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HoBble BO3MOKHOCTH COXPAHEHUS 00bEKTOB APXUTEKTYPHOI0
HacJieAusa B UM(pPPoOBOH cpeae MeTaBCeJIeHHOMN

Jleiican UpexoBHa CaabikoBa
PH-BawHUITHnedpms, Pecnybruxa bawxopmocman, 2. Y¢ha, Poccus

AHHOTALUMA

BeepeHue. [NpeanoxeHa TEXHOMOMMS METaBCENEHHOW, B KOTOpoW ocoboe BHWMaHWE YAEnsieTCsl OpPUEHTMPOBaHHOM
Ha nonb3oBaTensi TEXHONOrMYeckon aganTauuy kak cpeabl Ans BOCNPOM3BeAeHUst oM POBaHHbIX NAMSATHUKOB apXUTEKTY-
pbl. Llenb nccnenoBaHws — onpefenuTe OCHOBHbBIE KIMHOYEBbIE TEXHONOMMYeckne CerMeHTbl Ans 0ObekToB apXUTEKTYPHOTO
Hacrneamsi B 3aBUCHMOCTY OT TuNa MeTaBceneHHoW. [ns AOCTWXEHWS Lienn UccnefoBaHusl NMoCcTaBneHbl 3a4aqn: aHanma
MPOPbIBHbIX ¥ CKBO3HbIX TEXHOMOIMI; OLIEHKa KPUTEPUEB KIOYEBOrO TEXHOMOrMYECKOro CermeHTa ObbekToB apXMTEKTYp-
HOro Hacrnegusi B cpede mMetasceneHHon. OcHoBononaraLwmmMmn No OTHOLLIEHUIO K AAHHOMY WUCCIEefOBaHMI0 MOXHO CYM-
TaTb TPYAbl, PACKPbIBAOLLME acneKTbl: yNpaBneHus HacneameM, npeacTaBneHHoro HopmaTMBamu, CTaHgapTamu; onvcaHus
CKBO3HbIX TEXHOMOTUA, (POPMUPYIOLLIMX METABCENEHHYI; COXpaHeHUsi 0OGbEKTOB apXUTEKTYPHOTO Hacrneamsi ¢ BHeApeHneM
TEXHONOrMm undpoBmU3aLnm.

Matepuansi u meToabl. [pyMeHeHb! 06LLEHaYYHbIe METOAbI (MOMMYECKUIA, METOA aHaNorum, CUCTeMaTU3aLun), KOHKPETHO-
Hay4Hble MeToAbl (CPaBHUTENbHbI aHanM3 Hay4HbIX MICTOYHMKOB MHCpOpMaLIMK, NPOBEeAEHHbIN Ha 6ase LumMdpoBbIx G1bNMo-
Tek Researchgate, CyberLeninka), undpoBoii MeToq (3anpockl B CETU UHTEPHET, rnobarnbHble TpeHabl).

Pe3ynbraThl. B pesynsrate aHanmaa kino4YeBbIX TEXHONOMMYECKUX CErMEHTOB B 06MacT COXpaHEeHWst apXMTEKTYPHOTO Ha-
cneavs B cpefe MeTaBCceSleHHON BbISIBNEHb! KpUTEPUM ANS OLEHKV NoTeHLMana npuMeHeHnst JaHHOM TexHonornm B cpepe
HeLBMXMMOCTM, UHXUHUPUHIA U CTPOUTENBCTBA, HayYHO 3HAYMMbIX OOBEKTOB, BOCCO3AAHNS PEKOHCTPYKLIMIA, NOCELLEHUS
0ObEKTOB Hacneausi B BUAE My3eiHbIX 3KCMOHATOB, NMB0 kak 06bEeKTOB B cdepe Typuama.

BbiBogbl. CoxpaHeHne 06bEKTOB apXMTEKTYPHOrO Hacneavs B Buae LUMgpoBbIX Modernen, 3N1eMeHTOB METABCENIEHHOW MO-
3BOMUT BOCMPOU3BECTU NaMsATb U GoraTyto UCTOPUIO Pa3BUTUS apXUTEKTYPbl U rPafoCTPOUTENbCTBA.

KNKOYEBBIE CITOBA: apxuTekTypHOe Hacrneaue, NpopbiBHblE TEXHOMOMMKU, MeTaBcerneHHas, 6riokyelH, BUpTyanbHas pe-
anbHOCTb, AOMOMHEHHAs pearnbHOCTb, CMeLlaHHas peanbHOCTb

OnA UATUPOBAHUA: Cadbikosa J1.M. HoBble BO3MOXHOCTU COXPaHEHUs1 0O bEKTOB apXUTEKTYPHOro Hacneams B undpo-
BOWVI cpefie meTaBceneHHou // CTpoutenbCcTBo: Hayka n obpasosanue. 2025. T. 15. Bein. 2. Ct. 10. URL: http://nso-journal.
ru. DOI: 10.22227/2305-5502.2025.2.10
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New opportunities for the preservation of architectural heritage
in the digital environment of the metaverse

Leysan I. Sadykova
RN-BashNIPIneft; Republic of Bashkortostan, Ufa, Russian Federation

ABSTRACT

Introduction. In this paper, a metaverse technology is proposed, in which special attention is paid to user-oriented techno-
logical adaptation as an environment for reproducing digitised architectural monuments. The purpose of the study is to iden-
tify the main key technological segments for architectural heritage sites, depending on the type of metaverse. To achieve
the purpose of the study, the following tasks were set: analysis of breakthrough and end-to-end technologies; evaluation
of criteria for a key technological segment of architectural heritage objects in the metaverse environment. Consequential
fundamental in relation to this study can be works which is revealing aspects of: heritage management, represented by
norms, standards; descriptions of end-to-end technologies forming the metaverse; preservation of architectural heritage
objects with the introduction of digitalisation technologies.

Materials and methods. In this paper general scientific methods (logical, method of analogy, systematisation), specifically
scientific methods (comparative analysis of scientific sources of information conducted on the basis of digital libraries Re-
searchgate, CyberLeninka), digital method (Internet queries, global trends) were applied.
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Results. As aresult of the analysis of key technological segments in the field of architectural heritage preservation in
the metaverse environment, criteria were identified for assessing the potential of using this technology in the field of real
estate, engineering and construction, scientifically significant objects, reconstruction of reconstructions, visits to heritage
sites in the form of museum exhibits, or as objects in the field of tourism.

Conclusions. The preservation of architectural heritage objects in the form of digital models, elements of the metaverse will
preserve and reproduce the memory and rich history of architecture and urban planning.

KEYWORDS: architectural heritage, breakthrough technologies, metaverse, blockchain, virtual reality, augmented reality,

mixed reality

FOR CITATION: Sadykova L.I. New opportunities for the preservation of architectural heritage in the digital environment
of the metaverse. Construction: Science and Education. 2025; 15(2):10. URL: http://nso-journal.ru. DOI: 10.22227/2305-

5502.2025.2.10

Corresponding author: Leysan |. Sadykova, architectoramineva@mail.ru.

BBEJIEHUE

[IpennoxeHa TEXHOIOTUS METaBCEICHHOM, B KO-
TOpOi 0c000C BHUMAHUE YIACISICTCS OPUCHTUPOBAH-
HOM Ha IOJIL30BATEeIIsl TEXHOJOTHUYECKOW aJanTaiuu
KaK Cpeﬂbl JJIs1 BOCHpOI/I3BeZleHI/I§I OHI/I(prBaHHI)IX Ina-
MSTHHKOB apXHUTCKTYPHI.

lens ucciienoBanusi — OMPEICIUTh OCHOBHBIC
KJIFOUEBBIC TEXHOJOTMYECKHE CETMEHTHI JIJIsi 00BEKTOB
APXUTEKTYPHOTO HACIICANS B 3aBHCUMOCTH OT THIIA ME-
TaBCEJICHHOM.

JIIst TOCTYOKEHUS TIeJIH UCCIISJOBAHMS TTOCTaBIe-
HBI 3a/1a4H:

* aHAJIN3 IPOPBIBHBIX M CKBO3HBIX TEXHOJIOTHIA;

* OIICHKA KPHUTEPUEB KIIOYEBOTO TEXHOJOTHYEC-
CKOTO CerMEHTa OOBCKTOB apXUTCKTYPHOIO HACICIUS
B Cpe/Ie MCTaBCEIICHHOM.

OCHOBOITOJIATAFOIIUMH 10 OTHOILICHUIO K TAHHOMY
MCCIIEIOBAHUIO MOKHO CUUTATH TPY/BI, PACKPHIBAIOIIIHE
ACTICKTBI:

* yOpaBJeHHsI HACIEIUEM, TIPEACTABICHHOTO HOP-
MaTHBaMH, CTaHIapTaMH;

* ONHUCAHUs CKBO3HBIX TEXHOJIOTHH, (pOopMUDY-
romux Merascenennyio: .U, Cazepnenn, C.K. bax-
tuapu, JI.X. JIu, T. bpon, II. Uxoy, J.B. Canaros,
M.A. Xaputonos, E.A. Togynosa, A.C. Ilyprus;

* COXpaHCHUS OOBEKTOB apXUTEKTypPHOTO Ha-
ciaeausi C BHEAPCHUEM TEXHOJIOTHH IU(DPOBU3AIMH:
A.H. HecrepoBa, A.E. Cemuna, JI. fur, 10. Hue,
C. Unnocenre, ®. Honuc, A.JI. dapo, P. Pymxue-
pu, J.I. IlIkaes, N.II. I'magumiuna, E.B. Knumkosuy,
A.C. bonnapeHko.

