ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIUIBIM AKAJIEMUACDHI

Satbayev University

XABAPJJAPDI

HAILIMOHAJIbHON AKAJIEMHU HAVK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

4 (448)

JULY - AUGUST 2021

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
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& 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
News of NAS RK. Series of geology and technical sciences in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential content of geology
and engineering sciences to our community.
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MmexHUKarnbIK fbiribiMOap cepusicbl» fblbIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabapnalosl. byn
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APPLICATION OF AUGMENTED REALITY TECHNOLOGY AS AN INTERACTIVE
LEARNING MEDIUM IN GEOGRAPHY SUBJECTS

Abstract: this research studies e-learning environments based on the Earth layers via Augmented
Reality. It is a technology that can insert and provide input in the form of 3D virtual objects into a real-time
environment. It can be applied in learning activities. In this research, authors offer to use it in geography
subjects on the topic of layers and structures of the earth. Learning media on the topic of layers and structures
of the earth in schools today is still conventional and difficult to present in-class learning. In addition, there is
still a lack of technical knowledge to properly use digital technologies in lessons and this application is user-
friendly. This study was conducted to determine the user's response regarding the learning media layer and
structure of the earth-based Augmented Reality of secondary school students. Augmented Reality is a type of
interactive technology that combines real and virtual objects to produce real 3D objects in life. The research
was developed with the waterfall model. The results of the study showed that the learning media geography
layer and Augmented Reality based earth structure are valid to be used as a learning medium in secondary
school. Based on the conducted research, authors came to a conclusion that usage of the Augmented Reality
technology showed a positive dynamic.

Key words: application, augmented reality, learning media, geography.

Introduction. The rapid development of researchers, and web developers. Although mobile
technology has changed the face of education, devices are widely consumed by students, the use of
where technology can be combined with an Augmented Reality mobile apps as learning tools is
adequate pedagogical foundation [1] and can not common among teachers.
support the implementation of classroom learning L. Sauvé et al [5] explains that the
[2]. There is intense competition between future advancement of teaching concepts, applications,
technologies such as the Internet of Things (IoT) and technological development, as well as the
and Augmented Reality (AR) technologies. reduction of hardware costs in this decade,
According to Savinykh, the Internet of Things educational institutions have made it possible to use
introduces  smarter  environments  through Augmented Reality technology on a small scale
computing and sensing [3]. While Augmented (assuming sustainable development at the same
Reality technology that depicts the space of real level) [6]. However, the potential of this technology
perception by presenting virtual media as a qualifier requires careful attention before it can be used to
of the world. According to the results of the Global improve the success rate of education.

Education Census study [4], stated that most users There fore, this research was conducted to
of technology in the world are students from design and develop learning media layers and
Indonesia. Data shows that more than 67% of structures of the earth equipped with Augmented
Indonesian students use smartphones in their Reality technology. Learning media is the
studies, and 81% of students use smartphones for equivalent of materials and tools or a combination
homework. Digital technology is becoming of software and hardware used in learning. The
increasingly integrated and becoming part of results of the needs analysis show that there needs
modern society. Augmented Reality is considered to to be the development of learning media in schools.
be a more efficient technology for educators, In this study, researchers designed and developed
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AR technology-based learning media in geography
subjects on the topic of layers and structures of the
earth for middle school students so that they better
understand the concept of layers and structures of
the earth.

Literature Review. The use of information
technology in student textbooks is considered very
helpful in providing abstract earth surface
geography materials because multimedia-based
teaching devices can support learning systems in
schools that tend to use traditional lecture methods
[5]. According to S. Cai, X. Wang, &F. K. Chiang,
to facilitate understanding the material on the
surface of the earth, it is necessary to design a book
using AR technology [8]. In addition to combining
virtual objects with real reality, AR technology can
also allow users to interact directly in 3 dimensions
to convey a better impression to users [1].

Learning activities move with the system of
delivering teaching materials with learning media
and start to move from teaching methods. Well-
designed and creative learning increases the
chances of achieving learning skills. As a bridge to
effective and efficient teaching, the media needs the
attention of teachers. According to H. K. Wu et al
[9], the importance of the media in advancing
students' learning will be tailored to the learning
objectives. This kind of learning media is necessary
because it helps students understand the process.
The rapid development of technology, information,
and communication makes learning media
innovations must be able to adapt. There fore,
innovation in learning media development needs to
use existing technology for coaching and
development. One of the innovations of learning
media is Augmented Reality, which will teach
students to play 3D and 2D roles.

