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Central Asia Science Review covers a broad spectrum of disciplines to foster interdisciplinary dialogue
and innovation. By integrating diverse fields of science, technology, humanities, and business, the journal
provides a comprehensive platform for researchers, practitioners, and policymakers to share
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MATEMATUKA CABAFbIHOA OKYWbITAPObIH ®YHKLUUOHAINODbIK
CAYATTbIbIFblH OAMBITYOAF bl LW®PIIbIK KYPAJTOAPAODLI
KONAAHYAbIH NEOQAIOIM'MKANbIK TOCUIAEPI

AHHOTALMS
3aiiTikaHOBa ApaiiibiM, Kasipei 6inim 6epy sicyiiecinde oxyubiiapovly anzan OiniMiH oMIpaiK dcaz0asmmapoa Konoauna
«Maremaruka N£¥faﬂiMIlePiH Aagpnay» any xabinemin Kareinmacmulpy Oacmul miHOemmepoiy Oipine atinanein omwip. byn manan
MaMaH Il GOHEIHINA JOKTOPAHT DYHKYUOHANOBIK, CayammbLIbIKMbl OAMbIMY Kadcemminicin apmmuipadsl. Ocipece, KQuiblKman
https://orcid.org/0009-0008-5674- JicaHe YUPpaviK OKLIMY Key opic anzan 3amanoa, oinim bepyoe yu@prulx Kypanoapovl OpbiHOb
8225 api Makcammol KONOAHY MY2animoepoiy Kaciou Ky3vipemminiciniy manybl30bl bonicine alHanobl.
SDU UNIVERSITY, Kasakcran Conovikman yu@dpvix mexHon02uAnapobly OKblmMy MA3MYHbIMEH Yinecimoi Kipikmipinyi — 6inim

Pecniy6nukacet

araizaitzhanova@gmail.com

bepyoiy canacvln apmmulpyObly 63ekmi wapmul Oonvin mabdwvliadvl. byn maxarada 7-8-
CHIHBINMAPEA  APHANEAH MAMEeMAmuKa noHi OOUbIHWA OKYWBINAPOblY  DYHKYUOHANOIK

Chuabixos BaxuiT Cayammoliblebld  0aMblmyoa — Yu@pavlx — Kypandapovl  muimOi  KONOAHy — JHCON0apuvl

TMe/ATOTHKA FEUTBIMAAPBIHEIH JOKTOPEL Kapacmuipulnadwl. 3epmmey oapvicvinoa GeoGebra, Desmos, Google Forms, Kahoot, Quizizz,
JIOLIEHT. LearningApps cusxmuvl nramgopmaniapoviy 0Ky npoyecide blKnaibl CUNAMmMAibii, 0AapPOblH

hitps:/lorcid.ora/0000-0003-3404- IPKAUCHICHIHBIY, — OKYUbL  OA8ObICHIH ;gaﬂbmmyacmbzpy()agbt peni  manoauovl. l[ud)pﬂb'n;
2014 MEXHON02UANAPObIY  OKVILBIHBIY JOSUKATLIK OUAAYbIH, AKNApammyvl manodaybl MeH uleuim
SDU UNIVERSITY, Kasakcran Kabwvlnoay Kadinemin 0amulmyoazbl MAybl3bl HAKMbl Mblcandap apkwlivl kepcemindi. ConvimeH
Peciry6iuKach Kamap, (QYHKYUOHAanIOblK manculpmaiapoviy yui Heeizei mypi — PISA-¢popmammer ecenmep,
bakhyt.sydykhov@sdu.edu.kz 24CA0AAMMBIK MANCHIPMALAP HCIHE KOIOAHOANbI ecenmep MA3MYHObIK JiCoHe 20icmeMeniK

mypevloan dicikmenin, onapobl yugpavlx opmamma dicyseze acvipyowvly muimoi macinoepi
YCbiHbLIO0bl. Makanaoa omanoblK JHcaHe XAnblKApaniblK magicipubenepoi canvblcmulpy Hecizinoe
nedazo2uUKaAIbIK YColHbicmap 6epinoi.

Tyuin co30ep: @GyHKyuoHANObIK CAYammulivl, Yupprvlx Kypanoap, MamemamuKaisly
Modenvoey, oKy momueayuscel, PISA ecenmepi, kawwixman oxbimy, nedazo2uxkanvly a0icmep

KIPICIIE

Kaszipri 3amanrs! 6i1im Oepy KyHeciHiH TpaHcopMannsuiaHysl, HUQPIBIK TEXHOIOTUSUIAPBIH KapPKbIHABI 1aMYBbI )KOHE
KOFAMHBIH ~ QJICYMETTIK-DKOHOMUKAJIBIK ~CypaHbICTaphl OUTIM  almyIIbIapaslH  (GYHKOHOHAIABIK  KY3BIPETTUTIKTEPiH
KaJIBINTaCTBIPY MOCEJIECiH aJABIHFBI KaTapFa HIbIFapyla. Ocipece, KapaTblIbICTaHy-MaTeMaTHKAIBIK OarbITTarbl MOHACPAC
OKYIIBIHBIH TEK TEOPMSUIBIK OUTIMII MEHrepyl >KeTKIJIKCi3, OHBIH ajFaH OUTIMIH eMIpIiK >XarjasrrapAa KojjiaHa aiy,
JIOTHKAJIBIK OWIIay, EpeKTep/li Tajiay jKOHEe MaTeMaTHKAIbIK MOAEIbACY CEKULAl NaFabpuIaphl KYHeIN TYple AaMBITY KaxeT.
Ochl TYpFBIIaH aTFad/a, QyHKIMOHAIIBIK CayaTThUIBIK — 3aMaHayH Ois1iM Oepy rnapaAnrMachIHbIH HET13T1 HHANKATOPIAPBIHBIH
0ipi O0ITBIT TaOBLTAEL.

Xanpikapanslk neHreiine sxyprizinerin PISA (Programme for International Student Assessment) 3epTreymepiHig
HOTWKeNepi OumiM Oepy KyHeciHiH THIMAUIrIH Tek OiiM camacsl apKpUIBI eMec, OLTiM alTymIbuIapbIH OHBI KOJIAAHY
KabineriMeH Oaranay KaXeTTiriH manenneni. KazakcTaHHBIH Oyl 3epTTeyre KaThICybl OTaHABIK OuTiM KykeciHzaeri Oipkarap
MaoceJernepli alKbIHAAI, OKBITY Ma3MYHBIH JKaHApTyFa TYPTKi Ooipl. Ocipece, MaTeMaTHKANIBIK CayaTThUIBIK JICHIeHiHaer
OJIKBUIBIKTAP OKYIIBUIAPIBIH (DYHKIIMOHAJIBIK Oiiylay KaOieTiH JaMbITy ja )KYHesTi TOCUILACPIIH )KETKUTIKCI3 eKeHIH KopceTe/Ii.
ConbIMeH Katap, OuniM Oepy mporecinae nupPIbIK TEXHOJIOTHIAPbIH KeHIHEH KOJAaHBUTYBI OKBITY 9JIICTEMECIH jKaHalla
yibpIMaacTeipyFa MyMKiHAIK Oepeni. Kambikran xoHe apamac QopmarTarsl OKBITY JKarJalblHAAa OKYIIBUIAPBIH
MaTeMaTHKAIBIK CayaTTBUIBIFBIH apTTHIPYyJla MHTEPAaKTUBTI IuIaTdopManap, OeHHeTarncelpMaiap, OHJIAHH TECTiiep MEH
BU3yaJJIbl MOJENBACY Kypajaapbl THIMII NeJarorvkajiblK oficke alHamyaa. Adnaiima Oy Kypangapisl MakcaTThl TypAe
KOJIIaHy YIIiH apHaibl 9[liCTEMENIK TOCIIEp MEH IeAaroruKallbIK jKo0aaypl KaXeT eTe/.

Ochbl Makanaga IUQPIIBIK KypalngapAblH MaTeMaTHKaJIBIK OUTiM Ma3MyHBIHA MHTETPAlMsIaHy YAepici MEH oJapblH
(YHKIIMOHAIIBIK CAyaTThUIBIKTHI KAJIBINTACTHIPYJaFbl POl TEOPHUSUIBIK YKOHE 9/1ICTEMEITIK TYPFBIAAaH KapacThIpbUIabL. 3epTTey
OapbIChIHIA Ka3ipri Meaarornkaaa KoJIaHbUIaThiH HUQPIIBIK pecypcTapablH MYMKIHIIKTEp] capalaHblll, OKYIIBIHBIH OUTiMiH
eMipMeH OallyIaHBICTBIpyFa OarbITTalIFaH THIMAI Tocinaep TangaHaabl. COHbBIMEH KaTap, OKy MOTHBALMSCHI MEH AepOecTik
KaOUIeTTUIITiH apTThIpyAa OyJ1 KypasIaapablH BIKIAT €Ty TETIKTEpi A€ 3epAeIeHe .

Binim Oepy xyitecinne (QyHKIMOHAIIBIK CAyaTTBUIBIK YFBIMBIHBIH aJaThIH OpPHBI XKBUI caHar apThin Kejeni. OHbBIH
MaHbI3/IbIIBIFBI OKYIIBIIAP/ABIH JIFaH OLTIMICPIH eMipIliK JKaFaasTTapa THIMAI KOJIJaHa aly KaOijeTiMeH aHbIKTaIa sl. by
YFBIMHBIH TEOPHSUIBIK HeTizaepi A.A. JICOHThEBTIH eHOEKTepiHIe ICHXOIMHIBUCTUKAIIBIK KOHTEKCTE CUIIATTaJIbII, aJaMHBIH
QJISYMETTIK OpTaja TIJIK >KOHE KOTHUTHBTIK pecypcTapblH KoijiaHy KaOineriMeH OaitmanbicTeipburra (Jleontses, 2003).
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3amanayn OimiMm Oepy 3eprreyiepi Oyil YFBIMIBI KEHEWTIN, OHBI OKYIIBIHBIH MaceJeNiep/l MIeHIy/eri MpaKTUKAJIBIK
OpeKeTTepiMeH TiKenel 0alIaHbICTHIPATBL.

OYHKITMOHAIIBIK, CayaTThUIBIKTHI OaFranayablH XaIbIKapaiblK cTaHmapThl peTige PISA 3eprreynepi tansivan. OECD
(2019) marepuanymapsiaa QYHKIMOHAIIBIK CAyaTTBUIBIK — OYJI aKmapaTThl TYCiHYy, KOJJIaHy, Tajjnay, TYCIHIIpy >KoHe o
KOpPBITa aly KaOiIeTTepiHiH >KUBIHTHIFEI PETIHIC CHUMATTANAABl. Byl 3epTTey KYphUTBIMBI OKYIIBUIAPABIH TEK TCOPHUSIIBIK
OumiMiH emec, col OUTIMII IIBIHAHBI OMIPIIK JKaFgasTTaplaa KoJMmaHy KaOineTiH Oaramayra OarbITTanraH. KasakcraHmarsl
3epTTeyNiep e OCBhl OAFbITTHI Koimail OThIphI, PISA QopmarsiHa OceiiMIOeNnTeH TarchlpMaiapAbl OKy IPOIECiHE EHTI3y
KaxeTTirin asra Tapransl (Hazapbaes 3ustkepiik mekrenrepi, 2020).

MyHpaif Tocimai >Ky3ere acelpyna IUQPIBIK TEXHOJIOTHSIIAP MAaHBI3ABI PONl aTKapaabl. Ocipece MaTeMaTHKAaJIbIK
TIOHJICP/IC aKMapaTThl BU3yaJH3alMsIIay, MOJCIBICY JKOHE ©3apa dPEKETTECY MYMKIHIIKTEPIH KCHEHTY apKbUIbI MH(PITBIK
KypaJigap OKYLIBIHBIH OWnay KaOuneriH Oencenmipyre bikman ereni. Koitremmnes (2022) GeoGebra men Desmos Topizai
iatopManapIeH QYHKIIMOHAIIBIK €CETITEP i MEnTyIeri KoMaan0ambsl MaHb3BIH atan etce, CelitkazuHa (2021) mudpibix
w1aTopMaliapIIH 0Ky MOTHBAIUSCHIH aPTTHIPHII, OKYIIIBUIAP IBIH ©3IriHEH OUTIM aITybIHA MYMKIHIIK OCpeTiHIH ToNeIeHIi.

Byl TYXKbIppIMAap KalIbIKTaH OKBITY >KaFfaibIHIAFbl IEAaroTMKaNIBIK TaXipuOemeHn ae yHaeceai. COVID-19
TIAHJEMUSICHl KEe3EHIH/e KAIIbIKTaH OKBITYFa JKallllail Kelly MyFaliMAep/i »KaHa TEeXHOJOTHSUIBIK IIeIIiMAepAl KOJJaHyFa
ntepmeneni. Epmexosa (2020) 3eprreyinne Google Classroom cexingi muardopmanapaa yisIMIaCTHPUFaH (yHKIIMOHAIIBIK
TarchlpMaiap OKYIIBUIAPABIH AepOec >KoHE MIBIFapMallbUIBIK OpeKeTiH bIHTajaHiplpraHsiH kepcereni. UNESCO (2020)
OassHIaMachIHIA Ja IUQPPIBIK OKBITY — OUTIM amymarbl TCHIIK TEH KOJDKETIMAUTIKTI KaMTaMachl3 €TYAiH MaHBI3IBI KOJBI
peTiH/ie KapacThIpbLUIa bl

Ochl opaiina, MyFamiMaeplIiH OUGPIBIK KY3BIPETTUIr MEH IMEAarorMKaNbIK Tociuiaepai mudpIibslK KypaingapMeH
yITacTelpy Kabineri Herisri mapt petiHge anra mberaasl. Jlynerosa (2022) e3 eHOeringe MyFaliMAEpIiH OKYIIBUIAPBIH
(YHKIMOHAIIBIK JAFbUIAPEIH KaJBIITACTHIPY YIIIH KaHAAl TarcelpMasapbl KOJIAAaHYbl KEPEKTIriH HAaKThl MbICAJIapMEH
ycoHazapl. by unesutap Hazap6aeB 3usTkepitik MEKTENTEepiHiH 9icTeMeNiK HYCKaylapblH/a 1a KepiHic Tabaibl: MyFallim —
Tek Oitim Gepyi emec, UQPIBIK TEXHOIOTUSIHEI OKBITY POLIECiHE THIMAI KipiKTipeTiH sko0anayst 6oy Tric (H3M, 2020).

Ocpblnaiinia, OKyIIbUIap IbIH (YHKIMOHAIBIK CayaTThUIBIFBIH JaMBITY — KELIEH 11 [Te1arOTUKaJIBIK MiHzeT. by ynepicre
IUQPIBIK KypanaapslH JICYeTiH THIMAI NaijanaHy, MYFalliMHIH SIIiCTEMENIK JaspibIFbl JKOHE XalblKapajblK Oaranay
KYPBUIBIMIApPBIH €CKepe OTHIPBI OKY Ma3MYHBIH OeiiMaey — OipTyTac >xyle peTiHne KapacThIPhLIYBI THIC.

MATEPUAJIJAP MEH 9JICTEP

3epTTey cHUIaTTaMalbIK-9MICTEMENIK CHUIaTTa JKYPri3iUiAli >KOHE OKyIIbUIAPABIH (YHKIMOHAIIBIK CayaTTHUIBIFBIH
JIaMbITy/la KOJIAHBUIATBIH LUQPIBIK KYpajlapAbl IeJaroruKanblK TYPFBIIAH THIMIAI MaiJaaHylblH oMICTEPIH TaygayFa
OarpITTaNAbl. 3€pTTEy MaKcaTblHA COWKEC, MasMYHIIBIK Tajllay, CalbICTBIPMAIIBl CHITATTaMa KOJIAAHBUIABL. 3epTTEy HBICAHBI
perinne Kazakcran PecnyOnmkaceinmarbl skanmbl OuTiM OepeTiH MEKTenTepnae 7—8-ChIHBINTap/a OKBITHUIATHIH MaTeMaTHKa
TIoHI aJIBIH/ABL. Ma3MyH/IbI Taiay O0apbIChIHAA OKY OaFmapiaMalapbelnaa, oKy-oaicremenik kemenaepae (OMK, KMX), sxone
MYFaJliMJepAiH TOKIpHOeiK cabakTapbslHIa KONJaHBIIATHIH TAICHIPMAIap IbIH TUIITEPi MEH KYPBUIBIMBI KapacThIPBUIIBL.

CoHpIMeH Karap, (YHKIMOHAIIBIK CayaTThUIBIKKA OarbITTalIFaH TalchlpMaliap JKyHeciHn Ttamgay kesinge PISA-
(hopMaTTHI ecenTep, JKarJasiTTHIK TarlchlpMaap, aHe KOJIIaHOabl eCenTepliH epeKIIeTiKTepi eCKepui.
3eprrey OapbichiHAa Keseci TUGPIIBIK KypailapAblH GYHKIMOHAIBI TalaH/Ibl:
e GeoGebra — MaTeMaTHKaIBIK MOJIEIIbICY, IPpadHKTEp KYPY, QyHKIMIApAB TaNAay;
e Desmos — AuHaMUKaJIBIK TpaduKaiblK TarcelpManap jxacay;
e Google Forms — onmaiin ¢hopmarra TecT airy, GopMaTHBTI Oaranay;
e Kahoot / Quizizz — naTepakTUBTI OiTiMIi OEKiTYy;
e Google Classroom — oKy TancelpMaiapblH YHBIMIACTHIPY KaHE Kepi OaiiiaHbIc OpHATY.

AranraH 1muQPABIK  Kypajjap OKy MpPOLECIHAE OKYUIBUIAPABIH JIOTHKAJIBIK — OWIAybIH, aKMapaTThl — Talaay
KabineTiH, aepOec memimMm KaObuIIaybIH, )KoHE TY)KBIPBIM Kacay OUTIKTUIITH AaMbITY YIIiH MaiJaaaHbliibl. 3epTTeyae HAKThI
OKy Ma3MyHBIHaH aJbIHFAH TAalChIpMaJIap MbICAIFa AJIBIHBIN, OJAapAblH LUOPIBIK (opMmarTarsl KONJaHy THIMIUIITI
CHUITATTAIIBI.

CoHBIMEH KaTap, KOHTCHT-TaJIay 9JIiCi apKbUIBl OTAHABIK JKOHE IIETENIIK 3epTTeyiepleri HUQPIbIK OKBITYIbIH
TIeIarOTHKAJIBIK acTeKTiiepi capanTainabl. by oic aBTOPIBIK oicTeMENepAl CAIBICTBIPHII, OJNIAPIBIH KYIUTI JKOHE JICI3
KaKTapblH alKbIHAAyFa MYMKIHAIK OepIi.
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3eprrey OapbIChIHIA albIHFaH aKHmaparrTap MEH MbICajiap CHUIaTTaMabIK TYPFBbIAA KYHEIeHIN, olapabl THIMII
KOJIAAHY/BIH TIE€AarOTUKANIBIK TOCUIEp] YCHIHBUIIBL. MakcaT — T€K TEXHOJIOTHSHBI KOJNJaHy eMec, OHBI ()YHKIIHOHAJIBIK
KY3BIPETTUTIKT] KaJIBINTAaCThIpyFa OaFbITTAIFaH Ma3MYHMEH YHIIECTIpY.

