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AbaszoB K.A.*, AbasizoB JLLK.**, Cunraryaun P.A.**
*Capamogckoe omo. Hncmumyma ucmopuu um. L. Mapooxcanu AH PT
**Capamosckuii eoc. yn-m um. H.I YepHnoiuteacxozo

IF'EOMH®OPMALMOHHBIE TEXHOJIOI'MU
N METO/bI INTYBOKOI'O OBYUYEHUSA
ITPU JIOKAJIM3AIIMA TOPTOBBIX ITYTEM 3010TOM OPIbI

Ucropuorpadus 3omotori Opjbl, ¢ CTCMHON UBUIM3AIMOHHBIA (DEHOMEH M POJib B
CTaHOBJICHUH HOBOW €BPOAa3MaTCKOM TOPTroBO-TPAHCIIOPTHOM CHCTEMBI BCE €Ie OCTAIOTCA
3a TpeJesiaMi HayYHbIX M3BICKAaHUH METO/IaMH TeOMH(OPMATHKH U JPYTHX BCIIOMOTATElb-
HBIX qucnuruinH. Co3aanue MapmpyTHOW HHPPACTPYKTYPhI Ha BCEM OIPOMHOM €BpOa3uar-
CKOM IIPOCTPAHCTBE UMIEpHH YMHTH3UIOB sIBIIsIeTCS (DyHIaMEHTaIbHBIM HAa4alloM TOPTOBO-
9KOHOMHUYECKUX OTHOIICHWH 00pa30BaHHOTO rOCylapcTBa. TpaauiinoHHas TOPTOBIS BCEraa
urpalia BaXHyIO poJib B IPOLBETAHUU HMIIEPUH, TTOITOMY TOPTOBO-TPAHCIIOPTHBIC MYTH, UX
HAIIOJIHEHUE TOBAPOM, TECHAs B3aAUMOCBSI3b C OKPYTOM, ONPEAEIISIO Pa3BUTHE TOW UIIM HHOM
TeppUTOpHH. TpaHCIIOPTHBIE MOTOKH HE MPOCTO TapaHTHPOBAIIN CYIIIECTBOBAaHUE rocydap-
cTBa, OHM (HOPMHUPOBAIH Pa3BUTHE PHIHKA, 0OMEHA TEXHOJIOTHSAMH, MOAbEMa MTPOU3BOJICTRA.

Hauunas ¢ 2012 r. B maboparopun HHGOPMAIMOHHBIX TEXHOJIOTHHA B T'yMaHUTApPHBIX
1 €CTEeCTBEHHOHAYYHBIX HccienoBaHusAXx CapaTOBCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA
MPOBOATCST MEKIUCIUIIMHAPHBIC UCCIIEIOBAHMS TOPTOBO-TPAHCIIOPTHON CHCTEMBI 30710~
toit Opabl. YacTh uccienoBanmii Oblia OnyOJMKoBaHa B aBTOpCKor MoHorpaduu (Ablyazov
K., Singatulin R. Logistics of Trade Routes of the Golden Horde: Effective Adaptive System
with Feedback. NY: Nova Science Publishes, 2015).

Benyuryto ponb B MCCIIEIOBAaHUSAX UTPAET METOJ aBTOMATHYECKOTO PAcrlO3HAaBaHUS Ha
OCHOBE HelpoceTeil MyIbTUCIEKTPATBHBIX M300paKEeHHUI CIe0B KapaBaHHBIX IMyTeH MO
TUIY TIOYBBI. AJITOPUTM ObLT pa3paboTaH Ha OCHOBE METOZOB IIyOOKOro oOydeHUs C Hc-
MOJIb30BAaHHEM MMapaMETPUUECKUX 0a3 JaHHBIX, B KOTOPbIC IIOMUMO MYIIBTUCIICKTPAILHOTO
aHa3a U300paKEHUIA, BXOIAT: aKTyallbHasi apXeojorndyeckas, STHorpaduieckas u KapTo-
rpaduueckas uHMOpPMALIUS, a TAKXKE Pe3ybTaThl HCCIICAOBAHUN MapKEPHOTO MOJbEMHOTO
marepuana merogamu OXKE nu BUMC-cniekTpockomnumu.
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Ablyazov K.A.*, Ablyazov L.K.**, Singatulin R.A.**
*Saratov Branch of the Sh. Marjani Institute of History,
Academy of Sciences of the Republic of Tatarstan
**Saratov State University

