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1. Tema pobotu JlocmiKeHHS CBITOBOTO JOCBIY 3alIPOBA/KEHHSI TEXHOJIOTIH JTOMOBHEHOT
peasIbHOCTI J1s1 30epeKeHHsI KyIbTYPHOI CaAIIMHU
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3aTBep/pKeHI Haka3oM pekTopa Bif « 22 » iucronana 2022 poky Ne _4/7-950
2. TepMiH MOIaHHS CTYEHTOM 3aBepIIEHO pOOOTH 23 tpaBHs 2023p.
3. BuxiaHi naHi 10 po6otu Haykogi ny0utikaiiii mpo TeXHOJIOT1i JONOBHEHOI pealbHOCTI, 110
BUKOPHCTOBYIOThCS IPY OLIM(PpYBaHHI, MOJAHHI Ta BIJOOPaKEHH1 €JI€MEHTIB KYJIbTYPHOI
CHaJIIIMHU
4. 3micT poOoTH (IIepesik MUTaHb, sIK1 TOTPIOHO PO3pOOUTH)
Beryn. 1 Ctal Ta nepcneKTHBH 3alIpOB/IKEHHSI TEXHOJIOT1H JIOMOBHEHO1 peaJIbHOCTI IS
30epexeHHs KyJIbTYPHOI CriaIuHu. 2 IMruieMeHTaitist CBITOBOT0 JOCBIY 3aITPOBAIPKEHHS
TEXHOJIOT1H JIOTIOBHEHO1 peaJIbHOCTI JJIs 30epekeHHs KyIbTypHOi caaumuay. 3 [lpaktuuna
peasizaiiisi MOOLITFHOTO 3aCTOCYHKY 3 €JIeMEHTaMu JOMOBHEHOI peanbHOCTI 11 [{ludpoBoro mysero
Irana [lymros. 4 OxopoHa mparii Ta 6e3neka B Ha3BUYaiiHUX cutyailisx. BucHoBku. JlogaTku
5. Ilepenik rpadivynoro marepiany (3 TOUHUM 3a3HAYCHHSM 000B’I3KOBHX KpECIEeHb, CIaiIiB)
1 TurynpHa cropinka. 2 Tema, Mera, O0’exr, [Ipeamer nocmimkenss. 3 3aBaaHHs TOCTIHKCHHS.
4 AKTyalbHICTb JOCHIJDKEHHS. 5 AHalli3 CBITOBOTO JIOCBIJTy 3aITpOBAPKEHHS] TE€XHOJIOT1H
JIOTTIOBHEHOT peasTbHOCTI 7151 30epeKeHHsI KynbTypHOi cnaammad. 6 TexHonorii nudposizaiii Ta
30epekeHHs KynbTypHoi cnaanmiu. 7 3D-moneni, AR-KOHTEHT Ta TeXHOJIOT11 JOMOBHEHOI
peanbHOCTI. 8 CBiTOBHUH J10CBi] 3anpoBakeHHs... 9 AR Ta Mo6inbHI 3actocyHku. 10 Cuenapii
CyMpPOBOYy KOPHUCTYBaUiB IU(PPOBUX MY3E€HHUX Ta BUCTABKOBHUX ekcro3uiliii. 11 IMmmemenTarist
CBITOBOTO JI0CBiNy... 12 CTpyKTypa npotecy dororpamMmmerpii... 13 doTorpammerpist apT-00’ €KTiB...
14 KonnenryajibHa CTpyKTypa mudpoBoro mysero... 15 Jliarpama Bukopucranss... 16 [liarpama
CIICHapiI0 BiJIBITyBaHHS MaHOpaMHOro Typy... 17 Jliarpama cuenapiro BigBigyBanHs VR-mpocTopy...
18 Iepapxist BuOOpy crienapito... 19 Baru kputepiis (arpu6yTiB) ... 20 VR-mipoctip naboparopii [Bana
[Tymrost. 21 TlpakTruna peasnizaiiiss MOOUIBHOTO 3aCTOCYHKY... 22 AR-mapkepu. 23 Enementu
iHTepdeiicy MoO1TbHOTO 3acTOCYHKY. 24 BinoOpaxkeHHs chopmoBanux 3D-moneneit. 25 bokose
MEHIO 3aCTOCYHKY... 26 HaykoBa HOBu3Ha, [IpakTrune 3HaueHHs. 27 3a pe3ynbTaTaMu JOCTIHKCHb
ony0iikoBaHo. 28 BucHoBku. 29 3aBepiuanbHuii craii.
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Pozmin [Ipi3Bume, iHimiagy Ta Hocaaa KOHCYJIFTaHTA 3aBIJaHHsA 3aBIaHHsA
BUJAB MIPUITHSAB
Oxopona mparii Marirtok O.B., foneHT
besneka B Hag3suuannux | Kinenuuk B.M., cT. Bukiagau
CUTYaIIX
7. JlaTta Bugadi 3aBHaHHS 14 nmucronana 2022 p.
KAJIEHJAPHUM ITJIAH
Ne Hazga eramiB pobotn Tep MiH. BHKOHAHHA [pumitka
3/m eTariB poOOTH
1. | O3HaifomiieHHs 3 3aBJIaHHSAM JI0 KBatidikaniiHoi podotu. | 14.11.2022-15.11.2022 | Buxonano
2. | Iligbip HAyKOBUX JDKEPEN PO BUKOPUCTAHHS 3aC00iB 16.11.2022-27.11.2022 | Buxonano
JIOTIOBHEHOT PEATBHOCTI JIJIs1 30€peKEHHS KYJIbTYypHOI
CHaJIIIMHU.
3. | lepexiaj Ta onpaifoBaHHs HAYKOBHX JHKEPE PO 28.11.2022-25.12.2022 | Buxonano
3aCTOCYBAHHS TEXHOJIOTIH IOTTOBHEHOI peabHOCTI JIIst
30epeKCHHS KYJIbTYPHOI CIIa [IIUHU.
4. | BukoHaHHS TOCIIHKCHHS 010 BUKOPUCTAHHS 09.01.2023-12.03.2023 | Buxownaro
TEXHOJIOT1H JIOTMIOBHEHOI PEaIbHOCTI JUIs 30€PEIKCHHS
KYJIbTYPHOI CHIaJIIUHM.
5. | Odopmnenns po3ainy «CTaH Ta NEpCIIEKTUBH 13.03.2023-19.03.2023 | Buxonano
3aMpoBaJPKEHHS TEXHOJIOTIH JIOMOBHEHOI PeaTbHOCTI IS
30epeKeHHS KYJIBTYPHOI CIIIITUHI).
6. | ObopmnenHs po3ainy «IMIuIeMeHTallis CBITOBOTO 20.03.2023-26.03.2023 | Buxonano
JIOCB1Ty 3aIIPOBAPKCHHS TEXHOJIOT1H JIOTIOBHEHOT
peaTbHOCTI JUTst 30€pEKESHHS KYJIbTYPHOI CITaIIIIUHI.
7. | Odopmnenns po3niny «lIpakTuuna peanizanis 27.03.2023-02.04.2023 | Bukonano
MOOUIBHOTO 3aCTOCYHKY 3 €JIEMEHTAMH JIOMTOBHEHOT
peanbHOCTi U1t L{udpooro mysero IBana [lymos».
8. | BukonaHHs 3aBHaHHs 10 miapo3airy «OXopoHa mparti». 10.04.2023-16.04.2023 | Buxonano
9. | BukoHaHHs 3aBJaHHs J0 miapo3auny «besneka B 17.04.2023-23.04.2023 | Buxonamno
HA/3BHYANHUX CUTYaIiAX».
10. | Odopmienns kBamidikaiitHo1 poOOTH. 24.04.2023-30.04.2023 | Bukonarno
11. | HopMOKOHTpPOIIb. 01.05.2023-07.05.2023 | Buxonamno
12. | IlepeBipka Ha TUIariar. 08.05.2023 Buxonano
13. | IlonepenHiii 3axucT KBamiQikaiiHo poOOTH. 15.05.2023 Bukonano
14. | 3axuct kBawidikaniiHoi poObOTH. 23.05.2023
CryneHt Kpamap T.O.

(Timmc)
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AHOTAIIA

JlocmipkeHHsT CBITOBOTO JIOCBiZy 3allpOBA/KCHHSI TEXHOJIOTIH JOMOBHEHOI
peaslbHOCTI I 30epekeHHs KyiabTypHOi cnammuau // Keamidikarmiiina poborta
ocBiTHROTO piBHA «Marictpy» // Kpamap Tapac Onekcanaposud // TepHOMiIbChKHIA
HaIlllOHAJIbHUM  TeXHIYHUW yHIBepcuTeT 1MeHl IBana Ilymros, dakynerer
KOMIT IOTepHO-IHPOpPMAIITHIX CHCTEeM 1 TMporpamMHOi iHXeHepii, Kadeapa
KOMIT t0TepHUX Hayk, rpyna CHuM-61 // Tepuomnins, 2022 // C. 81, puc. — 33, Tab1.

— 5, Kpecq. —, [oaaT. — oAuH, 0106morp. — 72.

KirouoBi  cnoBa: JOMOBHEHA  pEaNbHICTh, BIPTyallbHa  PEAIbHICTD,
BIPTyaJIbHUM Typu3M, KyJbTypHa CHAAIIMHA, (OTOrpamMMETpis, METOJA aHajizy
1epapxiit, MOOUTbHUIN 3aCTOCYHOK.

KBamidikariitna po0OoTa mNpUCBAYEHA IOCHIIKEHHIO CBITOBOTO JIOCBITY
3aMpoOBaHKEHHS] TEXHOJIOT1 JOMOBHEHOI PEaIbHOCTI JJIs 30€PEKEHHS KYJIbTYpPHOT
CHaLIHH.

B nepmomy posnuni  kBamidikaiiifHoi poOOTH OMUCAHO TEXHOJOTIi
JIOTIOBHEHOI PeabHOCTI Ta 30€epexeHHsl KyJIbTypHOi cnaamuuu. Posrmsayto 3D-
Mozeni, AR-KOHTEHT Ta TeXHOJIOTIi JOMMOBHEHOT peasibHOCTI. [IpoananizoBano Temy
AR Ta MOOIIBHUX 3aCTOCYHKIB. J{OCHIIKEHO ClieHapii CympoBOJY KOPUCTYBayiB
muGpoBUX My3eHHUX Ta BHMCTAaBKOBHX ekcno3uiiil. [lomano ommc KymnbTypHOI
criaauau [Bana Ilymros.

B npyromy posaun kBamidikamiiiHoi poOOTH MOJAHO OMUC METOLY
dororpammetpii  apT-00’€KTIB  KynbTypHOi  cnaamuHu  IBana  Ilymros.
[TpoanamizoBaHO KOHIIENITYaJIbHY CTPYKTYpHO aiarpamy LludpoBoro mysero IBana
[Tymrosi. ChopmoBaHO cliieHapii B3aeMOJii KOPHUCTYBadiB 3 IHU(PPOBUM MY3EEM.
[Tomano omuc mporiecy OIIHKY CIICHapiiB METOIOM aHaTI3y 1€epapXii.

B TtperboMy pozaun kBamidikamiiiHOi poOOTH omucaHo 1H(OpMaIliiiHi

TEXHOJIOT1i BHUKOPHUCTaHI TpHU Po3poO0Illi MOOUTBPHOTO 3aCTOCYHKY 3 €JIeMEHTaMu


http://tstu.edu.ua/?l=uk&p=structure/faculties/fis
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nonoBHeHOi peanbHOCTI. HaBenpeno intepuer-pecypcu Ludposoro mysero IBana
[Tymioa. CdopMoBaHO KOMIOHEHTH MOOUTRHOTO 3acTocyHKy st Lludposoro
my3eto [Bana Ilymos. IlpomemMoHcTpoBaHO Tpoliec eKcIuTyaTallii MOOLIBHOTO
3aCTOCYHKY 3 €JIEMEHTaMHU JOMOBHEHOI PEalIbHOCTI 3 €JIEMEHTaMHU JIOMOBHEHO1
peanbHOCTI 17151 L{ludpoBoro mysero Iana [Tysros.

O0’exkT mOCJizKeHHsI: TpollecH ouu(pyBaHHS Ta TOJAHHS EJIEMEHTIB
KyJBTYPHOI CHaAIIUHH.

IIpeamer moCHiAKeHHSI. METOAM IHTErpallii TEXHOJIOTIH JOMOBHEHO1
peanbHOCTI 1S 30€pEKEeHHSI KYJIbTYPHOI CIIaIINHHU.

Meta nocaimkeHnsi. Metoro naHoi KBali(ikauiiHOi poOOTH OCBITHBOTO
piBHS «Marictp» € HayKOBO-IIPOCBITHHUIIbKA MOMYJSPU3AIisl  JOCSTHEHb
YKpaiHChKOi HayKu Ta (JOpMyBaHHS HAyKOBOTO CBITOTJISIAY TPOMAJSH, PO3BHUTKY
NaTpioTU3My YKPaiHCBKOTO CYCHUIbCTBA Ha MPUKIAJlI KpalluX HayKOBIIIB
YKpaTHCBKOI JIep>KaBH MIJISXOM BHUKOPHUCTAHHS CBITOBOTO JIOCBIY 3alpOBAJIKEHHS
IHHOBaUIMHUX 1H(OPMALIIITHUX TEXHOJIOT1H.

HaykoBa HOBHM3HAa oJep:KaHUX Ppe3yJbTaTiB KBaliikaiiiHOi poOOTH
MOJIATae y TOMY, U0 OTPUMAJIM NMOAAJIBIIUN PO3BUTOK METOJ (hoTorpamMmerpii Ta
METO/I aHaJII3y i€epapXiii, a TAKOK PO3BUTOK KOHIEMIIT ITU(DPOBOTO My3€10 HAYKOBO-
KyJIbTYpHOI CHAQJAIIMHUA BIJIOMOTO YKpaiHCBKOTO (i3MKa, EJNEeKTPOTEXHIKa Ta
cycnuibHOro aisiya IBana Ilymros.

OcHoBHi pe3yabraTH. CHOpPOEKTOBAHO, TMPAKTUYHO pEai30BaHO Ta
POTECTOBAHO MOOIIBHUHN 3aCTOCYHOK 3 €JI€MEHTaMH JIOMOBHEHOI peaibHOCTI JIs

[udposoro myseto IBana Ilymnros.



ANNOTATION

Investigation of World Experience on Augmented Reality Technologies
Implementation to Preserve Cultural Heritage // Qualification work of the
educational level "Master" // Kramar Taras // Ternopil National Technical
University named after Ivan Puluj, Faculty of Computer Information Systems and
Software Engineering, Department of Computer Science, SNnm-61 group //

Ternopil, 2022 // P. 81, fig. - 33, tables - 5, chair. - , annexes - one, references. - 72.

Key words: augmented reality, virtual reality, virtual tourism, cultural

heritage, photogrammetry, analytic hierarchy process, mobile application.

Thesis is devoted to the research of the world experience of introducing
augmented reality technologies for the preservation of cultural heritage.

The first chapter of thesis describes technologies of augmented reality and
preservation of cultural heritage. 3D models, AR content and augmented reality
technologies are considered. The topic of AR and mobile applications is analyzed.
Scenarios of accompanying users of digital museum and exhibition expositions were
studied. A description of the cultural heritage of Ivan Puluj is given.

The second chapter of thesis describes the method of photogrammetry of art
objects of cultural heritage of Ivan Puluj. A description of the method of
photogrammetry of art objects of Ivan Puluj's cultural heritage is provided. The
conceptual structural diagram of the Digital Museum of Ivan Puluj was analyzed.
User interaction scenarios with the digital museum have been created. A description
of the process of evaluating scenarios by the method of analyzing hierarchies is
presented.

The third chapter of the thesis describes the information technologies used in
the development of a mobile application with elements of augmented reality.

Internet resources of the Digital Museum of lvan Puluj are given. The components



6
of the mobile application for the Digital Museum of Ivan Puluj have been created.
The process of operating a mobile application with elements of augmented reality
with elements of augmented reality for the Ivan Puluj Digital Museum is
demonstrated.

Object of research. Processes of digitization and presentation of elements of
cultural heritage.

Subject of research. Methods of integrating augmented reality technologies
for the preservation of cultural heritage.

Purpose of work. The purpose of these thesis is scientific and educational
popularization of the achievements of Ukrainian science and the formation of the
scientific worldview of citizens, the development of patriotism of Ukrainian society
based on the example of the best scientists of the Ukrainian state by using the world
experience of introducing innovative information technologies.

The scientific novelty of the results of the thesis is that the photogrammetry
method and the method of analyzing hierarchies have been further developed, as
well as the development of the concept of a digital museum of the scientific and
cultural heritage of the famous Ukrainian physicist, electrical engineer and public
figure Ivan Puluj.

The main results. A mobile application with elements of augmented reality
for the Digital Museum of Ivan Puluj was designed, practically implemented and

tested.



HEPEJIIK YMOBHUX ITO3HAYEHb, CUMBOJIIB, O/IMHUIIb,
CKOPOUYEHbDB I TEPMIHIB

[eiimidikariis — mpollec BUKOPUCTAHHSA €JIEMEHTIB Ta MEXaHIK TpH AJis
3a0XO0YCHHS 1 MOTHBAIl JIOJIEH Yy HEIrpoBOMY KOHTEKCTI JJIi 3a0XOYCHHS 1
MOTHBAIIi KIHIIEBUX KOPUCTYBAYiB JI0 PO3B's3aHHS MPOOIEM.

Kontnanyym Minrpama — 1ie Oe3mepepBHa IIKaja, IO BapilOETHCS MiX
MOBHICTIO BIPTYaJbHUM CEpPEOBUIIEM (BIPTYyaJbHICTh) 1 TMOBHICTIO peaTbHUM
cepeoBUIIEM (peasibHICTh) TOMYy KOHTUHYYM peajbHICTb-BIPTYyalbHICTh OXOIUIIOE
BC1 MOXJIMBI Bapialii Ta KOMIIO3ULIi peadbHUX 1 BIpTyalbHUX 00’ €KTIB.

I (yxp. WTyunwuii IHTenexkTr) — 1e rady3b HayKu, SKa 3alMaeTbCs
CTBOPEHHSM MPOTPaM Ta CUCTEM, 3AATHUX JI0 CAMOCTIHHOTO BUBYEHHS, PO3YMIHHS,
aHaI3y Ta NPUUHATTA PIIICHb.

ACRP  (amrn. Aerial and Close-Range  Photogrammetry) —
aepodoTorpaMMeTpist 3 OJIM3bKOT BIJICTAHI.

AHP (anrn. Analytic Hierarchy Process, ykp. Meton Ananiisy lepapxiit) — 1ie
MaT€MaTUYHUN METOJ MNPUUHATTS pIlIEHb, SKUW JO3BOJISIE TOPIBHIOBATH Ta
OIIHIOBATH AJIbTEPHATUBU 32 KUIbKOMAa KPUTEPISIMU 3 PI3HOIO BaromicTtio. Meron
AHP 6a3yeThcst Ha po30UTTI 337241 HA OLIBII MPOCTI YACTHHH, CTBOPEHHI 1€papxil
KpUTEPIiB Ta albTEPHATUB Ta MOPIBHSAHHI iX HA OCHOBI MAPHUX MMOPIBHSAHbD.

AR (aurm. Augmented Reality) — 1ie TexHOJIOTIS, SIKa T03BOJIAE MMOETHYBATH
BIpTyalibH1 00'€KTH 3 peasibHUM cBiTOM. [l peanizailii 1ONOBHEHOI peajbHOCTI
BUKOPUCTOBYIOTHCS CIELIalIbHI IPUCTPOI, Takl sik cMapTPonu abo AR-rapHitypu,
K1 320€3MeUyIOTh BiIOOpaXEHHS BIPTyaJIbHUX 00'€KTIB Ha €KpaHi Ta X IHTETPaIliio
3 peaJIbHUM OTOYEHHSM KOPHCTyBaya.

CUDA (anrn. Compute Unified Device Architecture) — mporpamHo-anapaTHa
apxiTeKTypa TMapajelbHUX OOYUCICHb, SKa JO3BOJIAE ICTOTHO 3OUIBIIUTH
00UYHCITIOBAIbHY MPOYKTUBHICTh 3aBJISIKH BUKOPUCTAHHIO IpadiuHUX IPOIIECOPIB

¢bipmu Nvidia.
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PPl (anrn. Pay Per Input) — TexHooOris 3 OIUTaTOIO 3a BBEACHHS, KOJIH
OLIIHIOETHCS TUII Ta PO3MIp 3aBaHTAKEHUX (DOTO3HIMKIB.

TCRP (aurm. Terrestrial and Close-Range Photogrammetry) — Ha3zemHa
dboTorpammeTpis 3 OIM3BKOI BiJICTaHI;

UV posroptka — npouec B 3D MozentoBaHH1, SKUNA MOJIITae B HaKJIaJdaHHI
JIBOBUMIPHOTO 300paKeHHSI Ha TpUBUMIpHY Mojenb. Jlitepamu U 1 V mo3Havaroth
0C1 KOOpAMHAT TUIOUIMHH PO3TOPTKH, OCKLUIBKH JIiTepH X, Y 1 Z BUKOPUCTOBYIOTHCS
JUTsl IO3HAYEHHSI IPOCTOPOBUX KOOPAUHAT.

VR (anrn. Virtual Reality) — me TexHonoris, mo JI03BOJIIE CTBOPIOBATH
IMITAllIF0 PEAJbHOTO CBITY a00 (aHTaCTUYHMX O0O0pa3iB Ta MEPEHOCHUTH
KOPHUCTYBa4iB B 1€ BIpTyaJbHUI CBIT 3 JIOMOMOTOIO CIEIllaIbHUX MPUCTPOIB, SIKI
3a0€3Me4yI0oTh Bi3yallbHY, CIIyXOBY Ta I1HII1 BUIW CIPUIAHATTS.

XR (anrn. eXtended Reality) — posmupena peasibHiCTh. 3araJbHUN TEpPMiH
JUISL TIO3HAYEHHS JIOMOBHEHOI PEaIbHOCTI, BIPTyaldbHOI PEAJbHOCTI Ta 3MIIIAHOT

peaIbHOCTI.
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BCTYII

AkTyanbHicTb TemMH. CTpIMKMM  pPO3BUTOK  Cy4YaCHHUX  METOJIB
KOMIT FOTEPHOTO CKaHyBaHHS Ta 3D-MoaemoBanHs [1], TeXHOJOTIH BipTyaabHOI Ta
JIOTIOBHEHOI peaJIbHOCT1 (POPMy€E HOBI MOXKJIMBOCTI JIJISI CTBOPEHHS PEaTiICTUYHUX
U(PPOBUX KOIiH PI3HOMaHITHUX €KCITOHATIB [2]. 30kpema, peKOHCTPYKIIist 00’ €KTiB
HAYKOBOTO Ta KynbTypHOTo HamOanHs [3] y mudposux 3D-dopmarax, ska
BIJIKpUBA€E IIMPOKI MEPCIICKTUBH ISl TPOCBITHUIIBLKOI JISIILHOCTI, TOMYJIspr3alii
JIOCSITHEHb ~ HayKd, (OpPMYBaHHS HAyKOBOT'O CBITOTJISIy PI3HUX IJIACTIB
CYCIUJIBCTBA, BCEOIYHOrO BIPOBAKEHHS HOBITHIX TEXHOJIOTIM, 30€peKeHHs
ICTOPUYHUX TpaJuLliii HaBUaNbHUX 3aknaaiB [4], [5]. Tomy mociimkeHHs CBITOBOTO
JIOCBIZYy 3alpOBAPKEHHSI TEXHOJIOT1 JIOMOBHEHOI PEaNbHOCTI IJisi 30€pe:KEeHHS
KyJbTYPHOT CHA/IIIMHU € aKTyaJIbHUM HAIPSIMKOM CYYaCHHUX JOCTIKEHb.

Tpanchopmariisi €KCIMO3UINIMHUX Ta Bi3yali3allifHUX MOXKIMBOCTEH s
O3HAHOMJICHHSI TPOMAASH 3 ICTOPUKO-KYJIBTYPHUM Ta HAyKOBHM HaJ0aHHSIM
JOJCTBAa MOTpeOye iHTerpamii cydacHuUX 1H(MOpPMAIIWHUX TEXHOJOTIH, 30KpeMa
BIPTYaJIbHOI Ta JOMOBHEHO1 peaIbHOCTEM.

OmudpyBanHsa maM’sITOK YKpaiHChKOI HAyKOBO-KYJIBTYPHOI 3 TMOAQJIBIIAM
MPOCYBaHHSM Yy BeO-MPOCTOpP1 JO3BOJUTH IMOKPAIIUTH BIII3HABAHICTh BHIIUX
HaBYaJIbHUX 3aKJIaJlIB, AKTUBI3yBaTH EKCKYpPCIiHI MOTOKH, CTBOPUTH IIKaBl Ta
MPUBAOJIMBI TYPUCTUYHI JIOKaIlii Ha TepHOMIbIIHHI.

Meta i 3agaudi pocaigxennsi. Merow naHoi kBamidikaiiifHoi poOoTH
OCBITHBOT'O piBHS «Marictp» € HayKOBO-IIPOCBITHHUIbKA MOMYJISIPU3ALlisl TOCATHEHD
YKpaiHChKOi Hayku Ta (hOpPMYBaHHS HAYKOBOTO CBITOTJISIY TPOMAJISIH, PO3BUTKY
MaTpiOTU3MYy YKPAiHCBKOIO CYCIHUJIbCTBA Ha TMNPHUKIAAl KpallUuX HayKOBIIB
YKPaTHCHKOI JIepKaBH MIJISTXOM BHKOPHUCTAHHS CBITOBOTO JIOCBIY 3alPOBAKEHHS
IHHOBAIIMHUX 1HQOPMAILIMHUX TEXHOJIOT1H. JIJIsi MOCATHEHHS MOCTaBIEHOT METU
NOTPIOHO BUKOHATH 3aBJIAHHS:

— IlpoananizyBatu cTaH JOCHIIKEHb B JaH1i MpeaAMETHIH 00IacTi.
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— JlocniauTh eleMeHTH TEXHOJOTiH JOMOBHEHOI PealbHOCTI Ta CBITOBHIA
JIOCB1J1 iX BUKOPUCTAHHS.

— JloCHIUTH TPOIECH OIIHIOBAHHS CIIEHAp1iB BUKOPHUCTAHHS €JIIEMEHTIB
JIOTIOBHEHO1 PEaIbHOCTI.

— CrpoexTyBaTH Ta MPaKTUYHO peali3yBaTH MOOUIBHUN 3aCTOCYHOK 3
eJIeMEHTaMHM JIOTIOBHEHO1 peasibHocTi i LludpoBoro mysero IBana Ilymros.

OO0’eKT [OCJiAXKeHHAA: TPOIECH ONU(PpPYBaHHS Ta TMOJAHHS EJIEMEHTIB
KyJIbTYPHOT CHIA/IIIUHU.

IIpenmer [moCHiAKEeHHSI: METOAM IHTErpallii TEXHOJIOTIA JOMOBHEHOI
peanbHOCTI 1S 30€pEKEeHHSI KYJIbTYPHOI CIIaJIINHU.

HaykoBa HOBHM3HAa oJep:KaHUX Ppe3yJbTaTiB KBaliikaliiHOi pPoOOTH
MOJISATaE Yy TOMY, II0 OTPUMAJH MOJAIBIINI PO3BUTOK MeTOA (oTorpamMmeTpii Ta
METO/1 aHaJII3y 1€epapXiii, a TAKOK PO3BUTOK KOHIEMIIT T(DPOBOTO My3€10 HAyKOBO-
KyJIbTYpHOI CHAQJAIIUHUA BIJIOMOTO YKpaiHCBKOro (i3MKa, EJIEeKTPOTEXHIKa Ta
cycnuibHOro aisiya IBana Ilymros.

IlpakTuyHe 3HAYEHHS1 OJepP:KAHUX pe3yJabTaTiB. B mporieci moaboBuX
JOCITIIKEHB 3A1MCHEHO NepeBeieHHs Y M poBUil popmaT excrio3uilii My3ero [Bana
[Tymrost, cTBOpeHOoro 'y  TepHONMUIBCHKOMY  HAI[IOHAIBHOMY  TEXHIYHOMY
yHiBepcuTeTi. CTBOpPEHO CKaHOBaHI TeKCTypoBaHi 3D-mojeni mam’ STHUKIB
BHUJIATHOMY YKPaiHCBKOMY BUYCHOMY Ta TPOMAJCHKO-TIONITUYHOMY isdy I[BanHy
[Tymroro, siki po3ramoBaHi Ha TepHomuibiuHI. Bukonano oopobky 3D-moxernei
I. Ilymrost 3 iX TeKCTypu3alli€l0 Ta aJalTUBHUM EKCIOPTOM B MYJIbTUMEiiHI
dbopmaru.

3 BHUKOPHUCTAHHSIM KOMITIOTepHUX 3D-TexHojoridi OyJl0 CTBOPEHO
MaHOpPaMHUI Typ, BipTyaJIbHHIA MPOCTIp Ta 3aCTOCYHOK JOTIOBHEHOI peaibHOCTI Ha
OCHOB1 apxiBHOTO 1H(GOPMAIIITHOTO KOHTEHTY, IOB’S3aHOTO 3 IMEHEM 3HAHOTO
HaykoBId [Bana [lymros.

Amnpobanisi pe3yabTatiB Maricrepcbkoi po6oTu. OCHOBHI pe3yibTaTu

MPOBEJCHUX JTOCIIKEeHb 00roBoproBaiuch Ha |l Ta VI Mi>kHapOJHUX CTYAEHTCHKUX
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HAyKOBO-TeXHIYHMX KOH(epeHuisix «lIpupogHuui Ta TryMaHiTapHi HAyKH.
AKTyanpHI TUTAaHHSD TepHOMIBCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY
imMeHi IBana Ilymos (M. Tepuonine, 2019 ta 2023 p.), MbKHapOHIA KOHMEpEHIIiT
«Information technologies: theoretical and applied problems (ITTAP-2021)» The
1st International Workshop, miskaapoauiit kondepenirii «Information technologies:
theoretical and applied problems (ITTAP-2022)» The 2nd International Workshop
ta XXIII BceykpaiHCbkiii HayKOBO-TEXHIYHIM KOH(EpeHIli MOJOAUX BYCHUX,
acmipaHTiB Ta CTylneHTiB «CTaH, JOCATHEHHS Ta MEPCHEKTUBH 1HGOpPMAIIITHUX
CUCTEM 1 TEXHOJOT1». OIeChKOr0 HAllIOHATBHOTO TEXHOJOIYHOTO YHIBEPCUTETY
(M. Oneca, 2023 p.).
Iyouaikanii. OCHOBHI pe3ynbTaTH KBai(PiKaIiitHOI poOOTH OIyOIIIKOBAHO Y
5 mpamgx koHdepeHIlii, 3 (paxoBUx CTATTIX MPOIHACKCOBAHUX B MIXHAPOIHIN
HAyKOMETPHUYHIM 0a31 SCOPUS. VY CHiBaBTOPCTBi, 3/100yBauy OCBITHBOT'O PIBHS
Marictp HanexuTh. [1] — mocToOpoOka 1 TeKCTypyBaHHS MOJIENICH, 3aBaHTAKCHHS
mopernei Ha cepic Sketchfab, [8] — nudposizanis enemMenTiB HayKOBO-KyJIBTYypHOI
cnammubu [Bana Ilymros, [15] — momaBaHHs orudpoBaHUX MaTepianiB HAyKOBO-
KyJIbTypHOI cnannmuau IBana [lymios B enekrponnmii penosutapii THTY, [20] —
noctoOpoOKa i TeKCTypyBaHHs Mozenei, [28] — po3poOka MOOLTBHOTO 3aCTOCYHKY
3 BUKOPUCTAHHS TEXHOJIOTIH OMOBHEHOI peanbHOCTI, [33] — orysia miTepaTypHUX
mkepen, [52] — mnpakTudHe BHKOpHCTaHHS Tporiecy (oTorpammerpii  uis
dopmysanus 3D-moneneit mam’satHukiB [Bany Ilysroro, [53] — cTBOpeHHs KapTOK-
MapKepiB JIOMOBHEHOI pPEaJIbHOCTI, pPO3po0Ka 3aCTOCYHKY 3 eJIeMEHTaMu
nonoBHeHOT peasibHOCTI 1151 [Lludposoro mysero IBana [Tymos (Jlus. momatku A).
CTpykrypa ii o6car kBagdidikaniiinoi podoru. Kpamidikamiitna poborta
CKJIQJAEThCs 31 BCTYIy, YOTUPHbOX PO3/ALNIB, BUCHOBKIB, CIIUCKY JITEpaTypu 3 /2
HallMEHYyBaHb Ta OJHOTO JdOjaTKa. 3arajdbHUN 00csT KBamidikaiiiHoi podoTH
ckinagae 81 cTopiHKY, 3 HUX /2 CTOPIHKHM OCHOBHOTO TEKCTY, SKHW MICTUTH 33

pUCYHKa Ta 5 TaOulIb.
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1 CTAH TA TIEPCHEKTHBMY 3AMPOBAPKEHHS TEXHOJIOTTIA
JIONOBHEHO{ PEAJILHOCTI JJI51 3BEPEKEHHS KYJILTYPHOI
CHAIIUHA

1.1 TexHoJiorii J0MOBHEHOI peajJLHOCTI Ta 30epexkeHHs] KYJbTYpPHOL

cIaJxIHA

IMepcuBHI TEXHOJIOTI (3 MOMIIUBICTIO TIIMOOKOTO 3aHYPEHHS Y BIpTyaIbHUMN
CBIT) 3a0€3M€4yI0Th B3a€EMOJIIIO JIOAUHU 3 HU(PPOBUM BI3yaJIbHUM MPOCTOPOM Ta
MOKJIMKaHI CTBOPUTU PEATICTUYHHM €(EeKT MPHUCYTHOCTI 3aBIASKH CHPUUHSTTIO Ta
B3aemoAii 3 3D-kontreHtoMm. Hampukinaa, oauH 13 mepliux 3HAKOBUX Y Traiysl
npoekTiB ARCO [6], mo OyB chpsiMoBaHMI Ha PO3POOKY MHOKHMHHU HU(DPOBHUX
TEXHOJIOT1H AJi1 My3€iB OpIEHTOBaHMX Ha CTBOPEHHsI, 30€pEeKEHHS, ONIEPYBAHHS Ta
JIEMOHCTpAIIiI0 OIU(POBAHUX ICTOPUYHO-KYJIBTYPHHUX 00'€KTIB IMIIJIEMEHTOBAHUX Y
BipTyasbHI BUCTaBKH. ABTOpH [6] BiA3HAYAIOTH, 1110 CTBOPEHHS BIPTyaJIbHUX MY3€iB
HAa OCHOBI KOHIEMIi O0araTOKOMIOHEHTHOI 3MIMIAHOI PEaTbHOCTI, MOEIHYE
CJIEMEHTH BIpTyalbHOI, JOMOBHEHOI peasibHOCTI, web-3D eneMeHTH Ta I03BOJISIE
JIOCSITHYTH HOBOTO PIBHS B3a€MO/IIi BiJIB1IyBaviB 3 iH(QOpPMAI[IHHUM HANIOBHEHHSIM
eKCIIO3UIIIH.

