc. The use
of the size factor involves the production of new materials with unusual properties.

In this regard, to date, a very significant number of works have been carried out
on the influence of particle size on the melting point (Peppiatt et. al., 1975; Berty
et. al., 1977; Zhdanov, 1977; Buffat et. al., 1976; Perepezko et. al., 1993; Zou et.
al., 2010; Jiang et. al., 2006; Volodin et. al., 2018; Stowell, 1970; Qingshan et.
al., 2018), the thermodynamics of small formations (Mu et. al., 2012; Luo et. al.,
2011; Volodin et. al., 2019), the structure of the material, the design of the process,
and many others. Such studies resulted in the production of new materials with
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unusual properties, including those applied to the hafnium-cadmium system under
consideration.

However, studies on the effect of the size of nanoparticles on their melting
temperature, as well as on assessing the value of surface tension at the liquid-crystal
interface in accordance with the concept of thermofluctuation melting, are rare, and
there is no similar information regarding the Hf — Cd binary system.

Taking into account the above, the purpose of this study was to study the effect
of size on the melting temperature of nanoparticles and estimate the surface tension
at the solid-liquid interface for the hafinium-cadmium system.

Object and methodology of research

Film coatings containing cadmium from 13.8 to 84.2 at. were used as the object
of study. %., the rest is hafnium. The samples were obtained by layer-by-layer (with
a small number of lattice periods) coprecipitation of particles of sputtered metals
onto a substrate moving relative to low-pressure plasma flows. The coatings applied
to substrates made of polycor — polycrystalline a-Al O, with dimensions of 6x12
mm. The film thickness was determined by the Rutherford proton backscattering
method at the UKP-2-1 tandem accelerator (Institute of Nuclear Physics) and
by calculation based on the amount of deposited metals and their density. The
formation of coatings was carried out on an installation with magnetrons of the
author’s design (Volodin et. al., 2019) (Figure 1).

wLsezsg

1-vacuum chamber housing, 2-magnetrons; 3-cylinder, 4-substrate; 5- window for gas
evacuation, 6-caisson.

Figure 1 — Appearance and diagram of the ion-plasma installation for the formation of coatings

X-ray diffraction studies of the hafnium-cadmium system were performed on
a Bruker D8 Advance diffractometer with copper radiation , = 0.154051 nm and
graphite monochromators. The lattice parameter value is calculated as the average
using all diffraction lines from a given phase.

The calculation is based on the maximum sizes of hafnium and cadmium
nanoparticles capable of coalescence and the formation of a solid solution, as well
as the Thomson equation relating the decrease in the melting point, surface tension
and the size of a liquid drop.
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Results and discussion

Previously (Volodin et. al., 2019), in order to determine the concentration
boundaries of the existence of solid solutions in the Hf-Cd system, coating samples
with cadmium concentrations from 13.8 to 84.2 at. were formed by ion-plasma
sputtering, taking into account the size factor. %. The thickness of single layers of
hafnium (d,;;) and cadmium (d_.,) during coating deposition, the composition of the
coating and the phases formed during deposition are presented in Table 1.

Table 1 — Composition of coatings, thickness of hafnium and cadmium sublayers and detected
phases

Coating composition, total
at.%: d,,nm | d, nm | thickness, Phase composition
Hf Cd nm
94.2 5.8 1.84 0.09 1.15 a-Hf; a=0.3131 nm, ¢ = 0.5119nm
89.4 10.6 1.79 0.17 1.18 a-Hf; ¢ =0.5052 nm
80.9 19.1 1.76 0.34 1.40 a-Hf; @ = 0,3174nm, ¢ = 0.5072nm
67.1 32.9 1.6 0.64 1.34 o-Hf; @ =0.3081 nm, ¢ = 0.5082nm
62.4 37.6 1.25 0.62 1.12 a-Hf; @ =0,3167nm, ¢ = 0,5108nm
50.3 49.7 0.70 0.86 0.69 a-Hf; @ = 0.3147nm, ¢ = 0.6085nm
35.9 64.1 0.39 0.57 0.76 o-Hf ¢ =0.5134nm + Cd
26.4 73.6 0.38 0.87 1.00 amorph Hf + Cd

Figure 1 shows diffraction patterns of coatings of the Hf-Cd system, confirming the presence of
solid solutions of cadmium in hafnium up to a concentration of 64.1 at. % Cd in the original samples.

