Puc. 4.
Mpumep npeacTaBneHns rpadpuyeckon nHdopmaummn B «Katanore apxeonornyeckmx
packonos r. lNckoBa»

C KOPPEKTUPOBKOW MECTOPACMONOXKEHUA N aTpPUByLMKN pAda Packomnos, BbINOIHEHHbIX [0
KoHua 80-x rogos XX BeKa;

— MOATrOTOBKA OTAENbHbIX JIOKaNbHbIX CUTYaLUMOHHbIX cxeM (55 WT.) gna BblgeneHHbIX
Yy4YacTKOB CcpefiHeBeKOBOro ropopa (puc. 4);

— TEKCTOBbI KaTaslor C OTAEeNbHbIM OMMCAHNEM KaXJoro packona (Y4ETHOM KapTOUKoM
packona);

— JNEeKTPOHHbIN apXMB OTUETHOWN JOKYMeHTaLuunu;

— 2JTIEKTPOHHBI apXMB OCHOBHbIX MY6MKaLMii O pe3ysibTaTax apXeosiornyeckmx nccre-
JOBaHUN.

B 2012 rogy npopgonxeHbl paboTbl B paMKax peanusauun npoekta npurpaHMyHoOro
coTpyaHunyectBa JcToHuA-JlatBuA-Poccusa «Apxeonorusa. Bnactb. O6wectBo». Wtorom
npoekTa cTaHeT coBMecTHadA bl n 3neKTpoHHAaA KapTa No NaMATHUKAM apXxeonornu, BKIo-
Yalowana B cebs nHpopmaLmio No NOrpaHNYHbIM paioHam MNcKoBCKoM 0651acTh, ICTOHUN
1 NaTteun. B[] NoCToOAHHO NOMONHAETCA B XO4e MOHUTOPUHIOB 1 06cefoBaHui (puc. 5, 6).

Takxe B 2012 rogy Ha 6a3e IBYK MO ALMO 6bina co3paHa JlabopaTtopua umdpo-
BOW apxeonornn (B pamkax peanusaumn [Npoekta BcemupHoro 6aHka «CoxpaHeHue

230

Puc. 5.
OneKTPOHHaA KapTa MeCcToPacrnooXeHNA apXeonornyeckux NamAaTHNKOB
Ha TeppuTopun MNcKoBCKo obnacTy (¢ ncnonbsoBaHrem SASPlanet)
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Puc. 6.
CBopaHas Tabnuua namaTHMKOB apxeonorun MNckosckon obnactu (B popmate Excel)

1 UCNosib30BaHMe KynbTypHoro Hacnegma PO», nognpoekta «/labopatopua undposon ap-
xeonorun «[NpMKOCHOBEHME K UCTOPUN»).

HecmoTpsa Ha obunve matepuanos 1 6onblioii 06bEM yxKe npopgenaHHoW pPaboTbl UH-
bopmaLma NoKa Haxo[MTCA B HECKOMbKNX CNabo cBA3aHHbIX OnoKax:

1. NoapobHas cxema ropoackmnx packonoB (6onee 400 eauHUL), C NPUBS3KON K CO-
BPEMEHHOW TOMNOOCHOBE 1 CTOPUYECKMM NflaHam B popmaTe dwg.

2. CBogHan Tabnuua, coneprkallan MHGopmMaLmio U3 YUETHbIX KapTouek packonos (Ho-
Mep Ha Cxeme pa3meLleHunsa packonos B T. [IcKoBe; Homep Mo KaTtanory (MOCKONbKy B Xxoge
KOPPEKTUPOBKU CXEMbI KONIMYECTBO PAaCKOMOB CYLECTBEHHO M3MEHWNOCh, @ KPOME TOro,
Ha npeabiayLle cxeme nNog ogHNM HOMePOM MOrn GUryprpoBaTb HECKONIbKO 06bEKTOB,
6blI0 NPUHATO peLleHne BeCTY ABONHYI0 HyMepauuto: o Cxeme 1 no Katanory)); roa/rogbl
nposefeHnaA paboT; Wndpp packona; COBPEMEHHbIN agpec C yKkasaHuem ynul n HoMepoB
LOMOB; pyKoBoamuTenb paboT (gepxatenb OTKPbITOro nncTa); nnoLwaab uccnenoBaHui; op-
raHu3auma, BbIMOMHAOLWAA apxeosnornyeckme paboTbl; Lenb npoeeaeHns paboT; nctopu-
Ko-Tonorpaduryeckas xapakTepucTnkKa U3y4yaeMoro yyacTka; MOLHOCTb aHTPOMOreHHbIX
OTNOXKEHN (B TOM UMCIIe MOLLHOCTb KyNIbTYPHOrO C/101), 3HaueHWe penepa; xapakTepmnctu-
Ka KyNbTYPHOrO C/10A; AaTUPOBKA KYNbTYPHbIX OTNIOXKEHWNI; XapaKTepUCTNKa MaTePUKOBbIX
OT/IOXKEHUIA; OCHOBHbIE pe3ysibTaTbl PaboT; MeCTo XpaHEeHUA apXeonornyYecKon KonneKLumm,
eé coCTaB, JaTUPOBKA 1 KONMYECTBO eANHUL, XPaHEeHNA; MeCTO XpaHEeHUA OTYETHON AOKY-
MeHTauun (B TOM YMCie yKasaHune aBTopa, MOSIHOro Ha3BaHWA OTYETA, apXMBHbIN Wnbp,
KOMMJIEKTHOCTb); NybnuKauuy no pesynbratam MCCnefoBaHus.

3. Moaenb nepBoHavanbHoro penbeda r. lNckoa u bl No Toukam reonornMYecKoro
6ypeHms.

4. dneKTPOHHbIN apXuB Ny6nnKauuin 1 OTYETOB O PacKOMKax.

5. B[l apxeonornyeckux HaxoaokK.
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6. CBogHaa Tabnuua apxeonornyecknx NamMATHUKOB [1CKOBCKOW obnacTu (copep-
XKWUT Ha3BaHWe, NPUBA3KY, TUM NAaMATHMKA, AATUPOBKY, HaMUMe YYETHON JOKYMEHTaLuuw,
onuvcaxue, otonT. 4.)

7. CBopgHana KapTa B SAS planet, cogepkaliaa nHGopmaLmio 0 NaMATHMKaX apxeoso-
rum McKoBcKomn obnacTu.

B KauecTBe Ba)kHeWLwero HanpaeneHua paboTtbl JlabopaTopun LndpoBol apxeono-
MMM PaccMaTPUBAIOTCA BapuaHTbl CBA3bIBAHWNA 3TUX pa3po3HeHHbIX 6110KoB nHdopmMaLmm
B €[JMHOE LieNoe, YTO B KOHEYHOM MTOre JOSIXKHO NPUBECTU K Co3aaHuio nonHoueHHon MTNC.

Jlntepatypa

Koponésa, NMopropHas 2010
Koponéea 3. B. [ModzopHas P.[. MeTognyeckne npuHLMMbI pa3paboTkm MHGOPMALMOHHON CUCTEMBI
«Apxeonornyeckoe nsyyenue Mckosa» // AUNMM3: 3acepaHne 55. MNckos, 2010.

Koponésa n gp. 2013

Koponéea 3. B., [lepkau B. A., [lodzopHas P. ., Pomarosckuli A. b. Apxeonormnyeckoe nsyyeHuve
MNckoBa: KaTanor packonos 1 371eKTPOHHbIN apxue (1912-2008 rr.) // AUMMN3: 3acepaHue 58. MNckos,
2013.

JlabyTuHa 1981
JlabymuHa W. K. 'Torn n3yyenuns KynsTypHoro cnos MNckosa // KCUA. 1981. N2 164. C. 24-30.

JlabyTtnHa 1983
JlabymuHa W. K. KynbTypHbiin cnoii lNckosa // Apxeonoruuyeckoe nsyuyeHue lMNckosa. M. : AH CCCP,
WNH-T apxeonorun, 1983. C. 7-45.

Xapnawos 2000

Xapnawos b. H. TIcCKoBCKMI FOCyAapCTBEHHbIV HAayYHO-NCCIIe[0BATENbCKUIN apXeONornyeckui
LeHTp: ONbIT OpraHn3aLumn apxeon. Uccnes. B ycnoBrax camoduHaHcuposaHua 1991-1996 rr. //
AUIMM3. 1996-1999, 2000. C. 82-90.

Xapnawos 2003
Xapnawos b. H. MNnaH lNckoBckon Kpenoctu 1740 r. (onbIT aganTaumm K COBPEMEHHON
TonoocHoBe // [ckoB. Hayu.-npakTuy., ucT.-Kpaeses. >kypHan. 2003. Boin. 18. C. 93-103.

AxkoBneBa 2001
Akosnesa E. A. Mopgenb nepBoHayanbHoro pesbeda MNckoBa 1 netonncHble TonoHUMbl CpegHero
ropoga // AUMN3. MNckos, 2001. C. 86-96.



M. B. BaBynuH,
O. B. 3anuesa,
A. A. Tlywkapés

HawmnoHanbHblit nccnefoBatenbckuii ToMCKuiA rocyfapcTBeHHbIA yHuBepcuTeT, Poccua

TPEXMEPHOE CKAHVPOBAHWE M MOOENPOBAHUE
KOPABEJIbHbIX JETATEA KOYA

1. BgedeHue

Kou - napycHo-rpebHoe cynHO fONETPOBCKOro BpemeHu, npucnocobneHHoe K nnaea-
HUIO B TAXENDbIX apKTuyeckux ycnosuax (boapckmuin n gp. 2000). OueBUAHO, YTO HY OAVH
KOY He coxpaHunca. /I3rotoBneHme TOUHbIX MHXEHEPHbIX YepTexen B JONeTPOBCKYHO 3M0-
Xy He MPaKTMKOBAOCh, a AolWeAaLne A0 Hallero BpeMeHr n3o06pakeHusa Koya He no3Bo-
NAT cAenaTtb NOJIHYI0 PEKOHCTPYKUMIO CyAHA. YHUKaNbHbIMU NCTOYHMKAMU 1S €ro BOC-
npoussefeHUs ABNAIOTCA MOAJIMHHbIE KopabenbHble aeTanu, obHapyeHHble BO Bpems
apXeonornyeckrx NcciefoBaHuUin NepBoro pycckoro 3anonsapHoro ropoga Cnéupu — Man-
raseu (Busranos, MNapxumosuy 2007. C. 94-95; Kyxtepun 2011).

B 2014 rogy OOO HIMO «CeBepHan apxeonorua-1» (HedTetoraHck) coBmecTHO ¢ Jlabo-
paTopuren MeXANCLUUNIIMHAPHBIX apXeosiorMyeckux nccnefoBaHnin «Aptedaxr» Tomckoro
rocyfapCTBEHHOrO YHMBEPCUTETA HaYaNv paboTbl MO TPEXMEPHOMY CKaHUMPOBAHMIO AeTa-
nemn koyva. KoHeuHow Lenbio npoekTa AsnAnacb Ludposad 3D-peKkoHCTpyKLMA CyaHa.

KopabenbHble fetany BecbMa 06beMHbl (B0 7 M B ANAUHY) 1 TAXKeNo noapaloTca pe-
CTaBpauun 1 My3emHOMY 3KCMOHWPOBaHWIO. bonee Toro, Bce ycunua no NpousBoAcTBy
PacKoMoK B YCNOBUAX MEP3/0Tbl U TPAHCMOPTUPOBKE OOHaPY>KEHHbIX AeTanein Koya Ha
«bonbLyio 3eMnio» MOryT OKa3aTbCA HaNpacHbIMM B CBA3U C MOCTOAHHO yxyaLlatoLenica
COXPAHHOCTbLIO M3BNEYEHHON N3 APXEOSIONMYECKOrO CJ10A APeBeECHbI. JTazepHoe CKaHUpo-
BaHWe 1 co3gaHme unppoBbIX Moaenel feTane COXPaHUT ANA NOTOMKOB 3TN YHMKabHble
BeLLeCTBEHHble NCTOYHUKN B BUPTYabHOM NPOCTPAHCTBE.

2. O6opydosaHue u npoepammHoe obecneyeHue

Ins paboTbl MCNONb30BaCA PYYHON onTUYeCcKnin ckaHep GoScan 3D KaHaAcKol KoM-
naHmm Creaform. OH no3BonseT AOCTaTOYHO ObICTPO CKaHMpPOBaTb GoMblINEe OO6BEKTI
C MaKcMMasbHbIM pa3pelleHuem 0,5 mm. Onpegensiowym GakTopom npu Bbibope 3TOro
CKaHepa ABNsANacb BO3MOXHOCTb €ro OpuMeHTauMn B NMPOCTPAHCTBE MO MO3ULMOHHBIM
METKaM B PeXNMe peanbHOro BPEMEHM, UYTO MO3BOJIANIO OTCKAaHNPOBaTb Kaxaylo AeTalb
3a ofiHy ceccuio. Ha Bbixofe nonyyanacb efjMHas NosMroHanbHas ceTb BCero 06bekTa, uto
3HAUUTENIbHO YMEHbLUANo Bpemsi NoctobpaboTku. OQHAKO, B OTIMYKE OT aHasoros, 3TOT
CKaHep He cnocobeH 3axBaTblBaTb TEKCTYpbl. [103TOMy TEKCTYpUPOBaHME FrOTOBbLIX MOAE-
newn BblAeNAaNoch B oTAeNbHbIN npouecc. Micnonb3osanca ¢oTtoannapat NikonD700 ¢ 06b-
ektnBom Nikkor 24-70mm 1:2.8G. MporpammHoe obecneveHune: Creaform VXelements, Agi-
soft Photoscan, Geomagic Wrap, Autodesk 3D studio MAX.
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Puc. 1
Mpouecc ckaHMpPOBaHUA KopabenbHbIX AeTanei

3. Memoduka nonyyeHus 3D-mooenel

3.1. [poyecc MpéxmepHo20 CKAHUPOBAHUS

B cnyuae ¢ kopabenbHbiMy geTanamu HeobxoanmMo 6bino OTCKaHNPOBaTb aBTOHOMHblE
06beKTbl 683 OKPYXKEHNA CO BCEX CTOPOH, YTOObI COeIHNTb NTOFOBYIO MOAENb B €AUHYIO
3aMKHYTYIO MONUIOHaNbHyO ceTb. [pu 3ToM KopabesibHble AeTann MMeNU AOCTaTOUYHO
MenKne KOHCTPYKTMBHbIE 3neMeHTbl (1-5 cMm), AnA yero TpeboBanocb CKaHMPOBaHKE B Bbl-
COKOM KauecTBe.

Mepen Hayanom CKaHUPOBAHUS KaXkAblli 0OBEKT pacnonaranca Ha NoAcTaBKax BbiCO-
TO 0,5-0,7 M cO CBOGOAHBIMM YYacTKaMmM OKOJI0 T M C KaxKO CTOPOHBI. 3aTem Ha 60KoBble
N TopLeBble CTOPOHbI AeTaNn PaBHOMEPHO MO BCEN NOBEPXHOCTU HAHOCWMIUCH MO3NLM-
OHHble MeTKM Ha paccTtoaHnn 15-20 cm gpyr ot gpyra. CKaHMpoBaHWe HaunHanochb C ce-
peavHbl 06beKTa 1 3aTeM NPOABUranoch No oYepeamn B pasHble CTOPOHbI. 9TO NO3BOJIANO
n36eXaTb HaKanaMBaHUA norpelHocTein. MNocne Toro, Kak Bce BUANMbIE CTOPOHbI ObinK
OTCKAaHMPOBaHbI, OObEKT NepeBopaumBancs. Ha HemMapKMpoBaHHYIO NOBEPXHOCTb TaKKe
HaHOCWNNCb MO3ULMOHHbIE METKU. CKaHMPOBaHME NPOJOIKANOCh C OAHON 13 HOKOBbIX
CTOPOH (Tam, rae yxe 6bina OTCKaHMPOBaHa MOBEPXHOCTb M MONOXKEHNE METOK) B LieH-
TpasnibHoOW YacTn obbekTa (puc. 1).

CkaHMpoBaHMe 06bEMHBIX 06HEKTOB C MakCUMasbHbIM paspeLleHnem 0,5 MM He CUH-
XPOHM3MPOBASIOCh C KOMMbIOTEPOM MO CKOPOCTU Nepeayn AaHHbIX. ITO CO3aBasio NoCTo-
AHHYI0 3a1eP>KKY B 0TOOpaXeHUn npoLiecca 1 NPUBOAMUIIO K NOTepe OPMEHTUPOBKM CKaHe-
pa B NPOCTPaHCTBE U, KaK CIefCTBMe, 3HaUNTENIbHO YBEINYMBASIO BPEMA CKaHMPOBaHUA.
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Puc. 2

Mpouecc co3gaHna mofenu

1 — Obnako Touek

2 - TpraHrynaumns cetu

3 —MonuroHanbHaa Mogenb

4 - TekcTypupoBaHHasa Mofesb

BHe 3aBMCMMOCTY OT paspelleHus, 3alaHHOrO B Hauyasie CKaHWpPOBaHWSA, NCMOSb3yeMas
nporpaMma nepegayu gaHHbix VXelements npegsaputenbHo coxpaHsana BCo NocnefoBa-
TeNbHOCTb NOYYEHHbIX C KaMep KagpoB, a Y>Ke 3aTeM, Ha X OCHOBE NMPOU3BOAMSIA NOCTPO-
€Hue NoNroHaNbHOM CETY C 3aAaHHbIM paspeLueHmem. Takum 06pa3om, NepBbIii 3Tan cka-
HUPOBaHWA MPOV3BOAUNCA C Pa3peLleHeM 5 MM, UTO 3HAUUTENbHO YCKOPWIIO NpoLecc.
JanbHenwmnin nepecyét moaenm Ha 6onee BbICOKOE paspeLleHmne ocyLwecTBnsanca B nabo-
paTopHbIX ycnoBusx. B kauecTse pabouero 661510 BbIGpaHO paspeLieHne B 1 MM.

