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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»!



KA3AKCTAH PECITYBJIMKACHI YJITTBIK FBIJIBIM AKAJIEMUSICBIHBIH
BASHIAMAJIAPDBI 2024 2

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. There is a significant literature on the use of various forms of
transient current for electrochemical machining of non-ferrous and ferrous met-
als. This interest is due to the fact that alternating current affects the state of the
near-electrode space (equalizing pH, removing diffusion restrictions, changing
the composition of discharged particles, etc.). This causes nonstationary potential
values and changes in the conditions of electrooxidation and electroreduction. It
can be used advantageously to obtain the desired product with the required prop-
erties. In this work, the electrochemical behavior of bismuth in aqueous solutions
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under the influence of alternating current in an acidic environment was studied.
The technique used was the electrochemical dissolution of bismuth in an aqueous
solution of hydrochloric acid under the influence of a sinusoidal alternating cur-
rent. The results and subsequent discussion focused on the effect of AC frequency
and density on the dissolution current efficiency of the bismuth electrode. It has
been shown that an increase in the frequency of the current on the bismuth elec-
trode leads to a decrease in the effective current efficiency of the dissolution of
the bismuth electrode from 37.1 % to 26.8 %. It was found that the bismuth elec-
trode dissolves to form Bi (II) ions. As a result of the studies, it was found that
with increasing frequency and density of alternating current, the current efficien-
cy decreases. The results of the experiments were processed using mathematical
processing. These data were used to derive regression equations describing the
dependence of the effective current efficiency on the electrolysis parameters.

Keywords: bismuth, titanium, electrolyte, electrode processes, effective
current density, alternating current, electrolysis
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AHHoTauus. TycTi jKoHE Kapa MeTajaapibl 3JIEKTPOXUMHUSIIBIK OHAEY
YIIiH 9pTYypii (opManarsl CTalMOHApbl €Mec TOKTapAbl KojJaHy OoibIHIIA
aiitapnplkTail  onebuertep Oap. By KbI3BIFYIIBUIBIK alHBIMAIbl  TOKTBHIH
AJIEKTPOATHIK KEHICTIKTIH KyHiHe ocep eryiHe OainanbicTel (pH TeHectipy,
TUQPY3UIBIK  IIEKTEYJIepl KO0, paspsATaIFaH OejIeKTepIiH KypaMblH
e3repry JkoHe T.0.). Byn cranmoHapiblK eMec NOTeHLHAl MOHAEPIH JKoHe
AIIEKTPJIly TOTBIFY JKOHE 3JICKTPJIK TOTBIKCHI3ZAHY >KafIaiyIapbIHBIH ©3repyiH
Tyabipanel. OHBI KaXeTTI KacueTTepi 0ap KaKeTTI OHIMJI aly YIIiH THIMAL
naiinananyra 6osazabl. by )kyMbIcTa KbIILIKBUT OPTaaFbl aiHBIMAJIbI TOK SCEpiHEH
CyJbl epiTIHIUIEpAEri BUCMYTTBIH 3JIEKTPOXUMUSUIBIK KacHeTTepi 3epTTeNl.
JKypri3uiren *ympicTa CHUHYCOMJAIbl aliHBIMAJIbl TOKTBIH 9CEPIHEH BUCMYTTHI
TY3 KbIIIKbUIBIHBIH CYJIbI €PITIHAICIHIE JIEKTPOXUMUSIIBIK €PITy KapaCThIPBLIJIBL.
HoTwxenep MeH KeHiHI TaJKbulayJap BHCMYT 3JIEKTPOJBIHBIH €pYyiHIH THIMI
TOK TBHIFBI3/IBIFbIHA aWHBIMAJbl TOK JKUUIIIT MEH TOK THIFBI3/BIFBIHBIH dCEpPiH
KapacThlpyFfa apHajibl. BUCMYT 31€KTpOIBIHAAFl TOK KULIITIHIH JKOFapbLUIaybl
BHUCMYT 3JIEKTPOJIBIHBIH €pYyiHIH THIM/II TOK THiMAUTITiHIH 37,1 %-nan 26,8 %-ra
JeiH TeMeHJeyiHe oKeJeTiHi KepceTiunreH. Bucmyt snexrponsinbig Bi (II1)
MOHJIAPBIH TY3€ OTBIPBII €PUTIHAIr AHBIKTAJABL. 3epTTeysep HOTHXKEeCiHae ail-
HBIMAaJIbl TOKTBIH KUITITT MEH TOK TBHIFBI3/IBIFBI apTKAH CAMbIH THUIMAL TOK OOii-
BIHIIIA TBIFBIMBIHBIH TOMEHICUTIHI aHBIKTAIAbL. ToXKipuOe HOTHXKENIepl MaTemMa-
TUKAJIBIK €CeNTeyJiep apKbUIbl eHAeal. byl nepekTep THIMI TOK LIBIFBIMBIHBIH
AJIEKTPOJIN3 MTapaMeTpiiepiHe TOYEIUIIrH CUMIATTalThIH perpeccus TeHIeyIepiH
HIbIFApy YUIIH MaiianaHbUIabL.

