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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 BHMManue bnarorBopurensueli  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBJICHUE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKas3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBIA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pa3MuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ONHOW M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pazoBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6uzHec-uHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha copelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJIEHO Oosiee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOIHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
yuactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Aptopckue
paboTsl B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIN
B OCHOBY y4eOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moMoOIIM HIKOJIBHUKAM, YYallUMCsl KOJUlemKeld 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 MHUIMATHBOM CTaJl peaju3yeMblil MPOEKT M0 OOYYECHHIO 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 «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»!
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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 CoouTY.IbI, (6ac peNaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FHUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac pemakrtopasiH opbiHOacapel), mnpogeccop, KPP YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHOXHMUS jK3HE MOJIEKYIAIbIK TeHETHKA Ccaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbIH Oac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

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

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

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

JIOKIIHUH Bstuectas HoranoBmu, MeauiHa FUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP YFA akanemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PEMPOLYKTONIOTUsl 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 AKYILIEpIK KOHE Teparus KaeIpachlHbIH MEHIEpYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaapi yHUBEPCHTETIHIH IIBFbIC MeHIMHA (axyisreTi, [Ibrbic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

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

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIIap/Ibl 3ePTTEY HHCTUTYTBHIHBIH TPOpECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTHKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JIIoOIMH MenuiHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran AcblI16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FBUTBIMIAPBIHBIH T0KTOpbI, KP ¥FA koppecrnon-
JIeHT Myteci, "Mai mapyanibuibFbl KoHE BeTepUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, hr3nka-MareMarTHKa FbUIbIMIAPBIHBIH JOKTOPBI, akaieMuK, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MolioBa TexHUKaIBIK yHIBepeuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOULIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusbik xoHe SAponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibMaap HHCTHTYTH! (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbinars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBuy, (r3ika-MareMarnka FbUIBIMIApBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoinanOabl MaTeMaTyka skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =5

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTteMaTHKa FhUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥FA
axagemuri, on-dapabu aremHpars! Kazak yiTTeik yauBepenteTti (Anmarsl, Kasakeran), H=5

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

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH J0KTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadbu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

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

PEJAKINUOHHASYA KOJJIET US:

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

PAMAHKYJIOB Epian Mupxaiizapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPEeCOHIeHT
HAH PK, Ph.D B o0nact OHMOXMMHM M MOJEKYJISIPHOW TeHETHKH, [eHepatbHblii aupexTtop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocoduu (Ph.D, Gnoxumusi, arpoxumus), mpodeccop, IIaBHbII HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarenbekuil LEHTP MHKEHEPHBIX cUCTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HUHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

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

ABUEB Pydart, noxrop TexHIIeCKHX Hayk (Omoxumins), mpodeccop, 3aBemyronmii xkadenpoit «OnTHmMusamms

XUMHYECKOW M OMOTEXHONIOTMYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOTMYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H= 14

JIOKIIIUH BsiueciaB HoranoBu4, JTOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONA (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN IeTelb HayKH
Yysarckoii PecrtyOnuku, 3aBeyroriimii kadeapoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYIApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Mapkusa, (HakyisTeT Boc-

TO4YHOM MetHIMHbI YHuBepeuTera Xamaapna (Kapauu, [akucran), H= 21

HMIENETKHWH HUrops AnekcaHApoBHY, IOKTOP MEIMIIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CLIA), H=27

KAJIAH/IPA Iserpo, moxrop ¢unocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3yUCHUIO HAHOCTPYKTY-
pupoBaHHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1oKTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, fekaH (apMareBTHIeckoro haxynsrera JIroomH-
CKOro MeJIMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacran0exk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECIIOH/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 MuxaiisioBu4, 10KTOp (GU3MKO-MaTeMaTHueCKUX HayK, aKaJIEMHUK, PE3UICHT AKaIeMUU HayK
Momnyiosbl, Texuuueckuii yausepcurer Monoss! (Kumnnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcar HypaanioBud, TOKTOp (GpU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, nokrop Ph.D, npenonasaresb, 101EHT Kadenpbl TEOPETUUECKOM U SIePHOM
m3nku, Kasaxckuii HalMoHaIbHBINA YHUBEpCHTET MM. anb-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 significance of this research topic lies in the need to the necessity
to simulate rogue waves using information technology tools. This is especially crucial in
the current trend towards finding connections between natural phenomena and program-
ming. Rogue waves are massive in scale, appearing suddenly and significantly larger
than the surrounding waves, seemingly emerging from nowhere. (Hager et al., 2024). By
examining these scholarly data on waves, we can comprehend and forecast their behavior
using physics and programming. Into the bargain, by altering the frequency, amplitude,
and together with the parameters of the seed solutions in a programming language, we
can achieve our outcomes. The immediate objective of this research project is to measure
the methods for solving nonlinear differential integrable equations to model rogue waves,
especially the Darboux transform (Albatyrova et al., 2023) and simulated the results in
the multi-paradigm programming language Python. The Darboux transformation enables
the creation of various intriguing solutions, such as soliton and rogue wave solutions,
for nonlinear integrable equations. The central significance of the research is the use of
programming languages for modeling nonlinear differential equations to establish a theo-
retical framework for experimentally manipulating three-dimensional rogue waves along
with offering motivation for mitigating rogue wave disasters in marine environments in
nature.

Keywords: nonlinear differential equation, rogue waves, Python, modeling, Dar-
boux method, spin, spintronics, soliton
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AHHOTanmusi.  3epTTey  TaKbIPbIOBIHBIH  MaHBI3IBUIBIFBI  aKMapaTThIK
TEXHOJIOTHSIIAPAbI KOJIJIAHA OTHIPBIIL, >KOWKBIH TOJIKBIHIAP/ bl MOJICIB/ICY KOKETTITITIH IE.
Byn ocipece Taburu KyOBUTBICTAp MEH aKMapaTThIK TEXHOJIOTUSIIAD apachiHIAFbI
OaiimanbicTap/abl TaOYy IBIH Ka31pri TCHJACHIUACHIHIIA 6T MaHbI3/Ibl. JKOWKBIH TONKBIHIAD
KYTIIETeH JKEpJeH Maiina OONaThlH CHUSKTHI YJIKCH MacliTa0ka Hhe, KCHETTEeH TMaija
0oJ1a/1bl J)KOHE KOpIaraH TOJKbIHIAPAAH e19yip YIKeH. TONKBIHAAP/BI 3ePTTEY apKbLIbI
013 onap/pIH MiHE3-KYIKbIH (M3MKa MeH Oaraapiiamanay apKbUIbl TYCIHIN, Ooypkai
anmambi3. COHBIMEH KaTap, OariapiiaMaliblK TUIIeri 0acTanKbl MapTTapAblH KHITITiH,
aMIUIATYIAChIH JKOHE MapaMeTpIICpPiH ©3repTy apKbUIbl 013 9pTYpJIi HOTHXKEIepre Kol
KeTKizeMi3. Byl 3epTTey »k00acChIHBIH TiKeJIeH MaKcaThl - OChI TOJKbIHIAPbI JlapOy
oiiciH Kojiansi, Python Oarmapinamanay titinae moaensaey (Albatyrova et al., 2023).
JapOy TyplieHIipyi CBI3BIKTHIK €MeC WHTErpallaHaThIH TeHJEYJep YLIIH COJUTOHAAP
MEH JKOWKBIH TOJKBIHAAP CUSKTBHI OPTYPJIi KbI3BIKTHI HICHIIMIEPAl Kacayra MyMKIHJIIK
Oepei.

Tyiiin ce3mep: CbI3BIKCHI3 U QepeHInanapl TeHaeyIep, >KOUKbIH TOJKbIHIAP,
Python, monensaey, HapOy oaici, cinH, CHUHTPOHHUKA, COIUTOH
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AHHOTAanUsl. 3HAYUMOCTH JAaHHOW TEMBI HCCICIOBAHUS  3aKIIOUACTCS
B HEOOXOAMMOCTH MOJCIHPOBAHUS Pa3pYIIAIOIIUXCS BOJH C HCIOJIb30BAHUEM
MH(OPMAIMOHHBIX TEXHOJIOTHH. DTO OCOOCHHO Ba)KHO B COBPEMEHHOW TEHJCHIIUU
HaXO0XICHUS CBsI3eH MEXKAY MNPUPOJHBIMU ABJICHHUAMH U TIPOrpaMMHPOBAHUCM.
Paspymiaroruecss BOJHBI MMEIOT KOJIOCCAIbHBIA MAaciTad, BHE3AIHO TMOSIBISISICE U
3HAYUTENBLHO IPEBBIIIAS 10 Pa3MepaM OKPYIKAOIINE BOJHBI, KAXKETCsI, 4TO OHU BOSHUKAIOT
13 HUOTKYJaA. I/I3yqa${ BOJIHBI, MBI MOXEM IIOHATL W IMPOrHO3UPOBATH UX IMOBCACHUC,
UCToNb3ysl pU3KMKY M MporpaMMHUpOBaHKHe. KpoMe Toro, M3MeHsisl 4aCTOTy, aMILTUTY Ly
U napaMeTpbl HadaJlbHBIX YCJIOBI/Iﬁ B IPOrpaMMHOM SA3BIKE, MBI MOKEM IIOJTYYUTH
pa3nuyHble pe3yibTaThl. HemocpeaCcTBEHHON MeNbI JAHHOTO HCCIIEA0BATEILCKOTO
MPOEKTa SBIISIETCS HM3YyYCHHWE METOAOB PEIICHHs HEIMHEHHBIX IU(PepeHInaTbHBIX
WHTETPUPYEMbIX YPaBHEHUH IJIsl MOJICIIMPOBAHMUS STHX BOJIH, 0coOeHHO Merona apOy
(Albatyrova et al., 2023), u MojeIUpOBAaHUE PE3YJIBTATOB Ha SA3bIKE IPOTPAMMHUPOBAHUS
Python. IIpeoOpa3oBanue /lapOy mo3BOJISET CO3/1aBaTh pa3jiMuHbIe HHTEPECHBIC pellie-
HUsl, TAKME KAK COJIMTOHBI U pa3pylUarOLIUe BOJHBI JUIsl HEJIMHEWHBIX MHTETPUPYEMBIX
ypaBHeHHH. OCHOBHOE 3HAYEHHE MCCIICIOBAHMS 3aKIIFOUACTCS B UCTIOIb30BAHUH SI3bIKOB
[IPOTPaMMHUPOBAHUS JJIsl MOJICTTMPOBAaHMSI HETMHEHHBIX U PepeHIINATBHBIX YPaBHEHUH
C ETIbIO CO3/IaHUS TEOPETHIECKO OCHOBBI JUIsl SKCTIEPUMEHTAIBHOTO YIIPABICHHS TPEX-
MCPHBIMHU BOJIHAMH, a TAKKC MOTUBALMU JJId MPEAOTBPALLICHUA KaTaCTpO(b C pOTOBBIMU
BOJIHAMH B MOPCKHUX YCJIOBUAX B IPHUPOJC.

KuiroueBble ci10Ba: HelmHeliHOE M epeHIranibHOe ypaBHEHUE, pa3pyLIAroIe
BouHbI, Python, Mmogenuposanue, merox dapOy, clinH, CHMHTPOHHUKA, COTUTOH

Introduction

The study of spins, modeling of rogue waves, spintronics, and nonlinear differen-
tial equations are interconnected through the need to solve complex nonlinear differential
equations in the design and analysis of spintronic devices. This process enhances under-
standing and prediction of the dynamics of spins and waves within such systems, facili-
tating the development of new device types that operate more quickly and efficiently than
traditional electronic devices. Researching and modeling the solutions to these equations
helps in better comprehending their behavior.

Recently, many educational institutions have improved their theoretical and ex-
perimental physics courses through the integration of information technology. This sum-
mary describes our experience creating a course on theoretical physics using the Python
programming language of choice. The main goal of this course is to prepare students to
model physics problems using programming languages. In my article, [ will demonstrate
the use of a programming language to model nonlinear differential waves, highlighting
the connection between physics and information technology.

Many reasons to choose Python were based on several significant advantages,
such as its free availability, Python’s syntax is clear and understandable, making it ac-
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cessible even to those new to programming. Python also supports interactive plotting
functions, such as those found in matplotlib. While object-oriented programming (Backer
et al., 2007) is possible with Python, it is not required, meaning that the focus may be
on solving physics problems with a computer rather than mastering the more complex
aspects of Python. However, Python is also attractive to students with more advanced
programming knowledge (Backer et al., 2007).

The paper (Gennadiy et al., 2023) investigated one notable example, where a
study examining soliton dynamics in the nonlinear Schrédinger equation in Python. The
time progression of the partial differential equation was calculated using a linear ap-
proach with explicit sampling of the spatial components. Object-oriented programming
and silent compilation were used to speed up computing processes. The use of a specific
package made it possible to conduct numerical studies of physical phenomena, where
considered nonlinear Schrodinger equation

Methods and materials

The paper (Hemmen et al., 1984) explores the arrangement of all spins in fer-
romagnets at low temperatures. The concept of spin describes the rotation of a particle
around its own axis. Quantum spin systems represent a fascinating area of physics. In
these systems, spins act as nanoscale magnets and interact following the principles of
quantum mechanics. Although these magnets are atomically small, the substantial ro-
tation of electrons around their axis produces observable effects. Because spin systems
serve as primary models for quantum magnetic insulators, they are applicable to various
types of magnets (John et al., 2010).

Samuel Goudsmit’s book chronicles his collaboration with the promising scien-
tist George Uhlenbeck and their work with other notable scientists in discovering electron
spin (Albatyrova et al., 2023). Their investigations into the Pauli exclusion principle,
employing quantum numbers m1 and m2, led to the revelation that elementary parti-
cles exhibit four degrees of freedom, which affirmed the presence of electron spin. This
breakthrough also accounted for why the value of m is always either positive or negative
one-half. Furthermore, they found that elementary particles possess intrinsic magnetic
moments equal to the Bohr magneton (Li et al., 2016).

The physicist Werner Heisenberg was the first scientist to engage with the inno-
vative ideas introduced by Uhlenbeck and Goudsmit. He applied the concept of spin to
create a new approach to quantum mechanics, which later became recognized as Heisen-
berg’s quantum mechanics (Li et al., 2016).

The swift advancement of technology in the 21st century has significantly min-
iaturized our devices, leading to rapid changes in their architecture. This evolution pres-
ents challenges for scientists in data storage and conservation. Traditionally, capacitors
are used to store data through electron charges, but as these charges begin to diminish,
an alternative is sought. In this scenario, scientists opt to utilize the spin of elementary
particles to transmit information, taking advantage of the particles’ inherent property of
coherence for quicker data transfer. Yet, as storage units shrink, electron leakage occurs,
resulting in data loss. Additionally, transmitting information via spin over long distances
poses a challenge. To overcome these issues, researchers are increasingly turning to spin-
tronics as a viable solution (Li et al., 2016).

Spintronics represents an innovative area within technology. This field focuses
on studying electron spins, which can function both as information transmitters and data

10
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carriers. Leveraging these characteristics of elementary particles, it is feasible to acceler-
ate the transfer of information (Li et al., 2016).

In spintronics, electron spins are also utilized. This involves considering the rota-
tional properties of electrons. Specifically, “spin up” is visualized as having the north pole
at the top, while “spin down” represents the reverse orientation (Albatyrova et al., 2023).

Researchers have developed a novel method for data storage by substituting ca-
pacitors with a device composed of two ferromagnetic layers separated by an insulator.
In the arrangement, the domains within the first ferromagnetic layer align their vectors
uniformly when influenced by the presence of the insulator in the second layer. Electrons
are allowed to pass only when both ferromagnetic layers are aligned in the same direc-
tion, which represents a ‘one’. If the alignments differ, it represents a ‘zero’. This type of
insulator, known as a topological insulator, is set apart from other materials by its ability
to induce a directed movement of electron spins on its surface. This spin characteristic is
then utilized to facilitate information transfer.

The technique mentioned in (Albatyrova et al., 2023) can be applied to depict dy-
namic systems and provide an introduction to Lax pairs. From the research documented
by (Myrzakulov et al., 2016), it is understood that the Kuralay IIA Equation is formulated
as follows:

5. —SAS, —uS, =0, (1)
1 o
ux—i{s;}; 0, (2
where § = (51,52,53) represents a spin vector, which has a length of ¥ =1

.The Lax pair for our model is presented as follows (Myrzakulov et al., 2022; Myrzaku-
lov et al., 2016; Myrzakulov et al., 2022; Nugmanova et al., 2022)

P =Y, (3)
e = Ny, (€Y
in which
¥ = —iis, ()
24
NE1mah ©
where P we can identify as
P = 0.25([S,5.] + 2idS), %))
in this context, d denotes a scalar potential. Also, the spin vector is expressed in
matrix format
(35 57 )
s=(31 25), ®
Si = 51 i E:S:_,

We examined the Darboux method, which is a convenient technique for generat-
ing fresh solutions to nonlinear integrable equations. As described in (Albatyrova et al.,
2023), the Darboux transformation offers an entirely algebraic approach that allows for
successive continuation (Baoqun et al., 1998).

However, the Darboux transformation method, used for solving certain nonlinear
evolution equations, is comparatively simpler and more elementary, although it can still

provide soliton solutions.
11
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Soliton equations play a crucial role in various fields like nonlinear optics, deep
water wave theory, and plasma physics. Many methods exist to derive exact solutions for
these equations, including the backscattering method, bilinear method, Darboux trans-
form method, and algebraic geometry method. Numerous intriguing exact solutions have
been discovered, including the well-known pure soliton solution, finite band potential
solution, and pole expansion solution. Among these approaches, the Darboux transfor-
mation has garnered increasing attention and has seen rapid development in theoretical
studies of soliton and polarizable systems. As detailed in References (Myrzakulov et al.,
2022; Nugmanova et al., 2022; Xinhui et al., 2023), the Darboux transformation offers
a wholly algebraic and potent means of obtaining new solutions to nonlinear problems
from existing ones (Chuanzhong et al., 2012).

The Darboux transformation is a robust algebraic technique frequently utilized
to generate new solutions for nonlinear differential equations based on pre-existing ones.
It proves especially useful in soliton theory for equations like the Korteweg-de Vries and
nonlinear Schrédinger equations. An essential aspect of the Darboux transformation is its
capability to form new soliton hierarchies and investigate their bi-Hamiltonian structures.
These features are crucial for analyzing the integrability and solutions of such equations
(Chuanzhong et al., 2012). Recently, the Darboux transformation has been used to obtain
rogue wave solutions for the equations (Jieming et al., 2013).

The Darboux transformation is highly effective in deriving various solutions for
the equations, which are beneficial in elucidating phenomena in nonlinear optics (Herbst
etal., 2013).

In the article (Albatyrova et al., 2023), we achieved first fold Darboux trans-
formation for the analyzed spin system. We will use the components of the spin matrix

following expressions: _ _
(A1 = 23y,

St = St A Vo (10)
o 5__1((-111—-351)%'1’;)11 (ll)
A7y | — A5 g,
5ty = 53_1_({ 1 |a,ul|‘ﬁ 2 Ia,b_l})
x (12)

we can recognize the unknown value as A= |3y + W2l With this information,
we are now prepared to develop different types of rogue wave solutions using these val-
ues.

The next step is finding new rogue wave solutions for our model. To discov-
er the exact solution, we select a solution to the linear spectral problem, denoted as

W= (i:'-l‘liJ i:'-IJE}T in which

l}l"i — EEB[J (13)

where
, = etfs, (14)
q_'): = Eig!.l (15)

where 0 is a parameter that influences the form and dynamics of the waves. We
12
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will consider this parameter, with n, g, A variable parameters, as
8, =nx—qgt—A, (18)
8 = —(nx—qt — A), 17
According to the article (Mackenziey et al., 2019; Gilson et al., 2003), enhancing
the parameter that multiplies the nonlinear term in the nonlinear Schrédinger equation,
while keeping the initial condition u(x, 0)=sech constant, results in bound states with
progressively more solitons. This leads to much sharper spatial and temporal gradients,
posing a tougher challenge for numerical methods than previously encountered, so we
will take our seed solution by using expressions (13)-(17) in this form
S5t= gsech{d(ﬂx— It + qb):ltanh{d(nx— It + gt-)} gilnx—qr-a) {18)
5= gsech(d(ﬂx — It + q.‘:)}tanh{d(nx — It + g&-)} gilna—qr-al {19)
where the sech function describes the soliton with a hyperbolic secant curve,
known for its stability in form during propagation and interactions. The new outcomes by
using expressions (10)-(12) obtained are presented as follows:
§H = gsech{d(ﬂx —It+ q}:)}tanh{d(nx— It + g&-)} gilne—at-a) 4 (- .1:_.1}11-3‘3*':”““?*"-"), (20)
§' = gsech{d(ﬂx —It+ cp):}tanh{d(nx —lt+ g&-):} gilne—gr=a) 4 (- ,;I,,_Tl)neff':”““?"'f‘). (21)

The wave’s oscillatory characteristics are captured by an exponential term with
a complex exponent. The Python code for this simulation will be presented, along with
the corresponding results (Figures 1-2) for the expression (20)-(21). For the second rogue

waves solutions (Gilson et al., 2003), we considered the next expressions
Py = elry, (22)

i,’-l): - gf'}*’:J (23)

where 0 is a parameter that influences the form and dynamics of the waves. We
will consider this parameter, with n, q, A varjable parameters, as
yr=x*+14, (24)
yz = —(x* +t4), (25)
Expressions for the seed solutions

m(j+ Im*+rm?®)

st 5 26
1+ gm= (26)

m{j— lm*+rm?®
- = (f—ﬂ) (27}

1+gm-
here our new rogue wave expressions in the form of (28)-(29)
; 4 ;]

ot — m(j + Im +ﬂ1‘m )] i_i) xef':14+*43, 28)

1+ gm=- 1 A2

m(j — Im* +rm® 1 1 y

g- = G _ )_'_ (r__) Xe—zl_.r‘+r‘)J (29)

1+ gm=- 1 a

Results and discussion
As a result, through the application of traditional techniques for resolving non-
linear integrable equations, new solutions for rogue waves were derived using the Python
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programming language. This process allowed for the observation of three-dimensional
visualization. We get 3D model (Figures 3—4) for the equations (28)—(29).

import numpy as np

import matplotlib.pyplot as plt

from mpl _toolkits.mplot3d import Axes3D

# Constants

g=1.0,d=1.0,1=1.0, phi = 0.0, delta = 0.0, lambda_1 = 2.0, lambda 2 = 3.0,
m=1.0,q=0.0

# Define n and t ranges

n = np.linspace(-10, 10, 400)

t = np.linspace(0, 10, 400)

n, t = np.meshgrid(n, t)

# Compute the values

x=d* (n-1%*t+ phi)

term1 =g * (1 / np.cosh(x)) * np.tanh(x) * np.exp(1j * (n - q * t - delta))

term2 = (1/lambda_1 - 1/lambda_2) * m * np.exp(-2j * (n - q * t - delta))

S =term1 + term2

# Plotting

fig = plt.figure()

ax = fig.add_subplot(111, projection="3d’)

ax.plot_surface(n, t, np.real(S), cmap="viridis’) # Change np.real to np.imag or np.abs

for different properties

ax.set_title(‘Rogue wave with 1 solution”)

ax.set_xlabel(‘n’)

ax.set_ylabel(‘t’)

ax.set_zlabel(‘(S+)”)

plt.show()

Rogue wave with 1 solution
Rogue waves with 1 solution

0.4
02
0.0

-02
-0.4

Real(s-

Figure 1. A visual representation of Figure 2. A visual representation of the
the new soliton solution new solution

import numpy as np
import matplotlib.pyplot as plt
from mpl toolkits.mplot3d import Axes3D
# Constants m=1.0,j=1.0,1=1.0,r=0.1,q= 1.0, lambda 1= 2.0, lambda 2 =3.0
# Define x and t ranges

14
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x = np.linspace(-0.5, 2.5, 400)

t = np.linspace(-0.5, 2.5, 400)

X, t = np.meshgrid(x, t)

# First term calculation

first term=m * (j +1* m**4 +r * m**8) /(1 + q * m**2)
# Second term calculation (complex exponential)
coefficient = (1 /lambda 1 - 1/lambda_2)

second_term = coefficient * x * np.exp(1j * (x**4 + t**4))
# S’ expression

S = first_term + second_term

# Plotting

fig = plt.figure()

ax = fig.add_subplot(111, projection="3d’)
ax.plot_surface(x, t, np.real(S), cmap="viridis’)
ax.set_title(‘Real Part of S+\*)

ax.set_xlabel(‘x’)

ax.set_ylabel(‘t")

ax.set_zlabel(‘Real(S+\")")

plt.show()

Real Part of S+'

Visualization of S a5 a Potential Solitonike Solution

ES

=
N
Real(s+')

=
o

Figure 3. Simulation of the Figure 4. Simulation of the

This article delves into the computational modeling of physical phenomena uti-
lizing the Python programming language. The investigation culminates in an examination
of rogue waves as nonlinear differential equations. These waves are described by the non-
linear differential equation. Through the application of the Darboux method for solving
the model, we obtained new solutions with new root equations

Conclusion

In conclusion, this research has demonstrated the importance of employing infor-
mation technology tools to simulate rogue waves, aligning with the current trend of inte-
grating natural phenomena with programming. We obtained the subsequent findings: (1)
Novel seed solutions equations were employed for resolving our model (1)—(2), (2) Py-
thon was utilized for the emulation of a physical phenomenon, specifically rogue waves.

Through the manipulation of frequency, amplitude, and other parameters within
a programming framework, significant outcomes can be achieved. This study has fo-
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cused on employing the Darboux transform, a method for solving nonlinear differential
integrable equations, to model rogue waves with Python. Using programming languages
for such modeling not only establishes a theoretical foundation but also offers insights
into mitigating rogue wave disasters in marine environments. By understanding and ma-
nipulating three-dimensional rogue waves, this research contributes to enhancing safety
measures and minimizing the impact of rogue wave incidents in nature.

REFERENCES

Albatyrova M.B. Sagidullayeva Zh.M. (2023). Rogue wave and soliton solution for the nonlinear integrable spin model. —Re-
ports of the national academy of sciences of the republic of Kazakhstan. — ISSN 2224-522. — 2. — 346. — Pp. 19-26. — UDC
530.182. https://doi.org/10.32014/2023.2518-1483.206. (in ENG).

Backer A. (2007). Computational Physics Education with Python. Computing in Science & Engineering. — 9 (3). —
30-33. https://doi.org/10.1109/MCSE.2007.48 (in ENG).

Baoqun L.U., Yong He., Guangjiong Ni. (1998). A Method for Obtaining Darboux Transformations. Journal of Non-
linear Mathematical Physics. — 5(2). — 140-148. https://doi.org/10.2991/jnmp.1998.5.2.5. (in ENG).

Chuanzhong L.ly., Jingsong He. (2012). Darboux transformation and positons of the Inhomogeneous Hirota and The
Maxwell-bloch equation. arXiv: Exactly Solvable and Integrable System. — https://doi.org/10.48550/arXiv.1210.2501.
(in ENG).

Hager J. (2024, April 24). Primary cause for the formation of rogue waves found. Polar Journal AG. — https://polar-
journal.ch/en/2024/04/18/primary-cause-for-the-formation-of-rogue-waves-found/. (in ENG).

Hemmen J.L., Brito A.A.S., Wreszinsli W.F. (1984). Spin Waves in Quantum Ferromagnet. Journal of Statistical Phys-
ics. — 37(1):187-213. — http://dx.doi.org/10.1007/BF01012911. (in ENG).

Herbst B.M., Morris J.LL., Mitchell A.R. (1985). Numerical experience with the nonlinear Schrodinger equation.
Solitons and Nonlinear Wave Equations. — 60(2). — 282-305. https://doi.org/10.1016/0021-9991(85)90008-7. (in ENG).

Gennadiy B. Yessica Y. Calderon-Segura (2023), Application of Python 3.9 framework to investigate the dynamics
of vortex-solitons. Programacion Matematica y Software. — 15(1): 1-8. — ISSN: 2007-3283. https://doi.org/10.30973/
progmat/2023.15.1/1. (in ENG).

Gilson C.J., Hietarinta J. Nimmo Y. Ohta. (2003). The Sasa-Satsuma higher order nonlinear Schrodinger equation and
its bilinearization and multi-soliton solutions. — Exactly Solvable and Integrable Systems. — https://doi.org/10.1103/
PhysRevE.68.016614. (in ENG).

John, B.P., Damian, J.J.F. (2010) An Introduction to Quantum Spin System. Lect. Notes Phys. 816. Berlin: Springer,
Berlin Heidelberg, 11 p. ISBN: 1-280-38212-0. (in ENG).

Jieming Yang, chuanzhong li, tiantian li, zhaoneng cheng (2013). Darboux Transformation and Solutions of
the two-component Hirota-Maxwell-Bloch system. arXiv: Exactly Solvable and Integrable Systems. — https:/doi.
org/10.1088/0256-307X/30/10/104201. (in ENG).

Li, X., Yang, J. (2016) First-principles design of spintronics materials // National Science Review. — Oxford: Oxford
University Press. — Ne3. — Pp. 365-381. http://dx.doi.org/10.1093/nsr/nww026. (in ENG).

Myrzakulov R., Nugmanova G., Sagidullayeva Zh., Serikbayev N., Yesmakhanova K., and Yerzhanov K. (2022). Inte-
grable generalized Heisenberg ferromagnet equations in 1+1 dimensions: reductions and gauge equivalence, arXiv:Exactly
Solvable and Integrable Systems. — http://dx.doi.org/10.48550/arXiv.2205.02073. (in ENG).

Myrzakulov R., Nugmanova G., Yesmakhanova K., Yersultanova Z.S., Zhassybayeva M. (2016). Darboux Transfor-
mation and Exact Solutions of the Integrable Heisenberg Ferromagnetic Equation with Self-Consistent Potentials. — Inter-
national Journal of Geometric Methods in Modern Physics 5. — 13(01). — http://dx.doi.org/10.1142/s0219887815501340.
(in ENG).

Myrzakulov R., Nugmanova, G., Sagidullayeva, Zh.M., Yesmakhanova, K. (2022). Soliton solutions of the Kuralay
equation via Hirota bilinear method. Symmetry. — 14(7). — 1374. http://dx.doi.org/10.3390/sym14071374. (in ENG).

Mackenziey J.A., Mekwi W.R. (2019). An hr-Adaptive Method for the Cubic Nonlinear Schrodinger Equation. Nu-
merical Analysis. — https://doi.org/10.48550/arXiv.1907.02472. (in ENG).

Nugmanova G.N., Sagidullayeva Zh.M., Serikbayev N.S., Myrzakulov R. (2022) Integrable Kuralay equations: ge-
ometry, solutions and Generalizations, Symmetry. — 14(7). — 1374. — 1-16. http://dx.doi.org/10.3390/sym14071374.
(in ENG).

Xinhui Wu., Jiawei Hu., Ning Zhang (2023). Solution of High-Order Nonlinear Integrable Systems Using Darboux
Transformation. Axioms. — 12(11). — 1032. https://doi.org/10.3390/axioms12111032. (in ENG).

16



Reports of the Academy of Sciences of the Republic of Kazakhstan

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN

ISSN 2224-5227

Volume 2. Number 350 (2024), 17-30

https://doi.org/10.32014/2024.2518-1483.274

© N. Beissen'", H. Quevedo'*?, S. Toktarbay', M. Zhakipova'!, M. Alimkulova’,

2024
'al-Farabi Kazakh National University, Almaty, Kazakhstan;
Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de México, Mexico;
*Dipartimento di Fisica and ICRA, Universita di Roma “La Sapienza”, Roma, Italy.
E-mail: nurzada.beissen@kaznu.edu.kz

CURVATURE EIGENVALUES OF THE Q-METRIC

Beissen Nurzada — Candidate of Physical and Mathematical Sciences, Associate professor, Dean of the
Faculty of Physics and Technology, al-Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: nurzada.beissen@kaznu.edu.kz, https://orcid.org/0000-0002-1957-2768;

Quevedo Hernando — PhD, Professor al-Farabi Kazakh National University, Almaty, Kazakhstan; Instituto
de Ciencias Nucleares, Universidad Nacional Autonoma de México, Mexico, Dipartimento di Fisica and
ICRA, Universita di Roma “La Sapienza”, Roma, Italy

E-mail: quevedo@nucleares.unam.mx, https://orcid.org/0000-0003-4433-5550;

Toktarbay Saken — PhD, Associate professor, al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: Saken.Toktarbay@kaznu.edu.kz, https://orcid.org/0000-0002-5699-4476;

Zhakipova Madina — master, student of PhD doctoral, al-Farabi Kazakh National University, Almaty,
Kazakhstan

E-mail: madina.zhakipova@mail.ru, https: https://orcid.org/0000-0003-2071-5911;

Alimkulova Madina — master, student of PhD doctoral, al-Farabi Kazakh National University, Almaty,
Kazakhstan

E-mail: m.alimkulova@mail.ru, https://orcid.org/0000-0003-4977-7980.
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of the complex dynamics in such gravitational fields and emphasize the significant role
that higher-order mass moments, such as the quadrupole, play in shaping space-time
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of gravitational fields under the influence of intricate mass distributions, particularly in
extreme astrophysical conditions.
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AnHoTaums. byn  3eprreyne = PuMaHHBIH ~ KUCBIKTBIK ~ TEH30PbIMEH
OaiiTaHpICTBl ~ MEHIIIKTI ~ MOHJEpiHE  KEHICTIK  TeH  YaKbITTBIH  epeKIle
KOHQUTYpanusIapblHIa JKaH-)KaKThl Talfay >Kacalabl. byim KeHICTIK MeH yaKbIT
MaccaHblH JeQopMalusiiaHFaH TapajlyblHa OalaHBICTBl T'PAaBUTAIMSUIBIK dcepIi
KaMTuAbl. bBi3giH  TannaybIMBI3NBIH — KINTI-OPTaldblK TPAaBUTAIMSUIBIK  OOBEKTTIH
Maccachl MEH KBJPYIOJNAJblK MOMEHTIH CHIATTay YVIIH MaHBI3ABl €Ki HaKThI
rmapaMeTpMEH aHBIKTaJIFaH METpHKa. bipereil Hopce-OyiI OpTaNbIK OOBEKT CHIPTKBI
KEHICTIK yakKpIThIHAaH Maccara coiikec keneriH IlBaprmmmnsx  pannmyceiHma
OpHAACKAaH JKaJaHAI CHHTYJISIPIBIKIICH OoliHTeH. bi3IiH HoTHKenepiMi3 OpTaIIbIK KO3Te
JKaKbIHJaFaH CalbIH KBaJPyIOJh KOMIIOHEHTIHIH ocepi aWTapibIKTail afKbIH OOJIBIIL,
MEHITIKTI KHCBHIKTBIK MOHICPIHIH OPEKeTIH alTapibIKTall ©3repTeTiHiH KOPCETEi.
Keit6ip sxarmaitmapaa keiOip MEHIIIKTI MOHIEPIiH OENrici e3repeTiHi ocepiti-0i3 OHBI
WTEPTIll TPABUTANMSIBIK KYIITEPIiH OpEKEeTIHIH OeNrici peTiHme TyciHmipeMi3. by
uaesIap OCBIHIAW TPaBUTANMSUIBIK — epicTepli OackapaThlH Kypaeli JuHaMHKa
Typajibl TYCIHITIMI3ZI KEHEHTIm KaHa KOWMaMpl, COHBIMEH KaTap KBaJPyIOIb CHUSKTHI
JKOFaphl PETTI MaccalblK MOMEHTTEPIHIH KEHICTIK TeH YyaKbIT KHCHIFbIHA THTI3€TiH
MaHBI3/IbI dcepiiepiH KepceTeni. by 3eprTTey, acipece dKCTpeManibl acTpOPUIUKAIBIK
KarJainap/ia, MaccaHblH KYpZAeNi TapalybIHBIH SCEPiHEH TPaBUTANMSIBIK OPiCTEepiH
KAaCHETIH Of[aH dpi 3epTTeY/iH HETi31H Kajlaybl MyMKiH.

Tyiin ce3aep: KUCHIKTHIKTHIH MEHIIIKTI MOHIEpi, KBaJIPYIOJIbIIK MOMEHT, (-
MeTpHKa, TeOyIIIi TpaBUTAIHS
3epmmey Kasaxcman Pecnybnukacwl Foinvim dicane scogapsl Oiim MuHucmpiicl
Forroim komumeminiy (epanm Ne AP14869876) kaparcoliblk KoIOaybiMeH dcy3ece
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AnHOoTaumMs. B 2Tol cTaThe MPOBOIWTCS NETANBHBINA aHATU3 COOCTBEHHBIX
3HAUYCHWN TEH30pa KPWBHU3HBI PHMaHa B KOHKPETHOH KOH(HTypamuu MpOCTPAHCTBA-
BPEMEHH, MOJIBEPKEHHONW BO3JEUCTBUI0O MCKAKEHHOTO pacrpeneieHus maccbl. Hare
BHAMaHHE COCPEJOTOYEHO Ha METPUKe, XapaKTepu3yeMon ABYMS KIFOYEBBIMU
rapaMeTpaMu, TMPEACTABISAIONIMIMA MacCy W KBaAPYMOIbHBI MOMEHT IEHTPaTLHOTO
TPaBUTAI[MOHHOTO WCTOYHWKA. OJTOT HCTOYHUK SBHO OTHEIIEH OT OKPYIXKAIOIIETO
MIPOCTPAHCTBA-BpEMEHN O0OHAKEHHON CHHTYIISIPHOCTHIO Ha paanyce LlIBapimminsaa ams
JMAaHHOW Macchl. Hammm pe3ynbTaThl MOKa3bIBaIOT, UTO C MPUOIMKEHNUEM K IIEHTPATBHOMY
WCTOYHHUKY BIUSHHE KBAJIPYIIOJFHOTO KOMIIOHEHTa CTAHOBHTCS 3HAYMTEIHHO Ooee
BBIP@XEHHBIM, YTO TPHUBOJUT K 3aMETHBIM HM3MEHEHHMSIM COOCTBEHHBIX 3HAYCHUU
KPUBHU3HBL. DTO BKJIIOYAET CITydau, KOT/Ia HEKOTOPhIE COOCTBEHHBIE 3HAYEHHS] MEHSIOT
3HAaK, YTO MBI HHTEPIPETHPYEM KaK NPU3HAK OTTAJIKUBAIONIMX T'PABUTAIMOHHBIX
CWI. DTH BBIBOJABI DPACHIMPSAIOT Halle TOHUMAaHWE CIIOKHOW IWHAMUKA B TaKHX
TPaBUTAIIMOHHBIX TOJSAX M MOMYEPKUBAIOT BAXHYIO POJIb BBICIIMNX MOMEHTOB MAacChI,
TaKAX KakK KBaJpymoiab B (OPMHUPOBAHWH KPHUBHU3HBI MPOCTPAHCTBA-BPEMEHH. IJTO
WCCIIEIOBAHNE 3aKJIa/IbIBACT BAXHYIO OCHOBY JUIA OYIYIINX MCCIEIOBAHUI MMOBEICHUS
TPaBUTAIIMOHHBIX TIOJIEH MO BIUSHUEM CIIOXHBIX PACIpe/leIeHnii MacChl, 0COOEHHO B
IKCTPEMaJIbHBIX aCTPOPU3NIECKIX yCIOBHSIX.
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KnrueBbie cioBa: CcOOCTBEHHblE 3HAYEHUS KPHUBH3HBI, KBaJPYINOJIbHBII
MOMEHT, (-METPHKA, OTTAJIKUBAIOLIAs] [PAaBUTALIUS

Introduction

General relativity stands as a foundational theory elucidating the dynamics of
gravitational interactions. When dealing with compact celestial bodies, gravitational fields
arise from mass distributions, which may exhibit either rotational or stationary charac-
teristics. The most basic stationary solution to Einstein’s equations is the Schwarzschild
solution, portraying the gravitational field stemming from a spherically symmetric mass
distribution. A significant feature of this solution, per Birkhoff’s theorem, is its exclu-
sivity as the sole spherically symmetric vacuum solution to Einstein’s equations. This
theorem also implies the absence of spherically symmetric gravitational waves.

Following the discovery of the Schwarzschild solution, Weyl (Weyl, 2012:
779-810) derived the most general stationary, axially symmetric vacuum solution, ex-
pressed in cylindrical coordinates. The Weyl solution is formulated as an infinite series
with arbitrary coefficients, theoretically encompassing any axially symmetric solution.
The solution’s multipole moments are determined by these coefficients, as demonstrated
through the calculation of relativistic and invariant Geroch multipole moments. Notably,
the Schwarzschild solution emerges as a specific case within this framework, represented
by an infinite series with predetermined coefficients.

An alternative approach, introduced by Erez and Rosen, involves considering
only one additional multipole moment for the mass distribution. Specifically, the explicit
metric expression for a mass possessing a quadrupole moment was derived. Presently,
numerous solutions serve as generalizations of the Schwarzschild solution with a quad-
rupole (Frutos-Alfaro et al., 2018: 170826). This divergence arises from the absence of
uniqueness theorems, allowing for multiple exact solutions describing the gravitational
field corresponding to a point mass with a quadrupole.

This study concentrates on a particular solution, proposed as the simplest ex-
tension of the Schwarzschild solution incorporating a quadrupole (Quevedo, 2011:
1779-1787). This solution is derived by applying a Zipoy-Voorhees transformation to
the Schwarzschild solution, resulting in the Zipoy-Voorhees metric, also known as the
y-metric or d-metric. To underscore its interpretation as a quadrupolar metric (q-metric),
we designate it as such.

Our investigation delves into the properties of the g-metric by scrutinizing the
behavior of its associated Riemann curvature tensor. We employ the eigenvalues of the
curvature tensor, scalar quantities offering coordinate-independent results, as proposed
in (Quevedo, 2012: 35-52). This invariant approach facilitates the comparison of differ-
ent metrics along a given hypersurface. Research in this area remains ongoing (Gutiér-
rez-Piferes et, al., 2019: 135003; Gutiérrez-Pineres et, al., 2022: 035015). The curvature
eigenvalues have also been utilized to define the concept of repulsive gravity invariantly
(Luongo et al., 2012: 1029-1031; Luongo et al., 2014: 084032). In our study, we employ
this approach to identify regions within the q-metric’s spacetime characterized by repul-
sive gravity effects.

This article unfolds as follows: Section II presents the g-metric and reviews its
significant physical and geometric attributes. We interpret this vacuum solution as de-
picting the gravitational field of a naked singularity, implying that a mass distribution’s
quadrupole moment can be construed as a source of naked singularities. Section III elu-
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cidates the methodology for calculating curvature eigenvalues using the formalism of
differential forms and Cartan structure equations. In Section IV, we analyze the behavior
of the g-metric’s curvature eigenvalues, revealing locations within its spacetime where
these eigenvalues transition from attractive to repulsive, indicative of repulsive gravity.
Finally, Section V summarizes and discusses our findings.

Research object, materials and methods

The g-metric

We consider the line element of the g-metric in spherical coordinates (t , 7, 0, (p)
as follows (Boshkayev et al., 2016: 024024)

l+q -q 2 .2 *‘I(zﬂl) 2
ds? =[1-2) g —[122) || 14 2S00 LA ag? |+ sin® 0dg? |,
¥ —2mr ) (1) 1_2m
.

1)

where m and q are constant parameters. In the limiting case q = 0, the g-met-

ric reduces to the standard Schwarzschild metric in spherical coordinates. It is an exact

solution of Einstein vacuum equations with the property of being asymptotically flat.

The physical meaning of the parameters m and q can be determined by calculating the

corresponding multipole moments. We use the Geroch relativistic definition of multipole

moments, which leads to invariant results independently of the coordinates. The main
mass multipole moments , n =0, 1, are given by

M, = (1+ q)m,
. @
M, :—?q(l+ q)(2+ q).

Multipole moments of higher order are proportional to mq and, therefore, can
be completely rewritten in terms of M and M,. Consequently, the arbitrary parameters
m and q determine the mass and quadrupole, which are the only independent multipole
moments of the solution. In the limiting case q = 0, there remains only the monopole M0
= m as expected for the Schwarzschild spacetime. Moreover, as a consequence of the
symmetry of the solution with respect to the equatorial plane, all odd multipole moments
are identically zero.

Two important limits of the multipoles of the g-metricare m —> Qwith # 0

and ¢ —> —1 with m # 0. In both cases, all the multipole moments vanish identical-
ly and the corresponding limiting metric can be shown to be equivalent to the Minkowski

metric. This means that the limit A/ 0 = 0 leads of a flat spacetime because it corre-
sponds to the case in which no mass 1s present. This suggests that as q approaches zero,
the spacetime tends towards flatness, indicating the absence of mass. Essentially, in the
absence of mass, there can be no quadrupole, reflecting a physically reasonable condition.
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The above results show that the g-metric describes the gravitational field of a

spherically symmetric distribution of mass with total mass M o and quadrupole M, . By
calculating the Newtonian limit of the g-metric with the corresponding quadrupole, one

can show that positive (negative) values of M , correspond to prolate (oblate) mass dis-

tributions.
The presence of curvature singularities can be confirmed by examining the Kret-

schmann scalar ' = R ; R™** which in this case becomes
UVAT

1

C16m>(1+q) (7 —2mr + m*sin? 0)""0 T Lr.6)

2 2
r4(2+2q+q ) (1 _ 2m / r)2(q +g+1) (3)

With

L(r,@) = 3(r —2m— qm)2 (rz —2mr + mzsinzé’) + q(2 + q)mzsinzﬁ X

x[q(z +q)m* +3(r—m)(r—2m- qm)]
“
The limiting Schwarzschild case (q = 0) corresponds to the value

K = 48m*/ 7”6, which shows only one singularity at # = 0. In general, the Kret-

schmann scalar (3) diverges at the origin (# =0) and at the Schwarzschild radius

(l’ = 2m) , which represents the exterior curvature singularity. Since no horizons are

present in this spacetime, the singularity at #» = 2m

(©)

Fig. 1: Curvature singularities of the q—metric.
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The singularities at # = 2mand at ¥ = 0 exist for any value of the param-

eter q. The singularity in the region 0 < 7 < 2m is present only for some values of
the parameter q

is naked. The singularity at the origin is present for all real values of
q- Moreover, the Kretschmann scalar diverges at the surfaces defined by the

condition 7> —2mr+m’sin°@=0 for those values of q in the interval

qe (—1,—1 + 3/ 2] \ {O} . Thus, we see that the presence of a quadrupole turns
the Schwarzschild horizon into a naked singularity. In Fig 1, we illustrate the locations of
singularities of the spacetime described by the q — metric. Of particular significance for

our subsequent analysis is the singularity at # = 2m separates the exterior spacetime,

r > 2m, fromthe interiorone 0 < 7 < 2m . Therefore, in the following sections
we will limit ourselves to the study of the exterior part of the spacetime.

Curvature eigenvalues

The primary reason for analyzing the eigenvalues of the Riemann curvature ten-
sor is that these scalar quantities allow for an invariant characterization of gravitational
interactions. To compute the eigenvalues, we will utilize the formalism of differential

forms, wherein the line element of a metric with coordinates X is represented in terms

of local tetrads (1-forms) G’ as (Bernard et al., 2009: 419; Hawking et al., 2023: 391)
ds* = g,dx" ®dx" =n,9'® 8, 65)

where 77, = diag (—1, L1, 1) is the local Lorentzian metric and the tetrads are

given in terms of the tetrad vectors €’ 4 a8
G =e" dx".(6)

The connection 1-form @* » and the curvature 2-form are determined through the
Cartan structure equations

d3 =-ao", NS, (1)

Q) =do", + 0, N, (8)

where d is the exterior derivative and A the exterior product. Finally, the components of

the Riemann curvature tensor Rabcb are determined in terms of the components of the
curvature 2-form as
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QQ;:%RQMSCAgf(%

The non-zero components of the curvature tensor can be put together as a 6 x 6
matrix

ROIOI R0102 R0103 R0123 R0131 R0112
RO20 1 R0202 R0203 R0223 R023 1 ROZ 12
RAB — 20301 20302 20303 20323 20331 20312 (10)
2301 2302 2303 2323 2331 2312
R3101 R3102 R3103 R3123 R3131 R3112
RIZOI RIZOZ R1203 R1223 Rl231 R1212

Furthermore, since the components of the curvature tensor satisfy the symme-

tryR, , = R, the matrix R, is symmetric and contains only 21 independent
components. If we take into consideration the algebraic Bianchi identity, the number of
independent components is further reduced.

R =0,11)

a [bcd ]

which in terms of the components of the matrix R 4 can be expressed as

R, +R,,+R;,=0,(12)

the number of independent components reduces to 20, as expected for the Rie-
mann tensor in four dimensions. The eigenvalues of the curvature tensor can then be

easily determined as the eigenvalues of the matrix R .

Results

We now proceed to calculate the curvature matrix for the g-metric. The compo-
nents of the tetrad vectors can be selected as follows:

,(q ;

=1 f2 f2 ,(13)
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N q q q
N L
e, =12/, ,e, = f, *rsind, (14)

where

2m m’sin” 6
fi=1- =1+ 22 )
r r-—=2mr
To avoid confusion, in the above equations, we have marked the indices relat-
ed to local tetrads with a hat. The calculation of the connection 1-form and curvature
2-form is straightforward. Subsequently, the curvature matrix is constructed based on
the non-vanishing components of the Riemann tensor. It turns out that the only non-ze-

ro components of the curvature matrix are: R, R,, R,,, Ry;, R, R,5, Rq;

, andR66. We will limit ourselves to the analysis of the curvature on the equatorial

plane@ = 7r / 2, where the non-diagonal components of the curvature matrix van-

ish, i.e., R12 (19 =/ 2) = R45 ((9 =r/ 2) =0. Consequently, the eigenvalues

A, i =12, .., 6,of the matrix R, coincide with the corresponding diagonal
components. Finally, we determine that on the equatorial plane, the curvature eigenvalues
can be represented as:

(4m2 +5m’q” +8m’q+m’q’ —2mrq® —8mrq —6mr +2r’q + 2 )m

h=h= r3(r2—3mr+2m2) *

Xfquzq(2+q) (16)

_m(m’q’ +4m’q’ +5m’q+2m’ —mrq® —4mrq —3mr+r’q+r?) y

b= r3(2m2 —3mr+r2)

q £q(2+q)
<H' 1

)

B (mq2 +3mq+2m—rq—r)m

:—ﬂ/ — q q(2+q)
4 ¢ r3(2m—r) g

(18)
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where the function f2 is evaluated on the equatorial plane. We see that all the

information about the curvature is contained in the eigenvalues /11 R ﬂz , and 23 . In the
limiting case with

i
m{w{
| .‘" IA'

Fig. 2: The curvature eigenvalues of the g-metric as functions of the radial co-

ordinate » and the quadrupole paramenter ¢ . The mass parameter has been chosen as

m =1
g = 0, the eigenvalues reduce to
m 2m
12:%2_37}1:__23 (19)
r r

which are the curvature eigenvalues of the Schwarzschild metric. Notice that

all the eigenvalues vanish for ¢ = —1 and arbitrary m and for 7 = 0 and arbitrary g,
indicating that the resulting spacetime is flat. This confirms the result obtained above by
using the expressions for the multipole moments and the g -metric.
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Discussion

Now, we explore how each eigenvalue behaves concerning both the radial coor-
dinate and the quadrupole parameter. The outcomes of our investigation are illustrated
in Fig. 2. It becomes evident that all eigenvalues exhibit divergence as the hypersurface

7 =2m as the hypersurface is approached, signaling the presence of a curvature sin-
gularity. Furthermore, as the radial coordinate increases, the eigenvalues tend asymp-
totically to zero, confirming the asymptotic flatness property of the g-metric. The most

intriguing behavior is observed at the singularity located at » = 2m is approached. In
fact, we see that /1, is always positive in the entire domain shown in Fig. 1. This is not

true in the case of /7,2 and 5. Indeed, we see that these eigenvalues reach a maximum

value and then change their sign close to the curvature singularity located at ¥ = 2m.
This behavior will be investigated in the next section.

To understand the change of sign in the curvature eigenvalues ﬂ,z and ﬂ3 , We
now consider a particular case for oblate, ¢ <0, and prolate, ¢ > 0, mass configura-
tions. The results are illustrated in Fig. 3. In the oblate case(q = —0.5) , we see that 4,

changes its sign as the singularity is approached. Instead, ﬂj increases its close to the

singularity, without changing its sign. In the case of prolate objects (q = —0.5), the

roles are interchanged and it is ﬂ.3 , which changes its value from positive to negative.
We obtained similar results for other arbitrary values of the quadrupole parameter q. We

conclude that, in general, the eigenvalue /12 (ﬂ,j ) describes the change of behavior in the

case of oblate (prolate) mass distributions.
|‘ 0.20

0.4

0.15

|
|
|

0.10

0.05

Fig. 3: The curvature eigenvalues 2,2 and 2,3 as functions of the radial coordi-
nate 7 for ¢ =—0.5 (left panel) and ¢ = 0.5 (right panel)
For specificity, let’s consider the scenario of an oblate object with g =—0.5.
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From Fig. 3 (left panel), it is evident that /12 increases as the singularity is approached,

reaching a maximum value at a specific radius 7 = 7, - and and subsequently decreases

until it changes signat 7 = 7, . This behavior is interpreted as a manifestation of re-
pulsive gravity. The repulsion is characterized by two critical radii: the repulsion radius,

denoted as 7, , which signifies the onset of repulsion, and the dominance radius, 7,
, indicating where repulsive forces outweigh attractive ones. Generally, the repulsion

radius can be defined as the location where the first local extremum appears in ﬂz as the
object is approached from infinity, i.e.,

oA
—= =0, (20
ar r=r,
whereas the dominance radius is determined by the condition
A, = 0. 21

In the particular case ¢ =—U , we obtain from the above conditions that

r, =24lmandr, ~2.15m.

In Fig. 4, we show the behavior of the eigenvalue /12 as representing the in-
tensity of the gravitational interaction. This illustration can be interpreted as follows. A
free particle moving to the central object from any direction on the equatorial plane will
experience first an increase of the gravitational attraction, which reaches a maximum at

¥, . Then, as the oblate object is further approached, the interaction decreases until it

vanishes at 7, and from this place on the particle starts to experience a repulsive force.

Fig. 4: Three-dimensional representation of the eigenvalue ﬂ,z on the equatorial
plane of the g- metric
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In the case of prolate objects (q > 0), similar conditions can be defined with /13

instead of A, . For the particular case of a mass distribution with ¢ =0, we obtain

r, =2.96mandr, =u m.

Conclusion

In this study, we have examined the curvature of the g-metric as a metric for
gravitational interaction. To achieve this, we computed the eigenvalues of the Riemann
curvature tensor using local tetrads and the formalism of differential forms, ensuring that
the results are independent of the coordinate system.

We derived the explicit form of all curvature eigenvalues on the equatorial plane
of the g-metric. Notably, we observed that some eigenvalues exhibit distinct behavior by
transitioning from positive to negative values in a region close to the curvature singular-

ity located at the hypersurface # = 2m . We interpret this phenomenon as indicative of
repulsive gravity near the naked singularity described by the g-metric.

Using the curvature eigenvalues, we characterized repulsive gravity in terms of
two specific distances: the repulsion radius, which marks the onset of repulsion, and the
dominance radius, indicating where repulsion surpasses attraction.

Our analysis focused exclusively on the equatorial plane. Future research should
explore the behavior of the eigenvalues as functions of the angular coordinate 66. This
remains a significant task for subsequent studies.
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Abstract. This review article describes a class of cesium-based double halide
perovskites. Their potential use as solar cell elements and methods for obtaining these
materials are considered. General method of synthesis of double halide perovskites is
based on dissolved poly-crystalline powder of starting material in hydrohalic (HX, X =
Cl or Br)/hypophosphorous acid mixed solvent. The Goldschmidt factors and the octa-
hedral factor are calculated to analyze the stability of the crystal structure and spherical
environment for a number of double perovskites. An analysis of the band gap, absorption
spectra, and photoluminescence spectra was carried out. Double perovskites are wide-
gap semiconductors with direct and indirect band gaps. The bandgap may vary depending
on the acquisition method. Absorption spectra lie in the ultraviolet and visible region.
Double halide perovskites with a broad absorption spectrum are potential solar cells. Pho-
toluminescence maxima are located from 400 nm to 700 nm. The peak position depends
on doping with different ions. The absorption and emission spectra undergo significant
changes when mixing double halide perovskites with different cations and changing their
ratio. Excellent activators are chromium, silver, magnesium. It is shown that the alloyed
double halide perovskites exibit improved optical properties due to the defect tolerance,
synergetic effects and other factors.
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AHHoTanus. bys mony makanacelHIa 1I€3MH HETI31HIEeri KocapiiaHFaH
raJIoN/ITI TMEPOBCKUTTEP KIachkl cunaTrTtanrad. OmapablH KyH OaTapesuiapblHBIH
AIIEMEHTTEPl PETIHAE SNeYyeTTI KOJAAHBUIYbI >KOHE OChl MaTepHallgapbl aly
onictepi KapacTeipbuiaasl. Koc rajgorenii nepoBCKUTTEPAl CHHTE3ACYA1H Kbl
omici ruapoxanmukanblk (HX, X=Cl Hemece Br)/runodochop KbIIIKBUIBIHBIH
apanac epiTkimiHaeri 0acTankbl MaTEPHAIIBIH EPITUITeH IMOJU-KPUCTAIIBI
YHTarblHa HerizaenreH. [onamMuAr (akTopaapbl MEH OKTadIpiikK (akTop
Oipkatap KOC MEPOBCKHUTTED VIIIH KPUCTAIJIBIK KYpPBUIBIM MEH chepabiK
OpTaHBIH TYPAKTBUIBIFBIH TaJIJay YILUIH €cenTeliHreH. ThIibIM caJblHFaH 30HA
€HIHe, JKYTBULy CHEKTpJepiHe >KoHE (OTOMIOMUHECICHIIUS CIIEKTpJIepiHe
tannaay xyprizuial. Kocapinanran nepoBCKUTTEp-TiKeNel KoHE KaHaMa ThIHbIM
CaJIbIHFaH 30Hajapbl 0ap KeH 30HaNbl KapThlIal eTKi3rimrep. OTKI3y Kadineri
any oxiciHe OalnaHbICTBI ©3repyl MYMKiH. JKYThlTy cHekTpiepi yiabTpaduosier
JKOHE KOpIHETiH aiiMakTa >kaTelp. KeH >KyTbuly crhekTpi Oap KocapiiaHraH
raJloN/ITI TMEPOBCKUTTEP MOTEHIMANIIbl KYH Oarapesuiapbl OOJBIN TaObLIAJbI.
dortomoMuHecHeHIUSHBIH Makcumymaapsl 400 vm-gen 700 HM-re neiiH
opHanackaH. IIIbIHHBIH OpHamacysl op TYpJi HOHAApMEH OeNceHaipiayiHe
OaiinanbicTel. Kocapnanran rajaouaTi MEPOBCKUTTEPIl SPTYpPJi KaTHOHAAPMEH
apanacTbpy >KOHE OJIApJAbIH apaKaThIHACHIH ©3repTy Ke31HIE >KYThULY >KOHE
coylie WIbIFapy CHEKTpliepl alTapiblKTail esrepicrepre yuublpaiiael. Tuimui
aKTUBaTOpJap-XpoM, Kywmic, MarHuid. JlerupnenreH KocapiiaHFaH TaJOU[TI
MEPOBCKUTTEP aKayJapra TO3IMAUIIKKE, CHHEPIeTUKAIIBIK dcepiiepre koHe 0acka
dakropnapra O0alIaHBICTBI )KaKCAPTHUIFAH ONTUKAIIBIK KACUETTEPre Ue eKeHJIIr1
KOPCETIITCH.

Tyiiin ce3aepi: KocapiaHFaH rajlouATI HEPOBCKUTTEDP, KYH YSIIBIKTAPHI,
TBIMBIM CaNbIHFAH 30HA, CHUHTE3, [ ONBIUIMHUITIH TOJIEPAHTTUIIK (HAKTOPBI,
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AnHoTanusi. B 1anHOM 0030pHOM CTaThe OMUCHIBACTCS KJIACC JTBOMHBIX
raJIONIHBIX IEPOBCKUTOB HA OCHOBE 11e3usl. PaccmaTpuBaeTcs UX MOTEHIMATBHOE
MPUMEHEHHE B KAyeCTBE OJJIEMEHTOB COJIHEYHBIX OaTapeii U CIOCOOBI
MOJIy4eHUsI 3TUX MarepuasnioB. OOmMII METOJ CHUHTE3a JABYXIaJOTE€HUIHBIX
MEPOBCKUTOB OCHOBAaH Ha PACTBOPEHHM MOJUKPUCTAIIMUYECKOrO IOPOIIKa
HCXOJIHOTO MaTepuajia B CMECH Tallor€HOBOJOpoaHOM kuciaotel (HX, X=Cl
umu Br) u dochopuctoBogopoaHoit kucaotel. Koaddurmumentsr 'onpammuara
U OKTadJIpu4ecKkrue Kod(PPUIMEHTH pacCUMTAaHBl IJIsi aHalu3a CTaOMIBHOCTH
KPUCTAITTNYECKON CTPYKTYpPBI U CHEPUUECKOTO OKPYKEHMsSI IS psijia JBOMHBIX
MEPOBCKUTOB. bbbl NpoBeJeH aHaIN3 IIWPHHBI 3aMPEleHHON 30HBI, CIEKTPOB
MOTJIOLIEHUSI U CHEKTPOB (OTONIOMHUHECHECHUIUU. J[BOIiHBIE MEPOBCKUTHI
MPEACTABISAIOT COOOH MUPOKO30HHBIC MOTYIPOBOJIHUKHN C MPSMON M HETIPSIMOUN
3anpenieHHoM 30HOM. [llupuHa 3ampenmeHHOW 30HbBl MOXKET BapbUPOBATHCS
B 3aBUCHMOCTH OT MeToAa mnoiydyeHuss. CHeKTphl NOTJIOMICHHS JIeXKaT B
yIbTparoIeTOBOM M BUAMMOM 0OJacTsAx. J[BOWHBIE TaJOUIHBIE TEPOBCKHUTHI
C HIMPOKUM CIIEKTPOM TOIJIOIICHHUS SIBJISIFOTCSI TOTEHUUATbHBIMU COJIHEYHBIMU
aneMeHTaMu. MakcuMyMbl (DOTOTIOMUHECIICHIIMY PACTIONIOKEHBI B IUAa30HE OT
400 1o 700 uM. [TosokeHre MUKa 3aBUCUT OT JIETUPOBAHUS Pa3IMYHBIMUA HOHAMU.
CrieKTphl MOTJIOIIEHUST U U3JTyYEHHUs MPETepIeBal0T 3HAUNTEIbHbIE U3MEHEHUS
MIPY CMEUIMBAaHUM JBYXTAJIOI€HUIHBIX MIEPOBCKUTOB C PA3IIUYHBIMU KaTHOHAMHU
U U3MEHEHHUU HUX COOTHOUIeHHs. D(P(EeKTUBHBIMU aKTUBATOPAMU SBISIOTCS
XpoM, cepebpo, marHui. [lokazaHo, 4TO JETMPOBAHHBIC IABOWHBIC TaJOWIHBIC
MEPOBCKUTHI 00JIAZAI0T YJIYYIIEHHBIMA ONTHYECKUMH CBONCTBAMHU 3a CYET
YCTOMYMBOCTH K JiepexTaM, cuHepreTuueckux 3(pPekToB u Apyrux GpaxTopos.
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KarwudeBble cioBa: ABOWHBIE TaJOUJIHBIE TEPOBCKUTHI, COJTHEYHBIE
STUCUKH, 3alpeIleHHass 30Ha, CHHTE3, (aKkTop ToJiepaHTHOCTH [ ompammuara,
MOTJIONICHHE, (DOTOTFOMUHECIICHITUS, CMEIIIAHHBIE TTIEPOBCKUTHI

Introduction

Recently, a lot of research has been carried out in the field of optical properties
of perovskites, since they can have anisotropy, they are elements of galvanic, solar cells,
due to their perfect optical and electrical properties.

We studied solid-phase synthesis methods, recorded photoluminescence spectra,
excitation photoluminescence spectra of lanthanum perovskite, and studied changes in
its optical properties when exposed to hydrostatic pressure (Zhanturina et al., 2023). It
was shown that the study of luminescence spectra makes it possible to more deeply study
transitions between electronic levels, the mechanisms of recombination of electrons and
holes, and other processes that will make it possible to obtain materials with improved
physicochemical properties.

The next step in improving materials for electroplating, electronics and other
applications is the study of the properties of double halide perovskites.

Double halide perovskites are a class of crystalline materials that have a structure
similar to perovskite (ABX), but with one or more ions replacing other ions in that struc-
ture, and contain halides (F-, Cl-, Br-, I-) in as anions X (Fig.1.)

o °A+
° Bt,'H-
. o

o X

Figure I — The structure of double perovskite (Meyer et al., 2018).

By being able to select two different cations in the crystal lattice, finer tuning of
structure and properties can be achieved, which can lead to materials with higher perfor-
mance and new functionalities.

Inorganic halide double perovskites have the common formula A,B'(I)B"(II1)X
(A = Cs+, Rb+; B'(I)=K+, Na+, Li+, Ag+, Cut; B"(Ill) = In3+, Sb3+, Bi3+; X = Cl-,
Br—, I-) are better than lead containing perovskites, which are environmentally friendly
materials due to their low chemical stability and high toxicity.

These structures can have various properties such as optical, electrical and mag-
netic, making them interesting for a variety of applications including solar cells, optical
devices and semiconductor electronics.

All inorganic halide perovskites are very popular due to their use in solar cells
because of their photovoltaic and photoelectric properties, potential use in photodetectors
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and light emitting diodes (LEDs) (Zhao et al., 2019). The photovoltaic properties of dou-
ble perovskites are due to the fact that these materials emit in a very wide spectral range
(400 nm-1100 nm) and have a high absorption coefficient, which makes it possible to
achieve high efficiency solar cells, and low effective masses of carriers in these materials
(Zelewski et al., 2019).

Their broadband properties attributed to self-trapped excitons (STEs). Their
broad lines of emission and region of emission are the result of radiation recombination
of excitons (Luo et al., 2018). The presence of self-trapped excitons is due to that fact,
that type of material is semiconductor with the soft lattice. The Cs , AgBiCl, and Cs,Ag-
InCl, perovskites have the emission with big half-width at room temperature (Han et al.,
2019).

Band structure calculations show that many of these compounds have a band gap
in the range promising for solar cell applications (Zhao et al., 2019).

Since the double halide perovskites are ionic crystals, their charge carriers in the
form of electron-phonon coupling are strongly related to lattice vibrations. And this inter-
action helps to understand electrical and optical properties of double perovskites.

Cs,AgInCl, is halide double perovskite (a = 10.47 A) with cubic structure and di-
rect band gap with value of 3.3—3.5 eV. This double perovskite exhibits weak red photo-
luminescence, caused by the radiative relaxation of free and self-trapped excitons (Jack-
son et al., 2019). To increase luminescence intensity activators are used such as transition
metal ions and lanthanides.

Transition metals such Mn?**, Cr** and ions of Ag are used in alloyed structures
to improve physical, chemical and structural properties of double halide perovskites for
their potential use in the field of solar elements, phosphors, LED applications (Vargas et
al., 2020).

Chromium doped Cs,AgInCl, has a broad near infrared emission band ranging
from 850 to 1350 nm. The range of emission of pure crystal is located between 400 and
800 nm. Broad emission spectra is attributted by Cr*™ 3d level transitions. Because of this
range of emission this material can be used for biological applications. Chromium doped
compounds are great of interest and are less investigated (Zhao et al., 2019).

Also of great interest in the study of double halide perovskites are mixed per-
ovskites with three cations, which can significantly expand the absorption spectrum and
increase the quantum yield of luminescence due to synergistic effects. For example, these
are materials such as Cs,Na Bi, MnCl,, Cs ,Ag Na _InCl, Cs,Cd Mn _BiCl, Cs,Na_
Ag, BiBr,.

In this minireview, we aim at summarizing the recent advances in double halide
perovskites and explore the synthesis, characterization and analyzing of structural and
optical properties.

Synthesis methods of double halide perovskites

General method of synthesis of double halide perovskites is based on dissolved
poly-crystalline powder of starting material in hydrohalic (HX, X = CI or Br)/hypophos-
phorous acid mixed solvent (Igbari et al., 2019). After heating to 100-200 K, it should be
slowly cooled at a rate 0.5 Celcius degrees in an hour (Zelewski et al., 2019).

For the Cs,AgBiCl6 main reagents are CsCl (2 mmol), AgCI (1 mmol) and BiCI3
(1 mmol), which are dissolved in hydrochloric acid. By heating to 180 °C for 24 h in an
autoclave, further cooling to room temperature with rate of 5-8 °C/h the material is ob-
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tained. Final step is filtering and drying in vacuum at 80 °C for 12 h. (Han et al., 2019).

In some cases polycrystalline samples are obtained via solid state synthesis. For
this procedure, starting materials — chlorides of composed metals are mixed by stoichi-
ometry ratios and are placed in mortar agate with a pestle, then fired in a silica tube at 500
K for about 40 hours. This material is obtained in the form of pellets (Sun et al., 2021).

For obtaining Cs NaBiCl_:Mn*" sample the following reagents are used: HCI,
HBr, Bi203, CsCl, NaCl, and MnCl,*4H,0O. Obtained material should be washed by de-
ionized water and dryed. For latter process the filter flask is used, because it may be the
photoreduction between the forms of Ag (Jackson et al., 2019).

For material Cs AgInCl :Cr*" the reagents are CsCl, AgCl, InCl, and CrCl, with
the capacity 99.99 % from Aladdin. They are synthesized by high temperature solid-state
reaction. The process has the following steps: firstly reagents are weighed by stoichio-
metric ratio, mixed in agate mortar during 1-2 hours. Then sample is heated at 400 °C for
96 hours in a muffle furnace. After cooling from room temperature the desired product in
the form of powder is obtained (Zhao et al., 2019).

Also Cs,Cd,_ Mn Bi Cl , (x = 0-1) can be synthesed by metal halides exctraction
(CsCl, MnCl,, CdCl,, and BiCl,) in concentrated hydrochloric acid.

Results

Goldschmidt tolerance factor t

The crystallographic stability of perovskites is usually inferred by considering
two representative parameters, the Goldschmidt tolerance factor (t) (Equation (1)). The
Goldschmidt tolerance factor shows the stability of the crystal structure and indicates
whether ions will be incorporated into the crystal lattice. For perovskite structures, the
Goldschmidt factor should be in the range of approximately 0.8-1. Factor values that do
not lie in the specified range indicate that a particular compound may be unstable or un-
successful in terms of the formation of a crystal structure.

()
V2(rg +1%) (1)
where Ta- ionic radii of A cations; ¥& — mean ionic radii of B’ and B” cations,
Tx — ionic radii of Br, CI..
The octahedral factor u shows how spherically surrounded the ions are in octahe-

dra. Its value should usually be close to 1 (Equation (2)) (Wu et al., 2021)
s
H=—
Tx (2)

We have calculated the values of t and p for some double halide perovskites, as
well as for alloyed structures (Table 1).

Table 1- Goldschmidt tolerance factor and octahedral factor for some double halide perovskites

ity s
- V2(rg+ry) Tx
1 Cs,AgInCl, 0,8315 0,6354
2 Cs,NaBiCl, 0,8821 0,5414
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3 Cs,NalnCl, 0,8821 0,5414
4 Cs,LiBiCl, 0,9576 0,4199
5 Cs,AgBiBr, 0,8255 0,5867
6 Cs,AgBiCl, 0,8398 0,6354
7 Cs,NaBiBr, 0,6395 0,5000
8 Cs,CuBiBr, 0,9498 0,3929
9 Cs,AgSbCl, 0,8398 0,6354
Alloyed perovskites
1 Cs,Li Bi, MnCI, 0,9172 0,4823
2 Cs,Na Bi,  MnCl, 0,8928 0,5232
3 Cs,Ag Na, InCl, 0,8830 0,5398
4 Cs,Cd Mn, BiCl, 0,8971 0,5155
5 Cs Na Ag, BiBr, 0,8521 0,5372

From the table you can see that, basically, all perovskites have factors lying in the
indicated intervals. The exception is Cs,NaBiBr,. By mixing ions in alloyed structures,
the stability of its crystal structure increases. In terms of the octahedral factor, the param-
eters of the spherical environment are higher for Cs AgInCl,, Cs,AgBiCl, Cs,AgSbCl,,
and the lowest for Cs LiBiCl, Cs,CuBiBr,. This affects the optical and electrical proper-
ties of double perovskites.

Information about bandgup

According to (Igbari et al., 2019) bandgap values of double halide perovskites
depend on the preparation method and calculation technique and are different for the same
crystals. For Cs,AgBiBr, the bandgap is in the range 1.22-2.4 eV. Sample with charac-
terization technique Tauc plot and prepared by solution process has the direct bandgap,
while others are in the list with indirect bandgap. For Cs,AgBiCl, the latter varies up to
2.85 eV. Incorporation of sodium increases bandgap to 3.07 ¢V in Cs,NaBiBr, and to 3.73
eV in Cs NaBiCl,.

Cs,AgInCI, has the direct bandgap in 2.32-3.53 eV range. Bandgap value for
Cs,CulnCl, is very low and around 1.0-1.5 eV. Cs,AgSbCl, can be considered as the wide
bandgap semiconductor and pretends to be the perspective solar element (2.24-2.6 eV).

Optical properties

Absorption

We analyzed and compared the absorption spectra of various double halide per-
ovskites from different publications and compiled them into one graph for a visual de-
scription (Fig. 2).
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Figure 2 —Absorption spectra of different double halide perovskites (Han et al., 2019; Schmitz et
al., 2020; Thawarkar et al., 2021; Dai et al., 2020; Yao et al., 2020).

The figure shows that the absorption spectra of various perovskites lie in differ-
ent ranges. Cs,AgInClI has a narrow absorption band with a maximum at 280 nm; the
band is not pronounced. We observe a long absorption tail and absorption peak at around
370 nm with low intensity, corresponding to the allowed transition and parity-forbidden
transition, respectively (Han et al., 2019). The absorption band of Cs,AgBiBr, is in the
visible region (438 nm), narrow with a half-width of about 50 nm and quite pronounced
(Schmitz et al., 2020). Perovskite Cs,AgBiCl, absorbs in the ultraviolet region (373 nm).
The spectrum does not have a Gaussian shape and is asymmetrical. The absorption peak
is followed by the tail extended to 700 nm (Thawarkar et al., 2021). When this perovskite
is doped with iron, the absorption intensity increases. The presence of a tail indicates
that the crystal is highly defective when doped with iron. The absorption of Cs,NaBiBr,
is similar to that of Cs,AgBiBr, and is located in the region of 340 nm; the spectrum
is represented by a number of background maxima with low intensity in the region of
340-250 nm. When silver is added to perovskite, depending on the level of doping in the
absorption region, the number of bands increases and the region stretches from 250 nm
to 625 nm, which makes these materials potentially attractive for use as solar cells, albeit
of low intensity and efficiency (Dai et al., 2020). The latest perovskites have this form
of absorption due to the indirect bandgap and are not light-emitting materials with high
quantum efficiency. The absorption spectrum in ultraviolet region of Cs ,NaBiCl, is at
around 350 nm, accompanied by absorption peak due the excitons at 325 nm. It is formed
due to °s, — s p, transitions of Bi*"ions (Yao et al., 2020). Doping with silver affects the
electronic structure of the crystal, while the absorption spectra are shifted to longer wave-
lengths and the half-width of the spectra becomes wider, while doping with magnesium
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and europium has no effect on the intensity and position of the spectrum. When indium
is added to Cs,AgBiCl,, that is, in the double perovskite Cs,AgBi,_In Cl, at x=0.95, the
band remains at 373 nm, but is deeper and more pronounced. Moreover, as the amount of
indium decreases, the absorption maximum tends to disappear.

From the figure you can see that the addition of indium leads to a shift of the
absorption band to the ultraviolet region, which is undesirable in the manufacture of solar
cells.

From a comparison of absorption spectra, a pattern can be revealed that per-
ovskites with Ag and Bi tend to absorb in the visible region or in the region close to the
visible. And crystals with Na absorb more in the ultraviolet region.

Photoluminescence emission spectra

We analyzed and compared the photoluminescence spectra (PL) of various dou-
ble halide perovskites from different publications and compiled them into one graph for
a visual description (Fig. 3).
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Figure 3 —Photoluminescence spectra of different double halide perovskites.

The PL band of the Cs AgBiCl, crystal lies at a maximum of 412 nm, and when
doped with iron, the band shifts to shorter wavelengths (403 nm) (Thawarkar et al., 2021).
Time-resolved spectroscopy studies show that the luminescence lifetime in a doped crys-
tal decreases, indicating an increase in non-radiative relaxation.

In Cs,AgInCl, crystal activated by Mn, the emission band is observed at 630 nm
(Jackson et al., 2019). The high value of the band gap of this material is caused by the
covalency of the Ag—Cl bond and it has a three-dimensional electronic structure. When
photons are absorbed, electron-hole pairs are instantly formed, which recombine in a
short time at Mn*" sites. The position of the emission band allows this crystal to be used as
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a red phosphor, but the low quantum yield and lack of absorption at wavelengths greater
than 350 nm are a major disadvantage of this perovskite. Compared to Cs,NaBiCl, doped
with magnesium, its quantum yield is almost 10 times lower. When doped with chromium
ions, the luminescence band shifts to longer wavelengths and the band becomes wider.

The emission band of Cs,NaBiCl, doped with silver lies in the region of 610 nm,
while that of Cs,NaBiCl, doped with magnesium is at 580 nm (Dai et al., 2020). The in-
tensity saturation of this perovskite with Mn doping is at 14 %, Ag— 25 %.

Cs,NaInCl, has an excitonic nature of emission, as evidenced by the photolu-
minescence excitation spectra and white emission in the region of 520 nm with low in-
tensity. When silver is added to this material in the amount of Ag (60 %), the radiation
intensity increases (Luo et al., 2018).

The luminescence band of the Cs,LiBiCl :Mn crystal was obtained at an exci-
tation wavelength of 370 nm and is located in the region of 612 nm (orange-red) (Sun et
al., 2021). This corresponds to the *T — °A| transition from the magnesium state, while
the undoped crystal has a band at 730 nm from the Bi ion state.

It can be seen that when magnesium is added, the PL band shifts to shorter wave-
lengths.

The broad luminescence band of Cs , AgBiBr, is in the red region and located
around 683 nm. This corresponds to transitions from the indirect zone (indirect bandgap)
(Schmitz et al., 2020).

Cs,NaBiBr, has a luminescence band with very low intensity with a maximum at
700 nm. However, by mixing silver and changing the ratio of components, high intensity
can be achieved (Wu et al., 2021).

The large half-width of photoluminescence spectra in double perovskites may
indicate several possible physical processes and characteristics of the material: uneven-
ness in crystallite size, defects and imperfections in the structure, instability of the crystal
structure. The PL intensity of alloyed perovskite with Ag/Na contamination is higher than
that Cs,AgBiBr,, where Cs NaBiBr, is not like the Ag based double halide perovskites,
that has broad band luminescence in red region.

Total, from (Zhao et al., 2019; Luo et al, 2018; Jackson et al., 2019; Vargas et al.,
2020; Su et al., 2021; Wu et al., 2021; Yao et al., 2020) it can be noted that alloyed per-
ovskites with different ratio of Li, Bi, Mg, Na, Ag, In, Cd have a exhibit larger intensity
compared to their single-component counterparts due to several reasons: enhanced defect
tolerance, tunable bandgap, reduced nonradiative recombination, synergistic effects. De-
fects can decrease the PL intensity, alloying can mitigate these effects. Due to alloying the
absorption range can became broader.

Conclusion

Double halide perovskites have improved galvanoptical properties compared to
perovskites due to the combination of cations. These are semiconductors with wide band
gaps in the rang from 1.3 eV to 3.53 eV. General method of synthesis of double halide
perovskites is based on dissolved poly-crystalline powder of starting material in hydroha-
lic (HX, X=Cl or Br)/hypophosphorous acid mixed solvent. Analyzing the Goldschmidt
factors and the octahedral factors for a number of double perovskites, we can conclude
that, in general, many are located in the range from 0.8 to 1. The exception is Cs NaBiBr,.
In terms of the octahedral factor, the parameters of the spherical environment are higher
for Cs,AgInCl,, Cs,AgBiCl,, Cs,AgSbCl,, and the lowest for Cs,LiBiCl,, Cs,CuBiBr,.
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This affects the optical and electrical properties of double perovskites. The absorption
spectra of these materials lie in the range from 250 nm to 450 nm, the emission spectra
are 400-700 nm. The addition of indium leads to a shift of the absorption band to the
ultraviolet region; perovskites with Ag and Bi tend to absorb in the visible region or in
the region close to the visible. And crystals with Na absorb more in the ultraviolet region.
The large width of the absorption spectrum is a good parameter for use as solar cells.
It can be noted that alloyed perovskites with different ratio of Li, Bi, Mg, Na, Ag, In,
Cd have an exhibit larger photoluminescence intensity, broad absorption spectrum com-
pared to their single-component counterparts due to enhanced defect tolerance, tunable
bandgap, reduced nonradiative recombination, synergistic effects. Alloyed double halide
perovskites are very promising and interesting materials for further research and potential
application in the field of LEDs, lasers, solar elements.

REFERENCES

Dai Ch-M., Zhang T., Wu Yu-N., Chen Sh. (2020). Halide Double-Perovskite Light-Emitting Centers
Embedded in Lattice-Matched and Coherent Crystalline Matrix., Adv. Funct. Mater. — 17:2000653. —
DOI:10.1002/adfm.202000653 (in Eng.).

Edson Meyer, Dorcas Mutukwa, Nyengerai Zingwe and Raymond Taziwa (2018). Lead-Free Halide
Double Perovskites: A Review of the Structural, Optical, and Stability Properties as Well as Their Viability
to Replace Lead Halide Perovskites Metals, Metals. — 8(9):667. — DOI:10.3390/met8090667 (in Eng.).

Han P., Zhang X., Mao X., Yang B., Yang S., Feng Zh., Wei D., Deng W., Pullerits T., Han K. (2019). Size
effect of lead-free halide double perovskite on luminescence property, Sci China Chem. — 62:1405-1413. —
DOI:10.1007/s11426-019-9520-1 (in Eng.).

Igbari F., Wang Zh-K., Liao L-Sh. (2019). Progress of Lead-Free Halide Double Perovskites, Adv. Ener-
gy Mater., — 9(12):1803150. — DOI:10.1002/aenm.201803150 (in Eng.).

Jackson D. Majher, Matthew B. Gray, T. Amanda Strom, Patrick M. Woodward (2019). Cs2NaBi-
Cl6:Mn2+ - A New Orange-Red Halide Double Perovskite Phosphor, Chem. Mater. — 31(5):1738-1744.
— DOI:10.1021/acs.chemmater.8b05280 (in Eng.).

Luo J., Wang X, Li Sh., Liu J., Guo Y., Niu G., Yao L., Fu Y., Gao L., Dong Q., Zhao Ch., Leng M., Ma
F., Liang W., Wang L., Jin Sh., Han J., Zhang L., Etheridge L., Wang J., Yan Y., Edward H. Sargent., Tang J.
(2018). Efficient and stable emission of warm-white light from lead-free halide double perovskites, Nature
Lett. — 563(7732):541-545. — DOI:10.1038/s41586-018-0691-0 (in Eng.).

Schmitz A., Leander Schaberg L., Sirotinskaya S., Pantaler M., Doru C. Lupascu, Benson N., Bacher
G. (2020). Fine Structure of the Optical Absorption Resonance in CsAgBiBr Double Perovskite Thin Films,
ACS Energy Lett. — 5:559-565. — DOI:10.1021/acsenergylett.9b02781(in Eng.).

Sun Y., Fernandez-Carrion A.J., Liu Y., Yin C., Ming X., Liu Bo-Mei., Wang J., Fu H., Kuang X., Xing
X. (2021). Bismuth-Based Halide Double Perovskite Cs2LiBiCl6: Crystal Structure, Luminescence, and
Stability, Chem. Mater. — 33:5905-5916. —DOI: https://doi.org/10.1021/acs.chemmater.1c00854 (in Eng.).

Thawarkar S., Sachin R.Rondiya, Nelson Y. Dzade, Khupse N., Jadkar S. (2021). Experimental and
Theoretical Investigation of the Structural and Opto-electonic Properties of Fe-Doped Lead-Free Cs2AgBi-
C16 Double Perovskite, J. Chem.-A European. — 27(26):7408—7417. — DOI: 10.1002/chem.202004902 (in
Eng.).

Vargas B., Diana T.Reyes-Castillo, Countino-Gonzalez E., Sanchez-Ake C., Ramos C., Falcony C.,
Solis-Ibarra D. (2020). Enhanced Luminescence and Mechanistic Studies on Layered Double-Perovskite
Phosphors: Cs4Cd1-xMnxBi2Cl12, Chem. Mater. — 32(21):9307-9315. — DOI:10.1021/acs.chemma-
ter.0c03167 (in Eng.).

Wu H., Erbing A., Malin B. Johansson, Wang J., Kamal Ch., Odelius M., Erik M.J. Johansson (2021).
Mixed-Halide Double Perovskite Cs2AgBiX6 (X=Br, I) with Tunable Optical Properties via Anion Ex-
change, ChemSusChem. — 14:4507-4515. — DOI:10.1002/cssc.202101146 (in Eng.).

Yao M.-M., Wang L., Yao Ji-Song, Wang K-H., Chen Ch., Zhu B-Sh., Yang J-N., Wang J-J., Xu W-P,,
Zhang Q., Yao H-B (2020). Improving Lead-Free Double Perovskite Cs2NaBiCl6 Nanocrystal Optical Prop-
erties via lon Doping, Adv. Opt. Mater. — 8:1901919. — DOI:10.1002/adom.201901919 (in Eng.).

41



ISSN 2224-5227 2.2024

Zelewski S.J., Urban J.M., Surrente A., Maude D.K., Kuc A., Schade L., Johnson R.D., Dollman M.,
Nayak P.K., Snaith H., Radaelli P., Kudrawiec R., Nicholas R.J., Plochocka P., Baranowski M. (2019). Re-
vealing the nature of photoluminescence emission in the metal-halide double perovskite Cs2AgBiBr6, J.
Mater. Chem. C. — 7:8350-8356. — DOI: 10.1039/C9TC02402F (in Eng.).

Zhanturina N., Beketova G., Gorecka N., Szczodrowski K., Lesniewski T., Aimaganbetova Z., Bizhano-
va K., Bekeshev A. (2023). Luminescence properties of LaAlO3:Pr under hydrostatic pressure, J. Crystals.
— 13(11):1558. — DOI:10.3390/cryst13111558 (in Eng.).

Zhao F., Song Zh., Zhao J., Liu Q. (2019). Double perovskite Cs2AgInCl6:Cr3+: broadband and near-in-
frared luminescent materials, Inorg. Chem. Front. — 6:3621-3628. — DOI:10.1039/c9qi00905a (in Eng.).

42



Reports of the Academy of Sciences of the Republic of Kazakhstan

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN

ISSN 2224-5227

Volume 2. Number 350 (2024), 43-51

https://doi.org/10.32014/2024.2518-1483.276

UDC 539.17.01; 539.17.02

© S.B. Dubovichenko!, N.A. Burkova?, A.S. Tkachenko!, D.M. Zazulin?", 2024
'Fesenkov Astrophysical Institute, Almaty, Kazakhstan;
2Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: denis_zazulin@mail.ru

TOTAL CROSS-SECTIONS AND RATE OF n'>’C RADIATIVE CAPTURE

Dubovichenko Sergey Borisovich — Laureate of the al-Farabi State Prize of the Republic of Kazakhstan
in the field of science and technology, doctor of physical and mathematical sciences, Professor, head of
laboratory of V.G. Fesenkov Astrophysical Institute, Almaty, Kazakhstan

E-mail: dubovichenko@gmail.com, http://orcid.org/0000-0002-7747-3426;

Burkova Nataliya Aleksandrovna — doctor of physical and mathematical sciences, professor of department
of theoretical and nuclear physics of Al-Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: natali.burkova@gmail.com, https://orcid.org/0000-0002-3122-1944;

Tkachenko Alessya Sergeyevna — Ph.D., researcher of V.G. Fesenkov Astrophysical Institute, Almaty,
Kazakhstan

E-mail: tkachenko.alessya@gmail.com, https://orcid.org/0000-0002-9319-0135;

Zazulin Denis Mikhailovich — candidate of physical and mathematical sciences, acting associate professor
of al-Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: denis_zazulin@mail.ru, https://orcid.org/0000-0003-2115-6226.

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.
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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.

44



Reports of the Academy of Sciences of the Republic of Kazakhstan

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)

Vir,u )=-V,, exp(-4a, ’"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, ﬁc1hq ’ 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
b)=———(1
o, (1b) B ) )()

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).

10

T T T TTTTg

——Total T. \\\ N
- =170, % N
—— )T
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4 Kikuchi 1998 N W
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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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Abstract. Nanofluid is a new class of liquid that is of great interest with potential
wide application in industry and energy due to its high thermal conductivity. This class of
liquid consists of dispersed nanoparticles of metals, metal oxides, and non-metal oxides
in the volume of the base liquid. The use of this liquid as a coolant in hybrid solar col-
lectors, in which cooling the solar panel is of key importance, is especially important. In
addition to increasing the thermal conductivity of the nanofluid, the dispersed state of the
nanofluid causes an increase in viscosity. The viscosity properties of the nanofluid deter-
mine the cost of pumping of coolant along the circuit of a hybrid solar collector, which
affects the performance and its economic efficiency. Recently, hybrid nanofluids based on
a combination of various metal oxides, non-metal oxides, and so on have become widely
known. In this article, the viscosity of the hybrid nanofluid TiO,/Al O,-bidistilled water
in mass concentrations of 0.5 %, 1 %, 2 % was studied. Kinematic viscosity was mea-
sured using a VPZh-4 capillary viscometer. It was found that in addition to the increase in
the viscosity of the nanofluid with an increase in the total concentration of nanoparticles,
an increase in the mass concentration of Al,O, makes a more noticeable difference. For
nanofluid TiO,-bidistilled water, the increase in kinematic viscosity is 2 %, 3 % and 6 %
for concentrations of 0.5 wt %, 1 wt %, 2 wt %. While the increase for TiO,/Al,O,-bidis-

tilled water hybrid nanofluids of similar total concentrations is 6 %, 18 %, 42 %. The
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results obtained in this work can be used to evaluate the efficiency and improve the per-
formance of a hybrid solar collector and improve modifications of solar panels.
Keywords: hybrid solar collectors, hybrid nanofluid, kinematic viscosity, cool-
ant, solar energy
This research is funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (grant no. AP19678220).

