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. 10. Tyk
[ocymapcTBeHHblil IpmuTax, PO

OT NEPBOW KOHOEPEHLINN
NO BUPTYAJIbBHOW APXEOJIOTU
K MEXXOYHAPOOHOMY OOPYMY

B 2012 rogy nepBas kKoHdepeHUusa cobpana 3HTY31MacTOB BUPTYasibHOW apxeonoruu
npenmMyLecTBEHHO 13 CTpaH EBponbl 1 B pe3ynbTaTte fana MOLWHbBIA TOMYOK K NpUMeHe-
HUIO Hepa3pyLlaLWMX METOAOB NCCIef0BaHNA OTeUeCTBEHHbIX apXeonornyeckmnx namsar-
HUKOB. Bropasa koHdepeHuma 2015 roga nokasana, YTo NOABUIOCb 3HAUYNTENIbHOE YNCIO
CNeunanmcToB Pa3HOW HanNpaBleHHOCTU B TEX PervoHax, rae NpoBOAATCA aKTUBHbIE ap-
Xeosniormyeckne nccnefoBaHuns, B KOTOpble BUPTYasibHaA apxeonorna BHOCUT OLLYTUMbI
BKnag. Kaxxkgaa us atmx KoHpepeHUMn nmena onpeaenéHHyto Luenb, U TPeTuin No CYETy
dopym crneunannctoB He cTan MUCKoUYeHeM. naHMpoBanocb 06CyanTb AOCTUXKEHUA
BMPTYaNbHOW apxeonoruy npu paboTe ¢ BO3ayxa, Ha 3emne 1 nog Bogon. OgHako npea-
CTaBfIeHHble AOKNaAbl BbIABUN YETBEPTYIO «OTHEHHYIO» CTUXMIO — My3eW. ECTeCTBEHHbIM
ob6pa3om 6bin cobniogéH H6anaHc, HeobXoaANMBbIN ANA KOHTAKTOB CNeLManvcToB rymaHu-
TapPHOWN 1 TEXHUYECKOM HanpaBfeHHOCTN B CTEHAX OAHOIO M3 KPYNHEenwWmnx My3ees M1pa.
Ony6nnKkoBaHHble B COOPHMKE CTaTbU OTPaXaloT METOAUKM, NPUMEHAEMble ANA noyye-
HUA pe3ynbTaToB B NOMEBbIX MCCNEeAOBAHUAX, @ TakXKe ANA nocneayowen nonynapusauum
KyNbTYpHOro Hacneus B My3eax 1 B 06pa3oBaTeNbHON AeATENbHOCTN.

MexayHapoaHbIi NPoeKT «BupTyanbHaa apxeonornsa» MMeeT He TONIbKO COOCTBEHHbIN
cant (www.virtualarchaeology.ru), opuumnanbHblie cTpaHuubl B coumanbHbix ceTax (Twitter,
Facebook, Instagram), HO TakXe npu nogaepkke foCyaapcTBEHHOro dpMuTaxKa perynap-
HO 130aéT COOPHMK MaTepranoB, KOTOPbLIV OTPaXkaeT pe3ynbTaTbl CaMbIX BMEYaTAAOLWMX
NPOEKTOB, NpPeACTaBNeHHbIX Ha KOHdepeHuun. TeopeTnyeckne acnekTbl 0O6CyxdaloTcA
HapaBHe C NPaKTUYEeCKMMM BbIBOAAMM, YTO CaMo Mo cebe LieHHO. DTN U3JaHnA AOCTYMHbI
B /IEKTPOHHOM BUJE Ha CaiiTe NPOoEeKTa U ABNAIOTCA MeTofmyeckon 6a3on aAna Bcex, KTo
NHTepecyeTca BUPTYasibHOM apXeonormen.

EWwé oaHMM BaXkHbIM MOMEHTOM CTano COTpyAaHuYecTBo. Ecnn konnekTnebl, 06beau-
HAIOLWME apXe0sIoroB, My3eNHbIX CNeunannucToB 1 pa3paboTumMKoB M3 HayyHO-UCCneno-
BaTENbCKNX OpPraHn3auuni, 4aBHO He ABASAITCA YEM-TO OCOOEHHbIM, TO MEXAYHAPOAHbIe
KONNEKTMBbI — 3HAUUTENbHOE AOCTUMEHME MPOBOANMbIX KOHpepeHUuin. Mbl 1 paHee obpa-
LWan BHUMaHNE Ha MeCTOMOMNOXEHMEe Ha KapTe TeX ToYeK, OTKyAa Npre3XatoT YYaCTHUKN
KOHpepeHL A, HO Ha 3TOT pa3 NPUATHO OTMETUTb NX 6onee paBHOMEPHOE pacnpeaeneHmne
no Tepputopun Poccunckon Oegepaymmn. KoHueHTpauma cneunanmuctos B EBpone ouve-
BMAHA, NX KOHTaKTbl MeHee 3aTpyAHeHbl. Pa300OLWEHHOCTb nccnegoBaTenern Ha o6WNPHOM
NPOCTPAHCTBE Halleln CTPaHbl 3HAYNTENIbHO 3aTPYAHAET XNBYK KOMMYHMKauuno. IMeHHO
3Ta 3ajjaya — OpraH13auma B3anMogencTBuA Mexay npeacTaBuTensaMmn BedyLwmx Hay4HblX
LIEHTPOB — 1 OblNa BbICOKO oLieHeHa skcrepTamu QoHAa Npe3ngeHTCKMX FPaHToB, MOAAEP-
XaBwunx MexayHapoaHbii opym «BupTyanbHas apxeonorna-2018».
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FROM THE FIRST CONFERENCE
ON VIRTUAL ARCHAEOLOGY
TO THE INTERNATIONAL FORUM

In 2012 the First conference on virtual archaeology in Saint Petersburg (Russian
Federation) joined together the enthusiasts mainly from European countries and resulted
in a powerful impulse of integration of non-destructive methods in the investigation of
domestic archaeological monuments. The Second conference of 2015 brought out young
specialists working in the regions where active archaeological researches had come under
an impact of the methods of virtual archaeology. Each conference had a certain goal, and
the third meeting hasn’t become an exception. We planned to discuss the achievements
of virtual archaeology in the works from air, on earth and under water. However, the
submitted reports have shown forth a “fiery” element — museum. Thus, very naturally
the necessary balance for contacts between technical specialists and humanitarians was
obtained in one of the powerful museums of the world. The proceedings published in
an actual book cover the methods of virtual archaeology helping to get results in field
prospections and useful for the following dissemination of cultural heritage in museum
institutions and educational activity.

The international project “Virtual archaeology” supports its own web-site
(www.virtualarchaeology.ru), public pages in social media (Twitter, Facebook, Instagram),
and, with help of the State Hermitage Museum publishers, the hard-copy of the proceedings
where the impressive results are presented by the authors of the most outstanding reports.
The theoretical aspects are described and practical conclusions made in the same context.
These publications are in open access on the web-site of the project and offer a valuable
handbook to everybody who is interested in virtual archaeology.

Next important moment of the project — cooperation. While the scientific groups
including archaeologists, museum specialists and designers from academic institutions
are a casual thing, the international teams working virtually is an achievement of the
project. We always attract attention to the distribution of the points on the map, marking
places where the participants arrived from. This time a more equitable distribution on
the territory of the Russian Federation can be noticed with great pleasure. Academic
contacts in Europe are easier thanks to the high concentration of Universities and Research
centres. Big distances and territories in Russia make researchers isolated and impede live
communication. Just the aim to organise creative interaction between leading scientific
centres was highly estimated by experts of the President grant foundation, supporting the
International forum “Virtual archaeology-2018".
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A. W. AxtamsaH, H. . Axtam3aH
Lindposbie TexHonoruu B my3ee, cryaus [TMUS.RU, PO

PEKOHCTPYKLUNA MUMUKU U PEHI
NCTOPUYECKX MEPCOHAMEN
HA OCHOBE 3D-CKAHVPOBAHWA
CKYNbMNTYP-PEKOHCTPYKLI BHELLHEFO OBJIVKA.
BO3MOMXHOCTW, CNELLNOUKA PABOTbI U NMPOBJIEMBI
AOCTOBEPHOCTU

PeKOHCTpYKUMA BHELIHEro 06/rKa No Yyepeny Ha CerogHALWHUN eHb Noslyymna Wwmnpo-
KOe pacrnpocTpaHeHne B aHTPOMONOrmn 1 UCTOPUM, KONMYECTBO PEKOHCTPYKLMIA NCKOoMa-
eMblX Noden N NCTOPUYECKUX NUL NCYUCNAETCA COTHAMW, HECMOTPA Ha TO YTO CaM MeToj
BbI3bIBAE€T HEKOTOPbIE BOMPOChI OTHOCUTENIbHO CBOEW AOCTOBEPHOCTU (puc. 1).

OcobeHHYI0 peanncTYHOCTb BOCCO31aBaeMOMy OONMKY MOXET NpuaaTb PEKOHCTPYKLMA
KOXHbIX 1 BOMIOCAHbBIX MOKPOBOB 1 0COOEHHOCTEN MUMKKM. [epBbiM 3Tanom ABNAETCA CO3Aa-
HUe LbpPOBO KOMMK C r’MNCOBOro OpUriMHana npu NOMoLLM TPEXMEPHOrO CKaHNPOBaHUS.

Mpw co3paHnmM TakoM PEKOHCTPYKLMM NOABAAETCA PAL BONPOCOB, Tpebyowmux aeTanb-
HOro MCCNIeA0BaHNA, OCHOBHbLIMU AABNAIOTCA B3aUMOCBA3b XapaKTePHbIX YepT M 0COOEHHO-
CTU MMMWKM MO ONUCATENbHBbIM MCTOYHMKAM A1A NePCOHaa, bromexaHnka paboTbl MblLLLy
N X B3aUMOCBA3b C KOCTHbIMU AaHHbIMK, NPo6emMma COOTHOLIEHUA XYAOXECTBEHHOCTU
N HAYYHOCTN B TaKNX PEKOHCTPYKLMAX.

Mpun nCNoNb30BaHMM TEXHONOMMM 3aXBaTa MUMUKM NOCETUTENA B My3€e Ha MHTepPaKT/B-
HOW BUTPUHE TaKNe MUMUYECKIME PEKOHCTPYKLUK, «TPEXMEPHbIE aBaTapbl», MOTYT HarnAg-
HO NPeACTaBUTb MePCOHaXa U NPOAEMOHCTPMPOBATb €ro 0COOEHHOCTN B UHTEPECHOM A1
noceTutens 1 ysnekatenibHom ¢opmarte, a 6yayum nokasaHHbIMU B BUAeOpopmaTe — «OXu-
BUTb» CKYNbMATYpPY, OIOCT, MacKy 1y peKOHCTPYKLMo obpasa.

Mpun obcyxaeHnn meTofa PEKOHCTPYKLUMM BHeLWHero obnmka no KOCTHbIM OCTaHKaMm
MHOXeCTBO pa3 NOAHMMACA BONPOC O BO3MOXXHOCTAX UCMONb30BaHNA CaMUX KOMMbIO-
TEPHbIX TEXHONOTMI ANA PEKOHCTPYKUMUN, HO NMPOPEeCcCMOHANbHbIX CKYNbNTOPOB OH He
yCTpavBaeT B CUNy TOro, YTO ABNAeTCA HenpusblyHbIM (Taylor, Angel 1998). HecmoTps Ha
TO UYTO Ha CEFOAHAWHNN AeHb CyLecTBYeT 60NbLIOE KONMYECTBO NPOrpamMmm AN npowecca
3D sculpting (nenkn TpéxmepHbix mofenen B creymnanbHbix pefakTopax), MeTog oObluHOM
XYLOXKEeCTBEHHOW NenKn 0CTaéTca 6onee NPUBbIYHBIM.

PacnpocTpaHeHne TPEXMEPHOro CKaHMpylolwero o60pyaoBaHNA Aano BO3MOXHOCTb
€ro KOMMJIEKCHOTO NCMONb30BaHUA ANA PEKOHCTPYKLMM BHELWHEro 0bnnka BMecTe ¢ Co-
BPEMEHHbBIMU TEXHONIOMNAMM NOCTOOPAbOTKM, MPUMEHAEMbIMI B chepe KMHO 1 Npu pas-
paboTKe Urp. 9To KacaeTcs BO3MOXKHOCTEN CKENETHOM aHUMaL MK, MUMUYECKON aHUMaLnm
N CO3[aHNA WENEePOB 1 TEKCTYP, KOTOPbIe MOTYT nepeaaTh He TONbKO MPOCTPAHCTBEHHbIE
XapaKTePUCTUKN PEKOHCTPYKLNKN, HO 1 ONTUKO-LIBETOBbIE CBOMCTBA TKAHEN Tena.

OfHOM U3 TaKUX MHTEPECHbIX KMHeMaTorpadpuuecknx TeEXHONOTUIN ABNAETCA TEXHONO-
rma co3gaHma Koxm SSS (subsurface scattering, nnv nognoBepxHOCTHOE paccenBaHme), Ko-
TOpPas C BbICOKOW PeanmMCTUYHOCTBbIO MOXET nepeaaBaTh XapakTePUCTUKM KOXW. BnepBsble
OHa 6bina ncnonb3oBaHa B ¢unbme «lpomeTein» (pexnccép Pugnm Ckott, 2012) 1 cervac
LMPOKO pacnpocTpaHuiach B KUHemMaTorpade 1 B TPEXMEPHbIX TEXHONOTUAX.
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HMIOTOBAA MOAEAD

Puc. 1.
BlocT HeaHaepTanbLa, BbiCTaBneHHbIN B focyfapcTBeHHOM [JapBMHOBCKOM My3ee.
NToroBas cTaTnyHasa peKOHCTPYKUKMA: foOaBNEH Weaep KoM, MOPLYUHbI, BOMOCHI.
PekoHcTpyKLMA aBTOPOB

KoHeuHbIM pe3ynbTaToM paboTbl MO «OXMBAEHMIO» MUMWUKN 1 TKaHeN nuua AsnaeTca
WNHTEPAKTMBHAA MHCTAaNNALNA, KOTopas, Oyayun BbICTaBNEHHON B My3ee, paboTaeT B pexu-
Me «3epKarna», Konmpysa MUMKKY NoceTuTenen n npumepsas eé Ha PeKOHCTPYKUUIo (puc. 2).

B ocHoBe 3710 TexHONOrmMM NCNOb3YIOTCA Tak Ha3biBaemble blendshape-mogenu — 3a-
paHee CMOAEeNMPOBAHHbIE BbipaXKeHUA Nnua (MUMUYECKe NaTTepPHbl) TPEXMEPHOW pe-
KOHCTPYKLMM, KOTOPble NpU NOMOLLM CreunanbHOro NporpaMMHoOro obecneyeHmns cono-
CTaBNATCA C BblpakeHNsMM nua nocetutens. K Hanbonee n3BectHbIM NporpamMmmam ans
6e3MapKepHOro 3axsaTa MUMNKM MOXHO oTHecTn Faceshift, Brekel Pro Face 2, Faceware
1 ap. 3axBaT MUMWKIN NOCETUTENA NPOU3BOAMTCA NPU NOMOLWM AaTymKa rnybuHbl kinect.
[oTOBasA MHTEpaKTMBHaA MHCTaNNALMA Obina onpoboBaHa Hamu Ha ¢decTrBane «YUYéHble
npotus MnpoB 5» (MockBa) 1 Bbi3Bana MHTepec y noceTuTenen.

Pnc. 2.
NHTepakTMBHAA MHCTaNNALMA C MUMUYECKOW PEKOHCTPYKLMEN BlocTa HeaHaepTanbLa
(ucnonb3oBanca TPEXMepPHbIN cKaH paboTbl M. M. lfepacmoBa). DoTorpadusa aBTopoB

21.05.2018 13:00:54
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Pnc. 3.
TpéxmepHoe ckaHMpoOBaHWe 6locTa HeaHAepTasbLa B [JapBMHOBCKOM My3ee.
DoTorpadua aBTopos

Xotenocb 6bl Nogpo6bHee OCTAaHOBUTLCA Ha 3Tanax aHUMMPOBAHMA U CO34aHNA MUMU-
Yeckon PEKOHCTPYKLUN Ha OCHOBE PEKOHCTPYKLMIA BI0OCTOB, a TakXKe Ha MUCNoSib3yeMoM
AnA Takon paboTbl NporpaMmHoOM obecneyeHunn.

BHauane 6b110 NpoBeieHO TPEXMepPHOE CKaHUPOBaHMe OloCTa HeaHAepTanbLa, BbICTaB-
neHHoro B locyaapcTBeHHOM [JapBMHOBCKOM My3ee B 3arie «IJBOoLMA YenoBeKka» (puc. 3).
[na cKaHMpPOBaHUA MCNONb30BaNCcA TPEXMEpPHbIN CKaHep Artec Eva, KoTopbin ABnseTcA
YHVBEpPCasbHbIM pelleHneM AnA 06beKTOB CpefHMX N 6OoNblIMX pa3mepoB. 3anaBfeHHasA
TOYHOCTb CKaHepa cocTaBnaeT 0,1 mm. B cBoeln pabote cKaHep MCMOMb3yeT TEXHONMOMMIO
CTPYKTYPUPOBAHHOWN MOACBETKM, KOTOpasa MO3BOMAET NPoBoAUTb paboTbl No oundpoBke
B peanbHOM BpeMeHW. TakKe TEXHONOMMA CTPYKTYPUPOBAHHOWM MOACBETKN MO3BONAET MO-
NnyyaTb TEKCTYpbl ANA TPEXMEPHON MOAENM C PAaBHOMEPHO 3aCBEYEHHOW MOBEPXHOCTbIO.
TpEXMepHbIN CKaHep WCMOoNb30BaNiCA B CBA3KE C MpoOrpaMmHbiM obecneuyeHmem Artec
Studio 9, KoTopoe no3eonaeT obpabatbiBaTh NONYyYEHHbIE TPEXMEPHbIE GParMeHTbl 1 COMo-
CTaBNATb UX. B nporpamme ecTb yHMKasbHble anropuTMbl A8 UCMPABEHNA 1 KOPPEKLNA
reomeTpuu, a Tak»ke NocTobpaboTKN Moaenu Ana NonyyYeHrsa Haunyyllnx pesynbTaTos.

Cnepyrowuin s1an — Tak Ha3blBaemas peTononorusa (M3MeHeHne reoMeTpuyecknx Gpopm
TPEXMEPHOW Mogenn) 1 ONTUMM3aLUA NOSTYYNBLLENCA B MPOLIeCce CKaHNPOBAHMA MOAENN,
a TaKXXe OCHAcTKa eé€ oTBepcTMAMU Ans rnas (puc. 4). MockonbKy nporpaMMHoe obecneye-
HMe NpeaHa3HayYeHo B NepByto ouepeab Ana paboTbl C HA3KONONUIOHaNbHbIMU OO beKTamu,
HeobX04MMO CUIIbHO COKPaTMTb MAIOTHOCTb MOIMFOHANIbHON CETKM. 1N 3TOro ncnonb3yeTca
METOA, NepeHoca AeTanm3aunmn C BbICOKOMOMIOHANbHOM Mogenu (Tak Ha3biBaemMoe 3are-
KaHWe KapTbl HOpManen C BbICOKOMONIMIOHaIbHOM MOAENN Ha HU3KOMOMIOHaNbHY10). Ana
peTononorny NCNonb3oBanoch creumanbHoe NporpammHoe obecneyeHue Instant Meshes -
6ecnnaTHas Nporpamma A aBTOMaTUYeCKOM PeTOMNONOr N NONMIOHANbHOW CeTKM (polygon
mesh). OHa ABNAETCA NpaKTUYeCKON peanm3almen Metoda, NPeanoXKeHHOro cneynanuncta-
Mu 13 LLiBenuapckon BbicLen TexHuuyeckon wkonbl Liiopuxa (Wenzel et al. 2015).

10
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Puc. 4.
PeTtononorus n ontuMmmsauma TPEXMEPHOro ckaHa
npv NOMoLLM NPOrpamMmmMHoOro obecneyeHus Instant Meshes. PekoHCTpyKLMA aBTOPOB

JNanee, ona CKyNbNTUHIA COPOKA ABYX 3MOLMIA 1 06PabOTKM OTBEPCTUI ANs a3 U pTa
6b111 MICNONb30BaH rpaduUYecKnii NNaHWeT 1 6ecnnaTHLIN CePBUC ANA OHNANH-CKYNbATUHTA
SculptGl (puc. 5). Utoroeble mogenu 6binn o6beanHeHbl B blendshapes npn nomolwm mo-
anédurkatopa morphing B nporpamme Autodesk 3ds Max.

-rl I'_lIl
3 LUEMAER A

Puc. 5.

HacTpoiika weiaepoB KoXn 1 prcoOBaHUE TEKCTYP B Mporpammax
Autodesk 3ds Max 1 Corona Render. PeKOHCTpyKLMA aBTOPOB

11
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Puc. 6.
HacTtpolika TpéxmepHON Mogenm Ana peannctTuyHoro epopmMmnpoBaHna, 3Tanbl <PUITUHM
(ocHacTKa KOCTAMM) 1 «CKUHHUH» (Bedopmaunm). PeKOHCTPYKLUUA aBTOPOB

CaMbIM CNOXKHbIM 1 TPYZOEMKUM 3TAanoMm Nocsie MoAeNIMpPOoBaHNA Obl Tak Ha3blBaeMbIi
CKMHHUHT (skinning) — ocHacTKa TPEXMEPHOM MoAeNN KOCTAMU U OTCTPONiKa fepopmaummn
MoJenu 1 e€ CBA3b C KOCTHOM cuctemon (puc. 6). 1na sTux uenen ncnosib3oBanacb cUcTema
aHMMauun npu nomolm Kocten B Autodesk 3ds Max n mogudukatop skin. 1o Kponort-
nuBas paboTa, 1 eé NPUXoANNOCb HECKONbKO pa3 nepefenbiBaTb, ANA TOro Ytobbl MmecTa
crmba mozienv peanncTMYHO nepeaaBani NoBeAeHNe KOXN U LEKHbIX MO3BOHKOB.

B KauecTBe 3aK/OYEHNA MOXKHO OTMETUTb, YTO MOKa B Halwel paboTe npucyTcTByeT
6onbluan XyaoKeCTBEHHAA COCTaBMALAA, U CeNYyac Mbl OCBAaVBaEM METO[ PEKOHCTPYK-
uuun gepopmauv NOBEPXHOCTEN HE Ha OCHOBE PYYHOrO MOAENNPOBAHMA, a NPV NOMOLLM
0cobeHHOCTeN paboTbl MbILLEYHOW TKaHW. VITOroBbI NpoLecc aHMMaunum MAMNKN N VHTe-
PaKTUBHOTO B3aMOAENCTBUA MOXHO MOCMOTPETb MO cCbinike Ha YouTube (MHTepaKTUBHbIN
3D-ABaTtap HeaHZgepTanbua 2017).
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K. M. boHaapb
KueBckmii HauMoHanbHbIA yHUBepcuTeT UM. Tapaca LLleBuenko, YkpauHa

M. H. aparaHn, C. B. lMonuH
WnctutyT apxeonoruv HAH YkpauHbl, YkpauHa

MOJEJIMPOBAHWE NMPOCTPAHCTBA 1 PEKOHCTPYKLNA
NOrPEBANIbHOM OBPAOHOCTU
HA CKWOCKOM KYPTAHHOM MOTWJTbHNKE
Nno JAHHbIM MATHUTOMETPUN
N APXEOJIOTMYECKX PACKOTOK

Hepaspywatowme nccnegoBaHnAa KypraHoB Y MEXKYPraHHOro NpOCTPaHCTBa CKUPCKO-
ro MorunbHuKa y c. EkatepmHoBKka (Hnkononbckuin panoH, [lHenponeTpoBckaa ob6nacTb,
YKpaurHa) ¢ ncnonb3oBaHnem metoaoB reodumsmkn n MC nmenn uenbto Kak HanpaBuUTb
apxeonornyeckmne packorku, Tak 1 yCTaHOBUTb MPOCTPAHCTBEHHYIO CTPYKTYPY MNaMATHMKA
1 NOMYyYNTb HOBbIE laHHble O CKUPCKOM norpebanbHOM 06pAgHOCTU.

BblCOKOTOUHAA MarHUTHaA CbEMKA, BbIMOMHEHHaA Ha MAOLWaAw, nokasana Hanumuue
MHOXECTBa KYpraHoB, He BblpPaXXeHHbIX B pefnibede, a TakKe cepuio pyrnx o6bekToB, Ha-
XOOALWMXCA 32 Npefenamm KypraHHbIX PBOB.

Ha marHuTHOM KapTe BblAenAlTcA oTAeNbHble, NPeAnoNOXUTENbHO CKUPCKUE, Kyp-
raHbl PasfiMYHbIX PasMepoB, BHELWHNA AramMeTp KOJbLEeBbIX PBOB cocTaBndeT oT 6,0 Ao
23,0 M. Takke nmeeTca NoNyKonbLieBaa aHOManuaA, NPeanosoKUTeNbHO OT KypraHHOW Ha-
cbiny, 37,0 M B AiameTpe, XPOHONOrnyeckas NnpuHagnexHoCTb KOTOPOW HeouyeBuaHa (ano-
Xa 6pOH3bI?).

Ha morunbHuke no pesynbtatam MarHutomeTpun B 2017 rogy packonaHo NATb KypraHos,
yeTblpe N3 KOTOPbIX HEe MO OblTb BblABMIEHBI BM3YaNlbHO B XOA4€ OCMOTPA NOBEPXHOCTN.

CoBepLeHHO HOBbIM 3MM30A40M B MOHMMAHUWM CTPOUTENbCTBA CKUPCKUX KypraHoB
N OpraHy3aLmm Ux NPOCTPaHCTBA CTaNo OTKPbITUE pBa CKUPCKOro BpemeHun 6e3 norpe-
6anbHOI Kamepbl, BKIIIOYEHHOIO B CTPYKTYPY CKUPCKOro MOTUSIbHUKA, @ TakXXe OKONTOKYp-
raHHbIX BbIEMOK A1 BbIOOPKU FPYHTA, BOKPYT TPEX KypraHoB, 6€3 COoOpy»KeHusA pBa.

CnepyeT OTMETUTb, YTO MarHUTHble M3MepeHUA NPOBOAUINCL B HenocpeaCcTBEHHON
6nm3ocTtn (o 400 m) OT AeNCTBYIOLLErO Kapbepa No 4obblue MapraHueBbix pya. PaboTa Ta-
MENbIX MaLWNH 1 MEXaHN3MOB B Kapbepe NpuBOAWAA K CUIbHbIM BO3MYLLEHUAM MarHUTHO-
ro NonA Ha MOTUIbHKKE, YTO NOTPebOBaNo BHECEHNA U3MEHEHWI B TPAANLMOHHYIO MeTO-
ONKY MarHUTHON CbEMKM.

BBepeHue

OCHOBHbIM NCTOYHUKOM [NA N3yYeHUA CKUGDCKON KynbTypbl ABNAIOTCA NorpebanbHble
MaMATHUKM — KypraHbl, NpefCcTaB/ieHHble B TOM YMC/e U TPAHANO3HBIMY NorpebeHnamm
npeacTaBuTenen CKUGCKom 3nuTbl, CKPbITBIMA NOA HacbiNAMK BbiCOTON Ao 24,0 M 1 gn-
ameTpom Ao 110,0 m. CKudpcKmne KypraHbl pacrnonaralotcst Kak no oavHOUKe, Tak 1 rpyn-
nammu, obpasya Lenble KypraHHble Hekpononu. Hawm npegctaBneHus o norpebanbHom
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06pAQHOCTN 1 O MHOTUX ApYrux chepax *KM3HU CKUPOB HaNpPAMYHO 3aBUCAT OT KayecTBa
N XapaKTepa UcciefoBaHNA MMEHHO KypraHOB. DTO KacaeTcA Kak M3yYeHUA NoAKYypraHHbIX
3aXOPOHEHUI, TaK U COBCTBEHHO HACbIMM KypraHa 1 OKpPY»aloLero ero NpocTpaHCTBa —
KypraHHom nepudepuin n MeXXKypraHHOro npocTpaHcTBa.

3a nocnegHue NATbAECAT NIET UHTEHCUBHbBIX PACKOMOK CKUPCKIMX KypraHoB B CeBepHOM
MprnyepHOMOpbe ObINO NMONYYEHO OFPOMHOE KONMYecTBO MHbOpPMaL MK, Aatowern npea-
CTaBNeHNE O CTPYKTYpe KypraHa, ero CTpouUTesbHbIX MaTepuanax u, CO6CTBEHHO, O KOH-
CTpyKuun. Ha 3Tnx e MaTepuranax OCHOBbIBAIOTCA MOCTPOEHUA MO MOAUTUYECKOMY
YCTPOWCTBY, COLMANbHON CTPYyKType n uaeonornm ckmpckoro coumyma. OgHako npwm
packonKkax KypraHoB JO/roe Bpems He YAeNnAnocCb JOMKHOrO BHUMAHNA U3YUYeHNIO CTPYK-
TYPbl U KOHCTPYKLUMN HACbINen KypraHoB, He CYUTANNCb BaXXHbIMM PACKOMKN KOJbLEBbIX
PBOB B KypraHax, He pacCMaTpuBanncCb TPU3Hbl. TONIbKO NOCTENEHHO YyTBEPAMNOCh nNpea-
CTaBfeHNE O BbICOKON MHPOPMATUBHONM LIEHHOCTU BCEX SNIEMEHTOB CKMPCKOro KypraHa
N Heo6XOAMMOCTU TLLATENIbHENLIEro NCCIeAOBAHNA He TONbKO HAcbiNy 1 norpebeHunn, HO
1 pBa 1 TPU3HbI.

CoBepLieHHO HOBOe NpefAcTaB/ieHne O CTPYKType CcKupckoro norpebanbHoro obpaga
6b1710 NONyYEeHO BO BpemsA AoUCCefoBaHNA CKUPCKOro Lapckoro AnekcaHapononbCcKoro
KypraHa B 2004-2009 rogax skcneguunen HctntyTta apxeonorun HAH YkpauHbl nog py-
koBoacTBom C. B. [TonunHa, Hacbinb 1 NOAKYpPraHHble COOPYXKeHUA 6binn n3yyeHbl B 1852—
1856 ropax.

NccnepoBaHne OKONMOKYPraHHOWM TPU3HbI CKUPCKOro LAPCKOro KypraHa Anek-
caHgponosnb 6b10 NpoBeAeHO B NONHOM 06béme. OCTaTKM OKOJIOKYPraHHOW TPU3HbI
6b1 0OHapy»KeHbl BAOMb 3anafgHON CTOPOHbI KypraHa 3a npefenamy pBa Ha ypoBHe
ApeBHEN OKONOKYpPraHHoOM nosepxHocTW. OHM pacnonaranucb NOAOCON (WMpUHA Ao
15,0 m) Ha npoTaxeHun okono 120,0 m, 8o 40,0 M K ceBepy OT 3anagHoOro paspbiBa BO pPBY
n okono 80,0 M K tory oT Hero. Haxogku B Tpu3He npeacTaBneHbl 0610MKaMy He MeHee
457 rpeyeckunx amopop. B coctaBe Tpr3HbI TakXKe HaAeHbl KOCTU KMBOTHbIX, MPOUCXOAA-
LMe OT AeBAHOCTO AeBATU 0cobel, HECKONbKO pa3pOo3HEHHbIX 0OTOMKOB YenoBeyecKmx
KOCTel, equHNYHble pparmeHTbl CKUPCKOWN NenHOM KepaMnKKM, OPOH30BbIE 1 »KeNe3Hble
HaKOHEYHMKN cTpen, OPOH30BbIE 1 XKefe3Hble YaCTU KOHCKOW Y3[bl, Xene3Hble rBo3au
N CKOObI, YKpaLLleHUs, CKOMeHne 30/10TbiX HallMBHbIX 6nAawek. CoBepLIeHHO YHMKanb-
HbIM CTaNO OTKPbITME B COCTaBe OKONIOKYPraHHOW TPU3Hbl OANHHAALATA CONPOBOXAaA-
IOWMNX YenloBeYEeCKNX 3aXOPOHEHUI, NorpebéHHble B KOTOPbIX OblIM HACUIbCTBEHHO
yMepLBfieHbl B npouecce oTnpaBfeHnAa NoMuHanbHom TpusHbl (MonuH 2011; Polin,
Daragan 2011).

O cywecTtBOBaHMM OKONMOKYPraHHbIX TPU3H BO3Ne OONbWNX CKUPCKMX KypraHoB
6b1110 N3BECTHO 1 paHbLie. OHKM 6bINKn 3adprKCMpPOoBaHbI BO3Ne KypraHoB babuHa, BogsaHa,
lanmaHoBa n MentokameHckasa Tonctaa morunbl. OQHAaKO TPM3HbI BO3/e BCEX 3TUX Kyp-
raHoB 6blIM pa3pyLLeHbl pacnallkon, GUKCUPOBANNCH TOIbKO MO PacCesHHbIM HaXOKaMm
06/10MKOB aM$Op 1 KOCTEN }KMBOTHbIX Ha fIHEBHOI MOBEPXHOCTU U He OblNn NccnefoBaHbl
(Monwun 2011).

OTKpbITME MOLWHOW TPU3HbI BOKPYr AneKCcaHApPOMNONbCKOro KypraHa 3actaBuio nosn-
HOCTbIO NMEPEOCMbICINTb NMpeAcTaBieHne O CKUPCKOM KypraHe MU ero OKONIOKYpraHHOM
npocTpaHcTBe. Beab paHblue B CeBepHOM [TpnyepHOMOpbE HY OANH CKUGCKNIA KypraH He
nccnefoBanca 3a npegenaMmu pBa.

To, UTO OKONOKYpraHHoe NPOCTPAHCTBO KYPraHOB KOYEBHUKOB HACbILWEHO pa3nuny-
HbIMW KOMMIEKCaMU, CBA3AHHbIMU C TPU3HOMN, He Tonbko B CeBepHOM [NpuyepHoMopbe,
HO N Ha BCEM CTEMHOM €BpPa3UNCKOM MPOCTPAHCTBE, CTaNlo MOHATHO MOC/e reomar-
HUTHOro 06CnefoBaHNA KYpPraHOB U OKOJIOKYPraHHOrO NMpOCTPaHCTBA, MPOBEAEHHOIO
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HemeUKMU Komnneramm Ha Tepputopuu KasaxctaHa, Tyebl, Xakacum un CeBepHOro
KaBkasa. [puMeHeHne BbICOKOTOUHOM MarHUTOMETPUM B CPAaBHUTENIbHO CxKaTble CPOKM
NO3BONMNO N3YYNTb OTHOCUTENBbHO BonbLuKMe nnowaan 6e3 NpoBefeHNA PAacKONoK 1 Mo-
nyuntb NoapobHyo MHPopMaLMIo O CTPYKTYpe Kak OKONOKYpPraHHOro npocTpaHCTBa
OTAENIbHbIX KYPraHOB, Tak Y KypraHHbIX MOTUIbHUKOB B LenoM. B yacTHocTu, 6bino ycTa-
HOBJIEHO, YTO Ha nepudepun HEKOTOPbIX KPYMHbIX KYpPraHoB CyLeCTBYIOT PBbl, Basbl,
Knagbl, o4arun, 3aXopoHeHA, pUTyanbHble KOMMNEKCbl, OCTaTKN TPU3H U Clefibl COOpY»Ke-
Hunm (Camawes n gp. 2009; Parzinger et al. 2016; Fassbinder et al. 2015a; Parzinger et al.
2015; Fassbinder et al. 2015b; Fassbinder 2016).

Taknm obpa3om, nepudepus ckndckmx KypraHos B CeBepHoMm lMNpuuepHoMopbe Ao cux
nop OCTaéTcA ANA HaC NPaKTUYeckn HenssecTHoW. C 6OMbLIMM COXaNleHeM NPUXOANTCA
KOHCTaTMpPOBaTb, YTO M Cenyac Npu packonkax CKUGCKMX KypraHoB, Kak NpaBuo, nsyya-
eTCA TONbKO NPOCTPAHCTBO B Npejesiax Hacbinu, pexe pBa KypraHa. lNpumbikaiowwas K Kyp-
raHy TeppuTopus, cogepaLlan KynbTypHble OCTaTKU, CBA3aHHbIE KaK CO CTPOUTENIbCTBOM
KypraHa, Tak 1 ¢ NnpoBOAMUBLUMMUNCA Ha HEM PUTYaSibHbIMK AENCTBUAMM, HE nccnegyeTcs,
1 3Ta MHPOPMaLNA CTAHOBUTCA NOTEPAHHOW ANA HayKK, yUnTbiBas TOT GaKT, UTo mccneno-
BaHHble KypraHbl CHUMAIOTCA C FOCYAapCTBEHHOMO YUYéTa U TakMM 06pa3om TepatoTca nX
KOOpAUHATbI.

CnepnyeT TakXe OTMETUTb, YTO TEPPUTOPUM, Ha KOTOPbIX HAXOAATCA KypraHbl, Kak npa-
BWO, NOSIHOCTbIO PACcMaxXmBaIOTCA, N Ha CErOAHALIHWIA feHb AaXe HacCbiNM MHOTUX Kypra-
HOB Ha MOBEPXHOCTU BM3YasIbHO He MPOCMaTPMBALOTCA, CTAHOBATCA HEBUAMMbIMUW ANA ap-
X€O0s0roB, 1 BONPOC NX NCCNefoBaHMA faxe He BO3HMKAET NPU Packonkax MOrnibHNKOB.
O6beKTaMu M3yYyeHUA OCTAOTCA TONbKO BUAUMbIE KypraHbl, COXPaHMBLUME XOTb KaKyk-TO
Hacbinb.

OddeKTUBHbIM CPeCTBOM KOHTPOSIA 3a CUTYyauMen, Kak MOoKa3bliBaeT OMNbIT HEMELKNX
Konner, ABAAETCA MCNOMb30BaHNE reOMarHUTHOro metoga. lonyyeHHble C MOMOLLbIO Mar-
HUTOpPa3BefKM AaHHble MO3BONAIOT OOHAPYXNUTb 1 onpeaenuTb 6onbluoe KONNYeCTBO HO-
BbIX AeTanew, BaXKHbIX AN PeKOHCTPYKL MM norpebanbHOro 06psafa, a Takke onpefenuntb
AanbHenwme Warn B U3y4eHmn apxeonornyeckmx naMmAaTHNKOB.

EAVHCTBEHHbIM 3MM3040M MArHUTHbIX UCCNIeQOBaHWUA KypraHOB B CTEMHOW 30He
YKpauHbl ABNATCA paboTbl Ha KypraHHon rpynne Mamai lfopa B 3anopoxckoi obnactu
(CmekanoBa, YyguH 2009). Kpome Toro, cneyunanuctbl MHcTuTyTa reopusnkn HAHY co-
BMeCTHO co CBO6oAHbIM yHMBEpcuTeTOM bepnunHa (Zollner et al. 2008; Opntok 1 gp. 2016)
n KneBckoro HaumoHanbHoro yHusepcuteta um. T. LleBueHko (boHaap, bawkaTtos 2014)
nposenu reopursmyeckne NcciefoBaHMA Hacbinen OTAeNbHbIX KYpraHoB B J1IeCOCTENHOMN
30He. TakXe MHTepHaLMOHaIbHbIM KONNTeKTUBOM BO rnase ¢ T. CMeKanoBOW BbIMOSHEHbI
MarHuUTHble CbEMKU TPEX cKMCKMX KypraHoB rpynnbl bew-06a B Kpbimy (Smekalova et
al. 2005).

B aBrycte-oktA6pe 2017 roga Obiniv BbINOMHEHbI NCCNEAOBAHNA YYaCTKOB KYpraHHO-
ro MorunbHuKa y bbiBwero c. EkatepnHoBka 651u3 1. [oKkpoB (6biBmi 1. OpaKOHNKNA3e)
[HenponeTpoBcKkon obnacTtu, B cepgue ctenHon Cknudumn, KoTopble BKKOYANM Kak Hepas-
pyLuaioLme MeToAbl, Tak 1 apxeosiornyeckune packonku. Ocoboe BH1UMaHMe Npu 3Tom 6bino
yaeneHo MeKKypraHHOMY NpPOCTPAHCTBY.

O6BbeKT N MmeToaoNOrnA NccnefoBaHNA

KypraHHbI MOTUIbHUK Yy ObiBlIero c. EKaTepMHOBKa pacnonoeH Ha Mex6anoyHom
Bofopasgene mexaypeuba basasnyka, ConéHon n Yeptomnbika B HuxHem MNogHenpoBbe
(pnc. 1).
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Puc. 1.
KapTta namaTtHuKoB ckndckoro BpemeHun B HukHem MNogHenposbe.
MecTononoxeHne mornibHNKa EKatepnHoBKa yKa3aHO CTpPenKkomu.
PrncyHok 13 apxuBa aBTopoB

WNccnepoBaHue morumnbHMKa Hauyato OppKoHMKuazeBckon skcnepguumen NA HAHY
B 2003 rogy v npogonxeHo B 2007 rogy. Torga 66110 n3yyeHo ABa KypraHa 3noxu 6poH3bl
B 3aMafHOoM 4aCTN MOTUSIbHMKA No GPOHTY NpoaBmKeHUsA LLieBUeHKOBCKOro Kapbepa v ABa
CKMCKMX, JATUPYIOLNXCA BTOPOWN YeTBEpPTbio — cepeanHoi |V Beka Ao H. 3. B BOCTOYHOM
YacTu MOTUMbHKKA yXe B npeaenax 30Hbl CeBepHoro Kapbepa (MonuH 1 gp. 2008; MonuH
20114a; YepHblix, Japaran 2014. C. 102, 103).

B 2017 ropy nccnepoBaHvie morunbHrKa 6bi1o npogomkeHo. Ha yyacTke NpoTsKEHHO-
CTbto 200 M K BOCTOKY OT MCC/IE[0BaHHbIX paHee CKUBCKMX KypraHoB Ha Mose Br3yasbHO Obin
BUAEH TONTIbKO OAMH KypraH, XOTA Ha KOCMOCHUMKE NPOCMaTPMBanNNCh TakXe ABe Mano3ameT-
Hble Hacbinw. EWwé aBa KypraHa Ha 3TOM yyacTKe 3Hauuancb Ha Cbémke [IHenponeTpoBCKOro
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Puc. 2.
KOoCMOCHMMOK KypraHHOro mMorusibHuKa EkateprHoBKa. Ha KOCMOCHMMKe MPOCexmBatloTCa OKpyriible
NATHA OTAENbHbIX KYPraHoB. YYaCTK/ MarHUTHbIX M3MepPeHNiN NOKa3aHbl B BUAE KPaCHbIX MOSIMTOHOB.
PucyHoK 13 apxvnBa aBTOpoB

LieHTPa OXpaHbl KyNIbTYPHOro Hacneaus, KOTopble COrMacHO KoopanHaTtam Obinn no Halen
npocbbe BbiHeCeHbl Ha HaTypy. OfHaKo B OTMEUYEHHbIX BELUKaMK TOUKaxX HUYEro 3ameTHO
He 6blNo — HN B penbede, HX NO XapaKTepPy MOYBbI. 3HAA MO MHOTONIETHUM HabnaeHNAM
B npouecce paboT B OKpecTHOCTAX . OpOKOHUKNA3E XapaKTep MOrusbHUKa Yy ObiBLIero
. EkaTepuHoBKa (NpakTuyeckn nonHaa paspyLleHHOCTb HacbINen KypraHoB B pe3synbraTte
NOCTOAHHOW MHOTOMIETHEN pacnaLLKM) U 3apaHee npednonarasa CIOXKHOCTM B MOUCKe Kypra-
HOB, TeM 6onee NoA NoceBamm NOACOTHEYHUNKA, Mbl 3aMIAHNPOBANIY FTEOMarHUTHYH0 CbEMKY
MOTUbHMKA A1 MOUCKA YHUUTOMEHHbIX pacnallko OObeKToB.

MNpenmyLiecTBa NPUMEHEHNA Hepa3pyLIAOLWMX METOA0B NPU NCCef0BaHNM apXeono-
FMYECKNX MAMATHMUKOB LUMPOKO U3BECTHbI U aKTMBHO 0OCYKAAtoTCA.

MbI xoTenu 6bl NOgYEepPKHYTb TaK»Ke Nofb3y COOCTBEHHO PACKOMOK AJ1A NOBbILEHNA [O-
CTOBEPHOCTM MPOCTPAHCTBEHHbBIX PEKOHCTPYKLUMIA NO reodprsnyecknm n reonHdopmauu-
OHHbIM AaHHbIM. KauecTBeHHas MHTepnpeTauna reodnsmyecknx aHOMannin JomKHa 6biTb
noaTBeprkaeHa packonkaMmu. PyKoBoacCTBYACb 3TOM YCTaHOBKOW, NCCedOBaHNA Mbl NPO-
BOAWM B ABa dTana.

Ha nepBom 3Tane paboTbl BKAOYANN FeOMarHUTHYIO CbEMKY, TaxeomeTpuio n GPS-
NPUBA3KY yyacTka 1 (puc. 2), Ha KOTOPOM B TeUYeHME TPEX AHEN HeObXoAMMO 6bino pas-
BEPHYTb apxeoniormyeckne mccnenoBaHusa. MarHUTHble n3mepeHusa Obinn HanpasBeHbl
B MepBYylo oyepeb Ha NONCK aHOMASNIA, CBA3AHHbIX C KypraHamu ¢ Lefiblo onTumm3aunm
06bEMOB 3eMNIAHBIX PaboT, 3anaHNPOBaHHbIX Ha aBrycT 2017 roga.
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Puc. 3.

MogynbHble MarHUTOMeTpMYeCcKue HabngeHus:
a - npouecc BbIMOSIHEHNUA MArHUTHOW CbEMKM YCTAHOBKOW U3 ABYX Lie3VeBbIX MarHUTOMETPOB,
3aKpennéHHbIX Ha altoMUHUEBOW pame-NoABecke Ha pacctoaHum 0,5 m gpyr oT pgpyra.
Qotorpaduma 13 apxvBa aBTOPOB; 6 — rpadrK MarHUTHOM WMHAYKUUW MO OfHOMY K3 npodunen,
Ha KOTOPOM BUAHbI OyXTOOOpa3Hble TEXHOreHHble MOMeXW. PUCYHOK M3 apxvBa aBTOPOB;
8 — NPUMepP MarHUTOrpaMmbl C TEXHOFEHHbIMU MarHUTHBIMU MOMexamu. PUCYHOK 13 apxvBa aBTOPOB;
2 — doTorpadua TeppuUTopun N3IMEPEHUI, Ha KOTOPOI BUAEH POTOPHbIN 3KCKaBaTop, paboTatoLwumia
B Kapbepe Henopaaneky. otorpadusa 13 apxmea aBTopoB

49767.68

4976140

49755, 13 p=n -

49748.867--

B kauectBe KapTorpadunyeckom OCHOBbI NIAHOBO-BbICOTHOrO OoTobpaxeHus penveda

yyacTKa BbICTYNUAN JaHHble HA3eMHOW TaXeoMeTpuyeckom CbEMKM, BbINOMHEHHOW Taxe-
e : [ : : ; : : : : _ omeTtpom Trimble M3 5" Dr Total Station. leofe3unueckan npuBAsKa ocyuiecteneHa GPS-
6 npnémHnkamm GNSS System Trimble Geo XR, GNSS System Trimble Geo XH. CbémKa BbI-
nosnHeHa B pexkume PTK.

MogaynbHble MarHUTOMEeTpUYeCKe HabnogeHna — N3MepeHna NHAYKLMMN reOMarHuT-
HOro MNofA — BbINOJSIHEHbI Le3neBbIMM MarHUTOMeTpaMn C onNTuYeckomn Hakaukon MKM-1
(Teonoropa3ssenka, P®), faTumkm KOTOPbIX MMEIOT pa3speLlaroLyto cnocobHocTb 0,001 HTh,
npegen CKB nsmepeHma marHutHon nugykumm 0,01 HTn.

B nepsbii pabounit feHb Mbl UCNONBb30BaNN YCTaHOBKY M3 ABYX MarHUTOMETPOB, 3a-
KpennéHHbIX rOPU30HTaNIbHO Ha aNIlOMUHNEBON pamMe Ha paccToaHun 0,5 m gpyr oT gpyra
(puc. 3, a). NMpwn 3TOM KOHTPONNEP OQHOIO N3 HUX MCMONb30BaNCA ANA 3anyCcka/OCTaHOBKM
N3MepPEeHU Ha KaxkaoM npodune. Jpyro MarHMTomeTp Obl1 CUHXPOHU3NPOBAH C NePBbIM
1 paboTan B pexrnme HenpepbIBHbIX 3MepeHUi. Takum 06pa3om, B npoLecce ABMXKEHUA
onepatopa oba MarHMTOMeTpa 3anucbiBann ABa coceaHunx npoduna. MNocne okoHYaHUA
CbEMKM NpPodWnK, 3anncaHHble BTOPbIM MarHMTOMETPOM, BbIOMpanncb 13 3anmcu 3Toro
npubopa no spemeHn. Oba npubopa pabotanu B pexxmume 10 N3IMepPeHNin B CEKYHAY, UYTO
[aBano NpPoCTpaHCTBEHHOe pa3pelleHne okono 15,0 cm no npodunio. UHAyKuma reomar-
HUTHOTO MOJA PerncTpupoBasnachb C MNPOCTPaHCTBEHHbIM pa3pewweHnem 0,5 X 0,15 m.

MonbiTka 06paboTaTb pe3ynbTaTbl MU3MEPEHUI NePBOro AHA NoKasasa, YTo UCMONb30-
BaHHaA MeToAMKa He ABNAETCA ONTMManbHOM B fAHHbIX YCIIOBUSAX.

49742.59¢--
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MocKoNbKy y4acTOK reoMarHUTHbIX HabnoaeHnin Haxogunca 6nusko, scero B 400,0 m
OT AeNCTBYlOLWEro Kapbepa no Aobblue MmapraHLUeBbIX Py, MarHMTHOE Mone UCMbITbiBa-
N0 3HauUTesNlbHOe TEXHOreHHoe BAuAHue. Bapuauyum nonsa, cBA3aHHble ¢ GYHKLUMOHM-
poBaHMeEM TAXeNbIX MallVH 1 MexaHN3MOB B Kapbepe (puc. 3, 2), OKasanncb conocra-
BMMbl MO BPEMEHU C AJINTENIbHOCTBIO MPOXOXAEHNA ONepaTopoOM-reopr3nKomM OLHOro
npoduna. IHTeHCMBHOCTb 3TUX BapraLMii YacTo NpeBblwana NHTEHCMBHOCTb NCKOMbIX
aHomanuin. Bapunaumm yacto nmenun 6yxtoobpasHyto Gopmy 1 HeperynapHbIA XapakTep
(puc. 3, 6, 8).

Ecnn cbémka Bepétca ofHOBPEMEHHO ABYMA MarHUTOMeTpamu, TO Takaa Bapuvauus
NCKaXkaeT 3anncb cpasy Asyx npodunein. Ytobbl 3Toro nsbexarb, ObiNO NPUHATO pelue-
Hue B Apyrue AHN NPOAOSIXKaTb CbEMKY OAHMM NPUOOPOM, COXPaHAA Ty XKe AeTallbHOCTb.
OpHaKo coBepLlUEeHHO OYEBUAHON CTana HeobXoAMMOCTb YUéTa BapuaL Ml FreOMarHUTHOrO
nona B 6ygyuiem.

O6paboTKy nonesbix HabnloAeHWIA NEPBOro 3Tamna NPULIOCL B 3HAUYUTENIbHOWN Mepe
BECTM BPYUHYI0, BHOCA B 3aMn1Cb MOMpPaBKy 3a TEXHOreHHYI0 BPeMeHHYI0 BapuaLmio. 3atem
npoBoAunachb npoueaypa BbluMtaHnA poHa — HopmanbHoro nonsA. CyTb CBOANNACH K OTHU-
MaHUIO OT 3HaYeHUA NONA B TOUKE U3MEPEHUN NONIMHOMMANIbHOM perpeccnn 3-ro nopagka
no npodwnio. [ina Toro 4tobbl yOpaTb BbICOKOYACTOTHDBIN <LLYM», MPUMEHUAN GUABTP HUX-
HMX YyacToT 13 apceHana Golden Software Surfer 12. [onyyeHHble Taknm 06pa3om OCTaTou-
Hble aHOManuy OTPaXaloT apXeosiorMyeckmne CTPYKTYpbl, MarHUTHbIN Mycop n 3¢deKTb,
BO3HMKaloLWme BCNeACTBME pacnallky 1 Npoe3aa TAXKENON TEXHUKN.

Mo MHTEepnoONMPOBaHHOW CeTM OCTAaTOYHbIX 3HAYeHUM MonA C [AeTabHOCTbio
0,25 x 0,25 M noCcTpoeHa KapTa aHOMaNMn MarHNTHOM MHAYKUMK (puc. 4, a). lnanasoH us3-
MeHeHun nonga +/-3,0 HTn.

PaboTbl BTOpOro 3tana BK/OYANM reOMarHUTHY0 CbEMKY Hambonee nepcneKkTUBHbIX
YyUYacTKOB 2 U 3 KypraHHOro morusbHuKka (puc. 1) n conyTcTaylowme Tonoreogesnyeckme
N3MepeHna 1 NpUBA3KN. ViccnenoBaHUA NPOBOAUANCDH C Liesblo KapTUPOBAHNA apXeoso-
rMyecknx o6bEKTOB Ha NaMATHYKE, Oblv HanpaBieHbl Ha BbIAABNIEHWE ero NPOCTPaAHCTBEH-
HOW CTPYKTYpPbl U ONTMMM3aLunio 06 BbEMOB 3eMAHBIX apXeosiormyecknx paboT, 3annaHu-
poBaHHbIX Ha 2018 rog.

MarHuTHasa cbémKa NpoBoAMNacb OfHMM Lie31ieBbIM MarHUTOMETPOM, BTOPOW TaKoW »e
NCNOIb30BaCA BO BPEMA M3MEPEHUI B KauecTBe BapUaLMIOHHOW CTaHLUMW — 3annCbiBas
n3MeHeHUs nona Bo BpemeHW. Kak yxe 6bl1o CKka3aHO Bbille, He0OXOANMOCTb CTaBUTb
CTaHuuio obycnoBneHa 6M30CTblo yyacTKa paboT K MapraHLueBoMy Kapbepy. KpynHas Tex-
HMKa, KoTopas TaM paboTaeT, Bbi3biBaeT 3HaUMTESIbHbIE MO NHTEHCUBHOCTU HEPETYAAPHbIE
bnyKTyaumm B MarHUTHOM MoJie, YY4ET KOTOPbIX HEOOXOANMO BECTW A1 NONyUYeHUs Kave-
CTBEHHbIX NMOJIEBbIX MaTEPMANIOB.

CbhémKa Ha yyacTKax 2 v 3 npoBefeHa NonJaHWeTHO, pa3Mepbl KaxAoro niaaHweTa
50,0 x 30,0 m. B pamkax Kaxgoro nnaHweTa gnvHa ogHoro npoduna 30,0 M, paccTosaHne
mexay npodunamu 0,5 M, onepatop-reodusnk B npouecce CbEMKM ABUranca no niowasa-
Ke «3MelnKony». BapraunoHHasa ctaHuma paboTtana ¢ TemM e ObICTPOAENCTBMEM, YTO N OC-
HOBHOW MarHuTomeTp - 10 n3amepeHwuii/c. B npouecce o6paboTky noneson MHGopmaumnu
YUYET Bapraunin NPOn3BOAMICA MYTEM BbIYUTAHNA 3aMMCK BapUALMOHHON CTaHLUK, UHTEp-
NOMMPOBAHHOW CNIANHOM AKUMBbI, U3 U3MEPEHHbIX 3HaYeHU No npodunio.

HopmanbHaa coctaBnaiooLwan nons, annpoKCMMMPOBaAHHAA NINHENHOW perpeccren no
npodwuio, TakxKe BbluMTanacb U3 3anncu. Maccms 0CTaTOUYHbIX 3HAYEHUI NHTEPMNONMPOBaH
Ao perynapHou cetn 0,5 X 0,5 M, N0 KOTOPOW NOCTPOEHbI KapTbl aHOMANNN MarHUTHOWN VH-
AyKuunn B guHammke -3,0/43,0 HTn (puc. 4, a; 6, a).
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MHTepnpetauna MarHUTHbIX U3MepPeHUI N pe3ysibTaTbl apXeoNornYecKnx

nccnepoBaHnin

Mo JaHHbIM TaxeomMeTpuM Ha yyacTke 1 B penbedpe 0603HauNNICA TONbKO OAWH KypraH
BbicoTon 0,6 M 1 guameTpom 50,0 M, 0AHAKO KapTa aHOMaJIbHOrO reOMarHUTHOro NonA 3T0-
ro yyacTka, HECMOTPA Ha «3aLlyMJIEHHOCTb», MO3BOINIA HaM BbIIBUTb U PeKOMeHAOoBaTb
K pacKonkam oTAesnbHble aHOMaNnm 1 NX KOMMIEKCbl, KOTOPble NPeAnoIoKNUTENbHO MOTN
6blTb CBA3aHbI C APEBHUMM KyPraHHbIMU COOPYXeHnAMN (puc. 4, 6).

OcTaHOBUMCA KpaTKO Ha pe3ynbTaTax apXeosNiormyeckux MCCNefoBaHUN OTAENbHbIX
AHOManNni, NOCKONbKY OHW BaXHbl A58 NPaBUIbHON UHTepNpeTaLmm reopusnyecknx ma-
TEepWanoB Ha AAHHOM MaMSTHUKeE.

ERgg g s g i sysio, ufe

Puc. 4.
MorunbHuk EkaTeprnHoBKa:
a — KapTa aHOManbHOro reoMarHUTHOro MofA yyactkoB 1 M 2; 6 — KapTa MPOrHO3Upyembix
apxeonornyecknx o6 bEeKTOB Mo UTOram MHTEPMPeTaL MM MarHUTHbIX JaHHbIX.
PrcyHKun 13 apxrea aBTopoBs
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AHomanua 1 nmena NpoTAXEHHOCTb 19,0 M, MaKCUManbHYO MHTEHCMBHOCTDL 3,6 HTn. Kiory
OT Heé NpU pacKorKax Obl1 OTKPBIT KOMbLEBOWN POB ANAaMeTPoM 12,4 M MO BHELLHEMY Kpalto.
lnpuHa pBa Ha ypoBHe maTtepuKa 0,15-0,40 m, rnybuHa B matepuke 0,20-0,30 m, rnybrHa ot
coBpemeHHo nosepxHOcTK 0,80 m. B pa3Hbix MecTax B parioHe pBa BCTpeyvanmcb pparmen-
Tbl rpeyecknx amoop IV Beka Ao H. 3. HecmoTpsA Ha LeneHanpaBfieHHble MOUCKK, HAKAKNX
cnefoB norpebeHni B KypraHe He obHapy»keHo. Cama aHOManuna COOTBETCTBOBAJIA BbleMKe
B MaTEPUKOBOM FPYHTe, OTKyAa O6panu matepuan ana KypraHHOW Hacbinu, NnepeKkpbiBaBLUEN
pOB B ApeBHOCTW. B npoLlecce packonok aHoMmanua 1 nosayymna Ha3BaHue Kyprad N2 36.

Komnnekc aHomanum 2 COCTOUT U3:

a) KONbLIEeBOW aHOMaNMM WUPUHON A0 1,5 M N MaKCUManbHOW MHTEHCUBHOCTbIO 3,9 HTR,
anameTtpom 19,0 m;

6) AByX aHOManui oT norpebanbHbIX CTPYKTYP C MaKCMManbHOW MHTEHCUBHOCTbIO 4,5
1 2,3 HTN BHYTPY KOJSbLIEBON.

B npouecce packonok BbIACHUNOCh, YTO KOMMIEKC aHOMasIN COOTBETCTBYET pacnaxaH-
HOMY KypraHy cKndckoro BpemeHu Bbicoton 0,6 m (Kyprad N2 34). KypraH nmen KonbLeBou
POB 1 TpY KaTakombbl. [epBas aHOMannsa COOTBETCTBYET pBY AnameTpom 19,0 M, LUINPUHOM
0,9-1,0 M, rny6buHon go 1,0 M OT ypOBHA COBPEMEHHOI NOBEPXHOCTW. [IBe Apyrnx aHoma-
NN COOTBETCTBOBANIN CKUPCKMM KaTakoMbaMm.

CegepHasa aHomasnusa cootBeTcTBOBaNa norpebeHnam N2 2 n 3 (puc. 5). Ha momeHT packo-
MoK norpebeHnsa npeacTaBnAnmy cobon KpynHoe norpebanbHoe coopyxeHue ¢ 60nbLIoi
obLen KaTakoMbol C ABYMA BXOAHbIMM AMaMK, pPacrnonaraBlMMKUCA C MPOTUBOMOMNOX-
HbIX CTOPOH OT norpebanbHON KaMmepbl — C tora 1 ceBepa. [MpoTaxEHHOCTb obuiero norpe-
6anbHOro coopy»keHusa gocturana 7,0 M, YTo HEO6bIYHO MHOTO AIA KypraHa Takux CKpoM-
HbIX pa3mepoB. NorpebanbHaa Kamepa cofep)kana ABa Pa3HOBPEMEHHbIX 3aXOPOHEHNA.
Mmy6uHa KaTakomb6bl 4,05 m.

lOxHaa aHomanus cOOTBETCTBOBANAa BNycKHOMY norpebeHunio N2 4. OHO coBepLUeHO
B AMe C Nofa6oeM, HanpaBIEHHbIM K LLleHTPY KypraHa. [IHO BXOQHOM AMbI € riyouHbl 1,8 m oT
YPOBHA APEBHEro ropmn3oHTa ONyCkanochb Ao Fy6uHbl 2,4 M OT YPOBHA PEBHENO FOPU30H-
Ta KO BXoZy B NoaboW, yCTPOEHHbI B 3anafHon cTeHKe. OBanbHbIV B NylaHe nog6on nmen
HeoObblYHO 6onbLKne pasmepsbl — 3,6 X 2,4 M.

Ewé opHa Hebonbluaa kaTakomba rnybuHom 2,22 M He co3faBasia JOCTaTOYHO UHTEH-
CYBHOW MarHUTHOM aHOMasNN N He NPOABUNACch Ha MarHUTHOW KapTe.

Komnnekcbl aHomanum 3, 4, 5 cootBeTCTBYOT CKMGCKMM KypraHam N2 35, 37 1 38. OHum
COCTOANN U3 NyHOOOPa3HOM aHOMAaNMY M aHOMasnMK OT NorpebanbHOro COOPYKEHWS, KOMb-
LeBble pBbl 3adMKCMPOBaHbI He Obn. [orpebanbHble COOPYXKeHMA NpeaCcTaBNeHbl OAHUM
nopg6oem (kypraH N2 35) n ABymA KaTakombamu (KypraHbl N 37 n 38) rny6uHoin 2,85 m,
2,45 M 1 2,36 M OT COBPEMEHHOW MOBEPXHOCTN COOTBETCTBEHHO. JlyHOOOpa3Hble aHOMa-
NN C CEBEPHON CTOPOHbI KypraHOB COOTBETCTBYIOT BbleMKaM, U3 KOTOPbIX 6panu rpyHT
[NA COOPYKEHUA KypraHHbIX Hacbinen. OKa3anncb OHW BeCbMa Hernybokumu, yrnyonén-
HbIMW B MaTepuK He 6onee 0,3-0,5 m. KypraHbl N2 37 1 38 6binnt 3aMeTHbl Ha KOCMOCHUMKe
B BMAE OBYX MOYTU BMIOTHYIO PACNONOXKEHHbIX ManeHbKNX NATHbIWEK, KOTOpble, OQHAKO,
HUKaK He NPOABNANNCH HU B penbede, HX B LiBETE NOYBbI.

Bce BCKpbITble 06bEKTbI NPAaKTUYECK OfHOBPEMEHHbI 1 AAaTUPYIOTCA B Npeaenax BTo-
pow — Hauana nocnegHen yetseptn IV BeKka o H. 3.

PeKOHCTPYKLNA NPOCTPAHCTBaA KypraHHOro MOrnibHMKa no MarHUTHol Kaprte

OpVeHTUPYACb Ha JaHHblE apXeOoNIOrMUecKnX NUCCiefoBaHnin reoprusnyeckmx aHoMa-
NN, Mbl MOXEM MPeanoXnTb PEKOHCTPYKLMNIO NAHOBOW CTPYKTYPbl CKMPCKOro KypraH-
HOro MormnbHMKa EkateprHoBKa.
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Puc. 5.
Morpe6eHus N2 2 1 3 kypraHa N2 34, COOTBETCTBYIOLME CEBEPHON aHOMANUN
BHYTPW KOJIbLIEBOW B KOMMJIEKCE aHOManuin 2:
a - ¢oTorpadus 13 apxrBa aBTOPOB; 6 — PEKOHCTPYKUMA. PUCYHOK 13 apX1Ba aBTOPOB;
8 — aKCOHoMeTpuyeckasa npoekumsa. PucyHok T. B. MeHumHcKon

C 3TOM LUenbio BblAENNM NEPCNEKTUBHbIE aHOMANINN B PaMKaXx y4yacTKoB (puc. 4, 6; 6, 6).

Ha yyacTke 1 komnnekcbl aHoManum 6 u 7 NpeanonoXnTenibHO COOTBETCTBYIOT apXeo-
NOTMYECKNM KypPraHHbIM KOMMAEKCaM, COCTOALMM M3 NOorpebanbHOro COOPYKeHUA 1 ny-
HoOOpa3HoON BbleMKM OT 3abopa rpyHTa Aj1a CTPOUTENBCTBA HACINK, pacnonaratoLenca
C CEBEPHOW CTOPOHbI KYpraHoB. AHaNorMyHaa NHTepnpeTauma MoXeT O6blTb AaHa aHOMa-
nvam 8 1 9, 0gHaKOo B 3TMX MeCTax MarHMTHasA 3anucb 6onee 3alymneHa, YTo MeLLaeT cae-
NnaTb OfHO3HaYHble BbIBOADI.
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Puc. 6.

MorunbHuk EKkaTepuHoBKa:
a — KapTa aHOManbHOrO reOMarHMTHOro NONA yyacTka 3; 6 — KapTa NPOrHo3Mpyemblx
apXeonormyecknx 06 beKToB Mo UTOraM MHTePRpeTaLuy MarHUTHBIX AaHHbIX.
PrcyHKmn 13 apxrea aBTopoBs

Tny6oKou KpynHow aime, 6e3 BCAKOro COMHeHNA, CooTBeTCTBYeT aHomanus 10. OHa nme-
eT nnowazgb okono 30 M?, MakCMManbHaa UHTEHCMBHOCTb gocTuraet 7,4 HTn.

AMaM MeHbLUNX pa3MepoB COOTBETCTBYIOT aHomanuu 11-13.

Komnnekc aHomanui 14 coctont 13 AByx AyroobpasHbiX BO3MYLLEHWI MO, BO3MOX-
HO, COOTBETCTBYIOLNX KAMEHHbIM COOPYKEHUAM TUMNa Kpomsexa.
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Ha yuacTke 2 BbigensaeTca KomnnekcHaa aHoManusa 15 OT BblpaXeHHOro B penbede Kyp-
raHa sbicoton 0,3 M. B ero cTpyKType XopoLuo BUAEH KOJbLEeBOW POB C BHELUHUM AUaMEeTPOM
22,0 M, a TaKXKe CNTOXKHOEe norpebanbHoe COOpY»KeHME, COCToALLEee, BEPOATHO, U3 HECKONbKMX
KaTakomb. C ceBepHOI CTOPOHbI POB, BO3MOXHO, ABNAETCA YaCTbI0 UK CONMMKEH C BbIEeMKOW
Ana 3abopa rpyHTa, TaM BO3MOXKHO HAXOXKAEHWE U APYTUX apXEONOMMUYECKX OOBEKTOB.

TakXe Ha yyacTKe nmeroTca nsometpuyeckme aHomanmm 16-20 ¢ paamepamu 5,0-9,0 m,
WNHTEHCUBHOCTbIO A0 5,4 HTN. VX nctouHmkamm moryT 6biTb yrny6néHHble B MaTepuk 06b-
eKTbl, BePOATHO, 3aXOPOHEHMNA.

Ha yuacTke 3 Bblgensaerca ceMb aHOManum, NPeanonoXnTeNIbHO CBA3aHHbIX C KypraHa-
MU cKMdCKOro BpemeHu (aHoManuu 21-27). Bce OHM NMEIOT KonbLieBble PBbl Pa3INYHOrO
anameTpa, o1 6,0 o 22,0 m.

KomnnekcHaa aHomanuA 21 cONPOBOXKAAETCA aHOManuemn-nATHOM 29 ¢ ceBepo-3a-
nagHoON CTOPOHbI, KOTOPAA MOXeT 0Ka3aTbCA MeCTOM TPW3Hbl, HAaCbILWEHHbIM Pa3fnyHbI-
MU 06beKTaMm 1 apTedakTamu, a MOXKeT ObITb Fy6oKon AMol. Bo3ne Heé pacnonaratoTca
B psA aHomanum 30-32, TakxKe, BO3MOXKHO, OT TPEX OTAENbHbIX MOrpebeHNI.

KypraH, co3gaBLumii KOMOAEKCHYI0 aHOManuto 22, CKopee BCero, MeeT AiBa pBa C BHeLL-
HUMK gnameTtpamm 22,0 1 11,0 m.

Camble ManeHbKMe KosbLieBble aHoManum 25 1 27 COOTBETCTBYIOT pBaM 6e3 norpebanb-
HbIX COOPYXEeHWI, BO3MOKHO, aHaNOrMyHbIX PBY, NCCIefOBaHHOMY Ha MecTe aHomanuu 1
(KypraH N2 36).

AHomanun 33, 34, ckopee BCero, ABAAIOTCA OCTaTKaM/ COBPEMEHHbIX MOCTPOeEK, Mo-
CKOJIbKY Ha MOBEPXHOCTM B STOM MeCTe HallAeHO JOCTaTOYHO MHOTO BUTOro KMpnuya.

NHTepecHa aHomManua 28, Ha e€ mMecTe Ha MeCTHOCTM BblAensaeTca XOJNMUK.
MpennonoxntenbHo, e€ NCTOYHUKOM ABAAETCA KypraH, KOHCTPYKLUMA N, BO3MOXHO, XPO-
HoMormyeckaa NPUHaAAeXHOCTb KOTOPOro OTAWYHbI OT APYrUX, NCCNeAOBaHHbIX B 3TOM
MOTUbHMKe (3noxa 6POoH3bI?).

B uenom BbiABNEHHbIE MPY NOMOLWM reodr3nKn 06bEKTbI CKUPCKOro BPEMEHN Ha MO-
runbHrKe EKkaTeprnHoBKa 3aHMMaloT nonocy wupuHor 30,0-50,0 m n anuHown 6onee 1,0 Km,
B Npefenax 3Ton Nosiocbl PacrnonoXxeHbl 6bonee-meHee paBHOMEPHO (puc. 7). AHOManum
BHe rpegnoniaraembix pBOB BCE-TaKM MPOCTPAHCTBEHHO TArOTelOT K KypraHam, a, cnefo-
BaTeNIbHO, COOTBETCTBYIOLLME UM OOBEKTbI JOMKHbI PaCCMaTPUBATLCA B KOMMJIEKCe ¢ cob-
CTBEHHO KypraHamu.

06cyxpaeHune pe3ynbTaToB NCCNef0BaHNA

MpoBeaéHHble pPaboTbl HE TONBbKO MOMOrAKT PACCTaBUTb NMPUOPUTETbI N HEMOCPEA-
CTBEHHO OMTUMU3NPOBATb Pecypco3aTpaTbl B apXeonornyeckor npakTuke, HO U CTaBAT
nepeg nccnegoBaTensaMm HoBble BOMPOCHI.

CoBepLlUEHHO HOBbIM 3MN3040M B MOHMMaHUM CTPOUTENbCTBA CKUPCKUX KypraHOB
N OpraHM3aummn nx NPoCTPaHCTBa CTaflo OTKPbITME pBa CKUPCKOro BpemeHn 6e3 norpe-
6anbHON Kamepbl, BKIIOYEHHOIO B CTPYKTYPY CKUPCKOro mMorunbHuKa (KypraH N° 35),
a TaKXKe OKOJIOKYPraHHbIX BbIEMOK A1 BbIOOPKM FpyHTa BO3/1e TPEX KypraHoB CKUPCKO-
ro BpemeHun 6e3 coopyeHua pBa. /Ix OTKpbITUe CTano BO3MOXHbIM TONbKO 6narofaps
MarHUTHOM CbEéMKe.

OKONOKypraHHble BbleMKU XapaKTepHbl ANA KypraHoOB 3MOXu OpPOH3bl, rge OHu
burKcmpyloTCca BM3yanbHO, Ha a3po- N KOCMOCcHUMKax (YepHbix, JaparaH 2014. C. 380,
381) N coBepLWEHHO HETUMMYHBI ANA CKMGCKMX KypraHoB. B ycnoBuax nnockoro pe-
nobeda MormnbHMKa EKaTepnHoOBKa MarHMTHasA aHOManma OT BblIEMKM yKa3blBaeT Ha TO,
YTO KypraH TOYHO 6bl1 HacbiNaH, HO HE MOXET CIY>KWUTb AN NPeABapuUTENbHOIO ero
AaTUpPOBaHUA.
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Puc.7.
[MpocTpaHCTBEHHAA PEKOHCTPYKLUMNA KYpraHHOro MorunbHKa EkatepnHoBKa.
PucyHok 13 apxmnBa aBTopoB

PoB 6e3 norpe6eHus (kypraH N2 35) conpoBOXAancs BblIeMKOW, 3adpUKCUPOBAHHON Kak
reodn3nyecknM, Tak U apXeoNiormyeckUm MeTofamu, TO eCTb KypraH OCO3HaHHO Obin Ha-
CbiNaH Hag NyCcTbIM PBOM, YTO JAET HAM OCHOBAHUA CYNTATb €ro 3aKOHYEHHbIM OOHEKTOM.
CuTyauus KpaiHe Heob6blYHaA 1, NOXKanyn, BCTpeYeHHas BrepBble B MPaKTKe packomnok
ckndcKmx kypraHos B CeBepHoM [prnyepHoMopbe. BepoATHO, Mbl UMeeM [eNo C paHee He-
N3BECTHOWM Pa3HOBUAHOCTbIO CKUPCKOM norpebanbHO-NOMUHANbHOM NPAKTUKKA. 3aMeTUM,
YTO Ha yyacTKe 3 MOTrWbHMKA HaMK NpeAnonaraeTcsa Hannume ewé aAByx Takmx o6bekToB
(aHomanuu 25 n 27) (puc. 6).

MNpy HanMuMmM Ha MOTrUNbHUKE PA3HOBPEMEHHbIX KYpPraHoB (Ha CerofHAWHWA OeHb
packonaHo ABa KypraHa 3noxu 6poH3bl 1 ceMb CKUDCKMX) HENb3A OQHO3HAYHO yTBep-
XAaTb, UTO BCE AHOMANIMM BHE KOJMbLEBbIX PBOB COOTBETCTBYIOT OObEKTaM CKUPCKOro
BpemeHun. Hanpumep, BbigenaoTca ckonneHma aHomanun 10-13 Ha yyactke 1 1 16-20 Ha
yyacTke 2 (puc. 4), KOTopble MO CBOMM pa3Mepam, MHTEHCMBHOCTM U B3aMHOMY pacno-
NOXEHMIO BMOJSIHE MOTYT COOTBETCTBOBATb MOAKYPraHHbIM norpebeHnsam 3noxm 6poH3b,
aHaNIOMMYHbLIM UCCeaoBaHHbIM Ha MorunbHuKe B 2003 1 2007 rogax (YepHbix, JaparaH
2014.C. 102-114).

BbiBOADI
BbICOKOTOUHbIE reOMarHUTHblE NCCNeaoBaHNA Ha MOTUbHUKe EKaTepnHOBKa BbINoJ-
HeHbl B 06béMe 3,65 ra. Ha ocHOBaHMM KapT OCTaTOUYHbIX aHOMaNUM MarHUTHOM UHAYKL Y
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Ha yKa3aHHOW NNowWaamn BblAeNIeHO TpUaLaTh iBe apXeonornyecky nepcnekTnBHble aHO-
Mannn N KOMMEKCbl, NATb U3 KOTOPbIX — NOATBEPXKAEHHbIE packonkaMun cKudckme Kyp-
raHbl, KOTOpble AATMPYIOTCA B Npefdesniax BTOPON — Havyana nocnenHen yetseptn IV Beka
[0 H. 3., elwé ABeHaLaTb UHTEPNPETMPYIOTCA KaK KypraHbl CKUGCKOro BpeMeHr No Hanu-
YMI0 KOJbLIEBbIX OKOJIOKYPraHHbIX PBOB.

KypraHHbIn MOrunbHUK EKaTeprHOBKa NpeanonoXuTenbHO ABNAETCA NPUMEPOM CIIOX-
HOro apXxeonornyeckoro NamATHKKA, TAe BblAenATcA Kak ckudckne norpebanbHble co-
OPY>KEHNA CO CBOVMIMUN YHMKAJTbHbIMY OTJIMYUTENbHBIMU YepTamMy U CONYTCTBYIOLWMM OOb-
eKTaMU, TaK 1 KypraHHble 3aXOPOHEHNA 3NMoxXu GPOH3bI.

OnbIT Hawmx paboT nokasbiBaeT, YTOo reodmsnyeckne unCCNefOBaHNA [OOMKHbI
CTaTb o6A3aTeNnbHbIMU NPW MAAHUPOBaAHMM U MPOBELEHUN PACKOMOK Ha KypraHax,
0CO6EHHO Ha YyyacTKaX MHTEHCUMBHOTO MPOMBILUSIEHHOTO U CeIbCKOXO3ANCTBEHHOMO
3eMnenonb30BaHuA.
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M. B. BasynuH, O. B. 3anueBa
TomcKuii rocyfapcTBeHHblii yHusepcutet, PO

. A. HeBckan
[opHO-AnTailcKIiA rocyaapCTBEHHbI yHuBepcuTeT, PO

E. B. Bogacos
Tomckuit rocyapcTBeHHblil yHuBepcuTet, PO

J1. H. ToibbiKOBa
[opHO-ANTaicKIiA rocyapCTBEHHbIN yHBepcuTeT, PO

ANOKYMEHTUPOBAHWE OPEBHETIOPKCKUX PYHUYECKNX
HACKANbHbIX HAANWCEN TOPHOIO ANTTASI HA OCHOBE
TEXHONOIMN OOTOTPAMMETPUI'

BBepeHune

[peBHeTIOPKCKME pyHuYeckne Hapanucyn [opHoro Antasa (gatmpyemble NpUMepHO
VIII-XIl BeKaMu H. 3.) ABNAIOTCA Ha CErOAHALWHNIA AeHb MEHEee N3YYEHHbIMU, YEM LUMPOKO
N3BECTHble 3nNUTadmM Ha KaMeHHbIX cTenax B MoHronum, Xakacum n Tyse (VATEC 2005).
MomrMo cneumnouyecknx MUHrBUCTUYECKMX Npobnem aewndpoBKy anTalckux Hagnucemn
3HAUUTENbHO 3aTPYAHAET TEXHUKA UX HAHECEHWSA Ha CKaJlbHble NOBepxHOCTU. Hebonbluon
pa3smep 3HaAKOB, BbIMOJIHEHHbIX TOHKUMW pe3aMu, MPUBOAUT K CEPbE3HbIM C/TOMKHOCTAM
Npu NX KONMPOBAHUM U JanbHenweM pacno3HaBaHnn. CBeXxune AMHNN Pe30B BbiAeNAnncb
no LBeTy Ha $OHe CKa/bHOWM NOBEPXHOCTU, OAHAKO CO BPEMEHEM OHUW CTAaHOBWUINCH BCE
MeHee 3aMeTHbIMU, 1 CErOAHA YeNoBeK CNOCObeH pa3rnafeTb NX C 6ObWINM TPYAOM TOJb-
KO Mpuv onpeaenéHHOM OCBELLEHUMN 1 MO 0COObIM YTOM 3peHuUs.

Pacno3sHaBaHuMe pyHMYeCKMX 3HAKOB B pAfde CinyyaeB TakKe 3aTpyAHEHO M3-3a nepe-
KpblBaOLWKMX NX 6onee no3gHMX NeTpornndoB U Haanucel, caenaHHbIX COBPEMEHHbIMM
BaHAanamn. Hepeako camm 3TM HagNUCKM HAHOCKMAUCb Ha MOBEPXHOCTAX C NeTpornmdamm
6onee paHHeEro BpeMeHw, Tak YTO JIMHUN HaAMN1CEN U PUCYHKOB NePeKpbIBAKOT UK nepe-
cekaloT gpyr gpyra. [lpopucoBKM OfHOM 1 TOW »Ke HAANUCW, CAeNaHHble pa3HbIMU Uccneno-
BaTENAMM, HACTONbKO OTINYAIOTCA APYr OT APYra, YTO 3TO NPUBOANUT K MOABIEHNIO Pa3HbIX
BApVaHTOB NPOYTEHUA OAHOWN 1 TOW Xe Hagnucu. CywecTByolWmMe KOHTaKTHble MeTOAbI,
TPaAMLUMOHHO NpUYIMeHAeMble NPU JOKYMeHTauuy neTpornndoBs, Takke He Bcerga noaxo-
AT AnA 06beKTUBHON GMKCALUN PYHUYECKUX HAZMMWCEN U3-3a TOTO, YTO aNnTalCKmne Hag-
NYUCN B OCHOBHOM HaHOCUINCb OYEHb TOHKUMU, YaCTO e[Ba 3aMeTHbIMU NNHUAMU. Kpome
TOro, MHOrMe HagnNuUCK NAOX0 COXPAaHUINCL B pe3ynbTate NPUPOLHbIX 1 TEXHOTeHHbIX BO3-
LENCTBUN (3eMNeTpACeHNs, 3p03MA KaMHel, 00yC/ioBNeHHaA Pe3Ko KOHTMHEHTasIbHbIM
KMMMaTOM, CTPOUTENLCTBO JOPOT U T. ).

' ViccnepoBaHume BbINOMHEHO Mpuy noaaep»kke MuHuctepcTsa o6pasoBaHma 1 Haykn Poccuiickon Oepe-
pauun (rpaHT N2 14.Y26.31.0014 «A3bIKOBOE 1 STHOKYNIbTYpHOE pa3Hoobpasue KOxHon Cubrpun B CrH-
XPOHUW N AUaXPOHMI: B3aUMOZENCTBUNE A3bIKOB U KyNbTyp») 1 rpaHTa PTHO e(p) 17-14-04602 («[Mowck,
LOKYMeHTaums 1 fewndpoBKa HOBbIX IPEBHETIOPKCKNX PYHUUYECKNX MaMATHUKOB lopHoro Antasy).
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B nocnepHue rofbl JOBONMbHO aKTUBHO pa3BMBAETCA HanpaB/ieHMe GeCKOHTAKTHOM
durKkcaumm neTpornndoB, OCHOBAHHOE Ha MPUHLMMNE TPEXMEPHOTO MOAENNPOBAHUA C UC-
nosnb3oBaHnemM TexHonorun 3D-ckaHupoBaHusa unu undposon dotorpammetpun (Plets
et al. 2012; Plisson, Zotkina 2015). B 2017 rogy HayaTbl COBMECTHbIe SKCNepUMeHTasbHble
paboTbl Tomckoro n NopHO-ANTaNCKOro roCcyfapCcTBEHHbIX YHUBEPCUTETOB MO LUPPOBO-
My TPEXMEPHOMY AOKYMEHTUPOBAHWIO APEBHETIOPKCKNX PYHUYECKUX Hagnuceln fopHoro
AnTan. HaxoxaeHne pyHNYeCKMX Hagnmcenm B ropHbIX TPYAHOAOCTYMHbIX MeCTax 3aTPyAHS-
N0 UCNOJIb30BaHME TAXKENBIX CTaUMOHapPHbIX 3D-CKaHepoB, TpebyoLwmnx BHELLIHETO NCTOY-
HMKa NUTaHWA N 0COObIX YCNIOBUIA OCBeLLeHNA. Ana dukcaumm pyHUYeCcKnx Hagnucen 6oina
BblbpaHa TexHonormna undpoBon potorpammeTpun, obecrneyrBatoLan Heobxoanmyio ae-
Tann3auuio NP BbICOKOM MOOUIbHOCTM 1 aBTOHOMHOCTW UCMOJIb30BaHKA.

MeToauka ¢pukcauum

NccneposaHHble B 2017 rogy pyHW4YecKne Hagnmucu pacrnonioxeHbl B OHryganckom
n Kow-Arauckom parnoHax Pecnybnuku lfopHbin AnTtain. Hagnncy HaHeceHbl Ha CKanbHble
nosepxHocTy nnowagbio ot 0,02 go 1,0 M> BONbLWMHCTBO PacNoONOKEHO Ha BepPTMKasb-
HbIX NIOCKOCTAX. HaanmMcmn COCTOAT Kak N3 HECKOJTbKMX CUMBOJSIOB, Tak U U3 JeCATKOB py-
HUYeCKMX 3HaKoB. OHW BbINOSIHEHbI TOHKUMU pe3amu wrpuHon 0,1-1,0 mm npu rmybuHe
3avactyto MmeHee 0,1 mm. Takne pasmepbl NPUBOAAT K CEPbE3HbBIM CIIOXKHOCTAM NPW KOMu-
poBaHWM 1 fanbHenwemM pacno3dHaBaHUn. OCOBGEHHOCTY TEXHUKM HAaHECEHUA PYHUYECKNX
Hagnucen TPebyOT ANA NX HAAEXHON JOKYMEHTAL MK He TONbKO CO34aHMNA MakpodpoTorpa-
b1 BbICOKOrO pa3pelueHuns, HO 1 dpuKkcaumm penbeda CKanbHOM NOBEPXHOCTN.

TpéxmepHasa oundpoBKa CKanbHbIX NOBEPXHOCTEN MPON3BOANIACH C MOMOLLbIO TEXHO-
noruv undposon potorpammetpun. C6op AaHHbIX ocywecTBnAnca Ha ¢otoannapaT Nikon
D800 c o6bekTBoM Sigma 105 mm 1:2.8 DG MACRO HSM. Mpwn ncnonb3oBaHUn JaHHOTO
060pyaoBaHNA MaKCUMaribHoe pa3pelueHne ¢oTorpadum AOCTUraNo 3HAYEHNA YyTb Me-
Hee 0,015 MM Ha NUKcenb, 3TOro H6bI10 OCTATOYHO ANA PUKCALMM MeNKUX AeTanen pasme-
pom go 0,05 mm.