Tyiiin ce3mep: BUCMYT, TUTaH, JEKTPOJIUT, JICKTPOIATHIK IPOLECTEP,
TUIM/I1 TOK THIFBI3/IBIFbI, AHBIMAJIBI TOK, 3JICKTPOJIN3
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AnHoTanus. CyliecTByeT 3HaYUTeIbHAs IUTEPATypa [0 UCII0JIb30BAHHIO
pa3nuyHbIX (HOPM HECTAMOHAPHOTO TOKA JUIS AJIEKTPOXUMHUUYECKONH 00paboTKU
LBETHBIX U YEPHBIX METAIJIOB. TaKoil nHTepec 00YyCIOBJICH TEM, YTO IIEPEMEHHBII
TOK BJIMSIET HA COCTOSIHUE MPHUDIIEKTPOJIHOTO MPOCTPAHCTBA (BbIpaBHUBaHUE pH,
cHiAtHe AU y3UOHHOTO OTPaHUYEHUS, U3MEHEHHE COCTaBa pa3psKarOIIUXCS
YacTul M T.JA.). OTO BBI3BIBACT HECTALIMOHAPHOCTh 3HAUEHMs IMOTEHLHAIA U
M3MEHEHHE YCIIOBUH 3JICKTPOOKUCIICHHUS U 3JIEKTPOBOCCTaHOBIIEHUS. ETo MOXXHO
BBIFOJTHO MCIOJIb30BATH JIJIs IOJIyUEHHS JKEeJIaeMOro IPOLyKTa ¢ HEOOXOIUMBIMU
cBoiicTBamMH. B Hacroseil pabore ObIJIO MCCIEIOBAHO HJIEKTPOXUMHUYECKOTO
MOBEJICHHUSI BUCMYTa B BOJHBIX PAacTBOpax IO/ JEHCTBHEM IEPEMEHHOIO TOKA B
Kucioi cpene. Vcnonb3dyemass METOMKA 3aKJIIOYAJIACh B AIIEKTPOXUMUYECKOM
pacTBOPEHUH BUCMYTa B BOJHOM pPAacTBOPE COJISIHOM KHCIIOTHI MOJ JIeHCTBHEM
CHHYCOUJAJILHOTO IEPEMEHHOI0 TOKA. Pe3ynbTaTsl 1 mocieayomee o0CcyKIeHue
ObUIM COCPENOTOYEHBl HA BIMSHUM YaCTOTHl U IUIOTHOCTU MEPEMEHHOrO TOKa
Ha BBIXOJ IO TOKY pPacCTBOPEHHMsS BHUCMYTOBOIO 3JeKkTpona. IlokazaHo, 4To
YBEJIMYEHUE YAaCTOThl TOKA HAa BUCMYTOBOM D3JICKTPOJI€ MPUBOJUT K CHHKEHHIO
3¢ GEKTUBHOTO BBIXO/1a 110 TOKY PaCTBOPEHHUSI BUCMYTOBOTIO 3JekTpona ¢ 37,1 %
10 26,8 %. YcTaHOBIEHO, UTO BUCMYTOBBIN 3JIEKTPOJ] pacTBOpsieTcs ¢ oOpa3oBa-
nueMm uonoB Bi (III). B pe3ysnbraTe nmpoBeACHHBIX UCCIIEIOBAHUMN yCTaHOBIICHO,
YTO C YBEJIMYCHHEM YacTOThl U MJIOTHOCTH MEPEMEHHOIO TOKa BBIXOJ IO TOKY
cHwkaercs. C MOMOLIbI0 MaTEMaTHUECKOM 00paboTKu 00paboTaHbl Pe3yIbTaTh
MIPOBEICHHBIX 3KCIEPUMEHTOB. DTU JaHHbIE ObLIM UCIIOJIB30BaHbI Ul BBIBOJA
YPaBHEHUI pErpeccuu, OMUCHIBAIOLINX 3aBUCUMOCTD 3((EKTUBHOIO BBIXO/1A T10
TOKY OT IapaMeTPOB IEKTPOIM3A.

Ki1roueBble cj10Ba: BUCMYT, TUTaH, JIEKTPOJIMT, HJIEKTPOIHBIE IPOLIECCHI,
3¢ deKTUBHAS IUIOTHOCTH TOKA, IEPEMEHHbIHN TOK, 3J1EKTPOIIH3

Introduction

Bismuth is a metal that is widely used in a number of areas of modern
production, including metallurgy, pharmacology, electrical engineering, and
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others. In order to produce new materials, including non-ferrous metals and bis-
muth-based alloys, it is necessary to significantly improve the efficiency of the
production process and metallurgical processes, to utilise raw materials in an inte-
grated and full manner, and to develop new technological processes that are both
environmentally friendly and effective (Marcus & Oudar, 2002). The successful
completion of these tasks is contingent upon a comprehensive examination of
the theoretical underpinnings of the physicochemical properties of metals and
their combinations, the implementation of fundamental research, and the develop-
ment of highly effective technologies that leverage contemporary advancements
in physics and chemistry (Barakat et al.,1983).

Until recently, reagent methods have been employed in the processing of
bismuth and its compounds, as well as bismuth ingots, which are utilized in a
multitude of technological fields and the extraction of valuable components from
them (Abzhalov & Abdivaliev, 2017). The use of electrochemical methods in
solving these technological problems, the development of new effective methods
for the processing of bismuth and its compounds and their production in medicine
and veterinary medicine can be promising (Abzhalov, Tuleshova & Baeshov,
2022). The use of electrochemical environmentally friendly methods allows you
to create waste-free, low-waste technologies, reduce reagent consumption and
simplify the technological scheme (Abzhalov et al., 2016).