Hudposizamiss 00’€KTIB  HAayKOBO-KYJbTYPHOI  CHAAIIMHHU, 30Kpema,
CKaHyBaHHs, PEKOHCTPYKIIiSl, MOJCIIOBaHHS, JJO3BOJIsIE CPOPMYBATU JOJATKOBUI
1H(pOpMaIIHUHN 1ap PO3LMIUPEHOI PEaIbHOCTI (IONOBHEHOI YU BIPTYalIbHOI) IS
30€peKeHHs, JIOCHIPKCHHS Ta aKTUBHOTO BIPOBAKEHHS HAWBAKIMBIIIMX
HAI[IOHATHPHUX Ta  COIMIOKYJTYPHMX TATTEPHIB B  TEMEPINIHIO  €MOXY
HOCTIHAYCTpiaIbHOTO iH(OopMaIiitHoro cycrniiibeTBa [8].

Bnponosx OCTaHHBOT'O TECATUITITTS udposizaris AKTUBHO
3aIlPOBAKYEThCS I 30epekeHHs KyabTypHoi cnaauman [9]. Jocmigauku [10]
BIJI3HAYAIOTh, 1110 SIKICHE OLIM(PPYBAHHS KYJIbTYPHOI CHAAIIMHU € AOBOJI CKIIATHUM

Ta OaraTorpaHHuM 3aBAaHHAM. Lleit mpomec morpelye MIaHyBaHHSA, 3HAYHUX
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(1HAHCOBHX 1HBECTHILIIM, CTBOPEHHS CHEIIaJIbHUX TEXHIYHUX Ta MpPOrpaMHUX
3ac00iB. BomHoUac AKICHI 1HCTpYMEHTH Ta 3aco0u Iu(poBi3allii MalTh 3HAYHUIA
MOTEHI1a] JUIsl MOAAbIIOTO MKUPOKOro BipoBakeHHs [11]. CtBopeHHs mudppoBUX
KOMIi# 1 MO/IeTIell TOKYMEHTIB Ta apTe(akTiB y MOeAHAHHI 13 MeTo1aMu [TU(POBOTrO
3aXOIUICHHS Ta PEKOHCTPYKIIi MOKHAa BUKOPUCTOBYBATH B Tpoliecax (popMyBaHHs
€JIEMEHTIB PO3IIUPEHOI (BIPTyaIbHOI Ta JOTIOBHEHO1) peaibHOCTI [12]. Po3pobka Ta
3allpOBA/DKEHHS HOBUX 1H(OpPMALIMHUX TEXHOJOTIH T03BOJIUTH PO3LIUPUTH
NOJIaHHS €JIEMEHTIB HalllOHAJIbHO-KYJIBTYpHOro HajOaHHA. B okpeMux BHIagkax
MO>KHA BIPTYyaJIbHO MOJOBXKHUTH Ta PO3MIMPUTH JKUTTA apTedaxTiB, (Pi3HMUHI KOMIT
AKkuX Oynu BTpadeHi. JlOCIIHMKM BIJ3HAYAIOTh, L0 TEXHOJOTI Oouu(dpyBaHHSA
AKTUBHO 3aCTOCOBYIOTBCS Ul MIATPUMKH, TOKPALIEHHS Ta JONOBHEHHS
TpaJAMLIHUX METOMAIB 30€pEKECHHS €JIEMEHTIB KYJIbTYpPHOI CHAAIIMHU B MEXax
inimiatuBu CIPA Heritage Documentation [13]. PekoHcTpykKitist 06’ €KTiB HAyKOBO-
KyJIbTYpHOTO HanOaHHA y 1udpoBomy XR-popmari po3mmproe MOKIUBOCTI IS
BIIPOBAIKCHHS 1HHOBALIMHUX TEXHOJIOT 11 y My3€HHO-BUCTAaBKOBIN
nisutbHOCTI [14] [3].

Ha nanuii yac, uudpoBa Tpanchopmallisi Crpusie BUPIIICHHIO HarajlbHUX
po0JIeM JIt0ICTBA, 30KpEeMa, pearyBaHHs Ha 3MIHU KJIIMAaTy, 3a0€3MeUeHHs CTaJIOr0o
pPO3BUTKY, TOAOJaHHS Ae(IlUTy MPOAOBOILCTBA Ta pecypciB. lludposizaris
3aMpoBaHKY€ETECS Y BCI Taly31 AIsUIBHOCTI Ta c(hepu JIF0ACHKOro KUTTA. [Ipu ipomy,
Cy4yacHI BUJU JISUTBHOCTI MOXYTh CYTTEBO BIJIPI3HATHCS Bl TpaauiiitHux. My3ei,
AKl ~ TPagulIMHO  BBaXXalOThCSI  3aco0aMM  mam’sTI  JIOJICTBA,  TaKOX
tpanchopmyrotbes [15]. Ilepm 3a Bce, CKCIOHEHIIMHO 3pocTae o0csAr i
pI3HOMaHITTS 1H(pOpMaIlii, MPOTYKOBAHOI JIFOACHKOI0 IHBLTI3aII€0. ToMy apXiBHI
Ta My3eWHI Kojekuii nmoBuHHI Oytu oumdposani. [lo-apyre, dpasza «BigBinatu
Miciie» HaOyBae JIEIIo 1HIIOTO 3HA4YEHHS B JaHy iHpopMailiiiHy enoxy. HasBHicTh
BiaieHNX 1H(OpMAIIHHUX pecypciB  3MEHINyE KUIBKICTh Oap’epiB s
BIpTyaJbHUX BIABIIWH KOHKpETHOI Jokamii. lle ¢akTu4HO CTBOpIOE HOBI

OpeleaeHT Ta cutryamii st my3eiB. [lo-Tpere, KynbTypHUH CEKTOpP CYTTEBO
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MOCTPAXKIaB BiJ MaHASMIYHIX OOMEKEHb BIIPOJIOBK OCTaHHIX JACKITLKOX pOKiB. Lle
B CBOIO uepry (opmye roctpy motpedy y BipTyamizaiii My3eiB, 30KpeMa HaBiTb

TaKuX, sIKl pO3paxoBaHi Ha MICIIEBY ayqUTOPIIO.

1.2 3D-mopaei, AR-KOHTEHT Ta T€XHOJIOTii I0MOBHEHOI peajibHOCTI

3aBASKH PO3BUTKY 1HPOPMAIIHHUX Ta KOMYHIKAIIMHUX TEXHOJOTIH 3pocTae
KUIBKICTh JIIOJICH, 30KpeMa MOJIOJUX, SIKI aKTUBHO BHUKOPHUCTOBYIOTH MOOLIBHI
KOMYHIKAI[Ii{HI TPHUCTPOI YM NEPCOHAJIbHI KOMIT IOTEpU ISl TPHUILIBUALICHHS
MPOIIECIB MOITYKY 1H(OpMaIllii He JUIIE 3 03HAOMUOI0 METOI0, aJie 1 /1JIsi HAaBYaHHS
Ta nmpodeciiiHoi MIsIIbHOCTI. B 1IbOMY KOHTEKCTI 3poCTae ajganTaliiHui MOTeHIIal
TPAAUIIMHUX BUCTABKOBUX MAaWJIaHUMKIB Ta MY3€iB, 30KpeMa iX 3/JaTHICTh
TpaHchOpPMYBATUCS Y BIpTyalibHI €KCIO3UIIIIHI TTpocTopu. CydacH! KOMIT IOTEpHI
3D-texHonorii M03BOJISIOTH TMOKPAIIUTH 1H(QOpPMAIIHHY CKJIaJ0OBY MY3eHHUX
eKCIIO3MIIIM Ta iX 1HTepakTUBHICTh. [lepeBenennsa y undpoBuii popmar o0’ €KTIB
ICTOPUKO-KYJBTYPHOT ~CHAQIIIMHU, 30KpEeMa MHCTCIKMX TBOpPIB, apXiBHHUX
MaTepiaiiB, apXeoJOriYHUX 3HaxiJoK Ta apre(akTiB, MaMm’ ATHHUKIB, OyAiBeiab Ta
1ICTOpUYHUX JTaHAmadTIB, JOIIOMAra€ CUCTEMaTU3yBaTH, BIOPSIKYBATH Ta 30€perTu
BaXIMBY iHGopMmaitito [16], cipusie aganTariii BiBilyBayiB Ta iX OpIEHTYBaHHIO Ha
MICLIEBOCTI.

Texnosorii monoBHeHOi peanbHOCTI (AR) poO3MHPIOIOTH CHPUAHATTS
TPaIUIIMHOI peasibHOCTI. BOHM 103BOMISAIOTH 30araTUTH OTOYEHHS 3a JOTOMOTOIO
3MOJIEILOBAHOTO KOMIT FOTEPHUMH cUCTeMaMu 1H(GOpMaIiifHOro mapy, 0 MICTUTh
JIOIAaTKOBY Bi3yalbHy Ta 3BYKOBY iHdopmamito. I[lpu 1pomy B3aemois
KOpPHUCTYBauiB 13 3aco0aMu mojaHHs i1H(popmalli BiaOyBaeTbcad TakTUibHO. Ha
BiJIMiHY BiJ] BIpPTYaJIbHOI PEAIbHOCTI, SIKa 37€OUTBIIOT0 MOTPEeOye MOKYIKHA JOPOTUX
rapHiTyp s 3aHypeHHs, AR edeKkTMBHO BHKOPUCTOBYE 3aco0M MOOUTBHHMX
npuctpoiB. lle poObuth i EKOHOMIYHO NPUHHATHINIOW JJii KOPHUCTYBauiB,

PO3pOOHUKIB, MAPKETOJIOTB, MPAIiBHUKIB MY3€{HO1 Ta apXiBHOI ray3eil.
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[IpakTuno Oynab-akuil 00’ €KT 4u My3eiHuil apTedakT MOKHA ouuppyBaTU
Ta BIATBOPUTH 3 BUKOpUCTaHHIM AR-3acTocyHkiB. ABTOpH [17] HaromomyroTs, 1m0
BUKOPUCTAaHHS BIPTYaJIbHOTO IMOJ@aHHS MY3€HHUX EKCIIOHATIB Ma€ psJl MepeBar.
30kpemMa BOHO MOKE€ MICTUTH JWHAMIYHI 1HTEPAKTUBHI €JIEMEHTH Ta JI03BOJISE
OTpUMATH JOCTYIl JI0 PI3HOMAHITHHUX AacIeKkTiB apTedakTiB, sSKi B peaiabHIN
EKCIO3UIIT MOXYTh OyTH MPUXOBAaHUMHU ab0 HEAOCTYMHUMHU. 3arajibHOIO
npo0JIeMOI0 My3€iB € OOMEXEHHs JIOCTYIy BiABIAyBauiB /10 apTedakTiB yepes ix
KPUXKICTh, YHIKQJIBHICTh 200 BIJICYTHICThH (PI3UYHOTO MPOCTOPY JIJISl EKCIIOHYBaHHSI.
Hocnigauku [18] mponoHy0Ts Ha OCHOBI IOTIOBHEHO1 peajbHOCTI CTBOPIOBATH IS
KOPHUCTYBa4dilB HOBI MOJIMBOCTI HAa OCHOBI IMPUPOJHOI B3a€EMO/Ili. 30KpeEMa PyXH,
KECTH Ta MOBA JI03BOJISIIOTH ONEPYBATU LU(POBUM KOHTEHTOM, CTBOPEHUM IS
(GI3UYHO HEJOCTYITHUX BUCTAaBKOBUX 3pa3kiB. st (opMyBaHHS «KYJIbTYpHHUX
nBifiHuKiBY» [19] HalmeKHOI MOBHOTH Ta CKIIAJHOCTI 3a JOMOMOTOI0 TEXHOJIOTIH
ol(ppyBaHHs PO3POOHUKH TOBUHHI YITKO YCBIJIOMITIOBATH, SIK KOPUCTYBaydl Oy 1y Th
B3a€EMOJIIATH 3 1HTEpPeiicamu Ta iHpopmaniiHuMu cuctemamu. [Ipu npoexkTyBaHH1
Ta po3pobsieHHI AR-3aCTOCYHKIB BaXIMBUM €TarioM € BHUOIp ONTHUMAaIbHOI
KOMO1Halii 3aco0iB MOAAaHHS BIAMOBIIHOT LHUQPPOBOI 1HPOpPMALD KOPUCTYBAUaM.
Boanouac, 11t He3aJIeKHOTO CIPUUHATTS, 1HPOPMAIIIMHII BMICT Ma€ BIAMOBIIATH
1HTEepecaM Ta 3amuTaM KopucTyBauiB. Tomy edeKkTuBHE BpaxyBaHHS KPUTEPIiB
3py4YHOCTI BUKOpUCTaHHSI AR-3aCTOCYHKIB € OJHI€I0 3 0a30BUX 3ajad, B MPOIECI
po3pooku [20].

EnemeHTH n0OMOBHEHOT pealbHOCTI 3a0€3MeuyloTh MOKPALIEHHS Opi€HTallli
BIJIBIIyBauiB y My3€HHOMY CEPEIOBHILI Ta 1HILIIOIOTh €PEKT 3aHYPEHHS B OKPEMY
JIOKAIII0 YU 1CTOPUKO-KYJIBTYPHY raly3b 3HaHb. BogHOYac KopHUCcTyBay NOBHIILIE Ta
IHTEpaKTUBHIIIE cipuiiMae iHpopmailito. AR-eneMeHTH MOXKYTh HaAaTH JOJaTKOBY
KOHTEKCTHY 1H(hOpMaIlito Ta 3a0€3NeYUTH PeasliCTUYHIITY B3aEMO/IIF0 KOPUCTYBaYiB
3 BIpTyallbHUM KOHTEHTOM, 3D-MojensiMu, aHIMAIli€ro, JOJATKOBHM 3BYKOBUM
CYNpPOBOJIOM Ta PO3MINICHUMH MOBEpPX OO €KTIB PEAJbHOIO CBITY TEKCTOBHUMHU

a”orarismMu. B [3] BigzHaueHo, 1110 MOO1ITbHI 3aCTOCYHKH 3 €JIeMEHTaMH JIOTIOBHEHOT
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pealbHOCTI MAalOTh 3HAYHMUN TOTEHI[an s KOPEKTHOTO 300py MeTajaHuX
kopuctyBauiB. OpepkaHy iH(OpMaIlil0 MOXXHA BHKOPUCTATH ISl aJalTUBHOTO
KepyBaHHS 3aCTOCYHKaMH, po3lKpeHHs nepeniky ta ¢ynkmin AR-mocayr. 1le, B
CBOIO YEpry, [O3BOJUTH PO3MIUPUTH HABYAIBHI MOMJIHMBOCTI 3aCTOCYHKIB
JIOTIOBHUBIIN OO0 ’€KTH PEalbHOTO CBITY BIOCKOHAJCHHUMH BipTYaJIbHHUMH
CyTHOCTSIMU. 30Kpema, AR-cumymsmii 3 mMoaensMu Ta epeKkTaMu 1HTEPaKTUBHOT
B3a€MOJII JTO3BOJISIIOTH 1HTYITUBHO, 3pO3yMiJO Ta BHYEPIHO BimoOpaxatu
abctpakTHi 1HQoOpMaliiiHi cyTHOCTI. [Ipy 1IbOMY y KOpHUCTYBayiB MOCHIIIOETHCS
BITUYTTS 3aHYPCHHS B TIPEIMETHY 00JacTh. Y [21] mpoaeMOHCTpOBaHO MOKpaIIeHi
pe3ynbTaTH HaBUYAHHS Ta OCBOEHHS MaTepialy TECTOBOIO T'PYIOI0 KOPHUCTYBadyiB.
ToMy [OUITBHO aKTUBHINIE 3alpOBA/KyBaTH  1H(POPMAIIHHO-TEXHOJIOT1UHI

3aCTOCYHKH JUIsl peaKTHBALli KyJIbTYpHOI CHaAIIUHU.

1.3 AR Ta M0OOiJIbHI 32CTOCYHKH

Astop [22] Bim3Hauae, 110 IHHOBAIIHI MPOrpaMHi 3aCO0M 3 €JIEMEHTaMH
JIOMOBHEHOI PeaIbHOCTI CTAIOTh JOCTYIIHIII Ta TEXHOJIOTIYHO AocKoHamimi. [IpoTe
Ha naHuii yac AR-3acTocyHKHM OOMEKEHO MOUIMPEHHI B My3€iHii crpaBi. Bonu
MOXYTh aKTHBHIIIE BHUKOPUCTOBYBATHUCS, 30KpeMa JJIsl JOTOBHEHHS 1CHYIOUHX
ekcno3uiii. OJHIEI0 3 NOPUYMH I[BOTO € OOMEXEHHS HaBUYOK PO3POOKH
MIPOrpaMHUX 3aCO01B B raly31 My3eHHOT IOMOBHEHOT peaibHOCTI. TOMY TOCITITHUKH
[23] mpomoHyrOTH akTHBHIIIE 3ampoBa/PKyBaTH iHHOBalidHI AR-enemeHTH Yy
BHUCTaBKOBY JisUIbHICTb. Lle cipustuMe popMyBaHHIO B KOPUCTYBauiB MO3UTUBHUX
BpaXEHb BiJl BHCTABOK, CTBOPEHHIO IIaM STHOTO €MOIIIMHOTO (OHY BiX
HEBUMYIICHOT TMi3HABaJbHOI Ta HABYAJbHOI JISJIBHOCTI, BJIOCKOHAJICHHIO
KOMYHIKaTHBHUX 3B’SI3KIB 3 €JIEMEHTAMU C€KCIIO3MINI Ta MOKpAIIEeHHS HaBirarii y
BHUCTAaBKOBUX 3ajax.

ABtopu [24] peKOMEHAYIOTH IpPH PO3POOII CIEIiaTi30BaHuX MY3CHHUX

3aCTOCYHKIB ()OpMyBaTH UITKE YCBIIOMJIEHHS TOTO, SIK BUKOpucCTaHHS AR-
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€JIEMEHTIB JI03BOJIMTH 30araTuTé [OCBIA KOPUCTYBaudiB-BiABIAYBayiB MY3€I0
HOBUMH 3HAHHSM, BIJUYTTSIMH Ta BpaXXeHHSAMHU. JluM3ailHEpCBhKI pIIIEHHS TNpU
BijoOpakeHHI AR-eneMeHTIB JOIIbHO (OPMYyBaTH Ha OCHOBI CIIPUMHATTS
MOOITBHOTO TPHUCTPOIO SIK CBOEPITHOTO MOPTANy y BIPTyalbHHM 1HTEPAKTUBHUI
HAyKOBO-KYJIbTYpHUI npocTip. [Ipy 1bOMy aKTUBHI pyXyd MOOUIBHUM HPUCTPOEM Y
BCIX IUIOLIMHAX TIOBMHHI 3MIHIOBATH MIPOCTOPOBY TO3UIII0 3MOJEIbOBAHUX
CyTHOCTE#H Ta MapkepiB. Bogrouac notpidHo [25]:

— 3a0e3neuyntd KOMGOPTHE CHPUMHATTS 1H(MOPMAIIHHOTO HAIMOBHEHHS
KOPHCTYBa4eM;

— chopMyBaTH I1HTYITUBHO 3pO3yMUIl IHCTPYKLII MI0J0 pPoOOOTH 13
3aCTOCYHKOM;

— MIHIMI3yBaTH BBEJECHHS J1I0JaTKOBOI 1H(OpMAIlii.

OcCKUIbKH BIJIBIIyBaY MOKE B3a€MOJIISITH 3 €KCIIO3UIIIEID CaMOCTIHHO a0 y
CKJIaJll €KCKYPCIMHOI TpyMH, TO HEOOX1THO TIepea0aynuTH Pi3HI TPAEKTOPIl Ta PiBHI
BUKOPUCTAaHHSA 1H(QOPMALIIITHOTO HAMOBHEHHS MOOUIBHOIO 3acTOCyHKy AR-
enemeHTamu. Jjis yOe3nedyeHHs KOPUCTYBadiB, IO B3aEMOJIIOTH 3 €JIeMEHTaMU
JIOTTOBHEHOI PeaibHOCTI, CI1]] 3a0€3MeYUTH CTBOPEHHS CHEIlaIbHUX YMOB. 30KpeMa
nepea0avyuTH MOKIIUBICTE OOMEXKEHHS IPOCTOPY Yepe3 aKTHBHI PyXHU KIHIIBKAMHU,
MOTIEPE/IKEHHS TIPO MOKJIUBICTh 3ITKHEHHS 3 IHIIMMU BiJBiayBauamu. [HTEpdeiic
My3€HHOr0 MOOUIBHOTO 3aCTOCYHKY MOBHUHEH MaTH MIHIMAJTICTUYHHMA JU3aiiH Ta
OyTH IHTYITHBHO 3po3yMianmM [24]. J{ns no3HayeHHsS (YHKIIOHAIBHUX €JIEMEHTIB
JIOLIIBHO BUKOPHUCTOBYBAaTU MIKTOrpaMu. Pobouy 30HY aucmiiel0 MOOUIbHOTO
IPUCTPOIO CJIIJT MAKCUMAJIbHO BUKOPUCTATH sl BigoOpaxeHHs AR-KOHTEHTY 3
BHUCOKOIO PO3JIUTEHOIO 3JJaTHICTIO Ta YaCTOTOIO OHOBJICHHS 300pakeHHs. OCKUIBKU
MEPEXTIHHS CIPUYUHHUTH TIEPEBaHTAKCHHS 30pOBOTO aHAli3aTopa JIIOJUHU Ta, SIK
HACIOK, 3amamopodeHHs. [lepeBakHa OUIBIIICTE KOPUCTYBa4iB MOOUIBHHUX
MPUCTPOIB 3HAIOTH, SIK HATHCKATH, TEPETATYBATH Ta MPOBOIUTH MAJIBIIEM II0
MOOUTLHUX 1H(POPMAIIHHUX efleMeHTaX. ToMy JOIUIBHO BUKOPUCTATH 111 11a0JIOHU

B3a€MOJIII B KOPHUCTYBalbKOMY 1HTep(eici My3eHHUX MOOUIbHHX 3aCTOCYHKIB 3
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eJIeMEHTaMHU JIOMOBHEHOI peanpHOCTI. B poboti [26] pekoMeHAyeThCs
BUKOPHUCTAHHS ayAlOCyNpOBONY, 3BYKOBUX €(EKTIB B3a€MOJii 3 BipTyaJbHUM
OTOYEHHSIM, (DOHOBOI MY3UKH TOIIO. AJKE BCE CHpUsiE€ MOMIHOJIECHHIO epeKTy
3aHYpPEHHS.

Mo061bHI MPUCTPOT MOXKYTH BJIaJIO JOTIOBHUTH MPOIIEC BiJBIYBaHHS MY3€HO
JIOAATKOBUM aJanToBaHuM iHopmMaliiiauM BmictoM [27]. Tlpu 11boMy MO’KHa
MIJBUIUTH PIBEHb B3a€MOJii MDK BiJBIAyBa4aMH Ta €KCIOHaTamu. BomHodac
cMapTPOHU TOBUHHI OMIOMAraTy BiiBlyBauaM BUBYATU MYy3€HHY €KCIIO3UIIiIO, aJie
HE NEpeTsAryBaTh yBary Ha B3a€EMOJIII0 3 BMICTOM 3acCTOCYHKY. Bukopucrana
MOOUIBHMM 3aCTOCYHKOM 1H(QOpMaliifHa CHUCTEMa I[IOBUHHA aKyMYJIOBaTH
BIJIOMOCTI PO MY3€lHI €KCIOHATH Ta (JOPMYBATH 3B’SI3KM MK ITUMU CYTHOCTSIMHU
Ta BIpTyaJlbHUMU eneMeHTaMu. Ha nanuii yac po3poOka MOOUIBHOTO 3aCTOCYHKY
HEBEJIMKOT0 MY3€10 € HETPUBIAJIBHOIO 337aU€t0, OCKIJIbKU HOTr0 MOKHA PO3IJIsSAaTu
aK  1HTepdeiic  pa3oBOr0  BUKOPHUCTAHHS, SKUM  KOpPUCTyBadl  OyayTh
TIOCJTYTOBYBATHCS BIPOJIOBK HEBEIMKOTO Tiepiony 4yacy [28]. Tomy, sik 3a3HaueHO y
[29], B Mekax KyabTYpHO-OCBITHBOI MapaMrMH My3EHHHIH 3aCTOCYHOK Mae OyTH
IHTYiTUBHO 3pO3yMUIMM Ta BI3yaJbHO CHPUNHATHUM. BaxinBo, mo0O BiH He
BUKJIMKAB €MOIIIHOr0 Ta (DI3WYHOr0 MEepeBaHTAXKEHHS B MPOIEC] BUKOPHUCTAHHS.
Tomy aynioBi3yaabHUM KOHTEHT ITOBUHEH BIJTBOPIOBATUCS BIIPOJIOBK HEBEITHUKHX
IPOMDKKIB yacy. AHIMOBaHI AR-eneMeHTH cniJi BUKOPUCTOBYBATH st

NPUBEPHEHHS YBark abo 4iTKOTro iHCTPYKTYyBaHHS KOpHcTyBauiB [21].

1.4 Cuenapii cympoBoay kopuctyBadiB HuGpOBHX MYy3eilHMX Ta

BHCTABKOBHUX €KCIO3HIIIH

Bnpoaosx ocTaHHROro 4acy 3pocTae morpeda y peamizaiiii MOTSHIIHUX
BaplaHTIB BUKOPUCTaHHS (CIeHapiiB) 1 KOHTEKCTIB, y SKHX MOXHa
BUKOPHCTOBYBATH €JIEMEHTH JIOTIOBHEHOI peanbHOCTI. Lle BinOyBaeThes Tomy, 110

BQXJIMBO OILIHUTU Ta Y3TOJWUTH TOYATKOBI KOHIIEMLI MOCIYT 3 MOTEHLIMHUMU
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kopuctyBauamu. Jlocmigauku [30] BCTaHOBWIM, [0 PiBeHb I1HPOPMAIIHHO-
TEXHOJOTIYHOT TPaMOTHOCTI KOPUCTYBauiB CYTTEBO BIUIMBAE Ha 3arajibHe
COpUMHATTS cueHapiiB. OcoOnuBYy yBary ciifi NPUAUIATH OIHII CIIEHApIiB
JIOTIOBHEHOI pealbHOCTI Ha paHHIX cTafjisx (opMyBaHHsS, OCOOJIMBO O TOTO, SIK
OyIoyTh JOKJIaJieHI OyAb-siKi 3yCHJUIA JJIA BIPOBAKEHHSI MOCIYT, a TaKOX JUIs
BU3HAYCHHS TMOTEHIIMHUX BUMAJKIB BUKOPUCTAHHS MPOTOTHUIIIB 3aCTOCYHKIB 3
€JIEMEHTAaMH JIOTIOBHEHOI PEaJbHOCTI Ta PO3YMIHHS iX 3arajibHO1 LIIHHOCTI MAJist
KOPHUCTYBaYiB.

3ajaya TMPOEKTYBaHHSA OpIEHTOBAHMX Ha KOPHUCTyBada CIEHapiiB IS
M(POBOro My3€10 BUPIIIYETHCS 3 BAKOPUCTAHHSAM METOJly aHaii3y iepapxii. [lpu
[bOMY JIOLIIBHO PO3TISAaTH MOTHBALIIIO BiJIBIIyBayiB Ta XapaKTepHI 0COOIUBOCTI
XR-texnomoriii. g 1mudpoBux My3€iB JOLUIBHO (OPMyBaTH CIEHApIiB,
OpIEHTOBAHUX HA PI3HI TUIH B1AB1yBayiB.

J71st po3po0OKM ONTUMANILHUX CIIEHAPIiB B3a€MOIi1 BIJBITyBaya 3 My3eHHUMHU
Ta BUCTaBKOBUMH ekcro3uilissiMmu [31]. KpiM BHCTaBKOBHX JIOKAIlii UM €JICMEHTIB
u(POBUX MY3€iB ICHYIOTh aJbTePHATUBHI (HOPMU B3aEMO/I1i, 30KpeMa:

— BI3YyaJIbHI;

— CIIyXOBI;

— aKTHBHI;

— TaCHBHI,

— 2D;

- 3D;

— 3aHypeHi;

— JIOIIOBHEHI,

— 1HJUBIAYyaJIbHI;

— KOJICKTUBHI TOIIIO.

VY [32] momano neTanbHMI aHa3 CIICHAPIIB /IS CEPEIOBHII 3 €JICMEHTAMH
posmmpeHoi peanbsHocTi (XR) y pisHUX cekTopax KOHTHHYYMy Minrpama. Ix MosxkHa

BUKOPUCTATH ISl BU3HAUEHHS anbrepHatuB aiist AHP.
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HaiiBanuBimMMuy 1 O4€BUTHUMHU MOTHUBAMU JUIS BIIBIYBaHHSI BUCTaBOK €
IIKaBICTh 1 OCBITHI MOTpeOH. J{n3aiiH BUCTaBOK, BHOIp €KCIIOHATIB 1 OCTIAOBHICTh
iX MoKa3y MOBHUHHI OyTH CHIPSIMOBaHI Ha iX MIATPUMKY. BTOpUHHUMU MOTHBaMU €
CHIBIpALS Ta Y3TOJKEHICTh. 3arajoM JOCTYMHO OifbIlle KPUTEPiiB MOTHUBAIL], SIK1
CJIi] BpaXOBYBaTH IIPH PO3POOILIl CIICHAPIiB.

B mporeci nopiBusiHus cueHapiiB [33], Oysio BUSABICHO IO HANI[IHHIIIAMU
MoOimsHUME AR-cepBicamu Oyiu Ti, Kl JEMOHCTPYBAJIU MparMaTuyHy KOPUCHICTh
JUIsl KopucTyBada. Hampukiaza, 3aomapkyBaid 4ac, (i3udHi Ta 1HTEJIEKTyalbHI
3ycusuis. 1{e akTyallbHO MpH OIlIHIII OKPEMUX CII€HapliB Ta 3araibHii ominii AR-
3acTOCYHKIB. BcTaHoBNeHO, 1m0 AR-eneMeHTH mponoHyoTh KOPUCTyBayaM OaraTy
Ta KOHTEKCTHO peJieBaHTHY 1H(OopMaIlito. Xoua TEXHOJOT1s T0MOBHEHOT peaibHOCTI
(AR) akTMBHO BUKOPHUCTOBYETHCS B MIMPOKOMY TEPETIKY Taly3ed 3HaHb, 30KpeMa
Irpax Ta J03BULII, BOHA 3aJMIIAETHCS JOCUTh OOMEXKEHOI TpH IUdpoBi3allii
1ICTOpUYHOT Ta KyNnbTypHOi cnaamuau. CtaTTs [34] miIKpecitoe KOHLENTYalIbHY
BaXMBICTh AR enemeHTIB iH(popMmaliiiHOTro cepenoBuina My3eiB. OcoOaMBoO, KOJIU
B OJHOMY 3aCTOCYHKY MO€IHYIOThCS AR-eneMeHTH 3 TexHikaMu renmidikariii.
[loeqHaHHsST €IEeMEHTIB JOMOBHEHOI pealibHOCTI Ta TeiMidikaiii € 3acobom
3aJTy4eHHsI Ta 3a0X0UYEHHS BiJBITyBaviB. 30Kpema, BIAIMPABHOO TOYKO HABYAbHOT
rpu MOXe OyTH KOHKpETHA My3€ifHa Jiokailisi. BayxuBuM eneMeHToM Teimidikarii
My3€HHHUX 3aCTOCYHKIB € MOXJIMBICTh MyOJiKallii cBOi JOCATHEHb B I'pl Ha BeO-
caiitax abo B comiaJibHUX Mepexax. lle m03BoiauTh KopucTyBadyaM OTpPUMATH
MO3UTUBHUI JOCBI B Ipolieci BUBYEHHS icTopii. B poboTi [35] 3ampornonoBaHo
BUKOPHUCTAHHSA JOJIATKOBUX IIPOBUX Ta OCBITHIX €JIEMEHTIB B 0a30Biii AR-nporpami
JUISL TIOKpAILEHHS JTOCBIAY BiABIAYBauyiB My3€l0, 3400yTOr0 MpU O3HAMOMIICHHI 3
exkcro3uiisiMu. JIOCBIJT BUKOPHUCTaHHS €JIEMEHTIB JOMOBHEHOI pPEajlbHOCTI B
My3eHHOMY CEPEIOBHUIII MOXKE JOOpE BIAMOBIAATH HABKOJUIITHHOMY CEPEIOBHIILY
KOPHUCTYBauiB, iX (Pi3WYHUM 3MI0HOCTSIM 1 CHOPHUUHATTIO, @ TaKOX MPOCTOPOBIN
Opi€HTAIlii, MOJIOKEHHIO Ta MepeMillIeHHI0 KoprucTyBadiB B 3D-nipoctopi. BonHouac

AR-mocnyrn MOXHa HaJaBaTH 3 MIHIMAIBHUMH BIIBOJIKAHHAM Ta (i3MUHUMU
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sycuuiiMu.  AR-TtexHomorii € JocTaTtHhO COPMOBAHUMHM, I AKTUBHOTO
MY3€HHOTO BUKOPUCTaHHS, @ KOPUCTYyBadl TOTOBI CKOPUCTATHUCS 1HTEPAKTUBHUMU
My3eHHUMH BpaXeHHSIMH, 00 MaKCUMI3yBaTH pIBEHb 3aJ0BOJICHHS CBOIX
iHbOopMaIIHHUX TOTPEO Ta MOKPALTUTH PE3yJIbTaTH HABYAHHS.

Cratts [36] MICTUTB OIMKMC METOIOJIONII, [0 MOEAHYE TOIMOBHEHY PEaIbHICTh
(AR) 13 ceMaHTHYHUMM TEXHIKAMHU JUIi CTBOPEHHsI IOB’SA3aHUX 13 MY3€HHUMU
excro3uilisiMu 1ugpoBux ictopid. Ha Bimminy Bia Tpaauminux miaxoniB, AR-
CYTHOCTI JIOMOBHIOIOTH €JIEMEHTH PEalbHOro CBITY. 30KpeMa, BMICT MY3€HHOI
€KCIIO3MIIll, JOMOBHIOETHCA JOJATKOBHUMH  1H(POPMALIMHUMU  CYTHOCTSIMHU.
3a3HadueHe JOCIHIHKEHHS TPYHTYEThCSI Ha TEOpli KyJIbTYPHOTO MOCEPEIHUIITBA Ta
0a3yeTbcsi Ha HA0OpP1 OHTOJOTIH, CIPSIMOBAHHUX HA MOJIEITIOBAHHS KYJIbTYPHHX
pecypciB  Ta ¢opmanizoBaHOMY ONHUCI iX  BIJHOIIEHb 13  30BHIIIHIMHU
MyJIbTUMENIMHUMU 00’ekTamu  Ta pecypcamu. [lo6 3abe3meuntu npocTi
IHCTPYMEHTH JUJIsi CTBOPEHHS MY3€MHMX HapaTHBIB, BHUKOPHUCTAHO HaOip
dbopmaizoBaHuX Yepe3 MpaBuiia BUBEACHHS MPAKTUYHUX 3aX0/l1B. AHaAJI3 SIKICHUX
XapaKTePUCTHK BiIMIHHOCTEH CIOXKETHHX Ta IFPOBUX 3aCTOCYHKIB [37] 1eMOHCTpYE,
IO MTITKA OiIbINe IIHYIOTHh TeiMidikamiro, a He HapatuBu. Omnwmcani B [38]
pPe3yAbTAaTH CHUIBHOTO 3 MiUIITKAMH IPOCKTYBAaHHS CB1IYaTh, IO MOJOJI JIFOIH
OuIbIlIe MIHYIOTHh ITPU Ta 1CTOPIi, KOJU PO3IIIANAIOTH I[IKaBl MYy3€HHI €KCKYpCIi.
3riguo 3 [39], miaIiTKH MPOAYMYIOTh Oarato HOBUX 1JI€H MO0 TOTO, K OW BOHU
BOJITM B3a€EMOJIISATH 3 MYy3€5MH, 1 0XOU€ AUIATHCS HUMHU, KOJU MatoTh Haroxay. [1o
CyTi, JOCIIDKCHHS MIAKPECTIOE€, HACKUIBKM MIUIITKA I[IHYIOTh TEXHOJOr1i Ta
B3aEMOJIIIO.