3.2. Obpabomka mooeneli

MNonyuyeHHasa mogenb MNopTMpoBanach B nporpammy Geomagic Wrap, B KoTopown yaa-
NANNCb HEHYXKHbIE MOMUTOHbI (LWYMbl, MOACTaBKMN), «3alUNBANMCby OTBEPCTUA. B Tex mecTax,
roe 6bl 3T0 TpeboBanoCh, HaNpPMMepP, B CKBO3HbIX OTBEPCTUAX MOA Harenun, NOBepPXHOCTb
JOCTpavBanacb BPyUHyio (puc. 2).

3.3. HanoxeHue mekcmyp
,D,J'Iﬂ nonyvyeHuA d)OTOpeaJ'II/ICTI/ILIHbIX MO,EI,EJ'IeI‘/'I HeO6XO,£lI/IMO HaloXeHne KaydeCTBeH-
HbIX TEKCTYP. B Hawem Ccnyvae 00BbEKTDI npencrTaBnAnn cobo ONHHbIE OeTann n, cnego-

BaTesIbHO, B C/lydyae ¢poTorpadmpoBaHus MX OGHUM KagpoMm (Mo WnprHe Kagpa) AeTanbHO
paccMOTPEeTb ONpeAeNiéHHble YYacTKN OblfI0 HEBO3MOXKHO — HEOCTaTOYHO paspeLleHne
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doToannapata (4265 x 2832 Touek). PoTtorpadrpoBaHme Kaxaom CTOPOHbI NPON3BOAMIIOChH
cepven Kagpos (10-15 LWT.), TaK, UTOObI Ha KaXKaoOM Kaape 06beKT 3aHMMan He MeHee 80 %
nnowaam c nocteneHHbiM cmelleHnem. CocegHmMe CHUMKK aenanucb ¢ HanoxeHnem 30-50 %.

MonyyeHHble GOTOCHUMKM 3arpy>kanucb B GoTOrpaMMeTpUYecKyto nporpammy Agisoft
Photoscan, rae o6pabatbiBanucb, GakTMueckn co3gaBas NIOCKOCTb CO CNPOELMPOBaHHbIM
Ha Heé nsobpaxeHrem. TeKCTypbl 3TON «TPEXMEPHOWN MOZENN» COXPaHANMNCh KaK pacTpo-
Boe n3obpaxeHue. Takum ob6pasom, Nonyyanocb N3obparkeHme, «CLUINTOE» N3 MHOXeCTBa
¢doTorpaduii.

BmecTe coO cKaHMpOBaHHOW Mopenbio, U306paxKeHWA 3arpyxanucb B Mporpammy
Geomagic Wrap, rae Ha Mmogesib, MUHUMYM MO YeTbIpéM 06LUM Napam Touek, a 0OblYHO Mo
20-30 napam Toyek, MpoeLnpoBaNoCb PaCTPOBOE N306paXKeHNe TEKCTYpPbI.

3.4. Pesynemamel oyugpposku demarned.

B ntore 6b1n10 oTCKaHMpPoBaHO 38 KopabenbHbIx feTanei. U3 Hux 36 geTaneit yganocb
nepeBecTy B KaueCTBEHHble TPEXMEPHbIE Mofenu, Ha 34 petanu ObinM HanoXxeHbl GoTo-
TEKCTYpbl. M3 ABYX OTCKaHUPOBaHHbIX AeTaNlel He NONYYNNOCh CO3AaTb LiefibHble TPEXMEpP-
Hble MoZenu No NpuYnHe nx gepopmaLmm Npu U3MeHEHUN NOSTOXKEHWA ANA ABYCTOPOHHE-
ro cKaHupoBaHuA. [lee feTanu oCTanncb HETEKCTYPUPOBAHHbBIMY MO NPUYNHE HAPYLLIEHNA
metoaunku ¢otorpadrpoBaHnAa aeTtanen (MeTogmKka paspabaTbiBanacb Ha MecTe, BO BPeMA
CKaHVMPOBaHWA, a OCYLLECTBUTb NPOBEPKY Pe3ysbTaToB CTalo BO3MOMHbIM N1LLb B Nlabo-
paTOpPHbIX YCIOBUSAX).

4. Memoouka peKoHCMpyKYUU Kuss kopabns

MepBbIM Warom B coO3aaHNN BUPTYanbHOW MOLENN LIeNOro CyfHa CTasio co3fiaHue mo-
Jenv Kuna Kouva. B 2008 rogy Ha ropoauiie MaHrases 6bina obHapy»keHa NoCTpoliKa, cno-
XeHHadA 13 cyfoBoro Habopa, B TOM umcsie 13 YeTblpéx pparmeHTOB Kuna. Ana ynobcTea
TPaHCNOPTUPOBKM fiBa dparmeHTa pacnuaunam rnononam And TpaHCNopTMPOBKU. T 6 fe-
Tanel OTCKaHMPOBaNK ANA PEKOHCTPYKLUMUK Kuns. MNocne BbicTaBneHWA AeTaneli B HYXXHbIX
Mo3uUUKMAX NOAyYMnach criefyoLlas KapTrHa: HOCOBOM 1 KOPMOBOW KYCKW KUIIA COefnHU-
NINCb MeXay OO0 Y3KMMM KOHLIAMU; TPETUI 1 YeTBEPTbIN PpparmeHTbl 06pasoBany ogHy
PaCKOMOTYI0 YaCTb KWJis, ABNAOLLYIOCA NPOJOIKEHNEM KOPMOBOTO KA.

4.1. CoeOuHeHue hpazmeHmMo8 Kuns

[nsa co3paHuUs eAnHOro MOJIMFOHANbHOroO OObeKkTa BCe WecTb YyacTell Heobxoammo
6b1f10 CoeMHUTDL B €MHY10 CeTb. B 0TIMUME OT pacnmneHHbIX YacTel, coeAHeHNE KOPMO-
BOIO M HOCOBOTO ¢pparMeHTOB KA 6blfo CONPAMKEHO C PAAOM COXHOCTEN: OTCYTCTBOBA-
NN YCTYN HAa KOPMOBOW YaCTW KMA Ha yyacTke B 15 cM 1 6OKOBOW ¢pparmMeHT HOCOBOW Ya-
CTU Ha paccTosiHmm 40 cm. ins coeiHeHNA NOAOOHbIX ceTel Heo6XoAMMO ObINo YAANUTbL
BCE MOMINIOHbI, 0OpasyloLne NOBEPXHOCTb, MOABMBLUYIOCA B pe3ysibTaTe BTOPUYHOIO UC-
NMoNb30BaHNA UM €CTECTBEHHOIO Pa3pyLLIEHNA, NOCe Yero OTBEPCTMA B feTasiX HE06Xo-
AVMMO 6bINIo COeAnHUTD APYT C APYromM MOCTaMy NOSINFOHOB BAO/b OCHOBHbIX Neperntos
NMOBEPXHOCTEN 1 3aMONHNUTb, 06pa3ys N3HauYaNIbHO OTCYTCTBYIOLLYIO FEOMETPUIO.

OcraBlnecs gBe getanu Heob6xoaAMMO 6bII0 CHavana CoeagUHUTL Mexay cobo, a 3aTem
npucoeanHNTb K KOPMOBOM YacTu Kunsa. B nepBom coeriHEHUN OCHOBHYIO CJIOXHOCTb
cocTaBnano 6onbLIoe NepekpbITME MOAENen, a TakKe OTCYTCTBUE 3HAUMTENIbHOWM YacTu
N3HayaNbHOWM MOBEPXHOCTU CO CJIOXKHOWN reomeTpuyeckon Gopmor, BO BTOPOM — AOCTa-
TOYHO 60/bLIOE PACCTOAHWE MexAay AeTanaAMu — okosno 20 CM NycToro MpPOoCTPaHCTBa.
[laHHble coenHeHNA NPON3BOAUIINCE MO TOW e MEeTOAMKE, HO TpeboBanu KponoTMBo
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Puc.3
PekoHCTpyKLMA Knna

paboTbl Mo 06paboTke ceTn, a TakXKe BbICTPaUBaHWA BPEMEHHbIX BCMOMOraTeNibHbIX
MOJIMFOHAJIbHBIX MOCTOB. B pe3ynbTate nonyunncs eguHbIN LeNbHbI OObEKT C 4OCTPOEH-
HOW reomeTpuen.

4.2. O6bpabomka c1e008 8MOPUHHO20 UCNOJIb308AHUA U €CMeCm8eHH020
paspyweHus

Ha nonyyeHHol Mofenu NpucyTCTBOBaNU cfiefibl BTOPUYHOWN 06paboTKuM, OCTaBLUMECA
Ha JeTanAx nocsie NCNonb30BaHMA UX B KOHCTPYKLMM Xunuwwa. OHM npeactaBnsnm cobo
11 BblemMoK WwupuHoii ot 10 4o 50 cm 1 rnyburHon ao 15 cMm, pacnonoXeHHble Ha BCEM Npo-
TSXKEHUM KA No 06enm ero ctopoHam. OT 3TKX crefoB 6bl10 HECNTOXKHO 136aBUTLCA TEM
e MeTooM, KOTOPbIA MCMONb30BacA Npu CoefuHEHUN AeTanein B OQHY — yAaneHnem
NOSINFOHOB MOBEPXHOCTM BTOPUYHOIO MCMONb30BaHWA, BbICTPanBaHMEM MOCTOB BAOJb
OCHOBHbIX U3rMH6OB NOBEPXHOCTU U 3aMOSHEHNEM MOSYYEHHbIX NPAMOYFONbHbIX OTBEP-
cTnin. CnoxHee feno o6CToANO C HeQOCTaoWMM 6OMbLWIMM KYCKOM Ha HWMHEN noBepx-
HOCTW HOCOBOTO KWAfl, MPOTAHYBLUMMCA OT KOHLIAa HOCOBOW YacTu BrlyOb Ha paccTosaHme
1,8 M. Kpome Toro, ¢ 3TOI e CTOPOHbI BEPXHAA YacTb KMns Oblla CUAIbHO MOBPEXAEHA,
1 OTCYTCTBOBAN 60KOBOW Kpaii. B gaHHOM cnyyae, NpMMeHWTb OMUCAHHbIN Bbille MeToa He
nNpeacTaBnAnoCcb BO3MOXHbIM, TaK Kak OTCYTCTBYIOLUME 3/IEMEHTbl HAXOAWINCH Ha KOHLe
KpaHero Kycka Kuis, 4To He Mo3BOMAN0 NPOTAHYTb MOCTbl 4O NMPOAZOSIXKAOLWENCA 3a Na-
KyHOW Lenoi yactu. PewmnTb 3Ty npobnemy yaanocb Ay6nmpoBaHuem 1 3epKanbHbIM OTpa-
YKEeHUeM Liefnioro Kpas Kus Ha 3TOM NPOTAKEHHOCTM C NPUCOeANHEHNEM ero K 06Lel ceTn
Kuna nocne npefBapuTesibHOro yaaneHna nepexkpbiTua.

4.3. Obpabomka degpopmayuu Oepesa

Mocne Bcex NOCTPOEHWI YAanocb BOCCTAHOBUTL LENbl Kb, 6e3 cnefos BTOPUYHO-
ro ncnonb3oBaHua. OgHaKo BUA C TOpLa MNO3BOMAN BbiABUTb 3HAUNTENbHOE OTKJIOHEHME,
OKOJ0 9 rpagycoB MeXAy ropM30HTaIbHbIMU NTIOCKOCTAMM ABYX KOHLOB. [10 BCel BngMmo-
CTW, 3TO ecTecTBeHHan aedbopmaLns fepesa BCeACTBUE ero BbiCbixaHuMsA. InA ycTpaHeHWA
sToro gedekrta Mogesnb MMNopTpoBanack B nporpammy 3D studio MAX, roe cyulectsytot
WHCTPYMEHTbI MO TOYEYHOMY pefaKTUPOBaHNIO CETU MOZESN.
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4.4. Pesynemam pekoHcmpyKyuu

B pe3ynbtate Mbl monyunnu LesbHyo Mofenb Kuna (puc. 3). [laHHaa pekoHCTpyKuuA
ABNAETCA NpeABapuTeNibHON. MonHaa PeKOHCTPYKLUMA Kopabna Bo3MOXHa TONbKO nocse
oundpoBKM BCeX JeTanein 1 Npu HENOCPeACTBEHHOM yYacTUU CNeLuanmcToB No CyaoMo-
JennpoBaHMIio.

5. 3aknoyeHue

B 6nmxarnwem 6yayLiem Ha OCHOBe AaHHbIX CKaHPOBaHMA ByaeT co3faHa 6a3a AaHHbIX
TPEXMepPHbIX Mofenel KopabenbHbIX feTanei 13 packonok Ha ropoauuie MaHrases. B 6a3y
6yayT BKNtoueHbl okonio 130 Mofenei cyfoBbIX AeTanemn n Nx TEXHNYECKUe onucaHus.

Kou - 370 cBOe06pa3HbIi KyNbTYpPHbIV CUMBOJ OCBOEHWA NpUNonspHoro 6acceiHa. Ha
OCHOBe TPEXMEPHOW BUPTYasibHOM MOAENM MOTYT CO3[4aBaTbCA PeNINKM Kova Ajisa nogro-
TOBKMW 3KCMeprMeHTa Mo NnaBaHuIo Ha Bocco3gaHHoM cyaHe. CoBpeMeHHble TEXHOornn
3D-neyat NO3BONAT CO34aTb YMEHbLUEHHbIE MOLENW KOYEl M BHEAPUTb B My3eliHyto nefa-
rornKy 3aHATUA NO UCTOPUYECKOMY CYOMOAENMNPOBaHMI0. M3 co3aaHHbIx Ha 3D-nNpuHTepe
YMeHbLUEHHbIX MOZenNel MOANIMHHbIX KOpabesbHbIX AeTanel AeT CMOTyT CaMOCTOATENIbHO
cobpaTb Lenoe cyaHo, MONyTHO OBNafeB cneunpuyeckol CyaoBoi TepMUHONOTNEN.

6. brnazooapHocmu

BbinonHeHo B pamKax paboT no npoekTty «Yenosek B MeHaoLemca mupe. Mpobnembl
NMOEHTUYHOCTU U COLMaAnbHOWM aganTaumun B UCTOPUN N COBPEMEHHOCTU» (rpaHT MpaBu-
TenbctBa PO M 220 N2 14.B.25.31.0009).
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A.B.JleoHoB
WWET PAH, Poccua

3D-AOKYMEHTbI B MY3EVMHOW 3KCNO3ULNN:
BUPTYAJIbHAA PEAJIbHOCTb U BEB-TIPUJTOKEHWA

PazButme TexHUYeCcKux cpeacTs puKcaLmMm NPoCTPaHCTBEHHON nHGopmauum o6 obb-
eKTax NpuUBesIO K NOABJIEHNIO HOBOIMO TUMa Hay4YHO-TEXHUYECKON AoKymMeHTauum — 3D-go-
KymeHTa (JleoHoB, batypuH 2013). 3D-AOKYMEHT — 3TO 0C06bIM 06pa3oM OpraHN30BaHHaA
nHbopMauma, NnpeaHa3HauyeHHasa gnAa NpeacTaBieHnA Nosb30BaTento TPEXMEPHOIO BU3Y-
anbHoro o6pasa (3D-mopenu) ob6bekTa UK NPOLIECCa, A TaKXKe Pa3HOobpa3HONM 4ONOSHM-
TefIbHOWM MHGOPMALMK, CBA3AaHHON C 3TUM BM3yalibHbIM 06pa3om. Linpposan 3D-monenb
MOXET cofiepaTb MHGOPMaLUI0 O reoMeTpun (TONOIOrN) N NPOCTPAHCTBEHHON OpUeH-
Taumm o6beKTa, ero BHELHEM BUAE, BHYTPEHHEN CTPYKTYpPe (3nemeHTax, cBA3AX), 0cobeH-
HOCTAAX MaTepuanos, AMHaMUKe BO BpemeHu 1 ap. B 3D-gokymeHTe npocTpaHCTBEHHas
MHPOpPMaLMA O FeOMETPUM N CTPYKTYPe 06beKTa XPaHUTCA B HEKOTOPOW TPEXMEPHOW CU-
CTemMe KOOpPAMHAT, CBA3aHHOW ¢ 06beKToM. B 3ToM cocTouT KauectBeHHOe otnnyne 3D-go-
KyMeHTa OT PUCYHKOB, CXeM, YepTexel, GOTo- N KNHOAOKYMEHTOB, KOTOPblE COXPaHAIT
ABYXMepHble n3obparkeHuns obbekTa.

