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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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Abstract. The '""B(p,y)"'C reaction is of significant interest in nuclear
astrophysics and in the field of controlled thermonuclear fusion. This reaction is
one of the reactions of ''B production, which is carried out through the
"B(p,y)""C(B+v)""B chain. The rate of the '""B(p,y)"'C reaction (occurring in the
interiors of first-generation stars) can be of great importance for the amount of '°B
and "B observed today in the interstellar medium and in the Earth's crust. In
thermonuclear reactors, structural elements containing boron can be used as
neutron absorbers, etc. Therefore, in this work, within the framework of a
modified potential cluster model with a classification of orbital states according to
Young's diagrams and taking into account allowed and forbidden states, we
examined the possibility of describing the available experimental data for the total
cross sections of the radiative p'°B capture to the ground state of the "'C nucleus at
energies up to 1 MeV. It is shown that only on the basis of £1 and M1 transitions
from the p'°B scattering states, taking into account the first resonance for the
ground state of the "'C nucleus, it is quite possible to explain the magnitude and
shape of the experimental astrophysical S-factor. The work presents comparisons
the astrophysical S-factors of the radiative p'’B capture
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to the ground state of the '"C nucleus found by us with the experimental data
available in the literature. Based on the obtained theoretical S-factor, the rate of this
reaction was calculated in the temperature range from 0.01 to 1 7;. The calculated
results for rates are approximated by a simple expression, which simplifies their use
in applied thermonuclear and astrophysical research.

Keywords: Nuclear astrophysics, light atomic nuclei, low and astrophysical
energies, radiative capture, thermonuclear processes, potential cluster model,
Young's diagrams
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Aunotamusa.  ''B(p,y)''C  peakumsacel  AOpOJBIK  acTpou3MKama  JKOHE
0ackapbUIaThlH TEPMOSIIPOJIBIK CHHTE3 CajlachblHIa MaHBI3[bl KbI3BIFYIIBLIBIK
Tyabipaasl. byn peakius ''B(p,y) 'C(B+v)"'B Ti30eri apKbUIbI )KY3€Te achIpbUIATHIH
11 N1t iy 10 11

(P YpT AP APHSIA KL LACATTAHAA. SORATAN) KESLS TarCta
KYJIIBI3 apaliblk OpTaja >XoHE JKep KBIPTHICHIHAa Oaiikamatein ‘B sxome ''B
MOJTIIIepi YIIIiH YIKEH MaHbI3Fa ue 00JIysI MyMKiH. TepMOsSIpOIIBIK peakTopiapaa
KypaMmbIHa Oopbl 0ap KYPBUIBIMABIK 3JIEMEHTTEP HEUTPOHIBI CIHIPTIIITED JKOHE
T.0. peringe Konmaubuiansl. COHIBIKTaH, OCBI JKyMbicTa 013 FOHr cxemanapbl
OolibIHIIA OpOWTANBIK KYWJIEpAl JKIKTEyMEH ©3repTiUIreH KIAacTepIliK MOAETb
HIeHOEpiHIie KOHE PYKCAT ETUIreH JXOHE THIMBIM CalbIHFAH KYHWJepai eckepe
oteIpeil, 1 MbB neitinri sueprusiap kesiuge ''C sSOpOCHIHBIH HETI3T KyHiHe
TYCIpyaiH pagraiisibik p''B TOMBIK KUMaTaphl YIiH Kojiaa 6ap SKCIIepUMEHTTIK
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JepeKTepli CUIaTTay MyYMKIHIITH KapacTeIpAbIK. Tek p'’B mamibipay KyiiepineH
E1 xxone M1 aybicynapbiablH Heri3iHzae ''C sIpoCBIHBIH HeTi3ri KyiiHe OipiHmm
PE30HAHCTHI €CKEPE OTBIPHII, TIKIPUOETIK acTpOoU3MKAIBIK S - (aKTOPBIHBIH
[raMachl MeH MilIiHiH TyciHaipyre a01eH OonaTbiHbl KepceTiireH. by makanana
0i3 Tankan "'C sapockIHBIH HerTi3ri KyiiHe p'’B coyneneHyiHiH acTpodU3NKaIbIK
S-cbakTopnapel oneOuerTeri SKCHEPUMEHTTIK JAEPEKTEPMEH  CallbICTBIPBULABL.
AnbIHFaH TEOPUSUIBIK S-(akTop HeTi3iHae Oy peakIusiHbIH KburgamabFsl 0.01-
nen 1 T,-ra jediHri Temmeparypa JuanasoHblHaa ecenrtesmi. JKbuigamabikrap
YIIiH €CeNTeNreH HOTIKeNIep oyapabl KoJiJaHOanbl TEPMOSAPONIBIK >KOHE
acTpo(M3UKANBIK 3epTTeyliepAe KOJIAaHyIbl KEeHUIIETETiH KapanaibiM epHEKIICH
KYBIKTaJIaIbl.

