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AR - UHCTPYMEHT INOBBIIWEHUSA SOPEKTUBHOCTHU OBYYEHUSA CTYAEHTOB
N TEXHOJOI'MYECKUX MNPOIECCOB

AHHOTaUUs. Tpaouyuontsiii NOOX00 K Op2aHUu3ayuy y4eOHo20 npoyecca 3aKydemcs 6 obecneueHuu cmyoeH-
ma akmyanbHeiM Y4eOHbIM MAMEPUaiom, KaKk npasuio npeocmasieHHbIM 6 hopme YyueOHUKO8, COOMEEmCmBEyIouux
mpebosanuam hedepanbHblX 20CyO0apCmEeHHbIX 00PA308AMENbHbIX CINAHOAPNO8, NPeOCMABIeHHbIX 8 eKMPOHHOM
unu neyamuom euoax. Texnonozus ompabomana, uzeecmusl epanuysl dQppexmugnocmu maxkozo nooxooa. Cospemen-
Hblll MpeHO 00yUeHUs!, CEA3AHHbIN ¢ UHOUBUOYanU3ayuell niaHa o0yueHus:, Cmasum 6Onpoc 0 HeoOX00UMOCMU 6bl60pa
HOBbIX UHCTPYMEHMO8 OOHEeCeHUs 3HaHUA 00 00Y4aemMozo.

B npeonazaemoii pabome 6 xauvecmee maxoz2o uncmpymenma npeonazaemcs paspabomra npocpamMmnozo obec-
neueHus ¢ UCNOb308AHUEM MEXHON02UI OONOJIHEHHOU PeanbHOCMU ¢ POKYCUPOBKOU HA 803MOICHOCHU peanu3ayull
UHMEPAKMUBHO20 83AUMOOEUICNEUs CIYOEeHMA 6 NPOU3BOTLHOU NOCAe008AMENbHOCIIU ¢ MPEXMEPHLIMU deMEHMAMU
u3 usyuaemou npeomemnou oonacmu. Iloomeepoicoenue 3¢pghexmusHocmu npeonazaemo2o peuieHus Mo#cem CrLyHCUmo
OCHOBAHUEM Ol MUPANCUPOBAHUS MAKO20 NOOX00A Osi NOGbIUEHUS IPHEKMUBHOCTIU MEXHOIOSUYECKUX Onepayuil
JHCeNe3HO00POACHBIX npednpuamuil. boree dvicmpoe 6xodicoeHue 8 npedMemHyo 001ACHb 3a CHUem 803MONCHOCMU NO-
JIYUEHUS ONEePATUGHBIX CNPABOYHBIX OAHHBIX, NO360JAEN HAYUHAIOWEMY COMPYOHUKY COKPAMUmy 6pems nepexooa K
CamMocmoamenbHOMY GbINOIHEHUIO MPYOOSbIX (PYHKYULL ¢ HEOOXOOUMBLM YPOBHEM KAuecmsd.

Texnonozuueckuii pocm npou38o0UmMenbHOCU MOOUTLHBIX NAAMMOPM NO360I5em peuiams HOCMAGIEHHYIO 3d-
oauy HenocpeoCcmeeHHo Ha MOOUIbHOM YCIMpoUcmeae, Ymo ObLIo panee HedocmynHo. B dannoti cmamve npogeden ana-
U3 UCCIe008aNUll O pocme NPOU3B0OUMENbHOCIU MOOUNLHBLIX Yempolicma. [Jaemcs onucanue npoyecca co30aHus
npunodceHus Ons onepayuornou cucmemst android c ucnonvzosanuem mexcniamgpopmenno cpedwi paspabomru Unity
U UHCTNPYMEHMApUs paspabomku npospamMmHo20 obecneuenus 00NOIHeHHOU peanrbHOCmu 0 MOOUTBHBIX YCMPOLCME
Vuforia. Ilpusooumces onucanue npoepammol, eé npunyun Oetucmeus, NepPCReKmMusbl OANIbHENUe20 PA3EUMUsL NPUTLOICe-
HUAL.