In recent years, there has been a significant increase in the study of the
electrochemical properties of metals and their compounds in the non-stationary
mode. This is due to the fact that the results of the theory and practice of electrol-
ysis in non-stationary mode can facilitate an in-depth study of the mechanism of
electrochemical processes in the system, the implementation of new technolog-
ical methods and, in many cases, the elimination of passivation of the electrode
and the activation of the anode melting process (Kostin, Kublanovskii & Zab-
ludovskii, 1989).

In this context, the study of the electrochemical properties of bismuth in
aqueous solutions in a non-stationary mode of electrolysis is of great theoretical
and practical importance. Based on the research, there is an opportunity to devel-
op fundamentally new methods for the synthesis of essential bismuth compounds
and the separation of bismuth from used alloys (Shavlov & Ryabtseva, 2007).

Materials and methods

In the case of using alternating current for the electrosynthesis of substanc-
es, when scaling the process, it is necessary to take into account the peculiarities
of the passage of alternating current through the electrolyte solution and between
the electrodes. It is mandatory to preserve the experimentally found value of cur-
rent density and interelectrode distance.

During the electrolysis with alternating current was used a metal bismuth
electrode and a small area titanium wire, designed in the form of a rectangular
plate with a working surface of 0.001 m?.
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The bismuth and titanium electrodes, except for the work surface, were
covered with organic glass to make them easier to work with during the experiment.
This allows the electrodes to be completely immersed in the electrolyte. The
electrodes were placed at a distance of 20 mm from each other (Cho et al., 2023).

The polarization of the electrodes with alternating current was performed
using a German Leybold sinusoidal alternating current source (Figure 1).

A potential barrier appears at the interface between the metal and the
semiconductor or two semiconductors. The contact potential difference is equal to
the difference in the work output of the two contacting materials. In accordance
with the condition of thermodynamic equilibrium, the process of charge carrier
exchange commences immediately upon contact between the metal and the
semiconductor, and continues until the electrochemical potential levels have
been levelled. The resulting double electric layer prevents further flow of charge
carriers (Chuai et al., 2022). In the metal, the thickness of this layer is very small
in comparison with the field in the semiconductor.

Figure I - LEYBOLD alternating current power source: (6644071 Demonstrations of electrochemistry)

The electrochemical behaviour of bismuth in a solution of hydrochloric
acid was initially investigated under the influence of a symmetric alternating cur-
rent of 50 Hz (Sandnes et al., 2007). These experiments were conducted in a glass
electrochemical cell, with the electrode spaces remaining unsegregated. The du-
ration of the main experiments was 30 minutes. A bismuth plate with a working
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surface area of 12-10* m? and a titanium wire were employed as the electrodes.
The current output (CO) of metal dissolution was determined from the weight loss
of the electrode, with the calculation for the anode half-cycle of the alternating
current (Majidzade & Aliyev, 2021). The effect of such parameters as the current
density on a titanium electrode on the current yield of bismuth dissolution was
investigated (Javadova et al., 2023).

Results and discussion

The investigation of the electrochemical dissolution of a bismuth electrode
under alternating current polarization in a pair with a titanium electrode yielded
the results depicted in Figures 2 and 3.

The results are explained by the characteristics of the rectifying contact
of titanium dioxide-electrolyte, as well as high dielectric permittivity of titanium
dioxide (Barakat et al.,1983).

Titanium dioxide is an n-type indirect-gap semiconductor with a very
wide band gap, which is the reason for the long lifetime of minority carriers. The
equation describing the transient process of resorption of minority carriers is as
follows:

ﬂ — —I{t} — g
dt T (1)
It is well established that the electrical conductivity of a material is direct-

ly proportional to the concentration of current carriers.
CO, %

40

k1]
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Figure 2 Tlustrates the dependence of the CO on the frequency of the applied voltage:
J,, =100 A/m?, J =44 kA/m?, t= 25 °C, C=1n.

Co, X+

.

1w

1 1 1 1
F] a0 5 100 125

Jri, A/md®

Figure 3 - Dependence of CO on the effective current density on titanium:

J5; =100 A/m?, C=1 n, t= 25 °C, v=50 Hz.

c=kQ (2
Thus, taking into account Ohm’s law for the chain segment,

ilt) =o-U(t)

we find the connection between the concentration of charge carriers, volt-
age and current

3)

(1) =kQU (1) 4)
After substituting (4) into (1), we obtain

dQ Q__ 1
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From the obtained expression, it can be seen that the time constant of the
transient process is dependent on the applied electric voltage. The applied electric
stress can be directly proportional to the density of the effective current on the
titanium electrode (Yang & Hu, 2005). Assuming that the current density is suffi-
ciently large,

¥

T =38/f] (6)

A theoretical derivation of the current-current dependences on the current
density on the titanium electrode and the frequency was conducted using a rough
model of the sharp cut, as illustrated in Figure 4.

iy

Figure 4 - To the derivation of formula (8).

