











Punc. 9.
Apxeonornyecknin Komrekc aHTnuHon MaHaropum. Packon «BepxHuii ropog»

Ha MOBEPXHOCTW NaMATHMKA (Hanpumep, CTapblX PaCcKOMOYHbIX TPaHLUEeW), HO 1 CcamMu
rpaHu1Lbl PacnpoCTPaHEHWA KyNbTYPHOrO CI0A FOPOAQ, BblpaXkeHHble, 338 CYeT Hanmnuus
B CJI0€ OCTaTKOB apXUTEKTYPHbIX COOPYKEHUN, B M1Kpopesbede NOBEPXHOCTW, OfHAKO
He pnddepeHUMpyeMble UHBIMU HepaspyLllalwmMm Metogamu (puc. 7). NMommmo mac-
WTabHbIX nnowagHbix pabot, B @aHaropuu Gbina nponsBeaeHa AeTanbHaa CbEMKa LeH-
TPanbHOro packona Ha ropoauLle («<BepxHuin ropogy), nccnegyemoro B HacTosALee Bpems,
¢ duKcaumen oCcTaTKOB apXUTEKTYPHbIX COOPYKEHUN, BbIABAEHHbIX packonkamu (puc. 8, 9).
MoceneHue «[MonaHka» (Kpsim). MpoponxeHnem paboT MO BbICOKOAETANIbHOW a3po-
boTocbéMKe apxeonornyeckux o6 beKToB, BCKPbITbIX B XOe MHOTMOIETHUX NoneBbix paborT,
CTano co3gaHue optTopoTonaaHa packomnaHHOW YacTy aHTUYHOrO nocenieHna (ropoamiLa)
«lNonaHka» B JleHnHcKom parioHe Kpbima. lNpoBeaéHHaa CbEMKa, OXBaTblBaloLasA MNowWwagb
okono 1 ra ¢ paspeweHuem 0,3 cM/NMKcenb, NO3BONUSIA CO3AaTb CBOAHDIN BbICOKOTOYHbIN
apXUTEKTYPHO-apXeoniornyeckun nnaH ropoguwa (puc. 10).
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Puc. 10.
MoceneHwe MonaHka, Kpbim. OpTodoTonnaH packonaHHOM YacTy NAMATHMKA
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EARLY IRON AGE KURGANS AND THEIR PERIPHERY:
LATEST FINDINGS AND INTERPRETATIONS
FROM THE NORTHERN CAUCASUS

Introduction

The steppe regions of the Northern Caucasus, which cover the areas of the Stavropol
Region in Russia, contain thousands of large burial mounds - so-called “kurgans” of the
Iron Age period. They form the visible legacy of this culture and were constructed by the
Scythian nomads. Some hundreds of these kurgans are — simply because of their mon-
umentality — defined as “great kurgans” and are ascribed to the elite of the horse riding
nomads (Gass 2011, p. 59). Generally these great kurgans dominate large burial grounds
and form visible landmarks in the steppe. In the western part of the Stavropol Region very
few of these great kurgans have been archaeologically investigated in detail (Bnagumupos
1902; Macnos, lNMeTtpeHko 1998; Petrenko 2006; KaHToposuy 1 ap. 2007; NeTpeHko, Macnos
2008). In the framework of Russian—German cooperation with the support of the “Exzellenz
Cluster Topoi (Berlin), Program B-2-4" and the Geophysics Department of the Ludwig-Maxi-
milians Universitat, Munich, we started 2012 with a geophysical mapping project of select-
ed sites for this region (benvHckun n gp. 2014; Tacc n gp. 2014).

The eastern part of this large region of Stavropol (in total ca. 66,000 km?) remains until
nowadays unexplored. Historical reports describe the northern foreland of the Great Cau-
casus Mountains as the starting point of the “heroic history” of Scythians, from where these
horse riding nomads started their raids to the nearest areas (Herodot I. Pp. 103-106). Hence
it can be assumed that the northern forelands of the Caucasus played an outstanding
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strategic role in the organization of these raids. Since we knew only a little about the ori-
gin and the development of the Scythian culture we selected this region for our research
project.

The main archaeological research questions are:

Were the Scythian nomads of the eastern part of the Caucasian forelands involved in
the warlike operations of the horse riding nomads of the Eurasian steppe during the early
Iron Age, who were acting from southern Siberia in the east to the upper Danube River in
the west? And what was the role of these nomads in this region? What was the burial ritual
of the people and where and how do the accompanying constructions and features in the
Scythian burial mounds and graveyards of this region look like?

The answer to the first question can be found with pure archaeological research only.
The second question points to the discovery of possible findings in the periphery of the
great kurgans. Beside the topographical visible features such as ring ditches, ramparts and
stone settings, geophysical prospecting allows us to uncover the hidden features beneath
the ground. Clarification of the layout and an overall picture of such a vast necropolis can
be best achieved with large scale magnetometer prospecting. Valuable information can
be found not only beneath the great kurgans but also with detailed surveying in the ad-
jacent environment, the periphery of these large kurgans (Nagler 2013, p. 618). Basically
there we would expect to find the traces of complex rituals that took place before, during
and after a burial ceremony. In the periphery of the kurgan we can also expect to find fur-
ther burials, architectonic constructions, secondary burials, grave goods, offering places,
as well as traces of ceremonial acts and feasts. Such findings were already reported from
many sites of the Eurasian steppe belt from southern Siberia, (e. g. Kurgan Arzan 2 in south-
ern Siberia/Kypran ApxaH 2 - Cugunov et al. 2010; FaBbinder & Becker 2010), and the ne-
cropolises Zoan Tobe and Tért Oba in southeastern and western Kazakhstan (MorunbHuKm
MKoaH Tobe n TépT-Ob6a — CamaweB n gp. 2009; facc 2011. Pp. 67-68; Fapbinder et al. 2009;
Gorka, FaBbinder 2011; Faf3binder et al. 2013). We had already found such constructions
with magnetometer surveys at the necropolis at Vinogradnyj-1 in the Northern Caucasus
(BenuHckuii n gp. 2014, p. 84, ill.1) as well as on a kurgan of Alexandropol in the Ukraine
(AnekcaHgpononbcknin KypraH — lMonux, Japarax 2010).

Magnetometer prospection

For large scale prospecting we used the cesium total field magnetometer in the so-
called duo-sensor configuration, which allows us to reduce the diurnal variations of the
earth’s magnetic field and thus use the instrument in its full range of sensitivity. The crucial
factor for the use of this type of instrument however is the tolerance towards a tilting of
the instrument, and more so when we want to apply the prospecting technique on uneven
and rough terrain like a kurgan field with monuments of considerable size and steep slopes
(FaBbinder 2009).

Results

Interesting results were achieved and important new information discovered from
a magnetometer survey of the kurgan field named Zunkar-2 in the Nogai steppe of the Ter-
ek-Kuma depression (eastern Stavropol Region). The necropolis is situated on a spur that
is aligned in the north-south direction and in a safe position with respect to the annual
floodwaters in the area. The necropolis consists of three kurgan rows that are aligned and
directed north-south. Every row or chain of kurgans consists of at least five mounds. The

82

0Om 40m 80m 120 m 160 m 200 m

Fig. 1.

Zunkar-2. Magnetogram of the early Iron Age necropolis and the adjacent periphery.

Magnetometer survey with Smartmag SM4G-Special cesium-magnetometer,
sensitivity £10 pT, variometer (duo-sensor) configuration, 40 x 40 m grid, spatial
resolution 12.5 x 50 cm, interpolated to 25 X 25 cm, total intensity of the earth’s
magnetic field: ca. 50,200 + 30 nT (May 2014), dynamics + 4 nT, grey shade plot

in 256 greyscales from positive (black) to white (negative). Processed by reduction
to a square mean value. (Magnetogram: J6rg Fapbinder, Ina Hofmann)
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Zunkar-2. Magnetogram and interpretation map of the early Iron Age necropolis and
its periphery. A simplified interpretation map given as overlay marks: visible kurgans
(brown), ring ditches and burial chambers (blue and dark) and the square-shaped
features, probably a podium or panel in red. (Geophysical interpretation:

Jorg Fapbinder)
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Fig. 3.

Tort Oba. Magnetogram: Smartmag SM4G-Special cesium-magnetometer, sensitivity
+10 pT, variometer (duo-sensor) configuration, 40 x 40 m grid, spatial resolution 12.5 x
50 cm, interpolated to 25 x 25 ¢m, total intensity of the earth’s magnetic field at the site
in May 2011: ca. 53,570 £ 30 nT, dynamics + 6 nT, grey shade plot in 256 greyscales from
positive (black) to white (negative), processed by reduction to a square mean value.

A simplified interpretation map as overlay marks: visible kurgans (brown), ring ditches
and burial pits (blue and dark), fireplaces and heated pits, pits which contain highly
magnetic ashes and the square-shaped features in red. (Magnetogram: Jérg Fabinder,
Tomasz Gorka; interpretation map: Jorg Fapbinder)

largest kurgans have heights of 2.5 to 7.0 m, are found in the middle row, and the highest
of them is in the north. All these great kurgans have a typical form with a flattened dome,
three steep slopes and a dip slope on the southern side.

A power transmission line cuts across the northern part of the kurgan row and has a sig-
nificant influence on the magnetometer readings. Thus we concentrate our survey on the
southern part of the necropolis.

The magnetogram reveals, first of all, ring ditches around the kurgans, some further
little kurgans and single irregular sized pits (Figures 1, 2). Most interesting however was the
finding of rectangular features in the south of the two great kurgans. Oriented north-west
south-east and about 10 x 15 m and 10 x 20 m in size, they resemble similar constructions
that were found in western Kazakhstan on the kurgan field of Tort Oba and Besoba (fig. 3).

The archaeological site Tort Oba and Besoba was surveyed with the same magnetome-
ter technique, in a joint Kazakhstan-German cooperation during the year 2010. The round-
ed and square-shaped structures from Tort Oba and Besoba varied a lot in size but in their
orientation they point with the narrow side towards the kurgan, while at the Zunkar site
they are all orientated with the broadside towards the kurgan. But without exception, all of
them were exposed in the south of the kurgans.

For a better understanding of the findings an archaeological excavation of one of
these so far unknown features was undertaken in Tort Oba. The final publication of this
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excavation is still in preparation, but it turned out that the features are ritual places where
some feasting ceremonies and offerings took place.

The excavated rectangular feature (object 4) was 39 x 13 m in size and occurs in the
topography as a slight elevation (10-20 cm). The surrounding ditch had a depth of 1-1.8 m
and at the base it was 1 m wide. At some parts there were found bones of animals. After
a short usage the ditch was obviously refilled with black earth. The fact that no pottery
shards or waste were found there, and that the feature was in use only for a short time,
points strongly to the interpretation as an offering place. The object dates to the same ar-
chaeological period of the great kurgans, and radiocarbon dates of the Poznan laboratory
point to the 7th — 5th century BC (early Iron Age, early Saka period).

Our archaeological considerations support the thesis of other archaeologists who
claimed that the direction of propagation of the Scythe-Sakian culture runs from the east
to the west. Hence the origin of the Scythian culture dates to the 9th and 8th century BC
in southern Siberia (Republic of Tuva, Kurgan Arzan 1), and propagates via Kazakhstan,
middle Asia, southern Ural to the Northern Caucasus region during the 7th century BC
and further on to the Ukrainian steppe to the Karpate basin (Mo3zonesckui, MonuH 2005.
Pp. 19-20, 207-211, 411-412; Parzinger 2013, p. 539).

Due to our geophysical findings and on the basis of similarities with the layout and the
orientation of the features of western Kazakhstan and the Northern Caucasus we propose
that the purpose of these constructions follows similar rituals and traditions of the same
culture. With our measurements in the Northern Caucasus we found only one possible
rare case in history which exemplifies such ritual conventions that occur accidently and
independently in both regions. Further research, test excavations and further case histories
with the same results may clarify, confirm, or reject this theses.

References

BbenuHckuii n gp. 2014

benurckuti A.b., Mapuyurzep I, facc A., ®acc6urdep N. ViccneposaHna 60bLIMX KypPraHOB 3MoXu
paHHero »kene3Horo Beka CeBepHoro Kaskasa 1 nx nepudepnm c npuMeHeHnem marHutomeTpum //
Tpyabl IV (XX) Bcepoccuiickoro apxeonornyeckoro cbesga B KasaHu 2014 r. KazaHb, 2014.T. 2.
C.83-87.

Bnagnmupos 1902
Bnadumupos U.A. CtaBponosnbckas rybepHus // OtueTt imnepatopckoi Apxeonornyeckom
komMmuccum 3a 1900 rog. CIM6., 1902. C. 49-53.

facc 2011

[acc A. K npobneme n3yyeHnsa NaMATHUKOB PaHHErO Xene3Horo Beka loro-BoctouHoro Cemrpeuba
B CBETE flaHHbIX Fe0apxeonornyeckux nccnepgoBanHnii // Apxeonorus, sTHorpadums 1 aHTPoNonorua
EBpasunn, 2011, 3(47). C. 57-69.

faccwm ap. 2014

lacc A., ®acc6undep Y., benurckudi A, MNapyurzep I. Viccnenosanua nepudepumn 60abLINX

KypraHos PXB CesepHoro KaBka3sa ¢ npumeHeHnem mariutometpum // E. V. KpynHos n passutue
apxeonorumn CesepHoro KaBka3sa. XXVIII KpynHoBckue uteHna: matepmansl MexayHap. Hayy. KOH.
MockBsa, 21-25 anpensa 2014 r. MockBa, 2014. C. 139-142.

86

KaHtopoBuu n gp. 2007

Kanmoposuy A.P, llempeHko B.I., Macsios B.E. Packonku KypraHa paHHeCcKUpCKOM 3noxu

y r. HoBonaBnoBcka (npegBaputenbHas nybnukauus) // Matepmanbl No N3y4YeHUo NCTOPUKO-
KynbTypHoro Hacneausa CeBepHoro KaBkasa. Boin. VII: Apxeonorusa, naneoaHTpononorus,
KpaeBefeHune, my3eesefeHune. M., 2007. C. 168-207.

Macnos, lNeTpeHko 1998

Macnos B.E., [lempeHko B.I. Kypran N2 12 mornnbHuka HoBo3aeegeHHoe |l // MaTtepwvanbi no n3y-
YEHUI0 UCTOPUKO-KyNbTypHOro Hacneana CesepHoro KaBkasa. Boin. |: Apxeonorua. CtaBpononb,
1998. C. 210-227.

MosoneBckun, Monnx 2005
Mo3onesckuti b.H., lMonun C.B. KypraHbl ckudckoro leppoca IV B. go H. 3. Kues, 2005. C. 599.

MeTpeHko, Macnos 2008

lMempeHko B.I., Macnos B.E. ccneposaHua Hoso3asepgeHckoro |l morunbHmka // Matepmanbl no
M3yYeHUI0 NCTOPUKO-KYNbTypHOro Hacneansa CesepHoro Kaekasa. Boin. VIII: KpynHoBckue uteHna
1971-2006. M., 2008. C. 584-588.

Monwun, Japarax 2010
Monux C.B., JapazaH M.H. PaboTbl Ha AneKkcaHLponoNnbCckom KypraHe B 2008 1. // £YMBOLA 1.
AHTUYHbIN Mnp CeBepHoro MNMpuuepHomMopbA. Hosenwne Haxoakmn n oTkpbiTia. M., 2010. C. 187-205.

CamaweB u ap. 2009

Camauwes 3., Hazenep A., lNMapyuHzep I, Hagpom M. CoBMeCTHble repMaHO-Ka3axcTaHCKune
nccnepoBaHna 6onbLINX CakcKKX KypraHoB Cemupeubs // MaTtaa KybaHckana apxeonornyeckas
KoHbepeHLMA: maTepuanbl Joknagos. KpacHogap, 2009. C. 350-352.

Cugunov et al. 2010
Cugunov K.V, Parzinger H., Nagler A. Der skythenzeitliche Fiirstenkurgan Arzan 2 in Tuva //
Archdologie in Eurasien 26. Steppenvolker Eurasiens 3. Mainz am Rhein, 2010. Pp. 495.

FapBbinder 2009

FaBbinder JW.E. Geophysikalische Prospektionsmethoden — Chancen fiir das archaologische Erbe,
in Tocare — Non Tocare. Miinchen : Siegl, 2009. Vol. 47. Pp. 10-32. (ICOMOS, Hefte des Deutschen
Nationalkomitees)

Fapbinder et al. 2009
FaBbinder JW.E., Gorka T., Parzinger H., Nagler A. Magnetic prospecting of Scythian kurgans from
Chilik, Southeastern Kazakhstan // ArcheoSciences, revue d'archéometrie, suppl. 33. 2009. Pp. 59-61.

FaBbinder, Becker 2010

FaBbinder JW.E., Becker H. Magnetometerprospektion // K.V. Cugunov, H. Parzinger, A. Nagler.
Der skythenzeitliche Flrstenkurgan Arzan 2 in Tuva // Archdologie in Eurasien 26. Steppenvolker
Eurasiens 3. Mainz am Rhein, 2010. Pp. 19-21.

FaBbinder et al. 2013

FaBbinder JW.E., Gorka T.H., Nagler A., Chemyakina M.A., Molodin V.I. Prospecting of kurgans by mag-
netometry: case studies from Kazakhstan, Siberia and Northern Caucasus. BuptyanbHas apxeonorus
(Hepa3spyLwatoLwme METOLbI MCCNIEAOBAHWIA, MOLENMPOBAHMNE, PEKOHCTPYKLMN): MaTepuanbl Mepsoii
MexayHap. koH., cocTonBLelica B [ocygapcTBeHHOM dpmMmuTaxe 4-6 noHa 2012 r. Saint Petersburg,
2013. Pp. 50-57.

87



Gass 2011
Gass A. Early Iron Age burials in Southeastern Zhetysu: the geoarchaeological evidence //
Archaeology, Ethnology and Anthropology of Eurasia 39(3). 2011. Pp. 57-69.

Gorka, Fabinder 2011
Gorka T, Fafbinder JW.E. Classification and documentation of Kurgans by magnetometry //
Proceedings of the International Conference on Archaeological Prospection. Izmir. Pp. 183-186.

Herodot
Herodot (Ubersetzung von H. Stein). Neun Biicher der Geschichte. Giitersloh : Klio, 1984.

Nagler 2013

Nagler A. Grabanlagen der friihen Nomaden in der eurasischen Steppe im 1. Jahrtausend

v. Chr. Unbekanntes Kasachstan. Archdologie im Herzen Asiens: Kat. der Ausst. des Deutschen
Bergbau-Museums Bochum vom 26. Januar bis zum 30. Juni 2013. Bochum, 2013. Bd. II. Pp. 609-620.

Parzinger 2013

Parzinger H. Die Reiternomaden der Skythenzeit in der Eurasischen Steppe . Unbekanntes
Kasachstan. Archdologie im Herzen Asiens: Kat. der Ausst. des Deutschen Bergbau-Museums
Bochum vom 26. Januar bis zum 30. Juni 2013. Bochum, 2013. Bd. Il. Pp. 539-553.

Petrenko 2006

Petrenko V.G. Krasnoznamenskii Burial-ground. Early Scythian Elite Burial-mounds in the Northern
Caucasus. Corpus tumulorum scythicorum et sarmaticorum I. Steppenvdlker Eurasiens 2. Berlin,
Bordeaux, Moscow, 2006, 176 pp, 126 pls.

A. Asandulesei
University of lasi, Romania / LMU, Germany

N. Cristi, M. Asandulesei
University of lasi, Romania

ARCHAEOLOGICAL PROSPECTION
AND NATURAL RISK MANAGEMENT IN PREHISTORIC SITES
FROM EASTERN ROMANIA. A CASE STUDY: SETTLEMENT
FROM COSTESTI, CIER (IASI COUNTY, ROMANIA)

1. Introduction

The work is based on an elaborated study, started in 2009 and still under way, conduc-
ted by the Arheoinvest Platform from the Interdiscplinary Research Department - Field
of Sciences within the Alexandru loan Cuza University of lasi. The main objective of this
endeavour - in the initial stage and to which all subsequent activities were inherently sub-
sumed — is to produce by means of non-intrusive investigation techniques an ample char-
acterization of the archaeological site from Costesti (lasi County) known in the dedicated
literature as Cier or La scoald (RAJI 1l 1985, p. 418). Specifically, the investigations sought
to produce a detailed assessment of the current state of the site and the adjoining areas,
and a comprehensive report suitable for elaborating an adequate research strategy and
for inclusion in a long-term management plan. The methodology consisted primarily of
archaeological topographic surveying, terrestrial laser scanning, air photography, and geo-
physical prospections. The present paper contains the most important results achieved so
far, some preliminary, obtained through a multi-faceted interpretation of data with state-
of-the-art research tools.

2. Characterization of the study area

The site studied in this paper is well known to the archaeological community from Ro-
mania. Earlier studies, some of which carried out in the interwar period, attested a rich ma-
terial belonging to the chalcolithic Cucuteni culture (A3, A-B2/B1), two from the transition
to the Bronze Age period (Horodistea-Erbiceni ll) and early medieval (8th — 9th/10th centu-
ries) habitation levels, as well as two necropolises, one Horodistea-Erbiceni Il and the other
medieval. The site is located in the northeastern part of Romania, in the lasi County, on the
right side of the upper course of the Bahluiet River (ca. 10 km from the source), in a mean-
der within the fossil valley of the creek (figs. 1, 3), on the back side with western exposure
of the cornice, successively detached toward the east-north-east, from the Pietrisul hill,
and which evolved in various stages (fig. 2). Initially, the site was pentagonal, with rounded
corners, being delimited to the west and south-west by a fossil riverbed of the Bahluiet
(Ciurea 1938; Boghian et al. 2013, p. 199).
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Fig. 1.
Location of the site within Romania and lasi County

3. Methodological aspects

As mentioned in the introduction of this contribution, our study is based on the applica-
tion of one of the most important methods of non-destructive archaeological prospection;
we also interpreted the results obtained independently for each method used, in a GIS (Geo-
graphic Information System) environment. When it comes to this type of research, a corre-
sponding methodology requires — when all conditions are met - the appeal to complemen-
tary non-invasive methods; it is well known that each of these investigation possibilities has
both advantages and limits.

3. 1. Cartographic analysis

After identifying the site from Costesti in the field and charting its GPS coordinates,
we began our investigation, naturally, by analyzing the available cartographic support. At
the beginning, all map portions were geo-referenced on various scales, corresponding to
the area of study, and they were overlapped in the GIS. Military topographic maps (scale
1:25000), topographic plans (scale 1:5000), map sheets (scale 1:20000), and orthorectified
aerial images (scale 1:5000) were used. We also used a draft from the year 1937, comprising
the plan of archaeological excavations conducted here by Professor Vasile Ciurea; the re-
sults of the research campaign were published, one year later, in the journal of the Félticeni
museum (Ciurea 1938). Unfortunately, this draft is very general; its geo-referencing by cor-
respondence is approximate, because we failed to identify clear common points between
it and the rest of the digital cartographic support.

20
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Fig. 2.
Aerial photography from the northwestern part of the site
Fig. 3.

SV-NE cross section through the valley of the Bahluiet River

3. 2. Terrain microtopography analysis

The detailed registration and the field microtopography analysis have represented
a priority for our activities for two reasons. On the one side, based on several other suc-
cessful research projects of our team (Asandulesei et al. 2013; Bem et al. 2013), we aimed
at obtaining a clear image of the degree of the site destruction. On the other, in numerous
cases, a minute interpretation of the analysis can provide significant clues to the buried
archaeological structures.

Therefore, by using a Leica GPS system (base station and mobile device), we regis-
tered a dense network of geodesic points - for both the site surface and the surrounding
areas - within the national system of coordinates. In addition, for the inaccessible sector,
highly affected by river erosion, we used a three-dimensional laser scanning equipment,
which enabled us to obtain a 5-cm resolution of the section in question (fig. 6a). Our
team had used successfully this registration method - which has the maximum accura-
cy of field topography, through the three-dimensional model obtained - before it was
used for other case studies (Asandulesei 2011; Romanescu et al. 2012a; Romanescu et al.
2012b). This method proved to be very useful, especially when it came to monitoring ero-
sion rate. After processing the GPS data, we obtained a detailed numerical field model,
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with 0.5 m/pixel resolution (fig. 7), to the end of representing accurately the exterior
shape of the site and of pinpointing potential characteristics of archaeological nature.

3. 3. Oblique aerial photography

It is well known that aerial photography is a branch of remote sensing, a non-destruc-
tive method used for identifying, photographing, mapping, and interpreting traces that
indicate the presence of ancient anthropic characteristics (Oberlander-Tarnoveanu, Bem
2009). Though the history of aerial photographs with archaeological purposes has a 100-
year old international tradition, in Romania, the initiatives in this field can only be charac-
terized as isolated.

Archaeological characteristics of aerial images can be identified due to shadows, dif-
ferences in soil pigment, moisture, or marks detectable in snow or in agricultural cultures
(Scollar et al. 1990). It is unusual for a single photograph to provide all the information
about a site or an entire area, irrespective of the type of archaeological research. The visi-
bility of marks depends on the change in the direction and height of the sun, even for sites
visible above the ground, because deep shadows often mask the information. The season
when people take the photographs is equally important, because archaeologists elaborate
maps based on aerial images, at various moments during the day and the year, in order to
get as much information as possible on the researched objective (Palmer 2009).

For the Costesti site, we took aerial photographs from a small airplane, by using a Nikon
camera (model D300), between 3 and 5 PM, on April 28, 2012. The mean altitude from
which we took the photos is 500 m, and the photo angle was approximately 45°; we took
over 30 photos from all directions.

3. 4. GPR (Ground-Penetrating Radar) measurements

GPR technology has been highly appreciated by the archaeological community be-
cause of its capacity to identify and represent accurately the characteristics buried in the
ground. It has a reputation as one of the most complex geophysical methods applied
in archaeology because it involves collecting large amounts of data and generating an
impressive 3D database. The capacity of producing images at different depths, the some-
times delicate interpretation of the data, and the difficulty in correlating them in many
profiles within a grid are just some of the aspects that make GPR a difficult venture (Co-
nyers, Goodman 1997). In addition, field conditions (perturbing factors) represent anoth-
er criterion for obtaining viable results. The ability of providing more precise information
than other prospecting methods, related to the depth of archaeological remains, is of
great interest to archaeologists, who can really use data on various planes and depths.
Despite the data collecting process on sections in depth, the main advantage of the GPR
is its ability of providing a three-dimensional image of the prospected archaeological
site when several sections are registered (Leckebusch 2003).

The success of GPR measurements in archaeology depends, to a certain extent, on the
buried characteristics, on soil topography, and on vegetation. Despite the multitude of
factors susceptible to influencing measurements, GPR is still very useful especially where
an electrical resistance contrast is identified. This is not a method to apply immediately in
all geographic or archaeological contexts but, with slight modifications in data acquiring
methodology, it can adapt to a variety of working conditions (Gaffney, Gater 2003).

For the archaeological site of Costesti, we used a Mala, Ramac X3M GPR system. Initial-
ly, we conducted multiple tests with various antennas; finally, for our measurements, we
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Fig. 4.

Costesti archaeological site evolution (cartographic analysis):
a) excavations plan from year 1937;

b) topographic map from the year 1957 (scale 1:20000);

¢) topographic map from the year 1975 (scale 1:5000);

d) orthorectified image from the year 2005 (www.ancpi.ro)

chose the antenna with 500 MHz frequency. Depending on the area accessible from the
site surface, we made two grids with different sizes (grid A=20 x 47 m and grid B=20%20
m). We took the measurements through parallel lines, in one direction, with a 0.5-m dis-
tance between them. GPR scans for grid B were made transversally on grid A, in its north
section, to obtain more information for this area (fig. 9a).

4. Results and discussion

4.1. Cartographic support analysis

The field research conducted near the site by the members of our interdisciplinary team
(geomorphologists, hydrologists and, of course, archaeologists from the Alexandru loan
Cuza University of lasi) comprised several phases. In the first phase, we studied carefully
the current state of the site, focusing on its degree of degradation. From that moment on,
we began taking successive measurements for monitoring the site erosion rate. We also
tried to assess as accurately as possible the initial surface of the site. Therefore, a simple
cartographic analysis revealed that the current site is the third part of the initial site; the
strong erosion provoked by the Bahluiet River destroyed the rest (Figures 4, 5). It is obvious
that the river began eroding the site even before 1937, as posited by Professor Ciurea in
the aforementioned work. At the same time, though the resolution is not very high, the
map fragment extracted from the map sheets, scale 1:20000, shows that the site surface
is not considerably altered compared to the year 1937: the shape of the mound is almost
pentagonal. In 1975 - a year for which we have a topographic plan under a much larger
scale (1:5000) - the situation was very different. Based on comparative analyses, we can
state that nowadays the site is approximately 50% destroyed.
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Fig. 5.
Old archaeological excavations (after S. Ignatescu) and site boundary (year 1937)
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47149

Fig. 6.
a) 3D terrestrial laser scanning of eroded sector of site;
b) panoramic picture of the same sector

4. 2. Background — geo-referenced aerial image.

The strong deterioration of the site — which occurred within the aforementioned time-
frame - and the subsequent alterations could be related to an increased hydrological re-
gime during this period for the microregion to which our study case pertains. Furthermore,
the archaeological digs conducted on this site over time have contributed to its degrada-
tion (figs 6a, b).

4. 3. Terrain microtopography analysis

It was mandatory and very necessary to obtain a digital terrain model by conducting
a minute topographic survey, in the context of non-destructive measurements proposed
for this study case. The survey was actually the foundation of our study; this is the baseline
for all the other products resulted from the analysis and interpretation of the main investi-
gation methods.

Persuaded by the utility of this working phase, we initiated a detailed analysis of the dig-
ital model, which provided us with valuable data on the old, abandoned river courses near
the site, on the fortification system of the site, or with clues on the landform configuration
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a) Hipsometric map; b) slope map; c) topographic map and the old river beds;

d) old excavation tranches and site limit from the year 1937, overlaid on topographic map;
e, f) west—east and north—south cross sections of the site

Fig. 8.
Interpretation of aerial photography

(which gave the inhabitants a strategic advantage, beyond any doubt). Therefore, by an-
alyzing the images below and by permanently consulting the other results, we were able
to trace easily an approximate trajectory for the old courses of the Bahluiet in this area
(fig. 7¢).

It appears that, at a certain point, one of these streams bordered the site on the south
and the southwest; in another period, the stream would have followed the northern side of
the site, on a northwest-southeast direction. Obviously, the inhabitants made the most of
this positioning, by building a fortification system based on the advantage provided by the
abandoned fossil riverbed with the southwest origin. Moreover, they made a semicircular
defence ditch to consolidate the entire southern part of the site; we observed this ditch in
both the topographic survey and the aerial photographs and GPR measurements (Figures
7, 11). The advantage of the position for the site inhabitants is also shown by the steep
slopes of this mound, distributed on all its sides, with values up to 36°(fig. 7b). The holes
on the site surface - visible in the model — were most probably caused by poachers or by
the inhabitants of the current village, who used to extract clay from this area. Besides the
aforementioned aspects, the detailed topographic survey and the three-dimensional scan-
ning represented the cartographic support for aerial photographs and GPR measurements,
thus contributing directly to an accurate interpretation of the detected structures and to
a better understanding of the situation as a whole.
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Combined GPR and aerial photography interpretation.
Conclusions and future research directions
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4. 4. Interpretation of aerial photographs

The analysis of over 30 aerial photographs for the area in question revealed several as-
pects that can support, beyond doubt, our initiative of elaborating an ampler characteriza-
tion of the archaeological site of Costesti.

Therefore, based on the overall images of the Bahluiet valley, captured downstream and
upstream the site, we clearly distinguished the cornice of detachment and the (currently sta-
bilized) landslide, which evolved during several phases; actually, the settlement is placed on
its mound (fig. 2). It is also worth mentioning the windy path of the river, with numerous
meanders, as well as its old streams which have altered considerably the configuration of the
area. By analyzing the punctual, detailed images of the site, we noticed the presence of large
positive or negative anomalies, possibly of archaeological nature. Among them, it is worth
highlighting the semicircular defence ditch at the foot of the mound, on the southwestern
side of the site (fig. 8). Furthermore, in the upper part of the site, we identified three linear
anomalies, two of which make up a right angle. They may be caused by the presence of rock
structures, probably vestiges of the old church attested here (after Boghian et al. 2013). This
area also comprises several holes, which probably emerged - as previously stated - because
of poachers or the inhabitants of the current village, who used to extract clay from this area.
At the same time, these images are relevant enough for a solid argumentation on the ex-
tremely advanced state of degradation of the site.

4. 5. GPR (Ground-Penetrating Radar) measurements

Following the initial methodology for this study case, we continued with the comple-
mentary, integrated analysis of all the results, in our GIS project. The last non-destructive
research method applied in this investigation was the geo-radar. Though the conditions of
the site location are not ideal for this type of measurements, we believe that we obtained
satisfactory results.

After analyzing both the vertical GPR profiles and the time slices, we pinpointed several
types of anomalies, of various sizes. Among them, we distinguished several linear or arched
anomalies, which we may consider as being of archaeological nature, by interpreting them
alongside the other results. We have to mention that the area has been submitted to strong
perturbations caused by tree roots or by rolled sandstones due to landslide, visible in the
eroded part of the site.

However, we did manage to identify several linear structures, probably rock walls that
may be connected to the ones noticed in the aerial photos and to the defence ditch which
follows the same path as that of the aerophotograms (figs. 10, 11). We also made a GPR
profile, 87 m long (the red line within Figure 9b), on an approximate north-south direc-
tion. For this profile, we made topographic corrections, which revealed several small-sized
anomalies (unfortunately, they are very difficult to interpret), the geological structure with
rolled sandstone, but also the aforementioned defence ditch.

5. Conclusions and future research directions

The non-invasive research of the Costesti site and of the vicinity has not been finished.
Though we obtained important and relevant information for the archaeological research
concerning the fortification system of the site, its layout or the degree of degradation, as
well as the landform configuration in this area, we can still study and treat many other
aspects in an interdisciplinary manner. We refer here to the site erosion rate monitoring,
which will continue, as well as to the need to apply the method of electrical resistivity
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of soil, which could provide more data, necessary to our investigation. We also mention
that we must complete our working methodology; it has proven efficient, but there is al-
ways room for improvement. Furthermore, by focusing on GIS spatial analyses applied on
chronological levels, on an extended area around this point, as well as by correlating the
intra-, extra-, and inter-site research, we will acquire the necessary data for an elaborated
landscape archaeology study.
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[.T. byrpos, UN. U. TannynnuH, A. B. Kacumos, A. I. Cutgmkos
WncTutyT apxeonorum um. A. X. Xanukosa Akagemun Hayk Pecny6nuku Tatapctas, Poccus

A. B. CrapoBownTos, b. M. YcmaHos, W. |0. YepHoBa
KazaHckuit (MpuBomxckuii) deaepanbHblit yHusepcuter, Poccua

KOMMNJIEKCHbIV noaxon NPy CBOPE MHOOPMALINU
AnAa BUYANTU3 AU UCTOPUKO-KYJIbTYPHOTO
HACNEOQNA OCTPOBA-TPAJA CBUAXKCK

C 2011 ropa B pamkax peanusauum NporpamMmmbl MO BO3POXKAEHMIO 1 pa3BuTuio bonrap-
CKOTO UCTOPUKO-apXUTEKTYPHOIO My3es-3anoBefHnKa, [0CyaapCTBEHHOIrO NCTOPUKO-ap-
XUTEKTYPHOTO M XyJoXecTBeHHOro mysesa «OcTtpoB-rpag CBUAMKCK», MHbIX MaMATHUKOB
NCTOPUN U KYNbTYpPbl, PACNONIOKEHHbIX Ha TeppuTopumn Pecnybnukn TatapcTaH, BenyTca
lumpokomacLitabHble paboTbl, BK/OYatoLWMe pecTaBpaLmio N PEKOHCTPYKLMIO uctopuye-
CKMX [OCTOMNPUMEYATeNIbHOCTEN U CTPOUTENBCTBO HOBbLIX LIEHTPOB KYNbTypbl U UHOpa-
CTPYKTYpbl. OfHUM 13 KntoueBbix 06bekToB ABnAeTcsa OcTpoB-rpag CBUANKCK.

YHUKanbHbI 06EKT MCTOPUKO-KYNBTYPHOro Hacneaus — CBuack (55°47° ¢. w., 48°40°
B. A1), HbIHE ceno B 3eNeHof0bCKOM palioHe Pecny6nvikn TaTapcTaH, pacnonoXKeH npwv Bra-
aeHumn pekn CeuArm B Bonry Ha BeplumnHe ropbl Kpyrnoii. Mocne cosgaHus KyinbblwescKo-
ro BogoxpaHunuila B 1955-1957 rogax CBUAMXCK OKa3asica Ha OCTPOBe OBasibHOW GOpPMbl
(okono 900 MeTpoOB B NoMepeYHMKe), BbITAHYTOM C lOro-3anafa Ha ceBepo-BoCToK (puc. 1).

Ceusxck ocHoBaH B 1551 rogy Kak ¢opnocT Boick MeaHa IV po3Horo. Co BTopol no-
nosuHbl XVI Beka o 1926 roga CBMAKCK Obln ye3gHbIM MOHACTBIPCKMM rOpOLOM, 3aTeM
cenom. [1o Hawmx fHen Ha OCTPOBE COXPAHWNOCH LWEeCTb U3 OQVIHHAALATY LiepKBeN.

B 1962 rogy 21 3paHune Ha Tepputopmun CBUAMKCKA MOCTaBAEHO MOA rOCYAapCTBEHHYIO
OXpaHy Kak NaMATHUKN deaepanbHOro 3HaveHus. B 2009 rogy CBUAKCK OTHECEH K 0Obek-
TaM KyfIbTYpPHOrO Hacniegmsa pecnybnmkaHCKoro 3HaueHus B BUae JOCTONpUMeYaTenbHOro
MecTa (B rpaHnuax CBUAMKCKOrO CENbCKOro noceneHus).

OpHow 13 3aay NpoeKTa ABNAETCA co3haHue BUpTyanbHoOro ropoga CBUAXCKa, C OTO-
bpakeHrem Bcex NpeacTaBeHHbIX B UCTOPUYECKOM NOCeneHnmn aHcambnen, NamATHUKOB
N apXeonornyeckrx packonos, C nocneayoLwmm cosgaHmem web-pecypca.

Komnnekc meponpmaTiin No BU3yann3aumnmn NCTOPUKO-KYNbTYPHOro Hacneama CBuax-
CKa MOKHO pa3fefinTb Ha HECKOSIbKO 3Tanos.

MepBbli 3Tan BKAoYaeT co3paHue obuen MNC n 06paboTKy apXUBHbBIX AaHHbIX, OTUE-
TOB O MPOBeAEHHbIX apXeonornyecKmx packornkax Ha Tepputopun CBuaKcka. ABTopamm
ocylLecTBsAeTcA 06paboTka MaTepuanoB OTYETOB 06 nccnepgoBaHuax 2010-2012 rogos
B nporpamme ArcGIS ¢ reonprBA3KON NPOCTPAHCTBEHHbIX AAHHbIX — MECTOHaxXoXAeHne
pacKkona, COopy»KeHWs, BbiABIIEHHbIE B XOAe PaboT, Haxogku 1 np. MNpu 3Tom Ans Kakpo-
ro packona co3JaéTca COOTBETCTBYIOWAA 6a3a reogaHHbix (CtapoBoliToB, JlyHéBa 2012.
C. 88). Kaxablln anemMeHT packona npeactaBnaeT coboi Knacc NpoCcTpaHCTBEHHbIX 06beK-
TOB, KOTOpPble NpPeACTaBAAT:
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Puc. 1.
KapTa mectononoxeHua c. CBUAKCKA 1 KOCMOCHUMOK MoceneHunsa

* CUTYaUMOHHbIV NNaH (NOIMIoHbl), XapaKTepur3yoLWMiA NONOXKeHMe packona Ha MecT-
HOCTU, ero GopMy 1 BKIOYAIOLLMIA OCHOBHbIE aHHble O MopALKe packona, BpeMeHu 3ano-
XeHus, oTpaboTKM 1 aBTOpa UCCNeAOBaHUA U T. 4.;

* o6WMIA NNaH Ha ypOBHE MaTEPUKOBOrO COA (MOSIMIOHbI), NPEfOCTABASAWMA UH-
dopmanmio o popme, HoMmepe BCKPITOrO KyNbTYPHOrO 1o, FybuHe 3aneraHns, CocTaBe,
BKJTIOUEHUAX;

* HaxofKM (TOuKM), NoKasblBawLMe MeCTo 0bHapyxeHus, poTorpaduio HaxogKku, eé
onuncaHue (puc. 2).