© A. KaceimoB!', A. AapLiikanoBa', A. bexkremucos!, K. ActremecoBa?,
I'. TypabioexoBa?, 2024
'Cemeii kanaceiabiH [lokopim ateingarsl yHuBepcuTeTi, Cemeit, Kazakcran;
’K.M. CorbaeB aThiHnarsl Kazak YITTHIK TEXHUKABIK 3€PTTEY YHUBEPCUTETI,
Anmarsl, Kazakcran.
E-mail: kassymov.asb@gmail.com

I'MBPUATI KYH KOJUVIEKTOPBIH/JIA KOJIIAHYT'A APHAJITAH
BUIUCTWIBAEHI'EH CY HEI'BIHAEI'T TIO /AL,O,TUBPU/ITI
HAHOCYWUBIKTHIH TYTKBIPJIBIK KACUETTEPIH 3EPTTEY

KacbimoB Ackap barnarosuy — PhD, xaysivaacteipsuiran npogeccop m.a., CeMei KanachlHbIH
[loxopim ateinaarsl yausepeuteti. 071412. Cemeit, Kazaxcran

E-mail: kassymov.asb@gmail.com. ORCID: 0000-0002-1983-6508;

AnblikanoBa Aiinyp KappuikacsiHoBHa — PhD nokropant. Cemeit kKanaceiabiH 11IokopiM aTbIHAAFBI
yauepeuteti. 071412. Cemeid, Kazaxcran

E-mail: aiko6a8383@mail.ru. ORCID: 0009-0006-6068-3941;

Bexremuco Anyap AiimacoexoBud — PhD nokropant. Cemeit kanaceinbiH L1IokopiM aTIHAAFB! YHH-
Bepcuteti. 071412. Cemeii, Kazaxcran

E-mail: anuar.bektemissov@icloud.com. ORCID: 0000-0002-0364-4632;

ActemecoBa Kainamkac CepuxoBHa — PhD, ara oxpiTymsl. K.M. CorbaeB arsinnarst Kazak yaTThIK
TEXHHUKAJBIK 3epTTey yHUBepcuteti , 050013, Anmarsl, Kazakcran

E-mail: k.astemessova@satbayev.university. ORCID: 0000-0002-4143-6084;

TypasioexoBa I'yszkan KanacoBHa — TexHUKa FRUIBIMIAPBIHBIH KaHAUIATHL, ara OKeITylIsl. K.
CotbaeB aTeiHAarbl Kazak YATTHIK TeXHUKATBIK 3epTTey yHUBepcuTeTi , 050013, Anmartsl, Kazakcran
E-mail: g.turlybekova@satbayev.university. ORCID: 0000-0001-5522-4931.

AnHoTanus. HaHOCYHBIKTBIK — JKOFapbl XbUTy OTKI3TIMITITIHIH apKacklHA
OHEPKICINTE JKOHE DHEpPreTHKaza KeH KOJIIaHy MYMKIHAIr 0ap YJIKEeH KbI3BIFYIIBLIBIK
TYyIBIPATBIH CYWBIKTHIKTBIH JkaHa Kiachl. CYHBIKTBIKTBIH OYJT KJachkl HeTisTi
CYMBIKTBIK KOJEMIHIETI MeTaagapIblH ITUCIEPCTI HAHOOOJIICKTEPIHeH, MeTall
OKCHUATEPIHECH JKOHE METaJT eMeC OKCHATEPIHEeH Typaabl. byl CYHBIKTBIKTHI THOPHUITI
KYH KOJUIEKTOpJIApBIHAA CaJKbIHIATKBII PETiHIE TMaiJanaHy, acipece KYH MaHeliH
CAJIKBIHAATY MaHBI3IBI OONBIN TaObuTafbl. HaHOCYHBIKTBIKTBIH JKBUTYy OTKI3TIMITITIH
apTTBIPYMEH KaTap, HAHOCYUBIKTHIKTBIH JUCIIEPCTIK KYHi TYTKBIPIBIKTHIH )KOFaPhUTAYBIH
Tynbipaabl. HAaHOCYHBIKTHIKTBIH TYTKBIPJIBIK KACHETTepi THOPHUITI KyH KOJUIEKTOPBIHBIH
Tiz0eri OOMBIHIIA CaJKBIHAATKBIIITH aiay KYHBIH aHBIKTaWIbl, OYJ1 OHIMIUTIKKE
JKOHE OHBIH IKOHOMHKAIBIK THIMAUTITIHE oacep eremi. COHFbI yaKbITTa opTYpii MeTasl
OKCHATEPiHIH, OeHMEeTaIT OKCUATEPIHIH KoHE T.0. KOMOWHANUACH HETi3iHAe THOPHUITI
HaHOCYHBIKTHIKTap KeHiHeH TaHbIMal Oousl. by makanana 0,5 %, 1 %, 2 % maccanpik
KOHIICHTPAIHASIIAPIaFbI TiOZ/A1203—6I/I,I[I/ICTI/IJ'IL,Z[CHFCH Cy THOPHITI HAHOCYHBIKTHIKTHIH
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TYTKBIPIBIFEI 3epTTenai. KuaemaTukamslK TYTKBIPABIK BIIDK-4 kanmmispiiblk BUCKO3H-
MeTp KeMeTriMeH emmeHai. HaHoOedmeKkTepaiH JKalmbl  KOHIEHTPAIMSICHIHBIH
JKOFapbLIa-ybIMEH HAHOCYHBIKTBIKTBIH TYTKBIPJIBIFBIHBIH JKOFapbliaybiMeH Katap, Al,O,
MaccallblK ~ KOHIEHTPAIMSCHIHBIH  JKOFApbUIAYhl — aWTapIbIKTail — albIpMAaIIbLIBIKTI
TYIBIPATBIHBl  AHBIKTAIABL.  TiO -OMAMCTHIIEHTEH  Cy  HAaHOCYWMBIKTBIFBI  YIIIH
KHHEMATHKAIBIK TYTKBIPIBIKTEIH apTybl 0,5 macca %, 1 macca %, 2 macca %
KOHIIeHTparmsuiapsl v 2 %, 3 % sxoHe 6 % Kypaiiapl. JKanmsl KOHIICHTPAIHSICHI
ykcac TiO,/Al,O,-OnaucTuiib-1eHren ¢y ruOpuITi HAHOCYMBIKTBIKTApbIH oCiMi 6 %, 18
%, 42 % xypaiigel. bynm  oky-MbpIcTa aNbIHFAH HOTIDKENEpAi THOPHATI KYH
KOJUIEKTOPBIHBIH ~THIMJIUTITIH Oaranay >KOHE OHIMIUITIH JKakcapTy >JKoHE KYH
MaHeNbepiHiH MOIU(PUKAITUIIAPBIH KaKcapTy VIIiH Nmaiigananyra 00abl.
Tyiiin ce3aep: THOPUATI KYH KOJUICKTOPIIAphl, THOPHUITI HAHOCYUBIKTHIK, KHHE-
MaTHKAJIBIK TYTKBIPIIBIK, CAIKBIHAATKBIII, KYH SHEPTHSCHI
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AHHoTanusa. HaHOXUAKOCTE — HOBBIM KJacC >KUAKOCTH, MPEICTABIIAIOMNI
OFpOMHLIﬁ HUHTEPEC MOTCHIHUAJIBHOI'O0 INHPOKOI'0 IPUMCHECHUA B IIPOMBIINIICHHOCTH H
OHEPTETUKE BBUAY IIPOSABJICHUA BBICOKOH TEILUIOIIPOBOAHOCTH. I[aHHLIﬁ KJIacC XXUAKOCTHU
IpeaACTaBIACT coboit JUCTICPTUPOBAHHBIC HAHOYACTHUIIbI METAJIJIOB, OKCHI0B MCTAJIJIOB,
OKCHIIOB HEMETa/UIOB B 00BbeMe 0a30BOi KuaKocTH. Oco00 aKkTyaabHO NMPUMEHEHHE

JTAaHHOM YKUJIKOCTH B KQ4ECTBE TEINIOHOCHUTEIIS B FI/I6pI/II[HBIX COJIHCYHBIX
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KOJUIEKTOpPaX, B KOTOPBIX OXJIAXK/IEHHE COTHEYHOW MaHeNn HOCHT KIF0YeBOE 3HAYCHHE.
[Tomumo yBenWYeHHS TEIIONMPOBOJHOCTH HAHOXKHIKOCTH, MIHCIIEPCHOE COCTOS-
HUE HAHOXHUIKOCTH OOYCIaBIMBaeT YBEIMYEHHE BS3KOCTH. BS3KOCTHBIE CBOICTBa
HaHOKUJKOCTH ONPEIEISIOT 3aTpaThl HAa TEepeKadKy TEeTUIOHOCUTENS 10 KOHTYPY
THOPUIHOTO COJHEYHOTO KOJUIEKTOPA, YTO OTpa)KaeTcs Ha TMPOU3BOIUTEIHLHOCTH W
€ro SKOHOMHYECKOW 3(QeKTUBHOCTH. B mocnenHee BpeMsi MPHOOPETAIOT IMHPOKYIO
W3BECTHOCTh THOPHUIHBIE HAHOXXHMIKOCTH HAa OCHOBE COYETAaHWS DPa3INYHBIX OKCHIOB
METaJIJIOB, OKCHJIOB HEMETAJIIOB U Tak Jajiee. B JaHHOI cTaThe MccienoBaHa BI3KOCTh
rubpunnon Hanoxuakoctu TiO/Al O,-OuaucTuimMpoBanHas BOJA B MacCOBBIX KOH-
uentpausax 0,5 %, 1 %, 2 %. V3MepeHue KUHEMaTUUECKOU BSI3KOCTH MPOU3BOIMIOCH
C MmoMouplo KanuwuisipHoro Buckosumetrpa BIDK-4. Bblio BBISBIIEHO, YTO MOMHUMO
YBEIMUYEHHS BSI3KOCTH HAHOXHIKOCTH, C POCTOM OOIIel KOHIIEHTPAIWW HAHOYACTHII,
YBEJIMYEHHE MaccoBOHM KoHueHTpauun Al O, BHOCHT 0oyice ONIYTHMBIA XapakTep.
Hns nanoxuakoctn  TiO,-OMauCTUIMPOBAaHHAs BOJIA YBEIMYEHUE KHHEMaTHYe-
ckolt BsizkoctH coctaBiisier 2 %, 3% u 6 % mna xonuentpanuii 0,5 macc. %, 1 macc.
%, 2 macc.%. B 1o Bpems kak mpupoct s ruOpuaneix Hanoxuakocred TiO /AL O, -
OMIMCTIIUITMPOBAaHHAS BOJIa AHAIOTWYHBIX OOIIWX KOHIIEHTpaIuii cocrasiser 6 %, 18
%, 42 %. Pe3ynbTaThl, NOIy4YEeHHBIEC B JAaHHOW paboTe, MOTYT ObITh MCIIOIb30BAHBI JUIS
oteHKH 3(pPEeKTHBHOCTH M TIOBBIIICHHUS TPOU3BOAUTEIHLHOCTH THOPHUIHOTO COTHEYHOTO
KOJUIEKTOPA, YCOBEPIICHCTBOBAHMS MOIU(DUKAIINY COTHEUHBIX TTaHETIEeH.

KiaroueBble cjioBa: THOpPHIHBIE COJIHEYHBIE KOJUIEKTOPHI, THOpHIHAS
HaHOXKUJAKOCTh, KHHEMAaTHIeCKast BA3KOCTh, TEIUIOHOCUTEINb, COJTHEUHAsS DHEPTeTHKA

Jannoe wuccnenoBanne Quaancupyercs Kommrerom Hayknm MuHHCTEpCTBa
HayKH | BbIciiero oopazoBanus Pecrryonukn Kazaxcran (rpant Ne AP19678220).

Beenenune

Pactymmie BBIOpPOCHI MapHUKOBBIX Ta30B HAIAraroT HOBBIE 00S3aTENbCTBA IO
YMEHBIIIEHUIO UCTIOIH30BAHHUS HEBO30OHOBIIIEMbIX NCTOYHUKOB SHEPTHH (TBEPIIOE TO-
IUIMBO, Ta3) M Mepexoay K KaueCTBEHHO HOBOMY Croco0y reHepanuu sHeprun. OmaHIM
13 TIePCTIEKTUBHBIX PEIIeHUI Ha TaHHBIH MOMEHT SIBJISETCS UCTIOJIh30BAHUE COTHEYHBIX
KOJUIEKTOPOB, O Ye€M TOBOPHUT POCT YCTAHOBIEHHOW MOIIHOCTH (POTOIIEKTPUIECKIX
2JeMeHTOB B Mupe mmoutH 18 pa3 3a 10-etHnii mepuoxa ¢ 2010 roga (Maka, Alabid, 2022).

YBenuueHne mpou3BOIUTENFHOCTH COTHEYHBIX KOJJIEKTOPOB JIOCTHUTAETCS Kak
pa3paboTKoi HOBBIX KOHCTPYKITMOHHBIX ocoOeHHocTel (Shafieian u np., 2018; Sabahi u
np., 2016), Tax u monckoM Oosee 3pexTuBHBIX TemmmoHocutenei (Shareef u mp., 2015;
Vignarooban u 1ip., 2015). B mociieiaee Bpemst BeyTcs MCCIeT0BAHUS B HCIIOIB30BAaHUH B
KadeCTBE TEIIOHOCHUTENSI HAHOKUAKOCTH. HaHOKHUIKOCTh TPeICTaBIsIeT OTHOCUTEIHHO
HOBBIM KJIACC YKUIKOCTH, COCTOSIINK M3 0a30BOH JKUIKOCTH W HAHOYACTHII pa3MEpOM
10 100 aM. HaHOXKUAKOCTH MOJIyYHIIa IIUPOKUNA UHTEPEC BBUY MPOSIBICHUS BBICOKOM
TEIUTONPOBOTHOCTH TIO CPaBHEHHIO C 0a30BOH JKUIAKOCTHIO. lIpuMeHsTcs pa3inmdHbIe
BHJIbI HAaHOYACTHII: METAJUTMYECKHe, OKCHJbl METaJUIOB, YTIIEPOIHBIE HAHOTPYOKH,
HaHoyacTHIbl TpadeHa. OKCHIAB METAVIOB W HEMETAIIOB MOIYYWIH MIHPOKOE
MIPUMEHEHUE BBUIY HHU3KOH CTOMMOCTH W OTHOCHTEIHHO BHICOKOH TEIIONMPOBOIHOCTH
(Sarkar, 2011; Shackelford u ap., 2000; Kim u ap., 2007)

VYBenuueHne — TEIUIONPOBOJHOCTH  SIBISIETCS  KIIOYEBBIM  (DaKTOpOM
MIPOM3BOAUTEIHLHOCTH COJTHEYHBIX KOJUIEKTOPOB. Kak W3BECTHO Ha CETOMHSIIHAN
JI€Hb HAHOXXUIKOCTH JEMOHCTPUPYIOT BBICOKHE OTHOCHTENIbHBIE ITOKa3aTeNn
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tertonpoBonHocTd.  [lupokyro  momymspHOCTE — TpUOOpeTaroT  THOpHIHBIC
HAaHOKHUAKOCTH. OTHOCHTENBHOE YBEIHYEHHE TETUIOMPOBOJHOCTH  THOPHIHBIX
HAHOXKUJIKOCTEH coriacHo aBTopaM (Singh u ap., 2020; Wanatasanapan u ap., 2020; Ha-
randi u np., 2016; Esfe u ap., 2023) gocturaer 3navenwnii 1o 70 %. ABropom (Guan u ap.,
2023) ObUTO BBISBICHO YBEIWYSHHE TETUIONPOBOAHOCTH T'MOPHIHON HAHOXKHUIAKOCTH Ha
ocHose Cu-Ag50%/ Ar 110 CpaBHEHUIO € OTAEIbHBIMU COCTABIISIFOIIMMH KOMIIOHEHTAMH,
YTO JIeJaeT WCIOIb30BaHNUE THOPUAHON HAHOXKHUIKOCTH TpHBIEKaTeNbHbIM. s cra-
OMnmu3ay THOPUIHBIX HAHOXKHIKOCTEH WCIIONB3YIOTCS pa3iIMdHbIe MMOBEPXHOCTHO-
akTHBHBIC BemecTBa. Hammpumep, aBropamu (Khairul u mp., 2016; Xian u np., 2020) ms
crabumazamun TiO,-Cu u TiO,-GnPs HaHOYacTHI B BOXHOM PacTBOPE STHJIEHTIIMKOJSA
ncnonbs3oBaimchk cypdakrantsl SDBS u CTAB. Atopom (Akhgar u mp., 2018) Oputa
npurotoieHa HaHOKUAKOCTE MWCNT-TiO,/BonHbIA pacTBOp STHIEHIIIMKOINSA, CTa0u-
nuzupoBaHHO#l [IABom CTAB. CooTHomienne HaHouactull U ITAB Taxxke orpaxkaercs
Ha TEIUIO(U3NIECKUX CBOWCTBAX HAHOKHUIKOCTH, B YACTHOCTH Ha €€ TEeIUIONPOBOJHOCTH
(Xia u mp., 2014; Mostafizur u ap., 2022) u xumuueckoit cradbmibHOCcTH (Choi 1 ap.,
2008).

Taxke x ¢akropam >PHEKTUBHOCTH KOJUIEKTOPOB MOXKHO OTHECTH TIeperraf
JIABJICHUS U MOIITHOCTH HACOCA, 3aBUCAIINM TAKUX TApaMETPOB KaK BA3KOCTh, CKOPOCTH
¥ IUTOTHOCTH HaHOXUAKOCTH (Said m mp., 2014). BA3KkoCTh ABISETCS BaKHBIM TEILIO-
(M3HYEeCKUM TapamMeTpoM BBHUJY IPOSBICHHUS HAHOXKHIKOCTHIO KaK HBIOTOHOBCKOTO
XapakTepa, Tak ¥ HeHbIOTOHOBCKOTO (Yu u zp., 2011; Halelfadl u np., 2013; Aladag u
np., 2012; Hernandez u np., 2014). Psmom rccienoBareneli OTMEYEHO yBETUYECHUE BS3-
koct HaHOXHaKocTH (Babar u np., 2019; Rudyak u ap., 2023). ABropamu (Batchelor,
1977; Rashin u ap., 2013; Nguyen u np., 2008; Kulkarni u np., 2006; Masoumi u np.,
2009) pa3paboTaHbl SMITHPHUCCKIE MOICITH OTIMCAHMS BI3KOCTH HAaHOKUIKOCTEH, Ipe-
CTaBJICHHBIE B OCHOBHOM 3aBHCHMOCTBIO KOHIIEHTpAIlMM HAHOYACTHII, TEMIIepaTypoi
KHUIKOCTH. HekoToprle aBTOpPHI HCCIIEOBAaIN 3aBUCUMOCTh OT arjoMepanud |
MIPEUIOKIITN TEOPETUIECKOE ONMCAaHNe BSI3KOCTH C y4eTOM JaHHOTO (akTtopa (Sugan-
thi u ap., 2012; Anoop u np., 2009; Koca u ap., 2018; Murshed u mp., 2012). B xome
AKCIIEPUMEHTOB, TTPOBeIeHHBIX (Sundar u ap., 2016), BEIsABIIEH BKJIaa 6a30BOH )KHIKOCTH
W TeMIIepaTypbl Ha BA3KOCTh HAHOXKHUIKOCTH. OHaKO, HECMOTPSI HA MHOTOYNCIICHHBIC
npemtokeHnbie Teopetndeckue (Einstein, 1906; Smoluchowski, 1916; Chen u mp., 2007;
Prasher u nip., 2006) n smmmpraeckue (Graf, 1984; Cheng u np., 2003; Hernandez u np.,
2014) monenu, Ha TAaHHBIH MOMEHT OTCYTCTBYIOT OOIICTIPHHSATOE OMMCAaHUE BA3KOCTH B
THOPHUIHBIX HAHOKHUIKOCTSIX.

B namnoii pabGore Oyner wuccienoBaHa BA3KOCTh HaHoxuakoctd TiO,-
OunuctmiumaposanHas  Boxa, Al O,-Omauctwummposannas  Boga, TiO,-Al O,
OMINCTHUTMPOBAHHAS BOJAa B COOTHOHmICHWHM HaHodacTuir 1:1. Ilpemmoaraercs
ONpEJICTIEHNE BIIMAHUS OJIHOTO M3 KOMIIOHEHTOB Ha BA3KOCTh rubpuanon TiO,-Al O,
HAHOXKUJIKOCTH.

MarepuaJjbl 1 METOABI

Hanouactuuer TiO, u AL,O, Obumr mosyuensl y mpousBoautens «Sigma-Aldrichy.
CorracHO acIOPTHBIM JTaHHBIM TOBapa, pa3Mep HaHOYACTHI[ COCTaBIsIeT He Ooyee 50
HM. [luctiperainusi HAHOKHAKOCTH TIPOU3BOIMIACH YIBTPA3BYKOBBIM TOMOTEHH3ATOPOM
Mozaenn «JY92-IIDN» dupmer Scientz, momaOCTRIO 10 900 BT, wactora — 20 kI .

[Tosrydenne HaHOKUAKOCTH MMPOU3BOIUIIOCH C TIOMOIIBIO IBYXATAITHOTO METO/1A.
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bazoBass KuMIKOCTh — OWAMCTHIMPOBAHHAS BOJNA. BBIIM MPHUTOTOBIEHBI HECKOJIBKO
BapHaHTOB HaHOXwuakocreil: TiO?- muctmmmmposannas Boma 0,5, 1, 2 macc.%, ALO,
-nuctuiumaposansas Boaa 0,5, 1, 2 macc.%, TiO,/Al O, -nuctumiposannas soaa 0,5,
1, 2 macc.% B cootHomenuu 1:1. IIpogomKUTENPHOCTD JUCTIEPTUPOBAHUS HAHOUACTHULL
Obu1a onpeienieHa B 30 MuH 0e3 BBIIEPIKKH MEXKTY ITyJIbCaMHU.

CyIecTByIOT OOIIEN3BECTHBIE METOJBI HM3MEpPEHHS BSA3KOCTH: C IIOMOIIBIO
POTAIIMOHHOTO BH3KO3WMETpa (ompenecHue guHamMudeckoi Bs3koctr) (Hamid u mp.,
2018; Wanatasanapan u ap., 2020) 1 KamWJUSIPHOTO BU3KO3UMeTpa (OTpeeIcHIe KHHeMa-
THaeckoil Bsazkoctn) (Jarahnejad u mip., 2015; Duangthongsuk u 1p., 2009). Omnpenenenne
KHHEMaTH4eCKOH BA3KOCTH C HCIIONB30BaHUEM KalWUIIPHOTO BHCKO3UMETpa
00yCITOBIIEHO HIU3KOH BA3KOCTHIO )KUIKOH cpesbl. HamprumMep, KanmuuIsipHbIN BUCKO3UMET]
cepuu BIDK no3BossieT onpenesnsiTe KHHEMATUYECKY O BI3KOCTh KUAKOCTH BILIOTH 10 0,6
cCrt. B cBsI31 C 3TUM 00OCTOSATENHCTBOM KaMIIIAPHBIA CTCKIISTHHBIN BUCKo3uMeTp BIDK-4
OBLT BBIOpAH /71l TIPOBENIEHUS] M3MEPEHNH BSI3KOCTH HAHOXKHIKOCTH B JTaHHOW padore.
[IpuHIHT PabOTHl KaNMWJUIIPHOTO BHCKO3WMETPAa OCHOBAaH HAa WCTEYEHUH JKUIKOCTU
Yyepe3 KanmuLsp ONpeelIeHHOT0 JTuaMeTpa, BEIOPAaHHOTO MCXOMs M3 MperoiaraeMon
BSI3KOCTH KHUJIKOCTH. KnHEeMaTHuecKkas BA3KOCTh PaCCUUTHIBACTCS 1O (hopMyIie:

g
v=—- 7" K (1)
9,807
A€ — KHHEMAaTH4YCCKas BI3KOCTb (CCT), — YCKOPCHHUEC CUJIbI TAXKCCTU

B MECTE H3MEpeHHs (M/C?), - BpeMs HMCT€YeHHs XHUAKOCTH (C.), K — MOCTOsTHHAs
BHUCKO3UMETpA.

OnpeneneHne BA3KOCTH MPOBOAWIOCH C IOMOIIBK KaMUJUISIPHOTO
BuzkosuMmeTpa BIDK-4 (muamerp xamuuispa 0,37 Mm). Bsskocts omnpenpensiiach
o dopmyie (1), yckopeHue cBOOOIHOTO TajeHusi MPUHATO 9,81 m/cex’ (711 TOpOIa
Cewmeit). M3mepeHust BSI3KOCTH MPOBOJAMINCH MpHU Temriieparype 20 (293K), 30
(303 K), 40 (313 K), 50 (323 K), 60 (333 K). TepmocTatupoBaHue 00eCreqynBagIoCch
TepmocTtatoM mapku LOIP-LT.

Pe3yabTaTsl U 00Cy:KI€HUE

[lTonyuyenHble  pe3ysbTaTbl  CBHUJAETEJIBCTBYIOT O  HEOJHO3HAYHOM
MIPOSIBIICHUU BA3KOCTHBIX CBOWCTB TMOPUAHON HAHOKUIKOCTH. Ha pucynke 1 Juis
TiO,-OumucTuiuposanHas Boja 0,5 macc.% B paspese Temnepatyp (293K-333K),
KHMHEMAaTH4eCcKasi BA3KOCTb JIaeT pOCT Ha 2 % MO OTHOILIEHUIO K 0230BOM KUIKOCTH
(OupuctummpoBanHas  Boxa). Hamoxwmakocts Al O,-OMIMCTHIIMPOBaHHAS
Bozaa 0,5 macc.% moka3bIBAET YBEIMUYECHHUE BSA3KOCTH MOYTH B 4 pa3a Ha ypOBHE
7,5 %. I'mbpuanas HaHoxkuaAKocth TiO/ALO, — ounuctrwupoBanHas Boga 0,5
Macc.% MPUHUMAET CPeHEE 3HAYEHUE YBEIMYEHUSI MEX/y BbIIICYKa3aHHbIMU
HAaHOXKHUJIKOCTSAMM B Tipeienax 6 %.
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1,10 1,10

1,054 b [~ TiO2-DDW 0,5wt.%/ DDW
’ a [~ TiO2-DDW 0,5wt.% —@— AL203-DDW 0,5wt.%/ DDW
— 1,00 4 @ AL203-DDWO,5wt.% 1,09 —A— TiO2/AL203-DDW 0,5wt.% (1:1)/ DDW|
) 4 A TiO2/AL203-DDW0,5wt.% (1:1)|
3 0,95+
20,90 1087
>0 ke o— o
g 0,85 4 s 1,07 1 *——o —0
0,80 4 =
o > A
20,75 5 1,064 A — A A
o 0,70 8 A
%3 0,65 2 1,057
§ 0601 ~ 1,04
< 0,55+ !
0,50 1,03 -
0,45 s .
0140 T T T T T 1 102 T T T T T
290 300 310 320 330 340 290 300 310 320 330 340
Temperature (K) Temperature (K)

Pucynok 1 — Kunemarmdeckast BI3KOCTb (@) U OTHOIICHUE KHHEMATHIECKOH BSI3KOCTH K
oupuctTmwurpoBanHoi Boze (b) ms TiOz-6HaHCTHnanOBaHHa${ BOA, A1203-6I/IILI/ICTI/IJIJ'II/Ip0BaHHa$[ BOA,
THOPUIHOM KUIKOCTH TiOZ/A1203-6I/IHI/ICTI/IJIJH/IpOBaHHaSI BoJa KoHIeHTpanueit 0,5 macc.%

OpnHako Ha pUCYHKE 2 MOYKHO 3aMETUTh YBEIHUEHUE BA3KOCTH THOPUTHOM
HaHOXKUIKOCTH TiOZ/A1203—6I/I,ElI/ICTI/IJ'IJ'II/Ip0BaHHa$I Boma 1 macc. %, mpeBbllIaroLIeH
KMHEMaTHYECKYI0 BA3KOCTh Al O, -OuaucruimmposanHas Boja 1 macc.% HpOTHBOIO-
noxHo ciyyato ¢ 0,5 macc. %. YBenuuenue maccoBoi KoHueHTpauuu Ha 0,5 % nano
MNPUPOCT KUHEMATUUYECKON BSI3KOCTH IS TiOZ/ALZO3—6HI{I/ICTI/IJ‘IJ‘H/Ip0BaHHa$I Boga 1
macc.% Ha 18 %, mia Ti02—6I/I,Z[I/ICTI/IJ'IJ'II/IpOBaHHa${ Boaa 1 macc.%. nopsiaka 3 %, ans
A1203—6I/II[I/ICTI/IJ'IJ'II/IpOBaHHa$I Boga 1 macc.% Ha 15 %.

1,4
7 1,24 1 —=— TiO2-DDW 1wt.%/ DDW
_ 131 a :I\Bﬁ;g’%\m‘fﬁ% 1,22 b —®— AL203-DDW 1wt.%/ DDW
5 1,2 —A— TiO2/AL203-DDW 1wt.% (1:1), 1.20 ] —A— TiO2/AL203-DDW 1wt.% (1:1)/ DDW|
K { ¥ DDW ’
>111 o118y A —A—A——a 2
21,0 © 1,16 1 o — o'.’
2 ol 21144
5097 2112
L 08 8. ]
g 07 £ 1,104
597 1,08 -
< 0,6 1,06
0,5 1 1,04 .-
0,4 T T T T T 1,02 T T T T T
290 300 310 320 330 340 290 300 310 320 330 340
Temperature (K) Temperature (K)

Pucynok 2 - Kunematnueckast BA3KOCTb (a) M OTHOIICHHE KHHEMaTHYECKO BI3KOCTH K
oumuctTiIpoBanHoii Bose (b) mis Tioz-6I/I£[I/ICTI/IJ'IJ'[I/Ip0BaHHaH BOJIA, AL2O3-6I/IZ[I/ICTI/IJ'IJ'II/IpOBaHHa$[ BOJIA,
rubpuanoii xuakoctu TiO,/AL,O,-OuucTuiMpoBanHas Bojia KOHIEHTpanuei 1 mace.%

TenneHUuI0 MPUPOCTa KMHEMAaTUYECKOW BSA3KOCTH MOKHO HaOII0AaTh
IIPU JaJIbHENUIIEM YBEJIMUYEHUN MaCCOBOM KOHIIEHTPAIIMM HAHOYACTHI] J10 2 Macc.
% (puc.3). Bce Gonee OmIyTUMOW CTaHOBHTCS pasHHIA KHHEMATHYECCKOM BS3KOCTH
HAHOXUJIKOCTEN A1203-6I/IILI/ICTI/IHHI/IpOBaHHa$I BOdA U TiOZ/A1203-6HI[I/ICTI/IJIJII/IpOBaHHaH
Boza, cocrapismomeit 30 % u 42 % coorsBercTBenHo. Ho B cmydae ¢ TiO,-
OWIUCTHITMPOBAHHAsI BOla OTMEUYECH HE3HAYUTENIbHBIN POCT HAa YPOBHE 6 %.
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1,60
144a —=—TI02.DDW 2ut.% 1551  [=—Tio2-0DW 2wt.%/ DDW
— —®—AL203-DDW 2wt.% @ AL203-DDW 2wt.%/ DDW
) A~ TI02/AL203-DDW 2wt.% (1:1) 1,50 1 A TIO2/AL203-DDW2wt.% (1:1)/ DDW
5] —v DDW
~1,2 1,45
> i) 1 A
g T 1,40 S
8 10- 135
= ‘o 1,30 & — o ‘"*”0—7",,,,,'
Q o ]
=08 2%
g > 1,20
.?_:) 0.6 1,15
x 1,10
1,05 - s 4
014 T T T T T T T T T T
290 300 310 320 330 340 290 300 310 320 330 340
Temperature (K) Temperature (K)

Pucynox 3 - Kunematnueckas BA3KOCTb (a) M OTHOIIEHHE KHHEMAaTHYeCKOH BSI3KOCTH K
Ounuctumposannoi Boje (b) nus TiO,-6umuctuinmposannas Bona, Al,O,-OuaMCTUIIMPOBaHHas BOJIA,
rubpuanoit xuaxoctu TiO,/AL,O,-OuucTusnupoBantas Bojia KoHIeHTpanuei 2 macc.%

Takum o0Opa3oM, MOXHO CJeJaTh BBIBOJ O CYUIECTBEHHOM BKJIQJIe
KoMroHeHTa AlL,O, B BSI3KOCTHBIC XapaKTEPUCTHKU HaHOXKHUAKOCTH TiO,/ALO,-
OMIMCTHIIMPOBAHHAs BOJA, & MMEHHO YBEJIMYEHHE MACCOBOM KoHueHTpauun Al O, ¢
0,25 % mo 1 % o0yciaBnuBaeT MOYTH 35-MIPOLIEHTHBIN MPUPOCT KHHEMATHIECKON
BSI3KOCTH THOPHUTHON HAHOKHUJIKOCTH (pHC.4).

1,60
1,55 - —m— TiO2/AL203-DDW 0,5wt.%/ DDW
. —@ TiO2/AL203-DDW 1wt.%/ DDW
1,50 - —A— TiO2/AL203-DDW 2wt.%/ DDW
1,45 ~
1404 A—
o 1,40 1
B 1 - A———A——— 4
= 1,35
> ]
2 1,30
2 15 ]
S
1,20 -
] e—— &6 & —— ¢ @
1,15 -
1,10 -
1,054 s s
T T T T T T T T T T
290 300 310 320 330 340

Temperature (K)

Pucynox 4 — CpaBHeHHE OTHOCUTEJILHOM BSI3KOCTU TiOZ/AL203-61/I,Z[I/ICTI/IJ'IJ'II/IpOBaHHa$I BOJIA JUUIST KOHIICH-
Tpauwuii 0,5 macc.%, 1 mace.%, 2 macc.%,

59



ISSN 2224-5227 2.2024

3akJjioueHue

[IpousBeneHbl HU3MEpPEHHUS] KMHEMATHYECKOW BS3KOCTU HAHOMKUJKOCTH
TiOz—,Z[I/ICTI/IJ'IJ'II/IpOBaHHaSI BOJA, A1203—I[I/ICTI/IJ'IIII/Ip0BaHHa$I BOJIA, TiOz—AIZO3
JUCTUIMPOBAHHAS BOJ1a BCOOTHOIICHMU HaHOoYacTuIl 1 : 1. OTMedeHo Bo3pacTaHue
BSI3KOCTU BCEX TpPEX THUIIOB HAHOXHUAKOCTEH MpU YBEJIMYEHUH MAaCCOBOM
koH1eHTpauuu. [Ipu 0,5 macc. % poct KHHEMATHUECKOW BI3KOCTH HE3HAYMTEIIbHBIH.
IIposiBnenye BA3KOCTHBIX CBOMCTB HAaHOXKUAKOCTH TiO,-OuaucTuiiupoBaHHast
BOJIA MPU TIOBBIIICHUU KOHIIEHTPAIIMH HAHOYACTHI] HOCUT CIa0OBBIPAKECHHYIO HAIPaB-
JICHHOCTh, XaPaKTEPU3YIOLLYIOCS MPUPOCTOM KHHEMAaTHYECKON BS3KOCTH B 6
%. CnemyeT OTMETUTh, YTO MPHU yBEIMUYEHUH OOIIEl MacCOBOW KOHILIEHTPALUU
KHHEMaTHYeCcKas BSI3KOCTh rUOpUTHOM HAHOXUJIKOCTHU MpeBbIIIANA
KHHEMATHYECKYIO BS3KOCTh OTAEIBHBIX KOMIOHEHTOB. Hanoxuakocts TiO,-
AIZO3 — IMCTWJJIMPOBAaHHAsS BoJia 2 Macc. % mokasana yBenuueHue Ha 42 %.
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Abstract. The development of semiconductor photovoltaics in Kazakhstan, as
a country that occupies one of the leading places in the world in terms of solar energy
potential and has significant reserves of the necessary raw materials, is certainly relevant.
Semiconductor solar cells have an important role to play in converting solar energy into
electrical energy. However, in order for them to compete with other energy sources,
their efficiency must be improved and their cost must be reduced. One of the ways to
increase the efficiency of SCs is through texturing the silicon surface and using various
anti-reflection coatings made of metal oxide semiconductors. Texturing the front surface
of the solar cell can reduce reflection from 35 % to 11 %. In order to further reduce these
losses, anti-reflective coatings are applied to the working surface of solar cells, which
make it possible to achieve maximum absorption of incident solar radiation and reduce
reflection in the spectral range of operation of silicon solar cells. Expanding the spectral
range of sunlight used in photoconverters is a physically clear and theoretically promising
path. Doping ZnO films with oxides of rare earth elements is one of the possibilities
that contributes to expanding the working range of the solar spectrum, high transparency
of coatings, chemical and thermal resistance and optimal refractive index. One of the
important areas of modern energy is the widespread use of solar radiation. Semiconductor
solar cells should play an important role in converting solar energy into electrical energy.

However, in order for them to compete with other production methods, their efficiency
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must be improved and their cost must be reduced. Wide opportunities in this area are
provided by anti-reflection layers, which make it possible to reduce reflection in the
spectral range of operation of silicon solar cells (SCs) and achieve maximum absorption
of incident solar radiation. The problem of obtaining thin nano-sized layers of oxides
of various metals deposited on the surface of a semiconductor wafer becomes urgent.
Modern methods for producing thin films are not only a tool for their application, but also
methods that make it possible to shape the composition, structure and properties of films,
thereby giving them properties that are qualitatively different from the properties of the
source material. Among the materials for anti-reflection coatings of silicon solar cells,
rare-earth oxides stand out favorably because they have high transparency in the working
range of the spectrum, chemical and thermal resistance, and have an optimal refractive
index for these purposes.

Keywords: solar cells, zinc oxide, rare earth elements, europium, photoconverters
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AnHotamus. KyH SHepreTHKachlHBIH olieyeTi OOWBIHIIA oleMAe IKETEKIIi
OpPBIHAAPILIH OipiH ajaThIH JKOHE KaKETTI IMIMKI3aTThIH KOMAaKTBl KOPHI 0ap eIl peTiHme
Kazakcranna >kapThutail ©TKI3TIITI (OTOINEKTPUKTEP JAMBITY ©3€KTi Mocelle eKeHi
ce3ci3. JKapTeuraif eTKI3rim KyH Oarapesurapbl KYH SHEPTHSACHIH JIEKTP dHEPTHICHIHA
alfHaIIBIPYZIa MaHBI3IBI poll aTkapaabl. bipak onap 6acka sHeprust kezaepiMeH Oacekere
TYCY YIIiH OJapblH THIMIUTITIH apTTHIPHIN, KYHBIH ToMeHeTy kepek. CK tuimainiria
apTTHIPY JKOJIAPBIHBIH Oipi KpeMHMIA OETiH TEKCTypasay )KoHE MeTaJll OKCHUIi )KapThuIai
OTKI3TIITEP/IeH JKacalFaH MIAFBUIBICYFa KapChl 9PTYPIL KaOBIHAAPIBI KOJIaHy OOJIBII
Tabbutanbl. KyH OarapesichlHBIH albIHFBI O€TiH TeKCTypajay Mmarburyasl 35 Y%-maH
11 %-ra pmeiiiH TOMeHIETyl MYMKiH. bys >koFantymapapl ofgaH api azaiiTy yOIiH KYH
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OarapesyiapbIHBIH JKYMBIC OCTiHE IIaFbUIBICKA KapChl JKaOBIHAAp KOJIAHBLIAIBI,
oJiap TYCETIH KYH paJUalMsACBIHBIH MAaKCHUMAJJIbl KYTHUTybIHA KON JKETKI3yre >KoHe
KPEMHUIIII KYH JJIEMEHTTEPiHIH JKYMBICHIHBIH CHEKTPIIK IHUANa30HbIH/A MIaFBLTYIbI
azaiityra MyMKiHAIK Oeperi. PoTOKOHBepTepiepAe KONAAHBUIATHIH KYH COYJIECiHIH
CTIEKTPIIIK JUANa30HbIH KEHEHTYy (U3UKAIBIK TYPFBIIAH aHBIK JKOHE TEOPHSIIBIK
MTePCIEKTHUBAIIBI KO OOJBIT TaObuIambl. CHpek Xep 2JIEeMEHTTEPiHIH OKCHATEepi Oap
ZnO KaOBIKIATApBIH KOCTANlay KYH CHEKTPiHIH JKYMBIC JHUANa30HbIH, KaObIHIAPIbIH
YKOFaphl MOJIIPIITIH, XUMISUIBIK KOHE TEPMUSIIBIK TO3IMIUTITIH KOHE OHTAMIBI CHIHY
KOPCETKIIIiH KeHENTyTe BIKIaJl €TeTiH MYMKIHAIKTepiH Oipi Oombin Tadkuiaasl. Kasipri
SHEPTeTUKAHBIH MaHBI3/bI OAFBITTAPBIHBIH Oipl KYH paauaIisCchlH KeHIHeH MaiaanaHy
OombIr TaObUIAAEL. JKapThutall OTKI3TINI KyH Oarapesuiapbl KYH SHEPTHSICHIH DIICKTP
SHEPTHUACHIHA alfHATABIPY/Ia MaHBI3IBI POJI aTKapyhl Kepek. bipak omapapiH Oacka eHIipic
omictepiMeH Oocekere TycCyi YIIIH OJIapIbIH THIMAUIITIH apTTBHIPBIN, ©31HIIK KYHBIH
TOMEHJETY KaxeT. by camama KeH MyMKIHAIKTEp pediekcusiFa Kapchl KadarTapMeH
KaMTaMachI3 eTiTreH, Oy kpeMHuN kKyH aineMeHTTepiHiH (CK) >KyYMBICBIHBIH CITEKTPITIK
JIMANa30HbIHA IIAFBUTY/IBI a3alTyFa JKOHE TYCETIH KYH paJUallMsAChlH MaKCUMAIJIbI
CiHipyTe KOJI KeTKi3yre MyMKiHAIK Oepei. XKapTeurail oTKi3TimITi M1acTHHAHBIH OeTiHIe
TYHJIBIPBIIFAH OPTYPIIi METaIIap/IbIH OKCHATEPIHIH HAHO OJIIEeM/I1 )KYKa KabaTTaphlH aly
Macerneci 03eKTi 00T OTHIp. JKyKa KaObIKIIamaps! aiTy/IblH 3aMaHayH dIicTepi omapsl
KOJIZIaHy KypaJibl FaHa €MeC, COHBIMEH Karap KaObIKIIaIap/blH KypaMbIH, KYPHUTBIMBIH
JKOHE KACHETTEpiH MiMIiHAeyre MYMKIHIIK OepeTiH, COJ apKbUIbI OJapra OacTarKpl
MaTepHANIIBIH KACHETTEPiHEH calaibl TYpAC CPEKIICICHETIH KacHeTTepai OepeTiH
onmicrep. Kpemuuii kyH OaTapesuiapblH HIAFBUTBICTBIPYFA KapChl )KaObIHIApFa apHAIFaH
MaTepHAIIAPIbIH IMIIHIE CHPEK JKep OKCHATEpi JKaKChI epeKIIeIeHe i, OUTKeHI omap
CTHEKTPJIIH >KYMBIC JTUAMA30HbIH/IA JKOFAPhl MOJTIPIIKKE, XUMHSIIBIK KOHE TEPMHUSIBIK
TO3IM/IITIIKKE He jKOHEe OChI MaKcaTTap YIIiH OHTAMIIbI CHIHY KOPCETKIlliHe He.

Tyiiin ce3mep: KyH Oarapesiapbl, MBIPBIII OKCHIII, CHPEK JKep JJIEMEHTTEp,
eBponHid, (HOTOTYPIICHTIIITED
Byn socymvicmor Kazaxeman Pecnybnuxacwl Folnviy dicaone scoeapvl Oinim MuHuCmpriciniy
Fouvim komumemi Kapoicoliat Konoaowl (epanm No BR18574141 Kazaxcman enepkacioi
YULIH DHEPSeMUKATBIK CEKIMOPOA JHCIHE MAUWUHA JCACAYOa IHEPSUsI MULMOLTIZIH APMMbIpy
JHCaHe pecypcmapovl YHemoey O0UbIHUA KelleHOi Ken MaKcammuyl 6a20apiama).
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AnHoramus. Pa3Butre momynpoBogHHKOBOW (orodHepreTrku B Kazaxcrane
KaK CTPaHbl, 3aHUMAIOIIEH 110 MOTEHLIMAY COJTHEUHON YHEPrUu OJJHO U3 BEAYLIUX MECT
B MHpe U oOiajaroniell 3HAYMTEIbHBIMHU 3alacaMu HEOOXOIUMOTO CHIPbS, SBISCTCS,
0e3yCIIOBHO, aKTyallbHBIM. BakHyI0 poib B MPeoOpa3oOBaHUM COJHEYHOH SHEPIHH B
ANEKTPUUYECKYIO DHEPTUIO JOJKHBI CHITPATh MOMYIPOBOJIHUKOBBIE COMHEUHBIE 3JIECMEHTHI.
OpHako, 4TOOBI OHU MOIJIH KOHKYPHPOBATh C IPYTUMHU CIIOCOOAMU TOTYUYCHUS SHEPTHH,
HEOOXOIMMO TIOBBICHTH A(PPEKTUBHOCTh MX pabOTBHl M CHU3UTH CTOUMOCTb. OmHUM
3 croco6oB moBkimeHUs A dexkruBHoCTH CD UCHONB3YIOT KaK TEKCTYPUPOBAHHE
MIOBEPXHOCTU KPEMHHUS, TAK U UCIIOJIb30BAHUE PA3NMMYHBIX aHTHOTPAKAIOIINX TOKPBITUH
13 METAITIOOKCHIHBIX IMTOYIPOBOAHUKOB. TekcTypupoBaHue (hpOHTATBHOMN TOBEPXHOCTH
COJIHEYHOI'O 3JIEMEHTAa MO3BOJIIET CHU3UTH oTpaxkeHue ¢ 35 % mo 11 %. C uenbto eme
OOJIBIIIETO YMEHBIIIEHUS ITHX MTOTEPh HA padOYYIO MOBEPXHOCTH CONHEUHBIX DIIEMEHTOB
HaHOCSATCA aHTUOTPAKAIOUIUE MOKPBITHSI, KOTOPbIE MO3BOJISIOT JOCTUYb MAKCUMAIBHOTO
MOIIOLICHUS NAAAI0IIET0 COTHEYHOTO U3IYYEHUS U CHU3UTD OTPAXKEHUE B CIIEKTPAIIbHOM
JMara3oHe padoThl KPEMHHUEBBIX COJTHEYHBIX JIEMEHTOB. PacmimpeHue CrieKTpalbHOTO
WHTEpBaja COJHEYHOIO CBETa, UCIIOIB3YeMOro B (OTOIpeoOpazoBareisix — (PU3nIeCcKu
SICHBIY U TEOPETUYECKU MEPCIECKTUBHBIN Ty Th. JIernpoBaHue oKCHIaMU PEAKO3EMEIbHBIX
AIIEMEHTOB TIeHOK ZnO — o/THa U3 BO3MOXXHOCTEH, KOTOpasi CIIOCOOCTBYET PacIIuPEHUIO
paboueii 001aCcTH COTHEYHOTO CIEKTPa, BEICOKOW ITPO3PAYHOCTHU IMTOKPBITHH, XUMHYECKOM
U TEPMUYECKOM CTOMKOCTH MU ONTHUMAJBbHOMY MOKa3zarento mpenomiieHus. OIHUM U3
BaYKHBIX HaIIPaBICHUM COBPEMEHHOMN 3HEPreTHKHU SIBISCTCSA LUIMPOKOE HCIOJb30BaHUE
COJTHEYHOTO H3JIy4eHUs. BakHyr pojb B NpeoOpa3OBaHUU COJIHEYHOH HSHEPrUH B
ANEKTPUUYECKYIO JOJDKHBI CHIFPATh MOJIYNPOBOJHUKOBBIEC COJTHEUHBIE AIeMEHTHI. OTHAKO,
4TOOBl OHM MOIJIM KOHKYPHPOBATh C JAPYTUMH CIOCOOAMH TOJXYYCHHS, HEOOXOIUMO
MOBBICUTH A(P(HEKTUBHOCTh UX PAOOTHI U CHU3HUTH CTOUMOCTH. [lInpokue Bo3MOX)HOCTH
B ATOH OOJIACTH IMPEJICTABISIOT AHTHOTPAXKAIOIIUE CIIOM, KOTOPBIC MO3BOJSIOT CHU3HUTH
OTpaXKCHUE B CIIEKTPAJIHLHOM JIMaNa30He PadOThl KPEMHHEBBIX COJIHEYHBIX AIIEMEHTOB
(C3) m mocTHdp MaKCUMAIILHOTO TIOIVIONICHHS MAJAOIIEr0 CONHEYHOTO W3ITYYCHUS.
AKTyaJabHOM CTAaHOBUTCS 3aJlauya MOJTYYEHUS] TOHKUX HAHO-Pa3MEPHBIX CIOEB OKCHUIIOB
Pa3IUYHBIX METAJUIOB, HAHECEHHBIX Ha MOBEPXHOCTh MOJYNPOBOJHUKOBOU MIJIACTUHBI.
CoBpeMEHHbIE METO/IbI OMYUEHUS TOHKUX IJICHOK SIBJISIIOTCSI HE TOJIBKO UHCTPYMEHTOM
JUTSI X HAHECEHMI, HO M METOJIaMH, KOTOPBIE IIO3BOJISTIOT (JOPMHUPOBATH COCTAB, CTPYKTYPY
Y CBOMCTBA IJICHOK, IPUAaBasi UM TEM CaMbIM CBOICTBA, KAU€CTBEHHO OTJIMYAIOLIUECS OT
CBOMCTB ucxonHOro marepuana. Cpeau MarepuanoB JUisl aHTHOTPAKAIOIIUX MOKPBITUH
KpeMHHEBBIX CO BBITOIHO BBIACISAIOTCS OKCUABI PEIKO3EMENbHBIX 3JIEMEHTOB, KOTOPHIE
00MajatoT BBICOKOM IMPO3pAayHOCTBI0O B paboueil 007acTh CHEeKTpa, XUMHYECKOW W
TEPMUUYECKOM CTOMKOCTBIO M HMMEIOT ONTHUMAJBHBIM ISl 9TUX LeJed MoKa3aTelb
MIPEIOMIICHHUS.

KuarwueBble ci10Ba: CONHEUHBIC 3JIEMEHTBHI, OKCHJ LUHKA, PEIKO3EMEIbHbIC
AIIEMEHTHI, €BPOIHH, POTOIIPEOOpaA3OBATEIH
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Oma paboma 6vina hunarcoso noodepoicana Komumemom nayku Munucmepcmea
Hayku u evlcuieco obpasosanusi Pecnyonuxu Kazaxcmawn (epamm No BRI18574141
«Komnnexcnas mHozoyenesas npocpamma no NOGbIUEHUIO IHEP20IPHekmusHocmu
u pecypcocoepedcenuio 6 sHepeemure U MAWUHOCMPoeHuUu OJid NPOMbIULIEHHOCTU
Kaszaxcmanay).

Beenenue

[Tonukpucraminyeckyue IUICHKH OKCHJA ILIMHKA yXE JOJIT0e BpeMs SIBIISIOTCS
OZIHUM MX IIHPOKO HUCIOJIb3YEMbIX MaTEpPHaJIOB COBPEMEHHOMN 3JIEKTPOHHUKH. Bbicokuii
HHTEpPEC K 3TOMY MaTepHally CBS3aH C MHOTooOpa3HeM ero yHHKaJIbHbIX (DU3HKO-
XMMUYECKHUX CBOMCTB, TAKUX KaK JIOMUHECLEHLMs, HAIWYHE Mbe30- U nupodddekra,
amM(oTepHble XMMUYECKHUE CBOICTBA, KATAIMTUYECKAsl aKTUBHOCTh, (DOTO3JIEKTPUUYECKHUE
CBOMCTBA U T.[I.

Okcu IMHKA SIBIAETCS IMHPOKO30OHHBIM ToiymnpoBomHukoMm (Eg=3,37 eV),
KOTOPBIM IPEACTaBIsIeT YPE3BbIYAHO OONBLION MHTEpEC Ul Pa3BUTHsI COBPEMEHHOM
BBICOKOTEMIIEPATypHOIl MUKPOAJICKTPOHUKH, ONTO3IEKTPOHHUKH, YIBTPa(pHOICTOBBIX
JIETEKTOPOB, CBETOMO/IOB M CYETOBOIOB, ceHcopoBTa30B (Ech-Chergui, 2023). Uzyuenuto
CBOMCTB OKCHA IIMHKA IIOCBSILEHO OO0JIbILIOE KOJIMYECTBO PAOOT, B KOTOPBIX OMHUCHIBAIOTCS
pa3nn4Hble METOAb! (POPMHUPOBAHHS TOHKUX IUIEHOK U CLIOCOOBI MOAM(UKALIMH CBONCTB
MOJTy4EHHBIX 00pa3oB. BBeneHne MOHOB penko3eMenbHOro meramna Eu’* (eBpomust)
B IUICHKM OKCHJA LIMHKA MPOSBISAETCS B IMOSBICHUU (DOTOTYBCTBUTEIBHOCTH BOJIBT-
aMIIEPHBIX XapaKTEPUCTHUK HA N3JTy4YE€HHE B BUIMMOM U HHPPAKPACHOM AMANa30HaX AJINH
BoxH [da Fonseca et.al., 2018; Oudhiaa et al., 2016; Xin Mei, 2018). ITnerxu ZnO:Eu®,
CHUHTE3UPOBAHHBIE 30J1b-T€JIb METOJJOM, MOT'YT OBITh UCIIOJIB30BAHbI B ONTORJICKTPOHHBIX
puOopax u, B YaCTHOCTH, JJIsI CO3/IaHUs COTHEUHBIX dneMeHTOB (Abdelkader Hafdallah
et al., 2017; Er Ali Oguz, 2011). Jlns cunaTte3a Toukux mwieHok ZnO:Eu®* ucnons3yrores
Ppa3nYHbIE TEXHOJIOT MY H3TOTOBJICHHS], TAKHE KAaK TEPMUUECKOE PACTIbIICHHE, PEAaKTUBHOE
MarHeTpPOHHOE HCIIApeHHe, XMMUYECKOE OCAKICHHWE W3 Tra30BOM (asbl, 30Jb-Tejb
TEXHOJIOTUS. 30Jb-T'elb TEXHOJIOIUs 001agaeT 0COObIMH MIPEUMYLIECTBAMH B OTIMYHE
OT JpPYTHMX TEXHOJOIWH, Onaromapss NPEBOCXOAHOMY KOMIIO3MIIMOHHOMY KOHTPOJIIO,
TOMOTEHHOCTH Ha MOJIEKYJISIPHOM YPOBHE M3-332 CMELIMBAHUS >KUAKHX IPEKYPCOPOB U
HU3KOH TeMIeparypbl KpUCTaJUIU3ALUH.

[Ipopaboranel JuTeparypHble HaHHBIE IO CTPYKTypaM OKCHIAa LMHKA C
HCTIOJIb30BAHUEM PEAKO3EMEIbHBIX META/UIOB, CO3JaHHBIE METONAMM  30Jb-TeJb
TexHonmorud. OOOCHOBaH METOH CIpEH-NHUpONIN3a ISl OCAKACHUS TOHKHX IUIEHOK
OKCH/Ia IIMHKA JIETUPOBaHHBIX MoHamu eBponus (Kumar et al., 2017), koTopsiii 0ocCHOBaH
Ha TEPMHUUYECKOM PA3JI0KEHUH a3p0o30Jisl pacTBopa. Bo3MOXXHOCT MONTyueHHsT METOAOM
CIpEeH-MUpoaM3a TMOKPBITHH Pa3IMYHBIX IUIOIAACH, OAHOPOAHBIX I10 TOJIIMHE,
o0ecrieunBaeTcs EPEMEIICHUEM COIUIA PACHIBUIMTENS Hall MoAIoKKoH. [IpenmymiectBo
TaKXKe 3aKJIIOYaeTcs B CIIOCOOHOCTH INPOU3BOJUTH BBICOKOOAHOPOJHBIE IUICHKH
Oompmioii Tomaau npu npuemseMbix (ot 100 mo 500 °C) 3Ha4eHHAX TeMIlepaTyphl
TEXHOJIOTHYECKOT0 IPOLIECcca, a TAKXKe CPAaBHUTEIBHO HEBBICOKAsi CTOMMOCTB Ipoliecca,
OTHOCHTEIHFHO TPOCTOH crioco0 BHenpenus npumecH (Petersen et al., 2011; Lehraki et
al., 2012). K ocHOBHBIM HelOCTaTKaM JaHHOTO METOJIA CJIETyeT OTHECTH OTHOCHTEIHHO
BeIcOkHe Temneparypsl (~ 400°C s ZnO), 9TO HE MO3BONIAET UCTONB30BaTh €T0 IS
rMOKUX TOJMMEPHBIX MOIOKEK. 1locpeacTBOM M3MEHEHUS! KOHLEHTPAaLUU HMPUMECH
B pacTBOpEe OCYLIECTBISIETCS BapbHUpPOBAHUE IPOLEHTHOIO COAEPXKAHUS HPUMECH
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JeTUpOBaHHOTO oOpasna. Meron He TpedyeT UCIOIb30BaHHU BaKyyMa Ha BCEX CTaIUsIX
mporecca (Mukhamedshina et al., 2017).

MarepuaJjbl 1 0CHOBHbIE METObI

Jns ocakneHWs IUIEHOK OKCHAa I[MHKA, JIETHPOBAHHBIX HOHAMH E€BPOIIHS,
HCIIOJIB30BAIMCh MUKPOCKOIIHBIE Claiiibl M3 CTeKJIa C pasmepamu 75x25x1MMm u
IJIACTHHBI KPEMHHUS p-THHA ¢ compotuBiaeHHeM 5—10 Om/cMm. OdYncTKa MOBEPXHOCTH
MOJUTO’KEK — OJIMH W3 Hamboliee BaKHBIX TEXHOJOTHYECKHX MporieccoB. OT YUCTOTHI
MTOBEPXHOCTH TTOIJIOKKH 3aBUCHT OJJHOPOAHOCTH TIOKPBITHS, €70 IPOYHOCTH U Ka4E€CTBO.
[Ipu oumncTKE HCTIONB30BANH TIEPEKHUCHO-aMMHUAYHBIA PAaCTBOP, AUCTUILTUPOBAHHYO BOIY,
VIABTPa3BYKOBYIO BaHHY.

B kadecTBe WCXOMHOTO Marepuana /s TIONyYeHUs OKCHJIa IHWHKa ObLT
WCTIONBb30BaH  aurumapar anerara uubka (Zn(CH3COO),»2H,0). 3omu  Obuin
MIPUTOTOBJICHBI C MCITOJIF30BaHUEM M30MPONIIOBOTO CIIMPTa M MOHOSTaHOJIAMHHA. 3011
¢ xoHneHTpanueil Eu Bec. % ObUTH TOTyYeHBI MyTeM JT00aBISHHSI COOTBETCTBYIOIIETO
xonmuecTsa Hurpara esponus (Eu(NO,),). Mcnomb3yemble pacTBOPbI TOTOBMIIMCH Ha
meitkepe opoutansHoro Bpamenus JIAB-ITY-01 (ckopocts Bpamenus 150 o6/muH).
PactBopenune npoBoaMIOCh Kak P KOMHATHOM TeMIiepaType, Tak U npu Harpese 10 50
°C, 9T0 B HEKOTOPBIX CITy4asiX SBISUIOCH Han0O0JIee 3HAYUMBIM YCIIOBUEM TOMOTE€HU3AIINN
[I0JIy4aeMbIX PACTBOPOB. BpeMs IpUTrOTOBIEHUS pACTBOPOB BAPbUPOBAIOCH OT 20 MUHYT
1o 1 gaca. Ocaxnenue mieHok ZnO Ha NOUIOKKY HAYMHAIOCh HE Mo3xke | yaca mociie
MIPUTOTOBJICHHS PACTBOPOB.

CuHTE3 TUIEHOK METOJIOM CITPEH-ITMPOJIh3a MIPOBOJUIICS Ha SKCIIEPUMEHTAILHON
YCTaHOBKE COOCTBEHHOTO IIPOW3BOACTBA Tpu Temreparype momnoxku 400+10 °C.
Hcnonp3oBasicst mHeBMaTHYeCKUi adporpad co CKaThIM BO3IYXOM B KadeCTBE Tasza s
pacmbUICHUS IO TaBieHueM 1,4 6ap, Tpu KOTOpOM HaAOIIOmaICss HanOosee paBHOMEPHBIH
MTOTOK PacHbLIsIeMOro pacTBopa. ['a3-HocuTenb (BO3/1yX) MOAaeTCsi KOMIIPECCOPOM Yepes
(GUIBTp W perynsaTop naBieHus. PaccrosHme oT coma asporpada 0 MOBEpXHOCTH
BapbpupoBasiock B npeaenax 20-30 cM. J{naMeTp pacibUISIONIEro COIA IBISETCS HAPALY C
JTABJICHHEM Ta3a-HOCHUTENS (DaKTOPOM, OTIPEIETISIONINM BETUIUHY Karlellb PacibUIsieMOro
pacTtBopa. YBelWYEHHE TOJIIMHBI IUIeHOK ZnO TPOBOJUIOCH IOCIEA0BATEIbHBIM
LUKINYECKUM OCaKJIeHueM. Bpems cuntesa g onHoro ciost cocrasisiio 30 ¢, a mis
JIBAAIATH c10eB — 0K0J10 40 MuH. OT)KUT MEX Ty HaHECEHHEM OTAEIBHBIX CJIOE€B COCTABIISIT
15 c. Jlanee mommyaennsie 00pasubl mpu 400 °C moxBeprairuch OTXKHUTY B Te4eHHe 15 MuH.
B xone »atux nccnenosanuii 66110 HaneceHo 20, 25, 30 u 50 c10eB MOKPHITHS, TOCKOIBKY
LIENTBI0 OBIIO MCCIIEOBaHNE TOHKMX, HO 00beMHO C(hOPMHUPOBAHHBIX CTPYKTYP.

DTanoM OKOHYaTeThHON 00padOTKN CHHTE3UPYEMBIX IIIEHOK ZnO SBIAIICS OTKUAT
nipu temreparype 400 °C B reuenue 1 yaca ¢ OCIEAYIOIUM MEAJIEHHBIM OXJIaXICHUEM.

Memoouka ucciedosanus CuHmMe3UPOBAHHBIX 0OPA3YOE

Js mccnemoBaHUs ONTHYECKWX MApaMeTpPOB TOIMYYEHHBIX 00pasioB ObLTH
MCTIOJIB30BaHbI criekTpodoTomeTprl nBymydeBbie CD-256 YBU (190-1200) am u CO-
256 BUK (1100-2500) um. Ilo cnexTpaM mpoIryCKaHHs OMPENEIeHbI MPO3pavyHOCTh
TUICHOK, IIMpPWHA 3allpelleHHON 30HBI, TOKa3aTeNlb MPEIOMIICHUS, TONIIUHA TUICHKH,
TUIOTHOCTH, KO3(PPHUIIMEHT MOTIIONMEH S, TOPUCTOCTh. CTPYKTYpa U COCTaB OCAXKACHHBIX
IJICHOK M3Yy4aJIUCh HA aHAJIMTHUYECKOM CKaHUPYIOIIEM 3JIEKTPOHHOM MUKpockone JSM-
6490LA. Mopdosorust TOBEPXHOCTH TECHO CBsA3aHA ¢ MEXaHM3MOM POCTa U PEaTbHOMH
CTPYKTYpOH KpucTaumToB. Tormorpadus moBepxXHOCTH ObLIa MCCieoBaHa HA aTOMHO-
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cuitoBoM Mukpockone JSPM-5200 (JEOL, Japan) ¢ mpuMeHeHHEM MOIYKOHTAKTHOTO
AFM wetoma c¢ wucnonp3oBanueMm kaHTtuieBepoB NSC35 ALBS mpum  xomHaTHOU
TeMIeparype. DIEeKTPUISCKIe XapaKTePUCTUKI U3MEPSUINCH Ha yCTAaHOBKE COOCTBEHHOTO
MPOU3BOJICTBA NP TeMITepaTrypax ot KomHaTHOi 10 300 °C.

Ocnoegnvie pesynsmamot

Bb11 mpoBenieH psix OCaxIeHNH IUIEHOK OKCHJIAa IMHKA U IIEHOK OKCH/IA IIMHKA,
JIETUPOBAaHHBIX MOHAMHU eBpormsi  co ciosmu 20, 25, 30 u 50 crmoeB Ha CTEKISHHBIE
mo/uTokkr. Kak mokaszaim uccieqoBaHus Ha 3JeKTPOHHOM MUKpockone JSM-6490LA,
NPUBEICHHBIC HAa PUCYHKE |, HanOoJiee OTYETIIMBO BUTHA 00pa30BaBIIIasi KPUCTAIUTHYECKAsT
CTPYKTypa Ha CHIMKE ¢ 00pasia npu 25 CIIosIX 0CaXICHNUS.

Puc 1. Mopdonorus mienok ZnO ¢ pa3IMuHBIMU CII0IMH ocaxaeHus a) 20 cioes, b) 25 cioes, ¢) 30
cioe, d) 50 cioes

EBpomnuii He oOHapykeH Ha CHUMKAax IJICHKH OKCHJAA IIMHKA IIPH JIETUPOBAHUU
eBporeM | %.Bec. TNpH HCCIEIOBAaHMM Ha SIIEKTPOHHOM MHUKpockorne. Ha pucynke
2 mnpezacraeieHbl u3o0pakenuss ¢ COM (a) u cnekrporpamma (b) mieHok ZnO,
JIETUPOBAaHHBIX HOHAaMU eBponust 3 %, 5 % Bec (pucyHok 2 ¢, d).
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Puc 2. N306paxenus ¢ COM a) mieHka HuHKa, b) criekrporpamma rieHok ZnO, IeripoBaHHbIX HOHAMHU
espomus 3% Bec.,
C) IJIeHKa LUHKa, d) criekTporpamma mieHoK ZnO JiernpoBaHHOTO HOHAMU eBpornust 5 % Bec.

B Tabmume 1 mnpuBeneHs mapaMeTphl TOTOJOTMH TOBEPXHOCTH TOHKHX
WIEHOK ZnO HEJETMPOBAHHOM W JIETMPOBAHHBIX MOHAMHM €Bpomus, Tae, R — cpemnss
IIIepOXOBATOCTb; Rq — CpEIHEKBA/IPaTUYHAs IIEPOXOBATOCTh;, R — pasHOCTL MeXmy
MaKCUMYMOM ¥ MHHHMYMOM BBICOTBI aHAJTH3UPYEMOTO H300paKeHUs

Tabnuua 1 — [TapamMeTpsl TOMOIOTMH MOBEPXHOCTH TOHKHX IUIeHOK ZnO, HelnernpoBaHHOH 1
JIETUPOBAHHBIX HOHAMH €BPOITHS

TTapamerpsl MUKpPOCKOMHBIN KoHneHTpalysi OKCHa [IMHKA U MOHOB €BPOIHS B
[IEPOXOBATOCTH | Claiix (CTEKIIO) IUIEHKOOOPa3yIoIIeM pacTBOpe
1.1 mon/n 0.1 % Bec. Eu [ 0.3 0.5%
Zn %nBecEu Bec.Eu
R ,nm 2.31 4.28 36.6 13.2 3.77
Rq , nm 2.92 5.46 425 16.2 4.86
R, ,nm 19.0 39.8 197.0 89.4 31.9
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B pucyHke 4 npoBeneHbl H3MEPEHUS CIIEKTPOB MIPOIYCKAHUSL HEJIETMPOBAHHOM
IJICHKH U JIETHPOBAHHBIX HOHaMU eBporwst ZnO Ha ciekTpodoromerpe CD-256 YBU.
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Puc 4. Cnextpsl mpoIrycKaHus mieHok ZnO, JerHpOBaHHBIX HOHAMU eBponHs KpuBas 1 - menka ZnO
Ha CTeKJIe, KpuBas 2- uieHka ZnO, nerupoBaHHas HoHamu eBporust 1 % Bec., kpuBas 3 - mienka ZnO,
JIeTHpOBaHHAs HOHaMH eBpomus 3 % Bec., kpuBast 4 menka ZnO, erupoBaHHas HFOHAMHU eBporust 5 % Bec.

Habmonaemoe pacmmpenue MIMPUHBI 3aPELICHHON 30HbI IS JIETUPOBAHHOTO
oOpasna (kpuBble 2,3,4) MO CpPaBHEHHWIO C HEIIETHPOBAHHBIM 0OpasioMm (kpuBas 1),
otHeceHO K 3ddekty Byprureitna-Mocca, B 4acTHOCTH, OOYCIIOBJICHO CIIBUTOM Kpas
obnactu coOCTBEHHOTo noroneHns: ZnO B CTOPOHY BBICOKHX YaCTOT MPH YBEJINYCHUH
KOHLEHTPALUHU 3IEKTPOHOB. Takke MpoBeieHbl U3MEPEHHsI COMPOTUBICHHUSI 00pa3LoB
B TEMIIEpaTypHOM Juana3oHe oT koMHaTHOM 1o 300 °C m mnpoBepeHa BO3MOXKHOCTB
YYBCTBHUTEIBbHOCTH IJICHOK, JISTUPOBAHHBIX HOHAMH €BPONHS K PA3THYHBIM ra3zaMm.

3akiouenune

Takum o0pa3oM, B XoA€ HCCIEIOBaHHUsS ObUIO OOHApPYXEHO, YTO CTPYKTYpPbI
ZnO:RE sBRSIOTCST 4YYBCTBUTEIBHBIMH K HW3JIYUYECHHUIO IIHPOKOTO CHEKTPAIbHOTO
nuanasona. [lomydeHHbIE pe3ynbTaThl CBHIETEILCTBYIOT O CMELICHUH CIIEKTPOB
MIPOIYCKaHUs B 001aCTh MaJbIX JAJIMH BOJH MPU JIETHPOBAHUN HOHAMH €BPOIUS TJICHOK
OKCH/Ia IIMHKA, OCAKACHHBIX CIPEH-MUPOIM30M, YTO MO3BOJSET PACIIMPUTh HHTEPBAT
(hOUYBCTBUTEIILHOCTH COJHEUHBIX 3JIEMEHTOB B OyAyILEM.
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Abstract. The classification of communication signals in low signal-to-noise
ratio (SNR) environments poses a significant challenge, particularly due to the
dynamic and complex nature of these conditions. Traditional signal recog-nition
methods, which are primarily effective in stable SNR scenarios, often fail to deliver
reliable results when faced with fluctuating SNR levels. Addressing this critical gap,
our research introduces a novel entropy-based methodology for identifying modulation
types under variable SNR conditions. This innovative approach utilizes a diverse array
of entropy measures to extract and differentiate sig-nal characteristics, specifically
targeting various phase modulation types such as BPSK, QPSK, 8PSK, 16PSK, 32PSK,
and 64PSK. The versatility and adaptability of the proposed algorithm mark a significant
departure from conventional feature extraction methods, enabling it to maintain high
accuracy in environments where traditional approaches are less effective. Through
extensive experimentation and analysis, our algorithm has demonstrated superior
performance in challenging conditions, achieving robust and reliable signal
classification even at SNRs as low as -4 dB. This advancement not only showcases the
potential of entropy-based approaches in enhancing signal classification in complex
communication systems but also sets a new benchmark for future research in the field.
The implications of this study are far-reaching, offering practical solutions for
improving the efficien-cy and reliability of communication technologies in real-world
scenarios.
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AHHOTaNMS. Curnan-mry kKateiHackl  (SNR) Temen opTajnaparsl
OailJlaHBIC CUTHAJIJIAPBIHBIH KIKTEIY1, 9Cipece OChl KaFaaiaap/IbiH TUHAMUKAIIBIK KOHE
KYypJieJi cumnaThiHa OalIaHBICTBl aWTapIIbIKTall KUBIHABIK TYIbIpajabl. EH anibiMeH
typakTel SNR crenapuiiiepinge THiMAI OONAThIH IOCTYPJi CHUTHAIABI TaHy dJicTepi
SNR ngeHrefinepinin KyObUTybIMeH OeTre-0eT KelreHae CeHIMIi HoTHKesepai Oepe
anMaipl. Ochl MaHBI3bI OJKBUIBIKTBI JKOK YIIIH Oi37iH 3epTTey aiiHbiMaibl SNR
JKaFJaiblHAa ~MOJIYJSIUS  TYpJepiH aHbIKTayFa apHaJFaH JKaHa OSHTPOIUsFa
Herizenared ojaicreMeni enrizemi. byn uwaHOBamusuibik Tocii BPSK, QPSK, 8PSK,
16PSK, 32PSK xone 64PSK cusiktel oprypni (azanblk MOIyJsIUsl TypliepiHe
OarpITTaiFAaH CHTHAJI CUINIATTaMajapblH IIbIFApy JKOHE capajay YIIH 9pTypii
SHTPONMSI TYpPJEPIH MakjanaHaabl. YChIHBUIFAH aJTOPUTMHIH OMOEOanThiFbl MEH
OCHIMIIIIrT JOCTYpii TOCUIAEp THIMILIINT TOMEH opTajapja >XOFapbl JOJJIIKTI
CaKTayFa MYMKIHIIK OepeTiH oieTTeri MYMKIHIIKTepAi IIBIFApy OficTepiHeH
adTapibIKTall aybITKYy bl KepceTeai. KeH ayKbIMIbl SKCIIEPUMEHTTEp MEH TajjayJjiap
apKbUIbl  OI3/iH aJIrOPUTM KYpJAEl Karjaiiapaa Korapbl OHIMIIIKTI KOpPCETTi,
tinTi -4 1b netiin TemeHn SNR-1e ceHiMIl KoHE CEHIMJII CUTHA Kiaccu(UKAIUIChIHA
KOJI JKeTKi3/Il. By mporpecc Kypesi 0aiaHbIC JKyHelepiHaeri CurHaIap bl KIKTey i
KAKCApTyAarbl OHTPOIMWSFAa HETI3AENreH TOCUIISpAiH OJeyeTiH KOpCeTill KaHa
KOMMaii/ibl, COHBIMEH KaTap OChl cajiajiaFbl OoJialliaK 3epTTeyjiep YIIiH  JKaHa
Oarmapabpl  Oenrimedimi.  bByn  3eprreynmiH  camjapbl  K€H  ayKbIMJBI  OOJIBII
TaOBUTA/IbI, HAKTHI QJIEMJIET] ClEHApUNIePAe KOMMYHUKAIUSIIBIK TEXHOIOTHSIIAP IbIH
THUIMJIUTITT ME@H CEHIMLIITIH apTThIPY YIIIH MPAaKTUKAIBIK MEIiMAEP/Ii YChIHAIBI.
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AnHoramusi. Kiaccudukaiuss CUrHaJOB CBSI3M B CpellaXx C  HH3KUM
otHomenueMm curHan/mym (SNR) mnpeacraBmser co0oil cepbe3Hyl0 Tpodiemy,
OCOOCHHO M3-3a JIWHAMHYECKOTO M CJOXHOTO XapakTepa 3THX ycioBud. Tpamm-
IUOHHBIE METO/Ibl PACTIO3HABAHMS CUTHAIIOB, KOTOPHIC B TIEPBYIO ouepeib d((eK-TUBHBI
B CIEHAPHAX CO CTAOWIILHBIM OTHOIICHHEM CHUTHA/IIYM, YacTO HE JAIOT HaJC)KHBIX
pe3yAbTaTOB MpPU KOJEOAHWSIX YPOBHEH OTHOIICHUs CHTHAN/IIyM. YTo-Obl yCTPaHUTH
3TOT KPUTHYECKUI MpoOes, Hallle UCCIe0BaHNe MPEICTaBIsIeT HO-BYI0 METOJIOJIOTHIO,
OCHOBaHHYIO Ha DHTPOMUH, JUIA ONpEeAENCHHs THUIOB MOAYJS-IIMU B YCIOBHUAX
MEPEMEHHOTO OTHOINEHHS CHUTHAI/IIYM. DTOT WHHOBAIMOHHBIA TOJXOJl HCIIOJNB3YeT
pasHooOpa3Hblii HAOOp DHTPONMHMUHBIX Mep JUIss HW3BIeueHHs W auddepeHranumn
XapaKTepPUCTUK CHUTHAJIA, B YaCTHOCTH, JJIS Pa3IMYHBIX THUIOB (ha30BOW MOMYJISAIHH,
takux kak BPSK, QPSK, 8PSK, 16PSK, 32PSK u 64PSK. YHuBepcaJbHOCTH U
aJaNTUBHOCTh  TPENJIOKEHHOTO  alIrOpUTMa  CYIIECTBEHHO OTJIMYAlOT €ro  OT
TPaJWIIMOHHBIX METOJIOB W3BIIEYECHHS NMPU3HAKOB, MO3BOJISS €My COXPAHSTH BBHICOKYIO
TOYHOCTh B Cpeliax, Iie TPaJUIMOHHBIE MOAXOIbl Me-Hee 3(hdexkTHuBHBI. braromaps
OOIIMPHBIM  DKCIIEPUMEHTaM W aHaIW3y Hall alrOpUTM IPOJEMOHCTPUPOBAI
MIPEBOCXOAHYIO TPOU3BOJUTENFHOCT B CIOXHBIX YCIOBHUSX, 00€CTIEUNB HAASKHYIO U
HAQ/ICKHYIO KIACCU(PHUKAINIO CUTHAIOB Jla)Ke NPU TAaKUX HU3KUX OTHOIICHUSX CHUTHAN/
myM, Kak -4 1b. OTo gOCTH)XEeHNE HE TOIBKO EMOHCTPUPYET MOTEHINAT SHTPOTTMHHBIX
MOJIXOJIOB B YJIYYIICHUH KJac-CH(HUKAIUN CUTHAJIOB B CJIOXHBIX CUCTEMaXx CBSI3H, HO H
YCTaHABIUBAET HOBBIA OPUEHTHP IS Oy MyIINX UCCIETOBAHUN B 3TOI 00JIacTH.
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3HaueHUe 3TOT0 HCCIe-I0BAaHUS HMEET HaJIeKO HIYyIIUMEe IMOCIEICTBUS: OHO
npeajaraeT MpakTUYEeCKHE pelIeHUsl s TMOBbIIEeHUS 3(G(EKTUBHOCTH U
HAJIe)KHOCTH KOMMYHHUKAIIMOHHBIX TEXHOJIOTHI B pEaJIbHBIX CLEHAPHUSX.

KuroueBble ¢ji0Ba: YHTpOIHS, MOAYJLAIHs, Kiaccudukanus, MPSK, SNR

Introduction

Currently, technological advances have made classification and
identifica-tion an integral part of the data transmission industry. This is a
relatively new area of research in signal analysis that continues to attract a lot of
interest, which has led to its considerable prominence in recent years.
Classification plays a key role in many applications, for example, in military
and civilian communication sys-tems including monitoring, radio-observation,
electronic warfare, cognitive radio (CR) and software-defined radio (SDR)
(Zhou et al., 2019; Zhao & Yang, 2017; Li &Ying, 2014). However, due to the
high signal density, modulation classification (MK) is becoming an increasingly
complex process, especially in communication systems with unknown
parameters such as carrier frequency and sample duration. Furthermore, it
cannot be denied that the complexity of recognition increases un-der various
noise exposures, and the classification task at a low signal-to-noise ratio
(SNR) is now widely studied in (Uys et al., 2017; Li. et al., 2016; Wang et al.,
2018). Various algorithms have been proposed to solve this problem.

Classification algorithms are commonly bifurcated into two predominant
categories: firstly, the decision theory approach, which is predicated upon
the likelihood function (LB) as evidenced in source (Zheng & Lv, 2018), and
sec-ondly, the statistical pattern recognition methodology, which hinges on
feature extraction (FB), as delineated in source (Huang et al., 2019). The latter,
FB, has garnered widespread acceptance in the realm of classification due to
its advan-tageous attributes, namely consistent performance stability and
reduced compu-tational complexity. This methodological approach generally
encompasses two principal phases: the initial phase of feature selection and the
subsequent phase of classifier development. Within the realm of feature
extraction, this subsystem is tasked with isolating features that are
representative of signal characteristics, achieved through the analysis of data
within either the time domain or the trans-formation domain.

Recent advancements have seen the evolution of both feature types and
extraction methodologies, giving rise to novel features being proposed and em-
ployed specifically for modulation recognition. Notable among these advance-
ments, as indicated in references (Yan & Feng, 2017; Yan & Liu, 2018), is the
successful classification of modulation signals such as MSK and MPSK through
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the utilization of an image analysis approach, which involves the measurement of
Hamming’s distance. Further, reference (Zhao & Guo, 201)] introduces a novel
feature predicated upon fourth- and sixth-order cumulants, coupled with the de-
velopment of a neural network classifier designed for the identification of a spec-
trum of nine signal types, encompassing MSK and MQAM signals.

An additional recognition algorithm, based on spectral analysis as detailed
in source (Nemala & Patil, 2013), accentuates the characteristics inherent in both
the power spectrum (Guo & Li, 2010) and the cyclic spectrum (Boutte & Santha-
nam, 2009) of signals within the frequency domain. This approach has the distinct
advantage of mitigating noise effects in the transmission channel. However, it
necessitates a considerable amount of prior signal knowledge and entails a rela-
tively high level of computational complexity. Conversely, the constellation map
methodology, as illustrated in source (Liu & Lin, 2009), offers a more straight-
forward approach. It effectively displays the structural characteristics of signals,
boasting advantages such as simplicity, intuitiveness, and a lower dependency
on the signal-to-noise ratio (SNR). Various types of modulation can be used in
the data transmission environment to ensure the most efficient and correct de-
livery of communication signals. Data delivery is carried out using a modulated
signal which in turn is a complex signal with variable parameters depending on
the transmitted information. A well-known method for determining the complex
characteristics of signals is information entropy (Jeon & Chehri, 2020; Zhanabaev
& Kozhagulov, 2018). The advantage of the entropy feature extraction method is
that it provides a high level of noise immunity and stability. According to the sim-
ulation results in (Li & Guo, 2015), the algorithm based on entropy characteristics
demonstrates good anti-noise characteristics and can give a detailed description of
the characteristics of radar signals in a complex environment with a low signal-to-
noise ratio (SNR). In reference (Zhang & Li, 2018), the authors concluded that the
algorithm for feature extraction based on the entropy cloud can reach 100 % rec-
ognition rate even at SNR of -11 dB. A number of experiments related to various
entropy methods have also shown that complex signals such as BPSK, QPSK, as
well as QAM signals are more complex in the detection process. The article (Liu
& Guan, 2017) indicates that new functions are rarely proposed that can complete
the classification of MPSK and MQAM signals. In this regard, our research efforts
are focused on the identification of modulation types using a new algorithm of
calculating the probabilistic space for various feature extraction methods.

This paper is organized as follows: Section 2 summarizes extraction meth-
ods and algorithms. Section 3 describes experimental data, results, which are an-
alysed in detail. Section 4 provides conclusions and possible directions for future
research.

Method

Theory of Entropy

Currently, there are many different approaches to signal identification, but
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undoubtedly, all approaches consist of two components: feature extraction and
a classifier. No classifier system can work without certain input data, especially
with incorrect functions.

In the well-known theory of information, “entropy” is a measure of the
uncertainty of various events. Usually, as entropy increases, the signals become
less stable. It can be used to determine the internal characteristics of signals, for
example, to describe the distribution of uncertainty and calculate various statistics
to determine the degree of signal complexity. Thus, the entropy feature extraction
method is well suited for extracting features of the classification of modulated
signals.

In this paper, four different entropies are selected to perform feature ex-
traction algorithms.

The entropy analysis algorithm selects functions based on the uncertainty
of the information; it does not require knowledge of the signal parameters. It has
a relatively small amount of computation, so it is a fairly simple algorithm for
extracting features.

Typically, the structure for classification includes three parts, feature ex-
traction, feature selection, and classifier. We will consider feature extraction in-
cluding entropy functions.

The principles and methods of information theory have become an inte-
gral part of probability theory and statistics and have found application in various
fields. The concept of entropy has a special meaning in the field of information
theory and was introduced by Shannon. Shannon’s entropy is a measure of the
uncertainty of some system. It should be emphasized that Shannon perceived in-
formation as signals that are necessary, useful for the recipient. Unhelpful signals
are noise, interference from Shannon’s point of view. If the signal at the output of
the communication channel is an exact copy of the signal at the input, then this
means the absence of entropy from the standpoint of the information theory. No
noise means maximum information. Shannon’s entropy looks like as follows (Liu
& Guan, 2017):

H(p) = H(py.pz, o Pp) = — ZF;‘IGHPE
i=1 (D

where P = 1. P2, Pn) shows the existing probability of each event in the
collection, provided that

mn
0=p; =1, ZF;‘: 1
i=1 (2)

According to the definition of the entropy function, H(p) has the follow-
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ing properties:

1. Symmetry.

The value ¥ ® of remains unchanged with an arbitrary change in the
order of the components P1-P2:-:Pn of the probability vectorP? = Py P2s Pa)
, that is, the entropy result refers only to the general statistical properties of the X
set.

2. Nonnegativity

The value of the entropy function is always a non-negative quantity, name-

ly:
H(piJPZJ S pn] =0 (3)
3. Reliability property
The entropy value must be zero when a certain event occurs in the set.
4. Extreme property
In the X set, when each event has the same probability, it obtains the max-
_ L _ 1
imum entropy. When every event in X set has the same Pr=P2="=Pa=4
probability , the entropy reaches its maximuriq \ialue. iAs follows:
H(Pijpzj--up“]iﬂ(;;;; "'J;)zzﬂgn (4)

Using the definition of Shannon’s entropy, exponential entropy was intro-
duced to construct a two-dimensional feature entropy to improve signal recogni-

tion (Li et al. 2016). Assuming that the probability of an event is Pi , the amount
of information can be written as:

ﬂfexp(??i} =gl P (5)

Exponential entropy can be defined as follows:

1) =Y peets
= ©)
From formulas (5) and (6) it can be seen that in comparison with generally

AM(p;) =logleg (l)

accepted information Pi/  the new concept Alerp(pi) has the
same meaning. In the time domain of definition [0,1], the Alerp(py) 1S a mono-
tonically decreasing function and its range is [1, €]. When the probabilities Pi of
all events are equal, the Hexp will receive the maximum value.

To investigate further applications of entropy and to calculate the uncer-

tainty of the generalized distribution, Alfréd Rényi proposed a new entropy, which

looks like as follows:
EiP:"
YiPi (6)

1
R*(p) = 1= alog
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where the parameter determines the order of Rényi’s entropy, a € (0, 1) U
(1, ©)or a € {0, 1, o}. With a = 1, the Rényi’s entropy limit can degenerate into
Shannon’s entropy, so Rényi’s entropy is a generalization of Shannon’s entropy.
The entropy of Tsallis is a generalization of the standard Boltzmann and Gibbs’
entropy [23]. It can be defined as:
1- E?-Zip?

-l 0

In formula (7), k - some positive constant that defines the unit of measure-
ment of entropy, and in physical formulas it is a beam of dimensions, such as the
Boltzmann constant. From the point of view of the entropy optimization problem,
this constant is insignificant, therefore, for simplicity, k = 1 is often taken. N - the
total number of elements of the set of probabilities, and - the corresponding prob-
abilities. When the order is 1, the entropy of Tsallis is converted to the Shannon’s
entropy.

Proposed algorithm

In the process of extracting features, the target signal can be affected by
noise, and the amplitude of the signal has a certain property of fuzziness and
randomness. The extracted characteristic of the signal is not stable, but fluctuates
within a certain range. It is difficult to accurately and completely describe the
characteristics of the target signal. To solve this problem, an algorithm for deter-
mining the probability was proposed, which divides into regions in the coordinate
IQ (I - in-phase signals, Q - quadrature signal). The steps of the proposed algo-
rithm are as follows.

The probability is determined by the following formula (Figure 2):

iZNI‘,Z(@)

pJ =

S,=k

N

Lped,

Q= arctan(%j Z(p)= {0‘ . q)] o
where i/, PED , 7 is the collection of sets
of each sector
Q

o. (1)}
° L ]

Figure 2. Probability method
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In the IQ coordinate, we divide the regionZ ((0) into equal sectors @,

where the angle is determined by ¢, = arctan (QJ After that, we calculate the
sum of all points as follows: Y

Z(¢):{1;¢e®j

0,pe®,

If the points fall into the sector @, we will denote it as 1. After deter-
mining the total number of points in the sector j, dividing by the total number of
points N , we calculate the probability in this sector.

Results and Discussion

To increase the variety of signal datasets, a new dataset called Hisar-
Mod2019.1 was used. The dataset includes 26 modulation types from 5 differ-
ent modulation families, which are analogue, FSK, pulse amplitude modulation
(PAM), PSK, and quadrature amplitude modulation (QAM).

To extract entropy features, experiments are carried out for each signal at
different SNRs and the average value of its information entropy is obtained. The
change curve of different entropy with SNR is shown in Figure 3.
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Figure 3. The change curve of different entropy with SNR. (a) Shannon’s entropy; (b) Rényi’s entropy; (c)
Exponential entropy; (d) Tsallis entropy

Figure 3 shows that most of the entropy decreases with increasing SNR
and begins to stabilize. This is due to the fact that as the SNR increases, the degree
of signal interference decreases, and when the signal SNR reaches a certain level,
the change in the entropy value is mainly caused by the randomness of the signal
symbols. As shown in Figure 3a, Shannon’s entropy distinguishes well BPSK,
QPSK, 16PSK, 64PSK signals and easily classifies these signals, the distance be-
tween other signals is relatively small, and the entropy value does not change sig-
nificantly depending on the SNR signal. Exponential entropy distinguishes BPSK,
64PSK signals. Compared to Shannon’s entropy, exponential entropy has poor
classification ability for various modulation signals.

Figures 3b,c show that Rényi’s and Tsallis entropy distinguish BPSK,
QPSK and 64PSK signals. However, the overlapping of 8PSK and 32PSK signals
is more serious and they are difficult to separate by the Rényi’s, exponential and
Tsallis entropy. Compared to the above types of entropy, Shannon’s entropy can
more effectively distinguish 8PSK and 32PSK signals.

Conclusion

This article mainly explores the method of identification of modulated sig-
nals based on entropy. First of all, according to the HisarMod2019.1 database, a
kind of signal model was derived. The distribution of each type of signal for each
entropy feature is obtained, and then the possibility of classification is carried out
by observing the distribution in the space of entropy features. 4 types of entropy
were viewed: Shannon’s entropy, Rényi’s entropy, Tsallis entropy and exponential
entropy. The application of Shannon’s entropy showed the best result compared to
other types of entropy. Due to the variety of available entropy and the complexity
of determining the types of modulation, an algorithm for selecting features was
proposed for classification based on the results of entropy changes. We checked
the effectiveness of the algorithm by comparing it with other results.

In particular, we can classify 6 commonly used modulation types: BPSK,
QPSK, 8PSK, 16PSK, 32PSK, and 64PSK. Modelling of various signal-to-noise
ratios confirms the effectiveness of the algorithm.
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Abstract. Black holes are intriguing objects in astrophysics and theoretical
physics, with their enigmatic nature posing significant challenges to our understanding of
the universe. Black holes are a natural consequence of the complete gravitational collapse
of matter, and there is now a wealth of observational evidence supporting the existence of
black holes in the Universe. However, general relativity predicts the existence of a space-
time singularity at the center of a black hole, where predictability is lost and standard
physics fails. It is widely believed that the spacetime singularity is a symptom of the
limitations of general relativity and must be solved within the framework of the quantum
theory of gravity. Since there are no mature and reliable candidates for a quantum theory
of gravity yet, researchers are exploring the still unknown possibilities of a quantum
theory of gravity by exploring models of black holes without singularity and models
of gravitational collapse without singularity. In this study, we explore regular solutions
of black holes, which deviate from the conventional Schwarzschild paradigm. These
regular solutions offer insights into the fundamental properties of black holes beyond
the classical framework. One key aspect of our investigation is the thermodynamic
behavior of these regular black hole solutions. By analyzing the thermodynamic
quantities associated with these solutions, including mass and temperature, we uncover
unique characteristics that distinguish them from their Schwarzschild counterparts.
Understanding the thermodynamics of regular black holes is essential for unraveling
the intricate interplay between gravity and quantum mechanics at extreme scales.
Our study reveals that regular black hole solutions exhibit distinctive thermodynamic
features compared to Schwarzschild black holes. Notably, the presence of an additional
horizon in regular black holes alters their thermodynamic properties, leading to novel
phenomena such as phase transitions and critical behavior. Through detailed analyses,
we shed light on the underlying mechanisms governing the thermodynamics of regular
black holes. Furthermore, we investigate the stability of regular black holes by examining
their heat capacity. Our findings indicate intriguing correlations between heat capacity,
temperature, and the presence of multiple horizons. We observe that regular black holes
undergo phase transitions from stable to unstable states, providing valuable insights into
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their dynamical behavior and evolutionary processes. The implications of our research
extend beyond theoretical physics, impacting diverse fields ranging from cosmology
to quantum gravity. By elucidating the thermodynamic characteristics and stability
properties of regular black holes, we contribute to a deeper understanding of the nature
of spacetime and the fundamental laws governing the universe. Our findings pave the
way for future investigations into the rich phenomenology of black hole physics and its
broader implications for our understanding of the cosmos.