GEOINFORMATION TECHNOLOGY AND METHODS
OF DEEP LEARNING IN LOCALIZATION
OF TRADE ROUTES OF THE GOLDEN HORDE

The historiography of the Golden Horde, its steppe civilization phenomenon and role in
the formation of a new Eurasian trade and transport system still remain outside of the scope
of scientific research methods of geoinformatics and other supporting disciplines. The cre-
ation of route infrastructure throughout the vast Eurasian space of the Chinggisid Empire is
the fundamental beginning of trade and economic relations of the formed state. Traditional
trade has always played an important role in the prosperity of the empire, so trade and trans-
port routes, their filling with goods, close interconnection with the surrounding area, deter-
mined the development of this or that territory. Transport flows not only guaranteed the ex-
istence of the state, they shaped the development of the market, the exchange of technology,
the rise of production.

Since 2012, interdisciplinary research on trade and transport system of the Golden Horde
has been carried out in the Laboratory of Information Technologies in the Humanities and
Natural Sciences at Saratov State University. Part of the research was published in the author’s
monograph (Ablyazov K., Singatulin R. Logistics of Trade Routes of the Golden Horde: Ef-
fective Adaptive System with Feedback. NY: Nova Science Publishes, 2015).

The leading role in the research is played by the method of automatic recognition based
on neural networks of multispectral images of caravan trails by type of soil. The algorithm
was developed on the basis of deep learning methods using parametric databases, which in
addition to multispectral image analysis includes: current archaeological, ethnographic and
cartographic information, as well as the results of studies of marker lifting material by AES
and SIMS spectrometry methods.
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ABunosa A.C.*, 'pummin E.C.*, KynaBun K.C.**
*Bonvwas Poccutickas snyuxioneous, Mockea
**Tambosckuil 2oc. yn-m um. I'P. Jlepocasuna

OIIEHKA AHTPOIIOTEHHOI'O BO3JIEVICTBUS
HA TUAPOJIOI'MYECKHUE YCJIIOBUSA U UX AKTYAJIM3ALUA
11O MATEPUAJIAM JIUCTAHUHMOHHOI'O 30HANPOBAHMUS 3EMJIN

ABTOpaM# H3y4aroTcs MPOIIECChl aHTPOTIOTEHHOTO BIUSHHS Ha OKPYKAIOIIYIO CPEIy
B pe3yJbTare X03sicTBEHHOU nesitenbHOCTH B HoBoe Bpems. Mccnenyemas tepputopus,
pacronokeHHasi Ha fore TamMOOBCKOH 00macTh, NpencTaBiseT cOO0OW 30HY aKTHBHOTO
arpapHoro BosjeicTBus. JlanamadT 30HB pa3HOOOpa3eH — pas3jeicH PEKOH Ha XOPOIIO
OCBOCHHBIN KOPEHHOU OEper U Ha MOJIOTHH, T1Ie JOMUHUPYIOT 3aJTUBHEIC TyTa, 00JI0Ta U JIeC.
OCHOBHBIMH HCTOYHHKAMH BBICTYHAIOT KAPTHI HECKOIBKUX MokoneHui (XI1X —nauano XX B.)
U JaHHbIC JMCTAHIIMOHHOTO 30HIUpoBaHus. Ha ocHOBe uMeromuxcs HaOopoB naHHbIX /133
OBLTN OCYIIECTBIICHBI OTEPALIUH 10 KOMOMHUPOBAHUIO KAaHAJIOB IS TIOJTYYSHHST PA3ITHUHBIX
WHJICKCOB U BBIJICJIICHUSI HA X OCHOBE OTIOPHBIX 00BEKTOB, PACKPHIBAIOIINX JIOTUKY H3Y4aeMbIX
MIPOIIECCOB. bBITH yTOUHEHBI 3PO3HOHHBIE U AKKYMYISIIHOHHBIE IPOIIECCHI BOJHBIX TOTOKOB,
AKTyaJIN3UPOBAHBI TUAPOJIIOTMYECKUE YCIOBUS COOTBETCTBEHHO M3y4aeMOMY IIEPUOAY.