NcTouHukom nHbopmMaumm o MeCcTomnosnoKeHNM PackomoB CIYXaT CXeMbl PacrnoNoXKeHNA
packornoB Ha TeppuTopunmn CBrAMCKa. Cxembl 1 ONMCaHNA He ONpPeAeNAT TOYHOE MONOXKeHNe
[pacKonoB, HO AaloT MHPOPMALIMIO O MECTOHAXOXKAEHUM PACKOMOB B NEPBOM NPUGAVMKEHNN.
JlaHHble 0 MeCTOHaXOXAeHWM OTAESNbHbIX HAXOAOK TakXe OnpefenAloTca Mo KapTorniaHam
1 onNncAM HaxopoK. [naH packona — 3TO NPAMOYrosibHaA CeTKa, KOTOPYIO NEerko CreHepupo-
BaTb, NCMONb3yA NHCTPYMeHT CreateFishnet, Tak Kak B apxeonormyeckmx otyérax obbluHo npu-
BOAATCA AaHHble 00 OpUEHTALMM PacKomna No CTOPOHaM CBeTa M 0 pa3mepaXx CETKU MaHoB.

Ha BTopom atane, B 2013-2014 rogax, npoBeAeHbl paboTbl MO CbEMKe apxeonorunye-
CKMX packonos meTogom doTorpammeTpun. B apxeonormyeckux nccnegoBaHmAx MeToabl
boTorpaMmeTpnUECKOn CbEMKMN MCMNOSb3YIOTCA CPAaBHUTENbHO HEJAaBHO, TEM He MeHee
OHU NOAy4YMnM WNpoKoe pacnpoctpaHeHne B Poccun (CuHratynuH 2013. C. 148). Pesynb-
TaTamm doTorpammeTpryeckoro obmepa AsnATCA optodoTonnaH, undposas mogesnb pe-
noeda, TpPEXMepHaa reoMeTpuaA C TEKCTYPOI MOBEPXHOCTM.

B xope CbEMKM NPUMEHANKCb TPU OCHOBHbIX MeTofa GprKcaLm apxeonornyecknx oob-
€KTOB, pa3paboTaHHbIx B MHCTUTYTe reonorumn KasaHckoro yHuBepcuteTa (YepHoBa v ap.
2012.C.5):

1. MeToA UeHTpanbHOM ocy;

2. MeTog nepcneKkTMBHOM MapLUPYTHOWN CbEMKU;

3. MeTop ¢pukcaumm yrnos.
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Puc. 2.
MnaH packona c cCoopy>KeHnAMU 1 HaxopKkamu. OTobpaxxeHne JaHHbIX

Mo xooy CbEMKM BCe TpU MeToAa MCMOJSb30BaNNCh Kak MO OTAENbHOCTM, Tak U B KOM-
6uHaumn. Hannydiume pesynbtaTbl Npy CbéMKe 60MbLINX MO NIOLWAAN PACKONOB NoKasasn
METOA NepPCreKTUBHON MapLpPyTHOW CbEMKN. OTaeNbHble 0OBbEKTLI packona, B YaCTHOCTY
COOpYXeHus, PUKCUPOBANIMCb METOAOM LIEHTPaNbHOM OcK. B criyyae HebonbLKx No no-
WaamM PackoroB UM CbEMKUN OTAENbHbIX CEKTOPOB, C ONpeAeneHNeM NOSIOKEHNA TONbKO
YINOBbIX Y3/10B CETKU, ONTUMaNbHO NCMONb30BaHMe MeTofa GpuKcauum yrios.

Mo pe3ynbTatam $poTOrpaMmMeTpUn ObINKN NonyyeHbl mogenun packonos 2013-2014 ro-
[OB, NpefAcTaBfieHHble B BUAe opTodoTo- 1 obj-parnos (puc. 3-5).

Mpu co3paHnn 3D-mogenen metogomM GOTOrpamMMeTPUN TaKKe MPUMEHANAcb HU3KO-
BbICOTHasA a3podoToCcbEMKa 0OBEKTOB NCTOPUM U KYNbTYPbl, @ TakKe apXeosornyeckmx
packonoB 6ecnunoTHbIM SleTaTeNbHbIM annapaTom BepTONETHOro Tina (puc. 6). MNpeumy-
LLeCTBO AaHHOro BMAa CbEMKM 3aKtoyaeTcA B TOM, YTO annapaT asapodpoTOCbEMKM C Bbl-
cotbl 100-200 m MmoKeT obneTeTb 60JbLLYI0 TEPPUTOPUIO U CHATL AaKe Takue Gonblume no
nnowaan n Boicote 06beKTbl, Kak Cobop Becex CkopbAawmx Pagoctu, yero Henb3a fobutbea
C MOMOLLbI0 Ha3eMHbIX METOA0B — GOTOrPaMMETPUM 1 TA3EPHOIO CKAHMPOBAHNA.

TpeTni 3Tan B co3gaHnu BUpTYanbHon mogeny CBUAMKCKa 3aK/ioyaeTca B CbEMKe 34a-
HWUI 1 COOPYXKEHMIA Ha3eMHbIM la3epHbIM CKaHepom Trimbe GX™ ana nocnepytowlen obpa-
60TKN 1 co3aaHusa 3D-mopenen 30aHNIN U MAHOPaMHbIX N300 paXKeHIA.

Mpy NomMoLLM Nla3epHOro CKaHepa MOXKHO B KpaTyalline CPOKM onpeaenutb 06bEMDI
06BbEKTOB HeMpaBuIbHOM GOPMbI, a TaKXKe reoMeTpuYecKre NapaMeTpbl 3gaHUIN 1 COOpY-
YKEeHWUI 1 BblJaTb pe3ysnbTaT B BUAE NOMYYEHHOTO NPU N3MepeHnsx «obnaka Touyek», 3D-mo-
aenv unu 2D-TononnaHa B 3aBUCUMOCTY OT MOCTaBEHHOW 3agaun.

CnepyeT OTMETUTb, UTO TPEXMEPHOE MPOEKTUPOBAHNE CTaNo COBPEMEHHBIM CTaHAAP-
TOM, NPeabABNAALMM HOBble TPEOOBaHNA K UCXOAHON foKyMeHTauum. OCHOBHbIMU Mpe-
UMyLLeCTBaMWN AAaHHOW TEXHOOMNW ABNAIOTCA akKTyaNlbHOCTb JOKYMEHTaLUN, TPEXMEPHbIN
BW[ 1 MOJlyUYeHre pe3ynbTaTa B CKaTble CpoKu. ABTopamu Obina paspabotaHa MeTofmKa no
CbEMKe 34aHNI 1 COOPYKEHNI C NCMONb30BaHMEM TEXHOMOTUI HA3EMHOTO N1A3€PHOrO CKaHW-
pOBaHMs, BKoUatoLas B ceba cnegytoLlye stanbi:
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Puc. 3.

OpTodoTorpadus packona Ha TEpPUTOPUN YCNEHCKOTO 60ropoanLIKOro MOHACTbIPSA

Ha MPOMEKyTOYHOM 3Tane

Puc. 4.

3D-mopenb packona nocsie BbIXOAa Ha YPOBEHb MaTepuKa
Puc. 5.

3D-mopenb 6biBwel HMKonbckol LepKBy Nocse NpoBefeHns PackonokK
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Puc. 6.
MocTtpoeHune n perynsipHoe o6HoBNeHNe 3D-Mofenn Ha OCHOBE AaHHbIX
a3podoTOCHEMKM

1. CocTaBnieHme TeEXHNYECKOro NpoekTa.

2. PeKorHocumpoBKa MeCTHOCTH.

3. NoaroToBKa NaHOBO-BbICOTHOrO 060CHOBAHNA CKAHEPHOW ChbEMKM.

4. TpéxmepHoe Ha3eMHOe NnasepHoe CKaHMpoBaHMe.

5. KamepasnbHble paboTbl.

6. OdopmneHmne n caadva NPoAyKLUN.

TexHonorna cbéMKM € NpMMEeHeHeM Nna3epHOro CKaHepa 3aBUCUT OT reoMeTpun 1 Tina
cHMaemoro obbekTa (Yermolaev et al. 2013. C. 1106). ina gocTmKeHUa pesynbrata UHOrLa
NPUXOAMNTCA MHOIOKPaTHO NepecTaBNATb CKAHEP C TOUKU Ha TOUKY, BbIMOMHAA CbEMKY OTAENb-
HbIX AeTanen n pparmeHToB. [prUMHa 3aKNOYaeTCA B HANMYMM MEPTBbIX 30H, BO3HNKAIOLLMX
B CMJTY Pa3nnyHbIX 06cToATeNbCTB. [03TOMY HepenKo BO3HUKAET HEOOXOAUMOCTb NPUBECTY
OTCHATbIV MaTepran K eQUHON cucTemMe KOOPAMHAT. [InA 3TOro Bo BpeMs CbEMKM Ha 06beKTe
WM PAROM C HAM YCTaHaB/IMBAOTCA MapKW, C MOMOLLbIO KOTOPbIX NPOM3BOAUTCA 06benHe-
HuMe 061aKoB TOYEK, MOMTyUYEHHbIX C Pa3fINYHbIX TOUYEK CKAaHUPOBaHMWA. [nA NpoCTpaHCTBEH-
Holi TpaHchopmaLum obnakos TpebyeTca, Kak MUHMMYM, TPU MapKU Ha KaxKkayto TOUKY yCTa-
HOBKW CKaHepa. 3TV TPW TOUYKM C MAapKaMn JOSTXKHbI ObITb BUAHBI CO CMEXHbIX TOUeK. TOUHOCTb
Na3epHOro CKaHMPOBAHWUA B €AUHON CMCTEME KOopaMHaT obecneunBaeTca 060CHOBaHMEM
KOOPAWHAT MapoK NYTEM MPOSNOXKEHNA TAXeOMETPUYECKOrO X0a OT reofie3nyecKoro perepa.
B pe3ynbrate norpelwHocTb CbéMKM coctaBnseT 2 Mm. Cam npolecc o6beanHeHNa 0b6nakos
TOYEK BbIMNOSHAETCA B CNeLManv3npoBaHHOM NPOrpaMMHOM obecrneyeHunn.

Mocne npeaBapuTeNibHOM 06PaAbOTKN Pe3yNbTaToB CKAHMPOBaHMA AaHHble 06pabaTbiBa-
I0TCA C UCMoMb3oBaHMeM nporpammbl Trimble™ RealWorks ana nonyueHus 3D-mofenei n cos-
JaHNA NAaHOB 30aHUN.

B pe3ynbraTte npoBenéHHbIX 06CeA0BaHMIN ObIN NONYYEHbI MaTepUabl, BKItoUatoLme
pe3ynbTaTbl CbEMKM 06BEKTOB Ha yUyacTKe HabepexkHom p. LLyku, yn. MockoBckas u yn. KoH-
CTAHTUHOBCKas, YcrneHcKoro cobopa 1 HMKonbCckom LepKBY Ha TeppuTopun YcneHckoro bo-
ropoAmMLKOro MoHacTbIpA (puc. 7-8).

Ha 3akniountenbHOM 3Tane Npm NOAroToBKe BUPTYasbHON Mmogenu CBUAXKCKa MponcxogunT
obpaboTka uctopmuecknx KapT ropoga kKoHua XVIII — Hauana XIX Beka, a Takxke KapTbl CBU-
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Puc.7.

Pe3ynbTaTbl CKaHNPOBaHNA OOGBEKTOB Ha TeppPUTOPUK YcneHckoro boropogmukoro
MOHacTbIpA. BapraHT ¢ TekcTypamm

Puc. 8.

Pe3synbraTbhl cCkaHMpoBaHMA LiepkBu KoHcTaHTHa 1 EneHbl. BapraHT c TekcTypamm
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Punc.9.
KapTa r. CBusaxcka, Hauano XIX Beka

Puc. 10.
Kapta CBusckoro yesna koHua XVIIl Beka

KCKOro yespfa. DTOT 3Tan OCOBEHHO aKTyaneH NpU Br3yanm3aumny UCTOPUKO-KYNBTYPHOIO
Hacneguma CBMAMXCKA B TOM YKCIIe MO NPUYMHE paanKalibHOro U3MeHeHUA naHawadTa nocne
pa3nuBa KylibbllweBcKoro BogoxpaHunuia. KapTbl, XpaHaLmeca B pasfinuHbIX POCCUNCKMX
apX1Bax, CKaHNPYIOTCS, 3aTEM PACTPOBbIE N300PaKEHNA NPUBA3bIBAIOTCA K €MHOW Koopau-
HaTHOW CUCTEME, 1 KaXAbl SNeMeHT KapTbl BeKTopu3yeTca B nporpamme ArcGlS ¢ cozgaHmem
COOTBETCTBYIOLLYMX CJTIOEB M 31eMEHTOB 6a3bl reofaHHbIX. B pe3ynbTtaTe onpefenaetcsa Mecto-
MOJIOXEHMWE pa3pyLUEHHBIX UN 3aTOMIEHHBIX 0OBbEKTOB, HACENEHHDBIX MYHKTOB 1 Np.

K npumepy, 6a3a reogaHHbix HistoricalMaps2013, copep»allasn gaHHble KapTbl CBUAMKCKO-
ro yesga koHua XVIII Beka, coneput 16 aneMeHTOB: 2 pacTpoBbIx Habopa AaHHbIX 1 14 Knac-
COB NPOCTPAHCTBEHHbIX OOBEKTOB, KOTOPble MPEACTaBnAT coOON 2 NCTopuYecKkne KapTbl,
OTHOCALMECA NPeanonoxuTenbHO K koHuy XVIII - Hauany XIX Beka (puc. 9-10).

MpriMeHeHMe pa3NnMyHbIX MeToaoB GOTOrpaMMeTPUN U Na3epHOro CKaHNPOBAHUA, opra-
HM3aUMA reonpoCcTPaHCTBEHHbIX AaHHbIX B TC 1 3D-rpadurkn npu co3gaHnm BUPTYanbHOro
ob6paza CBUAMKCKA — 3TO BO3MOXKHOCTb MCMOMb30BaTb PEKOHCTPYKLUUM ANs Ny6nnkaumm pas-
NINYHBIX MaTePUANoB MO UCTOPUN, APXEOSTOMN U MHbIX OO beKTaX KyNbTypPHOro Hacneaus, Bee-
LEHWNE UX B Hay4HbI 060POT.

Mpu NpyMeHeHUN KOMMNEKCHOro Noaxoda Npu Br3yanv3auny UCTOPUKO-KYNbTYPHOMO
Hacnegmsa BO3MOXXHO CO3[jaHMe KauyeCTBEHHOW BupTyanbHon mogenu Ceusaxcka. Mpu nc-
MONb30BaHUN PA3NINYHBIX TEXHUK — GOTOrPaMMETPMM N NTA3EPHOIO CKAHMPOBAHMUA — CbEMKA
pacKonoB 1 06EKTOB APXUTEKTYPbI 3HAUNTENBHO YNPOLLAETCA N YCKOPAETCS, @ KaUecTBO eé
MoBbILLAETCA.

Mpe3eHTauua JaHHbIX — OCHOBHAA MpobniemMa Npuv BU3yanusaummn Hacneaus, pelmnTb eé
MOXHO co3flaHnem web-pecypca. Takum obpaszom, ceefeHna o CBUAMKCKE, AaHHble B reouH-
dopmaLmoHHon cucteme 1 3D-mofenn 06bEKTOB apXMTEKTYPbI U apXeonorum MoryT 6biTb
npefcTaseHbl PasfiMyHbIM Fpynnam Nosib3oBaTesiell C COOTBETCTBYIOLMM YPOBHEM JOCTYMa.
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NANEONAHALWA®T BEPEFOBOW 30HbI
JINTOPUHOBOIO MOPA
B PAMOHE APXEOJTIOTMYECKOTO NAMATHMKA OXTA 1

B pesynbraTte apxeonornyecknx MccrefoBaHWi, MPOBOAMBLUNXCA B YCTbe p. OXTbl
B CaHKT-MNeTepbypre, 661K NOMYYEHbI HE TONIBKO HOBblE flaHHble 06 OCBOEHMM 3TON Tep-
pUTOPUN APEBHMMU NIOABMY, HO U HeobXoAMMble CBEAEHMA ANA PEKOHCTPYKLMMK nasne-
onaHgwadTa 6eperoBot NMHUM JINTOPMHOBOrO MopA B pervoHe lNetepbypra B KoHue
5-ro — 2-ro TbiC. 10 H. 3. / 7-e — 4-e TbIC. cal BP). MNoceneHune OxTa 1 no cBoum maciutabam
N COXPAHHOCTY OCTAaTKOB AEPEBAHHBIX KOHCTPYKLMIA BXOAUT B YNCSIO pefyanunx o6bek-
TOB Ha TeppuTtopun CeBepo-BoctouHor EBponbl. AHann3 reonoro-reomopponornyeckmx
1 apXeosIornMyecKnx maTepmranos NOKasblBaeT, UTO B NepPMOA MaKCUManbHOW dpasbl NMTopu-
HoBOW TpaHcrpeccum (7700-7300 cal BP) Ha 3HaunTenbHOM YacTy NNOLWAAM COBPEMEHHOIO
CaHkt-TNeTepbypra cywectsoBan OTKPbITbIN 3an1B. Ha cnegytowem stane naneoreorpadu-
yeckoro pa3sutua (6500-5500 cal BP) B ycnoBuAx MOCTENEHHOrO MOHWXXEHUA OTHOCU-
TeIbHOrO YPOBHA MopA 34ecb chopMmpoBanach faryHa, otTaenéHHasa OT OTKPbITON YacTu
JInToprHoBOro Mops Tak Ha3biBaeMol JInroBckol Kocoli. JlaryHa 6bina ceszaHa ¢ Jlutopu-
HOBbIM MOPEM MPOJINBOM, pacronaraBWyMca B Npefenax CoBpeMeHHOro pycna p. Hesbl
(Ceprees n gp. 2013), npuypoueHHOro K naneogonuHe (AycneHgep u gp. 2002).

MepBble naneoreorpapuyeckne KapTbl PacnpOCTPaHEHUs NOCNeNnefHUKOBbIX BOJO-
émoB, BKtovas JIntopnHoBoe mope, 6binn nogrotosneHsl yxke B 1920-1930 ropax (Akos-
nes 1925; Mapkos 1931). B 1960-1970 rogax 6bi1 NpoBeaeHbl reoniornyeckas cbémMka
1 nepBoe abconoTHoe AaTUPOBAHNE YETBEPTUYUHBIX OTIIOXKEHMWI perroHa. B 1980-2000
rogax cneumanncTbl Bcepoccminckoro HayuyHo-UccneoBaTefibCKoro reofornvyeckoro mH-
ctutyTa um. A. . KapnuHckoro (BCEFEW) B pamkax reonornyeckon cbEmkm wenbda mc-
cnefoBany pacnpoCcTpaHeHme, COCTaB, CTPYKTYPY M MOLLHOCTb YeTBEPTUYHbBIX OTNOXKEH NI
BOCTOUHONM 4actu PuHckoro 3anmBa (3HameHcKkasn, YepemucuHoBa 1974; CnnprnpgoHOB
1989; Manaxosckumii 1995 n gp.). HecmoTpa Ha TO UTO K HAaCTOALEMY BPEMEHU HAaKOMJEHbI
O6LWMpPHbIE JaHHblE MO NCTOPUM FEONOMMYECKOro Pa3BUTUA BOCTOYHON YacT OUHCKOro
3a51Ba B ronoLeHe, Luenbli pAg BOMPOCOB OCTAETCA AUCKYCCUOHHbBIM. B yacTHOCTHY, OTCyT-
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CTBYIOT HEMPOTUBOPEUMNBbIE PErMOHAsIbHbIE CXEMbl OTHOCUTENIbHOTO U3MEHEHUA YPOBHA
MOpA B CpefHeM 1 No3aHeM rosioteHe. Bo MHOrom nostomy cyLecTByeT CKeNnTUYecKoe OT-
HOLUEeHVe K BO3MOXKHOCTH CYLLIeCTBOBaHNA HEOJIUTUYECKIMX MOCeNIeHN B ycTbe HeBbl.

HoBble nepcnekTuBbl B peLleHnmn JUCKYCCUMOHHBIX BOMPOCOB Nasneoreorpadumyeckoro
pa3BUTMA perMoHa OTKpbIBaloTCA Gnarofgaps MeXANCLMMIVHAPHBIM HAaY4YHbIM UCCNeao-
BaHMAM B 0611aCTV apXeosiornn 1 reoniormun. Yxke ¢ Hadana XX Beka U3yuyeHune apxeono-
rMYECKMX NAMATHUKOB KaMEHHOro BeKa Ha nobepexbax MUHCKOro 3anvBa NPoBOANNOCH
COBMECTHO M3BECTHbIMU apXe0oramMmm 1 reosioramu, Cpeam KoTopbix O6b1v, B YaCTHOCTH,
b. ®. 3emnsakos, C. A. Akosnes, U. N. KpacHos, I". 1. CocHocknin, M. A. PyguHckuii, J1. A. Jnk-
Lec. B xoge apxeonornuecknx nccnegoBaHuin nobepexunini UHCKOro 3anvBa NocnegHuX
neT ObINo YCTaHOBJIEHO, YTO B NIMTOPUHOBOE Bpems (8500-4500 cal BP) B toro-BoctouHoi
yactn OuHcKoro 3anvBa Hanbonee 61aronpPUATHBIMA 30HaMU NMPOMBbIC/IOBON AieATeNIbHO-
CTV nloaen 6bIIY NaryHHble cMcTeMbl B Mexkaypedbe Hapsbl 1 JTyru, B parioHe CecTpopeLka
1 JlaxTol (fepacrumoB 2006; fepacumos n ap. 2010; Rosentau et al. 2013).

Hanbonee cnoXHom C TOUKM 3peHunA Mnaneoreorpadpuuecknx PeKoHCTPYKUMIA B BOC-
TOoYHOW YacT QuHCKoro 3anmBa AenAeTca Tepputopusa CaHkT-NeTtepbypra, Hekorga 6biB-
WasA BOCTOYHOW BeperoBont 30HoM JIntopnHoBoro mops. feonoro-reomopdonormyeckmne
ncceoBaHnA 30eCb OCNTOXKHAIOTCA U3-3a MOSTHOrO U3MEHEHUA NMOBEPXHOCTHOIO pefbe-
ba 1 BepxHen YacTh reosiorMyecknx ClI0EB B YCNOBUAX Pa3BUTMA Meranonuca. MNostomy
6osbLIOe 3HaYeHMe Ans naneoreorpadryeckux PEKOHCTPYKLUMIA MMEOT apXeosiornyeckume
06BEKTbI SMOXU KaMHA — pPaHHero metanna. MNepsbii NaMATHMK 3MOX HEONUTA — PAHHEro
meTanna B 6acceiiHe peku Hesbl — OxTa 1 — 6bin nccnepoBaH B LeHTpe CaHKT-MeTepbypra
Ha OXTUHCKOM Mbicy B 2008-2010 rogax. Bcero Ha TeppuTopun oKono 5 ra 6bim n3yyeHsl
yuyacTKu obuien nnowaabto 8140 KB. M. Mpy 3TOM KySbTYpHblE CNOW, COAep»KaLLme OCTaTKn
CTOAIHOK 3MOXM HEONWTA W PaHHEro MeTanna v cyiefibl NPOMbICSIOBOV AeATeNIbHOCTH, Oblnn
BbIfIB/IEHbI HA BCEW TepPUTOPUN MbiCa NpuY BnageHuun p. OxTbl B p. HeBy Ha 0TMeTKax oKono
0,5-2,5 m oT ypoBHsi banTukm (puc. 1.1). B xoae packonok 6b110 BblAeNIeHO fBa KySbTyp-
HbIX CJI0Si: CJZION 3MOXWN HeonunTa (KoHew, 5-ro — 4-e TbIC. 0 H. 3./ 7-6 TbiC. Kan BP) n cnon
paHHero meTanna (KoHew, 4-ro — 2-e TbiC. 1O H. 3./ 6 — 4 TbiC. Kan BP) mowHocTbio 1,9-2,5 M.
Crpaturpadusa KynbTypHbIX HanaacToBaHMIN, MHOTOYUCSIEHHble 0ObeKTbl C OCTaTKaMm fe-
PEBAHHbIX KOHCTPYKLMIM, COCTaB HaXOA0K YKa3blBalOT Ha HEOAHOKPATHOe 3aceneHne Tep-
puTOpUN NamATHKKA. [ToaBneHve NepBbix MIl0AEN Ha 3TON TeEPPUTOPUM MOTIO NMPOU30NTY
TOJIbKO Mocne oTCTynsieHna JINTOPUHOBOro MOps.

OT cpefHEBEKOBbIX CNIOEB C/ION HEONUTA Y PaHHEro meTansa 6biny oTaeneHbl NecyaHbl-
MU OTJIOKEHMAMN MOLLHOCTBIO 0 1 M, KOTOpPble CBA3bIBAIOTCA C MOPCKUMU TPaHCrpeccus-
MU 1 c obpazoBaHmem p. Hesbl okono 3100 BP B pesynbtaTe npopbiBa BoA U3 JTago»KCKoro
o3epa B OHCKNI 3an1B. Apxeonormyeckre AaHHble ONpoBepraoT TEOPUIO O TOM, YTO nep-
BOHauanbHO Mexxay Jlagoron n 3annBom CyLlecTBoBasa OYeHb LIMPOKaA MNPOTOKa, 1 3TOT
NPONNB COXpPaHsacs Ao camol anoxm CpeaHeBekoBbsA. [TOUBEHHbIN CNoii, 06pa3oBaBLUNIA-
CA Ha NecyaHbIX HAHOCaX, CBA3aHHbIX C NPOPbIBOM HeBbl, n3yyanca Ha OXTUHCKOM MbICY Ha
OTMeTKax OKOJIO 2,5 M 1 aaTmpyeTca BpemeHem 6am3kmum K 2800 cal BP. U B 310 e Bpemsa
Crofa BO3BpaLlaeTcs HaceneHne, Takum 06pa3om, yaanocb YCTaHOBUTD, YTO BCKOPE nocie
ob6pa3oBaHusi HeBbl ee BoAbl BowwM B coBpemeHHoe pycno (Kulkova et al. 2014).

Konnekuma apxeonornyecknx HaxofoK HaCUMTbIBaEeT CBbiWwe 12 TbiCAY U3JENUI U3 Ke-
PaMUKN, KaMHSA, OPraHWKM 1 AHTapA. KepaMniyecknin KOMMeKc BKIOYAET AMOYHO-Tpe-
6eHyaTylo, NopuCTyto 1 acbecToByl0 KePaMUKy, Kyfla BXOAAT pa3Basibl COCY0B, KOTOpble
MOXHO PeKOHCTPYyMpoBaTb. Konnekuma n3genmim u3 KaMmHA npeactaBfieHa opyanammn u3
KpeMHs, KBapLa, C1aHLa, NecyaHnKa. HangeHbl 4eCATKM KPEMHEBbIX HAKOHEYHMKOB CTPer,
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ClaHUeBble CTaMeCKU, foNI0Ta, TECNA, KAMeHHble TOMopbl U rpy3una. M3penna ns 6epecTol,
KOpbl 1 fiepeBa NpefCcTaB/ieHbl onsieTkaMm rpy3us, 6epecTtaHbiMm Kopobamm (12 3K3.), CKo-
NnIeHNAMN 06pPaboTaHHbIX peeK-NyurH, Konbsmmn (6onee 400 3k3.) (M'yceHuoBa, COPOKUMH
2011; T'yceHuyoBa, CopokunH 2012, Kulkova et al. 2014). Bce 3T Haxoakun CBUAETENbCTBYIOT
06 0CenoCTN U UHTEHCUBHOW XO35INCTBEHHOW AeATENbHOCTY APEBHUX JIIOAEN HA MOPCKOM
nobepexbe B TeUeHNE NPOJOIKUTENBHOIO BpeMeHW. B LileHTpanbHOM YacTy Mbica BblsiB-
neHbl cniefbl NpebblBaHWA 34eCb YeioBeKka B 3MoXy GPOH3bI, a TakKe B Nepuos paHHero
ene3Horo Beka — 0CTaTKu KocTpuwy 1 apTedakTol (800 r. o H. 3. — 500 I. H. 3. / 2750-2450
cal BP).

bnarogapsa Tomy, UTO pPacKonKM NPOBOAMIUCH HA 3HAYMTENbHbIX MAOWAAAX, YAanochb
npocnefuTb MUKpopenbed Ha Tepputopun namatHMKa. OcobeHHOCTU MUKpopenbeda,
pacnonoXeHve apxeonornyeckmx 06beKTOB 1 HAXOAO0K, a TakKe 60bLION MacCcKB paguno-
yrnepopHbix gat (6onee 150) no3BonAlT BbIAEAUTb NPUOPEXKHYIO MPOMbBICIIOBYIO 30HY,
PacnonoXeHHY0 Ha 6epery Mopsa, U NPOMBbICSIOBYIO 1 KMYHO 30HbI, CBA3AHHbIE C PEYHbIMM
npoTokamu. KomnnekcHble nccnefoBaHma KyNbTYPHbIX Y FeONIOTMYECKUX OTIIOKEHUI Ha
namMATHUKE BKITIOYANN NIUTONOMMYECKUIA, MMHEPANoro-reoxXxMmMmmnyeckunii, CnopoBo-nblibLe-
BOW, ANATOMOBbIV, PaAVOYrNePOAHbIA N AeHAPOXPOHONOrMYecKun aHanm3bl (MyceHuoBa,
CopokuH 2011; Kynbkosa u ap. 2010).

Ha ocHoBe 3Tux uccnegoBaHuii 6bia cienaHa peKoHCTPYKUUs naneopenbeda ncce-
[OBaHHON NJIOLWAAN NO YPOBHIO KPOB/M CNOA CePbIX a/IEBPUTOB C MPOCTIOAMMN OXKENE3HEH-
HOTO MeckKa, CBA3aHHOTIO C HUXKHEN Naykow cnioes (puc. 1.2). HakonneHne 3TMx OTNOXeHUN,
npocnexnusaemMblx Ha 60JbLIE YaCTW UCCIIeJOBAHHOWN TEPPUTOPUI, TPOUCXOANO B YCIO0-
BMAX CTALMOHAPHOIO OT/IOXKEHUA B3BELEHHOro Matepurana. K 3Tum cnoam npuypoyeHbl
OCTaTKN JepeBAHHbIX KOHCTPYKLMI, CBA3aHHbIE C MPOMbICIIOBON AEATENIbHOCTbIO Yeno-
BeKa, 06/IOMK/ BOUTBIX KOMbEB U PENKU, HAXOAKWU MMHAHOW NOCyabl NPeMyLLEeCTBEHHO
3MOXM CPeAHero 1 No3gHero HeosnTa. bonbWNHCTBO AepeBAHHbBIX KOHCTPYKLUMIA pacrnona-
rasocb B JIOKaNIbHbIX MOHUXeHUAX penbeda (AMax, 3anaguHax) OKpyriow, oBasbHON UK
yAanvHeHHO dpopmbl rybuHon ot 0,2 go 1,0 M 1 nnowaabto oT 4 Ao 65 KB. M B ceBepO-3a-
nagHomM YacTu NCCIefoBaHHON niowaan. BaxkHO OTMEeTUTb, 04HAKO, UTO B HEKOTOPbIX CITy-
Yanx KosbsA, OOHAPYKeHHbIE B CNIOAX HUXKHEN Fpynbl CNoe., Oblnn 3abUTbl CKBO3b BbiLLe-
NeXKalmin CIoN KPYMHO3ePHUCTOMO Necka, pa3fenaBLUero HUXKHUIA Y BEPXHUIA KybTYpPHble
cnow. BepxHuin ypoBeHb, ¢ KOTOPOro 66111 BOUTbI KosbAa, cocTaBnsaeT 2,00-1,90 bC (puc. 2).

Mo abcontoTHbIM OTMETKaM, MOyYeHHbIM B XOfe Packomnok, bblla BOCCTaHOBMIEHa Na-
NeOMNOBEPXHOCTb KPOBMN HUXKHEN Nayku. PEKOHCTPYKLUMUA ManeonoBepxHOCTU penbeda
npov3Bogmnacb B Nporpamme TpéxmepHoro mogenuposaHua 3DMax 9.0 Ha ocHoBe fe-
TasIbHbIX IMTONIOrMYECKUX Pa3pPe30B 1 HUBENMPOBOUHbIX OoTMeToK (Ceprees u ap. 2013)
(puc. 2.2). Mopdonornyeckn NOBEPXHOCTb XapaKTepusyeTca YETKMM MOAHATNEM B LieH-
TpanbHOW U 10XHOW YacTu. B LieHTpe Mbica ee ypoBeHb AOCTUraeT abCoNMOTHbIX OTMETOK
B 2,50 bC, pe3ko noHmxasacb go 1,00 bC Ha BocTOK K pycsly p. OXTbl 1 NOIOro OMycKasacb
B Ce€BepO-3anafjHOM HaMpaBfeHNN B CTOPOHY COBPEMEHHOro pycna p. HeBbl 4O BbICOTbI
0,50 BC. B nnaHe noBepXHOCTb HaroMrHaeT cybMepuanoHanbHbIN Basl, MAaBHO NOrpy»a-
IOLUNCA B CEBEPHOM HanpasBieHnN.

B ceBepo-3anagHoOM YacT PEKOHCTPYMPOBAHHOW ManeonoBepXHOCTU (y COBpemeH-
Horo pycna p. HeBbl) BbigenaeTca BblgepKaHHbIA NPOCION XOPOLLIO COPTUPOBAaHHbIX Mne-
CKOB BOJIHOBOTO reHe3unca, OTCYTCTBYIOLWMIA Ha APYrMx pa3pe3ax Mbica. B nnaHe gaHHbIN
Npocsion 06pasyeT BbITAHYTOE B CyOMepUANOHaNbLHOM HanpaBneHM NecyaHoe TeNno anu-
HOM oKono 20 M 1 WMPUHON A0 5 M, ceBepHee KOTOPOro naseonoBepPXHOCTb NPOAOIIKa-
eT NoHMXKaTbCA. [laHHOe reonornyeckoe obpasoBaHrie, BEPOATHO, MapKUpyeT beperosyio
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Puc. 1.
Apxeonorunuyecknii namaTHK OxTa 1: 1 — fepeBAHHbIE COOPYXKEHUS,
2 - apxeonornyeckmne Haxoaku
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Pnc. 2.
Apxeonornuyeckun namatHUk OxTa 1: 1. PacnonoxeHune packonos (2008-2010 rr.)

N HEONMNTNYECKOTO KYJIbTYPHOTO C/10A Ha OXTUHCKOM MbICYy
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Puc. 2.

Apxeonorunyeckmii namATHMK OxTa 1: 2.2. TpexmepHasa guarpaMmma noBepxHoOCTn
HUXKHE Nayuku CI0EB U PaCcronoXeHre KONTOHOK Ha rmrncomeTpuyeckom npodune.
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Punc. 3.
MpoToKa HEONNTNYECKOTO BPEMEHU:
1 — pEKOHCTPYKLMA NaneonpoToky, 2 — lNpoToka ¢ pAgaMmm Konos

NINHWIO NaneonaryHbl, NPeAcTaBnAa cobol akkyMynATUBHOE TENO — NOKasbHYI0 KOCY Un
6ap MOPCKOro (flaryHHOro) MPOUCXOXAEHMWSA, MO0 YCTbeBON peyHol 6ap naneoOXTbl.

Mexpgy onmMcaHHbIM MecyaHbiM 06pa3oBaHMEM W LeHTPasbHbIM MOAHATMEM PEKOH-
CTPYKLMA BbIABUIIA BbITAHYTOE B CyOMepUAMOHaNIbHOM HanpaBieHNM NOKafibHOE NOHMXe-
Hue penbeda («NaneonpoToKy») WNPKHOM A0 12-14 M, C KOTOPOW CBA3aHa Haxo4Ka YacTu
KonbeB (puc. 3). KOHCTPYKUMM B NPOTOKE CyLLeCTBOBAIN JOCTAaTOUYHO JONTO, HAXOAKK N3 ee
3amnoJfIHeHMA OTHOCATCA K 3Moxam no3Hero HeonuTa 1 paHHero metanna. Ha gHe «npoto-
Ku» Oblai OBGHapPYKeHbI CKOMJIEHUS APEBECHbBIX OCTAaTKOB: CTBOSIOB A€PEBLEB A0 6 M (e/lb
N IMCTBEHHOE C CyYbAMM), @ TaKXKe BETBU, LNLLKK €N, OPeXM NELLUHDI.

B AHO 3anmafuH, pacnofioMXeHHbIX K 0ry OT MPOTOKU, U PASOM C HAMUK bl BOUTDLI KO-
Nbf, 30€Cb XKe HaXOAMINCb yNaBLUne KOJbs, cKkonneHna obpaboTaHHbIX peek u dparmeH-
Tbl AepPeBAHHbIX NpeaMeToB. Bcero 66110 HanaeHo okono 400 KONbeB, N3rOTOBMIEHHbIX M3
COCHbl 0ObIKHOBEHHOW, OfbXW, €NK, UBbl, 6ePE3bl, MOXKEBENbHNKA W PAGKHDBI. [nameTp
Konbes Bapbupyet oT 4,0 o 16 cM, eHNYHblEe KONbA gocturaoT 18-22 cm B gnameTtpe.
OnuHa coxpaHmBLmxca ¢parmeHToB oT 0,5 40 2,5 M. [onyyeHHble pe3ynbTaTbl AeHAPOXPO-
HOJIOMMYECKOro 1 paguoyriepofHOro aHanm3a CcnunoB Komnbes (40 gaTt) no3BonAT Npo-
cneguTb HEKOTOPYIO NMOC/Ie[OBaTENbHOCTb YCTPONCTBA KOHCTPYKLUMIA C KOJlamMn B Nepuog
5550-4650 cal BP. Hanbonee nosgHioto rpynny cOCTaBAAIOT KOfbl B paioHe ApeBHel npo-
ToKM: 5050-4650 cal BP. Mo gaHHbIM pagnoyrnepoaHoro aHanmsa MHOFOUYUCSIEHHbIe OCTaT-
KN KOHCTPYKLMIA 13 peeK Bbifiv 3roToBNEHbI B pa3Hoe BpeMsA. Hanbonee apeBHME 13 HUX,
pacrnonaraBlUMEeCcs B 3aMafHOM YaCcTU MbiCa, OTHOCSTCA K 3Moxe HeonnTta 6296-5562 cal BP.
Jpyrve KOHCTPYKUUW, KaK U BONbLUMHCTBO KOJSIbEB, OTHOCATCA K 3MOXe PaHHero metansa.
AIMbl B HMXKHEM CJ10€, BbISIBJIEHHbIE B XOfE PACKOMOK, Obl/IN pacnonoXeHbl NeprneHgnKy-
NAPHO NPOCTUPAHNIO KOCbI 1, COOTBETCTBEHHO, 6epPEroBoii TMHUN.