O6paboTka gaHHbIX Npoun3sBoaunack B nporpamme Agisoft PhotoScan Pro. M3HauanbHO
NAaHMPOBANOCh NCMOMb30BaHME TPEXMEPHbIX MONUTOHANbHbIX TEKCTYPUPOBAHHbIX MOAE-
nen Kak OCHOBHOrO pe3ynbTaTa oundpOBKM N UCTOYHUKA ANA aHanu3a. HecmoTpa Ha To,
yTO MCNonb3yemasn rpadpryeckas CTaHUMA CpaBnsanacb CO BCEMU BbIYMCIEHNAMM, UTOFO-
Bble mogenu (no 200-300 MJTH NOIMFOHOB) NPAKTUYECKN HEBO3MOXHO Obl/I0 NPOCMOTPETb
Ha 06blYHbIX Pabounx CTaHUMAX, HE TOBOPA YXKe O TOM, YToObl paboTaTb C HUMU. Mo3Tomy
Mbl peLInIn OTKa3aTbCA OT MOMIMFOHANbHbIX MOAeNern 1 NepeLwsv Ha NCNOJb30BaHKe NoT-
HOro o6s1laka Touek Kak OCHOBHOIO pe3yfbTaTa ounMdPOBKY, YTO 3HAUMUTENIbHO 06Nerymno
npocmoTp 3D-gaHHbIX. MNOTHbIE 06M1aKa TOUYEK TaKXe ABMATCA OCHOBOWN ANsA CO34aHUA
NONIIOHANbHbIX MOZeNeNn 1 B CJlyyae HeO6XoANUMOCTM MOTYT ObiTb UCNONIb30BaHbI Af1A UX
nonyyeHUs n JanbHenwero aHanm3a. Tak Kak npu obpaboTke AaHHbIX MOTHble obnaka
TOYEK CTPOATCA C MaKCMMaNbHO BO3MOXHbIM pa3peLleHreM, LBeTa ToOUeK cogepaT BCio
nmetroLLyca nHGopMaunio o TeKCType 06bekToB. OgHaKo faxke ¢ obnakamm Touek pannbl
nonyyaoTca CAUWKOM 6onbwmMy ana KombopTHOM paboTbl Ha paboumx cTaHumAx (80—
150 mMnH ToyekK), No3ToMy obLaa niowaab eamHoro obbekta pasbmuanacb Ha YacTu (o
30 MITH TOYEeK Kaaas).

[na skcnopTta obnakoB Toyek 6bi1 BbibpaH dopmaT PLY, Tak Kak oH obnagaeT xopoLnm
nokasaTesieM CKaTuA AaHHbIX U NoaaepKMBaeTcA B OONbLIMHCTBE AOCTYMHbIX NPOrpamMm
npocmotpa. Ana 6onbwert ontummnsauumn paboTbl C pesynbTaTamMn TPEXMEPHOW ound-
POBKWN AOMNONHUTENBHO OblNIM MOCTPOEHbI ABYXMEpPHbIE opTodoTOrpadun 1 KapTbl BbICOT
NOBEPXHOCTN.
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Ana aHanu3a optodoTorpaduini U KapT BbICOT UCMONb30BaNOCh NporpammHoe obe-
cneuveHmne QGIS Desktop. Ha ogHoM ckanbHOWM NOBEPXHOCTM MO OblTb HaHEeCEHbI pas-
HOTUMHbIE pe3bl. JIMHUN MO pa3NnYaTbCA NO ASIVHE, WNPVIHE, TyOrHe Nnn UBETHOCTH.
[na TpéxmepHoro aHanu3a obnaka TOYEK MOXHO 3arpy3vTb B Mporpammbl NPOCMOTPa
3D-paHHbIX, Takue kKak MeshLab, CloudCompare n gp. 9T0 N03BONAET PAacCMOTPETb MUKPO-
penbed BMecTe C TeKCTYpOW nog ntodbiM YrioMm, BbIAENUTb Pa3fiNyHble TUMbl IMHWNA, MPO-
cneanTb NOCNefoBaTeNnbHOCTb UX NepeceyeHnin n np. B 3aBucMmoctn ot GyHKLMOHana
NPOrpamMmmbl 3TO BO3MOXKHO NPOX3BECTU NMOO HENOCPEACTBEHHO C 06/1AKOM ToYeK, NMbo
co copMMPOBaAHHON NONINTOHASIbHOW MOAENbIO.

Ana vanocTpauMm BO3MOXKHOCTEN KOMMbIOTEPHOrO OTOOGpaXkeHWA, aHanv3a pPyHU-
YyecKmnx Hagnucen 1 CoNyTCTBYIOLWNX N300paXkeHNA pacCMOTpPUM Hagnucb TyekTa V (A-90
B COOTBETCTBUM C HyMepaLuuen Hagnucei B: TbibbikoBa 1 ap. 2012). Hagnuck 6bina oTKpbITa
B 2008 rogy apxeonornyeckum oTpagom KemepoBCKoro rocyapCTBEHHOIO YHUBepCUTETa
nog pykosoactsom A. M. MapTbiHoBa (TbibbikoBa 1 ap. 2012. C. 105).

OHa conpoBoxpaaeTca rpadpdputi € AByMA XOPOLLO YMTaeMbiMU GUrypamm KO3NoB 1 eLué
OZHOV MI0X0 YMTaemon GUrypon KonbITHOTO XXMBOTHOrO. Hagnmcb pacnonoXeHa Ha BepTu-
KaslbHOW CKanbHOW NIOCKOCTU mnowaabto 0,03 M°. Ha noKpbITve BCel Niowaamn ¢ ropru3oH-
TaJIbHbIM U BEPTMKaNIbHbIM CMeLLeHneM Kamepbl B 70 1 60 % noTpeboBanocb COPOK KaapoB.
MNMoneBasa PpuKcauma NOBEPXHOCTU 3aHANA OKOMO nonyyaca. [ocnegytollaa KOMNbOTEPHanA
obpaboTKa B nporpamme Agisoft PhotoScan Pro notpeboBana eLyé oKoso BOCbMM YacoB.

JINHUM Kaxgoro T1na 6biv OTAENbHO 06PUCOBaHbBI B COOTBETCTBYHOLLINX BEKTOPHbIX CNO-
AxX (puc. 1). XXéntbim uBeTOM 00603HaUeHbI ciefbl BbIOMBKM A0 HaHeceHNA rpadpduTn n pyHu-
yeckon Hagnucu. OHY He NpeACTaBNAIOT 3aKOHYEHHOTo n306paxkeHus. MeTpornudsbl, caenaH-
Hble B TaKOW TEXHUKE, NPUCYTCTBYIOT Ha COCEAHNX CKaslbHbIX MOBEPXHOCTAX. CUHUM LIBETOM
0603HaueHbl pe3bl, KOTOPbIMI BbIMOHEHbI PyHUYecKre 3HakW. LnpuHa pesos 0,2-0,6 mm,
rny6uHa 0,02-0,06 mm, npermyLecTBeHHO 0,06 MMm. KpacHble nuHUK — n3o6paxeHna aByx
ko3noB. LUnpwnHa nnHnia 0,2-0,6 Mmm, B cpegHem 0,3 Mm. Iny6uHa — oT HeonpeaenéHHom (Mpak-
TUYECKN He BblpaxeHbl B penbede) no 0,05 mm, npenmyuiectseHHo 0,05 mm. GronetoBbie
MHUN — NJIOXO PA3NINUUMOE M300parkeHMe Kpymna KOMbITHOMO »KMBOTHOIO, MEePEKPbLITOrO
noBepx pyHU4Yeckor Hagnucbto. LnpuHa nuHuin 0,10-0,25 mm, B cpeaHem 0,15 mm. ny6urHa
nunHni 0,01 mm. fony6bim LBETOM 0603HaUeHbI CIIOXKHO AnddepeHLpyemble TNHUN.

MNpopuncoBKa pyHNYeCKO HaagNMCK caenaHa Ha OCHOBE aHann3a KapTbl BbICOT MOBEpPX-
HocTu B QGIS Desktop (puc. 2).

UHTepnpeTauunsa n npouteHne Haagnucn

MNepBas nonbiTKa NpPoYecTb HaaNUcb 6bina caenara J1. H. ToibbikoBown, N. A. HeBckon
n Mapcenem Spganom B 2011 rogy (TbibbikoBa v gp. 2011). 3To npoyTeHme 6bIIO BKKOYE-
HO 1 B «KaTanor ApeBHEeTIOPKCKNX PYHUYECKMX NaMATHUKOB fopHoro Antas» (TbibbikoBa
n ap. 2012). ABTOpbl K TOMy BpeMeHW pacnonaranu Tonbko doTorpaduen JaHHOW Haa-
MMCK HEBLICOKOTO paspelleHuns, onybnnkoBaHHON B MHTepHeTe Yaratom AnmalueBbiM
(Anmawes n gp. 2010). B 2010 n 2012 rogax BO BpeMsa NeTHUX 3kcnegnunn no fopHomy
Antaio J1. H. TeibbikoBa 1 W. A. HeBckas npoBoaunnm nonckosble paboTbl BONU3N fepeBHM
TyekTa, HO He CMOITIX HaUTK HAANUCb, TaK KaK He pacnonaranay TOYHbIMA JaHHbIMK O eé
pacnonoxeHnn. COOTBETCTBEHHO, OHM HE NCKII0YaNn Toro, Yto umetowasnca otorpadun
He 3axBaTW/Ia KaKyo-TO YacTb HaAMUCKU UM YTO Ha KaAMHe eCTb 1 Apyrune cTpoku. B nepsom
NPoYTEHNN HagNncK ObIO cAenaHo TONbKO NMPefnosioXKeHne, C YY4ETOM HeyBepeHHOCTH
aBTOPOB B TOM, KaKOM 3HaK MOXHO Pa3fINynTb Ha NOBEPXHOCTN KaMHA.

Ha dotorpadum 6binm BugHbl NATHaALATb 3HAKOB, U3 KOTOPbIX ABa ABMAATCA C/IOBO-
pasgenuTenamn. Ha dotorpaduio nonanu Takxe fABa KO3Na; HagnNUCb caenaHa nog ux
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Z
/4.

0 lcm

Puc. 2.

PyHuuyeckaa Hagnucb TyekTta V:
a — NPOPUCOBKa HaanNucy; 6 — GparmMeHT KapTbl BbICOT MOBEPXHOCTU.
N306paxeHus M. B. BaBynuHa

KonbiTamu, Kak Obl «<BBEPX HOraMu», B 3epKasibHOM OTpakeHUWn. Buanumo, Ko3nbl 66111 Ha-
pUCOBaHbI paHee, a co3faTteNlb HaANUCK N1can eé nose, Néxa Ha KaMHe, CTapascb, YToObI
OHa OKasanacb Nog KornblTaMu KO3/10B.

3anucb Tekcta pyHamm: : 1% K> K 1Q: % D T3

Tpancnutepauua: k2 1y'd' g':y? p/s?s' U U n> m s2:

Tpanckpunuua: (d)ki y(a)d(a)g : y(e)p/y(i) $ (a)Su tnm(i)s :

MNepesopa: [iBoe newmx (nogen), noes/nepesanus (ropy), CNyCTUANChb (BHU3).

B 2012 ropy Tiopkonorn u3 Kuprusmv nop pykoBoactBom Kapgpipanbl KoHkobaeBa
nccnepoBanu 3Ty Hagnucb. OHa Obina MokasaHa MM M3BECTHbIM Ha AJiTae KpaeBefom
& em b. M. Kunankosbim. B pe3ynbtate eé ¢urkcaumm TpaguuMOHHbBIMKA MeTodaMn UM YLAanocb
[ | YTOUYHUTb KOMMYECTBO W, YAaCTUUYHO, COCTAB 3HAKOB, a TakXe MpeasioknTb HOBOe npouTe-
Hne. OHM yBMAenu cemHaguaTb 3HAKOB, BK/loYaa ABa croBopasgenutensa. Vim yganocb

Puc. 1. NPaBUIbHO NPOYUTaTb BTOPYIO MOMIOBUHY HAaAMMCK, MPU 3TOM OHWU COMMAacuanchb C npouyTe-

PyHnuecKas Haanuch TyekTa V: HMeM MoCcneaHero cfioBa Kak (nmis, npeanoxeHHbIM paHee (TolbbikoBa 1 gp. 2011). Tem He

a — opTodoTorpadura ckanbHOW MOBEPXHOCTW; 6 — CKanbHasi MOBEPXHOCTb C MPOPUCOBKON MeHee nepBaA noJioBMHa HaanMcKn, 3Hakn KOTOpOI?I OKa3zanucb bonee CTéprIMI/I, OCTaJlaCb
PYHUYECKOW Hagnucu u neTpornndos; 8 — NPOPUCOBKA PYHUUYECKON HAAMUCK U NeTpornudos. HepaclwndpOBaHHOM, XOTA UM 1 YAaNoCb yBMAETb NMepBble ABa 3HAKa, HEBUAMMbIE HA $oO-
N306paxeHnsa n npoprcosku M. B. BaBynuHa Torpadumu, onyb6nrkoBaHHon Yaratom AnmalieBbiM. OfHaKO, NONb3yACb TPaAULMOHHbBIMM
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MeToAaMu, aBTOPbI HE CMOTN PA3NINYUTL Pe3bl 1 TPELLUHbI Ha KaMHEe 1 He CMOTIN NPaBUJib-
HO MpoYecTb ABa 3HaKa. Mbl LMTMpyemM Ux NpoyTeHNe B NPUHATON MK HOTauuu. [poyTteHne
K. KoHkob6aeBa, H. YceeBa, H. LLlabaaHannesa (KoHkobaes u gp. 2015. C. 290, 291):

3anucb Tekcta pyHamu: A» K> Y 4O : T Dy » T 9

TpaHckpunuma: y(e)m k(a)y(a)d(a) y(@)r(n)lu dnmis.

MNepeBop: MNuwa (pacTeHre) Ha cKane, OKa3blBaeTCA, PACKONOB (PacKosoB cCKany)
BbIPOCIO.

Tonbko B 2017 ropy, Gnarogapa TexHonorun undposon potorpammeTpun, obecneym-
BaloLLell HeobxoanMyto AeTanmsaunio GrKcalmm, yaanocb, Kak Mbl HaleeMcs, OKOHYaTe b-
HO YCTaHOBUTb Kak KONMYECTBO, TaK MU COCTaB 3HAKOB 3TOM Hagnucu. YniTtaeTca oHa, Kak
1 nogaensawoLee 60NbWNHCTBO APEBHETIOPKCKUX PYHMUYECKNX HaAMMCEN, CnpaBa Haneso.
Hosoe npouteHune U. A. Hesckoii 1 J1. H. TbibbikoBOIA:

3anucb Tekcta pyHamm: A S K> Y H Q-3 Doyl » 19

TpaHcnutepauusa: y2I'm k' y'd'n2:y?r' PUUN’m§:

TpaHckpunuma Hagnucu: y(a)l(i)m k(a)y(a)d(a)n : y(@)r(i)lu Gnm(i)s :

Mepeog: C ronow ckanbl, pa3genmnBLUNCh, CMYCTUINCD (BHU3).

KommeHTapum K NpoyTeHuIo Hagnucn

1. Ha npopucoBke, caenaHHOM Ha OCHOBE aHanun3a opTo$oTo 1 KapTbl BbICOT (PUC. 2), XO-
pOLLO BUAHO, YTO KOCas BEPXHAA YepTa Ha BTOPOM 3HakKe J, KoTopyto Kagbipanbl KoHko6aeB
NPVHAN 33 YaCTb PYHbI, €10 He ABNAETCA, TaK Kak 3TO eCTeCTBEHHasA TpeLynHa Ha KaMHe, a He
pe3. COOTBETCTBEHHO, Mbl MOXeM NpounTaTb nepsble Tpu 3Haka (» 1 Q) y?I' m kak y(a)l(i)m,
XOTA NepBas pyHa JomkHa Obina 6bl 6bITb y', @ He y?, TO ecTb 3aechb HabnoJaeTca cmelleHne
ABYX PAAOB COMacHbIX: MO MpaBuiam KlacCuyeckonm pyHuueckon opdorpadum cornacHole
C BEPXHM MHAEKCOM 1 fOMXKHbI Obinn Obl cOYeTaTbCA TONbKO C 3aAHEPAAHBIMU TACHBIMY,
a C MHAEKCOM 2 — TONbKO C NepeaHepAaHbIMU FMacHbIMK. TeM He MeHee B Hagnucax AnTas, aa
1 He TonbKo AnTas, Takoe cmelleHne — Hepepakoe aBneHune (Nevskaya 2011; Nevskaya 2015).

2. MNocnepHuin 3Hak nepep nepBbiM cnoBopasgenutenem (') — 31o n2 3To camblit Npo-
6nemaTnyHbIV 3HaK BO BCEW HAANMMUCK, Aaxe yuynTbiBaa pe3synbTatbhl dukcaumm doTorpam-
MeTpuYecknm metogom. LLTpux, coegrHALWNA NEBbIA OTPOT PYHbl C LIEHTPaNbHbIM CTBO-
NOM, He MoT 6bITb OJHO3HAYHO OTHECEH NO CBoel rnybrHe K pe3am, TUMUYHbBIM Ans 3TON
Hagnucu. Ho n gpyroro normyHoro o6 bACHEHNA AJ1A Hero ToXe HeT, TO eCTb OH He ABNAeTCA
YyacTbto NeTpornndoB NN TPELMHON B cKane. B To e Bpema 6e3 Hero octaBLImecs Wipwu-
XV He JaloT HMKAKoro npouteHnsa. MOXHO TONbKO MPeanofiokKnTb, YTo y nmucua Mor co-
CKOJIb3HYTb pe3eL, N B 3TOM MeCTe NMOBEPXHOCTb KaMHA bonee TBEpAad M3-3a KaKMX-TO
MUKPOBKPAMNIEHUN, 1 B pe3ynbTaTe WTPKX NOYyUYMICA MeHee rnyboKmm.

3. YeTblpe 3HaKa nepep cnosopasgenutenem k' y'd'n? (i 3 D ) npounTtbiBatoTca Kak
k(a)y(a)d(a)n, To ecTb 3TO cnoBo kaya'ckana’B popme NCXoAHOro nagexa. 3Has, uTo npeau-
KaTOM NpeasioxKeHns, NPOUYNTbIBAIOLLErOCA Ha TON HaANUCK, ABNAETCA rnaron Un-‘otnpas-
NATbCA, BbIPACTaTb U T. 1, KOTOPbIA MOXeT ynpaBnAaTb UCXOAHbIM NaeXoM MeHN B OQGHOM
N3 CBOVIX 3HaYeHUN, 3Ta popma rpaMMaTUYECKUN OXnbaema.

MmacHaa addrKca HamM BOCCTAHABIMBAETCA Kak d, XOTA B 3TOM appuKkce BO3MOXKHA
n rnacHas i. Mo HabnogeHnam Mapcensa Spgana (Erdal 2004. P. 175), y3kadA rnacHaa 6onee
TUNUYHA ANA 6ONbLUMHCTBA KNACCMYECKNX [PEBHEYNTYPCKMX MaHYCKPUMTOB, a TakxXe AnA
A3blKa KapaxaHuacknx Hagnucen. lWnpokada rnacHad, npeobnagaolas B COBPEMEHHbIX
dopmax MCXOQHOro najexa, OTMeueHa B NpefKacCUYecknx YUrypcknx i MaHMXemcKux
APEBHETIOPKCKNX TEKCTaxX. B pyHMUYecknx TekcTax rmacHasa JaHHOro nagea ooblYHO He nu-
WweTcA, HO, CyAA MO KOCBEHHbIM AaHHbIM, NPeANoYTATENIbHA €€ TPaHCKPUNUUA KaK LWMpPO-
kon (Erdal 2004. P. 175).
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Btopasa cornacHas adpdurKca MCxoAHOro nagerka HammcaHa Kak n?, XoTa 0XKnaanoch Obl
N', 4TO TaKXe ABMAETCA YacTHbIM CjlyyaeM Gonee ob6Lero ABNEHNA CMELEeHNA PASHOCTY
COMNMacHbIX B anTanckux Hagnucax. OgHako HeobxoanMo NPOBECTN UCCIe[OBaHNE BCEro
anTanckoro Kopnyca metogamu GoTorpammeTpun, Ytobbl CAenaTb BbIBOAbI O TUMNYHbIX
HanucaHuAx Bcex adpdrKCoB B 3TOM Kopnyce. V3 onbiTa nccnefoBaHmA pyHUYECKUX Hag-
nucenn MoHronum n3BecTHoO, YTo pAgd adpPrUKCOB NMeNN CUMBONNYECKOE HanucaHne U He
NOAUYMHANNCL OOLUM NpaBKIaM KNacCUYecKom pyHndyeckom opdorpadpumn.

4. CnosocoyeTtaHue y?I'm k' y' yalim kaya ‘ronas ckana’ LOBONbHO YacTo BCTpeYyaeTca
B PYHMYECKUX HAaANUCAX, B TOM Yncie n Ha AnTtae. B HeCKONbKMX COTHAX METPOB OT 3TON
HaANUCK Ha ro-BOCTOYHOM rpaae 6nun3 Hekponona TyekTa HaXO[UTCA eLé OfHa TYEKTUH-
ckaA Hagnuco — TyekTa IV. OHa 6bina caenaHa y NOAHOXUA HEBbICOKOW rpafdbl Ha OTAeNb-
HOM, TOpYaLLem 13 3eMN HAKNOHHOM KaMHe, Ha ero BHyTPeHHeW NNOCKOCTW, HanpaBeH-
HOW K 3emne. V3-3a cTpouTesibHbIX PaboT B JaHHOW MECTHOCTH, YTPOXKaBLUNX COXPAHHOCTY
3TOW HaAMnucKu, KameHb 6bin gocTasneH skcneauuuen J1. H. ToibbikoBon 1 U. A. Hesckon
B PecnybnumkaHckmim mysen nm. AHOX1Ha. B nepBow cTpoke gaHHOM TPEXCTPOYHOM HaaNu-
cn ynTaeTca cnepytowmii Tekct (Toibbikoa 1 gp. 2012. C. 103-105):

TpaHckpunuma: b(3)n(i)gi : y@)I(im k(@)y(a) : b(i)t(i)g ur(@)y(in

MepeBopa: DT BeuHan ronas ckana. Boipexy-Kka s (Ha Hen) Hagnucb!

Mpw 3TOM 34€Cb NPY HaNUCcaHUK cnoBocoYyeTanua yalim kaya kak y'l'm k'y' cobniogeHbl
BCe NpaBuna Knaccuyeckom opdporpadum, cpaBHUTE KOMMeHTapuii 1. lanbHenwmne nccne-
AOBaHMNA OOMKHbI NOKa3aTb, BO3MOXKHO NI MPEeANONOXNTb aBTOPCTBO OQHOIO U TOrO »Ke
nncua y 3Tux AByX HaAnMucen, HeCMoTpA Ha pasnunyve B opdorpadun.

5.Bcnose y?r'I?U (> Y Y Q), cToAwem nocnie NepBOro C/IoBopasaennTensa u npoynTbisa-
emoro Kak y(a)r(i)lu, kotopoe aBnaeTca geenpuyactmem Ha -U ot rnarona yaril-‘packonoTb-
CA, pa3pennTbea, pacwennTtbea’ (opma nacCMBHOrO 3anora rnarona yar- ‘packonoTb, pas-
6UTb, pa3fennTb, PacWEennTL’), Mbl TaKXKe BUAMM HapyLLeHUA Knaccmyeckon opdorpadpunm,
TO €CTb CMeLleHne TBEPAOPALAHbIX N MATKOPAAHbIX COrNacHbIX 3HakoB. C 4pyron CTOPOHbI,
B APEBHETIOPKCKOM A3blKe CYLLEeCTBOBAO fABE OrfacoBKN JaHHOro cnosa: y(a)r(i)l- v yeril-,
OTMeUEHHbIX KaK AnaneKkTHble BapuaHTbl B cnoBape capa xepanbga KnocoHa (Clauson
1972.P. 955).

Dopma geenpuyacTva Ha y3KUN OryONiIeHHbIN FMACHbIA NOATBEPXAAETCA AaHHbIMN
ApeBHeTopKcKoro kopnyca VATEC, rge 3ToT rnaron BcTpeyaetca B popme aopucTa Ha -Ur,
KOTOPbIN MEN Ty »Ke MaCHYo, YTo 1 popma JaHHOTrO AeenpuyacTums.

6. MocnenHee cnoBo Hagnucu tnm(i)s — 310 rnaron Un- B opMme NHANPEKTUBHOIO
npowepwero Ha -mls. B cnoBapAx ApeBHETIOPKCKUX A3bIKOB 3TOT F/1laron NpuBOAUTCA
Kak 6n- (Hagenses n gp. 1969) nnu Un- (Clauson 1972) co 3HaYeHUsMA ‘BbICTyNaTb, 06-
Hapy»KMBaTbCA, pacTu, BbipacTatb. OH ynoTpebnanca ¢ popmon ncxogHoro nagexa ob-
CTOATENbCTBA MeCTa CO 3HayeHuneMm ‘BbInTn': ol baligtin 6ntiim ‘a Bbiwen 13 3TOro ropoaa’
(Hapenses n gp. 1969. C. 385), rae cnoBo ‘ropoa’ CTOUT B UCXOAHOM naaexe: balig-tin.
dopma ncxogHoOro nagerka cnosa ‘ckana’ B fJaHHOWM HagnMcK No3BOAET Ham Npegnosno-
MWTb, YTO Mbl TOXKE MeeM 3HaueHne OTNPABHOWM TOYKMN ABUXKEHUA: CNYCMUIUCH C 20/10U
ckanol. Kapgbipanol KoHKo6aeB ¢ Konneramm Ncxogunm U3 3HauyeHuA rnarona ‘pactu, Bbl-
pacTaTtb’ c cy6bbekToM yem ‘nniwa’; ux MHTepnpeTauma BO3MOXHaA, HO OHa NpeacTaBnAeTCA
HaM MeHee NornyHoum 6e3 yKkasaHuaA Ha TO, YTO BbIPOCIIO, TaK Kak NepBoe CJI0OBO Tenepb
OAHO3HAYHO MPOUMTbIBAETCA KaK yalim. o Hawemy npoyTeHuio, NPeanonoXnTenbHoO,
KaKOW-TO OTpAA4 BOMHOB WM FPynna OXOTHMKOB pa3fenuiancb n CnyCcTUanCb B AONUHY
(BO3MOXHO, UTOObI OTAOXHYTb U HAaNOUTb NOLWaZen, Tak Kak BHU3Y NOJ 3TOW ropoi npo-
TekaeT peka Ypcyn).
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3aknuyeHune

B 2017 ropy Ham yaanocb 3ajOKyMeHTUPOBATb TPUALATb APEBHETIOPKCKUX PYHUUECKNX
Hagnucel. MNonyyeHHble faHHblE MOTYT NMOMOYb pa3peLlnTb MHOTONIETHUE CMOpPbI O pac-
MO3HABaHWUM TeX WS MHbIX PYHUYECKNX 3HAKOB 1 MPOYTEHMM Hagnucen. Kpome Toro, 3To
Nno3BONUT XoTA Obl B UNGPOBOM BUE COXPAHUTb YHUKAJNIbHblE MUCbMEHHbIE MaMATHUKN
B VX TEKYLLEM COCTOSIHUM.

Mocnepytoulee pasmelleHrie AaHHbIX B MHTEPHETE caenaeT Ux AOCTYMHbIMU 1S BCeX
TIOPKONOroB B MUPE 1 AacT HOBbIN TONYOK B paboTte no ux pacwmopposke. Ocobyio LeH-
HOCTb MPeACTaBNAET 3arpy3Ka He MPOPUCOBOK, KOTOpble BCerga B TOW WKW MHOW CTene-
HN CYOBbEKTMBHDI, @ NONIMIOHaNIbHbIX TPEXMEPHbIX Mofesnel, 061akoB ToYeK, KapT BbICOT
NoBepPXHOCTU 1 opTodoTorpadurii B BbICOKOM pPaspeLLeHNi. DTO CONPAXKEHO C PAAOM TeX-
HUYECKNX TPYLHOCTEN B CBA3M C UX GONbLIMM O6BEMOM N OXULAEMbBIMUA CITOXKHOCTAMU
npu ckaumBaHum. ONTUManbHbIM Ha CEFOAHSALLIHUIA MOMEHT BUAUTCA pa3MeLLeHne ynpo-
WéHHbIX mofenel Ha Sketchfab (Beb6-cepBuc ana nybnmnkaymm n obmeHa NHTEPAKTUBHbI-
Mu 3D-mogensamun) 1 napansienbHoM 3arpy3Koi 061akoB ToUeK, KapT BbICOT MOBEPXHOCTU
n optodoTorpadumin Ha cneymnanbHO BblAENEHHbIN GaNNOBbIN XOCTUHT.

PaboTbl MO [OKYMEHTUPOBAHMIO APEBHETIOPKCKMX PYHUYECKUX Hagnucen lopHoro
Antas 6yayT NpPOAOMKEHDbI, U Mbl HAAEEMCA, UYTO Hall NPOEKT HArMALHO MPOAEMOHCTPU-
pyeT NepcneKkTUBHOCTb NpuMeHeHuA 3D-dukcauunm ana nccnefoBaHmA, COXpaHeHUs 1 no-
nynapu3aLmm apxeonornyeckoro u asnurpapuryeckoro Hacneaus B Poccuu, roe nogobHble
NPOEKTbI NMOKa eLLé ABNATCA PeaKoCTbio.
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M. H. laparaH
WncrutyT apxeonorun HAH YkpauHbi, Ykpaura

0. M. CBoncKkum
«Jlabopatopusa RSSDA», PO

KAPTVIPOBAHME N MOPOOMETPUYECKU AHANN3
BHYTPEHHEIO NMPOCTPAHCTBA 3ATAOHOIO BEJIbCKOIO
FTOPOONLLA

MocTtaHoBKa npo6nembl 1 BbIGOp METOA0B peLleHns

3anapHoe benbckoe ropopauile npeacTaBnaeT cobon Yactb 0OOPOHUTENBHOW CUCTe-
Mbl bonbworo benbckoro ropoguiia — KpynHenwero G¢opTMPUKaLMOHHOrO COOPYKeHUA
ckmdckom anoxm EBpasum (puc. 1). Hanbonee Apknm sneMeHTOM ropoanLLa ABNAIOTCA ero
060pPOHUTENbHBIE COOPYKEHNA — OTHOCUTENTBHO XOPOLLO COXPaHMBLUMECA MOHYMEHTasb-
Hble Basbl U PBbl. BONpoc 0 BpemMeHn nx COOpYXeHUA Ha CEeroaHAWHNNA OeHb ABNAETCA
OTKPbITbIM, BEPOATHO, Basibl ObLIM NOCTPOEHbI He paHee cepeaunHbl VIl BeKa JO H. 3. 1 He
nosgHee BTOPOW NonoBuHbI VI BeKa A0 H. 3., BO3MOXHO, B HECKOJIbKO 3Tanos. OgHaKo Hau-
60NbLUNI UHTEPEC ANA NCCNefoBaTeNA NOCeIeHUI NPeaCcTaBNAET BHYTPEHHEE NPOCTPaH-
CTBO ropoguuia.

MoceneHue Ha TeppuTOopUM Byayuiero 3anagHoro benbckoro ropoguLLa BO3HNKIO0 OKO-
no cepeputbl VIl Beka fo H. 3. B xoge murpaumn B [ToBOpCKNbe HaceneHma 4HenpPoBCKOro
npaBobepexba — HOCMTeNen XaboTUHCKOM apXeosiornMyeckom KynbTypbl. ITO HaceneHmne
ocTaBUno nocne ceba cneunduyeckne obbEKTbI, TPAAULNOHHO MMEHYeMble 3051bHbIMU
HaCbINAMN NN «30JIbHMKaMU». 30JIbHUKM MOPdONOrnyeckn NpeacTaBnAlnT co60i BO3BbI-
weHnA pasmepom oT 20 go 100 meTpoB B nonepeyHuke, B nnaHe nx ¢opma MoxeT 6biTb
6nu13Ka K Kpyry unu oBasny, Ho Hambornee KpyrnHble, Kak NPaBuio, UMEKT HeNpaBUbHYIO
dopmy. BbicoTa 30nbHbIX Hacbinen 3anagHoro benbckoro ropoauwa no HabnwgeHUAM
Hauana XX Beka coctaBnana 6onee 1 m, HO K HacToAWeMy BpPeMeHW, BCNIeACTBME BO3-
OencTBrA MIOCKOCTHOW 3p03MK, YCUNIEHHOW MHOFOKPATHOW pacrnallKoW, BbliCOTa Aake
Hambonee KpynHbIX 30/IbHMKOB He npeBbiwaeT 50 cm, a B 6ONbWINHCTBE C/lyyaeB peako
coctaBnset 6onee 15-20 cMm. Ha coBpemeHHOW NOBEPXHOCTU 30/IbHMKM BblAENAITCA Xa-
PaKTEPHbIM CBETNO-CEPbIM LIBETOM. BCKpbITble packonkamu, OHM O6HAPY»KMNBAKOT BbICOKYHO
HaCbILWEHHOCTb Ky/IbTYPHbIM MaTepUanomM 1 apxeonormyeckne O6beKTbl, MHTepnpeTu-
pyemble Kak XO3ANCTBEHHbIE AMbI, MeUn, >KepPTBEHHUKN; MPON3BOACTBEHHbIE KOMMIIEKChI,
CBAA3aHHblE C 30/IbHMKaMK, O HACTOALLEro BpeMeHN He BbiABMEeHbl. [eHe3nc 301bHMKOB
OCTaéTCA NpeaMeTOM AUCKYCCUI, Pa3fiMyHble nccnefoBateny nmbo CBA3bIBAOT MX C XO-
3ANCTBEHHOW [eATeNIbHOCTbIO U pacCMaTpMBaloT GakTUUYECKM Kak MyCOpPHble Kyuu, obpa-
30BbIBABLUMECA Y XKWUJIbIX KOMIMIEKCOB, MMOO ONUCHIBAIOT NX KAK KYJIbTOBbIE COOPY>KEHUS.

! ABTOpbI BblpaxatoT 6narofgapHocTb komnaHuu TVIS, Onecto AcrHckomy 1 Anekceto [lomaHckomy, npe-
[OCTaBMBLUMM B pacropseHne matepuanbl a3podoTocbémMKMN 3anagHoro benbckoro ropoauia; co-
TpyaHuKy «JTabopatopun RSSDA» Padxaty Mabaynuny, cbopmmpoBaBlueMy TPEXMEPHbIE MOLeNn pe-
nbeda, a Takxe KceHnn bonpapb, Onery KapacéBy u EkateprHe POMaHeHKO, NPUHABLUUM feATeNlbHOe
yyacTme B 06CyXeHnM NpobnemaTKi KapTUPOBaHWA BHYTPEHHEro NpoCTpaHCTBa 3anagHoro bernb-
CKOro ropoamLua.
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ApXxeonornyecknin Matepuars, Habnoaaemblil B 3051IbHbIX HACbIMAX, AATUPYETCSA NEPUOLOM
¢ cepeauHbl VIl Beka o H. 3. no cepeanHy V BeKa [0 H. 3., NPUYEM OTMeYaeTCa, YTo 30-
NbHUKNM CYLLeCTBOBANN B TeYeHre JOCTaTOYHO ANINTENbHbIX Nepnofos BpemeHu, ot 50 go
150 net (Wpamko 2012; laBpurw 2016).

Ha npotaxxeHnn 6onee 120 neT apxeonornyecknx nccnefoBaHni 3anagHoe benbckoe
ropoAuile HeO4HOKPATHO KapTMPOBanoch. MepBblii cxemMaTUYHbIN MaaH ropoauia 6bin
coctaBneH B 1895 roay A. A. bobpuHcknm. MNMepBasa nogpobHaa cxema C HaHECEHHbIMU
30/IbHMKaMK npeacTaBnieHa B oTuéte B. A. lopoauosa 3a 1906 rog. Ha otoenbHonm cxe-
Me OH OTMeTWN Habnogaemble UM 34 30MbHbIX HACbINKW, HA BOCbMM 13 KOTOPbIX M Oblin
3an0xeHbl packonbl (Topoauos 1911). B 1958 roay 3TOT nnaH Obi YTOUHEH B paMKax Co-
BMeCTHOM paboTbl MOCKOBCKOro 1 XapbKOBCKOTO roCcyAapCTBEHHbIX YHUBEpCUTETOB. Ha
HOBOM MnaHe 6b110 0603HauYeHo 43 30nbHUKA (Wpamko 1958. Jluct XI). B 1968 rogy aKc-
neguunen b. A. Lpamko 6bina BbiNofHeHA Tonorpaduyeckaa CbEMKa U COCTaBMEH MJaH
YKpenneHus, Ha KOTOPOM 0603HaYeHO y»ke 53 30/1bHMKa C NopAaKOBOWM HyMepavumen. Mpn
3TOM B HyMepaLuuio 6binn BKOUEHDI HOMEPa 30/IbHMKOB, packomnaHHbIX B. A. TopoauoBbim
(Wpamko 1975). Bnocnepctemm K 3ToMy nnaHy 6bin gobasneH 54-i1 3onbHUK (LW pamko,
3agHikoB 2014. C. 22).

MNpn npoBegeHNN PacKoONOK B BOCTOYHOM YacTu yYKpenneHua (3onbHuKn N2 5, 13 1 10)
BbIACHUIIOCb, YTO PacCrnofoXeHne OOHNX U TeX e 30/IbHMKOB Ha nnaHax lopoauosa (1906)
1 Lpamko (1968) pasnunuaetca. Ho npm packonkax Bo BCEX 3TUX 30JIbHMKax Obliv obHapy-
»KeHbl cTapble TpaHwew flopoguosa. CornocTtaBneHme nx napaMeTpoB, OPUEHTUPOBKM C OMNK-
CaHMAMU B gHeBHMKax [opofLoBa No3BoNvAM onpenennTb, YTo 30/bHMK N2 5 Ha cxeme
LLipamko cooTBeTCcTBYeET 30/1bHUKY N2 4 Ha cxeme [opopLoBa, 301bHUK NQ 13 —301bHNKY N2 5,
a 30/1bHUK N2 10 - 30nbHUKY N2 3 (Lpamko 2012. C. 168; laBpuw 2016. C. 24). 1. 1. TaBpwuLy,
nccnenoBaBLUN 30MbHUK N2 7, He oBHapyXun B HEM packonos B. A. TopogLoBa 1 notomy
NpeanoXun HyMepoBaTb MX Kak ABa pa3Hbix 30nbHUKa N° 7 n 7/2. . b. Lpamko nonaraer,
yto IN. Al. laBpuLLem 6bin packonaH 3onbHUK N2 22 (LWpamko 2012. C. 168). Bcero HaunHasn
¢ 1958 roga Ha ropoguue nccnegoBanocb oguHHaguatb 30abHUKOB (N2 7/2 (vnmn 22), 5,
10,11, 12,13, 19, 28, 30, 40, 54) n 3aKnagbiBanncCb OTAENbHbIE TPAHLWWEN Ha YYacTKax BHe
30/IbHMKOB.

K HacToAwemy BpemeHn ana 3anagHoro benbckoro ropoauila n3BecTHo YeTblpe nnaHa
C 0603HaYEeHHbIMM Ha HUX 30/TbHUKaMK, TPY 13 3TUX N1aHOB onybnunkoBaHbl (FaBpuw 2016.
C. 32, 33). BoiAaBNeHHble pacxoXKAeHUsA B HymepaLumn 307IbHUKOB 1 B NPOCTPAHCTBEHHOM
Nnono)keHum ob6beKToB, 6e3yCNIOBHO, crielyeT 0ObACHATb HECOBEPLUEHCTBOM LOCTYMHbIX
pPaHHUM mMccnegoBaTeniiM MEeTOAOB KapTUPOBaHMA (rnasomepHas, NONyMHCTPYMEHTaNb-
HaA 1 B lyyllem ciyyae TeoJoNUTHAA N MeH3Y/NIbHAA CbEMKa C ONOPOWN HAa NMYHKTbl HA3KNX
knaccoB). Ony6nnkoBaHHble MaTepuanbl MNO3BOMAAIOT 3aKMOUNTb, YTO CHEMKM, OMMCAH-
Hble NCCNefoBaTeNAMUN KaK MHCTPYMEHTanbHble, GAaKTUUYECKN BbIMOMHAMNCH C MOMOLLbIO
6ycconu 1 n3MepuTENbHbIX PYNETOK, TO eCTb MONYMHCTPYMEHTaNIbHbIM CMOCoOoM, YTO
1 Npegonpenennno UX HEBbICOKYK TOYHOCTb. [laxke nocne noABAeHUA 1 WKPOKOro pac-
NPOCTPAHEHNA COBPEMEHHbIX U3MEPUTENIbHbIX NPUOOPOB (31EKTPOHHbBIX TaXEOMETPOB,
GNSS-NprémMHMKOB 1 Ap.) X NPUMEHEHNE He BOLLSIO B MOBCEAHEBHYIO MPAKTUKY exeroa-
HbIX PAcKoMnoK Ha 3anagHom benbckom ropoauue. TouHble MeToabl NPUBA3KM PACcKONoB
No-NpeXHeMy He MPaKTUKYIOTCA; OHW, MO-BUAUMOMY, M1Ta30MepPHO NPMBA3bIBAIOTCA K Ma-
Hy 1968 roaa.

CnabocTb Tonorpadryeckon 0CHOBbI apXeosiornmyeckux paboT Ha 3anagHom benbckom
ropoauLle NpekpacHo UANMICTPUPYETCA onyONMKOBaHHbIMY CBEAEHMAMN O ero niaowagun.
Tak, B ny6nmkaumax ykasbisanuco nnowaau B 72,0 ra (Lpamko 1975; Lpamko 1987),95,0ra
(Myp3in n gp. 1999. C. 27), 85,0 ra (lfaBpuw 2016. C. 15), 86,5 ra (KywHip, KywHip 1999.
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C. 106-120), To ecTb pa3bpoc 3HaueHn gocturaet 23 ra. beycnoBHO, 3TO MoXKeT 6bITb
OTYACTN O6BACHEHO Pa3HbIMM NPUHLMNAMU U3MEPEHUS, TaK KaK ropoauLLe o110 OKOHTY-
peHO 1 n3mepeHo no rpebHio Bana (= 87,7 ra), BHellHeMy Kpato pBa (= 103,7 ra) unu BHy-
TpeHHeMy NogHoXMIo Bana (= 83,1 ra), Ho 1 camo onpeaeneHre NONOXKEeHNA STUX KOHTYPOB
[OCTaTOYHO YC/TIOBHO.

HecoBepLUeHCTBO UMeIWNXCA B PaCcnopsXeHUn uccrnegosatenen tonorpadpuryeckmx
MaTepurasnioB He MoO3BONAET pewunTb pag NPobneMHbIX BONPOCOB apxeonorun 3anagHoro
Benbckoro ropoguiya. Tak, 0CTaéTcA OTKPbITbIM BONPOC O AENCTBUTENIbHOM YMCIIE N KOHPU-
rypauum 30/1bHUKOB B Npefenax BHyTPEHHEro NpoCcTpaHCTBA ropoauLLa, Tem 6onee YTo B Ha-
CTosALLEee BPeMA OHO MHTEHCMBHO PACMaxmMBaeTCA — U 3TO B eLé 6onbLuel cTeneHn 3aTpyAHSA-
eT KaK B13yanbHOe BbifiBfIeHe 30/IbHUKOB Ha MEeCTHOCTK, TaK 1 onpefeneHne nx KOHTYpoB.
HeAcHbl (32 oTAENbHBIMW NCKIOYEHNAMN) NPOCTPAHCTBEHHbIE Y XPOHOMOrnYyecKkme B3au-
MOOTHOLLEHMA 30/1bHbIX HacbINewn, He NccnefoBaHa BHYTPEHHAA CTPYKTypa (opraHn3aums)
noceneHna n eé B3auMoCBA3b C eCTeCTBEHHbIM penbedpom. Henb3a cuntatb OKOHYATENBHO
PELEHHBIMI 1N BOMPOChI KOHCTPYKLUUN U UCTOpUK GOPMUPOBaHKA BanoB, YMC/ia Bbe3aos
B rOpOAULLE, B3aUMOOTHOLIEHUA COOCTBEHHO FOPOAMLLA C OKPY>KAOLLMMU NMOCENEHNAMMN.

PelueHve nepeuncneHHbIX Bbille NPo61eMHbIX BOMPOCOB MOXET ObITb 0651eryeHo nosn-
HOLIEHHbIM KapTUpOBaHMeM NamATHUKA. [pv 3Tom cnegyeT yunTbiBaTb, YTO UCCneoBaHme
Kak 0O0POHUTENBbHBIX COOPY>KEHUI, TaK Y BHYTPEHHENO MPOCTPAHCTBA rOpOoANLLEA OC/IOX-
HEHO HaNoOXKeHHbIMWN aHTPOMOreHHbIMN popmamm penbeda, NOABMBLUMMUCA BCEACTBME
cenutpoBapHoro npoussogctea B XVII-XVIIl Bekax n pacnawku BHyTPEeHHEro npocTpaHx- Puc. 1.
ctBa B XX-XXI Bekax. [losToMy 370 KapTorpadnpoBaHme JOMKHO ObiTb BbINOIHEHO CMOCO- 3anagHoe benbckoe ropoguue. OptodoTonnaH, paspelueHue 5 cm. Mzobpaxerve M. H. JaparaH
6om, obecneyrBaloLLMM BO3MOXHOCTb Fy6OKOro aHanmsa Tonorpadum ropoguila B Le-
nom. Taknm cnocobom npeacTaBnAeTcAa MeTo MOPPOMETPMYECKOTO aHaNN3a TPEXMEPHDbIX
mopenen penbeda, ycnewHo NpUMeHEHHbIN HaMU A1 BbIABNEHWA 1 KapPTUPOBaHUA apXeo- . g .
nornyecknx naMATHUKOB B Poccnu, IkBapgope n MoHronum (Svoiski, Romanenko 2013). s —.-?:-e'j-ﬁ,.—;';_.-.:..r-_:_-'hfu-r.-:._-..-_‘._

T R KT, 1

C60p 1 NoAroToBKa AaHHbIX A4/1IA aHanunsa il

NcxopHble gaHHble anAa aHanm3a 6binv nonyyeHbl 16 aBrycta 2017 roga nyTém aspo- i
$OoTOCHEMKIM € BecnunoTHOro netatenbHoro annapata DJI Phantom 4 PRO, ocHaweéHHoro
wraTtHon yndposon potokamepon DIl FC6310, ¢ 1" CMOS maTtpuuen (4864 x 3648 nuk-
cenen, 20 Mn), pokycHoe pacctoAaHne obbekTnBa 8,8 MMm. OoTorpadmpoBaHme BbINOMHA-
NOCb € BbICOTbI 270 MeTpoB Hag ypoBHem mopA (100-150 meTpos Hag penbedom (AGL)). Ha
MOMEHT CbEMKM CEBEPHasa YacTb TeppuUTOpUn ropoamiLa Obina pacnaxaHa, loxHas yacTb
NoKpbITa NOCEBaMM parnca BbICOTOM 0 60 cM. B 06Lwein CoXXHOCTM CbEMKOM 6blna NoKpbITa
TeppuTopuA nnowaabto okono 260 ra (2,6 km?). NMepsuyHaa o6paboTKa AaHHbIX 3aKiova-
nacb B GopMmpoBaHnn GoTorpammeTpryecknm cnocobom optodoTonnaHa ¢ paspeLleHu-
eMm Ha 3emne (GSD) 5 cm n obnaka Touek noBepxHocTU. CbEéMKa NpPoBOANIAC C NCMOSb30-
BaHMeM OfMHHAALATX OMO3HAKOB (KOHTPOMbHbIX TOYEK), KOOPANHUPOBAHHbBIX METOAaMM
cnyTHukoBown reogesun (GPS+GLONASS) aByxuyactoTHbiM GNSS-NpuémMHUKOM B pexnme
RTK, yto ob6ecneunno 4OCTaToOuHy0 ANA BbIMOAHEHNA 3a4aum NIAHOBYHO 1 BbICOTHYHO TOY-
HOCTb MOAENNPOBAHUA.

Ha ocHoBe obnaka Touek 6biia chopmMmpoBaHa TPUAHTYNALMOHHAA MOAENb NOBEPXHO-
cTn. TpraHrynaunmoHHas mogesb 6bina npeobpasoBaHa B perynapHble LdpoBble Moaenu
NOBEPXHOCTYU («KapTbl BbICOT») C pa3pelueHnem 50, 25 1 10 cm (puc. 2).

Mogenu noBepxHOCTU MMEKT pAn AedeKToB, 06YCNOBEHHbIX MPENMYLLECTBEHHO Puc. 2.
orpaHunyeHnamn GoTorpaMMeTpUUYECcKOro anropmutmMa, NO3TOMYy AnA AanbHeNLero aHa- 3anapHoe benbckoe ropoguue. Lindposas mopaesib MOBEPXHOCTU, paspeLleHne 25 CMm.
nn3a 6bina BblesieHa 30Ha NOKPbITUA KOHAWLMOHHBIMY AaHHbIMU Mmowaabio 146,5 ra NckyccTBeHHOE OCBeLLeHme — «<BeuepHeey, € loro-3anafa (C MICTMHHOTo asumyTa 230 rpapycos)
(1,465 Km?), BKMOUYaBWAA COBCTBEHHO TEPPUTOPUIO rOPoAVILA B MNpeAenax BasioB nog yrnom 40 rpafycos oT ropnsoHTa. Msobpaxerue M. H. laparaH
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ncxopHaa reomeTpms Bana (M B 0COGEHHOCTU ero BHYTPEHHEero ckara) CyLeCcTBeHHO Hapy-
WeHa Kak ecTeCTBEHHbIMM AeHYAALMOHHbIMI NpoLleccamn, Tak U HanoXKeHHbIMK Gopma-
MW NCKYCCTBEHHOTO penibeda, CBA3aHHbIMM C CEIMTPOBAaPHbIM MPOV3BOACTBOM. [owagb
BHYTPEHHero NpocTpaHCcTBa ropoauLla, u3MmepeHHas no «BHyTpeHHeMy» NOAHOXWIO Bana,
coctaBnset = 83,1 ra. B pamkax yTouHeHMA pa3mepoB ropoauiia Obinm TakKe n3mepeHbl
NAoLWaan «no KOHTypy rpebHs Bana» (= 87,7 ra npu nepumeTpe 3555 M) 1 «no BHeLIHEMY
Kpato» (= 103,7 ra). CnefyeT noguepKHyTb, UTO 06e 3TN NINHKI, NONOXKEHME KOTOPbIX Onpe-
AeneHo reomopdonornyeckMm Metogamu (BbiaeneHnem «eCTeCTBEHHbIX» N <MCKYCCTBEH-
HbIX» rpaHen penbeda), TakkKe AOCTaTOYHO YCIOBHbI. OTAenbHble yYacTKM Bana CUAbHO
pa3pyLeHbl (0cobeHHO nocTpagan ro-3anagHoiv ¢ac, obpaléHHbIn K gonuHe p. Cyxas
[PyHb), Ha I0XXHOWN OKOHEYHOCTW rOPOAMLLA Bas OTCYTCTBYET. KOHTYP «BHELLHEro Kpas» pe-
KOHCTPYMPOBAH C yYETOM BO3[ENCTBUA AeHYAALNOHHbIX MPOLEeCcCoB (MIOCKOCTHbIN CMbIB,
rpaBUTALMOHHOE CMeLLieHNe, 3P03MA BPEMEHHbIX BOAOTOKOB) U Ha OTAEeSbHbIX y4YacTKaxX
HaHeCEH NPeAnoNoKNUTENBHO (puc. 4).

Pa3nnuyHaa oOHaXEHHOCTb MOBEPXHOCTV B CEBEPHOW U HXKHOWM 4acTAX ropopmiia
npegonpeaennna pasnyHbI NOAXOA K U3yYeHMI0 MPOCTPAHCTBEHHbIX AaHHbIX. Ecnn B ce-
BEPHOW YaCTV ropofmLLa CBexas BCMallka No3Bonunia 6ecnpenaTcTBEHHO aHaNM3npoBaTh
MoZenv NOBEepXHOCTU, TO AN1A I0XKHOWM YacT TaKoW MNOAXO NPUMEHUTb OblI0 HEBO3MOX-
Ho. B obownx cnyuyasax BbifiBNieHNe OOBEKTOB BbIMOMHANOCb KOMOMHMPOBAHHbBIM CMOCO-
6om, no GoToTOHY opTodoTONNIAHa N METOAOM MaTeMaTMUeCKOol BM3yanu3aumumn penbeda
NOBEPXHOCTMW.

Puc. 3.
XapakTepHble fedekTbl UMPPOBON MOLENN NOBEPXHOCTH, CBA3AHHbIE C HEKOPPEKTHOWN paboTon
doTorpaMMeTpUUECKOro anropuTMa: d — HEKOPPEKTHOE onpefeneHune BbiCOTbl MOBEPXHOCTU
Ha nyiowazam, NOKPbITON Pancom; 6 — MOMOXKUTENbHBIN «LWYM»; 8 — OTPULIATESbHbIN «LLIYM».
N306paxeHune M. H. [laparaH

C onosicbiBaloWyM bydepom WnpuHom He meHee 100 M OT rpebHs Bana. [JaHHble B npe-
[enax 3TOM 30Hbl MOXHO MpU3HaTb, C PAAOM OrpPaHNYEeHWUA, NPUTrOLHBIMU ANA aHanu3a
MUKpopenbeda. OrpaHMUYEeHUs CBA3aHbl C PACTUTENbHOCTbIO — [aXke Ha TPaBAHUCTOMN
pacTuTeNnbHOCTU (MOCeBbl panca) BbICOTON Ao 60 cM $poTOrpaMMETPUYECKU anFrOPUTM
BMOJIHE NPefCKasyemo YCpeaHW BbICOTHbIE OTMETKM NMOBEPXHOCTY, UTO CAENano Moaesb
Ha 3TOM yyacTKe HernpurogHomn ana MoppomeTpuyeckoro aHanmsa. Kpome toro, Ha moge-
NN oTMeYvatoTcs apTedaKkTbl AaHHbIX, CBA3aHHbIE C oWMNOKamm anroputma (puc. 3). Tem He
MeHee MPOCTPAHCTBEHHbIE AaHHbIE, NMONyYeHHble B pe3ynbTate $OTOrpaMMETPUYECKON
1 nocToTorpaMmmeTpuYeckor o6paboTKm a3POCHNUMKOB MMEIOT TOYHOCTb U KauecTBo, JO-
CTATOYHblE AN BbINOJIHEHNA N3MEPEHWI 1 aHanm3a MopdONornm NoBEPXHOCTH.

UccnepoBaHme NpoCTpaHCTBEHHbIX AaHHbIX

MpeameToM NCCNeaoBaHMS ABAETCA BHYTPEHHEE NPOCTPAHCTBO 3anaaHoro benbckoro
ropoauwia, NPUYEM OCHOBHOE BHMMAHME COCPEeAOTOUYEHO Ha BbIBNEHUN U KAapTUPO-
BaHWM 30JIbHUKOB; OCTasibHble Mpobnembl Tonorpadun 3anagHoro benbckoro ropoaw-
LA, KaK 1 €ro apxeosiorMyeckoro v NaHAWapTHOro KOHTEKCTA, Ha HACTOALEM STane He

Puc. 4.
paccmaTpuBatoTcA. 3anagHoe benbckoe ropoauuie. OptodoTomnnaH C HAHECEHHBIMM KOHTYPaMUN BHYTPEHHETO
PaHMLbl BHYTPEHHEro NpoCTpaHCTBa ropoAuLa onpeaensTca «BHYTPEHHM» NOA- NPOCTPaHCTBa ropoauLla (OpaHXeBas NHNA), NeprumeTpa no rpebHio Bana (KpacHas nMHKS),
HOXMeM OKaMMIIAIOLEro Bana. 3TO B 3HAYMTENIbHOW CTENeHn YC/IOBHAA NMHKUA, TakK Kak BHELLHero Kpas pBa (3enéHas nuHua). izobpaxenne M. H. laparaH
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UsyueHune mogenei nOBEPXHOCTU

Busyanuzauma penbeda NnoBepxHOCTU BbINOAHANAC TPeMA cnocobamu (puc. 5):

a) MO NMPEeBbIWEHNAM (OTHOCUTESIbHOW BbICOTE) AYEEK MOAENN;

6) No yrny HaknoHa NOBEPXHOCTH;

B) NO SKCNO3ULMN CKIOHA.

Bce Tpu cnocoba npumeHANnChb K TpEM moaensam, ¢ paspeweHmem 50, 25 n 10 cm, Hau-
nyywyto gewmndpupyemMocTb NoKasana Mogenb ¢ paspelleHvem 25 cm. Mpn 3Tom ncnonb-
30Banacb TOHKAA HACTPOMKa CXem BM3yanm3auunu, 3aKI4YaBLIaACA NpenmyLlecTBEHHO
B YNpaBiieHU NapameTpamy BEPTUKANbHOIO npeyBennyeHuns, nogbope onTMManbHOro
KOHTpacTa LBETOBOW CXEMbl M AUHAMNYECKOM YNPaBieHNN NCKYCCTBEHHbIM OCBELLEHMEM
NMOBEPXHOCTU (NCEBLOTEHAMM).

MpumeHnTenbHO K 3anagHomy benbckomy ropoamily Hannyudlme pesynbTaTbl NOKasa-
na BU3yanusauma no 3KCNO3nLMM CKIOHA, NO3BOMMBLLAA YETKO BbIIBUTb JaXKe He3Hauu-
TesibHble nepernobl NOBEPXHOCTU. Brlyanusauma no npesbileHNAM He fana CylecTBeH-
HbIX pe3ynbTaToB BC/IeACTBME HE3HAUMTENBbHOCTM BbICOTbl aHOManui penbeda — ot 11 go
55 cm, Nnpu nepenage BbICOT B 23 M B Npefeniax BHYTPEHHEro nepmmeTpa Basos. Tem He
MeHee B HEKOTOPbIX CJ1yyasax, 0COOEHHO NPV NPUMEHEHN BbICOKOKOHTPACTHbIX LIBETOBbIX
cxeMm, BU3yanu3aumsa no npesblleHNAM NO3BOMMA HE TONbKO NPaBUIbHO NHTEPNPETUPO-
BaTb B3aVIMOOTHOLLEHNA aHOMANUN N KHOPManbHON» NMOBEPXHOCTU, HO U YTOUHUTD (B AU-
HaMMYeCKOM pexnme) KOHTypbl aHoManui. Busyannsauma no yrny HaknoHa NOBEPXHOCTU
OKa3anacb NpakTMyecKkn He NPUMEHNUMON ANA BblABNEHNA aHOMANnin, O4HaKo OKa3anacb
NoNIe3HOM NPU N3yyeHnn obero naHaWaPpTHOro KOHTEKCTA MaMATHUKA.

O6wuin noaxod K BbIABMAEHUIO aHOMaNMA OCHOBbLIBANCA Ha reomopdonornyeckmnx
npuvHumMnax. [na Kaxkgoro yyacTka mMofenu oueHuBanacb HagéXHOCTb MCXOAHbIX AaH-
HbIX 1 BbIABNANMCL AedeKTbl MOAenu, He ABNALMECA OTOOpaXeHNemM peasibHOro pe-
nbeda. 3atem oT6pakoBbIBaNMCb Gopmbl, 06pa3oBaHHblE eCTeCTBEHHbIMY AeHyAaLOH-
HbIMK Mpoueccamu 1 0bycnoBneHHble 0COOGEHHOCTAMN reoNorMn NaMATHYKA, BbIABNANCA
aHTPONOreHHbIN penbed. VM3 3neMeHTOB aHTPOMOreHHoro penbeda KapTMPOBaHUIO He

Puc. 5.
Busyanusauuma penbeda noBepxHOCTM MaTeMaTUUYECKUMU anroputmamu, Gopmupyowmmm
LiBETOBblE CXEMbl: @ — MO NPEBbIEHMAM; 6 — NO YAy HAK/IOHA NMOBEPXHOCTY; 8 — MO IKCMO3ULUN
CKJIOHa. Mi306paxeHune M. H. laparaH
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Puc. 6.
MpodurnuposaHme BbIABIIEHHOW aHOManMn Ha Mmoaenu penbeda, BU3yanun3vpoBaHHONM
Nno 3Kcno3mumm cknoHa. 3obpaxkeHne M. H. JaparaH

nognexanun Bce CTPYKTYpbl, CBA3aHHble C COBPEMEHHOW XO3ANCTBEHHOW AeATeNIbHOCTbIO,
3a UCKIIOYEeHeM 0ObEKTOB, MMEIOLLMX 3HAYEHNE OPUEHTUPOB (3arnyLWEHHbIE CKBAXUHbI).
HeoKOHTYpuBanmcb Takxe Basbl, PBbl 1 06 bEKTbI, HECOMHEHHO CBAA3aHHbIE C CENIMTPOBApP-
HbIM npoun3BoacTeom XVII-XVIII BekoB. AHOManunu, KoTopble MOrv ObITb UHTEPNPETUPOBA-
Hbl 1 KaK 30J/IbHUKN, N KaK Ciefibl CeNMTPOBAPEHNA, — OKOHTYPUBANCD.

AHOManuMu BbIABAANNCH NPEMMYLLECTBEHHO NO neperndam noBepxHOCTU. MNpun OKOHTY-
pPVBaHMN aHOMaNUM NCMNOJIb30BaNOCh NPOGUNNPOBAHNE NOBEPXHOCTM (puUc. 6) C aBTOMA-
TU3NPOBAHHbIM BLIHOCOM Ha MJ1aH MOJIOXKEHWI ToUeK nepernba. [nsa Kaxaon aHomanmm
onpeaenAanncb KOHTPOJbHbIE TOYKN KOHTYpa (OT 4 TOYeK AN OKPYrfblX aHOManunn pasme-
pom go 30 m B nonepeyHnke go 16 Touek anAa KPymnHbIX aHOManum ClI0KHON reoMeTpun).
TouKm coeanHANNCH 3aMKHYTbIMU KOHTYpPaMu, MPU HEO6XOANMOCTI INHWUA KOHTYpa AOMNOJ-
HUTENbHO KOPPEKTMPOBANach («yknaabiBanacb») no penbedy. besycnoBHO, KOHTYpbI aHO-
Manun penbeda CyLeCTBEHHO HapyLLEHb! (<Pa3MblTbl») pacnallKom, OAHAKO AeTanbHOCTb
MoAenn No3BONAET HAaAEXHO uaeHTUPUUMpoBaTb NUHUK nepermba. OT6paKoBKa ecTe-
CTBEHHbIX GOpM penbeda BbINOHANACL OObIYHBIMU FrEOMOPHONOrMYECKUMN METOAAMM.
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UsyueHue poToToHa opTodpoTonnaHa

OnbIT aHanM3a COBOKYMHOCTEN MPOCTPAHCTBEHHbIX AAHHbIX MO3BOJMIAET B COBpe-
MEHHBbIX YCNOBUAX cYMTaTb M3yyeHne $OTOTOHa opTodoTOoMnNaHa HeobXoaUMbIM, HO
CKopee BCMomoraTtefibHbIM (B TOM 4KcC/ie KOHTPOJbHbIM) MeTofoM. [puMeHuUTENbHO
K 3anagHomy benbckomy ropoguuy nccnegoBaHve $OTOTOHA NOKasano cnegyrowme
pe3ynbTaTbl.

Ina pacnaxaHHOW TepPPUTOPUM BbISIBASETCA ABa TUNa aHOManun ¢poToToHa (puc. 7):
CBETNO-Cepble OKPYrible MATHA, YaCTo C «Pa3Ma3aHHbIM» MO HaMpPaBAeHNIO BCMALIKN KOH-
TYpoMm, 1 Bypble OKPYT/ble, pexe BbITAHYTblE MO HaMpaBeHMIO pacnalLKy NATHA.

[nAa TepputopnN, NOKPLITOM NOCEBaMM Panca, XapaKTePHbl ABa MHbIX TUNA aHOManumn
¢doToTOHa (punc. 8): CBETNIbIE OKPYI/Ible NATHA U TEMHO-3€NeHble NATHA.

Kpome Toro, Ha optodoTonaHe OTMEUATCA TEMHbIE NATHA, NpeAcTaBAsoWme cobon
TEHW OT MeNKMx 06naKkoB. VIHoraa oHW cryyariHbiM 06pa3om COBMAZatoT C NMOSIOXKEHNEM 30-
NbHUKOB, OTMEYEHHbIX Ha OMYBINKOBAHHbIX MlaHaX, ¥ MOTFyT ObITb OLIMOOYHO NPUHATDLI 33
aHoManuu oToToHa (puc. 9).

Pe3synbraTbl M3y4yeHNA NOBEPXHOCTN ropoanLya

CesepHasa yacme 3anadHo2o besbckoz2o 20poouwa

N3yueHne undpoBon mogenn NOBEPXHOCTU MO3BONWO BbIABUTbL B Npefenax cesep-
HOW YacTy ropoauLia 63 NoNoXKUTENbHbIX aHOManun penbeda (z1-z63, cm. puc. 10), pac-

MOJIOXKEHMNE KOTOPbIX B HEKOTOPbIX CIIyUasX KOPPETUPYET C MOSIOKEHNEM 26 «30SIbHUKOB, PuC. 7.

0b03HaueHHbIX Ha nnaHe b. A. Lpamko (z1=25, z5=45, z10=36, z11=28, z12=27, z19=21, AHoManuu GoToToHa OpTOPOTONNaHa Ha MallHe: d — CBETNIO-Cepble OKPYble NATHA,
z20/54=46, z22=61, z24=20, z43=18, z25=48, z29=16, z32=19, z31=26, z34=52, z35=53, UacTo C «PasMasaHHbIM» MO HaMPAaBIEHMIO BCMALLKM KOHTYPOM; 6 — Gypble OKpYrJble,
736=14, z37=4, z38~3/42, 239=10, 263=1, z41=2, z42=15, z45=11/12). OOHaKO Nonoxe- pee BbITAHYTbIE MO HanpaBieHuIio pacnalky NaTHa. 3obpaxeHnne M. H. laparaH

HVe 30/IbHMKOB Ha CTapbIX NIaHaX He COOTBETCTBYET peasbHOMY MOMIOMKEHMNI0 aHOMANNN
penbeda n potoToHa. Koppenaums 3onbHUKOB Ha nnaHe b. A. LLpamKko ¢ HabntogaembiMm
aHOManuAMK penbeda CyLeCTBEHHO 3aTPYAHAETCA reOMEeTPUYECKON HETOYHOCTbIO 3TOro
naaHa 1 CoOXpaHALEeNca Tpagmumen oTCyTCTBUA MHCTPYMEHTaNbHOWN NPUBA3KN PackornoB
(pnc. 11). Tak, Hanpumep, aHOMaNUA z2 COOTBETCTBYET 30/IbHUKY 40. DTOT 30MbHUK UCCNe-
fgosanca B 1968 ropgy (laspwuw 2016. C. 26) 1, No BCer BUAUMOCTH, eMy COOTBETCTBYET aHO-
Manus z4, NOCKONbKY B €€ npefenax BblABAAETCA KOHTYP CTaporo packona, eAMHCTBEHHOrO
B 3TOWN YacTu ropoamwa (puc. 12). Ewé 6onee xapakTepHbIM NPYMepPOM ABAAETCA pacKkon
2015 rofa, 3anoXeHHbIM Ha 30MbHUKe N2 13, nonoKeHne KOTOPOro ABHO ornpeaeneHo He-
BepHoO (puc. 13).

Habniogaemble B ceBepHON YacTy ropoguila «CBETI0-Cepble» aHOManumn GpoToToHa 06-
Hapy>KMBatoOT NPAMYIO KOPPENALMIO C NOSTIOKMUTENTbHBIMI aHOManNUAMN penbeda, Nnpeanono-
YKUTENbHO ABNAILMMNCA 30/IbHUKaMKW. TeM He MeHee HabnoaaeTcs 3HauMTelbHOe YMCIIo
NONOXKNUTENbHbIX aHOManui penbeda, He UMELLLMX COOTBETCTBUS B POTOTOHE. TaKMX aHOMa-
NI 32, TO eCTb OKOJO MOSIOBUHbI U3 BbISIBNIEHHbIX. Kak NpaBuio, 3To aHomanum He6onbLoro,
pexe cpeaHero pasMmepa, YacTo NPUypPOoYEHHble K nepudepnn BHYTPEHHENO NPOCTPAHCTBA
ropoaua. «<CBeTNo-cepbix» aHOManuin GOTOTOHA, HE UMEIOLLMX COOTBETCTBUSA B penbede, He
obHapyxmBaeTca. IHTepnpeTpoBaTb 3T HabnoAeHMA MOXHO ABYyMA NyTaAMN. JTnbo aHoMa-
nun penbeda, He UMeIoLLMe CBETION OKPACKU FPYHTa, OTINYAKOTCA OT KacCMUYECKUX 30/1b-
HbIX HacbINen No CBOeMy COCTaBy (Hanpumep, CoaepaT MeHblLLee KOMYECTBO «30JIbHOrO»
KOMMOHEHTA), MO0 3TO BMOJIHE KJlAaCCUYECKUe 305IbHUKK, eLLEé He BCKPbITbIe pacrnallKown.
B nocnepgHem cnyyae OHU MOTYT OKa3aTbCA LLeHHbIM 06 bekToM ByayLmnx nccnefoBaHun.

«Bbypble» aHOManMn $poToTOHa He OOHAPYKMBAIOT KOPPENALUN C aHOMANUAMU penbe-
da, n ux npupopa TpebyeT LONONHUTENIBHOIO NONEBOrO NU3YYeHUS.

Puc. 8.
AHomanum ¢oTtoToHa opTodoTONNIaHa Ha NOCEeBax parnca: d — CBETIble OKPYr/ible NATHA;
6 — TEMHO-3enéHble NATHa. M306pakeHune M. H. laparaH
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Pnc. 11.
Cxema COOTBETCTBUA BbIABAEHHbIX aHOManuin 30/bHbIM HacbinAM nnaHa b. A. Lpamko. KpacHon
3a/IMBKON MOKasaHbl 30/IbHMKMW, BCKPbITble pacKonmkamy MpOoLWblX feT. Bcneactsme otcyTcTBmA
cBefleHNn 06 OMOPHON CeTU UCXOLHOTO MilaHa U CYLLLECTBEHHbIX NCKaXKeHUIN reoMeTpuu, NprBA3Ka
nnaHa BbIMOMHEHa MO XapaKTepHbIM TOYKaM JIMHENHbIM CNocoboM B MPAMOYrONIbHON CUCTeMe

Puc. 9. koopauHart. 13o6paxkeHne M. H. JaparaH
AHoManuu $OTOTOHA, He CBA3AHHble C AeNCTBUTENIbHBIM LIBETOM MOBEPXHOCTU — TEHU OT MENKMX

obnakos. M3o6pakeHne M. H. laparaH r

Puc. 12.

MpurBA3Ka packona Ha 3o5bHUKe N240 K aHoManuam penbeda 3anagHon Yactn ropoamia. CMHUM
KBaZpaToM MOKa3aH pacKorm, BOKPYr KOTOPOro HabnoaalTca nepemellLeHnsa rpyHTa, oTpasusLumecs
B Mukpopenbede nawHW. HecmoTpsa Ha TO, uTo 0OO3HauYeHHbI Ha nnaHe 30nbHUK N° 40
HaknagblBAaeTCsA Ha aHOManmio z2, GakTMYeCKn packonom BCKpbiTa aHoManua N2 4.
N3o06paxkeHne M. H. [laparaH

Puc. 10.

MonoxutenbHble aHOManum penbeda B ceBepHO YacTy 3anagHoro benbckoro ropoguiya (KpacHbiin
KOHTYp) 1 «Oypble» aHOMaNuu, He UMElLMNE COOTBETCTBUA B penibede (KOPUUYHEBBIN KOHTYP).
N306paxeHne M. H. JaparaH
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Puc. 13.
MprBAaska packona Ha 30nbHUKe N2 13 K aHoManuam penbeda BOCTOUHOWN YacTy ropoauLLa:
a — CNYTHUKOBbIN CHUMOK 2015 rofa, caenaHHbI HEMNOCPEeACTBEHHO BO BPEMsA PacKonok;

6 — a3poCcbEMKa TOro »e mecTa 16 aBrycta 2017 roga; 8 — aapocbémKa 2017 rofa ¢ HanoXeHHbIM
nnaHom b. A. LLipamko. B ceBepHoI1 YacTh pparmeHTa HabnogaeTca XxapaKTepPHbI OpUEeHTUP —
3arnywéHHasa ckBaxuHa. ConoctasneHue cbéMok 2015 1 2017 rogos No3BONAET 3aKNI0UNTD,
YTO pacKom 3aNoXKeH Ha aHoManuu penbeda z32. M3o6paxkeHne M. H. JaparaH

IOxHas yacme 3anadHozo besbcko2o 2opoduwya

B 0’KHOM yacTu ropoauila NpUMeHEeHVe aHanv3a Moaeny NoBepPxXHOCTU Bbino orpa-
HWYEHO HanMumMem TPaBAHWCTOW PacTUTeNbHOCTM (MoceBoB panca), 3¢ eKTNBHO «CcMa-
3aBLUen» nepernbbl penbeda n caenasBller NPaAKTUYECKN HEBO3MOXHOW BbIAIB/IEHME aHO-
Manuin ¢ Manown BbICOTHOM amnanTyaomn. OgHaKo M B 3TUX YCIIOBUAX HENOCPEACTBEHHO MO
mogenu penbeda yaanoch BbIABATb LIECTb NONOKUTENbHbIX aHOMasNI, MPOCTPAaHCTBEHHO
COOTBETCTBYIOLLMX YaCTV U3 14 3011bHNKOB, 0603HaueHHbIX Ha nnaHe b. A. Lpamko (1968).
N3yueHnem GOTOTOHa TEPPUTOPUN B KOXKHOW YaCTM FOPOANLLA, HA MOMEHT CbEMKU NMOKPbI-
TOW pancom, 6bia10 BbIABNEHO 27 «CBET/bIX» OKPYI/bIX NATEH. YeTbipe NpOCTPaHCTBEHHO
coBnanu ¢ aHomanuamu penbeda, obHapy>KeHHbIMU Ha Mogensax. [py 3Tom, Kak npasu-
Nno, KOHTYp CBET/IOro NATHa NMbOo coBMafan C KOHTYpPOM aHoManuu penbeda, Moo Obin
CYLLEeCTBEHHO MeHblLUEe ero. JKCTpanonupys matepuanbl HabnogeHi B CeBEPHON YacTu
ropofuila Ha ero IKHYI YacTb U COMOCTaBAAA UX C pe3ynbTaTaMu n3yyeHus GoTOTOHa,
MO>KHO NpeAnonaraTb, YTO MOC/E BbIMOMHEHUA HOBOV a3PO0dOTOCHEMKM B 6/1aronpuATHbIX
YCNIOBUSAX, B I0XKHOWM YaCTy ropofuila BO3MOXHO BblIAIBJIEHNE HOBbIX 30/IbHUKOB, B 60/1b-
LWNHCTBE HEOOMbLMX N MPUYPOUYEHHbIX K Nepudepnn BHyTPEHHEro NPoCTPaHCTBa ropo-
Aviwa. HecoMHeHHO, Kak yaenbHaa NIOTHOCTb 30J1bHbIX HACbINew, Tak U 3aHMMaemMasa nmmn
TEPPUTOPKUA B I0XKHOWM YaCTU rOPOAMLLA MEHbLLE, YEM B CEBEPHON.

MoMKMO CBeT/IbIX aHOMaNWI B I0XKHOW YacTu ropoauiia Habniogatotca aBa 60nbLuMx No
pa3mepy TEMHO-3e/eHbIX MATHA, He OOHapPYKUBAIOLMX MPOCTPAHCTBEHHOW KOppenaunm
C aneMeHTamu penbeda 1, NPegnoNoXKNTENbHO, CBA3AHHbBIX C BapUaLMAMN XMMMUYECKOro
coCTaBa WM YBNaXXHEHHOCTW MouBeHHOro cnod. Vx npupoga Takxke TpebyeT nonesoro
nsyyenus (puc. 14).

O6wue HabnogeHnA

Mpu nsyuyeHun mogenen penbeda 3anagHoro benbckoro ropoauiLa NOMMMO NMOSOKU-
TeNbHbIX aHOMaNUN penbeda, UHTEPNPETUPYEMbIX KaK 30/IbHUKK, 6bin BbIABNEH psag GopM,
NPeAnoNoOXKMUTENbHO NMEILWMNX AaHTPOMOreHHOe NPOUCXOXKAEHNE.
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Puc. 14.

MonoxutenbHble aHoManuu penbeda B 10XKHONM YacTh 3anagHoro benbckoro ropoauila (KpacHbIn
KOHTYP), «CBET/IbIe» aHOMaNuu, MPefnoNoXNUTENIbHO CBA3aHHbIE C 30JIbHUKaMU (Benbiii KOHTYP)
N «TEMHO-3eNEHbIe» aHOMaNnK, CBA3aHHbIE C BapunaL M/ XMMUYECKOro COCTaBa
UMW YBNAXKHEHHOCTU MNOYBEHHOTO CJ10A (KOPUYHEBBIN KOHTYP). Mi306parkeHme M. H. laparaH

B ueHTpanbHOM YacTn ropoauLLa aHanM3om MOAENN MOBEPXHOCTM MO SKCMO3ULNK CKIO-
Ha N KOHGUrypaumy ropusoHTanen BbIABAAETCA NMHENHaA aHoManua penbeda, No CBoen
mopdonorMm npeacTaBnAwWasn BblpaXeHHbI AyroobpasHblil ycTyn wupuHon ot 10 go
20 m (pwc. 15). Ha oTtaenbHbIX y4YacTKax MOBEPXHOCTb YCTYMa OC/IOKHEHA MOHWKEHUAMY,

Puc. 15.
JInHelHaA aHOManuA Ha CKNOHe CeBepo-3anafHoN 3KCMO3ULMM B CEBEPHOM YacTu ropouLia.
Linpposasa mogenb NOBEPXHOCTU, BU3Yann3npoBaHHas Mo SKCMO3NLMK CKITOHa.
N306paxkeHne M. H. [laparaH
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napannenbHbIMU 00LLEeMY HanpaBeHNIo 3TON CTPYKTYpPbl. B HanpaBneHnn 3anagHoro 1 Boc-
TOYHOrO BbEe3[0B B FOPOAMLLE STOT YCTYN NMEPEXOAUT B XOPOLUO BblPaXXeHHbIE JIMHENHbIE
NOHVXKeHUA rybuHom Ao 15 cm, NprMbIKaoLLme K COBPEMEHHOWN CKBO3HOM fopore. ObLian
NPOTAXEHHOCTb 3TON aHOManuu penbeda coctaBnaeT okono 830 mM; aHOManuA He cornacy-
€TCs C eCTeCTBEHHbIM penbedoM 1 NepeceKaeT HanpaBneHre NageHna CKIIoHa Noj pPasHbIMK
yrnamu. B ¢oToToHe 3Ta NnHenHaa aHOManuA NPaKTUYeCKN He OTpaXkeHa.

Tepputopusa K ceBepy OT ONUCaHHON Bbilwe aHOManun penbeda (pakTnyeckn Bca ce-
BepHas MoJIOBMHA ropoanLla) NMMeeT AOCTAaTOYHO BbIPaXKEHHbIV FPAQOBbLIA (BOSIHUCTbIN)
penbed (pnc. 16 n 17). OcobeHHO XOPOLLO rPAAbl Bblpa)keHbl B CEBEPO-BOCTOYHOW YacTu
ropoauLLa, rae oHW MmetoT BbicoTy fo 40-50 cm. B ceBepo-3anagHon yacTy ropoauLla

Puc. 16.
PacrionoxeHwne n mopdonormsa 30H BOMHUCTOrO (rpagoBoro) penbeda B CEBEPHON YacTu ropoauLLa.
N306paxxeHune M. H. [laparaH

Pnc. 17.
MepcneKTUBHLIN BUA Ha rPAA0BbIN penbed B CEBEPO-BOCTOYHOW YacTu ropoaunLla.
Bug ot goporn B ceBepHOM HanpasfieHun. VICKYyCCTBEHHOe OcCBelleHne — «3akaTHoe», C 3anaja
(c uCTMHHOrO asmmyTa 260 rpagycos) nog yrnom 20 rpagycoB OT FOPU3OHTa.
N306paxeHne M. H. JaparaH
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BbICOTa rpaf He npesblwaeT 20 cm. BbicoTa n amnnnTtyaa rpag HenoCcToAHHA, NPoCTUpaHmne
rpAg B LENOM COOTBETCTBYET HanpaBfieHMIO CeBEP-IOr, B CEBEPO-BOCTOYHOM 30HE OHU He-
CKOJNbKO OTKOHAIOTCA K BOCTOKY (MCTUHHbIE a3nMyTbl 5-7 rpadycoB). [pagbl OCNOXHEHbI
aHOManVAMN, NHTEPNPETUPYEMbIMI KaK 30JIbHUKIM, KOTOPblE «Pa3MblBaloT» PerynapHOCTb
«BONH» penbeda. MeCcTHOCTb MeXAY CeBepPO-3anafHON 1 CEBEPO-BOCTOUYHOW 30HaMK Bblpa-
MEHHOro rpagoBoro (BONHUCTOro) penbeda JOCTaTOYHO POBHAsA, HO Take OOHapyXKBa-
eT cnefbl rpAad, YHUUTOXEHHbIX NMIOCKOCTHbIM CMbiIBOM. OpreHTauma rpag He cornacyeTca
C eCTeCTBEHHbIM penbedpom U, 3a PEAKUMN NCKITIOYEHNAMU, HE COBMAAAET C HanpaBfieHU-
eM nafeHua CKIoHa.

B 10XKHOM YacTn ropoaunLa NMeeTCa BbITAHYTOE OTKPbITOE NPOCTPAHCTBO, MPUYPOYEH-
Hoe K cnabo Bbipa)keHHOMY pebpy penbeda, pasgensaiowemMy CKIOHbI CEBEPO-3anagHON
1 1oro-3anagHom skcno3smumm. QakTnyeckn OHO pasfenaeT CeBEPHYIO M I0XKHYIO0 30HbI «3a-
CTPOVKU» U AOMUHUPYET Hag HUMW. Pa3BefouHan TpaHwea AnnHom 50 M, 3anoXKeHHas
BKPECT 3TOro NpoCTPAHCTBA, MOKa3ana OTCYTCTBUE apXeosiornyecknx o6beKToB 1 crnabyto
HacbIWeHHOCTb HaxoaKkamu (LWpamko, 3agHikos 2014. C. 226).

B npepenax 3anagHoro benbckoro ropoauila HabnogaeTca Takxke pag aHoOManum pe-
nbeda, HenocpeaCcTBEHHO He CBA3AHHbIX C apxeonornyeckumm obbektamum (puc. 18). Cpean
HUX MO>KHO OTMETUTb aHOManuto pasmepom 9,5 X 6,0 M, NpeaCTaBNAIOLYIO0 NPAMOYIOfb-
HbI BaNMK BbICOTON B MepBble CaHTMMETPbl, NPAKTUYECKN YHUUTOKEHHDI pacnaLlKou.
Eweé nBe nonoxutenbHble aHoManuu penbeda, MakCMmanbHbIM pa3mepom Jo 25,0 m, oT-
MEUAITCA B OXKHOM YaCTN ropoanLLa. BoamMoXXHO, 3T 06beKTbl CBA3aHbI C CENUTPOBAPHLIM

Pnc. 18.
Mprmepbl aHoManuin penbeda, He CBA3AHHbIX C apXeoNorMyeckumy o6beKkTamu.
N306paxeHne M. H. JaparaH
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npounssoacteoM XVII-XVIII Bekos. Kpome Toro, B npefenax nepmmeTpa BanoB OTMeYEHO
yeTbipe aHOMaNuW, CBA3aHHble C 3arnyLWEéHHbIMU pa3BefoYHbIMU CKBaxkKMHamu. Cnepyet
OTMETUTb, YTO flaxke OTHOCUTENIbHO CBEXNMe PacKomMbl NPOLWIbIX SIET Ha NallHe BbIABAAIOT-
CA NN0XO, XOTA 1 MOTYT ObITb, NPK 6aronpUATHbIX 06CTOATENbCTBAX, AelUMPPUPOBaHbI Ha
mogzenax penbeda.

BbiBOAbI

Mopgonoaus nogepxHocmu 3anaoHo20 besbcko2o 2opoouwia

1. MOXXHO yBepeHHO YTBepKAaTb, UTO B npedenax 3anagHoro benbckoro ropoauia
HafEXHO BbIABNAETCA He MeHee 68 NONOXUTENbHbBIX aHOMaNUn penbeda, MHTEPNPETUPY-
€MbIX KaK «30/IbHNKW» — 63 B CEBEPHOM YacTu 1 5 — B 10XKHOMW. [Tpn 3TOM MOXXHO npegno-
naraTb, YTO B OXKHOW YaCT! HOBOW CbEMKOW MO CBeXel naliHe 6yaeT BbIABNEHO He MeHee
20 HOBbIX aHOManun penbeda 1 oblyee Nx YNCNO B Npeaenax ropoanila 3aBefoMo npe-
BblIcUT 70 1 moxeT gocTnyb 90. BO3MOXHO, He BCe OHU ABNAIOTCA «30/IbHMKaMU» B KNaccu-
YeCKOM MOHMMaHUKU 3TOro TePMMNHA, OAHAKO aHTPOMOreHHOoe NPOUNCXOXKAEHNE aHOMANNN
BMOJIHE NOATBEPKAAETCA UX MOPPONOrnen 1 B3aMMHbIM PACMONOXKEHNEM.