Keywords: Regular black holes, thermodynamics, Schwarzschild solution,
quantum corrections, two horizons, Hawking temperature
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AnnoTtanus. Kapa kypasimaap — actpodusnka MEH TEOPHUSUIBIK (PH3HKAIaFbI
KBI3BIKTBI OOBEKTTEp, ONapiAblH >kymOak Tabwrarel Oi3miH Famamasl TyciHyimizre
alTapnplkTall KUBIHABIKTAD TyFbi3ajsl. Kapa — KypAbIMIap MarepUsiHBIH TOJIBIK
TPaBUTAIUSUIIBIK KYHpeyYiHiH cangapbl OOJbIT TaObLIa b KoHE Ka3ipri Tagaa Famammarst
Kapa KypJIbsIMJIap/I6IH Oap eKeHiH pacTalThIH KOMTeTreH OaKplay gomnenepi 6ap. Amaiina,
JKAIbl  CANBICTRIPMAIIBIIBIK TEOPHUSICHl Kapa KYPJBIMHBIH OPTAChIHJA KEHICTIKTIK-
YaKBITTBIK CHHTYJISIPJIBIKTBIH OONYBIH OOJDKAMIIBI )KOHE KIIACCHKAIBIK (PU3HKA KYMbIC
icremeiinii. KeHICTIKTIK-yaKbITTBIK CHHTYISIPIBIK JKaJIbl  CAIBICTHIPMATBUIBIKTHIH
MIeKTeNyiHiH canmapbl Oonbim TaObuTagel. OHBI KBAaHTTHIK TPABUTAIMSIIBIK TEOPHUS
meHOepiH/e MenTy Kepek JeTeH MiKip KeH TapaiFraH. KBaHTTHIK TpaBUTAIHS TEOPUSCHIH
KYpyFa aJ1i JKeTUITeH KoHe CEeHIMII Kapa KypIsIMaap OoJIMaraHABIKTaH, 3epTTEyIIijep
KBaHTTBHIK TPAaBUTAIMS TEOPHCHIHBIH oJi Oenrici3 MYMKIHAIKTEpiH CHHTYISPIIBIKCHI3
Kapa KYpJIbIM MOJIENbJICPiH 3ePTTey apKbUIbl aHbIKTal bl byt 3eprreyne [IBapiimmiba
IIemIiMiHEeH aybITKbIFaH Kapa KypABIMIApABIH TYPaKThl MICIIMIEPIH 3epTTerMis.
By TypakThl menriMaep KIaCCHKAIBIK MIeHOSpIeH ThIC Kapa KYPABIMIAPIBIH HETi3Ti
KacHeTTepi Typalbl TYCiHIK Oepeni. 3epTTeyiMi3aiH Heri3ri acnekTiiepiniy o0ipi — Oy
KapamaibIM Kapa KyYpIbIM IIeHIiMISPiHIH TepMOIMHAMHKAIBIK opekeTi. Macca MeH
TeMIiepaTypara OalJIaHBICTHl TEPMOJAMHAMHKAIIBIK IaMalapibl Taujaay apKbUibl 0i3
onmapapl LIBapummnbpa METpPHKAChIHAH epeKIIeNeHAIpEeTiH Oiperedl cumarTamMaiapabl
amambi3. Kapa KypapIMIapabiH TepMOJTMHAMUKACHIH TYCIHY TPABHUTAIMSIIBIK KYII MEH
KBAaHTTBIK MEXaHUKA apachIHJIAFbl KYpHeNi e3apa opeKeTTi MIeNly YIIiH eTe MaHbI3/IbI.
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bi3nix 3eprreyiMiz Kapa KypAbIM memriMaepinia HIBapummieg kapa KypAasIMAapbIMEeH
CaNBICTRIPFaHIA EPEKITe TEPMOIMHAMHKAIBIK CPEKIICIIKTepal KOPCETETIHIH KOPCETEI.
Atam aWTKaHZa, Kapa KYpAbBIMAapaa KOCHIMINA KOKXXKHEKTIH OOJyBhl OJIapIlbIH
TEepPMOIMHAMHKAIIBIK KACHETTEPiH 03repTe i, Oy (pasaliblk aybicyap )kaHa KYObUTRICTapFa
okeneni. Tammaymap apKpUThl 0i3 TYpakThl Kapa KYPABIMIAPIbIH TEPMOIAWHAMHUKACHIH
OackapaTblH HETi3ri MeXaHu3MIepre >KaphlK Tycipemis. COHBIMEH Karap, 0i3 TYpaKThI
Kapa KYPABIMIAPIBIH TYPAKTBUIBIFBIH ONAPAbIH JKbUTY CBHIHBIMJIBUIBIFBIH 3€PTTEY
apKBUIBI 3epTTeiiMi3. bi3 TypakTel Kapa KypasIMIOapAblH TYPaKThl KYHJIEH TYpPaKChI3
Kyire QazanblK aybicyJaaplaH ©TeTiHIH OalKaiMbI3, OYJ ONapabslH TUHAMHUKAIBIK MEH
SBOJIOIUSUIBIK TIPOLIECTEPl Typaiibl KYHIBI TYCiHiKTep Oepenmi. bizmiH 3eprreyiMizmiH
cajiapbl TEOPHSUIBIK (DM3UKAHBIH MIEHOSPIHEH IIBIFBI, KOCMOIIOTHSIAH KBaHTTHIK
rpaBUTAIUAFA IEHIHT1 OpTYpJIi cajamapra ocep eremi. KapamalbiM Kapa KypasIMIapabiH
TEPMOIMHAMHKAIIBIK CHITaTTaMalIapbl MEH TYPAaKTHUIBIK KACHETTEePiH TYCIHAIPE OTHIPHIT,
013 FapBIMITHIK YaKBITTHIH TAaOWFATHIH JKOHE Fajamzbl OacKapaThlH iprei 3aHaapibl
TEepeHipeK TycCiHyre yiec KocaMmbl3. bi3miH KOpPBITBIHABUIAPBIMBI3 OoJamakra Kapa
KYpIbIM (PU3NKACKIHBIH 0aif ()eHOMEHOIOTHSICH MEH OHBIH FAPBIIITH TYCIHYAETI KeHIpeK
ocepIepiH 3epTTeyTre KOl alllajbl.

Tyiiin ce3aep: TypakThl Kapa KypabIMIap, TepMoauHamuka, IIBapiimmibia
IIeniMi, KBAaHTTBIK TY3€Tylep, €Ki TOPH30HT, XOKHHT TeMIIepaTypachl
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AnHoTanus. YepHbIe IBIPHI MPENCTABISIOT cO00H yBIeKaTeIbHbIE OOBEKTHI B
acTpou3NKe U TEOPETHIECKON (PU3MKeE, UX 3araI0uHas MPUPOJIA CO3AAET 3HAYUTEIFHBIC
BBI30BBI JIJISl HAIIETO NMOHMUMaHus Bcenennoil. UepHbie ABIPHI SBISIOTCS €CTECTBEHHBIM
CJIEJICTBHEM IIOJHOTO TPABUTAIIMOHHOTO KOJUIAIICA MATEPHUH, W CETrOMHS CYIIEeCTBYET
MHOXXECTBO HAOIIFOATENbHBIX JIOKA3aTelbCTB, MOATBEPIKIAIONINX CYIIECTBOBAHHE
YepHBIX O6Ip Bo Beemennoit. OqHako oOmmas Teopusl OTHOCUTEIBHOCTH TPEACKa3hIBACT
CYIIIECTBOBaHNE TIPOCTPAHCTBEHHO-BPEMEHHOW CHHTYISIPHOCTH B IIEHTpE YepHOH
TIBIPBI, T/IE TIPEACKa3yeMOCTh TepseTcss W cTaHgapTHas ¢usnuka He padortaeT. [lupoko
pactpocTpaHeHO MHEHHE, YTO MPOCTPAHCTBEHHO-BPEMEHHAsI CHHTYIISIPHOCTD SIBIISIETCS
CUMIITOMOM OTPaHHYEHHOCTH O0IIEH TEOPUH OTHOCUTENHFHOCTH | JOJKHA OBITH pellieHa
B paMKaxX KBaHTOBOW TEOpHH rpaBHTalWU. [[0CKOIBKY IMOKa HE CYIIECTBYET 3pENbIX U
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HaJeKHBIX KaHIUIATOB Ha CO3/IaHME KBAaHTOBOW TEOPHH TPABUTAIMW, HCCIET0OBATEIN
M3y4aloT BCE ellle HeM3BECTHBIE BOZMOXHOCTH KBAHTOBOW TEOPUH T'PABUTAIINH, HCCIIETYS
MOJIENIA YEepPHBIX ABIP 0€3 CHHTYISIPHOCTH M MOJEIHM TPABUTAIMOHHOTO KoJIIarca
0e3 CHHTYISIPHOCTH. B [aHHOM WHCCIEeIOBaHWM WCCIIEAyeM pEIIeHUs PeryIspHBIX
YEpHBIX [BIP, OTKIOHSAIOIIMECS OT Kiaccwmueckod mapaaurmbl lBaprmmnbaa. Otn
pelIeHns] TPEAOCTaBISIOT YHUKAIBHBIE HCCIEOBaHUS OCHOBHBIX CBOWCTB YEPHBIX
IBIp 3a TIpeneiaMH Kiaccu4eckodl mozenu. ONHUM W3 KITFOYEBBIX ACHEKTOB HAIIEeTo
WICCIIEZIOBAHUS SBIIACTCS TEPMOAMHAMUYECKOE ITOBEICHNE DTUX PETYIISAPHBIX YEPHBIX JBIP.
AHanm3upys TEPMOIMHAMHYECKNE BEIWYNHBI, CBI3aHHBIE C dTUMH PEIICHUSIMU, TaKHie
KaK Macca ¥ TeMIieparypa Moka3aHbl YHUKAIbHbIE XapaKTePUCTUKY, OTIINYAIOIINE X OT
KJIaCCHMUeCKHUX YepHBIX JbIp LBapummipna. [lonnmanne TepMOAMHAMUKN PETYISPHBIX
YepHBIX JBIP HEOOXOAWMO Ui PACKPBITHS CIIOKHOTO B3aWMOJCHCTBHA MEXIY
rpaBUTAIIMCH W KBAaHTOBOW MEXaHWKOW Ha KpaifHe MaibIXx Macmrabax. McciaemoBanue
MTOKa3bIBACT, YTO pEIIEHUS PEryPHBIX YepHBIX IbIp O0ONamaroT XapakTepHBIMU
TEPMOIMHAMHYECKHIMHA OCOOCHHOCTAMH TIO CpPaBHEHHIO C YepHBIMH JABIPaMU
[Bapummibaa. OcoOeHHO HAIMYHE JOTTOTHUTETFHOTO TOPU30HTA B PETYISIPHBIX YEPHBIX
IBIpaxX W3MEHSET WX TEPMOAMHAMHUYECKHE CBONCTBA, MPHUBOAS K HOBBIM SBICHHSM,
TakUM Kak (ha3oBbIe TIepexojpl M KpuUTHYecKoe rmoBeneHue. C MOMOIIBI0 JeTaTbHOTO
aHaJIM3a TIOKAa3aHbl MEXaHNU3MBI, OTIPENEISIONINE TEPMOANHAMUKY PETYISIPHBIX YEPHBIX
IeIp. bornee Toro, nccienyeM cTaOMIBHOCTH PETYJSPHBIX YEPHBIX JABIP, paccMaTpuBas
WX TEIUIOEMKOCTh. Pe3ynbTaThl yKas3bIBalOT Ha YBIEKaTeJIbHBIE B3aUMOCBSI3U MEXKIY
TEIUIOEMKOCTBIO, TEMITEPATypPOl U HAJTMYMEM HECKOJIbKHX TOPU30HTOB. MBI HaOIIOMaeM,
YTO peryjisipHbIE YEepHBIE IBIPHl TPOXONAT (ha3oBbIE MEPEXOABl OT CTAOMIBHOTO K
HECTAOWJILHOMY COCTOSTHUIO, IIPEIOCTaBIsAs IICHHBIE CBEICHHS O WX JTUHAMHYECKOM
MTOBEJIEHUH U SBOJIIOIMOHHBIX MpoIieccax. BhIBOIBI MCCIEOBAHMS BBIXOJAT 32 MPEIeIIbI
TeopeTHIeCKON (PM3HUKH, OKa3bIBask BO3/ICUCTBUE HA PA3IMIHBIE O0JACTH OT KOCMOJIOTHN
JI0 KBAaHTOBOH rpaBUTAIlMH. PackpriBas TepMOIMHAMHUYCCKHE OCOOCHHOCTH M CBOWCTBA
CTaOMIIPHOCTH PETYISAPHBIX UYEPHBIX JIbIP, BHOCHM BKJIQJ B IIIyOOKOEe ITOHMMAaHWE
MIPUPOJBI TIPOCTPAHCTBA-BPEMEHN W (PYHAAMEHTAIBHBIX 3aKOHOB, YIPABIISIOLINX
Bcenennoii. Pe3ynbrarbl OTKpBIBAIOT MyTh ISl OyAyIIMX HCCIENOBaHWNA B 00JacTu
Ooraroii eHOMEHOJIOTHH YePHBIX IBIP U ee Ooiiee MHUPOKUX MOCIESICTBUN I HAIIIETO
TOHMMaHUS KOCMOCa.

KuroueBble cjoBa: perynspHble YepHBIE IBIPHI, TEPMOJUHAMHKA, PEIICHUE
[IBapumiibaa, KBAHTOBBIE TIOMIPABKH, JBA TOPU30HTA, TeMITeparypa XOKHHTa

bnazooapnocmu. Jlannoe ucciedoséanue 8bINOIHEHO HPU  DUHAHCOBOU
noooepoicke Komumema Hayku Munucmepcmea Hayku u evicuieco 00pa3o8anus
Pecnybruxu Kazaxcman (epanm Ne AP22682760).

Beenenne

bapnun (Bardeen, 1968) npeacraBuin mepByto Mozeinb OOBIYHOW YEPHOH IBIPHI,
OoCHOBaHHYI0 Ha koHmemmusx Caxapoa u Immuepa (Sakharov, 1966; Gliner, 1966)
DT YepHbIe OBIPHl 00J1a1al0T TOPU3OHTOM, HO JIMIIEHBI IEHTPATbHONW CHHTYIISIPHOCTH.
OTO TOYHOE pelleHHe IJIs YEPHBIX [IHIp BO3HUKAET NPH COYETAHWH TPABUTAINU C
HEJIMHEWMHBIM TOJIeM MaTepuH, U 3TO IepBoe ucciegoBanue AilioHa, bearo u I'apcun
(Ayon-Beato et al., 1999; Ayon-Beato et al., 2005; Ayon-Beato et al., 2000) mocire 30
JIET UcHoab30BaHusl mMojenu bapauna. Ha Tekyluuii MOMEHT CyLIECTBYET MHOXECTBO
perreHuit s OOBIYHBIX YEPHBIX IBIP, OAHAKO OONBIIMHCTBO M3 HUX OMHPAIOTCS Ha
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npemnoxenue bapauna (Bronnikov, 2001; Zaslavskii, 2009; Lemos et al., 2011; Balart
et al., 2014; Balart et al., 2014; Xiang et al., 2013; Singh et al., 2017; Fernando, 2017).
O0600mennst OOBIYHBIX YEpHBIX AbIp B OuHIITEeHH-Iaycc-borne rpaButanmmu (OI'b
rpautarusa) (Kumar et al., 2019; Kumar et al., 2020; Ghosh et al., 2018; Ghosh et
al., 2020), 4 mepnsrit OI'b rpasuranmu (Ghosh et al., 2021; Singh et al., 2020; Singh
et al., 2020), maccuBHO# TpaBuTanuu (Singh et al., 2020), a Taxxe WX BpaIIafOIIUECs
aHaJIOTH C WCIToJIb3oBaHMeM anroputMa Hetomana-Samca (Bambi et al., 2013; Ghosh,
2015), a Takke ApyrHe Bpallaroniuecs: YepHble AbIpbl npeactasiensl B (Toshmatov et
al., 2014; Ghosh et al., 2015; Neves et al., 2014). TepmoguHaMuKa YSPHBIX IBIP ITHPOKO
HccienoBana Ik pa3HOOOpa3HBIX YePHBIX ABIP B Pa3IMYHBIX KOHTeKcTax (Kumar et al.,
2023; Paul et al., 2023; Soroushfar et al., 2023; Paul et al., 2023; Mandal et al., 2023;
Pourhassan et al., 2022; Myrzakulov et al., 2023; Upadhyay et al., 2023; Singh et al.,
2022; Sudhanshu et al., 2022).

B manHO# paboTe mpencTaBiIeH HOBBIN KITacC PEIIeHUH A1 PErYIIpHON YepHOH
IIBIPBI, KOTOPBIM XapaKTepHU3yeTcsl MapaMeTpaMH MAacChl, MapaMmeTrpa OTKIOHEHUS H
MPOM3BOJILHOTO TIapameTpa. [Ipu oTkITtoueHn mapaMeTpa OTKIIOHEHHUS TaHHOE PelIeHHe
coBmamaer ¢ 4yepHou nwipoi [IBapummunpga. B ommmume ot IlIBapiimumiabaoBckux
peLIeHu, y 3TOH YepHOU IbIpbl MPUCYTCTBYIOT JBa FOpU30HTA. TepMoauHaMuuecKue
rapaMeTphl MOJABEPraroTCs HK3MEHEHUSIM M3-32 HaJTMUHUs SKCTIOHEHITHAIEHOTO MHOKHUTEIIS
B Macce. B pamkax mcclieioBaHHMS TaK)Ke MMPOBOIWTCS aHAJIHW3 CTA0MIBHOCTH YepPHON
TIBIPBI, OTIEHUBAETCS €€ TeTIIOEMKOCTh U XapaKTEePUCTHKHU. BBISBIISIETCS, 9TO YepHas AbIpa
MepexonuT depe3 (a3oBBIi MEPEX0 BTOPOTO TOPSIKA U3 COCTOSHHS CTaOMIBHOCTH B
COCTOSIHHE HECTAOMILHOCTH TIPH JTOCTIKEHUH OIPEEIEHHOTO KPUTHIECKOTO 3HAYCHUS
paanyca ropu30HTa.

CrpyKTypa CTaTbd OpraHM30BaHA CJEIYIOINM 00pa3oM. AHaJH3UPyeM HOBOE
PETYIsIpHOE pelIeHne U YePHOH ABIPHI, KOTOpoe 00001aeT yepHyro apipy LBapimmsaa
B TIPEJENIbHOM Ciy4ae, a Takke OyneM HcClenoBaTh CTPYKTYpy TOPH30HTa YepHON
IBIpBL. bynem paccMmarpuBaTh TETIOBBIE CBOMCTBA YEPHOW JIBIPBI, BBIUUCISS €€ MacCy
W TeMIepaTypy XOKHHTa. 3aMEeTHM, YTO NMHUKOBOE 3HAYEHHE TEMIIEpaTyphl BO3pacTaeT
C TapaMeTpoOM OTKIIOHEHUS W PACXOAWTCS NPU HYJIEBOM 3HAYEHWH JTOTO MapaMeTpa.
Uccrnenyem cTaOMIIBHOCTD YE€PHO JIBIPBI, aHATM3UPYS CUTHATYPY TETUIOEMKOCTH.

B nannOM ciyuae ¢a3oBbIif Iepexoa BTOPOTO pojia HACTYIAET MPH JOCTHKESHUN
KPUTHUYECKOTO 3Ha4YeHWs. B 3aBepleHre Mbl TpENCTaBIseM HAIIUd pe3yJibTarhl B
MTOCIIEIHEM pa3Jiede.

MarepuaJjibl 1 0CHOBHbIE METObI

B nanHo# pabote uccieayeTcst HOBBIN KIIacC pelIeHnH ypaBHeHH DWHINTEHA,
ONHUCBHIBAIOIIMKA YEPHBIC JBIPHI W OOOOIMAIOIIMA pelIeHHe IS YCPHOH JBIPHI
[Bapmmunbaa. PaccmarpuBaercss 0ObIYHAs METpPUKA YEPHOW JIBIPBI, HWCTOIB3YOIAS
SKCTIOHEHIMANbHYI0 (YyHKIHIO pactpeneneHus (Balart et al., 2014), npencraBneHHyt0
KaK:

P=—fir)de’ +%dﬂ +r(d&° +sin &), (1)
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e k m M COOTBETCTBEHHO SABIAIOTCA mapaMeTpaMn OTKIIOHCHUSA W MACCHhI.

MeTpuKa 4epHOU ABIPI 32BUCHT OT NPOM3BOJILHOIO MapameTpa b , KOHTPOIUPYIOIIETO
PEeTYISIPHOCTE M yCIIOBHE c1aboit sHeprun. Takum o0pa3oM, pemieHue I YepHOH JBIPBI

XapaKTepu3yeTcs Maccoii M , mapaMeTpoM OTKIOHEHHsT K ¥ mapameTpoM b , u cBoauTCs

K pemenuo st yepHoi apipsl Isapumunsga npu k=0 u b=1.
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Pucynox - 1. I'padux 3aBECUMOCTH HYHKIIHH f (l”) OT painyca TOPU30HTA TP PA3TUIHBIX

3HAUYEHHMSIX mapaMerpa oTkinonerns K u dukcuposannoii macce M =1 npu b =1 (cnesayu b =2
(cpasa).

Amnanus rpaduka okasbIBaeT, 4To pelieHne uMeeT asa ropusonta wis kK <1.119
(moporoBoe 3Hauenue (k,)), BbIpoxaeHHbIl ropusont it k =1.119 (moporosoe

snauenue (k,)) u orcyrcrsue ropusonta mist k>1.119 (noporosoe 3nauenne (k,)
). Pasmep ropu3oHTa yMEHBIIAETCA C YBEIMYECHHEM Mapamerpa OTKIOHEHHs Kk
napamerpa b ).

Jlamee mpoBOAWMTCS aHATM3 DSHEPTeTHUYCCKHX YCIOBHHM M pemieHus (2).
YenoBue cnaboii S3Hepruu NPEeANHCHIBAET, 9To 1), t“t" >0 s Beex BPEMEHHUITOIO0HBIX
BEKTOPOB ¢, TO €CTh JIOKaJIbHAs IIOTHOCTh SHEPIUHM HE MOXKET OBbITh OTPULIATENLHOM.

b b
Jomnaupyromee sueprerudeckoe ycnosue (DEC) yreepxaaer, uro T, t¢” >0 u T ¢,
JIOJKHO OBITH TMPOCTPAHCTBEHHO-TIOAOOHBIM JIJIST JTIO0OOTO BPEMEHHUIIOAO0HOTO BEKTOpA

t*, cnenoBarenbHO, ycnosue ci1aboit sueprun Tpedyer p =20 u p+ P 20

k k
. kK
p+tP=p+h = Mok et (bE; n?:r
1‘5(1+eF)
3)

Takum 00pa3om, yepHast JibIpa YIOBJIECTBOPSIET YCIOBHIO CIa0OW dHEPTUU TPU

BBIKJIIOUEHHOM T1apameTpe b .

Macca uepHoii AbIpbI MOXKET OBbITH BbIpakeHa kak f(r,) =0, roe r, — paguyc
TOPU30HTA, U 3TO MPEACTABICHO YPABHECHHEM:!
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i b
M = ﬁ 4)
20 2 ’

Beoipaxkenue mist Macchl (4) CBOAUTCS K Macce 4epHOM apipsl M, =7 2 mpu

=
Il
=)

P

e ]
1 / e |

k=119 ] T
k=125

0 2 4 o 5 0 o 2 4 6 8 w
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Pucynox — 2. T'paduk 3aBUCUIMOCTH MacChl OT pajidyca Topu30HTa 7' JUlsl pa3in4HbIX 3HAYCHUI

rapameTpa OTKIOHEHUs k npu duxcuposansoit macce M =1, rne b=1 (cneBa) u b=2 (cmipaBa).

Temmepatypa gepHOU IBIPHI (TeMIiepaTypa XOKHHTa) CBS3aHa C ITOBEPXHOCTHOMH
K

rpasutanueil k',  2n BepakenHoii kak I’ = 2 7 . Torna Temieparypa 4epHOi JbIphI
BBIYHCIIACTCS CICAYIOMUM 00pa3oM:

. bkek/r
_ L) T ey
L
b=1 b=12

04 T 1

0.03 -

k=090 ] k050 ]

[THS 1 4

k=1.119 kE=0.62 1

 aal kE 125 1 - k125 ]

e
-
=
s
-
-
-
-

r, r,

Pucynok — 3. I'paduk 3aBHCHMOCTH TeMIIEPaTyphl OT PaJiuyca F'OPU30HTA ¥, I Pa3IMYHBIX

3HAYCHHUI TTapaMeTpa OTKIOHEHHS k npu dukcuposanmoii macce M =1, e b=1 (cmeBa) n b=2
(cmipaBa).
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Temrieparypa UMeeT MUK, KOTOPBIH YBEIHMYUBACTCS C IMapaMeTPOM OTKIIOHEHUS

k,anpu k=0 ona coBnagaer ¢ Temreparypoii YepHoii abipsl [IBapimmibaa.

1
T =——.(6
T Am ©

"\
Pe3ynbrarsl
Janee mnpoBoauTCs aHaNM3 CTAOMJIIBHOCTH YEpHOM  JBIPBI, KOTOPBIH

ocymiecTBisiercs uepes usydenue ee reroemroct (C, ). CrabmibHOCTh 0003HaYaCTCS

nosnoxurensHbM 3HaueHneM C, > 0, B To Bpems Kak oTpunarenbHoe 3Hadenne C, <0
CBHUJICTEIILCTBYET O HECTAOMIBLHOCTH. TEMIOEMKOCTh YEPHOW JBIPhI OMPEACNACTCS
cienyronmum oopaszom (Chaturvedi et al., 2017):

oM oM, or
Com=—r=( 0
oT, or, 0T,
[Moacransass 3HayeHus: maccol (4) u Temmeparypbl (5) B (7), TEMI0EMKOCTh
YEepHOM JIBIPBI BBIpAXKAaeTCs Kak:

+

-b-1

! (— bke" +e " + r)

C = e’ 1
i
(e +1) —bke" (2r(e" +1)+ k)
Ilpu k=0 510 coorBercTByer cnydaro IllBapummnbaa, ykaselBas Ha
TEPMOANHAMHYECKYIO HECTAOMIBHOCTH YepHO apIphl IIIBapummisia.

ﬂ_zl—b 1’3

(3

b=1 b=2
o, 00
k400 k400
1o k<090 ] o k<050
/ k41119 Jo.62
" k<125 . % k<125
(S f_______ﬁ 8 S L
.__Q f’::%

-

e 1 2 3 4 s o '

Pucynox — 4. I'padux 3aBUCUMOCTH TEILIOEMKOCTH OT pafidyca TOPH30HTA ¥, 1 Pa3IM4HbIX

3HAYEHHIT IapaMeTpa OTKIOHeH s & npu pukcnposannoit macce M =1, tie b=1 (cneBa) u b=2
(cmipaBa).

TennoeMkoCcTh LIepHOI\/'I AbIpbI UMECT JIBa BHUJAa IMOBCACHUA: IMOJOXKUTCIIbHYIO

TEIUIOEMKOCTb ~ TpH 7, > F,  (KPUTHYECKOE  3HAYEHHUE), CBUICTEIBCTBYS O
TEPMOANHAMHYECKOH CTAaOMIBHOCTH, U OTPULATEIBbHYIO TEIUIOEMKOCTb, YKa3bIBAIOILYIO
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Ha HECTaOWIFHOCTh YepHOW IBIphl. CKaukoOOpa3HOCTh TEIUNIOEMKOCTH MPOUCXOAUT

npu ¥, =¥, OpeamecTBys (azoBoMy IMEpexopy BTOPOro poja. 3aMeyaresibHo, 4TO
3Ta CKa4ykooOpa3HOCTh BO3HHMKAET IMIPH MAaKCUMAaJbHON Temreparype XOKHHTa,
CONPOBOXKIAEMOM PE3KUM YBEIUUYCHHEM TEIUIOeMKOCTH. ClieoBaTeabHO, TPOUCXOIUT
(a3oBBIN MEpexoj OT MEHee MACCHBHOM K 0Ojee MacCHBHOM KOH(UTYpaluu, 4YTO
OTPa)KaETCs B TEIIIOEMKOCTU YEPHOU IBIPHIL.

3akJaouenune

B nanHOl craThe UcClieAyeTCsl 0OBIYHOE PEIICHHUE JJIsi YePHOH JIBIPBI, KOTOPOE

cxoauTcs K uepHod apipe IllBapmmminbaa B ciaydae k =0. DkcrnoHeHIMaabHOE
k

JIOTIOJIHEHUE €’ BHOCHTCS C YYETOM KBAaHTOBOI'O acCIieKTa M UACHTU(UIUPYETCS Kak
(dyHKIMS pacnpeziesieHus BeposTHocTel. HoBoe pelieHue Jijist Y4epHOU JIbIPhI OTIUYASTCS
HaJIMYMEM JBYX TOPHU30HTOB B OTIMYME OT OJHOTO y 4epHOW aAbipbl LlIBapmimibiaa.
Takxe NpPOBEIEHO HCCIEJOBAHUE TEPMOAMHAMUYECKUX XapAKTEPUCTUK, TaKUX Kak
Macca M TEMIIEpaTypa, CBA3aHHBIX C JIAHHOW YEepHOW JbIpOd. AHaIU3 CTAaOMIBLHOCTH
YEPHBIX JbIP OCYLIECTBIISETCS YEPE3 pacueT TEIUIOEMKOCTH, IPUBOASLIUN K BBISIBICHUIO
pacxoAMMOCTH TEIJIOEMKOCTH NPU 3HAUEHHM, MPU KOTOPOM TeMIlepaTypa XOKHUHIa
JIOCTUraeT MaKCUMyMa.

REFERENCES

Ayon-Beato E., Garcia A. (1999). Non-Singular Charged Black Hole Solution for Non-Linear Source //
General Relativity and Gravitation. — Vol. 31. — Pp. 629-633. DOI:10.1023/A:1026640911319 (in Eng.).

Ayon-Beato E., Garcia A. (2005). Four-parametric regular black hole solution // General Relativity and
Gravitation. — Vol. 37. — Pp. 635-641. DOI:10.1007/s10714—005-0050—y (in Eng.).

Ayon-Beato E., Garcia A. (2000). The Bardeen model as a nonlinear magnetic monopole // Physics
Letters B. — Vol. 493, No. 1-2. — Pp. 149-152. DOI:10.1016/S0370-2693(00)01125-4 (in Eng.).

Bronnikov K.A. (2001). Regular magnetic black holes and monopoles from nonlinear electrodynamics //
Physical Review D. — Vol. 63. — No.4. — P. 044005. DOI:10.1103/PhysRevD.63.044005 (in Eng.).

Bardeen J. (1968). Non-singular general — relativistic gravitational collapse // Proceedings of the
International Conference GRS, Tbilisi, USSR. — P. 174 (in Eng.).

Balart L., Vagenas E.C. (2014). Regular black hole metrics and the weak energy condition // Physics
Letters B. — Vol. 730. — Pp. 14-17. DOI:10.1016/j.physletb.2014.01.024 (in Eng.).

Balart L., Vagenas E.C. (2014). Regular black holes with a nonlinear electrodynamics source // Physical
Review D. — Vol. 90. — No. 12. — P. 124045. DOI:10.1103/physrevd.90.124045 (in Eng.).

Bambi C., Modesto L. (2013). Rotating regular black holes // Physics Letters B. — Vol. 721. — No. 4-5.
— Pp. 329-334. DOI:10.1016/j.physletb.2013.03.025 (in Eng.).

Chaturvedi P., Singh N.K., Singh D.V. (2017). Reissner-Nordstrom metric in unimodular theory of
gravity // International Journal of Modern Physics D. — Vol. 26. — No. 08. — P. 1750082. DOI:10.1142/
s0218271817500821 (in Eng.).

Fernando S. (2017). Bardeen-de Sitter black holes // International Journal of Modern Physics D. — Vol.
26. — No. 07. — P. 1750071. DOI:10.1142/s0218271817500717 (in Eng.).

Gliner E.B. (1966). Algebraic Properties of the Energy—momentum Tensor and Vacuum-like States of
Matter // Soviet Physics Journal of Experimental and Theoretical Physics. — Vol. 22. — Pp. 378-382 (in
Eng.).

Ghosh S.G., Singh D.V., Maharaj S.D. (2018). Regular black holes in Einstein-Gauss-Bonnet gravity //
Physical Review D. — Vol. 97. — No. 10. — P. 104050. DOI:10.1103/physrevd.97.104050 (in Eng.).

Ghosh S.G., Kumar A., Singh D.V. (2020). Anti-de Sitter Hayward black holes in Einstein-Gauss-Bonnet
gravity // Physics of the Dark Universe. — Vol. 30. — P. 100660. DOI:10.1016/j.dark.2020.100660 (in
Eng.).

92



Reports of the Academy of Sciences of the Republic of Kazakhstan

Ghosh S.G., Singh D.V., Kumar R., Maharaj S.D. (2021). Phase transition of AdS black holes in 4D EGB
gravity coupled to nonlinear electrodynamics // Annals of Physics. — Vol. 424. — P. 168347. DOI:10.1016/j.
a0p.2020.168347 (in Eng.).

Ghosh S.G. (2015). A nonsingular rotating black hole / The European Physical Journal C. — Vol. 75. —
No. 1. — P. 532. DOI:10.1140/epjc/s10052-015-3740-y (in Eng.).

Ghosh S.G., Maharaj S.D. (2015). Radiating Kerr-like regular black hole // The European Physical
Journal C. — Vol. 75. — No. 1. — P. 7. DOI:10.1140/epjc/s10052-014-3222-7 (in Eng.).

Kumar A., Singh D.V., Ghosh S.G. (2019). D-dimensional Bardeen-AdS black holes in Einstein-Gauss-
Bonnet theory // The European Physical Journal C. — Vol. 79. — No. 3. — P. 275. DOI:10.1140/epjc/
$10052-019-6773-9 (in Eng.).

Kumar A., Singh D.V., Ghosh S.G. (2020). Hayward black holes in Einstein-Gauss-Bonnet gravity //
Annals of Physics. — Vol. 419. — P. 168214. DOI:10.1016/j.a0p.2020.168214 (in Eng.).

Kumar J., Upadhyay S., Sudhanshu H.K. (2023). Small black string thermodynamics // Physica
Scripta. — Vol. 98. — No. 9. — P. 095306. DOI:10.1088/1402—-4896/aceec3 (in Eng.).

Lemos J.P.S., Zanchin V.T. (2011). Regular black holes: Electrically charged solutions, Reissner-
Nordstrom outside a de Sitter core// Physical Review D. — Vol. 83. — No. 12. —P. 124005. DOI:10.1103/
physrevd.83.124005 (in Eng.).

Mandal S., Upadhyay S., Myrzakulov Y., Yergaliyeva G. (2023). Shadow of the 5D Reissner-Nordstrom
AdS black hole // International Journal of Modern Physics A. — Vol. 38. — No. 08. — P. 2350047.
DOI:10.1142/80217751X23500471 (in Eng.).

Myrzakulov Y., Myrzakulov K., Sudhaker U., Singh D.V. (2023). Quasinormal modes and phase structure
of regular AdS Einstein-Gauss-Bonnet black holes // International Journal of Geometric Methods in Modern
Physics. — Vol. 20. — No. 07. — P. 2350121. DOI:10.1142/S0219887823501219 (in Eng.).

Neves J.C.S., Saa A. (2014). Regular rotating black holes and the weak energy condition // Physics
Letters B. — Vol. 734. — Pp. 44-48. DOI:10.1016/j.physletb.2014.05.026 (in Eng.).

Toshmatov B., Ahmedov B., Abdujabbarov A., Stuchlik Z. (2014). Rotating regular black hole solution //
Physical Review D. — Vol. 89. — No. 10. — P. 104017. DOI:10.1103/physrevd.89.104017 (in Eng.).

Paul P., Upadhyay S., Singh D.V. (2023). Charged AdS black holes in 4D Einstein-Gauss-Bonnet massive
gravity // The European Physical Journal Plus. — Vol. 138. — P. 566. DOI:10.1140/epjp/s13360-023—
04176—x (in Eng.).

Paul P., Upadhyay S., Myrzakulov Y., Singh D.V., Myrzakulov K. (2023). More exact thermodynamics
of nonlinear charged AdS black holes in 4D critical gravity // Nuclear Physics B. — Vol. 993. — P. 116259.
DOI:10.1016/j.nuclphysb.2023.116259 (in Eng.).

Pourhassan B., Dehghani M., Upadhyay S., Sakalli 1., Singh D.V. (2022). Exponential corrected
thermodynamics of Born-Infeld BTZ black holes in massive gravity / Modern Physics Letters A. — Vol.
37. — No. 33n34. — P. 2250230. DOI:10.1142/S0217732322502303 (in Eng.).

Sakharov A.D. (1966). The Initial Stage of an Expanding Universe and the Appearance of a Nonuniform
Distribution of Matter / Soviet Physics Journal of Experimental and Theoretical Physics. — Vol. 22. — Pp.
241-249 (in Eng.).

Singh D.V., Singh N.K. (2017). Anti-evaporation of Bardeen de-Sitter black holes // Annals of Physics.
— Vol. 383. — P. 600-609. DOI:10.1016/j.a0p.2017.06.009 (in Eng.).

Singh D.V., Ghosh S.G., Maharaj S.D. (2020). Clouds of strings in 4D Einstein-Gauss-Bonnet black
holes // Physics of the Dark Universe. — Vol. 30. — P. 100730. DOI:10.1016/j.dark.2020.100730 (in Eng.).

Singh D.V., Siwach S. (2020). Thermodynamics and P-J criticality of Bardeen-AdS black hole
in 4D Einstein-Gauss-Bonnet gravity // Physics Letters B. — Vol. 808. — P. 135658. DOI:10.1016/].
physletb.2020.135658 (in Eng.).

Singh B.K., Singh R.P., Singh D.V. (2020). Extended phase space thermodynamics of Bardeen black hole
in massive gravity / The European Physical Journal Plus. — Vol. 135. — No. 10. — P. 862. DOI:10.1140/
epjp/s13360-020-00880-0 (in Eng.).

Singh D.V., Shukla A., Upadhyay S. (2022). Quasinormal modes, shadow and thermodynamics of black
holes coupled with nonlinear electrodynamics and cloud of strings // Annals of Physics. — Vol. 447. — No.
1. —P. 169157. DOI:10.1016/j.a0p.2022.169157 (in Eng.).

Sudhanshu H.K., Upadhyay S., Singh D.V., Kumar S. (2022). Corrected Thermodynamics of (2+1)D
Black Hole Conformally Coupled to a Massless Scalar // International Journal of Theoretical Physics. — Vol.
61. — P. 248. DOI:10.1007/s10773-022-05231-6 (in Eng.).

Soroushfar S., Farahani H., Upadhyay S. (2023). Non-perturbative correction to thermodynamics of

93



ISSN 2224-5227 2.2024

conformally dressed 3D black hole // Physics of the Dark Universe. — Vol. 42. — P. 101272. DOI:10.1016/j.
dark.2023.101272 (in Eng.).

Xiang L., Ling Y., Shen Y.G. (2013). Singularities and the finale of black hole evaporation // International
Journal of Modern Physics D. — Vol. 22. —No. 12. — P. 1342016. DOI:10.1142/s0218271813420169 (in
Eng.).

Upadhyay S., Mandal S., Myrzakulov Y., Myrzakulov K. (2023). Weak deflection angle, greybody
bound and shadow for charged massive BTZ black hole // Annals of Physics. — Vol. 450. — P. 169242.
DOI:10.1016/j.a0p.2023.169242 (in Eng.).

Zaslavskii O.B. (2009). Regular black holes with flux tube core // Physical Review D. — Vol. 80. — No.
6. — P. 064034. DOI:10.1103/physrevd.80.064034 (in Eng.).

94



Reports of the Academy of Sciences of the Republic of Kazakhstan

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN

ISSN 2224-5227

Volume 2. Number 350 (2024), 95-102
https://doi.org/10.32014/2024.2518-1483.281

MPHTH 29.15.33

© D.M. Nassirova!, V.O. KurmangaliyevaZ, A.A. Gazizova'’, 2024
'Kazakh National Pedagogical University named after Abay, Almaty, Kazakhstan;
?Kazakh National University named after al-Farabi, Almaty, Kazakhstan.
E-mail: askarkyzy 94@mail.ru

SOURCES OF ENERGY IN COMPACT STARS

D.M. Nassirova — Doctor PhD (Physics), department of Physics KazNPU named Abay; Almaty,
Kazakhstan

E-mail: diana-nasirova@mail.ru, https://orcid.org/0000-0002-3349-0128;

V.0. Kurmangaliyeva — Candidate of Physical and Mathematical Sciences, department of theoretical and
nuclear physics KazNU named Al-Farabi; Almaty, Kazakhstan

E-mail: venera_baggi@mail.ru, https://orcid.org/0000-0001-8046-8508;

A.A. Gazizova — doctoral student (Physics), department of Physics KazNPU named Abay; Almaty,
Kazakhstan

E-mail: askarkyzy 94@mail.ru, https://orcid.org/0009-0004-4849-5118.

Abstract. The problems of stellar evolution remain topical in astrophysics. The
processes occurring in matter at all stages of stellar evolution hold many mysteries. One
of them is the source of radiation energy in compact stars. The work is devoted to some
features of such stars, and calculations are presented on the example of white dwarfs.
The peculiarities of the internal structure of white dwarfs, nuclear crystal and
peculiarities of the process of crystallization of stellar matter as one of the sources of
energy are con-sidered. The second source of energy is considered to be the process of
matter flowing from one object to another — accretion. We give a numerical
comparative estimate of the magnitude of the released energy during the falling of
matter on the surface and during thermonuclear combustion of hydrogen. For compact
stars, in particular, white dwarfs, the characteristics of matter are determined by the
properties of a degenerate electron gas (fermi gas). The pressure of the degenerate gas
contributes to the processes necessary for the stability of white dwarfs. The degenerate
state of matter occurs at extreme states inherent in compact stellar objects. In this case it
is a nuclear crystal, when the electron shells are “generalized” under the action of high
pressure and high density. This is a case, in which the electron shells of a nuclear crystal
are “socialized” by pressure and high den-sity. Since white dwarfs are deprived of their
own thermonuclear energy sources, they radiate at the expense of heat reserves
contained in the matter of the star. The sources of radiation and energy also play an
important role in the theory of stellar stability. In this connection, the study of the
processes occurring in compact stars is important for deter-mining the properties of
matter for fundamental physics.

Keywords: superdense stars, crystallization energy, degenerate gas, accretion,
nuclear crystal
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AHHOTanus. AcTpoU3MKaAAFbl KYIJIBI3IAP SBOJIOLUICHHBIH Moceseepi
OYTiHTI TaH/1a ©TE 63€KTi 00JIBII OTHIP. A YIIIBI3IBIK SBOIIOLIUSHBIH OapiIbIK KE3CHICPIHIE
Matepusa 00JIaThIH IPOLECTEP KONTEreH KYNHsIapAbl )kacbipaabl. COHbIH Oipi — bIKIIAM
KYJIIBI3IApAArsl  COYyJIeNeHy SHEPTUSCHIHBIH Ko3i. Makana BbIKIIaM KYJIIbI3IapablH
KelOip epeKIeNikTepiHe apHablIIl, aK epresKeiIiep 1i MbICaJFa ajla OTHIPBII, ECEeNTEeYIIep
OepinreH. AK eprexeisiiep it 1Ki KYpbUTBIMBIHBIH €PEKIIETIKTEPi, SIIPOJIBIK KPUCTAILT
JKOHE JHEprus Ke3AepiHiH Oipi peTiHAe KYIbI3Ibl 3aTThIH KPUCTAIIaHy HpPOLECIHIH
epEeKILETIKTepPl KapacThIpbUIa ibl. EKIHIIN SHEPrUs K631 Oip 3aTThIH €KiHII 00BEKTIre —
aKKpelusiFa ary MpOLECiH KapacThipabl. ACIaH JCHECIHIH OeTiHe 3aT TYCKEHJE JKOHe
CYTETiHIH TEPMOSIPOJIBIK JKaHYbl Ke3iHje O6JIIHETIH SHEpPrusi MOJIIICPIHIH CaHJbIK
CallbICTBIpMabl Oaranaynapbl KedTipinreH. blkmiam skynapizgap, atam aiTKaHga ak
epreKeiitiiep YUIiH 3aTThIH cUNaTTaMaliapbl a3FbIHIANFaH JIEKTPOH Ta3bIHbIH (Depmu
rasbl) KACHETTEPIMEH aHbIKTaJa (bl. A3FBIH/IAIFaH Ta3/[bIH KBICHIMBI aK eprexeiiepin
TYPaKTBUIBIFBI YIIIiH KaXKETTi POLIECTEPTe bIKITA €Te1. 3aTThIH a3FbIH/IaJIFaH KYH1 bIKILIAM
KYJUIBI3/IBI O0BEKTUIEPre TOH IKCTPeMaI bl KYijiep/ie 0omabl. by xkarnaiina 613 )Koraphbl
TBIFBI3/IBIK TIEH KATThl KbICKIMHBIH 9CEPIHEH 3JIEKTPOH/IbI KAOBIKIIAIAD KAIbIIIaHFaH)
KE31HJIerl SIPOJIbIK KPUCTA/UI Typalibl alThIll OTTIK. AK eprexeiyiiep/is e3/epiHiH
TEPMOSIIPOJIBIK SHEPTHS KO3/iepi OOIMaraHIBIKTaH, oJlap YB3 3aTTapbIHIAFbl KBLTY
KOpBbIHAH coyse mbiFapaisl. Coyie WIbIFapy KoHE SHEprusi Ko3[epl KYJIIbI3IapAblH
TYPaKTBUIBIK TEOPHSICHIHIA JIa MaHBI3bl poll arkapaabl. OcbliFaH OaiIaHBICThI BIKIIAM
KYJIIbpI3aapaa OoJiaThlH MpOLeCTepi 3epTTEy MaTepPHUSHBIH KAaCHETTEPIH aHBbIKTay/a
ipremni ¢u3uKa yIIiH MaHbI3/Ibl OOJIBIN CaHANIAIbI.

Tyiiin ce3mep: aca THIFBI3 KYIIbI3AAP, KPUCTANAAHY SHEPTHSCHL, a3FbIHAAJFaH
ras, akKpeuusi, pOJIbIK KPHCTaILT
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AnnHortauus. [lpoGiembl »dBOJNIOUMK 3Be3]] B acTpo(U3UKE OCTAIOTCS
aKTyanbHbIMU. [Iporiecchl, MpOTEeKaloIue B MATEPUHY Ha BCEX ATarlax 3BE3AHOM IBOTIOLINH,
KpOIOT B cebe HeMaylo 3arajlok, OJHa M3 KOTOPBIX SBJISIETCS HUCTOYHMKOM JHEPTUU
M3TY4YeHHUs] B KOMITAKTHBIX 3Be3/ax. Pabora mocBsiieHa HEKOTOPBIM OCOOCHHOCTSIM
TaKUX 3BE3J], PacydeThl MPEJCTABICHbI Ha IMpHUMepe OesbIX KapJIMKOB. PaccMOTpeHBI
0COOEHHOCTH BHYTPECHHETO CTPOEHHs OeNbIX KapiuKOB, SJACPHBIA KpHCTALT H
0COOCHHOCTH MPOTEKaHMA Tpollecca KPUCTATU3AIMN 3BE3HOIO BEIIECTBa KaK OJWUH
W3 MCTOYHHMKOB SHEPIUU. BTOPBIM MCTOUYHMKOM DHEPIHM PacCMaTpUBAETCSl MPOLECC
MepeTeKaHnsl BEUIecTBa OJHOTO OOBEKTa BO BTOpoe — akkpenus. Jlaercss dncieHHas
CpaBHUTCJIbHAsA OLCHKA BCJIMYMUHBI BBII[CHHCMOﬁ OHEPruuv Ipu naacHuu BEIICCTBA Ha
MOBCPXHOCThL M HPHU TEPMOAJACPHOM T'OpPpCHHUU BOJOpOAA. I[Hﬂ KOMIIaKTHBIX 3B€31, B
YaCTHOCTH, OeNbIX KapJIMKOB XapaKTCPUCTUKH BCIIECCTBA OIPCACIAIOTCA CBOMCTBaAMU
BBIPOKJICHHOTO JIEKTPOHHOTO ra3a ((epMmu-raza). JlaBiieHre BHIPOKIESHHOTO ra3a Jaet
BKJIaJ] B IIPOIIECCHI, HEOOXOAUMBIC JIJIsl YCTOMYMBOCTH OCJIBIX KapJIMKOB. BBIpOkIeHHOE
COCTOAHUC BCHICCTBA HACTYIACT IMPU OSKCTPEMAJIBHBIX COCTOAHUAX, MNPUCYIIHUX
KOMITaKTHBIM 3BE3JIHBIM 00beKTaM. B 3ToM ciydae peub HIET O SAEPHOM KpUCTallIe,
KOI'JIa DJICKTPOHHBIC OOOJIOUYKH «OOOOIISCTBIISAIOTCS» TOJ JECHCTBHEM BBICOKOIO
JaBJICHUA U BBICOKOH INIOTHOCTH. HOCKOHBKY 6CJ'H>IC KapJWKU JIMIICHBI COOCTBEHHBIX
TEPMOSICPHBIX HCTOYHUKOB JHEPTUH, TO OHU H3IYy4aroT 3a CYET 3amacoB TeIUIa,
COJIEpKAILErocsl B MATEpUU 3B€3/bl. VICTOUHUKH U3IIy4YEHHs] U SHEPTUU UTPAOT BAXKHYIO
POJIb TaKXKEe U B TEOPUHM YCTOMUMBOCTH 3BE3]. B CBSI3M ¢ 9THM H3y4yeHHE TPOLIECCOB,
MIPOTEKAIONINX B KOMIIAKTHBIX 3BE3/1aX, BYKHO ISl ONIPECIICHUSI CBOMCTB BEIeCTBa JUIs
dbyHIaMeHTanbHON QU3KKH.

KiroueBble ciioBa: CBCPXINJIOTHBIC 3BE3/Ibl, SHCPIUsA KpUCTAUIM3alllU, BbI-
POKICHHBIN ra3, akKpeLusl, s1epHbId KpUCTAILI

Beenenue

CornacHo Teopuu 00 YBOIONINY 3BE3/1, B HAYAJIbHBIH [IEPUO/] CBOCH KH3HU OCIbIH
KapiauK CYATAETCS HE TaKUM YK M XOJIOJHBIM, pedb HUAET O TEMIIEpaTypax, IOpsaKa .
BemiectBo Genoro kapimka npeacTaBisieT COO0H BBIPOXKICHHBIH AJIEKTPOHHBIN I'a3 U OT
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Temnepatypsl He 3aBucHT (Shapiro & Teukolsky, 1983; Bombaci, 1996).

Ham amamm3 Oyner KacaThCsl CYIIECTBOBAHMA SACPHONW KPHCTATMYECKON
pemerku. Ecim ydecTs, 4TO 3Be31a TOCTATOUHO «Topsvas» W ee TeMIeparypa OoJbIie
HEKOTOPOH , TO MOXKHO yTBEPKIaTh, YTO HUKAKOW KPUCTAJUIMYECKON PELIETKH B 3TOM
ciIy4ae He cymiecTByeT. M, momydaeTcs, 9To siapa Kak Obl «pacTBOPEHBD B BBIPOXKIEHHON
DepMU-KUJTKOCTH.

B Genbix xapimkax Bce DIIEKTPOHBI 00001ecTBIeHBI. «l 0MbIe» sapa 00pa3yoT
CBOEOOPa3HYI0 KPUCTAILNTMYECKYIO CTPYKTYpy. Kaxkmoe simpo MoxeT koedaTbest OKOJI0
TTOJIO’KEHUS] PABHOBECHSI B CBOCH SYEEK, a pa3Mepbl €r0 ONpPEeIISTIOTCS PABEHCTBOM CHUT
ANEKTPUIECKOTO OTTAIKUBAHHS TIOJIOKHUTEIHHO 3apSHKEHHBIX Sep W CHIJI MPUTSHKEHUS
K Ta3y OTPHUIATEIhHO 3apsKEHHBIX 3JIEKTPOHOB. DJIEKTPOHHBIN ra3 B OeJbIX KapimKax
CKaT TATOTEHHUEM BCETO BEIIEeCTBA KapJIMKa, U €ro KOHIEHTPAIHs Topa3io OoJbiie ueM
B Metayutax (Haensel & Potekhin, 2007).

Taxkum o0pa3om, OCNBIH KapJIMK TPEICTaBIsAET COOOW ImIap, IMMOCTPOSHHBIN W3
KPUCTAJUTMYECKOW PEIIeTKU SJeP W BBIPOXKIEHHOTO AJIEKTPOHHOTO Ta3a, I KOTOPBIX
XapaKTepHa BBICOKAs YMOPSAOYEHHOCTh SHEPTETHUECKOTO paclpeiesieHus dacTuil. B
[IEHTpe IJIOTHOCTH JIOCTUTAET , & BO BHEIIHUX CIIOSAX — . lemrieparypa BHYTpH Oelo-
TO KaplinKa CYMTAETCS IMOYTH MTOCTOSIHHOMN ONarojapst BBICOKOHM TETUTOTIPOBOAHOCTH BbI-
pOXKIeHHOTO AMeKTpoHHOoTO Ta3a (Yakovlev, 2016; IIsapmmmasg, 2019).

ONEeKTPOHHBIN BBIPOXKIEHHBIA Ta3 M3IIydaTh HE MOXKeT. UTOObI W3Iy4YUThH
SHEPTHI0, JJIEKTPOH JOJDKEH MEPEeUTH M3 HEKOTOPOTO DHEPreTHYECKOTO COCTOSHUS B
6onee HU3Koe. Ho Bce BO3MOKHBIE COCTOSIHHS DJIEKTPOHOB 3aHSATHI, COOTBETCTBEHHO,
MEPEexXobl C MIITYYCHHEM DHEPTHH HEBO3MOXHBI. Slpa jke pemieTku HaxOJsATCs B
HEBBIPOXKICHHOM COCTOSTHHHM, MOTYT IEPEXOIUTh W3 OJHOTO COCTOSHHUS B JAPYTOe,
M3ITydasi KBAaHTHI CBETa U MOJIEPKUBAs DTUM TeMIieparypy Oemoro kapiuka (Lattimer &
Prakash, 2004; Takibaev, 2013; Takibayev & Kurmangaliyeva, 2020).

Wzmyyas sHEpTHIO A/pa, pEIIeTKH OXIAKIAAIOTCS TOCTENEHHO. TeMIT OXJTax 1eHus
0enoro KapJMKa 3aBIUCHT OT THIIA SIZEp €r0 PEIeTKH — €CIIM PeUb UIET O TSHKENbIX sIpax,
OXJIKICHHE HIIET ObICTpee (IS PEIIeTKH U3 SAEp TelUs BpeMs OXJIaKICHHUS COCTABIISET
OKOJIO IBYX MUJIIHAPIOB JIET).

OcTpIBaHUE 3BE3/IHI MPUBOJUT K TOMY, YTO U siipa 00pa3yroT KPUCTAIUTMYECKYTO
pemetky (bpyk, 2018).

Kax B cirydae 0OBIYHBIX KPHCTAJIOB, TIPOIIECC 00Pa30BaHUs SIIEPHON PEIIeTKH
COTIPOBOX/IAETCS BBIFCNIEHHEM Teruia. llcrouHmkamu 5SHeprum Oejoro Kapiuka
SIBIISIETCSL DHEPTHS, BBIIEISAIONIAACS TPU KPHUCTAILTU3AIMN Oelloro Kapimka, KOTopas
nepepabaTeiBaeTCs B WM3IYyYCHHE W 3arac TEIUIOBOW OJHEpruu. TersoBas JHeprus
Oyzer B OeOM KapiiMKe HE3aBUCHUMO OT COCTOSTHHS Matepud (Oynb OHa KHIKOM 00
kpuctayummaeckoi) (Angeles & Joseph, 2010).

Camu sa1pa, NOIPY>KEHHbIE B BBIPOXKACHHBIA 3JEeKTpOHHBIH depMmu-ras,
CUYHTAIOTCS HEBBIPOXK/ICHHBIMH, UX KHHETHUYECKAs SHEPTHUS OTPEeIIseTCs TeMIIepaTypoi
(Norman, 2012; IlIxmoBckuii, 1984).

Bonee maccuBHBIE Oenble KapiIWKH WMEIOT MEHBIIHH paanyc W OONBIIYIO
KOHIICHTPAIIHIO BBIPOXKIEHHOTO AJIEKTPOHHOTO Taza. C yBeMYeHNEM MacChl JIaBJICHHE
ras3a 3JIEKTPOHOB pacTeT MeJJIEHHee, YeM YBEIHMIUBaeTCs cuia Tarorenus. CymecTByer
BEpXHHI TIpenen Macchl Oenoro kapiuka (), HaimeHHaberi C. Yanapacekapom, IpH KOTO-
poii naBieHNE BHIPOKICHHOTO Ta3a AIIEKTPOHOB €Ille YPaBHOBEIINBAET TPAaBUTAIIHOHHOE
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nasienue (Takibayev & Nasirova, 2018).

MeTtoapbl ucciIe10BaHUS U 00CYK/IeHUE pPe3yabTATOB

VY4uThIBas OCHOBHbIE IApaMETpPbl, KOTOPBIM JaHbl OIUCAHUS B IEPBOH 4YacTH
paboThl, MOXKHO COIIOCTABUTH PACUETHI

o (‘hc)af: 51
: G Er.rn%

h 6631073

he— =——————— & 105- 1073 M-
T T 2.314 A
3 El
M IC)E 2L (A3 A0 1 A 2.8-10%°
! G 6m; - 6.67 - 1071 61.67 - 10727 - 1.67 - 1027 : KT;

M~ 14Mg (Macca 6emoro KapiuKa)
3nas maccy benozo Kapiuka, MOJICHO paccuumanib €20 nji1omHocns.
PN My 1.67 -107%7 . Le7-107%
p=nmy () me N S Y e e Y 356 109 10
(mgc) (9.1 -107°T-3- 103)

Oyenku paduyca 6en020 Kapiuka 0aom:
1

1 1
3 14Mgy? 3 14-2-10%%)\3
R%(— ) A - A 55-10°

an p (3-3.14 1-10° "

Jlaiee MOKeM 1aTh OLICHKY 10 SHEPTHH, KOTOPAsi BBIICIUTCS IPU KPUCTAJUTH3ALINH.
JlJis 1aHHOTO aHaJKM3bl Mbl, KOHEYHO, HE YUYHUTBHIBAEM, YTO IJIOTHOCTh MATEPHH 3BE3[IbI
MEHSIETCSI ¢ TITyOMHOM.

R4 -10% r/cmd

E=kTy,n.R®
B 3asucumocmu om maccol 6er02o xapauka meusiemcs u memnepamypa, O7is
Hawe20 cyuas Tn, = 100273 K

Mg — xonyenmpayus adep (014 ciyyas ¢ yenepooom)
R — paouyc benoeo kapnuka,

V : R3 * R? M

=p-V=p-—nR*=ng-z nR*-—
p-N 4-10%-6- 1033

3mech Ny = MA =~ Q0 103 - 2-10%

P— m10THOCTE OEJIOro KapiuKa.

Emte Kupskauiiem ObUI clieNlaH BBIBOJ O TOM, YTO KPHCTAJUIM3AIMA JIFOOOTO
BEIECTBA, HE3aBUCHMO OT TOrO, YTO BOJA, PAcCIUlaB jKelie3a WM CBEPXILIOTHAs
KyJOHOBCKas IUIa3Ma MPUBOAUT K BblAeaeHHi0 Tera. CIeaoBaTesbHO, 3TO MOKET
BJIMSITH Ha IMHAMKKY CBETHMOCTH 0€JI0OT0 KapiInKa M 3aMe JIUTh OCTBIBAHHE sijipa 0eJ1oro
kapnuka (Takibayev & Boshkayev, 2017).

DHepeusi Kpucmaiiusayuu npumem cieoylowee 3Ha4eHue, 4mo 6 Yelom
CONOCMABUMO C NOPAOKAMU.

E=kT,n R®~ 46-10% Ik~ 287 - 1019 ,3

T'oBopst 00 DHEPIUH KPUCTAUIM3AIMK HYKHO MOMXYEPKHYTh, YTO B BEIIECTBE

0eJ10ro KapJimKa IporCXOAuT (a3oBblil EPEX0/I IEPBOTO POIA, JaHHBIA MPOIIECC MOKET
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MTOHIKATh €r0 TEMIIEpaTypy IPUMEPHO Ha TTOPSAIOK.

JlanHas sHeprus B KOHEYHOM HTOTE TiepepabareiBaeTcs B u3nydenne. [loatomy
MOJKHO YTBEpX/aTh, YTO ATOT IMPOIECC JIAeT BKJIAJ B XOTh M ciaboe, HO M3IydeHHE
Oemoro xapyimka. KoHedHO, 3TO HE €IMHCTBCHHBIM MCTOYHWUK DSHEPTUU 3BE3MBI, 31€Ch
CTOUT OTMETHTH M 3arac TeIJIOBOH JHEPTruu B HeApax 3Be3/bl, OHa HE yYWUTHIBAET
COCTOSIHHE 3Be3/IHOTO BemecTBa. [lockonbky Oenble KapiIuK{ JUIIEHBI COOCTBEHHBIX
TEPMOSIEPHBIX UCTOYHUKOB SHEPTUH, TO OHM M3ITyUJaloT 3a CYET 3a1acoB CBOETO Terlia,
a TaKXKe €CIIM OTCYTCTBYET MPOIECC aKKPEIHH, KOTOPBIH TOXKE MOXKET OBITh eIlIe OJHUM
HMCTOYHUKOM CBETHMOCTH OCITBIX KapIHUKOB.

JKHIKOCTE
JKHIKOCTh

e R el T
.y B Y

-
- -

-T_ -

..
b
by

Pucynoxk 1
Pucynox I - Cuenapuii KpucTaum3anuy siipa 0eJ1oro Kapianka. a - KpUCTALIH3AIHS YTIIePOJHO-
KHCIIOPOJHOTO siyipa 6e3 mpumMecei, b - kpuctaiumsanust siapa npu Hannanu npumMeceit (Bdard & Blouin,
2024).

B pabome (Bdard & Blouin, 2024) aeémopbr ommeuaiom o mom, 4mo 603MOACHO
cyujecmeosaHe 6HympeHHe20 UCMOYHUKA SHeP2Uull, M.K. No 3aKOHAM MePMOOUHAMUKL,
menio, evloensiioujeecs npu Kpucmaiiusayuu, Heoocmamoyro. 1o MHEHHIO aBTOpPOB
(Shen et al., 2023. The Q Branch Cooling Anomaly Can Be Explained by Mergers of
White Dwarfs and Subgiant Stars), B OenbIX KapiaMkax ¢ U30BITOUHBIM COJEpKaHUEM
HEHTPOHOB MPOLIECC KPUCTAUIM3ALUH MIPU OXJIKICHUN OCNbIX KapJIUKOB Pa3BUBACTCS
110 MHOMY CLIeHapHIo. B Matepuu ¢ conepxanueM , rae npeo0iiagaoT HEHTPOHBI, BO3MOXK-
HO GOpPMHUPOBAHHE MUHUKPHUCTAIUIOB, 00JIaIal0MIMX TUIaBy4ecThi0. OHHU B CBOIO OYepe/b
MOJHUMAIOTCSI K TOBEPXHOCTH OEJOro KapiiMka M TaM BHOBb IEPEXOISIT B KUJKOE
cocrosinue. [lo urory B LeHTpe Kapiuka He (GOPMHUPYETCS TBEPAOE KPUCTAIUIMYECKOE
AP0, HO BO3HUKAIOT KOHBEKIIMOHHBIE TIOTOKH, COCTOSILUE U3 MTEPEMEILAIOIINXCS BBEPX
KPHUCTAJIJIOB U CTPYH OoJiee TSHKENoH KUIKOH (asbl, KOTOPYIO 3TH KPUCTAIUIBI BHITECHSIOT
1 3aCTaBJISIIOT OIYCKAaThCs K LEHTPY Oenoro kapiuka. CoriaacHo BEIYUCICHUSM aBTOPOB
(Bdard & Blouin, 2024) Takue npouecchl NPUBOAAT K 3PPEKTHUBHOMY BBHICBOOOKICHHIO
IPaBUTALMOHHON 3HEPIHH, KOTOPOE MOKET JOXOAUTH A0 OJHOH THICSYHOH CBETUMOCTH
ConHua.

Amnanuzupyst pu3nyecKre Npouecchl B KOMIIAKTHBIX 3Be3/1aX, Ha MpuMepe 0eoro
KapJIuKa, MO’KHO PACCMOTPETh €Ille OAMH UCTOUHUK YHEPTUH — akKkpeuus. B actpodusuke
aKKpelusi IpeicTaBsieT COoOOW MpoIecc 3axBaTa BEHIECTBA M3 OKPYIKAIOIIETO
MPOCTPAHCTBA TPABUTAILIMOHHBIM I10JIEM HEOECHOTO Tella C €ro MOCIeAYIONINM MaJgeHueM
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YacTH BEIIECTBA HA MMOBEPXHOCTh Tela. J|aHHBI TEPMHH OMMCHIBACT 3aXBAaT U MaJICHUE
MEXK3BE3/IHBIX W MEXKIUIAHETHBIX Ta3a M TbUIM Ha TOBEPXHOCTh 3BE3]] U IUIAHET.
[NepeTekanue BelecTBa B TECHBIX JBOWHBIX 3BE3JIHBIX CHCTEMaX C OJIHOIO KOMITOHEHTA
Ha JIPYrod TOXKE OTHOCHTCS K aKKpelUH. AKKpPEIHsl BeleCTBa HA KOHEUHBIE TIPOIYKThI
3BE3HON DBOJIONMU — Oelible KaplUK{, HEHTPOHHBIC 3BE37Ibl M UYCPHBIC JIBIPHI —
COIIPOBOXK/IAETCS 3HAYUTENILHBIM BBIJICIICHHEM TPABUTAI[MOHHON OSHEPrHMH B BHJIC
AJIEKTPOMATHUTHOTO M3JTyUCHHS.

Jlamum cpaBHUTEIBHYIO OIICHKY JUISl IBYX MPOIECCOB, chopMyIHpoBaB 3aj1aqy
CIIEYFOIIMM 00pa30M: B KAKOM CITydae SYHeproBhIIeTIeHHst OyAeT OoIbIle — P NMaAeHuN
BEIIECTBA Ha MMOBEPXHOCTh 3BE3/IbI HJIHM MIPU TOPEHHUU BOJIOpOIa?

VYdauTHIBas, UTO B MPOIECCE IBOIIOIIH 3B€3/1a 0TOPAChIBACT CBOU BEPXHHE CIIOH,
Mmaccy Oenoro kapimka Bo3bMeM paBHoOW macce Connaiia — M = 1,98%10% kr, paguyc
R=2500 k™, 1 Ha ee MOBEPXHOCTH NajjaeT m=1 Kr BelllecTBa.

GMm 6,67+ 10711 1,98 » 103 c 17
Enl=—F—= 2500 =5+ 10 [

Tonyuennoe 3nauenue cpasHum ¢ 3PHeKmusHOCmbI0 MEPMOIOEPHBIX PEAKYUIL: .
[Tomywaercsi, 4To MpU MaJEeHUHU BELIECTBA Ha IOBEPXHOCTH 3BE3/bl SHEPTUH BBIIIEIISETCS
CPaBHHUTEIBHO OOJIblIe, YeM IpPU TepMOSIepHBIX peakuusax (cMm.Puc.2)? Jrto 3naueHue
OYeHb NPUOIU3UTEIBHOE, HAM HYKHO OBLIO 3HATH TOJILKO Pa3HUILy B MOPSAKAX, U HaIlla
OLIEHKA CYUTACTCS JOCTATOUHO epYOOl.

1E+17
SE+16
A
0
1 2
Pucynox 2

PucyHok 2 — cpasnumenvras ouazpamma pasnuy sHepeur mepmosioepHuX peakyull ¢ dHepauetl,
8bLOCNAIOUCLCS NPU NAOCHUU BEeUWeCMBA HA NOBEPXHOCHIb 36€30bl.

3aknrouenue

TO, YTO KOMITAKTHBIC 3BE3bI SBJISIFOTCS KOHCYHBIMU HpOI[yKTaMI/I 3Be3):[HOﬁ
OBOJIIOITMH, HE FOBOpI/IT O TOM, 4YTO B HHUX HC MOI'YT UATU pa3J'II/I'-IHBIe ¢)H3quc1<1/1e
nporecchl. HanmpoTuB, MIMEHHO OHM CKPBIBAIOT MHOXKECTBO 3arafloK CBOEr0 CTPOCHHSL.
[IpencraBnenHbie B pab0Te YNCICHHBIE OIIEHKH XapaKTEePHBIX YHEPT U, IMEIOIINX Pa3HOoe
MIPOUCXOXKICHUE, BO3MOXKHO, HE OUEHb HAJISKHBI [T0Ka, HO, TEM HE MEHEE, TAKUE OLICHKU
MO3BOJISIOT JICJIaTh aKI[EHT Ha MPOIECCcax, KOTOPhIC SIBJISIOTCS HAn0O0JIee BEPOSITHBIMU U
BAaXHBIMHU HaA Ka)K):[Oﬁ CTaaArU 3BOJIIOIINHU KOMITAKTHBIX 3BC3/1.
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Abstract: As a result of photometric survey and monitoring campaigns, several
hundred CCD images are obtained in one night of observations, each of which, depend-
ing on the parameters of the telescope, may contain up to several thousand sources (stars,
asteroids and other objects of near-Earth space). To effectively use such an array of data
in order to detect variable stars and transient events, an effective method of Big Data ana-
lyzing is needed. In this paper, we present a method for detecting variable stars in photo-
metric survey and monitoring observation campaigns using machine learning algorithms.
It is shown that the determination of all possible characteristics of the variability of time
series (light curves), followed by selection of most relevant parameters, followed by de-
composition into principal components and the search for the most informative among
them (reducing the dimension of the problem), allows us to apply the binary classification
method using the Random Forest algorithm at a level of precision not worse than 70 %
for variable stars identification.

Keywords: photometrical survey; variable stars; methods of machine learning
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AnHoTauus. bip TyHae GoTOMETpIiK LIONY XK9HE MOHUTOPHHI HayKaHIapblH
JKYPri3yliH HOTHXeciHAe OipHelle Ky3aereH 3apsaranraH Oainanbic acna0bl (3BA)
- OeifHenepiH ajbIHAIBI, OJAPABIH OPKAWCBHICBIHAA TEJICCKONTHIH MapaMeTpiepiHe
OaiinmaHpICTBl OipHemie MbIHFa JeHiHri oObekTuiep OO0Mybl MYMKIH (KyJIABI3Aap,
acTepomJITap KOHE JKEPre YKAKbIH FAPBIII KEHICTITiHIH 0acka 00beKTinepi). AWHbIMAIBI
KYIIBI3NAP MEH OTHeNl OKWFajlapAbl aHBIKTAYy MaKCaTbIHIA OCBIHIAH MAacCHUBTI
TUIMJI Taianany VIIiH, SFHU YJIKEH MOJIIMETTep MACCHBIH TalfayFa THIMII 9jic
KaxxeT. Makajazaa, MalllHAIBIK OKBITY aJTOPUTMICPIH KOJAaHa OTBIPBIN, LIONY >KOHE
MOHHUTOPHUHITI (POTOMETPIIK OaKbUIayIapblHAH alHBIMAIIBI XKYJIIBI3IAPAbl aHBIKTAYAbIH
anroputMmi  OepinareH. YakbITTBIK KaTapiapAapAblH  (KapKblpay KHCBIKTapbIH)
AlHBIMAJIBUIBIFBIHBIH ~ OapJIbIK CHIIATTaMaJIapblH aHBIKTayFa, COJAaH KeHiH THicTi
napameTpiepal TaHzaay, oJlapAbl HEri3ri Kypaylibuiapra 0eily »oHE OJapiblH illiHeH
€H aKnapaTThICHIH i3aeyre (TancelpMa esmieMiH azaiTy), Random Forest anroputmin
KOJIJIaHY aiHBIMAIIbl JKYJIIbI3IapAbl aHbIKTay momairinig 70 % kem emec neHremze,
JKIKTEY 9AICIH KOJIaHyFa MYMKIHAIK Oepeti.

Tyiiin ce3zaep: QoTomMeTpiik Iomynap; alHBIMAIBL KYIABI3AAP; MaIIMHAIBIK
OKBITY 9iCTepi.

104



Reports of the Academy of Sciences of the Republic of Kazakhstan

© A. Cepeopsinckuii', A. Xanukona?, 2024
! Actpodusnueckuii mHCTUTYT UM. DecenkoBa, Anmarel, Kasaxcram;
2 ACTpOHOMHYECKHI HHCTUTYT MM. Yiyroeka, TamkeHT, Y30eKHCTaH.
E-mail: alex@fai.kz

IHOUCK NIEPEMEHHBIX 3BE3/1 BMOHUTOPUHT'OBbLIX 1 OB30OPHbIX
OOTOMETPUYECKHUX HABJIOAEHUAX C HCITOJIB3OBAHUEM
METOAOB MAIIIMHHOI'O OBYYEHUSA
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AnHoTtanus. B pe3ymbrare mpoBeneHHS (HOTOMETPUYECKHX OO30pHBIX U
MOHHUTOPUHTOBBIX KaMITaHUH 3a OJHY HOYb HAOIONEHUH MOMy4aroT HECKOJBKO COTEH
[13C-n300parkeHNi Ha Ka)KIOM M3 KOTOPHIX, B 3aBHCHMOCTH OT ITapaMeTPOB TEJIECKOIIa,
MOKET OBITh JI0 HECKOJIBKUX THICSY HCTOYHHUKOB (3BE3, ACTEPOHIOB U JPYTUX OOBEKTOB
OKOJIO36MHOTO KOCMHYECKOTO MMPOCTpaHCTBa). 11 9 heKTHBHOTO HCIIOTH30BaHUS TAKOTO
MaccHBa JaHHBIX C IIEIBI0 00HAPYKEHHSI TIEPEMEHHBIX 3BE3]] M TPAH3UEHTHBIX COOBITHI,
HeoOxonnM 3G GEKTUBHBIN METO aHAJIN3a OOJIBIIION0 MacCHBA JaHHBIX. B TaHHO cTaThe
MIPEJICTABIIEH AITOPUTM OOHAPY)KEHHUS TIEPEMEHHBIX 3B€3/] B JAHHBIX (DOTOMETPUIECKIX
0030pHBIX © MOHUTOPHHTOBBIX KAMITAHUSAX HAOIIOJIEHHI C MCTIOIb30BAaHUEM aITOPUTMOB
MarmmHHOTO 00yueHwus. [lokazaHo, 9TO ompeneneHre BceX BOZMOXKHBIX XapaKTEPHUCTUK
MIEPEeMEHHOCTH BPEMEHHBIX pPSIOB (KpUBBIX Olecka) C MOCIEAYIOUe celeKmuen
PEJIeBaHTHBIX TIAPAMETPOB, PA3NIOKEHHEM WX TI0 IJIaBHBIM KOMITIOHEHTaM W ITOWCKOM
cpeny HUX Hamboiee WHHOPMATUBHEIX (COKpaIIeHHUE pa3MEPHOCTH 3a/1auH), TIO3BOJIAET
MIPUMEHUTH METOANKY KIIACCU(UKAINH C HCTIONIb30BaHNeM anroputMa Random Forest Ha
ypoBHe He xyxke 70 % ToOYHOCTH UICHTU(DUKAINH TEPEMEHHBIX 3BE3/I.

KuaroueBbie cioBa: poromerpudeckie 0030phI; TEPEMEHHBIE 3BE3/bl; METO/IbBI
MAaIIMHHOTO O0y4YeHHS

Hccneoosanue gunancupyemcs Komumemom nayku Munucmepcmea Hayku u
svicute2o obpasosanus Pecnyonuxu Kasaxcman (npoepamma Ne BR21881880).

Beenenne

3a Bce Bpems doromerpudeckux [13C HabmoneHMi, MpoBoguMBIX B ADUD,
HaKoMWiICsS OONbIIoi 00beM HAONIOAATENbHBIX JaHHBIX C TPOIOIDKHTEIHHOCTHIO
OTIENBHBIX CEPUi HAOMIONCHMIA 10 HecKoIbkuX dacoB (Shomshekova u mp., 2022). B
paMKkax co3maBaeMoro ActpoXaba OKHIaeTCS MHOTOKPATHBIA POCT oObeMa TaKUX
TMaHHBIX HaOmromeHnid. Takoil ¢oroMeTpuyeckwii MaTepual OYCHb BaXKEH I 3amad
MTOVICKa HOBBIX TIEPEMEHHBIX 3BE37] C Pa3HOOOPa3HOUN MPHUPOIONH WX MEPEeMEHHOCTH, a
TaKKe ISl TIOMCKA IMMOTEHIINATBHBIX TPAH3UEHTHBIX COOBITHIA.

Takne cepuu HaOMIOMEHUN TTPOBOAMIIUCEH C IICIBIO MICCICAOBAHMMA OTIEIBHBIX
WHTEPECYIOMNX OOBEKTOB W, KaK Pe3ylbTar, OdeHb OOJBIIOE KOIMYECTBO OOBEKTOB,
MO IAIONINX B TIOJIE, OCTaBaIUCh O0€3 BHUMAaHM M3-32a HEBOZMOYKHOCTH UX aHan3a 0e3
Ipoliecca aBTOMaTH3aIUA TIOUCKa OOBEKTOB B TIOJIE C MOCHEAYIOmel nX (hOTOMEeTpHei.
Pemenne Takol 3a1aqn cTaja0 BOSMOXKHBIM C pa3pabOTKO M BHEIPEHHEM KOHBEHEPHOTO
anroput™a aHanmsa fnaHHBIX [13C-Habmronenmii (Serebryanskiy u mp., 2018: 37-47).
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C moMompi0 HEero OBUIM TONyYeHBI KPUBBIE ONlecka HECKOIBKUX TBHICSY 3BE3J IS
KaKI0H cepry HaOmoneHnid. [10HATHO, 9TO TPOCMOTP BCEX KPUBHIX OjecKa Ha TIPEeIMET
MTOWMCKA CPeAr HUX MepEeMEHHBIX 3BE3]l M TPAH3UEHTHBIX COOBITHIA CTAHOBUTCS 3a/1adeit
CJIOKHOM, a pe3ysIbTaThl TAKOTO MOMCKA TOABEPKEHBI YeII0OBeUeCKOMY (DaKTOpy, BKITFOUAs
CcyOBeKTHBHOCTH BbIOOpa. C BBOIOM B CTPOM TEJECKOIOB ¢ OONBIIMM TI0JIeM 0030pa (B
9TOM CIiTydae KOJMYECTBO 3BE3[ B ITOJIE MOXET OCTHUTAaTh MECATKU THICAY) M HAYaJIOM
CHCTeMaTHYeCKOTO MOHUTOPHHTA Ha oOcepBaropun Accel-Typrens, 3ajada CTaHOBUTCS
ere 6oJree 3aTpaTHON.

B aT0ii cBs31 BcTad Bopoc 0 pa3paboTKe aaropuTMa aBTOMATH3AIUY MpoIecca
MOWCKA TIEPEMEHHBIX 3Be3/. Hambonee mpuBieKaTeIbHBIM BUIUTCS TIOWMCK PEIICHUsS C
MIpHUBJIICYEHUEM AITOPUTMOB MAIIMHHOTO 00ydeHus. Takne 3a1aun pemaroTcsl B pa3HbIX
MIPOEKTaX pa3HOOOpa3HBIMH MeTomaMu (Soraisam u np., 2020: 112; Kim u np., 2016;
Giles u p., 2019: 834-849; Webb u np., 2020: 3077-3094; Naul u ap., 2018: 151-155).

MarepuaJjibl 1 METOABI

B nipencraBiienHoi paboTe mpenaraeTcs peleHue 3a/1a9u MOUcKa IepeMEeHHBIX
3Be3/1 Ha OCHOBE OWHAPHOTO alTOpUTMa CeleKnuu. Jpyrumu cioBaMu, MBI pelraeMm
3a/1aqy — OTPEIEINTh, €CTh JIM B KPUBOU OJeCcKa KaKasi-TO 0COOCHHOCTh («IIepeMEeHHas)
WIH 3BE3[y MOXXHO CYHTaTh CTAIMOHAPHOW («ITOCTOSHHAsH) B TIpeAeNiaX TOYHOCTH
MTONTyYEHHBIX (POTOMETPUUYECKUX OIICHOK, KOTOPBIE OMPENENSIFOTCS 110 YPOBHIO ITyMa B
KpHUBBIX Oecka.

[TockopKy MBI IMEEM JIeTI0 C Ha3eMHBIMH ()OTOMETPHYECKUMHU HAOIIONCHUSIMH,
0XHIaTh TOYHOCTH (HOTOMETPUH Ha ypoBHE 107 MarHUTYIObl U BbIIIE HE MPUXOIUTCS
1, CIIe/IOBATEeIbHO, BCE THITHI IIEPEMEHHBIX 3BE3]] C BapHallsMu Olecka HUKE JTaHHOTO
MIpe/iesia MomaaroT MO/ KITACC «ITOCTOSTHHBIEY.

Ecmm 0603HaunTh KOmmuecTBo 3Be3 B oe [13C kaapa, 11 KOTOPBIX TOTyYeHbI
KpuBbIe Osiecka, Kak N, TO Mbl HMEEM BEKTOP 3HAYECHUH Y = {Y ,...,Y\ . f» DA€ Y=1,
€CIIM 3Be3/1a IIepeMeHHast, U y,=0 B IPOTUBHOM Clly4ae.

Taxyto 3amauy kinaccu(uKaluu MOXHO pean30BaTh, €CIH JUIS KaKIOW W3
KpUBOW Ollecka TOJYYUTh HEKOTOPBIE XapaKTePUCTHKH, OTpPa)Karollie IOBEICHHE
W CTaTUCTHKY KPHUBBIX OJecKa, C TMOCIEAYIONIMM aHAIM30M JTHX XapaKTepPHCTHUK W
BBISIBIICHUS TIEPEMEHHBIX 3BE3/1 [0 COBOKYITHOCTH XapaKTEPHBIX IMPU3HAKOB.

B nmanHO# paboTe MBI MpeacTaBiIsieM OJUH U3 BO3MOXKHBIX CIIOCOOOB pPEIICHUS
MTOCTaBJICHHOM 3a7a4u Ha TIpuMepe omHOH cepun dporomeTprdeckux [13C HabmOneHHH,
nosyueHHbIX Ha Teneckore Ieiice-1000 «Boctounsiity THIAO 26 suBaps 2022 rona.
Lenwro Habmonennii 6v1a poromerpust acteponma 153591 (2001 SN263). HabGmronenus
MIPOBOJMIINCH B TpeTheM OMHHWHTE (IIpollefypa YCpeAHEeHUs CHUTHAJla Ha amlmapaTHOM
yposHe, Ha [I3C kamepe 10 KOIMUYECTBY MUKCceNei), ¢ akcrosuiueit 40 cex., B GuiIbTpe
R Jlxoncona-Koy3suna. O01mas nmpoAonKUTeTbHOCTh HAOMIOASHUH mopsaka 4.5 gacos
(xomraectBo I13C kampos mopsaka 300).

B pesynbrare BhIonHEHUS TOTOKOBOU (hoToMeTpuu ObLTO TIoTydeHo Oonee 500
KpUBBIX Oecka. [ [ocKkobKy TOT MACCHB TAHHBIX HE CIUIIIKOM OOJIBIIION, ObIJIa TPOBeIeHA
BH3yaJIbHAS MHCIIEKIINS KaXKI0H KPUBOU OJIeCKa ¥ BBISBICHO 6 SIBHO TIEPEMEHHBIX 3BE3/I.
OTH 3BE3/1bI B IOCIIENYIOIIEM OBLITH HCITOb30BaHbl HAMH KaK WHAWKATOPHI PaBUILHOCTH
paboThl anropuTMa Kiaccudukanuu. B kadecTBe MeToma Tako# Kiraccu(ukamuy ObLT
BbIOpaH anroputMm «Random Fores»t, oTHOCsAIIMIICS K KiTaccy anropuTMOB «supervised
learning» (oOy4eHne ¢ «HACTaBHHKOM»). [l TOCTpOEHHS YCIIENIHOM MOJenn
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KJIACCU(UKAIIMA C WCIOIB30BAHUEM JTOTO aJTOPUTMA, KOIWYECTBa HaOIIOAaeMbIX
KPHUBBIX OJI€CcKa, yIUThIBask YHCIIO IEPEMEHHBIX 3BE3]] Cpelld HUX, HefocTaTodHo. Kpome
TOTO, HEJIOCTATOYHO TIPE/ICTABICHO U BCE pa3HOOOPa3He BO3MOKHBIX TEPEMEHHBIX 3BE3/.
[ToaTomMy OBLIO TPUHATO pEIIeHWE MPUMEHHUTH B KadecTBEe OOydYarolllero Marepuala
HCKYyCCTBEHHO CT€HEPHPOBAaHHBIE KPHUBBIE OJecKa, MPOMOIKHTEIHHOCTh, IUAIa30H
3BE3HBIX BEJIMYWH W CTAaTUCTHUYECKHE TMapaMeTphl IIymMa KOTOPHIX HambOosiee OIU3KO
OTpakaloT peasibHble HaOmoneHus. [Ilpu 5TOM B MCKYCCTBEHHBIX KPUBBIX OJiecka ecTh
BO3MOYKHOCTH CMOJIEITHPOBATE JIFOOO0H THII IEPEMEHHOCTH, B IF00OM JTHAITa30HE aMIUTHTY/.
Bcero 6wu10 crenepupoBano 4263 kpuBbIe Ollecka, Cpeid KOTOPBIX 263 KpHBBIe OecKa
OTHOCSTCS K TIEPEMEHHBIM 3BE371aM.

s  ompeneneHns HWHIEKCOB TEPEMEHHOCTH  CYIIECTBYET  HECKOJBKO
BO3MOXKHOCTEH. OHON U3 HUX SBIISIETCS HCITONb3oBaHue makeToB FATS (Nun u mp., 2017)
nmu FEETS (Cabral u ap., 2018: 213-220) (https://feets.readthedocs.io/en/latest/tutorial.
html). /leramsHoe ommcaHue OJHOW M3 METOIUK ITONCKA TIEPEMEHHBIX 3BE3]T 110 KPUBBIM
Onecka gano Taxke B padbote (Richards u ap., 2011). JIpyroit BO3SMOKHOCTBIO SIBIIAETCS
ucrionb3oBanne makera TSFRESH (Christ u gp., 2018: 72—-77), pa3paboTanHOro Ha
6aze makera FRESH (Christ u ap., 2017) (www.github.com/blue-yonder/tsfresh) ¢ 60-
Jiee MIUPOKUM CIIEKTPOM MPUMEHEHHS. MBI OCTaHOBHIIMCH HA BTOPOH BO3MOXHOCTH, I10-
CKOJIBKY 00IIiee KOIMYECTBO PA3INYHBIX TAPAMETPOB TIEPEMEHHOCTH BPEMEHHBIX CEepUi
B TSFRESH na nopsinox 6onpmre wem B FEETS, a ux uHTepnperanus nmpocta. Kpome
TOTO, OBLITO ITOKa3aHO, YTO JUIS yCIIENTHON KiIaccu(UKaIllii BpeMEHHBIX CepHril Hanboee
IJIOIOTBOPHBIM SIBIISIETCS TTOJXO, TIPH KOTOPOM CHadasia BEIYHCIISIOTCS BCE BOZMOYKHBIS
€€ XapaKTepUCTHKH, a YK€ MOTOM NMPUMEHSIOTCA pa3indHble ajJrOPUTMBI (HHIBTpaIin
JUTS BBIJICTICHHUS HauboJiee CYIIeCTBEHHBIX U3 HUX.

B nacrosmee BpeMs HanOoJee MOTHBIM Ha0OPOM HM3BIIEKAEMBIX XapaKTEPUCTHK
BPEMEHHBIX CEpPHI Cpeny BCeX IaKeTOB B OTKPBITOM JOCTyIle OONagaer WMEHHO
TSFRESH, xoTopslii co3maBaics cOmIacHO Kypcy paspaboTtok «HTepHer Bemieit» u
«Munycrpus 4.0». Kpome Toro, B makere peasn3oBaHO OONBIIOE KOJTHMYECTBO METOIOB
MMPOBEPKM PA3NUYHBIX CTATUCTHUECKHX TUMoTe3 W Mozeneil. OOmiee KOIMYecTBO
napameTpoB B TSFRESH mnopsaka 800. He Bce w3 3TuMX mapameTpoB HPUMEHUMBI
JUTS aHajw3a KpWBBIX Onecka. [l cenexkmuy HeoOXOIMMBIX IapaMeTpoB B TIAKETe
MpelyCMOTpEHa CIIeIUaIbHAs TIPOIIEAypa, TO3BOJSIONIAs COKPATHTh WX YHCIO 10,
npuomusnteasbHo, 300. DTO KOIMYECTBO IMapaMETPOB CPABHUMO C KOJTHYESCTBOM
MIEPEeMEHHBIX 3BE37] U COMOCTAaBUMO C OOIIUM YHCIIOM 3BE€3]l, YTO MOXKET IMPHUBECTH
K XOpOIIO HM3BECTHOMY OTpHIATENIbHOMY A(PQEKTy IMPH HUCIOIB30BaHUU AITOPUTMa
«Random Forest» — xoporeil anmpokcuManuu TeCTOBBIX JaHHBIX, HO K 00OHAPYKEHUIO
JIOXKHBIX TIEPEMEHHBIX B peajibHbIX JaHHbIX. Kpome Toro, cpeau 300 mapameTpoB ecTh
MHOXKECTBO TeX, KOTOPhIE MOXXHO CUMTAaTh 3aBUCHMBIMU JIPYT OT Jpyra X OYEHb
ONMM3KUMHU TIO CMBICTY MeXIy coOoif. CiemoBarenbHO, HEOOXOANMO BBIJCIUTh CPENU
HHUX HamOojee BakHbIe W HeszaBucuMble mapameTpsl. [laker TSFRESH mo3Bomser ato
clenarb C TIOMOIIBI0 TIPOLEAYPBI permutation_importance(), KOTopas CIydaltHBIM
00pa30oM MepecTaBIsIeT mapaMeTphl IEPEMEHHOCTH U, TEM CaMbIM, OTIPEAEIISET, KaKoi U3
napaMeTpoB Hanbosee BaykeH. TeM He MeHee, OITbIT TOKa3all, 9TO 3TO HE CaMbIi JTyUIIAN
Croco0 TepBOHAYAILHOW CENEKIIMU TMapaMeTpoB. Tak, TpW BBHIOPACBIBAHUU OTHOTO
rapaMmeTpa pacrpeaesieHue Mo NX BAKHOCTH MEHSETCS, a TAK)KE N3-3a 3aBUCUMOCTH JIPYT
OT JpyTa HEKOTOPBIX MapaMeTPOB WX PaH)XUPOBAaHWE MO BAKHOCTH TOXKE HE SBIIACTCS

107



ISSN 2224-5227 2.2024

HE3aBHCHUMBIM.