MpocTenwmnm npumepom 3D-AOKyMeHTa ABNAETCA MOoAeNb B BuAae TpéxmepHoro obna-
Ka Touek, NonyyeHHas B pe3ynbTaTe Jla3epHOro CkaHMpoBaHuA obbekTa (point cloud). Ha
OCHOBE 3TOro ob1aka ToUeK MOXeT 6bITb NOCTPOEHA TPEXMEPHas NOMNIOHaNbHaA MoaeNb
o6bekTa (mesh), TpéxmepHana TBepaoTenbHasa mogens (solid). Takxke 3D-0OKYMEHT MOXeT
6bITb CO3faH NpPY NOMOLLM MeTofoB doTorpammeTpun (noctpoeHme 3D-mopenn obbek-
Ta MO ero ABYXMepPHbIM N306paKeHNAM C Pa3HbIX PaKypCcoB), ToMorpadun (nocTpoeHne
3D-mopenuvi BHyTPeHHen CTPYKTYpPbl 06beKTa Mo ero NOC/IONHbIM CEYEHUsIM), B pe3ysibTaTe
3D-mogennpoBaHuA No yepTexam u ap.

Konunuectso undposbix 3D-Moaenein peanbHbIX UM UCTOPUYECKMX OObEKTOB, CO3/1aBa-
€MbIX BO BCEM MMPe, MOCTOAHHO PacTET. B Tom uncne nosasnaetca Bcé 6onblie 3D-mopenen
PYKOTBOPHbBIX 1 NPUPOAHbIX O6BEKTOB, NPEACTABNAOWMNX OOLECTBEHHYIO LLEHHOCTb (0T
NaMATHUKOB KYNbTypbl Y NPUPOLbI A0 UHbIX BUAOB HaLMOHAbHOMO UM MUPOBOMO AOCTO-
AHNA). Takne 3D-mofenm npeacTaBAAlT cobo He TONbKO HOBbIV TUM AOKYMEHTA, COXpaHs-
towtero nHdopmaLmio 06 06beKTE, HO 1 HOBbIY TUM My3€eMHOr0 SKCMOHaTa, KOTOPbIN MOXeT
(1 BONXEeH) LEeMOHCTPUPOBATLCA LUIMPOKOW Ny6nurKe.

Ocob6eHHO aKTMBHO BUpTyanbHble 3D-mofenu mcnonb3yloTcAa B chepe BMPTYanbHOM
apXeonornm N UCTOPUYECKON apXUTEKTYPHON peKoHCTpyKumu. Obliee uncno 3D-mopeneii
apXeonornyecknx 06beKTOB Ha CErOAHALIHNIA AeHb U3MepAaeTca ThicAYamu (Bawaya 2010;
BopoakuH, KepebaTtbes 2012). Hanpumep, WMPOKO 13BECTEH NPOEKT CO3AaHNA BUPTYasb-
Hoi 3D-mopenu aHTUuyHoro Puma “Rome Reborn” (http://romereborn.frischerconsulting.
com/). B 2012 ropy locyaapCTBeHHbIN DpMUTaXK NPOBEN NepByto B Poccun mexkayHapoaHyto
KoHdepeHUMIo Mo BUPTYasibHOM apXxeonorum, KoTopasa cobpana aecaTkmn 4oKNnafoB B chepe
BMPTYaNbHOro MOAENNPOBAHNA N PEKOHCTPYKUMN (BupTyanbHaa apxeonorua 2013).

HemoHcTpauua supTtyanbHon 3D-mogenu no3BoNAET NOKa3aTb B My3eNHOW SKCMO3ULMK:

1) 06BbeKTbI 60MbLIOro MacwTaba (6alHN, MOCTbI, KPENOCTU, MOA3EMHbIE COOPYKEHUS,
rOPOACKYIO 3aCTPONKY U T.N.);
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2) yTepAHHbIe UK HblHE He CYLIecTBYloLne 0ObeKTbI (apxeosiornyeckan PeKoHCTPYK-
LMA, NCTOpUYECKan apxXMTeKTYpHasa PeKOHCTPYKLUA);

3) TeppUTOPMANbHO yaanéHHble N TPYAHOAOCTYMHbIE 0ObEKTbI;

4) TeppuUTOpPMANbHO pa3HeCcéHHble 06BbEKTbI (HanpUMep, SKCNOHATbl U3 KONNEKUNiA pas-
HbIX My3eeB);

5) ueHHble 3KcnoHaTbl UM 06beKTbI, HaXOAALWMeCA Mo Yrpo30i paspyLleHnsa (opuru-
HaJibl KOTOPbIX HEAOCTYMHbI LUIMPOKOW Ny6nunKe).

TpéxmepHas mogesb, CHabkEHHaA COOTBETCTBYIOLMM NPOrPaMMHbIM UHCTPYMEHTapu-
€M, NO3BOJIAET NONb30BaTESNII0 CAMOCTOATENIbHO OCMATPMBaTb U N3yYaTb 0OBEKT, BKOYas
€ro BHEeLHN BUA 1 BHYTPEHHEe YCTPONCTBO, «MyTellecTBOBaTb» MO BUPTYasbHOW Moje-
nu. «fenmneurkauma» (Marczewsk 2012) npouiecca 03HaKOMIIEHUS C 0OHEKTOM B My3€eNHOW
3KCMo3uUMM cnocobHa CyLeCcTBeHHO NOBbICUTb 3aMHTEPECOBAHHOCTb NOMb30BaTeNd, 0CO-
6eHHO cpean MOSOAEXKHON 1 AeTCKOW ayanTopun. 3D-[0KYMEHT MOXET MCNONb30BaTbCA
He TONbKO AN1A AEMOHCTPALMM LUMPOKON Nybnrke obpasa o6beKTa, HO 1 ANA aHanu3a o6b-
eKTa creumanmcTamu, a Takke ansa o6pasoBaTesibHbIX NPUITOXKEHWIA.

Ba)KHOCTb NpYMeHeHNA HOBbIX TEXHOIOTMI GOPMMPOBaHNA 1 BOCNPOMN3BeAEeHUA BUP-
TyasnbHblX 06pa30B AnA Pa3BUTMA My3eNHOW AeATeNIbHOCT NPU3HaHa Ha roCyjapCTBEHHOM
ypoBHe. Yka3zom [Mpe3npgeHTa Poccuiickon ®epepaumm ot 7 masa 2012 roga N2 597 «O mepo-
NPUATUAX NO peann3aunn rocyfapCTBEHHON COLMaNbHON NOANTUKIMY [TpaBUTENbCTBY NO-
py4yeHo co3paTtb K 2018 rogy 27 BupTyanbHbix My3ees. BecHoln 2014 roga MuHuctepctsom
KynbTypbl Poccuinckon Oepepauum 6binm paspaboTaHbl peKoMeHAaL MM No CO34aHUIo BUP-
TyasnbHbIX My3eeB. B 3Tnx pekomeHAaumAX JaHO criegytollee onpegeneHne: «BnptyanbHbii
My3ell — MHTePaKTVBHbIN MYyNbTUMEAUNHbBIA NPOrpPaMMHbIN MPOAYKT, NpeacTaBAAoWwmnn
My3eliHble KOMNeKUMX B 3NIeKTPOHHOM Buge» (TexHnyeckne pekomeHpaumn 2014. C. 5).
K coxaneHuto, Takoe onpeaeneHune orpaHnYmBaeT chepy NnpMMeHeHNA BUPTYarbHOTO My-
3ed NILWLb AeMOHCTpaLmelt 3NeKTPOHHbIX 00pa30B My3eHbIX SKCMOHaTOB. B To e Bpems
BUpTYasnbHaa popmMa NpeAcTaBieHNA MOXKET LUMPOKO NPUMEHATLCA ANA 06bEKTOB, KOTO-
pble My3eNHbIMWN SKCNOHaTaMM1 He ABAAIOTCA. K X UnCny OTHOCATCA, HanpuUmep, apxeono-
rmyeckne NaMATHUKKW, OOBbEKTbI MHAYCTPUANbHOro Hacneansa, 06pasbl HeCyLLeCTBYOLMX
06beKTOB (BUPTYanbHasa PeKOHCTPYKLUA), BU3yanum3aunsa NpoLeccoB 1 ABMEHUIA.

Ins npepctaBnerunsa 3D-AOKYMEHTOB WMPOKOW Ny6nKe MOryT NPUMEHATbCA ABA NOA-
Xofa: NHANBNAYaNU3NPOBAHHbIN 1 MacCOBbIN.

MepBbii Noaxog (MHANBUAYANM3UPOBAHHLIN) NpeanonaraeT UCNosib3oBaHMe CTaumo-
HapHOro nnu MobMNbLHOro NPOrpaMMHO-anmnapaTHOro KOMMEKCa, Kak NpaBuo, ¢ 601b-
WM 3KPAHOM, 3a4acTylo C MogAep)KKkon crneunduueckux GyHKLMIA oTobpaxkeHma (Ha-
npumep, ctepeo) mnn cneunduryecknx GyHKUUA B3aMMoOAenCTBUA (CEHCOPHbIE SKPaHbI,
MaHUNynATopbI). TaKOW KOMMIEKC MOXeT ObITb YCTaHOBNEH, HANPUMEP, B My3€ee B KauecTse
anemeHTa 3Kkcno3uyun. Mpu 3ToM MoXeT nogpasymeBaTbca NMHG0 HenocpeacTBEHHOE B3a-
UMoAEeNCTBUE NOCETUTENA C JaHHbIM KOMMJIEKCOM, b0 Hanuuyre onepatopa (CoTpyaHMKa
My3es1), OCYLLeCTBAALEro AeMOHCTPauuio. MporpammHoe obecneyeHme ansa 4eMOHCTpa-
unn 3D-gOKYMEHTOB B 3TOM Cilyyae pa3pabaTtbiBaeTcs ¢ yYETOM MHAUBMAYANIbHBIX TEXHU-
YecKnx 0COBeHHOCTE 1CNoNb3yeMoro o6opyaoBaHNA U He MOXET ObITb NepeHeceHo Ha
ApYyrol annapaTHbI KoMnyiekc 6e3 3HaunTenbHom nepepaboTku. Mpumepbl peannsauum
TaKNX CUCTEM MOXKHO HaTW BO MHOTUX KPYMHbIX 3apy6eXXHbIX My3esX.

Bropoi nogxop (MaccoBbIl) NpeanonaraeT co3gaHne aBTOHOMHOIO MPOrPamMMHOrO Npo-
[YKTa, KOTOPbIA MOXHO YCTaHOBUTb Ha MOJIb30BaTENbCKOM KOMMbloTepe, N1Mbo Beb-npuno-
YKEHMsA, KOTOPOe MOXKHO NPOCMATPUBATb C NCMOJNIb30BaHMeM Beb-6pay3epa. B oboux cnyyaax
npeanosiaraeTcd CamoCTOATENbHOE B3aMMOAENCTBME MONb30BaTeNd C npeasiaraeMbiM
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Puc. 1.
ToueuHan 3D-mopenb [leHncoBon newepsol. NokazaHa KOOpAWHATHaA ceTKa ¢ warom 10 m

nporpaMmMHbIM NpogyKTom. Peannsauma BTOporo nogxoda AONrue rogbl Caepxmsanach ms-
32 06EKTUBHDBIX TPYAHOCTEN. K HYM OTHOCATCSA, NPeXe BCEro, CIOXHOCTb Pa3paboTKy Npo-
rpammHoro obecneveHus ana pabotbl ¢ 3D-HOKYMeHTaMW, PacCYMTaHHOrO Ha MacCOBOro
nonb3oBatesis, N OTCYTCTBUE eANHOro CTaHAapTa npeacTaBneHmsa 3D-mopenen ana Be6-6pa-
y3epos. [o-Braumomy, nepBoi MacluTabHON peann3aumern BTOPOro noaxoda CTan npoeKkT
«Smithsonian X 3D» CmutcoHoBckoro uHctntyTa (CLUA) (https://3d.si.edu), npeacraBneHHbI
wnpokon nybnuke B koHue 2013 roga. MpocmoTp 1 B3aumopgenctame ¢ 3D-moaenamu, a Tak-
e [OCTYN K CBA3aHHON C HAMM MHbOPMALIMK, OCYLLLECTBNAETCA Yepes CreumanbHbli naarnH
ana Be6-6pay3epa Ha ocHoee WebGL, pa3paboTaHHbIi komnaHueli Autodesk.

O6a nogxopa K npeactaBneHnto 3D-A0KYMEHTOB LIMPOKOI Ny6rKe MOryT ycneLwHo npu-
MeHATbCA AN 3aay BUPTYaNbHbIX My3eeB. Ho npu 3ToM HeobxoanMo NMOHKMMaTb, YTO pas-
paboTKa yHMBepCanbHOro MPOrPaMMHOrO Kofa, KOTOPbI MOXHO 6bino 6bl MCNONb30BaTh
ANA BCEX BAPUAHTOB NpefCTaB/eHs, OYeHb C/TOXKHA. 3HAaUNTENIbHO NPOLLE Ha OCHOBE OfHOW
1 Ton xe 3D-mogenu 1 cBA3aHHOro € Hell MaccuBa MHGOPMaLMK pa3pabaTbiBaTb pasHble
nosib3oBaTeNbCKUE NPUSTOXEHUA, NPefHa3HauYeHHbIe AJ1A pa3HbIX CNOCO60B NpeacTaBeHUA.

Hanpumep, B 2012 rogy Hamu 6bin1 BbINOSIHEH NPOEKT MO CO3AaHMI0 BUPTYasibHOMN 3D-mo-
aenn [leHncoBo newepbl Ha AnTae, a Takke NPOrpaMMHOro obecrneyeHunst Ans NHTepaK-
TUBHOW CTePEeOCKONMYECKO BU3yanv3auum 3Ton Mogenu 1 SJONONHUTENIbHON UHGopMaLumn
(JleoHoB 1 gp. 2014). JeHncosa newepa Ha AnTae — yHUKanbHbIN MPUPOAHDIN 1 apXeonoru-
YeCKUn MaMATHUK MMPOBOIO 3HauYeHuA. PerynapHble packonkm 3gecb BegyTca ¢ 1982 roga,
BbIfABNIeHO 6onee 20 KynbTypHbIX CJI0EB, cobpaHo H6onee 80 000 skcnoHaToB. Haxofku, cae-
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Puc. 2.
TekcTypmnpoBaHHaa nonuroHanbHaa 3D-mopenb [leHncoBom newepbl.
Oo6wmin Bna

NaHHble POCCUNCKMMU apxeonioramu B [leHncoson newepe B 2008 rogy, NpuBenu K OTKPbI-
TUIO0 HOBOW 3BOJIIOLMOHHON BETBU B pa3BuThmM Yenoseka (Krause et al. 2010).

B aBrycte 2012 roga 6b110 BbINOTHEHO Na3epHOE CKaHUPOBaHWe K AeTanbHaa GOTOCHEM-
Ka newepbl. bbino caenaHo 37 ckaHepHbIX CTaHLMIA, MOSTHOE 06/1aKo TOUEK COAEPKUT OKOJIO
50 mnH Touek (puc. 1). Mo pe3ynbTatam NasepHoOro ckaHMpoBaHMA U GOTOCHEMKM Obina co-
3[jJaHa TeKCTYpUPOBaHHasA NONUIOHaNbHasa MoAenb newlepbl (0koso 90 TbiC. NOAMroHOB). Pas-
peLeHre TEKCTYPbl COCTaBAAET AnA pa3HbIX y4acTkoB oT 30 go 100 TbiC. nnkcenen Ha 1 KB. M
noBepxHOCTN Moaenu. Takum obpasom, 6bi1a co3faHa aetanbHan 3D-mopenb newepsbl, KOTo-
pas GpUKcMpyeT e€ reOMETPUIO 1 BHELLHMWI BUZ C BbICOKON TOYHOCTbIO (puUc. 2—4). bbino Takxke
NpoBefeHO NlazepHoe CKaHpoBaHUe, poTorpaduposaHue 1 3D-mogennpoBaHre 06pasLoB
HaxoAO0K, CAenaHHbIX B MneLiepe (KaMeHHbIX opyanii).

Co3paHHas 3D-mopenb newepbl 6bina NpUBA3aHa K apxeosiornyeckon cuctemMe Koop-
AVHAT, UCMOMb3yeMOW ANA NPOCTPAaHCTBEHHOW NPMBA3KU HaxodoK. Takum obpasom, bbina
obecneyeHa BO3MOXHOCTb COMOCTaBNeHMA co3daHHol 3D-mopenu C apxeosornyeckumm
cxemamu, 1 HenocpeaCTBEHHOrO NepeHoca MacCBa UMEIOLLMXCA apXeonornyecKnxX AaHHbIX
B BMPTYyanbHOe NpocTpaHcTBo 3D-moaenu.

Ina Busyanusaumn cosgaHHon 3D-mogenu newwepbl Gbina co3fgaHa WHTEPAKTUBHAsS
3D-npe3eHTauma (nporpamMmmMmHoe obecneyeHune) (puc. 5). MNpeseHTauma obecneymBaeT BU-
3yanusaumio obnaka Touek, 3D-monenu newlepbl 1 Mogenen HaXoA4oK, MPOCTPAHCTBEHHOTO
PacrnoNOXeHUA HaxOAOK B PasfIMUHbIX apXeonornyecknx ropmsoHTax. Kpome toro, nog-
LEePXKMBaeTCcA BM3yanmsauma AOMONHUTENbHbIX AaHHbIX: HaMPaB/iEHWI Ha CTOPOHbI CBETA,
OCel, CETKM U NOMOXEHNA PenepoB apXeonornyeckor cucTeMbl KoopamHat. MoaaepxaHa
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Puc. 3.

TekcTypupoBaHHasa nonuroHanbHasa 3D-mogenb [leHncoBow newepsl.

LeHTpanbHbiv 3an
Pnc. 4.

TekcTypupoBaHHasa nonuroHanbHasa 3D-mogenb [leHncoBow newepsl.