2. Mopdonorna noBepxHOCTN CEBEPHON U H0XKHOW YacTel ropoAMLLa COBEPLLUEHHO pa3-
nnyHa. 1na ceBepHOM YacTu, NPUYPOYEHHON K CKIIOHY CeBEPO-3anagHOM 3KCNO3nLNN, Xa-
PaKTEpPHO LWNPOKOEe pacnpOCTPaHEHNEe KPYMHbIX U CPeaHNX NONOKUTENbHbIX aHOMANNM
penbeda 1 yyacTku rpsagoBoro (BOMHUCTOro) penbeda. B 10XXHOM YacTu, pacnosioXeHHON
Ha CKJIOHe (0ro-3amnagHon 3KCNo3nunmn, HabnaaTCA OTHOCUTENIbHO HEMHOTOUYMCIEHHbIE
1 Hebonbluve NO pa3mMepy NONIOXKUTENbHbIE AHOMANUW, rPAKOBLIA penbed OTCYTCTBYET.
MpaHMLa Mexxay CEBEPHON U 0XKHOWM YacTAMU rOpoauLLa NPUOAN3NTENIbHO COOTBETCTBYET
pebpy penbeda, OTAENAOLEMY CKIIOHbI CEBEPO-3anagHON 1 I0ro-3anagHon SKCNo3nLmu.

3. YcTyn B LeHTpanbHOM YacTu ropoanila MOXHO NHTEPNPETUPOBaTb KaK MCKYCCTBEH-
HOe COOpYyXeHVe, BepOATHO, CO3JaHHOe Ha paHHeM 3Tane CyLecTBOBaHUA ropoauuia
1 BNoCneacTBum npeobpasoBaHHOE B MPOE3XY AOpory. B HEKOTOpbIX MecTax noBepx-
HOCTb YCTyna OTyacTV NepeKkpbIBaeTCA KpaeBbIMU YaCTAMU MONOXKUTENbHbIX aHOMANNN
penbeda. IMEHHO C 3TUMK aHOManMAMK CBA3aH Hanbonee OPEBHUIN APXEONOrNYECKINIA
MaTepuan BTopon nonosuHbl VIl Beka Ao H. 3., BbIIBNEHHbIN B 30/bHMKax N2 19 un 5,
NPOCTPAHCTBEHHO COOTBETCTBYOWMNX aHOManuAM penbeda z33 1 z34 COOTBETCTBEHHO
(lWpamko 2006. C. 34-42; NlaparaH 2011.C. 562, 563). B ogHOM criyyae noNoXntenbHas aHo-
Manua (z38) HaknagbiBaeTCcA HeENOCPeACTBEHHO Ha MOHMKeHMe, ABNALLeecd BOCTOUYHbIM
NPOAOMKEHMEM YCTYNa.

4. PacnpocTpaHeHne NONOXNTENbHbBIX aHOManui penbeda B Npeenax CeBePHOM YacTu
ropogauila KpanHe HepaBHOMEPHO 1 0OHapYX1BaeT onpefenéHHble 3aKkoHoMepHoCTU. Ha
I0OXKHOM Kpalo CeBEPHON YacTu ropogmiLa no obe CTOPOHbI OT yCTyna rpynna aHoOManui
pacnonaraetca B popme AByx cybnapannenbHbiX MMHUIA. DTa rpynna pacnosnoxeHa 6nm3
reomMeTprMyecKoro LeHTpa ropoauila, HoO rmncoMeTpuyeckn He 3aHUMaeT OJOMUHMPYIO-
LLEro MOJSIOXKEHNA N HE MPUYPOYEHa K KaKUM-NMOO ecTecTBEHHbIM nepernbam penbeda.
Mpynna BKkAYaeT Hanbonee KpynHble aHOManuu 3anagHoro benbckoro ropoauila, a Tak-
e aHOManuu ¢ Hanbonee APEBHMM apXxeosiornMYecknm matepuanom. B 3anagHom yactu
ropoauLLa pacrnonaraeTca KOMMNakTHasA rpynna aHoManui, MetoLas B niaHe popmy pas-
HOoOepPEHHOro TPeYronbHKKa, HanpaBeHHOro BEPLUMHOM Ha BOCTOK. [pun 3TOM ceBepHas
CTOPOHA 3TOro TPeYyrosibHMKa MOXEeT PacCMaTPMBATbCA Kak NPOAOIXKeHNe CeBEPHOWN Nn-
HUW OnMMcaHHOW Bbiwe rpynnbl. OCTanbHbIe NONOXKUTENbHbIE aHOMaNUK penbeda pacno-
naratotcsa nnbo ayroobpasHbIMU IMHUAMKU, OPUEHTUPOBAHHBIMU MO NPOCTUPAHUIO CKITOHa,
nnMbo TakXe AyroobpasHbIMU JIMHUAMM, HO PACMONOXKEHHBIMU BAOMb BajlOB rOPOAULLA.
Yncno aHomanum, He YKNaabiBaloLWMNXCA B 3TV 3aKOHOMEPHOCTU, He npeBbiwaeT 15 %.
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5. EWé ofHMM MHTEPECHbIM 3N1EMEHTOM ABMAIOTCA OBaJibHble B MjlaHe «He3aCTPOeH-
Hble» MNPOCTPAHCTBA MOLWAAb0 OKOJIO OAHOrO rekTapa, Co BCEX WK MOYTU CO BCEX CTO-
POH OKPYXEHHbIe MONOXUTENIbHBIMU aHOManuAMN penbeda. Mopdonorva NoBepxHOCTH
TaKMX NPOCTPAHCTB 6/IM3Ka K eCTeCTBEHHOIM NOBEPXHOCTU CKIIoHa. Hanbonee apKko Bbipa-
YKEHO «HEe3aCTPOEHHOE MPOCTPAHCTBO» B CEBEPO-BOCTOYHON YacTu ropoamuia. Eweé 6onb-
Lyio Nowaab (He MeHee TPEX reKTapoB) MMEET OTKPbITOE NPOCTPAHCTBO, NMPUYpPOYEeHHOoe
K Hanbonee HM3KOW CceBepO-3anafHon yacTn ropoaua (puc. 19).

6. PacnonoxxeHne [OCTOBEPHO BbISIBNEHHbIX M MpefnonaraeMbix no GoOTOTOHY Moso-
XKUTeNbHbIX aHOManuin penbeda B I0XKHOW YacTU ropoauLla He obHapy»K1BaeT OnMCaHHOM
BblLLE YETKOW «reoMeTpur3aumm». [1na 3Toro yuyacTka XapakTepHO pacronioXXeHne aHOManui
B BUAE HEMPAMONMHENHbIX LIeNoYeK, HarnpaBneHne KOTopbiX UMeeT cabyto CBA3b C penbe-
¢dom; aHOManuy pPacnonoXKeHbl Ha OTHOCUTENbHO HGONbLUNX PACCTOAHMUAX APYT OT Apyra.

7. be3ycnoBHO, 3HaueHVe OMNMCAHHON Bbllle «reoMeTpu3aLMm» B3aUMHOMO Pacnono-
YKEeHUA NONOXNTENbHbIX aHOManui penbeda Henb3A NpeyBenMunBaTb, OAHAKO U CllyYali-
HbIM TaKOe PacnonoXeHne CYNTaTb TPYAHO, OHO HECOMHEHHO 00y CI0BNIEHO KOMOMHaL el
€CTeCTBEHHbIX MPUYMH U KYJIbTYPHbIX TPAAULMIA U MOXKET, 40 onpefesieHHON CTerneHu, oKa-
3aTbCA KNHOYOM K MOHVMMAHUIO UCTOPUY NaMATHUKA.

Pnc. 19.
CBopfHana cxema pe3ynbTaToB UCCNefoBaHMA NOBEPXHOCTY 3anagHoro benbckoro ropoauiya.
3anoxeHune ropusoHTanen 5 M, ropu3oHTaNN NOCTPOEHbI MO LdPOBOI MOLENV NOBEPXHOCTH
B aBTOMAaTMUYECKOM pexrmMe 6e3 KOppeKUuun Ha pacTUTeNbHOCTb. 1A NOKPbITOM noceBamu parnca
I0>KHOW YaCTV ropofuiLa BepTuKasbHasa owrbKa cocTaBnAaeT okono +0,6 m.
N306paxeHne M. H. JaparaH
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8. B kauecTtBe paboueli cxembl MOXHO MPeAnoNoXUTb CrefyoLyo nocnefoBaTtesb-
HOCTb ¢$opMMpoBaHMA penbeda BHYTPEHHErO MNPOCTPaHCTBa 3anagHoro benbckoro
ropoguia:

| aTan. MNosBneHne HeyKpPenNEHHOro CenuLLa, BbITAHYTOro no pebpy penbeda, pasge-
NAOLWEro CKMOHbI KOro-3anagHom 1 ceBepo-3anagHon skcnosuumn (cepeguHa VIl Beka
[0 H. 3.). Hauano ¢popmunpoBaHua Hanbonee KPynHbIX 30/IbHUKOB.

[l 5Tan. Coopy»eHune ycTyna n, BO3MOXHO, ero ykpenseHue.

[l 3Tan. NoAasBneHne «NMMHENHOro» NOCENeHNA «Ha YCTyne», paclmpeHne noceneHua
Ha ceBep OT YCTyNa, BHM3 MO CK/IOHY, NpeAnosiaraeMoe paclipeHmne ycTyna B CKBO3HON
npoesn.

IV 3Tan. PacuBeT n paclumpeHmne ropoaunila, NoABAeHMEe rpynn aHoManuin penbeda, pac-
NMONOMEHHbIX MO MU30runcam (No NPOCTUPAHUIO CKITOHA).

V atan. CTponTenbCTBO BasioB 1 PBOB (He paHee cepeaunHbl VIl BeKa Ao H. 3. U He No3a-
Hee BTOpoW nonoBuHbl VI BeKa A0 H. 3.), CMeLLeHVe MaBHOro npoesfa yepes ropoguile
Ha or 1 3aKpenneHne ero Ha pebpe penbeda, pa3aenaoLlemM CKIOHbI CEBEPO-3anagHON
1 0ro-3anagHom skcnosnuumn. BospactaHme NAOTHOCTU HaceneHus, BO3MOXKHOE ero nepe-
MeLLeHne B npeaenbl nepumeTpa Banos. DopmmnpoBaHme noceneHns C NpPon3BOACTBEHHbI-
MW KOMMAeKcaMu K oro-3anagy oT ropoguLua.

VI atan. [MossneHne menkux aHomanui penbeda (B TOm Unce 301bHNKOB) BAOb BasOB,
BEPOATHOE 3aKperneHmne «kHe3aCTPOEHHbIX MPOCTPaHCTB.

VIl 3Tan. Ynagok ropoauiya, yxod HaceneHusa (Hayano wnu cepegmHa V Beka Ao H. 3.),
KOHCcepBaumA penbeda.

VIl aTan. Pa3spylweHre BanoB AeATEeNbHOCTbIO, CBA3AHHOW C NPOM3BOACTBOM CENUTPbI
(XVII-XVIII Beka).

IX aTan. Pacnawka BHyTpeHHero npoctpaHcTBa ropogumwa (XIX-XXI seka).

MeTtopgonornyeckue coobpakeHus

1. KapTpoBaHue meTogom MOAENVNPOBAHNA MOBEPXHOCTM Ha OCHOBE JAaHHbIX a3po-
doTOCHEMKIM ABNAETCA TOUHBbIM U 3PPEKTMBHBIM CNOCOOOM JOKYMEHTUPOBAHUA NaMAT-
HUKOB apXeoNiornu, PacrofiOKEHHbIX Ha OTKPbITON (He MOKPbITOM PacTUTENbHOCTbIO)
MEeCTHOCTW.

2. MNpmeHeHne aHanmn3a TPEXMepPHbIX Mofenein NOBEPXHOCTU C NPUMEHeHneM cpeacTB
MaTeMaTU4eCcKon BU3yanm3aumm Aaxe Ha pacrnaxaHHOW MeCTHOCTU NO3BONAET BbIABNATb
HOBble OOBEKTbI fJaXke Ha XOPOLLIO UCCIeAOBAHHbIX MAMATHMKAX.

3. U3yueHune Tepputopun NamAaTHUKA Mo opTodoTonsaHam, OTAeNbHbIM a3podoTo-
CHUMKaM W1 CMYTHUKOBbIM CHYMKaM BbICOKOrO pa3peLleHns He MOXeT 3aMeHUTb aHanm3a
mogzenewn penbeda, Tak Kak Habnogaemble B penbede aHOManum CnoLlb 1 PAAOM He QK-
cupytoTca no GoTOTOHY.

4. TpéxmepHaa mogenb penbeda, nonyyeHHaa GoTorpammeTpryeckmm cnocobom, no-
3BonAeT (Npu ycnoBuM NPaBUIbHOIO MCMOMb30BaHNA CPeACTB MaTeMaTUYeCkon BU3ya-
nn3aunn) gaxe c NpUMeHeHneM Kamepbl OTHOCUTENIbHO HMU3KOro paspeLleHna HagEéXHOo
BbIAABNATb aHOManuu penbeda Tnna «301bHNUK» BbICOTOM OT 10 cm.

5. MeTog aHanm3a TpéXmepHbIX MoJenier NOBEPXHOCTN C NPUMEHEeHneM CpefcTB Ma-
TeMaTUYeCKomn BU3yanm3aLmm MOXHO PeKOMeHAOoBaTb ANA NPUMEHEHNA Ha aHANOMNYHbIX
namATHUKax. MNpeacTaBnAeTcA paLnoHanbHbIM UCNOMb30BaTb ero ANA BCen Tepputopun
Benbckoro ropoguila n ero HeNOCPEACTBEHHOIO OKPYXEHUA C TeM, YTOObI NONYUUTb eau-
HYI0 HaAEXXHYI0 OCHOBY ANA JaNbHeNnWnx paboT u onpefennTb He BbiIABNEHHbIE A0 HACTO-
Alero BpemeHn o6beKTbl.
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A.B. 3y6oBa
Mys3eii auTpononoruu u 3THorpadum um. lMetpa Benukoro
(Kynctkamepa) PAH, PO,
WHcTuTyT apxeonorum u 3tHorpadum CO PAH, PO

A. M. Kynbkos
PecypcHblil LieHTp peHTreH-AnuPpaKLNOHHBIX METOA0B UCCNe0BaHNI
cnery, po

B. I. Mouncees, B. /. XapTaHoBnY
Mys3eii aHTpononorun u 3THorpadmm um. Metpa Benukoro
(Kynctkamepa) PAH, PO

PE3YJIbTATbI CIMOJIb3OBAHNA BUPTYAJIBHOTO
3D-MOAEJIMPOBAHNA MPU U3YHEHNW OOOHTOJIOTMYECKNX
HAXOOOK 2MOXW MNANEOSINTA U3 KOJTEKLA MAS PAH!

BBepeHne

MprMeHeHne BUPTYasbHbIX 3D-pekoHCTPYKLUMIA B Nafie0aHTPONOIOrMYecKmx n bruoap-
XE0NOrnMYeCcKNxX NCCNefoBaHNAX MMEET OFPOMHbIe NePCNeKTMBbI. Pa3nuyHblie nx BapuraHTbl
BHEAPAIOTCA B UCCNe0OBATENbCKYIO NPAKTUKY YKe He NepBoe AeCATUNETE U MO AOCTONH-
CTBY oLeHMBatoTCA crneymanuctamm. OCHOBHaA NPUYKMHA, MO KOTOPOW 3TV TeXHONOornn o6-
penu nonynApHOCTb, — 3TO BO3MOXXHOCTb M306eXaTb MOBPEXAEHUI YHUKANbHbIX NaneoaH-
TPOMONOrMYeCKX HaXOAO0K Npu MOpPdOMETPUUECKMX UCCIeAOBaHNAX, SKCMOHMPOBAHUN
MX Ha BbICTAaBKaX, MCMONb30BaHWM AN1A 4EMOHCTpauun B yuebHom npouecce. Kpome Toro,
NPUMeHeHMe pasfinyHbIX METOAOB KOMMbIOTEPHON ToMorpadum no3BonseT Moaenunpo-
BaTb M U3y4aTb BHYTPEHHME CTPYKTYPbl BMOapXeonornyecknx o6beKkToB, UTO CyLLECTBEH-
HO paclmnpseT nx MHGOPMALIMIOHHbIE BO3MOXHOCTN.

3a nocnepHve ABa OecATUNETUA KOMMblOTepHaA MUKpOToMorpadua ctana obblYHbIM
nccnefoBaTeibCKM METOLOM B ManeonaTosiorMmn, OCTEONOrm, SBONIOLMOHHON aHTPOMo-
norun. Oco6eHHO WNPOKOE NPUMEHEHVE OHA HaLU/a B MAale00A0HTONIOrMYECKUX UCCneno-
BaHWAX, OCHOBHOW 3ajjauell KOTOPbIX ABNAETCA OnpeaesieHre TakCOHOMMYECKOro CTaTyca
nonynAumm, aHanms eé 6MoNOrMYecKmx CBA3EN N SKONOrMYeCKNX 0COBEHHOCTEN Ha OCHO-
BaHMM XapaKTEPUCTUK 3yOOB YesioBeKa, 0OHapPYKMBAaEMbIX Ha apPXEO0NIOrMyecknx o6 bekTax.
Hanbonee pacnpoctpaHéHHasa 06nacTb NPUMEHEHUA MUKPOTOMOrpadun — CKaHMpPOBaHUe
ans nocnepyioulenn 3D-peKOHCTPYKLUN KOPOHKM 1 BUPTYaNIbHOIO YAaneHus cnosi CTEPTOMN
U NOBPEXAEHHOW 3Mann. 3TO NO3BOJNIAET ONMCcaTb MOPPONOrMI0 rpaHMYaLLEel CO CI0eM
3Masnn NOBEPXHOCTN AeHTUHA. OHA 3aMeHAeT BHYTPEHHUI 3nuTennin smanu Gopmupyio-
eroca 3y6HOro 3a4aTka, U e€ CTpoeHue B LieSIOM COOTBETCTBYET BHELHEMY penbedy Ko-
poHku (Martin et al. 2017).

MepBoHauanbHO Mopdosornyeckoe ob6cnefoBaHNe Ha rpaHMLe AeHTUHA 1 SManu me-
TOoAMYeCKN Jy6nMpoBanocb C OnMcaHMEM BHELLUHE NoBepxHOCTH 3yba. ODMKcMpoBanmcb

! ViccnefoBaHve BbIMOMHEHO Npy noggepke Mporpammbl dyHAamMeHTanbHbIX nccnegoaHuin PAH «MMa-
MATHVKM MaTepranbHON 1 AyXOBHOW KyNbTypbl B COBPeMeHHOW MHGOPMaLMOHHON cpefe.
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OOHU U Te e NMPU3HAKN NO OOHUM M TEM Xe CxeMaMm y4yéTa (cm., Hanpumep, Skinner et al.
2008, Bailey et al. 2011). No mepe HakoMMeHMA AaHHbIX CTANIO ACHO, YTO CTPOEHME BHYT-
PEHHNX TKaHEN KOPOHKN MOMET TaKKe UCMOJIb30BaTbCA Kak CaMOCTOATENbHbIN MCTOYHUK
NHPopMaLMn o Npouecce mopdoreHesa 1 3BONOLMOHHOM CTaTyce M3yYaeMbix 06pa3LoB.
CoOTBETCTBEHHO, ObINM BblAeIeHbl HOBble TAKCOHOMUYECKM 3HaYMMble MapKepbl, ObICTPO
Boweawmne B NPakTUKy nccnegosaHni (Benazzi et al. 2011; Benazzi et al. 2013; Zanolly,
Mazurier 2013; Martin et al. 2017; Martin-Francés et al. 2017; Ortiz et al. 2017). Ho HecmoTps
Ha TO, YTO B MUPOBOW NpPaKTUKe aHann3 Mopdonornn AeHTUHO-3MaNeBoON NOBEPXHOCTU
cTan obsa3aTenbHON NpoLenypoi npu paboTe ¢ naneonutTmyeckumm obpasuamu, B Poccun
OH 10 CMX NOP He UCNOoNb3yeTcA.

B 2017 ropy otgenom aHtpononorun MAS PAH un LieHTpom peHTreHo-AndpakLNOHHbIX
nccneposaruii CM6IY 6bin HauaT COBMECTHbIN NPOEKT, HanpaBfiIeHHbIN Ha U3yYeHne U3o-
NIMPOBAHHbIX OAOHTONIOrMYECKNX 06Pa3L0B INOXM NaneoMTa C MOMOLLbIO KOMMbIOTEPHOW
Tomorpadun. B uncne npounx 6binm ob6cnenoBaHbl Ba NOCTOSIHHBIX BEPXHUX BTOPbIX MO-
nAapa c npobnemMaTMyHbIM TaKCOHOMMYECKUM CTaTyCOM, HaleHHble Ha MyCTbepPCKUX CTO-
AHKax tora Poccun. Ob6a 3yba NponcxoaAaT U3 OTHOCMTENIbHO NO3AHUX CI0EB, U OCHOBHOM
3aflayen CTano onpepeneHve Toro, NpuHagnexar nm oHn Homo neanderthalensis nnun
Homo sapiens. HecMoTpsA Ha To, UTO BHeLHAA MOpdosiorna KOpoHoK o6enx HaxoaoK bbina
M3yyeHa rno BCeM BO3MOKHbIM MpOorpaMmam (onucaHve metogos cM. B: 3y6os 2006; 3y6os,
Xanpeesa 1995; Turner et al. 1991; Bailey 2002), TakcOHOMUYECKUI CTaTyC MHANBUAOB, KO-
TOPbIM NpVHaanexanu o6cneaoBaHHbIe MOMSPbI, OCTaBaNICA HeonpeaenéHHbIM 13-3a TOro,
YTO 3Ta Kateropus 3yOOB XapaKTepu3yeTcA MOBbILEHHOW BapuabenbHOCTbIO 1 cnabon
KOHLeHTpaumen anoMopdHbIX MPU3HAKOB, 3HAUNMbIX A1 BUAOBOW ANArHOCTUKMN.

MaTtepuanbl n meToabl

MepBbii 13 06pasuoB (puc. 1) 6bin 06HapyxeH B no3gHemycTbepckom cnoe 3 (1)
AXLITBIPCKOW NeLepHON CTOAHKKM, PACMONOXKEHHOM Ha YepHOMOPCKOM nobepexbe
CeepHoro KaBka3a. OH npepctaBnsaetr coboM MOCTOAHHLI BEPXHUI MNpPaBbii MONAP
B3pOCNoro nHaneuaa B sospacte 25-30 net. Jatnposka camoro cnoa coctasnsaeT 37 000-
32 000 net 8o H. 3. (YepabiHueB 1 ap. 1965), HO 3y6 6bin OOHAPYKEH B BEPXHEN ero Yactu

e L
[ L] 5

Puc. 1.
3D-peKOoHCTPYKLMA BHELIHEro Buaa KOPoHKM monapa Axwtbipckas 1. PucyHok A. M. KynbkoBa
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Ha MPUCTEHHOM YyuyacCTKe neLlepbl, rae MycTbepckmne apTedakTbl CMeLlaHbl CO cnegamu
6onee No3gHMX 3MM30[0B NoceleHns newepbl nogbmn (Kynakos 2015). Haxoaka 6bina
HanaeHa Npu NPOMbIBKE, TaK YTO CTPOro CBA3aTb €€ C Kakon-nnbo rpynnoin aptedakToB
HEeBO3MO»KHO. BHeLLHMe XapaKTepPUCTUKN KOPOHKM 1 KOpHel 3yba No3Bonunu B CBOE Bpe-
MA npegnonaraTb ero NPUHAANEXHOCTb NCKOMAaeMOMy YenloBeKY COBPEMEHHOro Bnaa —
Homo sapiens fossilis (Bekunosa, 3y6os 1972).

JlononHutenbHoe obcnenoBaHue, nposeaéHHoe B 2016 roay, NO3BONUIO onpeae-
NUTb BEPOATHYIO NPUHAANEXHOCTb 3yHa MHANBMNAY MY>KCKOFO Nnona n 3apukcmpoBaTtb Ha
HEM LienbIi pAS apXanyHbIX MPU3HAKOB, CONMMKAOLWMX HAXOAKY U3 AXLITbIPCKON neLlepbl
c 6onee paHHUMn dopmamu B npegenax poga Homo. Cneundurueckme mapkepbl HeaH-
AepTanbCKOro KOMmnaeKkca BO BHELWHEeM CTPOEHMN KOPOHKM OTCYTCTBYIOT, HO pa3mMepbl eé
Me31O0-ANCTaNbHOrO 1 BECTUOYNO-NNHIBANbHOIO AiamMeTpa NonajaT Ha rpaHuuy npe-
[enoB 3HAYeHWUI, CBOMCTBEHHbIX HeaHAEePTaNIbCKUM U CanMeHTHbIM HaxoaKam (3yboBa
n gp.2017).

BTropaa Haxoaka npeacTtaBnsaeT cobo BEPXHUIA BTOPOW NEBbIA MOSP MOMIOLOIO UH-
AvBuaa B Bospacte 20-25 net (puc. 2), obHapy»xeHHbIn H. [. MpacnoBbiM Npu packonkax
MYCTbePCKOWN CTOAHKN POXKOK 1, pacnonoxeHHon B PocToBcKom obnactn Ha nobepexbe
TaraHporckoro 3anuBa. 3y6 6bin HallgeH B KBagpaTte Z-4 4eTBEPTOro MyCTbepPCKOro ropu-
30HTa ([Mpacnos 1968). B HacToAWee BpemA NamMATHUK n3y4vaetca [prasoBckon akcneam-
unen MMMK PAH (npu nogaepxke POOWU, npoekTt 17-06-00355), 1 no pesynbratam pabot
OTMeYaeTCA, YTO UHAYCTPUN 4-r0 FOPU3OHTA AEMOHCTPUPYIOT UHAYCTPUY CpeaHenaneonu-
TUYECKOro obnmnKka, KoTopble NO3BOMAIOT OTHECTU STOT KOMMNEKC K MUKOKCKOW CpeaHena-
neonutnyeckom obHocTtn (anoxa MC 3).

MNpenBapuTtenbHoe obcnefoBaHue Haxoaku 6bino BbinonHeHo A. A. 3y6oBbiM. OH
KOHCTaTUPOBan Masnoe KOJIMYeCTBO apxanyeckux YepT B CTPOEHUN KOPOHKHK, 6e3 yTou-
HEHWA X COCTaBa, U MPULLIEN K 3aK/TIOUYEHNIO, UTO, NO BCEN BUAMMOCTM, 3y6 NpuHagne-
»an Homo sapiens. OgHaKo OH OTMETWI, YTO HEGONbLION NPOLEHT CaNMEHTHbIX 3y60B
BCTPeYaeTca Uy HeaHAepTanbLeB, MO3TOMY KaTeroOpUYHbI/ BbIBOA CAeNaTb HEBO3MOXHO
(unT. no: Mpacnos 1968). anbHenwme NCCNefOBaHUA MOKa3anu NPUCYTCTBUE 3HAYU-
TENIbHOIO KONMMYECTBa apXanyHbIX 31eMEHTOB B MOP(PONOrmm KOPOHKN, HE CBONCTBEHHbIX

Rt

> 500 um <

Pnc. 2.
3D-peKoHCTPYKLMA BHELHEro Buaa KOpoHku monapa Poxok 1. PucyHok A. M. KynbkoBsa
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COBPEMEHHbBIM NIOAAM, HO He MO3BONALWNX TOYHO OnpeaenuTb eé BUAOBYIO NPUHAA-
NEXHOCTb. MeTpuyeckre xapakTepucTUKM 3yba okasanucb b6nmxe K BepxXHenaneonntu-
yecknm obpasuam, Yem K HeaHgepTanbckmm. CTaTucTnyeckMmMmm metogamm bbiia onpeae-
neHa BepoATHaA NPUHAANEXHOCTb MHAMBWAA, KOTOPOMY NpuUHaanexan 3y6, K XeHCKoMy
nony (3y6osa un gp. 2017).

MeToapbl

Ana o6enx HaxofoK 6bina BbINONIHEHa KOMMbloTepHasA MUKpoToMorpadusa. 3ybbl ckaHu-
pOBanncb Ha PEHTFeHOBCKOM MUKpoToMorpade Skyscan-1172 npu HanpsaKeHUn Ha Tpy6-
ke 100 KB n cune Toka 100 MKA 6e3 punbtpa. Lar BpaweHua 0,25 rpaaycoB, ycpeaHeHne
no Tpém Kagpam. PaspeleHuve 3,45 MKM/NuKcenb. PEKOHCTPYKLMA AaHHbIX NpoBoANIach
npu nomowu nporpammbl NRecon (Bruker-microCT). B nporpamme CTAnN (Bruker-microCT)
6bina nocTpoeHa uudpposaa 3D-mogenb Kaxxkgoro obpasua 1 Npov3BefeHO BUPTYyanbHoe
pa3geneHve feHTMHa u 3manu. Bmsyanusauma oumdpoBaHHOM mogenn nposoaunacb
B nporpamme CTVox (Bruker-microCT).

Mocne peKoHCTPYKLUMN Ha KaxaoMm 3ybe onpefenanacb $popma OKKIIIO3MBHOWN NOBEPX-
HOCTW U HanrMuune unm oTCyTCTBME AEBATU MPU3HAKOB: peayKLUnM M1MNOKOHYCa N METaKOHY-
ca, NnepefHen 1 3agHeln AMKKY, MNarmokpucTbl (c onpefeneHmem Tmna no: Martin et al. 2017),
anukpucTbl, C5, 6yropka Kapabennu, LLleHTpanbHOro NonoeHnsA BepLUNH POroB AeHTNHa.
Takke puKCMpoBanucb 0COBEHHOCTM OJOHTOrNMMGUYECKOrO Y30pa.

Pe3yn bTaTbl 1 BbiBOAbl

Axwmelpckas 1

Mopdonorunueckune npusHakm, Habnogaemble Ha PEKOHCTPYKLMM MOBEPXHOCTN AEHTU-
Ha monapa AxwTbipckas 1 (puc. 3), cknagbiBaloTCA B KOMOUHALMIO HEUTPaNbHbIX MOPdOo-
rMYeCKmnX 3/IEMEHTOB 1 MapKepoB 0OLLEel apXanKu, TaK *Ke Kak M KOMMIEKC XapaKTepucTuk
BHELLHEeN NOBEePXHOCTN 3Manu. Mpr3Hakn HeaHAepPTaNbCKOM CneLmann3anmm OTCyTCTBYIOT.

1

Puc. 3.
3D-peKOoHCTPYKLMA MOBEPXHOCTU Ha FpaHuLie AeHTMHA 1 dManu Monapa AXLWTbipcKas 1.
PncyHok A. M. KynbkoBa
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Okknto3anbHaA NOBEPXHOCTb MMeeT TpaneunesnaHyto Gopmy, YAIMHEHHYIO B Me3K1O-
AVNCTaNbHOM HanpasfieHuun. [pnucyTCcTBYeT HepeayLMpPOBaHHbIA TUMOKOHYC, YMEPEHHO
pefyuMpoBaHHbIN MeTaKOHYC, GOPMUPYIOLWUI C1ab0 CKOLIEHHbIN ANCTO-BECTUOYNAPHDIN
yros, 3afHAA AMKa, HeNnpepbIBHbIA KOCO rpebeHb (MnarmokprcTa). Tun nocnegHero onpe-
AeNnnTb 3aTPYAHUTENbHO, TaK KaK TOUYKA ero coefHeHns ¢ MPOTOKOHYCOM nonajaeT B 006-
nacTb CTEPTOCTU. Me3nanbHbIA 1 AUCTaNbHbIV KpaeBble rpebHU nposeraloT NpakTuyecKkm
no pé6pam KOPOHKM, BbiCTynaHne 6a3asnbHOM YacTU KOPOHKM 3a MX Nnpenesibl He3Haun-
TenbHO. Mexay r’mnokoHYCOM 1 METaKOHYCOM KpaeBoW rpebeHb npepBaH MexOyropko-
Bon ¢uccypon. OgoHTornmduryecknin y3op oueHb cnoxeH. OH npeacTtaBneH OCHOBHbIMM
6opo3gamu Bcex 6YropKoB, BKIOUas TMNOKOHYC, AYONNPYIOWMMM NX SEMEHTaMK Ha NPO-
TOKOHYCe 1 MapakoHyce, Tpupagnycom 1me, puccypamm, pasgensoLMmm oceBor rpebeHb
NPOTOKOHYCa M NapakoHyca B MPOAO/IbHOM HanpasneHnn. BepluvHbl poros feHTMHa Ha
BCeX 6yropkax pacrnosnioXeHbl Ha KpaeBblX rpebHAX.

Poxok 1

BHyTpeHHee cTpoeHne KOPOHKM 3TOro 3yba 3aMeTHO OTNIMYAETCA OT BHELIHErO (puc. 4).
OKKnto3anbHaa NOBEPXHOCTb MMeeT TpaneyuneBugHble o4epTaHns, C CUbHO CKOLLEHHbIM
ANCTO-BECTUOYNAPHBIM YoM, TAroTeowmne K pombosrgHon ¢opme. OHa 3aMEeTHO MeHb-
Wwe no nnowaaun, yem 6azanbHaa YaCTb KOPOHKNU, Y OKPYXeHa CMCTEMOW HenpepbiBHbIX
KpaeBbIx rpebHen, B AUCTaSIbHOM M Me3UafibHOM OTAeNlaX 3aMETHO CMELUEHHbIX K LieH-
Tpy. BepwuHbl MeTakoHycCa, MPOTOKOHYCa U MapakoHyca Take CABWHYTbI LEHTPasbHO,
yto 6onee TUNUYHO ANA HeEaHAEPTANbCKMX HAXOA0K, YeM ana Homo sapiens (Martin et al.
2017). B a7OT e Komnnekc yknagpisaetca Tmn |l xoga nnarmoKpucTbl, KOTOPbIA BCTPeYeH
Ha 75 % HeaHpgepTanbCkux M2 1 TonbKo Ha 25 % coBpeMeHHbIx obpa3uoB (Martin et al.
2017.Tab. 11), CKOLWEHHOCTb ANCTO-BECTUOYNAPHOTO Yrna 1 LeHTpasibHOe PacrofioXeHne
OKKN03MBHOM nnowagkn. OctanbHble MPU3HaAKK, TaK Xe Kak 1y Monsapa 13 AXLUTbIPCKON
newiepsbl, yKNagblBaloTCA B HENTPaNbHO-apXanyHbli KOMMNeKc. B Hero BxoguT otcyTcTBme
CUNbHOW pefyKLUMn TMNOKOHYCa, NPUCYTCTBME 3a4aTKoB C5, ONONHUTENbHBIX Me3nanbHbIX

> N g0g <

Puc. 4.
3D-peKOoHCTPYKLMA MOBEPXHOCTU Ha FPaHuLe AeHTMHA 1 3mManu monapa Poxok 1.
PucyHok A. M. KynbKkoBa
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6yropkos, 3agHen AMKU. OQOHTOrMMGUYECKNIA Y30p KOPOHKU NpeacTaBneH OCHOBHbIMU
Ty6epKynapHbiMi 60po3gammu Bcex Gyropkos, AyOnupylowmyMy 3nemMeHTaMm Ha NpoTo-
KOHyCe, MeTakoHyce 1 NapakoHyce, dpuccypamu, pasgenaiowmmm oceBor rpebeHb npoTo-
KOHyCa 1 napakoHyca B MNPOAOSIbHOM HanpasneHUK, AONONHUTENbHbIMU TPUPaaMycamm
MeX0yropKoBbIX GUCCYp B Me3ranbHOM 1 ANCTaJIbHOM OTAEenax.

Pe3ynbratbl nccnenoBaHUA Mokasann, UTO Aaxe B BeCbMa CrOPHbIX C/lyvyasax aHanms
penbeda AeHTNHA Ha rPaHNLLE C BHYTPEHHUM CloeM 3Manu JaéT 66nbLuie BO3MOXHOCTHY
[ TAaKCOHOMMYECKOW ANAarHOCTUKM, YeM n3yueHne Mopdonorny BHeLHe MOBEPXHOCTM.
Mpn obwel «HenTpanbHON apXanyHOCTM» BHELIHEro CTPOEHUA IMaNieBoro yexnaa Mons-
poB 13 AXwTbipckom newepbl U PoxKa, 3D-peKoHCTpyKUMA nognexallx TKaHen HarnagHo
AEMOHCTPUpPYET OTKNIOHeHne mogenn GopMrMpoBaHMA KOPOHKMN HaxoaKkn Poxok | B ctopo-
Hy HeaHAEepPTaNbCKNX KOMMIEKCOB, OTCYTCTBYOLWee y 3yba U3 AXLWITbIPCKON nelepbl. ITo
corniacyeTca € apxeonormyecknM CTaTyCoM HaxofKu, MOCKOSbKY cpefiHenaneonntTnyeckas
MUKOKCKasA KyNbTypHasa 06LHOCTb, K KOTOPOWM OTHOCATCA KOMMIEKCbI U3 4-TO KYJIbTYPHOrO
rOPM30HTA CTOAHKN POXOK, TPAANLMOHHO COOTHOCUTCA C pacnpoCTpaHeHnemM npeacTaBu-
Tenen Buga Homo neanderthalensis.
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AERIAL ARCHAEOLOGY,
AIRBORNE LASERSCAN AND MAGNETOMETER PROSPECTION
AT THE IRON AGE OPPIDUM MENOSGADA, BAVARIA, GERMANY

Introduction

The Iron Age Oppidum Menosgada ca. 200 BC already known to Ptolemais and docu-
mented in old maps from the 2nd century AD is the northernmost Celtic Oppidum of
Bavaria. The site is situated on a natural (geological) monument of Jura sediments, with
an extension of ca. 1 km in diameter. The prominent plateau forms a natural “Acropolis”
that rises above in the centre of the mountain by 50 m; it consists of reef limestone and
dolomite rock and covers an area of ca. 300 x 140 m. This elevated area had been settled
and fortified since the Neolithic (ca. 5000 BC), Urn field and Hallstatt periods. During the
Celtic and late Iron Age periods an additional large fortification wall enclosed this “natural”
Acropolis. After the year 50 BC, the site was entirely abandoned (Abels 1980).

A defence wall of ca. 2800 m long enclosed the Oppidum which had the Acropolis with
a further fortification wall, in its entirety of 49 ha. Except for the plateau and a large area
in the northeast quarter of the Oppidum, the area was partly terraced and divided by em-
bankments and was thus neither suitable nor available for a large-scale motorized geo-
physical prospection. Since 1987, we undertook magnetometer prospecting on temporary
accessible areas of the Oppidum - by a caesium gradiometer (Varian 101), by a handheld
caesium magnetometer (Scintrex SM4G-special) and since 2017, by a (Forster) fluxgate
magnetometer in order to gradually complete the prospection and get better knowledge
of the hidden archaeological features. Fusing the magnetometer data, with the help of
GIS-systems, with aerial photo, satellite image and airborne laser scanning data, enables us
meanwhile not only to trace the building complexes in detail but also to understand the
organization and the layout of the whole Oppidum.

Results

The first measurements from 1987 focused on the “Acropolis” itself (see fig. 1). Here
we found a multitude of pits and postholes that were carved in the dolomite rock of the
Acropolis showing a densely settled area. Due to the high magnetic contrast of topsoil
and the dolomite and reef limestone, our magnetometer measurements gave a clear and
distinct image of human activity on the site, meanwhile a definite dating of the features,
however, remains rather impossible.
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Fig. 1 Staffelberg. Topographic map with magnetogram images.

Staffelberg. Magnetogram detail of the densely settled “Acropolis”. Dynamics of the magnetogram +/- 5 nT from black to white.
. . . . Magnetogram: J. W. E. Fal3binder, F. Becker
The linear anomaly is due to an electric power line form the modern church.
Magnetogram: J. W. E. FaBbinder
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Fig. 2.
Staffelberg. Satellite image of the Bayerische Vermessungsverwaltung fused Fig. 4.
by magnetometer measuremenjcs from 1987-2017. Staffelberg. Oblique view from the south of Staffelberg fused by magnetograms.
Magnetogram: J. W. E. FaBbinder, F. Becker Magnetogram: J. W. E. FaBbinder, F. Becker
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Fig. 5.
Staffelberg. Magnetogram detail of the eastern part of the Oppidum. The magnetogram in the
western part (inside the fortification wall) reveals some rare pits and ground maps of isolated
storehouses, each visible by four postholes. East and outside the fortification wall, we discovered
traces of Celtic fields, linear furrows carved into the bedrock. Magnetogram: J. W. E. FaBBbinder

The southern slope of Staffelberg reveals scarped ridges of brown Jura claystone
(see fig. 2-4). These soft clay stones form small plateaus. In this sloped area, we found typi-
cal house foundations and rows of postholes similar to those we found on other archaeo-
logical sites of the Celtic and late Latene periods. The dense layout of rather huge houses
indicated a prominent area for the Celtic Oppidum.

The eastern part of the site was obviously used as agricultural area. Here we found
only more or less isolated storehouses. The ground map of the storehouses forms a square
of ca. 3 X 3 m and consists simply of four large postholes.

Outside but also inside the fortification wall we found the traces of “Celtic fields”.
These ancient fields consist of large furrows that were carved in the bedrock of the reef
limestone (see fig. 5).

Conclusion

Remote sensing, areal archaeology and geophysical prospections serve as a powerful
tool for non-destructive archaeological research on such an outstanding archaeological
monument. Although the dating of some pits and ground maps of houses particularly at
the area of the Acropolis remains partly unclear, our approach delivered new insights into
the organization and the construction of the Celtic Oppidum Menosgada.
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ACHAEMENIDS IN THE SOUTHERN CAUCASUS:
ARCHAEOLOGICAL SURVEY, GEOPHYSICAL PROSPECTION
AND EXCAVATION IN KARACAMIRLI (AZERBAIJAN) -

AN INTERDISCIPLINARY APPROACH TOWARDS INTERPRETATION

Introduction

A major Achaemenid palatial structure near Karacamirli (Azerbaijan, fig. 1), discovered
by llyas Babaev and Florian Knauss, proved the immense impact and extension of the
Achaemenid Empire (539-331 BC). Archaeological survey and geophysical prospection
results indicate an extension of the archaeological site that covers an area of more than
4 sq km. In the framework of a DFG-Project entitled “Achaemenid residences and their
‘paradises’: Landscape archaeology between Persia and the Caucasus’, in cooperation with
the Centre National de la Recherche Scientifique (CNRS) UMR 5133 Archéorient (CNRS/
Université Lyon 2), we undertook a large scale magnetometer survey and complementary
Earth’s resistance tomography (ERT) measurements to get a detailed insight into the
organization and maintenance throughout the whole site.

The aim of the project was at first to receive the layout of the site, both in the micro
region and afterwards in the framework of the surrounding macro region. The aim of the
archaeological survey was a detailed but large-scale investigation of the surrounding
landscape through archaeological and geophysical means in order to clarify the
integration of this palace building complex within the micro-region, both structurally
and chronologically, and to examine further possibilities for the verification of the site
as a whole. The site was populated during the whole Achaemenid period (end of the
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Fig. 1.
Achaemenid sites in the Caucasus region. Image: F. Becker

6th century BC until 330 AD), with earlier components from the Iron Age (Scheiblecker
et al. 2017, 212). The primary prospecting areas are located in the north and adjacent to
the palace complex. Further prospecting areas were selected simply according to the
accessibility and the suitability for a high resolution magnetometer prospecting. For an
interdisciplinary approach and wide understanding of the landscape archaeological survey
and magnetometer prospecting were applied. In 2017, the project was complemented by
electrical resistivity tomography (ERT) measurements, selected trench excavations and by
additional geo-archaeological studies and mineral magnetic measurements.

The site of Karacamirli

In northwestern Azerbaijan, the site is located in the Kura valley and covers an area
of ca. 4 sq km (fig. 2). More than 45 years ago, an Achaemenid column base was disco-
vered near the village of Kara¢amirli (Knauss 2007). In 2006, Dr. Florian Knauss (Staatliche
Antikensammlung und Glyptothek, Munich) and Prof. Dr. llyas Babaev (Azerbaijan Academy
of Sciences) initiated excavations first at the central mounds at the site, which turned out
to be the Achaemenid palace and its propylon (Knauss 2007; Knauss et al. 2013). Other
mounds revealed Achaemenid buildings and there was a mound serving as burial place
starting in the Early Bronze Age and lasting to the Islamic period.

Methods
In addition to the excavations at the main mounds, in 2013, an interdisciplinary
archaeological survey and a magnetometer prospection were conducted. Therefore, we
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compiled a grid system with squares of 40 x 40 m both for an extensive field survey as well
as for the geophysical prospection. While the entire area was archaeologically surveyed,
the magnetometer survey covers so far “only” more than 1.5 sq km (Scheiblecker et al.
2017; fig. 2). For the magnetometer measurements both, a total field caesium magnetom-
eter (Scintrex Smartmag SM4-G and Geometrics G-858-Special, in duo-sensor-configura-
tion) as well as fluxgate gradiometers (Foerster Ferex 4.032, quadro-sensor-configuration)
were applied during four magnetometer survey campaigns. All chosen areas were scanned
with a sampling interval of 12.5 respectively 10 x 50 cm interpolated to 25 x 25 cm.In 2017,
electrical resistivity tomography (ERT, 4pointlight 10W, Lippmann, fig. 3) complemented
the investigations. Furthermore, supporting trench excavations and mineral magnetic and
susceptibility measurements of typical soil layers were initiated (Scheiblecker et al. 2017,
214). Almost all parts of the site are used for agriculture therefore the results of magneto-
metry are disturbed by ploughing furrows and irrigation systems.

Fig. 2.
Satellite image overlaid by the magnetogram of all the surveyed areas (8/2017).
Magnetogram: M. Scheiblecker
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Fig. 4.
Kara¢amirli. Excavated garden palace and the inner enclosure of the Achaemenid garden site.
Caesium total field magnetometer Scintrex, SMG-4 special in duo-sensor variometer configuration
and Ferex Forster, four sensor fluxgate magnetometer, sampling density 25 x 50 cm resp. 10 X 50 cm,
interpolated to 25 x 25 cm, dynamics +/- 12 resp. 3 nT in 256 grey scales, 40 m grid.
Photo: M. Gruber

Fig. 3. e
Measurement of electrical resistivity tomography (ERT; instrument: 4pointlight 10W, Lippmann).
Photo: J. W. E. Fal3binder ]|

Results

The geophysical investigations revealed a huge and wide garden architecture that
surrounded the palace (fig. 4). The garden was enclosed by a mudbrick wall of exactly
420 x 420 m. The mudbricks were erected on a foundation consisting of gravels (10-20 cm
in size) which are unique and comparably clearly visible due to their strong remanent b |
magnetization and their high magnetic susceptibility (Scheiblecker et al. 2017, 214). This
could be proved by a test trench of Martin Gruber, where two walls were crossing, the
enclosure wall and a modern field boundary (fig. 5). An alley connects the eastern gate e
with the palace; it can be traced through the negative magnetic anomalies through the
compaction of the soil (Scheiblecker et al. 2017, 214). The entrance area (propylon) was
already excavated before the magnetometer survey started (Babaev et al. 2006). In the i
magnetogram a linear feature (negative anomaly) occurs also in the western part of the
palace building, which led to the discovery of a second, western gate, which is extremely =
destroyed by ploughing.In 2017, this part was excavated by Rémy Boucharlat and revealed
a gap in the enclosure wall, accompanied by parallel walls inside and outside, maybe form-
ing a sort of room. The palace was surrounded by the enclosure wall; inside are very rare -
structures to detect, but several pits and remains of pit houses or storage cellars can be
traced (Scheiblecker et al. 2017, 214). The second wall divides the inner area of the gar-
den into a northern and southern part (Scheiblecker et al. 2017, 214). Furthermore natural us|
riverbeds, ancient streamlets, and also ancient irrigation canals indicate that the palace was
an Achaemenid garden site, comparable to Pasargadae in Iran (Benech et al. 2012). Outside

=

the garden palace we discovered monumental buildings in the northern and north-east- Fig. 5.
ern area; because of their orientation they are presumably and very likely contemporary Kara¢amirli. Excavation trench across the surrounding wall of the garden palace.
with the palace (Scheiblecker et al. 2017, 214). Magnetogram: M. Scheiblecker
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Fig. 6.
ERT-Profile showing clearly the trace of the foundation of the enclosing wall.
Resistogram: J. W. E. Fal3binder

Due to deep ploughing and irrigation canals, which significantly disturbed our magne-
togram image, the dividing wall was hardly visible. Therefore we decided to apply Earth’s
resistance tomography (ERT) to detect and to verify the existence of the wall (see fig. 6). The
coarse gravels show up by very high resistance values in the adjacent sub soil and within
the natural top soil of the surrounding area.

Summary

The geophysical results presented above reveal not only several archaeological fea-
tures, but allow us to draw a first ground map of the Achaemenid residence site Karacamirli
in the vicinity of the palace. Magnetometer prospecting revealed domestic buildings,
workshops and production sites. Further administrative buildings were probably beneath
Rizvan Tepe and were actually not accessible for a detailed magnetometer survey. They
will be hopefully detected in future prospecting campaigns. The shapes, architecture and
layout of possible Achaemenid buildings, that we detected, will furthermore provide basic
information, that is likely to be the groundwork for specific architectural studies that have
for the moment no parallels in the specialized literature.
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EXAMPLES FOR STRUCTURE FROM MOTION,
360-DEGREE AND OTHER PHOTO-BASED TECHNIQUES
FOR UNDERWATER ARCHAEOLOGICAL DOCUMENTATION
AND FOR ON-LAND PRESENTATIONS

The paper is about technological changes, digital tools and new improvements in
underwater archaeological documentation methods, which are more than useful and shall
become average procedure during any field project, if scientific questioning requires these
methods.

It will be shown that these techniques have great potential to improve the quality
and effectiveness of Scientific Diving and underwater archaeology. The main focus will lie
on the massive economy of time you gain by using different methods, with a focus on
affordability and the convenience of use.

The following sub topics will be discussed in detail:

+ 360-degree technology, examples, application possibilities, future prospects;

« Structure From Motion technology, examples, focus on time factor and applicability;

+ Reflectance Transformation Imaging (RTI), adopted for underwater research (URTI),
examples, new approaches, future prospectives and limits.

Beside the need of average usage of the following technologies, it should be discussed,
how easy it is to interest people in research projects etc. by using VR technology and to
use it for presentations, talks and public relations as well as for conceptions of exhibitions.
Some recent field studies in Germany, Croatia, Sicily, Tunisia and Romania and their previ-
ous documentations will provide the examples.!

The 360-degree technology is not new, but still in its first steps of development after it
has recently been introduced to a brighter user group by designing affordable 360-degree
video action cameras etc. The next generation of these will have the problem of stitching
solved, so we all might be able to use it, not only for presentations and for documentation
of field work, but also for creating 3D-models, also under water much easier than it is done
today. By now, using average 360-degree action cams like the Rico Theta S or Nikon 360
Key Missionis quite good for documentation of your field work, for broadcasting this ma-
terial later on or directly on field and for creating an exhibition or other usage in a museum
context (fig. 1).

As the key mission, for example, already comes with a 40 m deep case and is just
60.6 X 65.7 x 61.1 mm in size, you can carry it easily on any field campaign or underwa-
ter excavation, or you place it with a tripod nearby your excavation field. To summarize
it, one should use this technology as an archaeologist and also as an underwater archae-
ologist right now as a standard documentation and presentation method, while waiting
for the next generations to solve some initial problems like stitching and bringing up the

' Ongoing field campaigns, until now unpublished data and results which have recently
been produced by the Bavarian Society for Underwater Archaeology and the Blue Arch
GbR, together with cooperation partners: ICUA, LMU Munich, INP, University Tubingen,
DFG, ICEM etc.
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Fig. 1.
360-degree documentation of field work, example Ricoh Theta S. Piruzi project. 2017.
Photo: M. Fiederling

possibility of creating 3D-models without need of photographs and using Structure From
Motion technology anymore.

The Structure From Motion technology is also not new, but is becoming more and
more affordable and, with software like Agisoft photoscan, it is quite easy to use (fig. 2).
Therefore it is not time to focus on the details of technological possibilities and range of
methods inside Structure From Motion, but instead it is quite necessary to highlight, how
great the possibility of saving time is by using this technology and still producing reliable,
reproducible scientific data. We all know that time during a field campaign is often short
and influenced by incalculable incidents, so you need to gain proper data in a short time,
which can be outlined and overworked later, after the project is finished. As with nearly

Fig. 2.
Orthophoto created out of a 3D-model made by Agisoft Photoscan using action cam screen shots.
Meninx project. 2017. Orthophoto: M. Fiederling
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any photo-based technology you can produce pictures after following the instructions of
the Structure From Motion manuals and then use these photos for creating 3D-models and
also orthophotos, from which you can draw plans and produce georeferenced maps, if you
use reading points, for further planning or just as documentation. For these goals you can
start with just an action cam or you can go with reflex cameras, which will deliver much
better pictures and therefore much better resolution, but are also much more expensive.
When it comes to the factor of time and you need, for example, just mainly a map of a sub-
merged structure, it is also quite effective, under some conditions, to use action cams or
other affordable cameras. As the examples show, which all were produced not in a time
span longer than 45 minutes, sometimes less expensive camera types could also work out
adequately.

The Reflectance Transformation Imaging (RTI), recently adopted to the underwater re-
search as URTI, is of the here presented technologies the newest one and the one which
is right now still in development. This technology, as shown by the example study which
was published in the beginning of 2017 (Selmo et al. 2017), is very useful for underwater
documentation and has proved, also in our recent field work, that it is conformed to the ex-
periences of RTl used in terrestrial settings (fig. 3). It is quite interesting that the problems
of the environment are not impeding the ability of gaining usable data sets, by using the
same polynomial texture maps algorithm as on land.

URTI demonstrates that it is not only working in clear water conditions, but also in tur-
bid conditions, and can render an object in turbid water with greater accuracy than a digi-
tal image. This should be highlighted, because underwater archaeology has often to deal
with turbid conditions. Turbidity does not have an impact on the efficacy of URTI up to
ca. 0.5 m visibility, but the limits are floating particles and strong current, which we faced
in some of our field work.

Fig. 3.
Limits of URTI when encountering too strong currents or too many floating particles.
Rose Island. 2018. Photo: M. Fiederling
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Fig. 4.
Canon G7X Mark Il producing proper URTI data sets, with the WP-DC55 case up to 40 m depth.
Rose Island. 2018. Photo: M. Fiederling

Wet tried to go on with tests and found out that not only using different types of came-
ras, like, for example, the Canon G7X Mark Il (fig. 4), shooting single photos, are proper
tools, but also using video cameras, also action cams is not only possible, but brings up
some advantages in the manner of time saving. This is explained by the fact that you just
need to build the setting and change the light positions. You can later extract single pic-
tures out of the videos and don’t need to press the release button for each different light
position. This not only saves time, but also prevents the setting from being moved in any
manner and prohibits the possibility of picture processing errors in the later stages.

We improved and reduced the costs you need for the URTI equipment, for example,
using black spheres you can buy in any interior design shop, combined with nontoxic sol-
dering wire, with which you can change easily the height of the sphere from the ground
and also bring a proper weight for stabilizing the sphere in its position. Many more im-
provements and ideas like this should be detected in future, to make this technology again
easier to be used by anyone during a field campaign.

The free-form methodology makes URTI immediately available, user-friendly, and af-
fordable. As with RTI there are no software costs to use this technology. RTIBuilder software,
RTIViewer software, and Hewlett-Packard’s PTMViewer and PTMFitter are free for download
and use (Reflectance 2018). That makes it a rapid, affordable and easily deployable in situ
documentation method, which can, for instance, detect faintest remnants of carpenter tool
marks etc., no bigger than a few cm in diameter.

Even with cold water conditions, which could bring restrictions of mobility by using dry
suits, strong currents, moving by sediment and low visibility around 1.5 - 0.5 m, it is possi-
ble to conduct a successful URTI of a chosen object in a short time.

Future improvements should focus on the capture methodology as well as on accuracy
and should test more different settings, cameras and improvement technologies. As men-
tioned and brought out by the authors of the first field study for URTI from the beginning of
2017, LED torches are better than HID dive torches and any underwater light system which
is producing non-focused light spots, but brighter light cones are more useful. Actual con-
figurations best suit documentation of objects <1 m in size. Equipment should be deve-
loped for producing ca. 70 pictures with the same number of different light positions under
water on sets by constructing new light domes or other constructions, but also a set of 30
RTI pictures could produce a first data set.

The accuracy of normal calculations for URTI could be improved by adopting new al-
gorithms that are evaluated by the procedure involving calibrated targets (outline by:
Giachetti et al. 2015).
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Other internet sources and continuing links as a point of interest:

http://www.regione.sicilia.it/beniculturali/archeologiasottomarina/sez_eventi/mo-
zia_2017.htm

bgfu.de

https://www.facebook.com/bluearchgbr/

http://icua.hr/en

https://www.kickstarter.com/projects/vyu360/vyu360tm-4k-procam?lang=de

https://www.vive.com/de/

https://www.kickstarter.com/projects/1616707907/virtual-prehistoric-worlds
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EARLY IRON AGE KURGANS AND THEIR PERIPHERY
IN THE TRANS-VOLGA REGION:
PRELIMINARY RESULTS OF MAGNETOMETER PROSPECTION

Introduction

The geographical situation of the Lower Volga steppe region in the district of Volgograd
between the Eastern European Rivers Volga and Don and the Asiatic steppe of Western
Kazakhstan forms a highly interesting corridor between Asia and Europe. The steppe and
landscape of the Lower Trans-Volga holds thousands of visible kurgans from the Early Iron
Age. Many of these kurgans were built by the tribes of the Scythian-Sakish culture and their
Sarmatian successors.

The Scythian-Sakish culture in this region involved also the culture of the Sauromats, who
populated the Trans-Volga steppe from the 6th — 4th BC (CmupHos 1984, 10, fig. 1; CKpunkuH
2013, 8-9). The Sauromats were mentioned as the most eastern neighbours of the Scythes.
Herodot described them in the book IV of his history as population of the steppe between
the Rivers Don and Volga (Herodot IV, 102), with a similar subsistence strategy and lifestyle as
those of the Scythes. After Herodot their origin was Scythian and Amazonian and their lan-
guage was even similar but “with mistakes from ancient times since they haven't learnt this
language in the right way” (Herodot IV, 117). Hippocrates and Diodorus Siculus had another
idea of the origin of the Sauromates (Hippokrates, 203-212; Diodorus Bibliothecae, 43, 6).
Archaeological research has revealed, however, that the Sauromats and Early Sarmatian
tribes populated the areas from the Lower Volga to the Southern Urals during the Scythian
period (Parzinger 2007, 46; CkpunkuH, Knenukos 2013, 86-98).
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Further to the east and south-east in the Asiatic steppe Sakian tribes inhabited the area.
The Sakes, also called Asiatic Scyths, are known from readings and written records of Persia
(Jacobs 2007). Settlement areas of the Sakes are situated between Lake Aral in the west and
the north of the Tien-Shan mountains in the east. The Sakian tribes of the 1st millennium
BC also were both in close contact with the Achaemenid Empire and the Chinese Empire
(North-Western China) (Parzinger 2007, 45). Even in the territory of the Lower Trans-Volga
and namely in the Don-Volga after the 4th century BC the Sarmatian tribes gained more
and more power and replaced or accumulated the Sauromatian tribes almost completely
(Knenukos 2002, 133-140; CkpunkunH 2013, 9).

The historic development of this region during the Early Iron Age led to the formation
of a singular situation in the scenery. On the one hand, the territory was regarded as a pe-
ripheral area, both of the European and Asiatic culture of the Early Iron Age horse riding
nomads; on the other hand, the steppe of the Lower Volga represents a natural border-
land between Europe and Asia, which played an important role as a transit-corridor during
which time multiple waves of migration of the ancient horse riding nomads went from
east to west (Rau 1927, 79; Knenukos 2002, 5; Mo3onesckui, lNMonud 2005, 19-20, 207-211,
411-412; Macnos 2011, 51; FaBBbinder et al. 2015, 86; NMapuwnHrep n gp. 2017a, 15).

Most of the “great” kurgans of the Lower Volga have a height of 1.5-4.5 m and dia-
meter of 30-65 m (Grakov 1928, 27; CmupHoB 1964, 76). Compared to the great kurgans
of other regions, like Siberia, Kazakhstan, the Northern Caucasus or the Lower Dnieper in
the Ukraine, those of the Lower Volga are small (cf. Gass 2016, 76-85). Only a few burial
grounds and great kurgans of the Trans-Volga in the Volgograd region were investigated
archaeologically (Rau 1927, 12-14; Rau 1929, 82; Grakov 1928, 27; CuHuubiH 1959, 106-112;
CmupHoB 1959, 209-213; CuHuubiH 1960, 13-19; CmupHOB 1964, 76; 3aceukan 1977; Jlaxos
1994, 112-113; XKene3unkos, Oananees 1995, 23-27, 40; iIBopHUYEeHKO 1 ap. 2008; Ounp-
fopseBa 2012). Moreover, pure Sauromatian burial sites in this landscape are extremely
rare. Most necropolises reveal a wider spectrum of burials. Very often the Sauromates
also preferred to use existing burial sites for their funerals, even inside existing kurgans
(CmupHoB 1964, 75). Research on Early Iron Age kurgans started here at the end of the 19th
to the beginning of the 20th century (Rau 1927, 5-6) and is still ongoing (Cokonos 2011).
Although in spite of long lasting investigations so far no archaeological researches have
included the periphery of the great kurgans of the Trans-Volga. Only ring-ditches in the pe-
riphery of the great kurgans were sometimes mentioned or erratically analysed by trench
excavations (CuHuubIH 1959, 106; 3aceukas 1977, 214). A large scale geophysical prospec-
tion on Early Iron Age kurgan fields and necropolises never took place in this region.

Archaeological research questions

The resulting lack of knowledge leads to the following questions:

How far was the communication network of the Lower Trans-Volga included in the net-
work of the martial horse riding nomads of the Eurasian steppe from Siberia in the east to
the Danube in the west during the Late Iron Age? What was the role of this region? What
were the funeral rites and which constructions and findings characterize necropolises of
the Scythian and Sauromatian burials in this landscape? Would it be possible to find here,
similar to the Scythian-Sakish culture, the traces of offering places, ritual complex features,
offering pits and secondary burials or architectural remains around these Sauromatian kur-
gans as they were found in many great kurgans of southern Siberia (Cugunov u. a. 2010),
Kasachstans (facc 2011, 67-68; FaBbinder et al. 2013; MapuuHrep n gp. 2017b, 218-228), in
the Northern Caucasus (Fa3binder et al. 2015; NMapunHrep n ap. 2017b, 228-238) and the
Ukraine (MonuH, Oaparan 2010)? Are there some parallels to the usage of the periphery
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during the Early Iron Age in the neighbouring areas of Asia in the east or to Eastern Europe
in the west? Are the funeral rites of the Trans-Volga region singular and unique?

To solve some of these research questions we started in 2015 a large scale geophysical
prospecting project in the framework of common Russian-German cooperation with the
support of the Exzellenz Clusters Topoi (Berlin), program B-2-4.

Magnetometer prospection

For non-destructive and large scale archaeological prospecting, geophysical science
provides us with a multitude of different ground based methods. The most common among
them are: magnetic prospecting, resistivity prospecting and radar prospecting. Magnetic
prospecting is a“passive” method, measuring an existing physical (magnetic) field, while all
other methods are“active” methods by which one generates a physical signal and measures
a response to it. The active methods are regarded as reasonable methods for the search of
stone buildings. They also can be applied very close to modern and technical constructions,
inside a modern city or even inside a building. The application of these methods, however,
is time consuming and restricted to the search of stone structures. Furthermore these
active methods depend on temporary weather conditions. Radar prospecting is limited by
the high content of clay in the sub soils. Clay, however, is almost abundant in the kurgans
of the steppe. Therefore in this situation magnetic prospection is the best suitable method
for a large scale prospection of archaeological sites in open landscape and undisturbed
environment, such as the sites of the Trans-Volga steppe.

For the survey we applied a total field caesium magnetometer in the so-called duo-
sensor configuration. This instrument is tolerant towards tilting of the sensor which occurs
frequently in uneven terrain; another advantage is that the resulting image gives us more
information of the site but at the same time also of the deeper parts of the archaeological
structures. Geological features and very narrow technical installations can be removed by
the application of a high-pass filter, but give us supplemental information on the type of
the anomalies. The visualization as a grey scale image (magnetogram) allows us to trace
even smallest anomalies that are caused by the shade of single posts and palisades beneath
the surface (Fal3binder 2009; FaBbinder 2015; FaBbinder 2017). The later results are hence
displayed by a second magnetogram image.

Results

The archaeological sites we choose locate on the eastern side of the Volga in the
Volga region. Here we present the results of two sites in more detail. The burial ground of
Prigarino [[MpurapuHo] is in the steppe between the villages Prigarino and Romashki in the
Pallasovka Rayon at a distance of ca. 3 km from both villages. Two of the kurgans are visible
above the ground and are oriented in the northwest-southeast direction. North-western
kurgan no. 1 has a height of 0.6 m and a diameter of 22 m. Adjacent to the south-eastern
border of this kurgan we found a depression of the half-circular shape. 53 m southeast of
kurgan 1 is a second great kurgan no. 2 which has a height of 1.2 m and diameter of 23 m.
This kurgan shows a rounded pyramidal shape with a slightly flat dome. The slopes are
rather shallow, only in the northeast the slopes are steeper. The former ring ditch is only
visible as shallow depression in the north and south. Southeast at a distance of 18 m, we
discovered a faint elevation of ca. 6 x 15 m. Its orientation could be northwest-southeast
but is not very clear. Further anomalies in the topography are not visible.

The magnetogram image (fig. 1a, 1b) revealed old ploughing furrows and proved that
this part of the steppe had once been used as agricultural land. Both kurgans were en-
closed by a ditch. Inside kurgan no. 1, we detect a square-shaped feature (ca. 9 x 9 m) with
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Fig. 1a.
Satelliteimage overlaid by the magnetogram of the Early Iron Age necropolis Prigarino. Magnetometer
survey with a Smartmag SM4G-Special caesium-magnetometer, sensitivity +10 nT, variometer (duo-
sensor) configuration, 40 x 40 m grid, spatial resolution 12.5 x 50.0 cm, interpolated to 25 x 25 cm,
intensity of the total Earth’s magnetic field at the site in May 2017: ca. 50.480 +/- 10 nT, dynamics
+ 8 nT, grey shade plot in 256 greyscales from positive (black) to white (negative). Processed by
reduction to a square mean value. Magnetogram: J. W. E. FaBBbinder, I. Hofmann
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Fig. 1b.
Geophysical interpretation of the Early Iron Age necropolis Prigarino. Magnetogram: J.W. E. Fal3binder
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a burial pit, while the structures inside kurgan no. 2 are more complex. Kurgan no. 2 has
also a similar square-shaped feature and a burial but it seems to be disturbed by at least six
secondary burial pits.

The ring ditch around kurgan no. 2 has a clear interruption. In the southwest we found
an oval-shaped ditch and inside it another pit or burial. Beneath the rectangular eleva-
tion in the southeast of kurgan no. 2 we detect three somewhat more or less rectangular
features. If they are of anthropogenic or of another origin has to be proved by an archaeo-
logical excavation. Another so far topographically invisible kurgan no. 3 with a diameter
of ca. 15 m we found ca. 54 m southeast of kurgan no. 2. Kurgan no. 3 contains four burial
pits and is aligned to the necropolis in the same northwest to southeast direction. The
magnetogram of the whole survey area revealed furthermore a multitude of pits, some of
them only of 1 m in diameter. If these pits are additional secondary burials or offering pits
can be proved by an excavation. This is also valid with respect to the chronology and the
dating of the site.

The necropolis of Verkhne-Vodyansky [BepxHe-BopaHckuid] is situated in the steppe
ca. 2.5 km west-northwest of the village Verkhnyaya-Vodyanka in the Rayon Staraya
Poltavka. Here the steppe forms an extensive hilly landscape with morphological depres-
sions and median valleys between the kurgans. The necropolis consists of nineteen topo-
graphically visible kurgans and forms two to three rows of burial mounds. The area of the
burial ground encloses ca. 200 x 360 m, the greatest kurgan has a height of ca. 1.8 m and
a diameter of 32 m and is situated in the southwestern area of the necropolis. All the other
kurgans have heights of ca. 0.4 to 1.1 m, some kurgans have ring ditch enclosures.

The greatest kurgan of the necropolis has a rounded and flat platform-like construc-
tion with a flattened dome, except for the northern part shallow slopes. The enclosing
ring ditch is ca. 7 m wide. In the east of the kurgan, we found a rectangular depression
(ca.6x 10 m), which is oriented in the east-west direction. Similar depressions can be found
in the middle of the necropolis. These depressions were one of the reasons why we chose
this site for a large scale magnetometer survey.

The magnetogram image (fig. 2a, 2b) revealed three kurgans with ring ditches. In the
northern part of our survey area, we found quite complex constructions within the great
kurgans. One of them showed a rather square feature, with a square annex inside, another
one seems to be composed of three overlaying burial mounds. Inside the depressions be-
tween the topographically visible kurgans, we detected ring ditches and pits. Hence these
depressions were definitely not of geological origin but rather anthropogenic and were
very probably relicts of the horse riding nomads. Such types of features had so far been
never detected nor recognized in previous excavations or surveys.

The topographically visible rectangular depressions, however, do not show any further
features nor were they visible in the magnetogram image. This interpretation is hence an
open problem. In the depression in the northern part of the area we traced a ring ditch (di-
ameter 7-8 m) but without a pit or burial inside. In the middle of our survey area we found
a horseshoe-shaped ditch (entrance in the west) with a pit inside. Such constructions in
the periphery of Scythian kurgans we discovered so far only on Scythian great kurgan sites
in necropolises at Vinogradny-1 and Bi-Tyube in the Northern Caucasus (MapuuHrep n ap.
2017b, fig. 8 and fig. 21; Parzinger et al. (in press)).

We have to mention that the 14C analysis dates the horseshoe-shaped feature from
Vinogradny-1 to the 6th — 4th century BC but the construction is also much larger than
the object in Verkhne-Vodyansky. If these findings can be compared in all details with the
findings in the Northern Caucasus will be definitively solved only by an archaeological
excavation.
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Fig. 2a.
Satelite image overlaid by the magnetogram of the Early Iron Age necropolis of Verkhne-Vodyansky.
Magnetometer survey with a Smartmag SM4G-Special caesium-magnetometer, sensitivity £10 nT,
variometer (duo-sensor) configuration, 40 x 40 m grid, spatial resolution 12.5 x 50.0 cm, interpolated
to 25 x 25 cm, intensity of the total Earth’s magnetic field at the site in May 2017: ca. 50.460 +/-
10 nT, dynamics + 8 nT, grey shade plot in 256 greyscales from positive (black) to white (negative).
Processed by reduction to a square mean value. Magnetogram: J. W. E. FaBBbinder, I. Hofmann
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Fig. 2b.

Geophysical interpretation of the Early Iron Age necropolis Verkhne-Vodyansky.
Magnetogram: J. W. E. FaBbinder
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Our archaeological geophysical research shows not only that the Sauromatian kurgans
are enclosed by ring ditches, but also that the archaeological spectrum of findings is much
broader than it was previously expected. First and foremost the results of the necropolis’
survey in Verkhne-Vodyansky reveals new and so far unknown constructions and features
such as depressions with pits enclosed by ditches. Besides this, the ring ditches without
any features inside and with horseshoe-shaped features resemble and have their parallels
in the Northern Caucasus. If they are, in point of fact, of the same period and have the same
chronology cannot be decided yet. But if so, they could serve as an indication that the com-
munication network and the rituals of the Early Iron Age horse riding nomads of the Volga
steppe, can be compared to those of the central Northern Caucasus.
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AUGMENTED, MIXED AND VIRTUAL REALITY.
TECHNIQUES OF VISUALIZATION AND PRESENTATION
OF ARCHAEOLOGICAL HERITAGE

Introduction

In the year 1994 Paul Milgram and Fumio Kishino defined Virtual Reality (VR) as
opposite to Real Environment and, between these both extremes, introduced the whole
world of different types of realities that they called Mixed (Milgram, Kishino 1994). Twenty
years later, it is interesting to observe how this vocabulary is used nowadays to define
virtual environments and how they evolved with the development of digital technologies.
Many people do not know that the concept of Virtual Reality is closely linked to digital
technologies and that, by definition, it only can exist in the computer, and that it is possible
to say that we experience it in real time, with the use of screens and VR accessories (gloves,
cloth, etc.).

The tourism or leisure field is unlike other fields where the “virtual” concept is widely
applied, such as in medicine, commerce or education, in which there is a clear difference
between the use of VR or AR. In the tourism or leisure field, when we talk about “the
realities” related to cultural tourism products, we find a couple of aspects on which we
propose a reflection.

Firstly, we find the concepts of Virtual, Augmented or Mixed Reality to be used
erroneously or in a confusing way with reference to the description of touristic-cultural
products such as visits.

Second, the vocabulary used in marketing campaigns and cultural dissemination
strategies, often offer virtual visits when, in fact, it is a series of photographs or 360-degree
video recordings of exhibition spaces and halls or archaeological sites.

To avoid these confusions, we propose a conceptual review of different types of existing
realities and structure them with the use of a table. This format allows the technical process
of designing of tourist-cultural products to be shown by starting with the realities and their
dimensions, then passing through the type of images, the visualization techniques and
finally archiving a certain cultural tourism product.

III

1. Structuring and defining the ICT terms

We started the work by briefly defining the main terms of ICT, widely known in the
professional field of heritage, whose revision we consider necessary to construct a table
that will show the main variables of use of ICT in the design process of tourism products.

1.1. Visible or Real Reality (RR)

Jorge Wagensberg, said that “the visible reality is a tiny part of the whole reality, either
too close (the Earth), too distant (Saturn), too large (the Cosmos), too small (an atom), too
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transparent (the air), too opaque (the human body), too slow (the growth of a tree) or too
fast (the outbreak of a soap bubble) ..” (Wagensberg 2014).

Itis evident that if we accept the fact that there is a visible reality, we have to accept that
there are realities that are invisible to our eyes, and that many of them are because there
is no interface between these realities and our vision. This is where ICTs, information and
communication technologies, come into play, allowing us to access some of these invisible
realities. Some call them new technologies, but the truth is that they were introduced for
the first time many years ago, as early as the late 60s of the last century.

1.1.1. Types of visualization. The three-dimensional vision of the RR

Before entering into the world of these technologies, it is necessary to mention that
our vision of VR is three-dimensional, and that our movements and displacements in this
3D world are possible in each of its three dimensions. Continuing, if we accept that there is
a three-dimensional world, we must accept that there may be realities of more dimensions.
In fact, architectural studies work mathematically with realities of four or more dimensions,
through matrices, but it is difficult to formalize them, not to say impossible. In the world
of cultural tourism products, it is quite common to hear slogans and advertising messages
promoting audiovisual or virtual visits in 3D, 4D or even 5D.

Once Real Reality (RR) has been defined, we are able to talk about its opposite extreme,
Virtual Reality (VR) and all intermediate realities: Augmented Reality (AR), Mixed Reality
(MR) and Augmented Virtuality (AV). All these realities are what we call the digital world.

1.2. Virtual Reality (VR)

Sussmann and Vanhegan (2000) define VR as a system that has as its goal to complete
replication of elements of the physical world with synthesized 3D material. Due to this exact
replica, the users essentially find themselves within the data, and complete immersion is
achieved. Guttentag defines VR by stating that “VR is defined as the use of a computer-
generated 3D environment - called a ‘virtual environment’ (VE) - that one can navigate
and possibly interact with, resulting in real-time simulation of one or more of the user’s five
senses” (Guttentag 2010).

We understand Virtual Reality as the reality created artificially by means of digital
technologies in which absolutely all graphics have been created by the computer or
portable device. In other words, it only exists digitally. The user can move and interact with
it in real time, and this generates the feeling of complete immersion. Examples are the use
of a VR interface or device such as glasses or a HMD (head-mounted display), or a sense of
touch with the use of complementary devices such as gloves or special suits. The user can
design their virtual image as an “avatar’, and can access and participate in a virtual reality
with other users and interact with them.

1.2.1. Experience and reproduction of the VR
Depending on the degree of immersion, we can distinguish two types of VR, immersive
and non-immersive and depending on the number of users: individual and grouped.

1.2.1.1. Immersive and non-immersive VR

The difference between immersive and non-immersive VR is that in the first case, the
user loses contact with reality and immerses himself in the virtual world through devices.
In the second case, only the interface screen displays the image of the virtual environment.

In the virtual space, the sensation of immersion depends largely on the quality of the
graphics and control. Modern viewers include very precise motion sensors, so that if we
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move our heads in any direction, we can see environment that surrounds us exactly as in
real life, without any space limitation imposed by a monitor. In addition, controls can be
moved in the virtual environment in order to manipulate three-dimensional objects.

1.2.1.2. Non-immersive VR

The non-immersive approach has several advantages over the immersive approach
such as low cost, and quick and easy acceptance by the users. The high price of immersive
devices has generalized the use of simpler devices, such as the increased number of video
consoles or games in which many users interact through the Internet.

1.3. Augmented Reality (AR)

Augmented Reality is the one that offers, in real time, complementary information
for the visible real world in which we move and interact. AR consists of generating
virtual information about real images. It has a high potential both for leisure and at the
professional level. In the professional world, augmented reality viewers allow, for example,
that a mechanic can perform repairs following the instructions that appear on his smart
glasses screens.

AR technology is currently used in various fields, such as medicine, education,
simulation, urban planning, architecture, entertainment and cultural heritage (Yu et al.
2010; Noh et al. 2009; Zollner et al. 2009). In tourism, AR is a useful tool to achieve
many objectives: it helps organizations and tourism professionals reach a wider
audience by offering attractive multimedia content and mobile applications, adjusted
to various levels of knowledge. It is the technology that encourages engagement
and allows access to valuable information and increases knowledge about a tourist
attraction or a destination with a high degree of interactivity and offers higher levels
of entertainment throughout the process (Fritz et al. 2005). The most important
thing is that such information systems are able to personalize the user experience
according to their needs and motivations and the context of use, which supports their
implementation with various scenarios.

One of the first guides for archaeological sites Archeoguide (Vlahakis et al. 2002) offers
a personalized augmented tour that allows sites to be reconstructed, simulating ancient
life and at the same time, keeping the user in the real world.

Inworld of leisure,agood example of ARisavideogame Pokémon Go, which superimposes
virtual creatures on real scenes. However, it reveals some limitation of augmented reality.
For example, virtual objects are unable to interact with real ones: a virtual Pokémon cannot
hide behind a real tree. On the other hand, its lower immersion has the advantage that
it requires less processing power and consumption, so the AR is very suitable for mobile
phones.

1.4. Augmented Virtuality (AV)

Just as AR basically consists of generating virtual information about real scenes, in
Augmented Virtuality (AV) real elements are augmented in virtual reality (VR).

In AV objects and people are dynamically integrated and can interact with the virtual
world in real time. This integration is achieved through the transmission of videos or
through the three-dimensional digitalization of physical objects.

An example of AV is the teaching of Spanish program, which was developed at the
Carlos Ill University of Madrid. It is based on the concept of “mirror worlds” in which the
reality is reproduced virtually. In this case, avatars interact through a mobile application
with GPS.
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1.5. Mixed Reality (MR)

MR is the combination of RV, VR and AR. This combination allows creating new spaces
in which both real and virtual objects and/or people interact. It is about the union of the
three technologies, so that virtual objects on the scene can interact with environments. For
example, a person in a room can be replaced by an avatar in alien shape who is capable of
sitting naturally on a chair, holding a glass of water or lying on the bed.

Another type of interaction can be created in an adventure game. In this case, the MR
would allow transforming our living room into one in a wine cellar of the same dimensions,
with all real objects inside replaced by other virtual ones, so that the furniture and
accessories would be barrels and bottles.

The viewers of MR use integrated cameras to capture characteristics of environment
and display them on the screen. Thanks to these characteristics, they can also show virtual
contents as if they were an RV viewer. In this case, they fulfil both functions. In addition,
their cameras allow the space of the room to be defined, so they do not require installing
external sensors such as the current VR viewers.

1.6. Image display format

The classification that we present below was made in terms of 35mm (full-frame)
photography, which is the size of reel films. Although, in digital photography not all sensors
have the same size and to know what the equivalent focal length is in terms of 35mm we
need to carry out a simple conversion operation.

If, for example, in our digital camera we have set a 12-60mm lens and a multiplication
factor for our sensor is 2, we must multiply the focal length by this factor. That is, we are
actually shooting with a 24-120mm in terms of 35mm. This will help us to know the real
angle of vision of our objective.

1.6.1. Normal objective

A normal objective is that which usually gives an angle of vision very similar to a human
eye, that is, about 45°. In addition, it does not produce any distortion in the lines. The
normal thing is that they are 50mm.

1.6.2. Fish eye

Fish eyes are objectives that have the widest angle of vision, reaching 220° or more. They
tend to distort straight lines considerably, so they tend to be used for the characteristic
effect they produce.

1.6.3. Wide angle

Wide angle usually refers to focal objectives between 18 and 35mm, with viewing angles
ranging from 180° to 63°.

They are targets that produce distortion in the margins, but depending on their quality
this can be more or less accentuated. They offer a lot of realism since practically everything
can be done with great clarity. That is, they have a lot of depth of field. They are usually
used in open spaces for landscape photography, architecture or in interior spaces, and are
usually quite bright objectives.

1.6.4. Aerial 360° spherical image

The aerial 360° spherical image is an image corresponding to a half-sphere cap that can
be zenithal or low angle. In the case of the image that has been taken simultaneously with
two cameras, properly spaced, we will obtain a three-dimensional 360°image, that s, in 3D.
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If instead of photography, we are talking about a 360° spherical video, it refers to a video
recording with an omnidirectional camera or with different recording equipment, achieving
the panoramic effect of the place where the action takes place. Once post-processed, the
user can control the 360° video viewing experience with the movement of the cursor.

1.6.5. Macro

Macros are usually specifically prepared targets to be able to photograph from close
up. It is normal that the objectives require a minimum distance to be able to focus. Macro
allows focusing up to one centimetre of the objective, getting to photograph really small
objects. These are widely used in nature photography.

1.6.6. Telephoto

Telephoto lenses are mainly used to bring the image closer to the photographer, to take
pictures from a distance, for example in sports photography. The angle of vision is inferior
to 309, with focal lengths that can go from 70mm onwards.

Unlike the angular ones, the telephoto lenses usually compress the planes showing us
unrealistic photographsin which the distances between the objects are reduced considerably.
They are usually used for portrait photography, since one of its great features is the ability to
make sharp selective focus with a blurred and unfocused background (bokeh effect).

1.6.7. 360° panoramic image

We define the panoramic image as that resulting from turning the camera a full 360°
on its vertical axis. In the case of a photograph, we will obtain the panoramic in 2D or
3D depending on whether we have used a single camera or two cameras separated by
the distance between the eyes. In the case of video recording, the process is exactly the
same with the difference being that the panoramic will be seen in movement in 2D or
3D, according to whether the recording has been taken with one or two cameras. To see
panoramas made in 3D, we obviously have to use 3D glasses.

1.7. Display technologies

1.7.1. Cave Automatic Virtual Environment (CAVE).

CAVE is an immersive virtual reality environment, in which 3D images are projected
onto the walls of a cube-shaped room. The user can view 3D objects with stereoscopic
glasses.

1.7.2. Head-Up Display (HUD).
In HUD a device allows the visualization of AR by projecting information on a transparent
surface, which is in front of the user, and visualizing it without having to move the head.

1.7.3. Head-Mounted Display (HMD)

The HMD is a visualization device similar to a helmet, which allows for images created
by computer to be reproduced on a display very close to the eyes, or directly on the retina
of the eyes. This technology allows the user to enter an environment of VR, AR or MR, since
in having the device so close to the eyes, projected virtual objects seem to be a part of the
user’s environment.

1.7.4. PC, tablet or smartphone display
This display technology consists of visualizing of images through a computer screen,
tablet or smartphone.
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1.8. Variables that define a virtual cultural tourism product visualized with display
We present the table in which four variables that define the different virtual tourist
products of the “Visit” typology are outlined (tab. 1).

Table 1
Technological variables path that defines the product “virtual visit”
Origr  Wiewing dinensices Winwang mrgle I:I:lpll:r'l:lm.rcﬂ:lplr Procucks
| nOmMAL
[CAVE CaveAutomatioVirual |
(R | wioeANGLE
| Ar | | FISHEYE | |HUD Head-Up Display
20 |
BN [Eeevemoasre | | | Vit isi
o | IHHB Heood Mowntod Dioplay
[ av | | MAcRo
2 [ e | [FG.tablel smarphoneDISPLAY
| PANORAMIC |

A definition of the product varies according to the type of reality on which it was initially
based, 2D or 3D dimensions, size, type of recording, broadcast and reception angle of view
of images, and the technology used for the visualization of these images.

2. Analysis of virtual tourist-cultural products with display

It is necessary to distinguish two types of virtual visits according to the type of reality
that is used. Very often in the cultural tourism market the products that are sold as “virtual
tour” are video or photographic recordings of the Real Reality (RR). Below we detail these
differences.

2.1.1. Virtual visit based on Virtual Reality (VR)

As explained above, virtual visits are those that can be carried out in real time in a virtual
world that was artificially generated by digital technologies and that only exists in the
computer. This means that the user can decide at any moment what he wants to visit to
achieve his goal (see tab. 2).

For this, VR must be all in the computer and to interact with it, the user must have the
monitorinterface with a 2D visualization, glasses or two-screen helmet for a 3D visualization.
With a screen, the user can be involved in a non-immersive VR or with glasses or a helmet
with two screens in an immersive VR (tab. 2).

2.1.2. Virtual visit based on Real Reality (RR)

Nowadays there are many archaeological excavations, museums, interpretation centres
and exhibitions that name photos or video recordings of specific spaces of Visible or Real
Reality virtual visits in 360°. These images and videos allow the user to navigate freely and
walk around on the screen in 2D or 3D. The most basic virtual visits allow 2D visualization
on the computer screen, tablet or smartphone. The path that corresponds to this type of
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Table 2
Technological variables path that defines the product “Virtual visit”,
based on Virtual Reality (VR)
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product is indicated in tab. 3 that is completely different to the path of the virtual visit
based on Virtual Reality.

We understand that this type of product is called virtual visit because it does not
represent in situ experiences. Also, at the marketing level it has advanced technological
connotations, but the term is confusing because it is not part of a Virtual Reality. Therefore,
the appropriate name is 360° virtual visits.

