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

2024 o2

£ 7hﬁ 3 K,Al;II:IF'i:lIMAhII\bIK, KOFPbI
«KA3AKCTAH PECITYBJTHKACHI % I I A I—YK

¥YJITTBIK FbIJIBIM CHARITY FOUNDATION
AKAJEMHSACHI» PKB

«KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKAJAEMUACHI» PKb
«XAJIBIK)» KK

BASTHIAMAJIAPBI

TOKJIAJIbI

POO «<HAIITMOHAJIBHOM
AKAJIEMHU HAYK PECITYBJIMKH KA3AXCTAH»
YD «XAJBIK)

REPORTS

OF THE ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN
«Halyk» Private Foundation

PUBLISHED SINCE JANUARY 1944

ALMATY, NAS RK



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 BHuManue bnarorBopurensheiii  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem cambiM crmocoOCTBYSl pOCTy 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pasMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ORHON M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsiii B cTpane 6usHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE MpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3all NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeIKeld u cryneHTam DoHp
CYUTAET BOXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyAyIIMX IMOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanblk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTasl peaju3yeMblii MPOEKT M0 OOYYECHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (UHAHCOBOH
IPaMOTHOCTH M NIPEAIPUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» 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
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

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

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHoXuMust jKoHE MOJIEKYIAbIK TeHETHKA caaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opranbrbiHbH 0ac aupekrops! (Hyp-Cynran, Kasakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUTBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimuixrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3ePTTEY OPTabIFBIHBIH 0ac FHUIBIMI
Kpi3MeTkepi, ([]puon, Kopes), H =34

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

OBUEB Pygar, TexHuka FbUIbIMIApbIHBIH JOKTOpbI (Onoxumus), npodeccop, Cankr-IlerepOypr MEMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiuici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP ¥YFA akanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PEMPOIYKTONIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Owomorust FbUIBIMAAPBIHBIH —JOKTOpBL, —mpodeccop, Yysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBail MEMJICKETTIK arpapiiblK yHHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYyLIEpIK oHE Teparus KaeIpachlHbIH MEHIEPYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaap yHUBEPCHTETIHIH IIBFbIC MeuIMHa (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

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

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

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSL, Ipodeccop, JIIoOMMH MenuimHa yHUBEPCHTETIHIH
(apmanepTika daxyasTeTiHiH AekaHsl (JIoommn, [onsma), H =22

BAUMYKAHOB [lacran Acbl16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBL, KP ¥FA koppecron-
JIeHT Myteci, "Mail mapyanibuibFbl KoHE BeTePUHAPHS FHUIBIMU-OHIIPICTIK opTaibibl" JKIIC man mapyarbuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, (hr3nka-MareMaTHka FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MooBa 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. Teopusnbik xoHe sSaponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak yinrTeik yHEBepeuTeti (Anmvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIporbIk FeuibMaap HHCTHTYTHI (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yauBepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, (r3Hka-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTreMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBI, mpodeccop, KP ¥FA
axanemuri, on-Dapabu arempars! Kazak yiTTeik yauBepenteti (Anmarsl, Kasakeran), H=5

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

JABJIETOB Ackap EpOynanoBuy, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 2024 o2
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

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

PEJAKINUOHHASA KOJIJET US:

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

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

CAHTI'-CY KBak, nokrop ¢unocodun (Ph.D, Gnoxnumusi, arpoxumus), mpodeccop, IIaBHbIi HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
Eppasuiickuii HarmoHanbHblii yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumirs), mpodeccop, 3aBemyronmii xkadenpoit «OnTHMusarms

XUMHYECKOW 1 OMOTEXHONIOTYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOT MYECKUI HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H = 14

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

CEMEHOB Buiagumup I'puropbeBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN e Te b HayKH
Yysarckoii PecryOnuku, 3aBeyroriiii kadenpoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTelbHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (hakyisTeT Boc-

TOYHOM MeanIHbl YHuBepcuTera Xamuapaa (Kapauu, [Takucran), H=21

MIENETKWH Hrops AnekcaHapoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mtara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1okTOp (hapMareBTHIecKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJICTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapminy (Hyp-Cyirran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, 10KTOp (GU3HMKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monioss! (Kumimnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUYECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