Tyiiin ce3mep: SAnponbik acTpodusnka, )KEHIT aTOMIBIK SIPOJIap, TOMEH KOHE

acTpo(U3UKANBIK SHEPrUsIap, paIualuusHbl TYCipy, TEPMOSIPOIBIK IPOLECTED,
MOTEHIHMANIBI KIaCcTepIIiK MoJiesib, FOHT cxemachl
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Annoranus. Peaxius '"B(p,y)''C mpexacTaBiseT CyIIECTBEHHBIH MHTEpEC B
SIEpPHON acTpo(U3UKe U B 00JACTH YIPABISEMOr0 TEPMOSCPHOTO CHHTE3a. JTa
peakiust SIBISIETCS OHOM U3 peakiuii mpon3BoacTBa ' B, koTopoe ocyiecTBiseTcs
gepes nenouky '"B(p,y)"'C(B*v)"'B. Cxopocts peakuuu "B(p,y)"'C (nmporekapmieid
B HeIpax 3Be3J INEPBOrO IOKOJCHHUS) MOXKET HMMETh OOJIbIIOE 3HAYCHUE JUIs
HaOoaemMoro cerofus koamdectsa ''B u ''B B Mex3Be3HOU cpeie U B 3eMHOU
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kope. B TepMosiiepHBIX peakTopax KOHCTPYKIIMOHHBIE JIEMEHTHI, Cojiepikariue 00p
MOT'YT HCIIONIb30BaThCS B KAYECTBE MOMIOTUTENCH HEUTPOHOB U T.1. [loaTOMY Hamu,
B JIaHHOW paboTe, B paMKax MOTU(QHIMPOBAHHOW MOTEHIMAIBHOU KIacTEepHOU
MOJICJIA ¢ KJacCHU(HUKAIMEeH OpOUTAIbHBIX COCTOSIHMU 10 cxemam lOHra u ¢
YYETOM pa3pelieHHBIX U 3alpelleHHBIX COCTOSHHH PaccMOTpeHa BO3MOXKHOCTD
OIMUCAHUST HMMEIOIINXCS OKCIEPUMEHTANIBHBIX JIAHHBIX JUIS TOJHBIX CEYCHUH
paauaironHoro p'°B 3axpara Ha OCHOBHOE cocTosiHue sipa ''C mpu SHEPrusx 10
1 M»3B. Iloka3ano, 4To TOJIBKO Ha ocHOBe £1- u M1-niepexonoB u3 cocrosiuii p''B
paccesiHusI C y4eTOM MePBOTr0 Pe30HaHCa Ha OCHOBHOE cocTosiHUE sipa ''C BroHe
yaaercsi OObSICHUTh BEJIMYUHY U (POPMY IKCIIEPUMEHTAIBLHOTO aCTPOPH3HIECKOTO
S-dbakropa. B pabote npuBeneHsl cpaBHEHNUS HaWIEHHBIX HAMHU acTPO(GU3UICCKUX
S-¢akropoB paauanuonHoro p'’B 3axBara Ha OCHOBHOE coctostHue sapa ''C
C UMCIOIIUMHKCS B JUTEPAType OSKCICPUMEHTAIbHBIMU JaHHbIMH. Ha ocHoBe
MOJIYYEHHOTO TEOPETHYECKOro S-(pakTopa paccyuTaHa CKOPOCTh ATOW peaKIHu
B obmactu Temneparyp ot 0.01 mo 1 7,. PacueTHbie pe3ynbTarhl Jisl CKOPOCTEH
AlIIPOKCUMHUPYIOTCA NPOCTBIM BBIPAXKCHUEM, YTO YIIPOIIACT UX UCIIOJIB30BAHUC B
MPUKIATHBIX TEPMOSIEPHBIX H aCTPO(QU3NICCKHX UCCIICTOBAHUSX.