Pazpaborana u amnpoOupoBaHa Metomuka auddepeHranTbHON XapaKTePUCTHKH
XO3SIICTBEHHOM HATPY3KH Ha pa3IMYHBIC KIACChl MECTHOCTEH (BKJIIOUAst TIOWMEHHBIN Oeper
W JIECHbIE MACCHBBI) B IpEJeNaXx pacCMaTpPUBAEMOIl TEPPUTOPHH; MPOBEACHA MOIYIbHAS
OLICHKA IIPSIMOTO U KOCBEHHOI'O aHTPOIIOI€HHOI'O BO3ACHCTBUS HA M3y4aEMYI MECTHOCTD.
[Mony4eHHbIe pe3yNbTaThl ObUIN 3aBEPEHBI 110 KapTOTrpaguyeCKIM HCTOYHUKAM U pe3yJIbTaTam
MapIIpyTHOTO U3YYEHHUS PETHOHA.
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Avilova A.S.*, Grishin E.S.*, Kunavin K.S.**,
* Great Russian Encyclopedia, Moscow
**Tambov State University

ESTIMATION OF ANTHROPOGENIC IMPACT ON HYDROLOGICAL
CONDITIONS AND THEIR UPDATING ON REMOTE SENSING DATA

The authors study the processes of anthropogenic impact on the environment as a result
of economic activity in modern times. The study area, located in the south of the Tambov
region, is a zone of active agrarian impact. The landscape of the area is varied — divided by
the river into a well-developed native bank and a gentle bank dominated by flood meadows,
marshes and forest. The main sources are several generations of maps (19th — early 20th
century) and remote sensing data. On the basis of available remote sensing datasets, channel
combining operations were carried out to obtain different indices and to extract from them
reference objects revealing the logic of the processes under study. The erosion and accumu-
lation processes of water flows were specified and the hydrological conditions were updated
according to the period under study.

A methodology for differential characterization of economic load on different classes of
terrain (including floodplain banks and forested areas) within the study area was developed
and tested; a modular assessment of direct and indirect anthropogenic impact on the study
area was carried out. The outcomes obtained were verified by cartographic sources and the
results of route study of the region.
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AraoueB b.X.*, beaaynusiii B.I.**, Mapuyk B.H.***

*000 «HUncmumym apxeonoeuu Kasxaza», Hanvuux
**Jlabopamopus apxeonoeuueckoul eeogusuku, Pocmos-na-omny
**XUncmumyma paouomexuuxu u snexkmponuxu PAH, @psazuno

KOMIUIEKCHBIE UCCJUIIEAOBAHMUS 2020 I KEHAEJIEHCKOI'O
BTOPOI'O T'PYHTOBOI'O MOI'MJIBHUKA C KAMEHHBIMH
BBIKJIAJIKAMHA HA TIOBEPXHOCTHU B BAKCAHCKOM PAVIOHE KEP

B smBape 2020 r. OOO «UuctutyT apxeonorun Kaskazay u Jlaboparopueir apxeoio-
rHYeCKOi reodus3uku npu ydactuu crernuainctos GUPD um. B.A. KorensnukoBa PAH
OBLTH MPOBE/ICHBI KOMIUIEKCHBIE FeO(U3NUECKUE U apXEOIOTHIECKHUE HCCIIC0BAHMUS HA TEp-
putopun Kennenenckoro BToporo rpyHTOBOrO MOTWIIBHHKA C KaMEHHBIMH BBIKJIAKaMHU
Ha noBepxHocTH (bakcanckuii paiton KBP). B 2019 1. 4epe3 BCIO TEppUTOPUIO TPYHTOBOTO
MOTWJIBHHKA (Ha MPOTSHKEHUH 186 M B HaIIpaBJIeHUH FOT0-3a11a]] — CeBEepO-BOCTOK) ObLIa Mpo-
JIOKEeHa TpaHIles ra3onposoaa. /s onpenenenus crenenu yuiepoa, HAHECEHHOTO TaMATHH-
Ky apXeoJIOTHH, B Pa3pabOTKH KOMITJIEKCa MEP TI0 COXPAHEHNIO 00bEKTa KyJIBTYPHOTO Haclie-
nust, ObUTM TIPOBEIEHBI KOMITJIEKCHBIE MCCIIEIOBAHMS C MCIOJIB30BAHNEM HEpa3pyLIAroInX
METOJIOB.