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

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

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

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. The n'?C capture reaction is included in the main chain of thermonuclear
reactions of primordial nucleosynthesis ...""B(n,y)?B(°)>C(n,y)"*C(n,y)'*C(n,y)... and is
of significant interest for nuclear astrophysics. This reaction is one of the reactions of
12C burning off and *C producing. The rate of the ?C(n,y)"*C reaction may be important
for calculations related to stellar evolution. This reaction also occurs in nuclear and
thermonuclear reactors, for example, thanks to the above chain of nuclear reactions, since
structural elements containing boron can be used as neutron absorbers, etc. Therefore,
we previously, 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, considered radiative n'>C capture at energies from 10-° keV
to 5 MeV and considering a wide resonance at E_= 8.2 MeV. Calculations were carried
out for radiative capture to the ground state and three excited states of the *C nucleus.
Then it was shown that only on the basis of £1- and M1-transitions from »'*C scattering
states, it is quite possible to explain the magnitude and shape of the experimental
capture cross-sections. In this work, using the results of our earlier calculations, the
total cross-section for capture to all 4 specified bound states is obtained. Based on these
theoretical cross-sections, the rates of the '>C(n,y)"*C reaction, both partial and total,
were calculated in the temperature range from 0.01 to 1 7,. The calculated reaction rate
results were approximated by a simple expression to simplify their use in applied nuclear,
thermonuclear and astrophysical problems.