MATEPHAJIBI U METO/JAbI

[IpumeHeHbl O0lIeHAayYHBIE METOABI (JIOTHYe-
CKHi1, METO/I aHAJIOTHH, CUCTEMATH3aIINH ), KOHKPETHO-
Hay4HbIEe METO/IbI (CPABHUTENBHbIN aHAIN3 HAYYHBIX HC-
TOYHUKOB MH(OPMAIMHK, IPOBEACHHBIN Ha Oa3e g po-
BbIX OuOmnorek Researchgate, CyberLeninka), nud-
POBOI MeTOJ (3aIPOCHI B CETH MHTEPHET, II00AIbHbBIC
TPEHJIBI).

TpaaunmnonHoe coxpanenue 00beKTOB
APXMTEKTYPHOIO0 HACJIeIUs

Pabora ¢ oObexTamu Hacieaus, cornacHo Dene-
panpHOMY 3aK0HY OT 25.06.2002 Ne 73-@3 «O6 005B-
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eKTaxX KyJIbTypHOro Haclienus (MmaMsTHUKaX UCTOPUH
U KyJIBTYpbl) HapoaoB Poccuiickoit @enepannu»’, Tpe-
OyeT mpenocTaBIEeHNs MPOEKTa C palHOHAIN3aNNEH
MPUHATHIX PEIICHUH U 0053aTENbHBIM IPOXOKICHH-
€M rocyunapcrBeHHoM skcneptussl. Ilo I'pagocTpou-
TENFHOMY KOZlekCy PD? rocymapcTBEHHOM 3KCIIepTH3E
MOJUIE’KAT MPOEKTHAsA JTOKyMEHTAIMS M PE3yIbTaThl
WHKXCHEPHBIX M3bICKAHUH, BBIITOJHEHHBIX IS TOA-
TOTOBKH JOKYMEHTAIlMH OOBEKTOB KyJIbTYPHOTO Ha-
cnequs (OKH) pernoHanbHOTO W MECTHOTO 3HAYCHHUSA.
B coorBercrBuu ¢ IloctanoBnenuem IlpaBurenbcrsa
PD or 05.03.2021 Ne 3313 mist o6bexTOB, PUHAHCH-
pOBaHNE KOTOPBIX OCYLIECTBIAETCA C IPUMEHECHHEM
TOCYIapCTBEHHBIX CPE/ICTB, HEOOXOANMO BHEIPECHHE
nudposoit mHPOpManmorHoi monenu (LIMM). Co-
macHO TpeboBaHUAM K II(PPOBBIM HH()OPMAITHOHHBIM
MOZEIISIM ITPOU3BO/ICTBEHHBIX M HEMPON3BOJCTBEHHBIX
00BEKTOB KaIlUTAIBHOIO CTPOUTENBCTBA st MOCKBBI*
n Cankr-IleTepOypra’ pernameHTupytoTcs: Gpopmar,
HAaUMEHOBAaHUE, pa3JeICHUE U MOArOTOBKa (ailnoB

' 06 o0bekTax KyJIbTypHOTO Hacsequs (MaMITHUKAX HCTOPUH
U KyJIBTYpbl) HaponoB Poccuiickoit @enepanmu : Penepaib-
HbIH 3ak0H PO 01 25.06.2002 Ne 73-D3 (¢ u3m. Ha 25.06.2002).
URL: http://www.kremlin.ru/acts/bank/18230

2 I'pagocTpouTeNbHbIA Komeke Poccuiickoit Denepanuu
or 29.12.2004 Ne 190-@3 (pen. ot 25.12.2023) (c u3Mm.
u gom., Betyi. B cuny ¢ 01.02.2024). URL: https://legalacts.
ru/kodeks/Gradostroitelnyi-Kodeks-RF/

3 O6 yCTaHOBJIEHUH CIIydYaeB, TP KOTOPBIX 3aCTPOMIINKOM,
TEXHUYECKIM 3aKa3UHKOM, JIMIIOM, 00ECTICINBAIOIINM HITH OCY-
LICCTBIISIONINM ITOATOTOBKY 000CHOBAHHS MHBECTHIHHA, 1 (VITH)
JIMIIOM, OTBETCTBEHHBIM 32 KCILTYaTaI[Mi0 00bEKTa KalnuTallb-
HOTO CTPOUTENBCTBA, 00ECTICYNBAIOTCS (POPMHUPOBAHUE U BEJIC-
HHE HHPOPMALMOHHON MOZIEN 00BEKTa KaUTaIBHOTO CTPOH-
TenbeTBa (¢ u3M. 1 goit.) : [locranonenue [IpaBurensctBa PO
ot 05.03.2021 Ne 331. URL: https://base.garant.ru/400424628/

* TpeboBauust K 1E(pOBEIM HHPOPMAIIMOHHBIM MOJIEIISIM [IPOH3-
BOJICTBEHHBIX M HETIPOU3BOICTBEHHBIX O0BEKTOB KAIINTAIBHOTO
CTPOUTENBCTBA, TPEICTABIACMBIM IS TIPOBEICHNS SKCTIEPTU3bL.
URL: http://www.moexp.ru/doc/req_cim_ot 08-2022.pdf

5 TpeGoBauust K E(BPOBHIM HHPOPMAITMOHHBIM MOIEISIM 00b-
€KTOB KallMTaJIbHOTO CTPOUTEIHCTBA, MPEACTaBISEMBIM IS
nposenenust sxkcrepTusbl. URL: https://www.spbexp.ru/upload/
iblock/906/trebovaniya k tsim redkatsiya 18 06 2020.pdf



HoBble BO3MOXHOCTU COXPaHEHUS 06BbEKTOB APXUTEKTYPHOIo Hacaeans
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B LUMGPOBOI CpeAe METaBCEeAEHHOM

WM. IIpuBeneHHbIE BbILIE JOKYMEHTHI IOATBEPKIAA-
0T, 9YTO MOJICIIMPOBAHUE OOBEKTOB IS TPOXOXKIACHUS
SKCIEPTU3HI TOCTETICHHO CTAHOBUTCS 00S3aTEIBHBIM.
Taxxe B Poccun Ha (enepalibHOM YPOBHE CYIIIECTBY-
€T peecTp IS CHCTEMaTH3allii M XPaHEHUs JTaHHBIX
no OKH B ungposom popmare.

OneIT coxpaHeHHsI O0OBEKTOB apXUTEKTYPHOTO
Hacienus (OAH) HampaBieH Ha W3y4YCHHE U OXpaHy
KyJIBTYpPHBIX IIEHHOCTEH, TOUCK MPUHIUIIOB U METOI0B
KOHCEpBAallUM M peCcTaBpallid, COBEPIICHCTBOBAHUE
HOpPMAaTHUBHOW 0a3bl, cTpaTeruueckoe MiaHupOBaHHE
U yIpaBiieHUEe 00BhEKTaMHU HACIEIUS B YCIOBHSX TIIO-
Oanuzanuu. [lepeunciieHHbIE TOAXO/BI CO BpEMEHEM
HnpeTeprneBald U3MEHEHUs, HalpUMep, PEIIeHHe BO-
MPOCOB M3YYCHHUS M OXPAHBI KyJIbTYPHBIX LIEHHOCTEH,
MOUCK MPUHIIUIIOB U METOI0B KOHCEPBALIUU U PECTAB-
pammy CMEHHUIICS TIePEX0IoM K MOHYMEHTAIbHOH 0Xpa-
HE HacleIus Tak JKe, Kak M KOHCEPBAI[HOHHbIE TTOIXO/bI
K HACJICJINIO, Pa3BUTHE PEKOHCTPYKIIUH, MOJICPHU3AIHN
u nepenpoduIMpoBaHusl 00BEKTOB HACIenus ObLIN
peoOpa3oBaHbl B PEKOHCTPYKTUBHBIE, ITParMaTHYHbIe
TTOJXOABI K HACIIEIHIO.