KaroueBble cioBa: yugposuzayus, OONOIHEHHAL PedlbHOCHb, MOOULbHble ycmpoicmea, obyuenue, Unity,
Vuforia.
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AR-A TOOL FOR IMPROVING THE EFFICIENCY OF STUDENT LEARNING AND
TECHNOLOGICAL PROCESSES

Abstract. The traditional approach to the organization of the educational process is to provide the student with
up-to-date educational material, usually presented in the form of textbooks that meet the requirements of federal state
educational standards, presented in electronic or printed forms. The technology has been developed, and the limits of
the effectiveness of this approach are known. The modern trend of training, associated with the individualization of the
training plan, raises the question of the need to choose new tools for communicating knowledge to the student.

In the proposed work, as such a tool, we propose the development of software using augmented reality technolo-
gies with a focus on the possibility of implementing interactive interaction of a student in an arbitrary sequence with
three-dimensional elements from the studied subject area. Confirmation of the effectiveness of the proposed solution
can serve as a basis for replicating this approach to improve the efficiency of technological operations of railway en-
terprises. Faster entry into the subject area due to the possibility of obtaining operational reference data, allows a nov-
ice employee to reduce the time of transition to independent performance of labor functions with the necessary level of
quality.

Technological growth in the performance of mobile platforms allows you to solve the task directly on the mobile
device, which was previously unavailable. This article analyzes research on the growth of mobile device performance.
The article describes the process of creating an application for the android operating system using the Unity cross-
platform development environment and the Vuforia augmented reality software development tool for mobile devices.



The description of the program, its principle of operation, and prospects for further development of the application are
given.
Keywords: digitalization, augmented reality, mobile devices, learning, Unity, Vuforia.

BBenenue

Crpareruss udposoii tpanchopmammn OAO «PXJ» u crpareruss pa3BUTHS XOJIAWHTA
"PXK/I" ma mepuox 2030 roma mpeaycMaTpuBarOT MPUMEHEHHE COBPEMEHHBIX ITU(POBBIX TEXHOJIO-
ruit. B wactHoctu, B 2020 rony OAO "PXK/I" 00bsIBUI0 0 IPOBEIEHUH OTKPBITOTO 3ampoca Ha Io-
MCK MHHOBALMOHHBIX PEUICHHH MO UCIO0NIb30BaHUI0 VR- 1 AR-TexHOIOTUi B TEXHUYECKOM 00yye-
HUU JIJIs1 TOJITOTOBKY JIOKOMOTHUBHBIX OpUTa.

Buenpenne nudpoBbIX TEXHOJIOTUN SBISETCS HEOTHEMIIEMOI YaCThIO CTPATETUU DPA3BUTHS
KPYIHBIX IPOMBIIUIEHHBIX NPEANPUATUN KaK Ha OnMKallIui epruoa, Tak U B JOJITOCPOYHOM Iep-
CIEKTUBE. 3HAUMTENIbHASl YaCTh PYTUHHBIX TEXHOJOTHYECKHX OIepauuil mojasepraercs uudpoBoi
00paboTKe — pacrio3HaBaHUE PYKOMHUCHBIX MUQP [4], ZOPOKHBIX 3HAKOB [5, 6], MPUHIMIHATHEHBIX U
MOHTQKHBIX CX€M [7], )KEeJI€3HOJOPOKHOTO TMOJO0THA [8], CUTHAJIBHBIX 3HAKOB Ha JKEJIE3HOJI0POXK-
HOoM Tparcropte [9, 10]. A cTyneHTBl B Yy4eOHBIX 3aBEICHHSX MO-MPEKHEMY 3a4acTyIO JIHIICHBI
BO3MO>XHOCTH HCIIOJIb30BAHMS HHTEPAKTUBHOTO KOHTEHTA MPU U3YUYEHUU TUCLUTIINH.

[TepeunciieHHBIE TCHICHITUN ONPEACIUIH MOTPEOHOCTh B pa3paboTKe MPHIIOKEHUS C UCTIOIb-
30BaHHEM HJIEMEHTOB JOMOJHEHHOW PealbHOCTH ISl YIPOIICHUS IIOHUMAaHUSI MaTepHala CTYACH-
TaMH.