HOTUXEJEP MEH TAJIKBLUUIAY
3epTTey HOTHKECIHE IIUQPITBIK KYPaIaap bl KOJIIaHy IbIH OKYITBUIAPABIH (PYHKIIMOHAIBIK CayaTTHUTBIFBIH JaAMBITY/1a
alTapIBIKTAl dJIeyeTKe e eKCHI aHBIKTAIIEL. OAeOneTTepre ®oHe cadak yaepiciHmeri HaKThl OaKbUIayIapFa CYHeHe OTHIPHIIL,

TGMCH,I[CFi ncaaroruKaibIK acneKTinep )I(YﬁeﬂeH,I[i:

Kecre 1: MaTemaTnkaga KOJIaHbLIATBIH HHQPJBLIK I1aTdopMAanap

Kypax atays Konmany Makcatsl OYHKITMOHAIIBIK JaFIBIHBI TaMBITY

GeoGebra OyHKIMA TpadUTiH KYpy, KOOPIUHATTHIK MateMaTHKaIIBIK MOJICIBICY,
TCOMETPHS BH3YaJIM3aIHsl, KOPBITHIH/IEI )Kacay

Google Forms Kambikran popmarra 6aranay, e3iHaiK AKmnapartIieH JKyMBbIC, IePEKKE
TECTTEP HETi3/IeNreH mIeniM KaObuaay

Kahoot / Quizizz KBI3BIFyITBUTBIKTHL apTTHIPY, KBUITAM XKb1maam oiinay, yakpITIICH )KYMBIC,
OakpLIay JIOTHKAJTBIK TAJIIAY

Desmos YKoFapbl CHIHBIITapFa apHAJIFaH HHTEPAKTUBTI | AHAIMTHKAIBIK OMIIAy, (YHKIASHBI
rpadukTep 3epTrey

LearningApps MaTteMaTHKaIIBIK TSPMUAHACP/I OCKITY, TaHBIMABIK OSJCEHILTIK, €CTe CaKTay,
ColikeCcTeHIIpY KYPBUTBIMJIAY JTaF IbUIaPEI

Byrinri Targa 6iniM 6epy canachl OKyIIBUIAPIBIH TEK TCOPHSIIBIK OLTiM TeHTreHiMeH eMec, CoT OLTiMTI IITBIHAWEI OMIpITiK
KarmasTTapaa Kojijgana aixy KaoineriMeH enmeneai. Ocbl TYPFBIIaH ajFaH/a, GyHKIMOHANIBIK CayaTThUIBIKKA OarbITTaIFaH
TarcelpMaap Kyheci — OKyIIBIHBIH OUTiMII ToxKipnOeae KogaHy JaFAbIChIH JaMBITYABIH HET13T1 Kypajibl. 3epTTey OapbIChIHIa
OCHl THNTET! TalChIpMallap/AblH YII HETI3rl Typl capalaHbIl, OJIAPABIH Ma3MYHJIBIK JKOHE OJICTEMENK epeKIIeTiKTepi
TOMEHJIETIIeH CHIIaTTaJIIbl:

1. PISA-dopmarTsl ecenrep

Epexmieniri:
PISA ynricinzeri TarncslpManap — XalbIKapasblK Oarajiay CTaHAapTTapblHAa HETIi3ZEeIreH, HaKThl eMIpIiK KarnasTTapMeH
OaiyIaHBICTRIPBUIFAaH, KYPACTITIri opTypii HeHreiaeri kemkamamisl ecenrep. Onap OKYIIBIZAH €CENTi IIEmly YIIH TeK
(opMyIaHbl KOJIAaHY/Abl €MeC, AKHAPATThI TYCiHY, Tanaay, CaabICThIPY, HIeHIiM Ka0blLIAay KoHe TdJ1eJIIeyAaF bUIapblH
Tayan eTei.

Mpbicada:

«Koniknen ocypy Kymol exi mapugnen ecenmenedi. A bexemi men B bexeminiy apaxawwixmoizol 18 km. Bip mapugh
ootvinwa: 400T + 50T/km. Exinwi mapug 6otivinwa: 300T + 70T/xm. Kait mapug muimdi? »

By ecen Tek apumMeTrka emec, yarijiey MeH CajbICThIPY KaOlIeTiH 1aMbITa bl

2. KarnaasTTbIK TANICBIPMAJIAP

Epexmieniri:
JKarmasTTBIK TamcelpManap OKy Ma3MYHBIH IIBIHAWBI ©MIPMEH TiKelieH OaiaHBICTHIpyFa Herizmeneni. by twumreri
TarncelpManap KeOiHe KOFAMIBIK, IKOHOMHKAJBIK, TYPMBICTBIK HeMece TEeXHOJOTHSUIBIK JKaFaailjiapabl CHIIATTAall,
OKYIIBIIAaH JIOTUKAJBIK TAMBIM, TKIp alTy, TaHAAY jKacay CEKiJIi opeKeTTep i Tajar eTeI.

Mbicain:

«Atioana cayoa opmanvigvina 6apowvi. Onda Oipoell asx Kuim exi OyKeHOe apmypii OasameHr camvlibin Jcamulp: OipiHoe
— 10% orcenindixnen, exinwicinoe — 15% oicenindix, Oipax bacmankvl bazacel xcozapwl. Atidanasa Kaim OyKen muimoi? »

By tanceipMa OKylIbIIaH NalbI3ABIK ecenieH KOca, IKOHOMHUKAIBIK THIMAIIKTI 0aFanay MeH LiewivM Ka0bLiaay
KaO0ineTiH Tanar eremi.

3. Kospan6ansl ecenrep
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Epexmeniri:
Konpmanbanel ecentep HAaKTBI MOHIIK Ma3MyHIBl (Maremaruka, (usmka, reorpadust sxkoHe T.0.) OMIpIIK KOHTEKCIICH
yimractelpansl. MyHnaid ecenrep keOiHece eJiey, yakbIT, KbUIIAMIBIK, MPONOPLMs, MACIITA0 CHIHIBI YFBIMIApMEH
OaitanpIcTel  Oonazmpel. Onap OKYIIBIHBIH MaTEMaTHKANbIK YFBIMAAPIB! KOJJIaHy apKbLIbI KYHAETIKTI Macesenepai
IeNIy JaFbICHIH AaMbITa bl

Mbicain:

«Casnbakmueiy maxemi 1:200 macuwmabnen canvinean. Ezep sconoviy Y3uiHovizbl Makemme 7.5 cm 6oaca, casbaxmasvl
HAaKmbl HCONO0bIH Y3bIHObIZbL KAHOAU? »

Byt ecenn HaKTHI MaTeMaTHKAJBIK 0i/1iMIi 6MipMeH 0aiiyIaHBICTBIPYFa OarbITTAJIFaH.

CaJbICThIPMATBI CHITATTAMa

Kecre 2: CanbicTbIpMAaJIbI CHIIATTAMA

Kpurepuii PISA-dpopmattel ecentep | JKarmasTThIK TancelpMasap Konmanbainsl ecentep

Herisri makcar OYHKIHOHAIBIK [erHatien xarmasTTe!l menry | [Tormik OimiMai KonmaHy
KY3BIPETTUIIKTI Oaraay

Haraer Typi Tangay, nmenenaey, | baranay, mikip aiity, Tangay | @opmyiaaMeH ecenrey,
IemriM Kaopuiaay xKacay TyciHAipy

KubIHABIK JeHT el

Oprama — xKorapsl

Opraima — xKorapsl

BaCTaHKBI — OpTaiia

[TonapanpIk GaiaaHbIC Korapsl Opraima — xKorapsl TeMeH — oprama
KonpmansutaTsa Kypanaap Google Forms, PISA | Kahoot, Google Docs GeoGebra, Desmos
0aHK

KOPBITBIH/IBI

JKyprizinren 3eprrey HOTHXKEIEpl HUQPIBIK Kypalgapasl MeJarorukaiblK MakcaTTa XKyieml api THIMAlI KOJIgaHy —
OKYIIBIIapAbIH (PyHKIMOHA/IBIK CayaTThUIBIFBIH aMbITY/1a MAHBI3/IbI POJI aTKapaThIHBIH KOPCETTi. Ocipece, 7—8-ChIHBINTapFa
apHaJIFaH MaTeMaTHKa IoHiHae KoinanbuiatelH GeoGebra, Desmos, Google Forms, Kahoot, Quizizz, Learning Apps CHSKTBI
aTgopManap OKy MaT€pHaJIbIH BH3yaJHM3allisuIaln, OKyIIbl OCJICEHIUIriH apTTHIPHIN KaHa KOMMal, JIOTHKAJBIK Ouiay,
aKMaparThl Tajjay, MMM KaObUIIay CEKUIMI (YHKIIMOHANIBIK ITaFAbUIapasl AaMbITyFa MyMKiHmik Oepeni (H3M JIBBY,
2021). OyHKIMOHAIABIK CayaTThUIBIKTHI AaMBITYFa OaFbITTalFaH TarchlpMaiap KYpPbUIBIMBIHA JKYPTi3iIreH Taijaay ojlapablH
YII HEri3ri Typre OeJiHeTiHIH KOpCeTTi:

1. PISA-dopmaTThl ecentep — XanbIKapaliblK Oarajiay TajanTapblHa ColKec KeJleTiH, O©MipMEH THIFBI3
0ailuIaHBICTHI, )KOFAapHI JICHIeHIer] OMIay /Ibl KayKeT eTETiH ecenTep;
2. JKarasTThIK TancepMaiap — OKyIIBIHBI ©MIpJIiK JKaFqaliFa eHJIipe OTBIPHIIL, JTIOTUKAIIBIK AabIM MCH

JIoTieNiey apKbUIbl MIenTiM KaObliiayFra OarbITTalbl;

3. Kommanbaner ecenrep — MOHAIK OUTIMAI TpaKTHKaMEH OalIaHBICTHIPBIN, IIBIHAWEI eMipie

konpanyra yipereni (Kabapikaiieiposa, A. XK, 2020).

Ocpl TancelpMasap/pl OpbIHIAY OapbICHIHIA KOJAAHBUIATHIH HHUGPIBIK KYpaIIapAblH SPKANHCHICHIHBIH €pPEKIIeir
alikprHanaB1. MaceneH, GeoGebra QyHKIMsIIapIb! 3epTTEYTE )KOHE MaTeMaTHKAIBIK MOZCIIBCYTE XKaFail skacaca, Desmos —
JIMHAMUKAaJIBIK TpaUKTEp apKbUIbl aHATUTHKAJIBIK Oiiay el nambITazsl. Google Forms — KanIbIKTaH TecTiney MeH JepeKTepre
HeTi3Zienred Oarajay/ibl JKy3ere acblpyra MyMKiHIik Oepeni. Kahoot skoHe Quizizz — okpITy yaepiciHe redmudukanms
JIEMEHTTEPIH €HTi3y apKbUIbI KBI3BIFYIIBUIBIKTEI apTThIpaipl. An LearningApps apKpUibl TaHBIMIBIK OCJICEHAIIIK TIEH ecTe
cakTay Kabineri nambrTbuians! (Tondeur et al., 2017).

3eprrey OapbiChiHIA KOHTEHT-TANAAY OJiCi apKbLIbI OTAHJBIK JKOHE IIETEIIIK TKIpHOEIep CabICTHIPBLIBII,
IUQPIIBIK OKBITYIaFbl THIMJI diCTEMENEp capaiaHibl. by e3 Ke3erinae MUQpIIbIK Kypaigap/bl xKail FaHa KOJJIaHy eMec,
osapbl QYHKIUOHAIIBIK KY3BIPETTUTIKKE OarpITTafaH Ma3MyHMEH YINTACTBIPA OTBIPBIN KOJIAHYIbIH MAHBI3AbLIBIFBIH
KepceTei.

Binim Oepy camaceia OaraayIeiH 0acThl ©JIIIeMi — OKYIIBIHBIH allFaH OUTIMIH HAKTHI OMIpPIIIK KaFqasTTapaa THiMI
KonmaHa Oumyi. Ochl TYpFBITaH aiFaHfga, THQPIBIK Kypanaap (YHKIHOHATABIK CAyaTTBUIBIKTHI JAMBITYJa THIMI
TMIeIarOTHKAJIBIK TeTIK 00Ja anajpl. AJIaFbl yakpITTa Oy OarbITTarbl 3epTTEyiep i TePeHICTIN, TU(PIbIK IIaThopMaIap sl
OKy OarnmapiamanapblHa >KYHelni TypJe WHTerpanusuiay — OuriM Oepy Ma3MyHBIH XXKaHFBIPTYABIH ©3€KTi MiHAETTepiHiH Oipi
6oItbIT Kajia OepMex.
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Abstract

In the modern education system, one of the main objectives is to develop students’ ability to apply the knowledge they have acquired in real-
life situations. This requirement highlights the necessity of fostering functional literacy. Especially in an era where distance and digital
learning are widespread, the purposeful and effective use of digital tools has become an essential component of teachers’ professional
competence. Therefore, the integration of digital technologies into the content of education in a coherent manner is a crucial condition for
improving the quality of education. This article explores effective ways of using digital tools to develop functional literacy in mathematics
among 7th—8th grade students. The study describes the impact of platforms such as GeoGebra, Desmos, Google Forms, Kahoot, Quizizz, and
LearningApps on the learning process, and analyzes the role of each in shaping students’ skills. The importance of digital technologies in
developing students’ logical thinking, information analysis, and decision-making abilities is illustrated through specific examples.
Furthermore, three main types of functional tasks—PISA-format problems, situational tasks, and applied problems—are classified from both
content and methodological perspectives, and effective approaches to implementing them in digital format are proposed. Based on a
comparison of national and international practices, the article provides pedagogical recommendations.

Keywords: functional literacy, digital tools, mathematical modeling, learning motivation, PISA tasks, distance learning, pedagogical
methods.
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AHHOTALMS

B cospemennoii cucmeme obpazosanus oOHOU U3 2NAGHLIX 3404 CMAHOBUMCA (QOPMUPOBAHUE Y YHAWUXCA CHOCOOHOCMU NPUMEHANb
nonyueHHvle 3HAHUS 8 JICUSHEHHBIX cumyayuax. Imo mpebosanue ycuiusaem HeodXo0UMOCmsb pazeumusi QYHKYUOHATLHOU SPAMOMHOCHIU.
Ocobenno 6 2noxy, Kko20a OuCmMaHyuouHoe U Yugpogoe obyUeHUe RNOIYHUIU WUPOKOe PAcnpocmpanenue, yenecooopasHoe u
yeneHanpasieHHoe UCNONb308aHUe YUDPOBLIX UHCMPYMEHMO8 CHAHOBUMCS BAICHOU YACMbIO NPOGEecCUOHANLHOU KOMNEemenmHOCmu
yuumenei. Tloomomy capmonuynas unmezpayusi Yyugpoevix MeXHONOo2Ull 8 cooepicanue 0OyYeHus: AGNAEMCcs AKMYalbHbIM YCI08UeM
noevlueHus Kawecmea 00pasoeanus. B OanHoU cmamve paccmampugaromcs nymu  dQPEGeKmueHo20 UCHOIb308AHUS  YUDPOBLIX
UHCMPYMEHMO8 Ol pa3eumus (QYHKYUOHANLHOU SPAMOMHOCIU yyawuxcsa no npeomemy «Mamemamuxa» 6 7-8 wnaccax. B xooe
uccnedosanus onucano enuanue maxux naameopm, kaxk GeoGebra, Desmos, Google Forms, Kahoot, Quizizz, LearningApps na yuebnoiii
npoyecc, a makoice NPOAHATUIUPOBAHA POTb KAXHCOOU U3 HUX 8 POPMUPOBAHUU HABLIKOG YUEHUKOS. SHAUUMOCb YUPPOBLIX MeXHOI0Ul 8
PA3BUMUU TO2UYECKO20 MbIUAEHUS. YHAWUXCS, YMEHUU AHATUSUPOSAMb UHGOPMAYUI0 U NPUHUMAMb peuleHus Oblid NOKA3aHAd Ha
Konkpemuwix npumepax. Kpome mozo, ovinu knaccugpuyuposanst ¢ cooepiurcamenbHoll u Memooudeckoll mouKu 3peHus mpu 0CHO8HbIE 8UOd
@ynxyuonanvheix 3a0anuil — 3a0auu gopmama PISA, cumyayuonnvie 3a0anus u npukiaonvie 3a0auu, U npeonodiceHvl dp@exmusnuvle
cnocobul ux peanuzayuu 6 yugposom gopmame. Ha ocnoge conocmasnenuss omeuecmeeHHO20 U MeHCOYHAPOOHO20 Onvlma OaHbl
neoazozuieckue peKomMeHoayuu.

Knrouesvie cnosa: pynkyuonanvHas epamomuocmos, yughpogvle UHCMPYMEHmbl, MameMamuyecKkoe Mooeiuposanue, yueoOnas Momueayus,
3adauu PISA, oucmanyuonnoe obyyenue, nedazozuieckue memoosl.
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PEDAGOGICAL PORTRAIT OF A KAZAKH LANGUAGE INSTRUCTOR IN A
NEW DIGITAL REALITY

Abstract
Gulnara Omarbekova The criterion for the quality of professional and pedagogical training is the professional
Associate Professor competence of the instructor, which most fully reflects the entire range of requirements imposed

Nazarbayev University, Kazakhstan

by society and the state on a specialist of the 21st century. The modern instructor is a humanist
gulnara.omarbekova@nu.edu.kz

with positive and flexible thinking. They are called to "sow the reasonable, good, eternal”, as
well as hundreds of years ago, since "the well-being of the whole people depends on the right
education” (D. Locke).

This article aims to develop a portrait of a Kazakh language instructor in the digital environment,
the carrier of digital competencies of an instructor-practitioner of the 21st century, based on a
survey. Quantitative (questionnaire) and qualitative (survey, interview) methods were used
during the empirical study. The study involved 21 instructors from the Department of the Kazakh
Language and Turkic Studies. The conducted empirical study made it possible to supplement the
instructor’s professiogram profile with practice-oriented skills during the pandemic. The novelty
of the presented research lies in developing a portrait of an instructor in a digital educational
environment, updated by the transition to online learning in the pandemic and after.

Although distance education is a well-established system in the education system of Kazakhstan,
the situation with COVID-19 has created serious challenges for online learning and problems
that need to be addressed urgently. Kazakh language instructors redesigned, reconsidered, and
replanned the educational environment in an online format. As a result, the portrait of an
instructor of the digital environment as a carrier of ICT competence, actively using online
learning formats in the difficult conditions of a pandemic, was enriched. Now, one can use the
online professional competence of an instructor in blended learning.

Key words: pedagogical portrait, a Kazakh language instructor, a digital educational
environment, blended learning.

INTRODUCTION

“A good instructor is more important to me than anything else because the instructor is the heart of the school,” said
Ybyrai Altynsarin, who was the most prominent Kazakh educator of the late 19th century, during the period
of Russian colonization and cultural influence in Kazakhstan. He is best known for introducing the transition from the Persian-
Arabic alphabet to the Cyrillic alphabet for the Kazakh language and was a proponent of teaching in the Western style. His
words remain significant and worthy in our century of technology and of the speedy time of globalization.

The history of distance education in Kazakhstan. According to UNESCO, the COVID-19 pandemic has caused the
largest disruption in education systems ever, affecting almost 1.6 billion students in more than 190 countries.

The closure of schools and other educational institutions affected 94% of the world's contingent of schoolchildren and
students. At the same time, there was a noticeable spread in distance learning enrollment: in high-income countries, distance
learning covered approximately 80%-85% of students, while in low-income countries, this figure was below 50%, according
to the ranking. kz.

Such critical disparities are largely due to the digital divide, including low Internet access in poor countries, where more
traditional means such as radio and TV have been used instead of the Internet. In Kazakhstan, coronavirus restrictions have
affected schools more than in other Central Asian countries, the EAEU, as well as some European countries, including
developed ones. Therefore, the schools of the Republic of Kazakhstan were closed for a record 11 months and 3 weeks, of
which almost 2.5 months - completely closed, 8 months and 3 weeks - partially. Accordingly, the load on the infrastructure due
to distance learning in the Republic of Kazakhstan was noticeably higher than in other countries.
[https://otyrar.kz/2021/10/shkolniki-v-kazahstane-uchilis-na-udalyonke-dolshe-chem-v-evrope-i-eaes/].

Distance learning involves the use of high technology. Lectures are attended online. Most of the learning process is self-
training. Every year, distance learning becomes more and more popular in Kazakhstan. Online learning is just one type of
"distance learning" - a general term for any learning that takes place at a distance rather than in a traditional classroom. This is
a form of organizing distance learning for students with the help of modern technical means and information and communication
technologies. In terms of the amount of information needed for assimilation, laboratory, practical, and written work, this form
of higher education is in no way inferior to full-time.

Distance learning has no more than two decades in Kazakhstan, and when introducing information and communication
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technologies into the educational process, educators introduced the following results within that period:

* Creation of educational-methodical electronic complexes on their subjects, the opening of methodical thematic
websites;

* Use of public computer networks;

* Creation of software sites and tools using innovative methods in the programming environment. (Multimedia
and hypertext technologies).

* Provision of independent additional education in remote form through the Internet.

The latter has developed very rapidly, especially during the COVID-19 period. Although distance education is a well-
established format in the education system of Kazakhstan, the situation with COVID-19 has created serious challenges for
online learning and problems that need to be addressed urgently. The Kazakh language instructor of Nazarbayev University
(NU) redesigned, reconsidered, and replanned the educational environment in an online format. As a result, the portrait of an
instructor of the digital environment as a carrier of ICT competence, actively using online learning formats in the difficult
conditions of a pandemic, was enriched.

Who is the instructor of the 21st century? I have searched Google for the question "Who is the instructor of the 21st
century"” in three languages. According to the results of my searches, a modern progressive instructor seems to be an energetic,
educated professional who easily adapts to changes, and who knows their subject and teaching methods very well.