Y crarri [40] 3anpomoHOBaHO IHHOBAIIHY KOHIICIIIIO aJalTHBHOT
noroBHeHoi peanbHocTi (Adaptive Augmented Reality — A2R) mist cTBopeHHs
my3eiiHux AR-Ti1iB. 30kpema, 3alporoHOBAaHO Bi3yallbHI Ta aKyCTHYHI IHHOBAIIHHI
nomoBHeHHS. BogHouac 3a momomororo (i3ioJoriyHUX JaBadiB BiJCTEXKYETHCS
iHTepec BifBiayBauya. MyJbTUMEIIHHUN BMICT, III0 TIEpeAacThes Ha po3opuit AR-

JUCIIJICH BiABiAyBada, 3 SKUM MOXHA B3a€EMOJIISTH 32 JOIIOMOTOIO KECTIB, MOKHA
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OTIEpAaTMBHO aJanTyBaTH BIAMOBIMHO A0 Mdik Ta iHTepeciB. JlocmimkeHHs
3ocepemkeHo Ha (GopmyBaHHI MibKaucHumutriHapuoi “UC wmertomonorii”, ms
BUSIBJICHHS Ta aHaJli3y MOTHBAIlIA Ta MOTpeO (paxiBIliB i3 30€peKEHHS KYIbTYpPHOI
CHaIIINHH.

[Tormupenoro mpoOIeMor0 My3€iB € OOMEXKEHMM JOCTYI BiABITyBayiB JI0
apTedakTiB yepe3 IXHIO KPUXKICTh, YHIKAJIBHICTh a00 BIJACYTHICTH (PI3MYHOTO
npocTopy Uil neMoHcTpalii. Jlo ekcroHariB, 3a3BUYail, 103BOJIAE€THCA TOPKATUCS
JIMIIe B KpaitHbOMY BUTIaKy. ABTOpH [18] moenHanu MeTou IPUPOAHOT B3aEMOIIT
Ta JOMOBHEHOI pEeaJbHOCTI B My3€i KYJIbTYpHOI CHAIUIMHU, II00 MOJ0JIaTH
3a3Ha4eHl MpoOJIEeMU JOCTYHNHOCTI Ta BIJICYTHOCTI B3a€EMOJIl 3 My3€HHUMU
aptedaktamu. [{nsa 3abe3neueHHs 1HHOBALIMHOTO MIAXOAy 10 B3aemomaii 3 3D-
KOIMISIMU OyJI0O BUKOPHUCTAHO T'OTOBI LU(PPOBI KOMIIOHEHTH MY3€HHUX MPEAMETIB.
KopuctyBaui MOXyTh €(heKTUBHO B3a€MOJIISITH 3 IU(PPOBUM BMICTOM Y BIPTYaIbHIN
imiTamii izuyHoro cepenosuina. OnucaHo, MPOAHANII30BAHO Ta MPOTECTOBAHO
OPUPOAHY CHUCTEMY B3aeMOJIi 3 BIpTyadbHUMHU AR-00’€KTaMu KyJIbTypHOI
cnaamunan. [HpopmartiiiHa cuctema Oyna CTBOpeHa 3 BHUKOPUCTAaHHSM TOTOBUX

KOMITIOHEHTIB Ta BIJHOCHO HEAOPOTMX TEXHOJIOTIM.

1.5 KyabTypHa cnagmuna IBana Ilyaros

IBan Ilymroii, ypomkernens TepHOMUIBIIMHNA, BUJATHUN YKpaTHCHKUN (Di3UK,
HAJIC)KHUTH JI0 KOTOPTH THX CJIABETHUX HAayKOBIB [41], [3] siki 3amumiiim mo cobi
OOIIMpHUM TepemiK apxiBHUX MaTepiadiB. O3HaWOMIIGHHS 3 TEXHIYHUMHU
OCOOJIMBOCTSIMM ~ BUHAXOIB, HAyKOBUMH TMpalsSIMHU, [EPEKIaJalbKOI0 Ta
MyOJIIIUCTAUYHOIO JISUTBHICTIO HAIIOTO0 BUIATHOTO 3eMJIsIKa JOTENEp Ma€e 3HAUYHY
Mi3HaBaJIbHY LIHHICTh. [IpyuomMy He nuine A HAyKOBOi CHUIBHOTH, aje Ml s
NEepeCciyHUX IPOMAJISIH, 0OCOOJIMBO YUHIB Ta CTY/ACHTIB.

JIOLIIBHO BIA3HAYMTH, 110 IOCTaTh LOTO TAJTAHOBUTOIO BUEHOT'O BUKIIMKAE

3HayHUU iHTepec, [42], ockinpku IBam Ilymroit 3aBAsiku, pPiI3HOMAHITHOCTI
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3alliKaBJIEHb 1 BUCOKOMY PIBHEBI JOCATHEHb y PI3HUX Cepax AiSUTbHOCTI MPOSBUB
cebe K (PI3UK Ta €NEKTPOTEXHIK, EIEKTPOCHEPTETHK, KOHCTPYKTOP 1 BUHAX1THUK,
HeTepeCciuHni opraHizaTop B cepl HayKH 1 OCBITH, niepekaaad biomii, cripaBxHii
ykpaiHcbkoi matpioT. [lpami BueHoro 3 (i3UKM CHOPHSUIA  YTBEPAKEHHIO
aTOMICTUYHOI Teopli Oy/I0BU PEUOBUHH, CTATHU MIATPYHTSAM BIIKPUTTS X-TIPOMEHIB
Ta €JIEKTPOHA, CIPUSUIM CTAaHOBJIECHHIO X-TIPOMEHENIOTIi K HayKH, il aKTHBHOMY
3acTocyBaHHIO y MmeauiiHi [43]. HaykoBi rimoresu mo1o0 MexaHi3My BUHUKHEHHS
# mpupoau KaTOIHUX Ta X-IIPOMEHIB JIMIIE 3apa3 IMOYUHAIOTh OLIHIOBATHUCA
HaJeKHUM YHMHOM, 30Kkpema, mpo [. Ilymrost 3ragyerbcsa y (yHaaMeHTanmbHIN
moHorpadii  [54]. 3m00yTkm BYEHOrOo B Tally3i  CJICKTPOTEXHIKH  Ta
€JICKTPOCHEPIeTUKH OyJI0 BIJ3HAYEHO TOTOYAaCHUMHU HAWBUIIMMH YpPSIOBUMHU
Haroponamu. BuHaxoau 3amaTeHTOBAaHO y OaraTboX €BpOINEHCHKUX KpaiHax, a
TEOPETUYHI Tpalll 3 EJEKTPOJUHAMIKH 3MIHHUX CTPYMIB CTaid (yHIAMEHTOM
OKPEMUX PO3/1IIB TEOPETUYHUX OCHOB EJIEKTPOTEXHIKH.

[npopmanis npo IBana Ilymros 30epiraeTbcsi B apXiBHUX Ta 010110T€UHUX
dboHmax, 30Kkpema:

— LleHTpaJIbHOTO JEP’KaBHOTO ICTOPUYHOTO apXiBy YKpainu y JIbBOBI.

— lleHTpaJIbHOTO JEPKABHOTO apXiBY BUIIMX OPraHiB BIaJH Ta YIPaBIIHHS

Ykpainu.

HauionansHoro my3sero y JIbBOBI.

— ApxiBy poaunu IlynioiB.

JIpBiBCBHKOI HayKoBO1 010m10TeKH M. B. Credanuka HAH VYkpainu.

HaykoBoi  0i0nmioTexku  Aep>KaBHOTO  yHIBepcUTETy  «JIbBIBChbKa
MOJTITEXHIKA.

— HanionansHoi 616;mioTekn Ykpainu iMm. B. Bepraacekoro.

— ApxiBy BigeHCbKOro yHIBEpPCUTETY TOLIO.

Ile 31e611pIIOTO BITOUTKA HAYKOBUX HIMEIIBKOMOBHHUX Ipallb BUCHOTO, 1X
MepeKIIaJiiB YKPAiHCHKOIO Ta aHMIMCBKOI MOBAaMH, HOTO MyOJIIIMCTHYHOI Ta

eMICTOJISIPHOT CHaAluHu, aBToOiorpadii, crmoragiB HWoro cydacHukiB. Orusn
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apxiBHUX MarepiayiiB BUeHOro momano B [45], [46], a Takox creriami3oBaHUX
MoHorpadisx Ta kaurax [18], [47], [48].

B [49] oxapakTepr3oBaHO 3MiCT MaTepialliB eKCIo3ullii My3eto IBana ITysros
B THTY, sixa po3ropHyTa Ha BOCbBMM CTEHIaX Ta cTonax. KoxeH 3 HuX, 3a BUHITKOM
MIEPIIIOTO 1 OCTAHHBOT'O, BUCBITIIIOE MEBHUN TIEP10 KUTTS a00 HAMPsIM AisTBHOCTI
BueHoro. [lepmmii ctena MicTuTh O1orpadiuny noBiaky. Ha apyromy BigoopakeHo
pokn HaB4YaHHS y TepHOMIbCHKIM TiMHA31i Ta BigeHCbKOMY YHIBEpPCHTETI.
Martepianu TpeThbOro CTEHAY BUCBITIIIOIOTH HAYKOBO-BHHAX1IHUIIBKY JISIBHICTH
BueHOro y Binencbkomy Ta CTpacOyp3bkoMmy yHiBepcuterax. IIpa3pkuil mepion
JKUTTSI BUEHOTO, IO MPUCBSYCHUN EJIEKTPOTEXHIIl Ta JISJILHOCTI Ha Mocaji
npodecopa y HiMenpkiil BUIIIIN TEXHIYHIN IIKOJI, MOJIAaHO HA YETBEPTOMY CTCH/II.
[I’siTuii cTeH MICTUTH 1HQOpPMALI0 MPO BIAKPUTTA X-MPOMEHIB, XPOHOJIOTTYHI
BijloMocTi ipo myouikaiii B. Pentrena Ta I. Ilymtos, mepin X-npoMeHeBi 3HIMKH 1
JIa€ TiJICTaBU CTBEP/KYBAaTH Mpo 3HAYHUM BHecok IBana Ilymiost y mociiikeHHs
PUPOAN, MEXaHI3My BHHHKHEHHS, BJIACTHBOCTEH 1 MEPCTIICKTHUBY 3aCTOCYBAHHS
KaTOJHMX TMpoMeHIB. JlisSUIbHICTP MO MPOCYBAaHHIO CTBOPEHHS YKPaiHCHKOTO
YHIBEPCUTETY, CycnuabHO-NoMTHYHI norisau [. Ilymrosd, 3okpema mono wmicus
VYkpainu B reonofiTHYHINA KOHIENI[i €Bpomnu, BiJoOpakeHl Ha IIOCTOMY CTEH]II.
CpoMuii CTeH1 TPUCBSIYCHUM A1STTBHOCTI CTOCOBHO YTBEPIPKEHHSI YKPATHCHKOI MOBH
B LIEpKOBHIM miTeparypi, cmiBnpani 3 I1. Kymimem Ta 1. Heuyii-JleBunibkum npu
nepeknaai biomii. Ha octanuboMy BoChMOMY CTeHI po3MimieHi doTtorpadii, mo
BHUCBITIIIOIOTH OCOOMCTE, POJIMHHE KUTTS BUYSHOTO.

Hocnigauku HaykoBoi crnaamuuaud IBana Ilymioss okpemMo BUIUISIOTH Yy
nisibHOCT! IBana Ilymios Garatuit Ha HaykoBi pe3ynbTatd mnepion 3 1884 p. mo
1918 p., sixi oneprxkaHi, 30KpeMa, 1y (pizuuniii Jadbopatopii B [Ipa3bkiii mosiTexHili
[50]. Came tam Ilymroi BiikpuB i0HI3aIlIiHY BIACTUBICTh HOBHX JUJISI TOTO Yacy X-
MIPOMEHIB T Yac 1X MPOXOJKEHHS 4Yepe3 PO3PIIKEHI Ta3w, MOCHIIIUB MiCIe iX

BUHUKHEHHSI Ta TMPOCTOPOBHM pPO3MOAiA. ApxiBHI CBITIMHU Jabopatopii IBaHa
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[Tynros, pgeTtanpHUN OMHUC HAYKOBOIO Ta JAEMOHCTPALIMHOTO OOJaJHAHHS

JI03BOJISIFOTH 3MIMCHUTH iX HanexHy 3D-pekoHcTpykiito [51].

1.6 BUCHOBOK /10 MepHIOro Po3aiTy

B nepmomy posnaini kBamidikaiiiiHoi poOOTH OCBITHBOTO piBHA «Marictp»
OMKCAaHO TEXHOJIOTIi JOMOBHEHOI peaJbHOCTI Ta 30€peKeHHS KyIbTYypHOI
cnaguuad. Posrmsayro 3D-mopmeni, AR-KOHTEHT Ta TEXHOJIOTil JOMOBHEHOT
peansHOCTI. [IpoanamnizoBano Temy AR Ta MOOUIBHHMX 3aCTOCYHKIB. JloCiiIKeHO
CIleHapli CymnpoBOJly KOPHUCTYBadiB HUMPOBUX MY3E€HHHX Ta BHUCTABKOBUX
excriosuiliil. [Togano onuc kynbTypHOi ciaamuuu [Bana [ymros.

VY miicyMKy ciij BiA3HAUUTH, IO BUKOPHCTAHHS 3aCO0IB PO3IIUPEHOI
peasbHOCTI (Yepe3 KOMIIOHEHTH BIpTyaJlbHOI Ta JOINOBHEHOI pealbHOCTEN)
JI03BOJISIE€ TIOKPAIIUTH MPOLECH PEKOHCTPYKIIIT Ta MOJaHHs €JIEMEHTIB KYJIbTYPHOI
cnaauHu. TakuMm YuHOM QopmaT HUPPOBOTO MY3€I0 TOBHHEH BHUCTYNATH
Cy4aCHHUM JIOTIOBHEHHSIM JI0 JIIOYHMX CTAaIllOHAPHUX BUCTABKOBUX MalJIaHYMKIB,
OCKUTBKM Ma€ psl CYTTEBUX JIOJaTKOBUX MOJXKJIMBOCTEH, 30KpeMa MIHPIILY
JIOCTYIHICTh, €JIEMEHTH 1HTEPAKTHBHOCTI BIPTyaJbHOI €KCITO3HMIIii, 34aTHICTh /0
aKTUBHOTO TMPOCYBaHHS TiJl Yac HAayKOBO-TIPOCBITHHUIILKUX 3aXOJiB, IO
nependayaroTh BHIi3AUM Ta MOOUIbHI BHUCTaBKM, Hampukiajg HaykoBl MiKHIKWH,
MOOUIBHI JIGKTOPIi TOIIIO.

3acTocyBaHHS TEXHOJIOT1H JOMOBHEHOI PEaNbHOCTI B MY3€HHUX MOOLIbHUX
3aCTOCYHKax pO3LIMPIOE MOKJIMBOCTI CHPUMHATTA BiJBiAyBauaMu 1H(popmarllii
eKCIMO3UIlIH, [103BOJISIE 3allyudTH KOPHUCTYBadiB JO aKTUBHOI B3aeMoAll 3
BIpTyaJIbHUMH enemMeHTaMu. Ilpu 1pomy GopmyeTbes He3a0yTHIM  JOCBIL
3aHYPEHHS Y JUBOBWKHUM CBIT HAYKOBHMX BIAKPUTTIB Ta KyJbTYpPHOI cHerudiku

KOHKPETHO1 1ICTOPUYHOT €TIOXH.
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2 IMITEMEHTAIIS CBITOBOT'O JIOCBIIY 3ANTPOBAIKEHHS

TEXHOJIOT'T JOMOBHEHOI PEAJILHOCTI JUISI 3BEPEKEHHS
KYJBTYPHOI CIAILLIAHUA

[IpoanainizyBaBIIM CBITOBHI JOCBI 3apOBAKEHHS TEXHOJIOT1H JJOMIOBHEHO1
peanabHOCTI i 30€peKEeHHS KYJIbTYPHOI CHAAIIMHUA 3pOOMMO BUCHOBOK, IO JJIS
MOKpAaIIeHHS 1HPOPMAIIITHUX Ta CEPBICHUX XapaKTEPUCTUK JOLULIBHO 3alPOBAIUTH
HOro eneMeHTH, 30Kpema

— IIpoBectu oundpyBaHHsa CKyabNTYp Ta nam’ ATHUKIB L.ILymror0.

— CrBopuTH 1IM(POBI KOMIi BUHAXO/I1B BYEHOTO.

— InrerpyBatun AR-eneMeHTH onudpoBaHuUX 00’€KTIB B HU(PPOBUN My3eil
L. ITymros.

[Ipyu upoMy mnOTPIOHO 3a0e3MeYUTH CTaje IOBTOPHE BHKOPUCTAHHS
nuppoBOro KOHTEHTy. [Ipu LbOMYy MAOLIIBHO CHPOEKTYBAaTH Ta MPAKTUYHO
peanizyBaTu 3pyYHH MOOUIBHHMI 3aCTOCYHOK, SIKMM MO>KHAa BHKOPHCTOBYBATH
CaMOCTIMHO abo ]l KePIBHUIITBOM MY3E€HHHUX MpaIliBHUKIB-€KCKYPCOBO/IIB, 00
J3HATHCS OUIbIlIe MPO KUTTS Ta TBOpUicTh IBaHa Ilymros. OkpemMHM acrnekToM
JIOCITIJIKEHb HAJIC)KHE BIATBOPEHHS TOTOYACHOTO ICTOPUYHOTO KOHTEKCTY Ha OCHOBI
apxiBaux (Gotorpadiii 3 EnexrponHoro ¢oumy IBana Ilymios. Bukopucranss
ay110OKOHTEHTY JIO3BOJIUTDH M IBUIIUTH IHTEPAKTUBHICTh CIIPUMHSATTA
netanizoBanux 3D Mopenell BHHaxo[iB Ta CKAHOBAaHUX OO0’€KTIB KyJIbTYpHOI

CHAIIINHU.

2.1 ®otorpammeTpist apT-00’€KTiB KYJLTYpPHOI cnaamuHu IBana

Ilyiron.

[Mporiec 300py maHux mas metoay ¢otorpammerpii (IuB. pucyHok 2.1)
IPYHTYBAaBCsI Ha:

— BHUKOpPHUCTaHHI Ha3eMHO1 poTorpammeTpii 3 6mu3bkoi Biactani (TCRP);
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— aepodorosiiomiii 3 6mu3bkoi BifcTadi (ACRP);

— 3D-MonentoBaHHI 3 BHUKOPUCTAaHHAM CIEIANi30BaHUX MPOrPaMHUX
3aco001B;

— pPO3MIIIIEHH] OTPUMAHUX MOJENeH, NPUAATHUX s IHTEPAKTHBHOTO
neperisiay, B cepnici Sketchfab.

Takum 4MHOM, SIK A1 HWKHBOI YACTHHU TaM STOK, TaK 1 Uil My3eHHOTO
iHTep €py HeoOXximaHi maHi Oynu oTpumani 3a jgomomororo Mmertonuku TCRP,
BUKOPUCTOBYIOUHM Kamepy cMapT@oHa 3 po3auIbHOI0 31atHicTio 12 + 5 MII, /2.0.
J51s 06160Ty BEpXHBOT YACTUHU MaM STOK 3a JOIIOMOTO0 O€3MMiJI0THOTO JITATFHOTO
anapary (BIIJIA) BukopuctoByBaBcsi DJI Ryze Tello 3 cencopom CMOS 1/2,3

nroiMa ta 5 M.

Pucynok 2.1 — CxeMaTnuHe NO3HAYEHHS CTPYKTYPH MPOIIECY OTPUMAHHS

(doTorpadiii 1Jisi CTBOPEHHSI TPUBUMIPHUX TEKCTYPOBAHUX MOJIENEH mam’ ITHUKIB

IIpu ctBOpenHi 3D wmoxeneld mnam’saTHUX CKyabnTyp IBana Ilymros
3aCTOCOBYBaBCcs (ororpammeTpudHuii Meton [52]. Bin 0azyeThcs Ha 00poOIIi

JEKUTBKOX COTeHb (POTO3HIMKIB, 3pOOJICHUX ITiJT PI3HUM KyTOM 30y 32 JIOIIOMOTOIO
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KaMepu y BHCOKIA PO3AUIbHIM 3JaTHOCTI, 3 YAaCTKOBUM TEPEKPUTTSIM 30H
300paxkenb. [Ipu pororpadyBanni 3M1HCHIOBATIOCS ACKITbKA KOJIOBUX MTPOXO/IB Ha
PI3HHX BHCOTaX BITHOCHO 00’€KTa CKaHYBaHHS, JIe TAKOK BUKOHYBAJIMCS JTOAATKOBI
3HIMKHA BaXXHBUX jAeTane. Ha ocHoBi chopmoBanoro Habopy dororpadiii 3
BUKOPHUCTAHHSM CIICIialli30BaHUX aJITOPUTMIB I€HEPYIOThCA IIUTbHA XMapa TOYOK,
KapTa TTUOMHU Ta CTPYKTypoBaHuMi Mmeml. lle TpuBHMipHa moJiroHajgbHa CiTKa,
CYKYITHICTh BEpIIUH, pebep Ta TrpaHeil, skl BU3HA4alOTh (hopMy OaraTorpaHHOTO
o0'ekta y koMi'toTepHiit 3D-rpadini. Ha HacTymHOMY eTani MoXI1Ba moctoopoodka

MO/IeJIl, 30KpeMa, TEKCTYPYBaHHS Ta €KCIOPTY Y 30BHIIIHI (POpMATH (IUB. pPUCYHOK

2.2).

__________________________ Reality Capture —» Winsta >
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Pucynox 2.2 — Ctpykrypa npotiecy ¢poTorpammeTpii apT-00’€KTiB aJist I(PPOBOTO

my3eto IBana [Tynros [53]

B nepeBaxHiit 611IIOCTI BUMAAKIB i1 POTOrpaMMeETpii OyI0 BUKOPHUCTaHE
nporpamue 3abe3nedeHHsi Reality Capture [54]. 1ls mporpama moxke 00poOsiTH
¢doromaTepianu HabaraTo WIBUAIIE BiJl KOHKYPEHTHHUX aHAJIOTIB Ta OINEpyBaTH
BEJIMKOI0 KUIBKICTIO 300pa)k€Hb Ha KOMII IOTEepl CTaHAapTHOi KoHpirypamii Lle
dbopMye MOMIMBOCTI JJI MEPEBIPKM JaHUX HA MICIl 3WOMKH Ta 3pYyYHO JUIs
ormrumizaiii nporecy dhopmyBaHHS Mojeni. ['Hydkuil 1HCTpyMEHTapii 103BOJISIE
OTEpPaTUBHO HAJAIITYBaTH SIKICTh 3T€HEPOBAHOI  MOJENI, 3IIMCHUTH 1l
3rIa/KyBaHHs Ta criporneHHs. lle BaxyimBo 11 omTumizaiii oOCATiB JaHUX Ta

MIBUAKO/IIi 3aCTOCYHKIB, B SIKI IMIOPTYBAaTUMEThC MOAeNb. BogHouac € cyrreBe
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OOMEKEeHHsSI — MPOAYKYBaHHS BHCOKOMOJITOHAJIBHOIO MEUIy MOXJIHMBE JIMIIE Ha
KOMIT FOTepi 3 Cy4acHOI0 AUCKpeTHOIO TpadiuHoro kapToro NVidia, sika miaTpumye
IporpaMHoO-anapaTHy apxiTekTypy mnapanenbuux obOuncienr CUDA. Reality
Capture € yMOBHO 6€3KOIITOBHOIO Ta Mae criennpiuHuii popMaT IIHOYTBOPEHHS 3a
chopmoBani mojeni. Oapa3y BUIBHO JOCTyITHa MaKCcUMaibHa (YHKIIOHAJIbHA
KoH(irypaiiisi nporpamMHOro komuiekcy. OJHAaK €KCHOPT TOTOBHX pe3yJbTaTiB
BifnOyBaeThess 3a npuniunom PPI (Pay-Per-Input) — texnosnorii 3 oruiatoro 3a
BBEJICHHSI, KOJIU OIIIHIOETHCS TUI Ta po3Mip 3aBaHTakeHMX (oTo3HIMKIB. Ilicns
npolecy JIUEH3YBaHHS BXIJIHI JaHI MOXXHAa BHUKOPUCTOBYBaTH IOBTOPHO 0e€3
nonatkoBoi omiatu. KopuctyBau mMoxe O€3KOIITOBHO OOpOOIsATH Oyab-sKl AaHi,
oTpuMaty iH(OpMaIliI0 MOA0 OIliHIOBaHHS BaptocTi 3D-moxeni. Ile mo3Boisie
ONTHUMI3yBaTH ()IHAHCOB1 BUTPATHU HA CTBOPEHHS 3aBEPLICHUX MOJEIEH.

B mporeci mpoBeneHHsI MOJBOBUX POOIT, OyJ0 BHUSBIEHO, IO THUIIOBHIMA
MOHYMEHT notpedye npunaiiMii 300-400 dbortorpadiii, s popMyBaHHS SKICHOI
3D-momeni. OCKUTbKHA TpsSIME COHSYHE CBITJIIO CTBOPIOE HAJAMIPHO EKCIIOHOBAaHY
KOJIbOPOBY TaMy, TO BHHHKAIOTh BIJOJHMCKA Ta 3MCHIINYETHCS JeTajiarlis
MOBEPXOHb 1 1€ 0e3M0CepelHbO 3HUXKYE SKICTh TEKCTYp. TOMYy KpUTHYHO
BaXUIMBUMHM € BUMOTH 1110/I0 OCBITJICHHS — XMapHa Moro/ia, MpHu sKiil onTUMallbHUM
€ pIBHOMIPHE Ta PO3CISTHE OCBITICHHS

V¥ TepHONILCHKOMY HALIIOHAILHOMY TEXHIYHOMY YHIBepcuTeTi iM. . [Tymros
O1IbIIIE TECATUITITTSI aKTUBHO (DOPMYETHCS Ta MOTOBHIOETHCS HOBUMH MaTepiaiamu:

— 301pka Enektponnoro ¢ouay IBana [lyntos B iIHCTUTYLIHHOMY perio3uTapii
[45];

— My3eiiHa kimMHarta [Bana [lymros.

3 nonomororo Action-kamepu ¢ Mmojysiem 360° Insta360 ONE R Twin Edition
oJiep>KaHo MaHopaMHi 3HIMKH My3eto 1. [lymros Ta nokaiiii 3 morpy My BY4EHOTO.
Ha ocHoBi 30ipHUX (oTOMAaTepiaaiB €KCIO3UIlli CTBOPEHO MaHOPAMHUU TYp TIO

MY3€H0 JIOCTYITHUN Ha YHIBEPCUTETCHKOMY XOCTHHIY 3a TOKIMKaHHSIM [55].
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[Mudposi komii CTEHIB BUCTABKA MOXYTh OYTH NEPETJISIHYTI KOPHCTyBadaMmH 3

BHUCOKOIO po3i1sHOI0 3 [1IK un MOGiTpHOTO PUCTPOTO.

2.2 KonuenrtyajabHa cTpyktypHa aiarpama LudpoBoro my3seio IBana

Iyaros

[Ipouec ¢popmyBaHHS BipTyaJbHOTO NMPOCTOPY LHUPPOBOTO My3€t0 HAYKOBO-
KyJIbTypHOI crniagmuHu IBana Ilymios BiOyBaeTbcs Ha OCHOBI KOHIIENTYaJIbHOI
cTpykTypHoi miarpamu [{udpoBoro myszero IBana Ilymios 3 BigoOpa’keHHSIM
OCHOBHHX €TaIliB MMPOIIECY CTBOPECHHS iHPOPMAIIHHOT CUCTEMU (IUB. PUCYHOK 2.3).
Ha nepmomy etamni AOLUIBHO pealli3yBaTu MpOLEAypH 30MpaHHA Ta MONEPEaHbOI
00poOku 1H(opMaliiiHOro HanoBHEHHs. [Ipu npomMy MoOTPiOHO MpoBeCcTH poOOTH
BCEpEMHI TMPUMIIIEHh Ta Ha BIAKPpUTOMY JaHAmadTi [ OTpUMaHHS

dboTorpapiyHUX JaHUX.

Undbposwia myaei leada MynoA

i i

i KimHaTa-myaeh BipTyansHa pekoHCTRYELR [TaM'ATHWMEN T3 i
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iHDopMaUiiHmy Hadopie |

CTEOPEHHA TPHEBHMIDHIK
Mooenen

Pucynok 2.3 — KonuenryansHa ctpykrypa Lludgposoro mysero IBana Ilymrost
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3i0pani gaHi moBUHHI OyTH Bepu(IKOBaHI Ta MOMEPEAHBO OOPOOIIEHI.
CtBOpeHHs 1H(POPMAIITHO-TTPOTPaMHOTO KOMIUIEKCY AJI MY3€l0 BiOyBasiocs Ha
nabopatopHid  ctamii. Jlmsg 1pbOro  BHUKOPUCTOBYBAJIOCS  OOJIaJIHAHHS  Ta
O0YHCITIOBANIbHI TOTY)KHOCTI J1abopatopii kibepdizuunux cuctem THTY. bymno
chopmoBano 3D-mojeni Ta maHoOpamHI 3HIMKW JJIsA MyOJikaiii y BeO-IIpocTopi.
CTBOpPEHHS Ta HATIOBHEHHS MPOMOITIHHOTO BE0-CalTy Ta 3aCTOCYHKY 3 TOTIOBHEHOIO
pPEANbHICTIO  CKJIAJaJI0  3aKIIOYHUN eTalm MpOeKTy, SKuil 3abe3rmedyBaB
IHTEPAaKTUBHICTh Ta OHJANH-IOCTYNHICTH JIO BCIX MOJEJIEH, CTBOPEHHUX Ha

NONEpPEeIHIX eTanax.

2.3 IIpoekTyBaHHSI MOBEeIiHKH MOOIIBHOIO0 3aCTOCYHKY 3 eJieMeHTaMH

A0MOBHEHOI peajibHOCTI 11 [{ludposoro myser IBana Ilymaros

B [5] ommcaHo peKOHCTPYKTOPCHKI MPOIIECH BIpTyallizalii HayKOBO-
KyJBTYPHOI CHAIIIUHKA BIZIOMOTO yKpaiHChKoro BueHoro IBana Ilymos, a B [1]
MPOAHAII30BaHO MOJKJIMBOCTI BUKOPHUCTaHHS C(OPMOBAHOTO KOHTEHTY B
1H(pOopMaIliiiHId CHCTEMI YHIBEPCUTETCHKOro Kamiycy. [liarpama BUKOpHCTaHHS

MIPOEKTOBAHOTO 3aCTOCYHKY y opMmati Use-case moji1aHo Ha pUcyHKy 2.4.

Haevanska
CTOpiHKE
i
include
30-mofeni
extend - £ include-
AR-uaprep nprCTpois
use
include
CermedT AR
include’ ‘©oTorpammeTpia
MOHYMEHTIE

MaHopamsi
360-3HIMEN
extend

include

|HchopMaLiAHIA
CEermMexT (40Bigkosi
BiOMOCTI CTOCOBHO
MPOEKTY, KOHTEKTH 3
DPO3POGHUEEMM)

BuGip MOEM
s33eMoafl i3
3ECTOCYHKOM

include

setend inciude

MoGinsHui
38CTOCYHOK

HE

Liuchposoro my3esn
KopucTysad

IzaHa MynKR

redirect

redirect

VR-npocTip My3eto
IaHa MMynoA
extend

3D-mogeni o
NpUCTPOIE Ta include Lndpoei ggidHnm
BUHaxogis SMEMEHTIE IHTED'EDY

extend
gxtend
VR-npocTip
naGopaTopii Isaka
Mymion

Pucynok 2.4 — Jliarpama Bukopuctands MooinsHOTO AR-3acTocynky Lludposoro

INepPoCKNaHHA
Ha 30BHILUH
iHhopMaLLAH

MaHopamHa
pecypcu

eKCNo3NLA
LWDPOEOTD My3eko
lsaHa MyniA

extend
3D-mogeni
npucTpoie Y inclde

ENeMeHTI NpHE'R3xm
(Anchors)

extend extend

©oTorpadii cTeHaie
EKCMO3WLLT, NPMCTPOiS,
apxizHi Matepiani

include

extend

includ
include; Bineo

Mmy3ero IBana [lymros



34

30kpema, O0ys0 3aoYaTKOBAHO MPOMOLIWHUN BeO-TopTan Ta chOpMOBAHO Y
3arajibHy KOHIIETIII0 HH(poBi3alii apXiBHUX MartepiamiB. Y TOMy 4YuCHl 13
3allydeHHAM MOoxHuBocTel Enmektponnoro ¢ouay IBana Ilymros [45] B
iHcTuTyIiiHOMY penodutapii THTY im. I. Ilymios. [IpoexktoBanuit MoOiTbHUIA
3aCTOCYHOK Oy/le  IHTErpylo4uM  €JIE€MEHTOM  MPOTPaMHO-aJITOPUTMIYHOTO
komruiekcy [{udposoro mysero IBana Iymros.

B3aemogist 3 KopucTyBaua MOYMHAETHCA 3 TOJOBHOTO MEHIO, /1€ BIH MOXKE
BUOpaTH MOBY iHTepdeiicy, mpountatu iHGOPMAIIIO MPO MPOEKT, PO3POOHUKIB 1
NEPETIHYTH THCTPYKIIIO MPO T€, K BUKOPUCTOBYBaTH AR-CErMEHT Mporpamu.
[leit cerMeHT MICTUTH HM(PPOBI MOJIEJII BUHAXO/IIB, MOJEJ1, CTBOPEHI 3a JJOIIOMOT OO
nporiecy gororpamMmMerpii Ta 3ByKOBHM CYIIPOBIiJ. YCl MYJIbTUMEIIMHI €IEMEHTH
B1JI00paKaroThCs MICISA 3UMTYBAaHHS KAMEPOIO BIANOBIAHOT KapTKU-MapKepa. Takox
y TOJIOBHOMY MEHIO KOPUCTYBau MOKE MEPENTH NEPErIIsly BIpTYyaabHOTO IPOCTOPY

a60 manopamHoi ekcrio3utito Lludpposoro mysero IBana Ilymros.