Table 3
Technological variables path that defines the product “Virtual visit”,
based on Real Reality (RR)
_ Ovigin__ Wiewing dimansions Wiawing angla Display tacknolkgies Fraducts
NORMAL |
| CAVE Cava Automatic Virtual
-E#  WIDE-ANGLE

FISHEYE [HUD  Hecad Up Display

= |
— 3
ERTE eLE

PANDRAMIC

2.2. Analysis of the products “virtual visit” based on RR

These are products called virtual visit, which contain a number of points of interest
(POI) with a 360° spherical photographs. They are usually referenced on an area plan and
sometimes contain links to additional information, audio and indications to other points.
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2.2.1. 360° virtual visit of the exhibition Romanorum Vita

The 360° virtual visit of the itinerant exhibition Romanorum Vita (fig.1) shows the daily
life of the inhabitants of the Roman Empire city in the year 79 AD. This exhibition takes
place in many cities in Spain (Merida, Zaragoza, Gijon, Cordoba, Malaga and others). On
the official website, the user can access a virtual tour, an interactive tour that allows him
to walk along a Roman street and visit a domus. In this case, the connection and transition
between successive rooms is indicated by an arrow that appears on the screen. The virtual
tour has complementary information that can be found by clicking on pictograms on the
walls that allow access to graphic and audio documentation (see tab. 3).

Fig. 1.
Virtual access to the exhibition with an arrow that indicates the link to the next room
and a pictogram with additional information. Print screen from the official web-site

2.2.2. 360° virtual visit of the British Museum

The virtual tour of the British Museum also presents a 360° virtual visit (fig. 2). It is
an interactive 360° experience with the option of using VR glasses and VR headphones
to increase the immersion experience. The menu of the visit is presented in the first
photograph in 360° and is organized by themes and rooms.

The transition between rooms can be done by zooming. The user can access other
spaces by consulting the indications of text boxes with pictograms. The route has four
pictograms that show the direction, ascent, audio and image, allowing access to additional
information (see tab. 3).

2.3. Analysis of the products “virtual visit” based on Augmented Virtuality (AV)

2.3.1. Barcino 3D

Barcino 3D (fig. 3, 4) is a multi-platform project developed by the City Council of
Barcelona that can be accessed through a mobile application, online or by downloading it
to the computer. It is a 3D reconstruction of the Roman city of the 3rd century of Barcelona.
In this project, we can highlight three main types of virtual visits.

— Walk. Firstly, through the menu walk, you can visit streets freely or in automatic way.

— 360° Visualization. The second option is to visit the Roman city by clicking one of
the seven points on the 3D model by means of an aerial tour recorded of the model or by
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Fig. 2.
Entrance to the virtual visit with the menu of each theme presented in different areas, which suggest
views with 360° photographs. Print screen from the official web-site

means of a time bar of three positions. The first position allows to see the 360° image of the
virtual model. The second is a mixed view between the current 360° image with the virtual
elements. The last type is a current 360° photo. In each position, the user can see the 360°
image manually or automatically.

— Routes. This menu promotes urban itineraries that can be done on site by foot. There
are three guides promoted by the Museum of History and signposted in the streets of the
old town.

2.3.2.Imageen. Reliving history

Imageen (fig. 5) is a project that virtually reconstructs different ancient cities of Spain
(Tarraco, Cartagena, L 'Espluga, Cambrils). It is based on 3D models of monuments and
urban structures that can be viewed through different devices: mobile, tablet and glasses.
There are three main modes of visits that are offered.
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Fig. 3.
Virtual panoramic walk in which the points with more information are shown.
Print screen from the official web-site

Fig. 4.
360° image of the virtual tour. Print screen from the official web-site

— 3600 visualization. View 360° slider allows choosing between view in “the past” and
in “the present’, according to the position of the user (virtual point of view). It offers not
only the architectural reconstruction, but all the vital atmosphere that was breathed there
(chariots galloping at full speed in the circus, gladiators fighting in the amphitheatre, the
audience screams, etc.). This technology allows comparing the views which makes this tool
one of the most didactic.
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— Avatar. Through a virtual guide, an avatar explains changes that took place in
a certain place. The environment is progressively transformed so that the viewer easily
understands the previous and present configuration of the place or a virtual point of view.

—  Pills. The application incorporates different explanatory videos of short duration
that allow the visitor to know the original layout of the city using bird’s eye views and
placing a virtual model within the old city.

2.3.3. Ara Pacis. The Ara as it was

In this project, Augmented Virtuality and Augmented Reality are used. The Ara Pacis
project has nine stops or Points of Interest that can be visited with the use of the glasses
(Samsung GearVR). In the first of two points with the reduced angle, visitors are immersed
in a 360° Augmented Virtuality environment through the combination in virtual reality of
live video, 3D reconstructions and computer graphics. The scenes include reconstructions
of the main monuments such as the Campo Marzio and thematic scenes such as sacrifices
made in 3D, through graphic computing and with theatrical representations with real
actors. POls 3-9 reveal details of Ara Pacis through Augmented Reality with the use of a 3D
tracking system, recognizing the three-dimensional nature of the basreliefs of the sculpted
objects, tracking them in real time. This recognition system causes the augmented contents
like people, gestures, divinities and animals to be turned into 3D animations, appearing as
an overlay on top of the real objects. This enhances the impact, immersivity and magic of
the entire experience (tab. 4).

Table 4
Technological variables path that defines the product “Virtual visit”,
based on Augmented Virtuality (AV)
Origin  Wiswing disersians Wiwming angha Diwplay teshnologles Prodicin

NORMAL |

LGAVE Gave Automatic Victual
WIDE-ANGLE |

_ FISHEYE | | HUD  Head-Up Display

ESPHERICAL 360" °

HWMD  Hand-Mountod Disploy
MACRO |

TELE | PC.tablet smartphone DISPLAY

PANORAMIC |

2.4. Analysis of the products “virtual visit” based on VR

2.4.1. Ullastret 3D

The Ullastret Iberian site is considered to be the largest Iberian city in Catalonia (fig. 6).
3D reconstruction was done using a video game construction tool Unreal Engine. Two
cultural tourist products have been created.
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Fig. 5.
Print screens from the official web-site:
a—"The past”and “the present” views of Tarraco city;
b - an avatar who guides a virtual tour

The 180° audio-visual projection. The six-minute video is projected on three walls in
a 10 m? museum room. The video recorded from the 3D model tells the story of a character
who lived at that time and who recalls dramatic moments of his life in the city. The
video is accompanied by audio effects and with original sound recordings of the natural
environment and the site.

Scheduled virtual visit. It is the virtual tour with several stops with 360° images that can
be viewed through HTC Vive glasses. The tour takes place through the places of the Iberian
city of which the character speaks in the audio-visual (tab. 5).
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Table 5
Technological variables path that defines the product “Virtual visit”,
based on Virtual Reality (VR)

ey o L oL
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Fig. 6.
Virtual visit of the Ullastret Iberian site with the use of HTC Vive glasses.
Photo: I. Grevtsova, J. Sibina

Conclusions

In this study, we have discussed the use of ICT in cultural tourism products “visits®,
called in many cases virtual, for the dissemination and communication of cultural heritage.
These technologies allow us to visualize and experience all the realities of cultural heritage,
ranging from the visible to the virtual, through the augmented and mixed.
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The analysis shows that during the last years, a great variety of ICTs have been
incorporated for heritage development of products in the tourism-cultural market, which
opens a wide range of ways to improve audience experiences and contact with the past.

The study has led us to identify the main variables of the technological paths used.
The summarizing table helps to establish a vocabulary that allows to technologically
distinguish different types of products, verify the rigor of the recently launched proposals,
and establish a consultation tool to define necessary technological characteristics for
heritage development of new cultural products.

Nevertheless, the analysis shows that these types of technologies, which in fields such
as medicine, education or leisure are well established products, have a long way to go in
terms of tourism-cultural, as we have seen the limited variety of their use in archaeology
heritage sector. The positive point of this observation is that it gives us an opportunity to
develop new and original proposals.
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NPUMEHEHWE PEHTTEHOBCKOW 3D-MWKPOTOMOTIPAGUN
ANA NCCNEOOBAHNA APXEOJTOTUYECKMX APTEDAKTOB

BBepgeHmne

PeHTreHoBCKasa 3D-mmKpoTOoMorpadua ABNAETCA COBPEMEHHbBIM HEpa3pyLIaoLWLMM Me-
TOAOM WCC/Ie[OBaHNA BHYTPEHHEro CTpOeHus BelectBa. B ocHoBe MuKpoTtomorpadun
NEXUT NPUHUMN NOJyYeHUA TeHEeBbIX KapTWMH pacnpepeneHna Gpu3nyeckom MIoTHOCTU
06beKTa 3a CYET PUKCaL MM NPOXOAALLEro Yepes 3TOT OObEKT YAaCTUYHO MOTOWEHHOIO
PEHTreHOBCKOro M3NyYyeHns. TOT MPUHLNN N3BeCTeH 6onee CTa NeT U NPUMEHAETCA NpW
dnooporpadum, peHtreHockonun (drKcauma [LBYMEPHON TEHEBOW KapTWHbI; OObBEKT,
NCTOYHUK N MPUEMHUK U3NYUYEHUA HEMOABUXKHbI) N MeAULUHCKON Tomorpadun (06bekT
nccnefoBaHNA HEMOABUKEH, TPEXMEPHAA KapTuHa popmMupyeTca 3a CYET CUHXPOHHOTO
ABUKEHNA NCTOYHMKA Y NPUEMHMKA N3NTyYeHNs).

B oTnnume oT TpagnLUMOHHON MEANLNHCKOWN PEHTIEHOBCKOW TOMOrpadum, B MUKPOTO-
Morpadax NponcxoanT BpaLleHne nccnegyemoro obpasua B nyyke peHTreHOBCKOro 13ny-
YyeHuA. OTO NO3BONAET YBEIMUUTbL MPOCTPAHCTBEHHOE pa3pelueHne metofa Ao 0,2-5,0 MKm
(B 3aBUCKMMOCTM OT Nprbopa 1 pa3mepa ob6pasua), B TO Bpems Kak paspelleHne MeguLmH-
cKkux TomorpadoB Huxe. Mo cyTn, MukpoTomorpadusa npecTaBnseT cobomn cBoeobpasHbIi
PEHTrEHOBCKMI MUKPOCKONM, MO3BOMALWMIA NONYyYnTb LMPOBYIO MOAEeNb 06bEéMa obpas-
U, BU3yann3npoBaTb 1 AeTasibHO N3yu4nTb BHyTpeHHee CTpoeHne obpasua B 3D, nponsBso-
ANTb reoMeTpuYecKkne pacyétbl U T. 4.

OnucaHue metopa

MukpoTomorpadumyeckoe uccnegoBaHne BKoYaeT B cebAa HECKONbKO npoueayp.
Ob6na3aTenbHble Npoueaypbl — 3TO COOCTBEHHO CKaHUpPOBaHWe obpasua 1 nocneayoLlan
PEKOHCTPYKUMA TEHEBbIX M3006paKeHNN C MOCTpoeHreM 6a3bl M306paXkeHUI, nepneHan-
KyNApPHbIX OCU BpaLleHuma obpasua. [locne 3Toro BO3MOXHO BM3Yyanm3npoBaTb NoyyYeH-
Hble AaHHble A1 KAYeCTBEHHOMO N3y4YeHMA BHYTPEHHEro CTPOeHMA 06beKTa 1 BbIBOAA
HeobXxoAnMbIX N306paXkeHNI ANA fanbHelLWero NCnonb3oBaHUA. TakKe MOXKHO NOCTPO-
nTb UMPPOBYIO MOAENDb BHYTPEHHETO CTPOEHUA 06pasua AN KONMUYECTBEHHbIX M3Mepe-
HUI, BUPTYaNbHOTO NpenapupoBaHunA 1 NOATOTOBKN LndppoBon mogenu K 3D-nevatn.

ABTOpPbI paboTbl MONBb30BANNCL CEPBUCHBIMU NporpamMmmamu pupmbl Bruker, KoTopble
paboTatoT ¢ OTKPbITbIMM PpopmaTamm n3obpaxeHun Tuna .bmp, .jpg, .tiff. PekoHcTpyKuma
nposogunacb B nporpamme NRecon. [InAa nonyyeHus JaHHbIX O reOMeTpUYecKMx na-
pameTpax obpasua, noctpoeHusa LumbpoBor mogenm n paboTe C Hell MCNonb3oBanachb
nporpamma CTAn. Busyanusauma 6a3bl AaHHbIX nposogwunack B nporpammax CTVox
(3D-Busyanusaumn) n DataViewer (2D-susyanusaums).

HecMoTps Ha orpaHMyeHMA B MaKCMMasbHbIX pa3mepax nccrnegyemoro obpasua (go
25,0 MM), MeTOA MUKPOTOMOTrpadum akTUBHO MPUMEHAETCA B CaMbIX pPa3HbiX 061acTAX Hay-
Ku. B jlaHHOI paboTe paccMOTpeHbl TPY OCHOBHbIX HanpaBieHA MUKPOTOMOTpaduyeckmnx
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nccnenoBaHuii B 061acT apxeonorny 1 My3enHoro aena v nprvBegeHbl NpUMepbl Co3aa-
Hua 3D-mopenen.

MocTpoenune 3D-mopenn

NccnepoBaHme 6b110 NpoBefeHo AnA U3roTOBNEHUA YBENMYEHHON paboTatoLlelt Bbl-
CTaBOYHOW MOAENn CUPUHKCA (rONOCOBOrO OpraHa) BOPOHbI B paMKax npoekTa «Art in
Science» (obpasel npepocTaBneH Kypatopom pabotbl H. Eroposoii, [MeTpo3aBopck).
MNepen ckaHMPOBAHMEM CUPUHKC Obin M3BNEYEH 13 CMMPTa M MPOCYLLEH HA BO3AyXe B Teye-
Hue 30 MuHyT. CKaHMpOBaHMe NPOBOANIOCH Ha Npubope SkyScan 1172 npu HanpsxeHUK
Ha Tpybke 85 KB, cune Toka 116 MKA c 0,5 mm Al ¢unbtpom. Lar ckaHnposaHus 0,2 rpa-
Ayca, ycpegHeHuve no 4 cHumKam. PaspelweHne nsobpaxeHua 6,83 mkm/nukcensb. Mocne
PEKOHCTPYKUMM Npu nomoLwy nporpammbl CTVox 6b11v nonyyeHbl n306paxeHuns obbekTa
uenukom (puc. 1, ), C NONyNPO3payYHoO MbILLEYHOW TKaHbio (puc. 1, 6), OTAENbHO B3aNMO-
NONOXeEHME XPALLEN, COCTaBAALWMX CUPUHKC (purc. 1, 8).

3atem B nporpamme CTAN xpALeBas TKaHb Oblfla BUPTYanbHO pa3feneHa Ha OTAENbHbIE
xpAwm (puc. 1, 2) 1 membpaHbl, ANA KOTOPbIX 6bIIM NOCTPOeHbI undpoblie 3D-mopenn ana
JanbHenwen pacrnedyaTkm Ha 3D-npuHTepe. NMoagobHoe npeacTaBneHve OTAeNbHbIX AeTanein
6ronornyecknx o6 bEKTOB ABNAETCA HAMMAAHBIM AN1A U3YUYEHMA aHATOMUYECKNX OOBEKTOB.

OnpepeneHune nopoabl ApeBeCHOrO yrna (ApeBecunHbl)

OnpepeneHne nopogbl APEeBECHOro Yriaa Npu Nomowmn MeToda MUKpOoToMorpadum
npoBoaunock Ha npmnbope SkyScan 2011, no3BonALEM NPOBOANTL CKAHUPOBaHME C pas-
peweHnem 0,2-5,0 MKM/NIKCeNb, TaK Kak AnAa BU3yannsaumm BHyTPEHHEro CTpoeHuA yrna
(apeBecrHbI) HeO6X0AMMO pa3peLleHne He MeHee 0,8 MKM/NMKCEeNb, B OTAENbHbIX CJTyYanx
TpebyeTcAa NoBbICUTb paspeleHune fo 0,3-0,4 MKM/nuKcenb. Ana CKaHMpoBaHUA BbiGMparn-
cA obpasey yrna gmametpom okosno 0,8-1,0 Mm 1 Bbipe3ancs Tak, YTobbl yasiMHeHne 06-
pa3ua coBnagano C BEPTUKANIbHOM OCbto fepeBa. TOYHOCTb B pa3Mepax 1 opreHTaumm ob-
pasua He UMeeT CyLeCTBEHHOIO 3HaYeHMs, HO B lanbHelwem obneryaeT ncciegoBaHme.
CkaHMpoBaHMe NPoBOAUIOCH MPU HaNPAXKeHUM Ha NCTOYHMKe 50 KB, cnne Toka 0,4 MKA
c ycpeaHeHneMm No 4-5 CHUMKaMm 1 Wwarom ckaHmposaHusa 0,3 rpagyca.

Bbino oTckaHupoBaHo ABa obpasua apeBecHoro yrna (npegoctaBneHbl A. Mypaliku-
Hbim, CM6IY). Ha pucyHke 2 nokasaHbl O6bEMHble M300pakeHUsA BU3Yyanv3npPOBaHHOM
CTPYKTYpbI yrns (puc. 2, g, 2), nonepeyHble (TpaHcakcnanbHble) (puc. 2, 6, 0) U TaHreHumanb-
Hble (puc. 2, 8, e) cpe3bl. BepxHue n3obpaxeHusa (puc. 2, a, 6, 8) COOTBETCTBYIOT 0b6pasuy 1,
HWXHMe (punc. 2, 2, 0, e) — obpa3suy 2.

Ina o6bpasua 1 6bim BbiiBNEHbl MOpdonornyeckmne NprsHaku (B3aMmopacnonoxeHue,
dopma 1 pasmep COCyAoB, pasmepbl U TUM paguanbHbIX NyYen u T. 4.), COOTBETCTBYOLNE
Aepey poga Populus (beHbkoBa, LLseliHrpybep 2004). AHanornyHo BTopoi obpased 6bin
naeHTNPUUNPOBAH KakK yronb 13 gpeBecuHbl poaa Pinus.

3D-Bu3syanusaumsa n6poBOro NPoCTpaHCTBa apXxeonornyeckom Kepamumkm

MeTop peHTreHOBCKOM MUKpPOTOMOrpadum no3BonsaeT NonayynTb faHHble 0 Mopdono-
TN 1 NPOUNCXOXKAEHUN MOP, BU3Yanv3npoBaTb OTNeYaTKM BbIFOPEBLLMX NPU 06XKKMre opra-
HUYECKNX NpUMecen 1 NPoBeCTr CTaTUCTUYECKIME NCCNefoBaHmMA pa3mepoB 1 ¢opm o0bb-
€KTOB, COCTaBNAIOLWMX NOPOBOE MPOCTPAHCTBO.

Ana nccnepoBaHUA NOPUCTOCTM NOCAE PEKOHCTPYKUMUW pe3ynbTaToB CKaHUPOBaHUA
B nporpamme CTAn cTpouTca BUpTyanbHaa undpoBas mogenb NOpPOBOro NpoCTPaHCTBa,
B KOTOPOW NMOpPbl NPeACTaBNAATCA Kak 06beKTbl UCCnenoBaHnA. Busyanmsaumna nonyyeHHoOM
mogenu B nporpamme CTVox no3BonsaeT pa3genuTtb Nopbl, 00pa3oBaBLUMECA MPY BbIFOPAHNN
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Puc. 2.
Pe3ynbTtaThl BM3yanu3auum obpasuoB ApPeBeCHOro yrisa. BepxHun pag — CTpPYKTypa ApeBecHOro
yrnsa nokpbiToceMeHHOro pacteHusa (pog Populus): a — 3D-Bu3yanusaumsa cTpoeHuna obpasua;
6 — nonepeyHoe ceyeHue; 8 — TaHreHUManbHoe ceveHre. HUKHU pag — CTPYKTYpa ApeBeCHOro yria
ronoceMeHHoOro pacteHus (pog Pinus): ¢ — 3D-Bu3yanmsauus cTpoeHus obpasua; 0 — nonepeyHoe
ceyeHue; e — TaHreHUnanbHoe ceyeHne

pacTuTenbHbIX OCTaTKOB M NOPbl, 06pa3oBaBLMeca Npy 0bpa3oBaHNN TpeLH. Kpome Toro,
— MO>KHO BblfIeNITb M PaCCMOTPETb OTAESNbHbIE MopbI. B pafe cnyyaes 370 AaéT BO3MOKHOCTb

no mMopdonornyeckum npusHakam onpeaenvTb OopraHuyeckne npumecy, fobaBneHHble

B KepaMmnyeckoe TecTo uav nonasLuve Tyga c/ly4anHo BMecTe C MMHUCTOM COCTaBAAoLLEN.
S Ha pucyHke 3 npeactaBneHbl pe3ynbraTbl BM3yanuM3auum OTNEYaTKOB OpPraHnYeckmx

_ npumecen B obpasue kKepammku (NpegoctasneH T. M. [yceHLOBOW), 06HapyXeHHOW Npu
1. packonkax namaTHuKa «Mogonbe» (4000 net oo H. 3.).

A "'---....________*. gt { CkaHvpoBaHue npoBoamnocb Ha npubope SkyScan 1172 npu HanpskeHUM Ha Tpy6-
- K [ 1 ke 100 kB, cune ToKa 100 MKA, C ycpefHeHMeM MO 4 CHUMKaM Y LWAroM CKaHWPOBaHWA
- 0,3 rpapyca.

AHanu3 n6poBoro NPoCTpaHCTBa (puc. 3, a) nokasarn, YTo Nopbl B 06pa3Le NnpeacTaBfieHbl
npenMyLLeCcTBEHHO TPEXMEPHbIMM OTMeYaTKamm NPYMeCH OPraHNYeCcKoro NPONCXOXAeHNS,
NPUYEM nx Konnuectso, popmbl 1 pasmepsbl (3o 9,0 Mm B BbiIGpaHHOM 06pa3Lie) No3BoNAT
caenatb 060CHOBAHHOE NPEANONIOKEHME O crelnanbHON 4o6aBKe N3MENbYEHHON pacTu-
. TenlbHOCTU. BupTyanbHoe npenaprpoBaHue HekoTopbix 3D-oTneyaTkoB nokasano, 4to no-
MUMO CTebNen 1 NUCTbEB B KEPaMUUYECKoe TECTO MOoMnan cemMeHa pacteHuin (puc. 3, 6-0, 3)

[ : =8 1 pparmeHT Konoca (puc. 3, e). Mo BHewwHeMy BUay ceMsaH 1 GparMeHTOB pacTeHui 6bin cae-
P ! 4 oy R . -~ NaH BblBOA O NPUHAANEXHOCTY GIOPUCTUYECKMX NPUMECE K CEMENCTBY 3/1aKOBbIX N OCO-
KoBbIX. Kpome Toro, 6bin o6Hapy»eH oTrneyaTok (puc. 3, x), npeactasnaoLwmn cobon, npea-

Puc. 1. NONOXUTENbHO, YCVK KONIEHYATOro TWMna HeonpeaenéHHOro HaCeKoMOro.
3D-peKOHCTPYKUMA CUPYHKCA BOPOHbI: d, 6 — 3D-BU3yan3aLyis MblLeYHON 1 XPALLEBO TKaHK; K coxxaneHuio, He Bcerga MMeeTca BO3MOXHOCTb NAEHTUPULMPOBaTb PacTUTENIbHOCTb
6 - 3D-Br3yann3auua XpALLeBOV TKaHW; 2 — 3D-Mofenb BUPTYasibHO NpenaprpoBaHHOTO XpALlia Mo OCTaBLUMMCA OTneyaTkam, Tak Kak nornagarolLan B Kepammyeckoe TeCcTo pacTUTeIbHOCTb
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Puc. 3.
Busyanmsauma nopoBOro MNpOCTPaHCTBa apxeoniormyeckon kepamuku: a - 3D-Bu3yanusaumsa
NMOPOBOro NPOCTPAHCTBA; 6, 8, 2, 0, 3 — BUPTYyasibHO NpenapupoBaHHbIe OTNeYaTKy CeMAH (3€peH);
e — BUPTyalbHO MpenapupoBaHHbIN OTMeYaTOK YacTu KOoJioca pacTeHus; X — BUPTYyalbHO
npenapupoBaHHbIV OTNEYaTOK YCUKa HaCEKOMOTO

MOXeT ObITb YUaCTMYHO Pa3NoXMBLUENCA (CnyyaliHO MOMaBLUNe KOPHM U CTebnn BOAHbBIX
pacTeHnin 13 NPUOPEXKHDBIX MUHUCTBIX OTIOXKEHWIA) U OTMEYaTKN He BbliABNAIT Mopdo-
NOrNYECKNX ANArHOCTUYECKNX NPU3HAKOB.

Mpu nccnenoBaHUN MOPUCTOCT APXEONOTMYECKON KEPAMUKN METOLOM PEHTreHOB-
cKol Tomorpadun cnefyet UMeTb B BUAY, YTO OTCYTCTBYET BO3MOXHOCTb M3YUnTb MOpPbI
pa3mepamy MeHee NPOCTPAHCTBEHHOMO Pa3peLIEHN CKAHUPOBaHUS.

3aknioueHve

N3yueHne BHyTpeHHen CTPyKTypbl apTepakToB MeTOAOM PeHTreHoBcKon 3D-muk-
poTomorpadum ABNAETCA Hepa3pyLUaoLWMM METOAOM, NO3BONAIOLWNM BbIABUTb 0COOEHHO-
CTW NX CTPOEHUA, MOCTPOUTbL BUPTYyanbHble unudposble 3D-mogenu, nposectn mopdonoru-
yeckne 1 CTaTUCTUYeCKme NCciefoBaHmA.

Ha cerogHAWwHWA fAeHb paccmaTpuBaeMbli MeTof ABMAETCA YHUKaNbHbIM - ANA
3D-Bu3yanu3auumn NnGpoBOro NPOCTpaHCTBa apTedakToB. Kpome Toro, NpUMeHeHne peHT-
reHOBCKON MMKpoToMorpadum no3sonseT ynpocTUTb onpefeneHne nopop ApeBecHbIX
yrnem v ndyyeHvie aHaTOMUN JpeBeCUHbI.

JINTEPATYPA

BeHbkoBa, LLIBeitHrpy6ep 2004
bervkoesa B. E., lLlgetiHepybep ®. X. AHaTOMUA ApeBeCUHbI pacTeHuin Poccum. M., 2004.
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®. C. Mankos
WHCTUTYT AMHamMuKu cuctem u Teopun ynpasnenna um. B. M. Matpocosa (O PAH, PO

A. B. XapuHckun
WpKyTCKMil HaLMOHANbHbIIA MCCNeA0BaTeNbCKMIA TeXHUYECKNIA yHBepcuTeT, PO

BOCCO3AAHUE MAJIbIX HEOOCTAIOLLMX OPATMEHTOB
KEPAMNYECKMX COCYAOB C NMOMOLWbIO METOAOB
BUPTYAJIbHOW PEKOHCTPYKLIMW 1 3D-MNEYATU

B nabopatopun apxeonoruuv, naneoskonornv n CUCTeM >KU3HedeATeNIbHOCTU Hapo-
fos CeepHon Asumn PHUTY (TAMNnCXHCA, panee — nabopatopusa apxeonoruun Vpl'TY)
€ 2012 roga HavaTbl paboTbl NO TPEXMEPHOMY CKaHMPOBAHMIO apPXE0NIOrMyecKoro Mmatepu-
ana (Mankos 2013). 3a npowepLwee Bpemsa 6bisI0O OTCKaHMPOBAHO HEMasIo apxeosiornye-
CKMX apTedaKToB, B TOM UMCIIE N KepaMMUYeCKNX COCYAOB.

B 2014 roay 6bina npeanoxeHa MeTOANKA, COCTOALLAA U3 YeTbIPEX Pa3fINUHbIX BapuaH-
TOB BUPTYasibHOM PEKOHCTPYKLUMK cocynos (Mankos 2014), KoTopas OCHOBbIBAeTCA Ha Bbl-
aeneHvv npoduna cocyfa u3 TpEXMePHON MoAenu, PeKOHCTpyKLUun npoduna cocyaa (no
BO3MOXHOCTW) 1 MOMyYeHUs Tena BpalleHna ¢ nomollbio npoduna. B pesynbrate BUpTY-
anbHOW PEKOHCTPYKLUUKN COCyAa no npodunio nonyyaetca naeanbHoe Teno. Kak nssectHo,
BCE KepaMmyeckue CocCyfbl, U3roTOBNIEHHbIE BPYYUHYIO U 3HAUUTENbHOE BPEMA HAaXOAMB-
LImeca B 3emse, He UMEIT NOSTHOCTbIO CUMMETPUYHON GopMbl. [To3TOMY NpK CpaBHEHUM
naeanbHOM CUMMETPUYHON MOAENN COCYAa C ero PeKOHCTPYKLUMen, caenaHHon nocpea-
CTBOM CKNenBaHUA oTaeNbHbIX GparmeHTOB, MOXHO 3aMEeTUTb HEKOTOPbIE HECOCTbIKOBKMU
Npu HanoXeHnn Moaenu Ha rpadurueckoe n3obparkeHre PeKOHCTPYMPOBAHHOM EMKOCTN,
0CcobeHHO Mo eé KpasaM. Pe3ynbraTbl Tako PEKOHCTPYKLMM MOXHO MCMONb30BaTb AN NOo-
cnepyoLen TPEXMEPHONM MeyaTtu, HO TONbKO Nnocie eé oopaboTKn 1 NPUGVXKeHMA nony-
YEeHHOWN maeanbHOM Modenn cocyaa K HenpgeanbHou Gopme PeKOHCTPYMPOBAHHOIO Opu-
rMHaNbHOro cocyaa.

Beuay Bcero BbiwenepeyncieHHoro 6bi1o pelweHo pa3paboTaTtb METOANKY BOCCO3-
JaHWA Manblx HepgocTalwmux GparMeHTOB MO pe3ynbTaTaM TPEXMEPHOro CKaHMpOoBa-
HuAa nnn otorpammeTtpun (3anuyesa 2014) c nocnegytollen TPEXMEPHON NeyaTbio He-
pocTaowmx GparMeHToB U UX BCTaBKOW B Te MeCTa KepaMMUYeCKUX COCYAOB, rae OHM
OTCYTCTBYIOT.

[nA BbINONHEHWA faHHOW 3afaum Oblna NpeanoXKeHa cneayioLasn nocnefoBaTeNlbHOCTb
3TanoB 1 AeNCTBUIA:

Otan l. MogroroBka mogenu:

1. MoarotoBKa TPEXMEPHON MOAENM COCYAA K PEKOHCTPYKLMW, @ UMEHHO 3anunBKa BCex
OTBEPCTMI MNOMNTOHANbHOW CETKM CcoCya (reoMeTpura CKOMOB [OSIKHA OCTaTbCA 6e3 n3-
MEeHeHWN) N yaaneHne TeKCTypbl (Npy Hanuuum).

2. DKCNOPT UCXOAHOro 06beKTa B OTAENbHbIN dain.
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Otan ll. 3annBKa oTBepcTUA (peKOHCTpynpyemoro ¢pparmeHra):

1. BblpeneHune BHyTPEHHEN KPOMKM OTBEPCTUA.

2. YpaneHwe nonnuroHoB TPEXMEePHOW MOAENN BblAENEeHHOW KPOMKU OTBEPCTUA.

3. Co3paHue TBEpPAOM NOBEPXHOCTM (3aNIMBKa PEKOHCTPYMPYEMOro OTBEPCTUA).

3a. Ecnv nponcxoant peKoHCTPYKUMA BEHUMKa, He00X0AMO 0003HaUMTb C MOMOLLbIO MH-
CTpyMeHTa «MOoCT» BEPXHIOK rpaHULy BEHUMKA.

4. DKCNOpPT HOBOW MOAENW B OTAENbHbIV paiin.

Otan lll. MoaroTtoBKa K BbiAeNeHNI0 PEeKOHCTPYMPYEMOI KepaMuK B nporpamme
Meshmixer:
1. IMnopT opuruHanbHom mogenu 6e3 oTBepCTMiA 1 MOAENN C 3aNTUTbIM OTBEPCTHEM.
2. Wcnonb3oBaHue pexuma «Sculpt» ¢ kombuHaumen kucten «Flatten», «<Drag», «Attract»
n «Robust smooth» ana BblgeneHns rpaHnL, PEKOHCTPYKLMUN OT OpuUrnHana.
3. DKCNOpPT NONYyYEeHHOWN MOAENM B OTAENbHbIN dai.

3tan IV. MogroTtoBKka K 3D-neuyaTtn c nomouybio nporpammbi Autodesk Netfabb:

1. ImnopT nonyyeHHOW MoAenn Ccocyfa C PeKOHCTPYMPOBAHHbIM OTBEepCTUEM
B Mporpammy.

1a.3anonHeHne OTBepPCTUIA B MOAENM C Liefblo NONyYeHNA CNIIOLWHOM NOBEPXHOCTN COCYAA.

. MimnopTt opurnHanbHom mogenu cocyaa.

3. BblunMTaHMe opurMHanbHOM Mogenu cocyfa U3 MOAENN Ccocyaa C PEKOHCTPYMUPOBAHHbBIM
dparmeHTOM C NOMOLLbIO UHCTPYMEHTa «JTornyeckne onepauum.

4. Obpeska nonyyeHHoro ¢dparmMeHTa 1 yganeHue IUWHUX 3NIeMEHTOB MONIMTOHANbHOM
CeTKun.

5. Obpe3ka OCTpbIX rpaHel Ha MOAENV Ha CTOPOHe BHYTPEHHEeWN CTeHKM ¢dparmeHTa.
Moapa3symeBaeTCs, UTO PEKOHCTPYUPYEMBbIN GparMeHT OyaeT BCTaBAATbCA OT BHELUHEN
CTEHKMU, @ AOHBILKO — U3 CaMOro cocypaa.

6. WcnpaBneHue oTBepCTMin B NONUIOHANIbHOM MOAENN [0 NOMyYEHUA CNAoWHOro ¢par-
MEHTa Kepamunkm 6e3 oTBepCTUi.

7. DKCNopT noslyyeHHown mogenu B dann.

STanbl CO BTOPOro Mo YeTBEPTbI NOBTOPATb O TeX NOp, NOKa He 6yayT PpeKOHCTPYyMpo-
BaHbl BCe HeobxoanMble GpparmMeHTbl.

TpéxmepHaa nevyaTb M3roTOBNEHHbIX GpParMeHTOB Ha MpuHTepe no TexHonorun FDM
BbINOMHANACL C pa3peweHmem 0,2 mm consiom 0,4 MM criefyloWmmMmn NAacTUKammn poccmm-
CKOro NpOn3BOACTBA:

« ABS, PLA n Watson (SBS Glass) komnaHum BestFilament;
« PLA, ABS n SBS Glass komnaHun FDplast;
+ PLA komnaHun VolPrint.

Martepuan Pet-g, Kak 1 gpyrue matepuanbl, 13-3a BbICOKOW CJIOXKHOCTU Ans noctobpa-
60TKM 1 BbICOKOW LIEHbI HE pacCMaTpPUBaNCA.

3apaya NofroToBKM GparMeHTa KepaMrKkn ana TPEXMEPHOW NeyaTu 1 BblIbop maTepu-
ana AnA neyatu 3akoyaeTca B U3roTOBEHUMN TaKoro pparmeHTa, KOTOpbI MOXHO byaeT
BCTaBUTb B PEKOHCTPYMpPYeMbIin cocyn 6e3 ero pazbopku. Kakoe-nnbo ¢ursmyeckoe nme-
HeHMe CamMoro CoCyfa, B TOM Yucie noAnuaMBaHve rpaHen oOpurnHanbHoOro cocyga ans
BCTaBKWN PEKOHCTpyupyemoro ¢parmeHTa, He 4OnycKaeTcA.

Bce ¢parmeHTbl NeyaTanmcb ¢ nogaepkamm mogenu. MNIOTHOCTb 3anofIHEHUA Mofe-
new 6bina yctaHoBneHa B 20 %.

Matepuan PLA oT Bcex Tpéx npousBoguTenen nokasan oOfMHaKoBoe KauyecTBO neyatu
N HEKOTOPYIO CIIOKHOCTb NPY BCTaBKe NOJMTyYEHHbIX AieTanen B PEKOHCTPYMpPYeMbI cocya.
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MexaHuuyeckasa noctobpaboTka, 3aKoYaLWanca B NOANUANBAHMM FPaHe PEKOHCTPYN-
pyemMoro ¢parmeHTa 1 yaaneHun HaneyaTaHHbIX NOALEPKEK MOAENN, NMeNa HEKOTOPYIO
TPYQHOCTb.

ABS-nnactmk OT paccmaTpuBaembiX MNpouv3BoAuTenierl nokasan xopoulee KavyecTBo
nevatn. MNopgaepXkn ygananucb ropasgo nydwe, yem B cnyyae ¢ PLA-matepuanom.
MexaHunueckana o6paboTka, 3aKkniovaBLIaAca B 06paboTke rpaHen ¢pparmeHTa, Takxe He
Bbl3Basia npobnem.

Watson (SBS Glass, npo3pauHbiin) ot komnaHum Bestfilament, kak n SBS Glass uset
«abiMmyaTtoe cTekno» ot FDplast, nokasann HopmanbHoe KauecTBo neyatu. [1o cpaBHEHMIO
c matepuanamm ABS n PLA, SBS Glass Mo>xHO 06pabaTbiBaTb MeXaHNYECKN C MOMOLLbIO KaH-
LLleNAPCKOro HOXa, eC/IM UMEeeTCA HeOOXOAMMOCTb AOMNONTHUTENIbHOW KOPPEKTUPOBKM NpU
BCTaBKe pparmeHTa B COCyA,.

Mpun NoaroToBKe K Neyat Bce ¢pparmeHTbl pacrnonaranmcb BHYTPEHHe CTOPOHOWN BHI3
(cTopoHOW, rae pomkHa 6bITb Nogaeprkka). Bce dpparmeHTbl Neyatanncb B Maclitabax no
X/Y (BblcoTa/wmpuHa) ot 93,5% (PLA) go 98 % (SBS Glass), roe macwTtab no X Bcerga gon-
XeH ObITb paBeH MacwTaby no Y. MacwTab no KoopanHaTte Z (TonwmHa ¢pparmeHTa) He n3-
MeHANcA n 6oin paBeH 100% ana Bcex maTepuranoB. Kak nokasana npakTuka, HeT eauHo-
ro cnoco6a BblUNCINTL HEOOXOAMMbBIA MacwTab ana neyatn pparmeHToB. Bcé 3aBnucut ot
BHYTPEHHEeN CTPYKTYPbl CKONOB PEKOHCTPYMPYEMOro GparMeHTa, a TakKe CBOMCTB yCaaKM
mMaTepuana.

B ntore MoXKHO caenatb BbIBOA, YTO HeNb3A Ha3BaTb KOHKPETHbIN MaTepuran U KOHKpeT-
HOro NPOM3BOAUTENA NAaCTUKA, KOTOPble naeanbHO NOAXOAAT ANA 33434 PEKOHCTPYKLUM
bparmeHTOB Kepamukn. Nccnegosatenb BONEH MCNOMNb30BaTb TOT MaTepuan, KOTOPbIN
6onblue NOAXOANUT MO LBETY, CBOMCTBAM TEKCTYPbI, OMbITY paboTbl C MaTEPUANOM ANA TPEX-
MEPHOW NeyaTy 1 Hannumem TEXHNYECKON BO3MOXKHOCTM (ABS, SBS TpebytoT Hannuma Ha-
rpeBaemoro CTofa) U camoro matepuvana.

CTonT OTMETUTb, YTO eCcnun NaHnpyeTca neyatb 60nbWNX GpParMeHTOB KepaMuKu, KO-
TOPble AOMKHbI BbIMOMHATb HeCyLyo GyHKLMIO, CnefyeT NCrnonb3oBaTb TBEPAbIE MaTepua-
nbl, Takne Kak PLA n ABS. 1nsa matepumana ABS He cnegyeT 3abbiBaThb, UTO eC/i HEO6XOANMO
N3roToBUTb OYeHb HONbLION pparmMeHT cocya, TO B cjlyyae ¢ ABS BO3MOXeH OTPbIB OT CTO-
na N3rotaBnMBaemMoro pparmeHTa u HapyLleHne ero reomeTpumn.

Mpwn N3roToBNEHUN PEKOHCTPYKLNN COCYAOB, a Takxe GparMeHTOB COCYZIOB C 3KCMO-
3ULMOHHBIMY 3aa4aMm, MOXHO PAacCMOTPETb UCMOJIb30BaHMeE Pa3INYHbIX fEKOPATUBHbBIX
NnacTuKoB., Takmx Kak Ceramo-tex komnaHuu Filamentarno, nnu SBS Glass ¢nyopecueHT-
HbI (CBETUTCA Nog YyNbTpadroneTom), Unm xe nobbix Apyrux nnactnkos. Ecnv Tpebyetca
CKPbITb OCTABLUNECA e MEXIY KEPAaMUKOW 1 PEKOHCTPYMpPYeMbIM GparMeHTOM, MOXXHO
BOCnosnb3oBaTbcA 3D-pyukon. C eé NOMOLLbIO ey 3aNONHAKTCA XXUAKAM NNACTUKOM, KO-
TOPbIV Yepe3 HeKOTopoe Bpems TBepaeeT. [Npasaa, npy 3ToM NOABATCA TPYAHOCTU Npu 06-
paTHOM M3BNIeYEHUN PEKOHCTpyupyemoro ¢pparmeHTa n3 cocyga. [lommmo npovero, uset
PEKOHCTPYMpPYyeMoro ¢pparMeHTa MOXeT ObITb CrielnanbHO NoaobpaH, ANA 3TOro OH MOXET
OblTb 3arpPyHTOBAH M pacKpalleH akpUaoBbIMU KpackaMu.

Mpun neyatn oTCYTCTBYOWUX PparMeHTOB KepaMmKn AnAa ApYrmx cocyaoB NpoueHTHoe
COOTHOLLEHNE OTBEPCTMA M 3aMOSIHAIOWErO ero niacTMKoBOro ¢parmeHTa MoryT 6biTb
COBEpLUEHHO Apyrumu. [nAa peleHna obpaTHOM 3ajayn, @ UMEHHO BOCCO3faHnA Gopm
COCyL0B NO ManbiM ¢dparmMmeHTam, MaclwTab M3roTaBNIMBaemMoro pparmeHTa foSIKeH ObITb
HaobopPOT yBENNYEH.

OueHurBasA BpeMeHHble Tpyao3aTpaTbl Ha TPEXMEPHYK PEKOHCTPYKLMIO 1 U3roToBe-
HMe ogHOro ¢pparMeHTa Kepammkn C MNOMOLLbIO TPEXMEPHOWN neyaT, MOXHO MPUBECTU
cnegytowme 3HaYeHns:
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e [logroToBKa cocyfa K peKoHCTpyKuum (3tan 1) — ot 20 o 60 MUHYT.
® [lonHaa TpéxmepHaa PeKOHCTPYKLMA ogHOro dparmeHTa:
* 6onbwon ¢parmeHT — oT 60 Ao 90 MMHYT, C YYETOM BPEMEHN HA KOMMbIOTEPHbIE

BblUNCIIEHNS;

« manbin ¢parmeHT — oT 30 o 60 MMHYT, C YYETOM BpPEMEHM Ha KOMMbIOTEPHbIE

BblUNCIEHMA.

o TpéxmepHana neyatb ogHOro ¢pparmeHTa C TonwmHom cnos 0,2 Mm:
+ Manble ¢pparmeHTbl — OT 5 40 15 MUHYT;
+ 6onblme pparmeHTbl — oT 30 4O 80 MUHYT.

® BcTaBka pparmeHTa B cocyn — oT 2 o 10 MUHYT.

TpéxmepHana neyatb ofHOro GpparmeHTa MOXeT NoTpeboBaTbCA HECKONbKO pa3, MoKa
He 6yneT nogobpaH ero oNTMManbHbIA MacluTab, NO3BONALWMIA BCTaBUTb 3TOT pparmeHT
B cocya. B pe3ynbrate 06uee BpeMA peKOHCTPYKUMM ogHOro ¢parmeHTa, 6e3 yuéta Bpeme-
HW Ha NOArOTOBKY COCYAA K PEKOHCTPYKLMN, COCTABIAET OKOMO ABYX YaCOB.

[na peanusaunn meTtofa MOMHOW PEKOHCTPYKUUU KepaMUyeckux EMKOCTen npu no-
MOLLM pacneyaTky HegocTarwmx pparmeHToB Ha 3D-NpuHTepe 6bINO PeLeHO NCMOoNb30-
BaTb cocyfl, 0OOHapPYEeHHbIN B NePBOM KyNbTYpOCOAEPXKaLleM CJ10e ropoanLla-CBATUIMLLA
Bankanbckoe 1 (puc. 1), pacnonoXeHHOro Ha ceBepo-3anagHoM Nobepexbe o3epa bankan
(XapuHckun 2015; XapuHckun 2016). Bo Bpema packonok ocTaTky cocyfa Obinv obHapy-

XeHbl Hepganeko Apyr ot apyra. OHu 6biIn NpefcTaBneHbl KPYNHbIMU pparMeHTamMu, 4To Puc. 2.
MO3BOJINIO PEKOHCTPYNPOBATb MPaKTUYECKM BCIO EMKOCTb. [0 MOTHOM PEeKOHCTPYKLIMMN He Cocyp c ropoauLa-ceaTUNVLLA balikanbckoe 1 co BCTaBEHHbIMY PEKOHCTPYNPOBaHHbBIMM
XBaTaNio HECKONbKNX GpparMeHTOB Ha TynoBse 1 fHe cocyfa. OTcyTcTByOWwmMe pparmeHTbl ¢parmentamm. Qotorpadus A. B. XapuHckoro

peLleHo 6bino HaneyaTtaTb Ha 3D-NprHTepe 1 BCTaBUTb UX B HE3aMOJIHEHHbIE OTBEPCTUA.
Mocne n3rotoBneHnA HegoCTaloWMX GparMeHTOB KepaMUKm OHM Obinn BCTaBNEHbI B COCY.
(puc. 1, 2). Mpn HeO6XOAMMOCTM BCTaBNIEHHble B cocyn GparmMeHTbl U3 MAacTUKa MOXKHO
6b110 3 HEro N3BneYb 1 XPaHUTb OTAENbHO (puc. 3).

Pnc. 1. Puc. 3.
Kepamumyeckuin cocyq 13 nepBoro KynbTypocofepallero Cnosa ropoanila-cBATMAMLLIA PekoHcTpynpoBaHHble pparmeHTbl KepaMmnyecknx COCyi0B pa3HbIX Pa3mMepOoB 1 U3 Pa3HbIX
Bbankanbckoe 1. ®oTorpadua A. B. XapunHckoro maTepuanos. ®otorpadua O. C. Mankosa
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MeTofrKa W3roToBNeHUs HedocTavolmx GpParMeHTOB Kepammyeckux COCydoB Ha
3D-npuHTEpe 6Obla anpobrpoBaHa Ha EMKOCTSX efle3HOro BeKa M nokasana onpeje-
NéHHble NperMyLLecTBa Nepes TPAAULNOHHBIMA METOAaMUN PEKOHCTPYKLMM KepaMUKM.
CaenaHHble 13 NnacTnka GparMeHTbl B Cllyyae HEOOXOAMMOCTU MOXKHO M3BNEKaTb 13 Co-
cynos. [py 3TOM He NPOUNCXOANT Pa3pyLUEHNs HY CTEHOK COCYAOB, HY NNAacTUKOBbLIX ¢par-
MEHTOB. TakXXe MOXKHO NMOMEHATb OAHW NNACTUKOBbIE pparMeHTbl Ha Apyrve, Hanpumep,
N3MEHVB UX OKPACKY, YTo ObiBaeT He0OXoAMMO CAenaTb MNPV Pa3HbIX YCIIOBUSAX AEMOHCTPA-
unm aptedaKkToB.
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A NEW METHODOLOGY FOR ANCIENT THEATRE ARCHITECTURE
HYPOTHESES VERIFICATION

Introduction

The analysis of visibility in archaeology has found widespread application, above all in
landscapes’ studies, since the ‘80s. In particular, this kind of analysis has been considered
useful to investigate the distribution of sites and relationships between them (Wheatley
1995, 173-185), to understand defensive techniques of ancient populations (Loots et al.
1999), to study the likely rituals connected to prehistoric monuments and to examine
the connection between monuments/sites and astronomical events (Fisher et al. 1997,
581-594).

The important information obtained through the application of visibility analysis in ar-
chaeological contexts has encouraged the archaeologists to use it more frequently, above
all with the advent of GIS technology (Lake, Woodman 2003, 659-695). On the other hand,
during all these years, a large part of archaeologists has left behind the other fundamental
senses of the human perception: the hearing, the smell and the touch. David Wheatley has
efficiently resumed the critique, developed in the last fifteen years, to the common con-
cept that the sight is the main sense of our body and then the most widely investigated in
order to understand our past culture and ancient civilizations (Wheatley 2014, 121-127).

In addition, limiting visibility studies to the landscapes and to urban-social environ-
ments (as it has been done till now) means underestimating the potentiality of this instru-
ment. Visibility analysis can also be useful in order to interpret the architecture of ancient
monuments and buildings, especially with the help of digital tools and 3D models, which
allow the specialists to give a full three-dimensional shape, although virtual, to the archae-
ological remains. In the same way, also virtual acoustics analysis can prove helpful in en-
hancing hypothetical reconstructions of monuments and buildings.

The aim of this paper is to present a methodology which combines 3D visibility analysis
and virtual acoustics analysis to study one of the three Roman theatres at Gortyna, the
one located at Kazinedes, in order to propose a more reliable hypothesis about its original
structure. In particular: through the 3D visibility analysis, the visibility of the stage from the
seating area will be verified; through the virtual acoustics analysis, the comprehension of
speech or music by the spectators will be taken into account.

Visibility and acoustics analysis in archaeology

During the years, several approaches have succeeded one another in order to achieve
a high degree of reliability and to obtain as much archaeological information as possible
through visibility analysis: isovist (Benedikt 1979, 49-65), visibility graph (Turner et al. 2001,
106-118), viewshed analysis (Fisher 1996, 1298-1301) and texture viewshed that sees the
combination of GIS analysis and 3D modelling (Earl 2005; Paliou et al. 2011, 380-385).
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Indeed, since the beginning of the 21st century, the main issue of visibility analysis is
the need to work in a full 3D environment, in order to consider also vertical faces (for
example trees and buildings), and therefore to have a more exact approach and to obtain
more reliable results. In the very last years, a faster methodology has been applied in the
insula V of Pompeii (Landeschi et al. 2015, 356-358), which consists in the possibility to
calculate lines of sight (trajectories showing through different colours if the observer
sees or not the target) directly within the 3D model, through the visibility toolbox of
ArcGlIS, in order to verify the visibility of an alphabetical inscription and of a political
announcement.

Luckily, in the last years, the interest toward the hearing has been increased also
among the archaeologists (and not only) as demonstrated by the word “archaeoacous-
tics” (Till 2014, 24-27), which indicates a multidisciplinary approach in the study of the
sound of the past and its effects on our ancestors. Obviously, many acoustics analyses have
been done already, in particular in ancient theatres (Canac 1967, 19-179), but very rarely
these works were conducted by archaeologists. Mainly, the acoustics measurements were
taken in order to know the acoustics properties of historical buildings and not really to
reconstruct the history of those buildings, with very few exceptions (Chourmouziadou,
Kang 2008, 514-529; Gugliermetti et al. 2008, 157-165).

Finally, Paliou and Knight proposed to combine visual data and acoustics data, in order
to obtain more information about the sensations the worshippers were feeling and the
stimuli they were receiving, within the Church of San Vitale in Ravenna (Italy), during the
liturgy (Paliou, Knight 2013, 233-234). They created a combined map (visual data obtained
by the visibility analysis, plus acoustics data derived from the in situ measurements) in-
dicating the sensory catchment in the area of the church, in order to study which are the
privileged positions in the building to assist the liturgy; in particular they wanted to exa-
mine the social differences between men and women, according to the area they occupied
in the church (floor and matroneum).

The recent development of software, which enables to simulate acoustics measure-
ments in a virtual environment, has allowed specialists to investigate the original acous-
tics properties of ancient theatres through their 3D reconstructions, with the advantage to
consider all their architectural elements and not only those that have been preserved and/
or modified during the centuries (lannace et al. 2011; Lisa et al. 2006, 20-25).

Methodology

The methodology sees the use of several software, because there is not only one that
combines 3D modelling, visibility analysis and acoustics analysis.

First and foremost, all the information (descriptions, plan, section and aerial image) re-
garding the chosen theatre has been collected, studied and analysed. A 3D model of the
reconstruction hypothesis of the theatre, proposed by the archaeologist Gilberto Montali
(Montali 2006, 237-289), has been created, tracing his plan and section in AutoCAD and
then modelled in 3D Studio Max.

In AutoCAD, a grid of observer points (representing the spectators) has been made as
well. The grid consists of four rows formed by 124 observer points located 75 centimetres
higher than the corresponding seat in order to simulate the average eye-level of a seated
man/woman. Four rows of points are sufficient to verify the quality of visibility, considering
that from the central area of the theatre the stage is probably visible. In particular, it is im-
portant to examine the visibility conditions of the spectators seating at the sides of the cavea
(the observer points here are placed 80 centimeters far from the converging walls to take into
account the space occupied by the probable stepladders), where the converging walls of the
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Fig. 1.
3D model of the theatre of Gortyna, at Kazinedes, plus grid of observer points and target line.
Image: M. C. Manzetti

analemma, or the basilicas, can be an obstacle. However, two rows of points are placed also
in the central area to compare the results among the different locations, and to check the
visibility from the first rows in case the stage would be too high, impeding the view.

The simplified 3D model and its grid have been then imported in ArcScene, the 3D visu-
alization application of ArcGlIS. A line (the target) has been drawn at the centre of the stage
(almost as long as it), 160 centimetres higher than its floor with the purpose to represent
the possible position of the actors/actresses (fig. 1).

56 metres

L]

Odeon§i985-2015 DEMOVERSION

Fig. 2.
3D model of the theatre of Gortyna at Kazinedes, plus source and receivers.
Image: M. C. Manzetti
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Fig. 3.
Section of the 3D model of the theatre of Gortyna at Kazinedes, plus source and receives.
Image: M. C. Manzetti

Lines of sight have been built between the grid and the line; they show through two dif-
ferent colours which spectators can see the actor/actress in one or many positions across
the stage (green lines) and those that have no visibility (red lines) of him/her in one or more
positions. Even more interesting is the identification of the obstruction points, that is the
exact localization of the elements that obstruct the visibility; therefore they allow us to hy-
pothesize which architectural parts might be wrongly reconstructed or misfit. In addition
raster maps have been produced too, in order to visualize the frequency of visibility from
the observer points: these maps make possible to visualize how many observer points see
the stage or part of it (Manzetti 2016, 39-42).

Afterwards, the 3D model has been imported in the software Odeon Room Acoustics;
a source has been placed at the centre of the stage (again 160 centimetres higher than the
floor) assigning to it an overall gain of 60 dB, and 22 receivers (75 centimetres higher than
the seats) have been placed in three radial lines in one half of the cavea (being this specular
there is no need to place receivers also on the opposite side) (fig. 2, 3).

The appropriate materials (bricks, marble and stone), alongside the relative absorption
coefficients, have been assigned to all the surfaces of the 3D models, including the seating
area, where a material simulating the presence of the audience has been set. The scattering
coefficient (that indicates the decrease of the intensity of a signal, due to the discontinu-
ities the signal encounters when it reaches the surfaces and their material) has also been
assigned, in order to describe the physical properties of the surface. Once all the settings
have been modified and the correctness of the 3D model checked, the software can mea-
sure the impulse response for each receiver and consequently it gives the values of several
parameters useful to judge the quality of the acoustics: reverberation time (T60), clarity
(C80), definition (D50) and speech transmission index (STI) are the ones considered in this
study.

The reverberation time is the time a sound takes to decrease after it stops; the ideal value
for the speech is around one second, the ideal one for the music is around two seconds. The
clarity represents the level of comprehension of single sounds in a complex signal; we have
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Fig. 4.
Lines of sight in Montali's hypothesis. Image: M. C. Manzetti

an appropriate acoustics for speech when the value of C80 is equal or greater than 3 dB,
while for music the value should be under 3 dB. The definition indicates the level of clarity
of the speech, the easiness for the listener to understand the message of the speaker; in
order to have an acceptable quality of the acoustics for the speech, the value of D50 has to
be higher than 0.50 (by definition it is included within 0 and 1). The Speech Transmission
Index establishes objectively the quality of level spoken, calculating the combined effect
of background noise and reverberation on the intelligibility of the speech; values of STI
above 0.60 means a good and excellent intelligibility, under 0.60 is fair and bad (Spagnolo
2014, 760-807).

Case study and results

The theatre of Gortyna (Crete), in locality Kazinedes, is the monument chosen for applica-
tion of this combined methodology. The theatre is partially visible on the surface, but it has
not been excavated yet, so it is very challenging to try to reconstruct its original structure.

The first descriptions of the theatre are dated to the 16th century, but till the end of the
20th century it was confused with an amphitheatre by many scholars. Finally, when the
real amphitheatre was discovered, the correct interpretation was made (Di Vita 1991). This
theatre has been investigated recently only by Gilberto Montali, who has proposed his own
hypothetical reconstruction, based on his archaeological knowledge and on analogies
with other Roman theatres. In his reconstruction, the cavea is divided into three sectors,
plus four rows for the proedria on the orchestra, overlooked by a portico at its very top. The
scaenae frons is composed by two storey, a central semi-circular niche and two rectangular
niches at the sides (the niches correspond to the entrances reserved to the actors) and it is
flanked by two basilicas.

The resulting lines of sight obtained from the 3D model representing Montali’s hypo-
thesis, show that 15 % of these lines indicate not visible trajectories (fig. 4). It is clear, from
the location of the obstruction points, that the basilicas are the main obstacle to the visibil-
ity of the stage for the spectators seating on the sides (fig. 5).

The visibility map shows that only the very frontal part of the stage is visible to every-
one (blue colour), while we may suppose that the actors were playing mainly in the central
area of the stage, which is visible by around 100 spectators out of 124 (fig. 6).

The results of the virtual acoustics analysis gives the following values (considering all
22 receivers and the range of frequencies between 125 and 2000 Hz): T60 between 1.10
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Obstruction points of Montali's hypothesis.

Fig. 5.

Image: M. C. Manzetti Fig. 7.

Satellite images of the site of the theatre of Gortyna at Kazinedes (from Google Earth).
Image: M. C. Manzetti

and 1.97 seconds, C80 between -4.5 and 9.9 dB, D50 between 0.23 and 0.88, and STI be-
tween 0.56 and 0.76. The results show an acoustics quality that is not acceptable: even if

the reverberation time can be considered good, the clarity and the definition, in numerous
receivers, do not achieve values suitable for a comprehension of the speech and neither for
listening to a music performance (25% of the values of the clarity are under 3 dB and 15%
of the values of definition are under 0.50).
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Fig. 8.
Representation of the plan of the hypothetical reconstructions proposed by Montali. The purple
Fig. 6. lines indicate the architectural parts according to the author’s views and the yellow lines indicate the
Visibility map of Montali’s hypothetical reconstruction of the theatre of Gortyna, at Kazinedes. architectural parts that have been modified in the second model analysed.
Image: M. C. Manzetti Image: M. C. Manzetti
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Fig. 9.
Lines of sight of the alternative reconstructive hypothesis of the theatre of Gortyna, at Kazinedes.
Image: M. C. Manzetti

Another 3D model, with some modifications in the architectural structure, has been
tested. Comparing the plan drawn by Montali and the satellite image of the site (fig. 7), we
have noticed some incongruities that are shown in fig. 8. It seems there are no remains be-
tween the cavea and the scene building. There actually appears to be a corridor between
the two structures. Therefore, the second 3D model has been constructed with an open
corridor between the seating area and the scene building, moving back and reducing the
size of the basilicas that are the main obstacles to the visibility. The portico in summa cavea
hypothesized by Montali, has been removed as well, because it generally produces late
reflections which influence the quality of the acoustics, and because there are not clear
proofs of it.

The 3D visibility analysis shows that 8% of the lines of sight are not visible trajectories
(fig. 9) and the visibility map presents a stage, whose central area is visible by all the spec-
tators (fig. 10).
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Fig. 10.
Visibility map of the second hypothetical reconstruction of the theatre of Gortyna, at Kazinedes.
Image: M. C. Manzetti
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The virtual acoustics analysis of this model revealed a better quality than the previ-
ous one, for the comprehension of the speech. The values obtained are the following: T60
between 0.62 and 1.73; C80 between 1.2 and 10.9 dB; D50 between 0.48 and 0.85; and
STl between 0.66 and 0.73. About the clarity and definition, respectively, only 7% and 1%
of the receivers present a value under 3 dB and under 0.50. The results for all the parame-
ters demonstrate that the architectural structure of the second model is suitable to have
a speech performance.

Conclusion

This study demonstrates two main aspects which are expected to be further developed
in the future and be applied more frequently to the archaeological research.

First, digital instruments and 3D models have proved to be essential in the study and
analysis of archaeological sites. Without the opportunity to virtually reconstruct the the-
atre at Kazinedes, we could not probably have so many possibilities to know something
more about it. Of course, archaeological excavations, even better if preceded by geophysi-
cal prospections, are still the best method to discover the history and the characteristics of
an ancient site. Most of the time, however, it is not possible to conduct archaeological exca-
vations in a specific site, or the remains are so scarce that do not allow specialists to formu-
late reliable hypothesis regarding the full structure of the buildings. It is already recognized
that virtual reconstructions give the possibility to verify the correctness of a structural hy-
pothesis, but this research manifests that the 3D models can be further analysed (and not
only visualized), in order to propose more accurate architectural reconstructions.

The second aspect that is worth to be underlined is that the combination of 3D visibility
analysis and virtual acoustics analysis, for monuments reserved to performances, is a more
advanced approach which can raise new questions and bring forward new theories and
hypotheses. It is time to focus on all the senses that were (and still are) involved in the
everyday life of our ancestors, so to reach a deeper knowledge of the past. Furthermore,
this approach can lead to the creation of virtual applications much more immersive than in
the past and provide an engagement that will facilitate the learning and the memorization.
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EVALUATION METHOD FOR SMOOTHNESS OF THE SURFACE
OF STONE TOOLS

1. Introduction

Many archaeological artifacts have been recorded as digital data. A huge amount of
those data is kept in a storage called digital archives. Since 2006, the Ministry of Education,
Culture, Sports, Science and Technology in Japan started to hold a research group for digital
museums (Ministry of Education, Culture, Sports, Science and Technology 2007). They tried
to make digital museums that were based on digital archives of cultural properties. It caused
the expansion of making digital archives even though there were so many museums,
universities, local governments, and private companies that had already started to digitize
their artifacts with cutting edge technologies before. Okamoto says that it is a chaotic
situation (Okamoto,Yanagi 2015). In fact, each researcher has a different idea of how to make
digital archives. And so many organizations were established with different policies.

These digitalized data were often used for visualization of artifacts to explain themselves.
For example, K. Ikeuchi and D. Miyazaki (Ikeuchi, Miyazaki 2008) explain how to create an
exhibition based on digital archive data. Miyamae shows a digital exhibition using two
different types of reproductions derived from the digital data at a museum, along with an
exhibition of the real artifact. This digital exhibition demonstrated a performance using
a virtual reality image manipulated by a human navigator combined with a hands-on
experience of handling a replica (Miyamae 2013). These objects derived from the digital
3D objects were sometimes called digital heritage or 3D e-Heritage (Oishi 2015), and it is
usable for exhibitions in museums and publishing information via the internet.

Those digital data have been used in museums though it is a chaotic situation. Miyamae
(Miyamae 2016) discusses multi usage of 3D scanning data. The author proposes that 3D
scanning data should be used not only in museums but also and even more in research area.
This paper considers the usage situations about the 3D scanning data in archaeological
research area.

The study that combines archaeology and computer science is sometimes called cyber
archaeology or 3D archaeology (Waseda university 2017). Archaeologists have started to use
digital technology for their research. Especially, the technology called SfM and MVS gave us
an easier way to make 3D digital data. Kaneda said that the technology would be useful for
recording archaeological monuments (Kaneda 2016). Usually, the method of comparing the
external shape is to select the edge and make a contour map (Yokoyama 2017) or make cross
section images (Mizuno 2015). Archaeologists focus on characteristic marks that are traces
and signs of being used on the artifacts. The marks are sometimes observed on digital data.
Also, computers can easily compare the external shape of the artifacts through those 3D
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digital data. But the condition of the surface of the artifact is seldom defined quantitatively.
For example, it is difficult to compare the smoothness or roughness of the surface of stone
tools in a quantitative way. Although there are some devices for measurement of the surface
roughness, it is difficult to apply the devices to archaeological artifacts. Almost all of the
devices are adopted contact type sensors. Sensitive artifacts have to avoid those types of
sensors to protect themselves. Surface condition has some parameters. This article focuses
on surface smoothness this time. Smoothness is difficult to recognize on 2D photograph
image. Color information is always preventing from finding the convex. But, 3D data consists
of many elements. Smoothness may be evaluated with the 3D data. This article examines
the approaches to quantify the surface smoothness of archaeological artifacts, such as stone
tools, with the digitalized data.

2. Evaluation method for surface smoothness

2.1. Surface smoothness

Surface roughness is one of the parameters of the surface texture. The appearance
of the surface such as slipperiness, glossiness and unevenness is defined by the surface
roughness parameter (Keyence 2018). Surface smoothness may also be defined by
measuring the surface roughness. But the measurement tools for surface roughness are
often of contact type and can measure line by line. When archaeologists need to observe
the whole external shape, it is difficult to analyze the surface smoothness without touching
it. This article discusses methods of using digital data that are often stored in the digital
archives and tries to find the way to quantify the surface condition.

2.2. Roughness parameter deriving process defined by ISO

Evaluation methods of surface roughness for industrial products are defined by some
standards including ISO (International Organization for Standardization) as common rules
(Yoshida 2012). According to ISO, surface roughness can be evaluated by three curves.
Profile curve, Roughness curve and Waviness curve are basic curves for evaluation of
roughness. These curves are separated by frequency and include some noises. Figure 1
shows the basic process for deriving roughness parameter defined by ISO. This article tries
to apply the workflow to quantify the surface smoothness on archaeological artifacts.

2.3. Applying to the mesh data

This section shows examination result when we apply the workflow to the digitalized
3D data. Usually, digitalized 3D data is a point cloud data set. It is often visualized and
displayed as a polygon mesh object. In this section, the digitalized artifact will be considered
as a mesh data. For applying the ISO method to the mesh data, the following techniques
were used on each step.

- Making the cross section (measurement curve).

The cross section line was selected from the polygon mesh data. This cross section line
means a measurement curve in fig. 1.

- Finding the profile curve of the true value.

For removing the shape noise from the measurement curve, the true value of the
external shape had to be found. Instead of this value, fitting functions technique was
applied. Then, quadratic function was used this time.

— Calculating the profile curve.

The different value between the measurement curve and the value from the quadratic
function was the profile curve.

— Calculating the roughness curve and waviness curve.
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Fig. 1.
Roughness parameter deriving process defined by ISO

For industrial products, cut-off frequency was a known quantity. It is possible to
separate the roughness curve and the waviness curve. For archaeological artifacts, the cut-
off frequency was unknown. It will be impossible to separate those two parameters. But
some characteristics may be found to quantify the smoothness on the profile curve.

Figure 2 shows the result of an example. The test mesh data was created to examine
this method. One mesh data is a small part selected from a columnar object without
concave and convex. This mesh data is called Data A. Another is a small part selected from
a columnar object with uneven surface. This data is called Data B. The third images from the
top show a difference between the measurement curve and the shape noise. The difference
of Data B contains noises. Then, the author applied FFT (Fast Fourier Transform) algorithm
to the measurement curve. Noises in high frequency area on Data B were also found. So
this feature must become a parameter for smoothness even though roughness parameter
and waviness parameter can not be separated. The next section will explain applying this
method to the real data.

3. Applying to the archaeological artifact

Figure 3 shows a photographic image, a surveyed drawing and 3D digitalized data of
an axe-shaped stone tool. The stone tool has a length of 7.12 cm, a width of 7.43 cm and
a thickness of 2.64 cm (Kawashima, Onishi 2004). The measurement data was taken by
alow cost 3D scanner (Next Engine 2017). The data size is 276,089 points and 542,164 faces.
Following is the explanation about the artifact.

A fragment of an axe-shaped stone tool, uncovered from Musashi-dai-nishi site
neighboring the Musashi-dai site at Tokyo, about 34000 cal yr BP. Made of fine-grained tuff.
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Results of the test mesh data. Image: C. Miyamae

Nearly one quarter part of its distal end has survived. Its flat planer large flake is trimmed
into an oblong shape by circumferential chipping. Symmetry in the distal end view with
a straight edge. Profile of the edge shows a thin wedge shape. Well ground along the distal
edge.

Figure 4 shows the results of application of the above method. The mesh data called Real
Data A is a small part which is a well-ground area on the stone tool. The surface looks glossy
and it is defined as a polished surface by archaeologists by touch. The mesh data called
Real Data B is a small part which has uneven surface. It is said that the part is flaked and still
remains some natural part. Removing the shape on Real Data A noise must fail. Another
removing method will be considered. For example, using the measurement drawings will
be effective. Although it is said that the area is well-ground, the area may contain some
features. So, it is difficult to define surface smoothness clearly from this data.

Fig. 3.
Axe-shaped stone tool. Image: C. Miyamae
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Results of the archaeological artifact. Image: C. Miyamae

4. Conclusion

This article examines the approaches to quantify the surface smoothness of
archaeological artifacts, such as stone tools, with the digitalized data. The way to quantify
the smoothness must be examined in more detail. The author would like to try to invent
a method using other types of data from digitalized data in the storage. Then utilization of
digitalized data would be expanded. For the next step, the author would like to try whether
the method can recognize the difference between natural polishing surface and artificial
surface. Also the visualization method for surface smoothness such as contour map will be
developed.
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IMPLEMENTING THE LONDON CHARTER
IN VIRTUAL RECONSTRUCTIONS

1. Introduction

The use of virtual reconstruction is very popular in archaeology and architectural his-
tory to describe the past appearance of objects or, more frequently, buildings that do not
exist anymore or have substantially changed their shape (Bentkowska-Kafel et al. 2012).

Acknowledging the necessity of documenting the process that led to a specific recon-
struction with its details, since the end of the 20th century archaeologists advocated the ne-
cessity if avoiding as far as possible the use of imaginary or fantastic reconstructions that
had appeared since the very beginning of archaeology (see, e.g. the Knossos Palace, physi-
cally reconstructed by by Arthur Evans) and were revamped by the availability of powerful
computer-based visualization tools. This approach was expressed in a 2000 paper (CVRO)
which eventually led to the definition of a Charter, the well-known “London Charter for
computer-based visualization of cultural heritage”, briefly known as the “London Charter”
(Londoncharter.org 2017). Among other prescriptions, the London Charter prescribes
(Principle 3) that “In order to ensure the intellectual integrity of computer-based visualisa-
tion methods and outcomes, relevant research sources should be identified and evaluated in
a structured and documented way” and that “Sufficient information should be documented
and disseminated to allow computer-based visualisation methods and outcomes to be un-
derstood and evaluated in relation to the contexts and purposes for which they are deployed”.

To comply with these principles, it is sufficient to describe the sources for reconstruction
choices in a separate document and publish it. However, the Charter does not prescribe
any specific template for this background documentation: it has just to be “sufficient”.

Although this is a significant step forward, compared with totally undocumented re-
constructions whose trustworthiness relies only on the reputation of the author, it is still
cumbersome to check a living “document” such as a 3D interactive model or a movie with
a static text document where the decisions taken to obtain the model are described with
sentences and, possibly, drawings. Also, the required “sufficiency” of such documentation
might be arguable and in general is difficult to check, as our imagined reviewer would
need to brose all the documentation to test why a specific model detail was reconstructed
in that specific way. Since nobody does this thoroughly, this lack of practicality deprives the
London Charter of much of its potential.

The present paper springs from the simple observation that the authors created a data-
base of the relevant sources and/or of the methods used to obtain the final model, as a work-
ing tool to define the reconstruction. Enabling access to this database then appeared as the
rightful and sufficient documentation to comply with the London Charter prescriptions. It
was only necessary to link each model details to the supporting documentation. Such an ap-
proach is also useful to control that no undocumented detail is surreptitiously included, for
example because it is “obvious”. This might happen in examples like the following one. There
is a (documented) substantial difference of level between two adjacent and communicating
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rooms, so there must have been a stair connecting them. Unfortunately, there is no trace of
such a stair, but it is “obvious” that there was one, hence it is included in the reconstruction
model. This action creates undocumented details of the latter: if the existence of the stair may
be reasonably deduced from the available evidence, how many steps did it have? In these
conditions, any decision would be arbitrary, so it would need to be labelled as such; instead,
the steps creep in, hiding behind other well-documented details.

In this paper we describe the nature of the problem addressed (why, when and where);
the team who created the reconstruction (who); the results obtained (what); and the way
we complied with the London Charter prescriptions (how).

2. The disastrous 1966 flood in Florence and the damage to Vasari’s Last Supper

In the night preceding and in the early morning of 4 November 1966 the river Arno
overflowed in the historic centre of Florence. 4th November is a national holiday in Italy,
so citizens were caught by the disaster when they were still at home, in most cases being
awakened by the roar of the flood if they were so lucky to live at upper floors.

The water rapidly reached the height of some metres in the streets of the Florence
historic centre, invading repositories of invaluable art and culture masterpieces. If ancient
buildings resisted well to the flood (such floods were not a novelty for the town), their
content was put at risk and in some cases severely damaged. The water brimmed the
riverbanks and overflowed gradually, starting from the easternmost town outskirts,
so some of the museum personnel were able to reach museums and move artworks and
exhibits at risk to the upper floors. This was impossible for items that were too heavy to be
transported manually. This was the case of two paintings placed in the Church of Santa
Croce (fig. 1) and heavily damaged, the most famous one being the Crucifix by Cimabue
then become the icon of the flood destructions. The other one, placed in front of the
Crucifix, was a Cenacolo (The Last Supper) by Giorgio Vasari painted in 1546, a painting on
wood large about 6.50 x 2.70 m.

It was possible to restore the Crucifix with a long work. The colours detached from the
wood support and the tiny fragments of pigment were patiently recovered and re-applied
one by one. The restoration lasted 10 years.

Instead, to avoid the same problem, immediately after the flooding sheets of flimsy
paper were applied all over Vasari’s painting (fig. 2).

The result was that the colours remained, but the paper was glued to the painting. For
many years there was no solution to the problem, and only recently restorers have engaged
in a full restoration of Vasari's Cenacolo (Opificiodellepietredure 2017) (fig. 3).

The restored painting was returned to its location in the Sacristy with a ceremony
exactly 50 years after the flood, in November 2016, ideally concluding the long recovery
of artefacts damaged by the 1966 flood. Now, it is suspended to a mechanical system that
enables lifting it up should another flood happen: this appliance is all made with levers and
pulleys, because usually the first consequence of a flood is a black-out that would kill any
electrical device.

But one might ask: why a Cenacolo (fig. 4) in a sacristy? This kind of paintings is usually
put in refectories of convents, and not church sacristies, so it was apparent that the present
location is just the final stage of travel of the artwork throw different location. Thus, we
conceived the idea of identifying the original one, and to virtually relocate the painting
where it originally was to be placed. The concept came from a previous collaboration with
a team of the University of Cambridge led by Prof Francois Penz and Dr Donal Cooper, who
reconstructed in 3D the demolished church of San Pier Maggiore in Florence to understand
the original location of the 15th century Assunzione della Vergine painting by Francesco
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Fig. 1.
Photo of the flood — Church of Santa Croce. Photo: F. Niccolucci,
frame from RAI TG of November 1966

Fig. 2.
Restorers put sheets of paper on the painting to prevent the detachment of the pigments.
Photo: F. Niccolucci, frame from RAI TG of November 1966
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Fig. 3.
The painting before restoration. Photo: F. Niccolucci

Botticini, now at the National Gallery of London, and produced a movie to accompany an
exhibition at the Gallery (Cooper, Sliwka 2015; Cooper, Vitolo 2018).

Indeed, Vasari’s painting had not always been where the 1966 flood found it. Originally,
it was in the refectory of the nearby convent of Le Murate, and was moved to Santa Croce
when the convent was acquired by the State in the 19th century and was turned into a jail.
This change caused a deep restructuring and demolitions in the original structure, so that
nowadays it is impossible to recognise where the refectory was located, let alone virtually
re-place the Last Supper.

Thus, the project goal was to reconstruct the past appearance of the refectory, both
external and internal, its location within the convent complex and virtually re-place the
painting at its original location, proposing the most probable aspect of the hall with the
furniture and the painting.

Fig. 4.
Vasari's Last Supper after the restoration
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3. Archive documentation as the source for the reconstruction

Since the beginning it was clear that information about the previous structure of the
convent was difficult to find. The building has undergone various major changes since its
construction around 1430.

The first one, relevant to our study, was the mention in an archive document (Lowe
1990) that in the 15th century the refectory was moved from its previous location to a new
one due to the increased number of nuns. The painting was actually commissioned to
be placed in the new location. Another note stated that during another flood of Arno in
1537, still before the painting execution, the refectory floor collapsed into the underlying
cellars. This helped in locating the refectory and the only room of the convent that was
large enough and had cellars below. The next figure shows the place interpreted to be
the refectory final location. It is superimposed on a 19th century plan of the convent that
includes some of the changes, so it does not represent the shape of the refectory but just
where it was placed in the complex.

Unfortunately, this part of the building was heavily modified, firstly when the convent
became a jail in the 19th century and then partially destroyed after the jail was closed
and the building re-used for social purposes at the beginning of the 21st century. All the
changes made since mid-1800 were demolished and this part of the building is currently
a pedestrian street, crossing the complex now used as the venue of exhibitions, offices for
small enterprises and other social uses.

Between the first requisition of the building in 1810-1813 ordered by the French
government (Fantozzi Micali, Roselli 1980) and its use as jail (1840-1845), several drawings
show the building as it was and how it was planned to alter it. Besides the plan shown
in fig. 5, there is also an elevation view drawn in 1826 (fig. 6) showing the facade of the
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Fig. 5.
D. Giraldi. Progetto per la riduzione dello Stabile delle Murate agli usi di case di correzione e di carceri
succursali. 1837. Drawing. Archivio di Stato di Firenze (ASF), SFF, FL, 2216q. Florence.
The 1837 plan with the interpreted refectory location
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Fig. 6.
F. Nini. Stabile delle Murate. 1826. Drawing. Archivio di Stato di Firenze (ASF), SFF, FL, 2109, II,
ins. 132bis, N 35 e N 40. Florence. Facade of the refectory

refectory, with the windows, before the transformation, and other similar drawings made
in the same years as the project for the creation of the jail. It may be reasonably supposed
that the windows were not substantially altered since the 16th century, i.e. for all the time
the building was used as a convent.

At this point, there was enough information to reconstruct the refectory appearance.
The position of windows in the facade towards the garden, shown in fig. 6, and the
corresponding ones facing the cloister, led to concluding that the painting was placed
on the short side of the room, opposite the doors. The room had the right size to host
the refectory: its dimensions, measured on the plans and elevations available, were about
31 x 7 m, with a height of about 7 m at the top of the vault. Possibly it had a partition wall

Fig. 7.
Reconstruction of the refectory, with The Last Supper placed at the far end of the room.
Image: F. Niccolucci

137

21.05.2018 13:01:17



Fig. 8.
Refectory furniture from other monasteries. Photo: F. Niccolucci (right)

at one end, delimiting a small place used as a service passageway to other parts of the
building, on which the painting may have been placed.

The painting was probably hung at a height of about 2 m from the floor, to make it more
visible from all the seats, placed on a corbel, and included in a frame built on the wall as it
has no frame at present.

Thus, it was possible to reconstruct the room appearance as shown in fig. 7.

The above reconstruction includes some details like the furniture and the window
fixtures that are largely imaginative and were chosen for analogy with similar artefacts
from the same period (fig. 8, 9).

Fig. 9.
Part of the remains of the monastery wall with superimposition of 3D reconstruction
of hypothetical ancient windows of the refectory. Photo: F. Niccolucci
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Fig. 10.
The reconstruction of convent facade facing the garden. Image: F. Niccolucci

The reconstruction consists in a 3D model from which a short movie was created. The
movie will be placed next to the painting in its current location, to explain its history and
allow visualizing its pristine appearance. Other images of the 3D model are provided below
(fig. 10-12).

Fig. 11.
3D reconstruction of the inner courtyard of the monastery. Image: F. Niccolucci
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Fig. 12.
The current pedestrian street, created in the refectory location. Image: F. Niccolucci

4. The documentation database

Since the beginning it was clear that managing the huge documentation used for the
reconstruction required appropriate tools, so a database was created to host the docu-
ments as they were discovered at the State Archive of Florence, and made available to
us as scan copies of the originals. The team was formed by various experts, including the
architecture historian Daniela Smalzi, from the University of Florence, and Roberto Bellucci
and Cecilia Frosinini, two restorers of the Opificio delle Pietre Dure, the prestigious Florence
restoration centre of the Italian Ministry of Cultural Heritage and Activities and Tourism. So,
it was necessary to keep the database remotely accessible by each member of the team
(fig. 13, 14).
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Fig. 13.
A screenshot of the Murate ResourceSpace database
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Fig. 14.
A screenshot of the Murate Sketchfab model, with the hotspots

To create the database, we used ResourceSpace, an Open Source digital asset manage-
ment software (Resourcespace 2017) that had all the necessary features for our needs, in-
cluding on-line access. The server was set up in our department server at VAST-LAB, PIN. It
is frequently used stand-alone: for example, the figures of the present paper were taken
from this database.

After completing the work, creating the 3D model and completing the movie in time
for the 50th anniversary celebration, we considered that the 3D model could be used as
interface to the database by creating links between its parts and the related records in the
documentation database. Thus, the model was uploaded to Sketchfab (Sketchfab 2017)
(and then we created hotspots on it, each one with a link to the appropriate record in the
documentation database.

This method can be adapted to various goals. If the purpose concerns communication,
a simplified version of the main database can be easily created adding explanatory com-
ments to the original documentation. A multimedia product can display the reconstruc-
tion in VR with the hotspots giving access to the links, and the app providing all this is very
simple and straightforward to create. For scientific purposes, the system we are using is rich
enough to support accessing the documentation within a research framework. We have
plans to further develop it to make the user interaction smoother and facilitate the avail-
ability of setting up personal environments in which a researcher can manipulate source
data and annotate them without affecting the underlying resource.

The method is generic enough to be adapted to architectural history, like in the case
presented here, or to archaeological reconstructions. There is no limitation to the kind of
documents that can be used, images or texts, and customization could be added to im-
prove usability.
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VIRTUALLY FILLING EMPTY SPACES IN MUSEUMS

1. Introduction

PRISMA is a small creative enterprise based in Florence, Italy. Founded a few years ago
by a group of researchers who worked in European projects, it avails of the most recent
technologies to support museums in their mission. On the other hand, PRISMA’s philosophy
is based on the principle of “Zero Km Museum”, i.e. on the valorisation of own resources of
the museums. This is of great importance especially for small museums, which often do
not have enough funds to invest a substantial amount of their budget in communication
activities.

Communicating the museum in an effective way is the first step to enhance visitors
experience. A museum has to tell one, or many, stories, otherwise it risks to turn into
another icon of mass tourism, a “must-see”; or, oppositely, into a wunderkammer or, in the
worst case, a boring repository of antiquities. So, a museum is not only its content, which is
of course of paramount importance; but also the stories it is able to tell.

This dialogue between the museum with its content and the visitor relies in large parton
the way the exhibits are presented, illustrated and commented. A gap in the presentation,
illustration and explanation may put the communication at risk and undermine the visitor’s
experience because something was missed, like a sentence in which some words are
covered by noise. Some recent PRISMA activities have aimed at filling such gaps, turning
the inconvenience into an opportunity, and virtual technologies are often instrumental to
achieve this result. Some of such activities are described in this paper.

!

2. Reproducing ancient objects and their use

Sometimes the simple exhibition of an object does not explain well enough how it was
used, especially when similar objects are no more in use in our times. This is the case of wax
tablets used in the antiquity as a reusable and portable writing surface. MAEC, the Etruscan
Archaeological Museum of Cortona, owns a rare example of Etruscan wax tablet with its
stylus, both made in bronze (MAEC 2016). As the use of the wax tablet has been abandoned
since the Middle Ages, it is unlikely that a visitor may easily imagine how it worked.

Thus, PRISMA created a simulation on a tablet, simulating electronically the writing
operations. To make the experience even more attractive, both the tablet and the stylus
had the appearance of the ancient objects, obtained as a physical replica from 3D scans
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(fig. 1). The stylus was made in resin, then galvanic plated and treated with acid to get an
aged look. A list of the letters of the Etruscan alphabet and a virtual scraper to erase the
text were also available. Starting the app visually simulated the pouring of hot, liquid wax
on the tablet.

HAOTMog > TYYmuws

Fig. 1.
The virtual wax tablet
with its stylus at MAEC
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3. Virtual passport

Loan between museums is a common good practice. It enables setting up exhibitions
that would be incomplete without some objects that are, unfortunately, the property of
other institutions. But this causes a short-blanket syndrome, as the exhibit on loan is for some
time away from its home museum and may create a gap in the display sequence of the latter.

For some very fragile items the loan is unfeasible. To circumvent this issue, some years
ago the Cyprus Department of Antiquity in collaboration with the Cyprus Institute sent to
the US a copy of the so-called Kazafani Boat, a small pottery item dated to the 12th century
BC. After scanning the artefact, an exact 3D copy was produced and painted. The replica
was on display at the Smithsonian Museum in an exhibition, and was admired by many
visitors, among them such personalities as the President of the Republic of Cyprus during
a visit to the USA as shown in fig. 2 (Vassallo et al. 2015).

PRISMA adopted a similar approach for an exhibition titled “The shadow of the Etru-
scans” held in Prato in 2016. A very important exhibit was the Pizzidimonte Offerer, a small
bronze found in 1735 at the Gonfienti archaeological site near Prato and later sold to
the British Museum, where it is currently kept. The statue is kept in London, at the British
Museum, where PRISMA made an accurate scan.

For 3D printing a fused deposition modelling technique (FDM) was used (Scopigno
et al. 2015). A plastic material that contains bronze particles was used, to simulate the
consistency and the surface of the material of which the original object is composed. On
this material an aging process has been carried out in order to make the replica closer to
the original. The resulting replica is shown in fig. 3. A plastic replica of the statuette was
also made, for educational purposes, to allow handling and appreciating the details by
touching it (Amico et al. 2015).