[epeuncnennsie MeToap! 3HHEKTHBHBI 17151 pado-
THI C CYIIECTBYIONUMH 00BEKTaMU HAaCJICIUS B TO Bpe-
MsI, KOTJIa MHOTHE OOBEKTBI Hacjaeausi 0C3BO3BPATHO
YTEPSIHBI MJIN HaXOASTCS B aBapUITHOM COCTOSTHHH.
C 3TUMU IpoIeccaMy CBA3aHbI OTCYTCTBHUE JICHCTBEH-
HOTO MeXaHH3Ma KOHTPOJIS 32 COXPAHEHUEM U COJep-
JKaHHEM OOBEKTOB KYJIBTYPHOTO HACIIEIHS, CII0KHOCTD
BKIIIOUEHHS 00BEKTOB Hacjeaus B COBpeMeHHbIﬁ oTe-
YECTBEHHBIN PHIHOK (TypHCTHYCCKHUHA PBIHOK, PHIHOK
KUITbSA), OTCYTCTBHE MPOPabOTaHHBIX MEXaHH3MOB
B DKOHOMMUYECKHX CEKTOpax JUIsl MOCJIEJ0BATEIbHOTO
penieHns mpobIeM NaMSATHHKOB, a TaK)Ke BKIIIOYCHHUS
MaMSTHUKOB B XO3SIICTBEHHBIH 000pOT C U3MEHEHHEM
UX UCTOPUICCKON (DYHKIINH.

AHanu3 NIUTEpaTypHBIX UCTOYHHUKOB IMO3BOJIMI
ONpEIeIUTh TEHJCHIUIO aKTYaJIbHOCTU COXPaHEHUs
OAH c npumenennem nudpoBeix TexHomoruit (I1T).
BrrsiBieHHast ”HGOpMAIHs CBUAETEIBCTBYET O BBICO-
KOH 3aMHTEPECOBAHHOCTH YUYEHBIX JaHHOW Tpooie-
MOH ¥ BO3POCIINM KOJMUYECTBOM LIU(PPOBBIX TIPUEMOB,
HHCTPYMEHTOB U IMOJXOJOB, KOTOPEIE KAa4eCTBEHHO
JTIOTIONTHAIOT KJIACCHYECKHUE MOAXOABl K COXPAaHEHHUIO
OAH. Hanpumep, nudpoBoe obciaeioBaHHE U COOT-
BETCTBYIOIIAs MU(PPOBAst CHCTEMA TOKYMEHTHPOBAHUS
00BEKTOB MPEAOCTABISIOT BOBMOXKHOCTH U CITOCOOBI
COXpaHEHUs CYIIECTBYIOIIET0 HACIEANS H BOCCTAHOB-
JICHUST yTpadeHHOro [1], He0OXOAMMOCTh pa3pabdOTKu
METOAMYECKUX OCHOB JUISl TPAJ0IKOJIOTHIecKoro odec-
MIEYCHUS COXPAHHOCTH OOBEKTOB HACTEINs HAa OCHOBE
MH(POPMALMOHHBIX MOJIeNIell U TeonH(OPMaMOHHBIX
0a3 maHHBIX [2], JOTOTHEHNE TPAAUIIHOHHBIX TIOIXO-
JIOB K COXPAaHEHHIO KYIbTYPHOTO HACIEAUs COBPEMEH-
HBIMHU (QPEKTUBHBIMA TUPPOBHIMHU TTOAXOJAMH ITyTEM
TEOPETHYECKOT0 pacyera, Kpunrorpaduu, Onokueitn-
TEeXHOJIOrHi [3], BUPTYyalbHOTO BOCCO3JaHUS yTpauCH-

HOTO WJIM HAXOISIIETOCs MOJ YyTPO30H MCUE3HOBEHHUS
Hacyeaus B cpefie MeTaBceseHHon [4-8].

CKBO3HbI€ TEXHOJIO0THH, (hpopMuUpyIOLIHe
MeTaBCeJeHHYI0

Konmentms BUpTyaIbHOTO MUPa, HACKOJIBKO MBI €TO
ceifuac moHMMaeM, npociexnBaeTcs eme ¢ 1960-x 1T,
KOT/Ia YUYEHBIC MPEIOKIIN KHHECTeTHYeCKUI HHTEp-
(eiic ¢ uHTEpaKTUBHOM Tpadukoii, 00paTHON CBS3bIO,
JIBIDKCHUSAMH Tena u 3ByKoM [9]. Tlocne mocTrkeHwi
B BBIYMCIIMTEIBHON MOITHOCTH KOMITBIOTEPOB U KOMMY-
HUKaIMOHHBIX TEXHOJIOTHH HEKOTOpbIE pa3paboTUnKu
MIPEATONATaloT, YTO (PU3HUYECKUNA U BUPTYaJIbHBIA MUPHI
CXOJISITCS B HEKYIO THIIEpPeaibHOCTh — (DEHOMEH cruMy-
Juuun aevcreurenbHocta [10].

Cornacno onenke Konrpecca CIILIA texHomoruii
JUTSL TIOJIb30BaTeIe B cepe KOMIBIOTEPHBIX CUMY-
JSINUM U BEPTYaIbHBIX MEPONPHUATHI B HHTEpHETE®,
TEXHOJIOTHH BKJIIOUaioT B ceds AR (momomHenHas pe-
anbHOCTh), MR (cMmemanHast peanbHOCTE), VR (BUpTY-
aJbHas pealbHOCTh), KOTOPBIE 0071a1aI0T OTSHIIHAIOM
B MHHOBAIMSIX HECKOJIBKUX HAINPABICHUN: pa3Biede-
HUS, 3/10POBbE, MHKUHUPHUHI, HEJIBUKUMOCTb, PO3-
HUYHAsl TOPTOBIISl, BOGHHOE /1710, 00pa3oBaHUe U CO-
BMecTHasi pabora. [Ipobnembl MeTaBcesleHHOM 1 cama
TEXHOJIOTHA TTOIPOOHO paccMaTpHUBalOTCs B pabote, re
OIIpE/IeNICHbI CYIIECTBYIOIINE TEXHOJIOTHH U TEXHOJIO-
rudeckas HHQpacTpyKTypa JUIs CO3aHuUsI METaBCeJICH-
HOH, XapaKTepU3YIOILEHCsl TOCTOSIHHBIMU, COBMECTHO
HCHOJIb3yEMbIMH, TapaJUICIbHBIMA U TPEXMEPHBIMU
BUPTYaJIHBIMH [TPOCTPAHCTBAMH, O0BEAMHSIOIINMHCS
B BOCIIPHHUMAEMYIO BUPTYaJIbHYIO BCEICHHYIO.

CoryTCTBYIOIIHE TEXHOJIOTHU COCTOAT U3 BOCHBMHU
TEXHOJIOTHYECKUX HHCTPYMEHTOB: HHTEPHET, O0JIaqHbIe
XpaHuiuma, I/ICKyCCTBCHHI)Iﬁ HWHTCJIJICKT, KOMIIbIOTEP-
HOE 3peHHe, OJOKYCHH, MHTEPHET Bellell, HHTepak-
THUBHOCTH TOJIb30BATEICH, paclINpeHHas PeaJbHOCTD;
U LIECTU UHCTPYMEHTOB 3KOCHUCTEMbI METaBCEICHHOM:
aBaTapbl, CO3/1aHNE KOHTEHTA, BUPTyaIbHAsl YKOHOMH-
Ka, COIMAJIbHAS IOMYCTUMOCTb, 3aIINTa TIEPCOHAIBHBIX
JIAHHBIX, MOA0TYETHOCTH [11].

OcHOBHBIE IPOOTIEMHBIC ACTIEKTHI METaBCEICHHOIL:

* TIpoOJIeMBl OpTaHN3ANK CPEAbl B BUJE CIICHA-
pUs NIOBE/EHUSI U OIPAaHUYCHHBIC BHIUYNCIUTEIbHBIC
BO3MOXXHOCTHU JJId JIyU1IETO BSaHMOﬂeﬁCTBHX;

* TIpoOJIeMBI HHTEPOTIEPAOETFHOCTH MEKIY CH-
CTeMaMH;

* OTCYTCTBHE IICH3YPBbI;

* KyJIbTypa CO3JaTeNss — CO3JaHHEe KOHTCHTa
B METABCEJIEHHOW IIIOTHO CBSA3aHO C B3aUMOJEHCTBH-
€M, TaK KaKk O'paHHYEHHE B JIOCTYITHBIX HHCTPYMEHTaX
B METABCEIICHHOM HE MO3BOJISICT HOBUYKAM MITH HEpOo-
(heccroHanam peann3oBaTh CBON MMOTEHINAI;

* OTCYTCTBHE IICHTPAJIM30BAHHON CHCTEMBbI TOCY-
JIApCTBEHHOTO PETYINPOBAHMS;

® The Metaverse: Concepts and Issues for Congress. URL:
https://crsreports.congress.gov/product/pdf/R/R47224
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* OTCYTCTBHE JOBEPEHHON BAJIOTHI M OAHKOBCKOI
CHCTEMBI, KOTOpast He TIPOTHBOPEYUT OCHOBOIIOJIAraro-
et uaee neueHTpanuzanuu [11].

MeraBcenieHHbIE JEISITCs Ha TP TUIMA: TPOMBIII-
JICHHBIE, KOPIIOPATHBHBIC U IOTpeduTebekue [12].

IIpomvruunennvie memasgcenennvie 0a3UPyOTCs
Ha cOOpe AaHHBIX U NX MAaKCUMAaJIbHOM HCIIOIb30BAaHUN
JUTS YCKOPEHUsI TPAaH3aKIUi 1 oOecredeH st HHTerpa-
IIUU TeXHOJOTHH. THBECTHUPYIOT B 3Ty TEXHOJOTHIO
TaKWe MPOMBIIUICHHBIC THTAHTHI, Kak Siemens, BMW,
Hyundai, Schlumberger, I'a3npom, Poctex, Pocarom.