From the point of the pedagogical and
psychological view, e-learning materials create an
interactive environment for students and make
lessons more attractive than the traditional one [10].
In addition, due to the current COVID-19, a distance
online education system could convince that digital
technologies can benefit teachers, students and as
well as the educational process [11]. The media will
provide effectiveness and efficiency of learning
resources, which can improve students' motivation,
interests, and learning outcomes in geography
subjects [15].

Methodology. The method used in this study
is the Research and Development method, which is
a method used to produce a particular product and
test the effectiveness of the product. The stages of
this research method can be seen in figure 1 below.

a0
)

Figure 1. Stages of research methods

System Planning. The model in the design of
the system for applications in this study uses a
waterfall model which has the following stages
[12]:

The planning stage has a system design, which will
be implemented into the application.

The analysis stage gets information about a need of
a system based on research data.

The design stage creates a display and process
architecture of an application that will be created in
the form of design.

The system implementation and testing stage
implements and tests a starting application from the
display, specification, and testing of the application
to meet the needs.

The evaluation atage evaluates a test conducted to
determine the shortcomings of the system that has
been implemented.

System Requirements. The analysis of
system needs describes what the system must have
in order to run properly. Analysis of system needs
aims to find out what appropriate system is applied,
what hardware and software are needed to develop
this application.

Hardware. In the process of creating a
basic learning medium for the introduction of layers
and structures of the earth, the needed hardware
should have minimum specifications to run
Augmented Reality development application
programs. The main application for developing
Augmented Reality technology is Unity 3D. Table
1 shows the minimum hardware specifications for
running Unity 3D version 5.3 application programs.

Table 1. Hardware specification for Unity 3D
Application version 5.3

No. OS*

1 Deskt | @) OS: Windows 10 Enterprise LSC

op 64-bit (10.0, Build 17763)

b) Graphics card: DX9 (Shader model
300 or DX 11 with 9.3
capabilitylevel feature.

¢)CPU:SSE2introduction setsupport

(Intel4and AMD 2003 processors)

d) 4 GB RAM
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2 Andro| OS 2.3.1 or later; ARMv7 (Cortex)
id | CPU with NEON support or Atom

| CPU; OpenGL ES 2.0 or later.
OS* - Operating System

Software. Analysis of software needs is done
to analyze the software needed to develop the basic
learning media of the introduction of layers and
structures of the earth. The software used for the
creation of this media can be seen in table 2.

Table 2. Software specifications

No Specifications

1 | Unity 3D 5.3, the main software for
Augmented Reality development
2 | Vuforia SDK 6, software imported into
Unity 3D for Augmented Reality as image
recognition.
3 | Java JDK 7, Java Development Kit is an
essential component for building an

Android application.

4 | Microsoft Visual Studio 2015, a software
for editing script programs with the C++
programming language.

5 | Blender, a software to create 3-
dimensional objects.

AR Book. The most important thing about
the need for this AR Book is the selection of
Geography materials that will be included in the AR
Book. The selection of materials is based on the
applicable syllabus and refers to reference books
containing the required materials [13].

Evaluation. After the process of designing
and building the basic learning media of the
introduction of layers and structures of the earth
with Augmented Reality and running on Android
smartphones, the next step is testing media and
materials experts. Testing is used to check the
performance or functionality of developed software
applications [14]. Testing by media and material
experts is conducted to assess the feasibility of the
developed learning media. After the learning media
has been tested by experts, then students' responses
to the learning media are analyzed in the
experimental group.

Discussion. After the process has been
designed and Geography learning media with
Augmented Reality has been built and run on
Android Smartphones, the next step is to test the
feasibility of such learning media. But before
conducting the feasibility test of the learning media,
a test is firstly conducted on performance through
black-box testing. After the Black Box test has been

completed, data analysis is done as a next step. Data
analysis is performed to analyze validation data by
experts (material experts and media experts) and
user/student response data. Analysis of product
validation data by experts aims to determine the
level of feasibility of learning media according to
media experts and material experts. While the
analysis of student response data aims to determine
the assessment of students as end-users of
developed learning media. Figure 2 shows the
results of the development of AR technology for
Geography subjects on the topic of layers and
structures of the earth.