KiwueBble ciioBa: SlnepHast acTpou3uKa, JISTKHE aTOMHBIC SIIpa, HU3KUE U
acTpopu3NYeCKue SHEPIUH, paJuallMOHHBIA 3aXBaT, TEPMOSIECPHBIC MPOIECCHI,
NOTEHIMAIbHAsl KJIacTepHasi MOJIelb, cxeMbl FOHra

Introduction

Here are the results in the field of research of the thermonuclear
capture reaction p'°B at low and astrophysical energies. This reaction is not directly
included in the thermonuclear cycles, and so far, apparently, it has been considered
in detail only in our work (Dubovichenko, 2015 a). In it, as in the work of (Burkova,
2021), as a nuclear model, we used a modified potential cluster model (MPCM),
which allows us to consider some thermonuclear processes, namely, reactions of
radiative capture of nucleons and the lightest clusters by light nuclei, based on
unified concepts, criteria and methods (Dubovichenko, 2015 b). The model takes
into account the classification of states according to Young's diagrams, which
makes it possible to determine the presence of forbidden states (FS) and allowed
states (AS) in intercluster potentials.

Previously, in our work (Dubovichenko, 2015 a), for the capture of p!°B to the
ground state (GS), we obtained the astrophysical S-factor at energies up to 1 MeV,
which generally described the available experimental data. Here we also consider
the S-factor up to 1 MeV, but we perform the refinement of potentials with forbidden
states and determine the rate of this reaction in the range from 0.01 to 1 7,

Model and calculation methods. Structure of levels of the p''B system. The
bound allowed p'°B state in the © P - wave corresponds to the GS of ''C with
J°,T=3/2",1/2 and the Young's diagram of {443} (Dubovichenko, 2015 a) and is at
the binding energy of -8.6894 MeV of the p'°B system (Kelley, 2012 ) (recall that
for 'B J=,T=3",0 is known (Kelley, 2012)). Some p'°B scattering states and BS
can be mixed in spin with §=5/2 (25+1 = 6) and § = 7/2 (25+1 = 8), but since we
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consider only transitions to 6 Pff;' of GS, in what follows calculations only partial
waves with spin § = 5/2 will be used.
Let us now consider the spectrum of resonant levels of the "'C nucleus in the
p''B channel at energies below 1.0 MeV, it has the following states (Kelley, 2012):
1.Resonance at energy of 10(2) keV in the c¢.m. with angular momentum of J
= 5/2*and width 15(1) keV in c.m. It corresponds to the level of the ''C nucleus at
excitation energy of 8.699(2) MeV (Kelley, 2012) and can be associated with the

¥ Sé/z or °D_ states.

2.State at energy of 511(50) keV in the c.m. with angular momentum of J = 5/2*
and width 500(90) keV in c.m. (Kelley, 2012) is the ''C level at energy of 9.200(50)
MeV, which can also be associated with the 6 ; 1, or D, states.

3.Third resonance at 0.941(50) MeV in the c.m. with angular momentum of
J =5/2- and width 271(60) keV in c.m. is the level of the ''C nucleus at energy
of 9.630(50) MeV (Kelley, 2012), which can be associated with the ° P,
However, its moment is not precisely defined, and we will not consider it.

4.Fourth resonance at 0.956(50) MeV in the c.m. with angular momentum J
= 3/2- and width 378(56) keV in c.m. is the level of the ""C nucleus at energy of
9.645(50) MeV (Kelley, 2012), which can be attributed to the °P,, state, but its
angular momentum is not precisely determined, and we will not consider it.

5.The next resonance at 9.780(30) or 1.091(30) MeV above the threshold with

an inaccurate determined angular momentum of J = 5/2- has a width of 240(50) keV

(Kelley, 2012) and can be attributed to the ¢ PS'/2 state. We also will not consider it
because of an uncertain angular momentum.

6.At higher energies, several resonances with different angular momentums are
observed (Kelley, 2012), which either belong to the spin channel with S = 7/2 or to
the F-wave and will not be considered by us.

At low energies, transitions are possible mainly from the S-wave of scattering;
therefore, when considering E1 transitions, they are possible only to the P-bound
state. Note that based on the shape of the S-factor of p!°B capture, the resonance at

state.

