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PEHOMEH OBPA3OBAHUA B KOHTEKCTE TEOPUHU OTKPBITOI'O
OBIIECTBA KAPJIA ITOIIIIEPA

BekbaeB Pay¢ PycramoBuu

TamkeHTCKUIA MEXIyHapOJHbIH YHUBEPCUTET 00pa3oBaHusl, TallIkeHT, ¥Y30eKucTan

E-mail: raufir.bekbaev(@gmail.com

AHHOTanMs1. B JaHHOW CTaThe paccMaTpuBaeTcs (EHOMEH 00pa30BaHMSI B KOHTEKCTE TCOPUH OTKPBITOTO
obmecrea Kapna Ilommepa. OtkpblToe 00LIECTBO, OCHOBAaHHOE€ HA NPUHIMIAX JEMOKpaTuH, cBOOOIBI M
KPUTHYECKOTO MBIIUICHHs, CTPEMHUTCS K HENPEpHIBHOMY IIpOrpeccy M camMoycoBeplieHcTBOBaHMIO. OOpa3oBaHue
UrpaeT LEHTPAJbHYI0 POJb B TOM IpoLecce, pa3BUBas y JIOAeH HABBIKM KPUTHYECKOTO MBIIUICHUS, aHAIH3a
vHpOpPMAMU W CHOCOOHOCTH 3amaBaTh BOHPOCH. OHO TaKKe CIIOCOOCTBYET JOCTYHHOCTH W HMHKIIO3WBHOCTH,
o0ecrieunBas paBHbIE BO3MOXKHOCTH JJIS BCEX JIFOJCH IMONYyYHTh KauecTBEHHOE 0Opa30oBaHME, HE3aBHCHMO OT HX
COILIMANIBHOTO CTaTyCa WM XapaKTePUCTHK. BaXKHBIM aclieKTOM SBIISCTCS Hay4YHBIN MOAXOX B 00pa30BaHNUH, KOTOPHIH
CTUMYJIMPYET UCCIIEeJOBaHNE U MPOBEPKY TUIIOTE3, @ TAK)KE OTKPBITOCTh JJIsl HOBBIX uieil. @eHoMeH oOpa3oBaHus B
KOHTEKCTE TEOPUHM OTKPBITOrO OOINEecCTBA HMEET LEeNbl0 (OPMHPOBAaHHE AaKTHUBHBIX TpaXKIaH, CIIOCOOHBIX K
CaMOpa3BUTHIO, PUHITUIO OCO3HAHHBIX PEIICHUH M YYacTHIO B IEMOKPATHYECKOM Tpoliecce. JTa cTaThsi oOpaiiaer
BHHUMAaHHUEC Ha KJIHOYCBBIC aCIICKThI q)eHOMeHa O6pa30BaHI/Iﬂ B OTKPBITOM O61HeCTBe U BBIACIIACT €0 BAXXHOCTH JJIsA
Pa3BUTHS IPOTPECCUBHOIO M MHKIIIO3UBHOTO OOIIIECTBA.

Knwuesvie cnosa: 06]761306611%!@, 061/1466‘71’[6‘0, COYUAIbHAS UHIICEHEPUsl, OMKPbloe 061/(4@07116‘0, Kpumuuecwﬁ
pPayuoraiusm.

THE PHENOMENON OF EDUCATION IN THE CONTEXT OF KARL
POPPER'S OPEN SOCIETY THEORY

Bekbaev Rauf Rustamovich

Tashkent International University of Education, Tashkent, Uzbekistan

E-mail: raufir.bekbaev(@gmail.com

Abstract. this article examines the phenomenon of education in the context of Karl Popper's theory of open
society. Open society, based on the principles of democracy, freedom, and critical thinking, strives for continuous
progress and self-improvement. Education plays a central role in this process by developing individuals' skills in
critical thinking, information analysis, and questioning. It also promotes accessibility and inclusivity, ensuring equal
opportunities for all individuals to receive quality education, regardless of their social status or characteristics. An
important aspect is the scientific approach in education, which stimulates the exploration and testing of hypotheses,
as well as openness to new ideas. The phenomenon of education within the framework of the theory of open society
aims to cultivate active citizens capable of self-development, making informed decisions, and participating in the
democratic process. This article highlights key aspects of the phenomenon of education in an open society and
emphasizes its significance for the development of a progressive and inclusive society.

Keywords: education, society, social engineering, open society, critical rationalism.

BBenenue

denoMeH 00pa30BaHuUs ABISCTCS OJHUM M3 KITFOUYEBBIX aCMIEKTOB Pa3BUTHS OTKPBITOIO OOIIECTBA
B koHTeKcTe Teopun Kapma Ilommepa. B coBpeMeHHOM Mupe oOpa3oBaHWE WTPAET BAXKHEHUIIYIO POJIb B
(hOpMUPOBAaHUHU MBIIILJICHHS, Pa3BUTUH JIMYHOCTH W mporpecce obimmectBa [1, ¢.39]. OHo sBisercs
(hyHIaMEHTATEHBIM HHCTPYMEHTOM, KOTOPBIH CITOCOOCTBYET JOCTHIKEHUIO KPUTUIECKON PAllMOHAILHOCTH,
CBOOOHOTO OOMEHA UACSIMH U CO3JIAHUIO YCIOBUM JIJISl pa3BUTHS MHHOBAIUH.

B nanHoOIi cTaThe MBI UCcIienyeM peHOMEH 00pa30BaHUs B paMKaX TEOPUU OTKPBITOTO OOIIECTBa,
paspaborannoit Kapmowm Ilommepom. MBI paccMOTpHM OCHOBHEIE TTPHHITUIIBI OTKPHITOTO OOIIECTBA U €T0
CBsI3b C 00pa3oBaHHMEM, a TAKXKe MPOAHAIM3UPYEM POJib 00pa3oBaHHs B (DOPMHUPOBAHUU KPUTHUECKOTO
MBIIUIEHUS, JOCTYITHOCTUA U UHKIIFO3UBHOCTH.

PesyabTaThl u 00cy:x1enne
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Teopus otkpeitoro obmecrBa Kapna Ilommepa mpencraBisier co00il KOHIEHIUIO CONUATBHOMN
OpraHu3aliy, OCHOBaHHYIO Ha HJESX JCMOKpPATHH, CBOOOJIBI M KPUTHYECKOTO MbIILIeHUs. [lommep
paspaboTai 3Ty TEOpPHIO B psiAe CBOUX padoT, BKIoYast « OTKPHITOE OOIIECTBO M €T0 Bparm» B IBYX TOMax
[2, 3]

OCHOBHO# TPUHIUI TEOPHU OTKPHITOIO OOIIECTBA COCTOUT B TOM, YTO OOINECTBO JIOJKHO
CTPEMUTHCS K HETIPEPHIBHOMY CaMOYCOBEPIIICHCTBOBAHHIO U MPOTrpeccy. B 0TKpEITOM 001IIeCTBE OCHOBHOE
BHUMAaHUE YJeINseTcs 3alluTe TpaB W CBOOOJ HHIMBHIYyMa, a TaKke OOECICYeHUIO YCIOBUM IS
pa3Ho00pa3us U MHOKECTBEHHOCTH MHECHHH.

[Momnmep npunaBan ocoboe 3HaYCHNUE KPUTHUECKON PAlMOHAILHOCTH B OTKPBITOM o0tiecTBe. OH
YTBEPXKAaJ, YTO TMOCTOSHHOE HWCIIBITAHWE M OMpPOBEP)KEHHE HMCTUHHOCTH TPEAIIOIIOKEHUH M TUIOTE3
SIBJIAETCS KITFOUEBBIM MEXaHU3MOM Iporpecca. BMecTo cTpeMiieHns K UICTHHE U OKOHYAaTEJIbHBIM OTBETaM,
[Tonmep npu3bIBaI K aKTHBHOMY MCCIIEIOBAHUIO M KPUTHKE MU, ApTYMEHTAINY 1 HAYIHON TEOpHH.

BaxxHBIM acriekTOM TEOpUH OTKPHITOTO OOIIECTBA SBISETCS MPU3HAHUE OTPAaHUYEHHOCTH 3HAHUS.
[Tonmep yTBepXman, 4TO Mbl HE MOXKEM ITOJIHOCTBIO OXBAaTHTh MCTUHHOCTh M TO3HAHUE, U IOITOMY
OTKPBITOE OOIIECTBO JODKHO OBITh OCHOBAHO HA YBAKCHUU Pa3HOOOpa3us MHEHHUH U uaei. DT1o Tpedyer
cBOOOHOTO 0OMEeHa HHpOPMAIHEH, TUCKYCCHI U OTKPBITOCTH IS HOBBIX UICH.

B cBoux paborax [lommep Takke NOAYEPKUBAT 3HAYMMOCTh WHCTHUTYTOB U IPABOBOTO
CTPOUTENHCTBA B OTKPBHITOM 001IecTBe. ['0Cy1apCcTBO M IMpaBOBBIE HOPMBI JIOJDKHBI 00€CIeUnBaTh 3allUTy
paB U CBOOOI, a TAK)KE CO3J1aBaTh YCIOBHUS JJIsi CBOOOHOTO U OTKPBITOTO JUAJIOTa B OOIIECTBE.

Teopust otkpeiToro obmecrsa Kapna [lonmepa okazana 3HauMTeNbHOE BIMSHUE HAa MOHUMaHHE
JIeMOKpaTuH, oOpa3oBanua U Hayku. OHa OJYEPKUBAET BAXKHOCTh KPUTHYECKOTO MBIIUICHUS, CBOOOIBI
CJIOBa M MHAMBHIYAIbHOW CBOOOIBI B pa3BUTHUU OOIIECTBa. Takke OHA JeNaeT aKLUEHT Ha 3HAYMMOCTH
JEMOKPAaTUUYECKUX HMHCTUTYTOB M TIPOLIECCOB, KOTOpPbIE OOECIEUMBAIOT TPAKIAHCKOE ydyacTHE U
yhpaBiieHHE OOIIECTBEHHBIMU JIEJIaMHU.

B uesnom, naHHas Teopus SBISETCS Ba)KHBIM BKJIAJIOM B IMOHMMAaHHE M Pa3BUTHE COBPEMEHHON
JIEMOKpATHH U COIIMANIbHON opranu3anuy. OHa MPU3BIBAET K MOCTOSHHOMY HCCIIEIOBAHUIO M UCTIBITAHUIO
UCTUHHOCTH, YBaKEHHIO pa3HOO0pa3us MHEHUN 1 cBOOOJHOMY 00MeHY nzesMu. LleHTpanbHble TPUHLMIIB]
3TOH TEOPHH, TAKUE KaK KPUTHIECKas pallMOHaIbHOCTh, CBOOOa U 3alllUTa NPaB U CBOOO, UMEIOT BasKHOE
3HAYCHUE [T Pa3BUTHUS OTKPHITOTO U MPOTPECCUBHOTO OOIIECTRA.

O,Z[HaKO, TEOpUSA OTKPBITOTO OGH.IGCTBa TAKXKC BBI3bIBACT JUCKYCCHUHU U BBI3OBBI. HeKOTOpBIC
KPUTUKHW  YKa3bIBalOT Ha IOTCHIUAJILHBIC HpO6J’ICMLI, CBsJA3aHHBIC C HCOJHO3HAYHOCTHIO H
OTHOCHUTEJIBHOCTBIO KPUTCPUEB UCTHUHBI, @ TAK)XKC Ha PCAJIbHBIC OTPAaHUYCHUA W HEPABECHCTBA, KOTOPHIC
MOI'YT BO3BHUKATh B HpaKTquCKOﬁ peanmn3anuu OTKPBITOTO 06H.IeCTBa.