BocTouHas ranepes

= mrdenca
e ]

s e
s v
T ———

o Tiamaoay Trmar o s

Puc. 5.

WHTepodeiic nporpammHoro obecneueHus: npocmotp 3D-mofenw

[eHncoBon newepbl C HANOXKEHHON KOOPANHATHOW CETKOW
Puc. 6.

lopusoHTanbHbIv cpes 3D-mogenn leHncoBown newepbl Ha ypoBHe O M
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Puc.7.
Busyanusauma pacnonoxeHnsa Haxo4oK B BOCTOUHOM ranepee. [lokaszaHa

KOopAWHaTHaA ceTka c warom 1 m
Punc. 8.

TeKCTypI/IpOBaHHaﬂ nonnroHanobHaa 3D-mofenb KaMeHHOro apTecbaKTa

Puc. 9.
3D-mopenb Tepputopun B parioHe onuHbl rerizepos Ha Kamuatke.
o6wuni Bna

BO3MOXXHOCTb FOPM30HTaNIbHOrO Cpe3a BUPTYasribHOW MOAeNy Ha Ntobom ypoBHe Ana yao6-
CTBa BM3yanibHOro aHanv3a reoMeTpun neLlepbl U PacronoXeHWA HaxodoK (puc. 6-7).

B npeseHTauuun npegycMoOTpeHO YeTbipe OKHa, MeXKAY KOTOPbIMU MOMIb30BaTeSlb MOXKeT
nepeknoyaTbca B MPOU3BOSILHOM nopagke. B okHe «nobyc» oTobparkaeTcA BUPTYasbHbIN
rnobyc ¢ BHeAPEHHOW B HEro TPEXMepPHOI MoAenbio nelepbl. Takum 06pasom, MOXHO U3y-
YNTb PACMONOKEHME NeLepbl HAa MECTHOCTU 1 OKpYKatoLuia penbed (B HU3KOW aeTanmsaumm,
no obLenocTynHbIM AaHHbIM SRTM 90 m). B okHe «[lewepa» oTobpaxKatoTca moaenm newepsi
1 Apyrnx o6bekToB (puc. 5). B okHe «O61ako HaxoAoK» BU3yanm3npyeTca TONIbKO MeCTONoso-
MeHNe HaxofoK B apXeosiorMyecknx ropunsoHTax. B okHe «3D-mofenb Haxopku» oTobpaxa-
I0TCA MOAENV OTAENbHbIX MPEAMETOB C BO3MOXHOCTbIO MepeKnioyeHna Mexay Humm (puc. 8).

Co3paHHbI 3D-A0KYMEHT NPUMEHAETCA Kak B AEMOHCTPALIMOHHbIX, TaK 1 B Mcc/iejoBa-
TeNbCKMX Lenax (Hanpumep, Ana BU3yanbHOro aHanmsa cTpaturpadum 1 ocagkoHakonse-
HMA). TakKe OH MOXKET MCNOoJIb30BaTbCA ANIA OpraHM3auun BUPTYanbHON IKCKYPCUN Kak
B COCTaBe My3elHOM 3KCMOo3nLMK, Tak 1 MOCPeACcTBOM obLeaocTynHoro IHTepHeT-pecyp-
ca. 9To 0COBEHHO aKTyanbHO, Tak Kak [leHncoBa nellepa, pacronoxeHHas Ha AnTae, ABNA-
eTcA TPYAHOLOCTYNHBIM /1A NOCELEHNA 0O bEKTOM.

OTMeTUM, YTO MpK HEo6XOAMMOCTU BO3MOXHO co3fiaHue 3D-mogenu Tepputopum
60/1bLLIOro pa3Mepa C BbICOKOW AeTaNv3auuner, BHeAPEHHON B BMPTYyasbHbI rnobyc. Ha-
npuvMmep, B NpoeKTe No MoaennpoBaHuio [lonnHbl rensepos Ha KamuaTke (AneriHMKOB 1 ap.
2011) Hamum 6bina co3gaHa 3D-mogenb TeppUTOPUN PasMepoM B COTHU KBafpaTHbIX Ku-
NOMETPOB C pa3pelleHnem TeKcTypbl 0,5 M/nmKkcenb 1 paspeLleHrem undpoBon moagenu
penbeda 2,5 m/nnkcensb (puc. 9). OgHako ana storo TpebytoTca cooTBeTCTBYIOWME (He Hec-
nnaTHble) CNYTHMKOBbIE AaHHbIE BbICOKOrO pa3peLleHms.
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Puc. 10.
3D-mopenb LLyxoBckoi 6alHu Ha LLlabonoeke. Be6-npunoxeHre Ha ocHoBe
Unity3D

Mpwn opraHuzauun Be6-gocTtyna K 3D-fOKyMeHTaM BO3HUKAET OrpaHUYeHne Ha nx 06b-
EM: ANA CIWKOM KPYMHbIX BUPTYaNbHbIX MOAENeln Bpems CKaunBaHUA MOXKET OKa3aTbCA
CNWKOM 6OMbLWNM, UTO ABNAETCA HEKOMPOPTHBLIM ANA UHTepHeT-nonb3osatend. C apy-
roi CTOPOHbI, BEG-1OCTYN NO3BOMAET 06ecneuntb AOCTYN K BUPTyanbHon mofenu 6onee
LUIMPOKOMY Kpyry Mofib30BaTenell, YeM aBTOHOMHOE MpuNoXeHue. 3To obycnasnvBaet
60nblUYI0 NPUBIIeKaTENbHOCTb BEG-NPUIOXKEHNIA AA 3alay BUPTYaribHOro My3es 1 UX He-
COMHEHHY0 NepCcrneKTMBHOCTb (06 3TOM cBMAeTeNbCTBYET U NpoeKT Smithsonian X 3D).

B pamKax 3KCneprvMeHTOB C opraHusauuen Be6-goctyna K 3D-gOKymeHTaM Hamu
co3flaHo Beb-npunoxeHne Ha ocHoBe Unity3D, KoTopoe no3BonseT paccMaTpuBaTtb
3D-mopenb B pexume NpoOrynkyu unv csobogHoro nonéra, ynpaBnAaTb oTobpaxeHnem
CNoés mogenu (Hanprmep, otobpakaTb BMA 06beKTa B pasfnyHble UCTOPUYECKNE Nepu-
oAbl U MOKa3blBaTb Pa3INYHYIO0 «<HANOXeHHY0» Ha 3D-mofenb nHpopmauuto). Peannso-
BaHa TaKXe BO3MOXXHOCTb M3MEPEHUA NMPOU3BOJIbHbBIX PACCTOAHUN MEXKAY dNeMeHTaMm
mopgenu. Mpwu o6HoBneHMKM aBuxKa Unity3D nnaHupyeTca nepexod K 6ecnnarmHHom Tex-
Honorun Ha ocHoBe WebGL. Pa3paboTaHHOe Be6-NpUNoXeHne MOXeT UCMONb30BaThCA
ANA AeMOHCTpaumn pasnnyuHbix 3D-40KYMeHTOB, B TOM Uncie B BUPTYanbHOM cpefe (Ko-
TOpasa MOXeT UMUTUPOBATb PEanbHOCTb UK BbITb MNOIHOCTbIO CMHTETUYECKOW). Peanu-
30BaHa Tak»e BO3MOXHOCTb CBA3U 3n1eMeHToB 3D-mopenu ¢ 6a3oi faHHbIX, JOCTYMHOW
yepes /IHTepHeT: Hanpumep, BbIBOA U306paXkeHUA UM NepPeXon Mo rMMnepCchifike Npwu Bbl-
AeneHnn anemeHTa mogenu. laHHoe npunoxeHue (puc. 10) ycnewHo ncnonb3yeTca ana
AEMOHCTpaLumn BUpTyanbHoi mogenu LyxoBckoi 6alHu Ha Wabonoske (http://virtual.
ihst.ru/unity/tower/tower.html), paspaboTtka Kotopoin Beférca Hamm ¢ 2011 roga (AHu-
KYLWKWH, JTeoHoB 2013).

Takum o6pa3om, C TeXHUUYECKO TOUKKM 3peHna 3D-mogenn npakTnyeckn nioboro mac-
wraba M CNOXHOCTU CErofHA YCMewWHo CO3[alTCA U NPeACTaBnAlTCA Nosib3oBaTensam
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C MPUMEHEHUEM Pa3fINYHbIX TEXHONOMUIA (OT CTEPEOCKONMUYECKNX CUCTEM BUPTYanbHOM
peanbHOCTW o Beb6-NpunoxeHuin). HecomHeHHo, B 6nukaiiwee Bpems mMbl 6yaem Habnio-
[aTb BCE Goree WMPOKOe BHepeHVE ONMCaHHbIX TEXHOMOTMIA U MOAXOA0B A Pa3BUTUSA
BUPTYanbHbIX My3e€eB.
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CULTURAL HERITAGE MARKUP LANGUAGE -DESIGNING
A DOMAIN ONTOLOGY FOR DIGITAL RECONSTRUCTIONS

1. Introduction

The rapid development of the Information Communication Technology (ICT) enforces
the transformation of used analogue research methodologies into digital approaches in
the humanities. As a result the emerging Digital Humanities are keen to set new research
methods and standards. The revolutionary technology in the background of the current
transformation process is the Semantic Web (Berners-Lee et al. 2001), introducing to us the
idea of Linked Open Data. It is a concept based on a formal framework for representing
knowledge, called ontology. This framework names and defines the types, properties and
interrelationships of the entities in a domain of discourse. In the field of documentation of
Cultural Heritage (CH), CIDOC-CRM is a long-term attempt at establishing semantic “glue”
between different sources of information (http://www.cidoc-crm.org). ISO standard maybe?

As the increasing digitisation of CH leads to a rising amount of digital 3D data sets,
several EU-projects are done in common human and machine readable description for-
mats (e.g. 3D-COFORM, CARARE, 3D-ICONS). The research makes every effort to establish
e-documentation and ensures the comprehensive, semantic enrichment of the 3D assets
of Digital CH, currently expressed in the Metadata Schema CARARE 2.0 (D’Andrea, Fernie
2013). However this recent Metadata Schema reflects the necessity of data acquisition and
semantic enrichment of 3D digitisation of still existing objects based on modern photo-
grammetry, structured light scanner, laser scanner or structure from motion technology.
The CARARE 2.0 design of main themes, such as Heritage Asset, Activities, Digital Resources
and Collection, does not respond to the different approach of a digital 3D reconstruction
of not existing objects. This Metadata Schema is dedicated to the 3D documentation of
digitised existing objects, not to 3D reconstruction based on hypothetical interpretation
of remained primary and secondary sources. Cultural Heritage Markup Language (CHML)
differs from existing CH related schemas because it describes CH objects from the 3D re-
construction point of view (http://chml.foundation).

2. Digital reconstruction towards Virtual Research Environments

The advancement of ICT resulted also in an increased application of computer-based
visualisation of disappeared CH. However, in the field of digital reconstruction, these
developments enhance cultural mediation in a popular way. It seems that the rapid de-
velopment has overshadowed the scholarly aspects and content requirements of digital

250

reconstruction. Still, the lack of intelligibility and long-term availability of information, both
being essential in academic research contexts, are not overborne in the 3D computer-based
reconstruction and visualisation of CH. Beyond the overwhelming impression of pretty vi-
sualisation possibilities, a demand for “critical computer visualization” (Glinther 2001) has
been growing for a long time (Hauck et al. 2013; Stichel et al. 2011) [7] Cf. TU Darmstadt’s
Hagia Sophia of Justinian light simulation model]. For what? Alternative? In 2006 it was fi-
nally recognised in the 4th Principle regarding documentation of process (“paradata”) in
the London Charter (htttp:// www.londoncharter.org): “Documentation of the evaluative,
analytical, deductive, interpretative and creative decisions made in the course of comput-
er-based visualisation should be disseminated in such a way that the relationship between
research sources, implicit knowledge, explicit reasoning and visualisation-based outcomes
can be understood” (Denard 2012).

But if the computer-based 3D reconstruction instead is seen as a holistic instrument
of describing, recording and disseminating objects of CH (Kuroczynski 2012), it could be
an alternative method to achieve new findings and to come to new conclusions: 3D re-
construction models could be used as a spatial information model (Cf. the architectural
planning approach for prospective models:

- building information models (BIM): buildingSMART International Alliance for Interop-
erability) and

-"telling the story” by annotated context (http://www.buildingsmart.com).

Imagery then is only a by-product of such a semantically enriched 3D model that has to
be published in a new way, preferably in a semantic Web environment.

An early approach has been the Akropolis 4D project (Berneburg et al. 2002) where
3D building parts of the Athenian Acropolis have been linked with the sources used for
the 3D modelling. In effect, the idea of CHML, as an XML-based language for describing
3D reconstructions, has been introduced primarily at TU Darmstadt’s CeBIT booth in 2003
(Hauck, Noback 2003).

Recently first attempts arise to combine advantages of the 3D documentation and
3D reconstruction, and to deliver an adapted Virtual Research Environment (VRE) for sur-
veying in archaeology, art history and architecture. The development and implementation
of “WissKI” in a wider research field is promising for semantic enrichment of research data
because of allowing reasoning and thus facilitating new findings (Scholz, Goerz 2012).
A VRE for data acquisition, annotation and the digital reconstruction with a visual realtime
3D access is under constant development. The ongoing project “Digital Reconstructions in
Virtual Research Environments. The Portal: Palaces and Parks in Former East Prussia” (http://
www.herder-institut.de/go/dp-962a8d) affects the entire process of the digital reconstruc-
tion and focuses on further design of CHML. The subsequent implementation of CHML in
a domain ontology — using “WissKI” - guarantees the data sets to be Linked Open Data,
placing research results in a wider context and promising the possibility of “reasoning”
out of linked Graph Database. Merging the humanities research and the digital 3D docu-
mentation and reconstruction with interactive visualisation methods, all based on a Graph
Database expressed by the domain ontology, promises new, scholarly approved, method-
ology and findings (Stichel et al. 2011). Highest priority in establishing this kind of prom-
ising comprehensive VRE, e.g. for virtual archaeology, seems to lie in the development of
a domain specific Metadata Schema, a groundwork for the implementation of a domain
ontology, as well as in the determination of terms, identifying and classifying the items
of interest. Thus semantic core of CHML is an attribute called TYPE that achieves exactly
this recommendation. The TYPE attribute’s values are four-letter abbreviations which can
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Digital 3D reconstruction workflow as described by CHML

be linked to multilingual definitions, thesauri, authority files, wikipedia articles, websites,
e-publications, etc. It ensures a high flexibility for a variety of projects with different re-
quirements and is the reliable basis for multilingual environments or changing terms due
to linguistic development.

3. Digital 3D reconstruction process

The whole reconstruction process is based on sources: texts, and — most frequently -
images and measurements. These sources are all created by activities. Even if the 3D mod-
eller stands with his computer in front of a still existing object that he wants to model, he
needs some kind of compilation activity like taking measurements manually or a 3D scan
process to create the 3D model representing that object. Therefore the reconstruction pro-
cess itself does not need the physical object that should be reconstructed as a source, be-
cause it only refers to sources representing it (fig. 1.)

The reconstruction process starts thus with the evaluation of sources having only an
indirect relation to the physical object. In addition to that, there is no 3D model at the
beginning, because the model is the final output of the reconstruction workflow. Hence
there is nothing “real” to refer to at the beginning: neither the physical object that is lost in
most of the cases, nor the 3D model as the final product — nothing to refer to but the ob-
ject the modeller is thinking and talking about: the semantic object. This is the reason why
CHML primarily describes semantic objects. Physical objects and 3D born-digital objects
with their intrinsic properties are subcategories of the semantic object used as a rheto-
ric bracket. Beside the digital 3D reconstruction workflow, Figure 1 also shows that every-
thing is bounded together by certain activities: investigation, research and reconstruction
activities. From the reconstruction point of view, these activities are the relevant ones: any
other kind of activity can be seen as a "historic event”. This is an important difference to
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Some of the semantic relations between CHML's four main topics

other XML schemas in the field of CH, because they differentiate events and activities by
defining activities as events with goals. An activity according to CHML is defined as an
event with the goal of creating either sources or digital 3D reconstruction objects. The ac-
tivities are described by so-called “protocols”. This workflow concept builds the framework
for the four main topics of CHML: Objects, Sources, Activities and Actors. (In addition to
that, there are some other auxiliary topics like locations, historic events, materials, light
sources, camera settings, object’s behaviour, scenes, etc.) Objects are seen as “semantic
objects” with subcategories for physical objects and 3D born-digital reconstruction mod-
els (Kuroczynski et al. 2015).

Sources are seen separately from the information carrier object like bibliographic ref-
erences commonly linked to the content of a book (ISBN) without taking into consider-
ation the single book in the shelf of a library (signature). The information carrier object of
a source can be part of the model. E.g. a painting hanging in a palace shows that same pal-
ace in the background. The scan or photography of that painting is described as a source,
the painting itself is modelled as a part of the 3D reconstruction model and thus described
as an object. In this special case, the relation of the source and object can be described by
the “informationCarrier” element. The usual semantic link between sources and objects are
the (Source) “coverage” and (Object) “isShownBy” elements (fig. 2).