Juna perenns 3Toit ipoOiIeMbl MBI IPUMEHWIIA METO]] Pa3JIOKEHHs Ha TJIaBHBIE
kommoreHTHl (PCA — Principal Component Analysis). Bkpatme cMbicn sToro moaxona
3aKIII0YaeTCs B TOM, YTOOBI HAWTH TaKoe JIMHEHHOE MpeoO0pa3oBaHue U3 MPOCTPAHCTBA
HaIIUX TapaMeTPOB B MIPOCTPAHCTBO HEKOTOPBIX JIPYTHUX MapaMeTPOB, TIPHU KOTOPOM CO-
XpaHsyIach 06l ”HPOPMATUBHOCTE. [Ipn ATOM pa3mMepHOCTH HAIIETO IPOCTPAHCTRA Mapa-
METPOB MOXET OBITh 3HAYMTEIHHO COKpAIIeHa.

Taxum 00pa3om, B MPenIoKeHHOM TTO/IX0JIE €CTh JIBa HAOOpa HEOMpeIeIeHHBIX
nmapaMeTpoB — mapaMmerpsl anroputma «Random Forest» W KoiamduecTBO TIIAaBHBIX
mapameTpoB (principal components) B anmroputme PCA. O BeIOOpe 3HAYEHUH ITHX Tapa-
METpPOB OyIeT CKa3aHO HUXKE.

Pesyabrarthl

Bceero 6puto mcmons3oBaHO 4263 HCKYCCTBEHHO CIe€HEPHPOBAHHBIX JTaHHBIX.
Cpemn Hux 4000 KpuBBIX Onecka IS TMOCTOSHHBIX 3BE3II, B KPHUBBIX OJeCKa KOTOPBIX
MIPUCYTCTBYET CIyYalHbII IIyM, 3aBUCSILANA OT 3BE€3IHOM BEJIUUHMHBI U «KPACHBI» IIyM
JUTSL MOJISITUPOBAHUS BIIMSHUS HHCTPYMEHTANBHBIX 3(pdpexroB. OcranpHble 263 3BE3/IbI —
9TO TIEPEMEHHBIE 3BE3/IbI C PA3IUYHBIM THUIIOM ITEPEMEHHOCTH, Pa3HBIMHU aMILUTATYIaMU
Y TIepUOJIaMH.

Kaxnas wmckyccTBeHHast kpuBas Onecka coxepkuT 300 3HaYeHWH 3BE3THON
BEIIMYMHBI C PABHOMEPHOH BBIOOpKOW MO BpeMeHH. CpemHue 3HAYCHHS 3BE3IHOMN
BEITMYHMHBI, €€ IUCIICPCHS M 3HAYCHHUS OIMMNOOK B KaKIOH CMOICIMPOBAHHOW KPHUBOMH
Orecka ObLTH B35 THl MAKCHMAJIHHO OJIM3KO COOTBETCTBYIOIIIMH PEATEHBIM HAOIFOICHHSM.
[TocTponB 3aBUCHMOCTH CTaHJAPTHOTO OTKJIOHEHHUS OT CPEIHEro 3HAYeHUS, U OMINOKH
OT CpPEIOHEr0 3HaueHWs, Mbl anmnpOKCHMHPOBAIN HMX ITOJMHOMOM TPETHErO TMOpPSIKa.
Taxum o6pazom, mbl omyuminn 1000 3HaYeHNIA 3BE3IHBIX BEIMYMH B aUama3oHe oT 13
110 19, ¥ COOTBETCTBYIOIINE UM BETUYHUHY JUCIIEPCUN U OIIHOKHU, KOTOPBIE OKa3aJIUCh B
nuarrazone 0.007—-0.122 marautya. 3ateM, cirydailHBIM 00pa3oM BBIOpaB 3BE3/IHYIO Be-
JUYMHY, K UCKYCCTBEHHOW KpWBOM Oiecka (Kak IEepeMeHHOH, TaK M MOCTOSHHOH) 10-
0aBIIsIICS HOPMaJIBHBIN IITYM C TTOMOIIBIO TIAKeTa numpy.random.normal, ¢ nucriepcueit
COOTBETCTBYIOIIEH MarHUTY/E 3BE3/bl. 3aTeM K MOTy9eHHOW KpHUBOil O1ecka J00aBIIsiiI-
Csl IIyM C TayCCOBCKUM paclpe/ie]IeHHeM, CO CIIEKTPOM, UMEIOIINM CTEIIEHHON 3aKOH ¢
MIPOM3BOJILHBIMH TTOKa3aTeIIsIMH, U3 TIakeTa colorednoise. IlapameTpsl BEIOUpaINCH Ta-
KHM 00pa3oM, YTOOBI OKOHYATEILHBIN BH KPUBBIX OJIeCKa MAaKCHMAIIBHO OBLT TIOXOK Ha
peanbHbIe KpUBBIC OJIecKa.

Kaxxmast kpuBas Oirecka (mj, TJIe ] COOTBETCTBYET HOMEpY 3BE3Ibl) MpE/CTaB-
JA€T COOOH MarpuIly 3HAYE€HUH PasMEPHOCTBIO 3XN . . IIe NMepBbIE TPU PA3MEPHOCTH
COOTBETCTBYIOT BpEMEHHU HAONIOICHWI, 3BE3THOM BEIMYMHE W OIINOKE OIpeeIeHuUs
3BE3HOM BenmuMHbI (t, mag, Amag), a N — 9T0 o0miee KOIMYECTBO TOYEK B KPUBOM
Onecka. J{ns yMEHbIICHHS BIMSHUS [TIyMa KaKaas KpuBas OlecKa MPOXOAUT OTIEPaAITHIo
130aBIICHUs OT BBUICTAIOMIKX 3HAaYCHNIL. Jlasee KpHBbIe OlecKa HOPMHUPYHOTCS:

Ha 3akmiouuTenbHOM 3Tanie HOPMUPOBAHHBIE KPHUBBIC OJECKa CIVIaKUBAIOTCS
CKOJIB3SAIIMM CPEIHAM C IIUPUHOW OKHAa 5 MUHYT (npu skcno3ummu 40 cex. IT1o
COOTBETCTBYET CIVIAKMBAHUIO MPUOIN3ZUTENBHO 110 7-8 TOUKaM).
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Jns peamuzanmm anroputMa TSFRESH Bce kpuBble Oecka IpencTaBiICHBI B
CIIMHOW MaTpUIE PasMEPHOCTBIO 3XN . TJIe MEPBbIE TPU Pa3MEPHOCTH COOTBETCTBY-
0T HIICHTHPHUKAITMOHHOMY HOoMepy 3Be3zbl (ID), Bpemenu HaOmoneHuit (t) 1 MarHuTy-
ne (mag), a snauenue N =N xN_ . Becb maccu npezncrapisercss B Buae popmara
pandas. DataFrame.

Jnst momydenus mosmHOTO (MCUepIbIBaromiero) cnucka mapamerpos B TSFRESH
ncnonw3yercs npouenypa ComprehensiveF'CParameters(). J1ns BelAeneHUs cpeny HIX
peJIeBaHTHBIX TIApaMETPOB HMCIOJIB3YETCs Tpolenypa extract relevant features(), Ha
BXOJI KOTOPO# Tiepe1aeTcsi MacCHB KPUBBIX OJIECKa, a TAKXKe BEKTOp C HIEeHTH(HUKAIIeH
MepeMEeHHBIX 3Be3l, y. Ilpu 3TOM, ISl yCKOpeHHS BBIYHMCICHHN, UCTIONB3YETCSI MHOTO-
MIPOIIECCOPHOCTD BRIYUCIICHUH, pean3yeMbIX npoueaypoit Multiprocessing Distributor
(). B pe3ynbrare Mbl IOTy4aeM MaTpHIly TapaMeTpoOB Pa3MEepPHOCTHIO NparXNsms.

[IpocTpancTBO MapaMeTpoB MOCTE CENEKIIUH MOXKET JOCTUTaTh Pa3MEpPHOCTH
HECKOJBKUX coTeH (00praHO opsinka 200, B HamreM ciydae). Kpome Toro, gake cpeau STix
0TOOpaHHBIX MTAPaMETPOB HE BCE SBISIOTCA ITOTHOCTHIO He3aBUCHUMBIMU. ClleZI0BaTeIbHO,
npu npuMeHeHun anroputMa «Random Forest» Bo3HHKaeT mpobiema dpe3MepHON
amNMpOKCUMAITUH. DTy MPOOJIEeMYy MOXKHO PEIIUTh METOJOM YMEHBIIEHUS Pa3MEPHOCTH
MapaMeTpPHUIecKoro MPOCTPAHCTBA, WCIONB3Ys, HAPUMeEp, METOJ Pa3lIoKEHUS Hallen
MAaTpHIIbl TAPAMETPOB PA3MEPHOCTHU Npar><Nmrs Ha TJIaBHbIE KOMITOHEHTHI. J[J1s1 3TOr0 Mbl
ncnons3yeM nponenypy PCA metona sklearn. decomposition nz nakera sklearn (Pedrego-
sau ap., 2011: 2825-2830). CMbIca pa3moyKeHUs Ha TIIABHBIE KOMITOHEHTHI 3aKJTFOYaeTCs
B TOM, 4TOOBI HAWTH TaKoe TMpeACTaBIeHNe, UCTIONB3YS JINHEHHOe Tpeobpa3oBanue, Ipu
KOTOPOM HaIll JIaHHBIE MO)KHO TIEPEBECTH W3 MPOCTPAHCTBA PA3MEPHOCTH PABHOMY
KOJTMYECTBY TIapaMeTpPOB B MPOCTPAHCTBO MEHBIIEH pa3sMEpHOCTH (KOIHYECTBO
KOMITOHEHT) C MaKCHMaJbHBIM COXpaHEeHHeM HWH()OpMaTUBHOCTH. B 3ToM ciydae
KOJIMYECTBO IMapamMeTpoB (KOMIIOHEHT) MOYKHO COKPATHTh Ha TIOPSIOK.

3meck ciuemyer OTMETHTh, 4YTO IS TPOUEAYPHl PasloKEHHsS Ha TJIaBHBIE
KOMITOHEHTHI Ba)KHBIM SIBJISIETCSI HOPMHPOBAHUE BCEX MAPaMETPOB, MMOCKOIBKY TPOIIeCC
PCA 3akitouaercsi B TOMCKE TaKOTO Pa3IoKeHUsl, TPU KOTOPOM OCTAETCSI MAKCUMaJIbHBIM
3HAYCHUS BapHalliy, a 3HAYCHUS TapaMeTPOB MOTYT CHIIBHO OTIIMYATHCS JAPYT OT JpyTa.
[Iporiecc HOPMHUPOBKH MapaMeTpoB (TITABHBIX KOMIIOHEHT) OCYIIECTBISIETCS METOIOM
StandardScaler() merona sklearn.preprocessing.

Ha»stoMm aTare ects BO3MOXXHOCTB BHIOOpA 3HAYEHUS OTHOTO U3 THIIEPIIapaMeTPOB
3a/laul  —KOJIMYEeCTBA WHTEPECYIOIIMX HAac TIABHBIX KOMIIOHEHT. /[l BbeIOopa
ONTUMAFHOTO KOJMYECTBAa TIIABHBIX KOMIIOHEHT CHadaja IapaMmeTp n_components
3agaetcsa paBHbIM 0.99, TO ecTh Takoe UX KOJUYECTBO, IIPU KOTOPOM MbI COXpaHseM 99
% Bapuauuu A1 U3HaYaJIbHOW Pa3MEpPHOCTH 3aJadd. 3aTEM Mbl MOXKEM COKPATUTh HX
KOJIMYECTBO, PACCMOTPEB 3aBUCUMOCTD BapHallliy OT KOMITOHEHTHI. J[J1s1 oTHX 11eneit uc-
noneyeM miponenypy PCA.explained variance ratio(). Ha pucynke 1 creBa mokasana
3aBHUCHMOCTh KyMYIISITUBHOW CyMMBI BapHallMd OT KOJMYECTBA HCIOJIB3YEMBIX IJIaB-
HBIX KOMITOHEHT MaTpPHWIIbl, a Ha PUCYHKe | cIipaBa TMOKa3aHa 3aBUCHMOCThH BapHAIlUU
OT Ka)XJ1I0H KOMIIOHEHTBI OTAEIbHO. Mbl BUAUM PE3KUNA POCT CYMMAPHOM BapHaLMK JIJIs
nepBbiX ~20 IaBHBIX KOMIIOHEHT, a 3aT€M 3TOT POCT 3aMmeisieTcs. Toxke camoe MOXKHO
CKa3aTh O 3HAYEHWH BapHAIlNH JIJIs K&XKJIO0H U3 KOMIIOHEHT — €€ N3MEHEHHUE CYIIECTBEHHO
UG [Tt IepBeix ~20 kommnoHeHT. Hampumep, 20 % Bceit mHGOpPMANN COMEPKHUTCS
B MEpBOM INIABHOM KOMIIOHEHTE, B TO BPEMs KaK BTOPAsi KOMIIOHEHTa BHOCUT 8 % HH-
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¢dopmarmu u T.1. [Topsinka 60 % OT mepBOHaYaIBHON BapHalliU COAEPIKUTCS B TIEPBBIX
20 xoMroHeHTax. [Ipy yBenMUeHUN KOIMYECTBA TNIABHBIX KOMIIOHEHT BO3HHKAET PUCK
YpEe3MEPHON arnmpoKCUMAIIUH.
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Pucynox 1. 3aBUCUMOCTh CYyMMapHOH BapHaIMy OT KOJUIECTBA ITTABHBIX KOMIIOHEHT (CJICBa) U
3HAYEHHS BapHalWH IS KayKI0TO IapaMeTpa (Crpasa).

st nanbHeiero anaim3a Mbl octaBUM 20 IEPBBIX ITIABHBIX KOMIIOHEHT U OyeM
HCIIOJIB30BATh 3TO 20-TH MEPHOE NPOCTPAHCTBO HOBBIX MAPAMETPOB ISl KilacCHU(pUKALIH
MEPEMEHHBIX 3BE3/I.

Anroputm «Random Forest» uMeeT HECKOJIBKO MapaMeTpoB, BHIOOP KOTOPBIX
MOXET OBITh KPUTHYEH JUIS YIOBJIETBOPUTEIHHON paboThl anropurMa. B uucio 3tux
napamMeTpoB BXOIUT KOJHMYECTBO «IEPEBBLEB» (1_estimators), TO €cTh KOJIMYECTBO OT-
JENBHBIX ITOPUTMOB MIACHTU(UKALUU B aHCaMOlie, 0 KOTOPOMY CTPOMTCSl OKOHYa-
TesnbHOE peteHue. Crenyronye napameTpsl — 3T0 MakcuMalibHas ITyOnHa BETBICHUS
(max_depth), MUHIMaJILHOE KOJIMYECTBO JaHHBIX, IPH KOTOPOM €111e BO3MOKHO BETBJIE-
nue (min_samples_split) 1 MUHUMaJIbHOE KOJIMYECTBO JIUCTHEBY, KOTOPOE MOKHO CUHU-
TaTh OTACIBHBIM KiaccoM (min_samples_leaf).
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[Towck 3HaueHUIT ONITUMANTBHBIX MTAPAMETPOB MOKHO OCYIIECTBHUTH C IOMOIIBIO
MPOLIEAYPHl CETKM IOWCKA C KCIIOJNIb30BAaHUEM allTOPUTMa KPOCC-TIPOBEPKHU (CTross
validation, CV). [{is aToro ucnomns3yercs npouenypa GridSearchCV() merona sklearn.
model_selection. CHadana MBI pa30WBaeM HaIllM JIaHHBIE Ha JIB€ YacCTH — YacTh IS
«obyuenus» anroputma (60 % oT o0I1ero KoJMYecTBa JAHHBIX) U 9acTh JJIS €ro TECTH-
poBanus (ocraBmmecs 40 %) ¢ MCIONB30BaHUEM MPOLEAYPHI train_test split() metona
sklearn.model_selection.

[amnee 3amaeM ceTKy mpUOTM3UTENBHBIX 3HAYCHUN TapaMeTPOB ajTroOpuTMa IS
MOVICKa WX ONTHMANbHBIX 3HaueHnid. Hanpumep: n_estimators = {10, 100, 200, 300},
max_depth = {5, 8, 15, 25, 30, 40}, min_samples_split = {2, 5, 10, 15, 100}, min_sam-
ples leaf={1,2,5,10}.

DTy mpoIeLypy MOXKHO ITOBTOPSTH UTEPAIIMOHHO IS 3a/JaHMs Bce 0oJiee TOTYHOM
ceTkH (¢ 0ojIee MEJIKMM IIIaroM) M TaKUM 00pazoM OINPEeAeIUTh TOYHBIC ONTHMAaIbHBIC
3HAYEHUS TapaMeTPOB.

B pesynbrare Takmx pacdeToB OBUTM TONY4YEHBI CIEMYIOIINE ONTHMAIbHBIE
3Ha4YeHHUs apameTpoB anroputMa Random Forest nns mammx gannsix: max_depth = 30,
min_samples leaf= 1, min_samples_split =2, n_estimators = 300.

Ha sToMm sTame ectb BO3MOXHOCTH €1lle OOJIbIIIe COKPATUTh YMCIIO ITapaMeTpPOB
€CIM PAacCMOTPETh BAKHOCTh BKJIAJa KaXKIOTO M3 HUX B TPOIECC KIACCH(DHUKAINU.
st 3TOro MCHoib3yeTcs METOA CIy4allHOM NEpEeCTaHOBKU MAapaMETPOB CPEAU 3BE3.
Y CpaBHEHHE pE3yIbTaTOB KIACCH(PUKAINHA C pPeaJbHBIMH METKaMH TOCTOSHHBIX W
MIepeMEeHHBIX 3Be3/1. Eciu mapameTp He SBIIeTCs KIIFOYEBBIM, TO €T0 3HAaYSHHE HE CHITEHO
OyleT BIMATH HA PE3yNbTaT KiIacCH(UKAIUKN MPH CIy4aliHOW ero mepectaHoBke. Jlis
OIIEHKH BaKHOCTH TapaMeTpa MOXKHO HCIIONIb30BaTh METOI permutation importance()

Metoxa sklearn.inspection. Pe3ynbpraT Takoii OIIEHKH ITOKa3aH Ha PUCYHKe 2.

Feature importances using permutation on full model
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PuCyHOK 2. Cpez[Hee 3HAQYCHHUEC MAACHHUA TOYHOCTHU KJ'IaCCI/I(i)I/IKaIII/II/I npu cnyqaﬁHoﬁ NEPECTAHOBKE ITIaBHBIX
KOMIIOHEHT (napaMeTpOB). Tlokazan pe3yibTaTr npu UCIoJIb30BaHUN 20 mIaBHBIX KOMIIOHEHT.
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O1eHKy TOYHOCTH aJITOPUTMA KIACCH(PUKAIIMA MOXKHO TTONYYUTh HECKOIHKUMHI
ITOKa3aTeIsIMH, OTHUM M3 KOTOPBIX SIBIISICTCS TaK Ha3bIBaeMast MaTpuIla ormuook (confusion
matrix). IlockonpKy y Hac 3amada OWHapHAs, TO €CTh HHTEPECYET BOIIPOC, SBISCTCS JIH
3Be3ma nepeMenHoi wim Het (1 — ga, 0 — HeT) To Takas MaTpuIila UMEeT Pa3MEPHOCTh
2 x 2, rne snemeHTsI (1,1) «False-False» — He mepemenHas 3Be3qa KIIacCUPUITHPYETCS
kak HenepemeHHas, (1,2) «False-True» — HemepemeHHas 3Be3[a KIIACCHUPHUITHPYETCS
kak mepemenHas, (2,1) «True-False» — mepemeHHas 3Be3na KIIACCHPUIMPYETCS Kak
HenepemeHHast u (2,2) «True-True» — mepemeHHas 3Besna KiaccHDUIIUPYETCS Kak
nepeMeHHasl.

[Ipumep morygaemMoif MaTpHIlbl OIIMOOK MOKa3aH Ha pucyHke 3. U3 pucynka 3, B
YaCTHOCTH, CIIEYET, 9YTO TOYHOCTH AITOPUTMA KIIaCCH(DUKAIINY 3BE3/T KaK IEHCTBUTEIHLHO
noctosHHBIX («False-False») cocraBnser 99 %, a TouHOCTh Kiaccuukanum nepemMeH-
HBIX («True-Truey») 72 %. [Ipu aToM Tombko 2 % 3BE3[ Cpenr MOCTOSHHBIX OIMIHOO0YHO
knaccuduuupyrorcs kak nepemennsle (True-False) n 21 % 3Be3x U3 nepeMeHHBIX ajro-
put™ Kinaccuduupyet kak nmocrosHable («False-Truey). O0mias TOUHOCTH alropruT™Ma U3
MeTona sklearn.metrics IpoueRypol accuracy score oyduiach paBHon 97%.
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Pucynox 3. Marpuna o160k IpH KacCU(pUKaUK 3Be3]1 10 UCKYyCCTBEHHBIM JaHHBIM (KPHBBIM OliecKa).

Eme ogHMM MHIMKATOPOM TOYHOCTH QJITOPUTMa Kiaccu(puKaluu B OUHAPHOM
3amaue sBisiercs merpuka AUC (Area Under Curve). Ee pacuer peanm3oBan B Me-
tone sklearn.metrics B mponenypax roc_curve() u auc(). CMBICT TaHHOH METPHUKU
3aKIIFOYacTCsl B OI[CHKE TOYHOCTH CpadaThiBaHHs alropuT™Ma B 1eJIoM. B Hamiem cityuae
ToyHOCTh 110 Kputepuio AUC nonyunnacsk paBHoil 85 %. Ho y Hero ecth HemocTaTtok —
C ero TOMOIIIBIO B HAIllEM CIy4ae HEBO3MOXKHO OIICHUTH, CKOJILKO CPE/IM TIePEeMEHHBIX
3Be3/]] OBIJIO JIOKHO HICHTU(DHUIIMPOBAHO KaK ITOCTOSIHHBIE, & 3TO OYeHb BaXKHO, YTOOBI HE
MPOIYCTUTh B PEaIbHBIX JIaHHBIX JCHCTBUTEILHO IEPEMEHHBIC 3BE3/IbI.

Pesynbrar knaccudukanum 38e37] MO0 UCKYCCTBEHHBIM KPHBBIM OliecKa MOKa3aH
Ha pUCYHKe 4.
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Pucynok 4. CpabaTbiBaHie METOIUKHU KIacCH(DUKALNK TIEPEMEHHBIX 3BE3]] C HCIOJIb30BAaHUEM
HCKYCCTBEHHBIX JIaHHBIX (KPHUBBIX OecKa) Ha IIpuMepe NepBoil maBHOM koMnoHeHTsl PCA.

[Momygernas rakum o6pazommoeib «Random Forest» MoxeT OBITh HCTIOB30BaHA
JUTsL Kiaccu(UKAIMU 3Be3]] KaHUJIATOB B TIEPEMEHHbBIC B PealibHBIX HaOmroneHusIX. J{is
9TOTO KpUBBIE OJecKa 3Be3]l MPOXOJAT TAKYIO JKe MPOIEAYPY CEICKIINU U CIIaKUBAHNS,
KaK M HCKYCCTBEHHBIC JJAHHBIC, & XapaKTePUCTUKN KPUBBIX OJIECKa yXKe OTIPENIENISIOTCS He
yepes Mponenypy extract relevant features(), a ¢ ICTIONb30BaHUEM TIPOIEYPHI extract
features(), T7ie B Ka4eCTBE OJTHOTO U3 BXOJHBIX MTAPAMETPOB UCIIOIB3YETCs CITUCOK U3 I1a-
paMeTpoB, KOTOPbIC UCIIOIB30BAIHCH MPH aHATH3€¢ UCKYCCTBEHHBIX JAHHBIX. DTO MOX-
HO CcHelaTh, UCTONB3Ys MPOIEAYpPY feature extraction.settings.from columns(). 3aech
CJIEIyeT OTMETUTbh, UTO M3-32 PA3IMYHBIX (HAKTOPOB HE BCE XaPAKTEPHCTHKH, KOTOPHIC
OBLIH OIpEJICTICHBI JIUTSl HCKYCCTBEHHBIX JIAHHBIX YCIIEIIHO OMPEICISIOTCS Ha peallbHBIX
KpUBBIX Onecka. [109ToMy MoNTydeHHbIe XapaKTEPUCTHKH ISl PEATbHBIX KPUBBIX Oliecka
HEOOXOIIMO TIPOBEPSTh HAa HAIMYKME HEONPEICICHHBIX 3HAYCHUH U 3aIllOHATh UX 00
CpEeIHUM 3HAYCHHEM, TH00 HanOosIee YaCcTO BCTPEUAIOIIUMHUCS 3HAYCHUSMU, JTNOO HYIIS-
mu. [Ipumep cpabareiBanus KiIaccupuKanum ¢ mpuMeHeHneM moaenn «Random Foresty
Ha pealibHBIX JAHHBIX [TOKa3aH Ha PHCYHKE 5.
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PMCyHOK 5. Cpa6aTLIBaHI/Ie MCTOANKH KJ'IaCCI/I(I)I/IKaHI/II/I NEPEMEHHBIX 3BE€3/] C UCIIOJIb30BAHUEM
peaNbHBIX JTaHHBIX (KPUBBIX OJecKa) Ha MpUMepe IIaBHOI koMoHeHT PCA
3akJilouenue

B nanHO# pabore npenaraeTcs aaropuT™ KiacCHu(GUKAIUU 3BE3]] 10 TPU3HAKAM
MEPEeMEHHOCTH Ha OCHOBe ayroputma «Random Forest» juis aBTOMaru3aiuu mnporecca
MOKCKa TIEPEMEHHBIX 3Be3]l B 0a3e JaHHbIX (oromerpudyeckux [13C HaOIrOICHMIA,
umeronieiics B AOM®D, a taxke IS UCHOIB30BaHUS METOIUKUA B OyaylieMm, HpU
MPOBEJCHUN TMOMCKOBBIX M MOHUTOPUHIOBBIX HaOIOJCHUH Ha Teneckornax ADUD,
UMeroIX OOJbIIOE TOJIE 3PEHHsI B paMKax MpoekTa co3nanust AcrpoXaba. Oxuaaercs,
YTO B pe3yJbTare TaKUX HAOTIONEHUN KOJTUYECTBO KPUBBIX OJiecKa, MOIYYaEMBIX B OTHY
HOYb HaOJIOIeHUH, MOXKeT ObITh TIopsiika 10 000.

Jns monydeHuss XOpoLIero pe3yiapTaTa KPUTHYHBIM SBJISIETCS aJEKBaTHOE
MOJICJIMPOBAHUE UCKYCCTBEHHBIX JaHHBIX C UCIIOIb30BAaHHEM HH()DOPMAIIUHN O CTATUCTUKE
Y TOYHOCTH (POTOMETPUH, a TAKKE XapaKTepe U YPOBHE IIyMa KaK MOXKHO OJIU3KUM K
peanbHBIM YCIOBUSIM HaOMIoneHUi. bomploe 3HaueHUE MMEET MPEACTaBUTEIBHOCTH
KaXJIOrO THUIIA NMEPEMEHHOCTH M COOTBETCTBYIOLIMK IWAINa30H aMIUIMTYH U MEPUO/IOB
B HMCKYCCTBEHHBIX JaHHbIX. [IpM a/lleKBaTHOM MOJEIUPOBAHMU OKHUAAETCS XOPOLIUM
pesynbrar npuMeHeHus anroputma «Random Foresty. B wacTHOcTH, Ha JaHHOM 3Tare
TOYHOCTh KJIACCU(UKAIINY TIEPEMEHHBIX 3Be3]1 0K0sio 70 %, a 00111ast TOYHOCTh METOIUKH
nopsizika 85 %.

B nannoii pabote B kKauecTBE MHCTPYMEHTA OTIPEICIICHUS XapaKTEPUCTUK KPUBBIX
Ornecka ucnonb3oBaiics naket 7SFRESH, KOTOpBI He sSBIISIeTCS MPO(EeCCHOHATBHBIM IS
aCTPOHOMOB ITPH pabOTe ¢ KPUBBIMH OJiecka. BO3MOXKHO TakkKe UCIIOJIb30BaHUE XapaKTe-
puctuk u3 nakera FEETS, ogHaxo konnuecTBo mapaMeTpoB B HEM 3HAYUTEIbHO MEHBIIIE.

B pa6ore (Khalikova u ap., 2022) 6bu1a nokasasa BO3MOXKHOCTh UCIIOIB30BAHUSI
METO/1a KJIACTEPHOT'0 aHAJIM3a Ha OCHOBE CTATUCTHYECKON MH(DOPMAITUH U3 KPUBBIX OJieCKa
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JUTSL CETIEKITUH TIepEMEHHBIX 3B€3]], KOTOPBII MOXKET OBITh NCIIOJIH30BaH KaK aIbTepHATHBA
WM KaK JIOTIONTHEHHE K OMMCAaHHOMY TyT MeToay. Kpome Toro, mpuMeHseMoe B CTaTrbe
(Khalikova u ap., 2022) cTrarucTHYecKOe MPEACTaBICHHE KPUBBIX OJeCka MOXKET OBITh
WCIIOJIb30BAHO B KauecTBE BXOAHBIX TapameTpoB i anroputMa «Random Foresty,
WU KaK BXOAHBIC JaHHBIC IS aJTOPUTMOB HAa OCHOBE HEHPOHHBIX ceTei. DTa padbora
3alJIaHUpPOBaHA HAMH Ha OnrKaiiiiee BpeMs.
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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 pe3yibrate nmpoBeACHHBIX UCCIIEIOBAHUI yCTaHOBIICHO,
YTO C YBEJIMYCHHEM YacTOThl U MJIOTHOCTH NMEPEMEHHOIO TOKa BBIXOJ IO TOKY
cHkaercs. C MOMOLIbI0 MaTEMaTHUECKOM 00paboTKu 00paboTaHbl Pe3yIbTaTh
MIPOBEACHHBIX IKCIEPUMEHTOB. DTU JaHHbIE ObLIM UCIIOJIB30BaHbI Ul BBIBOJA
YPaBHEHUI perpeccuu, OMUCHIBAIOLINX 3aBUCUMOCTh 3((EKTUBHOIO BBIXO/1A T10
TOKY OT IIapaMeTPOB IEKTPOIM3A.

KiroueBble cj10Ba: BUCMYT, TUTaH, 3JIEKTPOJIMT, HJIEKTPOIHBIE TPOLIECCHI,
3¢ deKTUBHAS IUIOTHOCTh TOKA, IEPEMEHHBIHN TOK, 3JEKTPOIIH3

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, %
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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+

-

.

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.
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Abstract. The active human impact on nature, particularly the use of fossil fuels,
has resulted in significant anthropogenic emissions of greenhouse gases. The increasing
demand for and use of oil and gas products is causing various serious environmental
problems worldwide. Exhaust gases from internal combustion engines account for the
majority of chemical pollution in the environment. The global trend in improving the
environmental and operational properties of automotive gasoline is the use of multifunc-
tional additives, mainly oxygenates — oxygen-containing substances (alcohols, ketones,
esters, etc.). At the same time, the antidetonation properties of tertiary acetylene alcohols
are hardly studied. An interesting fact is that tertiary acetylene alcohol, like all known an-
tidetonators, in the composition of its molecule tertiary alkyl radicals, hydroxyl radicals
and acetylene unsaturated group, which is able to break the detonation front. Research
and development of new oxygenated additives for gasoline based on tertiary acetylene
alcohols is an important and urgent task. In the present work, the properties of a new
oxygenate - dimethyl ethynyl carbinol (DMEC), as a gasoline octane increasing addi-
tive are investigated. Comparative effectiveness of oxygenates - methyl tert-butyl ether
(MTBE) and DMEC on increasing the octane number of straight-run gasoline is shown.
The study of influence of oxygenates as MTBE and DMEC on increase of octane number
of straight-run gasoline showed that increase of octane number of gasoline at addition of
DMEC and binary additive is higher than at addition of MTBE. According to the results
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of the research, tertiary acetylene alcohol - DMEC can be proposed as an oxygenate for
automotive gasoline. The use of DMEC allows to expand the resources of high-octane
components, reduce the toxicity of gasoline and exhaust gases, increase the production of
high-quality commercial gasoline for automotive engines.

Keywords: gasoline, oxygenate, octane number, dimethylethynylcarbinol, meth-
yl tert-butyl ether, detonation
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AHHOTanMs. A TaMHBIH TaOWFATKA KacaraH OSJICeH I OPeKeTIHEH, aTall alTKaH1a
Ka30a OTBIHAAPBIH MMalijallaHy/IaH MapHUKTIK dcepi 0ap 3USHIBI ra3aapblH alTapIbIKTal
AHTPOIIOTCHIIK IIBIFAPBIHABIIAPEIHA OKeNmi. MyHai-ra3 eHIMIEpiHe CYPaHBICTHIH
apTybl JKOHE ONapAbl MaifaiaHy oJIeMAETi SPTYPJi SKOJOTHSUIBIK TpoOIeMaiapibl
TyabIpasl. KoprraraH OpTaHBIH XMMUSIIBIK JIACTaHYBIHBIH HETi3ri Oeuiri imki skaHy
KO3FAJITKBIINITAPbIH TalanayaH IIbIKKAH ra3iap OoJbin TaObuiagbl. ABTOMOOHIIb
OCH3WH/IEPiHIH DKOJOTHSUIBIK JKOHE IMaijallaHy KacHeTTEepiH >KaKCapTyAarbl oMK
yp/ic ke yHKIIMOHAIbI KOCTIAIAP/Ibl, HET131HEH OKCUT€HATTap bl — KYPaMbIH/1a OTTeT1
Oap 3arTapas! (CIUPTTEP, KETOHAAP, dGUpIEp KoHe T.0.) maiaanaHy OOJBIT TaObLIA B
CoHBIMEH KaTap, YIIIHIIUTIK areTHJICH CIUPTTEPiHiH JeTOHAIUsAFa KapChl KacHeTTepi
TINTI AEPITIK 3epTTeaMeTeH. bip KbI3bIFbI, YITIHITUTIK alleTHICH CIUPTIHIE, OHBIH MOJIE-
KyJaChIHBIH KYpaMBIHIa OapiIblK OeNTisli aHTUAETOHATOPIIAP CUSKTHI YIIIHIIUTIK aJIKIIT
pamuKanaapel, THIPOKCHI pauKaapbl, KAHBIKIIAFaH alleTHICH/I TONTAp JCTOHAIUS
(poHTHIH Oy3yFa KaOineTTi. Y IIiHIIIJIIK alle THIICH CITUPTTEPi HeTi3iHe KypaMbIH/Ia OTTEeT1
0ap »kaHa OEH3WH KOCTIaJIapbIH 3ePTTEY KOHE 931 pIiey MaHBI3 bl )KOHE 03€KTi MiHJIET OOJIBITT
TaOBUTAaGI. byt JKyMmBICcTa KaHa OKCHTE€HAT — JUMETHIDTHHIIIKapOUHOIILH (IMBK)

KacweTTepi OCH3WHHIH OKTaH CAHBIH apTTHIPATHIH KOCIA PETiHAe 3epTTenreH. Tikemnei
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aiijay1an ayblHFaH OCH3MHHIH OKTaH CAaHBIH apTTHIPY YIIiH OKCUT€HATTAPABIH — METHII-
tept-0yTii >¢upinig (MTBD) xone IMDOK canplcTBIpMabl THIMIIIITT KOPCETUITEH.
MTBD xone /[MOK cuAKTBI OKCUTEHATTApABIH TiKeJel aiifaynaH anblHFaH OCH3MHHIH
OKTaH CaHBIHBIH JKOFapbUIaybIHA dcepiH 3epTrey JMOK xoHe OMHAPIBIK KOCTaiapsl
KOCKaH Ke3/le OCH3MHHIH OKTaH CaHBIHBIH Xorapeuiaybl MTBD kockanra kaparaHma
JKOFapbl EKEHIH KOPCeTTi. 3epTTey HOTIKENepi OOWBIHIIA, YITIHIIJIIK alleTHIICH CITUPTI —
JAMDK-Ti, aBTOMOOWMIIE OEH3MHIEPIHE apHAIIFaH OTTEKTI KOCTIa PETiH/Ie YChIHYFa O0JaIbl.
JMOK-T1 KonmaHy JKOFapbhl OKTaHABl KOMIIOHEHTTEPIiH pecypcTapblH KEeHEHTyTe,
OCH3MHIEpD MEH NailalaHyJaH IIBIFAaThIH Ta3dapAblH YBITTBUIBIFBIH TOMEHIETYTE,
ABTOMOOWJIb KO3FAITKBIIITAPHl VIIH JKOFAphI carajibl TayapiblK OCH3WH IIBIFapyIbl
apTTBIpyFa MYMKIHJIIK Oepei.

Tyiiin ce3mep: OCH3MH, OKCUTEHAT, OKTaH CaHbBI, TUMETHIDTHHIIIKAPOUHOII, Me-
THII-TPET-Oy TUIIOBEIN 3(hUpi, NeToHAHS
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AHHOTaUMsl. AKTUBHBIE BO3JICHCTBUS 4YEJOBEKAa Ha MPUPOAY, B YaCTHOCTHU
WCTIONIb30BaHNE HMCKOIAeMOT0 TOIUIMBA, TMPUBEIH K CYIIECTBEHHBIM aHTPOIIOTEHHBIM
BBIOpOCAM BpEIHBIX Ta30B C IMApHUKOBBIM 3 dekToM. Bospacmanue cnpoca Ha
Heghmezazosvle NPOOYKMbL U UX UCNONb30BAHUE BbI3bIGAEH DA3IUYHbIE CEPbe3Hble
oKonoeuveckue npoonemvt 6 mupe. OCHOBHYIO YACMb XUMUYECKO20 3aePSA3HEHUs.
OKpydIcarouell  cpedvl COCMABILION GLIXIONHblE 2d3bl Oueamenell GHYMPeHHe20
ceopanus. MupoBasi TEHJIGHIMSI B yIYUYIIEHUH KOJOTHYECKHX W IKCIUTyaTallMOHHBIX
CBOMCTB aBTOMOOWJIBHBIX OCH3WHOB SIBIISIETCS UCTIOIH30BAHNE MHOTO(YHKITHOHAIBHBIX
MPUCAZOK, B OCHOBHOM OKCHT'€HATOB — KHCIIOPOJCOICPIKAIINX BEIIECTB (CITUPTOB,

KETOHOB, 3(UpoB | Ap.). B To e BpeMs NMOYTH HE W3yYeHBI aHTHIETOHAIOHHBIC
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CBOICTBA TPETUYHBIX AllETHIICHOBBIX CIIUPTOB. IHTEpecHBIM (haKTOM SBISIETCA TO, YTO
TPETHYHBIN AaleTUICHOBBIH CIHUPT, KaK BCE W3BECTHHIE AHTHIIETOHATOPHI, B COCTaBE
CBOEH MOJIEKYIJIBI UMEET TPETUYHBIE AKIILHBIC PAIHKAIIbI, THIPOKCHUIBHBIE PaIuKaIbl
W aleTHICHOBYIO HEMpPEeNbHYI0 TPYIIy, KOTOpas CIIOCOOHAa pa3pbiBaTh (POHT
netoHaruu. MccnemoBanue u pa3paboTKa HOBBIX KHCIOPOICOIEPKAIMIUX TPUCATOK
K OCH3MHAM Ha OCHOBE TPETHYHBIX AIleTHJICHOBBIX CIHPTOB, SBISIETCS Ba)KHOU W
aKTyalbHOM 3a/1aueil. B HacTos1Iei paboTe nccineqoBanbl CBOMCTBA HOBOTO OKCHT'€HATA
— muMmeTmTHHIIKapouHona (JIMOK), kak mo6aBka, MOBHIIIAIONIAS OKTAHOBEIE YHCIa
Ocnsuna. Ilokazana cpaBHUTENBbHAS I(P(HEKTHBHOCTh OKCHUTEHATOB — METHII-TPET-
oyrunoBoro a¢upa (MTED) u JIMOK Ha moBbIIIIeHHE OKTAHOBOTO YHCIIa MPSIMOTOHHOTO
OeH3uHa. HMccnedosanue enusinus oxcueenamos, Xak MTED n J[MOK na nosviuicnue
OKMAHOB020 HUCAA NPAMOSOHHO20 OEH3UHA NOKA3ANU, YMO NOBblULEeHUe OKMAHOB020
yucna bensuna npu oooasnenuu JIMIOK u bunapnoii npucaoxu sviue, yem npu 000asieHuu
MTED. Ilo pe3ynemamam ucciedosanuil. mpemudHo2o ayemuieHo8020 Cnupma —
JAMDBK, mooicro npednodxcums, Kaxk KUCLIOPOOCOOepaHcauyro 006aeKy 071 d8MOMOOUTbHBIX
oenszunos. Ilpumenenue JIMOK nossonsem pacuwiupums pecypcvl 8blCOKOOKIMAHOBbIX
KOMHAOHEHMO8, CHU3UMb MOKCUYHOCIb OEH3UHO8 U OMPADOMAHHBIX 24308, YEeIUUUNb
8bINYCK 8bICOKOKAUECMBEHHO20 MOBAPHO20 OEH3UHA O] A8MOMOOULbHBIX 08u2amernell.

Karouesnbie ciaoBa: OeH3uH, OKCHTEHaT, OKTaHOBOE YHUCIIO,
JTUMETHIDTHHUIKAPOUHOJ, METHII-TPET-0y THIIOBBIN 2(Up, AeTOHALINS

«Hacmoswee  uccredosanue  unancupyemcs — Komumemom — HayKu
Munucmepcmea Hayku u svicuieco oopazosanus Pecnyonuxu Kaszaxcman epanm No AP
AP148044/0222»

Kipicne

AnaMHBIH TaOuFaTKa OCJICEHII OpeKeTiHEeH, aTal alTKaHma Ka30a OTHIHIAPIbI
naiiiana”yiaH aHTPOTIOTEH/IIK MAPHUKTIK ocepi 0ap 3WSHIBI Ta3aapIblH alTapiIbIKTal
HIBIFAPBIHBIIAPEIHA oKeai. [IapHUKTIK A3 PEeKT TyapIpaThiH OCHIHIAN aHTPOIIOTEHIIK
ra3fapblH MIBFapbIHABLIAPE aTMOC(EepaHbIH XUMUSIIBIK KYPAMBIHBIH ©3TepyiHe OKeIil
COKTBIPJIBI, HOTH)KECIHIe TOMEHT1 Ta3 KabaThIH )KaOaThIH «aTMOC(hepaTbIK KopIiere» yKcac
«mmapHUKTIK 3 exT» maiiaa 6omasr. Kazipri yakeITTaFsl KONIAHBLIIATHIH KO3FAITKBIIITAp
OTHIHBI CarachblHa KOWBUIATHIH TaJlalTap/AblH KaTaloblHA KapaMacTaH, OCH3WH >KaHFaH
Ke3[e Taiga OOoJFaH 3WUSHIBI Ta3fap, o e 0acThl DKOJIOTHSUIBIK TpodiieMa OOoJbIT
TaOBLUIAIBL.

ABTOMOOWJIP KOMITAHFSUTAPBI MEH VKIMETTep aBTOMOOMIIBIACPIIH 3HSHIBI
IIBIFAPBIHBIIAPBIHBIH,  MOJIIIIepiHe IIeKTey KOIOFa THIPHICKAHBIHA KapaMacTaH,
OyKkinm onemzme aBTOMOOWIIb KOJITiHEH KayinTi MIBIFaphIHABUIAD YHEMI ©cCilm KeJesi.
TeopusanslK TYpPFBIIAH ajiFaHAa, aBTOMOOWIIb KO3FAITKBIITAPBIHBIH —THIMIUTITIH
apTTHIPY *KOcHapiapbl OCHI caja/IaFbl )KaHa/IaH allblIFaH j)KaHAIBIKTapMEH KaTap JKy3ere
aCBIPBUTYBI KepeK: OYTiH/Ie aBTOMOOWITH MIBIFAPBIHABIIAPHI 30 )KBLT OYPHIHFBI aBTOMOOMITH
IIBIFapBIHABIIAPEIHA KapaFraHaa mamameH 20 ece Tasa, air oapOip Kok KypajblHa OTHIH
IBIFBIHBL mamMaMed 14 % - ra azaigpl. [lerenmen, OYTiHTI KyHI KONIKTepIiH CaHbBI
OipHernie ece ocTi xoHe opOip Kok 10 KpuT OYpHIHFBIFAa KaparaHa mamamer 21 % - ra
KOTI JKOJI/IBI XKYPIMl ©Teli, sSIFHN alllblIFaH alllbUIFaH KaHAJIBIKTAp JaCTaHy MacenesepiH
HICTTIEH OTHIP. ABTOKOITIK IIBIFAPBIHABUIAPHI XaBIKTHIH JICHCAYJBIFbIHA FAHA €MeC, CO-
HBIMEH KaTap KaJlaJapIbslH dKOJOTHICHIHA JKOHE Kbl Onocdepara Tepic acep eTeTiH
KayiITi 3aTTapblH TYPaKThI MIBIFapBIHABLIAPEIH KaMTh bl lamprran ennepaeri (Lan et
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al.,2022; Ershov etal.,2021; Sun et al., 2022; Beig et al., 2021) >xanmbsl Ke3Kapac YHEpPIrH-
STHBI YHEMJIEyTe, MOTOp OTHIHBIH TaliiaaHyFa, KOpIIaFraH OPTaHbl KOPFayFa, YTKBIPIIBIK
JKYHesnepiHe, SKOJOTHSIIBIK Ta3a SHEPTeTKAIBIK 3aTTap/Ibl, COHJIal-aK MOTOP OTBHIHAAPBIH
naigananyra OarbITTanFaH. JKOFapel KbUTy OHIMILIITI Oap OSH3WH KO3FaITKBIIITAPBIH
YKaKCapTy JKoHe MaiaaJaHbUTFaH ra3fap/blH a3 MIBFapbUTybl HETi3Ti eIy KO3FayIbl
KYIITep OOJIBIT CaHaa bl

ABTOMOOWMIIb  OEH3WHAEPIHIH DKOJOTHUAIBIK JKOHE TalalaHy KacHueTTepiH
JKAKCApTYyAbIH HETI3Ti oNeMAIK YpIici Kem(yHKIMOHAIAbl KOocHalapbl, HeTi3iHeH
OKCUTEHATTap/bl TMaijanaHy OoJbIn TaObUIanbl. ByTiHri TaHma OapiblK JdaMbIFaH
eNiep/ie OKCUTEHATTap METAJNIOPTaHWKAIBbIK aHTHASTOHATOPIIAp MeH OCH3MHIEPIiH
JKOFaphl OKTAaHIBI KOMIIOHEHTTEpiHE HETi3ri 0amama peTiHae KapacThIpbutambl. OTBIH
KYpaMbIH/Ia OTTETiHIH OOyBI 3USH/IBI MIBIFAPBIHABLIAD - KOMipTeri TOThIFbH 30 % - Fa,
an >xkaHOaraH KemipcyTekTepai 15 % - Fa TemeHmeTyre MyMKiHiK Oepeni. OTBIHHBIH
NETOHAIVIFA KapChl KAaCHETTEPiH apTThIPY YVIIH KOJAAHBUIATBIH OKCHUTE€HATTap.IbIH
ImiHAe CIUPTTEp, KapamabiM jKoHE Kypaeli pupiep, COHmai-aK areraiaap eH Kol
tapanraH. JleToHanusara Kapchl KaCUETTEPiH apTTHIPY MaKcaThIH/Aa OCH3MHIEpre MYHal
(hpaxmusIapselH OHICYAIH KalTaraMa 9/iCTepiH (KaTaTUTHKAIBIK KPEKHHT, H30MepIIey,
aNKWUIey) KOJIaHy apKbUIbl alblHFaH KommnoHeHTTep (MakcumoB xoHE T.0., 2015;
Omapuna >xoHe T.0., 2018) KochImagpl HeMece OTHIHFA apHANBl KOFaphl OKTaHIBI
KOCITajap eHriiyiei.

Byrinri xyHTe mEHiH YOIHIIUNK aleTHiIeH CHUPTTEPIHIH IeTOHAIMSIFa Kapchl
KacueTrTepi 3eprrenMeni. KypambiHma orreri 0ap YIIHIIUIK ameTHiIeH CHUPTTEpi
Heri3iHge jkaHa OEH3WH KOCMaNapblH 3epTTey JKOHE d3ipiey ©3eKTi MiHAET OOJIBII
TaOBLUIAIBI.

Byst sKyMBICTBIH MakcaThl OKCHT€HATTapIIbIH — METHJI-TepPT-OyTui 3upiHig
(MTBD) xone auMermmdTHHIIKapOuHONAHH ([IMOK) Tikeseii aiinaynan ajabiHFaH
OeH3MHHIH OKTaH CaHBIH apPTTHIPYFa dCEPiH 3epTTey OOIBIT TaOBIIA b,

3eprTey MaTepuajiapbl MeH dicTepi

JAMDK amudarter amermiieH cuupti PaBOpCKUil peaKmusICHl KaFTadbIHIA
artetoHnbl («OKOC-1» AK enmipren MEMCT 2603-79, a.y.T.) >XoHE aleTHJICHII
(MEMCT 5457-75 OoiibiHIIIa ©HEPKACINTIK OaUIOHHAH albIHFaH) KOHJIEHCAIHSIIAY
omicimeH anbIHAbI (1-cyper).

Hq CH3
“on HaC . C
+ HC==cH = Hj s
HsC™ “CHs Gy
dlUETOH .E[HME!THH':}THHHJ]I{H]]E;HHDH

Cyper 1. Jlumemunymununkapounon auy peakyuscblHbll cbl30acl

Peaknust TetparuapodypaH epiTKilIiHae YHTAK Kallui THIPOKCHII KaTBICHIHIA
KBICBIMMEH PEaKTOp/ia KY3ere achblpbUIIbL.

JMDK cunresi ymin 6acranksl 3arrtapra «9KOC-1» AK enpmipren T 2633-
012-44493179-98 anertonspl sxone «Cona-xnopar» XKIIK ennipren MEMCT 9285-78
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Kamuid THAPOKCUAIH KoumauaslK. CuntesmenreH JIMOK-TiH (QHU3UKATBIK-XUMHSITBIK
KacueTTepl onedu nepekrepre coiikec keneni (LlenkyHoB xkoHe T.0., 1975; Academic
dictionaries and encyclopedias, 2024). Kypambiaga 99,9 % werisri 3at 6ap MTBD ok-
cureHatolH  «KommoHeHT-peakTuB» eHIIpreH. 3epTTey VIIH «AThIpay MyHal
oeHaey 3aywiTel» JKIIC enmiperin Tikened aimaynan aneiarad OeH3uH (TADB)
naijana-HpUibl. Y CBIHBUIFAH — Kocmayuapbl 0ap OEH3WH  KOMITO3HMIUSUIAPBIHBIH
OKTaHJBIK CAaHBIH aHBIKTAY OCH3WHHIH JETOHAIUSIIBIK OCPIKTITIH OJIIIETIIITE YKCIPECC-
omicnen  SHATOX SX-100K oxranomerpinge («SHATOX» YEY  ewnmipymi
¢upmacer, Peceit Frouibim akagemusiceinbiH CiOip OesimMi, XHMHUS FbUIBIMIAPHI
nacTuTyTH (PFA Cb XTU)) x)yp-rizingi. CansicTelpy 3Tanonaaps! perinnge MEMCT
P 51866-2002 (EH 228-99) xome THI 4215-002-60283547-2006 colikec
mapameTpiep MalJaTaHbUIAbl. 3epTTey HOTIDKE-JIepl YII CHIHAK KaHTaTaHyBIHBIH
opraria MOHAEPIH abl.

Horu:xenep

MTBD xone IMOK okcureHarTapblHbIH OCH3WHHIH OKTaHIBIK CAHBIH apTTHIPYyFa

acepi «ATtsipay myHait eHzey 3ayeITeD JKIIC enmipred TAB OKTaHIBIK CAaHBIHBIH OCY1
OoiibiHIIA aHBIKTANABL. KypambiHma ortrteri 0ap KocmanapiblH (OKCHT€HATTApPIIbIH)
TUIMJIUTIT KOFapbl OKTaH/bl KOMIIOHEHTTEP peTiHie onap/sl OeHsunre 3-teH 15% - ra
JIEHIHT1 KOHIIeHTpanus/a (KejJeM) eHri3y apKbUIbI 3€pTTEIN/I.

3eptrey aaiciMeH (39) xoHe MOTOp diciMer (MO) oktan canbiH (OC) aHBIKTAY
ooiipraia MTBD xone /JMOK KOCTIaCHIHBIH HOTIKENEpi 1, 2-KecTenepe KoHe 2 JKOHe
3-cypeTTep/e YChIHBLIFaH.

Kecrte 1. MTBD kockan ke3ze Tikenei aliayaaH anblHFaH OSH3MHHIH OKTaHIBIK CAHBIHBIH €3Tepyi

Kocnanwiy Oxkmar catwl, 30 Oxmarn canvl, MO
yaect, % Kocnacwlz | Kocnamen OC ocimi Kocnacwlz KocnameH OC ocimi
3 62,1 +5,6 55,1 +2,3
5 67,6 +11,1 58,1 +5,3
7 56,5 68,3 +11,8 52,8 58,9 +6,1
11 69,8 +13,3 59,8 +7,0
15 71,4 +14,9 61,4 +8,6

Kecre 2. IMDK kockaH Ke3Jie TiKelel aiiiayiaH alblHFaH OCH3WHHIH OKTaH]IbIK CAHBIHBIH ©3repyi

Kocnanwviy Oxman canwi, 30 Oxman canvl, MO
yaeci, % Kocnacwiz Kocnamex OC ocimi Kocnacwlz Kocnamex OC ocimi
3 67,5 +11,0 58,1 +5,3
5 68,3 +11,8 58,9 +6,1
7 56,5 69,6 +13,1 52,8 59,6 +6,8
11 73,5 +17,0 63,5 +10,7
15 75,1 +18,6 65,3 +12,5
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Cyper 2. MTBED xane JIMOK kocy ke3inzae Tikeneii aiinaynaH ajgblHFaH OCH3UHIHIH OKTaHIBIK CAHBIHBIH
30 OolibIHIIA ©3repyi
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OKTaH caHBIHETH MO OoiisIHIIa eciMi

BMTE?D Koctiackiders B JIM3K xocnackiMeH
Pucynok 3. MTBED xone IMOK kocy ke3iHje Tikelneil aiiiayiaH aJlbIHFaH OCH3MHIHIH OKTaHIIBIK CAHBIHBIH
MO 6GoiibHIIa e3repyi

Tikeneit aiimaynan aneiaran OensuHre MTBO+/IMOK = 1:1 kenempue
apajacThIPbUIFAH KOCIHACBIHBIH OKTaHJBIK CaHIAapbIH 63repyi 3-kecTelie oHe 4 )KoHe
S-cypeTTepie KepceTiireH.
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Kecre 3. Tikeneii aitnaynan ansiarad 6ersuare MTBO+IMOK = 1:1 kockaHa OKTaHABIK CaHBIHBIH ©3Te-

pyi
MTBD + OkTaH canbl, 30, OkTaH canbl, MO,
JIMDBDK= MEMCT 8226-82 MEMCT 511-82
bensun 1:1 .
e KOCTAachl3 | KOCIaMeH oC KOCTIachI3 kocmamen | OC ecimi
yreci, % ocimi
3 64,8 +8,3 56,6 +3,8
5 68,0 +11,5 58,5 +5,7
TAB 7 56,5 69,0 +12,5 52,8 59,3 +6,5
11 71,7 +15,2 61,7 +8,9
15 73,3 +16,8 63,4 +10,6
80 NER 41733
g 67,6683 68 68,369.6 69 L7
2 70
=
o 60
L=}
2 50
=
5 40
@
E 30
E 20
< 10
5o
o
Kocna yrneci, %
EMTES KocomackIMeH B TM3K xocnacsMeH EMTE3+IM3K xocnanaphiMeH
Cypem 4. MTED+/IMOK = 1:1 xocnianapslH Kocy Ke3iH/e TikeseH aiiiayiaH aablHFaH
OeH3uHIHIH 3O 0OMBIHIIA OKTAH/IBIK CAHBIHBIH 03repyi
68
é 66 653
,g 6 635 63,4
8 61,7 614
o ® 59.6 .
= 60 51589585 58,977 39.3
& 58
o 56
g
54
g 52
é 50
3 11 15

B MTE?D KocmackMeH

I{pcna yiteci, %

B IM3DK KocrnackMeH

EMTE3+IM3K KocoamapeIMeH

Cypem 5. MTBED+IMOK = 1:1 xocnanapsiH Kocy Ke3iH/ae TikeseH aiiiayiaH aablHFaH

OeH3uHIHIH MO 00iibIHIIIA OKTaH/IBIK CAHBIHBIH ©3Tepyi
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TankpLiay

Kazipri yakpiTra OeH3WMH OacTamKpl OHIIPICTIH SHEPrUsS Ke3lepi apachiHIa
JKETEKII OpbIHAapAbIH OipiH anagsl. Anam3aTKa OFaH JAETeH KaKeTTLTIK, OHBIH >KOFaphl
camacbelHa OaiIaHBICTBI, KOMIPCYTEKTEPAIH Oacka GpakuusiapblHa KaparaHaa KeOipek.
CoHpIKTaH aBTOMOOWJIL OCH3MHIHIH MalifaiaHy KacHEeTTepiHe ©Te KOFapbl TajlamnTap
KOMBUIBIN jkoHE OEH3WMH camachlH apTThIPY MAceleci XUMHUS OHEPKOCiOiHIH ©3eKTi
MacenenepiHiH Oipi 6ombit TabbuTaael. Kasipri 3amanfel aBToMoOMIBIEpTE 92, 95 KoHE
98 KO3FanTKBIIITAPBIHBIH OKTAHABIK CaHAApPHIMEH CHUIIATTAJAThIH JETOHALMSIFA KaPChI
KacHueTTepi Oap JKOFapbl OKTaHIbI OTHIH KaeT. JleToHalusFa Te3iM/Ii KOFapbl OHIMI
Te3iMI1I OSH3WH/II KaTaJUTUKAIBIK KPEKHHT, H30MEpIIeY, AJIKIIACY MPOIECTEPiH TEPEH
TYPJICHIIPY apKbLIbl anajabl, HeMece OCH3WHIe apHaibl KOFapbl OKTAHIbl KOCTIAIap bl
€HTi3y apKbUIbI KOJI )KETKi31Ie 1.

MyHaii-ra3 eHiMIepiHe CypaHBICTBIH apTybl )KOHE OJapbl Maijanany aiaeMaeri
OpTYPJi AKOJOTHSIBIK HpoOieManapiasl TyIblpanbl. KopiiaraH opTaHbIH XUMHSIBIK
JIACTAHYBIHBIH HET13Ti OOiri ilIKi )aHy KO3FaJITKIIITAPBIHBIH iCTEH MIBIKKAH ra3apsl
0obIn TaObUIaABI. KO3FaNTKpBI HUIHHIPIEPiHIE O0IaThIH (PU3UKATBIK-MEXaHHKAIBIK
MPOLECTEpAIH HOTHXKECiHAE OipHeme yiabl KOMIIOHEHTTEpIEH TYpaThiH Kypaeni
koceubicTap (Kamycrun xoHe 1. 6., 2021) Gemnineni.

ABTOMOOWIIb OCH3MHIEPIHIH 3KOJOTHSUIBIK JKOHE MaijanaHy KacHeTTepiH
KaKcapTyAarbl HETi3rl oNeMIiK YpIic Kem(yHKIMOHAIABl KocHauapibl, HETi3iHeH
OKCHUT'€HATTapbl — KypaMblHAA OTTeri O0ap 3aTTapisl (CUpTTep, KETOHAAp, dpupiep
xoHe T.0.) maiimamany Oonbin TaObutanbl. 20 >kpuizaH actam yakelT 0ol MTBED
OTBIHHBIH TOJIBIK JKaHYbIHA BIKMNAN €TETiH JXoHEe OCH3WHHIH JETOHALMSFa KapcChl
KAaCHETTEPiH apTThIPaThIH HETi3r1 OKCUreHaT OO0l Ta0bUIa bl (3epTTey oAici OOMbIHIIA
oktaH canbl 115-135 6ipnik). Meranon meH u3o0ytmiieHHeH anemaik MTBD enaipici
XbUTbIHA 20 MUJIITMOH TOHHA JieHreiinae. Metanon TysiHabichl, MTBED OeH3un KypambIH
©3repTy YIIiH Ka)KeT KOCBIMIIIA OTTEriMEH KaMTaMachl3 €TETiH €H KOIl TapalfaH Kocma.
Byn kocma kasipri yakeirta AKIll-ta carbuiatein OeH3uHHIH mamameH 30% -HBIH
Kypambiaaa keszneceni (Davis et al., 2001). [mTeH »aHy KO3FalTKbIIITAPbIHAH IBIFATHIH
3USHABI IIBIFAPBIHABUIAPABI a3aliTy, OTBIHHBIH JE€TOHALMSICHIHA TO3IMIUTIKTI apTTBIPY
JKOHE JKaHAPTHUIATBIH OTHIH/BI MaliiajiaHy YIIiH Heri3ri OeH3WHre KenTereH oTTeri oap
kocnanap xKocbutaael (Cakmak et al., 2018). M300yTaHON KOCIIACKIHBIH MOTU(PUKAIIHS-
naHOaraH YIIKbIHHAH TYTAHATBIH KO3FAJITKBIIITAPBIH METaHOI-0CH3UH OTBIHBIHA dcepi
3eprrenred. M300yranon kocmangapsl Oanamaibl OTBIH PETiHAE YIIKBIHHAH TYTaHATHIH
KO3FaNTKBIIITHI iCKE KOCY YILiH KOJJaHbICTAFbl METaHOJI-OCH3MH KaThIHACBIMEH apasa-
CTBIPY/IBIH eMipiiieH HycKachl Oombirt Tadbuiaabl (Hazim Sharudin et al., 2017). Ic xy3in-
Jie OpTYPIIi MyHall eHJIey aFbIHAAPBIHBIH KOCTIAChl OOJIBIN TaObUIATHIH 0a3aJIbIK OCH3UHTE
HOPMaTHBTIK Ky)KaTTap/a OeNrijieHreH eH TOMEHT1 OKTaHIBIK TajanTapra cail 0oy yuIiH
OKTaH KeTeprim Kocnaiap Kocbliaasl. KeiTaiina kemip HeriziHzeri MeTanon OCH3MHIE
OKTaH/bl KYIIEHTETiH Kocma peTinae KeHiHeH Konganbuiaabl (Chongming Wang et al.,
2019). lonyna (Badia et al., 2021) ka3ipri 3amMaHfbl YIIKbIHHAH TYTaHAThIH aBTOMO-
OMIb KO3FANTKBIIITAPhl YIIiH MEPCHEKTHBANbI OCH3MH (QopMynajapblHAa KOJJaHyFa
OoJIaTbIH XUMMSIIBIK MOJIEKyJanap Typaisl aepektepai oepeni. CKpUHUHT OapbIChIHAA
JKOFapbl OKTaHIbl KOMIIOHEHTTEpre u3omnapaduuaep, oneduHuep, apoMaTuka, CIUpPT-
Tep, adupnep, Kypueai 3dupaep, keTtonnap, Qgypanmap skoHe KapOoHaTTap >Karaibl.
ApunOytunanerannapasiy (Omapuna xoHe 1.0., 2020) OKTaH caHBl JKETKIUIIKTI KOFa-
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poI (110 — ra geitin 30 OOWBIHIIA) €KEHI KOPCETITeH KOHE METOHAIMIFAa TO3IMIIIIKTI
apTTHIPy YIIIH aBTOMOOWIb O€H3WHAEpiHe MEePCIEeKTHBTI Kocmaiap KaTapblHaH OOITybl
MYMKiH. BeH31H MeH Tn3emb OThIHBIHA KOcTIanap peTinae 6acka ddupnepai (XaMuayumH
xoHe T.0., 2014) konmany OGenceni 3epTrenyae. bipkatap rIuKoIbAIK MOHOYDUPIEPIiH
MBICaJIBIH/IA [EJTI030IbBANIap MEH KapOUTONIap IbIH TiKeJIeH alijayJaH alblHFaH OeH3UH
¢dpaxmusiceiHa 1 % Kocma TypiHAeri AeToHanusra Kapcel Oencenainiri MThD-re ka-
paraHa )Korapbl eKSHIITT KOPCETIITEeH.

CoHBIMEH KaTap, YIIIHIIUTIK aleTHIeH CHUPTTEPiHIH AeTOHAIUsSFa Kapchl
KacwerTepi TinTi meprmik 3eprrenMereH. Conrbl kbIigapbl (['miakoB »koHe T.0.,
2022) «Cadu OrebaeB arpiHmarsl ATbIpay MyHal jkoHe Ta3 yHuBepcuteTi» KEAK,
«MyHall XUMHSCBD) WHXKEHEpIik OeHinmeri 3eprxanaga JIMOK ymriaminik amudartet
aleTI/ieH CIHPTIHIH [eTOHAIMsAFa Kapchl KAacHeTTepiHe 3epTTey »XXyprisimyne. bip
KBI3BIFBI, YIIIHIIUTIK alleTUIeH CIUPTIi, OJNApJIbIH MOJIEKYIAChIHIAFbl OapibIK Oenrimi
aHTHUJIETOHATOPJIAP CHUSKTHI, ETOHAIUSA (DPOHTHIH Oy3yFa KaOiNeTTi YIIIHIIUTIK Akl
pajuKangapel, TUAPOKCWI DaTUuKalIapbl >KOHE KaHBIKIAFaH aleTWIeH]I TOoNTapra
pe. YIIHIIUTIK areTH/IeH CIUPTTEepl HeTi3iHae KypamblHIa OTTeri Oap jkaHa OCH3WH
KOCTIAJIapBIH 3EPTTEY KOHE d31pIIey MaHbI3/bI )KOHE ©3€KTi MiHJET OOJIBIT TaObLIAIbI.

MTBD xone JIMOK okcureHaTTapbIHBIH TiKeJeH aiiaynaH aablHFaH OCH3WHHIH
OKTaH CaHBIHBIH apTybIHA SCEPIH 3ePTTEY HOTHKECIHE 013 MBIHAAAM HOTIKENED aJ/IbIK;

o2, 3-cyperrtepne xoHe 1, 2-kecrenepje kopinin typrapaain JJIMOK kocmacer
TiKeJiel aiijiayaH ajbplHFaH OCH3WHHIH OKTaHJBIK CaHbiH 30 OoiibiHIIA 18,6 MyHKTKE
skoHe MO OoitpiHIIa 12,5 myHKTKe neitin aptTeipanbl, anm MTBD KockaHIa OKTaHIBIK
CaHHBIH apTybl 30 OoitbiHma 14,9 myHKTTi, MO OoifbIHIIA 8,6 MyHKTTI Kypaimsl. Jlemek,
JAMDK oktaHabl KyIIeHTeTiH KocnanblH THiMALTrt MTBO-re kaparania endyip )Korapsbl
eKeHiH Oalikayra 0oJabl.

e Onebu i3menicTen oenrini 6onranmait (Danilov et al., 2017; Nikulin et al., 2017)
CHUHEPIeTUKAJIBIK 9CEPIiH OPbIH alybIHA OalIaHBICThI OKCUTCHATTAP IBIH KOCIIACHIMEH OH
HOTIDKETe KOJI xKeTKi3reH. OchiFaH 0aliIaHbICTBI 3ePTTEY/IiH eKiHili ke3eHin e 013 JIMDK
skoHe MTBD-nen TyparbiH OnHapIIBI KOCTanap sl KOJaHYIbIH THIMIUTITIH TeKCEP/IiK.

4, S-cypertepae xoHe 3-kecrene 30 xkoHe MO OapiblK Kardaiiapaa
CHHEPTreTHKAIIBIK 9CEePAl KYIIEHTY apKbUIbl OKTaH CAHBIHBIH JKOFapbLIayhl OailKaajbl.
By perre, Tikeneil aiigayaaH anbiHFaH OS€H3WHHIH OKTaHABIK canbl MTBD Kkockanra
kaparanga JIMOK »xone OnHapiIbl KOCIIaHBI KOCKAH/Ia KOFaphl eKeHIiH Oaifkayra 00a bl

Ocpinaiima, ockl 3epTTeyIiH HoTmKenepi xana JIMOK okcurenatst MTBED-re
KaparaH7a TiKeJleW aljayJaH alblHFaH OCH3WHHIH OKTaH CaHBIH JKOFapbLIATATHIHBIH
KOPCETTI.

KopbIThIHABI

Byn xymbicra OeH3WHHIH OKTaH CaHBIH apTTHIPATBIH KOCIA pETiHAE >KaHa
okcureHat - JIMOK xkacuwerrepi 3eprrenai. Tikeneil aiigaymaH anplHFaH OCH3MHHIH
OKTaH CaHbIH apTTHIPY YIIiH oKcureHarTapasiH — MTED xone JIMOK canbicThipMartst
THIMJIUTITT KOPCETUITEH.

MTBD sxone JIMOK CHAKTBI OKCHTeHATTApIbIH TiKeNeW aiijayJaaH ajblHFaH
OCH3WHHIH OKTaH CaHBIHBIH JKOFapbuIayblHA ocepiH 3eprrey [IMOK sxone OwHapibl
KOCIIaHbl KOCKaH 1a 0EH3MHHIH OKTaH CaHBIHBIH KoFapbuiaysl MTBD xockanra kaparaHia
JKOFaphbl eKeHIH KOpPCeTTi. 3epTTey HOTHXKelNepi OOWBIHINA YIIIHIIIIIK alleTHIIeH CITUPTI
— AMDK-Ti aBTOMOOMIL OCH3MHIEPIHE apHAIFaH OTTETi KOCIAChI PETIHIE YCHhIHYFa
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oomanmer. JIMOK-Ti KommaHy JKOFapbl OKTaHIbl KOMIIOHEHTTEPHIH pecypCTapbiH
KeHeiTyre, OCH3WHIEP MEH MNaiallaHbUFaH Ta3faplblH YHITTBUIBIFBIH TOMEHJIETYTE,
ABTOMOOWMITb KO3FAJTKBIIITAPBI YIIH JKOFAphl Canallbl TayapliblK OCH3WH IIBIFAPYJIbI
YIFaiTyFa MyMKiHAIK Oepeti.
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Abstract. This article delves into the topic of summative assessment of student
knowledge results using electronic educational resources and game technologies in
chemistry classes. With the increasing role of digital technologies and innovative methods
in the education system, there’s a growing potential to enhance student motivation and
improve the quality of education. The study explores the integration of various electronic
educational resources such as interactive presentations, video tutorials, online tests,
alongside game technologies including educational games and simulators in chemistry
lessons. The aim is to evaluate the impact of these resources and technologies on students’
learning outcomes. Electronic resources like interactive whiteboards, virtual labs,
online platforms, and multimedia content were employed, while gaming technologies
encompassed educational games, quizzes, and simulation programs. Methodologies
including observation, surveys, testing, and statistical analysis were utilized throughout
the study. Findings revealed that the use of electronic educational resources and gaming
technologies heightened student interest in chemistry, deepened theoretical understanding,
and improved practical skills. Furthermore, there was a significant enhancement in
cumulative assessment results, indicating increased student motivation and improved
knowledge quality. The effective integration of these technologies in chemistry lessons
fosters better student learning outcomes, making the educational process more engaging
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and productive, while also nurturing students’ creative and critical thinking abilities. The
research findings were practically applied in chemistry education and validated through
pedagogical experiments.

Keywords: chemistry, electronic resources, game technologies, summative as-
sessment
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AnHoTanus. byn maxamama XuMmusl cabakTapblHIA SJEKTPOHABI OiniM Oepy
pecypcTapsl MEH OMBIH TEXHOJIOTHSUIAPBIH KOJIJJAHA OTBHIPBII, OKYIIBUIAPJBIH O171iM
HOTIDKEJIePiH KUBIHTHIK Oaraiiay TaKbIPBIOBI KapacThIpbUIa bl bimiM Oepy xkyiiecinaeri
IUGPIBIK  TEXHONOTHAJIAp MEH WHHOBALMSIIBIK OMICTEPJiH pOJiHIH apTybIMEH
OKYIIBIIAPBIH BIHTACKIH apTTHIPY JKoHE O1M1iM Oepy camachlH KaKcapTy QJIeyeTi apThIIl
kenemi. bynm 3eprrey xwmms cabakTapbhlHIa WHTEPAKTHUBTI Tpe3eHTaIusuap, OeiiHe
cabaKrap, OHJIAIH TECTTEP CUSAKTHI SPTYPIIi AIEKTPOHIBIK O151iM Oepy pecypCcTapbiH OHBIH
TEXHOJIOTHUSJIAPHIMEH, COHBIH INIHIE OKY OWBIHAAPHI MEH OipiKTIpyai KapacThIpajbl.
Makcar-ochl pecypcrap MEH TEeXHOJIOTHSUIAP/IbIH OKYIIBUIAPBIH OKY HOTHXKEIepiHe
ocepiH Oaramay. VIHTEpakTHBTI TakTajmap, BUPTyaJIIsl 3epTXaHanap, OHJIAWH
wiatpopmaiap KOHE MYJIbTUMEIUSUIBIK Ma3MyH CHSKTHI OSJICKTPOHIBIK pecypcrap
MaiaamaHbUIIbl, all OWBIH TEXHOJOTHSUIAphl OifiM Oepy OWBIHAAPBIH, BUKTOPHHAJIAP
MEH TpeHaKepiepi KamThAbl. 3epTTey OaphIChiHAa OakplIay, cayalHama, TecTiliey
JKOHE CTATHUCTHKAJBIK TAIJAy CHSIKTBI OJIiCTep KOJIJAAHBULIbL. HoTrkenep 31eKTpoH Ik
OimiMm Oepy pecypcTapbl MEH OUBIH TEXHOJOTHSUIAPBIH MaijaiaHy OKYIIbLIapIbIH
XUMHSIFA JIeT€H KBI3BIFYIIBUIBIFBIH APTTHIPHIN, TEOPHSUIBIK OULTIMIEPIH TepeHMeTim,
MPAKTUKAIBIK AaFABUIAPBIH KETUIIpreHin kepcerTi. COHBIMEH Karap, KyMYJATHBTI
Oaranay HOTIDKENIEpi alTapibIKTal >KaKkcapibl, OYJI OKyIIbUIAPJbIH MOTHBAIUSICHIHBIH
JKOFapbUIaybIH jKOHE O1JIiM caIrrachIHBIH JKaKCapFaHBIH KopceTeai. XuMus cadaKkTrapbIHia
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OCBl TEXHOJIOTHSJIApJbl THIMJII WHTETPAIMsUIay OKBITYIBIH THIMIUITIH apTThIpyFa
BIKNAJI eTefli, OLTiM Oepy MpOoIeciH KBI3BIKTHI Opi HOTIIKENI €Te/i, COHBIMEH KaTap
OKYIIBLIAP/IbIH IIBIFAPMAIIbIIBIK KaOUIeTTepi MEH ChIHM OWMJAayblH JaMbITyFa BIKMAT
eTelli. 3epTTey HOTHXKeNepl XUMISUIBIK OiiM Oepy/e MpaKTUKAIBIK KOJIAHY bl TAlThl
JKOHE IeAaroruKajblK dKCIICPUMEHTTEPMEH PacTalbl.

TyiiH ce3aep: XuMus, AEKTPOHABIK peCYPCTap, OMbIH TEXHOJIOTUSIIAPHI, JKUbIH-
THIK Oaranay
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AHHoTanus. B ctathe paccMaTprBaeTcsl TeMa CyMMapHOM OLIEHKH Pe3yIbTaToB
3HAHWH YYaluxcsl ¢ HMCIOJIb30BAHUEM JIIEKTPOHHBIX 00pa3oBaTEeNbHBIX PECYPCOB H
UTPOBBIX TEXHOJIOTHI Ha ypokax xumud. C yBeJIHMYeHneM poiii HU(POBBIX TEXHOIOTHHA
Y MHHOBAIIMOHHBIX METOJIOB B CICTEME 00pa30BaHMsl pacTeT NOTSHIIMAI IS TOBBIIICHHS
MOTHUBAIIMU yUYaIlUXCsl U yIydllleHus KauecTBa oOpa3oBaHusi. B naHHOM MccieqoBaHUH
paccMaTpUBaeTCsl MHTErpalysl Pa3InYHbIX AJIEKTPOHHBIX 00pa30BaTelIbHBIX PECypCOB,
TaKUX KaK MHTEPAKTUBHBIC IIPE3CHTALMM, BUJICOYPOKHU, OHJIAMH-TECTbI, C UIPOBBIMU
TEXHOJIOTHSMH, BKJIIOYasi 00YyYalollre WIPhl U CUMYJIATOPHI, Ha ypokax xumuu. Llemnsb
- OLICHUTH BJIMSTHUE STHX PECYPCOB U TEXHOJIOTUI HA PE3yIbTaThl OOYUECHHUS yUaliXCsl.
Hcrnonb30Banyuch TakKe JIEKTPOHHBIE PECYPChI, KAK UHTEPAKTUBHBIE JOCKH, BUPTYaJlbHbIE
nabopaTtopuy, OHJIAWH-IUIATGOPMBI W MYJBTUMEIUMHBIH KOHTEHT, & WIPOBBIC
TEXHOJIOTHH BKJIOYalIM B ceds oOpa3oBaTeNbHBIE MIPbl, BUKTOPHHBI U CHUMYJSATOPHI.
B xone uccnenoBaHusi UCHONIB30BANNCH TAKUE METOJIMKH, KaK HaOIIOJCHUE, OIMPOCHI,
TECTUPOBAHUE U CTATUCTUYECKUIN aHanu3. Pe3ysbTaThl NOKa3ald, YTO UCIOJb30BAHUE
AJIEKTPOHHBIX 00pa30BaTEIBHBIX PECYPCOB M UTPOBBIX TEXHOJOTHH MOBBICHIO HHTEPEC
yYaluxcs K XUMHH, YIIIyOWIO TEOPETUYECKUE 3HAHHS W YIY4IIWIO MPaKTHYECKUe
HaBbIkU. Kpome TOro, 3Ha4UTENBHO YJIYULIMINCH PE3yIbTaThl KyMYJISTUBHON OLIEHKH,
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YTO CBHJICTEIBCTBYET O TMOBBINICHUHA MOTHBAIWHU YYANIMXCS U YIYUIICHHHA KayecTBa
3HaHui. DPPeKTUBHASI UHTErpaNUsl STHX TEXHOJIOTUH HA YPOKaX XUMHH CIIOCOOCTBYET
MTOBBIIIICHUIO PE3YJIbTATUBHOCTH OOYYEHHsI, JIeJaeT 00pa30BaTeNbHBIA Tpoliecc Ooiee
YBIICKATSIILHBIM W TMPOJAYKTHBHBIM, a TaKKe CIIOCOOCTBYET PAa3BUTHIO TBOPYECKUX
CIIOCOOHOCTEH M KPUTHUYECKOTO MBINUICHHS y4amuxcs. Pe3ynbTaTel HcCie0BaHus
HAIIUTH MPaKTUYECKOe MPUMEHEHHE B XUMHYECKOM OOpa30BaHUM W MOJTBEPIKICHBI
MeIarorndeckKuMH SKCIIEPUMEHTaMH.

KawueBble ciioBa: XHMUS, DIIEKTPOHHBIC PECYPChI, MIPOBBIE TEXHOJIOTHH,
CYMMAaTHBHOE OllCHHUBAaHUE

Introduction

Today, the rapid advancement of digital technologies in education is creating
new opportunities to enhance the educational process, boost student motivation, and
improve learning outcomes. Specifically, the integration of modern technologies in
teaching Natural Sciences heightens student interest in the subject and helps develop
their scientific worldview.

Chemistry is one of the most complex and interesting subjects. Traditional methods
of teaching students to explain chemical processes and phenomena may be insufficient.
In this regard, the use of electronic educational resources and game technologies at
lessons helps to make the learning process more effective and interesting. There are
numerous types of electronic educational resources utilized in chemistry lessons. The use
of interactive whiteboards, virtual laboratories, online platforms and multimedia content
as e-learning resources facilitates students’ understanding of chemistry. Electronic
platforms allow students to receive instant feedback on their results, which contributes to
faster and more effective learning of the material. (Murciano-Calles, 2020)

Game technologies enable the adaptation of task difficulty to match each student’s
individual characteristics, enhancing cognitive activity by transforming the educational
process into a game format, thereby making assessments fair and effective. The use
of game technology aids students in grasping chemical topics and recognizing their
achievements clearly. With the help of games, students can get additional information,
review concepts through the game and deepen the topic among students which enhances
the learning process. In this way, students making progress in their knowledge will be
motivated to increase their motivation in chemistry lessons and actively participate in the
topic. (Udeozor et al., 2024).

Inmodern education, summative assessment serves not only as a test of knowledge
but also as a tool to gauge the depth of understanding of the material and to monitor
student progress. Traditional assessment methods in chemistry are often limited to tests
and written work, which may not reflect all aspects of students’ knowledge. But with the
advent of e-learning resources and gaming technologies, cumulative assessment becomes
an interesting and effective process and makes it more efficient and up-to-date. It allows
for a complete analysis of students’ knowledge, taking into account their individual
characteristics. (Zapata-Rivera et al., 2012)

The study aims to enhance the overall assessment of student learning outcomes
by utilizing electronic educational resources and game technologies in chemistry lessons.
This article explores both the theoretical and practical aspects of these methods and ex-
amines their impact on the quality of students’ knowledge.
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Research objectives:

Identification of the characteristics of using electronic educational resources and
game technologies in chemistry.

Analysis of the effectiveness in enhancing students’ motivation and interest in
the subject.

Investigation into how these methods affect the overall assessment results of
students.

This study aims to enhance the effectiveness of contemporary methods and
technologies in education, with the expectation of promoting the adoption of innovative
approaches in the learning process.

Materials and methods

The study is based on experiments conducted in 9 «a» and 9 «b» classes of
secondary school named after Zhumabai Myrzagaliyev in the village of Tushchikuduk,
Isatay district, Atyrau region in chemistry. In the II and III quarters at chemistry lessons
in 9 «a» class were presented criterion-assessment tasks, in 9 “c” class-single-toned
tasks. Il quarter «Sulfuric acid and its salts», «elements of the 15th group. On the topics
«Nitrogen», «Ammoniay, «properties, production and application of ammonia, «nitric
acid», formative tasks with intellectual games such as quest , quizzes, guess a couple were
given, as well as assessment methods were changed.Electronic educational resources, i.e.
interactive whiteboards, virtual laboratories, online platforms and multimedia content
were used in each lesson. Educational games, quizzes and simulation programs were
introduced as game technologiesGame tasks and quizzes contribute to increasing the
activity of students, developing the ability to think logically and work in a team. Games
provide students with a platform to apply their knowledge and skills, facilitating a more
thorough understanding of the educational material. Throughout the study, diverse
methodologies were employed, including observation, surveys, testing, and statistical
analysis of outcomes. The findings indicated that integrating electronic educational
resources and game technologies heightened students’ enthusiasm for chemistry,
enriched their theoretical understanding, and enhanced their practical proficiency. There
has been a notable improvement in students’ overall grades, suggesting a rise in their
motivation to learn and the quality of their understanding. The successful integration of
electronic educational resources and game technologies in Chemistry Lessons leads to
enhanced student learning outcomes. These methods not only make learning engaging
and fruitful but also foster the development of students’ creative and critical thinking
skills. The research work was applied in practice in Chemistry Lessons and tested through
pedagogical experiments A comparative conclusion was made on the results of training
for these two quarters. Below is a short-term plan for the topic «(I)-group elements and

their compounds», conducted in chemistry in Grades 9 «a» and 9 «b».
Table 1
Short-term plan for Grade 9 «a»

Unit 9.2C Elements of groups I, II, III and their compounds

Teacher’s name: | Mendigalieva Ainur

Date:

Class:9 “a” number of participants number of non-participants
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Lesson topic:

(I)-group elements and their compounds

Presentation Ne6 «Interaction of sodium with water»

Purpose of
training according
to the curriculum

9.2.1.1 - explanation of the general properties of alkali metals based on atomic

structure

9.2.1.2- compilation of reaction equations characterizing the basic properties

of oxides and hydroxides of alkali metals

Purpose of the
lesson

Knows the general properties of alkali metals

Characterizes the basic properties of alkali metal oxides and hydroxides.

Determines the distribution in nature

The course of the lesson:

Period/time of Teacher’s actions | Student’s actions Evaluation Resources
the lesson
Beginning of the | Greets the After mutual greetings, he Oral feedback | Presentation
lesson students. begins his studies.
Organization [llustrates the
3minutes lesson’s subject https://wordwall.net/ru/
matter and resource/65100286
the training Find a pair
objectives..
Introduction to a | Collective 1. What metals are called Descriptor: Textbook,
new lesson discussion alkali metals? Total-3 points | interactive
of reflection 2. Features of the electronic 1.Describes whiteboard,
5 minutes questions to structure of alkali metals? the properties | students’
connect the new | What is determined by the of alkali cell phones,
0 lesson to the group number? metals. wordwall
® topic covered https://wordwall.net/ru/ 2. Knows the | platform
using the resource/65133457 features of
brainstorming Answers the questions given | the electronic
method. structure of

alkali metals

1 point for
each correct
answer,

the student
evaluates
himself/
herself
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The middle of the | Assigns the task | They will peruse the textbook | Descriptor: Viewing an
lesson of reading the and acquaint themselves with | Total-3 points | online video
Disclosure of text from a new | its content. They will identify | 1. Describes | related to the
meaning. lesson in the key terms and jot them down | the basic topic,
10 min. textbook. in their notebooks. properties of | interactive
https://wordwall.net/ru/ oxides and whiteboard,
Independent resource/65100286 hydroxides of | student mobile
study Determination of alkali metal | alkali metals | phones,
wordwall
1 point for platform
each correct
answer
15 min. Performs task 1 1 Task The textbook,
o~ in the task header, interactive
- monitors, ShOWS | | gmgemg| O RERERE SnexTpor gL 4"’1”‘;"'“” #E | whiteboard
o - an example. Tfinc o ;;;p;nﬁmm ammpoﬂuii;:;n gmmmmpfa
Na Na2e8E 17 T S
K LK 8z WP 3 4!
EENAEN
Description of the atomic structure of sodium
and potassium according to table 18
Descriptor: Total-2 points
1. Draws and analyzes the table
Gives a task to https://wordwall.net/ru/ Descriptor: The textbook,
apply knowledge. | resource/65100515 Total-2 points | interactive
Pair work Answers the questions given 1. Gives whiteboard,
e — by choosing a cell, evaluates | characteristics | student mobile
themselves to alkali phones,
https://wordwall.net/ru/ metals wordwall
resource/65099859 2.Distin- platform
guishes the
characteristic
features of
alkali metals
1 point for
each correct
answer
End of lesson The teacher As students complete the Self-
Reflection. listens to tasks that will set the goal evaluation
Reflection students’ for today’s lesson,they draw
feedback and conclusions for the lesson

2 min

reflections on
the lesson to
conclude the
session.

by comparing themselves
to the activity of alkali
metals, talking about their
understanding.
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Short-term plan for Grade 9 «b»

Table 2

Unit

9.2C Elements of groups I, II, III and their compounds

Teacher’s name:

Mendigalieva Ainur

Date:

Class:9 “b”

number of participants

number of non-participants

Lesson topic:

(I)-group elements and their compounds
Presentation Ne6 «Interaction of sodium with water»

Purpose of training

according to the
curriculum

structure

9.2.1.1 - explanation of the general properties of alkali metals based on atomic

9.2.1.2- compilation of reaction equations characterizing the basic properties of
oxides and hydroxides of alkali metals

Purpose of the lesson

Knows the general properties of alkali metals
Characterizes the basic properties of alkali metal oxides and hydroxides.
Determines the distribution in nature

The course of the lesson:

Period/time of the | Teacher’s actions | Student’s actions Evaluation Resources
lesson

The beginning of | I, Organizational | By systematically Students

the lesson stage: counting, starting from share their

Arousing interest | Welcomes one to two, they organize | desires with

7 min.

students, checks
their attendance

Using the «spider
web» method,
students throw a
string by saying
good wishes to
each other.

a). Remembering
the group rule.
B). Group.

themselves into two
groups.

each other,
emphasizing
the
enhancement
of listening
skills and
promoting
active
participation
from all
students
during the
lesson.

Knitting thread
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Introduction to a | Engaging in a 1. What metals are called | Goal: Foster | We commend
new lesson group discussion | alkali metals? rapid and the student
of stimulating practical who effectively
0 questions aimed 2. features of electronic development | conveyed their
® at linking the construction of alkali of critical thoughts and
new lesson with metals? thinking. actively engaged
previously covered Effectiveness: | in the discussion
topics using the Enhances by saying
«brainstorming students’ «Excellent job!»
technique. cognitive
Students are abilities while
provided with demonstrating
overarching the lesson’s
questions and relevance
various exercises. to real-life
Each student scenarios and
contributes enabling them
their thoughts, to identify
supplementing the lesson’s
and building upon topic and
the ideas of their objectives.
peers.
Middle of the Assigns the task They will go through the Descriptor: TaxpIpbIr
lesson of reading the new | textbook and become Total - 3 OoHBIHIIA
Revealing the lesson text in the acquainted with its points WHTEPHET JKEIiCiH
meaning. textbook. contents, focusing on key | 1. Describes naiianaHpIn
terms which they will basic BHICOPOJIHK KOPY.

26 min.

record in their notebooks.

properties of

Performs task 1
in the task header,
monitors, shows
an example.

oxides and
hydroxides of
alkali metals.
1 Task
 Cm— DIeKTPOEIADIEE DIERTPOETEE, (ODMY/IACE! HEEE
racbunc SHEDTETHRABIK BMEKTDOBEANDARIE 0pONTATEAADED
JeETefTepTe 0D BATACYR! ODEATACYED
Na N2z g 17 1¢ a3
K K 2E8rgElE w B 3@ 4!
EENNAE

Description of the atomic structure of

sodium and potassium according to table 18

Descriptor:

Total-2 points

1. Draws and analyzes the table

PC screen
9th grade
textbook.
Workbooks.
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summarize its key
points.

Carries out the Task 2 Descriptor: PC screen
task outlined in Py Total-3 points | 9th grade
the textbook, 1. Draws a textbook.
R — overseeing it table Workbooks.
and providing
an illustrative
example. ‘
Tabulating the difference
in sodium minerals
End of lesson Using the «open Based on the tasks aimed | The teacher
Reflection. microphone» at achieving today’s lesson | employs the
Reflection method, the objectives, students draw | «Japanese
7 min teacher listens conclusions by articulating | assessmenty
; - to students’ their understanding, technique
reflections on opinions, and thoughts. to evaluate
the lesson to students.