ITocne ananuza a3po- ¥ KOCMOCHUMKOB, ITPOBEICHHUS KOMIUIEKCA TOMOTpapuuecKux pa-
00T U TIIATEITHLHOTO BU3YAIBHOTO OCMOTpPA TEPPUTOPUH, OBLITH OTIPEICIICHBI IIEPCIICKTHBHBIC
YYaCTKH JIJIsl IIPOBE/ICHUSI Te0paIapHbIX HCCIICOBAHNH, HE NMEIOIUE KaKuX ObI TO HU OBLIO
BU3YyaJbHBIX MPU3HAKOB HAIMYHS TIOrPeOAbHBIX COOPYKEHUH.

Hcnonp3oBanack MoJieNb OJJHOKaHAIBHOTO reopaapa ¢ yactoroit antend 200 MI . Te-
opaZapoM HMCCIEeI0BATUCH YeThIpe ydacTka. O01as 1iomaas reopagapHoro UCcCae10BaHus
coctaBmiia 2833 KB. M; Mpon3BeieHO 5666 M reopaiapHbIX MPOpUIEH.

Ha nanHOM HEkporiosie HAMU B Ka4eCTBE SKCIIEPUMEHTa ObUT IPUMEHEH METOJI MIepPIIeH-
JUKYJSIPHBIX TIPOXO/IOB TI0 OJHOW M TOH K€ TePPUTOPUHU B HECKOJIBKO 3ax07oB. Ilpu sTom
pe3yibTaThl CKAHUPOBAHUS TI0 Pa3HOHANPABIEHHBIM MPOXOAAM yYYacCTKOB C MaKCHMAIbHOMN
TOYHOCTBIO HAKJIAIBIBAINCH APYT HA ApYTa.

Mo urory reou3nyecKrx UCCIICTOBAHNI U KaMEPaIbHOH 00paOOTKH MOTYYCHHBIX T'€0-
pallapHBIX JaHHBIX YJAJIOCh IMOJNYYUTh YeTKHE MPOQUIIN, Ha OCHOBAHHH KOTOPBIX OBLI cjie-
JIaH BBIBOJ] O HAJTMYHUU M MECTOIIOJIOKEHUH OCTaTKOB COOPY)KEHUI MOTUJIbHHUKA HA Y4acTKax
reopalapHoOro UCCIIEeJ0BaHMS.

Pe3ynbraTsl 3THX HCCaeN0BaHUNA ObUTH ITPOBEPEHBI apXEOJIOTHUECKUMU METOJaMH, T10-
CpeACTBOM 3aKiaJku IIypdoB Ha ydacTKaX MAaKCHMalbHOW KOHIEHTPAIMU BBISIBICHHBIX
aHOMAaJIHH C JOBOJILHO YeTKUMHU KOHTYpaMH. 3aJI0KEHHBIN Ha OTHOM M3 YYaCTKOB apXeoJio-
THYECKHUN HIypd MOTHOCTHIO MOATBEPAMII PE3YIBTATHI T€0PATAPHOTO NCCIICAOBAHUS.