4. Conclusion

CHML is a holistic approach describing digital 3D reconstructions. Combined with Wiss-
Kl it provides not only a long-term storage format but also a powerful tool to compile all
kinds of data about the 3D reconstruction process publishable in the semantic Web. The
domain ontology is CIDOC-CRM compliant and the TYPE system allows to link project-in-
trinsic terms to broader thesauri etc. It is possible to embed 3D geometry in various data
formats like OBJ, COLLADA DAE, etc. Further development is needed to define materials
and light sources for render purposes on the basis of scientific definitions using CHML.
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SUMMARIES

D. Hookk
VIRTUAL ARCHAEOLOGY: MODERN CHALLENGES

Since 1990, the time when Paul Reilly proposed a term virtual archaeology, methods of
archaeological prospection and computer methods themselves have changed. The original
meaning supposed excavation recording with possibility of re-excavation and three-
dimensional modeling. Laterit was transformed into dissemination of archaeological results,
visualization with the help of 3D programming and game engines. Thus the accent shifted
from the validation of scientific hypotheses to distribution of scientific knowledge. Further
studies have demonstrated that scientists concentrated more on augmented reality and
interactive virtual environment. That was instigated by the intensive development of hard-
and software for the computer technologies. However, there has been a recent tendency
to return to the original idea of scientific discussion and to prove scientific hypotheses by
means of virtual reality; the so-called spirit of virtual archaeology has become a trend.

Key words: spirit of virtual archaeology, virtual reality, virtual museum, validation of the
scientific hypothesis, dissemination of knowledge

Knioyuegoble cniosa: pyx BUPTyasnibHOWM apxeosiornu, BUpTyasibHas peanbHOCTb,
BUPTYanbHbIN My3el, MPOBEPKa HayYHOW rMnoTesbl, pacnpoCTpaHeHne 3HaHWi

1. Peninn

BO3BPALLEHWE MATEPNAJIOB B BUPTYAJIbHYIO APXEOJIOT IO

Mo cBoel CcyTW, HayKa apxeoniorns — 3TO U3yyeHne MaTepuanbHON KynbTypbl MPOLLUO-
ro, Unn TaK Ha3blBaeMoro apxeosiormyeckoro mateprana. OgHako TepMUH «apxeonormue-
CKWUIA MaTepran» HeoLHO3HauYeH 1 Nofpa3yMeBaeT He TONbKO Gpr3nUYecKM CyllecTyioLme
[aHHble, HO U JaHHble, CO3AaHHble cCaMuMK apxeonoramu. MOCKONbKY Takne AaHHble BCe
6orbLue 1 6onblue NnoasepraTcA oundpPOBKe, Halle B3aMOAENCTBIE C HUMK, B Bonbluein
CTeNeHu Yepes 3KpaHbl UK KaxyLMecs HemaTepuranbHbIMY NPOrpamMMHble Cpefibl, CTaHo-
BUTCA CKOMMUYECKUM (BM3yanbHbIM). fl cumTalo, YTo pa3BuUTUE afAUTUBHBIX NMPON3BOACTBEH-
HbIX TEXHOMOI I NO3BOIUT BHECTW KMHECTETUYECKYIO COCTABAAIOLLYIO UM KOHTEKCT B3au-
MOAENCTBUA C OO6bEKTOM MO3HAHUA, KOTOPbI BAOXHOBNSIET apXeosioros B Nosie, U Takum
06pa3om cONM3NTb peasbHyIo Y BUPTYasbHYIO apXeosioruio.

B faHHOM paboTe NoKa3aHo, B YeM 1 KaK afAuUTVBHbIE NPOU3BOACTBEHHbIE TEXHONOMUN
(Hanpumep, neyatb B 3D) 1 BUpPTYasibHas apXxeonorua MOryT CbirpaTb XXM3HEHHO BaXKHYIO
pOJib B Pa3BUTUV APXEOSIOTMYECKON TEOPMU U NMPAKTUKM.

Kntouessie cnosa: 3D-printing, agANTUBHbIE TEXHONOMMN, apXEONOrmyecKnin Matepuarn,
apPXUB, MYJIBTUCEHCOPHBI, BU3YanbHOCTb, CEHCOPHOCTb, BUPTYaJibHas
apxeonorus

Key words: 3D-printing, additive manufacturing, archaeological record, archive, multi-
sensory, scopic, screenic, virtual archaeology
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C. XepmoH, ®©. Hukonyuun

TPEXMEPHASA APXEONOTMA: METOOO10TNA MCCNEAOBAHUIA
N NPUKNAOQHBIE ACMNEKTbI - MPEABAPUTEJIbHbIE COOBPAMEHWA

BupTyanbHasa apxeonorusa un e€ TpéxmepHasa COCTaBNALWAA AEMOHCTPUPYIOT NOCTO-
AHHO PaCTYLWUIN NHTepeC K HAM, eCNN CYANTb MO Hay4yHOWN apXeosiorMyeckon nutepaType,
HauvHanA C BBeAEHUs TePMMHA B HAYUHbI 060pOT 6onee AByx AecaTuneTuii Hasag. OcHoB-
Has Tema, Ha KOTopylo obpallaloT BHUMaHWe, — 3TO BKa BUPTYaNbHbIX PEKOHCTPYKLNIA
B MOMynApu3aunio apxeonorun 1, B 6osnee WMNPOKOM CMbICE, KYNIbTYPHOrO Hacneaus,
npeAcTaBneHnsA apXeosiorMyecKnx OTKPbITUI LMPOKON Nybnuke B 06pa3oBaTesibHbIX Lie-
NAX WX, B HEKOTOPOM CMbICI1€, BbIACHEHUA apXeonormyecknx BONPOCOB N CO3JaHNA KN-
6epnpocCTpaHCTBa, B KOTOPOM B3aUMOAENCTBUE C AAHHBIMW MPOUNCXOAUT UHHOBALIMOHHbIM
Cnocobom. 3HaunTesIbHasA YaCTb UHTENNEKTYaNbHbIX YCUANIA 3aTpaymMBaeTCA Ha pa3BuUtue
TEXHONOTNIN, obecneunBaloLLMX BbICOKYID CTEMEHb PEeanUCTUUYHOCTW, UHTEPAKTMBHOCTU
C UMPOBLIMU AAHHBIMU 1 aAANTALMIO K Pa3fIMYHbIM KaHanaM 4ocTyna (Hanpumep, OHnarH,
MobBUNbHbIE ragXeTbl U T.4.). MocneaHne HECKONBbKO NeT HabNoAATCA MHOTOYNCIEHHble
nyonukaLmm, NoCcBAWEHHbIE UHHOBALMOHHBIM MOAXOAaM K 3anucy TPEXMEPHbIX AaHHbIX
noneBbIX NCCNefOBaHWI U aNnropuTMam Ux oNTUMM3aLMm, yCTPOMCTBaM 3annucy Uamn conyT-
CTBylOLLEMY NporpamMmMHoMy obecneyeHuto. [lpyroe HanpaBneHne COBPEMEHHbIX pa3pa-
60TOK OPMEHTMPOBAHO Ha CO3AaHMe XPaHUANLL TPEXMEPHDBIX AaHHbIX Y CEMaHTUYECKOTO
onucaHua 3Tux 3D-mogenen. B goknage npeasiaraeTca 3anofIHUTb CYLLECTBYIOLNIA pa3pblB
B 3TOM 06nacTh NyTéM OCYLLECTBNEHUA KOHKPETHbIX Mep, HeOOXOAUMbBIX AnA aganTaumm
3D Kak MeTooNorMm NCCeoBaHWi B apxeonorum, MmetoLlen uenbto GopmanbHoe npeg-
cTaBneHve 3D-aprymeHTOB 1 NPO3payHOCTb JaHHbIX.

Kntouesvle cnosa: BUPTYyasibHaA apxeonorus, ob6oCHOBaHMe TpéXMepHOCTI/I,
npencrtaBneHune d)opman M30BaHHbIX JOKYMEHTOB

Key words: virtual archaeology, 3D reasoning, formal knowledge representation

N. Nnpuumc, M. BonoHakunc

KWBEPAPXEOMETPUA B KOHTEKCTE KWBEPAPXEOIOTNI:
COBPEMEHHbIE AMHAMWYECKWUE TEHAEHLU W B OBYHEHNW
APXEOMETPUN N UCCNEQOBAHNAX

CoBpeMeHHble noaxofapbl K 06pa3oBaHuio B chepe KynbTypbl U apXeonornv npeacras-
NeHbl C MOMOLLbIO HOBbIX TEXHONOMMIA — Kubepapxeonorum n KnbepapxeoMeTpum B pam-
Kax BUPTyanbHOWN apxeonoruu. lMNpolunoe He MoxeT BbiTb NepefenaHo, HO MOXeT 6bITb
BOCMpou3BefeHo. TpéxmepHoe MoAeNNpPOBaHME ABNAETCA MOLHbIM UHCTPYMEHTOM NS
naeHTdUKaLuuy, MOHUTOPUHIA, COXPAHEHWSA, pecTaBpaLnn U YKPENeHUa apxeonoru-
UecKnx 06beKTOB. B 3TOM KOHTEKCTe KOMMbIOTEPHAs rpadrika MOXET COAeNCcTBOBaTb ap-
XEOMIOTVUN U KYNIbTYPHOW NONNTVKE, MPefOCTaBAsA YUALMMCSA «LIECTOe YyBCTBO» A Mo-
HVMaHWs NMPOLLUSIOTO, KaK eciin 6bl OHU MOV B HEM »KUTb. BocnpounseegeHre pa3BrBaet
BMPTYasibHble BO3MOXHOCTM U, KaK CIeACTBME, BO3MOXHOCTU MHTEpRpeTaumun. Mbl paccka-
3blBaeM OT JIMLIA aBaTapa O MepPBbIX KOHTaKTax C KnbepapxeomeTpuen nocpescTBOM Ku-
GepnpeAcTaBeHMs MPOLECCOB B NeTporpadpryeckom (onTMYeckom) MMKPOCKONe B Npo-
CTPAHCTBEHHO-BPEMEHHO 3KOCKUCTEME apXeoMeTpuiecKol nabopatopuu. MporpammHas
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pa3paboTKa BbINONHEHa NPY NOMOLLM CPeACcTB TPEXMEPHOIO MOAENIMPOBAHNA U UTPOBOTO
asmxka Unity 3D.

Kniouesble cniosa: BUpTyanibHOE OKPYXKEHUE, BUPTYanbHas peasibHOCTb, renMmndurKaums,
cepbé3Hble Nrpbl, aHMMauuma, 3D-mogennposaHune, oHAbI KyNnbTypbl,
Knbepapxeonorus, KnubepapxeomeTpus, BUpTyanbHasa fnabopaTtopus,
Mukpockon, anddysus, obcmanaH, NPakTUKym

Key words: virtual environment, virtual reality, gamification, serious games, animation,
3D modeling, cultural assets, cyber-archaeology, cyber-archaeometry,
virtual lab, microscope, diffusion, obsidian, training

V.Ivanoy, S. Strelkov, A. Kholina, A. Avtyushenko

VIRTUAL RECONSTRUCTIONS FOR MULTIMEDIA EXHIBITIONS
OF CULTURAL HERITAGE OBJECTS

The paper covers a number of cultural heritage preservation projects carried out by the
Department of Engineering Graphics and Design of Saint Petersburg Polytechnic University.

Method of creating highly precise 3D models of historical objects from photographs. With
minimal costs this method makes it possible to produce a 3D model of any object (not larger
than 3 m x 3 m) with the use of a camera and additional light source. The general model
is based on photographs made from a variety of points while the relief map applied to it
is formed by the light coming from different directions. This method conveys every minor
unevenness and detail of the object sparing the use of expensive 3D scanning equipment.

Multimedia project for the “Revitalized Archaeology” exhibition. The project was done
for the Grand Menshikov Palace in Oranienbaum (Leningrad Region). Ten archaeological
objects were modeled with the help of 3D graphics and animation, based on their surviving
fragments and available historical data. The 3D models show how the objects used to look,
what their environment was like, how their fragments were connected and where they were
placed in the historical interiors. To make the objects look even more real their virtual cards
were created. They make it possible to observe the objects with the help of the augmented
reality technology. The highly realistic visualization of the objects and fast feedback provide
for the realistic interaction with them.

The Summer Gardens. When the Summer Gardens (Saint Petersburg) were reopened after
their renovation, a multimedia video was made for demonstration in its Dovecote Pavilion.
Featuring archaeological excavations on the site and further reconstruction of various structures
and objects, it traces major stages of the reconstruction of the Gardens’ original layout.

Reconstruction of the historical town of Kratovo (Macedonia). The Department
has launched a project of historical reconstruction of the town of Kratovo, within the
international Horizon 2020 program, together with the ENEA Centre of the University of
Bologna (Italy). A 3D model of the town and its underground caves is to be produced with
the help of drones (unmanned aircrafts). The model, along with historical data research, is
to serve as foundation for the virtual reconstruction of the town’s original appearance and
layout and creation of its large-scale model.

Key words: virtual reconstructions, multimedia technologies, augmented reality

Kntouessle cnosa: BUPTYyalsibHble PEKOHCTPYKUNN, MyﬂbTVIMe}J,I/II;IHbIe TexHonornn,
OONOJIHEHHAaA peanbHOCTb
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P. Nlesw, IN. JoycoH

®OOPT KOHTEP. UHTEPAKTVBHbIV BUPTYAJIbHbIV MIAP
ANA U3YHYEHWA HAYKU B XIX BEKE

®opT KoHrep sBNANCA O4HON U3 CaMblX YAANEHHbIX HayYHbIX 6a3 KaHagckon ApKTUKK
XIX Beka. MocTpoeHHble B 1881 roay Ha ocTpoBe nniecMep Pa3HoobpasHble AepeBsHHbIE
COOPYKEHMA CY>KUN MOCTOSHHOWN 63301 ANA YUYEHbIX U BOEHHbIX, FAe NPOBOAUINCD Ha-
YUHble nccnegoBaHusa. lNoa pykoBoacTBom neriteHaHTa Agonbda lNpunu, ®opt KoHrep ctan
opHon n3 14 skcneguuun, pabotasluen B Mepsbini MexayHapogHbii MonapHbii rog. Ha
rpaHT, BblAeneHHbI BupTyanbHbiM My3eem KaHagbl, pa3paboTaH calT CO BCTPOEHHbIMM
BMPTYanbHbIMU MPOCTPAHCTBAMI, KOTOPble MO3BOMNAT NOCETUTENAM Y3HaTb O BaXKHOCTU
3TOW HayUYHOW 3KCneanunn ANia ceBepoameprKaHCKon NCTOPUK. TOUHbIN TPEXMEPHDIN Ma-
keT QopTa KoHrep co3gaH Ha OCHOBE Nla3epHOro CKaHMPOBAHWA AaHHbIX, peasibHbIX ap-
TedaKTOB 1 NCTOPUNYECKMX JOKYMEHTOB. B 3TOM BUPTYanbHOM NPOCTPaHCTBE NOCETUTENN
Y3HaloT, KaKylo pofib urpana 31a 6asa B NOlyYeHUN METEOPONOTNYECKX, Feopr3nyeckmnx
n bronornyeckmx AaHHbIX Bo Bpema Mepsoro MexayHapogHoro MonspHoro roaa. OHm
BMPTYyaNnbHO nepeHecyTcA B oceHb 1883 roaa, korga ®opt KoHrep 6bin 3KCTPEHHO 3BaKy-
npoBaH. MNyTelecTByA BO BPEMEHU, MOCETUTENb CaliTa fONXKeH ByaeT pelwmnTb psag 3agay
1 Tak1UM 06pa3oM PacKpbITb 3arafKku 3TOro NCTOPUYECKOTO MeCTa.

Kniouesble cnosa: nnbopmaTtmKa, TPEXMEpPHble N306pakeHs, BUPTyasibHasA peanbHOCTb,
ApKTuKa

Key words: computing, 3D-imaging, virtual reality, Arctic

M. KypounHckum
O. Xayk
A. Nlyttepot
HaHnanb [1Bopak

BMPTYAJIbHbIV MY3EW YTPAYEHHOTO KYNbTYPHOIO HACNEANA —
3D-AOKYMEHTUPOBAHWE, PEKOHCTPYKLU W
N BU3YANIU3ALMM B CEMAHTUYECKOW MAYTUHE

B paboTe pacckasblBaeTcA O CNIOKHOCTAX, BO3HMKAIOLWMX B XOAE CO3[aHNA KOMMbloTep-
HbIMU MeToaMM TPEXMEPHbBIX PEKOHCTPYKLUMIA YTPAUEHHbIX /U Hepean3oBaHHbIX 06b-
€KTOB MCKYCCTBa U apXUTEKTYpbl. PacTywnii ob6bem TpEXMepPHbIX JOKYMEHTOB U NPOEKTOB
TPEXMEPHbIX PEKOHCTPYKLUMIA (TPEXMEPHBIX AAHHbIX), C OQHON CTOPOHbI, U PAL HepeLleH-
HbIX NPO6IEM 3IEKTPOHHOWN AOKYMEHTALMWN W ASINTENIbHOMO XPaHeHNA NOMyYeHHbIX 3HaHWI
«BHYTPU 1 BOKPY» TPEXMEPHbIX MOAENeN, C ApYrom, TpebyoT NPUNoXeHWA AONOHUTENb-
HbIX YCUJIAIA Ha CTbIKe MEXANCUUMNIIMHAPHbIX NCCIeAOBaHUN U BUPTYaNbHOWM apXxeosnornu.

