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KAMBIPBIMABIABIK, KOPbI

HALYK

CHARITY FOUNDATION

b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  GoHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUYECTBEHHOMY OOpa30BaHMIO,
@DoH1 BHOCUT CBOW MOCWJIBHBINA BKJIaJ B Pa3BUTHE KAuCCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydleMy — NpodecCHOHAIOB B pa3IMuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6nzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. [y noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI TPAaHTHI Ha 00yueHue B MextyHapoIHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM kKoHkypce «USTEM Robotics» B CIIA. Aropckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIe/Ked u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyaylIMX MOKOJICHMH Ka3axcTaHieB. [Ipu momnepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHo#il MHMUIMATHBOM CTaJl peaau3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BocbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
PaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!



KA3AKCTAH PECITYBJIMKACHI YJITTBIK FBIJIBIM AKAJIEMUSICBIHBIH
BASHIAMAJIAPDBI 2023 ¢4

BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIUAJBIK AJKA:

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

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1eci, Ph.D GHoXuMus jKoHE MOJIEKYIAbIK TeHETHKA calachl OOMbIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), mpodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3€PTTEY OPTabIFBIHBIH 0ac FHUIBIMI
kpi3MeTkepi, ([]puon, Kopes), H =34

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

OBUEB Pygar, Texuuka rFbUIbIMIapbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop, KP YFA akamemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PENPOLYKTONIOTUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Oronmorus FbUIBIMAAPBIHBIH JOKTOpBL —mpodeccop, UYysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipartkepi, «UyBarl MEMJICKETTIK arpapiiblK YHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OinmiM Oepy Mekemeci AKYILIEpIK oHE Teparus KaeIpachIHbIH MEHIEpYILICi,
(Yebokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap)i yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibrpic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

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

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

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MenuimHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran Acbl10eKy.ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBI, KP ¥FA koppecrnon-
JIeHT Myleci, "Mail mapyanibuibFbl KoHE BETEpUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSAHY Uon MuxaiisioBuy, (hr3nka-MareMaTika FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Mosjosa Futbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MolioBa TexHUKaIBIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

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

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusinbik xoHe sSaposblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarsl, Kazakcran), H = 10

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

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢uzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiiioBuy, (r3ika-MareMarnka FhUIBIMIAPBIHBIH JOKTOpbI, YKkpanHa YFA
akazemuri, KoinanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTeMaTHKa FHUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kazak yiTTeik yHuBepeuteti (Anmarsl, Kasakeran), H=5

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

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadbu  arsiaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H= 12
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TOKJAJIBI 2023 ¢4
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

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

PEJAKINUOHHASA KOJJET US:

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

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

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

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

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumis), mpodeccop, 3aBemyronmii xkadenpoit «OnTHmMusarms

XUMHYECKOW 1 OMOTEXHONIOTMYECKOH anmaparypb», CaHkT-IleTepOyprekuii rocy1apCTBeHHbIN TEXHONIOTHYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H= 14

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

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOIOrMYECKUX HAyK, MPOQEccop, 3aCITy KeHHBIN e TeI b HayKH
Yysarckoii PecryOnuku, 3aBeyrorimii kadeapoit Mopdosoriu, akymepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEXKICHHE BBICIIErO oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBINH arpapHbIi
yausepcute» (Yebokcapbl, Uysarickas Pecrryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Kormtemka BocTouHOM MemuimHbl Xamaapaa anb-Mapkusa, (haKyisTeT Boc-

To4YHOMN MetHIMHbEI YHuBepenuTeTa Xamaapna (Kapauu, [akucran), H= 21

MIENETKHWH Hrops AnlekcaHApoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CLIA), H=27

KAJIAH/IPA Iserpo, noxrop dunocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3YUCHUIO HAHOCTPYKTY-
pupoBaHHbIX Marepuaio (Pum, Utams), H =26

MAJIBM AnHa, 1oKTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, ekaH (apMareBTHIeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monbnra), H =22

BAUMYKAHOB Jlacran0exk AcbLIGEKOBHY, JIOKTOP CEJIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH cOTpYIHUK JlenapraMeHTa »KUBOTHOBOJCTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP JKUBOTHOBOZCTBA U BeTepunapmiy (Hyp-Cyirran, Kazaxcran), H=1

TUTUHSIHY Won MuxaiisioBu4, 10KT0p (GU3MKO-MaTeMaTHueCcKUX HayK, aKaJeMUK, PE3UICHT AKaIeMUU HayK
Mornyiobl, Texuuueckuii ynusepcurer Monioss! (Kummxes, Moiosa), H =42

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

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresp, 101EHT Kadenpbl TEOPETUUECKOM U sIePHOM
m3nku, Kasaxckuii HalMOHaIBHBIA YHUBEpCHTET MM. anb-Dapabu (Anmmarel, Kasaxcran), H= 10

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

JKYCYIIOB Mapar A0:kaHoBHY, TOKTOp (H3HKO-MaTeMaTHISCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
sepHoit pmsnku, Kasaxcknii HatmoHanbHbINH yHHBepcHTeT nM. anb-Dapabu (Anvarsl, Kasaxcran), H=7

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

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBI yHHBepeHTeT M. antb-Dapadu (Anmmarsl, Kasaxcran), H=15

XAPUH Cranncias HukomnaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 10KTOp (U3MKO-MareMaTnyeckux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT HM. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. In a rapidly changing world, usage of digital technology is a key
factor in society affecting greatly physics education from primary school to higher
degree. Among significant achievements in this trajectory are the extensive
digitalization and development of students' digital literacy. This study will discuss
pre-service physics educators’ anticipated problems and benefits while integrating
technology in education. Physics educators often utilize digital resources in
implementing the educational curriculum for students. In the interview obtained
during the research, the pre-service physics educators considered some possible
dangers or disadvantages associated with the use of ICTs as well as some possible
strengths or benefits that might result from this utilisation. It is quite noteworthy
that pre-service physics educators have confidence in themselves that they can
easily integrate ICTs into the physics education. However, this unexpected finding
contradicts existing study findings and calls for more advanced research on
emerging technologies in physics education.

Keywords: education, teachers, physics, teacher training, technology-based
learning, teacher trust, technology integration
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AnHoTtamusa. KapkplHIbI JaMblll  KeJie JKaTKaH oyemje  HudpIbiK
TEXHOJIOTHSHBIH OacTaybllll MEKTENTCH JKOFapbl OKYy OpBIHAApblHA JCHiHT1
KOJIJIaHBUTYBI pU3UKaaaH OiniM Oepyre acep eTeTiH Heri3ri pakTopasiH O6ipi. by
OaFpITTaFbl MaHbBI3BI JKETiCTIKTEp OinmiM Oepyni >kanmail nuQpraHgplpy >KoHE
opOip OKYWIBIHBIH LUQPIBIK CayaTThUIBIFBIHBIH AaMybl. ¥ CBIHBUIFAH 3€pTTEY
aTaJIMBbIII TEXHOJIOTUSIAPIbIH Oinimre UHTerpanusiaya ¢usnka
MyFalTiMJIEpiHiH Mocesieiepi MEH apTHIKUIBUIBIKTAphIH TalKbuIaiael. dusuka
MyFamiMJiepi MEKTel OKyIUblJapblHa apHajiran OiniM Oepy OarmapiamachiH
XKy3ere achipysia HUQPIBIK pecypcTap/ibl KUl KOJJlaHabl. 3epTTey OaphIChIH/A
anpiHFaH cyxOatTa, ¢usuka myramimzaepi AKT-wbel KonganymeH OainaHBICTHI
KeWOip BIKTHMaJ KayilTep MEH KeMIIUTIKTep/l jKoHEe TybIHAAybl MYMKIH KeiOip
KKETTUTIKTEp MEH apTHIKIIBUIBIKTAPAbl KapacThipibl. bip KbI3bIFbI, (usuka
MyFamimiepi okbITyAbl Oactamac OypbiH, onap AKT-Hbl (u3uKaHBl OKBITYFa
OHail OipikTipe ayaThlHbIHA CeHIMJI. Auakjga, OyJl Karlald KOJIJIaHBICTAFbI
3epTTEYyJICP/AIH HOTHXKENIepiHe KaWIIbl Keneli jkoHe ¢u3uka OoibiHINA Oiiim
Oepyeri xaHa TEXHOJIOTHsUIAPIbl TEPECHIPEK 3ePTTEY Al KaXKeT eTe/Il.

Tyiiin ce3gep: Oimim Oepy, mnenmarorrap, ¢usuka, MyFagimMaepiHiH
JAUBIH/IBIFBI, TEXHOJOTUsJIAPFa HETI3JIeNITeH OKBITY, MYFAIIMJACPAIH CeHiMi,
TEXHOJIOTHUSATIAp/Ibl HHTErpaLusiay
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AnHOTaums. B OBICTPO MEHSIOMEMCS MUPE TEXHOJIOTHH SBIISTIOTCS] OTHOM U3 B
OBICTPO pPa3BUBAIOMIEMCS MHPE WCIOIB30BaHUE IM(PPOBBIX TEXHOIOTHH OT
HAaYaJbHOW IIKONBI 70 BBICHIETO OOpa30BaHUsS SBISETCS OJHUM M3 OCHOBHBIX
(hakTOpoB, BIMSIOMMX Ha 00ydeHHE (U3WKe. BaXHBIMHU JTOCTIKCHUSIMH B 3TOM
HaNpaBlICHUH SBISIIOTCS MaccoBas nudpoBH3anmusa OOpa3oBaHUS W pa3BUTHE
ru(ppoBOl TPaMOTHOCTH KaXKAOTO ydamierocs. B mpemimaraemMoM HMcclieOBaHUU
00CYyXTaroTCsl TPOOJIEMBI W TPEUMYINECTBA YUUTENed (GU3WKH B WHTETpAIldN
JIAHHBIX TEXHOJOTHH B oOpa3oBaHWe. YUuTens (QHU3UKKA YacTO HCIOIB3YIOT
mu(poBble pecypchl TPH  pealu3alui  00pa3oBaTeNbHOW TPOTPAMMBI IS
IIKOJIFHUKOB. B MHTEPBBIO, MOYIEHHOM B X0/ MICCIIETOBAHMS, YIUTENS (DU3HKH
paccMOTpeny HEKOTOPhIE IMOTEHIHANbHBIE PHCKH W HEJOCTaTKH, CBA3aHHBIE C
ncrionp3oBanueM WKT, a Taxke HEKOTOpBIE IOTPEOHOCTH W TPEHUMYIIECTBA,
KOTOpBIE MOTYT BO3HHKHYTH. [IpmMedaTenbHO, 4TO TpemnojaBaTend (H3UKH 10
Hayaya oOyYeHHs YBEPEHBI B TOM, YTO OHH MOTYT jierko mHTerpupoBats KT B
obyuenne ¢muke. OmHAKO 3TO HEOXUITAHHOE OTKPBITHEC MPOTHBOPCUUT
pe3yibTaTaM CYIIECTBYIOIIUX WCCICAOBAaHUN W TpeOyeT Oojiee YIIIyOJICHHBIX
WICCIIEJIOBAaHNH HOBBIX TEXHOJIOTHI B 00pa30BaHMM 10 (PHU3HKE.

KuarioueBsblie ciioBa: o0pa3oBaHue, meaarord, (u3nKa, MOJITOTOBKA YUHUTENEH,
00yUeHNE Ha OCHOBE TEXHOJIOTHH, TOBEPHUE YIUTEIICH, HHTETPAITHS TEXHOJIOTHIA
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Introduction

State Programme for Digital Kazakhstan, running from 2018 to 2022, was
designed to improve digital literacy among Kazakhs and supply all schools in
Kazakhstan with computer, multimedia and high-speed internet network facilities.
It was an incremental blueprint of minimum digital skills. Implementation of the
program will offer the chance to create electronic textbooks and online educational
portals in order to ensure equality of opportunity in educational resource use. One
of the main concepts in education digitalization is called “The paper-free principle”
and means digital documenting with the help of “Kundelik”. This also applies
in education where systems are designed to seamlessly connect to the “National
Educational Database” for complete tracing of students’ achievements. Digitization
is not limited to work environments but includes online queues for kinder
gardens, schools, colleges, and universities such as the e-queue in Almaty since
2018. This aim is to use technology to foster universal schooling system reforms
aimed at improvement. The goal is to ensure that schools catch up with the rest
of a sophisticated society where most modern youth live it. The phenomenon that
technology usage is an established tradition in the area of education (Batrakova,
2019).

Nevertheless, issues still exist withrespectto technology ’shistorical incorporation
into physics education. Barriers include teacher confidence, competencies, and
access to resources, as noted by Bingimlas’s (2009) observations in 2009 and
the findings of (Mailizar et al.,, 2020) show that, among other barriers,
educators’ confidence, competence, and availability of materials are a problem.
This was done through highlighting educators’ barriers including loss of
confidence and non-mastering of the required competencies consistent with its
expected worries and expected advantage in using technology to teach physics.

By late 1990s, research continued to demonstrate that science was interested
integrating technologies with physics education. Building on the Teacher-Learner-
Knowledge Triangle, ( Trgalova et al., 2018) proposed the Teacher-Learner-
Technology Tetrahedron. This widened milieu provides a techno-physical learning
space that is technologically sophisticated, wherein students and educators converse
in unison using both physical input and output.

This study outlines why it is important for pre-service physics educators
to understand anticipated problems and benefits associated with using modern
methods in the teaching of physics. This provides an insight of how instructional
settings for pre-service physics educators may be developed and improved on this.
The pre-service physics educators’ perspectives must be examined because it is
anticipated that the country will implement changes due to calls by both national
and international stakeholders for mainstreaming of information technology in
education. The study employs a grounded theory methodology to explore what
pre-service physics educators anticipate will be their benefits and fears before
implementing these technologies.
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Literature review

The use of calculators, computers, and virtual apps for physics education have
been triggered by a revolution involving rapid technological developments.
(Flood et al., 2020) state that technologies, including augmented reality, should be
used to promote interaction between the student and computer and, ultimately,
build their acceptance within the educational contexts.

According to (Borba et al.,, 2016), there are four stages, which can be
recognized during the process of applying technology in physics education.
Lastly, these two points indicate changes in communications, collaborative
learning possibilities, qualitative shifts on the internet, and finally envisaging the
total transformation of physics class after all technology assimilation.

Nevertheless, it is not certain that including novel technologies would
be effective and successful, especially when considering the cases related to
COVID-19 and homeschooling. The challenges crop up due to lack of experience
using technologies in formal learning setup for both physical and virtual barriers
(Almanthari, Maulina, & Bruce, 2020).

The provision of a single digital device to each school student on the part of
the Ministry of Education highlights the role of the physical and non-physical
factors in integrating technology (Tokzhigitova & Omarova, 2022).

The basis that pre-service physics educators’ knowledge and beliefs, from
the Technological Pedagogical Content Knowledge (TPACK) model (Mishra &
Koehler, 2006), is laid. TPACK refers to the confluence of content knowledge,
pedagogical knowledge, and technological knowledge in shaping the relationship
between educational content and technology in instruction. The contextual
background of pre-service physics educators informs their beliefs regarding
integrating technology into the classroom and subsequently shapes their practices.

This study concentrates on the anticipated concerns and benefits perceived by
pre-service physics educators’ as they integrate technologies into physics education.
The significance of pre-service physics educators’ Technological Pedagogical
Knowledge (TPK) and Technological Pedagogical Content Knowledge (TPACK)
is paramount, as they shape the purposes for which technologies are employed
and the anticipated outcomes. The novelty of the study lies in its nationwide
scope, enabling an examination of pre-service physics educators’ beliefs on a
broader scale.

The expected concerns and benefits anticipated by pre-service physics
educators’ while integrating technologies in physics education are examined in
this study. Therefore, the TPK and TPACK of teachers define the goals behind
technological use and expected outcomes. The main distinction is that this
research has a national basis, so it is possible analyse about ideas of pre-service
physics educators at the more widespread scale.

Finally, this study examines technologies integration in physics education
addressing the possible pros and cons including expected benefits and fears of
pre-service physics educators in Almaty, Kazakhstan.
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Kazakhstan has undertaken an exemplary project whereby it provisioned
students with modern gadgets equipped with digital pens and keyboards. The
introduction of this initiative along with the continuing application of learning or
content management systems due to COVID-19 presents a remarkable change in
the learning arena (Mausumbaev & Toleubekova, 2022). Together with departments
of education universities (Almaty Educational Universities) we are working out
understanding, what is the place of these technologies, mostly interacting digital
learning resources, in content of physics course for pre-service physics educators.

All seventeen interviewed skilled educators came from varied urban and rural
schools with varying social class positions. Purposively, we chose schools having
different socioeconomic features such as urban private ones, and those that were
affected by migration. There were 10 women and 7 men from the start to the mid-
teaching career who participated in the study, contributing to an array of viewpoints.

The qualitative interviews, guided by a semi-structured approach, explored
three thematic complexes: issues related to the anticipated concerns and benefits
of pre-service physics educators with modern information technologies, required
support for preparation to teach with the new devices in the future, and preparation
strategies for the next school year. For this purpose, grounded theory principles
were used for the data analysis, considering a constructivist point-of-view in the
interpretation.

The research design incorporates features of a qualitative interview study as
well as grounded theory. Due to using a non-standardized technique of interviewing
skilled educators, these data obtained are not simple, but rather complex text. Pure
case sampling in case study methodology was used by the study in a unique way
— extreme cases on both ends of the socioeconomic continuum — which provides
important information about how to build theories.

In brief, our study investigates the everyday lives of the beginning of the
pre-service physics educators involved in implementing modern information
technologies of physics educators. Our study seeks help to understand the expected
concerns and benefits arising because of the transformative initiative within Almaty
schools by considering specific situations through case studies.

Research methodology

Our study takes the form of a case study, concentrating on the expected
challenges and advantages experienced by specific pre-service physics educators
as they grapple with the introduction of modern information technologies at the
onset of education. Within the framework of case studies, genuine individuals in
authentic settings undergo deliberate interventions, shaping a constrained system.
Our investigation centres on pre-service physics educators and their classes as the
real participants in genuine settings, with the introduction of modern information
technologies constituting the intervention.

In line with the perspectives presented by Eisenhardt (1989), we consciously
highlighted extreme cases, exemplifying schools situated at opposite ends of the
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socio-economic spectrum. This intentional emphasis corresponds to purposive
sampling, a method commonly employed in case studies and grounded theory
approaches. Our objective in scrutinizing cases with potentially high and low
socio-economic backgrounds is to extract valuable insights for expanding existing
knowledge and building theoretical frameworks.

Our study combines elements from interview studies and grounded theory to
form our methodology. We used a standardized interview approach to give skilled
educators the opportunity to express themselves openly which resulted in detailed
textual data. This methodology as explained by Charmaz (2006) highlights the
connection, between grounded theory research and qualitative interview studies.
For data collection and analysis, we followed grounded theory principles by
allowing skilled educators to explain their perspectives and priorities on the given
subjects. The detailed texts that emerged from this process serve as the basis, for
our understanding of the challenges and benefits that preservice physics educators
encounter when integrating information technologies at the beginning of their
education.

Research results

In the methodology section of our study we followed a three step process
commonly used in grounded theory approaches (Charmaz, 2006);

1) We began with coding

2) Followed by axial coding

3) And finally selective coding.

During the phase of coding, we applied inductive thematic principles and open
coding techniques to break down the new data into 72 distinct units of meaning.
Each unit represents an aspect. These units were then grouped into 21 level codes
based on shared descriptions and definitions.

Moving to the second step, axial coding, we systematically analyzed the higher-
level open codes. This involved organizing codes around a central phenomenon,
considering cause, activities, consequences, and framework conditions. The goal
was to synthesize the open codes, achieving a heightened level of generalizability
and abstraction. The result of this process is akin to creating a structured framework,
enhancing our understanding of the relationships between various aspects.

Finally, in the third step of selective coding, we evaluated initial assumptions,
identified, and closed research gaps, and established connections or dependencies
between categories obtained from axial coding. By refining and integrating
categories, we developed core categories that represent the central themes of the
study. In our case, these core questions include:

(A) How can educators address and minimize the impact of technology-related
discrimination in the learning environment?

(B) How can educators strike a balance between leveraging technology and
ensuring the retention of fundamental physics knowledge and skills?
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(C) How can the integration of technology be made more engaging and enjoyable
for educators to enhance their competency?

(D) What are the potential challenges or limitations associated with using
technology for differentiation in physics education?

This systematic and iterative approach to qualitative data analysis ensures a
comprehensive understanding of the anticipated concerns and benefits of pre-service
physics educators in the context of integrating modern information technologies in
education.

Implementing technology in the early stages of education may hinder students
from mastering fundamental arithmetic skills, leading to a lasting gap in physics.
Educators’ express concerns about students’ decreasing ability to solve basic
problems when relying on digital devices, fearing a widening gap that may persist
throughout their academic journey.

In interviews, skilled educators acknowledge the importance of technology in
physics education but express reservations. They highlight students’ diminishing
numeracy skills and an increased reliance on internet research for information
in physics. Concerns include students not memorizing formulas and potential
misinformation online.

Teachers worry that technology impedes the learning of basic knowledge in
physics, including memorization of formulas and the structured approach to
problem-solving. The fear is that students, given laptops at a young age, may
struggle to document solution paths, hindering their development of work and
structured problem-solving skills.

A critical concern is that the integration of technology may compromise students’
foundational competencies in physics at the onset of school, potentially leading to a
lack of structured work and increased difficulties in physics lessons.

This study has shown that educators in our sample viewed technology integration
as a way of learning for them. And particularly those who are skilled, they have
been using only high-quality technologies starting from the year 2015 in which
these were mandated to be used in the nationwide examination leading toward
leaving school. Thus, while they acknowledge their experience with technologies
at the upper secondary level, they highlight the disparities when integrating them
with younger learners.

When it comes to further training needs concerning early secondary school
technology use however, teachers prefer doing it alone through trial and error
method or within their own schools. In addition, individual learning is when teachers
themselves look for and adapt new technological tools or teaching strategies often
by googling and searching other sources on the internet. They anticipate problems
which may come up on their first attempt to use such tools. Similarly, inter- school
collaboration is also important whereby teachers can share resources and support
each other through informal methods like emails or meetings.

Educators must improve their knowledge and skills since physics education
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increasingly uses technologies. Educators prefer personal and informal strategies
for the acquisition of technological-didactic knowledge such as independent
searches and trial-and-error adoption of new tools. Besides, they engage in school-
internal cooperation to share knowledge.

In conclusion, the integration of technologies provides pre-service physics
educators with opportunities to acquire new competencies whereby experienced
educators appreciate their benefits but also understand that they need to be adjusted
for young children. The preferred ways for further training among the pre-service
physics educators include individual learning and informal intra-school cooperation.

Educators express their greatest hope for integrating technologies at the
beginning of secondary school: facilitating differentiation and individualization
in education. According to skilled educators feedback, achieving this involves
enhancing educator autonomy, incorporating diverse media, offering varied tasks,
making physics more relevant to reality, and allowing learning to be independent
of time and place.

According to the research, teacher autonomy implies pre-service physics
educators are not limited to explanations or tasks directly taken from the physics
students’ book. Teachers hope that this will allow them more flexibility in giving
additional explanations and tasks through students’ technologies.

In addition, teachers wish that the ever presence of modern information
technologies will aid in more media integrated in teaching of physics like
instructional videos, interactive worksheets among others which entail real time
feedback and tips.

Educators argue against traditional teaching aids such as physics students’
books that often contain pseudo-realistic tasks. Educators thus aim to address this
problem by using technologies to get a wider range of exercises much closer to
student’s lived experiences.

Educators also express a desire for increased ease in integrating actual artifacts
or facts from students’ everyday lives into lessons using modern information
technologies. They highlight the potential for students to conduct surveys and
collect data more conveniently.

Additionally, educators hope to make physics lessons more independent of time
and place by leveraging technologies. They envision using modern information
technologies to facilitate repetition and deepening of content in physics outside the
classroom, such as through learning videos or tasks with automatic feedback.

In the pursuit of differentiation and individualization in physics teaching, teachers
emphasize increasing the quantity and quality of tasks. This involves sourcing tasks
from various online and offline platforms, eliminating pseudo-realistic tasks, and
adapting the learning process to better suit students’ needs through independent
practice and real-time feedback from digital tasks.
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Conclusion and Discussion

The data analysis revealed that educators expressed concerns and interests
before introducing technologies at the beginning of secondary school. These such
questions: (A) How can educators address and minimize the impact of technology-
related discrimination in the learning environment? (B) How can educators strike a
balance between leveraging technology and ensuring the retention of fundamental
physics knowledge and skills? (C) How can the integration of technology be made
more engaging and enjoyable for educators to enhance their competency? (D) What
are the potential challenges or limitations associated with using technology for
differentiation in physics education?

Despite the increasing variety of technologies used for physics education,
Educators in the study initially perceived technologies as traditional tools
like calculators. Clarification was needed regarding the broader definition of
technologies, encompassing virtual apps and augmented reality.

Educators acknowledged the complex nature of physics education with
technologies, seeing both opportunities and risks. The manifold possibilities
offered opportunities for differentiation and individualization in learning processes,
but integrating technologies was perceived as an additional burden for students.

The study indicated that pre-service physics educators, confident in their
technological capabilities, preferred individual, and in-school approaches for
acquiring knowledge and competencies. They played a pivotal role in creating
supportive environments, consisting of both hard and soft factors, facilitating the
integration of technologies.

Contrasting results were found concerning pre-service physics educators’
confidence and competencies in using technologies. Unlike previous studies
reporting educators’ lack of confidence, this study revealed that pre-service physics
educators considered themselves capable of integrating technologies into physics
education. This confidence might stem from the long-standing use of technologies
in standardized exams, creating a positive self-assessment among teachers.

Regarding the various uses of technologies in physics education, the study
highlighted those pre-service physics educators focused on specific aspects, such
as resource distribution, organization, and communication. Some advanced uses,
like technology-supported collaborative learning or personalization, were less
emphasized.

Pre-service physics educators attributed servant or partner roles to technologies,
expressing concerns about the negative connotations associated with the servant
approach. They hoped for positive outcomes through the partner approach,
expecting technologies to facilitate individualized and differentiated physics
education processes.

In conclusion, educators’ concerns, and benefits regarding integrating
technologies into physics education were well-balanced. While fears were often
associated with traditional approaches, hopes were linked to contemporary uses of
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technologies, anticipating individualization, differentiation, and enhanced learning
experiences. State-of-the-art technologies, such as augmented reality or 3D printing,
were not yet widely associated with school-based learning by educators.
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Abstract. The article describes the formation of the use of modern information
and communication technologies in the educational process of pedagogical
universities, as well as the need for sufficient attention in higher educational
institutions to the activities of students as individuals. In the process of working
with the means of information and communication technologies, the psychological
state of students in their formation as a person, such as internal orientation,
interest, creativity, is described and ways to solve these problems are considered.
During the application of modern information and communication technologies,
new possibilities of educational tools and ways of their implementation in modern
pedagogical science have been studied. Aspects of the problem are considered in
accordance with the specifics of a particular subject.

This type of task is rarely found in the educational process, but it belongs to
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problem tasks. In general, the article is accessible to the reader in terms of style,
language and form. The author has studied and analyzed a significant amount of
educational literature. In addition, he explained such concepts as questions of the
stages of creation, development and implementation of information technologies
in education and various aspects of the problem of using computer technologies
in the education process. The general topic of the article is open. The value of the
article lies in the creation of a professional educational environment for studying
the concepts of "complexity" and "difficulty" of a task. Having divided
educational resources and electronic textbooks into four groups, he focused on the
needs and content of each group, including paying more attention to the
advantages of electronic textbooks as the main means of information and
communication technologies.

Keywords: Personality, personality formation, personality development,
creativity, interest, modeling, didactic unity, intellectual learning, professional
activity
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AHHOTanus. Makaiaja NelaroruKaiblK KOFApFbl OKY OPBIHIAPBIHBIH OKY-
TopOUe yZzepicine 3aMaHayu aKMapaTThIK-KOMMYHHUKAIUSIIBIK
TEXHOJIOTHSIIAPIBl  KOJI-AHYAbIH KaJbIITACYbl JKOHE COHBIMEH Karap JKOFapFbl
OKy OpBIHJApbIHAA CTY-IEHTTEP/AIH JKeKe TYJFa pPETIHIEeri ic-opeKeTTepiHe
KETKUTIKTI Toperxeie KOHUT 00yl KaKeTTuniri 0asHaanaasl. bimiM amynisuiapapig
aKIapaTThIK-KOMMYHHUKAIUSUTBIK TeXHOJlingﬂnap KYpaJlapbIMEH 5KYMBIC



ISSN 2224-5227 4.2023

ictrey OapbIChIHIA JKEKEe TYJIFa PETIHIE KaJIbINTACybIHAAFbl 1IIKI OAaFrbITHI,
KBI3BIFYIIBUIBIFBI BIHTACHI, MIBIFAPMAIIBUIBIFBI CUSKTHI TICHXOJOTHSIIBIK YKaFIaibl
OastHIAMagpl  JKOHE OCBHl  MOocelesiepli IICNly J>KOJJAaphl KapacThIPbLIFaH.
3amaHayu AKIapaTThIK-KOMMYHHUKAIMSUTBIK ~ TEXHOJIOTHSIIAPIBI KOJITaHY
OapeicbiHa OlLTiM Oepy KypanJapbIHBIH JKaHa MYMKIHIIKTEpi MEH OJIapJIbIH
OYriHri TaHJaFbl TIEAAaroTMKa FHUIBIMBI CANAChIHIIA JKY3€re acy JKOJJaphbl
3epTTenreH. MoceleHiH acleKTiIepi HakKThl TOHHIH epeKIIeNiriHe Ccoikec
KapacThIpbuIaraH. TarncelpManap/slH Oy TYpi OKy IpPOIECIHIIE CUPEK Ke3Jece/,
Oipak mpoO-TeMalblK TallChIpMasiapFa jkaraibl. JKajimpl, Makala OKbIPMaHFa
Mpe3eHTaluss CTWI, TuT, (opMacel >KarblHAaH KOJI JKETiMAl. ABTOp OKY-
o/licTeMeINiK 9IeONeTTep/IiH €Idylp CaHbIH 3epTTeAl koHe Tannansl. COHBIMEH
Karap, OKBITYJbIH aKIapaTThIK TEXHOJIOTUSCBIH KYpPY, AAMBITY KOHE CHTI3y
Ke3eHJepl Typajbl Mocellenep JKOHE KOMIBIOTEPIIK TEXHUKAaHbI — OKBITY
YpIiciHAE KOJIaHYIbIH IPOOJIEMACHIHBIH OPTYPJIi KAKTaphl CUSAKTHI YFBIMIAPIbI
Tycinmipai. JKanmmbel Makana TakbIpbIOBI amibUIIbl. MaKallaHbIH KYHJIBLUTBIFBI
TarChIPMaHbIH "KYpJeNiiiri" xoHe "KUBIHIBIFB" YFBIMIAPBIH 3ePTTEYIiH Kociou
OiniM Oepy opTachlH KypyaaH Typabl. bimiMm Oepy pecypcrapbl MEH JIEKTPOHIBIK
OKYJIBIKTap/Ibl TOPT TOIKA 06N, op TONTHIH KAKETTLIIriHE JXOHE Ma3MYHbBIHA
TOKTQJBI, OHBIH  INIHAE  AJIEKTPOHIBIK  OKYJBIKTApP/IbI aKIapaTThIK-
KOMMYHHUKAIUASIIBIK TEXHOJIOTHSLIAPIbIH HETi3ri  Kypaibl  peTiHfe
apTHIKIIBUIBIKTAPhIHA KOOIpEK KOHLIT OOJIreH.

Tyiiin ce3mep: JKeke Tyira, TYIFaHblH KalbllITaCybl, TYIFa Jamybl,
[IBIFAPMA-IIBUIBIK,  KBI3BIFYIIBUIBIK,  MOJENbBJEY, JUJAKTUKANBIK  OIpIiiK,
3epACIK OKBITY, KOCiOU KbI3MET
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AHHoTanmsl. B crarbe u3jaraeTcs CTaHOBJICHHE NMPUMEHEHHUsS COBPEMEHHBIX
WHPOPMAITMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTHH B Y4eOHO-BOCIHTATEIHHOM
mpoliecce MeAarorndeckux BY30B, a TAKkKe HEOOXOJUMOCTh JOCTATOYHOTO BHH-
MaHUs B BBICIINX YYSOHBIX 3aBEJICHUSIX K JACSITCILHOCTH CTYJACHTOB KaK JHYHOCTH.
B mpomecce paboTel co cpeacTBaMH HMH(DOPMAIMOHHO-KOMMYHHKAIMOHHBIX
TEXHO-JIOTUH H3JIaraeTcsl TCUXOJIOTHYECKOE COCTOSHUE OOYyYarolMXcsi B HX
CTAaHOBJICHHHN KakK JIMYHOCTH, TaKue KakK BHYTPCHHSA HaIrpaBJICHHOCTD,
3aWHTEPECOBAHHOCTh, TBOPYECTBO M PACCMATPHBAIOTCS IMYTH PEIICHHS 3THX
mpobieM. B Xome — mpUMEHEHHs ~ COBPEMCHHBIX  HH(POPMAIHOHHO-
KOMMYHHUKAIIMOHHBIX TEXHOJIOTUH W3YYCHBI HOBBIC BO3MOXKHOCTHU
0o0pa30BaTelbHBIX CPEICTB W TYTH MX peaau3aliid B COBPEMCHHOM
HeﬂaFOFquCKOﬁ HayKe. ACTIEKTBI HpO6HeMLI paccMaTpuBarOTCA B COOTBETCTBUU
co crienuUKoil KOHKPETHOTO IpeaMeTa. DTOT THIT 3aJaHUN PEIKO BCTPEYaeTCs
B y4eOHOM IMpolriecce, HO OTHOCHTCS K MpPOOJEMHBIM 3aJaHusM. B 1enom
CTaThsl JIOCTYMHA YHUTATENIO0 MO0 CTUIIO U3JIOKEHHs, sA3bIKYy H (opme. ABTOp
M3YYHJI U TPOAHAIM3UPOBAT 3HAYMTEIBHOE KOJIMYECTBO Y4eOHO-METOIUYECKOMN
nuTeparypsl. KpoMe TOro, OH pa3bsCHHI TaKHe MOHATHSA, KaK BOIPOCH ATAIOB
CO3/1aHusl, Pa3BUTH U BHEAPEHUS] WHPOPMAIIMOHHBIX TEXHOJIOTHI 00pa30oBaHUA U
pa3InYHbIC acMeKThl TPOOIEMbI HUCIOJIL30BAHUS KOMITBIOTEPHBIX TEXHOIOTUH
B rmporecce oOpasoBanus. OOmas Tema CTaThH OTKpPbITA. [IeHHOCTH CTaThH
3aKIIIOYAETCSI B CO3JIAaHUM TPO(PECCHOHAIBHOW 00pa30BaTENLHOW CpeIbl s
M3YYCHHUS  TOHSITHH  «CJIOXHOCTB» W  «TPYOHOCTHY»  3ajgaud. Pa3zmenus
o0pa3oBaTeibHBIE PECYpChl M 3JICKTPOHHbIC YUYCOHMKH Ha YEThIpE TPYIIIbI,
OCTAaHOBMJICS Ha HOTpe6HOCT$[X n CoacpKaHnU Ka)K,IIOfI Tpy1ibl, B TOM 4YHUCJIC
yIAenuB OOJbIIE BHUMAHHUS MPEHMYIIECTBAM DJIEKTPOHHBIX YYCOHHKOB Kak
OCHOBHOTO CpeficTBa MH(OPMAIIMOHHO-KOMMYHHUKAITHOHHBIX TEXHOJIOTHH.

KaroueBbie cioBa: JIngHOCTh, (POPMHpPOBAHHME JIMYHOCTH, PA3BUTHE JIMY-
HOCTH, TBOPUYECTBO, UHTEPEC, MOJIEIIUPOBAHUE, TUIAKTUIYECKOE €IUHCTBO, UHTE-
JIEKTyabHOE 00yUeHHE, MPOPECCHOHATBHAS ACATEIBHOCTh

Kipicne

Byrinri Tapaa aknapaTTaHIbIPy 19Yipi TEXHUKAIBIK KOHE KOCIITIK KOJIAHYIbI
KaxeT erteni. bimiMm Oepy KyleciH akmapaTTaHAbIpYy—OiTiM camachblH KeTepyre
OarpITTaFaH YAEpic, OJ1 KeJeleK YPIAaKThIH JKaH-)KaKThl carayibl OiLTiM alybiHa,
iCKep, TajanTbl, IIbIFAPMAIlbLI, €PKIH JaMH alaThlH IEAArOrMKaJIbIK SKarnai
Kacayra TUTi3ep mHaigacbkl MOJI. AJIIBIHFBI KaTapJarbl KETEKIIl FalbIMIap o3
3eprreyiepinzge OiniM Oepy KyHeciH akmapaTrTaHIBIPY, aKIapaTThIK TEXHOJOTHS
Kypanaapbl apKbUIbl TIEJarOTUKAIIBIK, MOCeJeNep Al NIy >Kaiibl KYH/IbI MiKipiep
anTKaH.
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AKIaparThIK-KOMMYHHUKAIMSUTBIK  TEXHOJIOTHSUTAPABI MIHJCTTI TIOH PETiHIe
OKBITyFa OOJIiHreH cararTap caHbl opTypii. Memnekerrepae Oip puina 20-maH
6-ra nmeitin esrepemni. OCwI cararTap caHbIHA OiTiM Oepy koOamapeIHa JKoHE Oacka
MOHJEPAl OKBITYA aKIapaTThIK TEXHOJIOTUAHBI KOJIAHATBIH YaKbITThI KOCY KEpeK.
Bipax Oyn mapameTp Toxipuoe Ky3iHze ecenTeninoeii.

Komimri sKCTIepUMEHTTI JKacay 9JIeTTe KbIMOAT jKOHE OHBI IIBIHAKEI TYpAC icke
acelpy KHMbIH Oomazpl. MiHe, COHIBIKTAH Ja KOMITBIOTEPIIK JIEMOHCTPALIUSHBI
KOJIJIAaHBII TOKIPUOE jKacay/IbIH apThIKIIBUILIFEI Oap.

Kommbtorep skpanma yaepicti OipHemie peT Kaiftamayra, OHBI Ke3 KelIreH
KE3CHIHE oTyre 00JIaIbl.

BinmimM MeH OGUIIKTUTIKTI MEHIepy/eri KOMITBIOTEP/Ii OKBITY KYHeciHe apHallFaH
KOCBIMIIIA FAHA €MEC KOHE OHBIH POJTi KOKBITYIIIBI - OKYJIBIK - OKYIIIBD) JIETI aTalaThIH
YII KOMIOHEHTT] KYHEHI «OKBITYILBI - OKYJIBIK - KOMITBIOTEP - OKYILbD» OaiIaHbICHI
apKbLIBI KeHeWreai (Omimos, 2013).

binim Gepymi aknmaparTaHIBIPYABIH Ka3ipri *KaFJaiblHIa )KapaThlIbIC TTOHAEPIH
OKBITY YIEpiCiHIle 3aMaHayH aKMapaTThIK-TEXHOJOTHSHBI, aKMapaTThIK >KYHeH1
JKoHe OarmapiamMabIK Kypaiaapasl naiigananyasl Taman ereni (Mopesa, 2001).

KomribtoTep kepHeKi-OeifHel oiaypl, KO3FaJIBICTHIK KOHE aybI3la KapbIM-
KaTbIHAC MAIIBIKTAPbIH, MAKCATThl SPEKETTEP/l KOHE ICYMETTEHAIPYIl AaMBITY
YIIiH MYMKiHZIKTep TyFbI3ansl (PoboToBa, JleonTheBa, 2002).

KonmanpicTarbel 3aMaHayd aKMapaTThIK TEXHOJOTHSHBI KOJJAHYIBIH HETI3ri
OarbITTapbIH aHBIKTAIl ajFaHHAH KeiiH, AKIapaTThIK-KOMMYHUKAIUSIIBIK TEXHO-
JIOTHSITBIBIK KYPaJIJapblH KOFAPFbl OKY OPBIHAApBIHAA OKYy-TopOMe yaAepiciHae
naiganaHyIelH Ka3ipri neJarorukaiblk MYMKIHIIKTEPIH capajiay/bl KeH KepIikK.
AKIapaTThIK-KOMMYHUKAIMSUIBIK ~ TEXHOJOTHSUIBIK ~ KYpalJlapblH  OKYy-TopOme
YIEpiCiHAE OKBITY TEXHOJOTHSACHIHA €IJYyip OH ©3TepicTep OKENeTIH Kypai
peTiHme Kapay OachIMIBUIBIKKA aifHANBIN Keeni. Onapibl oKy-TopOue yaepiciae
naiinanany OiLTIM Ma3MyHbl OOMBIHIIA OEpiIETiH TanchlpMaliapra KOWBLIATHIH
TajanTtap MEH OHBIH Ma3MyHBIH KEHEWTyre, CTYIEHTTEepHAiH OiliM amyFra
KYILIBIHBICHIH apTThIPYFa, OKYy YAepiciHe OeJCeHIUIIriH JaMbITyFa, AalbIHABIK
camachlH Oarajay, TEKCepy TYPJICPIH ©3repTyre, CTYACHTTEPIIH iC-OpeKETiHIH
pedIIeKCHSACHIH KaJIbINTaCThIPYyFa JKaFIail TylbIpaThIHBIHA KO3 XKeTKi3miK. Puznka
YKOHE aCTPOHOMHS TIOHJIEPIH OKBITY Ke3iHAe CTYACHTTEPHiH AaWbIHABIK CalachlH
apTTHIPy/Ia 3aMaHayH aKMapaTThIK TEXHOJOTHSHBI MailalaHyIbIH JUIaKTHKAIBIK
MYMKIHAIKTepi TOMEHAETIACH, oap:

- Ke3 KeNreH KeJeMJIeTi KoHe Ke3 KeJIreH TYPIEri akmaparThl Ke3 KelreH
KAIIBIKTBIKTA, TE3 apajia TaChIMaJIai any;

- QJIBIHFaH aKIapaTThl KOMITBIOTEP/Ie KAKETT1 yaKbITKA JIHiH caKTail aty, OH/IEY,
HIBIFapy KoHe T.0.

- aIpIHFAH MaTepuajibl 63 TachIMalAayblHa aybICTHIpa aiy, OAChIl HIBIFapy
JKOHE OHBIMEH KQ)KETT1 YaKbITTa )KYMBIC kacail aiy (Xmenb , 2004).

Marepuasgap MeH daicrep

ConbIMeH, O1TiM Oepy KyHeciHaeTi 3aManayH aKImapaTThIK- KOMMYHUKAITHSITBIK
TEXHOJIOTHSIIAP OKBITYIBI THIMII YHBIMIACTRIPYFa BIKITIAJ CTE/II.
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1. AKnaparThIK-KOMMYHHKAITUSUTBIK TEXHOJOTHS KYpalJapblH Oackapy Typ-
FBICBIHAH KOJIJIaHY.

AKNapaTThIK-KOMMYHUKAIMSUIBIK TEXHOJIOTHS KYpaiJIapbl OKy-TopOue yjue-
piciH OHTallnbl OackapyF¥a, CTyACHTTEPiH ic-opeKeTiHe camajbl Typle Oakpuiay
KYPprizyre MyMKiHAIK Oeperti.

2. AKNapaTThIK-KOMMYHUKAIMSIBIK TEXHONOTUS KYpalJapbiH JIalbIH/IbIK
carachlH apTThIPy TYPFBICBIHAH Koiany (AnumoOekosa, 2007).

1. AKIaparThIK TEXHOJIOTHS KypalIapblH TAHBIMJIBIK TYPFbIIaH KOJIaHY.

AKNapaTrThlK TEXHOJOTUS KYpaJapblH TAHBIMIBIK TYPFBIZIAH KOJJIaHYIbIH
ncuxoJjorusuibik-nieqarorukansik  acnekriiepi C.Ileinepr, bx.Hok mer enmik
FaIBIMAAP/IBIH eHOCKTepinae 3epTTenred. MoceneH, C.IlelnepT «KOMITbIOTEPMEH
OKBITY/Ia CTYJACHT ©3IHIH MHTEJUICKTYAJIbIK KYPBLUIBIMBIH KYPYIIbl KYPBUIBICIIBI
CTYIEHT Ka3ipri TEXHHKaHbl MEHIepil KaHa KOWMaiJbl, COHBIMEH Karap
KapaTblIbICTaHy, MaTeMaTHKa MOHJIEpiHEeH, 0acKa J1a MHTEIUICKTYNIbIK JIaMybIHA
KOKETTI aKnaparTapMeH TaHbICalbl»y - Acki. KoMIbIOTepMEH JKYMBIC icTey
0apbhIChIHIA CTYACHTTEP ©3iHIH KbI3BIFYIIBLUIBIFBIHA Opall OKy JaFablIapbiH
MEHrepe/i, aiiHajga KOpIIaraH oJIeMMEH TaHbICaJbl, ©3 OeTiHiIe OUTIMIH
TOJIBIKTBIPAJIBL, JKETUIIPe i, OLTyre KYIITapIbIFbl apTabl, OOJaIlaK MaMaH IbIFbI
Typajbl MAJIMET, OHbIH €HOCK HapKbIHIAarbl OpPHbI HaKThbUlaHaabl. COHJBIKTaH,
CTYACHTTEPHI aKbUIMEH, camaMeH, Oenrii Oip peXiMMEH opeKeT jKacayra
TeceNIipy, KaKeTTi aKmapaTieH >KYMBIC iCTel 01Ty TaFaplIapbliH KaJTbIITaCTRIPY —
TMeIarorTap/biH MiHeTi fen Oinemi3 (AnumoOekosa, 2008).

1.3. TlemarorukaibiK >KOFapFbl OKY OPBIHAApbIHIA (DU3HMKA KYpPCHIH OKBITY
yAepiciHAe  3aMaHayd  aK[IapaTThIK-KOMMYHHUKALUSIBIK — TEXHOJIOTHSIIAP/IbI
naiaanaHyIblH 9ICTEMENTIK Macelenepi

CryneHTTep aKknaparThIK-KOMMYHHUKAIUSUTBIK TEXHOJIOTHS Kypaiaapbl apKbLITbI
Oiim any OGapbIChIHAA ©31HIH OLTIMIH, OUIIriH, KOpIIAFaH dJIeM Typalibl TYCIHITiH
KeHeWTeNi, KaxeTTi aknaparthl anajpl. CTYIEHT KOMITBIOTEpHE JepOec MKYMBIC
icTe# OTBIpBIMN, (DaKTIICPAl TAIAANIbl, TEPEH YFBIHAJIBI, HOTHXKECIH CaJbICTBIPAIBI,
TaJaai OTHIPHII, XKaJIbIH/IA CAaKTayFa yMThUTa (bl OChLIaiiia MEHrepreH OLTiMIepin
OKy-TopOme YaAepiciHIe epKiH aWThIm, CepikTepiMeH cyxOarracampl. benricis
JKAUTTBI OUTyre KYJIIIBIHBICHI, SIIKIM oji Olle KoWMaraH >KaHAJIBIKTHI KeJel
MEHIrepyTe TAIbIHBICHI APTHIM, OLTIM CanachIHbIH KOFapblUIaybIHA, TYPAKTATYbIHA,
iC-opeKeTIHeH KepiHic Oepyre opekerTeHeli. OpeKkeT — TyJiFa OOJIMBICHIH
YUBIMIACTHIPYIIBI JKOHE ICKE acBIPYIIBI CYOBEKTiHIH OCNCEHATITIH apTThIPYIIbL.
3epTTey KYMBICBIMBI3/IbIH MaKCaThl aKIapaTThIK-KOMMYHHKAIIUSJIBIK TEXHOJIOTHS
KYypaJiJapbl apKbUIbI CTYJACHTTEPIH JalbIH/IbIK CallaChlH apTTHIPY OOJIFaH/BIKTAH,
JKOFapbl OKY OpBIHJApBIHAA CTYIACHTTECPIIH JAWUBIHABIK CalachlH apTTHIPYarbl
OpeKeT Kypasbl peTiHAer MyMKIHIIKTepiH TOJBIFbIPAK allyFa THIPBICTHIK.

AKMapaTThIK-KOMMYHHUKAIHMSIBIK TEXHOJOTHS HETi3iHe YKOFApFbl OKY OpbIH-
JapbIHJA CTYACHTTEP/IIH JAaWbIHBIK CalachblH apTThIpy/Ia 3aMaHayd aKapaTThIK-
KOMMYHHKAIUSIIBIK TEXHOJIOTUSIApAbl NailaiaHy JCHIeliH aHBIKTAy KaKeTTiri
TYJIbI, OHBI J)KY3€Te achlpy MaKCaThIHJIa XKOFAPFbl OKY OPBIHAPBIH/Ia OyXTaJITepIiK,
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SKOHOMHUKAITBIK, MaJ JOpPrepllik OeliMAepiHiH CTyIeHTTepi apachlH/a cayalHaMa,
mikipriecy, oHriMenecy >xoHe T.0. >kymbicTap kyprizimai (Levy, 2003). Herisri
MaKCaThIMbI3 — CTYICHTTEPAIH NAaHbIH/IBIK CAllAChIH aPTTHIPY YACPICiHIE OJap/IbIH
3aMaHay¥ aKIapaTThIK TEXHOJIOTHSIHBI KAHIIAIBIKTHl MEHI'€pPIeHiH, OHBI Maii1anany
JICHIelIH aHBIKTay. 3€PTTEY YKYMBICHI OapBICHIH/IA KOFAPFbl OKY OPBIHJAPbIH/IA
CTYASHTTEP/IiH apachIH/a KYPTi3lIreH cayaiHama OapbIChIH/Ia TOMEH IET] JKauTTap
AHBIKTAJIIBL:

- KeJIeIlIeK MaMaH UeCi PEeTiHJIe aKMapaTThIK KOFaM TajlaOblHA COWKECTIT;

- JKOFaprel OKY OpPBIHIApHIHAA OUTIM aiy OapbhIChIHAA aKMapaTThIK-KOMMY-
HUKAIUSUIBIK TEXHOJIOTUS KOMETIMEH JKMHAaraH TCOPUSUIBIK KOHE MPAKTHUKAJIBIK
O1TIMIHIH KETKUTIKTLIIT;

- pu3HKa KOHE aCTPOHOMUSI TOH/ICPIH OKY OapBICHIH/IAFbI 3aMaHAyH aKIapaTThIK
TEXHOJIOTUSIHBI Mali1aliaHa OKBITYIbIH KaHAFATTaH bIPYHI;

- 3aMaHayd aKMaparThIK TEXHOJOTHUSHBI KOJNTAHYAAaFbl ajFaH OimiMi MeH
OUTIKTITIKTI MEHIepy MaKCaThIHJIAFbl TOXKIPUOCIIK JalbIH/IBIK JCHICHIHIH TOIBIK-
THIFBI,

- KOMITBIOTEPJIIK CayaTThUIBIK JICHIeHi;

- aKmapaTrThIK-KOMMYHHUKAITUSUTBIK ~ TEXHOJIOTHS KYpalJapblH TaiJanany
Topekect;

- (u3uKa KOHE aCTPOHOMHS IIOHIH OKBITY OapbICBIHAA 3JICKTPOHIBI OKY
KYpaJIapblH, KOMITBIOTEPITIK OaFapiaMaiblK OKy KypaaapsiH, IHTepHET xKeliciH
KOJIJIaHY MKHLIIT;

- AKIMaparThIK-KOMMYHHKAIASIIBIK TEXHOJOTHS KYPalIapbIH JKOHE OKY, JKEKe
OpEKeTiH/Ie KOJIaHY JOPEKECi;

AKMNapaTThIK-KOMMYHUKAIUSUIBIK TEXHOJIOTUSI KYpaliapblH MEHIepyre JIereH
CYPaHBICHI, KbI3BIFYIIBUIBIFHI;

- AKNapaTThIK-KOMMYHHUKAIUSUTBIK TEXHOJIOTUSI KOMETIMEH OUTIMIIK, OUTIKTIK,
ICKepITiK AaFapLIapIbl MEHTepYi;

- KOMITBIOTEPJIIK CayaTThUIBIKTBIH IMaliJaChIHBIH IC-TaXIpUOe/Ieri KopiHici;

- 3aMaHayM aKMaparThIK TEXHOJOTHSHBIH IaWbIHIBIK CAllachlH apTTHIPYIAFbl
opHsl, pei (Pacheco, Lips, Yoong, 2018).

HoTur:kesiep oHe TAJIKbLIAY

JKoraprel OKy OpBIHIApBIHAA CTYASHTTEPiH OUTIM camachlH apTThIpyFa
OaFbpITTaJIFaH TCOPUSIIBIK, MPAKTUKAJBIK JAHBIHIBIK TYpJIepl MEH OakpLiay Typ-
JIEpiH 3aMaHayd aKNapaTThIK-KOMMYHUKAITUSUTBIK —~ TEXHOJOTHSIIAD  apKBUIBI
KapacThIpabIK.

Hopic - Oimim OepymriHiH aybl3ia OKY KypPCHIHBIH Oenriai Oip OemiMin
JKy#eni Typae OasHmayblHAH TYPAaTHIH OKBITYIBI YHBIMIACTHIPY TYpJCpiHiH Oipi.
OKBITYIBIH OCBI TYPiHIH Ocall xepiepi ae keTkimikTi. Cebedi mopic e3re agaMHBIH
aWTKAHBIH THIHIAYIIBEUIAPIBIH JKail FaHa KaObLIIaybIHa OeHIMIeH I, CTYIeHTTepIiH
IIBIFAPMAITBUTBIKITCH JKYMBIC iCTEYiHE Kepi acep eTemi. bimim Oepymriaig OasHmam
JKaTKaH MaTepHaNIBIH CTyACHTTEPAIH Oopi Oipmel KaOBUIAAl amMaiiapl. OJeMIIK
TOXIpUOENepIi capanacak, aMEpPHKaHBIH J>KOFAphl OKY OPBIHAAPBIHIA ITOPiCKe
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OeJliHreH YaKbITTBl KBICKApTy KapacTbIpblUIFaH. JlerenmeH, mspicren Oac TapTy
CTYICHTTEPiH OiTiM JACHTeHiH TOMEHAETYTe COKTHIPHIT OThIp. Keiibip karmaiina
JOpIiCTi OKBITYABIH Oacka TypJiepiMeH aybICTBIpyFa OOJIMAaNTBIHBIH ToXKipuoOe
kepceryne. COHIOBIKTAH OCBHI KYHTe JCHIH IOpiC KOJNIAHBICTA, JKOFAPFBI OKY
OpBIH/IAPBIHJIA OKY YACPICiH YHBIMAACTBIPYAA THIMAL. AJl J9PICTi aKnapaTTaHbIpy
KOJIBIH 13/1€CTipy, OHTAWJIbI Maii1aIany — )KOFapFbl OKY OPBIHAAPBIHBIH KOKEHKECTI
MiHIeTTepaiH Oipi (Bines, 1992).

MaspI3/1bI aCTIEKTiIEpIiH 0ipi - MPaKTUKANBIK cabak OapbIChIHa KOJIaHbLUIaThIH
aKNaparThIK TEXHOJIOI U Kypasapbl. OPKeJKi ayIuTOpUsiIap HEMECE )KOFapFbl OKY
OpBIH/IAPbIHAH THIC OpPHATACKAH JKepJiepie TeIeKAThIHACTHIK Kypalaap KoMeriMeH
MPAKTHKAJIBIK cabaKTapIpl ©TKi3yre Oomanbl. ToKipHOETiK OKBITY >KOHE OHBI
WHTEHCU(HKAIUSIAY YACPICIH canaibl YHBIMIACTBIPY YIIiH jKaHa MYMKIHJIIKTEp
TYBIHAAUIBI. AKNApaTThIK-KOMMYHHUKALMSUIBIK TEXHOJIOTHSIIAPABI OChI TYPFBIAAH
KOJITaHFaH JkKaraaiiaa OimimM Oepytri Momeparop (pyHKIMSICHIH aTKapaibl.

YKarteiry. JXKaTThIFybl OpBIHIAYAA CTYASHTTEPIH OUTIKTLIIN MEH JaFIbIChIH
KaJIBIITaCTBIPYFa KOHIN OeiHel, OHJAa CTYICHTTep TEOPHUSHBIH KOMETiMeH
ecenTep HIbIFapajbl, OTKEH MaTepraiapbl TBICHIKTAN bl KoHe T.0. COHIBIKTaH
OepinreH TarnchlpMaHbIH LICNTY KYpajiaphl aKapaTThIK PeCypcTapIblH 0a3zachbiHia
6omys! mapT (Mupceutona, Uprebaesoii, 2004).

Cemunap. Cemunap cabakrap Oenriii Oip HOHAI TEpeHJAETIN OKyFa apHasaabl
HEeMece CTYISHTTEPIIH epeKIne KypaMbliH KaMTHIbl. CeMuHap cabakTap — apHaibl
CeMHHAap, O3/iK ceMHHap koHe T.0 Oonbin Oemineni. CeMuHapra JalbIHIAYIIbI,
CeMMHapFa JKaKbIHAATYIIBl - IPOCEMHUHApP, OJl >KOFapFbl OKY OpbIHAapbhiHAA |
KypC CTYJACHTTEP/Il JKYMBICTBIH KEKE ePEKIICIIKTePIMEH TaHBICTBIPY MaKCaThIH]A
eTKizineni. HakTbl, TodraHIbIpFaH Mocesie OOWBIHIIA CTYACHTTEpre TaKipuoOemi
OuriM OepyriiepMeH, FalbIMIapMEH, JKaHANIBUT TEAarOTTEPMEH CyXOaTTacybl
apHaiibl YUBIMIACTBIPFaH CEMUHAP — apHalibl ceMUHAp. MakcaTblHa Opail ceMUHap
optypmi Oombim kenenmi. KypcThl TepeHAETINl OKBITY, TaKbIPBIITHIK, i3IEHYIILTIK
TYpPFBIIAFl ceMUHap JkoHe T.0. MyHma anjplH-ana OenTiJieHreH jKocrmap,
xabapiiaHFaH TaKbIPbIN OOWBIHIIIA KEH KeJIeMJIeT1 cyx0ar xKyprizyre, CTyAeHTTepAiH
e3lepl malpIHAaFaH OasHmaMamapblH Tankeuiayra Oomamel  (Lee, 2017).
AKMapaTThIK-KOMMYHHUKAIHMSIBIK TEXHOIOTHS KYpaJliapbl Ja CEMUHAP MaKCaTbIHA
opail THiMIi, peTiMeH, caKTay oHe KaiiTa oHJIeY, KOJAaHbUIFaH OasHaaMatapabiy
Ma3MYHBIH KOIIIITIKKE TapaTy »oHe T.0. jkarjaifa CoWKec KOJJIaHbIC Ta0ybl
KaxeT. CeMHHapFa KaTbICyLIbUIAP aKNapaTThIK-KOMMYHHUKALIUSUIIBIK TEXHOIOTHS
KypalJlapblH cayaTThl TalJalaHbll, OasHIaMaiapblH FhUIBIMUIIBIK, SICTEMEIK
TYPFBIIAH Tajlanka caid, Tili KaTblK, KOMNILIUTIKKEe TYCIHIKTI, ThIHAAYIIbIIapMEH
e3apa KapbIM-KaTblHacTa O00JIyFa YMTBIITYbl KaXKeET.

JKoraprbl OKy OpBIHAApBIHIA CTYACHTTEpAiH OiTiMi MEH IaFIbICBIH OaKbLiay
epekmie Hazapna. OKy KbI3METiHIH Oy Typli JKOHE OHBI aKIaparTaHAbIpy
JKOFapFbl OKY OPBIHJIAPBIHIA CTYACHTTEPIIH JaWbIHIBIK CAlachlH OJIIey MXOHE
Oakpulay YpAICiHIH KOMIIOHEHTTEpiH TaHAay Ke3iHae KapacTelpbuiaisl. bi3
Oyl KYMBICTBl YMBIMIACTBIPY OapbICBIHAA arbIMAAFbl OaKbUlayFa, CEeMECTpPIIK
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OakplIayFa, KOPBITBIHIBI OakpUIayFa aca 3ep CalIblK. AFBIMIAFbl OaKbLIayIbI
OKYy MaTepHaJbIHBIH Ke3eKTi 0eIliMi COHBIHA CTYICHTTEP/IiH MaTepHaIbl TYCIHY
JICHIeiiH aHBIKTay VIIH aybl3lla Hemece ka30ama Typae, Oip Hemece OipHele
cypak OobIHIIA TeKcepeMi3. AFBIMIAFbI OaKbUIaydbl KOMITBIOTEPIIH KOMETiMeH
KOMITBIOTEPIIIK TECT apKbUIBI KYPTi3y YTHIMJBI, ce0e0i CTYIeHT AYPHIC KayanThl
TaHJay/1a 631 MEHIepreH Oi1iM MeH OLTIKTI TyTac KOJIaHaIbl.

Cemectpiik Oakpuiay JKOFaprbl OKY OpBIHIApPBIHIA CTYICHTTEPIIH CEMEecTp
Ooiibl anraH OuTiMAEpiH Kajalh MEHIrepreHiH TeKcepy YWIiH xyprizizeni. OHbI
AIIEKTPOHIBIK TECTIK TarChIpMalap, TEOPHSUIBIK JKOHE MPAKTUKAJIBIK CHUMATTaFbl
aKIMapaTThIK-KOMMYHHUKANIASIIBIK ~ TEXHOJIOTHST  KYpaJiAapbl apKbUIBI TECTiiey
KYHECiH KoNAaHy apKbUIBI XKy3ere acbipyra oosazasl (Cavanaugh, 2002).