Does the University faculty meet these criteria? After all, both modern students and the reality surrounding us have
changed to a significant extent. In the West, these changes began earlier, therefore, the study of new socio-psychological
characteristics of the instructor began earlier (Devos, 2010), (Hammana, 2010). As M. V. Nikitin, the “new” instructor should
use gadgets to build communication both with the students in the class and with various network groups of different ages (2017:
62-63). The next educator Omirbek Shynybekuly states, that the goal of education in the 21st century is to develop the student's
ability to deeply understand the subject, to ensure that he can effectively use the knowledge gained outside of school, in any
situation, to master the digital technologies that have entered our lives (Shinibekuli, 2016).

Are educators able to adapt to change? What skills do they have to master, and does everyone succeed? The period of
the pandemic has adjusted all spheres of people's lives, including the educational space. Recently, school education has gone
completely new level, discovering both the pros and cons of distance learning. How have instructors coped with such rapid
changes?

This study aims to answer the question: does a Kazakh language instructor in the digital environment serve as a carrier
of digital competencies for a teacher-practitioner in modern education?

Who is the Kazakh language instructor (KLI)? The instructor of the Kazakh language, firstly, is well-versed in the
general principles of pedagogy. This is the psychology of students and the basic rules for structuring the material, the execution
of related documents, and even the manner of speech that contributes to the assimilation of information. Secondly, such a
specialist is distinguished by a deep knowledge of his/her subject, that is, the Kazakh language, and the specifics of teaching
this discipline. After all, the study of vocabulary, grammar, and colloquial Kazakh is very different from solving problems in
mathematics or studying Physics and continents in geography, even the grammatical structure and the lexical beauty of the
language differ from other Turkic languages. After all, teaching a language is always more than a simple application of the
elements of the target language. Subject-language integration turns language instructors from a mono-instructor into an
instructor of several subject areas at once: natural, social, or human sciences. The list can be supplemented according to the NU
Kazakh language program, which covers literature, diplomacy, globalization, business, Civil Service, and Music History.
Kazakh language instructors of 300-level courses introduce students not only to the language concept but also to the subject
content. As a result, interdisciplinary learning becomes an integral part of the lesson, and you have more opportunities to help
students train language skills and broaden their horizons, indirectly helping with the assimilation of language material. As a
bonus, regular updating of language and methodological rules that meet the latest requirements and are much more student-
oriented.

Materials and methods of research. The purpose of this article is to develop a portrait of a Kazakh language instructor
of the digital environment as a carrier of digital competencies of a teacher-practitioner, based on the study. The novelty of the
presented research lies in the development of a portrait of a teacher in a digital educational environment, updated by the
transition to online learning during the pandemic

The object of study: instructor of the Kazakh language of NU in the digital environment.

Subject of study: a portrait of an instructor of the KL in the digital environment as a carrier of digital competencies in
the educational space.

Research objectives:

- to analyze the main problems of KL instructors associated with the forced transition of the educational process to a
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remote teaching format;

- to develop the competence map of the KLT teacher in the digital educational environment

- to develop to supplement the KL instructor's professiogram profile with practice-oriented skills in a pandemic.

— to develop recommendations aimed at overcoming the difficulties of organizing the educational process in the online
environment and increasing the level of ICT competence of the instructor.

The main research methods include the analysis of scientific and methodological literature, content analysis, and the
method of statistical analysis. To confirm the relevance of the characteristics of the professionogram of a modern instructor
that we have identified, an empirical study was conducted, during which quantitative (questionnaires, content analysis) and
qualitative research methods (survey, interviews, analysis of instructors’ creative works) were used.

Literature review. The theoretical basis of the study was scientific publications in the field of developing digital
competencies of teachers and analyzing the transition of the education system to distance learning during the pandemic rush
time.

In November 2011, the public was presented with the document “The Structure of ICT Competence of Teachers.
UNESCO ICT Competency Framework for Teachers. Version 2.0". The UNESCO recommendations emphasize that it is not
enough for a modern teacher to be technologically literate and to be able to form the appropriate technological skills and abilities
in their students. An instructor is a key figure in a modern school, whose professional qualities and skills directly affect the
quality of education. Today, the "instructor-translator of knowledge" should be replaced by an instructor of a new type. The
modern teacher must be able to help students use ICTs to successfully collaborate, solve emerging problems, master their
learning skills, and ultimately become full-fledged citizens and workers.

What is the current professional profile of an instructor? The problem of the instructor’s professionalism is
interdisciplinary. Philosophers, psychologists, education management specialists, economists, lawyers, etc., think about the role
of an instructor and their professionally significant qualities, and necessary competencies. However, it is primarily interested
in pedagogy.

Under the professiogram we will understand the ideal model of a specialist, reflecting the requirements that are imposed
on a person by the nature of their professional activity, and the conditions that accompany this activity. Such a model describes
the abilities and potentialities of a specialist who wants to achieve positive results in professional activities without
compromising health. An analysis of research literature on pedagogy and psychology of foreign researchers (Walter&Briggs,
2012), (Dhingra, 2019), (Kornilova, 2017), as well as conducting our empirical research, allowed us to create a professional
model of the KL instructor during COVID-19. An analysis of world trends in the field of education, professional-pedagogical
education, indicates the need for higher demands on both pedagogical professionalism and the personal qualities of an
instructor. Of course, the teacher must have professional competence, which consists of the totality of professional knowledge,
skills, abilities, as well as personal qualities necessary for successful pedagogical activity. Researchers A.P. Tryapitsyna (2010),
and T.S. Gavrilov (2012) imply in the structure of professional competence such components as professional knowledge and
pedagogical thinking; the unity of the constructive, communicative, and organizational skills of the teacher as a subject of
pedagogical activity, his ability to practically use these skills; methodological and technological literacy of the teacher, as well
as his values, life experience. Researchers consider the traditional features that make up the portrait of an instructor as a status
subject with leadership qualities, retaining the functions of a leader and educator in all situations of everyday classroom and
extracurricular communication with students and in the event of conflicts and controversial issues.

Distance learning forced teachers to reorient their learning strategies in a short period, which increased their creative
competence, and the information and communication competence of teachers was of relevance during this period. Creative
competence is an independent neoplasm, which manifests itself not only in the possession of different abilities for creativity
but also in different readiness for the development of these abilities among students. Information and communication
competence are of relevance because the teacher works daily with various sources of information and software and
methodological complexes, maintains University documentation in electronic form, and periodically carries out remote
educational activity. The quality of remote learning depends greatly on the functionality of the learning platforms and tools
through which programs are delivered and reflected in the "digital culture" of the teacher (Shinibekuli, 2016), (Gnatyshina,
2019).

Research results and discussion. To identify the main challenges associated with the forced transition to a remote work
format, a survey in which twenty-one Kazakh Language and Turkic Studies Department faculty members took part was
conducted. Within the research grant objective, which was titled "Preparing Department of Kazakh Language and Turkic
Studies for Online Teaching: Pedagogies, Practices and Technological Tools", a survey and an interview were administered to
the staff of KazL T at Nazarbayev University. The findings were obtained from the questionnaire and the interview, which
served as a research instrument in the project, consisting of a series of questions to gather information from respondents.
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The main lesson learned during the COVID-19 pandemic is that teachers play an essential role in ensuring lifelong
learning. During the COVID pandemic, teachers and learners were instantly thrown into teaching and learning remotely and
figuring out how to maintain and continue effective teaching and learning.

The analysis shows that the COVID-19 pandemic reduces the productivity of teachers. From the questionnaire, it turns
out that the main difficulties teachers identified were the increase in the volume of work, the large time spent on preparing
educational materials, health problems, the difficulty of communicating with students, the lack of ICT competence, the
complexity of organizing the learning process, and several others. In general, all teachers spend at least 3 hours a day preparing
a lecture or class, and on average, a teacher spends more than 4 hours checking the work of students every day. This means that
the teacher spends 7 hours a day on the teaching part of the workload.

Figure 1: Questionnaire results

Time for checking task production (4 hours and

48%
more)
Time for lesson preparation (3 hours) 52%
Technical support issues 52%

46% 47% 48% 49% 50% 51% 52% 53%

Figure 2: Interview results

Difficulties in communication with students
Technical problems while teaching

Working additionally to office hours

0% 10% 20% 30% 40% 50% 60%

In addition, the teacher should be engaged in science and social service work. The role of teachers in improving the
quality of education cannot be overemphasized. “They have a huge responsibility”, said Jaime Saavedra, Global Director of
Education at the World Bank. “But teachers need the opportunities, motivation, and resources to successfully nurture future
leaders, thinkers, and innovators™ (Saavedra, 2020).

In the process of correlating the results obtained while interpreting the products of activity with the personal data of the
study participants, important correlations were identified that help determine the professional characteristics of a modern
teacher. Ten teachers took part in the interview; the interview was conducted remotely on the Zoom platform. Thus, based on
the results of a focused interview, reflecting the psychological and pedagogical aspects of the personality of the teacher, a
competency map of the KL teacher of the digital educational environment was compiled, which includes groups of individual
indicators and competencies in four main blocks: ICT competencies, professional competencies, managerial competencies, and
reflective competencies. The main components of the teacher's ICT competencies are presented in Figure 3.

Figure 3: Competence map of the KLT teacher in the digital educational environment

Groups of indicators by blocks

Block 1. ICT competencies

Using a text editor, ChatGPT

Use of spreadsheets

Using Presentation Programs: PowerPoint, Google Slides, Sutory.com and Canve.com. etc.
Using the program to work with video, sound, and graphics
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Use of Internet resources (e-mail, Moodle forums, etc.)

Creating tests for feedback and formative/summative assessment

Use of databases, electronic NU library systems

Use of educational games

Other resources and technologies (digital encyclopedias and dictionaries, interactive whiteboards, computer
modeling technologies, etc.)

Block 2. Professional competencies

Preparation of training sessions using ICT tools: Google Drive, Padlet, YouTube, Moodle, Canva.com, Big
Blue Button, PlayPosit, ChatJPTetc.

Conducting office hours using ZOOM, online chat rooms, and Google. Meet, Telegram, etc

Using ICT to organize student assistance and monitor their development: Moodle, Padlet, Turnitin,
Google.forms, Nearpod, etc.

Organizing virtual online meetings with family, friends, and colleagues

Block 3. Managerial competencies

The use of digital technologies in the educational process management system (for example, the use of a
timetable, the wheel spinner, etc.)

Maintaining an electronic journal of students' progress on the MOODLE system (including the rating plan
for mastering the subject)

Using network tools for organizing joint work of students (using special platforms, Internet forums,
organizing video conferences, etc.)

Testing with special software tools: Socrative, Quizzes, Kahoot, Mentimeter, Edmodo, Quizalize, etc.
Block 4. Reflective competencies

Possession of techniques for organizing digital information space

Ability for self-development (passing advanced training courses in this area)

The ability to organize pedagogical reflection in the network interaction of the subjects of the educational
process

The ability to analyze and evaluate the results of their professional activities, predict development prospects,
and draw up a plan for future development

Below are the interview questions with explanations taken from the teacher's answers.
What pedagogical processes have you implemented in your synchronous class meetings to engage your students? How
effective have these processes been?

As the first step in planning, the teacher should determine which online activities to do synchronously or asynchronously.
From the interview, we found out that the teachers actively implemented some teaching strategies and techniques that helped
them create a sustainable and engaging online teaching and learning process, such as reading tasks, writing tasks, and speaking
tasks with the help of certain ICT tools in synchronous classes. Live, synchronous interactions included group discussions,
using techniques in breakout rooms, problem-solving, low-stakes assessments, polling, or Q&A sessions. In implementing
these activities, Zoom Conference, Padlet, Socrative, Kahoot, and Quizelize were effective tools for engaging the students'
interest.

What pedagogical processes have you implemented in your asynchronous class meetings to engage your students? How
effective have these processes been?

Reading tasks, listening tasks, answers to individual questions, and agree/disagree questions were implemented in
asynchronous class meetings using the following ICT tools and programs: Moodle, Turnitin, Google Drive, emails, PlayPosit,
etc.

What additional communication strategies have you implemented to increase contact with your students during the
COVID-19 pandemic? How effective have these communication strategies been?

For teachers, in the context of the sudden change from onsite to online activities, interpersonal interaction, and
communication were severely crippled because of the new mediation provided by specialized devices. Moreover, teachers—and
students for that matter—felt uneasy as they interacted for pedagogical purposes. According to Derakhshan et al. (2021), Manea
et al. (2020), this situation appears to have been universal because it was reported in educational contexts across the globe.

In such critical moments as the COVID-19 lockdown, distance methods of learning are irreplaceable when it comes to
supporting the educational process. Their implementation and use can also have other positive consequences, such as the
improvement in students’ competence in terms of soft skills, including communication and collaboration capabilities. It has
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been proven that supportive teacher-student relationships have a positive impact on class participation, engagement, and
ultimately a student’s achievements, in online and offline education. Using up-to-date teaching aids such as tools, programs,
videos, and online resources is a good way to keep students engaged and reinforce their understanding. It can also increase the
effectiveness of teachers’ communication with students with different learning styles, who may benefit more from online
resources. Teachers state that they try to work some of these aids into their lessons regularly, like Mentimeter, Padlet,
Infographics, Nearpod, and others, after COVID-19, in offline teaching.

How have you adapted to the changes in the culture of society because of the COVID-19 pandemic in your educational
materials and activities? Seven teachers responded that they adapted teaching materials and classes for online learning, and two
left them unchanged.

What changed in your teaching after COVID-19? Will you continue to do even when classes return to in-person? The
teachers said they learned how to use some electronic devices and how they relate to specialized online platforms for optimal
interaction with students during online classes. They have stated that they will continue to learn new instruments when face-to-
face classes return. Five teachers emphasized the need for and importance of offline education.

Digital technologies were adopted by educators, but even the teachers, educators were not ready to use them. in a short
time, they had to learn and adjust them to the academic aim of the class. The pandemic prompted teachers to shift, create, and
implement online teaching even if they did not feel properly prepared to do so or had little interest in online instruction. A great
majority of the teachers who were not interested in online teaching seemed to be coping with and adjusting to the new delivery
method of instruction over the traditional face-to-face classes (Dimaculangan, et al., 2021:325). According to Peimani et al.
(2021:58), the adaptability of teaching professionals to the reality of online education is crucial for the efficiency and
sustainability of internet-based teaching realities. Pedagogical methods and personal perceptions about online education can be
changed if teaching professionals are willing to adapt to the complexities of online education; if so, it is reasonable to argue
that when online education becomes efficient, it also becomes sustainable in the long run as a valid educational system.

CONCLUSION

The recommendations proposed based on the results of the study are made considering the problematic vision of the
teacher's professiogram by the teachers themselves. When engaged in the purposeful development of teachers' competencies,
it is important not to drown in an extensive list of competencies, selecting as priorities those that are most adequate to modern
requirements and at the same time realistically realizable.

Distance education, new equipment, but teaching professionals know that they must maintain quality standards. Training
is still needed. Teachers must not only be acquainted with electronic devices for better academic performance in online
education (during or beyond the COVID-19 pandemic) but also pursue digital formation consistently and regularly. Students
want their teachers to be digitally competent, and it would be necessary for all teaching professionals to go through one or more
sessions of digital formation, especially because such competence cannot be achieved overnight. All these factors can affect
the degree of commitment and engagement of students in didactic activities.

In the wake of the pandemic, teachers, young and old, who do not necessarily have a strong pedagogical knowledge of
technology-related strategies, were self-obliged and duty-bound to engage themselves in online teaching. A great majority of
the teachers who were not interested in online teaching seemed to be coping with and adjusting to the new delivery method of
instruction over the traditional face-to-face classes (Dimaculangan et al.,2021: 325).

A modern educational institution needs a "new formation" teacher who is creative, able to reflect, and knows modern
teaching technologies and ways of constructive interaction with students. The teacher must become the bearer of a new morality,
a new system of values, and become an authority. At the same time, the transformation of the image of the teacher is obvious:
he is no longer just a subject teacher and class teacher; he is a mentor, tutor, and consultant.

Today, it is obvious that the role of the teacher as a spiritual mentor, in which the authority of the teacher must be
present, is fading into the background, and the role of the teacher-manager-technologist is coming to the fore. The authority of
students will easily be won by the teacher who is fluent in technical means and can present “his product” in electronic form,
and students value and respect such teachers as members of the digital age.

Thus, the professiogram of a modern teacher has transformed: success awaits those teachers who have mastered the
technical means, have learned to evaluate the reliability of the information, filter it, work in multitasking mode, and be flexible
to the challenges of the new reality. However, the basic qualities of a humane teacher are still relevant and are only
supplemented by new formations.

Nel(l) Central Asia Science Review

16



REFERENCES:

Derakhshan, A., Kruk, M., Mehdizadeh, M., Pawlak, M. 2021. Boredom in online classes in the Iranian EFL context: Sources and solutions.
https://doi.org/10.1016/j.system.102556
Devos A. New teachers, mentoring, and the discursive formation of professional identity. Teaching and Teacher Education. 2010. No. 26. 1219—

1223.

Dhingra Pawan. 2019. Achieving more than grades: morality, race, and enrichment education. American journal of cultural sociology.Vol. 7 (3).
275-298.

Dimaculangan, N.G.; San Luis, C.P.; Gabitanan, C.G. 2021. Teachers’ Self-Assessment of their Online Teaching Readiness and Attitude. Int. J.
Innov. Sci. Eng. Technol. 8, 325-332.

Gavrilova T.S. 2012. Sovremennyj uchitel’: vyzovy vremeni [Modern teacher: challenges of the time]. Universum: Vestnik Gertsenovskogo
universiteta. No. 2. 105-108.

Gnatyshina Ye.V. 2019. Tsennostno-smyslovyye oriyentiry formirovaniya tsifrovoy kul'tury budushchego pedagoga: monografiya. — Chelyabinsk:
Nauchnyy tsentr RAO, 234.

Hammana D., Gosselin K., Romano J., at all. 2010. Using possible-selves theory to understand the identity development of new teachers. Teaching
and Teacher Education. Vol. 26. 1349-1361.

Kornilova M.V. 2017. Social’nyj portret uchitelya: ideal’naya model’ i real’nost’ [Social portrait of a teacher: ideal model and reality]. Nauka
cherez prizmu vremeni. No. 5. 135-144.

Kuzekbay A. 2020. Kak pandemiya koronavirusa povliyala na obrazovaniye. https://www.inform. kz/ru/kak-pandemiya-koronavirusa-povliyala-
naobrazovanie-mneniya-ekspertov_a3667516 (15.08.2022r.)

Manea, V.I. ; Macavei, T. ; Pribeanu, C. Stress, 2020. Frustration, boredom, and fatigue in online engineering education during the pandemic. Int.
J. User-Syst. Interact. 13, 199-214. http://rochi.utcluj.ro/ijusi/articles/IJUSI-13-4-Manea.pdf

Nikitin M.V. 2017. Upravlenie setevymi obrazovatel’nymi soobshchestvami SPO: ponyatijnyj apparat, gipoteza issledovaniya [Management of
online educational communities of open-source software: conceptual apparatus, research hypothesis]. Upravleniye v sotsial’nykh i ekonomicheskikh
sistemakh. No. 26. 62-64.

Peimani, N.; Kamalipour, H. 2021. Online education and the COVID-19 outbreak: A case study of online teaching during lockdown. Educ. Sci.,
11,72

Saavedra, Jaime, 2020. COVID-19 & Education: A World Bank Group Perspective, part 1. https:/www.devex.com/news/jaime-saavedra-there-s-
nothing-soft-about-education-reform-93009 (05.08.2022).

Satova R. K. 2020. Osobennosti organizatsii i planirovaniya distantsionnogo obucheniya v vuzakh RK na period pandemii Covid-19. Stat'ya, kod
dostupa: https://online.zakon.kz (10.08.2022).

Shkol'niki v Kazakhstane uchilis' na «udalonke» dol'she, chem v Yevrope i YEAES. 2021. https://otyrar.kz/2021/10/shkolniki-v-kazahstane-uchilis-
na-udalyonke-dolshe-chem-v-evrope-i-eaes/

Shinibekuli, Omirbek, 2020. 21-gasirdifi mugalimi qanday bolw1 kerek? https:/kazbilim.kz/?p=4845

Smirnova 0. Nenastoyashcheye obrazovaniye. Kak pandemiya vskryla problemy onlayn-obucheniya. 2021.
https://informburo.kz/stati/nenastoyashchee-obrazovanie-kak-pandemiya-vskryla-problemyonlayn-obucheniya-.html (12.08.2022r.)

Tryapicyna A.P. 2020. Sovremennyj uchitel’: informaciya k razmyshleniyu [Modern teacher: information for thought]. Universum: Vestnik
Gertsenovskogo universiteta. No. 1 (75). 3-11. 17.

UNESCO ICT Competency Framework for Teachers https://unesdoc.unesco.org/ark:/48223/pf0000265721

Walter C., Briggs J. 2012. What professional development makes the most difference to teachers? Oxford University, 23 p.