2.4 ®dopmyBaHHs CleHAPiiB B3aEMO/ii KopucTyBaviB {u(POBOro My3ero

3rigHo 3 [56, 57] 3anypenns B AR-cepenoBuile 3aHypEHHSI TIOCHITIOE e(heKT
CIIOHYKaHHS KOPHUCTYBauiB 3aBJISKH IIHUPIIMM TMOJISIM 30pYy, BHUKOPHUCTAaHHIO
CTEPEOCKOIIYHUX 300pakeHb Ta ayJio CcyHnpoBoly. I[HHOBaliiiHI Bi3yanbHi
THCTPYMEHTH, 110 MOKPAILYIOTh JAOCBIJI KOPUCTYBaya, € BaXXJIMBUMH €JI€MEHTaMU
HaBuaHHs [58]. HaBuanmbpHi crenapii (opMyrOTbCS Ha OCHOBI pe3yJbTaTiB
TECTyBaHHs, 310paHUX Yy TMpolecl HaBYaHHSA. 3MICTOBHI MEPCOHAII30BaHI
peKoMeHaIli s BiABiAYyBadiB My3€iB JO3BOJISIIOTh YHUKHYTH IEPENOBHEHHS
iH(pOpMaIIi€r0 Ta MAKCUMAJIBHO 3aJI0BOJILHUTH TOTpeOU KopuctyBauiB [59]. [pu
IbOMY JIaHI KOHKPETHOTO BIJBiTyBadya € HETIOBHUMH Ta yrepemkeHumMu. OmgHak
nepcoHai3alis Moke OyTH y3arajpHeHa Ui TPy KOPUCTYBadiB Ta BiAMOBIAHOTO
KOHTeKCTy. OCBITHIM a00 pO3BaKaIbHUN KOHTEKCT 3aJICKHUTh BiJ Yacy Ta MICIIs, a

TaKO)X BIH TICHO TIOB’A3aHMM 3 MOTHBALi€l0 BiaBimyBauiB. Haiimen
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dbopManizoBaHUM Ha JAHUN Yac MiAX0A0M 10 (OPMYBaHHS CLIEHAPIiB € QiabTparlis,
opu SIKid KOpPHCTyBadl TPYIYIOTHCS BIAMOBIAHO 1O OLIHOYHOTO PEUTHUHTY
BHUCTAaBKOBUX eKcroHaTiB. CrieHapii, 1110 0a3yloTbcsi Ha BMICTI, HaBMAaKH, TPYIYIOTh
BiJIBITyBauiB 3a MOJCISAIMH B3aeMoii. [Ipy 1iboMy acrieKTH THMYacOBOI TUHAMIKU
MOBEJIHKA KOPUCTYBAYiB Ta YMEPEIKEHOCTI OTOYEHHS, 3aCHOBAHHUX Ha BMICTI,
MOXYTh TEPEHTKOIUTH TOCTYMHOCTI. KibKiCHI OIlIHKK B3a€MOJil KOPHUCTYBayiB 3
BIpTyQJIbHUMH MY3€HHUMHU EKCIIO3HINSIMU MOXXKHa c(opMyBaTH Ha OCHOBI Yacy
BIJIBITyBaHHS Ta OJM3BKOCTI JI0 €KCIOHATIB BUCTaBKH. IIpu 1iboMy B3aemoii,
BKJTIOYAIOUM KOHTPOJIb TiJla Ta KOHTPOIb PyXy, MOBUHHI Oyt chopmoBani [60]
BIIMOBIAHO /10 ymoAoOaHb 1 MOTHBAIli BIABIAYyBayiB, PIBHS I1X 3aJI0BOJICHHS
EKCIIO3UIIIET0, IHAUBIAYaTbHUX 0COOJIMBOCTEN HABYAHHS Ta BTOMHU.

Hudposuii My3eli BUIATHOTO YKPATHCHKOIO BYEHOIO Ta KyJIbTYPHOTO Alsda
IBana Ilymos [55] mie 3 2020 poky Ha caiiti THTY 1 MICTUTH KOJIEKIIitO
PI3HOMAaHITHUX apTe(akTiB Ta BUKOPUCTOBYE B CBOIX E€KCIIO3UIIISIX PI3HOMAHITHI
BUJIM pecypciB. BogHouac, BiH mnependayvae pi3HOMAHITHI PEXUMH B3a€EMOIIT 3
BiJIBiIyBaueM. My3ell IporoHye:

— JWUCTAHLIMHUI JOCTYynm 110 OLM(PPOBAHOI KOJEKIIl JTOKYMEHTIB 1
aptedakTiB, OpraHi30BaHUX Yy TPAIUIIIIHIN BUCTABIIL;

— VR-mpocTip;

— AR-KOMIIOHEHTH 15 Bi3yastizailii 3a TOMOMOT 00 MOO1TLHUX MOPTATUBHUX
IIPUCTPOIB;

— B1JI€O Ta ayAioTiH;

[Ipy KOJEKTMBHMX EKCKYpCisiX TpA€EKTOPilO BiABiAyBaua Ta HaOIp
BUKOPHCTOBYBAHUX TEXHOJIOT1H oOupae rif. [[ns iHauBiIyanbsHOTO BiBITyBava 1en
BUOIp 3A1MCHIOETHCS CAMOCTIMHO Ha OCHOBI HAasiBHHUX 3acO0IB B3a€MOJIii, PiBHS
O3HAHOMJICHHSI 3 1H(POPMAIIMTHIMHU TEXHOJIOTISIMU Ta MOTHUBAIlil BifBiTyBava. [Ipu
IbOMY MOTHBAIlIS € KIIOYOBUM (HaKTOPOM, XO4a JOCTYITHI TEXHOJOTIi MaroTh

BaroMe€ 3Ha4YCHH:.
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Posrnsnemo nBa BapiaHTH BUKOPHUCTaHHS CIIEHApiiB. Y MEpIIOMY BapiaHTI
BUKOPWCTAHHS BiBiAyBad 3aIliKaBICHUH Yy 3M00YyTTiI 3aXOILIIOIYOTO JOCBITY Ta
obupae BiaBigatu VR-mpoctip mudpoBoro Myser Ta BIpTyalibHY J1a00OpaTopito
IBana Ilymros.

Y npyromy BUNAQAKy BiABIAyBad BHUpINIy€e ONMKYE TMO3HAMOMUTUCS 3
BuHaxoaamu Ilymiosi, ToMy BiH BUKOpUCTOBYE AR-MoOjeni, CTBOPEHUX BiJIOMUM
YYEHUM, IIPUCTPOIB.

B o00ox Bumaakax BiiBiayBayeBl JOIUIBHO MOJATH BCTYIHY 1H(OpMAIIiO,
100 MOMICTUTH €KCTIOHOBaH1 apTedakTH Ta TOKyMEHTH B KOHTEKCT. Tomy

OCKUIBKM ~ JIeTaIhbHO  PO3TSAATHMEMO  OKpeMi  BiABIAYBaHHS, TO
30cepeaMMOcs Ha TEXHIKaxX perpe3eHTallii Ta crnocobax B3aeMo/lii KOPUCTYBaYiB 3
CJIEMEHTaMH JOTIOBHEHOI pealbHOCTI. TOMYy BHKIIOYMMO 3 aHATI3y OOMEKCHHS
TPUBAJIOCTI Ta Yacy BiJIBIJAMH.

[Togoposx BiABIIyBaua MOYMHATUMETHCS 3 JIOMAIIHBOI CTOPIHKH MY3€H0 —

NaHOPAMHOI eKCKypCii B My3eiHii KiMHATI (IUB. pUCYHOK 2.5).

<« C @ O B =W https://puluj-museum.tntu.edu.ua b © & N @ iti]

Project "VR-museum of I.

Puluj"

Pucynox 2.5 — JlomaniHs CTopiHKa My3€t0

[lepmuii 3 ABOX AOCTIIKYBaHUX CIEHApIiB MOXHA y3araJlbHEHO 300pa3uTu

JiarpaMor0 Ha pUCYHKY 2.6.
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Eran 1
IlodaT oK MOZO POk
VR-My3eeM Ipana [Tymios

Eran 2
TTomopok VR-My3eeM
IBana Ilymrosa

Eram 3
B3aeMomia 3 eTeMeHTaMH
EKCITO3HIT T

Eran 4
3aBepIIeHHA OO PO
VR-myseeMm IBana [Iymroa

Pucynok 2.6 — /liarpama mocmioBHOCTI JIJIs IIEPIIIOTO TUITY CIEHAPIiB BiABIAaHHS

Hudposoro myseto [Bana [lymtos

Jiarpamy mJis qpyroro TUITY CIieHapiiB 300pakeHO Ha PUCYHKY 2.7.

.—b( Iminiani 3aria MaHOPaMHOT O TYPY KiMHATOM-My2eeM [Bama [Tymroa )
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Pucynok 2.7 — Jliarpama mociiIoBHOCTI JiJIsi IPYTOTO TUITY CLIEHAPIiB BiABIaHHS

[Mudposoro myseto IBana [lymnros
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VR-npocTip My3eto cTBopeHuit 3a gornomoroto texHosorii Unity WebGL. Bin
HaJa€ BiJIBilyBauaM MOXJIMBICTh MEPECYBaHHS BIPTYaJIbHUM IMPOCTOPOM MY3€HO

abo BIpTyaJbHUM MPOCTOPOM JabopaTopii, B sAKkoMy posmimieHi 3D-moneni

BuHaxoiB [lymios (muB. pucynok 2.8).

Pucynok 2.8 — BiptyanbHuii npocTip My3ero

[Ipy npomy 3amisiHl TpPaAUIHI i1 KOMIT IOTEPHUX 1MOp €JIEMEHTH
KepyBaHHs (qUB. pUCYHOK 2.9). Ayaioriay MOKYTh OYyTH aKTHBOBaHi:

— TIpY B3a€MOJIi1 KOPUCTYBaYiB 3 apTe(aKTamy,

— aKTUBHUMHU €JIEMEHTAMU BipTyaJIbHUX BUCTABKOBUX CTEH/IIB;

— 3a OTIOMOTOF0 BiJIeOTiia B IHIIOMY BiKHI Opay3epa.

KopucryBaui MOXyTh 3ainuinaté BIATYKH 3a jgomnomoroio dopmu Google.
Cratuctruna iHdopmalist Ipo BipTyalbHI BiABIAYBaHHS JTOJAaTKOBO (DIKCY€ETHCS

aHaITHYHUMHU cayx)0amu Google.



Pucynok 2.9 — EnemeHTy KepyBaHHS OIJISIIOM KOpPHUCTyBada

[IpoanainizyBaBIM giarpaMyd TOAaHl y PO3AUI MEepelieMO 10 OIlIHKH

CLIEHapiiB 3a IOMOr0I0 METOAY aHai3y lepapxii

2.5 Ouinka cueHapiiB B3aemMoaii KOpPHCTYBayiB MeTOIOM aHAJI3y

iepapxiu

3anporoHoBanuit 'y [34] miaxim mo reimidikaiii My3eHHUX EKCKypCii
JOIIJILHO 3aCTOCOBYBATH, KOJIM MOTPIOHO, 11100 KOPUCTYBAYi BIJIB11aJIU BC1 YACTUHU
BipTyanbHOi  ekcro3uuii. Toal MOXyTh  BHUKOPHCTOBYBATHCh  €JIEMEHTHU
reiimidikaiii. 3okpeMa, ¢ikcoBaHUM HaOIp JIOKAIid, MO3UIINA Ta MOMKIHUBHUX
nepexofiB. Tomy, reiiMmidikariis B JaHOMY BUIAIKy MOXe OyTH peaiizoBaHa Hpu
dbopMyBaHH1 IMHAMIYHHUX CLEHAPIiB €KCKypCii 1o BipTyanbHOMy My3eto 1. [Tromros
Ha OCHOBI Y3TO/DKCHHS MOJJIMBOCTEH TIIO3MIIIOHYBaHHS 3 TIepexojaMu Ta

1HTEepecaMu BiABiAyBaya. J[MHaMiyHICTH ClIEHapiiB 3a0€3MeUnuTh KOPUCTyBauaM
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MOJKJIMBOCTI B3a€MOJIi 3 BIpTyaJbHUMHU My3eiHuMH apTedakrtamu, VR- Ta AR-
eJIEeMEHTaMHU.

JloIiIbHO TIPOTIOHYBATH BiJIBiAyBayaM BapiaHTH €KCKYpPCidi BipTyaJabHOI'O
My3ero. Bogrouac, moTpiOHO aBTOMaTH3yBaTH BUOIp crieHapiiB. L{g 3amadya moxke
Oyt e(eKTHUBHO peaji3oBaHa 3 BUKOPUCTAHHSIM METOAY OaraTOKpUTepiaabHOI
onTuMi3ali.

Hezanexxno Big Merony onTumizamii moTpiOHO chOpMyBaTH MHOXKHHY
BXIJTHUX JTaHuX. J[J1s IbOTO MOKHA BUKOPHUCTATH:

— TecTH,

— OINHTYBaHHS,

— ¢aiinm cookie 1715t 3apeecTpOBaHUX KOPUCTYBAUIB,

aHaji3 CIEHapliB 3a JOMOMOIrOI ajlropuTMiB 3acHoBaHux Ha I nmms
3apeecTpOBaHUX KOPUCTYBAUIB.

B pe3ynbTaTi aBTOMaTrH30BaHOTO BUOOPY (DOPMYETHCS BIACHUM TUHAMIYHHMA
clueHapiid BiiBiayBava. /s dhopmanizailii CTBOPEHOTO 1HAUBINYaIbHOIO CLIEHAPIIO
notinbHo Bukopuctati AHP. BiH epexkTHBHO BHKOPUCTOBYETHCS ISl 3aBlIaHb
OaratokpuTepianbHOi onTuMizauli. lepapxia, HeoOxinHa ans AHP, nmoka3aHa Ha

pucynky 2.10.

Visitar's sutisfaction

Scenario 51 Scenario 52 Scenario Sn

Pucynok 2.10 — Iepapxist BUOOpY clieHapito
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Ha BepmmHi miei iepapxii po3MileHO 3aJ0BOJCHHS MNOTped Ta OakaHb
BiaBiqyBauiB LluppoBoro mysero IBana [lymros B pe3ysbpTati BUOOPY ONTUMATIBHOTO
cienapito. Crenapii S1, ... , Sn cKiIagaloTbhcsl 3 JUHAMIYHHX €JIEMEHTIB Ha
¢dikcoBaHOMY MakeTi 1 MHOXXHHHA MOXJIMBHUX TNepexofiB. BomHodac, moctymHi
CIieHapii:

— Ha ocHOBI VR;

— 3 exeMeHTamMu AR;

— 3 eJIEMEHTaMHU T'pH.

B nepcnekTusi 11eil cnucok Moxe 0ytu po3mupenuil. Cuenapiii oOupaerbes
Ha OCHOBI MHOKHMHHU XapaKTEepUCTHK. DaKTUYHO XapaKTEPUCTUKU — 1€ BX1/IHI JIaHi,
OTpUMaHI BiJi KOPUCTYBayiB. 30KpeMa:

— TIONEepeaHBO 1HIIaTI30BaHl HAOOpU BIO100aHb;

— TIOTIepEe/IHI Bi3UTH;

— TIOYYTTsI/eMOLi;

— THMYacOB1 PO3MOPSIJIKH.

BrnacHe, 1ieii mepenik CKIagaeThes 13 y3aralbHEHUX XapaKTEPUCTHK 1 MOXKE
OyTH JeTaai30BaHUM JI0 PIBHS OKPEMHUX MiaxapakTepucTuk. JlaHi Ay JocaijpKeHHs
Oynu 310paHi Ha piBHI MEPEPaxOBaHUX BHINE XAPAKTEPUCTHK. TakuM YMHOM, 3a
JIOTIOMOT'O0 OMUTYBAHHS €KCIIEPTIB OYJI0 OTPUMAHO MATPHIIl MMOTAPHUX MOPIBHSIHB
JUIS KOXKHOI allbTepHATHBU Ta I albTEPHATUB 3a KOXKHUM KpHUTEpieM. (IMB.

tabmumi 2.1 — 2.5)

Tabnuug 2.1 — MaTpuiist nonapHuX MOPiBHAHb KPUTEPIIB

Ha3zBa kpurepiio 1 2 3 4
1. [TortepeHbo iHIMiami30BaH1
1 6 3 1
Ha0OpH BIOJ00AHb
2.IlonepenHi Bi3UTH 1/6 1 1/3 3
3.ITouyTTs1/emorii, 1/3 3 1 1/2

4. TumyacoBi poO3MOPSIIKH 1 1/3 2 1




Tabmums 2.2 — Marpunsd mnomapHuUX MOPIBHSAHB Ui albTEPHATHUB 3a

kputepieM «llonepenHpo iHimiani3oBaHi HAOOPH BIOAOOAHB

Ha3zBa kpurepiro 1 2 3
1. Cuenapiii VR-enemeHTiB 1 2 1/6
2. Cuenapiii AR-eneMeHTIB 1/2 1 1/3
3. CueHapiii 3 eJleMEeHTaMH Ipu 6 3 1
Tabmuuga 2.3 — Marpunsd nonapHUX MOPIBHSAHb JJIS aJIbTEPHATHUB 3a
kputepiem «llonepeani Bi3UTH
Ha3zBa kpurepiro 1 2 3
1. Cuenapiii VR-eneMeHTiB 1 5 3
2. Cuenapiit AR-eneMeHTIB 1/5 1 2
3. CueHapiii 3 eleMeHTaMH Ipu 1/3 1/2 1
Tabmuus 2.4 — Marpuns mnonapHuX TMOPIBHSHb JJIS aJIbTEPHATHUB 3a
kputepiem «llouyTTsa/emorniin
Ha3zBa kpurepiro 1 2 3
1. Cuenapiit VR-enemenTin 1 1 3
2. Cuenapiii AR-eneMeHTIB 1 1 3
3. CueHapiii 3 eJIeMEHTaMH TPy 1/3 1/3 1
Tabmuns 2.5 — Martpuiss nomapHUX TMOPIBHSHB ISl albTEpHATUB 3a
kputTepieM « TUMUaCOBI PO3MOPSIKI
Ha3zBa kpurtepiro 1 2 3
1. Cuenapiii VR-eneMeHTiB 1 1 6
2. Cuenapiit AR-eneMeHTIB 1 1 6
3. CueHapiii 3 eJleMEHTaMH Ipu 1/6 1/6 1
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Bignosigxo g0 [61] ams momapHUX MOPiBHSHB OyJI0 BUKOPHUCTAHO MIKATY 3i
3HaYeHHSIMH Bix 1 10 9, e HemapHi 4YKcia € OCHOBHUMH, a MapHi — 10AaTKOBUMHU
NPOMIKHUMH 3HAYEHHSAMH TOpIBHSAHB. [l BUMaakiB, Koid icHye Ouibie 9
albTepHaTUB Ta/abo Oumbimie 9 KpuTepiiB, HEOOXITHO BHUKOPUCTOBYBATH
BrockoHaneHHss AHP. JloninbHO po3risiHyTH eTanu 3 JeTalbHUM MaTeMaTUYHUM
dbopMallbHUM OOTPYHTYBaHHSIM.
Ha pucynky 2.11 nmogano, Baru xputepiis: {0,409; 0,190; 0,168; 0,232} s
MOTEPEIHIX HaJAIITyBaHb, MOMEPEIHIX BI3WTIB, MOYYTTIB/€MOIIi, TUMYACOBHUX

PO3IOPSIIKIB BiAIIOBITHO.

tting_information:
0.409

relings_emotions:
0.168

previous _visits:
0.190

mporal_agendas:
0.232

=

0.025 0.05 0.075 01 0.125 0.15 0.175 0.2 0.225 025 0.275 0.3 0.325 0.35 0.375 0.4

Pucynok 2.11 — Baru kpurepiiB (aTpuOyTiB) OLIIHIOBaHHS CLICHAPiiB

Jlsist 0OpoOKM BUKOPUCTOBYBABCS OE3KOIITOBHHUI OHJIAWH-IHCTPYMEHT IS
po3mopsiakis [56].
Ha pucynky 2.12 300pakeHO OTpHMMaHi OI[IHEHI BapiaHTH MPIOPUTETIB

aJIbTEPHATHUB.



VR elements
scenario: 0.380
AR elements
scenario: 0.281
Scenario with
game
elements: 0.339

1] 0.0129.025 0.03750.05 0.0629.075 0.0870.1  0.11250.125 0.13740.15 0.16240.175 0.16740.2  0.2129.225 0.2379.25 0.2629.275 0.2679.3  0.3124).325 0.3379.35 0.3629.375

Pucynox 2.12 — [IpioputeTHICTh abTEpHATUB OLIIHEHUX BapiaHTIB CIICHAPIiB

Tax, cuenapiii 3 enemenramu VR orpumas Bary 0,380 3 maiike piIBHOMIpHUM
BHECKOM KOKHOTO Kputepito. Cuenapiit 3 enemeHTamu AR oTpumaB HaiiMeHIIy
Bary 0,281, a kpurtepiii «TumM4acoBUX poO3NOPSAOK» € HAUOUTbII 3HAUYLIUM IS
poro crenapiro. Crenapiii 3 eneMeHtamu rpu orpuMaB Bary 0,339 31 3HAYHOIO
nepeBaroro Kputepito « TumMuacoBi po3mopsaKkm.

Ha ocHoBi oTpuMaHux BaroBux KoeirieHTiB chopMyeMo ClieHapiii Mo aHHii

y Jaiarpami JisUIbHOCTI, 300paXkeHiil Ha pucyHky 2.13.

BuBpati Tun
BllEinyEa4a

BuaHauuti
MOTHEALLHD
EhEAEERE]

Bubpatn
cueHapii
BiABIAYESHHR

Bu3HauuTH
nonepegHi @
3HEHHA "

Oani
A@rHOCTHEX

IHiLFBATH
BinodpaseHHa
enemenTa

3anycTui
XR-aKTHE

OTpumaTh
3EOPOTHIA
38'AI00

OOpatv pexumm

B33emogil

OTpumaTi gaHi
nasaus
. [asi
ZiarHocTukm

Ananizysatn 3
DE3YMETaTH

Pucynok 2.13 — Jliarpama mistiibHOCTI TIporiecy ¢hopMyBaHHSI CIIEHAPII0

BIPTyaJIbHOTO BI3UTY
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JIyist IporHO3yBaHHS MOTPeO BIABIMTyBa4iB HEOOXIAHO 3aIITH CTATUCTHUYHI

JaHl TIPO TPYyMy KOPUCTYBadiB 3 HAOOpPOM MOTHBAIlN 1 OOMEXEHb, 3BOPOTHUU
3B’SI30K Ta peakiito B3aemoxii. Ha mnepmioMmy erami 1mi JgaHi MawTh OyTH

3MOJIeNIbOBaH1 Ha OCHOBI MPUMYIIEHb Ta BIATYKIB 3 aHAJIOTTYHUX BUCTABOK.

2.6 BUCHOBOK 10 IPYroro po3aiay

B npyromy posnut kBanmidikaiiifHOi poOOTH OCBITHBOTO PiBHA «Marictpy
OMKMCAHO KJIIOYOBI €Tanu IMIUIEMEHTalli CBITOBOTO [JOCBIAY 3allpOBaKECHHS
TEXHOJIOT1 JIOMOBHEHOI PEAJbHOCTI JUIsl 30€peKEeHHsS] KyJbTYPHOI CHAAIIMHU.
30KkpeMa, TOJAaHO ONUC MeToay (QoTorpaMmeTpii apT-00’€KTIB KYJIbTYpPHOI
cnaamuny [Bana Ilymos. IIpoananizoBaHO KOHUENTYaJIbHY CTPYKTYPHO AlarpaMmy
[udpororo mysero Ipana Ilymros. 3anpornonoBanuii popmaTt HUGPOBOTO MYy3€HO 3
CJIEMEHTaMH PO3IIMPEHOI PeaJbHOCTI Ma€ 3HAYHUM TOTEHIaJl 1HTErpaiii
HETUIOBUX Ta 1HHOBAIIMHUX 3aC00iB ISl 30€peKeHHs HAI[IOHAIHLHOTO HAYyKOBO-
KyJIbTYpHOTO Haa0aHHS, TYPUCTUYHOI I1HAYCTpli Ta HAYKOBO-IPOCBITHUIILKOI
JismbHOCTI. CIOPOEKTOBAHO TOBEAIHKY MOOLIBHOTO 3aCTOCYHKY 3 €JI€MEHTaMu
nornoBHeHoi peanbHOCTI 11t [{udpoBoro myseto IBana Ilymios. CdhopmoBano
crieHapii B3aemojlii KOpucTyBauiB 3 muppoBuM My3eeMm. [logaHo ommc mporecy
OI[IHKM CIIEHApIiB METOJOM aHali3y lepapxiil. 3acTOCYBaHHSI I[bOIO METOMY

JT03BOJIMJIO aBTOMATU3yBaTH BUOIP CIICHAPIiB.
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3 MPAKTUYHA PEAJII3AIISA MOBIJIBHOI'O 3ACTOCYHKY 3
EJJEMEHTAMM JOIMOBHEHOI PEAJILHOCTI AJ151 IU®POBOI'O
MY3EIO IBAHA ITYJIIOA

3.1 IndopmaniiiHi TexHo0rii BUKOpUCTAHI MpU po3podui MoOGLILHOIO

3aCTOCYHKY 3 eJIeMEeHTAMM JI0NIOBHEHOI PeajbHOCTI

IIpr imIeMeHTarlii CBITOBOTO JOCBIAY BHKOPHUCTAHHS TEXHOJIOTIH
JIOTIOBHEHOI PEeajbHOCTI I 30€peKEHHS KYyJIbTYPHOI CIAIIIUHU PO3TISTHEMO
KJIFOUOBI €TaIy CTBOPEHHSI MOOLIIBHOTO 3aCTOCYHKY 3 AR-eneMeHTaMu.

s AR-miarpumku excrnosuii L{udposoro my3sero IBana Iyimrost [55] 3rigHo
3 [53] Ha maHuii yac ONTUMAIBHIM € BUKOPUCTAHHS MPOrpaMHoi ekocucteMu Unity
[63]. Unity — me OararoruiatopMHe MporpamMHe CEpeOBHINE IS PO3POOKH
POCTOPIB Ta EJIEMEHTIB PO3IIMPEHOI PEalbHOCTI, BIPTyaJbHUX Bi3yalli3allii,
TPEHIHT-CUMYJISITOPIB, 1rop Tomo. BOHO MICTUTh MOBHICTIO 1HTETPOBAHUMN
npodeciiiHuil irpoBUil pymIiid, SKui Moke 3a0e3neuyBaTd (YHKIIT pEHIEPUHTY,
MOJIeTIOBaHHsl (DI3UYHUX BJIACTUBOCTEN CEpelOBUIA Ta IHTETPAllll0 MEXaHI3MIB
crieHapiiB ynpasiinas. Ha nanwmii wac B Unity mocTynmHuUil 3py4yHUM, THYYKUHA B
HaJAIITyBaHHSX Ta (YHKIIOHAJTFHUN MEXaH13M MOPTYBAHHS MPOEKTIB Ha!

— nommmpeni OC (Windows, Linux, Android, 10S);

— xoHucomi (Xbox, PlayStation, Nintendo);

— VR- ta AR-rajpxetu (110JI0MHU, TApPHITYPH TOIIO).

Unity aktuBHo mniarpumye DirectX, OpenGL Ta WebGL-dpeitmBopk.
CepenoBuiiie HaJga€ MOXKJIMBOCTI JIJISl IIBUAKOTO MPOTOTUITYBAHHS Ta OIIHIOBAHHSI
MPOIIECIB B3aEMO/11 KOy 3 00’ €KTaMM BIpTyaIbHOI UM JIOMOBHEHOT peaabHOCTI. AR-
TEXHOJIOT1sI O3BOJISIE 3a0€3MEUNTH CUHXPOHI3AIIII0 B PEKUMI PEATbHOTO Yacy MiXK
CYTHOCTSIMH BIpTyaJIbHOTO Ta peajbHOro CBITiB. Baromoro nepesaroro cepeaoBuiia
Unity npu MojaentoBaHHI AR-eleMEHTIB € JOCTYMHICTh Ta BiJHOCHA IMPOCTOTA

HAJIAIITYBaHb IPH (POPMYBaHHI MOOUIBHUX 3aCTOCYHKIB 3 BAKOPUCTAHHSM IUIAriHy
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Vuforia Bimx PTC [64]. Vuforia mictuth amanToBani mis AR-3amau momudikarrii
aJITOPUTMIB KOMITFOTEPHOTO 30py. 30KpeMa, YiTKE BIICTEKEHHS MApKEPIiB B pEKUMI
peanabHOro yacy JJist 00'€KTiB 3 INIOCKUMHU TOBEPXHAMHU Ta KiJIbKOMa CTOPOHAMH a00
300paxeHHsIMH. TakoX JOCTYMHA MOKJIMBICTh BHUKOPHUCTAHHS MYJIBTHUIIICH. Y
Vuforia icHyroTh BOymoBaHi (yHKINI po3mizHaBaHHA ToToBUX 3D-Mopenei,
CKaHOBaHUX 00’€KTIB 3 OaraToro (hakTypor IMOBEPXHI Ta IMOCTIHHOI (HOPMOIO.
[aTerpoBaHa  TEXHOJIOTiA  TPEKIHTY  300pakeHb  J03BOJSIE  €(PEKTHUBHO
pO3TaIIOBYBaTH Ta OPIEHTYBAaTH B MPOCTOpPl BipTyasibHi 3D-00'ekTH, MOjeni 4u
MyJIbTUMENIMHUI KOHTEHT. [Ipu iboMy NOB’SI3yI0UH 1X 3 pEaIbHUMH MPEAMETAMHU
i1 9ac meperiisiay 3a JOIOMOTOK MOOUTEHUX IPUCTPOIB [65].

JIOLUIBHO ~ BIA3HAYUTH, WO BIPTyaJbHUU OO0'€KT TO3UIIOHYETHCA Ha
peanpHOMY 00pa3i-Mapkepi Tak, od MmoJie 30py crocTepiraya reHepyBayio LIH03110
BIIUYTTS, HIOW BIpTyaJbHUN KOHTEHT € HEB1/I €MHOIO YaCTHMHOIO PEAJIbHOTO CBITY.
OyukiioHanbHICT,  Vuforia 3abesneuye HamgiiHuid (QyHIaMEeHT Ta OaraTuii
IHCTpYMEHTapiid A1 po3poO0JieHHs 3aco0IB MPOTrpaMHOI MIATPUMKH LHUPPOBHUX
My3eiB. 30KpemMa B IPOEKTOBAaHOMY MOO1IBHOMY AR-3aCTOCYHKY MOKHA:

— BiJoOpakaTu KOPOTKY 1H(OpMAIIito MO0 KOKHOTO CTEH/LY;

CTBOPUTHU BIpTyaJIbHI €KCIIOHATH,

— 31ACHUTYU TIPUB'A3yBaHHs 1HOOPMAIIHHUX CYTHOCTEH 10 €KCIIOHATIB.

3 BUKOpDUCTaHHSM HasBHUX apXIBHMX MarepiaiiB cTBOpeHo 3D-moneni
ckoHcTpyioBanux [lymoem namm. [Ipu nbomMy 3/11iiCHEHO PEHAECPUHT 3 JOTIOMOTOIO
crieniaii3oBaHoro mnporpamaoro 3adesnedeHHss Autodesk 3ds MAX Tta ZBrush.
[udpoBi komii HAYKOBUX Mpallb Ta PeabHUX MY3€HHUX CTEH/AIB 3 PAPUTETHUMU
dboToMarepiamaMu PO3TAIIOBAHO Y BIPTYaJbHOMY IPOCTOPI, PO3POOICHOMY 3a
noromoro Unity. CrnpoeKTOBaHO PO3MOMAIT €KCIO3HMINI BIPTyaJIbHOIO MY3€0 Y
BIJIMOBITHOCTI /10 iICTOpUKO-TreorpadiyHuX nepioAiB AisuibHOCTI . [Tymos:

— TepHominpiuHa.

— Bineus.

— CrpacOypr.
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— Ilpara Tompo.

JIyist O1nbIIOT MOBHOTHM Ta ABTEHTUYHOCTI Aeski 3D-momeni s My3ero,
30kpemMa morpyaas Ta nam’satHukud [ [lymroro, BIATBOpEHI  METOAOM
dororpammeTtpii 3 BUKOpUcTaHHSIM mporpam st 3D-00po0ku HoTO3HIMKIB:

— 3DF Zephyr.

— Meshroom.

— Meshmixer.

3itomku y ['pumaiinoBi ta TepHOIOM JO3BONMIA OJIEPKaTH CKaHOBaHi
MOJeTl TMaM SITHUKIB 3 JETaIbHUMH TEKCTypamu. BipTyaneHuii mpoctip
KOHBepTOBaHO y Android-3acToCyHOK 3 MiATPUMKOIO (YHKI[IOHATY OKYJSPIiB

BIPTyaJIbHOI PEaIbHOCTI.
3.2 InTepuer-pecypcu LHludpposoro my3zero IBana Ilynron
InTepakTuBHUN Typ (AMB. pUCYHOK 3.1) JOMOBHEHMI MOKJIMKAaHHAMH Ha

MyJIbTUMENINHNN KOHTeHT 3 3D-Mozensmu mnpuiaaiB 3amnporoHOBaHUX abo

ckoHcTpyiroBanux . [Tymroem.

Pucynok 3.1 — CtaproBa cropinka naHopamHoro myseto IBana Ilymros 3

B1JICOEKCKYPCI€I0 Ta iHTerpoBaHUMH 3D-MoensaMu nam’ sITHUKIB
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3D-MopentoBaHHA BiOYyBajaocs Ha OCHOBI apXiBHUX (POTO3HIMKIB, (DI3UUHOT
nabopatopii [Tymros y [Ipa3ekiit momiTexHini. BukopucTtani MaTepiaiy po3MillIeHi B
enekTpoHHoMy (oumi IBana Ilymios B iHcTUTyliHOMY peno3utapii THTY (aus
PUCYHOK 3.2).
e I
B e T i

ELARTU — IHCTHTYLIWHWA peno3nTapiin THTY iMesi IBana Mynios

EnektpoHHuit cooHa IBaHa lyniod : [70] nowsa gon

ElCric T CTRTRCTh

CTATHC

7 St

EnexTposnui (hoHa I8aHa MNynioA cTeoperui y 2009 pouyl | RpH3HAYEHHA ANA HAKONWYEHHA, 30epiraiHa Ta BUBYEHHA HayKoBOl CNaZLWMHK BENHKOTO YKPATHCBKOTO MI3KKa, IM']
AKOrO HOCHTDL Hal YHIBEPCHUTET.