KopbIThiHABl OaKpuIay MEMIIEKETTIK €MTHXaH, IUIUIOMJBIK JKYMBIC TYPiHJIE
XKYpeni, ol CTYASHTTEPIiH KbULIBIK HeMece OiTipyln peTiHae MeHrepreH Oiumimi
Tekcepinemi. MoceneH, XKOFaprbl OKY OpBIHIApbIHAa MEMJICKETTIK eMTHXaH
OipiHIIi, eKiHIIi ceMecTpre apHajfaH TecT TypiHzae eremi. OHAa CTYIEHTTEp ap
MaMaH/IbIKKa OaiJIaHBICTBI TECT TAINChIPAAbI. JIUTUTOMIIBIK YKYMBICTBI CTYICHTTEP
KETEKIIJIepiHIH KOMETiMeH MaibIHAal, KOIMIUIK alabiHaa Kopraiasl. COHFBI
3 SKBUTFBI KOPBITHIH/IBI OOMBIHIIIA JKOFAPFBl OKY OPBIHIAPBIHBIH CTYISHTTEPiHIH
90% -BI aKMapaTThIK-KOMMYHHKAIMSIBIK TEXHOJOTHS KYpalJapblH THIMIL
NaiIanaHy/IbIH HOTKE CIHAE JUTLTOM/IBIK XKYMBICTaPBIH )KOFAPHI I9pEkKe e KOpFall,
€J1 PKOHOMUKACHIH HBIFAalTyFa alTapibIKTall yiec KocThl. JKyMbICKa OpHaIacKaH
CTYASHTTEpIiH 0opi JepiiK  aKMmaparThIK-KOMMYHHUKAIMSIIBIK —~ TEXHOJOTHS
KYypaJllapblH cayaTThl MalijjaiaHyFa MallbIKTaHFaH, ©3 OCTiHIIe camaibl OiLmiMI
YKOHE OLTIKTI MaMaH pPEeTiH/Ie )KYMBIC ICTeH anabl.

KopbIThIHABI

ConbiMeH, OiniM Oepyai KOMIBIOTEpJICHAIPY Maceseci OOWBIHIIA FBUIBIMU-
olicTeMeNiK ofeOueTTep/li Tajjay aKMapaTThIK-KOMMYHHUKAIHSUTBIK — TEXHO-
JIOTUSUTAP/IBIH OKY KYpaJbl PETIHJIETT MOHIH aHBIKTayFa, OHBIH OKY-TOpOWeE Tpo-
LeciHAe TaifanaHyablH apTHIKIIBUIBIKTAPhl MEH KEeMIIUTIKTePiH aHBIKTayFa
MYMKIHIIK Oep/ii.

TexHWKANBIK KypaJ peTiHAe aKMapaTThIK-KOMMYHHUKAIASIIBIK —TEXHOJO-
THSUIAPIBIH MYMKIHJIKTEpPiHIH ayKbIMbl KETKUTIKTI KeH, Oipak omapablH OOoIrysl
OKY TIPOIIECIHJIE aKIMapaTThIK-KOMMYHHUKAIMSIIBIK TEXHOIOTHSIIAPIBI TYPHIC JKIHE
THIM/II TaliIananyFa Kenuik oepe anmaipl. OcklFaH 0aiiIaHBICTBI OKY YPIICiHAC
KaHa aKMapaTThIK TEXHOJOTHsJIAp/bl IMaljalaHyFa OaFbITTaliFaH OKYy-TopOue
YKYMBICBIH CayaTThl YUBIMIACTHIPY MOCEIIECi ©3€KTi KOHE ipresti OOIBIT Ta0bLIa b,

AKIaparThIK-KOMMYHHUKAIHSUTBIK TEXHOJIOTUSIAPABl OKBITY KYpallbl PETiHIE
nmaiijanaHy YIIiH oJjap THICTI OaFgapiamMaMeH KaMTaMmachl3 eTiTyl Kepek.
CoHIBIKTaH OPTYPIi MENaroruKajIblK (GYHKIUSIIAPABI KY3ere achlpyFa apHaiFaH
OKBITY/IBIH OaFaapiaMaiblK KypajJapblH jKacay aKIapaTThIK-KOMMYHUKAIHSITBIK
TEXHOJIOTHSIIApABIH KOMETIMEH OKBITYIBIH €H HET13T1 Maceneci OOJIbIT TaObLIa bl
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Abstract. The article investigates the hierarchy of the associativity equation for
the case N = 2 and n=3 with the metric n11#0 when V0=0. Nonlinear differential
associativity equations originated from 2D topological field theory. Two-dimensional
topological field theory is a material sector of topological string theory. In the
physical setting the solutions of associativity equations describe moduli space of
topological conformal field theories. We give a description of nonlinear partial
differential equations of associativity in 2D topological field theories as integrable
nondiagonalizable weakly nonlinear homogeneous system of hydrodynamic type.
The article discusses nonlinear equations of the third order for a function f = f(x,t))
of two independent variables x, t. In this work we consider the associativity equation
for n=3 and N = 2 case with an metric I], 70 when V =0. The solution of some
cases of hierarchy when N = 2 and V = 0 equations of associativity illustrated. Lax
pairs for the system of three equations, that contains the equation of associativity
are written to find the hierarchy of associativity equation. Using the compatibility
condition are found the relations between the matrices U, V, ,V . We obtained the
elements of the matrices V.,V for this described case.
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AHHoTanmsa. B crathe mcciemyercss mepapxusl YpaBHEHHS acCOIMATHBHOCTH
min cnydas N = 2 wm n=3 ¢ wmerpukod n,#0, xorma V =0. Henuueiinbie
muddepeHuanbable  ypaBHEHHWS — acCOIMATUBHOCTH  BO3HHMKIM w3 2D
TOTIOJIOTHYECKON Teopun 1ond. JIByMepHas TOMNOJOTHYECKas TEOpus MO
MIPEJICTaBIAeT CO0OW MaTepUANbHBIM CEKTOp TOIMOJIOTHUYECKOW TEOpHH CTpyH. B
(pm3UYecKol IOCTAaHOBKE pEIIEHUS YpPaBHEHWH aCCOIMATUBHOCTH OIHCHIBAIOT
MPOCTPAHCTBO  MOJAYJEH  TOIMOJOTHYECKHMX KOH(GOPMHBIX TEOpUH  MOJIS.
Jlano ommcanue HEMUHEHHBIX MU GEpPeHINANbHBIX YpPaBHEHUI B YaCTHBIX
MPOM3BOAHBIX ACCONMATUBHOCTH B 2D TOMOJOTHMYECKHMX TEOPHUAX TONSI Kak
WHTETPUPYEMON HETUArOHATN3yeMOW CIa0OHETMHEHHOW OXHOPOIHON CHCTEMBI
THIPOJUHAMHYECKOTO THTA.B cTatbe paccMaTpuBarOTCS HEIMHEWHBIE ypaBHEHUS
Tperbero nopsiaka i pyHkmmn f = f(X,t)) AByX HE3aBHCHMBIX MEPEMEHHBIX X,
t. B pabore paccmarpuBaercs ypaBHEHHE aCCOLMATHBHOCTH UL N = 3 ciyd4as ¢
metpukoi ], #0. [IponmmrocTpupoBaHo pelIeHne HEKOTOPBIX CIIy4aeB HEPAPXHUH
npu N=2 u V =0 ypaBHEHHs acCOUMATUBHOCTH. J[Isi HAXOXKIEHHUSA HEPAPXUH
YpaBHEHNH acCONMAaTUBHOCTH OBLIN 3alMCaHbl Maphl Jlakca It CHCTEMBI U3 Tpex
YpaBHEHHUH, KOTOpas COAEPKHUT ypaBHEHHUS accOMUaTHBHOCTH. C MpUMEHEHHEM
YCIIOBHSI COBMECTHOCTH HAMJIEHbI COOTHOIIEHHs Mexay marpuiamu U, V,, V..
[Tomydens! anemeHTs MaTpul] V2, V1 1715t 3TOT0 OMHCAHHOTO Caydvasl.

KualoueBble  cioBa:  Tomosornyeckas ~— TEOpWs  TOJS,  ypaBHEHHE
aCCOIMaTHBHOCTH, TEOPHS CTPYH, mapa Jlakca, ycioBue COBMECTHOCTH
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No AP19674478 Bruanue MUHUMATLHOU U HEMUHUMANbHOU C653U HA OUHAMUKY
960TIOYUU GCETICHHOU 8 MYNbMUNONEGHIX KOCMONIOSULECKUX MOOCTAXY
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AHHOTaumMs. byn makamana I]”;éO METPHUKACBIMEH VO=O Oosraumarel N=2
XKOHe N = 3 Karjadbl YIOIiH AacCCOLUMATHBTUIIK TEHJIEYIHIH HepapXusichl
3eprreneni. ChBBIKTHIK emec auddepeHranabl accouuaTtuBTi TeHueyi 2D
TOTIOJIOTHSUTBIK, ©piC TEOPUSICBIHAH TYBIHAAFaH. EKi enmeMal TOMOJOTHSIIBIK
epiC TEOPHSCHI IMICKTEPIH  TOMOJOIHMSUIBIK  TEOPUSCHIHBIH  MaTEPUAIIBIK
CEKTOPBI OonbIT  TAOBLIAMEI. DOUBUKATIBIK KOJIJITaHbLTya WDVV
ACCOIMATHBTUIIK TEHJICYiHIH IIEIIiMi OpICTIH TOMOJOTHIIBIK KOH(POPMIBIK
TEOPUSACHIHBIH ~ MOJIYJBJCPIHIH KEHICTIrH cunarraiapl. 2D  TOMOJOTHSIIBIK
TEOPUSCHIHJA ACCOLMATUBTUIIK TEHJCY MXYWUECIHIH THAPOJUHAMHKAIIBIK THIITETI
WHTErpaJIJJaHaThIH CBI3BIKTHI eMec OIpTeKTi *Kyiie perinae OepinreH. by xymbicta
X, t TOyelnci3 alHbIMaNbIIapbIHAH TYpaThiH f=f(X,t) GyHKOMSCH YIIiH YyIIiHII
pPeTTi CBI3BIKTHI €MeC TEHICYJep TalKbUIaHAIbl. ACCOIHMATHBTLUIIK  TEHICY
merpuka I], #0  Gonrammarel  n=3  OKariaWbl  YIIIH  KapacThIPbLIA/bL.
AccoumatuBTinik  TeHaeyaep N=2 skone V =0 uepapxuschiHbIH OipHelne
mrenriMaepi cumnaTraizagsl. ACCOUMATUBTUIK TEHJEYJICPiHIH HepapXHAChIH Taly
MakCcaThIHJIa AaCCOIMATUBTLIIK TEHJCYJCPIHCH KypajFaH TeHJIEYJep Kyiheci
yiria Jlakc sxymraps! xa3purabl. CORKECTIK MIAPTHIHBIH KOJIAaHy apKbUTbl U, Vz,
V|, MaTpunanapbl apachlHIarbl KaTblHACTAp AHBIKTAIIBI. bBEeHHENCHTeH JKarmai
YIIiH V., V, Mmatpunanapasia AIIEMEHTTEpPi TaOBIIIBI.

Tyiiin ce3mep: TOMOIOTUSIBIK OPIC TEOPHSICHI, ACCOIIMATUBTLIIK TEHICYI, 11IeK
Teopusichl, Jlakc sxynrapbl, YHIeCIMALTIK MapThl

«Ocwr 3epmmeyoi Kazaxcman Pecnybnuxacel folnvim dcone dco2apuvl Oinim
Munucmpniciniy — Folieim — Komumemi  KapocolianOvlpadvl  epawm N
AP19674478  Mynemuopicmix ~ KOCMORO2UANLIK — Moodendepoezi  ealam
9B0HOYUACHIHbIY — OUHA-MUKACLIHA —~ MUHUMANObL  JHCOHEe  MUHUMALObL  emec
Oatlnanblcmuly acepiy

Kipicne
bi3min sxerreri KaObUTAAYBIMBI3 KEHICTIK TIEH YaKBITTBIH CypeTTepiH mania-
nanbaif MyMKiH emec. HpI0OTOH MexaHHWKachlHaH OacTarl, ileK TeOpUsIChIHBIH
Ka3ipri HYCKachlHa JICHiHT1 OapIibiK (pU3RFAIBIK TEOPHUSIIAD KIACCUKAIBIK
MeXaHHKa 00BEKTUIepi HeMece Kolaap TEOPUSCHIHAAFHI XKojap OaThIpbUIFaH
Oenrini Gip



Reports of the Academy of Sciences of the Republic of Kazakhstan

IIBIHABIK PETiHE KEeHICTIK-yaKbITTHIH OONyBIH alifiblH — aja OoynKauel. lmiex
TeoprsICHl OacTankeina 70-11i KeUTIapaarsl KYIITI ©3apa 9peKeTTeCy i 3epTTeyae
naina 6ongsl, Oipak comaH KeiiH KaquOpiey TeopHsapbiHa ol Oepai. Anaiaa,
TEOPHAMEH KYMBIC JKacay OapbIChIHAA 0TI O61p KYWJIepIiH YaKbIT KeHICTITiHIEeT1
()OTOH MEH TIpaBHTOHFa YKCAC CKCHIIr OalKajFaHIBIKTaH, 3JICKTPOMAarHUTTIK
JKOHE TPaBUTAIMSIIBIK ©3apa dpeKeTTecylepai OipiKTipyre apHaifaH KOCHIMINA
3epTTEYNIepre TYPTKi OOJIIBI.

TepOenmeni CHHXPOHBI IIIEKTEPAiH €peKIIe KeMiCUIreH Kyii KeHiCTiK-yaKbIT
KYPBUTBIMBIH Kypaimpl. [mekTep TeopwsichlHA COKec, ofeTTeri KEHICTIKTIH op
HYKTECiH/I€ KaCBIPbUIFaH alThl eJIIeMJIl OYKTEIreH oTe KWBIH KacHeTTepre
Ve KEHICTIK - KEHICTIK TOmMoNOoruschl. KeHIiCTIK TOMONIOTHSACKH OOIIeKTepIiH
napaMeTpiiepiHe: Maccaapra, 3apsiTapra, ClIHAepre, COHIan-aK OeIIeKTep it
ypriaKTapbIHBIH CaHbIHA TiKeJIel OalIaHbICThI.

[lexTepaiH TOHONOTHANBIK TEOPUACHL IIIEK TEOpHsUIapblHA ©Te YKcac,
aran aiiTkanaa, (pepMUOHIBIK IIIEK TEOPUSCHIMEH KOINTETreH COUKECTIKTep Oap
(dmxrpad, 1990). TormomorusuIbIK epic TEOpHsIaphIH €Ki 6JIIIeM/ T TPaBUTAITHSIMCH
0ailJIaHBICTBIPY  YINIH OJETTErl TpaBUTAIMS TCOPUSICHIH Q-CHMMETPHSICHIH
KOpPCETETIH €eTim e3repry KaxeT. bym Teopusi exi enmemai TOMOJOTHSUIIBIK
rpaBUTaLUs Aen atanaabl. Exi enmeM il TpaBUTaIys TOJIBIFBIMEH KBAHTTHIK KOHE
OHBI 3epTTey (illleK TEOpHSCHIH KypyZda C€O3Ci3) KBAHTTHIK TpaBUTALUs Kayai
JKYMBIC icTeHTiHIHE Oipa3 »KapwlK Tycipemi. AKBIPBIHIA, ICTIH MaTeMaTHKAJBIK
KarbplH aramn ertmneyre OomMaiinel. Kenreren imekti Mojenbaep Oail anreOpanbik
KOHE TeOMETPHSUIBIK Kacuerrepre ue. LLbiH MoHiIHIE, Ke3-KEeIreH reOMeTPUSIIbIK
0OBEKTIMEH apHaiibl 1IMIEKTI MOJEbAI OalgaHbICThIpyFa Oosaabl. Erep Oy
OepisreH MeTpHUKachkl Oap SpTYpIIiTiK Oosica, OHIA OFaH CUIMa MO CallbIHA/bI;
erep TEK TOIOJIOTHS Oepiiice, OHAa TOTOIOTHSIIBIK MOACIH OOaIbl.

ConppikTan, imex momensaepi JIu anredpackiMeH OaiilaHBICTBI, OJ YIIiH OJ
FaaMJIbIK CHMMETPHSI, KUPaJIb/bl aireOpa HeMece TOJIBIK CUMMETPUS anre0pacsl
JKOHE T. 0. OOIBIT caHANAIbI.

MarepuaJjaap ’k9He Heri3ri agicrep

Cymepimexrep Teopusicbinan cranaaptTsl U(1) X SU(2) x SU(3) ynricinig xanu-
OpJiey TOOBIH KAMTHTBIH KaJuOpiey TonTapsl 0ap KBa3UPEAIUCTIK TOPT OIIIEMIl
CyneprpaBuUTaLys TEOPHsIIApbIH anryFa Oomnaasl. Jlannay-I uH30ypr TeopusinapbiHia
YKOHE TOIOJIOTHSIIBIK OpIC TEOpHSIapblHAa apHalbl TeOMETPUSIMEH OalIaHbICThI
MaTeMaTHKaJIbIK OOBEKTUIep, aran aiTkanaa DpobeHnyc opTypiilmikTepi maiina
6oaael. KoroMosorus MeH KBaHTTHIK KOTOMOJIOIMS KEHICTIriHIEe aiaa 00JaThiH
KeOeHTy KypbUIBIMAAaphl MEH MeTpHKajap colikecinme Ppobennyc anredpaiapsl
MeH @OpobeHHyC OpTYPIUTIKTEpIHIH epeKIle JKaFgailapel MEH MaHBI3IBI
MbICaJIZIapbl OOJIBIT TAOBLIAIBI.

@Ou3MKaIbIK TYPFBIOAH KBI3BIKTHI JKYHenepai Kypy YIIIH Cymlep 3apsiarapabl
(hepMHOHIIBIK alHBIMANBIIAp OOWBIHIIA CBHI3BIKTHIK MYIIENIepre KeHEUTY Kepek
(Koswipes, 2019). MyHpnaii CHI3BIKTBIK TEPMHHAEP ACCOLMATHBTUIIKTIH Audde-
PEHLMAIIBIK TeHCYepiHe OarbIHATHIH KaHa KYPhUIBIMABIK (GYHKIHTIapMeH Oipre
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xypeni (Koseipes, 2018). XKXywmeicta (I1aBmos, 2017) acconmaTiBTi TeHACYIESPIiH
Jlarpamk  kepiHicin TaOy Maceneci KapacTblpbliabl. CynepkoH(pOpMIbI
MeXaHWKaHBbIH TaMIJIBTOHHAHBI (HEMeCce OpPEKeTi) €Ki CKaJSIPIBIK MOTeHIIHAIMEH
anpikTananel  (Jlexrendensn, 2011), F xome U, omap 0030H OemmieriHig
KOOPIUHATAJBIK (DYHKIHSIIAph! OOJNBINT TaObUTabl jkoHE F yIIH accouuarwBTi
teHaeynepre xoHe F ¢oubiga U ymia KwummHr THOTI TeHIeyre OaFbIHAIIBI
(Kpuanoc, 2011). BecenoB exi emmieM i TOMOJIOTHSUTBIK ©Pic TEOPUSCHIHIA KIHE
Cro3u Sur-Mmuictig N = 2 TeopHsSChIHAa MAHBI3IBI POJT aTKAPATHIH aCCOI[MATHUBTI
TEeHJACYJACpAIH apHaiibl memiMaep TtypiH amTel (Marpu, 2016). Makanana
TEOMETPHSUTBIK TOCUTAIH €Ki eImIeM/li KOHPOPMIBI epic TEOPHSICHl TYPFHICHIHAH
TY)KBIPBIMMEH Tikenel OalinanpIchl opHaTbuiaab! (I'aBpuienko, 2014).

byn wmakamama exi emmemai (MoxoB, 1996) TOMONOTHSIIBIK epic Teo-
pustnapeingarsl (Ctpavan, 2017) xapTbulail TybIHABUIAPIAFHl CBHI3BIKTBIK €MeEC
T PepeHITHaNIBIK aCCOUATHBTI TeHIEYIepi Kapacteipambis (Moxos, 1995).
Bacrankeina exi enmemi (JlyopoBuH, 1996) TOONOTHSITBIK ©pic TEOpHsLIApbIH/IA
(Butten, 1990) maiima OonaTbiH acconmuaTHBTUTIK TeHaeyiHiH (CaOmUKOBCKHMA,
2015) sxanmsl Typi

3 3 3 3
i@F n" 81: - = af n" i@F -, Vi, jk,re{l,.,n}
or'ot’ot” ot'ot’ot”  ot’ot"ot” ot'ot’ot

Mynparsl 1] -npenorennman, I] -metpuka OGonbin Tadbuianel. F GyHKIMsCH
opOip ’kaHaMa KeHICTIKTE aybICIIalibl TYBIHIBIHEI © aHbIKTal bl (Bypsk, 2019).

Aram (kon) JieHreringe (SFHU cdepaia) TOTONOTHSIIBIK TEOPHsl YIII Kypamaac
OeuikrieH aHbIKTanaasl (Muponos, 2011) «OakbUTaHATHIH» HETi31 0ap BEKTOPIBIK
KEHICTIK {¢) },

ACCOIMATHBTI )KOHE ayBICTBIPBIMIIBI KOOCUTY @, * @), = ZC;@,

k

OCBI KeHICTIKTET1 CHI3BIKTHIK MIITiHI (C-MOH/II (byHKuHﬂ)<¢,~ > =K,

Kympicra 11,70 GonaTbiH METPHUKACHI Oap N=3 >Karaall yLIiH aCCOUMATHBTLIIK
TeHEeYJepi KapacThIPhUIIABI

1 00
n=lo o 1| ()
0 1 0

Mertpuka (1) Oosran xarmaiima, unHTepBan (Koseipes, 2017) kenecimeit
AHBIKTAJIAbI

ds’ =g, dx"dx" = g dx'dx' + g,,dx’dx’ + g,,dx’dx’ = dxdx+ dydz+ dzdy= dx* + 2dydz
AcconmatuBTi TEHAEYIEp TCH30p eMec ekeHi anbIK (Marpu, 2015). Addunmix
TYpICHIIpyaeH 0acka Ke3-KeJITeH KOOPAMHATAIIBIK 03Tepic TEHACYIEPIiH (hOpMachiH

Oysanpl. Ochutaiimna, KOOPAMHATTAP (X, X,, ... , X ) TEOPHUSHBIH HETI3r1 Kypam/aac
OoJrtiri OOJIBIIT TaOBLIAIEI.
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Byn xarnatina (1) TeHueyneri METpUKaHbI KOJJIAaHFaH Ke3Jle aCCOIMATHUBTLIIK
TEHJICYNIEPl €Ki TOyeIICi3 alHBIMANIBIHEIH (x =17t =1") f=f(x,0) (hyHKIHSICBI
YIIiH KeJeci YIIHII PETTi ChI3BIKTHIK eMeC TCHCYTE JCHiH a3asiibl

foX-fttl _fvx)[[fi([l = 1’ (2)

XKananau a, b, ¢ altHBIMANBUIAPBIH KEJISCINCH eHTi3eliK

a:fxxx’ b:fvxt’ C:fxll'

XKorapeimarel aifHpIManbIapaa (2) TeHIEYMI YII TeHZAEY JKykHeci peTiHae
KeJleciiel KaiTa jxkazyra Oomasl

a,=b_,
b =c,, 3)
1+ bc
o -(2)
a X
(3) xyitere apnanran Jlakc sxyObl TypiHIe
voo= AUV,
v = A, “4)
MyHAarbl U-11e apKeUTbl OepisireH
010
U=|0 b a )
1 ¢ b
YKOHE MYHJIAFBI V -1Ie apKbUIBI OepiireH
0 0 1
V=1 c b|
0 (1+bc)

a
(4) >xylieHiH YIUTeCIMAUTIK IapThI KeJIECIMEH OepilireH
u,=v,
[U.v]=0.
1,70 MeTpukacer 6ap N=1 xar1aibIHBIH HEPAPXUAIIBIK WIEMiMi (3) Tenaeyaep
JKyHecine coifkec keiemi. n=3 koHe N=2 jkarmaiiblHa apHaJIFaH HUEPAPXHSITBIK

wemiM V #0 -narel uaronanbfa Kapeel 1) MetpukacbiMen (JKambipanosa, 2018)
s)kymbicta kenripinred. (OKameipanosa, 2019) skymbicTapbiHga n=3 jkoHe N=2
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KarJalIbIH MEPapXHUACHl KapacThIpbuiaabl, V =0 Ke3iHae 1 JuaroHagbra Kapchl
meTpukackl Oap. byn makamama n=3 »xome N=2 karpakibina V =0 apnanran
nepapxusicel (1) Typ METpHKachIMEH XKHE KeJleci )KYHeMeH KapacThIpblIaibl

at = glbx + gZF»c 4 (6)
b =¢c, +¢,H_, @)
c, —gl(”bcj +6,G.. (8)
a X
Aran aiitkanna, N=2 sxarnait ymin, V=0 dopma meTpuxaceiven (1)
¥ o= AUV,
W, = XV, +AV)¥Y =¥

(4) yimeciMaiTik mapTel KelxeciMeH OepiareH

AU, =V, +A[U,V]=0.

Lax xepceTiniMiHiH YHJIECIMALTIK MApPTHI )KyleMeH OepiireH

w.r,] = o 9)
u = ", (10)
v, = vl (11)

MaceseHi Koo
AnnpiMen KyHeHiH eKiHIII TeHJEyiH KapacThIPaMbl3 KOHE OHbI V| apKbLIbl
Oesruieiimiz

Yu Yo Vi
Vi=1Yay Yn Vi |
Y Vno Vn

(10) Terneynen Yii>Viz>Vi3>Va>Va  cinreme kacail OTBIPBIN X-Ka KaTBICTHI
TYpaKTbUIap €KeHMIr IIbIFalubl. @, b, ¢ YIIiH TeHaeyaepi Oap >KyleHi xa3y Tek
oepeni

a, = Yoyes (12)
b, = Yy (13)
bt = y33x > (14)
€, = Vi (15)

Enpi 6i3 (6)-(8) xone (12)-(15) xxyienepineri ykcac MyIienepi TeHeCcTipemis,
sIFHU 01371 JKYyiie Oap

a, =y, =&b, +&,F, (16)
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bt :y22x = glcx + gZHx’ (17)

b,=yy, =ec, +&,H,, (18)
B _ (1+bc

C, = Ve T & 7 +82Gx‘ (19)

OJICTiH cXeMAachl K9He IKBUBAJICHTTI ecelKe KeaTipy
Jorapsbia KeATipiIreH xylieieH MbIHaHBI Ta0aMBbI3

v,, =&b+g,F,
Y, =&c+&,H,
Yy = ECct+eH,

1+bc
Vi = & +¢&,G.
a

Ocpunaiiiia V| MaTpuuanbiy Keneci Typi 6ap

Y Yia Vi3
V= y, gc+e,H eb+e,F | (20)

1+bc
Va & +e,G gc+e,H
a

Enpi (9) Terneyni mrememis. v, KeJiecigent oenriecex

Zn Zn 2
V,=12zy Zn Zx)
Zy Z3p Iy

U (5) xane V, (9)-Fa KOCy apKbLIbI KEJIECI KATBIHACTBI aJlaMbl3
21 T 213
Zan — 2

33 229

Zy — Z

JleMek, TeK Kelleci TeHIeyIep Kala bl
z, =z, +bz, +cz,,,

12°

z,, =az, +bz;,

1+bc

Zyp =€zt 2135
a
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Ocbunaiimna V, MarpuiianbiH KeJeci Typi maiiia 6omasl

le 212 Zl3
V,=\z, z,+bz,+cz, az, +bz,
1+bc
z, cz,+ z, z,+bz, +cz,

Jlemexk, Tek VZ-HI:IH Zy15Z1552Z)3 TOYeINCi3dJIEeMEHTTED, all KaJIFaH dIEMEHTTEP I
OJIAPJIBIH MIAPTTAPHI PETIHE jKa3yFa O0Ia k.

Enni (20) imingeri V| snementrepin Ttabaiibik. On yumin (11) tenupeyin
KOJIJTaHAMBIK.

Kemneci xyiieHiH 3eMeHTTIK KipicTimiri 6ap
iz, =y, =y,
12 oy T 8]C+€2H—y” _bylz EATEE
13:z;,, =¢b+¢,F—ay, —by,;,
2l:z, =by, +ay, —gb-¢,F,
1+bc
22:z,, +b z,+bz, +c z,+cz, =alg|——|+&,G)—y, —cleb+e,F),
a
23:a.z,+az, +b.z,+bz, =0,
3lizy,, =y +ay, +by; —c—6,H,
1+bc acb, +abc, —a_—bca,

32:c.z, +ez,, + P Zy, t+ e Zi3 T Vo = Vs

1+b
33:z,,,+b .z, +bz, +c z,+cz,, =V, +c(51b+52F)—a(51( cj+ng)
a

eMeK, V. Toyeil aIeEMEHTTEP] MbIHA Type Oepliieni
, Ty p YP. p
Yo = Zi T Vi3 (21)

B 1+bc
Y31 TV —C 2, —CZy — Zise T

acb_+abc, —a, —bca,

- Z135 22

az 13 (22)
sct+re,H=z, +y,+by,+cy;, (23)
ebte,F=z, +ay, +by;, (24)

1
ate, (—J“ b cj+ng) =2z, +h.z, +
a

+bz,, +c .25 +2cz,, +acy, +(1+bo)y,, (25)
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ConbiMeH Katap, V., MaTPULACKIHBIH Z15 2, 5 213 TAYEINCi3 allHbIMAIbLIAphI

Keseci TeHJeylep KyHeciH KaHaFaTTaHbIPYbl KePeK
acb, +abc, —a_ —bca,

ban —ac.z,, —dcz,, _(2+bc)213x - Zi3 = 0,
a

a.z,+az, +bz,+bz, =0, (26)

1+bc ach, +abc, —a, —bca,

CZ”X—bele _bczlzx -b Zy3x -b éz Zl3_2212x =0

3z, +2b z, +2bz, +2c z,+2cz, =0

Korapeimars! xyitenex (26) keneci TeHIeyaep MIBIFa bl

J— ax a bx
Zizy T T b Zp _ZZIZX - b 213 27
3-b’c, +bch, bb.c. —cb’
Z., . = Z. = Z, =
12xx 3b 12x 3b 12
be? —cb,c, bce, —c*b,

- 3 Zi3 3 Z13x (28)
3—2acb, +2bca, 2ab} —2ba b,

Zi3ee = Zpe T T 5 Zn T

3a 3a
2abb, —2b’a, 2ab.c_—2ba c,

- Zyy = z 29
3a "2 3a " (29)
2ac’a
———*42b*b_+2ach, —3a_ —2a bc

Z]2x = 2 2 Z]Z +

2
9a+4dabe- "2 _op
2ac’h
*+2b%c, —3b, —2bch, —2acc,
+ z
24%c2 13 (30)
9a+4abe- "2 _op
Horu:xenep

Kytienin (21-25) kaxerti mymenepid (16-19) Kongana oTbIpeI, N=3 XKoHE
N=2 xarnaiibiubi V =0 accounarusti Teraeysepae (1) Typaeri METpUKaChI YITiH
MEPAPXUSIIBIK MICIIIMI aJTbIHJIbI

a, =z, +a.y, +by;,

bt = Zl2xx + bxyIZ + nyl?;’

_ 4b_+3ab_—3ab, 4b +3ab, —3ba, 4c, +3ac,, —3a.c,
[ 3(12 - Zp t+ 3612 ~ Ziox - 3a2 213
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1+ bc
+ny12+ a y13

MYHIAFbL Z,, , Z,, , Z,, , Z,, MOHJIEpi colikecinute (27-30) Tenneynepae Gepin-
TCH.

KopbIThIHABI

CoHbIMEH,  acCOIMATHBTUNIK  TEHACYJCPIHIH  HEpapXUsCHIHBIH  KeHOip
JKaFJaiIapblH KapacThIPIbIK. ACCOLMATHBTIIIK TEHJCYIHIH HEepapXUsIChIH Taly
YIIH JXKa3bUIFaH acCOIMATUBTUIIK TEHJIEYl O0ap YII TeHJCY JKYHeCiHe apHallFaH
Jlakc sKynrapbl KapacThIPbULABL Y HIECIMIUIIK MapThIHbIH KoMeriven U, V,, V|
MaTpHLaIapbIHBIH apachlHAarbl OaiiansicTap TaObabl. Ochltaiiia, n = 3 KoHE
N=2 xarnaii ymin V,, V, Marpuuanapbinbiy sneMentrepin V =0 xarnaina sone
JKOFapbI/Ia aTajiFan ¢ bt,ct xyHecinge I] 70 MeTpuKachl KapacThIPbLIABL V -
HiH TOYEJICi3 SIIEMEHTTEPI TEK Z, | ,Z, ,, Z, , EKEH1 AHBIKTAILIbI, &J1 KaJIFaH JJIEMEHTTEP I
OJIap/IbIH TEPMUHIEPIMEH 3Ka3yFa OONAThIHBI KOPCETUIL. AHBIKTATFaHAAM, Y, , Y ,,
Y ;-TIH TOYeJICi3 V 3IIEMEHTTEPI, aJl KAIIFaH JIIEMEHTTEPII Z, |, Z, ,, Z,, TEPMUHJIEPIMEH
Kaszyra Oomajbl. V| MaTpUIACBIHBIH 3JIEMEHTTEPI HOJNE TeH KaObuUiaaaanbl. Y I
TEHJCYIIH at,bt,ct alfHBIMAJIBLIAPBI Z,,y; MaTpPULATIBIK JJIEMEHTTEPIHIH KOMETiMeH
Ka3bUIIBI.
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Abstract. The article discusses current issues in the automotive industry of the
Republic of Kazakhstan. In particular, they dwelt in more detail on the meaning
and content of the course of physical training in this area. In particular, the
curriculum of the physics course for teaching the specialty «Automobile and
automotive industry» was studied, ways of improvement were shown. The
necessity of integration, connection and complementation of the continuity of
the physics course for the preparation of this specialty with general and special
disciplines is stated. The ways of solving these issues have been identified,
specific proposals have been developed. In addition, the article describes ways to
take into account the specifics of the profession «Automobile and automotive
industry» in the content of the physics course. Based on this question, attention is
focused on the principles of fixing technical disciplines and professionalization of

the physics course in teaching
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physics at the Academy of Transport and Logistics. Future transport engineers
spoke about the problem of implementation due to the fact that in the system of
training future specialists, fundamental and professionally-oriented principles of
physical and technical disciplines can be implemented. Physics course in order to
identify related disciplines, an analysis of the structure of curricula of technical
training directions and programs of the course «General Physics» of technical
specialties of the Academy of Transport and Logistics was carried out. The analysis
of the curricula made it possible to determine the content of the sections of the
physics course. Taking into account the selected areas, an approximate program of
a lecture and practical physics course has been developed for each area of training.
In addition, the importance of interdisciplinary integration of general and special
technical disciplines with the physics course in the preparation of future engineers
was considered and studied. At the end of the article, the methodology for the
application of educational and methodological support for the training of future
specialist engineers for the purpose of an orderly and interrelated formation of
general professional competence was outlined.

Keywords: physics course, physics course content, unification, professional
orientation, competence, interdisciplinary connections, integration
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AnHoOTanus. B cTarbe pacCMOTpEHBI aKTyalbHBIC HAa CETONHSIIHHUN JIEHBb
BONIPOCHI B c(hepe aBTOMOOMIIbHOM TpoMbIIeHHOCTH PecryOnuku Kazaxcran. B
TOM yuciie 6ojee moapoOHO OCTAaHOBUIIMCH HAa 3HAYCHUH, COICPKaHUU Kypca (pu3u-
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YEeCKOH IMOJITOTOBKU B ATOW oOnactu. B wacTHOCTH, M3ydyeHa yueOHas mporpaMma
Kypca (u3HMKH JUisi 00ydYeHHS CHCIHATLHOCTA «ABTOMOOWIbL M aBTOMOOWIBHOE
XO3SMCTBO», TOKa3aHbl IYTH COBEPIICHCTBOBaHUs. l370keHAa HEOOXOAUMOCTH
HUHTCIrpanru, CBA3U U JOTIOJTHCHUA IIPECMCTBCHHOCTU KypCa (1)I/I3I/IKI/I JJIA IIOATOTOBKH
TTAaHHOH CIIEITUATBHOCTH C OOIIMMH U CTIEIHAIbHBIMA AUCIUTUTHHAMU. OTIpe/IeeHbI
MyTH PEIISHHs] YKa3aHHBIX BOMPOCOB, BHIPAOOTAaHBI KOHKPETHBIC IMPEIIOKEHUSI.
Kpome TOro, B cTarhe HW3IOKEHBI CIOCOOBI yueTa creuupuku mnpodeccuu
«ABTOMOOMJIL U AaBTOMOOWIIEHOE XO3SUCTBO» B COJEpKaHUM Kypca (usuku. Ha
OCHOBE JIAaHHOTO BOIIPOCA aKI[CHTUPOBAHO BHUMAHUE Ha MPUHIIUITAX 3aKPETLICHUS
TEXHUYECKUX JUCUHUIUINH U TPO(eCCHOHANN3ANNHN Kypca GU3NKA B IPETIOaBAaHIH
¢u3ukn B AKaseMuu TpaHCIIOpPTAa H JIOTHCTUKW. bymaymme TpaHCIOpTHBIE
WHXEHEPBHI paccKa3ain o MpobieMe OCYIIECTBICHUS CBI3HM C TEM, YTO B CUCTEME
MOJITOTOBKHY OyIYIIMX CIICIUAIMCTOB ITO3BOJIIOT Peain30Barh (hyHIaMEHTAIbHBIC
U npoecCHOHaATBLHO-OPUEHTUPOBAHHBIC TPHUHLUIBI (PU3HMYECKUX M TEXHHYECKHX
JAUCHUIIIINH. Kpr (1)I/I3I/IKI/I C ICJIbIO BBIABJIICHUA CMCKHBIX JUCHHUILUIMH ITPOBCACH
aHAIN3 CTPYKTYpPHl YUCOHBIX IUIAHOB HAIPABICHUA TEXHUYECKOW ITOATOTOBKH
u nporpamMM Kypca «OOrmmast pu3nka» TeXHUYECKHX CIEeNUATbHOCTEH aKaaeMuu
TpaHCIIOpPTa W JIOTUCTHKH. AHAIM3 Yy4YeOHBIX IUIAHOB ITO3BOJWI OTPEICTUTh
colepkaHue paszienoB kypca (usuku. C yd4eToM BBIJCIICHHBIX HANpPaBICHUN
pa3pa0oTaHa TpUMEpHas NporpamMma JICKIIMOHHOTO W IMPAKTHYEeCKOTO Kypca
(bM3UKHN JUTST KQKIOTO HAIpaBlIeHUs MOATOTOBKU. KpoMe Toro, OBLIO pacCMOTPEHO
Y U3y4YeHO 3HaueHHe MEXIUCIUIUTHHAPHON WHTETPAIK OOIINX M CIEeIHaIbHBIX
TEXHUYECKUX JUCIHUTUIAH C KypcoM (DH3UKH TP MOJATOTOBKE OYTyIIIUX HHKEHEPOB.
B koHIle ctaThu ObLIa U3JI0KEHA METOJMKA TPUMEHEHUS! Y4eOHO-METOAHYECKOTO
oOecrieueHUs] TOATOTOBKH — OyAYIIMX HMHXCHEPOB-CIICIIHAIUCTOB C  IICIBIO
YIOPSIZIOUEHHOTO W B3aMMOCBSI3aHHOTO (hOpMHUPOBaHUs 00IIepodheccHoHATBHOM
KOMIIETCHTHOCTH.

KuroueBble ciioBa: Kypc GDU3HNKH, CoAepKaHUE Kypca GU3uKH, yHUPUKAIINS,
npoeccnoHambHas HAIPaBIEHHOCTh, KOMIIETEHTHOCTh, MEXKITPEIMETHEIE CBS3H,
WHTETpalus

O I.'H. Kanoexona'’, A.K. Ko3ni6aii!, I.b. Hcaesa!, K.K. HypaxmeTroBaZ, 2023
'AGaii atpiHarel Ka3ak yITTBIK earoruKaiblK YHUBEPCUTETI, AJIMATBI;
*Keutik jKoHE JIOTHCTHKA aKaJIeMUSIChI, AJIMAThI.

E-mail: gulnura08@]list.ru,

KA3IPI'I 3AMAH TAJIABBIHA COMKEC «ABTOKOJIIK )KOHE
ABTOKOJIIK ITAPITY I BIJIBIF bl» MAMAH/BIFBIHA ®U3UKA
KYPCBIH OKBITY

/KanbexoBa I'ynrenyp Mo6anynnaeBna — «Maremarnuka, (u3nka >koHEe HH()OPMATHUKAHBI OKBITY
azmicTeMeci» KaeapackIHBIH MarkcTp OKBITYIIBICH], AGali aTbiHIaFb! Ka3ak YITTBHIK MeIaroruKaiblK
yHuBepcuteti, Anmarsl, Kasakcran

E-mail: gulnura08@list.ru, https://orcid.org/0000-0002-7877-7085;

43



ISSN 2224-5227 4.2023

Ko3b16aii Anapbex Ko3bifaiiyabl — «Maremaruka, (u3nka xoHe HH(OPMATHUKAHBI OKbITY
onicremeci» KadenpachlHbIH TPOQEccopsl, MeAaroruka FeUIBIMIAPEIHBIH JOKTOPBI, AOail aTbIHIaFbI
Kasak yITThIK MearorukasiblK yHuBepeuTeTi, AiaMarsl, Kazakcran

E-mail: k.anarbek@gmail.com, https://orcid.org/0000-0002-4043-7771;

Hcaepa I'ynbHapa BocranoBHa - «Maremaruka, Gpu3snka sxoHe MHQOPMATHKaHBI OKBITY d/licTeMeci»
kadeapachHbIH Ipodeccop M.a., NEeAArorika FblUIbIMAAPbIHBIH KaHAUAaThl, Abail aTtbiHaarsl Kasak
YITTHIK NEJarorukaiblk yausepeureri, Anmarsl, Kazakcran

E-mail: guka issaeva@mail.ru, https://orcid.org/0000-0002-4860-3797,

HypaxmeroBa Kyab3upa KymaprammeBna — <« OKammel wumxeHepust» — KaderpachiHbIH
KaybIMAACTHIpbUTFaH npodeccopsl, PhD,. Keiik xaHe noructrka akageMusicel, Anmarsl, Kasakcran
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AnHoTaunus. Makanaga Kazakcran PecmyOnmnkacbiHBIH ABTOKOIIK OHEPKICIOl
caJachIHIAFbl Ka3ipri TaHAarel ©3€KTi Mocenenep KapacTeipburrad. OHBIH
IITiHIe OCHl callaFa WH)KEHEpP MaMaHABIFBIH NalbIHIayAarsl (hrU3ua KypChIHBIH
MaHbI3bIHA, Ma3MYHBIHA TOJNBIFBIPAK TOKTAJFaH. ATall aifiTcak, « ABTOKOIIK JKoHE
ABTOKOJIIK MIAPIIYIIBUIBIFE» MaMaHJIBIFBIH OKBITYFa apHayiFaH (U3NKa KypChbl
OKy Oarmaprmamachl 3epAeNeHIN, >KeTUIIIPY JKOIIapbl KOPCETINTeH. ATalIMBIII
MaMaH/JBIKTHl JaspiiayFa apHaiFaH (pU3WKa KypCHIHBIH JKAJbl JKOHE apHailbl
MIOHJAEPMEH HMHTErPAIUsChl, OalaHBICHl JKOHE CaOAKTACTHIKTAPBIH TONBIKTHIPY
KaKeTTiiri Oasananran. KepceTinren Mocenep iy menry sKoaaapsl aifKbIH kI,
HaKThl YCBIHBICTAp jkacairaH. COHBIMEH Karap, Makaiaaa (hu3uka KypCHIHBIH
Ma3MYHBIH/Ia «ABTOKONIK XOHE aBTOKOJIK IMapITyIIbUIBIFBD) MaMaHIBIFBIHBIH
EPEKIIEIIIriH eCKepy Komnapsl kepcetinren. Ocbl Mocene Herizinae Gpusnkanb Kemik
JKOHE JIOTHCTHKA aKaJeMUSICHIHAA OKBITY/Ia TEXHUKAJBIK MOHAEP/l ipreleHaipy
JKoHe (hM3HMKa KypChIH KOCcIOMIeHIpy KarumaanapblHa KOHUT Oemymi 6aca alTKaH.
Bomamax xesnik nHXeHprepi OoJamak MaMaHIapbIH Jaspiay Kyiecinne ¢pusnka
YKOHE TEXHUKAJIBIK MTOHICPIIH IPTEIIiK KoHE KOCiON OaFbITTAYIIBIIBIK IPUHITATITEPI
JKYy3ere acelpyFa MYMKIHIIK OepeTiHZiriMeH OallaHBICTBIPYAbI KY3€Te achIpy
Maceneci Typaibl OasHnmanapl. @u3MKa Kypchbl cabakTac MOHAEPAlI aHBIKTAy
MaKCaThIHJ[a TEXHUKAIBIK JalbIHIBIK OaFbITTAPBIHBIH OKY KOCIapiapbIHbIH
KYpbUIbIMBIHA JKoHe Kok >koHe JOTHCTHKAa aKaJeMHUSICBIHBIH TEeXHUKAJIBIK
MaMaHIbIKTapbIHBIH <«OKanmbel ¢u3nka» KypchIHBIH OariapiaMaiapblHa Tajjaay
xyprizimai. OKy jkocmapiapblH Tanaay (U3WKa KypPCBIHBIH TapaylapbIHBIH
Ma3MYHBIH aHBIKTayFa MYMKiHAIK Oep/i. bemiHreHn OarbITTapApl €CKepe OTBHIPHIII,
TANBIHABIKTEIH op OAaFBITHI YIIiH (PU3UKAHBIH JPIC KOHE MPAKTHKAIBIK KYPCHIHBIH
mamaMeH Oarmaprnamachl jkacanabl. COHbIMEH KaTap, Ooyamraxk HWHXEHepIepi
JafbIHAAy/Ia KAl KOHE apHaibl TEXHUKAJBIK MOHIEPiH (H3uKa KypchIMEH
MOHAPaJIBIK, WHTETPaHIMSICBIHBIH MaHBI3bl KapacThIPBUIBII, 3epiaeieHal. Makana
COHpIHIA Oonamiak WH)KeHEp-MaMaHIapAsl  Jaspiay[bl  OKY-9/JiCTEMENiK
KaMTaMachI3 €TyIi KOJMAaHy 9/IiCTeMeci JKaJbl KOCINTIK KY3BIPETTTUTIKTI peTIMEH
YKOHE 03apa 0alIaHBICTHI KAJBINITACTHIPY aMKBIHAABII Ka3bIIFaH.

Tyiin ce3nep: ®Pusnka Kypcel, QU3UKa KypCHIHBIH Ma3MYHBI, ipreJeHIipy,
KociOM OaFBITTayIIBUTBIK, KY3BIPETTUTIK, TOHAPAJIBIK OaiilaHbIC, HHTErpaIis
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Kipicne
Kazakcran PecryOmmkachlHBIH ABTOKONIK JKOHE aBTOKOJIK MIAPIIYIIBUIBIFBIH
JAMBITY YIIiH, OChI cajara OUTIKTI Kaapiap/ sl Aaspiay MOCENEeCiH Ny KaKer.
ABTOKeOJIIK ©HEPKACIN calachlHIa €HOCK HapbIFbl Oap, Oipak OLmiKTI Kaapiap
HapBIFBI iC XKY3iHae K0K. Ka3ipri TaHaa rajamIbIK e3repicTep Ke3iHe TYJICKTTIH
OUTiKTLIIrT MeH OliMiHEe >KOFapbl OKY OpPHBI JKayalThl, OKy OarlapiaManapbiH
JKaHa JKarmaiira OeiliMaey JereH ce3. bysr ke3ek KyTTipMeHTiH ic. Memieker
oacmrsickl K. K. Tokae KazakcTan XanKpIHBI KOJIAAYBIH/A )KOFAPHI OKY OPBIHIAPHI
MaMaHJap/blH canayibl JaspiaHyblHa jkayan Oepyre MIiHICTTifen aram anTKaH
(Axopna, 2021). byringe ayHue >Ky3iHIETi aBTOKOIIKTED €H KOIl KOJaylIbLiap
MEH KYK KOJIEMIH TachbIMaJaii/ibl, OJapFa apHaibl ®KaOAbIKTap OpHATa OTHIPHII,
OpTYpIIi  OHIIPICTIK OpBIH/ANABI, Oi37iH eMipiMisre, MOJCHUETIMI3re -
JIeMaJIBICEIMBI3Fa KBI3MET eTeli, Oip ce30eH alTKaHaa, oap Kas3ipri OpKeHUETTiH
axpIpamac Oemirine aitHanmasl (Macyes, 2007). CoHABIKTaH «ABTOKOJIK JKOHE
ABTOKOJIIK MIAPIIYLIBUIBIFBD) MaMaHIbIFbl OoOWbIHIIA OimiM Oepy yHepiciHig
camacelHa, WH)KCHEP TEXHHUKTEpPre KOWBLIATHIH Tajam JeHreili apraapl. by
Typanbsl OipiHmi ke3ekTe Kok jkoHE JOTMCTHKA aKaJeMHsIChl OChl MaMaHIBIK
OOMBIHIIIA MaMaH/Iap camachlHa KOHLUT 06Tyl KaXKeT. K ABTOKOJIIK KOHE aBTOKOIIK
MaPITYITBUTBIFBDY MaMaHIBIFBIHAA (PU3UKAa KypChl KOCIOW TOHIEPIl UTepy YIIiH
HETi3Ti 1MoH Ooibin TabbuTaael. COHBIMEH KaTap (Qu3uKa Kypchl «Martepuanrany
KOHE KOHCTPYKLUMSUIBIK MaTepHajiap TEXHOJIOTHICH, «MaTepuanaapisiy
keneprici», «TeopusulbIK >KOHE KOJIaHOalbl MeXaHukay, «KBamumerpusy,
«Mammna Oemmiekrepi», «MamuHazap MEH MEXaHH3MJIEp TEOPHSICHD»,
«ONEKTPOTEXHUKA MEH  JJIEKTp  KaOUBIKTapb», <« KbUly  TEXHHKACHD»,
«[THeBMOKOITIKY», «DIEKTPOTEXHNKA» JKOHE Tarbl 0acKa IOHIEPMEHAE Ma3MYHBI
JKarplHaH OalJaHbICTBI. OPTYPIl KOCINTIK OKYy OpbIHAApbIHAAa (U3UKAHBI
OKBITYIIBIH KOCiOM OaFbITBIHBIH OJIICTEMEIIK AaCIeKTUIepi NeJarokrep MeH
onickepnep (Hypkaceimosa, 2010; demenko, 2004; Jlapunonosa xxaoHe T.0., 2010;
MacnennukoBa, 2001; Hodde, 1951) xoHe Oackama FaabIMIapIbIH

3epITeyJepiHAe KapacThIPbIIFaH.
3epTTey dicTepi MeH MaTepuaIiapbl

3eprrey OapbIChIHIAa OpBIHAAIFAH FHUIBIMHU-dJiCTEMENiK eHOeKTpre, Oipka-
Tap TEXHUKAJIBIK JKOFapbl OKY OPBIHAAPBIHBIH (u3MKa OOWBIHIIA cabaKTap.bl
VHBIMIACTRIPY TOXKIpHOECiHe, 3epTTeyiepre, OKy JKOcCmapiapsl MEH Oarmap-
JaMajapblHa, OUTIKTUTIK —CHUIAaTTaMalapbiHa, «ABTOKOJIK JKOHE aBTOKOIIK
MIapyaIibUIbIFeDy MaMaHIBIFBl YIIH CTaHAApTTapra Tanaay, (U3WKa HOHIHEH
cabak KYpri3eTiH OKBITYIIbUIApJAH cayalHama JXYpPridy TOMEHAE KeNTipiireH
MoceneNepl aHbIKTayFa MyMKIHIIIK Oepi:

- «ABTOKOJIK OHE ABTOKOJIK MIAPIIYNIBUIBIFBD) MaMaHJbIFbIHA apHaIFaH
(hm3uKa KypCHIHBIH OarmapiiaMachl OKBITYABIH KOciOW OaFbITHIH TaslanTapra cai
KepceTmeini;

- TEXHUKAJBIK XOHE 0ackajga TEXHUKAJBIK €MeC MaMaH/BIKTapra apHaJfaH
(u3uKa KypChIHBIH Ma3MYHbI apachlHAa allbIPMAIIBUIBIK JKOK;

- HH)KEHEp KOHE MHXKEHEPIIK ic OarbIThiHAA (HU3HMKa OOMBIHIIA MaMaHIAP/IbI
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nasipiayFa bIKIIaJ eTETiH )KOFapbl OKY OPBIHIAPBIHBIH ©3/1epi 931pJIereH KeKelereH
OKY KypaJIapblH KOCTIaFaH/a apHaWbl 9JIeOneTTep KETKITIKCI3;

Byriari Tana ¢wmsuka Kypchl OarmapiamMachl «ABTOKONIK YKOHE aBTOKOIIK
MIAPUIYIIBUTBIFBD) ~ MaMaHABIFBIHBIH CTYJICHTTEPIH apHailbl paspiay OarbITHIH
eCKepe OTHIPHIT, capaianOaraH. Pu3mMKa MOHIHIH OKBITYIIBUTIAPEI KYPCTBIH OapIIbIK
Oemimuepine Oipaelt koHIN Oexeni. Amaiina ToKipuOe KOPCETKeHIEH ABTOKOIIK
MaMaH/IBIFIHBIH OLTIM aTyIIBUTAPBI OPTYPIIi KOCIMTIK OHIEP/II UTepyi YIIIiH TYpIi
0a3aHbl KXKET eTe/l, COHIBIKTAaH (pr3nKa KypChl CAaH IbIK KOHE CalajIbIK KypaMbIMEH
epeKIeNnenyi Thic. by 3epTTeyaiH MakcaThl OKy MaTepuaiapbl IeHreiin e Gu3nka
Ma3MyHBIH/Ia «ABTOKOJIIK KOHE aBTOKONIK MIAPIIYIIBUIBIFED) MaMaH/IbIFbIHBIH
EPEeKIIENITiH eCernKe ary TCLI peTiH/e GU3NKAHBIH KOCIOM MaFbI3/Ibl YFBIMIAPBIH
HaKThLIAY, EHT13y 9/IiCTeMECiH a3ipiey, MoH/l ipreneHaipy. @u3ukaibk 0i1iM 6epy
Ma3MyHBIH/Ia «ABTOKOJIIK KOHE aBTOKONIK MIAPIIYIIBLUIBIFED) MaMaH/IbIFbIHBIH
ePeKIeNIriH THIMII €eCerKe alyAblH KaKeTTI MmapThl OKy MaTephaiapbl
neHreiinae Gu3NKaHbIH KOCIOM MaHBI3/Ibl YFBIMIAPBIH HAKTHIIAY KOHE OFaH EHTI3Y
aen caHaiiMb3. bynm Ooimkamasl pactay HeMece SKOKKA IIBIFapy YIIiH apHanbl
3epTTeyliep JKYPridy KakeT. ¥ ChIHBUIFaH OOJDKaMFa )KOHE 3epTTEYIiH MaKcaThIHA
ColiKeC 3epTTeY/IiH Kelleci MiHAeTTepl aHBIKTANIBL: OUTIKTUTIKTI Taiay, « ABTOKOIIK
’KOHE aBTOKOJIK MIAPUIYINBUIBIFBD)  MaMaHIBIFBl TYJCKTEPIHIH CHIATTaMachl,
oJlap YIIiH KOJJIaHBICTaFbl OKy OarapiaManapbl MEH (DM3MKa OKYJIBIKTApBIHBIH
KYpBUIBIMBI MEH Ma3MYHBIH capaiay, ABTOKeJIK OHJIpiCiHiH Oonarrak mMamaH-
WHXCHEPIIEPiH qaspiay YIIiH (U3UKaHbIH KOCIOM MaHBI3Ibl YFRIMIAPBIH aHBIKTAY,
®uzuka Ma3MyHBIHA OKY MaTepHaIIaphl AeHreinae Gu3nKaHbIH KOCION MaHBI3IbI
YFBIMJIAPBIH HAaKThUIAY JKOHE CHTi3y, (PM3HMKa KypChl MEH OKYIJIBIFBIH )KOFaphl OKY
OPBIHJAPBIHBIH MHKEHEPITIK MaMaHJbIKTap OeiiHiHe OediMmiey, COHBIMEH Karap
(bm3HKaHBIH OapIBIK caajgapbl OOWBIHIIA OLTiM Oepy, acipece OyIT Kasipri yakpTTa
©3eKTi Macesenep/ iy 0ipi OOIBIT OTHIp.

JXanme! ¢pu3uKaHBIH KypchIHAH 0acka, KOFapbl OKYy OPHBIHBIH MiHAETTEPIMEH
Kemiciiren apHaiibl Kypcrap Oomybl kepek (Pomunblx, 1986); «ABTOKeiK
JKOHE aBTOKOJIK MIAPIIYIIBUIBIFE MaMaHbIHA KOWBUIATHIH MEMIIEKETTIK O1TiM
Oepy CTaHJApTHIHBIH TaJaNTapbIHBIH MOHI MBIHQJa: MamaH OKy OapbIChIHIA
anFaH OLTIMIEpiH OHBIH OoNamrak KociOW KhI3METiHJE iC XKY3iHJIe TYBIHIANTHIH
MaHBI3JIBI MIHIETTEP/l MIeNTyJe KojaaHa Ouryi kepek. bonamiak WHXeHepIepIiH
KOCiOM JasipiIbIFBIH KAl )KOHE apHAyJbl- TEXHUKAIBIK OLTIMIEPIH TOHAPAIBIK
WHTeTpanusiay Herizinge TyOipini sxerinnipy (ILnnmsHuKoB xoHe T.6., 2003).

«ABTOKOIIIK JKOHE aBTOKOJIK MAPIIYIIBIIBIFED) MaMaHIBIFBIHBIH OLTIKTUTIK
CUIaTTaMachlH HaKThLIAyJla Kelleci O11iM MEeH JIaFIbIIaphIH XKoHE iCKepIIiTiH Oein
KepceTyre MyMKIiHJIIK Oepii:

- ABTOKeJIIKKE Ka)XeTTI MarepHajIapAblH (H3MKAIBIK KaCHETTEPiH MEHrepy
JaF IBICHI;

- T'a3-anexTp nMoHeKepieymIiiepiHiH apHalbl TEXHOJOTHACHIH Oily iCKepIiri.
MyHna (u3uKaHBIH HEri3ri 0emiMi MOJEKYTalmblK (hU3WKa OONBIT TaOBLIAIBI,
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JIETEHMEH D3JICKTPOJUHAMHKAFa, TepOeicTep MEH TOJIKBIHAAPFa, ONTHKAa MEH
KBAaHTTHIK (PU3UKaFa, KeHOip oTHeli Mocenenepre Kom KoHiT 00y Kepek;

- ABTOKOJIK MIApyamIbUIBIFBIHAA KOJJAHBUIATBIH 3JIEKTP KYPBUIFBLIAPHI
MEH DJIEKTP MAallMHAJIAPbIHBIH JKYMBICEIHA HETi3/IeNTreH (QU3uKa 3aHmaapbl MEH
MIPUHIIATITEPIH;

- banky remnieparypacbiHaH (MbICaIbI, 00JIAT, ATIOMUHIN ) TOMEH TeMIIepaTypara
NIEHiH KbI3FaH Ke3/Ie TUIACTHKAIIBIK KYHre oTyre KaOileTTi MeTanaapabl KOCy YIIiH
ra3yibl 0acy, KOHTaKTiIIi JOHEKEpIIeY KOHE YHKENIC ToHeKepIiey KOJIaHbLIa b,

Byn perte onmappIH KOCBUIATBIH XKepiHAETI OOIIIeKTep JoOHEKepIiey ajnayblHaH
IIBIKKAH Ke3/I€ YKaHAThIH Ta3/lap/lblH JKAJBIHBIMEH HE JJIEKTP TOTHI JKaHACAThIH
KOCBUIATBIH OOJIiKTep apKbUIbl OTKEH Ke3[e OOJiHeTiH XbUTy eceOiHeH He
TIOHEKEPIJICHETIH OOJiKTep/IiH OeTTepiH Yiikelnic Ke3iHe OeIiHeTiH KbUTy eceOiHeH
KBI3IBIPBUTAJIBI, COMAH KEHiH OOKTep CBHIFbUIA/BI KOHE JIOHEKEpJICHEIl, OCHI
TEXHOJIOTHSIIBIK TIPOIECTEPiHIH HETi3iHAe KaTKaH (U3MUKAJIBbIK KYOBLIBICTApP/IbI
Oimyi Tnic. COHBIMEH Karap aBTOKeJIK OipHemie OeJIKTepAeH TYpPaibl, MbICAJIbI
alTaTelH 0O0JICAK KO3FAITKBIII - OYJI aBTOMOOWMIIB/IIH JKYPETi, OHBIH MiHJIETi JKBLTY
SHEPTHCHIH MEXaHHUKAIBIK JKYMBICKA aifHaIIbIpy. KO3FalTKEIII aifHary MOMEHTIH
Kacalel JkoHe Oepiimic KopaObl apKbUTbI alfHANYIBI JOHTENEKTepre >Kidepeni,
OCBhLTaliIIa aBTOMOOMIIh KO3Fana OacTtai/pl. KO3FanTKBIIT MBIHAIAPIAH TYPAJIbI:

- WiHmi-wiHai MeXaHW3M - JKaHFBIII KOCIIAHBIH JKaHYbIHaH KeHiH ra3mapibiH
KBICBIMBIH KaOBUTJIAM/IBI 'KOHE TTOPIICHBb-UIHI OUTIKTIH allHAIMaIbl KO3FaJIbIChIHA
MTOPIICHBIK-UIH/I1 KO3FAIBICTBI TYPICHIIPEIi;

- T'a3 Tapary mexaHW3Mi - IWJIMHApIEPre KAHFBIII KOCIAHBI CHTI3y JKOHE
naiaanaHbUIFaH ra3aapAbpl MbFApy YIIH KIamaHIap/ sl alrajsl )KoHe Ka0aIbl;

- Ko3FanTKpIITEl CaNKBIHAATY JKYHECi - KO3FANTKBIIITHIH KBI3IBIPHUIFAH
OOMIKTepiHEH KBUIY[ABl IIBIFApalbl, OHTAMIBI TEMIEPaTypasbIK PEKUMIIL
KaMTaMachl3 €Tel;

- KosranTkeIuTer mMaiinay xyheci-OemexTepAiH Yiikeic 0eTTepine Maii Oepy
YIIIiH, HOTWKECIH/IE OJap/AbIH apachIHIaFbl YHKETICTI a3alTa Ibl )KoHEe KO3FAITKBIII
KYaTbIHBIH JKOFATYbIH a3alTa/Ibl;

- Ko3ranTKeIIITHIH KyaT *KYyHeci OTBIH MEH ayajlaH TYPaThlH OHTANIIBI YKAHFBIIIT
KOCIIaHBI JaiibIH/IayFa apHaiFaH. JKaHFbII KOCIIaHbI KO3FAITKBII [IWIHH/PIEPiHES
xiOepei )KoHe TailaTaHbUTFaH Ta31ap/ibl IIbIFapaIbl.