XAHA UUOSPIIbIK WbIHOBIKTAFbl KA3AK Tl  NEOATOrTblH
NEAOATOIMMKAIBIK NMOPTPETI

I'yanap OmapoexoBa
Jouent, HazapbaeB YuuBepcureri, Kasakcran
gulnara.omarbekova@nu.edu.kz

AHHOTAIMSA

Kacibu-nedazocuxanvix 0aspavikmely canacviiolly onuemi — OYn okbimyusinsly Kaciou Kysvipemminizi. On XXI eacvlp mamanvina Koeam
MeH MeMleKem KOSimvlH maianmapobly, MoavlK, CReKmpiH ey moavlk Oetinenetiol. 3amanayu oKbimyulbl — i32i1ikmi, o4 JHcaHe ukemoi olnayea
Kabinemmi mynea. On 2aceipaap OYpuinebloali «aKblIObLIbIKMYL, 132I1iKkmi, Mayeinikmi ceOyuiy, otmkeni «OYKiN Xanblkmuly u2iniei Oypuic
6inim 6epyee baiinanvicmoly (1. Jloxx). Byn makanada cayannama ne2izinoe yu@prolx opmaoazel Ka3ax mini OKbImMyublCblHblY betinecin —
XXI 2acvipoviy yugpavix Kysvipemmepine ue magicipubdeni neoazoemoly Oelinecin dcacay kozoenedi. IMIUpUKanvly sepmmey 6apuicoinoa
CanobIK (cayanuama) dicame cananvl (cyxoam, aneimenecy) aoicmep Konoanwviiosl. 3epmmeyze Kazax mini scane myprimany kagheopacwitviy
21 oxpimywvicel Kamvicmol. JKypeizineen smnupukanvlx sepmmey nanoemusi Kezinoe OKbIMYWbIHBIY KICIOUOSpammacein madicipudeze
bazbimmanzan 0aeObIIApMeH MOALIKMbIPY2A MYMKIHOIK 6epoi. 3epmmeydiy dcananvizbl — nandemuaza dcane 00aH Keilinei Keseyee
baiinanbicmel OHAAUH OKbIMYyed KOWLY apKblibl JCAHAPMUIIZAH, YU@PvlK Oiniv 6epy opmacbiHOaebl OKbIMYUbIHbIY —Oelineci
Kanvinmacmuipyoa. Kazaxcmanoaevl kawwikman oxeimy icytieci oypwinnan 6ap 6oneanvimen, COVID-19 ocazoaiivl ounaiin oxbimyoa
Jiceden wiewtyoi Kascem ememin Kypoeni KublHObIKmap myawizovl. Kazax mini okeimywisiiapel 6inim 6epy opmacwii onaain gpopmamma
Katima Kypyea, Kauma xapayza JcaHe xaima sicocnapaayea maucoyp 6010vi. Conviy Hamudicecinoe naHoemMus HeazoatblHOAebl Kypoeni
Ke3eyoe oHaaun oKbimy gopmammapein beacendi Konoanamoit, AKT Ky3vipemminiciniy uezepi peminoe yughpuvlx opma oKbImyulbiCbIHbIH
betineci mobIKmulpvliobl. Kazip apanrac oxbimyoa oKblmyublHbly OHAAUH KICIOU KY3bipemminiein Konoaunyea 601aobi.

Tyiiin ce30ep: nedazocuxanviy nopmpem, Kazax mini OKbIMyubslcl, yu@dpavix 6iniv bepy opmacel, apaniac oKbimy.
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I'IED,AFUOFI/ILIECKI/IIZUI'IOPTPET NMPEMNOAOABATENA KA3AXCKOIO A3bIKA B
HOBOU LUPPOBOU PEAJIbHOCTHU

I'yabnapa Omap0exoBa
Jouenrt, Hazap6aes Yuusepcurer, Kazaxcran
gulnara.omarbekova@nu.edu.kz

AHHOTAIMSA

Kpumepuem xauecmea npogheccuoHanbHO-ne0azo2udecKko no020mosKY AGNAEmMcs nPOoPecCUOHAIbHASL KOMNEMEHMHOCb NPEenoodasamers,
Komopas Hauboee NOIHO OMPANCAEN 8eCb CHEKMP MPeOOBAHULL, NPEObABTAEMbIX 0DUECMEOM U 20cyOoapcmeom K cheyuanucmy XXI éexa.
Cospemennwiil npenooagamens — Mo 2yMAHUCI € NOZUMUBHBIM U cUOKUM mbluineHuem. On npuzean «cesimos pasymmoe, 0obpoe, geyHoey,
KaK u comnu 1em Hazao, 8edb «01a2ononyue 8ce2o Hapooa 3aeuUcum om npaguibHo2o oopazosanuay (/. Jlokx).

Lenv Oannoll cmamvu — HA OCHOBe ONPOCA PA3pabOmMams NOPMpem NPenodasamens Ka3axckoeo A3vlka 6 yupposoll cpede, HOcumens
yughposvix komnemenyuii nedazoea-npaxmuxa XXI eexa. B xode smnupuueckozo ucciedoganus Obiiu UCNOIb308AHBL KOTUYECMBEHHbIE
(ankemuposanue) u KauecmeenHvle (onpoc, UHmMepevlo) memoowvl. B uccredoeanuu npumsaiu yuacmue 21 npenodasamenv kageopwvl
Ka3axckoeo A3vika u miopkono2uu. IIpogedennoe uccredosatie no36oauno OONOIHUMb NPOPECccUuozpammy npenooasamensi npakmuKo-
OPUEHMUPOBAHHBIMU HABLIKAMU 8 Nepuod nandemuu. Hosusna ucciedosanus saxniovaemcs 6 paspabomxe nopmpema npenooagamers 8
yugposoll 0bpazoeamenvHoll cpede, 0OHOBNIEHHO20 NePexo0oM K OHIAUH-00YUeHUI0 8 YCI08UAX NaHOeMuu U nocie Hee. Xoms cucmema
Jucmanyuonnozo obpasosanus 6 Kazaxcmane oasno cywecmayem, cumyayust c COVID-19 nocmasuna cepvesnvie 8bi308bl neped OHIANH-
o6yuenuem u 8ulasUIA NPobIeMbl, mpedyuue cpouHo2o pewenus. IIpenodasamenu Ka3axcKo2o A3bIKA ObLIU 8bIHYHCOCHbL NEPECTPOUMD,
NepeocMbLCIUNG U NePeniaHupo8ams 00paz0eamenvHyio cpedy 8 OHalH-popmame. B pesynsmame nopmpem npenooasamens yugposoi
cpedvl kax Hocumens UKT-kxomnemenyuil, akmugHo UCHONb3YIOWE20 OHAAUH-Ghopmamyvl 00YVHeHUS 8 CLONCHLIX YCI08USAX NAHOeMUl, Dbl
obozawjen. B nacmosuee epems npogheccuonanvnas OHAQUH-KOMNEMEHMHOCb NPenooasameiss MOJCem UCHONb308aMbCs 8 YCA0BUAX
CMEWAaHHO20 00YYeHs.

Knroueevie cnosa: neoazocuueckuti nopmpem, npenooagamend Ka3axcKo2o A3vIKd, yugposas obpazoeamenvHas cpeod, CMeuwlanHoe
obyueHue.
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AHHOTaALMSA

B pabome npedocmasnen nooxod K paspabomke U UCCLEO0B8AHUN) MHOSOKAHATbHBIX
Gunompylowux 010K08 HA OCHOBe Y2lePOOHO-KPEMHUEBbIX MAMepuanos, NOJIYYEHHbIX U3
pucoeoil wenyxu. [lpumenenue mepmoxumMuueckux memooos Kapoowuzayuu u @Quzuyeckoul
akmusayuy No360NUNO NOAYYUMb MAmMepuan ¢ paseumol Maxkpo- U MUKPONOPUCHOU
CMPYKMypou, 8biCOKOU YOeNbHOU NOGEPXHOCHbIO (00 551 M%/2) u 3HauumenvHviM 00beMOM NOP.
DKcnepumenmanbHo YCmano6ieHbl ONMUMANbHble PedCUMbl MmepmMoodpabomKu, napamempul
IKCMpY3ul U WeNoYHOU Oecunukayuu, odecneuusaiowue Gopmuposarue CcmaduIbHbIX
V2NepOOHbIX ONIOKO8 ¢  pe2VsApHOU MHO20KAHanbHot cmpykmypou. [lpoeedén anauz
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BBEJIEHUE

@uibTpHI HA OCHOBE YTIICPOJHBIX U KPEMHUEBBIX MaTEPHAIOB UTPAIOT BAXKHYIO POJIb B TIPOMBIIIIEHHOM OYHCTKE I'a30B
6naromapst ciocoOHoCcTH 3(h(heKTHBHO padoTaTh NPH BHICOKMX TEMIIEpaTypax M B YCIOBHUSX arpECCUBHBIX XUMHUYECKUX CPEl.
OHHM OTJIIMYAIOTCST BEICOKOH MEXaHMYECKOH MPOYHOCTHIO, TEPMOCTOHKOCTBHIO U XUMHUYECKOH CTaOMIbHOCTBIO. B wacTHOCTH,
kapoun kpemuus (SiC) u yrinepoansie HanoTpyOkn (YHT) HaxomsT mmpokoe NpuMeHeHHe B IPOoLeccaX OYMCTKU BO3/IyXa U
($UIBTpaALINK T'a30B.

Kap6un kpemuust (SiC) 0coOeHHO MIMPOKO MCHONB3YeTCs Al (PMIIBTPAlUU BBICOKOTEMIEPATYPHBIX I'a30B W IBIIH
Onarogapst cBoel MCKIIIOYNTEIILHOM TEPMOCTONKOCTH M XUMHUYECKOH HHEpTHOCTH. [IpenMyIecTBo KepaMuiecKux (GHUIBTPOB
n3 SiC 3akimoyaeTcss B UX CTPYKTYpPE C OTKPBITHIMH ITOpPaMH, KOTOpPas MOBBIIIAET BO3IYXONPOHHIAEMOCTh, OJHAKO 3Ta
MOPUCTOCTh MOXKET HETaTHBHO BIMATh HAa MEXAHWYECKYI0O MPOYHOCTh. [l03TOMYy TpH TpPOHM3BOACTBE 3THX (HIBTPOB
HCTIOJNIB3YIOTCSI CHIEaIbHBIE CBSI3YIOIIME BEIIECTBA, TAKHE KaK MUHepall OCHTOHUT, JUIs yiaydieHus [1].

VYraepoausie GuibTphl, ocodeHHO yriepoxnsle HaHOTPYOKH (YHT), sBistrorcss 3¢ ¢GeKTHBHBIME (HIBTPYIOINMH
MarepruaiaMu OJiarosapsi OOJIBIION TUIONIA M TTOBEPXHOCTH M OTIIMYHOM mpoBoxuMoctd. YHT xapakrepu3yroTcsi BBICOKOH
MEXaHWYECKOW IIPOYHOCTHIO M XMMHUUECKOH CTOMKOCTBIO, YTO MO3BOJISIET MCIIOIB30BATh MX B (PHIIBTPAX JJISl OYMCTKH BO3/TyXa.
@unbrpel YHT B 0CHOBHOM HCTIONB3YIOTCS IS (QUIBTPALIMK KPYITHOM IBUIM M BpEIHBIX YacThll. Kpome Toro, cTpykTypa n
CBOWCTBa YIJICPOJHBIX HAHOTPYOOK MOBBIMIAIOT WX YCTOWYMBOCTh K XHMMHUYECKMM pEaKIMsAM, YTO JejlaeT HMX OYCHb
TIOJIXO/ISIIIMIMH JUTSL UCTIONIb30BAHMS B CIICIIM()MUECKHUX YCIIOBHUSIX, TAKMX KaK BHICOKHE TEMIIEPAaTyphl M arpeCCUBHBIC CPEIbI
[2]. CroticTBa (hnibTpOB HA OCHOBE KPEMHHS W YIJIEpOJa MOBBIMIAIOT MX 3(P(EeKTHBHOCTH B OYMCTKE BO3AyXa, HO JJIS MX
Ha/Ie)KHOH paboThl HEOOXOIMMO BBHIONPATH BEICOKOKAYECTBEHHBIC MaTEPUaIIb, ITOJICPKUBATH UX CTPYKTYPHYIO LIEJIOCTHOCTh
W BHEIPATh TEXHOJIOTHMH, aAlITUPOBAHHBIC K YCIOBHSM OKCIUIyaTallMH. YTJIEPOXHBbIE M KPEMHHEBBIC (HIBTPHI MIMPOKO
UCTIOJNIB3YIOTCSI B ONOMEINIIMHCKIX, TPOMBIIICHHBIX U 9KOJIOTHYECKUX CHCTEMAaX.

METO/JAbI U MATEPHUAJIbBI

st n3rotoBiieHnst GprutbTpa ObLT BBIOPaH YIIepoaHO-KPEMHHUEBBIH MaTepHall, OJTy4YeHHbIH KapOoHM3auel 000JI04KH
pHcoBoil menyxu. Beibop onpenenunics TOPUCTOCTBIO ¢ BBICOKOH YAENBHON IMOBEPXHOCTBIO W 00BEMOM IOp MaTepHaia, a
TaK)Ke HaTMYHEM B €r0 COCTABE TOHKO AMCIEPTUPOBAHHBIX YACTHI[ YIIIEPOAA U OKCUIA KPEMHUSI.

CuHTe3 HauMHAETCs ¢ KapOOHM3AIMH - TEPMUUIECKOTO PA3JIOKEHUSI HCXOIHOTO CHIPhs (MMPOJN3a) TP TeMIlepaTrype
600-900°C B nHepTHOM atMocdepe aproHa. JlaHHBIN MMpoliecc HalpaBiIeH Ha yJajeHUe JIETYYNX KOMIIOHEHTOB, IIOBBIIICHHE
COJICp)KaHMs YIJIeposia W KPEeMHHS, a Takke (OPMHUpOBaHME MarepHaja C pa3BUTOW MOPHCTONH CTPYKTYpPOH M BBICOKOM
Y/IENBHON MOBEPXHOCTHIO. Jlanee ocymecTBIsIeTCs aKTUBANUs YIJIEPOJIHOTO MaTepHala ¢ MCIOIb30BaHUEM OKHCIIUTEIBHBIX
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ra3oB, TaKWX KakK YTJICKHCIBIM Ta3 WIM BOASHOM map, MpH Temmeparypax B auamasoHe 600-1000°C. Oror mpouecc
CHOCOOCTBYET yJaJleHNnI0 aMOp(HOro yrieposia U pa3BUTHIO MOPHCTON CTPYKTYPHI € YIyUYIICHHBIMU (PU3UKO-XUMHIECKUMHA
cBoiicrBamu KapOoHu3arust 1 akTHBaIHs IIPOBOIMIINCE B My(denbHO# neun pu Temneparype ot 300 go 900°C B teuenne 30—
120 munyT B atmMocdepe yriiekucioro rasza 0e3 moctymna Bo3ayxa. Ha pucynke 1 mpezpcraBiieHa ONBITHAs yCTaHOBKA C
MIPOM3BOINTEIBHOCTBIO 5 KI/4, 00€CIeYrBaloIasi IOATAITHOE YIAJICHHUE BJIArd, ACHOIMMEPH3ALUIO M YaCTUYHOE Pa3JIOKEHHE
ceIpbs B uHTEpBajie Temneparyp 650-800 °C. B nuanasone temmneparyp no 270°C npoucxoaur aeruaparanus, a npu 600—
850°C - mporecchl /1eKapOOKCHIMPOBAaHHUS M 00pa3oBaHWE MUPOJHM3HBIX CMOJI, CONPOBOXKIAIOIIMECS JeTujapaTanuei u
nexapOonmmposanueM [3].

Pucynok 1: Cxema TepMOXMMHY€CKOI0 MOJYy4YeHHUSI YIIePOIHBIX MATEPHAJIOB U3 PHCOBOI HIETYXH

—r

PIII IIpoMbIBKa KapG6oru3anas AY
(500°C/90 mun, Ar) (KOH, 850°C/120 mu=n, Ar)

CxeMa TEpPMOXMMHYECKOTO ITOJYYEHHs YTJIEPOIHBIX MaTepualioB M3 PUCOBOW MIETyXH MpPEACTaBICeHA Ha HEPBOM
pucynke [4] m oTpakaeT NOCIeIOBaTEILHOCTh OCHOBHBIX CTaauii mporecca. McxomHoe ChIpbE - pHCOBas IIeiryxa
MIPEABApUTENILHO 00padaThIBaeTCsl pPAcTBOPOM THIPOKCHAA KaJWs JUIsd YIAJCHUS MHUHEPAJbHBIX IpUMecel, 3aTeM
MOJ[BEpPraeTcsl Jeruaparandid B BHITsDKHOM mikagy. Ilocnme storo mpoBomurcst kapOoHM3amuss B My(QeEnbHOW mHedn ¢
(hopMHpOBaHUEM IOPUCTON YIIIEPOJHON CTPYKTYPBI.

[Ipn moBbBIICHMM TeMIIEpaTypbl AKTHBALMHM OOBEMBI ME30 M MAaKpONOp IOYTH JIMHEHHO YBEIMYMBAIOTCS IIPH
PaBHOMEPHOM  pPACHpeleNIeHMH, a MaKCHUMAaJbHOE 3HAUYEHUE YAEIbHON IOBEPXHOCTH, ONPEAECIEHHOE METOJOM
TepMmozecopOIu npu ¢pusndeckoi aktuBammu B CO: (1 gac), nocruraercs npu 700°C, npu fabHEHIIEM pOCTE TEMITEPaTyPhI
BCJIEJICTBHE CIIEKaHHS OHA YMEHBIIAECTCS.

Hns dpopmoBanus MaTepuana B (WIBTPYIOIIAE OJOKM C COTOBOH CTPYKTYpOW BBINTOJHEH HOAOOpP CBS3YIOLIETO
KOMITOHEHTa, B KadecTBe KOTOporo Obuta mpuMeHeHa kapOokcmmerwineumonosa (KMLI). Bapeupys cooTHomeHwus
kapOoHu3ara prcoBoil memyxu 1 KMLI, Obia nomydeHa miacTiyHasi Macca, IPUroHast JAJIsl MoTydeHHs OJIOKOB C COTOBOM
CTPYKTYpOH METOJOM OKCTpy3uH. M3memmst mocne ¢GopMoBaHHS B OIKCTpyJepe BBICYIIMBAINCH U MOIBEPrajluch
TepMo00OpaboTKe C Ienbi0 MoNHOW KapOoHuzanmu. JlampHelmias oOpaboOTKa B KHIIIIIEM DPAacTBOPE T'MIPOOKHCH HATPHS
MIPOBE/ICHA JUISl YaCTUYHOH JEeCHIINKAIMN MaTeprana 1 yBennueHus oobéma nop. [Ipu nmocnenyromeit hpu3nueckoii akTHBALH
0JIOKOB B Cpe/ie YIJIEKUCIIOrO ra3a MaTeprai O0J0KOB MPHOOPE pa3BUTYIO Makpo- U MUKPOCTPYKTYpY ¢ OOJbIIMM 00BEMOM
op.

PI/IcyHOK 2: Texnosormueckasi cxeMa M3roToBJeHHSI MHOTOKAHAJIbHOIO yriaepoaHoro 0s10Ka.

Pucosasn wmenyxa g i 06 5
6 4o 00z0mosumenbnblit 00HcU2 Hexoonoe coipné o v
- /4 Hamenvuenue Hopowkosan cmecy

| — — =
— —
Censzyrouwee semecmeo (KML,

Lenounan oecunrukayus

Monoaumer uz AKMUBUPOBAHHO20 y2/in
CO2
M ( - - @

Axkmueayus JTumsé noo oaearenuem uz pacniaea
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TexHomormyeckass cxeMa H3TOTOBICHUS MHOTI'OKAHAIIBHOTO YriaepoaHoro 0JI0Ka BKIJIIOYACT OoCJICAOBATCIIbHY O
r[epepa60TKy pHCOBOfI meJIyXyu, HavYvHasg C JSTalla NpeABAPUTCIIBHOTO o0kHra I yAaJICHUA JICTy4YUX KOMIIOHCHTOB.
HonyquHoe 0003KKEHHOE CI)IpI)é noABCpracTed MU3MCEJIbBYCHUIO M CMCIIMBAHUIO CO CBA3YIOIIMM BCHICCTBOM (KMH) C
06pa3OBaHI/ICM OﬂHOpOHHOI\/'I HOpOHIKOBOfI CMCCH. I[anee CMCChb HAIIPABJIACTCSA B YCTAHOBKY JIUTbSA NOA HAaBJICHHUCM, TIJIC
Q)opMyeTc;I MHOT'OKaHaJIbHasA CTPYKTYypa. HOJ'Iy‘leHHLIC 3aroTOBKHU NOABEPIraroTCs IIIGJ'IO‘-IHOf/i ACCUJIIMKAlUU C UCIIbIO YAAJICHUA
erMHe3éMa, qTo CHOCO6CTByeT YBCJINYCHUIO yHeHLHOﬁ IMMOBCPXHOCTH. 3aKIIOUNTEILHEIM JTAllOM SIBIISICTCS aKTHBallusid B
MOTOKC INOKCHU A yriiepoaa, O6€CHG‘II/IBaIOIHaH Pa3BUTHUC HOpI/ICTOI\/’I CTPYKTYPBbI U TOJTYYCHHUE MOHOJIMTOB U3 aKTUBUPOBAHHOI'O
yriaepoaa, IpUurogHbIX IJIst COp6HI/IOHHLIX WA KaTaIMTUYCCKUX HpHMeHeHPIﬁ.