Hecmotps Ha 3TH BBI3OBEI, Teopus OTKpeITOro obmiectBa Kapna [lommepa ocraeTcst BaXKHBIM U
BJJOXHOBIISIFOIITUM BKJIaZIOM B 00JacTH MOJMMTUYECKON B CONMaNbHON punocoduu. Ee mpuHIMIe! 1 nuen
MPOIOJDKAIOT CIIY)KHTh OCHOBOMW JJISI JUCKYCCHUH O CYHIHOCTH JIEMOKPATHH, 3HAUMMOCTH 00pa3oBaHUS U
POJIH TPaXKIaHCKOTO OOIIECTBAa B COBPEMEHHOM MUDE.

O0pa3oBaHue UTPaeT HEHTPAITBHYIO POJIb B Pa3BUTHH U (PYHKIIHOHUPOBAHUH OTKPHITOTO 00IIECTBA,
Kak mpexacraBineHo B Teopun Kapma Ilommepa. ®@unocod cumran, 4To OTKPHITOE OOIIECTBO OKHO
CTPEMHUTBHCSI K HEIPEPHIBHOMY CaMOYCOBEPILIEHCTBOBAHUIO W MpOrpeccy, a oOpa3oBaHME SBISIETCS
KJIIOYEBBIM HHCTPYMEHTOM ISl JOCTHKEHUS 3TOM LIEH.

OCHOBHBIM TNPHHLUIIOM OTKPBITOrO OOLIECTBA, CBA3aHHBIM C OOpa30BaHMEM, SBISIETCS
KpUTHYECKas PalMOHAIBHOCTh. B OTKpHITOM OOIIECTBE JIOAW AOJDKHBI OBITH CIIOCOOHBI MBICIHTH
KPUTHYECKH U aHaIu3upoBaTh MHGopMmanuio. OOpa3oBaHHE UTPAET PEIIAIOUIYIO POJIb B Pa3BUTHH THX
HaBBIKOB, IIOMOTasl JIIOIIM YUYUTHbCS CaMOCTOSATENIBHO MBICIUTh, IIOCTaBUTh IO COMHEHHE
MpeCcTaBICHHbIC (PaKTHI U HJIEH, a TAKKE OCYIECTBISTh KPUTUYECKYIO OLICHKY HH(OpMAaIH.

O0pazoBaHue B OTKPHITOM OOIIIECTBE TAKKE TOJDKHO OBITH CBOOOTHBIM U paBHOIIPaBHBIM. Kaxabrit
YeNIOBEK JO0JDKCH MMETh PaBHBIE BO3MOXKHOCTH MOJYYUTh KayecTBEHHOE 0Opa3oBaHHE, HE3aBUCHMO OT
CBOETO COIMAIFHOTO MPOUCXOXICHUS, pAChl, TOJIa WIH COLHAIBHO-3KOHOMHUYECKOTO ITOJOXKEHHS.
JIOCTYyITHOCTh M HMHKJIIO3MBHOCTH OOpa30BaHUS WIPAlOT BaKHYIO POJIb B YCTPAHCHHWH HEPaBEHCTBA U
CO3JIaHUH YCIIOBHM, B KOTOPBIX Ka)IIbIli MOXKET pealln30BaTh CBOM MOTEHIHAI.

Kpome toro, o6pa3oBaHne B OTKPBHITOM OOIIECTBE JOJDKHO TOANEPKHMBATH HAYYHBIA ITOAXO/I.
[Monmep mpumapan OoNbIIOE 3HAUEHUE HAYYHOMY METOIy B Tpoliecce oOpazoBaHus. OH MOAYEPKUBAI
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BaXHOCTh (DOPMYJIMPOBAHUS TUTIOTE3, SKCIIEPUMEHTAIBHON MTPOBEPKU U OTKPBITOCTH ISl PAllMOHATHLHON
JIUCKYCCHH, U KpUTUKH. HaydHBIH IOIX0 TO3BOJISET PAa3BUTH CIOCOOHOCTH K KPUTUIECKOMY MBIIIUICHHUIO,
OCHOBaHHOMY Ha (paKkTax M JOKa3aTeIbCTBAX, U CIOCOOCTBYET Pa3BUTHIO HOBBIX M€ U HHHOBAIIH.

OO6pa3oBaHme B OTKPHITOM OOIIECTBE TAK)KE UTPAET POk B (POPMHUPOBAHUU AKTHBHBIX TPAXK/IaH,
CHOCOOHBIX NMPUHUMATh OCO3HAHHBIE PELICHUS M y4acTBOBAaTh B JAEeMOKpaTHueckoM mporecce. Ilonmep
CUHMTAJl, YTO TpaXKAaHCKOE 00pa3oBaHKe TOIHKHO BKIIOYATh 00yUeHHE IPaKIaHCKHX U IOJIUTHIECKUX MPaB
1 00s13aHHOCTEH, STUKN ¥ MOPAJIbHBIX IIEHHOCTEH, a TAKXKE CIOCOOCTBOBATH PA3BUTHIO HABHIKOB AKTHBHOT'O
y4acTHs B 00IeCTBeHHOH kn3HU. Uepe3 o0pa3oBaHue JIF0U MPHOOPETAIOT 3HAHUS O TpaBax U cBOO0Jax,
0 TOM, KaK (PyHKIIMOHHMPYET AEMOKPAaTHUECKOE OOIECTBO, M y4aTcs NPUMEHATh CBOM 3HAHUS U HABBIKH
JUTS PELIeHUs OOLIECTBEHHBIX MPOOJIEM U COACUCTBHS 00IIEeMy OJIaromnoryyuo.

denomeH 00pa3oBaHHsS B KOHTEKCTE TEOpWUU OTKpbITOro obmiectBa Kapna Ilommepa Taroke
MOIPa3yMeBaeT IMOCTOSHHOE HUCIBITAaHUE M OMpoBepkeHre runore3. OOpa3oBaHue MTOJDKHO MOOMIPATH U
MOIICP)KUBATh KPUTHICCKUHN Auayior, nebaTsl U oOMeH maessMu. OHO JOJDKHO CTHMYJIHMPOBATH MOWCK
WUCTUHHOCTH ¥ 3HAaHWH, OCHOBAaHHBIX Ha MpOBepseMbIX (hakTax W apryMmeHTax. [lommep momuepkuBan
BaXHOCTh OTKPBITOCTH JJIsi HOBBIX HAEW W TOTOBHOCTH M3MEHSATh CBOM YOEXKIEHHS Ha OCHOBE
palMOHAJIBHOTO aHAIN3a U JI0Ka3aTeIbCTB.

denomeHn 00pazoBaHUsI B KOHTEKCTE TEOpPHU OTKphITOro odmecrBa Kapna [lonmepa snsiercs
KJIIIOYEBBIM DJIEMEHTOM JIJIsl Pa3BUTUS M (QYHKIIMOHUPOBAHWS OTKpBITOro obmectBa. OOpazoBanme,
OCHOBAaHHO€ Ha KPUTUYECKON PAlMOHAIBHOCTH, JOCTYMHOCTH M HWHKIIO3MBHOCTH, HAYYHOM IMOJIXOAE U
Pa3BUTHU aKTHBHBIX IPAXKIAHCKUX HABBIKOB, CIIOCOOCTBYET Pa3BUTHIO MHTEJUIEKTYaJIbHOTO MOTEHIHANIA
Jr0/IeH, CTUMYJIMPYET TIPOTPECC U COACUCTBYET MPEOIOJCHUIO BBI30BOB U MPOOJIEM COBPEMEHHOTO MHpA.

3aKkioueHue

B nmanHO#W cTathe MbI paccMOTpein (peHOMEeH 00pa3oBaHUs B KOHTEKCTE TEOPUH OTKPHITOIO
obmectBa Kapma [lormepa. OOpa3oBanne urpaeT KIOYEBYIO POJb B Pa3BHTHH M (YHKIMOHUPOBAHHU
OTKPBITOrO 00IECTBA, KOTOPOE CTPEMHTCS K HEPEPBIBHOMY HPOIPECCy, KPUTHYECKO pallHOHaIbHOCTH 1
CBOOOJTHOMY OOMEHY HICSIMHU.

Mau1 OTMCTHUIIH, YTO OGpaSOBaHI/Ie B OTKPBITOM O6H1€CTB€ JOJIDKHO OBLITH OCHOBAHO Ha npuHIOUIIax
KPUTUYCCKOI'0 MBIIIJICHUA, JOCTYIIHOCTH U MHKJIIO3UBHOCTH. PazButue y JIIOILCIZ HaBBIKOB KPUTUYCCKOI'O
MBIIJICHUS, aHaJIn3a HHq)OpMaHHI/I H CIIOCOOHOCTH 3a/laBaTb BOIIPOCHI IOMOra€T MM CTaTb aKTUBHBIMU
yY4aCTHUKaMU O6I].I€CTBa 1 BHOCHUTD KOHCprKTHBHBIﬁ BKJIaZ B €I0 pa3BUTHUC.

Tarxoke MBIl TOTYEPKHYIM Ba)KHOCTh HAYYHOTO IoAxona B oOpasoBaHuu. PopmynupoBaHHE
TUIOTE3, DKCIEPUMEHTabHAs MPOBEPKA M OTKPBITOCTH ISl PAllMOHAIBHOW JHCKYCCHU CIIOCOOCTBYIOT
Pa3BUTHIO HOBBIX HJIEH W MHHOBAaLMH, a Takke (OPMHPOBAHHIO OOIECTBAa, OCHOBAHHOTO Ha (hakTax U
JOKa3aTeJIbCTBAX.

Kpome TOro, Mbel oOpaTwiM BHUMaHHE Ha 3HAYAMOCTH JOCTYIHOCTH M WHKJIIO3UBHOCTH
oOpa3oBanus. Bce moau MOKHBL MMETh PaBHBIE BO3MOXKHOCTH MOJIYYHTh Ka4€CTBEHHOE 00pa30BaHME,
YTOObl YCTPaHWTh HEPABEHCTBO M CO3JaTh YCIOBHS MAJsl MOJHOW peain3aliy HNOTEHLUAIA KaKIOro
WHIAUBHYYyMa.

B uenoMm, ¢peHoMeH 00pa3oBaHUs B KOHTEKCTE TeopuH OTKpbITOro odmiectBa Kapma IMonmepa
SIBJISICTCS. OCHOBOM JUIsi Pa3BUTHsSI U mporpecca oduiectBa. OOpa3oBaHUe, OCHOBAHHOE HA KPUTHYECKOM
MBIIIICHUH, HAYYHOM IMOJXO0JE€ U HHKJIFO3MBHOCTH, CIIOCOOCTBYET (OPMHUPOBAHUIO aKTHBHBIX I'PaXKIaH,
CIOCOOHBIX K CAMOPA3BUTHIO W MPUHATHIO HHPOPMHUPOBAHHBIX perieHuid. OHO UTpaeT BaXXHYIO POJIb B
CO3JIaHUH OTKPBITOTO U MPOTPECCUBHOTO OOIIECTBA, CIIOCOOHOTO CIIPABUTLCS ¢ BHI30BAMH M ITPOOJICMaMHU
HAIIIETO BPEMEHHU.
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Abstract. Due to the cytotoxicity of carbon nanotubes (CNTs), there is an increasing need for functionalized
CNTs (fCNTs) nowadays. Although a number of studies have been conducted to investigate the cytotoxic effects of
fCNTs, their behavior in an aqueous medium has not been sufficiently studied. In this simulation-based research, the
atomic level mechanisms of the interaction of pristine (non-functionalized) and f{CNTs with water molecules were
studied. The computational results showed that an increase in the number of functional groups in fCNT leads to an
increase in its interaction energy with the water environment. This, in turn, results in a decrease in the cytotoxicity of
fCNT. Overall, the results of the study contribute to the understanding at the molecular level of the transport and
delivery of biological drugs using CNTs in the field of biomedicine.