Taxkox y ubomy goHai 30epiraThCA PIZHOMAHITHI DOTO, BIREO Ta TEKCTOSsi MaTtepiany, RKi NONYNAPHU3YI0Th HAYKOBY Ta rpOMagnHCeKy AIANbHICTL [BaHa n‘,’ﬂbOF
Pucynox 3.2 — Enexkrponnuii ¢hona IBana [lymtos B iIHCTUTYIIIHOMY peno3uTapii

THTY im. I. Mymos [45]

Jns  dopmyBaHHS 1TM(POBUX KOMIM EKCIIOHATIB MY3€l0, SK 00 €KTIB
JIOTIOBHEHOI PeabHOCTI, BUKOPUCTAHO 1H(GOpMaIiiiHI ApyKOBaHI oTOMaTEpiain:

— TIOIITIBKH;

— KajeHaapi;

— CYBEHIpHI;

— MAarHiTu.

BoHU MICTSTh MHOXKHUHY 300paKE€Hb-1IA0JIOHIB — BI3yalIbHUX MapKepiB IS
KaMep MOOITLHUX MPHUCTPOiB. Taka cxema ycminmHo anpoOoBaHa Ha 3D-mopernsx
nam’siTHUKIB [. Ilymioro Ha TepHomunbliuHi. PeanpHi CTeHAM Ta MpPEaMETH Y
NaHOPAMHOMY My3€i TakKOoX MICTITh MapKepu JUisl Meperisiay A0JaTKOBOi
1H(popMalii 3a JOMOMOTor0 cMapT(HOHIB UM MJIAHIIETIB BiABiAyBauiB. Lle dizuunnii

aHaJIor BIpTyaJbHOTO €KCKYpPCOBO/A.
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3.3 ®opMyBaHHS KOMIIOHEHTIB M00iIbHOTO0 3acTOCYHKY st [{udposoro

my3ero IBana Ilysros

3.3.1 UV-po3miTka 3D-moxaeJeii
O6pobka moneneit Ta UV-kapt Oyina 3ailiciena B Autodesk Maya 2022. Ha

pucyHKy 3.3 300pakeHO Mojielb KaToHO1 jJammu [1yros.

Pucynok 3.3 — mozaens karoanoi ammu Ilymtos B penakropi Maya 2022

3a monomororo UV-pemakTopa Oyio cTBOpeHO, MoAaHy Ha pucyHky 3.4, UV-

KapTy MOJIEI.

Pucynoxk 3.4 — UV-kapTu MOJieIb KaTOIHOI JJaMITH

[Tymrost B pegaxTopi Maya 2022
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3.3.2 TekcrypyBanus 3D-mopenei
TexcrypyBannst 3D-moneneit Oyno BukoHaHo B pegaktopi Adobe Substance
3D Painter. Kopotko omnuiemo mei npomec. CrioyaTky HEOOXiIHO 00paTH MOIEIb

y popwmari .fbx abo .0bj (muB pucynok 3.5).

MNew project ? x
Template = PBR - Metallic Roughness Alpha-blend (starter_a:
File 2 cetchfab_model08_Puluj_wolfram_lamp/Zharivka. fox
Project Settings

Document Resolution | 1024

Mormal Map Format DirectX

Compute Tangent Space Per Fragment

UV Tile Settings (UDIMs) - C3

Use UV Tile workflow

Import Settings
Import Cameras

Auto-unwrap Options

Import mesh normal maps and baked maps for all materials.

Automatic normal maps assignation scheme: ${MATERIAL _NAME)_normal

OK Cancel

Pucynok 3.5 — CtBopenns npoekty B Substance 3D Painter

[Ticast cTtBOopeHHs mpoekTty oOpany 3D-mon€np MOXKHA TEKCTypyBaTH 3a
JIOTIOMOTOI0 HasiBHUX 1HCTPYMEHTIB 1 TekcTyp. Ha pucynky 3.6 300paxeHo Moaeb

JI0 MPOIIECY TEKCTYPYBaHHSI.
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Pucynok 3.6 — Mozens 10 TeKCTypyBaHHS

Ha pucynky 3.7 300pakeHo Mojenb katoaHoi jamnu [. [lymros micins

TEKCTYyPYBAaHHS.

Pucynok 3.7 — Mopens micist TeKCTypyBaHHS

JI71s1 Mo1abIIoro BUKOPUCTaHHS CTBOpeHux TekeTyp B Unity 3D ix motpiOHO

KOpPEeKTHO ekcrmoptryBatu. B Substance 3D Painter € MoIuBiCTH CTBOPEHHS
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BJIACHUX IIa0JIOHIB €KCIOPTY TEKCTYp. 30KpeMa, CTBOPEH1 abIOHU sl eKCIIOPTY

texctyp At Unity 3D 300paskeHo Ha pucyHKY 3.8.

Export textures ? X

SETTINGS  QUTPUT TEMPLATES  LIST OF EXPORTS

By - 4 Corentpreset

Converted maps

Pucynok 3.8 — KopucryBanpkuii mabdiaon ekcopty Tekctyp st Unity

1106 po3novaru Mporec eKCnopTy NoTpiOHO 00paTu:

— 11abJI0H 3a SKUM OyAyTh €KCTIOPTYBATUCS TEKCTYPH;

— PO3AUIBbHY 3JaTHICTh TEKCTYD;

— KaTaJor, KyJu TeKCTypH OyayTh €KCIIOPTOBAHI.

Karanor 3 ekcrnmopToBaHUMH TEKCTypaMH Ta MOJEIUII0 300pa)KeHO Ha

pucyHky 3.9.

lomp_Black: lamp_Black lamp_Black lomp_Black lamp_Black lamp_Black lomp_Bronze_BaseColor  lamp_Bronze_Emissive lamp_Bronze_Height lamp_Bronze_Metallic
Plastic_BaseColor Plastic_Emissive Plastic_Height Plastic_Metallic Plastic_Normal Plastic_Roughne:

lomp_Bronze Normal  lamp_Bronze Roughness  lamp_Glass BaseColor lomp_Glass_Emissive lamp_Glass_ Height lamp_Glass_Metallic lamp_Glass Normal lamp_Glass_Roughne: lamp_Metal BaseColor ~ lamp_Metal Emissive

N | I5

lamp_Metal Height lamp_Metal Metallic lamp_Metal Normal lamp_Metal Roughne: Zharivnyk

Pucynok 3.9 — Karasor 3 Mmoae/uito i TekcTypaMu
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3.3.3 CrBopennst AR-mapkepiB
s nemonctpanii 3D-Mozaeneit HaiiBu3HauHIMIUX BUHaxoAiB IBana Ilymros
OyJo cTBOpeHO Habip 3 ABaHAMLATH KapTOK 3 MapKepaMu JOMOBHEHOI peaTbHOCTi.
Jns mporo mimibpaHo apxiBHI pucCyHKH Ta ¢oTorpadii, po3poOaeHUX BIIOMUM
G13UKOM Ta eNEeKTPOTEXHIKOM, MPUCTPOIB-EKCIOHATIB. 300paXKeHH ISl MapKepiB
Oymu ctBopeni 3acodbamu Adobe Photoshop 2019. Ha pucynky 3.10 300paxeHo

NIEPEHIO YaCTUHY KapTKA-MapKepa.

pulujmuseumtntueduua

[{udpposuit myazen IBana [lymos

[van Puluj digital museum

[Tpraan Ilymon juia BAMIpIOBaNEA MEXaHiuoro
eKBiBaJICHY TeIIoTH, 1875 p.
Puluj’s apparatus for measuring the mechanical
equivalent of heat, 1875.

Pucynok 3.10 — [lepenns yacTrHa KapTKU-MapKepa

Ha pucynky 3.11 3006pakeHO 3BOPOTHIO YaCTUHY KapTKU-MapKepa.
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Pucynoxk 3.11 — 3BopoTHa yacTHHa KapTKU-MapKepa

byno cTBopeHo nBaHamisaTh Takux KapTok. [licns 3aBepiieHHs poOOTH HaT
300pakeHHSAMHU CTBOPEHI Mapkepu Oyio momaHo mo Oasu manux Vuforia target
manager uisi CTBOPEHHS TMAaKeTy MapKepiB, SKi OyJId IMIOPTOBaHI JUIs
BUKOpHUCTaHHA B cepemosuiii Unity. Ha pucynky 3.12 momano 6a3y maHUX 3

HasBHUX AR-mapkepis.

License Manager ~ Target Manager Credentials Manager

Target Manager > Digital PM

Dlgltal_PM Edit Name

Type:
Targets (12)
Add Target Download Database (All)
O Target Name Type Rating Status v Date Modified
card10_puluj_fran| Image Active May 16, 2022 14:45
card03_puluj_grymajliv Image Active May 16, 2022 14:44
o Z cardo?_lamp_cup Image Active May 16, 2022 14:40
o L cardo5_free_fall_book_gaida Image Active May 16, 2022 14:40
[m] ‘ card04_puluj_radiometr_1 Image Active May 16, 2022 14:39
[m] card02_another_puluj_lamp Image Active May 16, 2022 14:38
O ke cardo1_apparatus_nach_puluj Image Active May 16, 2022 12:10
[w] m card12_puluj_museum Image Active May 16,2022 12:09
O g} cordtitntuhistory Image Active May 16, 2022 12:09
a i card08_cathod_lamp Image Active May 16, 2022 12:03
[m] . cardos_dartmouth Image Active May 16,2022 11:54
o i card03_carbon_puluj_lamp Image Active May 16,2022 11:53

Pucynok 3.12 — ba3za nanux mMapkepis



56

Ha 3aBepmanpHOMY etami Oys0 CTBOPEHO MPOEKT MOOUIBHOTO 3aCTOCYHKY

s [uppoBoro mysero IBana Ilymrost B cepemoBuimmi Unity 1 3aBaHTa)keHO
HONIEPETHBO  PO3POOJICHI MOENi, TEKCTypH Ta €JIEMEHTH KOPHUCTYBAI[bKOTO

iHTEpdeiicy.

3.4 Excrutyatanisi MoOLIbHOIO 3aCTOCYHKY 3 eJleMeHTaMHU 10NOBHEHOI

peaabHocTi LHHudgposoro mysero Iana Ilyion

Ha pucynky 3.13 mnomano iHTepdelic ToJIOBHOTO MEHIO MOOUIHLHOTO

3acTocyHKy 3 enemeHTamu AR s Lludposoro mysero IBana I[lymros.

VR-npocTip
naboparopii IBaHa

Pucynok 3.13 — I'osioBHE MeHIO MOOUJIBHOTO 3aCTOCYHKY 3 €JIeMEHTaMU

nonoBHeHoi peanbHocTi Ludposoro mysero [Bana Ilymros

Ul 3acTocyHKy 3 eleMeHTaMH JI0MOBHEHOi peanbHOCTI LudpoBoro mysero
IBana [Ilymrost 0Ga3yeTbcs Ha IHTYITUBHO 3pO3YyMUIMX IMIKTOrpamax, IIo
CYIPOBOJKYIOTBCS TEKCTOBUMHU TMOSICHEHHSAMHU. JlJisi 3pydHOCTI KOpPHUCTyBada €

MOXJIMBICTh TEPEKIIOYEHHS] MOBHU BIIOOpakeHHs 1H(MOpPMAIIHHOTO KOHTEHTY.
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BaxnuBoro Ta PEKOMEHJOBAHOK Ul O3HAMOMIIEHHS € HaBYAJIbHA 4YaCTHHA
3aCTOCYHKY (AMB pUCYHOK 3.14), 0 iHCTPYKTY€ KOPHUCTyBa4ya 3 OCOOJHMBOCTSIMH
BukopucranHa AR-dynkiionany. OkpeMo noaana feraibHa iHbopMarlis mpo:

— mpoekT [{udposoro mysero IBana Ilymros;

— MOXIJIMBOCTI TEperjisAy MOBHOPO3MIPHUX JeTanizoBaHux 3D wmoxenei

BI/IHaXOIIiB BYCHOTIO.

Ax kopucryBaTHCS
AR-momaTkom?

Kpok 1: 3amycriTh AR-3aCTOCYHOK Kpok 2: HapeziTs kamepy

y TOJIOBHOMY MEHI0, HAaTUCHYBIIN BaIIOro IPUCTPOIO Ha
B 300pa>keHHs Ta IleperiafaunTe
o Posnovatu/ Start 3D mozens (kapTKy MOXKHA

IIOBEPTATH, 11100 POBIJIAHYTU

s o AT . :
ra BUOEpITh KAPTKY V1A €KCITOHAT 3 PI3HUX OOKIB)

IeperJIsany

TI'os10BHE MEHIO

Pucynok 3.14 — I[ncTpykiiist mo kopuctyBaHHIO AR-cermMmeHTOM MOO1IBHOTO

3actocyHKy Lludpposoro mysero IBana Ilymros

s nemonctparii 3D moneneit HaliBU3HauHIIUX BUHAXo/iB IBaHa Ilymros

OyJI0 CTBOPEHO KOJIEKIIIO 3 JBAHAIIATH KapTOK. BoHU € MapkepamMu JOMOBHEHOI
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peanbHoCTi. [ 1poro migidpaHo apxiBHI pUCYHKH Ta ¢ortorpadii mpucTpois-
eKCITOHATIB, PO3POOJICHUX BITIOMHUM (13UKOM Ta eNeKTpoTexHikoM. [Ipu HaTuCKaHH1
kHomku  “‘Po3modatn™ BMHKaeTbcsi AR-clieHa MOOIIBHOTO 3aCTOCYHKY 3
elleMeHTaMu JonoBHeHOi peanbHOcTi LludpoBoro wmyseto IBana Ilymros.
KopuctyBau Moke BIJCKaHyBaTH MapKepu JONOBHEHOI peajJbHOCTI s
B1JI0OpayKeHHS MOJiesiel 00’ €KTIB KyJIbTypHOi ciaamuuu. [Ipu nepernsa moaenen

(muB. pucyHok 3.15) MoKHa JIeTabHO OTJITHYTH KOHCTPYKIIIi IPUCTPOIB.

A

Pucynox 3.15 — AR-moneni dpocdopecuentroi sammnu [lymrost 3 gamkomnogioHumM

kaTosioM (A) Ta nammu [lymrost 3 einTUuuHO QIIyOpeCeHTHO IUTKOO (B)

Ha AR-crieni MoOITEHOTO 3aCTOCYHKY 3 €JIEMEHTaMH JOTIOBHEHO1 peaIbHOCTI
[udposoro my3ero Ipana Ilynros HassBHI KHONKH JIJI1 BBIMKHEHHS 1 BUMKHEHHS

ayai0CyMPOBO/IY Ta KHOIKA JIJIsl IOBEPHEHHS Y TOJIOBHE MEHIO (IHB. pucyHOK 3.13).
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SO

S >,

Pucynox 3.16 — AR-mozeni npusniaay sl BAMIPIOBaHHS MEXaHIYHOTO €KBIBAJICHTY

terotu (A) Ta mammu po3xaperss [Iymios 3 kapooHizoBaHOO HUTKOIO (B)

[Ipy HaTUCKaHHI 1KOHKM y TIPAaBOMY BEPXHbOMY KYyTI T'OJIOBHOTO MEHIO,

BIJIKPHETHCSI OOKOBE MEHIO (B PUCYHOK 3.17)

f @CyberPhysTNTU

":(\ oklabcyber18@gmail.com

Pucynox 3.17 — bokoBe meHI0 MOOLTBHOTO 3acTOCYHKY [{nppoBoro mysero IBana

[Tymros

3a JOMOMOroO0 BIJIMOBIJIHOT KHOMKK MOKHA mepelth Ha cTopinky “TIpo

MPOEKT” 1 JAI3HATUCA AeTalbHY iH(opMallito npo nudpoBuid myser IBana Ilymros
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(muB pucyHok 3.18). B 60koBOMy MEHIO MO/IaH1 MOKJIUKAHHS Ha COIlaJIbHI MEpexXi

PO3pOOHUKIB.

3anpouwyemo Bac o3HanomuTUcs
3 BipTyanbHo ekcno3uuicto Llucpposoro
My3eto IBaHa lMyntos

& puluj-museum.tntu.edu.ua

3 2010 poky B TepHONiNbCbKOMY HaLUiOHANbLHOMY
TEXHIYHOMY  yHiBepcuTeTi imeHi IBaHa [lynios pgie
KiMHaTa-My3eil, NpuUCBAYEHa XKUTTIO | AiANbHOCTI
BMAATHOMO yKpaiHCbKOro BYEHOro Ta
rpOMaCbLKO-MONITUYHOrO AiAva, 4ve iM's 3 raopaicTio
HOCUTb YyHiBepcuTeT. Benuy 1oro noctati nonsrae y
BaraTorpaHHOCTI TanaHTy, Pi3HOMaHITHOCTI 3auikaBneHb i
BWCOKOMY piBHEBI [OCArHeHb Yy pisHUX cdepax
AianbHoCcTi. PisnK Ta eneKTPOTeXHIK, enekTpoeHepreTuk,
KOHCTPYKTOP | BWHaXigHUK, TanaHOBUTUIA OpraHisaTop
Hayku i ocBiTW, nonirnoT, nepeknagady bibnii, HEeBTOMHMIA
CNOABWKHUK YKPATHCHKOI HaLioHanbHOT igei.

(2]

Mpoekt peanizoBaHo 3a  (iHAHCOBOI  MIATPUMKN
TepHONINbCLKOro HauioHanbHOro TEXHIYHOro
yHiBepcutety im. |. Mynios

AR-3actocyHok Ta VR-npocTip pospobnsie Jlaboparopis
Kibepdi3nyHUX cuctem, CninbHUA HAyKOBWIA MiAPO3AIn
kadpenpu isukn Ta kadeapu kibepbesnekn THTY im. |.

Mynios

Mpaui BYeHoro 3 i3k CNPUAIU  YTBEPIKEHHIO
aTOMICTUYHOI Teopii 6y0BY Pe4OBUHW, CTaNMN NIATPYHTAM
BIiAKPUTTA  X-NpOMEHIB Ta  eneKkTpoHa,  Chnpusnu
CTAHOB/MIEHHIO X-NPOMEHeNorii AK Hayku, il akTUBHOM

Pucynox 3.18 — Indopwmartis mpo nudposuii myseii [Bana [lymnros

3a J0MOMOTOI0 MOOUIBHOTO 3aCTOCYHKY 3 €J€MEHTaMH JIOTIOBHEHOT
peansHOcTi LudpoBoro mysero IBana Ilymios kopucTyBaul TakoX MOXKYThb
OTpUMAaTH JOCTYI 10 30BHIIIHIX eneMmeHTiB [ludpoBoro mysero IBana Ilymros.
3o0kpeMa, pu HaTHCKaHHI KHOIKK “BipTyansHuii Typ no nuppoomy mysero [Bana
[Tyntos”, KOpHUCTYBau 3MOXE O3HAHOMHUTHCS 3 BIPTyalbHOI MaHOPAMHOIO
CKCIO3uIiel0 My3eto (auB pucyHok 3.19). Ilpu mpomMy MOKHA 3IiHCHIOBATH
BiJICOEKCKYpCIi 3 Ti710M, 200 CaMOCTIHHOTO JAOCTIKYBATH BIpTyaIbHY €KCTIO3UITIIO.

BoaHoudac K0XeH CTEH]I CYNPOBOKYETHCS ayi0BI3yalbHO, a KOPUCTYBAu MOXKE
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HAJIAIITYBATU CYNPOBIJ Ta MPUPOAHY TAKTUIbHY HaBITaIlll0 IO HHUPPOBOMY MY3€I0

IBana [lyrost BIAMIOBITHO 10 CBOIX BIOI00AHb.

Pucynox 3.19 — BipryansHa nanopamua ekcrio3uiisi Liudgposoro mysero [Bana

[Tymnros

3a gomomoror kHomku “VR-mpoctip nmadoparopii IBana Ilymros” MoxkHa
p p paTop Y.

OTPUMATH JIOCTYT JI0 BipTyasibHOT Tabopatopii IBana [lymrost (muB pucynok 3.20).

Pucynox 3.20 — VR-nipocTip naboparopii [BaHa [Tymntos

VY BipryanbHOMy Tmpoctopi jnaboparopii IBana Ilymtos 3a icTopuuHUMH

dotorpadismMu BiITBOPEHO, 30KpeMa, IHTEP €p Ta MPHUIAIH.
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3.5 BucHoBOK 10 TPeTHOI0 po3aiay

B tpethomy po3aim kBamidikaiiiHoi poOOTH OCBITHBOTO PiBHA «Marictp»
ornucaHo 1H(OpMaliiHI TEXHOJOTli BUKOPHUCTaHI MpU Po3podIl MOOITEHOTO
3aCTOCYHKY 3 €JeMEHTaMH JIOMOBHEHOI peasibHOCTI. HaBeaeHo iHTEpHET-pecypcu
[MudpoBoro wmyzero IBana Ilymos. CdhopmMoBaHO KOMIIOHEHTH MOOUIBHOTO
3actocyHky misi LHlugpoBoro mysero IBana Ilymos. [IpogeMoHcTpoBaHO mporiec
eKCIUTyaTalli MOOUIBHOTO 3aCTOCYHKY 3 €JI€MEHTaMH JOIMOBHEHOI peajbHOCTI 3
eJIeMEHTaMH J1I0NOBHEHO1 peanbHOoCTi a1 Ludposoro mysero [Bana Ilymros.

CtBOpeHuii MOOUIbHMI 3aCTOCYHOK 3 €J1€MEHTaMU JOIOBHEHOI PEATIbHOCTI €
CBOEPITHUM XaboM. BiH /10301s1€ HE JHIlle 3HAMOMUTH Bi/IB1yBauiB 3 €KCIIOHATAMU
My3€iiHOI BHUCTaBKH, aj€ ¥ TPONOHYE HANPSIMKH MEPEXOIB-TIOPTATIB Jis
BCEOIYHOTO JTOCIIIJPKEHHSI HAYKOBO-KYJIBbTYPHOI CHAAIIMHNA OJTHOTO 3 HANBIJOMIIINX
YKpaiHChKMX BYEHMX, (Pi3MKa, €JIEKTPOTEXHIKa Ta TpOMaJChKoro misiya IBaHa
[Tynros.

Buxopucranns 3D-moentoBaHHs Ta GOTOrpaMMeTpii J03BoIIsIE CHOPMYBATH
peaNiCTUYHI Bi3yalbHl €IEMEHTH Ta CHPUATH 30aradyeHHI0 HayKOBOI'O CBITOTJISIY

B1JIBiTyBadiB, 0COOJIMBO MOJIOI.
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4 OXOPOHA ITPAIII TA BE3IIEKA B HAJI3BUYAMHUX CUTYAIIAX

4.1 HopMaTUBHO-IPAaBOBi OCHOBHM  OXOPOHM mpami y ramysi

iH(popMaliiTHUX TeXHOJIOTIH

HopMmatuBHO-IpaBOBI OCHOBHM OXOPOHM Tipalli y Taiy3i 1H(popMaIiiHuxX
TEXHOJIOT1H BKIIIOUAIOTh 3aKOHO/IaBCTBO, HOPMU Ta MPaBUJIA, SIK1 PETYIIOI0Th YMOBU
mparii Ta 3a0e3neuyroTh Oe3neky mpaiiBHUKIB y wid  cdepl. OCHOBHUMH
HOPMATHUBHUMU JOKYMEHTAMH B L1l raiysi €:

— KoHcTutyniss Ykpainu — rapantye mnpaBa Ha Mpaiio, OXOPOHY Mpall Ta
310pOB's.

— 3akoH Ykpainu «IIpo oXxopoHy mpaili»— BCTAHOBJIIOE 3arajibHi BUMOTH 0
OXOpPOHU TIpaili, BU3HAUa€ MpaBa Ta OOOB'SA3KU MpPAI[iBHUKIB Ta POOOTOJABIIB, a
TaKOK BCTAHOBJIFOE BiIIOBIAJIbHICTH 3a MOPYIICHHS BUMOT OXOPOHH Tpaiii [66].

— Haxkasu JlepxkaBHoi city:)xO1 YKpaiHu 3 MUTaHb Mpall — MICTATh KOHKPETH1
BUMOTH III0JI0 OXOPOHH Tpalll B Tayry3i iIHPOPMALIHIX TEXHOJIOTIH.

— HopmartuBHi aktu MiHICTepCTBA OXOPOHM 370pOB'A YKpaiHM — MICTSTh
BUMOTH JIO OXOPOHH 3/I0POB's MPAIlIBHUKIB Y TalTy31 IHPOPMAIIMHUX TEXHOJIOTIH.

— HopwmarupHi nokymentu [lep:kaBHOT0 KOMITETY YKpaiHU 3 TPOMUCIOBOI
O€3MeKr, OXOPOHU Mpalli Ta FIPHAYOTO HATJISTY — MICTSITh BUMOTH II[0JI0 OpraHizarii
Ta 3a0e3nedeHHs 0e3MeKu mparl B Tary3i iIHpOpMaIifHIX TEXHOJOTIH.

— MUiDKHapOHI CTaHAAPTU — MICTATh BUMOTH 10 OE3MEKH Mpaili B ramysi
1H(pOpMAaIITHUX TEXHOJIOT1H Ta BAKOPUCTOBYIOTHCS B Y KpaiHI K peKOMEH Iallli.

3aranoM, HOPMATHBHO-TIPABOBI OCHOBH OXOpPOHHM Tpali y Taiysi
1H(pOpMaIITHUX TEXHOJOrIH CIpsSMOBaHI Ha 3a0e3neueHHs Oe3MeKd Ta 3J0pOB'S
IIpaIliBHUKIB.

Moske 3maBatucs, mo npamiBHUKH [T He MaioTh XOJHUX BUPOOHUYUX
pusukiB. OpjHak, 3 TMOCTYIIOM HAayKH Ta TEXHIKH, y cdepax maTepiaJbHOIo

BUPOOHMIITBA 3'SBJISIFOTHCS IHHOBAIII1, SIKI 3MIHIOIOTh 3HAPSS Ta PEIMETH Tparl,
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TEXHOJIOT1i Ta MeToAu o0poOKH iH(popMalii. 3aXOIIeH BIOCKOHAJICHHSIM 3aC001B
mparli, TBOPIll IIUX TEXHOJIOTIM 3a0yu Tpo MPOOIEMH JIFOIUHHU, [0 BUHUKAIOTH B
KOHTEKCTI IIMX TEXHIYHUX Ta KOMIT'FOTEPHUX PEBOJIOLIM.

VY 3B'SI3Ky 3 MIUPOKKMM 3aCTOCYBaHHSM aBTOMATH3allli Ta KOMIT'IOTepHU3aIlii,
CTaJI0 BaXIWBUM BpaxyBaTH IICUXOJOTIYHI MOJIMBOCTI JIFOJUHHU, TaKi K
IIBUJIKICTh peakilii, 0COOJIMBOCTI Mam'sTi Ta yBaru, eMouiiHui cran touo. [losBa
OTepaTOPCHhKOI AISUTBHOCTI MpU3BENa 10 3HAYHUX 3MiH y TpodeciiHiid CTPYKTypi
npati. @i3uyHa BaXKKICTh Mpalll 3MEHIITWIACH, PU3UK BUPOOHUYOTO TPaBMATHU3MY
3sMeHmmBcs. [IpoTe, oJHOYAaCHO 3 MM, Ha TIPAIiBHAKA MIOCUITIOETHCS BIUIUB HOBHX,
paHille HEeBIJOMHX a00 Mall0 BHBYEHHUX PI3HMX HEraTHBHUX BUPOOHUYMX Ta
NCUXOEMOLIMHUX  (akKTopiB, cepell  SKUX  OCOOJMBO  BAXKIUBUMH €
ncuxodiziosoriyni pakropu [67].

[Ipans mroauHu, sika BiOYBAa€TbCS B yMOBaXxX IiIBUIIEHOIO HEPBOBOTO Ta
EMOI[ITHOTO  HANpY>KEHHS, JOBrOTPUBAJIMX CTATUYHUX T[EPEBAHTAXEHb Ta
OOMEKEHOT PYyXOBOI aKTHMBHOCTI, MOYKE€ CIPUYMHUTU PI3HOMAaHITHI IpoOieMH 3i
3JI0POB'SIM, TaKi sIK IEPEBTOMA, 3HIKEHHS (PI3UYHOT Ta PO3YMOBOI TPOTYKTUBHOCTI,
HEBPO3H, 3aXBOPIOBAHHS CEPIEBO-CYANHHOI CUCTEMH TOIIIO.

Came TOMY 1OsIBa Ta BIPOBAKEHHS HOBUX 1H(QOPMAaIlIHHO-KOMYHIKAIIITHIX
TEXHOJIOT1M 3yMOBJIIO€ HEOOX1IHICTh MOAAIBIIOTO BJAOCKOHAJIEHHS OXOPOHU Iparll
¢daxiBuiB IT 1HaYyCTPII.

BaxnuBuM HampsiMOM CTOCOBHO BH3HA4YCHHsS TPO(dECciitHOi MpUIaTHOCTI
daxiBiiB 3 1HGOPMAIIMHUX TEXHOJOTIM € TpOBeACHHS TCHUX0(1310JI0TIYHOT
EKCTEPTU3U BIAMOBIIHO 10 5 cTaTTi 3akoHy Ykpainu «IIpo oxopoHy mpaiii».

Poborta 31 cydyacHUMHU KOMIT FOTEpaMH MOKE BUKJIMKATH TICUXO(1310JI0T1UHE
NEePeHaBAHTAXEHHS, BTOMY OY€H, 3HMKEHHS PYXOBOi aKTHMBHOCTI 1 BIJICYTHICTh
YITKUX HOPM TIpalli B 3aJI€KHOCTI BiJ BIKY, CTaTi, TUITy 30pOBOT POOOTH Ta PEKUMY
mparli Ta BIAMOYUHKY, IKU BUKOPUCTOBYETHCS BIPOJAOBK POOOUOTO JTHS, THKHS YU

PIYHOTO BIAMYCTKOBOIO MEPIOY.
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Bce me morpebye po3poOKu HOBHUX HOPMATHBHO-TIPABOBUX aKTIB 3
pernamenTtanii mpami Ta BiamounHky ¢axiBuiB IT-iHmyctpii 1 craHmaptiB
MIJNPUEMCTB, IIEHTPIB KOMIT'IOTEPHOI TEXHIKH, IIEHTpIB 1H(pOpMAIIHHUX
TEXHOJOT1H, CydacHUX KOMIT IOTEPHHX KJIaciB.

Ile BuMarae po3poOKH HOBUX HOPMATUBHHUX JOKYMEHTIB, 5Kl O perystoBaiu
pobounii yac Ta mepioAu BIAMOYMHKY IpariiBHUKIB I T-1HIyCcTpii, a TAaKOK CTBOPEHHS
CTaHJAPTIB JAJIS MIANPUEMCTB, IEHTPIB KOMIT I0TepHOI TexHikH Ta [ T-1ieHTpin

3 MeTor 30epekeHHs Ta BIJHOBJICHHS 370pOB’S TMPAIIBHUKIB B Taly3i
KOMI'FOTEPHUX TEXHOJIOT1i, 0COOJIMBO B KOHTEKCTI pOOOTH 3 KOMITIOTEpaMU HOBOTO
MOKOJIIHHS, $Ka TOB'I3aHa 3 MEBHUMHU (akTopamMu NpodeciiiHOro pH3UKY,
HEOOX1THO 3/IIHCHIOBATH TOINEPEH] Ta MEPIOAUIHI MEIUYHI OTJISIU 3 MOJATBIIO0
1cux0(i31070TIYHOI0 €KCIEPTU3010 Ta BCTAHOBJICHHIM MPOQECiiHOT MPUAATHOCTI.
Kpim Toro, mis 3abe3nedeHHst Oe3neku excruryaraiii [1IK HEoOXiaHO TPOBOIUTH
EKCIIePTU3y, sIKa MIATBEPIKYE BIAMOBIIHICTh EJIEKTPOOE3NEKH MepCOHATBHUX
KOMIT FOTE€pIB BUMOTaM HOPMAaTHBHOI IOKYMEHTAIli.

JIisi miIBUINEHHS PIBHS MpPale3laTHOCTI, SK PO3yMOBOi, TaKk 1 30pOBOI,
BXKJIMBO 3/I1MICHIOBATH €PrOHOMIYHY ONTUMI3AIIII0 CUCTEMH «OIEepaTOP-TepMiHAI.
[le nomoMoxke MAOCATTH pPE3yJbTaTUBHOI  (PI3UYHOT Ta  IHTEJIEKTYaJbHOI
Mpare3aTHOCTI, a TAaKOXX BITHOBUTH TMCHXOCOMAaTH4HE 370poB's (axiBmiB [T-
iHmycTpii. [68]

3aKOpJIOHHUI JOCBIA CTBOPEHHS KOMGPOPTHHX BI3yaIbHHX YMOB Ta
3a0€3MeUYeHHs] BHPOOHMYOI €CTETHMKM B MPUMIIIEHHAX Ta Ha TEPUTOPIAX
HNIJIPUEMCTB, a TaKOXX JOTPUMAaHHS HOPM pIBHIB BHPOOHMYOIrO IIyMy Ta
aKyCTHYHOI THIN 3a Mekamu odicy € BaxymBuUM. Jl0JaTKOBO, BUKOPUCTaAHHS
(GyHKLIOHATBHOI MY3UKH Y OQICHUX NPUMINICHHSIX Ta KaOlHETaX € BaKJIMBUM
3ac000M MCHXO0(i310JOTIYHOTO PO3BAHTAXKEHHS, KU JI0MIOMarae MOmepeKaTH
nepeBToMy Ta 3abe3nedyBaTH HEOOXIAHHWI piBEHb PO3YMOBOI IMpare3aaTHOCTI

(daxiBIiB y chepi KOMIT IOTEPHUX TEXHOJOT1H.
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VY 1poMy HampsIMKy BaXKJIMBO 3BEPHYTH yBary Ha CTBOPEHHS KIMHAT
ncuxo(i1310J0TIYHOTO PO3BAaHTAXKEHHA sl mpauiBHUKIB [T-ramy3i B OuIbIINX
HeHTpax 1H(OpMaIIHUX TEXHOJIOTIH. 3apyOiKHUI JTOCBIJ OXOPOHM Mpalll MpH
BUKOPHCTaHHI HOBITHIX 1H(QOpPMAIIfHUX TEXHOJIOTIH Ta KOMII'FOTEPHOIO
oOJlafHaHHS TIOKa3ye, IO JJIsg 3aroOiraHHsS HACHKIB MOHOTOHHOI POOOTH,
M1JBUIIEHHS PIBHS PyXOBO1 aKTUBHOCTI Ta MOKPAIEHHS pO3yMOBOI MpaIe3/1aTHOCTI
¢axiBIiB IT-ingycTpii HEOOXI1/THO BUKOPUCTOBYBAaTH KaOiHeTH
ncuxo(i31070T1YHOTO PO3BAHTAKEHHS.