3. PE3YJIbTATBI
3.1 HAPAMETPbI OHEHKH DOPEKTUBHOCTH ®UJIbTPOB

XapakTeprucTHUECKUMH TTOKA3aTEeISIMH JIF000T0 (GHUIBTPA SBISIOTCS CIIeIyIOIINe TapaMeTpsl : pabodas 3ppeKTHBHOCTS,
TIPEACTABIISIONast COO0M OTHOIICHHE KOJIWYECTBA YJIOBJICHHOW NBUIM K CyMMapHOMY KOJIMYECTBY YacTHIl nepes (GpruibTpom;
MHUHAMAJIBHBIA pa3Mep (pakuuii 4acTWI], YJABIMBAacMBIH amNmapaToM IOJHOCTHIO; adPOJMHAMHYECKOE CONPOTHBIICHUE;
MIPOU3BOAUTENLHOCTh; MAKCUMAIIBHO JOITyCTUMAsI BEJIMYMHA a9POANHAMUUYECKOIO COIPOTUBIIEHUS, KOTOPask y4UTHIBACTCS IPU
OTIpENIeTICHNN BPEMEHU pabOThl; MBIIIEEMKOCTh, KOJIMYECTBO 3arpsi3HEHUH, KOTOPbIE MOTYT OBITh YJIOBJIEHBI (PHIBTPOM Ha
eanHNIly o0beMa WM IIIOINA/AN; JOJITOBeYHOCTh. Celvyac Ha PBIHKE BEHTWIALIMOHHON TEXHHKH IMPEICTaBICHO MHOXECTBO
MoJIeTIeid TSt BO3/LyXOBOJIOB Pa3InYHON (OPMBI U cedeHus [5-6].

Pucynox 3: MHOrokaHa/IbHBINA 6JIOK BHJA ¢ TOPLA. Baok B paspese

B pesynbrare n ObUT ITOTydeH MHOTOKaHAIBHBIN OJIOK CO CIIEIYIOIIMMH TEOMETPUIECKUMHI pa3MepamMH - TuaMeTp 48MM.
u jymEHON 120MM. On mponuszan 1000-10 NMPOMONBHBIX MPSMOYTOJNBHBIX KaHANOB ¢ ceueHneM Imm2, TakuMm 0Gpazom
KOHTAKTHas! TIOBEPXHOCTh KaHAJIOB OHOTO 6y10Ka cocTaBuia 480000MM? MM OKOJIO MOJIOBMHBI KBAIPATHOTO METPa (PHCYHOK
3).

Ha pucynkax 3 610ka Xopomo BHAHa MakpocTpykrypa Onmoka. CocraB marepuana Ojoka ObUT ONpEAETIeH METOIOM
PEHTTEHO-TUCIIEPCUOHHOTO aHAJIN3A.

Kak BUJHO M3 PE3YJIbTATOB aHAJIM3a MATCpHa]l COCTOUT OCHOBHOM U3 YIJICPOJAa U OKCHJAa KPECMHMUA. B Hebonbiom
KOJIMYCCTBC MPUCYTCTBYIOT Kap6OHaTI>I MCJIOYHBIX U IICIOYHO3EMCIIBHBIX MCTAJIJIOB.
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PucyHox 4: PeHTreHo-11CIIepCHOHHBINH aHAJIN3 MaTepuasa 0JI0Ka.

CTedaxizgenesrs genmaps.spe 26.Dec 2021 151601 Element Wt% At%
6.3 C 86.57 91.06
(0] 8.92 7.04
il Na 0.64 0.35
Mg 0.13 0.07
12 Al 0.65 0.30
e Si 1.75 0.79
1451 Ci 0.29 0.10
K 0.22 0.07
| B Ca 0.34 0.11
e S c o' Fe 0.49 0.11
l". 0.00 2.00 400 c.;o:“ ok :.\;oo 10.00 12.00 13.00 Matrix Correction ZAF

Jns noxydeHust nHGOpPMAIMK O TIOPUCTOM CTPYKType MaTepHaia (QHiIbTpyromero Onoka ObUT MCIIOIB30BaH METOJ
HU3KOTEMITEpaTypHOH afcopOLuu a3ora.

HUccnenoBanne mposoxwiock Ha npubdope 3H-2000PS nocie npenBapuTensHON TPEHUPOBKH 00pa3iioB, IPOBOIUMON
mpu 200 °C u ocrarounom maenernn MeHee 0,001 mm.pr.cT. M3mepeHus u3orepM ancopOIuu a3oTa MPOBOIMIUCH MPU
temneparype 77K B amamasone otHocuTeNnbHBIX mapieHuid oT 0,005 mo 0,991 m wx craHmapTHY0 00pabOTKy METOIOM
Bpynaysp-Ommer-Temnepa (B3T), cymmapaoro oobema rmop Vs; o6beMa Mukpornop Vs; cpenHero auamerpa nop Dep (¢ yaetom
MHKpO- ¥ Me30110p). BO3MOXXKHOCTH METOJI0B, KacaloIuecst pacupeeNieHHs TI0p 10 pa3MepaM OrpaHWYeHbI 007IaCThI0O MUKPO-

u me3onop. [MorpenHocts gannoro Merona 10%. CymMmapHas IIomaab MUKpO- M ME30TIOp cocTaBmia 551 M/,

Pucynok 5: H3oTrepma agcopOuun 06pa3na MOH00JI0KA, NoJy4eHHas AU depeHIHAIbHO- HHTErPaJbHBIM METOA0M.

DFT Method Differential/Integral Pore Volume/Pore Diameter

(4 awaW(mlg/nm) == V(ml/g)

D

0.24 1
0.22 1

0.20 -

0.18 4
0.16 4

0.14 4

0.12 1
0.10 1

0.08 -
0.06 1 -
0.04 4 -

_____________

o.oz-@ﬁ},_@'&?
0.00

[1.4()
_}F1.30
F1.20
-1.10
F1.00
“10.90
-40.80
}o.70
}oe0
-0.50
“}o.40
Fo-20
-40.20
+0.10
-0.00
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Io pe3ynbTatam u3mepenuii 066éM mukporop (<1.69 nm) coctasun 0.2007 Mi/T.

06wt 066éM mop (<2.54 nm) cocrasun 0.2492 Miv/r.

OObeM Bcex TOp, BKIIOYAsi MAKpPOIOPBI, U3MEPSUICS METOJIOM IPONUTKH 00pasiia BOAOW. DTOT METOJ He SIBIISETCS
CTaHIAPTHBIM, HO MAaKCHUMAJIbHO COOTBETCTBYET YCIOBUSM OyAyLIero NpHMEHeHUs (uibTpoB. ['OTOBBIE (UIBTPEI
B3BCIIMBAIUCH M MOMEIIATUCH B BOJLY 3aT€M BaKyyMHPOBAJIHCH IJIs HOJNHOH nponutki. CyMMapHbIid 00beM HOp COCTaBUII
0,545 ma/r. Takum 006pa3zoM PUIBTP MK MPONHUTKE CIOCOOEH yJep)KaTh KOJIMYECTBO PACTBOPEHHOTO MMITPErHAHTA PABHYIO
€ro Macce.

3.2 PABOYAS DOPPEKTUBHOCTbD YIJIEPOJMHWHEPAJIVIBHOTI'O BJIOKA

OHHI/IM 13 OMACHBIX U BPCIHBIX (baKTOpOB TpyAa ABJIACTCA 6I/IOJ'IOI‘I/I"IGCKI/II‘/'I, T.C MOABJICHUC MUKPOOPIraHN3MOB, KOTOPBIC
CIIOCOOHKI BEI3BIBATH HE TOJILKO I/IH(l)eKHI/IOHHBIC 3&6OJ'I€B21HI/IH, HO M CHMKCHHC 06HI€FO HUMMYHUTCTA U, KaK CICACTBUC, POCT
IpeaAPACIIOIOKCHHOCTH K OBITOBBEIM I/IH(beKHI/IFIM. OHHaKO, B HaCTodAlIEC BpEMs HC B MOJTHOM MEpe OIpcacicHa CTCIICHb
OIIaCHOCTH, 06y0J'IOBJ'IeHHaH KOHTAKTOM C MHUKPOOPraHUu3MaMH IJisd PA3JIUYHBIX IMPOU3BOACTB. HeIlOCTaTO‘IHO HcCJIcaoBaHa
MI/IKpO6Ha$I 00CEMEHEHHOCTh | BHHOBOﬁ CoCTaB MI/IKpO(i).]'IOpI)I HOMCHIGHI/H\/’I PA3INMIHBIX HpeI[HpPIHTHﬁ, KOTOPLIC
06}7CJ'IOBJ'II/IBa}OT POCT MPEAPACIIOIOKCHHOCTH K 3a6OJ'ICBaHI/I$IM, CHUIKCHHUEC MMPONU3BOAUTCIIBHOCTU U PE3YJIbTATUBHOCTH TPYAaA.
He B ,Z[OCTaTO‘IHOﬁ MEpC HUCCICAOBAHBI TAKXXEC BOIPOCHI CaHI/ITapHO—FI/II‘I/IeHI/I"IeCKOI\/II O6pa6OTKI/I IPOU3BOACTBCHHBIX
HOMeHICHHfI B 3aBUCHUMOCTH OT CTCIICHHU OIIACHOCTH MI/IKpO6HOFO Q)aKTopa.

I'pyObie mucriepcHble cuCTeMBI (ITBIIh U3 KOBpOJIAHA WM OPTaHWYECKas MbUIb, M YTOJbHAs IbUIb) UCCIIEJOBAIIUCH C
nomotiblo COM. Uzyuyenue (OpMOIOTMH W CTPYKTYPHl YacTHIl IPOBOAMIOCH METOAOM 3JIEKTPOHHOW MuKpockormu. C
TIOMOIIIBIO CKaHUPYIOLIETO IEKTPOHHOTO MUKPOCKONa (pacTpoBBIii AneKTpoHHbIH MuKpockon (Quanta 3D 200i Dual system,
FEI, Ka3zHY, HHJIOT) 6su1a nony4ena Mukpodororpadus 4acTuil.

PucyHok 6: Pazmep yacTun yrojibHoii (2) 1 Oprann4eckoil nbLiu (0) mog MUKpOCKONOM

»

mag O| mode WD HFW e——L O 1111 Re— HV mag O ) ————100 pm
10.00 kV| 5 000 x | Custom | 9.2 mm 59.7 10.00 kV [ 1 Ol

BuzyanbHBIME M3MEPEHUSIMH OTIPEACIIINCH (DpaKIMU YIENbHBIX aryiOMEpaToB IBUTM M MPOLEHT MX HanOOJBILIETO
COZIepKaHUSI OTHOCHUTEIIBLHO NPYTUX (DPAKIIUH.

Bt mpoBenieHb! aHAUTHYECKUE PAcyeThl IO ONpENesICHHIO (DYHKIMHU pacIipeieeHHs YacTHII IBUIH M0 pa3Mepam.
Pacnipenenenust yacTui o pasmMepam MOTYT OBITh PEICTABICHBI CIeAYIOIIEi 3aBUCUMOCTBIO [7].

Brum MMPOBCACHBbI AHAJIUTUYCCKUC PACUCTBI IO OIMPEACIICHUIO (1)yHKIII/II/I PpacrpeaAciicCHud 4aCcTULl IbUIN OqHHIaCMOﬁ
(1)I/L]'ILTpaMI/I 110 pasMcpam. Pacnpez[eneHHﬂ HJacCTull 1o pasmMepam MOryT OBITH OpEACTAaBJICHBI cne[{y}omef/i 3aBUCUMOCTBIO.

1 _1g%(dy/dm)

=—  .¢ 2lg%0;
d V2m - lg o,

M
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['ne o, - yaenapHOe coAepKaHKe arjioMepaToB ¢ pasMepamu d«

lgo,— cpeaHeKBapaTHYHOE OTKIOHCHHE

lg(d+/dm) morapum oTHOIIEHNS YacTHII K CpeTHEMY WIIM MEANAHHOMY 3HAUEHHIO.

WHrerpanbHas KpuBasi 3HAYCHUH C paclpeielICHHeM YacTUI MOXKET ObITh PeoOpa3oBaHa CIICAYIOLINM BBIPAKCHUECM:

lgd,
100 _lgz(ldg/dm)
R(d) = — e 220, d(lgd
( ‘{) \/E lg 0_'{ ( g ‘{)
+oo
@
Ecmu BbIPAa3UTb 3HAYCHUSL J'IOFapI/I(l)MOB qepes3 t= lg(ld;#, TO YpaBHCHUC 2 Hpeo6pa3yeTc>1 B B
! t
R(d.) 109 _ﬁd(t)
= — e 2
Y \2m
+oo
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[IpoBenst pacueTpl aHATUTHYECKUX (QYHKIHMH pacHpeiesIeHHs YacTHIl IOJydaeM MaTeMaTHYecKylo IUIaTy pacdera
CHCTEM OYMCTKH BO3/lyXa, YTO ITO3BOJIUT aBTOMAaTH3HPOBATH U TI0I0MPaTh BPEMEHHBIE ITApaMeTPhl CMEHBI (PUIIHTPA B OUMCTHBIX
¢unbTpax.

[IpyHnMas MeauaHHOE 3HAYEHHME YaCTHUIl PaBHBIM 5 MKM IOIy4aeM pacHpefeNeHHe YacTUll MO0 pa3MepaM, 4To
npuBesieHo B Tabmuie 1.

Ta6umna 1: PacnipesesieHne 4acTHIl 110 pa3MepaM

ITsu1B £ - cojiepKaHMe YACTHIL, MKM lgoy lg(ds/dm) R(dv), em
OpraHuyeckas 2,5 0,5 -0,301 70,5
30J1bHAs 5 +1,5 0 60,4
YroJIbHast 10 1,5 0,301 40,5

Kak BuanO 13 Tabmuine! 1, opranndeckas meliib pa3MepoM 2,5 MKM pacrpenesena 10 70,5 cM yAeapHOro pacipeiesieHus
B OT/ICJIEHO B35ITOM IIPOCTPAHCTBE -N, 30JIbHASI M YroJIbHasA, 001a1as 0ojiee MACCHBHBIMH YaCTHLIAMH MOTYT UMeTh OT 40,5 most
60,4 cM ynieapHOro pacnpenesieHus COOTBETCTBEHHO.

Kak nokazanu naHHble pucyHKOB 6 1 Tabmunbl 1 cpeanuii pasmep yacTui nsun Bapsupyercs ot 0,65 1o 150 Mukpos.
Crnenyer oTMeTuTb, uTo 161N co 100% coneprkanuem yactui 6oiee 10 MUKPOH — 3TO 30J1bHAsI M YTOJIbHAS TTBLIb.

3arpsA3HSIONE BO3AYyX YacTHIBI B 3aBUCHMOCTH OT BIIQXKHOCTH, TEMIEpPAaTyphl, Pa3pexEHHOCTH aTMOchepbl MOTyT
pasnuuaThess M IO CTENEHH AMCIEPCHOCTH, TO €CTh IO pa3Mepy YacTHll, 3TOMY (aKTopy CIIOCOOCTBYET arioMepariis
MIPUMECE.

[Ipomyckanue meiel yepe3 cTeH ¢ TKaHEBBIM (uibTpoM nokazanu 100% 3amgep’KuBaeMOCTh MbIICH pa3MEpPHOCTH
Bbimie 15 MHKpOH. DGPEKTUBHOCTD YJIAaBIMBaHMS OpraHMYECKHUX NbUICH Bappupyercs oT 74 no 9,8%, B 3aBHCHMOCTH OT
JUCIEPCHOCTH YaCTHIL.

Ta6umna 2: OuncTKa NbLIeld pasInYHONd NPUPOALI U JMCIIEPCHOCTH Yepe3 puiabTp

D - CrerieHb OYMCTKHY TBLTH, %o

AUCIEPCHOCTD Opranuueckas 3onbHas VYronbHas nbutk | IIbUTB OT 3aTOYHBIX ITb11E OT OPOXOBBIX

JacTuLl IIbUTH MbLUIb MbLUTh CTaHKOB ra3oB YHEProeMKHUX
COCTaBOB

5 74 80 90 90 90

15 80 82 100 100 100

20 90 100 100 100 100

25 98 100 100 100 100

Z[J'IS[ BBISIBJICHUSL JUCHEPCHOIO COCTaBa TBEPABIX 3al"p5[3HeHPII>i MMPOU3BOAUJICA aHAJIN3 (1)paKIII/IOHHOFO cocTaBa
33r‘pﬂ3H€HHﬁ BO3AyXa B 3aBUCUMOCTHU d -AUCTICPCHOCTHU YaCTHUILL IBLICH OT (bpaKIII/IOHHOFO cocraBa N. chaKIIPIeﬁ OpUHUMAJIN
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OTHOCHUTECIIBHYIO JOJIFO YaCTHII, pa3MEPhI KOTOPBIX HAXOAWIINUCh B OIPEACIICHHOM UHTEPBAJIC 3H8.‘ICHI/II7[, MPUHATBIX B KAYCCTBE
HYDKHETO U BEPXHETO ITPEACIIOB.

JlaHHBIE 110 OMPECICHUIO JUCIIEPCHOCTEH MUK OT (PPAKIIMOHHOTO PACTIPEICIICHHUS PEICTABICHBI HA PUCYHKE 7.

PucyHok 7: /lucniecHOCTb 4acTHI B 3aBHCHUMOCTH 0T (PAKIIHOHHOIO COCTABA

PacnpeneneHune 4actuy rno ANCrnepcHocTn

5 BN opraHuyeckas rbijib
s 30/1bHas MblJib
BN yrosibHas Mbljib

N, %

5 10 15 20 25 30
d - AucnepcHocTb YacTul (MKm)

Kak BugnO U3 pUCYHKa 7 B 3aBUCUMOCTH OT YCJI0BMA, BIAXXHOCTH, KOTE€3WHU U arjlIoMe€panry B OTACIIBHO B3ATOM o0beMe
J0 1 JINTpa YaCTHULBI ITBUTH MOTYT UMETH Pa3HYI0 TUCIIECHOCTh YaCTHII.

B wacTHOCTH, MenMaHHBII 30JIbHAs TBUTE C qucnepcHocTs 10 MkM Moxet pocturath 4 % Qpakunu, B TO K€ BpeMs
YToJIbHAs MBIIh B OCHOBHOM COCpENOTOYEHa Ha aucrepcHocTH 20 MKM u coctaBisieT 5 % ¢pakuun. Opranndeckas IbUIb B
3aBHCHUMOCTH OT IIPHPOIHI TIPOUCXOXKICHISI UIMEIOT MaKCUMAITBHBIN 3,5 % Tipu mucnepcHocTH 15 MKM.

Pasnmuanas AuCniepCcHOCTH 30JbHOM M YTOIBHOM IBUTA MOKET TAK)KE OOBSICHATCS Pa3INIHON MTPUPOOH CMaYUBACMOCTH,
YroJbHasi MbUIb MPAaKTUYECKU HE CMAUMBAETCS, B TO BpPEMs KaK 30JIbHAs MbLIb MOJIHOCTHIO CMAUYMBAETCS MPU KOHLIEHTPALUU
Biaru B Bozayxe o 0,2 o 1 % mo o0bémy.

OL[HI/IM N3 BaXHBIX (l)aKTOPOB Ipyu  TBUICYJIAaBJIMBAHUU W OYUCTKC BO3yXa SABIIACTCA (I)I/I3I/IKO—XI/IMI/I‘{CCKa$I
COCTaBJIAKOIIAA IbUIA, B YaCTHOCTHU I[I/ICHepCI/IOHHHﬁ COCTaB HaNPAMYIO OIIPEACIIACT CKOPOCTh YKIAAKW YaCTHUIl IIbUIA, a
JAaHHBIC 110 OCAXKACHUIO ITBIIIM B YAaCTHOCTU CKOPOCTD €€ OCAXKIACHNWA 3aBUCUT OT YACJIIBHOI'O BECA HI»IJ'IeOGpa3yIOH.I€FO Marepuraia

1 GOpPMBI YACTHII TBLIH.

Brum MPOBCACHBI JKCIICPUMEHTBI 110 ONPEACIICHUIO CKOPOCTH OCAXICHUA TbLICH pa3quH0171 Ipupoabl  OT
OpI‘aHH‘IeCKOﬁ IO IIBIJIA OT IMOPOXOBBIX T'a30B, U ITbUIb C COACPKAHUAMU OKHUCIIOB KEJI€3a OT 3aTOYHBIX CTAHKOB.