The mathematical model is a response function that connects the optimi-
zation parameter characterizing the results of the experiment with the variable
parameters that are varied during the experiments. Assuming the shape of the
current as a sinusoid with a cut, we easily find the average current:

2 l
sinwtdt = - (cosm— coswt")
- | )
LT
14 coswt’ = 2cos* (T)
3
Intuitively chosen formula
co=r 2(Z @
= co5°| —————
2 [w? + agj?
W ] (9)

where ¢ and C are constants.
In addition to the resorption time of minority charge carriers, the inertia of
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the rectifying transition is due to the high dielectric constant of titanium dioxide,
which is influenced by the shunting capacitance of the capacitor formed (Motoya-
ma, Fukunaka & Kikuchi, 2005).

If we take into account only the shunt capacitance, then the frequency de-
pendence is described by the formula

K
0= ——
! 2
V1+ (wr) (10)
Conclusion

It was thus demonstrated that the current efficiency is dependent on the
frequency and density of the alternating current, as well as the effective output
of the dissolution current of the bismuth electrode. The results of the conducted
studies indicated that an increase in the frequency of the variable on the bismuth
electrode results in a decrease in the current output, from 37.1 % to 26.8 %. It was
also established that the bismuth electrode dissolves to form Bi (III) ions (Agapes-
cu et al., 2013). The results of the experiments, which were carried out with the
help of mathematical processing, were used to derive regression equations that
describe the dependence of the effective current efficiency on the parameters of
electrolysis.

REFERENCES

Abzhalov B.S. & Abdivaliev R.T. (2017). Research of dissolution of bismuth in water solutions of hydro-
chloric acid at polarization by an industrial alternating current. — Bulletin of Karaganda University. Series:
Chemistry. (2). — 52-58.

Abzhalov B.S., Tuleshova, E.Z., & Baeshov, A.B. (2022). Method for Producing Bismuth Oxychlo-
ride. Theoretical Foundations of Chemical Engineering. — 56(6). — 978-981. https://doi.org/10.1134/
S004057952206001X

Abzhalov, B.S., Baeshov A.B., Jumadullayeva S.A., Altinbekova M.O., Abdivaliev R.T. & Abduvaliyeva
U.A. (2016). Dissolution of Bismuth in water solutions of nitric acid at polarization by asymmetrical current.
— News of the National Academy of Sciences of the Republic of Kazakhstan. Series Chemistry and Technol-
ogy. — 2(416). — 109-113.

Agapescu C., Cojocaru A., Cotarta A. & Visan T. (2013). Electrodeposition of bismuth, tellurium, and bis-
muth telluride thin films from choline chloride—oxalic acid ionic liquid. — Journal of Applied Electrochem-
istry. — 43. — 309-321.

Barakat Y., David D., Beranger G. & Coddet C. (1983). Composition and Conduction Properties of Titanium
Oxides Electroformed in Different Electrolytes. — Physical Chemistry of the Solid State: Applications to
Metals and Their Compounds. — 421-428.

Cho H.D., Lee J., Kim D.Y., Chung S.Y. & Lee J.K. (2023). Enhanced Photoresponse of High Crystalline
Bi,Se, Thin-Films Using Patterned Substrates. — ACS Applied Materials & Interfaces. — 15(18). — 22274~
22281.

Chuai Y.H., Zhu C., Yue D. & Bai Y. (2022). Epitaxial growth of Bi,Se, infrared transparent conductive film
and heterojunction diode by molecular beam epitaxy. — Frontiers in Chemistry. — 10. — 847972.

Kostin N.A., Kublanovskii V.S. & Zabludovskii V.A. (1989). Impul’snyi elektroliz. Pulse Electrolysis). —
Kiev: Naukova Dumka.

Marcus P. & Oudar J. (Eds.). (2002). Corrosion mechanisms in theory and practice. — Pp. 243-286. — New
York: Marcel Dekker.

125



ISSN 2224-5227 2.2024

Majidzade V.A. & Aliyev A.S. (2021). Electrodeposition of Ni,Bi,Se, thin semiconductor films. — Iranian
Journal of Chemistry and Chemical Engineering. — 40(4). — 1023-1029.

Motoyama M., Fukunaka Y. & Kikuchi S. (2005). Bi electrodeposition under magnetic field. — Electrochim-
ica acta. — 51(5). — 897-905.

Javadova S.P., Majidzade V.A., Jafarova S.F., Aliyev T.A., Aliyev A.S. & Tagiyev D.B. (2023). Electrochem-
ical behavior of Bismuth ions in citrate solutions. — Azerbaijan Chemical Journal. — (4). — 5-12.
Shavlov A.V. & Ryabtseva A.A. (2007). The mechanism of metal corrosion acceleration in ice caused by
structural transformations and crystallization of water. — Russian Journal of Physical Chemistry A. — 81(7).
— 1035-1040.

Sandnes E., Williams, M.E., Bertocci, U., Vaudin, M.D., & Stafford, G.R. (2007). Electrodeposition of bis-
muth from nitric acid electrolyte. Electrochimica acta. — 52(21). — 6221-6228.

Yang M. & Hu Z. (2005). Electrodeposition of bismuth onto glassy carbon electrodes from nitrate solutions.
— Journal of electroanalytical chemistry. — 583(1). — 46-55.