Info Kerak Bumi

Tt Wortel Bur [t Zovs Bum ]

-
Lapisan kulit bumi merupakan bagian
terluar bumi. Punya ketebalan antara 5

dalam bentuk padat selalu bes
mengapung diatas cairan magma. Menurut
teori tektonik lempeng, terjadi arus
konveksi di bawah lapisan tersebut
memaksa magma untuk bergerak
ke atas. Lapisan kulit bumi membentuk
lempeng samudra dan lempeng benua

Tutup Informasi

Inti Bumi
. Inti dalam Bumi adalah bagian
% paling dalam, yang berbentuk bola padat
dengan jari-jari sekitar 1.220 km,

diperkirakansema dengan suhu
permukaan Matahari, sekitar
1ot dlom Logom Podat 5.700 Kelvin (5.430 ° €)

Tutup Informasi

Kerak Bumi
. -

Lapisan kulit bumi merupakan bagian
terluar bumi. Punya ketebalan antara 5
hingga 70 kilometer dan merupakan lapisan
tanch dan bebatuan. Lapisan tersebut
hanya sekitar satu persen dari massa
bumi dan merupakan lapisan tipis
dibandingkan lapisan lain. Kulit bumi
dalam bentuk padat selalu bergerak dan
mengapung diatas cairan magma. Menurut
teori tektonik lempeng, terjadi arus
konveksi di bawah lapisan tersebut
memaksa magma untuk bergerak
ke atas. Lapisan kulit bumi membentuk
lempeng samudra dan lempeng benua.

Tutup Informasi

(d)
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sekurangnya 60 km sedangkan ketebalan
astenosfer sekurangnya 650 km
Keberodaan litesfer di atas astenosfer
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Figure 2. (a) Display of learning material pages,
(b) Display of the earth's crustal sub-material
pages, (¢)& (d) Display of sub-material pages of
the mantle of the earth, (e) Display of Earth Core
Sub Material Page, (f) Augmented Reality
geography page view

Black Box Testing is used to determine the
performance of Augmented Reality learning media
by testing the functionality of the application
without testing the program code. Testing is done
by running each application input function on
several Android Smartphones with different
Android Versions and device specifications —
different from multiple repetitions. The following
results from the A Rapplication functionality test as
a learning medium of Geography can be seen in
table 3.

Table 3 Testing black box testing against
Augmented Reality geography learning media

Answer

No Statement Not

Working Working

Success of Globe AR
1 | File Application \
installation

Augmented Reality
2 | Geography Button \
Functions

Learning Materials N
Button Function

Use Hint Button
Function

5 | About Button Function
Menu Pane Button

Functions

Home Navigation Key N
Functions

Camera Opening N
Function

Tracking Image Marker J
Function

Function Displays Earth
Layer and Structure N
Objects After Marker
Scan

Home Button Function
To Return To Main \
Menu Page

Success of Globe AR
File Application \
installation
Augmented Reality
Geography Button \
Functions

10

11

12

13

Aspects of shopper design, material aspects,
and benefits aspects have been converted into
categories based on the results of material expert
assessment of Augmented Reality learning media
products. It can be explained in table 4 that the
results of the assessment by material experts 1 get a
score of 74 with a category of Very Worthy and by
material experts 2 get a total score of 56 with a
category of Worth. Data validation test results in
every aspect conducted against material experts
obtained data that aspects of learning design get an
average score of 20 with a category of Very Worthy,
aspects of the material get an average of 32 with a
category of Decent and aspects of benefits get an
average score of 13 with a category Worthy. Table
4 shows the results of the material expert validation
test in detail.
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Table 4. Material expert validation test results

Assessed Aspects
No Validator Learn Material Benefit Total Category %
Design.
1 Material Expert 1 22 37 15 74 Very Decent| 92,5%
2 Material Expert 2 18 27 11 56 Proper 70%
Average 20 32 13 65
Very
Category Decent Proper Proper Proper
% 83,37% 80% 81,25% 81,25%

Results of media expert assessment of
Augmented Reality learning media products are
based on media design aspects, software aspects,
and benefits aspects that have been converted into
feasibility level categories. It can be explained in
table 5 that the results of the assessment by media
experts 1 get a total score of 90 with the category
"Very Worthy" and by media experts 2 get a total
score of 84 with the category "Very Worthy'. Data

validation test results conducted against media
experts obtained data that aspects of media design
get an average score of 56.5 with the category "Very
Worthy", software aspects get an average score of
17 with the category "Very Decent", and aspects of
benefits get an average score of 13.50 with the
category "Very Worthy". Table 5 shows the results
of the media expert validation trial in detail.