Kopnopamusnvie memascenennvie CBSI3aHBI C Op-
raHu3anueil IMMEPCHUBHOTO pabouero nmpocTpaHcTBa
JUIs KOM(OPTHOH COBMECTHOH yHaleHHOHW paboThI.
C nmaHHOW TeXHOJIOTHeH paboTaloT Takue KOMITaHWH,
kak Meta Platforms, Microsoft Corporation.

Ilompebumenvcxue memascenennvie CBI3AHDBI
¢ MEIMauHAYCTpUeH, pekaamMoi, reiMIUHIoM. J{0BOIb-
HO 0OJIbIIOE KOJMYECTBO KPYMHBIX KOMITAHUH HHBE-
CTHPYIOT B MeTaBceneHHyto: Alphabet Inc., Apple Inc.,
Roblox Corporation, Epic Games Inc.

Pa3paboTka 1 pa3BUTHE METAaBCEIEHHON KaK TeX-
HOJIOTMH HE ONPENEIEHBI, TaK KaK /I MOIepKaHNs ee
9KOCHCTEMBI HEOOXOIUMBI OoJiee TPOIBUHYTHIE TEXHO-
noruu. Tem Gonee OrpoMHOE KOIMYECTBO TEXHOIOTHA,
MIPUIIOKEHNH, TIIaropM, KOTOPbIE MOTYT B3auMOJIEH-
CTBOBATh C METaBCEJICHHOM, pa3pabarbkiBatoTcsi beccuc-
TEMHO U ¢ HECOBMECTHMBIMU OM3HEC-cTparerusmu [13].

Camble U3BeCTHBIE MeTaBCeJeHHbIE
Iompebumenvcrue: Decentraland (2017)7 —
nepBasi pabodasi METaBCEICHHAsI, B KOTOPOH MOYKHO

" Decentraland. URL: https://decentraland.org/
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Puc. 4. Merascenennas Liberland

3a KPHUIITOBAIIOTY KYITHTh 3€MITIO, 3aKa3aTh MHUIIILY, pe-
KJIaMHPOBAaTh TOBAPBI, TOCETUTh KUHOTEATP C IPYTHMHU
TIOJTE30BATEISIMU, CXOANTH Ha ayKnuoH (puc. 1). OcHo-
BaHa Ha OnokyeiiH Ethereum.

The Sandbox® — urposast sxocrcTemMa Ha OIIOKYEH-
He Ethereum. MoxHO co3maBath, ICIUTHCS U IIPOIaBaTh
aKTHBBI B BUpTyanbHOM Mupe. Sand — toxeH ERC-20,
KOTOPBIN YIPaBIISET BCEMHU TPAH3AKIHAMH (pHC. 2).

Marpemka Peneccanc (2023, Poccus)’ — 3a-
POXKIAOIIASICS METABCEIICHHAS, 9TO TPEXMEPHbII BHUP-
TYaJIbHBII TOPOJL JUISl TPOBEJICHUS BBICTABOYHBIX, JIEJI0-
BBIX, ITO3HABATEJILHBIX 1 Pa3BIEKaTEIbHBIX MEPOTIPHSI-
T, TOCTYITHBIX BCEMY MUPY, U OpraHu3anuu dpQex-
TUBHOTO HeTBOpKHHTa. [Ipesmonaraercs pasMelieHue
U(POBBIX JTBOWHUKOB MPOMBIIIICHHBIX TPEATPUSTHN
JUTS BUPTYaJIbHOTO Tocenierns (puc. 3).

Merascenennas Liberland!® — pesynbrar cotpyn-
HugectBa Liberland, Zaha Hadid Architects, Mytaverse
u ArchAgenda a.0. — 3aaymana Kak [[EHTP BHPTYyaslb-
HOM WHJTyCTPUH CHHEPTUH U CETEBOTO B3aUMOJICHCTBHUS
JUISL KPUIITOIIPOEKTOB, KPUIITOKOMIIAHUN W KPHUIITO-
co0ObITHit (puc. 4).

[IpencraBiieHHBIN THIT METABCEICHHBIX HanbOoOJee
TECHO CBsI3aH C IPOCTPAHCTBOM, apXUTEKTYPOH, Iu3aii-
HOM, TaK Kak oT 3(pdexTa MECTHOCTH 3aBUCUT BOBJIE-
YEHHOCTh I0JIb30BATENCH U UX UHTEPAKTUBHOCTb.

8 The Sandbox. URL: https://www.sandbox.game/en/

° Poccuiickast MetaBcelicHHas. Marpemika Peneccanc. URL:
https://metarenessans.ru/

1 Liberwerse. URL: https://world.liberland.org/
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Puc. 5. BapuaHT BUpPTYansHOTO IpOCTpaHCTBa B Areena virtual
space

Kopnopamusnwie: Areena virtual space'' — cep-
BUC JUIsl OPTaHU3alUN MEPOIPHUITHN B BUPTYaJbHOM
npoctpancTBe. leiimudunupoBanusii mHTEpdeEiic,
o0ImeHne 1 KOMMYHHUKAIUS C TIOMOIIBIO aBaTapa u co3-
JTaHWE MEPONPHUATHI Pa3IMIHOTO MacIiTada, a TakxKe
paboTa ¢ J11000T0 YyCTpOHCTBa aKTyaJIbHBI JJISl CO3MaHHs
BCTpeY pa3HbIX ypoBHEH (puc. 5).

Azur digital twins — cucTema, KoTopast HHTEIpH-
pyer obnaxa, nntepHet Beuiei (IoT), rpanuuHbIC BBI-
gyucienus (Edge Computing), HCKyCCTBEHHBIH WHTEI-
nekt (Al) u cmenrannyto peanbHocTb (Mixed reality).

Ipomviuinennvie: Siemens'?> — 3TO KOHIETIIUS
uu(ppoOBOro MHpa, OTPAKAIOLIETO U UMUTHUPYIOIIETO
pealibHbIe MaIInHbI U PaOpUKH, 371aHHS ¥ TOPOJIa, CETH
Y TPAHCIIOPTHBIE CUCTEMBI (puC. 6).

BMW! — mudpoBoii 1BOWHKK 3aBO/Ia, KOTOPBIi
MO3BOJISIET MPEABAPUTEIBHO OLECHUTH 3TAIBl CTPOU-
TEIBCTBAa U ONTUMHU3HPOBATHh MX. DTO MOIHBIA IH)-
pOBOIl TBOWHHK 3aBO/a, BUPTYaJIbHBIM HHTEpGeic
KOTOPOTO MOXOK HA CIIOXKHYIO 00JaqHYI0 BHIICOUTDY.
Y Ka¥10ro mnpenMera U3 peajbHOro MUpa €CTh TPeX-
MEpHBIH aHAJIOT, KOTOPBIN AEHCTBYeT TOYHO TaK Xe,
Kak ero (usnyeckas Bepcus (puc. 7).

l"azripom — opmupoBaHKe MOIKIIOYEHHOMN dKO-
CUCTEMBI TIYTEM Tepexojia OT CO3JaHusi HH(POBBIX

Omniverse

Puc. 7. IIpombiniennas merascenennas BMW

'l Advanza 3amyckaer ruiarhopMy 1st OHITaiH-UBEHTOB B Poccum.
URL: https://www.sostav.ru/publication/advanza-46082.html

12 The Industrial Metaverse // Siemens. URL: https://www.
siemens.com/global/en/company/digital-transformation/
industrial-metaverse.html

13 The iX1 metaverse experience / BMW. URL: https://www.
bmw.com/en/events/dreams.html

NVIDIA Omfiiverse"

Siemens Te€nomatix

Puc. 6. IIpombInieHHast MeTaBceleHHas: Siemens

JIBOMHMKOB 000pyIOBaHUA K OOIIeH 3KOCHCTEME BCeX
IUIOMIA/IOK.