126



Reports of the Academy of Sciences of the Republic of Kazakhstan
MA3MYHbI

OU3UKA

ML.b. AabbaTsipoBa, A. /K. Ammdexk, A.C. KernucOaeBa
PYTHON ITAUJAJIAHY APKbBIJIbI ®U3NKAJIBIK K¥YBBIJIBICTAPIbI

MOIETIBIIEY....c ottt et et ettt ettt e st e ebeeeaee s 7
H. Beiicen, J. Keeno, C. Tokrap6aii, M. ’Kakunosa, M. AiinmMKy.;10Ba
Q-METPUKA KUCBIKTBIF bIHBIH MEHIIIKTI MOHJEPL............cooeiiis 17

I'. BexeroBa, H. ’Kantypuna’, 3. Aiimaranoerona, A. bekenien
[IE3UITE HET'I3JIEJITEH KOCAPJIAHFAH I'AJIOUATHI IIEPOBCKUTTEP/IIH

OIITHUKAJIBIK KACUETTEPL.......ccoiiiiiiiiiiiiiiiicinccceeeee e 31
C.b. lyooBnuenko, H.A. BypkxoBa, A.C. Tkauenxo, /I.M. 3azyann
XKAJIIbI BOJIIMEPI )KOHE IMTPOLIECC KAPKBIMbBIn"C........cveviviiiiiiiienene 43

A. KacpimoB, A. AabLikaHoBa, A. bekremucos, K. Acremecona, I. TypabiOexoBa
I'MBPUATI KYH KOJUIEKTOPBIHIAA KOJIJAHYFA APHAJIFAH
BUJACTWIBAEHI'EH CY HEI'BIHJEI'T TIO /AL, O,TUBPU/TI
HAHOCYMUBIKTBIH T¥TKBIPJIBIK KACUETTEPIH 3EPTTEVY ..o 52
A.E. KemenoexoBa, .M. Myxamenmuna, K.A. Mutb, P.C. MeHaABIXaHOB,

K.K. Eaemecosn

CUPEK XXEP METAJIJAPbIH HET'IBIHAEI'T ®OTOCE3IMTAJI
K¥PbIUILIMIAP/IbI )KACAY XKOHE 3EPTTEV..c.uoiiiiieieieeeteeeeeeeeen 63
E.T. Ko:xkaryJaos, JI.M. Kekcebaii, C.A. Capmanoderon, H.M. Ycinos, K.T. Kenoaii
AKITAPATTBIK DHTPOITUAHBIH HETI3IHAE CAHABIK MOAYJIALIMAHBI
AHBIKTAY L.ttt sttt st s eae 73
E.M. Msip3akyJoB, A.C. byj1an6aepa

KAPA K¥PJIbIM HIEIIIMJIEPI )KOHE OHbIH TEPMOJAMHAMMUMKACHIL.......... 84
J.M. HacupoBa, B.O. Kypmanraauesa, A.A. Fa3uzosa

IIAFBIH XY JIABISJAPAAFBI DHEPTUA KO3JIEPL.........ccvicvieiicieeiiceee, 95
A. CepeoOpsinckuii, A. XaJmkoBa

MAIINHAJIBIK OKbITY SAICTEPIH KOJITAHBIIT HIOJTY XXOHE
MOHUTOPUHITI ®OTOMETPJIIK BAKBIJTAYJIAPBIHAH AVHBIMAJIbI
KYITABIBAAPIDBI IBJIEY ..ottt 103

XUMUs

B.C. Adoxanos, A.b. baemos, A.K. MambipoekoBa, C.A. Kymaniiiaesa,

M.O. AaTbiHOeKoBa

KBILIKBIJT OPTAIA BUCMYT SJIEKTPOABIHBIH

SJIEKTPOXUMUSIIIBIK KACUETIHE AUHBIMAJIBI TOKTBIH XKUUIITT

MEH TBhIFBI3ABIFBIHBIH OCEPL........cc.ooiiiiiiiiieeee e 116
E.I'. 'maaxos, [I.LK. Kya6ateipo, M.Jl. Ypa3ranueBa, K.P. Makcot

TIKEJIEM AUJAYIAH AJIBIHFAH BEH3MHHIH OKTAH CAHBIH
APTTBIPATBIH OKCUTEHATTAPIABIH TUIMIJIIIT.......ooooeviiiiiiieeeieeeee. 127

263



ISSN 2224-5227 2.2024

J.7K. KanumanoBa, A.K. Menauraiauena, A.b. Meaerosa, O.C. Cembaii
XUMMUSI CABAKTAPBIH/IA DJIEKTPOH/IBIK BIJIIM PECYPCTAPBIH, OMbIH
TEXHOJIOTUSUJIAPBIH TAVITAJIAHBII OKYIIBUIAPABIH HOTUKEJIEPIH
FKUBIHTBIK BAFATIAY ..ottt e 140
JLLM. Kanumonauua, I'.C. Cyaranrasuesa, C.0. A0uikacoBa

AJIMATEHI KAJTACBIHBIH, CY PECYPCTAPBIHBIH XUMUAJIBIK 3ATTAPMEH
JIACTAHY JEHTEMTH BEPTTEVY ..o 152
B.K. Ken:xanues, A.K. Koii:xkanosa, M.b. Epnenosa, I.P. Maromenos,

K.M. CmanioB

YWIH/I KEHAEPIEH MBIC AJIYJIbl BUOXUMMUSUIBIK )KOHE XUMMUSIIIBIK
TOTBIKTBIPY OICTEPIMEH OHTAMIIAHIBIPY ..., 167
I''M. Magbi6exoBa, T.T. Typeoaesa, b.2K. Myraauesa, JI.M. JlecoexkoBa,