Table 5. Media expert validation test results

Assessed Aspects
No. Validator ] Category %
Media Software | Benefit | Total
Design
1 | Media Experf 59 17 14 g0 | VeryDecentf gnop
1
2 | Media Expert| 54 17 13 gs | VeryProper | g0,
2
Average 56,50 17 13,50 87
Category Very Very Very Very
Decent Decent Decent Decent
% 88,28% 85% 84,38%

A user response test was conducted among
students in Indonesia who have Android phones.
The data obtained is a product assessment by
students in the form of questionnaire stuffing as
many as 24 statements with 4 choices of answers
statement. The statements in the questionnaire
include aspects of learning design, aspects of the
media display, software aspects, material aspects,
and benefits aspects. The table shows the average
aspects of learning design scored 61 with the

category "Eligible", the average media display
aspect scored 16.95 with the category "Eligible", the
average aspect of the software scored 3.2 with the
category "worthy", the average aspect of the
material worth the score of 95.5 with the category
"Eligible", and the average aspect of benefits worth
a score of 3.4 with the category "Very Worthy" as
shown in table 6.
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Table 6. User response test assessment results

Aspects of design
No.| Respondents Learn. Media S Matorial Benc S%:)};e Category
Design Display ateria enefit
1 Student 1 12 35 7 18 8 80 Very Decent
2 Student 2 13 36 7 18 8 82 Very Decent
3 Student 3 13 32 6 18 8 77 Proper
4 Student 4 14 36 7 20 7 84 Very Decent
5 Student 5 13 36 7 18 8 82 Very Decent
6 Student 6 10 26 7 17 5 65 Proper
7 Student 7 13 35 6 21 6 81 Very Decent
8 Student 8 10 33 6 21 8 78 Proper
9 Student 9 13 36 7 18 4 78 Proper
10 Student10 11 34 5 22 7 79 Very Decent
Total Score 122 339 65 191 69 786
Average Score 61 16.95 3.2 95.5 3.4 39.3
Very
Category Proper Proper Proper Proper Decent Proper
% 75.62 80.12 80 78.12 83.75 75.62

The product resulting from this study is an
Android application in the form of Augmented
Reality technology that is used as a learning
medium for the introduction of layers and earth
structures in Geography subjects that have
application file format. This application file can be
installed on Mobile devices with the Android
operating system then run according to its
usefulness as a learning medium for the introduction
of layers and earth structures. Augmented Reality
application introduction of layers and earth
structures can operate on Android gingerbread
version with 512 RAM and camera at least 2
Megapixels. The deployment of AR application to
identify layers and structures of the earth is done
using Bluetooth or other data sending applications
that run on Android mobile devices.

The advantages of Augmented Reality
learning media basic introduction layers and
structures of the android-based earth is: learning
media can be installed on all Android Mobile
devices at least Gingerbread version that has camera
features, learning media can be used as a learning
media in school or independently anywhere and
anytime, Augmented Reality technology invites
students to think in real-time without bringing their
practical tools directly by me display 3D animations
of the introduction of layers and structures of the
earth that resemble their original form, display
learning materials, and evaluation tools in the form
of questions used to measure the user's ability,
display the score results in the evaluation feature so
that students can know the level of understanding of
the existing material, and have a simple design, neat
and easy to use.

The disad vantages of Augmented Reality
learning media introduction of layers and structures
of the earth, among others, are the quality of the
camera, lighting, and hp specifications affect the
speed of displaying 3D objects when the camera
reads markers, the ability to display 3D objects is
still limited to 3D objects layers and active and
passive earth structures, has not touched on the
realm of applicative variations of evaluation
questions that are still limited to only 15 questions.