BaxxnuBuM € 1OCBI1J CTBOPEHHS KOM(POPTHUX YMOB B NMPUMILIEHHSAX Ta HA
TEPUTOPIAX MIANPUEMCTB 3 YpaxyBaHHSIM BUMOI BHPOOHHMYOI €CTETUKHA Ta HOPM
PIBHIB IIyMy Ta THIII 3a MexkaMmu odicy. 30kpema, 3aCTOCyBaHHS (PYHKI[IOHAIBHOT
My3UKH MOK€ JOMOMOITH Y TNCUXO(]I310J0TrIYHOMY pPO3BaHTaXEHHI (paxiBIiB
KOMIT'FOTEPHOI Tally31 Ta 30€pexeHHl X PO3yMOBOi mpare3gaTHocTi. Takox ciif
3BEpHYTH yBary Ha CTBOPEHHS KIMHAT Il ICUX0(]1310JI0TYHOT0 pO3BaHTAKEHHS Ha
BEJMKUX IEHTpax 1HPOPMALIMHUX TEXHOJOTIA JJid TNpPALiBHUKIB ramysi.
3apyOiKHUI JOCB1 OXOPOHU Tpalli 3 BUKOPUCTAHHSIM CYy4acHOTO KOMIT FOTEPHOTO
oOnajHaHHSA Ta HOBITHIX 1H(QOPMALIMHUX TEXHOJOTIM CHPSIMOBAHMA HA
MOTIEPE/KEHHST HACTIAKIB MOHOTOHHOI TMpalll, MiJABUIIECHHS PIBHA PYXOBOI
AKTUBHOCTI Ta MOJIIIIEHHS pO3yMOBOI mparie3aatHocti daxisii IT-inmgyctpii [69].

JIns migBuilieHHs] €peKTUBHOCTI CUCTEMU YIIPABJIIHHS OXOPOHM Mparli Tyxe
BOXJIMBA POJb HAICKUTh (OPMYBAHHIO 1 PO3BUTKY 1H(OPMAIIHHOI KyJIbTYpH
¢daxiBiiB IT-TexHoJIOTIH, SKa BIUIMBAE HA YAOCKOHAJEHHS 1H(GOPMAIIIMHOTO
KOHTYpPY Cy4YaCHUX MIJIPUEMCTB, 103BOJISIE CTBOPIOBATH HAJIHI MPOTHO3M 100
CTaHy YMOB TIpalli, MOKa3HWKIB 370pOB’S Ta Mpare3qaTHOCTi, BUPOOHUYOTO
TpaBMatu3My 1 npodeciiHOi 3aXBOPIOBAHOCTI, BU3HAYATH MOJITUKY PO3BUTKY
MiIPUEMCTB, YCTaHOB Ta OpraHi3alliii Ha OCHOBI PI3HOMAHITHUX CTpaTerii

OXOpPOHU TIpari.
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4.2 IlnanyBaHHA 3aX0JiB IMBIJILHOIO 3aXHCTYy HA 00'€KTaxX KYJbTYpPH Y

BUIAKY HA3BUYANHUX CUTYyalil

KBamiikarmiitna po6oTa mpHCBSIYEHA TOCHIIHKEHHIO CBITOBOTO JOCBiAY
3aMpoOBaKEHHS TEXHOJIOT1H TOMOBHEHOI PEaIbHOCTI JJIsl 30€pPEeKEeHHS KYJIbTYpPHOT
CHaJIIUHNA, TOMY 3a0e3MeueHHs 0e3Neku Ha 00'€ekTax KyJIbTypu — 1€ aKTyajbHa
npobiieMa, OCKUTBKH Taki 00'€KTH € HE JIMIIE MaM'ssTKaMu KyJbTYypHOI CIIaJIINHY,
ajle ¥ MICIIMU MacoBOTO BIJBIAyBaHHS TpomaasH. Bumaaku Haa3BUYalHUX
CUTYyalllil, TakMX SAK TIOXKEXl, MOBEHI, 3E€MJIETPYCH, TEXHOI€HHI KaracTpodu,
TEPOPUCTUYHI aKTH, BOEHHI JIii Ta 1HIIl, MOXYTh IIOCTaBUTH ]l 3arpo3y SK cami
00'€KTH KYJIBTYpH, TaK 1 O€3MEKY JIIOICH.

BaxnuBuM 3aBaaHHAM y 3a0e3nedeHHl Oe3leku Ha 00'€KTax KyJIbTypu €
IUTaHYBaHHS 3aXOJ[IB LMBUIBHOIO 3aXHUCTy B pa3l HaJA3BUYAHUX CHUTYaIlil.
[1nanyBaHHS MTOBUHHO OyTH MPOBEJCHE HA €Tarl MPOEKTYBaHHS Ta €KCIUTyaTarlii
00'eKTa KyJIbTYypH, a TAKOXK peryisipHo oHoBmroBatucs [ 70].

Onun 3 mepuMx KpOKiB y IUIaHYBaHH! 3aXOMIB IMBUIBHOTO 3aXHCTYy Ha
o0'ekTax KyJIbTypu — 1€ 1JeHTU(]IKAIlI MOXIUBUX HeEOe3MeK, SKI MOXYTh
BUHUKHYTH. Hanpukman, sxmo o0'€ekT po3TamioBaHUM Ha TEPUTOpIi, sKa
3HAXOJUTHCS I11JI BUCOKMM PH3MKOM ITIOBEHI, TO HEOOXITHO 3pOOMTH BiAMOBIIHI
3aX0JW Ui 3anoOiraHHs 3aTOTUICHHS Ta IIBUJKOI eBakyamii Joaei. Takox
BOXJIMBO OI[IHUTH PU3WKA BUHUKHEHHS HAQJA3BUYAWHUX CUTyaIlll Ta PO3pOOUTH
IUTaHM 1 y pa3i iX BAHUKHEHHS.

[Ticns 1ipenTUdiKamii MOXIMBUX HeOE3NMeK Ta po3poOKU IUIaHIB iH,
HEOOX1/IHO MPOBECTH HABYAHHS Ta TPEHYBaHHS MEPCOHATY 00'€KTa 3 LIUBUIBHOTO
3aXHCTY, 1100 BOHM 3HAIM, SK JIATH B pa3l HaA3BU4YAHOI cutyallii. HaBuanHs
MOBUHHI TIPOBOJUTHUCS PETYJSPHO, 33711 BAOCKOHAJIEHHS 1 TIEPEBIPKU 3HAHb Ta
HaBUYOK IEPCOHAITY.

Jlns  3a0esnedeHHs Oe€3MeKW BIJABIyBadiB O00'€KTIB KyJbTYpU B pasl

HAA3BUYAHUX CUTYallli HEOOX1IHO PO3POOUTH IJIaHU €BaKyallii, sIKi TOBUHHI OyTH



68
PO3MIIIIEHI B AOCTYIHHUX MICIIX Ta OyTH 3pO3yMUIMMH AJis BiaBimyBauiB. Takox
HEOOX1/THO 3aIPOBAJUTH CUCTEMY MOMEPEHKEHHS MPO HAJ3BUYAiHI CUTYaIlil, siKa
MO>K€ BKJIIOYATH B ce0€ CUCTEMY AATUMKIB MOXKEX1, CHCTEMY OIMOBIIIECHHS Ta 1HIII
CJIEMEHTH.

Kpim Toro, HeoOXxiaHO 3a0e31eYuTH HassBHICTh HEOOX1THOTO 00JIaTHAHHS JIJIs
UMBUIBHOTO 3aXUCTy, TaKOro SIK BOTHETaCHHUKH, CHCTEMH aBTOMAaTUYHOTO
MOKE)KOTACIHHS, AamNTe4YKH, PE3EpPBHI JDKEpesia eJIeKTPOeHeprii Ta  TOImIO.
OO6uiaHaHHA IOBUHHO PETYJISIPHO MEPEBIPATUCA Ta MIATPUMYBATUCA Y POOOUOMY
CTaHi.

Takox BaXJIMBO MaTH pO3pOOJEHUI IJIaH B3a€EMOIl 3 pATYBaJbHUMU
ciyk0amMu 'y pasi HaJI3BUYAMHUX CHUTYyallli, KU MOBUHEH MICTUTH KOHTAKTHY
1H(pOopMaIliI0 PO BIAMOBIJIHI CIYKOM Ta IHCTPYKUII OO0 A1 y pa3l BUHUKHEHHS
HaJ3BUYANHOI CUTYAITI].

[InanyBaHHS 3aXO/IB IUBLILHOTO 3aXUCTY Ha 00'€KTax KyJIbTypU MOBHUHHO
OyTH MOCTIMHUM MPOLIECOM, SIKUM BKJIIOYAE MEPIOJUYHI MEPEBIPKU T4 OHOBJICHHS
TUIaHIB 1i y pa3l Ha3BUYaHUX cUTyalliil. Bax/InBuM elIeMEeHTOM € MPOBEACHHS
pEryJIIpHUX THCIIEKI[IM Ta ayJUTIB CUCTEM LIUBIJILHOTO 3aXUCTY, 11100 MepEeKOHATUCS
B iX €()eKTUBHOCTI Ta BU3HAYUTH MOKJIMBICTD iX TOKPAIIICHHS.

binbir Toro BapTo 3a6e3neunTH HalexKHe 30epiranns iHdopmarlii mpo 00'eKTH
KyIbTypH, BKJIIOYAIOYM TUIAHU  OyJiBenb, CXEMH  €JIEeKTPOMOCTauyaHHS,
BOJIOTIOCTAaYaHHS Ta 1HIIY HeoOxiaHy iHopwmaiiro. [le momomoske psaTyBaIbHUM
ciyk0am y O11b111 e(peKTUBHOMY pearyBaHH1 Ha HaJA3BUYalHI CUTYaIIIi.

BaxiuBuM 3aBHaHHAM € 3a0€3MEUYCHHs] HAJEKHOTO PIBHS OXOPOHU Ta
Oe3meku 00’ €KTIB KyJIbTYPH, a/I)KE BOHH 4acTO € 00’ €KTaMH TEPOPUCTHYHUX AKTIB.
3 MeTo0 3a0e3reueHHs 0e3neku Ha 00’ €KTax KyJbTypH MOBUHHI OyTH 3a0e3nedeHi
MOCTIMHUN KOHTPOJIb Ta HATJSJ, KaMEpU CIOCTEPEKEHHS, IITy4YHE OCBITICHHS,
CUCTEMU OTOBIIIEHHS, JDKEpesia aBapiiHOTO EJIEKTPOKMBJICHHS Ta 1HII 3aXOIH

Oe3IeKu.
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[lim wac Ham3BUYAMHWX CHUTyamiii Ha 00'€eKTax KyJIbTypH, HEOOXITHO
3a0€e3MeYUTH JOCTYM J0 ITUX 00'€KTIB, a TAKOXK 3a0€3MeUnTH 30epeKeHHS TX IIIHHUX
apTedakTiB, eKCIIOHATIB Ta 1HIITUX MaTepiaiiB. JJisg 11p0ro moBuHHI OyTH pO3po0IeH]
TJTAaHW €BaKyallii Ta CUCTEMH 30epeKeHHS MaTepialliB.

J1ist 306epexeHHst 00’ €KTIB KYyJIbTYPHOI CHAAIIIMHA MOXKE OYTH BUKOPUCTAHUMA
nporiec 1udposizaiii. Takuli Tpolec € HEeoOXITHOK MIpOor IS 30epeKeHHS
eKCITOHATIB Ta MaM'sITOK y BUIIAJKY 1X KpaJlXKKU, 3HUIIICHHS Y1 BTPATH, OCOOJIMBO B
ymoBax BiiiHU. [{udpoBi komii 3a0e31euytoTh MOKIIUBICTh pecTaBpallii eKCIIOHATIB
y pa3i ix nomrkopkeHHs adbo BTpatu [71].

Oxpim Toro, nudpoa 0a3a AaHUX OO0'€KTIB KYJbTYPHOI CHAAIIMHU MOXKE
JIOTIOMOTTH Yy BCTAaHOBJIEHHI MicLenepeOyBaHHs BHUKpaJeHUX ekcroHaTiB. Lle
MOXJIMBO 3aBJSIKM CHUCTEMI MapKyBaHHS Ta I1JeHTU(IKalli EeKCIOHATIB 3a
JIOTIOMOTO10 YHIKQJIbHUX KOJIIB Ta OMMCYBaHHS XapaKTEPHUX OCOOIMBOCTEH.

[MugpoBa 6a3a gaHUX TakoX 3ade3nedye 3pyYyHUI Ta MIBUAKHUI AOCTYI JI0
1H(popMaIlli Ipo €KCIOHATH Ta MaM'sITKU KyJIbTYPHOI CHAIIIMHM JJIsl HAYKOBIIIB,
BUUTENIB, CTYACHTIB Ta IMUPOKOi TpomajackkocTi. lle cmpusie momynspuzarii
KyJbTYPHOI CHAJIIMHU Ta CIPUSIE 11 30€pEIKEHHIO.

3 Meroro 3abe3nedyeHHs O€3MeKd EeKCIOHATIB Ta MaM'ATOK KYJIbTYpHOI
CHaJlIMHU, MOKHA BUKOPHUCTOBYBAaTH CHCTEMHU MOHITOPUHIY Ta CIOCTEPEKEHHS,
Kl OyAyTh aBTOMATHYHO CIOBIIIATH MpO OyIb-AKl Miao3pial aii Ha o0'ekTax
KyJbTYPHOI CHaIIIMHUA. TakoX MOXYThb OYTH BHKOPUCTaHI CHUCTEMH KOHTPOJIIO
JOCTYITY Ta 3aXMCTY BiJl BaHJIali3My Ta TEPOPUCTUUYHHUX AKTIB.

OnHUM 3 OCHOBHMX €JIEMEHTIB € BIJIMOBIAIbHICT 3a O€3MeKy Ha 00'eKkTax
KynbTypu. KepiBHMIITBO 00'€éKTa Ta MEpPCOHAT TMOBHWHHI PO3YMITH BaXKJIUBICTh
IUTAHYBaHHS 3aXOJ[iB IWBUIRHOTO 3aXHCTy Ta JOTPUMYBATHUCS BCTAHOBJICHHUX
IpoLEIYP.

KynpTypHa cnagmmnaa € KOJEKTHBHUM HaJA0aHHSM JIIOJICTBA, IO CBIAYUTH
po 0ararcTBO KyJbTYpHUX TPAJIUILINA Y BCbOMY CBITI Ta € %UBOIO CHAIIIMHOIO, KA

00'elHy€ TIOKOJIIHHA Ta BHM3HAYa€ 1ICHTUYHICTh HApOAy Ta WOro TepuTopii.
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KynbrypHa cnaamuna Ykpainu, mo BigoOpaxae yKpaiHCHKUN KyJIbTYpHUH KO,
Ma€ BEJNHWKE 3HA4YCHHS I (opMyBaHHS Hallli, IO BiJICTOIOE CBOI TpaBa BijX
pociiickkux arpecopiB. Tomy 30epekeHHS 00'€KTIB KyJIbTYpHOI CIaIIIAHUA
HA/I3BUYAIHO BaXJIMBE, OCOOJIMBO iJ] YaC BOEHHUX /il a00 30pOoHUX KOH(QIIKTIB,
KOJIM 1CHY€ 3HayHa 3arpo3a iX MOIIKOKEHHS, 3HULIIEHHS a00 BUKPaIaHHSI BOPOTOM
iHHUX apTedakxTis [72].
OTxe, TUTaHYBaHHS 3aXOJIB IMBUIFHOTO 3aXHUCTy Ha 00'€KTax KyIbTypHU €

H&IISBPI“IafIHO BaXJIMBUM 3aBAaHHAM JJIA 3a0e3IeUYcHHs 0e3IeKn J'II-OI[Gﬁ Ta MaiiHa.

4.3 BUCHOBOK /10 YeTBEPTOr0 PO3/i1y

Oxopona mparii B raiy3i I'T € BaKIUBOIO 3 TOUKH 30py 3a0e31eueHHs Oe3MeKu
Ta 3710poB's mpamiBHUKiB. Ockinbku po6otra B IT-cdepi Bkiatowae B cebe
BUKOPUCTAaHHS KOMII'FOTEPIB, TEXHOJOTIN 1 TporpaMHOro 3a0e3nevYeHHs, ICHY€E Psifl
MOTCHIIINHUX PU3HKIB, 3 SKHMH MOXYTh CTHUKATHCS TpAIiBHUKH. J[oTpuMaHHS
HAJIWHUX CTAaHAAPTIB OXOPOHHU TPalll CIPHSIE 3HIKEHHIO 1TUX PU3UKIB 1 MOKpAILye
3arajbHUM CTaH NpalliBHUKIB.

[InanyBaHHS 3aX0/(iB IIUBIJILHOTO 3aXUCTY HA 00'€KTaX KyJIbTYPH y BUIAIKY
HAJ3BUYAHUX CUTYAIllll € KpUTHYHO BAXXHUM 3 HACTYITHUX NMPUIHNH:

— Jlonmomarae 3MEHIIUTH PU3HMK BTpAaTU apTedakTiB, TBOPIB MUCTELTBA Ta
IHITUX IHHOCTEH KYJIbTYpPH.

— Bxirouae B cebe mpolenypu eBakyailii, HagaHHsS TEpHIOi MEIUYHOI
JIOMOMOTH Ta 1HIII 3axO0/JH, IO CHOpsIMOBaHI Ha 3a0e3MeueHHs Oe3MeKu BCIX
IPUCYTHIX.

— Jlormomarae BCTAHOBUTH TIPOLCIYPH JJIs 3amoOIraHHS ITOIIKO/KCHHIO
MaiiHa Ha 00'€KTax KyJbTypH.

— Bxurouae B cebe pesepByBaHHS Ta 30€piraHHs PE3epPBHUX KOMIN MTaHMUX,
PEKOHCTPYKI1O MOMIKOJKEHUX 00'€KTIB AJIs MIBUAKOTO BITHOBICHHS HOPMAJIbHOTO

peXUMY pOOOTH 00’ €KTIB KyJIbTypH
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BUCHOBKU

B nepmomy po3aini kBamigikamiitHoi poOOTH OCBITHBOTO piBHS «Marictp:

— OmnucaHo TEXHOJOTIT TOMOBHEHO1 PEalbHOCTI Ta 30epeKeHHs KyIbTYPHOI
CHaLIHH.

— Posrmanyro 3D-mopeni, AR-KOHTEHT Ta TEXHOJOTIi JIOMOBHEHOI
peabHOCTI.

— IIpoananizoBano Temy AR Ta MOOUIBHUX 3aCTOCYHKIB.

— JlochimkeHo cueHapii CynpoBOAYy KOPUCTYBadiB UU(PPOBUX MYy3E€HHUX Ta
BUCTaBKOBHUX E€KCIIO3HUI[IH.

— Ilogano onuc KynbTypHOI cianmney IBana [lymros.

3acTocyBaHHS TEXHOJIOT1 JOMOBHEHOI PEANbHOCTI B MY3€HHUX MOOUIBHHX
3aCTOCYHKax pO3LIUPIOE MOKJIMBOCTI CIPUUHATTA BiJBiAyBauaMu iHdopmarii
eKCIIO3UI[IM, [I03BOJISIE 3alyYUTH KOPUCTYBadiB JI0 AaKTUBHOI B3aeMoOIli 3
BIpTyaJIbHUMH eneMeHTaMu. [lpu 1pomy GdopmyeThess HE3a0yTHIN  OCBIT
3aHYpPEHHS Y JAMBOBW)XHHMI CBIT HayKOBHUX BIJKPUTTIB Ta KyJbTYpHOI crenu(iku
KOHKPETHO1 1ICTOPUYHOT €MOXHU.

B npyromy po3maini kBamidikaniiHoi poOoTH:

— Ilomano omuc wmerony QortorpaMMmerpli  apT-00’€KTIB  KyJIbTYpPHOI
criaauau [Bana Ilymros.

— IlpoaHanizoBaHO KOHIIENTYyaldbHy CTPYKTYpHO miarpamy I[ludposoro
Mysero IBana Ilymros.

— CdopmoBaHo ciieHapii B3aeMOIi1 KOPUCTYBaUiB 3 MU(PPOBUM MY3€EM.

— Ilomano omwuc mpolecy OIIHKYU CIIEHApIiB METOA0M aHali3y iepapXiid.

3anponoHoBaHuid (opMaT MUPPOBOTO My3€I0 3 €IEeMEHTaAMH PO3IINPEHOT
pealbHOCTI Ma€ 3HAYHUM TOTEHIla] I1HTErpaiiii HETUIOBHX Ta I1HHOBAIIMHHUX
3ac00IB s 30€peXeHHS HAlllOHAJIbHOTO HAyKOBO-KYJIBTYPHOTO HaAOaHHS,
TYPUCTHUYHOI IHAYCTPIi Ta HAYKOBO-TIPOCBITHUIBKOT J1SIBHOCTI.

B tpetbomMy po3aini kBamidikamiiHoi poOoTH:

— Omnwmcano iHQoOpMaliiiHI TEXHONOriI BHUKOPUCTaHI MpH  PO3poOLl

MOOUIBHOTO 3aCTOCYHKY 3 €J1€MEHTaMU JOTIOBHEHOI PEaIbHOCTI.



72

— Hasegaeno inTepHer-pecypcu Ludpororo mysero IBana Ilymros.

— CdopMoBaHO KOMIOHEHTH MOOUIBHOTO 3acTocyHKy s [udposoro
My3ero [Bana [lymros

— IIpoaeMOHCTpOBaHO TIpolieC €KCIuTyaTallli MOOIIBHOTO 3aCTOCYHKY 3
eJIEMEHTaMU JIOTIOBHEHOI PEabHOCTI 3 €JIEMEHTaMH JOMOBHEHOI PeaibHOCTI IS
[Mudposoro mysero IBana Ilymros.

CtBOpeHuii MOOUTFHUHN 3aCTOCYHOK 3 €JIEeMEHTaMHU JJOTIOBHEHOI PEaNbHOCTI €
CBOEPiTHUM XaboM. BiH 1030J1s1€ HE HIie 3HAHOMUTH BiJIB1IyBadiB 3 €KCIIOHATAMH
My3€HHOI BHUCTaBKH, aj€ ¥ TMPOMOHYE HAMPSIMKH TEPEXOAIB-TIOPTAIIB IS
BCEOIYHOTO JTOCIIIJPKEHHSI HAYKOBO-KYJIbTYPHOI CHAAIIMHNA OJTHOTO 3 HANBIJOMIIINX
YKpaiHCbKUX BYEHHMX, (Pi3MKa, €JEKTPOTEXHIKa Ta TPOMAJChKOro Jisya I[BaHa
[Tymros.

Bukopucranns 3D-MoaentoBanHs Ta poTorpaMMeTpii 703BOJIsI€ ChOpMYyBaTH
pEaNiCTUYHI Bi3yalbHl €JIEMEHTH Ta CHPUATH 30aradyeHHI0 HayKOBOT'O CBITOIJISAY
B1JIBIJ{yBa4iB, 0COOJIMBO MOJIO].

VY posnum «Oxopona mpari Ta Oe3neka B HaA3BUYAMHUX CHUTYaIlisax»
MIPOAHAII30BaHO HOPMATHBHO-TIPABOBI OCHOBM OXOPOHM Tpalli B Taiysi
1H(}opMaIiHUX TeXHoJoT1i. OnKcaHo MIaHyBaHHS 3aX0/11B IIUBIJILHOTO 3aXUCTY Ha

00’€KTax KyJIbTYpH Y BUIMAJIKY HAJ3BUYAMHUX CUTYAIIIH.
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I MixrnapodHa cmyGeHMCELEE HAYKOE0 - MEXHMHE KoHGepeHLiR
“MPHPOOHHY TA MYMAHITAPHI HAYKH. AKTYANBHI MHTAHHA"

YK 004.93, 004.5
Kpamap T. — c1. rp. CH-21

Teproniibcskuti HayionatsHul mexHivHul yuisepcumem iveni leana [lywon

PO3POBKA MOBLITBHHX JOJATKIB 3 BHKOPHCTAHHAM
TEXHOJIOT'TI JIOITIOBHEHOI PEAJIBLHOCTI

Haykosnii kepisuuk: k.b.-M 1., 1o, Cropensruii HOJL.

Kramar T.
Ternopil Ivan Puluj National Technical University

DEVELOPING OF MOBILE AUGMENTED REALITY APPLICATIONS
Supervisor: Ph.D., Assoc. Prof. Yu. Skorenkyy

Karoosl cioba: Joaatk gonossedol peanssocti, 3D-moneni, C# ckpunTi.
Key words: augmented reality applications, 3D models, C# scripts.

PosedTox cyMacHHN MEPEHCEMX TEXHONOTH Ta MOOUIBHHX KOMyHIKauliHmx 3acodis
IYMOBHE CTAHOBIEHHA HOBOIO TEXHO-KYIBTYPHOID CCPENOBHILA ICHYBAHHA MIOACTEA 1 IMIHHE
Tonorpadin colianeiol PEANLHOCTI 38 PAXYHOK 11 JONOBHEHHS BIPTYVANLHOT KOMIOHEHTOH.
Croepigni  "BipTvalieHi poswdpedHds  moauan”  (cMaprTgond, CMAPT-TOAHHHHKH, CMapT-
Opacnerd, NIAHIIETH, KOMI'WOTEPH TOWO), SK1 JaKTh MOAIHBICTE NOCTIiHO nepefyesati B
pescimi onnaiin, "muTH" B peankHOMY 1 UmpoBOMY CBITAX OJHOMACHO, MEPETBOPHINCH B
IBAMHL ATPHOYTH NOBCAKICHHOCTI.

Jonoedena peansHicTs (Augmented Reality) — tepmin, wo suHuk B cdepi IT, sxum
CIOMATKY NO3HAYMANH TEXHONOrH, WO A03BONSE B PEANBHOMY 4aci 3Mimyeatw uudpory
iHPOPMALLD, ONPALBOBAHY KOMI'HOTEPOM, 3 IHPOPMALIED, 0 HAAXOAWTE 3 PEANLHOIO CBITY ¥
BianoeigHi koMmn'wrepdi  iHTepdeiicn. 3apa3 Bke CTANO OCTATOMHO 3IPO3VMIAO, MO Take
TPAKTYBAHHA 3AHANTO BYILKE, OCKIABKW AONOBHEHA PEANBHICTE BIME HE NPOCTO TEXHOIOrA, a
HOBE CepeloBHie And couianizauii nroguan. JlonoBHeHa peanbHicTs — Ue PeaibHICTh, 0¢ Gy k-
SKHil peansHui 00'ekT "HONOBHIOETECA" BIPTYVANBHUMH CISMCHTAMH, 1€ WTYYHA 1H(OpMauis
HAKNANAETECA HA (PI3MYHUWIT CBIT, POILHPIOYN | IMIHIOWYH HOro 3a J0N0OMOI0K NIAHILETIE,
cvaprorie, iHIMY iHHOBAUIHiHMX ramkeTis (Hanpuknay, Google Glass wn HoloLens), a taxosx
NPOrPaMHOrD 3a0e3eeHHE 10 HHX.

B nauiii poboTi npoaHanizosano ocofIHEOCTI NPOrpasMHux cepetosuu [1] ansa pospobku
KOHTEHTY 3 JONOBHEHOW peadsHicTi. s creopeHHs MoOUIEHHX J0AaTKIB Hamu OyI0
puropHcTaso cepenosiwe Unity i3 nuarinom Vuforia. 3D-mopeni 1a i adiMauis pozpodisiucs
B CHCTEMI 118 CTBOPEHHA | pejarysanHs Tpusrmipaol rpadixn ta animanii Autodesk 3D MAX
2019, ¥V cepepopnwi nporpamyesansas Visual Studio 2017 sa mosi C# HaNHCAHO CKPUOTH 118
A0AATKIE JonosHeHol peaisHocTl. CTBOPEH M0JATKH JONOBHeHOT peaikHocTi 0a3yTLCH Ha
mapkepriil gonosnediil peanssocti. CTROpeHD A0aTOK J0NOBHEHOT peansHOCTl 108 oToI0HH
Hentpy naykn Tepuonons, a Takom aonarox 3 HbopMadiern npo pakyiLTeT KoM HTEpHO-
inpopmaniiinux cucrem Ta nporpamao] imkednepii THTY, axi moscyrs Gyvin BukopucTani 3
MAPKETHHTOBOK) METOH.

IlirepaTypa.
I. D, Amin, 5. Govilkar. Comparative study of aupmented reality SDK’s. // International Journal on
Computational Sciences& Applications. — 2015 - Vol.5, Nol. - P. 11-26
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MIHICTEPCTBO OCBITH | HAYKH YKPAITHH
Hauionansna akagemin Hayk ¥Yxpaiun
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Jaxinunii naywosnii nentp HAH Yipainn § MOH Ykpainn
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(.1. Kpamap, kani. giz.-mar. nayk, gou., T.0. Kpamap, K./l Cropenkikwil, kana. gis.-
MAaT. HAYK, 1o, .M., Pokineknii, kann, icrop. naye, gou,

TepHoniabebkuil HALIOHAIEHAN TeXHIMHUE yrisepenTeT ivmeni lsana [Tyvon, Vepaina

IUOPOBHIT MY3EH HAYKOBOI CIIAIIIHHH IBAHA MYJTIOS:
MOKJIHBOCTI BAKOPHCTAHHA BIPTY AJIbHOI TA JONMOBHEHOI
PEAJBHOCTEN

0. Kramar, Ph.D, Assoc. Prof., T. Kramar, Yu. Skorenkvy, Ph.I), Assoc. Prof.,
0. Rokitskyi, Ph.D, Assoc. Prof.
DIGITAL MUSEUM OF IVAN PULUJ SCIENTIFIC HERITAGE: POSSIBILITIES
OF USING VIRTUAL AND AUGMENTED REALITIES

lean [Tynwit, ypomseneus TepronmsIHEN, BHIATHHH VEPATHCRER (113HE, HANCHNTD
A0 KOTOPTH THX CHABETHHX HAykoBUIE [ 1], axi sammmnu mo codl BenHygesniil 0DCAr apXiBHux
saTepianie. O3HAHOMICHHA 3 TEXHIYHHMH 0COGTHBOCTAMM BHHAXOIIR, HAVEORHMH MPAIAMH,
neperIajalbkon Ta NyOMUHCTHYHOW QIANEHICTIO HAIOTO BHOATHOTO IeMIAKA JOTenep
NPEACTARIAE SHAMHY MISHABUIEHY LIHHICTL, DPHUOMY HE JTHIIC 108 HAYKOBOT CHITLHOTH, ane
il A nepeciuiny rpoManan, ocolaneD YyURiE Ta cTyaenTie. B enoxy undporol nueinizanii ta
POIRHHYTHY MEPEWERHY TEXHOIOTI mce Oinkmie mooei, 0KpeMa MOIOIHX, AKTHRHO
BHEOPHCTOBYE MODUIBHI KOMYHIKAWIHHL npueTpol @M KOMICKOTEPH LU [WBHIKOTO NOLIYKY
IHGOPMALILT HE THIDE 3 O3HAROMYO0K MeTOR, ane H ana Hasvanns ta poboru. Came ToMmy
oco0nHEOT Bary Habveas ananTauliinnil noTenian TPATHITAHEY BHCTABKOBHY MailanuHKis
Ta MYISTR, 30KpEMa TX 30aTHICTR TpanchopMyRaTHEA (BIANOBIIHO 00 Konoenii "nHdposnx
apifinngis"} ¥ siprvanedi npocropr. Cyaacki kosn’torepri ID-rexHonorii 10380080TE He
NHLIE NIIHATH IHPOPMANITHY CENaI0EY My3CiH0T CKCNO3HUIT Ha AKICHD BHUIHI PIBCHE, a1 i
abepertH 1 IHTeparTHREHICTE. (JKpeMO BIIIHAYHMO, N0 nepesefennd v updposnii gopsmat
00" EKTIB ICTOPHEO-KYIRTYPHOT COAAIHHH, 30KPEMa MHCTEIEKHY TROPIE, ApXiBHHX MaTepianis,
apXecoriiHEX 3Haxitor a apredartie, ta i HaBiTe nam ATHHKIE, OVAIBENL TA ICTOPHYMHIY
napmualTiE, AOMOMATAE BOOPAIKYEATH Ta 3beperth Halisamnueimy  indopsanie [2,3],
CTPHAC ATanTaill BIRUTYRAYIE Ta TX opICHTYRAHHIO HA HeIHalioMiil MiclerocTi.

Y TepHOMNbCBKOMY HALIOHATBHOMY TeXHIYHOMY yHiBepoHTeTi iM. [ Ilvmos ewe
OUIBIWE JASCATHIITTA AKTHEHO NONOBHIOWOTECH HOBMMH Matepianamu 30ipka EnexrponHoro
ioray Isana [Tyvmos & incTerywifiinosy aenosurapii [4] ta myseiina kivaata Isana [Tymos. 3
BHEOPHCTANNAM HAABHHX ApXiBHHX satepianies y usomy poui creopeno [5] 3D-moaeni
cRoHCTpYiioBaHu: TTymoesM naMn (peHIAEPHAT 3AIHCHEHO 3 JOTIOMOTORY CHENiani3oRaH0rD
nporpamiore sadesnedenns Autodesk 3ds MAX ta ZBrush). Lindposi konil HaykoBHX npads
Td PCATBEHHE MYSCHHHX CTEHIIE 3 PAPHTCTHHMH (OTOMATCPIANTAMH POSTAINOBAHO (A, pue. 1)
V BIPTYAIEHOMY OpOCTOp, poipobrenonmy 3acobamu Unity (3o0kpema 3 10N00MOron nakynky
Probuilder ona crropennsa naHmuoadmie Ta iHTep epie). 3aNIAHOBAHO POIMOMLT EKCTIOIHILT
BIPTYANBHOIG MY3SH ¥ BLANOBAHOCT 3 icTopHKo-reorpaditaiaM nepiogami innsHoct L
Mynmwoa ( Teproninsupaa, Binens, Crpactypr, [para Tomo). 3 meron Ginsinol DOBHOTH Ta
apTenTHunocT aeaki 3D-moneni nas wyiewn, sokpeMa norpyia Ta nas aTarkl L [MTymon,
OTpHMAHT  MeTonoM  doTorpamMerpii 3 BHEOPHCTAHHAM  nporpad  ana 3D-obpoben
porozriveie (3DF Zephyr, Meshroom, Meshmixer). 3iiomen v Tpumaiinosi rta Tepxononi
AOEEOIHIH OTPHMATH (IHE. pHe. 2) AcTanis0BaH] CKAHOBAH] MOJen] mamM ATHHEKLE.
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Mamepiazu Mixchapoonoi vaysoeoi Kougepenyii
wlsan Mywon: xcumms 6 iv's nayxu ma Vepaivuy, Tepuonias, 2020

Pucynox | Pucynok 2

Y cnipnpaui 3 daxisuami 3 3D-apyky y THTY naGoparopia kibepdiznunix ciucrem
IUIAHYE HAATOUKCHHA BUITYCKY CYBEHIPHOT IPOAYKLIT HA OCHOBI TAKHX MOJCIICH.