'i'\ﬂ "—mmm&-uy\
| g i — N
‘\\‘\\,{L % _";\ \
L ) {
Hae F

| Tenamgees. e .
¢ pe-——
L apen

Results and discussion

The study findings are illustrated through a comparative analysis as follows.
Educational achievement monitoring was conducted for students in grades 9 «a» and 9
«b», revealing an improvement in the quality of education among grade 9 «a» students,
who underwent training involving criterion-based assessment tasks transformation.
Additionally, there was an increase in students’ interest in the subject.The research work
was obtained based on the results of the study of the evaluation indicators of the II and I1I
quarters. In total, there are 23 students in grade 9 «a», where the best is 1, the accent is 11,
and the average is 11. There were no observable changes noted in the 9th grade class «by.
Following the study, by the end of the third quarter, there was an increase of one student
in the top ranks in the 9th grade «a» class, as well as in the emphasized category. No
changes were observed in the 9 «b» class. These results are shown in the diagram below.

Picture 1

Comparison of educational indicators of classes

The result of knowledge of the 9a class

obtained in the study

12

BN = AR « -

S

, Il

the best

accent

B |l quarter M ||l quarter
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The result of knowledge of the 9b class
obtained in the study

12
10
8
6
4
2
. - -
the best accent averege
|l guarter | Il quarter
Conclusion

As a result of the transformation of criterion assessment tasks in daily chemistry
classes, not only the quality of students’ knowledge increases, but also interest in the
subject. It also contributes to their free, error-free choice of profession in the future.
For each lesson, questions, interesting, informative tasks using various platforms were
selected. The activity skills acquired in chemistry lessons significantly improve the
quality and degree of student learning. Allows students to study in other subjects. The
presented material can be used to work in the classroom and outside of school hours.
Methodological development implemented as a result of scientific research can be
included in the educational process of educational institutions.
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Abstract. Nowadays pollution of water bodies is an urgent problem. The
natural regime of water is disturbed by dumping of wastes on Almaty water bod-
ies. There is also a high share of river water pollution by pipe runoff, domestic
wastes, industrial wastes. The purpose of this work is to determine the level of
chemical pollution of Almaty rivers. Therefore, the study of water pollution of the
main rivers that provide water supply to the city of Almaty is an urgent issue. The
rivers Bolshaya Almatinka and Malaya Almatinka flow through the city, as well
as their tributaries - Esentai (Vesnovka), Ak-Kayin, Remezovka, Zharbulak (Ka-
zachka), Karasu, Kargaly (Kargalinka). The river Esentai flows into the Bolshaya
Almatinka, then flows into Kaskelen, the river Malaya Almatinka flows into the
Kapshagai reservoir. In accordance with the goal set, the objectives of the study
were determined. The rivers Bolshaya Almatinka, Malaya Almatinka and Yesen-
tai were the object of the study. The study revealed different levels of pollution
by chemical substances. Monitoring on heavy metals of sources of household and
drinking water supply of Almaty city was carried out. In the research laboratory
on quality assessment and food safety of Almaty Technological University wa-
ter samples were taken from the rivers Bolshaya Almatinka, Malaya Almatinka
and Yesentai. Organoleptic properties of the composition of the selected samples
were determined and heavy metals were detected. Heavy metals from river water
samples were determined using spectrophotometer KFK 3.01. As a result of the
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research, heavy metals in the rivers of Almaty city were identified and their dy-
namics and degree of accumulation in certain periods of time were studied. The
rivers of Almaty while flowing through the territory of the city had significant
chemical pollution exceeding MPC.

Keywords: water pollution index, heavy metals, MPC, average concentra-
tion, organoleptic properties
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Annoramus. Kazipri yakpitTa cy OOBEKTUIEpiHIH J1acTaHybl  ©3€KTi
Macene Oosbin  TaObuiaabl. CyablH TaOWFM PEXKUMI  KaJJAbIKTapsl AJIMaThl Cy
OObeKTiJIepiHe  Tery  JKOJNbIMEH  Oy3bpUiagsl. ©3eH  CynapblHbIH  KyObIpiap
arbIHBIMEH, TYPMBICTBIK KaJIILIKTapMEH, OHEPKACINTIK KOCIITOPBIH AP IbIH
KaJIZIBIKTaphIMEH JIACTaHy YJIeCl 7€ JKOFapbl. ByJl KYMBICTBIH MakcaTbl AJIMaThI
©3CHJICPIHIH ~ XUMUSUIBIK ~ 3aTTapMEH  JIaCTaHy  JIOPSKECIH  aHBIKTay  OOJIbII
taObutapl. COHJIBIKTaH AJMaThl KajlaChlH CyYMEH KamMTaMachl3 €TeTiH Herisri
©3CHJICP CYBIHBIH JIaCTaHybIH 3epTTey 63eKTi Macesie Oonbin  TabbLIaabl. Kana
apkpUIbl  YikeH AuMaThl koHe Kimni Asnmarel e3eHuepi, COHmal - aK oJapiblH
cananapol-Ecenraii (BecnoBka), Ak-kaiibiH, Peme3oBka, KapoOynak (Kazauka), Kapacy,
Kapraner (Kapranbl) e3enzaepi arbin eTeni. EceHTall e3eHi YikeH AJiMaThbira, OJaH
opi Kackenen e3enine kysaael, Kimi Anmarer e3eni Kammiaralh cy KoWMachiHA
KysiJbl. 3epTTey HbicaHbl perTiHae Yuken Anmarel, Kinn Asnmartel sxkoHe Ecenrtaii
e3eHJiepl 00kl 3epTTey XUMHUSIIBIK 3aTTap/blH JIACTAHYBIHBIH OpPTYpPJl JACHreinepin
aHbIKTabl. KoOWbUIFAH MakcaTKa COHKeC 3epTTey MIHIETTepl aHBIKTAJIIbl. AJIMAThI
KaJlaChlH IIapyallblUIbIK-aybl3 CYMEH KaOJbIKTay KO3JCepiHIH ayblp MeTaaaphbl
OOMBIHIIIA MOHUTOPUHT JKYPIi31IIl.
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AnMaThl  TEXHOJIOTHSUIBIK ~ YHHMBEPCHUTETIHIH TaMaK ©HIMJEpIHIH camachkl MEH
Kayinci3girin ~ Oarajiay  JKOHIHJErl  FBUIBIMH-3€pTTEY  3epTXaHachiHua  YJIKCH
Anmartel, Kimi Anmarer xone EceHTall e3eHIEpiHIH CyJapblHBIH ChIHAMAIAPhI
aJbIHABL.  IpiKTeNreH ChlHAMajap KYpPaMbIHBIH OPTaHOJICIITUKAIBIK KacHeTTepi
aHBIKTAJIBIN, AybIp METAJIap aHBIKTAIAbI. O3¢H CyJapbIHbIH ChIHAMAJApbIHAH aybIp
metaiaap (Fe, Cu, Zn) KOK 3.01 criekrpohoTOMETp KypajibIHbIH KOMETIMEH aHBIKTAJIJIbI.
3epTTey  HOTHXKECIHIE AJIMAaThl  KaJlaChIHBIH  ©3CHJEPIHIAE  ayblp MeTajjaap
aHBIKTAJI/IBI, COHJAW-aK OJIApJAbIH Oenrimi Oip YakbIT Ke3eHJIEePIHEri >KHHAKTAIYbI
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AnHoTtanus. B HacTosmee Bpems 3arps3HEHHE BOIHBIX OOBEKTOB SIBISIETCS
aKTyaJdpbHOW TpoOsieMoii. EcTecTBEHHBINM pekMM BOABI HApyIIaeTCs IyTeM cOpoca
OTXOJIOB Ha aJIMATHHCKHE BOJHBIE OOBEKTHI. BRICOKA Takke OIS 3arps3HEHUS PEUHBIX
BOJ CTOKOM TpyO, OBITOBBIMH OTXOJaMH, OTXOJAMH IPOMBINUICHHBIX TPEAIPUATHIH.
Lenpro maHHO paboTHI ABISETCS ONpe/ieNieHHe YPOBEHb 3arPA3HEHHOCTH XUMHYECKUMHU
BEIIeCTBAMU peK AJIMaThl, TaK KaK WM3y4YEHHWE 3arps3HEHHs] BOJBI OCHOBHBIX DEK,
o0ecrnednBaoONMX BOJOCHAOXKEHNE TOpOoJa AJIMATHI, SIBIISETCS aKTyaJIbHBIM BOIIPOCOM.
Uepes ropoj nporekaroT peku bonbiias AnmatuHka 1 Manas ATMaTHHKA, a TakKKe UX
nputoku — Ecenraii (BecnoBka), Ak-Kaiinn, Peme3oBka, XKapoynak (Kazauka), Kapacy,
Kapransr (Kapranuaka). Pexa Ecenraii Biagaet B boibiryto ATMaTHHKY, Jajee BIIana-
et B KackerneH, peka Manass AnmMaTtrHKa BriagaeT B Kammaratickoe BogoxpaHu-yumiie. B
COOTBETCTBHH C TIOCTaBJICHHOW IETBI0 ONPE/IeNIEHBI 3a]Ja9/ UCCIIEA0-BaHHS.
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B kauectBe oObekTa wuccienoBaHus ObuUiM pekd  bosbimias AnmaTtuHka, Maas
Anmarunka u Ecenraii. MccnenoBanue BBISIBUIIO pa3iUYHbIE YPOBHM 3arps3HEHUS
XUMUYECKUMHU BellecTBaMU. lIpoBeeH MOHHUTOPHHT TIO TSDKE-JIBIM — MeTaiaM
HCTOYHUKOB XO3SHCTBEHHO-IIUTHEBOTO BOJOCHAOKEHUS ropo-aa Ajmarel. B HaydHO-
HCCIIEOBATEILCKON J1Ta0OpaTOpUX MO OIIEHKE KadecTBa W 0OE€30MaCHOCTH MHUIIEBBIX
MPOJYKTOB AJIMATMHCKOT'O TEXHOJIOI'MYECKOr0 YHHUBEPCHTETa ObLIM OTOOpaHBI MPOOBI
BoA pek bombmoit Anmatunkm, Mamoii Anmatunku u Ecentait. OmpeneneHsl
OpraHOJICTITHYECKHE CBOMCTBA COCTAaBa OTOOPAHHBIX IMPOO W BBISBICHBI TSHKEIIBIC
MeTautbl. TspKenble MEeTauThl U3 MPO0 PEUHBIX BOJ OMPEACISIN C MOMOIIBIO Mpubopa
cnektpodoromerpa KOK 3.01. B pesyibrare HUCCIEAOBaHUN BBISIBICHBI TSKEIIbIC
METaJUTBl B PeKax T. AJIMaThl, a TAK)Ke M3yUeHa MX TUHAMUKA U CTETICHb HAKOTUICHUS B
OTIpeJICIICHHBIC TEPUOAbl BpeMEHH. Peku AnMaTsl Hpu OPOTEKAHUU 10 TEPPUTOPUU
ropojia UMeJU 3HAaYUTEIIbHOE XUMHIUECKOe 3arpsisHenue, mpesbimaromiee [1JIK.

KuioueBble cjioBa: WHACKC 3arps3HEHUS BOIBI, TspKenble MeTamnsl, [TIK,
CpEIHSsI KOHIICHTPAIUs, OPTaHOJIEITHUYECKIE CBOMCTBA

duHAHCHPOBAHUE: JaHHOE WCCIEAOBAHME HE IOJYyYaJ0  BHEIIHETO
(uHaHCUPOBAHUSI.

BaarogapHoCTh: aBTOPBI BBIPAXAKOT CBOK OJIAr0JapHOCTh COTPYIHHKAM
J1a0OPaTOPUU OIICHKH KayecTBa U OE30MAaCHOCTH MHUIICBBIX MPOAYKTOB AJIMATUH-CKOTO
TEXHOJIOTUYECKOTO YHIUBEPCUTETA aHATH30B.

Kondaukt nHTEpecoB: KOH(IMKTa HHTEPECOB HET.

Introduction

At the modern stage of urbanization, which is becoming global, water
occupies a special place and importance in the normal functional activity of
humans, living organisms and living things. Unfortunately, most of the
particularly voluminous water reserves in the hydrosphere (the volume of the
hydrosphere is 2.2 times larger than the lithosphere) are sources of water
unsuitable for human consump-tion. This situation, which today poses the
problem of fresh water to mankind as a global problem, it is predicted that in the
coming decades most of the world’s pop-ulation may face the problem of fresh
water. The qualitative changes in climate, water in rivers, lakes are now creating
global scale problems. The southern capital with a population of more than 2
million people, an industrial center, is one of the most beautiful cities. These
waters are used in industry and institutions, houses and apartments and contain
various elements, chemicals, metals, petroleum prod-ucts, detergents. Currently,
the agglomeration of Almaty city is among the most ecologically disadvantaged
areas of the Republic of Kazakhstan, where all natural
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environments are highly polluted with toxic chemical substances of soil, water,
vegetation, and atmosphere. In the restoration of the ecological state of the city,
special attention is paid to small rivers of Almaty city, as they are a true natural
filter, as well as used as the main source of water in water supply zones, hydro-
power, recreation. Water from the rivers of Almaty city is characterized by high
levels of pollution, especially heavy metals. There are 22 river and 4 artificial riv-
er reservoirs in Almaty city. There are 1252 objects located in the water protection
zone of the rivers of Almaty. It was found that 1090 residential houses, 27 cafes,
20 stores, 5 wind farms, 45 garages, 26 enterprises and organizations are located
in them. Air pollution negatively affects the health of citizens, soil crust, flora and
fauna, surface and underground water. Therefore, the level of bacteriological pol-
lution of Almaty’s rivers has reached a high level (Zamora—Ledezma et al. 2021).
The total length of river channels is 220.8 km, total area of water bodies —1116
hectares. The largest rivers of Almaty are: the Big Almaty River, the Small Al-
maty River, further the Yesentai River. The sources of water supply of the city are
surface sources — Big and Malo-Almaty lakes, underground sources — Almaty,
Talgar, Malo — Almaty fields. It is established that in the river Malaya Almatinka
copper is 2.5 times higher, phenol is 2 times higher. The content of lead is about
1.1 MPC, and the content of other heavy metals is below MPC. In the Yesentai
River, the maximum permissible concentration (MPC) of copper is 3 times higher.
The Malaya Almatinka River runs along the northern side of the Zailiyskiy Alatau
ridge, belongs to the basin of Lake Balkhash, the catchment area of which is 118
km? and reaches 710 km? at its confluence with the Kaskelen River (Bolisetty et
al., 2019; Kumar et al., 2019; Review, 200; Enrique, 2007).

According to the latest data, the level of pollution of the water protection
zone of Almaty rivers with heavy metals has reached a high level. For example,
on the rivers Bolshaya Almatinka and Yesentai the permissible maximum high
concen-trations of copper have reached 3 times, on the river Malaya Almatinka
— 2.5 times, phenol — 2 times. The dynamics of presence and level of
accumulation of heavy metals (Cd, Pb, Cu, Zn) in the mentioned rivers in the
period from 2021 to 2022 were studied and it was found that they are present in all
three. For example: copper increased from 11 to 12 MPC in all years. Lead
pollution was noted in the river Malaya Almatinka (1.1km), Bolshaya
Almatinka (1.9km). The content of other heavy metals was below MPC
(Alzhanova, 2003; Water resources of Kazakhstan in the new millennium, 2007,
Sall, 2020; Kilaru, 2009; Kiran, 2022; Fu, 2020).

The ways of getting into the hydrosphere of heavy metals from the water
environ-ment polluted by man are different. Heavy metals include elements with
metallic properties and relative atomic mass above 50. Another criterion is
density equal to or greater than the specific gravity of iron (7.8 g/cm?). The
most dangerous elements are: chromium (51.9); nickel (58.7); cobalt (58.9);

copper (63.5); zinc
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(65.4); arsenic (74.9); cadmium (112.4); mercury (200.6); lead (207.2).
The chemical composition of water also affects the living organism. It is
estab-lished that natural waters can contain various trace elements (iodine,
bromine, flu-orine, selenium, strontium, molybdenum, cobalt, etc.). Possessing
high biological activity, they determine the normal course of many
physiological and metabolic processes in the human body, participate in
mineral metabolism and as catalysts of various biochemical reactions affect
the overall metabolism. Micronutrients enter the human body from the
external environment, their amount in the body directly depends on the
presence in the soil, water, plants, etc. Deficiency or ex-cess of certain trace
elements in water and food products can lead to the violation of various
functions and diseases. In addition to trace elements, the human body is
affected by a large number of different salts in water. Thus, highly mineralized
water contributes to the increase of hydrophilicity of body tissues, water retention
in the body (Shakhawat et al. 2016). The taste of water compared to pure drinking
water has 4 senses of taste (sweet, bitter, salty, sour). The other senses are
related to taste. They are sweet, metallic, chlorine, ammonia and others. The
evaluation of odor and taste is determined on a 5-point scale. Odors and
unpleasant tastes are intensified at high temperature (Alimkulov et al., 2016;
Water resources of Kazakhstan: assessment, forecast, management, 2012;
Dostai, 2012; Dostai, et al, 2012; Qasem et al, 202I).

Water odor is one of the sensitive indicators of water quality, the change of
which indicates pollution. In addition, a slight degree of water pollution can
be deter-mined by changes in odor, which exceeds the sensitivity of the
developed chem-ical methods of investigation (Dostai et al., 2012). The odor
of water is related to the presence of odorous substances in it through various
currents. Almost all liquid organic substances give water a characteristic odor
of dissolved gases, or-ganic suspensions, and mineral salts. Odors can be natural
(swamp, sulfur, rotten) and artificial (chlorine, phenol, oil, etc.) (Kenshimov et
al., 2005; Posthuma et al., 2019).

To determine chromaticity, the water under test is compared with artificial
stan-dards prepared from a mixture of potassium chloroplatinate and cobalt
chloride (platinum-cobalt scale) or potassium bichromate and cobalt sulfate
(chromium-co-balt scale). The coloration of water corresponding to the
coloration of a solution that contains 0.1 mg of platinum in 1 ml is called the
degree of chromaticity.
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Table 1. Color scale of drinking water

Name of color category Water color, degrees
Very small Up to 25
small 25-50
medium 50-80
high 80-120
very high over 120

Materials and methods

To conduct the study, locations for collecting water samples with different
assumed degree of pollution are selected. Water samples for heavy metal content
in the Yesentai River were taken in 2 locations along the riverbed, at its intersec-
tion with Al-Farabi Avenue (No. 1) and Ryskulov Street (No. 2). On the Bolshaya
Almatinka River were used data from 3 points: No. 1-9.1 km above the city, No.
2-0.5 km below the AHBK discharge, No. 3—0.5 km below the city. Water sam-
ples of the Malaya Almatinka River were analyzed for heavy metals content at 3
points: No. 1-0.5 km below the Mekhkombinat discharge, No. 2-2.0 km above
the city, No. 3-4.0 km below Almaty city. In discussion and analysis of the data-
base on heavy metal pollution of Almaty rivers.

Complex indicators of drinking water quality are characterized by certain
attributes. Physical indicators of drinking water quality include temperature, taste,
odor, turbidity and color. They determine the organoleptic quality of water. Chem-
ical indicators are characterized by the chemical composition of water. The nature
of odor was determined by the perceived odor (soil, chlorine, petroleum product,
etc.) and the odor was evaluated according to the point system and intensity. The
following indicators were found in the samples studied: in the samples of the large
river Almaty odor intensity — no odor, the nature of odor manifestation — not
observed, odor intensity score — 0-1 point. From the samples of the Esentai Riv-
er odor intensity — weak, the nature of odor manifestation — weak grass-soil,
odor intensity score — 2 points. In the samples of the Malaya Almatinka River
odor intensity — weak, the nature of odor manifestation —weak grass-soil, odor
intensity rating — 2 points. Water color was determined by photometric method
by comparing the investigated water sample with distilled water. The color of the
water sample of the Yesentai River is 18.88 degrees, which does not exceed the
index according to SNiP 2.01.14-83 for drinking water. The color of the water
sample from the Malaya Almatinka River is 19.60 degrees, which does not exceed
the SNiP 2.01.14-83 for drinking water.

The Bolshaya Almatinka River (1.9 km) flows through mountainous, plain
and transitional uplands. The watershed is considered to be a mountainous zone,
which makes up 46 % of the river’s territory. Water purity in this zone is at an
average level.

Water transparency was determined by photometric method, comparing
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the water sample with distilled water.

The color is determined by comparing the test sample with reference wa-
ter. Table 1 presents a special color scale of drinking water. Turbidity of water
determines the composition of fine suspension of insoluble particles, also — the
presence of sediment, measured in microns and millimeters; determined after fil-
tration of the sample by suspended, coarsely dispersed substances and dried resi-
dues — transparency is measured mainly visually by the level of turbidity of the
water column. Turbidity is determined photometrically, depending on the quality
of the light beam passing through it.

Water pollution index, as well as other indicators, are of great scientific,
theoretical and purely practical importance. They are the main diagnostic method
to identify the fact of pollution and its quantitative measure. Thanks to this, it is
possible to understand whether the water can be used, for what specific purposes,
and whether it is necessary to take measures for the ecological rehabilitation of
the water body.

Samples were taken from different points of rivers, and a complex quality
indicator — water pollution index (WPI) — was determined on the example of
rivers (Bolshaya Almatinka, Malaya Almatinka and Yesentai) taken for studying
surface water quality. WPI is one of the most important characteristics of water. It
is the average ratio of the concentration of a particular pollutant to its MAC. WPI
quantitatively shows how polluted the water in a river is.

“Very clean” waters are class I (WPI less than or equal to 0.3), “clean”
waters are class II (WPI 0.3 to 1), “moderately polluted” waters are class II1 (WPI
1 to 2.5), “polluted” waters are class IV (WPI 2.5 to 4), “dirty” waters are class V
(WPI 4 to 6), “very dirty” waters are class VI (WPI 6 to 10), and “extremely dirty”
waters are class VII (WPI greater than 10).

For this purpose, samples were taken at certain intervals and measure-
ments were carried out in accordance with the adopted methodology. As a result,
a specific value is obtained, depending on which the degree of surface fresh water
pollution is judged.

The assessment is carried out in accordance with the requirements of the
guiding document RD 52.24.643-2002. This document specifies methodological
principles and instructions for assessing the degree of pollution of surface waters
of a particular water body (natural or artificial).

According to the methodology, sampling is carried out with subsequent
analysis and identification of the fact of exceeding the MPC, for example, for
iron content. The degree of exceedance is determined, e.g. 4.3 more than the es-
tablished MPC norm. The number of cases per year or other period when these
violations were detected is determined.

As a result, the water is assigned a certain class and discharge. The best
grade is “conditionally clean”. Such a liquid does not contain substances with
concentrations exceeding the MPC.
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However, its purity cannot be 100 % guaranteed due to unforeseen factors
(e.g. acid rain, sewage discharge).

The formula and methodology for calculating WPI depends on the water
being studied, in this case for surface freshwater. In any case, the WPI is calcu-
lated taking into account data on a strictly limited number of pollutants. For ex-
ample, determine the exceedance of MPC for 10 components and work only with
these data, calculating their arithmetic mean.

In the case of surface water, the index is calculated according to the fol-
lowing formula:

WPI= (S50 )/6

As can be seen from the formula, the WPI measurement is carried out in
several steps.

Determine the concentration of a specific pollutant Ci. Divide the obtained
value by the MPC of this component (described in regulatory documents). Obtain
the sum of such divisions for each pollutant from i=1 to n (the number of deter-
mined substances is always strictly limited, in this case is 6). Then divided by 6,
i.e. the total number of pollutants (n = 6).

Heavy metals were determined in the Research Institute of Food Safety
ATU, which has methods of analysis (electrochemical and spectrometric) and the
necessary equipment for water quality control. Heavy metals from river water
samples were determined using a spectrophotometer KFK 3.01.

Results and discussion

The level of pollution of the river Bolshaya Almatinka in 2021, as shown
in Table 2, is 1.43 (3 class), ie has an average level of character. In 2022, this
indicator is 1.57 (3 class), we can observe an increase in pollution level.

Table 2. Pollution level of the Bolshaya Almatinka River 2021-2022

Name of water | Water Pollution Index (WPI) - water The content of pollutants exceeding MAC
object quality characteristic for 2022
average multiplicity
2021 2022 impurity  concentration, of MAC
mg/l increase
Bolshaya
1,43
Almatinskaya G el 1,57 Cu (1D 0,4 0.9
River L (3cl)
medium contaminated
contaminated Fe (111) 0,8 1,1
Pb (IV) 0,9 1,0
cdn 0,10 0,4

160



Reports of the Academy of Sciences of the Republic of Kazakhstan

‘gh 1,2 e
- Pb Cu
g !
£ os
f=
1
2 06
Q
[&]
& 04
5
> 02
[}

0

1 2 3 4 5 6

multiplicity of MAC increase

Figure 1 - Level of water pollution by impurities in the Bolshaya Almatinka River

As a result of the photometric study the following indicators were ob-
tained: the transparency of water samples from the Bolshaya Almatinka River is
2.42 ml/dm?, which corresponds to SNiP 2.01.14-83 2.5 ml/dm®. Transparency of
water samples from the Yesentai River is 2.45 ml/dm?, which corresponds to SNiP
2.01.14-83 2.5 ml/dm°’. The transparency of water samples from the Malaya Al-
matinka River is 2.5 ml/dm?, which corresponds to SNiP 2.01.14-83 2.5 ml/dm°.

Heavy metals were detected in the composition of the studied surface wa-
ter samples. The content of heavy metals in the samples taken from the research
objects is presented in the table (Table 3). The danger of water pollution by these
elements is associated with the fact that heavy metals in water are not detected
organoleptically, i.e. are not noticeable by taste, smell and color.

Table 3. Average content of heavy metals in water of Almaty rivers

Quantity of pollutants compared to MAC,

Name of water object 2022
Heavy metals Average MAC concen-
tration, g/l
Pb 0,001
Cd 0,005
Average water index As 0,001
of Almaty rivers Al 0,004
Cu 0,001
Fe 0,001

The content of copper and iron from impurities in terms of pollutants rais-
ing MAC for 2022 is equal to 0.0049 and 0.0080 mg/l. The multiples of MAC
elevation are equal to 4.9 and 1.1. Lead content is 0.00087 mg/l and cadmium
content is 0.0010 mg/l, the MAC uplift multiples are 1.0 and 0.4. The content
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of arsenic is 0.0012 mg/l. Only concentration of some chemical substances in
waters of rivers Bolshaya Almatinka, Malaya Almatinka and Yesentai increases
from MAC. The concentration of cadmium in the sample of the river Bolshaya
Almatinka is 0.0061+£0.003 mg/l and increased 6 times the MAC. On the con-
centration of copper in all samples under study exceeds the MAC level in the
sample of the river Bolshaya Almatinka copper content is 0.0201+0.003 mg/1 and
exceeds the MAC by 20 times. Copper content in the sample of the Esentai River
1s 0.0191+0.003 mg/l and exceeds the MPC by 19 times. Copper content in the
sample of the Malaya Almatinka River is 0.03+0.008 mg/l and exceeds the MPC
30 times. In samples in the control zone the level of MPC was not exceeded. Ac-
cording to literature sources, the cause is the ingress of copper in natural waters,
as well as water from chemical plants, metallurgical industry, aldehyde reagents.

Table 4. Water pollution level in Malaya Almatinka 2021-2022

Water Pollution Index (WPI) - a char- The content of pollutants that increase the
acteristic of water quality content of MPC,
Name of wa- for 2022
ter object average
. . . multiplicity of
2021 2022 impurity  concentration, MAC increase
mg/1
Malaya (;’518) (;’:17 ) guFﬁI 0,0043 43
Almatinka - - s 0,0092 1,2
River medium medium Cu(- 0.0021 11
contaminated contaminated | NO,), ’ ’
3
45 CuF2
4
3.5
3
8.5
=
L5 Cu3N2 Cu[NO3)2
1
0,5
0
0,0043 0,0092 0,0021

Figure 2 - Level of water pollution by impurities in the Malaya Almatinka River
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As shown in Table 4, the water pollution index of the Malaya Almatinka
River in 2021 is equal to - 1.68 (3kl), and in 2022 is equal to 1.47. This indicates
a “moderately polluted” level for water quality characteristics. According to cal-
culations for 2022, the water quality of the rivers Malaya Almatinka, Bolshaya
Almatinka and Yesentai is considered “moderately polluted” (class 3, WPI —
1.52-2.60). In all rivers possible amounts of copper were traced, about 4.3 —
5.1 MAC. The content of fluoride and nitride nitrogen exceeding 1 MPC was
monitored on the Small Almaty Lake, on the Big Almaty Lake — 1.1 MPC, iron
content (pollution index on the Small Almaty Lake — 1.68, Yesentai - 1.58, Big
Almaty Lake — 1.43).

The next object of study Esentai (Vesnovka) is a river in the Ili basin, left
tributary of the Malaya Almatinka River. It originates from the northern slope of
Zailiyskiy Alatau and flows through Almaty city. Its length is 43 km. The average
annual water discharge is 0.06 m?/s. It has 8 tributaries with a total length of 19
km. Along the river 7 ponds were built [11].

Table 5. Water pollution level of the Yesentai River 2021-2022

Water Pollution Index (WPT) — a The content of pollutants that increase the con-
characteristic of water quality tent of MPC,
Name of water for 2022
object average multiplicity
2021 2022 impurity concentration, of MAC
mg/l increase
1,57
: 2,60
Yesentai River & KJ.I’) (4 xm.) Cu 0,0051 3,1
medium .
. contaminated
contaminated

According to calculations for 2021, the water quality of the rivers Malaya
Almatinka, Bolshaya Almatinka and Yesentai is considered “moderately pollut-
ed” (class 3, WPI — 1.52-2.60). All rivers showed possible amounts of copper,
about 4.3 — 5.1 MAC (Table 5).

The content of fluoride and nitride nitrogen exceeding 1 MPC was mon-
itored on the Small Almaty Lake, on the Big Almaty Lake — 1.1 MPC, iron
content (pollution index on the Small Almaty Lake — 1.68; Yesentai — 1.58; Big

Almaty Lake — 1.43).

Table 6. Special characteristics of water with different types of iron according to SNiP 2.1.4.1074-01

Type of iron | Tap water Water after infu-
sion

divalent pure red-brown precip-
itate

trivalent colored red-brown precip-
itate
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colloidal yellow-brown does not form a
precipitate, cannot
be filtered

dissolved yellow-brown does not form a

organic precipitate, not fil-
tered

dissolved jelly-like formations

inorganic opalescent film in the

pipe system

The odor of water is related to the presence of odorous substances
in it through various currents. Almost all liquid organic substances give
water the characteristic odor of dissolved gases, organic suspensions, and
mineral salts. Odors can be natural (swamp, sulfur, rotten) and artificial
(chlorine, phenol, oil, etc.).

Table 7. Determination of water odor according to SNiP 2.1.4.1074-01

Score | Terms Characteristic definition

0 definite Odorless

1 very weak An odor that is not detected by the consumer but is detected by observation in
a laboratory

2 faint An odor that is detected by the consumer if they pay attention to it, but not
realized if they do not pay attention to it themselves

3 perceptible An odor that is easy to notice and that may cause negative feedback about it

4 definite An odor that is unpleasant and which is not recommended for drinking

very high An odor so strong that the water is unfit for drinking

imbalance in the ecosystem of the reservoir (Table 7).

Laboratory analysis of water taken in April 2021 revealed that many indicators
are above the norm, especially in terms of metals and sulfates. Thus, the pH level was
9.33 with the norm of 6.0-8.5, magnesium — 51.0 mg/dm? (norm — 40-50), copper
— 0.01 mg/dm?® (norm — not more than 0.005), sodium — 290 mg/dm? (norm — 120),
sulfates — 182.3 mg/dm?® (norm — not more than 100). All this indicates that the river is
not in the best condition, it is constantly exposed to pollution by solid waste, which led to

Table 8. Institutions located in water protection zones of Almaty rivers

s/n Water protection zones quantity
1 residential buildings 1090
2 cafes 27
3 stores 20
4 Wind protection stations 5
5 garage 45
6 businesses and organizations 26
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Conclusion

The water issue in Almaty has always taken a back seat to problems with air,
soil and greenery. But improper development, human factor and production processes
meanwhile pollute water and threaten the health of citizens. The problem of not only
water quality but also water quantity is important. The main reserves of water resources
of the republic are concentrated in surface and underground sources. Water reserves in
the country and cities are not infinite. But this is not only our problem: already now about
one billion people around the world do not have direct access to clean drinking water.
The level of water supply averages 20 thousand cubic meters per 1 square kilometer of
the country’s territory.

The information base of the study was scientific and statistical documentation of
surface water monitoring of rivers in Almaty. The presence of heavy metals (Cd, Pb, Cu,
Fe) in the rivers of Almaty was shown, their dynamics and degree of accumulation were
studied from 2020 to 2022. Copper pollution of Almaty rivers was significant: from 11
to 12 MPC in all 3 rivers and in all analyzed years. Pb pollution was observed in the Ma-
laya Almatinka River (1.1 MPC) and in the Bolshaya Almatinka River (1.9 MPC). The
content of other heavy metals was below MPC. Thus, chemical pollution of the Malaya
Almatinka River can be attributed to the average, as there was an excess of MPC, the
content of other metals did not exceed the MPC. Analysis of water samples of the Big
Almatinka river for Cd content showed MPC 0.005 mg/ml, the obtained values of Cd
pollution were significantly lower than MPC. Exceedance of Pb pollution (2nd class of
hazard, MPC 0.005 mg/ml in the Yesentai River was not observed.

In the 1st half of 2022, the water quality of the rivers Bolshaya Almatinka, Ma-
laya Almatinka and Yesentai decreased compared to the previous year. Along the rivers
debris is piled up, some parts of the water, water quality decreases day by day, and most
importantly, downstream water enters the groundwater of the city. Thus, pollution of
rivers of Almaty city by heavy metals is considered significant (in all 3 rivers), other
heavy metals were present, but their content was within MPC and did not pose a threat to
aquatic inhabitants of rivers.

REFERENCES

Alzhanova B.S., Sataev K.S., Aitzhanova Z. (2003). Water Resources of South Kazakhstan Province,
Science and Education of South Kazakhstan. — 32:20-22.

Alimkulov S.K., Tursunova A.A., Saparova A.A., Zagidullina A.R., Kulebaev K.M. (2016). Regularities
of territorial distribution of river flow resources of the south and southeast of Kazakhstan in modern con-
ditions of geographical environment development // Issues of Geography and Geoecology. — 1, — 23-30.

Bolisetty S., Peydayesh M., Mezzenga R. (2019). Sustainable technologies for water purification from
heavy metals: review and analysis, Chemical Society Reviews. — T. 48. — 2. — 463-487. https://doi.
0rg/10.1039/C8CS00493E

Dostai J.D. (2012). Natural waters of Kazakhstan: resources, regime, quality and forecast. Water resourc-
es of Kazakhstan: assessment, forecast, management (monograph). — 2, — 330 .

Dostai J.D., Alimkulov S.K., Saparova A.A. (2012). Water resources of Kazakhstan: assessment, fore-
cast, management. River flow resources. Renewable surface water resources of the south and south-east of
Kazakhstan. T. VII, book — 2. — 360.

Dostai J.D., Galperin R.I., Davletgaliev S.K., Alimkulov S.A. (2012). Natural waters of Kazakhstan:
resources, regime, quality and forecast / Voprosy geografii i geoekologii. — 4, — 18-24.

Enrique Sanchez, Manuel F. (2006). Colmenarejo, Juan Vicente, Angel Rubio, Maria G. Garcia, Lissette
Travieso, Rafael Borja, (2007) Use of the water quality index and dissolved oxygen deficit as simple indicators

165



ISSN 2224-5227 2.2024

of watersheds pollution, Ecological Indicators, — 7. — Issue — 2. — 315-328. — ISSN 1470-160X. https://
doi.org/10.1016/j.ecolind.2006.02.005

Environmental Sciences Europe. 1:1-7.https://www.infoeco.ru/index.php?id=54#:~:text

Fu Z., Xi S. (2020). The effects of heavy metals on human metabolism //Toxicology mechanisms and
methods. — 3. — 167-176. https://doi.org/:10.1080/15376516.2019.1701594

Kumar V. et al. (2019). Global evaluation of heavy metal content in surface water bodies: A meta-analysis
using heavy metal pollution indices and multivariate statistical analyses, Chemosphere. — T. 236: 124364.
https://doi.org/10.1016/j.chemosphere. — 2019. — 124364

Kilaru H.V., Ponnusamy S.K., Rames C.P. (2019). A review on heavy metal pollution, toxicity and
remedial measures: Current trends and future perspectives. — Journal of Molecular Liquids. — 290. —
111197. — ISSN 0167-7322. https://doi.org/10.1016/j.molliq.2019.111197

Kiran, Ruchi Bharti, Renu Sharma (2022). Effect of heavy metals: An overview, Materials Today:
Proceedings, — 51. — Part 1. — 2022, — 880-885. — ISSN 2214-7853. ttps://doi.org/10.1016/j.mat-
pr.2021.06.278

Kenshimov A.K., Ibatullin S.R., Zaurbek A.K. (2005). Problems of water resources utilization in the
Republic of Kazakhstan. Water economy of Kazakhstan. — 4, — 229-233.

Posthuma L. et al. (2019). Chemical mixtures are important drivers of impacts on the ecological status
of surface waters in Europe.

Review “Water Resources of Kazakhstan in the New Millennium”. UN Development Program. — 2000.
www.undp.kz/library of publications/files.

Shakhawat Chowdhury, M.A. Jafar Mazumder, Omar Al-Attas, Tahir Husain (2016). Heavy metals in
drinking water: Occurrences, implications, and future needs in developing countries, Science of The Total
Environment. — 569-570. — 476—488. — ISSN 0048-9697. https://doi.org/10.1016/j.scitotenv.2016.06.166

Sall M.L., Diaw A.K.D., Gningue-Sall D. et al. (2020). Toxic heavy metals: impact on the environment
and human health, and treatment with conducting organic polymers, a review. Environ Sci Pollut Res — 2.
— 29927-29942. https://doi.org/10.1007/s11356-020-09354-3

Qasem N.A.A., Mohammed R.H. & Lawal D.U. (2021). Removal of heavy metal ions from wastewa-
ter: a comprehensive and critical review. npj Clean Water. — 4. — 36. https://doi.org/10.1038/s41545-021-
00127-0

Water resources of Kazakhstan in the new millennium. Review. UNRWA Kazakhstan Series of Publica-
tions No UNDPKAZ 07. — Almaty. — 2004.

Water resources of Kazakhstan: assessment, forecast, management. — VOL. VII. River flow resources
of Kazakhstan. — Book 1. Renewable resources of surface waters of Western, Northern, Central and Eastern
Kazakhstan (monograph). Under the scientific editorship of R.I. Galperin. — Almaty. — 2012. — 684 p.

Zamora-Ledezma C. et al. (2021). Heavy metal water pollution: A fresh look about hazards, novel and
conventional remediation methods, Environmental Technology & Innovation. — 22. — 101504. https://doi.
org/10.1016/j.eti.2021.101504

166



Reports of the Academy of Sciences of the Republic of Kazakhstan

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN

ISSN 2224-5227

Volume 2. Number 350 (2024), 167-182
https://doi.org/10.32014/2024.2518-1483.287

UDC 669.2

© B.K. Kenzhaliev. A.K. Koizhanova“, M.B. Yerdenova, D.R. Magomedoyv,
K.M. Smailov, 2024
Satbayev University, the JSC “Institute of Metallurgy and Ore Beneficiation”,
Almaty, Kazakhstan.
E-mail: a.koizhanova@satbayev.university

OPTIMIZATION OF COPPER EXTRACTION FROM WASTE ORES USING
BIOCHEMICAL AND CHEMICAL OXIDATION METHODS

B.K. Kenzhaliyev — doctor of technical sciences, professor, General Director in the “Institute of Metallurgy
and Ore Beneficiation”, Kazakhstan, Almaty, Shevchenko srt., 29/133

E-mail: bagdaulet k@satbayev.university, https://orcid.org/0000-0003-1474-8354;

A.K. Koizhanova — candidate of technical sciences, head of the laboratory of special methods of hydrome-
tallurgy. Satbayev University, the JSC “Institute of Metallurgy and Ore Beneficiation”, Kazakhstan, Almaty,
Shevchenko srt., 29/133

E-mail: a.koizhanova@satbayev.university, https://orcid.org/ 0000-0001-9358-3193;

M.B. Yerdenova — researcher, master. Satbayev University, the JSC “Institute of Metallurgy and Ore Ben-
eficiation”, Kazakhstan, Almaty, Shevchenko srt., 29/133

E-mail: m.erdenova@satbayev.university, https://orcid.org/:0000-0002-7496-5097;

D.R. Magomedov — researcher, master. Satbayev University, the JSC “Institute of Metallurgy and Ore
Beneficiation”, Kazakhstan, Almaty, Shevchenko srt., 29/133

E-mail: d.magomedov(@satbayev.university, https://orcid.org/0000-0001-7216-2349;

K.M. Smailov — junior researcher, master. Satbayev University, the JSC “Institute of Metallurgy and Ore
Beneficiation”, Kazakhstan, Almaty, Shevchenko srt., 29/133

E-mail: k.smailov@satbayev.university, https://orcid.org/0000-0002-9277-5254.

Abstract. This article presents the results of research on the processing of waste
ores from copper production at one of the deposits in Kazakhstan. The copper content
in samples of various lithological types and taken from different sampling points varies
from 0.2 % to 0.9 %. On average, the copper content was 0.3 % on the southern side of
the dump and 0.28 % on the northern side. Phase analysis of the dump samples revealed
that the primary rock-forming minerals are quartz, albite, muscovite, and clinochlore,
with significant amounts of malachite and atacamite observed in certain areas. Detailed
mineralogical analysis also identified the presence of sulfide minerals such as pyrite,
chalcopyrite, and chalcocite. For this type of deposit, the most effective processing meth-
od is the use of biohydrometallurgical heap leaching technology. In the experiments on
percolation leaching, the following options were considered: the use of trichloroisocy-
anuric acid (TCCA) as a chemical oxidizer and the adapted culture of A. ferrooxidans as
a bio-oxidizer. Standard sulfuric acid leaching served as the control variant. The applica-
tion of TCCA resulted in an increase in copper extraction into the solution only during the
first 7 cycles, after which the effectiveness of chemical oxidation decreased. The highest
efficiency was observed with preliminary bacterial oxidation: 76.08 % of copper was
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extracted into the productive solution over 28 cycles of irrigation. The productive solu-
tions obtained from all variants underwent the complete technological cycle of copper
hydrometallurgical production. As a result of the extraction and re-extraction processes,
electrolyte solutions were produced that fully met the quality parameters required for
electrolysis. During the electrolysis stage, 30.8 g of copper was deposited on the cathode
from these electrolyte solutions, corresponding to a current efficiency of 94.6 %.

Keywords: copper-containing raw materials, biochemical method, leaching, Ac-
idobacillusFerrooxidans, trichloroisocyanuric acid, extraction
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AnHoramus. Maxkanaga Ka3zakcTaHHBIH KEH OpBIHAAPBIHBIH OipiHAE MBIC
OHJIIPICIHIH YHIH/I KeHIepiH oHIey OOWBIHIIA 3epTTeyIep IiH HOTHKEIepl KeNTipiireH.
Op TYpJIi KBIHBICTAPBIH YATUIEPIHETI XKoHE SPTYPIIl ipiKTey HYKTENEepiHEeH albIHFaH
Mmbic Mommepi 0,2-nen 0,9 % - ra neitin e3repeni. YHiHAIHIH OHTYCTIK JKaFbl OOMBIHIIA
opramra ecenmner Meic modepi 0,3 %, contyctik xarpiHaH — 0,28 % Kypazsl. [1bmmak
ChIHaMaJIAPBIHBIH (Pa3alibIK Tayaybl Tay >KBIHBICTAPBIHBIH HETi3Tri Oeiri KBapll, albOouT,
MYCKOBUT, KITMHOXJIOP OOJBIN TaObUIATHIHABIFBIH aHBIKTAbI, MBIC YHIHIIepiHeH OipKa-
Tap Kepiaepae MaJaXxuT TeH aTaKaMUTTIH alTapibIKTail Memrepi Oaitkamasl. MuHepa-
JApJBIH TOTBHIKKAH TYpJIEpIHEH 0acka, emKeh-TerKeWsl MUHEPaloTHSUIBIK Tajuay IHu-
PUT, XaIbKOITUPHT, XaJIbKO3HH XKoHE T.0. CHAKTHI Cyab(UATI MUHEPAIIBI TY3LTIMAEPIiH
(bparMeHTTepiH Jie TipKeai. KeH OPBIHAAPBIHBIH OYII TYPi YIIiH OHACYIIH €H THIMI 91ici
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YHiHAl mraiManayablH OHOTHAPOMETAILTYPTHSIIBIK TEXHOJIOTHSCHIH KOJIaHy OOJajbl.
XUMUSIIBIK TOTBIKTBIPFBINT PETIHJIE TEPKOJAIISUIBIK IaiiManay OOWBIHINA TPUXIIOPH-
3ormanyp KeukputbiH (TXIK)Konmany HyYcKachl KapacThIPBUIIBI, ONO TOTHIKTBIPFBIIIT
petinne 6erimaenrern A. Ferrooxidans MmomeHHeTI 1e KOTTAHBUIIABI. X AMUSIIBIK TOTHIKTHI-
PFBINI peTiHAE MEePKOJANMSIIBIK MIaiiManay OOWBIHINA TPUXJIOPH30MUAHYD KBIIIKBUTHIH
(TXUK xommany HyCKachl KapacTBIPBUIIIBL, OMO TOTBHIKTHIPFBILI peTiHae OeltimaenreH A.
Ferrooxidans monenmeri ne KommaHpurasl. CTaHAAPTTHI KYKIPT KHIIIKBUIGIH MIaiiManay
Oaxpinay Hyckachl petinae Kpi3MeT eTTi. TXIK kemeriMeH TOTHIFYIbIH XUMUSITBIK 9JTICIH
KOJIJITaHY HOTHKECiH Ie 0acKa HYCKaJIapMEeH CallbICTRIPFaH/Ia ePITiHITe MBIC aITy/IbIH OCYyl
aJFamIKel 7 TUKIIIE FaHa Oaiikanasl. EH yiakeH THIMIUTIK OakTepHsUTapAblH alabiH-aia
TOTBIFY HYCKachIH/1a OalKamibl, cCyapyasH 28 1wkt yurid 76,08 % mMbIc eHiMI epiTiHi-
re anbIHAbl. bapiblk HYCKamapIplH albIHFaH OHIM epIiTiHIIIepi MBIC THIPOMETAILTYP-
TUSUTBIK OHTIPICIHIH TOJBIK TEXHOJIOTHSIIBIK ITUKITiHE YITBIPaIbl. DKCTPAKIIHSI )KOHE KalTa
AKCTPAKIIHS MTPOIECTEPiHIH HOTIKECIH/IE AIIEKTPOIH3/IL JKYPTi3y YIIH KaKETTi canaibIK
rmapaMeTpIIepre TOJIBIK COMKEC KeJIETiH ICKTPOIHUT ePITIHAUIEP] ®Kacaambl. DJIESKTPOIN3
CaTBICHIH/IA JKHHAKTAIFAH JICKTPOIUT epiTiHaiepiner 30,8 T MBIC KaToIKa TYHIBIPHIT-
IIbI, OYJT TOK apKbUThI 94,6 % - Fa TeH dKcTpakius Oepei.

Tyiiin ce3mep: KypaMblHIa MBIC Oap IMIMKi3aT, OMOXUMHUSIIBIK 9JIiC, CINTiNIey,
Acidobacillus Ferrooxidans, Tpuxiopu3onuanyp KbIIIKbUIBI, SKCTPAKIIHS
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AHHoOTanusa. B 1aHHON cTaTbe MpeJCTaBJIEHBl pE3yJbTaThl HCCIENOBAHUN
1o mepepadoTKe OTBAJIbHBIX PYJ MEIHOIO MPOU3BOJCTBA OAHOTO M3 MECTOPOIKACHHUM
Kazaxcrana. Conepxanue Meau B mpoOax pasiUyuHBIX THUIOB MOPOA00Opa30BaHUS H
B3SITHIX U3 pa3HbIX ToueK oTOopa Bapeupyercs ot 0,2 % 10 0,9 %. B cpeanem, no 10xHOM
CTOpOHE OTBaJa coaepxkanue Meau coctaBuiio 0,3 %, a mo ceepHoit — 0,28 %. dazo-
BBII aHANM3 MPOO OTBaJa MOKa3aj, YTO OCHOBHAS Macca MOPOJIbl IPECTaBIeHa KBapLeM,
aIbOMTOM, MYCKOBUTOM M KIMHOXJIOPOM, a B HEKOTOPBIX Y4YacTKax ObLIM OOHAPY>KEHBI
3HAUUTEJbHbIC KOJIMYeCTBAa MajaxuTa U aTakamuta. [loapoOHbBIIl MuUHepanorndeckui
aHaJM3 TAKXKE BBIIBWII HAIWYHME CYAb(QHUIHBIX MUHEPAJOB, TAKUX KaK MUPUT, XaJIbKO-
NUPUT W XalbKO3uH. [ maHHOTO THUHa MecTopokaeHui Haubosee 3(QeKTHBHBIM
METOZIOM TepepaboTKH  SIBISETCS  HMCIOIb30BAHUE  OMOTHMAPOMETAIITYPTUUECKOM
TEXHOJIOTMH Ky4YHOT'0 BBILIEIaYMBaHNA. B paMkax 5KCIIEepUMEHTOB 110 TEPKOJIALIHOHHOMY
BBIIENAYNBAHUIO  OBUTM  PAcCCMOTPEHBI  CIEAYIOIIME BapHaHTBl:  [PUMEHEHHUE
TpuxsopuzouuanypoBoil kucinotsl (TXLK)B kadecTBe XMMHUYECKOTO OKUCIUTENS U
aJanTHPOBaHHON KyJIbTypbl A. ferrooxidans B kauectBe 6nookucnutens. CTangapTHoe
CEpPHOKHCIIOTHOE BBILIEIAUUBAHUE CIY’KWIO KOHTPOJBHBIM BapHaHToM. IIpuMeHenue
TXLIK npuBeso K yBeTUUEHHUIO U3BJIEUEHNS MEU B PACTBOP TOJIBKO B TEUEHUE MEPBBIX 7
LIUKJIOB, TOCJIE 4ero 3ppeKTUBHOCTh XMMUYECKOT0 OKHCIICHUS CHU3MIach. Hanbonpmas
Pe3yAbTaTUBHOCTD HAOIIOAAIACH IIPH MIPEIBAPUTEIEHOM OaKTepHaIbHOM OKHUCICHUH: 3
28 LMKJIOB OPOILIEHHsI B TPOAYKTUBHBIN pacTBOp ObLI0 u3BieueHo 76,08 % menu. [omy-
YEeHHbIE POJYKTUBHBIE PACTBOPBI BCEX BapPUAHTOB MOJIBEPTajICh MOJIHOMY TEXHOJIOIH-
YECKOMY LMKJIy THAPOMETAIITypPTUYeCKOro Mpou3BoJCTBa MeaH. B pesynsrare npouec-
COB 3KCTPAKLUH U PEIKCTPAKLNHU OBbUIN MOJIyYESHBI PACTBOPBI AIEKTPOIUTOB, TOJTHOCTHIO
COOTBETCTBYIOILIME KaueCTBEHHBIM IapaMeTpaM s NpOBEAEHUs siekTponusa. Ha
CTaJUH AJIEKTPOJIN3a U3 ITHUX PAacTBOPOB ObLIO ocaxkaeHo 30,8 T MeaM Ha KaToae, 4To
COOTBETCTBYET U3BJIIEUEHUIO 110 TOKY paBHOMY 94,6 %.

KuroueBbie cjaoBa: MebcoepKaliee CBIpbE, OMOXUMHYECKUI
MeTo,BhilenaunBanne, Acidobacillus Ferrooxidans, TpuxinopuzonnanypoBoii KUCIOTHI,
SKCTPaKIHS

Jannoe uccnedosanue OblLIO NPOBEOCHO NpU  PUHAHCOBOU NOOJEPICKe
Munucmepcmea  Haykuu — evicuieco  obpasosanus  Pecnyonuxu  Kazaxcman @
PAMKAX NPOSPAMMHO-Yee8020 huHancuposanus (epanm BR21882140).

Beenenne

OnHOl M3 KIIOYEBBIX OCOOCHHOCTEW OOJIBIIMHCTBA MEIHBIX MECTOPOXKIACHUI
Kazaxcrana siBIsieTCsSl CHM)KEHHE 3a1acOB BBICOKOKaUYE€CTBEHHOI'O ChIPhsSI M HAKOIIJIEHHE
3HAUNUTENIFHBIX O00BEMOB 3a0aJaHCOBBIX OTBAJOB C HHU3KUM COJEPXKAHUEM MEIu B
npenenax 0,1-0,5 %. Jns nepepaboTku 3a0aaHCOBOTO MEIHOTO ChIPbsI, IPEACTABIICH-
HOT'O NPEUMYILECTBEHHO OKMCICHHON (OpMON MenbCoAepKalluX MUHEPAJIOB, IPHMe-
HSIETCS CTaH/IapTHAs THAPOMETAITYprUYeCKasi TEXHOJIOT U, BKIIIOYAIOIAsi CEPHOKUCIIOT-
HOE€ BBIIIETa4YBaHNE, TOCIIETYIOIIYIO0 )KHKOCTHYIO SKCTPAKIUIO U AJIEKTPOIH3.

OpHako, TOMUMO 320aJTaHCOBBIX Py M OTBAJIOB C IBHO BEIPAKEHHOM CyIb(PHIHOMN
WIN OKHUCIEHHOH (OpMOH Mean B MHHEpajax, CYLIECTBYIOT MHOTOYHCIICHHbIE
MECTOPOXAEHUSI CO CJIOKHBIM MMHEPAJIOTHYECKMM COCTaBOM. B Takux ciyuvasx,
HECMOTpSI Ha NpeodiiafaHue OKUCICHHOW (OPMBI MEIH, B COCTaBE MECTOPOXKACHHUM
TaK)X€ BCTPEYAIOTCS 3HAYUTEIbHBIC MPHUMECH CYIb(QHUIHBIX M HKEIE30COACPIKALINX
MHUHEPAJIOB, TAKUX KaK MUPUT U apCEHONMUPUT. XOTsI OKHUCICHHBIE (POPMBI MEIHU JIETKO
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PAcCTBOPSIIOTCS TP CEPHOKHCIIOTHOM  BBIIIETIAYNBAHUM, TIPUCYTCTBHE CyIb(UIO0B
IBYXBAJCHTHOTO JKeje3a W APYTUX DIIEMEHTOB 3HAYMTENFHO YBEIWYMBAET PAacXo]l
CEPHOM KUCIIOTHI B TIPOIIECCe THAPOMETAITYPTUYECKON repepaboTKu. JlOmoITHUTETBHO,
MUHEPAJBI C PA3INYHBIMU KOMOMHAIIMAMH JKele3a, Kalblns, KapOOHATOB M CHIIMKATOB
(Hammpumep, TPEMOJIUT, KIIMHOXJIOP, KAJIBIIUT) TAK)Ke MOTYT OKa3bIBaTh HETAaTHBHOE BIIH-
STHUE Ha MPOIIECC BhIIIEIauMBaAHNS CEPHOU KUCIOTOMH.

CoBpeMeHHBIE TEXHOJOTWM KYYHOTO BBINIENaYUBaHUS W JKAIKOCTHOM
IKCTPAKIIMHA MEAN AETAIbHO HCCIIeIOBaHbl KAk OTEYECTBEHHBIMH, TaK U 3apyOEKHBIMU
yuenbimu (Koizhanova et al., 2023: 54; Nyamdelger et al., 2023: 26). Baxxubim actiek-
TOM TEKYIIUX MCCIIeIOBAHUN SBIISETCS IPUMEHEeHHEe OaKTepuid Ui MOoBBIIeHHs d(dex-
TUBHOCTH M3BJI€UeHHS Menu u3 pya. lIporecc, n3BecTHBIN Kak «OaKTepHalbHOE BBIIIE-
JIAaYUBaHUE», TPEJICTABISIET OO0 YCUIIEHHOE BHINIEIaYMBAHAE METAIJIOB C MOMOIIBIO
MHKPOOOB.

DKOHOMHYECKHE MPEeNMYIIecTBa OaKTepuaTbHOTO BBIIIIETaYNBaAHUS
MTOITBEPIKICHB MHOTOYMCIIEHHBIMU HccleoBanusaMu. [IpenBapurensHas OnoodpaboTka
OKHCIIEHHBIX DY JAEMOHCTPUPYET 3HAUUTEIHHOE YBEINYCHHE IPOIIEHTA W3BIICUYCHUS
menun. MccrmenoBaHus TOKa3and, 4UYTO aganTands OakTepuil Tepea  MpOIeccoM
OWMOBBIIIETAYNBaHI CYIIIECTBEHHO TOBHITIAET eT0 d(Hh(HEeKTUBHOCTD.

Oco0yro poitb B 3THX Iporieccax urparot bakrepuu Thiobacillus ferrooxidans, xo-
TOpBIE YYACTBYIOT B BBIIIENIAYNBAHUH CYITb(PHUIHBIX py/Il. B X0/1€ OMOTe0TeXHOIOTUYECKOTO
mporiecca 3T OaKTepUH TIPEBPANIAIOT HEPacTBOPUMBIE CYIb(GUIAB METAUIOB B
pactBopumsble cynbdatsl. Thiobacillus ferrooxidans okucistoT Bce CynbpuIbI METAIIIOB
Y TIOJTY9af0T YTIIePO], HEOOXOAMMBIH JUIA MX POCTa, U3 YTIEKUCIIOro Ta3a. ITH 0aKTepun
pasBuBatorcs B kuciou cpeae ¢ pH ot 1,0 no 4,8 u remneparype ot 3 no 40 °C, npu
onTuMaNbHEIX yeiaoBusax pH 2—3 u remmnieparype 28 °C. TuoHOBBIE OaKkTepHH BCTPEIAIOTCS
B BOJI0O€Max, IOYBE M MECTOPOXKIEHHSIX CEPHBIX W CYNb(PHUIHBIX PYH, MPOSABISS CBOIO
AKTUBHOCTD B TIPUCYTCTBUU KHCIOPOAA.

B mpomecce  OMOTEOTEXHOJOTHMYECKOTO  BBINIETAYWBAHUS  METAJUIOB
OCYIIECTBJISIETCA OpOIIEHHE pPYIHOTO Marephaja WM TEXHOTCHHBIX OTXOOB,
coJiepKaIuX CyJIb(HUIBI METAJUIOB, PACTBOPAMH CEPHOM KHCIOTHI W COJISIMH JKelle3a,
a TaKKe BBOJATCS J>KM3HECIOCOOHBIE THOHOBBIE Oakrepmu. s WHTeHCH(UKAAN
0aKTepuaNbHOTO BHIIIETAYUBAHUS HCIOJIB3YETCS KHUCIOpOA Bo3ayxa. B pesyribrare
(unpTpanM  pacTBOpa Uepe3 MaTepuall, COACpKAIMA CyIb(QHUAbBl METAIOB,
MIPOUCXOANT TEPEXOJI METAJUIOB B PacCTBOPUMOE COCTOsiHME. Takum oOpa3om, KydHOe
BBIIIICIAYNBAHNC TIPEACTABIIICT CO00H A((HEKTHBHBIA METOH IMepepabOoTKH OKCHIHBIX
MEIHBIX 3a0aJaHCOBBIX pya MecTopoxkaeHnid PecnyOmmkm Kaszaxcran, mapamerpsl
KOTOPOTO OTPEAETSIOTCS OJKCIEPHUMEHTAIBHO B 3aBHUCHMOCTH OT XHMHYECKOTO U
(hazoBOTO COCTABOB PY.

OrtedecTBEHHAs 1 MAPOBas MPAKTHKA JIEMOHCTPUPYIOT YCIIEITHOE MTPUMEHEHUE
OaKkTepuaNbHBIX KyJIbTYp B KadecTBe okucisromero pearenra (Wohlgemuth 2014: 7;
Golian et al., 2023: 150). OCHOBHBIMH TTPEUMYIIIECTBAMHU OAKTEPHAILHOTO OKWCICHUS
SIBIIAIOTCA  BBICOKas A((EKTUBHOCTh MPeoO0pa3oBaHUs JBYXBAJICHTHOTO >JKele3a B
TPEXBAJIEHTHOE U DKOHOMHYHOCTh JAHHOUW TEXHOJIOTHU.

[Ipu pa3paboTke TeXHONIOTHH OWOBBIIIEIAYMBAHNAS HEOOXOIUMO YUYHUTHIBATH
pPE3KO-KOHTHUHEHTAIbHBIN  KiIMMaT MectopoxkaeHuit Kazaxcrana. XoTsi JgaHHas
TEXHOJIOTUs UPOKOo ucnoib3yercsa B FOAP, ABctpaiuu u ctpanax JIaTuHckoil AMEpUKH,
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MTOKa3aTebHBIM ABJIseTCS puMep huHCKol koMmanun Talvivaara. B 2009-2010 rogax,
BHEJPUB OMOXMMHUYECKYIO TEXHOJOTHIO Ha MECTOPOXIeHWH KOIMHUCOIH, KOMITaHUS
noOniachk yBEeTHMYEHHUS MPOU3BOACTBA B 2,7 paza Jake B YCIOBHSIX CEBEPHBIX IIHUPOT
(Tezyapar Kara et al., 2023: 3350; Cho et al., 2023: 5997; Akhmetov et al., 2022: 549; Li
etal., 2021: 178; Seitkamal et al., 2020: 972; Foroutan et al., 2021: 8).

Marepuaiibl 1 METObI

OOBEKTOM HCCIIEIOBAHUS SIBISAETCS OTBAJbHAS pyla METHOTO IPOM3BOJICTBA
omHOTO M3 MectopoknaeHui Kaszaxcrana. Llemb paboThl 3akimrouaeTcss B pa3paboTke
YHUKAIBHON TEXHOIIOTHUH MepepaboTKH OTBAJIOB, COJIEPIKAIINX OKUCIIEHHBIE MHUHEPAITBI
MEJH, TEePEeKPHIThIE 3HAYUTEIHHBIMH BKIIOUCHUSAMH CYJIb(QHUIHBIX MHHEpPAIOB U
JKeIle30-KaIbIIMEBhIX CHIIMKATOB. Vcronmb30oBaHue OaKkTepHil B KauecTBEe KaTaln3aTropa
OKHCIIUTENBHBIX TIPOIIECCOB TO3BOJHMT 3HAYUTEIHHO TIOBBICHTH CTETIEHb HW3BIICUYCHUS
MeJH B IPOAYKTUBHEIN pacTBOP.

OKCIIEpUMEHTHl TI0 TEPKOJSIMOHHOMY  BBIIIEIAYHBAHAIO  TPEATIONAraroT
nmabopaTopHOE MOIETUPOBAHNE TIPOIIECCOB KYYHOTO BBIIIETaunBaHus. bbbt 0TOOpaHBI
pa3iuyHBIe TEXHOJIOTHYECKHE IPOOBI, TPEACTABISIONINE pa3INdHbIe COCTAaBHBIC
(¢parMeHTHl OTBaNa: MOpPOJa CO 3HAYUTENHPHBIMHA BKIIOYCHHSIMH MallaxuTa; Tpooa,
MIpeJICTaBIEHHAs B OCHOBHOM KOHTJIOMEPATOM; TIp00a, MpeICTaBIeHHAs aJIEBPOIIUTOM; U
mpo0a Mmecyanrka, COCPeIOTOYeHHAsI B OCHOBHOM Yy OCHOBAHHS OTBAJIA.

DKcnepumenmanvHasn wacmeo

Ilepen Ha"a10M IEPKOISIIIMOHHOTO BBIIIEIAYMBAHIS OBIITH OTIPE/IeIIEHBI 0a30BbIE
rapaMeTphl Mporecca: KOHIIEHTPANNs CEPHON KUCIOTHI B BBIIIENAYNBAONIEM PACTBOPE
— 2,5 %, utotHOCTH Opomienus — 10 i/m? B yac. Taxke mepes; OCHOBHBIM OpPOIIIEHUEM
CEpHOH KHCIIOTOW TPOU3BOIMIIOCH BIIATOHACHIIICHWE MPOOBI U pacdeT BIIATOEMKOCTH.
[Tommaap opoIeHns BeIUUCsieTest o Gopmyste: S = tR% 3Has miomaab opormaeMoin
MTOBEPXHOCTH U 33J[aHHYIO TUIOTHOCTH OPOIIEHHS B JI/M? B 4acC, pAaCCUUTHIBAETCS HEOOXO-
IIMMBIH 00BbEM pacTBOpa.

3arpy3ka Tpo® pymHOTO MaTepualia B MEPKOISATOPHl OCYIIECTBISIACH B
CJIEAYIOLIUX MAaCCOBBIX COOTHOLICHUSIX: MaJIaxuT — 5 %, koHromepat — 30 %, aneBpoauT
—40 %, necuanuk — 25 %. Bce nopofpl, 3a UCKIIOUEHUEM I€CUYaHUKA, IPEABAPUTEIILHO
MepeMEIINBAINCH U ycpenHsuiuch. 10 % mnecuaHuka 3arpyKajloch Ha JTHO IEPKOJISATOpa
JUIS AMUTALMM OCHOBAHMSI OTBaJIa, a ocTaBuMecs 15 % paBHOMEpPHO NepeMelnBAINChH
¢ octanmpHOU pyaHOH Maccoil. [IpoOsr kaxmoro obpasiia MOPOABI W CMEMIaHHAS PY-
Hasi Macca JUIsl 3arpy3Kd MPeIBapUTEIhHO TOIBEPTaINCh PEHTTEHO(ITYOPECIICHTHOMY
ananmsy. [lo pesynbpraram aHanmsa, IpefCTaBIeHHBIM B Tabmnuie 1, ObTH OmpeaeneHb!
COCTaBbI KaXJIOTO OTIEIHHOTO 00pasila W CMENIAHHON yCpeTHEHHOW MpOoOBI, a TaKxke
MIPOBEJICHBI PacueThl TEOPETHIECKOTO COCTaBa CMEMIAaHHOW MPOOBI B 3aBUCHMOCTH OT
MacCCOBBIX COOTHOIIEHH 00pa3IoB.
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Tabmuma 1 — DneMeHTHBIN cocTaB 00pa3IoB MPOO OTBaa U CMEIIAHHOW POOBI 00PA3IOB C 3aTaHHBIMHI

MaCCOBBIMH COOTHOIICHUAMU, %

HanmeHoBaHHE KOMIIOHEHTOB, % IMoka3zarenu cMeIIaHHbIX TIPO0, %
never Manaxut | Konrnomepar | Anesponut | Ilecuanuk | daktuueckoe | Teopetnueckoe
(0] 53,64 50,979 54,209 52,471 50,339 52,777
Na 1,119 1,318 1,802 1,079 1,567 1,4419
Mg 1,246 0,642 1,368 1,331 1,103 1,13485
Al 5,806 3,485 6,789 6,975 4,867 5,79515
Si 22,022 27,846 27,843 25,795 25,708 27,041
P 0,054 0,048 0,062 0,068 0,053 0,0589
S 0,269 0,031 0,116 0,026 0,479 0,07565
Cl 0,012 0,015 0,013 0,015 0,026 0,01405
K 1,147 0,579 1,199 1,662 0,834 1,126
Ca 5,953 5,162 0,855 2,12 3,044 2,718
Ti 0,435 0,239 0,476 0,522 0,312 0,414
\Y% 0,006 0,006 0,007 0,01 0 0,0074

Mn 0,178 0,132 0,066 0,163 0,123 0,116
Fe 2,921 1,38 2,676 3,797 2,289 2,579
Cu 0,448 0,103 0,178 0,028 0,15 0,1315
Zn 0,014 0,007 0,013 0,015 0,024 0,0117
Rb 0,009 0,003 0,007 0,012 0,005 0,00715
Sr 0,011 0,007 0,007 0,014 0,01 0,00895
Zr 0,01 0,006 0,011 0,013 0,01 0,00995
Ba 0 0 0,1 0 0,416 0,04
Pb 0,006 0 0 0,016 0,01 0,0043

OO06pa3iiel TPo0, B3ATHIC U3 PA3IMYHBIX TOYCK 0TOOpA, OBLUTH M3yUeHBI METOJIOM
MUHEPAJOTHYECKOTO aHaJM3a B OTPAXEHHOM CBETE C WCIOJIH30BAHMEM MHKPOCKOIIA
OLIMPUS-BX 51. OcHOBHYIO 9acTh P00 COCTABISIIOT HEPYIHBIC MHHEPAJBI, CPEIU
KOTOPBIX OTYETJIMBO BUJIHBI OUYEHb MEJIKKE 3epHa nupurta pazmepom ot 0,01 1o 0,05 mm.
3epHa MUpPHUTA BCTpEUAOTCS Kak B CBOOOAHON (opMme, Tak M B CPOCTKAX C HEPYMTHOU
Maccol, mpuYeM MENKWH Cymb(QUIHBI MaTepual COXpaHSIeT CBOW XapaKTEpHBIC
00JJOMOYHBIE ¥ HEMIPaBHIIbHBIE (OpPMBL. ETUHIYHBIE 3epHA XaTbKOIMPUTA, PA3MEPOM 0
0,02 MM, Takke ObuTH OOHApYXKEHBI. M300paxeHuss cynbPUAHBIX (ParMEHTOB TPOOBI
MIpe/ICTaBJICHbI Ha pUCYHKE 1.
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a) - MUPUT B CPOCTKE HEPYAHOM Macchl; 0) - CBOOOAHBIC 3epHA TUPUTA; B) - OUCHb MEJIKUE 3epHA MUPHUTA;
T) - 3epHa XAIbKOUPUTA

Pucynox 1 — ®ortorpadun MHHEPATOTHIECKOT0 aHanu3a npoos! npu yBeaudenuu B 400 pa3

ITocre ompeneneHust 3JIEMEHTHOTO COCTaBa MPOO METHOTO OTBaja, OCHOBHBIE
(a3oBbIC KOMITOHCHTHI OBLIM BBISIBICHBI C IIOMOIIBIO PEHTTeHO(A30BOTO aHAIH3a,
npoBefieHHOTO Ha audpakromerpe D8 Advance (BRUKER) ¢ ncronszoBanmeM u3iy-
yeHnst Cu — Ko. Pesynsrars! aToro ananmsa npeacrasieHsl B Tabmunax 2 u 3. CorntacHo
MTOJTyYeHHBIM JaHHBIM, OCHOBHAs Macca MopoA000pa3yIolero Marepraia B Ipodax Kak
13 CEBEPHOM, TaK U U3 FO’KHOM YaCTH 0TBaJa, COCTOUT U3 KBapLa. B 3HaUNTEIbHBIX KOIH-
YECTBaX TaKXKe MPHUCYTCTBYIOT aJbOUT, KAIBIUT, KIIMHOXJIOP H MyCKOBHT.

Tabmuna 2 — Pe3ynbpTatsl (pa3oBOro cocraBa CEBEpPHON CTOPOHBI OTBAIA

Coneprxanue B o0pasmax,
Ha3zanue %
KOMIIOHEHTa Dopmyna Touka | Touka | Touka
1 2 3
Kaapig SiO, 61,5 42,6 63,1
Anpout Na(AlSi,0,) 18,1 32,5 24,7
Kanbuunt/xkapooHar
KaJIbIUS CaCO3 12,2 - 4.4
MyckoBHT H,KALSi,O,, 4,9 5,2 3,7
Kiunoxnop (Mg,Fe),(Si,Al),O, (OH), 33 - 4,1
ATakamMuT Cu,CI(OH), - 10,1 -
T'uapocynedar
Kanust K,H(SO,), - 5,5 -
I'mppar cynsdura
cepbl Kanus K,(5,(80,),)(H,0), , - 4,2 -
I'ematur Fe,O,
Tenapaut NaZSO . - - -
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Ta6mmma 3 — Pe3ynpTats! (ha30BOro cocTaBa I0XKHON CTOPOHBI OTBANA

Coneprkanue B o0pasiax,
Haszpanue %
KOMIIOHEHTa ®dopmyna Touka | Touka
Touxka 1 2 3
Ksapn SiO, 73,9 74,3 64,7
Ansout NaAl , Si,0, 10,2 11,7 14,8
Mamaxur Cu,(OH),CO, 9,1 - -
Kimunoxnop (Mg,Fe),(Si,Al),0, (OH), 4,0 6,7 6,1
MyckoBur H K (AlFe)SiO,, 2,7 3.4 5,5
Kanpuut/kapboHar
KaJIbIUs CaCO3 3,8 8,8

OO0cyx/1eHne pe3ynbTaToB

B utore cMmemmanHas pyaa MEIHOTO OTBaIa ObLIa 3arpy>KeHa B TPH MEPKOIIATOpA
JUTS TIPOBEJICHHUS TPEX BapUAHTOB MEPKOJSAIMOHHOTO BhIMIENadyuBaHus (PUCYHOK 2): 1)
CTaHJIAPTHOE CEPHOKHCIOTHOE BBIMIEIIAYMBAHNE O€3 JOTIOJHUTEIHHOTO OKHCIEHHUS; 2)
BBIIIIETIAYMBAHUE C [TPEIBAPUTEIHHBIM OAKTepHATEHBIM OKHUCIICHNEM; 3 ) BBIIIEIAYMBAHIE
C TPEeABAPUTENHHBIM XUMHUYECKHUM OKHCIeHHEM. OKHCICHHEe MHHEPAIBHOTO CHIPhS
MIPOBOAMIIOCH HA CTAUH BiaroHackimeHus. [ mepkonsTtopa ¢ GaKTepruaabHBIM OKHC-
JieHreM OBLT NCTIONIB30BaH PACcCTBOP C KylIbTypoid A. ferrooxidans B muTaTenbHOM cpee,
aJaNTUPOBAHHOW K COEAMHEHUSM MeIu. B mepKoisITope ¢ XMMHYECKAM OKHUCICHHEM
npumenstics 0,5 % pactBop TpuxnopuzonuanypoBoit kucioTs! (TXLK). B nepkonsrope
0e3 MmpeIBapuTEeNTFHOTO OKUCIICHHS IS BJIarOHACKIIEHUS HCIONIb30Baics ciadbii 0,5 %
pacTBOp CEpHOM KUCIIOTHI.

Brnaronaceimienne Bo Bcex Tpex BapuaHtax cocraBmwio 10 %. Ilocme
BIIarOHACHIIICHNS 1 OKUCIUTEIHHON 00pa0O0TKH OBLI 3aITyIIIEH IPOIIECC BHIIIEIaYNBAHMS.
[lomaga pacTBOpa CepHOM KHCIOTHI C KOHIIGHTpamued 25 T/I OCyIIecTBISIIach
MEPUCTATFTUYECKUMI HAcOCaMH, B COOTBETCTBHH C 3aJaHHON 0a30BOH IIOTHOCTHIO
opormeanst — 10 1/M? B wac. OObeMBI OOOPOTHBIX PACTBOPOB COCTABIBUIA 2 JIHUTPA.
[Tocre mpoxokeHUsT pacTBOpa 4epe3 PYIHBIH MaTepual B MEPKOJIATOPE M3MEpSUICS
00BEM TIOJly9aeMBIX TPOIYKTHBHBIX PACTBOPOB, AaHAJIM3UPOBAIHNCH OCTATOYHOE
coJiepKaHNe CepHON KHCIOTH M KOHIIEHTpanus HOHOB MeAn. [ [poayKTuBHbBIE pacTBOPHI
TOYKPETUTSUTACH 10 KOHIIEHTPAIWU CEPHOM KHUCIOTHI 25 T/7 U JOBOAMIIUCH 10 00bema 2
JIUTPA, TOCIIE YETO NCTIOIB30BAIMCH B HOBOM OOOPOTHOM ITHKJIE BHIIIEITaYNBaAHUS.

e

B Yt e

PuCyHOK 2— 3any)KeHHLIe TEPKOJIATOPLI U1 TPEX BAPpHUAHTOB BbILICIaYMBaAHUSA
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IlepBoe SKCTpakIMOHHOE W3BJICUEHHE MEINW W3 TPOJYKTHUBHBIX DPACTBOPOB
OBUTO TIpoM3BeneHO Tocie 17 MUKIIOB BhIIeNaYnBaHnsi. K ToMy MOMEHTY B pacTBopax
HaKOITMJIUCH JOCTATOYHO BBICOKWE KOHIIeHTpamuu meaw (> 3 r/m). [locie akcTpakiun
MIPOIIECC BBINIETAUYNBAHUS TIPOJIOJDKAIICSA C HCIIONB30BaHUEM paduHaTa, MOITYYeHHO-
TO B pe3ylbTare W3BIEUEHHUS MeIUd OPraHWYeCKUM DPACTBOPUTENIEM W3 MPOAYKTHBHO-
ro pactBopa. [locmemyromas sKkcTpakiys Oblla TPOBEIECHA HA 3aBEpIIAIONIEM ATa-
Me TEPKOJIAIMOHHOTO BBIIIENAYMBAHASA TOCTe 28 MWKIOB pPacTBOPOB. Pe3ynmbTaTsl
MIEPKOJISAIIMOHHOTO BBIMIEIAYMBAHAA M JUHAMUKA W3BJICUEHUS MEIN B MPOIyKTHUBHBIN
pacTBOp, Kak CTaHJAPTHBIMH, TaK M OKHUCIHTEIHHBIMH METOJAaM{ BHIIIETadYUBaAHUS,
TIPEJICTaBJICHBI B TAOMHUIlEe 4 ¥ HA PUCYHKE 3.

ECu g . IRCTPAKIAR IRCTPAKTHA
05

-
70 -

G0 4 /
: !‘ ....A,'_’“"_,.n
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MET OPOIIEHIE

&3 OKHCTERns — AFerrooxidans ~ serees TKIK
Pucynox 3- lunaMuKa U3BJICYEHUSI B IIPOYKTUBHBII pacTBOp

W3 nanHbIX Tabauiel ¥ rpaduKa BUAHO, YTO HAa HAYAIbHOM dTalle BhIIICTaunBaHMU,
B TMepBbIe 7 LUKIOB OPOIIEHHs, U3BJICYCHNE MEIN ObLIO MPUMEPHO HAa OJHOM YPOBHE
JUTSL BCEX BapUaHTOB. 3aTEM B MEPKOJISATOPE ¢ XUMUYECKUM OKUCIICHHEM HaOJI0AaI0Ch
yYBEJIMYEHHE U3BJIEKAEMOM MeIU B PacTBOP, KOTOPOE MPOJ0JIKAIOCH HECKOIBKO JTHEH.
OpnHako, 3 PEKT XUMHUUYECKOTO OKHCIICHUS TIOCTEIIEHHO CHUKAJICS, TOT/1a KaK B BAPHAHTE
¢ 0akTepuaIbHBIM OKHUCJIEHUEM (DUKCUPOBAJICS YCTOMUUBBIA POCT M3BJICUCHUSI MEIHU B
pactBop. [Ipu nocTrkeHNH KOHICHTPAMid MEAH B pacTBOpax B Iuanazone 3—4 r/i uH-
TEHCHBHOCTb M3BJICUCHHSI B 00OPOTHBIE TPOIYKTUBHBIE PACTBOPHI BDEMEHHO CHU3MIIACH.

st BocCTaHOBIEHHS AMHAMHUKH H3BJICUCHHMs Menu Obla MpoBeAeHa cepus
OKCIIEPUMEHTOB TIO0 OJKCTPAKIMH M PE-DKCTPAKIMU, YTO TI03BOJIMIIO IEPEMECTUTh
YacTh PACTBOPEHHOH MeIH M3 MPOAYKTHBHBIX PACTBOPOB B JIEKTPOJMTHI C TIOMOLIBIO
opraHuueckor (a3zpl. DKCTPAKLUS MPOU3BOAMIACH C MCHOJIB30BAHHEM CEJICKTHBHOTO
K Menu skerparenta Lix 984, pactBopennoro B koHueHtpauuu 10 % B opraHndeckom
pactBopurene Escaid. CooTHoIIeHHE BOTHON M OpraHMUYecKol a3 Ha CTaJuK DKCTpaK-
uuu cocrasisio B:O = 1:1, a Ha ctaguu pe-skctpakuuu — B:O = 3:5. Pa3nenenue u
orcTanBaHue (a3 OCYIIECTBISUIOCH B ACTUTENBHBIX BOPOHKAX (PUCYHOK 4).
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a) pa3/jeseHne BOAHOM M OPraHUYecKoil (a3 B AENUTEIbHBIX BOPOHKAX: 1— 3KCTpaKuus, 2 — pe-3KCTPaKINS;
0) U3MeHEeHHe 1IBeTa MPOTYKTUBHOIO pacTBOpa.

Pucynox 4 — Ilponiecchbl SKCTPAKIMU U pe-3KCTPAKLUHU, OTCTAUBAaHUE U Pa3/ieleHne
B BOPOHKax

Ha mepBom sTane sKcTpakmuu B 3JEKTPOIHAT OBUTO mepeBeaeHo 57,45 % memun
M3 pacTBOpa CTaHIAPTHOTO CEPHOKHCIOTHOTO BBIIIeNadnBanusd, 66,79 % u3 pactBopa
¢ OaxkTepuanbHBIM OkucieHneM u 69,02 % u3 pacTBOpa ¢ UCTIONH30BAHUEM OKHCIUTENS
TXIK. [TomrMO TOTO, UTO YaCTh MEIH OCTACTCSI B 000POTHOM paduHaTE, HEKOTOPOE KO-
JIUYECTBO TaKXKe OCTAETCs B OpraHMYecKoi (pasze, TaK Kak MCIIOIb30BAHHIE CBEKETIPUTO-
TOBJIEHHBIX PACTBOPOB OPTaHWYECKOH (ha3bl MpeanogaracT OJHOKPATHBIE TTOTEPH MEIH.
OTH oTepu 00YCIOBICHBI TEM, YTO OpraHndeckas ga3a PUKCHpyeT HEKOTOPOE KOIHYe-
CTBO MeJIH, KOTOPOE HE ymajseTcs AaKe B Mporiecce MpoMbIBKH. OHAKO JalbHEHIIIETO
HaKOIJICHHUS MENIM B OpTraHIYeCcKor (a3e He MPOUCXOIUT — €€ KOIUIECTBO MOCTe TOTHON
pe-dKCTpaKITiy 0OBIIHO ocTaeTcs Ha yposHe 0,2-0,5 /7.

Ha BTOpOI#1 cTamum sKCTpakny B 3IEKTPOIUT ObUTO TiepeBeneHo 84,04 % memun
P CTaHJAPTHOM CEPHOKHCIOTHOM BapuaHTe, 84,4 % mpu OakTeprarbHOM OKHACICHUN
n 78,06 % mpu xummaeckom oxucieHnn TXIIK. Pacder skcTpakIIMOHHBIX TOKazaTe-
JIel A KaXI0TO BapuaHTa TONYYeHHUs MPOAYKTUBHOTO PAacTBOpa IpHBEIEH B TaOIH-
e 5. Konnentparus Mean B MOMYYEHHBIX DJIEKTPOINTaX COOTBETCTBOBANA TPEOyeMbIM
mapametpam (He meHee 30 r/1 u He 6omee 60 1/11). Bee momydeHHBIC AIMEKTPOHUTH HC-
MTOJTE30BANIACH HA CIEAYIONIEH TEXHOIOTHIECKOH CTaINH — AIIEKTPOOCAKICHIH MEIH B
AJIEKTPOIN3HOM BanHe. Crjla ToKa cocTaBisuia 2,5 A.
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Tanuma 5 — bananc Menu B Iporiecce SKCTPAKIUAU H Pe-3CTPaKIHH

[Tapamerpsl pacTBOpOB
bes oxucnenus, H,SO, A Ferrooxidans + H,SO, TXIK + H,SO,
HayuMeHOBAHIIE 25 r/n 25 r/n 25 r/n
MIPOIyKTOB V, vV, Cu, V,
Cu,r/n | n % Cu, r/n 1 % /71 b %
Oxcrpakuus 1
PLS 4,36 | 2,0 | 100,00 4,77 2,0 | 100,00 3,26 | 2,0 | 100,00
Raf 1,35 | 2,0 31,0 1,09 2,0 22,9 0,52 | 2,0 | 16,0
Opranuka 2,02 | 0,5 11,6 1,976 0,5 10,4 1,96 | 0,5 15,0
DNeKTpoIUT 16,7 | 0,3 | 57,45 21,24 0,3 66,79 15,0 | 0,3 | 69,02
Cu u3 obopoTa, T 6,02 7,36 5,48
DKcTpakuus 2
PLS 4,45 | 2,0 | 100,00 5,45 2,0 | 100,00 3,6 | 2,0 100,00
Raf 0,6 2,0 13,5 0,8 2,0 14,7 0,7 (20| 194
Opranuka 0,44 | 0,5 2,5 0,2 0,5 0,9 0,36 | 0,5 2,5
DIeKTPONUT 45,0 |03 | 84,04 55,2 0,3 84,40 37,0 | 0,3 | 78,06
Cu u3 obopoTa, T 13,72 16,66 11,28

JIist  ocakJeHUsI MCIOJB30BAJICS MEJHBIM KaToJ C UW3HAYaJIbHOW Maccou
94,2 T, a B KauecTBe AaHOJOB CIY>KUJIU HEPACTBOPUMBIC CBUHIIOBBIC IUIACTHHKHU.
DIEKTPOXUMUYECCKUI SKBUBAICHT Meu coctaBisier A=0,329 mr/A-cek. [Ipouecc amek-
Tponuza anwics 11 gacoB. TeopeTuueckuil BHIXO METaIa IPU SJIEKTPOIU3E BHIYUCIIS-
ercs o opmyie:

G=A1-t, (1)

rae G — KOJIMYEeCTBO BBIJICIEHHOr0 BEIECTBA; | — Cuita 3JIeKTpUUYECKOro ToKa; A,
t — Bpems, CeK.

[loncTaBuB 3HAYEHMS:
G=0,329 mr/A-cex - 2,5A - 11 - 60 - 60=32 571 mr=32,571r.  (2)
[lo 3aBepiieHHIO Tpolecca 3NEKTpPoIM3a Macca Karoga cocraBuina 125 r
(pucynok 15). Takum oOpa3zom, Ha karozae Obuto ocaxnaeHo 30,8 r menu. M3BneueHue

MEIHU COCTABJIACT!

E. =G e/ Gy, " 100 % =30,8/32,571 - 100 % = 94,6 %.

Cu TIPaKT. €O
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3akir0ueHue

Takum o0pa3om, ObIT U3yYeH BEHIECTBEHHBI COCTaB MEIHOTO MHHEPAIBHOTO
CBIPBSl M TIPOM3BeNeH 0TOOp mpod oTBasa. OCHOBHAsE Macca PyIHOW MOPOJBI OTBaja
MIpe/ICTaBIeHa KOHTJIOMEpaTaMH, aJleBPOJIMTOM U TecyaHnkoM. Cpeaw MemHBIX
MUHEPAJIOB HAOIIOAAIOTCS 3aJeKH MajaxuTa, XaJbKomupuTa M atakamuta. Comeprxa-
HHE MEIW B IpodaxX pa3IuIHOrO MOpOm0o0pa30BaHUs, B3IATHIX M3 Pa3HBIX TOYEK O0TOO-
pa, Bapeupyercs ot 0,2 10 0,9 %. B cpennem, 1o 10:KHON CTOPOHE OTBaja CONEPIKAHUE
memu coctaBuio 0,3 %, mo ceBepHoit — 0,28 %. Da30BeI aHaMM3 MPOO OTBajIa TOKa-
3all, YTO OCHOBHAsI Macca TMOPOJbI MpeACTaBIeHa KBapIleM, aabOUTOM, MyCKOBUTOM U
KIIMHOXJIOPOM, a TaK)Ke 3HAYUTEIHHBIMU KOJMYECTBAMHU MajlaXvTa W aTaKaMHTa B psijie
y4acTkoB. [logpoOHBI MIHHEPATIOTHYECKHI aHAIN3 BBISBIJI, YTO TIOMUMO OKHCIIEHHBIX
(hopM MHHEpaNOB, TPUCYTCTBYIOT TakXke (parMeHThl CyIb(OUIHBIX MHHEPAITBHBIX
00pa30BaHUM, TAKUX KaK MUPUT, XATHKOIUPHUT U XaJIbKO3UH.

UccrnenoBanns xuMudeckoro, ¢$a3oBOr0 W MHHEPAIOTHYECKOTO COCTaBOB
MebCOEPIKAIIETO ChIphs OTBaja MOKa3ald HEOAHOPOAHOCTh W MHOTooOpaszme (hopm
3aJieraHusl MeAW W JAPYTUX TPHUMECHBIX JJIEMEHTOB. B paMkax MepKOJISIHOHHOTO
BBIIIIEIAYUBAHIS OBLTH PACCMOTPEHBI TP BAPHAHTA: TPUMEHEHHUE TPUXIIOPU30IIHaHy POBOH
kucnothl (TXLK) B kauecTBe XMMUYECKOTO OKHCIUTENS, AalTHPOBAHHON KYJIBTYPHI A.
ferrooxidans B kauecTBe OMOOKHUCIIUTENS, M CTAHIAPTHOE CEPHOKHCIIOTHOE BEIIIEIIAUN-
BaHME B KaueCTBE KOHTpoJibHOro BapuaHTta. [lpumenenne TXIIK nokasano yBenuueHue
W3BIICUEHUS MEH B PACTBOP TOJIBKO B TEUCHHUE MTEPBHIX 7 IIUKIIOB, TTOCIIE YeTO YPPEKTHB-
HOCTh XUMHUYECKOTO OKHCIICHHS CHIU3WIIACh, U 32 28 IIMKIIOB BHIIIEIaYMBAHAS IIOKA3aTENh
u3BieyeHus: coctaBui 52,83 %. CraHaapTHOE CEPHOKUCIOTHOE BBIIIEIAUMBAHUE 34 TOT
JKe TIepUO MPUBENO K m3BnedeHuto 62,17 % menn. Haubompmas s¢dexruBHOCTS Ha-
OJromaliach MU MPEIBAPUTEIIBHOM OaKTEPHAIEHOM OKUCIICHHH, T/ 3a 28 MUKIOB OBLIO
u3Bie4YeHo 76,08 % menu B MpOAYKTHUBHBIA PacTBOP.

Bce npoayKkTHBHBIE PACTBOPHI ITOBEPTAINCE TOJTHOMY TEXHOJIOTHIECKOMY ITHKITY
THIPOMETAITYPTUYECKOT0 MTPOM3BOJCTBA MeIU. B pe3ynprare mpoIrieccoB IKCTPaKIUN
W PEe-DKCTPAaKIWW OBUIM TIOJYYeHBI PACTBOPBHI AJIEKTPOJIUTOB, COOTBETCTBYIOIINE
KaueCTBEHHBIM IapaMeTpaM JUId MPOBeIeHus AeKTposn3a. Ha cragum anektpoimsa u3
9THX PacTBOPOB ObLTO ocaxkaeHo 30,8 T Mean Ha KaToe, YTO a0 U3BJIeUeHHE 10 TOKY,
paBHoe 94,6 %.