TakuM 00pa3oM, HallIEeMy KOJUIEKTUBY YJAJIOCh TOJYYUTh aJCKBATHBIC JaHHBIC Teopa-
JTAPHOI CHEMKH, HECMOTPS Ha BBICOKYIO aHTPOTIOT€HHYIO HArpy3Ky U HaChIIIEHHOCTh TEPPH-
TOopuH 00CIIEIOBaHUSI COBPEMEHHBIMH 00bEKTaMH X03sHCTBOBaHUS. BbUIo mony4deHo apxeo-
JIOTHYECKOE MOATBEPIK/IEHUE JAHHBIX Te0palapHOTO 00CIEI0BaHUS O HATUYUH TPYHTOBOTO
MOTWJIBHHKA C MHUHHMAJIBHBIM apXE0JIOTHYECKUM BO3/ICHCTBUEM Ha HETO. Y TOYHEHBI FOXK-
Has ¥ CeBepHas TPaHHIIBI TPYHTOBOTO MOTHIIBHUKA, ITOJATBEPKACHO HAJMYME OCTAaTKOB I10-
rpebaibHBIX KOMIUIEKCOB HAa YYacTKaX C MHTEHCHBHOW XO3SIMCTBEHHOW JEATEILHOCTHIO. B
pe3ynbTaTe BbIpadOTaH M yCIEUTHO anmpoOUpOBaH KOMILIEKC METOJOB HCCIEI0BAaHUS TPYH-
TOBBIX MOTMJIBHUKOB C MAKCHMAJIbHBIM HCIIOJIb30BAHNEM HEPa3pyIIAIONINil METOIOB HA Tep-
PUTOPHH OJTHOTO M3 apxeojorudecknx namsTHukoB CeBeprHoro Kaskasza.
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Atabiev B.Kh.*, Bezdudny V.G.**, Marchuk V.N.***,
**Institute of Archaeology of the Caucasus Ltd., Nalchik
**Laboratory of Archaeological Geophysics, Rostov-on-Don
***[nstitute of Radio Engineering and Electronics RAS, Fryazino

INTEGRATED RESEARCH OF KENDELENSKOYE SECOND BURIAL
GROUND WITH STONE EMPLACEMENTS ON THE SURFACE
IN BAKSAN DISTRICT, KABARDINO-BALKARIA (SEASON OF 2020)

In January 2020 the Institute of Archacology of the Caucasus Ltd. and the Laboratory of
Archaeological Geophysics with the participation of specialists from the Institute of Radio
Engineering and Electronics RAS conducted comprehensive geophysical and archaeologi-
cal research on the territory of the Kendelenskoye Second burial ground with surface stone
deposits (Baksan District, KBR). In 2019, a gas pipeline trench was laid across the entire
territory of the cemetery (for 186 m in the southwest — northeast direction). Comprehensive
investigations were carried out using non-destructive techniques to determine the extent of
damage to the archaeological site and to develop a set of conservation measures for the cul-
tural heritage place.

Following the analysis of aerial and satellite images, a set of topographic works and a
thorough visual inspection of the site, promising areas were identified for GPR surveys with-
out any visual evidence of burial structures.

A single-channel GPR model with 200 MHz antenna frequency was used. Four areas
were investigated by GPR. The total area of GPR research was 2833 sq. m; 5666 m of GPR
profiles were produced.

We applied the method of perpendicular passes over the same territory in several runs
on this necropolis as an experiment. At the same time, the results of scanning in differently
oriented passes of the areas overlapped with each other with maximum accuracy.

As a result of the geophysical surveys and GPR data processing, clear profiles were ob-
tained, from which the presence and location of the remains of the burial ground structures at
the GPR survey areas could be concluded.

The results of these investigations were verified by archaeological methods, through
the laying of test pits in areas of maximum concentration of detected anomalies with fairly
clear contours. An archaeological trench at one area fully confirmed the results of the GPR
survey.

Thus, our team succeeded in obtaining adequate GPR data, despite the high anthropo-
genic pressure and large quantity of modern economic objects. There was archaeological
confirmation of the GPR survey data about the presence of a burial ground structures with
minimal archaeological impact on it. The southern and northern boundaries of the unexca-
vated burial ground were clarified and the presence of remains of burial complexes in areas
with intensive economic activity was confirmed. As a result, a set of methods was developed
and successfully tested to investigate burials with maximum use of non-destructive methods
on the territory of an archaeological site in the North Caucasus.
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Beitnun /I.B.*, Mopo3os I1.A.**, Pykapnmnankosa U.B.***,
Anapromenko B.B.**** Boposckuii ILJL.****, Mopo3oB ®.I1.%***
*Uncmumym apxeonoeuu Kpvima PAH, Cumgpeponons

