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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybniukacbkl ¥nmmbiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fblfibIMU XypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabbindaHraHbIH xabapnatidbl. byn uHdekcmeny 6apbicbiHOa Clarivate Analytics KoMraHusiCbl XypHarobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, b6acnawbinap MeH Mekemesiepze KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n1 npuHam 0nsi uH0ekcuposaHusi
e Emerging Sources Citationindex, obHosneHHoul sepcuu Web of Science. CodepxxaHue 8 3mom UHOEK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate Analytics 0ns danbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4dpexdeHul. BkmoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 05151 Hauea2o coobuwecmea.
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RESEARCH ON THE DEVELOPMENT AND IMPLEMENTATION
OF AUGMENTED REALITY TECHNOLOGIES
IN THE EDUCATIONAL PROCESS

Abstract. The article deals with the development of augmented reality applications on the Vuforia platform, as
well as the use of augmented reality technology in the educational process for the purpose of visual modeling of
educational material to Supplement the material with visual information. The results of the analysis of existing
approaches to the development of augmented reality applications, platforms, tool development environments such as
Vuforia, with the ability to connect Unity, and the implementation of augmented reality technology are shown. The
importance of using high-level augmented reality technologies, the prospects for using augmented reality technology,
and the opportunities and advantages of using it in the educational process are highlighted. It is noted that the
situation in the field of education determines the relevance of the use of new information technologies in the field of
education and one of the promising areas of development of innovative educational technologies is the use of
augmented reality in the learning process. An augmented reality application to great Kazakh poet Abay
Kunanbayev's poems created on the basis of marker technology is proposed.

Key words: augmented reality, AR technology, Vuforia platform, marker, recognition, interactive technology,
digital educational technologies, educational process.

Introduction. Augmented reality technology in the educational space has been used relatively
recently. Today, education is considered one of the most promising areas for the development and
implementation of augmented reality technologies. The idea of using augmented reality for learning
purposes is quite new, and AR technologies have recently been used in history, geography, and literature
classes [1].

Augmented reality is a term that refers to various options for embedding imaginary, virtual objects in
a human-visible, real-world space. Additional information can be in the form of text, images, video,
sound, and three-dimensional objects. Playback of some processes using augmented reality allows you to
visualize the process in real dimensions and capabilities. The principle of technology in a broad sense lies
in changing a person's view of the real world using computer technology. In this case, it is possible to use
all his senses. In a narrower sense, it is adding new objects to the video image in real time. The author
considers augmented reality as " the answer of modern technologies to the problematic issues that arise
every day. It is more understandable to most people, it is easier to implement than virtual worlds.
Augmented reality allows us to make everyday reality richer. Combined with the inexhaustibility of
Internet resources, its possibilities are limitless" [3].

Many experts call augmented reality «improved», «extended», and even «additionaly. The name
«augmented reality» will still be more accurate, since this technology can both complement the
surrounding world with objects of the virtual world, and eliminate objects from it. To further clarify, we
can define augmented reality (AR) as «an environment with direct or indirect addition of digital data to the
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physical world in real time using computer devices — tablets, smartphones and innovative gadgets, as well
as software for themy.

Methods and Technologies. The author developed an augmented reality for the works of the great
Kazakh poet Abay Kunanbayev (figure 1). A book of poems using augmented reality is a fascinating story
with an instructive meaning. When you hover your phone's camera, the book's landscapes come to life,
reproducing the book's " live " story.

~

Figure 1 — Augmented reality to poems about winter

Augmented reality for poems is developed on the Vuforia platform. Vuforia is an augmented reality
platform and Toolkit for developing augmented reality software for mobile devices developed by
Qualcomm. Vuforia uses computer vision technologies, as well as tracking flat images and simple three-
dimensional real objects in real time.

Figure 2 — Augmented reality for Abay Kunanbayev's translation
«Mountain peaks sleep in the darkness of the night...»

Vuforia can recognize text, also has the ability to recognize cylindrical markers. The ability to
register images allows developers to position and Orient virtual objects, such as 3D models and media
content, in conjunction with real images when viewed through mobile device cameras.
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The specificity of augmented reality is that it visually combines two initially independent spaces: the
world of real objects and the virtual world created on a computer.