B xoxe »sKkcrieprMeHTOB OBIIM YCTAHOBJICHBI ONTHMAJbHBIE YCIOBUS IS
HapamBaHus OakTepuanbHON KynbTypbl A. ferrooxidans, aganTupoBaHHON K XUMHYe-
CKOMY COCTaBY MEIbCOJIEPIKAIer0 MUHEPAILHOTO CHIPBS. bUTO ompeseneHo, 4To A
6omee 2 HEeKTHBHOTO OAKTEPHUATLHOTO OKHUCICHUS MHHEPATHHOTO CBIPBS Iejiecoo0pas-
HO TIPOBOIUTH TPEIBAPUTEIBHYI0 00pabOoTKy OakTepHalbHBIM pacTBopoM mpu pH He
menee 1,5. Ilpu camkennn pH menee 1,2 HaOMOmaeTcss OTpUIIATEIFHOE BIUSHUE Ha BbI-
KUBAEMOCTh OaKTepHaIbHBIX KIETOK. ONTUMAILHBIA TEMITEPATypPHBIH PEXKUM JIJIS pOCTa
1 pa3BUTHUS KynbsTyphl A. ferrooxidans Haxoaurcs B auanazone 20-30 °C. [Ipumenenne
Hambosee OJaronmpUsATHBIX YCIOBUHN I pocTa OakTepradbHBIX KiIeTok (pH =23 nt=
20-30 °C) mo3BOJSET yBENUYUTH UX KOHIeHTpaIuio ¢ 0,1x 10°kn/em’ 02,8 10° ki/em.

brumn  ompeneneHsl OCHOBHBIE MEXaHHU3MBI KATATUTHUECKOTO BO3JIECHCTBUS
MUKPOOPTaHU3MOB Ha OKHCIUTEIBHBIE TPOIECCHI, MPOUCXOMASIINE TPH OKUCICHUU
Cynb(OUAHBIX MHUHEpPAIOB MeIbCOJAepKalero Ceiphs. [lokasaHo, dYTo Hamu4ne
OaKTepuaNbHON  KYyJIbTYpPHl CYIIECTBEHHO YCKOPSET pa3lIoKeHHE CYIb(PHUIHBIX
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MUHEPAJIOB, BKIIOYAs XaJbKOMUPUT U XaIbKO3HH. Jlydine pe3yabTaThl CENeKTUBHOCTH
OBLTH IOy YeHBI IIPU HCITONIE30BaHUM dKcTpareHTa cepun LIX984, koTopsrit obecrieunBai
MaKCUMaJIbHOE U3BJeUeHUE Meau U3 pactBopa — 94,0 %, npu MUHMMAaJIbHOM H3BJICUE-
Hum xeae3a — 0,83 %.

IIpu omenke eMKOCTH OpraHWYecKoi (as3pl Mo Meau OBLIO YCTaHOBJIEHO, YTO
ONTHMAJBHBIM COOTHOIIEHHWEM TIOTOKOB IPOJYKTHBHOTO PAacTBOpa M OPTaHUYECKON
¢asser sBisercs O:B = 1:2. Ilpessimenue 3toro cootHomenus O:B > 1:5, npuBoaut
TTOBBIIIICHAIO BS3KOCTH OPTaHUYECKOH (Da3bl N3-32 M30BITOYHOTO HACHIIIIEHNS, YTO MOXKET
MPUBECTH K 00Pa30BaHUIO CT'YCTKOB.
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Abstract. This article presents an overview of microencapsulation methods,
focusing on the emulsification method and spray drying. The use of microcapsules in
various fields, including medicine, food and cosmetic industries, is considered. An im-
portant aspect is to ensure the uniformity and stability of microcapsules, as this is critical
for efficient delivery of active substances. Particular attention is paid to the membrane
emulsification method, which makes it possible to create microcapsules with high mon-
odispersity. The advantages of this method are highlighted in a study involving phage
encapsulation using microspheres. This method is scalable and provides a tool for precise
delivery of active substances. Limitations of spray drying such as loss of volatile com-
pounds and change in particle size are also considered. In the context of this problem,
Fernandez, Borges and Botrel propose the use of gum arabic to improve the quality of
microcapsules and protect core materials from oxidation. The final analysis of various
microencapsulation methods and proposed solutions allows a better understanding of the
advantages and limitations of this technology, as well as its potential for innovation in
modern industry and scientific research.
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AHHoTamusa. byn makamaga sMynbramusiay >KoHe IIAIIbIPaTKbII KemTipy
omicTepiHe Hazap aymapa OTBIPBII, MUKPOKAICYJSIFS OMIiCTepiHE IOy OepisireH.
Mukpoxkarcynanapapl  OpTYpil cajanapaa, COHBIH IMIiHAe MEOUIMHAAa, TaMak
OHEpKACIOIHIe KOHE KOCMETHKana KOJJaHy KapacThIpbuiraH. MaHBI3IBI acleKT
MHUKPOKATICYIaTIapAblH OIPKENKUIIrNT MEH TYPAaKTBUIBIFEIH KaMTaMachl3 €Ty OOJIBIT
TaOBTABI, OUTKEHI OYJI OCNICEeHI 3aTTapIbIH THIMII JKETKI3UTyl VIIIH ©Te MaHBI3IIbI.
MeMOpaHaIbIK IMYJIbCHUS dIiCiHE epeKIle Hazap ayAapbuiajbl, OYJI MOHOJUCIIEPCTLIIT
JKOFapbl ~ MHUKpOKaIlCyJlamapAbl  JKacayra  MYMKiHOiK  Oepenmi. bymn  omictiH
apTHIKIIBUIBIKTAPBl MUKpOCcQepanap/plH KoMeriMeH (artaplibl HHKAICYJISIUSIIAY bl
KAMTHUTBIH 3epTTey/Ae KOpCeTINTeH. by ofic ayKeIMABI XoHE OCJICeHIi 3aTTapibl
JIOJT KETKI3y KYpalblH KaMTaMachl3 eTejli. ¥IIKBIII KOCBUTBICTAP/IBIH KOFAIybl KOHE
OemeKTep/IiH oeJImeMIepiHiH e3repyl CHUSKTHI OYPKyMEH KeNTipy[iH IIeKTeylepi e
KapacTteIpbutazsl. Ocel MaceneHiH KoHTekcTinae Pepuanpec, bopxec xone borpens
MUKpOKarcyajgapAblH CanachlH KakcapTy jKOHE Heri3ri MaTrepHalgapAbl TOTHIFyIaH
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KOpFay YIIiH apa0 caFbpI3blH TaiJanaHyabl YCBIHAABL. OPTYPJi MHUKPOKAIICYIISAIUS
oMiCTepiH OHE YCHIHBUIFAH MIEIIIMIEP/i KOPBITBIHIBI TalAay OCHI TEXHOJOTHUSHBIH
apTHIKIIBUTBIKTAPEl MEH MIeKTeYJepiH, COHAal-aK OHBIH 3aMaHayd OHEPKACIN IeH
FBUIBIMU 3€PTTEYJIepIET1 MHHOBAIMSIIAP YIIiH QJIEYyeTiH KaKChIpaK TYCIHYTe MYMKIHIIK
Oepei.
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AHHOTaUMS. Hannas CTaThs TIPEICTABIISIET 0030p METOJ0B
MUKPOKAICYIUPOBaHUA, (OKYCHPYSICh HAa METOAE OSMYIbIHPOBAHUS, HOHOTPOITHOTO
reixeoOpa3oBaHUsl W PACIBUIMTENIHHOW Cymike. PaccMarpuBaeTcsi TNpUMEHEHHE
MUKPOKAIICYJI B pa3JIMYHbIX 06JIaCT$[X, BKJIrOYas MEANIHHY, TMIICBYI0 U KOCMETHYECKYTIO
MPOMBIIIICHHOCTH. BaKHBIM acnekToM sBisieTcsi obecriedeHrne yHHU(DOPMHOCTH H
CTaOMILHOCTH MUKPOKAIICYJI, TAK KaK 9TO KPUTHYECKH BaXKHO JUTsI 9D EeKTUBHOM JIOCTABKH
aKTUBHBIX BemecTB. Oco00e BHUMaHHE yAeTIeHO METOIy MEMOPaHHOTO SMYJIBIHPOBAHNUS,
KOTOPBII MO3BOJISIET CO37aBaTh MUKPOKAIICYJIbl C BHICOKOM MOHOJAMCIEPCHOCTHIO. [Tpe-
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MMYIIECTBA ATOTO METO/[a TIOAYEPKUBAIOTCS Ha IPUMEPE MCCIIEIOBaHUS, BKIFOUAIOIIETO
WHKATCYJSIUIO (aroB ¢ UCIOIB30BaHUEM MHUKpochep. ITOT MeTo[ 00aaaeT MaciTa-
OMPYEMOCTBIO U TIPEAOCTABISIET MHCTPYMEHT IS TOYHOM TOCTaBKU aKTHBHBIX BEIIECTB.
Taxxe paccMaTpuBAIOTCS OTPAHWYCHHS PACTBUIMTEIBHON CYIIKH, TaKUe KakK MOTeps
JNETY4YNX COENWHEHWH M W3MEHEHHE pa3Mepa JacTHIl. B KOHTEKCTe ATOH MpOoOIIeMBI
aBTopel PepHannec, boprec n borperns npeayararoT UCOIb30BaHAE TYMMHapaOuKa st
YITyqIIeHHs] KaueCcTBAa MUKPOKATICYJ U 3allIUTHl MaTePHaJIOB CEPIIEBUHBI OT OKHCIICHHS.
WtoroBelii aHanmm3 pa3MYHBIX METOJI0OB MHKPOKAICYIHPOBAHUS W TPEIIOKEHHBIX
pelIeHu TI03BOJISET JyYIlle TOHSTh MPENMYIIECTBA U OTPAaHNYCHUS JAHHON TEXHOJIOTHH,
a Taxke e€ TOTEHINAJ JUIsl MHHOBAllMH B COBPEMEHHOW MPOMBIIIJIEHHOCTH U Hay9IHBIX
WCCIIEIOBAHUSAX.

KiroueBble cjioBa: MUKpOKANCyIHpOBaHUe, YPUPHBIE Macia, GepMeHTHI, TIPo-
OMOTHKH, KOHTPOJIMPYEMOE BHICBOOOXKICHNE, 3AIINTA, METO/Ibl MHKAIICYISAIIHH

@unancuposanue. Hcciedosanue ¢unancupyemcea Komumemom no Hayke
Munucmepcmea Hayku u gvicuie2o obpasoeanusi Pecnyonuxu Kazaxcmawn (epanm Ne
AP19679879).

Kongpnukm unmepecos: asmopvi 3asa61110m 00 OMCymcmeuu KOH@IUKmMAa
uHmepecos.

Beenenne

MUuUKpOUHKAIICYIIANNS, YHUBEpCATbHAS TEXHOJOTHS, BKJIIOUAIOIIAsl BKIIOYE-
HUE aKTHBHBIX areHTOB B 3alIUTHBIC MAaTPHIIBI, MMPUBJICKIA 3HAYMTEIHHOE BHUMAHHE
B Pa3JMYHBIX OTPACIAX TPOMBIIUIEHHOCTH OJarogapsi CBOEW CIIOCOOHOCTH periaTh
MpOOJIEMBI, CBSA3aHHBIE C KOHTPOJHMPYEMBIM BBICBOOOXKIIEHHEM, CTAOMILHOCTHIO
W aJpecHOW IOCTaBKON pa3IWYHBIX areHTOB. B 1aHHOW cTaTtbe yriayOMMcs B MUP
MUKPOWHKAIICYIISAIINHT ¥ U3YYHM €€ IOTEHIINATFHOE TPUMEHEHHE JIJTsl HHKATICYJINPOBaHUS
Pa3IMYHBIX areHTOB.

CoBpeMeHHbIe TEXHOJIOTUN MHUKPOKAIICYJINPOBAHUS MIPEIOCTABISIOT
YHUKAJIbHBIE PEIISHHS AJT5 pA3TMYHBIX 00J1acTel MPUMEHEHHS, OT MEUIIMHEI 110 TTHIIEBOH
¥ KOCMETHYECKOH MPOMBIIIIICHHOCTH. MHUKpPOKAICYJIIbl, MUKPOCKOITNYECKHE 000JIOUKH,
coJleprKarire akKTUBHBIE BEIECTBa, 00ECIEUNBaIOT KOHTPOINPYEMOE BEICBOOOKICHHE 1
3alUTy OT BO3AEWCTBUS BHEITHUX (DAKTOPOB. DTO MO3BOJISET 3HAYUTEIHHO PACIIUPHUTD
BO3MOKHOCTH ITPUMEHEHNS aKTHBHBIX KOMIIOHEHTOB ¥ YJIYYIIUTh CBOMCTBA MPOTYKTOB
(Doering u ap., 2022).

OnHaxko, HECMOTpPS HA MHOT000TIAIOIINE TTIEPCIIEKTHBB MUKPOKAIICYTUPOBAHUS,
CYIIIECTBYIOT OIIPENIEIICHHBIE BBI3OBBI W OTPAHHUYEHHS, KOTOPbIe TPEOYIOT MaTbHEUIIIX
uccieoBaHui 1 pa3padorok. ONWH U3 TaKUX BBI30BOB — ATO 00ECIIEYEeHUE YCTONUNBO-
CTH ¥ YHU(OPMHOCTH MHUKPOKAIICYJI, YTO UMEET KPUTHIECKOe 3HAUCHUE ISl yCIIeITHON
pearmzaniii MHOTHX TpwiokeHnd. OcoOEeHHO 3TO aKTyaldbHO TMPH HCIOJIH30BAHHUH
METOJIa dMYJIbCUH, KOTOPBIA, XOTS W SABISETCS IMOMYJSIPHBIM, UMEET MOTEHIHATbHBIC
MPOOIIEMBI C HEOTHOPOIHOCTHIO pa3MepPOB KarCyl.

B naHHO# cTathe MBI PacCMOTPUM METOJ MEMOPAaHHOTO ASMYJIbIHPOBaHUS,
KOTOPBIN TIPe/ICTaBIsIeT cOO00H OOHAIEeKUBAIONINI TIOJX0 K CO3JaHHI0 MUKPOKAIICYIT
C yIIy4IIeHHOH YHH()OPMHOCTBIO M pa3MepamH, MOAXOIIIIMMHU IS CIeIU(UIECKIX
norpedHocTel. [IpenmytiecTBa 3TOro MeToa, Takue Kak BRICOKAash MOHOUCIIEPCHOCTh U
yIpaBisieMble TapaMeTphl MPOIecca, IEIar0T ero MPUBJIeKaTeIbHBIM HHCTPYMEHTOM IS
co3aHus CTaOMIbHBIX MUKpokarcys (Nauman u 1ip., 2019).
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OnHako CTOMT TakXke OOpaTWTh BHUMAaHWE Ha OTPAaHUYEHHUS W TPOOJIEMBI,
CBSI3aHHBIE C JAPYTUM pPAcIpPOCTPAHEHHBIM METOJOM — DACHBUTUTENFHONW CYIIKOM.
Hecmotpss Ha ee mpenmyiiecTBa, TakMe KakK JOJTHH CPOK XpaHEHHS W IPOCTOTa
oOparieHusi, y He€ eCTh CBOM OTPaHMUYEHHS, TAKUE KaK MOTeps JETYYHX COSANHEHUH 1
W3MEHEHHUE pa3Mepa 4acTull.

DTa cTaThsl aHAIM3UPYET pa3IMdHbIe METOIBI MUKPOKAIICYTNPOBAHUS, TIOKa3bI-
BaeT UX IMPENMYIIEeCTBa U OTPAHWUYEHIUs, a TaKKe MPEACTABISET BO3MOKHOE pEeIIeHHe
JUTS YITy9IIeHus] CTaOUIbHOCTH W YHH(OPMHOCTH MHKpOKAncyi. B pesymprare sToro
aHalM3a MOYKHO OYZIeT JTydIlle MOHATh MOTEHIHA MUKPOKAIICYJIMPOBAaHUS U €ro POJh B
COBpEMEHHOHN HayKe U MPOMBIIIIIEHHOCTH.

MeToapl MUKPOKAIICYTUPOBAHUS

MeTon SMyIBrHpOBaHHS BKIIOYAET OOpa3oOBaHUE OMYIBCHH, B KOTOPBIX
aKTUBHBIE areHThl JTUCIIEPTHPOBAHBI B HENPEpPHIBHON (a3e C WCIOIb30BAHUEM
AMYJIbraTopa. OMYIIbCUS BIIOCIEACTBUH 3aTBEPEBACT IMOCPEICTBOM OXJIAKICHHS WIIN
XUMHYECKOTO CITUBAHHS, YTO MPUBOAUT K OOPA30BAHHUIO MHUKPOKATCYJI. DTOT METO.
IIMPOKO UCTIONB3YETCS TSl HHKATICYJINPOBAaHUS d(PUPHBIX Macell, 00eCTIeYeHHS 3aIlnuThI
OT OKHWCJICHHS W WCIApeHuss W 00ecredeHus: KOHTPOIHNPYEMOTO BBICBOOOXKIEHHS B
pa3IMYHBIX 00JIacTsIX mpuMeHeHus (Sugeng u 1ip., 2020).

[Iporiecc MUKpPOKANCyTUpOBAaHUS HAYWHAETCA C CO3IAHHUA OMYIbCHH —
CMEIINBaHUS IBYX HECMEIIMBAIOIINXCS )KAIKOCTEH, OOBITHO BOJIBI M MACIIa, C TIOMOIIHI0
IMYJIBraTopa, KOTOPBIM obOecrieyrBaeT CTaOWIBLHOCTH 3TOM cmecu. Jlamee, k dTOH
AMYITECHH T00ABIISIOT MaTepUal JIjIsl 00pa3oBaHus 000JI0UKH KaTcyibl. B ciydae meroma
OMYIBCUI /1T MUKPOKAIICYJIMPOBAHUS dYallle BCEro HCIOIB3YIOT MOJMMEPHI, TaKue
KaK aJlbTMHATHI, TeJieBas 000JI0YKa U3 KOTOPBIX 00pa3yercs B IMpOIecce MalbHEHIIero
00paboOTKH.

BaxxHoii gacThio Tporiecca SBISIETCS MPOLEAypa, Ha3blBaeMas «3aKaIHBaHHE
(mmm «TepexpenBaHe»), KoTopas CocoOCTByeT 0O0pa30BaHUIO CTOHKON 00O0JIOYKH
BOKPYT MUKPOKAIICYJTBI. DTO MOKET MTPOUCXOANTH, HAIPUMED, 33 CUET BBEIEHHS KPOCC-
CBSI3BIBAIONINX areHTOB, KOTOPBIE 00Pa3yIOT CTPYKTYpPY BHYTPU MaTepHasia 00OJIO0YKH,
nenas ee 6oJree mpouHOM U ctadmitbHOH (Guo u np., 2020).

[locme  3aBepmieHWst  mpolecca  MHKPOKANCYJIMPOBAHHUSA  TMOJYYarOTCs
MHUKPOCKOITUYECKHE KaIlCyJIbl, BHYTPH KOTOPHIX 3aKIIFOUEHBI aKTUBHBIC BEIIECTBA, TAKHE
KaK JIeKapCTBEHHBIE ITPETapaThl, apOMaTH3aTOPbl, KPACUTENH WITH JAPyTHe OMOJIOTHYECKN
AKTUBHBIE KOMITOHEHTHI. DTH MHKPOKAICYJIBl MOTYT KOHTPOJINPOBAHHO BHICBOOOX/IATh
AKTHUBHBIE BEIIECTBA 110 Mepe U3MEHEHHsI YCIOBUH OKPYIKAIOMIEH CPeIbl, 4TO JeNIaeT uX
LIEHHBIMHA B WHAYCTPUHU MCKYCCTBEHHOW JOCTABKM W YIIYUIIEHHS CBOWCTB Pa3TUYHBIX
MIPOYKTOB.

CormacHo aBTopaM Ajseccanapa MmOponso, DOmma [IpsueHTHHH, DHPUKO
Hpwnomu, Jlunguerra Jl>xopHO, MeMOpaHHOE SMYJIBTHPOBAHUE CUUTAETCS JYUIIUM METO-
JIOM SMYJIBTUPOBAHUS Oilarogaps ero MpenMyIecTBaM, TAaKUM KaK MPOCTOTa, MOTEHITH-
aipHO OoJlee HU3KWE DHEPro3arparbl U BO3MOXHOCTh KOHTPOJIMPOBATh pa3Mep Karelb,
B IIEPBYIO O4Yepellb 3a cueT BbIOOpa MeMmOpanbl. OH mpe/raraeT OONBIION MTOTEHIIHAT B
MIPOM3BOJICTBE AIMYIBCUI «HA 3aKa3» M JIPYTHX TBEPABIX dacThil. MeMOpaHHbIE cHCTe-
MBI 0COOEHHO TOAXOIAT ISl KPYITHOMACIITAOHOTO MTPOU3BOICTBA, IIOCKOIBKY UX MOYKHO
JIETKO MacIITaOupOBaTh 3a CYET YBEITUYCHHUS KOJTMYECTBA HEOOIBIINX TEXHOIOTUIECKUX
YCTaHOBOK (pUCYHOK 1).
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Pucyrnox 1 — IlpuHIMNUaNeHast CXxeMa MoJTy9eHUs] MUKPOKArcys 1mo Metoay A. UMOpoHso, D. [IpsueHTHHN,
3. dpuomn, JI. Txxopao

1 — Dran co3naHus SMYJIbCHU C HCIIOJIB30BAHUEM rOMOTeHU3aropa; 2 — Dtan 1obase-
HUSI KPOCC CBSI3BIBAIOIINX MOJIMMEPOB; 3 — DTall MOJIyYeHHS MUKPOKAIICYMHKPOKAIICYIT

OTOT MeTO/] OBLIT yCHELTHO MPUMEHEH IS IOy YSHUSI MUKPOC(hep U MUKPOKAIICY T
C UCIIOJIb30BAHMUEM PA3JIMYHBIX TIOJIMMEPOB, B TOM YHCIIE CIIOKHBIX MOTHMI()UPOB, TAKUX
Kak rosmkanpoiaktoH (Imbrogno u np., 2015).

BemiectBa, KOTOpbIE MOXHO MUKPOKAIICYJIMPOBATH IMYJIbCHOHHBIM METOIOM:

dapmaneBTHUECKHE COSANHEHHS: DMYIbCHOHHBIA METOI MOXKHO HCIOJIb30BAThH
JUIE MUKPOKAICYJIUpOBaHUs (HapMaleBTUYECKUX COCIUHEHUH, TaKMX KaK BaKLMHBI,
OeJIKH, aHTUOMOTHKHU U JpyTue rUApOQHIbHbIE ITpernapaTsl.

[lonmumepHble MaTepuanbl: OMYJIbCHOHHBIE METOABI HCIOJIB30BAINCH IS
MHUKPOMHKAIICYJISINHN CIOKHBIX MOTU3(QUPOB, MOTYISHHBIX U3 MOJIOYHOHN U TIMKOJIEBOM
KHCJOT, TakuX Kak nonukamnponaktoH (PCL). Mukpowactuust PCL Obuin ycnenso mo-
JIy4EHBI C UCIOJIb30BaHUEM MeToza AU Py31Un SMYIbCUH/PACTBOPUTEIIS.

OpraHuyeckue  pacTBOPUTENIM:  OMYJIbCHOHHBIH ~ METOA  IO3BOJISET
MHUKPOHMHKAIICYJIUPOBATh BEIIECTBA, PACTBOPEHHBIC B OPraHMYECKHX PAaCTBOPHUTEIX,
YaCTUYHO PAacTBOPUMBIX B Boje. PacTtBopurenb sMyibrupyercss B BoxHoOU ¢ase, a
nocienyomas 1udQy3ust pacTBOPUTEIIS BO BHELITHIOKO a3y MPUBOJIUT K 3aTBEPACBAHHIO
MOJMMEpa BHYTPHU Kareb.

[enuap u 6enku. beiio 06Hapy’KEHO, YTO HOIMKAIIPOJIAKTOH 00J1a/1aeT XOpoLIen
MIPOHHULAEMOCTBIO JUIs O€JIKOB, UTO JIEJIAET €ro MOAXOISIINM HOCUTEJIEM AJISl JOCTABKH
BaKLUMH. OMYJbCHOHHBIH METOJ MOHO HCIIONb30BaTh MJISl MHKPOWHKAICYJISALUH
MENTUA0B U OEIKOB, 00ecrieunBast UX CTAOMIBHOCTD M KOHTPOJINPYEMOE BEICBOOOKICHHUE.

CoenuHeHUs], YyBCTBUTEIbHBIE K TEMIIEpaType: XO0Ts METOJl PAaCIbUINTEIILHOMN
CYUIKM HE MOAXOIUT MJIS WHKAICYJIUPOBaHMS UYBCTBUTEIBHBIX K TEMIIEpaType
COCIMHEHHH, METOJl AMYJIbCHH MPEACTABISIET CO00H KU3HECTIOCOOHYIO albTEePHATHUBY.
OT0 MO3BOJISICT KOHTPOJIMPOBATh MHKAIICYJISILUIO TAKUX COCIMHECHUH, HE TIOABEPras ux
BO3/CHCTBHIO BEICOKMX TEMIIEPaTyp.

OMynbrupoBaHue sBsieTcs: 3PPEKTUBHBIM METOJOM MOTYUYECHHUS MEJIKUX Karesb
C OTHOCHUTENIBHO Y3KHMM DPacHpeAeiICHUEM 10 pa3MepaM. JTO MO3BOJSET MPOU3BOAUTD
MOHOJIUCTIEPCHBIE MUKPOKAIICYJIbI, KOTOPBIE MOTYT O0JIee JIETKO HMUTHPOBATh KHHETUKY
BBICBOOOKICHHS JieKapcTBeHHOTo cpeacTBa (Piacentini u np., 2017).

OpHako TpaJUIIMOHHBIA METO SMYJIbCUH, HCIIOIb3YEMBIH 17151 SMYJIbTUPOBaHNS,
MOYKET NMPUBECTH K TPYAHOCTSIM B IPUTOTOBJICHUH MUKPOKAIICYJI HEOOIBIIOTO pa3Mepa v
y3Koro pacrpenencaus. KoHTposs MHOTHX MTapaMeTpoOB, YYaCTBYIOLINX B 3TOM METOJE,
MOYKET OBITh CIIO’KHOH 3a/1a4ei, YTO NPUBOAMT K KOJIeOaHUSAM KaueCTBA MUKPOKATICYJI.
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OHUM U3 TITaBHBIX HEIOCTATKOB METO/1a SMYIIbCUH TSI MUKPOKAIICYTUPOBAHUS
SIBIIICTCSl TIOTEHIMAJbHAasi HEOIHOPOJHOCTh pPa3MepoB Karcyl. B xome mporecca
(hopMUpOBaHUST MHUKPOKAIICYJT Pa3HOTO pa3Mepa MOXET MPHUBECTH K IMpodiieMaM Tpu
KOHKPETHBIX MPUMEHEHUSX, TPEOYIOINX BHICOKOW yHH(POPMHOCTH pazmepos (Wilson n
ap., 2021).

Hpyroit BakHOW TpoOIEMON MOXKeT OBITh HECTaOWIBLHOCTh JMYJIBCHU.
BryTtpennue aspl, Takne Kak Macilio W BOJa, MOTYT Pa3leisIThC CO BPEMEHEM, 4YTO
MOXKET BBI3BaTh HECOOTBETCTBHE DPa3MEPOB M CBOWMCTB KalCyl. DTO MOXET OBITh
0COOEHHO KPUTHUYHO, €CITH TPeOyeTcs JONTroBpeMeHHasi CTAOMIFHOCTD KarcyJl.

Taxxe ciemyer yYUTBIBaTh, YTO BBIOOP MPABMIIBHBIX dMYJBraTOPOB — BaXKHBIN
acnekT. OmMOOYHBIA BBIOOP SMYIIEIaTOPOB MOXET BIHATHh HA CTAOMIFHOCTh KamcCyil U
Jake Ha BKYC, 3allaX WIH JPyTHUe XapaKTePUCTHUKH KOHEYHOTO TIPOIYKTa.

MuKkpoKarncysnus Takke MOXKET TPUBECTH K IOTepe aKTHBHBIX BEIECTB,
O0COOCHHO €CITM OHM HeCTaOWIIbHBI MIJIM YYBCTBUTEIHHBI K BBICOKUM TEMIIepaTypam WIIn
MEXaHUYECKOMY BO3JECHCTBHUIO B mpolecce. MeToJ 3MynbCHil MUKPOKAIICYJIUPOBAHUS
TpeOyeT CIeruaTn3upOBaHHOTO 00OPYJIOBAHUS W AKCIEPTU3HI IS €r0 3PPEKTHBHOTO
WCTIONB30BAHMS, YTO TaKXKe MOXKET OBITh JOMOJHUTEIHHBIM OTpaHUYCHHEM B
MPAKTUYECKON peau3aluu.

HecmoTpst Ha »TH HEZOCTaTKH, METOJ[ SMYJIBbCHN I MUKPOKAIICYITUPOBAHUS
OCTaeTCsl BaYKHBIM HHCTPYMEHTOM [UJIsl KOHTPOJIUPYEMON JTOCTABKH aKTHBHBIX BEIIIECTB
B Pa3JIMYHBIX 00IACTAX M MOXKET OBITH YCIIEITHO MPUMEHEH C YYEeTOM U MUHUMH3AIHeH
OTpaHWYECHHH, a TaK)Ke C YCTaHOBJIICHHBIM KOHTpojieM kadectBa (Jamekhorshid u mp.,
2014).

MemOpaHHOE 3MyJIBTUPOBAaHUE TMpEaraeT HECKOJIbKO TPEUMYIIECTB 10
CPaBHEHUIO C OOBIYHBIMHU METOJIAMH MYJIBTUPOBAHMS, TAKIMH KaK IepeMennBaHNe WIN
00paboTKa yIbTpa3ByKOM. JTO TIO3BOJISIET MPOU3BOIUTH HEOONBIINE M OTHOCHTEIHHO
00J1e€ MOHOIMCTIEPCHBIE MUKPOKAIICYJTBI. DTOT METO.T OCOOCHHO ITOJIE3€H JIS IOy IeHU S
HEOOJIBIINX U OJHOPOIHBIX 110 pa3Mepy MUKPOKATICYJ, YTO BaYKHO JIJISI CHCTEM JOCTaBKU
JIEKapCTB.

B uccnenopanuu I'.K. Bunnepa, K. Puuapac, M. Jlennanen, A.Il. Carona u
J.JIx. Manmuk (Vinner u ap., 2019) ucmonb3oBanock MeMOpaHHOE AMYIBIHPOBAHUE IS
MIPUTOTOBJICHHSI MEKPOC(hep ¢ MHKATICYTNPOBAaHHBIME (haraMy B OMYJIbCUU BOJAa-B-Maciie
C KOHTPOJIMPYEMBIM pa3MepoM Karelnb (PUCYHOK 2).

S 2
E 3596

1 2 5 -

Pucynox 2 — IlpuHnunuanpHas cxeMa noay4eHus Mukpokarncys rno meroay I'. K. Bunnepa, K. Puuapzc,
M. Jlennaunen, A. I1. Carona u . JIx. Manuk
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1 — Dramn co3aanus 3MyJIbCUU € UCIIOJIB30BaHUEM FOMOreHn3aropa; 2 — Beenexue B
OMYIIbCHIO MaTepHalia Ijisi 00pa3oBaHMs 000IOYKH KAICYIIbI, TAKOTO KaK TOJIHMEPHI
(marmpumep, anmsruHathl); 3 — [Iporecc memOpanHoro amynsruposanus; 4 — [lomydenue
MHUKPOKAIICYJI METOIOM PaCTbUIUTEIBHON CYIIKH

Pasmep kanens BapsupoBaics npudauzuteasHo oT 100 g0 300 mxwm. [Iporece 601
MacCIITadHPyEeMbIM, YTO ITO3BOJISIIO IPOU3BOTUTH OOJIBIITHE POMBIIIIJICHHBIE KOJTNIeCTBa
OJTHOPOJIHBIX MAJIEHBKUX MHUKPOKAIICYJ, TOIXOAANINX JUIS TEePOPATLHOTO BBEICHUS
MEJIKUM XHUBOTHBIM, TAKIM KaK MBIIITH U KPBICHL. DTOT METO]T HHKATICYJISAIINY HAIIPABIICH
Ha 3amUTy (DaroB OT KHUCIOTHOCTH JKEIyIKa M 00ecredYeHne JTOCTaBKH BBICOKHMX JI03
(haroB B omnpe/iesIeHHbIC OTAEIBI KAIIIEYHUKA, HAlleJIeHHBIE Ha OYar WH()EKIINN B HIKHIX
OTJIeNax JKeITyJOYHO-KUIIEYHOTO TPAKTa.

OddexTuBHOCT, HMHKANCyIsAIuu (paroB ¢  HCIONB30BaHWEM IIpolecca
MeMOpaHHOTO dMyJbrupoBanus coctaBuia modta 100 %. IlomydeHHbIE MEKpOYACTH-
IIBI TH/IPOTEIIS CO CPEHUM pa3MepoM dyTh Oonee 100 MkM pearupoBanu Ha pH, BEICBO-
OOK[1ast MHKATICYTMPOBaHHBIE (harw Mpu BozzeicTBun pH 7, 4To nemano ux moaxoasim-
MU JIJISl TIPUMEHEHHS B KETYIOYHO-KAIIIEYHOM TPaKTe.

WccnenoBanne  BBIABHIIO — TOTEHIMANBHBIE  MPEUMYIIECTBA  JIWHAMUKH
KOHTPOJINPYEMOTO BBICBOOOYK/ICHHS, IOCTUTAEMON 3a CYeT MHKPOMHKATICYJISIHH, YTO
MTO3BOJISIET TOYHO JOCTABISATH BBICOKHE KOHIICHTPAIIMH MHUKPOOPTaHU3MOB ISt d(dek-
TUBHOTO yHWYTO)XXeHUsI Oakrepuil. Darw, BRICBOOOXKIEHHBIE M3 MHUKPOYACTHII, TPOJIe-
MOHCTpHUpOBa 3(P()EKTUBHOCTH, CPAaBHUMYIO CO CBOOOJHBIMHU (haramu TIpH TeX Ke
YPOBHSX 103 TP BO31eCcTBIM Ha OakTepuanbHble KynsTypsl (Colom u ap., 2017).

HccnemoBanne moKka3alo BaXHOCTh pa3Mepa dYacTwil, coctaBa u pH-
YYBCTBUTENBHBIX XapaKTEPUCTHK JUIA 3alIUThl MUKPOOPTAaHH3MOB M 0OecredeHus
KOHTPOJINPYEMOTO BBICBOOOYKICHUSI B CIIOKHOW KHCIION cpenme kemyaka. Iloaxom x
WHKAIICYJISIUN C HWCIOJIh30BAaHMEM MEMOpPAHHOTO OSMYJBIUPOBAHUS IIOKa3al ceos
MHOTOO0CTIAIONIMM B TIPEOIOICHNH ITHX MPETSTCTBUN U MOTEHIIMAIBHOM MOBBIIICHUN
TepaneBTUICCKON >(PPEKTUBHOCTH JICUCHUS OaKTePHAIBHBIX HH(EKIINN Ha OCHOBE
(haros, a Taxke B 00eCIIeYeHnH MacIITabuPyeMoro MPOr3BOICTBEHHOTO IPOIIecca.

JlanHOe wuccienoBaHWE AaeT BO3MOXKHOCTh  YTBEPXAaTh, HYTO METOJ
MUKPOKAIICYJIANA ~ MEMOpPAaHHOTO AMYJIBIMPOBAHUS JKUBBIX  MHKPOOPTaHU3MOB
SIBIIIETCS. ONTHMAJBHBIM TI0 MHOTHM KpuTepusim. [[BoifHas 000J09Ka MHUKPOKAIICYJIIBI
(HaHOYACTHIIBI) TOMOTAET 3aIUTHTD AP0 C MUKPOOPTaHMU3MaMH OT BO3JIEHCTBUS TaKHX
(hakTOpOB KaK KUCIasg cpelia KeaynouHo-kumegHoro tpakra (Colom u ap., 2017).

Merox HMOHOTPOITHOTO TeleoOpa3oBaHUs — O3TO OAWH U3 CIIOCO00B
MUKPOKAIICYJINPOBaHMUS, UCTIOIB3YIOMNH OCOOSHHOCTH B3aMMOJCHCTBUS MTOTUMEPHBIX
MaTepHaJIOB C HOHAMH B PacCTBOpPE JIsI 00pa3oBaHUs TeJeBOW 000IOYKH BOKPYT aKTHB-
HBIX BEMIECTB. JDTOT METOJ] HAXOJUT NMPUMEHEHHE B Pa3IMYHBIX O0IACTAX, TAKHUX Kak
(hapMareBTHKa, KOCMETHKA, TUIIEBas TPOMBIIIIIEHHOCTh 1 MHOTHE apyrue (Moura u 1p.,
2018).

IIporecc MUKpOKAINCylIupOBaHWS METOJIOM HOHOTPOITHOTO Tele00pa3oBaHuUs
HAYMHAETCS C PUTOTOBJICHHUS IMYJIbCHHU, B KOTOPO aKTHBHOE BEUIECTBO MM MaTepHal,
KOTOPBIA HYXHO 3aKJIIOYHTH, pacrpeesieH B AUCIIEPTUPOBaHHON (a3e (0ObIYHO Macie
WIH BOJIE), a 000JI0UKa Karcylbl (hOpMUPYETCsl BOKPYT 3TOW ITHUCTIEPTHPOBAHHON (ha3bl
C WCIIONIb30BaHUEM HOHOB, KOTOpBIE OOpa3yloT Treib W3 IMOJHMEPHOTO Marepuajia B
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pacTBope.

[Iporiecc oOpa3oBaHus TeneBOi OOOJOYKH MOMKET MPOUCXOIUTH B YCIOBHAX
KOMHATHOH TEMIIEpaTyphl, YTO JEIAeT €r0 OTHOCHTEIHHO MITKUM M MOAXOJISAIIAM IS
BKJIFOUEHUS OMOJIOTHYECKH aKTUBHBIX BEIIECTB, KOTOPHIE MOTYT OBITh UyBCTBUTEIHHBI K
BBICOKMM TemnepaTtypam (Hosseini u ap., 2013).

[IpenmymiectBa  MeTOa  HMOHOTPOITHOTO  renleo0pa3oBaHUsS — BKIIOYAIOT
BO3MOKHOCTh KOHTPOJIMPOBATH TOIIIUHY 000JIOUKH, BAPHUPYS KOHIIEHTPAIIHIO HOHOB U
XapaKTEePUCTUKH TTOITMMEPOB, a TaKKe 00eCreunBaTh yCTOMIYNBOCTD KaICyJl K BHEITHUM
BO3JCUCTBHSIM. DTOT METOJ Tak)Ke ITO3BOJISET JOCTUYL BBICOKOW 3(PPEKTHBHOCTH
MUKPOKAICYJIHPOBAHHUS, YTO 0COOEHHO BaXKHO TSI COXPAaHEHHS aKTUBHBIX BEIIECTB BHY-
TPH KarCyIbl.

OHaKO BaKHO YUUTHIBATH, 9YTO BEIOOP TTOITMMEPOB M HOHOB, A TAKKE OTITUMHU3AITHS
YCIIOBUH TIpoliecca, MOTYT OBITh KPUTHYECKHMHU JIJISl YCIEITHOW MHUKPOKAIICYIISIINH.
HekonTponmupyemoe o0CBOOOXKIEHHE AaKTHBHBIX BEIIECTB W3 KallCyl WIH HH3Kas
CTaOMIBHOCTH KaICyJ MOTYT OBITh BBI3BaHBI HETPABMIIBHBIM TOAO0POM KOMITOHEHTOB
WM yCIIOBUI oOpazoBanust o6omouku (Otdlora u np., 2016).

B nccnenoBanuu Phui Yee Tan,a Tai Boon Tan,b Hon Weng Chang ucmionp3oBanu
amynecuio [InkepuHra B kadecTBe mpeKypcopa s oopazoBanus Mukpokarcys (Tan n
Ip., 2021). TrarenbHO MaHHATYAUPYS KITFOYEBBIMHU MTapaMeTpaMu, TAKUMHA Kak pH, Bpems
reneo0pa30BaHuUs U KOHIIEHTPAINS aJIbTMHATA, & TAK)KE YBEITMYNBAs CIITMBAHNE C UCTIOb-
30BaHMEM 0OoJiee BBICOKOTO coneprxanust xuro3aHa (0,5%), OHM yCTHeHO TIPOU3BOIIIN
OJTHOPOJHBIE U ChepuIeCKue MUKPOKAIICYIIBI, KOTOPBIE COXPAHSIIA CBOIO CTPYKTYPHYIO
JKECTKOCTH JTaXKe TIOCIIe TIpoliecca CyIIKH (PUCYHOK 3).

1

4
2

4

4

Pucynok 3 — IlpuHInuanbpHas cxeMa MOTydeHUs] MEKPOKAICyI MeTonoM OMyabcun [Inkepunra

[lomy4yeHHBIE MMKPOKAIICYJBl IOKAa3aJd  YIyYLIEHHYIO 3(QQEKTHBHOCTh
nakancysiiun mMacia (EE) n 6omee Bbicokyto sddextuBHOCTH 3arpy3kn macia (LE).
KomOunauust smynsrupoBanust I[lukepuHra ©u HOHOTPOIHOTO —TIejeoOpa3oBaHUS
1o3BoJuia 3G(GEKTUBHO YJABIMBATH MaJbMOBBIC TOKOTPUEHOJBI B OMOCOBMECTHMOM
mpoaykre. IlpuMeuartensHO, YTO wuCHONB30BaHMe KapOoHaTa xkambnus (CaCO3),
KOTOPBIH YyBCTBUTENEH K pH, mpeanonaraer NoTeHUHaIbHOE IPUMEHEHHE VISl JOCTABKH
TOKOTPUEHOJIOB B Pa3JIMYHBIC IHIIEBBIC NMPOAYKTHI, OCOOCHHO T€, KOTOpPbIE TPeOYIOT
KOHTPOJIMPYEMOI'0 BBICBOOOXKICHHS IIPU ONPEAETICHHBIX yciaoBusx pH.

MeTo MOHOTPOITHOTO Teleo0pa3oBaHusl MPEACTaBIsAeT co0oi 3hdexTrBHBII
MOJAXOX AJIi MHUKPOKAIICYJIMPOBAHUS Pa3IMYHbIX BEILECTB, OCOOEHHO TEX, KOTOpbIC
MOTYT B3aHMO/ICHICTBOBATh C HOHAMM JJIs1 00pa30BaHus I'eJIeBbIX 00004EK. DTOT METOA
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HaXOJWT IIMPOKOE MPUMEHEHHE B Pa3HBIX 00J1aCTAX, TAKUX KaK (apMarieBTHKA, TTHIIEBas
MIPOMBIIIUIEHHOCTh, KOCMETHKA U ONMOMeIUITNHA.

Kpome TOro, Meroxm  WOHOTPOITHOTO  TeIeo0pa3oBaHUS  ITO3BOJIAET
MHUKPOKAIICYJINPOBAaTh BUTAMUHBI, HYTPAllEBTUKA W HATypaJbHBIE OSKCTPAKTHI, YTO
obecrnednBaeT KOHTPOJIMPYEMOE BHICBOOOXKIEHHE B MTUIIEBHIX MPOAYKTAX, JUETUIECKIX
nmobaBKax M KocMeTHdecknx cpencrsax (Liu u ap., 2013).

BaxxHO OTMETHTB, 9TO 3TOT METOJ] TAKXKE MOAXOIUT TSI MUKPOKATICYINPOBAHUS
MHUKPOOPTaHU3MOB, BKITIOYast TPOOMOTHKH, TSI TOCTABKU B (PYHKIIMOHATBHBIX MPOTyKTaxX
MMUTAHAS WIA B MEAUIIUHCKAX TTPHIIOKEHUSX.

BemecTtBa, nHamboiee TOAXOAAIINE [UISI MHUKPOKAICYJIWPOBAHUS METOAOM
MOHOTPOITHOTO TeJIe00pa3oBaHMs, BKIFOYAIOT OWMOJIOTUYECKH AKTUBHBIE COCTUHEHHS,
TaKWe KaK MPOTENHBL, NI TH/IBI, (DePMEHTHI 1 (JaKTOPHI POCTa, a TAKKE (hapMalleBTHIECKIe
[penaparsl ¢ 3apsKeHHbIMU rpynnaMmu. HyknenHossie kucnotsl, Bkirouas JJTHK u PHK,
TaK)Ke MOTYT OBITh YCIIEITHO KaIlCyINPOBAHBI I IPUMEHEHHUH B TEHHOH Teparmy.

BaxHO OTMETHTB, YTO 3TOT METOJ] TAKXKE MOAXOUT TSI MUKPOKATICYINPOBAHUS
MHUKPOOPTaHU3MOB, BKITIOYast TPOOMOTHKH, TSI TOCTABKU B (PYHKIIMOHAITBHBIX MPOTyKTaxX
MTATaHUS WM B MEIUIIMHCKUX MprioxeHusx (Gu u ap., 2019).

HecmoTpss Ha MHOXXECTBO TIPEMMYIECTB, TaKHe KaK KOHTPOJIUPYyEeMOe
BBICBOOOXKIICHHE, OHWOCOBMECTHMOCTh W pa3HooOpasWe TPUMEHEHWH, METOM
MOHOTPOITHOTO Teie00pa3oBaHus MOXET MOoTpeOoBaTh ONTHMHU3AIMU TAapaMeTPOB
mporiecca sl JOCTHIKEHNS HAWIY4IIUX Pe3yJbTaToB. TeM He MeHee, ero MOTEHITHAl
JUTSE MUKPOKAIICYTHPOBAaHUSI OMOAKTHBHBIX BEIIIECTB JIEIAeT €r0 BaXKHBIM HHCTPYMEHTOM
B pa3paboTKe TPOAYKTOB C YIYYIIEHHOW KOHTPOJHMPYEMOW JIOCTaBKOW aKTHBHBIX
KOMIIOHEHTOB B Pa3IMYHBIX 00JACTSIX.

MeToa HOHOTPOITHOTO TelIe00pa30BaHUs OCTACTCSI HHTEPECHOM U ITePCIICKTUBHOM
TEXHUKOH B OOJIACTH MHKPOKATICYJTUPOBAHUS M MOXET OBITh WCIIONBb30BaH IS
pa3pabOTKN WHHOBAIMOHHBIX MPOAYKTOB C KOHTPOJHUPYEMOW JIOCTaBKOW aKTHBHBIX
BemiecTB. MeTon wWOHOTpomHOTO reneoOpasoBanusa: [IpemmymiectBa:  MeTomsl
MOHOTPOITHOTO Telle00pa3oBaHus, Takue Kak (GOpMUpPOBAHHE MHUKPOKAIICYJ allbIrMHATa
KaJblUs, MpeJjaraloT MITKMA M HE COAEp)KallluM pacTBOpUTENIE TOAXO0d K
MHUKPOKAIICYJIUPOBAHUIO. DTH METO/IBI BKJIFOYAIOT COYETAHNE TTOIMAIIEKTPOIUTA C MHO-
TOBAJICHTHBIM HOHOM TPOTHBOMOJIOKHOTO 3apsna. OHH MOAXOIAT AJIS MTOMydeHUS MH-
KpOKArcys1 B MATKUX ycroBusx (Jagtap u ap., 2016).

HecmoTpss Ha MHOXECTBO TIPEMMYIECTB, TaKHe KaK KOHTPOJIUPYyEeMOe
BBICBOOOXKICHHE, OHWOCOBMECTHMOCTh W  pa3HooOpasWe TPUMEHEHWH, METOM
MOHOTPOITHOTO Tesie00pa3oBaHus MOXET MOoTpeOoBaTh ONTHMHU3AIMU IApaMeTPOB
mporiecca Il JOCTHIKEHNS HAWIY4IIUX Pe3yJbTaToB. TeM He MeHee, ero MOTeHITHAal
JUTSE MUKPOKAIICYTHPOBAaHUSI OMOAKTHBHBIX BEIIIECTB JIEIAeT €r0 BAXKHBIM HHCTPYMEHTOM
B pa3paboTKe TPOAYKTOB C YIYUIIEHHOW KOHTPOJMPYEMOW JIOCTaBKOW aKTHBHBIX
KOMIIOHEHTOB B Pa3IMYHBIX 007acTax. MeToa HOHOTPOITHOTO Tele00pa3oBaHus MOXKET
He 00ecrednBaTh TaKOTO KOHTPOJIA JKETaeMbIX CBOHCTB MUKPOKAIICYI 10 CPaBHEHHUIO
¢ npyrumu Metomamu. ONTHMHU3AIUS MEMOpPaHBI MO BCEM JKEJIaeMBbIM CBOWCTBAM C
MCTIOJIb30BaHUEM MTPOCTOTO MPOIecca MOYKET OKa3aThCs CI0KHOM 3a/1a4ei.

PacnipumuTenpHas Ccymika BKIIIOYAeT TpeoOpa3OBaHWE IKHUIKOH CYyCIIEH3WH
aKTUBHBIX areHTOB U MaTepHaia TOKPHITHS B BEICYIIIEHHBIEC YACTHIIBI ITyTEM PACTIBUICHUS
WX B IIOTOKE TOPSYETO BO3AyXa. DTOT METOJ IIUPOKO MCITONB3YETCS ISl HHKATICYIIAINN
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3¢upHBIX Maced, PEepMEHTOB M MPOOMOTHKOB, Tpesiaras BBICOKYIO 3(P(PEKTHUBHOCTH
WHKAIICYJISIIUN U TIPEBOCXO/IHBIN KOHTPOIIb Ha/l Pa3MEePOM YacTHUIl M XapaKTePHUCTUKAMU
BBICBOOOKIeHHS. PacnpuinTebHas CyIlIKa — 3TO METOJI MUKPOKAIICYJTMPOBAHUS, KOTO-
pBIN BKITFOYAET MPUTOTOBIIEHUE AMYIBCUH C TOCIEAYIONINM YIAJICHUEM PacTBOPUTEIS
IIyTEM BBIIAPUBAHUS B IPOLECCE CYLIKH. DTO OJAHOCTAIUUHBIN MTpoliecC, IPU KOTOPOM
OMYJbCHS BBICYIINBAETCS PACIBUICHHEM, B PE3yJIbTaTe 4ero 00pa3yloTcsl TBEpIble MU-
KpOKArcyiabl. JTOT METOX IpejyiaraeT HeCKOIbKO MPEHMYIIECTB, BKIIOYAs MPOCTOTY,
XOpOIINK KOHTPOJb MapaMeTpoB Ipoliecca u MacmrTabupyemocts. Mukpocdepsl, mo-
JydeHHbIE PACTIBUIUTENBHOMN CYIIKOH, MOTYT JI@MOHCTPUPOBATh YCTOWYHBOE U OoJjiee
MEJIEHHOE BBICBOOOXK/IEHUE JIEKAPCTBEHHOTO CPENICTBA 10 CPABHEHWIO C OOBIYHBIMU
METOAAMH PACTIBUTUTENFHON CyTKi. OTHAKO BaKHO OTMETUTH, YTO MUKPOChEpHI, IMOITy-
YEHHBIE C MCITOJF30BAHUEM ATOTO METO/Ia, MOTYT TIOABEPTaThCsl MEXaHMUECKOMY HaIlpsi-
YKEHHIO CIIBUTA U TEPMHUECKOMY HAIPSHKEHHIO B ITPOIIECCEe CYIIIKH.

PacnpmuTensHas cymika TpeACTaBIseT COOOH MIMPOKO  HCIOJB3yeMBIiH
MIPOMBINIUICHHBIA TIPOIeCC TMPeoOpa3oBaHMs JKUAKUX BEIIECTB, OOBIYHO PACTBOPOB,
CYCIIEH3WH WU SMYJIBCUH, B CyXHe TOPOIIKH WM TBEPIbIE YaCTHUIBL. DTOT METO]
WCTIONB3YyeTCS B PAa3UYHBIX OTPACIsAX MPOMBIIUIEHHOCTH, BKIIOYas MHIIEBYIO,
(hapManeBTHYECKYyl0, XUMHUYECKYI0 MW CBIPBEBYIO, Ojaromapst ero crocoOHOCTH
MpeoOpa3oOBBIBATE TEPMOUYYBCTBUTEIbHBIC, TEPMOJAOMIBHBIE WM YyBCTBUTEIHHBIC
COEIMHEHHS B CTaOWIIBHBIE, JIETKO TpPAaHCHOPTHpyeMble W cTaOmibHbIE (Gopmbl (Al-
Khattawi n ap., 2018).

[Iporiecc pacHbUTUTENHFHONW CYIIKM BKJIIOYAaeT B ce0S HECKOIBKO OCHOBHBIX
ITAIOB:

Pacnbuienue: )Kuakuili KOpM paclbuBIETCsl HA MeIbYailliie Kamid ¢ HOMOIIbIO
COIIIa WITU PaCHbUIUTENS. DTO CO3/1aeT OOJBIIYIO TIIOMIAb TOBEPXHOCTH IS OBICTPOTO
BBICHIXaHHS.

CymmipHas kamepa: PacibiieHHbIE Karlld BBOISATCS B CYIIMIBHYIO KaMepy, Te
OHHM BCTYTAIOT B KOHTAKT C TOTOKOM TOPSYETO BO3/yXa WM ra3a. Beicokoe oTHOIIeHNe
MTOBEPXHOCTH K 00bEeMY Karlelb ClIOCOOCTBYET OBICTPOMY UCTIAPEHHIO PACTBOPUTEIS WITH
KUJIKOCTH-HOCHUTETIS.

Cymka n o0Opa3oBaHWE YaCTHUIl: KOT/Ia KAaIlIM TPOXOJAT Yepe3 CYIIHIHHYIO
KaMepy, TeIUIO 3aCTaBJIsieT PaCTBOPUTENh WCHAPATHCS, OCTABIAS IMOCe ceOsl TBEp/bIe
YaCTHIBI WM TIOPOIIOK. 3aTBEepAEBINNE YaCTUIBI COOMPArOTCS Ha JHE CYHIMIBHOU
KaMephl, a WCIAPHBIIUICS PACTBOPUTENHh OOBIYHO YAAISIOT C TOMOIIBI0 Ta30BOTO
MTOTOKA.

COop dYacTHIl: BBICYIIEHHBIE YACTHIBI COOHMPAIOTCS C HCIOJIB30BaHUEM
Pa3IMYHBIX METOJIOB, TAKMX KaK IMKJIOHHBIE CEMapaTopbl, pyKaBHbIC (HIBTPHI WIH
9JIEKTPOCTATHICCKUE OCAIUTEIIH, B 3aBUCHIMOCTH OT pa3Mepa U CBOKWCTB dacTHIl (Sosnik
u ap., 2015).

PacniimuTenbHas cymka UMeeT s MPEHMYIIeCTB:

CoxpaHeHre CBOMCTB: TPOIecC OBICTPO CYIITKH CBOIUT K MUHIMYMY BO3JICHCTBHE
BBICOKHX TEMIIEPATYP, U4TO JeTaeT ero MPUTOAHBIM I TEPMOYYBCTBUTEIBHBIX BEIIECTB,
TakAX Kak (EepPMEHTHI, NMPOOMOTHKH ¥ BUTAMHHBI, COXPaHSAA HX OHOJOTHYECKYIO
AKTUBHOCTb.

VYiydmeHHass pacTBOPUMOCTH:  TIONYYEHHBIE TIOPOIIKHM  9acTO  WMEIOT
MTOBBIIIIEHHYIO PACTBOPUMOCTE Oarosiapst MEJIKOMY pa3Mepy YacTHII, YTO MOXKET OBITh
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MOJIE3HBIM B (DapMaIleBTUYECKUX COCTABaX U MPOAYKTaX OBICTPOTO MPUTOTOBIICHHSL.

Jonruii cpok XpaHeHHs AOCTYITHAS TPAHCIIOPTUPOBKA: BHICYIIEHHBIE pacIIbLIe-
HUEM TIPOIYKTHI OOBIYHO MMEIOT OoJiee JMITUTENBHBIA CPOK XPaHEHHUS TI0 CPABHEHHUIO C
KUJIKAMH (OPMaMH, YTO CHIDKAET MTOTPEOHOCTh B OXJIAXKCHUH ¥ CHIDKAET TPAHCIIOPT-
HBIE PACXOJIBI.

HecMmotpst Ha cBOM TpenMMyIECTBa, CyIIKa PACHbUICHHEM HMEET HEKOTOPHIe
OTpaHUYCHHUS:

IloTepst neTyuynx COEOUMHEHUH: XPYIKUE COCIUHEHUS C BBICOKOW JIETYUYECThIO
MOTYT TEPATHCS B TIpOIIecce.

W3menenne pasmepa uacTuil: JlocTmkeHHne y3KOTO pacmpelesieHus pasmepa
JaCTHI] MOKET OBITh CIIOKHOU 3amaueii, 0COOEHHO MpH padoTe ¢ JIUITKIMH BEIICCTBAMHU
WJIH IPOAYKTaMH, CKIIOHHBIMH K arjoMepariu.

CronMocTh 060pyAOBaHuUs: 000PYIOBaHUE ISl PACTIBUIUTENBHOMN CYIIIKA MOYKET
OBITH TOPOTUM B TPHUOOPETEHUH W IKCIUTyaTallid, YTO MOXKET OBITH MpPOOJIEeMOW st
MEJIKOCEPHITHOTO TPOU3BO/ICTBA.

Jns mpeogoneHust mpoOiIeMbl MOTEPH HEKOTOPHIX COCTUHEHHWH B IIpoIlecce
pacipuIATENbHON cymiku uccienoBateneM P.B. ne b. ®epranngec ObuTo0 mpeanioskeHHO
WCTIONb30BaHNE TYyMMHApaOWK, WCIOJIb3yEeMbIi B TPOHM3BOJICTBE apOMaTH3aTOPOB,
UTpaeT BAXKHYIO POJIh B 3aIIUTE MAaTEPHAIIOB CEPIICBIHHBI OT OKUCICHUS U YIeTyINBaHUS
(Fernandes u np., 2013). On o0amaeT BEICOKOH PaCTBOPUMOCTBIO i HU3KOH BSI3KOCTBIO B
BOJIHBIX PACTBOPAX, UTO JIEJAET €TO MPEAOYTHTEIHHBIM JUIA IIPOIlecca PacIbUIUTEILHON
cymky. Llens 3Toro necieoBanus COCTOsIa B TOM, YTOOBI OIIEHUTH, KaK pabovre ycio-
BHS BO BpPeMs PacCHbUIMTEIHHON CYIIKH BIHAIOT Ha CBOWCTBA MUKPOKAIICYITMPOBAHHOTO
3¢$UPHOTO Macia po3MapHHa.

B memom, pacmbuidTeNnbHAs Cymika IpeACcTaBiIsieT co00 YHWBEpCaTbHBIN
METOJl C TIMPOKHM IPOMBIIUICHHBIM MPUMEHEHHEM, OCOOCHHO MpH MPOU3BOJCTBE
MOPOIIKOOOPA3HBIX  MHINEBBIX MPOAYKTOB, (apMaleBTHYECKUX MpernaparoB U
XUMHYECKUX BEIECTB, Te MPeo0pa3oBaHUe KUIKOCTEH B CTAOMIHHBIE CYyXHE ITOPOIIKH
MMeeT BaKHOE 3HAYeHHE IS CTAOMIIBHOCTH, y100cTBa 1 3()(hEeKTUBHOCTH TIPOAYKTA.

Pesynbratel u o0Cy)KaeHHUS

HccnenoBanne MeTOI0B MUKPOKAIICYIMPOBAHUS, ONMCAHHBIX B JJAHHOH CTaThe,
MTO3BOJISIET TIOHATH MX MPEUMYIIECTBA, OTPAHUYCHHUS U TIOTEHIIMAI IS PA3INYHBIX ITPH-
MeHeHHH. MeToJ1 SMyIbIrupOBaHus, Kak MOKa3aHo, ITUPOKO UCIIOIB3YETCS /ISl MHKAIICY-
TUpOBaHUS (QUPHBIX MACeN U 3alIUThHl AKTUBHBIX BEIIECTB OT OKMCIICHUS U UCTIAPEHHUSL.
OpHako, Kak OTMEYEHO, €0 ITIaBHBIM HEI0CTATKOM SIBIISIETCS HEOTHOPOTHOCTH pa3MepOB
KariCyll, 9T0 MOYKET OTPAaHHYUBATh OTIPE/IeIICHHbIE TPIMEHEHUS.

WHTEpecHBIM acleKTOM SBIIIETCS METOJl MEMOPaHHOTO AMYJIbIHPOBaHUS,
KOTOPBIA CUMTAETCS JIyYIINM B CHJTy CBOEW MPOCTOTHI, MOTEHIUAIBHO 00Jiee HU3KHX
9HEpro3arpar U BO3MOXXHOCTH KOHTPOJHMPOBATH pa3Mep Kamellb. ITO 0COOEHHO Ba)KHO
B MEIHWIMHCKAX TPUMEHEHHAX, TJ€ TOYHAS JIOCTaBKa AKTHBHBIX BEIECTB HIPAET
KPUTHYECKYIO POJIh. MacmTabupyeMoCTh TOTO METO 1 JIENIAeT ero MePCIIeKTUBHBIM IS
MTPOMBIIIUIEHHOTO ITPOU3BO/ICTBA.

HccnenoBanne, B KOTOPOM HCITONIE30BATIOCH MEMOpaHHOE AMYJIBTUPOBAHUE IS
WHKAIICYJISIUN (aroB B KOHTPOJIUPYEMOH SMYIIbCHU BOJa-B-Macio, MOKAa3bIBAE€T €ro
yCHenrHoe MpuMeHeHue. MUKpPOKAICyIbl ¢ HHKAICYJIMPOBAaHHBIMU (haraMu MOTYT OBITh
WCTIOJIb30BaHbI JIIs JOCTABKU BBICOKHUX /103 ()aroB B OTIPE/ICTICHHBIE OT/IENbI KHIIIEYHNKA,
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qTOo 00NMamaeT OOJBIIMM TOTEHIMAIOM B OOph0Oe ¢ OaKTepHATbHBIMH HH(EKIIHSIMH.
Pa3mep wacTuil u XxapakTepUCTHKH O0OJIOUKH OKa3bIBAIOTCS BAXXHBIMHU (DaKTOpAMH IS
YCIIEUIHOW JJOCTABKHU B CIOKHOM KUCIION Cpelie KelyaKa.

MeTon MOHOTPOMHOTO TeNneo0pa30BaHUsl TAKKE MPECTABISET HHTEPECHYIO
aNbTEPHATUBY, OCOOEHHO U YYBCTBHUTENBHBIX K TeMIlEpaType U THUAPOPHIBHBIX
coeMHEeHHH. Ero crmocoOHOCTh cOo3/aBaTh MATKHAE M HE COIEpIKaIlde pacTBOPHTENEH
MUKPOKAIICYJIBI JIeJaeT ero IeHHBIM HHCTPYMEHTOM IS pa3paO0TKH WHHOBAIlMOHHBIX
MIPOJYKTOB C KOHTPOIHUPYEMOH TOCTAaBKOH aKTHBHBIX BEIIECTB.

PacnipimuTenbHas cymika OCTaeTcsi BaXKHBIM METOAOM JUIs MPeoOpazoBaHUS
TEPMOYYBCTBUTENHHBIX COEIMHEHUH B crabmibHble (Gopmbl.  Mcmonp3oBanue
ryMMuapaOuKa JUisi 3alliThl MaTepUaliOB CEPALEBHHBI MHKPOKAICYJl B TIpoIiecce
PaCTIBUTMTENBHON CYIIKK TPEICTABIIICT WHTEPECHOE pEeIlieHHe, CIIOCOOHOE TOBBICHTH
3(PEeKTHBHOCTH 3TOTO METOIA.

B memom, pa3zHOOOpaswe METONOB MHUKPOKAICYJIHPOBAHUS TPEIOCTABIISET
WHAYCTPUN IIUPOKANH HAOOp MHCTPYMEHTOB ISl YIIYYIIEHHS CBOWCTB TPOAYKTOB U
obOecriedyeHus] KOHTPOJIUPYEMOW TOCTAaBKH aKTHBHBIX KOMITOHEHTOB. OJHAKO Ba)XHO
YYHUTHIBATh OTPAaHUYCHUS KAXKIOTO METOJa M HAXOJWUTh ONTHMAIbHOE NpPUMEHEHHE
B 3aBHCHMOCTH OT KOHKPETHBIX TpPeOOBaHMI W XapaKTEPUCTUK HHKATCYIHPYEMbIX
BemiecTB. J[anpHeiiie nccie[0Banns B 00JIaCTH yITydIIeHHS TOUHOCTH U YHU(OPMHOCTH
pa3MepoB MUKPOKAIICYJI, a TAK)Ke Pa3paO0TKH HOBBIX 000JI0YEK, MOTYT IIPUBECTH K €IIIe
6oxee 7 (eKTHBHBIM 1 MHHOBAITMOHHBIM PEIICHUSM B cpepe MUKPOKATICYITUPOBAHHSL.

BriBoinl

WccrnenoBanns METOJ0B MHUKPOKAICYJIWPOBAHUS, BKIIOYAs METOJ| SMYJIbIHU-
POBaHUS M PACHBUIUTEIHHYIO CYIIKY, MTOATBEPKIAI0T X BAXXHOE 3HAYCHHE B Pa3Idd-
HBIX OTPACIISIX MPOMBIIUIEHHOCTH W MeIUITHE. MeTo ] SMyIIbIHpOBaHHS 00eCTIEIBAET
YCTOHYHMBOCTH aKTUBHBIX ar€HTOB M KOHTPOIMPYeMOe BEICBOOOXKIEHHE, 0COOEHHO C UC-
MTOJTE30BaHUEM MOJMMEPHBIX 000JI0UEK, TAKUX KaK aJbIMHATHI.

MemOpaHHOe OMYJIBIHpPOBaHME, KaK YKa3blBalOT aBTOPHI  AleccaHzapa
NmOpoHbo M apyrue, oO0IafaeT 3HAYUTEIHHBIMH IPEHMYIIECTBAMH, TaKUMH Kak
MIPOCTOTA M IOTEHITMAILHO 00JIee HIU3KKE SHEPro3aTpaThl. DTOT METO/T TAK)KE TI03BOJISIET
KOHTPOJIMPOBATh pa3Mep Kamellb, YTO BaXKHO JJIsi TOYHOW HWHKAICYJSAIWNN aKTHBHBIX
BEIIECTB.

MeToa MOHOTPOITHOTO Treie00pa3oBaHus MPEAOCTABIIICT MATKUH 1 3 PEKTHUBHBIN
Croco® MUKPOKAIICYINPOBaHUS, 0COOEHHO I IyBCTBUTEIHHBIX K TEMIIEpaType U TH-
IpOGMIBHBIX COENWHEHUH. DTOT METO MOAXOAHUT JUIs Pa3paOdOTKH WHHOBAIlMOHHBIX
MIPOYKTOB C KOHTPOJIUPYEMON JOCTABKOW AaKTUBHBIX BEIIIECTB.

PacnipmuTensHas Ccymika, HECMOTpST Ha CBOM OTPaHWUYEHHUS, OCTaeTCs
BXHBIM HWHCTPYMEHTOM B TPOMBIIUIEHHOCTH, OCOOEHHO /s TpeoOpa3oBaHUs
TEPMOYYBCTBUTENFHBIX COEAMHEHWH B crabmibHble (Gopmbl.  Mcmonp3oBanne
rymMMuapaOuka, Kak MpeiokeHo wuccienoarensiMu PepHanmecom, boprecom u
Borpenewm, ynydmaeT 3¢ (eKTHBHOCTh 3TOr0 METOfa, 00eCIeunBasi 3aIIUTy OT OKHCIIe-
HUS M COXPAHHOCTh aKTHBHBIX BEIIECTB.

B menom, MeTOIBI MHUKPOKAIICYIMPOBAHUS IMPENOCTABISIOT MIMPOKHHA CIIEKTP
BO3MOXKHOCTEW JIISl YIyYIIEHHS CBOWCTB pAa3jMYHBIX IPOIYKTOB M 0OeCredeHus
KOHTPOJINPYEMOW JIOCTaBKM AaKTHUBHBIX KOMIIOHEHTOB, 4YTO JENaeT WX Ba)XHBIM
WHCTPYMEHTOM JUJIsl HHIYCTPHH UCKYCCTBEHHOW JOCTABKH M MHOTHX JIPYTHX 00xacTei.
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Abstract. In this article, the oxide precursors of catalysts for the production of hy-
drogen from ethanol by the steam conversion process have been studied by energy disper-
sion spectroscopy. Oxide materials with the structure of fluorite Pr, Sm  Ce . Zr .0,

and perovskite LaMn, , Ni  , Ru, O, were synthesized by the method Pechini. Based on

0,45 0,45
complex oxides, nanocomposites [Pr,,.Sm , Ce . Zr ,.O, + LaMn,Ni  , Ru O] (1:1

0.15 0.15 0357703572 0,45 0,45
by mass) were synthesized using the “Polymer”, “Ultrasonic dispersion”, “One pot”
methods and the phase structure was studied using the methods X-ray phase analysis
(XRD) and transmission electron microscopy (TEM). The XRD and TEM data of the
synthesized samples showed that the «Polymer» and «Ultrasonic dispersion» methods
ensure the formation of fluorite-perovskite nanocomposites. The sample obtained by the
method «One-pot» is a mixture of individual and complex oxides of cations. In order to
confirm the exact elemental and stoichiometric composition of the samples formed by
the perovskite-fluorite composite phase, analysis was carried out using energy-dispersive
spectroscopy. In the quantitative and qualitative analysis of solid catalysts, the energy
dispersive spectroscopy method is often used in practice due to its advantages, such as
fast and highly accurate results, as well as ease of sample preparation for research. So,
from the EDS spectra of nanocomposites in two samples, all the peaks of such elements
as Pr, Sm, Ce, Zr, La, Mn, Ni, Ru, O were determined, and the stoichiometric composition
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of the elements was calculated by atomic fractions in the phases. The calculation results
showed that there is only a small deviation (~0.0002-0.0003) between the theoretical
stoichiometric values and the experimental values of the elements in the nanocomposites.
Ithas been established that Pekini methods are effective in the synthesis of multicomponent
complex oxides, and the “Polymer” and “Ultrasonic dispersion” methods are effective in
obtaining nanocomposites based on phases with two different properties.

Keywords: perovskite, fluorite, nanocomposite, energy dispersive spectroscopy
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AnHoTauus. bepinren Makamaga STaHONAAH CYTEeriH OyJibl KOHBEpCHsUIay
MpoleciMeHaly KaTalIu3aTopIapbIHBIHKYPACITi OKCHATI IPEKyPCOpIapbIdHEPrOAUCIIEPCTI
cnekrpockonus (DJIC) anicimen seprrenmi. ®mwoopur Pry Sm Ce . Zr .0, xone
IIEPOBCKUT LaMnOASNiQ 4sRUg,O; KYPBUIBIMIbI KaTanu3aTop mpexypcopiapst IlexuHn
omicimen cuHTe3neni. «llomumepy, [Pr, ,Sm, Ce . Zr O, + LaMnO’ 45Ni0q 45RuO’IO3]
(1:1 macca OolibIHIIIa) HAHOKOMITO3UTTEP1 CHHTE3CIMN, (Pa3ajbIK KypaMbl )KOHE KYPBLUIbI-
MBI peHTreHdaszansik Tannay (POT) sxoHe TpaHCMUCCHSIIBIK AIIEKTPOHIBI MUKPOCKOIHS
(TOM) opictepimen 3eprrenai. Cunresaenret yariaepain POT xone TOM monimeTTepi
«[Tomumep», «YABTPaabIOBICTHIK AMCIICPTHPIICY» oficTepi (IFOOPUT- TEPOBCKUTTI
HAHOKOMITO3UTTEP/IH TY3UIyiH KaMTaMacchl3 eTeTiH KopceTTi. Al «One pot» opiciMeH
JaibIHaanarad Yiri KypamMblHa KipeTiH KaTHOHIap/AbIH KeKe )KoHe KYP/ei OKCHUITEPiHIH
KOCTIachbIHAH TYPAaTbIHbI aHBIKTANAbl. «IlepOBCKHUT-(QIIOOPUT» KOMIO3UTTIK (a3ackl
TY3UITEH YIATiIepIiH HaKThl DJIEMEHTTIK JKOHE CTEXHOMETPHSIIBIK KypambiH pactay I/1C
oziciMeH Tanjay xacanibl. KaTTel KaTannzaTopiaapAbl CAaHIBIK KOHE calaliblK Tajaaay/aa,
SHEPrOUCTICPCT] CIIEKTPOCKOIHUS 9J1iCI HOTHIKEIEP/Il KBIIIAM XKOHE KOFapPhI IQJJIIKIICH
ary, yATiIepai 3epTreyre JaibIiHaay AbIH KaparnaibIMIBUIBIFbI CHSIKTBI aPTHIKIIBUTBIKTAPbI
ceOebiHeH Toxipubeae sxui KoimaHbuiaabl. CoHbIMeH, HaHokommo3utTepaiH IC
CIIEKTpJICPIHEH €Ki yIrijie PrSm Ce Zr La, Mn’Niy Ru O cusikrsl 211eMeHTTEpAIH GapiIbIK
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MIBIHIAPEI AHBIKTABIT, SJIEMEHTTEPIIH ¢aszamapaarkl aTOMIBIK yJiecTtepi OoHbIHIIA
CTEXHOMETPHSUIBIK ~Kypambl ecenTenmi. EcenTey HoTWXKenepi HAHOKOMIIO3UTTED
KYPaMBIHIAFBI 2JIEMEHTTEP I H TCOPHUSIIBIK CTEXHOMETPHSIIBIK MOHIEPI MEH TOKIpHUOEITIK
MoHIepi apackiHia a3 raHa aysITKy (~ 0,0002—-0,0003) 6omaTeiabH KOpceTTi. Ko xom-
MMOHEHTTI Kyplem okcuarepai cuHtesneyne llekwnn, exi Typmi Kacuerrepi Oap HaHO-
koMmo3uTTepai cunrtesneyne «llomammepy koHEe «YIBTPaIbIOBICTHIK TUCTIEPTHPIICY»
omicTepi THIMIII €KeHi aHBIKTaJIIbI.

Tyiiin ce3mep: TEPOBCKUT, (IIFOOPUT, HAHOKOMIIO3HUT, JHEPTOIHUCIIEPCTI
CIIEKTPOCKOTIHS
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AHHOTaMs. B 1aHHOI CTaThe METOZ0OM SHEPTOAUCIIEPCUOHHON CIIEKTPOCKOIINU
WCCIIEJIOBAHBI OKCHIHBIE TPEAIIECTBEHHUKH KaTaJu3aTOPOB IIOJNyYEHHUS BOJIOpOJA
M3 3TaHOJa MPOIECCOM MapoBOi KoHBepcuu. OKCHAHBIE MAaTE€pPHAIbl CO CTPYKTYPOH
¢moopura Pr Sm Ce . Zr, . O, n neposckura LaMn, ,Ni , Ru O, cuuresnpoBaHsl
merogoMm Ilekman. Ha ocHOBe CHOXHBIX OKcHIOB Metomamu  «llommmepy,
«YIpTpa3ByKOBOE JAWCHEPTHpOBaHue», «One pot» CHHTE3MPOBAHBI HAHOKOMITO3UTHI
[Pr,,;Sm, Ce . Zr O, + LaMn ,Ni , Ru,,O,] (mo macce 1:1), a dpasosast crpykrypa
uccieoBagach MerogamMu peHTreHodasnoro anammza (PDA) m mpocBeumBaromeit
anektpoHHOM Mukpockonuu (IIOM). Jlanasie PDA u [IOM cuHTE3npOBaHHBIX
00pa31oB mokasaiu, 4to Metonsl «llommmepy, «YIpTpa3ByKoBOE AMCIIEPTHPOBAHUE
obecrieunBaloT 00pa3oBaHKe (IIIOOPUT-TIEPOBCKUTHBIX HaHOKOMNO3uTOB. OOpaser,
MOJTydeHHBIH MeToioM «One-pot», MpeacTaBiseT coOOi cMech WHAWBUIYAJIbHBIX U
CJIOXKHBIX OKCHJIOB, BXOJSIIMX B COCTaB KaTHOHOB. C IENbI0 MOATBEPKICHHUS TOYHOTO
3JIEMEHTHOTO M CTEXMOMETPHUYECKOTO COCTaBa 00pasioB, 00pa30BaHHBIX KOMITO3UTHON

(hazoi «1epoBCKUT-(PIIFOOPUTY, OBLT IPOBEICH aHAIH3 METOIOM YHEPTOIUCIIEPCHOHHOMN
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criektpockori (DJ1C). Ilpu KONMMYECTBEHHOM M KauyeCTBEHHOM aHAJIM3€ TBEPIBIX
KaTajJu3aToOpoB Ha TMPAKTUKE YacTO MPHUMEHSETCS METOJ HSHEepProfHCIepCHOHHON
CHEeKTPOCKONHHU, Onaromapsi ObBICTPOMY M BBICOKOTOYHOMY IIOJIYYEHHIO PE3yJIbTaTOB
W MPOCTOTE MOATOTOBKH MPo0 K mcciemoBanuio. M3 crekrpor 3/[C HAaHOKOMITO3UTOB
B JIByX 0oOpa3iax ObLIM OMpEeeNeHbl BCe MUKH TAaKUX JIEeMEeHTOB, kKak Pr, Sm, Ce, Zr,
La, Mn, Ni, Ru, O 1 paccunTal CTEeXHOMETPHUECCKHUH COCTaB DIIEMEHTOB IO aTOMHBIM
noisM B (hazax. Pe3ynmbTarhl pacdeToB MOKazajid, YTO MEXIY TEOPETHUYECKUMHU CTEXH-
OMETPHYECKUMHU U DKCIEPUMEHTAIBHBIMHA 3HAYSHUSIMHA 3JIEMEHTOB B HAaHOKOMITO3UTaX
CymiecTByeT Juib HeOobimoe oTkiorenne (~ 0,0002-0,0003). YcraHOBIEHO, UTO METOI
[lexnan > dexTHBEH pU CHHTE3€ MHOTOKOMIIOHEHTHBIX CJIOXKHBIX OKCHJIOB, & METOIBI
«ITomumep» n «YIIbTpa3ByKOBOE HHCIEpTHpOBaHUE» d(PPEKTHBHBI MPH TOTYYCHUN
HaHOKOMITO3UTOB Ha OCHOBE (Da3 ¢ ABYMS Pa3IMYHBIMHU CBOHCTBAMH.

KiroueBble c10Ba: IepOBCKUT; (DIFOOPUT; HAHOKOMIIO3UT; SHEPTOIUCTIEPCHOHHAS
CHEKTPOCKOTIHS

Kipicne

Karanmsaropnap xypambiHa KipeTiH kenrtereH aybicriaisl Metanmap (Fe, Co,
Ni, Cu) OeifopraHUKaJIBIK JKOHE OPTraHUKAJBIK pearceHTTepMEH KeIIeHIi KOCBUIBICTap
TY3yre KaOieTTi, al ceKTpopOTOMETpHs OJapIblH KYpPaMbIH TajayIblH KapamnaibiM
JKOHE ap3aH oj1ici OombIN TabbUTabl. AJaiina, ic Ky3iHAe KaTanu3aTopiapsl Tajaayaa
OVJI ofiC KOJTaHBICTAFbl PEareHTTEPAiH a3 TaJFaMIIbUIBIFBIHA YKOHE KOMITOHEHTTEPII
CiHIpY cHeKTpJepiHiH KabaTTacyblHa OaiaHBICTHI cupek KonnaHbiianel (Huang sxone
T.0., 2005; Swetha >xone T.0., 2013; Tarpani xone T.0., 2016; Cerda xone T.6., 2017).
Kasipri yakpITTa, KypamblHAa €Ki HeMece OfaH Jla Kem OeJCeH/li KOMITIOHEHTTepi KYp-
JIeITi KaTajau3aTopiapbl calaliblK KOHE CAHJBIK TayljgayJa WHIYKTHBTi-OailaHBICKaH
IJIa3MaMeH aTOMIBIK-YMUCCHSIIBIK criekTpoMeTpus (ADC — HMCII), xaaslHMEH HeMece
INEKTPOTEPMHUSLITBIK ATOMHU3AIUSIMEH aTOMIBIK a0COPOIHSITBIK CTIEKTPOMETPHS, PEHTTEH-
(hyopecneHTTi Tannay, CoHIal-aK HEHTPOH Bl AKTHBAIASIIBIK Ty, JHEPT OIUCTIEPCTI
crekrpometpus (DJ1C) omictepi KomaHbBUTanbl. by omictep sKOFapbl METPOJIOTHSIIBIK
cUnarTaMaiapra ue jkoHe Oip yakbITTa OipHeIe dJIeMEHTTEp/Al aHBIKTayFa MYMKIHIIK
oepeni (Eskina xone 1.6., 2020; ManmminH xoHe T.0., 2009; Yao xone T.0., 2016;
becrans xone 1.0., 2012; Sam >xoHe T.0., 1991). Atanran omicTepHiH iNIiHIE dHEP-
TOAMCIIEPCTI CHEKTPOMETPHS OJici aHAIMTHKAIBIK MYMKIHIIKTEpi KOHE YJITLIepIi
3epTTeyre JalbIHAayAbIH CaJbICTRIPMAIBl TYpAE KapamailbIMABUIBIFE ceOebiHeH
KaTThl KaTaJM3aTOPIapAblH CalallblK CHIATTaMalapbhlH aHBIKTaya KWl KOJIAHBLIAIbI
(Newbury »one T1.0., 2015; Ritchie xone 1.6., 2012; Reddy xone 1.6., 2000; Zhang
)koHe T.0., 2013). Byt omicTiH IpUHIMIT KeJeCineit: 3epTTeIeTiH YITIIEPIiH aTOMIaphI
AJIEKTPOH AP HIOFHI (CKaHEPIIEYIIT DJIEKTPOH/IbI MUKPOCKOIIIIEH HEMEeCe TPAHCMUCCHSITBIK
JNIEKTPOHIIBI MHUKPOCKOI) HEMece pEeHTTeH caynenepi (penmeen-giayopecyernm
aHaIM3aTOpJIapbIHAa) KOMETIMEH KO3ABIPBUIAILI KOHE dpOip XUMISUIBIK DJIEMEHT ©3iHe
TOH PEHTTEH CoyJIeNIepiH MIbIFapaibl. MyHaai coyieneHyIiH YHepre TUKAIIBIK CIEKTPIIepiH
3epTTeill OTBIPHII, YJTIHIH calaiblK JKOHE CaHIBIK Kypambl aHbikTaizanel (Lalitha sxome
1.6., 2010; Zhu xone T.6., 2001). By xymbicTa OHOOTHIHAAPABI OyJIbl KOHBEpPCHUSIIAY
KaTaJu3aTopiapelHbiH - npeKypcopnapel —  ¢umooput  Pr  Sm  Ce . Zr ,.O, xone

0,15 0,15 0,357770,35

neposckut LaMn, Ni , Ru O, KYPBUIBIM/IbI IOTHOKCHATEP HETi3iHAE <<HOJ'II/IMep.»,
«YIBTPaAbIOBICTHIK TUCTIEPTUPIICY» OMICTEPIMEH CHHTE3AEITEeH HAaHOKOMIIO3HTTEPIIiH

[Pr,,Sm Ce,Zr . ,O,+ LaMn  ,Ni ,Ru; O] (1:1 macca Goiibirina) SC Tamnay
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MOJIIMETTEPIMEH XUMUSIIBIK KYPaMbl aHBIKTAJIBII, 3JIEMEHTTEPIIH aTOMIBIK YiecTepi
(%) OoMbIHIIIA CAH[IBIK TATAAY KYPTi3UIIi.

Toxipubeik 6oiM. .KOMHOSI/IT KypayHIibLIapsl (bm()gpm Pr, Sm,  Ce ,Zr . O,
xoHe neposckut LaMn , Ni , Ru O, kypeutbiMasl kypaeni okcuarep (Fernandes xone

1.0.,2002; Xu xoHe T.6.?A§01%L;15Reis )oHe T.0., 2018) omeOueTTepae TOMBIK CUITATTaMaChl
Oepinren [lekuHM oMiciMEH CHHTE3ICIIII.

Ilexkwan omiciHAe JTUMOH KBIMIKBIIBI OPTYPJIl KaTHOHAApPHI Oap KaTaau3aTop
KypaylibUIapbIMEH KEIIeHJI KOCBUIBIC Ty3y YIIIH KOJZaHbIJbl. By KkemieHi
KOCBUIBICTAp KOI aTOMJBI CIHUPT —3THJICHIIIMKOIBMEH OPEKETTECIN MOJMdQHP TY3E/Ii.
Hormxkecinae OipTekTi epiTiHmi Mmakma OOIBIT, METAT MOHIAPHI OYKUT OpTraHUKaJIBIK
MaTtpuIara Oipkenki 6emiHemi. byt omic - Kypaeni okcuarepae KaTHOHIAPABIH OipKeIKi
TapaiyblH, JKOFaphl TUCIEPCTUIrH JKOHE CTEXHOMETPHUSUIBIK KYpaMmblH OakblIayFa
MyMKiHIIK O6epeni (Martins xone 1.0., 2014; Hosseini sxoHe T.6., 2016).
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RISTANT LETParel

Cypem 1. Kypaeni okcunrepai [lekunu oiciMeH CHHTE3ACY/IiH ChI30achl

Cunresgenred Kypaeli OKCHATEp HETi3iHme »Kammbsl (GopMmynacel [Pr,
1SC60’3SZrOJSQZ+LaMn.045N10,45RuO’1.03]. (1:1 macca 60H51§g1a) 0ONaThIH KOMITO3UTTED
CUHTE3JICY/IiH Y daiciMeH xyp3uni: 1) «[lomamepy» olici - aljiblH ajla CHHTE3/ICTeH
(GIIIOOPUT  KYPBUIBIMIIBI ~ KYPJIEJIi  OKCHJI KATBICBIHAA IOJIUMEp MAaTpHIAChIHAH

LaMn ,Ni ,Ru  O,, LaMn Ru, O, nepoBckurrepain Tysinyi, 2) «YIbTpaablObICTBIK

O,ISSmO,

0,45 0,45
aucneprupiey» - Oacrankel Kypaenmi okcuarepai  Pry Sm Ce Zr ..O, xone
LaMn,,Ni , Ru O,, LaMn Ru O, uzonponanonna OeTTiK OeCEHI 3aTThl KOCY

apKBUTBI yIIBTPaABIOBICTHIK TUCTICPTUPIICY KoHE 3) OapIIbIK KaTHOHAAPHI Oap IMOTMMEPIiH
«One-pot» curresi. bapasik ynrinep 700 °C temmepartypana 4 caraT 00Nl KyHIIpiIIi.
Jatieramay omicTepi 0i341H alIbIHFBI KYMBICBIMBI3IA TONBIK curnartanrad (Naurzkulova
xoHe T.0., 2021).

CuHTe3enreH yiriiepain (hazainbik Kypambl, KypblibiMbl CuKo coyieneny ke3i
06ap Bruker Advance D8 mudpakromerpi xoHe JEM-2200FS TpaHCMHUCCHSITBIK, 3J€K-
TPOH/IbI MHUKPOCKONTBIH KOMeriMeH 3epTTeiifi. KOoMMO3UTTep/iH KypaMblH CaraibiK
JKOHE CAHIBIK TalJay DHEPTreTHUKAIBIK IUCIIepCHsUTBIK criekTpockonus (DC) omici
kosmaneuibl. Tampay JSM 6460 — LV ckaHepneynn 3JIEKTPOHIIBIK, MUKPOCKOIIBIHA
skacaubli, anbiaFal maimertep Oxford INCA OarnapiamachiMeH OHICII.

Hotmxe xone TaJIKbLIAY

I[Teposckut-Qmoopur Kypaeni oxcuarep nerisinge [Pry Sm, Ce . Zr . O +L
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aMn_,Nij , Ru O] (1:1 macca GoiibiHina) kommosutrep «llomumepy, «Yibrpasobl-
CTBIK TUCTIEPTHPIICY» SIICTEePiH KOJMJaHFaH/Ia TY3UIeTiHI peHTreH(a3alblK Tanaay )KoHe
TPAaHCMUCCHSUIBIK AJIEKTPOHIBl MHUKPOCKOIHUS O/ICTEPiHIH 3epTTey MAIiMeTTepiMeH
aHBIKTANIB JkoHe 0i31iH (Naurzkulova xone T.6., 2021) KYMBICBIMBI3[Ia HOTHXKENEPI
JKapUsIIaHIbl. AJIBIHFAaH KOMIIO3UTTEP/IH HAKThl XUMUSUIBIK KOHE CTEXHOMETPHSIIBIK
KYpaMbIH pacTay VIIiH dHEPrOAMCIIePCTi CHEKTPOCKONHS dICIMEH Tallfay >Kacaijbl. 2
xoHe 3 cyperrepae «llommmepy koHe «YIbTpaIbIOBICTHIK AUCIIEPTUPIIEY» d/1iCTEPIMEH
cunresgenred  [Pr), Sm  Ce . Zr O, +LaMn, IR 4sRU,O;]  Kypamzbl  KOMIO3HT-
tepmiH COM KeckiHAepl MEH SHEPTeTHKAIBIK IHUCIIEPCHSIIBIK CHEKTpiepi, 1 koHe 3
KecTellepie CIEKTPIIepACH TiKeJIeH allbIHFaH TOKIpUOETIK aTOMIBIK YJIECTePiHIH CaHIBIK

MOHIEpi OepinreH.

CrexT 1

0 1 2 k] 4 4 [ 7 3 B
MNonad wkana 1575 wn. Kypoop: 4016 (83 1m0, [<l=)

a)

Cypem 2. «llonmumep» daiciMeH cunresaenred [Pr . Sm SCemS r,,;0,7LaMn, , Ni Ru, O,]

xommo3uTinig DOJIC (a) sxene COM (6) KeCKiHi

Kommnosurrepain 3/1C cnexrpaepinen Pr Sm Ce Zr La, Mn Ni Ru O cuskrer
SIEMEHTTEpiH GapibIK MIBIHIAPHl AHBIKTAIBII, aTOMIBIK yiectepi (%) Herisimme
(Kecre 1 sxoHe 3 ) eke (UIIOOPUT >KOHE MEPOBCKUT (hazamapblHIAFbl XUMHSIIBIK
JIIEMEHTTEPAIH CTEXHOMETPHSUIBIK KYpaMbIH HakTbulayra MyMKiHmik Oepai (Kecte 2
JKoHe 4).