AHanu3 pocrta Npou3BOAUTEIHLHOCTH MOOMIBHBIX ycTpoiicTB (Puc. 1), moanep:kka Ha ypoBHE
niporieccopa [1] yckopeHust BBIYMCICHUN I 3a7a4 MCKYCCTBEHHOI'O0 MHTEIUIEKTa [2] ompeaenser
BO3MOXXHOCTh U aKTyaJIbHOCTb PELICHHs MOCTaBICHHON 3a/layll CO3/IaHusl MPOrpaMMHOTO olecre-
YCHHSI HA MOOMJTBHBIX OIEPAIIMOHHBIX CHCTEMaX JIJIs TIOBBIIIICHHSI KadecTBa o0yueHus [3].

OcHoBHBIE 3Tanbl pa3padoTKH NPOrPAMMHOI0 o0ecre4eHust

B pamkax peanu3anuu 1mocTaBI€HHOH 3a1auu pa3paboTaHO MOOMIBHOE IMPUIIOKEHUE, KOTO-
poe crocoOHO pacmo3HaBaTh W300paxeHus, 2D 00BEKThI, TEKCT, a MO pPe3yabTaTy pPaclo3HABAHUS
BBIJIaBAaTh PE3y/IbTAT B BHJIE CIIPABOYHOW MH(POPMAIIMN U WHTEPAKTHBHOTO BUPTYAIBHOTO OOBEKTA.
B nporpamme peanuzoBaHa QpyHKIHS paclio3HABaHUs CXEM OCHOBHBIX 3JIEMEHTOB MOABMKHOTO CO-
cTaBa — aBrocienHoro ycrpoiictBo CA-3 u tenexku tuna [[THMM-X3-0. [Ipuniun paboTs pa3pa-
0O0TaHHOTO MPOTPAMMHOI0 0OECTIEYSHHS 3aKIIF0UaeTCsl B TOM, UTO TIPU HAaBEJIEHUU KaMephl Tenedo-
Ha Ha CXEMY aBTOCIIENIKH B3ATYIO W3 MHTEpPHETA WJIM yueOHHWKa Ha DKpaH MOOMIBHOTO YCTPOMCTBA
BbIBOUTCS 3D Mozenb 3TOi aBTOCHENKU TENEkKKU, KOTOpas B MHTEPAKTUBHOW (hopme mperocTaB-
JSICT JIOTOJHHUTENNbHAS HH(OPMAIIHS 0 KaXJI0M djieMeHTe aBrocuenku\renaekku (Puc. 2). Takxke,
MOMHMO CXEM, JIOMOJHUTEILHO PEaTU30BaHO pPAclo3HABAaHUE M300pa)KEHHS BaroHa-IUCTEPHBI U
MaHEBPOBOT'O JIOKOMOTHBA C UX MoCieAytoleit Busyanu3zanueit (Puc. 3).



Device CPU~ GPU~ MEM UX Total Score

1 iQOO0 7 (12+256 198629 311582 114288 99829 724333
2 Mi 11 (124256 196246 306310 109125 98885 710572
ROG Phone 5 (16+256 190625 318821 117195 104729 731376
IQO0 3 (8+128 189309 227738 100520 82649 600223
Galaxy S21 Ultra 5G (888) (12+256 186660 283864 110960 91616 673108
ROG Phone 3 (12+512 185255 241197 111689 105357 643503
OPPO Find X2 Pro (12+512 183741 223043 107974 94883 609649
BlackShark 3 (s+128 180200 218777 91805 82589 573379
Poco F2 Pro (8+256 179340 217198 99755 79068 575370
OPPO Find X3 Pro (12+256 179288 308597 103637 81076 672605

Puc. 1. PeliTHHT MpOH3BOANTEIHHOCTH cMapPT(OHOB Mo cocTosinuio Ha MapT 2021 roga cormacno Antutu
Benchmark