A.b. UcaeBa

BEJICEHJI ATEHTTEPII )KETKI3Y YIIIH MUKPOKAITICYJIATIAJIBIK
OJICTEPAI KOJIJAHY IbIH, APTBIKIIBIJIBIKTAPBI MEH TTOIIEHIINAJIBI:
LITOJIY et ettt ettt e bt e et e st e st e et e et e e nteesnbeesaneas 183
Bb.K. Macaaumosa, b. I:xkanexoBa, C.M. Hayp3kyJioBa

NI-RU K¥PAM/IbI KYPJIEJII OKCUATEPTE HEI'T3JIEJIT'EH KOMITO3UTTEP
K¥PAMBIH SHEPTOAMCITIEPCTI CITEKTPOCKOIIMA S IICIMEH CAHJIBIK

C. Typranb6aii, A.U. Uabun, /[.A. AckapoBa, A.b. [lxkymarasuesa,

3.C. AlIMMXaHOBa

OPTYPJII CYUBUITYJIAPJIAFBI A®C EPITIHJIUIEPIHIETT ®MU3UKA-
XUMUAJIBIK TEIE-TEHIIKTI BEPTTEY ....oiiiiiiiiiiiiiiieeeeeeeceeceeee 209
A.M. Ycepbaesa, P.I. PeickaineBa

XUMUA [TOHIHEH OKY-OJICTEMEJIK KEIIEH K¥PACTBIPY JIbIH FbIJIBIMU
HEJATOT'UKAJIBIK HETTI3JIEPL. ..ot 228
C.[. ®asbuios, O.A. Hypkenos, /K.C. Hypmaranoeros, P.E. BakipoBa,

M.K. KypbiHoB

HMUKJIOAEKCTPUHAEP XUMUAJIBIK KOCBUIBICTAP/IBIH,
CYIIPAMOJIEKYJIAJIBIK KOHTEMHEPJIEPI PETIHJIE..........cooovvvvreceaan, 241

264



Reports of the Academy of Sciences of the Republic of Kazakhstan
COJEPKAHUE

OU3UKA

M.b. AabbaTsipoBa, A. /K. Anmmnbek, A.C. KernucOaeBa
MOJEJIUPOBAHUE ®U3NYECKUX SBJIEHUI C UCIIOJIb30OBAHUEM

PYTON ..ttt ettt et e e e st e st e et e e bt e e snteesabeesnsee s 7
H. beiicen, J. Keeno, C. Tokrap6aii, M. ’Kakunosa, M. AiinmMKy.;10Ba
COBCTBEHHBIE 3HAUEHUA KPUBU3HBI Q-METPUKMN.............ccocvvveean, 17

I'. bekeroBa, H. ’Kantypuna, 3. Aiimaran6eroBa, A. bekemen

OIITUYECKUE CBOMCTBA JIBOMHBIX TAJIOMIHBIX IIEPOBCKUTOB HA
OCHOBE LIEBVISL.....cciiiiiiieeie ettt ettt ettt sttt e s ebeeesane e 31
C.b. lyooBnuenko, H.A. BypkxoBa, A.C. Tkauenko, /I.M. 3azyaun

IMOJIHBIE CEUEHIM A 1 CKOPOCTDH PAIMAIITMOHHOI'O n'?C 3AXBATA......43
A. KacpimoB, A. AabLikaHoBa, A. bektemucos, K. AcremecoBa, I. Typabi6exoBa
UCCJIEJJOBAHUE BS3KOCTHBIX CBOMCTB I'MBPHIHOM HAHOXHIKOCTH
TIO,/AL,O,HA OCHOBE BUJIMCTUJIJIMPOBAHHOM BOJIbI JIJ151
[MPUMEHEHMSA B TMBPMJIHOM COJIHEUHOM KOJUIEKTOPE....................... 52
A.E. KemenoexoBa, I.M. Myxamenmuna, K.A. Mutsp, P.C. Menabixanos,

K.K. Enemecos

CO3JATH U UCCIIEJOBATH ®OTOUYYBCTBUTEJIBHBIE CTPYKTVYPEI C
NCIIOJIb3OBAHUMEM PEJIKO3EMEJIBHBIX METAJIJIOB.......cccoeeiiiiiieee 63
E.T. Ko:xkary.aos, .M. Kekcebaii, C.A. Capmanderon, H.M. Y cumnos,

K.T. Konoaii

UJIEHTUOUKALMAS [TUDPOBOM MOYJISIIIMNA HA OCHOBE
MHOOPMALIMOHHOM DHTPOITUI...........ooveeeeeeeeeeeeeeeeeeeeeeeeeee e 73
E.M. Meip3akyJios, A.C. Byian0aeBa

PELLIEHUS PET'VJISIPHOM YEPHOM JbIPbI U UX TEPMOJUHAMUKA........ 84
.M. Hacuposa, B.O. Kypmanranunesa, A.A. I'azuzosa

NCTOYHUKU SHEPTUN B KOMITAKTHBIX 3BE3JJAX......ciiiiieeiieeiieeiieeiee 95
A. CepeOpsinckuii, A. XajimkoBa

[MTOUCK ITEPEMEHHBIX 3BE3/]] B MOHUTOPUHI'OBbIX 1 OB30PHbIX
OOTOMETPUYECKUX HABJIFOAEHUAX C UCITOJIB3OBAHUEM METO/10OB
MAIIMHHOI'O OBYUEHMSL......c..eiiiiiiiieeie et 103