[udposnii myseii Isana [Tymos na ganmit MoMenT npeacTasienuit BiakpuTivu Unity-
NPOEKTaMH Y KiILKOX opMarTax: y BHIISAI NPOrPAMHOTO MAakeTy, 10 BCTAHOBIKETLCA Ha
KOMIT IOTEp (KOPHCTYBaY 3 KNABIATYPH KEPYE aBaTapoM, LU0 NEpPEeMIlAETLCA Y BIPTYAIbHOMY
npocropi), y Burisal VR Android-sacrocynky (kopucrtysay sukopucrtoye VR-raphitypy 3i
cmapToHoM, nepemillieHHs aBaTapa Ta B3acMOAig 3 00'CKTaMH eKcrno3uuil 3HCHIOEThCs
pyXamH rojioBH, e, puc. 3, 4) ta y dopmari WebGL (nocTynunii Ha BIILHOMY cepBici 3a
nokaukanHsM  hups:/cpslab.itch.io/pmuseum ). [l OTpUMaHHA EKCIIOHATIB MY3CHO, #K
00’€KTIB JIONOBHCHOI, PCAIBHOCTI BUKOPHCTAHO 1HdopMauiiiai apykoBadi (Goromarepiann -
thnacpu, GKi MICTATH Pl 300pakKeHb-11a0N0HIB, N0 BHCTYNAIOTE BI3yalIbHHMH MapKepaMH J1is
Kamep MODUTLHHX MPHCTPOIB (Taka cXxeMa yeriHo anpodoeada Ha 3D-Moaensax navm aTHHKIB
L IMymoio Ha TepHoniibuHi).

Puecynok 3 Prcynok 4

Y migcyMmky BiazHauumo, wo ¢Gopmar undpoBOro My3ei0 NMOBHHEH BHCTYNATH
CYYACHHM JIOTIOBHEHHAM JI0 JUIOYHX CTAIIOHAPHHX BHCTABKOBHX MaiIaH4YHKIB, OCKIZTLKH Mae
PAIL  CYTTEBHX [OJATKOBHX MOMIMBOCTEH, 30KpeMa IIHPIY JOCTYMHICTb, EIEMEHTH
IHTEPAKTHBHOCTI BIPTYAJAbHOT €KCHO3MUIT, 3AaTHICTh 10 AKTHBHOIO MPOCYBAHHA [MiJ 4ac
HAYKOBO-TIPOCBITHHLBKHX 3aX0AIB, WO nepeadaualoTh BHI3AH Ta MOOUIBHI BHCTABKH,
nanpuknan Haykori niksiku, MoOLIBHI IeKTOPIT TONIO,

Jlireparypa.
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Application of Virtual and Augmented Reality Technologies for
Creation of a Digital Museum of Scientific and Cultural Heritage
of Ivan Puluj

Oleksandr Kramar, Yurny Skorenkyy. Oleksandr Rokitskyi and Taras Kramar

Termopil fvan Pulyy National Technical University, 56 Ruska 5t Ternopil, UA46000, Ukraine

Abstract

The wansformation of exhibition spaces to make different segments of society acquainted
with the historical, cultural and scientific heritage requires use of modemn information
technology, including virtual and augmented realities. In this regard, it is appropriate for
museums to use immersive techniques in order to preserve and demonstrate digitized
scientific and culiural artifacts. The paper presents the concept of a digital museum of
scientific and cultural heritage of the famous Ukrainian scientist in fields of physics,
electrical engineering and public figure Ivan Puluj, which may contribute, in particular, to the
growth of tourist attractiveness of Ternopil region and populanzation of Ukrainian science in
general. Using computer-aided 3D technology, a panoramic tour, virtual space and
augmented reality application have been created based on archival information content
associated with the name of this prominent scientist.

Keywords

Virtual reality, augmented reality, virtual tourism, cultural heritage, virtual tours

1. Introduction

The rapid development of modern methods of computer scanning and 3D modeling, as well as
virtual and augmented reality technologies provide opportunities for creating realistic copies of a
variety of objects in accordance with the concept of digital twins [1]. Special attention in this context
is to be paid to objects of scientific and cultural heritage (see for review [2-4]) for which a
reconstruction in digital 3D-format opens wide prospects for educational activities and popularization
of scientific achievements, formation of scientific worldview, comprehensive introduction of the latest
technologies, preservation of historical traditions of educational institutions [5.6].

Immersive technologies (with the possibility of deep immersion in the virtual world) include
human interaction with the digital visual environment and are designed to create an effect of presence
through perception and interaction with 3D content (see, for example, one of the first significant
ARCO projects [7], which was aimed at developing a set of digital museums technologies for the
creation, preservation and demonstration of digitized cultural objects in virtual exhibitions, available
both in museums and remotely). The authors [8] note that the creation of a virtual museum based on
the concept of multi-<component mixed reality, which combines elements of virtual and augmented
reality, as well as web-3D allows to achieve a new level of visitor interaction with the information
content of the exhibition.

Ivan Puluj, who originated from the Ternopil region, belongs to the cohort of those famous
scientists [9,10] who left behind a huge amount of archival material. Acquaintance with technical
features of inventions, scientific works, translation and journalistic activity of our outstanding
compatriot still represents considerable cognitive value, and not only for the scientific community, but
also for a citizen, especially a pupil or a student.
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In the digital age, age of advanced web technologies, more and more people, especially
youngsters, are actively using mobile communication devices or computers for fast search for
information not only for educational purposes, but also for entertainment and work. That is why the
adaptive potential of traditional exhibition grounds and museums, in particular their ability to
transform into virtual spaces, acquires special importance. Modem computer 3D-technologies allow
not only to improve the information component of the museum exposition, raising it to a qualitatively
higher level, but also to preserve its interactivity. It should be noted that the digital translation of
historical and cultural heritage sites, including works of art, archival materials, archaeological records
and artifacts, as well as monuments, buildings and historical landscapes, helps to organize and
preserve the mwost important information [11, 12], promotes the adaptation of wvisitors and their
orientation in an unfamiliar environments.

2. Object of Study

In the present work the exposition of the Ivan Puluj Museum which was founded in 2010 at
Ternopil Mational Technical University, has been digitized. Scanned textured 3D models of
monuments to the outstanding Ukrainian scientist and public and political figure Ivan Puluj, located in
the Ternopil region, were also created. It should be noted that the figure of this talented scientist
always attracts considerable interest [9,10,13], because Ivan Puluj due to the diversity of interests and
high level of achievements in various fields of activity proved himself as a physicist and electrician,
electrician, designer and inventor, owstanding organizer in the field of science and education, a
translator of the Bible, a true Ukrainian patriot. The work of the physicist contributed to the
establishment of the atomistic theory of the structure of matter, became the basis for the discovery of
X-rays and electrons, contributed to the formation of X-ray as a science, its active use in medicine,
and scientific hypotheses about the mechanism and nature of cathode and X-rays to be evaluated
properly (1. Puluj is mentioned in the fundamental monograph [14]). The scientist's achievements in
the field of electrical engineering and electric power generation were rewarded by the highest
governmental awards, inventions were patented in many European countries, and theoretical works on
alternating current electrodynamics formed the foundation of certain sections of electrical
engineering.

It should be noted that the materials of archival and library funds were used during the preparation
of the exposition, in particular: the Central State Historical Archive of Ukraine in Lviv, the Central
State Archive of Supreme Bodies of Power and Government of Ukraine, the National Museum in
Lviv, the Puluj Family archive, Lviv V. Stefanyk Scientific Library of the MNational Academy of
Sciences of Ukraine, Scientific Library of Mational University “Lviv Polytechnic”, V. Vernadsky
Mational Library of Ukraine, archives of the University of Vienna. All these are mainly reprints of
scientific German-language works of the scientist, their translations into Ukrainian and English, his
Journalistic and epistolary heritage, autobiographies, memoirs of his contemporaries (for a review of
archival materials see, for example, [15,16]), as well as specialized monographs and books [9,17,18]).

Following the work [19], we briefly describe the content of the exposition. which is presented in
eight stands. Each of them, except for the first and last, covers a certain period of life or activity of the
scientist. The first stand contains biographical information. The second characterizes the years of
study at Ternopil Gymnasium and the University of Vienna (the most interesting photos and places
are specially highlighted. including copies of baptismal certificates, a fragment of an autobiography
mentioning the founding of the “Hromada™ society, letters to friends, contemporary photos of
Ternopil, etc.). The materials of the third stand cover the scientific and inventive activities of the
scientist at the Universities of Vienna and Strasbourg (there are photos of some works in the field of
molecular physics, a monograph on cathode rays. reconstruction of the Puluj device for measuring
mechanical heat equivalent). The Prague period of the scientist's life, dedicated to electrical
engineering and the position of professor at the German Higher Technical School, is described on the
fourth stand (photos of the title pages of the most important scientific publications and inventions in
the field of practical electrical engineering and telephony, power plant design, etc). The fifth stand
contains information about the discovery of X-rays, chronological information about the publications
of W. Roentgen and 1. Puluj, the first X-ray images and gives reasons to emphasize the significant
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contribution of Ivan Pulyj to the study of nature, mechanism, properties and prospects of cathode rays.
Activities to promote the creation of a Ukrainian university, socio-political views of L Pulyj, in
particular on the role of Ukraine in the geopolitical concept of Europe, are reflected on the sixth stand.
The seventh stand is devoted to the activities related to the assertion of the Ukrainian language in
church literature, cooperation with P. Kulish and 1. Mechuj-Levytskyj in the translation of the Bible.
On the last stand there are photos covering the personal and family life of the scientist. In front of the
stands around the museum hall there are books and brochures, Holy Scripture, Prayer Book and
Psalter, scientific works and popular science articles, documents (copies of Ivan Puluj's student book,
minutes of the University of Vienna Habilitation Commission signed by Ludwig Boltzmann, Josef
Stefan, Victor Lang), exhibits from the Prague Polytechnic (kindly provided by Prof. I. Kraus) letters,
appeals and memoranda, memoirs of contemporaries, commemorative coin, stamps and postal
envelopes. The busts of 1. Puluj by the sculptor Emanuil Mysko (located in the museum of TNTU in
Ternopil), the busts of 1. Puluj (located in the lobby of the main building of TNTU in Ternopil) and
the monument to I Pulyj in Hrymayliv (Ternopil region) by sculptor Mykola Obeziuk were selected
for photogrammetric scanning,

The basic hypothesis of this study is that the digitization of these monuments of Ukrainian
scientific and cultural heritage with further promotion in the web space will improve the visibility of
higher education establishment, will intensify the flow of visitors to the University museum, and thus
create another attractive location for tourism in the region. It is worth noting that the scientific and
educational goal of this project was to promote the achievements of Ukrainian science and the
formation of the scientific worldview of the younger generation, the development of patriotism of
Ukrainian society on the example of the best scientists of the Ukrainian state.

3. Materials and Methods

The activities for creating a virtual space of the digital museum of scientific and cultural heritage
of Ivan Puluj was based on the following step-by-step method (see Figure 1). Initially, collecting and
pre-processing the information content has been done, with activities in the open spaces and indoors,
aimed at obtaining the necessary photographic data.

Ivan Puluj museum Virtual reconstruction Monuments to Ivan
at TNTU of Ivan Puluj Puluj (Hrymayliv,
laboratory in Prague Ternopil)
Virtual tour in AR-applicationfor mobile
mMuseaum platforms
; s
o Photos of Data callm:tml! and |, &
E E e pre-processing e:ternlnl objects E‘.
3
asl_ Interior ] I Photogramm etry | - o
8 E | Design of information i
—

FI-'E Panoramic / complex and software \i 3D-models | o
& 360-photos ] E'
& Posting materials in a
the web o

Figure 1: Conceptual structural diagram of the digital museum of Ivan Puluj with reflection of the
main steps of the methodology of information system design

Simultanecusly, the collected data were pre-processed to meet the stated objectives of the study. The
creation of the information and software complex took place at the laboratory stage (using the
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equipment and computing capacity of the Cyber Physical Systems Laboratory of TNTU, Quad Core
Intel Core 17-7700K 4400 MHz CPU, Kingston HyperX DDR4-2400/1200 MHz RAM, NVIDIA
GeForce GTX 950 2 Gb 1024 MHz GPU, 500GB Samsung 870 EVO SSD). which involved the
actual production of 3D and panoramic models for publication in the web space. Creating a
promotional website and augmented reality application was the final stage of the project, which
provided interactivity and online accessibility to all models created in the previous stages.

The data collection process (see Figure 2) was based on the use of terrestrial close-range
photogrammetry (TCRP), aerial close-range photogrammetry (ACRP) and 3D modeling using
specialized software to obtain high-quality models suitable for integration into a website and
interactive viewing in the Sketchfab web-service. Thus, both for the lower part of the monuments and
for the museum interior, the data required was acquired by employing the TCRP technique, using a
smartphone camera with 12+5 MP resolution, /2.0. The overflight, using an unmanned aerial vehicle
(UAV), of the upper parts of the churches concerned used a DJI Ryze Tello, with a 1/2.3 inch CMOS
sensor and 5 MP.

Figure 2: Method of obtaining photographs for creating three-dimensional textured models of
monuments (by analogy with technology [3])

In Ternopil Ivan Puluj National Technical University, the collection of the Ivan Puluj’s Electronic
Fund in the institutional repository [15] and Ivan Puluj's museum have been actively replenished with
new materials for more than a decade. With the help of the action-camera with 360° module Insta360
ONE R Twin Edition, panoramic photos of the I. Puluj Museum and the locations where the busts are
located, were filmed. Based on the photo materials of the exposition, a panoramic tour of the museum
has been created (available on the university website at puluj-museum.tntu.edu.ua). The exhibition
stands described above can be viewed by users in the form of high-resolution digital copies from any
laptop or mobile device. The tour is also supplemented with links to multimedia content with
instruments and devices, designed by L. Puluj (based on archival photographs of the Puluj physical
laboratory at the Prague Polytechnic, see photo tab [9, p. 32]).

Using the available archival materials, 3D-models of lamps constructed by Puluj were created
(rendering was carried out with the help of specialized software Autodesk 3ds MAX 2021 as well as
ZBrush, and texturized in Adobe Substance Painter). Digital copies of scientific papers and real
museum stands with rare photographs (see Figures 5, 6) are located in a virtual space developed with
Unity engine use (including the Probuilder package for landscapes and interiors).
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Figure3: Electronic fund of Ivan Puluj in the institutional depository of TNTU [15]

Figure 4: Start page of the Ivan Puluj panoramic museum with a video tour and integrated 3D
models of monuments

It is planned to distribute the exposition of the virtual museum in accordance with the historical
and geographical periods of 1. Puluj's activity (Ternopil region, Vienna, Strasbourg, Prague, etc.). For
the sake of completeness and authenticity, some 3D-models for the museum, in particular busts and
monuments to I. Puluj, were reproduced by photogrammetry using programs for 3D-processing of
photographs (3DF Zephyr, Meshroom, Meshmixer). Worthwhile to note, 3DF Zephyr performs
rendering with the advanced proprietary algorithm, known in computer vision as Multiview Stereo,
designed to highly accurate extract dense point clouds from a collection of 2D images. Also, the
proprietary algorithm for mesh extraction in 3DF Zephyr ensures extracting the surface in high detail.
Filming in Hrymayliv and Termnopil made it possible to obtain (see Figs. 2, 6) scanned models of
monuments with detailed textures. The virtual space is converted into an Android application that
supports the functionality of virtual reality glasses (see Fig. 7. the avatar is controlled by the
movements of the head based on changing the position of the sensors of the mobile device).
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Figure 5: Screenshot of the virtual space of the Ivan Pluj diil museum with a model of a bust, a
Puluj lamp and a fragment of the exposition related to the history of X-rays discovery.

Q unity WebGL Museum n
Figure 6: General plan of the browser version of the Ivan Puluj digital museum virtual exposition,
developed with Unity instruments and integrated into the website with use of WebGL technology.
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Figure 7: Screenshot of a user view of the exposition of the Ivan Puluj digital museum through virtual
rea!i;)( glasses

L -
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Figure 8: Screenshots of a mobile device with the "Monuments to Ivan Puluj" augmented reality
application



To obtain the museum's exhibits as augmented reality objects, printed photo materials (postcards,
calendars, souvenir magnets) were used, which contain a number of image-templates that act as visual
markers for mobile devices (such a scheme has been successfully tested on 3D memory models of
monuments to I Puluj in Ternopil region, see Fig. 8). The real stands and objects presented in the
panoramic museum also contain markers that will provide additional information through a visitor's
smartphone or tablet (analog of a virtual guide).

4. Conclusions

Summarizing, we note that the use of extended reality means (through the components of virtual
and augmented reality) allows for the proper reconstruction of devices and techniques that were
crucial to the technological progress of civilization and contributes to a better understanding of the
historical context. Main applied result of our work is the design of the framework for development of
the complex of interrelated components for virtual museums and collections. The proof-of-concept
web portal with 3D content, created during this study as an extension of the traditional information
databases, will help to increase the tounst attractiveness of Ternopil region, the birthplace of Ivan
Puluj and preserve cultural heritage i digital formats.

The format of the digital museum should be used as a modern addition to the existing stationary
exhibitions, as it brings a number of significant benefits, including greater accessibility, elements of
interactivity of the virtual exhibition, the ability to actively promote during educational activities, such
as field trips and mobile exhibitions, scientific picnics, mobile lectures, ete.
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Peculiarities of Augmented Reality Usage in a Mobile
Application: the Case of the Ivan Puluj Digital Museum

Taras Kramar”, Oleksii Duda“, Oleksandr Kramar”, Oleksandr Rokitskyi® and Volodymyr
Pasichnyk”

= Ternopil fvan Pulyj Navional Technical University, 56 Ruska Si, Ternopil, U446001, Ulraine
* Lviv Palveechnic Navional University, 12 Bandera St, Lviv, UATNNN), Ulraine

Abstract

Digitization of scientific and cultural heritage assets (scanning, reconstruction and modeling)
makes it possible to supply an additional information layer of extended reality (augmented or
virtual) for the preservation, research and active use of the most important national and socio-
cultural patterns in the era of the post-industrial information society. This paper analyzes the
recommendations regarding the information and technical structure and implementation of
specific functionality of a mobile application with augmented reality layer on the example of
Ivan Puluj's digital museum. With the use of computer 3D technologies, the integration of a
panoramic museum tour, the virtual space of Pulyj's laboratory, and marker-based augmented
reality objects was carried out within a single software and information complex dedicated to
the scientific, technical, social and political activities of Ivan Puluj.

Keywords
Augmented reality, mobile app, cultural heritage, digital museum

1. Introduction

During the last decade, digitalization has been set forth to preserve cultural heritage [1].
Resecarchers [2] admit that high-quality digitization of cultural heritage 1s a rather laborious task. It
requires thorough planning, significant financial investments, development of special technical and
software tools. At the same time, high-quality tools and means of digitalization have great potential for
further implementation [3]. The creation of digital copies and models of documents and artifacts
together with digital capture and reconstruction techniques can be used for extended (virtual and
augmented) reality purposes [4]. The development of new mformation technologies in this field wll
allow to enhance the exposure of cultural heritage assets to society. In some cases, it is possible to
extend the life of artifacts whose physical originals have been lost. The authors [ 5] note that digitization
technologies are widely used to support, improve and supplement traditional methods of preservation
of cultural heritage elements within the framework of the CIPA Heritage Documentation initiative. At
the same time, the reconstruction of objects of scientific and cultural hentage in the digital XR format
extends the possibilities for the innovative technologies use in museum and exhibition activitics [6].

Augmented reality (AR) technology expands the perception of the world. It allows one to enrich
the environment with the computer-modeled layer which contains additional visual images and sounds.
Users interact with means of presenting information through tactile perception.
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Unlike virtual reality, which mostly requires the purchase of expensive immersion headsets, AR
makes effective use of mobile devices. This makes it a more cost-cffective option for users, developers,
marketers, and museum and archive personnel.

Almost arbitrary object, any muscum artifact can be digitized and reproduced using AR
applications. The authors [7] emphasize that the use of virtual representation of museum exhibits has a
number of advantages. In particular, it may use dynamic interactive elements and makes accessible

those aspects of the artifact that may be hidden or inaccessible in the real exhibition. A common problem
for museums 1s limiting visitors' access to artifacts due to their fragility, uniqueness, or lack of physical
display space. Researchers [8] suggest using augmented reality to ereate new, natural interaction based
opportunitics for users. In particular, motion, gestures and speech allow a user to operate the digital
content created for physically inaccessible exhibition samples. Digital content is text, audio
accompaniment, images, animations, video files or 3D models. For effective formation of "cultural
twin" [9] of appropriate completeness and complexity using heritage digitization technologies,
developers must clearly understand how users will interact with interfaces of the information systems.
When developing AR-applications, an important stage 15 the sclection of the optimal combination of
mcans by which relevant information is presented to users. At the same time, for proper perception, the
content should correspond to their interests and requests.

Augmented reality improves orienting in the muscum environment and enhances the effect of
immersion into a particular historical location, historical period and cultural phenomenon. The user
perceives information better with more natural interface. AR can also provide additional contextual
information and a more realistic interaction with digital content and text annotations placed on top of
images of the rcal-world objects. Mobile applications with clements of augmented reality have
significant potential for the proper harvesting of user metadata. The collected information can be used
for operative control of the application, expand the variety and functions of AR services. This will make
it possible to enforce the educational capabilitics of software by supplementing real-world objects with
improved virtual data. In particular, AR-simulations with models and effects of interactive interaction
allow intuitive, clear and comprechensive display of abstract information entities. At the same time, the
users feel more immersed in the subject area. The work [ 10] demonstrated the achievement of improved
learning outcomes and mastery of the matenal by a test group of users. Therefore, it is advisable to
more actively introduce information technology applications for the reactivation of cultural heritage.

The goal of this article is to design an interactive mobile application with elements of augmented
reality for presenting the scientific and cultural heritage of Ivan Puluj. At the same time, it 1s necessary
to ensure the efficient reuse of the digital content. We aim to design and practically implement a
convenicnt mobile application that can be used independently or under the guidance of museum guides
to learmn about the life and work of Ivan Puly). A separate aspect of this work is the proper reproduction
of the historical context of the time based on archival photos from the Electronic Fund of Ivan Puluj.
The use of audio content makes it possible to improve the perception of detailed 3D models of
inventions and scanned sculptural art objects.

2. Object of Study

This article analyzes the features of implementing augmented reality technology when creating
a mobile application for a muscum of scientific and cultural heritage. Marques and Costello [11]
emphasize that modern means of content development with elements of augmented reality have become
more accessible and technologically advanced. Currently, use of the AR applications are limited to
muscum cxhibition. They can be used more actively, i particular to supplement existing exhibitions.
One of the reasons for this 1s the limitation of development skills in the field of museum-related
augmented reality. Therefore, rescarchers suggest more active introduction of the innovative AR
elements into exhibition activitics. This will contribute to the formation of positive impressions of the
exhibitions in users, the creation of a memorable emotional background from casual educational
activities, the improvement of communication links with the elements of the exposition and the
improvement of navigation in the exhibition halls.

Authors of [ 12] recommend forming a clear awareness of how the use of AR clements will enrich
the experience of museum visitors with new knowledge, feelings and impressions, when developing
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specialized museum applications. It is advisable to design display of AR elements on the basis of a
mobile device perception as a kind of portal into a virtual interactive scientific and cultural space. Active
movements of the mobile device in all planes should cause changes of the spatial position of the
modeled entities and markers. It is necessary [13]:

— to ensure a comfortable reception of the information content by the user;

— to create intuitive instructions for working with the application;

— to minimize the inflow of extra information.

Since a visitor can interact with the exposition individually or as a participant of a group tour, it
is necessary to provide different scenarios and levels of using the information content with the mobile
AR application. To ensure the safety of users interacting with augmented reality, special conditions
should be provided. In particular, the possibility of limiting the space due to active movements of the
limbs and warnings about the possible running inte another visitor are to be ensured. The interface of
the museum application [12] should have a minimalist design and is to be as much intuitive as possible.
It is advisable to use icons to indicate functional elements. The maximum of the working area of the
mobile device display should be used to display AR content with high resolution and image refresh rate.
The flickering will cause an overload of the visual organs and, as a result, dizziness, so this defect is to
be fixed first of all. The vast majority of mobile users know how to tap, drag, and swipe across objects.
Therefore, it is advisable to use these interaction patterns in the user interface of the museum AR
application as well. The work [14] recommends the use of audio accompaniment, sound effects of
interaction with the virtual environment, and background music. After all, all this contributes to the
effect of immersion.

Mobile devices can successfully complement a visit to a museum with additional content adapted,
inter alia, for the educational purposes of the youngsters [15]. At the same time, it is possible to increase
the level of interaction between visitors and exhibits. Smartphones should help visitors to explore the
exhibition, but should not disperse attention on the interaction with the application itself. The
information system used by the mobile application should accumulate information about museum
exhibits and form connections between these entities and the virtual guide. Developing a mobile
application for a small museum is a non-trivial task, as it can be considered as a single-use interface
that users will interact with for a short period of time. Within the framework of the cultural and
educational paradigm, the museum application for pupils and students should be intuitive and visually
attractive. It is important that it does not cause emotional and physical fatigue during use. Therefore,
audiovisual content should be played for several minutes. Animated AR elements should be used to
attract attention or clearly instruct users [10].

3. Materials and Methods

At the previous stage of this research [16], a description of the reconstruction works regarding
the virtualization of the scientific and cultural heritage of the famous Ukrainian scientist Ivan Puluj was
presented (see Figure 1). A similar technique was used in [17] when analvzing the possibilities of using
augmented reality in the prototyping of cyber-physical systems to improve cyber security education.

Mobile application
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of devices manumenis
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Figure 1: Digital means of virtualization of the scientific and cultural heritage of lvan Puluj
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In particular, a promotional web portal and the development of a general concept of digitization
of archival materials were done, including using the capabilities of the Electronic Fund of Ivan Pulyj
[18] in the institutional repository of the TNTU. This work describes the key stages of creating a mobile
application with AR elements. The use case diagram is presented in Figure 2. The designed mobile
application will be an integral element of the software complex of the digital museum of Ivan Puluj.

The photogrammetric method was used to ereate 3D models of the memorial sculptures of Ivan
Puluj. It is based on the processing of several hundreds of photos taken using digital camera with wide-
angle lens in high resolution, with partial overlap of image areas taken at different angles of view.
Separately, several circular passes at different heights relative to the scanning object and additional
pictures of important details were performed. On the basis of a set of photographs using specialized
algorithms, a dense point cloud, a depth map. a structured mesh of an object are created with the ability
to generate post-processing of the model (for example, texturing) and export in the required format (see

Figure 3).
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Figure 2: Use case diagram of mobile application with AR elements of the Ivan Puluj Digital
Museum
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Figure 3. Structural diagram of the photogrammetry process for art objects in the lvan Puluj
Digital Museum

In the vast majority of cases, the Reality Capture photogrammetry software is used. This software
can process photo materials much faster than its competitors and operate with a large number of images
on a standard configuration computer. This creates opportunities for checking data right at the shooting
location. The flexible toolkit allows vou to adjust the quality of the generated model, perform smoothing
and simplifying, as well as reduce the file size and increase the performance of the applications into
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which the model is imported. However, there is a significant limitation - the production of a high-
polygonal mesh is possible only on a computer with a modern Nvidia discrete graphics card that
supports the software-hardware architecture of parallel computing CUDA. Also, Reality Capture has a
specific pricing and payment policies for created models. However, the export of the result is organized
according to the principle of PPI (Pay-Per-Input) - technology with payment for input, when the type
and size of uploaded photos are evaluated. After the license purchase, the input data may be reused at
no additional charge. The user can process all his data for free, get information about the evaluation of
the value of the 3D model. This allows optimizing financial costs for creating completed models.

During field work, it was established that at least 300-400 photographs are needed to create a
high-quality 3D model of the monument. Since direct sunlight creates an overexposed color gamut,
reflections appear, surface detail decreases and this directly reduces the quality of textures. Therefore,
uniform and diffused lighting is optimal.

The 3D content of the engineering and scientific heritage of Ivan Puluj includes vacuum tubes,
radiometers of original design, equipment for experiments with cathode rays and X-rays, accessories
for physical educational demonstrations. Autodesk 3ds Max and Autodesk Maya graphic editors were
used for graphics design purposes when creating a mobile AR application. In particular, their
capabilities for high-quality modeling of three-dimensional objects, animation and visualization are
well-known. The level of development of modern tools for creating virtual reality (VR) makes it
possible to use these information technologies to reproduce historical places that have undergone a
significant transformation or even ceased to exist.

Scholars of the scientific heritage of Ivan Puluj single out in the activity of Ivan Puluj a fruitful
period from 1884 till 1918, which were obtained, in particular, in the physics laboratory at the Prague
Polytechnic (for a review, see [19]). It was here that Puluj discovered the ionization property of X-rays,
previously unknown, during their passage through rarefied gases. investigated their place of origin and
spatial distribution. In addition, he managed to give a correct scientific explanation of the nature of X-
rays and their mechanism of occurrence, and the cathode tubes of their own design were of superior
quality. Archive photos of Ivan Puluj’s laboratory, the detailed description of scientific and
demonstration equipment allows for their credible 3D reconstruction (see Figure 4).
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Figure 4: Structural diagram of invention reconstruction process in the Ivan Puluj Digital
Museum

Figure 5: Screenshot of the Ivan Puluj laboratory's virtual space: (a) Archival historical photos
in the laboratory's reconstructed interior; (b) lvan Puluj's inventions in the laboratory's reconstructed
interior.
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In the virtual space of Ivan Puluj's laboratory, the interior and devices are reproduced on the basis
of historical photographs. Digital models of the Crooks radiometer and instruments designed by L. Puluj
namely the radiometer with a biplane cathode, the cathode lamp, the phosphorescent lamp with a cup-
shaped cathode, the incandescent lamp, the device for measuring the mechanical equivalent of heat,
phosphorescent lamps with mica plates, and the device for determining the acceleration of free fall can
be viewed from different distances and at different angles in the virtual interior of the laboratory (see
Figure 5).

¢ To solve the tasks of AR support of the exhibition of the Ivan Puluj digital museum [https://puluj-
museum. tntu.edu.ual], it is currently optimal choice to use the Unity software ecosystem. The flexibility
and effectiveness of this approach is confirmed by the experience of other research proups [%,9]. Unity
is a multi-platform environment for developing augmented reality spaces, virtual visualizations, training
simulators and games. [t contains a fully integrated professional game engine that can provide rendering
functions, environment physics simulation and implementation of scene control scripting mechanisms.
Currently, Unity has a convenient, flexible and functional project porting mechanism for common OSs,
game consoles, VR and AR gadgets. Unity actively supports DirectX, OpenGL and WebGL
frameworks. Unity software provides opportunities for rapid prototyping and evaluation of interaction
processes with virtual or augmented reality objects. AR technology allows for real-time synchronization
between the entities of the virtual and real worlds. A significant advantage of the Unity environment
for modeling AR elements is the availability and relative simplicity of settings when creating a mobile
application using the Vuforia plugin from PTC. Vuforia includes AR-adapted modifications of
computer vision algorithms, real-time marker tracking for objects with flat surfaces and multiple sides
or images, the use of multi-targeting. In Vuforia, there are built-in functions for recognizing ready-made
3D models, scanned objects with rich surface texture and constant shape. Integrated image tracking
technology allows you to effectively place and orient virtual 3D objects, models or multimedia content
in space, associating them with real objects during viewing through mobile devices [20]. It is worth
noting that the virtual object is positioned on top of the real marker image so that the observer's sight
generates the illusion as if the virtual content is an integral part of the real world.

In Figure 6 the interface of interactive mobile application (requires Android 9 or newer) with
elements of augmented reality for the digital museum of Ivan Pulyj is shown. The Ul is based on
intuitive icons accompanied by texiual explanations. For the convenience of the user, there is an option
to switch the language of information content display. The educational part of the application, which
instructs the visitor on the use of the AR functionality, is important to be read. Detailed information
about the project of the Digital Museum of Ivan Puluj, the possibility of viewing full-size detailed 3D
models of the scientist's inventions is provided elsewhere.

Figure 6: Several screenshots of lvan Puluj digital museum mobile application: (a) The
welcome screenshot of the application; (b) AR-tutorial's page; (c), (d) information pages
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In this project the virtual panoramic tour has been adapted for mobile devices (see Figure 7). At
the same time, the possibility of a guided video tour or independent research of the virtual exposition
has been created. At the same time, each stand is accompanied by audiovisual support, and the user can
easily adjust the accompaniment and natural tactile navigation through the museum according to his
preferences. To demonstrate 3D models of the most remarkable inventions of Ivan Puluj, a set of twelve
cards was created, which have embedded markers of augmented reality (see Figure 8). For this, archival
drawings and photos of exhibit devices developed by a famous physicist and electrical engineer were
selected. When viewing the models (see Figure 9), it is possible to examine the design of the devices in
detail with audio accompaniment.

Tesaseness
l

Figure 7: Several screenshots of lvan Puluj digital museum mobile application: (a) the welcome
screenshot of the virtual tour of the Ilvan Puluj digital museum; (b), (c) general view of the exposition
with integrated models of sculptures; (d) example of an exhibition stand with interactive content.

Figure 8: Examples of AR-cards from the Ivan Puluj Digital Museum set: (a) Puluj's apparatus for
measuring the mechanical equivalent of heat; (b) Puluj’s incandescent lamp with carbonized filament;
(c) Puluj's lamp with elliptical fluorescent plate.
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Figure 9: Some models of Ivan Puluj's devices as augmented reality objects: (a) Puluj's
phosphorescent lamp with a cup-shaped cathode; (b) Puluj’s lamp with elliptical fluorescent plate; (c)
Puluj’s incandescent lamp with carbonized filament; (d) Puluj's apparatus for measuring the
mechanical equivalent of heat; (e) X-rays experiment with Puluj's cathode tube.

4. Conclusions

The use of augmented reality in museum mobile applications expands the possibilities of visitors'
general perception of information exhibitions, allows to involve the user in active interaction with
virtual elements. At the same time, an unforgettable experience of immersion in the amazing world of
scientific discoveries and cultural specificity of a specific historical era is formed. The use of 3D
modeling and photogrammetry makes the visual component more realistic and contributes to the
formation of a sustainable interest in augmented reality and the enrichment of the scientific worldview
of visitors, especially young people.

The created mobile application with elements of augmented reality can act as a hub. It allows not
only acquainting visitors with the assets of the museum exhibition, but also offers them the directions
of transitions-portals for a comprehensive own study of the scientific and cultural heritage of one of the
most famous Ukrainian scientists, physicist, electrical engineer and public figure Ivan Puluj. The
proposed format of the digital museum with elements of augmented reality has a significant potential
for integration of atypical and innovative means for the preservation of the national scientific and
cultural heritage, the tourist industry and scientific and educational activities.
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Abstract

Problem of user-oriented scenarios design for a digital museum is addressed with use of
Analytical Hierarchy Process. Visitor's motivations as well as characteristic features and
restrictions inherent to XR technologies are considered. A set of scenarios focused at different
types of visitors is developed for the digital museum of Ivan Puluj.

Keywords®
Interaction scenario, virtual environment, analytical hierarchy process

1. Introduction

MNowadays, digital transformation is not only the general trend but a recipe to overcome the most
pressing problems of humanity including climate change and sustainability challenges, food and
resources scarcity, income inequality. All industries and spheres of life undergo digitalization, which
may differ considerably for modem types of activities comparing to traditional ones. Museums, which
may be considered the memory devices of humanity, transform as well. First of all, the volume and
variety of information produced by civilization is enormous and shows a further exponential increase.
The only form capable of storing this amount of information is the digital one. Therefore, archives® and
museums’ collections have to be digitised. Second, a phrase *visiting a venue’ has different meaning in
our information age than it had a century ago. Availability of distant resources and reduction of barriers
for visiting a distant place virtually creates new situations for museums. Thirdly, cultural sector suffered
greatly from pandemic restrictions in the last few years which makes it an urgent need to go virtual even
for museums that are designed for a local audience.