The virtual object is oriented on the real image so that the observer's point of view applies to them in
the same way to achieve the main effect — the feeling that the virtual object is part of the real world. The
app supports various 2D and 3D target types, including unmarked Image Targets, three-dimensional
Multi-Target targets, and reference markers that highlight objects in the scene for recognition. Vuforia
provides application programming interfaces in C++, Java, Objective-C, and .Net through integration with
the Unity game engine. Thus, it supports the development of AR applications for iOS and Android, while
assuming development in Unity and is compatible with a wide range of devices, including iPhones, iPads,
smartphones and Android tablets.

Results and Discussion. The question about the possibility of using augmented reality technology in
education can be answered in the affirmative, because this technology allows you to make lessons
exciting, interesting, and understandable. Using augmented reality, you can" animate "static pages of
books and textbooks, take a walk through the jungle, feel like a participant in a historical event, or "draw"
associations that arise when reading literary works or listening to music [2].

In addition, in some educational organizations, the implementation of practical training may be
difficult or impossible: for example, there are no necessary chemical reagents or mineral / rock rocks to
demonstrate them to students. Thus, the situation in the field of education, concerning practical training,
determines the relevance of the use of new information technologies in the field of education. One of the
promising areas of development of innovative educational technologies is the use of augmented reality in
the learning process.

However, electronic information or interactive tools are most often used in almost all areas of
training. Almost all schools equip classrooms with computer equipment, projection equipment, electronic
learning resources, and other modern learning tools. Most often, the capabilities of this technique are not
fully used. Augmented reality can be used in the study of any subject, whether it is physics or history,
biology or literature. Already now you can find many programs for young mathematicians (Pocket Tutor),
novice biologists (AR Flashcards) and others [3].

Like any new technology, AR has its advantages and disadvantages. On the one hand, it allows you to
significantly expand the possibilities of the educational process. The school must keep up with the times
and demonstrate to children what they will have to work with in the near future. The disadvantages of this
technology go beyond the educational process and are primarily related to social consequences (the use of
contact lenses with augmented reality, problems related to the confidentiality of information [4]).

At the present stage of development of computer technologies, it is necessary that augmented reality
technologies influence learning technologies, enriching their tools and methods, expanding didactic and
cognitive capabilities. Placing virtual objects in a specific environment where they are not initially
available would allow you to model unusual educational practices.

How can augmented reality technology be used in the educational process? First of all, as an auxiliary
tool for maximizing the visibility and interactivity of the studied subject, deeper immersion in it, and
conducting virtual laboratory work.

The use of such technology as augmented reality provides students with the opportunity to practice
their theoretical knowledge absolutely safely, for example, to conduct chemical experiments and
experiments, to visualize algorithms for sorting arrays or encoding information, to see how individual
parts of the computer work, etc., to visualize objects presented in educational materials. [5,6] thus, the
visibility of the content of education is significantly increased, moreover, since the technology is quite
new, and its use requires the usual gadgets for modern students-smartphones, it increases the interest of
students in the discipline being studied.

Using augmented reality and 3D modeling together motivates students to learn programming and
3D modeling [7,8]. This technology can be used when performing project tasks, to visualize the results of
students ' work on the project, making it as interactive as possible.

Various platforms are used to develop augmented reality applications. These are platforms such as
Vuforia — a leading computer vision platform with more than 300,000 developers, ViewAR
SDK-ViewAR's first customers were furniture companies, but now The company offers powerful
3D visualization tools, TryLive Retail - a new reality for brands and stores, SmartCam3D View-an
augmented reality application for drones, but you can use its capabilities in development by applying
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geographical labels to the image, InfinityAR-the platform can build a three-dimensional scene of the
surrounding space and add the necessary elements, and others.