Keywords: single wall carbon nanotubes, functional groups, binding energy, water environment, interaction
energy, molecular dynamics.

Introduction

Carbon nanostructures are widely used in various fields as promising materials due to their unique
physical, chemical and biological properties [1]. Especially, carbon nanotubes (CNTs) among them, are
rapidly used in many fields due to their excellent electrical and mechanical properties [2]. In particular,
they have been used in the field of biomedicine in the transport and delivery of biological drugs and as
biosensors [3-7]. CNTs are used as membrane channels in cells, and they have shown excellent transport
properties for DNA and other drug delivery across the cell membrane [8-11]. Especially, in cancer treatment,
CNTs are considered as promising carriers [12] since they reduce harmful effects of therapy, i.e., drug
toxicity [12-15], and deliver more drugs to the place where the tumor is located [16]. This, in turn, helps to
reduce the damage to the healthy tissues of patients.

Pristine or non-functionalized CNTs are hydrophobic and tend to aggregate [17] in aqueous
solutions due to their insolubility in water [18, 19]. The hydrophobicity of the surface of the aggregated
CNTs leads them to chemically bind nutrients necessary for cell growth in a specific way and, as a result,
has an indirect cytotoxic effect on cells (i.e., cell damage and death) [20]. In particular, it was observed that
the cases of poisoning due to pristine CNTs in the lungs increased, as observed in experiments conducted
with test animals [21, 22]. This limits the practical use of pristine CNTs in biomedicine and makes it
necessary to reduce their toxicity by increasing their solubility in an aqueous environment.

An effective way to reduce the toxicity of CNTs is to add biocompatible organic materials to the
surface of pristine CNTs, that is, to bind water-soluble functional radicals to them. In particular,
experiments conducted using CNTs functionalized with formic acid (-CO2H) radical (i.e., carboxylated
CNTs) showed that these CNTs do not have a cytotoxic effect [23]. In addition, in many studies, it was
found that the solubility of nanotubes increases significantly after their modification by functionalized
groups [24-30]. In particular, quantum mechanical calculations showed that an increase in the number of
functional groups on the surface of carboxylated single-walled CNT (SWNT) leads to an increase in the
Gibbs free energy of solvation and dipole moment of SWNT [28], meaning that the solubility of SWNT in
water increased [28].

The molecular dynamics (MD) simulation-based study showed that the diffusion coefficient of
carboxylated SWNT in water was lower than that of pristine SWNT (pSWNT), indicating that the
hydrophilicity of SWNT increased [31]. Note that, in the above-mentioned computational studies, SWNTs
with finite lengths (< 11 A) and terminated edges with hydrogen atoms were chosen as model systems, that
is, their physicochemical properties differ from those of sufficiently long SWNTs obtained by experimental
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observations. In addition, the molecular-level mechanisms related to the diffusion of functionalized SWNT
(fSWNT) have not been studied sufficiently in these investigations.

Based on the above considerations, in this study, the atomic level mechanisms of the interaction of
pristine and functionalized (with different levels of formic acid radicals) SWNTs with the water
environment are studied using reactive MD simulations.

Simulation details

Reactive MD simulations are performed using the ReaxFF potential to investigate the interaction
mechanisms of pPSWNT and fSWNT with water at the atomic level [32]. Using ReaxFF, MD simulations
have been performed on various model systems, including water [33], CNT [34], etc. In our study, the
parameter set of the ReaxFF developed by Zou et al. [35] is used. It has been shown that this set of
parameters can describe SWNT very well (i.e., accurately and reliably) [34]. This parameter set can also
describe accurately the water environment [33].

O

(a)

(b)
(c)
: | z L X

Fig. 1. Top (left) and side (right) views of pristine (a) and functionalized SWNTs with one (b),
two (¢) and three (d) formic acid (-CO;H) radicals. The red dashed rectangles show the areas where
the functional groups are located in SWNT.

(d)

As a model system, a pSWNT with (5,5) chirality, length of 22 A, and diameter of 6.8 A is created
using the Nanotube Modeler software (Fig. 1(a)). To form fSWNT, one, two, and three formic acid (-CO,H)
radicals are covalently bonded to the surface of pSWNT (Fig. 1(b-d)). These functional groups are
connected to the middle areas of pPSWNT in the direction of the z-axis. Subsequently, these four model
systems are surrounded by water molecules. Thus, pSWNT and fSWNT together with surrounding water
molecules are placed in a simulation box with a size of 22 x 22 x 22.68 A, Periodic boundary conditions
are applied along the three directions of the simulation box: this allows the SWNTs to be considered long
enough to mimic the experimental studies. Initially, the energy of the model systems is minimized using
the conjugate gradient method. Then, the temperature of the systems is gradually heated up to 310 K (with
a heating rate of 1 K/ps) using the NpT ensemble under a pressure of 1 atm for 0.31 ns. To control the
temperature and pressure of the system the Berendsen thermostat and barostat are applied with
corresponding dumping constants of 0.1 and 5 ps, respectively [36]. Subsequently, the temperature of the
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model systems is kept for 1 ns using the Berendsen thermos-barostat in the NpT ensemble. A time step of
0.25 fs is chosen in all MD simulations.

Results and discussion. In order to evaluate the interaction of hydrophilic functional groups with
nanotubes, the binding energy E}, of these groups to the surface of SWNT is determined as follows:

Ep = Eswnr-(co,m), — Eswnt + Eco,m),,) (1)

where, n is the number of functional groups (n = 1 — 3), Esywnr—(co,m), 18 the potential energy
(eV) of the system consisting of SWNT and functional group(s), Eswnr and E(co, ), are the potential

energies (eV) of pPSWNT and functional group(s), respectively. Using the formula (1), the binding energy
of —CO2H radical(s) to the surface of SWNT is calculated for vacuum and aqueous media (see Table 1).

Table 1.
The binding energy of -CO2H radical(s) to the surface of SWNT in a vacuum and water environment.
The values given in parentheses are the binding energy corresponding to one -CO2H radical.

Number of -CO,H Binding energy (eV)
radicals In vacuum In water
1 -4.56 -4.58
2 -9.12 (-4.56) -9.16 (-4.58)
3 -13.62 (-4.54) -13.74 (-4.58)

It can be seen from the table that in both vacuum and water cases, the binding energy corresponding
to one radical is nearly unchanged with an increase in the number of radicals. Namely, the binding energy
corresponding to one radical in a vacuum environment is equal to -4.56, -4.56 and -4.54 eV for SWNTs
with one, two and three functional groups, respectively, while in the aqueous environment, this value is -
4.58 eV for all cases. Previous quantum mechanical calculation results showed that the increase in the
number of radicals on the surface of SWNT leads to a decrease in their binding energy to SWNT (i.e.,
weakening of the bond) [28]. The difference between the results of this work and the quantum-mechanical
calculations can be explained by the size of the SWNT and the hydrogen-based termination of its edges. In
other words, in quantum-mechanical studies, a model structure of SWNT with a finite length of 8.65 A was
selected, and the edges of the nanotube were completely terminated with hydrogen atoms. The interaction
of these hydrogen atoms with the functional groups in SWNT through non-bonding (i.e. Van der Waals and
Coulomb) forces can affect the binding energy of these groups with SWNT. In our research, the absence of
hydrogen atoms in the structure of SWNT eliminates the possibility of their interaction with functional
groups, and therefore, the binding energy does not change (see Table 1). In addition, the long enough length
(~22 A) of SWNT prevents them from interacting with functional groups even if there are hydrogen atoms
on its edges (i.e., hydrogen atoms and functional groups are outside the cut-off radius of interactions, i.e.,
10 A). Indeed, our test simulations with long enough (~22 A) SWNT structures terminated with hydrogen
atoms fully confirmed our above hypothesis. Namely, the binding energy corresponding to a single radical
in a vacuum environment is equal to -4.61, -4.62 and -4.59 eV for terminated SWNTs with one, two and
three functional groups, respectively.

In order to analyse the geometrical and electronic changes that can lead to better solubility of
functionalized nanotubes, one can focus on their dipole moment. Determining the dipole moment of a given
molecule can estimate its solubility in a solvent. The average dipole moments of pSWNT and fSWNT with
one, two and three formic acid radicals are shown in Fig. 2.

It is obvious that the average dipole moment of pSWNT is almost 0 D, and this indicates that
pSWNT is insoluble in polar solvents such as water [28]. The main reason for this is that the partial charges
of carbon atoms of pPSWNT are almost zero. On the other hand, the average dipole moment of fSWNT
significantly increases compared to that of pSWNT. In particular, the average dipole moments of pSWNT
and fSWNT with one, two and three —CO-H radicals are 0.001, 3.793, 1.946 and 1.541 D, respectively. A
decrease in the average dipole moment with an increase in the number of functional groups can be explained
by the fact that the dipole moments of the functional groups remain in opposite directions, thereby
attenuating each other. In general, the functionalization of SWNT with —CO,H radicals increases its dipole
moment and this, in turn, can change its interaction with a polar solvent such as water.
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Fig. 2. The average dipole moments of pSWNT and fSWNT with one, two and three formic
acid radicals.

Table 2 shows the interaction energies of pPSWNT and fSWNTs with water molecules. It should be
noted that these energies are calculated in the same way as the binding energy given in formula (1). In other
words, the interaction energy between fSWNT and water is determined by subtracting the sum of the
separately calculated potential energies of fSWNT and the water environment from the total potential
energy of the aqueous system.

Table 2.
The interaction energies of pSWNT and fSWNTs with water molecules.
Nanotube Interaction energy (eV) Numglzr :yt;?;;ms mn Energs};;)tzrn;it((;r\r;)of the
SWNT -6.13 180 -3.41x10-2
SWNT-CO2H -6.46 184 -3.51x10-2
SWNT-(CO2H)2 -7.44 188 -3.96x10-2
SWNT-(CO2H)3 -8.72 192 -4.54x10-2

Table 2 shows that the interaction energy between pSWNT and water molecules is equal to -6.13
eV, and this energy increases with the increase in the number of functional groups in fSWNT. In particular,
this energy is -6.46 eV, -7.44 eV and -8.72 eV for fSWNTs with one, two and three radicals, respectively.
Also, the table indicates that the average values of these interaction energies per atom of the system increase
with the increase in the number of functional radicals in fSWNT. Namely, the interaction energies of
pSWNT and fSWNT with one, two, three radicals are -3.41x102 and -3.51x1072, -3.96x102, -4.54x107,
respectively. Due to the increase in the interaction energies, the attraction of water molecules to the surface
of the SWNT may hinder the movement of fSWNT in water and cause a decrease in its diffusion coefficient.
Therefore, these results are in full agreement with the previous MD results [31] obtained on the diffusion
of fSSWNT in water and help us to understand the behavior of fSWNT in the water environment. In general,
the functionalization of a nanotube with —CO,H radicals increases its dipole moment, thereby leading to an
increase in its solubility eventually reducing its toxicity.