Research results can be used into the
educational process and commercialized through
the sale of licenses for the right to use the
application. Accelerating sales can be achieved by
providing truncated demos with little functionality
that allows you to get acquainted with the product
[16]. The advantages of these technologies from the
standpoint of project management in the process of
commercialization is that such projects are not
strongly susceptible to the passage of the "valley of
death" and can be commercialized by students as
they do not require high operating costs. However,
it should be in mind that when creating a startup, the
application will require constant updates due to
changes in the requirements for software programs,
which will also affect operating costs. One possible
way to avoid this is to provide open source code to
introduce changes to compliance with changing
software requirements, subject to compliance with
all legal regulations, including the payment of flat
membership fees.

This application will be also effective to use
in manufacturing industries where students can use
it as a simulator in the laboratories to avoid being
damaged by metals [17, 18, 19].
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Conclusion. Based on aspects of learning The response of user/student assessment to
design, materials, and benefits obtained a total Augmented Reality Geography learning media is
average score of 65 from a maximum score of 80 or seen from the aspect of learning design, media
fall into the category of "Eligible". As for the results display aspect, software aspect, material aspect, and
of the assessment of media experts based on aspects benefit aspect which is 55% of students stated "Very
of media design, software, and benefits obtained a Worthy" and 45% of students stated "Worthy" as
total average score of 87 from a score of 100 learning media.

maximum or included the category "Very Worthy".
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TFEOI'PA®USA IIOHJEPI BOFII;IHI}IA HUHTEPAKTHUBTI OKBITY K¥PAJIbI PETIHJAE
KEHEUTUII'EH IBIHAUBLJIBIK TEXHOJIOTI' USICBIH KOJITAHY

AHHOTamus: OyJl 3epTTey KEHEHTUITeH NIBIHANBUIBIKTEI KOJJIaHa OTHIPHIN, Xep KabaTTapbiHa
HETi3[IeJITeH 3JIEKTPOH/BI OKBITY OpTachIH 3epTTelai. bys HakThl yakeIT opracsiga 3D BUpTyanasl HbICAHAAP
peTiHae KipicTipyTe jKoHE YChIHYFa OOJIATBIH TEXHOJOTHS OONFaHABIKTAH, OKY iC-OpEKETiHIe KOJIAHBLTYHI
MYMKiH. Byl 3epTTeyne aBropnap oHbl reorpadus noHIepiHae xKepAiH KabaTTapbl MEH KYPBUTBIMAAPHI TYPajIbl
KOJIJaHyIbl YChIHAIBl. MekTenTepAeri kep KabaTTapsl MEH KYpbUIBIMAaphl Typaisl OKy MaTepHajlapbl
Oyrinae ASCTYPJIi TYpZAEe OKBITBUIATBIHABIKTAH, CBIHBINTA OHBI KO3T'€ €1€CTeTy KUBIHABIK Ty AbIpaasl. COHBIMEH
KaTap, cabakrapaa IudPIIBIK TEXHOJIOTHSHBI YPHIC TaiIanany YIIiH 911 Ie TEXHUKAIBIK O171iM JKeTicTen .
Byt 6arnapnama naigananyusiFa BIHFAHIIBL. 3epTTEy OpTachl MEKTEI OKYIIBUIAPBIHBIH Kep OCTiHETI OKBITY
MeIMACBIHBIH ACHT eHiH e KOHE KeHEUTIIreH IbIHANBUIBIKTBIH KYPBUIBIMBIHA KATBICTHI Ak aiaHy IbLTapIbIH
PeaKusACHIH aHbIKTay YIIiH XKyprizingi. KenelTinren meHABIK — Oy emipae HakThl 3D HBICAaHAAPBIH KYPY
YIIiH HaKThI )KOHE BUPTYaJJIbl HBICAHJAP/bI OIpIKTIPETIH MHTEPAKTHUBTI TEXHOJNOTUSHBIH Oip Typi. 3epTrey
capKblpamMa MOJEJiH KOJIaHa OTBIPHII JKacaiabl. 3epTTey HOTHXKeNepi KOPCETKeHACH, OKY reorpagpusChlHbIH
KabaThl MEH KEHEHTUIreH UIBIHAWBIIBIKKA HETi3/ENIeH >KEP KYPBUIBIMBI OpPTa MEKTENTE OKYy MaTepUalibl
peTiHae maijamaHyFa Kapamabl. 3epTTey HETi3iHIe aBTOpJap KEHEHTIITeH NIBIHAWBUIBIK TEXHOJOTHSICHIH
KOJIJaHy OH HOTHKE KOPCETTi A€TeH KOPBITHIHBIFA KEJI/I.