Conclusion. Thus, the technology of augmented reality allows the teacher to involve students in
research, developing educational situations for this purpose, using modern technologies, tools and
methods of activity to achieve a high-quality result of knowledge. Placing virtual objects in a specific
environment in which they are not initially available allows you to model unusual educational practices
that affect learning technologies, enriching their tools and methods, expanding didactic and cognitive
capabilities, and providing ample opportunities to improve the quality of education. Elements of
augmented reality developed in the course of research can be used in teaching directly in literature lessons,
and similar elements can be developed for other disciplines on their basis. The use of augmented reality
elements in training helps to increase motivation to use gadgets for solving educational tasks, interest in
the educational process due to the visibility and novelty of the technology, and therefore a better
understanding of the educational material.

C. M. Capcumbaesa', M. Y. Mykamesa’, III. Illynamuna’, B. T. lumutpos’

1K. ’KybanoB aTerHIare AKTe0Oe oHIpIik yHHBepcuTeTi, AKkTobe, Kazakcran;
’bI. ANTBIHCAPHH aTBIHIAFBI YITTHIK Oi1iM akagemusicel, Hyp-Cyrran, Kasakcran;
3Oyjme Kmument Oxpun Codus yausepcuteri, Codus, bonrapus

VUFORIA IJAT®OPMACHIHJA TOJIBIKTBIPBLIFAH HAKTBLJIBIK
KOCBIMILIAJIAPBIH O3IPJIEY )KOHE OKY YJIEPICIHJIE NAWJIAJIAHY

AnHoranus. byringe OumiM Oepy canachlHIa TONBIKTHIPBUIFAH HAKTBUIBIK TEXHOJOTHSACH OoOJNaliarel Oap
cananbIH 0ipi Oomeim ecenrreneni. OKy yAepiciHIe TONBIKTHIPBUIFaH HAKTBUTHIK TEXHOJIOTHACHH KOJIIAaHY KaHa OaFbIT
0o caHaNMAABl JKOHE COHFBI yaKbITTa Tapux, reorpadus, omebmer cabarbiHma AR (Augmented Reality)
TEXHOJIOTHSICHI KOJIIaHbLIa 0ACTaIbI.

KeneWTinireH HeMmece TOJBIKTHIPATHIH aKmapaTTap MOTIH, KeckiH, OeliHe, ABIOBIC, YIIONEMAl MHQPPIBIK
HBICaHAap 0OTysl MYMKiH. KeHEHUTINreH HaKTBUIBIK TEXHOJIOTHUSACBIHBIH MYMKIHIITIH IMalijajlaHa OTHIPHII, KONTeTeH
KYOBIIBICTAp MEH Y/EpiCTep/ii HAKTHI eJIIIeMAepl MeH OeNriiepiH cakTail OTBIPBII aKbIHAAYyFa O0Iabl.

JKanmel, keHipek airaHia, aTajJFaH TEXHOJIOTUs IHU(PIBIK TEXHOJOTHSUIAPAbI MaiianaHa OTHIPHIM, aJIaMHBIH
KOpIIaFaH 9JIeM Typasibl TYCIHITIH KEHEWTY KaruaajiapblHa MK apTaibl. AJT KeKe ajblll KaparaHjaa, OciHEeKeCKiHI
Oackapy, SFHU OFaH HaKThl YaKbIT PEXKMMIHJIC XKaHa HBICAHIAP bl KOCY OOJIBIIT €CENTEINe/Ii.

KeHeHTUIreH HaKTBUTBIK TEXHOJOTHSICHIH OKY YAEPICiHIe KOJIaHy KOPHEKUTIK MaliaaaHbIl OKBITY Bl JKaHAIa
TYPFBIIa KapacTHIPYIbl KaKeT ereli. KeHeWTUIreH HAKTBUTBIK TEXHOJIOTUSACHI KOIIIUTIKKE KOJDKETIMII, TYCIHIKTI
JKOHE OHBI JKY3€Te achIpy BUPTYaJIbl dJIeMi iCKe achIpyFa KaparaH/a >KeHiJ OOJIBI KeeTi.

KenrereHn capamnibuiap KeHEHTIITCH HAKTHUIBIK TEXHOJIOTHSCHIH OKETUIIIPIITeH», «KOCHIMIIIAY JKOHE TaFbl Ja
Oacka aTaymapMmeH ataiiipl. JlereHMeH «KEHEWTUITeH HAKTBUIBIKY) aTaybl aKbUIFa KOHBIMIBI OOJBIN KepiHemi, cebedi
KOpIIaraH dJeMl BUPTYaNbIK dJIEMHIH HbICAHIAPbl apKbLIbI TOJBIKTHIPYFAa HEMECE HbICAH/AAP.bl KePICIHIIE allbII
TacTayra 6omazpl.