Conclusions

In this MD-based research work, the mechanisms of the interaction of pSWNT and fSWNT with
the water environment were investigated at the atomic level. The results obtained showed that the binding
energy corresponding to one functional group in SWNT in a vacuum and in an aqueous medium remained
practically unchanged with an increase in the number of functional groups. This phenomenon was explained
by the long length of SWNT and the termination degree of its edges. Simulation results also showed that
the fSWNT dipole moment is inversely proportional to the number of functionalized groups, while in
pSWNT it is almost zero. Moreover, obtained interaction energy per atom in SWNT increases with the

10



Acta Education Nel 2023

increase in the number of functional radicals. Hence, the increased interaction between fSWNT and water
molecules improves the solubility of fSWNT, thereby leading to a decrease in its cytotoxicity.
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Abstract. The aggregation processes of NiO nanoparticles have been studied to some extent in ideal
environments, i.e., gas and aqueous solutions, but their interaction mechanisms between aqueous media and
nanoclusters are still not fully understood. In this work, the environmental effect on the aggregation process of NiO
nanoclusters with a size of about 1 nm has been studied using molecular dynamics simulations. Obtained results show
that (1) nanoclusters are located at a longer distance from each other in aqueous media in comparison to vacuum due
to the hydrodynamic shell (with a thickness of 0.08 nm) formed around the NiO nanoaggregates affected by the
aqueous environment, and (2) the stability of NiO nanoclusters in the water environment decreases as a result of the
formation of the hydrodynamic shell. Overall, these results suggest that a better understanding of the tuning of
nanocatalyst size will lead to the selective synthesis of nanomaterials with unique properties, which are the basis of
nanotechnology.

Keywords: nickel oxide nanocluster, aggregation, stability, reactive molecular dynamics, hydrodynamic
shell.

Introduction

Currently, nanomaterials, especially, nanoparticles with unique mechanical, optical and electronic
properties, which are fundamentally different from the properties of micro-sized particles, are of great
importance in modern nanotechnology [1-3]. In particular, in current nanotechnology, one of the priority
tasks is to obtain nanoparticles that can replace expensive metal (such as Au, Ag, and Pt) nanoparticles and
their industrial application [4].

One such nanoparticle is nickel oxide (NiO) nanoparticles, which are widely used nowadays in
creating catalysts [7, 8], solar panels [9], gas sensors [10, 11], and high-thermal-conductivity nanofluids
[12] due to their wide bandgap (3.6—4.0 eV) [5, 6] and photocatalytic properties [13], as well as their low
cost [14]. In this respect, their homogeneity and monodispersity are key factors for the aforementioned
applications [15].

Several experimental studies reported that the aggregation of NiO nanoparticles, followed by their
synthesis, significantly affects the surface-related properties of the nanoparticles, thereby leading to a
considerable reduction of their catalytic activity [16,17]. In particular, in the sol-gel method, a high
calcination temperature of 1073 K is generally required for the synthesis of homogeneous NiO
nanoparticles [18,19]. However, temperatures higher than the optimum result in a drastic increase in the
rate of nanoparticle aggregation, causing the formation of large-sized NiO nanoparticles [16-20]. In
addition, controlling the size of nanoparticles in different environments [10], interpreting the mechanisms
of diffusion phenomena [21] that occur due to the interaction of nanoparticles with the molecules of the
environment, as well as increasing the heat transfer efficiency of nanofluids [22], the study of processes of
nanoparticle aggregation is of fundamental importance [23].

Although the aggregation processes of NiO nanoparticles have been partially studied in ideal
environments (i.e., in gas and liquid media) [24-27], their characteristics in the liquid environment have not
been sufficiently studied at the molecular level [28,29]. In particular, while the heat transfer property of
nanofluid is improved due to the increase in the concentrations of NiO nanoparticles [12], the increase in
the concentration of nanoparticles above the limit (e.g., 0.6% mass fraction [30]) leads to the formation of
nano-aggregates in a nanofluid. As a result, the sedimentation of nanoparticles (i.e., a layer) occurs, and
"solid-liquid" phases emerge in the nanoparticle solution [31]. This leads to a change in the state of the
nanoparticle solution and a deterioration in the heat dissipation properties of the nanoparticle solution
[32,33]. To determine the size of nano-aggregates using transmission electron microscopy (TEM) in a liquid
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environment, the sample needs to be kept at a very low temperature. Because such experimental conditions
affect the processes of interaction between the environment and nanoparticles, it remains difficult to create
a complete scientific picture of the basic mechanisms of the interaction of nano-aggregates in the
environment [34,35]. Therefore, in this study, the influence of the water environment on the process of
aggregation of NiO nanoclusters at room temperature is investigated by computer simulations.

Simulation details

Reactive molecular dynamics (MD) simulations are performed to study the aggregation processes
of NiO nanoparticles. In the MD simulations, the position and velocity of each atom in the thermodynamic
system are determined by solving Newton’s equations of motion. In the simulations, the interaction between
Ni and O atoms in the system is described using the ReaxFF potential, which is based on the parameters
developed by Zou and others [36].

As model systems, NissOss nanoclusters with a diameter of about 1.15 nm are used. The size of
these nanoclusters is close to the experimentally reported size of 1.48 nm [37] and other MD results, i.e.,
1.30 nm [38]. To study the effect of the medium on the aggregation of Ni and NiO nanoclusters, simulations
are carried out in a vacuum and water. The structural, static and dynamic parameters of the water model
selected as the environment in the simulations are consistent with the theoretical and experimental values
[39]. In particular, the length of the chemical bond between hydrogen and oxygen atoms in the water
environment is 0.098 nm and the H-O-H bond angle is 104.50, which correspond to the experimentally [40]
and theoretically [41, 42] obtained results. In a vacuum, the thermodynamic system consists of two NissOss
nanoclusters (220 atoms in total), and in a water environment, the system contains two NissOss nanoclusters
and 2055 water molecules (6385 atoms in total) (Fig. 1). Before the simulations, two NiO nanoclusters are
placed at the same distance (1.56 nm) from each other in both environments.

a b

Fig. 1. NiO nanoclusters in vacuum (a) and water (b) environments. Here, Ni, O, and H atoms
are shown in green, red, and white colors, respectively.

The size of the simulation box is 4x4x4 nm?®. Taking into account the interaction radius of atoms
with each other, ro, = 1 nm [35], the dimensions of the simulation box are chosen sufficiently large (>2rcy).
Periodic boundary conditions are applied along all directions of the simulation space. The energy of the
model system is initially minimized using the steepest descent and conjugate gradient methods. Then, the
system is heated up to 300 K with a heating rate of 1 K/ps employing the Nose-Hoover thermostat [43] in
the NVT ensemble and kept at this temperature for 2 ns. In all simulations, a time step of 0.5 fs is chosen.
The stability of NiO nanoparticles is estimated by the molar Gibbs free energy (6G) [44]:

8G = Econ — X Xi i (1)
where E_,j, is the cohesive energy per atom of the system, y; and u; are the ratio of the
concentration of type i atoms in the system to the concentration of total atoms in the system, and chemical

potential of type i atom, which is equal to -4.45 eV and -2.8 eV for Ni and O atoms, respectively [44].

Results and discussion
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The approach of NiO nanoclusters in vacuum and aqueous media is evaluated by the distance
between the surfaces of the nanoclusters. Fig. 2a demonstrates a dependence of the distance between the
surfaces of nanoclusters as a function of simulation time.
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Fig. 2. (a) Time dependence of the average distance between the surfaces of NiO nanoclusters
in vacuum (green) and water (red), and (b) molar Gibbs free energy of the system.

The aggregation process of NiO nanoclusters can be analyzed by dividing it into two stages: (i)
“ the approach” and (ii) “aggregation” stages. In the first stage, the average distance between nanocluster
surfaces continues to decrease over time. However, in the second stage, the average distance between
nanocluster borders remains constant throughout the simulation time. In a vacuum, the first and second
stages proceed for 74 ps (074 ps) and 1926 ps (74-2000 ps), whereas in a water environment, these stages
last for 125 ps (0—125 ps) and 1875 ps (125-2000 ps), respectively. As is clear, the process of nanocluster
aggregation occurs with a delay of 51 ps in water compared to vacuum. This phenomenon can be explained
by a decrease in the diffusion coefficient of NiO nanoclusters in an aqueous medium, according to the
Stokes-Einstein rule [46], due to an increase in the viscosity of the “nanocluster-aqueous medium” system
[45]. The average distance between nanocluster borders is initially (t = 0 ps) equal to 0.41 nm in both
vacuum and aqueous environments. In the first stage, this distance decreases sharply to approximately 0.09
nm in a vacuum and 0.17 nm in a water environment, which indicates that NiO nanoclusters are located a
little far from each other in an aqueous environment compared to a vacuum.

The results also show that the thickness of the layer formed between the surface of NiO nanoclusters
and the liquid phase is about 0.08 nm. Experimental studies conducted by Yu and others [47, 48] reported
the formation of a hydrodynamic shell around the nanoclusters in an aqueous solution, with a maximum
size of 0.1 nm. Hence, the simulation results are consistent with these experimental outcomes.

The molar Gibbs free energy (see formula (1)) is used to evaluate the stability of the nanoaggregates
[26]. In particular, Fig. 25 shows the molar Gibbs free energies over time for NiO nanoclusters in vacuum
and water. The results indicate that in a vacuum, the initial value of the molar Gibbs free energy of NiO
nanoclusters (-1.351 eV) decreases slowly during the approaching stage, while during the aggregation stage,
the energy remains almost constant at around -1.367 eV. In the case of a water environment, different results
are obtained compared to the case of a vacuum. In particular, the molar Gibbs free energy of the
nanoclusters in water initially starts at the smallest value of -1.355 eV and gradually increases up to a
constant value of -1.35 eV. The obtained results suggest that the interaction between the nanoaggregate and
water leads to a decrease in its stability compared to that in a vacuum. Although Y. Zang et al. reported that
the aggregation of various metal oxide nanoparticles in an aqueous medium is more stable than in a vacuum
[49], data on the aggregation of exactly NiO nanoparticles are not found in the literature. The fact that our
results on NiO nanoparticles do not correspond to the results of experimental studies on the stability of
other nanoclusters in aqueous media can be explained by the fact that the nanoclusters have a relatively
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small size. Specifically, the size of the NiO nanoclusters in this study is relatively small (approximately
10-20 times smaller) than the size of the nanoparticles studied in experimental measurements [47], which
suggests that their stability may also be reduced due to a decrease in the size of the cluster in a water
environment, by the results reported in other studies [50]. Based on the abovementioned considerations,
our results suggest that the stability of the nanoaggregates formed as a result of the aggregation of small
(1.15 nm in size) NiO nanoclusters in an aqueous environment is decreased due to the formation of a
hydrodynamic shell [45, 46].

Conclusions

In this work, the mechanisms of the aggregation process of NiO nanoclusters were studied by the
reactive molecular dynamics (MD) method. The results showed that due to the formation of a hydrodynamic
shell between NiO nanoclusters with a thickness of about 0.08 nm in the aqueous environment, the
nanoclusters are located at a greater distance from each other than in a vacuum. This distance is consistent
with the experimental thickness, and the obtained results help to better understand the formation
mechanisms of the hydrodynamic shell on the aggregation process. In addition, the decrease in the stability
of NiO nanoclusters in the water environment as a result of the formation of a hydrodynamic shell was
evaluated by the molar Gibbs free energy. Also, this phenomenon does not correspond to experimental
evidence, the results of the simulations can be interpreted as a decrease in the size of the nanoclusters,
which has not been experimentally studied. Overall, this study helps to understand the nature of the
aggregation of NiO nanoclusters with a diameter of around 1 nm at the atomic level and gives suggestions
about the control of the monodispersity of nanocatalysts.
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BHEJAPEHHE AJIFTOPUTMOB HCKYCCTBEHHOI'O HHTEJVIEKTA B
OBPA3OBATEJIBHBIA IMTPOLHECC: COBPEMEHHOE COCTOAHUE U
TEHAEHINAU PAZBUTUSA

Cynranos Pycnan Pycramosuy', Babaxomkaesa BukTopus ApTeIKOBHA?