ABTOp BBOAMT B KypC C/TOXHOW QUCLUMIIVHBI U NpeanaraeT HOBble Noaxodbl K Nosy-
UYEHMI0 AaHHbIX, MOZENIMPOBAHNIO reOMEeTPUYECKIMX NMapamMeTPOoB, CEMaHTUYEeCKOMY Mofe-
NNPOBAHMIO faHHbIX (OHTONOrMK NpeaMeTHOM 061acTu), X COXpPaHeHUto B 6asax 3HaHWIA
(RDF-xpaHnnuwa) n Busyanusaumy mogenei 3HaHui (B texHonorum WebGL).
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Kniouesble criosa: BUPTYanbHbI My3el, BUPTYasibHaa HayYHas OKpy»KatoLlas cpefa,
UndpoBan PEKOHCTPYKUNMA, TPEXMEpPHanA BMU3yanu3aLums

Key words: virtual museum, virtual research environments, digital reconstruction,
3D visualization

V. Mokrushin, M. Kozlov
3D CADS APPLIED IN ARCHAEOLOGICAL STUDIES

The intent to reasonably synchronize the process of field works with the creation of an
album of graphic documentation for the report draws the attention of the specialists who
study ancient monuments to the opportunities of CAD software. AutoCAD is mostly used
for this. The best way is to form a chain of interconnected files which store the outlined
drawings made on graph paper. These illustrations will be automatically reproduced in the
synoptic document. They are easily combined and entirely transferred, with all the required
settings altered. Upon acquiring necessary skills one can create an elementary 3D model
of the excavation, which helps both successfully monitor the wall junctions and simulta-
neously introduce all the necessary corrections and alterations. It’s high time to start using
one of the free powerful CAD systems like BRL-CAD, FreeCAD, Open CASCADE Technology,
AR-CAD etc. Among Russian products of this type nanoCAD Free can be recommended.

Key words: CAD tools, archaeological prospections, AutoCAD, FreeCAD

Kntouesbie c/108a: cucteMbl aBTOMAaTUYECKOTO NPOEKTUPOBAHMA, apXeonornyeckme
nccnepgoBaHus, AutoCAD, FreeCAD

M. Zhukovsky

USE OF MULTI-ROTOR DRONES AND PHOTOGRAMMETRY TECHNOLOGIES
OF IMAGE PROCESSING FOR ARCHAEOLOGICAL PROSPECTIONS

The use of drones has recently become an established tool of modern archaeological
research. As a rule drones provide highly-detailed large-scale images of separate archae-
ological objects, archaeological complexes and even entire micro regions. A stand-alone
type of unmanned aircrafts widely involved in archaeological prospections are multi-rotor
drones. Their popularity is primarily explained by the fact that their technical specifications
and characteristics are in keeping with the scale and requirements of archaeological tasks
carried out by means of remote sensing.

The paper overviews the practical use of multi-rotor drones in modern archaeological
prospections aimed at tackling a wide range of objectives, i.e. making orthophotoimages/
mosaics of archaeological objects in various projections, digital elevation (microrelief)
and surface models, high-precision plans as well as monitoring the state of archaeological
monuments and sites and designing their preservation zones.

Key words: multi-rotor drones, aerial photography, photogrammetry, orthophotoimages/
mosaics, digital elevation model

Kniouesole cnosa: 3D-mopenvpoBaHue, JIMTOPUHOBaA TPAaHCrPeCCUs, NaMATHUKM
HeonnTa — paHHero meTasnna Ha Tepputopum CaHkT-NeTepbypra, nobepexbe
BOCTOYHOI banTrku B ronoueHe, naneopenbed BOCTOUHOM YacTh
DuHcKoro 3anuBa, naneoreorpaduyeckrie PEKOHCTPYKLNN B FofoLieHe

261



. B. ®accbuHpep, A. lacc, V. XodmanH, A. b. Benunnckui, . MapunHrep

KYPTAHbl PAHHEIO KEJIE3HOIO BEKA U X MEPUOEPUA: HOBEMLLWE
HAXOOKW N MHTEPMPETALWW HA CEBEPHOM KABKA3E

MocnenHue apxeonornyeckne NCCNefoBaHUA N MarHUTHaA pasBefka 60nblINX Kypra-
HOB PaHHETO »KeJIe3HOr0 BekKa He TOJIbKO NPOMBAIOT CBET Ha 3TV MOHYMEHTalNbHble COOpY-
XEeHWSA, HO 1 AAl0T BO3MOXHOCTb MO-HOBOMY BOCNPUHMMATL NorpebasibHble LLepeMOoHUN.
CornacHo HoBoMY onpefeneHnto 6oNbLIMX KypraHOoB, OHWN COCTOAT He TOMbKO M3 rpo6HM-
Libl, HO U U3 BCErO, YTO HalfeHO Ha nepudepun.

B n3yuyeHUn oKpyxeHnA KypraHoB BeCbMa MOMe3HbIM MOXET OKa3aTbcA reodumsmueckan
pa3Beaka 6osbLuoi obnacti. OCO6eHHO MarHUTOMETpUYecKas pa3BefKa No3BosAeT NPOBO-
OUTb KPYMHOMACLUTABGHYIO 1 OHOBPEMEHHO BbICOKOUYBCTBUTESIbHYIO pa3BefKy OObeKToB
C BbICOKMM MPOCTPAHCTBEHHBIM pa3peLleHnem. XoT HEBO3MOXHO PacCMOTPETb AeTanu rno-
rpebeHus Ha rny6rHe HECKOJIbKX METPOB, BMOJTHE BO3MOXHO, MO KpalHel Mepe, ONpeaenuTs
JeTann apXUTEKTOHNYECKOW KOHCTPYKLUMK. Ha nepudepun KypraHoB Mbl 06HapyXuiv MHO-
MecTBO Apyrux oObEKTOB, TakKUX Kak COMyTCTBYOLWME norpebeHns, otaenbHble norpebasnb-
Hble BEeLUM, BTOPMYHbIE 3aXOPOHEHNS, AOMOHUTESIbHbIE OTCEKU, >KEPTBEHHbIE SIMbl, OCTATKM
Kpemaummn 1 apyrue, CBAzaHHble C norpebeHnem HaxodKu. 3aech Mbl Npefiaraem NprmMepsbl
noc/ieAHNX HaXOLOK M3 PacKomMaHHbIX KypraHOB, KOTOPble He TOMbKO JOMOHAT HaLUW 3Ha-
HIA, HO M B COYETaHNM C reodpr3nyecKMmn MeTofamm OTKPbIBaOT MHOTO HOBOTO 1 yKas3blBatoT
Ha 60MbLUION NOTEHLMaN Takoro MEXANCLMNIMHAPHOIO NOAXOAA K CCIefoBaHMIO.

Kntouegobie cnosa: paHHWI »kene3Hbl Bek, CeBepHbIN KaBKkas, KypraH, nepudepus,
reodusrka, Le3meBblii MarHUTOMeTp

Key words: Early Iron Age, Northern Caucasus, kurgan, periphery, geophysics, caesium
magnetometer

A. AcaHgynesen, H. . Xpuctu, M. AcaHaynesen

APXEONNOMMYECKWE PA3BEOKU W OLIEHKA NMPUPOOHBIMWY PUCKAMMK
HA JOUCTOPUYECKMX NAMATHUKAX B BOCTOUYHOW PYMbIHUI
HA MPUMEPE NOCENEHWA B KOCTELLTW (ACCbI, PYMbIHWA)

CeropHA B 06N1aCTV apXxeonormm noBceMecTHO NPM3HaHO, YTO apXeonornyeckne obb-
eKTbl, bonee, uem Koraa-nmbo, HaxoAATCA NOA YrPO30i NPUPOAHBIX U YenoBeyeckux dak-
TopoB. COBpeMeHHbIe apXeonor MOHNMAIOT akTyanbHOCTb 3TON NPo6eMbl U NPU3HaKT
HeoOXOAUMOCTb MCMOMb30BaHUA HOBbIX MCCNefoBaTeNbCKUX METOAOB, 3aMMCTBOBAHHbIX
13 apxeomeTpuun. 3a60Ta 0 HaUMOHaNIbHOM KyNbTYPHOM Hacneanu B COeUHEHNN C KOH-
Lenuurei ynpaseHusa KynbTypHbIMW pecypcamu CTaBUT Nepes HayuHblM cOOOLLECTBOM 3a-
[layy NPUMeHEeHNA COBPEMEHHbIX METOAOB aHaNn3a apxeosiormMuyeckmx o6 bEKTOB, KOTopble
obecneyvat ux 6epexxHoe n3yyeHue, NPUMEHNUMOE KO BCEM UCTOPUYECKM UMKiam. laHHasA
pabota pacckasbiBaeT 06 nccnegoBaHUAX, NPOBOANMBIX Ha OCHOBE COBOKYMHOMO npume-
HEHUA U YNy4lleHNA KauecTBa HepaspyLlalowmx MeToaos (a3podpoTocbemMKu, MarHATOMe-
Tpum, GPR, anekTpuyeckoro conpoTtmsneHus, HasemHoro 3D na3epHOro ckaHMpoBaHuA),
npv TOM, YTO Mbl MPU3HAEM BCIO CIIOKHOCTb U LIEHHOCTb JONCTOPUYECKMX apxeonormye-
CKMX 06bEKTOB. B MpAMOI CBA3M C 3TUM Mbl pacCMaTpriBaeM BbIIBNEHMWE, OLIEHKY 1 Habno-
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feHue 3a obbeKTaMu, HaXOAAWMNMNUCA Nog HebnaronpuUATHbIM BO3AENCTBUEM NMPUPOAHbIX
Unn yenoBeyecknx GakTopoB, Ha OCHOBE CO34aHNA eiHON NCCNefoBaTeNbCKON MOAENHN,
CcoeauHAIOLLEN BCe NepeuncsieHHble Bbille MeTOAbl U NPUHLUMNbL. BHMMaTenbHoe nsyye-
Hue reomopdosIornyecknx N MopGOMETPUUECKNX XapPaKTEPUCTUK 1 OCOOEHHO ANHAMUKIN
3PO3UBHbIX MPOLECCOB NO3BOJIAET COCTABUTb MOJHYI0 MHGOPMALIMOHHYIO KapTUHY.

Kniouesole cnosa: reodursnka, asapopotocbémka, 3D nasepHoe ckaHUpoBaHue,
Jonctopuyeckas apxeonorus, BoctouHasa PymbiHuA

Key words: geophysics, aerial photos, 3D laser scanning, prehistoric archaeology, Eastern
Romania

D. Bugrov, . Gaynullin, A. Kasimov, A. Sitdikov
A. Starovoitov, B. Usmanoy, |. Chernova

COMPLEX APPROACH TO DATA COLLECTING FORTHE VISUALIZATION
OF THE CULTURAL HERITAGE OF THE SVIYAZHSK ISLAND CASTLE

One of the objectives of the Tartar Republic program for restoration of its cultural and
historical sites, adopted in 2011, was creation of a virtual model of the town of Sviyazhsk
which would show all its historical monuments and archaeological sites. A combination of
technologies was employed for the presentation of its historical and cultural heritage.

1. Creation of GIS which consists of several layers, i.e. historical maps and plans of Sviyazhsk
and the area around it, aerial and space photos, and archaeological evidence of the past.

2. Use of photogrammetry for the construction of 3D models of such archaeological
sites as architectural ruins and surviving parts of medieval wooden structures; use of these
datain GIS.

3. Laser scanning of historical buildings done in the local coordinate system for linking it
to other GIS data of Sviyazhsk. The main aim of laser scanning is creation of drawings with
measurements and 3D models.

The final result of the project is construction of a virtual model of the historical
development of Sviyazhsk, available on the Web.

Key words: laser scanning, photogrammetry, GIS, Sviyazhsk, Web, virtual model

Kntouegeie crosa: nasepHoe ckaHnpoBaHue, potorpammetpusa, NNC, CBraxKck, web-
pecypc, BUpTyasnbHaa Mogenb

P. Sorokin, A. Sergeev, T. Gusentsova, D. Ryabchuk, M. Kulkova

PALEOLANDSCAPE OF THE COASTAL ZONE OF THE LITTORINA SEA NEAR
THE ARCHAEOLOGICAL SITE OKHTA 1

The archaeological site in the Okhta Cape offers new evidence for the reconstruction
of paleographic conditions in the Saint Petersburg region in the Neolithic - Early Iron Age
period (late 6th — 1st centuries BC). The analysis of literary sources and archaeological
data reveals that in the Littorina regression period (6500-5500 VR) the discussed area was
a coastal zone of a lagoon separated from the open Littorina Sea by a foreland and joined

263



to it somewhere near the modern Neva River bed. Reconstruction of the Neolithic surface
relief, i.e. coastal zone of the shallow lagoon, was done with the 3D modelling program
(3ds max 9.0) using lithological sections and absolute level marks. The paleographic level
rose to 2.50 (Baltic System) in the central and south parts which were a “living zone” and
dropped to 0.50-1.0 (BS) in the east and west where there was a“fishing and hunting zone".
In the following regression phase (5200-4500 VR) a narrow gulf was formed along the
Neva’s paleovalley, which provided good conditions for the development of fishing.

The elevation paleoreconstruction for different phases of the Littorina Sea’s development
in the Saint Petersburg region was done with the Surfer program using the data on the
modern terrestrial relief, a map of ground overlays and bathymetric map of the east part
of the Finland Gulf. The paleolandscape reconstruction presents ancient habitats of the
Littorina Sea coast and makes it possible to understand the nature of the local population’s
fishing and hunting activities.

Key words: 3D modeling, Littorina transgression, namAaTH1KK neolithics — Early Iron
Age monuments in Saint-Petersburg environment, east Baltic shore in
Holocene, paleolandscape east part of the Finland Gulf, paleogeopraphic
reconstructions in Holocene

Kniouegoie cnosa: 3D-mopenvpoBaHune, JIMTOpMHOBaA TPaHCrpeccus, NaMATHNKNA HeonuTa —
paHHero meTanna Ha Tepputopumn CaHkT-MeTepbypra, nobepexbe
BOCTOYHOW banTukm B ronoueHe, naneopenbed BOCTOUHON YacT GUHCKOro
3a1Ba, Naneoreorpapuyeckme peKoHCTPYKUNY B rofioLieHe

M. Daragan

3D MODELING OF KURGAN CONSTRUCTIONS
IN THE ENEOLITHIC TIME — EARLY BRONZE AGE

Most ancient kurgans in the steppes of the Northern Black Sea coast date to the
eneolithic time, 4th millennium BC, thus preceding the mass construction of kurgans in the
same area in the pit grave (Yamna) culture. The mounds over the eneolithic burials in the
Northern Black Sea coast steppes used to be rather sophisticated. There are plain kurgans
built in one go but there are also stratigraphically sophisticated kurgans erected in several
phases. The latter are more informative and allow to trace the development of kurgans’
construction throughout time.

Based on the materials of Kurgan 29 near the settlement of Shevchenko (close to
the town of Ordzhonikidze, Ukraine) explored in 2003, a reconstruction was made of
the outward appearance of ancient kurgans and post hole sanctuaries built by the
representatives of eneolithic and early pit grave cultures in the steppes of the Northern
Black Sea coast. It digitally shows four stages of the kurgan’s construction. The first three
stages are represented by the construction of mounds over three middle eneolithic burials
and one or two first mounds of a post hole sanctuary, while the fourth phase is represented
by the construction of a mound over a burial of the grave pit (Yamna) culture. The virtual
reconstruction makes use of the well-preserved archaeological evidence which permits to
see the object’s changes throughout time.

Key words: kurgan, eneolithic, grave pit (Yamna) culture, sanctuary, reconstruction
Kntouesble c108a: KypraH, SHEONUT, AMHaA KynbTypa, CBATUIIMLLE, PEKOHCTPYKLUSA
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M. PankoBcka, I. A. buaH, . Bacunbes

WHTEMPALIMA PA3TNYHbIX BbIYNCINTENbHBIX MOLANBHOCTEMN
B BbICOKOTOYHbIE TPEXMEPHbIE MOZENN 30AHWNN:
HA NMPUMEPE LIEPKBW CBETA METKA

Couertas B cebe BbICOKYIO TOUHOCTb, HU3KYI0 Ce6eCTOMMOCTb 1 OTHOCUTENbHYIO NPOCTO-
Ty ucnonb3oBaHus, undposasa doTtorpammeTpus, B oTamume ot apyrux 3D-TexHonorui,
coeauHseT B cebe doTopeanncTmuHyto TekcTypy 1 3D-reomeTpurio. DTOT OCHOBAHHbIN Ha
3D-un306paxKeHUAX MeToA Nerko couveTaeTcsa C APYrMM BblYUCIMTENbHbIMK doTorpadu-
yeckumm TexHuKamu. laHHasa paboTa pacckasbiBaeT 0 LUMGPOBON JOKYMEHTALUN LIePKBM
CeeTa lMeTka (XVI - Hauano XVII Beka), pacnonoxeHHow B cene banww nog Coduenn (bonra-
pWsA) 1 YaCTUYHO pa3pyLleHHOW. [ToMMMO co3aHNA 3aKOHUYEHHON pOTorpamMmeTprUUecKon
mMopenu Bcew Lepksu, B 2014 rogy B xofe paboT Ha packonkax (B cefbMoi pa3 B paMKkax
doToaKkcneanumn nNo cpeaHesekoBbiM bankaHckm LepkeaM oT QoHAa Hacneans bankaH)
6blAY 3anKcaHbl Y COXpPaHeHbl, ¢ nomoLbto RTI MmeToaa, Nnoxo ymTtaemble rpadpPputi Ha no-
BEPXHOCTW BHYTPEHHMX GPECcoK U ynyylleHa KOHTPACTHOCTb CTapenwmnx ¢pecok ¢ Nomo-
LWblO LBETOBOW AeKkoppenaunn. ABTOPbI MOKa3biBaloT, Kak 3TU TPU TEXHONOT M COYETAIOTCA
B nporpammax 3D-mofenmpoBaHmA, COOTBETCTBYIOLMX NPON3BOACTBEHHBIM CTaHAAPTaM.