OcpiHzail Mmexanu3Maepai Oury yuriH Oonamiak MaMaHHBIH (pU3MKa Typassl
OimiMi eTe KakeT. ATam aiiTkanma, Monekymanblk (usuka, TepMmomnHamuKa,
Mexanuka canmaceiHAarel Oimimzepi. ConbiMeH Oipre Pecelt ®enepanmsceiaia
TEXHHUKAJIBIK YHHUBEPCUTETTEP/IH CTYICHTTEpiH (U3NKaFa OKBITYIBIH KociOu
OaFpITHI Moceneci OOWBIHINA KONTETeH JUCCEPTAIUSIIBIK 3epPTTEyNIep KYPTi3iimi.
Omapapiy kKatapbiHa MbiHanap kipeai: T.I. Baranora, H.B. Bosnecenckas, I .
Epodeera, A.b. XXmomsx, H.A. Kimumkosa, H.B. Knumkosa, A.Sl. Kynpsiiesa,
A.H. JlaBpennna, O.I. Pommomkmua xoHe Oackamap. O.B.CuzoBaHbIH
TCCEePTAIMSITBIK JKYMBICBIHIA KECKIIl KypajFa >KOHE MalluHa OeJIIeKTepiHiH
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TO3aTbIH OONIKTepiHe apHalFaH OoyiaTTapra KOWBLIATHIH HETi3ri Tajam -
TEPMUSUIBIK OHJENTeH MaTepHaJIblH KaCHETTEPiH KeCy >KHeriHAe Hemece KyKa
OeTki KabarTTa y3aK yakbIT cakray Kepekriri aWTteuiran (CuzoBa, 1998). byran
NEeHiH alThUIFaHIAN TOH[I IpresieHIipy JKOJBIHAA JKOFaphl TEXHUKAJBIK OiimM
OepyliH eH OTKip MocelenepiHiH Oipi jKapaThUIBICTAHY, JKAJIBI KACIITIK JKOHE
apHaibl HOHJEP/IH OKY KypCTapbIHbIH OBITBIPAHKBUIBIFBIH €HCEPY Maceseci 00bIIn
Tabbutaabl. byl axxelpary FBUIBIMH OHIBIH JaMYBIHBIH Ka)KETT1 IIApThl PETiHIE
FBUIBIMU OLTIMIII capanay Ke3eHiHje naiiga 6omabl. « HXKeHep ®KoHe WHKESHEPIIK
ic» MamaHJapblH Jaspiiay OaFbIThl OOMBIHIIA «ABTOKOIIK »OHE aBTOKOIIK
LIAPIIYIIBUIBIFBD» MaMaHIBIFBIHBIH OKy OariapiamachlHia (DU3HMKaHBIH KociOH
MaHBI3/Ibl YFBIMJIAPBIH OOl KepceTyre OONaThiH Keleci YFhIMIIAP KOpPCETLUIreH:
Keuik OyibIMIapelH eHIIpyA€ KOJIAHBUIATBIH MaTepHAIAAPAbIH (U3UKAIIBIK
JKOHE XUMUSUIBIK KacueTTepi, (M3MKANBIK IIaMaiapiblH eJjIeM OipiikTepi;
MaTepuangapAblH  KIKTeIyl ONapAblH MeJepine OalIaHbICTBl KacHUETTEp
KOPCETKIIITepi IaMaChIHbIH 63repy eKapalapbl; Keslik OyHbIMAapbIH JalbIHAAY1A
KOJIIAHBIJIATBIH ~ MaTepHaNAapAblH MEXaHUKAIBIK KacHETTepi; MEXaHUKaJIbIK
KAaCHETTEpAiH cularTaMaiapbl oHE oJapibl KeTiK MaTepranaaphbl YIIiH aHBIKTay
epEeKIIEeTKTepi; CO3bLTY Ke31H/IeTi MaTepHallAapAbIiH OEpIKTiri MeH e OpMAITHSITBIK
KaOUIeTIHIH cUIaTTaMaiapbl: KapbUIFBIII JKYKTEME, JKapbUIFBIII  CO3BLIY,
TOJNBIK JedopMalusi KOHE OHBIH KOMIIOHEHTTEpi; Hily aedopmaunuschlHAaFbI
MEXaHMKaJbIK KACHETTEpIiH cumarramajapbl: Wiy Ke3iHAeri KaTTBUIBIK.
Oxy »KocCmapblHIA KeJiK MaTepHaJIapblHbIH Keleci (U3MKaIBIK KacueTTepi
Ti3IMJENTeH: TUIPOCKONHUSIIBIK KACHETTEP (TUI'POCKONHUSIIBIK, bUIFAIaHY, CyJIaHy,
KalWJUISIPIIBIK, CyABI CIHIPY); OTKI3TIIITIr (aya ©TKI3TIMITIri, Oy ©TKI3TiIITIri, Cy
OTKI3TIIITIT K9HE CyFa TO3IMJILIITI, MaH OTKI3TIIITIr )KOHE IIaH ChIHBIM/IBIIBIFHI);
KBUTY KacHeTTepi (KbITY OTKI3TIIITIr, KbUTY KeJeprici, TeMIieparypa eTKi3TilITir1,
KBUTY CBHIMBIMIBUIBIFBI MaTepHAAAPIBIH KbUTy KOPFaUTBIH KaCUETTEPiHIH HEri3ri
CUNaTTaMaliapbl PETiH/Ie; KBUTY J)KOHE BICTHIKKA TOIIMJILIIK); SNEKTPIACH i PTillITirTi,
MaTepHaIapbIH AIEKTPISHIPTIMITITIH KO0 TOCUIIEP]; ONTHUKAIBIK KacHeTTepi
(Tyci, )KBUITBIPIBIFBL, aKTBIFBI, MeIipiairi) (OOpa3oBarensHas nporpamma, 2021).

bi3 aBTOKemiKk JKOHE AaBTOKOIIK MIApyalIbUIBIFBl  OHIMJEPIH OHIIpYyIe
KOJIaHBIIaThIH

MaTepuaiap KacHeTTepiHiH (PU3MKAIBIK MOHIH allyFa MYMKIHIIK OepeTiH
(GU3MKaIBIK  YFBIMAAPABl aHBIKTAy MaKcaTbIHIA OKy OaFmapiaMaiapblHbIH
(OcHoBHast oOpa3oBareibHasi MMPOrpaMMa BBICIIETO OOpa30BaHUs HalpaBieHHE
nonrotoBku 23.03.03 skcrutyaranusi TPaHCIOPTHO-TEXHOJOTUYECKUX MAIUH U
KOMITJIEKCOB HaIlpaBieHHOCTh oAroToBkH 23.03.03.01 aBTOMOOHITEHOE X03SHCTBO
n aBTOMOOWIBHBIA cepBuc, 2016), (OcHoBHas oOpa3oBaTeibHas MporpaMma
BEICIIIET0 TIpodecCHOHATBHOTO 00pa3oBanust Hanpasienne moarorosku 190601.65
ABTOoMOOMWIM W aBTOMOOWIBHOE X03siicTBO KBammdukamus Mmxenep, 2014)
XKoHE (PM3MKa KypCBHIHBIH OKYJBbIKTapblHbIH (CuByxuH, 2005; Casenbes, 1970;
Tpodumona, 2011) Ma3mMyHBIHA TaNAAy JKaCAIBIK.
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Haruxenep JKOHe 0JIap/bI TAJNKBLIAY
ABTOKOIIK OHE aBTOKONIK MIapyalllblIbIFbl MaMaHABIFBIHBIH CTYACHTTEpiHE
YCHIHBUIATHIH (DU3MKaHBIH OKy OarnapiaManapblH, OKYJBIKTapbl MEH OKY
KypalJapblH Tajijay HOTHXKECI OJIapJblH KypaMblHAa aBTOKeJIIK ©HIMIEpiH
OHIpy/e KOJAaHbUIAThIH MaTepUaapAbIH (PU3UKAIBIK MOHIH ally YLIIH Ka)XeTTi
KociOM MaHbI3/Ibl (DU3MKAIBIK YFBIMJAP Oap CKeHiH Kepceredi, Oipak osap
KETKUTiKCi3. Pu3uka KypchlHIa MarepHalJaplblH MEXaHUKAIbIK KacHeTTepi
OJIapAbIH TaOWFaTbIHA KATBICTHI TOJIBIK 3€pTTENMEii (Marepuangap KypbUIbIC,
MallliHa kKacay, JIEKTPOTEXHUKA JKoHE T.0. 00Iybl MyMKiH). ®U3KKa OKYJIBIKTaphl
MEH OKYJBIKTapbIHIa MaTepualAapAblH MEXaHHKaJIbIK KACHETTEPiH CHIATTayFa
KaXeTTi (U3MKanbIK YFBIMIAp IKCTKUIIKCI3 JeHreine KepiHeai. Mpicalsl,
ABTOKOIK OHE aBTOKONIK MIapyalllblIbIFbl MaMaHABIFBIHBIH CTYACHTTEpiHE
YCBIHBUIATHIH (PU3UKA KYPCHIHBIH OKYJBIKTapbl MEH OKYJBIKTapblHAa «YHKemic
KYILD» TaKpIpbIObl KaMTBUIFaH. Ajaiifa, 0i3aiH OakbuliayIapbIMbl3 KOPCETKEHCH,
¢u3nKa MOHIHIH OKBITYIIBIIAPBl OCHI TAKBIPHINTAFBl OKY MaTepHaiapblH YChIHY
Ke3iHge ABTOKONIK JKOHE aBTOKONIK  INapyallbUIBIFBI  MaMaHIbIFbIHBIH
CTYACHTTEpiHE KONIK OHIIpiCiHAe YHMKeNmic KYLIH KOJJaHy Typajbl akmnapat
Oepmeliai. ABTOKOIIK MalllMHACKIHIA YHKENIC apKbUIbl )KYMBIC ICTEUTIH OipKaTap
KOHJBIPFBIIAp Oap: OYJ1 IYpBHIC MaxOBUKTEH HEMECE DIIEKTP KO3FaITKBIILIBIHBIH
OUNIriHEH MAalIMHAHBIH Herisri OuTiriHe JACWIHrT UWIMHIAPIIH  KO3FajbIC
MexaHu3Mi. Kemik eHIipiciHiH KeNTereH TEXHOJIOTHSUIBIK —OlepalysiapbiH
OpBIHJAY IIApTTapbl YHKemicke OalIaHbICTBI-METANJApAbl  Tecey, allbIK
Oeimuep i eHJIeY dJIiCTepi )KoHe T.0. KeJIiK eHIpici npolecTepinae MaTanap oip-
OipiMeH, coHjal-ak 0Oacka MaTepuaJiaplblH OCTIMEeH jKaHacaibl. Y HKeIic
KYIITEpi TEXHOJIOTHSIIBIK MTPOLECTiH OapbhIChIHA aiiTapibIKTail ocep €Tyl MYMKIH.
ConbIMeH KaTap, ainbl (U3UKA KypChIH OKBITYIBIH KOCiOM OaFrbITBIH Ky3ere
acelpy MOJICNIH KYpYy (U3MKAIBIK 1>KOHE WHXKEHEPJIK MOCeNelepal IIelry

KE3CHJICPIH CaNBICTBIPY HETI3IHIAEC OKy - OJIICTEeMENK KaMTamachl3 eTyIi
o3ipJiey/liH aJIFbIIIAPThl OOJIIbI. FBIIBIMU JKOHE OKY-9iCTeMENiK daeduerTepi
Tajjay Kes3iHae opTypil MOHACPAl OKy - OJICTEMENK KaMTaMachl3 €Ty

KYPBUIBIMBIHBIH ~ €peKlIeNikTepiH aHbikTayFa Oonagsl. C.E. JlysrmH OKy-
oflicTEeMENIK KaMTaMachl3 €Tyl Oenriiai Oip MaMaHABIKTapAbIH CTYIEHTTEpiHE
KOMBUIATBIH TaJlaNTap/ibl aHBIKTAWTHIH KOHE HOPMATUBTIK KYXKaTTapAbl, OCI TIOH
OoiibiHIIa cabaKTapIblH OapiiblK TYPJIEPIH OTKI3yre apHallFaH >KUBIHTBIKTApP/IbI,
CTYACHTTEP/IH ©31H/IK )KYMbICHI MEH OiTIMiH OakpUIayFa apHaJFaH HOPMATHUBTIK,
O/liCTEMENIK JKOHE aHBIKTaMallblK-aKIapaTThlK KyXKaTTap JKy#eci peTiHze
cunarraiasl (JIysrun, 2011). Oky-oicTeMeNik KaMTaMachl3 €Tye CTYIACHTTEPIIH
Oenriti Oip MOHAI OKYbI YIIIH KaKETTI MaTepUaiaplblH TOJBIK JKUBIHTHIFBI
0onysr kepek. E.HO. T'opbkaeB OKy-oJliCTEMENIK KEIICHHIH HOPMATHBTIK >KOHE
OKY-9[iCTeMEIIIK MaTepHaigap MEH OKBbITY KYpalJapblH >KYHEICHIIPY CHSKTHI
epekmenikTepin aran  kepcereni (IopekaeB, 2014). Conpaii-ak Oosamiak
WHXXCHEP-MaMaHIap/bl Jaspiiayia OKy-o/iCTEMENIIK KaMTaMachl3 €Tyl KOJIJIaHy
oicTeMeci 0a3albIK Kbl KACIMNTIK KY3bIPETTEP/li KE3CH-KE3CHMEH JKOHE e3apa
OailIaHBICTHI 49
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KajblracTeipynal typaabl. A.JO. Kypun oky-omicTeMenik KaMTaMachl3 eTyai
KaJIBIITACTBIPY YAEpiCiHIe MbIHAAM KaFuIaTTapra CyieHei:

1) GinimManybLTapAbIH OenceH i nepOec KbI3METi dKOHE OKBITYIIIBIHBIH
OarbITTAYIIbI JKOHE TY3€TY KbI3MET1 apPKbUIbI iICKE aChIPbUIFaH OKYIIbUIAPAbIH
OeJceHIiIir MeH 1epOecTiri;

2) Oonamak KociOM KbI3METTE CTYACHTTEpIiH ©3iH-031 aKTyaln3anusiiayblH
BIHTAJIAH/IBIPY/IA 1CKE aChIPBIIFAH JAMBITYIIBI )KOHE TOPOHENCYIIl OKBITY;

3) OiniM anymslIapAblH ©3i1H-631 TaHYBIH BIHTAJTaHABIPYAA iCKE achIpbUIFaH
capasiaHFaH JKOHE JKEKe TOCUI. op TypJli ICHT e’ IeTi TarichIpMatap xKoHe MaTepHUAaIIIbI
apHaiibl Tontacteipy apkeuibl (Kypun, 2010). E.B. TumodeeBa oky-omictemenik
KaMTaMachl3 eTyldi o3ipiiey Ke3iHAe Kejemi, KypJIeNmiliri oHe o3 OeTiHIIe
YKYMBIC iCTey YIIIH TarchlpMalIap/IblH YaKbIThIH OPbIHJAyFa KYMCAJIFaH OHTaMIIbI
TarcepManapra, Ki0epiireH TUNTIK KAaTeJiKTepi KapacThIpyFa, TalchlpMaiapibl
IIIKi TamcelpManapra Oeiyre, THICTI OKy MaKcaTTapblHa KO KETKI3yre Hazap
aynapansl (Tumodeesa, 2013).

XKorapeima alTeUTFaHIAPABIH OOpiH KOPBITBIHABLIAN Kelle, 013 CTYAeHTTepIiH
Oonamak KociOM KbI3METTIH TaOBICTBUIBIFBIHBIH HETI31 PETIHJE HEri3ri KasIibl
KOCiOM KY3BIPETTUTIKTEPiH Oenriii Oip KOMIIOHEHTTEPIH UTepy/Ii MAKCaTThI TYPIIe
KaJIBIITACTBIPY KYpalbl PETIHJIE OKY - 9IICTEMEIiK KaMTaMachl3 eTYy/IiH Kypamac
9NIEMEHTTepiH aHbIKTaiiMbI3. CoHOal-aKk 07 HOPMATHBTI KyKarTapAaH Oelek
(MemItekeTTiK OiniM Oepy cTaHmapTTaphl, OarmapiamManap, oKy >kocmapsl) (pu3uka
KypCBIH 3aMaHayH OKY-9J[ICTEMEJIIK KAMTaMachl3 €Ty MbIHAJIap/bl KAMTYBI KEPeK:

CrynentTepre ecenTi IMIBIFapyIblH TEOPHSUIBIK KE3€IHIH JKy3ere acblpyFra
KOMEKTECY MaKCaThIHJIa 3epPTTENICTIH OemiMaep OOMbIHINA KhICKAIA TEOPHSIBIK
MOJIIMETTEp (TaHBIMABIK-aHANUTHKAIBIK KY31pETTUTIKTI KaJbIITacThIpy) Oepimyi
tric. OKy JKoHEe KociOn MIHIETTep i MEITYIiH aHATUTUKAJIBIK Ke3CHIH 63 OeTiHIIe
JKY3€ere acblpyFa apHaJIFaH KypbUIbIMAAIFaH MaTepral (TaHBIMIbIK-aHATUTHKAJIBIK,
TaHBIMJIBIK KY3BIPETTUTIKTEP/II KATBINTACTHIPY) 00y Kepek. bimimamynisiapapiy
©31HIK JKYMBICBI VIIIH KAXETTI MIHICTTEp/l INelyre apHajlfaH HycKaylap
(KOTHUTUBTI KY3BICTTINIKTI KaJBINTACTBIPY) 93ipieHyi THic. AJTOuTMIED,
AJTOPUTIM/II THIITI KOPCETY, IePOCCTIKTI JKOHE MISITiM KaObUIIayIbIH HeT13IUTITiH
OKy MakcaTblHJa ecenTepli WICHIy[iH >KallbUlaHraH Tocinaepi (KOrHUTHBTI
KY3BIPETTUTIKTI KaJIBIITACTBIPY) KOPCETUTY1 KepexK.

Ecenrepai mbiFapynblH NPaKTHKAIBIK KE3€HIH KaMTaMachl3 €Ty MaKcaThbIHIa
(aKmapaTThIK- MaTEMAaTUKAIBIK KY3BIPETTLTIKTI KaJBIITACTHIPY) OlmiMaTyIbpuIap
M1 KOJJIAaHATBIH MaTeMaTHka, WH(opmaruka OOWBIHINA KBICKAIIa TEOPHSIIBIK
aKnapar Oepiiyi Kepek.

JKeticneitTin gepexrepai TaOyFa )KoHE alIbIHFaH JKayamnThl 63 OCTIHIIE TeKCepyTe
apHaJFaH aHbIKTaMaJbIK Marepuainiap (0a3ablK KalImbl KOCIOM KY3bIPETTEPiH
pedIIeKCHBTI KOMITOHEHTIH KAJIBIIITACTHIPY) YCHIHBITYHBI KEPEK.

Crynentrep/iiH €3 OCTiHIIE IKYMBIC ICTEyiH KaMTamachl3 €Ty YIIiH
TycingipMmenepi Oap Heri3ri MiHAETTEpAl HIeNry MbIcanaapbl (e3iHAIK KbI3METTi
KaHJaHJBIPY) KOPCETiNyi KepeK.
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KacinTik OarnapianFaH MIHAETTEpAl WIemly MbIcanaapbl (0a3ajibIK Kalbl
KACINTIK KY3bIPETTEPiH MOTHBALIMSUIBIK KOMIIOHEHTIH KaJIbINTACTHIPY);

O3 OeTiHIIE XYMBIC iCTEyre apHalfaH TarchlpManap (HEri3ri >kKajimbl Kocion
KY3BIPETTEPAIH Pe(IEKCUBTI KOMIIOHEHTIH KaJIBINTACTBIPY );

Bakpay skoHe ©31HIIK )KYMbIC (UTepiIreH MaTeprallbl Kallbliay, )KyHeney);

Ocsbl Tananrapra colikec (PU3MKAIBIK JKOHE WHXKEHEPJIIK MOceleNiepl LIenry
KE3EHAEPIH CaJbICTBIPY HEri3iHzAe >Kammbl (U3MKa KypChlH OKY - OiCTeMENiK
KaMTaMachl3 eTyIiH KeiOip yiriciH yceHABIK. [loHAI ochiHmal omicTemerik
KaMTaMachl3 €TYIiH KYpbUIBIMBI 1-CypeTTe KOpCceTireH.

1-cypet. du3nKa KypchlH OKY - 9[iCTEMEIiK KAMTaMachl3 €Ty CyJIOachl

1. Oxpity. [aocTypini Ke3Kapac TYPFhICBIHAH: Kalllibl (PU3UKA KypChl OOWBIHIIIA
OLTIMII JKYHeNIeyTe JKOHE KalllbljIayFa bIKIAJ €Te/ll, €CeNTep/Il MIeHIyre YHperyre
keMmekTeceai. KociOu 0arbIT TYPFBICBIHAH CTYACHTTEPre JKaJIbLiayabl YHPEHYTE,
0acThICHl Typajibl alTyfa, HErI3JCIreH IIeuIimMaep KaObuljayra, ©3 Ke3KapachlH
JIANIEIICyre KOMEKTECE 1, Heri3rl Kallllbl KOCIOM KY3bIPETTUIIKTEP/IiH OLTIM MEH
OeJICeH IIIIK KOMIIOHEHTTEPIH KaJIbIITACThIPYFa bIKIAI CTe/l.

2. Bakputaymibl. bakputay[blH apaiiblk JKOHE KOPBITBIHIBI TYPJICPIH Ky3ere
aceIpyra (COHBIMEH Karap JKiOepijareH KaTeaiKTep/i Tajijayfa), TCOPHUSUIBIK O11iM
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MEH OKy MIHJIETTepiH miemre Oury JHeHreifiH, coHaaii-ak 0a3ajblK JKalmbl KociOn
KY3BIPETTUTIKTEP/IiH KaJbITacy JCHIeUJIepiH jKy3ere achblpyra MyMKIHIIK Oepe/ti.

3. TopOuenik. JlocTypai Ke3kapac TYPFBICBIHAH: CTYACHTTEPAIH TaHBIM/IBIK
KBI3METIH OelceHmipeni, Kalmbl (U3uKa KypChlH IIOH pETiH/e KoHe Ooarrak
KOCi0M KbI3METTIH HeT13/IepiHiH Oipi peTiH e OKyFa bIHTAJIAHABIPAIbl; KY3BIPETTLIIK
KO3Kapac TYPFBICBIHAH: TMPOOJICMANbIK IKaFdainapasl Ienry Oo#bIHIIA ic-
OpeKeTTEePiH HOTHKEre OarbITTANIYbIH KAJBIITACTHIPAIbI, HETI3T1 JKaIIbBl KOCiOn
KY3bIPETTEPAiH MOTHBAIUSITBIK KOMIIOHEHTIH KAJIBIITACTBIPYFa BIKIAT STE/Ti.

4. Pednexcus. JlocTypui Tocil: ajbplHFaH MISTIIMII TEKCEpyre, OKy MOCeNeciH
IICITy/TiH OHTaWJbl o/iciH TaOyFra, ©3iH-e31 Oaramayra YHpeTyre BIKIAl €Tei.
Kocibu GarnapmanraH Tocin: €3 KbI3METIHIH HOTIIKENEPIH TeKcepy KaKeTTUTITiH
KaJIBIITACTBIPYFa, KOCIOM MoceneHi MIeNIyiH eH THIMII JKOJBIH TaOyFfa, e3iHe
JIeTeH CBhIHU KO3KapacKa, ©3iH-631 NaMbITyFa YMTBUTyFa BIKMan etemi. Herisri
KOCiOM KY3BIpETTepIiH pe(IeKCHBTI KOMIOHEHTIH KAJIBINITACTRIPYFa BIKMAT TEIi.

5. XKanmber ¢usuka KypchblH OKBITYIbI Japaiiay *OHE CTYACHTTEPIIH ©3iHIIK
JKYMBICBIH/IA OKY-9JIICTEMEIiK OKBITY[BIH Kol OelriH maimamaHny MYMKIiHAIT
ece0iHeH KociOM KY3BIPETTLTIK HEeTi3epiH KaJIbITaCThIpY.

6. CTyneHTTep/IiH TaHBIMJIBIK OSJICEHIUTITT MEH ©31H/IK dKYMBICHIH OCJICeHIIPY
apKpUIBl OKy TIporeciH oHTainmanaelpy. E.B. [loHOMapeHKOHBIH mMmiKipiHIIe
«IOHJI OKBITYIBIH MaKcaThl MEH MIHAETTepl CTYACHTTIH OChl TOH OOWBIHIIA
OpTYpIIi Macenenep/e Ky3bIpeTTi O0IyhI KEPEK» JENiHTeH.

Oxky-omicTeMenik KaMTaMachl3 eTyHiH MIHIETTepi: Oomamax WHXEHEp
CTYACHTTEPII KOCIOM KBI3METKE TEOPHSUIBIK JKOHE MPAKTHUKAIBIK JIalbIHIAY/IbI
YIBIMIACTBIPY, COHJAW-aK WIepiireH MaTepHasibl KyHeney »oHe Kallbuiay;
IIBIFAPMAIIBIIBIK ~ KaOIiMeTTepiH  JaMbITy.  ¥CBIHBUIFAH  OKY-9fiCTEMENiK
KaMTaMachI3 €Ty OKBITYIIIbIFa OHbI KOJJIAaHYIBIH Op Ke3CHIH/Ie OaKbUIay dKOHE TY3ETY
(YHKIMSIIAPBIH KY3€re achklpyFa MYMKIHIIK Oepemi. JKoFapsl OKy OpBIHAapBIHIA
XKanmbl (pu3uKa Kypchl OOWBIHINA TMPAKTHKAIBIK cabaKTapabl OTKi3ymiH Keioip
KYPBUTBIMBI KaJbIITACKAH. [IpakTHKANBIK cabaKThIH OAChIHAa OKBITYIIBI OJICTTE
Yil TarChIPMAChIHBIH OPBIHIATYBIH TEKCEPE/Ii, OHBI OPBIH/IAY KEe31H/C KUBIHIBIKTAD
TybIH/IaFaH KaFJaiia CTYICHTTepAIH CypakTapbiHa xayarn Oepemi. ComaH KeiiH
cayajJHaMa JKOHE OTKCH Marepuasbl KalTanay, TEOPHSHbI MEHIepy IeHreiiH
KOpCeTy YIIiH OChl MpakTHUKaNbIK CabaKThIH TaKbIPHIOBI OOMBIHIIA TEOPHUSITBIK
MOTIMETTEp TalaHajbl, MYFaIIM CTYACHTTEP/IH CYpaKTapblHa >Kayar Oepeji.
[IpakTuKanblKk cabakka OOJIHIEH HETi3Ti YaKbIT OKy €CeNTepiH IIenryre Kelesi,
OJ1 KeJeci Ke3CHICPACH TYpajbl: AHAJIUTHKAIBIK, TCOPHUSIBIK ((PHU3UKAIBIK),
MTPAKTHKAJIBIK, (MaTeMaTHKAIIBIK) KoHE peIeKCHSIIBIK (€CENTIH MISTTIMIH TalIay ).
TanceipManappl MICIIKCHHEH KEeWiH MyFalliM y#re TanceipMa Oepeli KoHe
CTYIEHTTepMEH Oipre cal0aKThl KOPBITBIHABLIAWIEL. OcChUTaiina, MPaKTUKAIBIK
cabaKThIH KYPBUIBIMBI 0a3aJIbIK KY3BIPETTUTIKTEP/i KaJBIITACTHIPYIBIH OapIIbIK
KE3CHJIEPiH ’KY3ere achklpyFa MyMKIHJIK Oepeni (2-cyper).
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2-cypert. [IpakTuKanblk cabakThIH KYpPBUIBIMBI

Kanmbel pusrka Kypchl OOHMBIHIIA MPAKTHKAIBIK cabakTapaa KociOW Ky3bIpeT-
TUTIKTI KaJBIITACTBIPY TPOIECIHE Kallbl (HU3UKAa KYPCBIH OKYy TPOIECiH Oenrini
0ip OKy-9/ICTEMENIIK KaMTaMachl3 €Ty KaKCTTUIr TybIHIAM/IbI, OHBIH KOMETriMEH
OKBITYIIBI OJNAPIBI CTYJCHTTEP/IC MAKCATThI TYp/C KAIBINTACTBIPA ajlajibl, COHBIMEH
Karap IIenrMaepal Tanjay, CHHTE3Iey, Heri3ley )KoHe onapiibl o3 OeTiHIIe TeKcepy,
3epTTEeNreH MaTepHalIbl JKaJIlblIay, MOCeIIeNep/Ii eIy MPOIIECiH 63 OeTiHIIe YHPEHY.

Amnaiina, eH Kell KOJJaHBUIATBIH OKY KypalJapblH Taljiay MaTepuallibl KYpbl-
JIBIMJTAY/IBIH dKOKTHIFBIH HEMECE JKETKITIKTI erKeH-Ter ket eMec eKeHIH KOPCETT.
Kpickariia TeopHsUIbIK aKIapar TarchipMaiap sKHUHaFbIHBIH 50% KOK. OjicTeMetik
Oes1iM XKaJirel cunaTTarbl HYCKayJiap TYPiH/Ie )KacaFaH, OV CTYICHTTePAIH ©31H/TiK
KYMBICBIH KHBIHJIATaJbl. AHBIKTAMAIIBIK Marepuanjgap >KETKIUIIKCI3 Keieme,
OaceIM OeJIiri MaTeMaTuKa Kypchl OOMBIHINA YCHIHBUTFaH. OPKaNHCBICHI YIIITH HETi3r1
TarceIpMa Typiiepi kepceTiiMereH. Kaimel (u3nka Kypchbl OOWBIHINA €CenTep/Ii
HICNTyTe apHAJIFaH aKIapaTThIK-9/[ICTeMEITiK KOJIAAy bl Tal/[ady MEKTEN KYPChI YIIIiH
TOJIBIK MaTepUalliap YCHIHBUIFAHBIH KOPCETTi: TEOPHSUIBIK CYpakTap, ecenTepii
HIeNTy MbICalIapbl KapacThIPBUIBI, BUPTYaJIbl CEMHHAPIAP KYPbULIbBI, OLTiMII
Urepy JCHreliH TeKcepyre apHalFaH TarcblpMmanap. Anaiaa, ecentepli menryre
apHaJIFaH JKaJIIbl HYCKAyJTapMEH JKOHE MEKEJereH MBICAIJIAPMEH YCHIHBUIFaH
onicTeMenik 0eIiM KapacThIPBLIBI OTBIPFaH MiHJIETTEP/IiH CaJbICTHIPMAIIbl TYP/IE
a3 6oIrybIHa OalTaHBICTBI OPTa MEKTEIITE OKY YILIiH FaHa MyMKiH Oosajipl. COHBIMEH
Oipre skammbl  (U3MKA KYPCBIH OKY  VIIIH  aKHapaTThIK-9/iCTEMETiK
MaTepUaIap/IblH KETKUIIKCI3 CaHbIH aTan ©TKeH eH. 3eprreymi A.IL Kpasen
TEOPHUSIIBIK MaTe-prajl OOMBIHIIA TECTIACY/ll, COHJAN-aK OKBITY JKOHE TECTLICY
PEKUMIHJIE JKYMBIC ICTed anaThlH ecemnTepii MIeNly Ky3bIPETTUIIKTEPiH
ABTOMATTaH/IBIPBUIFAH KAJBIITACTHIPY OaraapiaMachlH KAMTUTBIH Kbl (PU3UKa
KYPCBIHBIH ~ MBICAJIBIHAA  OUTIIM  allymIbUIapJbIH  KY3BIPETTUIIK  JICHIeHiH
ABTOMATTAH/IBIPHUIFAH Oarayay J>KOHE OKBITYIBIH EKE TPAaCKTOPHSICHIH KYpPY
OarnapiaMachblH YCBIH/IBI.

Ocpl GarnapiaaManapibl KOJJIaHy HOTHIKECIH/IE MOCETICH] LISy TapMaKTalFaH
QITOPUTMHIH KOMETIMEH JKy3ere achIpbUIajbl, ajaija aJrOpUTMHIH 631
CTYACHTTCH  KACBIPHLIAJIBI. Binim ATYIITBIHBIH OCBI OarapiaMaHsbl
naf/’manaHg | OTBIpBIL, MOCeIIeHl meyry KaOlIeTi peTiHJe TalChIPMAaIIbIK
KY3BIPETTUIIr KaJbIITACAIbI.
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OKy nmpoueciHiH KY3bIPETTUTIK Tanaaybl HeTi31He JKallbl HYCKaylapbl eMec,
TarchlpMa OpiCiH KypbUIbIMAAyJbl KAMTUTBIH OKY-9JICTEMETIK KaMTaMachl3 €Ty
o3ipreni. Teopusibik 661iM sKambl TypAe (Heri3ri 3auiap MeH GpopMynaiap TiziMmi)
’KOHE JKeKe TonTapia (op ecemnrep TOOBIH HIEHIyAe KOJJAHBUIATHIH (opMyranap
Ti3iMi) YCHIHBUIFAH. O3/IK KYMBICTBIH THIMAUIITIH XKaKcapTy YIIiH o3ipieHeTiH
HYCKayJIBIKTapIbIH KOMETiMEH op TamchlpMajap TOOBIH MICNTy alrOpHTMIEpi,
COHJali-aK TyCiHIaipMenepi 6ap ecenTepAi Lenry Mblcangapsl (9p TOM YILiH) XKoHE
JKEKe IIeNIyre apHajFaH TarchkipManap OepiireH. TeopusuiblK MaTepuasl Herisri
KyOBUTBICTAp MEH MpOILECTEPAiH KbICKAllla CUIIaTTaMachlH, COHIAM-aK OJapIbIH
3aHJapbl MCH TCHACYJIEPiH cunarTaiibl. TeopHusIIbIK 06JIMHIH COHBIH/IA €CeNTePIi
menryae KOJMAaHBUTaThIH (opMynanmapablH KbICKalia Ti3iMi jkoHe o3 OeriHIme
JKYMBIC iCTE€yre YCHIHBUIATBIH oaeOuertep Ti3imi Oepinren. Ocbuiaiima, OcChl
MarepuangapAbl KOIJaHy HOTHXKECIHIE CTYICHTTEpAE TaHbIMIBIK-aHAJTUTHKAIBIK
JKOHE aKIapaTThIK KY3BIPETTUIIKTEp Kaiblnracansl. bonamax WHKeHepiepaiH
TaHBIM/IBIK-aHAINTHKAIBIK ~YKOHE TAaHBIMIBIK KY3BIPETTEPiH KAJIBIITACTHIPY
MakcaThbiHAa (OL1iIM KOMIIOHEHTI) 93IpJIcHIeH MaTepuaijapja TarchbipMa epiciH
KYPBUIBIM/IAy YCHIHBUIFaH. ¥ CHIHBUIFAH KYPBUIBIM/IAyFa COMKeC OapiIbIK MiHAETTEp
TorTapra OipikTipiireH, ocbulaiima opOip TancelpManap TOObIHA OCBI TOI YIIiH
apHaiipl 0a3aiblK KY3BIPETTEpIi KaJbIITACTBIPYFa MYMKIHIIK OepeTiH Imemim
OoiipiHIma Oenrinmi Oip Hyckaynapabl Konganyra Ooransl. COHBIMEH Kartap, ap
TOIITa HETi31HEeH O1p CHIHBINKA (0acTayblIll, HET13T1, CTAaHIAPTTHI, IIBFapMAaIIbUIBIK )
KaTBICTBI TarchlpMasiap YChIHbIIaAbl. OchUIaiiIna, op TONTAFBl €CENTepAl ey
KYpBUIBIMBI TIIaMaMeH Oipeit (3-cyper).

3-cyper. TarnceipMa epiciH KypbIIbIMAAY KepiHici
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O3ipieHreH MaTepuaiapaa 9p TarcblpMa YIlliH MYMKiH O0JIaThIH ©3repicTepAiH
TycinaipMenepi 0ap TUNTIK cbI30aMeH HeMece ChI30aMeH Oipre XKYpeTiH ecenTepain
op TOOBIH LICIIyre apHAJFaH aJrOPUTMIIK THIITIH HycKaynapbl O0ap. Op TONTBIH
MiHAETTEpl, HETi3iHEeH, oNapAbl MICIIyre apHajJFaH HYCKaylapIblH OacblHIA
YCBHIHBUIFAH 3aHAap MeH QopMmynaiapablH Oipieidl >KUBIHTBHIFBIMEH IICIIiIeI].
Ocbutaiiia, OChl HYCKaylapbl KOJJAHFAH KE3€ OKBITYIIBl CTYICHTTEpAC
KOTHUTHUBTI, KOTHUTHBTI-aHAJUTHUKAIBIK >XKOHE aKMapaTThIK - MaTeMaTHKaJbIK
(cypetTi opbIHAaY) KY3bIPETTUIIKTEPiH KaJIBINTACThIpa anaisl (4-cyper).

4-cypet.TarcelpMaHbl OpBIHIAY KY3iPETTLNINH aHBIKTay CYJI0aChl

KopbIThInaBI

KapacTbIpbulblll OTBIpFaH MIHACTTEP HICHIIMHIH Oipiaeil ke3eHuepl OoWbIHIIA
MOJIIMETTEp MEH KKETTi IamanapAblH YKCACThIFbI OOWbIHIIA OipikTipinreH. by
OCBI TOTKA TOH WICHIIM OOHBIHIIA OJOK-cXeManapiasl KypyFa MYMKiHIIK Oeppi.
CoHbIMEH KaTap, ocbl 0OIIMHIH OapibIK TarchlpMaiap TONTAPBIHBIH alTOPUTMIIK
KOpPCEeTKIITepi MarblHAChl OOWBIHIIA XOHE alKac ciaTeMenep apKbUibl Oipik-
TipinreH. Ocbl HyCKay1apIbl KOJAaHFaH Ke3/1e MyFaliM CTYACHTTEPIiH TaHbIM/IBIK
KY3BIPETTUIIriH, COHJIall - aK TaHbIM/IbIK-aHAIMTUKAJIBIK OUTIM MEH OEJICeHIIIIK
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KOMITOHEHTTEPIH KalblTacThipa anajipl. CoOHai-aK, OKy-o1icCTEMETiK KaMTaMachl3
eTy/Ie HeTi3r MaTeMaTUKaJIbIK 3aH1ap MEeH (OopMytaiap/bl, )Kabl pru3nka Kypcehl
OOUBIHIIIA AHBIKTAMAJBIK IEPEKTEPIi, OJIIeM OIpIIIKTepiH TeKCepyre apHaJFaH
HYCKayJIapbl KAMTUTBIH aHBIKTaAMaJIbIK Marepuangap Oap, Oys 0azajblK >Kalibl
KociOM Ky3bIpeTTepaiH pe(IeKCUBTI KOMIIOHEHTIH KaJIBINTACThIPYFa BIKIAJ TEI.
Ocpuraiimma, OipiHII peT *anmbl (U3UKa KypChIH 3€pTTEy YIIIH OKY-9JiCTeMEITiK
KaMTaMachl3 €Ty JKacaJl[bl, OH/a €CeNTep OpPICiHIH KYpbUIBIMAAIYBl OHE Op
KYPBUTBIMJIBIK OIpJIIKKEe apHajfaH ecenTepil INenry ajropuTMiepi O0ap AercH
KOPBITBIHBI XKacayra 0omanel. MaocenenepiH op TOOBIH IIenIyre apHalIFaH OIoK-
cxemajap CTYACHTTEpIiH OWIaybIHBIH OachlM TYPiH - aOCTPaKTili-TOTHKaJIbIK
TYpiH OeiceHaipeni. Op alropuTMje KaMTbUIFaH alKac ciireMernep op Oesim
OOMBIHIIIA TAIICBIPMa OPiCiHIH OipBIHFal KOPiHICI Typasbl HACSHbI KAIBINTACThIpyFa
BIKIAJ eTe/li. Op TYpJi ACHTeHAeri TarncelpMaiap YUIiH alropuTMIEpAl KOIAaHy
MbIcangapel (9p airoputmre 2-3 MbICad) CTYASHTTEPIIH O3IHAIK KYMBICHIH
Oencennmipyre bIKNau eremi (HETi3Ti KalIbl KociOM KY3BIPETTLTIKTIH OelceHai
KOMITOHEHT1). HOTHKeCiHJie VChIHBUIFAH OKY-9JIICTEMENIK KaMTaMmachl3 €Tyl
XKYHeni naiianany skajmbl QU3UKa KypChlH OKYFa JIeTeH bIHTAHBIH apTybIHA XKOHE
03 OETIHIIIe JKYMBIC iCTeyTe JeTeH YMTHUIBICTHIH apTybIHA OKENel, CTYICHTTEPIIH
OlmiMiH XKyHeneyre kKoMekTece i, Ooamax HHKeHepIep IiH Heri3Ti KaJlbl Kocion
KY3BIPETTUTIKTEPiH KAJIBINTACTBIPYFa BIKIAT €Te/i.

CoHbIMeH Kartap, MHXXEHEPAIH KociOM KY3BIPETTUIINH KaJbINTACTBIPY MakKca-
TBIHJIA OKY-9/[ICTEMEJIIK KAMTaMachI3 €Ty CTYICHTTEP Il (PU3UKAJIBIK IIaMaJIap IbiH
eIIIeM/IEpPIMEH iC-opeKeTTepre YHWpeTyre apHajfaH MarepHalgapAbl KaMTHJIbI,
onapipl KyHeni maiianaHy TaHBIMIBIK-aHAIUTUKAIBIK KY3BIPETTUTIKTI KaJIbIIl-
TacThIpyFa BIKMAJ erei (OeJICeHAUIIK KOMIIOHEHTI: CTYICHTTEPIe OKbITYIIBIHBIH
OacCIIBUTBIFBIMEH JKOHE KAl (PM3WKAHBIH 3EPTTEICTIH OoiMIepi apachkiHaa 03
OeTiHIIE YKCACTBIKTAp »acayFa MYMKIHIIK Oeperi; pe]iIeKCHBTI KOMIIOHEHT:
TeKcepyli o3 OeTiHIe jkacayra YHpeHyre MYMKIHIIK Oepeni ic Xy3iHIe Ke3
KeJreH TarchlpMa VIIiH aTayjiap); akKlapaTThIK-MaTeMaTHKAIbIK KY3bIPETTTiK
(OenceHaiIK KOMITOHEHTI: XKOFaphl MEKTEIITE OKUTHIH MaTEMATHUKAJIBIK allapaTThl
KOJIJlaHyFa, OKY, COHBIMEH Karap eHIIPICTIK Maceleep/i Ienyre KOMEKTeCeIi);
TaHBIM/IBIK-aHAJTUTHKAIBIK KY3bIPETTUTIK (OLTiM, OSIICeHAINTIK XKoHEe pedIIeKCUBTI
KOMIOHEHTTep: (u3nkaHblH op OesiMi OOWBIHIIA CTYASHTTEPHiH OiniMiH Kyie-
JIEyTe BIKMAJ eTeli, CTYICHTTEPIIH TAaHBIMIBIK KBI3METIH OeIICeHIipeni, oUTKeH]
OKy KypaiblHIa >kaz0aiap KapacThIPbUIFAH JKOHE CTYACHTTEpAiH Oenrismi Oip
MaTepHualIIbl 3epeneyaeri oenrinepi. by kamramacei3 ety omoOebar O0obIT Ta0bI-
JIa7el, OUTKEHI OJ1 ipTelTi 3aHIap MEH HeTi3r1 (popMymanapabl KaMTHIBI, COHABIKTaH
Ke3-KeIT'eH KOoFaphbl 0Ky OPHBI VIIiH KOJJIaHYyFa JKapaM/Ibl eIl CAaHANMBI3.
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Abstract. The '""B(p,y)"'C reaction is of significant interest in nuclear
astrophysics and in the field of controlled thermonuclear fusion. This reaction is
one of the reactions of ''B production, which is carried out through the
"B(p,y)""C(B+v)""B chain. The rate of the '""B(p,y)"'C reaction (occurring in the
interiors of first-generation stars) can be of great importance for the amount of '°B
and "B observed today in the interstellar medium and in the Earth's crust. In
thermonuclear reactors, structural elements containing boron can be used as
neutron absorbers, etc. Therefore, in this work, within the framework of a
modified potential cluster model with a classification of orbital states according to
Young's diagrams and taking into account allowed and forbidden states, we
examined the possibility of describing the available experimental data for the total
cross sections of the radiative p'°B capture to the ground state of the "'C nucleus at
energies up to 1 MeV. It is shown that only on the basis of £1 and M1 transitions
from the p'°B scattering states, taking into account the first resonance for the
ground state of the "'C nucleus, it is quite possible to explain the magnitude and
shape of the experimental astrophysical S-factor. The work presents comparisons
the astrophysical S-factors of the radiative p'’B capture
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to the ground state of the '"C nucleus found by us with the experimental data
available in the literature. Based on the obtained theoretical S-factor, the rate of this
reaction was calculated in the temperature range from 0.01 to 1 7;. The calculated
results for rates are approximated by a simple expression, which simplifies their use
in applied thermonuclear and astrophysical research.

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

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

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

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

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

Introduction

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

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

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

¥ Sé/z or °D_ states.

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

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

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

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

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

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

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

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

state.

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

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

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

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

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

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

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

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

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

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

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

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

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

potential may have parameters

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

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

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

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

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

E . keV

om’

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

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

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

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

Reaction rate of the proton capture on '°B. Further, in Fig. 2, the continuous
curve shows the radiative capture rate of p'°B, which corresponds to the calculated
astrophysical S-factor shown in Fig. 1.
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Figure 2. Rate of radiative p'°B capture on the GS.

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

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

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

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

Conclusions. The methods used in this work for obtaining the shape and depth
of intercluster interaction potentials for scattering and bound states make it possible
to get rid of the discrete and continuous ambiguities of their parameters. This
solves a well-known problem that arises when constructing intercluster potentials
in the continuous and discrete spectrum of a two-particle system by the usual
optical method. The reaction rate was obtained and its approximation by a simple
analytical expression was performed. Subsequently, the potentials obtained using
these methods can be used in any calculations related to the solution of various
nuclear-physical and astrophysical problems formulated at low, ultra-low and
thermal energies.
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Abstract. Intensification of heat transfer is one of the most important problems
of modern thermophysics. One of the modern methods for intensification of heat
exchange process is the use of coolants based on nanofluids. They are attracting
attention due to their potential to improve heat transfer in various systems, particularly
in the field of solar energy. In this work, the thermal conductivity of nanofluids
based on TiO, and CuO nanoparticles was studied. Various concentrations of TiO,
and CuO nanoparticles in the range from 0.5 to 2% were studied at temperatures
of 293-333 K in a mixture of bidistilled water, ethylene glycol/bidistilled water,
stabilized with the surfactant cetyltrimethylammonium bromide (CTAB). The
optimal concentration of CTAB, equal to 0.7%, was determined experimentally. To
evaluate the stability of nanofluids, zeta potential and hydrodynamic particle size
were measured. As a result of thermophysical measurements, a significant increase
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in the thermal conductivity of nanofluids relative to the base fluid was discovered.
The largest increase was observed at a mass concentration of nanoparticles of 2%
for both TiO, and CuO in all mixtures. With a further increase in the concentration
of nanoparticles, problems with the stability of the resulting solutions were
observed. Comparison of the obtained thermal conductivity values of TiO, and
CuO nanofluids was made. Both TiO, and CuO nanofluids showed an increase in
thermal conductivity coefficient for each mass concentration, while the CuO-based
nanofluid has a higher thermal conductivity than TiO,-based one. The results of this
work can be useful in determining the technological regimes of the coolant in hybrid
solar collectors, developing new models of solar panels and other applications of
thermophysics.

Keywords: heat transfer, thermal conductivity, nanofluid, hybrid solar
collector, coolant, zeta-potential.
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Annoramus. JKelmy —anMacyapl KapKbIHIATy Kasipri 3aMaHfbl  KbLTY
(bM3UKaHBIH €H MaHBI3Ibl MIHACTTEpiHiH Oipi Oonbim TaObuTansl. XKBUTY ammacy
MpOIeCiH KapKbIHIATYbIHBIH 3aMaHayW oJiCTepiHiH Oipi HaHOCYHBIKTBIKTAP
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HETi3iH/eri JKbULy TachIMAJJIAFBIITAPIbl KOIJIaHy Oonbill Tabbutansl. Omap
OpTYPIi XKyHenepae, acipece KYH PHEPrHUsIChl calachlHAa KbUTy Oepyal xakcapTy
oneyeTine OalinaHbICTBI ©3iHe Hasap aymapabl. byn skymeicra TiO, sxonme CuO
HaHOO®JIIIeKTePl HEri31H1er HAHO CYUBIKTBIKTAP IbIH KbLTY OTKI3TILITITT 3€PTTEIII.
TiO, xone CuO nanoGemuektepinin 0,5-TeH 2%-Fa NEHIHIT IUANa3OHIAFbl
OpTYpINi KOHIIEHTpamuschl meTunTpuMermiaMmMonnii Opomuai (LITAB) Oerrik
OencenHyi 3aThIMEH TYPAaKTaHIBIPBUIFaH OWIUCTHIJIGHTCH CY, ITHJICHIIUKOIbB/
OunuctuiieHren cy kKocrnacel 293-333 K apanbIFbIHAAFbl TEMIEpaTypaiachbiHia
seprrenai. LITAB-teiH 0,7% TEH OHTaWIBI KOHICHTPAIMACH 3KCIICPUMEHTAIIBI
Typae TaObuLbl. HaHOCYHBIKTBIKTAPIBIH  TYPAaKTBUIBIFBIH — Oaranay — YIIIH
OJapIBIH J3€Ta MOTEHIHAIBI JKOHE THIPOAWHAMHUKAIBIK O6JIIeKTep/IiH emeMi
aHBIKTAIABL. JKbUTy (DU3WKAIBIK OJIIeyNep HOTHKECIHIe HAHOCYHBIKTHIKTApIbIH
HET13T1 CYHBIKTBIKKA KaThICTBI )KbUTY OTKI3TIIITITiHIH alTapibIKTall KOFapbLiaybl
aHBIKTANABl. EH yIIkeH eciM OapiiblK Kocmalaparbl TiO2 xkoHe CuO ymiH
ne 2% HaHOOONIICKTEpAiH MacCalblK KOHLEHTPAIMSACHIHAA — OalKasbl.
HanoOesmiekrep/iiH ~ KOHLIEHTPALMSACHIHBIH,  OJ]aH  Opi  JKOFapbUIATKaH Ke3J/ie
aJBIHFaH ePITIHAUICPIIH TYPaKTHUIBIFBIHIA MOCEJIeIep OPBIH alFaHbl OalKaJIIb.
TiO2 skoHe CuO HaHOCYWBIKTHIKTAPBIHBIH aJIbIHFAH )KBUTY OTKI3TIIITIK MOHEPiHIH
canbIcThIpybl XKyprizinai. TiO, xone CuO HaHOCYHBIKTBHIKTaphl 9pOip MaccaybIK
KOHLEHTpALUsl YIIiH KbUIy OTKI3TITIK KO3()(UIMEHTIHIH KOFapbUIaybIH
kepcerTi, an CuO Herisinaeri HaHoCYHBIKTBIK TiO -re KaparaHaa *OFapbl KbLIY
OTKI3TIIITIKKE Ne OOJIFaHbI AHBIKTAJIbL. BYJI )KYMBICTBIH HOTHXKeJIepi THOPUATI KYH
KOJUIEKTOPJIAPBIHAAFEl KBUTY TaCHIMAJIAFBIITEIH TEXHOJIOTHSIIBIK PEeXUMACPIH
aHBIKTAy/a, KYH TAaHEIbCPIHIH XKaHa YATIIepiH a3ipieye )KoHe KbUTy (PH3HKaHbIH
Oacka KonaHOamapeIH/Ia naiamsl 00Iysl MYMKIH.

Tyiiin ce3mep: KbuUTy anMmacy, JKbUTY OTKI3TIIUTIK, HAHOCYHBIKTHIK, THOPHITI
KYH KOJUICKTOPBI, )KbITY TaChIMaJIIaFbIIl, J3eTa-MOTEHIIHAL.
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AnHoTauus. MaTecudukamus TerutooOMeHa SBISETCS OTHON M3 BaXKHEHIIHX
3amMa4  coBpeMeHHOH Teropm3ukd. OmHAM HW3  COBPEMEHHBIX METOJOB
WHTEHCH(HUKAIIMK  TETUIOOOMEHHOTO  TIpollecca  SIBJSICTCST  MCITOJIb30BAHME
TEIUIOHOCHUTEJe Ha OCHOBE HAHOXHIKOCTeH. OHHU TPHUBIEKAIOT BHUMAaHHE
Oyaromapsi CBOeMy TOTCHIIHAITY YITYUIICHUS TETUTOTICPEIadH B pa3INIHBIX CHCTEMAX,
B YACTHOCTH B 00JIACTH COJTHEUHOW SHEpreTuku. B manHo# paboTe mcciemoBana
TEIUIONPOBOJHOCTh HAHOKMAKOCTEH Ha ocHoBe Hanodactun TiO, u CuO.
HccnenoBanbl pa3inyHble KOHIEHTPAIIMM HAHOYACTHI] TiO2 n CuO B gmamasone
ot 0,5 o 2 % npm Temmneparypax 293-333 K B cmecu OnaucTHIITMpOBaHHAS BO/IA,
ATUJICHTIINKOIE/ONTUCTHILTHPOBAHHAS BOIA, CTA0OMIHM3UPOBAHHBIX IIOBEPXHOCTHO-
AKTUBHBIM BEMICCTBOM IeTuinTpuMeTraammonus opomun (LITAB). OntumansHas
xonnentpanus LITADB, paBnas 0,7% Obuta ompeneneHa 3KCIIEPUMEHTAIHHBIM
myTeM. J{71s1 OIleHKH CTaOMITEHOCTH HAHOKHUIKOCTEH OBLITO IPOU3BEICHO H3MEPECHHE
N3eTa-TMOTeHNnajda W THAPOAWHAMHYECKOTO pasMepa dacTuil. B pesynbrare
TeIIO(QU3NYECKNX W3MEpPeHHH OBUIO OOHApPY>KEHO 3HAYMTENIbHOE YBEIWYCHHE
TETUTOTIPOBOIHOCTH HAHOKUIKOCTEH TIO0 OTHOMICHHWI0O K 0a30BOM IKHIKOCTH.
HawnGompmmuit poct HaOMIOMAICS MPU MACCOBON KOHIIEHTpAIy HaHodacTuil 2%
KakK ISt TiOZ, tak u a1 CuO Bo Bcex cMmecsx. [lpu ganpHEHeM yBETHICHIH
KOHIIGHTPAaIlMM HAHOYACTHI[ HAOIIOMAINCh MPOOJIEMBI CO CTaOMIBHOCTHIO
TIOJIYICHHBIX ~ PacTBOpPOB. lIpoBeneHO CpaBHEHWE TIOMYUYCHHBIX 3HAYCHHUN
TEIUIONPOBOIHOCTH HAHOXKUJIKOCTEHN TiO2 n CuO. HanoxumkocTt Kax TiOz, TakK
1 CuO moxazanu pocT Ko3(pUIIMHTA TETUIOTPOBOAHOCTH IS KaXKIO0H MacCOBON
KOHIIEHTPAIINH, IPY TOM HAaHOKHUIKOCTh Ha ocHOBe CuO o0mamaet Oosee BEICOKOH
TEIUIONPOBOAHOCTEIO, ueM TiO,. Pesynbrarhl JaHHON pabOTI MOTYT OBITH MOJIE3HBI
TIPU  ONPEICIICHUHN TEXHOJOTHUYCCKUX PEKUMOB TETUIOHOCUTENSI B THOPHIHBIX
COJTHEYHBIX KOJIJICKTOpax, pa3paboTke HOBBIX MOZCICH COJMHEYHBIX TaHEIeH u
JIPYTUX MPHIOKCHHUSIX TEIIO(QU3UKH.

KualoueBble cjoBa: TemiooOMEH, TEIUIONMPOBOAHOCTh, HAHOXXHUIKOCTB,
THOPHUIHBINA COTHEYHBIN KOJIJIEKTOP, TETNIOHOCHTEIb, 13€Ta-MOTEHIHAIT.

Jlannoe uccnedosanue unancupyemca Komumemom nayku Munucmepcmea
Hayku u gvlcuteco oopaszosanusn Pecnyonuxu Kazaxcman (epanm Ne AP19678220).

72



Reports of the Academy of Sciences of the Republic of Kazakhstan

Introduction

Kazakhstan has significant potential for solar energy due to its vast land area
and abundant sunlight, especially in the southern regions. There are some ways to
utilize solar energy: using solar photovoltaic (PV) systems, solar water heating.
The most widely used equipment to catch solar radiation is using PV systems, that
allows not only to generate electricity but also to use the heat of sun. Solar panels,
also known as PV panels, are devices that convert sunlight into electricity. The main
drawback of solar panel is its surface heating. It results in decreased efficiency, so
it is necessary to withdraw the heat. Hybrid solar collectors combine different solar
technologies to improve energy efficiency and provide a more reliable source of
energy. It is designed to capture and utilize solar energy for various applications,
including electricity generation, heating, cooling, and hot water production (Fig.1).
In recent years, the number of research on intensifying heat transfer in solar
collectors using nanofluid coolants has increased significantly (Farhana et al., 2019;
Goel et al., 2020; Olia et al., 2019; Younis et al., 2018; Zayed et al., 2019). Popular
heat transfer agents, providing heat exchange, are liquids based on ethylene glycol
or propylene glycol.

In the framework of literature review many materials for nanofluid preparation
was considered and it was found that TiO, and CuO particles looks most promising
(Arifin et al., 2022; Liu et al., 2006). TiO, and CuO nanofluids show significant
increase in thermal conductivity (Ali et al., 2018; Ali, Sajid, Arshad, 2017; Das et
al., 2016; Saydi et.al.,2023; Wang et al., 1999).

Nanoparticles in a liquid suspension coagulate due to the imbalance of
electrostatic repulsion forces caused by the surface charge of nanoparticles and the
forces of mutual attraction of molecules. To prevent agglomeration surfactants are
added. There are different types of surfactants: anionic, cationic etc. The effect of
surfactans depends on surfactant type, its concentration and nanofluid preparation
conditions (Al-Waeli et al.,2019). One of the methods for predicting the stability
of a nanofluid is to determine its zeta potential, which is the value of the surface
charge of nanoparticles in the liquid. There is a direct relationship between zeta
potential and nanofluid stability (Vandsburger, 2009).

Additional information about the state of a colloidal system can be obtained by
studying the diameters of nanoparticles in a liquid. The process of precipitation of
colloidal agglomerations occurs when the particle diameter reaches more than 100
microns (Henze et al., 2006:391).

-~
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4 - et fe—————— ¢ =
= Heal supply
Buffer tank Heal pump

Fig. 1. Hybrid solar collector
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However most of the papers consider thermal properties of pure nanofluids.
Thermal conductivities of TiO, and CuO nanoparticles stabilized by surfactants are
not considered in depth. This work is intended to fill this gap, since the addition of
surfactants affects the thermophysical properties of nanofluids.

Materials and methods

Nanofluids were prepared by two-step method by magnetic stirring and
ultrasonication during the different periods of time. Duration of each process was
found experimentally, until required particle size in solutions and their stability
were provided. Nanoparticles were bought from Sigma Aldrich supplier. Double-
distilled water (DDW) water was produced in the laboratory of the university.
Ethylene glycol was bought from the chemical reagent manufacturer («Damu-
Chemistry» LLP). CTAB surfactant was chosen as the most suitable for this type
of nanoparticles.

Quantitative analysis of TiO, and CuO nanoparticles were made using «INCA
Energy 250» energy dispersive spectrometer of the Jeol JSM-6390LV scanning
electrone microscope.

Average particles sizes and zeta-potential of the solutions were investigated by
Zetasizer Nano ZS90 (Malvern Instruments Ltd., UK) on the basis of dynamic light
scattering method.

Thermal conductivity was measured by TEMPOS Thermal Properties Analyzer
(METER group, Inc. USA). KS-3 sensor was used to determine the properties of
nanofluids.