!'TamKkeHTCKUI MEXTyHApPOIHBII YHHBEpPCHTET 06pa3oBaHus, TalIkeHT, Y30eKHCTaH
’BceMupHblii 6aHK B Y30eKUCTaHe
E-mail: r.sultanov(@tiue.uz, vbabakhodjaeva@worldbank.org

AHHOTaNMsA. B JaHHOW CTaThe PacCMaTPUBAIOTCA BOIPOCH! MPUMEHEHUs] UCKYCCTBEHHOTO MHTEIUIEKTa B
00pa3zoBaHNH. ABTOPBI OIMCHIBAIOT COBPEMEHHOE COCTOSIHUE W INEPCIEKTUBBI PAa3BUTHS IaHHOTO HampaBieHHs. B
CTaThe aHAJIM3UPYIOTCSl OCHOBHBIE IIPOOJIEMBI U NIEPCIEKTUBBI IPUMEHEHUS HCKYCCTBEHHOTO MHTEIUIEKTa B y4eOHOM
npolecce, a TaKXKEe ONMMCHIBAIOTCS BO3MOXKHOCTH HMCIOJIb30BaHus Al Uit MHIUBHIyaIn3auyu o0ydeHHs: U OLEHKH
3HaHUH CTYIeHTOB. B 3aKiIi0ueHne aBTOPHI HOAUYEPKUBAIOT HEOOXOIUMOCTh Pa3BUTHSA HccienoBannii B obmactu Al B
00pa3oBaHNH, YTOOHI YIYUIIATH KAYECTBO 00pa30BaHUA U IIOBBICUTH 3P PEKTHBHOCTH yueOHOTO nporecca. Omnmcanue
COBPEMEHHBIX M OyIyMmHX BO3MOXHOCTEH wHcmoip3oBaHus Al B 00pa3oBaHHHM [AelaeT CTaTbl0 aKTyalbHOW H
WHTEPECHOH IS BCEX, KTO HHTEPECYETCS COBPEMEHHBIMH TEXHOJIOTHAMH B 00pa30BaHHM.

Knwueevle cnosa: adanmugnoe o00OyueHue, NepPCOHANUIUPOBAHHOE O0byueHue, OugpepenyuposanHoe
obyueHue, 0byUeHUe Ha OCHO8e KOMNEMEeHYUU, UCKYCCMEEHHbLI UHMEeLNEKM, HeUPOHHbIe cemu, MauuHHoe 0byueHue,
obpaszosamenvHule niam@opmul, learning management system, eContent.

INTRODUCTION OF ARTIFICIAL INTELLIGENCE ALGORITHMS INTO THE
EDUCATIONAL PROCESS: CURRENT STATE AND DEVELOPMENT TRENDS

Sultanov Ruslan Rustamovich!, Babakhodjaeva Victroiya Artikovna?

!Tashkent International University of Education, Tashkent, Uzbekistan
World Bank in Uzbekistan
E-mail: r.sultanov(@tiue.uz, vbabakhodjaeva@worldbank.org

Abstract. this article discusses the use of artificial intelligence in education. The authors describe the current
state and prospects for the development of this direction. The article analyzes the main problems and prospects of
using artificial intelligence in the educational process, and also describes the possibilities of using Al to individualize
learning and evaluate students' knowledge. In conclusion, the authors emphasize the need to develop research in the
field of Al in education in order to improve the quality of education and increase the efficiency of the educational
process. Description of the current and future possibilities of using Al in education makes the article relevant and
interesting for everyone who is interested in modern technologies in education.

Keywords: adaptive learning, personalized learning, differentiated learning, competence-based learning,
artificial intelligence, neural networks, machine learning, educational platforms, learning management system,
eContent.

O6paszoBanue SBISCTCS OOHUM M3 KIIOUEBBIX (pakTopoB pasButusi obmectBa. OT ypoBHSA U
Ka4yecTBO 00pa30BaHUS 3aBUCHUT cyAbOa 000N oTpaciu 3KoHOMUKU. Kak HaM yke M3BECTHO CEronHs
TEXHOJIOTHsI HE CTOUT Ha MECTE U JIEHb 3a JHEM IOSIBJIIIOTCS] HOBbIE M HHHOBALIMOHHbIE TEXHOJIOIMYECKHE
peleHust s TOro, 4TOOBl MOBBICUTH 3((EKTUBHOCTb, CKOPOCTb MPOM3BOACTBA M KadeCTBO
NpEeA0CTaBICHUS TOBAPOB U yciyr. COOTBETCTBEHHO, KaK M IPYTHe OTPACIH SKOHOMHUKH 00pa30BaTeIbHBIN
MIpOIIECC TaKKe TpeOyeT MPUMEHEHN HHHOBAIIMOHHBIX PEIIEHU, HOBBIX aJITOPHUTMOB, & TAK)KE Pa3THIHBIX
METO/IOB [UI TOTO, YTOOBI KAUeCTBEHHO M 3 (PEKTHUBHO AaTh COOTBETCTBYIOIIUE 3HAHHUSA O0YUarOIIUMCS.
[Ipu 3TOM HEOOXOAUMO OTMETUTD, YTO KIIFOUEBHIM (PAaKTOPOM B pa3BUTHUHU cepbl 00pa3oBaHUs ABISETCS
Ka4yeCTBO U CBOEBPEMEHHOCTb.

CoBpeMeHHBIEC BBI30BBI, CTOSILHUE Mepell 00pa3oBaHHEM CErOoHS: MaHIEMHs KOPOHABHPYCHON
I/IH(i)eKuI/II/I, CBSI3aHHAS C OTUM mpobjieMa CaMOM3OJISIHMH, IUCTAHIIMOHHOTO 06ytIeHI/I$I TpeOyIOT
uHTerpupoBanue Hopemux I'T pa3paboTok B 00pa3oBaTeNbHBIIH MpoIleCC.

C mosiBJIeHHEM TaKUX TEXHOJOTHH KaK MCKYCCTBEHHBIN WHTEIIEKT, HEUPOHHBIE CETH, MAIIMHHOE
o0yuyeHHe U aHanu3 OONBIIMX AAHHBIX, OTKPBIBACTCS PsAZ BO3MOXKHOCTEH Mo 1M(poBOii TpaHchopManuu
19


mailto:r.sultanov@tiue.uz
mailto:vbabakhodjaeva@worldbank.org
mailto:r.sultanov@tiue.uz
mailto:vbabakhodjaeva@worldbank.org

Acta Education Nel 2023

ctepbl oOpazoBanus. [Ipu 3TOM HpUMEHEHHs aNTOPUTMOB HCKYCCTBEHHOTO WHTEIUICKTAa KapAHHAIBHO
MEHSeT TapaurMy H KOHIENTYyaJbHYI0O OCHOBY OOpa3oBaTeIbHONH CHCTEMBI, TOIHSIB KadecTBO
00pa3oBaHHS Ha HOBBIM yPOBEHbD.

Ha cerommsmHel meHb Ha TEPBBIH yPOBEHb BBIXOIUT IEPCOHAIM3AIMSA 00pa30BaTEIHLHOTO
npolriecca ¢ y4eToM HOTpeOHOCTel U BO3MOXKHOCTEH oOydaromerocs denoBeka. CymecTByeT HECKOJIBKO
OCHOBHBIX TI0JIXOJIOB K TICPCOHATU3UPOBAHHOMY O0YUYCHHUIO:

- Aoanmuenoe O6y’i€HM€.' TCXHOJIOTMA, UCIIOJIb3yeMas Ui pacClpCACIICHUS YCITOBCUCCKUX
HIn I.IPI(l)pOBBIX PECYPCOB MCIKAY YUAIUMUCA B 3aBUCUMOCTHU OT UX YHUKAJIbHBIX HOTpe6HOCTef/’I.

- Hnousuoyanusuposannoe odyuenue: TeMin 00y4eHHs] KOPPEKTUPYETCS B COOTBETCTBUH C
MOTPEOHOCTSIMH OT/ICIIBHBIX YUaIUXCSL.

- Hupepenyuposannoe obyuenue: moaxon K 00yueHHIO KOPPEKTHPYETCS B COOTBETCTBUH
C MOTPEOHOCTSIMH OTJICIBHBIX YUaIUXCSI.

- Obyyenue Ha ocnose KoMnemenyuil. ydalyecs NPOIBUTAIOTCS MO MyTH OOydyeHHs Ha
OCHOBE HMX CIOCOOHOCTH TPOJEMOHCTPHUPOBATh KOMIIETEHTHOCTb, BKJIIOYas MPUMEHEHHE W CO3/IaHHE
3HAHWH, a TAKXKE HABBIKOB H MIPEIPACIIONIOKEHHOCTEH.

[Tocneaane roap! ncciaenoBaHus B 0071aCTH IPUMEHEHHS DJIIEMEHTOB NCKYCCTBEHHOTO HHTEIJIEKTa
B 00pa30BaHUU MOKA3bIBAIOT CBOIO 3((EKTHUBHOCTH U AACT MOJOKHUTEIbHBINA pe3ynabTar. B dacTHOCTH, B
pabote [1] [IpuBomuThcs cpaBHUTENBHBIA aHanu3 oOpaszoBaTenbHbIX cucteM CLUA, Munum u Kuras c
MIPUMEHEHUEM 3JIEMEHTOB HCKYCCTBEHHOT'O MHTEIUIEKTa. ABTOpaMH MPUBOJUTCS CHCTEMATHYECKUI 0030p
mporecca o0y4eHus: ¢ uctonb3oBanueM monenu Human-In-The-Loop (HITL), pe3ynbTaThl MPUMEHEHUS
TFeHETHYECKOr0 ajropuT™Ma B Ipolecce 0Toopa yuyeOHO-METOJMUECKUX MAaTepHalioB ¢ UCTOYHHMKA [FEE
xplore publications Ha ocHOBe oOpa3oBareiabHOM mporpammel (Ha awen. - Course Curriculum)
00ydJaromerocs.

ABTopamMu [2] Takke TPHUBOAATCS pe3yJdbTaThl HCCIENOBaHHUS [0 MEPCOHAIN3ALNU
00pa30BaTeIbHO MPOIECCca, a TaKKe MPUMEHEHUS PEKOMEH/ATEIbHBIX CHCTEM Ha OCHOBE alrOPUTMOB
HCKYCCTBEHHOro anroputma. Llenpio u 3amaueil paOOThl SBISIETCS HAa OCHOBE KIIOUEBBIX CJIOB, U
pe3yabTaToB 00yUeHHS MOI00PaTh COOTBETCTBYIOIINE MYJIbTHMEANHHBIE 00pa3oBaTelIbHbIE KOHTEHTHL. B
YaCTHOCTH, Tpeiarath CTyJeHTaM pa3Iu4Hble BUJEOMaTeprabl C JOBEPUTEIbHBIX HCTOYHUKOB. ABTOPHI
HCHONB3YIOT JITOPUTM KOJUIA00PAaTUBHOM (DHIBTpAllii OCHOBAHHBIN Ha 3JIEMEHTaX MAIIMHHOTO 00Y4eHus,
U HCIONB3YIOT Meron Koddduumenta xoppemsiuuu IlupcoHa [uis mHOUCKAa OYEHb ITOXOXKHX
BHJIEOMAaTEPUANIOB, a 3aTeM PEKOMEHAYIOT HHTEPECYIOIINE UX yueOHbIe MaTepHaIbI.