Maxkamaga Vuforia mmatdopmachiHIa KEHEHTUITeH HAKTHUIBIK KOCHIMIIAIAPBIH 93ipiiey, KOpPHEKI aKmapaTieH
MOJIIMETTEp/I TOJBIKTHIPY YILIIH OKy MaTepuayiapblH BH3yalIbl MOJAENBICY MaKcaThlHIa OKY YAepiciHzue
KEHEWTUIreH HaKThUIBIK TEXHOJIOTHSICHIH TTaii/laiaHy Moceiesiepi KapacThlpbUIFaH.

KeHelTiireH MIBIHIBIK KOCBIMILIANIAPHI, IUIaTGOpMaiapbl, KEHEUTUITEH LIBIHIBIK TEXHOJOTHSCHIH ICKE achIpy
meH Unity xocburran Vuforia cekinai a3ipieMenepiiH Kypan-calMaH MYMKIHIIKTEpiH TalfaylblH HATHKenepi
KOpCEeTLIreH.

KeHeHTUITeH HAKTBUIBIK JKOFaphl JICHIEHIII TEXHOJOTHUIAPABl KOJJAHYABIH MAaHBI3JABUIBIFBI, KEHEHTIITeH
HAKTBUIBIK TEXHOJOTHSCHIH KOJJaHy NEpCIEKTHBAlIaphl JKOHE OKYy YIepiciHae maimanaHy MyMKiHAIKTepi MeH
apTHIKUIBUTBIKTAPBI KOPCETIITEH.

binim Oepy canachiHIarbl jkKaHa aKNapaTThIK TEXHOJIOTHSUIAP/bl KOJIAHYIbIH MaHbBI3AbUIBIFbI KOHE MHHOBA-
IUSUTBIK OiTiM Oepy TeXHOJOTHACHIH AaMBITYIBIH NEepCIEKTHBAIBI OAaFBITHIHBIH Oipi OKBITY YIEpiCiHAE KeHeUTiNreH
HAKTBUIBIKTBl KOJIIAaHY epeKIIeNiri aikpiHmanapl. Mapkepiik TeXHOJIOTHs Heridinae KypbuiraH AOait KyHanOaes
eJICHICPIHE KCHEUTIJIreH HAKTHUIBIK KOCBIMIIIACKHI YCHIHBLIIBI.

Tyiiin ce3mep: keHeiirinreH HakThUIBIK, AR TexHosoruscel, Vuforia mnardopmacel, Mapkep, TaHy,
HHTEPAKTUBTI TEXHOJOTHsIIAP, IUMPIIBIK OiLTiM Oepy TEXHOJIOTHSIAPHI, OKY YICpPICi.
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PA3PABOTKA NMPHJIOKEHUM TONOJHEHHON PEAJILHOCTH
HA IIVIAT®OPME VUFORIA U UX IPUMEHEHHME B YYEBHOM ITPOLHECCE

Annortanusi. Ha ceromusmHuii JeHb 00pa3oBaHME CYHMTAeTCs OJHMUM U3 Haubojee IepCHeKTHBHBIX
HAalpaBJICHUH JUIs Pa3BUTHS M BHEIPEHHs TEXHOJIOTUI JIOTIOJTHEHHOH peanabHOCTH. Vnes npuMeHeHHUs TOTI0JIHEHHON
pearbHOCTH € Ienblo oOyueHust — pgocratouHo HoBass M AR (Augmented Reality) TexHonornum HemaBHO
UCTIONIB3YIOTCS HA YPOKaX UCTOPHH, reorpaduu, IuTeparypsl.