AHann3 nuTepaTypHbIX AAHHbIX U MaTepuanos, NOJlyUYeHHbIX B XOAe apxeonorunye-
CKMX PacKomnok Ha OXTUHCKOM MbICY, MOKa3blBaeT, UTO pacCMaTpMBaeMbli pavioH B nepu-
of nocne mMakcumanbHoln ¢dasbl nepson JINTOPNHOBOW TpaHCrpeccun NpeacTaBnsAn co-
601 6eperoByto 30Hy NaryHbol, OTAENEHHON OT OTKPbITOM YacTy JIMTOPMHOBOro MopA Tak
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Puc. 4.

MpaHuLbl pacnpocTpaHeHus 6eperosbix Gopm Teppac JIMTOPUHOBOIO MOPA.

1 - rpaHuua «BacmneoctpoBckoi» Teppacbl 0-3 M (3HameHcKasnA, YepemncnHoBa 1974);
(rpaHuua OpesHebanTuinckol TpaHrpeccum no C. A. fikosnesy (1925));

2 — rpaHuua «OXTUHCKOW Teppachl», CPOPMNPOBAHHON B X0[e MaKCMMasibHOM ¢a3bl
JInToprHOBON TpaHcrpeccnu;

3 - Jlurosckas koca (no nsorumnce 6 M) ¢ ucnonb3oBaHnem cxembl C. A, Akosnesa (1925)
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Ha3biBaemow Jlnrosckon Kocol (Akosnes 1925) 1 nmesLle NOCTOAHHYIO CBA3b C MOPEM
B palioHe coBpeMeHHoro pycna p. Hesbl (puc. 4). beperosasa nuHua JINTopnHOBOro mops
YeTKO Bblpa)keHa B penibede abpasrvoHHbIMU YCTyNnamu 1 6eperoBbIMK Banamu.

PernoHanbHaa naneopekoHCTPYKuna penbeda AnA pasnnyHbIX 3TanoB pa3BUTUA Nu-
TOPWUHOBOFO U MOCTIUTOPUHOBOFO BpeMeHu ana parnoHa CaHkT-leTepbypra m BOCTOY-
Holi yactn GuHcKoro 3anuea Hbina BoinonHeHa B nporpamme Surfer (Ceprees u gp. 2013)
C ncnonb3oBaHveM 6a3bl flaHHbIX O COBpeMeHHOM penbede cywn (feonornyecknii atnac
CaHkt-TNeTepbypra 2009), KapTbl HacbiMHbIX FPYHTOB (JleHUHrpaa. Victopmko-reorpadu-
yeckuin atnac 1981), 6aTMMeTpmyeckon KapTbl BOCTOUHON YacT OuHcKoro 3anusa (AT-
nac reonorMyecknx 1 sKonoro-reosiornyeckmx... 2010), a Takxke Tonorpapuyeckon KapTbl
C. A. flkoBneBa (flkoBnes 1925).

BocTouHas 6eperoBas nvMHUA JIMTOPUHOBOIO MOPA He Tak YETKO Bblpa)keHa B penbede.
Beperosble popmbl MakcuManbHol dasbl pa3BUTUA JIMTOPUHOBON TPaHCrpeccun npocse-
XMBAITCA 3AeChb Ha PacCToAHNK A0 13 KM OT coBpemeHHOo 6eperoBoit IMHUK (JTaxTMHCKasA
penpeccus, MprHeBcKkaa HU3MeHHOCTb). B CaHKT-TNeTepbypre HabnogaoTca fBe nuTopu-
HoBble Teppachl. MNepBaa Teppaca «BacmneoctpoBckaa» pacrnonaraetca Ha abCconoTHbIX
oTmeTKax 0-3 BC. Bropas, 6onee Bbicokas «HMXHEOXTUHCKas» Teppaca, NEXMUT Ha BbICOTe
4-6 bC. HamBbiCclunin ypoBeHb MaKCMManbHOW NNTOPNHOBOW TPaHCrpeccun B panioHe [o-
cTuran coppemeHHom otmeTkn 6 bC (3HameHcKas, YepemuncnHoa 1974) (puc. 4).

K Hanbonee KpynHbiM akKyMynATUBHbIM dopmam MpUHEBCKON HU3MEHHOCTU Ha Tep-
puTtopun Metepbypra oTHocATCA Jlurosckasa n CecTpopeLKaa necyaHble KOCbl. JIMroBckas
KOCa, NepeKpbITaA HaCbIMHbIMU FPYHTaMM 1, TEM He MeHee, BblaendAwlanca B penbede,
NPOTArMBaeTCA Yepes LeHTPasbHYI0 YacTb ropofa B 10ro-3anagHoM HanpasaeHnn OT yii.
BoccTtaHma no JiuroBckomy np. B CTOPOHY paioHa ABTOBO. AGCOMIOTHbIE OTMETKU ee Mo-
BEPXHOCTW (MO HACbIMHbIM FPYHTOM) AOCTUIAlOT 7 M, TOF4a Kak YPOBEHb OKpyXKaloLlen
NNTOPUHOBOW Teppachl 34ecb Ha 3—4 M Huxe. [IrHa Kocbl cocTaBnaeT okono 10 KM, Wwun-
puHa — o1 600 M o 1,5 km. O6LLaa MOLHOCTb IMTOPUHOBbLIX OTNIOXKEHWI B npegenax Jn-
roBCKOW Kocbl gocturaet 8,4-9,5 m. O6pa3oBaHMe camoi KOCbl, LOKOSIeM KOTOPOI Ha BCEM
ee NpoTAKeHMM ABNsAeTCA TOPPAHNK, AATUPYETCA BPEMEHEM IMTOPUHOBO TpaHCrpeccun
(AxoBnes 1925).

Mo coBpemeHHbIM JaHHbIM Hauano TpaHcrpeccum JIMTOPUHOBOrO MoOpA AaTupyet-
cA BpemeHem oT 8600-8500 cal BP (Miettinen et al. 2007) go 8200 cal BP (ManaxoBckui
n ap. 1989). Makcumymbl TpaHcrpeccun JIMTOpMHOBOro Mopsa No paspesam Kapenbckoro
nepeLlerika gatmpyoTca nepuogamm okono 7700 1 6500 cal BP (Miettinen et al. 2007). Ha
OCHOBE aHaM3a AaHHbIX NO pacnpeneneHnto 4MaToMoBon Gnopbl B JOHHbIX OTNOKEHUAX
03ep 1 BocTouHou Yactn OuHckoro 3anmea (IxnHoprase 1986) n reoapxeonornyeckmx
nccnepoBaHuii nobepexunii Hapsckoro u Jlyxkckoro 3anueos (Rosentau et al. 2010) B aToT
nepuop BblenAeTca efuHaa TpaHcrpeccnBHaa das3a. Mopckne OTNOXeHWA, BCKpbITble
B OCHOBaHMM pa3pesa Ha p. OxTe 1 nHTepnpeTMpyemble Kak OCafiki BPEMEHU JINTOPUHO-
BOW TpaHCrpeccuu, Takxe gatupytotca spemeHem 8460-7600 cal BP (Kulkova et al. 2014).
MogennpoBaHue ypoBHs JINTOPMHOBOrO MOPA B XOA4e MakCMMyMa TpaHCrpeccuu, npose-
JEHHOe C yyeTOM eCTeCTBEHHbIX CKOPOCTel OCafKOHaKomieHusa B panoHe OXTUHCKOro
MbICa, @ TakXXe MOLLHOCTW TEXHOTEHHbIX OTNIOXEHWI Ha Tepputopun CaHkT-MeTepbypra
MoKa3bIBaeT, YTo B 3TOT nepuod mecto «OXTUHCKOro Mbica» pacrnosiaranocb B LeHTpab-
HOW YaCTV OTKPLITOro 3aN1Ba, rAe AaXKe BO BPeMs MaKCMMasibHOrO YPOBHS MOPSA FMyOUHbI,
BEPOATHO, He npesblwanu 4-5 m.

PesynbTaTbl MeXXANCUMMANHAPHBIX NCCefOBaHNIA NMOKa3blBaloT, YTO B XOA4e Pa3BUTKA
nepBbiX ¢a3 NUTOPUHOBON TpaHcrpeccum (7700-6500 cal BP) Ha 3HauMTenbHOW 4yacTu
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coBpemeHHoro LeHTpa CaHKT-MeTepbypra chopmmnpoBanach laryHHas cUcTemMa, YaCTUUYHO
OTAEeNneHHasA OT OTKPbITOW YacTu MopA nNecyaHon JInrosckom kocon (gnuHa 10 Km, WnprHa
£0 1,5 Km). POCT KOCbl NPOMCXOAUI B CEBEPO-BOCTOYHOM HaMpPaBieHNM OT KOPeHHOTo bepe-
ra Mops B paiioHe JInroso. ICTOYUHMKOM NecyaHoro matepurana ciyun Baosibbeperosoi
NMOTOK HAHOCOB, 06Pa30BaHHbIN NPEVMMYLLECTBEHHO 3a CHET MepeMbiBa NELHUKOBbIX 1 Nef-
HUKOBO-BOHbIX OTNIOXKeHU . PanoH coBpemeHHOro yctba p. OXTbl pacnonarancs B npefe-
nax ceBepHON YacTu naryHbl BONM3n naneonponusa. MNogTeepxaeHrem CylecTBOBaHUA
3[eCb naryHbl ABAAOTCA BCKPbITble aneBpo-necyaHble OTNOXeHUsA, KoTopble Mmornu ¢op-
MUPOBaTbCA TONbKO B MEIKOBOAHOW, OTAENIEHHOWN OT OTKPbITOrO MOPA akBaTOPU C MOHW-
MEHHOW BONHOBOW aKTMBHOCTbIO. Takmm 06pa3om, co3fannch ycioBusa, GnaronpuaTHble
ANA NePBUYHOrO OCBOEHUA 3TON TEPPUTOPUM HEONIUTUYECKMM YeJIOBEKOM, 3aCesMBLLUM
BHYTPeHHMe H6epera naryHbl, Ha YTo YKa3blBatloT 1 06GHapyKeHHble MpY packonax Hanbosnee
LApeBHNE NPOMbICIIOBbIE KOHCTPYKLUN U3 peek (Ryabchuk et al. 2014).

Ot 6500 no 5500 cal BP, kak cnegctBume perpeccrBHoin ¢asbl pa3Butna JINTOpMHOBO-
ro Mops, LUeHTpanbHaa 1 10XKHaA YacTu UccnefoBaHHONM nnowaan (paoH COBPEMEHHOIO
ycTbA p. OxTbl) ObIAN OCYLEHbI C GOPMUPOBAHMEM B ee MNpeaenax HeboNbLUIMX PEUYHbIX
MPOTOK, O YEM CBUAETENbCTBYIOT OOHAPYKEHHbIE 3[€Ch JIOKANIbHO PYC/IOBbIE OTIOXKEHWA.
B toro-3anagHoi yactu naowaan pacnosarancsa necyaHblin 6ap, OTAeNEeHHbIN OT «<MaTepu-
KOBOWM» CywWwn CybMepuanOHaANbHON MeNKOW NMPOTOKOW, B KOTOPOW Oblna pacrnosnoxeHa
YacTb fAepeBAHHbIX KOHCTPYKUMA. Ha MOHMKEHHOM NPUOPEKHOM yyacTKe HaxoAmnacb
«MPOMbICNOBAs 30Ha», Ha BO3BbILLEHHOM — KMasA».

Ot 5200 po 4500 cal BP dukcupyetca cnegytowan TpaHcrpeccuBHasa ¢asa. B 31oT ne-
puog 6binn o6pa3oBaHbl BbIPOBHEHHasa abpa3noHHasa ayra «BacuneocTpoBckon Teppa-
Cbl» 1 Y3KUI 3an1B BAOMb MaNeodONMHbI, TAe B HacTosLlee BpeMsA pacrnosiaraeTca pycio
p. HeBbl. B 3TomM 3anvBe npoucxogunnia akKyMynsaumMa aneBpo-necyaHbiX OCAAKoB, FpaHy-
NIOMETPUYECKNI COCTaB KOTOPbIX CBUAETENbCTBYET O MENKOBOAHbIX OTHOCUTENIbHO CJla-
604MHaMMYHbBIX YCIIOBUAX, XapaKTepHbIX A5 NONYy3aMKHYTbIX BOAHbIX 6acceliHoB, 6epera
KoTopbIX 6bInKn BnaronpuATHLI AnsA pbibonpombicnoBon aeatenbHocTy nogen (Kulkova et
al. 2012; Kulkova et al. 2014).

MonyuyeHHble gaHHble Ha OCHOBE OTAESNbHbIX aHaNM30B, a TakKe pe3ynbTaToB KOM-
NJIeKCHbIX NCCNefoBaHWI fOKa3blBaloT, UTO MePUOAbl TPAHCIPeccuBHbIX ¢a3 JIMTOpNHOBO-
ro MoOpA CMEeHANUCb NepUojaMn Perpeccum, B XO4e KOTOPbIX NOABMAAINCH YUYaCTKN CyLUn
(B YaCTHOCTV TEPPUTOPUA COBPEMEHHOIO YCTbA p. OXTbl), 3acenaemble JPEBHUMU NO4bMU.
CToAHKM fpeBHUX NtoAel, NepeKkpbITbIX TPAHCIPECCUBHBIMI OTNOXKEHUAMU JTINTOPMHOBOTO
MOPA, LUINPOKO M3BECTHbI HE TONbKO Ha Tepputopumn Poccun, Ho u B DUHAAHAUKN, CTOHWN,
Nateun, WBeunn.

Maneoreorpaduueckasa peKoOHCTPYKUMA nobepexba JIMTOPUHOBOrO MOpA B pervoHe
Metepbypra paclumpseT Hawy NPeacTaBieHNa O »KU3HW U MPOMbIC/IOBON AeATENIbHOCTU
ApeBHero yenoBeka Ha ero 6eperax. 3HaunTenbHoOe CKOMJIEHNE apXeosiormyeckux obb-
€KTOB M HAaxOAO0K HEeCKOMNbKNX TbiCAYENeTUn Ha TeppUTOPUN COBPEMEHHOTO OXTUHCKOTO
MblCa MOKa3blBaeT HeoOblyaliHyl0 NPUBNEKATeNbHOCTb ee ANA APEeBHUX Ntogen. B To xe
Bpema HebnaronpuATHbIMU daKTopamy AnA NOCTOAHHOIO NPOXMBAHNUA HAa MOPCKOM MO-
6epekbe 6bIM CUMbHbIE BETPDLI M CE30HHbIE HaBOAHEHUA. BepoAaTHO, 3aecb HaxoauInch
BpeMeHHbIe CTOAHKM Nofei, KoTopble MPUXOAUAN Cloda C OKPECTHbIX 3eMeslb B MPOMbIC-
NoBbIX Lenax. Ha 3To yka3blBaeT 1 xapakTep NaMATHUKA M KOHLEHTpaLmMa HaxoAoK Ha ero
n3yyeHHom Yyact. Ho OXTUHCKUI MbIC — He eAUHCTBEHHOE MECTO B 30HE PEKOHCTpYMpye-
MOW KoCbl, Fae 6b111 obHapy»KeHbl cefbl NpebbiBaHUs ApeBHUX Ntogei. Haxogku Heonu-
TUYECKOW KEPAMMKM N KaMeHHbIX OTLLEMNOB Obl1v OOHAPYKEHbI B pa3HOe BPEMA Ha JIEBOM
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6epery p. HeBbl B paitoHe CMONbHOIrO MOHACTbIPA; KPEMHEBbIE OTLEMNbl ObIN HageHbI
1 Ha BO3BbILLEHHOM rnpaBom bepery p. OXTbl HANPOTMB MbiCa.

OpeBHUMN noabMU BblOMpanucb Hanbosnee yaobHble AnA pbi6OIOBCTBA MecTa —
B YCTbAX peK, BNajaBLUMX B NlaryHbl, KOTOpble ObUIM 3aLiyLieHbl OT pa3pyLUNTeNbHbIX BOJH
N LWITOPMOB OTKPbITOFO MOPA. 34eCb NPOUCXOAMUIT CE30HHbIN NI0B Pblbbl, NOAHNMAaBLLIENCA
BECHOW W NeTOM BBEpPX MO TEYEeHMIO pek Ha HepecT. Hanbonee noaxopAawmmm mectamm
[J1A NIOBa C MCNOJIb30BaHMEM 3arpauTeNibHbIX IOBYLUEK OblIv YCTbA PeK 1 MPUMbIKatoLme
K HUM akBaTopuu naryH. OcTaTky AepeBAHHbIX KOHCTPYKLMIA, NPUYPOUYEHHbIE K HUXHE-
My KyNbTYPHOMY C/OK0 MO/ ObITb pacrnonoXeHbl BAOMb Nobepexba naneonaryHbl Uu
B YCTbAIX PEYHbIX MPOTOK, BNnagaloLwux B Hee. Pbi6oNoBHble 3arpaxaeHnA-noByLWKN npea-
CTaBnAnM coboi cekumm 13 KOMoB C pelikamu, nepeBs3aHHble Mexay coboi BepEBKamu 13
OpraHuKM, KOTopble AOCTUraNM B BbICOTY 4 M. [pun 3TOM Apyras 4yacTb KONoB, 06Hapy»KeH-
HbIX 3[1eCb, Npexae BCero, 3abuTbIX B FPYHT Ha 3HaUWTENbHYIO FyOVHY, N OCTaTKK aepe-
BAHHbIX KOHCTPYKLMNIA MOTNIM ObITb CBA3aHbI CO CBaHBIMM COOPYXXEHUAMU — MOCTPONKaMU,
nnatdopmamun N1 MOCTKaMu, PaCMONIOXKEHHbIMU B MPUOPEXKHON 30He.

Pbi6onoBHble 3arpagutesibHble CCcTeMbl MOJOOHOIO TUMa BCTPEYAKOTCA Ha NAMATHUKAX
3MOX Me30J1Ta, HeONUTa U PaHHero MeTanna Ha nobepexkbe BOCTOUHONW banTuku n B nec-
HoW 30He Poccun. OHm 6binn n3yyeHbl Ha TOPPAHNKOBON cTossHKe CapHaTe B JlaTBun (BaH-
KuHa 1970; Bérzins 2006); CBAHTONCKMX cToAHKaX, KpeTyoHac 1, emanTncke 1-3 B Jlutee
(Pranckenaite 2011); 8 ®unnangum (Koivisto 2011. Puc. 3); Ha aHe o3epa ApeHp B lfepmaHum
(Leineweber, Lubke 2006: 135); MNnexaHoBcKol cTosiHKe Ha p. Oke (Degopos 1937), cTo-
AHKax CraHosoe 4, CaxTbiw 2a (KunnH 2004), 3amocTbe 2 Ha p. [lybHe (Jlo3oBckas 2011)
KapaBawnxa 4 B 6acceliHe 03. Boxe (KocopykoBa 2008), Ha MapmMyrmHckom TopdaHmKe Ha
p. lOr (Bypos 1969). Takre yCTPONCTBa, M3BECTHbIE TaKXKe B STHOrpadumm, neperopaxkmeanm
HernyboKure peyHble, 03épHble UM MOPCKME NPOTOKU C MefIeHHbIM TeueHreM. [pu 3Tom,
Kak Mo pasMepam, Tak 1 MO KOHCTPYKLUMW 3TN COOPYKEHNA MMeNN onpeaenéHHble pasnu-
ynA, YTO ObLINO CBA3AHO HE TOMBbKO C MECTHOW Tpaauumen Nx N3roToBleHUs U NCMOsb3ye-
MbIMW AN1A 3TOrO MaTepuanamm, Ho, BEPOATHO, 1 €O cnocobamm pblIGHOro SI0Ba, MPUMEHSAB-
LWIMMMNCA B Pa3fINYHbIX CUTYaLUSAX.

CxofiHOe cKomMyeHne NaMATHWKOB HabnopaeTca B palioHe CecTpopeLKoro pasnuea,
rae B 3TO e BpemsA CyLeCcTBOBaNo HeCKONbKO CTOAHOK. OfHaKo 3eCb OHM OKa3anucb
paccpefoToUeHbl Ha 3HauuTesrlbHO Gonbluei TeppuTopun, No beperam pek, BnagaBLIMX
B naryHy. Nogo6Hble Xxe CKOnneHns o6bEKTOB 3MOXM HEONIMTA — PAHHEro MeTanna MoryT
NPOrHO3MpPOBaTbCA U B YCTbAX APYIMX PeK, BnajaBWNX B 3aiVB, FAe MOMN BO3HUKHYTb
3aKpbiTble KOCaMW NlaryHbl. 1na yTouHeHNA 3MeHeHWn YPOBHA 1 rpaHuy, JINTOpnHOBOro
MopsA B pernoHe lNeTepbypra TpebyeTca NPOAOMKEHNE KOMIMIEKCHBIX apXeonornyecKmnx
1 eCTeCTBEHHO-HAYYHbIX NCCIeAOBAHMI Ha STON TepPUTOPUUN.
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ObPABOTKA [IAHHDbIX
W KOMNbIOTEPHOE MOAENUPOBAHWE B APXEOJIOTUU

DATA PROCESSING
AND MODELING IN ARCHAEOLOGY

M. H. laparaH

WnctutyT apxeonorum HAH YkpauHbl, YkpauHa /
Hemeukuit apxeonornyeckuit UHCTUTYT, [epMaHua

OMMbIT 3D-MOLENIMPOBAHWA KYPTAHHbBIX COOPYXXEHUI
3MOXW SHEOJIUTA - PAHHEW BPOH3bI

[lo nocnegHero BpeMeHW PEKOHCTPYKUMM MHOTMX YTPauyeHHbIX 0O6beKTOB UCTopu-
KO-KY/IbTYPHOIO Hacsieausa HepeaKo BbIMOMHANNCH B BUAE 3apMCOBOK Ha Bymare vnm Ha-
CTOMNbHbIX MAaKeTOB, KOTOPble JOCTAaTOYHO YCJIOBHO OTObpaxanv obwuin Bua He gowweawmx
[0 Hac NaMATHMKOB. bonbluasa YyacTb BarKHEMLUNX apXEONOrMYeCcKmX JaHHbIX JOKYMEHTU-
poBanacb B Buge dotorpaduii n yepTexken COXPaHMUBLUMXCA CTPYKTYP, NPUYEM Npu comno-
CTaB/IeHNN OJHNX C APYTMMU BbIABNAIOCb MHOFO HECTBIKOBOK 1 OLIMOOK. KoMMbloTepHble
TEXHONOMMM OTKPbIIN HOBble BO3MOXHOCTM AN BU3yanu3aunn OPEBHUX COOPYKEHUN
nNyTéM KX BOCCO3JaHuA (MOZennpoBaHWA) B TPEXMEPHOM BUPTyaslbHOM MPOCTPaHCTBE.
KomnbloTepHOe MofiennpoBaHrie BO3MOXHO, B MPUHLMMeE, AnA No60ro apxeonornyeckoro
(ncTopuryeckoro) NamATHUKA, YaCTUYHO COXPAHMBLLETrOCA UMW »Ke NMOMHOCTbIO yTPayeHHOo-
ro. na NpocTpaHCTBEHHOrO MO3ULIMOHNPOBAHWA HEOOXOANMO MpeXae BCero Hannune
NNaHOBOro pelleHnd, a AanbHelnlwaa ToUHoCTb 3D-mogenn 3aBUCKT OT MOSHOTbI 3adUK-
CMPOBAHHOIO apxeosiornyeckoro matepurana. Ha cerogHAWwHMN geHb 3D-pekoHCTpyKLmMA
[aéT BO3MOXHOCTb KaueCTBEHHO U3MEHUTb CNOCcob AOKYMEHTUPOBaHUA APEBHUX COOPY-
MeHUI, NOCKOMbKY Npu noctpoeHun 3D-mopenu nobas HeCTbIKOBKa Cpa3y OKa3blBaeTcA
oyeBuaHOW. Kpome TOro, TpéxmepHasa PeKOHCTPYKLUA NaMATHMKOB apXxeonorun no3so-
NAET NPOAEMOHCTPUPOBATb BO3MOXHbIN 0OMNK NaMATHMKA B pa3Hble Nepuoabl ero cylile-
CTBOBaHMA, 0603HaUNTb HEN3YyUYeHHble CTOPOHbI MAMATHMKA, YTO 0COOEHHO aKTyaslbHO Npu
PEKOHCTPYKLMM 3TarnoB COOPYKEHUA APEeBHENLLMX KypraHOB.

HpeBHenwwne KypraHbl B cTenHon 30He CeBepHoro [lpnyepHomopbsa MNOABMAIOTCA
B 3MOXY SHEONMUTa B 4-M TbIC. A0 H. 3., NPefLecTByA MaCCOBOMY KypraHHOMY CTPOUTENbCTBY,
HayaBLUEeMYCA 34eCb B 3MOXy AMHON KynbTypbl. CTenu mexgypeuni, NpakTuyeckmn TNWEH-
Hble NOCTOAHHbIX BOAHbBIX UCTOYHUKOB, OblN HENPUIOAHbI ANA YCTPONCTBA BOATOCPOUHbIX
MecT noceneHus. Kak cnegctaue, 4nd apxeonornyecknx kynbtyp Crenm KypraHbl ABAAOTCA
OCHOBHbIM, @ YaCcTO ¥ €AUHCTBEHHbIM MCTOYHMKOM AJ1 PEKOHCTPYKLMM He TONbKO norpe-
6anbHON NPaKTUKK, HO N Pa3fINYHbIX aCMeKTOB MUPOBO33PEHUA, COLMANbHON CTPYKTYpPbI
N XO3ANCTBA APEBHNX KONNEKTNBOB.

MepBble cTenHble KypraHbl MMeny Hebonblume pa3mepsbl, @ N0 YCTPONCTBY MO 1 CO-
NPOBOXAAloLWMM Belam B norpebeHmsax 6b1v oueHb CKPOMHbIMK. OfHAaKO pAf XapaKTep-
HbIX NMPW3HAKOB APEeBHENLIMX KypraHOB, CBA3aHHbIX B NepBYI0 ouepenb ¢ obopmieHnem
NOAKYpPraHHOro NPOCTPaHCTBa (CTpeMneHne NpruaaTb eMy aHTPONMOMOPGHYIO UK e 300-
MOPOHYI0 GOpPMY, COOpPY>KeHME OrpaHMUMBAlOLLErO HacbIMb PBa, YCTPOWCTBO KPOMIEexa,
a TaKXe COOopY>KeHWe CBATUIIMLL, NCNONb30BaHKe OrHA B norpebanbHOM puTyasne), No3Bo-
nAeT BUAETb B HNX BECbMa C/IOXKHblE KOMIMJIEKCbl, OTPakaloLLye HenpocCTyto CMCcTeMy naeo-
NOTMYeCKNX N KOCMOTOHUYecKux npeactasneHun (Kosanéesa 1994. C. 84; Rassamakin 2004;
bepectHég 2005).
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Puc. 1
Buga kypraHa N2 29 y xyTopa LLleBueHKO A0 packonok

B KypraHax AMHOW KynbTypbl C OQHO CTOPOHbI MPOC/IEXKIMBAIOTCA OTAESbHbIE YePTbI Npes-
LLECTBYIOLLErO BPEMEHMW, C AAPYroi — BblpabaTbiBaeTcs psf cCOOCTBEHHbIX NPUEMoB (KoBanéea
1994. C. 85). B 3Ty anoxy AMHOW Ky/bTypbl yBENNYMBAETCA HACbINb KypraHa U YCNOXHAET-
CA XapaKTep ero coopyxeHus. 1o cpaBHEHMIO C SHEONUTUYECKNM BPEMEHEM 3HAUUTESIbHO
pexe yCTpanBaloTCA OKpYXKatoLue PBbl U KpOMexy, B eAMHNYHbIX CJlyyasax B norpebasb-
HOM 0bpsAfe MCNOb3yeTCA OrOHb. B TO e Bpema CTPOUTENbCTBO MHOTMX AMHBIX KypraHoB
COMPOBOXAAETCA PA3NNYHBIMK PUTYaSIbHbIMU AENCTBMAMU, CBA3AHHbIMU C 0popMIIeHeM
1 oceAleHvemM OyayLiero NoaKypraHHOro NPOCTPAHCTBA, @ TaKKe C COOPYKEHMEM MOHY-
MEHTasIbHbIX penbedHbIX N3006paXKeHUn Ha TeX NN NHBIX STanax CTPOUTENIbCTBA HacbInen.
BblgeneHve nogkypraHHoN MoLwaakuy Npon3BoAnTCA MYTEM CHATUA YepHO3EMa Mo 3apaHee
3aflaHHOW ¢popme, AnsA KOTOPOW CBONCTBEHHO CTpeMIieHMe K aHTpornomopdusmy (Kosanéea
n ap. 1989. C. 24; AHpgpocos 1989. C. 45; MNMonwuH, YepHbix 2009. C. 37).

3 KOHCTPYKTUBHBIX OCOBEHHOCTEN OTMEYUAIOTCA TaKKe Basibl, BO3BOAUMbIE BOKPYT MO-
TN, anTapHble NNOoLWaAKKM, JOPOXKKM Ha NOBEPXHOCTN Hacbinu (Koanéea u ap. 1989. C. 24).
Mo cTeneHn KOHCTPYKTUBHOW C/TIOXHOCTU CPen AMHbIX KypraHoB BblAeNATCA NPoCTble,
NMOCTPOEHHbIE B OAUH MPUEM, 1 KypraHbl C 6onee nnnm mMmeHee ClIOXKHON cTpaturpadpuen
HannacToBaHWIM, COOPYXEHHbIE B HECKONbKO Npuémos (LWanowHrkosa n gp. 1986. C. 11).
[nAa nocnegHUx xapakTepHbl MHOFOUMNCSIEHHbIE AOCHINKX Pa3HOM MOLHOCTW, CBA3aHHbIE
C NPOM3BOACTBOM HOBbIX BMYCKHbIX 3aXOPOHeHUI. [1pn 3TOM BCe M3BECTHble Ha JaHHbIN
MOMEHT SHeONITUYECKME KypraHbl MepeKpbiTbl HACbINAMM AMHbIX KypraHoB. Kak cnep-
cTBUE, OOMBLINHCTBO KYpraHOB 3MOXM 3HeoNnTa-6poH3bl NpefcTaBnsaeT cobon cBoeob-
pa3Hble Knagbuiya, BO3HUKLLWE B pe3ysibTaTe MOCTOAHHbIX JOCbINOK Haj pa3HbiMy (OgHO-
UNY Pa3HOKYNbTYpPHbIMKM) norpebeHnamn. C KaxkabiM HOBbIM NOCTIeA0BaTeNbHbIM BMYCKOM
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Puc. 2.
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Mnanurpadua n ctpaturpadus Hacoinen 1-4 B KypraHe N2 29 y xytopa LLleBueHKo

(pekoHcTpyKumA no J1. A. YepHbix)
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Puc. 3. Puc. 4.
TpéxmepHoe mogenpoBaHue 31ana 1 TpéxmepHoe mogenpoBaHue 3Tanos 1-3
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Puc. 5.
TpéxmepHoe MmofenpoBaHue 3Tana 4

3aXOPOHEHUN 1 HOBOW JOCHINKOW KypraH yBenn4yMBanca B pa3mepax 1 4acTo MeHAN CBOU
oyepTaHmA. OcobeHHOCTbIO NorpebanbHOro obpaga ABAATCA COXPaHUBLUNECA BbIKUAbI
13 MOTWJIbHBIX M, Pa3finyHble cfiefbl NorpebanbHbIX LLEPEMOHUN — OCTAaTKN KOCTPOB U Mo-
MWHanNbHbIX TPU3H B BULE CKOMNEHUI 06JIOMKOB KEPaMUKN 1 KOCTel XNBOTHbIX. «Hu ognH
KypraH 3Moxu 3HeonnTa-6pOH3bl HE HACbINANCA Warnkamuy 1 He ABNIAETCA Kyyei MpoCTo Ha-
CbINHOM 3emnu. Kaxkablii U3 HUX NpefcTaBisan co60M TEXHUYECKUN CIIOXKHYI0 KOHCTPYKLMIO,
COOPYXEHHYI0 MO 3apaHee HaMeyYeHHOMY MNyaHy 13 AEpHa, AEPHa 1 KaMHsA, AEPHa n gepe-
Ba WN COBOKYMHOCTM BCeX 3TUX MaTepuanos. CywectBoBasa onpefenéHHasa TexHoNnorns
CTPOUTENbCTBA HacbINen, COXPaHABLUAACA Ha NPOTAXKEHUN MHOTMX nokoneHnin. N 6onb-
LUMHCTBO TEXHNYECKUX MPUEMOB CTPOMTENbCTBA HACbIMNeN 1 COMYTCTBYIOWNX KOHCTPYKLMIA
BO3HMKAIOT Ha 3ape KypraHHoro crpountenbcraa...» (Mo3sonesckun, Monun 2005. C. 198-
199). B 3aBeplUEHHOM BUAE HACLINK KYpPraHOB 3MOXu OPOH3bl HepeaKo NPeacTaBAAnm co-
601 MOHYMeHTaNbHble COOPYKEHMWA, MHOTME AocTuranu 8-12 M B BbICOTY, BO3BefeHMe nX
Tpeb0oBano 3HauUNTENbHbIX 3aTpaT BPeEMEHW U GU3MYECKUX YCUANIA. Takne MHOTFOC/IOlHbIe
HaCbINV NCKIIOYNTENBHO BaXKHbl BO MHOIMMX OTHOLUEHUSX, B TOM YKCe OHU HEOOXOAUMBI
ONA BbIACHEHUA Pa3MepOB U TEXHONOTNN COOPYKEHNA NEPBUYHBIX KYpPraHoB, MOCKOSb-
Ky B HUX, B OT/IMUYME OT OOHOCJIOVHbIX KYpraHoB, NepBUYHAA HacbiMb HE MOTPEBOXEHA
BCMALUKOWM N NMOJTHOCTbIO COXPaHSET CBOW NepBOHaYanbHbI 065K (LanowHrkosa u ap.
1986.C. 11).

MpakTUuecKkn Kaxablil KypraH 3roxu 6poH3bl B pa3pese BbirAANT Kak CIOEHbIN NUPOT,
KaXKAbli CJION KOTOPOTo, Byalyun CBA3aHHBIM C OTAENbHBIM NOrpebeHnem, YacTo MMeeT Xa-
paKTepHble, TOIbKO emy npucywme yepTbl. Ho gowepwmne go Hac Hacbinu KypraHos Ce-
BepHoro NpunyepHOMOpPbs B ONpeaenéHHON CTEMEHN OTPAXKatoT TONbKO 06K, CBA3aHHbLIN
C X nocsieAHNMI [OCbINKaMn. MHOMOYMCNEHHbIMIN PacKOMKaMy KypraHoB YCTaHOB/EHO,
YTO COXPaHMBLLMECA MOA NO3AHENWNMI JOCbINKaMN B NePBO34aHHOM BuAe NMepBrYHbIe
HaCbINM SHEONUTUYECKOW 1 AMHOW 3MOX MMENKW pa3finyHble OYepTaHuA: NPenMyLLeCTBEH-
HO OKpPYrNO-BbINYKJIble, MHOIAA HECKONBbKO BbITAHYTbIE, OBasibHble, MO0 NHble NnaBHO-GU-
rypHble B OCHOBaHWM GOPMbI, a TakKe HacbiMy B BUAE YCEYEHHOro KOHyca. Brnpouem,
HeCMOTPA Ha MHOTOUYNCIIEHHbIE NCCIeA0BaHHbIE KYpPraHbl, He KaXabll N3 HUX MOXHO KOp-
PEKTHO BOCCTAaHOBUTb, XOTA OTAESbHblE Fpaduyeckrie PEKOHCTPYKLMUN Hacbineln ApeBHen-
LIMX KypraHos, 6e3ycnioBHO, n3BecTHbl (MyctoBanos, PaccamaknH 1990; Myctosanos 1999).
Ha cnoXHOCTW B peKOHCTPYKLMM NCTOPUN COOPYKEHWNA KYPraHOB, CBA3aHHbIX C YPOBHEM
oTO6pakeHuaA cTpaTurpadmm npodunen, yxxe obpalyanocb BHMMaHKe cneyunanuctos (Ko-
peHeBckun 2010).

Ha matepuanax mnccnegosaHHoro B 2003 rogy Opm’KOHUKMA3EBCKOW 3SKCNepumumen
WA HARY (pykosoguTtenb C. B. MNonuH) Kyprana N2 29 y xytopa LLleBueHKko npegnpuHATa pe-
KOHCTPYKLUMA BHELIHEro BUAA APEBHENLINX KYPraHOB 1 CBATUIMLLA, MOCTPOEHHbIX B CTen-
Hon 30He CeBepHoro [puyepHOMOPbA HOCUTENAMU SHEONUTUUYECKON U APEeBHEAMHON
KynbTyp.

KypraH BbicoTO 4,5 M HaxoAnnCA Ha NepBOV HaAMOVMMEHHOW Teppace JIEBOro KOPEHHO-
ro 6epera p. Conénoii B 200 m ot 6eperoBoro obpe3sa (xyT. LLleBueHKo, Hukononbckuii p-H
IHenponeTtpoBcKo obnacty, YKpanHa) (puc. 1) (HepHbix, JaparaH 2014. C. 76). CornacHo
pekoHcTpykuun J1. A. YepHbix, B KypraHe BblaensaeTca 7 CTpouTeSIbHbIX FOpn3oHTOB (Yep-
HbiX, JaparaH 2014. C. 77-85. Puc. 154). B undpoBom Buae BOCCTaHOBNEHO YeTbipe nep-
BbIX 3Tarna COOPY»KeHWA KypraHa: Tpu1 3Tana, CBA3aHHble CO CTPOUTENbCTBOM Hacbinen Hag
TpeMsA norpebeHnaMmn 3noxm cpeHero SHeoNMTa 1 YeTBEPTLIN 3Tan, CBA3aHHbIN CO CTPOU-
TeSIbCTBOM HacbINW Haf norpebeHrem AMHON KynbTypbl. TakKe NpeanoXkeHa PEKOHCTPYK-
LUMA CBATUAMLIA 3MOXU CpefHero 3Heonuta. MNocTpoeHne BUPTYyanbHON PEKOHCTPYKLMMN
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NPOBOAUNOCH Ha OCHOBE AaHHbIX apXe0IOrMYeCKNX CCnefoBaHWi (puUc. 2), YTo NO3BONU-
No NpefcTaBUTb OOBEKT B €ro 3BONIOLUMM, ANA OTAENbHbIX 3TarnoB pa3BuUTUA'.

Hacbinu N2 1-3, coopyEHHble Hag Tpema norpebeHnamu (N2 20, 21, 22) n cBaTUNK-
LLIeM 3MOXU CPefHEro SHeoNuTa.

Sman 1.

Camas paHHSAsA Hacbinb Obina Bo3BefeHa Hag norpebeHrem N2 22. OgHOBPEMEHHO C Mo-
rpebeHriem Obin COOPYKEH KPOMAEX 13 KaMEHHbIX NAUT 1 Herny6okui poB. C 1oro-BocTou-
HOW CTOPOHbI KpOMJIexa, OKpY»KaBLUEro NepBMYUHYIO HacbIMb, Obll COOPYXEH KYNbTOBbIN
KomnneKkc. OT KynbTOBOIO KOMMEKCa COXPaHUINCb AEBATb CTONOOBbLIX AM, PACMONOXKeH-
HbIX KBaZpaToM. AAMbl BbIfN JOCTAaTOYHO FY6OKUMU, UX peanbHan rny6buHa (C NoBepXHOCTM
nnowaaKmn) pasHanacek npumepHo 1,38-1,5 M. B smMax Ha aHe 6binn BEPTUKANbHO YCTaHOB-
NeHbl JOBOILHO TONCTble CTONObI. HMXKHAA YacTb CTONOOB NIOTHO 3aKpennanacb B Npu-
JOHHOW YacTy AM MeX Ay YCTYNOM M KaMeHHOI 3abyToBKO Ha BbicoTe 0,55-0,95 m. BbicoTa
CTON60B Haf, NOBEPXHOCTbIO 3eM/N Hen3BecTHa. Ho anameTp cTonboB 1 NnoTHOE Kpense-
HUE NX HUPKHEI YaCTU NO3BONAIOT JONYCTUTb, YTO OHW JOCTUTaNN B BbICOTY YEIOBEYECKOTO
pocTa (puc. 3A) (B pekoHcTpyKumu J1. A. YepHbix OHM NpegHa3Hayanncb ofa HeceHWA 3Ha-
ynTenbHom Harpy3ku (YepHbix, Japaran 2014. C. 275)).