0.511 MeV in the 6S; /- Wave is practically not noticeable due to its large width.
Therefore, the £1 transition from the °S ; 1» - scattering wave to the 6103‘?;' of GS
(6 S; " —)6 ]33'?':';') is possible. M1-transition from P-scattering waves to the GS is
also possible. If we assume that a potential different from 61':’3?2'3' of GS is used for

the °P, , - wave, two transitions are possible (6P3 L+ P, —° Pi.

Construction of potentials of the p'’B interactions. To construct central
intercluster potentials, we use the Gaussian type of interaction

V(rJLS) = -V (JLS)exp {-y(JLS)r*}
with a point Cou1016nb term. Since, in what follows, transitions from some
scattering waves to the =~ Fy5  of GS of the 'C nucleus in the p'°B channel will be
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considered first, we will obtain first the potential of this state. As already mentioned,
the ground state is at a binding energy of -8.6894 MeV in the p'°B channel and

has angular momentum of 3/2-, being pure in spin with the S = 5/2 of 6Pﬁ;'level
(Kelley, 2012).

Since we were unable to find data on the '"C charge radius, we assume that it
differs little from the !'B radius, which is 2.43(11) fm (Kelley, 2012). The '°B radius
is known and is equal to 2.4277(499) fm (http://cdfe.sinp.msu.ru), and the proton
radius is 0.8775(51) fm (https://physics.nist.gov/cgi-bin/cuu /Value?mud%20
csearch_for=atomnuc!). In all calculations given below for the proton mass, the
value of m =1.00727646677 a.m.u. was used. (https://physics.nist.gov/cgi-bin/cuu/
Value?mud%20csearch _for=atomnuc!), and the mass of 1°B, m('°B) is 10.012936
amu. (http://cdfe.sinp.msu.ru).

As a result, the parameters of the 6Pﬁ; of GS potential without FS were
obtained, as follows from the classification of FS and AS according to Young’s
diagrams given in (Dubovichenko, 2015a).

v, =337.1459MoB, o, =10 dw> (1)

They lead to a charge radius of 2.32 fm, a binding energy of -8.6894 MeV with
a relative accuracy of 10 MeV, and a dimensionless asymptotic constant (AC) of
1.16 in the range of 5 — 10 fm. The scattering phase of such a potential smoothly
decreases from 180° at zero energy to 179° at 1.0 MeV.

As usual (Dubovichenko, 2015 b), we use the dimensionless quantity of
AC, which is determined in terms of the Whittaker functions in the form
X 1(r) = N2ko CuW.- y1+ 12 Ckor) (Plattner, 1981; Whittaker, 1903). In the work
(Artemov, 2010) for the squared asymptotic normalization coefficient (ANC) 4.
of GS, the value of 8.9(8) fm™ is given, which contains the factor “6” associated
with the permutation of nucleons (Blokhintsev, 1977; Mukhamedzhanov, 1999).
Then for the dimensional AC in L (r)=CW._ L2 ( 2k0r) we get the value of 1.22(5)
fm 2. The dimensionless AC used is related to the dimensional one by the formula

of C=42kC,. For the relationship between AC and ANC, the expression of

Ay = 8,C g known; therefore, at S, = 1 and \/E =1.11, we have 1.10(5) for
the dimensionless value of AC, which is in good agreement with the value obtained
above.

Next, one can construct the potential for the "’SS , resonance, which is at
0.0096(20) MeV with angular momentum of J = 5/2* and width of 15(1) keV and
corresponds to the 8.699(2) MeV level of the ""C nucleus (Kelley, 2012). Such a

potential may have parameters

Ve, =49.95M3B , o, = 0.088 Oum>. @)

It contains FS (Dubovichenko, 2015a) and, as will be seen below, it almost
correctly reproduces the behavior of the total cross sections for radiative p'°B capture
(Wiescher, 1983; Tonchev, 2003) at the lowest energies. The parameters of such a
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potential were chosen solely for the correct description of the first resonance in the
astrophysical S-factor of the p'°B capture. We also assume that in the energy range
that we are considering, °P, , and °P, , - scattering waves do not have resonances, so
their phases must have a non-resonant character.