Results and discussion

Results of elemental analysis are shown in the Figs.2-3: TiO, and CuO
nanoparticles purity are equal to 98% and 99% respectively. There was insignificant
amount of borium and bromide in spectrum results. However, their mass fraction
was negligible.
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Fig. 2. Quantitative analysis in terms of weight for TiO, (a) and CuO (b) nanoparticles
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Fig. 3. Quantitative analysis of TiO, (a) and CuO (b) samples (spectrum)

An important stability factor, in addition to the consistency of the base liquid,
is the zeta potential and particle size in the nanofluid. EG/DDW-based (50:50 %)
nanofluids were investigated on zeta potential and particle size due to more stable
condition. The zeta potential for TiO, takes the value of -25mV, for CuO -31 mV.

The distribution of particles according to size was obtained by dynamic light
scattering method. The highest size density of TiO, particles lies in the range of
35-45 nm. Small agglomerations at the level of 2% are observed in particles with
a hydrodynamic diameter of 110-120 nm. For CuO the particle distribution takes
values of 45-55 nm. A series of experiments showed that the most optimal CTAB
surfactant concentration is 0.7%

After the quality of the source materials and the required particle size were
ensured, thermal conductivity measurements of the nanofluids were taken. Double-
distilled water, a mixture of ethylene glycol/double-distilled water in a ratio of
50:50%, a mixture of ethylene glycol/double-distilled water in a ratio of 30:70%
were used as a based fluid.

An increase in the thermal conductivity of the nanofluids is observed in 3
variants of the base fluid for TiO, and CuO (Fig. 4-6).

il 0,80
0,76
- TO, nanofiud e - CuO nanofiud —
_;c 0744  base fluid . DDW v -/,‘ ;g o base fluid : DDW = g /_/.s
= 0,72 ~ - 4 - ~ -
\ - - -
P T E . /J’ L
0,70 e = A
£0,68 - - ~ = 070 ’;’/— = o
> >
£ 0,66 = " T /‘/
/
20,64 ] 2 065 e S
- / -
8062 2 e
= Sl y ; ——0,5 wt%
i) w P ;|
50-60- EMD —e—1 wt.%
" +
Soss] s —— 1,5 W%
.56 ] E —r—2w%
P 055 —4—DDW
290 300 210 320 330 240 290 300 310 320 3% 340
a) Temperature (K) b) Temperature (K)

75



ISSN 2224-5227 4.2023

122

—

1,14 TiO, nanoflud — 1204 CuO nanoflud
5 base fluid : DDW r = base fiuid - DDW e
£ e § 1184 -
F1,124
o o 1,156 4
g B o
21104 2 114
2 & 112
= 1,08 4 §
g § 1191
E 1,064 c‘gu 1,08
2 # 1,06
= 1044 = —A— 1,5 W%

! 14 vz w%

1,02
290 300 310 320 330 340 20 300 310 320 330 340
¢) Temperature (K) d) Temperature (K)

Fig. 4. Thermal conductivity coefficients and thermal conductivity ratio for base fluid DDW:
a) thermal conductivity of TiO, b) thermal conductivity of CuO
c) thermal conductivity ratio of TiO, d) thermal conductivity ratio of CuO
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Fig. 5. Thermal conductivity coefficients and thermal conductivity ratio for base fluid EG/DDW
50:50%:
a) thermal conductivity of TiO, b) thermal conductivity of CuO
¢) thermal conductivity ratio of TiO, d) thermal conductivity ratio of CuO

Fig. 4 shows the obtained thermal conductivity of TiO, and CuO nanofluids
based on double-distilled water (DDW). For TiO, (Fig. 4 a, ¢), there is an increase in
the thermal conductivity coefficient in terms of nanofluid temperature ranging from
293 to 333 K for 0,5 wt.% mass concentration by an average of 6,3%, while for 2
wt.% by 12,3%. For every 0.5 wt. % the thermal conductivity coefficient increases
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by 2%. CuO demonstrates higher thermal conductivity coefficients compared to
TiO, (Fig. 4 b,d). For 0,5 wt. % mass concentartion the increase is on average 7,9%,
and 2 wt. % solution shows an increase in the thermal conductivity coefficient by
16,2%. For an increase in the mass concentration of CuO by 0,5%, the increase in
the thermal conductivity coefficient is on average 2,8%.

Using a mixture of EG and double-distilled water as a base liquid shows a
significant increase compared to distilled water (Figs. 5-6).

For the base liquid EG/DDW 50:50% (Fig. 5), the increase in the thermal
conductivity coefficient of TiO, (Fig.5 a,c) for each mass concentration at a certain
temperature of the nanofluid is on average 11,5%, while the thermal conductivity
growth in comparison with bidistilled water based nanofluid is 9% (Fig.5 a,c). For
CuO the values become 15,5 % and 12,1%, respectively. The maximum increase for
this base liquid is observed for 2 wt. % concentration. At a nanofluid temperature
of 333 K for TiO, and CuO, this figure gets 17,2% and 21,8% versus 14.4% and
19.3% compared with bidistilled water based nanofluid.
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Fig. 6. Thermal conductivity coefficients and thermal conductivity ratio for base fluid EG/DDW
30:70%:

a) thermal conductivity of TiO, b) thermal conductivity of CuO
¢) thermal conductivity ratio of TiO, d) thermal conductivity ratio of CuO

In case of reducing the ethylene glycol ratio to 30%, there is an increase in
the thermal conductivity coefficient of the nanofluid comparing to a 50% ethylene
glycol concentration (Fig. 6). The average increase in the thermal conductivity
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coefficient of the considered mass concentrations for TiO, is 13,1%, for CuO
18,5%. An increase in mass concentration by 0.5% has a similar increase in the
thermal conductivity coefficient as in the case of the double-stilled water as base
fluid: by 2 % for TiO,, by 2,1% for CuO.

A clear dependence of the increase in the thermal conductivity coefficient
of the nanofluid on concentration and temperature was revealed. The difference
in thermal conductivity coefficient for different nanoparticles is due to different
thermophysical properties of nanoparticles. The increase in thermal conductivity
of a nanofluid based on a mixture of EG: DDW is much higher than the effective
thermal conductivity based on double-distilled water due to the viscosity properties
of ethylene glycol, which ensures some stability of the solution.

Conclusion

Problem of heat transfer enhancement in hybrid solar collectors can be solved
using nanofluids as cooling agent. It was found that CTAB stabilized TiO, and
CuO nanofluids can successfully increase heat exchange rate in such systems.
Thermal conductivity coefficients of nanofluids at various mass concentrations and
temperatures were experimentally obtained. Mass concentration of nanoparticles
contribution is more significant in thermal conductivity performance than
temperature factor. But technological regime of solar panels implies that coolant
undergoes temperatures up to 333 K. Thus, thermal properties of coolants under
such conditions were determined. The increase in thermal conductivity for each
specific case is shown in the graphs above. Thermal conductivity enhancement
makes it possible to improve the current-voltage characteristic under operating
conditions due to the intensification of heat transfer.

It is planned to continue research to determine the viscosity of nanofluids to
identify the features of the hydrodynamics of nanofluids under various working
conditions.
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AnHoranus. Byn maxanaga »Korapbl OKy OpBIHAApBIHAA KapacThIPhLIATHIH
(GU3UKAIBIK ecenTep MIbIFapy MPAKTUKYMBIHBIH Ma3MYHJIBIK epeKIIeiKTepi
KapacTeIpbutansl. du3nka MOHI MYFaTiMICPiH Aaspiayaa KociOW marmapliapisl
KaJBINTACTBIPYAa €Cell IIbIFapy[dblH alaTblH OpHBI epekule. bomamak moH
MYFaJIiMAEPIHIH OpTa MEKTeN OKYLIBUIAPBIHBIH (H3MKaJbIK OiTiM JIeHreiine
KOMBUIATBIH TajanTapra COWKec KociOM NaFapUIapblH KANbINTACTHIPY MaKCaThIHIA
(U3UKAIBIK ecenTep NPaKTUKYMBIHBIH Ma3MYHBIH KETUIIIPYAiH MaHbBI3IbLIBIFBI
OCBI 3epPTTEY/IIH ©3CKTIIITIH aHBIKTalIpl. Makanaga rmeaarorukaiblK KOFaphl OKY
OPBIHIAPBIHBIH O011iM OaFIapiIaMachlHa COMKEC OKBITHUTATHIH « DU3HKAIBIK €CENTED
IIBIFAPY MPAaKTUKYMBD) TIOHIHIH Ma3MYH/IBIK €PEKIICTIKTepiHe KYPri3iiareH Tajuay
HOTHXKEJIEpl YCHIHBULABL. 3epTTey KYMbIChl «DU3MKANBIK €cenTepAl IIbIFapy
MPaKTUKYMBD» KypPCBIH OKBITY Heri3iHae Oomnamak (pu3nka MyraaiMaepiHiH apHaibl
JNAWBIHIBIFBIH JKETULIIPY» TaKbIPBIOBIHIAFEl MOCTIOKTOPAHTYPAJBIK KOOAHBIH
asChIHIA XKYpri3ingi. bonamak ¢pu3nka moHi MyFaliMIepiH TalbIHIAUTHIH )KOFAPBI
OKY OPBIHJAPbIHJA OKBITHIIATHIH (PU3UKAJIBIK €CENTEP IIbIFapy NPAaKTHKYMBIHBIH
Makcart, MiHAETTepiHe, KYTILJICTIiH HOTHKECIHE CABICTRIPMAIbl Tajiay >KacaJlbl.
JKyprizinren Ttannay HOTHKENEpi HeETi3iHAE KapacThIPBUIBII OTBIPFaH MOHHIH
Ma3MYHBIH KETUIIIPy KaXKETTUIIrH aHbIKTanabl. Ocbl MaKcarTa MoHHIH Ma3MYHBIH

80



Reports of the Academy of Sciences of the Republic of Kazakhstan

TEOPUSUIBIK OUTIMMEH Karap TaHBIMJIBIK, OJICTEMENIK JKOHE 3epTTEYIIUIiK
JaFIbUIaPbIH  KaJbINTACTBIPYyFa BIKMIAJd €TETiH MOHMOTIHAIK TarchlpMaap,
OKCIICPUMEHTIK ~ JaFipUIapAbl  OKSTUINIPETIH  ecenTep,  OJIMMITMAJAIBIK
TarchIpMaliapMEH TOJBIKTHIPY KaXKETTUIIr Heri3lenirn, Oipkarap TarceipManap
YJIrici YChIHBLIBL. 3epTTey OaphIChIHA aJIbIHFaH HOTHKEJIEp MEH KOPBIThIHbLIAP,
ychIHbICTap «DU3MKAIBIK ecenTep MIbIFapy MPAKTHKYMbD» MOHIHIH Ma3MyHbIHA
TOJIBIKTBIPYJIap MEH ©3repiCTep SHTri3yre Heri3 0oaibl.

Tyiiingi ce3nep: GpU3MKaAIBIK ecenTep MIbFapy MPaKTHKYMbI, TIOHHIH KYTUIETIH
HOTIDKENepi, OimiM OarnapinaManapsl, Oonamiak (Gu3uka MyFaliMIepiH aspiay,
IKCTICPUMEHTTIK JIaF bl

© ®./]1. HametkyJi0Ba, E.A. Ocnantexos’, A.K. Cyrup6exoBa, 2023

Kazaxckuii HanmoHanpHBIH 1ejarorndeckuii yHuBepcuTeT nM.Adast.
E-mail: 2015zh@gmail.com

COIEP/XKATEJIBHBIE OCOBEHHOCTHU NTPAKTUKYMA
IO PEHIEHUIO ®PUBUYECKHUX 3AJTAY

HamerkynoBa @apuga J/IkaHy3akoBHAa — KJILH.,, CTaplIdii TperojaBaTenb  Kadempbl
«MeToanka mpenojaBaHus MaTeMaTHkH, puszukn u mHGOpMartukm», Kazaxckuit HanmoHampHBII
MeTarOTUIECKUI YHUBEPCUTET UM.AOast, ATMaThl

E-mail: 2015zh@gmail.com, https://orcid.org/0000-0002-4245-9819;

OcnanbexoB  Ep6on -  PhD, crapumii mnpemonmaBarens  kadenpel — «Metoanka
NperoiaBaHis ~ MaTeMaThkW, Gu3ukn u  wHpopMmathkm», Kasaxckmit  HammownambHbIit
MIe/TarOTUYECKUI YHUBEPCUTET UM.AOast, ATMaThl

E-mail: Os_Erbol@mail.ru, https://orcid.org/0000-0001-6143-7589

Cyrup6exoBa Axmapaa KyaHapIkOBHA — IOKTOpaHT Kadenpsl «MeToauka IpernogaBaHus
MaTeMaTHkd, ¢Gu3ukn u  uHQopMarukm», Kazaxckuii HammoHanbpHBI — TeqarormyecKuit
yHHEBepcUTeT UM.AOast, ATMaTsl

E-mail: sugirbekovaakmaral@gmail.com, https://orcid.org/0000-0002-0539-0920

AHHOTanuss. B 1aHHOW crarbe paccMarpuBalOTCSl  COAEpIKaTelbHBIC
0COOCHHOCTH NMPAaKTHKyMa MO PEeIICHUI0 (PU3MYECKUX 3ajad, paccMaTprBacMOro
B By3ax. Ocoboe mecto B (hopmMHpoBaHMHM NPO(HECCHOHATBHBIX HABHIKOB B
MOATOTOBKE Oymymux yuyureied (QU3MKW 3aHUMaeT pelieHus 3axad. BakHocTh
COBEPLICHCTBOBAHMS COJACPKAHMS TNPAKTHKyMa (QHU3MYECKUX 3a1ad C IeJbIo
(dopMupoBaHHs TPOPECCHOHATBHBIX HABBIKOB OYIYIINX YUUTEJICH-TTPEIMETHHKOB
B COOTBETCTBUH C TPEOOBAHUSMH K YPOBHIO (PU3HMUECKOTO 00Pa30BaHUS YUAILIUXCS
CPeIHUX IIKOJ OMNpPEAEsieT aKTyalbHOCTb JAHHOTO HccieqoBaHus. B craree
MIPEACTABICHBI PE3YJbTAThI IPOBEACHHOT0 aHAIN3a COACPIKaTeIbHON 0COOCHHOCTH
mucuuruabl - «lIpakTukym pemeHus (QHU3MUSCKHX 3a1au», H3ydyaeMol B
COOTBETCTBHM C 00pa3oBaTeJIbHOW NPOrpaMMON B IEAAarOrMYecKuX By3ax.
Uccnenosatenbckas padoTa MpOBOAWIACH B paMKaX MOCTAOKTOPCKOTO MPOEKTa
no teMe «CoOBEpIICHCTBOBAHHE CIIEHUATBHON MOATOTOBKU OYyAYIIMX y4YHTEIen
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¢dbu3uku Ha OCHOBe mpernofaBaHusi Kypca «IIpakTukym perieHus: GU3NISCKUX
3amau». [IpoBeneH CpaBHUTENBHBIN aHANU3 IENeH, 3a1ad U O0XKHIAEMBIX
pe3yJIbTATOB IPAaKTUKyMa pelleHusl (PU3MUYSCKUX 3ajay, MpernojaBacMoil B
BBICIINX Y4YCOHBIX 3aBEICHUSAX I10 MOJArOTOBKE Oyaymmx yuutenen (usuku. Ha
OCHOBaHUM PE3YJIbTATOB MPOBEJCHHOTO aHAJIM3a BBISIBICHA HEOOXOJUMOCTh
COBEPIICHCTBOBAHUS COJCPXKAHUS JIAHHOW JUCHMIUIMHBL J[ns storo  Obuia
MpeJICTaBIeHa  HEOOXOAMMOCTh  JIOTIOJIHEHUS COJIEp)KaHUS  IpeaMeTa
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(OpPMUPOBAHUIO  IO3HABATEJBHBIX, METOJAMYECKUX M  HCCIICI0BATEIbCKUX
HABBIKOB, 33/la4aMU, COBEPIICHCTBYIONIUMH 3KCIIEPUMEHTAIbHBIC HABBIKU, OJIUM-
MUACKUMU 33JIaHUSIMHE, & TAKXKE PSIOM MPUMEPHBIX 33j1a4. Pe3ysbTarhl, BEIBOIbI,
PEKOMEH/IAINH, MOJYYCHHBIC B XOJIC UCCICIOBAHUS, SIBJISIOTCS OCHOBAHUEM JIJIsS
BHECEHHS JIOTIOJHCHWH W M3MEHEHWH B cojepkaHue mnpeamera «lIpaktukym
pelieHus: GU3NICCKHUX 3371249,
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pe3yJbTaThl MpeaMeTa, o0pa3oBaTeNbHBIE MPOrPAMMBI, MMOJTOTOBKA OYIyIIHX
yuuTenei (PU3NKH, SKCIIePUMEHTATLHBIC HABBIKH
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Annotation. This article discusses the substantive features of the workshop
on solving physical problems considered in universities. A special place in the
formation of professional skills in the training of future physics teachers is occupied
by problem solving. The importance of improving the content of the workshop of
physical tasks in order to form the professional skills of future subject teachers in
accordance with the requirements for the level of physical education of secondary
school students determines the relevance of this study. The article presents the
results of the analysis of the features of the content of the discipline «Practical
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course on solving physical problemsy, studied in accordance with the educational
program in pedagogical universities. The research work was carried out within the
framework of a postdoctoral project on the topic "Improving the special training
of future physics teachers on the basis of teaching the course «Practical course on
solving physical problems». A comparative analysis of the goals, objectives and
expected results of the practical solution of physical problems taught in higher
educational institutions for the training of future physics teachers is carried out.
Based on the results of the analysis, the need to improve the content of this discipline
has been identified.

For this purpose, the need to supplement the content of the subject with
theoretical knowledge, contextual tasks that contribute to the formation of
cognitive, methodological and research skills, tasks that improve experimental
skills, Olympic tasks, as well as a number of exemplary tasks was presented. The
results, conclusions, recommendations obtained in the course of the study are the
basis for making additions and changes to the content of the subject «Practical
course on solving physical problemsy.

Keywords: practical course on solving physical problems, expected results of
the subject, educational programs, training of future physics teachers,
experimental skills

Kipicne

byrinri xyHi Qu3NKa MOHIH OKBITYFa KOWBUIATHIH TajlalTap OKY MPOIECIHIE
O1ITiM ayIIBIHBI Y3HIKCi3 ©3Tepill OTHIPATHIH XKoHE OOoJNallaKkTa e3repeTiH eMipre
naibpiHaayFa 0acThl Ha3ap ayaapyabl kKe3uenai. byn yHemi maiijga OonaThlH jkaHa
Maceenep/i Mmely, SsFHU CTaHIapTThl EMEC €CENTeP/Ii ISy JKOHE OCIeNi Kacion
aKmaparTap arblHBIHJIA JIYPhIC OarnapiaHy OUTINHIH MaHBI3IBUIBIFBIH apTTHIPAIbL.
OcsI TamanTap/IsI KaHAFATTaHABIPATHIH OoJaInak (Pu3uKa ITOHI MyFaIIMiH qaspiiayaa
TIeJJaTOTUKAJIBIK YHUBEPCUTETTIH OiTiM Oepy JKYHeCiHIH ajaThlH OPHBI €pPeKIIe —
on OoJamrak 3amMaHayd MyFajgiMaepii AaspiayMeH Karap, CTyAeHTTepIiH Oonanrak
KociOM MaMaH OOJIBIN KaJIBINTACybIHA J1a BIKMAl etefi. COHIBIKTaH, )KOFaphl OKY
OpBIHJAPBIH/IA OOJIAIIaK MYFATIMHIH THIMJII TIEIarOTUKAJIBIK IISIIiMICp KaObUIIay
)oHe (hu3MKa IoHi OOMbIHINA cabaKTap/a OKYyIIbLIAPbl OKBITY, TOPOHEILY JKOHE
JTAMBITY MOCEJIEICPiH camaibl MISITyli KaMTaMachl3 €TETiH JKeKe KaCHETTEpPiHiH,
Oi1iM MEH JaFABUIApPBIHBIH Oipiryi OOJNBIT TaOBLIIATHIH KOCiOW KY3BIPETTUIIriH
KaMTaMachl3 eTymi ke3medmi. Ockl Makcarka colikec Oomamiak (uU3MKa TMoHI
MYFaJTIMIHIH KOCINTIK OiJiM JKOHE JaFbUIapblH, KAKETTUIIKKE colikec OLTIM MeH
JaFIbLUIapAbl THIMJII ©3TePTy KOHE JAaMBITy KaOUISTTUIITH, KOCIOM KYHJBUIBIK
KO3KapachlH KaJBINITACTBIPATHIH KOFAPbI OKY OPHBIH/IA KY31PETTLIIKKE Heri3/eNTeH
Tocin xy3ere acans! (KP F>xbM KOO MXKMC, 2022).

Bomamax ¢usnka moHi MyFamimMaepiH aasprayga KOJNJAAHBUIATBHIH OLTIM Mas3-
MYHBIHBIH OPTa MEKTETITE OepiIeTiH Ma3MYHBIMEH Ca0aKTaCTHIKTa O0TYBI MAHBI3IBL.
Ocbl TyprblaH anranjga OumiM Oepy KyHECiH KeTUIIIpyAiH MaHBI3IbUIBIFBIH
KepceTeTiH 3epTTeyaiH Hotmxkenepi oenriti (Yekimov, 2022).
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Crynentrepain (U3MKAIBIK €CEeNTep IIbIFapy HPaKTHUKyMbl OOWBIHIIA OKY
KETICTIKTEepiH THiMII Oaranmay omicTepiHiH Oipi peTiHIe KalbITaCThIPYIIBI
Oaramaynel yebrHas! (Frits, 2023). OHBIH OapbICBIHIA CTYASHTTEPIIH KYPASTIITi
OpTYpJIi TamchIpMaslapAbl MEHrepy JeHrediHIeri aibIpMalIbUIbIKTapFa Taljay
xkacananpl. HoTwmkecinae OiLTiM aiymibuiap TarchIpMaHbIH KypAeNiiiri, ecer
IIBIFApy/a KOJIaHBUIATEIH ICTEePIiH THIMILTIT, (DU3UKAIBIK KYOBUIBICTHIH MOHI
MEH cajiiapbl TypaJibl aKIaparTapabl CaHAIbI TYpAe MEHIepei.

3eprrey OapbichiHAa Oonamak GU3KMKa MoHI MyFaliMAEPiH JasipIalThIH )KOFaphl
OKYy OpBIHIApBIH/IA KOJAAaHBICTAFbl «DH3HUKANBIK €CenTep MIbIFapy MPaKTUKYMbBD)
MIOHIHIH CHJUTa0yCTaphIHA TANJIAY JKACAIJIb.

MarepuaJjigap MeH Heri3ri agicrep.

Bomamax ¢usuka myramiMIepiHiH JKaimbl OuTiM OepeTiH MEKTeNTe OKYy-
TopOWe MpOIECiHIH MOHIH XoHE (PH3MKa KypCHIHBIH Ma3MYHbI MEH KYPBUIBIMBIH
TYCiHY, (DM3HMKAIBIK €CEeNTep/i IIbIFapy JaFIbICHl MEH ICKEPIITiH KaJbIITaCTHIpPY,
MEeKTeN (PM3UKACHIHBIH asIChIH/IA €CENTEep/Il IIBIFapy 9IICTEMECIH Taliay MaKCaThIH
KO3IEHTIH «DH3MKAIBIK €CenTep IIbIFapy NPaKTUKYMBIHBIH» Ma3MYHBI KociOM
JaFIbUIapAbl  KaJlbINTAacThIpansl. [IoH cTymeHTTepaiH (H3HMKa ecenTepiHiH
KIaccu(UKanMsIChIHA COMKeC Oapibl MIBIFapy 9/IICTEMECIiH JKOHE OpTa MEKTeNTe
(bM3HKaHBI OKBITYAA THIMII KOJIaHa Oiy iCKepIIiTiH JaMBITaIbI.

«DH3MKAIBIK €CcenTep MIbIFapy NPAKTUKYMbD» MOHIHIH CHIIA0yCTapbIHBIH
KYPBUIBIMBI MEH Ma3MYHBIHA XKYPIi31ITeH 3epesiey Ma3MYHHBIH OKY HOTHIKeIIepiHe
OaFpITTANFaHABIFBIH, Oarasiay MEH OKBITY OJICTEpiHIH COMKECTITiH alKbIHIAIIbI.
Exi OemimHeH TtyparhiH «®DH3MKaIBIK €CenTepAi MIbIFapy MPaKTHKyMBIHBIH)
OipiHmmiciHiH Ma3MyHBI «MexaHnkay, «Monekynanblk (u3nka» OemiMIepiH, aji
CKIHIIICI «DNEKTp >KoHE MarHeTusm», «OnTHKa», «ATOMIBIK JKOHE SAPOIBIK
¢usuka», «Kartel nenemep ¢usmkace» OemimaepiH KaMTuabl. JlereHMeH,
MOHHIH KYTIJIETIH HOTH)KECIHE JKYPTi3UITeH 3epreney OimiM alymbiapiblH OKY
JKETICTIKTEpIH IIbIHABI Oaralayra Kelepri KeNTIPeTiH ecel MIBIFapyIblH «...
MIPUHIIATITEPI MEH OMicTep/i OlTy», «JIOTUKAIBIK OWIAy OINEpalusChIH JTOUEKTI
OoMyBIH YHpeTy» koHe T.0. TYpiHJE TYKBIPhIMIAIFaH KYTUICTIH HOTHXKEIepIi
HaKThLIa bl

KapacTeipbuirad MoHHIH Ma3MYHBI JKaJiIbl opTa OLTiM OepeTiH MeKTemTeri
(¢u3nKa TOHIHIH Ma3MyHBIHA Call ecell IIbIFapy ICKepJiri MEH JaFIbIChIH
JaMBITYMEH KaTap OKYIIBUIApJABIH JaFAbUIapbIH, OHBIH INIHJEC FBUIBIMH-
’KapaTbUTBICTaHy KY3BIPETTUIITIH JaMBITAaThIH JIaFAbUIapIbl KaJBIITACTHIPYFa
OarbITTATYbl MaHBI3Ibl. OUTKEHI, OKYIIBUIAPABIH O11IM ally JKeTicTiKTepiH Oaraiay
JKOHIHJIET1 XaNbIKapaliblK Oarmapiama 3epTTeyiepi OuTiM amymbuiapasH GU3nKa
MIOHIH/IE 3ePTTEey MIHICTIH KOO XKOHE OHBI TEKCEepY JKOIIAPBIH YCBIHY, 3€pTTEY
’KOCTIAPBIH JIafbIH/IAY KOHE OHBIH HOTHIKENIEPiH HHTEPIPETAIHsIAY, HOTHKEIEPIiH
CEHIMJIUTITI MEH ayTeHTHKAJIBIFBIH JIOJEINAey OLTIKTepiH JaMbITy KaXKeTTLTIKTepiH
aiikerHanel (Hamerkymosa, 2022). bonamak ¢u3uka 1moHi MyFalliMIepiHiH, SFHU
¢usuka OimiM Oepy Oarmapiamackl OOWBIHINIA OKUTHIH CTYACHTTEPIIH FHUIBIMH-
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KapaTblIBICTaHy KY3BIPETTUIIKTEPiH OKY MpoLeci OapbIChIHIA AAMBITY/IBI aTallFaH
MOCeJIeHI HIeTY/IiH HeTi31 peTiHie KapacThipyFa 0oabl IeN eCenTenMis.

Bomamax ¢Qu3mka moHI MyFamiMiHIH KociOM  KY3BIPETTUTITIHIH  HETI3ri
KYpayIIbIChl KociOM OiTiM/II KAMTHTHIH MOH/IK KY3BIPETTLTITT OOJBINT TaObLIa b,
Bomamax myF¥aiim yirid kociOu O11iM, €H alIbIMeH, O1T1iM ayIIbIIapAbl OKbITaThIH
TIOH peTiHie (GU3UKAIBIK OLTIMITI KAMTHIBI.

dusukanblk ecentepAl mprapy npaktukyMel XKOO-na ¢gus3ukanibik Oimimai
KaJIBINITACTBIPATHIH TTOHCPAIH Oipi OONBINT TaOBUIATHIHABIKTAH, OHBIH Ma3MYHBI
MEH KYPBUIBIMBIH HaKThIJIAy KaXKeT. ATaJFaH IMOHHIH Ma3MYHbI (PU3UKAJIBIK O1ITiM
XKYHeciMeH Karap opeKeTTepi J1e KaMTybl MaHbI3Abl. byl apekeTTep o/1icHaManbIK
OlmiMai ((pU3UKANBIK KYOBLIBIC OHE TAaHBIM OJiCTEpi Typaibl OiTIM), FBUIBIMHU
OpeKeT peTiH/Ie I3eHyIIITIKTI (OaKpLIay, MOcesIeHI KO0, 00InKaM YCBhIHY, O0IKaMIbI
TEKCEepY, TEOPHSUIBIK HETi3/1ey, KOPBITHIHIIBLIAY), OKY SJicTepi (anblHFaH Oimimi
KOJIZIaHy ), TAHBIMABIK 9PEKETTEPAl KAMTHIBI.

Ou3MKaJIbIK ecenTep LIbIFapy NMPaKTHKyMbIHBIH Ma3MyHbl OHJAFbl KapacThbl-
pBIIATBIH €cenTep Ma3MYHBI HeTi3iHIe eTinmipyre Oomnanmbl. Ilemarorrapibia
OKBITY TOXKipHOECiHe KOJNaHBUIATHIH (PU3UKAJIBIK ecenTep OiiM amynibiiapabiy
€CeNTi IeNry TYCIHITIH JIaMbITajpl, JeTeHMEH ecenTiH Oenrimi Oip Oemiri FaHa
onapblH OLTIri MEH MaFAbIChIH KAJBIITACTHIPYFa BIKMNAT €Tei. 3epTTeyiep
HOTHXeci ecenTepiiH Ma3MyHBIHBIH 80%-bl (QU3MKAJBIK IIaMajapAblH MOHIH
TaObyra, 14%-bI KYOBUIBICTBIH MOHIH TyciHyre, 2%-bl JIGHEHIH KacHeTiH
alikpiHayFa OarbrTTanareiHbiH KepceTT (KomomuH, 2010). CoHABIKTaH ecemnTiy
Ma3MyHbl KYOBUIBICTBIH MOHI JKOHE KapacThIPBUIATHIH JICHEJEPAiH KacheTTepiHe
OarpITTayblHA Hazap aydapy MasbI3ibl. MasMyHIBl KETIIAipy YLIIH ajabMeH
OepieTiH ecenTiH KYPhUIBIM/IBIK €pEKIIeTiKTepiHe TOKTaIANbIK,.

HO.H.KynmioTkuH ~ (U3UKaNBIK €CeNTiH KYPbUIBIMBIHBIH €Ki Kypamzac
OeJiriH «mapTTaH, sFHU Oenriiai Oip KaThlHACTAPMEH PETTENTeH HbICaHIapAbIH
JKUBIHTBIFBIHAH JKOHE OEpiITeH KaFJai/ia HeHl aHBIKTay KepPEeKTIriH KepCeTeTiH
tajantan» ycbiHIbl (Kymotkun, 2002). An A.®. DcaynoBTbIH MiKipiHIIE MIapT
«enry 0apbIChIHIA KOJIaHBUIATEIH OSNTiT Oip aKImaparThIK JKyHenep», ai Tanamn
«OCHI aKMaparThIK KYHeIepli TYPJICHIIpY apKbUIbI HEeTe KOJ JKETKi3y KepeKTiriH
KOHE Here YMTBUIY Kepekririn» kepcereai (Dcaynmos, 1972). Ilcuxonorus
JLIM.®puaman ecentiH KypbUIBIMBIHIA KapacTBIPbUIFAH Tajam IIeH IIapTIeH
KaTap opeKeTTi, SIFHHU «TajlanTapAbl OpPbIH/AY YIIiH MapT OOMbIHIIA OPBIHAAIATHIH
OpeKeTTep KMBIHTBIFBIHY» KapacTeipanpl. JI.M.DpuamannelH Oyl UzaeschIH
KYpBUIBIMAAJIFaH (HeMece MOHMATIHAIK) TarchlpMaliapbl KYpacTeIpy OapbIChIHIA
THIMJI )Ky3ere acelpyFa 6onaapl (Ppunman, 1989).

OcCBI KypBUIBIM CaKTalIFaH €CeNTiH YITiCi TOMEH/IET1 MBICa apKbIIbI OepiiIIi.

Mpicanbl. CyperTe KOpCeTUIreH TIKYIIaK KEeHICTIKTE TOpH30HTalb OarbITTa
KO3FajiaJibl, OHBIH KaJIAKTapbIHBIH KeTepy Kyl A (KenAiH >KbUIIaMIBIFbI
ecKepiTMeiini).
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6 cyper

a cyper
Cypert 1 — TiKyIIaKkThIH KEHICTIKTET1 KO3FaJIbIChI

1) Tikymakka ocep eteTin B xone C KymTepiH aHBIKTaHbI3.

2) Kymrepaiy OarbIThl O-CypeTTe KOpCETUITeH, TIKYIIaKTBIH KO3FaIbICHIHBIH
JKBUTIAMIBIFBIHBIH OaFBITHIH aHBIKTaHBI3 )KOHE OHBI TYCIHAIPIHI3.

3) Ketepy kymi A = 9,5 kH xexokueknen 74° Oypsii jxacaiiapl. TiKyIIaKThIH
CaJIMarblH aHBIKTaHBI3.

Hotuxesnepi

Ou3HUKAIBIK €CeNTi MIeNTy PeTTEeNreH JPEeKeTTep/i — SMICTI, TOCLIII aHBIKTaYy,
€CeMNTI IIeNTy aITOPUTMIH KYpacThIpy, OCBl aJITOPUTM HETi3iHJIe €CeNTi ey ape-
KeTTepiH >ko0ajay >KOHE OHBI XKY3ere achlpy — OpBIHIayAbl Tanam ereni. Ousn-
KaJIBIK eCemnTep MIbIFapy MPaKTHKyMbIHa OONlallak MaMaHIap/AbIH KOCiOM JaFIbl-
JIAPBIH KAJTBIITACTBIPY/ABIH Oip YKOJIBI PETIH/IE YCHIHBUIBI OTHIPFaH €CeITi MICHIy/IiH
pETTeNTeH oOpeKeTTePiHIH HETi3iHAE TarchpMaIapIbl OPBIHAAYIB OKY TaXKipHOeciHe
KIpIKTIpreH OyphIC JIereH TYKBIphIMFa Kelmik. Kemeci MbIcanm HeETi3iHIE ecemnTi
IICTITY/IiH PETTENTeH SPEKETTEPiHiH TajanTapblHa Call Talaay YChIHBUI/IBL.

Meicansl:

CyperTe Xyripyre AallbIHIAIBII TYPFaH CIIOPTIIBI OeiHeneHreH. F kymmi —
CHOPTIIBIHBIH CayCaK YINbIHA dCep €TETiH KOPBITKBI KYII. AJIBIHFBI TaOaHBIHA
TyceTiH peaknusa kymi — Y = 180 H, cammarer W = 520 H, an ekinmn asFbiHa
TYCETIiH KOFapbl OaFpITTAIFaH peaKIus Ky — X.

1) CriopTIIBIHBIH KOJIBIHBIH CayCaKTapbIHBIH YITbIHA TyceTiH W canmak (Ky1)
MOMEHTIH €CeNTeHi3

2) Kon caycakrapeiHa KaTbICThl CHOPTIIBIHBIH CAJIMaFbIHBIH KYII MOMEHTIH
€CeNTeHi3 (COUKeCIHIIe oeM OipIiKTepiH KOpCeTiHi3).

3) Caycax ymTapblHbIH aifHAJIaChIHIAFBl MOMEHTTEP/II aHBIKTAIl, EKiHIII asKKa
TyceTiH X KYIIiH eCenTeHi3.

4) KopwITKbI F KyIIITi TAOBIHEI3.

- 0,63 m -

Cyper 2 - XKyripyre gailbIHAAIbII TYPFaH CIOPTILBL.
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Bomamak ¢usuka moHI MyFamiMmuepi ecenm MIbIFapy OapbICBIHIA FBHUIBIMHU
O1TIMHIH J)KYHeCiH MEHIepreH/IiriH, ic-opeKeTTepl OPbIH/IAY, COHBIH IIIiH/e YITire
ColiKeC opeKeT eTy koimapblH MeHrepeai. COHbIMEH KaTap, €Cell IIbIFapy apKbLIbI
oicTeMeITiK OUTiMI KAITBINITACHIII, 13/ICHYIIIIIIK )KOHE UTEepreH OimimMIepiH Komaany
naraeiiapel  qamuabl. COHABIKTAH, 3epTTey OapbhIChIHIAA OCHI aTaifaH KociOu
JIaFIbUIAPBIHBIH  KOPCETKIMITEPiHIH KaJbINTACYbl OOWBIHINA Taiay Kacajbl.
AnFaikel Tangay (pU3MKAJBIK €CenTep IMIbIFapy MPAKTHKYMBIHBIH Ma3MYHbBIHA
e3repicTep eHri3iIMereH JKaFIai1a abIH/IbI.

Ecen weifapy NPakTHUHYMBl MasMmyHbIHBIH BacTtankbl HycKacsl

=
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g
=
=
=
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BAICTEMENIK BLAIM 13 AEHYLLLNIK SPEKET MIEPTEH BLMIMI

Cyper 3 — Bacrarkpl 1HarHocTiKa MaTiMeTTepi

Tanmay HOTHXKECI CTyAeHTTEpAiH OackiM OeiriHae omicTeMelNiK OiTiMiHIH
JKETKITIIKTI JICHTeiIe KaJdbIITaCKAHABIFBIH KOPCETTi. SIFHHM, OUTIM amymisuiap
€CeITIH MOTIHIHAE OepiIreH (QU3UKAIBIK KYOBUIBICTHI AHBIKTAI KOHE OHBI
CUTIATTANTHIH (U3UKAIBIK IIaMaJIapFa, 3aHIap MEH TeopHusIapra TyCiHIKTeMe Oepe
ananpl. JlereameH, 3epTTey OaphIChl aHbIKTaraHaai cryaeHTrepaid 30 % -braaa Fana
13IEHYTIITIK YKOHE UTePTeH OLTIMII KOMAaHy JaFIbUTapPBIHBIH JKETKUTIKTI IeHT e e
KaJIBIITacaFaHABIFBIH Aomenaeiini (3-cyper). AHBIKTaNIFaH KaFraail OyTiHTi KyH1
Kanmel OiniM OepeTiH MekTenTepie (U3MKa MOHIH OKBITYFa KOWBUIATBIH HETi3Ti
TalanTapabl KaHAaFaTTAHIBIPY YIIH OoJyamiak MyFaliMIepae Tajamay HOTIKeci
KOPCETKEH KOCIOM MaFrabplIapIblH JaMBITY KaXXETTUIITIH ailKbIHaaabl. OU3HKAIBIK
€CeNTepal IIBIFapy MPAKTUKYMBIHBIH Ma3MYHBIH CTYICHTTEPHiH IIOHIIK,
OIICTeMEIIK, 13MEeHYIIUTIK MaFIbUIApBIH JTaMBITYyFa OaFbITTAIFaH TariChIpMaiap
JKYHeCiMEH TONBIKTBIPY aHBIKTAJFaH MOCEJCHI MIeITyre MYMKIHIIK Oepemi aer
ecenTenmis.

Tankbuiay

Ochl aranraH JKarmaiira OaIaHBICTHl (DU3UKAJIBIK €CENTEepP IMIBIFapy MPaKTH-
KYMBIHBIH Ma3MYHBIHBIH TOJBIKTBIPY MaKCaThIHAA OUTIM alyIIbUIapABIH €Cell
HIBIFapy OapBICBIHAAFEI 9/IiCTEMEINIK O1TIMIH, FRIIBIMU SPEKET PETiHAe 13AeHYyIIITIK
JAFIBUTAPBIH KAJBIITACTRIPYFa OaFbITTATFaH TalChIPMATApPABIH YATUIEpl XKyiie-
JICH/].
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Jp10bICc KYOBLTBICTApBl OOMBIHIIIA KEJIECl €CeTTi KapacThIpaMbI3.

Bepinreni: Kenreren my3bIkanblk acnantap/ia eki OSKiTireH Tipek apachlHIa
CO3BUIFaH chIM (11eK) 6ap. by ceimmap 1 cyperre kepceTinreHei e3iHig Tepoeryi
HOTWIKECIHJIE PE30HAHC JKacalIbl.

Cypet 4 — My3bIKaJIbIK aclar IeTiHiH Tepoeic

TepOemicTeri MIEKTIH HIbIFapaThiH JBIOBICHIHBIH KHIIITT Kejleci mamanapra
TOyeIIi OOJaThIH/IBIFBI O LTI

1) TipekTep apachIHAAFbI CHIM Y3bIH/IBIFbIHA

2) CBIMHBIH KepiryiHe

3) CBIMHBIH Y3BIHJBIK OipJIiriH/eTi MaccachiHa.

Heri3ri ninriage tepOeneTiH CBIMHBIH PE30HAHCTHIK JKULTITT CBIMHBIH KepityiHe
TOyeI/Ii eKeHIH aHBIKTAUTBIH TOXIPUOCHI JailbIH/TaHbI3.

JKaOnbIKThIH OpHATIACYBIH KOPCETETIH UarpaMMaHbl cany Kepek. JKyMbICThIH
epeKIIle Ha3ap aynapbUlaThbiH TYCTAPhI

(a) ceiM Oenrimi xuiikTe TepOeNneTiHiH KaMTaMachl3 €TeTiH 9/1ic OOIYHI THIC;

(9) pe30HAHCTHIK KUK MTeH KePHEYIIKTI Kajai eeyre 6omaasl?

(0) opBIHAATYBI THIC PACIMIEPIIH PETIH KA3bIHBI3;

(B) KaHIall aifHBIMANBIIAPBI OAKBLIAY KEPEeK?

(T) ci3 KaOBUTIANTHIH CaKTHIK IIapaapbIHBIH PETI.

Onicremerik 6uiM (hu3uKanbIK | J{bIOBICTBIH Taparybl, IBIOBICTHIH (PU3UKAIBIK CHIIATTaMaIaphl,
KYOBLIBIC JKOHE TAHBIM QJIICTEPl | PU3UKAIBIK KYOBUTBICTHI OaKbLIAy TaFIbLIaAPBIHBIH OOITYBI
TypaJibl O1TiM)
FBUIBIMH OpEKeT peTinae i3ne- | Herisri minrinae TepOesieTiH CBIMHBIH PE30HAHCTBIK JKHITIr]
HyHIUTK (OaKpLIay, MaCeIeHi CBIMHBIH KepLTyiHe TOyeN/ii eKeHIH aHbIKTAHThIH TKIpHOeHi
KO0, O0JKaM YCbIHY, OoKaM- | AaiibiHzaay (O0mKaMabl YChIHY KOHE OHBI TEKCepY, TCOPHSIIBIK
JIbl TEKCEPY, TEOPUSIIBIK HETi3- | HEeri3/iey, SKCIIePUMEHT JKYMBICHIH KOPBITBIH/IbLIAY )

J1iey, KOPBITBIHABLIAY)
OKy omicTepi (aybiaFaH OumiMai | MeHrepreH ..... TEOPHSLIBIK O1TIM/II SKCIICPHUMEHT HOTHIKECIH
KOJIJIaHy) TEOPVSUIBIK, HETi3/1ey JKoHE KOPBITHIHABLIAY OapbIChIHA KOJIAHY

DKCHEepUMEHTTIH KOWBUTYBIH KO3 allfIbIHA eNICCTETY HeTi3iHae
OHbIH 0apbICHIH aJITOPUTMICY

Ecen mirapy npaktukymberana M.C. IlaBnoBa aHBIKTaraH CTYICHTTEPIIH
(U3UKAIBIK OKY SKCTICPUMEHTTEPIH Malijaany alMarblHAAFbl KY3bIPETTUIIKTEPiHIH
KYPBUTBIMBIHA KiPETiH «OKY 9KCIIEPUMEHTI )KOHE OHBI YHBIMAACTBIPY 9IiCTeMENepiH
Oimyi, OHBIH MaHBI3JBUIBIFBIH TaHYBI, OKY MPOIECIHAE SKCIIEPUMEHTTI >ko0aay
JKOHE JKY3ere achlpy» KY3bIPETTUIIKTEPIH JaMBITy MaHBI3IbI OOJBIT TaOBLIAIBI
(ITaBnoBa, 2010). du3HUKAIBIK €CENTEP/i MY SKCIIEPUMEHTTIK dICTiH Keeci
KYPBUIBIM JKYy3ere acaipl: OepulreH skarmaiabl (KyOBUIBICTBHI, JCHCHIH KYHiH)
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aHBIKTAYy; OCBHI JKarjaifa coiikec (DM3MKANBIK MMapaMmeTpliepiH Ma3MYyHbI MeEH
MOHIH aHBIKTAy; IKCIIEPUMEHTTIK TOCUIMEH OEpilreH ecemnTi JOTHKAIbIK HeMece
CaHJIBIK ecenTeyre KenTipy.

Ou3uKaHbl OKBITYABIH FBUIBIMU-JMIICTEMENIK 9/1e0neTi MEH IPaKTHKACHIH
Tanaay (U3MKaJIbIK eCenTepl ey KaOlIeTiH NaMbITyIblH aMOe0an Tociiepi
JKOK €KeHiH kepcereai. [[oH MyFamimMaepiHiH, oliCKepIep/IiH )KoHe TTOH/ I OKBITYMEH
alfHaNBICAThIH 3EPTTEYHIUIEP/IH KYMBICTaphl OKYIIBUIAPIBIH €CeNTi MIenryre
KATBICTHI TOXKIpHOE KIUHAKTAYBIH YBIMIACThIPYFa apHaIFaH. DU3UKaIBIK ecenTepIi
MIENTyTe YHPETYIIH opTYpil 9MicTeMeNiK TOCIIAepl JaMBIIbI, OJIApABIH apachiHaa
AKCIIEPUMEHTTIK €CeNTep i HIeNyre YipeTyre Ha3ap aynapbuiyna. CTyaeHTTep opra
MeKTenTeri (u3uKa KypChIHBIH JKeKe Oemimaepi OoWbIHIIa (PH3UKAIBIK ecenTepIi
HICHTYiH HAaKThl OJIiCTepiH (TEOMETPHSUIBIK, TpapHKaIblK, HOMOTIPaQHIIBIK)
KapacThIPaThIH MATeMaTHKAIIBIK allllapaTrThl MEHrepei. JlereHMeH 3KCIIepUMEeHTTIK
€CeTTepal MIeNTy TONENAey TYKBIPBIMIAPBIH KypacThIpyFa Herizmenemi. Exinmri
JKaFbIHAH, MEKTEIl OKYIIBUIAPBIHBIH JIOTUKAJIBIK KaTerOpHsUIap PETIHJE OMJIay/IbIH
3aHIBUIBIKTApEl MEH (opMaliappIMeH TaHBIC OOIMaybl €cCenTepiai IIeHIyIiH
AKCIEPUMEHTTIK TOCLIIH MeHrepyre keiepri kenripemi. COHABIKTAH (U3UKAJIBIK
ecenTep IIbIFapy NPAKTUKyMBIHAA OSKCIIEPUMEHTTIK eCenTepi KapacThIpy
MaHBI3JIBL. DKCIIEPUMEHTTIK ecenrep Oonamak (Gu3uka MoHI MyFaliMIepiHiH
OKyILIbIapFa KYOBUIBICTBI TYCIHZIpPY, OOJKay, HAKTBl KYOBUIBICTAPABIH OpTaK
Oenriepi MEH eJeylli albIpMaIIBUIBIKTAphIH KOPCETY, OJIEMIEri 3arTap MEH
KYOBUIBICTAp/bl  CAJBICTBIPY, KYOBUIBICTBI KOJJIaHy JKOHE OakKbuliay —asiChlH
AHBIKTAUTBHIH CaH/IBIK TEPMHUHJIED, YFBIMIAP/BI XKYHETIey JKoHE KIKTey, TKipuoene
KOJIZIAHBIIATBIH 1C-OpEKeT TACUIAepi MEH OJICTEpiHIH MOHIH TYCIHIIPY CEKiIIi
KociOM IaFIpLIapblH AaMbITyFa bIKNal eTei. COHbIMEH KaTap, CTyACHTTEp €CeNTiH
mapThIHAa OepiieTiH (HU3UKAIBIK KYOBUTBICTBI YKOHE OHBIH OPTYPJIl acHeKTiIepiH
3epTTey, KYOBUIBICTHIH Maiiaa Oosry cebenTepi MEH OAaH KYTLIETIH cajaapbl
Ooipkamay Heri3iHAe OUTYKBIPBIMAAP Kacall OTBHIPHIN, HOTIDKECIHAE KYOBLIBIC
Typansl OinmiMiH TepeHnereni. [[oHHIH Ma3MyHbBIHA Kelleci ecemnTiH KipiKTipyre
Oomaner «Tarceipma. ©3 J€HEHHIH OpTalla THIFBI3IBIFBIH aHBIKTAY». bepiiareH
TarChIPMaHbl OPBIHAAY YIIiH OTiM aymIbuiap SKCIEPUMEHTTIK €CENTiH IIBIFapy
AITOPUTMIH KacCauIbl;

1. TerFpB3OBIKTHI ecentey (popmyrace! P = % KOJIJIaHA[IbI.

2.Maccanbl aHBIKTay YIIiH Tapa3buiapIbl KOJ1ay YChIHBLIAIBI.

3. JleHeHiH KelleMiH aHBIKTAy YIIiH opTYpIi (hopMamarsl JeHENepIiH KoJeMiH
MEH3ypKa KOMETrIMEH aHbIKTay dJ[ICiH Naiianana sl MeH3ypKaHbIH OPHbIHA BAHHA
KOJIJTaHbLIa bl bacTankel )koHe KeWiHT1 Cy/IbIH KOTepiTy OMIKTIriHE COiKeC KoIeM/Ii
AHBIKTAay/Ia CBIMBIMIBIIBIFEI OCNT1Ii BIABICTHI (MBICAIBI 1 JT 0aHKA) KOJMIaHBLUIAIHL.

DKCIIEPUMEHTTIK €CenTep MIbIFapy JNaFbIChIH KaJIbIITACTHIPYFa BIKIIAI €TETIH
TaICBIPMAHBIH Kelleci Typi — JKaFmasATTBIK ecemnTep. MpIcaln peTiHIae OCHIHAai
JKAFJAsTTBIH €CEITIH KeJiecl YArici YChIHbUIaabel. Tanceipma: Tanrap HIbIHbIHA
JOCTapbIMEH JIeMaTyFa MIbIKKaH Mapar 5 J1 mporaH ra3bIMeH TOITHIPBUIFaH OaJlIoH,
TEPMOCTA BICTHIK CY, apKaH, CipiHKE >KOHE Kara3 aybll MIBIKTEL. TaMak o3ipieyre
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Ka)XeT 00JFaH 0aTOH/IBI TYTaHABIPa aMasbl. TanFap MIBIHBIHBIH OHWIKTIri 4973 M,
ra3apig mapamerprepi p=44,1 r/mons, p = 1,8641 xr/m?, p = 1,6 Mlla.

1. baymoH bl TYTaHIBIPYIIBIH KaHal oicTepi 6ap?

2. Tanrap WIBIHBIHA WIBIKKAHIA ayaHbl Temmeparypa t = -1°C Oonranma
Oamnongarsl ra3abl KeICBIMBL 0,4 % -ra kemuzi. bamnonmars! rasaslH O0acTamkbl
TEMIIEPaTypPaChIiH aHBIKTaHbI3.

3. AnFaH MONIMETTEpAl HETi3IHAEC KBICHIMHBIH TEMIIepaTypara TOICIAUTIK
rpadurid ChI3bIHBI3.

Ou3MKaANBIK  ecenTepAi IMemydi OKBITY OHICTEeMECIHIE omiCTeMEIiK
3epTTEYICP/iH OChl CajachlH JIaMbITyFa KAaThICThl HETi3ri €Ki OarbITThl ararl
kepceryre 6onazasl (Jlapuenkona, 2008).

Bipinmrici A.H. JIeOHTBEBTIH TICHXOJOTHSJIBIK TCOPHUSCHIHBIH HETI31H]Ie
(U3MKaAIBIK €cenTi UIbIFapyaa Kejeci OpeKeTTepAl KaMTUTBIH —alrOpUTMIL
KOJTAHYIbI VCHIHAABI: TAIICHIPMAMEH TAHBICY, IICIIIM XOCIAPhIH KYpY, IICIIiM
JKOCTIAPBIH KY3€Te achIpy, allbIHFaH MISIHIM/II TEKCEpy, COHIal-aK orepalusiap:
Oarmapiay, *Kocmapiay, OpbIHaay, SpOip iC-OpeKeTTiH iCKe achIPBUIYBIH OaKbpLIay.
By perre OKBITYIBIH MakcaThl OKyIIbLIapAa (PU3UKAIBIK €CENTepIi MICIIyre
KOKETTI JKajlmbl JaFApUIap/bl KaJbIITACTBIPy KO3JAENTEeHIIKTCH (U3UKAIBIK
eCenTepal IIBIFApYAbIH KANMbUIAHFAH —aNTOPUTMICPI YCBHIHBUIAMBL.  bimiM
QIyIIBUIAp OPTYPJII TaKbIPHIITApJa YCHIHBUIATBIH OCBIHIAN aJTOpPHUTMICPIL
KOJITAHBITT HAKTHI TEOPUSITBIK MaTepHUAIIBI HTEPYMEH KaTap alroOpuTMACPIIH 031H
JIe UTepy TaJyian etinesi. JlereHMeH, 3epTTey CUIIAThIHIaFbl €CENTEP/Ii IICHIY/IE OChI
ANTOPUTMEPl MaiaanaHy >KeTKUTikci3 Oomansl. COHIBIKTAH, aTainFaH OarbITTHI
MEKTEIl OKYIIbLIaPbIHBIH (PU3UKAJIBIK €CEIITI MICITYTe KaYKSTTI Kb JaFAbLIapbiH
KaJIBINITACThIpYFa Kosjanran TriMi (Ycosa, 1988). JKorapFel OKy OpbIHIApBIH/IA
Oonamrak (u3uka TOHI MyFaTiMIEpiH maspiayna YCHIHBUIATBIH EKiHII OaFbIT
o/licCHaMaNIBIK JIEHTele Jky3ere acaiupl. DU3MKANBIK ecenTepil IIbIFapyaa
TEOPHSUITBIK OUTIMMEH KaTap TaHBIMABIK 9/1iCTEP/Ii KOIIaHY KaXKETTiTIT TYBIHIAH TBI.
Byn »karmaiina ecenTe KapacThIPbUIATBIH KyObUIBICTapFa, (U3MKa 3aHIapbIHA
JKOHE CUMMETPHS IPUHIMIITEPiHE HA3ap aydapbUlajibl, SFHUA €CeNTep/i IIbiFapyna
KOJTAHBUTATHIH (PU3UKANBIK TCOPUSUTAPABIH HAKTHI 3aHAApBIHBIH ACHTEHI, ipremi
(hU3UKAIBIK 3aHaP/IbIH JICHT el jKoHe (DU3UKAHBIH 9]1iCHAMAIIBIK PUHITUITEePIHIH
neHreii eckepinmenmi. bym omicreme OumiM  amymibuIapabl (PU3UKAIBIK €CernTep
HIbIFApyFa YHPETYre oHE OJIap/blH TaHBIMIBIK 9IICTEP/Il KOJIaHy JaFAbLIapbiH
KaJIBIITACTBIPYFa  KOJDKETIMAUTITIH KamTamacki3 etefi. OcblFaH OailIaHBICTHI,
Oonamak Qu3MKa MOHI MyFaliMepiHe apHalFaH «(QH3HMKAJIBIK ecenTep LIbIFapy
MPAKTUKYMbD» TIOHIHIH Ma3MYH/IBIK €PEKIICTIKTePiH HAKThUIAY/Ia €CEll IIbIFAPY/IbIH
SKiHIIII OaFBITBIHIAFBI OICTEMEHI €CKEepPTreH AYPBIC eI eCenTeiMis.

Mpican. CunarraManapbl KecTelle KOPCETUIreH 5 cepirerni MasTHUK OepijireH.
biniM amymieira kecrene KOpCeTUIreH MasTHUKTEP/IiH eKeyiH TaHAall, cepimmerni
MasITHUKTIH EpKiH TepOeic TEepUOJBIHbIH JKYKTIH MaccachlHa TOYEJIUTITiH
KepceTeTiH Taxipuoe xacay kepek. Kanmait mastHukTepai Tagaaiiabsi? XKykrepain
TYTac eKeHi Oesnrii.
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Masitnukrepin | Cepinnenin KaTanabiFel, | KykTin keaemi, cm? Kyk xkacanran
PeTTiK caHbl H/m MaTepHaJl
40 30 ATFOMHHUAN
60 60 ATFOMHHUN
40 30 MBIC
10 30 ATFOMUHUAN
10 60 MBIC

JKayarta »KYKTepIiH peTTiK CAHBIH KOPCETIIL, TaH Ay )kacay ce0eOiH TyCiHaIpiHi3.
JKyprizinren ToxxipnOe OOMBIHIIA KOPHITHIHIIBI )KaCaHbI3.

JKorapsl OKy OpBIHApPHI CTYACHTTEPiHIH TAHBIM/IBIK OPEKET KOHE €CeTl APTHIH/A
OepiieTiH OKy MaceJeNlepiH aHbIKTaY, IIeMTy KOJIapbIiH O0JDKay JaFIbUIapblH Ke-
TPy MaKcaThIHAA (PU3UKAIBIK €CETTep MIbIFapy MPaKTHKYMBIHBIH Ma3MYHBIH 1A
MEKTell OKYIIBUIAPBIHBIH SPTYPIl JIEHTeHIIK OJMMIHajaiapia YCHIHBUIATHIH
ecenTepMeH TONBIKThIpyFa 0omaasl. CoHalt MBICANIAPIBIH PETi YCHIHBUIIBL.
Meican 1. Cysr Oap amiblK BIABICKA allbIK CTaKaH
OareIpbUIadbl: Oip peT TYOIMEH JKOFaphl Kapaid, aji
KeJecici TyOIMeH acThiFa (CyperTe KopceTinreH) oip
TepeHaikke OaTpipeiianpl. OChl €Ki JKarmaiina,
CTaKaH/IbI OaTBIPFaH Ke3/le, KAHCHICHIHIA KOTI )KYMBIC
arkapeuiapl? (Cy BIABICTaH aFblll KeTIIEHAl JkoHe TyOiMeH TeMeHTe OaThIpbUIFaH
CTaKaHFa Cy KyHbUIManIbl).

Ecenti mbirapya cTyaeHTTep €Ki KaFJaiiarel TYCIPIITeH jKoHe Kepi uTepyri
KYIITEPTe CalbICTHIPMAIIBI TAJJIAy JKacay apKbUTbl KOMBUTFAH CYPaKThIH KayaObIH
TYCIHIIpEeT.

A Meican 2. Xep Oerinen H1=10 M OwmikTikre TypraH
JIeHe epkiH Kynai Oacraiigel. byn yakeitra H2=5 M
OMIKTIKTEH BEPTHKAJb JKOFaphl Kapali Oacka JeHe
nmakTeIpelIaael. by exi aene XXepaen h=2 M OuikTikTe
al T J/ COKTBIFBICANbl.  Exinmi — neneHin  Gacrankel v
B KBIITaM/IBIFBIH, KO3FAJIBIC OacTanFaHHAH COKTBIFBICYFa
He JEHIHT1 yaKbITThl aHBIKTaHbI3. EKi MEeHEeHIH KO3FallbIC
rpaduriH canblHbI3. bBipiHIN TeHEHIH KO3FaJIBICHIH
eKiHII JIeHEHIH KO3FaJbIChIHA OalIaHBICTHl CaHaK
XKyhecinae KapacTeipy kepek (Jlemuna, 2016).
KopbIThIHABI
CoHbIMEH, TEJaroTUKaJbIK JKOFapbl OKY OpBIHAApbIHIA KOJJAHBICTAFbI
«DU3HKANBIK €cenTep HIbIFapy MPAKTUKYMbD» IIOHIHIH aJaThlH OPHBI €peKIe
eKeHJIIriHe Ha3ap aydapa OTBIPBI, OpPTa MEKTeN OKYIIBUIAPBIHBIH (DU3UKAIBIK
OimiMiHe KOWBUIATHIH TaJAITapAbl HETi3re alblll MOHHIH Ma3MYHBIH TOJBIKTBIPY
KOKETTUTITIH aTtam oTKimi3 kenexi. by ecemn mbFapy apkpuibl Oomamak Gpu3nka
MIOHI MyFalliMAEpiH Iaspiayiaa oJapiblH KociOW JaFabUIapbhIHBIH KaJbIITaCybIHA
TiKeJIeH bIKIal eTeli.

*
T e R AR A A Y
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Abstract. The article examines modern methods of teaching this course,
including the use of interactive lectures and seminars, as well as various additional
teaching tools such as videos and online courses. The study analyzed the results of
the experimental group, which studied the course using additional teaching methods,
and the control group, which studied the course only on the basis of traditional
teaching methods. The analysis showed that the use of additional teaching aids
makes it possible to increase the effectiveness of teaching the course "Molecular
Physics" and increases the motivation of students to study this topic. Based on the
results of the study, recommendations were made to improve the process of teaching
this course, which may be useful for teachers and future teachers of physics who
want to increase the effectiveness of their professional activities. The research
results indicate that the use of various methods and teaching aids in the course
"Molecular Physics" can significantly increase the effectiveness of teaching and
help future physics teachers to better understand and teach this course. One of the
key success factors is the use of interactive lectures and seminars that allow
students to gain new knowledge and skills, as well as apply them in practice. In
addition, it is important to take into account the individual needs and interests of
students in order to make learning more effective and motivating.
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The results obtained can be useful not only for physics teachers, but also for
developers of curricula and teaching methods. Further research can help clarify
the optimal methods and means of teaching in the course "Molecular Physics" and
other physical disciplines, as well as identify the features of teaching students with
different levels of knowledge and experience.