Bb.C. Aoxanos, A.b. baemos, A.K. MambipOexoBa, C.A. Jl:xkymanyJ/uiaeBa,

M.O. AarbiHOeKoBa

BJIIMAHUE YACTOTBI 1 TINDIOTHOCTU ITEPEMEHHOI'O TOKA HA
OJIEKTPOXUMHUYECKOE ITOBEJJEHWE BUCMYTOBOI'O 3JIEKTPOZIA B
KHUCTIOM CPEJIE. ... 116
E.I'. I'nminaxos, JI.K. Kyabarsipos, M./l. Ypasraauesa, K.P. Maxcor
OOPEKTHMBHOCTU OKCUTEHATOB HA TTOBBIIIEHUE OKTAHOBOI'O
UUCIA TIPAAMOI'OHHOI'O BEH3HHA ...ttt 127



ISSN 2224-5227 2.2024

J.7K. KanumanoBa, A.K. Menauraiauena, A.b. Meaerosa, O.C. Cembaii
CYMMATUBHOE OHEHUBAHUE PE3YJIbTATOB YUAIIMXCS HA YPOKAX
XUMHNU C UCITOJIbB3OBAHUWEM DJIEKTPOHHBIX OBPA30OBATEJIbHBIX

PECYPCOB, UTPOBBIX TEXHOJIOTHIM..........ooeeeeeeeeeeeeeeeeee e, 140
JL.M. Kanumonauuna, I'.C. Cyaranrasuesa, C.0O.A0unkacoBa
NCCIEOJOBAHUE YPOBHSA 3ATPA3HEHUSA XUMNUYECKMMU BEHLIECTBAMU
BOJIHBIX PECYPCOB I'OPOA AJIMATDBL........oieiieieeeeeee e 152
B.K. Ken:xanues, A.K. Koii:xanosa, M.b. Epaenosa, /I.P. Maromenos,

K.M. CmauiioB

OIITUMU3ALUA U3BJIEUEHUA MEJIN N3 OTBAJIBHBIX PY /I C
HUCTIOJIb3OBAHMEM BUOXUMHNYECKUX U XUMHNYECKMX METO/10OB
OKMCTIEHTSL ...ttt e 167
I['M. MapbioexoBa, T.T. TypebaeBa, b.2K. Myranuesa, /I.M. JlecoexoBa,

A.B. UcaeBa

[NPEUMVYIIECTBA U ITIOTEHIMAJI TIPUMEHEHUA METO/J10B
MUKPOKAIICYJIMPOBAHU S JJI JOCTABKU AKTUBHBIX ATEHTOB: OB3

b.K. Macaaumosa, b. /I:xkanexoBa, C.M. Hayp3kyJioBa

KOJIMYECTBEHHBIN XUMUYECKUIA AHAJIN3 COCTABA KOMITO3UTOB
HA OCHOBE NI-RU — COJAEPXXAIINX CJIOXHBIX OKCUIOB METO/I0OM
SHEPTOJIMCIIEPCHOM CTIEKTPOCKOIIUM...........ocoovreeeeeeeeeesee e 198
C. Typraunbaii, A.U. Unbun, [I.A. Ackaposa, A.b. Jl:zkymarasuesa,

3.C. AlIMMXxaHOBa

UCCJIEJOBAHUE ®U3UKO-XUMHUUYECKUX PABHOBECHIA B PACTBOPAX
AO®C ITPU PA3JIMYHBIX PASBEJIEHUAX.....c..cooiiiiiiiiiiiiececccceceen 209
A.M. Ycepbaesa, P.I. PeickanuneBa

HAVYHO - IIEJATOT'MYECKHE OCHOBBI COCTABJIEHN A YYEBHO-
METOJUYECKOI'O KOMIIJIEKCA T1O XUMMMU........cccoiviiiiiiniiniiicecee, 228
C.A. ®daseuios, O.A. Hypkenos, K.C. Hypmaranoeros, P.E. bakupoga,

M.K. Kypunos

[IUKJIOJEKCTPUHBI KAK CYIIPAMOJIEKYJISIPHBIE KOHTEMHEPBI
XUMMYECKUX COEJIMHEHMI...........ooovoeoeeeeeeeeeeeeeeeeeee e 241

266



Reports of the Academy of Sciences of the Republic of Kazakhstan

CONTENTS
PHYSICAL

M.B. Albatyrova, A.Zh. Alibek, A.S. Zhetpisbayeva

MODELING PHYSICAL PHENOMENA USING PYTHON.......cccoeoiieeeeeeee, 7
N. Beissen, H. Quevedo, S. Toktarbay, M. Zhakipova, M. Alimkulova
CURVATURE EIGENVALUES OF THE Q-METRIC..........ccccooovviiiiiicieeeeee. 17

G. Beketova, N. Zhanturina, Z. Aimaganbetova, A. Bekeshev
OPTICAL PROPERTIES OF DOUBLE HALIDE PEROVSKITES BASED ON

[ DY 1611 TR 31
S.B. Dubovichenko, N.A. Burkova, A.S. Tkachenko, D.M. Zazulin
TOTAL CROSS-SECTIONS AND RATE OF n'?C RADIATIVE CAPTURE........... 43