Puc 2. Ilpumep npuio:keHusi ¢ pacnosHaBanueM 2D 00beKTOB — aBTocHenHoe ycTpoiicteo CA-3 u
Tejexka Tuna IIHAM-X3-0



Puc 3. IIpumep npusio:keHusi ¢ pacnosHaBanueM 2D 00beKTOB — MAHEBPOBBIii IOKOMTHB U BaroH-
HUCTEpPHA

Crenyromeil peaan3oBaHHOM (PyHKIMEN MPOrpaMMHOI0O oOecrieyeHus sIBJIseTCsl paclo3HaBa-
HUe 00BEMHBIX (pr3myeckux Ten. [IpuHIun paboThl COOTBETCTBYET paHEe OIMMCAHHOMY, HO TOJBKO
Tenepp Mporpamma J10jbkHa oOpaldaThiBaTh Cpa3y HECKOJIBKO M€OMETPUYECKUX MapaMeTpoB OHO-
BpEMEHHO. B mporpamme peann3oBaHO paclO3HaBaHME MOJENHM KOMIIPECCOpa 3JIEKTPOIOe3/a
OII3 /1. Ilpu HaBeneHUM Ha 00BEMHYIO (UIypy, B KAU€CTBE KOTOPOM MCIOIb30BAJICS MAKET U3 Kap-
TOHa, BeIBOAUTCS 3D Mozenp kak caMoro KoMImpeccopa, Tak U €ro COCTaBHBIX YacTel, Mpu ITOM
KaX/IbIi AJIEMEHT MOAMKCAH U COAEPKUT MH(OPMAILIMIO MO AKCIUTyaTallu 3TOro ycrpoiicta (Puc.
4).

KopnyC xomnpeccopa

©230MKHYTb Kpen/i
) OTKpbITE KpbILKY

1! BaKWMHO-KOM\'\peCCODHaﬂ
yCTaHOBKA

13 JO-CMOTpeTb
2) OuncTuTb

J

Puc. 4. [Ipumep npuioxeHusi ¢ pacnosnapanueMm 3D 00bexkTOB



[MpencraBnennas ¢otorpadus (Puc. 5) paboTel mporpaMMHOTO 0OECIICUCHHSI Ha TUIAHIIICTE B
peaTbHOM OKPYXXCHHHU TI03BOJISIET OTYACTH OIICHUTHh BOBJICYCHHOCTh TOJIB30BATEISI B MPOIIECCE pa-
00THI C pa3pabOTaHHBIM MIPOTPAMMHBIM 00€CIICUCHUEM.

HYyTo ern"e““ﬂ
Poity Dby '

o

Puc. 5. O6pa3 npoekTa B peaabHOCTH
ITporpamMmmHO€e 0O€eCIIEUCHHE CO3/IaBAIOCh B aKTYaIbHOM BEPCHH MEXILIOTGOPMEHHOM CpeIbl
paspabotku Unity ¢ mpumeHeHueM gomonHutensHoro raruia Vuforia Engine (Puc. 6). Huxke
NPUBEICHBI OCHOBHBIE [IArH JUIS CO3/IaHMsI IPUIIOKEHHMS ¢ dieMenTamu AR.

Puc. 6. Padouee npocrpancTBo npoexra B Unity

JIns Hauvanma pa3paboTKu TpWIIOKeHWH TpeOyercss ycraHoBuTh B Unity miarma Vuforia
Engine, mns 4ero mpeaBapUTEabHO HEOOXOAMMO MPONTH MPOIEAypy PETHUCTpAIlMA Ha CalTe
https://developer.vuforia.com

Jlanee HEOOXOAMMO U3MEHUTH CBOMCTBA CO3JaHUS MPOEKTa — MEHSIEM IIaTGopMy Mporpam-
MBI Ha Ty, JJIs KOTOPOW co3faercsi mpuioxenue, B gaHHoM ciydae ¢ PC OC na OC Android

(Puc.7).



https://developer.vuforia.com/

atform default:

Default device v  Refresh

@ Assets
I Editor

Default -

Learn about Unity Cloud Build

Player Settings. Build Build And Run

Puc. 7. Hacrpoiika npoexra B Unity

Bueapsiem mnarun u gannsie Vuforia B mpoexr (Puc.8).