Jomomasromas HHPOpPMAINI MOXKET OBITh B BUIE TEKCTa, H300paKEHUS, BUICO, 3BYKA, TPEXMEPHBIX 00BEKTOB.
BocmponsBenenne HEKOTOPBIX MPOIIECCOB C MTOMOIIBIO JOMOJIHEHHON pPealbHOCTH MTO3BOJISET HATIISAJHO NPEICTaBUTh
MPOLIECC B PEATbHBIX pa3Mepax M BO3MOXKHOCTAX. [ [pHHIINI TEXHOJIOTUH B IIMPOKOM CMBICIIE KPOETCSI B U3MEHEHUHU
MIPEACTABICHUS YEJIOBEKAa O PEaJbHOM MHUpE C MOMOIIbI0 NM(POBBIX TEXHOJOTHI. B Gonee y3kom cmeiciae — 31O
J00aBIIeHNE HOBBIX 0OBEKTOB K BUJCON300PAKEHHUIO B PEIKUME peaIbHOTO BpEMEHH.

Hcnonp3oBaHue TEXHOJIOIUH JOMOJHEHHON PEaIbHOCTH B 00pa30BaTEIbHBIX 1IEIIX MO3BOJISIET pacCMaTpUBaTh
BO3MOXKHOCTH HAarJIsiZIHOTO OOYYeHHsI B COBEPUIEHHO HOBOM pakypce. /lomosiHeHHas peajbHOCTh — OHa Oosee
MOHSTHA OOJIBIIMHCTBY JIFOJIEH, €€ MPOollie BOIUIOTUTD, YeM BUPTYaJIbHbIE MUPBI I OHA JTOCTYIIHA.

MHorue »5SKCIepThl Ha3bIBAIOT JIONIOJHEHHYIO pPEaNbHOCTh «YJIyYLIEHHOI», «pacHIMpEeHHOH» W Jaxe
«JIOTIOJHUTENbHOW». bonee TOYHBIM Bce ke OyJeT Ha3BaHUE «JIOMOJHEHHAs pPEaNTbHOCTb», TaK Kak JaHHas
TEXHOJIOTHSI MOKET KaK JOIOJHATH OKPYXAIOUMH MHP OOBEKTaMH MHpa BHPTYaJbHOTO, TaK U YCTPAHATH U3 HETO
00BEKTEl. B TIpojoKeHne yTOYHEHHS MOXHO TIPHBECTH OIpEEICHHE JONOJHEHHOH peanbHOCTH (augmented
reality, AR) xak «cpema ¢ IpsMBIM WJIM KOCBEHHBIM JIOTIONIHEHHEM (U3UIECKOTO MHUpa IH(PPOBBHIMHU TaHHBIMA B
pEeKHME pearbHOrO BPEMEHHM TIPH MOMOLIM KOMIIBIOTEPHBIX YCTPOWCTB — IIJIAHIIETOB, CMapT(GOHOB H
WHHOBALMOHHBIX Ta/KETOB, a TAKXKE MPOrPaMMHOTO 00ECIICUEHUS K HUM».

B cratbe paccMOTpeHBI BOMPOCH pa3paboTKy MPHIIOKEHUH JOMOJHEHHOW peanbHOCTH Ha Tuiatdopme Vuforia,
a TaK)Ke MCIOJIb30BaHUE TEXHOJOTUH JIONOJHEHHOH pEealbHOCTH B y4eOHOM IHpoliecce C LENbI0 BU3yalbHOTO
MO/ICTIMPOBAHUS Y4eOHOT0 MaTepuaia Juisl JONOJIHEHHsT MaTeprajia HarlisiiHol HH(popMauen.

[lokazanbl pe3ynbTaThl aHaNW3a CYIIECTBYIOUIMX IIOJIXOJOB K pa3paboTke NPUIOKEHUH JONOJIHEHHOW
peanbHOCTH, IIAT(OpPMBI, HHCTpyMEHTalbHBIC Cpelbl pa3paboTkM, Takue Kak Vuforia, ¢ BO3MOKHOCTBHIO
noaxtogenust Unity ¥ peannzanys TEXHOJIOTHH TOTIOJTHEHHOH peaibHOCTH.