Results and discations. Total cross sections for radiative p''B capture.
Experimental data for the total cross sections and astrophysical S-factors of the
radiative p'°B capture are given in (Wiescher, 1983; Tonchev, 2003; Hunt, 1957).
Let us now consider the results of calculation of the astrophysical S-factor of the
radiative p'°B capture on the GS of the ''C nucleus with potentials (1) and (2). The
astrophysical S-factor does not contain explicit resonances in the energy range up
to 1 MeV, as can be seen in Fig. 1. There is only a resonance in the zero energy
region, which corresponds to a resonance in the °S, , scattering wave at 10(2) keV.
As aresult, the form of the calculated S-factor of the p'°B capture was obtained for
the £1 transition from °S, ) - scattering wave to °P,, of GS (process that is shown
in Fig. 1 by a dashed curve).

As can be seen from Fig. 1, the calculated S-factor adequately reproduces the
results of experimental measurements from (Wiescher, 1983; Tonchev, 2003; Hunt,
1957) in the region of the first resonance and up to energy of approximately 0.25
MeV. Since the experimental S-factor above 300 keV is not of a resonant nature,
we further considered only non-resonant M1 transitions to the °P, , of GS (process
that is shown in Fig. 1 by a dotted curve). The continuous line in Fig. 1 shows the
summary cross section of the two processes considered above, which describes the
S-factor in the energy range from 50 keV to 1 MeV.

107 g
oL * WESCHER "“B(p,n)''C
10 - TONCHEV
n o WESCHER
10 4 HUNT
i — Tot. 337.1459, 10
Lo 4995, 0,083
1 ----70,003
3 10°H|

E . keV

om’

Picture 1. Astrophysical S-factor of radiative p'°B capture on the GS. Dots and squares —
experiments data (Wiescher, 1983; Tonchev, 2003; Hunt, 1957).
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Since the results of phase analysis for the elastic p'°B scattering are not
available, and there are no exact phase values, it can be assumed that the phases of
8P- scattering in the energy range below 1.0 MeV do not have to be exactly equal to
zero. Therefore, the parameters of the P-potentials for nonresonant M1 transitions
were chosen so as to correctly convey the overall behavior of the S-factor p'’B of
capture at energies above 0.25 MeV.

It turned out that the potential parameters for both °P- scattering waves without
coupled FSs can be represented in the following form

V,=7M>B, a,=0.03 Ou? 3)

They make it possible, on the whole, to correctly describe the available
experimental data on the S-factor at energies from 0.25 to 1.0 MeV, as shown in
Fig. 1 by the dotted curve.

Reaction rate of the proton capture on '°B. Further, in Fig. 2, the continuous
curve shows the radiative capture rate of p'°B, which corresponds to the calculated
astrophysical S-factor shown in Fig. 1.
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;—. | L L L M| L N L P | -

107 107 T, 10°
Figure 2. Rate of radiative p'°B capture on the GS.

The calculated reaction rate shown in Fig. 2 as a continuous curve can be
approximated by a function (Caughlan, 1988)

N, (mz) =a /T,” exp(-a, / T,*)-(1.0+a,T," +a,T,)" +a,T, +a,T,"” +
+a7Tgm + asnﬁls + a9T;m) +a, /T 4)
The parameters of such an approximation are given in Table 1.
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Table 1. Parameterization parameters of (4) for reaction rate.

No a,
1 3.078E-8
2 1.37107
3 1.53026E9
4 -6.06099E9
5 3.10659E9
6 1.09445E10
7 -2.07862E9
8 -2.54614E10
9 1.96587E10
10 -2.51227
11 -6.04299

The result of the rate calculation using the (4) formula with such parameters is
shown in Fig. 2 by dashed curve, which practically merges with continuous curve,
with an average value of x> = 0.6. To calculate %, the error of the calculated data
was assumed to be 5%.

Conclusions. The methods used in this work for obtaining the shape and depth
of intercluster interaction potentials for scattering and bound states make it possible
to get rid of the discrete and continuous ambiguities of their parameters. This
solves a well-known problem that arises when constructing intercluster potentials
in the continuous and discrete spectrum of a two-particle system by the usual
optical method. The reaction rate was obtained and its approximation by a simple
analytical expression was performed. Subsequently, the potentials obtained using
these methods can be used in any calculations related to the solution of various
nuclear-physical and astrophysical problems formulated at low, ultra-low and
thermal energies.
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