vuforia engine

o] Home Pricing Downloads Library Develop Support Hello marik9 + | Log Out

SDK Samples Tools Early Access

Vuforia Engine 9.8

Use Vuforia Engine to build Augmented Reality Android, i0S, and UWP applications for mobile
devices and AR glasses. Apps can be built with Unity, Android Studio, Xcode, and Visual Studio.
Vuforia Engine can also be accessed through the Unity Package Manager by adding Vuforia's
package repository with the script below. Please make sure that Git is installed before running the
script.

Qunity Add Vuforia Engine to a Unity Project or upgrade to the latest version
add-vuforia-package-9-8-5.unitypackage (3.03 KB)

l,. Download for Android
vuforia-sdk-android-9-8-5.zip (21.39 MB)

i0S Download for iOS
vuforia-sdk-ios-9-8-5.zip (67.47 MB)

m Download for UWP
L |

[
u wnifariz-erdlnan.0-2.5 7in (20 34 MR

Puc. 8. Caiit Vuforia Engine

Jannsie s uaentudukammu metkn Vuforia ams npoekra co3marorces Ha caiite Vuforia B pasne-
ne «Develop»-«Target Manager» (Puc. 9, 10).



Ca I’t Edit Name
Type: Device

Targets (4)

Add Target Download Database (All)
O Target Name Type Rating Status v Date Modified
O aa cistern Single Image Active Apr 23, 2021 09:46
0 = couple Single Image Active Apr 23,2021 03:03
O cart Single Image Active Apr 23, 2021 03:02

0O B oo Single Image Active Apr 23, 2021 03:01

Last updated: Teday 04:37 PM Refresh
Puc. 9. Ouenka KayecTBa cO3JaHHOM MeTKH Ha caiite Vuforia

compress

Edit Name Remove

*To preview click and drag the cube

RIGHT

Width: 0.2 Height: 0.15 Length: 0.07

Puc. 10. Cozpanue 3D merku Ha caiite VVuforia

[Tocne 3arpy3ku JaHHBIX C OMHCAaHHEM METOK ¢ caifra Vuforia, Hy)HO 100aBUTH B MPOEKT
paHee noaroTosyieHHble 3D Mozeny, a TakKe TEKCTYPbl U CKPUIIThI, KOTOPbIE MOHAA00STCS AJis pa-
OOTBI IPUIIOKEHUS B JTaIbHEHIIIEM.

[Mocne peanu3aiyy BhINICTIEPEUMCIICHHBIX JeicTBUI, HeoOxoaumo B Unity crenepupoBath
apk-daiin, koTopsIil OyIeT ycTaHABIMBATHCS HA MOOMIIBHOE YCTPOHCTBO. Pab0TOCIIOCOOHOCTH TIpO-
rpaMMBbI C SKpaHaMH Pa3HOTO pa3pelieHus] MOXKHO ONMpoOOBaTh HA BUPTYaJIbHOM YCTPOHCTBE, TUO0
HEMOCPEACTBEHHO 3arpy3uTh B MOOMJIBHOE YCTPONCTBO, YCTAHOBUTD U 3aITyCTUTH €TO0.

IlepcneKTHBBI pa3BUTHS POEKTA.

[Ipoekt HaxoaAUTCA B aKTMBHOW CTAaUH Pa3BUTHS, 3aIUIAHUPOBAHO paciivpeHue QyHKIMOHA-
Jla yTEM CO3JIaHUsl MOJIBUKHBIX 3JIEMEHTOB MOJIeNIeH, aHUMAallMH, BUACOPOJINKOB, J00aBlIeHHE HO-
BBIX CII€H, CUTYyalluii, TOJIOCOBOTO COIIPOBOXK/IEHHUS, BHEJAPEHUE JIEMEHTOB MAIIMHHOTO 00Y4EHHUs,
MCKYCCTBEHHOT'O MHTEJUIEKTA. DTO JIOJKHO HE TOJIBKO O0JIErYUTh, HO U CJlIeNaTh 00jiee HHTEPECHBIM
1 3¢ (PEeKTUBHBIM TTpOIIECC 00yUEHUS CTYICHTOB.