Bo BpemMA npoBeaeHnA onpeaenéHHOro putyana ctonbol 6bin NOJOXKMKEHbI U Cropenu
NMONTHOCTbIO — [0 YPOBHA YCTYMNOB 1 3a0yTOBKW. 3TO NO3BONAET NpeanonaraTb, YTo CTON-
6bl ropenu gnvTenbHoe Bpema. Hamu npefnoxeH BapnaHT PeKoOHCTPYKLUK, OTPaXatoLwWwnii
3Tan coxxeHna ctonbos (puc. 3B-C), npoBeaéHHbIN B IHEBHOE 1 BeyepHee Bpems. Boamo-
eH 1 6onee CNOXHbIA BapuaHT, NpeanioxeHHbIn J1. A. YepHbIX, COrnacHoO KOTOPOMY CTOJI-
6bl ropenu BMecTe C HaHM3aHHbIMU Ha HUX TyLwamu 6bikoB (YepHbix, JaparaH 2014. C. 275).
OcHoBaHviem AnsA Takoro NPeAnoNoXeHWA ABNATCA GparMeHTbl 06ropeBLrX 6blYbUX KO-
CTen, HaNAEeHHbIE B 3aMOJSIHEHUN AM.

Sman 2.

Ha cnepytowem stane 6b11 coopy»K€H KypraH Hag norpebeHviem N2 22. O6beKTMBHO
ANUTENbHOCTb GYHKLMOHMPOBAHNA KyNbTOBOFO KOMMEKCa Hen3BecTHa. YCTaHOBNEeHa
TONbKO €ro CMHXPOHHOCTb € norpebeHnem N2 22, npekpatunio nv CBOE CyllecTBOBaHMe
CBATUNNLLE KO BPEMEHU COOPYXKEHMA HacbiNU KypraHa Hag norpebeHnem N2 22, apxeo-
nornyeckn He onpegenaeTtca. [JaHHbIN 3Tan BKIOYaeT HECKOJIbKO BO3MOKHbIX BapUaHTOB
PEKOHCTPYKLUN XPOHOJIOMMYECKON CMTyauun. B nepBom BapraHTe peKOHCTPYKUUU Kyp-
raH Hag norpebeHriem N2 22 HacbinaH Noce 3aBepLueHNa GYHKLUMOHNPOBAHWA KYNTbTOBOrO
Komnnekca (puc. 4A). [pn 3TOM rpyHTOBasA HacbiMb NePBOHaYaNbHO HaxoAMNacb BHYTPU
Kpomriexa, 1 TONbKO CMyCTA HEKOTOpOe BPeMs HacbiNb pacnonsnach 3a ero npeaensi®. Co-
rMacHO peKoHCTPYKUMK J1. A. YepHbIX, He NCKIOYEH 1 BTOPOW BapUaHT Pa3BUTUS COObITUI,
npefnonaraloWmin COOPY>KEHNE OJHOBPEMEHHO C HaCbIMblo KypraHa Hag norpebeHvem
Ne 22 ewé ofgHOro KypraHa, HacbimaHHoro Hag norpeberriem N2 20 (Hacbinb 2). [JeTckoe

! PaboTbl 6binK BbINOAHEHbI NPU yyacTum Brnagummpa bankawuHa. Mcnonb3oBanncb Nporpammbi
AutoCAD, 3D Studio MAX n Adobe Photoshop.

2 HecmoTpA Ha TO UTO MPY UCCEA0BAHNAX SHEONUTUYECKUX KYPraHOB C KPOMAEXaMu B CTpaThrpadu-
YecKunx paspesax 4acTto GUKCPYIOTCA HacbIMK yXKe nepeKpbliBaioLme (YaCTUYHO WM NMOSTHOCTbBIO) MIUTDI
Kpomexa, B pafie Cilyyaes 6blfo yCTaHOBIEHO, UTO NepBOHavYalibHO HacbiMb Gbl1a BHYTPY Kpomrexa (Me-
TpeHko 1983. C. 27. Puc. 1.1).
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norpe6eHune N2 20 6bifio COBEPLIEHO C YPOBHSA APEBHEro ropu3oHTa K 1ory oT NepBUYHON
HacbINy 1 NepPeKpPbITO HM3KOWM HACbIMbio (HacbiMb 2) U3 NJIOTHOrO CBETNO-CEPOro rpyHTa
OBaJibHOM B niaHe Gpopmbl, BbITAHYTON No nuHUK C-lO. XpoHonornyeckyto nocnenoBa-
TenbHOCTb NorpebeHnin N 22 1 20 ycTaHOBUTb CJI0XHO. B 3TOM BapuaHTe npegnonaraeTca
CMHXPOHHOCTb NorpebeHnin N2 21 1 22 ¢ pacnonioXeHMeM KynbTOBOrO KOMMeKca co CTof-
60BbIMM AMaMU MeXAY HACbINAMM, COOPYXKEHHBIMU Hag 3TUMK norpebeHuamu (puc. 4B).

Sman 3.

Criegytowmin 3Tan B COOPYXXEHUN KypraHa cBsi3aH CO CTPOUTENbCTBOM HaCbINyW Hag no-
rpebeHrem N2 21. MorpebeHune N2 21 6bin10 BYLLEHO B LIEHTPANbHYIO YacTb NepBOI Hacbl-
Ny, Bo3BeAEHHOM Hag norpebeHriem N2 22, 1 ycTpoeHo B eé rpyHTe. Hacbinb, Bo3BeéHHanA
Hag norpe6eHnem N2 21, 6blna OKpYyKeHa POBUKOM C ABYMS MepemMblykamMu, OHa MOJTHO-
CTblO VI CUMMETPUYHO MepeKpbiBana NepBMUUYHYIO HacCbIMb U YaCTUYHO — CBATUNMLLE. TakuM
06pa3om, 06pa3oBanoCh ABE PALAOM CTOABLUMX HACbINM (2 1 3) C BEPLUMHAMM BbICOTO OKO-
no 1,37 m (ceBepHas) n okono 0,25 m (10’kHas), ONAbIBLUNE MOJbl KOTOPbIX CAUANCL Hag
I0XKHOW [yron 3anblBLUEro POBKMKA, OKPY»KaBLLEro BTOPY Hacbinb (puc. 4C).

Hacbinb N2 4, coopykEHHaA Hag norpebeHnem AMHON KynbTypbl.

Sman 4.

Ha sTom 3Tane B NOX6MHY MeXay ABYMA SHEONUTUYECKMMM HAcbiNAMU Obino BnyLleHO
ApeBHelwee AMHoe norpebeHne N2 23. Hacbinb, Bo3BeAEHHasA Hag 3TUM norpebeHuem,
B NnaHe 6blna OKPYIoN, N0 OCHOBaHWIO KPYTbIX CKNOHOB MOYTW MOSHOCTbLIO NepeKpbiBana
06a 3HeoNUTUYECKMX KypraHa. Eé MmakcMmanbHaa BbICOTa B LIEHTPE Haf NOXOMHOWM Mexay
SHEONNTUYECKMMU KypraHamn — 2,7 M, IMaMeTp MO OCHOBaHMIO KPYTbIX CKIOHOB — 30 M no
nuHun C-HO 1 okono 27 m no nnHun B-3. [10BOIbHO KpyTble CKAOHbI HACbIMN Y OCHOBAaHUA
NJaBHO Nepexoann B O4eHb NOMOryo NOAOLWBY, NePeKPbIBABLLYIO CEBEPHbIN CKIOH BTOPOW
SHEONNTUYECKOMN HACbIN 1 CAIMBABLLYIOCA C MOBEPXHOCTbIO KXKHOIO CKIOHA TpeTben SHeo-
NUTUYECKOW Hacbinu. MopgoluBa 6binia HEPOBHO CPbITA MO OKPY>KHOCTY NP CeAYIoLLEM dTa-
ne CTpoOUTENbCTBA KypraHa n coxpaHwnach B paguyce ot 1,7 4o 6 M OT OCHOBaHWA CKNOHOB.

Ecnn npocnexeHHble 3HEONUTUYECKME HacbIiNU OblIM OKPYron nnu osasnbHon ¢op-
Mbl, TO HacbiMb, BO3BeAEHHaA Hag norpebeHviem N° 23, nmena BMfA Cpe3aHHOro KOHyca
C Y3KO-BbITAHYTON rOPU30HTaIbHON NJIOLWAAKON Ha BEPLUUHE U C YCTYNOM (CTyNeHbKOMN)
Ha NyTn BOCXOXAeHuA K aton nnowagke (puc. 5A-C). BepwmnHa Hacbinu nmena sug ynno-
LWEHHOW roOPU30HTaNbHON NIOLWAAKN AJIMHOM OKONO 12 M U LWWMPKWHOW He 6oree 5-6 M, Bbl-
TAHyTOl no ocn C-10. 3Ta nnowaaka 6bina BbiCTNaHa C/Ioem CBETNOrO MNHUCTOFO FpyHTa
TonwmHown 0,1-0,15 m. MorpebeHne N2 23 HaxoauNOCb NPaAKTUYECKN MO LEHTPOM 3TON
NNowWaaku. YcTyn — cTyneHbka WWPUHOM OKOMo 4 M — Obll YCTPOEH Ha MOBEPXHOCTU
IOr0O-BOCTOYHOIO CKJIOHA HacbinNu, Ha 1-1,5 M HMXKe YPOBHA rOPU3OHTaNbHOW NoLWaaKu.
OH uéTko untanca B npodunax 1-in BocTouHomn 6poBKu (Npodunn N2 5-6: puc. 2). B panb-
HeWweM CKNOH 1 AIMHHaA NOAOLLIBA 3TOW HacbIiNy 3aepHOBANNCh, YTO CBUAETENbCTBYET
0 TOM, UTO cBATUNNLLE GYHKLNOHNPOBASO ANNTENIbHOE BPEMS.

Hapagy c okpyrnon ¢popmon Hacbinu, KoHMYeckaa popma KypraHa noABnAeTca ewé
B sHeonuTe (Rassamakin 2004; AHgpocoB u ap. 1991. C. 4). B anoxy AMHOW KynbTypbl Kyp-
raHbl yCEYEHHO-KOHMYECKON POPMbI C MIOCKON FOPU3OHTAIbHOW BEpPXHEN MioLwagKkon,
BMAUMO, ObIAIY TUMWYHBI AN1A CTEMHOW 30HbI YKpauHbl, XOTs 06LWMIA UX MPOLEHT cpean uc-
CcnefoBaHHbIX KypraHoB HemseecTeH (YepHakos 1985. C. 373; AHgpocos, MenbHuK 1991.
Puc. 2.2; Bunjatian et al. 2006; EnvHoBa 1 gp. 1984. C. 19-20; LlanowHwunkoBa u gp. 1986.
C. 11; MenbHuk, Crebnuna 2012. C. 139-140). iccnepoBaHbl B CTeNW 1 KypraHbl, Hacbinu
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N yTpamboBaHHbIe BEPXHME MAOLWALAKM KOTOPbIX OblI 06Ma3aHbl TONCTbIM CJIOEM FAIUHbI.
Hanpumep, Tak 6blna opopmneHa yeTBepTas Hacbinb KypraHa «bakymoBa Moruna» y c.
Masikn. Obmaska Cfloem MyHbl ToswmHon ot 10 go 15-30 cM npocsexmBanacb No BCe
Hacbinu KypraHa. Ha cpe3aHHOI ropr3oHTanbHOW BepLlUMHE KypraHa Oblia coopyeHa
MoOLLHasA, TonwmHom fo 30-35 cM rrHAHAA ropu3oHTaNbHasA NioLwaaka anametpom go 10
M (YepHakos 1982. C. 43). B kypraHe N2 22 y c. [nyxoe Tpu nocnegoBaTefibHble HacbInu
KypraHa Menu BepLUMHbI B BUAE CPe3aHHbIX FOPU30HTaNIbHbIX MA0LWaAoK 1 6binn obnuuo-
BaHbl CNIOEM ENTOW FNHbI MOLHOCTbI0 50 cm (EnnHoBa 1 ap. 1984. C. 44-45). O6a KypraHa
B 3aKOHYEHHOM BUAe MeNn BbICOTY 7 M.

HaunHasa c anoxm paHHel 6poH3bl U3BECTHbI KypraHbl C NIOCKON BeplunHoi 1 Ha Ce-
BepHoM KaBkase. YacTo MMeHHO TaK Bbirnsaaeny 6onblume MaKonckme KypraHbl: 3amaH-
Kynbckum KypraH N2 2, KypraH G 1 nepekpbIBLUNIN €ro rmraHTckuii Kyprad N2 11 B ypouuliue
Knagbl, Hanbumkckunm KypraH, Hacbinb 5 bonbloro MinatoBckoro KypraHa v gp. (KopeHes-
ckn 2010; PoctyHoB 2007. C. 118; KopeHesckuin 1 gap. 2007. C. 27). Kak n B CeBepHOMm
MpuuyepHOMOpbe, Y BOMbLUMHCTBA CEBEPOKABKA3CKUX KypPraHoB C MOCKOW BepLUMHON
duKcnpyeTca obmaska NOBEPXHOCTM HACLIMU CIIOEM APKO-KENTOW FMMHUCTON OOMa3Ku
(PoctyHoB 2007.C. 119).

Ecnu kypraHbl ¢ nnocknumn sepiHamu B CeBepHom [MpuuepHomopbe CpaBHUTENbHO
LUMPOKO M3BECTHBI, TO KypraH € yCTyrnom 3apuKCUpoBaH 1 JOKYMeHTaNIbHO NOATBEPKAEH
efiBa nn He Bnepsble. Dopma 1 CTPYKTYpPa HACbINM TaKoro KypraHa, BUAMMO, CBUAETENb-
CTBYIOT O TOM, YTO OH MCMOJIb30BasNCA He TONbKO Kak MeCTO 3aXOPOHEHNA, HO 1 KaK CBATU-
nuie, CBA3aHHOE C OTrpaBneHnemM onpeaenéHHbiX KynbTOBbIX AencTBui. HenocpepcteeH-
HO Ha lNpaBobepexbe HukHero MNMoaHenpoBbA B pAAY AMHbIX KypraHoB 3aduKC1poBaHbl
naHAycCbl, anTapHble MIOWAAK/A C BbIMOCTKOM U3 AEPHOBO-TPA3EBbIX BaSIbKOB, JOPOXKKMY,
Begywme K HUm (Mpuropbeska ll, K. 4, «fTonaa Moruna», KypraH y cT. MonceeBka) (KoBanésa
1994. C. 85; AHppocoB, MenbHurk 1991. C. 37). Ha CeBepHom KaBkase naHayc 6bin 3adukcu-
poBaH B 3amMmaHKyNbCcKoM KypraHe N2 2. NMupamuganbHasa KOHCTPYKLMA Hacbinu N2 1 6bina
CHab)eHa BUHTOBbIM MOABEMOM Ha MOCKY0 BeplwyHy. Ero wupmrHa coctasnana 3-4 wm,
a nnockaa BepluMHa paBHanacb 8-10 m. lNpepgnonaraeTca MCMNoNb3oBaHWE NaMATHMKA
Kak MeCTa AnA BOCXOXKAEHUA Ha Hero Nogen ¢ KynbToBbiMu Lenamn (KopeHnescknin 2010.
C.166-167; PocTtyHoB 2007.C. 118-119).

MNpocnexeHHble B KypraHe N2 29 pa3nnuyHble acrneKTbl, CBA3aHHblE C apXMUTEKTYpOW
OPEBHENLUNX KYPraHOB 3MOXM SHEONUTA M PaHHel GPOH3bl, MOATBEPXKAAIOT BbIBOA, UTO
KypraH — 3TO He TOJIbKO CJIOMHOE apXUTEKTYPHOE COOPYMXeHME, HO U NoNUGYHKLNOHANb-
Hbll 06bEKT. Kpome 0cHOBHOW — norpebanbHon — GYHKLNUN, KypraHbl BbIMOAHANN 1 QYHK-
LU0 CBATUANLL, — MECT AA OTMPABAEHNA MOMUHANbHBIX U PYFUX PUTYaNnoB.
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INTEGRATION OF DIFFERENT COMPUTATIONAL
PHOTOGRAPHIC MODALITIES IN HIGH-ACCURACY
3D BUILDING MODELS: THE CASE OF THE CHURCH

OF ST. PETKA, BULGARIA

1. Introduction

With the advent of high-resolution digital cameras and fast, multi-core computers in
the early 2000s, digital photogrammetry has rapidly become a de facto standard docu-
mentation technique in archaeology and architecture, and published case studies now
abound (Martinez et al. 2013; Baptista 2013; Giuliano 2014; Spring, Peters 2014; Harrower
et al. 2014). Several features have made photogrammetry obviously attractive over similar
3D recording techniques (Doneus et al. 2011; De Reu et al. 2013): high accuracy, low cost,
compared with Lidar scanners, and relative ease of use for those with good technical pho-
tography skills. A fourth attractive feature should also be considered. Photogrammetry is
a fundamentally image-based 3D recording technique. Unlike Lidar where images taken
by calibrated cameras are draped on 3D geometry derived from millions of discrete range-
points, dense stereo-matching between rectified images itself generates the geometry.

The advantages of image-based 3D recording are twofold. First models can be stored
as 2D image sets, thereby making archiving and monitoring data integrity more intuitive.
When 3D data is required, images can be matched and geometry generated, but there
is no requirement that the projects be stored as anything other than images with their
associated metadata. Second, because the interior orientation (distortion characteristics)
and exterior orientation (camera position and pose) are known, the images used for pho-
togrammetry can be used for other types of measurement and features identified on the
photos easily mapped into real-world coordinates, a boon for both archaeologists and
conservators. This last feature is of tremendous importance in addressing the challenge of
integrating different forms of recording into a single virtual reconstruction of a building or
archaeological site (Remondino, Rizzi 2010; Remondino 2011).

Herewith is a modest contribution not only to demonstrate, once again, the most obvi-
ous advantages of photogrammetry in field recording, but also to point the way towards
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the integration of different modalities of computational photography: Reflectance Trans-
formation Imaging (henceforth RTI) and Colour Decorrelation. The Church of St. Petka out-
side of Sofia, Bulgaria, provided a nearly ideal case for putting photogrammetry and relat-
ed technologies to the test.

2. The church of Sveta (Saint) Petka

The ruins of the Church of St. Petka are located in the Sofia District in the village of Bal-
sha, some 25 km from downtown Sofia, Bulgaria. The church dates to the late 16th or early
17th century and was severely damaged during an earthquake in the 19th century (most
probably in 1858). The locals continued using the damaged structure for worship until the
new church, dedicated to the same saint, was built adjacent in the 1920 (fig. 1). In 1965 the
non-functioning, ruined Church of St. Petka was declared a protected monument of cultur-
al heritage and, in 1966, the ruins were safeguarded by the construction of an enclosure,
repaired in 2012 along with the erection of a new fence on the east and west openings of
the enclosure.

The church, typical for the late medieval period in the Balkans under the Ottomans, is
a single-nave, rectangular, barrel-vaulted structure, oriented west-east according to Or-
thodox custom, and is dug partly into the slope (fig. 7a). The vault was perhaps once cov-
ered with lead roofing. The floor is covered by red square ceramic tiles. Three windows and
two niches are found on the south wall, one niche on the west wall, and one window in the
apse. The upper halves of the north wall and the apse, as well as more than three quarters
of the vault are now lost.

The entire interior of the church was once covered with frescoes painted at the be-
ginning of the 17th century. Today fresco plasters are preserved mostly on the west wall,
although they are very faded. The iconography is not exceptional for the period and the
region. Fragments from the Annunciation and Adoration of the Lamb are found in the apse.
The patron saints of the Orthodox Church and the Old Testament Trinity are found on the
north wall (which was restored in 2009). The Prophet Elijah, a Stylite saint, the Archangel
Michael and the Dormition of the Virgin Mary, and probably Saints Constantine and Helena
are found on the west wall.

The first publication of the monument was in 1939 by the Bulgarian archaeologist and
architect Krastyu Miyatev (Muates 1939). Later the Bulgarian architect Dafina Vasileva ex-
amined the church’s architecture and published two other ecclesiastic monuments from
Balsha that dated to the same time (Bacunesa 1972). In 1986 Rumyana Pobornikova exca-
vated the site and unearthed the church’s narthex and the surrounding necropolis, which
had been in use at least from the 17th to 19th centuries (Mo6opHrkoBa 1994, c. 120). In
2008 the Balkan Heritage Foundation (BHF) included St. Petka’s in its annual program for
the documentation of abandoned medieval monuments in Western Bulgaria by means of
architectural drawing and conventional digital photography.

3. Recording of St. Petka's in 2014

3.1 Reflectance Transformation Imaging

Since its development at HP Labs in 2001 (Malzbender et al. 2001), RTI, and its underly-
ing algorithms of Polynomial Texture Mapping (PTM) and Hemispherical Harmonics (HSH),
have been widely adopted in archaeology and art conservation to document very fine sur-
face details on a wide range of materials that are difficult orimpossible to capture with oth-
er 3D techniques, such as laser scanning (Earl et al. 2010; Gabov, Bevan 2011; Zaccagnino et
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Fig. 1.
Old (right) and new (left) Churches of St. Petka (photo by Plamen Petrov)

al. 2012; Bevan et al. 2013). Collaboration between the University of Minho in Portugal and
Cultural Heritage Imaging of San Francisco brought highlight-based RTI into popular use
in 2006 (Mudge et al. 2006). This technique replaced the domes of lights commonly used
indoors with a flexible technique that is easy to set up in the field. It requires only a camera
on a robust tripod, a remotely triggered flash and shutter release, and a reflective black
sphere, like a snooker ball, placed somewhere in the field of view (fig. 2).

While not a 3D technique like laser or structured light scanning in the sense that, at
least at the present, RTI does not generate a cloud of accurate measurements in 3D space,
it does measure surface normals for each pixel of the area photographed. This surface
normal field, which when generated with high-order polynomials like HSH, can be very
accurate (Manfredi et al. 2013) when compared with PTM (MacDonald, Robson 2010), per-
mits not only the virtual, dynamic relighting of the image in software, but the application
of a whole host of other contrast enhancing filters, such as Specular Enhancement, a ver-
sion of the Phong Shader Model, the RTIViewer software. What is more RTI has the distinct
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Fig. 2.
RTI capture of the apse of St. Petka’s in June of 2014 (photo by Nikolai Zlatanov)

advantage that, when used with high-resolution DSLRs, such as the 36mp Nikon D800e
used in the present project with a 70-180 mm Nikkor macro lens, the ground sample size
for each normal measurement can be less than 50 microns. Hence, RTI can reveal very min-
ute disruptions in a surface, such as shallow incisions on a plaster wall, that are impractical
to measure in the field with other scanning modalities (Manfredi et al. 2014).

On the present project areas of unrestored fresco were inspected for signs of graffitiand
individual RTlimage sets (approximately RAW 80 images) captured with a long focal length
macro lens to ensure the camera was well away from the orbit of the light (fig. 2). Many RTI
captures were performed on the interior frescoes on the south and west walls, and later
processed in RTIBuilder (Version 2.0.2). The Specular Enhancement filter on an RTI capture
from the apse can both reveal difficult-to-read graffiti as well as the surviving topography
of the fresco, e.g. brushstrokes (Figures 3a and 3b). The only RTl capture made on the exte-
rior of the church was of a spolia block embedded in the corner of the north wall with four
lines of still undeciphered Cyrillic text (Figures 4a and 4b).

3. 2. Close-range photogrammetry

Close-range photogrammetry was undertaken to model in 3D all exposed surfaces of
St. Petka’s, both interior and exterior. A Nikon D800e DSLR camera was used with a 24 mm
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f/2.8 Nikkor lens. In order to obtain complete photographic coverage a monopod was used
along with a remote shutter release (fig. 5). The enclosure presented a challenge for light-
ing so a pair of high-output AlienBees 1600w strobes with umbrellas were used to provide
even illumination. The strobes were only moved when they obstructed the field of view of
the camera so that the lighting scene for each wall was as similar as possible. Four points
shot with a total station on the exterior of the church provided geo-referencing for the
model.

The 36 mega-pixel sensor of the D800e ensured that, even though a wide angle lens
was used, a ground sample size of 0.1 mm could still be obtained with photos taken at
a distance of no more than 0.5 m from the wall, and no more than 0.5 m apart. The 24
mm lens was selected to guarantee a strong base-to-distance ratio of 1:1 such that a pri-
ori measurement accuracies in-plane and in-depth of less than 1 mm could be hoped for
(Birch 2006 and Matthews, Noble 2008). As recent empirical studies have shown, Agisoft
Photoscan (Version 1.0.4 Build 1847), the software chosen for the dense reconstruction of
the model, is capable of this level of accuracy at close range (Koutsoudis et al. 2014; Rem-
ondino et al. 2014).

In order to increase the speed of photo alignment, the lens and camera were pre-cali-
brated from a sub-set of 60 photos with ADAM Technologies 3DM CalibCam v.2.5, which
uses Least Squares Matching to achieve calibration accuracies down to a sigma of 0.15
pixels (Birch 2006); Least Squares has distinct advantages in terms of accuracy over the
Semiglobal Matching used by Photoscan (Dall’Asta, Roncella 2014). This brought the repro-
jection error in Photoscan down to an average of 0.2 pixels with outlier values of no more
than 0.8 (outlier observations were further eliminated in Photoscan using the “Gradual Se-
lection” tool). Coded targets were also used to provide quick, high-accuracy alignment be-
tween the interior and exterior models, as well as an additional check on scaling. Fourteen
targets were placed in the doorway in the west wall, the windows of the south wall and on
top of the east and north walls so that they could be seen in photos taken from the inside
and outside of the church.

The resulting dense point cloud, built at “medium” in Photoscan, produced over 24.5
million points (fig. 6). The preliminary results show a close correspondence between the
hand-measured top plan (fig. 7a) and a cross section derived from the point cloud (fig. 7b).
Obvious differences are visible, however. Since it was difficult to get adequate photograph-
ic coverage of the diaconicon niche in the east wall due to confined quarters and poor
illumination, it was not properly modelled and appears as triangular rather than rectangu-
lar. Elsewhere, however, the point cloud corresponds almost perfectly with the hand-drawn
plan. In the case of the west exterior facade (fig. 8a) we can see that the photogrammetric
model corresponds closely with the hand drawing (fig. 8b). Divergences are noted on the
roof line and the niche, where exact hand measurements were more difficult to perform.
Inadequate photo coverage on the bottom of the facade also meant that there was a gap
in the point cloud.

3. 3. Colour decorrelation

Because the overlapping imagery of the interior was not acquired, in the first instance,
to provide properly composed photos of each mosaic panel but instead to ensure prop-
er stereo overlap, it was necessary to take these overlapping images and create a mul-
tiple-viewpoint mosaic of them for further study. While several software packages offer
robust multi-viewpoint stitching functions based on SIFT or similar point matching algo-
rithms, such as Hugin and PTGui (based on PanormaTools), or AutoPano Giga, the Microsoft
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Fig. 3: Fig. 4:
a - Graffiti on the apse, unenhanced; a - Spolia inscription on the north exterior wall of St. Petka’s, unenhanced;
b - Specular Enhancement of the graffiti on the apse b - Specular Enhancement of the spolia inscription
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Image Composite Editor (Version 1.4.4) was selected for its speed and accurate results with
small numbers of images (<20) taken of a relatively flat surface. While the ICE mosaics did
introduce some geometric distortion — the least distortion was found using the Planar Mo-
tion 2 stitching method - they produced few stitching errors and enabled researchers to
quickly export high resolution for further investigation.

The high-resolution image mosaics were next exported as 16-bit TIFF files to ensure the
maximum bit-depth for subsequent colour decorrelation using the DStretch plugin for Im-
agelJ (Version 1.48). DStretch, written by Jon Harman and based on algorithms developed
by NASA JPL (Harman 2008), has been successfully applied to faded pictographs (Brady,
Gunn 2012; Harman 2014; Defrasne 2014). Recently DStretch has been used to enhance fad-
ed frescoes in Angkor Wat, the inspiration for the present application (Tan et al. 2014). The
decorrelation algorithm, which has been described in mathematical detail elsewhere (Alley
1996), dramatically enhances the contrast between even very faded colours in an alternate
colour-space and then renders the decorrelated colours in RGB using false colourization.

It should be noted that DStretch cannot be used to restore original colours — detailed
chemical analysis of the pigments would be required for this purpose — but can be used to
identify shapes otherwise too faded to trace with the naked eye. It should also be noted
that the first technicoloured results from DStretch, while impressive, can be confusing for
the untrained viewer. In Photoshop CS5 masking was used to remove extraneous false-col-
our enhancements outside the area of interest, and selective colour adjustment used to
further enhance the contrast in critical areas for publication-ready images.

Two faded panels on the interior west wall of St. Petka’s, which had not been restored by
conservators, showed great initial promise by translating the images into the novel colour-
spaces developed by Jon Harman as an alternative to RGB and LAB - YRD and YRE - a task
which is easily accomplished in the DStretch plug-in (Harman 2008): 1) the panel to the
south of the main entrance (fig. 9a), and 2) the panel above the main entrance (fig. 10a).
Both had been identified after careful visual inspection in previous field seasons as the
Archangel Michael and the Dormition of Mary respectively, but DStretch both confirmed
these identifications photographically and produced high-contrast images from which de-
tailed drawings could later be produced. The figure of Michael is clearly visible in the centre
as is his right wing, though the top of his left wing has been lost to damage (fig. 9b); his
halo and garments are now much better defined. The Virgin Mary is clearly visible supine
in the centre of the fresco panel, as are the outlines of the figures attending her (fig. 10b).

4. Data integration

4. 1. Colour decorrelation and photogrammetry

In order to integrate colour decorrelation with the 3D geometry of photogrammetry
data it was first necessary to generate a high-quality mesh and then a high-quality texture
(151 mega-pixels in PNG format) for the west wall. Because of the relatively simple geom-
etry of the wall no remeshing (fixing of holes, spikes etc.) was necessary (fig. 11a). Because
the .OBJ format stores the unwrapped texture in a separate image file, the whole texture
file could be opened in ImageJ, a free and open-source image processing package, where
DStretch filters were applied to the entire west wall with the same procedure as described
in section 3.3. The colour-decorrelated texture was then opened in Photoshop CS5 where
masking was used to isolate only the two areas of interest for colour decorrelation. A sec-
ond copy of the unfiltered texture was then applied to fill the area that was masked out
in the previous step. This new texture file that incorporated the two colour decorrelated
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Fig. 5.
Photogrammetry in progress on the west wall (photo Nikolai Zlatanov)

areas was then substituted for the original texture file of the .OBJ and rendered in 3DS Max
(fig. 11b).

This technique is relatively straightforward as it requires no alignment of the texture
with the model as this has already been handled with very high accuracy within the pho-
togrammetry software. The only deficiency the authors note is that to build a model of this
size using 16-bit TIFF files as source images, the format best suited to colour decorrelation,
was almost impossible due to demands on RAM and processing time in Photoscan. At pres-
ent only high-quality JPEGs were used to build the model and the texture on which colour
decorrelation was performed.

4. 2. RTl and photogrammetry

Previous attempts have been made to use the normals derived from RTI to complement
the accurate geometry from laser range-scanning (Barbosa et al. 2008), but here proposed
is a robust workflow for combining RTI with photogrammetry. The integration of surface
normals from RTI into the rendering of selected areas of the 3D model was a less trivi-
al process than the integration of colour decorrelation. The most significant problem was
presented by the fact that the RTl imagery was collected at a different scale with a differ-
ent lens than the photogrammetry imagery. Because of this difference of scale it was not
possible to match the constituent RTI photos to the photos used for photogrammetry in
Photoscan. Instead, a high-resolution textured .OBJ files of the west end of the exterior
north wall (67 mega-pixels) were exported from Photoscan and imported into Imagel. The
texture was then cropped to roughly the area of the spolia block. One of the photographs
of the spolia block used to build the RTI (fig. 4a) was also imported into ImageJ. The SIFT
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Fig. 6.
Medium density, coloured point cloud of the St. Petka Church

Fig. 7:
a - Top plan drawn from hand measurements;
b - Cross section in magenta from the point cloud superimposed on the plan

b

Fig. 8:
a -West facade drawn from hand measurements;
b -Line drawing of the west facade of St. Petka’s (red) superimposed on the point cloud

Feature Extraction plug-in for ImageJ was then used to find matching points between the
two images (Saalfeld 2009).

These matching points were then used in bUnwarpJ (Version 2.6.1, 17 September 2014),
an elastic image registration plug-in, to align the source RTl image to the target image, the
texture. Elastic registration permits both the rescaling of the image during registration and
effectively compensates for the distortion in the RTl image file when it is registered against
the photogrammetrically undistorted texture. The transform calculated by bUnwarpJ, rep-
resented as B-splines, is saved and then applied to the Surface Normal Visualization for the
same RTI, which had been exported from the RTIViewer software (Version 1.1). Registration
of Surface Normals to the texture directly is impossible as the two images are so different
that SIFT cannot find matching points.

Once the normals have been registered on the texture and then combined in Photo-
shop with the rest of the unwrapped texture, the texture was loaded into the 3DS Max
material editor and replaced the original .OBJ texture. The normals are then used to render
the surface using the Phong Shader model to closely approximate Specular Enhancement
in the RTIViewer. Comparison of the rendered model with normals derived from the pho-
togrammetry model alone (fig. 12a) and with the normals derived from RTI (fig. 12b) show
a great increase in detail comparable to the rendering of the normals in RTIViewer (fig. 4b).
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Fig. 9:
a - Archangel Michael from St. Petka’s, west wall, unenhanced;
b - Archangel Michael after colour decorrelation enhancement

5. Conclusion

The present project has demonstrated that three different computational photographic
techniques, each of which is relatively low cost and portable, can be integrated to record the
St. Petka Church and produce a single 3D product that matches or exceeds previous manual
recording techniques. What is more, this recording could be done in less than two weeks
with volunteers who had relatively little or no training in technical photography or more ad-
vanced techniques.

The authors do not mean to suggest that manual recording and close visual inspection
are made redundant, but only that, for a modest investment of time and effort, photogram-
metry, RTl and colour decorrelation can yield complementary results of lasting value. The
final 3D product can be used as a baseline for future conservation and restoration work, and
permits investigators to precisely place features revealed by RTl and colour decorrelation
within a geo-referenced 3D model with millimetric accuracy. As a consequence, this data will
provide a strong scientific foundation for any multi-disciplinary, graphic reconstruction of the
St. Petka Church and will constrain the hypothetical scope of this venture (Raykovska 2014).

Much work remains yet to be done to integrate these three photographic modalities
smoothly. First, the very accurate camera orientation data from photogrammetry could
be used to align RTI data to the model automatically but this is not yet possible with the
current software. Second, at present the computational power of personal computers is
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Fig. 10.
a —The Dormition of the Virgin Mary from St. Petka’s, west wall, unenhanced;
b - The Dormition of the Virgin Mary after colour decorrelation enhancement
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Fig. 11. Fig. 12.

a - 3D model of the west interior wall of St. Petka’s rendered in 3DS Max; a - Rendered 3D model of the spolia inscription with a Phong Shader applied
b - Rendered 3D model of the west interior wall with colour decorrelation applied on the normals derived from the photogrammetry data;

b - Rendered 3D model of the spolia inscription with a Phong Shader applied
on the RTI/HSH no-rmal
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still not great enough to support very detailed meshed-models with texture of the same
resolution as captured by a 36 mega-pixel camera. It is only a matter of time, however,
before the hardware catches up with the potential of the software, and full graphic recon-
structions of larger buildings using all of these techniques simultaneously are possible.
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ROMAN COUNTRYSIDE OF NORTHWESTERN NORICUM
AND THE DISCOVERY OF A NEW ROMAN VILLAE

The process of Romanization of the countryside in the Roman province of Noricum ap-
pears to have progressed much earlier and slower than in the other northwestern provinces.
Recent work has focused on geophysical prospection and is now giving us a much greater
understanding of the density and continuity of occupation of the Roman countryside. Ear-
lier excavations, surface collection and aerial photography only gave an incoherent slight
impression on this research topic. The geophysical surveys of the project “Roman villae
rusticae in Bavarian part of ancient Noricum” show many significant results that give us an
idea of how the countryside of this area in Roman times appeared to be. The results from
the 2013/14 field seasons suggest that our knowledge of this archaeological landscape in-
creased to a level of understanding, with the integration of remote sensing (fig. 1).

Geophysical prospection in Bad Endorf

The GPR depth slices show the remains of four buildings from a Roman villa rustica
between 0.35 and 1.3 m depth. The site has a typical layout for north-western Noricum
with two residential buildings (fig. 2). The first building has the layout of a typical risalit villa
with two floor-heated rooms in the front and a huge yard; the second one is bigger and
rectangular, but poorly preserved. We know this setting in villa architecture from examples
in Austria, like in Glas (Traxler, Kastler 2010). Beside that we discovered two side buildings
and several mural structures belonging to the courtyard.

3D analysis of GPR data

Through the interpretation of all depth slices separately we gain much more informa-
tion from the GPR prospection. We can confirm the height of the preserved walls in the
ground; we understand which floor is preserved below or above hypocaust cellars and we
are able to interpret different renovation phases. Through a virtual 3D analysis the long
parallel mural structures in the area between the two residential buildings could be in-
terpreted as a terraced courtyard, which is placed at the most steep slope in the modern
landscape.
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Fig. 1.

Bad Endorf. Radargram depth slice 40-60 cm, GSSI SIR-3000 with 400 MHz-antenna,
prospected area 109 x 80 m sampling interval 2 x 25 cm (BLfD, Archiv-Nr. 8138/102)
overlaid with Lidar data (© Bayerische Vermessungsverwaltung)

Lidar analysis

Aside from the documentation of the villas themselves with geophysical prospection,
an approach to landscape archaeology is made by analysing two large areas with Lidar
data. From the first area we know the locations of some Roman villas, so we could ana-
lyse the site selection and try to identify the adjacent territory and traces of field systems.
Knowledge of suitable conditions for the presence of archaeological sites gained from the
prospection and analysis of the first area will hopefully enable the detection of new ar-
chaeological sites in the second area, if conditions for their existence are favourable, even
though presently no Roman villas are known.

Through the geophysical results, Lidar-Data-Analysis and other research we could get
a much more differentiated view of the composition and organisation in the Roman coun-
tryside. By such an integrated data analysis, including the indications about the roads,
street stations, cemeteries, sanctuaries and environmental data, enables us to create an
approximate virtual reconstruction of the landscape and environment of Roman villas in
Roman Noricum.
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Fig. 3.
Virtual 3D interpretation from the GRP prospection in Bad Endorf.
(L. Kiihne, BLfD, AutoCAD-Plan Nr. 8138/102)
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Interpretation from the magnetic and GRP prospection in Bad Endorf.
(L. Kithne, R. Linck, BLfD, Plan Nr. 8138/102)
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CONVENTIONAL AND ELLIPTIC FOURIER TRANSFORMS
AS MATHEMATICAL TOOLS
FOR MORPHOLOGICAL CLASSIFICATION

Introduction

Many questions in biology are focused on morphology, the study of form. In order to
describe and understand structural variation among organisms, researchers have em-
ployed a variety of methods to quantify phenotypic traits and features. Some traditional
methods, such as linear distance measurement, are widely used for simple descriptions of
size and shape. However, as the biological sciences have become more interdisciplinary
and new technologies more accessible, the morphometric toolkit has expanded accord-
ingly (Bookstein 1991; Richtsmeier et al. 2002; Zelditch et al. 2012). Morphological studies
now routinely employ methods of quantitative shape description that originated in other
disciplines and in some cases for wholly different purposes. Although certain biological
applications of these methods may have proven successful, their comparative benefits or
disadvantages are not always clear (Sholts et al. 2011a).