**3MUPAH, Mockea

*** Unemumym apxeonoeuu PAH, Mockesa

****000 «Komnanus BHUHUCMHU», Mockea

MNOCEJIEHUE « BOHIAPEHKOBO-BOCTOYHOE I» bJIN3 KEPUHU
(IIPUMEHEHME HEPA3PYITAIOIINX JUCTAHIIMOHHBIX METO10OB
UCCJIEJOBAHUI U UX PE3YJIBTATBHI)

Ilocenenune «bonnapenkoBo—BoctouHoe I» pacnonoxeHo Ha aJMUHHUCTPATUBHON Tep-
putopun BolikoBckoro cenbckoro coBeta Jlennnckoro paitona PecryOnuku Kpbim B 1,5 kM
BOCTOKY OT cena bonngapenkoBo. [locenenune BkimovaeT B ce0st HE TOIBKO COBOKYITHOCTD TIO-
CTPOEK M KPYITHBIH 3eMeNbHbII Hajel, HO U Ha CETOJHSIIHUN MOMEHT CaMblii MPOTSAKEHHBIN
Y4acTOK XOpOIIIO COXPAaHUBIIEHCS KaMEHHOM orpajibl epuMeTpoM He MeHee 2 kM. [Imomans
pacrnpocTpaHeHHs KepaMHUKH ITPeUMYIIeCTBEHHO [V B. 10 H.3. U BBIXOJIOB KYJIBTYPHOTO CJIOS
Ha YPOBEHb COBPEMEHHOM AHEBHOW TOBEPXHOCTH, a TaKkKe (PUKCUpyeMble (parMeHThl OT-
JIENIbHBIX KaMEHHBIX KOHCTPYKIUI Aat0T OCHOBAHUS MPEINOI0KUTh, YTO TUIOMIA/Ib MOCee-
Hus cocrapiseT He meree 150 x 200 m (3 ra).

Apxeonoruueckue uccienoBaHus Ha namsaTHuke npoBoaminck B 2009 u 2019 rr. bein
3aJI0KeH psill ypQoB, MPOBOAMIOCH MATHUTHOE U reopagapHoe o0cieoBanue Juis onpese-
JICHUs TPaHUIl OOIIMPHON ycaabObl U OTIpEIeICHHs XPOHOJIOTMYECKOM MTOCIEA0BaTEIbHOCTH
B COOPY>KEHUH MEPUMETPA CTEH M BO3BECHHSI KypraHOB.

3anmauamu reopanapaoro oocnenoBanus B 2019-2020 rr. 66110 IOATBEPKACHUE HHPOP-
MaIiH O CYIIECTBOBAaHUM MHKEHEPHOI'O COOPYKEHHUs (CTEHBI, OTPajibl) IO IEPUMETPY apXe-
OJIOTHYECKOT0 MaMATHHUKA, HE BHIPAKEHHOTO B HACTOSIIIEE BPeMs Ha THEBHOW TOBEPXHOCTH,
a TaKke MoilydyeHne WHPOPMAIH O CTPOCHHH COXPAaHUBIIMXCS MOA3EMHBIX (pparMeHToB
OCHOBaHUS YTPAuE€HHOTO COOpPYKEeHUs (YTOUHEHHE Pa3MepOB, MOJIOKEHHS B TUIaHE U CTPYK-
Typsl pparmMeHToB (pyHIaMeHTa) A71sl 00O0CHOBAHMUS CTAaTyca apXeoJlOTHUECKOro 00beKTa.

B pesynbrare B ceBepHOW 4acTH 00CIEJOBAHHOTO y4acTKa 0OHapyKeH JMHEHHBINH 00b-
exT (pyHaameHT) npoTskeHHOCTHIO 120 M. BrisiBneHHBIH 00beKT TipofomkaeT GyHIaMeHT,
BBISIBIICHHBIN B XOJI€ SKCTICAMIMOHHBIX pa0doT 2019 I, ¥ 3aMBIKaeT CEBEpHYIO YacTh IIepHMe-
Tpa MpeAnoIaraeMoi CTeHbI yca bOBbl.