B pabGote [3, 4] aBTOpBI HENAIOT aKIEHT HAa NPUMEHEHHE TI'eHETUYCCKOrO aJropuTMa Jist
MIOCTPOCHUS MOCIIE0BATEIBHOM JTOTMUSCKOM IIEMOYKU M3YUCHHUS 00pa30BaTeIIbHBIX MaTepHaioB. Takxke,
MPHUBEJCHBI  PE3yNbTaThl CPABHHUTENBHOIO aHAIW3a TPAJUIMOHHOTO MOAXO0Aa  (POPMUPOBAHUS
MOCJIETOBATEILHOCTH 00Pa30BaTENBHOrO MpoIiecca ¢ MPUMEHEHHEM TeHEeTHYeCKOoro anroputMa. I[locie
MPUMEHEHUS aJiTOpUTMa MPOLIEHT YCBOAEMOCTH MaTepHaia yBeanuuics Ha 8.34 %.

B cratbe [5] aBTOp NMPHBOAMT pE3yNBTATHl MCCICIOBAHHSA MO HCIOIH30BAHUIO T€HETHYECKOTO
ITOpPUTMAa B aBTOMATH3alNK Npoliecca (GopMUpOBaHUS U OLIEHKH 00pa30BaTebHOTO KOHTEeHTa. B paboTe
MIPUBOJUTCS TIPUMEpHasi CTPYKTypa (opMupoBaHus 0Opa3oBaTenbHON mporpamMMbl kypca (Course
Curriculum):

- OJIOK-CcXeMa pabOThl TEHETUIECKOTO aTOPUTMA;
- CO3/IaHKe YUSOHBIX MTPOrpaMM Ha OCHOBE Be0-00yUeHUs;
- CUCTCMHBIC H_Ia6HOHI)I " pE3yJIbTAThl IPUMCHCHUSA.

B pabGore [6] aBrop 3arparuBaeT mpoOJEMy OIPEICICHUS HANpPABICHUS, B KOTOPOM
NEpCICKTUBHEE pa3BUBaTh CTYACHTA. HpI/I 9TOM aBTOp OTMCYACT HCIPUTIOAHOCTL MCXaHMU3Ma
TECTUPOBAHMS CTYJIEHTA M MPEAIaraeT PEelInTh BONPOC C MPUMCHEHHEM HEHpPOHHO# cetr oT Yandex —
Catboost. JlaHHBI METOJ TMO3BOJISIET YYUTHIBATH KATECrOPHAIbHBIC NMPHU3HAKKH W 00JIAJAeT AOCTATOYHO
0OJIBIIION TOYHOCTHIO.

TecTtupoBanue 3HaHUS CTYICHTOB C MPUMEHEHHUEM aJITOPUTMOB HCKYCCTBEHHOTO HHTEIJICKTA
MO3BOJISICT TOYHO OLICHUTH YPOBEHb U Ka4eCTBO OCBOCHMSI MaTepuasna. ABTOp [7] B CBOMX HCCIIEOBAaHUSIX
mpenjaraeT aBTOMAaTH3UPOBATh MPOIECC TECTUPOBAaHUS 3HAHWM CTYICHTOB C MPHMEHEHHEM TaKhX
METOJIOJIOTHH KaK BU3yaIN3anus U reiMuGUKaIIs mpoiecca OleHKH CTYACHTa.
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C pasBuUTHEM HCCIIEIOBATEIBCKUX pa0OT TaKkWe KPYIHBIE KOMIAHWM Kak Amazon, Microsoft,
Google, Apple, IBM akTuBHO Hayajld HMHBECTUPOBATh HCKYCCTBEHHBIM MHTEIUICKT W pPa3BUBATh
coOCTBEeHHBIE 00pa30BaTeNIbHbIC IATHOPMBI Ha 0a3¢ ITUX TEXHOJIOTHH.

Hanpumep, npoekt Google Al Education cobupaer 6ubanoreky paboT u 3KkcnepumeHToB mo M
U TIPEOCTaBIsIET KypChl, yueOHble MaTepuaibl U pykoBojcTBa no WM. Microsoft Al School Taxke
npeuiaraeT yueOHble KypChl 7151 JTI0 e, 3aMHTepECOBAHHBIX B U3YUYE€HIH HCKYCCTBEHHOTO MHTEIJICKTA IS
00pazoBaHMsI WIH KaphePHl.

Hwuxe nepeynciuM HECKOIBKO IPUMEPOB O TOM, KaK MPUMEHSETCS UCKYCCTBEHHBIA UHTEIJICKT B
o0pa3oBaTeabHOM MPOIecce U Kakue MIaThOPMbl CETOIHS aKTUBHO QYHKIIMOHUPYIOT. [8-13]:

Benymas LMS-cucrema, ncnonb3yemas o Bcemy MUPY Kak OOJIBIIMMU, TaK ¥ MAJIBIMU y4eOHBIMU
3apeneHusimMu EdApp. Oto mepBokiaccHas oOpa3oBareibHas IiaTgopma, OTMEUYCHHAs Harpajami,
KOTOpas JOCTymHa OecIulaTHO JUIs BCEX IIOJIb30BaTesIed, KaK YacTHBIX, TaK M KopropaTuBHBIX. OHa
IpeularaeT MpocThle JU3aiHepCcKue pelleHus U malioHbl, YToObl cAenaTh Co3AaHne U OOMEH Kypcamu
MaKCHUMAaJIbHO TPOCTBIM H 3P QPekTHuBHBIM. EdApp Tarke mpeanaraer rotoBble K OOyUYSHHIO KYpCHI,
pa3paboTaHHbIC JTYYIIUMHA MHUPOBBIMH CIIEIIHAIMCTAMH, KOTOPhIE BBl MOXKETE MPOCTO JOOABUTH B CBOIO
yuebHyto mnporpammy. lIpuoputerom EdApp sBisercss mMukpooOydeHHe — OHHM pa3paboTalii CBOE
MporpaMMHOE OOECTieYeHUEe TaKuM 00pa3oM, YTOOBI OHO Jy4Ile BCero paboTano ¢ MOOWIBHBIMH
yCTPOHCTBaMU, MO3BOJISISL YUUTHCS B JII000E BpeMs U B JTr00oM Mecte [14].

OobpasoparenpHblii ”HCTpYMeHT Google Classroom, npe/yioKeHHBIH THTAHTOM MPOrPAMMHOTO
oOecrieyeHus, siBisieTcst Oojiee YeM JOCTOMHBIM PEUICHHWEM JUIS IKOJI, KOTOPBHIM BHE3aITHO MPHUIILIOCH
nepeiTn Ha oHnaiiH o0yuyenue. Google Classroom ucmonp3yeT XopoLIo u3BecTHble HHCTpyMeHTH G Suite,
Takue, kak Google Docs, TUCTHI IS pacueToB, MHCTPYMEHTHI ISl OHJIAMH MTPEe3eHTAINN U HHCTPYMEHT IS
Bueo3BoHKOB (Google Hangouts). TIpocToii M u3BecTHBIH Au3aiiH, 0a30Bble (YHKIWH, JTOCTYITHBIE
OecIulaTHO, M BBICOKMH YPOBEHb IOCTYHMHOCTH — Bce 3T0 genaer Google Classroom onTtumaibHBIM
BbIOOPOM JUTS IIKOJIBHBIX M YHHBEPCUTETCKHX KYpCOB, I'Ie HET HEOOXOOUMOCTU B JIOTOJIHUTEIBHBIX
OMIIMSAX U MHCTPYMEHTaX BBICOKOTro Kiacca [15].

Udemy — ojiHa M3 caMbIX U3BECTHBIX 00pa30BaTEIbHBIX IJIATPOPM, MpeIararoiias MHOKECTBO
PEICH3UPYEMBIX KyPCOB, MPENOaBacMbIX HHCTPYKTOpaMu co Bcero mupa. Udemy npeayiaraet MHOKECTBO
CTaHIAPTHBIX WHCTPYMEHTOB IPOCKTHPOBAaHWS IS CO3JaTelied KypCOB: BHIIE0, pacuUeTHBIC IUCTHI,
JOKYMEHTBI, Ipe3eHTanuu [16].

Coursera — 3710 oOpasoBarenbHas IUIATGOpMa, KOTOpas, HAmpaBieHa HA MPEIOCTaBICHHE
00pa3oBaHMsl YHUBEPCUTETCKOTO YPOBHS M KAa4eCTBEHHOTo oOyueHHs 1Mo BceMy Mupy. OHa mpeiaraet
OHJIAMH KYpChbl, CHCHUATIU3UPOBAHHBIC KYPCbl W Pa30BBIC MCEPOIIPUATHA, IMPOBOAMUMBIC H3BECTHLBIMU
YHMBEPCUTETaMHU MapTHepaMu co Bcero mupa. bompmmHcTBO KypcoB Ha Coursera TpeOyrOT aKTHBHOTO
y4acTusi, OOpaTHOW CBSI3M, HAMMMCAHUS 3aJaHWA W TTOCEIEHUS JIEKIIUNA. Y CHIINS OKYIAIOTCs, TIOCKOIBKY
nocJjie OKOHYaHMs Kypca MOKHO TOJIaTh 3asBKY Ha MOJTydYeHHE CepTU(HKATa C COOTBETCTBYIOLICH MEeYaThIO.
Coursera OecIiiaTHa JUIs CTYJICHTOB YHUBEPCUTETOB (32 MCKIIIOUCHUEM KYPCOB JUIS TOJTYUYCHUS CTEIICHH),
HO TpeOyeT BCTYMHUTEIHHOTO B3HOCA OT BCEX OCTANBHBIX [17].

Hapsny ¢ Coursera, edX — 3T0 ABa cambIX NOMYyJSAPHBIX 00pa30BaTeIbHBIX ILTATHOPM,
OPHUEHTHPOBAHHBIX Ha TPENOCTaBIeHHE O00pa30BaHHWS YHHBEPCUTETCKOro KadectBa. (Co3maHHas
BBHIMMyCKHUKaMu [apBapaa u MaccauyceTcKoro TeXHOJOTHYECKOro MHCTHTYTa, edX — 3To mimaTdopma,
OpPHEHTHpPOBaHHAs Ha BbIcliee 0Opa3oBaHHME, Ha KOTOPOH pa3MEIaloTcs OHJIAMH KypChl PaslMYHBIX
YHUBEPCHUTETOB. XOTS OHA HE COBCEM MOIXOINT JJIs MPO(hecCHOHaTBHOTO 00yUYeHHs Ha paboueM MecTe,
BBl MOJKETE GECIUIATHO IOCENIaTh GH3HEC-TPOrpaMMbl MelrbcKoro yHHBEpPCHTETa MM KYpChl (DH3HKH
IapBapaa. UnTepec EAX 3aximtouaercs B ymydlieHHH II00aIbHOM TOCTYITHOCTH IEPBOKIACCHBIX PECYPCOB
u npeniofasateneii. OmHako BbIOOp, mpemaraemMblii edX, ropa3zo MEHbIIe, YeM Ha APYruX Iatdopmax,
Y OTpaHWYEeH OYEeHb CIIENHATH3HPOBAHHBIME oOmacTsamu. EdX Taxoke He momaepKuBaeT MUKpOOOyUdeHHE,
a ero MOJUTHKA IMO-TIPSKHEMY NPONAaraHJAUPYeT TPAJAUIIUMOHHBICE METObBl O0YUYCHHS — MPOCITYIIMBAHUE
nmeknuid W Hamucanme dcce. OH COCpPeloTOYeH B OCHOBHOM HA ©CTECTBEHHBIX HayKaX, OCTaBILSA
TyMaHUTapHEIE HAYKH B UCKYCCTBO Ha mocieaaeM mecte [18].