Fourier analysis has been increasingly used in morphological studies in recent decades
(Bookstein et al. 1982; Erlich et al. 1983; Read, Lestrel 1986). Developed by Jean Baptiste
Joseph Fourier in the early 19th century, the Fourier transform has important uses in e.g.
acoustics, optics, quantum mechanics, and electrical engineering. The curve-fitting pro-
cedure known as Fourier analysis (also known as harmonic or spectral analysis) describes
shapes as the sums of simpler trigonometric functions, consisting of a series of Fourier
coefficients. In the late 20th century, biologists and physical anthropologists started using
Fourier descriptors to describe and compare outlines in organismal forms, including many
aspects of mammalian cranial morphology (Lestrel 2000; 2008).

We have previously shown (Sholts et al. 2011b) that adult male crania can be accurately
classified into geographical groups via statistical analysis of midfacial contours, obtained
by digitally sectioning the midface of cranial 3D models (Figures 1 and 2). In that study, the
midfacial contours were analyzed with elliptic Fourier analysis (Kuhl, Giardina 1982), pro-
ducing Fourier coefficients that were used to develop linear discriminant functions, which
were able to correctly classify 86% of the examined crania into one of the three sample
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Fig. 1.
Digital 3D surface model of one of the studied human crania, recorded with
a NextEngine tabletop laser scanner.

groups (Chinese, Norwegian, or California Indian). The advantages of outline data over
linear distance measurements were demonstrated not only by increased accuracy across
more than two groups (Gill et al. 1988), but also through the high repeatability and low
potential for observer errors in the process of defining the midfacial contour (Sholts et al.
2011b). Thus, the study showed that midfacial contours contain shape information useful
for differentiating crania of various geographic origins, and that this shape information can
be successfully captured by elliptic Fourier analysis.

In addition to elliptic Fourier analysis, a range of other mathematical approaches can be
used to analyze line shapes such as contours. One such approach is the conventional Fouri-
er transform (Sholts, Warmlander 2012), which unlike the elliptic Fourier transform cannot
describe complex outlines. In this work, we use this transform to extract shape information
from midfacial contours of the previously studied sample of Chinese, Norwegian, and Cal-
ifornia Indian crania. By comparing these results with those obtained by elliptic Fourier
analysis, we are able to evaluate the pros and cons of these two mathematical approaches
for craniometric outline analysis.

Materials

The 90 adult male crania used in the study derive from archaeological excavations in
Norway, China, and the United States. Age and sex determinations were made according
to the standards for data collection from human skeletal remains (Buikstra, Ubelaker 1994).
The Norwegian crania (n=30) were excavated from the medieval parish graveyards of the
St. Hallvard and St. Nicolaus churches in Oslo and are housed at the Anatomical Institute
of the University of Oslo, Norway. The Chinese crania (n=30) were excavated from Ming
Dynasty tombs in the Yunnan province of Southern China and are housed at the Institute
of Vertebrate Paleontology and Paleoanthropology (IVPP) in Beijing, China. The Native Cal-
ifornian crania (n=30) were excavated from several prehistoric cemeteries on Santa Rosa
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Fig. 2.

The procedure for obtaining midfacial contours from a cranial 3D model.

A) The landmarks nasion and right and left zygomaxillare are identified and used to define
a geometric plane, which isolates the anterior midfacial skeleton.

B) A second plane removes the portion below zygomaxillare.

C) The silhouette of the remaining midfacial portion yields the closed contour

used for comparisons.

Island off the Southern California coast (site numbers SRI-2, -3, and -41) and are housed at
the Santa Barbara Natural History Museum in California, USA (see Shearer et al. 2012).

Methods

3D model analysis

Digital surface models of the crania (fig. 1) were created with a NextEngine desktop 3D
laser scanner, using a previously described protocol of 16 scans per cranium (Sholts et al.
2010). Scan data were captured at a resolution of 150 dots per inch, and models were ren-
dered with mesh triangles 0.11 cm in size. Each model was imported into the RapidWorks
software version 2.3.4, and midfacial contours of the kind shown in Fig. 2 were created
using our previously described method (Sholts et al. 2011b). Since conventional Fourier
analysis cannot be performed on contours containing incurvature, i.e. when two points on
the contour have the same x-value, the midfacial outlines were truncated on both sides.
Thus, the contours were cut off at the points of local y-value maxima as shown in Fig. 3.

Conventional Fourier analysis

To correct size differences among the crania, all contours were scaled to unity along the
x-axis, i.e. the distance between points A and B in Fig. 3 was set to 1. In order to maintain the
proportions of the outlines, the y-axis data were scaled by the same amount. Each outline
was then sampled with 100 equally spaced points, whose y-values were calculated as the
means of the points of the original contour in each of the x-axis intervals, i.e. x= 0.00-0.01;
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Fig. 3.

In order to provide outlines suitable for conventional Fourier analysis, the recorded
contours were truncated at specific points (circled) and then scaled to uniform
length, yielding uniform x-axis distances of 1.0.

0.01-0.02; 0.02-0.03 and so on. These sets of equidistant points were Fourier-transformed
according to equation 1, using standard MATLAB software:

k k
f()=a,+ Zan cos(n )+ an sin(# ) (Eq.1)
n=1 n=1

where n is the harmonic number and k is the maximum harmonic number, given by the
number of data points (=100). In order to reduce the number of coefficients and to discard
the phase information which arguably is less informative in this kind of study, the absolute
values for this series, abs(f ), were calculated from the (a, b ) coefficient pairs according to
the standard equation 2:

abs(f)=\a!+b] (a2

In line with the specifications of the Nyquist theorem, half the resulting Fourier coeffi-
cients, i.e. 50 for each specimen, were used for further statistical analysis.

Elliptic Fourier transformation

The closed midfacial contours were subjected to elliptic Fourier analysis using the pro-
tocol by Kuhl and Giardina (Kuhl, Giardina 1982), where each closed two-dimensional curve
f(t) is represented by two conventional Fourier series, one for x(t) and one for y(t), according
to equations 3 and 4.
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k k
x(t)= Ay, + Y a,cos(n )+ b,sin(t ) (gq.3)

n=l1 n=1

and X : -
(1) =Cy+ D c,cos(n )+ d,sin(t) (gq 4)
n=1

n=l1

These two equations yield four Fourier coefficients for each harmonic number, i.e. one
each for x-sin, x-cos, y-sin, and y-cos.

Statistical analysis

Multiple Discriminant Analysis (MDA) was employed to create discriminant functions
that could separate crania into their respective affinity groups. Using the STATA 10 soft-
ware, iterative refinement was used to find sets of discriminant functions that showed high
discriminatory power but were based on as few Fourier coefficients as possible. The perfor-
mances of different discriminant functions were evaluated with the leave-one-out meth-
od, where each cranium was independently classified according to discriminant functions
based on the Fourier coefficients of the other 89 crania in the sample.

In order to quantify the asymmetry of the contours, the coefficient sums of the
asymmetric sine (b ) and the symmetric cosine series (a ) from the conventional Fourier
transforms were calculated, and the ratios of these sums (i.e. b /( Za_ + Zb )) were ob-
tained for each specimen.

Results

The amplitude values of the 50 coefficients per specimen obtained with conventional
Fourier analysis were used as independent variables for multivariate discriminant analysis.
Iterative refinement resulted in an optimal set of discriminant functions based on the 9 se-
lect coefficients of order 1, 4, 6, 8, 16, 25, 30, 43, and 47. These discriminant functions were
able to successfully classify 72% of the crania, i.e. 24/30 (80%) of the Chinese crania, 23/30
(77%) of the Norwegian crania, and 18/30 (60%) of the Native Californian crania (Table 1).

The average proportion of asymmetric (sine) coefficients were found to be around 19 %
for all three populations, which is unexpectedly similar (data are presented in Table 2).

Discussion

Our results indicate that the discriminant functions based on conventional Fourier co-
efficients do not separate the three groups as well as those based on elliptic Fourier coef-
ficients, which in our previous study (Sholts et al. 2011b) yielded an overall correct classi-
fication of 86%, i.e. 26/30 (87%) for the Norwegians, 25/30 (83%) for the Californians, and
26/30 (87%) for the Chinese (Table 1). These results indicate that conventional Fourier anal-
ysis does not capture the shape information in the outlines as efficiently as elliptic Fourier
analysis. However, the results may also reflect a loss of diagnostic shape information when
the midfacial outlines were truncated in order to remove incurvature. Further research is
required to investigate this possible effect.

On the other hand, we found that coefficients obtained with the conventional
Fourier transform were simpler to interpret with respect to morphological variation. In
particular, since the traditional transform decomposes a contour into symmetric cosine
and asymmetric sine waves, a quantitative measure of the outline symmetry was easily ob-
tained from the ratio of the coefficient sums for the sine and cosine series. For the present
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Elliptic Fourier analysis Conventional Fourier analysis
# correct % correct # correct % correct
Norway 26 87 23 77
California 25 83 18 60
China 26 87 24 80
26 86 22 72

Table 1.

Number and percentage of correct classifications by linear discriminant functions
based on Fourier coefficients obtained with either elliptical or conventional Fourier
analysis. Mean values in bold.

Proportion of asymmetric coefficients
range mean SD
Norway 8% —42% 18.8% 7.6
California 9% - 34% 19.0% 7.4
China 7% - 38% 18.8% 7.2
18.9%

Table 2.
Proportions of asymmetric Fourier coefficients for the three populations under study,
obtained with conventional Fourier analysis.

sample, these ratios turned out to be 18.8 £ 7.2 % for the Chinese group, 18.8 + 7.6 for the
Norwegian crania, and 19.0 £ 7.4 for the Native Californians (Table 2). Thus, even though
there is considerable variation within each group, i.e. asymmetry ratios are observed in the
range 7 — 38% for the Chinese crania, 8 - 42% for the Norwegians, and 9 - 34% for the Na-
tive Californians, the mean values for the different population groups are remarkably simi-
lar. Previous studies have demonstrated the utility of human craniofacial asymmetry as an
indicator of various environmental factors such as biomechanical stress and poor nutrition
(Vig, Hewitt 1975; Bishara et al. 1994; Pirttiniemi 1998; DeLeon 2007). Even though no firm
conclusions can be drawn from these preliminary results, it is clear that biologically rele-
vant symmetry information is conveniently provided by conventional Fourier transforms.
In addition, the conventional Fourier transform is a standard operation in most statistics
and mathematics software, wherefore such analysis can be carried out without specialized
computer programs.

Conclusions

In this study, conventional and elliptic Fourier transforms were applied to outlines of
human midfacial skeletal morphology from three different geographical groups in order to
compare the discriminant power of Fourier coefficients obtained with the two techniques.
Even though both kinds of analysis are able to obtain shape information for an entire
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multi-component region of the human cranium without the measurement of many sep-
arate landmarks or distances, the preliminary results suggest that elliptic Fourier analysis
more effectively extracts the shape information than conventional Fourier analysis.

Because both elliptic and traditional transforms analyze the overall shape of a contour,
the biological interpretation of variation in Fourier coefficients is difficult. Although the
elliptic Fourier coefficients were more effective in this case study, both types of Fourier
descriptors seem to have properties useful for the study of biological shapes. Conventional
Fourier analysis is more easily interpretable in general, yielding a smaller number of in-
dependent, more meaningful variables for statistical analysis. Furthermore, conventional
Fourier analysis has the advantages of not requiring specialized software, as well as pro-
ducing coefficients that contain more easily accessible symmetry information. As bilateral
asymmetry can be a valuable source of information about genetic and environmental fac-
tors of morphological variation, resulting in numerous methods to measure and differen-
tiate asymmetry among organisms (Charnov 1993), we believe that using Fourier analysis
to quantify and compare asymmetry is particularly useful in morphometric studies. In our
future research we will continue to explore other applications of Fourier analysis for identi-
fying patterns of morphological variation in the human skeleton.
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(HA MPUMEPE KAMOBOW MELLEPbI)

1. BeedeHue

N3yueHune Kanosown newepbl Hayanocb B cepeauHe XVIII Beka (Pbiukos 1760). PucyHkun
661K OTKPLITHI B 1959 rogy (PromuH 1961). B 1960 rogy Hauana paboTtaTb apxeosiormyeckas
skcneauumsa nop pykoeogctsom O. H. bagepa, B coctaBe KOTOpow Obliv U pecTaBpaTopbl.
Nmn 6b1nn pacunileHbl OT BaHAanbHbIX HAAMUCEN PUCYHKM Ha BEPXHEM 3Taxke neLyepsbl
(Papep 1965. C. 16-18), a Tak»Ke PaCKpPbITO MaHHO «Jlowaan u 3Hakn» Ha CpefHeEM 3Taxe
(bapep 1977. C. 130; bagep 1979. C. 157-158). Nocne pacKpbiTva pucyHkoB B 1960-1970
rogax v fo KoHua 2000-x rofoB pecTaBpaLoHHble paboTbl He NPOBOAUNUCH. 3a 3TO BpemA
C pYCYHKamMy NPOU30LLIM 3HAUYNTESIbHbIE M3MEHEHNA — HAa HEKOTOPbIX PUCYHKaX Ha MaHHO
«Jlowagu n 3Hakn» 06pa3oBanmCb HeMpPoO3pauHble HACIOEHUA KanbLUnTa. ITUM OObACHAET-
cA npoBefieHre B 2008 rofly Ha yKa3aHHOM MaHHO NPO6HbIX pacunctok (CeprueHs, Yepe-
MuUcKH 2008). TouHble rpaHULIbl MPOBEAEHUA PecTaBPaLMOHHbIX PaboT, a Takxe noapo6-
HOe onncaHne MeToANKU NPOBeAeHUA PAaCKPbITU B OTYUETaX He NpuBoaATcaA. Benay storo
B HacTosALlee BPeMsA aKTyaslbHbIMU ABAATCA 3a4ayun No GprKcaumy TeKyLlero CoCToaHNA
COXPaHHOCTUN PUCYHKOB U MPONCXOAALLMX B HAX U3MEHEHUN, @ TaKXKe BbIACHEHWIO, ABNAIOT-
CA N1 3TN U3MEHEeHNA CeCcTBMEM NPOBEAEHHbIX PaboT.

2. [locmaHoska 3adayu

B 3aBMcUMMOCTN OT ycnioBUIiA 06pa3oBaHnA KanbUWT MOXeT $opMUpoBaTb NOJSYnpo-
3payHble 1 NOJTHOCTbIO HEMPO3payHble CNIoU, pasnMyalowmeca pasmepamm 1 OpUeHTUPOB-
Ko Kpuctannos (Chalmin et al. 2008). O6pa3oBaHMe KPUCTANIOB CBA3AHO C NPUCYTCTBU-
€M rpagmMeHTa cofepXaHua YrneKucsoro rasa B noctynatowen MHPUILTpaLMoHHON Boge
n B atmocdepe newepbl (White 2007). B HacTosALlee BpemsA 3aNbl C PUCYHKAMW 3aKpbITbl
ANA TYPUCTOB, NOSTOMY OCHOBHOE BJINAAHME Ha HMX OKa3blBaeT NpoLecc MuHepanoobpa-
30BaHMA, a TakXKe MMKpobuonormyeckas akTMBHOCTb. B KanoBoli newlepe nepsble Habnto-
[EeHVA 3a CTeNeHbI0 YBNaXXHEHHOCTN CTEH, a TaKXKe 3aMepbl MUKPOKIMMaTUYECKNX NOoKa3a-
Tenen 6binn BbIMOSIHEHbI He paHee cepeanHbl 1980-x rogos (LWennHckuin 1987. C. 16), B TO
Xe Bpems HeyAoBNEeTBOPUTENIbHOE COCTOAHME COXPAHHOCTU PUCYHKOB OblNO0 OTMEYEHO
komuccuamm NA AH CCCP yxe B 1980-1981 rogax (LennHcknin 1993. C. 59), n eé yxygue-
Hue npogomxkunoch (WenuHcknin 1996. C. 7).

K HacToAweMy BpemeHU HakonneH 605bLioi 06béM GOTOLOKYMEHTALMMN HAaCcKabHbIX
PUCYHKOB, UTO NO3BOJIAET MPOBOANTD CPAaBHUTENbHbIN aHANN3 UX COCTOAHUA COXPaHHOCTU
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Punc. 1.
OpTodoTocHMMOK pucyHka «MamoHT-guccmaeHT (poto A. C. MaxyHoBa).

Ha MaKpoypoBHe. B To e Bpema ncnonb3oBaHme TpaguumnoHHom dotorpadum ana pukca-
LU U3MEHEHUI, NPOUCXOAALLMX B TeYEHME HENPOAOMKUTENBHBIX MEPUOAO0B (OT HECKOSb-
KX MecsAueB Ao rofa), Tpebyet coxpaHeHMsA HEM3MEHHbIM MOSIOXKEHNA KaMepbl U UCTOY-
HVKa OCBeLLeHWA, YTO He BCerga BO3MOXHO 1 6e3onacHo (Saiz-Jimenez et al. 2011). Ons
peLIeHnA 3aaaum MOHUTOPUHIA NPenoYTUTEIbHEE NCMONb30BaTh MeToAbl GuKcauun, He
3aBUCALLME OT MONOXKEHUSA Kamepbl 1 No3Bonsowme paboTtatb ¢ abCoNOTHBIMU KOopau-
HaTaMK TOUYEK MOBEPXHOCTM, Hanpumep, ¢oTorpammeTpuio n 3D-ckaHMpoBaHue. BmecTte
C TeM NPOCTPAHCTBEHHOE pa3pelueHune 3D-moaenei, Nnonyyaemblx C UCNOSIb30BAHNEM Me-
Tofa GoTOrpaMMeTPMK, HeOCTAaTOUYHO ANA PUKCaLMM MUKPOU3MEHEHWI HA MOBEPXHOCTU
PUCYHKOB, a NCnonb3oBaHne 3D-CKkaHepOoB OrpaHMYNBaAETCA BbICOKOW BIAXXHOCTbIO U Bbl-
COKOI CTOMMOCTbIO 060pYAOBaHNA.

AnbTepHaTMBHbIM METOLOM MNONyYeHUsa MHbopmaLnm o Mrkpopenbede NoOBepPXHOCTU
ABNAETCA MHOroyrnosas TeHeBasa doTocbémKa (MTD), no3sonaioLlan nonyyatb n3obpaxe-
Husa B dopmate RGBN, T. e. AByxMepHble n306pakeHus, cogepalyme noMmmumo nHGopmMaLmm
0 UBeTOBbIX XapakTepnctmkax (RGB) Takxe 1 onucaHme oTpakaTtefbHbIX CBONCTB MOBEPX-
HocTu (N) (Mudge et al. 2012). icnonb3oBaHre faHHOrO MeToAa No3BonsaeT GMKCMPOBaTb
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Puc. 2. 2.1 - ®oTorpadus pucyHka
«HWXHAA nowaab» B BUANMOM CBETE;
2.2 — KapTta Hopmarsnei NoBepxXHOCTH;
2.3, 2.4 - OparmeHTbl KapTbl HOpManen
2.2 (poto A. C. lMaxyHoBa).

Pnc.3.3.1 -

KapTa Hopmanein ¢parmeHTa

puc. 2.1; 3.2 — ®oTtorpadusa BuagnmMon
JIIOMUHECLIEHLIMU 3TOTO e PpparMeHTa
(doTo A. C. NMaxyHoBa).
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AedekTbl pazmepom MeHee 100 MKM Npur Ucnosnb3oBaHUN GoToKamepbl C MaTpuuen 36Mn
(Mudge et al. 2006. P. 200; Manfredi et al. 2014. P. 12279). Takum 06pa3om, NCrnosib30BaHmne
MTO Kak cpefcTBa MOHUTOPMHIA XapaKTepu3lyeTca OnTUManbHbIM COOTHOLLEHUEM AOCTU-
raeMoro paspeLleHns 1 CTOMMoCcT 060pyAoBaHUS.

3. Memooel u mamepuarnei

Ona cbémkn ucnonbsosanca ¢potoannapat Nikon D800 ¢ o6bektuBom Micro Nikkor
55/2.8. B KauecTBe OCBETUTENA UCMONb30OBanacb NopTaTMBHAA BCMbllwKa Metz 50 AF-1
C KCEHOHOBOW Nlamnon. [MCTaHUUA U OpueHTauma BCMbIWKMA ONpefenanncb jla3epHbiM
fAanbHomepoM. [MoctpoeHne PTM-¢aiina nposoannock B cpegHem no 50-70 Kagpam. ns
aHanu3a mukpopenbeda NOBEPXHOCTM Hanbosiee MHOPMaTUBHBIM OblSI0 UCNONb30BaHUE
KapT HoOpManew, NpeACcTaBleHHbIX B OTTEHKaX Ceporo.

4. Peynbmamei u 06¢cyxoeHue

KanoBa newyepa umeet TpéxaTaxHoe CTpOeHUe. 3anbl C pUCyHKaMM pacrnonaralTca Ha
cpefHeM U BepXHeM 3Taxkax. [1na 3anoB xapakTepHbl pa3fnyHble rMaposiormyeckne n Mu-
KpOKNMMaTUyecKre ycsioBrA, onpeaensaioLme pasHoe COCTOAHNE COXPAHHOCTU PUCYHKOB.
Ha BepxHem 3Taxe, B 3ane PUCYHKOB, CTEHbI CyXue, PUCYHKN BbINONHEHbI HENOCPEACTBEH-
HO MO KOPEHHbIM MOPOAAM U He 3aKPbITbl HACIOEHMAMY KanbunTa. BaHaanbHble rpadoutm
YAANANNCb C UCMOJb30BaHUEM JIMLLb CMOYEHHbIX Bogo TamnoHoB (bagep 1965. C. 18). Co-
CTOAIHME PUCYHKOB YAOBETBOPUTENIbHOE (puc. 1).

B TO e Bpema puUCyHKU B komno3smuum «flowagm n 3Hakn» B 3ane Xaoca Ha cpefiHeM
3Tax<e newyepbl 6bIM NOAHOCTBIO CKPbITbI MOA CTOEM KaJibLMTa TONLWMNHON HECKOMNBbKO CaH-
TUMETPOB (puc. 2.1; 2.2). PaboTbl MO pacKpbITUIO MPOBOAMANCL NOCeA0BaTeNIbHO: CHavana
C nomoubto rpyboro MHCTpyMeHTa (CTameckn AByxX pa3mepos ~3 1 1,5 cm) 6bina yaaneHa
OCHOBHaA Macca KasibLuTa, Mocse Yero CJIoM YTOHYanca C UCNonb3oBaHWeM CKanbnens
(lWennHckunin 2001). Ana yaaneHna BepXHEro C/iofl U KPYMHbIX HaTEKOB Ha MOBEPXHOCTM
CTeHbl pecTaBpaTopamy NCNOoNb30BaNacb CTaMecka WUPKUHONW 3 cM, a anAa 6osee TOHKOW
paboTbl — WnprHoM nopaaka 1,5 cm, cnefpl ckanbnens Ha CHYUMKax OCTOBEPHO He 3abuk-
cupoBaHbl. MNocne Toro Kak 6biiv yaaneHbl HeNPo3payHble CIoU, Y pecTaBpaTopoB NOABM-
nacb BO3MOXKHOCTb YBUAETb KOHTYPbl PUCYHKa CKBO3b MOMYMPO3payHbIi C/ION KanbLuTa
C NapannenbHO-WeCcTOBAaTON CTPYKTYPOW. B TomM criyuae, korga KOHTYp pUCyHKa mMor ObiTb
npouymnTaH 0 NOMHOrO yAaneHusa BEPXHNX CJIOEB, NX OCTABAANN, pacumLLas NnLib He6osb-
Loe NPOCTPAHCTBO 3a NpegenaMmm pucyHka (puc. 2.3). Ha HeKoTopbIX yyacTKax, CBA3aH-
HbIX C MOHWXEHUEM WAN MOBbllWeHVEM pefibeda, NMOBEPXHOCTb UMeNa BUA «CTYNeHem»
(puc. 2.4). cnonb3oBaHWe aBToMaTuyeckon apenu (Baffier et al. 1998. P. 28) nnu nnactu-
KoBoro nHcTpymeHTa (Brunet, Vidal 1987. P. 420) no3sonuno 6bl nonyunTb 6onee rnagkue
rpaHu1Lbl PAacKPbITUIA.

MpoBenéHHble B 2008 rogy paboTbl N0 NPOBGHOMY yAaNeHUo MUKPOFYPOBbIX CTPYKTYP,
06pa30BaHHbIX MEIKOKPUCTANINYECKUM KaslbLIUTOM M OTCYTCTBYIOLMX Ha CHUMKAX, BbINOJ-
HeHHbIX He no3aHee 1989 roaa (Schelinski 1989. P. 617, fig. 2), nokasanu, Yto K ToMy BpeMeHM
OHY chOPMMPOBaNU NAOTHBIN U TpyaHOYyAanseMblin cioh (Cepruens, Yepemmcun 2008. C. 7).
JeTanbHaa CbEMKa pacymLLEHHbIX Y4aCTKOB NM0O3BONWIIa 3aPprKCUPOBaTh He TOSTbKO rPaHnLibl
HOBbIX PAaCUMCTOK, HO TaKXKe UX OTHOCUTENbHYIO rybuHy (puc. 3.1), Takke Ha dpoTorpadu-
AX BUAVMOW JIIOMUHECLIEHLMW 3TN PacUMCTKN CTany OTUETNIMBO BMAHbI Kak bonee cBeTble
obnactu (puc. 3.2). B bygyLiem 310 No3BOSIUT NPOBOAUTb OOBEKTUBHDBIN KOHTPOMb Hag Npo-
LiecCOM PacyncTKL NpU NPOV3BOACTBE PeCTaBpPaLMOHHbIX PaboT, a TakKe OGHapy»KMBaTb
W YCTPaHATb HOBble HaTEUHble KOPbl Ha HauanbHbIX CTaAKAX X 06pa3oBaHUA.
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O. B. 3anuesa, M. B. BasynuH, A. A. lNywkapés, E. B. Bogacos
HawuoHanbHblil nccnegoBatenbckuit ToMckuin rocyAapCcTBeHHbIN YHUBepcuTeT, Poccua

TPEXMEPHOE CKAHVPOBAHWE M HASEMHAA
OOTOMPAMMETPUA: BO3MOXHOCTW 3D-OUNKCAL N
MOTPEBAJIbHbIX KOMMJIEKCOB IN SITU

1. BgeoeHue

B 2013-2014 ropgax B pa3HOTUMHbIX MorpebanbHbiXx Kommnekcax 3anagHon Cnbu-
py NPOBOAMINCH MOJSIEBbIE NCCIEAOBaHMA C NMPUMEHEHNEM COBPEMEHHbIX TEXHONOMNI
3D-dukcauum n 3D-HOKyMeHTUPOBaHMA NpoLiecca packonok. Hanbonee macwrabHble pa-
60Tbl 6bINIM NPOBEAEHBI B apXxeonornyeckom Komnnekce 3enénoiin Ap B AMano-HeHeukom
aBTOHOMHOM OKpYyre 1 TUM1PA3EBCKOM apXeosiornyeckom Komnnekce B Tomckon obnactu.

Llenblo npoekTa ABNANOCH NapannenbHoe NpMMeHeHne ABYyX TEXHONMOri npu none-
BOW duKcauum norpebeHnn — TpEXMEPHOro CKaHMPOBaHKA U Ha3eMHOW GpoTorpamMmmeTpum
C Uenblo JanbHelnLwero CpaBHUTENbHOrO aHanm3a NnoJiyyaemblx pe3ynbraToB. VM Ha ocHoBe
CKaHMPOBaHWA, U C NomMoLblo GoTorpammeTpumn 6binn NonyYeHbl BbICOKOTOYHbIE $HOTO-
peanucTnyHble TPEXMepHble Mogenun norpebeHunii. Mpu co3gaHnn Mmogeneit KOMMIeKCcoB
€ 0c060 CNOXHOW reomeTpuert Hbina UCNONb30BaHa TEXHOMOMA CKAHUPOBaHNA B KOMOU-
Hauum ¢ poTorpammeTpuen gnsA NonyyeHna OgHON NTOrOBOI TPEXMEPHOW MOZENN.

2. Memoduka ckaHuposaHus nozpebeHuli

B xone nccnenoBaHna BO3MOXKHOCTe duKcaLmm norpebeHmnin B nonesbix ycnosusax obinm
NpYMEHeHbI TPY pasHble moaenu ckaHepos: Creaform VIUscan, Creaform GoScan3D u Artec
Spider. MNockonbKy 06BbEKTblI MCCNeAOBaHNA pacronaraanucb B TPYAHOAOCTYMHbIX paioHaX,
BCe BblOpaHHble anAa paboTbl CKaHepbl YAOBNETBOPANN HeobxoanMbiM TpeboBaHMAM Nop-
TaTMBHOCTU M NIErKoCTU. Bce oHM NpedHa3Havyanucb gna ckaHMpoBaHNA NPeAMETOB B 3aTeM-
HEHHOM MoMeLLeHN, NOSTOMY BaXKHOWN TEXHWYECKON 0COBEHHOCTLIO NpY paboTe B ycnosu-
AX MONAPHOro AHA Ha MOrUibHMKe 3enéHbliii ip 6bina He0BXOANMOCTb U3rOTOBIIEHMA TEHTA,
MOJTHOCTbIO 3aKpPbIBaOLLEro NorpebeHre oT NPAMOro COTHEYHOTrO CBeTa.

PyuHoUli onmuyeckuli 6eckoHmakmHelili 3D-ckanep Creaform ViUscan.

Mpouecc ckaHMpoBaHMA B NMONEBbIX YCIOBUAX BbIrNALEN CeayoLwm o6pa3om: Ha nio-
Wwaam norpebeHna pasmeLlanncb crnelmanbHble NO3ULKMOHHbIE TOUKM, C MOMOLLbIO KOTO-
PbIX CKaHep OpVMEeHTUPOBANCA B NPOCTpaHcTae. [apannenbHo C 3TUM na3epHbIi NPOEKTOP,
BCTPOEHHbIN B CKaHep, NpoeLnpoBan Ha CKaHNpyemytlo NOBEPXHOCTb [Be neprneHAnKy-
NAPHbIE MINHUW. DTN INHUWN CYNTBIBANNCh KamepaMm CKaHepa 1 B pe3ynbTaTe KOMMNbloTep-
Ho 06paboTkn Npeobpa3oBbIBaNUCh B NOBEPXHOCTb. Bce 3Tn AelicTBUA OCyLLeCTBAANUCD
OHOBPEMEHHO B peXxuMe peasibHOro BpemeHun B nporpamme Creaform VXelements 2.1,
B KOTOPOW NPOM3BOAMICA BM3YaNibHbI KOHTPOJb CaMOro npouecca CKaHMPOBaHMWA U ero
nepBryHas 06paboTKa. [lanee nonyyeHHble faHHblE B BUAE TPUAHTYNALNOHHBIX CETOK UM-
noptupoBanucb B nporpammy Geomagic Design X, B KOTOPOW BbIMOMHANOCH CLUMBaHUE
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[AaHHbIX CETOK B €[IMHYI0 MOBEPXHOCTb M HaNloXeHne TeKCTyp. Ha nocnegHem sTane roTo-
BaA Mofenb norpebeHus umnopTupoanack B nporpammy Autodesk 3DS Max 15, B KoTo-
pol co3aaBanvcCb BUAEO- U CTEPEOPOTNKM.

PyuyHoUl onmuyeckuli 6eckoHmakmtuili 3D-ckanep Creaform GoScan3D.

B 2014 roagy npwv ¢pukcaumm norpebeHnin 6bin Takxe onpobosaH ckaHep Creaform GoS-
can3D, 0CHOBHbIM NPenMyLLECTBOM KOTOPOIO ABAAETCA MHAA TEXHONOMMA CbEMKM MOBEPX-
HOCTW. B oTnmume ot npeapigyLuero ckaHepa, rae NOBepPXHOCTb CTPOWIACh ABYMA NepreH-
OVNKYNAPHBIMU NUHUAMKU, GOScan NO3BOAET CHUMaTb NOBEPXHOCTb Cpa3y No Bcen ob6nactu
3axBaTta kamep (380 x 380 Mm), UTO 3HaUMTENIbHO YCKOPAET MPOLIECC CKAaHUPOBAHKA.

MNpouecc ckaHMPOBaHMA CXOX C NPeAblAyLen MOdeNblo: CKaHep OPUEHTUPYeTCA B Mpo-
CTPaHCTBE NO MO3ULMOHHBIM TOYKaM, PACNoNOXeHHbIM Ha 06beKTe, HO BMECTO fla3epHbIX
JNHWI Ha NOBEPXHOCTb 6eNibiM CBETOM MPOEKTOPa HAHOCUTCA OoNpefeneHHana MaTpumLa, Ko-
TOpas TakXe CYMTbIBaeTCA Yepes Kamepbl. HegocTaTok flaHHOMO CKaHepa 3aK/yaeTca B 4o-
CTaTOYHO HM3KOM pa3pelueHun — 0,5 mm. [Npu Takom paspeLLeHnn UTOroBom MoAeny Menkme
petanu (MeHee 1,5 Mm) He 6yayT oTob6paxeHbl. VIUscan no3BonsAeT 3axBaTblBaTb AeTanm pas-
MepoM He meHee 0,6 MM, OfHAKO BPeMs, 3aTpauyeHHOe Ha CKaHUPOBaHWe, byaeT yBennyeHo
B 4-5 pas.

PyuyHoUl onmuyveckuli 6eckoHmakmtelili 3D-ckaHep Artec Spider.

MNMonbiTKa ncnonb3oBaHUA ckaHepa Artec Spider B moneBbix ycnoBuAx gna ¢ukcaymm
norpebeHunin okasanacb HeyfauyHoMN, MOCKOJIbKY NPU CKaHMPOBAHMM JOCTAaTOYHO 60JbLLON
nnowaan norpebeHna BbIYNCINTENbHBIX MOLLHOCTE KoMMbtoTepa (HoyToyk HP Elitebook
8460p, Intel core i5 2,6 GHz, 16Gb RAM, Radeon HD 6470M 1Gb) He xBaTuo gna o6pabot-
K1 NOTOKa AaHHbIX. DTO MPUBENO K MaJeHNIo CKOPOCTH CbéMKM Jo 1-0,5 KagpoB B CEKyHAY,
He[oCTaTOYHOM ANnA PaboTbl B NONIEBLIX YCNOBUSAX.

3. llpumeHeHue pomozpammempuu npu hukcayuu nozpebeHuli

Ins co3paHus TPEXMEPHbIX MOAENEN apPXe0NorMuyecknx 0O6beKTOB C MOMOLLbIO TEXHO-
normn ¢poTorpaMmmeTpun cnewlmanbHoro obopynoBaHma He TpebyeTca. [locTaTouHo Ntobon
undposon nonynpodpeccnoHanbHom potokamepbl. Hamu ncnonbsosanca uudposon dpo-
Toannapat Nikon D700. TexHonorna cbémKn ana o6paboTkm metogom doTorpammeTpun
3HaUMTENbHO MpoLLe TPEXMEPHOrO CKaHUPOBaHUA: NPon3BoanTCA GoTocbEMKa 06beKTa
CO BCEX CTOPOH 1 Nog pasHbiMuy yrinamu. Grkcaumo HeobxoarMo NPov3BOANUTb TakiM 06-
pa3om, utobbl 30HbI poTorpadrpoBaHNA Ha KaxkaoM nocneayoleM CHUMKe nepeKkpbiBa-
nuncb He MeHee yeM Ha 70 %. B cpegHem ana durkcaumm ogHoro norpebeHmsa Heo6xoanumo
caenatb okono 40-60 cHumKoB. O6paboTka AaHHbIX BbIMOAHAETCA B pOTOrpammeTpurye-
CKOM nporpammHom nakeTe Agisoft PhotoScan. B nporpamme nponcxogut conoctasneHune
nonyuyeHHbix doTorpaduii, BbIABAAIOTCA O6LME TOUKN, N3MEPAIOTCA PAaCCTOAHNA U Yibl
MeXay HUMKW, Aanee C NOMOLLbIO CrielranbHbIX MaTeMaTUyYeCcKnX anroputMoB CO34aéTca
TpéxmepHasa NMOBEPXHOCTb, M Ha Heé HaKnafblBaeTca TeKkCTypa. Ha nonyyaemown Tpéxmep-
HOI MOAeNV MO OMOPHbIM TOUKaM 3aaéTcAa MaclTab, fanee BO3IMOXKHbI oOble AOMNOSTHU-
TesIbHble N3MepPeHNA, He CHATbIE B Mone.

4. Obcyx0eHue pe3yslbmamos

Pa6oTbl no 3D-dpuKcauuy B NoNeBbIX YCNOBUAX MPOBOANINCD AMA FPYHTOBbIX U HAa3eM-
HbIX MOrpebeHnn PasNNYHONM COXPAHHOCTM: OT OCTaTKOB KOCTHOrO TiieHa A0 4acTUYHO
MYMUPULIMPOBAHHBIX MArKMX TKaHel. O6e TEXHONOMN — CKaHUPOBaHue 1 GpoTorpaMmmeTt-
puA — NO3BONAIOT CO34aBaTh BbICOKOTOUHbIE GOTOPEANUCTUYHbIE TPEXMEPHbIE MOAENN UC-
cneflyeMbix norpebeHuni.
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MonyyeHHble C MOMOLLbIO CKAHEPOB MOZENWN UMENN Cliefylollee paspeLlleHne: ANA cKa-
Hepa Creaform VIUscan - 0,2 mm, ana Creaform GoScan3D - 0,5 mm. PaspelieHne mopae-
new, NoNyYeHHbIX C MOMOLLbIO POTOrpPaMMeTpurm, — 3 MM, MPX STOM OHO 6bINO BbIOPAHO Kak
ONTMMasibHOEe AN1A CO3AaHUs 06X NIAHOB. TexHoNorna GpoTorpaMmmeTpUn TEOPETUYECKN
MO3BOSET NOJIyYaTb MOZENUN 1 C 6OJIee BbICOKUM Pa3peLLEHNEM.

HecoMHeHHbIMN NpenmyliecTBaMn poTorpammeTpumn npu Grkcauum norpebeHnin Ha
CErogHsALIHeM dTarne pa3BUTUA TEXHONOMUN SBNAIOTCS:

— OTCYTCTBME HeobXoAMMOCTY NOKYNKM AoporocTosulero obopyanosaHusa. MNporpamm-
Hoe obecneueHne ana GoTorpaMMeTpUn CTOUT B HECKOJbKO Pas AelueBsie NPorpaMmmHOro
obecneyeHuns ana o6paboTKM faHHbIX CKaHUpoBaHMsA (6onee Toro, cylecTyoT U 6ecnnat-
Hble NakeTbl A4ns 06paboTKM faHHbIX doTorpammeTpun, Hanpumep, Autodesk 123D Catch);

- 6onee onepaTuBHas 1 NpocTas GpuKcayus.

B cnyyae cTpororo cobnogeHus Bcex HeobxoAnMbIX YCI0BUN GpoTorpammeTpryeckoi
drKcauun: KannbpoBKN N KOPPEKTHbIX HACTPOEK KaMepbl, NPaBUIIbHOro BblGopa CLEeHa-
puya CbEMKIM (MONOXKEHNE U OPUEHTUPOBKA Kamepbl, War ¢prukcaumm 1 T. A.) BO3MOXKHO Mo-
NnyyeHne MoJeNel CTONb e BbICOKOMO pa3peLleHis, Kak U Npu CKaHUPOBaHUN.