Keywords: Nuclear astrophysics, n'*C-system, low and astrophysical energies,
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AHHOTAIHSA. n'2C-6acsIn ary PeaKInsACH . B(n,y) BB
)2C(n,y)2C(n,y)"*C(ny). .. OipiHIIiTiK HYKJIEOCHHTE3IIH TEPMOSAIPOIIBIK
peaKIIsUTAPBIHBIH HET13T1 Ti30eTiHe Kipei )KoHe SIPOIBIK acTpo(hU3MKa YIIiH MaHBI3IBI
KBI3BIFYIIBUIBIK TyAbIpaasl. byn peaknus >C sxanbin, *C Ty3y peakiusIapbIHbIH Oipi.
12C(n,y)"*C peakiusChIHBIH SKBUIIAMIBIFBl KYJIIABI3AP SBOJIOIMACHIHA OalTaHbICThI
ecenTeyyep YIIiH MaHbI3/Ibl 00TYybl MyMKIH. ByJ1 peakius saposibIK )KoHe TePMOSIIPOITBIK
peakTopiapaa Ja Xypedi, MBICAJIBI, KOFaphlaa aTaldFaH SAPONBIK peakmusuiap Ti30eri
apKachlHIa, OWTKEeHI KypamblHIAa Oop Oap KYPBUIBIMIBIK JIEMEHTTEP HEHTPOHIBI
ciHiprimrep peTinae xoHe T.0. CoHmplkTaH, 0i3, OYphIH, SIHT cxemanmapsl OONBIHIIA
OpOUTAIBIK KYHIIEPIi )KIKTEYMEH KoHE pYKCaT €TUITeH JKOHE THIWBIM CaJIbIHFaH KYHIepi
€CKepe OTHIPHIT, MOTU(UKAMSIIAHFaH TOTSHITHAIIBI KJIacTepIiK MOIeIh IMIeHOepiHae,
10° xB-tan 5 MaB-ka neiiinri sueprusnapiarst n'°C peakusChIH KapacThIPABbIK £ =
8.2 MaB HykTeciHIeri KeH pe30HaHCThl eckepe oThipbin. Ecenreyiep *C sapochiHbIH
HeTi3T1 KyHiH/Ae oHe YII KO3FaH KyHiHze Tycipynep ymriH xypridinmi. Coman kediH
n'>C mampipay KyisaepineH El- sxone M1- aybicy Heri3iHae FaHa TOKIpUOENIK TyCipy
KMMaJapblHBIH [IaMachl MEH MiMIiHIH TYCiHAIpYTe TOJBIK OONaTBIHBI KepceTiimi. by
JKYMBICTA O1311H OVPBIHFBI JKYMBICBIMBI3IBIH HOTHIKEJIEPIH Maiaana OTBIPBII, O0apIIbIK
KepceTinreH 4 OaillaHBICKaH KYHTe TYCipy VIIIH JKaibl KAMa allbIHIBL. AJBIHFAH
TEOPUSIIBIK KOJIJICHEH KUMallapbl HEri3iH[ae OyJl PeaklUsSHBIH JKapThiIall KOHE KaJIIbl
Koutamapikrapel 0.01-nen 1 7,-ra JneHinri Temmeparypa AWanas’oHbIHAA €CENTENI.
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Ecenrenren XplmamMabIK HOTHXeEJEPl onapAbl KOJIAAHOABI SIIPOJIBIK, TEPMOSIIPOIIBIK
XKOHE acTpo(M3UKANIBIK 3epTTeyiIepae KOJMAaHyIbl KEHIIETY YLIIH KaparnaibiM epHEeK
APKbUIBI XKYBIKTAJIJIBI.
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AnHortanus. Peakuus n'>C-3axBara BXOIUT B OCHOBHYIO IIETIOUKY TEPMOSACPHBIX
peakiuii TepBUYHOTO HykiaeocuHTesa ...''B(n,y)B(B)*C(n,y) C(n,y)*C(nyy)... u
MIPEJICTABIIICT CYUIECTBEHHbI HMHTEpeC A SAAepHOW acTpo(M3uKH. OTa peakuus
SABISICTCS OfHOW W3 peakiuii Beiropanust “C u mpomssoxactBa *C. CkopocTh
peakiuu >C(n,y)"*C MOXeT MMETh 3HAUCHHE JUIS PACUETOB, CBSI3AHHBIX CO 3BE3THOM
sBomonueil. Takke 9Ta peakius MPOTEKAeT B SAEPHBIX M TEPMOSIEPHBIX PEAKTOpax,
HampuMep, Onarofapsi BBIIIETIPUBEACHHON LENOYKE SACPHBIX PEaKUi IOCKOJIBKY
KOHCTPYKIIMOHHBIE 3JIEMEHTHI, CONIEprKaline OOp MOTYT HCIONB30BaThCS B KadueCcTBE
MOTJIOTHTENIe HEUTPOHOB U T.1. [loaTOMY Hamu paHee, B paMKax MOAW(DUIIMPOBAHHON
MOTCHIUAIBHONW KIaCTEPHOW MOJAEIH ¢ KilacCHu(UKauel opOUTaIBHBIX COCTOSHUU T10
cxemam FOHTa 1 ¢ y4eTOM pa3pelIeHHbIX 1 3alpeNIeHHbIX COCTOSIHUN, OBLT paCCMOTpPEH
panuanuonHsii n'°C-3axBar npu sHeprusx or 107 k3B no 5 MaB ¢ ucnonb3oBanneM
MH(OPMAIUHK O INMPOKOM pe3oHaHce npu £ = 8.2 MoB. bbuiu IpoBeneHbl pacueThl Ais
P/MALIMOHHBIX 3aXBATOB Ha OCHOBHOE COCTOSHHE H TP BO30YXK/ICHHBIX COCTOSHUS /1pa
3C. Toraa ObUIO TIOKAa3aHO, YTO TOJBKO Ha OCHOBE E1- 1 M1-miepexoqoB U3 COCTOSHHIA
n'?C paccesiHUS BIIOJHE yNAeTCsi OOBSICHUTh BEIMYMHY U (POPMY DKCHEPHMEHTAIbHBIX
ceueHWi 3axBaroB. B maHHOI pabore, MCTONB3ys pe3ylbTaThl Halled Ooiee paHHEH
paboTHI, OTYYeHO CyMMapHOE CEYeHHe JUId 3aXBaTa Ha Bce 4 yKa3zaHHBIE CBS3aHHBIC
cocTosiHMA. Ha OCHOBE MOJIy4eHHBIX TEOPETUYECKUX CEUEHUH pacCUUTaHbl CKOPOCTU
ATOW peaknuy Kak MapuuaibHBle, TaK U CyMMapHbIe B oOmactu Temmeparyp ot 0.01
no 1 T,. PacueTHble pe3ysbTaThl AJs CKOPOCTEN ObLIM aNlPOKCUMHUPOBAHBI MPOCTHIM
BBIpQKECHHEM, YTOOBI YNPOCTUTH WX HCIOJb30BAaHHE B MPHUKIAAHBIX SACPHBIX,
TEPMOSIIEPHBIX U aCTPOPHU3NUECKHUX HCCISTOBAHUAX.

KmioueBbie cioBa: saepHas actpodusmka, n'’C-cuctema, HU3KHE U
acTpou3NUeCKUe SHEPruM, paJuMallMOHHBIA 3aXBaT, TEPMOSCPHBIC IPOLECCHI,
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MOTEHIMATBHAS KIIACTePHAs MOJIeJb, cxeMbl FOHra