BlackBoard learn mpenHa3HadeH s Ipemno1aBaTesieii ¥ CTyICHTOB BRICIITHX YUSOHBIX 3aBEACHHM,
KOTOPHIM HEOOXOIMMO UMETh BO3MOXKHOCTh XPaHUTh U OOMEHHMBAThCA MaTepuaiamu B obnake. [Tomumo
MIPEToAaBaHus, €€ MOKHO HCIIOJIB30BATh JIsl KOPIMOPATHBHBIX M TOCYAAPCTBEHHBIX MPOTPAMM OOYUYCHHUS,
XO0Ts ecTh U Apyrue LMS, koTopsle mpenararoT 00JIblie BCTPOSHHBIX (yHKIINN 32 MeHbITHE neHbpru. OHa

21



Acta Education Nel 2023

ynoOHa A1 MOOWMJIBHBIX YCTPOWCTB, YTO OTBEYAET NMPHUBBIYKAM MOJIOJBIX TOJB30BATENICH, MOCKOIBKY
HI03BOJISIET TTOCEIIATh 3aHATHS B 1000M Mecte. Blackboard mpenocraBisier KOHTEHT 6€3 JIMIIHUX XJIOTIOT,
HO IIPU 3TOM JHIIaeT Apyrue LMS HeKOTOphIX pa3BIedYCHHUH, KOTOpPbIE OHH NPEJOCTABIAIOT HAPSIY C
Oonpoi GpyHKIHOHATBHOCTEIO [19].

Skillshare oTHOCHTCSI K YMCITy M3BECTHBIX 00pa30BaTEIbHBIX MUIATGOPM, OPUEHTHPOBAHHBIX HA
NPEOCTAaBICHNE MPAKTHYECKUX KYPCOB Ul AWHAMHUYHOTO Kpyra cTyAeHToB. OHa B MEPBYIO Odepenb
orpaHnyeHa Kak oOpa3oBareibHas BUAeoiaT(opma, riae yauTens U MpernoaaBaTeln OOBsICHIIOT TEMY B
cepuu posinkoB. Skillshare — 310 maardopma, ocHOBaHHas HAa COOOIIECTBE, TO €CTh KaXK bl MOTCHIINAIBHO
MOYET CTaTh NpenojaBareseM, 1 Ha GopyMe cooOIIecTBa JIETKO HOIYyYUTh OOPATHYIO CBS3b U OAJIEPKKY.
B ornuume ot EdX mmm Coursera, Skillshare ¢oxycupyercss Ha o0yyeHMHM HparMaTHYHBIM HaBBIKaM,
MOMOTAIOIIUM CO3/1aTh OHJIAH TPUCYTCTBHE (IIOJIE3HO B JIIOXY MAapKETHHTa B COIHMANBHBIX CETSX),
MoJIIepKaTh MaJbli OM3HEC MM MPOCTO pasBiedbcs [20].

Thinkific. bynyun xopomo npoaymanHoi matdopmeHHON cuctemoit LMS, xoTopas memaer
co3aHue y4eOHBIX KypCOB OCYIIECTBUMBIM M IpocThiM, Thinkific mpeanaraer MHOXeCTBO IIAOJIOHOB U
rpaMUecKuX 3JEMEHTOB Uil OOJerdeHus: pa3paboTku COOCTBEHHOro Kypca. B ocHoBHOM oHa
OpPUCHTUPOBaHA Ha MPEANPHUHUMATENEH, MPeroiaBaTeci OHIaliH, TPEHEPOB U UHCTPYKTOPOB, KOTOPHIE
XOTST PAacUIMPUTh CBOH OXBAaT M, BO3MOXKHO, OOHOBUTH CBOM OOpa3oBaTeibHble HMHCTpyMEHTHL. K
coxanennto, Thinkific He siBiseTcs OecmimaTHeIM, M JUISL TOCTYINA K MOJHOMY HaOOpy HWHCTPYMEHTOB
J3aifHa 1 MapKeTUHTa TpeOyeTcs exxeMecsiuHast monucka [21].

LinkedIn Learning — 3T0 oOpa3oBarenbHas IuiaTdopMa, OpHEHTHPOBaHHAas B OCHOBHOM Ha
Om3Hec 1 TexHoJorumdeckue oonactu. Kypeel Ha mmatgopme npeaocTapisiFoTes B BUIEO popMaTe Ha CEMHU
Pa3INYHBIX SA3bIKAX, YTO AEJIAET €€ JOCTATOYHO JOCTYITHOM, B 3aBUCHMOCTH OT Ballero reorpapuueckoro
nmonoxkeHusi. Linkedln Learning sBnsercs npemuym ¢yHKImend mias mons3oBateneid LinkedIn ¢
0OHOBJICHHBIMU TPOMUIISIMU 1 HAIleJIeHa Ha MTPEJOCTAaBICHHE HOBBIX, 00JIee BBICOKMX KBATU(MUKAIMN IS
TeX, KTO HIIET HOBbIE BO3MOXKHOCTH Ha pbiHKe Tpyaa. LinkedIn Learning — 3T0 Xopomiee mecto s
00yueHus1, Ho 6oJiee CI0KHOE IS ITPETIoIaBaHutsl, HOCKOJIBKY ISl TOTO, YTOOBI CTaTh TPEHEPOM, TpeOyeTcst
NPUWIOKUTh HeMmano ycuinid. KadecTBo KypcoB He Bcerza JIETKO OICHUTH 3apaHee, W UIsl 3TOTO
HE00X0MMO TIPOBECTH UCCIeAoBaHue [22].

Cucrema Moodle - cpena AMCTaHIMOHHOTO OOYYEHHUS C OTKPBITHIM HCXOJHBIM KOJOM.
HpCI/IMYHICCTBaMI/I 9TOM CHCTEMBI SIBIISIIOTCS BO3MOKHOCTH MMPOU3BOJILHO BBI6I/IpaTb BpeMs, MECTO,
JUINTENIBHOCTh TIpoliecca OOydYeHHs, TMPErnoJaBaTelb MOXET CBOEBPEMEHHO H3MEHSTh Kypchl B
COOTBETCTBHM C TIOTPEOHOCTSAMH YYalIMXCsl, MOJICPKUBATh CBsA3b ¢ ydammumucs. CymiecTByeT
BO3MOKHOCTb Hp€O6pa3OBaHI/I$1 TEKCTOBBEIX 3HAUYCHMI B MYJIbTUMEUA U TUIIEPTCKCTOBOC NNPCACTABIICHUC.

Cuctema opueHTUpYeTCsl OOblIe Ha BY3bl, KOJUIEIKH U APYTHE 00pa3oBaTelbHbIE YUPEKICHHS.
BoNBIIMHCTBO MJIarHHOB CO3JIAI0TCSA UMEHHO 1Mo oOpa3zoBanue. Jist kommepueckoii chepbl y Moodle He
XBaTaeT THOKOCTH W MacHITaOUpyeMocTH. UTOOBl HMHTETpHpPOBAaTh CHCTEMY C HYXXHBIMH OHW3HECY
PELICHUSIMHU, IPUIETCS TIPHIOKUTH HEMAJIO YCHIIMI ¥ TIPUBJIEYb OIBITHBIX CIICIIHAIUCTOB [23].

B V30ekucrane Takxke akTUBHO Hayald BHEIPSTH Pa3iMuHble 00pa3oBaTelbHbIE ILUIATQOPMEI,
KOTOpbIE TO3BOJISIOT 3G (EKTHBHO YMpaBisATh 00pazoBaTenbHbIM mpoueccoM. Kak nampumep, ['YII
«UenTp mHHOBaLMiA, TexHONOTWH U cTparerun» npu MHO pa3paboTan JOMOTHUTENBHBINA 3JIEKTPOHHBIN
KOHTEHT IS TIOJIE3HBIX OHJIAH PEeCypCcoB, IIaT(opM 1 mopTaios [24].

B uactHocTH, Ha miatdopMe IUCTaHIHMOHHOTO oOpa3zoBanusi Maktab.uz paspaboTanHod st
TenekaHanoB «OHiaiiH MakTaby», pazmernieHsl 6onee 7500 BHAEOYPOKOB MO IMIKOIBHON mporpamme 1-11
KJjaccoB, U Oonee 2400 npe3eHTanuii K HUM.

Kitob.uz sBnsercs OecIlaTHOM OHJIaMH OMONHMOTEKOM, BKIIIOYaromei B ceddg okono 4000
3JEKTPOHHBIX U ayJuoKHUT. KonnuecTBo moceruteneit noprana coctasiseT 16 000 uenosek.

B pamkax nmpoekra EduKids cozmans! u pasmemniens! Ha crpanwnie B Telegram cereite 100 HaywdHO-
MOMYJISIPHBIX aHUMALMOHHBIX Jai)KECTOB.

EduKids — »T0 cOopHuk, cocrosmuii u3z 6onee yem 100 HaydHO-TOMYJISIPHBIX aHUMAIIMOHHBIX
JIafDKECTOB, HAPABJICHHBIX Ha JIOCTMKCHHE yCIiexa B OyyIeM u padoTe Haja COOO.

[IpoextT Smartland sBnsieTcss WHTEPAKTHBHOW BHPTyaJIbHOW 00pa30BaTeNbHON IIATPOPMOIA,
BKJIIOUaroniel B ce0s1 136 urp Ha pycckoM M y30€KCKOM si3blkax mo 15 mpenmeram u 2008 ynpakHEeHHH.
Taxoke pazpaboTaHo ero MOOMIIEHOE TIPITIOKEHHE TSI oTlepariioHHbIX cucteM i0S 1 Android.
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Uzbekcoders.uz - BeO-rutaropma mpeaoCcTaBiIseT BO3MOKHOCTh OECIDIATHO Ha y30CKCKOM U
AHTJIMHACKOM SI3bIKaX OCBOUTH MPOQECcCHU 1Mo 4 HampaBieHUSIM B 00J1acTH HHYOPMAIIMOHHBIX TEXHOJIOTHH.
Kypcol mpoekTa mpeicTaBieHbl 0HON U3 Beayiuux kommnanuii IT-o0pasoanus B Mupe — Udacity (CLIA).

MorEng.uz - oHiailH-1IKOJIa aHTJIUMHUCKOTO SI3bIKa C MHTEPAKTHUBHBIMHU JIEKIUSIMH U TECTaMH,
KOTOpBIC paboTaroT Ha JIFOOOM yCTpoicTBe. Jl0CTYyMHBI Tak:Ke AUCKYCCUU C KypaTOpoM Kypca, KOTOPBIH B
TM000€e BpeMsi CMOXKET Pa3bsICHUTH CIIOPHBIC MOMEHTBI U OTBETUTH Ha BCE BOIIPOCHL.

Prep.uz - OHJIAMH BUACO-YPOKHU U TCCThI HA PYCCKOM H y36eKCKOM sI3pIKax. SI3BIKOBBIC KYypChI, a
TAKXXC YPOKHU MO TOYHBIM U T'YMAHUTAPHBIM HayKaM OT KBaJ'II/I(l)I/II_[I/IpOBaHHBIX npenonaBaTeneﬁ. Bo BpeMs:
KapaHTHHa BCC 3aHATUA OeCIIaTHEL.

Xanakademiyasi.uz - mopran Khan Academy Uzbek coznan Ha 0a3e kpymHeiiniei O6ecriaTHOH
MEXYHApOJHOH o00pa3oBaTeNbHON IIaTGOpPMBI U TepeBefieH Ha y30ekckuil s3bIk. [IpoekT maer
BO3MOXKHOCTb IOJIyYHUTh JIOTIOJTHUTENBHOE OECINIaTHOE IUCTAaHIIMOHHOE 00pa30BaHKe HA YPOBHE MUPOBBIX
CTaHJapTOB.