B HeKkoTOpbIX CllyYasnx LienecoobpasHo NCNob30BaTb KOMOMHMPOBAHHDIV CNOCO6 GUK-
cauumn, Hanpumep, B NorpebeHnax oueHb CJIOXKHOW reoMeTpuyeckon Gopmbl, C Heobxoau-
MOCTbIO CKaHMPOBaHWNA feTaNleil OQHOBPEMEHHO Ha Pa3HbIX BbICOTHbIX YPOBHSAX. B cnyyae
C norpebeHnem B NofKe KOHCTPYKTMBHbIE A€TaNM Pa3HOM COXPAHHOCTU HaXOAMNCb Ha
pa3HbIX YPOBHSAX, ¥ CKAHMPOBaHVEe BCel NOBEPXHOCTN ObIIO 3aTpyAHEeHO. HekoTopble me-
CTa NpaKTUYeCKN HefJoCTYNHbI Ana paboTbl co ckaHepoM. [NosTomy ana drkcauum obuyero
nnaHa 6bina NpYMeHeHa TEXHONOrA GOTOrpamMmmMeTpurK, a Hanbonee BaXkHble MeNKWe aeTa-
N1, KoTopble pacnonaranucb Ha gHe norpebeHus, 6binM OTCKaHMPOBaHbI B BbICOKOM pas-
peweHuun. lanee Bce mofenu 66111 NpuBeeHbl B e4MHYI0 CUCTEMY KOOPAMHAT, U B pe3ysib-
TaTe nony4yeHa ofiHa, oTobparkatoLas B LLENOM BCIO CJIOXHYI0 dopmy norpebeHus, c bonee
JeTaNbHbIMWN BaXKHbIMU 3l1IEMEHTaMM.

Kak roBopunoco Bbille, paboTbl BENUCb B HAa3eMHbIX U FPYHTOBbIX norpebeHusax. Mo-
HATHO, YTO B CJlyYae 3aXOPOHEHU B NoA6osAX U KaTakombax Heob6XoAMMO NpUMeHeHue
WHOW MeToAMKU. B 3Tux ciyyaax onTMmasbHbIM BapuaHTom 3D-durkcauum 6ynet ABnATbCA
CKaHMPOBaHWe, TaK Kak Ans ¢oTorpaMmmeTpun noTpebyeTtca co3fgaHne BHYTpU norpebeHmin
NCKYCCTBEHHOIO OCBELLEHUSA, @ CaM CLiEHapUin CbEMKU OyLeT BeCbMa 3aTPYAHUTESbHbIM.

5. 3aknroueHue

MockonbKy GpoTOrpaMMeTPUYECKNIA METOA He TPebyeT HUKaKMX CePbE3HbIX MaTepurasb-
HbIX 3aTpaT M JOCTAaTOYHO MPOCT B OCBOEHUM, MOXHO OXuaaTb nepexoq K 3D-¢ukcaumn
1 BU3yanu3auun pesynbTaToB apXeonormyeckmnx packonok UMeHHO Ha OCHOBe 3TON Tex-
Honoruu. icnonb3oBaHune poTorpaMMeTprm NO3BOMUT 3HAUNTENIbHO MNOBbLICUTb ONEepaTUB-
HOCTb M TOYHOCTb CYLLLECTBYIOLLEN NPAKTMKN apXeonornyeckon pukcaymm.

Bce monenu norpebeHuin, cienaHHble B XOAe NPOEKTa, AOCTYMHbI Ha canTe artefact.tsu.ru.

6. brnazooapHocmu

PaboTa BbinosiHeHa B pamkax NpoekTa «Yenosek B MeHsAwemca mupe. Mpobnembl
NMOEHTUYHOCTU U COLMAnbHOWM agantauun B UCTOPUN N COBPEMEHHOCTU» (rpaHT MpaBu-
TenbctBa PO 220 N2 14.B.25.31.0009).



PEKOHCTPYKLIUW U BUSYANTU3ALINU
B BUPTYAJIbHOM NMPOCTPAHCTBE

RECONSTRUCTIONS
AND VISUALIZATION IN VIRTUAL SPACE

. A. KapenuH
MockoBcKuii apxuTeKTypHblid MHCTUTYT ([0CyAapCcTBeHHaA akagemua), Poccua

PEKOHCTPYKLUWW
NO3AHEPUMCKWX KPEMOCTEW B ETUMTE:
MPUMEPbI, MPOBJTEMbl N OCOBEHHOCTW

BsedeHue

OCHOBHOM Uenblo nccnefoBaHnA ABMAETCA CO34aHNE PEKOHCTPYKUUA HECKONbKUX
NMaMATHUKOB MO3HEPUMCKOI apXMTEKTYpbl B ErnnTe, Ubu apXUTEKTYpPHbIE YepTbl HaMbo-
nee HarnAgHbl UAK HaobopoT cneunduyHbl. B gaHHOW cTaTbe NpefCcTaBneHbl HEKOTOPbIE
npumepbl.

KomnbloTepHble PEKOHCTPYKLUMN MOTYT CIY>KUTb HECKOJIbKMM 3aayvyamM B MICTOPUKO-ap-
XUTEKTYPHOW HayKe. Bo-nepBbIx, OHM HEOOXOAUMBI ANA UNNOCTPALUKN Pe3ynbTaToB apXu-
TEKTYPHbIX 1M apXeoslorMyecknx nccnefoBaHun. Bo-BTOpbIX, OHW Ciy>KaT MHCTPYMEHTOM
BepudrKaLUN NPUHATLIX PELIEHN B NpoLecce Co3haHNA PEKOHCTPYKUUIA NaMATHUKOB
N UX N3yYeHuns.

B coBpemeHHOW poccuinckon nctoprorpadpuy pacnpocTpaHeHa ToYka 3peHnsa O Ho-
BM3HE BUPTYalbHbIX PEKOHCTPYKLMIA: B 3aMaiHOWM HayKe OHW NOJTyYnIn pacnpocTpaHeHne
€ 90-x rogoB XX BeKa, a B pOCCUNCKON — nuwb ¢ Hayana XXI Beka (PymaHues n gp. 2011.
C. 62-63; Xepebatbe 2013. C. 3-8). 3TO BEPHO NMLLb OTYACTU. HECMOTpPA Ha TO UTO HO-
Bble KOMMbIOTEPHbIE TEXHOMOIMY B HACTOALLMNIN MOMEHT Y>Ke BHEC/IN CYLLeCTBEHHbIE U3Me-
HeHunA B MmeTogonoruto apxeonoruun (Hookk 2013; yk 2014), gna co3gaHuAa BUPTYasbHbIX
3D-peKOHCTPYKLMIA KOMMbIOTEP ABNAETCA BCErO NMLLb UHCTPYMEHTOM BOM/OLEeHUA (NpaB-
[a, fAoWUM YH/KaNbHble BO3MOXHOCTY). MeTogmKa e, 6asmpytlowanca Ha npuHUmunax
NCTOPUKO-apXMTEKTYPHOrO aHanu3a, 6bina co3gaHa 3alonro Ao PacnpoCTPaHEHUA KOM-
MblOTEPHbIX TeEXHONOTUIN. Ha npoTaxeHun Bcero XX Beka akTUBHO NPaKTMKOBaNoCh co3fa-
HMe Hay4YHbIX PEKOHCTPYKLMIA B pyUYHO rpadurke. MeToanka Hay4yHOW aprymeHTaumnm pe-
KOHCTPYKLUUI NPaKTUYECKN He OTAIMYAETCA B 3aBUCUMOCTY OT UHCTPYMEHTA NUCMOJTHEHNSA.
B kauecTBe npMMepoB MOXHO NMPUBECTUN Be/MKOMENHbIE aKBapesbHble PEKOHCTPYKLMK
K.-K. ToneeHa (Charron et al. 2011) n 6nectawme NMHeNnHble pekoHCTPyKumm L. TnbcoH
(A catalogue... 1991), KOTOPbIMU UNNOCTPUPOBAHO HEMASIO KHUT MO apXe0aorumn 1 cTopumn
apxuTekTypbl 1960-x rogos. B MAPXW B cepeanHe XX Beka 6bls10 OTKPbITO HayYHOe U 06-
pa3oBaTeNibHOe HanpaBfieHNe MO CO3[aHNI0 PEKOHCTPYKLUUN NaMATHUKOB apXUTEKTYPbI,
nepBoOHayaNbHO B BUEe MaKeTOB, B HacTosALLee Bpems — B Buge LndpoBbIX PEKOHCTPYKL M
(KnnmeHko, KnumeHko 2011). Kpome TOro, B pOCCUNCKON pecTaBpaLiOHHON NpaKkTuUKe Bce
NPOEKTbI COMPOBOXKAATCA PEKOHCTPYKUMAMM (B HacToALLee BPpemMsa B OCHOBHOM LUPpo-
BbIMM), HO Pe3ynbTaTbl, K COXKaNeHMo, KpaHe pefKo Ny6nuKyoTcs.

B uccnepoBaHun npepcTaBneHbl TPEXMEPHbIE PEKOHCTPYKUMK McCrefyemblX Kpeno-
CTel 1 Ha UX NprYMepe PacCMOTPEHbI APXUTEKTYPHbIE 0COBEHHOCTM MO3QHEPUMCKOW BO-
€HHOW apXnTeKTypbl B ErMnTte, namATHUKIM KOTOPOW Nyylle coxpaHunncb, obnaganu 6onee
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Pnc. 1.

AKcoHOMeTpUA Xxpama KynbTa pUMCKOro umnepartopa B Jlykcope (PekoHCTpyKuua
aBTopa. MogenupoBaHue, peHaep 1 noctobpaboTka aBTopa n M. A. KapenuHon)
Pnc. 2.

NHTepbep xpama KynbTa pyMcKoro nmnepatopa B Jlykcope (PeKoHCTpyKLMA aBTOpa.
Bu3syanusauus aBTopa u M. A. KapenunHoii)

Puc. 3.
AkcoHomeTpua Kpenoctu B Har anb-Xarap (pekoHCTpyKuuA aBTopa)

pa3HoOOpa3HON TUMONOrMEN 1 CIOKHBIMW APXUTEKTYPHbIMY YepTamu, B OTAIMUME OT paH-
HUX GOPTUPMKALMOHHBIX coopyeHun (KapenuH 2011b. C. 16). PaboTa 0CHOBbIBAETCSA Ha
TPEX aBTOPCKMNX PEKOHCTPYKLMAX: Xpama KyJibTa PUMCKOro nmnepaTtopa B KpenocTu B Jyk-
cope (Kapenun 2014, Karelin 2015) n no3gHepuMcknx KpenocTei B Har anb-Xarape (Kape-
nuH 2011a) n Auonucnace (KapenvH u gp. 2015).

Xpam kynema pumckozo umnepamopa 8 Jlykcope

Xpam KynbTa PUMCKOro nMneparopa HaxoAuncsa BHYTPU KPemnocTu, MOCTPOEHHOW BO-
Kpyr ApeBHero xpama B Jlykcope, 1 npefcTtaBnan cobor obpasew, xpama 3Toro Kynbra B -
OKNeTnaHOBCKOW principia. [locnefHAA, HECMOTPA Ha NCMOJMIb30BaHMe pUMIAHaMK ANna eé
CO3[aHMA NPOCTPAHCTB APEBHEETMMNETCKOro Xpama, Mena BCe NIaHNPOBOYHbIE S1IeMeHTbI
1 YepTbl, Npucywme principia py6exa lll n IV BekoB: gBop, 6a3nnunky, Kanenny n pag Bcno-
MoraTenbHbIx nomelyeHmnii (EI-Saghir et al. 1986. P. 25, 31), a TakXke MOHYMEHTanbHble BXOAbl
BO ABOP U 13 ABopa B 6a3mnuky (KapenuH 2014. C. 6-7). OgHaKo 3TOT NaMATHUK MOKa3bl-
BaeT NCKIIIOUMTENbHBIA NPUMeEpP CoeIHEHNA YepT APEBHEErnneTCKon U PUMCKON KyJb-
TYp B principia c xpaMom KynbTa pUMCKOro nmnepartopa. B cospemeHHomn ncropmorpadun
CyllecTByeT HeMano rmnoTes, NpeanonaraloLmx TECHYI0 CBA3b MeXAy KySIbTOM PUMCKOTO
nMnepatopa u Kynbtom papaoHa, KOTOPbIN, NPeANON0KUTENbHO, OTNPABAANCA B MePBOM
BecTublone gpesHeernnetckoro xpama (Bell 1985). Hanbonee nogpo6Ho ncropuorpadusa
Bonpoca usnoxeHa B kKHure [. Knotua (Klotz 2012. P. 376-379). NpeactaBnaeTca, 4To Ta-
Kne M3MEHeHUA apXUTEKTYPHbIX YepT APeBHEro Xxpama, Kak yCTaHOBKa nepep KOJIOHHa-
MU TMMOCTUIIbHOTO 3aJ1a CTaTyl TETPAPXOB, a TaKXe PAQ APYIrvX nepecTtpoek, BHECEHHbIX
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Puc. 4.
AKkcoHomeTpuA ABopLa B KpenocTy B Har anb-Xarap (pekoHCTpyKLusA aBTopa)

pUMIAHaMn B NNaHUPOBKY APEBHEro Xpama, CBUAETENbCTBYIOT, C OAHOI CTOPOHbI, O BO3-
MOXHOM KCMONb30BaHNM HEKOTOPbIX 6oNiee paHHUX XPaMOB KyfbTa PUMCKOro MMnepa-
Topa Ha bauxkHem BocToke B KauecTBe NPOTOTUMNOB A/1A XpamMa 3TOro Kynbta B Jlykcope,
a C Apyrom — 0 CnefjoBaHUN apXUTEKTOPAMM XpamMa PAAY NPUHLMMNOB APeBHEEernneTckom
apxuTekTypbl (Karelin 2015).

Kpenocme 8 Hae sne-Xazap

KpenocTb B Har anb-Xarap Haxogunach toxHee Jlykcopa, pagom ¢ Kom Om60. BepoaT-
HO, 3TO popTUPMKALMOHHOE COOPY»KEHME BbINO NOCTPOEHO BO BpeMeHa npasneHusa uo-
KnetmaHa. OHa 6bina nccnegoBaHa HECKONbKMMM apXeosiorMyecKnmm akcneguumamm (cm.,
Hanpumep: Wareth, Zignani 1992; Mackensen 2006; Mackensen 2009; Franke 2013). Co-
XPaHMBLUNECA crefbl MOKa3bIBaloT, YTO 3Ta KPENoCTb, HapAaay ¢ popTUPMKauNoHHbIMUK CO-
opyxeHuamun B Jlykcope 1 BaBunoHe, aBnanacb o6pasLom No3gHeprMMCKON KpenocTu ans
noneson apmnn B Erunte. OgHaKo eé apxnTekTypa nmesna Kak MUHUMYM [IBE YHMKaNbHble
YyepTbl. Bo-nepBbix, BHYyTPU COXPaHUINCb cnefbl NO34HeaHTUYHOro ABOpLUa, NpefHa3Ha-
uaBLleroca ans dykca unu npesuda nposuHUuUM OGuBanga unm faxe ana nmnepartopa Au-
oKJlieTaHa Bo BpeMs ero npeboiBaHus B Ervnte. OCO6EHHOCTM apXUTEKTYpbl 3TOro ABOP-
Lia POAHAT ero C TUMUYHbIM 1A NO34HEN aHTUYHOCTM TMMOM 60raToro Xmnuia ¢ AByma
ancuaanbHbIMY 3anamu — AN NPUEMA KITMEHTOB 1 NapaiHOM CTONIOBOW ANA TUTYNIOBaHHbIX
rocten (Kapenutn 2011a. C. 13-16). Bo-BTOpPbIX, pe3ynbTaTbl NOCAEAHUX NCCIedOBaHNI ap-
XeO0JI0roB (He oTpa)KEéHHbIe B MOel PeKOHCTPYKL MM, BbinonHeHHoN B 2011 rogy) nokasanw,
YTO KpPenocTb UMesa KpaliHe HeobblUHYt0 principia c BOCbMWUYTofIbHOW B MlaHe Kanension
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Puc. 5.

AKcoHOMeTpUA pUMCKOW KpenocTtu B iuoHncunace (pekoHcTpykuua [. A. KapenuHa,
T. N. utnenesoin, M. A. KapenuHolii; Busyanunsauua M. A. KapenuHoi)

Puc. 6.

Principia v via praetoria kpenoctu B [JnoHncmace. Bug ot BOpoT (peKoHCTpyKLmMA

0. A. KapenuHa, T. V1. XKutneneson, M. A. KapennHown; Bu3yanusaums

M. A. KapenuHoii)
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(Franke 2013). Hu aBTOp, HN apxeonoruy, Halweawwne 3Ty principia, He 3HaT NPUMEpPOB
BOCbMUYToJibHbIX B MiaHe kanenn (Franke 2013. P. 461), ogHaKo apXUTeKTypHble napan-
Nenn MOXHO HalTW cpean MMNEPATOPCKNX ABOPLIOB, BUJT, MAaB30J1EEB U OOLLECTBEHHbIX
3aHNN.

Kpenocme 8 [JuoHucuace

Kpenoctb B [lnoHMcKnace 6biia pacnonoxeHa pAaoOM C KpYrnHbIM rOpoAoM Ha nepe-
ceyeHuM Toproebix nyTen B oasuce Qatom. BepoAaTHO, oHa TakKe 6blna OCHOBaHa Mpwu
OunokneTnaHe. KpenocTb 6bi1a nogpobHo nccnenoBaHa B KoHue 1940-x rofoB GppaHLys-
CKo-LWBenuUapckon skcneauumenn (Qasr-Qartn 1969). 310 dopTndMKaLMOHHOE COOPYXe-
HUe MpeAcTaBfAeT B MfaHe NPsSMOYrofibHUK, AJIMHA KOTOPOro NpubnnsmTenbHO paBHa
83 m, a wnpuHa — 70 M. B ceBepHoI CTeHe pacnonaranncb eAMHCTBEHHbIE BOPOTA, OT KOTO-
pbIX Ha or Jo principia c Kanennow wna obpamnéHHasa KoNoHHagamu via praetoria. Princi-
pia npeacTaBnana cob6oii 0Co6eHHbIN TN NOJOOHOrO COOPYKEHMWA B MarieHbKOI KPenocTu
C ype3aHHbIM Habopom nomelleHniA, 6e3 rnaBHOro ABopa 1 NONHOLEHHOWN 6a3nnuku, Ho
C 3aMeHsoLLel Nx 06pamNEHHONM KONIOHHaaamMu ynuuen nepeg kanennon (KapenuH v gp.
2015.C. 9-16, puc. 7-8). CnpaBa OT via praetoria y 10>kHOW CTeHbl pacrnonaranca praetorium.
Yrnosble 6alwHN 1 ogHa 13 GalleH BAONb CTeH ObiNn KBagpaTHbIMU B MaHe, OCTaslbHble,
BK/oYaa GpnaHKMpytowme BopoTa, H6b1IM NogKoBooOpasHbiMU. VI3HYTpK K cTeHam Obiniu
NPUCTPOEHbI Pa3Hble NOMELLEHMSA, NPEMYLLECTBEHHO Ka3apMbl.

3aknyeHue

MpeacTaBnAeTCA, YTO BbIMNOSIHEHHbIE PEKOHCTPYKLMM NO3BONWIIM NOKa3aTb, Kak MOrn
BbIrNALETb UCCefyemMble KPenocTu 1 MOCNoCcoBCTBOBANM U3YUYEHNIO apXUTEKTYPHbBIX YepT
no3aHeaHTUUYHOro BOEHHOIO 3044ecTBa PUMAAH. [naHMpyeTca NpofoNKnUTb PaboTy B He-
CKONbKUX HanpasrieHusax. Bo-nepBblx, NpeanonaraeTca co3gaHne pekKoHCTPYKUUA B pam-
KaxX M3yyeHusi No3gHepUMCKUX KpernocTell B ErmnTte Ha npumepe Kakon-nnbo HebosnbLuoi
KpenocTtu IV-V BeKoB 13 0a3uca Xapra u KpenocTel Ajsa noneson apmumn (Hanprumep, na-
reps B Jlykcope 1 KpenocTtu BaBmnoH). Bo-BTopbix, BeAETCA paboTa Mo U3yUeHWIo apXUTeK-
TYPHbIX 3/IEMEHTOB, NPUCYLLMX M3yyaeMblM NaMATHMKAM, CONPOBOXAAOLAACA MONCKOM
MaKCMMasibHOro KOMYeCcTBa BO3MOXKHbIX aHanorunin. Pesynstatom faHHOM paboTbl 4OMKEH
CTaTb CBOEOOPA3HbIN «CNOBaPb» aPXUTEKTYPHbBIX S/1IEMEHTOB 1 MIAaHUPOBOYHbBIX PeLLIEeHNIA
4NA N3yYeHna pUMCKNX Kpenocten B ErmnTe. HakoHew, cnctematmsauma apxXUTeKTYPHbIX
ocobeHHOCTel No3aHeaHTUYHbIX KpenocTen B ErmnTte npeanonaraeT otaensHoe 0606La-
loLlee nccnefoBaHme.

bnazooapHocmu

JlaHHaA cTaTbA ABAAeTCA YacTbio NpoekTa PTH® 14-34-01215 «Ocob6eHHOCTN apXuTeK-
Typbl NO3QHEPUMCKNX KpenocTel B ErvnTe», B TO Bpems Kak ncciegoBaHue aHTUYHOM op-
LEePHON apXUTEKTYpPbl HEKOTOPbIX MaMATHUKOB (ABOpUa B Har anb-Xarap 1 xpamoB KyJbTa
pumckoro nmnepatopa B Jlykcope n [InoHncunace) peanmsyerca B pamkax npoekTta PH® 14-
18-01601 «[lpowwnoe 1 byayliee KNacCUYECKON apXUTEKTYPbI» B MOCKOBCKOM apXUTEKTYp-
HOM nHcTUTyTe (focyaapcTBeHHOM akagemmum).
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PORTA AUREA IN RAVENNA:
A DIGITAL HYPOTHETICAL RECONSTRUCTION

1. Introduction

In the last few years thanks to the developments in the field of computer visualization
we insisted on a widely diffused use of 3D modelling and virtual reconstructions as a vi-
sualization tool for documentation and analysis of archaeological evidence (Pollini et al.
2005).

New technologies in cultural heritage documentation, analysis and interpretation of
archaeological artefacts show lots of methodological and theoretical problems concerned
with interpretation and representation based on a variety of different sources and their
analytic study with a multidisciplinary approach (Dell’'Unto et al. 2013).

This case study is focused on theoretical and analytical study of virtual reconstruction
practice of architectural heritage no longer existing and partially documented and on ex-
ploration of a methodological approach to displaying the data-processing behind the 3D
modelling (Apollonio et al. 2013a).

The goal is to define a workflow based on the analysis of the existing sources as dispa-
rate as historic documentation, different techniques of surveying archaeological fragments
and their 3D representation (Stefani et al. 2011) in order to validate the modelling process
and to facilitate the exchange of information and collaboration between experts in various
disciplines (Munster 2013).

In this paper we report a study related to the virtual reconstruction of Porta Aurea in
Ravenna, in order to make understandable the workflow based on drawings, sketches and
old survey, implemented by digital technologies survey, identifying different levels of un-
certainty by the use of a gradient colour scale (Apollonio et al. 2013b).

2. Case study: Porta Aurea in Ravenna

Porta Aurea is a Roman gate situated on the south-west of the city walls of Ravenna.

Built in the first half of the 1st century BC the gate is contemporaneous with the city
walls constructed at the behest of the Emperor Tiberio Claudio.

Extant nowadays are only the ruins of two round towers that probably bordered Porta
Aurea.

The archaeological excavations, carried out between 1906 and 1908, brought to light
not only the foundations of the two round towers but also some architectural fragments
that are preserved in the Archaeological Museum of Ravenna and give us an idea of the
majesty of the ancient Roman gate.
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Fig. 1.
Samples of architectural drawings and sketches of Porta Aurea

Porta Aurea is described as a double-fronted structure characterized, on the front fagade,
by a double archway with pointed arches, each framed by two half-columns with Corinthi-
an capitals supporting the entablature and pediment. On both sides, always within half-col-
umns, there are niches topped with medallions. On the back side the half-columns are re-
placed by lesenas (pilasters), each supporting the entablature.

The proposed virtual reconstruction is based on combining the reality-based survey of
some archaeological findings - used as reference elements - with a wide selection of histor-
ical sources (architectural drawings, sketches and ancient survey drawings from the 13th
century up to the middle of the 20th century) in order to formulate reliable hypotheses relat-
ed to the representation and visualization of different architectural elements (characterized
by a defined level of uncertainty).

2.1 Sources: architectural drawings and sketches

In the 16th century relevant drawings and sketches were widely produced, mostly by
such famous architects as Andrea Palladio, Pirro Ligorio and G.B. da Sangallo but also by
anonymous authors (Tosi 1986).

In 1526 G. B. da Sangallo recorded the ancient entrance to the city. This drawing (Uffizi
Gallery, Florence, Arch. 2057) shows us the front facade, a plan and some sketches of orna-
mental details. The author mentions that Porta Aurea’s basements were under water and the
unit he used was the Roman foot (about 29. 6 cm).

Some years later, during his trips to Rome in 1544, Andrea Palladio drew the gate. The
drawing is now part of RIBA Library Archives Collection in London (Ref. No. RIBA31821:
SC220/XI11/12r; Ref. No. RIBA31822: SC220/XIl/12v). The folio, its both sides, clearly records the
two facades and the plan. The architectural elements and ornamental details are based on
the piede vicentino unit (about 35.7 cm), documenting the architect’s first-hand knowledge
of the monument (Zorzi 1958).

Probably edited a few years later, there is another drawing, also made by Palladio, stored
at the Museum of Vicenza (Inv. D-31), which shows the gate in a romantic way and represents
only the front side facing the city.
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Fig. 2.
Porta Aurea, data analysis and modelling pipeline

Another important document is a sketch stored at the Museumslandschaft Hessen Kassel
(Fol. 45, Inv. Nr. GS 9638). This sketch is part of the Kassel Code, a fragmentary book of draw-
ings edited by an unknown author.

Porta Aurea is depicted there as a gate incorporated in a city building, like Porta Borsari in
Verona. A special feature of this representation, even though devoid of any measurements,
is the deliberate intention to record not only the monument but also its urban context (Nes-
selrath 2002).

Of uncertain date are two other drawings from the Kassel Code. The author is an artist
known as Anonymous Berlin. These drawings (Hdz. 1245 r/v, Hdz. 1246 r/v) kept in the Kun-
stbibliothek - Staatliche Museen zu Berlin represent carefully measured architectural details.
The anonymous artist provides us with a lot of important information on the measurements
of the architectural details using a unit which he explains in the drawing itself.

In Volume XV 0f “Roman Antiquities” (Fogli 14 verso, 15 recto e verso, 16 verso), Pirro
Ligorio talks about the city of Ravenna, giving an accurate description of the gate with some
drawings supplied with measurements: a perspective view of the front facade (fol. 14v -
fol. 15r), a plan and back facade (fol.15v). The author suggests the typical Roman gate was
a four-sided structure. This hypothesis has not been verified in any way, and could be investi-
gated only through a new campaign of excavations at the city walls.

Ligorio’s can be considered the last direct record of the monument because in 1582 Porta
Aurea was completely demolished.
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Fig. 3.
Porta Aurea, 3D modelling reconstructive conjecture uncertainty map

2.2 Surveying the data

The survey involved two phases of work with Leica C10 laser scanning.

The first one was done inside the National Museum of Ravenna which stores lots of
architectural fragments, probably referred to Porta Aurea. In parallel with this survey cam-
paign it was necessary to carry out classification and cataloguing of all marble fragments
through the cross-sectional study of the Photographic and Inventory Archives of the Su-
perintendence for Architectural Heritage and Landscape of Ravenna (SBAP-Ra). This anal-
ysis, completed by the comparison with the historical documents, permitted to identify
fragments that are to be considered for sure as part of Porta Aurea and that were involved
in the process of virtual anastylosis.

The second campaign of survey was concerned with the evidence of the foundations of
the two round towers on the city walls. The results were compared with the data of the exca-
vation report, done between 1906 and 1908, and used to check the overall size of Porta Aurea.

3. The 3D modelling process and virtual reconstruction

The virtual 3D reconstruction of Porta Aurea demonstrates the necessity to make ex-
plicit the link between the evidence and its interpretation, due to an overabundance of
conflicting or lacking data. Even if the most of the elements are recognizable, there are
differences between depictions of architectural and ornamental details in different draw-
ings as well as measure units used by the artists. Palladio gives us an idea of what the back
facade looked like, while in other drawings this can only be deduced from the plan.
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The modelling procedure was based on different levels of interpretation, characterized
by a progressively increasing level of uncertainty, through a gradient colour code (Apollo-
nio et al. 2013b), where the first level involves a 3D reconstruction based on the documents
related to the original project or perhaps first-hand knowledge of the artists and the last is
completely devoid of any reference.

Conclusions

This case study, involving some fundamental problems related to the definition of recon-
structive hypotheses, has been used as an inductive test able to verify the assumptions used
during the reconstruction pipeline. The digital model based on the gradient colour code
is a valuable documentation of different possible interpretations related to every singular
architectural element.

The experience gained in the case study shows how the encoded system is adopted;
although adequate to give a clear answer to the problem and plain representation of the
level of uncertainty, it still needs to be implemented by a suitable metadata system (Ku-
roczynski et al. 2015) able to reconstruct the document and cognitive framework of refer-
ences.
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C. B. baxBanos, ®. C. MankoB
UpHUTY, Poccua

O CO3AHNN BUPTYAJTbHbIX SKCMO3NLN
APXEOJIOTMYECKOIO MATEPUATIA

B nabopatopuu apxeonoruu, Nasneo3KoNorMm 1 CUCTEM XKN3HeeATeNIbHOCTM HAapOAOB
CeepHoi Az HA Upl TY (nanee — nabopatopusi apxeonorum Npl'TY) c 2012 roga HauaTbl
paboTbl MO TPEXMEPHOMY CKaHUPOBaHUIO apxeonornyeckoro matepuana (Mankos 2013a.
C. 37-39). lMocne HaKoMneHUA HEKOTOPOro KonmyecTBa mMatepuanoB 3D-ckaHMpoBaHuWA
B nabopatopuu apxeonorumn Upl' TY ctan o6cyxaaTbCsA BONPOC O BO3MOXKHOCTUN X Ny6nu-
Kauuu B MIHTepHeTe 1 npegocTaBneHna 4oCTyna K HUM Apyrum nccnegosatenam. [nda pe-
WweHuA 3Tor npobnembl B 2013 rogy Ha Kadeape aBTOMaTM3UPOBAHHbIX cmcTeM MIHCTUTYTa
KnbepHetnkn Npl'TY 6biia HauaTta paboTa no co3gaHmio MHGOPMALIMOHHOW CUCTEMDI A
nybnukauum apxeonornyeckoro Mmatepuana (Mankos 20136. C. 183; Mankos 2014a. C. 31).

OrpaHnYyeHHOCTb GDMHAHCOBbIX PECYpPCOB apXxeosiormyeckux nabopatopuin, Kak npasu-
N0, He NO3BONAET BHeAPATb CNOXHble MHPOPMALIMOHHbIE cUCTEMbl U obecneuynBaTb aa-
MUHUCTPUPOBAHKE U NMOAAEPHKKY STUX CUCTEM B paboyem COCTOAHMN, B CBA3M C YeM Ans
peanusauny MHGOPMALMOHHON CUCTEMbI ObINO peLLeHO NCMOMb30BaTb TOMIbKO OTKPbITbIE
1 6ecnnatHble TexHonormu. ApxntekTypa MHGOPMaLMOHHOW CUCTEMbI JONIXKHA CTPOUTLCA
Ha MOAY/IbHOM MPUHLUME, @ ANA YnpoLleHna paboTbl C Hell Heo6xoAMMO TONIbKO Hannune
WNHTepHeTa 1 Beb-6pay3epa. TakxKe AomKHa ObITb NpeayCcMOTpeHa BO3MOXKHOCTb KCMOPTa
3KCno3numi B odp-naH pexkum, Hanprmep, AN1A NCNONIb30BaHNA B INEKTPOHHbIX KMOCKaX.

AHanms cneundunkm paboTbl nabopatopuu apxeonorum Upl' TY, umetownxca B eé pacrnops-
MeHVK nnowagen ana pasmeLLeHa apXeoormyeckrx HaXoAoK, a Tak»Ke CJTIOKHOCTb Mosyye-
HMA JOCTYMNa NOCETUTENAM ANA NPOCMOTPa MaTepuranoB 3acTaBAeT 3a4yMaTbCA O BO3MOXK-
HOM NpUMeHeHM NHGOPMAaLIMOHHbIX TexHonoruniA. OanH U3 BapuaHToOB — pa3paboTka moayna
€O3[aHuA 1 NPOBeAeHVA BUPTYabHbIX SKCNO3NLIMIA B paMKax pa3pabaTbiBaeMoi CUCTEMbI.

Mpn pa3paboTke TEXHMYECKOrO 3afaHnA Ha peanu3auuio Moaynsa Obinn yyTeHbl Tex-
HUYeCKMe pekoMeHAauumn MUHUCTePCTBa KynbTypbl PO (TexHuyeckne pekomeHgaumm...),
a TaKXe NpOoaHanu3npoBaHbl MMEIOLMEeCA peLeHUsa No peanv3aumm SKCno3uyun (Typos).
Hanpumep, caiit npoekta Smithsoian X 3D (http://3d.si.edu/tour-browser), Ha KoTopom ny-
6nukytoTca 3D-monenu v BUpPTYyasibHble TYpPbl MO MCTOPUYECKUM 1 apXEONOrMYecKnM npes-
MeTaMm. TakKe CyLLecTBYyIOT canTbl obLiero HazHauyeHua sketchfab.com n p3d.in, Ha koTopbIX
nccneposatenu ny6nnkyoT 3D-mofgenm NCToprUUYECKUX U apXeonormyecknx maTepranos.

Bbinn chopmynupoBaHbl OCHOBHble TpeboBaHMA K pa3pabaTbiBaeMOMy MOZYNIO WH-
bopMaLMOHHOI CUCTEMbI:

*[1pOCTON N UHTYUTMBHO NOHATHBIN NHTEPDENC;

* Hannume nowwaroBbiX MHCTPYKLUMIA MO CO34aHNI0 SKCNO3ULINIA;

*[bKan cMCTEMa HAaCTPONKN MOAYNS;

* XpaHeHMe BCex NCnonb3yemMblx laHHbIX B 6a3e faHHbIX;

* BO3MOXXHOCTb COXpaHeHUs NCTOpUN [EeNCTBUI NONb30BaTenNs.
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PaccmaTtpuBas onbIT peann3aunm peasnbHbIX SKCNO3ULUA 1 UX BUPTYasbHbIX aHanoros,
HEO6XOANMO TaKXe YUMTbIBATb TaKMe acneKTbl OpraHn3auumy 3KCNo3nLMiA, Kak:

* OrpaHnyeHne BpeMeHn NPOoBELEHNA SKCNO3ULUKN (BPEMEHHAA UM MOCTOAHHAA SKC-
nos3uuus);

* Bo3MOXXHOCTb NepeHoca GyHKLMIA peanbHOW BUTPUHBI B BUPTYanbHOE NPOCTPaHCTBO
CO BCEMM MpenMyLLeCcTBaMM BUPTYanbHOro MUPA3;

* TemaTunyeckan coCTaBnALLWAA SKCMO3MLMWN.

Mpwv 5TOM B BUPTYasibHble 3KCMO3ULMM MOTYT BKtOYaTbcA 3D-Moaenu He TONbKO apXeo-
NOTMYEeCKMX HAXOAOK, HO 1 B LIEJTIOM apXeosIornMyecKnx NaMATHMKOB, 1 NMpoLecca Nx packo-
MoK, NOJTyYeHHbIe KaK B pe3yfbTraTe MOAeNMpPOBaHnA, Tak U B pe3yrnbTaTe 3D-CcKaHMpoBaHuUs.

PaccmMoTpum MHOroypoBHeBOe CKaHUPOBaHWE MaMATHUKOB apXeosiornu, npoBefeH-
Hoe nabopatopuein apxeonorun Upl'TY B 2013 roay Ha npumepe MmoruibHKa OKoLwKy |
B t0ro-BocToyHoM 3abalikanbe (Mankos 20146. C. 314-316). TpéxmepHble MHTEPAKTUBHbIE
MOJenNu, NOCTPOEHHbIE Ha OCHOBE peasibHbIX HAXOL4OK, MO3BOMAIOT JIIOOOMY 3anHTEpeCo-
BaHHOMY Ye/IOBEKY YBMAETb pe3ynbTaTbl TaKUMU, Kak BUAEN UX UCCIlefoBaTelb B MOMEHT
oTKpbITUA (3anuesa 2014. C. 300-302).

Mpwu pa3paboTke TEXHNYECKOrO 3ajaHKA Ha MOAY b ObIIO NPEASIOKEHO TPU BapuaHTa
YPOBHE cO34aHNA BUPTYaNbHbIX SKCMO3ULUIA, MPY 3TOM YUNTbIBAIOCh, YTO BbILLECTOALLME
YPOBHM BKIIOYAIOT B CE651 QYHKLMUN HUPKECTOALLNX.

MepBblit BapuaHT: BUPTYyasibHaA 3KCNO3ULUA OTAENbHO B3ATOW Belwu, n3obpaxeHusa
VNN MOCTPONKM.

Ha 3D-mogenu oTmeuvatoTca MapKepHble TOUKK, MO KOTOPbIM NOCETUTENb MOXKET BblOM-
paTb MHTepecyoLne ero pakypcbl npocmoTpa. [Mpu Bbibope MapKepHOW TOUKM BbIBOAAT-
CA BCe CBefleHNA, KOTopble Ha JaHHbIi MOMEHT nccnefoBaTesib NOAYUYUs Npu U3yyeHnn
JaHHOro o6bekTa. Takke BO3MOXEH BapuaHT peanvsauum, Npy KOTOPOM NMELLAACA NH-
dopmaLma BbIBOAWTCA NpK Nowwarosom npocmoTtpe 3D-mopenn npegmeTa (OCTaHOBKA Ha
CaMbIX BaXKHbIX ieTanax, NpefCcTaBNeHHbIX B HY>KHOM pakypce). OnucaHune obbekTa, Kpome
HenocpeacTBeHHO 3D-mopenu, MoXeT cogepaTb KapTy C YKa3aHUEM MeCTOHaxXOoXAeHUs
npeameTa, ¢potorpadmm camoro o6beKTa N €ro MeCTOMNONOXKEHMWS; AOMNOMHUTESIbHbIE PU-
CYHKMW, CXeMbI U YepTeXKW; pe3ynbTaTbl aHaNN30B; 3aKMI0YEeHNA SKCNEPTOB; CCbINIKM Ha aHa-
norun npegmeTta, nyénukauum n npoyee. Kpome Toro, aNa oLEHKN YPOBHA OCTOBEPHOCTYU
npeacTaBneHHbIX pe3y/bTaToB BaXkHO XPaHWUTb 1M NpefocTaBnATb MHGOPMaUUI0 O TOM,
C MOMOLLbIO KaKoro 060pyaoBaHMA U Metoga bbina nonyyeHa npeacTaBieHHas MOAesb.
Mprymepom peanusauum Takoro BupTyanbHoro 3D-Typa MOXeT ABASATbCA pa3paboTka
CmuTcoHoBckoro yHusepcuteta (http://3d.si.edu/tour-browser).

BTopoi BapuaHT: BMpTYyasibHaA 3KCMO3MLUMA KOMNEKLMM; TeMaTUYeCcKon noabopku
npeamMeToB (XONOAHOE OpY»Kue, yKpalleHNsA, HYMU3MaTKa U T. 4.).

B aTOM cnyyae TakXe BO3MO»KHbI Ba BapMaHTa CO34aHNA SKCNO3nLMM:

1. Ha ocHoBe naHopambl peanbHOro NomeLleHsa C BUTPUHAMK, CTEHAAMU 1 NMPOUMM,
Ha KOTOPbIX MOXKHO Pa3MeCcTUTb SKCMOHMpYyeMble NpeameTbl, CHAabANB UX CCbIIKaMX Ha
3D-mogenu. MNopo6HbIN noaxog peann3oBaH B nporpamme Tourweaver (No3BonsieT B na-
Hopambl BcTaBnATb 3D mogenu B popmarte *.3ds ¢ orpaHuyeHnem B 65 TbiCAY NOAUTOHOB);

2. Ha ocHoBe cneumanbHo noarotosaieHHon 3D-mofenm nomeLleHns, Mo KOTOPON MOX-
HO nepemeLaTbca ¢ 06XO0A0M BUTPWH, CTEHAOB U CTENNAXKEN.