Kntouegobie cnoea: dotorpammetpus, RTI, DStretch, nocT-Bu3aHTMiACKas, LEPKOBb,
apxuTeKTypa, dpecka, peKOHCTPYKLMA

Key words: photogrammetry, RTI, DStretch, post-Byzantine, church, architecture, fresco,
reconstruction

1. Kione, N. B. ®accbunpep, P. Inuk, ®. bekep

PUMCKWME NMPEAMECTbA HA CEBEPO-3ANMAJE HOPUKYMA
1 OTKPbITUE HOBOW PUMCKOW JEPEBHN

MpepcTaBnAaeTca, YTO NPOLIECC POMAHU3AUNK CETbCKOW YacTy PUMCKON NPOBUHLN
Hopurkym Hauvanca ropasfgo paHbliue 1 Wwen mefneHHee, yem B ApPYrux ceBepo-3anagHblixX
npoBMHLMAX. HegaBHMe nccnenoBaHmaA, OCHOBaHHbIE Ha reopr3nyeckmx U3blCKaHUAX, fa0T
ropasfo 6onee nosHoe NpeacTaBieHNe O MAOTHOCTA U HEMPEPbLIBHOCTN 3aCeNeHNA pPUM-
CKUX CeNbCKUX paloHoB. bonee paHHMe pacKkomKky, NogbEMHbIE MaTepuranbl 1 a3podoTo-
CbéMKa MO3BONANN MONYYNTb NINLWb NMOBEPXHOCTHOE NpeAcTaBieHne O paccMaTpuBaemMon
Teme. feodurzmyeckme namepeHns, NPoBeeHHble B paMKax npoekTa «Prmckne cenbckne
BUNNbI 6aBapCKOM YacT apeBHero Hopukyma», No3Bonvunm NpeactaBuTb, Kak Bbirnagena
cenbcKasa YyacTb 3TOW MPOBMHLUUN B PUMCKME BpeMeHa. Pe3ynbraTbl HoBenwmx reopusm-
Yyecknx nccnegosaHui (2013/14 rr.) nokasanu, YTo Mbl CTanu rny6xe NoHMMaTb NaHawadpT
B apXeosiormyeckoM KoHTekcTe. COBMECTHOE MCMOoJSib30BaHWEe reodusnyecknx MeToaoB
nccnefoBaHus, aspodoTorpadun 1 AaHHbIX AUCTAHUMOHHOIO 30HAVPOBAHNS MO3BONAIOT
caenatb NpeABapuUTENbHYI0 BUPTYanbHYI0 PEKOHCTPYKLMIO PUMCKO CeNbCKOW BUMIbI.

Kntouegbie c/108a: HTErpMpPOBaHHbIe METOAbI MCCNIeAOBAHNN, apXeonormyeckas
reodusrka, MHTeprnpeTaumsa, pumcKas cenbckas Bunna, Hopukym, lOxHas
basapusa

Key words: integrated prospecting methods, archaeological geophysics, interpretation,
Roman villae rusticae, Noricum, Southern Bavaria
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C. K. T. C. BapmnaHgep, C. Wonbu, W. Wnarep

YCNOBHBbIE U1 SITTUNTUYECKWE MPEOBPA3OBAHWA OYPBE
KAK MATEMATUYECKMK AMNAPAT 19 MOPOOTOITMYECKOW
KINACCNOUKALINNA

Mockonbky KoadpdurumeHTbl Dypbe NepeaatoT pasHylo 1 yacto 6onee geTanbHYO WH-
dopmauuio o popme, B OTAINYME OT U3MEPEHUA HA OCHOBE TPAAULIMIOHHOW €BKNNAOBOW
reoMeTpun, OHX Yalle UCMOoNb3yTCcA Ana MopdoOMEeTPUYECKOro aHanmsa B Takux obna-
CTAX, Kak apxeonorna n ¢usunyeckasa aHTpononorus. [IByXmMmepHbI SnANATUYECKMIA aHa-
nn3 Oypbe cTas oUYeHb NoMynApeH AnA 3aMKHYTbIX KOHTYPOB, C MOMEHTa ero NoABNEHNA B
1980-x rogax, MOTOMY UTO 3TO Npeobpa3oBaHNe PaboTaeT CoO CIIOKHbIMU OUYEePTaHUAMM U,
6onee TOro, He 3aBMCUT OT MOJIOXKEHUA KOHTYpa. Takum 06pa3om, OHO XOPOLLO NOAXOANT
ANA KONUYECTBEHHbIX CPaBHEHMI GopM.

[na meHee CNoXHbIX OYepTaHWIA ycnoBHOe npeobpasoBaHme Qypbe ocTaeTca pen-
CTBEHHbIM CMOCOOGOM, MPOU3BOAALMM MeHbLUee KONNYecTBo Ko3pduumeHToB, Aonon-
HUTENIbHOE NPEeVMYLLECTBO KOTOPbIX B TOM, YTO OHM HanpaMyto nepedatoT MHGopmauumio
0 CMMMeTpUYHOCTU GopM. [103TOMY BaXKHO 3HaTb, B KaKMX CUTyaUMAX NpeanoyTuTenbHee
TPaanUMOHHbIN aHanu3 Oypbe, a B KaknX — SNANMTUYECKNIA.

B maHHOM mccnefoBaHMKM Mbl MCMOMb30BaNM Kak TpaaMuuoHHoe npeobpasosBaHue Qy-
pbe, Tak 1 anannTnyecknii OQypbe-aHanus3 gna usydeHna cpefHennUeBbIX KOHTYPOB Yeno-
BEUECKOro Yepera y pasHblx reorpaduyeckrx nonynauunin. YucneHHble JaHHble KOHTYPOB
6b1IM NosyyeHbl C nomollbio 3D-mofenet NOBEPXHOCTH, NMOCTPOEHHbIX C NPUMEHEHVEM
MepeHOCHOro fla3epHOro ckaHepa. MNMonyyeHHble kKo3pdurumeHTol Pypbe NPUMEHANNCH anA
KONMNYECTBEHHOrO aHanM3a CUMMETPUUN NiMLa M BblPabOTKU ANCKPUMMHAHTHBIX GYHKLMIA,
onpegenaWmnx 0cobeHHOCTN YepenHoro CTPOEHUA B 3aBUCMMOCTU OT reorpadpuyeckom
npuHagnexHocTn. OTTankmnBasaCb OT Pe3yNibTaToB, Mbl OOCYXAaEM «3a» U «MPOTUB» 060X
NoAXOA0B, MPVMMEHEHHDbIX AJ1A aHan3a GopMbl B apXeosiornn 1 Gr3nyeckor aHTPOnonoriu.

Kntouesole ciosa: cynebHO-MeaULMHCKasA aHTPONoNorna, TPEXMepHoe nasepHoe
CKaHMpoBaHwue, unpposasa moppomeTpus, YepenHaa mopdonorns

Key words: forensic anthropology, three-dimensional laser scanning, digital
morphometrics, cranial morphology

A. Pakhunov

RECORDING OF THE CURRENT STATE OF PRESERVATION AND TRACKING
PREVIOUS CONSERVATION WORKS ON PALAEOLITHIC PAINTINGS USING
REFLECTANCE TRANSFORMATION IMAGING: THE KAPOVA CAVE CASE

Reflectance Transformation Imaging (RTI) is a photography-based documentation
technique primarily used for surface visualisation. It has been successfully applied to
studying high-reflectivety objects like coins and enamels. It also helps recognise traces
of altered paint or microrelief structures on surfaces with uneven textures. So far, at least
50 paintings from Kapova Cave (Southern Ural, Russia) with a considerable variation
in their current conditions have been described. This allowed us to use RTI not only for
the exploration of the current state of the paintings on various substrates, but it was also
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invaluable for monitoring the dynamic changes of the corresponding surfaces caused by
mineral formation. This technique (combining with UV-photography) proved useful for
the evaluation and comparison of the extent and type of conservation works on several
paintings produced in the 1960s and 2008.

Knrouessie ciosa: Kanosa nelyepa, naneonutnyeckas »K1Bonncb, pectaBpauus, KanbLmT,
MHOroyrnoBas TeHeBas POTOCHEMKA

Key words: Kapova Cave, Paleolithic painting, conservation, calcite, RTI

O. Zaitseva, M. Vavulin, A. Pushkarev, E. Vodyasov

3D SCANNING AND TERRESTRIAL PHOTOGRAMMETRY:
POSSIBILITIES OF 3D DOCUMENTING IN SITU FOR BURIAL COMPLEXES

In 2013-2014 modern technologies of 3D recording and documentation of excavations
were involved in the cause of field works in Western Siberian burial complexes of various
types. Particularly significant large-scale works were carried out on the archaeological sites
of Zeleny Bor, Yamal-Nenets Autonomous District, and Timiryazevo, Tomsk Region.

Applied in parallel in the project were two technologies of field recording of the burials,
i.e. 3D scanning and terrestrial photogrammetry, followed by a comparative analysis of
their results. Both technologies, scanning and photogrammetry, proved to provide for
creating highly accurate photo-realistic 3D models of the burials. The combination of both
technologies was used for the same 3D models when dealing with the burials of complex
geometrical shapes.

Key words: 3D scanning, terrestrial photogrammetry, burial complexes, Western Siberia

Kntouessle c1o8a: TpEXMepHOe CKaHMPOBaHWe, Ha3eMHasa GoTorpammeTpus,
norpebanbHble Komnnekcobl, 3anagHas Cnbupb

D. Karelin

RECONSTRUCTIONS OF THE LATE ROMAN FORTRESSES IN EGYPT:
EXAMPLES, PROBLEMS AND PECULIARITIES

This paper is part of the study of late Roman military architecture in Egypt. It seems
that the fortresses of the late Roman period in Egypt are better preserved and have more
diverse typology and more specific architectural peculiarities than earlier ones. Some of
their unique features might have appeared under the influence of Egyptian architecture.
The best way both to study and to show the features of explored monuments is to make
their 3D reconstructions.

The main aim of the paper is to present the author's 3D reconstructions of the late
Roman fortresses in Egypt and to discuss some architectural peculiarities of late Roman
military architecture using their examples. The paper is accompanied with the author's
reconstructions of three monuments: the temple of the Roman Imperial cult at the Luxor
fortress, the late Roman fortress at Nag-el-Hagar and the fort at Dionysias in the Faiyum
oasis. The first one, on the one hand, was a typical example of the Diocletianic principia,
and on the other hand, it demonstrates an unexpected for this type of building connection
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between Egyptian and Roman cultures. The second and third ones give an opportunity
to discuss the architectural features of the late Roman walls, towers, gates, arrow slits and
other elements. Furthermore, the late Roman palace at Nag-el-Hagar and principia of the
last two fortresses are late antique architectural masterpieces with a number of peculiarities
of particular interest.

Key words: Egypt, Rome, late Roman fortresses, 3D reconstructions, Luxor, Nag-el-Hagar,
Dionysias

Kntouessie cnosa: Ernnert, Pum, no3gHeprnmckne kpenoctu, 3D-pekoHcTpyKuuuy, Jlykcop,
Har anb-Xarap, JuoHucmac

®. N. Anonnonno, ®. ®annasonnuta, 3. C. >KNOBaHHWNHW

BOPOTA AYPEA B PABEHHE: LMOPOBAA MMMNOTE3A PEKOHCTPYKLU N

B pamkax Tex TeopeTnyeckux 1 METOAONIOMMYECKMX NPo6eM 1 NPenMyLLecTB, KOTOpble
npefoCcTaBnAtoT LMppoBble apxMBbl TPEXMEPHbBIX MOAENeN, BaXKHO YCTaHOBUTb HOBble NPO-
TOKOMNbl 06PabOTKN NPOCTPAHCTBEHHbIX JaHHbIX (MOAAEPKUBAIOLLNX NPOEKT BUPTYasbHOW
PEKOHCTPYKLMM), C MOMOLLbIO KOTOPbIX MOXKHO OLeHMBATb pe3ysbTaTbl Y rapaHTUPOBaTh ab-
COJIOTHYIO NPO3PAYHOCTb PEKOHCTPYKUMW. BopoTa Aypea B PaBeHHe Bekamu npuBnekanu
BHUMaHVEe CaMblX M3BECTHbIX apXUTeKTOpPOB. [peanaraemasn BUpPTyanbHasa PeKOHCTPYKLUA
OCHOBaHa Ha CouYeTaHUN UCCNeAOBaHWA peasibHbIX apXeoNornyecKnx HaxoaokK 1 npueeve-
HMA LWIMPOKOrO Kpyra NCTOPUYECKMX UCTOYHWKOB (PUCYHKOB, N306paMeHniA, HayuYHbIX pas-
paboToK 1 aHanM3a KOHCTPYKLUMIA in Situ). ITOT NPOEKT CBA3aH C pAgoM GpyHAAMEHTaNbHbIX
npo6nem, OTHOCALMXCA K POPMYNIMPOBKE FMMOTE3 O BO3MOXKHbIX PEKOHCTPYKLUUAX. [laHHas
paboTa onucbiBaeT METOAONOMMYECKUIA MPUEM — OT cbopa AaHHbIX Ao GopMynMpoBaHNA Ha-
LEXHOW rMnoTe3bl OTHOCMTENbHO Brda Y NPeACcTaBileHUA PasfinyHbIX apXUTEKTYPHbIX 3Jie-
MEHTOB (C onpegeneHHON CTeneHbo JOCTOBEPHOCTU), — MO3BONAOWMNA NPUHATD UK OTKIO-
HUTb CAeNnaHHbIe B XOAe PEKOHCTPYKLUUN AOMYLIEHUA.

Kntouesble c108a: BUpTYanbHas PEKOHCTPYKLMSA, TPEXMEPHOE MOAENNPOBAHME,
obcnefoBaHve B 4ONYCTUMBIX Mpefenax, CeMaHThyYecKas CTPYKTypa,
BM3yanu3auus gonyLweHnin, pUMcKue BopoTa

Key words: virtual reconstruction, 3D modelling, range-based survey, semantic structure,
uncertainty visualization, Roman gate

S. Bakhvalov, F. Malkov
ONTHE DESIGN OF VIRTUAL EXHIBITIONS OF ARCHAEOLOGICAL MATERIALS

The current version of technical recommendations for virtual museums issued by the
Russian Ministry for Culture includes a possibility of employing an interactive module for
this type of information product which helps construct an individual virtual exhibition
based on the unique scenario and a variety of digital data sources.

The Laboratory of Archaeology, Paleoecology and Life Systems of North Asian
Peoples at the Institute of Cybernetics of Irkutsk State Technical University which has
been doing 3D scans of archaeological finds has got a large collection of digital data in
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need of systematisation and effective presentation. The absence of turnkey solutions for
storage and Internet publication of complete digital models of archaeological objects (in
compliance with the Laboratory’s scientific tasks) has led to the development of a new
software/program module that makes it possible to design a single virtual exhibition or
even an entire virtual museum in a future perspective.

Key words: 3D modelling, virtual exhibition, virtual museum
Kntouesble cnosa: 3D-mopenvpoBaHue, BUPTYanbHas 3KCNO3MLMA, BUPTYasbHbIN My3en

A. Nikitin, A. Nikitin, A. Nikitina, N. Reshetnikova

COMPUTER RECONSTRUCTIONS OF THE YAM - YAMBURG FORTRESSES WITH
INTERACTIVE IMMERSIVE TECHNOLOGIES

Thepaperanalyzeschallengesandtendenciesof computerarchaeologicalreconstructions
and overviews the project “History of the Yam Fortress” as part of the program “Preservation
and Use of Cultural Heritage in Russia”.

The Yam fortress is a lost cultural heritage object. The aim of the project is to preserve and
communicate to a wide audience information on this lost monument and thus contribute
to the economic and social development of the area by encouraging “cultural tourism”.

The project cites sources and methods for historical and artistic reconstructions and
presents interactive 3D models of a 14th-century fortress with four towers, 15th-century
fortress with nine towers and 18th-century one with bastions. These models are involved
in group and individual virtual tours, free (without fixed routes) educating walks, historical
games in which the users are directed in the game space as well as in expanding the
museum exhibition space and territory around it by using augmented reality technology.

Key words: immersion, interaction, 3D, augmented reality, gestural interfaces, historical
reconstruction, cultural heritage, cultural tourism, virtual museum,
historical games

Kntouesble c108a: NMMepPCUBHOCTb, MHTEPAKTUBHOCTb, 3D, AONONHEHHaA peanbHOCTb,
ynpaBneHue XecTaMu, ICTOPUYECKNE PEKOHCTPYKLNK, KyNbTypHOe Hacneaue,
KYJIbTYPHbI TYPU3M, BUPTYasIbHbIA My3eil, UICTOPUYECKUE Urpbl

D. Bulgakov, I. Dubkov, T. Ryabkova, G. Logach, N. Reshetnikova,
N. Saveliev

INTERACTIVE COMPUTER RECONSTRUCTION OF THE RAZMENNY 1
(KOSTROMSKOY) KURGAN: AIMS, PROBLEMS, SOLUTIONS

The project “Interactive Computer Reconstruction of the Razmenny 1 (Kostromskoy)
Kurgan: Aims, Problems, Solutions” has been carried out as part of the Master curriculum
program “Multimedia and Computer Graphics Systems” by the Department of Computing
Systems and Networks (SUAI) in collaboration with the Department of Eastern European
and Siberian Archaeology (State Hermitage Museum). The project was aimed at creating
an interactive multimedia application which would incorporate a 3D presentation of the

269



process of a Scythian kurgan construction and thus make the results of the exploration of
this famous object of Scythian culture available to wider audiences.