Fig. 2.
The replica of the Kazafani Boat on display at the Smithsonian during the President’s visit.
Photo: G. Niccolucci
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Fig. 3.
The Pizzidimonte Offerer replica on display at the Prato Exhibition

The Virtual Passport ideated by PRISMA is based on the opposite concept: send the
original on loan, and substitute it in the display with a virtual replica. However, the Virtual
Passport is something more. It is not only replacing the original with the replica, but it takes
the opportunity to illustrate why the object has travelled to another place. Thus, at the same
time, it avoids a gap in the display communication to the visitor, and starts another story
based on the reasons that motivated the loan request. For example, a painted Greek vase
from an Etruscan museum close to the place where it was discovered is usually part of the
local history. Itis used to tell visitors about the ancient inhabitants and their trade with Greece,
and possibly about their wealth. If it goes on loan to an exhibition about women’s role in
the past because of the subject painted on it, it becomes the trigger for such a story also at
home, and to compare women'’s social position in Greece and Etruria. In conclusion, a loan is
an opportunity both for the museum that receives the loan and for the one who provides it.
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Fig. 4.
The interior of the Virtual Passport

Thus, the potential gap in the museum communication caused by the absence of an
important piece turns into a new story: why was the exhibit requested? Where did it travel
to? What kind of exhibition and cultural institution asked for it? Who are these people?
What liaisons exist between the two institutions? All these explanations enrich the visitor’s
experience and are offered on demand, if the person is curious about the reasons of the
gap.

The same kind of information may be offered at the other end of the link: where does
this exhibit come from? What do they have there? What kind of museum is that? Why did
we ask them? Why they have this object and we don't?

If the Virtual Passport becomes a standard practice as loans are, it creates a net of
relations that is interesting to explore.

A museum receiving many loan requests can create a collection of such stories. Like
visas in a real passport, they tell about the connections exhibits have with other stories and
enrich the visit.

A special case in which the same concept may apply concerns exhibits temporarily
absent for restoration. In this case the Virtual Passport may describe why they needed an
intervention, where they are being treated, what kind of treatment is being practiced, and
what result is expected.

The supportsof this special kind of storytelling may be very diverse. Sometimes a physical
replica is impractical or too expensive, so a simple visual 3D model may be used. PRISMA
is exploring different ways of offering a virtual substitute as it helps comprehension, and
in this regard recent advances in AR on smartphones are very promising. The usual label
“exhibit on loan” may trigger a virtual replica of the object to appear on the visitor’s mobile.
But that is less important than the story told.

The following example illustrates a pilot application of the virtual passport concept at
MANN, the National Archaeological Museum in Naples (fig. 4). The museum has a very large
and important collection mainly coming from the excavations in Pompeii, and is one of the
most important collections of Roman artefacts in the world. Thus it is frequent that other
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Fig. 5.
Plato’s Academy, the exhibit on loan, and a detail of the animation explaining its characters

museums ask for loaning some exhibits, leaving an empty space in the museum display. The
Virtual Passport consists in multimedia content explaining the origin of the missing artefact,
its content and provenance, its history and where it is currently exhibited. It links the local
collection to the temporary exhibition to which the object has been loaned. It includes 3D
models, animations and voice presentation (fig. 5). The Virtual Passport is usually displayed
with a device in the same location where the missing exhibit was placed. Furthermore, it
can be accessed online using several platforms, including a free audioguide of the museum
available on smartphones. The online version allows linking different loans of the same object
and thus provides a history of its “travels”. The content is created in both languages, the one of
the home museum and of the receiving one. So at every travel the content may be enriched
with an additional language version. In the time, the virtual “visas” will create a complete
history of the most important objects, usually the most sought-after ones.

4. Gap in the communication: visitors with special needs

Usually museums treat visitors as an undifferentiated mass. Their communication
aims at the average visitor, usually with middle-level education, fair understanding of the
language and of the implied cultural references. Nowadays, it is rare (but not impossible) to
find a caption presenting a Greek two-handled wine cup as a skyphos without explaining
what this uncommon word means. But averaging the needs is, as it usually happens with
averages, uncomfortable for many, especially for those who do not achieve this average
level: the visitors with special needs. Museums acknowledge their existence only as far
as accessibility is concerned; this is exactly the same that happens at the post office, in
the municipality or at the train station: all public services must be accessible by physically
impaired citizens. So there are ramps instead of steps, touch guides in relief on the ground
for the blind, and other special provisions for the deaf. But a museum is not only a place to
access, itis a place to visit and to experience: accessibility is important, but it is not enough.

Thus, PRISMA has undertaken a project called “Museo4U” where possible solutions
to create enjoyable museums also for visitors with special needs are experimented. Of
course, the project includes guidelines for accessibility as well, often over and beyond
what regulations on the subject dictate. This project is funded by Regione Toscana, the
regional government of Tuscany, for a total amount of 18,000 €, which includes only the
expertise required for the design and implementation, while the investment in equipment
must be covered with additional own funding. The project has been implemented at MAIF,
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Ha forma dl nuraghe:
costruzione tipica della Sardegna

Fig. 6.
A screenshot of the multimedia description of a bronze button

the Archaeological Civic Museum “Isidoro Falchi” of Vetulonia, a village near Grosseto in
Southern Tuscany, owning a rich collection of Etruscan objects from the nearby necropolis.

Since the “Zero Km Museum” principle besides exploiting existing human resources
implies also optimizing the investment, the idea was to address as many disabilities as
possible, and whenever possible to hit two (or more) birds with one stone. The set-up is
therefore inclusive. For example, an explanation in the Sign Language for the deaf must
be prepared with a significant level of simplicity in the discourse structure, without
losing expressiveness; this approach is also a good preparation for an explanation in
Simple Language (Easy-to-read 2017), a language that uses short sentences and a limited
number of simple words, and is targeted to people with learning deficits. Visual support is
paramount for the deaf; but, although being - rather obviously — useless for the blind, it may
be instrumental in creating a tactile interface and partially replace the visual experience
with a tactile one by using enhanced 3D replicas. Panels and screens placed too high are
difficult to read for visitors on wheelchairs, so they need to be repositioned; this will also
help children who may be able to read, but are still much shorter than an adult.

The “Museo4U” project offers some “inclusive” multi-sensorial information points about
important exhibits. They consist of a stand incorporating: a display, a 3D physical replica of
the object, enhanced to improve tactile feedback, a loudspeaker and some control buttons,
with commands printed in high-visibility colours and in relief in Braille. A proximity sensor
detects when a person is approaching, and starts a voice message informing that there is
a nearby multi-sensorial device with information. The same message appears on the screen.
The stand has the right height for persons on a wheel-chair, or a child, and is conceived to
allow easy manipulation. All the functions are commanded by physical buttons, as virtual
ones would not be comfortable for visually-impaired visitors.

The storytelling consists of videos and animations. All multimedia include Sign Language
explanations, subtitles and voice-over. Some images are stylized to facilitate comprehension
by visitors with cognitive deficits. The result is a communication system for all.
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Figure 6 shows a screenshot of the multimedia description of a bronze button with
a “nuraghe” shape, the typical megalithic Sardinian tower. The subtitle says: “It has the
shape of a nuraghe: the typical building from Sardinia”. The narrator is signing the word
“building” in LIS, the Italian Sign Language. A stylized image of a nuraghe is displayed on
the left, and the button is shown on the right for comparison. The voice-over reads the
subtitles. At the end of the explanation, a 3D model of the button is shown, to appreciate
various details of the object.

In this example, the “Zero Km” approach has also seen another application concerning
re-cycling of resources. As it unfortunately happens in many museums, some equipment
provided in the past has undergone a rapid obsolescence and now stands unused in the
corners or in the basement. This is often the case with multimedia interactive installations,
colloquially called “totems”, a combination of electronics and furniture. Some of them
were already installed in the museum, but the electronics were no more maintained and
the software was unusable. Instead, the monitors were still usable and the structure was
well-designed, had the right height and was in good condition, so easily recyclable. The
electronics were replaced with an Arduino board, an inexpensive and very flexible open
source platform, on which the apps have been installed. New graphical stickers have been
applied on the device to renew its aspect (fig. 7 and 8).

Refurbishing each stand in this way costs less than 100 €, so the device, usually costing
several thousand Euros when bought new, was obtained at less than one-thirtieth of that
amount - affordable even for low-budget small museums as the one involved.

5. Conclusions

The Cortona virtual tablet shows how to support the explanation of museum artefacts
with simple virtual techniques. This approach makes unusual objects more familiar and
hence more comprehensible to the visitor.

The MANN Virtual Passport example demonstrates that an interruption in the visit
created by the lack of some exhibit may be turned into the opportunity of enriching the
presentation of the museum content with interesting information and linking the missing
exhibit to other related artefacts all over the world.

The applications produced by “Museo4U” show that almost always “less is more”, and
simple expedients may result in a great enhancement of the museum communication.

Fig. 7.
Refurbishing the totem: on the right, the old totem before refurbishing.
Photo: G. Niccolucci
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Fig. 8.
The refurbished totem, with the replica on the top and the gold-blue logo on the side,
meaning “friendship”in LIS

In these showcases, the use of plain VR and multimedia techniques has resulted in
an enhanced visit, creating an inclusive museum for all. The multimedia used in the
Vetulonia museum avail of the same components to create a product addressing, at one
time, all visitors including those with various special needs. Technology is instrumental and
useful, but it is used here with the minimum impact, avoiding special effects that may be
impressive at first sight but don't really improve the visitor’s experience.
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GIS VISUALISATION AND ANALYSES |
OF UNDERGROUND STONE QUARRIES - 7 5, SN

1. Introduction

The Mergelland region in the south of the Netherlands, crossing into neighboring
Belgium (see fig. 1, 2), has over 500 man-made underground structures. These man-made
underground structures, covering 6,000 years, have been studied by a wide variety of dis-
ciplines. Over the years published studies have included investigations into the geological, .
flora- and faunal aspects of the structures, as well as their historical origins and use, and
significance for local and family histories and genealogical research. But archaeological GIS
techniques can improve the studies of these underground workings.

The Mergelland area is named after Mergel, the local name for limestone. This local
limestone is grainy, yellow, white or light brown and has three “ingredients” that are of use
to humans. First, flint-nodules from the limestone have been used from the Palaeolithic pe-
riod and into the 21st century for a variety of uses. Second, certain layers in the limestone
are very suitable for use as building stone and as a glass-fluxing-additive in tunnelling. The
third use is the use of the created underground space in itself. By extracting minerals from
the limestone an underground open space is created. Humans have used these under-
ground open spaces for a wide variety of purposes, ranging from shelters to storage rooms
to tourism attractions and a means of transport (Orbons 2017, 41-66).

2. GlS visualisations and analyses with LIDAR

Finding chalk mines

Loose limestone has been extensively extracted in Mergelland over the last two millen-
nia for a wide variety of uses. The largest and best documented chalk mine is Henkeput.
The shaft has a diameter of 1.5 metres and is about 12 metres deep. At the bottom of the
shaft there is a large cone of debris. And at the bottom of the shaft, to one side, a number of
irregular shaped chambers were found. The shaft and chambers have been cut. The usage,
date and origin of this shaft and chambers remain unclear.

In the 19th century researchers concluded that the chalk was unsuitable for building
stone. A natural origin for the shaft was suspected and has been extensively studied, but
the tool marks in the chambers proved that the structure had at least been enlarged by
humans actively working underground.

The most widely accepted theory is that Henkeput was used as a chalk mine. Proof can
be found in the spatial logic of the location of Henkeput. This logic starts by checking the
LIDAR elevation map of the area (see fig. 3) directly around Henkeput. It can be concluded
that the shaft sits on the high flat plateau with steep valley sides to the south and to the
west. It sits more or less in the corner of the higher flat area bordered by valley sides. Logic
dictates that chalk from this high positioned chalk mine was not used for the fields in the
valleys. GIS is an essential tool to visualise the evidence to this type of mining.

LIDAR analyses to find entrances and quarries
Figure 4 presents the map of the Ternaaien-Boven quarry in the Belgian-Flemish part.
The underground collapses result in surface subsidence which is visible in the LIDAR data. Fig. 2. A shaft for chalk extraction (Henkeput). Photo: J. Orbons
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The underground collapses and area of subsidence are marked with an “x” in fig. 4. The
three collapses marked with an “A” cut off an area marked with D. The area “D” is not col-
lapsed and sits in between two zones that are quarried. So maybe it was never quarried, or
maybe some undiscovered galleries can be found behind these collapses.

LIDAR was also used to understand the progress of the quarrying underground. In fig. 4
the line E forms the southern border of the quarry. The galleries do not go beyond this
line and are not stopped by a collapse. Quarrying stopped at this line. Line E matches
with the dry-valley on the surface and very often this is the line of a geological fault. So
probably quarrying was stopped just before a geological fault. The same is the case with
line F. Continuing the quarry-galleries would result in reaching the gravel and loess and
creating unstable situations and poor quality building stone.

In conclusion, LIDAR data can help us to understand the reasons behind the mining-en-
gineering activities and why a particular exploitation stopped or continued in a certain
direction.

Unsuccesfull LIDAR

LIDAR is not always successful, however. | have tried to use LIDAR data from the area
of the Rijckholt flint mines to find the shafts of these prehistoric mines. The theory to be
tested here is that the infill of Neolithic shafts would have become compacted over time
and hence created a small depression that would be visible on the surface. LIDAR has
been extensively used over the last couple of years to detect medieval mining remains
(Casagrande 2012, 67-71). Locating a Neolithic mine in an area that was forested and pro-
bably ploughed or otherwise used could be problematic, however, as the surface of the
mine could have been subsequently leveled out. On the other hand, several flint-mining
areas in England show that the shafts, even after thousands of years, are still visible as ex-
tensive depressions. Probably the reason for this preservation is the thin layer of soil on top
of the chalk bed in contrast to the thick layer of gravel and loess in the Mergelland region.

In fig. 5 a small part of the Rijckholt flint mining area is given. The orange contour is the
area that is excavated. The red circles are the shafts that were found underground during
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Fig. 5. LIDAR DEM on top of the flint mine Rijckholt. Image: J. Orbons
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the 1964-1972 excavations. This Multiple return aerial LIDAR data was sampled in a wood-
ed area but the trees were filtered out with the Last Reflection method. The data was pro-
cessed in a GIS. Unfortunately, the data does not give any hint of shafts in relation to the
known shafts. Some differences in level are present but this would probably relate to later
land use activities such as forestry and surface gravel-pits, etc.

3. GIS to find number and figures

The power of a GIS is that it produces a large amount of data on the objects input into
the system. It is the role of the researcher to make useful data out of this.

The GIS of the medieval underground quarries contains surveyed galleries that have
a total length of 450.06 kilometers. The surveyed part has a total surface of 480.31 hectares.
The collapsed parts and the disappeared parts form a total surface of 79.9 hectares. This
means that 85 % of the galleries have been surveyed. Assuming a same gallery-density in
the collapsed and disappeared parts, this would result in 525 kilometers of galleries.

From every quarry the length of the galleries has been calculated as well as the surface
area of the quarry. These two parameters can be drawn in a graph as seen in fig. 6. This
graph has the length of galleries in logarithmic scale on the X-axis. The surface of the quar-
ry in square meters is shown in the Y-axis, also in logarithmic scale. Every dot is a quarry.
This graph forms a more or less straight line. Because the line is straight, it is an indication
that the correlation between the surface area of the quarry and the length of galleries is
more or less uniform in all quarries. This means that the statistics for the known quarries
can be extrapolated to the collapsed and excavated areas.

Now that we know the total length of the galleries many more calculations and estima-
tions can be made. One of the major questions is to make estimations of the labour that
was required to quarry these galleries. To do this, it is essential to determine the volume of
limestone quarried. By using the surface from the GIS and the height from the galleries, it is
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possible to calculate how much stone has been removed. The GIS produced an estimated
11.3 million cubic metres of quarried limestone over a 600 years period.

The sum total of 525 kilometres of galleries and 11.3 million cubic metres is a large amount
of limestone, but how much labour was needed to create these galleries? To make an esti-
mation of the amount of labour involved we use the length of galleries. Oral interviews of
old quarryman showed it took a full week to extend a gallery of 85 centimetres long. So by
dividing the length of galleries and dividing them over 600 years and only 26 weeks of quar-
rying per year, it results in an estimated 56 quarrymen who were active in the whole of the
Mergelland area. This compared with the guilds, it is concluded that quarrying was a minor
craft in the region although it leaves extensive labyrinths of underground galleries.

More details can be obtained from the data. Sibbergroeve near Valkenburg is a quarry
that has been well studied. Many quarrymen wrote on the walls and some inscriptions
have survived. These quarrymen sometimes wrote the year of working on the walls. These
dates have been entered in the GIS and a spatial analyses has been used to create a contour
map showing the years of extraction. This map is shown in fig. 7.

Continuing with the spatial analyses, the colour map was divided into zones of ten years
quarrying, starting with the oldest date AD 1660 up till 2016. The zones of ten years were
then combined with the map of the quarry-galleries, creating sections of galleries, quar-
ried per decade resulting in the volume of limestone extracted per decade per stretch of
gallery. Next all the sections of galleries are combined for each decade and their volume
is added up to the complete volume quarried per decade as shown in fig. 8. This graph
shows some interesting information. The oldest quarrying in the eastern part of the quarry
was relatively slow producing little stone at the end of the 17th century. During the 18th
century, quarrying went better, producing larger amounts of limestone. At the end of the
18th century production decreased according to the graph. The map has an answer for this
decrease. The zone has a lot of geological faults. For the quarrymen, this is a reason to stop
quarrying because the quality of the limestone reduces close to a fault and it costs more
to take the block out than what it can be sold for. So a quarry stops producing stone. But
once a large quarry stops producing, the demand for limestone makes the prices rise so it
becomes economically viable to try to make a gallery through the poor limestone in the
hope to reach better stone. This was done a couple of times in the lifetime of this quarry.

Year of
extraction

2016
2000

-1950
1900

Fig. 7. Sibbergroeve with the years of quarrying turned into isodecades. Image: J. Orbons
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Production of limestone in Sibbergroeve, Valkenburg
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Predictive model for quarry entrances

The predictive model to determine the possible presence of an entrance to an under-
ground limestone quarry relies on four parameters: geology, elevation, slope and histori-
cal settlements. Elevation and slope are related but need to be assessed separately. These
four parameters are checked with the presence of known entrances to test the predictive
model. To predict an entrance, all four parameters need to be taken into account.

Geology

The geological unit MT-2 is the Upper chalk-Maastricht facies. This is the best limestone for
building stone. To create the predictive model, every presence of the MT-2 geology was dig-
itised and made visible as a dark-blue zone in the map. There are 320 entrances in this model.
In tab. 1 the percentage is given for each entrance and the geological unit. The entrances
are mostly present at the outcrops of the MT-2 geological layer thus creating easy access for
building stone and for quarrying. The map also shows that a significant number of entrances
are not in the MT-1 and GU geological outcrop. A large part of the entrances (>25 %) cannot
be determined by the geology at the location of the entrance. The geology is therefore not
the only parameter that determines the presence of entrances although it is a primary pa-
rameter for the prediction for the presence of entrances to underground quarries.

Fig. 8. Production volumes per decade of Sibbergroeve. Image: J. Orbons

Table 1
Geological component of the predictive model
Geological unit Number of entrances Percentage
MT-1 28 8.75 %
MT-2 198 61.88 %
GU 2 0.63 %
Other 92 28.75 %

4. Predictive model of underground limestone structures

Archaeologists have tried to predict the presence of archaeological structures, from the
very earliest days of the profession (Leusen et al. 2005, 26-27). In the past archaeological
predictions have relied on a knowledge of the landscape and records of previous finds in
a study area. With the introduction of Geographical Information Systems (GIS) and statistics
in archaeology, it has become possible to reliably predict the presence of archaeology with
greater success.

GIS models in archaeology use the soil type, elevations and geomorphology to pre-
dict the possible location sites by comparing the known archaeology to these parameters.
Where there is a solid statistical correlation, the causality is studied. If the causality be-
tween the geographical parameters and the archaeology is determined, then that set of
geographical parameters is used to produce an analysis of the study area (Verhagen 2009,
71-72).

In 2009 the council of Valkenburg in Mergelland wanted to produce an archaeological
resource map of their area. A study to produce such an archaeological map consists of
a good description of the known archaeology, resulting in a predictive map for the archae-
ology. This predictive map is then converted into a policy map that gives guidelines as to
what type of archaeological work needs to be done in case of a development.

The first step towards an archaeological map is to gather all known information from
the study area (Orbons 2005, 52-74). The second step towards the creation of an archaeo-
logical map of the man-made underground quarries is to produce a predictive map. This
predictive map is based on a model to calculate the potential presence of the man-made
underground structures. It was determined that this predictive map had to be split into
two separate predictive maps, each with a different set of parameters. These two maps
could then be combined into a single map.
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Elevation and slope

The elevation model is taken from the Dutch Lidar measurements. From the elevation
the slope-map is calculated with a slope calculation. The cut-off pointis a 15 degree slope to
identify areas of steep slope. All the entrances are marked as purple points. The cut-off point
of 15 degree is decided by the number of entrances in the categories of slope. The histogram
of the categories of the slope of the entrances is given in fig. 9. The orange line in the graph
crosses the 25 % mark at about 15 degree slope as indicated by the green lines, so 75 % of the
entrances can be found at an area where the slope is 15 degrees or more.

A map with the classification of the entrances in relation to the surface slope of the
entrance is given in fig. 10 showing that the vast majority of the entrances can be found on
the valleysides.

To predict the presence of an entrance to man-made quarries, the elevation model as
a combination between elevation and slope is a second solid prediction parameter for the
presence of entrances to man-made underground limestone quarries.

A number of entrances that are not in the slopes can be found on top of the plateau. The
limestone is covered with a layer of gravel and loess so access must be through a shaft. The
percentages of the predictive slope model are given in tab. 2.

Table 2
Landscape component of the predictive model
Elevation and slope Number of entrances Percentage
Valley 4 1.25%
Slope 306 95.63 %
Plateau 8 2.50 %
Disturbed 2 0.63 %
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¥ The third parameter to predict the presence of entrances is related to the location of
I v historical settlements. The colonisation of the plateau during the medieval times forced
the new settlements on the plateau to make deeper shafts. These shafts were used as water
wells and as an access to the limestone for building blocks. The results of this component in
the predictive model are given in tab. 3.
A Table 3
Historical component of the predictive model
Entrance Number Percentage
: In a village 52 16.25 %
S Near a farmyard 59 18.44 %
ERE Not in or near a village or farmyard 209 65.31 %
i . .
Predictive map of quarries
The above mentioned parameters were used to generate a predictive map for entrances
to the quarries. This algorithm results in a selection of the known quarry entrances where
tab. 4 gives the results of the selection.
Table 4
i Accuracy of the predictive model
Entrance Number Percentage
Entrances that match the algorithm 311 98.13 %
— e T = Entrances that do not match the algorithm and are limestone | 1 0.31%
Fig. 10. Landscape elevation map of the valley-slope-terrace classes and the entrances. quarries
Image: J. Orbons Modern entrances that do not fit in with the algorithm 5 1.56 %
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The galleries of the quarries extend behind the entrances, inward from the entrance.
The existing quarries show that most quarries extend less than 50 metres from the en-
trance. Some large quarries extend deeper into the hill.

This results in the map given in fig. 11. This map shows the prediction for entrances in
red, and in orange the zones where galleries under the surface can be expected. The yel-
low zone is a zone where no entrances and no galleries are predicted, the risk of finding
an entrance or galleries is low (Wijk, Orbons 2009, 167-169).
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THE BOX OF STORIES:
USER EXPERIENCE EVALUATION OF AN INNOVATIVE HOLOGRAPHIC
SHOWCASE TO COMMUNICATE WITH MUSEUM OBJECTS

1. Introduction

The majority of museums are designed as storage rooms, only functional to preserve cul-
tural objects and make them accessible to the public. They are redundant with showcases
full of repeated objects, and the information regarding the manufacts is often aseptic and
relations among the objects are of typological and chronological relevance (Antinucci 2014)

This approach easily leads visitors into a state of frustration or information overload.
Thus, one of the most important aspects regarding museum objects is overlooked: their
being related to a sphere of life, human stories, habits, beliefs.

The reconstruction of stories, senses and symbolisms that are “beyond” the physical ob-
jects can be a powerful vehicle to drive visitors into the middle of a lively and emotional
experience (Panofsky 1996). This way history is no longer perceived as something far away,
“behind the scenes’, extraneous, but it becomes alive, part of our present.

In the first section of this paper we present the workflow and the concept adopted to
create a novel kind of multimedia installation aiming at creating a powerful connection
between the real artifact and the virtual contents: it is the holographic showcase.

This installation has been created within the European project CEMEC, Connecting
European Early Medieval Collections, which gave birth to a travelling exhibition “Crossroads”.
It is currently travelling between European museums until the end of 2019. In order to
verify the impact of the holographic showcase, in the second section of the paper we dis-
cuss the user experience performed in the first two exhibitions hosted at the Hungarian
Museum of Budapest and at the Allard Pierson Museum of Amsterdam.

1.1. The role of narration and multimedia

Narration is not merely a description of the object. It is a creation of a story that allows
visitors to feel embodied with the objects suggesting the original context of use and their
meaning. In order to do this it is necessary to converge script, image, light, sound, mood
and atmosphere, and compose an expressive unit around the museum object. Dramatization
and evocation allow to deliver the essence of the cultural message with a greater emotional
impact on the visitors (Viola 2017).

Given this precondition, a direction is needed in the narration and, therefore, a multi-
faceted team of professionals, able to assure the scientific accuracy of the content, com-
bined with communications strategies. Contamination and mutual reliance of multimedia
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languages, virtual reality, theatre, augmented reality, staging design and lighting allows
a combination of science, art and technology to be performed.

Through the virtual and multimedia languages we can reconstruct the object or the
context which an object was created for, used or found. Besides, in our envision, this kind
of digital contents can be integrated with the museum object inside the showcase. This
augmented experience could blend the emotional impact of standing in front of an au-
thentic artwork with the cognitive benefit of the virtual reality, storytelling and sensorial
reconstruction (Pietroni 2016).

Information delivered through this new paradigm could improve the way visitors as-
similate, translate and reformulate the cultural experience. They create new links, new
ideas and hidden information passed unnoticed before suddenly lights are up (Gianni
Falvo 2013).

Another important aspect is the modality in which cultural objects are exhibited. This
determines the amount of information to be delivered, the narrative structure and, con-
sequently, both the style to be used and the level of interaction with the content. If mul-
timedia are arranged in presence of many objects, in a loud room and full of visitors, their
contents will necessarily need to be explicit and concise. Here the level of interactivity is
almost null. On the other hand, if they are displayed in a designated space, illuminated with
a proper light, without noises and predisposed to foster visitors’ concentration, the level of
sensorial immersion and interaction will be more layered and deep.

The holographic showcase we are presenting here has been designed for the Kunagota
sword, a weapon that belonged to an Avar warrior chief in the 7th century AD and is cur-
rently preserved in the Hungarian National Museum in Budapest. This prototype has been
tested in two exhibitions. The former took place at the Hungarian National Museum (HNM) in
Budapest in February 2017 and the latter at the Allard Pierson Museum (APM) in Amsterdam.
After the description of methods and tools used, results of the user experience are discussed
and deepened in order to demonstrate how this kind of multimedia installation can help
museums to improve the quality of their exhibitions and under which conditions.

2. The museum environment

The novelty of this kind of multimedia installation can be summarised into two phrases:
a) technological integration and b) narrative-enhanced experience.

The holographic system is conceived to be connected and completely integrated with
the museum’s collections (Leinhardt, Crowley 2001). It can be placed along the museum
corridors as a common showcase (as in APM) or into a separate area, where a cinema-like
dimension is favoured (as in HNM) (fig. 1, 2).

In both cases, the real artifact is exhibited inside the holographic showcase: it perfectly
fits the museum needs; all the technological equipment is hidden below the front view,
temperature is stable and controlled and the real object is safely far from the visitors’hands.

Thanks to the virtual projections, the real object is brought to life. Visitors’ imagery is
indeed empowered and augmented by means of moving images, voices and noises, virtual
restorations and reconstructions.

2.1. The chosen museum object: the Kundgota sword

The first subject of our holographic experimentation has been the Kunagota sword. It is
part of the permanent collection of the HNM in Budapest. The sword originally belonged
to the Avar chief of Kunagota and it was found inside his tomb, in the south-east region of Fig. 1.
Hungary, as funerary good. It dates back to the 7th century AD, during the establishment The Kunagota showcase:
of the Avar Empire which lasted until the early 8th century (Aslan, Buora 2001). a - the HNM; b - APM setup. Photo: A. Pagano
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Fig. 2.
The Kunagota showcase: APM setup. Photo: E. Pietroni

The sword is covered with golden sheets which formerly belonged to a Byzantine cas-
ket. The casket could be part of a loot that the Avar warriors plundered during a battle
with the Byzantines. The golden sheets were then dismounted from the casket by the Avar
soldiers to be reused and applied on the sword scabbard of an important chief when he
died. According to the Avars shamanic belief of the Asian origin, widespread in the reign of
Tengri, the objects accompanied the owners in the afterlife. During the excavation the de-
corated sword was found lying beside the chief’s body, together with two sacrificed horses
and other goods of everyday usage.

2.2. The holographic showcase

The main goal of an hologram inside a showcase is to arise the illusion of reality, as
the virtual contents would be real and effective and the original artifact would come
alive again. This must happen before the visitor’s eyes, from his individual point of view.
Therefore we must not create an alternation of different cameras looking at the scene, be-
cause otherwise we would switch to the paradigm of the cinematographic fiction. For the
same reason we have to pay attention to include the whole shape of objects into the field
of view of the holographic projection avoiding to cut the edges of the digital objects.

For the Kundgota showcase, the system takes advantage of a) illusion techniques, b) full
control of the environmental lights and c) protected area, quite dark and silent. The experi-
ence envisioned for the visitors is composed of three phases (or “chapters”):

1. Waiting, neutral vision of the exhibited object where the attention is focused on the
artifact inside the showcase.

2. Details, analytic narration and dramatization regarding the object’s figures and pieces,
where attention is focused on the holographic projection appearing inside the show-
case, while interacting with the real artifact.

3. Total vision, contextualization and dramatization of the object.
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In Phase 1 (neutral vision) we want to grant visitors some time to observe the sword in
its uniqueness, highlighting the preciousness of the fitting golden pieces upon the sword,
with a non-invasive communication. We look at the real sword well illuminated in the show-
case and, in some moments, at a few holographic animations inside, magnifying some fi-
gures and pieces coming from the real object. At the same time we see short captions
with some (little) essential information about the owners, epoch and context of usage, not
following an evocative style. The design of the user experience here is intended to make
the user get slowly involved in the narration, looking closely at the showcase containing
the authentic object, having the time to understand what is happening, and bringing him
to the final envision of the story that will be developed in the following two phases.

In Phase 2 (fig. 3) we draw the attention of the visitors to the story of the golden deco-
rations of the sword. The evocation and dramatization are brought inside the showcase, as
holographic projection, told by a mix of several voices and whisperings, recalling events,
episodes and personages from the object’s past life. It is a first person drama. What we rep-
resent here is the Byzantine casket in its original context, its purloining during the battle, its
dismantling and the adaptation of the golden pieces to the sword, once its owner, the Avar
chief, died. We understand that the golden figures, belonging to the classical Greek culture,
were mostly unintelligible for the Avars, as we see that they didn't take care of their integ-
rity. Holographic animations are projected directly on the Kunagota sword and around it.
In this environmental condition, what is relevant is to make the illusion of bringing spe-
cific components of the authentic object alive, like the single golden pieces or the grip.
Evocation is organized in different scenes, introduced by short, clarifying titles. In Phase 3
we want to give evidence in the original context of finding, that is the Avar tomb, trying to
visually represent the ancient beliefs. We can see the tomb in which the sword was found.
The tomb is put inside the imaginary Avars’ representation of the afterlife: the tree of life
connecting the earth to the blue sky. The tomb is in the bottom, excavated directly from
the soil in the roots of the tree; the dead warrior can climb up on the back of his horse (ly-
ing beside), and ride to the sky. The narrative style is not descriptive but metaphysical and
evocative, even if based on scientific studies and ancient original drawings. At this stage

Fig. 3.
Holographic animation and virtual object: the golden pieces of the scabbard are relocated in their
hypothesized original position on the wooden core of the Byzantine casket. Rendering: D. Ferdani
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the opportunity to virtually include the authentic sword into the ancient imagery of Avars
turns to be essential: visitors need to find a connection with the exhibited object and its
virtual representation in order to understand symbolic and ritual values.

Led lights on the objects are managed in real time inside the showcase and they be-
come part of the visual drama and video composition, thus playing a fundamental role in
the illusionistic effect. The integration of the different components is managed through
Arduino controller (https://vimeo.com/209312872).

3. Reliability and storytelling

Regarding the story of the Kunagota sword and its virtual reconstructions, the creative
team has worked together with the curatorial personnel of the Hungarian National Museum,
relying upon what is known at the present stage of research and published on several sci-
entific sources. In the holographic system all the collected information is expressed using
a dramaturgic style instead of a traditional description. We tell a possible story that is in
accordance with what we know today; itis a possible and plausible historical reconstruction,
linking together what we can presume analyzing the object and its context. The primary
contents of the animation are very reliable (for instance, the battles between the Byzantines
and Avars, the Byzantine origin of the golden sheets that decorated a small object, presum-
ably a casket). The secondary content is plausible but not certain (for instance, the casket
could be taken away as a booty).

Moreover, in order to create the digital effects in the holographic showcase we gene-
rated a virtual replica of the authentic Kunagota sword: a 3D scanning of the object using
a Structure From Motion approach was performed (Remondino, Campana 2014). The 3D
model obtained has been used as a geometrical reference for modelling the missing part
of the scabbard and thus to digitally restore the sword and the original golden casket. The
3D scanning is indeed a mandatory step to ensure a perfect overlap, during the animation,
between the real and the virtual object. Mismatching or material and shape differences
would have nullified the holographic illusion.

3.1. The box structure

From the end of the 18th century there were many experimentations in the theatre and
the spectators were emotionally fascinated. The public was invited into a dark space and,
with proper machinery, imaginary and visionary figures were projected around the room,
creating an illusion of floating presences. One of the most famous machines, ancestor of
the modern video projector, is known as “Magic Lantern”. Based on the use of one or more
magic lanterns the first horror theatre was born.

The main components to build a theatrical machine creating optical effects still remain
the same. They are a) a source of light, b) a real object you wish to project as illusion, ¢) a de-
vice to form the image, d) a surface to project the image on.

Known as Pepper’s Ghost (Weynants 2003), the illusionistic effect consists in the per-
ception of a floating figure into the space. But what the spectator perceives on the stage
is a reflection of a scene/object which is in a different position. Nowadays the dark room,
the light and the real content we want to reflect as illusion are replaced by a monitor (or by
a projected surface for bigger dimensions) and virtually represented; the semi-transparent
mirror is usually a special glass or a film or a common plexiglass.

4. Mixed reality experience: the cognitive context of fruition
Given the new narrative paradigm and the technological integration between real and
virtual contents, applied to a museum object, cognitive issues needed to be investigated.
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During this experimentation the pedagogical affordances of the holographic system
have been studied, focusing the attention on understanding which were the cognitive
elements (and behaviours) that mostly influenced a good user experience. Attention,
memorability and elaboration of contents were thus highlighted to be the most crucial in
learning processes. In the case of the Kundgota showcase, the interaction between the real
object and its digital replica and virtual reconstruction enabled an active fruition of audio
and video contents. Visitors' curiosity was supposed to be captured by colours, music and
narration as well as the view of the real sword; their interest by the “augmented” experi-
ence. Also the museum environment was a relevant issue, grabbing the visitors’ attention.

Another factor to be studied was memorisation. In our case, memorisation was sup-
posed to be facilitated by the tone of each chapter in which the Kunagota story was told,
the style and the music accompanying the three of them, the increasing preponderance of
3D graphics from chapter 1 to chapter 3, the kind of voices, firstly in form of written texts,
then quick dialogues and finally a thoughtful monologue.

The third important factor in the cognitive process is elaboration. In the case of the
Kunagota showcase, the narrative units, how they have been shaped and located into the
storyline, push visitors to connect what have just been heard to what they are viewing so
to be finally able to understand what was behind that specific museum object.

4.1. Design of User Experience: issue to be investigated

User Experience (UX) studies are useful for understanding the benefits that users re-
ceive from the fruition of technologies included into a museum space, as in our case. In
order to improve the attractiveness and the educational potential of the Kunagota installa-
tion, showed both at the HUN and APM, a parallel evaluation was planned.

Generally, we wanted to give an answer to three investigative questions while testing
the feedback of the public (a target of 15-year-olds up to over 60-year-olds):

1. “Which is the general attitude of public towards this new way of exhibiting the museum
object?”. With this innovative technology, the public can indeed not only watch, but also
listen to the story of the object, expanding the perceptive channels through which they
store contents.

2. Another aspect to be investigated was the attractiveness of the narrative approach
used. Evocation and dramatization characterize the narrative style of the installation; it
is a visual drama implied to evoke emotion and sense of belonging to the story of the
real artifact.

3. A third important question concerned the perception of the powerful combination of
a real museum object and a fictional context.

With these opening questions, we examined in depth the specific case of Kundgota
sword. Specifically, we focused our evaluation on four criteria: the efficacy of the interface
design of applications (having in mind the level of attention showed by visitors); the level
of memorability of contents; the understandability of the contents; the user satisfaction
after the installation experience.

4.2. Planning the evaluation

As for the HUN and APM, two investigative techniques were employed: Observation
and Questionnaire. The former was composed by issues to be investigated related to
the environmental condition of fruition, the time spent watching the showcase and the
behaviour of user. The latter, instead, was divided into three sections: evaluation of the
system’s features, insights into the story told and overall appreciation of the multimedia
experience.
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Regarding observations, operators were present in the room hosting the installation,
not distracting the visitors; they filled in the observation protocol remaining quite invisible
to the visitor and not making the observation too intrusive; they took notes related to the
visitor's behaviour on an organized sheet, also taking note of the timing; they observed
singularly each visitor filling a single sheet per user.

Questionnaires, instead, followed another method: operators intercepted the visi-
tor to whom they submitted the questionnaire after having observed him/her; they
approached the visitors, not disturbing them but monitoring their museum path and
analyzing when it was the right moment to ask them to do the research; they submitted
guestionnaire to the visitors once they exited the room; they let the visitors fill in the
guestionnaire autonomously, with minimum supervision (just in case of direct answers
or doubts) (fig. 4, 5).

Fig. 5.
Observation conducted by an operator at the APM. Photo: A. Pagano

5. Results
5.1. Budapest: peculiar context of evaluation
In the framework of the CEMEC project the Hungarian National Museum housed the
exhibition “Avars Revived” between March and May 2017. The main goal of the curators
was to complement the European perspective represented by the project with the special
aspect of the Carpathian Basin in the Early Middle Ages. Also, the exhibition provided an
opportunity to test the novel digital applications and multimedia installations designed
in the framework of CEMEC. The exhibition consisted of three rooms, one of which was
Fig. 4. dedicated exclusively to the Kundgota multimedia installation. This, of course, gave the
The compilation of a questionnaire at the APM. Photo: A. Pagano installation a special emphasis from the visitors’ point of view, in comparison to the full
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content of the exhibition. It is also important to note that audiovisual experience of any
kind embedded in exhibitions does not have a long history with Hungarian museums,
thus Hungarian visitors are basically accustomed to “traditional” exhibitions with many ar-
tifacts and information of the classical kind. Furthermore, due to historical reasons many
Hungarian visitors have special attitudes towards the Avars (see the theory of a connection
between Hungarian prehistory and Avars, which however lacks scientific basis and thus
recognition). All these factors need to be considered when evaluating the perception of
the Kunagota multimedia installation by the Hungarian audience.

The small room at the HNM including the Kunagota installation was almost totally
dimmed, with the installation located at one end. Due to repeated requests from the visi-
tors, a few chairs were placed at about the middle of the space left between the installation
and the back wall of the room, which was otherwise empty. On the firm request of the
curators, beside an English-speaking Kunagota show, a Hungarian version was created for
the Budapest venue. The Hungarian and English versions alternated from show to show,
a highlighted countdown at the bottom of the installation was indicating the start of the
next HUN/EN show.

In Budapest, the show was conceived to be projected inside the holographic showcase,
as for Phase 2, while Phase 1 took place on the surrounding wall (4 m wide and 2.5 m high)
in which the showcase was integrated, thus giving a more imposing appearance; Phase 3
was not present.

The evaluation of the Kunagota installation was carried out through questionnaires and
observations done by the volunteer staff of the museum.

5.2. Amsterdam: cross-fertilization among museum contents

At Amsterdam, the Kunagota showcase was part of the “Crossroads” exhibition, de-
signed for the CEMEC project; it opened to the public from September 2017 to April 2018.
The concept behind the exhibition was to make clear how much, in the Early Middle Ages,
Europe was a place of great change and mobility. To better vehiculate this, early medieval
travellers were designed to provide the connection between the eight main themes of the
exhibition and the objects on show. They are real historical characters who visited what to-
day we call Europe, approaching different cultures, exchanging knowledge and cross-fer-
tilizing behaviours. The exhibited objects belong to the CEMEC museum partners and one
of them is the Kunagota sword.

Differently from Budapest, the exhibition at the APM consisted of several rooms, each
one depicting a single theme (i.e. Identity, Faith, Warfare...) and providing clues of connec-
tion with other themes; they also hosted minor multimedia devices as small holograph-
ic showcases and floor projections. Two rooms, in particular, were planned to host big
multimedia solutions: the introductory movie, at the very beginning of “Crossroads”; the
cross-cultural timeline at the end of the visit path, a kind of visual database showing digi-
tally all the interconnections between geographical areas, themes and objects.

The Kundgota showcase was hosted in the Warfare section, coinciding with the penul-
timate room. Its position was a little bit decentralized, just around the corner of a central
structure: this was due to the idea of providing a more intimate environment that could fa-
vour the visitors’ concentration. Actually, this choice did not completely meet the authors’
expectations, because the space was very small and the holographic showcase was a little
bit hidden and not clearly visible from the main visit path of the exhibition.

In general, “Crossroads” was highly visited by people. In Amsterdam, the Kunagota in-
stallation included all the animations inside the holographic showcase. Phases 1 and 2
remained the same as in Budapest (but both were brought inside the showcase), while

172

3Virtualnaya_arxeologiya_2018.indd 172-173

Phase 3 was new, presented for the first time, and, similarly, it was performed inside the
showcase. No projection wall was used because of the small space available. No chairs
were placed in front of the structure and also here, at the APM, the DUTCH and EN versions
alternated from show to show.

The evaluation of the Kunagota installation was carried out through questionnaires and
observations, done by the CNR staff.

5.3. Data from observations

Observations are still the first and fundamental tool to start collecting an evaluation
guantitative feedback. Observing the visitors’ behaviour, analyzing their visit’s path, noting
down their relationships with other visitors or with digital installations are crucial to outline
a reliable “photograph” of what is happening inside a museum.

For the APM, as well as for the HUN, observations were planned while visitors were look-
ing at the Kundgota showcase, obviously in two different contexts of fruition. In the case of
the APM, a single person was observed once he entered the room where the holographic
showcase was hosted together with other showcases, while for the HUN the observation
started once a single person entered the dark dedicated room.

In both cases 170 observations were collected. At the APM 78 % of visitors visited the
installation alone, while only 22 % were accompanied by other visitors (thus in groups);
instead, for the HUN, an half of the percentage of visitors were alone (48%) in the dedicated
room as well as those who were in groups (48 %).

Operators noticed that the average time spent watching the show presented in the
holographic showcase was around 1-3 min (42 %) for the APM, out of the global duration
of 7 min, while 5-7 min (48 %) for the HUN (fig. 6); but going carefully through the data it is

How long does the user stay
in front of the installation?

Amsterdam Budapest
Allard Pigrson Hungarian Malional
Museum Museum
rare than 1-3 min
?*.I?HEET’IH A more than ~ §7%
; =3 min ; .
i o ey 7.35 min 35 min
EI-'?I 35 FTEIn F EE,T':'.-":. .-IE_ 3%
10,6% '

y

-0 min
29 4%

“’;\f 3-T min
48,3%

Fig. 6.
Graphs corresponding to the observation protocol of both the APM and HUN evaluations about
the time spent watching the show inside the holographic showcase
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possible to read how the sum of visitors who watched it for more than 3 min and a half (the
medium time of the global 7 min) overcome 58 % for the APM and 88 % for the HUN. This
surely confirms a great interest toward the new narrative approach and the holographic
system designed for the Kunagota sword in both venues.

The majority of visitors participated in the show silently (84 % for the HUN and 81%
for the APM) while only a minority commented to friends or colleagues, during the show,
about what they were experiencing (15 % for the HUN and 18% for the APM). This can be
a sign of how the full show is felt by them: as something to be experienced in quiet, care-
fully paying attention and remaining calm. Supporting this datum, it is possible to add
another feedback: the whole environment was for the majority of the time appropriate for
concentration and it favoured the vision (98 % for the HUN and 74 % for the APM), even fif,
in some cases, the room of the Kundgota showcase was very crowded (91 % for the APM -
the exhibition there was always full of people — while only 22 % for the HUN). Important to
notice that in the HNM the installation was alone in a dedicated room while in the APM it
was in a big room together with other showcases.

Only for the Budapest venue (HNM), the show was presented not only inside the holo-
graphic showcase but also on the surrounding wall, pushing visitors to go back and forth
from the front view in order to see the entire animation in its different moments. In this re-
spect, it is possible to add that at the HNM 57 % of visitors watched the show remaining
far from the front view, while 28 % stood close to the showcase and 14 % remained in the
middle area, between the showcase and the back of the room. In Amsterdam, given the lo-
cation of the Kundgota showcase, the limited space where the show was presented and the
inclusion of the whole animation inside the showcase, this issue was not taken into account.

In general, what is possible to generalize for both venues is a marked sense of curiosity
toward such multimedia installation. Visitors came close to the Kunagota showcase not
really having in mind what to expect from it but at the end they seemed satisfied and fas-
cinated by what they had just experienced. In the next section, some feedback shows how
such preliminary considerations are confirmed and supported.

5.4. Data from questionnaires

The direct feedback of the visitors, through questionnaires, turned to be extremely use-
ful in comparison with the behaviours that the operators had preliminary observed, in or-
der to collect more insight aspects and qualitative-driven data.

Different amounts of questionnaires were collected: 142 in Budapest and 70 in
Amsterdam. This difference was due to the period of inquiry and to the usual visitors flow
in each museum during the year.

Operators asked visitors to fill in the questionnaire just after they had experienced the
Kunagota storytelling: at the HNM it was just after they exited the dark room; at the APM,
instead, once they got out of the last exhibition room.

It is possible to divide the results into three macro-categories: holographic system and its
setup; storytelling; overall appreciation and suggestions. Visitors firstly expressed their opin-
ion about the length of the story — which is around 7 min, quite a long time in relation with
the time spent seeing a traditional showcase. In the case of the HNM, 72 % confirmed that
the duration was appropriate, together with 62 % of the APM; 6 % of the HNM said it was too
long, against 37 % of the APM. Only 18% of the HNM suggested that it was too short (fig. 7).
This result was surprisingly in line with the researchers’ hypothesis: even if they feared visitors
would have left after a while, they were also sure of the intimate atmosphere and the sense of
“magic” created by the hologram, as well as the soundscape, that would have enhanced the
experience of the Kunagota sword keeping their attention on the showcase.
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How long you consider
the lenght of the show?

Amsterdam Budapest
Allard Pierson Hungarian Maticnal
Museum Museum
Appropnate Mo answer
Too long . Too long 2,8%
37, 1% Too short

6,3%

N

18,3%

\

Appropriate
72,5%
Fig.7.
Graphs corresponding to the questionnaire template of both the HUN and APM evaluation about
the length of the story presented into the holographic showcase

This datum is also confirmed by questions like “Did you like how the story of the muse-
um object is told?” and “Would you recommend other museums to host such installation?”.
In the first case, at the HNM 74 % of the visitors liked the storytelling, with 97 % at the APM,;
only 11 % at the HNM did not like it (11 % did not give any answer and 4 % did not know),
against 3 % at the APM that did not like it (fig. 8).

Similarly, visitors answered the second question with 71 % of yes for the HNM, they would
recommend other museums to have installations like the one of Kunagota, and 81 % of yes
for the APM. Only 7 % of negative answers for the HNM was collected (11 % did not answer
and 9 % did not know), as well as 12 % for the APM. Concerning instead the setup of the holo-
graphic showcase and the overall system, visitors were asked to provide their feedback about
the soundscape (music and sounds), the volume, the visibility of the exhibited object and
the lights. About the soundscape the majority of the APM and HNM visitors converged with
the impression of a pleasant atmosphere (80 % for the HNM and 85 % for the APM), while
only a small group perceived it as disturbing (13 % for the HNM and 14 % for the APM; 7 % of
Hungarian visitors did not answer, neither did 1 % of the APM). But the volume was another
issue. It addressed the attention of the visitors: at Budapest the secluded and dark room where
the Kunagota showcase was hosted offered the perfect situation of sounds, atmosphere and
intimacy, which helped visitors enter the story; the audio was stereo, diffused by speakers of
high quality, the volume was quite high, recalling the idea of a cinema-like room. In fact, 72 %
confirmed that it was appropriate while 17 % remarked it was too low and only 8% pointed
it was too loud. At the APM, instead, the holographic showcase was along the exhibition visit
path so the volume could not be turned on so much in order not to disturb other visitors;
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Did you like the narrative
approach of this installation?

Eudape&t Amsterdam
Hungarian National Allard Pierson
Museum Museum
Mo answer N
11,3% a
Don't know Yes 3% Yes
ks 73,9%
Mo \
11,3%

Fig. 8.
Graphs corresponding to the questionnaire template of both the HUN and APM evaluation about
the narrative approach used to tell the story of the Kunagota sword

moreover, audio arrived in mono signal from a sound shower located above the Kunagota
structure. The sound was considered appropriate for 61 % of visitors, while 34 % said it was too
low and only 4 % too loud. More on that, it is possible to say that in Amsterdam, during crowd-
ed moments, like the weekends, the room of the Kundgota showcase was extremely noisy and
the volume of the sound was not sufficient to allow visitors to listen to the story.

The visibility of the museum object was another important issue to verify: researchers
were somehow obliged to put the Kundgota sword far beyond the visitors’ eyes because of
the functioning of the hologram itself: it needed to stay beyond the 45° inclined glass in
a position where 3D effects and lights were well aligned one to another. Then visitors were
asked to express their opinion and it came out that 65 % of Hungarians said that the visibil-
ity was good, while 30 % said it was not sufficient; this was surely due to the chairs located
in front of the showcase which, on the one hand, made the viewing of the show relaxing,
on the other, they confined visitors to a fixed and low position, without the freedom of
getting closer to the front view. At the APM, differently, 82 % of visitors confirmed the good
visibility of the object while 17 % would have preferred the sword more clearly visible and
closer to the scene. This aspect was also related to the level of attention of visitors: the more
they were attracted by what was happening in the showcase (also thanks to the visibility of
the Kunagota sword), the more they had their attention tied to the story. About the light-
ing system, again here both the HNM and APM visitors were aligned with the feedback,
with 87 % and 91 % of appreciation of where lights were positioned and how they worked,
while 5 % for the HNM (11 % did not answer) and 9 % of the APM said it was disturbing and
not sufficient for highlighting the richness of the Kunagota sword.
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Finally, regarding the content delivered, the majority of visitors paid attention to the story;
in fact the level of their memorization and elaboration was surely high: of the five questions
about the historical units of information, both at the APM and HNM, visitors reached almost
80% of correct answers, showing clearness in the feedback even about passages of the story
not always explicit. All the questions were answered, no empty ones were found. From a be-
havioural point of view, operators noticed that once they finished the questionnaires, some
visitors returned to the showcase to verify if they had answered correctly — thus highlighting
a sincere interest toward this research and a great sense of curiosity.

6. Conclusions

When designing the holographic installation, we had in mind that the typical museum
setup, made of classical showcases and labels, not always worked perfectly with visitors. So
offering them something more lively and magic might have made the museum visit more
appealing and less boring. Theoretically, we wanted to highlight the role of multimedia
technology in the meaning-making of visitors once they entered a museum.

From the results collected both at the APM and HNM, some elements seem to be
evident:

« The Kunagota story was 7.35 minutes long, an appropriate length according to the
majority of the public, both in the HNM and APM. Even if researchers feared that such
a long timing would badly affect the visitors’ experience, this turned to be not relevant
for them. What visitors only complained of was the impossibility to select their own
language - obliging them to wait till their language arrived. Moreover, the absence
of chairs where to rest, made the waiting harder for the visitors. About this last point,
chairs are not always a good solution: for sure, in case of the APM, some bar chairs might
have been useful given that all the show happened inside the showcase; for the HNM,
instead, chairs disturbed the user experience, due to the fact that the story continued
on the big wall surrounding the showcase.

- The great percentage of correct answers to the questions about the story, in the ques-
tionnaires, showed that the visitors paid attention to it, and how the storyline de-
veloped and was performed helped them to remember certain narrative nodes.
The contamination of multimedia languages with the real museum object in the show-
case created the environmental condition to empower visitors’imagery and to support
the memorization and elaboration processes. It generated indeed the impression of be-
ing in front of real images, floating presences in an empty space, with a high emotional
impact on the public (Leinhardt, Crowley 2001).

« The use of dramaturgic style instead of a traditional description was surely more
engaging for visitors (like they wrote in the questionnaires) who were usually bored
with reading panels, and this pushed them to pay more attention to what was hap-
pening in the showcase (Roberts 1997). It might be useful to add, for the next venues,
information on the exhibited object also on a small panel close to the showcase, where
some information about the technology used could be added; this is also a direct sug-
gestion given by the visitors. It is important, in the next venues, to make the language
selection interactive for the public.

« From the visual point of view, the 3D effects on the real object were appreciated by
the visitors. The realism of the animations and their perfect integration and connection
with the real Kunagota sword, besides the darkness of the scene in the showcase helped
them enter the story and catch the details. Hologram and moving images conduct a di-
alogue with an artifact that would otherwise not completely satisfy the senses. Visitors
felt totally immersed in a perceptive and cognitive dimension in which they were the
protagonist of the story along with the object (Salovey, Sluyter David 1997).
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« From a logistic point of view the position of the showcase is crucial in the definition of
the user experience: if part of the story is projected on a big wall the need for a dark and
secluded room is mandatory, as in Budapest; while a situation like in the APM where all
the show happened inside the showcase does not need such an isolated location but only
aquiet and intimate space, even if in the APM it was probably too marginal and too small.

« The overall satisfaction was good for the public that was not used to see such kind
of technologies on show. The sound attracted visitors passing nearby; some of them
would like to see a holographic showcase as an integral part of the museum setup.
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H. O. lNwnkos, N. H. Pynos
OrA0Y BO «Cubupckuii defepanbHblii yHuBepcutet», PO

A. A. KoBanes
WncTutyT apxeonoruu PAH, PO

B. J1. MenbHukos, M. A. lepueBa
(M6 TbYK «My3eli-uHcTuTYT Cembi Pepuxos, PO

BPEMA PA3BOPAYMBATb KAMHW...

B CaHkT-leTepbyprckom rocysapCTBEHHOM My3ee-UHCTUTYTe ceMbu Pepurxos ¢ 28 pe-
Kabpa 2017 ropa paboTaeT BbicTaBKa «OneHHble KaMHU MOHIronnm», NOCBAWEHHAs UTOraM
apXeonornyeckmx NCcnefoBaHnin TPEX PUTYanbHbIX KOMMIEKCOB C ONEHHbIMM KAMHAMU Ha
Tepputopun LleHTpanbHon 1 3anagHon MoHronuu, nposeféHHbix MLUAD nop pykoBog-
ctBom A. A. KoaneBa u [l. OpgsH36aarapa.

o pabot MLIAD apxuntekTypa pUTyasnbHbIX KOMMIEKCOB C ONIEHHBIMU KaMHAMMW U UCTO-
puvA nx GopMrMpoBaHMA OCTaBanUCb HeACHbIMU. C LieNblo MCYEPbIBAOLLErO HAYYHOMO U3Y-
YeHUA TaKMX NAMATHUKOB, B TOM UMC/Ie BbIACHEHUA NX MPOCTPAHCTBEHHONM OpraHm3aumn,
MLUADS BnepBble 6binn NpoBeAeHbl MaclWTabHble PacKonkn Ha TepputTopun MoHronnmn aH-
cambnen fpeBHNX COOPYXKEHUI, CBA3AHHbIX C ONTEHHbIMU KaMHAMMU.

B 2001 roay akcnegmumen, pabotasLie nog arngoin CaHKT-MeTepbyprckoro rocyaapcTBeH-
HOro yHMBepcuTeTa 1 YnaH-baTapckoro rocyfapcTBEHHOMO YHUBEPCUTETA, Obin NpegnpuHa-
Tbl PacKOMNKM norpebanbHO-pUTYanbHOrO KoMriekca Xap rob Ha Tepputopun MyHxxapxaH
COMOHa XoBp, amaka (puc. 1). Bnepsble xepekcyp Xap rosb 1 iBa CBA3AHHbIX C HAM ONE€HHbIX
KamHs B 1970-x rogax 6binu onvcaHbl B. B. Bonkosbim (Bonkos 2002. C. 94, 95).

B pe3ynbrate pabot MLIAD 3TOT XepeKcyp BbICOTOM 2 M 1 AnameTpom 23 m 6bin nosn-
HOCTbIO MCCNefoBaH. BbIACHUNOCH, UTO C XepeKCcypom Obinn CBA3aHbl YeTblpe N3BaAHUA
CaAHO-aNTanCKoro N «CMeLIAHHOIo» TUMOB, @ HaCbIMb ero Oblia COOPY»KeHa BOKPYT LINCTbI
13 8-9 CNOEB YNIOLWEHHbIX Mbl6 1 NANT. Ha AHe LMCTbl HAXOAUANCH OCTAHKU OAHOTO MO-
rpebénHoro (Kosanes, dpasHabaatap 2007. C. 100). B uenom Kak ycTaHOBNEHO B XOA€ NPO-
BefleHnA apxeonornyecknx passegok MLAD, ¢ KaxKbiM XepeKkcypoM MOXKeT OblTb CBA3aHO
[0 NeCATN ONEHHbIX KAMHEN, B TO BPEMA KaK CNYXXUK Takne NaMATHUKK AnA norpebeHus,
cKopee Bcero, ogHoOro-AByx yenosek (Kosanes, dpasHabaatap 2007. C. 101, 102; KoBanes
nap.2014.C. 50, 51).

B 2006 1 2013 rogax MUAD, opraHusatopamu Kotopoi BbicTynanu CaHkT-lMeTepbypr-
CKU FOCyAapCTBEHHbIN MYy3en-MHCTUTYT ceMbu PepuxoB n YnaH-batapckum rocypap-
CTBEHHbIN YHMBepcuTeT, B bypaHTOrtox comoHe Xybcyrynbckoro ariMaka 6binv nccnefo-
BaHbl [1Ba CXOXMUX MO KOMMO3MLUMN COOPY>KEHNA NamATHMKA. B nione 2006 roga B gonvHe
CypTuiH g3HX Ha neBom bepery pekun Oanrap-MypsH A. A. KoBaneBbim 6bin 06Hapy»keH
HOBbI PUTYaNbHbIN KOMMIEKC C ONIEHHbIMU KaMHAMU. B TOM ke rogy packonom 45 X 22 m
NamMATHUK Obl NONHOCTbIO UccnenoBaH. Mpu npoBefeHUN PaboT yCTaHOBEHO, YTO OCHO-
BY PUTYasibHOro KOMMJeKca COCTaBAAN PAA N3 BOCbMW ONEHHbIX KaMHe CasHO-anTancKko-
ro Tuna (Kosanes, dpasHabaatap 2007. C. 103, 104).

B 2013 ropy packonom pasmepamu 75 X 55 m nccnegoBaHa LeHTpanbHasa 4yacTb KOM-
nneKkca ¢ OfIeHHbIMU KaMHAMWU MOHIONo-3abakanbCckoro Tmna — YwkniiH ysap (Kosanes
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Puc. 1.
Xepekcyp Xap rosb, Buf c ceBepa. Gotorpadus A. A. Kosanesa

n ap. 2016; puc. 2). 3TOT NaMATHYK ABAAETCA OAHMM U3 Hanbornee N3BECTHbIX B IUTepaType.
B 1970-x ropax otpagom CoBeTcko-MOHIronbCKom NCTOPUKO-KYNIbTYPHOM SKCNeANLUM NOA,
pykosoactsom B. B. Bonkosa 1 3. A. HoBropogoBoui 6biii BbIMOSIHEHBI MlaH KOMMJIeKca
N PUCYHKIM ONleHHbIX KamHel (Bonkos 2002. C. 80, 81). B xoge packonok MLIAS BbisiBNeHbl

Puc. 2.
O6wwit Bua c tora packona 2013 roga Ha KoMMneKce YIWKNIAH yB3Ip.
My3en-nHcTuTyT cembu Peprxos
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Puc. 3.
Komnnekc YWKuinH yap. CTosmii in situ oneHHbI KameHb N2 10, a Tak»ke 06beKTbl, OTKPbITblE B XO4e
packonok: puTyanbHas nnatopma N2 1, 0651I0MKM oneHHOro KamHA N2 16 1 iBe AMbl AnA YCTaHOBKU
OneHHbIX KamHen (B Tom unciie KamHsa N2 9). Bup ¢ BocToka. My3en-uHCTUTyT cembin PeprixoB

0COBEHHOCTM MPOCTPAHCTBEHHOW OpraHM3auny pUTyanbHOro MecTa, MPOACHEH BOMNPOC
O NOCNeoBaTENIbHOCTN COOPYKEHMA KOHCTPYKUMIA Ha HEM, a TakXKe OOHapyXeHbl Heuns-
BECTHble paHee OJfieHHble KaMHU (Hanpumep, HECKONbKO PpparMeHTOB ONEHHOro KaMHSA
N2 16, HanaeHHble PALOM C MECTOM ero nepBoHaYvasbHOM YCTaHOBKK; CM. pUC. 3; KoBanes
n ap. 2014. C. 44-46).

Mpy cpaBHEHUN CTPYKTYPbl aHCaMbnel COOpPYXeHUN pUTyasbHbIX U NorpebanbHbIX
NamATHUKOB LleHTpanbHon MOHIronmMm BbIACHWIOCh, YTO OfIEHHbIE KaMHU Ha PUTYasnbHbIX
nnowagKax OKpyeHbl TaKUMU e KOHCTPYKUUAMN — KAMEHHbIMU »KepPTBEHHUKaMK, NnaT-
dopmamu, ctenamu, — Kak U XxapaKTepHble A5 3TOro pervoHa norpebanbHble XxepeKcypbl
(KoBanes u gp. 2014. C. 47-50; KosaneB u ap. 2016). EQNHCTBO KOMMNO3ULMK PUTYaNbHbIX
MECT C OJIEHHBIMU KaMHAMW 1N COOPYKEHUI, CONMPOBOXKAAOLWMNX NorpebanbHble KypraHbl
TOrO »Xe BpeMeHU, MOXKeT CBUAEeTeNbCTBOBAaTb O 3aMeLLeHUN OfIEHHbIMU KaMHAMU peasb-
HOro norpebanbHOro COOPY>KEHNA — KypraHa C MOTMON.

Takum 06pa3om, pesynbTatbl UccnefoBaHUin MexayHapogaHol LieHTpanbHoa3naTckom
apXeosiormyeckomn sKcneanunm CBUAETENbCTBYIOT O TOM, YTO B 3anagHou v LleHTpanbHom
MoOHronnm oneHHble KaMHW He BbINMOAHANN POSb KHAMOTUSIbHbBIX» MOHYMEHTOB, a UCMOMb-
30Ba/INCb B KauyecTBe KeHOTAapoB — MAaMATHMKOB, M300pakaloWmx peanbHbIX Nogen, no
KaK/MM-TO NMpuymMHam He norpebéHHbIX B KypraHax-xepekcypax (Kosanes, dpgsHab6aaTap
2007.C. 104; Koeanes n gp. 2014. C. 50).

MLIA3 BoTyxe 6onee fecaTnnet paboTtaeTnog armgon Mysea-mHCTUTyTa cembu Pepuxos
B CaHkT-leTepbypre cornacHo yTeepXaéHHoMy My3eeM [lonoxeHuto o Mporpamme mnc-
cnefoBaTenbCcKo-aKCNeaNUNOoHHON aeAatenbHoCcTU. [laHHana MNporpamma My3sea-uHCcTUTyTa
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cembu PeprxoB obycnoBneHa Kak ero MeMopuranbHbiM Npoduniem, CoUYeTaoLW MM HaYYHbI
N NPOCBETUTENbCKNN KOMMNOHEHT, TaK 1 OCHOBHbIMW HaMpaBfieHUAMM HaYUYHbIX MHTEPECOB
PepuxoB, pacckasaTb 0O KOTOPbIX Npu3BaHa GOPMUPYIOLLAACA SKCMO3MLMA BHOBb CO3[aH-
HOrO yupeXKaeHUA KynbTypbl.

MUAS HeobxoanMa He TONbKO Ans HanosiHeHUA GOHAOB M SKCNO3NUNN. DKCNeanumnsa
paccmaTpuBaeTcA My3eem Kak HerocpefcTBEHHOE MPOAOMKEHMEe WUCCefoBaTeNbCKon
1 KyNbTypOnormyeckom geatenbHoOCTU cembu PepuxoB. H. K. Peprx HeogHOKpaTHO nopj-
YEpKMBaN KynbTypHYI0 GYHKLMIO apXeonornm Kak Hayku, CnocobHom npeofoneTb BCAKOro
popa «bbiTonncaTenbCcKkmne» anopum U CTaTb OCHOBOW «ANA MO3HAHUA UCTUHHOW NCTOPUN
yenoseyvectBa» (Pepux 1996. C. 282). Cpean macluTabHbIX HayyHbIX 3afay MO M3yUYeHUIO
BocToka rnaBHom Pepuxum cuntanu coctaBneHume «O6wen nctopmm Boctoka» ot 6nmxKHeBO-
ctoyHoro Cpean3eMHOMOPbA [0 TMXOOKeaHCKNx 6eperos Kutas. Mpu 3ToM umun 0co60 BbI-
aenanocb nsyyeHune «CpegHen A3nn» (Nog KOTOPOM MK NOHMManNacb BCA rOPHO-CTEMNHasA
30Ha EBpa3minckoro KOHTMHeHTA), BK/oYasa acneKTbl B3aUMOAENCTBMA KOYEBbIX U OCEASbIX
HapoAoB N GaKTOPbI NPUTAKEHUA OPEBHUX LLEHTPOB BENINKNX LIBUAN3ALNIA.

t0. H. Pepux cumtan, 4to «HOBbBIN 3Tan B OPUEHTaNIM3Me — 3TO BCEOOLWNA CUHTE3, KO-
TOpbI, OTBeYasa TpeboBaHNAM COBPEMEHHOW HayKK, OTKPbIN Obl NICTOPUYECKOE pa3BUTME
cTpaH Boctoka B coBokynHocTu» (Pepux 1999. C. 18). CnegyA oTUY B €ro KOMMIEKCHbIX
NnomncKax KopHen obuieyenoseyeckomn KynbTypbl, Oprii Hukonaesny genaet rnaBHbIM Ha-
npasBneHnem cBoern paboTbl MONCK UCTOKOB LIBUIM3aLUK, ONpeaenstoLmxX «eUHCTBO Be-
nuKomn Koueow LleHTpanbHo A3nn» (Bopobbéra-LecatoBckaa 1999. C. 6). MNpakTnueckmnm
pe3ynbTaTom Takoln paboTbl Pepmxn cuntanu cogencreme npobyxaeHunio Haponos A3unu
K aKTUBHOW COLNANbHOW »KM3HW 1 CO3nAaTeNIbHOMY CTPOUTENbCTBY Ha OCHOBE BO3poXe-
HUA NyYWNX TPAANLNA COOCTBEHHON UCTOPUN N KYSbTYPbl, KOTOPblE ABMATCA HEOTbEM-
NIeMOW YaCTblo UCTOPUN U KYNIbTYpPbl BCErO MUpPA.

OCHOBHbIMM UenamMn 1 3agadaMn sKcrneguumn PepnxoB ABNANUCb, BO-NEpPBbIX, CO-
3[aHNE XyOOXeCTBEHHOWN, STHOrpadnUeCKom U NCTOPUKO-KYNbTYPHOW NaHopambl LleHT-
panbHon A3uu, eé 3emenb M HAapOAOB, BO-BTOPLIX, M3YUYeHNEe MAaMATHMKOB APEBHOCTW,
CnefoB BENMKOro nepecenieHna HapodOB M BO3MOMHOCTENM HOBbIX apXeosnormyeckux
M3bICKAHU 1 NOArOTOBKa MyTen AnA 6yaywmx sKCneguunin B 3TOM pervoHe, B-TPeTbux,
n3yyeHue A3bIKOB U AnanekToB LieHTpanbHoOM A3un, B-4eTBEPTLIX, COOMpaHMe KOMMIeKc-
HOWM KONNeKunm NpegMeToB, XapaKTepumsyoLWmx N UAIOCTPUPYIOWMX YXOBHYIO KynbTypy
pervoHa (Pepunx 1992. C. 160; Pepux 1999. C. 237). Cpean 3afay skcnegmumnm 6110 Takxke
N3yyeHne COBPEMEHHOMO COCTOAHNA KyNbTypbl 1 6biTa HapoaoB LieHTpanbHom A3un, a Tak-
Xe obHapyxeHue cnefoB nNpeablaywmnx skcneauumi (llekok, Aypen CreiiH, Mennvno, CeeH
legnH, Kosnos n gp.) (boHgapeHko 2013. C. 7-10).

Cnepya B3rnagam H. K. Pepuxa Ha Heo6XOAMMOCTb BbISICHEHUA MOAANHHOWM KAapPTUHDI
ApeBHen KynbTypbl CpefHei A1 C NOMOLLbI0O MHOFOO6pa3HbIX MOAXOA0B U MaTepuanos —
apXeonornyecknx packonok, N3yyeHns netonucen, nutepatypbl 1 GonbKnopa, NPUKNagHo-
ro UCKyccTBa M apxutekTypbl (Aukosckaa 2002. C. 210), 0. H. Pepux pa3paboTtan HayuHyto
nporpammy 1 chopmynuposan obwme NnpuHUMUNbl paboTbl [MMananckoro nccnenoBaTesnb-
CKOro UHCTUTYTa «YpycBaTh», co3gaHHoro B 1928 roay B CeBepHown IHAMM NO nToram nepsomu
pepuxoBCKom aKkcneanumn. Nonesas AeATeNbHOCTb CO34AHHOIO YXKe B Hale Bpemsa Myses-
MHCTUTYTa ceMbi PepuxoB npogomkaet paboTy, HauaTyto Ha 6a3e MHCTUTYTa «YpycBaTU».

3ajayam npeacTaBfieHUA 3TAroB COOPYXEHUA KOHCTPYKUUM PUTYaslbHbIX KOM-
NAEKCOB C ONIEHHbIMM KaMHAMU, a TaKKe 0OBbACHEHNA UX KOMMO3ULMOHHOW CTPYKTY-
pbl NOAYNHEH SKCMO3ULMNOHHDBIN NaH BbiCTaBKK «OneHHble KaMHU MoHronum», o 4ém
y>Ke YNoMMHanocb Bbiwe. Ha cemn 6aHHepax geMoHCTpupyoTca oTorpadpum oneHHbIX
KaMHeN N NX apXUTEKTYPHOro KOHTEKCTa — XEePTBEHHMNKOB M PUTYasbHbIX NAOLWAAOK,
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NPOPUCOBKUN M3006paXKeHUI CO CTeN. DCTaMMaXXkn N3o6pakKeHUN, BbINOHEHHbIE HA MU-
KaneHTHon 6ymare, n Buaeodnnbm «Bpema nepeBepHyTb KaMHU» TakXe ABNAOTCA Ya-
CTbIO 3KCNO3MLUMN.

Mo 06BbEeKTNBHbBIM NPUYMHAM TPYAHO AEMOHCTPUPOBATL OPUTHAMNbHbIE ONIEHHbIE KaM-
HU B My3ee, Tem 6onee npusesTn nx n3 MoHronuu. lostomy gns BbicTaBKuM Obiia NnpoBefeHa
paboTa no co3ganHuto LmdpoBbix 3D-Moaenen KaMeHHbIX CTeN 1 NPOrpaMMHOro obecneyve-
HUA AnA cMapTPOHOB, NO3BONAIOLLENO BU3YaNM3nMpPOBaTb ONEHHbIE KAMHM NPW HaBeAeHUN
Kamepbl YCTPONCTBa Ha Ux n3obpakeHunsa. M3 cemn 6aHHepOB NATb BEPTUKAJIbHbBIX O4MHA-
koBoro ¢popmarta asnaTca AR-mapkepamu (augmented reality markers), aktusupyowmmm
undposble 3D-MoaENN KAMEHHDBIX CTEN B MPUIOXKEHWN ANA CMapTPOHOB.

B HacToAwee BpeMA MeTop CO34aHUA TPEXMEPHbIX MoAenen Kak apXeonornyeckmx
NaMATHUKOB B LIESIOM, TaK U OTAENbHbIX HAXOAOK, BCE yalle NPMMeHAETCA B NOMEBbIX pa-
6oT1ax. OfgHaKo B Xofe NPOBeAEHNA NCCNIeOBAHNIA PUTYANbHbBIX KOMMIEKCOB C ONIEHHBIMU
KaMHAMU co3aHne maccnBa poTomaTtepurana ana KOHCTpyupoBaHuAa 3D-mopenen cten He
BXOAWUNO B NepeyeHb 3aday skcnegmumn. B pesynbrate TpéxmepHble MOaenu, npeacras-
NEHHble Ha BbICTaBKe, OblNN BbIMO/IHEHBI HA OCHOBE HEOOSBLLOIO KONMMYECTBa PaKypPCHbIX
doTorpaduin 06BHEKTOB, He Bceraa B JOCTAaTOYHOM CTEMEHM OCBELEHHbIX CO BCEX CTOPOH.
Taknm 06pa3om, Mbl UMeeM MONOXKUTENbHbIV OMbIT CO34aHNA BMU3YaNbHbIX OO BEMHbIX MO-
Aaenen n3 Mmatepuana noneon ¢pukcauymm namatHnkos (Fritsch, Klein 2017.P. 11-18).

DoTodrKcaumns 06BHEKTOB apPXEOSIOrMYECKX NCCNeAOoBaHUI As Co3aaHns LdpPoBbIX
Konuin metoaom GoTorpammeTpun CTaHOBUTCA OOLLENPUHATON ANA apXeonoros, paboTta-
oLwMX B MoneBbix ycnoBuax. DotorpaMmeTpura No3BONAET C MMHMMAJTbHbIMU BPEMEHHbIMM
N pecypcHbIMM 3aTpaTamm NONYUNTb KaueCcTBEHHYI0 LMdPOBYIO KOMKWIO peasibHOro o6bek-
Ta (Soler et al. 2017. P. 49-57).

OgHako npu ¢oTodumKcaLmm B NONEBbIX YCNIOBUAX HE BCeraa yaaéTca caenatb CHUMKMY,
KauyecTBO KOTOPbIX MO3BOMAAET NOCTPOUTb TOUHYIO LUMGPOBYIO KONUto apTedakTa. ITO MO-
XeT 6bITb 00YCNIOBIEHO MOrOAHbIMU YCNOBUAMM, OFPAHNYEHNEM Ha BPeMA CbEMKI, YPOB-
HeM KBanudukaumm potorpada. Kpome Toro, npy npumeHeHnn metoga GpoTorpammeTpum
ANA NMONyYyeHUA BbICOKOAETANIM3NPOBAHHOIO pe3ynbTaTta Yacto Tpebyetca nonyuntb fo-
NOJIHUTENIbHbIE CHUMKUN NPOONEMHBIX YYaCTKOB MOZEN C Pa3fINYHbIMK HACTpOKamu ¢o-
KYCHOrO pacCTOAHWA 1 OCBELLEHHOCTH, YTO ObII0 HEBO3MOXHO B X0 e paboTbl Haj co3fa-
Huem UndpoBbIX Konuii oneHHbix KamHel (Vavulin 2016).

Taknm 06pa3zom, 661110 NPUHATO peLleHne 06 NCNoNb30BaHUN KOMOVHNPOBAHHOTO Me-
TOoZa MOAENNPOBaHNA, COYETAIOLErO PyUYHOE CO3aHNe reOMeTPUM ONEHHbIX KAMHEN 1 NC-
nonb3oBaHue GpoToMaTepUuana, B YaCTHOCTU PaKypPCHbIX CHAMKOB AA CO34aHNA TEKCTYpbI
(vHdopmaums o uBeTe).

Mnocamm JaHHOrO MeTofa ABMATCA BO3MOXKHOCTb PaboTbl B YCNIOBMAX HEAOCTaTOY-
Hon nHbopmauum, bonee HMU3KMe TPebOBaHUA K KaueCTBY MCXOAHOIo MaTepuana.

K HepocTaTKaM MeToa MOXHO OTHeCTU 6onee HU3KYK TOYHOCTb B CPpaBHEHUN C ¢o-
TOrpaMMeTpUEeN, MeHbLUYIO CTeNeHb 0O bEKTMBHOCTM MOMYYEHHOIO pe3ysbTaTa, 6oMblume
BPEeMEHHbIe 3aTpaTbl, He06XoAMMbIe ANA NOCTPOEHUA MOZENN.

Mpouecc co3gaHna LMPPOBbIX KOMUN apXeonornyecknx 06beKkToB, Ha NPUMEPE OJieH-
HbIX KAMHEe, MOXXHO pPa3buTb Ha NATb 3TamnoB.:

1. AHanu3 NCXOQHOro KOHTEHTA. B cnyyae ¢ oneHHbIMM KaMHAMM — 3TO paKypcHble $oTo-
CHUMKM 1 3CTaMMNaXu, BbINOJIHEHHbIE HA MUKANEHTHOWN Gymare.

Co3paHume HU3KOMNONMIOHaNIbHOWM 3arOoTOBKMU.

HeTtanunsayma reometpumn.

Co3paHue TeKkcTyp.

OonTnmmnsaums.

A WwWN
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MepBbli 3Tan NpeanonaraeT aHann3 6a3oBol reomeTpun o6beKTa ANA CoO3AaHUsA 3aro-
TOBKW 1 NOATOTOBKY BEKTOPHbIX MAaCOK Y30POB, BbiICEUEHHbIX Ha KaMHAX (puc. 4).

Mpwn co3paHUM HM3KOMONMIOHANIbHOW 3aroTOBKM HEOOXOAMMO BblAep»KMBaTb NpPOMnop-
UM 1 peanbHble pa3mepbl ob6bekTa. MNonuroHanbHas ceTka JOSMKHA COCTOATb M3 YeTbl-
PEXYronbHbIX MOUIOHOB AN1A BO3MOXHOCTI fanbHenwen getannsaunm reometpunm (puc. 5).

Mpu petann3aummn obbeKTa NPONCXOAUT yBENNYEHME NIIOTHOCTU NONUTOHANbHOW CeT-
K1 (HM3KononuroHanbHaaA 3arotoska 350-700 nonuroHos, puHanbHaAa mogenb 13-14 mnH
NonMroHoB) B 5-7 3TanoB. B nepByto ouepeab 0603HAYAOTCA FPaHMLbl CIAaXEeHHbIX 3PO-
3unel obnacTen, TpPeLrH 1 CKONOB. 3aTeM HAHOCUTCA C/ION, COAEPKALLNIA MeSIKUE BbllLep-
6MHbI N KPYNHO3EPHUCTYIO paKTypy MuHepana. [lanee Ha OCHOBe BEKTOPHbIX MaCOK MO-
AennpyeTca UMUTaumaA BbiceyeHHOoro y3opa. OMHanbHbIM 3Tan geTanv3auumy npegnonaraet
MOAeNnpOBaHNEe MeNKO3ePHNCTON GaKTypbl MMHepana Ha OCHOBE PaKypPCHbIX POTOCHUM-
KoB (puc. 6).

Ha 3aknioumTenbHom 3Tane gna onTMMm3aumm Mogenu nop paboTy Ha MOOUNbHbIX
YCTPOMCTBAX YacCTb reoMeTpumM «3anekaetca» Ha TeKCTypy Hopmanu (normal map), go-
NOJTHUTENbHO CO3AaTCA TEKCTYpbl ambient occlusion, a cama reomeTpus ynpolyaeTca fo

Puc. 5.
Hu3kononunroHanbHasa 3arotoBka. PekoHcTpyKkuna U. H. Pygosa

Puc. 4. Puc. 6.
AHanu3 ncxogHoro KoHTeHTa. PekoHcTpykuma W. H. Pygosa Mpouecc pgetannsaumm (cneea Hanpaso). PekoHcTpykuma M. H. Pygosa
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40-50 TbicAY noANroHos (puc. 7). ®nHanbHaa MOAENb C HANIOXKEHHbIMU TeKCTYpamun 1 on-
TMMM3MPOBAHHOW reomeTpuren npeacTaBneHa Ha puc. 8.

MNocne Toro Kak paboTa Haf NOCTpoeHnem 1 onTummnsaumen 3D-mofenen 3aBepLUeHa,
HacTynaeT 3Tan pa3paboTkyu MOOMNbHOIO NPUIOXKEHWA, OCHOBAHHOIO Ha TEXHONOIM 10-
NOSIHEHHOW peanbHOCTH.

MobunbHoe npunoxeHune paspabaTbiBanocb Ha 6aze KpoccnnathopMeHHOro TPEX-
MepHoro asukka Unity3D. lNostanHo pewanncb cnegyowme 3agaydm:

NHTerpaumsa software development kit Vuforia (SDK Vuforia).

MNoprotoBka n nHTerpauma AR-mapkepos.

WHTerpauma n agantaumna 3D-mogenen B cpegy Unity3D.

Co3pgaHue n HacTporika Ul (nonb3oBaTtenbckuii nHTepdenc).

Komnunauuns mobunbHoro AR-npunoxeHua ans nnatpopm iOS n Android.
My6nukauma B marasmHax komnaHui Apple n Google.

Vuforia — nnatdopma ans pas3paboTky NPUOKEHUIN AONONIHEHHOW peanbHOCTU ANA
TenedoHOB 1 NNAHLIETOB MOA ynpasBneHnem onepauunoHHbix cnctem iOS n Android komna-
HUn Qualcomm. NHTerpauma gaHHoro SDK B cpeay Unity3D BbinonHAnacb cornacHo odu-
LManbHOW JOKYMeHTaL MK 1 He TpeboBasa BMeLlaTenbCTBa CO CTOPOHbI pa3paboTumKa.

ounpwN =

Puc. 8.
D®uHanbHas mogenb. PekoHcTpykuma W. H. Pygosa

Mocne Toro Kak nnatdopma UHTErprMpoBaHa, Heobxoanmo noarotoBmTb AR-mapkepbl
AnA vHuumanmsaumm 3D-mopeneit. AR-mMapkepbl NpefcTaBnAlnT cobor m3obpaxkeHus,
koTopble SDK Vuforia moxeT 06HapynBaTb 1 OTC/IeXMBaTb. B oTnnume oT TpaguumoH-
HbIX duayumnapHbix mapkepoB 1 QR-kopos, n3obpaxkeHuns, BctpamBaemble B SDK Vuforia,
He HYX[AalTCA B CneymnanbHbIX YEPHO-6enbix 06nacTax unm Kogax Ansa pacno3HaBaHKWA.
NHTerpauma ocyulectenanacb nocpeactsom Beb-uHctpymeHTa Vuforia Target Manager.
OcHoBHble TpeboBaHuA co ctopoHbl Vuforia Target Manager K BCTpavBaeMbiM n306paxe-
HUAM — 3TO BUTHOCTb, dopmaT 1 pasmep darina. AR-mapKepbl 4OMKHbI ObITb 8- nn 24-6UT-
HbiMn, popmaTta PNG unn JPG, MakCMManbHbI pa3mep KOTOPbIX HE AO/MKEH MpeBbiwaTh
2,25 M6. Take B npouecce NoAroTOBKM MapKepoB 6biNo BbIABMAEHO, UTO BbICOKAsA KOHT-
PacTHOCTb YBENNYMBAET CTEMEHb Pacno3HaBaHUA MapKepa. B KauectBe mapkepoB 6binu
Bbl6paHbl pakypcHble poTorpadum oneHHbIX KaMHEN.

Ha stane nHterpauum n agantaumn 3D-mopenen B cpepy Unity3D Ba)kHO Bbi6paTh npa-
BW/bHbI METOA CXKaTUA TeKCTyp AnA onepaunoHHbix cuctem iOS n Android, HacTpouTb
ocBelleHne 06beKTa, MPOBECTY 3aneKaHUA KapT TeHel C Lenblo onTummnsaumm paboTbl
MobunbHoro npunoxenua. na OC Android pekomeHayeMbIM METOAOM CXKATUA ABNAETCA
ETC. aHHbI MeTOA AAET OYeHb XOPOLLYK NPOU3BOAUTENbHOCTb U BO3MOXHOCTb BM3Yya-
nu3aumm Ha 6onee HM3KMX Bepcusax OC Android, HO Ha TeKcType nosaBnAlTcA apTedaKkTbl
B BuAe NUKCeNen, KoTopble UCKaXKaloT moaenb. B cBA3n ¢ 3Tum 6bin BbibpaH 6onee noa-
xopAwmn metog cxatma ETC2. OH siBnaetca Hambonee 3¢pdekTnBHbIM BapmraHTom ana OC
Android, npegnaras Hauny4wmnii 6anaHc KayecTsa 1 pasmep dparna.

Mpw pazpabotke ans OC iOS npobnem C BbIGOPOM CKaTUA TEKCTYP He BO3HMKIIO, Tak Kak
KONMMYECTBO BbIMyLLEHHbIX MOAENEN YCTPOWCTB ropasao meHbLue, yem y OC Android. 310 cy-
LLeCTBEHHO SKOHOMUT BPEMA NMpu pa3paboTke 1 TeCTUPOBaHUN pa3pabaTbiBaEMOro NpoayKra.

AnAa B3anMoAeNcTBUA C NPUoXKeHnem 6bin pa3paboTaH MoNb30BaTENbCKUN UHTEP-
delic, obecneumBaoLwmii paboTy GyHKLNOHANbHOW YacT NpunoxeHus (puc. 9).