I[aHHI:IC 10 CKOPOCTH OCAXKACHUS IMBUIN B 3aBUCUMOCTH OT JUCHEPCHOCTHU YAaCTUIl CBEACHBI B Ta6m/1ue 3.

Tabauna 3: CkopocTh OCa’KAeHHs1 OPraHNYecKOoii MbLIN

D —mucnepcHOCTB CKOpOCTh OCaXICHUS, CM/CEKYHIY
qacTul b1
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Oprannyeckas 3onbHas VYronbHas ITews OT IIbws OT ITewts OT
IIBLTD IBLIb IbLIb 3aTOYHBIX neven MOPOXOBBIX Ta30B
CTaHKOB JSHEPrOEMKHUX

COCTaBOB
5 0,05 0,03 0,04 0,12 0,14 0,13
15 0,23 0,04 0,15 0,24 0,32 0,42
20 0,42 0,07 0,24 0,51 0,45 0,52
25 0,53 0,12 0,35 0,62 0,70 0,62

Kak noka3srsiBarot JaHHBIC Ta6J'II/IIIBI 3 BO Bcex 06pa3uax Ha6J'IIO,Ha€TC$I JIMHEHHAS 3aBUCHMOCTD MCKAY AUCIICPCHOCTBIO
1 CKOPOCTBIO OCAXKACHUS. Yewm BEIIIIS JAUCTICPCHOCTD YaCTHUL IbIIN, TEM BbIIIC U CKOPOCTh OCAXKIACHUSA YaCTHULI.

Takxum 00pa3oM, ompeieieHHe pa3MepOB YaCTUI] UMEET BaXKHOE 3HAUCHHE IS OTIpe e IeHUs () (QEKTHBHOCTH OUNCTKH,
MTOCKOJBKY MO (PM3MYECKUM TapamMeTpaM YacTHIBI pa3MepoM 0 | MKM OOBIYHO MOTYT OBITh YIIABIMBATHCS MAcCCOH U
HMHEPLMOHHOM CUIIOH, @ YaCTULIBI C pa3MepaMHu MeHee | MUKPOH 3JIEKTPOCTaTUYECKUMU CUIIAMH M CUJIAMU MEXKMOJIEKYJISIPHOTO
BO3JICHCTBHS.

3AK/IIOYEHHUE

Takum o0Opa3oMm, B Xoze HCCIENOBaHHS pa3pabOTaHa TEXHOJOTWYECKass CXeMa ITOJIy4YeHHS MHOTOKaHAIBHBIX
YIIIEPOAHO-KPEMHHEBBIX (QUIBTPYIOMINX OJOKOB C MCITOJIH30BAHHEM PHUCOBOW HIETYXH B Ka4eCTBE BO3OOHOBIISIEMOTO CHIPBSI.
[omydeHnble OJOKM XapaKTEpH3YIOTCS BBICOKOM COPOIMOHHOW CIIOCOOHOCTBIO, Pa3BUTOW MOPHUCTOM CTPYKTYpoH H
TEPMHUUYECKOH ycTOHUMBOCTHIO. VccienoBaHWe MapaMeTpoOB a’pOAMHAMUYECKOTO COINPOTUBICHHS, IBUIEEMKOCTH H
3G (QEKTUBHOCTH YJIABIMBAHMS YacTUI] PA3MUYHBIX (QpaKIMi IOKa3ajo, 4To (PUIBTPHl 00ECIEYMBAIOT CTEIEHb OYMUCTKU
Bo3ayxa 110 98—-100 % 11st 4acTHI] C TUCTIEPCHOCTHIO CBBIIIE 15 MKM M COXPaHSIOT BBICOKYIO 3((EKTUBHOCTD IIPU MEHBIINX
pasmepax. CpaBHUTENIBHBIN aHaIM3 ¢ (QUIBTPaMH Ha OCHOBE YIJICPOAHBIX HAaHOTPYOOK M KapOWIa KpeMHHS MOATBEPAMII
KOHKYPEHTOCIIOCOOHOCTh IPEJIOKEHHONH KOHCTPYKLIMH. YUHUTBIBasi HKOJIOTHUECKYIO 0€30IacHOCTh, JOCTYIHOCThH CBHIPbS U
MIPOCTOTY IPOM3BOACTBA, MPEIJIOKEHHAs TEXHOJOTUS MOXET ObITh d(QQEKTUBHO NPUMEHEHA Ui CO3JaHusl (HILTPOB B
MIPOMBIIIUICHHBIX, SKOJIOTHYECKUX U CAHUTAPHBIX CHCTEMaX OYHCTKH BO3yXa.
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AHHOTALMSA

Byn sicymvicma Kypiw Kayvi3blHaH anblH2AH KOMIPMeEK-KpeMHUll He2i3inoe2i Konaphanvl cysziney OI0KMapbelt Jcacay JHcone sepmmey macini
Yevinvinean. Kapbonusayusamvly mepmoxumusnely a0icmepi MeH Qu3UKanbl akmusmeHOipyoi KONOAHY MAKpo- JHCIHE MUKPOKeYeKmi
KYPbLIbIMbL 0aMbI2AH, Jco2apbl Menuixmi bemxetice ue (551 m%/e-ee Oetlin) dcane Kyvicmap Koenemi yakeH Mamepuan anyea MymKiHoik 6epoi.
Okcnepumenm 6apvicbinoa Komipmekmi OI0KMApObly MYPAKmMul 9pi pemmenzeH KONAPHATbL KYPbUIbIMbIH KAMMAMACHI3 ememin
MepMOOHOeyOil OHMALLTbL PeNCUMOEDI, IKCMPY3Us napamempuepi JHcaHe CIMiniK OeCUnUKAyus wapmmapvl aHbIKmanovl. Ouismpiepoiy
APPOOUHAMUKATIBIK  JICoHe COPOYUANLIK CUNAMMAMANapsl, COMbIY [WIHOe WAl CblUbIMObLIbIRbl, ARbIHRA KAPCLIILIK JICoHe IpMmYypii
oucnepcminikmeei 6onuexmepdi ycmay muimoiniei mandanovl. AnviHean Hamudicenep a3ipaeHzeH OIoKmMapovly OHOIPICMIK JicoHe
IKONO2UANLIK AYa CY3Y Jicylienepinde, acipece Hco2apsbl memMnepamypa MeH azpeccusmi opma JHcagoatiblHoa Kon0anyea bo1auagbl 30p ekeHit
Oanenodeuioi. 3epmmeyoiy 2bLILIMU IHCAHANBLIRLI — pPemmenemin KeyeKminikke dicone daya maszapmyod ico2apvl muimoinikke ue Kypiut
Kaybl3blHAH ANbIHEAH KOMIPMEK-KpeMHUll He2i3inoe2i KonapHavl cy3einey O10Kmapbii any mexHOA0UACHIH d3Ipaey JHCIHe OHbL MAANCIPUbeniK
Mypevioa 8anuoayUusnay.

Tyiin ce30ep: xomipmexmi ¢punompnep, Kypiut Kaduviebl, KON ApHAIbL KYPLIIbIM, KApOOHU3AYUS, KeyeKmi Mamepuar, ayansl mazapmy.
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Abstract

This study presents an approach to the development and investigation of multichannel filtering blocks based on carbon-silicon materials
derived from rice husk. The application of thermochemical carbonization methods and physical activation made it possible to obtain a
material with a well-developed macro- and microporous structure, a high specific surface area (up to 551 m%g), and a significant pore
volume. Experimentally, the optimal regimes of heat treatment, extrusion parameters, and alkaline desilication were established, ensuring
the formation of stable carbon blocks with a regular multichannel structure. An analysis of the aerodynamic and sorption characteristics of
the filters was carried out, including dust-holding capacity, flow resistance, and the efficiency of capturing particles of various dispersities.
The obtained results confirm the promising potential of the developed blocks for use in industrial and environmental air filtration systems,
particularly under high-temperature and aggressive conditions. The scientific novelty of the study lies in the development and experimental
validation of a technology for producing multichannel carbon-silicon filtering blocks from rice husk, with adjustable porosity and high air
purification efficiency.

Keywords: carbon filters, rice husk, multichannel structure, carbonization, porous material, air purification.
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AHHOTALMS

byn maxanaoa ANSYS CFX opmacwinoa mepm ganraxuwianst Cagonuyc munmi mik-ocbmi dicen
mypounaceina (VAWT) oicypeizineen dcan-sicakmel caHOblK 3epmmey YculHbliovl. Maxcam
peminde emneni aspoOUHAMUKAHBI, MOMEHIM CUNAMMAMANAPLIH JHCIHe Kyam Koddduyuenmin
(Cp) srcaxcwl bakwinanzan ecenmix Jcaz0anioa canowvlk 6a2anay, coHOAu-ax JHcoapvl OANOIKmi
opi ecenmey mypevicbiHaH YHeMOi Moodenvoeyee Kamvlcmul Kaszipei aoebuemmepoezi y30ik
maoicipubenepdi  ocyiieney  ke30endi. Moodenrvoey cmayuoHapavlk  cmamop  OOMeHiHe
Kipikmipineen aiHaimansl pomop 0OMeHiH Kammuln, onapovly apacvinoa Transient Rotor—Stator
(TRS) canax scyiiecin ayvicmoipy unmepgbetici Konoauwinowl. Kipic oicen scvinoamowizel 7 m/c,
mypoyneHmminix KapKuiHowvliwizel 5% 6onvin Kabeinoanosl. Pomop scahanoviy Z oci b6oiivimen
=90 pad/c bypvrumbIK HCHLIOAMObIKNEH aUHANObL. OHEpKICINMIK azbiHOAp YUl OPHLIKMbLIbIZbL

Jicone  Kabvipea QYHKyuAIapuiMer  yinecimoiniei cebenmi macwmabmanamein Kabwvipea
@ynxyusanapur 6ap cmanoapmmul k—e mypoyrenmmix modeni manyoanowi. Top eenepayuscul
Kanakwia Oemmepi MaWblHOA UHGIAYUARA Heli30eNiceH  ycakmamy —CmpameuscbiMen
opuinoanovl; wiamamen 1,0 man myiiin dcone 5,8 Man dnemenm anvbiHObl, Al dNeMeHmmepoiy
Mmaxcumanosl Kucaiowl 0,8-0en acnaovl. Homuoicenep bemmeei KblcblM MeH HCbLIOAMOBIKMbIY

Temupbexos A.H,

On-dapabu atsiHIarel Kazak yiaTTeiK
YHHUBEPCHTETI,

Aunmarel, Kazakcran,

Kaxebaes JI.B, nepuoomulx mepbenicmepin, KozepeHmmi KYublHOApOwly OONIHYIH JicoHe [3-agblH  03apa
On-®apabu atbiHnarsl Kazak ynTTeik opexemmecyin ~ kopcemmi.  Cananvly — ypoicmep — 20ebuemmezi — yul — KA1aKuianol
YHHBEPCHUTCTI, KOMGpUeypayusanapmen canblCmulp2anoa MmomeHmmiy Oipkanvinmel Oepinyi dlcaxcapeanvii

Anmatel, Kasakcray, ayzapmmut, anarioa Cp-miy wblHObIK MOHI MAPObIMCbI3 MOMEH OO0TYbl MYMKIH eKeHi OatiKaniovl,

MYHOQll KomMnpomuce OYpoinebl dcymvicmapoa oa aman emineen [1-3]. 3epmmeyoe mooenvoey
Mayoayaapsvl, mekcepy pacimoepi sicane oepekmepoi KblCKapmy npoyedypanapsbl HCUHAKManiobl
JiCoHe KelliHel OHMAILIAHObIPY 3epmmeyiepine apHAIEaH Kauma eHoipyee OOIAMbIH HYCKAYIbIK
peminoe YCbIHbLIObL.

Tyiin co3zoep: SAVONIUS munmi mik-ocomi scen mypounacel (VAWT); ANSYS CFX; emneni
pomop—cmamop (TRS); k—& mypbynenmmix mooeni; mopaa mayencizoik, Yumoik Hcoli0aMObIK
gamowinacel (TSR); kyam xosgpuyuenmi (Cp).

KIPICIIE

Tik-oceti xen Typounanapsl (VAWT) COHFBI JKbIIIAphl Kaa >Kargaiinapbl MEH TOMEH JKeJ KbUIAaMABIKTapbIHIa
KOJIaHy YIIiH KaliTagaH Hazapra UmikTi. byran omapabsiH GapiiblK OarbITTarbl CE3IMTANIBIFBI, aKyCTHKAJIBIK 131TIH TOMEHIIT1
MKOHE MEXaHUKAIIBIK KYPBUIBIMBIHBIH CAJIBICTBIPMAIBI TYpAE KapanaibMabUIbFbl ceden. Drag-tunti VAWT Gomnbin TaObu1aThIH
CaBOHHUYC POTOPBI )KOFaphl iCKe KOCYy MOMEHTIH KaMTaMachl3 €Te/li JKOHE YIITHIK >KbUIJaMIBIKTHIH TOMEH KaTbIHACTAphIHAA
(TSR) nma xyMmpICKa KaOUISTTUNIMH caKTai/pl; OCBIHBIH HOTMDKECIHIE OJI TapaTbUIFaH MHUKpOTE€HepalusFa oHe FUMaparka
OipIKTIpiIETIH TYKBIpBIMIaMaliapFa TapThIMIIBL. AJaliia KaHOHIIBIK €Ki skoHe yuI «meMimTi» SAVONIUS cynbanapsr operte
MOMEHTTIH KYIUTi IyJIbCAalUsIapbIMEH, i3-aFbIH TYBIHIATAaTbIH OHIMALTIKTIH TOMEHACYIMEH >KoHE THIMAUIIKTIH IIEKTeyJi
IIBIHJBIK MOHIMEH cumaTTanas [1-3].

Comnrpl 3eprreynep SAVONIUS poTOpBIHBIH OHIMIUIITIH I€OMETPHSUIBIK OanTayiap apKbUIbl XKaKcapTy >KOJIapbIH
KepCeTTi: KajlaKia KaObICYbl, COHFBI TabaKmanap, OarbITTayIIbl CaHbIIayIap, KONcaThUIbl (KaCKaIThl) POTOpIIap >KoHE JTU(T-
TUNTI TYKBIPIMAaMaIapMeH THOPUATEHIIPY — Oyi1ap e 0apibIFbl SKCIIEPUMEHTTEPMEH kaHe skoraps! nanaikreri CFD-men
pacranael [1,2]. Conbmven karap ANSYS CFX cHSKTB KOMMEpIMSIIBIK IICIIYIIJIepAEri KETICTIKTEp CaHakK KyHeciH
aybICTBIPY MOJIEIIBJICPIH MaiilallaHaTHIH OTIIENI POTOP—CTATOPIIBIK €CENTeYIepi CEHIMII TYp/e KYpPri3yre *oHe oTIeli 13—
KaJIaKIIa e3apa opeKeTTEeCyiH ecenTey TYPFBICHIHAH YHEM/I ToCIMEeH OeliHeneyre MyMKiHAik Oepai [3,4].

Oco1 xxymeicta ANSYS CFX opraceinzaa 6ip catbuisl, TopT Kastakmansl SAVONIUS kondurypanuscs: 3eprrenai. Tept
KaJaKIIaHbl TaHAAYIbIH KUCHIHBI — MOMEHT TepOeJicTepiH a3aiTy jkKoHe aifHaJIBICTBIH OipKaJBINTHUIBIFBIH apTThIpY; Oyl
TeHEpaTOpMEH TYHIH/ECYTe KOHE TOMEH >KbUIaM/IBIKTaFbl XKYMBICKa Maiiianbl. bi3niy yiecimi3 exi OarbITTaH TYp/bl: KaiTa
eHJipyre OosaTbiH Oantaynsl (momeHzaepni Oeiy, mHTepdeiic cTpaTerusicbl, TOp CalachlHBIH MaKCaTThl KOpCETKilTepi,
conBepni Oackapy »oHE JEepeKTepi HOCT-6HAEY) KyKaTTay >KOHE IMarHOCTUKAIBIK epicTepAi (KbUIAAMABIK, KBICBIM,
TypOyJIEeHTTIK KWHETHKAJIBIK 3HEPrus) opi Y3AIK ToKipuOere HerizJenreH aHbIKTaMallapFa CYMEHTeH TYBIHABI OHIMILTIK
METPHUKAJIAPBIH YChIHY. MYMKiH OonfaH >XepliepAe MOJeNbJAey TaHJaylapbl BajlWJalWsUIaHFaH 3epPTTEYJIEpPMEH >KOHE
TEOPHSUIBIK HETI3JIepMEH 03apa CabICTHIPBIILIBI [1-7].

OJEBU IOJIY
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BrakBer skoHe apinTectepi xKyprisred Sandia adpoTyTik HayKaHbI eKi skoHe yi «memimTti» SAVONIUS poropnapst
YIIiH OHIMIUTIK KapTalapblH YCHIHY apKbUIBI cajla/larsl ipreii 0a3a KaJbsImTacTeIpabl: ockl aepekrep Cp—TSR toyenainirinig
STAJOHJIBIK KUCHIKTAPHIH opi KaObICy (overlap) MeH conrbl Tabakima (end-plate) reomeTpusiiapbiHa ce3iMTaIBIKTHI aKBIH AT
Oepai [5,6]. byn mMonimerTep Banmaanus MakcaThIHAA €H JKHMi NalalaHbUIaTBIH SKCIIEPUMEHTTIK Oariap peTiHAe CaKTaJIbII
keneni. Keifinri 3eprreynep mapameTpiiK KEHICTIKTI KEHEWTIIN, KeIlcaThlIbl pOTOpJapAbl, KaJIAKIIa KUCHIKTHIFBIH JKOHE
QG dy30pMeH KeTUTIipiIreH KoHGUTYpansuIap/bl XKyier Typae Kapacteipasl [1-3].

Mopenbey TyprBICBIHAH aliFaH/a, KYH—IQJIIK Tere-TeHirine oaitnanbsictel Reynolds Gofibiama oprama HaBee—Croke
(RANS) xabsummanaps! eHepkacinTik CFD-neri Herisri Kypai perinne opHbIKTEL. Launder—Spalding ycbinFan crangapTTsl k—
& MoJieTi MacmTadTanaTbiH KaOblpra (QYHKIMsIIApbIMEH Oipre Kepi KbICBIM I'PagueHTTepi 0ap CHIPTKBI a’pOJHMHAMHKAIBIK
arplHIapIa KeHiHEeH KoNmaHputein keneni [7]. bamama >xaOpumvamap (realizable ke, k~w SST, GEKO) 6omxaHaTHIH
KYKTEMeJep MeH i3-aFblH KYpbUIBIMBIHA BbIKHad ereTiHi kepcerinni; SAVONIUS poTopnapbiHa apHaiiFaH >KaKbIHZIA
KYPri3UIreH calbICTRIpMalIbl OaFaiay MOJIEIbl YKBINITHI TaHay MEH TOPAbIH XKeTKimikTimiri (mesh adequacy) menrymr MoHre
Yie eKCHIiH aTaIl KepceTTi [2].

ANSYS CFX opraceiga Transient Rotor—Stator (TRS) maTepdeiicTepi aliHaimanbl oHE CTallMOHAp IOMEHAEP
apachIH/a YaKbITIIA 1) CAHAK-)KYHECIH ayBICTBIPY/IbI ICKE aCBIPHIII, IEHOEPITiK (ha3aIbIK aKMapaTThIH CaKTaTybIH KAMTaMachl3
ereni. byn Tocin CFX-Solver Theory Guide xyxarsiHma jkoHe Oipkarap KojjaHOaiel eHOeKTepiae erkel-Terkeii
cumatTanbin, pitch colikecTiriH KaMTamachl3 €Ty, yakblT KaJlaMblH TaHJIAy >XOHE KaJIBIKTap/pl OakbuIay JKOHIHAE HAKTHI
yeombiMaap Oepinai [4]. Tomelk cakuHara apHamraH ecenrtepie (pitch Oypemmrapsr 3600/3600) mHTepdeiic op yaxbIT
KaJlaMbIH/1a POTOP TOPBIHBIH CTATOPFa KATHICTHI LIrepiyieyiH (U3NKaJIbIK TYPFbIIaH HHTYUTHBTI TYPAE JKYNTaCThIPaIbL.