Keywords: professional training, physics teachers, molecular physics, teaching
course, advanced training, interactive teaching methods, student motivation
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AHHoTanus. Makanaga oCbl KypCThl OKBITYIBIH 3aMaHayW OJicTepi, COHBIH
IIIiHIe MHTEePAKTUBTI JISKIHUJIAp MEH CeMHHapliap, COHIal-ak OeliHelep MeH
OHJIAMH KypcTap CHAKTBI OPTYPIi KOCBIMIA OKBITY Kypalapbl KapacThIPbLIAIbL.
3epTTey OapbIChbIHIa KOCBIMILA OKBITY 9iCTEPiH KOJIJIaHa OTBIPBIN KypPCThI 3¢pTTEreH
AKCIIEPUMEHTTIK TOII ITIeH JSCTYPIIi OKBITY 9JIiCTEpi HETIi31H/Ie FaHa KYPCThI 3epTTeTreH
0akpUIay TOOBIHBIH HOTHOKENEpl TalgaHabl. Taniay KepceTKeHIeH, KOChIMIIA OKYy
KYpaJlIapblH Maiaanany «MoeKynanblK (U3UKa» KYPChIH OKBITYIIBIH THIMILTITIH
apTTBIPyFa MYMKIH/IIK Oepejii )KoHe CTYICHTTEP/IiH OCBl TAaKBIPHINTH OKYFa JIereH
BIHTaChbIH apTThIpajAbl. 3epTTey HOTWXKeJepl OOMbIHIIA OCHI KYPCTHI OKBITY
YAepiciH XKeTunaipy OOWBIHINA YCBIHBICTAP Kacajjibl, Oy 3 KociOM KhI3METiHiH
THIMJIUTITIH ~ apTTBIPFBICHI  KEJETiH MyFaliMaep MeH Oojamrak  Qu3uka
MyFalliMiepiHe naiinansl 60iysl MYMKiH. 3epTTey HoTmxedepi «Molekynaibik
¢u3HMKa» KypchIHIA OPTYPIi SAiCTep MEH OKY KypalIapblH KOJJIAHY OKBITYIBIH
TUIMJIUTITIH alTapibIKTaldl apTTBIPBIN, Oomamak (Qu3uKa MyFaliMIepiHe OCBHI
KypCTBI ~ JKaKChl ~ TYCIHIIl, OKBITYFa KOMEKTECETiHiH KepceTelli. TaOBICThIH
HeTi3Ti (aKTOpIapBhIHBIH Oipi CTYACHTTEpre XKaHa OUTIM MEH MaFabplIap/sl alyFa,
COHJIali-aK oyapjapl ToXKipuOeae KojiJaHyFa MYMKIHIIK O€peTiH HWHTEpPaKTHBTI
JopicTep MEH CeMHHapiapisl HaijanaHy
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Ooxnpin TaObuianbl. COHBIMEH KaTap, OKyAbl THIMJI JXOHE BIHTAJIAHMABIPY YIIH
OKYIIBLUTAP/IbIH JKEKE KAKETTIIKTePl MEH KbI3BIFYIIBIIBIKTAPBIH €CKEPY MAHbI3IbI.
AnplHFaH HOTWXKeNep (Qu3MKa TOHIHIH MyFalliMAepiHe FaHa eMecC, OKYy
OarapiaManapbl MEH OKBITY OJICTEMECIH jKacayllbliapra jJa Maianbl OOyl
MYMKIiH. Opi Kapail xyprizinerin 3eprreynep «MosekynaiblK (U3HKa» KypPChIH
XKoHe 0acka J1a (PM3HUKAIIBIK IIOHEP/Ii OKBITYIBIH OHTAWIIBI 9/1iCTEPi MEH KypasiapblH
HaKThUIAyFa, COHAAW-aK OLTIM MEH ToXIpuOe MeHreii opTypii CTYACHTTEepIi
OKBITY/IbIH €PEKILEIIKTEPiH aHBIKTAyFa KOMEKTECE/II.

Tyiiin ce3mep: KkociOM IalbIHABIK, (U3MKA MYFaTiMIEpi, MOJEKYJIAIbIK
(u3KKa, OKBITY KypChl, OUTIKTUTIKTI apTTHIPY, OKBITYIBIH WHTEPAKTUBTI 9JiCTEPI,
CTYJICHTTEP/1i BIHTAJTAH/BIPY
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AnHoTanus. B cTatbe paccMaTpuBaeTCs COBpEMEHHbBIE METO/IBI ITPETIOIaBaHHS
JTaHHOTO Kypca, BKJIIOYasi UCIIOIb30BaHNE HHTEPAKTUBHBIX JICKIUIA 1 CEMHUHAPOB,
a TaKKe pas3lIMuHbIC JIOTOJHUTENbHBIE CpEeICTBA OOydYeHHS, TaKue Kak
BHUJICOMAaTepHAIIbl M OHJIAIH-KypChl. B X0oe nccneoBanms Obuii NpoaHaIH3UPOBAHBI
PE3yBTaThl SKCIIEPUMEHTABHOM TPYIIIBL, M3ydYaBIIeH Kypc C HCIIOIb30BaHUEM
JOTIOTHUTEIBHBIX CPEACTB O00YYEHHs, ¥ KOHTPOJIBHON TPYIIBI, U3y4YaBIIeH Kypc
TOJBKO Ha OCHOBE TPAJAMIIMOHHBIX METOIOB IpENojiaBaHUs. AHAIU3 TIOKa3a,
YTO WCIIOJNB30BAHHUE JOTOIHUTEIBHBIX CPEICTB OOYUCHHMS TO3BOJISIET MOBBICHTH
s dexTuBHOCTE 00yueHHs Kypcy "MonexymspHas ¢u3uka" ¢ TOBBIIIAET
MOTHBAIIMIO CTYACHTOB K N3y4YEeHHIO TaHHOU TeMEl. [1o pe3ynbraram rcciie1oBaHus
OBLIIH BBIBEICHBI PEKOMEHIAIINH T10 YITYYIISHUIO IpoIiecca MPerogaBaHus JaHHOTO
Kypca, KOTOpbIE MOTYT OBITh MOJIE3HBI JJISI ITpenoaBaTenei U OyayIux yanTeaen
(M3KKH, HKETAIOMNUX TOBBICUTH 3(PPEKTHBHOCTh CBOEH TPOQEeCCHOHATBHOMN
JeATeITBHOCTH.
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PesynbpTartel ucCleOBaHUN CBHICTEIBCTBYIOT O TOM, YTO HCIOJIb30BaHHE
pPa3IMYHBIX METO/OB M cpeAcTB oOydeHus B Kypce "MonekynspHas (usuka"
MOXET CYLIECTBEHHO TOBBICUTH JS(PQPEKTUBHOCTh OOYYEHHUSI M  IOMOYb
OyoymuMm yuuTenasM (U3MKM JIydlle [OHMMaTb M HPENoJaBaTh JaHHBIN
Kypc. OOHHM M3 KIIOYEBBIX (DAKTOPOB ycrexa SBISETCS HCIOJNb30BaHHE
WHTEPAKTUBHBIX JIGKUMH W CEMHHApPOB, KOTOPbIE IO3BOJIIOT CTYAEHTaM
MOJTy4aTh HOBBIE 3HAHUS M HABBIKH, a TAaKKe NPUMEHATh WX Ha MPAKTHKE.
Kpome Toro, BaKHO YYWTBHIBaTh HWHAMBUAYaJIbHBIE MOTPEOHOCTH W HHTEPECHI
CTYICHTOB, YTOOBI cleiaTh o0ydeHue Oonee dPPEKTUBHBIM U MOTHBHPYIOIIHM.
[lony4yeHHble pe3yibTaThl MOTYT OBITH IOJIE3HBI HE TOJBKO MJISl y4dUTelen
¢u3uKy, HO U Ui Pa3pabOTUYUKOB Y4EOHBIX HPOrpaMM M METOIUK OOYYCHHS.
JlanpHelimye nccienoBaHus MOTYT MOMOYb YTOUYHUTH ONTHMAJIbHBIE METOIBI
u cpenctBa oOyueHus B Kypce "MorekynspHas ¢u3uka' W Apyrux
($u3nUecKuX OUCLUIUIMHAX, 4 TAKXKE BBIIBUTH OCOOCHHOCTH O0YUYEHHUS CTYICHTOB
C pa3IMYHBIM YPOBHEM 3HAHUH U OMBITA.

KiroueBbie cjioBa: mnpodeccHoHanbHAs IOArOTOBKA, YUHTENsd (PU3MKH,
MOJIeKyJsipHas (QU3UKa, Kypc TpenojaBaHMs, TIOBBIIICHUE KBaTH(DUKAIIH,
WHTEPAKTUBHBIC METO/IbI OOYUYEHHUS, MOTUBALIUS CTYICHTOB

Beenenne

®dusuka - 3TO0 HayKa, KOTOpas H3y4yaeT MpUpOLy M ee 3akoHbl. OHa Urpaer
BRXHYIO POJIb B COBPEMCHHOM MHUpPE W HIMPOKO IMPHMEHSETCS B Pa3IMYHBIX
o0nacTsx, BKJIIOYAs WHXKEHEPHIO, MEAULMHY U TexHojoruu. Iloatomy, yueOHbIH
Kypc 110 (GU3MKE SABISETCS HEOTHEMIIEMOH YacThio 00pa30BaTesIbHON MPOrpaMMBbI B
mKoJax u By3ax. Kypc "MomnekymsipHast pu3uka" - OMH U3 CaMbIX BaXKHBIX KypCOB,
KOTOPBIN M3ydaeT CBOMCTBA U CTPYKTYpy Mosiekyin (baruposa, 2020).

HecmoTpst Ha BasKHOCTH JAHHOTO Kypca, MHOTHE CTYIEHTBHI CTaJKUBAIOTCS C
TPYAHOCTSIMH IIPH €10 U3y4eHUH. BO3MOXKHO, 3TO CBSI3aHO C TEM, UTO KyPC BKIIIOUYAET
B ce0sI CIIOKHBIE TEMBI, TAKME KaK KHHETUYECKasi TEOPHUsI ra30B, SJICKTPOMAarHATHBIE
BOJIHBI ¥ TeopHst TBepaoro tena (benocrouxuii, Makcumona, [omynuna, 1999). Otu
TEMbI MOTYT OBITh HETIOHSITHBIMH ISl CTYIEHTOB, KOTOPBIE HE UMEIOT JIOCTATOYHON
MOJITOTOBKHU B 00JIACTH (DU3HKH.

Jus obecriedyeHnss KauyeCTBEHHOTO OOpa30BaHUS B OOJIACTH MOJEKYISIPHON
¢u3uKu, HEOOXOAMMO O0ECTIEUHTh BBICOKYIO KBaTH(UKAIMIO MpenojaBareieH,
KOTOpbIe OyAyT MpenoAaBaTh 3TOT Kypc B IIKOJIAX M By3aX. ITO MOXKHO JIOCTHYb
MyTeM TIPOBEACHUS CIICUAIBHBIX KypCOB TOBBIIICHHUS KBATU(DUKAINU TSI
npenogasareneid gusnku. Takwe Kypchl MOMOTYT INPErogaBaTelisiM MONTYyYUTh
HEOOXONMMMbIEC 3HAHUS W HaBBIKM B OOJACTH MOJICKYJSIpHON (DM3WKH, a TaKxkKe
Hay4YUThCs TIPENoiaBaTh 3TOT Kype Oonee spdexruBHo (ByTrros, 1999).

Bynymue yuntens (U3MKU AOKHBI OBITH OCHAILCHBI COOTBETCTBYIOLIMMHU
3HAHUSIMU H HaBBIKaMH, 9TOOBI 00eCcTIeunTh 3D PEeKTUBHOE 00yUICHIE MOJICKYIIIPHOM
¢usuke cryaeHToB. B pesynwsrare, oHH OyayT cOCOOHBI MOAJEPKUBATH HHTEPEC
CTYACHTOB K HAayKe M BAOXHOBIIATh MX Ha JaJbHEHIIee n3yuyeHnEe QU3UKH.
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B menom, kypc MonekymsipHOW (PH3MKH UMeeT OOJbIIOe 3HAUeHHE B 00IAaCTH
HayKH W TexHOJorui. TeM He MeHee, OKa3ajoch, YTO HE Bce yuurTens GU3NKU B
BYy3aX UMEIOT I0CTAaTOUYHYIO KBaJH(HUKALUIO U OMBIT, 4TOObI 3(h(heKTHBHO 00yUaTh
CTY[IEHTOB TI0 TaHHOMY Kypcy. MHOTHE M3 HHX MMEIOT HEJJOCTATOYHbIE 3HAHUS B
00yacT MOJIEKYISIpHON (PU3MKHU U HE MOTYT JIaTh CTYJICHTaM HEOOXOMMbIC 3HAHUS
Y HaBBIKH, KOTOPBIE OHU OYIyT MCIIONB30BaTh B CBOEH OyyIiei padore.

BaxxHO TIpOBOIUTH JIOTIOTHHUTENLHBIE 00y4YaIONINe MPOTrpaMMbl ISl yduTenen
¢u3uKU, 4TOOBI OHM MOIVIM TOJYYHTh HEOOXOAMMBIC 3HAHUS W OMBIT B 00JacTH
MOJIEKYJISIpHOW (PM3WKH, W TEM CaMbIM, YIYYIIUTh KadecTBO OOpa3oBaHWA,
KOTOpO€ OHHM IMPEJOCTAaBISIOT CBOMM CTyACHTaM. Takue NpOrpaMMbl TaKKe
ITOMOTAOT yYUTENSIM OOHOBIISATH CBOW 3HAHUS M OCTaBaThCs B KypCe IOCIETHIX
HAy4HbBIX MCCJICJIOBaHUN B 00JACTH MOJICKYJSpHOH (u3uku. BaxHo pa3BuBarh
W MCIOJb30BaTh HOBBIE METOAbI OOy4eHHS B OOJNACTH MOJIEKYISAPHON (u3nKn
(T'omymura, 1999).  TpaguIMOHHBIH IMOAXOA K TPENONaBaHHWIO  (DU3UKH
94acTO OKa3bIBaeTCS HEAOCTaTOYHO A(PQPEKTUBHBIM, OCOOCHHO NpPU H3YyUYCHHU
CIOXHBIX KoHIemui. CoBpeMeHHBIE TEXHOJIIOTUH, TaKhe KaK KOMITBIOTEPHOE
MOJICTIIPOBaHUE, BUPTyaJbHbIC JIA0OPATOPUM M HWHTEPAKTUBHBIC YYCOHHKH,
MOTYT IOMOYb CJeNaTh W3yYeHUE MOJICKYISPHOH (Qu3uKK Ooiiee JOCTYITHBIM U
WHTEPECHBIM JUIS CTYJICHTOB. VX HCIOJIb30BaHHE MOXET TaKXkKe CIocoOCTBOBATh
YIYYLICHUIO KauecTBa OOpa3oBaHHMs M IOBBIIICHUIO MOTHBALMM CTYACHTOB
(Epmomaesa, 2004).

B cBere BBIIEH3NOKEHHOTO, JTaHHOE HCCIEIOBAHHE MMEET IIETbI0 U3YUYHTh
3¢ (eKTUBHOCTP HCITOF30BAHMS HOBBIX METOI0B 00YUYEHHsI MOJICKYJISIPHOH (hH3HKe
W WX BIMSIHUE Ha Y4eOHbIH mpoliecc. ByayT npoBeeHbl cpaBHUTENILHBIC aHATTN3bI
TPaJIUIIMOHHBIX ¥ MHHOBAL[MOHHBIX METOAOB OOYYEHHS, YTOOBI ONpPEACIUTh UX
3¢ (GeKTUBHOCTh W BIWSHUE Ha pe3yapTaTsl OoOyueHus. Pe3ymprarel maHHOTO
WCCIIeIOBaHUSI MOTYT OBITh MOJIE3HBI IS MpenoaaBarescli GU3UKU U CTYICHTOB,
KOTOpBIE U3yUYaIOT MOJICKYISIPHYIO (U3UKY B By3aX.

MarepuaJibl 1 METOBI

HccnenoBanue mpoBOAMIIOCH Ha 0a3e OZHOTO M3 BY30B IOpOJa, KOTOPBIH
MPEAOCTABIII JIOCTYI K HEOOXOAMMBIM MaTepHUaiaM U ayJIUTOPHSIM JIJIsl IPOBEICHNUS
3ansTHid. O0e TpyNnbl CTYAEHTOB ObLIM CPOPMHUPOBAHBI CIy4YallHBIM 00pPa30OM.
Bcero B uccnenoBanuu npuHsuid yyactue 50 CTyIEHTOB EPBOro Kypca, KOTOPhIE
nzyyanu kypc "Monexynsipaas ¢pusuka. Kaxaas rpynma coctosisia u3 25 4enoBex.

B rtpamummonHom Qopmare o0OydeHHUS CTYIACHTHI TIOCEHIa JICKIIHH,
MPOBOIMMBIE MPETOJaBaTeNIeM, H CAMOCTOSATENILHO H3yYald YYeOHBIH Marepual
o yueOHuky. [locne 3Toro oHM IPOXOIUIN KOHTPOJIbHBIE PaboThI, COCTOSIINE U3
TeOpeTHUECKUX 3aMannii u pacuetoB (Muycora, 2014).

B skcnepuMeHTanpHOH Tpynme CTYACHTHl M3y4ald Kypc B TPaJUIMOHHOM
¢opmare, HO TaKKe HMMEITH AOCTYNl K WHTEPAKTUBHBIM IIEKIWSM, BeOMHapam
W CEMHUHapaM, KOTOpbIE MPOBOAWINCH B JIOTIONIHEHHE K OCHOBHOMY KYpCY.
WHTepakTuBHBIE JIEKIMM OBUIM CO3IaHBI C HCIOJIB30BAHUEM COBPEMEHHBIX
TEXHOJOTWH, TMO3BOJSIOUIMX CTYACHTaM B3aMMOJCHCTBOBAaTb C  y4eOHBIM
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MaTepHualioM, 3aJ1aBaTh BOMPOCH! M MOMydYaTh OOpPaTHYIO CBSI3b OT IMPETO/IaBaTels
(Kapner6aesa, 2014). Bebuaaps 1 ceMHHAPHI TPOBOIMINCH B HEOOBIINX IPYTIIax
1 TIO3BOJISUTH CTYIEHTaM OOCYKAATh CIOKHBIE TEMBI M 3aJaHMs, a TAKKE IMOy4YaTh
JIOTIONTHUTEINILHBIC TIOSICHEHHS M Pa3bICHEHUS OT MPETIOIaBaTels.

B Teuenuwe cemecTpa CTYOCHTBI W3 OOEUX TPYIMI MPOXOIUIN HECKOIBKO
KOHTPOJIBHBIX pa0OT, BKIIOYAIONINX TEOPETHIECKHE 3a/IaHUsl U PaCUeThl, KOTOPHIS
onleHnBaNMCh B Oaimax. Kpome Toro, cTyneHTaM OBLIHM MPEIOKEHBI BOTPOCHI,
CBsI3aHHBIE C YPOBHEM NOHMUMAaHUS U3yUYEHHOTO MaTepuaia, KOTOPbIC OHH JOJKHBI
OBUTH PEeIUTh CAMOCTOSTENFHO WJIH B TPYTITIE.

Jist KOHTPOJILHOM TPYNIbI ObUTM MPOBEACHBI CTAHIAPTHHIE JICKIIUH, 3aJaHus
W TECTHl, TpeJHa3HaYeHHBIC JUIA W3y4eHus Kypca "MonexymspHas ¢usmka'.
DKCIeprUMEeHTalIbHAS TPYIINa MOoTy4dajia IOCTYII K JIOTIOJHUTEIBHBIM MaTepraiam,
KOTOpBIE ITPEOCTABIISUINCH YEPE3 HHTEPAKTUBHBIC JICKLIUH, BEOMHAPHI U CEMUHAPBI,
CO3aHHBIC CTICIMAJILHO VIS YIACTHUKOB JaHHOTO ncchenoBanns (Kasrpes, 2000).

WnTepakTuBHBIC JEKIWU OBUIM CO3JaHBI C WCIOJIB30BaHHUEM IMPOrPaAaMMHOTO
o0ecrnedeHms1, KOTOpoe T03BOJIseT 100aBIATh BU3ya bHBIE U 3ByKOBBIEC SJIEMEHTHI,
Takde Kak JuarpaMmbl, Trpadukd, aHMMallMd W BUAEO, KOTOpPBIE MOMOTafoT
yYanmmMcsl JIydilie TOHWMaTh Marepuai. BeOuHapwl mpoBoawiuch B (opmare
OHJIaH-KOH(EPEHIH, TJIe YYaCTHUKH MOTIIU 3aJ1aBaTh BOIPOCHI MPENOAaBaATEIIO
u 00CyXIaTh TeMbl C APYTrUMHU cTyaeHTamMu. CeMHHAphl IPOBOIWIMCH B Kiacce
¥ BKIIIOYAJIM B ce0s TPYIITIOBBIC 3aJaHusl, 00CykKIeHnus u nauckyccun (JIeHkoma,
[Terpoga, 2012).

B xoHIIe Kypca Bce CTYIeHTHI MPOXOIUIIN CTaHAPTHBIN TECT, KOTOPBIA N3MePsIT
WX 3HAHHA TI0 TEMaM, PAacCMOTPEHHBIM B Kypce. Pe3yibrarhl TecTHpOBaHUS
ObUTM aHaJIM3UPOBAHBI M CPABHEHBI MEXIY KOHTPOJBHON M IKCIEPHUMEHTAIBLHON
rpynmaMy, 9ToObl ONEHHUTH 3((EeKTHBHOCTHh HCIIOIB30BAHMS JTOTIONHUTEIBHBIX
cpeacTB 00y4yeHHs1 B M3y4eHUH Kypca "MonekynspHas guszuka'.

Pe3yabrartbl u 00cyxkaenne

AHanmu3 pe3ynbpTaToB MOKa3all, 4YTO CTYACHTHI, U3ydaBiiue Kypc "MonekymsapHas
¢u3uKa" C HUCIOJIB30BAHUEM JONOJIHUTENBHBIX CPEACTB OOy4YeHHs, Mpoje-
MOHCTPUPOBAIIM OoJiee BBICOKMI ypOBEHb 3HAHWM M TOHUMAHUS Marepuaia,
YeM CTYIEHTHI KOHTPOJIBHOW rpymibl. Kpome Toro, sKCieprMeHTalbHas rpymia
MPOSIBIIIa OOJBIIMIA HWHTEpPeC K JAaHHOW TeMe W Oblta 0ojee MOTHBHPOBAaHA
K m3ydyeHuto kypca. OJHMM M3 KIIOYEBBIX (DaKTOPOB, CHOCOOCTBYIOIIUX
MOBBIICHUIO 3(PPEKTUBHOCTH OOYyYEHHUs, OBLIO MCIIONB30BaHUE WHTEPAKTUBHBIX
JEKIMHA U CEMHHAPOB. DTH METOJbI MO3BOJIMIIA CTYJCHTAM HE TOJBKO MOIYYHUTh
HOBBIC 3HAHMA, HO U IPUMEHHUTH UX Ha MPAKTHKE, YTO YAYUIIHJIO UX MOHUMaHHE
Marepuana (Maibrx, JKykosa, Apakernos, 2015).

JIONONMHUTENbHBIE CpPENCTBA OOYUYCHHs TakKe IIO3BOJMIN CTYICHTaM U3
AKCIEPUMEHTAIILHOW TPYIIBI TOJYYUTh Oosiee TIIyOOKOe W pa3HOOOpa3Hoe
MOHUMaHWEe MaTephalia, YeM CTYJACHThl KOHTPOJIBHOW Tpynmbl. MHTepakTHBHBIC
JIEKIMY U CEMUHAPBI [TO3BOJIMIIM CTY/ICHTaM 3a]1aBaTh BOIPOCHI M TOJIy4aTh OTBETHI
B PEXKHUME pPEallbHOTO BPEMEHM, 4TO crocoOcTBoBanio Ooinee 3ddexTuBHOMY
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YCBOGHHMIO MaTepuaja M MPUBEJIO K YAYYIICHHIO aKaIeMHUYECKHUX IOKa3aTeien
CTY/ICHTOB.

Bruto oOHapykeHo, 4TO MCIOIb30BaHUE AOMOITHUTEIBHBIX CPEICTB 00yUYeHHUs
MOBJIMSJIO HA YJIy4lIEHUE OTHOIIEHHS CTYIEHTOB K y4€OHOMY IPOLIECCY B LICJIOM.
CTyaeHTBI DKCIIEPUMEHTATBHON TPYIIIBI BEIPA3HIIN OOJIBIIYIO YIOBICTBOPEHHOCTD
H3y4YeHHEeM Kypca M ObUTH Oojiee MOTHBUPOBAHBI K M3YUEHHIO (M3UKH B LEIOM
(Cenesko, 1998).

Crnenyer OTMETHUTb, 4YTO HEOOXOOMMO IPOBECTH Ooyiee  UIMTEIBHOE
HCCIICIOBAHUE C YUETOM Pa3IWYHbIX (PAKTOPOB, TAKUX KAK YPOBEHb IOATOTOBKU
CTYJICHTOB H OIIBIT TperojiaBaresield, 4To0bl 00JIee MOTHO OIEHUTD 3(PPEKTUBHOCTh
WCTIOJIb30BAHUSl  JOTIOJIHUTEIBHBIX CPEACTB OOydYeHHs B M3YyYEHHH Kypca
"Monexkynsipaas ¢uszuka". OqHaKO, Ha OCHOBE MOMYYCHHBIX PE3YJIbTaTOB, MOKHO
3aKIIIOYUTh, YTO MCIIOJIb30BAHUE HMHTEPAKTHBHBIX METOJOB OOYYEHHS MOXKET
3HAUUTEJIbHO MOBBICUTH 3(P(HEKTUBHOCTh U3YUEHUS (DPU3MKH, a TAKKE IIOBBICUTH
MOTHUBALIMIO CTYACHTOB K H3yUEHHIO JAHHOW JAUCIHILIHHBL

Hama pabora mokaszana, YTO MCIOJIb30BAaHHE IONOIHUTEIBHBIX CPEACTB
0Oy4eHUsI, TAKMX KaK WHTCPAKTHBHBIC JICKIUH, BEOMHAPHI U CEMHHAPBI, MOXKET
3HAYHUTENBHO YAYYIINAThH TMpolecC M3y4eHHs Kypca "MonekymspHas (usuka" y
CTYICHTOB BY30B. boiiee BBICOKMI ypOBEHb 3HAaHUW M IOHUMaHUS Marepuaa,
a TaKkKe TMOBBIIICHHBI MHTEpEC M MOTHUBALMSA K HU3YyYCHHIO TEMBI MOTYT OBITH
JOCTUTHYTHI C IIOMOIIBIO HCIOIBb30BaHUS 3TUX METOJOB OOy4EHHUSL.

Heo0xonuMo OTMETHUTB, YTO HCIONB30BAHUE JIOTIONIHUTEIBHBIX CpPEACTB
00y4eHHsI MOJKET TOTPeO0BATh AOMOJIHUTEIBHBIX PECYPCOB U BPEMEHH CO CTOPOHBI
npernogasareseil. Takxke HEOOXOMMO YUHTHIBATh WHANBUAYaIbHbIE 0COOCHHOCTH
KaXJIOTO CTYy/IEHTa U MPHUCIOCAOINBATH METOIBI OOy4EHHUs] K UX HMOTPEOHOCTAM
(Yupmos, 1999).

JanpHelie uccnenoBaHUus MOTYT OBITh HalpaBlieHbl Ha OINpEIeSiCHHE
OINITUMAJIbHBIX METOAOB 00yUEHHS 1J151 KOHKPETHBIX TEM B 00J1aCTH (PU3UKH, & TAKKE
Ha aHaJIW3 BIMSHUS STHX METOJOB Ha JOJTOCPOYHOE 3allOMUHAHWE MaTepHhaia u
YPOBEHb YCIEUIHOCTH CTYACHTOB B MOCJIEAYIOMINX Kypcax.

3akaouenmne

Pesynbrarel mcciienoBaHUS TOATBEPXKAAIOT, YTO HCIONb30BaHUE JOMOJ-
HUTENBHBIX CPEICTB OOYYEHHUS TO3BOJISET MOBBICHTH Y(PPEKTHBHOCTH OOy4EHUS
Kypcy "MonekynsipHas puznka". IHTepakTHBHBIE JIEKIIMHA U CEMUHAPBI MOT'YT OBITh
3G PEKTUBHBIMH METOIAMH, KOTOpPBHIE MO3BOJSIOT CTYAEHTaM JIydlle MTOHUMAaTh
Marepuai u ObITh 00Jiee MOTHBHPOBAHHBIMH B M3Y4YE€HUH JJAHHOTO Kypca.

Pesynbrarsl ncciieioBaHUs TAKKE YKa3bIBAIOT HA HEOOXOIUMOCTh MOBBIIICHHUS
PO eCCHOHABHON TTOATOTOBKU TpernoaaBaTesied (pU3nKu, 9TOOBl OHH MOTIIH
Oonee d3PPEeKTUBHO UCTIONB30BaTh AOTIOIHUTEIbHBIC CPEACTBA 00yUYeHUs B CBOCH
npakTuke. bojee TOro, Mcnonb30BaHHE COBPEMEHHBIX TEXHOJIOTMH W METOHOB
B OOy4YCHHH MOXKET YIYUYIIUTh KAa4eCTBO OOpa30BaHUSI B IEJIOM U OOECTICYHTH
JYYIIYIO0 NOATOTOBKY CTYACHTOB K Oynymiei mpodeccrnoHaibHOM AeITeIbHOCTH.

HccnenoBanue mokas3ajno, YTO HCHOJIB30BAaHHE HMHTEPAKTHUBHBIX METOHOB
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00y4eHus: MOXKeT ObITh dPPEKTHBHBIM CIIOCOOOM YIyHYIIEHHUs] 00pa30BaTEIbHOTO
nporecca B obsactu (usuku. JlaHHBIE pe3ysibTaThl MOT'YT OBITh HCIIOJIb30BaHbI
1pHu pa3paboTKe HOBBIX KypCOB M METOIMK INPEIOJaBaHMsl, a TAKKE MPH OLICHKE
3((HEeKTUBHOCTH CYIIECTBYIONIUX ITPOrpaMM. BaxkHO OTMETHTB, 4TO HCITOJIb30BAHUE
JOTIOJTHUTENILHBIX CPEJCTB OOyuUeHHsS HE TOJIbKO YIy4YlIaeT YPOBEHb 3HAHHM
CTYACHTOB, HO U CHOCO6CTByeT UX JIydlIeMy IMOHMMAaHWIO MaTepuaia, 4TO MOXKET
NPUBECTHU K 00Jiee KaYeCTBEHHOMY 00pa30BaHUIO B LIEJIOM.

Hcnonp3oBanue NOMOIHUTEIBHBIX CPEICTB OOyYeHHs, TaKMX KaK HHTEpaK-
TUBHBIC JICKIIUM W CEMHHAapbl, MOXCT 6BITL BAXXHBIM IIIaroM B ITIOBBIIICHHUN
s¢pekTuBHOCTH OO0yuYeHHs] (U3MKE. DTH METOJbI TMO3BOJISIFOT CTYIECHTaM HeE
TOJIbKO IOJYYWUTHb HOBBIC 3HAHUA, HO W IMPUMCHATHL HX Ha IMPAKTHUKE, YTO
yiaydmaeT UX INOHMMAaHUME MaTepuajla W MOTUBAIIUIO K H3YUYCHMHIO. HOI[O6HLIC
UCCIIeIOBAHUSI MOTYT CIIOCOOCTBOBaTh 0Oosiee A(P(PEKTHBHOMY HCIIOIB30BaHHIO
TEXHOJOTHH B O0Opa30BaHWUM U YJIYYIICHHIO KadyecTBa TMOATOTOBKH OyIyIINX
CTECIUAIUCTOB B 00MacTH (PU3UKH.
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Abstract. This research explores the formation of students' research skills
amidst the digital transformation of physics teaching. As traditional educational
paradigms evolve with advanced technologies, questions arise about the impact
on research skill development. The study delves into the current state of research
skills in physics education, emphasizing the transformative effects of digital tools.
A literature review establishes the foundational role of research skills,
emphasizing their multidimensional nature. The digital transformation in
physics education, characterized by virtual laboratories and collaborative online
spaces, democratizes access to information and fosters collaboration. However,
challenges of digital literacy and equitable access require careful consideration.
Several studies are reviewed, highlighting the positive correlation between
digitalized learning environments and enhanced research skills. Yet, a critical
perspective emphasizes the importance of pedagogical strategies in utesw3d2qilizing
digital tools effectively. The study introduces hypotheses aiming to explore the
growing significance of research skills in physics education and the influence
of digital transformation. A mixed-methods approach is employed, combining
quantitative analysis and qualitative case studies from diverse physics education
programs globally.
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The current state of research skills in physics teaching relies heavily on traditional
methods, presenting challenges in fostering robust skills. Digital transformation
offers promising opportunities, with virtual simulations and collaborative
platforms providing practical experiences crucial for skill acquisition.
Comparative analysis reveals significant differences between traditional and
digitalized approaches in shaping research skills. Results indicate a notable
shift towards active and experiential learning in digitalized settings, with
adaptive learning addressing individual needs. The findings have implications
for physics education, urging a paradigm shift towards digitalized approaches.
Recommendations include the seamless integration of digital tools, ongoing
professional development for educators, and supportive infrastructure. The study
concludes by emphasizing the importance of adapting teaching methodologies
to harness the benefits of digital transformation, ensuring physics education
remains innovative and prepares students for the future. Future research should
delve deeper into emerging technologies and the socio-economic factors shaping
research skill development in a digitalized environment.

Keywords: research skills, physics education, digital transformation, teaching
methods, inquiry-based learning
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AnHoTamus. by 3eprrey OKbpITY (DM3MKACBIH HUQPIBIK TpaHChOpManusiay
KOHTEKCTIH/IE CTYIACHTTEP/iH 3epTTey ICKEpIiriH KaJbINTacThIpyFa apHalFaH.
Hoctypni Oimim Oepy TapaaurManiapbl O3BIK TEXHOJOTHsIIAPMEH Karap JaMblIl
KeJle JKaTKaHIBIKTaH, 3ePTTey ICKEepIITiH JTaMbITyFa 9Cep €Ty Typalibl Macelenep
TybIHIAUIBL. 3epTTey OapbIChIHAAa LUQPIBIK KYpalgapablH TpaHCHOPMAIHSIBIK
ocepiH Oeuinm KepceTeTiH (U3MKAJIBIK OiliM Oepy cajachlHAArbl 3epTTey
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ICKEpIITiHiH Ka3ipri xal-Kydi 3epTreseai. Oae0neTke Moy jkacay oJapAblH Kell
OJIIIeM/II CHUIaThIHA 0aca Haszap ayjgapa OTBIPHIN, 3epPTTEY ICKEpIIriHiH ipreii
pexnin Oenrineiini. Bupryamapl 3epTXaHalapMeH >KOHE OipiieCKeH OHJIAH-
KEHICTIKIICH CHIIATTaJaThlH  (DU3MKaHBl ~ OKBITY  CaJachIHAAFbl  LU(PIBIK
Tpancopmanus akmaparka KOJDKETIMIUTIKTI, JeMOKpPATHSUIAHABIPYIbl MKOHE
BIHTBIMAKTACTBIKTBl HBIFAUTYIBI OuIIipeni. Admaiina wmudpiblK —cayaTThUIBIK
MEH TEH KYKBIKThI KOJDKETIMILUTIKTEH TYBIHIAUTHIH ChIH-TETEYPIHACPAI MYKHUST
Kapay KaxeT. L{udpiblk OKBITY opTamapsl MeH 3epTTey ICKEpJIriH KeTUIIipy
apachlHIarbl OH KOPPEJSIHSIHBl KOpceTeTiH OipHemie 3eprTeyliepre IOy
JKacallbIHIBL. JlereHMeH, ChIHM KepiHiC MHU(PIBIK  Kypamngapasl  THIMII
nalaasaHyIblH TeJaroruKaliblK CTPaTerusuIapbIHBIH MaHBI3ABLIBIFBIH KOPCETE/II.
3eprrey OapbichiHAa (U3MKAHBI OKBITY CallaChIHAAFbI 3€pPTTEY 1CKEpJIiriHiH
OCIT KeJie KAaTKaH MaHBI3IBUIBIFBIH KOHE HU(PIBIK TpaHCHOPMAIUSIHBIH dCepiH
3epTTeyre OarbITTalIFaH TMIIOTE3alap YChIHBUIFaH. ONEMHIH 9p TYpii (pu3uKa OKy
OarapraManapblHAH —CaHABIK —Talgay MEH camnaiblk — Keifc-3epTreynepai
OIpIKTIpETIH apaiac Tocil KojnaHbUIaabl. DU3MKaHBI OKBITYIA FEUIBIMH-3EPTTEY
ICKepIIIriHiH Ka3ipri Jkal-KyWdi TYpakThl HNaFabUIapIbl JaMBITyda MIiHIETTEp
KOSITBIH JQCTYpi omictepre cyiieneni. Ludpneik Tpancopmamnms BUPTyalsl
MOJICJTB/ICYMEH KOHE iICKePIIIKTI MEHIepy YIIIH KaKETTI TOKipruOeHi KaMTamachl3
eTeTiH  OipieckeH TulaThopManapMeH  MEPCHEeKTUBAIBIK  MYMKIHAIKTEpIi
YCBIHABI. CaJpICThIpMabl Tangay FBUIBIMH-3EPTTEY ICKepJIirin
KaJIBIITACTBIPYNAFbl  JIOCTYPJII JKOHE CAHIBIK TACULAEp apachlHAAFBl  eneyii
afBIPMAIIBIIBIKTAPIbl aHBIKTA/bl. AJIBIHFAH HOTIDKEIEp KeKe KaKeTTUTIKTep.i
€CKepe OTBIPHIT, OCUIMIENTeH OKBITYMEH IUQPIBIK TapameTpriepae OenceHmi
’KOHE TIXKIPOEINIK OKBITY JKaFrblHAa aWTapIBIKTall aybICKaHBIH KepceTe . AJbIHFaH
HOTWDKENIep HUQPIBIK TOCUIAEpre MapaIurMalblK KOUIyre aybICyIblH (DU3HKaHBI
OKBITyla MAaHBI3JBUIBIFBI 0ap eKeHiH KepceTeni. ¥CBIHBIMAAD IHPIBIK
KypalgapAbl Tiricci3 HMHTETpalyisuiayabl, IeJarorTaplblH  Y3/iKCi3 KociOu
JaMybIH, THQPaKypbUIBIMIBI KONAAYAbl KAMTHABL. 3€pTTey OKBITY 9IiCcTeMeNepiH
mUGPIBIK TpaHCHOPMAIUSHBIH — apTHIKIIBUIBIKTAPBIH ~ ©Teyre  OeHiMIey/miH,
(M3UKaHBI OKBITYIBIH MHHOBAIMSUIBIK OOJIBIN KATybIH KaMTaMachl3 TYIIH YKOHE
CTylEHTTep/i OoNamiakka IalbIHIAYIBIH MAaHBI3IBUIBIFBIH aTal eTy apKbLIbI
asikranaapl. bomamak 3eprreynep IMOPIABIK  opTaga  3epTTEy  ICKepIiriH
JaMBITYFa dCep €TEeTiH »aHa TEeXHOJIOTHSIAP MEH JJIeYyMETTIK-KOHOMHUKAIIBIK
(hakToprapmapl 3epTTeyi THIC.

Tyiiin ce3mep: 3eprrey icKepiiri, QU3UKaNBIK OiTiM  Oepy, IHUPPIBIK
TpaHcopMaIs, OKbITY dAICTepi, 3epTTey 9icTepi
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AunHoTanus. JlaHHOE wHCCIeOBaHHE TOCBSIIEHO (OPMUPOBAHHIO HCCIIe-
JIOBATENbCKAX YMEHHH CTYJCHTOB B YCJIOBUSX LU(PPOBOH TpaHchopManuu
npenonaBanus Gu3uku. [lo Mepe TOro, Kak TpaJWLIUOHHBIE 00pa3OBaTEIbHBIC
napajgurMbl Pa3BUBAIOTCS. BMECTE€ C MEPEAOBBIMH TEXHOJOTHUSMH, BO3HHUKAIOT
BOIIPOCHI O BIHMSIHUU HA Pa3BHTHE HCCIIC0BATEIbCKUX HABBIKOB. B nccnenoBannn
paccMaTpUBaeTCsi COBPEMEHHOE COCTOSHHE WCCIICOBATEIbCKUX HABBIKOB B
(uznyeckoM o0Opa3oBaHHH, MOAYEPKUBACTCS TpaHcHOpMaIMOHHOE
BO3ACHCTBHE LUPPOBBIX HMHCTpYMeHTOB. O030p nuTEpaTypbl ycTaHABIMBAET
OCHOBOTIONIAralolIyl0 POJIb HCCIIEOBATENLCKIUX HABBIKOB, MOJYEPKHUBAas HX
MHOTOMEpHBIH  xapaktep. Lludposas Tpancopmanus B  (PU3UUECKOM
00pa3oBaHMM, XapakTepu3ylolascs BHUPTYaIbHbIMH  JaOoparopusiMu U
COBMECTHBIMHU OHJIAWH-TIPOCTPAHCTBAMH,  JIEMOKPATU3UPYEeT  JOCTYN K
nH(pOpMAIMK ¥ CIHOCOOCTBYET COTPYAHHMYECTBY. Tem He MeHee, MPOOJIEMBI,
CBSI3aHHBIC C LU(POBOH I'PaMOTHOCTBIO M CIPaBEIUIMBBIM JOCTYIIOM, TPEOYIOT
TIIATENILHOTO paccMOoTpeHus. [IpoBefieH 0030p HECKOJIBKUX HCCIEIOBAaHHN, B
KOTOPBIX TOAYEPKUBACTCS IIOJIOKUTEIbHAS KOppeJsUus MexXAy UudpoBoi
cpenoit o0yueHHs W YIy4lICHHEM HCCIICAOBATEIbCKUX HAaBBIKOB. TeM He MeHee,
KPUTUYECKAN B3I MOMYEPKUBACT BAKHOCTH  MENArOTMYECKUX  CTpaTerui
JUISL 3 PEeKTUBHOTO WCTIONB30BaHMs  LUUPPOBBIX  MHCTPYMEHTOB. B
WCCIICIOBAHUU  TPEACTABICHBl THUIOTE3bl, HampaB-JCHHbIE Ha  H3yuYeHHE
pacTymero  3Ha4eHUS  HMCCICJOBATEIbCKMX  HAaBBIKOB B (PU3UUECKOM
00pa3zoBaHWU U BIUsIHUS H(POBOH TpaHchopmanuu. Mcronszyercs: cMenanHbli
MOJAXOM,  COYETAIOMIMH  KOJNMYECTBEHHBIM  aHamu3 M KaueCTBEHHBIC
TEMaTU4YeCKUEe MCCICAOBAHMS M3 Pa3IMYHBIX MPOrpaMM OOYy4YeHHUs (H3HMKE MO
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Heinemnee cocTosiHue MCCIEI0BATENbCKUX HABBIKOB B MPENOJaBaHUU (pU3UKH B
3HAYUTEJIFHOW CTENEHU 3aBHUCUT OT TPAJULHMOHHBIX METOAOB, YTO CO3AAeT
npobjeMbl B Pa3BUTHM YCTOHUMBBIX HaBbIKOB. LludpoBas Ttpanchopmanms
OTKPBI-BA€T ~MHOTI0OOCIIAIOIIME BO3MOXKHOCTH ~ Oylaroziapss  BHPTYaJbHBIM
CUMYJSILMSIM M TulaTopMaM JJIsl  COBMECTHOH paloThl, 00ecreunBaromiuM
NPAaKTUYECKUH  ONBIT, HEOOXOOWMBIM  AJsl  OPUOOPETeHHsT  HaBBIKOB.
CpaBHUTENbHBI  aHAINW3  BBIABMJI  CYLIECTBEHHBIC  pasiMuus  MEKAY
TPaJULHOHHBIM u HU(PPOBBIM NOJXO0IaMH B (hopmMupoBaHUH
HCCIICIOBATEIbCKUX HABBIKOB. Pe3ynbTaTbl CBHIETENBCTBYIOT O 3aMETHOM
CIBUTE€ B CTOPOHY AKTHUBHOTO U 3KCIEPUMEHTAIBHOTO OOYYEHHUS B LHU(POBBIX
YCIOBUSIX, HpPU O3TOM aJanTuBHOE OOy4YCHHE YUYHUTHIBACT WHIMBHU-IYyalbHbIC
norpedHocTu. IlomydeHHble pe3ynbTaThl WMEIOT 3HA4YeHHE Al (PU3MUECKOTO
o0pazoBaHusl, MPU3bIBasi K CMEHE MapaJurMbl B CTOPOHY LHU(POBBIX MOIXOHOB.
Pexomenpaun BKJTIOYAIOT OeCIIOBHYIO HMHTErpaImio IU(pPOBBIX
WHCTPYMEHTOB, HENpEphIBHOE NPOQecCHOHATBHOE Pa3BUTHE IperojaBareiei
W BCIIOMOTaTeJIbHYI0  MH(pa-cTpyKTypy. B 3akiroueHun ucciemoBaHus
MOJUEPKUBACTCSI  BAXXHOCTb  aJaNTallid  METOIUK NpenoJjaBaHus JUIst
WCTIONIb30BaHMs ~ NPEUMYINECTB  HU(poBOil TpaHcopManuu, obOecreyeHus
TOro, 4YToObl (u3MUecKkoe o00pa3oBaHHE OCTABAaJOCh WHHOBALMOHHBIM U
TOTOBWJIO ydamuxcst K Oyaymemy. bynymme wuccienoBaHus — JOJDKHBI
YIIyOnsTbcsl B HOBBIE TEXHOJOTUH M COLHUAIBHO-3KOHOMHYECKHE (DaK-TOPBI,
BIIMSIOLIME HAa Pa3BUTHE MCCIEI0BATEIBCKIX HABBIKOB B IM(POBOI cpee.
KaroueBble cjioBa: mccieoBaTeIbCKHE HABBIKM, (hru3ndeckoe oOpa3zoBaHue,
uudposas TpaHcopMarys, METOIbl 00YUECHUS, HCCIIEA0BATENbCKOE 00yUCHHE

Introduction

The introduction sets the stage for investigating the formation of students'
research skills during the digital transformation of physics teaching. Research skills
are pivotal in fostering critical thinking and inquiry-based learning, particularly in
the domain of physics education. As educational landscapes undergo a
significant shift due to digital transformation, teaching methods are evolving to
incorporate advanced technologies. This shift raises important questions about
how students' research skills are being influenced in this changing
educational environment. Understanding the impact of digital transformation on
research skill formation is crucial for educators, institutions, and policymakers
seeking to optimize teaching methods. This research aims to delve into the
current state of research skills in physics education, emphasizing the
transformative effects of digital tools and resources. By exploring the
intersection of traditional teaching methods and digitalized approaches, this
study seeks to identify challenges and opportunities for enhancing research skill
development. Investigating the significance of students' research skill formation
in the context of digital transformation will contribute valuable insights to
educators and policymakers navigating the evolving landscape of physics
education. 106
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Literature Review

According to (Lamb et al, 2017), research skills play a foundational role in
academic settings, fostering intellectual growth, analytical thinking, and problem-
solving abilities. In the context of physics education, the acquisition of research
skills is instrumental for students to navigate complex scientific inquiries.
These skills encompass the ability to formulate research questions, gather and
evaluate information, and communicate findings effectively. In academic
settings, research skills are widely recognized as a cornerstone of higher
education, contributing to the development of a well-rounded and intellectually
curious individual (Lombardi et al., 2021). Within the academic realm, the
emphasis on research skills aligns with broader educational goals focused on
preparing students for lifelong learning and informed citizenship. The literature
underscores the multidimensional nature of research skills, encompassing
information literacy, critical thinking, and the application of knowledge to real-
world challenges. As physics education undergoes a digital transformation, the
traditional paradigms of imparting research skills are evolving (Mohammed
Hashim et al., 2021).

Digital Transformation in Physics Education

The digital transformation in physics education signifies a paradigm shift
in instructional methodologies, driven by the integration of advanced
technologies. According to Castro, (2019), in recent years, educational institutions
have witnessed a substantial infusion of digital tools, online resources, and
interactive platforms designed to enhance the learning experience. This section
explores the evolving landscape of physics education in the context of digital
transformation. As noted by (Anderson & Rivera Vargas, 2020), the
incorporation of digital technologies in education has the potential to
revolutionize traditional teaching methods. In physics education, this
transformation manifests in various forms, including virtual laboratories,
simulations, and collaborative online spaces (Nungu et al., 2023). These
innovations aim not only to augment content delivery but also to cultivate a
dynamic and interactive learning environment conducive to research skill
development.

The advent of digital resources has democratized access to information, enabling
physics students to engage with a wealth of data and scholarly material
(Williamson, 2017). This accessibility aligns with the overarching goal of
fostering information literacy — a crucial component of research skills. The
digital era equips students with the ability to navigate online databases,
critically evaluate information, and synthesize knowledge, empowering them as
active participants in the research process (Pramesworo et al., 2023).
Furthermore, the integration of digital platforms facilitates collaborative
research experiences. Virtual collaborations, online forums, and shared
document spaces create avenues for students to collectively explore research
questions and share insights. This collaborative aspect not only mirrors the
collaborative nature of scientific inquiry but also nurtures teamwork and
communication skills. 107
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However, challenges related to digital literacy and equitable access need
careful consideration. As highlighted by Clark and Mayer (2023), the effectiveness
of digital tools depends on students' proficiency in utilizing these resources.
Additionally, ensuring that all students, regardless of socioeconomic background,
have equitable access to digital learning tools is imperative for a fair and
inclusive educational environment. The digital transformation in physics education
is reshaping traditional teaching paradigms, offering new possibilities for
research skill development (Biyalova et al., 2020). The integration of digital
resources fosters a dynamic and collaborative learning environment, empowering
students with the skills essential for navigating the complexities of modern
research.

Previous Studies

Numerous studies have delved into the intersection of digitalized learning
environments and the development of research skills among students. Understanding
the findings of these studies is crucial for discerning the impact and nuances
of digital tools on research skill acquisition. Research by Pylvas (2018)
emphasizes the positive correlation between digitalized learning environments
and enhanced research skills. The study, conducted across multiple disciplines,
identified that students exposed to digital resources demonstrated increased
proficiency in conducting literature reviews, synthesizing information, and
presenting research findings. This underscores the transformative potential of
digital tools in cultivating foundational research competencies. Contrastingly,
a critical perspective is presented by Turnbull et al. (2023), who argue that
the mere presence of digital technologies does not guarantee improved research
skills. The study suggests that the effectiveness of digitalized learning
environments depends on the pedagogical strategies employed. It stresses the
importance of educators guiding students in the strategic use of digital tools,
emphasizing critical thinking and information evaluation.

Moreover, the work of Rodriguez-Garcia (2022) highlights the role of online
collaborative platforms in nurturing research skills. The study found that students
engaging in collaborative online projects not only developed a deeper understanding
of their research topics but also honed skills in communication, teamwork, and
project management. This aligns with the notion that digital platforms, when
utilized thoughtfully, contribute not only to individual skill development but also
to the broader spectrum of competencies crucial for future researchers. While
these studies offer valuable insights, it is essential to recognize the evolving
nature of digital technologies. As noted by Vindrola-Padros & Johnson (2020),
the landscape of digital tools is continually expanding, necessitating ongoing
research to assess their impact on research skill development.

Objectives and Hypotheses

This study aims to investigate the formation of research skills among students
in physics education within the context of ongoing digital transformation. The
hypotheses guiding the research are as follows:
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H1: Research skills in physics education are experiencing growing significance.

H2: The ongoing digital transformation significantly influences the acquisition
of research skills among physics students.

H3: There are identifiable challenges and opportunities within the digitalized
learning environment that impact the formation of research skills.

H4: The relevance of research skills is becoming more pronounced in the overall
academic and professional success of physics students.

H5: Educators are adapting pedagogical strategies to effectively integrate digital
tools for enhancing research skill development in physics education.

Methods and Materials

The study employs a mixed-methods approach, combining quantitative analysis
of teaching approaches and assessment of digital tools with qualitative case studies
and examples from various physics education programs (Camilli Trujillo et al.,
2022). This comprehensive methodology allows for a nuanced exploration of
the subject. The research involves an in-depth analysis of teaching approaches
employed in physics education, focusing on how educators integrate digital tools
and resources to enhance research skill development among students. A critical
assessment of the effectiveness of various digital tools and resources in facilitating
research skill acquisition is also conducted. This includes an evaluation of software,
online platforms, and virtual laboratories used in physics education. The study
incorporates case studies and examples from diverse physics education programs
globally, providing a comparative analysis of how digital transformation impacts
research skill formation in different educational contexts. Additionally a selection
of educational institutions actively implementing digital transformation in physics
education serves as crucial sources of data (Camilli Trujillo et al., 2022). These
institutions offer valuable perspectives on the challenges and successes associated
with integrating digital tools. A comprehensive review of published research
on physics education and the use of digital tools supplements the primary data
collection, providing a broader understanding of existing trends, innovations,
and challenges. This robust methodological framework ensures a comprehensive
exploration of the impact of digital transformation on research skill formation in
physics education.

Current State of Research Skills in Physics Teaching

The current landscape of research skills in physics teaching predominantly
relies on traditional methods, marked by lectures, textbooks, and laboratory
sessions. Kirya et al., (2021) extensively documented the prevalence of these
established pedagogies, which often prioritize theoretical concepts and offer limited
opportunities for hands-on research skill development (Kirya et al, 2021). However,
this conventional approach faces persistent challenges in fostering robust research
skills. Issues such as limited access to advanced equipment, outdated educational
materials, and a lack of interactive platforms hinder the development of critical skills

109



ISSN 2224-5227 4.2023

(Qushem et al., 2021). These challenges underscore the urgent need for innovative
approaches that transcend the constraints of traditional teaching methods.

The advent of digital transformation introduces promising opportunities for
overcoming these challenges. Virtual simulations and online labs, for instance,
provide avenues for practical experimentation, offering solutions to the limitations
of physical laboratories (Agustian et al, 2022). Collaborative online platforms also
contribute to the creation of interactive learning environments, nurturing essential
research skills such as critical thinking and problem-solving (El Hajj & Harb.,
2023). The current state of research skills in physics teaching is characterized by a
reliance on traditional methods, accompanied by persistent challenges that hinder
skill development. However, the transformative potential of digitalization offers
opportunities to address these challenges and create dynamic learning environments
conducive to research skill acquisition.

Comparative Analysis

The comparative analysis of traditional physics teaching and digitalized
approaches unveils profound differences in shaping students' research skills.
Traditional methods, often characterized by lecture-based instruction, tend to foster
passive learning environments, limiting student engagement and active participation
inresearch activities (Lombardi etal., 2021). On the contrary, digitalized approaches
leverage interactive technologies, creating dynamic and student-centered learning
environments (Lombardietal.,2021). Effective research skill development in physics
students goes beyond theoretical knowledge, emphasizing practical application.
Digital tools facilitate simulations, virtual experiments, and collaborative projects,
providing students with hands-on experiences crucial for skill acquisition (Yeung
et al, 2021). Instant feedback and adaptive learning in digital platforms contribute
to personalized skill development, addressing individual learning needs (Lombardi
et al., 2021). Case studies exemplify the transformative impact of digitalization
on research skill development. Leading institutions such as MIT and Stanford
have successfully integrated online labs and virtual simulations into their physics
education programs, resulting in improved student outcomes (Yeung et al, 2021).
These cases highlight the scalability and effectiveness of digital approaches in
diverse educational settings.

Results and Findings

The results and findings of the investigation into research skill development
in the digitalized physics teaching environment reveal distinctive characteristics
when compared to traditional methods. The comparative analysis indicates a
notable shift towards active and experiential learning in digitalized settings.
Students exposed to digital tools and resources demonstrate higher engagement
levels, reflecting positively on their research skill acquisition. Trends in research
skill development within the digitalized physics teaching environment highlight
the impact of immersive technologies. Virtual laboratories, interactive simulations,
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and collaborative online platforms contribute significantly to skill enhancement.
The ability to manipulate digital data, conduct virtual experiments, and engage
in real-time problem-solving aligns with the evolving demands of contemporary
research practices. Furthermore, the findings emphasize the role of adaptive
learning in tailoring experiences to individual student needs. Digital platforms
offering personalized feedback and assessment contribute to more effective skill
development (Lombardi et al., 2021). This adaptability addresses diverse learning
styles and paces, ensuring a comprehensive and inclusive approach to research skill
formation.

Discussion

The findings have significant implications for the realm of physics education.
Traditional teaching methods, fraught with challenges in cultivating research skills,
necessitate a paradigm shift towards digitalized approaches. This shift not only
addresses the limitations of conventional methods but also opens new avenues
for optimizing research skill formation. Strategies for enhancing research skill
formation should prioritize the seamless integration of digital tools and resources.
Embracing technologies such as virtual laboratories, simulations, and collaborative
platforms enables a more immersive and interactive learning experience. Educators
need to strategize and implement these tools effectively, considering factors such
as faculty development, infrastructure, and ongoing support systems (Agustiian et
al., 2022). The integration of digital tools and resources is pivotal for achieving
optimal results in research skill development. The transformative potential of
digitalized physics teaching in research skill development cannot be understated.
Recommendations for enhancing research skill formation should be directed
towards both educators and policymakers, emphasizing actionable steps to facilitate
the integration of digital tools into mainstream physics education (Yeung et al,
2021). This forward-looking approach ensures that physics education evolves in
tandem with the opportunities presented by the digital transformation.

Conclusion

In summary, this study sheds light on the crucial interplay between digital
transformation and research skill formation in physics education. The comparative
analysis revealed distinct advantages offered by digitalized approaches over
traditional teaching methods. Challenges in research skill development were
identified in the traditional setting, while the digital transformation presented
unique opportunities for overcoming these challenges. To enhance research skill
formation in physics students, recommendations include the comprehensive
integration of digital tools, ongoing professional development for educators, and
the establishment of a supportive infrastructure. Educators should be encouraged
to adopt innovative teaching methods that leverage digital resources, fostering an
environment conducive to robust research skill acquisition. Looking ahead, future
research in physics education should delve deeper into the evolving landscape
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of digital transformation. Exploring emerging technologies, assessing long-term
impacts, and investigating the scalability of successful models will be paramount.
Additionally, understanding the role of socio-economic factors and cultural contexts
in shaping research skill development in a digitalized environment warrants further
exploration. As the education landscape continues to evolve, this study underscores
the importance of adapting teaching methodologies to harness the benefits of
digital transformation, ensuring that physics education remains at the forefront of
innovation and prepares students for the challenges of the future.
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Abstract. In this study, the electrospinning method was employed to produce
one-dimensional nanofibers based on synthesized SrTiO,, which were subsequently
used in the creation of composite structures. Electrospinning is a technique
that allows for the production of one-dimensional nanofibers with an enhanced
structure compared to other methods. These nanofibers exhibit a higher specific
surface area, which contributes to increased photocatalytic activity when exposed
to light. The research identified three key factors influencing the characteristics
of SrTiO, nanofibers, including the morphology of nanostructures, semiconductor
crystallinity, and annealing temperature. These parameters are closely linked to
photocatalyst performance. The physicochemical properties of nanofibers with
the addition of SrTiO, were investigated, as well as their surface morphology.
A relationship between the diameter of formed nanofibers and the concentration
of PAN in the solvent during electrospinning was established. The optimization
included the following electrospinning parameters: voltage of 18 kV, a distance
of 15 cm between the needle and collector, and a syringe pump rate of 1.0 ml/h.
Furthermore, stabilization was carried out at a temperature of 220°C for 60 minutes,
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followed by calcination at 800°C in an inert environment for 120 minutes. These
processes led to the oxidative dehydrogenation of nanofibers and the formation of
chromophoric conjugated bonds -C=N-, resulting in the nanofibers turning black
and forming carbon nanofibers. Consequently, the success of applying the SrTiO,
photocatalyst depends on optimizing these parameters. This study plays a crucial
role in the development of photocatalytic systems and contributes to the further
improvement of water splitting processes in solar energy systems.