The diffraction patterns show that at a high cadmium content (73.6 at.% Cd),
the coating is represented by the cadmium phase, and the hafnium present in it is
amorphized, as evidenced by the halo in the region of the (002) cadmium peak.
When the cadmium content in the coating is reduced to 64.1 at.%, signs of the
appearance of a solid solution of Cd in Hf appear - the (002) peak of the solid
solution. When the cadmium content in the coating is 37.6 at.%, a well-crystallized
a-Hf phase is observed with parameters a = 0.3167 nm, ¢ = 0.5108 nm, which has
signs of texture in the [002] direction. When the cadmium concentration in the
coating is less than 19.1 at.%, the latter in the [002] direction becomes dominant.
The existence of a solid solution based on hafnium up to a cadmium concentration
of 64.1 at. % confirmed by diffractometry (Figure 2) — the (002) peak of a-hafnium
is present. Based on the data given in Table 1, the critical sizes of hafinium and
cadmium are 1.60 and 1.40 nm, respectively. This, in accordance with the concepts
of thermal fluctuation melting of ultrasmall particles, makes it possible to estimate
the surface tension at the crystal-melt interface. Due to the fact that the decrease

in the melting point (A7) of small metal particles in most cases is described quite
well by a hyperbola:

AT =kx— K. ()
2r
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where: 2r — particle size, m; k — coefficient, K*m,

We have determined the coefficients (k) in the equation for reducing the melting
temperature of massive hatnium samples from 2504 K (2231 °C) to 373 K (100
°C), given in Table 2. The coefficients of other refractory metals that form alloys in
cadium in similar conditions (Tuleushev et. al., 2022).

W R

1-736at%Cd; 2—64,1at.% Cd; 3 —37,6at.% Cd; 4—19,1 at.% Cd; 5-5,8 at.% Cd,
(1) - Cd, @ solid solution Cd in Hf)

Figure 2 — Diffraction patterns of Hf-Cd system coatings with different Cd contents on glass
substrates

Table. 2 — Coefficient k depending on temperature decrease on particle size

System Coefficient k (Kem) for:
Hf Nb Ta Mo W Cd
Hafnium — cadmium 3.92x10°¢ - - - - 3.09x107
Niobium — cadmium - 5,19x10°¢ — — — 7,07x107
Tantalum - cadmium - - 4,96x10° - - 4,64x107
Molybdenum - cadmium - - - 3,78%10° - 4,86x107
Tungsten - cadmium - - - - 2,26x10° | 2,85x107

Thus, a decrease in the temperature of nano-sized hafnium particles corresponds
to the dependence:

N 1
AT =3,92x10°° X;,K; cadmium — AT =3,09x107 XZL,K )
r

The obtained coefficients in the hyperbolic equation make it possible to estimate
the decrease in the melting point of these metals depending on the particle size.

At the same time, the decrease in the melting temperature is described by the
Thomson formula without taking into account the Laplace correction for the change

in pressure in a liquid drop due to its small value:
20T,
AT =T, -T=—-2"¢ 3)
AHp r

s
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where: T is the melting temperature of the massive sample, K; T is the melting
temperature (K) of a particle with radius », m; H - heat of fusion per unit mass, J/
kg; —density of crystalline particle, kg/m’; - surface tension at the crystal-melt
interface, J/m>.

For calculations, the values of density and heat of fusion of metals were
borrowed from the reference publication (Grigorieva, 1991) and recalculated (the
latter) to the dimension J/kg.

The estimated calculated (for a temperature of 100 °C) surface tension of metals
at the crystal-melt interface showed in Table 3.

Table 3 — Estimated value of surface tension of metals at the crystal-melt interface

System Surface tension & (J/m?) for:
Hf Nb Ta Mo W Cd
Hafnium — cadmium 0.60 - - - - 3.82x107
Niobium — cadmium — 0,56 - — — 14,2x102
Tantalum - cadmium - - 1,21 - - 9,32x107
Molybdenum - cadmium - — - 1,25 - 9,97x10?
Tungsten - cadmium - - - - 0,53 5,77x10

It can be see that the surface tension for nanosized particles of refractory metals
differs by two orders of magnitude from that for cadmium. It should be note, however,
that the given values are of an approximate nature and are determined for the sizes of
metal particles that were obtained by detecting a solid solution - an alloy.

The data obtained will be useful for researchers in the field of metallurgy and
metal physics, as well as technologists involved in the production of new alloys and
materials by deposition of nanodispersed particles.

Conclusions

Based on the maximum sizes of hafnium and cadmium nanoparticles capable
of forming solid solutions in accordance with the concept of thermofluctuation
melting, hyperbolic dependences of the melting temperature on their size were
calculated. The estimated surface tension of small hafnium particles (1.8 nm)
corresponds to 0.60 J/m? which is the same order of magnitude for niobium,
tantalum, molybdenum and tungsten. It follows that the predominant factor in the
formation of solid solutions of refractory metals is not the physical and structural
properties, but the size effect. For cadmium, the surface tension is two orders of
magnitude lower and amounts to 3.82x10-2 J/m* The estimated surface tension
of small particles (1.8 nm) corresponds to 0.60 J/m?. The results obtained may be
useful for specialists working in the field of nanotechnology.
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