Coxpanenne OAH u MeTaBce/ieHHAs.
OneHka KJII0YeBOI0 TEXHOJIOTHYeCKOI0 CerMeHTa

OOBEKTH APXUTEKTYPHOTO HACIEANS UMEIOT IITH-
POKHIi CHIEKTp B3aUMOJACHCTBHA B Cepe oXBaTa MeTa-
BceneHHoH. PaceMotrpum mozaens OAH ¢ Touku 3peHus
yHOpaBieHus 00BEKTaMU HEABIKUMOCTH U apXUTEKTY-
Pbl, MHXKMHUPUHIA U CTPOUTENBCTBA. THII 3THX 0OBEKTOB
pacmpenesieH MeX Ly KOpnopamusHbIMu MemasceeHibl-
Mu: BOBMOXKHOCTbH Y/IaJISHHOW COBMECTHOU paboThI, BUP-
TyaJIbHOTO O(prca aKTyaJIbHA ISl YUEHBIX U IPOSKTHPOB-
IIUKOB; U NPOMbIULTIEHHBIMU MEMABCeIeHHbIMU: B BUMIE
I (POBBIX IBOWHHUKOB, €CIIN PEYb UAET O COXPaHCHUU
JIEHCTBYIOIIETO IPOMBIIUIEHHOTO 00BEKTa U ero HH(pa-
CTPYKTYpHl. Habop TeXHONOTHIT LTS 33129 HMMEPCHBHON
xomutabopari B OAH mo3BonmuT co3manue THOPHIHBIX
pabovrX MECT JUII COBMECTHOU PabOTHI B BUPTYaTbHON
peaNbHOCTH: OPTaHMW3AIMH BCTped, 00ydeHHs, obmie-
HUSA COTPYAHUKOB, MMPOCKTUPOBAHUA U UCIIOJIB30BAHUA
MHCTPYMEHTOB CO3/1aHusl LU(POBBIX MoJieseil 00bEeKTOB
u nporieccoB. CoBMecTHas paboTa ¢ HH(GOPMAIIMOHHON
MOJIEITBIO IPOEKTHPYEMOro 00bEKTa MOJKET CTaTh Oosee
WHTEPAKTUBHOM, leTanu3upoBaHHON. Tak jxe B pamkax
paboThl ¢ MpenpUATHIMH MoApaszeieHus, 11uoo ¢a-
KyJIETETOB YHUBEPCUTETA MOTYT OBITh CO3/IaHBI METa-
BCEJICHHBIC, 00yUeHHE U COBMECTHAs pab0Ta ITPOBOAATCS
B BUPTYQJIbHBIX POCTPAHCTBAX, HAITPUMED, TAKUM 00pa-
30M pearn30BaHo 00yueHHe B TOKMICKOM YHHBEPCUTETE
1 IaHHOE B3aUMOJICHCTBHE aKTUBHO pa3BuBaeTcs. TpeH-
JIOM KJIFOUEBOTO HAIIPABJICHUSI PA3BUTHS B COBPEMEHHON
paboTe YHHBEPCUTETOB TOCTENEHHO CTAHOBSTCS METa-
Bcenennsie [ 14, 15].

Crnenyer akleHTUPOBATh BHUMAaHHE Ha HAyYHOU
3Hauumoctn OAH, xortopsie Gmaronapsi nudpoBbIM
JIBOMHHUKaM ¥ CUMYJISILIUSIM TIOJTy4aT COBPEMEHHbIE LU (-
POBBIE HHCTPYMEHTHI JUIsl HarOosee 3()(pEeKTHBHBIX TIPO-
€KTOB PECTaBpaIH, PEKOHCTPYKIINH | T.11. JJaHHbII crio-
€00 OTHOCHTCS K THILY HPOMbBIUUIEHHOU MEeMABCENeHHOU
[12]. OcHoBHas 3ama4a — IMOBBIIICHUE OMICPAITIOHHOMN
3¢ PEKTHBHOCTH 32 CYET MAKCHMAIILHOTO UCTIOH30BAHI
coOMpaeMbIX JaHHBIX, 00SCIIedeHNMS MHTETPaiy P po-
BBIX TeXHOJIOTHH (MHTEponepadensHOCTH). HTepomnepa-
0eNbHOCTh, B CBOIO 0Y€PE/ib, PACKPHIBACT BO3MOXKHOCTH
cozzanus 1aT(GopMbl METaBCEIICHHOM YISl TOTO, YTOOBI
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MOXKHO OBLJIO HCCIIE/IOBATh OOBEKT HACIEHS U PACKPBITH
LENBIA PSR 3a/1a4, BKITI0Uasi ONTUMH3AIINIO CIOKHOCTH
UGPOBON MOJIENHN JUTSI METaBCEJICHHOW M TOHKYIO Ha-
CTPOWKY TEKCTYp M MaTE€pHaJIOB IJIsl OOECIIeueHHs pe-
ATUCTUYHOCTH BOCHpHUTHA. s 3TOro HEoOXonnm
MOJPOOHBIN aHaNN3 IeNel, METOJJOB U PE3yIbTaToB
JUISL CO3JJaHMsI PEKOHCTPYHPOBAHHOTO B ITU(POBOM BH/IE
MHpa, JeMOHCTPUPYIOIIEr0 0CO0yI0 BaXKHOCTh B 00I1a-
CTH coxpaHenus uHpopmarmu [16].

Haxkoner, monesnie OAH HE00X0IMUMO paccMOTPETh
Kak 2JIEMEHThI BUPTyaJIbHBIX MUPOB. Boccosganue ucro-
PHYECKHX aHTypaKel, MmocenieHne 00beKTOB HACIE M
B BUJE MYy3CHHBIX PKCIIOHATOB BIOXHYT B HUX HOBYIO
KH3Hb, 0COOCHHO, €CJIM OTH 0OBEKTHI OBLIN yTpaYCHBI
B pusuaeckom mupe [17]. OcHOBHOH THIT — nompedu-
menvckas memascenennas. Ilorpyxenne udpoBEIX MO-
JieTieil B BUPTyalIbHOE OKPY>KEHHE TI03BOJISIET OOBEANHATD
UX B CUCTEMBI M HICTIOIIb30BATh B PA3JIMYHBIX CLICHAPHSIX,
Harpumep B mudposomM Typusme [18]. OrcyrcrBre reo-
rpadu9IecKnx OrpaHUueHUH /TSl TOCEIIEHUs] 00BEKTOB
HacJeAus, BO3MOKHOCTb NIEPCOHAIM3ALIHN [10Ib30BaTeNs
IIyTeM CO3[aHMs aBaTapa, MOBBIIIEHHE BaPUATUBHOCTU
B3aUMOJICHCTBHUS C MPOCTPAHCTBOM JJIsl MATIOMOOMIBHOM
TPYIIIBI HACENICHUSI — HanOoJIee MOMYJIPHBIE aTTPAKTO-
PBI ISl COBPEMEHHBIX MoJib3oBareneii. [{udposbie nu-
HOBAIM{ B METaBCEIEHHOI TaKKe CIIOCOOCTBYIOT CO3/1a-
HUIO YCTOMYMBOM TypHCTHYECKON HHTyCTPUH Oarogaps
AKTHBHOMY COTPYIHUYECTBY C MECTHBIM COOOIECTBOM
1 CO3/IaHMIO CLICHApUEB B3aUMOICHCTBHSI IIOJIb30BATENEH
1 udpoBoit HHPPACTPYKTYpHI Tt HanOonee (D PeKTHB-
HOW perpe3eHTaTHBHOCTH MOCeImaeMoro oobsexra [19].
Heo0xoauMpl MeXTMCIUIUIMHAPHOE B3aUMOJICHCTBHE
JUISL peajin3aliii CTpaTeruy, ooecnedeHrne HHTepornepa-
0ebHOCTH, TPOPA0OTKA JOPOXKHBIX KapT JUIs UCCIIEN0-
Barenel, apxXUTeKTOPOB, TPOrPaMMHUCTOB U JU3aifHEPOB
o pa3paboTke KOMIUJIEKCHOTO Iu1aHa faeicTsuil [20].
[TpumeHeHne MpOPBIBHBIX TEXHOJIOTHIT opMupyeT HO-
BBI TUI MHTEIJIEKTYaIbHOTO HACHIEIHsl, KOTOPOE MOXKHO
OIIPEe/INUTh KaK BUPTYAJIbHYIO CPELY C MOAEPIKKOM HH-
TEPaKTHBHOTO B3aHMOICHCTBHSI, KOTOPAsl yIOBJIETBOPSET
TpeOOBaHMSAM PA3ITMYHBIX 3aMHTEPECOBAHHBIX CTOPOH,
TaKMM KaK OHJIAHH-9KCKYPCHH IO HACIIEINI0, OXpaHa Ha-
cIlesis M yCTOHYMBOE MPOABMXKEHUE KYIIBTYPBI, @ HTPO-

BOM TUII B3aUMOJEHCTBHS CTAHET KIFOYEBBIM BAPHAHTOM
UCIIOJIb30BAHUS METABCEJICHHON U3-3a €0 IPUBBIYHOIO
U yBIIEKaTeJIbHOTO Xapakrepa [21, 22].

Be3ycnoBHO cnenyeT yunThIBaTh IPEUMYIECTBA,
pPHUCKH ¥ IPOOJIEMBI, CBSI3aHHBIE C BUPTYaJIbHBIM BOC-
CO3[JaHUEM HacJeaus, HallpuMep COXpaHEeHUs, pac-
MPOCTPAHEHNUS KyJbTYPHOTO HACaeIusl, BO BHEIPEHUU
HOBBIX TEXHOJIOTUH Ha PBIHOK KyJIBTYPHOTO TypHU3Ma
C TIOMOIIIBIO MOJIEJIeH, HalpaBIICHHbBIX Ha oOoralieHne
U yIydlIeHHe MOJIb30BaTEeIbCKOTO OIBITa, KOTJa peub
3aXOAUT 00 aKTHBHU3AILMH MCTOPHUYECKOTO U XYJIOXKE-
cTBeHHOTO Hacienus [23].