Kecre 1. Honumep apnicimen cunrespenret [Pry Sm  .Ce , Zr . O,+LaMn, 5N, 45Ruo’los] KOMITO3HUTIHIH

OJIC TannayslHaH albIHFAH 3JIEMEHTTIK KYpaMbl &KoHe aTOMABIK yieci (%)

Ne XUMHSIIBIK ATOMJBIK yIIeCiHiH opTamra MoHi, (%)
JNIEMEHT Creirp
1 HykTe 2 uykre | 3 HYKTe

1 Pr 2,24 2,16 2,05 2,15

2 | Sm 2,10 2,14 2,12 2,12

3 |Ce 5,54 5,83 5,00 5,45

4 | Zr 4,38 4,82 3,92 4,37

5 |La 13,46 12,73 12,94 13,04
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6 |Mn 7,64 6,94 7,23 7,27
7 |Ni 6,67 6,17 7,12 6,65
8 |Ru 1,15 0,87 1,14 1,05
9 |O 56,82 58,34 58,48 57,88
Bapubirst 100 % 100 %

Kecre 2. DJIC Tanmaysl HeTi3iHIe MOAUMED 9iciMeH cuHTe3nenreH [Pr, . . Sm

0,15

0,15

CewsZr O+LaMn0,45Ni0,45

03572

Ru,,O,] KOMIO3UTTIH CTEXHOMETPHUSIIBIK KYPaMbI
OneMeHTTep | ATOMJBIK YJIECiHIH OpTama MoHi, % CTeXHOMETPHUSIIBIK KYpaMbl, %o
OKCIEPUMEHTTIK TeopusitbiK
Pr 2,15 0,1525 0,15
Sm 2,12 0,1504 0,15
Ce 5,45 0,3867 0,35
Zr 4,37 0,3101 0,35
Bapnbirs 14,09 0,9997 1
La 13,04 0,9509 1
Mn 7,27 0,5094 0,45
Ni 6,65 0,4660 0,45
Ru 1,05 0,0735 0,1
Bapibirbl 27,96 1,9998 2
((HOJ'II/IMCp» KOHC «yJ'IBTpaI[I:I6BICTBIK JAUCTICPTUPIICY» QlIiCTepiMCH
cunresgenres [Pr), Sm Ce Zr . O ++LaMn ,Ni  Ru O,] Kypamamsr xommosur-

TepAeri DIIEMEHTTEPHiH aTOMIBIK YJISCTEpiHIH opTalia MOHI HETI3iHAE eCelTeIreH
IKCIEPUMEHTTIK CTEXHUOMETPUSJIBIK KYPAMBIHBIH MOHJEPI, TECOPUSIIBIK €CEITey
MOHJIepiHe KaKbIH eKeHiH kepyre O6omazanl ( Kecre 2 sxone 4). HanokoMmo3urrep Kypa-
MBbIHA KIPETIH XMMUSUIBIK DJICMEHTTEP/IH TCOPHUSIIBIK JKOHE SKCICPUMEHTTIK CaHJIBIK
MOoHIIepiHiH a3 FaHa aiplpMambUIBIFRl (~ 0,0002-0,0003) cTEXHOMETPHSIIBIK KypaMbl
HAKThl KYpAedi OKcuarepii cuHTe3neyae I[lekuHu ofici, ajl HAHOKOMIIO3UTTEPIi
cuntesneyae «llomumepy, «YIbTPaAbIOBICTHIK JTUCIEPTHPIICY» OMICTEPIHIH THIMII

E€KEHIH JoJeaen .
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CnekTp 1

0 1 2 3 4 5 B 7 5 g
MNonHad wrana 2075 vn. Kypoop: -0.044 (703 14man.) k3|
a)
Cypem 3. «¥Y 1bTpajbIOBICTBIK AUCIIEprupiey» diciven cunrespenret [Pry, Smy Ce , Zr O +LaMn N

iy, 45Ruo)103] xomno3uTiniH D/IC (a) xxone COM (0) keckiHi

Kecre 3. «YnbTpaabIOBICTEIK TUCTIEPTUPIICY» 9IICIMEH CHHTE3/IeNITeH [Pr,,sSm, ,Ce,Zr O, +LaMn, JRAH
45RO, xommosurinin O/IC TannayblHaH anblHFaH SNEMEHTTIK KypaMbl X9He aTOMABIK yieci (%)
Ne DeMeHT Crextp ATOMIBIK YIIeciHiH opTama MoHi, (%)

1 HykTe 2 HyKTe

1 Pr 2,37 2,63 2,50
2 Sm 2,58 2,83 2,70
3 Ce 6,31 6,80 6,56
4 Zr 4,74 5,52 5,13
5 La 12,29 12,60 12,45
6 Mn 6,17 6,48 6,32
7 Ni 5,54 6,15 5,85
8 Ru 1,02 0,87 0,95
9 o 57,97 55,11 56,54

Bbapibirsl 100 % 100 % 100 %

Kecte 4. D/IC Tannays! Herizinae «YIbTPaabIOBICTBIK IUCTIEPTUPIIEY» dMliciMeH cuHTe3ereH [Pr, Sm

Ce, ;sZr,;;0,+LaMn , Nij , Ru  O,] KOMIO3HTTIH CTEXHOMETPHSIBIK KYPambl
OnemeHTTep | ATOMABIK yIeciHIH opTamia MoHi, % CTeXHOMETPHSIIBIK KYPaMbl, %o
DKCIEepPUMEHTTIK Teopusiblk

Pr 2,50 0,1480 0,15

Sm 2,70 0,1598 0,15

Ce 6,56 0,3883 0,35

Zr 5,13 0,3037 0,35
Bapneirst 16,89 0,9998 1
La 12,45 0,9737 1

Mn 6,32 0,4943 0,45

Ni 5,85 0,4575 0,45
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Ru 0,95 0,0743 0,1
Bbapnbirst 25,57 1,9998 2
KopbIThIHABI

Byn 3eprreyme ostaHonmeiH Oynbl KoHBepcusi mpoueci ymiH «Ilomumepy,
«YABTpadblOBICTEIK — AuCHEprupiey» koHe «One pot» omicTepiMeH  (QIIOOPHUT
PrO'I.SSrnO.lSCeO‘SSZrO‘}SO2 JKOHE IIEPOBCKUT LaMno,45Nlo,453uo,103 KYpPAEI OKCHITED
Herizinae MaccuBTi [Pr, Sm CeOBSZr O2 + LaMn. Ni Ru0103] (1:1 macca 0oii-

BIHIIIA) HaHOKOMHOSI/ITTOélI;i c?&ETe3ﬂeni1()i3,5 (azanbix &Bm‘ﬁs JKOHE KYPBUIBIMBI PEHT-
reH(asanblK Tanaay *XoHE TPAHCMHCCHUSUIBIK 3JIEKTPOHABI MHKPOCKOIMHUS 9/liCTepiMEeH
seprrengi. Cuntespenren yirinepain POT sxone TOM wmoamimertepi «Ilommmepy,
«YABTpaabIOBICTHIK AUCHEPTUPIICY» SIICTEpl JKeKe (IIIOOPUT KOHE MEPOBCKHUT IKEKe
¢azanapbl 0ap HaHOKOMIO3WUTTEPHiH TY3UIyiH KaMTaMacChl3 €TeTiH KepCeTTi. A
«One pot» omiciMeH AalibIHAANIaFaH Yri KypaMblHa KipeTiH KaTHOHAAP/BIH KEKe JKOHEe
KypZAeni OKCHUATEPiHIH KOCHAChIHAH TYPAThIHBI aHBIKTAIIBI. «llepoBckuT-(moopur»
KOMITO3UTTIK (ha3achl TY3UIT€H YITUIEPAiH HAKThl 3JEMEHTTIK )KOHE CTEXHOMETPHSUIBIK
KypaMblH pacTay YIIiH SHEProAMCHEPCTI CHEKTPOCKOMHS SAiCIMEH Tanjay >Kacasibl.
DHEProIUCIEPCTi CIEKTPOCKOIHUS dICi - KypaMbIHJIa €Ki HEMece OJIaH Jia Kol OeJICeH/I
MeTajapbl 0ap KaTThl KaTaau3aTopiIapbl JIEMEHTTIK Tanaayia HOTHXKeIepal Kbuigam
JKOHE JKOFapbl JOIAIKIICH aHBIKTay, COHAAH-aK YITUIepIi 3epTTeyre IaibIHIayblH
CaJIBICTBIPMabl TYpAE KapanalbIMIbUIBIFEI ceOebiHeH TaxiprOeae sKui KoIlaHbUIAdbL.
Conbiven Hanokomnosutrepain D/IC cnekrpaepinen exi yiarine Pr Sm Ce Zr La, Mn
Ni Ru O CHAKTBI 57EMEHTTepIiH Gapiblk IIBIHAAPHl AHBIKTATBI, JIEMEHTTEPIIH
asamapmarsl aTOMIBIK yiecTepi OOWBIHINA CTEXHOMETPHSIBIK KypaMbl eCENTeNi.
Ecentey HoTmkenepi HaHOKOMIO3HUTTEP KYpPaMbBIHIAFbl SJIEMEHTTEPIH TEOPHSUIBIK
CTEXHMOMETPHSIIBIK MOHJEpPl MEH TKIpHOemiK MoHIEpi apachblHIa a3 FaHa aybITKY (~
0,0002—-0,0003) OonarbIHBIH KepceTTi. SIFHM, KOn KOMIIOHSHTTI KYpAeTi OKCHUATEPIi
cunresaeyae [lexunu, exi Typii KacueTtepi 6ap HaHOKOMIIO3UTTepAl cuHTesneyae «llo-
JMEpP» JKOHE « Y IbTPaabIOBICTHIK TUCTIEPTUPIICY» 9ICTEP] THIM/I €KeH1 aHBIKTAIIIBI.
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Abstract. The formulation of new drugs that exert a wide spectrum of activity
is a relevant issue. Knowledge of the physicochemical characteristics and structure of
the drug is necessary in order to correctly interpret the mechanism of its action and
distribution after administration to the body. Finally, the structure and properties of the
drug determine both the medicinal form and the method of dosage. In this regard, our work
was aimed to study the structure and properties of active pharmaceutical ingredient (API)
using a complex of physicochemical methods. According to the results of viscometric
studies, the solutions of API were found to be non-Newtonian liquids and the dependence
tendency between the temperature increase and solution viscosity decrease was found out,
what indicates the occurrence of the decomposition processes, or the existing structures,
or associations disaggregation. The data on viscometric studies correlate with the data
obtained from calculations of the activation energies of the viscous flow (E ). Also, the
electrical conductivity of API solutions at the temperature of 2025 °C was studied using
the conductometric method. Measurements of the electrical conductivity of API solutions
showed that with an increase in the drug content, the values of the specific conductance (y,
mS/cm) rise. This is due to an increase in the quantity of electrically conductive particles
in the system, which occurs both due to the concentration of solutions and disaggregation
of the micelles.

Keywords: Association, Dynamic viscosity, Specific conductance, potentiometry,

redox potential, microscopy
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AHHOTaIUs. Ocep €Ty CHEKTpi KeH JKaHa IpernaparTapibl Kacay ©3eKTi
Macere 0oJbIT TabbuTabl. JleHere eHri3reHHeH KeiiH ocep €Ty MEXaHM3MiH KOHE OHBIH
OpeKeTiH IyphIC TYCIHAIPY YIIiH TMpemnaparThiH (U3UKa-XUMUSIIBIK CHIIaTTaMallapbl
MEH KYpBUIBIMBIH Oiy KaxkeT. [IpemaparTblH KypbUIBIMBI MEH KacHeTTepi, COHBIHAA
JIOpiITiK hopMaHbI J1a, €HTI3Y 9[IICIH /e aHBIKTai /1bl. OCchIFaH OalIaHbICTHI Oi3/iH 3epTTey
’KYMBICBIMBI3/IBIH MaKCaThl (pU3NKa-XUMHSIIBIK 9/1iCTep KeIIIeHIH KOJITaHa OTHIPHIIT, aKTUBTI
dapmarneBTHKANBIK cyOcTaHmsapasiH (ADC) KypbUIBIMBI MEH KAaCHETTEpiH 3epTTey
00161, BUCKO3UMETPHUSIIBIK 3epTTEYNEpIiH HOTIKenepi OoibiHIa ADC epiTiHainepiHiH
HBIOTOH/IBIK €MeC CYHBIKTap eKeHIIrl  JKOHEe TeMIlepaTypaHbIH JKOFapbUIaybIMEH
epITIHAIEePAiH TYTKBIPIBIFBI TOMEHICHTIHI aHBIKTAIIBI, OYJT - KYPBUTBIMIAPIBIH HEMece
accoOIMATTAP/BIH BIIBIpAay Hemece OOJIIEeKTEHY NMPOIecTepiHe YIIBIPayblH KOPCETEe.
BUCKO3UMETPHSIIBIK 3epTTEYIACepIiH JepeKTepi MEH TYTKBIP aFbICTHIH  aKTHBTEHY
sHeprusichiHbIH (Ea) ecenTeynepiHeH anbiHFaH MamiMerTep coiikec keneni. CoHpmaii-
aK KOHIYKTOMeTpusutblK oficien 20-25 °C rtemmeparypama ADPC epiTiHainepiHiH
anekTpeTK3rimTiri 3eprrengai. ADC epiTiHAUIEpIHIH ANEKTPOTKI3TIMTITIH  OJIIIey,
JTOPUITIK 3aTTap IbIH MOJIIIEePi apTKaH CailblH MEHIIIIKTI AJIEKTPOTKI3TIIITIK MoHEpi (), mS/
cm) KOFapBUIANTHIHBIH KepceTeni. by epiTiHaiaepAiH KOHIIEHTpaHiChl eceOiHeH e,
MUIIEIIAIAP/IBIH BIIBIPAYBIHAH J1a TIai/1a O0JIaThIH JKYHeeri AEeKTPOTKI3TIIT OOIIIeKTep
CaHBIHBIH apTybIHA OANIAHBICTHI.

Tyiiin ce3mep: accormanys, AMHAMUKAIBIK TYTKBIPIBIK, SJIEKTP OTKI3TIMITIK,
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Annoranus. Co3anne HOBBIX JIEKaPCTBEHHBIX MPENapaToB, KOTOPbIE 001a1al0T
IIMPOKUM CIEKTPOM JIEHCTBHS SBISIETCA aKTyalbHOW IpoOiemoil. 3HaHWe (HHU3HKO-
XUMHUYECKUX XapaKTePUCTHK U CTPOSHUS Iperapara sBJsieTcss HEOOXOMUMBIM TSI TOTO,
YTOOBI NPAaBUJIILHO TPAKTOBATh MEXaHU3M JCWCTBUS W €r0 MOBEJICHUE TIOCIE BBEICHUS
B opranm3Mm. CTpoeHHWE W CBOICTBa IIpemapara, B KOHEYHOM HWTOTE, OIPEIENISIOT
W JIEKapCTBEHHYIO (QOpMY, U CTOcO0 TpUMEHeHHs. B CBS3M C STHUM HENbI0 HAIINX
WCCIIEJIOBAaHUHN SBWJIOCH W3y4YEHHE IIPH IIOMOIIM KOMITIEKCa (PH3MKO-XUMHUIECKIX
METOZIOB CTPOCHHUS M CBOWCTB akTUBHBEIE (apmareBrndeckue cyocrannnu (ADPC). Ilo
pe3yJbTaraM BUCKO3UMETPHUUYECKUX HCCIEIOBAaHUU YCTaHOBJIEHO, 4TO pacTBOpbl ADC
SIBIISIFOTCS. HEHBIOTOHOBBIMH JKUIKOCTSIMH M OBIJIO YCTAHOBJIEHO, YTO C TTOBBIIIEHHEM
TEeMIEepaTyphl BI3KOCTh PACTBOPOB YMEHBIIIAETCS, YTO CBUAETENBCTBYET O MPOTEKAHUN
MPOIIECCOB paclaja WM Jie3arperaiuyd MMEIOIIUXCS CTPYKTYp WM aCCOIHAITHH.
JlaHHBIE BUCKO3MMETPHUYECKHUX HCCIEIOBAHUA KOPPEIUPYIOT C JAaHHBIMH TOJTYYeHHBIX
IpHU pacyeTax SHEPrui akTuBauuu Baskoro tedenns (E ). Taxoke KoHIyKTOMETpHYECKUM
METOZIOM OblIa H3y4eHa dIEKTPOIPOBOAHOCTE pacTBopoB ADC mpu Temneparype 20-25
°C. Nzmepenus anekTponpoBogHOCTH pacTBOpoB ADC 10Ka3bIBaIOT, YTO C MTOBBIIIIEHUEM
COZlepKaHHA JIEKAPCTBEHHOTO IIperapara 3HaueHHWs YIAeNBHOW AIIEKTPONPOBOTHOCTH

211



ISSN 2224-5227 2.2024

(%, mS/cm) pactyT. DTO OOYCIIOBIEHO YBEIMUYEHHEM KOJIMYECTBA AIIEKTPOIIPOBOISIIIX
YJaCTHILl B CUCTEME, IIPOUCXOAALIEE KAK 33 CUET KOHIIEHTPUPOBAHUS PACTBOPOB, TAK U 3a
CUeT Je3arperauny MUALEII.

KnrwudeBble cioBa: accouuanusi, AMHAMHMYECKas BSI3KOCTb,  YIEJIbHAas
3NEKTPONPOBOJHOCTD, IIOTEHIIMOMETPUS, OKHCIIMTEJIbHO-BOCCTaHOBUTEIIbHBIN
MOTEHLINAJ, MUKPOCKOIIUS

Qunancuposanue: Hayuno-mexuuyeckas npoepamma «CosepuieHcmeoganue
mep obecneuenus Ouonocuyeckol bezonacnocmu ¢ Kazaxcmane: npomusooeticmeue
onachvim u 0cob6o onachvim ungexyuamy (MPH BR218004/0223).

Kongnuxkm unmepecog: Asmopul 3as61110m 06 omcymcemeuu KOHDAUKmMa
UHMEPecos.

Introduction

Iodine has been used as an antiseptic to prevent and treat a wide range of infections
for the long time ago. However, its use has been limited by a number of undesirable
factors, such as irritation, sensitization, staining of biological and artificial surfaces, low
solubility in water and high vapor pressure. In the early 1950s, the “conquest” of iodine
began with the study of its complex formation with certain polymers to form a new
class of compounds known as iodophors (Garg et al., 2007). lodophors are chemical
complexes containing a mixture of molecular iodine, iodide ions and a solubilizing agent
(Klimaviciute et al., 2012). Natural and synthetic water-soluble polymers and nonionic
surfactants are widely used as solubilizing agents. Complexation with polymer carriers
increases the solubility of molecular iodine, promotes its prolonged release (Boddie et
al.,1997) and reduces the steady-state concentration of free iodine (Kaiho et al., 2014).

Iodine has antimicrobial and antiseptic properties. While antibiotics are localized
in a specific location, iodine simultaneously affects all structures of the microbial cell.
Iodine binds to proteins, causing their denaturation through several mechanisms, for
example, by oxidizing SH groups on cysteine and methionine residues and preventing
the formation of hydrogen bonds between the amino groups of arginine and histidine
and the phenolic groups of tyrosine. Changes affect the structure and function of
microbial cells. In addition, iodine is able to bind to fatty acids via C—C bonds and some
nucleotides (adenine, cytosine and guanine), thereby changing the structure of nucleic
acids and the entire bacterial cell membrane. Thus, membranes and cytoplasm are rapidly
destroyed in cells exposed to iodine (Garg et al., 2007). For example, the effects of the
iodophore polyvinylpyrrolidone (PVP)-iodine have been studied in bacterial cells using
electron microscopy and biochemical methods and found to involve rapid cytoplasmic
partitioning, nucleotide coagulation, and loss of enzymatic activity. The cells did not
completely decompose, but pores appeared in the cell wall, causing leakage of cellular
components (Schreier et al., 1997). The wide range of uses of iodophor makes it possible
to create various iodine-polymer compositions: solutions, ointments, foaming creams,
films, mucoadhesive tablets, etc. lodophors are stable during long-term storage, and their
side effects are extremely rare (Cooper et al., 2007).

Iodine-polymer complexes are widely used in pharmacy, veterinary medicine,
medicine, production of disinfectants, and environmental protection. As mentioned
above, iodine is a universal antiseptic, but when it comes into contact with the skin,
an irritating effect occurs, limiting its use. lodine-containing polymers are devoid of
this disadvantage and are used as disinfectants, antimicrobial and antibacterial agents.
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Antibacterial activity of PVP-lodine observed in the pH range of 2.5-7.0. In vivo studies
have shown that PVP iodine kills 96.7 % of bacteria within 60 seconds of contact with
the mucous membrane of the eye (Ferguson et al., 2003). PVP iodine has many of the
properties required for wound treatment and has a wide spectrum of antimicrobial activity
(Shiraishi et al., 1997), affecting viruses (Kawana et al. 1997), fungi (Konig et al., 1997)
and parasites. PVP iodine does not cause resistance, is more effective against biofilms, is
well tolerated, acts on inflamed areas of the skin and has excellent ability to form films
(Kumar et al., 2009). Thus, iodophor is an ideal antiseptic for the treatment of skin and
mucous membranes during preparation for surgery.

Severe acute respiratory syndrome caused by coronavirus (SARS-CoV) was first
detected in November 2002 in Guangdong Province, China. The virus caused 774 human
deaths between November 2002 and July 2003 (Kariwa et al., 2006). Antiviral activity
against coronavirus was studied for povidone-iodine. Treatment of SARS-CoV with
povidone-iodine preparations for 2 minutes reduced the infectious titer from 1.17 x 10 ¢
TCID , /mL (50 % infectious dose in tissue culture) to a level below the detectable limit.
The efficacy of povidone-iodine was equivalent to that of 70% ethanol. As a preventive
measure, the use of sprays and rinses with povidone-iodine is important. The new
coronavirus SARS-CoV-2 appeared in the Chinese province of Wuhan in the last decade
of 2019. On March 11, 2020, the World Health Organization declared SARS-CoV-2 a
pandemic. Patients and healthcare professionals are encouraged to use sprays containing
0.5 % povidone-iodide, 0.28-0.30 ml in each nostril (Khutoryanskiy et al., 2010). The
total dose of iodine in this case is approximately 0.33 mg and does not cause any side
effects. Mouthwash with 9 ml of 0.5 % povidone-iodine solution for 30 s was suggested
in (Poutanen et al., 2005). The total dose of iodine in this case is approximately 0.05 mg.
It has been shown that a single injection of povidone-iodine leads to a decrease in the
microflora of the oral cavity within 3 hours.

There are more than 400 brands of pharmaceuticals (generics) based on iodine-
polymer complexes in the world (www.drugbank.ca/drugs/DB06812). The most common
active ingredients are iodine complexes with PVP and PVA.

The non-adhesive INADINE dressing consists of a low-adhesion fabric
impregnated with PEG and containing 10 % povidone iodine and 1 % free iodine.
INADINE has been shown to be effective as a non-adherent antiseptic dressing for the
primary treatment of wounded skin areas (Vermeulen et al., 2010). It has been established
that iodine-containing dressings are superior to dressings with sulfadiazine and inferior
to dressings with rifamycin. In addition, 5 % iodine-PVP ointment has been found to be
superior to silver sulfadiazine in wound healing. The drug has been shown to be effective
and well tolerated by pediatric patients (Lafferty et al., 2011).

Microbial infection of the burn wound can have a significant effect, as
microorganisms can contribute to the progression of partial-thickness burns to full-
thickness burns with severe consequences. PVP-iodine ointments have been used to
treat patients with burns of various sizes in combination with antibiotics and systemic
administration of vitamins E and C to alleviate oxidative stress in burn wounds (Al-
Kaisy et al., 2005). Ointments containing PVP-iodine have shown an efficacy of 15.3
% and a wound healing time of 4 days. which made it possible to reduce the cost of
staying in the hospital. Moreover, no side effects were observed. Of particular importance
in patients with concomitant skin injuries (e.g., open bleeding) are the effects of PVP
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iodine on neutrophils and oxygen radicals (Landsman et al., 2016) have developed
polymeric hemostatic materials with shape memory based on the hydrogel PEG-acrylate-
PVP-iodine to stop wound bleeding. Hydrogels increased fluid absorption by 19 times
compared to hydrogels without povidone-iodine and showed high antibacterial activity.
Hemostatic macroporous polymer foams were synthesized by tempering the highly
dispersed (inner) phase of an emulsion based on PEG and sodium acrylate (Lundin et al.,
2019). Polymer foams were impregnated with an iodine solution to impart antimicrobial
activity. Prolonged iodine release over 48 h was achieved at higher iodine concentrations
in solutions, whereas rapid release was observed at lower concentrations. The complexes
showed activity against the bacteria Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Staphylococcus aureus.

A complex of iodine with sodium acrylate and N-vinylpyrrolidone copolymers
in combination with carboxymethylchitosan has been used to prevent postoperative
infection after treatment of vaginal diseases (Chen et al., 2018). The results of clinical
studies have shown that the composition under consideration is more effective than the
standard treatment method.

Another promising area is the creation of new drugs for targeted delivery of
iodine to hard-to-reach areas of the body and increasing the period of iodine action. For
example, povidone-iodine has been found to be suitable for the treatment of conjunctival
infections (Koerner et al., 2018). Another study demonstrated the efficacy of povidone-
iodine against pathogenic vaginal bacteria (Moghadam et al., 2018).

Thus, it can be said that polymer-iodine complexes are widely used as effective
antiseptics and antimicrobial agents in medicine and pharmacy. Structural modeling of
the polymer carrier opens up new opportunities for the use of iodophores as antiseptic and
antimicrobial agents in the treatment of various infectious diseases

The creation of new active pharmaceutical ingredients that have a wide range
of action is an urgent problem. Knowledge of the physicochemical characteristics and
structure of the drug is necessary in order to correctly interpret the mechanism of action
and its behavior after administration into the body. The structure and properties of the
drug, in the end, determine both the dosage form and the method of administration. In
this regard, the purpose of our research was to study the structure and properties of APIs
using a set of physicochemical methods.

Materials and basic methods

The object of the study is active pharmaceutical substances (hereinafter referred
to as API) provided by the Scientific Center for Anti-Infective Drugs. The drug is a
complex compound by its chemism, which is molecular and ionic complexes of iodine
with associates of synthetic water-soluble polymers, as well as natural mono-, oligo- and
polysaccharides and natural proteins. The total molecular weight of the drug is 55-60
kDa. 1000, 1:100 and 1:10. For potentiometric studies, solutions of potassium iodide
salts 12.0 g/, lithium chloride 4.0 g/1, calcium chloride 2.0 g/I, magnesium chloride 4.0
g/l were taken. Sigma Aldrich, Germany, 99.8 %).

Determination of the viscosity of API solutions

Viscometric studies of API solutions were carried out using a glass capillary
temperature-controlled viscometer. The viscosity measurement temperature of solutions
of various concentrations was 20, 25, 30, 35 and 40 °C. The dynamic viscosity of the
solutions was calculated according to the following formula:
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n=Kxt )

where 1 - dynamic viscosity of solutions, CPZ;
K - viscometer constant, determined by the flow of distilled water;
T - time for liquids to flow out of the capillary, in min

Determination of Electrical Conductivity

A Multi 3401 conductivity meter was used to measure the electrical conductivity
of API solutions. Previously, the readings of the device were checked on a standard
solution of 0.01n KCI at appropriate temperatures. The drug dilutions of 1:2000-1:10
were used.

Potentiometric Titration of API Solutions

In order to determine the potential of API solutions when diluted with water,
saline and electrolytes, a device was assembled, which consisted of a pH meter (universal
ionomer EV-74) connected to an analog-to-digital converter (ADC) ADAM-4018M
connected to a PC. The readings of the device were recorded in the computer using the
ADC. A working electrode (platinum) and an auxiliary electrode (silver chloride) were
lowered into the vessel with the liquid under study. The liquid used for titration of API
solutions was also supplied here at a constant rate. Potential measurements were taken
every 30 seconds. Further, the data were processed using the “Origin” program according
to the formula for determining the dependence of the equilibrium concentration of the
API solution on the time of measurement:

7o 3)

where C — initial concentration of the API solution, equal 1:10, v, — titration
fluid delivery rate, n/c, V — initial volume of API solution, equal 0,03 L.

Results and discussion

Viscometric studies of the medical drug API

Physicochemical studies of the drug, previously conducted studies have shown
that API solutions are suspensions that have thixotropic properties. This property is
characteristic of structured liquids, which is due to the presence of particles in the liquid
medium. To study the features of the flow of such systems, as well as unstructured
suspensions and sols, the method of capillary viscometry, which is common for liquids, is
used, based on the measurement of the volumetric velocity of flow through the capillary.

The dynamic viscosity (, CPZ) of the API solutions was measured with a
temperature-controlled viscometer at dilutions with saline of 1:1000, 1:100 and 1:10.
All solutions were pre-filtered. For comparison, the viscosity of the saline solution was
also determined. Measurements were carried out at temperatures of 20, 25, 30, 35 and
40 °C.Figure 1 shows the viscosity relationship graph for water, saline and API at three
dilutions. As measurements have shown, the viscosity of API solutions increases with an
increase in concentration compared to saline, in general: the maximum values of 1 have
an API solution with a dilution of 1:10.
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Fig. 1. Temperature dependence of viscosity on the composition of solutions: 1-H20, 2-NaCl, 3-API
1:1000, 4-API 1:100, 5-API 1:10

Thr Einstein’s law is usually used to describe the viscosity behavior of n dispersed
system (sol, suspension):

( - 0)/ 0=k 4)

where 1 and n — the viscosity of the colloidal solution and the pure dispersion
medium; ¢=V /V — volume fraction of dispersed phase (V) in the total volume of the
system (V); k - constant defined by the shape of the particles.

According to this law, the viscosity of such a system increases with the increase
in the content of the dispersed phase. The physical meaning of this law is that the relative
increment of viscosity is directly proportional to the relative content of the dispersed
phase. The larger the ¢ value, the more vigorous is the inhibitory effect of particles
(which do not have internal fluidity) on the flow. With linear dependence n from ¢
liquids are referred to as ordinary, or Newtonian liquids. Structured colloidal systems are
distinguished by the fact that they do not obey the laws of Newton and Einstein. For them,
the viscosity value usually increases with an increase in the content of the dispersed phase
much more. They are also called non-Newtonian fluids [2].

Figure 1 shows the regularity characteristic of structured liquids quite well:
with an increase in the content of the drug, the viscosity of solutions increases sharply.
Moreover, with an increase in temperature, this effect is even more pronounced, which is
probably due to an increase in the number of particles in the volume of the API solution
compared to lower temperatures. Below are graphs of the dependence of the viscosity of
solutions on temperature (Fig. 2 and 2-A).
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With an increase in temperature, the viscosity of all solutions decreases, and at
temperatures from 20 to 250 °C, sharper decreases in values are observed in comparison
with their change in the range of 25—400 °C. It should be noted here that this viscosity
behavior is more clearly manifested for the concentrated API solution itself. With a
decrease in the content of the drug, this phenomenon is leveled out.

During the measurement, an interesting feature of the viscosity change for the
concentrated solution itself was noted: if the viscometer capillary was not washed before
each measurement, then the effect of increasing viscosity in subsequent measurements
was manifested. This phenomenon was not observed with constant flushing of the
capillary: viscosity naturally decreased with an increase in temperature. Most likely, at a
given concentration of API, the thixotropic properties of the solution are manifested, i.e.
the structuring ability for it remains high even after filtration. The time of discharge was
measured sequentially one after another without flushing the capillary in order to verify
the possibility of structuring during viscous outflow through the capillary. The results are
presented in Fig. 3.
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Fig. 3. Curves of changes in the viscosity of API solutions depending on the number of
consecutive measurements:1-API 1:1000, 2-API 1:100, 3-API 1:10

Thus, the temperature dependence of viscosity can be conditionally divided into
two rectilinear sections that have different angles of inclination. In general, this curve
indicates that the system is undergoing a process of disaggregation. It is likely that the
large micelles present in the solution (especially in the 10-fold diluted API) break down
into smaller particles throughout the measurement process, with disaggregation being
most intense at temperature range of 20-25 °C.

As can be seen from the above data, in general, there is a noticeable trend towards
an increase in the elapse time from the number of the sequential measurement. This
behavior may be due to the fact that the structuring of the gel in solution occurs from the
walls where the adsorption of particles begins, which leads to the effect of reducing the
diameter of the capillary.

We tried to calculate the activation energy of a viscous flow (E,), for what a
dependency graph was built Ign from reverse temperature (Fig. 4), and then, using the
tangent of the angles of inclination of the lines drawn over the two sections, their values
for all solutions of API are determined (Table 1).

Table 1. Calculation of viscous flow activation energy

Composition of solutions Ea, kJ/mol (Range of Ea, kJ/mol (Range of temperature 25-40
temperature 20-25 °C) °C)

Water 6,88

Saline solution 7,20

API 1n 1000 s 4,75 6,31

APl 1n 100 s 5,30 6,98

API'in 10s 6,02 9,57
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Fig. 4. Dependence of viscosity logarithm from its temperature: 1- H20, 2- NaCl, 3-API 1:1000,
4-API 1:100, 5-API 1:10

However, the activation energy calculated from the initial ranges of the
(temperature 20-25 °C) for solutions the API was less than for pure saline. If for saline
E,=7,20 kJ/mol, then for an API solution diluted 100 times, it has a value of about 5 kJ/
mol. Such a decrease E, is probably due to the fact that during the breakdown of micelles
into smaller, part of the molecules NaCl is spent on the formation of new solvate layers.
This leads to a decrease in the number of free molecules in the system NaCl, as a result
of which E, API solution drops. Further, with an increase in the concentration of APC,
the activation energy increases slightly, reaching the value of 6,02 kJ/mol. The increase
in the values of the activation energy is due to an increase in the number of particles in
the volume of the liquid.

Thus, the data of viscometric studies prove unequivocally that API solutions are
structured liquids. This property of solutions is due to the presence of particles in the
liquid volume, the size of which can be different. Presumably, the particles are rather
large micelles (the shape of which can also be very diverse), capable of decaying into
smaller particles under the influence of both mechanical action and temperature.

Measurement of electrical conductivity of API solutions

We measured electrical conductivity on API solutions at three dilutions: 1:1000,
1:100 and 1:10 at the same temperatures as in viscometric studies at the beginning. At the
same time, the measurement technique was worked out, since the conductivity meter is
designed to measure electrical conductivity at temperatures 20-25 °C.

Fig. 5 shows the data on the dependence of specific electrical conductivity
() from temperature. The graph shows reference data on the solution for comparison
KCI. As can be seen, the electrical conductivity of saline and API with dilution 1:1000
match, but for API (1:100) values y are lower. This change is most likely due to micelle
formation, which leads to a decrease in the number of conductive particles due to their
aggregation. The next API solution (1:10) has relatively high conductivity values. This
indicates an increase in the number of electrically conductive particles with an increase
in the concentration of the drug.

The general pattern for all solutions is that with an increase in temperature,
electrical conductivity also increases. Such a change in the electrical conductivity of
solutions is quite natural, because with an increase in temperature, the viscosity decreases
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and the freedom of movement of electrically conductive particles increases. Similar to
viscometric studies, the activation energies of electrical conductivity were also determined
here (Fig.6, Table 2).

As can be seen from the table, there is a slight decrease in the values of the
activation energy of API solutions compared to saline, which is natural, since with an
increase in the concentration, the number of particles capable of conductivity increases.
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Fig. 5. Change in the electrical conductivity of solutions with temperature: 1. KCI, C=0,1 n.; 2. Saline; 3.
API'in 1000 s.; 4. API'in 100 s.; 5. APl 'in 10 s.

% mScm

1.55]
1.50
145
1.40 - 5
1351 3

130
125
120

2

: \\\! 5

\l
1.10 \- .

1.05

115

T T T T T T T T T T 1
0.00320 0.00325 0.00330 0.00335 0.00340 0.00345
T

Fig. 6. Dependence of the logarithm of electrical conductivity on the inverse temperature. 1. KC1 C=0,1 n,
2. Saline, 3. APIin 1000 s., 4. API in 100 s., 5. APl in 10 s.

220



Reports of the Academy of Sciences of the Republic of Kazakhstan

Table 2. Calculation of activation energy of electrical conductivity

Composition of solutions Ea, kJ/mol (Range ot temperature 20-35 °C)
KCI0,T n. 6,53
Saline 7,15
APT1in 1000 s 6,84
APTin 100 s 6,81
APIm 10s 6,71

Taking into account the available data, we calculated the value of electrical
conductivity corrected for viscosity. The results are shown in Figure 7. Since the corrected
electrical conductivity is a characteristic of the number of conductive particles and taking
into account the fact that the total concentration of the electrolyte component at 10-fold
dilution does not provide a significant addition of conductive particles, it is necessary to
conclude that the increase in the mobility of new ions makes a significant contribution
to the resulting effect. As can be seen from the figure with an increase in temperature,
the electrical conductivity corrected for viscosity increases. With an increase in the
concentration of the drug, its values also increase. It should be noted here that on the
graph, the curves pass through small lows, which appear brighter with an increase in the
concentration of API. The increase in corrected electrical conductivity with temperature
clearly indicates the disaggregation of particles.

i
N pEen
24 24
:: £ 40
2] 2
24 26
214 24
20 »]
19
18- B
174 18-
6] -]
154 14
“
Fig. 7. Dependence of corrected Fig. 8. Specific electrical
electrical conductivity on temperature. 1-API in conductivity of API solutions with different
1000 s, 2-API in 100 s, 3-API in 10 s (dilution dilutions

with saline).

Further, the electrical conductivity was measured at the same temperatures
when diluted with a saline solution of API from 1:2500 to 1:10 (Fig. 8). The curves of
changes in electrical conductivity with an increase in the content of the drug tend to
increase. This indicates an increase in the number of electrically conductive particles
with a concentration. As we expected, there are several minima at APC concentrations on
the conductivity curves 8x107, 4x102, 1x10% and 0,1. The appearance of these minima
is associated with the processes of micelle formation, which leads to a decrease in the
number of electrically conductive particles.

Potentiometric study of the stability of solutions of the preparation API

The meaning of the method is that with the help of a redox indicator electrode,
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the role of which is played by platinum, the redox potential of the system formed by
solutions of the drug in salts of various concentrations is measured.

To find out the change in redox properties, titration was carried out with solutions
of salts included in the preparation in order to identify the individual effect of each of
them. Salt solutions were used: NaCl, LiCl, MgCl,, CaCl, n KI. In addition, titration with
ordinary distilled water was carried out for comparison.

Figures 9-15 show the curves of the dependence of the redox potential of the
system on the concentration of the drug in conventional units, which practically denote
the value inverse to the dilution of the original preparation API. In semilogarithmic
coordinates, the main part of the curve is a straight-linear section with an angle of
inclination close to the angle of inclination for an electrochemical reaction with a single-
electron transition. Moreover, the angle of inclination is also close to the value for a
single-electron junction. This behavior can be explained by the fact that the reaction by
which this process can be described involves a certain equilibrium associated with the
molecular and ionic forms of iodine, depending in this case on dilutions or concentration
ratios.
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Figure 9. Potentiometric titration of Figure 10. Potentiometric titration of
API solutions with water solutions of the drug product API with NaCl
solution
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Similar curves that were obtained during titration of NaCl (Fig. 10) and LiCl
(Fig. 11) have some differences, perhaps not so significant, which consist in a decrease in
the angle of inclination of the curve during dilution.

An even more pronounced difference is the titration curves of API solutions with
divalent metal solutions, i.e. MgCl, (Fig.12) and CaCl, (Fig.13) At the same time, there
is a clear curve break, at approximately the same concentration for both solutions, at
dilutions of about 1/200, which coincides with the presence of cash registers in that area,
and at the same time there is a change in the angle of inclination, which for MgCl,, can
be represented as a transition from one-electron equilibrium to two-electron equilibrium,
and for CaCl, from single-electron, to an even greater value.
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Figure 11. Potentiometric Titration of API Figure 12. Potentiometric titration
solutions with LiCl solution of solutions of the drug product API with
MgCl, solution
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Figure 13. Potentiometric titration of solutions of the drug product API with CaCl, solution

If we analyze the type of dependence from the point of view of equilibrium on the
electrode, then it can be described on the basis of the assumption of the constant activity
of the oxidized form of iodine, i.e. molecular iodine, and the activity of the reduced form,
i.e. J;, which changes during dilution during titration and as it should be in this case, the
slope of the curve should be according to the Nernst equation - 0.59 mV by an order of
magnitude, and the angle of inclination should be negative, which we see in this case.
For example, for the cations Li*, Mg?* and especially Ca*" the inclination angle begins to
drop sharply with increasing dilution. This behavior may indicate that with large ratios of
the concentration of I to the concentration of ions of the titratable solution, i.e. Ca** Mg*
and Li" ions, a significant part of J can fall into the sphere of complexation of these very
titrative agents and there is an effective decrease in concentration.

Another explanation for the change in the angle of inclination of the dependence
may be that in the area of about 200 dilutions, where this transition is most often observed,
we just observe the rearrangement of micelles. On the curves of the dependence of surface
tension on composition, we have fracture points associated with their realignment. In
addition, if we consider in more detail the course of the curves during titration with water,
NaCl, LiCl, we can see that kinks also exist at dilutions of the order of 700, 800, which
also corresponds to the critical concentration of micelation found in other experiments.
The same can be seen in the titration curves with CaCl, solution. A similar kink in the
dependence is present on the titration curve MgCl,. Changes in the angle of inclination
with a change in the concentration corresponding to the rearrangement of micelles may
well be due to the fact that a change in the structure of the aggregate cause’s different
types of equilibrium of this aggregate with the solution, in any case, differences in these
equilibriums, which is reflected in the angles of inclination. Judging by the fact that this
is characteristic for divalent cations and partly for Li, it can be assumed that particles
with more pronounced acidic properties largely determine the very process of micelle
formation.

In general, a change in the angle of inclination on potentiometric curves indicates
that the process passes from the region of constant activity J? in the solid phase to the
region where a change in the concentration of some component of the solution (in
particular, Mg and Li*) leads to a change in the activity of molecular iodine to the solid
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phase, i.e. micelle. The question of the equilibrium of the system should be touched
upon separately, since the available data on dilution with water and physiological, as
well as the initial sites for dilution with solutions of other salts, indicate that the system
must be equilibrium. Therefore, with a high degree of probability, it can be assumed
that the changes that occur with the micelle during titration with salts containing rather
acidic cations are due to the fact that these cations are additionally incorporated into the
composition of the micelles and lead to a decrease in the activity of molecular iodine in
it, which is manifested in a change in the angle of inclination.

The most unexpected dependence was obtained during titration with KJ solution
(Fig. 14-15). The course of the relationship corresponds to a formal increase in the activity
of the oxidant in the solution, which can be easily explained by the fact that an increase
in the concentration of KJ (compared to other components) leads to a shift in equilibrium
towards the extraction of molecular iodine from micelles in the form of tri-iodide. If
we recalculate the titration curve for the dilution of the iodide ion in the solution of the
preparation, we get a curve with a slope very close to the theoretical slope for J- (Fig. 15).
Later, at high concentrations, the dependence breaks down, and the main factor in this
balance begins to be the complexation of iodine from the micellar state.
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Figure 14. Potentiometric Titration of Figure 15. Potentiometric titration of
API-1 Solutions with KJ Solution solutions of the drug product API with KJ solution,

recalculated for dilution of the iodide ion
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Summarizing all of the above, it can be concluded that potentiometric
measurements allow us to assume that iodine in oxidized form is in the form of particles
with its constant activity in phase, i.e. micelle. This is possible if this iodine is packed
inside the micelle and at the same time is in connection with J-, which are located in the
outer shell of the micelle, giving it a negative charge, which entails the disintegration of the
micelles as such and its rearrangement into different forms. In order for this aggregative
state to be stable, it is probably not enough to have only an organic component or only
molecular iodine in the nucleus. Most likely, it is some kind of combination consisting of
organic molecules, in which a complex of tri-iodide ion with a metal cation is enclosed,
for example Mg?**, Ca*", Li".

Conclusion

1. As a result of viscometric studies, it was established that API solutions are
non-Newtonian liquids characterized by the presence of structures. With an increase in
temperature, the viscosity of solutions decreases. On these curves, there is a slight break,
which indicates the course of the processes of disintegration or disaggregation of existing
structures or associations. This effect is also confirmed by the data of calculations of the
activation energies of the viscous flow (E).

2. Measurements of the electrical conductivity of API solutions show that with
increasing drug content, the y value increases. This is due to an increase in the number of
electrically conductive particles in the system, which occurs both due to the concentration
of solutions and due to the disaggregation of micelles. On the curves of the dependence of
electrical conductivity, four minima were found at dilutions of 1:1200, 1:250, 1:100 and
1:10. The appearance of minima is associated with the processes of micelle formation,
which lead to a decrease in the number of electrically conductive particles.

3. Potentiometric studies of the stability of API solutions suggest that iodine in
an oxidized form with constant activity is located inside the micelles. At the same time,
it 1s in a certain ratio with iodine anions located in the outer membrane of the micelle,
thereby giving it a negative charge, which entails the disintegration of the micelles as such
and its rearrangement into different forms. The stability of these aggregates is probably
ensured by a combination of organic molecules in which a complex of tri-iodide ion and
metal cations is enclosed.
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Abstract. The article considers the features of compiling an educational and
methodological complex in the process of teaching the discipline “Chemistry” in the
specialty biotechnology in higher educational institutions. A syllabus corresponding to
the needs of students of this specialty has been compiled and a comparative description
of the structure of the syllabuses already used has been given. It is noted that the volume
and content of the educational and methodological complex should correspond to the
curriculum of the discipline and fully contain its materials. When developing an educa-
tional and methodological complex for any discipline, it is necessary to take into account
the integration of natural sciences and knowledge, the comprehensive presentation of
information and its practical application. The importance of focusing on experience in
the educational process is emphasized. This means that the educational material should
be designed in such a way that students can apply their knowledge in practice, solving
specific tasks and problems that they face in their professional activities. The importance
of using interactive teaching methods that promote the active participation of students in
the educational process is emphasized. Reflects not only the importance of curriculum
content to ensure effective student learning and preparation for future professional activi-
ties in the field of biotechnology, but also the ways in which they are transmitted.

Keywords: educational and methodological complex, curriculum, scientific and
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A”HoTauusl. Maxkanaga >KOoFapel OKy oOpblHAapeiHIa “buorexnonorus”
MaMaHJbIFbIHA “XUMUS’ MOHIH OKBITY YIEPICIHIE OKY-9AiCTEMENIK KEeIeH KYPacThIpy
epeKuIeNikTepi KapacTolpblirad. OChl MaMaHABIKTaFbl CTYACHTTEPIIH KaKETTUIIKTepiHe
coliKec KeJeTiH CHiuIadyC KYpacThIPbUIBIN, OypbIHHAH KOJJAHBUIFaH CHIIIa0yCTapAbIH
KYpbUIBIMBIHA ~ CaJIBICTBIpMaibl  cumarTa OepinreH. OKy-omicTeMeNiK KeIIeHHIH
KeJIeMi MEH Ma3MyHbI TIOH OOHBIHIIA OKY OaraapiiaMachlHa COMKec Kelyi yKOHE OHBIH
MaTepHaapblH TOJIBIK KaMTybl THIC €KEHIIri aranm kepceriireH. Kes-kenreH moH
YIIH OKY-oMiCTEeMENIK KEWIeHAl 93ipiiey Ke3iHJAe >KapaTbUIbICTAHy FBUIBIMAAPHI MEH
O1TIMHIH MHTErpaursChiH, aKIapaTThIH KEIICH 1 YCHIHBUTYBIH KOHE OHBIH MPaKTHKAJIBIK
KOJITAaHBUTYBIH ecKepy KaxeT. binmim Oepy mpomecinae ToxipuOere Hazap ayaapyAblH
MaHBI3/IBUIBIFEl aTan oTuieai. by nereHiMis, oKy MaTepuasbl CTYACHTTEP ©3/epiHiH
KociOM KBI3METIHIE Ke3[EeCETiH HAaKThl MIHAETTEp MEH MoceJeNepAl ILelie OTBIPHII,
e3 OlmimMzepiH ic Xy3iHAe KoJjaHa anaThlHAal eTin xacamybl KepeK. CTylneHTTepIiH
OKy mpolecine OenceHzi KaTbICyblHa BIKMaJl €TeTiH MHTEPAKTUBTI OKBITY OIICTEPiH
KOJIJIaHYJIbIH MaHBI3IbUIBIFRl aTan eoTineni. CTymeHTTepAl THIMI OKBITYIbI JKOHE
oNapAblH OMOTEXHOJIOTHSl CalachlHAArbl OoJlamiaK KociOM KbI3METiHE NaibIHIBIKTHI
KaMTaMachl3 €Ty YIIiH OKy OarJapiamaiapbl Ma3MYHBIHBIH MaHbBI3IbUIBIFBIH FaHa €MEC,
oJlapibl Oepy SJIICTEPiH JIe KOPCeTeIi.

Tyiiin ce3gep: OKy-omicTeMeNiK KeUIeH, CHIa0ycC, FBUIBIMU-TEXHUKAIbBIK
KaHapy, MoHApaJbIK cabaKTacThIK, KipiKTipy, ICKEpIIiK JaFAbl, 13ACHYLIIIK dpEKEeTTep
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AHHOTauus. B cratbe paccMOTpeHBl OCOOEGHHOCTH COCTaBJICHHUS Y4eOHO-
METOJUYECKOr0 KOMILJIEKCa B MpPOIECCEe MNPENoJaBaHUs IUCLHUILUIMHBI “XuUMHA~ IO
cnenuanbHoCTH “buoTexHonorus” B BeICIINX y4eOHbIX 3aBepeHusix. Cuinalyc, coot-
BETCTBYIOLIMH MOTPEOHOCTAM CTYACHTOB JAHHOH CHEIMAaIbHOCTH, COCTABICH M JaHa
CpaBHUTEJbHASL XapaKTEPUCTUKA CTPYKTYPHI YK€ HUCIOJIb30BaHHBIX cHiu1adycoB. OTme-
YaeTcsi, YT0 00bEM U CoZlepKaHNe YIeOHO-METOIUUECKOTO KOMIUIEKCA JOJKHBI COOTBET-
CTBOBaTh Y4eOHOH MporpaMMe 1o JUCHUIUIMHE U MOJTHOCTBIO COAepIKaTh €e MaTepHabl.
[Tpu pa3paboTke y4eOHO-METOANYECKOTO KOMIUIEKCa AJIsl JF000H TUCIMIUIMHBI He00XO0-
JUMO YYUTBIBaTh MHTETPALIMIO €CTCCTBEHHBIX HAYK M 3HAHWW, KOMIUIEKCHOE MPEACTaB-
neHrne MH(OpMaLUKU U ee MpakTuieckoe npumeHenue. [loguepkuBaercs Ba)KHOCTh CO-
CPEIOTOYCHMSI BHUMAHUS Ha OIBbITE B 00pa30BaTENLHOM IMpOLecce. JTO O3HAYAET, YTO
y4eOHBIi MaTepuall JOJKEH ObITh pa3padoTaH TaKUM 00pa3oM, YTOOBI yyaluecs: MOTIIN
NPUMEHHUTH CBOM 3HAHUsI HA MPAKTHKE, pelasi KOHKPETHBIC 3a1a4u 1 IPOOIEMBI, C KOTO-
PBIMH OHH CTaJIKUBAIOTCS B CBOEH MpogeccHoHanbHOM aestenbHocTh. [lomuepkuBaercst
B)KHOCTb HCIOJIB30BaHUSI WHTEPAKTUBHBIX METOAOB OOY4EHHS, CIIOCOOCTBYIOLIMX aK-
TUBHOMY YYacTHIO CTYICHTOB B yueOHOM mpouecce. [ obecnieuenus 3¢HeKTHBHOTO
00y4YeHHsI CTYACHTOB U AJISl IOATOTOBKH K Oyaymield mpogecCHOHaIbHON AeSTebHOCTH
B 00JacTH OMOTEXHOJIOTHH Ba)KHO HE TOJBKO COJEpKaHUE YYEOHBIX MPOrpamMM, HO H
METO/BI UX MPENoJaBaHusl.

KaoueBbie ciioBa: yueOHO-METOIMYECKUH KOMIUIEKC, ydeOHas mporpamma,
HayYHO-TEXHUYECKasi MHHOBALMS, MEXIUCIUIUIMHAPHAS TIPEEMCTBEHHOCTh, HHTErPaly
s, IEJIOBbIE HAaBBIKH, UCCIIEIOBATEIILCKAS IS TEILHOCTD

Kipicne

Kazipri yaxpiTTa >xofapel OuniM Oepy »KyHeciHge cTyneHTTepAi OUTKTI ae,
Oimimzi, Ky31peTTiiri )orapsl MaMaH peTiHJle Aaspiay YIIiH oKy OargapiaMaapbIHbIH
Ma3MyHbIHA Kell KeHin Oemy kepek. Ke3-kenreH MaMaHABIK OOMBIHIIA >KOFaphI
OKy OpHBIHBIH TYJETi ©3iHIH annarbl eHOCK KbhI3METiHJe Oenrii Oip FHUIBIMHBIH
MaHBI3AbUIBIFBI TypaJibl HAKTHI TYCIHIKKE He OOybl ’KoHE SpTypii OiIiM cananapbIHbIH
JKETICTIKTEepiH 63 KacibiHe OipikTipi, KoinaHa 0inyi KaxkeT. [legarorukasibik )KOFapbl OKy
OPBIHAAPBIHBIH XUMHSJIBIK EMEC MaMaHIbIKTapbIHBIH CTYACHTTEPI YILiH )KapaThlIBICTAHY
JKOHE TYMaHMTAapJbIK MOHIEPiH OallaHBICHIH, FHUIBIMHBIH TYTACTBIFBIH JKOHE OHBIH
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HETI3UTITIH KOPCEeTeTiH, )KeKellereH (DakTiiep i ecTe cakTayFa eMec, KOpIIaraH dJIeM/Ie
0O0JIBITI JKaTKaH MPOIeCTep/li TYCIHyre OaFbITTAIFaH XUMHS KYPCHIH OKyFa KO3KapacThl
e3repTy OYTiHTI TaHIa ©3eKTi 0oJa Tycyze.

Hoctypni Oinim Oepy xyhecinme OUTIKTI MaMaHIap Nasplaymisl Kciom OiniM
OepeTiH OKy OpBIHIAPBIHBIH 0acThl MakcaThl, CTYIACHTTEPre camalibl, KociOu, >Kajbl
KociOm OiiM aimyra MYMKIHAIK Oepy, olapabl )KYMBICKA OpPHAJACTHIPYFa jKOHE ©31H-031
KETUIIIpyTe KOMEKTeCy YIIH KaXeTTi )KyHenep/i )acayra apHainFad. bysr opsiHIap s
0acThl MakcaThl, )KaHa KYMBIC TIEH SPEKEeTTep/i NalbIHAayFa, )KYMBIC OPBIHAAPBIMEH
KYMBIC icTey OimikTepiH maMbITyFa keMekrecy. COHABIKTAH, OKY OpBIHIApHI OiTiM
ATyIIBUTAPIBIH Ke3eCETiH KYMBIC OPBIHIaphIMEH )KYMBIC ICTEY, TOKIpHOe KIHAY )KOHE
MaMaH/IaHJBIPY YIIiH KQKETTi OPTAIBIKTApIbl KAMTAMAChI3 €Ty MaKCAaThIH YCTaHAIbI.

JKympicka amymisiiap JKaHalaH KeNreH MaMaHHBIH OUTIKTUTIriMEH Katap,
MaMaHHBIH ©31H-031 e3repTe ajy KaOlIeTTiTriH, coN canaaa )KHHAKTaFaH TOKipuOeciH
YTBIMIIBI TIaliianana OiNTeHiHe Hazap ayjapca, oJI0eTTe MaMaHAapHAbl JaibIHAaydarsl
KY3IpeTTUTiK TOCUTIHIH pejii apTap eai. MpIcaiasl, OChI OpBIHAApaa Kell ToakipuOe
KUHaKTayFa 0onanbl. by Toxipube OipHerie xaraaina sKyprizineni:

1. Oxy opbHIapbIHAa >XyMbIC kacay: CTyIneHTTep TeOpHsUIBIK OeiMiHe
TEOPHUSUTBIK OLTIM aJbIll, COHBIMEH KaTap, OKY OpBIHIAphIHAa MaMaHABIKKA KaTBICTHI
YKYMBIC icTey MyMKIiHZITi Oepineni. OChl MpaKTHKAJBIK JKYMBIC OJIAp/IbIH MaMaHIbIFbIMEH,
MeKeMe HeMece KOMITaHUSIMEH TaHBICYBIH JKOHE OJIAP/IbIH Carlalibl )KYMBIC iCTEY KYHeciH
TY3eTyiHEe MYMKIHJIIK OepeTiH Jkarmaimapapl )kacayra ce0eOiH THTi3eIi.

2. O3 oKy KocmaphlH jkacay: buriM amymisiiapra €3 OKy KocapiapblH jKacayFra
MYMKIHAIK Oepinemi. OnapAaslH MaMaHABIFBIHA COMKEC TaKBIPBHIITAPALl YCBHIHY,
OpTYpAl KypcTap MEH aHa OuliM aly MYMKIHIIKTEpiH TaHJay, CTYIACHTTEPIIH KaHa
TaKBIPBINTAp/Ibl TaHIAYbIHA €PKiHIK Oepyre 00oabl.

3. Mekemene mpakTHKaNbIK kyMmbic: OKy OpBIHAApBIHAA CTYISHTTEPre OHAIpiC
OpBIHJApbIHA Oapblll MaMaHJABIKTapbl OOWBIHIIA TpPAKTUKAIaH ©Tyre MYMKIHIIK
Oepineni. by mpakTHUKaBIK JKYMBIC CTyIEHTTEpPre MaMaHIBIKTapbIMEH OaiaHBICTHI
MPAKTUKAIBIK TKIpHOe KMHAI, OJIApIbIH OpEKeTiH OaKbliay, camajibl KYMBIC iCTey
OlUTIKTEepIiH AaMBITY, XKaHa OUTiM ay JKoHe ic-mapaap/sl JKOJIFa KO0 YIIiH TaXipruoeni
KYpBUTFaIap bl KOJIIaHyFa MYMKIiHJIIK Oepe/ti.

BymapapiH keMmeriMeH, CTyAeHTTep [aspiaHymibl KoCINTIK OumiM  amy
OpTAIIBIFBIH/IA )KaHA OLTIMIED KOHE SPEKETTEP aIyAa SPEKET eTyTe, MPAKTUKAIBIK )KYMBIC
yKacayFa KoHE dpTYpJIi )kaHa MaMaHaHIbIPY JKOJAAPBIH alllyFa THIPHICA/IBI.

Kazipri 3amanrel eHOEK HapBIFBIHAA OOCEKENEeCTIK IeH HSKOHOMHKAJBIK
CYPaHBICTBIH CaJJapblHAH JKYMBICIIBIIAPFa JKaHA TaJlanTap KOWBUIBIIN, KaTaH ipiKTey
xyprizinyae (Kepumbaesa, 2016: 145).

O3repicTiH Ke3 KenreH 3aMmaHbiHma, XX FachIpIarbl TEXHOJIOTHSIIAPIBIH
JKYHernepi MeH OHIMJIEpiH KeHelTye, OUTiM MEeH aKMapaTThIK TEXHOJIOTHSIIAPIBIH poIli
ne apryna. JKaHa TeXHOJOTHsUIap, UHTEPHET apKbUIbI OUTIMHIH KBl KOJJAHBUTYBIH
KaJIBIIITACTBIPY, OHJIAMH MaT(opMaliap/IslH, KypCcTap/IblH, BEOMHAPIAPABIH KEHENTITy1,
KaHa OKy MOJYJNBAEpiH >Kacay, OKYy OpTaJbIKTAPBIHBIH JKETICTIri MEH MOJAEHHU ic-
mapanapablH ke0eroi OimiMre YMTBUTyFa JKaH-)KaKTHI Jkarmaid xacaiael. COHNIBIKTaH,
JKaH-)KaKThI OUTIMAl, OUTIKTI, opKallaHa i3/I€HICTE KYPETIH KoHE ©31H-031 TaMBITyFa
YMTBUIATHIH TYJIFaHbl JalbIHAayFa MIHAETTI eTin oThIp. Ka3ipri ke3mepi 6apIiblk ToHHIH
MakcaThl MEH Ma3MyHbBIHA Kapail Oipmiama xKyMbICTap KYpri3iyne, e3iHIIK )KyMBICTap
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KyHeci YCHIHBUTYa. XUMHs TOHIHIH Ma3MyHBI OMOJOTHs, (U3WKa KoHE reorpadus
FBUIBIMAAPBIMEH THIFBI3 OalaHBICTBI. Byl FRUIBIMIApPIBIH KaTapblHIA XUMHUSHBIH
peni apTyzna, cebebi XuMus OHONIOTHSIIBIK TpoIiecTep i, (PU3UKANBIK OHIMACPAl KOHE
reorpadusUIBIK  KYPBUIFBUIAPABI  KOJJaHyFa OHE TYCIHIIpyre KeMmekTecenmi. by
KarJaiia, XuMUs TToHI apKBUIBI OCHI FRUTBIMAAPABIH FRUTBIMA YFBIMBI TEPEHIIETLITS]T.

binim Oepy OarmapmamMachlHBIH HETI3ri Makcarbl - OUTiM Ma3MYHBIHBIH
KaHAPYBIMEH Karap, KpuUTepuaiubl Oaranay >KYHecCiH eHTi3y JKOHEe OKBITYIBIH JJic-
TaCLIIEpi MeH ap KypalAapblH KOIAAHYIABIH THIMIUTITIH apTThIPYAbI Tanam etefi (Sugra-
lina, 2019: 111).

Kazipri xoramra oneyMeTTiK >KarblHaH OeWiM[eny YIIiH, OimiM amymibuiapra
TEOPHUSHBI TOJIBIK MEHIEpYiHEe JKaFail )Kacay jKoHe KOpIaraH eMip/e e37epiHiH i3/1eHyl
apKBUIBl IIBIH/IBIKKA KO3 KETKi3yiHe XMMHS TOHIH OKBITYJIBI JKaHAIla KYpbIM, >KaHa
TEeXHOJIOTHSIIApIbl KEHIHEH KOJJIaHYMEH THIFbI3 OalIaHBICTBl YUBIMIACTHIPYBI KaxkeT
(banrpimea, 2022: 147). AnasiMeH, CTyACHTTEpre XUMUS TTOHIH/Ie TEOPUSHBI MEHIepyTe
apHaJFaH aKnapaTThl TONBIK Oepy YIIiH HHTEPAaKTHUBTI 9/IiCTEMEITIK KypCcTapabl KOJIIaHy,
BHJIEO JIEKIUSIIAp, BUPTYaAIABl DKCIIEPUMEHTTEp, BeO-caTTap MeH ©3re OHJIaiH
pecypcrapabl maiimanany Ttuimai. OnmaiiH 1uratdopManapabplH KOMETIMEH ajFallKbl
JleHTelifien Oactan XWMHS TIOHIHIH TEOPUSCHIH TONBIK TyciHyre Oomanmel. Kypcrapma
WHTEPAaKTUBTI aKmaparrap, TecTTep, cayajHamajap MeH O3[[iK OKy MaTepuajiapbl
KamTeuFaH. OHIIAlH maTdopmanapia HeMece YHUBEPCHTETTEepiH BeO-caiTTapbIHia
OpHAaCKaH BHJIEO JIEKITUSIIAP apKbUIbI CTYICHTTEP TEOPHUSHBI TOJBIKTAl TYCiHE aajbl.
Omap Kimr KecKiHAep, TAaKBIPHINTHIK BHICO MaTepHaNIap MEH TYCiHIipMeIepaeH
KYpbUTagpl. XUMUSIIBIK peaknusiiap MEH OHIMAEPAIH BUPTYaJAbl SKCIIEPHUMEHTTEpI
apKBUIBl CTYACHTTEP TEOPHUSHBI KOJIJAHBIN, OHBl KEHEHTUITeH TYpAE TYCIHYyli MYMKiH.
Ocel pecypcrapisl TaiifajgaHy apKbUIBI OJIap TEOPHSUTBIK OuTiMAepAl e37epiHiH
TOXKIpuOEeCiMeH OaiylaHBICTRIPa OTHIPHIN, OUTIMIEpiH apTThipa amanasl. OCBUTAPIBIH
OapIBIFBIH KOJIaHy apKBUIBI CTYIEHTTEP XUMUS MTOHIHIH TEOPHUSCHIH TOIBIK TYCIHYJIepiHe
MYMKIHAIK TybIHAaWael. COHBIMEH Karap, XWMHS FHUIBIMBIHBIH JKETICTIKTepiH
OimiM JKyHeciHe eHTri3e OTBIPBIN, CTYICHTTEpre NPaKTHUKaJBIK TKipuOenep xacay
MYMKIiHAIriH Oepy YIIiH OipHeIIe oficTeMeNiK Kypaaap/s! Mai1anany kepek. MpIcabl,
YHUBEPCUTETTEp/IC, KOJUIeDKIEpIe Hemece 0Oacka OKYy OpTaJbIKTapbhlHAA >KacallFaH
XUMHSIIBIK JTa0OpaToOpHsiap apKbUIbl CTYJEHTTED MPAKTUKAJIBIK TOKIpHOenep acayra
6omaer. Ocel TabopaTopusiap/ia CTyICHTTep KaHa peaKIusIapbl, SKCIIEPUMEHTTEP/II,
OHIMIEpIi TEKCepim, Tanjay jkacayFa MYMKIHIIK anajbl. XUMUSIIBIK PEaKIHsIIap/Ib,
IKCIIEPUMEHTTEP1, XUMISIIBIK TOKIpHOeIep Al BUPTYaJIbl 9/1iCTEMEITIK KypcTap apKbLIbl
KY3€ere acblpyFa O0abl.

Onmaiin  matdopMmanapabl  NaiganaHy apKbUIBl CTYIEHTTEp KOJIAyIIIbl
MaTepHaap, XUMUSUIBIK TOKipHOenep, ChIHAKTap JKOHE OTUITeH MaTepHaIapabl
naiiananaael. XUMUs MIOHIHIH KETICTIKTEPIH KeTUAIpy YIIiH jKaHa TEXHOJIOTHsIapIbl
naiianany Kkepek. Mbicaibl, BUPTyal bl dKCIIEPUMEHTTEP, KOMITBIOTEPIIIK MOJIEITbIEY T H
naiiiananysl, XUMISUTBIK TEOPHUSHBIH KOMITBPIOTEPIIIK MOJENbIACYIiH Taiananysl
xKoHe Oackamap. by omapaplH TEOpHsIIBIK OUTIMIH MEHTepyl MEH HaKThI JepeKTepii
naiTananysl YIIiH KOMEKTeCe/I.

JKanapteurran OimiM  OaFmapiiaMachl — ©3TEPICTIH  alFalIKbl  KaJaMbl.
PecniyOnukambiza opra OimiM OepyliH jkaHa JKyieci skacanbin, KazakcTaHaplk OiiM
Oepy xyieci anemaik OuTiM Oepy KeHicTirine eHyre OarwiT anyna (banradaesa, 2016:
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38). bimim Oepy KypcTapbIHBIH JKaIIbl MakCaThl - aJaMJapJbIH JKETiCTIKKE >KeTyiHe
KOJJlay KOpCeTy, JKaHa OumiM, MaFapUIBIK JKOHE KYHIBUIBIKTapAbl apTThIpy. Omap
JKaHa MOJICHHETTEp MEH TEXHOJIOTHSUIAP/bl TaHBITY, KaHa Ke3eHAep/al TYCIHIIpY JKoHe
KOpCceTy, JKeKke Oerectepre jKeTy, Ke3-KelreH caiafa KOpCceTieTiH Oi1iM MeH MoIeH!
TYPAEPAL JKETICTIKTEp apKbUIBl YABIMIACTBIPY. MyFaliMaep KaybIMBIHBIH OiTiMi MEH
TOKIPUOECIH KEHENTY, ONap IbIH OUTIKTIITT MEH KETiCTIKTEePIiH XKaHAPTY KYpAeIi MaKcat
0opIm TabbuTazpl. Ka3akcTaHHBIH YITTHIK OlTiM Oepy *KyleciHe apHaiIFaH KOFaphl OKY
OpBIHJAPBIHIAFBI OUTIM Ma3MYHBIH JKaHApTy OaFaapiamMachbIMEeH JKoHE KpUTEPUaIIBIK
Oaramay >KyHeciMeH TaHBICTBIPY MakcaThlHAa OuTiM Oepy MpOIECiHIH THIMILTITIH
JKOHE OKBITYIIBUIAPIBIH OPEKETTUIITH JaMBITyFa apHaliFaH jkKaHa OarmapiiaMa j>KoHe
omicTeMenepai KapacTeIpy JKYMECiH jKy3ere achIpyabl Kajgaraiaiael. byn Oarmapnama
apKbUIBl CTYACHTTEP/IIH OKY >KOJBIHIAFBl TOJBIKTHIPYJIAPhl MEH KETICTIKTepl Typajbl
OenTisli MaIiMETTep ajbIl, OJIAp/IBIH OiTiM JeHTeliH Oararay JKyieci apKbUIbl aHBIKTAY
MYMKiH 0O0JIasIbI.

MarepuaJjaap MeH dicrep

Benrini Gip mon OoiibiHIIa Oi51iM Oepy Ma3MyHBIH aHBIKTAY Ke3iH/e CTYACHTTIH
JKeke OAachIHBIH JaMyblHAa OalIaHBICTHI ACHEKTUIepAl eckepy KakeT. byn moH ymiH
FBUIBIMU 0a3a Kypyzbl, CTYJIEHTTIH O€JICEHIUIIriH YHBIMAACTHIPY/IBI )KOHE OHBIH JKaH-
JKaKTBI JaMyBIH KaMTaMachl3 eTyai eckeperi. Kasipri xkoramaa 6iniM O6epy mporiecinme
TYJIFAHBIH ©3iH-031 aHBIKTaybl, €HOEK OHE SKOHOMHKAIIBIK MOJCHHETTIH IaMyhbl,
COHJIali-aK 3UATKEPIIiK, MOPAIIB/IBIK, YKOJIIOTHSIIBIK YKOHE OTOACHUTBIK ACTIEKTIJIEP CHSIKTHI
kenTereH Qaxrtopiap eckepineni. COHBIMEH KaTap, JKapaThUIBICTAHY FBUIBIMIAPBIHBIH
MIoHApaJIBbIK OaliTaHBICHl MEH HHTETPAIIChIHA epEeKIe Ha3ap aynapburaasl. Coa apKbLIbl
FaHa OUTIM aNyIIbUIAPIBIH, ICKEPIiK AaFAbUIAPBIH KaJBIITACTHIPY, OJApAbl JKaHA
OiiMMeH KapyJaHIbIpy, ©3/IITIHEeH JKYMBIC aTKapy JaFIblIapblH MEHIePTY MaKcaTTaphl
Ky3ere acanbl (Mmbssicosa, 2018: 18).

XHUMUSHBI OKBITY OapBICBIHIIA OKY JKOHE TOpOUE KYMBICTAPBIHBIH MaTepHaJIaphl
Oepimin KaHa KOWMal, CTyAGHTTEpIiH TCHUXO(U3UKAIBIK, WHTEIUICKTYAJbIK >KOHE
PYXaHH acTeKTiiepi /ie OeNCeH 1l JaMbITT KeJie/Ti. XUMUSHBI OKBITY TPOIIECi CTyIEHTTEepAe
IIBIFAPMAIIBUIBGIK TIEH CHIHW OWJIayJbl AAMBITYFa BIKMAI €TETiHIH aTal ©TKEH JKOH.
XUMUSIIBIK TIPOIIECTEpP MEH 3aHIBUIBIKTAPABI 3epTTeYy aHATUTHKAIBIK TOCUIII KaXKeT
eTeli >KOHE aKmapaTThl Tajaay, KOPBITHIHABI jKacay >KOHE HETI3NeNreH MIemriMiep
KaObUTAay KaOiNeTiH aMbITyFa BIKIMAN erefi. XUMHUSUTBIK OiniM Oepy mporecinme
YKBIMABIK JKYMBIC, KOMMYHHUKAITUS KOHE BIHTBIMAKTACTHIK JIaFIbUIaphl KaJbIIITACA/IbI,
OyJ1 Ka3ipri Koramja kKoHE KociOW KbI3METTEe COTTI OeWiMIeNyaiH MaHBI3bl acIeKTicl
Ooxpim TaObmaapl. OchUaiilia, XUMUSUTBIK OUTIM TeK OKY calachlHIa FaHa eMec,
COHBIMEH KaTap OJIapJbIH KYHJIENIKTI eMipi MeH Ooamak MaHCaOBbIHAA CTYISHTTEPIiH
JKeKke OacChIHBIH KelleHAi JaMyblH[a Imemrymnn pen arkapaael. Ocbkl KalineTTepniH
MaMYbIH BIHTAJIAHABIPY YIIIH CTYACHTTEpJi YHEMI e3repill OThIpaThlH op Typdi ic-
mapaixapra TapTy MaHbI3Abl. TeoprsIIbIK JKoHE MPaKTUKAIBIK KYMBICTApIbIH YilleciMi
CTYIEHTTEPiIH MaTepHaNIbl XKaKChl WTepyiHe BIKMAI eTedi. TeopHsuIbIK HAaibIHIBIK
HETi3ri YFRIMAAp MEH MPHHITUNTEPII YCBHIHAIBL, al TMPaKTHKAIBIK cabakTrap airaH
OimiMIepiH ic )Ky3iHae KolmaHyFa MyMKIHIIK Oepesi, Oy olapsl uTepy MeH TYCIHY/Ii
HbIFaiiTanel. [[pakTUKambIK TaniceipManap CTyAeHTTepre 03 OeTiHIIIe )KYMBIC icTey, CBIHA
TYPFBIZIAH OiJlay oHe OoJamrakra TaObICTHI KOCciOM KBI3MET VIIH KaKeT Macesenepii
mienry JarAbUTapblH TaMBITyFa KeMmektecedi. Ochutaiimia, OiiMm Oepyaeri Teopusi MeH
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MPaKTUKAHBIH OHTAWIBI YHIECIMi CTYJICHTTEP/IH JKAH-)KAKThl JIAMYbIH KaMTamachi3
eTeJll J)KOHE ONlap/ibl TAHIAIFAH CallaIaFbl TAOBICTHI MAHCAIKA TANHbIHIAN/IbI.

Oky-omicTeMenik KemeHal Tainanany Oenrim Oip ToH OOWBIHIIA OKY
MIPOIIECIH KYPBUIBIMIayFa JKOHE KYHeneyre KOMEeKTeCeTiH THIMII OKBITY SIici OObIm
Tabbuiaabl. On 9/IeTTe 0Ky MaTepHANIAPbIH, 9AICTEMENIK YChIHBICTAP/IbI, TPAKTUKAIBIK
TarnceIpManapIbl, 0aKpUIay CypaKTapbIH )kKoHe Oenriii 6ip Kypc YIIiH apHaibl 93ipJIeHTeH
Oacka OumiM Oepy pecypcTapbiH KaMTHIBL.

OKky-oicTeMeniK KemeH /1i maiiaJanyablH apTHIKIIBUTBIKTAPHI:

1. Kemen oKy MaTepualbIH JOTHKAIBIK JOUEKTITIKIIEH KaMTaMachl3 eTefi, Oyl
CTYJIEHTTEP/IiH OHBI HTEPYiH KEHUIIETe i

2. KeleHre Tek OKyJIBIKTap FaHA €EMeC, COHBIMEH KaTap KOChIMIIIA MaTepHaiap,
WHTEPAKTUBTI OKY Kypayaaphl, OeliHe mopictep *koHe T.0. Kipyl MYMKiH, Oy1
OKy IIpolIeciH OaiibITa TYCemi.

3. Oky-omicTeMemniKk KelleH CTYISHTTEePAiH opTYpJli KaKeTTUTIKTepi MeH
JAUBIHABIK JeHTeiiepine OeifiMmenyi MyMKiH.

4. Kemenne Oimimmi Oakputay oficTepi MeH Kepi OallaHbIC MYMKiHIIKTEpi
KapacThIPBUTYBl MYMKIiH, OYJI CTyJIEHTTEpTe OJapAbIH YITepiMiH OaKplUIayFa
JKOHE JIAFIbIIAPBIH JKAKCAPTYFa KOMEKTECE/II.

OKky-aticTeMeniK MaTepraAapAbIH KYPBUTBIMIBIK XKYHETi KeIIeHi CTyIeHTTepIiH
TIOH Ma3MYHBIH CallaJibl UTePYiH KaMTaMachI3 eTeli JKoHe KaCiOM MaHbBI3IbI KY3BIPETTEP i
THIMII KaJbIITacThIpyFa MYMKIHAIK Oepeni. OKy ypaiciHIe OKy-dicTeMeNiK KemeH i
THIMZI Tainanany OUTIM camachIHHBIH JKOFAphl JICHTeHTre KOTepiTyiHe >KOJ aIrajibl
(Kemibaiikpizel, 2022: 219).

OKy - omicTeMeNiK KelleHaepae OepileTiH TarchlpManapabl YHBIMIACTHIPY
Macerreci OinimM Oepy yAepiciHae KenTereH 3epTTeyiepaiH Heri3i 0ombim kemeni. OKy —
SIiCTeMITIK KeTeHIH KeJieMi MeH KYPbUTBIMBI TToH OOMBIHIIIA TUTITIK OKY OaFaapiaMachkiHa
colikec OONyBI KaXKET JKOHE OH/a KOpCeTLIreH OiliM Ma3MYHBI TOJIBIKTal KaMTBLTYBI
tric (bimim  Oepy yiBIMIapeiHIA OKYy-9JICTEMENIK JKOHE FBUIBIMH-JIICTEMEIIK
KYMBICTBI YUBIMJIACTBIPY JKOHE JKY3€re achlpy KaruaaiapbiH Oekity Typaisl Kazakcran
Pecniy6nmkacer binim sxone FoutbiM MUHUCTpIHIH 2007 xbutFbl 29 Kapammanars Ne 583
OYHPBIFHI).

OKy - omicTeMerNiK KemeHHi YHBIMIACTHIpy/Aa >KYHeli-opeKeTTiK YCTaHBIMJIbI
KolmaHy TuiMai  Oonbim  TaObuiagpl.  JKyienmik-OeNnceHAiTik  MO3UIHSICHI-0yIT
CTYJEHTTep/iH OeJICeH/li KbI3METi TOHiperiHae OiuiM Oepy mporieciH yiHbIMIacThIpyFa
’KOHE OHBIH OPTYPJIi KOMIIOHEHTTEP1 apachIHIAFbI )KYHETIK KATBIHACTAP,IbI €CEITKE allyFa
OarprTTasFad OinimM Oepy Tocimi. OKy ypaiciHe xyierni-OeiceHai Tocinai eHrizy, ouim
aTyIIBLTAP/IbIH OOMBIHAH KeJleCi KY3bIPETTUTIKTePi KAJIBIITaCThIPA/IbL:

- MaceJenep/Ii menryre;

- TEXHOJIOTUSLTIAP/IBI MEHIEPYTE;

- O3iH-031 TopOueneyre;

- aKMapaTThIK pecypcTap/bl Maiiaianyra;

- QJICYMETTIK KapbIM KaThIHACKA TYCYTE;

- KOMMYHUKaTHUBTUTIK i371eHicke Oaymusl (AkceHoBa, 2012: 40).

Kes-kenren moHTe, COHBIH ilIIHIE XUMUSFa apHATFaH OKY-9iCTEMENTIK KeIIeH i
a3ipiey ke3iHze OumiMHIH OepinyiH FaHa eMec, COHbIMEH Oipre >KapaTbUIBICTaHy MEH
OUTIMHIH MHTETPAIUSCHIH J1a eCKepy KaxeT. byl aereHimi3, Mmatepualt skaH-)>KaKThl O0ITybl,
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aKmapar TYTac YCHIHBUTYBI JKOHE TPaKTHUKAIBIK KOJIAaHBUTYBl Kepek. OKy MpoIeciHiH
TOXKipruOere OaraapIaHyblH eCKepy 1€ MaHbI3/IbI, OYJ1 OKBITYIBIH HHTEPAKTHBTI 9JIICTEPiH
KOJIIaHYIbl KOHE OKy MAaTepHaNBIHBIH HAKTBl OMIPIIIK JKaFJailapMeH OaiiylaHBICHIH
Oinmipeni. XuMusiFa apHaIFaH KeIIeH 1l 93ipiiey Ke3iH/e OKBITYIbIH HAaKThl MaKCaTTapbIH
AHBIKTAY, TAKBIPHINITAP OOWBIHIIIA MAa3MYH/IBI )KOCTIapiIay KOHE OHBI KYPBUTBIM/IAY OipiHIIi
KE3eKTeTi MiHAeT OONbIN TaObUTabl. XUMHSIIBIK MaTepHUaIIbIH 0acKa KapaThUIbICTAaHY
MIOHIepiMeH OalIaHBICHIH, COHIAH-aK OHBIH Ka3ipri FBUIBIMH JKETICTIKTEPMEH J>KOHE
KOpIIaFaH oOpTaMeH OaiJIaHBICBIH KapacThlpy KaxkeT. OcChl KaFmaiiapIsl Kepcere
OTBIPHIN, KEIIeH KYPACTBHIPYABIH MUAAKTHKAIBIK HETi3Zepl NereHiMmiz — Oimim Oepy
Ma3MYHBI KYpPaMbIHBIH HET13T1 3JIeMEHTTEPiHIH e3apa YiieciM TaOybl JIeN aHBIKTanIbl
(UnpsicoBa, 2018: 24).

OpTYpIli MaMaHABIKTAFbl CTYJIEHTTED «XHWMHS» TIOHIH OKBIN >KAaTKAHIBIFBIH
€CKepe OTBIPHII, OKY-9/IiCTEMEITIK KEIIeH OJIAPJbIH OPKANCHICHIHBIH KaXKETTiIIKTEpiHe
Oeifimmenyi kepek. MyHIali KemieHaepre KOWBUIATBHIH TaianTtap KypAelieHe Tycyne
YKOHE Kazip op MOHHIH Ma3MYHBIHBIH KYHJIBUIBIK OarbIThIHA €PEKIIIe Ha3ap ayaapburya.
CryneHTTepre YCBHIHBUIATBIH MaTepHagap OChl MaKCaTKa CoiKec Kemyl, OJap.IbIH
HazapblH ayapybl ’oHE KellleH/1e YChIHBIIFaH MiHIeTTep OOWbIHIIA 63 OeTiHIIe KYMBIC
icTeyre BIHTATaHIBIPYHI KepeK. CTYIeHTTep/IiH OKY MPOIECiHE IETeH KbI3bIFYIIbIIBIFBI
MEH OH KO3KapachlH OSTY apKbUIbl FBUIBIMH-3€PTTEY JKYMBICTAPBIHA BIHTAIAHIBIPY
MaHBbI3/161. MyH/1al TOC1JT CHIHM YKOHE IIBIFAPMAIIBUTBIK OMJIAY/ BT TAMBITYFa bIKIIA €Te/l,
OyJ1 3epTTeNeTiH MaTepHaibl COTTI Urepy YIIiH MaHbI3/IbI.

benrini ncuxonor M.M. MykanoB «OxpiTy — Oyi1r 0iniM Oepy xoHe OimimMal
THICTI JKepiHIe KoJjJaHyra yipery» nen Oekep adrtmaran (MyxkaHoB, 1973: 127).
OKy-omicTeMeNiK KeIIeHAETi TaKbIPHINTAPAbIH TEOPUSIIBIK JKOHE IMPAKTHKAIBIK
MaHBI3IBUIBIFBIH  APTTHIPY YIINIH OJApMEH JKYMBIC ICTEYAiH oJiCTeMeNiK >KoHe
TUTaKTUKAIIBIK TACIIEPIH Iyphic YibIMAAcThIpy KakeT. Cypakrap MeH MiHAETTepIi
CTYJEHTTEP/IiH IIbIFaPMAIIbUIBIK KaOUIeTTEpiH AAMBITYFa BIKHAJ €TETiH JKOHE jKaHa
memriMaep MeH OlmiMaep/i o3 OeTiHIe i371eyre KoOMeKTeCeTiH e eTin Oepyre epeKiie
Hazap aynapy KakeT. byl JlereHiMi3, OKy MpoleciHie CTyACHTTep Il KaHa Macesenepii
i3meyre, 3epTTeyre JKoHE TalflayFa, COHJIAi-aK anFaH OUTIMIEpiH MPaKTHKAIBIK
JKaFJainapaa KoJJAaHyFa BIHTANAHIBIPATHIH KaFqainap kacay KaxkeT. bimim Oepynix
TTTaKTHKAITBIK MaKCaThl CTYICHTTEP/IiH IIBIFapMAIIbUIBIK QJIEYETIH alTyFa KoHe dpTY Pl
caayapza OUTiMII COTTI KOJIJIaHy YIIiH KKETTi JarablIap MeH OUTIKTUTIKTI XKeTUaipyTe
KOMEKTEeCYyTe OaFrbITTANYBI THIC. BYJT TOCUT opTYPIIi FRUIBIMAAP/ABI OIPIKTIpY JKOHE ONapbl
JKAIITBI OUTIM JKyleciHe OalIaHBICTBIPY apKbUTBI FBUIBIMH TYO)KBIpBIMIaManapra Kol
KETKi3yre MyMKIHJIK Oeperti.

Ce0e0i, KaHmai FRUTBIMA YFBIMIBI KAJIBIITACTHIPY MaKCaThIH ajfa KOWCak Ta,
onmapael Oip-OipiMeH yKcac FBUIBIMIAp JKyHeciMeH OaillaHBICTBIpA OTBHIPHIIN, OKBITY
apKBLIBI KOJI JkeTKi3yre Oomazas! (MmbsicoBa, 2018: 50).

Hormxkenep sxoHe TamKbUIAY

Toxipubenik  skcrepuMmeHTKe  on-Papadbu  ateiHAarkl  Kazak — WITTBIK
YHUBEPCUTETIHIH Owosoruss >koHe OwmortexHosorusi  (akynbrerinin  6B05103-
buoTtexHomorus MaMaHABIFBIHBIH | Kypc CTyIEeHTTEpi alnblHABL. DKCIIEPUMEHTTIK TOMTa
13 crynent, 6akpinay ToObIHAA 13 cTyaeHT Oonapl. Onap XUMHESI IOHIH 7 anTa KeJeMiHe
OKHJIBI, opi Kapail MaTeMaTHKa MoH1 OKBITHUIAABI. 3epTTey OaphichbiHaa O0i3 MalbIHIaFaH
cwabyc OOWBIHINIA SKCTIEPUMEHTTIK TONTAa XHWMHUS TOHI OKBITBUIABI, all OakpuIay
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TOOBIHIa 6acKa (paKkyIbTeTTEP/IE OKBITHUIATHIH OKY OaF1apiaMachl KOJIIaHBUIIBL. 3epTTey
YKYMBICTAPBIH JKYPTi3y YIIiH erKeH-TerKeili olicTeMeNiK MaTepraiiap, OHbIH imIiHae
o/icTeMeNiK HYCKayiap, akmapar JKHHAyFa apHajFaH cayaJHaManap, CTYASHTTEpIIiH
©3IHIIK KYMBICBIHA apHAJIFaH TaIlChIpMaliap >KoHe Oiumimal Oaranmayra apHalFaH TeCT
TarnceipManapsl xacanasl. COHBIMEH Karap, SKCIepUMEHTTIH aHBIKTAyIIbl Ke3eHIHeH
aJBIHFaH JIepeKTep/i >Kalmbliay J>KOHEe Talifay IPOLECiH CHUNATTAUTBIH HYCKAYITBIK
Kacalpl.

DKCIIEPUMEHTTIK KYMBICTHIH OipiHIIi 0eIiMi CTYJISHTTEP IiH XUMHUSHBI OKYIaFbl
©31H/IK )KYMBICHIHBIH JICHI'€iiH, COHJIali-aK OJapblH cabaKTarbl ©3iH-031 epKiH yCTaybl
MEH KOMMYHHKATHBTI JaFIbUIApBIHBIH JEHTeHiH aHbIKTayFa apHalAbl. AHBIKTAY
SKCIIEPUMEHTI asChIHAA €Ki TOmKa Ja cyx0aT, cayaiHama, IMKip ajaMacy XKoHe 3epTTeyre
KaTBICYIIBUTADMEH KaphIM-KAaThIHAC OpHATY CHSKTHI JepeKTepli JKHHAY oJicTepi
YCBHIHBUIBI.

baxpinay TOOBIHBIH CTyIeHTTEpiHE Oacka MaMaHJBIKTapFa apHAIFaH «XUMUSD)
MOHIHIH CcWUTa0yChIH TaijanaHpln cabak kyprizingi. Onapaa Heri3iHeH MbIHamal
TaKBIPBINTAP KAMTBUTFaH OOJaTHIH:

1. X¥IMHSTHBIH HET13Ti CTeXHOMETPHSUIBIK 3aHaphl. 3aTTap MAaCCaChIHBIH CAKTAITY
3aHBl. KypaMm TypakTeUTBIK 3aHBI. KemeMmik KaTbiHacTap koHe ABOTaIpO 3aHBI.

2. AToM KYpBUTBICH. KBaHT XUMUSIIBIK TEOPUSHBIH, HETI3r muesyiapbl. KBaHT
canpaapsl. [laynmm ycransivbl, XyHa epexeci. KieuxoBckuii epeskenepi.

3. XUMHSIBIK OaiillaHBIC JKOHE MOJIEKYIANapIbIH KYPBUIBIMBL. XWUMFSITBIK
OaiiTaHpIC JKOHE MOJIEKYJIAJTapAblH KYPBUIBICHI MEH KYPBUIBIMBL.  XUMUSIIBIK
0aliIaHBICTBIH AJFAIIKBl Teoprsuiapbl. KoBalleHTTIK OaiIaHBICTBIH CUTIATTaMaIapbl MEH
KacuerTepi. TOoNBIK THOPUATEHY TY)KBIPBIMBI OOWBIHINIA MOJIEKYJIaTapAblH KEHICTIKTeT1
MiMTiHl. ATOMIBIK OpOUTATBAAPABIH THOPUATEHY1 Typajbl TYCIHIK.

4. X¥MUATBIK KHHETHKA. XUMUSUTBIK PEaKIHsIIAP/IbIH KbIIaMIBIFBI KOHE OFaH
ocep eTeTiH (hakTopiap. OpeKeTTecylll mMaccaiap 3aHbl. XUMUSIIBIK PeaKIUsIapIbIH
KBUIIaMIBIFBIHA TEMIIEpaTypaHbiH ocepi. Bant-I'odd epexeci.

5. DNeKTPOIUT epiTiHAIepiHACTI anmMacy peakiusuiapbl. Ty3aap ruapoIusi.

6. TOTBIFY-TOTBIKCHI3ZAaHY TIPOIECTEPi TEOPHACHIHBIH HETI3rl YFBIMIApHI.
TOTBIFy-TOTBIKCBI3TaHy PEAKIUSIIAPHIHBIH HET13T1 THIITEPI.

7. KoopauHaIUsIBIK-KOMIUIEKCTI  KOCBUIBICTap. KOOpIWHAIMSIIBIK TEOPHS.
OHBIH €H MaHbBI3/Ib! TYKBIPBIMIaphl. KoopAMHAIIMSITBIK KOCBUTBICTAPIBIH HETi3T1 TUIITepi
MeH araymnap >xyieci. KoopauHaImusuIbIK KOCBHUIBICTAPABIH KEHICTIKTETI KYPBUIBICHI
(ITipammues, 2003: 10).

bizmin MakcaThIMBI3 «BHOTEXHOJOTHS» MaMaHIBIFBl OOMBIHIIA OKHTHIH
CTYJIEHTTEpPre OTKI3UIETIH XWMHUs cadarbl OOJNFaHIBIKTaH CHJUTA0YCTHI  OJapIbIH
MaMaH/IBIKTapblHa calf TaKBIPBINTAPBIH KOCHII, OCHl €Ki CHiIadyc TaKbIPBIITaphIMEH
cabak Jkyprizy OomaThiH.  AJIBIMEH CTYACHTTEPIiH «XWUMUS» TIOHIHEH KaHmal
TaKBIPBINTAPABI TEPEH 3EPTTETICI KeJemi, HeHi OKBIN YHPEHTICI Kellemi JereH cypakTap
KOUBIIBIN, cayanmHama aiblHabl. OIapIblH CYPaHBICH, YCBIHBICHI €CKEPUTIN >KaHaJaH
cmabyc KypacThIpbUIbl. JKaHamaH YCBHIHBUIFAH CHIDIA0yC KYPBUTBIMBI TOMEHJIE
KOPCETIITeH.
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Kecte 1 - OKy KypChIHBIH Ma3MYHBIH JKy3€Te achIpy KYHTi30eci

Anta | Takelpbln aTaysl Carar canbl | Makec.
Gayr***
JI 1. Xumus moHiHIH OMOJIOTHS KOHE MaTeMaTUKAMEH MOHaPaJbIK 1
1 OaiinaHbIchl. beliopraHuKaablK KOCBUTBICTAP/IBIH HET13T1 KIacTaphl.
3C 1. 3eprxanamen TaHbIcy. Kayinci3mik TeXHHKACHl. XWMUSIBIK 2 10

pIapIcTap. JKanmbuiamMa Kypant-kaOmbIKTap. XHUMHSIIBIK PEaKTHBTEP.
XuMusUIBIK  1abopaTopHsaa JKYMBIC jkacay epekenepi. AJFamIKsl
opirepiik  KeMeK ~ KepceTy  epexkenepi.  belopranmkaibk
KOCBIIBICTap/IbIH KAaCHETTEPiH 3epTTey.