Puc. 7.
Normal n ambient occlusion maps (cneBa Hanpao). PekoHcTpykuma W. H. Pygosa
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Puc.9.
Monb3oBaTtenbckuii UHTEPdec MobunbHoro npunoxeHusa «Deer Stones»

KnioueBoi MOMEHT pa3paboTKy NoNb30BaTENbCKOrO MHTepdElica CBA3aH C peanun3auu-
el apanTMBHOCTU ANA Pa3fIUHbIX Pa3peLlleHnin SKpaHOB CMapTHOHOB, KOTOPbIE OCHOBaH

Ha aHanuTKKe, NpeacTaBneHHon komnaHuen Unity Technologies.

JTan nybnukaumm B MarasuHax komnaHuii Google n Apple TpebyeT noaroToBKM COOT-
BETCTBYIOLLMX SNEKTPOHHbIX AOKYMEHTOB M NULEH3UA. MOXHO BbleNnnTb HEKOTOpble OT-
NINYUS, K KOTOPbIM OTHOCATCA LieHa U BPeMaA A5t Pa3MeLLeHUs NPUOXKEHUA B MarasuHe.
B cnyuae nybnukauum npunoxkeHmsa Ha Google Play cpok npoBepKu NpuioxeHns co cTo-
POHbI TOProBOW MMIOLWAAKM COCTaBNAET CYTKW, B CBOIO oyepedb KomnaHus Apple genaet

3TO B TeyeHue 5-7 gHen.
Ha JaHHbIN MOMEHT NpunokeHne JOCTYNHO ANA CKaYMBaHMA MO CCbIIKaM:

Google Play: https://play.google.com/store/apps/details?id=ru.sfukras.deerstones

App Store: https://itunes.apple.com/us/app/deer-stones/id1322435815?mt=8
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DIGITAL STORYTELLING ON UNDERWATER CULTURAL
HERITAGE - H2020 IMARECULTURE PROJECT

Introduction

Importance of the European cultural heritage (CH) is expressed through very significant
international resolutions such as the EU Lisbon Treaty (Article 3), the adoption of the
Commission Communications to the Council and the European Parliament 2006/2040(INI),
the different resolutions of the European Council (such as the 2006/C297/01), the
Communication by the European Commission in 2007 known as the famous European
agenda for culture, that was later also endorsed by the Council of Ministers in November
2007. In addition, in 2009 the UNESCO Convention on the Protection of the Underwater
Cultural Heritage, which was adopted in 2001, came into force in some countries.

Underwater cultural heritage is accessible only to divers. Although photos and recently
3D models of some underwater sites are available, it is still difficult to grasp historical
significance of those sites and particularly to recreate the diving experience. Furthermore,
general public is not only interested to view the underwater cultural heritage, but also to
learn how sunken ships looked like before the wrecking, what was life on board alike, what
happened with those ships to end up at the bottom of the sea.

H2020 iMARECulture project (2016-2019) aims to bring inherently unreachable
underwater cultural heritage within digital reach of the wide public by implementing virtual
visits, serious games with immersive technologies and underwater augmented reality. In
this paper we will describe the objectives of the Project and its main planned outputs and
applications. As our contribution to the Project will be in digital storytelling, we will present
the newly developed hyper storytelling methodology, the pilot application about Kyrenia
ship and our planned further activities in this regard within the Project timeline.

The iMARECULTURE project

As presented in iIMARECulture 2015, the scope of i-MARECulture project is to raise
public awareness of European identity by focusing in maritime cultural heritage, which by
default bridges different civilizations (Skarlatos et al. 2016). We will design, analyse, develop
and validate pioneer applications and systems in the context of Virtual Museums through
collaborative and innovative research from a diverse group of scientists, researchers,
archaeologists, experts and museum professionals.

Underwater Cultural Heritage assets are widely spread into the Mediterranean. Unlike
land archaeological sites, however, submerged settlements, ancient ports and other coastal
industrial installations, especially shipwrecks, are not accessible to the general public or
all experts, due to their environment and depth. Photos and surfaced artefacts exhibited
in maritime museums provide fragmented aspects of such sites, but are the only ones
visitors can actually see. Digital technologies have also been used in museum exhibitions as
a supplementary information source, but not always very successfully. Thus, Virtual Museums
provide a unique opportunity for digital accessibility to both scholars and general public,
interested in having a better grasp of underwater sites and maritime archaeology. Such digital
encounters should enhance the virtual 3D underwater visit opportunities for children, elderly
or people with mobility problems, and enhance the actual underwater visit with augmented
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digital content. Additional actions aim to raise public awareness through serious games, prior
and after the visit to an archaeological site or museum.

The main objectives of the Project are to enhance the pre, during and after digital
experience of the potential visitor to a museum (fig. 1). Prerequisite of the digital experience
enhancement is raising awareness of general public to the importance of our maritime CH
to the formulation of the EU identity.

In order to achieve public awareness, iIMARECulture implements serious games as a pre
and after digital experience. Through the Seafaring game, the public will become aware of
the ships, ship routes and commerce on the Mediterranean, using extensive storytelling
about commerce, harbours, ship engineering, sailing, etc.

Once acquainted with maritime archaeology, the user may visit underwater sites or
shipwrecks, using interactive immersive technologies and virtual reality (VR) glasses
(Oculus glasses, HTC Vive headsets etc.) from his home. While visiting a museum, the visitor
will have the opportunity to extend this experience on holographic screens, without
glasses, while other visitors are able to watch him over his virtual interactive dive on a real
underwater cultural heritage sites. The holographic technology is scalable, although still
expensive. A downgraded interactive experience could be achieved using more traditional
3D kiosks, or even on site VR glasses on specific areas within the museum. Therefore, the
virtual underwater visit (v-u-visit) could be made available in several implementations,
depending on the budget of each museum.

If the visitor is actually diving in a site, the use of AR and mixed reality (MR) applications
on a specially designed underwater tablet will help him:

a) to follow a predefined route,

b) use the tablet as a digital guide to get more information about specific objects,

¢) get an overlaid conceptual visualization of how the site used to be.

After the visit to the museum, the visitor, who will have been intrigued, will have
the opportunity to be involved in a realistic virtual excavation game, using immersive
technologies and 3D glasses from his home. The game will not be restricted as an after visit
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Fig. 1.
Scope and objectives of IMARECulture in a conceptual work of diagram. Image: D. Skarlatos
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experience. In order to help interaction and participation, the UW-excavation game will be
able to accommodate a pair of divers, hence forcing the player to team up with another
player though social media platforms (i.e. Facebook).

Apart from digital games, the visitor could also benefit from 3D puzzles that he could
print in house. Such games could include broken amphorae, shipwrecks, or fitting as many
amphorae as possible in a ship model, allowing the user to participate in experimental
archaeology. The aim is to utilize technologies that would be available for domestic
applications, such as 3D glasses and 3D printers, in a couple of years'time.

Storytelling will support the fullgamut of games, VR and AR experiences, using narratives
and multimedia about real ancient ships’' 3D models, realistic 3D models of shipwreck sites,
referring to actual ancient shipwreck found. Immersive technologies will support both
storytelling and the games themselves.

Several aspects of iMARECulture are designed to provide the basis to support research
and scientific activities on underwater excavations sites and enhance the ability of scholars
to either re-visit sites orimprove analysis. The use of underwater tablets will certainly support
underwater excavation in many aspects, while the geospatial analysis and 3D automatic
recognition and localization of amphorae will be extra tools for archaeological research.

The “Seafaring in the Mediterranean” game will be based in geospatially analysed data
coming from the open GIS archaeological maritime data. In addition, these analysed data
through the development of the serious games already referred, will contribute to the social
understanding of the EU Identities and cultural exchange. Additional actions support the
re-use and re-purposing of existing 3D models of shipwrecks or the creation of digital 3D
models of ships exploiting old 2D drawings, research on automatic recognition of amphora
type will be conducted aiming in providing necessary data for the realistic serious games
development, their use based on immersive technologies and 3D printing (fig. 2).

Dry visit applications will facilitate the users to explore three selected underwater sites:
Mazotos in Cyprus, Xlendi in Malta and Baiae in Italy. Mazotos and Xlendi are shipwreck sites,

Fig. 2.
Kyrenia ship replica, Thalassa museum, Cyprus. Photo: D. Skarlatos
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while Baiae is an underwater archaeological park, where remains of a sunken city can be
found. The Dry visits will through Virtual Reality experience and digital storytelling bring the
users back to the past of these locations and unreveal what happened there.

Digital storytelling

Digital storytelling can be defined as the narrative entertainment that reaches the
audience via digital technology and media (Miller 2004). One of the most common
concepts of hyperlinked story structures is the hyper-video. It was first demonstrated by
the Interactive Cinema Group at the MIT Media Lab. Elastic Charles (Brendmo, Davenport
1989) was a hypermedia journal developed between 1988 and 1989, in which micons
(video footnotes) were placed inside a video, indicating links to other content. Following
the Storyspace project, a hypertext writing environment, the HyperCafe, an award-winning
interactive film, places the viewer inside a virtual cafe. It is a video environment where
stories unfold around the viewer (Sawhney et al. 1996). After these first works, and a rather
long period of stagnation, many different methods of hyper-video implementations started
to appear in 2010s, most of them for use in advertising and marketing.

However, hyperlinked storytelling has been also used in virtual cultural heritage
applications, e.g. Human Sanctuary (http://public.cyi.ac.cy/scrollsDemo) and Keys to Rome
exhibition (Pescarin et al. 2014) among others. A deeper analysis of the state-of-the-art
would show that there are many hyper-video techniques and interactive digital storytelling
methods, but there is not a universal standard for storytelling presentation, such as
hypertext standard for text presentation. One of the recent concepts that the Sarajevo
Graphics Group developed is based on interconnecting the video file of the main story
with sub-stories and the interactive 3D model of the Taslihan object using Unity hyperlinks.
In this application (Rizvic, Prazina 2015) was proved that the storytelling is much more
engaging and immersive if there is a character telling the story.

In the iIMARECulture project interactive digital storytelling (IDS) will be a form used to
communicate the information about underwater objects and selected exhibits from the
partner museums within the VR applications and serious games developed for the project.
The IDS structures will consist of digital stories hyperlinked among each other and with
interactive virtual models of underwater sites and findings. This digital content will be
adjusted and incorporated in remote underwater VR visits, VR applications for museums
and serious games. We are developing a new interactive digital storytelling method, hyper-
storytelling, that exploits the potential of digital media in presenting the information in virtual
environments and serious games. To do so, we need to implement the following objectives:

+ To develop an innovative form of storytelling presentation adjusted to the Internet
concept of HTML pages with hyperlinks, so that the story structure will follow a similar
organisation.

- To optimise the viewer’s time because most of Internet users do not have enough time
to watch a story that lasts more than 3-5 minutes. Our story will be structured into one
main story and a set of sub-stories for viewers who have more time and/or are more
interested in exploring specific details. Navigation through the story - backward and
forward - will be also possible.

« To group different media resources — text, images, audio, video, VR, AR - in a unique
digital storyline, allowing the users to explore all that content without changing players
or formats of presentation.

As our previous experience shows that storytelling is much more engaging and
immersive if a character tells the story inside the virtual scenario (Rizvic et al. 2016), this
idea will be also incorporated.
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Development of the new methodology

During the first year of the project we were working on analysis of pedagogical and
cognitive framework for storytelling. Outcome of that research was development of a new
interactive digital story method — hyper storytelling. We created a multidisciplinary research
team with experts from computer science, visual arts, literature, film directing, psychology,
communicology and human computer interaction. The first task was to reach common
understanding on what is interactive digital storytelling. It was implemented through
expert user experience evaluation of a case study IDS application, 4D virtual presentation
of White Bastion fortress in Sarajevo.

Results of this and earlier user experience evaluation studies have shown the following
major drawbacks:

— stories are too long to keep the attention of users;

— users have problems with navigation in interactive virtual environments (IVEs) and do
not find triggers for all stories;

- the content is missing the motivational factor which would keep the user engaged
until all of it is explored;

- there is too much information which is not well structured and makes users bored;

- the application does not give satisfactory user experience to all audience target
groups;

- serious games for cultural heritage are too easy or too difficult for playing.

Based on this experience, the experts offered their recommendations for the new IDS
method, summarized in form of following guidelines (Rizvic et al. 2017a):

« engage professionals for all content creation fields;

- all content has to have unique visual identity;

« use multimedia and virtual reality;

+ divide content in sub stories which can be watched independently;

« stories should be short, dynamic and informative;

+ use characters to communicate emotion and raise edutainment value;

+ introduce motivation factor to solve the narrative paradox;

+ create IDS application to be platform independent.

Following these guidelines we developed the hyper storytelling IDS method. In virtual
environments with interactive storytelling the users can watch stories on demand. This
advantage could turn into a drawback if they do not watch all offered content. In literature
this is called solving the narrative paradox. It is the conflict between pre-authored narrative
structures — especially plot — and the freedom a virtual environment (VE) offers to a user in
physical movementand interaction, integral to afeeling of physical presence and immersion
(Schoenau-Fog 2015). The hyper storytelling method introduces a motivation factor for
users to view the whole offered content. We can consider it as adding a gamification
element to create more engaging user experience. In order to evaluate our method, we
created a pilot application called Kyrenia (Rizvic et al. 2017b).

Pilot application

Around 288 B.C. a ship sank near Kyrenia, Cyprus. Its remains were found in 1967 by
a Cypriot diver looking for sponges. A major salvage operation has been conducted.
Remains of the ship were conserved using special chemical procedures. Studying them,
the archaeologists discovered details from ship’s past, life on board and other interesting
elements of seafaringin Mediterranean during that historic period (Katzev 2005; Demesticha
2013). Several replicas of the ship were created, one of them exhibited in Thalassa Museum
at Cyprus, partner of the iMARECulture project (fig. 2).
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Fig. 3.
Stories: a — technical; b, ¢ - artistic. Image: S. Rizvic¢

The purpose of Kyrenia interactive digital story is to introduce Internet users with this
ship, as an important cultural heritage object, through a set of short stories. After watching
all stories the user is granted an opportunity to virtually embark the ship, browsing the
interactive virtual environment based on its 3D model. Two actors are engaged as narrators
in the stories. Motivation factor for users to see all stories is the possibility to browse the
interactive model of the ship.

Stories The Route, The Ship and The Cargo introduce the viewers with the technical
characteristics of the ship, the cargo transported by the ship and the routes where it might
have sailed. They are created as a combination of live green screen footage and computer
animation. Stories Life on board, Beliefs and superstitions and The sinking are more artistic, as
the wife of the ship's captain is the storyteller. They are a combination of live footage and
computer animation) (fig. 3).

The Kyrenia interactive digital story is created by a team of professionals from artistic
and technical disciplines according to the workflow presented in fig. 4. In order to acquire
users’feedback in an efficient manner with respect to evaluation time and costs and avoid-
ing strongly controlled environment of user under observation, we selected 41 participant
representing different groups including school children, students, and professionals with
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Fig. 4.
Kyrenia production team and workflow. Image: S. Rizvi¢
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different professional backgrounds and computer proficiency. They were invited by email
to view the digital stories, embark the virtual model of Kyrenia, and fill in the web-based
survey summarizing their perceived experience. We evaluated user satisfaction, immersion
and edutainment using 5-point Likert scale (Strongly Disagree, Disagree, Neutral, Agree,
Strongly Agree).

According to the results we had Strong Positive and Positive answers prevailing when
rating both edutainment and immersion. Higher percentage of negative answers for the
virtual model was expected for the pilot version of the application as the ship model was
not entirely completed. All participating users saw all 6 stories meaning that the motiva-
tion factor was successful.

Next storytelling activities

In the second year we will create storytelling parts of several applications developed
within the Project. Presently we are preparing scenarios and storyboards and working on
visual styling of digital stories.

Seafaring game storytelling consists of two kinds of narratives: branching narratives
and cut scenes. Branching narratives appear as text boxes to offer the player some hints
on navigating the ship and trading the commodities transported aboard. They contain
decision points which change the gameplay. This is an example of such a narrative:

“There existed a pirate crew from Ephesus commanded by Archi pirate Andron. The Lookout
spots their ship and notifies you. You order the crew of your ship to:

a) Engage the pirates in a battle

b) Try to flee”.

Cut scenes are thematic stories about selected topics from seafaring and trade in
Mediterranean in classical period. We are covering the following subjects: Navigation
techniques, Banks and banking system, Pirates, Slave trade, Commaodities, Sailing seasons,
Ships, Life on board, Trade and smuggling and Coins and currencies.

These stories will be created as combinations of hand drawn backgrounds containing
some objects symbolizing the historical period in question (temples, ships, squares, interi-
ors with some typical furniture, seaside, harbours etc.) and superimposed actors in typical
outfits who will be telling the narration about the particular topic (fig. 5).

UW excavation game storytelling will be mostly dedicated to depicting the wreck
site formation process. Using 3D animation and info graphics elements we will tell the
viewers what kinds of site formations exist, how they are created and what are their main
characteristics.

Dry visits storytelling will include stories about selected shipwreck sites informing the
users about their historical context, as well as the most important archaeological findings
and their stories. As of Baiae underwater city site, we will recreate some objects that have
remains within the archaeological park and revive some moments in life of the citizens. We
will depict the rich aristocrat buying a sculpture (found and available as an archaeological
artefact) from an artist sculptor.

3D puzzles will have an intro story explaining the users how to 3D print the pieces
and put together the 3D puzzle. On top of that we will use slightly adjusted Kyrenia pilot
application stories to offer the players additional information on the objects they can put
together from 3D parts.

Conclusion

The iMARECulture project has a unique task to take the Internet users to a virtual
underwater voyage to the past. Through serious games, VR and AR applications the
users will learn about seafaring and trade in classical period, underwater site formation
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Fig. 5. Cut scenes visual styling sketch. Image: S. Rizvi¢

processes and underwater archaeological excavation techniques. In Thalassa museum,
Cyprus, the visitors will see realistic representations of underwater sites through cut-
ting edge light field display technology. Hybrid motion tracking in AR applications will
enable the divers to see additional information on the sites they are visiting using un-
derwater tablets.

Storytelling will enhance the user experience and create immersion of users into the
underwater virtual environments. Library of ships and data on seafaring routes will be
available to general public. We hope that this project will unlock the treasury of underwa-
ter cultural heritage and make it available not just in a museum, but also at home.
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I M. CandytauHosa, I X. BapuHa
WnctutyT apxeonorum um. A. X. Xanukosa Akaziemuu Hayk
Pecnybnuku Tatapctau, PO

TPEXMEPHOE MPEACTABNEHUE HAMOIM/1bHbIX KAMHEW
N TEPPUTOPUW KNAABULLA BALL-BAJTTA

MocTpoeHne TPEXMEPHbIX MoAener Tepputopun Knagbulia M HaMOTUIIbHbIX Kam-
Hel OCyLecTBNANOCb B pamKax [MpoeKTa No OTHeCeHM UCTOPUKO-KYNbTYPHOW TeppUTO-
pun «MycynbmaHckoe Knagbuiwe cnobogbl buw-banta (XVI-XX BB.) KupoBckoro parnoHa
r. KazaHu Pecny6nukn TatapcTaH» K 06beKTam KyNbTypHOro Hacneaus B Bue JocTonpume-
yaTeNbHOro MeCTa, CorflacHo pacnopsaxeHunto KabnHeta MmHncTpos Pecnybnukm TatapcTtaH
Ne 232-p o1 15.02.2017 ropa.

B KoHTeKcTe npoekTa, cornacHo MepgepanbHomMy 3akoHy N 73-03 «O6 ob6beKTax Kysb-
TYPHOro Hacneama (NaMATHUKAX NCTOPUU N KYNbTypbl) Hapogos Poccuinckon Oegepaumm,
MycCyfibMaHcKoe Knagbuiye cnobonbl bruw-banta oTHocuTca K TpeTbel Kateropun J4OCTO-
npuMeYaTesIbHOro MecTa: NaMATHbIE MeCTa, KyNbTypHble 1 NPUPOAHble NaHAWwadTbl, CBA-
3aHHble ¢ uctopmern GopMMpPOBAHNA HAPOLOB N NUHbBIX STHUYECKNX OOLHOCTEN Ha Teppu-
Topumn Poccuinckon Oepepaumnm, nctopmyeckumn (B TOM UMCiie BOEHHbIMK) COOBbITUAMMU,
YKU3HbIO BbIAAIOLMXCA UCTOPUYECKUX TUYHOCTEN.

OcHoBHaA uenb NpoeKkTa — BblABNIeHMEe 0ObeKTa KyNbTYPHOro Hacneavsa B Buae [o-
CTOMprMeYaTeNbHOro MeCTa, YCTaHOB/IEHME TPaHUL, ero TeppuTopum, NpeamMmeTa oxpaHbl
1 TpeboBaHNI K OCYLLEeCTBNAEMON AEATENbHOCTM B FPaHULaxX 4OCTONPUMeYaTeIbHOro Me-
CTa, BKJIIOYEHMEe faHHOIo 06beKTa KyNbTypHOro Hacneausa B peectp 1 obecrneyeHune ero
COXPaHHOCTU N 3G PEKTUBHOTO GYHKLMOHMPOBAHUA B COBPEMEHHbIX YC/TOBMAX.

OpHa 13 3agay NpoeKkTa — NOCTPOeHMe TPEXMEPHbIX MOAeNer HaMOTMbHbIX KaMHeN,
TeppuTopun Knagbuila n npuneralen K Hel Tepputopun. MeTOgMKM U MHCTPYMEHTDI
CO3JaHNA TPEXMEPHbIX MOAENEN HAMOTUIbHbIX KaMHEN 1 TeppuTopun Knagbuwa pasnu-
YaKTCA 1 OCHOBBIBAKOTCA HAa BO3MOMXHOCTAX MPOrPaMMHOrO 1 TEXHUYECKOro obecneyeHums
oTaena reonHPopMaLUMOHHbIX TexHonorni npu NHcTntyTe apxeonorun Akagemmmn Hayk
Pecny6nukn TatapctaH. OCHOBHble 3Tanbl CO34aHNA TPEXMEPHbIX Modenet HAMOTUTbHbIX
KaMHeln 1 TeppuUTOpun Nccneayemoro yyactka npuBefeHbl Ha puc. 1.

NccnepoBaHna npoBoanancb B NOMIEBbIX U KaMepasbHbIX YCnoBuMAX. Ha HayanbHOM
STane BbINO/IHEHO 06CNefoBaHNe TeppuTopun 1 GoTodPrKcauma nccnesyembix 0ObEKTOB,
a TaKkxe c6op 1 aHanu3 MHGOPMaLUN O HAMOTUITbHbBIX KAMHAX, HAXOAALLMXCA Ha TEPPUTO-
pun Knagbuwa buw-banTa. MNepen Havyanom nccnefoBaHmii ObIIM CNNAHMPOBAHbI MapLU-
pyT CbEMKN N MeToauKka ¢oTorpadmpoBaHmA C Y4ETOM OCOBEHHOCTEN Pa3MepoB, CBETa
1 NONOMXEHUA HaMOTUIbHbIX KaMHel. Ha faHHOM 3Tane oyeHb BaXkHO BblOpaTb METOAMKY
CbHEMKM, KaUeCTBO 1 KonmuyectBo GpoTorpaduii, BINAOLMX Ha pe3ynbTaT NOCTPOEHMA TPEX-
MEePHbIX Moene HaMOrnIbHbIX KaMHel. [1na 3Toro Heob6xoanmo, YTobbl «cocegHme» ¢o-
Torpadumn umenu JOCTaToYHbIe NNIOLWAAMN NEPeKPbITUNA. TakKe HET HeobxoAUMMOCTU AenaTtb
6osbLioe Konnyectso doTorpaduii.

Mo pe3ynbTatam 06CnenoBaHUA TeppUTOPUMN ObITIO BbIABNEHO 25 HAMOTMbHbIX KaM-
Hel, KoTopbIM 6bin NpUcBoeH cBol Homep. MNepes GOTOCHEMKON Ha HAMOTUITbHBIN KaMeHb
6blna ycTaHOBeHa MacluTabHasA NMHerKa AnA TOYHOCTU fanbHENLLEro BOCNPou3BeaeHnsA
mogzenu. Kaxabll yyacToK KamHA 6bl1 3apUKCMPOBaH Ha He MeHee YeM BYX N306parkeHUsAX,
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""""""""""" . ! i [MTapannenbHO C NOCTPOEHNEM TPEXMEPHbIX MOAENEeN HAaMOTM/IbHbIX KaMHEW OCyLecT-
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; ; [ s st ] : BNANNCH PaboTbl MO CO3AaHMIO TPEXMEPHOI MOLENM TEPPUTOPVN KNaZbuLa 1 ero OKpecT-
: E T ; HocTeln. [1nAa aToro ucnonb3osanca moaynb ArcScene. B nporpammuon cpege ArcGlIS Bbl-
| ] I Hirscbeich “.mg.m“.-_,.] E nosHeH cbop M cncTemMaTtmauma AaHHbIX, MONYYEHHbIX B pe3ynbraTe Tonorpapuyeckon
5 : ] CbEMKM 1 noneeoro obcnenoBaHnA Tepputopuu. NepBoHayanbHO opraHM3oBaHa 6asa
(S .;.{ me;Jum". » oo J ; reofjaHHbIX, COAEpPrKaLLan pa3nNYHble TUMbl AaHHbIX, B TOM YMCie ANA XpaHeHns ¢oTorpa-
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A b1 HAMOTUNBbHBIX KAMHEN 1 AaHHbIX 06 apTedakTax, HaNAEHHbIX B NPOLecce apxeonoru-
UECKNX PaCKOMOK.
Pnc. 1.

JTanbl CO3AaHNA TPEXMEPHbIX MOAeNel HAMOTUbHbIX KAMHEN 1 TeppuTopun Knagbuiwa buw-banta

TeM caMbiM co3fiaHa cepusa doTtorpaduin. O6bekT poTorpadmpoBancs NoagpPoOHO, C pasHbIX
paKypcoB. B cpefHeM Ha Kaxayto nauty 6bino nonyyeHo no 40-50 potorpaduii.

Mo pe3ynbrataM CbEMKM MonyyYeHHble poTorpadum 6binm o6paboTaHbl B Mporpamme
Agisoft PhotoScan Professional. TpéxmepHble mogenu B yKazaHHOWM NporpamMmme CO3AatoTcA
no cepum dotorpaduii, uUmeroLmx obLLne TOUKN.

[nA KaXkgon HaMOTMAbHOW MANTbI CO34aH OTAENbHbIV NPOEKT, BKAYaoWwmnin potorpa-
¢unm obbekTa. Ha nsobpaxkeHus, cogepxalimne HexxenatenbHble 3G deKTbl, HanprUMep, TeHW
doTorpadoB, 6bINN HaHECEHbI MACKK, U 3TU YYacTKM ObUIM UCKNIOYEHbI U3 JanbHenLen
06paboTKn.

B npouecce noctpoeHuns mogenn Bce ¢otorpadun 6o BbIPOBHEHbI. Pe3ynbratom
3TOl onepauuy CTano paspexeHHoe obnako Toyek. OfHaKoO KpoMe camoro obbeKkTa pas-
pexeHHoe 06/1aKO BKITHOYASIO 1 HEKOTOPble HEKOPPEKTHbIE TOUKM, CBA3aHHbIE C OMOKamm
penpoeunpoBaHusa 1 TOYHOCTbIO onpefeneHna Kamep. ITU NIMILIHWE TOYKK Obinu ygane-
Hbl BPYYHYt0. [lanee ¢ NoMoLLbio cneuunanbHbiX UHCTPYMEHTOB 6bina HacTpoeHa KOpobKa,
B KOTOPYHO Obina NomelleHa MOgenb.

Mo pa3pexeHHOMY 0bnaKy TouyeK ObUIM MOCTPOEHbI MNNOTHOE 06/1aKO TOYeK, MOAeNb
n TekcTypa. Ha n3obpaxeHus, cogepawme maclutabHyo NMHENKY, NPOCTaBAANNCL Map-
Kepbl, MO KOTOPbIM OTMEPANNCH PACcCTOAHMA. ITa onepauus bbina Heobxoanma AnA 3aja-
HMA MacluTaba oOBbEKTY.

B JaHHbIX nccnefoBaHUAX BaXKHbIM MOMEHTOM ABMIAETCA HE TONbKO CO3AaHne Tpéxmep-
HbIX MOZENEeN, HO N U3yYeHne N oNncaHne COXPaHMBLUMXCA Hagnucen (anmtadpun) Hamo-
rUNbHbIX NANT. BudyanbHoe obcnefoBaHme He Bcerga No3BoniAeT pa3rnageTb AeTanm oob-
ekTa. [o3ToMy chenaHa nomnbiTKa MCMNOSIb30BAHNA He CaMUX TPEXMEPHbIX MOAENen, a nx Puc. 2.

NPOEKLNI Ha NNOCKOCTK, TaK Ha3biBaeMbiX OPTOPOTOCPE30B. YUNTbIBAA, UTO 3a4acTyHo 3TU Mapkepbl Ha TpéxmepHon Mmoaenu. PeKOHCTPYKLMA aBTOPOB
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Puc. 4.
TpéxmepHas Mmogenb TeppuTopumn Knagouwa buw-banta c ngeHTUdrKaumnen oobekTa.
PekocTpyKuma aBTopoB

NcxopHble gaHHble AnA NOCTPOeHUA TPEXMEPHON Moaeny TeppuTopumn nccnegyemoro
0o6beKTa — 3TO AaHHble reofie3MYecKor CbEMKIM (OTMETKM BbICOT), iaHHbIE ANCTAHLMIOHHOMO
30HANPOBaHUA UCCIeayeMoro yyacTka u potorpadpuim HAMOTUbHBIX KAMHEN.

ANropvt™ NOCTPOEHNA TPEXMEPHOWN MOAeNn CneayoLwmnii:

— MNOCTPOEeHMe TPEXMEPHON Mmogenu penbeda MeCTHOCTY;

— pobaBneHve KOMMYHUKaUMA U NHPPaCTPYKTYpbl UCCNeayeMON TeppUTOpUK: JOPOr,
CTPOEHNA, OrpaxaeHuns, CTPOMTENbHAA MOLWAAKA, IMHMW 3NeKTponepeaay v apyrme
06beKTbl, NPMCBOEHKE UM 6A30BbIX BbICOT A1 COBMELLEHNA C MOBEPXHOCTbIO penbeda;

— pobaBneHve ToYeYHbIX 06 bEKTOB: HAMOTUSIbHbIX KAMHEN, PaCTUTENBHOCTU C MPUMEHE-
Huem TpEXmepHbIX cMMBONOB ArcScene;

— odopmneHne 1 MakCMManbHOe NPUBELEHNE MOLENN TEPPUTOPUN NAMATHMKA K COBpe-
MEHHOMY COCTOSIHUIO.

TpéxmepHaa mopenb penbeda MeCTHOCTM NOCTPOeHa NYTEM CO3[aHUA MOBEPXHOCTU
N3 BXOAHbIX 3HAYEHW BbICOTHbIX OTMETOK: MCMONIb30BaH MHCTPYMeHT TopotoRaster mo-
ayna 3DAnalyst, KOTopbii MO3BOAUA NOMYUYNUTb PACTPOBYIO MOBEPXHOCTb. [Ana oTobpaxe-
HMA TOYEUHbIX (OepeBbA, CTONObI IMHNUIA 3NeKTponepeaay 1 Ap.) U IMHENRHbIX (Zoporu, nu-
HUW 3neKTponepenay, orpaxkaeHunsa) oo6beKkToB 6bina NCNosib3oBaHa 6ubMoTeKka cTunen
3DAnalyst, koTopasa nNpegocTaBNAeT BO3MOXHOCTb UCMOMIb30BaTb Pa3fiyHble CUMBOSbI,
NMUTUPYIOLME 0OBEKTDI, HAXOAALMECA Ha TEPPUTOPUM MAMATHUKA.

Ha nonyumBluyoca mogenb MECTHOCTY C MOCAAKON KOMMYHMKaL M 1 06beKToB nHpa-
CTPYKTYpPbI 6b1n1n fo6aBNEHbI HAMOTWU/bHbIE KAMHM B BUAE TOYEK U MPUMEHEHbI A1 HUX
3D-cMBOSIbI C BO3MOXKHOCTbIO MAEHTUGUKALMN 06beKTa. Kaxabii 06bekT Mogenn Hamo-
rMAbHOTO KaMHSA COQEPXUT JaHHble MPOCTPAHCTBEHHOM MPUBA3KN, BbICOTbI M TPEXMEPHbIE
mogenu B popmarte dae, cozgaHmne KOTOPbIX ONUCAHO Bbile (purc. 4).

Taknm obpa3om, B paMKax JaHHbIX UCCNefoBaHUA Obiin pa3paboTaHbl TPEXMEpPHbIE

Puc. 3. OptodoTtocpes moaenu: MOZENN HaMOTUJIbHbIX KaMHel 1 mogenb TeppuTopun knagbuwa buw-banTa ¢ ncnonb3o-

a - akcnopt B dopmar tiff; 6 — nocne npumeHeHns MHCTpymeHTa «OTMbIBKa». BaHMEM reoMHPOPMALNOHHBIX TEXHOMOMMIA, CNOCOBCTBYIOWMX AafbHeNWeMy Pa3BUTMIO

PeKkocTpyKLuA aBTOpOB CyLLeCTBYIOLWMX METOAUK U TEXHONOTUIN, NCNOMNb3YeMbIX B apXeONoruu.
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LANDSCAPE ARCHAEOLOGY AND OLDEST MONUMENTAL
BUILDINGS IN OMAN — MAGNETOMETRY NEAR THE
GEOMAGNETIC EQUATOR

Introduction

The UNESCO World Heritage Site of Bat al-Khutm and al-Ayn in Oman (fig. 1) represents
one of the most complete and well preserved ensembles of settlements and necropolises
from the 3rd millennium BC with the two main periods: Hafit (ca. 3100-2700 BC) and
Umm an-Nar (ca. 2700-2000 BC). Started with the Hafit period settled agricultural villages
occurred in this arid climate with farming, irrigation systems, metallurgy, ceramics and
necropolises (tombs and towers). Exploring the site of Bat by excavations commenced
in the 1970s (e.g. Frifelt 1976, 57-76). In 2004, a German team started the “Bat Research
& Restoration Project” in Bat and al-Ayn (Béhme et al. 2008). Current studies on the Early
Bronze Age archaeology have a broad regional focus in which the relationships between
sites and landscape regions are of key interest (projects to name like one by C. P. Thornton
& C. Schmidt (Thornton, Schmidt 2015, 155-163) or by C. Schmidt (Schmidt, Dopper 2017b,
121-122).The applied methods for landscape archaeology concentrate mainly on analyzing
satellite images, field work, limited size excavations (e. g. for tombs, house structures), and
use of GIS technologies. A recent geoarchaeological study of the Wadi Sharsah valley in
Bat combined the work of geomorphologists, micromorphologists, archaeobotanists and
malacologists (Desruelles et al. 2016, 52).

One rarely applied prospection method in Oman is caesium magnetometry in
duo-sensor-configuration, which is in particular suited for palaegeographic and
geoarchaeological modelling. In our opinion this method could substantially contribute
to solve archaeological questions and should be more consistently applied. This will
be illustrated by two examples, the magnetometry from 2006 at Bat and from 2017 at
Al-Khashbah.
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Fig. 1.
Archaeological sites of Oman including Bat and Al-Khashbah marked with red stars.
Projekt Al-Khashbah, Universitét Tibingen, 2017

Magnetometry 2006 in BAT and its subsequent use in archaeology

At Bat near lbris the largest and best preserved Bronze Age necropolis of Oman with
fortification towers, settlements and irrigation installations for agricultural cultivation was
discovered. Initiated by G. Weisgerber and funded by the Ministry of Heritage and Culture
(Oman) a caesium magnetometry survey was carried out in 2006 with a threefold objective:
1. To investigate the large area (4.6 ha) of the flat alluvial lands of the Wadi Sharsah for
archaeological remains, in particular settlements. This part is known for having, at least,
eight Bronze Age towers, over 500 tombs and medieval watch-towers; 2. To search for
pits in the vicinity of Bronze Age tombs in the northern hills; 3. To investigate a Danish
excavation site from the 1970s with a Bronze Age settlement located at a steep slope of the
northern hills (B6hme, Schweitzer 2007).
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Fig. 2.
Flat alluvial plain of the Wadi Sharsah, Bat, with the caesium-magnetometry 2006 of 4.6 ha
(1st survey). Zone A: strong background magnetization caused by near-surface geological features,
lightning strike (in yellow). Zone B: two large interconnected circular structures | and Il. Excavation
sites from the American Team 2007 (in blue) and German Team 2011 (estimated location in red).
Zone C: area void of clearly visible archaeological objects. Zone D: area of ancient walls protecting
the site against the overflooding Wadi. Magnetogram: C. Schweitzer, photo image: National Survey
Authority Muscat, Sultanate of Oman

The raw magnetogram from the first survey suggests the subdivision of the main
prospection site (ca. 4.5 ha) into four subzones (fig. 2). The north-western subzone A is
characterized by a strong background magnetization caused most probably by near surface
igneous rocks either deposited as debris or autochthonous and lightning strikes. The
subzone B southeast encloses two large interconnected circular structures with a diameter
of ca. 60 m for the western structure (I) and ca. 50 m for the eastern (Il) respectively. The
south-eastern subzone C seems to be almost void of archaeological objects and shows no
indications of settlement structures like house foundations, ditches or pits. The subzone D
to the south reaches to the edge of the Wadi. Several old walls, mainly built with boulders
of limestone, are protecting the site to prevent the Wadi from flooding the site.

The monumental circular features beneath two round hill rocks in zone B attracted the
interest of archaeologists. In 2007, an American team (Possehl, Thornton 2007; Thornton,
Cable 2016,8-11) started to investigate the two circular structures by small excavations and
found remnants from the Umm An-Nar period (fig. 2). A German team continued in 2011
on the western structure and found walls and a Building Il (Schmidt, Dopper 2014, 206—
210). Both teams could uncover only a small percentage of the two large interconnected
monuments (0.8 ha incl. annexed structures) which is probably too small to understand the
essence of this unique monument. It is therefore important to integrate the magnetogram
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into the archaeological interpretation process and extrapolate correlated finds across the
site. This still has to be done.

In 2010, a geoarchaeological study was started by an international team, aimed to
understand the sedimentary history of the Wadi Sharsah valley and to reconstruct the
Neolithic-lron Age environment in Bat (Desruelles et al. 2016, 42). The study involved
geomorphologists, micromorphologists, archaeobotanists and malacologists, but did not
include geophysicists. That might explain why magnetometry was not included, especially
not in areas with a concentration of archaeological remains. For some of the questions
asked by the study, like the zonation of the landscape, agricultural practices of the
floodplain and the occurrence of archaeological remains, magnetometry is an adequate
method to contribute to the answers as shown above. Animportant advantage of a caesium
magnetometer applied in the so-called duo-sensor-configuration compared to other
magnetometer types is the fact that we get also information from deeper soil horizons,
which allows us also to illuminate the subjacent archeological horizon of alluvium down to
3 m depth as it was done in the Wadi Sharsah.

The second survey of 2006 was conducted on the northern terrace with numerous
tower tombs of the Umm an-Nar period and uncovered a burial pit next to Tomb 154 which
was shortly afterwards excavated and yielded human bones and pottery from the Umm
an-Nar period (Bbhme 2012, 114-116).

The third survey at the steep settlement slope of the northern hill could prove the
existence of more houses next to the Danish excavation site from the 1970s (fig. 3). Caesium
magnetometry is probably the only non-destructive and non-invasive method to prospect
archaeology in this uneven and rough terrain.

Fig. 3.
Steep settlement slope on the northern hills of Bat with the excavation site of the Danish mission
in the 1970s (Frifelt 1976). Caesium-magnetometry in 2006 on a test area of 0.1 ha could detect
remnants of Bronze Age house foundations. Photo: M. Bohme
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Magnetometry 2017 in Al-Khashbah

The site of Al-Khashbah is located at the southern foothills of the Al-Hajar mountains and
covers an area of about 5 km west-east and 2.5 km north-south (Schmidt, Dopper 2017b,
122-123). Consisting of several Wadi and elevations, it also has shallow limestone outcrops
crossing the Wadi Samad (Schmidt, Dopper 2017a, 1). In the region around Sinaw Al-
Khashbah is the largest known 3rd-millennium BC site which has at least nine monumental
round buildings or towers (Schmidt, Dopper 2017a, 1). Among them is one unique
rectangular building. The site was first mentioned and discovered by G. Weisgerber in the
late 1970s (Schmidt, Dopper 2017a, 1; Projekt Al-Khashbah, Universitat Tibingen 2017).
Since 2015, a German team under direction of Conrad Schmidt (University of Tiibingen)
has been investigating the early phase of the cultural and socio-economic developments
of the Bronze Age in inner Oman and in Al-Khasbah (Schmidt, Dopper 20173, 1; Projekt
Al-Khashbah, Universitat Tibingen 2017). The starting point was an intensive field-walking
survey where in more than 20 ha in total 18,000 objects were documented using GPS to
integrate the data in web GIS (Schmidt, Dépper 2017a, 1; Schmidt, Dopper 2017b, 126).
The data of the survey in 2015 are available for the public at https://www.archaeoman.de/
al-khashbah-webgis/. The results have been correlated with an aerial survey, geophysical
surveys as well as archaeological excavations (Schmidt, Dopper 2017a, 1-3; Schmidt,
Dopper 2017b, 124-126, 134).

The oldest features at the site are from the Hafit period: three round buildings are made
of stone; there is also a monumental structure made of mudbrick and at least two towers
as well as Building | from the same period (Schmidt, Dépper 20173, 1). Additionally 205
tombs of the same period are situated on small elevations respectively on smaller hills;
they are constructed above the ground with stones in the form of a cone (Schmidt, Dopper
2017a, 1).

In the following Umm an-Nar period one domestic building (Building X) is documented,
as well as five monumental round buildings, which are made of stone, and six towers
(Schmidt, Dopper 2017a, 1-2). The number of burials is less than in the Hafit period, they
are erected also above ground and built of stone but are larger and upstanding in the plain
(Schmidt, Dopper 2017a, 1-2). Six tombs have been discovered from the Wadi Suq period
(2000-1600 BQ), thereafter a long hiatus shows up until the late Islamic period (Schmidt,
Dopper 20173, 2). Later the area was resettled, for example, in the modern palm oasis and
in the village of Safrat al-Khashbah which is now abandoned (Schmidt, Dopper 20174, 2).
Three aflaj irrigation systems (aflaj is plural of falaj, Arabic for ancient water channels) were
also recorded there (Schmidt, Dopper 20173, 2).

The first geophysical prospection at the site of Al-Khasbah was carried out in 2015 by
Jason Herrmann from the University of Tubingen. He investigated Buildings I, V and VI
using a Bartington Grad 601-2 magnetic gradiometer (Schmidt, Dépper 2017b, 137).

In 2017, the area north of the first survey was explored (Area B), including Building XI,
furthermore the Islamic graveyard and some Umm an-Nar tombs east of the main site
(fig. 4). For magnetic prospecting, we used a caesium magnetometer Scintrex Smartmag
SMA4G in the so-called duo-sensor-configuration with a sampling density of 12.5 x 50.0 cm,
interpolated to 25 x 25 cm (Fal3binder 2015).

The most prominent results of magnetometry are large ditch systems around Building
| as well as Building XI, surveyed both in 2015 and 2017 in Area B. They contain several
buildings and other unknown features and enclose small natural elevations next to the
Wadi (Schmidt, Dépper 201743, 5). Building | (80 x 80 m) consists of at least three almost
rectangular features with a diameter of 20 m which are overlapping and smaller ones to
the east (Schmidt, Dopper 2017a, 5; Schmidt, Dépper 2017b, 146-152). Due to the shallow

208

3Virtualnaya_arxeologiya_2018.indd 208-209

Fig. 4.
Overview of the site with the magnetogram of the 2017 survey; grey-shade plot of +/- 25 nT
from black to white, sampling density 12.5 x 50.0 cm interpolated to 25 x 25 c¢m, intensity of the
Earth’'s magnetic field 43640 £100 nT, inclination ca. 30° (2/2017). Magnetogram: J. W. E. FaBBbinder,
M. Scheiblecker; orthophoto: Universitat Tiibingen
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inclination of the Earth’s magnetic field (ca. + 30°) the resulting magnetograms reveal z40m -
a large white “shadow” in the north of all the induced magnetic anomalies. Thus for the
interpretation we have to take into account a large shift of the total field magnetic anomaly
(FaBBbinder, Gorka 2011, 45-48; FaBbinder 2015, 90-92). All structures are surrounded
by large ditches up to 4 m wide and 3 m deep, proved by excavation (Schmidt, Dépper
2017a, 5; Schmidt, Dopper 2017b, 151). Both survey and excavation revealed slag and
stone tools indicating copper processing and stone tool production in this area (Schmidt,
Dopper 2017b, 127). Building | is dated to the late Hafit period around 2800 calBC due
to radiocarbon dating of charcoal samples (Schmidt, Dopper 2017a, 6; Schmidt, Dopper
2017b, 151).

Building XI (fig. 5, 6) was investigated in 2017. The survey area was enlarged to the east
and south (in total 180 x 220 m). Due to the shallow inclination of the Earth’s magnetic 180 m
field, the magnetogram shows again positive anomalies (dark) with a white shadow in W
the north. The mound of Building Xl rises up to 2 m above the surrounding landscape.
The magnetogram revealed at least two oval-shaped ditches enclosing the mound with
a diameter (of the outer ditch) of 65-80 m. Both ditches are 3 m wide and up to 3.5 m deep; o
maybe they are open in the northeast because they can’t be traced very clearly there. In the 5
center of the ditch system, we found, very probably, the layout of houses, cellars, and pits. TR mn;"ﬁ'*r‘““,g“:;
Building I and Xl are not comparable by their different layouts. While Building | is dating to
the Hafit period, it is likely that Building Xl belongs to the latest phase of the same period
or to the beginning of the Umm an-Nar period with respect to the comparable structures T
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Fig. 6.
Magnetogram of the 2017 survey of Building Xl and the surrounding area; grey-shade plot of + 30 nT
from black to white and + 12 nT for high-pass filter, sampling density 12.5 x 50.0 cm interpolated
to 25 x 25 cm, intensity of the Earth’s magnetic field 43640 +100 nT, inclination ca. 30° (2/2017).
Magnetogram: J. W. E. FaBBbinder, M. Scheiblecker

discovered in Bat (Possehl, Thornton 2007). Just east and south of Building Xl slight traces
of further ditches show up in the magnetogram as well as other manmade archaeological
features.
The south-eastern part of the magnetogram revealed a magnetically disturbed area in
rectangular shape suggesting destroyed architecture or a graveyard. The magnetogram
Fig. 5. revealed also two very strong remanent anomalies, which were clearly identified as the
Building XI - view to the west. Photo: M. Scheiblecker traces of lightning strikes.
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We also investigated the Islamic graveyard (fig. 7) as well as six tombs of the Umm an-
Nar period (fig. 8). On the magnetogram (fig. 9, upper part) which covers the Islamic graves
we only found a few traces of the tombs themselves. The stones used for the bordering
of the graves are partly upstanding, some of them are translocated (fig. 7). The magnetic
signal of the stones reveals similar values that the adjacent top soil; therefore, only a few
burials were traced as rectangular features, sometimes with rounded edges. In addition,
two further unknown linear features almost in parallel from west to east became visible.
They cross the graveyard; other linear structures were found in the north-south direction.
The burial chambers overlie the linear features, indicating that they are older. The
archaeological material which was found here during the survey consists, to a great extent,
of metal objects, especially slag (https://www.archaeoman.de/al-khashbah-webgis/).

The lower part of the magnetogram (fig. 9) shows the investigated Umm an-Nar grave
mounds, where some of the outlines of the mounds in the form of stone circles as well as
a few chambers can be visualized. Furthermore, lightning strikes hit the area of the burial
mounds. Here, too, the topsoil and the stones used for constructing the chambers and
the mounds can be hardly distinguished because of their similar magnetic properties.
The predominant survey material at this site is Early Bronze Age pottery (https://www.
archaeoman.de/al-khashbah-webgis/).

Summary/Conclusions/Recommendations

The focus of ongoing and forthcoming archaeological studies in Oman Peninsula
is to unravel the living conditions of the Bronze Age society in the 3rd millennium BC in
an arid climate and to uncover the meaning and organization of their settlements with

Fig. 7.
Measuring the Islamic graveyard with a Scintrex Smartmag SMG-4 with duo-sensor-configuration on
an uneven ground. Photo: M. Scheiblecker
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Fig. 8.
Magnetic investigation of the Umm an-Nar period tombs; Scintrex Smartmag SMG-4.
Photo: J. W. E. FaBbinder
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Fig. 9.

Magnetogram of the Umm an-Nar period graves; grey-shade plot of + 20 nT from black to white and
+ 12 nT for high-pass filter, sampling density 12.5 X 50.0 cm interpolated to 25 X 25 cm, intensity of
the Earth’s magnetic field 43640 100 nT, inclination ca. 30° (2/2017).

Magnetogram: J. W. E. FaBbinder, M. Scheiblecker
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large, circular monuments, their agriculture with irrigation systems, their metallurgy
and necropolises with tombs and towers. Landscape archaeology as well as small-scale
excavations of individual objects can be successfully complemented and completed by
caesium magnetometry as demonstrated on two sites in Bat (2006) and Al-Khashbah
(2017).

In Bat we discovered two so far unknown circular monuments of the Umm an-Nar
period, pits in the neighbourhood of tombs, houses at the steep settlement slope in the
rough terrain of the northern hill and we performed a geoarchaeological zonation in one
part of the Wadi Sharsah.

In Al-Khashbah comparable monumental structures could be uncovered consisting of
ditch systems with architecture in the center. A few tombs of a very early phase have been
investigated, showing details of their construction in the magnetogram. In completion, the
Islamic graveyard was geophysically surveyed. Material of the field survey provided further
very important information.

These case studies show the wide range and the potential of magnetic prospection.
Also other geophysical methods, in particular GPR, should be tested. A prerequisite of
successful application should be the full integration of geophysics into the prospection
process in close cooperation of archaeologists and geophysicists.
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MAGNETIC INVESTIGATIONS IN THE SHAHRIZOR PLAIN,
IRAQI KURDISTAN

Introduction

Archaeological features, such as architecture etc. can be traced by high resolution and
large-scale magnetometer prospecting. Moreover, soil magnetic data deliver additional
information about the alteration of the ancient landscape. In combination with an
archaeological survey, the geophysical results can provide information to reconstruct the
spatial organization within these settlements as well as an epoch-spanning analysis of
settlements and their role in urbanization processes and within settlement hierarchies.

Our case study is focusing on the area along the Wadi Shamlu, situated within the
Shabhrizor plain (fig. 1) in northeastern Irag, where more than 30 ancient settlements were
documented and surveyed; the projectis funded by Gerda Henkel Stiftung. The area consists
of a few multi-period settlements (Gird-i Shamlu, Tell Begum) and of a multitude of single-
phase settlements or farmsteads. The sites, dating from the Neolithic to Islamic period,
are archaeologically surveyed and verified by pottery findings. The first magnetometer
surveys in the Shahrizor plain were already undertaken in 2014. They revealed structures
of settlements and traces of a Parthian temple at four sites (fig. 1). In spring and autumn
2017, we investigated flat ancient settlements during two geophysical campaigns. These
sites are visible on the surface by a slight elevation and grey soil color. The survey brought
to light distinct archaeological features such as remains of buildings, which contain rows
of rooms including installations such as ovens or kilns. Furthermore, geoarchaeological
features such as ancient river beds and irrigation canals were detected in proximity of
these sites. Such features are often covered by sediments and rarely attested by remote
sensing methods in this region.

The region

The Shahrizor plain (fig. 1) covers approx. 1300 sq km, forms a large valley at the foothills
of the Zagros Mountains and is situated in the provinces Sulaymaniyah and Halabja
in Iragi Kurdistan, close to the Iragi-lranian border. The valley is situated in the rain fed
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Fig. 1.
The Wadi Shamlu within the Shahrizor plain; sites magnetically surveyed
up to 2016 are marked with red triangles.
Image: S. Mihl

agriculture zone, southeast of the provincial capital Sulaymaniyah (Muhl, FaBbinder 2015,
113; Mihl, Nieuwenhuyse 2016, 37-38). The plain forms one of the most fertile regions of
Iraq (Mihl 2010, 48). The main river Tanjero runs from northwest to the southeast, joined
by headstreams and seasonal streams of the surrounding mountains and the Sirwan River
to the Diyala River, which connects the region with central and southern Mesopotamia
(Altaweel et al. 2012, 3). The Wadi Shamlu in the center of the Shahrizor plain carries water
during the whole year. The water flows in the north-southern direction and nowadays runs
into the Darband-i Khan reservoir (Nieuwenhuyse et al. 2016, 258). Until the 1950s, it joined
the Tanjero River (Nieuwenhuyse et al. 2016, 258). In the framework of the Shahrizor Survey
Project the remnants of 31 ancient sites were discovered and investigated alongside the
Wadi Shamlu already explored in 2012 and 2013.The sites date from the Neolithic to Islamic
periods (Altaweel et al. 2012, 20).

The Shahrizor Survey Project combines newest methods of archaeological, geological,
geophysical and archaeobotanical exploration and prospection; its results are linked with
historical sources to investigate the history of the landscape and its habitation (Altaweel
etal. 2012, 1). Since 2009, an international team investigates tell sites in the Shahrizor plain
by analyzing satellite images and by archaeological field survey done in collaboration with
the Directorate of Antiquities in Sulaymaniyah (Miihl 2010, 48; Altaweel et al. 2012, 1; Miihl,
Nieuwenhuyse 2016, 27-28). CORONA-satellite images of the 1960s as well as modern
Quickbird images deliver a basis for remote sensing (Albertz 2001, 106-153; Fa3binder
etal. 2015, 72; Matouskova et al. 2015, 331-332), which was used to detect archaeological
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sites for targeted investigations. At the Wadi Shamlu, 31 sites were identified by satellite
image analysis and were verified by ground based archaeological field survey. Excavations
were undertaken at the larger settlement mounds of Tell Begum (Leiden University) and
Gird-i Shamlu (LMU Munich). These investigations were accompanied by magnetometer
prospections in 2014 (fig. 1, red triangles; Muhl, Fal3binder 2016).

Geophysical methods

Magnetometer measurements reveal archaeological structures as well as geo-
archaeological features in the ancient landscape. Archaeological and geological subsurface
structures, such as stone and mudbrick/baked brick architecture, ditches, pits, graves,
ovens or kilns, canals and ancient river courses or ancient roads cause weak disturbances
of the Earth’s magnetic field and that can be visualized by sophisticated digital image
processing (Becker 1996, 73-74; Fal3binder 2007, 53; Neubauer 2001, 18-22; Scollar et al.
1990, 422-423; Wilkinson 2003, 40). In combination and by fusion of further prospecting
methods - aerial archaeology, satellite imagery, field survey — research questions in
respect of emergence and further development of settlement systems can be answered.
To investigate the settlements of the Wadi Shamlu we chose magnetometer prospecting
as the most effective and suitable method for clayey soils on alluvial subsurfaces and
geological background (Fal3binder 2007, 53). Two types of instruments have been applied,
the Smartmag SM4G-Special (Scintrex; fig. 3) and the Geometrics G-858-Special, both
systems as total field magnetometers in a so-called duo-sensor variometer configuration.
The instruments were used to investigate four selected sites (SSP-58, SSP-59, SSP-60, SSP-
57) near Tell Begum and three sites (SSP-35, SSP-40, SSP-42) in the vicinity of Gird-i Shamlu
(fig. 2). This paper will focus on the three sites mentioned first.

For the magnetometer survey of the flat settlements, we set up a 40 X 40 m grid system
and surveyed in zig-zag mode with a sampling density of 12.5 cm and a traverse interval
of 50 cm with duo-sensor-configuration (FaBbinder 2017, 500). The magnetometer probes
were fixed on a wooden frame and were carried at a height of 30 cm above the ground
(Fal3binder 2017, 500). The advantage of total field magnetometers in such a configuration
is obvious; compared with gradiometers we measure anomalies with up to five times higher
intensity thus by an extremely higher sensitivity and hence also get more information from
deeper soil horizons from up to approx. 1 to 3 m depth (FalBbinder 2017, 500). The data of
the measurements are recorded and stored by the read-out-unit as a binary file; afterwards
we download and process the data as a grey shade image called magnetogram.

To verify the results of the magnetometer measurements in detail and to discriminate
and distinguish materials, additional measurements of magnetic susceptibility were
conducted. Both the natural top soil and the underlying undisturbed sediments,
archaeological materials and fragments of mudbricks as well as a soil profile that we found
on a new field boundary that contained remnants of ancient mudbrick architecture were
documented and measured by the Kappa meter SM 30 (Zh-Instruments). Moreover, we
collected soil samples of the site that will be analyzed by rock magnetic measurements
in the laboratory in Munich for a more complete understanding and interpretation of the
magnetometer survey.

SSP-58

The magnetometer survey of the first settlement (SSP-58; fig. 4) north of Tell Begum
revealed a positive elliptical anomaly, which opens to the north. Due to the low magnetic
intensity, it could be a ditch, a wall or a limitation of the site. Outside of the feature, at
least three to five strongly positive magnetic anomalies can be detected. Due to the high
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Fig. 2.
Results of geophysical measurements in the surrounding of Tell Begum and Gird-i Shamlu.
Map: M. Scheiblecker

intensity and their direction towards the Earth’s magnetic field, we interpret them as
ovens or kilns. Inside the semi-circle, the magnetogram reveals both positive and negative
anomalies with regular and linear shapes. We found rectangular features but also rounded
structures and we interpret them as remnants of architecture and buildings. The used
architectural materials reveal both negative and positive magnetic anomalies, but due
to their low magnetic intensity, they do not imply baked bricks or high magnetic stones,
but consist rather of rammed clay or sun-dried mudbricks. A multitude of further positive
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Fig. 3.
Surveying SSP-59 in front of Tell Begum with the Scintrex Smartmag SM4G-Special in zig-zag mode;
view to the southwest. Photo: J. W. E. Fal3binder
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Fig. 4.
Interpreted magnetogram of SSP-58. Magnetogram: M. Scheiblecker
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Fig. 5.
Interpreted magnetogram of SSP-59 and SSP-60. Magnetogram: M. Scheiblecker

anomalies represents inhomogeneity of the ground, which is caused probably by pits as
well. They could have served as storage pits, but they could be also traces of animals.

The ceramic assemblage indicates a late Neolithic or Chalcolithic date (Muhl,
Nieuwenhuyse 2016, 41, fig. 10), and it is comparable to the pottery from the excavation of
Tell Begum (Muhl, Nieuwenhuyse 2016, 42, fig. 11 and 43, fig. 12). The features discovered
through magnetometry are characteristic for farmsteads from the Neolithic period, described
by Bernbeck (Bernbeck 2013, 53, fig. 3) and Frangipane (Frangipane 2013, 95, fig. 6.6).

SSP-59 and SSP-60

The sites SSP-59 and SSP-60 were chosen because of their close neighborhood within
an area of 200 x 200 m. They are located northeast of Tell Begum and east of SSP-58
(fig. 3 and 5). Linear features are found throughout the whole magnetogram. Often they
show right-angled orientation. They can be reconstructed as single rooms or as buildings
with rows of rooms inside. The weak positive anomalies, respectively the negative linear
anomalies, indicate mudbricks or limestone as building material. A lot of limestone
fragments and blocks are scattered over the field and prove this assumption. Furthermore,
remnants of mudbricks were observed at the southern limit of the survey area, where
a new field boundary cuts ancient architecture. There, a section was cleaned of which the
lower part revealed mudbrick wall remains; this can be verified by our measurements of
the magnetic susceptibility. The deviation of the magnetic susceptibility data between the
natural soil (0.302 [10-3 SI]) and the mudbrick (0.294 [10-3 Sl]) is almost low or neglectable.
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Besides these remnants of architecture, the magnetogram revealed several ovens/kilns
both inside and outside the buildings. Further positive anomalies could be pits.

Pottery collected at the site SSP-60 indicates an Early Bronze Age and Medieval date.
The lower town of Gird-i Shamlu revealed a similar pattern of rooms along narrow streets
during the excavations in 2016 and 2017. Furthermore, the layout of SSP-60 reminds of
architecture at Kazane Hoyuk (Creekmore 2014, 53, fig. 2.7 Q). It consists also of rows of
rooms or buildings with intermediate streets just as Titris Hoylk (Nishimura 2014, 86,
fig. 3.3). But the formal similarities of course need further investigation.

Conclusion

During the late Neolithic, respectively the Chalcolithic, period, the Tell Begum cluster
(fig. 2) consisted not only of the main mound with an upper and lower town (Hijjara 1997,
127-129; Nieuwenhuyse et al. 2016, 258; Miihl, Nieuwenhuyse 2016, 40-43), but also of
further related small settlements in the northern and the southern area. The northeastern
site was first populated during the Early Bronze Age and contributes to the younger history
of Tell Begum.

The case study of the sites near Tell Begum provides us with agood example for the potential
of an interdisciplinary approach towards a complemented archaeological interpretation
of results derived from high resolution geophysical prospecting, remote sensing and soil
magnetic measurements in combination with ground based archaeological survey.
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RECONSTRUCTION OF THE DIOCLETIANIC FORTRESS IN BABYLON
OF EGYPT: SOURCES AND RECONSTRUCTION ARGUMENTATION

Introduction

The paper is dedicated to the virtual reconstruction of the Late Roman fortress of
Babylon, located in the district now known as Old Cairo. The aim of the reconstruction is
to show the architectural and constructional peculiarities of the best-preserved parts - the
southern gatehouse and the round towers flanking the Amnis Trajanus.

The history of the fortress research

Thefortressis mentioned in the Déscription del’Egypte (DE.T.5.Pl.20) and has been explored
and recorded since the end of the 19th century. From the 1990s onwards archaeological
investigations have accompanied conservation work and the lowering of the groundwater
level in the area, and the results of this work and explanation of its importance for the origins
of the city of Cairo have been published (Grossmann et al. 1994; Lambert 1994; Sheehan
1996; Grossmann et al. 1998; Sheehan 2010; Sheehan, Gascoigne forthcoming).

The fortress description

The fortress is situated in the southern part of modern Cairo. The earliest mention of
a Roman fortification at Babylon can be found in the works of Strabo, who visited Egypt
in 25-24 BC. According to him, Babylon was the location of a military camp (Strabo. The
Geography. XVI1.1.30), and one of the three legions in Egypt at that time was quartered
there. During the reign of the Emperor Trajan, the entrance to the ancient canal linking the
Nile to the Red Sea was shifted to Babylon and a stone harbour with massive embankments
constructed there (Sheehan 2010, 35-53). Under Diocletian this entrance to the canal from
the Nile was enclosed within a massive fortress (Sheehan 1996, 95; Sheehan 2010, 55-75).

Babylon was situated at the junction of important routes by both water and land, i.e.
the Nile, the Red Sea Canal (Sheehan 2010, 35-53), as well as important routes running
north-south along the east bank of the Nile and crossing the river east-west via the island
of Roda (Sheehan 2010, 65-66). Babylon thus stood on the routes from the Nile Valley and
Sinai Peninsula to Alexandria — the port through which no less than one third of its grain
supply was exported to Rome.

Just as in Luxor (ElI-Saghir et al. 1986) and Nag el-Hagar (Wareth, Zignani 1992),
U-shaped towers at Babylon were set along the walls, and the corner towers were square
(fig. 1). However Babylon's fortifications were much more substantial - around 12 m high
and 4 m thick (Sheehan 2010, 72, fig. 36), against around 5 meters in Luxor and Nag el-
Hagar, and were made of stone and burned bricks in opus mixtum, while in Luxor they
were made of mud bricks. This ruggedness seems unique for Roman fortifications in Egypt
(Karelin et al. forthcoming). The fortifications of Babylon (and apparently those of the
contemporary fortress of Nikopolis in Alexandria, now no longer extant) were huge due to
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Fig. 1.
Axonometric reconstruction of the Roman Fortress of Babylon and the entrance
to the Amnis Trajanus ca. AD 300. Drawn by Nicholas Warner

its strategic location guarding the approaches to Egypt and Alexandria from the East, and
were therefore intended to resist an enemy, such as the Sasanian or Palmyrene empires,
that was skilled in siege warfare. The other fortresses for the field army didn't need to be so
massive because they acted more as bases against local lightly armed raiders and were not
intended for long sieges (Lander 1984, 258; Gregory 1995, 150).

The fortress of Babylon was laid out in two parallel enclosures on either side of the
canal. In the centre of the southern wall of the eastern enclosure there is a well-preserved
gatehouse (fig. 2), above which the Coptic “Hanging Church” (Al-Mu‘allaga) was later
constructed. The southern half of another gate set in the centre of the eastern wall of the
fortress also survives above ground (Sheehan 1994,14-16).

The southern gate led to a street that stretched through the eastern enclosure of the
fortress to a corresponding gate in the northern wall. Another similar street would have run
through the centre of the western enclosure, and the major internal roads of the fortress
were completed by another leading from the preserved gate in the centre of the eastern
wall to another in the western wall guarding the head of a bridge across the Nile. The south-
western wall of the fortress follows the line of the earlier Trajanic riverside wall running at
an angle of about 30 degrees to the rectangle of the rest of the fortress enclosure. In this
southwestern wall there are two round towers (fig. 3), flanking the junction of the Nile
and the canal, one of them that is now within and below the Greek Orthodox Church
of St George (Mari Girgis). Although they are unique structures (the fact that led earlier
researchers (Toy 1937) to the conclusion they were of Byzantine origin), the towers were

225

21.05.2018 13:01:36



erected at the turn of the 3rd century, and are identical in construction to the other parts of
the fortress (Grossmann et al. 1994, 272). It is possible that where the canal passed through
the northern wall of the fortress, there used to be similar round towers (Sheehan 2010,
67-70, fig. 26, 27, 31-33).

The reconstruction sources

All the sources used for the reconstruction can be divided into several groups, in order of
decreasing reliability (tab. 1). The reconstruction is provided with a visual scheme showing
the connection between some details of the construction and the sources on which we
based our view (fig. 5, 7).

Table 1
Sources used for the reconstruction of the fortress of Babylon

i 5L 1.1 The surviving elements of the fortress with known dimensions, and
af '_ = up-to-date photo documentation (the part of the towers and the
REARLR e -1y gatehouse above ground)
Sy S Em T —
. ; jl
The surviving elements of the forfress discovered in the course of
archaenlogical research (the foundations and the lower flaors)

The architectural and constructional details recreated on the basis
of the surviving elements of other parts of the fortress (the arrow-
glits atfc.)

Surviving ex situ architectural elements (the capitals and the
COMmIice)

Fig. 2.
Southern gate of Babylon fortress. 2008. Photo: D. Karelin

The architectural and constructional details recreated on the basis
of similar elements from ather Roman fortressas (parapets)

Drawings by the Comité de Conservation des Monuments de |'Art
Arabe

Photographs dated to the end of the 18" — the beginning of the 20"
cenfuries  [the archive of the Comité de Conservabon des

SINULAR

Ta 11
i -

Monuments de I'Art Arabe)

7 The engraving from Description de I'Egypte (DE)} w and other
historic images

a The logic of construction

The parts of the reconstruction recreated with the help of sources of groups 1.1 and 5
broadly coincide, as it was the drawings by the Comité de Conservation des Monuments de
I'Art Arabe that were used as the basis for subsequent restorations of the surviving towers
and gatehouse.

Unfortunately, earlier depictions of the fortress, for example, engravings (prints) from
the Description de I'Egypte (DE. T. 5. PI. 20), were not of much help, except for the version of

Fig. 3.
View of the southern round tower probably taken in the 1930s
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the reconstruction (based on the depiction in the DE of a small symmetrical arcade above
the portal of the southern gate) showing that in the 6th — 7th centuries the gate might have
had a fourth level similar to the Aurelian Walls under Narses (Karelin et al. forthcoming).

Architectural peculiarities of the fortress

It is necessary to discuss the sources used for the reconstruction of some particular
architectural elements of the fortress in a more detailed way. First, let us consider the
configuration of the arrow-slits. The southern round tower has several surviving openings.
The eastern tower of the southern gatehouse has four openings of different sizes. The
lowest opening and the second from the top are relatively small, while the topmost and
the second from the bottom are much larger. We can suppose that the latter were arrow-
slits and that the smaller openings served for lighting and ventilation. The suggestion
regarding the function of the windows of the lower level as being only for lighting was
proposed by Peter Grossmann (Grossmann et al. 1994, 281). Examples of windows set very
high above the floor of a tower, which have no traces of a wooden floor set into the wall, are
known both in Greek (Lawrence 1979, 218) and in early Byzantine architecture (Lawrence
1983, 182).

Unlike the arrow-slits commonly used in the Roman Empire in the 3rd - 5th centuries AD
(as an example we can take one of the arrow-slits of the second floor of the Porta Ostiensis,
as well as surviving analogies in the Near East (Gregory 1995, 154)), these openings had

practically no narrowing. This conclusion is based on the fact that the size of the surviving Fig. 4.
openings in the inner wall of one of the U-shaped towers in the eastern wall of Babylon Reconstruction of the southern gate of the fortress of Babylon. Axonometric view.
(Grossmann et al. 1994, 274, fig. 4; Spence et al. 1994, PI. 1.3; Sheehan 1994, PI. 1. 3) coincides Image: D. Karelin

with the size of the exterior openings in the towers of the southern gate. Whereas in the
Porta Ostiensis example we might suggest that it was a later reconstruction, in the fortress
of Babylon a soldier, while shooting, could be protected by a stone or wooden screen with
a slit.

The next point concerns the parapets. Unfortunately, we could find only one clearly
surviving parapet of Roman times in Egypt - in the fortress of Maximianon (Cuvigny 2003,
240-241, fig. 77), which dates back to the beginning of the 1st — mid-3rd centuries AD.The
wall to the east of Ben Ezra Synagogue at Babylon also preserves a section of the rampart
walk with parapet and one partially surviving merlon (Spence et al. 1994, PI. 1.5; Sheehan
1994, fig. 1.10). We can suppose how these parapets looked, judging by examples from
other parts of the Roman Empire, which have been widely studied (Baatz 1983, 136-137).
The surviving Late Roman examples of parapets show that their height was usually about
1 m, the height of the merlons was also 1 m. The merlons were no less than 1 m wide and
the embrasures between them could be of different sizes (Karelin et al. forthcoming).

Southern gate

The reconstructed southern gatehouse of the fortress (fig. 4, 5) had a number of
important features, like the posterns in the towers or the walls. Apart from Babylon, Luxor
and Nag el-Hagar, posterns were also found in El-Kab (Grossmann 2003). The fortress of
Babylon also had portcullises. Traces of these devices are quite often discovered in Late
Roman fortifications, but in Egypt they are very rare. However it is clear that portcullises
fortified the southern gate of Babylon. In the first gate the inner reveal of the jamb of the
arched doorway displays a groove for a portcullis that is marked on the plan of the fortress Fig. 5.
of the Comité de Conservation des Monuments de I'Art Arabe drawn by Max Herz in 1902 Reconstruction of the southern gate of the fortress of Babylon.
(Sheehan 2010, 129, fig. 69). There was also a fortified courtyard beyond the first passage Axonometric view 3D-modelling reconstructive conjecture uncertainty map.
of the southern gate. This was a widespread technique in Roman military architecture. The Image: D. Karelin

228 229

3Virtualnaya_arxeologiya_2018.indd 228-229 21.05.2018 13:01:37



most well-known examples are the Porta Ostiensis and Porta Appia in Rome. In Egypt similar
courtyards were found in Babylon, Luxor, El-Kab, Dionisias and probably Pelusium. The
gate has a relieving arch between the archivolt and the pediment. There is also evidence
at Babylon for a fortified locking-bar for the southern gate (Grossmann et al. 1994, 282);
traces of similar locking-bars were found in the fort for auxilia in El-Deir (Brones, Duvette
2007.PlL. 12.6).

Some scholars single out the special Alexandrian school (McKenzie 2007, 80-118) for its
distinctive architectural features and decorative elements. The Corinthian and lonic orders
in the monuments built in the Alexandrian style also had a special type of cornice provided
with distinctive narrow flat-grooved modillions alternating with square hollow modillions.
It differed from more ornate cornices of the Roman Corinthian and lonic orders. At the
beginning of the Roman rule this style was the most popular one in Egypt. The portal of the
southern gate at Babylon was also framed with an archivolt resting on pilasters, and above
the gate was a pediment decorated with a typical Alexandrian cornice.

Round towers

It is difficult to find analogies in Roman military architecture of the 3rd — 4th centuries
for the two reconstructed towers (fig. 6, 7), flanking the entrance to the Red Sea Canal that
ran through the fortress. We can suggest therefore they were quite unique for their time.
There was a small atrium in the centre of each tower, framed by a circular arched colonnade.
Two capitals of the columns survived and were found during previous excavations in the
tower, as well as some fragments of the cornice that probably surmounted the arcades. This
cornice is very much like the one that topped the pediment of the southern gatehouse. On
the inner walls of the southern tower today, as well as on old photographs and technical

Fig. 6.
Reconstruction of the round towers of the fortress of Babylon. Axonometric view.
Image: D. Karelin
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Fig. 7.
Reconstruction of the round towers of the fortress of Babylon. Axonometric view
3D-modelling reconstructive conjecture uncertainty map. Image: D. Karelin

drawings from the archive of the Comité, we can see the slots used for fixing beams, which
suggests the tower was provided with wooden floors. In the outer facades of the towers
facing each other across the canal there were also semi-circular alcoves where statues
of Emperors or honorific columns may have stood. It seems unlikely that a metal chain
blocked the entrance of the canal, as the only known analogy - the chain in the Golden
Horn Bay — was placed there much later and it had to protect the huge bay of the capital of
the Byzantine Empire from enemy fleet. However there may have been some sort of lock
between the towers to retain the water level in the canal which was filled during the time
of the Nile Flood.

Conclusion

The present reconstruction shows how the two best-preserved parts of the fortress —
the round towers and the southern gatehouse - may have looked. It also shows that the
importance and strategic location of the fortress made its architecture unique for Roman
Egypt, a fact that is illustrated by the very solid fortifications and the unique round towers,
parts of which have survived largely intact for more than 1,700 years. The reconstruction
is not finished yet, and we intend to continue working in two directions. Firstly, we have
to figure out some complicated details, such as, for example, the material from which the
floors in the towers of the southern gatehouse were built, the contents of the semi-circular
niches of the round towers, the structure and constructional peculiarities of the walls etc.
Secondly, we plan to reconstruct the views of the fortress from the Nile and also to recreate
the interior design of the monument, as far as the information we have allows us.
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N. P. CokonoBckum
WHcTuTyT nctopum CO PAH, PO

BLENDER KAK UHCTPYMEHT
ONA NCTOPUYECKNX MCCNEOOBAHUN

MPUHATO cuUUTaTb, YTO MAMATHUKMA MaTepuaNbHOW KyNbTypbl MU3y4yaeT apXeosiorus,
a UCTOPUKMN [OBONBbCTBYIOTCA M3yYeHEM MUCbMEHHbIX UCTOYHMKOB. ITO He BblAepKMBaeT
HUKaKon KpUTukM. CoBepPLUEHHO OYEBUAHO, YTO NIIOAN KUBYT B €4MHOM Hepa3aenéHHOM
MUpE, N MaTeprarnbHan KynbTypa UrPaeT TaKyto e BaXKHYI0 PoJib, Kak M CMMBOINYECKoe
npeAacTaBneHrie OKpyKatoLlero Mmrpa. Yenoeeyeckune noceneHuns ABAAKOTCA CLLEEHON, Ha KO-
TOPOI Pa3bIrpblBaeTCA Apama UCTOPUN. DTU «NMOAMOCTKM» CTOJb »Ke BaXKHbl AN1A NOHMUMa-
HUA «NbeCbl», KaK U BHELUHWI BUA, 1 MOHOJNIOTM aKTEPOB, 1 Cam XapakTep gencteua. OueHb
4acTo B UCTOPUN «OBYCTPOMCTBO CLIEHDBI» ABAETCA CTOMb e BaXKHbIM, Kak 1 Apyrue nonu-
TUYecKme fencTBus. BcnomHum, Hanpumep, nctoputo ctpoutenbctBa CaHKT-MNeTepbypra
B KOHTEKCTe BCEro X0Aa NeTPOBCKMX pedpopm. OueBMAHO, UTO 3TO AanNeKo He N30MPOoBaH-
HbI NpUMep, a, CKopee, NoATBePXAeHMe 0bLLero npasuna.

NcTopuk, pewatowmii Ty WM UHYI0 UCTOPUYECKYHO 3afady, HaxoauTCs B OTIINYHOMN
CUTYaUuKn, eCnn CLeHa, Ha KOTOPOW pa3BopaunBanncb NCTOpUYECKMEe COObITUA, XOPOLLO
COXPaHWUNacb, 1 Mbl MOXeM yBUAETb eé Kak Obl «rna3amMu coBpeMeHHMKay. Hanpumep, ro-
pofcKoe NPOCTPAHCTBO, e Pa3birpblBaINCL COOLITUA CTONETHEN AAaBHOCTA, BO MHOIMOM
COXPaHWUNOCH B M3HaYaNlbHOM BUAeE. YTpayeHbl TONbKO COLMANbHOCTb U CMbICTTbl, KOTOpPbIe
NpUBENN K COOTBETCTBYIOLLEMY OGOPMIIEHMIO STOrO NPOCTPAHCTBa UMEHHO B TOM BUJE,
B KAKOM OHO CyLLeCTBYeT ceivac. K Tomy »e 3To NPOCTPaHCTBO MOXET ObITb BBEAEHO Na-
3aMM Pa3HbIX CNeLManncToB: ypbaHNCTOB, COLMOMIONOB, NCKYCCTBOBELOB, apXMTEKTOPOB.
KoHeuYHO, 0fuH 1 TOT Xe ABopeL, No-pa3HOMY NPeAcTaéT B rNa3ax apxmTekTopa, CoLumnono-
ra, cneyunanncrta no niaHNpPoBaHUIO, MHXeHepa, CAfoBHMKA, pecTaBpaTopa. OfHaKo noka
OH CyLLecTByeT Kak MaTepuasibHbll OOBEKT, y HAaC eCTb BO3MOXXHOCTb MHTErprMpOoBaTh BCe
3TV TOUKW 3PEHUA UK CeNnaTb OCO3HaAHHBIN BbIOOP, MOCTaBMTb akLEHT Ha TOM WS MHOM
acnekTe npobnemol.

fopa3pno xy»xe o6cTonTt fieno, ecnv GparmeHT NCTOPUYECKON CLIEHbI OKa3blBaeTCA yTpa-
YyeHHbIM. TeM caMbiM UCTOPUK-UCCNIefoBaTeNb NINLWIAETCA TOUKN pedepeHLmmn, K KOTopou
OH Mor 6bl NPUBOANTL Pa3NYHbIE B3MNAAbI APYTMX CNeunanncToB. B Takom cutyalmm oH
BbIHYX[IeH CnefoBaTb NpeapaccyakaM, UCKaXXeHNAM, KOTopble NPUCYTCTBYIOT B Ka)aow
npodeccun. imena geno c onpegenéHHbIMU GparmeHTaMmn yTPaueHHOro MCTOPUYECKOro na-
MATHMKA, CKaXKeM apXMTEKTYPbI, Kax<abll BUAUT ero B cuiy cneundrkn CBOUX UCTOYHMKOB.
cTopuK BUAUT TONBKO TO, UTO HALLJO OTPAXKEHME B MUCbMEHHbIX NCTOYHMKAX. APXUTEKTOP
BMAWUT TONbKO TO, YTO OnpefensaeTcs aHaioraMn Uiy KOHCTPYKTUBHbBIMU OCOGEHHOCTAMY
30aHUsA. ApXeosior, COOTBETCTBEHHO, BUAUT TOJIbKO TO, YTO COXPAHMUIIOCh B KaUeCTBE apXeo-
NOrnMYecKnx HaxofokK. Ml TonbKo Tak, Kak OHO COXPAHWOCh MW NPeACTaBeHO B aHaNorax.
XopoLwo, Kkorga npeactaBuUTeNv pasHbIX NCCIefoBaTeNIbCKUX HanpaBieHUn MoryT obbeau-
HUTb CBOM YCUNUA N OBCYANTL B XKMBOM AMUanore Te CBeAEHMWA, KOTOPbIMM OHU pacronarator.
K coxkaneHuto, MeXancumniIvHapHble rpaHuLbl B COBPEMEHHOM MUPE TaKoBbl, YTO TaKue
avanorn GpakTuyeckn He MMEIT MOWAAKMA ANnA BO3HUKHOBEHUA. Pegkana KoHbepeHUumA
UM CMMNO3MyM Ob6befVHAT NpeacTaBUTeNIeN BCeX UCCNefoBaTeNbCKUX HanpaBieHni
[0 pecTaBpaTopoB BKAOUMTENIbHO. COBPEMEHHOE MOMIOXKeHNe e Npeasiarano NCTOPUKY
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He3aBWAHYI0 JOMI0: NofaraTbCA Ha pe3ynbTaTbl, OCTUIHYTble APYrMMKN Cneunanmctamu,
NpUYém genatb 3To GaKTUYECKN cneno.

lNonokeHne N3MeHMNOCb, KOrAa B paMKax COBPEMEHHbIX TEXHONOIMIA BO3HMKNA BO3-
MOXHOCTb TPEXMEPHOWN KOMMbIOTEPHON PEKOHCTPYKLUMM MaTepuanbHbiX OObEKTOB.
CneunanucTbl NO KOMMbIOTEPHOMY MOAENNPOBaHUIO CHOPMMPOBaNU ewé ofHy rpynny
nccnepoBatenen, NPUCOeAUHUBLUNCH K 06CYKAeHMI0 NPo6emM peKOHCTPYKLUN UCToprYe-
CKMX NAaMATHUKOB N NCTOPUYECKON 3acTporKkn. OfHaKO B CUly TOTO, YTO TPEXMEPHAsA MO-
Aenb «<BOCCO3AAET» YTPAYEHHbIN NAMATHUK, CNeLManncTbl No TPEXMEPHOMY MOAEeNNpoBa-
HUIO OKa3anuncb TeMy 0 bMU, KOTOPbIE 3aVHTePeCOBaHbl B MHTErpaLnmy BCeX MMEIOLLUXCA
TOYeK 3peHus, 4nA Toro ytobbl Nyylle BbINOMHUTL NOCTABIIEHHYIO Nepes HAMN 3adauyy.

Takow noaxofd K KOMMIEKCHOMY UCCNIe[0BAHMIO CLIEHbI UCTOPUYECKNX COOLITUI NPUBO-
VT K TOMY, UTO dopMMpyeTcA HOBadA TouKa pedepeHLnn, KOTopas NO3BONAET NCTOPMKaM
KpUTMYECKN CBOAUTb MaTepuanbl, NOfyyYeHHble APYTMMX CeunanmcTaMmn: apxeosnoramu,
APXUTEKTOPAMU, UHXEHepaMn, KOTOpPbIe NCMOIb30BaIN MMCbMEHHbIe NCTOYHUKK. B pamKax
nofo6HOro Noaxoaa CTaHOBATCA XOPOLLO BUAHbI Te OrPaHNYeHMs, KOTOPble MPUCYTCTBYIOT
B TON UAW MHOW AncumniamHe. Taknm o6pa3om, C MOMOLLbI TPEXMEPHOIO MOAENNPOBAHNA
yAaéTca co3aaTb He TONbKO MOAMNOPKY paLMOHaIbHOMY CO3HAHMIO B BUAE HArnAgHbIX 00-
pa3oB, HO 1 MPOBECTU PEBU3MIO YXKe MMEKLWEeroca B uctoprorpadum 3HaHmuaA, 0606wmnTb
€ro B KpUTUYECKOM KJTlove.

B 3TOM OTHOWEHWM Mone3HbIM MHCTPYMeHTOM sBnsaetca Blender, cBobogHbil npo-
deccroHanbHbIN NakeT NPOrpaMm ANA CO3AaHMA TPEXMEPHOW KOMMbIOTEPHON rpadukuy,
BKJTOYAIOLWNIA CpefcTBa MOAENMPOBAHNA, aHUMUPOBAHNA, PeHAEPUHIa, NOCTO6paboTKM
N MOHTa>Ka BUAEO CO 3BYKOM, @ TaKXKe CO3[aHNA NHTePaKTUBHbIX Urp. B HacToALlee BpemA
Blender nonb3yeTca Hanbosnbluen NonNynApHOCTbIO cpeamn becnnaTtHbix 3D-penakTopos, OH
ObICTPO pa3BUBaeTCA, YUeMy CNOCoOCTBYET NpodeccroHanbHasA KoMaHAa pa3paboTumKoB.

Blender 6bin co3aaH Kak pabounii MHCTPYMEHT ronfaHACcKon CTyanen MynbTUnanKauum
NeoGeo 2 aHBapsa 1994 roga. B nioHe 1998 roga aBTOp Nporpammbl ToH Po3seHaganb (Ton
Roosendaal) ocHoBan komnaHuio Not a Number (NaN) ¢ uenbio ganbHenwero pa3Butna
n conpoBoxaeHua Blender. Mporpamma pacnpocTpaHsanacb no nuueHsum shareware.

B 2002 ropgy komnaHua NaN obaHkpoTunach. Ycunuamu ToHa Po3eHpana KpeguTopbl
COMNacuInNCb Ha N3MeHeHKe NueH3nn pacnpoctpaHeHua Blender B nonb3y GNU GPL c yc-
NOBUEM eANHOBPEMEHHOW BbIMNaTbl CTa Tbicsiy eBpo. 18 niona 2002 roga Havancs cbop no-
XepTBOBaHUN, HeobxoanMas cymma bbina cobpaHa 7 ceHTAbpA 2002 roga, Nnpouecc 3aHaAN
MeHbLUe ABYX MecaueB. 13 okTabpsa 2002 roga komnaHmA Blender Foundation npeacrasu-
na nuueH3npoBaHHbin nog GNU GPL npofykKT.