Keywords: nanofibers, synthesis, photocatalyst, water splitting, hydrogen
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AHHOTAanMs. byn 3eprreyse dneKTpOCHMHHUHT dfici cuntesnenren SrTiO,
Herizingeri Oip eymieMal HaHOTANIBIKTApAbI aly YVIIH, OJap KeliHHEeH
KOMITO3UIIMSIIBIK  KYPBUIBIMIAPABI Kacayna KOJJaHBULABL. DIEKTPOCITUHHUHT —
Oy Gacka 9MIICTEPMEH CANBICTBIPFaH/Ia KYPBUIBIMBI KaKCapThUIFaH Oip ememai
HAHOTAJIIBIKTAPBl allyFa MYMKIHZIK OepeTiH omic. bByn HaHoTammsikTap
JKOFapbl MEHINIKTI OeTIMEH cumarTaiajibl, OYJI JKapbIKIEH COYJICIICHY KE3iHJe
(hOoTOKATANUTUKAJIBIK OCJICEHAUTIKTIH JKOFapbliayblHa BIKHAJT €TEIi. 3epTTey
SrTiO, HaHOTAINIBIKTAPBIHBIH ~CHMATTAMANApblHA OCEp €TETiH YII  HETi3ri
(bakTOp/IbI AHBIKTAJBI, COHBIH IMIIHAC HAHOKYPBUIBIMIAPLIH MOP(OIIOTHUSICHI,
JKapThUIall OTKI3TIITIH KPUCTAIJABUIBIFBl KOHE KYHIIpy Temreparypachl. by
napamerpiep
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(hoToKaTanM3aToOpIbIH OHIMJIUIITIMEH THIFBI3 OalIaHBICTHI. SrTiO3 KOCBIIFaH
HAHOTAJIIBIKTApbIH (PU3UKA-XUMUSUIBIK KaCUETTEpl, COHNAN-aK OJapiablH OeTKi
MOP(DOJIOTHACKHL 3epTTeil. TYy3UIreH HaHOTAIIIBIKTAP/IbIH JHAMETPIHIH OIapabl
ANEKTPOCTIMHHUHT KE31HJIe epITKII CYHBIKTHIKTEIH [IAH KoHIEHTpanuschiHa
TOYENIITIT] aHBIKTAN B, OHTAHTaHABIPY KeJIeCl AIEKTPOCITMHANHT ITapaMeTpIiepiH
KaMTbIbl: KepHey 18 kB, MHEe MEH KOJUIEKTOp apachlHIArbl KAIIBIKTBIK 15 cM
JKOHE IIIPHIl COPFBICBIHBIH JKbUAamibiFel 1,0 mi/car. ConbiMeH Kartap, 60
MuHyT iminge 220 °C temmneparypana TypakTaHIblpy, coHaai-ak 120 MuUHYT
inriage uHEepTTi opraga 800°C Temmeparypajga Kalbluitiey Kyprizuigi. by
MPOLIECTEP HAHOTAJIIBIKTAP/BIH TOTHIFY ACTHAPJICHYIHE X0oHE XpoMo(opMeH
-C=N- OafimaHpIcTapabIH Maimga 0OMybIHA aBI KeJIemi KoHe Oy e3 Ke3eTiHze
HaHOTAJIIBIKTAPBIH Kapa TyCKe OOsUTybIHA KOHE KOMIPTEKTI HAHOTAJIIIBIKTap/IbIH
naiina 6omybina acep erreni. Connpikran SrTiO, GpoTokaTann3aTopbIH KOJIIaHy IbIH
JKAKChI 0OJTYbl KOPCETLITEH MapamMeTpliep/li OHTalIaH bIpyFa OaiiaHbicThl. by
3epTTey (POTOKATATUTHKAIIBIK KYHEIePl JaMbITy/la MaHbI3/Ibl POJI aTKAPa bl )KOHE
KYH DHEPTHUSACHI JKYHEIEepiHIETI CYABIH BIABIPAY MPOIECIH ONaH opi KaKcapTyFa
BIKITAJT ETeIi.

Tyiiin ce3mep: HAHOTYTIKIIE; CHHTE3; (POTOKATAIM3ATOP; CYIBIH BIABIPAYHL;
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AHHOTa].lI/Iﬂ. B JAAaHHOM HUCCIICAOBAHUHN MCTO/ SJICKTPOCTIMHHUHIA TIPUMCHSJICS
I TOJTydCHUs OAHOMCPHBIX HAHOBOJIOKOH Ha OCHOBC CHHTC3UPOBAHHOIO
SI'TiO3, KOTOPBIC BIIOCJICACTBUU HCIIOJIB30BAJIUCH IMPU CO3JaHUH KOMIIO3UTHBIX
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CTPYKTYP. DJICKTPOCIUHHUHT MPEICTABISIET COOOH TEXHUKY, KOTOpas MO3BOJISET
MOJTy4aTh OHOMEPHBIE HAHOBOJIOKHA C YIYYIIEHHOW CTPYKTYPOW 1O CpaBHEHHUIO
C IpyrdMH METOJaMH. ODTH HaHOBOJIOKHA XapaKTepU3yIOTcsl Oojee BBICOKOU
YIEIBHOHN [TOBEPXHOCTBIO, YTO CIIOCOOCTBYET HOBBIIEHUIO (POTOKATAIUTHUYECKON
aKTHBHOCTH TpU OONyueHWH CBeTOM. llccienoBaHue BBISIBUJIO TPH KITFOUEBBIX
(axTopa, OKa3bIBAIOIIMX BIMAHUE Ha XapaKTEPUCTHKH HaHOBOJIOKOH SrTiO,,
BKJIIOYast MOP(OJOTHIO HAHOCTPYKTYpP, KPHUCTAJUIMYHOCTH MOJYNPOBOIHUKA H
TEeMIIepaTypy OT)KUra. DTH MapaMeTpbl TECHO CBA3aHBI C MPOU3BOIUTEIBHOCTHIO
¢dorokaramuzaropa. bpuin  ucciaenoBaHbl  (QU3MKO-XMMHUYECKHE  CBOMCTBa
HaHOBOJIOKOH ¢ noOasnenuem SrTiO,, a Takxke ux MOP(HOJIOTUs TOBEPXHOCTH.
YcraHOBIEHA 3aBUCUMOCTB IMaMeTpa 00pa3yeMbIX HAHOBOJIOKOH OT KOHLIEHTPALIH
ITAH B pacTBOpHUTENE NPH UX IEKTPOCHUHHUHTE. ONITUMHU3AIUS BKIJIIOYasia B ce0s
CIICYIOIIME MapaMeTpbl 3JCKTPOCIMHHMHTA: HampspkeHue 18 kB, paccrosiHne
MEXy UTIION M KOJUIeKTopoM 15 cM m ckopocTh mmpuiieBoro Hacoca 1,0 mi/d.
Kpome toro, npoBeaena cradbunuszauus npu temneparype 220 °C B teuenue 60
MHHYT, a Takke KajapItuHaIus npu Temmeparype 800°C B WHEpTHOU cpene B
TedyeHne 120 MUHYT. DTH MPOLECCHI MPUBENN K OKUCIUTEIHHOMY JeTUAPHUPOBAHUIO
HAHOBOJIOKOH U 00pa30BaHMIO0 XPOMO(MOPHBIX CONPSDKEHHBIX cBsizei -C=N-, 4To0
MIPHUBEIIO K OKPAITUBAHHIIO HAHOBOJIOKOH B UE€PHBIH I[BET M 00Pa30BaHUIO YTIIEPOTHBIX
HaHOBOJOKOH. ClemoBaresibHO, YCIEHMIHOCTh IMPHUMEHEHUs (OTOKaTaan3aropa
SrTiO, 3aBUCHT OT ONTUMH3ALMU YKA3aHHBIX MapaMeTPOB. DTO HCCIENOBAHUE
UTpaeT BayKHYIO pOJib B pa3padoTke (POTOKATAITUTHYECKUX CUCTEM M CIOCOOCTBYET
JalbHEHIIEMY yCOBEPIICHCTBOBAHUIO MPOLIECCa PA3IOKEHUS BOJbI B COIHEUHBIX
JHEProCUCTEMaXx.

KiroueBble ci10Ba: HaHOBOJOKHA; CHHTE3; (OTOKATAIM3ATOP; PAas3jIOKCHHE
BOJIBI; BOJIOPOT

Oma paboma Ovina unancoeo noodepoicana Komumemom wnayku Munuc-
mep cmea mayku u evicuie2o oopazoeanus Pecnybonuxu Kaszaxcman (spanm Ne
BR18574073).

Beenenue

[moGaibHBIN SHEPreTHUECKUI KPU3HUC —3TO OCTOSTHHAS U BCe 00JIee aKTyasIbHast
npodnema, ycyryoisiemMasi CTpeMUTENIbHBIM Pa3BUTHEM HHY CTPHUAIA3ALUH BO BCEM
MHUpE, KOTopasi cO3[aeT 3HAUMTEIbHYIO HAarpy3Ky Ha JHEPreTHUECKHE PEeCypChl
n okpyxaromyo cpeny (Skillen et al., 2022; Wang et al., 2019). Ha nannsiit
MOMEHT OCHOBHAasi 4YacTb OJHEPrHH  TPOM3BOAMUTCS  IyTEM  CXKHTAHUS
Pa3NMYHBIX BUAOB MUCKOIMAEMbIX TOIUIMB, TaKUX KaK He(Th, Ta3 M yroib. JTO
npuBoauT K BbIOpocy CO,, KOTOPBIN SBISETCS M3BECTHBIM MAPHUKOBBIM Ia30M M
crnocoOcTByeT nmpobieMe M3MeHeHHs KiuMarta Ha muianere (Su et al., 2023). B
CBSI3U C 3TUM BO BCEM MHUpE Bce Ooiblliee BHUMAHUE YACHSAETCS HayYHBIM
HCCIICIOBAHUSM, HaIlpaBJICHHbIM Ha s dexTrBHOE IIPEOI0JICHHE
SHEPTeTHYECKOTO KpU3HMCa M CO3[JaHHE YCTOHYMBBIX HCTOYHHUKOB ODHEPIHU
(Paula et al., 2019). YuuTeiBasgs OrpaHMYEHHOE HAIUYHE HUCKOMAEMBIX TOILTUB
U TNPOTHOZUPYEMBIA cHax HX 1106I)Iq11/11 7B Onmmoxaiime
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JCCSTUIICTHS, BO3PACTACT HWHTEPEC K HCCICAOBAHUIO BOAOPOJA B KAueCTBE
YIIIEPOJIOHEHTPATLHOTO UCTOUHHMKA SHEPTUH. OIHUM U3 TIEPCIIEKTHBHBIX TIOIX0I0B

K UCIIOJIb30BaHUIO HEHCUYEPIIaeMOW COTHEYHOH PHEPTrUM U MPeoOpa3oBaHUIO €€ B

sHepruio Bogopona (H,) sBnsercss ynaenmeanue W npeoOpasoBaHME COJHEYHOM
SHEPIUM C TIOMOIIBI0 (POTOKATATUTHYECKOTO paciierieHuss Bojwl (Visible-Light
Photocatalysts: Prospects and Challenges APL Materials AIP Publishing,
n.d.; Badr et al., 2023). KirtoueBbIM (akTopoM Jisi TIOBBIIICHUST 3PPEKTUBHOCTH
nporecca (OTOKATATUTUIESCKOTO MPOM3BOACTBA BOJOPONA SIBISIETCS pa3zpadoTKa
BBICOKOD((EKTHBHBIX H CTaOMIbHBIX (oToKarammsaTopos. SrTiO, OGmaroxaps
CBOGH  BBINAIOMICHCS  OKHCIHMTEIbHO-BOCCTAHOBUTEIBHON  KaTaJMTHYECKOU
AKTHBHOCTHU M 3KOJIOTHYECKOHM 0€30MacHOCTH, 00J1a/1aeT MHOXKECTBOM HHTEPECHBIX
CBOMCTB, KOTOPBIC JICNAIOT €ro MEPCIEKTUBHBIM KaHU/IATOM JUIS TOTCHITUAEHOTO
WCTIOJIb30BAHUSI B PA3IUUYHBIX OOJIACTSAX, TAKUX KaK Pa3[esicHHE BOIBI, OYMCTKA

CTOYHBIX BOJI, OYMCTKA BO3/lyXa U MHAKTUBAIIUS BUPYCOB. OJIHAKO, HA CETOMHSITHUN

JICHb CYIIECTBYET Psi/l 3HAUNTEIbHBIX IPETPa, MEIAIOINX IIUPOKOMY BHEAPEHUIO

BOJIOPOJIa KaK MCTOYHUKA SHEPTHU. DTH MPErpaibl BKIOYAIOT B ¢e0s TPYJTHOCTH B
pa3paboTKe MaciTabupyeMBbIX U IKOJIOTHYECKH YUCTHIX METOJOB MPOU3BOJCTBA
Bojopona. Kpome TOro, MHOTHE CYyHICCTBYIOIIHE TEXHOJOTHH B OONaCTH

BOJIOPOJTHOW JHEPreTUKU OrpaHWYCHbI HU3KOH 3()(EKTHBHOCTBHIO pasJeneHus

3apsi10B, OTPaHUYEHHBIX TPE0OPa30BaHUEM COTHEUHOTO 3Ty YCHUS H3-3a IIUPOKOH
3anperieHHON 30HBI MOJYIPOBOIHIUKOBOTO MaTephalia, HU3KOH MOJBHKHOCTHIO

(oTOMHAYIMPOBaHHBIX HOCHTENEH 3apsiaa M BhICOKMMH 3arpatamu (Ahmed &
Haider, 2018; Hong et al., 2021; “Two-Dimensional Photocatalyst Design,”
2020). Jlns mpeomoneHuss dTUX MPoOJieM HEOOXOAMMO CO3JaHUE KOMITO3UTHBIX

(OTOKAaTaMTUTUIECKUX MaTEpPUaIOB, KOTOPBIE OyAyT BKIIIOYaTh B ce0st O1aropogHbIe
anemenThl (Kavitha et al., 2020), mepexomasie MeTamtel (Rosman et al., 2018) u
Hemeramnueckue komnoneHTsl (“Highly Active and Stable Multi-Walled Carbon
Nanotubes-Graphene-TiO2 Nanohybrid,” 2019). B3anmopelicTBue cOBpeMEHHBIX
METOJIOB CHHTe3a (DOTOKATANM3aTOPOB M HAHOTEXHOJIIOTHH  CIIOCOOCTBYET
pa3paboTKe HOBBIX APPEKTUBHBIX CUCTEM AJISI PA3IOKEHHS BOJIBI U IIPOU3BOJICTBA
Bomopona (“Highly Active and Stable Multi-Walled Carbon Nanotubes-Graphene-
TiO2 Nanohybrid,” 2019). C 3TOil TOYKH 3peHHs, METOJ 3JIEKTPOCHHUHHUHIA

MIPECTaBIISIET cO00H yHUBEPCAIBHBIN, IPOCTON W HEJOPOTO CIIOCO0 MOTydeHUs
KOMIIO3UTHBIX CTPYKTYP C BBICOKUM OTHOIICHHUEM Y/IEIbHOM IJI0IA 1 TOBEPXHOCTH
K 00bEMY U BO3MOXKHOCTBIO PEryIMpOBaTh coctaB u Mopdooruio (SalehHudin et
al., 2018; Kausar et al., 2023).

B nannoii padote ObUTH MOTy4YeHBl HAHOBOJIOKHA HA OCHOBE CUHTE3UPOBAHHOTO
StTiO,. Jlns co3nanust KOMIIO3UTHBIX CTPYKTYP, B OCHOBE KOTOPBIX JIEKHT
cunte3upoBanubii  SrTiO,, NPUMEHSIICS METOA  OIEKTPOCHUHHUHTA.  ITOT
METOJl TIPEICTABIACT CO00M ynoOHYI0 M d(PPEKTUBHYIO TEXHOJIOTHIO IS ITOJIY-
YCHUS! OJIHOMEPHBIX HAHOBOJOKOH U3 TIOJIMMEPOB, HEOPraHWYECKHX MaTe-
pHaTOB M KOMIO3UTOB. HaHOBOIOKHA, MPOM3BENCHHBIC C HCIIOIb30BAHHEM
ANEKTPOCIUHHHUHTA, 00Ja1at0T O0JIee BEICOKOH yACTbHOM IIIOIIAIBI0 TOBEPXHOCTH,
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OoJsiee BBHICOKUM COOTHOIICHHEM CTOPOH M YAYYIICHHOM MOPHCTOH CTPYKTYPOM
M0 CPaBHEHUIO C MaTepHajIaMu, HOITyUYEHHBIMH JAPYTUMH METOJaMU. JTO, B CBOIO
odepeb, OJIaroTBOPHO BIUSAET Ha (POTOKATATUTUYIECCKYIO aKTUBHOCTh B TPOLIECCE
BBIJICJICHHSI BOJOPO/IA TP 00JIyUYECHUN CBETOM.

IJKCIepUMEeHTAIbHAA YaCTh

Cunres SrTiO,

s cuaTe3a SrTiO3 HCIOJIB30BAINCH HCXOAHBIE MAaTE€pUaIbl, BKIKOYAs Sr(NO3)2
(aucroroit >98%, Sigma Aldrich), TiO, (Sigma Aldrich, ¢ pasmepom wactuir: 0,27
MkM, 0,35 mkw, 0,48 mxm), n (COOH), *2H,O (Gonee 99,5%, Sigma Aldrich).
Ha nmaganpHOM 3Tame, 2,54 r Sr(NO3)2 1 0,958 1 TiO, 6 cmemansl B 100 M
TUCTHJUTMPOBAHHOW BOJIBI M TTOJIBEPTIIUCH 00pPa0OTKE B yABTPa3BYKOBOW BaHHE B
teueHnne 30 MuHyT. {15 0caskIeHus MCTIONIb30BaIach maseneBas kuciora (5,043 ),
KOTOpasi Obljla pacTBOPEHA U TOCTETICHHO I00aBJIeHA B TPEIBAPUTEIIEHO CMETIIaHHbIS
pacTBOpHI. 3aTeM J00aBIISIACH IET0Yb — THAPOKCH] aMMOHUS, YTOOBI JocTHdh pH
B quara3oHe 6-7. [lomyuuBmmiicst 6ebIii 0cal0K MPOMBIBAIN JUCTUILTUPOBAHHON
BOJIOH ISITh Pa3 M CYIIMJIM B CYLIIMIBHOM IKady npu TeMmneparype 60°C B TeueHne
14 gacos. IIponecc cunTe3a BKIIOYA XUMHIECKOE OcakieHne u3 pactopa TiO, n
St(NO,),, 60 MunyT KanbLMHALMK B aTMOC(hEpe Bo3ayxa npu Temmneparype 900°C.
OnTuMaibHBIM COOTHOIICHHEM MEKIY HUCXOAHBIMU pearcHTaMu TiO2 Hu Sr(NO3)2
siBisiercst 1:1, 4yTO MO3BOJSET MOMYUYUTh OAHOPOJHBIE YACTUIBI MOPOILIKA SrTiO3
0e3 mpumeceil MeToJJOM XUMHUIECKOTO OCaXKICHUSI.

Iony4yenne HaHO-pa3MEPHBIX BOJIOKOH Ha ocHoBe SrTiO,

Jlnst monmyueHne HaHo-pa3sMEPHBIX BOJIOKOH Ha ocHOBe SrTiO, 6bLT HCONB30BaH
METOJl 3JIEKTPOCIUHHMHTA. B 1aHHOM KOHTeKcTe Obliia MpoBeIeHa ONTUMH3ALs
CJICIYIOIIUX [TaPaMETPOB: CKOPOCTH MOAAYN PACTBOPA, PACCTOSHHUS MEXKy UITIOH U
KOJUICKTOPOM, 3HAYECHUS BBICOKOBOJIBTHOTO HAIIPSKCHUS M TTOJIOKEHUSI KOJUIEKTOPA.
s co3manus pactBopa ObUT Mcmonb3oBaH nonuakpuoHuTpun (ITIAH) cpenneit
MoJsekysipHoit maccoit 1,300,000 (Sigma Aldrich). [l npurotosienust pactsopa
[TAHa B mumermndopmamuge (JIM®P) Obuto MCHonb30BaHO COOTHOIIEHHE 1:9.
Kpowme Toro, x pacteopy nomumepa 6611 n06asinen Hanonopomok SrTiO, maccoii
0,15 . Ilpouecc pacrBopenust nonumepa B JM®D npoBoauics MNpu aKTUBHOM
MEPEMEIINBAHNN C HCIOJIB30BAHUEM MArHUTHOH MEIIaJKH NPH KOMHAaTHOU
Temrneparype B TeueHue 30 MUHYT 10 HOIy4YeHHs Mpo3padyHoro pacteopa. Janee
MOJTY4YEHHBIN PacTBOP MOMEINAJICS B LINPHUILIEBOH HACOC, KOTOPBIN YCTaHABINBAJICS
Ha MHKEKTOpHOH cucrteme. K wumie mmpuma W KOJIJIEKTOPY I0AaBajoCh
ANEKTPUUECKOE T10JIe, U HauMHaJach rojadya mojmmepa co ckopoctbio 1,0 mi/d,
npu Hampspkenun 18 kB komuatHoi Temmneparypsl. Komiexktopom cayxuna
amoMuHueBas gosbra (auamerp 20 cMm), HaXOIAIIASACS HA PACCTOSIHUU 15 cM OT
WIJIBI.
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MeTtoasbl HCcCIeA0BAHUS

Jlns amanmsa mMopQoJOrMM TOBEPXHOCTH YacTUIl M HaHOBONOKOH SrTiO,
WCIIONIB30BAJICS CKAHUPYIOIMIUN d3ICKTPOHHBIM Mukpockon (COM) QUANTA
3D 200i (FEI, CILHA) c yckopstomumM HampsbkeHuem 15 kB. s uccnepoBanus
CTPYKTYpbl ~ 00pa3l[OB  HWCIONB30Bajach IPOCBEUMBAIONIAS  DIIEKTPOHHAsS
mukpockonust JEM-1400 (JEOL, Slnonust) ¢ yckopstomum Hanpsbkenuem 120 xB.
XRD-aHanu3 npoBOAMIICS HA PEHTTEHOBCKOM Audpakromerpe Drone-8 ¢ yriamu
MOBOPOTa OJI0Ka METEKTUPOBAHUS B TuamnazoHe ot -100° mo 168° u MuUHUMATHHBIM
maroMm Tepemerienust 6moka merekrupoanus 0,001°. [lomycTiuMoe OTKIOHEHHE
00Ka JeTEeKTUPOBAHUS OT 33/IaHHOTO yTia TIOBOpoTa coctasisiio +£0,015°.

Pe3yabTarhl n 00cy:KI1eHue

B nmanHOl pabore aisi cO3MaHUS BOJOKOH HCIONB3YETCS SrTiO3 B KadyecTBE
ocHoBHOro Marepuana. SrTiO; momy4arT IyTeM XHMUYECKOTO OCAKIECHHS W3
pactBopa, BKmovatomero TiO, u Sr(NOm’ a 3aTeM MPOBOAAT OTKUI CMECU NpU
900 °C B Teuenne 1 yaca. Coornomenne Sr(NO,), u TiO, B pacTBOpe COCTaBIAET
1:1, uto obecneunBaeT MOTYYEHUE OAHOPOAHBIX YACTHIl C HU3KUM COAEPIKaHHEM
npumecei. Jlna cunresa dorokaramuruieckoro xommnosuta ITAH/SrTiO, 6bun
WCTIOJIB30BaH METOJ IEKTPOCIMHHHUHTA, TO3BOJISIIOIINI (POPMUPOBATH BOJIOKHA C
Pa3IMYHBIMU AHAMETPaMU U3 PACTBOPA B 3aBUCHMOCTH OT IIapaMeTPOB MpoLecca.
[Toce momy4ueHus: moaTMMepHBIX BOJIOKOH Ha ocHOBe JIM®D/ITAH Obutn mpoBeeHbI
WCCIIEIOBaHUsI C LEJbI0 ONpEeleNieHHs ONTHUMAJIbHOIO PEeXMMa KalbLUHALUY,
00eCreunBaloIero BBICOKYIO CTENEHb OTBEPXKICHUS BOJIOKOH. B xone
uccienopanus Mopdonorun 06pasuos SrTiO, HCHONB30BaNMCh CKaHMPYHOIIUN
AIIEKTPOHHBINA MHUKpockorl (COM) 1 mpOoCBEUYHBAIOINI AIIEKTPOHHBIA MHKPOCKOIT
(II5M) mpu pasnuuHbIX paspemenusx. Ha pucynke 1 (a-x) MoXHO HaOirOmaTh
o0pas1pl B Macitadax 1 MM, 5 MkM 1 10 MkM. DTH HaOIIOIEHIS OBLTH TPOBEACHBI
npu HanpspkeHuu nois 20 kB u pa3nuuHbiX yBennueHusax, Takux kak 1100; 4000;
10 000; 15 000 HighVac.

Uccnenoanne mopdomnorun mnokasano, 4ro obpasen SrTiO, cocrout w3
cheponanbHbBIX YacTUI MU HUMEET MHOPHUCTYI0 CTpPYKTypy. Ocoboe BHUMaHHE
yaeneHo Mmopdonoruu o0pa3lioB M3-32 €€ BaXXHOH poiau B (hOoTOKaTayuse.
VYBenuueHue mioua u MoBepXHOCTH MOKET IPUBECTH K YBEIHMUCHHIO KOIUYECTBA
AKTHBHBIX YYaCTKOB, YTO IOJOXXHUTEJIBHO CBsI3aHO C (oTokaranuzoM. B sTom
acIeKTe MCCIENYIOTCSl BCe 3aKIIOUCHMS U MOATBEPKICHUS B paboTe, Kak Takue
(Kimijima et al., 2014; Hsieh et al., 2019), rne paccmaTpuBaIich HAaHOYACTHIIBI
SrTiO,, nony4eHHbIe U OTKUIe U TeMreparypax ot 750 no 1000°C. Vaenbnas
IUIOILA/Ab MOBEPXHOCTH 3THUX OOpa3LOB IOKa3ajna, YTo oOpasel, OTKUIaeMbIH
npu 750°C, umeeT pasmepHyro Iuiomiaap mosepxuHoctu 10,509 m? r'!, B To Bpems
Kak oOpazer, omxuraemeid npu 1000°C, mocTuraeT wu3MEpeHHOW ILIOMIAAN
nosepxHoct B 20,971 m’r ! (Aravinthkumar et al., 2022). D10 CBUAETEIBCTBYET
0 B&XKHOM POJIM OTXKMra TEMIIEPaTypbl B ONTUMHM3MPOBAHHON MOBEPXHOCTH W,
CJIeI0BATENBHO, (POTOKATATUTHYECKOH aKTUBHOCTBIO.
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Pesynbrarel nccnenoBaHUsl 3JEKTPOHHOH MHKPOCKONHH, IPEICTaBICHHBIC
Ha pUCYHKax | a-K, MOKa3bIBAIOT, YTO 0Opasel COCTOUT M3 CQepoumaIbHBIX
vactunl SrTiO, ¥ MMeeT MOPUCTYIO CTPYKTYpy. OTH PE3yIbTaThl TaKkKe ObLIM
MOATBEP>KACHBI METOIOM ITPOCBEYMBAIOLICH AEKTPOHHON MUKPOCKOITUH (PUCYHKU
1 1-), KOTOpBIE CO3/IAI0T KapTHHY pereTyarbix 6axpomok obpasua SrTiO,. Oto
XOpOIIO COOTHOCUTCSI C JAaHHBIMH, IOJYYCHHBIMH NPH PEHTIEHOCTPYKTYPHOM
anammse. Pasmep manoky6os SrTiO, cocrasnser okono 200-500 um, 4To OBLIO
MOATBEPKACHO C MOMOIIBI0 M300paKEHUH, MOTYYESHHBIX MPH MPOCBEYMBAIOLICH
3NEKTPOHHONW MUKPOCKOIIHH.

Pucynox 1 — Mopdonorus 06pasuos SrTiO,, momy4eHHbIE TPU Pa3THYEHHBIX YBETHIECHUAX
metonamu COM (a,0,8,r) u [I1OM (z, k)

PeHTreHOBCKUE CTIEKTPhI CUHTE3UPOBAHHOTO Topomika SrTiO, Obuin H3yveHbI
pentrenodazoBeiM aHanuzoM (PDA) anst ompeneneHus MX KpUCTAJUIMYECKON
CTPYKTYpBI. Pe3ynbTarsl 3TOro anainsa, npecTaBIeHHbIC Ha PUCYHKE 2, TO3BOJISIOT
clleNaTh HECKOJBKO BAaXKHBIX BBIBOJOB O XapaKTEPUCTHKAX JOMOJHHUTEIBHBIX
o0pasioB. OCHOBHBIM OCHOBAaHMEM AaHalk3a PEHTICHOIPAaMMbl CTPOHLUHU
TUTaHA SABJAETCH MOATBEPKICHUE KyOndeckod cTpyktypsl SrTiO,. YTounenHoe
3HAuEHHE MEPHO/a JIEMEHTAPHOM suelku cocTaBuiio a = 3,905 A u cosnanaer ¢
nuteparypubiMu JanHbIMA (Prokhorov et al., 2023). XapakrepHble KA 00pa3oB
SrTiO, nosensores mpu 20, 32,4°, 40,5%, 46,5°, 58,5° u 68,5° n mpunuchIBatoTCs
((110), (111), (200), (211) u (220) mnockocTsam Kybuueckor cummerpun SrTiO,,
KOTOpPBIE XOPOMIO COMIACYIOTCs ¢ cTanaapTHol kaproi mst SrTiO, (JCPDS Card
Ne35-0734) (Chung et al., 2023), monTBepk1at0T yBEPEHHOCTD B KPUCTAJUIMYHOCTH
Marepuana. To UMeeT 00JbIIOe 3HAYCHHE, TaK KaK KPUCTANTMYHOCTh MaTepuaa
MOXET TIOBJIUATH HA €ro CBOMCTBA, BKIIOYAs YNOOHBIA MEPEHOC 3apsHKEHHBIX
HOCHTeNeH, BO3HMKAIOMIMX Npu QoToreHepannu. Kpucrammmueckas CTpyKTypa
StTiO,, mnoxreepkaeHHas Meromukod XRD, obecrieunBaeT OCHOBY — Jist
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a¢dexTuBHON (oToKaramuTHYeckod akTHBHOCTH. Kpome Ttoro, EDX-ananu3
(aHanM3 PEHTIeHOBCKUX CIIEKTPOB JHEPIHid) MOATBEPAMJI COCTaB IOMYYEHHBIX
o6paszuos. Hamnuue snementos O, Ti u Sr Obu10 oaTBEpsKACHO 063 00OHAPYKEHUS
npyrux npumeceil. Ilo JaHHBIM aTOMHBIX MPOLEHTOB 1O Mokasatento (PucyHok
2, 6) moxHO ycraHoBuTh, uTo Sr/Ti/O cocraBmser 17,30%/19,63%/63,07%
COOTBETCTBEHHO. DTH PE3yJbTaThl MOATBEPIKAAIOT, YTO KOHCTPYKLHMHU COHACpPKAT
OXXKMJaeMbl€ JIEMEHTHI U HE NMEIOT 3HAYUTEIbHBIX TPUMECEH.
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PucyHok 2 — PeHTTeHOBCKHE CIIEKTPBI CHHTE3UPOBaHHOTO TIopomka SrTi0, — (a);
SHEPTO/IUCTIEPCUOHHBIH PEHTTeHOBCKHH criekTp 9actui SrTiO, — (6)

Ha pucynke 3 (a-x) mokazansl COM-1300pakeHHsI HAHOBOJIOKOH, TTOJTYYSHHBIE
METOJIOM 3JIEKTPOCIMHHUHTA [TPH HapsoKeHnH 18 kB u paccTostHuu Mex Iy Urion
u anekrpoaoM 15 cm. 3 caumkoB COM (puc. 3 a-B) HamISITHO BUIHO, YTO 00a THIIA
c(OPMUPOBAHHBIX BOJIOKOH OJHOPOIHBI, IPOM3BOJIBHO OPHEHTUPOBAHBI, UMEIOT
[IaJKYl0 TOBEPXHOCTb Oe3 BHAMMBIX JedekroB. CpeaHuil auameTp BOJOKOH
Haxoautcs B uHTepBaie ot 250 1o 300 M.

KanpumHauusi BriItoYaja jABa d3Tama: MEPBBIH 3Tall — TEPMOCTAOMIM3aLs
npu temieparype 220 °C B teuenue 60 MUHYT, ¥ BTOPOM 3Tal — KaJlbLHUHALUA
npu Ttemrieparype 800 °C B wmHepTHOH armocdepe aprona B TeueHue 120
MHUHYT. OKCHEpUMEHTAJIbHBIC HCCIICAOBAHUS IOKa3ald, 4YTO TeMIleparypa
TEPMOCTAOMIM3aLUM B MHEPTHOH Cpe/ie OKa3blBaeT CYLICCTBEHHOE BO3ACHCTBHE
Ha CBOMcTBa M MOP(OJIOTHIO MOBEPXHOCTH BOJNIOKOH. Ilpn Tepmocrabunuzanun
BosiokoH Tipu 220 °C mpoucxomar oObeMHbIE M3MEHEHHUS B UX CTPYKTYpe, 4TO
MPUBOOUT K (OPMHUPOBAHHUIO HAHOCTPYKTYPHUPOBAHHOW MOBEPXHOCTU B TBEPIOH
(a3e BOJOKOH. BakHBIM acmekToM 3TOro mpouecca SBISETCS MacCONEpPeHoC,
KOTOPBIH clIocoOCTBYET 00pa30BaHUIO TEPMOIAMHAMUYECKH CTAOMIIBHBIX KJIACTEPOB
n (HOPMHUPOBAHHIO HPOMEXKYTOUHBIX COCTOSIHUH B MaTepuaje, BIMSIOLMX Ha
MOPGOIOTHYECKHE XapaKTEPUCTUKU YIIEPOOHBIX BOJIOKOH. Ha BrOopom stame
KanpliHanuu npu Temreparype 800°C B mHepTHOU armocdepe MPOUCXOAUT
OKHCJIMTEJIBHOE JAETHIPUPOBAHHE BOJOKOH € 0Opa3oBaHHEM XPOMO(OPHBIX
conpsiKeHHBIX cBsizel -C=N-, yTOo NpUBOAUT K U3MEHEHUIO LBeTa BonokoH [TAH
Ha yepHbI (Medvecka et al., 2018). BaxxHo, 4T00BI IpU TepMUYECKOH 00paboTKe
crocoOCTBOBaI0 (DOPMHUPOBAHHUIO YINIEPOJHOH CTPYKTYpbl, HE HapylaloCh
IUIaBJICHUE U TOBPEXKICHUE 0a30BBIX BOJIOKOH M MX (UOPHIUISIPHONW CTPYKTYPHI,
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a TaKkKe MHMHUMH3MpOBajach ycaaka. B omimume OT Apyrux MNOJIMMEPHBIX
MmarepuanoB, [IAH-BorokHam mpoie mpuaaBaTh HU3KOAC(HEKTHYIO YIICPOIHYIO
CTPYKTYPY B IIpOLIECCE TEPMUUYECKON 00pabOTKH.

COM-u300pakeHns: HAHOBOJIOKOH, TIOJTyUY€HHbBIE METOJIOM 3JIEKTPOCHHMHHUHTA
nocJieKajabIMHauH (puc.3 1-x). CpeTHU TuamMeTp BOJIOKOH HaXO/IUTCS BUHTEpBaJIe
okono 300-400 mm. Ha pucynke 3 a-X TpeiCTaBieH CHUMOK OTpaHHMYEHHON
ob6macTy BookHa ¢ amametrpoM B mpenmenax 250-300 mm. Ilpemmomaraercs, 9ro
rocje pa3BUTHs 3TOH 00JacTH mpolecca KadbLUHALMM, 3TH yYacTKH BOJIOKOH
MOABEPIIIUCH CropaHuio. Busyanusupys AaHHbIE HAa PUCYHKE 3 T-K, MOXKHO
YBUJIETh, YTO TUAMETP BOJIOKHA cTaj OoJbIie. DToT 3PPeKT 00yCIOBICH TEM, YTO
CKaHMPYIOIIUH dJeKTpOHHBIN MUKpockon (COM) He cMor 3a(hUKCHpPOBaTh Y4aCTKH
MaJICHbKHX BOJIOKOH, TaK KaK OHH MOJBEPIVIFCH CTOPAHUIO.

000 QLT BE v G000 gm OO0 1147 81

Pucynok 3 — COM cuumiu nonydennsix 1D porokaranusaropa PAN\StTIO, (a, 6, B); mocne
KanbLUHAUH (T,11,5K)

[Mony4eHHBIE METOIOM JIEKTPOCITUHHUHTA TTOJIMMEPHBIE BOJIOKHA, BEIPOBHEHBI
W OpUEHTHPOBAHBI, 00CCIICUUBAIOT PAaBHOMEPHOE paCIpEelICHHE STHX YacTHI]
B CTpyKType (GOpMUPYEMOW IUIGHKH. DTO paBHOMEpPHOE pacIpeselieHue CIio-
COOCTBYET YBENMYEHHIO YIENbHOM mMOBepXxHOCTH (hoTokaranuszaropa SrTiO,.
[MockonbKy (oTOKaTamUTUYECKas aKTHBHOCTh B 3HAYHUTEIILHOW Mepe 3aBHCHUT OT
VAETBHOM MOBEPXHOCTH (POTOKATAITN3ATOPA, MOKHO 3aKITIOYHUTh, YTO PABHOMEPHOE
pacnpenenenne vactuil SrTiO, ysennuuBaer oOLIyIO YIENbHYIO TOBEPXHOCTH
menku (Swathi Padmaja et al., 2018; Kuspanov et al., 2023).

CymiecTByeT TpU KIIOYEBBIX (DaKkTOpa, CBSA3aHHBIX C YIY4YIICHHEM Xapak-
TEPUCTUK OJIHOMEPHBIX BOJIOKOH Ha Marepuase SrTiO,. Bo-nepeix, Mopdonorus
HaHoc(ep W uX pasMepsl, TOATBEPKICHHBIC ¢ WcIoNb3oBanneM COM, urpaior
pEIIalonIyo poiib, TIOCKOIBKY OHH CIHOCOOCTBYIOT YBEIWYEHHIO CKOPOCTH
TeHepali HOCUTEJIeH 3apsijia B MEPOBCKUTOBOM DJIEKTpoje. Bo-BTOPBIX, KpHC-
TaJUTAYHOCTh  MONYIIPOBOJIHMKA OKa3bIBAET CYIICCTBEHHOE BO3JICHCTBHE HAa
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XapaKTEPUCTHKH YCTPOWCTBA, M 3TOT 3(PQEKT YCHIMBACTCS NpPU TOBBILICHUH
TEMIICPATYPbI OTXKUTA. I/I, HAKOHCII, MMOBBIIICHUC TEMIICPATYPBI OTXXUT'a IPUBOAUT
K CY>KEHHIO MOJI0COBOH ILIEJIH, YTO B CBOIO OYEPEb YBEIUUMBACT MOIBHKHOCTD U
[IPOBOAMMOCTB HocuTenei. Bee sty Tpu dakTopa CyIiecTBEHHO BIUSIOT Ha OOLIYI0
MPOU3BOANUTENLHOCTh ycTpolcTBa. ClieoBaTeIbHO, MOKHO CAETaTh BBIBOJ, UTO
ycnex (orokarannzaTopa 3aBUCUT HE TOJBKO OT IpoLecca aacopOLnu KpacuTess,
HO TaK)KE OT ONTHMHU3AIMHU TEMIIEpaTypbl oTkura Hanoyactui SrTi0,. Mertonuka
nonyuenust SrTiO, u uccnenoBanue €ro (U3HKO-XMMUYECKHX XapPaKTEPUCTHUK
OB TIOZIPOOHO OMHCAHBI B MpensimyInei myosukarmuu (Sultanov et al., 2019;
Daulbayev et al., 2021) .

Taxkum oOpas3om, ObUTH HCCHE0BaHbl (PU3MKO-XMMHUYECKHUE CBOICTBA HaHO-
BOJIOKOH ¢ jobasnenneM SrTiO,, MOMyd4eHHBIX METOIOM SJIEKTPOCIUHHHMHIA,
a Takke MX MOPQOIOTUS MOBEPXHOCTH. YCTAHOBJIEHA 3aBUCHUMOCTb JHAMETPa
o0pa3yemMbIX HAHOBOJIOKOH OT KoHueHTpauuu [IAH B pactBopurene mpu ux
BIIEKTPOCTIIMHHUMHTE. A TaKke nojy4enbl porokaranusaropel PAN\SrTiO,, onru-
MU3UPOBAHBI TapaMETPhI IPOLIECCa €ro CHHTE3A.

3akiiroueHue

B pesynprare mpoBENEHHOTO HCCIENOBAHMS OBLTH ONTUMH3WPOBAHBI TMapa-
METpBl  Tpollecca 3JIEKTPOCIUHHUHIA HAHOBOJIOKOH, OCHOBAaHHBIE HAa CHHTE-
suposanHoM SrTiO,. Onrumusanus BKIOYana B Ce0s CIEMYIONIUE TAPaMETPhI
JIEKTPOCTIMHHUHTA: HanpsbkeHue 18 kB, paccTrosiHne Mex 1y U0 U KOJJIEKTOPOM
15 cm u ckopocts mmpuneBoro Hacoca 1,0 mu/u. Kpome Ttoro, mpoBeneHa
crabmmmsarus npu tremiieparype 220 °C B Tedenne 60 MUHYT, a TaK)Ke KallbIIMHAIINS
npu temneparype 800°C B uHepTHOI cpese B TeueHue 120 MUHYT. DTH IpoLecChl
MIPUBENTM K OKWCIHUTEIBHOMY JEeTHAPUPOBAHUIO HAHOBOJIIOKOH M 0Opa30BaHHUIO
XpoMO(OPHBIX COMpPsUKEHHBIX cBsizel -C=N-, 4TO TpPHUBENO K OKPAIIUBAHUIO
HAaHOBOJIOKOH B YEpHBIH IBET W OOPa30BaHUIO YIIEPOIAHBIX HAHOBOJOKOH.
AHanmu3, IpOBEJACHHBINA C UCITOJIB30BAHIEM CKAaHHUPYIOIMICH AIIEKTPOHHOW MUKPOC-
KonuM, mnokasan, 4to yactuibl SrTiO, 00nanarT MOPHUCTOH CTPYKTYpoH ¢
pasMepamMu, HaXOMAMUMUCS B nuamnazone okono 200-500 aMm. Pertrenoda3zoBbrit
aHanu3 moxaTeepami, 4to obpasusl SrTiO, obnamaroT KyOM4ECKOH CTpYKTypon
C TMmapaMeTpamMH DIIEMEHTapHOW SYEHKH, COOTBETCTBYIOIIMMH IJIUTEPATyPHBIM
MaHHBIM. B 3aximioueHne MOXHO OTMETHTh, 4YTO HCIIOJIb30BAaHHE METOMa
BNIEKTPOCIIMHHMHTA C TpPUMEHEHHEM cuHTesupoBanHoro SrTiO, mpuseno k
yCIIEUIHOMY TIOTy4eHUI0 3 dekTuBHbIX (oTokaramuszatopos PAN/SrTiO,. [lns
JIOTIOJIHUTEIILHOTO TOBBIMICHUST A(PPEKTUBHOCTH (HOTOKATATU3ATOPOB MOXKHO
pPaccMOTpeTh HCIIONB30BaHHE MHOTOCIOWHOTO TpadeHa, pPUCOBOH IIeNyXd H
CKOPJTYTIBI TPEIKOTO Opexa, TaK KaK 3TH MaTeprajbl 001a1al0T OTIIMYHBIMU ONTH-
YECKHMHU M 3JIEKTPHUYECKUMHU CBOMcTBaMM (cM. Tarke crarbio Daulbayev et al.,
2021). DKCIIEpUMEHTHI, B KOTOPBIX TaKHUE MaTEpHallbl MPUMEHSIOTCS BMECTE C
¢oTokaTanu3aropaMu, IOKa3au yIydlIeHue nporecca poToKarannsa pa3ioKeHus
BOJIBI ITOJ] BO3JICHCTBHEM COTHEYHOTO CBETA.
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ABSOLUTE ENERGY OF DISTRIBUTION IN THE SPECTRA
OF 5 G-STARS POSSESSING PLANETS

Abstract. In this paper presents the energy distribution outside the earth’s
atmosphere for 5 G-stars with planets. The distribution is obtained for the
visible region of the spectrum in the range AA340-660nm with a resolution of
S5nm. Replenishment of the data bank of exoplanetary systems with the physical
and observable parameters of parent stars will contribute to the construction of
adequate models of their atmospheres and scenarios for the formation of planetary
systems. Note that the spectral energy distribution is both an observable and a
physical parameter of the star. The energy distribution in the spectra of the
studied stars was obtained by the differential method. The primary standards
were two stars of early spectral class, for which the energy distribution had
been obtained earlier. The observations were made with the help of a 70-cm
AZT-8 reflector at the observatory “Kamenskoye Plato”. A CCD spectrograph
with a toroidal diffraction grating was used for observations. The radiation
receiver was the ATIK-490 CCD camera. In the reductions, the average value of
the transparency coefficient for the place of observation is taken for absorption in
the atmosphere. The reliability of the observational results obtained is estimated
indirectly - by comparing the stellar magnitudes V and the color indicators B-V
calculated from the energy distributions with the directly observed values. The
obtained data on the distribution of energy in the spectra of parent stars can be
used to determine the basic physical parameters of their atmospheres, as well as to
standardize spectrophotometric observations of any cosmic bodies.

Keywords: parents stars, spectra, energy distribution, comparison with
photometry
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IIJIAHETAJIAPBI BAP, 5 G-KYJ ABI3JAAPABIH CIIEKTPJIEPIHAEI'T
ABCOJIIOTTI DHEPI'USAHBIH TAPAJIYbI

AnHorauus. byn xympicta 1uaHetamapel Oap, S5 G- KyYIABIBAAPIBIH
arMocdepagaH TbIC SHEPTHSHBIH Tapalybl YCHIHBUIFaH. DHEPTUSHBIH Tapaysbl
SHM aiibipymeH AA340-660HM  apaibiFbIHIA CHIEKTPIiH KOpIHEepNiK aiMarbl
YUIiH alblHFaH. OK30IUJIaHETANbIK KYHENepAiH aTa-aHajblK >KYJAbI3AapbIHbIH
(U3UKaNBIK KoHE OaKbpUIAaHATBHIH TapaMeTpJepiHiH MoIiMeTTep Oa3achbIHBIH
TOJIBIFYbIHA OalJIaHBICTHI TUIAHETANIBIK JKYHENEp/iH arMoc(epanapblHbIH IKOHE
JKacally CIICHApUIH aJIeKBaTThl MOJICIIH KYpyFa KeMmek Oonajbl. balikan kapacak,
KYJIIBI3IBIH CIEKTPIIIK SHEPTUSHBIH Tapaixybl Oip yakbITTa OHBIH OaKblIaHATHIH
XKoHE (MBMKANBIK THapamerpi OoJbln TaObUIagbl. 3EpTTENTeH KYJIIbI3AApAbIH
CHEKTPJICPIHACT] SHEPrHSHBIH Tapalybl JUPGEPEeHIHANIBIK OHIC  aPKBUIBI
aJIBIHABI. BYpbIH SHEpPTUSHBIH Tapaiybl alblHFaH, €pTe CIEKTPJIK KIAaCTbIH €Ki
KYJIIBI3BI alFAlIKbl CTAaHAAPT peTiHae Koaaanbsuinel. bakeay «KaMmeHko yeripTi»
obcepBaropusiceiiia A3T-8 70-cM pedrueKTOpbIHBIH KOMETriMeH OpbIHIAIIbI.
bakpuay  ymin  Topouatel  audpakuusiblk  Topasl - 3BA-cmektporpadsr
kosnanbuibl. Coyienik kaObuinarbim petinge ATIK-490 3BA-kamepachl KbI3MET
aTKapAbl. ATMOCQepaHbIH JKYTBUIYbIH peAyKUMslayFa Oakpuiay OpHBI YILiH
MOJIIIpIiK KOA(pQUIMEHTIHIH OopTama MoHI ajblHAbl. bakbuiaynapablH ajblHFaH
HOTIXEIePiHIH CeHIMIUIIT XKaHama Typae OaranaHabl - SHEPTUSHBIH TapalyblHaH
ecenTenred V SKYIOBI3ABIK IIaManapiabl skoHe B-V Tyc mHzaekcTepiH Tikenei
0aKbUIAHATHIH MOHICPMEH CANBICTBIPY apKbUIbl. ATa-aHalbIK KYJIIbI3IapAbIH

CHEKTPJICPIHACT] JHEPTUSIHBIH  Tapalybl Typalbl ajbIHFaH MoJliMETTEp
OJ1ap/IbIH arMocdepanapbIHbIH HeTi3r1 (U3UKaNBIK ~ MapaMeTpIIepiH
AHBIKTAYFa, COH/Iali-aK Ke3 KeJreH FapBILITHIK JICHEeNepIiH

CHEeKTPO(OTOMETPUSUIBIK ~ OakblUIaylapblH —CTaHAApTTay YUIH MaijanaHyra
Oonazpl.

Tyiiin ce3mep: *Kyiapi3aap, CreKTpiep, SHEPTUSHBIH Tapaidybl, (OTOMETPIIK
MOJIIMETTEPMEH CAIIBICTBIPY

3epmmeyoiy ocvl kezenin KP I[JJTUAOM kaporcviiandvipadsr (BR20280974
bazoapramacvr — «Kazaxcmanoazvl ipeeni  acmpogusuxanvly  3epmmeynep
bazoapramacvl: 6AKLIIAY HCIHE MEOPUSLY).
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ABCOJIIOTHOE PACIIPEAEJEHHUE SHEPI'MM B CITEKTPAX 5 G-
3BE3/l, OBJIAJJAIOIINX INIVIAHETAMUAX

AnHoTanusi. B paborte mnpezacraBieHo BHeaTMOC(EpHOE pacmpeneneHne
SHEpPruM s 5 G-3Be3, oOyagaoUMxX iaHeTaMu. Pacipeaenenne noixy4eHo
JUIS BUIUMOW oOmactu criektpa B uHTepBasie AA340-660HM c paspernieHueM
SuMm. llononHeHue OaHKa JaHHBIX 3K30IUIAHETHBIX CHCTEM (QH3HMUECKUMH H
HaOMOMaeMBIMI  TTapaMeTpPaMU  POAMTENLCKUX 3Be31 OyneT crnocoOCTBOBaTh
MOCTPOCHHIO a/ICKBAaTHBIX MOJENed MX arMocdep M CLEHapHeB 00pa3oBaHUS
IUIAHETHBIX CHUCTEM. 3aMETHM, 4YTO CIEKTPaJbHOE pacHpeAeiieHHe SHEpPruu
SBISICTCS.  OAHOBPEMEHHO M HaOmojaeMbiM UM (pU3HYECKMM MapamMeTpoM
3Be3bl. PacnpeneneHne sHEpruM B CIEKTpax HMCCIEIOBAHHBIX 3BE3]] MOITYYEHO
muddepennmanbHpIM MeTogoM. [IepBUYHBIMU CTaHJAPTAMU CITYKHITH JIBE 3BE3/IbI
PaHHEro CIEKTPaJbHOTO Kiacca, AJISl KOTOPBIX paclpelesieHHe SHEPruu ObLIo
noiyuyeHo paxee. HaOmioneHus BbIIONHEHBI ¢ THomomiblo 70-cM peduexTopa
A3T-8 B obcepBaropun «KameHckoe muiatoy. J[ist HaOMIOMEHUI HCIIONB30BaICS
[13C-cnexrporpad ¢ TopouaadbHOM AM(paKUMOHHOW pemieTkoi. [IpuemMHHKOM
n3nyuenus ciayxmia [13C-kamepa ATIK-490. B penykuumsx 3a momiomeHue B
arMocdepe B3ATO CpenHee 3HaYeHHE KOA(PQHUIMEHTa MPO3PaYHOCTH Ui MecTa
HaOmoneHni. J{ocTOBEpHOCTh MOJIyYCHHBIX PE3yJibTaToOB HAOIIOACHUI OLlCeHEHA
KOCBEHHBIM 00pa3oM - MyTEM CpaBHEHUS BBIYMCICHHBIX U3 paclpeAeieHuit
SHEPruM 3BE3JIHBIX BEIMUYMH V U Mokazarteneil nsera B-V ¢ HemocpeacTBeHHO
HaOmomaeMbIMU 3HaYeHUSIMU. [lomydeHHbIe AaHHBIE O PACIpPEAEICHUN YHEPTUH
B CHEKTpaXx pOAMUTENBCKMX 3BE3J MOXHO HCIHOIb30BATh Ul OIpEIeIEeHUs
OCHOBHBIX (DU3MYECKHX MapamMeTpoB UX aTMocgep, a Takke Uil CTaHJapTH3aLuU
CHEKTPO(HOTOMETPUUECKUX HAOIIOIEHHI TIOOBIX KOCMUYECKHX Tell.

KuroueBsble c1oBa: poIuTeNbCKNE 3BE3/1bI, CIIEKTPHI, paclpeaeIcHue
SHEPTuH, CpaBHEHHE C (poTOMETpHEH

Hacmosawuii sman uccneoosanus punancupyemcs MI{PUAII PK (npoepamma
BR20280974 — «Ilpoecpamma (hyHoameHmanvbHulx acmpo@du3udeckux ucciedo8anull
6 Kazaxcmane: nabmooenus u meopusy).

Beenenne

CornacHo caiiry eBponeickon BHUPTYalbHON o0cepBaTopuu
( vo.exoplanet.eu@obspm.fir) na Hauano 2023 roxga oOHapykeHO Oosee
5000 BHeECOJHEYHBIX IUIAHET (DK30IUIaHET). B IleoM KadecTBeHHas KapTHHA
ux oOpa3oBaHus (CIEHApUi) YK€ CIOXKWIACh, OJHAKO, BBUAY OOJBIIOTO
pa3sHoo0pasusl HK3OMIAHETHBIX CHCTEM
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U CIIO)KHOCTH NPOTEKAIOIIMX B HUX MPOLIECCOB, BONPOC 00 MX (OPMUPOBAHUHU
emle jJajeKk oT pemeHus. s MOCTpoeHus: aJeKBaTHBIX CLIEHAPUEB M MOJEIeH
TaKdX CHCTeM TpeOYIOTCSI MaKCUMalbHO TOJHAas UHPOpMaMs O (QHU3HYECKUX
XapaKTepUCTHKaX CaMHX IIaHeT (Macca, pa3Mep, INIOTHOCTh, COCTaB arMochepsl
U 1p.), UX POAUTENBCKUX 3Be3/ax (Macca, TeMIeparypa, BO3pacT, METaLINYHOCTh
U TJ.), a TaKkkKe O MapaMerpax OpOUT IuTaHeT (PKCIEHTPUCHUTET, OOJbIIas
nonyock) (Zasov, Postnov, 2006; Kholshevnikov, 2007; Santos, Israelian,
2003). llenp HacTosimielt pabOTHI: MOIMOJHUTH CO3/IaBaeMblii OaHK JaHHBIX 00
9K30IUIAHETHBIX CHCTEMax CBEACHUSAMH 00 aOCONIIOTHOM pacrpeelicHHN
SHEPTMU B  CIEKTpax pOAUTENBCKUX 3Be3A. I[lo cyTw, oOHa sBIseTCs
npomopkeHreM Hamrei pabotsr (Tereschenko, 2005), B koTopoii mpemcTaBieHO
pacrpeneneHue 3Hepruu Aas 9 poIUTEIbCKHUX 3BE31 Pa3lINYHbIX CIEKTPAIbHBIX
knaccoB. IlepBoHa4yanmbHOH 1ENBbIO 3TOH pabOTHl OblIa MOIBITKA OOHAPYKHUTH
pasnuuMs B paclpelesieHUsX DHEPTrUM B CIEKTPaxX POMUTEIBCKHX 3BE31 M HUX
CTHEKTPaJIbHBIMK aHAIOTaMHU JJIst 3Be37] Oe3 maneT. OJHaKo, TUCIEPCHST KPUBBIX
pacrpefieiecHuid dHEPTUH Uil «OOBIYHBIX» 3BE3Jl JaXKe OJHOTO U TOTO JKe
CIEKTPaJIbHOTO MOJKJIacca OKa3ajgach Ooiblie UCKOMBIX pasnuuuii (Knyazeva,
Kharitonov, 1994). Ananorudnasi cutyanus ¥ Ui (OTOMETPUYECKHX JTaHHBIX.
3aMeTHM, YTO  OTCYTCTBME  3aMETHBIX  pa3IMuuii  MEXKAY  KPUBBIMU
pacmpeneneHuss SHEPTUU sl «OOBIYHBIX» W POAMTEILCKUX 3BE3Jl SIBISETCS
BaXHBIM OSMIIMPHYECKUM (AKTOM TPH IOCTPOCHHM CIEHAPHEB W MOjeien
(opMHUPOBAHUSI INTAHETHBIX CUCTEM.

Hns uccnenoBanust OblIM BBIOpPAaHBI 3BE3/bI IVIABHOW IOCIEAOBATEIBHOCTU
cnekTpaibHbiX KiaccoB GOV - G5V, 1o ectb, mogoOubie ConHiry. Cnmucok u
XapaKTePUCTUKU HCCIICAOBAaHHBIX 3BE3/ NpuBeAcHbl B Tabmuue 1. B tabmuue
nmpuBeleHbl Homepa 3Be3n 1o kartamory HD, xoopamnater nHa 20001
3HAYEHUS MMapajulakCoB, 3BE3JHbIE BEIMYMHBI V W IOKazareiaw 1Beta B — V,
a TaKXKe CIEKTpajbHble Kiacchl Sp. CHekTpanbHble KJIacChl U3 Pas3HBIX
HCTOYHHUKOB PA3JIMYAIOTCS HA OAMH-IBA MOJKJIacca.

Tabnuna 1
CHHCOK M XapaKTePUCTHKH HCCIISJOBAHHBIX 3BE3]T

Ne n/m HD RA 0 DA, T, mas A% B-V Sp
1 2 3 4 5 6 7 8
1 32963 5h07m55¢ 26°19y 27.43 7.59 0.63™ GSIV
2 38858 5 48 34 -4 05 40 65.63 5.97 0.64 G2V
3 52265 7 00 18 -52201 33.56 6.30 0.536 GOV
4 197037 2039 33 4214 55 30.01 6.813 0.50 GO
5 220773 232627 8 3837 20.03 7.10 0.608 GO

Annapamypa, memoouka naonwooenuii u ux oopadomku. HabmromeHus
BeimonHeHbl Ha 70-cm pedunextope A3T-8 (D : F = 1 : 16)), pacnonoxxeHHOM
Ha Kamenckom maro (h = 1400m Han y. m.). Mcmonb3oBancs Oe3iieneBoi
T paKMOHHBIN CIIEKTPOrpad HU3KOT0 pa3pelIeH s, U3rOTOBICHHBIN CTIEHUATBEHO
i abcomroTHbIX HaOmonenuit (Hayes, 1985). Jlucneprupyromum 3JIeMEeHTOM B

130



Reports of the Academy of Sciences of the Republic of Kazakhstan

HEM CIIYKUT TOpOHJasibHas TU(PaKLHUOHHAS PEIIETKA, & TPUEMHUKOM M3JTy4EeHHUs
- [I3C-kamepa ATIK-490. Bce HabaroneHus BBIIIOIHEHBI METOJIOM PAaBHBIX BBICOT.
B penykuusix 3a arMmocdepy HCIONB30BaJIOCh CpeAHEe 3HaUeHUE KodpHuureHTa
npo3padHocTd Ajsi Mecta HaOmopenus. Kaknas 3Be3na HaOmiomanachk oT 2 10
4 pa3 B pa3zHble HOYM, HCIIOIb30BABLIMECS CTAHAAPTHI U YHMCIO HAOIIOACHUH
C HUMH IpuBeIcHB B Tabmuue 2. B kadecTBe NEPBUYHBIX CTAHAAPTOB MBI
ucnonbs3zoBai 2 3Be3nbl: HD 9716 (7.43, AOV) u HD 36117 (7.99, AOV), nns
KOTOPBIX pacmpelesieHHe 3Hepruu Obuto noiydeHo Hamu panee (Tereschenko,
Shamro, 2016). DHepreruueckas IiKajga IEPBUYHBIX CTAHAAPTOB OCHOBaHA Ha
pacrpeneneHud 3HEPrud B CIEKTPE OCHOBHOTO CHEKTPO(POTOMETPHUECKOTrO
crannapra Beru, kotopoe BbeBemeno JI. Xeiieccom (Tereschenko, 2002).
OO6paboTka KagpoB CHEKTpoB BbimosHeHa B makere «MaxIm DL-6». Ilpu
00paboTKe KaJpoB YUUTHIBAJICS TEMHOBOH TOK («mapku») u ¢oH HeOa. 3apanee
Obuta cpaenaHa pa3OMBKa CIEKTPOTPaMMBl, T.€. TPYHIHMPOBAaHHME MNHUKCEIEH, Ha
50-anrcTpeMHble HHTEepBaibl. [jis  mporpaMMHBIX 3Be31 METOX 00padOTKH
CHEKTPOrpaMM CBOIWJICS K CYMMHUPOBAHHIO OTCYETOB B S50-aHICTpEeMHBIX
uHTEpBajax. bojee CIOKHBIM SBIISETCS U3MEPEHUE PErHCTPOrpaMM MEPBUYHBIX
CTaHAapToOB. B palioHe CHEeKTpaJbHBIX JMHUI TOYHOCTH JAHHBIX CYIIECTBEHHO
HIDKE, YeM B KOHTHHYyME. DTO CHpaBeUIMBO KakK JAJsl IPUBOJUMBIX B KaTajorax
3nauennii E(L), Tak 1 17151 ©3MepsieMbIX Ha CIIEKTPOrpaMMaXx WM PErUCTPOrpaMmMax
orcuetoB I(A). Ilo 3TOl mpuUYMHE MBI PELIMIIM WCIOJIB30BATH B PEAYKLMIX IS
CTaHJApPTOB MHTEPIIOJIMPOBAHHbIC JAHHBIC B MECTE HAXOXKACHUsI 0aIbMEPOBCKHX
muHui. [paduueckas nHTEPHONAINS BHIIOTHEHA «BPY4YHYO». Ha pucynkax 1 u 2
MPEACTABICHBI PETUCTPOrpaMMBbl porpaMmMHuoi 38e3161 HD32963 (7.59™, G5V) n
3Be3bl - ctanaapra HD 9716 (7.43, AOV) .