The present study focuses on application of Analytical Hierarchy Process (AHP), as a method for
decision making support [1], to design optimal scenarios of a visitor interaction with a museum
exhibition. In the case of digital museum, alternatives are not just exhibition rooms or stands, but also
the very forms of interaction, namely visual or auditory, active or passive, 2D or 3D, immersive or
augmented, individual or collective, etc. A detailed analysis of scenarios to be used for environments
with eXtended Reality (XR) elements, in different sectors of the Milgram continuum [2] are analysed
in chapter 2 to define alternatives for AHP.

The most important and obvious motivations for visiting exhibitions are curiosity and educational
needs. Design of exhibition, choice of the items and sequence of their display are to be purposeful to
support both goals. Secondary motivations are cooperation and coherence, but there are more of
motivations to be included into scenarios design. Motivations of museum visitors are discussed in
chapter 3 to identify criteria for alternatives evaluation. In chapter 4 the AHP is used to evaluate and
chose scenarios for particular use cases and chapter 5 is devoted to the conclusions.
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2. Scenarios for eXtended Reality environments

Recently, there is a growing need to realize potential use cases (scenarios) and contexts in which
mobile augmented reality can be used, as it is important to evaluate initial service concepts with
potential end users. It was found that the level of technological orientation of the users has a strong
influence on the overall perception of the scenarios. Particular attention should be paid to evaluating
AR scenarios at an early stage of development before any efforts are made to implement the services,
and to identify potential use cases for future mobile AR services and understand their overall value to
the user.

When comparing the scenarios with each other, it was found [3] that the most valuable mobile AR
services were those that demonstrated pragmatic utility for the user, for example, by saving time and
effort. This became evident both in the evaluations of individual scenarios and in the overall evaluation
of AR. It turned out that AR content offers the user rich and contextually relevant information for special
needs in everyday mobile life. Although augmented reality (AR) technology has entered many market
and knowledge areas such as gaming and leisure, it remains quite limited in the digital heritage. The
paper [4] emphasizes the conceptual importance of AR as a vital environment in museums, especially
when AR is combined with gamification techniques in the same application. The combination of
augmented reality and gamification serves as a means of supporting the engagement of visitors in the
outside world. In particular, it is suggested to choose a certain location of the museum as the starting
point of the educational game. The player has the option to publish their achievements in the game on
websites or social networks, which allows the user to gain a positive experience from learning about
cultural history. Similarly, work [5] suggests the use of additional game and educational elements in
the basic AR program to improve the overall experience of the museum visitor when familiarizing with
the exposition. Augmented reality experiences in a museum setting can fit well with the user's
environment, physical abilities and perceptions, and the user's position and movement in 3D space. In
addition, AR services can be provided with minimal distraction and physical effort. In conclusion, AR
technologies are mature enough to be standardized for museum use, while audiences appear ready to
take advantage of the associated enhanced museum experiences to maximize both user satisfaction and
leamning outcomes.

Paper [6] presents results related to the definition of a methodology that combines augmented reality
i 4R) with semantic techniques to create digital stories related to museum exhibitions. Unlike traditional
AR approaches, elements of the real world, namely the content of the museum exhibition. are
supplemented with additional input data. The methodology is based on the theory of cultural mediation
and is based on a set of ontologies aimed at modeling a cultural resource and its relationship with
external multimedia objects and resources. To provide simple tools for creating museum narratives, the
methodology uses a set of recognized practices widely accepted by museum curators that have been
formalized through inference rules. A qualitative analysis of the difference in suggestions for story-
based and game-based apps [ 7] shows that teenagers may value gamification over narratives. The results
of co-design sessions with teenagers in tangential work [¥] show that they value games and stories when
thinking about interesting museum tours. According to the results of the work [9], teenagers have many
ideas about how they would prefer to communicate with museums, and are happy to share them when
they have the opportunity. Essentially, the research highlights how much teenagers value technology
and interaction.

The article [10] presents a new concept of Adaptive Augmented Reality (Adaptive Augmented
Reality — A2R), which is used in the context of creating an AR guide for visiting a museum. The
additions provided are not only visual but also acoustic, while the visitor's interest is also tracked using
physiological sensors so that the multimedia content delivered to the visitor's transparent AR display,
which can be interacted with through gesture interaction, can be adapted according to its involvement
and interests. This contribution focuses on an interdisciplinary, collaborative and UC-informed
methodology used to identify and explore the motivations and needs of heritage professionals regarding
the potential of an A2R approach to museum visiting.

A common problem in museums is limited visitor access to artifacts due to their fragility.
uniqueness, or simply the lack of physical space to display the objects. Moreover, visitors are allowed
to touch the exhibits only in extreme cases. The work [11] combines natural interaction and augmented
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reality applied in a cultural heritage museum to overcome the problems of inaccessibility and lack of
interaction with museum artifacts. It used ready-made digital components to provide a new approach to
interaction with 3D copies of museum objects. Users can easily interact with digital content in a virtual
environment that mimics the physical environment. A natural AR interaction system with virtual
cultural heritage objects was presented, analyzed and tested. The system was created using off-the-shelf
components and low-cost technologies to provide users with a new kind of experience in cultural
heritage spaces. Using a smartphone in an HMD and Leap Motion, as well as software created in
Unity3D, we implemented an Augmented Reality application that facilitates natural interaction with
individual 3D models from the museum's collection.

3. Design of interaction scenarios for digital museum

Immersive environments have been shown [12, 13] to enhance pursuasive effect due to wider fields
of view and use of stereoscopic visuals combined with auditory content. New visual tools improving
user experiences are important enhancers in education [14]. Educational scenarios are built on testing
outcomes, collected in course of learning. Meaningful personalised recommendations for visitor allow
to avoid the information overflow and maximise the user satisfaction [15]. For a particular visitor, the
user data are incomplete and biased, however personalisation may be reduced to the level of user groups
and the appropriate context. The context, be it educational, recreational, location-based or time-
dependent, is closely linked with the visitor motivations. The least formalised approach is collaborative
filtering in which users are grouped according to their rating of exhibition items. Content-based
approaches, on the contrary, group visitors by their interaction patterns. Here, there are aspects of
temporal dynamics i user bechaviour, biases in content-based neighborhood, influences of
accessibility obtrusions. Quantitive data can be collected from visit time and proximity to exhibition
items as well as certain interactions. Interactions, invluding guide control and movement control, are to
be designed [16] ccording to the visitor preferences and motivations, user enjoyment, learning and
fatigue.

Digital museum of the prominent Ukrainian scientist and cultural figure Ivan Puluj, available at
puluj-museum. tntu.edu.ua, which operates at the Ternopil Ivan Puluj Mational Technical University
website since 2020, is a characteristic example of a collection of diverse artifacts and use of various
types of resources as well as multiple modes of interaction with a visitor. The museum offers distant
access to digitized collection of documents and artifacts, organized in the traditional exhibition and also
offers VR-space for immersive experience, AR-components to be visualized with help of visitor’s
mobile hand-held devices, video- and audio-guides. While in collective visits the particular visitor's
trajectory and the set of used technologies are chosen by the guide, for individual visitor this choice is
made independently on the basis of available means of interaction, acquaintance with information
technology and motivation of the visitor. We consider motivations to be the factor of paramount
importance, though available technologies are definitive factor, too. For the present study, two use cases
were chosen. In the first use case, the visitor is interested in an immersive experience, so he choses to
visit VR spaces of the digital museuwm and Ivan Puluj’s laboratory. In the second use case the visitor
choses to acquaint himself closely with Puluj’s inventions, so he uses AR models of devices constructed
by the famous scientist. In both cases, some introductory information is to be presented to the visitor to
put the displayed artifacts and documents in context. Visit duration and time-related restrictions be
excluded from analysis as individual visits are considered, so we shall focus on representation
techniques and modes of interactions.

Whatever will be the chosen scenario, a visitor joumey begins from the home page of the museum,
which is a panoramic tour in the museum room (Fig. 1).



Figure 1: The home page of the museum

The first of two studied scenarios may be loosely represented by the map on the Fig.2.
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Figure 2: First tour scenario

VR space is created with use of unity WebGL technology and offers to the visitor a freedom of

motion through the museum virtual space or the laboratory virtual space. in which 3D models of the
Puluj’s inventions are placed (see Fig. 3).
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Figure 3: VR space of the tour

Controls will be familiar to young people as these are common for computer games development
(Fig. 4). Audio guides may be enacted either by interaction with artifacts or exhibition stands or by
using the video-guide in another browser window. The feedback may be collected by the google form
and the statistical information about virtual visits may be offered by google analytics services.

Figure 4: Controls for the user’s tour
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4. Analysis of the museum audiences

In the second scenario, a visitor may combine the virtual gallery of Puluj’s inventions, in which
descriptions, photos, drawings and scetchfab 3D models of devices are placed, with a set of marker-
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based AR visualisation of the devices. Again, supplementary information may be obtained through
audioguides, linked to the exhibition elements or combined into the complete concise story. The second
of two studied scenarios is represented by the map on the Fig. 4.

Target audiences may be classified into three categories. The first, the largest and the most diverse
one, represents students of different age who visit the museum with the educational goal. They, mostly,
do not pursue their own goal but follow an educational curriculum, visiting the virtual museum under
the supervision of their teacher alongside their classmates or individually, to collect material for their
research, etc. The second broad category are adult persons who which to learn more about particular
person (in our case, the prominent Ukrainian scientist Ivan Puluj) or historical period. They represent
the most disperse category in terms of their interests and back ground as well as their level of proficiency
in information technologies. The third category is relatively narrow and consists of histonans who
professionally study a period, a region or a personality. They expect to find authentic documents,
evidences and artifacts.

The first category, namely the students, have limited time and some pre-defined task to fulfill, which
put some restrictions on the modalities of interactions. At the same time, they (in the same age group)
have similar prerequisite knowledge in scope of the school courses of history, physics and geography
therefore the scenarios of interaction with students may be the most strictly defined.

On the contrary, the second category will decide of their interest, time to spent and satisfaction level
independently. their motivation may change during the visit, they may be easily distracted from the
virtual exhibition by an event in their real environments, so their require variability and flexibility,
which may be provided by modular type of interaction scenarios.

For the third category our museum may serve rather as an aggregator than the collection of original
sources. In distinction from archives and collections, all items in the museum exhibition are digitized
and put in context. Historians require indexes and descriptions for structuring the facts and evidences.
They also need high quality digital copies to conduct independent studies. An exception will be the case
when historian prepares a lecture and need images as illustrations.

The technical means which mediate visits to the digital museum may be classified by the same
framework which is use for distant leaming and e-commerce. These are smartphones and tablets — the
first type. the mostly used by school students; monitors, projectors and e-boards — the most widespread
category and, finally, the head mounted displays (HMDs) ang virtual reality googles, which offer the
best inversive experience but are the least available to wide audiences.

Elements of the digital museum exhibition to combine in a scenario are the visuals {compositions
on stands and tables of the exposition), audio guides. linked to the visuals, video-excursion, elements
of Augmented Reality, Virtual Reality spaces, digital copies of authentic documents with explanatory
descriptions. Questionnaires and feedback forms are used to receive information about the visitor traits,
interests, requests and satisfaction.

5. Evaluation of a scenario in AHP

Approach to museum tours gamification offered in [4] is acceptable for cases when we want user to
look though every part of exhibition. Some gamification can be in place here. In our case we cannot use
same approach because of virtual exhibition restrictions. These are only fixed set of positions and
corresponding possible transitions. So, gamification in our case may be implemented as dynamic
scenario for the museum tour based on possible positioning with transitions and visitor’s interests.
Dynamic scenario means here that user may interact with museum artefacts presented as elements of
VR, AR, implemented game elements etc.

Consequently, we will offer some dynamic scenarios for the visitors. And the problem is to automate
scenario choosing. Now this problem is analyzed and may be implemented with utilization of a
multicriteria optimization method.

It is necessary to collect some input data regardless to the optimization method. The methods for
data collection were mentioned above and this list may contain not only quizzes, questioning but
cookies for registered users, scenanio analyses with Al for registered users. These elements are not in
the scope of our paper and may be as the research object in the further researches.
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Finally, the visitor will get his own dynamic scenario as result of automated choice. Authors decided
to use AHP as good formalizes and widely used in different fields where multicriteria optimization is
required.

It is a hierarchy needed for AHP, shown in the figure below.

There is the visitor's satisfaction on the top of this hierarchy as result of choosing the most suitable
scenario for him'her. Scenarios 5y, ..., 5, consist of dynamic element on the fixed skeleton of positions
and possible transitions. These scenarios are on the base of VR or with AR elements and scenario with
game elements. Of cause, this list may be extended in future. Scenario will be chosen on the base of
characteristics. Actually, these characteristics are input data, obtained from users.

‘ vigkors sutietacion 1

Seanaiin 81 Seanana 57 - Seanann 8

Figure 7: The hierarchy for scenario choosing

These characteristics may be as following:

#  setting information:

®  previous visits:

s feelings/emotions;

s temporal agendas.

Actually, this list consists of general characteristics and may be detailed dipper to the level of
subcharacteristics. But for this paper it will do because we collected some data for our research on the
level of listed above characteristics. Thus, using questioning we obtained matrices of pairwise
comparisons for each alternative and for the alternatives regarding each criterion. These matrices are
represented in the following tables 1 - 5.

Table 1
Matrix of pairwise comparisons for the criteria with respect to the EEIE|
Criterion name 1 2 3

1. Setting information 1 ] 3 1
2. Previous visits 1/6 1 1/3 3
3. Feelings/emotions 1/3 3 1 1/2
4. Temporal agendas 1 1/3 2 1

Table 2

Matrix of pairwise comparisons for the alternatives with respect to the criterion *Setting information™

1 2 3

1. VR elements scenario 1 2 1/6
2. AR elements scenario 1/2 1 1/3
3. Scenario with game elements 3] 3 1
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Table 3
Matrix of pairwise comparisons for the alternatives with respect to the criterion “Previous visits"”
1 2 3
1. VR elements scenario 1 5 3
2. AR elements scenario 1/5 1 2
3. Scenario with game elements 1/3 1/2 1
Table 4
Matrix of pairwise comparisons for the alternatives with respect to the criterion “Feelings/emotions”
1 2 3
1. VR elements scenario 1 1 3
2. AR elements scenario 1 1 3
3. Scenario with game elements 1/3 1/3 1
Table 5
Matrix of pairwise comparisons for the alternatives with respect to the criterion “Temporal agendas”
1 2 3
1. VR elements scenario 1 1 il
2. AR elements scenario 1 1 6
3. Scenario with game elements 1/6 1/6 1

According to the [17] we used the scale for pairwise comparisons with values from 1 to 9 where odd
numbers are main and even ones are additional intermediate values for comparisons. It is necessary to
use some improvements of AHP for cases when there were more than 9 alternatives and/or more than
O criteria as it is shown in [17] for software architectures for instance. And we should explain all the
steps with detailed math formal grounding. But we are at the beginning of our research and we try only
to automate scenarios choice using standard APH. So, there is not any reason to represent standard
AHP. We used free online tool for calculations [12] for processing.

Particularly, the weights of criteria are {0.409; 0.190; 0.168; 0.232} for {setting information;
previous visits; feelings/emotions; temporal agendas} correspondently (Fig. ).

o LT
X

g T
“0\.?‘1?

s (F 1 [} irs ig o [ [ [ [ L] (EF Y L3 [T i

Figure 8: The weights of the criteria (attributes)

Finally, we got the scored options as priorities for our alternatives as it is shown on the Fig. 9.
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Figure 9: The scored options as priorities for relevant alternatives

So, the scenario with VR elements got the weight 0.380 with almost uniform contribution of each
criterion. Scenario with AR elements got the smallest weight 0.281and criterion “Temporal agenda” is
most significant for this scenario. Scenario with game elements got weight 0.339 with significant

“Settings information™ superiority.
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Figure 10: The activity diagram for developing the scenario of a virtual visit




Based on the obtained weights, the specific scenario is to be constructed following the activity
diagram (Fig.10) for the scenario development. For reliable predictions of the visitor gains and
satisfaction one has to provide the scenario design module with statistical data on the cohort of users
with a set of motivations and restrictions as well as processed feedback and the interaction response.
However, in first stage these data are to be replaced by model assumptions and feedback from analogous
exhibitions.

6. Conclusion

Thus, we illustrated in our research the possibility for implementation of automated scenario choice
for the virtual Ivan Puluj Museum. Use case shown in the previous chapter illustrates applying of AHP
for automated scenario choice for particular user. This method may be implemented in the software
complex of the museum. But we need to examine and to solve some supplementary problems.

Initially mentioned above software must collect information about criteria priorities mainly not on
the base of questioning but on the base of registered users’ activity. The second is implementation of
maodified AHP (MAHP) [19] for cases when more than 9 alternative scenarios will be developed and/or
more that 9 criteria will appear.

So, applying of AHP will do for scenarios choice automation but requires some improvements in
technical and science aspects.
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bidmiomerpuka. IngopmaTruzanisa HAB4ANBHOIO,
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Teproninbobkiil HAIOHANEHHI TEXHIMHII vHIBepeHTeT IMeHl [Bana [Tymion

B donosidi poixirdacmscy (HMespayin eremenmie donoeRenol PRATLHOCT, CME0PEHUT Ma
pozuitgerny #a 30-naamgbopni Skeichfoh den :0epesenns ma AOOOHER HOVKOSO-KPTMNPHOT
cnadupir feana [Mos, & leemunnaiined penozumapiti THTY iveni laaua Moo,

Buxopucranns 3D-penozurapiie ans  undpoBnanil  HAYKOBO-KYOBTYPHOI COATWIMHE —
BARITHEIH COCMCHT ]]PDLI;I:-’Ci.E IDCpCEcHHA HALIOHANEHOND HanDaHHA, POBMTY Typiauy, OCRITH TA
nomupeHEA KyieTypHnx misdocreid [1]. [pr usomy opuyerscs oxpesuil K1ac IHHOBANIEHNX
mdopuaniiinme  cytHocteit — mipryanesa  cnagumsa  (virtoal  heritage).  Hewit zassusai
BHEOPHCTOBYETLCR JUTA OIHCY IHhopMANIIAHO-TEX HIVIDNIMHAX TPOEKTIE, W0 NOSIHYHTE eleMEHTH
EIPT:F'EJII:IIDL pc.a.nm-]ucn 1a u;m:[:-pﬂm nipain HB.}"III'B-D evieTypEnx aprethakTie [2], aoxpesa,
peamicrissl 30-mogenl BHIHAYHAN ICTOPHYHIN maM AToK. BoHE 3ETHEHO BHEOPHCTOBVHOTECH JUIH
i poROTD BLIOOPAKCHEA PEATEHOCT] B APXITEKTYPL, ApXenIoril, Myeiuii copasl Tomo [3].

ID-monens  smowe  Gymn undipoBsm  cyporaTod b0 BIPTYAIRHOR  FiNOTETHHHOH
]:ICIEHETP:.'II.IIEID CHOPYAH, BTPAYCHOIO 00 €hTa KYORTYPHOT CHOIMMHH SH 30CTLIHHLBROW
CHMYIALIEW ICTOpHYHMX apredakrie. Bnpojoesx oCTAHHBOIO Nepioiy 4acy HEBNHHHO 3POCTAE
MHOGHHA —ORIAiH-M0moTer Ta  cxoBmm  chopuosasnx 3D-umopeneit  [4]. rorossx  ana
EHEOPHCTAHHA NP CTEOPEHHI eEMEHTIE BIPTYANLHIT peankiocTl. Tomy cHoTesua iHTerpania 30-
penoanTapiie And  mwhposizami HAYKOBO-EYIETYPHOT CHOAJUIMHH € BETYANBHAM HAIPAMEOM
CYVMBCHHX JocnigeHs. OTme., B KOHTeRCT] GOPMYBAHHA ENEMEHTIE BIPTYANLHOL HAVKOBO-
kynsTypHOT coaguman Isana [Tyvmwoa, sanasy sosHa c-ﬂ:upu:.unuuu‘m TAK: OOTPIOHO POIMIHPHTH
iHfiopaaiiH MORIHBOCTL Incmryumnnm pﬂ:n:m'rnpm THTY imeni lsana l'l:,'.ruua

B Tepronuscekomy HAUIOHANEHOMY TCXHIMHOMY YHIBepouTenl iscul  |eama  [lymios
JANPORAIHCHD T BKTHEHO BHEOPUCTOBVETECA [HCTHTYUIHMA penoiwTapiii, B HKOMY CTROpCHO
Encerponamit doug [sana [Tymos (ane. puoynox 1) [5].

HasnanicTs nonepeqHeoro J0ceily COPHAHATTE undposnx 08 €KTIB TA BEMIHHA BEIEMOQIATH 3
ID-mogensvn B pesHMI PEATEHDID HACY — LI BARIHENI IHCTPYMEHT JUIH MIIBHIICHHA NORHOTH
POIVMIHHA KOPHETYRAAMH inE-upuauiiiHHx HAYKORO-KVIRTYpHHX  cyTHocTei  [6].  Tlpm
poapodneHHi nnm:—]}' 3D—B|3:,'u.ru:1m.un AKI NLITPHMYHITRCH BeD-rnatdeopnianss, PEROMEH10BAHO
IOCCPSIMTHCA HA lHT!.'TI.'H:EHIJ ::p-uz:,'r.mmx rpathisiix  iHTepheiicax KOPHCTYBaa, AR HAMIMHNY
MYIETHMEAIHHNX AHOTATAX, ,qnnuuwnnu:.r obepToBOMY PYXY wamep Ta JHTcpumaan miTeax [7].
Bognouac, A8 NOEPALIEHHA BIYAILHOTD COPHIHATTA T2 IHCNSKUID, A0ULNEHC 3afesnednTh
MHECHMANEHY PORINbHY 3gatHICTe 3 D-smogencii, BMKOPHCTOBYBATH [QHHAMIMHE OCBITICHHSH,
thopayEaTH MAmM, PoIpIN 1 Nepepiii, JHHAMIMHE NepeMilllcHHA Kauep, PodpaxyHOE O08°eMis HAE
PISHEX IAPAX, POIMOPHYT] 300pacHEA, 0DIOPTaHHA NPOCTOPY T2 OIUIHHEH IPOIOPHE PCHACPHHD.
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Pucynox | - INogaui 8 Incruryinitnomy penosurapii THTY enementit HaykoBo-KyasTypHOl
cnazumuy [sana [Mymos

BianoBigso 10 1OCTABNCHOI  3a/a41  NPONOHYETHCE  POIMUMPCHHE — MOAIHBOCTCH
Incruryuiiinoro  penozurapito THTY  zasnsxi imrerpaunii B onMc  marcpiany  OKpeMmx
(GYHKUIOHANBHUX  KOMIOHCHTIE — MIPKCPIE JIONOBHCHOI PCAILHOCTI. 30KpEMa, IHTCIPOBRHO
so0paxcenns T2 QR-xomn. 3asmaxm iMmmnemenrauii sianosigunx HTML-xome B none «Onnc
marepiany», 3'SBASETLCA MOXIMBICTL NCPCrAfAY TPMBMMIPHHX MOJC/CH CKCHOHATIE B PCAMMI
peanenoro uacy (ame. pucysok 2). Jlam usoro Gyno gogano rter-komrcitwep iframe anm
suioOpaxenns 3D-06"exrin, poamimennx va 3D-nnardopumi Sketchfab.

A b

Pucynok 2 — 3D-cyrsocri, inrerposani 8 [ucrurymitnomy penozirrapii THTY
(A — BeG-iarepideiic, b — nepernan 3D-300paxkcenns 3a Jonosoroto emaprdona)

Jiia  3unTyBaHHR Mapkepie 1 BUioOpamcHHR  AR-CICMCHTIE BHKOPHCTAHO MOOLIBHHIL
sacrocyiok udposoro syzcio Isana [ymos [8]. Jannit myuxia anpobopannit npi creopcHHi
310pauns «Hayxopo-ky/ieTypHa cnajugMHa», y K¢ BHCCCHI KAPTKH 3 MApKCpaMi 0MOBHCHOI
peanstocti 3 Habopy «ndposuit myscit Isana [ymon.
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CrpiMenii  poO3BHTOK  CYHACHMX  METOJIE  KOMIT KTEpHOrO  ckadysamma, 3D-
MOJCTIOBAHHA, TEXHOIOMHA BIPTYATLAOT 1 JONOBHEHOT PEANLHOCT] POSIIHPENE MOBITHBOCTI
ans POPMYBAHHA PEATICTHYHHX BIPTYANRHHX KON pranoManitTiux of'exkmis [1]. B usomy
KOHTEKCT] 0coOMHBEO] VBArH 3aciyTOBYHOTE 00 €KTH HAYKOBOTO Td KYJIETYPHOID HaaGaHHA,
PEROHCTPYVELIA AkHX v uupposnx 3D-dopsmarax nepcnesTHERA 18 Ta MONYINPR3AMT HAYKH
Td MPOCEITHHULKOD MIANEHOCTL, OPMYBAHHA HAVKOBOTO CEITOINSTY OOIIHPHUX CYCHLUIBHHX
IPyn T4 KATEroplil, BeeflMHONO BHPOBANKCHHA IHHOBAWIIHHMX UHGPOEMX  TexHOnorii,
DCPEKCHHA  ICTOPHYHNX  Tpanuuiil Haevanenux  saknanmis tomwo [2]. Tomy nponecn
OUMpPYBAHHA HAYKOBO-KYNETYPHOI CHAJIMIHHH € AKTYAILHHM HANPAMKOM  CYYaCHHX
gocmmaeHs. [Ipn gsovy noTpiiHe 3a0einedHTH CTATE NOBTOPHE BHEOPHCTAHHA CTBOPEHOTO
U pOBOTO KOHTEHTY.

Y npaniil pofoTl poirnaHeMo npouec nepesencHHa v umdposnil dopaMar excnosnoi
mysewr Isana [Tymos v TepHOMAbCBEOMY HANIOHATEHOMY TEXHIMHOMY YHIBEPCHTETL
Creopeno cranoeanl TexcTypoeanl 3D mogeni nam’sSTHHKIE BHIATHOMY YEPAIHCBEOMY
BUCHOMY Td TIpPOMAICERO-NOMITHYHOMY miady  I[sany [lymewo, 8Kl postamosaHl  Ha
Teppomnemmal.  CTBOpEHHK)  BIPTYANEHOIO NOPOCTOPY  HHPOBOTD  MY3EH  HAYKOBO-
KyneTypHol cnaguman Isana [Tymos snkonyeanacs B gexineka erami. Cnouarky Gynma
JpeanzoBaHa cTamE 300py Ta nonepesHsol o0pod0kn  1HQOPMANIIHOTO KOHTEHTY, O
XAPAKTEPHIVEANACA 1HTEHCHEHOW poDOTOK) HA BIIKPHTOMY JAHAMA(TI T4 BCEPEIHHI
NPHMIMCHE, COPAMOBAHOKY H3  OTpHManng  Heodxigumx  dororpapiamnx panmx. W
TeproninbCEKOMY HANIOHANEHOMY TexHiMHOMY yHiBepeuTerl M. [ [Tymoa sace Oinsme
JECATHNITTA AKTHEHO NOMOBHEMTLCS HOBHMH Mareplanamu sfipka Enextponsoro donay
Igana [Tymoa B IHCTHTYUIHOMY penoauTapii [3] ta myieiina kivrata Isana [Tymoa.

Mpouec 3bopy nasux (aus. pucynox 1) IPyHTYBABCH HA BHEOPHCTAHH] HABEMHOI
tpoTorpameTpli 3 Gnusekol siactanl (TCRP), aepodworosiiomsn 3 Gmmsekol siactam (ACRP)
1a  ID-MogemoBaHHA 3 BHEOPHCTAHHAM  BUINOBIAHHX — OPOrpaM AN OTPHMAHHA
BHCOKOAKICHHX MOJEnell, NPHIATHEX A08  inTerpauil ¥y sed-cailT Ta  IHTEPAKTHBHOIO
nepernany B cepsicl Sketchfab. Takus unnponm, 9K 18 HHAHEBOT YACTHHH NAM ATOK, TAK 1 408
My3eHHOro IHTep epy HeoOxigml gam Oynn orpasanl 3a gonosorow smerogusn TCRP,
EMKOPHCTOBYIOMH Kamepy cwaprdona 3 posalmsaow sgaruicnio 12 + 5 MIT £2.0. das
NBEOTY BEPXHBOI WACTHHH BUINOBLIHMX LEPKOE 33 QONOMOTON Ge3niioTHOrO TTANBHOIO
anapary (BIUTA) sukopucrosysaeca DJI Ryze Tello 3 cencopom CMOS 1/2.3 moiima ta 5
Mn. 3 gonomorow Action-gamepn ¢ mogayines 3607 Insta360 ONE R Twin Edition Gyno
cihopMoBaHO nanopaMel sHiMkH Myze L [lymos ta icropudssx nokauiii, me posMimeH
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“NPHPOLHNYI TA F'YMAHITAPHI HAYKH. AKTYANBHI NATAHHSA*

norpyaas Buexoro. Ha ocuosi 310panux horoMarepianis eKCno3uiii CTBOPEHO MaHOPAaMHHIT
Typ no wmysew [4]. Chopmosani uudpoBHX KOml CTCHAIB BHCTABKH MOKYTh OyTH
MEPernsHyTl KOPHCTYBAYaMH Y BHCOKIH PO3ALIBLHIN 31aTHOCTI 3 JOBUILHOIO CTALIOHAPHOIO
4H MOOLILHOTO NPHCTPOIO.

Pucynok | — Meroanka otpumanns dotorpadiin 418 CTBOPEHHS TPHBHMIPHHX
TEKCTYPOBAHHX MOJIEICH NaMm STHHKIB
Jlns  MapkyBaHHS  CKCNIOHATIB  MY3CH0  @JIEMEHTaMH  JIONOBHEHOI  PealbHOCTI
BHKOpHCTaHo 1uQopMmaiitnl apyxosani (poromarepiann. 30Kpema NOWTIBKH, KaneHaapi,
CYBCHIPHI MAr"iTH MICTATh 300PaXeHHA-IIA0NOHIB — BI3yalbHI MapKepH s Kamep
MOOUTLHHMX npHceTpoiB. Takuil maxia yenimuo anpofosano Ha 3D-moaensx nam’staukis I
Mymoro na Teproninbuuni (Ans. pucyHok 2).

ek -

wWilpria: . it & wWitong o » -
Pucynok 2 — 3uiMKH eKpany MOOUILHOIO MPHCTPOIO NPH pofoTI 3aCTOCYHKA AONOBHEHOT
peansroct! "Tlam™stuuku IBanosi [Tymon”

IMogani B maHopaMHOMY My3€i peajbHl CTEHAH Ta NPEJAMETH MICTSTH MApKepH, 1o
HANAITL J0AATKOBY 1H(OPMALI0 33 J0NOMOroK cMapTOoHa M MaHuieTa BiABIAyBaua
(aHanor BIPTYaILHOrO eKCKypcoBoaa) [5].
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Undposa tpancihopmallid BHCTABKOEHX NPOCTOPIE A8 IUHPIIOTO  O3HaifoMIeHH:A
PiTHHX MIACTIE CYCMULCTEA 3 ICTOPMEO-KYIETYPHHM T2 HAYKOBHM HaghanHaM notpedye
aMyueHHs  iHHoBauiiinnx  impopmaniiinnx  Texnonoriii. 3okpesa, 3any4eHHs eNeMeHTIB
BipTYansHOl Ta Jonosdenol peansHoctel. B cydachHux My3eax JoUUTEHO BHEOPHCTORYBATH
IMEPCHEHI METOOHKH AnA 30epesmenHd Ta JeMoHCTpauil ounpoBAHHX HAYKOBHX Ta
KYNETYpHEX apTedakTie. 3a gonosoron kosn owrepiix 3D-rexnonorii Mo®Ha cTROPIOBATH
NaHOpaMHl  TYpH, BIPTYAILH] BHCTABKOBI NPOCTOPH Ta IHTEPAKTHBHI  3ACTOCYHKH 3
eleMeHTaMi  JonoeHeHol  peankHocTl, chopmoBaHHMH  Ha  ocHoBl  oumdposanoro
InopMaiiHore KOHTEHTY.

IMepcHenl TexHONOTIT, 3 MOMIMBICTIO rIHOOKOTD 3JaHVpPEHHs Y BIPTVAnsHHA CBIT,
1abe3neyyloTh BIACMOIN0 MOIHHH 3 UHQPOBHM BIIVANEHHM BIPTYANLHHM NPOCTOPOM Ta
NOKMHEAHI [N8 CTBOPEHMHA PeamicTHYHHX e(exkTiE NpUCcYTHOCTI uepel cnpuiiManns Ta
ezacmonie 3 3D-cymocramu. Hanpuknan, ogun i3 nepumx suakosux npoexktis ARCO [1],
moe GyE cpAMOBAHHH Ha GopMyBAHHES MHOEHHH WRQPOBHX Myzeliuux Texnonorii ans
cTEOpeHHs, 10epekeHns, oNepysalng Ta JeMoHCcTpanil oundpoBaHuy KYALTYPHHY 08 'ckTin
HAa BIPTYANLMHX BHCTABKAX, JOCTYOHHX AK BCepelMHi Mylels, Tak 1 30mHL AsTopu [2]
BIIIHAYAKTE,  UI0  CTEOPEHMHA  BIPTYANRHOTO — MY3K)  HA  OCHOBl  KOHUenuii
GaraTOKOMIOHEHTHOT IMIAHO]  PEAnLHOCTI, #AKe NOCOHYE EIeMeHTH BIpTYansHOl Ta
nonosHenoi peankHocTl, a Takow web-3D QoiBonAE QOCATHYTH HOBOTO PIBHA BIACMOIN
BIABLIYBAYIE 3 iHpopMALIiHHM HANOBHEHHAM eKCIO3HLIT.

Hupposizauia o0'ckTIE  HAVKOBO-KYIETYPHOT CHOATIIHHH, JOKPEM3, CRAHYBAHHA,
PEKOHCTPYELIA T2 MOJeMOBAHHA, Aoisonsc cgopyyeath gosatkosuil indopaanifinndl wap
poRUHpeHo] peankHocTl (JonoBkenol 4M BIPTYANRHOT) AnNa 3bepewedHs, JOCTUTKEHHS Ta
AKTHEHOrO BOPOBATHEHHA HAIBARTHBILIMY HAUIOHATLNEX TA COLIOKYIRTYPHHY NATTEPHIE B
enoxy nocTiHayeTpiankHore indopyatiinero cyeninkcTea. BpoJoss ocTAHHIX JecaTHIITE
UHPOBIIANIA AKTHEHO IANPORATKYETECA N4 30epemenid KyILTYPHOT CIAAWMHK, BOAHOYAC
nocninauen [3] mirmmavaoTs, WO AKICHE OUH(PYBAHHE KYIRETYPHOT CNadiMal € J0Bo0i
CEAATHHM T3 KPOMITHHM 3aBAaHHAM | noTpefye rPYHTOBHOTO NOCTITHEHHS.
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