B HacToAwwee Bpema Blender aBnAaeTcA NpoeKToOM C OTKPbITbIM MCXO4HbIM KOQOM U pa3-
BMBaeTCA Npu akTuBHOW nogaepke Blender Foundation. Blender HanncaH Ha A3bikax C,
C++ n Python, nocnegHnin oH ncnonb3yet Kak API. Blender aBnaeTca kpoccnnatpopmeH-
HblM peLLUeHneM 1 NoAAEePKUBAET onepaLoHHble cucteMbl Linux, Windows, macOS, Solaris,
BSD 1 OpenBSD. MHTepderic Blender nepeBeéH Ha HECKONBbKO A3bIKOB, BKJIOUasA PYCCKUIA.
MocneaHaa Bepcua Blender umeet Homep 2.79 u Bbiwna 12 ceHTAbps 2017 ropa. Blender
nogaepxmBaet cnegyowme popmatbl dpannos: .blend, Obj, COLLADA, Alembic, 3DS, FBX,
Biovision Hierarchy, PLY, X3D n STL. Blender pacnpoctpaHaeTca no nuueH3nam GNU GPL 2
n GNU GPL 3. MNporpamma nmeet ceon canT: http://blender.org. Kpome Toro, cyuiectsyet
pa3BuTas ceTb HaLUNOHaNbHbIX GOPYMOB, CrieLnanbHbIX FPYNM B COLMAnbHbIX CETAX, BUAEO-
kaHanos. Blender npegbasnaet cepbésHble TpeboBaHMA K 000py[0OBaHMIO NONb30BaTENA.
MwuHMManbHble cncTemHble TpeboBaHMA: LeHTPaNbHbIN Npoueccop 32 6uta, 2 My AByXb-
AfepHbIn npoueccop ¢ SSE2; pekomeHayemble TpeboBaHWA — 64-OUTHbBIN BOCbMUALEPHbIN
npoueccop; MMHUManbHbI 06béM RAM 2 I'b, pekomeHayembin — 16 I'b. MuHManbHO ans
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paboTbl Blender HyxHa rpadunyeckas KapTa c nogaepxkom OpenGL 2,1 ¢ 512 Mb O3Y (pe-
KomeHayemas rpaduyeckan KapTa ¢ nogaeprkkon OpenGL 3,2 ¢ 4 I'b O3Y); MoHUTOp C noa-
aepxxkon paspelueHna 1280 X 1024 n 24-6uTHbIM LiBETOM (pekoMeHayemble — aea Full HD
MOHMTOpPa C NnoaaepxKor paspetteHns 1920 x 1080 v 24-6uTHbiM LBeToM). OCOOEHHOCTbIO
Blender aBnaetca HebonbLOM pazMmep NPOrpammbl MO CPABHEHMIO C APYTUMU NONYNAPHbI-
MU nakeTamu gna 3D-mogenvipoBaHus.

Kpome noppepKu pasHOOOPA3HbIX reOMEeTPUYECKMX NMPUMUTUBOB, BKJtOYaA MOu-
roHasibHble, CUCTEMbI ObICTPOrO MOAENNPOBAHUA B PEXMME NOAPa3aeNieHNsa NoNroHOB
(SubSurf), kpusbix be3be, nosepxHocTen NURBS, meTtacdep, Blender nmeet ¢yHKumio
CKYNbMNTYPHOrO MOAENMPOBAHWA, BCTPOEHHbIE MeXaHM3Mbl PeHAEPUHIa U UHTErpaumm
¢ BHewHuMu pengepamm YafRay, LuxRender n gp. Blender nmeet moLHble MHCTPYMEHTI
aHVMaunn, Cpeamn KOTOpbIX UHBEPCHAA KNHEMATMNKA, CKeNeTHaa aHMMaumna n ceTouHas Je-
dopmauumsa, aHMMaUMA MO KIYEBbIM KagpaM, HENMMHENHaA aHUMaUns, pefakTupoBaHue
BECOBbIX KO3pPULMEHTOB BepLUH. Blender umeeT ¢pusnyecknin BMOoK, KOTOPbI NO3BO-
NAET aHMMMPOBATb TPEXMepPHble 0O6BEKTbI KaK peanbHO B3aMMOAEeNCTBYoWMe dusnye-
CKMe TeNa 1 KOTOPbI BKIIIOYAET OFPaHUUUTENN, AUHAMUKY MATKMX Ten (B TOM Yncne onpe-
AeneHne Konnmsum o6bekToB Npy B3aMOAENCTBUN), ANHAMUKY TBEPABIX TEN N CUCTEMY
yacTuy (BKNOYAA MMUTaLMIO BOOC U wepcTn). A3bik Python ncnonb3yeTca Kak cpefctso
CO3[aHNA MHCTPYMEHTOB 1 NPOTOTUMOB, CUCTEMbI JTIOTVKN B UTPaXx, Kak CPeacTBO aBTOMa-
TU3auuy 3agay, 0 YEM Mbl yxKe ynomuHanu Boiwe. Blender nopgnepkmsaet 6a3oBble GyHK-
LN HENTMHENHOTO pefaKTUPOBaHUA U KOMOMHMPOBaHMA BUAeO (MOHTaxa). Blender Game
Engine — nognpoekT Blender, npegoctaBnatowmin MHTEpakTUBHbIE GYHKLNN.

Blender cuntaetca cnoxkHom ana nsyyeHunsa nporpammon (Blender 2018; MNpaxos 2009;
Mpaxos 2016).

OpHako npakTuyeckn Kaxpaa GyHKUMA MMeeT COOTBETCTBYILLEE el COYeTaHne Kna-
BVLU, WU YYMTbIBAs KONIMUYECTBO BO3MOXKHOCTEN, KOTOpble NpefocTaBnaeT Blender, kaxaas
KnaBuLWwa BKoYeHa B 6onee yem ogHo coyeTaHue. B Blender 6binn gobasneHbl nonHble
KOHTEKCTHbIE MEHIO KO BCeM GYHKLMAM, @ MUCMOSIb30BaHUe NHCTPYMEHTOB cTasio 6onee no-
FMYHBIM 1 TMOKMM. Bbin ynyyleH Nonb3oBaTeNbCKUN UHTEPENC C BBEAEHMEM LIBETOBbIX
CXeM, NPO3PayYHbIX MaBALWMNX S1EMEHTOB, HOBOW CUCTEMbI MPOCMOTPA AepeBa 0OBbEKTOB
N OpYyrumun menkmumm nmeHeHusamu. B Blender nmetotca aBa OCHOBHbIX pexnma pefak-
TUpOoBaHUA: 06beKTHbIN (Object mode) n pexnm pegaktnpoBaHua (Edit mode), kotopbie
nepekntoyaoTca Knasuwen Tab. OObEKTHbI PeXXUM B OCHOBHOM MCMONb3yeTca ANA Ma-
HUNYNALMIA C 0O6beKTaMu, B TO BPEMSA KaK PeXMM pefaKTUPOBaHUA — ANA MaHUNyNAUnUiA
C NPOCTPAHCTBEHHBIMU XapaKTepucTUkamn obbeKkTa (qobaBneHne 1 yaaneHve BEpLUMH,
pébep, nonnroHoB). MNonnroHanbHy MOAENb B 0ObEKTHOM pPeXMME MOXHO NepemeLlaTb,
N3MeHATb pa3Mep 1 BpalaTb €€ Lennkom. B pexume pefakTnpoBaHUa MOXHO nepeme-
WwaTb (yaanAaTb, JOMOMHATL) ANA MaHUMYNAUNA OTAENbHbIE BEPLUMHbBI KOHKPETHOIO 00b-
eKkTa. Takxe umetotca pexxkmmbl Vertex Paint, UV Face select n gp. paduruecknin untepdenc
Blender coctouT 13 ogHOrO MM HECKONbKUX SKPAHOB, KaXKAbli MOXeT ObITb pa3fenéH Ha
CEKUMN N NOACEKL MM, KOTOPbIe MOTYT ObITb 060 YacTbio nHTepdelica. lpadpuryeckne ane-
MEHTbI KaXAom ceKunmn (KHOMKN MHCTPYMEHTOB, MUKTOrPammbl, NOA BBOAA, UHANKATOPDI)
MO>XHO YMEHbLLATb 1 YBENNYMBATL TEM e NyTEM, uTo 1 npu 3D-npocmoTpe. MNonb3oBatenb
NOJIHOCTBbIO KOHTPONMPYET PacronoXKeHne 1 opraHusauuio rpadpuueckoro nHtepodenca,
3TO AenaeT BO3MOXHbIM HaCTPOWKY MHTepdenca nog KOHKpPeTHble 3afaun, Takme Kak pe-
JakTnpoBaHue Buaeo, UV mapping, TEKCTYpUpPOBaHME 1 COKPLITUE HEHYXKHbIX /1EMEHTOB
NHTepderica, 4Na Yero ecTb pPsf roToBbixX WabnoHOB BuAaa pabouen obnactu. Pabouee npo-
cTpaHcTBO Blender cuntaeTcsa ogHMM 13 CaMblX HOBAaTOPCKUX KOHUENUUI nHtepdenca gna
rpadruecknx MHCTPYMEHTOB.
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B nporpamme Blender cywHocCTb, B3anmogencTByoLwasn ¢ OKpyKaowmm MAUPOM, 1 eé
faHHble (bopma nnu dyHKUMM obbekTa) pasgensembl. OTHoweHne «O6beKT — [JaHHbIe»
NPeAcCTaBNAeTCA OTHOLEHNEM «OAMH-KO-MHOTVM» (TEPMUH, OTHOCALWMICA K Teopun 6a3
[aHHbIX, 0603HaYaeT BO3MOXHOCTb HECKONIbKUX OOBEKTOB MCMONIb30BaTb OAHU U Te e
JaHHble, clopbeKkuma). BHyTpeHHAA ¢dalinoBas cuctema no3BONAET XPaHUTb HECKOJbKO
cueH B eguHom danne. Bce dpannbl Blender coBmecTMbl Kak co cTapbiMy, Tak U C HOBbI-
Mun BepcuamK Blender. Take OHM NepeHOCKMMbI C OAHOW NNAaTPOPMbl Ha APYry0 U MOTYT
NCNONb30BaTbCA Kak CPeACcTBO MepeHoca Co3daHHbIX paHee pabort. Blender co3paet pe-
3epBHble KOMuKY NPOeKTOB BO BPeEMSA BCe paboTbl MPOrpammbl, YTO NO3BOJIAET COXPAHUTD
JaHHble NpU HenpeaBUaeHHbIX 06CcToATeNbCTBAX. Bce cueHbl, 06beKTbI, MaTepranbl, TeK-
CTypbl, 3ByKM, N306paxeHus, 3pPeKTbl MOCTNPOAAKLIH MOTYT ObITb COXPaHEHbI B € ANHbIN
«.blend»-dainn. Hactpoiikn paboueir cpenbl MOryT 6bITb COXpaHeHbl B oauH dain, n npu
3arpy3Ke nosib3oBaTesib NoOsy4aeT UMEHHO Ty pabouyto cpefly, KOTOPYIO COXPAHWI B HETO.
Dain MOXHO COXPaHUTb KaK «MOJSIb30BATENbCKUA MO YMOMYAHUNIO», N KaXKAbIA pa3 npu
3anycke Blender 6yneT BblaaBaTbCA HEOOXOAUMBIN HAabOP OO6BHEKTOB M MOATOTOBAEHHbIN
K pabote nHtepdenc. Cnegyet oTMETUTb BECbMa NPOABUHYTbIN MEXAHN3M SKCNOPTa B pas-
Hoobpa3Hble popMaTbl, Takne Kak obj, dxf, stl, 3ds 1 npoune (cnMcok nocTeneHHo PacTéT).

WebGL-¢ppenmBopk Blend4Web no3Bonser 3kcnopTupoBaTb MOAFOTOB/IEHHbIE
B Blender cueHbl gna Bocnpov3sBeaeHmsa B CTaHAAPTHbIX bpay3epax, 6e3 HeobxoanmMocCTu
YCTaHOBKU KaKNX-TN6O pacLuvpeHunia.

K moctonHcTBam nporpammbl Blender 06b1uHO OTHOCAT 6€CcnnaTHOCTb, OTKPLITLIN KOA,
NOCTOAHHOE pa3BUTUE, HEOOSBLION pa3mMep YCTaHOBLUMKA, BO3MOXKHOCTb CO3[aHUA UTp,
KpoccnnatdopMeHHOCTb, 60JbLIOe KONMYECTBO MOAUPUNKATOPOB, BO3MOXKHOCTb CO3[a-
HUA aHUMaLNK, aHUMaLMA C MOMOLLbIO «apMaTypbl», HACTPONKA GpOHA, MOHTaXK BUAEO, CKU-
HWHT, TPEKMHT BUAEO.

Hepoctatkamu Blender MoxHO Ha3BaTb OTCYTCTBUE AOKYyMeHTaLuMmM B 6a30BOM NOCTaB-
Ke, KOTOPYIO BMOJIHE MOXHO 3aMeHUTb KHUraMu 1 on-line BUAEOKypcaMmu. OTy U UHYIO UH-
dopmaLmio B JOCTAaTOYHO MCYeprbiBaloWwemM 06bEME COAEePXKNUT CalT «Buknneguma».

MakeT nporpamm Blender nossonsetr mogennpoBaTb TPEXMEPHblE OOBEKTbI 06O
CNOXKHOCTW, YTO AAET BO3MOXKHOCTb CO3A4aBaTb Pa3fiyHble MOAENN NCTOPUYECKNX OObEK-
TOB, 6€3 orpaHnyeHun no Tuny u popme (puc. 1). OrpaHnyeHeM ABNAIOTCA TONbKO anna-
paTHble BO3MOXKHOCTM KOMMblOTEpa.

Mepen NCTOPMKOM MOTYT CTOATb pa3nnyHble 3agauun. Ecnn Heobxogumo npovnncTpu-
poBaTb MCCnefoBaHUe, NMOCBALWEHHOE UHTEPbEPY XUMKMLLA, TO UCCedyeMblil HTepbep
MOXeT ObITb BOCCO3[aH C MOMOLbIO Nporpammbl Blender ¢ makcMmanbHOM TOYHOCTbIO
(puc. 2). OrpaHnyeHiem ABNAETCA TONbKO BPEMSA, KOTOPOE NCcCnefoBaTeflb MOXKET NnoTpa-
TUTb Ha TaKoro poja AaeATenbHOCTb. Blender nmeeT oueHb MOLLHBIN HAGOP MHCTPYMEHTOB,
Hanpumep, KapTy Hopmanen (puc. 3), KoTopasa NO3BONAET MIMUTUPOBATb CIIOXKHbIE AeTanu,
Hanpumep pe3bOy, B TOM YMc/ie U NPOpPe3HYto. TeM cambiM SKOHOMUTCA He TONIbKO BpeMs
nccnepoBaTens, HO U pecypcbl, Heobxoanmble ans 06paboTKM moadenn n cospaHua epu-
HanbHOro pesynbrata (peHgepa).

Kak 1 niobas gpyras nporpamma ansa TpéxmepHoro mogenmpoBaHusa, Blender nossons-
€T CO3[aBaTb TPEXMEPHbIE MOAENN CYLLECTBYIOLLNX UCTOPUYECKNX OOBEKTOB MO YepTeXKam
C TOYHOCTbIO A0 MUMMeTpa (puc. 4). KpynHbie 06beKTbl nyylle co3gaBaTb C NPUMEHEHU-
eM MacluTaba yMeHbLIEHNA UK YBENMYMBaTb MCXOAHYIO CETKY, KoTopas B Blender no ymon-
yaHwuio nmeeT pasmep 10 X 10 ycnoBHbIX eanHUL. Hanprmep, NCTOpUK MOXeT BOCCO3aaTb
TPEXMEPHYIO MOZeNb rpynmnbl NOCTPOEK, UCNONb3yA ONyONMKOBaHHbIE apXe0sIOroM MiiaHbl
packona c nokanmsaumen HangeHHbIX OCTaTKOB 3TUX aPXUTEKTYPHbIX COOPYKEHUI i 6e3
HUX (puc. 5). Ecnn ana gaHHOM rpynnbl NOCTPOEK YXKe MMeeTCA CO3[aHHasA apXMTeKTopamm

237

21.05.2018 13:01:38



Puc. 1.
TpéxmepHasa Moaenb MaTepuanbHOro obbekTa, cofaHHas ¢ nomolbto Blender.
PrucyHok aBTOpa

NO COXPaHUBLWNMCA OOKYMEHTA/IbHbIM ONMUCAHUAM apPXUTEKTYPHaA MOAesb, TO COBMELLe-
Hue 3Ton mMogenun C apxeonornyeCkKNmMmm gaHHbIMN 6yneT, KaK roBOpPUTCA, «AeJTIOM TEXHUKW».

Takke Nerko NCTOPUK MOXKET BOCCO3aBaTb GpparmMeHTbl 3aCTPOKN, €N AN HUX UMELOT- Puc. 3.
cA 6bonee UM MeHee TOYHble onurcaHua. Kak, Hanprumep, N3BECTHO ANA MHOMMX OCTPOroB dddeKT TpéxmepHON penbedpHOI KapTbl U3 OQHOIO NIOCKOro o6bekTa B nporpamme Blender.
PucyHok aBTopa

XVII BeKa, CyLecTByIOT «POCNNCK» SNIEMEHTOB, HEOOXOAMMbIX ANA X NOCTPONKK. 3HaA An-
ameTp 6peBHa 1 YNCITO BEHLIOB, MOXHO JIErKO BOCCTAHOBUTb OOLLY0 BbICOTY MOCTPOWKN.

Puc. 4.
Puc. 2. PeKoHCTPYKLMA NCTOPUKO-KYNbTYpHOro NaHAwadTa ¢ nomolubio Blender.
PekoHCTpyKLUMA HTepbepa ¢ nomouybto Blender. Hu3KononnroHHble mofenu Ha BUA He OTINYMMbI OT BbICOKONOSIMTOHHbIX.
PucyHok aBTopa PucyHok aBTopa
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Puc. 5.
PeKOHCTpYKLUsA rpynnbl NOCTPOEK Kak BbICOKOMOJSIMFOHHbIX, TaK Y HU3KOMOJIUTOHHBIX,
HO UMUTUPYIOLLMX BbICOKOMOAUIOHHYIO Mogenb. PUCyHOK aBTOpa

OnpepenéHHble TPYAHOCTN BO3HMKAIOT NPy MoAennpoBaHUM rpynn noctpoek. Ecnn
peub MAET O PEKOHCTPYKLMK PyCcCKor ycaabbbl unu xytopa XVII Beka, To, BUAUMO, ONpas-
[aHHO 1CNONb30BaTb NPY AaHHOW PEKOHCTPYKUUN TaKXKe 1 MOAENN OTAeNbHbIX 6pEBeH,
N3 KOTOPbIX OHa BO3BeAeHa. OfgHaKo ecnn nccnegoBaTtento Hy>KHa Mogesb Lenoro ropo-
[a, TO cobnofeHne JOCTOBEPHOCTY B BOCMPOM3BEAEHUN KaX[0ro /IEMEHTa KaXKeTcs HaM
COBEpPLUEHHO HeonpaBAaHHbIM (pUcC. 6, 7). AprymeHTOM B MOMb3y YNpoLLieHna nogobHom

Puc. 6.
METOA HU3KOMOJINTOHHbIX MOAEJ‘IGVI, B/3YyaJZIbHO BOCMPUHUMAEMDbIX KaK BbICOKOMOJINTOHHbIE,
Mo3BONAET Co3[aTb MOAESb LieNIoro noceneHmns, CogeprKallyto AeCATKN OTAeSbHbIX MOCTPOEK.
PucyHok aBTopa
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Puc. 7.
KapTta Hopmanei npngaét 6pésHam Ha n300paXKeHUN peanCTUYHBIN BUJ, TOTAA Kak Ha ypOoBHe
CETOK 3TO NPOCTbIe UUIMHAPbLI C MUHUMAabHbIM YACIOM rpaHeit. PucyHoK aBTopa

MOZENN MOXET CIY>KUTb TO, YTO OOMBLUINMHCTBO TaKMX 3/IEMEHTOB HE COXPaHWUIOCh 1 ABNSA-
€TCA Pe3ynbTaTOM «XyAOXKeCTBEHHOW ¢paHTa3nn» aBTopa Nofo6HOIN peKoHCTPYyKumn. Hago
OTMETUTb, C APYrO CTOPOHbI, YTO COBPEMEHHOE Pa3BUTUE UHAYCTPUM KOMMbIOTEPHbIX
Urp NO3BOJIAET CO3[aBaTb CKOJIb YrOAHO CIOXHbIE PEKOHCTPYKLMM 6oNbwnxX rpynn o6b-
€eKTOB, KOTOpPble MOXXHO pPacCMaTPMBaTb C pa3HbiX Touek 3peHns. OgHaKo ana pelleHus
CTOALWMX Nepen NCTOPUKOM UCCNefoBaTeNbCKMX 3aAa4 Takaa NpaKkTKa npeacTaBiaeTca
HaM 136bITOYHON. M 3aeCb NOACNOPbEM MOXKET OKa3aTbCA NpefoCTaBAeMas NpPorpaMmon
Blender BO3MOXHOCTb UMUTUPOBATL C/TOXKHbIE SN1IEMEHTbI 34aHNIA, BKIOUYaA TEKCTYPbl CTEH
(purc. 7-9). MiHaue roBops, Mbl MOXXeM CO3A4aTb MI03U0 bpeBeHUYaToM U30bl, TOrAa Kak pe-
anbHaa mogenb 6yaeT UMeTb MUHMMaNbHOE KONMYECTBO NMOJIMFOHOB M NPUOAMXKaTbCA No
dopme K Kyby, yBeH4aHHOMY MPU3MO.

Blender otnuyHo B3avmopencTByeT C ApYyrUmMy MakeTamy 6ecnnaTHOro Mmporpamm-
Horo obecneyeHna c OTKpbITbiIM Kogom (Inscape, GIMP, LibreCAD). 310 no3Bsonset
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Puc. 8.
MeTop 6bICTPOro TEKCTYPUPOBaHUA HA3KOMONIUIOHHbIX MOCTPOEK NOMOraeT MPOBEpPUTb HEKOTOPbIe
rMNoTe3bl OTHOCMTENBHO BHELLHEro Bufa obbeKkTa unu nogobpaTb BapraHThbl.
PucyHok aBTopa

PEKOHCTPYMPOBaTb U Apyrve CNoXHble 06beKTbl, KOTOpPble MOTyT ObiTb NOMyYeHbl NyTEM
OyneBbIX onepaunin Hag YepTexamy TPEX NPOEKUMIA faHHbIX 0ObeKTOB. MNpuMeHeHKe 3To-
ro MeToga No3BOSIAET JOCTMYb BbICOKON TOYHOCTU Y OAHOBPEMEHHO 3P DEKTUBHOCTA B UC-
Nonb30BaHWUM TeX CUJ, CPEACTB U BPEMEHU, KOTOPbIMX PacrnosiaraeT COBPEMEHHbIN NCTO-
puk (puc. 10). Kpome Toro, 6neHaep BkoyaeT B ceba HABOP NHCTPYMEHTOB, ObNeryaoLwunin

Pnc. 9.
NHTepecHble pe3ynbTaTbl Npy TEKCTypupoBaHum B Blender
faxe 6e3 npumeHeH A crielmanbHbIX CBOMCTB peHAepa (Hanprmep, TPacCMpPOoBKM JTyyen).
PrncyHok aBTOpa
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Puc. 10.
TpéxmepHasa mofesb UenoBeka, MaHUNYNUPYIOLWEro MatepuanbHbIMU 06 beKTamu,
co3faHHasA npu nomoLwy nnarvHa B Blender.
PucyHok aBTopa

MOZENNPOBaHME CNOXHbIX 0OBEKTOB, NMOCKOSIbKY MO3BOMSET MOMYUYNTb UX U3 JOCTATOYHO
NPOCTbIX OPM MeTofaMM BpaLLeHUsA, MPONOPLMOHANIbHOIO YBEIMYEHWA Y/C/1a NOIMIOHOB
1 TaK aanee.

Takum 06pa3om, B HacTosiLee BpeMsl UCTOPUK pacnosiaraeT MHCTPYMEHTOM, KOTOPbIN
LAET eMy BO3MOXHOCTb YXKe He MATU CNIeno 3a pe3ynbTaTamui, NMofyyeHHbIMU cneumanm-
CcTaMu apyrux npodeccmin, HO CaMoOCTOATENIbHO CPABHKBATb UX M MbITaTbCA BblpaboTaTb
CBOIO TOUKY 3pEeHUs Ha NpobnemMy PeKOHCTPYKLMM TEX USIN UHBIX NCTOPUYECKUX OOBEK-
TOB. DTO NO3BONAET UCTOPUKY 0OPATUTHCA K TaKM BOMPOCaM, Kak COLMAbHbIN XapakTep
NPOCTPAHCTBA, BAPMATUBHOCTb KYJIbTYPHbIX MPAKTVK B paMKax OfHOIO rOMOreHHOro co-
LnyMma, N3MeHeHVe NPeACTaBeHN O NPOCTPAHCTBE M 06Pa30BaHMM COLMANBHOTO B XO4e
NCTOPUYECKOro pa3BUTUA. ITU NPo6sieMbl 0ObIYHO HE MHTEPECYIOT CNELNANNCTOB APYrnX
HanpaBneHWI, HO PELLEeHNE NX MOMOXKET NyyLle NOHMMATb UCTOPMYECKME NPOLECChI, KOTO-
pble JAaBHO y»Ke He NPeAcCTaBNATCA Kak pe3ysbTaT «MpPaBUiIbHbIX» UKW «HEeMPaBUbHbIX»
MOCTYMKOB 1 AeNCTBUIN OTAENbHbBIX L, HO MbICIIATCA KaK UTOT B3aIMOAENCTBUS pa3nny-
HbIX CUJT Y TEYEHUI, UMEIOLLMX Pa3HYI0 BPEMEHHYIO Npupoay.
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APXEONOTWA, TEOOE3NA N TEOOU3SNKA
KAK NCTOYHUKW ONA PEKOHCTPYKLU WU MNTAHUTPADNNA
PYCCKWX MOCENEHUY HOBOIO BPEMEHW B CUBUPU'

Pa3Butre coBpeMeHHOW HayKn TpebyeT NpUMEHEHNA MeXANCUUNIMHAPHBIX METOAO0B
NCCnefoBaHNA He TOMbKO MPY NPOBEAEHUM apXeolormyecknx paboTt, HO U NpU UCMONb-
30BaHNN HepaspyLLALWNX METOAUK B N3YUYEHUN NMAMATHMKOB. DTO OCOOEHHO aKTyanbHO
AnA 00BEKTOB KyNbTypHOro Hacnegma nepnoga HoBoro BpemMeHu, K KOTOpbIM MPUYMCs-
I0TCA KOMM/EKCbI, OCTaBNEHHbIe PycCcKMM nepeceneHuamu Cnbunpu. NMocenenna XVII-XVIII
BEKOB, KaK MpPaBuJIO, 3aHMMAIOT 6oblUMe NOWaAK, KOTopble OYEeHb CIOXKHO packonaTb
NOJIHOCTbIO, KPOME TOro, OHW UMEKT UHPPACTPYKTYPY, BKIIOYAOLLYIO XO3ANCTBEHHbIE
06beKTbI (Ky3HMLbI, MENTbHULbI, KNagbuLa 1 T. f.), UTo eLlé 6osiee OCNIOKHAET UX U3yUeHne
N PEKOHCTPYKLMIO CUCTEM XKU3HeobecneyeHus.

B 1o paboTe npeacTaBneH ONbIT PEKOHCTPYKLNIA OLHOIO M3 NePBbIX PYCCKUX Moce-
neHnnm Omckoro lMpunpTbliwba, 4epeBHNU AHAHbUHO, MOABUBLLENCA B NEPBOW YeTBEPTU
XVII Beka, nouTn cpasy nocne nocTponkm ropoga Tapbl (ocHoBaH B 1594).

AnAa noHMMaHMA CTPYKTYpPbl NAMATHMKA 1 ero nnaHurpadmm, KoTopbie BaXHbl Mpu Mo-
AeNMPOBaHNN PACKOMaHHbIX OOEKTOB U pPa3MeLLeHUN NX B peasibHOM NPUPOAHO-reorpa-
bryeckom KOHTeKCTe, Obinn MCNONb30BaHbl pe3ynbTaTbl MPUMEHEHUA apXeoNormyeckmx
MEeTOOB NCCNefoBaHuA, reogesnyeckune n reopmnsnyeckne MeToguKu.

O pepeBHe AHaHbMHO MMeeTcA MHPOPMALMA B MUCbMEHHbIX UCTOYHMKax. B XVII-
XVIIl Bekax 30ecb NpoOXuBanu CTpenblbl, Ka3akn 13 Tapbl, UMelowwme nawiHu, naweHHble
BbIMaCbl 1 CEHOKOCbI B6NMN3M aepeBHU 1 03epa AHaHbUHa 1 Nno VpTbiwy. [lepeBHA pasb-
exanacb B 70-x rogax XIX Beka (TataypoBa, Kpux 2015). Apxeonornyeckum Komnnekc
AHaHbUWHO-I HaxoaUTCA Ha NpaBobepeXxbe pekn VpTbilw 1 10XKHOM 6epery oAHOVMEHHOTO
03epa — cTapuubl pekn MpTbiw. K toro-3anagy ot noceneHuns ycTpoeHo Knaabule, otae-
NEHHOE OT AepeBHU PyYbEéMm, BNagaoLwmm B 03epo. Apxeonornyeckre packonku Ha namaT-
HuKe B 2005, 2010-2017 rogax nposogwuna J1. B. TataypoBa; 6bi510 BCKpbITO 6051ee 2000 m?

' WccnepoBaHue BbinonHeHo no rpaHTy PHO N2 14-50-00036.
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nnowaaun noceneHna n 360 M* kKnagbuila. MisyyeHo NATb XUnuL, npefcTaBieHHbIX n36a-
MU-CBA3AMU 1 GOPMUPYIOLLMX ABA YCaAeOHbIX KOMMEKCa, pa3faeNéHHbIX CBOOOAHbIM NPo-
CTPAHCTBOM 1 YacTokonamun. Ha knagbuiye nccnegoBaHo 56 norpebeHunin.

Apxeonornyeckme paboTtbl Ha NamATHUKe ¢ 2011 roga BeayTCa C NPUMEHEHNEM reofe-
3MYeCcKMx MeToaoB GMKCaLnmn MeCTOMOJIOKEHUA PACKOMAHHbIX CTPOEHUI, NorpebanbHbIX
KOMMNEKCOB U MHAUBMAYaNbHbIX HAX0AOK. N5 3Toro paspaboTaHa cMcTema NoNeBoro Ko-
AVPOBAHMA apXeonormyecknx 06bekToB, OCHOBAHHAsA Ha UCMONIb30BaHMM KnaccudurKkaTo-
pa, COCTaBNEHHOro aBTopamMm Ha 6a3e yCIOBHbIX 0603HaUYeHUI K NosneBbiM niaHam (bbikos,
Tatayposa, CeBetnenwnin 2016).

CnenaHa a3podoToCbEMKA NaMATHUKA C NOMOLLbIO pa3nnyHbix BIJTIA n undpposas ¢o-
TorpammeTpuyeckaa obpaboTka CHUMKOB AnA co34aHuA Tonorpadunyeckoro nnaHa c rpa-
HMLaMM pacKomnoB B pa3Hble rogbl n3yyeHnsa komnnekca (puc. 1), oronnaHa c KoopamHa-
TaMK penepHbIX TOYeK, TPEXMEPHBIX U NAHAWAPTHbIX MoAenet MECTHOCTMU.

LUndpposasa mopenb penbeda cosgaBanacb No pesynbraTaM HAa3eMHOW TaxeomeTpu-
yeckon CbemKK. OTaenbHble apTedakTbl CHUIMANUCh METOAOM HAa3EMHOWN CTEPEOCHEMKN.
Bblm nonyuyeHbl 0630pHble GOTOMNNAHBI MECTHOCTY (PUC. 2) U KpyNMHOMacLITabHble MOAeNn
packonos 1 nx ¢pparmeHToB (puc. 3).
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Puc. 1.
Tonorpadpuuyeckunin nnaH NamaTHMKa AHaHbUHO-I C FpaHMLaMM pPackonos
B pa3Hble rofbl U3yyeHns KoMMneKca
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MpumeHeHne THCC ans NprBA3KM CHUMKOB NO3BONMIO 06beANHUTL BCe KapTorpadpu-
yeckne matepuanbl B eQUHON CUCTEME KOOPAMHAT B BUAe naHAwadbTHOM Moaenm MecTHo-
CTV NaMATHWKa 1 onpefennTb ero YCI0BHbIe rpaHuLbl, Nowaib, MPOTAXEHHOCTb, CBECTH
BMeCTe BCe paHee pacKonaHHble yYacTK/ NaMATHUKA.

C co3paHuem naHawadTHOM Moaenn MeCTHOCTU CTano BO3MOXHbIM BbIATY Ha MiaHK-
rpaduryeckmne peKoHCTPYKLUN pacnonoXeHna fAepeBHN AHaHbUHO, BXOAMBLUNX B HEE XN-
NNLWHBIX N XO35NCTBEHHbIX KOMIMIEKCOB.

Apxeonormyeckne n reopesnyeckne paboTbl Ha MNOCENeHur Mo3BONAUAWN chaenaTb
3D-peKOHCTPYKLMIO PAacKOMaHHOM YacTu 1 Gnarofapa NosyyYeHHbIM KoopAuHaTam npu-
BA3aTb €€ K naHgwadpTHOM Mmogenn mectHocTh (puc. 4). Tak Kak NONOBMHA PacKoONaHHOM
nnowaan NnamMATHMKa nccnegoBanacb 6e3 NpYMeHeHnA reofesnyecknx MeToauk, eé npu-
BA3KA K MECTHOCTM BbINOMHANACb MYTEM COBMELLEHUA NOMEBbIX NIAHOB N AaHHbIX a3pPo-
doTtocbémKm (Bbbikos, TataypoBsa, CBeTnenwmni 2016). na 31oro 661710 MCNONb30BAHO NPO-
rpammHoe obecneyeHne ArchiCAD-64-16, no3BonsatoLwee co3fatb niaH MOAENMPYEMOro
namATHUKA, ero 3D-mofenb, pa3pesbl 06EKTOB U MX AeTanen.

Ha nonyyeHHO OCHOBE, COOTBETCTBOBABLLEWN apXeoIorMyecKomy niaaHy 1 ero npmBAs-
Ke K naHawadTy MecTHoCTK, Obina BbiNOIHEHA TPEXMEPHAA MOAENb KaXA0ro N3y4YeHHOro
06beKTa C YYETOM €ro peasibHbIX Pa3mMepoB, 3aPpUKCUPOBaAHHbIX MPU packonkax (puc. 5).

BHeWwHUN BMA *Xnnvw, MoaennpoBanca C UCMNonb3oBaHMEM 3THorpaduyeckux n ap-

Pnc. 2. X€ONOrnyecKknx MaTepuranosB APYrux NamMATHUKOB (ITHorpaduma pyccKoro KpecTbAHCTBA
doTonnaH MeCcTHOCTM C YCJIOBHOW rpaHuLen namAaTHrKa. QoTtorpadusa J1. B. boikosa Cnbupu 1981; Awenkos 1950; Busranos, Mapxvmosuy 2017; 1 Ap.), BHYTPEHHAA NNaHu-
rpaduma peKoHCTPYMpoBanacb Ha OCHOBE aHas3a apPXeosIorMYeCcKon NoeBon OKYMEHTa-
L1Kn: ONMCaHUI, NNaHOB 1 poToMaTepmranos C yYETOM MeCTOPACMONOXEeHUA pa3Bana neyn
N NNAHNPOBOYHbIX CTPYKTYP, XapaKTepPHbIX AN1A CEBEPOPYCCKOro xunumwa (puc. 6).

OnpepeneHnto rpaHNL, NamMATHIKA CNOCOBCTBOBaNM NpoBeéHHble B 2015 rogy apxeo-
norvnyeckre NccnefoBaHnA B CEBEPO-BOCTOYHON ero yactu, B 2016-2017 rogax packonbl,
npupesaHHble K paHee U3yyeHHOW NnoLlaAn noceneHnsa ¢ ceBepo-3anagHon 1 ro-Boc-
ToyHOU cTopoH (TataypoBa 2015; TataypoBa 2017), a TakKe MOHUTOPWHI nowaan

Puc. 4.
Pnc. 3. PekoHcTpyKUua nnaHnrpadum packonaHHbix 06beKToB aepeBHU AHaHbUHO
doTonnaH yacty packonaHHoro xunuia. Qotorpadus J1. B. bbikosa Ha NaHAWwadTHON MoAenn MeCTHOCTW. PekoHCTpyKuwsa A. 3. CeeTnenwero
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Puc. 5.
3D-peKoHCTPYKLUMA XKNKLL PACKOMAHHOW YacTy AepeBHN:
CBepxy — BMA C CeBepa, CHU3Y — C ceBepo-3anaga. PekoHcTpykuma A. 3. CBeTnenwero

pacnpoCTpaHeHNA KyNbTypHOro Cnof. DT MeponpuATMA NO3BOAUAN YCTaHOBUTb JOCTO-
BEPHO TONIbKO CEBEPO-BOCTOYHYHO, CEBEPO-3aMaHYI0 1 I0ro-3anagHyo rpaHnLbl: € loro-3a-
naga 31o 6eper pyubs, 3a KOTOPbIM OGbIIO pPacnonoXKeHo Knaabulie, C ceBepo-BOCTOKA
packonom 2015 roga 3apuKCMpoBaHO NOCTENEHHOE NCTOHYEHME KyNbTypHoro cnos. C ce-
BepoO-3anafa KynbTypHble HannaCcTOBaHMA 3aKaHUMBalOTCA Ha bepery o3epa, UTo 1 MapKu-
pyeT Kpan gepeBHu. He focToBepHO onpeAenéHHON ocTaBanachb TOMbKO KOro-BOCTOYHAA
okonuua noceneHus. NMonyyeHHble ¢ BIJIA poTonnaHbl 1 naHAwWapTHAA MOAENb MECTHOCTY
(prc. 2) no3BoONUAW NPEANONOXKMNTb, YTO TPaHULY NOCeNeHna MoXKeT 0603HavaTb cneum-
duryeckas pacTUTENBHOCTb (KOHOMMA 1 KpanuBea), npeobnagatollas Ha Mecte NamMATHUKA
(TataypoBa 2015). KocBeHHbIM noATBEPXKAEHNEM STON MMNOTE3bl MOCYXNST OCMOTP rpa-
O6UTENbCKIMX «3aKoMyLLIEK» — Te U3 HMX, KOTOPble TOKaNN30Banncb 3a Npefenamm 3apocsen
KOHOM/M 1 KpanuBbl, Ha Nyry, Kak NpaBuio, He cogep»kanv nog AEPHOM KyNIbTYPHOro CNos.
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Puc. 6.
3D-peKoHCTPYKLMNA BHYTPEHHErO MHTEPbepa FOPHMLbl CAMOrO KpanHero ¢ ceBepa XunuLla.
PexkoHcTpykuus A. 3. CeeTnenwero

Ncxopa n3 atoro, 6bina onpegeneHa npumMepHasa niowaab 4epPeBHU, KOTOpaa COCTaBMNa
okono 17 ra (Tatayposa 2015).

B 2017 roay Ha namsaTHUKe Obla caenaHa reoOMarHUTHas CbEMKa, KOTopas Mokasana,
UTO I0ro-BOCTOYHAA rpaHuLia NoceneHna onpeaeneHa HaMm HeBepHoO.

OCHOBHbIM METOAOM pelleHnA MOCTaBNeHHON 3ajaun BblGpaHa a3poMarHuUTHas
BEKTOPHAA BbICOKOYACTOTHAsA HU3KOBbICOTHAA MHOroypoBHeBasa CbEéMKa (3noB u gp.
2016a). ina BbinonHeHMs paboT ncnonb3osanca bINJ1A Tvna kBagpokonTep cO6CTBEHHON
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natepanu — He xyxe 0,3 m. Bbicota nonérta onpegenanacb ¢ nomolybto 6apometpa n CHC
GPS/TTTIOHACC He xyxe 0,5 m.

Ha nnatpopme BINJIA pasmeLtéH BbICOKOYACTOTHBIA MarHUTOMETPUYECKNIA KOMIIEKC
BMK-016/2 (puc. 7). OH npepctaBnsaet cobor aBTomatmsnposaHHyto NAC, coctoswyto ns:
a) JaTuMKa BEKTOpa MarHUTHOro Nosis; 6) HOPMUPYIOLKX YCUUTENEN, CUHXPOHHOIO TPEX-
KaHanbHOro aHanoro-unppoBoro npeobpasoBarens, CneLmanm3npoBaHHOIO NMpoLecco-
pa, YHMBEpPCanbHOro 6/10Ka NUTaHKA OT aKKyMyNATOPHOW 6aTapen (B cocTaBe 6510Ka nek-
TpOHHOro obecneyeHunsn); B) NnpmémHnka CHC, CMOHTMPOBaAHHOIO B OTAEIbHOM KOPMYCE;
r) akTuBHOM aHTeHHbl CHC.

B KomnneKkT cuctembl BXOOAUT CEPUIHBIN TPEXKOMMOHEHTHbIN Geppo30HAO0BLINA Mar-
HutomeTp ¢upmbl SENSYS tuna FGM3D/75. JaTuMK MarHUTHOroO NonA NOABELLEH Ha Ka-
6enb-Tpoce, N0 KOTOPOMY OCYLLECTBNAETCA CBA3b C 6/IOKOM 3/1IEKTPOHHOro obecneyeHus.

N3meputenbHaa cnctema BMK-016/2 BmecTe ¢ gatumkom FGM3D/75 nmeeTt cnegytowme
TEXHMNYECKNE XapPaKTEPUCTUKMN:

¢ YMCJI0 aHANOroOBbIX KaHaNoB — 24;

+ [AManasoH n3mMepeHna Moayna BeKTopa MarHUTHoM nHaykumm — 75 000 HTn;
+ YYBCTBUTENbHOCTb flatumka — 0,05 HTn;

+ COOCTBEHHbIE WYMbI CUCTEMbI — He 6onee 0,1 HTR;

+ LIYMbl B COCTaBe a3poKoMeKkca — He 6onee 0,2 HTn;

+ BEC U3MepUTENIbHON cucTeMbl — He 6onee 250 ;

+ YyacToTa uamepeHuna — 1500 .

HabnopeHne 3a BHEWHUM nonem 3eman OCyLLeCTBAANOCh C MOMOLLbIO MarHMToBapwma-
LMOHHOM cTaHuum MB-07, umetowein ToyHoCTb namepeHna 0,001 HTn npm yacToTe nonyye-
HUA gaHHbIX 0,2 'y, Bpema Ha BapmnaynoHHon ctaHuum, BMK v BITJTA cnHxpoHu3npoBanocob
no GPS.

A>spomarHnTHasa HM3KOBbICOTHasA CbEMKA NMPOBOAMAACH MO TOW Xe MeToAuKe, YTo
N Ha Apyrux apxeonornyecknx obbekTax (3mos u ap. 20166; dnos n ap. 2017a; dnos
n pp. 20176). PacctoaHne mexay npodunamm nonétoB coctasnano 3 m. MamepeHus

Puc.7.
KBagpokonTtep C MarHMTOMEeTPOM B SKCMyaTauuu (BBEpXY); ynpaBieHne NonETom (BHU3Y).
®otorpadun J1. B. Tatayposoi

KOHCTPYKUUK. AnnapaT OCHALEH CUCTEMOW Mepefayn OaHHbIX TenemeTpun, BUAeO-
N MarHUTHOWM CbEMKN B pPeXMMe peasibHOro BpemMeHu C OfHOBPEMEHHON 3anncblo BCEX
JaHHbIX Ha BCTPOEHHYI0 CbEMHyl0 ¢nsw-namaATb. B KauecTBe mopynsa aBTonunoTa WC-
noNb30BasCA NONETHbIN KoHTponnep Tuna 3DR Pixhawk. [1na nosunuymonnposaHua BIJ1A Puc. 8.

npumeHanacb CHC GPS/ITIOHACC. OTHoCcuTenbHaa TOUHOCTb ONpeaeneHna KOOpPAMHaT Nno MapLupyTHas KapTa NONETOB Ha y4yacTKe
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Puc. 9.
CpaBHeHMe KapT MarHATHOTO NOJA, CAEMAHHbIX C BbICOTbI 6 1 8 M
(BEPXHMI N HUXKHWIA PUCYHOK COOTBETCTBEHHO)

BbINOMHANNCL NPU CKOPOCTM Nonéta 4 m/c. MNOTHOCTb NonyyaemMblX AaHHbIX O MarHUT-
HoM none coctasnana 350 otcuétos Ha meTp. CbEéMKa NpoBoAuachb Ha ABYX YPOBHAX:
6 1 8 M Hag NoBepxHOCTbio (puc. 8). NMocne npoBeaeHNA OCHOBHbIX MOMETOB MO MNpPO-
dnnAmM NpoBOANNNCH YBA3OYHbIE MONETbI BKPECT MPOCTUPAHUA M3YyYaeMOn CTPYKTYpbl
Taknum obpa3oM, UTobbl OXBAaTUTb BECb OOBEKT 3a ofAMH NonéT. O6was NPOTAXKEHHOCTb
nonéTtoB cocTtaBua 20 Km.

MonyyeHHble NepBUYHbIE AaHHble 06pabaTbiBanNCb OPUTMHANIbHOWM NPOrPamMMON, No-
3BonAtollen yopatb 3¢ deKTbl, CBA3aHHblE C PacKaykom AaTunka BO BpeMs Nonéta n Bnu-
AHNEM BHELHUX 3MeKTPOMarHUTHbIX UCTOYHUKOB. B panbHenwem yxe ob6paboTaHHble
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Puc. 10.
KapTa MarHWTHOro NofsA Ha BbICOTe 6 M, HANIOXKEHHAA Ha KOCMOCHUMOK

e Elr LR

Puc. 11.
KapTa MarHUTHOro nosnsi Ha BbicoTe 8 M, HaNTOXXeHHasA Ha KOCMOCHUMOK

JaHHble AeuMUPOBanucCb, U3 HUX BblYMTANOCh BHELIHee MAarHUTHOe Mnose, NosyyeHHoe
C NOMOLLbIO MarHUTOBapPUaLMOHHOW CTaHLUM M NOAYYanoch 3HaUeHne aHOMalbHOro Mar-
HUTHOro nond, obpa3oBaHHOE NoACTMNAWNMM NopoaaMn. B nanbHerwem mMmaccmB aaH-
HblX 06pabaTbiBancs cTaHAAPTHLIMK NPOrpaMmmMmHbiMK cpeacTBamm (GS Surfer).

KapTbl NONy4YeHHOro MarHUTHOIO NOMA NpuBeaeHbl Ha puc. 9.

HanokeHne KapT MarHUTHOro NosiA Ha KOCMOCHMMKK NpuBegeHo Ha puc. 10 (Bbico-
Ta 6 M) 1 puc. 11 (Bbicota 8 m). YacTb NONETOB BbINOHEHa Ha yaaneHuu oT 10 go 40 m ot
OCHOBHOW Nnowaan CbEMKN.
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AHOManbHOE MarHUTHOE MoJie Ha BbiCOTe 6 M MMeeT MakCUMasibHoe 3HaveHne 8 HTn,
a Ha BblcoTe 8 M — 6 HTN. [loNA Ha pa3HbIX BbICOTaX UMEIOT BbICOKYIO CTeNeHb CXOACTBA,
3TO CBMAETeNIbCTBYET O TOM, YTO NOSyYeHHble JaHHble COOTBETCTBYIOT MarHUTHOMY MOS0
NoACTUNAOWMNX NOPOA N He ABAAOTCA camn no cebe aptedakTom. Ha nnowaan pabot He
06HapyXeHOo 60NbLINX 3HAYEHWI NONA, KOTOPble MO Obl yKa3biBaTb Ha NPUCYTCTBME Ha
nccnegyemon Tepputopun npeameTos M3 xenesa. CKkopee BCero, NONoXnTenbHOe aHo-
ManbHOE MoJe BbI3BaHO HaNIMYMeM 34eCb CTPOUTENIbHOIO MaTepuana: 060XKEHHON Kpac-
HOWM MUHbI. Takmx aHomanum Tpu. Camasa MHTEHCMBHAA Ha CEBEPO-BOCTOKE, CONPAXKEHHAA
C OTpuuaTenbHOM aHOManven. B ueHTpanbHONM YacTy niowaan paboTt — CABOEHHanA Nono-
XuUTenbHasa aHomanusa. Ha toro-3anage cnabaa nonoxutenbHas aHOMaNMaA, CONPAXKEHHanA
co cnlabon xe oTpuLaTenbHON.

[na cpaBHeHVA NAAHMPOBANOCh MNOAYYNTb 3HAYEHEe MAarHUTHOMO NOAA 3a Npegenamm
N3y4yaemMoro naMATHUKA. Takne nonéTbl bl BbINOJTHEHbI Ha IOFO-BOCTOKE OT NCCeyeMOo
nnowaan. OgHaKo 1 Ha yaaneHnn oT OCHOBHOW nowaan paboT OTYETNIMBO NPOCNEXNBA-
0TCA CTPYKTYpPbl, NOJOOHbIE TEM, YTO €CTb 1 Ha OCHOBHOM y4yacTKe. 3TO CBUAETENbCTBYeT
O TOM, YTO VN TPaHULbl apXe0NorMyeckoro o6beKTa 3HaUUTENbHO HonbLUe, UM NPONCXO-
Ann pa3Hoc apTedpakToB. [NepBoe NpeanonoeHne ABNAETCA NPeAnoYTUTENbHbIM, TaK Kak
Npw pa3HoCe MHbI 4OKHbI ObINN NOABUTLCA NOJIA C MAJION MHTEHCMBHOCTBIO, «pa3Ma3aH-
Hble» No niowaan. Ha KOHTPOsbHbIX NPOPUIAX 3HAYEHNA MAarHUTHOrO MOJA He MajatoT,
KOHTYPbl aHOManum YETKNE 1 HAXOAATCA Ha «NPOJOSIKEHMMN» aHOMANUN, KOTopble 3adurK-
CMPOBaHbl HA OCHOBHOM Y4acTKe paboT.

TpynHO ponycTutb, YTO Ha NpoTAxeHUn 20 m O6yaeT nNpocnexmnBaTbCA aHOManuA ot
060KXEHHOM MMNHBI. MOXHO JOMYCTUTb, YTO 3TO Pa3Hble aHOMANINN, HaXoAALWMeECA Hanpo-
TWB QpYr Apyra, Kak JoMa Ha ofHOW ynuue. B 3ToM criyyae Tepputopmra apxeonornyeckmnx
paboT fonxkHa 6biTb 3HaUUTENbHO pacwmpeHa. OoHaKO BO3MOXHbI 1 Apyrie 06bACHEeHUA.

lMpoBeféHHblE MeXANCUMNINHAPHbIE NCCIeAOBaHMA HA PYCCKOM noceneHn AHaHbu-
HO-l no3BonunM pelwwaTb OXpPaHHble, HayYHO-NCCNefoBaTeNbCKMe 3afaun U caenaTb pe-
KOHCTPYKLUKN pa3HOro ypoBHsA. C TOUYKM 3peHnsA OXpaHbl MaMATHMKOB Kak OObeKTOB KyJlb-
TYPHOro Hacneaus reogesnyeckne pabotbl Ha AHaHbMHO-I cnocobcTBOBaNM NpuBA3Ke
KOMMJieKca K MeCTHOCTM, 0603HAYEHNIO €ro YCNIOBHbIX FPaHKL, NOTyYEeHNI0 KOOPAUHAT No-
BOPOTHbIX TOUEK, KOTOPble HEOOXOAUMbI ANIA COCTaBNEHUs NacnopTa NaMATHUKA M NOCTa-
HOBKM ero Ha YY€T B opraHax no oxpaHe NaMATHUKOB UCTOPUN U KYNbTYpbl. HayuHble 3aja-
Yyn METOAMNYECKOTO U MPUKIAAHOMO XapaKTepa Aann BO3MOXHOCTb CO3AaTb TAHAWAPTHYO
Mofenb MeCTHOCTW, KOTOpas MO3BOMIAET HE TOSIbKO MPOAHann3npoBaTb NMPUPOLHO-reo-
rpaduueckyio cMTyaumto, oTCNeauTb U3MeHeHNA naHgwadTa, HO U NPUBA3aTb K HEWN BCe
nccnefoBaHHble apxeonornyecky niowaan. 3atem Ha 6ase NoneBbiX MaTePUANoB caenatb
3D-mopenn packonaHHbIX XUNuw, KoTopble ¢popmmpoBanu nnaHurpadpuio noceneHus,
npocneanTb CEBEPO-BOCTOUHYIO, CEBEPO-3arafHYyIo 1 Ioro-3anagHyto rpaHuLbl NaMmATHUKA.

[eomarHMTHaA CbEéMKa NoKasana HeCOCTOATENIbHOCTb MMNOTe3bl O IOr0-BOCTOYHOW rpa-
HULE fepeBHM, KOTOPYIO, KaK Mbl Npeanonarany, MapKknupoBasna cBoeobpasHaa pacTUTesnb-
HOCTb, XapakKTepHasa A1 XOPOLWO YHAaBOXXEHHOM MOYBbI, NPeACcTaBNeHHON KYNbTypPHbIM
cnoem noceneHus. BepoATHO 1 TO, YTO AaHHble MAarHUTHOW CbEMKU ANA MO34HUX MamAT-
HMKOB MOTYT OT/INYATbCA OT MOJIYYEHHbIX Pe3ynbTaTOB Ha KOMMJIEKCaX PaHHMX 3MO0X, Tak
KaK KynbTypHbI cnol 06beKToB HOBOro BpemMeHn JOCTaTOYHO PbiXibl, N306unyeT op-
raHWKOW, N MarHUTHble aHOManun GUKCUPYIOTCA TONbKO ANA apTedhaKToB C NOBbILEHHOM
NAOTHOCTbIO (Hanpumep, rMUHOB6UTHbIE Neun). OCTaTKN AepeBAHHbBIX COOPYKEHUI, HAapY-
LUEHNA MAaTEPUKOBOTO CJI04, HanpuUmep, AMbl NOA NOCTPONKK, norpeba, nepnmeTpbl paHee
pPacKoNaHHOM YacTu NaMATHMKA He GUKCUPYIOTCA. XOTA, BEPOATHO, ANA peLleHna 3TUX 3a-
Zay Heo6Xxo4MMO NPoJoMKeHNe reodn3nYeCcKnxX NCcneqoBaHnin.
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MATHUTHAA CbEMKA C BMNJA:
HOBbIE BO3MOXHOCTW B APXEOJIOIM'MI

MarHuTomeTpua ABNAETCA OOHUM U3 CaMblX MPOU3BOAUTENbHbBIX U NHPOPMATUBHbIX
METOAO0B MOWCKa M naeHTUGMKaLuumn apxeonormyecknx obbekToB. MNpu 6naronpuATHbIX
YCNOBUAX MarHUTHasA CbEMKa NO3BONAET NONYUYNTb GAKTUYECKN MaH NamATHMKa. OfHaKo
[NA [OCTMXKEHNA TaKoro pesynbrata HeobXxoArMO NPOBOAUTb AeTalbHOEe KapTUpOBaHUe,
MOCKOMNbKY OObeKTbl MOMCKa MMeIOT HeornpedenéHHOe reomeTpuyeckoe CTpoeHue, He-
60bLLON pa3Mep 1 HEBbICOKYHO HAMAarHUYeHHOCTb. [10 3ToM NprYnHe KpynHomacluTabHasA
Ha3eMHaA MarHUTHaA CbEMKa COMPAMXEHa CO 3HAUYUTENbHbIMU BPEMEHHbIMU U GUHAHCO-
BbIMV 3aTpaTaMi. B HacTosALLee BpemsA, KOrga apxeosiormyeckmne NnaMATHUKN akTUBHO YHNY-
TOXKAKTCA NOA BO3[ENCTBMEM NPUPOAHbBIX N AaHTPOMOreHHbIX GakTopoB, TpebyeTca HanTK
CNoco6, MO3BONAOLWNI B KOPOTKME CPOKM 06CnenoBaTh O6LIMPHbIE NOLWAAN Ha Hanuyme
apxeonornyecknx obbekToB. Becbma nepcnekTnBHOM ABNAETCA pa3paboTka TeXHONornum
MarHUTHOMN CbEMKM € nomolbto BINJ1A, cnocobHOM COBMECTUTb NPON3BOANTENBHOCTb a3-
POCHEMKM C AETANBbHOCTbIO HAa3eMHOWN CbEMKU 1 NPY 3STOM YMEHbLUNTb 3aTpaTbl.

B nocnegHee gecatnneTne nHTEpPeC MMPOBOIO HAyYYHOro COObLECTBA K STOMY Hanpas-
NEHNI0 BO3POC, OAHAKO MpPM MOMbITKaX CO3JaHMA a3pOMarHUTHOrO KOMMekca Ha 6ase
BIMJ1A BO3HMKanu TpyaHOCTU. Heobxoammo CyLleCcTBEHHO YMEHbLUNUTb Beco-rabapuTHble
XapaKTepUCTUKM MarHATOMETPOB Y OQHOBPEMEHHO Ha MOPAAKM YBENNYNTb YacToTy ANC-
KpeTr3auum MarHUTHOro nons 6e3 notepu TOYHOCTU ero nsmepeHus. B 2014 rogy B UHIT
CO PAH 6bin pa3paboTtaH onbiTHbIA 0bpa3eL, asporeodr3nyeckoro KOMnaeKca C BblCOKO-
YaCTOTHbIM MarHUTOMETPUYECKM KaHaoM, pa3meLLEHHbIM Ha 6opTy 6ecnunoTHOro neTta-
TeNbHOro annapaTa CBepXNErkoro Knacca (3nos 1 gp. 2016a; 3nos 1 ap. 20166). B kauectBe
HOCWTEeNA NCMONb30BaCA KBaAPOKONTep COOCTBEHHON KOHCTPYKUMKW. [JaTunMK MarHMTHOro
nonA — CepuUrHbIA TPEXKOMMOHEHTHbIN $peppo30HAO0BbIN MarHUToMeTp ¢upmbl SENSYS
Tna FGM3D/75. TOYHOCTb U3MepeHVA MarHUTHOIO NMosA AaTYMKoM He meHee 10 nTh, Tou-
HOCTb U3MepeHUA NOoJA B COCTaBe a3POMAarHUTHOro KomMrekca He meHee 0,5 HT. YpoBeHb
MarHUTHbIX WWYMOB M3MepPUTENIbHON YacCTW, NOJTYYEHHbIN B YCIOBUAX €CTECTBEHHOro mar-
HUTHOrO NosnA 3emnv BAANN OT MPOMbILIEHHbIX OOBbEKTOB U JIMHUI 3neKTponepenay,
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He npesbiwaeT 0,2 HTN. YacToTa M3mepeHnn Co34aHHOro MarHUTOMETPUYECKOro KaHana —
1,5 kl'y. Takum obpasom, npu ckopocTn nonéta ao 10 m/cek AMCKpeTn3aLma B N3MEPEHNM
MarHUTHOro nond coctasnset 10 MM, YTO ABAAETCA HEQOCTVKMMbIM A8 BCEX APYTMX aHano-
MMYHbIX pa3paboTok B Mupe. C nosBneHnemM HOBOW TEXHMKM 6bln pa3paboTaH MeTof HU3KO-
BbICOTHOM a3POMarHUTHOMN CbEMKM, MO3BOSAIOLLMI OCYLLECTBAATb KAPTUPOBaHWeE TeppPUTO-
PUI Ha pa3HbIX BbICOTaX 1 coyeTaTb OONbLUYK CKOPOCTb C AeTaNlbHOCTbIO U3MEPEHNIA.

MepcneKkTnBbl NCNOb30BaHNA HOBbIX Pa3paboTOK ANA pelleHrsA 3aflay apxeonoruu
O4YeBMAHbI. ITO BO3MOXKHOCTb MCCefoBaTb OonbluMe NioLwaan B KOPOTKME CPOKM, @ TaKxKe
NpoBOANTb PabOTbl Ha TPYAHOLOCTYMHbIX TeppUTOpKAX (6010Ta, KYCTapHKOBbIE 3apOCiy,
MOATOMNNIeHHbIe YYacTKK 1 T. N.). Kpome Toro, npu paboTe Ha apxeonormyecknx namaTHMKax
npenMyLLeCTBOM HOBOW annapaTypbl MOXET CTaTb BbICOKasA YacToTa 3amepoB, bnarogaps
KOTOPOW BEPOATHOCTb NOMagaHnA B TOYKN SKCTPEMYMOB MAarHUTHOrO MonA CyLWecTBEHHO
yBenuumuBaetca. [lna nHtepnpetaumMm AaHHbIX reodusnyeckon cbémkn nHdopmauma ob
SKCTPEeMasnbHbIX 3HAYEHUAX MOMA OYEeHb Ba)KHA, MOCKOJbKY MMEHHO 3TV 3HaYyeHuA nyylle
BCEr0 XapaKTepur3yoT apxeonornyeckmin 06beKT. CnoXKHOCTb PaboTbl Ha apXeONormyecKmnx
NMaMATHMKaxX 3aK/loYyaeTca B TOM, YTO 0ObeKTbl MOMCKa UMEIOT, Kak npaBuso, Hebonbluve
pa3mepbl Y HE3HAUUTENbHYIO MMYOUHY 3aneraHus, YTo onpegenaeTt U pasmep MarHUTHbIX
aHomanun. MakcmmanbHaa YactoTa CTaHAapTHOro marHuTomeTpa 10 u, noaTomy Aaxe
nNpu HenpepbIBHOM Ha3eMHOWN CbEMKe OTCYETbI MO 3HAYEeHMUIO NOMA MOXKHO MonyyaTb He
nnotHee yem yepes 10-15 cm, a NONyYeHHbIe 3HAYEHWA BENNYMHBI MAarHUTHOro nona 6y-
[YT CpeaHMKM MO NPOCTPaHCTBY. HebonbluaA yacToTa 3aMepoB B COBOKYMHOCTU C He3Ha-
YUTENbHbIMW Pa3MepamMy aHOMaNMM aenaet BepPOATHOCTb NONafgaHNA B TOUYKN SKCTPEMyMa
MarHUTHOMO NMonA MUHMMaNbHOW. [Tpn a3pOMarHMTHOM CbEMKE BbICOKAA AUCKPeTU3auma
JaHHbIX MO3BOJIAET He MPOoMnycKaTb 3KCTPEeMyMbl MarHUTHOrO MOJIA U TOYHO onpeAenAaTb
MeCTa pacnosioXeHMA aHOManbHOro 0O beKTa.

Mpwn paboTe Ha apXxeonornYeckrx NaMATHMKAX CYLLLeCTBEHHOE 3HaYeHNe MOXeT UMEeTb
daKkTop BbICOTbI 3amepa. [py Ha3eMHOW CbEMKe M3MepeHVe MOAYNA BEKTOpa MHAYKLUN
MarHMTHOIO NMOMA NPONCXOAUT Ha BblicoTe 30-40 cM Hag NOBEPXHOCTbIO 3eMn. TexHonormnsa
AdPOMarHUTHOM CbEMKM ¢ nomoubto bIMJTA He npegnonaraeT M3MepeHUsa Ha BbiCOTe Me-
Hee 2 M, UTO MPVBOAMT K CyLLeCTBEHHOMY ocJslabneHuio curHana. Mpw 3aneraHumn obbvekTa
Ha rny6uHe oT 1 4o 3 M U3MepeHHOoe OT Hero norse Ha BbicoTe CbéMKM BIJ1A ocnabesaet ot
2 po 5 pa3 no cpaBHeHWIO C HazeMHOM CbéMKor. OgHako ropasfo 6onbLias BepOATHOCTb
nonagaHnA B TOUYKM SKCTPEMYMOB MAarHUTHOIO MOJA MOXeT KOMMEeHCMPOBaTb 3TOT OTPU-
LaTenbHbIn 3PPeKT.

[nA oueHKN BO3MOXHOCTEN NCMOJSIb30BaHMA BbICOKOYAaCTOTHOrO MarHUTOMETPUYECKO-
ro KOMMeKca and novcka apxeonornyecknx o6bekToB Obiv NpoBeaeHbl nonesble pabo-
Tbl HAa Pa3HOTUMHbIX NamATHMKax bapabuHckon necoctenn, HoBocmbupckoro Mpuobba
n MNMpubankanba. C uenbio NOBbILWEHNA 06bEKTUBHOCTY NCCNIE[0BaHNA MX OTOOP OCyLLecT-
BNANCA NO onpefenéHHbIM Kputepuam. Bo-nepsbix, TeppUtopma NnaMATHUKA JOMXKHA OblTb
NOSIHOCTbIO UM YaCTUYHO KapTMPOBaHa METOAOM Ha3eMHOW MarHUTHOM CbEMKM; BO-BTO-
pblX, Ha NaMATHMKE AOMKHbI 6bITb NPOBeAeHbl XOTA Obl HebONbLUME TOUEUHbIE PACKOMKY,
yTOObI UMETb JOCTOBEPHbIE CBEAEHNA 06 0COOEHHOCTAX apPXeoNiornyecknx o6beKToB. B pe-
3ynbTaTte AnAa NpoBefeHnA MiowaaHoW a3pPOMarHUTHON CbEMKM Obinin BbiOpaHbl KypraH-
Hble MorunbHUKK Ayn-Kowkynb-1, oropenka-2, HoBonnuyroso-2, noceneHyeckmne Kom-
nnekcbl MNMpeobpaxeHka-2 n CepruHo-2, rPyHTOBbIE MOTUIbHUK Ha NamATHUKe TapTac-1,
a TakXe MeTannypruyecknmn Komnnekc bapyH-Xan. Ha namatHnke Hosonnuyroso-2 nsme-
peHuA NpoBefeHbl Ha YeTbIPEX BbICOTAX.

Bce paboTbl npoBoamnncb No eguHon metoguke. Mpu NpoBefeHU N3MEPEHUI C NO-
mowbto BIJIA Ha npodune PuKcMpoBanncb BenMuUMHa U3MEPEHHOrO MOAYJNA BeKTopa
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MHOYKUMN MAarHUTHOrO nond, KoopanHatbl KaX[OoW TOUKMU n3IMepeHnda, MMpoBoeE BpPeEMA.

JaHHble 06pabaTbiBaMCb C MOMOLLbIO BbICOKOYACTOTHOMO aHanoro-unepoBoro npeobpa- . L : . L | L ' | Tﬁ
3oBaTena c yactotol 1,5 Kl'y. PAagom ¢ yyactkom paboT ycTaHaBAMBanacb MarHMToBapuaum- 1480
OHHaA ctaHumnAa MB-07 M, koTopas Nnpon3BoAMNa 3anncb 3HaYEHNIA MOYNA eCTECTBEHHOro . 14o0
MarHUTHOro NonA 3eMnn C NPUBA3KON K MUPOBOMY BpeMeHu. [InAa no3numoHnpoBaHuA it I 11200
BIJTA npumeHanacb cuctema cnytHrUKosou Hasuraumm GPS/TTIOHACC ctaHgapTHOM mogae- :::"
nn. NonoxeHne gatymka oTHocuTenbHO bINJTA He n3mepAnoc, 1 ero OTKNOHEeHNEe OTHOCU- 53 (0AG - - )
TeNnbHO onpeaenseMoro mectononoxeHus bIJ1A Hamu oueHnBanocb He 6onee yem 0,5 m. | e
CkopocTb NonéTa geprkanacb B pamkax 4-6 m/cek, BbicoTa GUKCMpPOBanacb No AaHHbIM = L {a
. . 53 0084 X
GPS/ITIOHACC n yTouHAnacb no nokasaHuam 6optoBor annapaTypbl. B 06wel cnoxHocTn @ @
6bI10 BbINOMHEHO 60nee 400 MOrOHHbIX KMOMETPOB npodunel ¢ warom ot 1 4o 3 m. B pe- T
3ynbTate 6bIM NOCTPOEHbI KapTbl pacnpeaeneHnsa Mogy A BEKTOpa MarHUTHOM MHAYKUUK, 43,0085 - B ;:;
nocne yero 66110 NPON3BEAEHO CPAaBHEHME JaHHbIX HA3EMHOWN Y @3POMArHUTHOM CbEMKN. ! aon
NHTepnpeTauma KapT npoBogmnacb ¢ y4ETOM NOBEPXHOCTHOrO penbeda 1 nokasartenemn RS IR ST POV RO TIES Ty s Seegeyy SyYies) FRERRpR SO 1000
MarHUTHOW BOCMPUNMUYNBOCTU FPYHTOB. a 1200
MepBble ONbITHble NUccneaoBaHNA ObiM NPoBeAeHbl Ha NamMATHUKe BbapyH-Xan, KoTto- i
pbll NpeacTaBnAeT coboli apxeoMeTannypruyeckmin KoMnnekc, GyHKLMOHUPOBABLUNIA
npumepHo B 200 roay Ao H. 3. Lienbio MarHUTHOM CbEMKM ObI1 NOUCK Xene3ogenaTeNibHbIX i . . , . . . . . EE
neyem, COCTOALMNX U3 OBOXKEHHON MKHbI (purc. 1). Ha o6beKkTe B TeueHre ABYX AHEN NPOo- Gl
BOAMNAChb Ha3emMHas cbéMKa (MacwTab 1:100) n B TeUeHne OfHOro Yaca — BbICOKOUYACTOT- ::
HaA a3pomarHMTHasa cbémka. CpaBHEeHME pe3ynbTaToB MOKa3asno, YTo AaHHbIE, NONyYeH- £3. 0085 - o L 115
Hble ¢ nomoubto BINJTA Ha BbicoTe 3 M, oKazanucb 6onee MHGOPMATUBHBIMU MO CPABHEHWIO < by &) E _i'g
73 (5 - P i 2 - a:g

< 10
' & :
£3.0004 @ } L :'u

1h
2l

E£3.0083 B 26
-0
-db

T T T T T T T T T -40
166, 7028 105 FOCS 106783 106 01 %06 V042 1067033 1O0E TEI4 106 TOAS BOE VOIS -45

|
6 <LE

Puc. 2.
NamAaTHUK bapyH-Xan: a — pe3ynbtaTbl HA3eMHOW MarHUTHOW CbEMKN;
6 — pe3ynbTaTbl a3POMarHUTHON CbEMKU.
PucyHok A. B. CaBnyka

C Ha3eMHOW CbEMKOM (puc. 2). BbicoKaa yacToTa 3aMepoB No3BONMNA 3adpMKCUPOBaTb TOY-
KN SKCTPEMYMOB MarHUTHOrO MOJNA, CBA3aHHbIe C 3aleraHMeM B rpyHTe OCTaTKOB neuven,
1 NONYYNTb PENPE3EHTATUBHYIO KapTy NaMATHUKA.

Xopolwasa Koppenauma JaHHbIX OTMeYeHa No pe3ynbrataM paboT Ha KypraHHbIX MOMUb-
Hunkax Ayn-Kowkynb-1 (apeBHeTiopKcKoe BpemsA) 1 Noropenka-2 (aHOPOHOBCKas, caprat-
CKaA KynbTypbl). HazeMHaa MarHUTHasA CbEMKa 3TVX NaMATHNKOB Obina BbiNoHeHa reodu3u-
Kamu 13 [fepmaHny B pamkax nporpaMmmbl COTPyAHMYECTBa [epMaHCKOro apxeonornyeckoro

Puc. 1. nHctrtyTta n MAST CO PAH (MonoguH n gp. 2010; Harnep u gp. 2011). Ha MOMeHT OTKpbITHA
MamaTtHuK BapyH-Xan. O6wmi Bug neyein AnsA Npon3BOACTBA »Kene3a. MormbHuKa Ayn-KowwKynb-1 BU3yanbHO ObIN1O BbIAENEHO WeCTb Hacbinen (MonoauH n ap.
®otorpadus H. O. KoxkeBHrKoBa 2010. Puc. 3) (puc. 3, 8). NMocne npoBefeHNA Ha3eMHON MarHUTHON CbEMKU OBHapy»KeHO
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Puc. 3.

KypraHHbIn MornnbHUK Ayn-KowwKynb-1: @ — yyacTok paboT no JaHHbIM a3pOMarHUTHOWM CbEMKUY;
6 — yyacTok paboT Mo AaHHbIM Ha3eMHOIN MarHUTHOW CbEMKM; 8 — MNaH NaMATHUKA

elé Kak MUHUMYM Tpu KypraHa (MonoguH n gp. 2010. Puc. 6) (puc. 3, 6). MNo gaHHbIM a3-
POMarHUTHOrO KapTMPOBaHMWA yaanocb 3adrKCMpoBaThb BCe BU3yaslbHO BUAVMbIE COOPYXe-
HMA, Kpome Hebonbluon Hacbinu N 2 (puc. 3, a). bnarogapa aspomMarHMTHOM CbEMKe yaa-
NOCb O6HaPYKUTb ELUE OAUH He BblPaXKeHHbIN B penbede KypraH Ha rpaHuLie C Ha3eMHbIM
yyacTkoM. [1o pa3mepam OH COMOCTaBUM C CaMbIMX KPYMHbIMU COOPYXEHUAMMN KOMMEeKca.
Ncxopa n3 pesynbratoB ocMOTpa Hacbiny N2 3, HapyLWeHHON MEeCTHbIM HaceNeHneM, MOX-
HO NPeAnoNoXnTb, YTO B CTPYKTYpe KypraHoB MorunbHuKa Ayn-Kowkynb-1 copepxurca
000XKEHHAA MNHA, MarHUTHasA BOCMPUMMUMBOCTb KOTOPOW Ha MOPSAOK Bbille 3HAYEHWH,
TUNWYHBIX 4718 06bIYHBIX FPYHTOBbIX 06beKTOB (MonoauH 1 ap. 2010. Tabn. 1). Cyga no Bcemy,
3TO 06CTOATENBLCTBO MNOJIOKUTENBHO CKa3aloCh Ha XapaKTepe pe3y/bTaToB a3pOMarHUTHOM
CbeMKW. MNofTBepKAeHNEM MOTYT CNYXWUTb PaboTbl HAa PacrnaxaHHOM y4YyacTKe MaAMATHUKA
Moropenka-2. 3pecb Havnyylasa KOppenAuna pe3ynbTaToB Ha3eMHOro Y a3POMarHMTHOro
KapTMpoBaHUsA Obinia OTMeYeHa AnA KypraHa capraTtckon KynbTypbl N2 12, B Hacbinm KOTOpo-
ro Takxe 3adprKcMpoBaHa 060XKKEHHaA rMHa (Ino. u ap. 2016a; dnos u ap. 20166) (puc. 4).

MecTta nokanus3aumm OCTalbHbIX pPacnaxaHHbIX KypraHOB Ha KapTe aspoMarHuT-
HOWN CbEMKM MamsATHUKa [loropenka-2 nposBuanNCb B BUAE aMOPPHbIX aHOManuin, Ma-
NTOKOHTPACTHbIX MO OTHOWEHUIO K GOHOBBLIM 3HAaYE€HUAM MArHUTHOro nosna. AHoManum
MUMEIOT OYeHb Manylo aMnAnTyay U faxke Npu Ha3eMHOW CbEMKe dukcmpytoTca cnabo.
YBennueHne BblCOTbl 3aMepPOB (Aake Npu UX 60MbLION YacToTe) He AAET BO3MOXKHOCTHU
NonyuYnTb YETKYI KapTUHY. [ogo6Hble Npo6nembl, HECMOTPA Ha AOCTAaTOUYHbIA MarHUT-
HbI KOHTPACT NOYB U NOACTUNAOLWMNX NOPOA, BO3SHMKAKOT NPU UCCIe[0BaHUM pacnaxaH-
Hbix ropoaunly (CeprnHo-2, capratckaa KynbTypa), FPYHTOBbIX MOrmnbHMKoB (Taptac-1),
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Puc. 4.
KypraHHbIn MmornnbHuK Moropenka-2. Y4actok paboT no faHHbIM: d — a3POMarHUTHOM CbEMKU;
6 — Ha3eMHOW MarHUTHOW CbEMKM; 8 — TAXEOMETPUYECKON CbEMKM.
PucyHok W. B. E. ®accbuHaepa

a TakXKe JINWEHHbIX HAaCbINU NOAKYpPraHHbIX nnowaaok (Hosonnuyroso-2). MNpu pabote
Ha penbedHO BblpaXeHHbIX ropoAunLLax B YCIIOBUAX Mano MarHUTHON KOHTPACTHOCTU
rpyHToB ([MpeobparkeHKa-2) OTMEYAeTCA XOPOLLAA KOpPenauMa Ha3eMHbIX U aspomar-
HUTHbIX JaHHbIX. [Py STOM HM Ha3eMHasA, HM HU3KOBbICOTHAA CbEMKaA He GUKCUPYIOT pac-
NONOXEHHbIe PAAOM pacnaxaHHble noceneHyeckmne komnnekcol (MonoguH n gp. 2006).

bonbwrm npenmyLecTBOM HOBOro a3pOMarHUTHOro MeTofa ABMAETCA BO3MOXKHOCTb
BbIMOSIHEHNA CHEMKN Ha HECKONIbKUX YPOBHSAX BbICOTbl. YUmTbiBaA OOMbLUYIO MAOTHOCTb
JaHHbIX, 3TO AAéT JOCTAaTOYHO MHPOPMaL MK ANA ONMCAHUA BEPXHENO MONYNPOCTPaHCTBA,
nossonaa GopmmupoBatb «TOMOrpadrueckyio» KapTUHY MarHuTHoro nonsd. CTaHoBMTCA
BO3MOXHbIM Ha CyLLeCTBEHHO 6oNiee TOYHOM, YeM NPEeACTABNANOCH NpeX e, YPOBHe onu-
caTb Nosie B HXKHEM MONYNPOCTPaHCTBE. TakMuM 06pa3oM, MOXHO MOyYnTb ropasgo 6o-
nee MnonHy NHTepnpeTayno reopusnyecknx JaHHbIX.
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Puc. 5.
KypraHHbIn MOrnabHMK HoBoMMuyroso-2.
Pe3ynbraTbl pa3HOBbLICOTHOWM a3POMarHUTHOW CbEMKI

MoaTBepXaeHNEeM 3TOro ABAAKTCA pe3ynbTaThl PaboT Ha KypraHHOM MOTWJIbHUKe
Hosonnuyroso-2. CpaBHeHMe AaHHbIX, MOMYyYEHHbIX HAa HECKOJNTbKNX YPOBHAX BbICOTbI, MO-
Kas3asio UX BbICOKOe COOTBETCTBYME MO BCEM dIeMeHTaM BbIAIBIEHHOIO aHOMAasIbHOrO MarHuUT-
Horo nons (puc. 5). B pesynbrate aHannsa 1 COrnacoBaHMA AaHHbIX OblfI0 NONYYEHO onnca-
Hue BepXHero (purc. 6) 1 HUKHero (puc. 7) NonynpocTpaHCTB. B 3anagHom yacTy yyacTka Ha
MeCTe pa3pyLUeHHOro KypraHa 3adpukcmpoBaHa Hebonbluasa aHOManua, KoTopasa MHTepnpe-
TUPYETCA HaMU Kak pa3rpabneHHoe 3aXxOpOHeHMe C OCTaTKaMM NPUBHECEHHDBIX »Kene3oco-
aepxawumx npeagmeTtoB. O6BbEKT pa3mepoM He 6onee 25 cM pacronNoXeH Ha rnybuHe oKono
0,7 M. B BOCTOUHOI YaCTX yyacTKa BbiBIEHa CTPYKTYpa 3HauMTeNIbHO 60MbLINX Pa3MepOoB,
HO MeHbLUEN UHTEHCUBHOCTM. AHOMaNIbHOE MarHUTHOE Mone, CKopee BCero, CO3AaHo Te-
NOM AMAaMETPOM OKOJI0 6 M 1 MOLLHOCTbIO 0Komo 0,5 M, 3aneraioLmm Ha rnyburHe okono 5 m.
Mo ¢ur3nyecknm CBOMCTBaM JaHHbI OObEKT HGonee BCEro MOXoXK Ha OOOXKMKEHHYIO TMINHY.
Llenb MmenKnx aHOManui, BbITAHYTbIX B CyOLUMPOTHOM HanpaBNeHUN, UHTEPMNPETUPYETCA KaK
cTapan 3abpolueHHas gopora. Takum o6pa3om, aHanm3 pe3ynbTaToB PaboT Ha MaMATHYKE
Hosonunuyroso-2 nokasan, 4To npoBefeHne pa3HOYPOBHEBOW a3POMAarHUTHOM CbEMKI Mo-
3BOJIAET BbIABNATb 06EKTbI, KOTOPbIE MO ObITb MPONYLLEHbI HA MUHMAJIbHBIX BbICOTaX,
a TakXe cyanTb 06 1X CBOMCTBAX, pa3Mepax 1 rybunHe 3aneraHus.

MNepBble OMbITHble WCMAbITAaHUA, NPOBEAEHHbIE Ha apXeoNormyeckmx naMATHUKAX
BapabuHckoi necoctenn, HoBocmbupckoro MNpuobbsa n MNpubarkanbsa, Nokasanu npaso-
MEPHOCTb U MEPCNeKTUBHOCTb MPUMEHEHMA HOBOW TexHomnorun. Asporeodursnyeckuii
KOMMNEKC C BbICOKOYACTOTHbIM MAarHUTOMETPOM no3BonAeT 3GeKTUBHO MNPOBOAUTH
CbEMKY MacwTaba fo 1:200, cnocobHy0 3aMeHNTb Ha3eMHY0 CbEMKY aHanormyHoro mac-
wraba. KaptnpoBaHue B 6onee KpynHOM Maclitabe MoXKeT MPOBOAUTLCA NPU NPUMEHe-
HUW QpYyrvux TexHonornyecknx pewexHni: aupdepeHuymanbHoro GPS n otcnexmnsaHma no-
NOXeHWA faTynka MarHMTHOrO NOJA OTHOCUTENbHO JleTaTeIbHOro annapara. B HacToAwee
BPeMA MCMoNb30BaHNE a3POMarHUTHOro Komrekca Ha 6a3e BIMJ1A no3BonAeT JOBO/IbHO
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Puc. 6.
KypraHHbIn mornnbHuK HoBonnuyroBo-2. BepxHee nofynpocTpaHCTBO MO AaHHbIM reOMarHUTHOM
Tomorpaduun: a — nHTepnonauusa; 6 — Tomorpaduueckan koppekuus. PucyHok A. H. Bacunesckoro

ycnewHo obHapy»XMBaTb pacnaxaHHble unv cnabo BblpaXkeHHble B penibede KypraHbl,
a TakXXe 06beKTbI C MOBbILLEHHON MarHUTHOW BOCMPUMMYMBOCTDBIO (MEUYUN U COOPYXKEHUS 13
060XKXKEHHOM rMUHbI). [na 3¢deKTUBHOro peLeHns 3agay no Noucky 1 nageHtndukaumm
HebONbLIMX FPYHTOBbIX apXeoNiornyeckmx o6beKToB Heobxoauma AanbHerllaa aganta-
uMa MeTofa, KoTopasa BO3MOXHA B YCIIOBUAX MPOBEAEHMA KOMMIEKCHbBIX apXeooro-reo-
dunsnyeckmx nccnepoBaHuii. Micnonb3oBaHre pa3paboTaHHOro MeTofa HU3KOBbICOTHOWM
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Pnc. 7.
KypraHHbIn MmorunbHK HoBonnuyroso-2.
Pe3ynbTaTbl reOMarHUTHOM TOMOFpadun HUKHEro NoTyNpPOCTPAHCTBA

a3POMarHUTHOM CbEMKU NO3BONAET B KOPOTKME CPOKU U C MEHbLUMMI 3aTpaTamu obcne-
[0BaTb 6OMblUME MAOLWAAN C NOCNEAYIOWMM KapTUPOBaHEM BblAeSIEHHbIX NePCNeKTUB-
HbIX YYaCTKOB C MOMOLLbIO HAa3EMHbIX NMOVCKOBbIX METOAOB. TakM 06pa3om, B apXeosioruio
MO>KeT OblTb BHeAPEH MPUHLMN CTaAUAHOCTA Pa3BefoYHbIX PaboT, KOTOPbIN YCNELIHO MC-
Monb3yeTcs, HanNpuUmMep, B reoNloropasBekKe.

JINTEPATYPA

Monoguu n gp. 2006

MonooduH B. Y., Yemakura M. A., []adekos [1. I. u Op. Pe3ynbraTbl reopmsnyeckmx ncciefoBaHnin namaT-
HuKa MNpeobparkeHKa-2 B bapabuHckom necoctenu // Mpobnembl apxeonoruu, STHorpadpuim, aHTpono-
norvn Cnbupwu n conpeaenbHbix Tepputopuii. Hoocnbupcek, 2006. T. 12, u. 1. C. 434-439.

Monoguu n gp. 2010

MosnoduH B. W1, ®accburdep W. B. E., fopka T. u Op.HOBbIN MOTVNbHIK [PEBHETIOPKCKOrO BpeMeHu Ayri-
Kowkynb-1 B bapabuHckol necoctenu: reopusmueckme nccnenoaHus // BectHuk Hosocnbupckoro
rocyaapcteeHHoro yHusepcuteTa. 2010. T. 9, Bbin. 7. C. 46-56. (Cepusa : ictopus : Ounonorus).

Harnep n gp. 2011

Haenep A., Kobenesa J1. C., ypakos Y. A. u Op. AHOPOHOBCKIMI (PelopOBCKUIA) KypraH Ha MOTUbHUKE
Moropenka-2 (UeHTpanbHas bapaba) // Mpobnembl apxeonoruu, STHorpadumn, aHTpononorui Cnbnpn
1 conpepesbHbix Tepputopuit. Hosocnbupck, 2011.T. 17. C. 212-216.

SnoB u Ap.2016a
Anos M. Y., ®upcos A. 1, 3nvizocmes Y. H., Casnyk A. B. MarHutopassefunk: Ham cBepxy BUAHO BCéE //
Hayka 13 nepBbIx pyK : [paHu Hayku 6yayuiero. 2016.T.71/72, N2 5/6. C. 104-109.

3noB n gp. 20166

3nos M. U, MonoouH B. Y., Mo30Hskosa O. A. u 0p. ONbIT MarHUTOMETPUUYECKOTO KapTUPOBaHWA apXxeo-
NOrMYeCKUX NAMATHMKOB C UCMOMIb30BaHNEM 6eCnMNOTHbIX leTaTesbHbIX annapaTos // Mpobnembl ap-
xeonoruu, sTHorpadum, aHTpononorun Cnbupn 1 conpenenbHbix Tepputopuin. Hosocmbmpck, 2016.
T.22.C.478-282.