HD32963 (7.59™; G5V)
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Pucynok 1. Perucrporpamma 3se3nsr HD32963 (7.59™; G5V).
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HD 9716 (7.43™;A0V)
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Pucynok 2. Perncrporpamma 3Be3nsl-crangapra HD9716 (7.43™,A0V).

Tak Kak TepBUYHBIC CTaHAAPTHl NPHHAIJIEKAT K PAHHUM CHEKTPATbHBIM
KJ1accaM, TO MHTEPIIOJISIIHS UX PETHCTPOTrPaMM MTPOBOAUTCS JOCTATOYHO YBEPEHHO
W OJHO3HAYHO. AHAJOTMYHAs MHTEPHONALUS ObUla CAeNaHa W Ul KaTaJlOKHBIX
kpuBbiX E_(X). NHTeprnonupoBanHbie il MEPBUYHBIX CTaHAAPTOB JaHHbIE E ()
u orcuetsl [ (A) ucnonssoBanuce B opmyse (1). B npuHimne uHTEPIONAIUIO
MOXXHO OBIJIO OCYIIECTBIISITh «MAIIMHHBIMY»® CIIOCOOOM, HO MBI MPEIINOwIN
«PYUHOI1», KOTOPBIii HAMHOTO OoJiee TPYIOEMKHUH, HO, KaK MOKa3al OIBIT, Ooiiee
JOCTOBEepHBIN. Periepom mipu pa3OuBKe crekrporpaMMm Ha S0-aHTCTEMHbBIC
MHTEPBaJIbI JIJIsl CTaHIapTOB cinyxuia aunust HP, a nius G-3Be3n — onenga Mg5175
(monoca b). UncneHHble peAyKIUH 3a IMOMIONIEHHE B aTMocdepe M 3a pa3Hble
OKCIIO3UIMK  BBITIOJIHEHBI 10 OOMIENPUHATON (QopMyse IuddepeHnnanbHoNn
CHEKTPOPOTOMETPHH:

E*() =E ) x[I*) /L W] * [t/ 7] * p, (W)™, e

rae E*(A) u E_(A) — BHeaTMOC(EpHBIE 3HAYECHHS CNEKTPATbHBIX MUIOTHOCTEH
DHEPTEeTHICCKUX OCBEIICHHOCTEH, CO3/1aBAEMBIX 3BE3/I0H U CTAHIAPTOM;

(M) m I (X) - ycpenHeHHble B MHTEPBAJIE SHM OTCYETHI Ha 3BE3LY U CTAHIAPT,

T, U T* - IIMTETLHOCTD OKCIIO3UIMI Ha CTAHAAPT U 3BE3]LY,

P, (M) — cpennee 3navenne K03 dHUIKMEHTa NPO3PAYHOCTH B 3a/IAHHON JUTMHE
BOJTHEI;

AM = M* - MSt - Pa3HOCTh BO3AYILIHBIX MAacC MEXK/y 3B€3/10M M CTaHAapTOM B
MOMEHT UX HAOIIOIEHNMN.

Pe3ynbraTel HaOMIONEHWA — BHEATMOC(EPHOE pacIpeesieHne JHEPTruu B
cniekTpax 3Be31 B uaTepBaie 3400-6600A mpencrapineHs B Tadmuie 2. B mepBoM
cTONOIEe TpUBEJCHA JJIMHA BOJHBI B  aHICTpeMax JUIsl IICHTPOB HHTEPBAJIOB
ycpenHeHus. B mepBoii cTpoke TaOHIIbl TPUBOAUTCS HOMEP HCCIEAYEMOM 3BE3/IbI
o xarayory HD, Bo BTopoii ctpoke — Homep HD cranmapTa u uuciio HabIoneHi
C HUM.
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Tabmuma 2
PacripejienieHne SHEPTHUH B CIIEKTPAX UCCIIEOBAHHBIX 3Be311, eMuHuUIIb! [ 107w, m™]
HD 3Be3apt 32963 38858 52265 197037 220773
HD crannmapr 9716-2 36117-3 36117-2 9716-2 9716-4

A A E E E E E
3425 251 798 715 509 321
3475 216 815 683 394 319
3525 212 796 650 396 320
3575 196 810 699 400 307
3625 221 827 695 440 339
3675 218 798 742 425 329
3725 201 788 727 417 310
3775 191 817 729 413 292
3825 187 829 741 454 313
3875 212 914 805 516 352
3925 220 945 789 506 366
3975 287 1137 939 573 473
4025 363 1474 1243 684 588
4075 382 1497 1250 712 583
4125 379 1542 1273 696 580
4175 366 1510 1280 705 573
4225 356 1453 1237 690 571
4275 337 1391 1192 667 539
4325 343 1375 1163 649 531
4375 367 1463 1230 652 571
4425 385 1532 1282 688 594
4475 407 1599 1310 699 613
4525 417 1637 1326 706 621
4575 415 1636 1314 704 618
4625 422 1654 1313 720 632
4675 414 1649 1303 721 620
4725 409 1651 1312 700 620
4775 412 1689 1368 692 641
4825 400 1628 1295 680 621
4875 388 1565 1233 656 603
4925 399 1586 1232 659 599
4975 395 1604 1230 680 595
5025 390 1572 1210 678 591
5075 396 1602 1233 672 597
5125 386 1574 1223 675 583
5175 376 1503 1159 664 566
5225 384 1534 1176 651 576
5275 386 1547 1180 645 571
5325 392 1558 1188 649 571
5375 388 1577 1210 650 573
5425 385 1576 1218 650 569
5475 388 1572 1171 647 571
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5525 382 1561 1128 648 569
5575 379 1548 1128 659 566
5625 376 1494 1128 606 579
5675 386 1523 1132 614 569
5725 381 1542 1168 622 555
5775 382 1513 1120 625 559
5825 383 1503 1110 626 568
5875 376 1483 1085 625 558
5925 377 1478 1091 619 549
5975 370 1476 1085 613 545
6025 377 1464 1077 615 540
6075 364 1467 1066 585 526
6125 352 1446 1031 599 526
6175 351 1448 1016 609 512
6225 341 1395 1026 564 504
6275 341 1387 1008 533 504
6325 339 1381 993 551 498
6375 334 1377 993 546 488
6425 326 1374 976 543 481
6475 329 1365 969 536 469
6525 315 1336 919 514 445
6575 315 1320 909 500 436
6625 312 1283 384 - -

Cpagnuenus naonwoaemvix u evivuciaennovix 3navenuii V u B-V. JlanHble
0 BHEaTMOC(EPHOM paclpeie/IeCHUH YHEPTUU B CIIEKTPaX HCCIECAOBAaHHBIX 3BE31
MoJy4eHbl BrepBble. OLEHUTh HMX JOCTOBEPHOCTH MOXHO TOJBKO KOCBEHHO
— TyTeM CpaBHEHMs BBIUYMCIICHHBIX M3 MOJYYEHHBIX PACHpPEACICHUI SHEprun
3BE3[HBIX BEJTMUMH U MTOKa3aTesiel BeTa B u30paHHON (POTOMETPHUIECKON cUCTeMe
C HEMOCPEICTBEHHO HAOMI0AaEMBbIMU 3HAUYCHUAMHU. DTOT METOJ HanboJiee TMOJIHO
Obu1 paspadotan B. Crpaibxucom (Straijys, 1977) 1 HEOTHOKPATHO HCIIOIB30BAIICS
HaMU U Apyrumu uccregosarensmu (Mironov, 2008; Burnashev, Burnasheva, 2016)
panee. HeoOXxoquMble KOHCTaHTB! ObIIM BBIYHMCIICHBI 110 PACHPEACICHUIO SHEPTUU
B crnektpe 3Be3apl HD221525. PesynbTarhl TakUMX BBIYMCICHUN W CpaBHEHUU
npencraBieHsl B Tabnuie 3. Hessizku 0V u (B - V) B cpefHeM MONy4HINCh B
npezenax TOYHOCTH (POTOMETpUUIECKUX HAOMIOACHUH.

Tabmuma 3
Pesynbrarsl cpaBHEeHUs HAOMIOIAEeMBIX M BEIYMCICHHBIX 3HadeHnH V U B-V
HD Vobs 8V (B-V)obs 3(B-V)
32963 7.59™ -0.11 0.63™ 0.04™
38858 5.97 0.00 0.64 0.02
52265 6.30 -0.02 0.54 0.06
197037 6.813 0.11 0.61 -0.03
220773 7.10 -0.05 0.62 0.00
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3aMeTHM, YTO, K COXaJCHMIO, TMOYTH IOJOBHHA PE3YJIbTAaTOB HAOIIOACHUI
ObUIH BEIOpOIIEHa W3-32 OONBIIMX HEBA30K (ommbok). TpyaHO OJHO3HAYHO
yKa3aTb MX NOPUYMHY. 371eCb MOTJHM CKa3aThCsl HECTAaOMIBHOCTh, Kak
anmaparypsl, TaKk U IPO3PavHOCTH aTMOC(epbl BO BpeMsl HAOIIOCHUH.

3akniouenue

Mpbl [OMOMHUAM CO3JaBaeMblii  OaHK JAHHBIX HK30IUIAHETHBIX CHUCTEM
(Schneider, 2011). JTAHHBIMH O paCHpeleNeHUN S3HEPrUM B CHEKTpax 5
pomurenseckux G-3Be3a. OHM MOTyT OBITH HCIIONB30BaHBI HPU IOCTPOCHHUH
MoJenel aTMocdep POAUTENbCKUX 3BE3]l M IUIAHETHBIX CHUCTEM, a TaKKe B
Ka4yeCTBE CTAaHAAPTOB INPH CHEKTPO(YOTOMETPUUECKUX HAOJIOJCHUAX CaAMBIX
pa3HbIX 00BEKTOB.

Breipakato wuckpeHHIOW OnaromapHocTh boOpsmoBoit T.A. 3a orpomHyro
MOMOIIb B 00pa0OTKE CIIEKTPOrpaMM M IPH BBIIOIHEHUH YHCICHHBIX PEIYKLHUI.
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Abstract. The study of the physical, colloidal and chemical properties of natural
bentonite clays from various deposits of Kazakhstan, including the Southern,
Southwestern and East Kazakhstan regions, is a current area of scientific research
in the field of environmental safety. This article discusses the scientific basis
for the development of new highly efficient sorbents based on clay minerals in
Kazakhstan for wastewater treatment. Analysis of the infrared spectrum of clay
revealed characteristic absorption bands associated with vibrations of atoms and
groups of atoms in its structure. The results of the study confirmed the presence
of montmorillonite in clay samples, and its amount in the sample from the
Tagana deposit was higher than in other samples. Electron microscopic studies
confirmed the presence of particles of different sizes in the clay, which indicates
its morphological features. The electrokinetic potential of using clay as
bentonite in various sectors of the national economy, including water purification,
is discussed. The results obtained may contribute to the development of more
efficient methods of wastewater treatment and conservation of natural resources.

Keywords: clay, bentonite, montmorillonite, hydrodispersion, waste water
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CY PECYPCTAPBIH CAKTAYJIA IMANJAJTAHBLIATBIH CA3/bI
I'maPOAUCHEPCUAHBIH EPEKIIEJIKTEPI

Annorauus. Ka3zakcTaHHBIH OpTYpJi KEH OpPBIHIAPBIHBIH, COHBIH IHIIHJC
Onrycrik, OHtyctik-bareic sxoHe IbiFpic Ka3akcTaH oOJbICTApPBIHBIH TaOUFU
OCHTOHUT Ca3/lapbIHbIH (PU3UKAJIBIK, KOJUIOUITHIK KOHE XUMUSIIBIK KaCUETTEPiH
3epTTey SKOJOTHSUIBIK KayillCi3[iK cajachlHIAarbl FBUIBIMU 3€pPTTEYJCpPAiH ©3€KTi
OarbIThl OonbIll TaObuiazbl. By Makamaga arblHABI Cylapibl TazapTy YIIiH
Kazakcranna eHAIpijeTiH ca3 MHHEpalJapbl HETI3IHJIE JXaHA MKOFapbl THIM/I
copOeHTTep Kacay/blH FRUIBIME HeTi3aepi KapacThlipbuiaabl. Ca3ibiH HHOPAaKbI3bLT
CHEKTPIH Tajjay OHBIH KYPBUIBIMBIHJAFbl aTOMJIap MEH aroMAap TONTapbIHBIH
TepOermicTepine  OalNaHBICTBI  JKYTBUTY JKOJNAKTapbhl AaHBIKTAIABL.  3epTTey
HOTHXKEJIepi ca3 yATijepi KypamMbIHIa MOHTMOPUJUIOHUTTIH OapblH pacTajibl XKOHE
oHbIH TaraH KeHOPBIHBI YITiCIHACTT MeuIepi O0acka yiriiepre KaparaHia *orapbl
EKeHJITrHE KO3 JKeTKI311/1i. DISKTPOHABIK MUKPOCKOUSIIBIK 3epTTEyJep HEeri3inae
ca3z yiariuiepiHiH OemeKTepiHiH ememaepl opTypii OonaThIHABIFBIHA KO3
KETKI3U11, OYJ1 OHBIH MOPQOIOTHSUIBIK €peKIIeTIKTepiH alKbIHAai1bl. COHBIMEH
KaTap Makaiajna OCHTOHUTTIH XaJbIK IIapyallbUIBIFBIHBIH OPTYPIl cajajapblHAaa,
COHBIH 1IITHE Cy/IbI Ta3apTy/Ia naiagany MyMKIHIIKTeP1 TAIKbUTaHA bl AJIbIHFAH
HOTHIKEJIEp aFbIHJIBI CYJIap/ibl Ta3apTY/AbIH JKOHE TAOUFU PECypCTapibl CaKTayIbIH
TUIMJII OZIICTEPIH d3ipieyre MyMKiHIIK Oeperi.

Tyiiin ce3nep: ca3npl MUHEpa, OCHTOHUT, MOHTMOPHUIIOHUT, THIIPOIUCIIEPCHS,
aFbIHJIBI CY

© A. AcanoB, C.A. Mamemona“, A.A. Acanos, 2023
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OCOBEHHOCTU I'MJIPOJIUCIIEPCUHU NIMHBIL, UCHOJIb3YEMOM
JJIs1 COXPAHEHUSA BOAHbBIX PECYPCOB

AHHoTanms. M3yuenwe ¢Gu3NYECKUX, KOIJIOUJHO-XUMHUYECKUX CBOWCTB
IPUPONHBIX OCHTOHUTOBBIX DIIMH pa3IM4HbIX MecTopokaeHuil Kazaxcrana,
Biovast HOxxnoe, IOro-3amamnoe u Bocrouno-Kaszaxcranckyro obOnactw,
npeAcTaBisieT co0Ol aKTyadbHOE HalpaBICHHE HAay4YHBIX HCCICIOBAaHUNA B
o0JlacTl HKOJIOTHYECKOW Oe3omacHOCTH. B nmaHHOHM cTaThe paccMarpuBaeTcs
HayyHOE 00OCHOBaHHME Pa3pabOTKH HOBBIX BBICOKOA(Q(EKTUBHBIX COPOCHTOB Ha
OCHOBE IIMHUCTHIX MUHepayoB Ka3zaxcraHa [uis OUYMCTKH CTOYHBIX BOX. AHaiu3
HH(PPAKPACHOIO CHEKTpa IVIMHBI BBIABWII XapaKTEPHBIE I10JIOCHI IOIIOIICHMS,
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CBSI3aHHBIC C KOJEOAHUSIMH aTOMOB W IPYII aTOMOB B €€ CTPYKType. Pe3ymbrars
WCCIICIOBAHUST TIOATBEPAWIM HAIWYMEe MOHTMOPHWJUIOHHTA B 00pasliax IJIMHBI,
MpUYeM €ro KOJMYEeCTBO B 00pasiie W3 MeCTOpojaeHHs TaraHa oKka3ajaoch
BBIIIIE, YeM B APYTUX 0o0Opa3iax. DINeKTPOHHO-MUKPOCKOITUYECKHE UCCIIeIOBAaHUS
MOATBEP/IMIIN HATUYKE YACTHI[ PAa3HOTO pasMepa B IVIMHE, YTO CBUACTEIHCTBYET
0 ee MOpQOIOTHUECKHX 0COOeHHOCTAX. OOCYXKIaeTCsl ANEKTPOKMHETHYECKUI
MOTEHIINAN MCTIONB30BaHUS [IMHBI B KAYECTBE OCHTOHUTA B PA3IMYHBIX OTPACISIX
HApPOJIHOTO XO3SCTBA, BKIIOUAsT OUUCTKY BOJBL. [10JTydeHHbIC Pe3yabTaTbl MOTYT
croco0cTBOBaTh pa3padboTke Oonee 3(p(PEeKTUBHBIX METOOB OYUCTKHA CTOYHBIX BOJ
1 SKOHOMUH MPHUPOIHBIX PECYPCOB.

KioueBble cioBa: TinHA, OCHTOHHT, MOHTMOPHJUIOHHUT, THAPOAUCIICPCHS,
CTOYHAs BOIA

BBenenue

B Hacrosimiee BpeMsi oco0oe 3HaYeHHE TPHUIACTCS MPOBEICHUIO HAyYHBIX U
AKCIIEPUMEHTAIIEHBIX WCCIICIOBAHUMA, HAPABICHHBIX Ha 3KOHOMHIO TPHUPOIHBIX
PECYPCOB U COXpaHEHHE IKOJIOTUYECKOTO Ka4eCTBA OKPYKAOIIEH Cpeibl.

B mocnanum ot 1.09.2023 roma llpesunenrta PecryOmmkm KazaxcraH, Obin
3aTPOHYT Psijl BAXKHBIX U KIIFOYEBBIX BOMPOCOB. [Ipe3upeHT otMeThin: « AKTyanbHON
octaercs TpobieMa JOCTYITHOCTH W KadecTBa BOIHBIX pecypcoB. C yueTom
TEHJCHIIMN pPOCTa HaceleHus W SKOHOMHKH K 2040 romy nedumur BOIbl B
Kazaxcrane moxer moctnup 12-15 mwimmapnoB kyOndeckux MeTpoB. BomHbie
pecypchl UMEIOT ISl Halllell cTpaHbl HE MEHEe BaXHOE 3HAaueHHUe, 4yeM He(Tb,
ra3 win merauibl. Hapacratonuii nedunut Boasl sBisieTcs oOIiei mpodaemMoit
s crpaH LlenTpanpHoit A3um». UTo yka3piBaeT Ha HEOOXOAMMOCTH OYHCTKU
3arpsiI3HEHHON BOJIBI M MAaKCUMAITbHO 3(PPEKTHBHOTO UCTIOIH30BAHUS YUCTOMN BOJIBL.

3arpsi3HEeHHE BOJBI YBEITMYHBACTCS C KaXKIBIM JTHEM M CTAHOBUTCS CEPhe3HOM
mpoOneMor u3-3a ypOaHMW3AlUW W WHyCTPHAIN3AIMN B COBPEMEHHYIO SIOXY U
CTaJlo cepbe3HOl mpoliieMol BO MHOTMX pasBuBamoumxcs crpaHax (Fn & Mf,
2017; Dwivedi, 2017). OCHOBHBIMH NPUYMHAMH 3arpsI3HEHUS] BOIBI SIBISIIOTCS
MTPOMBIIIICHHBIE, CEThCKOX03SIMCTBEHHBIC OTXO/IbI, OBITOBBIE CTOUHBIC BO/IEI (Wang
& Yang, 2016; Liu u mp., 2021). ITosTOMY OYMCTKA CTOYHBIX BOJ SBISETCS OXHOM
13 BXHEHIITUX 33]1a4 IKOJIOTHYECKON 0€30IacHOCTH, KOTOpasi Iprodpea ocooyro
aKTyaJIbHOCThH HAYMHAS CO BTOPOi mooBruHe XX Beka. [y HaydHO 000CHOBaHHOTO
Y SKOHOMHYECKH I[eJIeCO00Pa3HOT0 BHIOOPA TIIMHUCTHIX MUHEPAJIOB JJISi OYUCTKU
CTOYHBIX BOJ HEOOXOAMMO HCCIEeIOBATh Hee(DUITUTHBIE IPUPOTHBIC MaTEpPHAaIIbl U
HUX BO3MOXKHOCTH.

[MuHuCTRIC MUHEpAITBI, TAKHE KaK OSGHTOHUT (MOHTMOPHJUTOHHT) UCIIONTB3YIOTCS
B Ka4ecTBe ajcopOeHTa M3-3a HU3KOH CTOMMOCTH U BBICOKOHU afcopOiuu (Awasthi
u ap., 2019; Auta & Hameed, 2012).

[IpupoaHBIe 0EHTOHUTOBEIE IITUHBI TPUOOPET OTPOMHBIH ITOTSHIINA B OYUCTKE
CTOYHBIX BOJI M YCHEIIHO HCIIOJNB3YIOTCS B Ka4eCTBE HOBOTO M IKOHOMHYECKH
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s¢dexTuBHOrO OnocopOeHta. OH cTal YCTOHYMBBIM PELICHUEM JUIS OYHCTKU
CTOYHBIX BOA Oaronapsi pa3Ho00pa3Hio MOBEPXHOCTHBIX U CTPYKTYPHBIX CBOMCTB.

[muaKMCTHIE TOPOIBI MIMPOKO PACHpPOCTPaHEHBl Ha Tepputopun PecmyOnukn
Kazaxcrana (AcanoB um nap., 2023). llenblo JaHHOTO WCCIIEIOBAaHUS SBISETCS,
HayyHOe O00OCHOBaHHME pPa3pabOTKM M CO3AaHHUs] NPUHUMWIHAIBLHO HOBBIX
BBICOKOA((PEKTUBHBIX COPOCHTOB HAa OCHOBE CBHIPHEBBIX pecypcoB Kazaxcrana s
MOBBILICHNUS Y3PPEKTUBHOCTH OUUCTKH CTOYHBIX BOJI.

MarepuaJjibl 4 METOIbI

B kauectBe 00BEKTOB HCCIENOBaHUS OBLIM HCIOJNB30BaHbl IIPUPOAHBIC
oenronnToBeieruHbI Kenecckoro(Typkecranckasoonacts, Capblaraickuiipaiion),
Vpanraiickoro (Typkecranckast obnacts, Co3akckuil paiion), Kel3puopauackoro
(KeputopmuHckas obmacts) u Taranckoro (Bocrowno-Kazaxcranckas o0mactb)
MecTopoxkaeHus. s ydera (U3MUECKUX U KOIJIOMAHO-XMMHYECKHX CBOMCTB
HCCIIEyeMBIX O0pa3loB HMCHONB30BAIN METOJ PEHTIeHO(a30BOTr0 aHanu3a JJis
OTIpeNeIeHnsT MHHEPAIBHOTO cojepkanus. PenrtreHodasoserii aHamms (PDA)
MPOBOAMIN Ha peHTreHoBckoM audpakromerpe X,Pert PRO MRD (PANalytical,
Hunepnangsr). Ans onpenenenns (QyHKIMOHANBHBIX TPYIII B COCTaBe 0Opas3loB
ucnonszoBanu npudop MK-®ypoe-ciekrpomerpe (Carry 660 Agilent, CILIA).
ONEeKTPOKMHETHYECKUH MOTEHIMAN ONpEeAeIM  METOIOM  3JeKTpodopesa
Ha mpubope Zetasizer Nano (Malvern, BenukoOpuranus). Onrnueckue
IUIOTHOCTH 00pa3uoB u3Mmepsuiii Ha mnpudope Cnekrpodoromerp I13-5300BU
(000 «3KPOCXHM» r. Cankt-lIletepOypr). A Takxe H3MEpEHO YIAEIbHOMN
3NIEKTPONPOBOJHOCTH M coJiecoiepkanne Ha npudope KoHmykromerp-cosnemep
MAPK-603 (OO0 "B30OP" r. Hmxuwuit Horopon) u onpeneneno BogopoaHoi (pH)
MTOKO3aTeu TUAPOUCTIEPCH THHBI Ha ipuoope pH metp/monomep UTAH (HIIIT
«Tompananur», r. Tomck). Kpome Toro, paccMOTpEeHHBIH HEKOTOPbIE KOJUIOHIHO-
XMMHUYECKHE CBOMCTBA BHIOPAaHHBIX 00pa30B THAPOANCIICPCHH TIIHH.

Pe3ynbrartbl u 00cyxkaenne

['muHKMCTHIC MUHEPAITBI TPECTABIISIIOT COO0M B OCHOBHOM CIIOMCTBIC CHIIMKATHBIC
MHUHEpalbl, XapaKTEePU3YIOIIHECS CIOUCTBIMU CTPYKTYpHBIMH EOUHHALAMH,
COCTOSIIIMMH U3 OIHOTO WJIM JIBYX TETPa3APHUYECKUX JIUCTOB KPEMHE3eMa BOKPYT
oKTayapuueckoro amomunuenBoro jucra (Velde, 1995). Onu umeror pasmepbl
qacThll MeHee 2 MKM. Terpasmpuyeckne muctbl umeroT 3BeHo SilJO, (OH),
COCTOSIIIEE M3 YETBIPEX THAPOKCHIIBHBIX TPYII, OKPY)KAIOLMIMX KaKIbI aTtom
KPEeMHHUSI B TETPA3APHUUCCKOM PACHONOKEHHHU. 11 cpaBHEHUsI, OKTadIpUIECKOe
pacroyokeHre COCTOUT u3 aToMoB Fe, Mg nnu Al, okpy>KeHHBIX ILIECTBIO aTOMaMu
TUJIPOKCHIIA WJIM KUCIIOPO/Ia, KaK, Harpumep, B coctase Al (OH) (Uddin, 2017).

[muHbl OOBIYHO WMEIOT TPU Pas3iIMyHbIe BHYTPCHHHE IOBEPXHOCTH, Kpas
W TOBEPXHOCTH-BHEIIHME MOBEPXHOCTH MEXKAY CHIIMKAaTHBIMH  CIIOSIMH.
[IpoMexyTOuHBIH CIIOM M BHEIIHAS MOBEPXHOCTh MOABEPKEHbI HM3MEHEHHSIM
B XOZA€ NPOLECCOB MOHHOrO OOMEHa M aacopOuru. BoNbIIMHCTBO IIMHUCTBIX
MHUHEPAJIOB MPOU3BOIAT HEOOJBIIOE KOJIMYECTBO YHCTOIO OTPULATEIBHOTO
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MTOBEPXHOCTHOTO 3apsijia BCIEACTBUE M30MOp(hHOTO 3aMenieHns. bomee Toro, kpas
YaCTHUIl TIMHUCTHIX MUHEPAJIOB MOTYT CO3/aBaTh 3apsijibl B 3aBUCUMOCTH OT pH
CYCIICH3MH B pPe3yJbTaTe pa3pbiBa MEPBUYHBIX cBs3eH, Takux Kak Si-O u Al-O (De
Paiva u ap., 2008).

BentonuT npeacTaBnsieT cOO00M CIOUCTHINA CHIIMKATHBIN aJICOPOCHT aTFOMHUHUS,
COCTOSIIIUIT B OCHOBHOM W3 MOHTMOPHJUIOHHTA. DTO Pa3HOBHUIHOCTH OCaJOYHOM
MTOPOJIBI, COCTOSINIEH B OCHOBHOM W3 IIMHBI, C THITMYHOW CJIOWUCTOH CTPYKTYpOH
2:1 (CMEKTHTBI) U BBICOKHMH KOHIICHTpaIusiMu HOHOB Na*, Ca’*, pacroioKeHHbIX
MeXTy cHosiMU. OKTadIpUIECKUE U TETPAdIPUIECKIE JIUCTHI PACTIONOKEHBI TAKUM
0o0pa3oM, 4TO BEPIIUHBI TETPAdIPOB B KAXKIOM JIUCTE KPEeMHE3eMa M OIUH M3
THJIPOKCHIIBHBIX CIIOEB B OKTA3IPHUYECKOM JIUCTE COCTABIISIFOT OJTUH CIION.

o SN P
‘4.::-.-;:.-__ )

SO/
%%

0.94 um

iy = 1.5 HM

Q Kucnopon @) MNuaporcun @ AnomitHnii, wereso,

4 MArHHIT
O® KpeMHHMIT, HHOTIA

AMIOMIHHI

Puc.1. - Cxema kpucTaiInueckoi pemeTki MOHTMOPUIIOHUTA

MOHTMOPWIIJIOHUTEl —  YHHUKaJbHBIE CMEKTUTOBBIC TJIHHBI, HIMPOKO
pacmpocTpaHeHHbIE B TNPHUPOAHOM cpefne. MOHTMOPWIIOHUT TPENCTaBIsIeT
co0OH OBOJMBHO HEXKHBIM CIOUCTBIM cuimkar. OH COCTOUT W3 IMJIACTHHYATBHIX
YacTHUIl CPETHUM AMAMETPOM OKOJO | MKM M XMMHYECKH mpeactasieH kak (Na,
Ca)0,33 (ALMg),Si,0, (OH),nH IO, kotopelii 00pasyeTcs Npu H3MEHEHUH
Bynkanuueckoro nema (Park u nip., 2016), u uMeeT Tpu cI05: OUH OKTadIPUIeCKUN
CIIOW aJIIOMHUHMSI B LIEHTPE, OKPYKCHHBIH IBYMsI TETPadAPHUECKUMH CIIOSIMHU
KpeMHe3eMa. BzauMopeHcTBHs MEXIy JHUCTaMHd OOBIYHO TNPOUCXOIAT dYepe3
rpynnsl -OH B OKTa’apuveckoM clio€ M BEPLIMHBI TETPa3IPHUYECKOTO CIIOS.
MOHTMOPWIIJIOHUT TaKKe SIBISACTCS Pa3HOBHIHOCTHIO HAOyXarouled TIIMHBI W3-
3a pacIIMpPEHMs PeIeTKH, BHI3BAHHOTO MOJSIPHBIMH MOJICKYJIaMH, BKITFOUasi BOLY.
Kpome Toro, MexxiaMeuIsipHOE PACCTOSIHUE MOXKET KoeOaThCsl M3-3a M3MEHEHHUs
KaTHOHOB MEX]y CIIOSIMU CHJIMKaTa. MOHTMOPHJUIOHUTOBAS IJIMHA YK€ MHOTO JIET
ucnonb3yercs Bo MHOrux cepax (De Paiva u np., 2008), (puc.1).
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['muHa cOCTOMT B OCHOBHOM M3 KpEMHE3eMa, IIMHO3€Ma M BOJBI, YacTO C
3aMETHBIMH KOJIMYECTBAMH >Kelle3a, IIENIoYel M IIEIOYHO3EMENIbHBIX METaJlIOB
(Kumari & Mohan, 2021). Onpenenenre MEHEPaIOrHYECKUX COCTaBa MPHPOIHBIX
OKCIIEPUMEHTAIILHBIX 00pa3loB IIMHUCTBIX MHHEPAIOB TPOBOIWIA METOIOM
peHTreno(a3oBoro aHaigm3a C HUCIoib3oBaHWeM mudpakromerpa X,Pert PRO
MRD (PANalytical) ma CuKo-mydeBom (nmanmazon yrioB 20). CpaBHuBas
TIOTydeHHbIe pe3ynbTaThl B Tabmume ¢ (Srodon, 2006) JaHHBIME PaGoOT H3BECTHBIX
aBTopoB (Srodon, 2013), Bo Bcex 06pasuax GbLIM MOHTMOPHIIIAHUTOBOM TIMHEL,
MpUHAIeKAIEH K CMEKTUTOBOH Tpynne. Ho cpean HUX cooOmaercs, 4yTo IMHA
Taranckoro MecTtopoXkaeHHs TpeAcTaBisieT co0oil Na-OeHTOHHUT, a OCTaJbHbIE
00pa3mpl - Ca-0EHTOHUTOBBIC TIIHHBL.

Hwxke npusenena Ttabnuia ¢ MUHEpaJbHBIM COCTaBaM HCCIEIYEMBIX IVIMH
(Tabmn.1).

Tabmuna 1
Munepanorndeckuii COCTaB MPUPOTHON OCHTOHHUTOBOM TIIHHBI
Ne | Munepaist Copnep:xanue, %
Kenec Ks3butopna | Ypanrait Taran

1 | MOHTMOPWIJIOHUT 42,0 54,0 47,0 75

2 | Tugpocmona 36,0 26,7 25,0 -

3 | KBapu+momudukamm kpemHesema | 8,3 7,5 6,3 22,5
4 | Tumc 0,9 0,9 9,1 -

5 | Kagprur 0,6 0,5 ell. 3H. 2.3
6 | Pytun 0,6 - 0,5 -

7 | ®ocdars 0,3 - - -

8 | IloneBbie mImaTe ell. 3H. el. 3H. 7,5 0,5
9 | Xnopur - - 0,6 -

10 | KaomuamT - - 1,0 -

11 | T'mapookucisl xenesa 11,3 10,4 3,0 -

Hroro: 100,0 100,0 100,0 100

Ob6pasupl mmH ObuTH M3y4deHbl Metomamu Dypbe HK-cnextpockormuu Ha
criektpomerpe Carry 660 Agilent B o6mactn 4000-800 cm™'. AHanm3 nHppaKpacHOTO
cunekrpa (MK-cnekrpa) nccienoBanHOro obOpasna IIMHBI [OKa3aj, YTO B HEM
MPUCYTCTBYIOT XapaKTePHBIE MOIOCHI MOTIOLICHHUS, 00YCIIOBICHHBIE KOJICOaHUSIMU
aTOMOB U TPYII aTOMOB B CTPYKTYpE TJINHBI.

Pesynbrarel 9KCHEPUMEHTAIBHBIX JAaHHBIX [10Ka3aJl, YTO OCHOBHBIC IIOJIOCHI
nornonieHus B uH(ppakpacHoM cniekTpe (MK-cnexTpe) n3ydeHHoro oopasia riuHbI
(puc.2) oTHOCSTCS K BaJCHTHBIM KoJeOaHUsAM. DT KoJeOaHHUs XapaKTEpPHbI IS
CBsI3el KPEMHUS C KHCIOPOZOM U BOJIOPOJIa € KHCIopoJoM. BeipaxeHnHas nonoca
c gactoroii 1630 cM-1 oOycioBieHa mornomeHueM aepopMaoOHHbIX KolneOaHni
THIPOKCWIIBHBIX Tpymm. Jlepopmanmonnele konebaHus — 93TO KojebaHus,
IIPU KOTOPBIX aTOMbl WJIM IPYIIbl aTOMOB BHYTPU MOJICKYJIbl WJIM KpHCTajula
[EPEMEIAOTCs OTHOCUTEJIBHO JpYr Ipyra, HO HE pPa3pbIBAIOT CBSI3H MEXKAY
Humu. [losBenne nonoc normomenus B obmactu 1000-1100 cm-1 cooTBeTcTByeT
BaJICHTHBIM KosieObanusm rpynmsl Si-O. B mmne Kenecckoro mecropoxaenus Si-O
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cocrasisieT B obmactu 1009 cm-1, B oOpasuax KebsutopanHckoil 1 YpaHraickoit
HabOmronaeTcs B oomactsix 10231025 cm-1, a B Taranckoii HaOmomaeTcs MUPOKast
nosoca ¢ yactotod 1035 cm-1. D10 ykaspiBaeT Ha TO, YTO B CTPYKType IIIUHBI
oonpmre rpynm Si-O.

BripakeHnas nosnoca nontonierus npu 1016 cMm™' cOOTBETCTBYeT BaCHTHBIM
n aeGopMalMOHHBIM KOJEOaHMSM TETPa3ApOB KPEMHEKHCIOPOAHOIO KapKaca.
Otu KojeOaHUs CBSA3aHBI C M3MEHEHHWEM JUIMHBI Wiu yriaa cBszed Si-O-Si u
O-Si-O. JHedopmannonnsle KosebaHusi, COOTBETCTByromme cBsi3sim H-O-Al
ATFOMOKHCIIOPOHBIX OKTAdIPOB, MPOSIBISIOTCS B obmactu 900-960 cm!. Jlns
CIIEKTpa MCCICIOBAaHHON IIMHBI B YKa3aHHOM HMHTEpBalie 3a()MKCUpOBaHa Moioca
¢ gactoToit 912 cm'. CormacHo mureparypubM aaHHBM (Srodon, 2013), s UK-
CIIEKTPOB MOHTMOPHJUIOHHWTA XapaKTEpPHO HaJM4yue mosioc B uHTepBaje 1200—
900 cm!, ¢ makcumymom B obmactu 1020 cm!. Takum 00Opa3om, MOJTy4EeHHbBIE
Pe3yNIBTaThl CBUACTENBCTBYIOT O TOM, YTO HCCIIEAyeMbIe 00pa3Ibl NIUHBI SABISIIOTCS
MOHTMOPHJUTOHUTOM. HO 0T4eTIINBO 3aMeYeHO, YTO KOTMUECTBO MOHTMOPHIUIOHUTA
B Taranckom oOpasue BbIlIe, YeM B APYTHX 0Opa3max.

MuHepansl TPyl MOHTMOPHUIOHHTA ¢ pasmepom dvacturl 10°-107 cm
00pazyroT yCTOHYMBBIE KOJIOUAbI. Ha KOJUIOMIHOCTh BIMSET CTENIEHb ANCCOLUALINT
CTPYKTYPBI MUHEPaJIa, T.€. YeM BBIILIE AUCCOLMALINS, TEM HHTEHCUBHEE 00pa3yloTcst
KoJutouzpl. B cpenHeM y MOHTMOPWIIZIOHUTa HA0yXaeMOCTb AJOCTHTraeT 10 85 00.
%, y OentonuTta (He HaOyxarouiue MOHTMOPWIIOHHTHI) 40 00.%. CpaBHUBas C
nHpopmanuent B snteparype (UerBepukoa & Mapsixuna, 2015) u B pesyasrare
9KCTIEPUMEHTAIILHON padoThI, MOATBEPKIACHO, UTO B M3yUEHHBIX OOpas3nax, T.c. B
Kenece n Ypanrae onpeneneno — 45 % HeHaOyXalomnuX MOHTMOPHJIIAHUTOB, B
Kezputopannckoit mmune — 60 %, B Taranckoi mHe — 90 % MOHTMOPPUIUIOHMT.
[To pesynbraram HK-®Dypbe-cneKTpOMETpUUECKOTO aHalU3a yCTAHOBJIECHO, UYTO
obpasusl  Kenecckoro, VYpanraiickoro u KbI3bUIOPAWHCKOTO MECTOPOKACHUS
OTHOCSITCSI K KJIacCy LIEJI0YHO3EMENbHBIX, 8 TaraHCKOro IIIMHA SBJISETCS eCUHBIM
OCHTOHUTOBOH ITIMHOM.

5

B) T)
Puc.2 — UK-criekTp npuposHbIX OEHTOHUTOBBIX ITTHHEI
a) Kenec, 6) Ker3sutopna, B) Ypanraii, r) Taran
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[lonmy4eHHble pe3yabTaTbl CBUACTEILCTBYET MOPQOIOTHUYECKHE H300paskeHus
00pa3loB METOIOM CKaHHMPYIOIIEr0 JICKTPOHHOIO aHajgu3a. JICKTPOHHO-
MHUKPOCKOIIMUECKUE HUCCIEIOBAaHUsI ObUIM IPOBEICHBI HA CKAHUPYIOLINM
anekTpoHHoM MuKpockorie (COM) JEOL JSM—6490LA. Pa3smepsl u CTpyKTYypy
MOBEPXHOCTH YaCTHUIl OLEHHWBAJIM C MOMOLIbIO HHU3KOBaKYyyMHOTO PacTpOBOTO
3NEKTPOHHOTO MUKPOCKOTIA.

COM mnpenocTapisieT HHPOPMALIIO, CBA3aHHYIO ¢ MOP(HOJIOTHEH U TEKCTYPOi
uccnenyembix marepuanoB. CHumku COM (puc. 3) ¢ pasauyHble yBEIMUYCHHUS
yKa3bIBaJIM Ha HAJIMYKE YACTUILl pa3HOTO pa3Mepa JUaMeTpoM B mpenenax 1,5 Mm.

30KV X130  100pm 1162581 30KV X1,100  10pm

Puc.3 — DnexrpoHHbI MUKpodoTorpadhun 00pasisl OEHTOHUTOBOW TIIMHBI
a) Kenec, 6) Ke3sutopna, B) Ypanraii, r) Taran

DNEeKTPOKUHETHYECKN TMOTeHIMan (13era () - MOTEHINAN) MCCIEIOBAaHHBIX
00pa3loB M3MEPSUIM JUIsI ONPEACICHUs] IOBEPXHOCTHOM SHEPIMU IIIMHHUCTBIX
YacTHUIl B BOJE, €0 3Ha4YCHUS NpHUBEAeHbI B Tabnuue 2. M3 Tabnuisl BUIHO, YTO
00pasibl UMEIOT OTPULIATENBHBIA 3apsA]. DTO yKa3bIBaeT Ha TO, YTO MOJIEKYJIbI
BOJbI (KaTHOHbI) HE MOTYT IOJIHOCTBIO KOMIIEHCHPOBAaTh OTPULATEIBHBIN 3apsiz
[JIMHUCTOW YacTULbI NPpH (POPMHUPOBAHMM KOJUIOMIHOTO aACOPOLIMOHHOTO CIIOS.
Crenyer OTMETHTbH, YTO W3MEPEHHbIE 3HAYEHUs [3€Ta-MOTEHIMAIa OMHMCHIBAIOT
SHEPTreTHYECKOE COCTOSTHUE Ha IIOBEPXHOCTHU aJICOPOMPOBAHHOTIO (3aKPEIIEHHOTO)
KosutougHoro cios. CiienoBarelbHO, YeM OOJIblile 3HAYeHHE J3€Ta-MOTEHIHANA,
TeM nipouHee MU Gy3HOHHBIN (TTOIBUKHBIN) CJIOH, 00pa30BaHHBIN KOJIJIOUIOM.

Kpome Toro, Obuia ompenesneHa KOJUIOWAAIBHOCTH OOPa3LOB MPUPOIHON
IMHBL. B pesynbrate ObUIO NOATBEPXKIEHO, YTO CaMblii BBICOKHH ITOKa3aTellb
cpemw W3ydYeHHBIX 00pas3moB HaOmiomancs B TaraHckoil, 3a Hel ciemoBain
Ke3pumopauackas u Kenecckast mmHa, a B YpaHraiickoii 0oH OBIT CyIIECTBEHHO
Hwke. Kpome Toro, mpu ompenesieHMM HEKOTOPHIX (PU3MYECKHX, KOJIJIOMIHO-
XMMUYECKUX CBOMCTB (UIBTPATOB THAPOAMCIEPCHM INHMHBI YCTAaHOBJIEHO, YTO
OIITHYECKAsl IJIOTHOCTh OJJMHAKOBA JUIsSL BCEX 00pa3LOB.
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Tabmuma 2
HexoTopsle KOITOMIHO-XUMIUYECKHE CBOUCTBA THAPOIUCIEPCUH TIINHEI
Ne |O06pasus|Tuagpoaucnepcun| Ouisrparsl Ipod
TJIMHBI TJINHBI THPOUCIICPCUY TITNHEI
- morexmuan | K - 1D A o Coneconepxannue, | pH
MB MKCM/cMm Mmr/om?

1 |Kenec -8.,41 12,0 10,02 511,0 255.5 7,81
2 | Ks3butopna -12,3 16,6 0,02 251,8 120,1 7,56
3 | Ypanrait -17.3 8,00 10,02 782,0 5123 7,32
4 | Taran -47,3 83,3 10,01 989,2 680,2 8,78

CBoiicTBa IIEKTPOITPOBOAHOCTH, COIECOICPKAHNE HAMBBICILINI ITOKa3aTeNb ObLI
otMmedeH At Taranckoro o0pasua, a HauMeHbIIHHA — 7151 00pa3ua u3 KeI3puiopast.
UccnenoBanuem pH ¢uiabrpatoB uccieayeMbx 00pa3noB ObUIO yCTAHOBICHO,
4yro 3HadeHue pH Taranckoro oOpasma coctaBuio 8,78, 4TO CBHIECTEILCTBYET O
ero mie’IouyHON peakuuu. B ocranpHbeix oOpasuax pH BapbupoBano ot 7,32 1o
7,81. Takum oOpa3oM, 3TH 00pa3Lbl OTHOCATCA K KJIAacCy LIETOYHO3EMEIbHBIX
O0enToHnTOBBIX THH (Ta6m.2).

[Tpu 5ToM n3yuanu o0beM ocanxa (V), ontuueckyro miotHOCTh (D) sxuakoctu
Ha TOBEPXHOCTU OCaAKa M CKOPOCTh (QUIbTpauuu 5 %-HOH THUAPOAWCIIEPCHU
DIMHBL. B pesynbsrare sKcliepUMEHTaNbHBIX padoT MoKas3al, YTO CaMblidi HU3KHN
o0beM ocazika BUIHO Obl1o y Ypanraii, a o6pasubl Keneca u Kei3butopabl 6nuskue
10 3HAYEHUIO APYT K ApyTy. A B TaraHckoM MeCTOPOKACHUN yCTAHOBIIEH, CaMblit
BBICOKHI 00beMa ocaika. DTO MOKa3bIBACT, YTO CHOCOOHOCTH INIMHBI Ha0yXaTh
3aBUCUT OT €€ COCTABA.

o 15 » 45 o0
Bpons, t o

120 240 360 o 15 10 a5 @ 10

t, mm

0

B Vparal  sotec  =E=KuoRiopm  sTaran ~#=Ypusall —d—Heasc —S—Enoops —+=Taa

a) 6)

Puc.4 — M3meHeHre 00beMbl 0CaIKHu | () ONTHYECKas MIIOTHOCTD KUAKOCTH Ha TIOBEPXHOCTH
ocaikaS %-HbIX THAPOIUCIICPCUI IIIUHBI OT BpEMEHH

Crioco0HOCTP K HAOyXaHHIO, TO €CTh BO3SMOKHOCTH MPOITyCKaTh BOAY, IBISETCS
OJIHAM W3 OCHOBHBIX CBOWCTB OCHTOHUTA. [IpW mojavye MOJNEKYyJIbl BOJIBI MOTYT
MPOHUKHYTh B TIPOMEXKYTKH MEXIY CIOSMH KPUCTANIMYECKOW pEIIeTKH U
CYIIECTBEHHO Pa3JBHHYTh MX. BEHTOHHTOBBIC IIMHBI CIIOCOOHBI KaK K HOHHOMY

144




Reports of the Academy of Sciences of the Republic of Kazakhstan

oOMeHy, Tak U K (hU3HYecKOd M MOJIeKYIspHOU copOrmu (Yotsuji u mp., 2021;
Asanov & Mameshova, 2021).

CpaBHuBasi CKOPOCTH (UIBTPALUK IIMHUCTBIX O0Opasibl, BUIHO, Hanbosee
ObIcTpoTeKy1el npoOoii Ypanraii cienytot Kenecckas u Keizpumopausnckas mvHa,
a 3a camoi MemyeHHoTekymel y Taranckod mmHbl. M3 3TOro MOXHO chenarb
BBIBOZ, YTO BJIArOyACP>KUBAIOLIYIO CIIOCOOHOCTh OOpAa3LOB IJIMHBI HaNpsIMYyIO
CBsI3aHa ¢ €€ XUMHUYEeCKUM cocTaBoM (Tab.1).

——Korec eVpura eKumsop —eTaran

Puc.4 — Usmenenue ckopoctu gumnsrparmu (U ) 5 %-HbIX THAPOAMCTICPCHI IIMHBI OT
BpeMeHU

Paznnyns B usmMenenuu ckopoct Gpuisrpaunu (U ) ruapoaucriepcy IMHbI
B3aMMOICHCTBYIONINX C MEITKMUMH YaCTHUIIAMH J¥cTIepcHast (asa.

3akaouenune

B crarpe mpeacTaBieHsl pe3yibTaThl HAYYHO-HCCIEIOBATEIBCKUX PAa0OT IO
orpeneneHnio (hU3NYECKNX, KOJUIOMIHBIX M XUMHYECKHX CBOHCTB MPHUPOTHBIX
OCHTOHUTOBBIX TIMH MectopokaeHuii FOxxHoro, KOro-3anmagnoro m Bocroumo-
Kazaxcranckoit obmacteif. A Takke 00CY)XIaeTcs HCIOIb30BAaHUE TIMHBI Kak
OcHTOHWTA (MOHTMOPWUIOHHWTA) B KadeCTBE aICOPOCHTOB [JISI OYHCTKU BOIBI,
yaensas ocob0oe BHUMAaHHME WX TPUPOAHBIM CBOMCTBAM, XapaKTEPUCTUKAM H
MPUMEHEHUIO JUIS yHaJeHHs pPAa3INYHBIX 3arpsA3HAIONIMX BEIIECTB M3 BOJBIL.
OH oxBaThIBaeT yAajlieHHE HWOHOB METAJIOB, OPTaHUYECKHX M OMOIOTHYECKHUX
3arpsi3HUTENICH ¢ MCIOJIB30BAHUEM PA3NIMYHBIX THUIIOB MEJKMX yacThil. B padore
TaKke OCBEIIAeTCS TOTEHIHAT W MPOOJEMBl HCIIONB30BaHMS OEHTOHHUTOBBIX
TJIMHACTBIX THIIPOANUCIIEPCUN B OYHUCTKE BOJBI M TIOMYEPKUBAETCS HEOOXOAMMOCTh
TATBHEHIIINX UCCIICIOBAHUHN B COTPYTHUIECTBA B 3TOM 00JIacTH.

UccnenoBanusi CBOMCTB M3ydeHHBIX 00PA3IOB TIIMH MOKA3ajH, 9YTO OHU MOTYT
OBITh MPUMEHEHBI B PA3IWYHBIX OTPACIAX HAPOJHOTO XO3SHCTBA, B TOM YHCIIE
JUT OYMCTKW BONBL. B manmpHE#meM TUTaHUPYETCsl TMPOBECTH HCCIEIOBAHUS TI0
rHOpUIN3ay 3TUX OOPa3IOB C yYETOM HHIUBUAYAIbHBIX CBOWCTB KayKIOU
TJIMHBI.
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Abstract. Composite coatings have emerged as a pivotal solution in enhancing
material properties, offering synergistic combinations of two or more constituents
to achieve superior performance characteristics. This comprehensive review delves
into the vast realm of composite coatings, elucidating the diverse materials utilized,
the myriad of fabrication methods, and their multifaceted applications across
various industries. From the integration of metal-ceramic coatings in aerospace
for high-temperature stability to the use of nanocomposite coatings harnessing
nanoparticles for enhanced mechanical and functional capabilities, the scope of
these coatings is expansive. Moreover, with the onset of green and sustainable
fabrication techniques, composite coatings are poised to meet both performance and
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environmental benchmarks. Through a methodical examination of peer-reviewed
publications, this review aims to provide readers with a holistic understanding of
composite coatings, highlighting their evolution, current trends, challenges, and the
future outlook. It stands as a testament to the transformative potential of composite
coatings in reshaping material science and engineering applications.

Keywords: composite coatings, fabrication methods, materials science,
nanocomposite coatings, mechanical properties, wear resistance
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AnHotanmus. KOMIIO3UTHBIE TOKPBITHS CTalld KIIFOUEBBIM pEIICHUEM B
VAYYIICHUH CBOWCTB MaTepUaIIOB, peJyiaras CHHepreTHIeCKue KOMOWHAIINY JIBYX
nnn Oojee KOMIIOHEHTOB AJISl JOCTHIKEHHS MPEBOCXOAHBIX HKCILIyaTal[HOHHBIX
XapaKTepUCTHK. ITOT BCECTOPOHHUN 0030p yryOmsieTcss B OOMIUPHYIO
chepy KOMIIO3UTHBIX TIOKPBITHH, pacKpbiBas pa3zHOOOpa3HbIe HCIOIb3yeMbIe
MaTepHalIbl, MHOXXECTBO METO/IOB H3TOTOBIICHUS 1 UX MHOTOTPaHHOE MPUMEHEHNE
B pa3iMyHBIX oOTpacisax. OOnmacTb NPUMEHEHHsS JSTHX MOKPBITHHA O0OIIupHa:
OT BHEAPEHHsS METAUIOKEPAMHYECKHX TOKPBITHA B a3pPOKOCMHUYECKYIO
MIPOMBIIIUIEHHOCTD JIJIsi 00€CIIeYeHNsT BBICOKOTEMITEPATYpHOH CTaOMIIBHOCTH O
WCTIOJIb30BAHUSl HAHOKOMITO3UTHBIX TOKPBITHH, HCIOJIB3YIONMX HAHOYACTUIIBI
JUI YOy4IIeHWs MEeXaHW4YecKMX W (DyHKIIMOHANBHBIX CBOMCTB. bomee Ttoro, c
MOSIBJIGHUEM DKOJIOTMYECKH YUCTBIX M YCTOMYMBBIX TEXHOJOTHH MPOU3BOJICTBA
KOMITO3UTHBIE TTOKPBITHSI TOTOBBI COOTBETCTBOBaTh KaK 3KCILTyaTallHOHHBIM, TaK
Y DKOJIOTUYECKUM cTaHfaprtaM. Llenpio naHHOTo 0030pa SBISIETCS METOANYECKOe
W3y4YeHHE pPELEeH3UPYEeMbIX MyONMKauui, melb KOTOPOro — MpPEAOCTaBHTh
YUTATENSM IIEIOCTHOE TPEICTAaBICHNE O KOMITO3UTHBIX TMOKPBITHIX, OCBEIas
WX SBOJIOIMIO, TEKYIIME TEHJICHIIMHU, MPOOJeMbl M TEpCIeKTHBBl Ha Oymyliee.
DTO SBIAETCS CBHJETEIHLCTBOM IPEOOPA3yIONIEro ITOTEHIMANa KOMITO3UTHBIX
MOKPBITUH B U3MCHEHNH IPUMEHEHHSI MATEPUATIOBEICHHS U TEXHUKH.

KiroueBble ci10Ba: KOMIO3UIMOHHBIE IOKPBITHS, METOIAbl W3TOTOBICHMS,
MaTepHaJIOBeIeHHEe, HAHOKOMIIO3UTHBIE MOKPBITHA, MEXaHWYEeCKHEe CBOICTBa,
HU3HOCOCTOMKOCTH

Introduction

Composite coatings are typically composed of two or more distinct materials
blended strategically to enhance properties beyond what individual components
can offer, such as improved wear resistance, corrosion protection, electrical
conductivity, and thermal insulation (Ang, 2014). By capitalizing on the synergistic
advantages of their combined constituents, composite coatings frequently
surpass the performance of traditional single-material counterparts across
various applications. Delving into the myriad of composite coatings available,
we encounter a vast spectrum tailored to specific uses. Metal-Ceramic coatings
merge the ductility of metals with ceramics' hardness and wear resistance, making
them suitable for aerospace applications due to their high-temperature resilience.
Polymer-Ceramic coatings, which marry polymers' flexibility with the robustness
of ceramics, commonly address wear resistance and corrosion protection. In the
realm of electronics, Metal-Polymer coatings fuse metals' strength and conductivity
with polymers' flexibility and insulation. Nano-composite coatings, integrating
nanoparticles within their structure, offer enhanced mechanical attributes, protective
barriers, and specialized functions, like the antibacterial capabilities of coatings
containing silver nanoparticles. Multi-layered coatings employ a layered approach,
with each stratum serving distinct roles, such as a foundational layer for corrosion
resistance topped with one for UV shielding (Ashokkumar et al., 2021). Hybrid
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coatings blend both organic and inorganic constituents to strike a balance between
hardness and adaptability, often intertwining polymers with sol-gel processes.
Functional Gradient coatings shift their composition from their point of attachment
to their external surface, adjusting properties like hardness, thermal conductivity,
or electrical conductivity along the gradient. Advanced Self-healing coatings
possess the unique ability to revert to their initial condition post-minor damages,
usually facilitated by releasing contained healing compounds or triggering specific
chemical reactions. The selection of a composite coating is inherently tied to its
intended application and the desired characteristics. As materials science propels
forward, the evolution of composite coatings continues, branching out to serve an
expanding array of specialized needs (Chen et al., 2007).

Historically, the need for composite coatings can be traced back to humanity's
quest for materials that could combine the best qualities of two or more constituents
to address specific challenges not achievable by a single material. From ancient
civilizations, who inadvertently developed composite materials like mud bricks
reinforced with straw to prevent cracking, to more deliberate efforts like the early
metallurgists alloying copper and tin to make more durable bronze, the groundwork
for composite coatings was laid. As we transitioned into the industrial age, the
demands of rapidly evolving industries necessitated more sophisticated protective
coatings. The 20th century witnessed significant strides in the development of
composite coatings. Aerospace and automotive sectors, for example, began to
prioritize lightweight yet durable coatings, leading to innovations like polymer-
matrix composites (Chen et al., 2020). Concurrently, the electronics sector was
leaning towards coatings that could offer protection without compromising
conductivity. By the latter half of the century, nanotechnology had entered the fray,
allowing for the manipulation of materials on an atomic or molecular scale, birthing
nano-composite coatings with unprecedented properties. This continual evolution
has been fueled by both the challenges posed by new technological frontiers and
our expanding understanding of materials science. Today, composite coatings, born
from centuries of innovation and necessity, have become integral to numerous
industries, each iteration reflecting humanity's drive to better its surroundings (De
Lima-Neto et al., 2007).

The fundamental principle behind composite coatings lies in the synergy of
combining two or more materials to achieve properties that individual components
might not offer on their own. At its core, the concept revolves around compensating
for the deficiencies of one material by incorporating the strengths of another,
leading to an enhanced composite performance. For instance, while one material
might possess exceptional hardness but is prone to brittleness, another could offer
the needed ductility or flexibility but might lack the required wear resistance. By
merging these two, the resulting composite coating can achieve both hardness
and flexibility, addressing a wider array of needs than either material could on its
own. On a microscopic level, the distribution, interaction, and bonding between
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the combined materials play pivotal roles in defining the characteristics of the
composite coating. Interfacial bonding between the constituents, particle size and
distribution, and even the orientation of fibers or particles can greatly influence the
resultant properties. Furthermore, composite coatings don't just bank on the passive
combination of materials; they often leverage the active interactions between
them, such as chemical reactions or phase changes, to instigate novel properties or
functionalities. In essence, the principle of composite coatings is a strategic alliance
of materials, capitalizing on their individual strengths while mitigating their
weaknesses, to create a product that transcends the capabilities of its individual
components (Deepaka et al., 2019).

Utilizing multiple phases or materials in composite coatings offers a plethora
of advantages by marrying the inherent properties of each constituent, enabling
the creation of coatings that outpace the performance metrics of individual
components. One of the primary benefits is the potential for tailor-made solutions.
By judiciously selecting and combining materials, designers can achieve a specific
set of desired properties, catering to niche applications or stringent performance
criteria. This multi-material approach also allows for enhanced durability. For
instance, while one material may provide hardness and wear resistance, another
might impart corrosion resistance, ensuring the coating's longevity across multiple
fronts. Furthermore, the incorporation of multiple phases can lead to the emergence
of new functionalities, often unattainable by single-phase materials. For example,
a composite coating combining conductive and insulating materials might exhibit
controlled electrical conductivity, making it suitable for specialized electronic
applications (Dong et al., 2009). Additionally, these coatings can provide a balanced
combination of mechanical, thermal, and chemical properties, thereby optimizing
performance. The presence of one material can also mitigate the drawbacks of
another, ensuring a holistic improvement. For example, the brittleness of ceramics
can be offset by combining them with ductile metals or polymers. On a broader
scale, multi-phase systems can be economically advantageous, as cheaper materials
can be combined with more expensive ones to produce cost-effective solutions
without compromising on quality. In essence, the amalgamation of multiple phases
or materials in composite coatings unlocks a vast realm of possibilities, enabling
the creation of high-performance, versatile, and efficient coatings tailored for an
expansive range of applications (Gonzalez et al., 2016).

Materials and Methods

To prepare this comprehensive review on composite coatings, a meticulous
and structured literature search was executed across several established scientific
databases, including PubMed, Scopus, Web of Science, and Google Scholar.
Preliminary screening eliminated duplicates, reviews, and non-relevant articles
based on their titles and abstracts. The remaining articles underwent a detailed
assessment, wherein their full text was scrutinized for relevance and quality
of content. Inclusion criteria involved articles that presented novel insights,
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demonstrated unique applications, or expanded on advanced fabrication techniques
for composite coatings. Data extracted from these sources were categorized based
on material type, fabrication method, and application. Additionally, references
cited within these primary sources were reviewed to ensure a comprehensive
capture of relevant studies. This methodical approach provided a broad yet in-
depth perspective on the evolution, current state, and future prospects of composite
coatings in various industries and applications (Gonzalez et al., 2016).

Results and Discussion

Fabrication Techniques. Electro-deposition, a widely used technique in surface
engineering, involves depositing a material onto a substrate by applying an electric
current through an electrolytic solution containing metal ions. This process not
only allows for precise thickness control and uniform coatings but also facilitates
the incorporation of various secondary materials into the primary matrix, thereby
creating composite coatings (Hasani et al., 2021). The pivotal role of chemical
reactions in this process can't be overstated. When a potential is applied across the
cathode (the object to be coated) and the anode (often a sacrificial electrode), metal
cations from the electrolyte migrate towards the cathode, where they undergo a
reduction reaction. This chemical transformation leads to the metal cations gaining
electrons and being deposited as a metal onto the cathode's surface. Beyond
the basic metal deposition, other in-situ chemical reactions can be leveraged to
incorporate secondary materials, such as nanoparticles, fibers, or other agents, into
the coating. For example, certain reactive species in the electrolyte can precipitate
or co-deposit alongside the primary metal, leading to the formation of composite
coatings with enhanced properties. Such in-situ chemical reactions during electro-
deposition can significantly influence the morphology, composition, and overall
performance of the resultant coatings. For instance, by controlling the bath
composition, pH, temperature, and electrical parameters, one can promote the co-
deposition of ceramic particles within a metal matrix, creating a metal-ceramic
composite coating with augmented hardness and wear resistance. In summary,
electro-deposition combined with in-situ chemical reactions offers a versatile tool
in materials engineering, enabling the synthesis of advanced composite coatings
with tailor-made properties (Huh et al., 2014).