B o6oux cnyuyaax cuctema AQOMKHA UMETb UHTYUTUBHO-MOHATHBIA UHCTPYMEHTapUiA
co3faHuA naHopam unu 3D-mogenen NnomeLlleHUn, BUTPWH, CTeIa)en, a Takxke NpocTble
CNocobbl pa3MeLLeHNA Ha HUX SKCMOHATOB U NpoYei nHGopmMaLmm.

BypTyanbHble 3KCNO3MLMN MOTYT OObeAMHATLCA B BUPTYasibHble My3en (TexHuyeckue
pekoMmeHaauuu...).
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TpeTuin BapmaHT: BUPTYyasibHaA 3KCMO3ULMA NPOLECCa apXeonormyecknx packomnok.

B npouecce packonok npoucxogut nostanHoe 3D-cKkaHMpOBaHWeE MecTa NpoBeaeHnA
PacKomMoK, MPW 3TOM MOZAENb MOXET ObITb NMolyYeHa pasnyYHbIMU Cnocobamu, Hanpumep,
¢doTorpadmpoBaHme gna co3gaHua 3D-monenenn metogamu GoTOrpammeTpUn UK Nony-
yeHme 3D-mopenein ¢ UCNOb30BaHMEM CKaHepOoB. Bce nonyyeHHble fgaHHble 3arpy»katoT-
CA B CUCTEMY 1 HaKNafblBalOTCA NMOCONHO APYr Ha Apyra. Ha Kakgom crioe oTmeyaroTca
HaxXoAKM 1 JalTCA CCbUTKM Ha ux 3D-mopenu (ccbinka MOXeT YKa3biBaTb Ha BUPTYasbHbIN
Typ no npeameTy). ina Kaxgoro cnoa n3 6a3bl gaHHbIX BbibMpatoTca poTorpadun, pucyH-
KW 1 YepTeXu, LONOSIHEHHbIE KOMMEHTapPUAMY O NPoLiecce Packonok v NobbiMK Apyrimm
WHTepecHbIMK Ana nocetutena mysed daktamu. Ecnu 3D-mopenb OTCYTCTBYET, TO MOXET
6bITb NpefoCcTaB/ieHa KauecTBeHHas ¢oTorpadura npeameTa Ui, eCim 3To NaMATHUK, Kap-
Ta ero MecTopacrnonioxeHus. B utore nocetntesib MOXeT NepeaBUraTbCca Mo PackomnKkam,
CMOTpETb, Kak NPOBOAUNINCL UCCNIeOBaHNA, yOrpaTb BepXHME COU NAaMATHUKOB U Y3Ha-
BaTb HOBOE MPO KaXAbli CJION, MPO 0COBEHHOCTM PACKOMOK TeX WA UHbIX NaMATHUKOB,
NpPo HaxoA KW NPeaMETOB 1 UX PACMOJIOKEHME.

Mopo6HbIN BapmMaHT SKCMO3ULMM MOXHO peanv3oBaTb B BULE MHTEPAKTUBHOW Urpbl,
[06aBMB apXxeonornyeckme MHCTPYMEHTbI, epeHecéHHbIe B BUPTYasibHOE NPOCTPaHCTBO.
B pe3ynbTate nonyynTca, YTo MO MEPE PaCcUNCTKM NaMATHMKA CUCTEMA CMOXKET KOHTPOMU-
poBaTb NOPAAOK AENCTBMIA MONb30BaTENS, U MO MEPE HAaXOXKAEHUS NoNb3oBaTenemM 06b-
€KTOB BbliaBaTb MHPOPMaLMI0 06 UX COCTOAHUN U Ha3HaUYEeHMMW. DTOT BapUaHT MOXeT ObITb
noneseH He TOMbKO ANA NONYNApPU3aL MM apxeonorny, HO 1 Ana obyyeHna CTyaeHTOB-ap-
XEeO0NOoros 1 BOJIOHTEPOB.

Bce npepnaraemble BapuaHTbl peanu3aumnmy BUPTYanbHbIX SKCMO3ULMIA MOXHO MCMOSb30-
BaTb Kak B aBTOHOMHOM BapuaHTe, Tak U MOMELLATb X B Pa3fNYHble BUPTYalbHble MUPbI, a Tak-
e [OMONHEHHYIO PeanbHOCTb, YTO CTAHOBUTCA OCOBEHHO NOMYNAPHbLIM B NOCNeAHee BPeMs.

B yuebHbIX Lenax B KOHLe BUPTYanbHOWN 3KCMO3ULMN MOXKHO Npefdnaratb NoceTuTenio
TeCT Ha YCBOEHMe maTepurana.

CywecTtBytowne Ha AaHHbIA MOMEHT MHGOPMALMOHHbIE TEXHONIOTMM MO3BONAIOT pea-
nun3oBaTb NtoHOI U3 NpeasiaraemblX BapUaHTOB BUPTYasbHbIX IKCMO3ULNIA. TaKUMU TEXHO-
nornsmun gna pabotbl ¢ 3D-gaHHbIMK NpAMO B Bpay3epe ABAAIOTCA TEXHONOrMKU Ha Hase
JavaScript n XML:

*X3d;

*Threejs;

* WebGL;

*Canvas;

*03d;

*3DMWL;

*3DXML v gpyrue.

Peannsauuna KNMeHTCKOW YacTu Ana noceTuTenen SKCNo3numii U Hay4YHbIX paboTHMKOB
ocHoBblBaeTcA Ha HTML5, CSS3, AJAX n 6ubnuotekax JavaScript. B kauectee CYB[] npeg-
naraetca ucnonb3osaTb PostgreSQL BBuay eé 6ecnnaTtHOCTY N OTKpbITOCTU. [Mpun BbiboOpe
OCTaNbHbIX TEXHONOIWI ANA peann3aumm nHGoOpPMaLNOHHON CUCTEMbI MPUOPUTET AOSIKEH
6bITb 33 TEXHONIOTMAMM, PAaCNPOCTPAHAEMbIMU MO CBOOOAHBIMU NNLEH3UAMU C OTKPLITbIM
NCXOAHBIM KogoMm. [1nA co3faHna HeKOTOPbIX 2/1EMEHTOB BUPTYasIbHbIX SKCMO3ULNIA MOXKET
NPUMEHATbLCA AOMNONHUTEIbHOE NPOrpaMMHoe obecneyeHme.

Bcé BbiwenepeuncieHHoe OTHOCMTCA K MPOrpaMMHON peanu3auny BUPTYasnbHbIX Ty-
OB apXeosiorMyeckoro matepuasna, HO MOC/e HeKOTOPOWN AoPaboTKW, yumTbiBatoLlen
cneumouky paboTbl My3eeB, MOXET MPUMEHATLCA 1 B My3eHOM ferne.
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YunTbiBas BO3MOXHbIE CIOKHOCTM C NoaaepKaHnem paboTocnocobHOCTU NOAO6HbIX
CUCTEM CUNaMK caMuX NlabopaTopuid, aeanbHbIM BapyaHTOM pPeLLeHNUst 3Tol Npobnembl
ABNAETCA eAUHbIN CreLMan3npoBaHHbIi AaTa-LEeHTP CO cneunanucTamu, Kotopblie 6yoyT
obcnyKmBaTb faHHyto cuctemy. NMommmo obcnyXnBaHmA, Ha CNeLManmcToB JaTa-LeHTpa
LOMKHbI ObITb BO3/IOXKEHbI 33jauM MO UCMPABAEHNIO 3aMeYaHUi nosb3osaTtenei. Mimen
e[IVHYI0 LIeHTpann3oBaHHyl0 cMcTeMy NogobHOro poaa, Myseun u apxeosiornyeckue nabo-
paTopum nofyyaT BO3MOXHOCTb He 3ayMbIBaTbCA 06 obecrneueHnm COXpaHHOCTU pe3ynib-
TaTOB MCCNefoBaHUN, Noadep)KKke aBTOHOMHbIX CUCTEM, U BbicBOOOAUBLLMECA pPeCypCbl
HanpaBsiATb Ha pelleHre Apyrvx 3agay.
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H. H. PewweTHnKOBa
I'YAN, Poccus

KOMMbIOTEPHbIE PEKOHCTPYKL N
KPEMOCTU AM-AMBYPT HA OCHOBE TEXHOJIOTN
NHTEPAKTVUBHOIO MNOIPYKEHNA

KpenocTb AM-AM6Ypr (go XVIII Beka — fim, go 1922 roga — Ambypr, B HacTosALee Bpema —
r. KuHrucenn JleHMHrpaackom o651acti) pacrnosioXKeHa B ceBepo-3anagHon yactn Poccumn
Ha 6epery p. Jlyru. bbina noctpoeHa B KoHue XIV Beka Kak BaxHbIi $OprocT Ha 3anagHoun
rpaHuue Pycu. Victopua ctpontenbCTBa KPenocTu BKOYAET pasfiMyHbie Nepuofbl, B TOM
yncne weeackunm (1581-1590, 1612-1703). B HacToAwee BPeEMS COXPAHUIINCL OCTaTKMK
6acTroHHon cuctembl XVII-XVIII BekoB (ceBepHble 6aCTNOHbI C KYpTUHAMK, POB U NpYA),
0603HayvaloLMe KOHTYP KPernocTy, a Tak»e B 3emsie GparmMeHTbl HUKHUX YacTell KaMeHHbIX
ykpenneHunn XIV-XVI BekoB, packonaHHble A. H. KupnunyHukosbim (KupnuuHmnkos 1984.
C. 180-209). Cenyac Ha TeppUTOPUM KPENOCTW HAXOAMTCA 3aaHne KnHrucennckoro ncro-
PUKO-KpaeBeaueCcKoro myses.

C uenblo coxpaHeHuWA 1 Nonynsapu3auumn nctopmnyeckon nidopmaumm ob yrpayeHHoOM
06beKTe KyNbTYpHOro Hacneauns, a Takxke cosfaHua MHGOPMaLMOHHOro pecypca and Ty-
pu3ma B 2013-2014 rogax B pamkax nporpammbl «COXpaHEHME 1 UCNOSIb30BaHNE KYbTyp-
Horo Hacneaua B Poccnm» BbINONHANCA NPOEKT «/cTopua Kpenoctu Amy.

YyacTHuKM npoekTa: My3eliHoe areHTCTBO JIeHUHrpagckon obnactu, KuHrucennckmia
NCTOPUKO-KpaeBegueckuin mysei, IHCTUTYT UCTopumn MmaTepranbHoOn Kynbtypbl PAH, na6o-
paTopuna KOMMbOTEPHON rpadukn 1 BUPTYanbHol peanbHocTy MYAI, komnaHus VR Lab.,
®oHA NHBECTULIMOHHBIX CTPOUTENbHbIX NpoekToB CaHKT-lNeTepbypra.

Pa60Tbl OCyLEeCTBAANNCD HA OCHOBE:

* CO6PaHHbIX KMHIMCEMNCKUM WCTOPUKO-KPaeBeaYECKUM My3eeM AOKYMEHTANbHbIX
MaTepUanoB 1 XyAo>KeCTBEHHbIX PEKOHCTPYKLMN, @ TakxKe creumanbHO NoAroToBAEHHbIX
COTPYAHMKaMu My3es MaTepurasnoB ANa NpoeKTa Noj pyKkoBoacTBOM aAnpekTtopa W. B. pe-
KoBOW;

* ony6nmKkoBaHHbIX paboT A. H. KnpnuuHnkosa, B. V. Kunbatowesckoro, H. HO. CkpunnHckom;

* KoHcynbTauyun cotpygHmnkos MMMK PAH A. H. KupnuuHukosa v H. 10. CkpunuHckown;

* aHasM3a pearnbHO CYLLECTBYIOWMNX aHanoros-kpenoctew MNopxos, ViBaHropog, Konopbe.
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Mpw peanusauun NnpoeKTa UCMNoNb30BaNNCh TEXHONOTMW NHTEPAKTUBHOIO NOTpy»Ke-
Hus (Apxutektypa 2009. C. 100-149; HnkutuH, PelwetHrkosa 2012), KoTopble obecneunnv
cnenytouyto 6a3oByio GYHKLMOHaNbHOCTb MPUOXKEHWIA:

* norpy»eHuvie B TpéxmepHyto ayanosusyanbHyio (full HD, moHo + cTepeo) cpeay ¢ nc-
MOfb30BAHMEM HACTOMbHbIX, MOGUIbHbIX (MaHWeTbl, CMAaPTOHbI) 1 MOBEPXHOCTHBIX CU-
cTem (3D-peMoHCTPaUMOHHBIN 3an Ha 20 YenoBeK C SKPaHOM Y MyNbTUMEANAHbIM NPOeK-
TOpPOM);

*nepemelleHrie B TPEXMEPHON Cpeaie U B3auMogencTame ¢ o6bekTamm B peanbHOM
BpeMeHN NoCpefCcTBOM KOHTAaKTHOIO (KnaBuaTtypa, Mbiwb, 6DOF MaHUNynATop, KacaHUsA)
1 6eCKOHTAKTHOrO (pacno3HaBaHWe XeCTOB U TENOABUXKEHWIA HA OCHOBe ceHcopa MS Ki-
nect) nHTepdencos;

* MIHANBMAYaJNIbHBIN AOCTYN OT 1-ro nnn 3-ro nnua;

* cnonb3oBaHue 3D-nepcoHaxken AnA B3anMoAenCTBUA C MOAESbIO KPenocTy OT 3-ro
nmua;

* IOMNOJTHEHME BU3YaNibHOIO 1 CNIyXOBOrO BOCNPUATWA NOCETUTENA My3es BUPTYyalibHbI-
MU 06BbEKTaMM Ha OCHOBE MOOMIIbHBIX CUCTEM (MNaHLWeTbl, CMapTHOHbI);

* NoKasibHaA fOCTaBKa NPUNOXKEHUI NONb30BaTeNto.

Pe3ynbTaTtbl BbINONHEHNA NPOEKTa:

* HTepaKTMBHble 3D-mopenu Kpenoctu Am-AmOypr: ueTbipexbaluieHHas (XIV Bek), ae-
BATMOalLeHHan (XV Bek) 1 3emnaHana 6acTroHHan (XVII Bek);

* BUPTYyasibHble SKCKYPCUM Ha OCHOBE MOAENeN KpenocTten;

* nctopnyeckme 3D-urpbl «060poHa KpenocTtu» 1 «llogpbiB KpenocTny;

* npunoxeHue «[lonosiHeHHasa peanbHOCTby, NpeAHa3HaveHHoe AnAa MHGOPMaLIMIOHHO-
ro obecneyeHma 3KCNO3MLMN My3es U NPpUIEraloLLen K HeMy TeppUTopuK;

* MynbTUMeANHbIE MHOPMALMOHHbIE CUCTEMDBI «JTMYHOCTM B UCTOPUM KPenocTn Amy»,
«Kpenoctu ceBepo-3anaga Poccum» n «MamAatHnkn Ama-Ambypra-KnHrncenna».

Onuwem pe3ynsmamesi npoekma 6os1ee NOOpo6HO.

1. NHTtepakTtnBHbie 3D-mogenu kKpenoctu Am-Am6yYpr, feMoHCTpUpyioLwre pasnny-
Hble 3Tanbl CTPOUTENbCTBA: YeTbipexbalueHHas (XIV Bek), nesAtTubaweHHas (XV Bek) 1 3em-
naHana 6actnoHHas (XVIIl sek) (nnatdpopma — PC, Windows, moHo/cTepeo).

MpeaBapuTeNibHO OTMETMM, YTO ANA KaXAOW KpenocTn pa3pabaTbiBanca cnepyowmii
Habop mogeneii:

* naHawadT MeCTHOCTW, COOTBETCTBYIOWMIA paccMaTpMBaeMOMy MNepuogy BpemeHwu
1 BK/IOYAIOLMIA YUYACTOK PeKK, pasHble BUAbI MOYB, 30HbI U BUAbI pacTUTeNIbHOCTU (TPaBa,
AepeBbA 1 MX MOPOADI), CETb AOPOT U NX MOKPbITUE, OBParv, BOAOEMbI, Nepenpasy.

* BHELHWIA U BHYTPEHHWIA BUZ GalleH 1 CTeH KpenocTu;

* MOCTPOVIKM BHYTPY KPENoCTX 1 Ha NpusieraioLLen Tepputopuu;

* PYCCKMI BOVH AN CBOOOAHOrO NepeMeLLeHmsa Mo MOAENN KpenocTu oT 3-ro nuua.

JocTyn K Mofenu ocywwecTBAANCA Yepe3 UHTEPaKTUBHYIO KapTy (0603HauYeHbl OCHOB-
Hble 00BEKTbl KPEMOCTU U 3HAUVMblE 3feMeHTbl NlaHawadTa) M CNUCOK 06bEKTOB Kpe-
noctu. CBob6oaHOE NepemelleHne NO MOZENN KPENoCTH OblNo peann3oBaHo Npy NOMOLLM
nepcoHaa (pexum ot 1-ro unu 3-ro nuua), ynpasnaTb KOTOPbIM MOXHO Obl10 C UCMOSb30-
BaHMEM eCTOB UK WeCTUCTENEHHOMo MaHWMYyNATOpa.

[na ynpoueHua HaBuraumm u paboTbl C Mofenbio KpenocTu 6bia pas3paboTaHa AByX-
MepHaa M1HWKapTa, MOCTOAHHO OTObpaXKaemas B OKHE NPUIIOKEHNA 1 fEMOHCTPUPYOLLAA
TeKyllee MeCTOMNOOXeHne B3aumMmoaencTByoWero ¢ MoAenbio nonb3osartens. [log MnHm-
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Pnc 1.
Mopennpyemas Tepputopus (Google Maps)

KapTol pacrnonarasnca BbinagatoLmin CNMCOK BHYTPUKPENOCTHbIX 06beKTOB ANA BbICTPOro
nepemeLLeHna No HAM.

[ns 3HaUNMbIX O6BEKTOB KpenocTn 6binn paspaboTaHbl MHGOPMALMOHHbIE pecypChbl
(TeKCT, N306paxKeHna), HamuMe KOTOPbIX OTMEYaNIoCb Ha MOAENN crieunanbHbIMU UKOH-
Kamn. AKTMBaUUA MKOHOK B MpoLecce nepemelleHnsa nepcoHaka (asatapa) npuBogunio
K OTKPbITUIO AOMNONMHNUTENBHOIO MHGOPMALMOHHOIO OKHA.

Ha puc. 1 npefcTtaBneH ¢parmeHT Mmogenupyemon Tepputopumn.

PaccmMoTpuM OCHOBHbIE 3N1EMEHTbI KaXkao MOAENM KpenocTul.

Kpenoctb uetbipexb6aweHHas (1384 rop)

Mopgenb nocTpoeHa Ha ocHoBe ony6MKoBaHHbIX paboT B. V. Kunbatowesckoro (Kunbgto-
weckuid, Kypbatos 1995. C. 103-105), A. H. KupnnuHukosa (KupnmuHukos 1984. C. 180-262).

Mogenb KpenocT COOTBETCTBYET KaMeHHOMY GOpPTUOUKALMOHHOMY COOPYMKEHMIO
XIV BeKa v BKntoYaeT ciepytolime o6bekTbl:
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Puc. 2.
O6wuin BMA Mofenu yeTbipexballeHHON KpenocTu

DnemMeHTbl KpenocTu:

* BHELUHWU 1 BHYTPEHHUI BULbI KAMEHHbIX GalleH;

* BOPOTHOE YCTPOWCTBO C BXOAHBIMW BOPOTaMM B CEBEpO-3anafHol GaLlHe;

* KAMEHHble CTeHbl Mexay 6alHAMN C 60eBbIM XOAOM U KAMEeHHOI NeCTHULEN C BHY-
TPEHHEeN CTOPOHbI;

* POB BOKpPYI KpenocTu;

* MOCT Yepe3 PoB K BXOAHbIM BOPOTaM.

BHYTpMKpEnoCcTHble COOPYKEHUA:

* IOPOXKWU;

* BHELUHWI BUA, 3aCTPONKM KPEMOCTU XXUbIMU N XO3ANCTBEHHBIMW NOCTPOVKamMm (ge-
peBAHHbIe 136bl);

* BHEWHWI B Xpama Apxuctpatura Munxauna.

O6beKTbl 33 NePUMETPOM KPEMOCTU:

* 136bl y nepenpasbl.

MepcoHax ana B3aMoaencTBNA NONb30BaTeNA C MOAENbIO KPENocTu B pexnme pabo-
Tbl OT 3-r0 NiMua — HoBropoackun ctpeney XIV Beka.

Ha puc. 2 npeactaBneH CKpUHLWOT MOAenu KpenocTu.

Kpenoctb geBaATnGaweHHan (1448 rop)

Mogaenb noctpoeHa Ha ocHoBe paboTtbl A. H. KupnuuHunkoBa (KnpnuuHukor 1984.
C. 180-209).

Mogenb KpenocT! COOTBETCTBYET KaMeHHOMY ¢GOpPTUOUKALMOHHOMY COOPYXKEHMIO
XV BeKa 1 BKlOYAEeT cregytoLne OCHOBHblE OOBEKTDI:

DnemMeHTbl KpenocTu:

* BHELUHWU 1 BHYTPEHHWUI BUAbI KAMEHHbIX GalleH;

* BOPOTHbIE YCTPOWCTBA C BXOAHBIMI BOPOTaMU;

* KAMEHHble CTeHbl MeXay 6allHAMY C 60eBbIM XO4OM U TPEMA KaMeHHbIMW IeCTHULa-
Mu;

* PBbl BOKPYT KPenoCTu U BOKPYT AeTUHLa;

* 4aCTOKON (MO ANNHE CEBEPHON CTeHbI) C BOPOTHbIM OOpamneHmem;
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Puc. 3.
O6wwin BUA Moaenu AeBATUOALLEHHON KPenocTu

* MOCTbI Yepe3s pPBbl K BXOAHbIM BOPOTaMm (2 Wr.).

BHyTpuKpenocTHble COopyKeHunA (BHELLIHWI BUA):

* IOM KOMEHAAHTa;

* JOM ropof0BOro;

* 0cafiHble BOpbl (amMbapbl);

* IOPOXKWN MOLLEHbIE 1 HEMOLLEHbIe;

* BHelWHWI BuA xpama Apxuctpatmira Mmnxamna.

O6beKTbI 3a NePUMETPOM KPENOCTU:

* IBOPbI.

MepcoHa AnA B3anMoaencTsus Nosib3oBaTeNs C MOAESbI0 KPEMOCTU B pexXMme pabo-
Tbl OT 3-rO NULA — pyccknii BouH XVI Beka.

Ha puc. 3 npefcTaBneH CKpUHLWIOT MOZeNy KPenocTu.

Kpenoctb 6actnonHas (1703 rop)

Mogenb noctpoeHa Ha ocHOBe ony6nmkoBaHHbIX paboT A. H. Kupnnunukosa (Kupnumu-
HukoB 1984. C. 180-209) n H. 0. CkpnnnHckon (CkpunuHckasa 2014. C. 249-260).

Mogenb KpenocTn cOOTBETCTBYET KaMeHHOMY YeTbipexbalueHHoMy popTudrKaumnoH-
HOMY coopy»keHuio XV BeKa, OKPY>KEHHOMY 3eMAAHbIMM KYPTUHAMU 1 YETbIPbMA 3eMIAHbI-
Mu 6acTroHamu 1703 ropa, 1 BKNoYaeT cnepytolne o6beKkTbl:

NanawadT (3a ocHOBY NPUHMMAETCA CYLLECTBYOLWNIA NaHALWadT MECTHOCTU C UMEIoLLN-
MUCA 31eMeHTaMmn KpenocTun — 3 6acTUOHa, KypTuHbI, NPy, POB).

dnemeHTbl KPenocTu:

* 6aCTUNOHDI;

* KyPTUHbI;

* POB C YaCTOKOJIbHOW KaHaBKOW;

* BXO[Hble BOPOTa;

* MOCT Yepes poB;

* KAMEHHbIN AeTnHeL;

* Kazemarbl.
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Puc. 4.
O6wuin Bug mogenn 6acTMOHHOM KpenocTtu

BHYTpMKpenocTHble COOpyKeHUA (BHELLUHUIN BUA):

* [OM KOMEHAaHTa;

* MOpOoXoBoOI norpe6;

* ambapbl;

* Xpam;

* Kasapmbl;

* KapaysnbHs;

* lepeBAHHbIE HACTWIbI MOA MYLKK;

* NyLIKK;

* IOPOXKUN MOLLEHbIE 11 HEMOLLEHbIE.

O6beKTbl 3a NePUMETPOM KPEMOCTU:

* 136b1 (ycagbbbi).

MepcoHax ana B3anMoaenCcTBUA NONb30BaTeNA C MOAESbI0 KPENOCTH B pexnme paboTbl
OT 3-ro nuua — netposckui congat XVIII Beka.

Ha puc. 4 npeactaBfiieH CKPUHLWOT MOAENMN KPeNnoCTHU.

2. AyanoBu3syasnbHble BUPTYasbHble 3KCKypcum rno Kpenoctu (nnatdopma — PC, Win-
dows, MoHO/cTepeo).

DKCKypCMM NOAroTOBJIEHbI HA OCHOBE 3aMuCK C Kamepbl, MepemelLaemMon B pexmnmax
o6xopaa uny 0651éta No CLieHapHOW TPAaeKTOPUN B MOLENN KPernocTu ¢ fobaBeHHbIMN N30-
BpakeHNAMN OTAENbHbIX OOBEKTOB, FOIOCOM ANKTOPa 1 GOHOBOI MY3bIKOI.

3. Uctopuueckmne 3D-urpbl «<060poHa Kpenoctu» n «MogpbiB KpenocTn» C ynpas-
NEHVEM MepeMmelLeHVAMN MOoNb30BaTeNss B UIPOBOM NpocTpaHcTBe (nnatdopma — PC,
Windows, Kinect, MoHo/cTepeo). PaboTaloT B MHAMBMAYaIbHOM 1 COPEBHOBATENIbHOM (f1Ba
NUrpoKa) pexrnmax.

Urpa «MogpbiB KpenocTtn»

CioxeT urpbl: Kpenoctb Am, 1682 rog. Ytobbl ybpath 06BeTILaNy0 CTEHY KpernocTu,
LwBebl 3aN10XKMNN 60YKN NOpOXa BAOb BOCTOUYHON CTEHbI M NOCNefoBaTeIbHO B30pBaiu
nx. B pesynbTate B3pbIBOB B pa3Hble CTOPOHbI Pa3neTenmcb OCKOJIKM 1 06JIOMKM KaMeHHOM
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Knagkn. Irpok, HaxoaAaLWwminca BHYTPY KPenocTu, AO/MKEH YKNOHUTbCA OT NETALMX Ha Hero
06JIOMKOB.

Mpv nonagaHny 06N1OMKOB B repos N3MeHAIOTCA NapamMeTpbl Er0 BUPTYanbHOro 340p0-
BbA. ECNn ypoBeHb 300pOBbA CHMXKAETCA 10 HYNA, UTPOK NPOUTrpbIBaeT.

Urpa «060poHa Kpenoctn»

CioxeT urpbl: Kpenoctb fim, 1444 roa. JIMBOHLbI 0CaAnN KPENnocTb 1 Hayanm oo6CcTpenu-
BaTb eé. Irpok HaxoAMTCA Ha KPEMOCTHOM [iBOPE, Nepef KPenoOCTHON CTEHOM, U3-3a KOTO-
PO BbINETAIOT CTPESIbI, KOMbA, AAPA. 32 UTPOKOM PACMONOXKEHbI 60UKM C MOPOXOM (Nopo-
XOBOW CKJlad), KOTOpble OH NbITAaeTCA 3aWNTUTb OT IETALMUX CHAPAAOB.

Llenb urpbl — oT6UTb NeTALLME B KPENoCTb CHapAAb! B Npefenax 30Hbl OTBETCTBEHHOCTMH,
Mcnonb3ya cBoé «beccmepTHoe» Teno. B ciyyae nponéTa cHapA[oB Yepes Urpoka v nona-
AaHue B 604KM, HOUKMN NCUE3aI0T, Y M3MEHAIOTCA MapaMeTpbl COCTOAHNA NMOPOXOBOro CKIla-
A3, NPY YMEHbLUEHNM KOTOPbIX A0 HYNIA UFPOK NPOUTPbIBaET.

4. MNpunoxeHue «JononHeHHasa peanbHOCTb» (Nnatdopma — mobile, Android, iOS)
npeAHasHayeHo ANA pacluMpeHua ayAMoBU3YyaslbHOTO BOCMPUATMA MOCeTUTENna Mmysen
B peanbHOM BpeMeHU CNpaBoYHOW MHPOPMaLMen Ha OCHOBE MapKEPHOW [ONONHEHHON
peanbHOCTM C UCMOSb30BaHNEM NAaHLLETHOrO KOMMbloTepa unn cMapTdoHa. MpunoxeHne
MOKET UCMONb30BaTbCA Kak BHYTPM 3A4aHNA My3es, Tak U Ha npuneraoLen Tepputopum
npw 03HaKOMJEHMM C SKCMOHaTaMK, a TakXKe AnA NPOCMOTPa NeyaTHOro Matepuana o my-
3ee (NpocneKTbl, OyKneTbl, anbOOMBbI).

OnpepeneHo 20 Touek uHTepeca (Hanpumep, OparmeHT Kepammyeckoro cocyaa, Knag
WBEACKUX MOHET, KOCTIOM MMOPCKON MeHLUHbI U AP.) BHYTPM 30aHNA My3eA 1 5 TOUeK UH-
Tepeca (Hanpumep, Kpenoctb 1384 roga, Xpam 1 ap.) Ha npunerawouen Tepputopun. Ka-
XOOW TOUKe COOTBETCTBYIOT pa3meLLaemble PAAOM C SKCMO3ULMOHHbIMK O6beKTaMu YHU-
KanbHble MapKepbl (UEpHO-6esble NNK LiBETHbIE N306paXKeHNs), C KOTOPbIMU CBA3bIBAETCA
TemaTnyeckasa uHGopmauuma B BUe TeKCTa, N306paxeHunid, ayamo, sugeo, 3D-mopeneii.

5. MynbTumeguiiHble nHpopmaLmoHHblie cuctembl (nnatpopma — PC, Windows).

Cnctema «JIMYHOCTU B MCTOpMM Kpenocty fAM» npefcTtaBnseT coboli NopTpeTHYO
ranepero n306parkeHNin 3HauYMMBbIX NePCOH 1 MHPOPMaLMIo O HUX (37 yenoBek, Hanpumep,
CB. Edumuin, UBaH Mpo3sHbii, M. Oenarapaw, Métp |, b. WepemeTes, A. KupnuuHukos u ap.).

Cnctema «Kpenoctn ceBepo-3anaga Poccum» npepctaBnaetr cobolt MHTEPAKTUBHYIO
KapTy JIeHUHrpagcKko 06nacTv U NPUMBbIKAIOLNX TEPPUTOPUI N COREPXNUT MHPOopMaLnio
0 KpenocTsx Boiboprckuin 3amok, [aos, MBaHropog, M36opck, Konopbe, Kopena, Kpok-
wTtaar, Hosropop, Opeluek, MNeTponaBnoBckas KpenocTb, [opxos, lNckos, Crapas Jlagora,
Am.

Cuctema «MamatHukn Ama-Ambypra-KnHrncenna» npeacrasnaer cobol MHTEPaKTUB-
Hyto KapTy KuHrncenna c nHoopmavmein o Hanbonee 3HauMMblx o6bekTax ropoga (19 o6b-
eKToB, Hanpumep, fopoaunwe Kpenoctu Am, locTnHble ABOPbI, MaMATHYK XepTBam rpa<-
JaHCKow BOWHbI, PaTywa v gp.).

OCHOBHbIe MHCTPYMEHTbI pa3paboTKm npreegeHbl B Tabnuue.

O61beKT pa3paboTku NHCTpymMeHTbI
WHTepakTuBHble 3D-mopenun Unity 3D, asbik C#
3D-mopenun Autodesk 3ds Max, Adobe Photoshop
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MepcoHaxu Autodesk 3ds Max, Zbrush, Topogun
AHYMaLK Autodesk 3ds Max, Unity Mecanim
YnpaBneHue xectamm MS Kinect SDK

[ononHeHHasa peanbHOCTb Qualcomm Vuforia

YepTexu Autodesk AutoCAD

MynbTmepgma TekcTbl (MS Word),

n3obpaxeHunsa (Adobe Photoshop,
Adobe InDesign, Adobe Illustrator),
ayauo (Adobe Audition),

Buaeo (Adobe Premiere).

3aknoyeHue

C nomolyblo pa3paboTaHHbIX MPUNOXEHWU COTPYAHUKN KUHIMCENMNCKOro uctopu-
KO-KpaeBefuecKoro Mysesi MofyYuin BO3MOXHOCTb BblpaboTaTb MHHOBALMOHHYIO MiaT-
dopmy Ons pelleHus 3KCMO3MLUUOHHBIX, 06pa3oBaTeNibHbIX U MApPKETUHIOBbIX 3ajau.
Kpome TOro, 310 cnocob6CTBOBANO YBEANYEHUIO MOTMBALIMM, CEHCOMOTOPHOM 1 SMOLMO-
HasIbHOW BOBNEYEHHOCTM MNOTEHLMANbHOIO NOCETUTENA My3esl, NPefOCTaBNEHNA eMY BO3-
MO>KHOCTU GOPMUPOBAHNA IMUHOFO OMbITa, B TOM UNCIE HELOCTYMHbLIMM B peasisHOM Mupe
cnocobamu.

B uenax pa3BuTnA NpoeKkTa nnaHMpyeTca Ha 6a3e OfHON U3 MOAeneil KpenocTu paspa-
60TaTb MHOrOMONb30BaTENIbCKOE MPUSIOXKEHUE AJIA CLEEHAPHOrO 1 CBO6OAHOro 0bLieHnA
ronb3oBaTesiell, KOTOPOe, B CBOK oUepefib, CTaHET OCHOBOW ANA OHNANHOBOW UCTOpUYe-
CKOW Urpol.

Ha caiite komnaHum “VR Lab!” (http://vr-lab.com/) n JlabopaTopun KoMmnbloTEPHON rpa-
bukm n BuptyanbHon peanbHocTy ['YAI (http://guap.ru/labvr) MoXxHO 03HaKOMWTBCA C JO-
NMOMHUTENbHBIMW MaTepuanamm K pa3paboTaHHbIM NPUIOKEHUAM 1 BULEOPONIMKAMM Ye-
TblpexballeHHOW KpenocTu 1 urpbl «MoapbiB KPenocTu,

Jlntepatypa

ApxuTtekTypa 2009

ApxuTeKTypa BUPTYanbHbIX MUPOB: MoHorpadus / A. E. BoickyHckunia, M. b. VrHaTbes,

C. A. Ko3nockui, A. A. HukntuH, A. B. HukutuH, H. H. PewetHnkoBa, C. I1. CeHIoWweHKOB,
0. B. CmbicnoBa, M. A. Cenuncckas, C. C. TpowwuH; nog pea. M. b. irHaTbeBa, A. B. HukntuHa,
A. E. BolickyHcKoro; 2-e n3g., nepepab. n gon. CM6. : FYAT, 2009.

Kunbgiowesckuir, Kyp6atos 1995

Kunedrowesckut B. Y., Kyp6amos A. B. Hosble nccnepgoBaHua kpenoctu Am // Qoptudmkaumsa
B ApeBHOCTU 1 CpeiHeBeKOBbe (MaTepmanbl MeTogunyeckoro cemmHapa MMMK) / ots. peg.
B. M. MaccoH. CI16. : UMMK PAH, 1995.
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CaHKT-NeTepbyprckuii rocyAapCTBEHHbIIi YHIBEPCUTET a3POKOCMUUYECKOTO NPpHbopocTpoeHms, Poccus

T. B. PabkoBa
[ocynapcTBeHHbIil IpMuTax, Poccua

H. B. CaBenbes

(aHKT-leTepbyprckuil rocyaapCTBEHHbIN YHUBEPCUTET a3POKOCMMUECKOr0 NprbopocTpoeHns,
Poccua

NWHTEPAKTUBHAA KOMITbIOTEPHAA PEKOHCTPYKL WA
1-F0 PASMEHHOTIO (KOCTPOMCKOIO) KYPTAHA:
3AQA4N, TTPOBJIEMbI, PELLEHWA

Lienblo NnpoekTa ABNAETCA CO3AaHNE MHTePAKTVBHOIO MyNbTUMEAUNHOIO NPUNOXKEHNSA
(MMIM), Bkntoyatowlero 3D-peKOHCTPYKLUMIO BO3BeAeHMA CKUPCKOro KypraHa and 4eMOH-
CTpauumn pesynbTaToB UCCIIeOBaHMA STaNIOHHOrO NaMATHMKA CKMGCKOM apxauku pybexa
VII-VI BekOB A0 H.3.

3HameHuTbIN KocTpomcKom KypraH (1-1 PasmeHHbIN), nccnegosaHHbin netom 1897 roga
npod. H. . Becenoscknm Ha Tepputopun KybaHckonm obnactu, fan yHUKanbHble MaTepu-
anbl (OAK 1897. C. 11-15), Ha KOTOpPbIX B 3HAYMTENIbHON Mepe OCHOBaHbl COBPEMEHHbIe
npeacTaBneHnsa o ckupckom npucyTcTeum B NMpeakaBkasbe. HecMOTpA Ha BaXKHOCTb 3TUX
MaTepuanos ana Hayku, 6onee 100 neT namATHMK OCTaBasicA 3arafikon: AOPEBOIOLMOHHAsA
METOAMKA PaCKOMOK MyXOW TpaHLleel 1 0co6eHHOCTU noneBol GprKcaumum He NO3BONUAN
NonyynTb JOCTOBEPHbIE CBEAEHUNSA O €0 KOHCTPYKLUK, a BELLEBOWN KOMMEKC Tak 1 He Obin
NONHOCTbIO oNy6nmMKoBaH. I3MeHWTb 3Ty CUTYaLMIO MO0 NMLIb NMOBTOPHOE MUCCNeoBa-
Hue 1-ro Pa3meHHOro KypraHa, npoussegéHHoe cunamu tOxHo-KybaHcKo apxeonoruye-
ckoli akcneamumm B 2010-2012 ropax (Pabkosa 2013).

K Hanbonee akTyanbHbIM 3ajayam NpoeKTa credyeT OTHeCTU:

- NpeAacTaBneHve GakTUUeCKMX MaTepManoB apXxeonormiyecknx aKkcneanumm, nonyyeH-
HbIX B XOfie nosieBblx paboT B HarnAagHown popme, yaobHoW AnA AeMOHCTpauuy;

- MNpuBNeYeHie MONOAbIX CMeLMnaNMCTOB, U3yYaloWwmnx TEXHONOMNK CO34aHnA BUPTY-
anbHbIX MUPOB N OPUEHTUPOBAHHBIX Ha MHAYCTPUIO KOMMbIOTEPHBIX NP, K NPOeKTam Co-
XPaHEeHNA NCTOPUKO-KYNbTYPHOro Hacneausa (ApxuTekTypa BMpTyasnbHbiX mupos 2009.
C.100-108, 209-235).