Pa3BuTHe mpoekTa HE OrpaHUYMBAETCS MCIOIB30BAHUEM TOJIBKO B KayeCTBE MHCTPYMEHTA
MOBBILIECHHUS] YPOBHS YCBOGHHS yueOHOro Marepuaina. [lmanupyeTcst ero ucnonb3oBaHue AJis perie-
HUS 33/1a4 WH(POPMAIMOHHOTO CONPOBOXAECHUS TEXHOJIOTMYECKUX onepaiuii. OyHKIHOHAT MpH-
noxxerus: paboTHUKOB OAO «PXKJ[» MoxeT 3aKkirodaThCsi B MACHTHU(PUKAIMKA dTana BBITOTHEHUS
TeKyIlel onepauuu U GOpMUPOBAHUM COOTBETCTBYIOIIEH TEKYIIEMY TEXHOJIOTHYECKOMY IPOLECCY



WHTEPAKTHBHOW CIPaBOYHON MH(OpMAIINH, a TAaK)KE KOHTPOIIO €€ KOPPEKTHOTo ucrnoyiHeHus. OHa
OyZeT CIyXHUTh MOJCKAa3KOW, HA YTO UMEHHO CTOMTh OOpallaTh BHUMAaHUE IIPU MIPOBEICHUHU TEKY-
mero poaa padort. IlpunokeHne MOKHO MPUMEHATh Kak Ha cMapT(oHaX, TaK U HA OYKaX JOIMOJ-
HEHHOW PEaJbHOCTHU, YTO MOMOXKET YCKOPUTH U MOBBICUTH Ka4€CTBO BBINOJIHEHUS TPOU3BOICTBEH-
HBIX onepanuid. [Ipy BHEApEeHUH >JIEMEHTOB MAIIMHHOTO OOYYEHHUSI M PACIO3HABaHUS 0Opa3oB IO-
SBJIIETCS BO3MOXKHOCTh UACHTU(DUKAIINKY O0BEKTOB, HAIPUMED, OTAEIbHBIX JI€MEHTOB MOABIKHO-
IO COCTaBa, YTO MO3BOJUT ONPEILIATh CTeNeHb uX u3Homennoctu (Puc. 11).

MpoBecTvt OCMOTP KOMNEKTOPHO
~LLIeTO4HOrO y3na Ha Hanu4ue

O NOBPEXASHMIA 2
ull ! . MposecTi ocMoTp ocTosa TON

L]

Ha OTCYTCTBME CMaskn

Puc. 11. KO]—[]_[el'lT HMCNO0JIb30BAHUS J0NOJTHEHHOM P€aJbHOCTH B JIOKOMOTHBHOM J1€110

3akJ/oueHue

Taxum 00pa3oM, MpUMeHEeHNE MOOUIIBHBIX YCTPOHCTB ¢ GyHKIMEH TOMOTHEHHON pealbHOCTH
SBIISIETCS TIEPCIICKTHBHBIM HaIpaBJICHUEM HU(POBU3AIUN U MOXKET MOBBICUTH dP(PEKTUBHOCTh U
Ka4ecTBO HE TOJIbKO B 00pa30BaTeIbHOM, HO U B ITPOM3BOICTBEHHOM Ipolieccax.

B kauectBe kpuTepus 3 PpexkTUBHOCTHU I y4eOHOTr0 Mpoliecca BhIACIUM CKOPOCTh YCBOCHUS
MaTepHala, BOBJIEUEHHOCTh B 00pa30BaTeNIbHBIN Mpolece, ITyOuHa OCTaTOuHBIX 3HaHuH. ccneno-
BaHUs, MPOBEICHHBIC B KpacHOSAPCKOM MHCTUTYTE JKEJIE3HOIOPOKHOTO TPAHCIIOPTA, MOITBEPANIH
3¢ GEKTUBHOCTH MpeiaraeMoro moaxona [3].
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