2 J1 2. DkBUBaJIEHT. DKBUBAJICHTTEP 3aHbI. 1
3C 2. XKaif sxoHEe KYpAeni 3aTTap/(bIH SKBHBAICHTIH aHBIKTAY 2 10
COX 1. MuKpo- jxoHE MaKpO- JIEMEHTTEeP/IiH OMOJIOTHSIIBIK poti 10

3 J1 3. Epitinainep KOHIIEHTPaIMsCEIH OpHEKTEY Tocliaepi. 1
3C 2. KoHLeHTpauusCcsl 9pTYpIi epiTiHAIep ary. 2 10
J1 4. TOTBIFY-TOTBIKCBI3/1aHy pPeaKLUsIapbl. 1

4 3C 4. ToThIFy-TOTHIKCHI3IaHY pEaKUUsUIapblHA  3€PTXaHAIBIK 2 10
KYMBICTAp.
COX 2. Jlopymenzepain eMip TipHIUTriHAETi MaHbI3bI )KOHE OJIapIbl 10
KaObU1ay MIapTTaphl
J1 5. CynbiH HOHIBIK KepceTkini. OpTaHbIH CYTEKTiK KOPCETKIIIIi. 1

> 3C 4. Oprypni opTamarbl HHAMKATOpJIAp TYCTEPIiHIH e3repyi. 2 10
Epirinninig pH-bH aHBIKTAY.
J1 6. Epirimrik ke6eitinaici. Tyn6a Ty3iny mapTrapsl. 1

6 3C 6. XWMHSIBIK OpeKeTTeCcy HOTIDKECIHIE TyHOamapasl epity 2 10
JKarainapol.
COX 3. OrrekriH eMip Tipuwinirinae anatslH OpHbL. OTTEKTIH 10
OHOJIOTHSUTBIK MTPOLIECTEPre KOJIAaHBLUTYBI.

7 J1 7. CynbIH KepMeKTiri 1
3C 7. CyzblH KePMEKTIriH aHBIKTAy TCUIAEpI 2 10

Ab 1 100

Ocpl cuitabyc OoiibiHIIA cabak OapbichiHAA 013 CTYJEHTTEPAIH XUMHUSFA JIeTeH
KBI3BIFYIBUTBIFBIHBIH apTKAHBIH, COHIA-aK OJIap/IbIH TarChlpMaiapabl Te3 )KOHE MYKHUST
opbIHAaraHblH OalkanbiK. CTyaeHTTep OepreH ayanTap MEH >KYMBICTapIbl 3epTTeH
OTBIPBIIN, OJapJbIH OLTIMIH, JaWbIHIBIK JICHIeHiH KOHE 63 OCTIHIIe JKYMBIC icTeyre
JaibIHBIFBIH Oarajay oficTepiH aHbIKTal anablk. byt onicTepre Oakpuiay )KyMBICTapbIH
KYPri3y, TECT TalcChIpMalapblH Oepy, ©31HAIK KYMBICThI YHBIMAACTBIPY JKOHE aybI3Ia
cayajHamMasap Kyprizy Kipi.

Kecre 2 - AHBIKTay SKCIIEPUMEHTI Ke3IH/ET1 CTyIeHTTepAIH OUIiM JeHrediHiH KopceTKimi

p/c Jenreitnep DKCHEPUMEHT TOOBI bakpuiay ToOBI
1 XKorapsr 46,15 30,76

2. Opra 38,46 23,07

3. Temen 15,3 46,15

4 OKyIIBI CaHBI 13 13
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CoHbBIMEH KaTap 2 TONTHIH OLTIM IEHT'CHIH CalbICThIpa OTBIPHII, KaHAPTHUIFAH
cumadycrer, OypbIH KypacTHIPBUIFAH CHJUIA0YCTHI KOJAAHBIN cabak IKyprisyneri
KOPCETKIMIEPiH TrarpaMma TypiHae KeITipaik.
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Cypem I - DKCIIEPUMEHT KOPBITHIH]IBICHI

KopsITBIHABI

Byrinri TaHaa XUMUSTHBI OKBITY IBIH MaHBI3/[bI CTIEKTICI - OYJI FEUTBIMHBIH HETi3T1
YFBIMIApPBIH «XUMHsD) MIOHIH 7 anTa Mep3iMiHAe OKUTHIH OHONOTHs (pakyJIbTeTTepiHiH
CTYACHTTEpiHE KbICKa Mep3iMae Oepy faHa eMec, COHBIMEH Karap oJjapAbl o3
MaMaHJBIKTapblHA KOJJAHBUIATHIH FBUIBIMH TOCUITe YHpeTy. XHUMHSHBI OKBITYAbIH
FBUIBIMU-IICTEMEIIIK acrekTiiepl OiniM OepylaiH Herisri Ke3i OOkl TaObUIAMbI,
OHTKeHI OLTiM Oepy TEeXHOJOTHMSUIAPBIH JYPhIC NMaijaiaHy CTYJICHTTEPIIH TaHBIMJIBIK
KBI3BIFYIIBUIBIFBIH APTTHIPYFa JKOHE OJIAPJbIH TaHBIMJBIK OCJICEHIUIIrH JIaMbITyFa
BIKITAJI €TE/].

MamaHaaHapIpy YIOiH KaKETTi XMMHUSI HeTi3llepiH Urepy apKbUibl CTYJEHTTEp
03 OeTiHIE XYMBIC iCTeyAl, KbI3METTI KOocmapiiay MeH YHBIMAACTBIPYIbl, COHAAM-
aK oOJIapIbIH IKETICTIKTepiH Oakpuiayabl yipeHemi. byn conpmaii-ak Oimim  Oepy
KYPBUIBIMBIHAAFBI OIPKEJIKUTIKTI cakTayFra jKoHe OJapiAblH Oojamak KociOu KbI3METiHe
ColiKec Ky3bIpeTTep/Ii KalbIITACTBIPYFa bIKIAJ eTe/Ii.

JlaiiblH aKkmapaTThl KaTTayFa HETI3JIeJINeH OKBITYJIbIH JA9CTYPJIl TOCLI kebiHece
CTYACHTTEpre ajFaH OuTiMIepiH Oacka cananapMeH THIMAI OalIaHbICTBIPYFa MYMKIHIIK
OepMeiifii JKoHe MEXaHUKAJIBIK ecTe cakTayFa okeneai. CoHapIKTan 0iliM Oepy Ma3MyHBI
CTYACHTTEPHAIH MEMJICKETTIK CTaHAapTTapbl MEH KaXKETTUIIKTEpiH ecKepe OTBIPHIIM,
3aMaHayH TajlalTapra caii 00JIybl, COHJIAli-aK TaOBICTBI KOCIOM KBI3MET VIINIH KaXKeTTi
HETI3T1 KY3bIPETTep/IiH JaMyblHa BIKIAT €Tyl MaHBI3/bI.

Bynan Gacka, OKbITY TeK HaKThl aKIapaTThl JKETKi3yre FaHa €Mec, COHbIMEH
KaTtap ChIHU OiJay/ibl, aHATMTUKAIBIK JaFAbUIap bl )KOHE HeT13/1eJreH MIelliM KaObliiay
KaOiJleTIH JaMbITyFa OaFbITTalybl KEPEeK €KEeHiH €CKepy MaHbI3Abl. XUMHSIHBI OKBITY
CTYJEHTTEp/iH OLTIMIH FaHa emMec, OJlapIbl iC KY3iHJE KojjaHa Oury KaOineriH
KaJIBIIITACTBIPYFa, OJapJbIH KOCIOM KbI3METIHIE KE3JIECETIH OpTYpil MIHICTTEP MEH
MocesieNiepAl Memyre bIKnajd eTyi Kepek. VHTepakTHBTI OKBITY 9IICTEpiH, 3aMaHayH
OimiM Oepy TeXHOJOTHsJIapbIH NaigalaHyAbl KOHE CTYACHTTEPIiH OKBITYIIbUIApMEH
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yKoHe 0acKa CTYJIEHTTEPMEH OeJICeH/Il ©3apa opeKeTTeCYiH KAMTUTHIH bIHTATAHIBIPYIIIHI
OKY OpTachlH Kypy MaHbI3/Ibl. ByJl MaTepuaibl THIMJIIPEK Urepyre dKoHe CTyIEHTTEPIIH
NIBIFAPMAIIBUTBIK QJICYETiH AMBITYFa BIKIIA STE/I.

CoHbIMEH, OKBITY 9JTICTEpPiH YHEMI TaMBITY JKOHE KETUIIIPY, OKY ITPOIECiH Ka3ipri
QJIEMHIH ©3Tepill OTHIPATHIH TAJIANTapbl MEH JKaFJailiapbiHa OeiiM/ey KaXKeTTLTIrH ecTe
ycTaraH xeH. by 6i1im 6epyiiH »KOFaphl carrachblH KAMTaMachl3 eTyTe KoHEe CTYIeHTTEeP/i
OomamakTa TaOBICTHI KOHE HOTIDKENI KociOM KbI3METKE JaifbIH/IayFa KOMEKTECEe/i.
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Abstract. The article presents a brief analytical review of the properties, struc-
ture and main directions of practical use of cyclodextrins (CD) - macrocyclic receptors
of natural origin. They are formed during the enzymatic cleavage of starch and consist of
D-glucopyranose residues connected to each other by a head-to-tail a(1—>4)-glycoside
bond. The unique structural features of cyclodextrins, namely the presence of separated
hydrophilic and hydrophobic groups, determine the unusual physical and chemical prop-
erties of these macromolecules. The most important property of natural or chemically
modified cyclodextrins is the ability to reversibly and selectively bind organic, inorganic
and biological molecules, forming “guest-host” inclusion complexes or nanostructured
supramolecular ensembles. The most interesting examples of the use of cyclodextrin
clathrate complexes in the pharmaceutical, food and chemical industries, spectrometric
analysis, separation technologies, the use of cyclodextrins as models for molecular rec-
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ognition in biology, as well as the use of their cyclic component in the construction of
supramolecular architectures (rotaxanes, pseudorotaxanes, etc.) are given. Various types
of receptors capable of binding cations, anions, and neutral molecules due to non-valent
interactions are considered. The fields of application of container chemistry, artificial sys-
tems simulating biological processes, principles of formation of supramolecular self-as-
sembly, molecular devices and molecular machines are described. The mechanism and
methods of formation of clathrate complexes, their properties and methods of analysis are
described. The application of cyclodextrins in the production of nanoscale materials in
the production of metallic and semiconductor nanoparticles coated with organic mono-
layers is considered.

Keywords: macrocyclic receptors, cyclodextrins, supramolecular ensembles, na-
noscale materials, clathrates
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AnHoTanus. Maxkanaga TaOUFM MaKpOLMKIJII pPEleNnTopiapFa >KaTaThIH
TYHBIKIEKCTPUHICPIIH KaCHEeTTEPi, KYPBUIBIMBI KOHE TOKipHOenep/ie KOIIaHbLTYbIHBIH
Heri3ri OarpITTapbl OOWBIHINIA KBICKAIA AHAIATHKAIBIK Imomy OepinreH. Omap
KpaxMaJablH (EepMEHTATHBTI BIABIPAYBI apKBUIBI TY3inexdi xoHe o 1->4)-rmKo3uaTiK
OaifylaHbIC apKBUTBI Oip-OipiMeH «Oac-KYHpPBIK» TMPUHITUII OOWBIHIIA OaiTaHBICKAH
D-riifoKOnMpaHo3anbl — KaJJIBIKTapbIHAH Typajabl. TYHBIKACKCTPUHACPIIH epeKIle
KYPBUIBIMJIBIK €peKIIeTiKTepi, aTamm alTKaHaa, ojgapaa THAPOPHIBIL )KOHE THAPOGHOOTH
00JBITT OOJIIHTEeH TONTapIBIH OOJYBI, OCHI MAKPOMOJIEKYIAJap IbIH epeKie (pH3HKaIbIK
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JKOHE XHMISUIBIK KacHeTTepiH Kepceremi. TaOWru HeMece XUMUSIIBIK TYPJICHIIpiITreH
TyABIKIEKCTPUHACPIIH ©H MAaHBI3Abl KAaCHETI — OpTaHHWKAaIBIK, OeHOpraHWKaIbIK
JKOHE OMOJIOTHSIIBIK MOJIEKYNaIapAbl KAaUTHIMIBI TYP/E JKOHE apHaibl OaillaHBICTBIPY
apKbUIBl  «KOHAK-KOKAaHBIH» OOIMKOCHUTY KEIICHJEepiH HeMece HaHOKYPBUIBIMIBI
CyTpaMoJIeKyJaJIbIK aHcamMOIbaAepai KYpy MYMKiHAiri. Xumus eHmipiciHme, (apma-
IIEBTHKA OHE TaMaK OHEPKICIOiHAe TYHBIKICKCTPHHICPMIH KIAaTpaTThl KEIIeHAepiH
KOJIIaHY/IbIH, CIIEKTPOMETPISUIBIK TaJIayAblH, 06Jy TEeXHOJOTHSUIAPBIHBIH, OJapibl
Omoorusaia MOJEKYJAbIK aHBIKTal OLTy YIIH TOCUT peTiHAe KOJIaHYIbIH, COHIAi-
aK OJapAblH TYHBIKTHIK KOMIIOHEHTIH CYNpaMOJIEKyNalblK apXUTEeKTypajiapisl
(porakcanmap, TCEBIOPOTAKCAHIAP kKoHE T.0.) KypyJda KOJIAaHYABIH KbI3BIFYIIBUIBIK
TyIBIpaTBIH ~ MBICAJIAphl  KenTipinreH. KaTuoHmapawl, aHWOHAApABI, OelTapar
MOJIEKyJIaJap/l BAJIEHTTIK €MeC ©3apa JpeKeTTecysiep apKbUIbl OalIaHBICTHIpYFa
KaO1TeTTi pemenTopIapablH opTYpili TYpiaepi KapacTeIpbutaasl. KOHTeHHEPITiK XUMUSHBI
KOJIJIaHy cajajapbl, OWOJOTHSUIBIK MPOIECTePAl YKCACThIpa KOPCETETiH KacaHIbI
KYWenep, CynpaMOIIeKyJNajblK ©31H-631 KypacThlpy MPHUHIMITEP], MOJIEKYJIATBIK
KYPBUIFBIJIAP KOHE MOJIEKYNAJBIK KYpBUIBIMAAp cHIarTanrad. KiaTpaT kemeHaepiH
KaJIBIIITACTBIPY MEXaHW3Mi MEH oficTepTeMeriepi, OJapAblH KacHeTTepi MEH apTypii
Tangay Jkongapbl cunarranraH. OpraHuKalblK MOHOKAa0ATTapMeH KanTallFaH MeTasll
JKOHE JKapThUIall OTKI3TIII HAHOOOJIIEKTep OHMIpICIHIAE HAHOOJIIEMII MaTephajaap
ayaa TYWBIKASKCTPUHACPAIH TYBIHIABUIAPBIH KOJIAAHY MBICAIIAPHl KAPACTHIPBLUI/IHL.
Tyiiin  ce3mep: MakpOIMKIAI  pementopiap,  TYHBIKACKCTPHHIEP,
CyTIpaMoJIeKyJIalIbIK aHCaMOJIbJIep, HAHOPa3MepIIi 3aTTap, KjaarpaTrrap
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UKJIOAEKCTPUHBI KAK CYIIPAMOJIEKYJISIPHBIE KOHTEVMHEPBI
XUMHUYECKHAX COEJIUHEHUI

AnHOTamusi. B cratbe mpencTaBieH KpaTKWH aHATUTHYCCKHH 0030p IO
CBOMCTBaM, CTPOCHHIO W OCHOBHBIM HANpPAaBICHHUSIM IPAKTHYECKOTO HCIIOIB30BAHUS
muknogekctpuaoB  (IIJI) —  MakpOUMKIMYECKHX  PElenToOpoB  MPHPOTHOTO
npoucxoxaeHuss. OHu o0pasyroTcs npu (epMEHTATHBHOM pAacCIIETUIEHHH Kpaxmala
M COCTOSIT U3 OCTATKOB D-TIOKOMUPAHO3BI, CBA3aHHBIX IPYT C APYIOM I10 TPUHITUITY
«romoBa K XBOCTy» o1 —>4)-TIMKO3UIHON CBSI3bI0. YHUKAIbHBIE CTPYKTypHBIC
OCOOCHHOCTH IHKIIOJEKCTPHHOB, & WMEHHO HaJW4Yne pa3felieHHBIX THUIPOQGUIBHBIX
u THIpO(OOHBIX TPyMI, O0yCIaBIMBAIOT HEOOBIYHBIE (HM3MUYECKHE M XUMHYECKHE
CBOMCTBa ATHX MakpoMmolekysn. Hawmboilee BaXKHBIM CBOWCTBOM IPHPOJIHBIX WIN
XUMHYECKH MOIU(DUITUPOBAHHBIX IIHKIIOEKCTPHUHOB SBIISIETCS] CIOCOOHOCTH 0OpaTHUMO U
n30MpaTeTbHO CBA3BIBATH OPTraHWYECKUE, HEOPTaHMIECKHE U OMOIOTHYECKHE MOJIEKYJIBI,
00pa3ys KOMITIEKCHI BKJIFOUEHHUS THTA “TOCTh-XO3SIMH~ WU HAHOCTPYKTYypHUPOBAaHHBIC
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cympaMoJieKyJisipHple  aHcamOnu. [lpuBeneHbl HanmOoJjee WHTEpECHBIE MPHUMEPHI
MPUMEHEHHUs] KJIATPAaTHBIX KOMIUJIEKCOB IMKIIOJEKCTPHHOB B (papMarieBTHUECKOMH,
MUIIEBOH W XWMWYECKOW TPOMBIIIJICHHOCTH, CIIEKTPOMETPHYECKOM  aHaIn3e,
TEXHOJIOTHSAX pa3elieHus, UCIIOIb30BaHUs IUKIIOIEKCTPHHOB B Ka4eCTBE MOJIeNeH IS
MOJIEKYJIIPHOTO paclo3HABAHNS B OMOJIOTHH, @ TAKXKe UCTIOIB30BAHUS MX IIUKINIECKOTO
KOMIIOHEHTa TIpM TIOCTPOEHUH CYNPaMOJIEKYJSIPHBIX apXHUTEKTyp (pOTaKCaHOB,
TICEBAOPOTAKCAHOB | JIp.). PaccmaTpuBatoTcst pa3inuyHbIe THITBI PEIIEITOPOB, CIOCOOHBIX
3a CUeT HEBAJICHTHBIX B3aMMOJEHCTBHUN CBA3BIBATH KAaTHOHBI, aHWOHBI, HEUTpabHBIC
MoJteKynbl. OniCcaHbl pa3IndHbIe 00JIACTH MTPUMEHEHHUS! KOHTEHHEpHOW XUMUH, UCKYC-
CTBEHHBIX CHCTEM, IMHTHPYIOIINX OMOJIOTHYECKHE TPOIECCHI, IPUHITUIIBI (Y OPMUPOBAHUS
CyTpaMOJIeKyJISIPHOI CaMOCOOPKH, MOJIEKYIISIPHBIX YCTPOHCTB M MOJIEKYJISPHBIE MAIITHHBI.
Ornucanpl MEXaHU3M M METOJBI (POPMHUPOBAHUS KIATPATHBIX KOMIUIEKCOB, HX CBOMCTBA
W MeTO/bl aHanu3a. PacCMOTpEeHO TpHWMEHEHHE NHKIIOIEKCTPHHOBBIX IPOU3BOIHBIX
B IMIOJyYeHUH HAHOPAa3MEPHBIX MAaTEpUAIOB B TIPOU3BOJCTBE METAJUIMYECKUX U
MOJTYTIPOBOHUKOBBIX HAHOYACTHII, IIOKPBITHIX OPTaHUIECKHUMU MOHOCIIOSIMHL.

KiroueBble ciioBa: MakpOIUKIMYECKHE PEIeNTOPhl, ITUKIOACKCTPHHEI,
CyTpaMoJIeKyJIipHbIE aHCAMOITH, HAHOPAa3MEPHBIE MaTEPHAIIbI, KIaTPaThI

Q@unancuposanue: Hayuno-ucciredosamensvckas paboma
ocywecmenena ¢ pamxax 1D AP14869941 Komumema mnayxu Munucmepcmea
Hayku u evicuiezo oopazosanus Pecnyonuku Kazaxcman.

Beenenue

B Hacrosimee Bpems OTHIM U3 YIOOHBIX HHCTPYMEHTOB TTOTYYESHUS XUMHUYECKIX
MOJIEKYJISIPHBIX KOHCTPYKITH CTAHOBHUTCS TaK Ha3bIBaeMasl CyIIPaMONICKYIspHAS XUMHUS,
o0aaromnias mepcreKTHBaMA CaMOTO IIMPOKOTO MTPUMEHEHHS HE TOIBKO B MEAUIINHE, HO
U B Jpyrux obnactsax. TepMUH «CyrpaMoneKyasipHas Xumus» Obut BBeneH JK.M. JleHom
Y OTIpe/IeTIeH MM KaK «...XHMHUS 3a MpeJielaMid MOJIEKYJIbI, OIMCHIBAIOIIAS CIOKHBIE 00-
pa3oBaHMs, KOTOPHIE SBISIOTCS PE3yABTaTOM aCCOIMAINH JABYX (MK O0Jiee) XUMUYECKUX
YaCTHII, CBSI3aHHBIX BMECTE MEKMOJEKYIIpHbIMU criamu» (Szejtli, 2004; Crini, 2014;
[Moxapckwmii, 1997). TomukoMm K manmpHeHmeMy pa3BUTHIO UAEH MaKpPOIMKINYECKOTO
KOMIUIEKCOOOPa30BaHUs  TOCITYKWJIO  OTKPBITHE  KpayH-3(UpPOB, KPHUITAHIOB,
UKI0(aHOB, KATMKCAPEHOB M MCIIOJIb30BaHNE UX B KAYECTBE MOJIEKYJISIPHBIX “X035€B”
B pacmo3HaBaHWU pa3audHbIX coeamHeHmi (puc.l) (Loftsson, 2012; Zhou et al., 2020;
Skurederina et al., 2020; Dodziuk, 2006; Jeon, 2002). OgHako “roctn”, pacro3HaHHbIC
STUMH MOJIEKYJIAMH-X035€BaMH, OBUIM OTPaHWYEHb HEOONBIIMMU MOJIEKYJIAMHU WIIN
npocteiMu nonamu (Li, Na, K, CCl,, C.H)).

Jus  pacrio3HaBaHHsST KPYNMHBIX MOJEKYJ-‘TOocTell” wiam 0ojee CII0KHBIX
COCTMHECHHH (TTOJIMMEPOB, OMOIOTHIECKUX 0OBEKTOB) HEOOXOAMMO OBLIIO MCIIOIL30BaTh
Oonpimme MakpoMmonekynbl. CiieyeT OTMETHTh, YTO MOIXOMSAIIEro crocoba
pacno3HaBaHUSd MAaKpPOMOJIEKYJ B MCKYCCTBEHHBIX CHUCTEMaxX ‘“TOCTb-XO3iMH~ HE
CYyILIECTBOBAJIO NpUMEpPHO 10 Havasna 1980-x romoB, Korjga Uil 3TUX LeENed cranu
WCIIONB30BaTh OJUTOMEPOB Kpaxmajaa — IMKIOAEKCTPUHOBBIX Mojekyn (Loftsson,
2012; Zhou et al., 2020; Skurederina et al., 2020) (puc.1). Huknogexctpuasr (I1J]) —
MOJIEKYJTBI TIPHPOTHOTO MPOUCXOXKIEHHs, ObutH OTKPHITHI B 1891 1. A.Villiers npu
WCCIIeIOBaHUH TPOIYyKTOB MeTabonmu3Ma Bacillus amylobacter, u momyunnm nepBoe
Ha3BaHue «uesumnono3uae (Dass et al., 2013; Szejtli, 1988). B 1903r. F. Schardinger
(1853-1920rr.) MOMOXKMIT O TIOTYUSHUH IBYX PA3IMYHBIX KPUCTALTHUECKUX MPOIYKTOB,
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ITOX0KUX Ha IEJUTIOJIO3HWH, KOTOPBIC OH Ha3Ball o- U B-aekcTpuHsl (Sabadini et al., 2006). B
koH1le 70-x TomoB XX Beka cTall BO3MOKEH )epMEHTATHBHBIN CHHTE3 BEICOKOOUHIIICHHBIX
o-, B- 1 y-1JI  uX mpou3BOAHBIX, KOTOPBIE CTUMYJIMPOBAIIA POCT UX WUCIIOIH30BAHUS B
Pa3TMYIHBIX 00JIACTIX XUMHUH, KocMeToIoruH, papmakomorun u ap. (Nikitin, 2015).

BHyTpeHHAR nonocTs

n

[opTans: KaJMKCapeHbl yKypouTt[6]ypun -, B-, Y-IUKIOACKCTPHHBI
(n=6,7,8)

Puc. /. CynpamonekynsipHble KOMIUIEKCOOpa3yIOLIe COeTUHEHUS

Taxum 006pa3oM, B KOHIIE MPOIIJIOr0 BeKa Ha CTHIKE OPTaHMUECKOH, (PH3NUECKOH,
KOODJMHAIIMOHHOW XWUMHH, OHWOJOIMH, MaTCpPHAJOBEACHUS W MHKPOIJICKTPOHHKH
poauiachk HayKa IMoJ| Ha3BaHHEM «cymnpamoiekyisapHas xumus» (Szejtli, 1988; Nikitin,
2015). B Hacrosiee BpeMsi HACUUTHIBAETCS HECKOJIBKO KJIACCOB CYNPaMOJIEKYIISPHBIX
COCJIMHEHHH, CpelId KOTOPhIX OCHOBHBIMH SIBIISIIOTCS KaBUTAHMBI, KPWUITaHJbI,
KaJIMKCAPCHBI, POTAKCAHBI, KATEHAHbI M IMKJIOJCKCTPUHOBBIC KIATPaThl (KOMIUICKCHI
«TOCTh-X03MH»). DOpMa TaKMX MOJIEKY]l HATOMUHAET KOPOHY, YTO U OINPEIEITUIIO UX
Ha3BaHUE (aHTJ. Crown — KOpoHa) (puc. 2).

Puc. 2. Monekyna
B bopme Bazel (KaBuTang),
CUHTeIMpOoBaHHaA

e Wiccnepoeatensbckom
VMHcTnTyTe CKpUMNnca
(Kanudoprunna)

Puc. 2. CynpamonekynspHas MoyeKya B hopMe KaBUTaHTA (KOPOHBI)

B Hacrosiee Bpemsi LMKIOAEKCTPUHBI HAaXOAAT HauOosbliee MPUMEHEHUE B
XMUMUYECKUX TEXHOJIOTUSIX IOJIyYEHHS PA3IHYHBIX ONOJIOTMYECKHY aKTUBHBIX COCTMHEHUH
B BHUJIC KOMIUICKCOB BKJIIOUCHHMH. L{MKI0AEKCTPpUHBI IPEICTABISIIOT COOOH COCIMHEHUS
C YHHKQJIBHOW CTPYKTYpPOW WM CBOWCTBAMH: SIBISISICH “KOP3MHKOW’ ¢ THUAPOPOOHOU
BHYTPEHHEH IIOJIOCTBIO M T'MAPOQUIBHON BHEIIHEH IOBEPXHOCTBIO, 00JIa1atoT
YAMBUTEIBHOM CIIOCOOHOCTBIO O0OPa30BBIBATH HEKOBAICHTHBIE MMKPOCXEMBI THIIA
“X035IMH-TOCTH” C PA3IMYHBIMU OPIaHUUECKUMH, HEOPIaHNUECKUMH ¥ OMOJIOTHYECKUMU
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cyoctparamu (Loftsson, 2012; Nikitin, 2015). MonekyisipHOoe pacrio3HaBaHHE C HC-
[I0JIb30BAHUEM LIMKJIOJEKCTPUHOB B KAUECTBE MOJIEKYJI-“X035€B” SIBISIETCSI OQHUM U3
Hauboiee pacmpOCTPAaHEHHBIX M PAa3BUBAIOIINXCS METOJOB, UCIIONB3YEMBIX B XUMHUH,
(u3rKe, MaTepUaIOBEICHUH, MOJEKYIAPHOW WH)KEHEPUH W MOJEKYISIPHONH OHOIIOTHH
JUTSL IOCTHIKEHUS JIydIIero TOHUMaHUs MeXaHu3Ma (OpPMHUPOBAHUS CHCTEM ‘‘TOCTB-X035I-
nn”. KommiekcooOpasyrorias (KJI1aTparoo0pasyrolia) CliocoOOHOCTh U, COOTBETCTBEHHO,
MpaKTHYECKOe MPUMEHEHue o-, - u y- LIJ] B ompenensiercs cTpoeHHeM UX MOIEKYN U
pa3MepoM BHYTPHUMOJIEKYIISIPHOU mostocTy (puc.3).

AP A6 o Hydrophobic cavity

U/;H{—ou Oﬁ—o Sk Secondary hydroxyl groups
o7lLon < on —
HO. O
Vo HZH Primary hydroxyl groups
o —
NI . /2/ st
(=] oA e
e
1O N
o-CD B-CD v-CD
13.7A
15.3A 2 16.9A -

Puc. 3. BHeniHue 1 BHyTpEHHUE pa3Mepbl LUKIOAEKCTPUHOB

BHyTpeHHsS MONOCTh LUKIOAEKCTPUHOB TUAPO(GOOHA, a BHELIHAS IMOBEpPX-
HOCTh — ruApo¢miIbHA. [eoMEeTpHUEcKH MOJIEKYJIbl HUKIOJEKCTPHHOB UMEIOT (hopmy
YCEYEHHOro KOHyca (Topa), MOJOro BHYTPH, B KOTOPOM IO OKPYKHOCTH HH)KHETO
OCHOBaHHUS pacroyiokeHbl 6-8 mepBuuyHblX OH-rpymnm, a mo OKpyXKHOCTH BEpPXHETO
ocHoBaHusI — 12—16 BropuuHbIX TuapokcwiibHbIX rpym (Loftsson, 2012; Nikitin, 2015).
braronaps Takoit aMpuPUILHOCTH CTPOCHUS CBOSH MOJIEKYJIBI OHH 00pa3yloT B CMECSIX
C BOJIOW JJOBOJIBHO CJIOXKHBIC CTPYKTYPBI: MULIEIUTBI, BE3UKYJIbI, CJIOM U O0Jiee CIIOKHbIE
(hOpMBI.

O0pa3zoBaHme BCEX ATUX CIIOKHBIX OPM YIPABIACTCS 21 OpOPOOHBIM dIhhexmon.
OTH «MOJIEKYJISIpHBIE KOHTEHHEPBI», COCOOHBI yIEPKUBATh BO BHYTPEHHEH MOJOCTH
HETIOJISIPHbIC, HEHOHU3UPOBAHHBIC MOJIKYJIBl BEIIECTBA «TOCTS». JTO TMPHUBOAUT K
00pa30BaHMI0 KOMIUIEKCOB BKJIOUEHHs, YTO MNPHIACT THIPOPOOHBIM MOJIEKyIaM
BEIICCTBA «TOCTS YHHKaJbHOE CBOMCTBO pacTBOPSATbCS B BOXHOW (ha3ze 3a cyer
rUAPOQUILHON Hapy>KHOH MOBEPXHOCTH MOJICKYJSIpHOTO KOHTeiHepa ([loscapckuil,
1997; Sabadini et al., 2006). OTuM CBOIWCTBaM IUKIOJSKCTPUHBI 00s13aHbI OJaromaps
amugunvHocmu CBOSH MOJEKYIbI, coaepKalleld Kak MOJSIPHYIO, TaK U HETOJSPHYIO
YJacTH.

Taxum 00pa3om, caMbIM TJIaBHBIM JOCTOMHCTBOM LIJI siBisieTCsl BOBMOKHOCTD
BKJIIOYATh B CBOIO TOJIOCTh APYTUe OPraHMYeCKHe MOJICKYJIbl WK UX (parMeHThl. JTo,
B CBOIO OY€pelb, IPUBOJUT K M3MEHEHHIO (DU3UKO-XMMUYECKUX CBOWCTB MOJICKYJIbI-
«TOCTS», TAKUX KaK CTaOMIIBHOCTB, PACTBOPUMOCTD, OMOJOCTYITHOCTD U Jip. OHAKO 3TH
napameTphl 3aBHCAT OT BogopacTBopumoctd LI, KoTopas orpaHnveHa B CpaBHEHUH
C JMHEHHBIMH OJMIOcaxapuaaMu. JTO SBHJIOCH OCHOBHOM NMPUYMHON CHHTE3a HOBBIX
MOIU(PHUINPOBAHHBIX Pon3BoAHBIX L/], ob6manaromumx BEICOKOH BOIOPACTBOPUMOCTBIO
(Loftsson, 2012; Nikitin, 2015).

[Tockonbky HH3Kas BogopacTBopuMocTh LIJ[ oOycioBnena ¢opmupoBaHHEM
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BOZOPOIHON CBS3M MEXIY THUIPOKCHIBHBIME TPYIIIaMu, Jr00as WX 3aMeHa (Jaxe
rupo(oOHBIME (PparMeHTaMu ) IPUBOAUTK3HAYUTEITFHOMY TOBBITIIEHHIO PACTBOPUMOCTH
B Bojie (Loftsson, 2012). Paznmmunbie mponsBoaubie L] iMEIOT BO3MOXHOCTD BKITIOUSHUS
BHYTPB CBOEH ITOJIOCTH MOJIEKYJTBI C a)(hHHOCTHIO, IPEBOCXOAIIEH TAKOBYIO y IEPBUYHON
Mosekyibl. Cpe BOJopacTBOPUMBIX Tpon3BoAHBIX 11/] Hanbonee gacTo ucmonb3yoTes
METWJIMPOBAaHHBIC,  THAPOKCHATIJIMPOBAHHBIE W THAPOKCHUIIPONIINPOBAHHBIC
(trabm.1 m 2) (Nikitin, 2015). Bxmouenne B monocts ILIJ[ TocTeBoit MOIEKyIbI
CIOCOOCTBYET TPHOOPETEHUIO €0 HOBBIX (PU3UKO-XUMHUYECKHX CBOWCTB, Cpenu
KOTOpPBIX HamOoJliee OYEBHIHBIM CTAHOBHUTCS TOBBINICHHWE BOJIO-PACTBOPHMOCTH.

Tabmuna 1. ®u3nko-xuMUYECKUe mapamMeTpbl OCHOBHBIX nukinoaekcTpuaoB (Nikitin, 2015)

Tun Yucno MonekynspHslii Bec, Juamerp PactBOpuMOCTB
LIUKJIOAEKCTPUHA [JIIOKOIHU- T/MOIb nonoctu, A B Bozte, 100 r/mm
PaHO3HBIX €.
o 6 972 4,7...5,3 14,5
B 7 1135 6,0...6,5 1.85
Y 8 1297 7,5...8,3 232
8 9 1459 10,3...11,2 8.19

Tabnuua 2. PU3NKO-XUMHUYECKHE TapaMeTpbl MOIH(HIPOBaHHbIX P-1nKkinoaexctpuHoB (Nikitin, 2015)

Tun nuKIoAEKCTPHHA OO61ast MONeKyJIsIpHAst MounekyspHbIi PacTBOpHMOCTH B
(hopmyna BECh, I/MOIIb Boze, 100 r/mn
2,6-miumeti-p-11 1 C H,0,(CH), 1331,4 >50
2,3,6-tpumetnn-B-11J1 C,H,0..(CH)), 1429,6 >30
RAMED* C,H, O, (CH), 1135+ nl14 >50
2-runapoxcudTii- B-11J1 C,H,, 0,/(CHO) 1135+ n44 >55
2-runpoxcunponui- B-IJL | C, H,  O,(C,H,0), 1135+ n58 >60

*- randomly methylated
B-cyclodextrin

(anri.), MIPOM3BOJIBHO
MCTHIIUPOBAHHBIH  [3-111-
KJIO/IEKCTPHUH.

B Hacrosmee Bpems [/l mMPOKO HMCHOJIB3YIOTCA B KOCMETHYECKOM,
MUILEBOH, (papManeBTHYEeCKON MPOMBIIIJICHHOCTH, B aHAJIUTUYECKON XUMUH, B
OXpaHe OKpY’KaloIlel cpeapl 0T SKOTOKCUKaHTOB U Ap. (2007; Dodziuk, 2006;
Szejtli, 1988; Saenger, 1980). B takux crpanax kak Smonus, FOxunas Kopes,
CIIA, Kuraii u [p. CynpaMoJIEKyJSIpHbIE CTPYKTYpbI SIBJISIFOTCSI OCHOBOM
MHOTMX COBPEMEHHBIX TEXHOJIOTHH, TaKMX KakK IIOJydeHHEe HAHOYACTHUI]
nparoueHHbix MetamioB (Shikhar et al., 2012), skcTpakuus OMOIOTUYECKU aK-
tuBHBIX BemlecTB (Lin et al., 2003), co3nanue ¢oTo- 1 XeMOCEHCOPOB, pa3paboT-
Ka HaHOKaTaJM3aTOPOB, MOJCITUPOBAHUE CIOKHBIX OMOJIOIMYECKUX MPOLIECCOB
(Singh et al.2002; Gusev et. al., 2004) u np. A uto KacaeTcs papMaKOIOTHIECKUX
aCIIeKTOB, TO 3/IeCb HOBEHIIINME TEXHOJIOTUH, 32 CUET B3aMMOJCHUCTBHS «TOCTh-
XO3SMH», IO3BOJSIOT IIOMEIIATh B IOJOCTH MOJEKYJSPHBIX KOHTEHHEpPOB
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pa3ianuHble OMOAKTHBHBIE BElIecTBa (MENTUIbI, OJIUTOHYKICOTHU b, AMUHOKHUC-
JIOThI, aHTUT€HbI, AHTUOMOTUKH, IUTOCTATUKU U AP.) U U30UpaTeIbHO TOCTABIATh
WX B KJIETKH, TKAHU U OpraHbl yesoBeka. Takoil Moaxo/1 He TOJIBKO MOBBIIIAET Te-
paneBTHYEeCKHi d()(PEKT, HO U YMEHBINAECT BHIPAXKEHHOCTh MOOOYHBIX d(PPEKTOB
noctaisieMbix Jiekapets (Das et al., 2013; Dodziuk, 2006).

MeToapl TONyd4eHHs CYNpPaMOJIEKYJISIPHBIX KOMIUIEKCOB BKJIIOUYEHHUS
LUKJIOJIEKCTPUHOB.

CymiecTBYIOT pa3juvHbIe CIOCOOBI CHHTE3a COCTUHEHWUW BKITFOUCHHM
UKJI0IeKCTpUHOB. OT BEIOOpA TOTO MJIM MHOTO MeTojia OyIyT 3aBUCETh CBOWMCTBA
MOJTyYE€HHOTO MPOAYKTa, TAKUE KaK PaCTBOPUMOCTb, BI3KOCTb, a TAKXKe CTa0UIIb-
HOCTb KOMITJIEKCA: METOJ IOJDKEH OTBeUaTh MaciTabam cuHTe3a (B Jabopatopuu
WJTM TIPOMBITINICHHOCTH ), a Takxke TpeOyembim napameTpam (Loftsson, 2012; Das
et al., 2013; Sabadini et al., 2006). Bce cnocoObl cHHTE3a MOXOXKH APYT JIPY-
ra, eIMHCTBEHHOE OTIMYUE — IMOCIEJOBATEIbHOE YMEHBIIEHUE HCIIOIb3YEMOTO
KoJIM4ecTBa BoAbl. Boma urpaer ocoOyio posib mpu oOpa3oBaHUM KOMILIEKCOB,
MOCKOJIbKY, SIBJISISICH ABMOKYIIEH CUIION ISl BKIIIOUEHHUS THAPOPOOHOTO rocTs B
ruApoOOHYIO TTOJIOCTD ITUKIIOICKCTPHUHOB, OHA TIPENICTABIIAECT CO00M cpemy st
pPAcTBOPEHHMS KaK IUKJIOACKCTpHUHA, Tak U «rocTs» (Loftsson, 2012; Zhou et al.,
2020).

K ocHOBHBIM MeTOJaM  TOJY4YeHUS  KOMIUIEKCOB  BKJIIOUEHHUS
LUKJIOJIEKCTPUHOB OTHOCSITCS CIIEAYIOLIME METO/IbI: COOCAKIEHUS, CyXOro IIOMO-
J1a, TepMETUYHOTO HarpeBaHus (0e3 pacTBOPUTEINEH ), CyCTIEH3MOHHBIN, HEHTpaIH-
3alli, PACTIbUINTEIbHON CYIIKH, CyOIUMAIINH, COMCIIApEHUs], SKCTPY3UOHHBIH, a
TaK)K€ METO/Ibl CBEPXBBICOKOYACTOTHOTO OOIYUYEHUSI U CBEPXKPUTHUUYECKOTO yIie-
kucioro raza (Van Hess et al., 1999; Toropainen et al., 2006). HanocTpykTypbl
KOMIUIEKCOB BKJIIOYEHHS MOTYT OOpa30BBIBATHCS MpPHU CMEUIMBAaHUHM BEILECTB
100 B CyXOM KPUCTAIIIMYECKOM COCTOSIHUH, TUOO B CYCIIEH3UIX HIIK pACTBOpaX.
ba3oBoe MoINIIpHOE COOTHOIIEHHE «TOCTh-XO35MH» B PEAKIMOHHOM cMmecH
UCIIONIb3yeMOe [UIsl TOY4YeHHs] KOMILJIEKCOB BKIIOUEHHMS cocTaBiser 1:1.
JlaHHO€ MOJISIPHOE COOTHOIIEHHE MOKET U3MEHATHCS B 3aBUCUMOCTH OT pazmepa
MOJIEKYJIBl «TOCTSI», @ TAKXkKe OT TUIA UCIOIb3yeMOro HukioaekcTpuHa (Zhou et
al., 2020). B cnyuae, ecim «rocTh» HEPAaCTBOPUM B BOJIE, €TO PACTBOPSIOT B Opra-
HUYECKOM pacTBOPUTEIIE.

MeToabl u3ydenusi HaHOCTPYKTYp LI/l koMIuiekcoB BKiIOUeHU.

[Tpu u3yyeHUM pe3ynbTaTOB CUHTE3a CYNPaMOJIEKYJISIPHBIX KOMILIEKCOB
BmrodeHu (KB) mpuMEHSIOTCS KOMIUIEKC Pa3iuvHbIX (PU3NYECKUX METO0B
uccnenaoanus. [lpy w3ydeHHMM MexaHW3MOB oOOpa3oBaHuUsl KiaTpaTHbIX KB
UCIONIB3YIOTCS TaK)Ke€ TEOPETUYECKUE pPACUETHBIE METOAbl MOJIEKYJISPHOIO
nokunra u moaenuposanus (Muldakhmetov et al., 2022).

a) Ynetpaduoneronas (Y D) cnekrpockonus. Criocod u3mepeHus OCHOBaH
Ha 3aBHCUMOCTH TOIJIOIIEHUS U3JTy4YEeHUs OT AJUHBI BOIHBI n3nydeHus (Ilentun
np., 2003). Meton mmpoko ucnoab3yeTcs ais udydyenus KB BBuy ero nmpocro-
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Tbl. OH OCHOBaH Ha ToMm, 4TO LI/l He nmposBiArOT 3HaUnMoro Y®-nornonieHus. B
TO K€ BpEMSl B PaCTBOPE «TOCTh-XO35SMH» OTMEYAeTCs MOBBIIIEHHE a0copOIuu
BCJIEICTBHE OTKJIOHEHHSI JIEKTPOHOB XpoModopa rocTeBOil MOJIEKYJbl MpU €€
BkiroueHuu B LI/1.

0) Undpakpacnas (MK) cnekrpockonus. Metonq UK cnekrpockonun
MO3BOJISIET JIOCTOBEPHO MOATBEpAUTH (akT obOpazoBanusi KB mnpu yciosum
3amoHeHus mojoctu topa Oonee 25 % wmonekyn LJ] or olmero uucna ma-
KpOILIMKJIOB B oOpa3ine. B mpoTUBHOM cilydyae XapaKTepUCTHYECKHE H3MEHe-
Hus B UK-cnekrpax BemiecTBa KOMIUIEKCAHTa HE MPOSBISIOTCA Ha QOHE MOJI0C
noryomenus /I, nockonpky MK-cnektp LI/] He mpereprieBaeT 3HaYNUTEIbHBIX
M3MEHEHUH B pe3yibpTate oopazoanus KB. Hanboee BripakeHHBIC H3MEHEHHUS B
UK cnekrpax HabmomaroTcs mpu yuactun OH rpymim B 06pazoBaHuu BOJOPOTHBIX
cBs3eit mpu popmupoBanuu KB. IIpu oOpazoBanny KaBUTATOB, MEKMOJICKYIISP-
HbIE BOJAOPOAHBIE CBA3H, (POPMHUPOBABIINECS C YyUACTUEM MOJIEKYJ «TOCTS», pa3-
PBIBAIOTCSI, U TOJOCHI MOTJIOLIEHUSI 00pasiia CMEIIAI0TCsl B BHICOKOYACTOTHYIO
obnacts (Badr-Eldin et al., 2008).

B) Juddepennmanpuas ckanupyromas kamopumetrpus (JICK). Meroxn
JCK npoBoautcs Juisi MOATBEPKACHUS pe3yabTatoB cuHTe3a KB Ha mepBHUYHBIX
Y KOHEYHBIX IPOAYKTAX PeaKuil Ui MOATBEPKIACHUS PE3YyIbTaTOB 00pa30BaHUS
KOMIUIeKca BKJIIOYEeHHA. B ciydae dopmupoBaHMsl KIATPaTHOTO KOMILIEKCa
TOUKHM IJIaBJICHUS, KUMeHus u cyonumanuu L[/l oObIyHO cABUTAIOTCS K IPYTroi
temriepatype (Wen et al., 2004).

r) Pentrenosckas mudpaxromerpus (PJ[). Merox PJI ocHoBan
Ha CIHOCOOHOCTH PEHTTEHOBCKUX JIydel OTpakaTbCcsd OT IIJIOCKHX CETOB,
o0pa30BaHHBIX aTOMaMU B KPUCTAJUIMUECKON pemieTke Martepuaina. [Ipu stom
MOJIy4Y€HHbIE AUPPAKIIMOHHBIE TUKU YKa3bIBAIOT HA KPUCTAITTMYHOCTH MTPOJYKTAa,
TOTJIa KaK MyCThIe y9acTKu — Ha ero amopdHocTs (Figueiras et al., 2007).

n) Meton ckaHUpyromed (pacTpoBOM) 3IEKTPOHHOW MHMKPOCKOTIHH.
JlaHHBIII MeTOJ MpUMEHSAETCS JUIsl aHalu3a HW3MEHEHUs KPUCTAJUINYECKON
CTPYKTYpPbl UCXOJHBIX COCAMHEHUNH M HAHOCTPYKTYP KOMILJIEKCOB BKIIOUECHHUS.
@DaKTUYECKH, C MCIOIb30BAaHUEM METOJIa CKAHUPYIOLIEH DJIEKTPOHHOMH
Mukpockormuu (COM) Henb3st ToATBepauTh (akT 00pa3oBaHUs KaBUTATOB, HO
BO3MOXKHO TOATBEPAUTH MPUCYTCTBHE B MOJYYEHHOM Iperapare KOMIIOHEHTOB
cmecn. Merog COM 1o3BoJIsieT TPOBECTH MOP(HOTOTHIECKYIO XapaKTEPUCTHKY
KpUCTAJIJIOB BemIecTBa: pazmep, popma u mip. (Ribeiro et al., 2009).

e) Slnepnas marautHas pe3onancHas (JIMP) cnekrpockomnus. HauGonee
MH(OPMATUBHBIM METO/IOM MOATBepkAeHUs hopMupoBanus KB sBnsercs meron
'H-SIMP-cniekrpockonuu (Schneider et al., 1998). Dtot MmeTo1 aHAIN3a TO3BOJISIET
3a(UKCUPOBATh BBIPAXKECHHBIN XMMHUYECKHH CABUT B KOJEOATEIbHBIX CIIEKTpax
H-3 1 H-5 npoTOHOB, OpHEHTHUPOBAHHBIX BHYTPb IMMOJIOCTH TOPA, YTO 00YCIOBICHO
pa3MeNIeHHEeM MOJIEKYJIBI BEIIECTBA «TocTs» B THaApodooHOoM mojoctu LIJI. Tlpu
3TOM B KojebatenbHbIX criekTpax H-1, H-2 u H-4 aTromoB, moKaaIn30BaHHBIX Ha
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BHEIIHEHN MOBEPXHOCTU MOJIEKYJIbl, HAOIIOAAI0TCS HE3HAYUTENIbHbIE XUMUUECKHE
casuru. Meton *C-SIMP-crieKTpoCKOIHH T03BOJIAET 3a(hUKCUPOBATH XUMHUCCKHUE
CABUTU B AJIEKTPOHHOM OKpPYKEHHHM aTOMOB yTjepoja mojocTu Moisekyisl LIJ1,
oOpa3zyromniecss B pe3yJibTaTe BaH-IEP-BaajbCOBOIO U 3JIEKTPOCTATHUYECKOIO
B3aMMOJICHCTBHS MOJIEKYJI BELIECTBA «TOCTS» C MOJIEKYJIaMH «XO3SIMHAY.

) MeToabl MOJIEKYJISIPHOTO JOKMHIa U MojenupoBaHusa. B Hactosmiee
BpEMSI COBPEMEHHBIE METObl MOJIEKYJISIPHOTO JTOKMHTa U MOJEIUPOBAHUSA
TaK)Ke MIMPOKO HCIOJIb3YIOTCS MPHU U3YUEHUH CYIPAMOJIEKYJISIPHBIX KJIaTPaTHBIX
komruiekcoB (Iskineyeva et al., 2022). DTu MeTObI TO3BOJISIET 0OOCHOBAHHO TIPO-
THO3MPOBATH MPEATNOUTUTENBHYIO OPUEHTALIUIO OJJHOW MOJIEKYJIbI IO OTHOILIEHUIO
K Apyroi mpu 00pa3oBaHUM YCTOMYMBOTO KOMILIEKCA. B KauecTBe KOJIM4YeCTBEH-
HOM OIICHKH HMCIIOJIb3YETCS SHEPTHUsl CBSA3bIBAHUS MEKIY MOJIEKYJION peLenTopa u
JIUTaHJIOM.

n) Jpyrue wmerompl. Jlms XapaKTEepUCTHKH CBOMCTB KaBHTAaTOB
LUKJIOJIEKCTPUHOB, HAXOJSIIMXCS B PACTBOPEHHOM COCTOSIHUM MOXHO TMpH-
MEHSTh METOJIbl AJIEKTPOXUMHH, a TaKKe XpoMaTtorpaduyeckue U JIp. METOJbI
ananmm3a (Loftsson, 2012; Nikitin, 2015).

[Tpumenenue 11/ B hapmarieBTHUECKON MPOMBIIIIIEHHOCTH.

HaunbGonee pacnpoctpaneHHbIM (apmaneBTHYeCKUM pumeHeHueM [[/1-
HOB SIBJISIETCS MOBBIILIEHHUE PACTBOPUMOCTHU JIEKAPCTBEHHBIX CPEACTB B BOAHBIX
pactBopax. B Hacrosmee Bpems 0koi10 40 % npon3BOAMMBIX B MUPE JIEKAPCTBEH-
HBIX BelecTB kiaccudunmpytorcs EBpomeiickoit dapmakoneeil kak HEpacTBO-
pUMBIE B BOJIE, B TO BpeMs Kak B OOJBITMHCTBE cllydaeB HaunOoiee d(pdexTrn-
HBIM CIIOCOOOM BBEJICHUS SIBJIICTCS MapeHTepalbHbIN crioco0. TakuM oOpazoM,
aKTyaJbHOCTb HCCIIEIOBAaHUIN MO YBEJTUYECHUIO PACTBOPUMOCTH JIEKAPCTBEHHBIX
BEIIIECTB W JKUpopacTBOpuMbIX BuTamMuHOB (Loftsson et al., 2002) cranoBuTCs
oueBHTHOMW. [lepBbINi PHIHOYHBIA (hapMaIleBTUYCCKUA TMPOAYKT HA OCHOBE KOM-
wiekca B-LJI-Prostamon E™ (B Buze cyOnuHrBaibHBIX TaOIETOK) OBLT IPOU3BE-
neH B Slmonuu B 1976r. xopnopanueit Ono Pharmaceutical Co. Ltd (Loftsson et
al., 2002; Kenux u ap., 2016).

CornacHo mansbix ctathi (Hirayama et al., 2007; ®enoposa u ap., 2011;
Tiwari, 2010) uHKanCyIupoBaHUE JIEKAPCTBEHHBIX IMPENApaToB ITUKIOIECKCTPHU-
HAaMU MOXET MPUBECTU K YBEJIMYEHHUIO PACTBOPUMOCTH JECATKU pa3 MO OTHOIIIE-
HUIO K UX PACTBOPUMOCTH B 4uCTON Boje. C 3TUM ke MepUoAOM COBMAJIO BO3-
HUKHOBEHHE HOBOM MEAUIIMHCKOW KOHIEMIIMU, OCHOBAHHOW Ha KOHTPOJIUPYEMOU
JIOCTaBKE JIEKAPCTB C HCMOJb30BAHUEM CIIELUATbHBIX HOCHUTEIEH MPUPOIHOTO
U CUHTETHYECKOTO MPOUCXOXKICHUS, U3 KOTOPHIX (hapMaKOIOTMYECKH aKTHUBHOE
BELIECTBO BBICBOOOXK/IAETCS B 3aJaHHOM PEXHME M HEOOXOAMMBIX KOIMYECTBAX.
C Tex nop IIJI 1 ux nmpou3BoaHbIE, KAK OMOCOBMECTUMBIC IKCITUTTUCHTHI 3aHSITH
MIPOYHBIE MMO3UIUU B CO3/IaHUU TIIATPOPMEHHBIX TEXHOJIIOTUN T0CTABKH JIEKapCTB
(Davis et al., 2004; Hirayama et al, 2007). HexoTopsie mpuMepsI JIeKapCTBEHHBIX
npenaparoB B L[/] komriekce, nCmonb3yeMbpix B (apMaKoJIOTHIECKON MPAKTHKE
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MIpUBEIEHBI B TabIUIIE 3.

JanpHelimue nepcrekTuBbl ucnonb3oBanus LJ[ B dapmaneBTrke cBsi-
3BIBAIOT C Pa3pabOTKOM TaK HA3bIBAEMBIX TAPTeTHHIX (AHIV. farget — MUIIECHB)
MpenaparoB Jyisl IPOTUBOOITYX0JIeBOM 1 reHHol Teparnuu (Hirayama et al, 2007).
D¢ heKTUBHOCTH CUCTEM JIOCTABKHU MTPENapaToB Yepe3 KICTOUHbIC MEeMOpaHbl Ha-
MPSIMYIO CBSI3aHA C Pa3MEpPOM «3arpyKeHHBIX» JIEKapCTBOM 4YacTull. B cBs3u ¢
3TUM B nocienHee Bpems L[/ 1 ux npou3BoHbIe B KaU€CTBE HAHOUACTUI] CTAIH
AKTUBHO HCIIOJIb30BATHCS I KOHCTPYHPOBAHUS CUCTEM JOCTaBKHU JIEKApCTB He-
MIOCPEJCTBEHHO B OITyXOJIEBbIE TKAHU.

Tab6muua 3. IIpuMepsl JIeKapCTBEHHBIX MPEnapaToB B UKIOAEKCTPUHOBBIX KiarpaTtax (Davis et al., 2004).

Drug Administration route Trade name Market
anpda-Cyclodextrin
Alprostadil (PGE,) V solution rostavastin urope, Japan, USA
Cefotiam hexetil HCI [Oral tablet ansporin akeda, Japan
6era-Cyclodextrin
IBenexate HCI Oral capsule Ulgut, Lonmiel eikoku, Japan
examethasone Dermal ointment Glymesason ujinage, Japan
odine opical ena-Gargle yushin, Japan
icotine Sublingual tablet icorette fizer, Europe
imesulide Oral tablet imedex, Mesulid ovartis,Europe
itroglycerin Sublingual tablet 1tropen thon Japan
Omeprazol Oral tablet Omebeta Europe
PGE, Sublingual IProstarmon E Japan
IPiroxicam Oral tablet Brexin Chiesi, Europe
iaprofenic acid Oral tablet Surgamyl urope
2-Hydroxypropyl-6era-cyclodextrin
Cisapride ectal ropulsid urope
ydrocortisone uccal exocort urope
ndomethacin ye drops ndocid urope
traconazole Oral, IV Sporanox urope, USA
itomycin v itozytrex SA
Randomly methylated 6era-cyclodextrin
17-6eta-Estradiol asal spray [Aerodiol urope
Chloramphenicol ye drops Clorocil urope
Sulfobutylether 6eta-cyclodextrin
oriconazole v fend urope, USA
Ziprasidone maleate [IM Geodon, Zeldox urope, USA

251




ISSN 2224-5227 2.2024

2-Hydroxypropyl-ramma-cyclodextrin

iclofenac sodium Eye drops oltaren urope

Tc-99 Teboroxime

B ocHOBe pa3pabaTbsiBaeMBbIX JIsl TOH [IEIH MPETIapaToB JICKUT TaK Ha3bIBacMast
antisense technology, iHBIMU CIIOBaMH, TOYHAS aJpecalvs B KIETKY MUIICHb CPaBHHU-
TEJIHHO KOPOTKUX CUHTETHUECKUX OJHMTOHYKJICOTH]IOB, KOMIIEMEHTAPHBIX OMPEICIICH-
HBIM CMBICJIOBBIM Y4aCcTKaM HYKJIEUHOBBIX KACIOT. C MOMOIIBIO JAHHOTO TO/IX0/1a MOX-
HO TIOJIABJISATH SKCIPECCUI0 OHKOTEHOB M OJIOKMPOBATh CHHTE3 Pa3IMYHBIX CHTHAIBHBIX
U PEryJISTOPHBIX OCIKOB, MEPENAOIINX UMITYJILC OT PEIENTOPOB (PaKTOPOB POCTA K SIIPY
KJICTKH, YTO UCIOJIB3YIOTCS B MMPOTUBOOIYXOJIEBOU antisense Tepanuu, 3pPEeKTUBHOCTh
KOTOPOHi ceiiyac yTouHseTcsi BO MHOTUX HccienoBanusx (Pemoposa u ap., 2011; Singh
Nalwa Hari et al., 2007; Loftson et al., 2010). s nieneBoit 10CTaBKU TeparieBTUICCKUX
antisense OUTOHYKJICOTHIOB HaHOOJIEE MPENMOYTHTEIbHBIMU sBIIstOTCs L[], B Moseky-
JIIPHOM MOJIOCTH KOTOPBIX OHU HAJICKHO 3AIMUIICHBI OT Pa3pyNICHUS KICTOYHBIMH JH]I0-
HYKJICa3aMH.

Bricokast ceneKTHBHOCTh OHKOJUTHYECKOTO JIEHCTBUS M HH3Kas TOKCHYHOCTH
XMUMHOTIPEIapaToB, KOHBIOTUPOBAaHHBIX ¢ [lJ[-monmmMepamu, MpOJEMOHCTPHPOBAHEI B
IKCICPUMEHTANIBHBIX YCIOBUSX TPU JICICHUN PaKa KOXKU, MOJIOUHOM KeIIe3bl, SIMUHUKOB
u nerkux (Penoposa u ap., 2011). M3Bectnas kommanus Calando Pharmaceuticals. Inc
(CHIA) B cBOMX Ipe3eHTAIMIX MOCIEIHNUX JIT B KAUECTBE KIIFOUEBBIX HaHOPa3pabOTOK
MO3UIMOHUPYET TIATPOPMEHHBIC TEXHOJIOTHH JIOCTABKH IPOTHBOOITYXOJICBBIX MIperapa-
TOB C UCTIOJIb30BaHUEM JTUHEHHBIX [[J[-comepikaniux noauMepoB B KaueCTBE HAHOTPAHC-
MOPTHBIX CHCTEM, 3aMaTeHTOBAHHAIX Mo Ha3Banusmu Cyclosert™, si RNA, RONDEL™,
KOTOpPBIC YCIICIITHO TPOIILIH JOKIMHUYECKHe ucnbitanus (www.calandopharma.com).

[IpuBeneHHbBIC BBIIIIC MATEPUAIIBI JIAFOT OCHOBAHUE 3aKIFOYUTh, YTO (hapMaIleBTH-
yeckuil noreHman [1J] u ux npousBoaHbIX Hajieko emie He ucueprnan. OTKpbIThIC Ooee
BEKa Ha3aJl 3TH YHUKAJbHbIC IPUPOJIHBIC OMOCOBMECTUMBIC, HETOKCHUHBIC 1 HEUMMYHO-
TeHHBIE KOMILJICKCOOOPa30BaTeIId OTKPHIBAIOT BCE HOBBIC U BIICUATIISIOININE BOZMOXXHOCTH
WX UCTIOJIB30BaHUS JIsl YIIPABJICHUS] CBOMCTBAMU BEILIECTB, B TOM YHCIIC JICKAPCTBEHHBIX,
Ha aTOMHO-MOJICKYJIIPHOM ypoBHE. Yl MOXKHO C YBEPEHHOCTBIO MPEJICKA3aTh MOSBICHHUE
B OyaylieM HOBBIX, OCHOBaHHBIX Ha 3HaHUsX («knowledge-based») KOHTpoOIUpyeMBbIX
CUCTEM JIOCTaBKU JICKAPCTBEHHBIX TPENapaToB B OpPraHU3MeE, O0JIaJaroIIUX BBICOKON
CHEIU(PUYHOCTHIO U CO3/IAOIINX MPEIMOCHUIKH JJIsl IEPCOHATM3UPOBAHHON METUITUHBI
(denoposa u jp., 2011; Astray, 2009; Varan et al., 2017; Havalch et al., 2021).

[TepcriekTHBBI KCITOJIL30BAHUS IUKJIOICKCTPHHOB B ITUIIIEBOH MPOMBINUICHHOCTH.

/I sBnsitorcst mponykTamu (PePMEHTATUBHOW MOIM(UKAIMKE KpaxMaia. ITo
OTKPBIBACT MIUPOKUE BO3MOXKHOCTH MX MPUMEHEHUS B MHILNEBOM MPOMBIIIJICHHOCTH, B
MIEPBYIO OYEpe.lb ISl YIYUYIICHUs MOTPEOUTEIIBCKUX KA4eCTB MPOAYKTOB: TOBBIIICHUS
MUTATeILHON IIEHHOCTH, BKYCOBBIX Ka4ye€CTB, PEOJIOTMYECKHX CBOWCTB, YBEIUYCHUS
CpOKa COXpaHHOCTH. [IMKII0IeKCTPUHBI MOKHO UCTIOIH30BATh B MTUIIIEBOM ITPOU3BOJICTBE
JUTSL COXPAHEHUS WIIM MOJU(HUKAIMK [[BETA U OPTAHOJICTITHYECKUX CBONCTB MPOJYKTOB
MUTaHKUS. DT MAKPOIUKINYECKAE COCJMHEHUS CIIOCOOHBI 00pPa30BBIBATH KOMILIEKCHI
BKIIFOUCHHSI C MOJICKYJIAMU KHPHBIX KHUCJIOT, MPSHOAPOMATHYECKUX COCIUHCHHUIA,
MUIIECBBIX KpacuTeyel, BuTaMuHOB U Tip. (Denoposa u ap., 2011; Loftson et al., 2010).
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Bo MHOrux crpanax, B oM uucie SAnonuu, ®panuun, Beurpun, Hunepnangax, benbruu
paspelieHo ucnojb3oBanue [[/] B muieBoi MpOMBIIIJIEHHOCTH B Kaue€CTBE IMHUIIEBBIX
nobaBok (E-459) (Davis et al., 2004; Astray, 2009). [Ipu no6aBieHn” B COCTaB MPOTyKTOB
MMUTaHWsI, [UKIOJEKCTPUHBI MACKHPYIOT TOPBKHI TPUBKYC, HENMPHUATHBIA 3amax, u
COXpAaHSIOT apoMaT W3JIEJHiA, MpeIHa3HaYeHHbIX U AIuTeNnsHoro xpanenus (Szejtli,
1988; Martin Del Valle, 2004; Havalch et al., 2021).

OtmeTtnM, ocHOBHBIe (yHKIMH [[J], kKak MHOTOQYHKIMOHATBHBIX TTHIIEBBIX
narraprenToB (Shim et al., 2003; Shaw et al., 1983; Wagner et al., 1988):

a) LluknoaekcTpruHbI B KadecTBe HocuTeNnel BKycoB. L J[MHKanCy s TOpMO3UT
WM UCKITFOYAaeT MOJIEKYJISIPHBIE B3aUMOJIEHCTBHA MEXy Pa3IMYHBIMA KOMIIOHEHTaMU
MIPUPOIHBIX WIIA CHHTETHYECKUX KOMITO3UITMOHHBIX CUCTEM, TAaKUX KaK apOMaTHIECKHe
KOHIIEHTPATHI, d(pupHBIE Macia, )KUBUIIBI U T. 1.

06) LuxIomeKCTpuHBI  KaK  NPOTEKTOPHl  MHINEBBIX  HWHTPEIHEHTOB.
CynpamMonekynsapHas WHKAICYJSIUS YYBCTBUTENBHBIX K OKHCJICHHIO THIIEBBIX
WHTHJIPUEHTOB (apOMAaTH3aTOPOB, HEHACKHIIEHHBIX KUCIIOT, KpaCUTENeH U Jp.) TIPUBOAUT
K YIYYIIEHUIO HX XUMHUYECKOH CTaOMIIbHOCTH.

B) LIMKII0/1eKCTPHUHBI /7151 3aITUTHI OT HHyIHPOBAHHOTO CBETOBOTO PA3JIOKEHUSI.
OKCIIEpUMEHThl € WHKAICyJIMPOBAaHHBIM IIHTpalieM (apoMaTH3aTop, IHTPYCOBBIN
3armax) TMoKa3ald TOJHYIO 3allUIIeHHOCTh OT yibTpaduoneroBoro obmydenus. llpu
AQHAJIOTUYHBIX JKCIIEPUMEHTAX CYCIIEH3W ero KiaTpaTa B BOJHBIX PAacTBOPaxX TOJBKO
15-25 % apomarm3aropa TOABEPIIMCH Pa3pyIIEHUIO, YTO OOBSICHIETCS YaCTHYHBIM
BBICBOOOXKICHHEM ITPH KOHTAKTE C BOMOH (YaCTHIHAS TUCCOITHAITUS KOMITIIEKCA).

r). [IpuMeHeHne «IyCThIX» IUKIOACKCTPUHOB ISl M3MEHEHHS (PH3NIECKUX
CBOMCTB MHUIIEBBIX MPOoAyKTOB. C (yHKIHOHATBHOW Toukd 3peHus L[/I-b1 MoxHO
paccMaTpuBaTh KakK «ITyCThIE KalCyIbD» MOJEKYISIPHOTO pa3Mepa. XapaKTepHBIH 3amax
OapaHWHBI WX PHIOBI, HENPHUATHBIE 3allaXd KOCTHOT'O MOPOIIKa (MCTIOIB3yeMOTO B
kadecTBe Ca-7100aBKH B KOpMaXx JIJIs J)KHBOTHBIX ), PACTBOPA Ka3eMHATa HATPHS U T. . MOTYT
ObITh ycTpaHneHsl qoOaBieHueM L1J[. CoeBbie IPOAYKTHI, CBOOOJHBIE OT TPABIHUCTOTO
3amaxa u CTpOroro BKyca, nojydaroT nmytem cMmemmnBanus ux ¢ /], CoeBblil nenuTHH,
cmemanubii ¢ B-11/1, 00pasyeTt moporrok 6e3 3araxa, KOTOPBIH MOKET OBITh HCIIOJIb30BaH
B mutannu (Shim et al., 2003; Wagner et al., 1988).

1) LluxitoiekcTprHbI 17151 MACKUPOBKY MITH YMEHBIIIEHHS HEXKEJIaTEIbHOTO BKYCa.
['opbkuit BKyc rpeindpyTOBBIX WM MaHIAPHHOBBIX COKOB CYIIECTBEHHO YMEHBIIIAJICS,
KOTJIa Tepesl TepMUIecKoil 00paboTKoi KOHCEPBUPOBAHHBIX COKOB mobasmsm 0,3 %
p-LUL.

) CelleKTHBHOE KOMITJIEKCOOOpa30BaHIE BHIOPAHHBIX KOMITOHEHTOB «ITYCTBIMI
nuKIoaekcTpruHaMu. OTHCaHo, 9TO TONy4YeHHe MIHOBEHHO PAacTBOPHMOTO Ko(erHOoro
MOPOIIIKA ITyTeM PACHBUTUTENFHONW WU CYyONMMAIIMOHHON CYIIKH BOAHOTO KO(eWHOTo
IKCTpaKTa, conmepkarniero B-L1J1, mpuBoaut x Oonee A(pHEKTUBHOMY COXPAaHEHHIO JIETY-
YUX KOMIIOHEHTOB M 00ECTI€YMBACT JIYUIITHI apoMar MpOayKTa.

[IpumeHeHrne NUKIOAEKCTPUHOB B CeIbCKOM  xo3giicTBe. IlepcrnexTuBsbl
ucnonb3zoBanus LI/ B ceabCKOM XO3SICTBE CBSI3aHbI, IPEKIE BCETO, C BO3MOKHOCTBIO
MTOBBIIIICHUS CTAOMIIBHOCTH, PACTBOPUMOCTH, I(PPEKTUBHOCTH IEHCTBHS MECTHUIIHIOB
(MHCEKTUIINAOB, TepOUINIOB, (ZYHTHUIIUAOB U JIp.) U CHIDKEHUS UX BPEIHOTO BIHSHUS
Ha okpyxawiyto cpeny. Kommuekcsl nectunuaos ¢ LJ[ 3HaUUTENBbHO MEHEE JIETY4H,
¥ OTO TO3BOJIIET YMEHBIINTh MX PAacXoJ M KOHIEHTpanuto. Tak, auxiodoc, KOTOPBIH
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HCITapseTCs 3a HeCKOJIBKO JacoB, B KoMmIutekce ¢ (3-11/1 3a To ke BpeMsI TepsieT TOIBKO
0,003 % Beca. [In€nku, nmpomuTanHble KoMmIuiekcoM nuxiodoc-[3-11JI-Hom, B 8 pa3
s dexTuBHEE, YeM TPONMUTAaHHBIC YUCTHIM mpemnapaToM (Szente et al., 1996). Ilpu wc-
MoNb30BaHNK KoMIutekcoB [lJ[-Ha ¢ ¢yHrummmamm HaOmomaeTcss 3aMeNjieHHOE WX
pazioxenue, T.e. 3Q(eKT KOHTPOIHPYEMOTO OCBOOOXKIEHHUS M YBEIWYEHHE CPOKa UX
newictBust. CpenctBa it e3nH(EKINN TMOYBBI OOBIYHO TPUMEHSIOTCS, KOTAa I0YBa
cyxasi, 1 MOTyT oOpabaTsiBaThcsl MamnHaMu. KoMmIuieke, HaHECeHHBIN Ha CYXYIO TIOYBY,
OyZeT yCTOMYMBBIM, U He OyIET BBIACISATHCS JI0 TEX TOp, TOKa He MOHAeT T0XKIb. Takum
00pazoM, KOMIUIEKCOOOpa30BaHWE CHHTETHYCCKUX W IMPHUPOTHBIX IMHPETPOUIOB (BHI
WHCEKTUIHIOB) ¢ 11/ OBBINIIaeT NX YCTOWYMBOCT K COJTHEUHOMY CBETY W YBEITMYHBAET
WX WHCEKTHUINIHOE JIeHICTBHE.

[IpuMeHeHne NUKIIONEKCTPHHOB B TOJTYYSHUH HAaHOYACTHUI] METAJLIOB.

OmHOW W3 HOBBIX MHOTrooOemaronmmx oobmacted mpuMenenus LIJI sBiasercs
MPOM3BOACTBO HaHOpa3MepHBIX MaTepuanoB (Chernykh et al., 2010). IIpocroii crioco6
mosydeHus: BojgopacTBopuMbix dyactuil CdSe/ZnS mon neiictBueM yibTpa3Byka
¢ wucnoms3oBaHueM fB-11J[ B kadecTBe MOBEPXHOCTHO-CTAOMIM3HPYIOIIETO areHra
npencTasieH B padote (Han et al., 2008). ABrops! padotsl (Bocanegradiaz et al., 2003)
BIIEPBBIC COOOIIMITM O MOJyYeHUH HAHOYACTHUIL U (DepPPOKUIAKOCTA M3 MarHeTHUTa B
npucyTtctBun PB-1J1 ¢ obpa3zoBanmem xomriekcos BkitoueHni (KB) mexmy oxcumom
metaia u [1/[-aom. B mannom cirydae B-1[/] ncrons3oBancs 0HOBpEMEHHO B Ka4eCTBE
crabmm3aropa U (GOPMOBIITHMKA HAHOYACTHII, “OTOMpas™ YacTHIBI pa3MepoM MeHee 2
HM. O cHHTe3e HaHOYACTHI[ MAarHETUTA, MOKPBITEIX 0005109K0i n3 Monekyn BCD mms
HCITOJIb30BaHUS B MEIUIIMHCKOW THArHOCTHKE W TepaIlhd, coodmaiock B padore (Ra-
cuciu et al., 2007). CycneH3unii HaHOYACTHII TTOTYYaIOT B HeWTpanbpHO# o pH cpene xu-
MUYECKUM ocaxxiennem conei sxenesa (1) u (II1) B mpucyrcreum B-LII.

Kak m3BecTHO, pacripoCTpaHEHHBIM METOIOM TMOJydeHHs] HAHOYACTHI[ OKCH/IOB
METAJLJIOB SIBJISIETCA TEPMHUYECKOE pasyioKeHHe coliel MeTaioB. OTHOCUTEIBHO TPOCTON
METOJI ToNTydeHus: HaHodacTull ZnO, Mpu KOTOPOM HAHOYACTHUIIHI ITOyYaIOT TEPMO-
muzom KB amerara muaka B mpucyrtctBun B-LJI, 6bur npennoxen B padore (Chen et
al., 2006). Pazmep Harodactur ZnO MOXHO PeryIrpoBaTh U3MEHEHHEM COOTHOIICHUS
B-LI/Zn(CH,COO),. Hano4yacTuupl, MOTy4EHHBIE 3THM METOAOM, MMEIOT pa3MEphI
20-30 am. IIpumenenne KB amerara mmaka ¢ B-11/1, mo cpaBHEHHIO ¢ OJHUM TOJBKO
aIeTaToM IMHKA, OKa3bIBaeT 0ojiee CHIBHOE BIHSHUE Ha Mopdooruio yactuil. B-1lu-
KJIOJIEKCTPHH, TIPUCYTCTBYIOIINN B PacTBOpE, MPENOTBpAIaeT arfioMepalnio HaHoYa-
CTHUI] U 00ecIieunBaeT OTpaHMYEHHOE MPOCTPAHCTBO TSI 00pa30BaHUS 3apOJbIIIeH 3a
CYeT WX BKITFOUYEHUS B €T0 TOJI0CTh. B 3ToM citydae popma u pactipenesieHue HaHOYaCTHIT
0 pa3MepaM HaMHOTO JIydile, 9eM 0e3 ncroibzoBanus LIJ[. DToT MeTox Taxke MoxeT
OBITh IPUMEHEH K JPYTUM OKCHJIaM METauIOB: Hampumep, HaHodacTuisl NiO Obutn
nosry4ensl Takum crocobom u3 Ni(CH,COO), (Chen et al., 2006).

XWMHUYECKOEe BOCCTAHOBJIEHHE 30JOTOXJIOPOBOJOPOJHON KHCIOTHI 4acTo
WCTIONB3YeTCs /IS TTOJTyYeHUs] HAHOYACTHIT 30J10Ta. B 3aBHCHMOCTH OT HCIIOIB3YEMOTO
BOCCTAHOBUTEIS pa3Mep MOJYYEHHBIX HAaHOYACTHII MOXKET BapbHPOBATHCS B IIpeeax
1-100 am. B pabotax Ttaxxke (Wang et al., 2008; Liu et. al., 2011) onucan cuHTe3
HAHOYACTHI[ 30JI0TA BOCCTAHOBJIICHWEM TPUTHIPATa XJIOPOBOAOPOIHON KHCIOTHI
uutparom Hatpus (Na,C H,O,) wm 6oporuapunom narpus (NaBH,) n np. Pearenramn
B TIPUCYTCTBUU 0-, - u y-1I/I. Bpems, npeamecTBytomiee 3apoxIeHUI0, U BpeMs, B Te-
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YEHUE KOTOPOTO MPOUCXOAUT BOCCTAHOBIECHUE, YMEHbIIWINUCH B ipucytcTBun LI/ no 10
u 45 cex o cpasuenuto ¢ 40 u 90 cex msa obpasmos 6e3 L1, cooTBeTcTBeHHO. Pasmep
HAaHOYACTHUII 3aBUCENl OT TuIa U KoHueHTpauuu IJ[. VBenuuenue xonuentpauuu 11J]
HU3MEHSIET pa3Mep HAHOYACTHULI ¢ Auana3oHa 12—15 HM 710 4-6 HM B cllydae UCII0Ib30BaHUS
UTpaTa HATPUs U ¢ 6—8 HM 110 2-4 HM B cITydae BOCCTAaHOBHUTEISI OOPOTHIPHIA HATPHUS
IIPH TOM JK€ paclpeAesIeHHH YacTHI] M0 pa3MepaM. DTOT pe3ysibTaT MOJTBEPKIAAeTCS
CABUTOM MaKCHUMyMa CIIEKTpa TIOTJIONMIEHHS YacTHUI] B CTOPOHY 0ojiee KOPOTKHX JUIHH
BoyH. B mpucyrctBun Mmonekyn L] mocTOsTHHBIN pOCT HaHOYACTHII OBUT OTPAHUYEH 32
CYeT B3aWMO/JICHCTBHSI HAHOKIJIACTEPOB W OKPYKAOIINX MX CBOOOTHBIX aTOMOB 30JI0TA.
ATOMHO-CHJIOBasE MHUKPOCKOIHUS TIOKa3ajia, 4YTO pa3Mep NOJYYeHHBIX HaHOYACTHIL
30JI0Ta MPU XpaHEHUH B TeUeHHE 3 MECSIEB OCTAeTCSA MPAKTUYECKH HEM3MEHHBIM, UTO
CBUETEIBCTBYET 00 WX Xopoiei crabunbHocTH B ipucyteTBun L/ (Wang et al., 2008;
Liuet. al., 2011).

Hanowactubr 30mota, MoauduimpoBanubie o-, B- u y-1IJ] Obimr mOTydeHb
B (Wang et al., 2008). MonekynsipHOe y3HaBaHHE MEXIy TAaKHUMH YaCTHIIAMU W TIOJ-
XOIIIMMH CyOCTpaTaMH B PAacTBOpE JaeT HOBBIE HMHTEPECHBIE BO3MOXKHOCTH ISt
caMOOpTraHMu3aIys HAHOYACTHII B J[Ba M TPH 00BEMHBIE KOHCTPYKIMH. Takue cucTembl
HaXO ST MPUMEHEHNE B CHHTE3€ HOBBIX MaTepPHAIOB M KOMMYTAIIMOHHBIX YCTPOUCTBAX,
a TaKKe pa3padOTKe HOBBIX JaTYMKOB W KaTann3atopoB. Jlms momyuenms LIJI-
MOIU(UIIMPOBAHHBIX HAHOYACTHI[ 30J0Ta B KadecTBE NPEKypcopa HCIOIb30BAIN
AuCT, a B xauecTBe BoccTaHOBHTENS Hcnonb3oBank pactBop NaBH, B IMCO Takke
conepxamuii 1[/]. B atom meTone cootHomenue 11JI/Au onpenensier cpeaauii pasmep
HaHoyactuil (2x7 um). Hanowacturetr Pt u Pd MoryT OBITh TTOSTy4eHBI TAKHM K€ 00pa3oM
(Wang et al., 2008; Liu et al., 2011).

Bpa6orax (Liuetal.,2001; Koichiroetal.; 2021) coo0manuce 0 B3anMOaeHCTBUN
ITOKPBITHIX THOJUPOBAHHBIMU o~ B B-L1/] HaHO"acTHIT 30710Ta CpemHero pa3Mepa 3 HM ¢
HEKOTOPBIMU KaTHOHHBIMU TIpon3BoAHBIMHU (epponena ((CH,),Fe), uro MmoxeT ObITh Hc-
TOJTE30BAHO IS TTEPeBO/ia THAPOPIITEHBIX HAHOYACTHUIT B CPEy C HU3KOU MOISIPHOCTHIO,
TaKyto Kak xjgopodopm. B atom ciryuae HanogacTuis! Au, mokpeiteie LI, BenyT ceOst kak
MIPOMEXKYTOUHBIE 3BEHBS ISl 00pa30BaHUs HEOOBIYHBIX CTPYKTYP B XJI0podopMe, TIe Ka-
JK/1ast 9acTUIIA 30J10Ta OKpYyX)eHa gepporeH-ampudunamu, Oxaromaps qo0aBICHHUIO K Ya-
crure cBsizanHbIX ¢ LIJ[ dheppouen-pagukanos. Apropsl (Liu et al., 2001) monararot, 94To
TaKWe CTPYKTYPHI, COJIeprKallie HAHOYACTHIIE 30JI0Ta B IIEHTPE, KOHIIETITyallbHO OYeHb
MTOXOKH TI0 CTPYKTYpPE Ha CTPYKTYPY OOpaTHBIX MHUIIEII, 3aIT0OJTHEHHBIX HAHOYACTHIIAMUA
3o70T1a (pHcC. 5).

Puc. 5. Moaenb CTpyKTypbl KOMILICKCa BKITFOUCHHUST AU, 00pa3oBaHHAasI IEPEHOCOM MOKPBITHIX
THOJMPOBAaHHBIMU HaHOYACTHIIaMU 0- U B-11/] B ximopodopme

255



ISSN 2224-5227 2.2024

ABtopbl pabotel (Barrientos et al., 2007) moxazanm mpenMyIiecTBa COOPKH
HAaHOYACTHIIYepe3 TOCPETHUKOB—TOCTEBbIE MOJIEKYJIBI B CYTIPaMOJIEKYJIIIPHOIM CTPYKTYpE.
OHHU W3ydYand yMOpSIOYEHHYI0 CaMOOPTaHW3AIMI0 HAHOYACTHI] 30J10Ta, ITOYYEHHBIX
METOJIOM MarHeTPOHHOTO PACIIBUICHHUS Ha IIOBEPXHOCTH MUKPOKPHUCTAILIIOB, COCTOSIIIIX
13 KOMIUIEKCOB BKJIIOUeHHs kKomno3uuuu 2o-L/-noaexantuona. [IpeumyiiectBeHHOE
OCaXCHHE YaCTHUI] Ha MTockocTax kpuctamia (001) mponsonuio u3-3a Toro, uro -SH-
CPYIIIBI MOJIEKYJI-“TOCTe” BHYTpHU nonoctu LIJ] BrICTynaroT U3 mI0CKOCTU. DTU IPYIIIbI
—SH 00pa3yoT IByMEpHYI TEeKCaroHaJbHYIO pEIIeTKYy, KOTOpas B3aUMOJECHCTBYET
C HAaHOYACTHUIIAMH C 00pa30BaHUEM CBsi3eil Au—S, cTaOWiIM3uWpysl W pacrojiarasg uxX B
onpezaeneHHOM Tnopsiake. Takum 00pazoM, KPUCTAILTBI 00ECTIEYNBAIOT YAO0HBIH CrI0CO0
COXpaHEHWsI HAHOYACTHI] B TBEPAOM COCTOSIHUW O€3 arperaluy.

B (Alvarez et al., 2000) Pt- u Pd-HanouacTuisl OBITH MOAM(HUITUPOBAHEI T0-
6asnenuem P-LIJI, uTo mpuBeno Kk 00pa30BaHUIO BOIOPACTBOPUMBIX CyOCTpAaToB, Mep-
CMIEKTUBHBIX B Ka4e€CTBE TOMOTEHHBIX KaTaJIM3aTOpPOB /ISl THIPUPOBAHUS aJUIMIIAMHHA
B BogHOM pactBope. Mcmonp3oBanne L[/ obecredmio momydeHrne MOHOAWUCIIEPCHBIX
KOJUTOMITHBIX HaHOYacTHIT pasmMepom 14,1 £ 2,2 um ms Pt m 15,6 + 1,3 am s Pd. Ot
HOBBIE MaTepUaJIbl UCIOJIB3YIOTCS B “3€JI€HOM XMUMHM’, TOCKOJIbKY OHH MPOSIBIIAIOT W3-
OuMparenpbHyI0 KaTAIUTHYECKYI0 aKTHBHOCTb, PEryIUPYEeMYI0 MPUCYITUMH 3aKperuieH-
HbIM Ha noBepxHoctu L/] “xo3seBaM” CBOMCTBAMU MOJIEKYJISIPHOTO PACIIO3HABAHUSI.

IToxpsiTeie HaHOUAacTHIIAMK MeTaia -1/ ycrenrHo uemons3yoTes: B Ka4ecTBe
HAHOKATaJN3aTOPOB /IS KAaTATUTHYECKUX OPTaHWYECKUX PEaKIii B BOJHBIX pacTBOpax.
Hanpumep, peaknus CoHOTammpsl B MPUCYTCTBUU HaHowacThil Pd, mokpeiTeix (-11J]
MPOTEKAET C BBHICOKMMH BBIXOJIAMH TPOMYKTOB (JIKWJIAPWUI- W JUApHUI3aMelIeHHBIC

areTIIIeHBl) PU KOMHATHOU Temmeparype (Xue et al., 2007).

CD/Pd rticl
ArX + HeAr _ nanopartic es> Ar——=Ar _

rae X =1 niu Br.

Cpemuuit pasmep 3THX HaHOYAcTHI[ cocTaBiseT 3,2 £ 0,8 M. X BbICOKas
PacTBOPUMOCTH B BOJIe 00YCJIOBICHA HAIMYHEM MHOXECTBA THAPOKCHUIBHBIX TPYIIT HA
noeepxHocTH, nokpsiTor 11, ITo cpaBHEHUIO C IPYTUMHU OPraHUYECKUMU 3alUTHBIMU
cpenctBamMu oObeMHBIE MONeKyysl [[J[ Ha TOBEpXHOCTH HAHOYACTHI] HE TOJBKO
MPEIOTBPAIIAIOT arjiOMepannio, HO M COXPAHSIOT HEKOTOPYIO HYacTh MOBEPXHOCTH
HAaHOYACTHIl HETTACCHBUPOBAHHOMW, YTO J1a€T BOZMOXXHOCTh MPUHUMATh Y4acTHE B KaTa-
TUTHYCCKUX peaknusax (puc. 6). ['mapododusie cydcTparsl, BXoAsmue B momoctu B-11J1
Ha IIOBEPXHOCTH HaHOYACTUL Pd , OKa3bIBAIOTCS B COCEMHNX PEAKIIMOHHBIX LIEHTPAX, YTO
yITydIaeT o0l kKaranutudeckuii mporecc (Alvarez et al., 2000; Xue et al., 2007).
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Aqueous phase

Puc. 6. Bxitouenue ruapodo0Hbix cyoctparo B-11J] mosiekyn Ha moBepxHOCTH HaHodacTull Pd B BomHOM

pacrtBope.

3akioueHne.

B Hacrosmiee BpeMsi OZHUM M3 yJIOOHBIX HHCTPYMEHTOB IOIYYCHUs YHUKAb-
HBIX XHUMHYECKHX MOJCKYJSIPHBIX KOHCTPYKIUH CTaHOBUTCS CYIPaMOJIEKyJspHas
XuMusl, oOnajamomas NepcreKTUBaMKU CaMOro IIMPOKOro NPUMEHEHHs HE TOJIBKO B
MEJWIMHe, HO M B Jpyrux obnactsax Hayku. OtkpeiTeie B 1891 romy A.Villiers,
LUKJIOJIEKCTPUHBI TPEJCTABISAIOT COO0N COETMHEHMS C YHHMKAJIBbHOW CTPYKTYpoH u
CBOMCTBaMU: Hamn4re ruApoPpoOHON BHYTpEHHEH MOIOCTH U TUAPOPUIBHON BHENTHEH
MOBEPXHOCTH  O0ECIEYMBAIOT UM  YAMBUTEIBHYIO CIIOCOOHOCTH  00pa30BBIBATDH
KJIaTpaTHbIE KOMIUIEKCHl  BKJIIOUYEHUH Tuma “XO3SUH-TOCTH” C  pa3jIMYHBIMU
OPTraHMYECKUMH, HEOPraHWYECKUMH M OHOJOrMYecKUMH cyOcTpatamu. B Hacrosiee
BpeMs LIMKJIOJCKCTPUHBI BBICTYIIAIOT B KQUECTBE YHUKAIBHBIX MPUPOAHBIX O0BEKTOB B
00JIaCTH CyNpaMoJICKYJISIPHOW XUMHH, TPEAMETOM H3YUYCHUSI KOTOPOH SIBIISIOTCS
MOJICKYJISIpHBIE aHcamOin, O00pa3oBaHHBIE B pe3yibTaTe HEKOBAJICHTHBIX CIA0BIX
MEXMOJICKYJSIPHBIX ~ B3auMojielicTBuit. OmHOM W3  TIEPCHEKTHUBHBIX  oOjactei
MIPUMEHEHUS IUKJIOACKCTPUHOB 3aK/IIOYaeTcsl B TMPOM3BOJICTBE METAJUIMYECKUX U
MOJIyIPOBOJHUKOBBIX ~ HAHOYACTHUI], TOKPBITBIX  OPTraHMYECKUMH  MOHOCIIOSIMH.
Hcnonb3oBaHue  LUKIOAEKCTPUHOB  OTKPHIBAET  IIMPOKUE  BO3MOXKHOCTH  JUIS
MOIU(HUKALNK MOBEPXHOCTH HAHOYACTHUI, B YACTHOCTH, A (a3oBOro Imepexona
MEK/ly BOJJHOM U OpraHU4eCKON cpefamu.
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