QJICTEME

AFBIH CBHIFBUIMANUTBIH KOHE M30TEPMIBSUIBIK A€ aIbIHIBI; OHBI Y3MIKCI3IK TeHaeyi MmeH RANS uMmynbsc TeHuaeysepi
curarTaapl. MyHaa u — opraiia XbIJIIaMIbIK BEKTOPBI, p — OpTallia KbICHIM, p — TBIFBI3/IBIK, [L — MoneKynaﬂmK TYTKBIPIIBIK,
Y3aikcizmik TeHeyl V-u 0.
Typinge xa3puabl. RANS ummynse Teraeyi ou/ot + (u-Vyu = —(1/p)Vp + vV2u — V-(u'u') 6omsimn 6ep1nz[1 MyHZa v=W/p, ai u'n’
— PeliHOnBC KepHEYIEpi TEH30PHI, 0J1 KYHBIH TYTKBIPIIBIFBIHBIH jKa0bIIIMAChl apKbUTBI MOAEIbICH/].

Crangaprtel k —¢ Mozeninae TypOyneHTTIK (KyHbIH) TYTKBIpIbIK pt=p Cpk2/e xaTbiHachl OOMBIHINA aHBIKTAJIIBL;
Mozenb Typaktbuiapbl Cp=0.09,0k=1.0,6e=1.3, C{1}e=1.0, C{2}e=1.92 Gombin kabbu1aansl [7,8]. k MeH € yIIiH TackiMaiiay
tergeynepi ANSYS CFX-teri macmradranaTtblH KaObIpFa MaHbl eMzIeMeciHe calikec KaObIpra (YHKIMSIApBIH TaiijanaHa
OTBIPHII TenTini [4].

OHIMAITIK KepceTkimTepi perinae Kyar koaddunuenti Cp xaHe MoMeHT ko3¢ ¢uunenti Cm xonnausuias: Cp = P/
(2pAV?),Cm=T/ (% p AR V?), mynna P=Tw, A=DxH— mannaiima aynan, V — kipic xburgamasik, R=D/2 paguyc, ®
— OYPBIIITHIK KbULAAMABIK. ¥IOTHIK JKbUIIAMIBIK KaTbiHACKI A=0R/V periHne aHbplKranabpl. bactankel ertmerni acepiepi
OaceHeTy YIIiH O0apibIK maManap OipHelIe poTop aifHaIbIMBI OOHBIHINA (ha3abIK opTama MoHep TypiHae oepinai [5].

ECENTIK AUMAK KOHE TEOMETPUSA

EcenTik aiimak aiiHamMaibl ilIKi JOMEHHEH (POTOp) *SHE CTAllMOHAp CHIPTKBI JOMEHHEH (cTaTop) TypAsl. Potopaa
CaHbUTAYMEH BIFBICKAH KOC >KapThI-IIMIMHAPACH Kypairad TepT Kaakmansl SAVONIUS sxunamacet ANSY'S DesignModeler
opTachIHAa KypacThIpbULIbl. ['eoMeTpusiIbIK apaMeTpiiep: poTop omikriri H=[... MM Hemece M], potop auamerpi D=[... MM
Hemece M|, skapTel-lumuHAp auamerpiepi D1=30 cm sxone D3=31 cm, kabbicy biFbicybl L2=14 cm. TepT kanakiia 6acTarksl
€Kl KaJlaKIIaabl KOH(QHUTYPALUsHEl OPTAJIBIK OChKe KaThICTHI 900 OyphIiKa Keulipin-aiiHanapIpy apKbUTbl aibIHABL. CBIPTKBI
CTalMOHAp JOMEH OJIOKaXIbI JKOHE IIaFbUTy bl HIEKTEY MAKCAThIHAA TIKOYPBIIITHl MPU3MAJbIK aiiMaK peTiHAe OJIIIeM eI Ii:
Kipic OarbIThiHAa >5D, mbiFeic OarbiThiHza >10D, Tik Oarbitta >5D. Monenpaey CKpHMHIIOTTAapblHA COMKEC SKCTPY3Hs
TepeHmiri 500 MM KOJIIaHBUIIBL.
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1-cypeT: poTop “K9HEe CTATOP IOMEHIePiHiH reOMeTPHsIChHI

000 3000 60,00 (cm) 000 3000 6000 cm) 000 3000 60,00 (cm)
)

TOP 'EHEPALIUSICHI ) KOHE TEKCEPY

Top ANSYS Meshing kypamsiHma KypbuibiMpanMmaran Terpadapiik (Tetd) smemeHTTepMEH KoHE Kalakiia
KaOBIpFrayapel OOMBIMCH WHQUIANMSUTBIK KabatTapMeH Kypbuinsl. Herisri Oanmraymap: Relevance Center = Fine, ecim
koapdummenti = 1.10, ex kimi smement exmemi = 0.939 MM, Oerreri eH ynkeH emmeM = 93.84 mm. KopbeITEIHABI TOpIa
mramamet 1 001 212 tyitin sxone 5 823 063 3nmeMeHT abIHIbL, MaKCHMaIbI ckbioHee 0.798-meH acmansl. Kanakima MaHBIHIAFBI
npu3MaTukaiblK Kabarrapra y+ monzepi ANSYS CFX-tiH macmtaOranatslH KaOblpra (QyHKOMsutapeIMeH y#iecimui
OoJnaThIHIA HBICAaHATIAHIBI, OYJT kA—& MOJCTIH/ETI KaObIpFa eCcy KbUIIAaMABIFBIH TYPAaKTHl OOJDKaypl KaMTaMachkl3 eTTi [4,7].

Topra Toyenci3nik oprarnia/ycak AeHreinepine 6arananbr, OakpUiay METpUKaIapsl peTinae ¢a3ansik opramia Cp xoHe
MOMEHTTIH e3repici KojIaHbuAbl. TanmanFaH opTamia TOp ycak Topra caiblcThipraHna Cp OOHBIHIIA CalbICTBIPMAIIBI
aiibipmanbl [X]%-1aH TOMEH KOpCeTTi, ajl i3-aFbIHHBIH MHTETPAIBIK KOpCETKITepi (aFblH OOWBIMEH TOMEHI1 KMMaJlaFbl
Maccanblk-opTama KyHsHasUIbIK skoHe TKE) eneycis. Byn paciv VAWT 6oiipiama annemsl CFD 3eprreynepinge
YCBIHBUTFAH Y3/iK Taxipubenepre colikec ke [1-3].

2-CypeT: TOP TONMOJIOTHSCHI 5K9HEe KAObIPFa MaHbI YCAKTATYbI

0,000 0,500 1,000 (m) 0,000 0,500 1,000 (m) 0,000 0,500 1,000 (m)

0,250 0,750 0,250 0,750

0,250 0,750

ANSYS CFX-TEI'T CAHJABIK BAIITAY

Solver. ANSYS CFX konmaHbUIIBI: KbICEIMFa HETI3/IENTeH, OTIeNi ecentey peximi. Porop nomeni sxahaunsik Z oci
OotieiMeH ®=—90 paj/c OYPHIITHIK >KEUIIAM/IBIKIICH afHAIIBI; CTATOp Ko3FanMansl. Exi moMeHae 1e Y3/iKci3 opTa peTinae Air
at 25 °C xaObULHaHIBI, AaHBIKTAMANBIK KeICBIM ( atm KOWBLIABI, KaNKbIMAJIBUIBIK ocepi eckepimmeni (Non-Buoyant).
TypOyeHTTiIiK )ka0bUTMaCH! PETiHIEC MacIITa0TaIaThH KaObIpFa (yHKIHSIIAPBI Oap CTAHAAPTTHI k —& MOJIEIi IMai JaaHbUTIbI
(CFX icke acbIpybl).

Porop—craTopab! sKynTacTeIpy. YII CYHbIK MHTepdEC aHBIKTANILL: interface <> interfacel, interface bottom
interface_bottom?2, interface up <> interface up2. bapnerel General Connection TypiHAE, CaHakK XYHECIH ayBICTHIPATHIH
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Transient Rotor—Stator monenimeH sxoHe 3600/3600 pitch OypeimrapsiMen 6anTansl. MyHaai KOHQUTYpays TOJIBIK CaKHHA
(full-annulus) OolipiHIIA yakKbITIIA (ha3aHbl CAKTAWTBHIH JKYIITacyJIbl KaMTaMachl3 €Til, mixing-plane THNTI opTama axyablH
apredakrinepin OonnsipManst [4].

Mexapaapik maprrap. Crartop Kipicinae npiObicka neiinri Normal Speed = 7 wm/c KOWbUIABL, TypOyIeHTTUIIK
KapKBIHIBUIBIFBI — 5%. AIIBIK IIeKapaiapia CaJbICTHIPMAalIbl KBICBIM | aTM JKoHE arbIC OarbITHI IeKapaFra HOpMajlb PeTiHAe
Oepinai; ambIKTapAarbl TYpOYIEHTTUNK KapKbIHIABUIBIFBI Ja 5% KaOburmaHael. VHUNManu3anus: poTop JOMEHI YIIiH
Kapresuiinix sxsuinamapix (7,0,0) M/c Oepingi; ctatop Kipic mapTrapbIMeH 0acTalKbIAaH TOITHIPBUIIBL.

OTtneui 6ackapy. «Passing Period» 0.0698132 ¢ monimen anbins, 100 TeH yakbIT KagaMbiHa Oemingl (At=6.98132x10"
4 ¢). CTaTUCTHKAIIBIK IEPUOTHITBIKKA XKETY YITiH Oapibisl 25 neprost MHTerpanaansl. Ecenteynep exinik gonuiknen (double
precision) xaHe xeprutikTi napamiens pexumae (Intel MPI) opemganner. XKaxeinacy kpurepuiiiaepi peTinge TeHaeyiep
KaJIJIBIKTaphl, MOMEHT II€H MAacCalblK IIBIFBIHHBIH TYPAaKTaHFAH MOHHUTOPJIAPHI JKOHE JHEprusi OajJaHCHIHBIH >KaObLTyhI
KOJIAAHBUI/IBL.

JNEPEKTEPJI KbICKAPTY JKOHE AHBIKCBI3IBIKTAPABLI BAFAJIAY

dazanpIK oprama amy OacTanksl eTIeNi yaepicTep (spin-up) ajJbIHBII TacTaIFaHHaH KeifiH coHFbl N meprnos OoWbIHIIA
(N>5) xyprizinmi. Moment T(t) op mepuwox ymiH umHTerpangassii, oprama MoH (T) ecemrennmi oHe colikec Kyar
. T .
KOX(pHUIHCHTI Cp = % (hopMynacel OOMBIHIIA aHBIKTAIIEL. YIITHIK KBUIIAMIBIK KaThIHACK A=0R/V, myHmarsl R=D/2,
3P
2

an A=DxH naiinananymsr kepcerken H xone D mamanaps! apKbUIbI €CenTeNn/i.

AHBIKCBI3IBIKTBIH HETI3TI KypaMaacTapbl: JTUCKPETH3aIUs KaTelliri (yakKbITTBHIK XOHE KCHICTIKTIK), TYpOYJCHTTIK
MOJIENBIIH (POpPMANBIK KaTeci, MeKapatblK MapTTapblH HAKTHUTBIFBI. Y aKBITTHIK JUCKpETH3aus KaTeci At MOHIH €Ki ecere
a3afTHII, MOMCHT TapMOHHUKAJIAPBIHIAFEI ©3repicTepi Oakpiiay apKbUIBI OaraaHIpbl; KEHICTIKTIK KaTe TOPHABI YCakTay
apKpUIBL; all MoJenb-(hopMaibIK Kare Oamamainsl xaObuiManapmen (Melc., realizable k& —e& memece SST k —w) HyKTelnik
CANBICTHIpYTIAp AapKBUIBI Tekcepunmi [2,4,7]. OkcrmepuMeHTTIK 3TanoHmap (Mbeicaimbsl, CaHIUSHBIH —CKi/YII-«IIOMIMITI»
KHCBHIKTaphl) KOJDKETIMII OOJFaH KaFmaiinapia, alkaciaibl BaTUIAIIUSHBIH HETI3T1 IIIeMi peTiHIe aOCONIOTTIK MOHICPACH
repi colikecTiri KaObUTIaHIHI [5,0].

HOTU/XKEJIEP ) KOHE TAJIKBLJIAY

AFBIH TOMoOJOTUsACHI. Jle3eMeniK KbUIIaMIBIK MOYJII KOHTYpJIapbl MEH aFbIM CBHI3BIKTAphl 9P KaJlaKIIaHBIH apTKbI
KarbIHJa ayblcniaibl (0aama) BIFbICY KabaTTaphl KAJIBINTACATHIH KIACCHKAJIBIK 13-KYPBUIBIMIBI Alllbll KOpceTTi. Inrepineymi
KaJaKIIaJIapIbIH OMbIc OeIiKTepiHae peHUpKYJIISIIUs allMaKTapsl maii1a 00k, al KalTyIIbl KajlaKaaapablH JKelaeH KajlKaH
JKarbIHJIa aFbIHHBIH OeiHyi OaiiKayabl. [3-aFbIH cTAaTOp JOMEHIHE TachIMaJlaHFaH KOT'€PEHTTI KYWBIHABIK KYPBUIBIMIapMEH
cunattangsl; 0y kepiHicrep drag-tunti VAWT xeninzaeri OypbsIHFbI OalikayaapMeH camnajiblK TYpFeIIaH yitecti [1-3].

KbichiM TapaabiMbl. BeTki KBICBIM KapTalaphl LITepiiieyIni KanaKimaiap/a ®KOoFapbl KBICBIM/IBI TOKTAY ailMaKTapbIHbIH,
an KaWTymibl KallaKiiajlapJarbl OeNIHTCH aFbIH aiiMaKTapblHIa TOMCH KHICHIMHBIH KaJbINTACKAHBIH KOpCEeTTi. KpIChIM
alpIpMachl JIE3[IIK MOMCHTTIH TY3UTyiHE YJieC KOCTBI; OHBIH (ha3aybIK Tpaccalapbl Kajakila eTyiMeH OallaHBICKaH
KONTapMOHUKAIIBIK KypaMra ue OOIIbI.

TypOyaentrik kuHernkaasik 3Heprusi (TKE). XKorapsr TKE mMonzaepi Kanakma ymrapsiaia )kKoHe MIBIFY JKHETIHEH
(trailing edge) OemniHren bIFBICY KabaTTapblHIa MIOFBIPIAH/BL. J[on ochl aiiMakTap poTOp MEH CBHIPTKBI JOMEH apachbIHIaFrbl
apanacyzpl XKoHEe UMITYJIEC aIMacyabl 0ackIM TypAe alKbIHIA b

Onimainik Merpuxanapel. Oprama Kyar ko3p¢unnenti Cp MmeH MomeHT koadduimenti Cm irepiney ke3eHaepi
OoiipiHIIa Oaranmanibpl. MOMEHT ITyJbCcalMsUIapblH Oacy YIIIH EHTI3UINeH TepT KajaKMIajdbl TeOMETPHsS HOTHXKECIHIE, YII
KaJaKIIaibl KOH(GHUTYypasiapra KaparaHia MOMEHTTIH (a3alibIK 131 HeFypiieiM Teric 6omppl [5,6]. Cp mamanapsr H sxone D
MOHJIEpiHIH COHFBI HaKThUIAybIHA TAYeNJi OOJFaHBIMEH, KajlaKlla CaHBIHBIH apTybl iCKE€ KOCBUTYIIBI JKOHE aiHaJIBICTHIH
OiIpKaNBINTHUIBIFBIH JKaKcapTca, Cp MaKCUMYyMBI a3ian ToMeH eyl Mymkin [1-3].

Moaenbaeyre ce3iMTaaabIK. TOPIbI YIKEHTY CaHIBIK JUCCUITALIMSHBI YIIFANTTHI, HOTHXKECIHAE MIBIHIBIK KYHBIHIBUTBIK
09CeHIETNI JKOHE IIENIITeH MOMEHT T'apMOHMKAJIAPBIHBIH aMIUTUTYAchl azaio OaiKaiuel. YakpIT KaJaMbIH €Ki eceley
KaJaKIla eTy OKHFalapbIHBIH (a3aiblk Karenikrepine akenni; 6y1 TRS ecenreynepinne «ety nepuonsny yimin keminzge 100
KaJaM TaigananyablH KaKeTTiriH pactansl [4]. SST k —w kxaOpuIMachiHA aybICy KallaKIla MaHBIHAAFBl OOIIHYII e3relie
00JDKazIbl, COHBIH CaJlIapbIHAaH MOMEHT (ha3achIHBIH BIFBICYBI )KOHE IIBIH-apajIblK aMIUINTYAaHBIH 3repyi Tipkenmi [2].
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ITAJOHBIK AepPeKTePMEH caabIcThIPy. bip-OipiHe monm colikecTeHipinareH (one-to-one) Bagumanyst OYJ1 KYMBICTBIH
asicblHaH ThIC OoyFaHbIMeH, aynbiHFaH Cp—A TpeHai MeH i3-Mopdomnorusicel CaHAMSHBIH €Ki/YII «IIeMIMTi» poTopiapblHa
KATBICTBI TAPUXH JICPEKTEPIMEH CamajblK TYPFBINAH YitecTi [5,6]; coHmali-aKk TeOMeTpUsUIBIK OHTAMIaHABIPY Il KAMTHTHIH
kasipri CFX-neri3ni Garanmaymapmen ne kemiciMm Tantsl [1]. bonamakra »xen apHachl epeKTepiMeH CaHABIK CalbICTBIPYIbI
MYMKIH €Ty YIIiH T€OMETPHsI MEH JKYMBIC HYKTECIH HBICAHAIIBI TYPAE COUKECTEHIIPY KOCTIapIIaHIbl.

3-cypet: ANSYS CFX oprachinaa KbLUIIaMABIKTBIH TAPAIYbI

KOPBITBIH/IBI

ANSYS CFX opraceiga Transient Rotor—Stator (TRS) unTepdeticrepi Konmanpuran TepT Kanakmiaiasl CaBoOHHYC
VAWT yuin anebuernen yitnecimai CFD jkyMbIc aFbIHBI eIKeH-Ter kel Kyxartanasl. bantay KkypambiHa MaciTadTanaTeH
KaObIpra QyHKIMsIIapbl 6ap 6epik A— TypOyYIIEHTTIK MO/, TOP CallachIHBIH MaKCaTThl KOPCETKIIITEP], YaKbIT OOMBIHIIIA J1aJT
POTOP—CTaTOPIIBIK JKYNTACTHIPY JKOHE OHIMIITIK METpUKaJapblHA apHAIFAH MHATHOCTUKANAP eHTi31al. CanablK HOTHXKEICp
YII KaJaKImaibl 0a3aliblK KOHGUTYPAIMSIMEH CaJBICTRIPFAaHIa MOMCHTTIH TETICTIT1 )KaKCapFaHBIH KOPCETTI, all KYTUITCH IEH,
meHABIK Cp a3man ToeMeH e Ai—OYI1 OYPBIHFBI CHOCKTepMEH colikec kel [ 1-3]. ¥ ChIHBUTFaH «KocTapy (JOMEH I OIIeMIey,
uHTepdeiicti Oanray, TopAbl BepuHKanusIay, aHBIKCBI3ABIKTBHI Oaraynay) KaOBICYy Meliepi, Kajakma TpoQHii, COHFBI
TabaKIaniap CHAKTHI TapaMmeTpiicp OOWBIHIIA MapaMETPIiK OHTAMIAHABIPYFa JKOHE jKaObUIMa MOJCIBICPIH CaBICTHIPYFa
TiKeNeH KOJIIaHbUTybl MYMKIH.
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Abstract

This paper presents a comprehensive numerical study of a four-bladed Savonius-type vertical-axis wind turbine (VAWT) using ANSYS CFX.
The objective was to numerically evaluate transient aerodynamics, torque characteristics, and the power coefficient (Cp) under well-
controlled computational conditions, as well as to systematize best practices from current literature regarding high-accuracy yet
computationally efficient modeling. The simulation involved a rotating rotor domain embedded within a stationary stator domain, with a
Transient Rotor—Stator (TRS) frame change interface applied between them. The inlet wind speed was set to 7 m/s with a turbulence intensity
of 5%. The rotor rotated around the global Z-axis with an angular velocity of =90 rad/s. For industrial flows, the standard k—e turbulence
model with scalable wall functions was chosen due to its stability and compatibility with wall treatments. Mesh generation employed an
inflation-based refinement strategy near blade surfaces, resulting in approximately 1.0 million nodes and 5.8 million elements, with maximum
element skewness kept below 0.8. The results revealed periodic oscillations of pressure and velocity on the blade surface, coherent vortex
shedding, and wake—flow interactions. Compared to three-bladed configurations, qualitative trends indicated smoother torque transfer,
although the peak Cp value appeared slightly lower. Such a trade-off has also been noted in previous studies [1-3]. The study consolidated
modeling choices, verification procedures, and data reduction methods, providing a reproducible guideline for subsequent optimization
research.