[MoquepkHyTa Ba)KHOCTH NPUMEHEHHUS! BBICOKOYPOBHEBBIX TEXHOJIOTHH JONOJHEHHOW PEAIbHOCTH, IEpCIeK-
TUBBI IPUMECHEHHS TEXHOJIOTMH JONOJHEHHOW pPEabHOCTH, BO3MOXKHOCTH W NPEUMYILECTBA €€ HCIOJIB30BAHUS B
y4e0HOM TIpoIecce.

OTMmeueHo, 9To cutyarnus B cdepe oOpa3oBaHUs 00yCIaBINBaET aKTyaJbHOCTh IPUMEHEHHUS HOBBIX HH(OpMa-
LIMOHHBIX TEXHOJIOTHH B c(hepe 0Opa30BaHKs U OJHUM M3 NMEPCHEKTUBHBIX HANPABICHUH Pa3BUTUS WHHOBALMOHHBIX
00pa30BaTENbHBIX TEXHONOTHHM SBISETCS MPUMEHEHHWE [ONOIHEHHOW pEalbHOCTH B IIpolecce OOydeHHS.
[pemioskeHa co3aHHas Ha OCHOBE MapKEPHOM TEXHOJIOTHH MPHJIOKCHHUE JOMOTHCHHON PeaIbHOCTH K cTHXaM Abast
KynanoOaesa.

KioueBsbie ciioBa: nonosnHeHHas peabHOCTh, AR-TexHonmorus, margopma Vuforia, Mapkep, pacrio3HaBaHue,
MHTEPaKTHUBHBIE TEXHOJIOTHH, IU(POBEIE 00pa3oBaTeIbHbIE TEXHOJIOTNH, YUEOHBIH IpoLece.

Information about authors:

Sarsimbayeva S.M., Candidate of Physical and Mathematical sciences, Associate Professor, Associate Professor
at the Department of Informatics and Information Technologies K.Zhubanov Aktobe Regional State University,
Aktobe, Kazakhstan; sarsi@mail.ru; https://orcid.org/0000-0003-1536-3042

Mukasheva M.U., Candidate of pedagogical Sciences, Associate Professor, Chief scientific secretary National
Academy of Education named after Y.Altynsarin, Nur-Sultan, Kazakhstan; mg.mukasheva@gmail.com,
https://orcid.org/0000-0002-8611-8303

Shuinshina Sh.M., Candidate of pedagogical Sciences, associate Professor, Head of the laboratory of natural
Sciences and mathematics Institute for secondary education, National Academy of Education named after
Y .Altynsarin, Nur-Sultan, Kazakhstan; sholpan200264(@ mail.ru; https://orcid.org/0000-0001-6951-9749

Dimitrov V.T., Ph.D., Professor at the Department of information systems, professor, Sofia University St.
Kliment Ohridski, Sofia, Bulgaria; cht co@hotmail.com; https://orcid.org/0000-0002-7441-253X

— 311 ——



Bulletin the National academy of sciences of the Republic of Kazakhstan

REFERENCES

[1] Huang Y., Liu Y., Wang Y. (2009) AR-View: and Augmented Reality Device for Digital Reconstruction of
Yuangmingyuan. IEEE International Symposium on Mixed and Augmented Reality.

[2] Soldatov S. (2016) Interfejs budushchego — sistemy dopolnennoj real'nosti. V zapisnuyu knizhku inzhenera,
1, 96-103. 2. (in Russ.).

[3] Kak tekhnologiya dopolnennoj real'nosti pomogaet v obrazovanii detej.(2019) [Elektronnyj resurs] https://www.mate-
expo.ru/ru/article/kak-tehnologiya-dopolnennoy-realnosti-pomogaet-v-obrazovanii-detey =~ (data  obrashcheniya  20.12.19)
(in Russ.).

[4] Social'nye posledstviya dopolnennoj realnosti (2019) [Elektronnyj resurs] http://arnext.ru/articles/sotsialnye-
posledstviya-dopolnennoy-realnosti-2702 (in Russ.).

[5] Arsent'ev D.A. (2015) Vnedrenie elementov dopolnennoj real'nosti v uchebno-metodicheskuyu literature //
Universitetskaya kniga: tradicii i sovremennost': Mater. Mezhdunar nauchno-prakticheskoj konf., Ekaterinburg, Rossiya, 2015,
18-22 (in Russ.).