A. Kassymov, A. Adylkanova, A. Bektemissov, K. Astemessova, G. Turlybekova
INVESTIGATION OF VISCOSITY PROPERTIES OF TIO,/AL,0, HYBRID
NANOFLUID BASED ON BIDISTILLED WATER FOR USE IN A HYBRID
SOLAR COLLECTOR.......ciiitiiiiitiiteete ettt st 52
A.E. Kemelbekova, D.M. Mukhamedshina, K.A. Mit’, R.S. Mendykhanov,

A.K. Shongalova

CREATING AND RESEARCH ON PHOTOSENSITIVE STRUCTURES USING
RARE EARTH METALS. ...ttt 63
Y.T. Kozhagulov, D.M. Zhexebay, S.A. Sarmanbetov, N.M. Ussipov, K.T. Kopbay
IDENTIFICATION OF DIGITAL MODULATION BASED ON INFORMATIONAL
ENTROPY ...ttt ettt et ettt e 73
Y. Myrzakulov, A. Bulanbayeva

A REGULAR BLACK HOLE SOLUTIONS AND THEIR

THERMODYNAMICS......coiiiiiiieeieeere ettt 84
D.M. Nassirova, V.O. Kurmangaliyeva, A.A. Gazizova
SOURCES OF ENERGY IN COMPACT STARS......cciiieiiieeieeceeeeeee, 95

A. Serebryanskiy, A. Khalikova
SEARCH FOR VARIABLE STARS IN MONITORING AND SURVEY PHOTO-
METRIC OBSERVATIONS USING MACHINE LEARNING METHODS....... 103

CHEMISTRY

B.S. Abzhalov, A.B. Bayeshov, A.K. Mamyrbekova, S.A. Dzhumadullayeva,

M.O. Altynbekova

INFLUENCE OF AC FREQUENCY AND DENSITY ON THE ELECTROCHEMI-
CAL BEHAVIOR OF BISMUTH ELECTRODE IN AN ACID MEDIUM............... 116
Y.G. Gilazhov, D.K. Kulbatyrov, M.D. Urazgalieva, K.R. Maksot

EFFICIENCY OF OXYGENATES ON INCREASE OF OCTANE NUMBER OF
STRAIGHT-RUN GASOLINE.......ooiiiiiie e 127
D. Zh. Kalimanova, A. K. Mendigalieva, A.B. Medetova, O.S. Sembay
SUMMATIVE ASSESSMENT OF STUDENTS’ RESULTS IN CHEMISTRY
LESSONS USING ELECTRONIC EDUCATIONAL RESOURCES, GAME

267



ISSN 2224-5227 2.2024

TECHNOLGIES. ...t et eete e e evae e 140
L.M. Kalimoldina, G.S. Sultangazieva, S.O. Abilkasova

STUDY OF CHEMICAL POLLUTION LEVEL IN WATER RESOURCES OF
ALMATY CITY ettt eetae e et e e e eaaeas 152
B.K. Kenzhaliev, A.K. Koizhanova, M.B. Yerdenova, D.R. Magomedoyv,

K.M. Smailov

OPTIMIZATION OF COPPER EXTRACTION FROM WASTE ORES USING
BIOCHEMICAL AND CHEMICAL OXIDATION METHODS.........ccccccoeevveen. 167
G.M. Madybekova, T.T. Turebayeva, B.Zh. Mutalieva, D.M. Lesbekova,

A.B. Issayeva

ADVANTAGES AND POTENTIAL OF USING MICROCAPSULATION METHODS
FOR DELIVERY OF ACTIVE AGENTS: AREVIEW.........cooooiiiiiiiiiiiiiecciece, 183

B.K. Massalimova, B. Janekova, S.M. Naurzkulova

QUANTITATIVE CHEMICAL ANALYSIS OF THE COMPOSITION OF
COMPOSITES BASED ON NI-RU-CONTAINING COMPLEX OXIDES

BY ENERGY-DISPERSED SPECTROSCOPY.....ccviioieeieeeeeeee e 198
S. Turganbay, A.L Ilin, D. Askarova, A.B. Jumagaziyeva, Z. Ashimkhanova
STUDY OF PHYSICOCHEMICAL EQUILIBRIA IN API SOLUTIONS

AT DIFFERENT DILUTIONS......ooiiiie et 209
A.M. Userbayeva, R.G. Ryskaliyeva

SCIENTIFIC AND PEDAGOGICAL FOUNDATIONS OF THE

PREPARATION OF AN EDUCATIONAL AND METHODOLOGICAL

COMPLEX IN CHEMISTRY ...ttt 228
S.D. Fazylov, O.A. Nurkenov, Zh.S. Nurmaganbetov, R.E. Bakirova, M.J. Jurinov
CYCLODEXTRINS AS SUPRAMOLECULAR CONTAINERS

OF CHEMICAL COMPOUNDS. ... ..o 241

268



Publication Ethics and Publication Malpractice in the journals of the
National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

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

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

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

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

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

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

[IpaBmita oopmiteHHs CTaThU TS MyONMKAIMK B XKypHaJIe CMOTPETh Ha caiTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

ITonnucano B meyats 15.06.2024.
®opmar 60x88'/,. bymara opcetnas. Ileuars - pusorpad.
19,0 m.1. Tupax 300. 3axas 2.

POO «Hayuonanvnas akademus nayk PK» 050010,
Anmamu, yn. llesuenxo, 28, m. 272-13-19