TexHonornm OpenGL n DirectX, noasmswmeca B cepeanHe 1990-x rogos, Ha ceroa-
HALWHWIA AeHb ABNAIOTCA Hanbonee NepcrneKkTUBHbIMK B 006nacTy pa3paboTKn UHTepaK-
TUBHBIX MPUIIOXKEHWUI C SneMeHTaMun MynbTuMegmna n 3D-rpadukn, No3Bonaa Noaaepxu-
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Puc. 1.1.
WNepapxuueckasa cTpykTypa UHTEepdenca MHTEPaKTUBHOIO NPUIOXKEHUA

BaTb AOCTYMHbIN (C MO3NLNA MMEIOWMXCA NPOrpamMMHO-annapaTHbIX CPefcTB) YPOBeHb
MOrpy»KeHUA B BUPTYaribHOe NPOCTPaHCTBO. [1nAa obneryeHna paboTbl C STMM TEXHONOMU-
AMU CO3AaHO 6ONbLIOE KONMYECTBO 6UBNMOTEK N MHCTPYMEHTOB, Ha3biBaeMblx rpaduue-
ckumun aBmxkamm (Graphic engine).

Mpn pa3paboTke CTPYKTypbl NPUIOXKeHUA BblOpaH MOAXOA, OPUEHTMPOBAHHBIA Ha
cneumduKy NCXoaHbIX apXeonornyecknx MaTepranos, NPeaoCTaBAeHHbIX HayYHbIM KOH-
CYNbTAHTOM W aKTUBHbBIM YYacTHMKOM npoekTta — T. B. PA6KoBoN, KaHA. WCT. HayK, C.H.C.
Otpena apxeonorun BoctouHow Esponbl u Cnbupmn focygapcTBeHHOro dpmuTtaxka. 1o
1 onpegenuno BusyanbHyo popmy npefctaBneHna GakTYeCKoro matepuana, nonyyeH-
HOro B pe3ynbTaTe noseBbix pabot 1897 roga 1 2010-2012 ropos, yaobHyto ana fetanbHO-
ro CPaBHUTENbHOrO aHanm3a.

Ha ocHoBe npefocTaBneHHbIX MCXOAHbBIX MaTePManoB Pa3paboTunKy BbIMONHUAW PAL
3CKU30B UHTepdelica 6yayLlero NpuNoXeHUa ¢ y4€Tom ero GyHKLMOHaNbHOCTH, NCNOMb-
3yA NpY 3TOM pefaKkTopPbl PaCTPOBO U BEeKTOPHOI rpaduku. B xoge npoektnpoBaHuna ob-
Cy>XJanncb nepBOHayvasibHble 3CKM3bl, YTOUHANCA AM3aliH MHTepdencoB, pacnonoxKeHue
bYHKUMOHaNbHbIX 351eMeHTOB (KHOMOK, MHTEPAKTUBHbIX N300paXkeHNiA, 31EMEHTOB [OCTY-
Ma K CnpaBoYHOWN MHPopMaLuUn 1 T. Nn.) U napameTpbl 3D-06bEKTOB ANA AanbHENLLEro Mo-
AennpoBaHVA U aHMMaLUN.

Mpu peannzaumn npoekta B rpadpuueckom asuxke (Graphic engine) getanbHo npopa-
60TaHHble 3CKM3bl MHTePdECOB MCMOMb30BANNCH B KaUeCTBe WABMIOHOB ANA MporpamMmmMu-
pOoBaHMA, TOrAa Kak CTPYKTYpa 1X B3anMOCBA3en onpegenmna Habop 31emeHTOB 1 GyHK-
LMOHaNbHOCTb pa3pabaTbiBaeMOro NPUIOKeHNA.
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H.H. Becenomcrui (12:11.1848-30.03.191 8rr.)

™

Puc. 1.2 Puc. 2.
[n3aiH OCHOBHOIO MeH0 WccneposaHue 1-ro PaameHHoro (Koctpomckoro) KypraHa H. . Becenosckum B 1897 ropy

Mepapxunyeckana cTpykTypa uHTepderica MHTEPaAKTUBHOIO NMPUIOKEHNA 1 An3aliH OC-
HOBHOrO MeHI0 NpurBefeHbl Ha pucyHKax 1.1 1 1.2 coOoTBETCTBEHHO.

Ha ocHoBe cTpyKTypbl, NpeactaBfieHHON Ha pucyHke 1.1, gna pasgenos «1897 r»
1 «2010-2012 rr.» NoAroToBNEHbI OTAENbHbIE fIeMEHTbI (apXMBHble MaTepuransl, doTorpa-
bun, TEKCTbI, KAPTbl MECTHOCTH, MaHbl PACKOMOK U ApP.), Kaxabli 13 KOTopblx 0bpaboTaH
B rpaduyeckom pegaktope n opopmieH B yao6GHOM Ansi CPaBHUTENIbHOTO aHanM3a Buae.
Tak, Hanpumep, JOPEBOIOLMNOHHAA NCTOPUA UCCNe[OoBaHUA NaMATHUKA MpeAcTaBieHa
B pa3gene «1897 r» (puc. 2).

Moaxon K pa3paboTke pasfena «3D-peKOHCTPYKUMA» (CM. pUCYHOK 1.2) aHanoruyeH
TPaauLMOHHOMY NOAXoAY, MPUHATOMY B KMHemMaTorpadum: B npouecce NPOeKTUPOBaHMSA
3D-peKoHCTpyKUUK BO3BeAeHMA 1-ro PasmeHHOro (KocTpomMcKoro) KypraHa pa3spabaTtbiBa-
NNCb cLeHapun (MMTepaTypPHbIA, KOMIOHEHTHbIN, pabounii).

JInTepaTypHbI CLieHapWiA, NOATOTOBAEHHbIN HayYHbIM KOHCYNbTAHTOM NPOEKTa, onpe-
OEenun NopAgoK NoABNeHNA oTaeNbHbIX 06beKTOB B 3D-cLieHe, a TakKe XapaKTep 3BYKOBO-
ro CONpPOBOXKAEHNA.

Mpu pa3paboTke KOMMOHEHTHOrO 1 paboyero cueHapueB LS KaXKaoro stana BUp-
TyaNlbHON PEKOHCTPYKUMM KypraHa Obinn yuTeHbl napameTpbl oTaesbHbiX 3D-06beKTOB
(pa3mepbl, BHELWHWIA BWE, XapakTep aHMMauuKW Npu nosBineHMn obbekta B 3D-cueHe
1 ap.). TpéxmepHble Mofeny o6beKTOB OblIv NOAroToBneHbl B nakeTe Autodesk 3ds Max
(yuebHas BepcuA) 1 3aTeM UMMOPTUPOBAHbI B UrpoBor ABuKoK Unity 3d ana ganbHelwenn
npopabotku. Cnegyet OTMETUTD, UTO MPOrPaMMHas peann3auna MHTEPaKTUBHOIO NPUIo-
XeHua Ha nnatdopme Unity3d (Unity3d.com), BKNtoUaeT He TONIbKO CTaHAAPTHbIE BO3MOX-
HoCTU 3D-ABMXKa, HO U COOCTBEHHbIE MPOrpaMMHble cLueHapum (scripts) U paclwmpeHus

Puc. 3.
Bup s3KpaHa ¢ n3obpaxxeHnemM OgHOro 13 3TanoB 3D-peKoHCTPYKUMM KypraHa
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Puc. 4.
Bupg ocHoBHOro 3KkpaHa pasgena «Haxogkn»

penaktopa (editor extensions), pa3paboTaHHble aBTOpamu cTatbu. Ha puc. 3 nprBeaeHa
KonusA 3KkpaHa (screen shot) ogHoro 13 stanoB 3D-peKoHCTPYKLMM COOPYXKEHUA KypraHa,
noAroToBAEHHAA ANA EMOHCTPALMN Ha MOHUTOPE C CEHCOPHbIM 3KpaHoM (touch screen)
B 3KCMO3MLMOHHOM MPOCTPAHCTBE apXeosiormyeckon BbiCTaBky [ocyfapcTBEeHHOro pmu-
Taxka. B npepcTaBneHHON BepCcMm NPUNOXKEHNA OTKITIOUYEH BbIOOP 3TanoB PEKOHCTPYKLMM
noceTUTenem, a Takxke KHOMKa BbIXOAa.

Paspen «Haxofku» BKnoyaeT yHuKanbHyo 3D-mogenb nepcoHaxa, paspaboTaHHOro
B MakeTe CKynbnTypHoro 3D-moaenvpoBaHna Ansa 4eMOHCTPaLnm ocobeHHOCTeN BHELLIHe-
ro BMAa M KOCTIOMa BOMHa neprioAa CKUGCKOM apxauky, a Takxke HekoTopble GparmMeHTbl
BELLEeBOro KoMmnekca, 0bHapy»xeHHOro B packorne KoctpoMckoro KypraHa (puc. 4).

B 3aknioueHune cnepyetr OTMETUTb, UTO pa3paboTaHHOE MHTEepPaKTVBHOE MPUOXKeHUe
«MccnepoaHma 1-ro PaameHHoro (KocTpomcKoro) KypraHa» MOXeT 1CMosib30BaTbCA B 06-
pazoBaTenbHOM nNpouecce Kadeapbl BbIUNCIUTENBHBIX cucTem u ceTeln CMN6IYAN B pamkax
yue6HOI Marmctepckoi nporpammbl «CUCTEMbI MySIBTUMEAMA Y KOMMblOTepHas rpadurika.
HanbHelwwee pa3BuTNE NPOEKTa BO3MOXKHO B YaCTu:

— NOBbILWEHUA peanucTnYHoCcTH 3D-cueH B npouecce NX MHTEPaKTUBHOW B3yanu3aumnm
C 3afiaHHbIM ypoBHeM fps (frame per second);

— MOAKIOUYEHUS YTOUHEHHBIX 1 HOBbIX 3D-Mogeneit 06beKTOB, NONYUYEHHbIX B XO4€ aHa-
N3a pe3yfibTaTOB apPXeosIOrMUYeCcKnX SKCNeanunii;

- nepexopa K TEXHOSOMMAM JOMONIHEHHON peasibHOCTU C UCMOSIb30BaHNEM MOOUbHbBIX
CpencTB AocTyna;

- pa3paboTke ceTeBbIX MPUOKEHWU ANA COBMECTHOIO NCMOMb30BaHNA B ceTu MHTep-
HeT, a TakXe pa3nnyHbIX BUAoB nyb6nnkauun (Web, komnakT-guck n gp.).
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Kpome Toro, pazpaboTaHHOE MHTEPAKTUBHOE NPUSIOXKEHNE MOXET ObiTb NONE3HO B Ka-
yecTBe ANAAKTUYECKOro Nocobus nNpy opraHn3aLny BbICTaBOK, TEMATUUECKUX SKCKYPCUIA
N NPOBEAEHNN 3aHATUIN B apXe0Iormyeckom Kpyx ke locyaapcTBEHHOro dpMuTaxa.

WNHrumaTneHbIN NpoeKT «MHTepaKTMBHAA KOMMbIOTEPHAA PEKOHCTPYKUUA 1-ro PasmeH-
Horo (KocTpoMcKoro) KypraHa» BbIMOJIHEH B pamKax y4ebHOI MarmcTepckor nporpamMmmel
«Cuctembl MynbTMeaNa 1 KoMMbloTepHaa rpadurka» Ha kadepe BbIUUCINTENbHBIX CU-
ctem un ceten ['YAl B coppy»kecTBe C oTaenom apxeonorun BoctouHon Esponbl u Cubnpn
focypapcTBeHHOro dpmunTtaxa.
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FROM THE DIG TO CYBERSPACE. A CASE STUDY OF VIRTUAL
WORLDS AS ATOOL FOR INTERPRETATION CENTERS

1. Introduction

Interpretation centers have become a very adequate and viable solution for effective
communication of heritage information in municipalities and rural areas which lack the
resources for establishing a traditional, full-scale museum, and where heritage can be an
important factor for tourism development.

Unlike traditional museums, interpretation centers do not usually aim at collecting,
conserving and studying objects; they are specialized institutions for communicating the
significance and meaning of heritage. They work to educate and raise awareness.

Many studies have demonstrated the capabilities of virtual worlds to enhance the
learning process at all educational levels. Some of them, including previous works by the
authors of this paper, come to the same conclusion in a scenery involving museums and
schools for telepresential visits (Barneche 2014).

Although there are numerous cases of the use of heritage reconstruction in virtual
worlds (Harrison 2009; Sequeira 2013; Barneche 2010), few examples can be found in the
context of a real museum, like the case of Villa Livia (Forte 2008). The present work deals
with the design of a dedicated, OpenSim based virtual world as a part of a real exhibi-
tion taking place in a small interpretation center: the Museum of the Mosaic of Casariche
(Spain) devoted to the mosaics found in the dig of the Roman villa of El Alcaparral (4th -
5th century AD).

The virtual model was intended to accomplish two objectives. On the one hand, it
should display a complete recreation of the mosaics found in the nearby excavation, allow-
ing the visitors to contemplate the appearance of the pavements in their full size instead
of just fragments. On the other hand, the villa model should be designed to act as built-in
environment that could provide context for the interpretation of the mosaics.

2. Methodology

This work has been carried out in two phases; the first one consisted of the construction
of the virtual model to be used for virtual exhibitions and activities, and the second one
included all aspects of virtual musealization.

2. 1. Construction of the virtual model
Reconstruction of the mosaics:
The mosaics to be displayed can be separated into two groups. The first one includes

those formed solely by geometrical motifs. Here, the modular and repetitive characteris-
tics of the formal structure of the drawings allowed to easily obtain a possible full version
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Fig. 1. Fig. 2.
Geometrical mosaic in the atrium of the impluvium and reconstruction. “The Judgment of Paris” mosaic (photos from the Intervention Report -
(photos from the intervention Report — above-and from the virtual world — below) above, and from the virtual world - below)




of every original design. Patterns were repeated, in search of a coherent formal structure
for every case in accordance with the dimensions and shape of every room. Apart from
possible unknown irregularities or unexpected lost elements that could break the homo-
geneity of the design in the original mosaic, the reconstructed versions offer an image of
every mosaic that would correspond approximately to the appearance of those ancient
pavements (fig. 1).

The second group of mosaics is composed of those containing figurative designs. There
were three mosaics in this group, in different states of preservation. The mosaic depicting
the “Judgment of Paris” (fig. 2) was almost complete and only needed a few retouches to
obtain its virtual replica.

The second one, called “The Spring’, mosaic lacked a large part of the face of the person
represented, however the characteristics of the shape of the human face permitted to re-
construct it fairly well (fig. 3).

The third case, the mosaic that covered the bottom of the impluvium, was almost com-
pletely lost and only small parts were extant. Nevertheless, those parts indicated clearly
that the original design depicted a scene containing two Nereids riding a Triton.

The detailed formal analysis of the remaining fragments revealed multiple similarities
with other mosaics of the same age and similar theme found in excavations located in
neighboring regions. That made the authors consider a great influence or even a common
school authorship that might induce to think that the motif depicted in the original mosaic
could be very similar. Hence, the scene was fully reconstructed, and the clear character of

Fig. 3.
“The Spring” mosaic in the virtual world
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Fig. 4.
Impluvium in the virtual world with the reconstructed mosaic of Nereids riding a Triton

hypothesis of such reconstruction was indicated in the associated explanatory panel that
floats over the element. Moreover, the virtual version helps understand the frequent use of
marine scenes in impluvia and other hydraulic elements (fig. 4).

Finally, a generic mosaic was designed to be used in the rooms that presented more
uncertainty in their layout, as a means to mark them as the most hypothetic part of the
interpretation of the house.

Reconstruction of the villa:

In order to facilitate a better comprehension of late Roman architecture, the three-di-
mensional representation of this villa olearia which was made for this project tries to be
as accurate as possible, based on all the data obtained from the archaeological dig, but
considering the fact that the remains are neither abundant nor well preserved. Addition-
ally, the authors interpreted the historical and ethnographical data available and analyzed
other nearby villas olearias that present a similar terrain organization based on terraces of
the same period as the villa vinicola of Fuente Alamo and the villa agricola of Villaricos.

Other reconstruction criteria for the making of the model were based on the current
archaeological thought named Archaeology of Architecture (Steadman 1996; Azkarate
2002). This discipline provides analytical models and methodological tools that contrib-
ute significantly to the study of different dimensions of the built space. This work used
the constructive analysis to obtain the characteristics of the domestic architecture of the
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Fig. 5.
General views of the villa - above, and hypothetic distribution of the pars urbana.
Pavements with mosaics are marked - below

Fig. 6.
Anphoras for oil and wine and explanatory panel

archaeological site, the formal analysis to construe and understand the functionality of the
structures and the syntactic analysis of the space to grasp the subjacent social significance.

The virtual reconstruction mimics the constructive materials found in the dig that are
properly described in the corresponding excavation reports (Sierra 1985; Hoz 1987). Those
reports also give important clues to the possible distribution of spaces and the way they
are grouped in terraces following the slope of the terrain. Those clues were especially taken
into account to obtain the hypothetical layout of the complex.

On the basis of the previous analysis, the model of the villa was organized in three zones
following the alignments of the terraces found on the site. The first one corresponds to the
pars urbana, the noble area where the dominus and his family lived, and the area dedicat-
ed to the thermal baths (balnea). The second one is related to the accommodation of the
servants, slaves and all personnel who harvested the crops in the surrounding fields. The
third area includes spaces for storage of farm equipment and stables. The final distribution
is displayed in the figures (fig. 5).

2. 2. Virtual musealization

Musealization of the model:

The virtual representation of the domus is fully visitable. The user, represented by his
or her avatar, dressed as a Roman inhabitant of the villa, can walk freely throughout all the
complex, enjoying not only the architecture of the building, but also the wall paintings, fur-
niture, mosaics and other elements of material culture (anphoras for oil and wine, tegulas,
oil lamps, etc) (fig. 6). The setting of the different spaces (atria, peristila, lararium, triclinium,
tablinium, etc) helps interpret the daily life in such facilities. The main focus is the mosaic of
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Fig. 7.
Room explaining the oil commerce from the villa

the “Judgment of Paris” since this piece is unique in Hispania, being one of the five known
mosaic found in all the Roman Empire and depicting this theme (Blazquez 1985).

All notable elements in the virtual villa have explanatory panels written in Spanish and
English (switchable) that give information about every specific topic. Some rooms act as
containers of descriptive elements like maps (fig. 7), pictures and videos related to the ac-
tivities that took place in the villa and the art of mosaic making.

Implementation and support for the interpretation center:

The virtual villa is implemented as a database in an OpenSim server, so it can be ac-
cessed through the Internet using any compatible viewer such as Singularity, Kokua or
Imprudence. Anyway, a custom-configured viewer can download this project from the
website of the virtual world.

Independently from the remote access, the virtual world is designed so that it can be
used as a local simulation of the ancient house from within the interpretation center, with
the help of a regular personal computer located in one of its exhibition rooms. This way,
this virtual museum accomplishes several objectives of the center:

Depiction: The virtual world displays formal aspects and characteristics of the ele-
ments to interpret, their full shape, location and use in the villa, relative importance, etc.

Evocation: The virtual villa fosters the use of imagination to make the visitors feel
themselves part of the ancient world, thus helping understand the key concepts and better
grasp the information that is offered.

Experience:The visitor can perceive the villaand the mosaics located inside through
a virtual, but vivid experience, feeling the relations between the spaces, contemplating the
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Fig. 8.
Educational activities for remote users

elements displayed, and experiencing the visit to the virtual villa like he or she could do it
in a real museum.

Last but not least, the multiuser enabled remote access brings the possibility to put
distant visitors in touch, allowing them to meet one another in the virtual facility where
both text and voice chats are available. This way, it is possible to organize such events as
lectures, guided visits for remote groups of visitors (i.e. school groups) in the virtual villa,
expert meetings, etc (fig. 8).

2. 3. Avatars and gamification

As it was mentioned above, users enter this world using avatars that can be chosen from
a small variety of male and female, both adult and child, images. Those avatars dressed in
Roman garments and wearing jewelry can be personalized for every user. This is made in
order to reinforce the feeling of personal presence of the visitor in the virtual world.

There is a quiz game implemented in the virtual world, specially designed for young
visitors. The player is to face a bas-relief sculpture of Medusa that asks him or her a ques-
tion. The answer is easy to give if the visitor has paid enough attention to the information
displayed all over the villa. If the player succeeds in answering the question, Medusa gives
him (or her) an image of a golden apple like the one depicted in the “Judgment of Paris”
mosaic (fig. 9).

3. Conclusions

Virtual worlds can be used as a very effective tool for the dissemination of the cultural
goods of an interpretation center. Virtual replicas can not only be displayed but also put
into context, allowing for a better understanding of their cultural meaning. Those virtual
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Fig. 9.
Visitor playing the quiz

environments can be used both as on-site simulation of historical reconstruction and also
as a means for remote visits, drawing interest and attention of visitors from all over the
world, thus reaching people which could probably never visit the real place. All of this
makes virtual worlds a notable tool for enhancing the didactic capabilities of such centers.
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P.T.NoaropHaa, M. A. Bacunbes
I'BYK MckoBckoli 0bnactu «Apxeonornyeckuii Lentp lckosckoil 0bnactu», Poccua

MNPEAMOCBITKN CO3OAHUA TUC
«APXEONNOTMYECKOE N3YHEHWNE NMCKOBA»
N «<OBbEKTbI APXEOJIOTMYECKOIO HACJIEAWA
NCKOBCKOW OBJTACTU»

Apxeonorunyeckue nccnegosaHus B [IckoBe BefyTCA Ha NPOTAXEHUN MHOrUX NneT. lNep-
Bble packonku coctoanuck B 1912 rogy y Mctucnasckon 6awwHu. MHorue rofbl OCHOBHbIMM
WHCTPYMEHTaMU AN1A U3MEPEHMI N TOUHOW PUKCALIMM apXEONOrMYecKknx o6 beKkToB 1 apTe-
baKToB 6bIIN pyneTKa, HUBENUP U MUAUMeTPoBas bymara. CtpeMuTeNbHbIA PoCT Lmdpo-
BbIX TEXHOJIOTNIA, X MOBCEMECTHOE BHeAPEHME MPUBESIO K MO3TaNHOM 3aMeHe MPUBbIYHbIX
WHCTPYMEHTOB Ha 3NIEKTPOHHbIE aHasNor .

MHoroneTHume packonku, Begylumecs B [1ckoBe, MO3BONMAN NOAYYUTb JOCTAaTOUYHO MNOJI-
HOe NpefCTaBeHNe O KYNIbTYPHOM CJ10€, er0 MOLHOCTM U COXPaHHOCTM Ha pa3HbIX yyacT-
Kax ropoga (JlTabytnHa 1981; JlabyTtnHa 1983). C nomoLbio 6a3bl 3HaAHWUA MOXHO NPOrHO-
3UpoBaTb O6BbEMbI NPEACTOALLMX aPXEONOrNYECKMX PaboT, BEPOATHbIE XPOHONOrMYecKue
paMKmM KyNbTYPHOFO C/10A, COXPAHHOCTb apXe0NOrnYecknx o6 bekToB 1 apTedakToB U T. A.
Mo HaweMmy MHeHWIO, B HaCTOsILLEe BPEMSA UMEIOTCS BCe HeobxoaMMble YCSIOBUA ANA co3aa-
HuA nonHoueHHon MNC.

B 1981 rogy 6bi1a NpoBefeHa cMCTeEMaT3aLMA CBEAEHUI 0 packonKax B [ckose ¢ 1912
no 1979 roapl No pagy napamMeTpPoB: rof, MecTo NpoBeAeHNs PaboT, PyKOBOAMTENb IKC-
neauLNN, yupexxaeHmne, npoeoavsLlee paboTbl, NIOWAAb NCCefoBaHUS, MOLWHOCTb KyJib-
TYPHOFO CNOfA, MeCTO XpaHEHUA KOMNTEKL MW, MECTOHAXOXKAEeHME OTYETA U NepeyeHb OCHOB-
HbIX ny6nukauun (puc. 1).

K stomy BpemeHun obuiasa nnowagb, M3yyeHHas B XOAe apXeonornmyeckrx Packomnok,
6blna paBHa 2,2 ra, YTo COCTaBnANO YyTb 6onee 1 % OT TeppPUTOPUN CPeIHEBEKOBOIO ro-
poaa.

B 1992-1994 ropax B 4ONOSIHEHUE K TEKCTOBOW YacTu Bbina pa3paboTaHa cxema pacrno-
NOXEHWs PackonoB B a5eKTpoHHOM Buge (AutoCad) ¢ nprBA3KO K COBpeMeHHON TONooC-
HoBe (Xapnawwos 2000). CozaaH dwg-dalin, coaepkalinin pa3HecEHHbIE NO COAM AaHHble
TOMOOCHOBbI (rOpoACKasa KOOPAMHATHAA CeTKa, yNuLbl, MOCTPOMKMW) 1 packornbl (puc. 2).

B 1999-2001 romax BnepBble Ha apXeonornyeckom matepuarse 6bisia co3gaHa KOMMblo-
TepHasi Mogenb NepBoHavanbHoro penbeda r. MNckosa (AkoBnera 2001; Xapnawos 2000).
Ha ocHoBe 6onee 800 Touek B nporpamme Serfer 6.0 6bina CMOAEeNMpPoBaHa NOBEPXHOCTb,
COBMELLEHHAA 3aTeM C UCTOPUYECKMMM NSIAHAMM U COBPEeMeHHO TonoocHoBow B AutoCad.

B HacToAwee BpeMA paboTa MO YTOUHEHWIO 1 AOMOMHEHUIO MOAeNy npofomkaetcs. Mo-
NyYeHHble pe3ynbTaTbl UCNOJb3YITCA ANA NPOrHO3UPOBAHUA MOLHOCTA U COXPAHHOCTK
KyJIbTYPHOIO C/T0Sl B XOZ€ BbINOMHEHMA NPeANpPOeKTHbIX paboT. ba3a AaHHbIX 0 MOLHOCTK
KYy/NIbTYPHOFO C/10A HacumTbiBaeT okono 1500 eguHuy, (puc. 3).
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Puc. 1.
CxeMa pacnonioXKeHUs apXMTEKTYPHbIX 06 bEKTOB 1 apXE0NOrMUYeCcKnX PackonoBs Ha
Tepputopum r. [lckosa B Hauyane 80-x rogos XX Beka

B 2001-2002 rogax 6bina HayaTa pabota Hag npoektom PTHO «[lpeBHocTu MNcKoBCKOM
3emnm», Co3gaHne KOMMbIOTEPHON KapTbl-CXeMbl Y CBOAHOW TabnuLbl apxeoiornyeckmnx
NamATHMKOB [CKOBCKOM 06nacTyi Ha OCHOBE JaHHbIX MOHUTOPUHIA, KAPTOTEKU, NAaCropToB
OKH (ncn. b. H. Xapnawos; A. B. Muxannos).

KapTa-cxema BbinonHeHa B nporpamme AutoCad Ha ocHOBaHMK oundpoBaHHON KapTbl
McKoBCKOW 06M1acT C NOCNONHBIM HAaNOXEHNEM TMAPONOTUN, apXeoNornyeckux obbek-
TOB, HACENEHHbIX MYHKTOB.

B 2003 roay Hauyanocb ¢opmmpoBaHue LMdPOBOro apxrea OTYETHON AOKYMEHTALMM:
TEKCTbl, UepTexu, anbbombl unnoctpauun (Xapnawos 2003; Koponéra u gp. 2013). YcTa-
HOBJIeH eAunHBbIN dopmaT dwg Ans BCel NOSIEBON YePTEXHON JOKYMEHTaLNUN.

B 2010-2011 rogax 6611 peanusosaH npoekt PFTH® «Apxeonorunyeckoe nsyyeHue Mcko-
Ba. KaTanor packonos 1 3/1eKTpPoHHbI apxus 1912-2008 rr.» (Koponésa, MNogropHas 2010;
Koponésa u ap. 2013).

B pamkax peanunsaumm NpoekTa KoieKTMBOM aBTOPOB 6blIM MOATOTOBMIEHDI:

— YTOUYHEHHbIN NepeyeHb apxeosiornyeckmnx packonos ¢ 1912 no 2008 roabl (No mate-
puanam apxmeoB VA PAH, npeBnexpaHunuila NCKOBCKOro Mmy3es-3anoBefHuKa, MO Oryr
«MHCTUTYT pecTaBpaLn NaMATHUKOB NUCTOPUN 1 KynbTypbl «CneLnpoeKkTpectaBpaumsy,
IBYK «Apxeonorunyeckuin ueHTp MNckoBcKo obnactm»);

— YTOYHEHHAA SNEKTPOHHAA KapTa MeCTOpPaCMnoNIOXKEHMA PACKOMOB C BKIIIOYEHHbI-
MK 0603HAYEHUAMM KOOPAMHATHbIX CETOK, AeNeHMEM Ha Y4YacTKM U T. M., B TOM 4ucie
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Puc. 2. Puc. 3.
CoBpemeHHas «CxeMa pacrnonioXKeHNA apXxeonornyeckmx packonos B r. [lckoBe» Mogenb naneopenbeda cpeHeBeKoBoro MNcKoBa Ha OCHOBAHMUM JaHHbIX
(akTyanbHa gna 2014 roga) apXe0sIornm 1 reonornyeckoro bypeHus
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Pae. 19, Cxresta pacionokenis apxecnoriyeckns packonos o r. Mexose (dparsent).

11 - 1955 r,, yn. Hexpacona, 36 (packon 2); 18 - 1967 r., yu. K. Mapkca, 15; 46 - 1982 r., yn. Hekpacosa, 25; 61 - 1987 1.,
yn. Hexpacosa, 38 (Hosoroproscxmii I, 130 - 1995 r., yo. K. Mapxca (wrypdet); 139 - 1998 r, ym. K. Mapsxca, 31
(Hosoroproscemdi I1); 204 - 2003 r., yn. Hexpacora, 3840 (HoroToproscknii 4); 218 - 2007 r. yn. Hekpacosa, 25
(Hosotoproscemdi 5); 233 - 2008 r. ya. Hexpacoea, 25 (HosoTtoproecxmii VI-VII); 234 - 2008 r. yn. Hexpacosa, 25
(Hosotoproscesdi VIII);

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

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

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

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

— JNEeKTPOHHbIN apXMB OTUETHOWN JOKYMeHTaLuunu;

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

B 2012 rogy npofonxeHbl paboTbl B paMKax peanusaumu npoekta NpurpaHnyHoro
coTpyaHunyectBa JcToHuA-JlatBuA-Poccusa «Apxeonorusa. Bnactb. O6wectBo». Wtorom
npoekTa cTaHeT coBmecTHasA bl n aneKTpoHHaA KapTa No NaMATHUKaM apXxeosniornu, BKo-
Yalowana B cebs nHpopmaL Mo No NOrpaHNYHbIM panoHam McKOBCKOM 06nacTu, ICTOHUN
1 NaTteun. B[] NoCToOAHHO NOMONHAETCA B XO4e MOHUTOPUHIOB 1 06cefoBaHui (puc. 5, 6).

Takxe B 2012 rogy Ha 6a3e IBYK MO ALMO 6bina co3paHa JlabopaTtopua umdpo-
BOW apxeonorun (B pamKax peanusaumm Mpoekta BcemunpHoro 6aHka «CoxpaHeHune
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Puc. 5.
OneKTPOHHaA KapTa MeCcToPacrnooXeHNA apXeonornyeckux NamAaTHNKOB
Ha TeppuTopum MNcKoBcKol 06nacTu (c ncnonbsosaHrem SASPlanet)
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Puc. 6.
CBopaHas Tabnuua namaTHMKOB apxeonorun MNckosckon obnactu (B popmate Excel)

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

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

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

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

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

4. dneKTPOHHbIN apXuB Ny6nnKauuin 1 OTYETOB O PacKOMKax.

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

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

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

TPEXMEPHOE CKAHVPOBAHWE M MOOENPOBAHUE
KOPABEJIbHbIX JETATEA KOYA

1. BgedeHue

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

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

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

2. O6opydosaHue u npoepammHoe obecneyeHue

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

3. Memoduka nonyyeHus 3D-mooenel

3.1. [poyecc MpéxmepHo20 CKAHUPOBAHUS

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

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

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

Mpouecc co3gaHna mofenu

1 — Obnako Touek

2 - TpraHrynaumns cetu

3 —MonuroHanbHaa Mogenb

4 - TekcTypupoBaHHasa Mofesb

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

3.2. Obpabomka mooeneli

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

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

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

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

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

3.4. Pesynemamel oyugpposku demarned.

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

4. Memoouka peKoHCMpyKYUU Kuss kopabns

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

4.1. CoeOuHeHue hpazmeHmMo8 Kuns

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

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

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

4.2. O6bpabomka c1e008 8MOPUHHO20 UCNOJIb308AHUA U €CMeCm8eHH020
paspyweHus

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

4.3. Obpabomka degpopmayuu Oepesa

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

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

5. 3aknoyeHue

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

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

6. brnazooapHocmu

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

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

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

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

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

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

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

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

3) TeppUTOPMANbHO yaanéHHble N TPYAHOAOCTYMHbIE 0ObEKTbI;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TekcTypupoBaHHasa nonuroHanbHasa 3D-mogenb [leHncoBow newepsl.

LeHTpanbHbiv 3an
Pnc. 4.

TekcTypupoBaHHasa nonuroHanbHasa 3D-mogenb [leHncoBow newepsl.

BocTouHas ranepes

= mrdenca
e ]
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T ———

o Tiamaoay Trmar o s

Puc. 5.

WHTepodeiic nporpammHoro obecneueHus: npocmotp 3D-mofenw

[eHncoBon newepbl C HANOXKEHHON KOOPANHATHOW CETKOW
Puc. 6.

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

KOopAWHaTHaA ceTka c warom 1 m
Punc. 8.

TeKCTypI/IpOBaHHaﬂ nonnroHanobHaa 3D-mofenb KaMeHHOro apTecbaKTa

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

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

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

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

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

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

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

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

1. Introduction

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

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

2. Digital reconstruction towards Virtual Research Environments

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

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

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

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

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

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

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

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

3. Digital 3D reconstruction process

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

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

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

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

4. Conclusion

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

D. Hookk
VIRTUAL ARCHAEOLOGY: MODERN CHALLENGES

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

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

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

1. Peninn

BO3BPALLEHWE MATEPNAJIOB B BUPTYAJIbHYIO APXEOJIOT IO

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

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

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

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

TPEXMEPHASA APXEONOTMA: METOOO10TNA MCCNEAOBAHUIA
N NPUKNAOQHBIE ACMNEKTbI - MPEABAPUTEJIbHbIE COOBPAMEHWA

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

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

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

N. Nnpuumc, M. BonoHakunc

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

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

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

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

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

VIRTUAL RECONSTRUCTIONS FOR MULTIMEDIA EXHIBITIONS
OF CULTURAL HERITAGE OBJECTS

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

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

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

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

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

Key words: virtual reconstructions, multimedia technologies, augmented reality

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

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

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

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

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

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

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

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

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

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

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

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

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

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

M. Zhukovsky

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

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

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

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

Kniouesole cnosa: 3D-mopenvpoBaHue, JIMTOPUHOBaA TPAaHCrPeCCUs, NaMATHUKM
HeonnTa — paHHero meTasnna Ha Tepputopum CaHkT-NeTepbypra, nobepexbe
BOCTOYHOI banTrku B ronoueHe, naneopenbed BOCTOUHOM YacTh
DuHcKoro 3anuBa, naneoreorpaduyeckrie PEKOHCTPYKLNN B FofoLieHe
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. B. ®accbuHpep, A. lacc, V. XodmanH, A. b. Benunnckui, . MapunHrep

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The archaeological site in the Okhta Cape offers new evidence for the reconstruction
of paleographic conditions in the Saint Petersburg region in the Neolithic - Early Iron Age
period (late 6th — 1st centuries BC). The analysis of literary sources and archaeological
data reveals that in the Littorina regression period (6500-5500 VR) the discussed area was
a coastal zone of a lagoon separated from the open Littorina Sea by a foreland and joined
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to it somewhere near the modern Neva River bed. Reconstruction of the Neolithic surface
relief, i.e. coastal zone of the shallow lagoon, was done with the 3D modelling program
(3ds max 9.0) using lithological sections and absolute level marks. The paleographic level
rose to 2.50 (Baltic System) in the central and south parts which were a “living zone” and
dropped to 0.50-1.0 (BS) in the east and west where there was a“fishing and hunting zone".
In the following regression phase (5200-4500 VR) a narrow gulf was formed along the
Neva’s paleovalley, which provided good conditions for the development of fishing.

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

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

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

M. Daragan

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

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

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

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

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

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

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

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

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

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

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

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

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

YCNOBHBbIE U1 SITTUNTUYECKWE MPEOBPA3OBAHWA OYPBE
KAK MATEMATUYECKMK AMNAPAT 19 MOPOOTOITMYECKOW
KINACCNOUKALINNA

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

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

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

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

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

A. Pakhunov

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

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

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

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

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

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

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

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

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

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

D. Karelin

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

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

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

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

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

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

BOPOTA AYPEA B PABEHHE: LMOPOBAA MMMNOTE3A PEKOHCTPYKLU N

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

B. bapHeke Has, J1. XepHaHgec MbaHec

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

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

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

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

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

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

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

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

R. Podgornaya, M. Vassiliev

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A. Leonov

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

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

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

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

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

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

O. Xayk, 1. KypouunHckuin

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

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

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

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

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

banTuinckaa cuctema BbICOT

6a3a JaHHbIX

Bawknpckmin dpunman Akagemum Hayk

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

focypapcTBeEHHOE GIOAXKETHOE YUpeXAeHNe KyNbTypbl
leorpaduryeckan MHGoOpMaLMOHHasA cucTeMa

CaHkT-lNeTepbyprckumin rocyfapCTBeHHbI YHUBEPCUTET a3POKOCMMYECKOTro
NprbopoCTpoeHNs

focynapCTBEHHbIN dpMUTax

[HIiNpONeTPOBCbKMI FyMaHITapHU YHiBepCcHTeT

WHcTuTyT apxeonorunu

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

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

JleHnHrpaacknii rocyfapCTBEHHbIN yHUBEPCUTET

MOCKOBCKIMIN apXUTEKTYPHbBIV UHCTUTYT

MHoOroyrnoBas TeHeBas GOTOCbEMKaA

HauunoHanbHaA akagemma Hayk YKpauHbl

00BEKT KyNbTYPHOro Hacneaua

nporpaMmmHoe obecneyeHne

Poccuinckas akagemns HayK

Poccninckunm apxeonornyeckun exxerogHmnK

Pycckoe reorpaduueckoe obectso

Poccuinckuin rymaHuTapHbIil HayuHbIn GoHA

Poccunckuin rocysapcTBeHHbIN Nejarornyeckmin yHuBepcmTeT
CoBeTcKas apxeonorus

cucTema aBTOMaTM3MPOBaHHOMO NMPOEKTUPOBaHUA

YuebHO-HayuUHbIN LeHTp

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

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

LIST OF ABBREVIATIONS

three dimensional

advanced digital asset management

additive manufacturing file

augmented reality

Bulkan Heritage Foundation

Bayerischen Landesamtes fiir Denkmalpflege
computer-aided design

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

cultural heritage

cultural heritage markup language

International Committee for Documentation of Cultural Heritage

International Committee for Documentation of the International Council
of Museums

conceptual reference model

Consejo Superior de Investigaciones Cientificas

computed tomography

Deutsche Archdologische Institut

digital single-lens reflex camera

European Space Agency

geographic information system

ground-penetrating radar

global positioning system

Geological Society of America

Hewlett Packard

hemispherical harmonics

image composite editor

International Colour Authority

information communication technology

International Standards Organization

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

Lesser General Public License
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LMU
MDA
MIT
MMOW
NASA

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

VE
VAST
VRE
WissKI
XML

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

massively multiplayer online world

JPL Jet Propulsion Laboratory of the National Aeronautics and Space

Administration

object file

portable network graphics

polynomial texture mapping

Public Works and Government Services Canada
random access memory

Russian Academy of Sciences

red green blue

reflectance transformation imaging
Scale-invariant feature transform
stereolithography

tagged image file

virtual archaeology

virtual environment

Visual Analytics Science and Technology
virtual research environment
Wissenschaftliche KommunikationsInfrastruktur

extensible markup language
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