3Virtualnaya_arxeologiya_2018.indd 264-265

Sorin Hermon
The Cyprus Institute, Cyprus

INTEGRATED DIGITAL APPROACHES TO THE VIRTUAL RESTORATION,
RE-UNIFICATION AND RE-ASSOCIATION OF FRAGMENTED
CULTURAL HERITAGE ARTIFACTS - THE EU-FUNDED
GRAVITATE PROJECT

Introduction

The Salamis terracotta statues were discovered in Cyprus more than 100 years ago,
within the large ancient site of Salamis, once a major harbor-city of the island. These are
standing male figures, some life-size, dressed in decorated clothing, some holding sacrifi-
cial offers such as small animals, others wearing decorative cuirasses and swords. The ex-
act location of their discovery is unknown today, since the excavators, the British based
Cyprus Exploration Fund, has not provided sufficient material for its clear identification.
Some 250 fragments, possibly belonging to ca. 30 terracotta statues, constitute today the
Salamis collection, attributed on stylistic grounds to the VII™" century BC. Following norms
from the period of their discovery, ca. 30 pieces, representing larger fragments of heads
or torso, were given to the Cyprus Museum, and now in their permanent exhibition, while
the vast majority went to the British Museum, where a few are on display while the rest are
stored in its deposits. The Ashmolean Museum and the Fitzwilliam Museum received some
objects as well, to enrich their educational collections, while a few fragments ended in pri-
vate collections and are un-available for further study.

Researchers trying to study the collection today as a whole, or trying to physically re-
store the statues, face several challenges. Their descriptions consist at the most of a set of
images with accompanying text, each institution following their own standards for docu-
mentation and access to digital content; current ownership policies prevent their perma-
nent re-association, while physical restorations are an impossible task, given their current
ownership. Digital technologies may however offer a solution to the above.

Having the approval of all museum curators and related administration to provide full
access to fragments and following the successful bid for funds through the European Union’s
Horizon 2020 research and innovation programme (grant agreement 665155) a consortium
led by the IT Innovation of the Southampton University and having as partners the University
of Amsterdam, the Institute for Applied Mathematics and Information Technologies of the
Italian National Council of Research, The Cyprus Institute, the Israel Institute of Technology -
Technion and the British Museum, was established. Consequently, the GRAVITATE project
aims to create a set of software scientific visualization and analysis tools that will allow
archaeologists, curators, conservators and illustrators to identify and Re-Unify heritage arti-
facts that have been separated across collections, Re-Associate objects of Material Culture
that have some relationships (e.g. same production workshop, same period or style) and
eventually Re-Assemble fragments belonging to a single object. The guiding assumption is
that the above aims are achievable by integrating semantic technologies with 3D geometry
analysis, supported by strong interpretative and analysis tools based on scientific visualiza-
tion and semantic search. While presenting each tool in detail is beyond the scope of this
article (please visit the project’s website for such details — http://gravitate-project.eu/) the
aim here is to present an overview of the project’s approaches and challenges encountered
during its development phases with some preliminary results.
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Documentation of the collection

There are only a handful of archaeological publications regarding the Salamis terracotta
fragments, all focusing on stylistic description of the statues and their chronologic position
(see http://gravitate-project.eu). Moreover, during the more than 100 years since their disco-
very, objects were catalogued under various systems, some changed ownership while others
were moved from deposits to exhibit vitrines and vice-versa. Therefore, the first and initial task
was to identify correctly all fragments belonging to the Salamis collection, and make sure that
all catalogued as such belong indeed to this collection. Instrumental in this phase was the
collaboration of Prof. V. Karageorghis, leading expert in the coroplastic art and archaeology of
Cyprus, who ascertained that all fragments to be documented are from the same collection.
Consequently, all fragments were 3D documented using either laser or image-based sensors,
in order to accurately, capture their geometry; each fragment was photographed as well, using
high-resolution imaging, in order to record color information. A few fragments bearing colors
were further analyzed by non-invasive chemico-physical methods of spectroscopy (FORS and
XRF) and their clay composition investigated by means of digital microscopy.

The conceptualization of the digital investigation platform
The design and implementation of the investigation pipeline has to consider several
aspects concomitantly:
a) the disparate location of digital replicas of objects, as they belong to various museums;
b) their consequent registration under different Intellectual Properties Rights;
c) objects are described under different standards, according to the registration norms of
each institution;
d) the digital documentation process produces 3D models with various resolutions, errors,
non-manifolds, etc.;
e) thereis a need for the provision of a rich semantic description of objects, that goes be-
yond archival museum practices.

The envisioned use of the platform should provide the following options and tools to
researchers:
1) a semantic search tool;
2) the possibility to investigate 3D objects (measurements, surface analysis, features ex-
traction, annotations on interesting areas, etc.);
3) avirtual research environment to manipulate and compare 3D models;
4) relate 3D restoration results to a template (the idealized shape of a complete object).

The virtual restoration, re-association and re-unification of the fragmented items is
therefore based on three integrated approaches:

i. similarity of color properties (automatic identification of similar color patterns and fea-
tures based on 2D puzzle concepts);

ii. similarity in 3D geometry, such as curvature, delineation of features (e.g. eyes, lips and
other body parts) and continuation of surface properties, such as similar roughness pat-
terns of , for example beard, hair, etc,;

iii. semantic search through existing textual descriptions enriched and corroborated by
the interaction with the 3D models.

Figure 1 details the schematic structure of the GRAVITATE platform; once data is 3D digi-
tized (including high-accuracy color information) and post-processed in order to enable fur-
ther investigation, it is stored in a digital repository, based on CIDOC-CRM ontology along
with other information material (textual description, metadata, images) and which serves
as the main archival environment from where data is searched and retrieved for analysis.
A search engine, based on the core concepts of the CRM (event, time, place, etc. and related
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Fig. 1.
The GRAVITATE platform

terms deriving from the objects’ metadata descriptions) allows the retrieval of objects from
the repository. The semantic information is further enriched by researchers through annota-
tions, results of queries and so forth. A set of scientific visualization tools for interaction with
the 3D content and a virtual environment for attempting at re-associating, re-unifying and
restoring the fragmented objects under investigation complete the platform. The platform
is designed in such a way that new knowledge acquired from the interaction with the 3D
models is enriching their semantic description, while the semantic search helps refining and
better defining geometric features of the 3D models related to style, typology or technology
of manufacture of the investigated items. Thus, the overall knowledge graph describing each
feature is enriched semantically by the scientific interaction with the 3D models. Intuitive
associations based on geometric similarities should be now tested quantitatively and their
consistency validated through complex computational tools.

The GRAVITATE solution

The approach adopted by the GRAVITATE consortium is based on the assumption
that better results of re-association, re-unification and restoration of fragmented Cultural
Heritage artifacts can be achieved when rich semantic descriptions are corroborated with
3D geometry of items and their 2D color information at the same time. Moreover, the se-
mantic description of objects can be further enriched through annotations on 3D models
and from new knowledge achieved while interacting with the 3D models. Such an inter-
action is based on the quantified characterization of several descriptors, which follows the
traditional procedures of archaeologists and conservators when attempting at restoring
fragmented / broken objects. For example, the developed tools enable the identification
of distinctive parts, such as “eye”, “lips’, “hand’, etc. (fig. 2), features extraction based on the
Hough transformation (fig. 3), or surface patterns, such as“curly beard”,“straight lines beard”.
Other descriptors enable measurements of the curvature of the object, its surface rough-
ness in selected areas or delineation and extraction of features for further comparison.

A major investment has been devoted to the development of an automatic pipeline
for the preparation of 3D models to be suitable for accurate 3D geometry analysis. This
included, among others, a correct identification and delineation of facets (fig. 3) — appar-
ently a simple task for the human eye, an algorithm needs to have clear rules on how to
delineate correctly the edges of the “upper face”, versus the “fracture edge” and the “lower
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Fig. 2. Fig. 3.

Faceting of 3D models Features extractions

face” (the internal face of a fragment). Another requirement from 3D models aimed at an
accurate analysis is that each edge is connected to only two faces. However, 3D models
generated from scanned data may have non-manifold (there are holes in the 3D model or
there are extra facets) or mixed normals errors that have to be fixed prior their geometric
analysis and surface characterization.

A consequent major challenge was the harmonization of the available textual data and
the mapping of the information embedded into the metadata descriptions within a single
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homogenous environment. This was achieved by adopting CIDOC-CRM conceptual refe-
rence model as the main ontology, into which the various metadata schemas describing
the analyzed fragments, corresponding to the respective museum practices where they
are stored, have been mapped. Another mechanism for enriching the semantic description
of items and their preparation for a suitable semantic search is the application of Natural
Language Processing (NLP) on already published free text descriptions of the items and
their archaeological context. NLP is particularly useful when the text describing stylistic
features of the items is corroborated with the geometry of their 3D models, in order to
provide archaeological meaning to the observed geometrical features. Vocabularies and
meaningful relationships between terms are extracted with NLP as well; such data is inte-
grated within the knowledge repository. In parallel, a Cultural Heritage Artifact Partonomy
(CHAP) is created to describe each artifact, dividing it in components, according to visual
and morphological features and their hierarchical relationship. CHAP is incorporated to-
gether with the outcome of NLP in a complex system of relationships, structured in CIDOC
CRM and codified as RDF annotations. Figure 4 describes the semantic propagation and
data enrichment within GRAVITATE.
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Semantic propagation within the GRAVITATE platform
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The web-based search platform
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Fig. 6.
Snapshot from the desktop based research environment

The GRAVITATE virtual research environment

The envisioned workflow is based on a web-based service for the semantic search
(fig. 5) and a main desktop environment where most of the research tasks are performed
(fig. 6). The semantic search is based on the main CIDOC-CRM concepts of time, space, ac-
tors and events. Query results are displayed and similarities based on shape and color can
be mentioned. Once objects are selected, their 3D models are brought into the desktop
environment for further investigation. It has four interaction modes: Inspection, Fragment,
ReAssembly, History and Groups, each with its specific tools. The central window is dedi-
cated to the visualization of the data (see http://gravitate-project.eu/ for further details).
Measurements, annotations, analyses of surface and comparisons of shapes are performed
here. Results are then fed back into the repository for enrichment of data.

Summary

Preliminary results of the project are very promising. A new approach to the study of
fragmented artifacts and collections dispersed among various museums has been designed
and its related tools developed. These in turn can be re-used in other domains dealing with
fragmented artifacts, such as osteology, geology, forensics and so forth. Research in mathe-
matics, computer graphics, ontology engineering has benefited from the results of the pro-
ject, by providing, among others, a pipeline for automatic control of 3D models quality for
non-manifold areas, robust algorithms for faceting of 3D models, 2D puzzling based on color
and descriptors similarities, CHAP description of features and so on. The archaeology, muse-
ology and conservation communities benefit from the project by gaining access to digital
tools that eventually will revolutionize their daily work as restorers, curators or scientists.
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SUMMARIES

Amir Ahtamzyan, Nurlan Ahtamzyan

RECONSTRUCTION OF THE FACIAL EXPRESSION AND SPEECH
OF HISTORICAL CHARACTERS BASED ON 3D-SCANNING WORKS
BY M. M. GERASIMOV. OPPORTUNITIES,

SPECIFICS OF WORK AND RELIABILITY

Mikhail Gerasimov's technique of forensic sculpture is based on facial bones. Recent
3D-technologies for film production and computer games design give the possibility to
make facial animations including small mimetic muscles and link them to the deformation of
a 3D-model. The 3D-model can be based on scans of busts or sculptures.

Is it possible to reveal the storylines useful for the reconstruction of facial expressions chart
and speech idiosyncrasy of a historical figure? What is the level of art and scientific reliability
of these reconstructions? Do the dynamic reconstructions give a more complete impression
of an image than static? How can interactive 3D-avatars based on reconstructions be used in
amuseum?

Keywords: 3D-scanning, facial animation, 3D-avatars, 3D-skinning, 3D-rigging, facial expressions,
face capture

Knrouesvie ciosa: 3D-ckaHMpoOBaHue, N1ueBan aHnmauma, 3D-aBaTapbl, 3D-CKUHHWHT,
3D-pUrTMHE, MMMIMKA, 3aXBaT ABUXKEHMA nnua

Translated by Olga Dvoretskaya

Ksenia Bondar, Marina Daragan, Sergei Polin

MODELLING OF SPACE AND RECONSTRUCTION OF THE FUNERAL
RITUAL AT A SCYTHIAN KURGAN BURIAL AFTER MAGNETOMETRY
AND ARCHAEOLOGICAL PROSPECTIONS

Non-destructive research of kurgans and inter-kurgan space of the Scythian burials near the
village of Katerinovka with the help of geophysical methods and GIS aimed to better target the
archaeological excavations and to fix spatial structure of the monument giving new data on
Scythian funeral rituals.

Magnetometer survey on the 3.65 hectares showed numerous kurgans invisible in relief and
a set of other structures behind the kurgan ditches. On the magnetic map there are different
kurgans of various sizes. The external diameter of circular ditches varies from 6-23 metres, and
there was also a semicircular anomaly from a 37m diameter mound whose date is not evident
(possibly Bronze Age?).

As a result of the magnetic survey archaeological excavations were carried out on the area
of the burial, five kurgans were explored, four out of them had not been detected visually.
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Completely new facts in the understanding of the construction of Scythian kurgans that
were found include: the discovery of the ditch encapsulated into the burial without a funeral
chamber and the dredging holes near three kurgans erected without a ditch. It should be
mentioned that all the surveys were done near an operational manganese ore mine. Heavy
machinery and plant caused serious disturbance to the local magnetic field, so the traditional
methods of magnetic measurements required corrections.

Keywords: Scythians, kurgan periphery, geophysics, GIS
Kniouesvle crosa: cknpckoe Bpems, neprdepus KypraHos, reodusmka, GIS

Translated by Olga Dvoretskaya

Mikhail Vavulin, Olga Zaitseva, Irina Nevskaya,
Evgeny Vodyasov, Larissa Tybykova

PHOTOGRAMMETRY AS ATOOL
FOR DOCUMENTING THE OLD TURKIC RUNIC ROCK INSCRIPTIONS
IN THE ALTAl MOUNTAINS REGION

The old Turkic runic rock inscriptions in the Altai Mountains region (VIII-XI centuries AD) are
less studied than famous epitaphs on the stone stelaes_in Mongolia, Khakassia and Tuva. Apart
from specific linguistic problems decoding is impeded by the technique of the engravings on
the rock surfaces. The small size of the signs made with slim cuts causes difficulties in copying
and identification. The fresh lines of cuts stood out against the rock background due to their
colour, but over time they become less and less visible, and today a human eye can see the cuts
with great difficulty and only at certain angles together with special lighting. The identification
of runic inscriptions is also difficult due to the later petroglyphs and inscriptions made by
modern vandals. The drawings of the same inscription made by different researchers vary so
much, that they result in different variants of decoding. Existing traditional contact methods
used for petroglyphs do not suit the runic inscriptions.

In 2017 we carried out field work aiming at documenting the Altai runic inscriptions with
the help of modern technical tools. The particularities of runic signs described above require for
their reliable documenting both microphotography of high resolution and fixing of rock relief.
Totally we got 30 models of the rock surfaces with Turkic runic inscriptions. Photogrammetry
turned out to be the cheapest and optimal solution. The collected data are the first attempt of
3D-documenting of the runic inscriptions in Altai region, which will help to finalize the long
term discussion about decoding. Besides these data will help to preserve the runic signs at
least in the digital form. Later the collection of the models will be available in the Internet for all
specialists in Turkic philology that will give them the possibility to work with signs and to make
new interpretations.

Keywords: old Turkic, runic writing, Altai Mountains, photogrammetry, 7th — 9th centuries AD
Kniouesvie crioga: apeBHeTIOPKCKaa pyHMYecKas NUCbMeHHOCTb, [opHbin AnTan, ¢poTorpam-
meTpwua, VIII-XI BB. H. 3.

Mepesood O. b. []leopeuyxoli
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Marina Daragan, Yuri Svoiski

MAPPING AND MORPHOMETRIC ANALYSIS OF AN INTERNAL SPACE
OF WESTERN BELSKOE HILLFORT

At the beginning of the Early Iron Age, the entire Forest-Steppe and Forest regions of Eastern
Europe underwent the “hillfort boom".

The construction of mega-hillforts of 100 to more than 4,000 hectares in area are charac-
teristic of this period.

Their fortifications are huge, built around the perimeter of the hillforts and have a very
clear geometric round or oval shape. Fortifications consist of an earthen bank with a height of
between to 7-8 m and a ditch of 5-6 m deep.

There are many questions surrounding the reasons for why they were built (e.g. in reply to
Scythian threat etc.), their functions, and the status of hillforts (e.g. the centres of tribes, the
centres of redistribution, hillforts-refuges). These big questions are being addressed by rather
weak (in terms of the area that can be studied by excavation) archaeological study, and the
ratherinconsistent (orincomplete) data about their arrangement, the sizes and conditions in the
nearest vicinity. Thus, it is quite obvious that actually archaeological methods (i.e. excavation)
in the foreseeable future cannot answer these questions as archaeological research of such
areas needs considerable amounts of time and great expense, (i.e. it is almost impossible and
inexpedient).

However, revealing various problem situations concerning the monuments connected with
their location, metric parameters, character of settling of hillforts should become a prime and
uniting aspect of their study. For this purpose, the creation of multifactorial high-precision
models of the monuments in the context of the surrounding landscape and cultural situation is
necessary. Such models form a basis for carrying out a variety of research procedures, including
investigation of interrelation between spatial conditions under which the monuments were
constructed, and material expenses which were directed into their construction. A spatial
analysis of the choice of the place of residence against the analysis of fortifications of the
hillforts supports an adaptive strategy of a society and serves as a key to understanding a social
society organisation, its military doctrine.

As mega-constructions, hillforts involve a bank and a ditch and the basic labour costs are
connected with their building it is necessary to designate also methods of studying defensive
constructions of various hillforts. How do we study and visualize monumentality of hillforts?

Earlier visualizations of hillforts used a complex of geo-information methods based on
digitalization of the topographic maps of scale 1:5,000, 1:10,000, 1:25,000. This approach
allowed us to represent the general relief on which the hillforts had been constructed, but did
not allow to visualize actually defensive constructions of the hillforts. Tacheometry was applied
to create profiles and three-dimensional models of defensive constructions (bank and ditches).
Total station measurements were performed on some segments of banks and ditches on some
hillforts. But considering size of the monuments and perimeter of their defensive systems, total
station measurements take rather long time and are not equally effective for all sites. Therefore
we started to use photogrammetry. The photographic materials received as a result of shooting
as carriers of the topographical, geological and hydrological, landscape information, possess
high informativity, objectivity and sufficient measuring accuracy.

Digital terrain models of two hillforts were created using UAV imagery and processing
method — Western Belsky's (89.4 hectares) and Nemirovsky (123 hectares). We can now present
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not only the large fortifications of the hillforts along their entire extent, but also the automated
process of creation of a three-dimensional model of the landscape in various textural modes,
construction of profiles across the defensive systems, and the most important thing, absolutely
precise calculations of the area of sites of ancient settlements, perimeter and volume of their
defensive constructions (bank and ditch).

Keywords: Early Iron Age, mega-hillforts, photogrammetry, UAVs
Kntouesble c/108a: paHHUI Xene3Hbll BeK, Meraropoauuia, potorpammetpus, bIrJ1A

Translated by Olga Dvoretskaya

Alice Zubova, Alexander Kulkov,
Vyacheslav Moiseeyv, Valery Khartanovich

RESULTS OF THE VIRTUAL 3D-MODELLING
FORTHE STUDY OF PALEOLITHIC ODONTOLOGICAL FINDS
FROM THE KUNSTKAMERA COLLECTION

Since 1960-70s the collections of the Anthropological department of the Peter the Great
Museum of Anthropology and Ethnography of RAS (the Kunstkamera) in addition to the serial
hominid finds has stored single finds of hominid teeth dating back to Paleolithic times. Some of
them are unique from the archaeological point of view, because they refer to the earliest stage
of Homo sapiens settling in Eurasia. Amongst these finds are the samples from Akhtyshskaya 1
and Rozhok 1, found in late layers of the site of Mousterian period, and the isolated baby molar
from Kostenki XIV dating the early Upper Paleolithic period. All these finds were not carefully
studied because the external side of enamel has been mostly worn-out and the morphology of
the tooth veneers cannot be described in detail. Moreover, the statistical methods could not be
applied to a sample of a single tooth.

The complex research of the single finds started in 2017 by the Anthropological department
of the Kunstkamera and Saint Petersburg State University Research Center for X-Ray Diffraction
Studies (XRD Centre SPB SU). The complex microtomography of all samples was done on the
X-ray microtomograph Skyscan-1172. The data were applied for the 3D-modeling of every
tooth in the program CTAn (Bruker-microCT), which allowed researchers to separate virtually
dentin and enamel. The visualisation of the digital model was done in CTVox (Bruker-microCT).
The results of modelling made it possible to analyze the internal structures of veneer and get
data necessary for the comparison of these finds with other samples using statistical methods.
As a result, the taxonomic family of the finds from sites of the Mousterian period was defined as
well as main directions of biological relations of the population to which they have belonged.

Keywords: micro-CT, 3D-reconstruction, odontology, Paleolith, paleoanthropology
Kntouesvle criosa: komnbloTepHasa MukpoTomorpadua, 3D-peKoHCTPYKLMSA, OOOHTONOIA,
naneonut, NaneoaHTPononorms

Translated by Olga Dvoretskaya
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Wopr ®accbmnaep, DnopuaH bekkep, Capa AbaHaosuL,

ASPOOOTOCHEMKA, TASEPHOE CKAHVPOBAHWE
N MATHUTOPA3BEOKA HA KEJIBTCKOM TOPOAUILLE MKEJTE3HOTO BEKA
MEHOCTAA B BABAPUU (TEPMAHNA)

YKkpenneHue xene3Horo Beka MeHoceada, umetowee KanmbposaHHyto gaty 200 r. fo H. 3.,
6b110 13BECTHO YXe npu lNTonemee 1 0OTMeYeHO Ha KapTax, HaumMHas co |l Beka H. 3., ABnsAeTcA
CaMbIM CEBEPHbIM KefbTCKMM noceneHnem B baBapun. NoceneHne, pacnonoxeHHoe Ha npu-
pOAHOM (reonormyeckoM) MamATHUKE U3 M3BECTHAKA OPCKOro nepuopa, NpPOTAKEHHOCTbIO
oKono 1 KM B frameTpe, 6bl/10 OCHOBaHO KefbTaMy B rasibLUTaTCKOe BPEMs], HO MOSTHOCTbIO 3a-
6poLeHo K 50 . A0 H. 3. «KAKPOMosb», BO3BEAEHHDIN NOCPefMHE ropbl, COCTOUT U3 N3BECTHAKO-
BOro nnaTo nnowaabto npubnmnsntenbHo 300 X 140 M. YKpensieHre, orpaHMYeHHOe 3alnTHOMN
CTeHow, npoposkaeT GpopTUdMKALNOHHAA CTEHA. 3a NCKITIOYEHNEM MATO M LUIMPOKOTO yyacTKa
B CEBEPO-BOCTOYHOM KBapTasie UUTagenu Tepputopus Obia nogeneHa Ha yuyacTky Teppacamm
W HacbINAMMW, YTO enano eé HenpPUrogHow ANA WMPOKOMacWTabHOM MOTOPM3NPOBaHHOW Mar-
HUTHOW cbéMKK. C 1987 rofa Mbl NPOBENY MarHUTHbIe N3MEPEHUA Ha BPEMEHHO JOCTYMHbIX
yyacTkax ropofa rnpv rnomowy pyyHoro ues3neBoro MmarHutomeTpa, a ¢ 2017-ro — npu nomo-
Wy Geppo30HAOBOIro MarHUTOMETPA, YTOObI MOCTEMEHHO M3YyUnTb CKPbITble apXeonornyeckue
CTpYKTYpbl. O6beguHeHre B TMC gaHHbIX ¢ MarHUTOMETPOB, a3podOTOCHEMKM, CHUMKOB CO
CMyTHMKA 1 JaHHbIX JIJa3€PHOro CKaHMPOBaHWA C BO34yXa NO3BOJIMIO HaM He TOSIbKO AeTallbHO
nNpocieanTb KOMMJIEKCbI MOCTPOEK, HO 1 MOHATL FPaHNLbl 1 PAcNoIOXKEHWE BCEro YKpenseHus.

Knrouesvie c/108a: aapodoToCbEMKA, MarHuTomeTpus, LIDAR, kenesHblli BEK, KeNbTCKOe ropo-
avie, MeHocraga
Keywords: aerial archaeology, magnetometry, LIDAR, Iron Age, Oppidum, Menosgada

Mepesoo O. b. [lsopeykoli

Wopr ®accbmnaep, MapuoH LLanbnekep,
®nopwuaH bekkep, Kan KaHbtot, MapTuH Mpybep

AXEMEHW[bI HA IOXKHOM KABKA3E: APXEOJIOTMYECKME PA3BEKM,
FEO®U3UYECKUE UCCNELOBAHWSA U PACKOMKW B TAPAZMKAMMPIIN
(A3EPBAMIMKAH) - MEXIUCUUMIMHAPHbBIV NOAXOA K UHTEPMPETALMM

BennuectBeHHble POCKOLLHbIE MOCTPONKM axeMeHNACKOro BpemeHu okono fapagxamupnn
(AzepbangraH), oTKpbITble Mnbsacom babaesbiM (Akagemusa Hayk AsepbaingxaHa) u GnopraHom
KHayccom (munTtoTteka 1 flocygapCTBEHHbIN My3el aHTUYHOTO UCKYCCTBa, MIOHXeH), noaTeepau-
NN 3HAUMTENbHOE BAUAHME U PacnpocTpaHeHne umnepun AxemeHngos (539-331 rr. o H. 3.).
[aHHble apXeonornyecknx 1 MarHUTHOWM Pa3BefoK yKa3blBaloT HA PacnpOCTPaHeHMe apxeono-
rMYeCKrX NAMATHNKOB Ha Tepputopun 6onee 4 kKv2. Llenb pa3BefouHbix paboT coctosna B Kpyn-
HOMacLWTabHOM NOAPOOHOM M3yUYeHNM OKPYXKatoLero naHawadra apxeonornyecknmm 1 reodu-
3MYeCKUMU MeToAaMU A1 MPOACHEHWA UHTErpauumn ABOPLOBbIX 34aHNA KOMMIEKCa B MUKPO-
PEervnoH Kak CTPYKTYPHO, Tak 1 XPOHOMOMMYeCcKy, a Takke UccnefoBaHma nocneayowmnx cange-
TeNbCTB NPOAOIKUBLIErOCsA OCBOEHUA AAaHHON TeppuTopuin. NoceneHne 6bi10 3aceneHo B Teye-
HMe BCero axeMeHMACKOro neprofa 1 faxke paHee, B Havase xene3Horo Beka. Camble nepsble
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N3 NCCNEeAOBAHHbIX YHaCTKOB HAXOAATCS C CEBEPHON CTOPOHbI U MPUMBIKAIOT K IBOPLIOBOMY KOM-
nnekcy. [lanee BbIOOp Y4YacTKOB ANs NCCEAOBaHMA ONpeaenanca AOCTYMHOCTbIO U NPUrOLHO-
CTbi0 AJ1A MAarHUTHON CbEMKM C BbICOKUM pa3spelleHnem. Ina mexgncumninHapHoro nogxoga
1 6onee rnyboKOro NOHVMaHUS APXEOSNIOrMYECKUX Pa3BefoK Ha MECTHOCTU U pe3ynbTaToB Mar-
HUTHBIX M3MEPEHNI B paMKax MpoeKTa Obifa TakKe NpOoBefeHa 3NEKTPOMArHNTHas pa3BeaKa
C nocnepytoLlen BbI6OPOYHON 3aKnagkom WwypdoBs, LONONHEHHAsA Fre0apPXeoNormyecKkMmMmn nccne-
[OBaHUAMYN Y U3MEPEHNAMMN MAarHUTHOW BOCMPUMMUYNBOCTY MUHEPASIOB.

Kniouessie cosa: Axemenungbl, KaBkas, apxeonormyeckrie pasBefKm, apxeonornyeckas
reopusmka, NC, mexgmcumnanHapHas nHTeprnpeTauns

Keywords: Achaemenid period, Caucasus, archaeological survey, archaeological geophysics,
GIS, interdisciplinary interpretation

Mepesoo O. b. Jeopeykoli
Makc OugepnuHr

MPUMEPbI PACTTO3HABAHWA CTPYKTYP MO OTOBPAXKEHWNIO ABUMEHWA,
KPYTOBbIE MAHOPAMbI 1 APYTUE METO/bl 3
AOKYMEHTUPOBAHNA APXEOJTOTUYECKMX OBBEKTOB MNOA BOAOWU
N NPEACTABJIEHVA HA CYLLE

B paboTe ocBeLLeHbl TeXHONOIMYeCKMe HOBLLECTBA C 60MbLINMIK NOTEHLNANTbHBIMY BO3MOX-
HOCTAMW A/1A KayeCTBeHHbIX 1 3GGEKTBHbBIX NOABOAHbIX MOTrPYXKEHUN C HaYYHbIMU LensamMm
NoABOJHON apxeonoruu, npefcTaBiaeHbl HOBble METOAbl JOKYMEHTUPOBAHWA 1 NPUMEHEHUA
LUNPPOBBIX YCTPOMCTB. B KauecTBe oTAeNbHbIX TeM 06CYKAA0TCA:

« [MaHopamHoe Braeo 360° — nprMepbl, BO3MOXKHOCTW, 0611acTVi NPUMEHEHUS], NEPCMNEKTUBDI

Ha 6yayuiee.

+ PacnosHaBaHue CTPYKTYp Mo oTobparkeHno ABUXKEHUA — Npumepbl, OKyC Ha paKTope Bpe-

MeHWU.

« MHoroypoBHeBas TeHeBasA poTocbémKa (RTI), aganTupoBaHHasA AnA NOABOAHbBIX NCCNeno-

BaHuI (URTI), npnmep, nepcneKkTuBbl 1 OrpaHnYeHuns.

MNpurBOAATCA NPMMepPbI, MOKa3biBalLLMe 3HaYEHNE 1 BO3MOXHOCTY METO0B JOKYMEHTNPO-
BaHMA Ha ocHoBe GOTOrpamMMeTpurK, a TakKe X OrpaHNYEHNA He TONbKO B 06/1aCT AOKYMEH-
TUPOBaHUA, HO 1 B chepe nokasa 1 KoHuenumi mysees. OcBelleHbl HeflaBHME NoneBble Uccse-
ZfoBaHusA B XopeaTtuu, Ha Cuumnun, B TyHrce 1 PyMbIHAY 1 X [OKYMEHTasbHble CBUAETENbCTBA.
O6cyxpatoTcs ynyLleHHoe BpeMs 1 NoTpebHOCTH AnA 6yayLLmxX apXeonornyecknx paboT, B TOM
yncne NoABOAHbIX, YTOObI 3T MeToAbl CTann pPaboynM MOMEHTOM B KaX[AoW pa3Beake, npu
packonkax unm Kakom-nvmbo gpyrom Bue UccnefoBaHus, Kak MOXKHO 6binio 6bl COOTBETCTBO-
BaTb Hay4YHbIM TpeboBaHMAM Npu AedurLTe BPEMEHNW B KPAaTKOCPOUHbIX 3Kkcneanumsax. CyTb He
B TEXHMYECKUX HI0AHCaX, a B TOM, KaKume 3Tanbl, Tpebyiowure 6onblue BpemMeHN 1 NOArOTOBKMU,
Mornn 6bl ObITb 3aMeHeHbl STUMU TeXHONorMAMKN. HakoHew, 6yayT NoKa3aHbl HEKOTOpble HOBble
TEXHOJIOM N, KOTOPbIE MOTYT CbIFPaTb aHaNOMMYHYIO POJib B CKOPOM ByayLiem, AeCTBYsA B pas3-
NNYHBIX HaNpPaBNeHUsX, PeLLas fpyrie Npobnembl 1 0OTBEYAA Ha BOMPOCHI.

Kniouesvie cnosa: nogsofHasa apxeonorus, 3D-mogenvpoBaHue, Kpyrosble naHopambl, BUPTY-
anbHaA peanbHOCTb, MHOroyrnoBasa TeHeBasA GOTOCHEMKA, pacro3HaBaHMe CTPYK-
Typ no otobpaeHnto ABMxKeHnA, baBapckoe obLecTBO NOABOAHOWN apXeonormm

Keywords: underwater archaeology, 3D-modelling, 360 degree, virtual reality, Reflectance
Transformation Imaging, Structure From Motion, Bavarian Society for Underwater
Archaeology

Mepesoo O. b. [leopeyxoli
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AHnTOH lacc, Mopr GaccbuHpep, lrepman Napunnrep, Cepren Buktoposuy
Nemupenko, Anekcen Hnkonaesuu MNMpamyxuH, MiHa XopmaHH

3ABOJIXKCKUE KYPTAHbI PAHHETO »KEJIE3HOI'O BEKA U X NMEPUOEPUA:
NPEABAPUTEJIbHbBIE PE3YJIbTATbI UCCNTEQOBAHUN
CNMPUMEHEHVEM MATHUTOMETPUW

KypraHbl paHHEro »Kenes3Horo Beka ABMATCA C/IOXKHbIM apPXeoSIOMMUYECKNM MaMATHUKOM,
BKJ/IOYAIOLLMM 3aXOPOHEHNA, KNafbl, *KePTBEHHbIE KOMMIEKCbI, MOCTPOEHHOE Haf HUMK COOPY-
KeHue, a TaKXKe TeppPUTOPUIO, MPUNErAIoLLYI0 K KOHCTPYKLMM KYpraHa, TO eCTb OKONTOKYpraHHoe
NPOCTPaHCTBO, Ha3blBaemoe TakxKe nepudepren KypraHa.

WNccnepoBaHuam nepudepnmn KypraHoB paHHEro »ene3Horo Beka Kak AOMOSIHUTENbHbIM
NCTOYHMKAM MHPOPMALMM O COOPYXKEHUAX APEBHUX KOUEBHUMKOB M 06 UX LLepeMOHUsX no-
rpe6anbHO-MOMUHANBHOIO LMKNa yAenseTca nocnefHee BpemMA BCE Oonbluee BHUMaHMe
cneumanmcToB. CylecTBEHHbIM BKaloM B U3yyeHne nepudepun apnaoTca reodpumsnyeckme
nccnefoBaHUs, cpefn KOTOpbIX Havbonee 3PpPeKTUBHbIM MOXKHO Ha3BaTb MarHUTOMETPUIO.
MprMeHeHre MarHMTOMeTpa NO3BOJIAET 3a KOPOTKME CPOKM NPOBOANTL BbICOKOKAYECTBEHHYIO
pa3BeaKy 06beKTOB C BbICOKUM MPOCTPAHCTBEHHBIM Pa3peLleHeM Ha OBLUMPHBIX NOLaAaX
MOTUSIbHUKOB, BK/OYasA Kak rOPU3OHTasIbHYI0 MOBEPXHOCTb OKONTOKYPraHHOMO MPOCTPaHCTBa,
TaK M HaKMOHHblE MTIOCKOCTY CKJIOHOB KypraHoB. [oflyueHHble MarHUTOrpammbl AEMOHCTPUPY-
0T CBOEro POoAa PEHTTEHHbIE CHUMKW» MePBbIX 2—3 M MOBEPXHOCTU NOYBbI.

Mcnonb3oBaHve MarHUTOMETPUUN NPV NPOBEAEHUN MOMEBbIX APXEONIOrMYECKNX pa3BefoK
B 3aBomxbe (Bonrorpagckasa 06n.) N0O3BONUIO BbIABUTb Kak XOPOLIO M3BECTHble 0ObeKTbI ne-
pudepun KypraHoB, TakmMe Kak pBbl, OMOACbIBAOLWMNE KypraHbl UM NPUCTPONKA K KypraHam,
3apUKCMPOBATL CIIOXKHbIE KypraHHble KOHCTPYKLMN HannacTOBAHWIA HECKONIbKUX COOPYXKEHWI,
BVAVIMbIX HA COBPEMEHHOW MOBEPXHOCTU OQHUM KYPraHOM, TaK U1, BNiepBble 4jsl LAHHOIo peru-
OHa, BbIAENUTb Ha MEXXKYPraHHOM NPOCTPaHCTBE Hannyme AM 1 norpebeHnii, pacnonoXeHHbIX
B 3anajvHax Mexay KypraHamu.

Apxeonoro-reodusmnyeckre pasBeakM C UCMONb30BaHNEM MarHMTOMeTpa CNoco6CTBYIOT
BbIAAB/IEHMIO 6ONBLIOrO KOIMYECTBA HOBbIX AeTanel, BaXHbIX AN1A PeKOHCTPYKUMK norpedanb-
HOro o6paaa APEeBHUX KOUEBHUKOB, I UMEIOT 60JIbLLON NOTEHLMAN apXeoiorMyecknx u reopu-
3NYECKMX NCCNIefOBaHNI MEXANCLUNIMHAPHOTO XapaKTepa.

Kntoyessie c/108a: paHHUI Xene3Hblil BeK, 3aBOsKbe, KypraH, nepudepus, reodursmnka, uesue-
Bblll MarHUTOMeTp
Keywords: Early Iron Age, Transvolga, kurgan, periphery, geophysics, cesium magnetometer

Mepesoo O. b. [lsopeykoli

NpwnHa lpeBuoBa, [I>koaH CnburHa

AOMNOJIHEHHAA, CMELWAHHAA U BUPTYAJIbHAA PEAJIBHOCTW.
METOAbl BU3YANTU3ALUWWN N NMPEACTABJIEHUA
APXEOJTOTMYECKOTO HACIEAUA

B HacTosALee BpemMs MHOFO MPOEKTOB B chepe KynbTypbl HazBaHbl 8U3UM AN Mapwpym,
KOTOPbIM/ My3eu, MyJbTUMEAUNHbIE LEeHTPbl, MOCTOAHHbIE, BPEMEHHbIE WIN MepenBuk-
Hble BbICTaBKM, WCTOPUYECKME 3[aHWA, MPOMbILIIEHHbIE COOPYKEHMSA, apXeonornyeckue
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[OCTONPUMEYATENbHOCTY, UCTOPMYECKINE rOPOACKME KBapTasbl U T. M. NONYNAPU3NPYIOT apXxeo-
normyeckoe Hacniegue yepes BUPTYyasibHble BU3UTbI, BUPTYasibHYIO peanbHOCTb, AOMOMHEHHYO
peanbHOCTb U MHOTMUe Apyrme MHGOPMALIMOHHbIE Y KOMMYHVKALNOHHbIE TEXHONOr M, NPoAa-
BaA BBOAALWME B 3abnyxaeHne peknamHble No3yHrn 1 cbrnBasa nybnmKy c TONKy, roOBOpA, YTO
OHW MOJyYaloT YAOBOJIbCTBME OT 3TMX HOBbIX TEXHONOIUIA, B TO BPeMA Kak B AeNCTBUTENbHO-
CTV B GONBLINHCTBE CJlyYyaeB OHW MPOCTO UCMOMb3YIOT 3aNMnCcaHHble N306paxXeHUs Unmn BUAEO
N B HEKOTOPbIX CNyYasx naHopamHble n3obpakeHuns. B goknage Bo n3bexkaHue 3Ton NyTaHWL b
npeaoXeHbl onpefeneHna AnA KaxKaoro TepMrHa, COCTaBleHHble N KnaccuduumpoBaHHble
B COOTBETCTBUU C X NPYMEHEHUEM, U NPeACTaBNeH aHan13 npruMepos. Tabnumua nepemMeHHbIX
N KOMOVIHAUMW 13 HUX OOBACHAIOT PasHULY MeXAy NPMMEHAEMbIMY CErOAHS TEXHOMOMUSAMM
BM3yanu3aunn u NpefcTaBneHnsa KynbTypPHOro Hacneaums.

Knioyegeie cnosa: apxeonornyeckuii Typusm, nonynapusauma KynbTypHOro Hacnefus, Aonor-
HeHHaA peasibHOCTb, CMeLLaHHasA pPeasibHOCTb, BUPTyalbHasA peanbHOCTb

Keywords: archaeological tourism, dissemination of cultural heritage, augmented reality, mixed
reality, virtual reality

Mepesoo O. b. lsopeykoli

Alexander Kulkov, Marianna Kulkova

USE OF X-RAY 3D-MICROCT FOR ARCHAEOLOGICAL
ARTEFACTS'INVESTIGATION

Applications of X-ray 3D micro-tomography in archaeology and museum research are
described. X-ray 3D micro-tomography makes it possible to study both external and internal
structures of small (up to 3 cm) archaeological objects by non-destructive means. The scanning
results are used for creation of a digital model, which can be further used for the future
reconstructions. The investigations of ceramics, wooden artefacts and hominid finds can be
carried out in three ways, in which the method provides best results.

1) A 3D-model of a sample based on results of scanning can be reproduced on a 3D-printer.
The model can save, if necessary, the structure insideand/ or virtually dissect and decompose
an original sample.

2) Qualitative research and visualization of the inner structure of a sample. For example,
the visualization of charcoal or timber allows us to define the type of wood and to study
the distribution of mineral growths. By visualizing pore spaces in archaeological ceramics
the genesis of pores and their distribution are determined (fracture, burnt organic).
Sometimes species of vegetation found in ceramic dough can be identified.

3) Quantitative measurements include porosity, geometrical volume and linear measurements
of the structure of a sample. Micro-tomography data allow us to analyse the porosity of
a sample and geometric parameters (volume, surface area, linear dimensions etc.) for every
pore.

Keywords: micro-CT, 3D-scanning, 3D-model, ceramics, pore space, type of wood
Knrouesble croga: mukpotomorpadus, 3D-ckaHupoBaHue, 3D-modenb, Kepamuka, NopoBoe
NPOCTPAHCTBO, NOPOoAa APEBECKHDI

Translated by Olga Dvoretskaya
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Fedor Malkov, Artur Kharinsky

RECONSTRUCTION OF THE SMALL FRAGMENTS OF CERAMIC VESSELS USING
TECHNOLOGIES OF VIRTUAL MODELLING AND 3D-PRINTING

The Laboratory of archaeology, paleoecology and indigenous systems for the population
of the North Asia in the Irkutsk National Research Technical University has been working with
3D-scanners since 2012 and has got 3D-models of archaeological finds. The digitalization of
ceramic vessels and fragments was done by 3D-scanning and in 2014 the methods of virtual
reconstructions of vessels based on 3D-scanning were designed. The next step suggested the
production of the missing parts with the help of a 3D-printer.In 2017 this work was continued,
the missing fragments were reconstructed according to the method described above. Separate
files presenting single elements were printed on a 3D-printer and then put on their place in
a vessel. The results and conclusions are described in the article.

Keywords: virtual reconstruction, reconstruction of vessels, repairing of vessels, 3D-printing,
3D-model

Kntoyesbie c/108a: BUPTYanbHaA PEKOHCTPYKLMA, PEKOHCTPYKLMNA COCY[0B, BOCCTaHOBNEHME
cocypos, 3D-nevatb, 3D-mogenb

Translated by Olga Dvoretskaya

Mapwusa KpnctnHa MaHuettu, Mananotuc MapdeHmoc

HOBbIE METO[bl MPOBEPKW T'MIMNOTE3
Ob APXUTEKTYPE AHTUYHbIX TEATPOB

Lenb pgoknaga — nokasaTb BO3MOXKHOEe MpumeHeHue 3D-moaenupoBaHMA B apXeonorumn
1 NpenMyLLecTBa LMpPOoBbIX TEXHOMOMMI AN1A NocCnedyoLwero NOHUMAHNA PYMHUPOBAHHBIX ap-
XEO0SI0rMYeCKNX OCTaHKOB. 34aHMA M NaMATHMKM NMPOLWIOrO OUYeHb PefKo COXPaHATCA MOSHO-
CTblO, 1 APXEONOrnYeCcKIme PACcKOMKM He BCerga JatoT 4OCTaTOYHO MHPOPMALIMM AN PEKOHCTPYK-
UMM OPUTMHANbHbIX NAapamMeTPOB MaMATHMKA U €ro MOSHOM BbICOTbl. KpoMe TOro, He B KaXkAoM
C/lyyae apxeonormyeckme packonkm MOXHO JOBECTU A0 KOHLQ, TaK Kak OHM HAaXO[ATCA B 30HaX
KOHONUKTOB 1NN He UMetoT GUHaHCUPOBaHUA. [TOSTOMY apxeosnory OCHOBBIBAKOT rMNOTE3bl Ha
aHanoruvAx, CTapbiX PUCYHKax 1 ONMCcaHKAX, NpeablayLmnx nccnefoBaHmax. B HactosAwee Bpemsa
3D-mofenupoBaHme MOXET ObITb TakXKe NMPUMEHEHO A/A TOro, YToObl MOATBEPAUTDL HaLLK Npes-
NOJSTIOXKEHNA O PEKOHCTPYKLUUN 1 MHTEPNpEeTaL MM Mo apXUTEKTYPE APEBHUX MAMATHUKOB.

B yacTHOCTU, aHaNW3 BUAUMOCTM 1 aKycTUKM B 3D 6611 NTpIMEHEH AnA nonyyeHus iipopma-
UMM NO pPyMHaM HECKONIbKUX PUMCKIKX TeaTpoB Ha Kpute (Mpeuuns). DTa MeToanKa MOXeET ObITb
yCMewHo MCrnonb3oBaHa B C/lyyae CO 3[4aHUAMM, NpefHa3HaYeHHbIMW ANA NpefcTaBieHUn
(Takmmu Kak TeaTpbl, OfieoH, amduteaTpbl 1 T. M.), CTPYKTYpPa KOTOPbIX Npeanonaraia BO3MOX-
HOCTb BOOUMIO BMAETb M C/bIATb BCEX BbICTynarowmx. icxopa n3 3Toro npeanonoxeHns, Mol
MOXeM CAenaTb TeCTbl, cocToAlMe U3 A00aBNEHNUS AW UCKIIOUEHNA HeonpeaenéHHbIX apXu-
TEKTYPHbIX 3nemMeHTOB 13 3D-mogenn namATHMKA, C Nocneayiowen NpoBepKkon Ux NPUrogHo-
CTV C TOYKU 3peHNA 0630PHOCTUN 1 aKyCTUKMN.

Kntoyessie cnoga: 3D-mopenvpoBaHue, TPEXMEPHbI aHanu3 0630pa, BUPTYasnbHbI aHanu3
aKyCTVIKW, PUMCKKe TeaTpbl
Keywords: 3D-modelling, 3D-visibility analysis, virtual acoustics analysis, Roman theaters

Mepesoo O. b. [lsopeykoli
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Yucako Musamas, Oytoko Mowmmypa, Atcywm Horyun, Xupotoku Kamam
METO/L OLEHKW MMAAKOCTW MOBEPXHOCTM KAMEHHbIX OPYANI

MHorouncrneHHble apxeonornyeckne Haxooku Obinv NpPeobpasoBaHbl B TPEXMEPHbIE 06-
pa3bl NyTéM TPEXMEPHOro CKaHWpPOoBaHWUA unu GoTtorpammeTpun. OrpoMHble MacCMBbl 3TUX
JIaHHbIX XPaHATCA B TaK Ha3blBaeMbIX LIUPPOBbIX apXrBax. IT TPEXMEPHbIE AaHHble YacTo UC-
Nonb3yloTCA ANA BU3yann3auny o6bekToB B MHPOPMALMOHHOM obecrneyeHn My3eeB, B NpPo-
rpammax BMpTYyanbHOWN peanbHOCTN.

Apxeonoru o6pallaloT BHUMaHUE Ha XapaKTepHble OTMETUHbI, ABNAIOWNECA ClielaMi UK
CBMAETENbCTBAMI UCMONb30BaHMA apTedakTa. DTM OTMETUHbI UHOTAA BUAHbI Ha LMPPOBLIX
JaHHbIX. TakKe KOMMNbIOTEPbI MOTYT JIEFKO CPAaBHUTb BHELWHWI KOHTYP apTedaKkTa C Tpéxmep-
HbIMU UMGPOBLIMM AaHHbIMU. HO cOCTOAHKE NOBEPXHOCTU apTedaKTa peaKko UMEET Konumye-
CTBEHHOeE BblpakeHue. Hanpumep, TpyAHO CPaBHUTb MaAKOCTb WM LEPOXOBATOCTb KAMEHHO-
ro opyansa KonmyecTBeHHbIMU MeToaamu. OfHaKO eCTb HECKONbKO YCTPOMCTB ANA M3MepeHUs
LIepOXOBATOCTU, X TPYAHO NMPUMEHUTb K apXeosiorMyeckum Haxogkam. B pabote msyueHbl
NoaxoZbl, MPYMeHsieMble K KONMYeCTBEHHOMY OnpefeneHuio Npu NoMoLLm LdPOoBbIX JaHHbIX
COCTOAHNA NOBEPXHOCTM apXeoNOrMYecKX HaXOA0K, B YaCTHOCTU KaMeHHbIX opyaui. 3aTem
06cyKaaeTcs, MOXKHO N1 TaKM METOAOM BbISIBUTb Pa3HULLY MeXY eCTeCTBEHHOM 3aTEPTOCTbIO
N NCKYCCTBEHHOW NMOSIMPOBKON.

Kntouessie crosa: undpoBble apXumBbl, MagKoCTb, TPEXMEPHbIV aHaNn3, KAMEHHble OpYAUs
Keywords: digital archives, smoothness, 3D data analysis, stone tool

Mepesood O. b. [leopeuyxoli

®paHko Hukonyuu, Hukona AMmnko

WCMNOJIHEHME NOHOOHCKOW XAPTUN
NPW CO30AHNN BUPTYAJIbHbIX PEKOHCTPYKLI

B xoge pectaBpauuu wepespa Basapn «TariHaa Beuyepsa», CUIbHO MNOCTPafaBLUEro OT Ha-
BOoAHeHMA 1966 ropaa, cnycTa nonseka ObiNv NPUMEHeHbl HEJOCTYMHbIE paHee MeTOAbI, 1 B Ha-
CToALLEee BPemMsA OH CHOBA 3KCMoHmpyeTca B 6asunmke CaHta-Kpoue Bo OGnopeHuun. Knsonmco
6bina M3HayanbHO BbINOMHEHA ANA Tpane3HON HaxoAALeroca pagoM MoHacTbipsa Myparte, Te-
nepb OHa YaCTUYHO YHUUTOXEHA WU MOMHOCTbIO U3MEHEHA, HAaCTOJIbKO, YTO NOCeTUTENb He
B COCTOAHMWN MOHATb €€ UCXOAHbIVM BUA. BupTyanbHasa peKoHCTpyKuua MypaTte n Tpane3Houn
6bina nopyyeHa myseem crieumanuctam PIN n PRISMA. 3Ta peKOHCTPYKLMA OCHOBbIBAeTCA Ha
aHann3e COXPaHMBLLMXCA OCTATKOB, apXMBHbIX [OKYMEHTOB, apXUTEKTYPHbIX PacYéToB 1 ANA
6onee menknx geTtanemn — Ha KOHCTPYKTMBHbIX aHanornax. Bcé 3to coctaBnAeT BneyatnaioLLyio
yacTb paboTbl, HO, KaK OObIYHO, OUYEHb TPYAHO 3adMKCUMPOBaTb U JOHECTU JO noceTuTenen
N YY€HbIX YePHOBYIO PaboTy, NPOAENaHHYI0 rPYNMnon NCTOPUKOB apXUTEKTYPbI, apXUTEKTOPOB
N apXxeonoro., NpeaLwWwecTBOBaBLUYI0 TOMY, YTO Mbl Ha3blBaeM ybeanTenbHON PeKOHCTPYKLN-
el 30aHnA, Tpane3Hon BHYTPU HEro 1 AOMUHMPYIOLLEro MOMOXKEeHUA XUBOMUCHOIO MOMOTHA
B 3TOM 6onbluom 3ane. [To3TOMy KOMaHAa pa3paboTana cUCTEMY CCbISIOK Ha JOKYMEHTbI, CO-
OTBETCTBYIOLNE [eTaNAM PEKOHCTPYKUMUN (TEKCT, N300paxeHns, PUCYHKM) B ABYX BepCUAX:
YMNPOLLEHHOW — Ansi noceTuTenein Myses, 1 6osiee NOMHON — Ans CneumanmcToB. HackonbKo Ham
N3BECTHO, 3TO NepBOe ornepaTuBHoOe cobntofeHre NPUHUNNOB JIOHAOHCKON XapTuUK, N AEMOH-
CTPUPYeT METOAMKY, KOTOPOW NOME3HO NPUAEPXMBaATbCA MPY AaSIbHENLLNX PEKOHCTPYKLMNAX.

Kniovegeie cnosa: BupTyanbHble peKOHCTPYKLNW, JIOHAOHCKaA XxapTua
Keywords: virtual reconstructions, London Charter

Mepesoo O. b. lsopeykoli
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IxxnHespa Hukonyuwu, Naono OxynbepuHn,
CnmoHa Padanenn, Hukona Amuko, YnHuua Jlyaaw,
BupaxnHua Hukonyuu, KpuctuHa Nyrm

BUPTYAJIbHOE 3ANOJIHEHWNE NAKYH B MY3EAX

OpraHusauua 3Kcno3mumm B My3ee MMeeT MepBOCTENEHHOE 3HauyeHue U OTNNYaeTcsa oT
XPaHeHVA NPesMeTOB NCKYCCTBA UM apXxeosiormyecknx Haxodok B ¢oHpax. OgHaKo yacTto
ClyyaeTca TaK, YTO TWaTeNlbHO MPOoAyMaHHaA KOHUeNuMa HapylaeTca U3-3a MyCcTbiX MecT,
KOTOpble pa3pblBalOT XO4 KOMMYHUKaLUK, Kak HEMOHATHbIE UK MPONYLLeHHble CI0Ba B pas-
rosope. B goknage 6ynyt obcyxaaTbca cnocobbl 3anonHeHUs 3Tnx nakyH. OguH U3 Tunuu-
HbIX CJly4yaeB NyCTOTbl 0O6bIYHO BbI3BAH NEepeMeLLEHNEM SKCMOHATA Ha pecTaBpaLnio Ui, 4To
OblBaeT OYeHb YaCTO, Ha BPEMEHHYIO BbICTaBKY. «BUpTyanbHbIi nacnopT», NpeaoxKeHHbIN
PRISMA, aBnAeTcA pelweHneM, OH 3aMeHAET NOoyUYMBLUNECA NAaKYHbl BO3MOXKHOCTbIO BMPTY-
anbHO BKIIOUNTb TEKyLLee MeCTOHaxXoXeHne SKCNoHaTa B My3eliHoe noBecTBoBaHue. byget
nokasaHo npunoxeHue ana HaunoHanbHoro my3sed B Heanone (MANN). JTakyHbl Take 4yacTo
BbI3BaHbl ITHOPVPOBAHNEM MOTPEOHOCTEN NOCETUTENEN, B YaCTHOCTU, UX OCOObIX NOTPe6-
HocTel. HeckonbKo NpunoXeHuin BUPTYanbHOW peanbHOCTW, pa3paboTaHHbix PRISMA ans
IOHbIX MOCeTUTENEeN, ANA ryXuX, [N noceTutenen ¢ PranyecKkMmMm orpaHNYeHNAMN 1 NCUXU-
YyecKMU pPacCcTPOMCTBaMK, TaKxe ByayT npeactasneHsbl. [lpyumepamm Nocny»aT HeKoTopble
apxeonornyeckune myseun TocKaHbl.

Kniouesble criosa: BUpTYyanbHble My3eu, AOCTYNHOCTb, 0COOble MOTPeBHOCTM
Keywords: virtual museums, accessibility, special needs

Mepesoo O. b. []Jeopeykoli

Ixon Op6oHC
rMC-BU3YANU3ALUMA N AHATTN3 NOA3EMHbIX KAMEHHbIX BbIPABOTOK

O6nactb 6n13 MaacTpexTa Ha tore HugepnaHaoB HaCUMTbIBAET OKOMO MATUCOT NOA3EMHbIX
BbIPabOTOK 1 LWAxXT, AaTUPYIOLLMXCA OT HEONUTA A0 CPeAHEBEKOBDS, 1 Ja’Ke COBPEMEHHO 3Mo-
XOW X0NnoAHoM BOMHbI. bonee 500 KM ranepen B TeMHOTE, XONof4e 1 CbIpOCTM CO34at0T HEBMAN-
MbI1 NOA3E€MHbIV NaHALWAT. XOTb OH M CKPbIT, OH HAMOJIHEH UCTOPUEN, APXEONOrMen U MeCTHbI-
MU [OCTONpPUMEeYaTeIbHOCTAMM.

3a6pOLIEHHOCTb 3TUX TOHHENIEN AenaeT NX HEMONyNAPHbIMK A5 OXPaHbl U N3YUYeHus, HO
npu nomowy MC moxeT ObITb NOKa3aHa X NPUMeYaTeNbHOCTb. AHaNN3 NOA3EMHbIX ranepen
JaéT NpefCcTaBlieHne 0 TEXHONOMMAX 40ObIYM NOA3EMHbIX MCKOMAeMbIX M MOXKET OblTb COOTHE-
CEH C CTOPUYECKMMIN NCTOUYHMKaMIN. Takoe nccreqoBaHme NO3BOJUT OLEHNUTb, CKOMbKO Ntoaei
ObINK 3aHATbI B MPOMbICIE UK paboTanu Ha MPOU3BOACTBE. DTO NMOXOXKE Ha U3BNIEYEHNE apXeo-
MOV N3 TEMHOTbI MOA3EMENUI Ha CBET U NPeACTaB/ieHNe e€ 3HaUYeHUs AnA HayKu 1 obLye-
CTBEHHOCTW.

Knoyesole cnosa: Busyanusauua B N'MC, TMC-aHannTrKa, MHAYCTpranbHasa apxeosnorns, KameH-
Hble BbIpaboTKM, fOObIYa KpeMHSA
Keywords: GIS visualisation, GIS analysis, industrial archaeology, stone quarrying, flint mining
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AnbdoHcuHa MaraHo, daHnanb Gepaann, EBa MNbeTpoHn, lepren CeHTe,
Cunbeua baptyc-Cénéwm, AcyHTa WWappwnno, SHuo g'AHHnbane

KOPOBKA C UCTOPUAMMN.
NHHOBALIMOHHASA TOJTOrPAOUYECKAA BUTPUHA
AJ1A ObLWEHWA C MY3EEM

B pamkax npoekta EBponeinckon kommccnm «CoeanHAa eBponencKme Konnekumm paHHe-
ro cpegHeBekoBbaA» (CEMEC) 6bin pa3paboTaH HOBbIM TN MyNbTUMEQUNHOWN MHCTaNAALUN Ans
BbICTaBKW, KOTOpana OydeT nyTellecTBOBaTb Mexay My3seamu EBponbl go kKoHua 2019 roaga. VK-
CTannAuMA 3agyMaHa Tak, UTobbl CO3A4aTb YCTONUMBYIO CBSI3b MEXAY PeanbHbIMU NpeaMeTamu
N BMPTYanbHbIM CofepXXaHneM, 3aKNIoUYEHHbIM B ronorpaduyeckon BuTpuHe. B sToln BUTpurHe
BbICTaBNEH HacToAWwMN apTedakT, 1, bnarogapa BUPTYanbHbIM NPOEKLMAM Ha HEFO U BOKPYT
HEro, OH BHOBb «BO3BPALLEH K U3HWU»: 3pUTENN MOTYT BUAETb U CNbIWATb ppParmMeHTbl U3 ero
ncropuu, obpasbl, cobbiTaA, ronoca. KOMMyHMKaLmMA NOCTpoeHa Ha TPEX KOHLEeNTyasbHbIX
YPOBHSAX: HENTpanbHOe co3epLaHne 06beKTa, aHANUTUYECKUI B3rNIAL HA ero feTanu 1 norpy-
YKeHue B KOHTEKCT/MHTepnpeTauma HazHavyeHnsa n GyHKLUN.

PeKoHCTpyKUMA NHTeprpeTaLnii U YCJIOBHOMO MacluTaba, KOTopbI CyLecTByeT No Ty CTOPO-
HY OT noABAALeroca npegmeTa, 4AéT NOCETUTENIO BO3MOXXHOCTb BOCMPUHUMATDL CMELLIAHHYH0
peanbHOCTb U MOAYUYUTb MHTEPECHbIN NO3HABATENbHbIN OMbIT.

MNoBecTBOBaHME NcNonb3lyeTca Kak PyHAaMeHTaNbHbI UHCTPYMEHT A1 rAPMOHUYHOTO CO-
BMeLLEeHMA TEKCTOB, N306paKeHNin, CBETa, 3BYKa, HACTPOEHWA 1 aTMOChepbI C Liefibio COUNHe-
HUA 3KCMPECCMBHON eQUHMLbI, B KOTOPOW NpeameT ABMAETCA rMaBHbIM repoem. besycnosHo,
ApamMaTyprua Takke 3aHMMaeT COOTBETCTBYIOLLee MeCTo.

MepBbIl NpyMep, KOTOPbIV 6yaeT NpeAcTaBfieH Hapady CO BCeM NpoLeccom pa3paboTku, no-
CBALWEH Mevy 13 KyHaroTa (Megbe bekelw), nprHagnexasLiemy aBapckomy BouHy VIl Beka H. 3.,
B HacCToALlee BpeMa XpaHALlemyca B BeHrepckom HaumoHanbHOM my3ee B byaanewTe. Tam vH-
CTannAUMA JEMOHCTPUPOBANach C Havyana mapTa Ao cepeanHbl Maa 2017 roga. lNocne sToro ne-
peexana B My3el Annapga NupcoHa B AMcTepAame B paMKax NepBor 60MbLION BbICTaBKU NPO-
ekta CEMEC, npowepweli c ceHTsi6pa 2017 no anpenb 2018 ropa. 2pPpeKTMBHOCTb MOAOOHOrO
undpoBOro NOBeCcTBOBaHMA Oblfla NPOBEPEHa Ha OMbiTe NoJib3oBaTeNe, oLeHEHHOM B 060UX
My3esx. B pesynbrate BbIACHUIOCH, YTO KOHKPETHAA BOBJIEYEHHOCTb NMOCETUTENA Yepes NoBe-
CTBOBAHVE VIMEET NPOrHO3MpYyeMbili 00pa3oBaTeNbHbIN SPPEKT.

Kniouesvle criosa: BUpTYyanbHbIA My3el, ronorpaduyeckas BUTPMHA, CMELIaHHasA peanbHOCTb,
paHHecpeaHeBEKOBble My3eliHble KONNeKLMKn, MoBeCTBOBaHME, OLEeHKa Nosib30Ba-
TEe/IbCKOTO OMNblTa, KOTHUTUBHBIN OMbIT, NPUIOXKEHWE C NOBECTBOBaHWEM, NoApPa3y-
MeBaemMasi BO3MOXHOCTb

Keywords: virtual museum, holographic showcase, mixed reality, early medieval museum col-
lections, storytelling, user experience evaluation, cognitive experience, pedagogical
affordances

Mepesood O. b. [leopeyxoli

Nikita Pikov, Ivan Rudov, Alexei Kovalev, Vladimir Melnikov, Marina Pertseva
TIME TO REVOLVE THE STONES...

Digital modelling of the deer stones by photogrammetry in frame of an exhibition project

was aimed to solve two problems. On the one hand, the long-term research of the Central Asian

Expedition was presented to the museum visitors with the help of a mobile application with
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augmented reality. The most impressive stones could be studied from any side, turned, and
images could be magnified. On the other hand, the conclusions on usability of the photos based
on the practical experience will help specialists with photographing complex or fragmented
objects for future 3D-modelling and dissemination.

Keywords: photogrammetry, deer stones, Mongolia, AR, virtual exhibition
Kntoyessie cioga: potorpaMmmeTpus, ofieHHble KamMHK, MoHronvsa, [ONoNHEeHHas pPeanbHOCTD,
BMPTYyanbHasA BbiCTaBKa

Translated by Daria Hookk

Cenbma Punssuny

LNOPOBOE MOBECTBOBAHWME
O noagsoAHOM KYJNIbTYPHOM HACJIEQUNU -
FOPW30HTbI 2020, MPOEKT IMARECULTURE

MamMATHMKN NOABOAHOMO KyNbTYPHOro Hacneama AOCTYMHbI TONbKO HblpAnbLukam. [osTo-
My VX paccKa3bl HeQOCTYMNHbI Wnpokon nybnuke. NMpoekt iIMARECulture no nporpamme H2020
(Topr3oHTbl 2020) OTKPbIBAaET COKPOBULLA KaXKAOMY, NCMOMb3ya ounppoBaHHOE NOBECTBOBA-
Hue B coyeTaHM C UHHOBALIMOHHbIMY LMPPOBbLIMY TEXHONOTMAMM, NMOBbILIAA YPOBEHb MH)OP-
MUPOBAHHOCTN 06 06LLEEBPONENCKON MAEHTUYHOCTM.

Llenb npoeKkTa coOCTOUT B NPEOAONEHNN BPEMEHHbIX 1 MPOCTPAHCTBEHHbIX 6apbepoB ¢ Mo-
moLbio VR 1 AR Ha 0CHOBe MrpoBOro NPUHLMUNA Y MHTErPUPOBaHHOMO MOBECTBOBAHNA, BU3UTa B
My3eli ¢ ronorpadryeckmMmm SKpaHamMmmn unm Kybamm BUpTyanbHOM peanbHOCTY 1 JOMOSIHEHHAsA
peanbHOCTb Ha noaBoAaHbix (UW) nnaHweTtax B nogBogHoM apxeonapke. Mbl 6yaem ncnonb3o-
BaTb MHTepaKTMBHOE LMdpOBOe NOBECTBOBAHMWE, CUMYNATOPbI BUPTYasibHOW U [OMONHEHHOM
peanbHOCTU, TMOPUAbI UTP OTCNIEXKMBAHNUA 1 NPOrPaMMUPOBaHNE CTPaTernii Kak MeTofbl ne-
pefaun apxeonornyeckmx JaHHbIX O NOABOAHbBIX MAMATHUKAX U UX NCTOPUYECKOM KOHTEKCTE
nonb3osatenam CeTn 1 noceTntenam myses. [eorpadpuueckue ceefeHNa 0 APEBHUX MOPCKUX
nyTAX, Kak 1 TpéxmepHas undposasn bubnmoteka Kopabnen n amdpop, byayT HaAXOAUTLCA B LLUK-
poKoM focTyne s ny6nunku yepes Beb-penosntapui.

Kntouesbie ciosa: nopBoAHOE KyNbTypHOE Hacneane, BUPTyanbHasa peasibHOCTb, JONOTHEHHaA
peanbHOCTb, CePbE3HbIE UTPbI, MHTEPAKTUBHbBIN Lndposon ctoputennuHr, KK-guc-
nneu C NONOXNUTENbHbIM ANXPON3MOM, TMOPULHBIN TPEKNHT

Keywords: underwater cultural heritage, virtual reality, augmented reality, Serious Games,
interactive digital storytelling, light field displays, hybrid tracking

Mepesoo O. b. []Jeopeykoli

Guzel Saifutdinova, Gulnur Vafina
3D-visualisation of the gravestones and territory of the cemetery Bish-Balta

A 3D-model of the cemetery Bish-Balta and its environment was created in ArcScene module.
Topographic and field survey data were collected and arranged within the ArcGIS program
environment. The database consists of various types of data including spatial data, photos of
gravestones and information about archaeological finds. The 3D-model of the landscape was
based on geodetic survey (altitude marks), recent space images and photos of the gravestones.
The sequence of operations for 3D-modelling is as follows:
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- modelling a landscape with the help of the altitude marks, contours and hydrology;

- adding communications and infrastructure: roads, buildings, fences, constructions, power
lines and other objects with basic altitude marks helping to place them on the surface;

- adding to the model single objects (gravestones) using ArcScene 3D-symbols library;

- the formation of the 3D model comprising environment, study area and the gravestones
in it and making the model as close as possible to the original

The 3D-model of a landscape was designed with 3D Analyst module using altitude marks
in Topo Base tool. Point (gravestones, trees, pits of power line etc.) and Linear (roads, power
lines, fences) objects simulating the real objects from the area of monument, were presented
by symbols from the 3D Analyst Library of Styles. The final model allowed us to carry out spatial
analyses, consider the influence of relief and hydrography on the territory of the cemetery and
to fix the limits of the cemetery.

Keywords: 3D-modelling, object of archaeological heritage, GIS technologies, gravestones,
photogrammetry

Kntouesble crio8a: TpExmepHble MOAENUN, OOBbEKT aPXE0SIOrMyeckoro Hacneaus, reouHpopmaLim-
OHHbl€ TEXHONOMNU, HAMOTUITbHbIE KaMHU, GOTOrPaMMeTPUS

Translated by Olga Dvoretskaya

MapwoH Lan6nekep, Mopr Gaccburpep, Kpuctnan Wsanuep, Mandpen Béme

NAHOWA®THAA APXEONIOTMNA N CTAPEVLLME MOHYMEHTAJTbHbIE
CTPOEHWNA B OMAHE - MATHUTOMETPWA
OKOJ1I0 TEOMATHUTHOTO 5KBATOPA

MNamAaTHMKn BcemupHoro Hacnegma FOHECKO bBart, Snb-Xy™™ 1 Onb-AnH npepcTtaBnAaloT
coboil Hanbonee LENOCTHLIM U XOPOLIO COXPAHUBLLMIACA, N3 BCEX CYLIECTBYIOLWMX B MUPE,
KoMMneKc noceneHnn n Hekpononen |l TeicAyeneTna Jo H. 3. 1 OTHOCATCA K ABYM Mepurogam:
XaduTbl (KanmbpoBaHHble AaaTbl 3100-2700 Ao H. 3.) U YMMm aH-Hap (kannbpoBaHHble Aatbl
2700-2000 go H. 3.). MI3yueHne noceneHusa apxeonornyeckumm MeTogamm Hayanocb B 1970-x.
B 2004 rogy HemeuKas rpynna Hauyana npoekt «/ccnepgoBaHune 1 pectaBpayuna batax», n nep-
Bble MarHUTHble pa3BefKu C Le3rieBbIM MarHUTOMETPOM B NosieBOM KoMnnektauumu B 2006 rogy
O6HapyXnnu aBe 3HauuTesIbHble OKpYr/ble aHomanuu. MNocneayolire n3mMepeHns Lies3rneBbiM
MarHMToOMeTpoM 6binn NpoBeaeHbl YHBepcrTeToM TiobrHreHa B OmaHe B 2017 roy B pamkax
apxeonormnyeckoro npoekra B Inb-Kawbaxe. MarHMTopassefKka nokasana nnaH AByX MaccuB-
HbIX 34aHUIN, NOJO6HbIX TeM, UTO ObINK BbiABIIEHbI B NEPBYIO Pa3Beaky, aatupyowmxca lll Toica-
yenieTmeM [0 H. 3. Packonku noarsepavnn aTMpoBKY KoMriekca XapUTCKUM NepruogoMm, MoKa-
3aB 3HayeHe NaMATHKKa ANA Pa3BUTUA coLmnanbHoro yctponcTtaa B CeepHom OmaHe. Pesynb-
TaTbl 06eKx pa3BeoK 6b BeCbMa NoyumnTenbHbl. COnocTaBneHne AaHHbIX MarHUTOpPa3BeaKu
CO CNYTHUKOBbBIMW KapTamu U AaHHbIMK packonok npv nomowum NMC nokasanu gpeBHUI Kynb-
TYPHbIA NaHAWadT 1 NO3BONUAY 3arfIAHYTb Nof 3emiio. Pa3Beikn NpoM3BOAUNINCH OKOJO reo-
MarHWTHOrO 3KBaTOpPa, r4e Masbli Yros HakfoHa MarHUTHOIO MOJMA 3eMAV MOXET YC/IOKHUTb
pacwmnppoBKy 1 MHTEpPNpPeTaLMIO MarHUTOrPaMM.

Kniouesvie cnosa: naHpwadTHas apxeonorus, NNC, marHmtopaseefka, reoMarHUTHbI SKBaTop,
OmaH, mefHbIN BeK (nepuop XapuT)

Keywords: landscape archaeology, GIS, magnetometer survey, geomagnetic Equator, Oman,
Hafit period

Mepesoo O. b. lsopeykoli
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MapwoH Lan6nekep, CumoH Mionb, Viopr ®accbmnaep

MATHUTHbIE NCCNELOBAHUA HA LUAXP3OPCKOW PABHUHE
B KYAQCKOM ABTOHOMHOM PAMIOHE NPAKA

Mpv NOMOLLM MAarHUTHOM CbEMKM MOTYT ObITb BbISIBEHbI CTPYKTYpa U 0COOEHHOCTU apXUTEK-
TYPHbIX NOCTPOeK. Kpome Toro, Mbl nonyyaem AONOAHUTENbHYO MHPOPMaLMo 06 3MEHEHNAX
ApeBHero penbeda. B couetaHum ¢ apxeonormyeckrmmn pasBefkami AaHHble MarHUTOMETPUN
Cny»<aT ONA PEKOHCTPYKUMW NPOCTPAHCTBEHHON OpraHM3aumn NocCeneHnn, a Takke aHanusa
AIMTENbHOCTYM CYLLeCTBOBaHUA, CTeneHn ypbaHu3auum n opraHnsauun. B kauectse npmumepa mbl
paccmoTtpum Bagn-Lamny B Laxpusopckon gonmHe Ha ceBepo-BOCToKe MpaHa, rae HaxoamTca
6onee TpyauaT NoceneHni. V13 HUX HECKONbKO CyLLeCTBOBaNV AINTeNbHOE BPEMA Y OTHOCATCA
K pa3Hbim anoxam (Tmpg-u Wamny, Tenn berom), 6onbluan yacTb — KPaTKOBPEMEHHbIE MOCENEHUs
unm depmbl. Ha Bcex 3Tx noceneHnax, aTMpyoLwmxcs oT anoxu HeonvTa o CacaHWACKoro Bpe-
MEHW, MPOBOAWINCH apPXEONOrMYecKmne packonku. 3a HAMK NOCNeA0BaNM MarHUTHblE pa3BeaKu,
obHapyXuBLLNe criefibl MOCeNeHNn 1 Xpam NapdAHCKON 3noxu. [1se reodpusmnyeckre KamnaHnm
Mo U3YYeHUIo CeNbCKrxX noceneHnin B Bagu-LLamny 6binv opraHnzosaHbl B 2017 rogy v BbIABUIM
pa3Hoob6pasHble apxeonormyeckne o6beKTbl, B TOM UMcie 34aHKA C pagamm noMeLLeHni, BHY-
TPW KOTOPbIX HAXOAWIUCb MeYn UK oYarK, a TakKe JoKa3aTeNbCTBa U3MEHEHNIN OKpyKatoLen
cpenpl. Takne o6beKTbI eLwé He 6bln U3BECTHBI B JaHHOM pervioHe. OCHOBHasA Liefib COCTOUT B CO-
BMeLLEeHNN reodU3nyecKnx 1 apxeosiormyecknx AaHHbIX, MONYyYeHHbIX B XO4e MoneBbIx paborT,
1 nony4yeHnn MHGopmaLmm o gpeBHEM ncTopuyeckom nepuroge. Ctatba NpeacTaBnaeT faHHble
MarHuTopassefku B LLlaxpmsopckon gonvHe n cymmmnpyeT nepsble pe3ynbraTbl MCCIIefoBaHNA
CenbCKMX noceneHnin B LieHTpe aonuHbl Bagu-Wamny. MNocneaytowme apxeonormnyeckme nccne-
[oBaHMA OyayT onvMpaTbCA Ha 3TW AaHHble. HakoHew, B nepcnekTuse — n3yyeHune KypancraHa ap-
XeosormMyeckmMmMmm MeTogamm Ha OCHOBE Pe3y/bTaToB JAHHOMO NPOEKTa.

Kniouesble ciosa: MarHUTomMeTpus, pakckuin Kypancran, naHawadt, noceneHve, passeakm
Keywords: magnetometry, Iraqi Kurdistan, landscape, settlement, survey

Mepesoo O. b. [lsopeykoli

Mutep WwaH, Amutpuin KapenunH, Mapua KapenunHa, TatbAaHa MKutnenésa

PEKOHCTPYKUWA ANOKNETUAHOBCKOW KPEMOCTW BABWJ/TOH B ETUMTE:
NCTOYHUKU N APTYMEHTALUWMA PEKOHCTPYKLU WA

[oknag nocBAWEH PEKOHCTPYKLUUM NO3AHEPUMCKON KpenocTn BaBnnoH, pacnonarasluenca
B palrioHe, n3BeCTHOM cerofHa Kak Crapbi Kamp. HaunHasa ¢ koHua XIX BeKa 370 coopyKeHue
HeodHOKpaTHO uccnegosanocb. C 1990-x rogoB NPOBOAWMINCH CUCTEMATUYECKNE apXeosioru-
yeckue nccnefoBaHms, COBMeLLEHHbIe C paboTamm MO PEKOHCTPYKLMM 1 KOHCepBaLn paioHa
Craporo Kanpa 1 NOHW»KeHUIO yPOBHA FPYHTOBbIX BOA Ha eé TeppuTtopuun. Pesynbratbl 3TUX pa-
60T OblNK ONy6MKOBaHbI.

C oiHOW CTOPOHbI, BaBMNoOH npeactaBnan co6om TUNNYHYIO KPenocTb AUOKNETUAHOBCKOIO
BPEMeHM, O4HAKO, C APYroN, UMen pAg, YHUKabHbIX 0COOEHHOCTE:

— KpenocTb 6blJla NOCTPOEHA NOBEPX PAaHHEN KaMeHHOW HabepexHoW BpemeH TpasHa B TOM
MecTe, rae apeBHui KaHan Amnis Trajanus coegumHanca ¢ Hunom;

— apxeonornyeckme 1 NUCbMeHHbIe UCTOUYHUKN CBUAETENbCTBYIOT, YTO MOCT Yyepe3 Hun Bén
K 3anagHbiM BOPOTaM KpenocTu;

— YKpenneHusa KpenocTu Obinn HaMHOIO MacCUBHee, YeM Y Nobon Apyron ANOKIeTMAaHOB-
CKOW KpenocTu Ana comitates B ErunTe.
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MNocnegHne apxeonorvyeckne UCCIefoOBaHWA MOKa3anan HEMIOXYI0 COXPAaHHOCTb KOXHOW
YacTN KPenocCTh HMXKe COBPEMEHHOrO YPOBHA 3eMu. Bbilie ypOoBHA 3eMnv OTHOCUTENTIbHO He-
NJI0XO COXPaHWIUCh K0XHble BOPOTa C MOCTPOEHHOM Hag HMIM KOMTCKOW «BucAllen» LepKoBbio
(anb-Myannaka), a Takxe fBe Kpyr/ble 6alHu, ofHa 13 KOTopbIxX Obina NnpeBpalleHa B rpeye-
CKyto uepkoBb CB. leoprua (Mapu lmpruc).

Llenb peKkoHCTPYKLMM — PacCMOTPETb apXMTEKTYPHbIe M KOHCTPYKTMBHblIE OCOBEHHOCTU
I0XKHbIX BOPOT, KpYrbIx 6awweH, ¢naHknpoBaswmnx Amnis Trajanus, 1 NOKa3aTb, Kak KPernocTb
MOrfla BOCMPUHMMATLCA CO cTOopoHbl Huna. OTtaenbHoW 3agaven ABnaeTca Knaccndukaums
VUMEILLNXCA NCTOYHUKOB 1 UNIOCTPaLMA CTEeMEeHN apryMeHTUPOBAHHOCTU OTAENbHbIX peLue-
HUI, MPUHATbIX B PEKOHCTPYKLMN.

Kniouesole cnosa: Ervnet, pumckas KpenocTb, BaunoH, Ctapbiin Kavp, 3D-peKkoHCTpyKLMA
Keywords: Egypt, Roman fortress, Babylon, Old Cairo, 3D-reconstruction

Mepesod J. A. KapenuHa

Ivan Sokolovski
BLENDER AS ATOOL FOR SOCIAL AND CULTURAL RESEARCH

Social history of architecture is a very rare phenomenon. Sometimes historians describe
social destination and meaning of architectural monuments, regular buildings in urban
environment, particularly when a monument plays a role of social manifesto (Saint Petersburg,
utopias etc.).

Scientific research problems can be solved easily if the constructions are preserved, but if
they are lost, the investigation depends on documents, archaeological excavations and objects
that have to be reconstructed, and, what is more, every type of information source follows its
own logic. A 3D-reconstruction can aggregate all the approaches mentioned.

Blender, as freeware cross-platform professional package for the 3D-modelling, shows
perfect results in reconstruction of historical landscape on micro- and macro- levels. It allows
a designer to make separate buildings and constructions as well as the landscape complexes
and itis integrated in other cross-platform software.

Keywords: social history of architecture, 3D-reconstruction, modelling, Blender package
Kniouesblie cnosa: coumanbHaa UCTopua apxuTekTypsbl, 3D-peKkoHCTPYKUUS, MOAENNPOBAHNE,
nakeT nporpamm Blender

Translated by Olga Dvoretskaya

Larissa Tataurova, Leonid Bykov, Andrei Firsov, Igor Zlygostnev, Andrei Savluk,
Alexander Kolesov, Alexander Sheremet, Alexander Svetleishy

ARCHAEOLOGY, GEODESY, GEOPHYSICS AS DATA SOURCES
FORTHE RECONSTRUCTION OF MODERN RUSSIAN SETTLEMENTS IN SIBERIA

Interdisciplinary approaches are lately common in the archaeological studies of the Russian
development of Siberia. The Russian settlement of Ananino in Tarsky region near Omsk
(archaeological site Ananino) was used as a testbed for the application of modern methods.
The long term work on the site results have become approved techniques of land survey on
the archaeological site, including remote sensing and monument landscape modelling. The
subsequent 3D-reconstructions of the excavated objects were based on them. The layout
of settlement was corrected with magnetic survey. The materials of excavations and remote
sensing are included in the library of benchmarks for the analysis of space photos and magnetic
survey. Thus, the new possibilities of interpretation of excavated structures and reconstruction
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of ancient environment, life-support systems and local aspects of monuments (location,
structure, limits of anthropogenic impact) appear.
Research provided by Russian Scientific Foundation (project N214-50-00036).

Keywords: archaeology, geodesy, geophysics, reconstructions, 3D-modelling
Kntouessie cnosa: apxeonorus, reofesus, reopusmnka, pekoHcTpyKuun, 3D-mogenmpoBaHme

Translated by Olga Dvoretskaya

Andrei Firsov, Igor Zligostev, Olga Pozdnyakova, Andrei Savluk,
Alexander Vasilevskiy

MAGNETIC SURVEY WITH UAV: NEW OPPORTUNITIES IN ARCHAEOLOGY

A new magnetometer probe installed on a drone (UAV) was developed by the IPGG SB RAS
and tested together by the specialists of IAE SB RAS on archaeological sites in the Novosibirsk
region.The advantages of the new equipment were proved on various monuments (e.g., ground
burials, kurgan burials, and hillforts), where magnetic prospection had already been done. This
paper presents our methods of research and compares the results of survey conducted on
the ground and that obtained from the air. The perspectives of the new technology for the
archaeological sites are evaluated.

Keywords: archaeology, magnetometry, drones
Kntouesoble crioga: apxeonorusa, MarHutomeTpus, brJlA
Translated by Olga Dvoretskaya

CopviH XepmoOH

TPEXMEPHbIV AHAJTIN3 N UHTEPMPETALNA APTEQAKTOB -
OT KNNACCUOUNKALNN N TUNONOTN K BUPTYAJIbHBIM SKCIMEPUMEHTAM

OcTaTKn MaTepuanbHOM KynbTypbl HAXOAATCA B LEHTPe BHMMaHWUA NtoGoro apxeonormye-
CKOTO MccneaoBaHusi, 6yab TO HaXO4KM, MAMATHUKK, 30aHNA U KaKne-TO ApYrue KOHCTPYKLUNN.
M3yueHue 1x BeLLeCcTBEHHON COCTaBAAOLLEN 1 0OCTOATENbCTB 0OHAPYKeHNA NpeBannpyoT B ap-
XEONormyeckmnx nccnegoBaHmax. OnncaHne OpPeBHUX KYNbTYp U UX MPOU3BOAHBIX KOMMOHEHT
(coumanbHble, SKOHOMUYECKME, [YXOBHbIE 1 Ap.) OCHOBbIBAETCA Ha Knaccndrkaumm v CpaBHEHM
apTedaKkTOB, U3yYeHUN NPOMN3BOACTBA 1 CNOCOOOB UCMOMb30BaHKA. TakoW aHanus3 TpaguLumnoH-
HO NPOBOAMNTCA C NPUMEHEHEM METOAONOMNY TEXHONOTMYECKMX LIeNnoYeK, KoTopas onpeaenseT
HeKoTopble CTaANM NCCNeA0BaHNA, KOHLEHTPUPYACh Ha AO6bIYE 1 M3MEHEHUI MATePUaNoB, Cro-
coboB nx 06paboTKM, NCNoNb30BaHMM apTedakToB 1 OTKa3 OT HUX. JONOMHUTENBHYIO NOMOLLb
APXeoNIornyeckM MHTepnpeTaLmaM OKa3blBalOT SKCMNEePUMEHTbI (COBPEeMEHHOE M3roTOBNEHNE
nNpeamMeToB U NX UCMONb30BaHME) AN TPACONOMMYECKMIn aHanu3 (nccnegoBaHme, valle nog Mu-
KPOCKOMOM, CJleloB UCMOJb30BaHMA nNpeameToB). [loknan npefcTaBnseT HeKoTopble Npumepbl
NPUMEHEHNA MeToa TEXHONIOTNYECKMX Liernoyek Ha OCHOBE TPEXMEPHOIO aHanmn3a, B YaCTHOCTH
Mo KOHTYpY, AedopMaLiii MOBEPXHOCTU 1 CPAaBHEHUMN reOMETPUYECKMX NapaMeTpoB. MNpumepbl
BapbUPYIOTCA OT BePXHe-NaNeoIMTUUYECKNX N HEONIUTUYECKX TEPOUYHMKOB [0 GUrypoK 1 neva-
Tell NneprofoB No3aHeln 6poH3bl 1 apxarky Ha Knnpe (XII-VII Beka go H. 3.).

Knrouesble ciosa: aHan3 NoBepxXHOCTU, CIOXKHAA FreOMETPUA, BUPTYaSibHOE KCNePUMEHTUPO-
BaHWe
Keywords: surface analysis, complex geometry, virtual experimentation

Mepesoo O. b. []Jeopeykoli
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