[6] Kravchenko YU.A., Lezhebokov A.A., Pashchenko S.V. (2014) Osobennosti ispol'zovaniya tekhnologii dopolnennoj
real'nosti dlya podderzhki obrazovatel'nyh processov. Otkrytoe obrazovanie. 3 (104), 49-54. https://doi.org/10.21686/1818-4243-
2014-3(104-49-54

[7] Maslennikova O.E. (2016) Novacii v organizacii i osushchestvlenii obrazovatel'nogo processa pri podgotovke
inzhenerov // Novye informacionnye tekhnologii v obrazovanii: Mater. IX Mezhdunarodnoj nauchno-prakticheskoj konferencii,
Ekaterinburg, Rossiya, 15-18 marta 2016, 413-417 (in Russ.).

[8] Zuev A.S. (2015) Tekhnologii dopolnennoj i virtual'noj real'nosti / Vestnik MGTU MIREA. M.: 143-150 (in Russ.).

[9] Teddlie C., Tashakkori A. (2011) Mixed methods research: Contemporary issues in an emerging field / In Sage
Handbook of Qualitative Research, 4th ed., Denzin N., Lincoln Y., Eds. SAGE Publications Inc: Thousand Oaks, CA, USA,
285-299.

[10] Calvo X., Sanchez-Sepulveda M., Fonseca D., van der Graaf N., Sans M., Gené M., Navarro 1., Villagrasa S.,
Redondo E. (2018) Qualitative assessment of urban virtual interactive environments for educational proposals // In Proceedings of
the Sixth International Conference on Technological Ecosystems for Enhancing Multiculturality, Salamanca, Spain,
24-26 October 2018.

[11] Riera A.S., Redondo E., Fonseca D. (2015) Geo-located teaching using handheld augmented reality: Good practices to
improve the motivation and qualifications of architecture students / Univers. Access Inf. Soc. 14, 363-374.

[12] Bekele M.K., Champion E. A. (2019) Comparison of Immersive Realities and Interaction Methods: Cultural Learning
in Virtual Heritage // Front. Robot. Al, 6, 91.

[13] Munoz-Saavedra L., Miro-Amarante L., Dominguez-Morales M. (2020) Augmented and Virtual Reality Evolution
and Future Tendency // Applied Sciences, 10 (1), 322. 01 Jan 2020. https://doi.org/10.3390/app10010322

[14] Marto A., Gonsalves A.J. (2019) Mobile AR: User Evaluation in a Cultural Heritage Context. Applied Sciences,
9 (24), 5454; https://doi.org/10.3390/app9245454

[15] Sanchez-Sepulveda M.V., Torres-Kompen R., Fonseca D., Franquesa-Sanchez J. (2019) Methods of Learning Served
by Virtual Reality: a Case Study in Urban Interventions // Applied Sciences, 9 (23), 5161; https://doi.org/10.3390/app9235161

[16] Fonseca D., Villagrasa S., Navarro 1., Redondo E., Valls F., Llorca J., Gomez-Zevallos M., Ferrer A., Calvo X. (2017)
Student motivation assessment using and learning virtual and gamified urban environments // In Proceedings of the 5th
International Conference on Technological Ecosystems for Enhancing Multiculturality, Cadiz, Spain, 18-20 October 2017.

— 312 ——



ISSN 1991-3494 4.2020

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

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

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

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

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

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

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

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

——345——



Bulletin the National academy of sciences of the Republic of Kazakhstan

[IpaBumna opopmiieHHs cTaThH IS My OJIMKALUK B )KypHaJle CMOTPETh Ha CalTe:

www:nauka—nanrk kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en/

Penakropst M. C. Axmemosa, /]. C. Anenos, A. Axmemosa
Bepctka Ha kommbrotepe 4. A. A6opaxumosoii

Tloamucano B neuats 14.08.2020.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
21,6 n.n. Tupax 500. 3aka3 4.

Hayuonanvnas akademus nayx PK
050010, Anmamul, ya. Lllesuenxo, 28, m. 272—13-18, 272—13—-19