This 3D reconstruction of different stages of a Scythian kurgan’s erection (late 7th to
early 6th century BC) was made possible thanks to the second session of archaeological
exploration performed by the South Kuban Expedition (State Hermitage Museum).

The application soft- and hardware makes use of the 3D-engine technology widely
applied in games industry and virtual reality systems.

The project can be implemented in museum space or as education resource/facility for
organizing exhibitions, guided tours (on relevant subjects) and archaeological classes.

Key words: Scythian Archaic epoch, Kuban region, 3D-reconstruction of kurgan,
interactivity, technologies of virtual worlds, 3D-engine

Kntouesvle cnosa: ckndckas apxamka, 3akybaHbe, 3D-peKoHCTPYKUMA KypraHa,
WHTEPaKTMBHOCTb, TEXHOMOIN BUPTYanbHbIX MUPOB, TexHonorua 3D-engine

B. bapHeke Has, J1. XepHaHgec MbaHec

OT LUMOPOBOTIO K KMBEPMPOCTPAHCTBY. YACTHbIV CJTYYAN
NCCNEAQOBAHUA BUPTYAJIbHBbIX MUPOB KAK CPEACTBA
WHTEPTIPETALIN

NH$opMaLMOHHble LIeHTpbl NPOAYKTMBHO PeLIatoT 3aady nepenayun CBeAeHUN o Kyb-
TYPHOM HacieAnn B Tex MyHULMMANbHbIX U CENbCKUX OKPYrax, rae HeT pecypcoB AndA OT-
KpbITVA TPaAULMOHHOIO NOIHOMACLWITAabHOro My3es, 1 rae NCTOPUYECKOE Haceane ABNA-
eTcA BaXHbIM GaKTOPOM pa3BUTUA TYPU3MA.

B oTnnume oT TpaguMUMOHHbIX My3eeB MHGOPMaLMOHHbIE LLeHTPbl 06bIYHO He 3aHUMa-
I0TCA COOPOM, XpaHEHNEM 1 U3YUYEHVEM OOBEKTOB, OHU CMELMANIU3NPYIOTCS Ha TOM, YTO-
6bl NepefaTb BCO BaXXHOCTb Y 3HAUMMOCTb KYNbTypHOro Hacnegma. OHY JOMMHbl BbINOJ-
HATb 06yyaloLlyo QYHKLMIO 1 MOBbIWaTb YPOBEHb NHGOPMUPOBAHHOCTM O KYJIbTYPHOM
Hacneguw.

BupTyanbHble NpoCTpaHCTBa MOMYT CTaTb BecbMa 3GGEKTUBHBIM UHCTPYMEHTOM ANA
pacnpocTpaHeHnsa KyNbTYPHOrO «NpoayKTa» MHGOPMaLNOHHDBIX LIEHTPOB.

BupTyanbHble KONUU MOXHO He MPOCTO AEMOHCTPUPOBATb OTAENbHO, HO NMOMeLlaTb
B KOHTEKCT, UTobbl Nyylle nepefaTh KynbTypHoe cofiepaHue. BuptyanbHasa cpefa moxeT
MNCNONb30BaTbCA KaK ANA MCTOPUYECKON PEKOHCTPYKUMN HEMOCPEACTBEHHO «Ha MecTey,
Tak 1M ANA ygaNeHHOro BMPTYyalbHOro NnocelleHuns, NnpusBneKkasa nonb3oBaTenen co BCero
MMpPa, TeX, KTO HUKOrga He foefeT Ao faHHOIo MecCTa B peasibHOM XU3HN.

Hawa pabota pacckasbiBaeT O CO34aHUMN 1 UCMOMb30BAHUN BUPTYasSIbHOrO MPOCTPaH-
CTBa, NOCTPOEHHOTO A1 HEGONBLLOrO My3eNHO-MHPOPMALMOHHOMO LIEHTPa PUMCKON MO3a-
MKW, B KOTOPOM pa3MeLLeHbl pparMeHTbl MO3auK, HalEHHbIX Ha PacKOMKax PUMCKON BUTbI
IV Beka B Kazapuue (McnaHus). JaHHbI domus olearia oueHb TOYHO BOCNPOU3BOAUT TO, Kak
BbIFNALEN peanbHbI JOM. PEKOHCTPYKLMA CAenaHa Ha OCHOBE apXUTEKTYPHbIX U apXeonoru-
YeCcKUX faHHbIX, @ TakXKe OCTaTKoB QpyHAAMEHTa 1 MaTepPUanoB, HAMAEHHbIX MPY PacKoMKax.
B BupTyanbHbii domus nomelLeHo TprHaAUaTb NOTHOCTbIO PEKOHCTPYNPOBaHHbIX MO3auK,
HalAeHHbIX BO BPEMA PACKOMOK 1 Pa3MeLLEHHbIX B TEX KOMHATaX, rAe OHW KOrfga-To Haxoau-
NNCb B AeNCTBUTENbHOCTU. KOMHaTbl BOCCTaHOBEHbI B COOTBETCTBUUN C GYHKLMNOHANbHbBIM
Ha3HaYeHVeM 1 COAepaT MyNbTUMEeAUNHbIE SKCMIKALMKM, PacCKasblBalolWme O Pa3HbIX
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CTOPOHax NoBcefHEBHOW XM3HW domus olearia. NoceTuTenn 3axogAat B OM, BbIOpaB Of4MH 13
aBaTapoOB PUMIAHUHA. B BUPTYanbHOe NPOCTPAaHCTBO MOTYT 3aX04WTb HECKOSbKO MOCeTU-
Tenewn ogHoBpemMeHHO. OHM MOryT 06LIaTbCA U NeperoBapmBaTbca Mmexay coboi. B nHcran-
NALUN €CTb MECTO AJIA KypaTOpOB, rAe OHM YUTAIOT AUCTAHLMOHHbIE NeKLUN 1 yCTpauBakoT
npe3eHTaumun ans yaaneHHowm ayautopum.

Kniouesble cniosa: BUpTYanbHbI MUP, CPeACTBO MHTeprnpeTaunm, pUumckas BUIna,
MO3auKa, aBatap, OpenSim

Key words: virtual world, interpretation center, Roman villa, mosaic, avatar, OpenSim

R. Podgornaya, M. Vassiliev

APPROACHES TO DESIGN OF THE GIS “ARCHAEOLOGICAL STUDY OF PSKOV”
AND “OBJECTS OF ARCHAEOLOGICAL HERITAGE OF THE PSKOV REGION”

In the recent 25 years Pskov archaeologists have been actively engaging computer
technologies bothin field and laboratory research in the city and its region. The accumulated
experience, the large amount and variety of the evidence and constantly developing
software and technological resources call for new approaches to the processing and
interpretation of the collected data.

GIS appears to be the most effective form of merging all the archaeological evidence.
Today we can name the following favourable preconditions for its introduction:

- creation of a digital model of ancient Pskov’s paleorelief;

- creation of a unified digital plan showing the location of all the archaeological sites;

- record cards of all the excavation sites with information on their location, time of
excavations, total area, major results etc:

- computer archive of all the reports and major publications of the excavations’ results;

- creation of a single unified system of data on more than 3,000 Objects of Archaeological
Heritage in the Pskov Region, which contains their revised descriptions and GPS coordinates.

Development of GISis the current priority of the Pskov Laboratory of Digital Archaeology.

Key words: paleorelief, record card of an excavation site, GIS, database, AutoCad, Excel, GPS
Kntouesble cnosa: naneopenbed, Kaptouka packona, NMC, 6a3bl gaHHbIx, AutoCad, Excel, GPS
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M. Vavulin, O. Zaitseva, A. Pushkarev

3D DIGITIZING OF THE NAVAL DETAILS OF A «<KOCH» (BOAT)

“Koch” was a pre-Petrine sail and rowing boat adapted for the severe ice conditions of
the Arctic seas. Its authentic fragments discovered in Mangazyea, first Russian town built
in Polar Siberia, have served as a unique source for its reconstruction. In 2014 OO0 NPO
“Northern Archaeology” and the Laboratory of Interdisciplinary Archaeological Research
“Atrefact” (Tomsk State University) started 3D scanning of the boats’ surviving fragments
and elements. There was developed a special method of scanning larger fragments (up to
seven metres long) with a portable 3D optical scanner.

The final goal of the project is the complete digital 3D reconstruction of the legendary
boat which can become a museum exhibit in its own right and can also serve as reliable
scientific evidence for creating a replica of a“koch”and launching its experimental navigation.

Key words: pre-Petrine sail, Arctic exploration, Mangazyea, 3D scanning and modeling of
the boats' fragments

Kntouesvle c108a: [ONETPOBCKOE CYJOXOACTBO, OCBOEHMe APKTUKK, MaHrases,
3D-cKkaHMpOBaHMWe 1 MOAeNMpPOoBaHNe KopabenbHbix AeTasnei

A. Leonov

3D DOCUMENTING IN A MUSEUM EXHIBITION:
VIRTUAL REALITY AND WEB APPLICATIONS

A 3D model stores spatial data on the object recorded in a 3D coordinate system linked
to the object. This vitally distinguishes a 3D model from drawings, sketches, plans, photos
and films which feature 2D images of the object. Thus this model might be interpreted as a
new type of document, i.e. 3D document.

The number of virtual 3D models of real and historical objects is dramatically increasing
all over the world. As part of this process, 3D documentation of man-made and natural
objects of public significance is being carried out. These 3D models (or 3D documents)
become museum exhibits of a novel type which can (and should) be presented to the
public.

The state has confirmed that for further development of museum activities it is very
important to employ new technologies for acquisition and reproduction of virtual images.
The Russian Federation President’s Decree of 7 May 2012 (No 597), “On Measures for the
Implementation of the State Social Policy’, says that the Government is to create 27 virtual
museums by 2018.

This paper covers two approaches to the presentation of 3D documents to wider
audiences - in virtual reality systems and in Web applications. As an example it analyzes
some projects implemented by the Centre of the Virtual History of Science and Technology
(Institute for the History of Science and Technology of RAS), such as a virtual model of the
Denisova Cave in the Altai and others.

Key words: 3D document, virtual model, virtual museum
Kntouesebie cniosa: 3D-poKymMeHT, BUPTYasibHasA MOAEb, BUPTYanbHbI My3ei

O. Xayk, 1. KypouunHckuin

A3blK MAPKMPOBKM OBbEKTOB KY/IbTYPHOIO HAC/EAMSA —
PA3PABOTKA OHTONOTMW ANS LNDPOBbBIX PEKOHCTPYKLIA

B naHHol paboTe npeanoxeHa cxema MeTaflaHHbIX, Tak Ha3blBaeMblil «A3blK MapPKNPOB-
KN 0OBEKTOB KYNbTYPHOIO Hacneamnsa», NCNosib3yoWwmnnea ana 3anucu LMGpoBbIX PeKoH-
CTPYKLUIA paspyLleHHbIX U/ Hepeanu3oBaHHbIX 3D-06beKTOB KyNbTYPHOrO Hacneaus.
HoBbili nogxof KacaeTcA NOMHON TEXHONOMMYECKON LIeNOUYK/ PEKOHCTPYKLMK 1 OTpaXkaeT
BCe aCneKTbl 3TOro CJ/IOMKHOr0 NpoLiecca, pasHoobpasne NCrnosb30BaHHbIX MICTOYHUKOB, NMO-
cnepyioLlyo MHTepnpeTaunio NPOCTPAHCTBEHHbIX AaHHbIX 1 MOAENIMPOBaHNE reoMeTpurm.
MprmeHeHWe faHHOTO A3blka MAaPKMPOBKY 0OBEKTOB KY/IbTYPHOrO Hacens B JOMEHHOMN
OHTONI0rMK, cCooTHoCcALeeca co ctaHaapTom ISO CIDOC-CRM, oTKpbIBaeT HOBble BO3MOX-
HOCTU oA nccnepoBaTenei U npeanaraeT CTaHAapPTU3NPOBaHHbIN dopmaT And onucaHua
N CO3[aHMA MepeKPECTHbIX CCbIIOK Mexady 3D-mogenamu, oTBevalowmii BO3pacTaoLmm
3anpocam ceMaHTUYeCKON nayTuHbI.

Knrouessie cniosa: undpoBas pekoHCTPYKLUNSA, SNIEKTPOHHas AOKYMeHTaLus,
CXeMa MeTaAaHHbIX, [JOMEHHas OHTONOrUA

Key words: digital reconstruction, e-documantation, metadata schema, domain ontology
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CMIUCOK COKPALLEEHMIA

Apxeonorua n nctopusa lNckosa un NckoBcKom 3emnu
ABTOHOMHaA HEKOMMepYeCKasa opraHn3auma
Apxeonoruyeckuin ueHTp MNckoBcKol 0bnacTu
6eCcnuNOTHBIN NeTaTeNbHbINA annapat

banTuinckaa cuctema BbICOT

6a3a JaHHbIX

Bawknpckmin dpunman Akagemum Hayk

Bcepoccninckmin HayyHo-nccneaoBaTenbCKMin reoNnormyecknim UHCTUTYT
um. A. T. KapnnHckoro

focypapcTBeEHHOE GIOAXKETHOE YUpeXAeHNe KyNbTypbl
leorpaduryeckan MHGoOpMaLMOHHasA cucTeMa

CaHkT-lNeTepbyprckumin rocyfapCTBeHHbI YHUBEPCUTET a3POKOCMMYECKOTro
NprbopoCTpoeHNs

focynapCTBEHHbIN dpMUTax

[HIiNpONeTPOBCbKMI FyMaHITapHU YHiBepCcHTeT

WHcTuTyT apxeonorunu

WHCTUTYT apxeonorun HaumoHanbHOM akageMum Hayk YKpauHbl
WNHCTUTYT nCTOpmmn ecTecTBO3HAHUA 1 TeXHUKK Poccninckom akagemmn Hayk
WNHCTUTYT nctoprn MmatepmanbHON KynbTypbl

WHCTUTYT nctopunm, A3blka n nutepatypbl YOMMCKOro Hay4yHoOro LeHTpa
NpKyTckun HaumoHanbHbIN nccneqoBaTenbCKUn TEXHUYECKUI YHUBEpPCUTET
KpaTkre coobLieHnA MHCTATYTa apxeonorum

JleHnHrpaacknii rocyfapCTBEHHbIN yHUBEPCUTET

MOCKOBCKIMIN apXUTEKTYPHbBIV UHCTUTYT

MHoOroyrnoBas TeHeBas GOTOCbEMKaA

HauunoHanbHaA akagemma Hayk YKpauHbl

00BEKT KyNbTYPHOro Hacneaua

nporpaMmmHoe obecneyeHne

Poccuinckas akagemns HayK

Poccninckunm apxeonornyeckun exxerogHmnK

Pycckoe reorpaduueckoe obectso

Poccuinckuin rymaHuTapHbIil HayuHbIn GoHA

Poccunckuin rocysapcTBeHHbIN Nejarornyeckmin yHuBepcmTeT
CoBeTcKas apxeonorus

cucTema aBTOMaTM3MPOBaHHOMO NMPOEKTUPOBaHUA

YuebHO-HayuUHbIN LeHTp

3D
ADAM
AMF
AR
BHF
BLfD
CAD
CARARE
CeBIT
CH
CHML
CIPA
CIDOC

CRM
csic
T
DAI
DSLR
ESA
GIS
GPR
GPS
GSA
HP
HSH
ICE
ICA
IcT
IS0
ISTRS
LIDAR (LIDAR)
LGPL
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three dimensional

advanced digital asset management

additive manufacturing file

augmented reality

Bulkan Heritage Foundation

Bayerischen Landesamtes fiir Denkmalpflege
computer-aided design

connecting archaeology and architecture in EUROPEANA
Centrum der Biiro- und Informationstechnik

cultural heritage

cultural heritage markup language

International Committee for Documentation of Cultural Heritage

International Committee for Documentation of the International Council
of Museums

conceptual reference model

Consejo Superior de Investigaciones Cientificas

computed tomography

Deutsche Archdologische Institut

digital single-lens reflex camera

European Space Agency

geographic information system

ground-penetrating radar

global positioning system

Geological Society of America

Hewlett Packard

hemispherical harmonics

image composite editor

International Colour Authority

information communication technology

International Standards Organization

International Society for Photogrammetry and Remote Sensing
remote sensing technology, the term created of “light” and “radar”

Lesser General Public License
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LMU
MDA
MIT
MMOW
NASA

OBJ
PNG
PTM
PWGSC
RAM
RAS
RGB
RTI
SIFT
STL
TIFF
VA

VE
VAST
VRE
WissKI
XML

Ludwig Maximilian University of Munich
multiple discriminant analysis
Massachusetts Institute of Technology

massively multiplayer online world

JPL Jet Propulsion Laboratory of the National Aeronautics and Space

Administration

object file

portable network graphics

polynomial texture mapping

Public Works and Government Services Canada
random access memory

Russian Academy of Sciences

red green blue

reflectance transformation imaging
Scale-invariant feature transform
stereolithography

tagged image file

virtual archaeology

virtual environment

Visual Analytics Science and Technology
virtual research environment
Wissenschaftliche KommunikationsInfrastruktur

extensible markup language
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innovation approaches in museum activities, to create conditions for experience
and technologies exchange, to develop collaboration and partnership between
museums and other professional institutions.
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