One of the classic examples of obtaining composite coatings through electro-
deposition accompanied by chemical reactions is the co-deposition of nickel and
dispersed hard particles, such as silicon carbide (SiC) or tungsten carbide (WC), to
produce composite coatings with enhanced wear resistance. In the case of a Nickel-
Silicon Carbide (Ni-SiC) composite coating, the electrolyte bath is first prepared
using a nickel salt solution, such as nickel sulfate, as the source of nickel ions. SiC
particles intended for co-deposition are then dispersed in this solution. To maintain
the dispersion of SiC particles and prevent them from settling, stabilizing agents
and surfactants are often added (Ibrahim et al., 2007). During the electro-deposition
process, an electrical potential is applied between the anode, typically made of pure
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nickel, and the cathode, which is the substrate to be coated. As the current flows,
nickel ions migrate from the solution towards the cathode, undergoing a reduction
reaction to form solid nickel. Simultaneously, the SiC particles move, driven by the
convective currents in the bath and possibly by electrophoretic effects, becoming
embedded in the growing nickel matrix. The primary chemical reaction at the
cathode involves the reduction of nickel ions, represented as

Ni?* + 2¢” — Ni (s) (1)

As the nickel metal deposits onto the cathode, the dispersed SiC particles become
entrapped within the metal matrix, leading to the formation of a composite coating.
After deposition, the coated substrate can be subjected to heat treatment or other
post-processing steps to enhance properties such as hardness, adhesion, or corrosion
resistance. The resulting Ni-SiC composite coating offers significant advantages
over pure nickel coatings. The embedded SiC particles increase the hardness of the
coating, reduce the wear rate, and can enhance the coating's resistance to certain
types of corrosion, making Ni-SiC coatings particularly beneficial for applications
like mechanical components, tools, and molds where enhanced wear resistance is
paramount.

Thermal spraying is a versatile coating process wherein a material, often in
the form of powder or wire, is heated to a molten or semi-molten state and then
propelled as fine droplets onto a surface, forming a protective coating. This heating
is achieved using various heat sources, such as oxy-fuel flames, plasma jets, or
electric arcs. The resultant coatings can serve a myriad of purposes, from corrosion
and wear resistance to thermal and electrical insulation. For instance, consider the
application of a ceramic coating, like zirconia (ZrO[7), onto an aerospace component
for thermal barrier purposes. In a plasma-sprayed thermal barrier coating process,
zirconia powder, often stabilized with yttria (YJO[), is fed into a plasma jet. Here,
the powder is rapidly heated to its melting point. As the molten zirconia particles
exit the plasma jet, they are propelled towards the substrate (Ivanov, 2021). Upon
impact, these particles flatten, solidify, and adhere to the surface, creating a lamellar
structure characteristic of sprayed coatings. The primary chemical reaction, in this
case, is not a complex transformative one but rather a phase change

Metal (M)+n/20,—Metal Oxide (M O,)
Tetragonal ZrO,—Cubic ZrO,
Monoclinic ZrO,—Tetragonal ZrO,

The zirconia undergoes a transition from solid (powder form) to liquid (molten
state) and then back to a solid upon deposition. However, during this process,
potential interactions with ambient gases, especially if not adequately controlled,
can lead to oxidation or other minor chemical changes. The finished zirconia-
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yttria coating acts as a thermal barrier, protecting the underlying component
from excessive temperatures, making it especially valuable in high-temperature
applications like jet engine turbines.

Layer-by-layer (LbL) assembly is a versatile method for fabricating multi-layered
thin films with nanometer precision by sequentially adsorbing oppositely charged
materials onto a substrate. This method harnesses the electrostatic interactions
between materials of alternate charges, though other forces like hydrogen bonding
or hydrophobic interactions can also be exploited. For instance, let's consider the
LbL assembly of a polyelectrolyte multilayer using poly (allylamine hydrochloride)
(PAH) as the polycation and poly(styrenesulfonate) (PSS) as the polyanion. Starting
with a cleaned substrate, the process might involve immersing the substrate into a
solution of PAH, allowing the positively charged PAH to adsorb onto the surface.
After rinsing to remove any loosely bound material, the substrate is then immersed
in a solution of the negatively charged PSS, leading to the adsorption of PSS over
the PAH layer due to electrostatic attraction. The chemical reactions involved are
essentially ionic attractions between the amine groups of PAH and the sulfonate
groups of PSS. This process can be repeated multiple times to create a multilayer
film of desired thickness and properties. The LbL assembly offers precise control
over film thickness, composition, and function, making it a valuable technique in
fields ranging from sensors to drug delivery systems (Laad, 2022).

The layer-by-layer (LbL) assembly of polyelectrolytes, as described in the
scenario with poly (allylamine hydrochloride) (PAH) and poly (styrenesulfonate)
(PSS), mainly relies on electrostatic interactions between charged groups on the
polymer chains. The specific chemical groups involved in this interaction are the
amine groups from PAH and the sulfonate groups from PSS.

The amine group in PAH, when protonated (common in aqueous solutions),
carries a positive charge:

NH,—NH,"

On the other hand, the sulfonate group in PSS is an anion and carries a negative
charge:

SO,H—SO,+H"

The electrostatic interaction, which isn't a traditional chemical reaction where
bonds are broken and formed but rather a physical interaction based on charge
attraction, can be represented as:

NH,+SO,/—NH,"SO,"

This interaction represents the ionic pairing between the protonated amine
(cationic site) of PAH and the sulfonate anion of PSS. This pairing is the driving
force behind the LbL assembly of these particular polyelectrolytes. Repeated
immersion and rinsing cycles effectively build up the multilayered structure on
the substrate due to these interactions. The beauty of the LbL technique is that
it harnesses these relatively simple interactions to construct intricately designed
architectures on surfaces.
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The sol-gel method is a widely-used technique to produce inorganic and hybrid
organic-inorganic materials at a molecular level. It involves the transition of a
system from a liquid 'sol' (colloidal solution) into a solid 'gel' phase. The sol-gel
process starts with the hydrolysis and condensation of metal alkoxide precursors.
For instance, if we consider the synthesis of silica (SiO[]) coatings or films,
tetraethyl orthosilicate (TEOS) is a common precursor. When TEOS is introduced
to an aqueous solution with an acid or base catalyst, it undergoes hydrolysis to
produce silicic acid, which then further undergoes condensation reactions to form
a three-dimensional network of SiO[]. The primary reactions involved are (Li et
al., 2022) :

1. Hydrolysis:

Si(OC,H,),+H,0—Si(OC,H,),(OH)+C ,H,OH

2. Condensation:

28i(OC,H,),(OH)—Si(OC H,),08i(OC,H,),+H,0

Subsequent reactions lead to the formation of Si-O-Si bonds, creating a silica
network. By controlling the processing conditions, one can obtain diverse materials
ranging from thin films to monolithic ceramics through the sol-gel method. This
process also allows for the inclusion of dopants or the creation of hybrid materials,
thereby broadening the scope of obtainable materials and their potential applications.
The resultant gels can be dried and further heat-treated to produce glasses, ceramics,
or aerogels, depending on the desired end-product and processing conditions.

Chemical vapor deposition (CVD) is a versatile technique used to produce high-
quality, high-performance solid materials, typically in the form of thin films. In
CVD, a precursor gas is introduced into a chamber, where it reacts or decomposes
on a heated substrate to deposit a solid material. The by-products of this process
are typically gaseous and are evacuated from the chamber. One classic example
of CVD is the deposition of pure silicon for semiconductor applications. In this
process, silane (SiH[) is used as the precursor gas. When silane is introduced into
the CVD chamber and comes into contact with a heated substrate, it decomposes
to deposit silicon:

SiH,—Si+2H,

The hydrogen gas produced in this reaction is then removed from the chamber.
The deposition rate, film quality, and other properties can be meticulously
controlled by adjusting parameters such as substrate temperature, precursor gas
flow rate, and chamber pressure. Apart from elemental deposits like silicon, CVD
can be utilized for the deposition of compound materials, such as metal oxides,
nitrides, and carbides. The precise control CVD offers over film composition and
thickness makes it a cornerstone technique in industries like electronics, where
thin-film layers are integral to device fabrication. The method can be adapted and
modified in various ways, leading to sub-methods such as plasma-enhanced CVD,
low-pressure CVD, and others, each catering to specific material requirements and
applications (Li et al., 2017).
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Factors Influencing Coating Properties. Composition and phase distribution
are crucial determinants of the overall properties and performance of composite
materials, including coatings. Essentially, the composition refers to the proportion
and type of each constituent material present in the composite. This could mean the
percentage of ceramic in a polymer-ceramic coating or the fraction of fibers in a
fiber-reinforced polymer (Lukina etal., 2011). The chosen composition significantly
influences characteristics like strength, flexibility, thermal conductivity, and optical
properties. Phase distribution, on the other hand, pertains to the spatial arrangement
and dispersal of these constituents within the composite. Uniform distribution often
leads to predictable and consistent material behavior, while localized agglomerations
can introduce weak points or zones of differing properties. For instance, in a metal-
matrix composite, the even distribution of ceramic particles ensures consistent
hardness and wear resistance throughout the material. Conversely, clumps or
clusters of ceramic particles could introduce stress concentrations, potentially
leading to premature failure. The interface between different phases also plays a
pivotal role in determining properties. A strong bond between the matrix and the
dispersed phase, for example, can lead to enhanced load transfer and improved
mechanical properties. In contrast, a weak interface might result in delamination or
other modes of failure. The choice of materials, processing techniques, and post-
processing treatments all influence both composition and phase distribution, which
in turn govern the real-world applicability and performance of the composite.
Achieving the desired composition and optimal phase distribution often requires
a deep understanding of materials science, combined with meticulous process
control, to harness the full potential of composite materials (Ma et al., 2014).

Coating thickness plays an instrumental role in determining a myriad of
properties and overall performance of coatings, whether they're protective,
aesthetic, or functional in nature. The thickness of a coating directly influences
its durability, protection capability, optical properties, and even its electrical and
thermal characteristics. For instance, a protective coating that's too thin might not
provide sufficient barrier against environmental factors such as moisture, oxygen,
or corrosive agents, leading to the underlying substrate's premature degradation.
Conversely, overly thick coatings might become prone to cracking or delamination
due to internal stresses or external forces. The optical properties of coatings, like
their color, transparency, or reflectivity, can also change with thickness variations.
This is especially pertinent in industries like electronics or photonics, where even
slight thickness deviations can result in significant performance shifts. Furthermore,
in coatings that provide electrical insulation or thermal barrier functionalities, the
thickness determines the degree of resistance to electrical currents or heat flow.
Achieving the correct coating thickness necessitates a balance: it's a dance between
ensuring the desired properties are met while avoiding potential drawbacks
associated with excessive material buildup. Measurement of coating thickness is,
therefore, a critical quality control step in many manufacturing processes. Several
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techniques, ranging from simple mechanical gauges to sophisticated ultrasonic
or eddy current-based devices, have been developed to accurately gauge coating
thickness, ensuring adherence to specifications and consistent performance across
products and applications (Oreshko et al., 2020).

The interface between the matrix and secondary phases in composite materials
is a defining region that dramatically influences the composite's macroscopic
properties. This interface, often a thin transition zone between the two materials,
dictates how stresses, heat, or other external stimuli get transferred or distributed
within the composite. A strong and well-bonded interface ensures efficient load
transfer from the matrix to the secondary phase, such as fibers or particles, thereby
enhancing the composite's mechanical strength and toughness. In contrast, a weak
or poorly bonded interface can become a site for stress concentration, potentially
leading to delamination, micro-cracking, or premature failure under load. The
chemical compatibility, wetting characteristics, and interfacial bonding mechanisms
play pivotal roles in determining the quality of this interface. For instance, in
fiber-reinforced composites, the use of coupling agents or surface treatments
can enhance the fiber-matrix bond, ensuring better stress transfer and reduced
interfacial failure. Moreover, the interface can also act as a barrier or conduit for
various phenomena; for example, it might impede or facilitate moisture absorption,
electrical conductivity, or thermal transfer based on its nature. Any disparities
in thermal expansion coefficients between the matrix and secondary phase can
lead to interfacial stresses during temperature fluctuations, which emphasizes the
importance of matching or accommodating such material properties. Overall, the
interface characteristics are paramount, as they largely determine the efficacy with
which individual phases in a composite synergize to yield enhanced, combined
properties. Adjusting and optimizing these interfacial properties is a primary focus
in advanced composite design, given its profound impact on material performance
(Poza et al., 2022).

Properties of Composite Coatings. Mechanical properties are fundamental
descriptors of a material's behavior and performance under various forces and
conditions, and they encompass a broad spectrum of attributes. Among these,
hardness signifies a material's resistance to localized deformation, typically
indentation or scratching. It's a crucial property for applications where surface
durability is paramount, such as tooling or wear-resistant coatings. Harder materials
can withstand abrasive environments better and retain their shape and functionality
longer. Wear resistance, closely related to hardness, characterizes a material's ability
to endure repeated mechanical abrasion without significant degradation. Materials
with high wear resistance are sought after in applications with moving parts or
where prolonged friction is involved, like engine components or conveyor systems.
Beyond these, other mechanical properties include tensile strength, indicating
the material's resistance to being pulled apart; compressive strength, its ability to
withstand compression; and modulus of elasticity, which describes its stiffness or
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rigidity. Ductility and toughness, on the other hand, speak to a material's ability
to deform without breaking and absorb energy, respectively. The balance and
interplay of these properties are critical. For instance, while increasing hardness
often results in a material becoming more brittle, the challenge lies in achieving
a combination where the material remains tough yet hard. These properties are
not just inherent to the base material but can be significantly influenced by factors
such as composition, microstructure, heat treatments, and any introduced defects
or inclusions. In the realm of coatings and composites, the synergy between
multiple phases, their distribution, and interface characteristics profoundly impact
these mechanical properties, offering a tailored performance spectrum for diverse
applications (Pradhan, 2014).

Thermal properties of materials elucidate their behavior when exposed to
varying temperature conditions or when heat is applied or extracted. Central to these
properties is the thermal conductivity, which signifies a material's ability to conduct
heat. Metals, for instance, typically have high thermal conductivity, making them
excellent conductors of heat, while insulating materials, such as certain polymers or
ceramics, possess low thermal conductivity, inhibiting heat transfer. Another vital
property is the coefficient of thermal expansion (CTE), which defines the rate at
which a material expands or contracts with temperature changes. Materials with
mismatched CTEs can experience stresses when joined together and subjected to
temperature fluctuations. Heat capacity is a measure of the energy required to raise
the temperature of a material by a specific amount and is crucial in applications
where temperature stability is required. Thermal diffusivity combines the effects of
conductivity and heat capacity, reflecting the speed at which temperature changes
spread through a material. For materials exposed to high temperatures, their
thermal stability and resistance to degradation, often termed as thermal degradation
resistance, become critical. Materials might also undergo phase transitions, like
melting or crystallization, at specific temperatures, which are characterized by their
melting or crystallization points. In composite materials, the thermal properties often
result from a combination of the individual components' thermal behaviors. For
instance, embedding particles with high thermal conductivity into a polymer matrix
can enhance the composite's overall thermal conduction capability. Understanding
and controlling these thermal properties is vital in applications ranging from
electronics, where heat dissipation is essential, to aerospace, where materials might
face extreme temperature variations (Ma et al., 2014; Moridi et al., 2014).

Corrosion resistance is a material's inherent or acquired ability to withstand the
damaging effects of corrosive environments, most commonly the electrochemical
attack by moisture, oxygen, or other oxidizing agents. Corrosion often results in the
degradation of metal surfaces, leading to reduced structural integrity, compromised
aesthetics, and in some cases, malfunction of mechanical or electronic systems.
Several factors influence corrosion resistance, including the chemical composition
of the material, its microstructure, and environmental conditions. Certain metals,
such as stainless steel, owe their corrosion resistance to a passive oxide layer that
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forms on their surface, which acts as a protective barrier against further oxidation.
Aluminum, for instance, forms a protective aluminum oxide layer in the presence
of oxygen, giving it substantial resistance to corrosion. In contrast, iron rusts when
exposed to moisture and oxygen, a process that can be mitigated by alloying it with
other elements like chromium or coating it with protective layers. External coatings,
paints, or treatments can also enhance corrosion resistance. For example, zinc
galvanization provides steel with a sacrificial layer, as zinc corrodes preferentially,
protecting the underlying steel. Besides metals, polymers and ceramics can also
display corrosion resistance, especially against chemicals that might corrode metals.
Factors like pH levels, temperature, salinity, and presence of aggressive ions can
speed up or slow down corrosion rates. Ultimately, ensuring corrosion resistance is
of paramount importance in industries such as maritime, automotive, infrastructure,
and many others, where the longevity and safety of materials and structures are at
stake. Understanding and enhancing corrosion resistance not only prolongs the life
of materials but also contributes to economic savings and environmental safety
(Laad, 2022).

Electrical properties of materials encompass a broad spectrum of characteristics
that define their behavior in the presence of electric fields or when subjected to
electrical stimuli. One of the most fundamental properties is electrical conductivity,
which measures a material's ability to conduct electric current. Metals, with their
sea of free-moving electrons, typically exhibit high conductivity, making them the
material of choice for most electrical conductors. In contrast, insulators, such as
ceramics or certain polymers, prevent the flow of electricity due to their lack of free
charge carriers, making them valuable in applications where electrical isolation is
essential. Semiconductors, like silicon or gallium arsenide, occupy an intermediate
position, with their conductivity being tunable by impurities, temperature, or
external voltages. Another vital property is dielectric constant, which characterizes
a material's ability to store electrical energy when subjected to an electric field,
crucial in capacitors. Materials with high dielectric constants can store more
energy than those with low values. Related to this is dielectric strength, a measure
of how much electric field a material can withstand without breaking down or
getting electrically shorted. Resistivity, the inverse of conductivity, defines how
strongly a material opposes the flow of electric current. Other essential electrical
properties include piezoelectricity, where materials generate a voltage under
mechanical stress, and ferroelectricity, where materials have switchable electrical
polarization. In composite materials, the electrical properties can be tailored by
combining conductive and insulating phases, resulting in functionalities like
electrical percolation or tunable dielectric behavior. These properties are pivotal
in a multitude of applications, from electronics and telecommunications to sensors
and energy storage devices. As technological advancements continue, the nuanced
understanding and manipulation of these electrical properties become increasingly
central to innovation (Nguyen-Tri et al., 2018).

Barrier properties of materials refer to their ability to restrict or prevent the
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passage of various agents, such as gases, liquids, or even specific molecules. These
properties are crucial in numerous applications, especially in packaging, where
materials must prevent the ingress or egress of moisture, oxygen, or other gases
to protect and prolong the shelf-life of packaged products. For instance, certain
polymers are excellent moisture barriers but might be permeable to gases like
oxygen or carbon dioxide. Conversely, another polymer might effectively block
gases but be less effective against moisture. The molecular structure, crystallinity,
and density of a material play a vital role in determining its barrier properties.
Imperfections or voids within the material can act as pathways, reducing its
effectiveness as a barrier. Multi-layered materials or laminates are often used to
combine the barrier properties of several materials, achieving a composite that can
resist a broader spectrum of agents. Nanocomposites, wherein nanoparticles are
embedded within a matrix, have garnered attention for potentially enhanced barrier
properties, as the dispersed particles create a tortuous path, hindering the migration
of molecules through the material. In the realm of coatings, barrier properties can
also mean protection against ultraviolet radiation, chemicals, or even microbial
penetration. The ability to engineer and optimize these properties is paramount in
industries ranging from food and pharmaceutical packaging to electronics, where
barrier materials protect sensitive components from environmental factors. Thus,
understanding and harnessing barrier properties hold significant implications for
product preservation, safety, and overall performance (Pripisnov et al., 2018).
Advantages and Challenges. Enhanced multifunctionality in materials and
coatings refers to the integration of multiple, often disparate, properties and
functionalities within a single material system. This concept has emerged as a
focal point in materials science and engineering, especially with the advent of
nanotechnology and advanced composite materials. Traditional materials were
often designed with a primary function in mind, be it mechanical strength, electrical
conductivity, or thermal insulation. However, modern demands, spurred by
technological advances and evolving industrial needs, increasingly require materials
to perform multiple roles simultaneously. For instance, a structural material might
be expected not only to bear mechanical loads but also to conduct electricity,
provide thermal insulation, and even offer self-healing capabilities. This paradigm
shift towards multifunctionality often leverages the synergistic combination of
different material phases, nanostructures, or engineered interfaces. A classic
example is the development of conductive polymers that merge the mechanical
flexibility of polymers with the electrical properties of metals or semiconductors.
Another illustration would be hybrid materials that combine organic and inorganic
components to achieve properties like simultaneous optical transparency and
electrical conductivity. Advanced composites, embedding sensors within structural
materials, or coatings offering both self-cleaning and antimicrobial properties are
further instances. By achieving enhanced multifunctionality, materials can meet
the complexities of modern applications, reduce system weight by eliminating the
need for separate components for each function, and open pathways for innovative
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solutions in sectors as diverse as aerospace, electronics, healthcare, and energy
(Sarkar et al., 2009).

Tailoring properties based on requirements represents a profound shift in the
materials science paradigm, moving from a one-size-fits-all approach to a bespoke
design methodology where materials are engineered to fit precise application needs.
Traditionally, materials were chosen based on their inherent properties and adapted
as best as possible to fit various applications. However, as technology has advanced,
the demand for materials with specific, sometimes highly niche, characteristics
has grown. This shift recognizes that modern applications, whether in aerospace,
biomedicine, electronics, or energy storage, often have nuanced needs that generic
materials cannot optimally fulfill. Enter the era of tailored materials: using advanced
synthesis, processing techniques, and a deep understanding of structure-property
relationships, scientists and engineers can now design materials from the molecular
or nanoscale upwards to exhibit desired behaviors. For example, if an application
requires a lightweight material with high strength and thermal stability, a composite
material might be engineered with carbon fibers embedded within a polymer
matrix. In the realm of electronics, semiconductor properties can be finely tuned
by manipulating doping levels, crystal structures, or nanostructuring to achieve
desired electrical or optical behaviors. Biomedical implants might require materials
that are not only biocompatible but also possess specific mechanical properties,
degradation rates, or drug release profiles, leading to the design of specialized
polymers or bioceramics. This move towards bespoke materials design allows for
more efficient, durable, and optimized solutions, paving the way for innovations
that push the boundaries of what's possible across myriad sectors.

Achieving a uniform distribution of phases in composite materials is a critical
yet challenging aspect of material design and synthesis (Smith et al., 2020).
Uniformity in phase distribution ensures consistent material properties, leading to
reliable performance across the entirety of the material. However, several challenges
impede the attainment of such homogeneity. First, the intrinsic differences in
the physical and chemical properties of the constituent phases, such as density,
surface energy, and chemical compatibility, can lead to phase segregation during
synthesis or processing. For instance, during melt processing of polymer blends,
differences in viscosity between the polymers can result in one phase dominating
the continuous matrix, leading to a non-uniform distribution. Second, processing
conditions, including temperature, shear rate, and cooling rate, can influence
phase distribution. Rapid cooling might trap one phase within another, while slow
cooling might allow phases to segregate. Third, interfacial interactions between
phases play a crucial role. Insufficient adhesion or interaction between phases can
cause one phase to agglomerate, forming clusters rather than a uniform dispersion.
Achieving the right interfacial chemistry, often through the use of compatibilizers
or surfactants, is essential for uniform distribution. Fourth, the size and shape of the
dispersed phase particles can influence distribution. Nano-sized fillers, for example,
have a higher tendency to agglomerate due to their high surface area, requiring
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specialized dispersion techniques. Lastly, external factors such as gravitational
settling during processing or storage can result in phase separation, especially in
materials with significant density differences between phases. Addressing these
challenges requires a deep understanding of material science, synthesis methods,
and processing conditions, underpinned by an emphasis on characterization
techniques that can accurately assess phase distribution (Vanerio et al., 2021).

Emerging Trends and Future Prospects. Nanocomposite coatings represent
a significant advancement in the realm of protective and functional surfaces,
leveraging the unique properties exhibited by materials at the nanoscale. These
coatings incorporate nanoparticles—tiny particulates with dimensions typically
less than 100 nanometers—into a matrix material. The integration of these
nanoparticles imparts enhanced or even entirely new properties to the composite as
compared to the base material alone. One of the primary benefits of nanocomposite
coatings is the significant surface area provided by the nanoparticles, which
can lead to stronger interactions with surrounding environments or improved
mechanical interlocking within the coating. For example, the addition of nanoscale
silica particles to a polymer coating can drastically enhance its hardness and wear
resistance without significantly compromising its flexibility. Similarly, embedding
metallic nanoparticles, such as silver or zinc oxide, can confer antimicrobial
properties, making the resulting coatings valuable in healthcare or food packaging
applications. Beyond that, the integration of carbon-based nanomaterials, like
carbon nanotubes or graphene, can impart electrical conductivity to otherwise
insulating coatings, opening doors to applications in flexible electronics or sensors.
Furthermore, the tunable optical properties of certain nanoparticles allow for
coatings with adjustable transparency or specific light-filtering characteristics.
However, challenges persist in ensuring uniform dispersion of nanoparticles within
the matrix, preventing agglomeration, and achieving consistent properties across
large surface areas. Despite these challenges, nanocomposite coatings stand at the
forefront of material innovations, bridging the gap between the atomic/molecular
scale and macroscopic applications, and promise to revolutionize a vast array of
industries by providing multifunctional surfaces with tailored properties (Xiang et
al., 2017).

Self-healing coatings are at the cutting edge of materials innovation, reflecting a
remarkable convergence of nature-inspired design and advanced materials science.
These coatings possess the inherent capability to recover and repair themselves after
being subjected to minor damages, such as scratches, cracks, or wear. The principle
underlying these coatings often takes cues from biological systems, like human
skin, which can heal after injury. There are various mechanisms through which
self-healing can be achieved. One prevalent approach involves the encapsulation of
healing agents, such as monomers or reactive compounds, within micro- or nano-
capsules embedded in the coating. When damage occurs, these capsules rupture,
releasing the healing agent which then reacts, either with the surrounding matrix or
with a catalyst, to seal the damage. Another approach is based on reversible chemical
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bonds, wherein the polymer chains in the coating can reform bonds after they are
broken, effectively "healing" on a molecular level. Yet another strategy employs
shape memory alloys or polymers that can revert to a predetermined shape when
subjected to specific stimuli, thereby healing mechanical damages. The potential of
self-healing coatings is vast: they can significantly extend the lifespan of materials,
reduce maintenance costs, and provide sustained protection against environmental
factors like corrosion, wear, or UV radiation. However, challenges remain,
particularly in ensuring the longevity of the self-healing function, optimizing the
healing response speed, and scaling up the technology for widespread industrial
applications. Regardless, the promise of materials that mimic the resilience and
adaptability of living organisms positions self-healing coatings as a transformative
advancement in the world of materials science (Xin-Yuan Dong et al., 2021).

Smart and responsive coatings represent a groundbreaking leap in material
technology, signifying coatings that can dynamically react to environmental stimuli
or changes in their surroundings. Unlike traditional passive coatings that have a
static behavior once applied, these intelligent coatings can alter their properties
or functionalities based on external triggers such as temperature, pH, humidity,
electrical or magnetic fields, and even specific chemical agents. For instance,
thermochromic coatings can change their color in response to temperature
fluctuations, offering potential applications in temperature sensing or mood rings.
Similarly, pH-sensitive coatings, often utilized in drug delivery systems, can
release their contents when the local environment becomes either acidic or alkaline.
Another compelling category includes electro-responsive coatings that can alter
their optical properties, adhesion strength, or permeability when subjected to an
electric field, paving the way for applications in smart windows or dynamically
tunable adhesives. On a similar note, magnetic field-responsive coatings have the
capability to change their alignment, stiffness, or even color based on magnetic
stimuli. Additionally, there are moisture-responsive coatings that swell or change
their properties when exposed to humidity, and these have seen applications ranging
from humidity sensors to "breathable" protective layers. At the heart of these
smart coatings lies a deep understanding of material chemistry, nanotechnology,
and molecular design, allowing for the creation of systems that can bridge the gap
between passive materials and active, adaptive functionalities. While the potential
of these coatings is vast and transformative, challenges persist in enhancing their
sensitivity, repeatability, durability, and scalability for real-world applications.
Still, the promise of surfaces that can dynamically interact with and adapt to their
surroundings positions smart and responsive coatings at the forefront of future
material innovations (Yin et al., 2018).

Green and sustainable fabrication methods have become increasingly central in
the modern manufacturing landscape, emphasizing the production of materials and
products with minimal environmental impact. These methods prioritize the efficient
use of resources, minimize waste, and often incorporate renewable or biodegradable
materials. At the core of this approach is the desire to reduce the carbon footprint,
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decrease energy consumption, and eliminate or minimize the use of toxic solvents
and reagents. For instance, the use of supercritical fluids, like supercritical CO,,
as solvents in material synthesis offers a cleaner alternative to traditional organic
solvents, and the product can be easily recovered by simply depressurizing the
system. Water-based synthesis and processing are another avenue, sidestepping the
environmental and health issues associated with organic solvents. Green synthesis
routes also consider the source of raw materials, favoring bio-based or recycled
precursors over petrochemical derivatives. The shift towards using biopolymers,
derived from renewable resources like starch, cellulose, or chitin, is also an
emblematic representation of this movement. Electrospinning and electrospraying
are examples of techniques that can be adapted to use green solvents and produce
nano or micro-scale structures without harmful by-products. Furthermore, the rise
of additive manufacturing or 3D printing has enabled more efficient material usage
by building structures layer by layer, drastically reducing waste associated with
traditional subtractive manufacturing techniques. However, while these sustainable
methods present a promising step towards an eco-friendly future, challenges remain
in scaling up these processes, ensuring product performance meets or exceeds
that of traditionally-produced counterparts, and developing robust recycling or
degradation pathways. Nevertheless, as societal emphasis on sustainability grows,
green and sustainable fabrication methods are poised to become the standard,
reflecting a holistic approach that balances performance, cost, and environmental
stewardship (Youjuan et al., 2023).

Conclusion

In conclusion, the realm of composite coatings has witnessed exponential
advancements over recent decades, bridging innovative scientific research and
practical real-world applications. With a foundation in multi-material synergy, these
coatings have transformed how we approach wear resistance, corrosion protection,
thermal management, and myriad other challenges, ushering in a new age of tailored
material solutions. Notably, as we've delved into green and sustainable fabrication
methods, there's a clear indication that the future of coatings is not just about
performance enhancement, but also about ethical and environmental responsibility.
The trend towards sustainability, combined with the application of nanotechnology
and smart, responsive features, paints a promising picture of coatings that are
more adaptive, longer-lasting, and environmentally friendly. Looking ahead, the
emphasis will likely shift towards even more customized solutions, leveraging
artificial intelligence for material design, exploring bio-derived and bio-inspired
materials, and achieving a circular economy where coatings can be recycled or
degraded without harm. The integration of multifunctionality, where coatings
can perform multiple roles simultaneously, from self-healing to sensing, will also
be at the forefront of research and development. While challenges persist, the
convergence of technology, science, and sustainability offers an optimistic outlook
for the next generation of composite coatings, poised to meet the nuanced demands
of a rapidly evolving world.
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Abstract. The article presents the quantitative content of essential oil and
biological activity of the aerial part of the plant Hyssopus cuspidatus of the
Lamiaceae family, growing in the Altai region. About 6000 plant species grow in
our republic, of which about 700 are medicinal. Medicinal plants have been used
for centuries as raw materials for the preparation of various medicines, but their
phytochemical analysis is an urgent problem, since not all of their species have been
systematically studied. More than 3000 species of plants containing essential oil are
known, and about 1000 of them are found in the flora of our country. The essential
oil from the plant Hyssopus cuspidatus of the Lamiaceae family, growing in Altai
was obtained in Clevenger's apparatus. The composition of the essential oil was
analyzed by gas chromatography-mass spectrometry (GC-MS) and 83 components
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were identified. The main lipophilic substances in the Hyssopus cuspidatus plant
are: pinocarvone (27.06%), 1,8-cineole (10.76%) and cis-pinocarveol (9.57%). In
addition, hexane extracts of the plant Hyssopus cuspidatus with active substances
showed positive results of cytotoxic activity against the sea crab Artemia salina and
antioxidant activity compared with butylated hydroxyanisole.

Keywords: Lamiaceae, Hyssopus cuspidatus, essential oil, gas chromatography-
mass-spectrometry (GC-MS), pinocarvone, cytotoxic activity, antioxidant activity
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HYSSOPUS CUSPIDATUS ©CIMIITTHIH 3®UP MAWJIAPBIHBIH
KYPAMBI ’KOHE BUOJIOTUAJIBIK BEJICEHAIJIITT

AHHoTanmus. Makanaga Antait eHipiHue ecerin Lamiaceae (Epinairynuep)
TYKBIMIACBIHA )KaTaThIH Hyssopus cuspidatus TEKTi ©CIMAIKTIH JKep YCTi OemiriHaeri
a(up MaMBIHBIH CaHABIK Kypambl >XOHE OHBIH OWOJIOTHSUIBIK OCIICeHIIIITI
kenripinred. PecmyOnukambizma eciMmaikrepain 6000—+a KybIK TYypi eceni,
onapuablH 700-re KybIFBI Jopimik Ooibin keneni. opiik eciMIikTep FachIpiap
00#BI opTYpJi A9pi-AOpPMEKTEpAl Kacay YIIiH IIMKi3aT PETiHIe KOJNJaHbUIFaH,
Oipax OyriHTi KyHre JeiiH oJapblH OapibIK TYpIepi )Kyiemni 3epTTeIMereHaiKTeH
oJapbl (UTOXUMUSIIBIK Tamay ©3eKTi Mocene Oonbim Tabbuiansl. Kypambrama
a¢dup Maiier 6ap ecimmikrepain 3000 actam Typi Oenrini, corslH imiameri 1000
IIAKTBICHI eiMi3MIiH (IIOpachlHAH TaOBUIFaH. 3ePTTEY JKYMBICBIHJA KOPCETUITeH
Anraii eHipinzne ecerin Lamiaceae TYKbIMIACBIHA JKaTaThlH Hyssopus cuspidatus
TEKTi ©CiMIIK KypaMbIHAAFbl 3up Maiibl KneBeHKep KOHABIPFBICHIHA aJIbIH/IbI.
D¢up MalbIHBIH KypaMblHaH ra3 xpomarorpadusiibl Macc-criekrpomerpus (I'X-
MC) aaiciMeH Tajay jkacajbli, 83 KOMIIOHSHT WACHTU(DUKALIMSIIAH L. Hyssopus
cuspidatus 6CiMIIIK KYpaMBIHIAFI HET13T1 TUIO(IIIBII 3aTTap: THHOKapBOH (27.06
%), 1,8-tmureon (10.76 %) n muc-nuHokapseon (9.57 %). CoHbIMeH KaTap, acep
eTyii 3arrapel 0ap Hyssopus cuspidatus eCiMIITiHIH T'€KCaHAbl YKCTPAKTTiIEpi
Artemia salina TeHi3 masHAapbIHA Kapchl MUTOTOKCHKAIBIK OCJICEHMLTIK KoHE
Oy TMIITHIPOKCHAaHU30JIMEH CaJIbICTBIPFaH/a TOTBIFYFa Kapchl OEJICeHAUTIKTEPl OH
HOTHXKE KOPCETTI.

Tyiiin ce3mep: Lamiaceae, Hyssopus cuspidatus, >pup Maiibl, Ta3Ibl
xpomarorpadusuibi-mace-criekrpomerpus  (I'’X-MC), THHOKapBOH, ITUTOTOK-
CUKAJIBIK OCJICEHIUTIK, TOTBIFyFa KapCchl OCIICEHITITIK
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KOMITOHEHTHBII COCTAB Y BUOJIOTHYECKASI AKTUBHOCTD
IOUPHOI'O MACJIA PACTEHUSA HYSSOPUS CUSPIDATUS

AHHOTanus. B crarbe npeacTaBieHbl KOJIMYECTBEHHOE COAEpKaHue 3(QUPHOTO
Macia ¥ ero OMoJIOrHuecKasi akTUBHOCTb B HaJJ3¢MHOM 4acTH pacTteHus Hyssopus
cuspidatus cemeiicTBa SICHOTKOBBIE, MPOW3PACTAIOIIEr0 B AJjTaiickoM Kpae. B
Hamrel pecryonuke mpouspacraet okoio 6000 BHIOB pacTeHHM, W3 HUX OKOJIO
700 — nexapcTBeHHBIC. JleKapCTBEHHBIE PACTCHUS BEKaMM HCIOJIB30BAIUCH B
KaueCTBE CBHIPbS AJISI IPUTOTOBIICHUS PA3JIMUHBIX JIEKAPCTBEHHBIX CPEICTB, OHAKO
uX (UTOXUMHUYECKUM aHaJIN3 SIBIACTCS aKTyaJbHOM MPOOIEMOM, MOCKOJIBKY HE
BCE MX BHJIBI CUCTeMaTHYeCKH u3ydeHbl. M3BecTHO Oonee 3000 BUIOB pacTeHHI,
comepxkamux 3pupHOE Macio, a okoio 1000 u3 HEX BcTpeyaroTcs Bo (iope Hamiei
cTpanbl. DdupHOE Macio, coiepikalieecs B pacTeHUM Hyssopus cuspidatus,
MpUHAJICKAIEM K CEMEUCTBY SICHOTKOBBIX, IPOM3pacTaouieM Ha Aurtae, OblIo
noiyueHo B anmapapre Knesenmkepa. Coctas 3pUpHOTO Macia NpoaHaTu3UpOBaH
METOJIOM ra30Boii XxpomaTo-macc-criekrpomerpu (I'’X-MC) u naenTudpunrpoBato
83 xomnonenTa. OCHOBHBIMHU JINIO(UIIBHBIMU BELIECTBAMH B pacTeHUN Hyssopus
cuspidatus sBasiroTCs: MMHOKApBOH (27,06 %), 1,8-tmueon (10,76 %) u mwmc-
nuHokapseon (9,57 %). Kpome Toro, rekcaHoBbIe SKCTPaKThl pacTeHus Hyssopus
cuspidatus ¢ akTHBHBIMHU BEIIECTBAMHU ITOKa3aJIU MOJIOKUTEIbHBIC PE3YABTATHI IO
LUTOTOKCUYECKOW aKTUBHOCTH B OTHOIICHHUH MOPCKUX KpaboB Artemia salina u
AQHTUOKCHAAHTHBIM CBOWCTBAM IO CPAaBHEHUIO C Oy THITHAPOKCHAHU30IIOM.

KaroueBsie cioBa: Lamiaceae, Hyssopus cuspidatus, >¢hupHOE Macyo,
razoBas xpomaro-macc-crekrpomerpus (I'X-MC), nnHOKapBOH, TUTOTOKCHYECKAs
aKTHBHOCTb, aHTUOKCHJIAHTHAS! aKTUBHOCTh

Introduction

The land of Kazakhstan is rich in a variety of green plants necessary for human
life, among which the most important for country today are medicinal plants. In
addition, medicinal plants are widely used in traditional medicine (Mukhitdinov,
2009: 29). In recent years, the interest in medicinal plant forms is increasing,
therefore, the study of natural molecules with high biological activity, which resists
the fight against various diseases in the human body, is one of the urgent issues.
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Plants belonging to the Lamiaceae family, widespread in Kazakhstan, are of great
interest from a practical and theoretical point of view. The amount of flavonoids,
phenolic acids, phenols, and alkaloids in the raw materials of plants belonging
to the Lamiaceae family is relatively dominant (Komarov, 1954: 10). Flavonoid
substances are known as the main component in sedative drugs (Seithan, 2022: 196
and Shomirzoeva, 2022: 6). Since the value of most of the plants has not been fully
refined, it is used only to a limited extent in science and medicine. Effective use
of medicinal plants is necessary to meet the needs of pharmaceutical production.
Pharmacological effect of medicinal liquid is determined due to the presence of
biologically active substances in its composition. The main representatives of
essential oils have anti-microbial and anti-infective activity. That's why a lot of
attention is being paid to the research of essential oils.

Hyssopus cuspidatus contains more essential oil than other medicinal plants.
Essential oils are obtained from plant bark, flowers, fruits, leaves and roots
(Kovalenko, 2019: 8). Essential oil can usually be obtained from all parts of the
plant, but its quantity is not uniform. The flowers, fruits, leaves, stems of the plant
contain a large amount of essential oil, and the amount of essential oil in the root is
small (Fathiazad, 2011: 7).

Methods and materials

Object of research: the above-ground part of Hyssopus cuspidatus plant was
collected in the Altai region during the flowering period in September 2020.

The essential oil contained in the plant was extracted and the composition of
the essential oil was analyzed by gas chromatography-mass spectrometry GC-MS
method.

Extraction of essential oil from ground Hyssopus cuspidatus is carried out in
a Clevenge apparatus. 100 g of raw material is brewed with distilled water for 1
hour. Essential oil is filtered and collected in the device. The collected crude oil was
extracted with 1 ml of hexane and distilled, resulting in a clear oily layer (1.074 g).

Currently, the main methods of essential oil research are hybrid gas
chromatography - mass-spectrometry (GC-MS). This method does not require
preliminary separation of individual substances and comparison with data from
other spectral methods. The qualitative and quantitative composition of the essential
oil of the Hyssopus cuspidatus plant was determined on a Perkin Elmer Clarus
600 chromato-mass spectrometer. Between 4 min and 120 min absorption time, 86
substances were absorbed and 83 of them were compared and identified with the
NIST database. The results of the study showed that the majority of the released
substances were represented by the group of organic acids (Table 1, Figure 1).

Biologically active substances are complex natural compounds contained in
medicinal plants (alkaloids, vitamins, saponins, ether, fatty oils, glycosides) (Ozer,
2006: 10). Cytotoxicity and antioxidant activity of the essential oil extracted with
hexane from Hyssopus cuspidatus against the sea crab Artemia salina was studied
by the FRAP method (Fathiazad, 2011: 4).
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Results and Discussion

The essential oil content of Hyssopus cuspidatus above ground part was
determined by the chmato-macc-spectpometry (GC-MS) method. The essential oil
contains 83 components, which accounted for 95.94 % of the total components of
the oil, its main volatile components: pinocarvone (27.06 %), 1,8-cineole (10.76 %)
and cis-pinocarveol (9.57 %). They are distinguished by their antioxidant and anti-
inflammatory properties useful in the treatment of various inflammatory diseases
such as arthritis, asthma (Zhou, 2010:3), rheumatism, etc. (Li, 2013: 5).
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Figure 1 - Percentage of lipophilic substances in Hyssopusc cuspidatus (%)

Table 1 — Percentage of lipophilic substances in Hyssopusc cuspidatus (%)

Ne |RT Rlit Rcalc Component Match Area %
4.781 800+2 795 Hexanal 936 0.05
6.744 857+3 846 cis-3-Hexen-1-o0l 932 0.04
9.929 929+2 917 a-Thujene 934 0.15
10.332 929+7 923 a-Pinene 944 0.66
11.209 952+2 936 Camphene 948 0.19
11.488 956+2 941 Dehydrosabinene 942 0.03
12.137 96243 951 Benzaldehyde 846 0.03
13.329 979+2 969 B-Pinene 924 6.30
13.891 98042 978 Amyl vinyl carbinol 752 0.04
14.093 99142 981 Myrcene 889 0.38
14.852 | 1004+3 992 Pseudolimonen 901 0.10
15.879 1017+2 1007 a-Terpinene 926 0.24
16.429 1022+2 1014 o-Cymene 910 0.06
16.844 1023+6 1019 B-Cymene 707 0.72
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17.548 1032+2 1029 1.8-Cineole 917 10.76
17.636 1037+7 1030 Ocimene 932 0.09
17.959 | 1045+4 1034 a-Tolualdehyde 888 0.03
18.392 1049+2 1040 trans-Ocimene 943 0.38
19.119 1060+3 1049 y-Terpinen 931 0.38
20.524 1070+4 1067 cis-Sabinenhydrate 906 2.36
21.225 1088+2 1076 Terpinolene 930 0.10
22.817 1070+4 1097 cis-Sabinenhydrate 846 0.11
23.173 1146+3 1102 Isopulegol 762 0.39
24.042 116843 1111 Isothujol 811 0.14
24.677 1144+1 1118 cis-B-Terpineol 788 0.29
25.135 11311 1123 Cosmene 829 0.06
25.788 1139+2 1130 trans-Pinocarveol 884 0.34
26.452 114243 1137 Camphor 812 0.25
26.805 1144+2 1141 trans-Verbenol 845 0.16
28.342 1180+4 1158 cis-Pinocarveol 773 9.57
29.343 1164+N/A | 1169 Pinocarvone 813 27.06
30.183 1160+3 1178 (E)-Pinocamphone 859 3.80
30.473 117742 1181 p-Menth-1-en-4-ol 907 0.90

3,6-Dimethyleneoctahydro-1- 057
30.855 1199£N/A | 1185 benzofuran 809
31.141 1186£N/A | 1188 Isocarveol 783 0.52
31.464 119343 1192 Mirtenal 764 2.78
31.621 1189+2 1194 a-Terpineol 885 0.76
32.135 1195+2 1199 Mirtenol 878 3.06
32.183 1200 Unknown 1 0.42
32454 | 1204=N/A | 1203 Verbenone 931 0.05
32.902 1192+10 1208 Dihydrocarveole 723 0.05
33.06 | 122945 | 1210 p-Menth-1-en-9-al 863 0.03
33.944 122943 1221 cis-Carveol 915 0.32
35.187 123743 1236 Pulegone 916 4.41
35.239 1239+3 1237 p-Cumic aldehyde 889 0.07
35.433 123943 1239 Cuminal 918 0.34
35.822 1297+1 1244 trans-Pinocarvyl acetate 781 0.10
36.193 1253+6 1249 Piperitone oxide 873 0.61
36.805 125444 1256 cis-Myrtanol 827 0.05
37.627 1272+4 1266 Perillal 907 0.09
38.511 1285+3 1277 Bornyl acetate 721 0.06
39.604 129643 1290 Perilla alcohol 510 1.47
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2-(4-Methylenecyclohexyl)-2- 5.90
40.342 1287£N/A | 1299 propen-1-ol 875
40.606 1296+3 1302 Perilla alcohol 922 0.24
41.032 131745 1307 p-Vinylguaiacol 886 0.03
2-(1-Formylvinyl)-5-methylcy 0.03
41.549 1314+N/A | 1314 clopentanecarbaldehyde 747
41.945 132744 1318 Myrtenyl acetate 911 0.05
43.031 1331 Unknown 2 0.66
43.167 1340+4 1333 Piperitenone 903 0.05
44451 137715  |1348 3-Allyl-2-methoxyphenol 948 0.28
45.005 1390+3 1355 a-lonol 722 0.30
45764 | 137642 | 1364 a-Copaene 928 0.03
46.399 1384+3 1371 -Bourbonene 925 0.30
47.786 1394+3 1388 Jasmone 918 0.07
49.679 1436£N/A | 1410 Perilla acetate 835 4.98
51.26 1448+4 1427 Isogermacrene D 884 0.04
52.804 1457+2 1445 t-B-Farnesene 935 0.52
54.206 1481+3 1461 Germacrene D 922 0.27
54.573 1483+3 1465 o-Curcumene 908 0.04
56.734 1509+3 1489 B-Bisabolene 869 0.03
57.317 1518+10 1496 Cadina-3,9-diene 810 0.03
57.871 1524+2 1502 B-Sesquiphellandrene 908 0.04
61.0 1568+2 1549 Palustrol 931 0.30
61.573 1576+2 1557 Espatulenol 909 0.09
61.826 1581+2 1561 Epoxycaryophyllene 895 0.06
er}t—Germacra-4(15),5,10(14)- 0.05
62.622 1695£N/A | 1572 trien-1(-ol 827
63.558 1565+4 1586 Ledol 900 0.05
67.501 166042 1644 Neointermedeol 872 0.03
76.424 1768+5 1774 Myristic acid 899 0.03
81.244 18444 1845 Hexahydrofarnesyl acetone 931 0.24
81.967 1870+4 1856 Diisobutyl phthalate 768 0.03
89.932 1968+7 1972 Hexadecanoic acid 902 0.22
94.573 2046 Unknown 3 0.36
97.97 211445 2103 trans-Phytol 907 0.05
111.907 |2700 2684 Heptacosane 933 0.03
113.976 | 2900 2879 n-Nonacosane 911 0.03
Total 97.38
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Figure 2 — Extraction of essential oil in the Clevenger apparatus

The essential oil with hexane extracted from Hyssopus cuspidatus plant was
studied for its cytotoxic activity against the sea crab Artemia salina, the data results
shown in the table 2 of different concentrations of tested samples (10 mg/ml, 5
mg/ml and 1 mg/ml) showed lethal toxicity, that is, all the larvae died. Dimethyl
sulfoxide was used as a control solution (Table 2) (Suleimen, 2019: 2).

Table 2 — Cytotoxic activity of essential oil of Hyssopus cuspidatus

Ne Number of Number of larvae in | % % of Mortality, | Presence
larvae during | the sample surviving |surviving |A,% of neuro-
observation larvae in |larvae toxicity, %
Survi- |dead |Survi- |dead |para- |control |in the
vors vors lyzed sample

1 20 0 0 24 |0 96 0 96 0

2 27 1 0 20 |0

3 27 0 0 28 0

Average |25 1 0 24 0

The presence of cytotoxic activity in Hyssopus cuspidatus plant increases its
potential in the treatment of various inflammatory diseases such as oncology and
arthritis, asthma, rheumatism.

The antioxidant activity of the essential oil of Hyssopus cuspidatus was studied
by the FRAP method. To 0.1 ml of test substances in the concentration range of
0.25; 0.5; 0.75; 1.0 mg/ml, 0.25 ml of 0.2 M phosphate buffer (pH = 6.6) and
0.25 ml 1 % solution of potassium hexacyanoferrate (I1I) are added. The reaction
mixture is incubated for 20 minutes at 500 C, the reaction is stopped by adding 0.25
ml of 10 % trichloroacetic acid solution. The mixture is centrifuged for 10 minutes.
(3000 rpm). The top layer of 0.5 ml is mixed with 0.5 ml of distilled water and 0.1
ml of 0.1 % FeCl,. Optical density (OD) measurements are performed at 700 nm.
The antioxidant activity (AOA) of the samples was compared with the AOA of
butylated hydroxyanisole (BHA) (Xie, 2019: 1).
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Table 3 — Change in optical density of solutions depending on the concentration of working

solutions
Ne | Samples Optical density value at concentration (mg/ml)
0,25 0,5 0,75 1,0
1 | Butylhydroxyanisole (BHA) 1,5538 1,5628 1,6675 1,7438
2 Hyssopus cuspidatus essential oil 0,1087 0,1738 0,2324 0,4920
with hexane (Hysscuspid)

The results of the experiment showed a lower antioxidant activity of Hyssopus
cuspidatus essential oil compared to butylated hydroxyanisole as shown in Table
3. The presence of antioxidant activity in Hyssopus cuspidatus plant helps to
reduce the level of free radicals in the body and fight against various diseases,
including cancer (Yong, 2020: 1). Antioxidants are used to strengthen the immune
system, treat infections and heart disease, and prevent damage to cells and tissues
(Erkenova, 2017: 1).

Conclusion

Essential oil from Hyssopus cuspidatus was distilled in a Clevenge apparatus,
1074 g of essential oil was obtained from 100 g of raw material. The qualitative
and quantitative composition of the essential oil was determined on a Perkin Elmer
Clarus 600 chromato-mass spectrometer. Contains 83 components, which make up
95.94 % of the total components of the oil. Main components with high quantity:
pinocarvone (27.06 %), 1,8-cineole (10.76 %) and cis-pinocarveol (9.57 %o).
Cytotoxic and antioxidant activity of essential oil from Hyssopus cuspidatus plant
was determined.
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Abstract. This article discusses the process of obtaining sorbents for the
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composition of local marls determined with the methods of scanning electron
microscopy (SEM) and IR spectral analysis is given. It has been established that
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AnHoranmus. byn makanama meprenb Heri3iHAEr! KYKIpT TUOKCHIIH TazapTy
YIIiH COpOSHTTEpAl amy Mpoleci KapacThIpbLIaabl. PacTpibIK SIECKTPOH/IBI
mukpockonust (POM) sxone UK crmekrpnik Tangay onmicTepiMeH aHBIKTaJFaH
KEPTUTIKTI MepPTesIhIeP IiH XUMHSUIBIK )KOHE MUHEPATOT HSUTBIK KYPaMbl KEITIPLITeH.
Meprenbaep HeTi3iHEH KBIIIKBUT Ta3fapAblH OelceHai copOep KOMIOHEHTTEpi
OONBINT TAOBUIATBIH KaNbIIMHA MEH afOMHHUN KapOOHATTapbIHAH TYPATHIHBI
aHBIKTAIABL. 3epTTey OapBICHIHIIA MEPTeNbJli apanacThIpy apKbUIbI Ta3apTyablH
JKOFAPBI JICHreHiIMEH CUTIATTAIAThIH COPOCHT allyFa OOJaThIH/IBIFbI, COHBIMEH KaTap
KBIMOAT MaTepuasapibl KaKeT eTIEHTIHI aHBIKTaNIbl. OHOIpiINreH CcOpOCeHTTI
OHEPKACINTIK KAJBIK KBIIIKBUT Fa3ap/bl Ta3apTyaa KOJJaHyFa 00Jabl.

Tyiiin ce3mep: Mepreinb, ra3, KyKipT JUOKCHII, CYCIIEH3UsI, COPOCHT
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AHHoTaumMsa. B jJaHHOW cTarbe paccMarpuBaeTCs MPOIECC MOJyYeHHUs
COpOCHTOB MJIi OUYMCTKHM JAHMOKCHAA cephl Ha ocHoBe Meprened. Ilpuenen
XUMHUYECKHH U MHHEPAJIOTHYECKUI COCTaB MECTHBIX Meprelyiei, OnpesesieHHbIe
C METOJaMU PacTpOBOH AMeKTpoHHOU MuKpockonuu (POM) u MK-cnekrpanbHbiit
aHau3. YCTaHOBIEHO, YTO MEPTelid B OCHOBHOM COCTOUT U3 KapOaHaTOB KaJbLIUSH
albIOMHMHATa, KOTOpBIE SBISETCS AaKTUBHO COpPOEPYIONIMMH KOMIIOHEHTaMH
KHCIIBIX Ia30B. B Xozie NCCIIe0BaHMIl BBIBICHO, YTO CMEIIEHUEM MEPIEeIH MOXKHO
MOJTY4YHUTh COPOCHT, KOTOPBIH XapaKTEPU3yeTCsl BBICOKOH CTEIIEHBIO OUNCTKH, TAKXKE
He TpedyeT IOpOToCTOIONIMX MarepuanoB. PaspaboranHoro copOeHTa MOXKHO
HCIOJIb30BATh MPU OYMCTKE MPOMBIIIJIEHHBIX OTXOISAIINX KHUCIBIX T'a30B.

KiioueBble ciioBa: Meprenb, ra3, IMOKCHJI CEPBI, CYCIIEH3HUsI, COPOCHT

Introduction

Sulfur dioxide is the most common impurity in multicomponent process and
waste gases. This is due to the fact that sulfur is one of the most common chemical
elements and is found in large quantities in almost all types of mineral raw materials.
This is especially true for industries with high consumption rates of gas flows or
emissions. Such industries include thermal power plants, metallurgical workshops,
hydrocarbon processing, soda production, etc.
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Currently, various methods of cleaning gases from sulfur dioxide are used:
absorption; adsorption; catalytic. One of the most common methods is the absorption
method, which is characterized by simplicity of execution and a relatively low
present value.

Both methods of physical absorption of gases and chemisorption methods of gas
absorption have found application in industry. Thus, during chemisorption, water,
aqueous solutions and suspensions of salts of alkaline and alkaline earth metals are
used as absorbents. Lime, magnetic, zinc and ammonia methods are known.

Marl is an affordable and cheap natural mineral, up to 70 % of its composition
contains limestone (CaCO,) and is widespread in large quantities in the Aral Sea
region. Marl belongs to sedimentary rocks of mixed origin, to the clay-carbonate
group of rock s (Khaibulina, 1986).

The color is varied and depends on the color of the clay admixture. The rock
is dense, often layered. It consists of a mixture of calcite and clay (clay 30-50 %)
This is a calcareous-clay rock, in which clay particles are cemented with carbonate
material. The distribution of clay and carbonate matter in marl is most often
uniform. Usually, marl is understood as a rock in which the CaCO;, content ranges
from 25-30 %. With a high content of CaCO,, the rock is called marl limestone,
and with a lower content — clay marl. These types of rocks connect marl, on the one
hand, with limestone, on the other — with clays (Pryadko, 1992).

At the same time, on the territory of the Kyzyl-Orda region, in the Kazalinsky
district, carbonate-clay rocks, which are of great practical importance not only in
the construction industry, but also in the chemical industry, are common at the
Baykhozhinskoye deposit. Marl is a sedimentary clay — carbonate rock, including
carbonate (calcite, dolomite) and clay (kaolinite, montmorillonite, hydrosludes)
parts with admixtures of quartz, feldspar. Depending on the ratio of the carbonate
and clay parts, a continuous series is possible: clay, clay marl, marl, calcareous
marl, clay limestone, limestone. Marls containing 75-80 % CaCO, are called
cement marls or "naturals".

Results and discussion

Experimental physico-chemical and analytical research methods were chosen to
conduct research on the study of the characteristics of local marls for the production
of sorbents: electron microscopy, IR spectroscopy, elemental analysis and X-ray
phase analysis.

To determine the possibility of using the slags of local marls of the Kazalinsky
district, Baizhinskoel when obtaining sorbents, we investigated the chemical
and mineralogical composition of marl samples using modern physico-chemical
analysis methods.

The microstructure and elemental composition of marl and fly ash were studied
using an electron microscope "Scanning electron microscope JSM-64901 V" (Jeol,
Japan). The results of the analysis are presented in Table 1 and Figure 1.
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Table 1-Chemical composition of marl from the Baykhozhinsky deposit

Element ‘ Weight % ‘ Atomic % ‘ Oxides ‘ In terms of oxides , the mass %
Marl
C 14.07 22.67 - -
(0] 48.53 58.68 - -
Mg 0.45 0.36 MgO 0.59
Al 1.06 0.76 ALO, 0.80
Si 1.56 1.07 SiO, 3.33
S 0.24 0.14 SO 0.59
K 0.20 0.10 K,0 0.24
Ca 32.92 15.89 CaO 46.05
Fe 0.98 0.34 FeO 1.26

It follows from Table 1 that the content of the useful component in marl is Ca —
32.92 %, C — 14.07 %, O — 48.53 %, which is quite sufficient for use as a sorbent
for the purification of sulfur dioxide.

Momeaa sana 7205w, Kypcop 0000

Figure 1. Microstructure and elemental composition of the marl sample

Studies of the mineralogical composition of the studied samples were carried
out on the DRONE - 3 device. The obtained results of X-ray phase analysis are
shown in Figures 2.
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Figure 2. Radiograph of the marl sample

It follows from Figure 2 that the radiograph is characterized by intense diffraction
maxima c-d equal to: 3.04; 2.28; 2.08; 1.869 A° characteristic of the calcite phase.
There are less intense peaks with d equal to 4.18; 3,859; 3.57 A° corresponding to
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the kaolinite phase. There are low intensity diffraction maxima characteristic of the
sodium feldspar phase with d equal to 2.41; 1.90; 1.77 A°.

Radiograph of marl intense diffraction maxima of calcite and kaolinite phases.
Unlike the first sample, non-intense peaks of anorthite (calcium feldspar) with-d
equal to 3,809; 2,097; 1,926; 1,626; A° corresponding to calcium ferrite are
observed.

The process of obtaining suspensions based on local marls is carried out as
follows. The ratio of solid and liquid substances is 1:2, that is, 30g of local marl
and 60 ml of dist are selected.the water is loaded into the reactor. The mixture is
thermostated at a temperature of 20-80° C for 25 minutes. The result is a suspension
for the production of sorbents. Table 2 shows the chemical characteristics of the
suspension obtained by decomposing distilled water marl.

Table 2. Chemical characteristics of suspensions

Experience | Marl, mg | Dist.water, | Temperature, | Density, Viscosity, u | pH value
ml C° g/l
1 30 60 20° 1,185 2,95 9,095
2 30 60 40° 1,145 3,12 9,103
3 30 60 60° 1,139 3,26 9,111
4 30 60 80° 1,123 3,52 9,378

It follows from Table 2 that with an increase in temperature in the process,
an increase in the density, pH of the medium and the viscosity of the resulting
suspension is observed. After the end of the experimental work, the degree of
clarification of suspensions was recalculated. Figure 3 shows a graph of the change
in the dependence of the degree of lightening on time.
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Figure 3- Graph of the change in the dependence of the degree of lightening on time
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Conclusions

The chemical and mineralogical composition of local marls has been studied
using modern physics and chemical analysis methods. By mixing the main
components, it is possible to obtain a sorbent that is characterized by a high
degree of purification. It has been established that marls mainly consist of calcium
carbonates, metasilicate, aluminate and calcium ferrite, which are actively sorbing
components of acid gases. As the electron microscope analyses show, the main
elemental component of marl samples is calcium and oxygen, which make up 32.92
and 48.53 %, respectively. The table also shows that the elemental composition of
ash mainly consists of oxygen, silicon, carbon, aluminum, iron and calcium, which
make up 47,88; 17,50; 12,85; 9,97; 3,37; 42,67 accordingly.
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