PE3YJIBTATBI

B pesynbrare aHanm3a KIOYEBBIX TEXHOJIOTHYE-
CKHX CETMEHTOB B 00JIACTH COXPAHEHHS apXUTEKTYPHO-
0 HAcCJIeaud B cpezle MeTaBCGJ’[eHHOﬁ BbISIBJICHBI KpI/I-
TEPHH I OLIEHKH MOTCHIIHATa IPUMEHEHHUS TaHHOM
TEXHOJIOTHH B chepe HEABMKMMOCTH, HHKMHUPUHTA
U CTPOUTENILCTBA, HAYYHO 3HAYMMBIX OOBEKTOB, BOC-
CO3JIaHMsI PEKOHCTPYKIUH, MOCeeHNns 00bEKTOB Ha-
cJequs B BHJIIE My3€HHBIX IKCIIOHATOB, JIN0O KaK 00b-
eKTOB B cepe TypusMa.

3AKJIIOYEHUE U OBCYXJIEHHUE

[lepcriekTiBa pUMEHEHUS HUPPOBBIX TEXHOJO-
THH B 00J1aCTH COXpaHEHUsT OOBEKTOB apXUTEKTYPHOTO
Hacjequst odyeBHHA. TeXHOIOTHH MO3BOJISIOT MOBBI-
CHUTb TOYHOCTB BBIIIOJIHSEMBIX Pa0OT, BBISIBUTH HECO-
OTBETCTBUS €lIe Ha PAaHHUX CTaJHAX IPOCKTUPOBAHUS,
BOCCO3/IaTh CPELy € BBICOKOI TOYHOCTBIO YTPAuCHHOTO
B (DM3HYECKOM MHUpE 00bEKTa, MPEIOCTABHTh BO3MOK-
HOCTh MIMMEPCHBHOTO TTOCEIICHUS 00BEKTA /ISl JTF0AeH
C OTpaHWYCHHBIMU BO3MOXHOCTSIMH. MeTaBceneHHas
B JIaHHOW CHUTYallM{ BBICTYIAET aKKyMYJISITOPOM Iepe-
YHCJICHHBIX TPOLIECCOB, TaK KakK ISl O/Jep KaHus ee
JKU3ZHEIESITEIBHOCTH HEOOXOANMBI COITYTCTBYIOIINE
TEXHOJIOTHH ¥ MEXANCIMIUINHAPHOE B3aUMOJICHCTBHE.

CoxpaHeHre 00bEKTOB apXUTEKTYPHOTO HACIIEANs
B BHJIE HU(PPOBBIX MOJEJICH, 2JIEeMEHTOB METaBCEJICH-
HOW J1aeT BO3MOXKHOCTb COXPAaHUTh U BOCIIPOHU3BECTH
namsTh U OOraTyro MCTOPHIO PA3BUTHS apXUTEKTYPhI
U IPajOCTPOUTEIILCTRA.

CIIMCOK UCTOYHHUKOB

1. Cemuna A.E. TIpuHIIMTIBI 1 METOABI IIU(PO-
BOTO JIOKyMEHTHPOBAHMS HCTOPUKO-aPXUTEKTYPHON
cpelbl Ha IpuMepe ropojoB BepxHekambs : muc. ...
kaHA. apx. Hayk. Huoknuit Hosropon, 2021. 251 ¢. EDN
MHOSTK.

2. Hecmeposa A.H. I'pagoskonormaeckoe obecrre-
YEeHHE CO3/1aHNs M (DYHKIIMOHUPOBAHHS MEMOPUAIIBHBIX
KOMIIJIEKCOB ITPH PEKOHCTPYKIIMH TOPOCKOH 3aCTPONKH
JIIC. ... KaHJ. TexH. HayK. PocToB-Ha-/{ony, 2019. 196 c.
EDN SAVNDV.

184

3. Yang L. Research on Digital Archives Construc-
tion of Jingdezhen Ceramic Material Cultural Heritage
Based on Blockchain Technology // International Journal
of Engineering and Technology. 2022. Vol. 14. Issue 3.
Pp. 52-55. DOI: 10.7763/ijet.2022.v14.1201

4. Iaoununa HU.I1., Knumkosuu E.B., Bondapen-
ko A.C. OOpazoBaTeIbHOE TPOCTPAHCTBO By3a Kak (hak-
TOp TpaHc(hOpPMAIK SKOCUCTEMBI ITU(POBOTo 0dIIIe-
ctBa // CoBpeMeHHOE Mearornieckoe oopazoBaHue.
2024. Ne 1. C. 216-220. EDN OUPHPM.



HoBble BO3MOXHOCTU COXPaHEHUS 06BbEKTOB APXUTEKTYPHOIo Hacaeans

. . C. 179-191
B LUMGPOBOI CpeAe METaBCEeAEHHOM

5. Innocente C., Nonis F., Faro A.L., Ruggieri R.,
Ulrich L., Vezzetti E. A Metaverse Platform for Preserv-
ing and Promoting Intangible Cultural Heritage // Ap-
plied Sciences. 2024. Vol. 14. Issue 8. P. 3426. DOI:
10.3390/app14083426

6. Song H., Selim G. Smart Heritage for Urban
Sustainability : a Review of Current Definitions and
Future Developments // Journal of Contemporary Ur-
ban Affairs. 2022. Vol. 6. Issue 2. Pp. 175-192. DOLI:
10.25034/ijcua.2022.v6n2-5

7. Shakeri S., Ornek M.4. How metaverse evolves
the architectural design // Architecture and Planning Jour-
nal (APJ). 2023. Vol. 28. Issue 3. DOI: 10.54729/2789-
8547.1230

8. Ballestin J.D., Hernandez L.A., Muniesa A.V.
Digitisation and Virtualisation of Medieval Historical
and Artistic Heritage. Taiill 1123 and Sigena Magica,
Two Examples of Strategies for Conserving, Dissemi-
nating and Preserving Heritage Through New Technolo-
gies // Springer Series in Design and Innovation. 2024.
Pp. 256-263. DOI: 10.1007/978-3-031-57579-2 31

9. Sutherland I.E. The Ultimate Display // Pro-
ceedings of IFIP Congress. 1965. Issue 65. Pp. 506-508.
URL: https://worrydream.com/refs/Sutherland 1965 -
The Ultimate Display.pdf

10. Bakhtiari S.K. Welcome to Hyperreality:
Where the Physical and Virtual Worlds Converge //
Forbes. 2020. URL: https://www.forbes.com/sites/kian-
bakhtiari/2021/12/30/welcome-to-hyperreality-where-
the-physical-and-virtual-worlds-converge/

11. Lee L.H., Braud T., Zhou P., Lin A.W., Ku-
mar A., Bermejo C. et al. All One Needs to Know about
Metaverse: A Complete Survey on Technological Singu-
larity, Virtual Ecosystem, and Research Agenda // Jour-
nal of Latex Class Files. 2021. Vol. 14. Issue 8. Pp. 1-66.
DOI: 10.13140/RG.2.2.11200.05124/8

12. Canamos /.B., Xapumonose M.A., ['00y-
nosa E.A., Ilypeun A.C., Tubuna E.FO., Anmono-
6a B.C. IlpomblnuieHHBIC MeTaBceNeHHble // VlcTouHnKN
HOBBIX HHAYCcTpHid. 2023. Ne 5. 57 c.

13. Daugherty P., Carrel-Billiard M., Blitz M.
Meet Me in the Metaverse // Accenture, The Technol-
ogy Vision 2022 Report. 2022. P. 7.

14. SinZP.T.,JiaY., WuA.C.H., ZhaoL.D., LeeR.C.,
Ng P.H.F. et al. Toward an Edu-Metaverse of Knowledge:
Immersive Exploration of University Courses / IEEE

Hocmynuna 6 pedaxyuro 11 maa 2024 a.
Ipunama 6 dopabomannom suoe 31 mas 2024 .

Oo0obpena ons nyoruxayuu 23 cenmaops 2024 2.

Transactions on Learning Technologies. 2023. Vol. 16.
Issue 6. Pp. 1096-1110. DOI: 10.1109/TLT.2023.
3290814

15. Thango B.A. The Future of Education: Writing
Exams in the Metaverse at South African Universities //
Business, Management and Economics. 2024. DOI:
10.5772/intechopen.112003

16. Alkhatib Y.J., Forte A., Bitelli G., Pierdicca R.,
Malinverni E. Bringing Back Lost Heritage into Life
by 3D Reconstruction in Metaverse and Virtual Envi-
ronments: The Case Study of Palmyra, Syria // Lecture
Notes in Computer Science. 2023. Pp. 91-106. DOI:
10.1007/978-3-031-43404-4 7

17. Llkaes /[.I'. Metatypu3m: TEHIEHLUUHU U NIEP-
CIIEKTUBBI // DKOHOMHUYECKHE U COLMAIbHBIC MPOOIIe-
mbl Pocenn. 2023. Ne 4 (56). C. 29-34. DOI: 10.31249/
espr/2023/04.02. EDN RJRSBQ.