Tutorials.uz - becninarHble BUgeomMarepuaisl 0 NPOrpaMMHUPOBAHUIO HA Y30€KCKOM si3bike. Ha
NopTaje NpeaCcTaBIeHbl KypChl OT a30B MH)OPMATHKHU J0 INTyOOKHX 3HAaHUN B 00J1aCTH IPOrPaMMHUPOBaHUSL.

VY4auThIBas BBILICH3IOKEHHOE, XOTEJIOCh OBl BBIACIUTH OCHOBHBIE KIIOYEBBIC HANpPaBICHUS
pa3BuUTHS 00pa3oBaHUs, KOTOpbIe TPEOYIOT TIIATSIBLHOTO aHalIW3a W TNPUMCHEHUS WHHOBAIMOHHBIX
peuieHui.

[pexne Bcero 3710 amantuBHOE oOyueHHe. AnanTuBHOE 0O0ydeHue (Ha aHri. adaptive learning) —
9TO TEXHOJOTHS OOYyYeHHs, OCHOBAaHHAs HAa IMOCTPOCHWUH WHIUBHIYyaTbHON YYEOHON TpPacKTOPHU IS
00yyYaromerocs ¢ y4eToM ero TeKyIIix 3HaHHH, CIOCOOHOCTEN, MOTUBALMHU U APYTHX XapakTePUCTHK [25].

B nanHOM cnyuyae CHOXHOCTH, MOCTENOBATENLHOCTE M TEMHI OOyYeHHUs y4eOHOro Kypca H
MIPEIMETOB MTOIOUPAIOTCS HA OCHOBE CHIIBHBIX U cIa0bIX CTOPOH oOydatomero. Ha Bexome MbI mosrydaeM
MIEPCOHANIBLHBIN TUIaH OOYYICHUS VIS KaXI0T0 CTYICHTA.

[Ipo amanTuBHOE OOydYeHHE TEPBHIM 3aroBOPWII aMEPUKAHCKUN TICHUXOJIOT, H300peTareb,
nucarenn, npodeccop Iapapackoro yHuepcutera - beppec ®penepuk Ckunnep B 1954 rony. B xone
CBOETO JKCIIEPHMEHTa OH pa3paboTall MeXaHWYecKoe NPUCIOCOOIeHHe, HATIOMHHAIOMIETO0 KOPOOKY,
KOTOpPOE «CKapMIIMBAJIO» OBl CTyJE€HTaM BOIPOCHL. [IpaBHIbHBIE OTBETHI BO3HATPAXKIAINCH HOBBIM
aKaJIeMMYECKHM MaTepuajoM, HEMPaBUIbHBIE — TMPUBOIWIN K MOBTOPEHHUIO CTApOr0 BOMpPOCA. ITO
MOTHUBHPOBAJIO CTYyACHTA 6I)ICTpO aaanTUPOBATLECA U YYUTHCA OTBCUATH IIPABUJIBHO.

OCHOBHBIMH TIPEHMYIIECTBAMH aJAaNTHBHOTO OOYHYEHHS SIBISIOTCS COKpAlllcHWE BPEMEHH Ha
o0y4yeHHe pa3HOPOAHOM TPYMIBI, MOBBHILICHHE BOBJICYEHHOCTH 0OydaeMbIX M OoJyiee TIIATEeNbHBIN
ABTOMAaTUYECKUH KOHTPOJIb YCBOCHHUSL.

AnroputMm pa3paboTku 00pa3oBaTeIbHOM MPOrpaMMbl ¢ TEXHOJOTMEH aJalTUBHOIO OO0y4YeHHS
COCTOUT U3 YETHIPEX IIaroB..

Ilar 1 - Onpenenuts 1nenu oOyderns. HeoOXoauMo ompenenuTs 3HAHUS W YMEHHUS, KOTOpEIE
nporpaMma HareneHa copMUpOBaTh. ITO MOXKHO CIeJaTh, UCIoNb3ys Takconomuro biyma.

CrpaBouHo: TakcoHomus biayma — 3T0 Teopusi, KOTOpasi IIOMOXKET MPOBEPHUTH TIyOUHY 3HAHUA
COTPY/ZHUKOB IO y4eOHBIM MaTepHaiaM U3 3JCKTPOHHBIX KypcoB, BeOMHApOB U TpeHUHToB. OlLEeHKa 110
TakCOHOMHUHU biyma moxaspiBaeT, Kakue TeMbl AAIOTCAd YYEHHKY C TPYJOM, U TOTOB JIU OH NMPUMEHHUTH
NOJTy4YEHHbIE 3HAHUS Ha TIPaKTHKE.

ar 2. CtpykTypupoBath npeaAMeTHYI0 00nacTs. HeoOxomumo co3aate kapTy 3HaHui. st 3T0oro
Ba)KHO JETAJILHO ONMCATh TEMbI 00Yy4EHHsI, BBIAEISISI HECKOJIBKO YPOBHEH CIIOKHOCTH U CBSA3U MEXY HUMHU.
s ToapoOHOTO CTPYKTYPUPOBaHHS IPEAMETHON 06J1acTi TpeOyeTCsl BEIIEIUT, MUHIMYM 3 YPOBHSL.

[ar 3. Co3maTh KOHTEHT AJI JOCTWOXKEHHA 1eeit oOydenns. Kaprty 3HaHmi W3 mara 2 HyKHO
HAIOJIHUTh €AMHUIIAMU MUKPO 3HAHUW KOHTEHTa, KOTOPbIe 00pa3yIoT JIOTHYECKYIO CTPYKTYPY.

[Iar 4. Pa3zpabotaTs GaHK KOHTPOJBHBIX BOMPOCOB. J[JIs1 KaXKIOTO YpPOBHS 3HaHUI HEOOXOIUMO
paspaborats or 3 mo 10 BompocoB, copMyNIHPOBAaHHBIX CTPOrO Ha OCHOBAaHMHU LeNel oOyuaromiei
nporpaMMsl. PaboTa amanTHBHOTO aiNropuTMa 3aBUCHT OT KOPPEKTHOM OICHKH YPOBHS CIIOKHOCTH
BOIIPOCOB. MOXKHO AMAarHOCTHPOBATH HE TOJIBKO O’KHIAEMBIH YPOBEHb KOMIIETEHTHOCTH, HO U OIICHUBATH
CTETeHb YBEPEHHOCTH B MPAaBUJIBHOCTH CBOETO OTBETA. T€CThI JOJHKHBI 00ECIIeYNBAaTh KOHTPOJIb 3HAHUI
JUTSL TOCTYDKEHUS LIENIEBOTO YPOBHS CIyIIaTeNeH.
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[epconamu3upoBanHoe odyueHne — Ha oCHOBE 3TOW TEXHOJOTHH JICKUT WHAWBUIYATU3AIIM
y4eOHOTO TIpoIlecca W HaIPaBICHHOCTh 0Opa30BaTEIBHBIX PECYPCOB HA OTHOTO YEJIOBEKA HCXOAS U3
KOMITICTCHIINM, ypPOBHSA 3HAHWS CTYACHTa, a TakkKe MAPYIMX KOTHHTHBHBIX IIOKa3aTeleH.
[Tepconanu3upoBaHHOe 00yUEHHE «B YUCTOM BHUJIC» MPUMEHSCTCS OUYEHb PEKO. Tak Kak YelIOBEK — 3TO
9acTh 00OIIECTBO, M OH JOJDKCH B3aMMOCHCTBOBATEL C IPYTUMHU ydacTHUKaMH oOrecTBa. [loaToMy Takoit
MOAXOJ TIPUMEHSETCS B HCKIIOYHUTEIBHBIX CIIy4asX, a Takke IpPH MPOCKTUPOBAHWM OHJIAWH W
JIUCTAHIIMOHHBIX YUYSOHBIX KYPCOB.

BaxxHo oTmMeTHTh, YTO TOCIENHWE TOABI C TOSBIEHHEM OHJIAWH IIaT(GopM W BHPTYaJbHBIX
YHHBEPCUTETOB IMEPCOHANM3ALUS 00pa30BaTEeILHOTO Mpolecca 4acTo MPUMEHSETC pa3padOTYMKaMu U
NPOCKTHPOBIIMKaMU y4eOHO 00pa30BaTeNbHOIO KOHTEHTA. Takke CTalu MNPUMEHSTHb 3JIEMEHTHI
MCKYCCTBEHHOTO WHTEJUIEKTa M HEHMPOHHBIX CeTeH I TOTO, YTOOBI MOJACTPOHUTH MPOTpPaMMy y4eOHOTO
poriecca 1moj NoTpeOHOCTH HHANBHIYAIBHOTO YEJIOBEKA.

IMon nuddepennmanmeri moHUMaeTCs COCO0 OpraHM3alldd y4eOHOro MpoIecca, MPU KOTOPOM
YUUTBIBAIOTCS HHANBUAYAIEHO TUIIOJIOTHYECKHE 0COOCHHOCTH TMYHOCTH. K HUM OTHOCHTCS CHOCOOHOCTH,
HWHTEPECHI, CKIOHHOCTH, OCOOEGHHOCTH WHTEJUICKTYalIbHOW JesITeNbHOCTH W JAp. [laHHBIH moaxon
OpeAroiaraeT Co3JaHue TPYMI, TJe TaKhe CBOWCTBA KaK IENH, COJIEpXKAaHWE, METOIbI, (GOpMBI M
Ppe3yNbTaThl PA3INYArOTCs APYT OT ApyTa [26].

OOyueHre Ha OCHOBE KOMIIETCHIM HAYMHACTCS C OTIPE/ICIICHUS] KOHKPETHBIX KOMIIETCHIINI W
HAaBBIKOB M MO3BOJISIET YYAIIMMCSl pa3BUBaTh MacTEPCTBO B KKIOW KOMIICTEHIMH WJIM HABBIKE B CBOEM
COOCTBEHHOM TeMIle, OObIYHO paboTas C HACTAaBHUKOM. Ydalldecsi MOTYT pa3BHBAaTh TOJIBKO Te
KOMIETEHIINN WIH HaBBIKH, KOTOPbIE OHU CYMTAIOT HEOOXOIMMBIMH (32 3TO OHM MOT'YT MOJIy4UTh ""3HA4OK"
WIN Kakyro-1100 (GopMy MOATBEP)KACHHOTO NPU3HAHMSA), WIM O0BETUHUTH BeCh HAOOp KOMIIETEHLUI B
HOJHYIO KBAIM(HUKALNIO, TAKYIO KaK cepTU(UKAT, IUIUIOM WM, BCE Yallle, TOJIHAsI CTeneHsb [27].

[IpyuMeHeHne 271€MEHTOB HCKYCCTBEHHOTO MHTEIIEKTAa U HEMPOHHBIX CETEH MO3BOIMT IOBBICUTH
Ka4ecTBO O00pa30BaHUs, YCKOPUTH MNPOLIECC OCBOCHUS HOBBIX TEXHOJIOTHH, aJalTUPOBAaTh CIIOXHBIE
IpoIecchl TOJ HYXIbl KaXIOro 4YeloBeKa W I(PQEKTHBHO YIpaBIATh TporeccoM. KoHBepreHuwus
HCKYyCCTBEHHOTO HHTEIUIEKTa B  00pa30BaTeNbHBI  OTKpHIBACT OE3rpaHUYHBIE  BO3MOXHOCTU
oOyvaromumcs  3¢G¢GEKTUBHO M KAayeCTBEHHO  OCBOMTh  y4YeOHBIH  Marepual W CTaTh
BBICOKOKBaJTM(PHUIIMPOBAHHBIM CIICITUATTUCTOM.
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