Keywords: SAVONIUS type vertical-axis wind turbine (VAWT); ANSYS CFX; transitional rotor-stator (TRS); k—e turbulence model; grid
independence; tip speed ratio (TSR); power factor (Cp).
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AHHOTALMSA

B 0annoil cmambve npedcmasneno 8cecmopoHHee YUCIEHHOE UCCe008aHUe YeMbIPEXTIONACMHOU 8ePMUKATIbHO-0CEB0U 8eMPOMYpOUHbL MUNA
Casonuyca (VAWT) 6 cpede ANSYS CFX. Llenvio ucciedosanus AGNANACH YUCTIEHHAS OYEHKA NePexoOHOU a3poOUHaAMUKU, XAPAKMEPUCUK
Momenma u kodpguyuenma mowpocmu (Cp) 8 X0pouto KOHMPOIUPYeMbIX PACHEMHBIX YCI08UAX, A MAKICE CUCTNEMATNUZAYUS TYHUUX
NPaKmMuK U3 COBPEMeHHOU TUMepamypbl, CsA3aHHbIX C BbICOKOMOUHOU U 8bIYUCTUMENLHO IKOHOMUYHOU MOOenbio. Modenuposanue Ko4ano
8pAWYAIOWULICS. POMOPHBIL OOMEH, 6CHPOCHHBIL 8 CIMAYUOHAPHBIL CIMAMOPHBIL 0OMEH, C UCNONb308aHUeM uHmepgetica nepecuéma
cucmemvl koopounam Transient Rotor—Stator (TRS). Cxopocmb 6x00H020 nomoka cocmagnana 7 m/c, UHMeHCUBHOCIb MypOyIeHmHOCIU
— 5%. Pomop epawjancs 6okpyz 2nobanshou ocu Z ¢ yenosoii ckopocmwio —90 paod/c. [[ns npomviuineHnvix meueHutl, 86u0y yCmouiueocmu
U COBMECMUMOCU C NPUCHEHOUHBIMU (DYHKYUAMU, NPUMEHANACL cmanoapmuas k—& mooens mypOyieHmHocmu ¢ mMacumaodupyemvimu
npucmeHouHvIMU PyHKyuamy. I enepayus cemxu BbINOIHANACH ¢ UCNOTb306AHUEM CIMPAMESUU JOKAbHO20 YMOHEHUs (UH@syuu) 01u3u
nogepxnocmeil aronacmeti; 6uL10 noayueno oxono 1,0 man y3no6 u 5,8 MaH dnemMenmos, npu SMoM MAKCUMATbHAS Oehopmayus 21eMeHmo8
He npegviwiana 0,8. Pezynsmamul nokasanu nepuooudeckue Koiebanus 0agienus U CKOpoCcmu Ha NOBEPXHOCHIU, OMOeLeHUe KO2EPEeHMHbIX
suxpell u g3aumooelicmsue ciedosvlx nomokos. Kauecmeennvie menoenyuu 6visA6UU yIyuuieHue pagHoMepHOCIU nepeoaiu MOMeHma no
CpABHeHUI0 ¢ MPEXTONACMHbIMU KOHU2ypayuamu, 00Hako nuxogoe 3navenue Cp oKaA3an0Cb HECKOMbKO Hudice; NOOOOHbIN KOMNPOMUCC
panee ommeuanca 6 aumepamype [1-3]. B uccnedosanuu ovinu 0b6obujenvl 6b160pbl Mooenetl, npoyeoypsl epudurxayuu u memoovl
06pabomku  OGHHBIX, YMO NPeoCmasieHo 6 Kauecmee BOCHPOU3BOOUMO20 DPYKOBOOCHMEA OJid NOCIEOYIOUUX ONMUMUSAYUOHHBIX
uccned0o8aHul.

Knroueswvie cnosa: éepmuxanvro-ocesas semposas mypouna muna SAVONIUS (VAWT); ANSYS CFX; nepexoonuiii pomop-cmamop
(TRS); modeny mypbyrenmnocmu k—e, Hesagucumocms om cemu, omuouierue konyegoii ckopocmu (TSR); kosgpduyuenm mownocmu

(Cp).
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wewiminiy t=0 Hykmecinoe Gipinui pemmi exinui 0apediceni Oacmankyl ceKipic KyOblibiChl
b6ap exeHi aHbIKMAIObL.

Tyiiin co3oep: CUHSYNLAPTIbL aybImKbIeaH unmezpandvi-ouphepeHyuanovix
menoeynep,6acmanksl  Qynxyusnap, Koww ecedi, Kiwi napamemp, acUMIMOMUKATLIK
Jlcikmey.

KIPICIIE

YJIKeH peTTi TyBIHIBICHIHBIH aJJIbIH/AA Killli mapamMeTpi 0ap CHHTYISPIIBI aybITKBIFaH HHTETPaIbl-Tu(GepeHIHAIIBIK
TeHgeynep ¢usnKa, acTpou3nKa, XUMHS, OMOJIOTHS, MEXaHHKa JKOHE TEXHHKA CAJIAJIAPBIHAAFbl KONTEreH KOJAaHOAIbI
ecenTep/IiH MaTeMaTHKaJIBIK MOJICIIIH Kypanbl. AyBITKY CHITaThIHA Kapail oJiap peryIIsipiibl )KOHE CHHTYIISIPIIBI AyBITKBIFaH JeTl
KIKTENEI].

By >kymbIcTa KapacTBIPBIIATBIH CHHTYJISIPIIBI ayBITKbIFaH TeHJACYJep An((epeHINaNAbK TeHICYIEPIiH MaHbI3/IbI
KJackiHa JkaTanbl. CHHTYJSPIBI ayBITKBIFAH TEHZIEYJep el MNapaMeTp EHTI3y[iH PperyJusIpibIFbl JKOHIHAET! MapTrap
OpBIHIAIMANTBIH TEHICYNIEp i aTaipl. MyHIall ecenTepiH HEri3ri epeKmesiri — »OoFapbl PeTTi TYBIHABIHBIH aJlIbIHAA Killli
rapameTpiH O0ITybI.

Perynsipibl aybITKbIFaH €CENTEPMEH CaJBICTBIPFaH/a, CHUHTYJISIPIIBI AyBITKBIFAH €CEeNTep/i IIenry dJieKaia KypAei.
Cebe0i, MyHnaii xarnaiina GacTamnkpl CHHTYJISIPIIBI AyBITKBIFAH €CEIKE COMKEC KENeTiH aybITKbIMaraH €CENTiH THII e3repimn
KeTeJli: MBICAJIBl, PETTIH TOMEHJIeyl, OacTanKpl MapTTapAbH Oip OeiriHiH >KOWBIIYBI JKOHE Tarbl 0acKa >Karmaiyiap OpbIH
anajpl.

Axanemuk A.H. THXOHOBTHIH Kimli mapaMeTpi Oap CBHI3BIKTBI €MEC CHHTYJSPIbl aybITKbIFaH Anu((epeHIINaIIbIK
TEHJIeYJIepre apHaJIFaH eHOeKTepi Oy TEOPHUSIHBIH 1aMybIHa aipbIKIIa cepriiH Oepi.

HEI'I3I'T BOJIM

Exi yIIKeH TyBIHIBICHIHBIH aJIIbIHAA Killll TapaMeTpi 6ap YIIiHII PeTTi CHHTYJISIPIIbI aYBITKBIFAH CHI3BIKTHI HHTETPaJIIbI-
muddepeHIanIbpIK TEHACY 1 KapacThIpaibIK:

mysnarsr & > (- ximi mapamerp, an O ; ~OeIrini TypakThI wamaiap.

Kemneci mraprrap opsIHAAICHIH:

L A(f),B(t),C(f),F(I) dynxumsmapsr 0 <f <1 kecinzicinze, an HO (f,X),Hl(t,X) (GyHKIMSIApHI

D={0<¢<1,0< x <1} oGusicbirza y3imiceis quddepeHipaniasasl.
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1. ,le + A(t)pu + B(t) = 0 rerneyinin rySipnepi 2.(2) <0, i =1,2 Goncin.

I 1 canet H (f ,8,& ) ©3€TiHiH MEHIIIKTi MOHi OOIIMACHIH.

Ipreni memimaep *KyieciH Kypy YIIiH CHHTYJISIPIIBI aybITKbIFaH O0ipTekTi quddepuuanabik TeHaey i KapacThIpaibIK:

Ly=&y"+eA(t)y"+B(t)y +C(t)y=0 (3)

&

By Terney iy ipremi menrimaep xykeci

) 1 éjﬂ"(x)dx j ; ;
Vi (t,g)zye 0 )75 (t)yio(t)+0(8)), i=12, j=0,2, (4)

W(t.e)=yP(1)+0(e), j=0.2

TYPIH/C aHBIKTAIAIbI, MYHIAFbI Va0 ( t) =e , an ylo (l ) . y20 (t ) - (hyHKIMSATIAPHI KEJIeCi €CEeNTiH MIeTiMi
OoJaapl:
A(t)yly + B(t)yl, + C(t)y,, =0,i =1,2.
L,j=i—1

() (0)= i=0,1,i=1,2.
yzO ( ) {0,j¢l.—1’] SA,1 s

Ipreni mremimaep xyieciHeH KypaiFaH BPOHCKHAHHBIH aCUMITTOTHKAJIBIK GOPMYJIachl Kelleci TypJe opHeKTeNeIi:

Lm0

W(s,g):—?e ’ (:ul2 (S)ylo (S),le (S)yzo (S)yso (S)+O(‘9))+
+§eg£(ul<x)+yz<x))dx(#§ () (513 (5} (5) 70 (5)+ O(e)) =

1 éj-(/—‘l (x)+ﬂ2(x))dx

=—e (,u1 () 1, () ¥10 () Y20 (5) ¥30 (s)(,u2 (s)—m (S)) + 0(8))

&

Keneci 6acrankp! GpyHKIMsIIApABI €HIi3€HiIK:

W.(t,s,e —
K.(t5,8) = 5:) ;i3 (5)
W(s,e&)
MYH/JTIaFbI: W(S,é‘) N (3) TEHJEYAIH ipremi Iemimaep >KYHeciHiH BpPOHCKHAHBI, aj VVi(t’S’g) ~ BPOHCKHaH

W(S,(S') - TiH l

T IIi KAaTBIK KOJTBIH b2 (t’g), Y, (t,g), V3 (t,g) iprem Imemrimaep JKykeciMeH aIMacThIpFaHHAH

AJIBIHATBIH AHBIKTAYBILITAP.

4), (5 . 1A
( )’ ( ) (opMyIanapasH, KOMeriMeH Ki (z"s,g)’ l:L 3, (yHKIWSUTAPEIHEH Kemeci € —0 ACHMIITOTHKAIBIK

(opMynanapbiH ajgaMbl3:
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lr ' i
K® (t,s,g) :_glfie;[ﬂl(x)dx Hy (S)y3o (S)ylo (t):ul (t)

#(8) 1o (s)yw(s)(,uz(s)—,ul(s))
)

DI I G A N
Hy ( )yzo( )y30(s) :Uz(s) :Ul(s)) y30(5)
)

K)ot e 00

(s)
e () () A0
1 ()20 () (1 () = 1 (5))  24(8) 15 (8) v (5)

(1), (2) €CEIITIH IIeIIMIH Keleci Typae i31eimiz:

7(1,6)= CK,(1,0,6) + C,K, (1,0, ) + C,K (1,0,¢) %j]g 5,6 ) (s,6)ds (7)
€ 0

MYH/IaFbl

z(t,e)=F(t)+ ‘I(HO (t,x)y(x,e)+H, (t,x)y'(x,g))dx (8)

z(t,6) =1 (1, %j)‘j‘ S, & ( (x,s,8)+Hl(t,x)KS'(x,s,g))dxds;

t , &€ ) ymin @penaronsMeBIH [1-TeKTi HHTErpaNIBIK TCHICYiH allaMbI3:

Vo

Connma Z

1

z(t,e)=f(t,&)+ jH(t,s,g)z(s,g)ds (9)
0
MYH/JTaFbI
f(t.e)=F(t)+Cop, (t )+ Gy, (1,6)+Cypy(1,€),
1
2) = [(Ho (600K, (%.0.6) + H, (6.0)K] (x,0.2) + ix (10)
0
H(t,s,¢) j.( (x,8,6)+H,(1, )K3'(x,s,5))a’x
II1. 1 cannt H (t ,5,& ) ©3€riHiH MEHIIIKTI MOHI 60JIMAChIH.
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Onpa (9) uHTETpanAbIK TCHACYAIH IICIIiMi KaJFbI3 00JaIbl XKOHE OJ1 KEIIeCl TypJe OpHEKTEINE/Ii:

Aoe)= f(t,g)+iR(t,s,g) 7(s,2)ds (11)

mynparsl R(7,5,8)— H|(t,s, &) o3erinin pesonbsentacs.. t,& ) dbynkumsicer (10) popmynaceiMer anbiKkTanaasl. (11
biadh) bladb

¢dopmynansl (7) — re xoisim, (1), (2) ecentiH menIiMiH Keneci Typae OpHEeKTeHMi3:

y(t,e)=CO (t,6)+C,0,(t,e)+ C,0,(t,&)+ P(t,¢) (12)
MYHJatbl

t

Qi(t,g)zKl.(r,o,g)+§j1<3(t,s,g)(p,.(s,g)ds, i=1,23,

L (3
P(t,¢)= —2IK3 (Z,S,S)F(S,S)ds,

0

. 1

o (t,e)=p (t.€)+ IR(t,s,g)(ol(s,g)ds

0

0r(12)= 0, (1.0)+ [ R(0.2)0, 1.0
gZ(t,S)=g03(t,8)+IR(t,S,8)g03(s,8)ds
+j:R (ts.6)F (s)+j;§(t,s)F(s)ds+O(5)5F(t)+0(8),
H(1,x6)= +j1mg H (s0)ds = H {t,5) + [R{t.8)H (5,5 + O(&) = 7 (1) 0(e).

0
C ,i= 1’3 6euricis Typaxrsuiaps! yiin (10) popmynara (2 ) mwaprrapast KoajaHslI, Keseci anreGpaiblk TeHACYIep

JKYHECIH anambI3.

C 0 (0,6)+C,0,(0,6)+ C,0,(0,6) =, — P(0,¢)
C0/(0,6)+C,0,(0,6)+C,0;(0,6) =, — P'(0,¢)
C0/(0,e)+C,0)(0,6)+C,0;(0,6) = a; — P"(0,¢)
OCBI XKYMeIeH TabaMbl3:
C=0,C=0q,C=a,
CoHBIMEH, KeJeci TeEopeMa JIyphiC.

Teopema 1. Erep I-III maprrap opsinaanca, ouga (1), (2) Kommn ece6inin uremimi |0,1| kecinaicine 6ap, xanrsi3 sxomHe
) p

(12) dbopmynamen epHeKTene i, MyHAAFbI QI, ([ R g) ,i=1,3, P( t g) ¢ynxumsiapst (13) gopmyranapbiMeH aHbIKTATA/IbL.

Teopema 2. Erep I-III maprrap opsiananca, onga (1), (2) ecenTiH miemiMi YIIiH Keleci acCHMITOTHKAJIBIK Oarajaynap
OPBIH/IAJIA/IBL:

Nel(l) Central Asia Science Review

38



t

|y(t 5)| (|a0|+g|al|+g |a2|+max|F(t)|)+Ce (8|0{0|+8|a1|+8

0<t<1

)

0<1<1

|y'(t,5)| C(|a0|+8|a1|+82|a2|+max|F(t)|)+ (

0<t<1

)

0<z<1

0<z<1

. w080 w00
7 el o 2L OLE

~

|y"(t,g)| (|a0|+8|a1|+g |a2|+max|F(t)|)+
)

mynnarel C' > 0, & -nan mayencis mypaxmoinap.

Teopemagan
»(0,6)=0(1),i =0,2

(14)
y"(0,6)=0 iz ,e—>0
g

exenpiri mprrazel. by xarmaiiner ¢ = () myxrecimmeri Gipisui perti exinmi nopesxkerni GacTamkp! CeKipic KyObLIBICHI
JIen aliTaMBbI3.

KOPBITBIH/IBI

Exi yixkeH TyBIHABUIApBIHBIH ajiblHAA Killi rmapamerpi Oap YIIIHII PETTi CHI3BIKTHI OipTeKTi AudQepeHIraIIbK
TEHJICYAIH ipreii menrmMaep >Kyieci, OacTanksl (QYHKIMIAPbl KYPBUIIBI )KOHE OJIApABIH ACHMITOTHUKAIIBIK OarasiayJapsl
anbIHABl. KapacThIphIIBIT OTBIPFaH CHHTYJSIPIIBI ayBITKbIFAaH HHTErpaibl-quddepeHInanapK TeHAeyre apHalIFaH ecell
LICHIIMIiHIH aHAJUTHKAIBIK (GopMyiachl anbHABL. llleniMHIH aCHMIITOTHKAJIBIK CHITATHI J)KOHE aCHMIITOTHKAJIBIK Oaranaysbl,
IIEKKE KOIlly TeopeMaliapsl gaienneH . CHHTyspIibl aybITKpiFaH Kommm ece0i memnriMiniH 6acTanksl HYKTecinae OipiHmi peTTi
eKiHIII Jopeskerti OacTanKpl ceKipiCiHiH 0ap eKeHIIT albIH/IBL.
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Abstract

This paper deals with a singularly perturbed linear integro-differential equation of third order with a small parameter at the highest
derivatives. The aim is to obtain an asymptotic estimate of the solution to the given Cauchy problem and to investigate its asymptotic
convergence.The study constructs the system of fundamental solutions and initial functions for the homogeneous singularly perturbed linear
differential equation of third order, and derives their asymptotic expressions as the small parameter tends to zero. An analytical formula, an
asymptotic estimate, and the asymptotic behavior of the solution to the given Cauchy problem are obtained. It is established that the solution
of the Cauchy problem exhibits a first-order, second-degree initial jump phenomenon at the point t = 0.

Keywords: singular differential integral equations, initial functions, Cauchy theorem, small parameter, asymptotic classification.

3AOAYA KOLIN C OCOBEHHOCTBIO ANA CUHIYNAPHBIX 5
BO3MYLWIEHHbLIX UHTEMPO-AN®DPEPEHUUAIIBbHbIX YPABHEHUA

Jayna6aes M.K.,
Kazaxckuii Hal[OHANBHBIA YHUBEPCUTET UMEHH allb-Dapadu,
Anmatel, Kazaxcran,

Abcanbik H.OK.,
Kazaxckuii Hal[OHANBHBIH YHUBEPCUTET UMEHH allb-Dapadu,
Anmatel, Kazaxcran,

absadyknuryla40@gmail.com

AHHOTALMSA

B oannoii pabome paccmampugaemcs CUHSYIAPHO B03MYUEHHOE TUHEIHOE UHMe2PO-0uddepeHyuaivbHoe ypasHeHue mpemve2o nopsoxa ¢
ManbM RApamMempom npu CMapuiux npouzsoonuix. Llenvio ucciedosanus aenaemcs noiyueHue dCUMIMOMUYecKoll OYeHKU peuleHuss OaHHOU
3a0auu Kowu u uzyyenue eé acumnmomuueckoi cxooumocmu. B pabome nocmpoena cucmema ¢yHOameHmManbHuIxX peuenuil U Ha4anbHbiX
yHKyuil 0151 OOHOPOOHO2O CUHSYIAPHO BO3MYUIEHHO20 NUHEUH020 OudepeHyuanvHoe0 YpaeHeHUus mpemve2o NopaodKd, d maxdice
BLINUCAHBL UX ACUMPIMOMUYECKUE BbIPAJICEHUS NPU CMpPeMIeHUU Manio2o napamempa K Hyawo. Ilonyuenvl anamumuueckas (opmyna,
ACUMRIMOMUYECKAs OYeHKAa U ACUMAMOMuUYeckull xapakmep peuienus oannou 3adaqu Kowwu. Ycemanoeneno, umo pewenue 3adauu Kowu
obnadaem cKayKoobpasHvIM AGIEHUEM HAYATLHO2O0 CNOs NEPEO20 NOPAOKA 6Mopoll cmenenu 8 mouke t = 0.

Knrouegvie cnoga: cuncynsipnvie ougepenyuansvivle unmezpanbhvie ypasHenus, Havanvbhvle Qynxyuu, meopema Koww, manviii
napamemp, acuMnmomu4eckas Kiaccupurayus.
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