18. LyuJ. Cultural Heritage Preservation in the Me-
taverse a Digitalized Student Study Tour of the Heritage
Corridor of Sanjiang, Guangxi, China : Thesis for Master
of Design. 2022. 121 p. DOI: 10.13140/RG.2.2.25677.
04320

19. Al-Tabeeb A.K., Al-Desouqi A. Metaverse in
Architecture: An Approach to Documenting and Explor-
ing the Egyptian Heritage Through Metaverse // Green
Building & Construction Economics. 2023. Pp. 276-295.
DOI: 10.37256/gbce.4220232300

20. Makapenxo C.H. IHTEpOTICpaOEIBHOCTD Ye-
JIOBEKO-MAIIMHHBIX HHTEpdeticos : monorpadwus. CIIO.,
2023. 185 c. EDN WIQQEF.

21. Mohammed S.Y., Aljanabi M., Gadekal-
lu T.R. Navigating the Nexus: A Systematic Review
of the Symbiotic Relationship between the Metaverse
and Gaming // International Journal of Cognitive Com-
puting in Engineering. 2024. Vol. 5. Pp. 88-103. DOI:
10.1016/j.ijcce.2024.02.001

22. Ramezani D., Jaferian G., Wagner M. An in-
vestigation into the educational possibilities of meta-
verse in the context of educational gaming : a review //
INTED Proceedings. 2024. Vol. 1. Pp. 5120-5129.
DOI: 10.21125/inted.2024.1326

23. Zhang X., Yang D., Yow C.H., Huang L.,
Wu X., Huang X. et al. Metaverse for Cultural Heri-
tages // Electronics. 2022. Vol. 11. Issue 22. P. 3730.
DOI: 10.3390/electronics11223730

Op ABTOPE: Jleiican UpexoBHa CajblkoBa — acIIUPAHT, BEAYLINI HH)XEHEp OTAesa TeHIJIAHOB U aBTOOPOT;

PH-BamHUIIWnedTH; 4500006, Pecriyomika bamkoproctan, . Yda, yi. Jlernuna, 1. 86; architectoramineva@mail.ru.

185

(9G) Z HOAUITG "GL N0 Jioeuesraqtsuken



Science :ﬁlt:lnftll::glii':::l: Vol. 15. Issue 2 (56)

Leysan I. Sadykova

INTRODUCTION

A metaverse technology is proposed, focusing
on user-centred technological adaptation as an environ-
ment for the reproduction of digitized landmarks.

The aim of the study is to identify the main key
technology segments for architectural heritage sites de-
pending on the type of metaverse.

In order to achieve the aim of the study, the objec-
tives of the study are:

* analyzing breakthrough and end-to-end tech-
nologies;

* evaluation of criteria of the key technological
segment of architectural heritage objects in a metaverse
environment.

The works revealing aspects of this study can be
considered as fundamental in relation to this study:

* heritage management represented by regula-
tions, standards;

* descriptions of end-to-end technologies forming
the metaverse: 1.I. Sutherland, S.K. Bakhtiari, L.H. Lee,
T. Brod, P. Zhou, D.V. Sanatov, M.A. Kharitonov,
E.A. Godunova, A.S. Purgin;

o preservation of architectural heritage objects
with the introduction of digitalisation technologies:
A.N. Nesterova, A.E. Semina, L. Yang, Y. Nie, S. In-
nocente, F. Nonis, A.L. Faro, R. Ruggieri, D.G. Shkaev,
I.P. Gladilina, E.V. Klimkovich, A.S. Bondarenko.

MATERIALS AND METHODS

General scientific methods (logical, method
of analogy, systematization), specific scientific meth-
ods (comparative analysis of scientific sources of in-
formation, conducted on the basis of digital libraries
Researchgate, CyberLeninka), digital method (queries
in the Internet, global trends) were applied.

Traditional preservation of architectural heritage
sites

Work with heritage sites, in accordance with
the Federal Law of 25.06.2002 No. 73-FZ “Objects
of cultural heritage (monuments of history and cul-
ture) of the peoples of the Russian Federation™!, re-
quires the submission of a project with rationalization
of the decisions taken and mandatory passing of a state
expert review. According to Town-planning Code
of the Russian Federation? state expertise is subject to
design documentation and results of engineering sur-
veys performed for the preparation of documentation

! Objects of cultural heritage (monuments of history and
culture) of the peoples of the Russian Federation : Federal
Law of the Russian Federation from 25.06.2002 No. 73-FZ
(as amended on 25.06.2002). URL: http://www.kremlin.ru/
acts/bank/18230

2 Town-planning Code of the Russian Federation from
29.12.2004 No. 190-FZ (ed. from 25.12.2023) (with
amendments and additions, effective from 01.02.2024). URL:
https://legalacts.ru/kodeks/Gradostroitelnyi-Kodeks-RF/
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of objects of cultural heritage (OCH) of regional and
local significance. In accordance with the RF Govern-
ment Decree No. 331 dated 05.03.2021° for the objects
financed with the use of public funds it is necessary to
introduce a digital information model (DIM). Accord-
ing to the Requirements for Digital Information Models
of Production and Non-Production Capital Construc-
tion Facilities for Moscow* and St. Petersburg’ the for-
mat, naming, division and preparation of DIM files are
regulated. The above documents confirm that modelling
of objects for expert examination is gradually becom-
ing mandatory. Also, in Russia at the federal level there
is a register for systematization and storage of data
on OCH in digital format.

The experience in the conservation of Architec-
tural Heritage Objects (AHO) has focused on the study
and protection of cultural property, the search for prin-
ciples and methods of conservation and restoration, im-
provement of the regulatory framework, strategic plan-
ning and management of heritage sites in the context
of globalization. The listed approaches have undergone
changes over time, for example, addressing the study
and protection of cultural values, the search for prin-
ciples and methods of conservation and restoration
was replaced by a transition to monumental protection
of heritage just as conservation approaches to heritage,
the development of reconstruction, modernization and
repurposing of heritage sites were transformed into re-
constructive, pragmatic approaches to heritage.

These methods are effective for working with ex-
isting heritage sites at a time when many heritage sites
have been irretrievably lost or are in a state of disrepair.
These processes are associated with the lack of an ef-
fective mechanism of control over the preservation and
maintenance of cultural heritage objects, the difficulty
of including heritage objects in the modern domes-
tic market (tourist market, housing market), the lack
of elaborated mechanisms in the economic sectors to
consistently address the problems of monuments, as

3 Establishing the cases in which the developer, technical
customer, the person providing or carrying out the preparation
of investment justification, and (or) the person responsible
for the operation of the capital construction object, ensure
the formation and maintenance of the information model
of the capital construction object (with amendments and
additions) : Resolution of the Government of the Russian
Federation of 05.03.2021 No. 331. URL: https://base.garant.
ru/400424628/

* Requirements for digital information models of production
and non-production capital construction objects submitted
for expert review. URL: http://www.moexp.ru/doc/req_cim
ot_08-2022.pdf

5 Requirements for digital information models of capital
construction objects submitted for expert review. URL:
https://www.spbexp.ru/upload/iblock/906/trebovaniya k
tsim_redkatsiya 18 06 2020.pdf
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well as the inclusion of monuments in the economic
turnover with a change in their historical function.

The analysis of literary sources allowed to deter-
mine the tendency of relevance of OCH conservation
with application of digital technologies (DT). The iden-
tified information indicates a high interest of scientists
in this problem and an increased number of digital tech-
niques, tools and approaches that qualitatively comple-
ment classical approaches to the preservation of OCH.
For example, digital survey and the corresponding
digital system of documenting objects provide oppor-
tunities and ways of preserving existing heritage and
restoring lost heritage [1], the need to develop meth-
odological frameworks for urban-ecological conserva-
tion of heritage objects based on information models
and geoinformation databases [2], supplementing tradi-
tional approaches to cultural heritage conservation with
modern effective digital approaches through theoretical
calculation, cryptography, blockchain technology.

Cross-cutting technologies shaping
the metaverse

The concept of a virtual world, as we now under-
stand it, can be traced back to the 1960s, when scien-
tists proposed a kinaesthetic interface with interactive
graphics, feedback, body movements and sound [9].
Following advances in computing power of computers
and communication technologies, some developers sug-
gest that the physical and virtual worlds are converging
into a kind of hyperreality — a phenomenon of reality
simulation [10].

According to the US Congressional Technology
Assessment for Users in Computer Simulations and Vir-
tual Activities on the Internet®, technologies include AR
(augmented reality), MR (mixed reality), VR (virtual
reality), which have potential in innovation in several
areas: entertainment, health, engineering, real estate,
retail, military, education, and collaboration. The chal-
lenges of the metaverse and the technology itself are
discussed in detail in the paper, which identifies existing
technologies and technological infrastructure for creat-
ing a metaverse characterized by persistent, shared, par-
allel and three-dimensional virtual spaces that combine
to form a perceived virtual universe.

The associated technologies consist of eight tech-
nology tools: internet, cloud storage, artificial intelli-
gence, computer vision, blockchain, internet of things,
user interactivity, augmented reality; and six metaverse
ecosystem tools: avatars, content creation, virtual econ-
omy, social permissibility, privacy, accountability [11].