Tyiin ce3aep: KOChIMIIA, KEHEHTUITEH MIBIHARBIIBIK, OKBITY OPTAChI, TeOTrpadusl.
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NPUMEHEHUE TEXHOJOT AN TONMOJHEHHOM PEAJIBHOCTH B KAUECTBE
HMHTEPAKTUBHOMU CPEJbI OBYYEHUS 11O IPEJIMETY «I'EOI'PA®USA»

AHHOTamMsA. 3TO UCCIEAOBaHUE HU3YyYaeT CPedy 3JIEKTPOHHOro OOyueHHs, OCHOBAaHHYIO Ha CIIOAX
3eMiHM C TIOMOLIBIO AOMONHEHHOH peanbHOCTH (Augmented Reality). DTo TexHONOTHS, KOTOpas MOMKET
BCTaBIIAITh U NPEAOCTABIATH BBOJ B BUJE TPEXMEPHBIX BUPTYAIbHBIX OOBEKTOB B Cpey peallbHOIO BPEMEHH.
Ee MoxHO npumeHATs B Yy4eOHOH medTenpHOCTH. B maHHOM HCCIEOBaHWMM aBTOPHI IPEAJIAraroT
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HCTIONBb30BaTh eerpu u3ydeHuu npeaMeta «['eorpadus» Ha TeMy ciioeB u CTpykTyp 3emiu. OOydaromiue
CpezicTBa MaccoBOi MHGOpPMAIIMK TIO TEME CIIOSB M CTPYKTYP 3eMIIH B IIKOJAX CErOJHsI BCE ellie OObIYHBI, U
UX TPYIHO IpPEICTaBUTh B Kiacce. Kpome TOro, mo-mpexHeMy HE XBaTaeT TCXHHUYCCKUX 3HAHUM s
MPaBWJILHOTO HWCIONb30BaHMsI NU(QPOBBIX TEXHOJOTUH HAa ypOKaX, a3To IMPWIOKEHUE YAOOHO s
MOJIb30BaTeNsA. DTO UCCIEAOBAHNE OBIJIO MPOBEICHO, YTOOBI OMPEACTHTh PEAKIHIO MTOJIH30BATEINS HA YPOBEHb
oOydJaromeil cpeasl W CTPYKTYpPY JOIMOJHEHHOH pPEalbHOCTH Ha 3eMiieé — YyYalluXxcsl CPETHUX IIKOJ.
JlomoyiHeHHasi PealbHOCTh — 3TO THUI HMHTEPAKTUBHOM TEXHOJIOTHUH, KOTOpas OOBEIUHSCT pealbHbIC U
BHUPTyaJlbHbIE OOBEKTHI IS CO3JAHHS PEaTbHBIX TPEXMEPHBIX OOBEKTOB B ku3HHU. lccregoBaHue
MPOBOJMIIOCH C HCMOJIb30BAHUEM MOJIENM BOZOMNana. Pe3ynpTaThl WCCIECIOBAaHUS IMOKA3alld, YTO CIOH
reorpaduu O0ydarOmMUX MeIua ¥ CTPYKTypa 3eMJIM Ha OCHOBE JOIOJHEHHOW pPEaTbHOCTH MOTYT
HCIIONIb30BAThCS B KAUECTBE CPeibl 00yUYeHMsI B cpeiHel mikoiie. Ha ocHOBaHMM TPOBEACHHOTO UCCIICIOBAHUS
aBTOPbl MPHIUIA K BBIBOJY, YTO WCIOJNB30BAHHE TEXHOJOIMH JOTONHEHHON pealbHOCTH IOKA3alio
MTOJIOXKUTENIbHY IO TUHAMHKY .
KuroueBsble ci10Ba: NpUiIokKeHNE, TOTOJIHCHHAS PealbHOCTh, 00yJarolie Meaua, reorpagus.
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