Introduction

The importance (from the point of view of nuclear physics and astrophysics)
of the n'’C-capture reaction at thermal and astrophysical energies is substantiated
in sufficient detail in (Heil, 1998). In our previous work (Dubovichenko, 2021), four
radiative captures were calculated for the ground state (GS) and three excited states (ES)
of the '*C nucleus, but the total cross-section for transitions to all specified bound states
(BS) was not considered (Dubovichenko, 2021; Dubovichenko ,2019). Therefore, we
will now return to studying this reaction based on the modified potential cluster model
(MPCM) (Dubovichenko, 2019; Dubovichenko, 2015). The behavior of the total n'*C-
capture cross-section at energies from 10-° keV to 5 MeV will be studied, taking into
account the wide resonance at £ = 8.2 MeV, and the reaction rate will be obtained at
temperatures from 0.01 to 10 7, (where 7} is the temperature in 10° K)). Calculation methods
are presented in (Dubovichenko, 2021) or (Dubovichenko, 2019; Dubovichenko, 2015).
The magnetic moments of u, and p, of clusters are taken from (http://physics.nist.gov/
cgi-bin/cuu/Value?mud|search_for =atomnuc!; Kelley, 2017), namely p_=-1.9130427u,
and zero for p(*?C). In present calculations, exact values of particle masses were used:
m_= 1.00866491597 a.m.u. (http://physics.nist.gov/cgi-bin/cuu/Value?mud|search_for
=atomnuc!), m('?C) = 12.0 a.m.u. (http://cdfe.sinp.msu.ru/services/ground/NuclChart

release.html), the value of the constant R/ my is taken to be 41.4686 MeVxfm?, where

m 1is in a.m.u. This constant value has been used by us since the 80s of the last century
and allows us to easily compare old and new results.

Model and calculation methods

As was shown in (Dubovichenko, 2021), possible Young orbital diagrams
for a complete system of 13 nucleons have the form {1} + {444} = {544} + {4441}
(Neudachin, 1969). The first of them is compatible with the orbital momentums L =
0, 2 and is forbidden (forbidden state - FS), since there cannot be five nucleons in the
s-shell. The second diagram is allowed (allowed state - AS) and is compatible with the
orbital momentum L = 1, which is determined based on Eliot’s rules (Neudachin, 1969).
This state corresponds to the ground bound allowed state of the '*C nucleus in the n'*C
channel with momentum and isospin J*, 7= 1/2,1/2 (Ajzenberg-Selove, 1991) (for the 1*C
is known that J=,7 = 0*,0 (Kelley, 2017)). Thus, the potential of a 2S-wave must contain
a forbidden bound state, while 2P-waves have only allowed states in the n'°C channel.
Moreover, the bound allowed state for the *P, -wave corresponds to the GS of the *C
nucleus and has a channel binding energy equal to -4.94635 MeV (Ajzenberg-Selove,
1991).

In the calculations of the nuclear characteristics of the reaction under
consideration, the cluster interaction potentials have the Gaussian form (Dubovichenko,
2019; Dubovichenko ,2015)

Viru )==V,, eXP(_éa ’"2)

The potential parameters are fixed by the level binding energy and the value of the
asymptotic constant (AC). The dimensionless AC, which we denote by C , and defined

in terms of the Whittaker functions through expression + (r)=./2k,C W ; .,,(2k,r)
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(Plattner, 1981). Various works reviewed in (Dubovichenko, 2021) provide different
results on ANC for GS and ESs. The results of their recalculation to C are given in Table
1. All these AC values were used previously to obtain n'>C interaction potentials in BSs
(Dubovichenko, 2021), the parameters of which are also given in Table 1.

Table 1. Parameters of potentials of bound states in the n'>C-system and characteristics of bound states. FES
is first excited state, SES is second excited state and TES is third excited state.

Ne E_,MeV E_ ,MeV o R R

BS | (Ajzenberg- | J* |(Ajzenberg- |*7'L | V,, MeV fm”z C, ﬁcqhq ’ ﬁ'l"l’ C,, exp.
. Selove 1991) Selove 1991)

GS 0 1727 -4.94635 | *P , | 72.173484 | 0.2 |1.52(1)| 2.48 |2.50| 1.97(39)
2 FES

3.089443(20) | 1/27| -1.856907 | S, | 98.575578 | 0.2 |2.11(1)| 2.49 |2.67| 2.12

12

3
SES 3.684507(19) | 3/2° | -1.26184 |?P,, | 681.80814 | 2.5 |0.30(1)| 2.47 |2.44| 0.33

32

|
SES 3.684507(19) | 3/2- | -1.26184 | 2P, [357.908258| 1.3 [0.37(1)| 2.48 |2.46 0.33

32

5 | TES

3.853807(19) | 5/2° | -1.09254 |2D,, |263.174386| 0.2 [0.25(1)| 2.49 |2.61| 0.20(4)

52

We usually consider that bound states for scattering potentials are only FSs
(Dubovichenko, 2019; Dubovichenko, 2015), and if they are not present, then the depth
of the potentials without the FS can be set equal to zero. In this case, it refers to the
P-scattering potentials, while the S- and D-potentials have a bound forbidden state and,
even at zero phase shifts, must have a non-zero depth. As a result, for the scattering
potential in the °D, wave, parameters with a depth of 105 MeV and a width of 0.2
fm? were used, which makes it possible to correctly describe the first resonance at the
excitation energy of £ = 8.2(1) MeV (that is, at the energy above the threshold by 3.2(1)
MeV) with a width of 1.1(1) MeV (Ajzenberg-Selove, 1991). The scattering potentials
used and possible transitions to the BSs were considered in (Dubovichenko, 2021) and
we will not present them here.