The main problematic aspects of the metaverse:

* problems of organizing the environment as a be-
havioural scenario and limited computational capabili-
ties for better interaction;

* interoperability issues between systems;

* lack of censorship;

® The Metaverse: Concepts and Issues for Congress. URL:
https://crsreports.congress.gov/product/pdf/R/R47224

* creator culture — content creation in the meta
universe is tightly tied to interaction, as the limitation
in available tools in the meta universe prevents novices
or non-professionals from realizing their potential;

* lack of a centralized system of state regulation;

* the absence of a trusted currency and a banking
system that does not contradict the fundamental idea
of decentralization [11].

Metaverses are divided into three types: industrial,
corporate and consumer [12].

Industrial metaverses are based on collecting data
and maximizing its use to accelerate transactions and
enable technology integration. Industrial giants such
as Siemens, BMW, Hyundai, Schlumberger, Gazprom,
Rostec, and Rosatom are investing in this technology.

Corporate metaverses are related to the organiza-
tion of immersive workspace for comfortable joint re-
mote work. Such companies as Meta Platforms, Micro-
soft Corporation work with this technology.

Consumer metaverses are related to the media in-
dustry, advertising, and gaming. Quite a large number
of large companies invest in metaverses: Alphabet Inc.,
Apple Inc., Roblox Corporation, Epic Games Inc.

The design and development of the metaverse as
a technology is not defined, as more advanced technolo-
gies are needed to maintain its ecosystem. Moreover,
a huge number of technologies, applications, platforms
that can interact with the metaverse are developed in
a haphazard manner and with incompatible business
strategies [13].

The most famous metaverses

Consumer: Decentraland (2017) is the first work-
ing meta universe where you can buy land with crypto-
currency, order pizza, advertise goods, visit a cinema
with other users, and go to an auction (Fig. 1). It is
based on the Ethereum blockchain.

The Sandbox® is a gaming ecosystem on the Ethe-
reum blockchain. You can create, share and sell assets
in a virtual world. Sand is an ERC-20 token that man-
ages all transactions (Fig. 2).

" Decentraland. URL: https://decentraland.org/
8 The Sandbox. URL: https://www.sandbox.game/en/

Fig. 1. Vegas City in Decentraland
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Fig. 4. Liberland metaverse

Matryoshka Renaissance (2023, Russia)’ is an eme-
rging metaverse, it is a three-dimensional virtual city
for holding exhibition, business, educational and en-
tertainment events accessible to the whole world and
organizing effective networking. It is supposed to place
digital twins of industrial enterprises for virtual visit
(Fig. 3).

The Liberland meta universe'’ is the result of the co-
operation between Liberland, Zaha Hadid Architects,
Mytaverse and ArchAgenda a.o. — is conceived as
a centre of virtual industry synergy and networking for
crypto projects, crypto companies and crypto events
(Fig. 4).

The type of metaverses presented is most closely
related to space, architecture, design, as user engage-
ment and interactivity depends on the effect of locality.

Corporate: Areena virtual space'! is a service for
organizing events in virtual space. Gamified interface,
communication and communication with the help of av-
atar and creation of events of different scale, as well
as work from any device are relevant for the creation
of meetings of different levels (Fig. 5).

Azur digital twins is a system that integrates cloud,
Internet of Things (IoT), Edge Computing, Artificial In-
telligence (Al) and Mixed reality.

’ Russian meta-universe. Matryoshka Renaissance. URL:
https://metarenessans.ru/

1 Liberwerse. URL: https://world.liberland.org/

' Advanza launches platform for online events in Russia.
URL: https://www.sostav.ru/publication/advanza-46082.html
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Fig. 5. Virtual space variant in Areena virtual space

Industrial: Siemens'? is the concept of a digital
world that reflects and simulates real machines and
factories, buildings and cities, networks and transport
systems (Fig. 6).

BMW?" is a digital factory twin that allows you to
pre-assess construction phases and optimize them. It is
a complete digital twin of the factory whose virtual in-
terface is like a sophisticated cloud-based video game.
Every object from the real world has a three-dimensional
analogue that acts just like its physical version (Fig. 7).

Gazprom — the formation of a connected eco-
system by moving from the creation of digital twins
of equipment to a common ecosystem of all sites.

~
<

NVIDIA Omiiiverse"

Siemens Te€ndmatix

Fig. 6. Siemens industrial metaverse

12 The Industrial Metaverse, Siemens. URL: https:/www.
siemens.com/global/en/company/digital-transformation/
industrial-metaverse.html

13 The iX1 metaverse experience, BMW. URL: https://www.
bmw.com/en/events/dreams.html
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Omniverse

Fig. 7. BMW industrial metaverse

OCH conservation and the metaverse. Assessment
of key technology segment

Architectural heritage objects have a wide range
of interactions in the scope of the metaverse. Let’s con-
sider the OCH model from the point of view of property
and architecture, engineering and construction manage-
ment. The type of these objects is distributed between
corporate metaverses: the possibility of remote collabo-
ration, virtual office is relevant for scientists and design-
ers; and industrial metaverses: in the form of digital
twins, if it is a question of preserving an existing indus-
trial facility and its infrastructure. The set of technolo-
gies for immersive collaboration tasks in OCH will al-
low creating hybrid workplaces for collaborative work in
virtual reality: organization of meetings, training, com-
munication of employees, design and use of tools for
creating digital models of objects and processes. Joint
work with the information model of the designed object
can become more interactive and detailed. Also, within
the framework of work with the enterprises of a subdi-
vision or university departments metaverses can be cre-
ated, training and joint work are carried out in virtual
spaces, for example, this is how training is implemented
at the University of Tokyo and this interaction is actively
developing. Metaverses are gradually becoming a key
development trend in the modern work of universities
[14, 15].

It is necessary to emphasize the scientific signifi-
cance of OCH, which, thanks to digital doubles and sim-
ulations, will receive modern digital tools for the most
effective restoration, reconstruction projects, etc. This
method refers to the type of industrial metaverse [12].
The main objective is to increase operational efficien-
cy by maximizing the use of collected data, ensuring
the integration of digital technologies (interoperability).
Interoperability, in turn, reveals the possibilities of cre-
ating a metaverse platform so that a heritage site can
be explored and a range of tasks can be uncovered, in-
cluding optimizing the complexity of the digital model
for the metaverse and fine-tuning textures and materials
to ensure a realistic perception. This requires a detailed
analysis of the goals, methods and outcomes to create
a reconstructed world in digital form, demonstrating

a particular importance in the field of information pres-
ervation [16].

Finally, the OCH model should be considered as ele-
ments of virtual worlds. Recreating historical entourages,
visiting heritage objects in the form of museum exhibits
will breathe new life into them, especially if these objects
were lost in the physical world [17]. The main type is
the consumer metaverse. The immersion of digital mod-
els in a virtual environment allows them to be combined
into systems and used in different scenarios, such as digi-
tal tourism [18]. The absence of geographical restrictions
for visiting heritage sites, the possibility of personalizing
the user by creating an avatar, and increasing the variabil-
ity of interaction with space for the less mobile population
are the most popular attractors for modern users. Digital
innovations in the metaverse also contribute to the creation
of a sustainable tourism industry by actively collaborating
with the local community and creating scenarios of user
interaction and digital infrastructure for the most effec-
tive representation of the visited site [19]. There is a need
for interdisciplinary collaboration to realize the strategy,
interoperability, roadmaps for researchers, architects, pro-
grammers and designers to develop an integrated action
plan [20]. The application of breakthrough technologies
is shaping a new type of smart heritage, which can be
defined as an interactive virtual environment that fulfils
the requirements of various stakeholders such as online
heritage tours, heritage protection and sustainable cultural
promotion, and game-like interaction will be a key option
for utilizing the metaverse because of its familiar and en-
gaging nature [21, 22].

Certainly, the benefits, risks and challenges associat-
ed with virtual recreation of heritage, such as preservation,
dissemination of cultural heritage, should be considered
in introducing new technologies to the cultural tourism
market through models aimed at enriching and improving
the user experience when it comes to activating historical
and artistic heritage [23].

RESULTS

As aresult of the analysis of key technological
segments in the field of architectural heritage preser-
vation in the metaverse environment, criteria for as-
sessing the potential of this technology application in
the sphere of real estate, engineering and construction,
scientifically significant objects, recreating reconstruc-
tions, visiting heritage objects as museum exhibits or as
objects in the sphere of tourism were identified.

CONCLUSION AND DISCUSSION

The prospect of applying digital technologies in
the field of preserving architectural heritage objects is ob-
vious. Technologies make it possible to increase the ac-
curacy of the work performed, to identify inconsistencies
at the early stages of design, to recreate the environment
with high accuracy of the object lost in the physical
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world, to provide an opportunity for immersive visits to
the object for people with disabilities. In this situation,
the metaverse acts as an accumulator of the above pro-
cesses, as accompanying technologies and interdisciplin-
ary interaction are required to maintain its vital activity.

Preservation of architectural heritage objects in
the form of digital models, elements of the metaverse
provides an opportunity to preserve and reproduce
the memory and rich history of the development of ar-
chitecture and urban planning.
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