Results and discussions

Figure 1 presents the results of calculations of the cross-section for £1 and M1
radiative capture in the n'>C system to the GS and 3 BS of the "*C nucleus in the energy
range up to 5 MeV. The solid curve shows the total cross-section for all transitions to
the BSs with potentials from Table 1 and Tables 2—5 of (Dubovichenko, 2021). Since at
energies from 107 to 10 keV the calculated cross-section is almost a straight line (solid
curve in Figure 1), in this energy region it can be approximated by a simple function of
the form

A

J@(ﬂb)=m (1

with a constant 4 = 19.4954 ubxkeV'?, determined by one point in the cross-
sections at a minimum energy equal to 10-° keV. From approximation (1), one can obtain
an estimate of the cross-section at a thermal energy of 25.3 meV (1 meV =10 keV) equal
to 3.87 mb, which completely coincides with the result of 3.87(3) mb (Firestone, 2016).

Next, the rate of the n'’C-capture reaction was calculated, which in units of
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cm’mol'sec’! can be represented as (Angulo 1999)
¥ {ovh=37313. 10* u-“?;m_[o(E)Eexp(—l 1L60581T,)dE
1}

where E is given in MeV, the total cross-section o(£) is measured in pb, p is the
reduced mass in a.m.u. (Angulo, 1999).
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Figure 1. Cross-sections of radiative n'?C-capture to the GS and 3 BS of the "*C nucleus with
potentials from Table 1 and Tables 2 — 5 of the work of (Dubovichenko, 2021). Experimental data taken
from the works: @ — (Shima, 1996), o — thermal cross-section of capture to the GS of (Mughabghab, 1982),
m — (Nagai, 1991), A and A — (Ohsaki, 1994), A — (Kikuchi, 1998), total thermal cross-section of ¥ —

(Firestone, 2016).

To calculate the reaction rate, theoretical total cross-sections were used at
energies from 107 keV to 5 MeV and the resulting total rate (see Figure 2 — solid curve)
smoothly increases with increasing temperature at all temperatures considered. The
dotted curve shows the reaction rate for capture to the GS, the dash-double-dotted curve
— to the FES, the dash-dotted curve — to the SES, and the dashed curve — to the TES.
Here, for comparison, a short-dotted curve shows the rate of neutron capture by the '2C
nucleus, obtained in (Kikuchi, 1998) taking into account only non-resonant processes,
which coincides well with our results.
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Figure 2. Total n'’C-capture reaction rate. The short-dashed curve is the result of the
approximation of the calculated rate at x*>= 0.05, the short-dotted curve is the rate of n'?C-capture from
work (Kikuchi, 1998).

The reaction rate shown in Figure 2 as a solid curve can be approximated by a
function of the form

N, (ovy=a,/T;}" exp(-a, / T)”*)-(1.0+ a, T, + a, 1" + a;T, +a,T,"” +

5/3 6/3 1/3
+a, 15" +ady " ) +a, /1
Table 2. Reaction rate approximation parameters.

i a,

I 25.93019
2 0.97648
3 240.9492
4 -676.4427
5 673.7797
6 922.6434
7 -991.6664
8 392.7353
9 85.51388

The parameters of such an approximation are given in Table 2. The result of the
rate calculating with these parameters is shown in Figure 2 with the short-dashed curve
with an average value of y? = 0.05. This curve merges with the solid one. During the
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approximation, 1000 calculated points shown in Figure 2 were used, and to calculate 2,
the error in the calculated data was taken equal to 5 %.

Conclusions

Thus, the combinations of potentials used (Dubovichenko, 2021), which describe
the main characteristics of the discrete and continuum spectra for the n'?C system, make it
possible to well reproduce the available data on experimental cross-sections for radiative
n'>C capture to the GS and the first three excited states at energies from 25.3 MeV
to 0.5 MeV, that is, in the energy region covering almost seven orders of magnitude.
All potentials considered do not have fitting parameters, which vary when calculating
the total cross-sections - all these parameters are preliminarily fixed according to the
characteristics of the BS and scattering processes of the n'*C system.
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