Kypranst K-1 u K-2, Haxonsmuecst Ha rpeOHE CKaIMCTOH T'psAbl B CEBEPHOW YacTh
ycaap0bl, 00CcIe10BaHbl OTCIEHBIMHI I'eOpaapHbIMU PO(UIIMU B HAIIPABICHUN CEBEP-IOT
(rmyOuHa 3oHaupoBanus 25-30 m). BblIo omnpeneneHo reonornyeckoe CTpoeHUe KypraHoB
1 BBIJICJICHBI TTO/I3eMHBIE OOBEKTHI, HMEIOIINE PU3HAKH aHTPOIIOTEHHOTO MPOUCXOKICHUSI.
Brimonnena mnomaanas 3D-cbeMka Ha BepiinHax KypranoB K1, K2 u K3. Beigenennsie Ha
HUX OOBEKTHI IO CBOUM XapaKTEPUCTUKAM MOTYT UMETh aHTPOIOTEHHOE MPOUCXOKICHUE
MIPEJCTABIATE HHTEPEC NI ApXEOJIOTHUECKUX UCCIeT0BaHUM.
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SETTLEMENT OF BONDARENKOVO-VOSTOCHNOE I NEAR KERCH
(APPLICATION OF NON-DESTRUCTIVE REMOTE
SENSING METHODS AND THEIR RESULTS)

The settlement of Bondarenkovo-Vostochnoe I is located on the administrative territory
of Voikovsky village council of Leninsky District of the Republic of Crimea, 1.5 km east of
Bondarenkovo village. The settlement includes not only a set of buildings and large agricul-
tural plot, but the longest stretch of well-preserved stone fence of at least 2 km in circumfer-
ence. The extent of predominantly 4th century BC pottery and outcrops of cultural layer at
present daylight level, as well as recorded fragments of individual stone structures, suggest
that the area of the settlement is at least 150 x 200 m (3 ha).

Archaeological research on the site was conducted in 2009 and 2019. A number of test
pits were made, magnetic and ground-penetrating radar surveys were carried out to define
the boundaries of the extensive farmstead and to determine the chronological sequence in the
construction of the perimeter walls and the erection of the mounds.

The objectives of the GPR survey in 2019-2020 were to confirm information on the
existence of an engineering structure (wall, fence) along the perimeter of the archaeological
site not currently expressed on the modern surface, and to obtain information on the structure
of the preserved underground base fragments of the lost structure (clarifying the dimensions,
position in layout and structure of foundation fragments) to justify the status of the archaeo-
logical site.

As a result, a linear object (foundations) of 120 m in length was discovered in the north-
ern part of the surveyed area. The revealed object continues the foundations identified during
the 2019 excavations and closes the northern part of the perimeter of the proposed manor
house wall.

Mounds K-1 and K-2, located on the crest of a rocky ridge in the northern part of the
manor, were surveyed by separate GPR profiles in the north-south direction (sounding depth
is 25-30 m). The geological structure of the barrows was determined and underground ob-
jects with signs of anthropogenic origin were identified. An area 3D survey on the tops of
mounds K1, K2 and K3 was carried out. The objects selected on them can have anthropo-
genic origin by their characteristics and be of interest for archaeological research.
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OIUPPOBKA HACJIEAUSA TAJIBMUPBI: CTAPBIE BbI3OBbI
N HOBBIE PEHIEHHUSA B JOKYMEHTALIUNU, XPAHEHUU U IPESEHTAIIUN
APXEOJIOTMYECKOI'O HACJEUSA, HAXOJSIIETOCS IO YI'PO301

[Tocne mepBoro ocBoOoxkIeHus cupuiickoil [lanmsmupsl B Mapte 2016 . OTHON U3 Bax-
HEHIMX 3a/1a4, 00beIMHUBILEH CTIEIMAIMCTOB, PadOTaIONMX B perrnone bimxuero Boctoka
u [lepenneli A3um, cTajgo TpeXMepHOE JOKYMEHTUPOBAHUE Pa3pyIICHHBIX 0OBEKTOB.

NHNMK PAH opranuszoan aBe sxkcnenuiuu B [laneMupy, cTpeMsich BHECTH CBOM BKJIaJ]
B MEXIyHapOIHBIE YCUJIHA 10 OUU(POBKE CUPUICKOTO HACIEIUS C MMOMOIIBIO KPyITHOMAC-
mTabHOH a’3poOTOCHEMKHN BCel TEPPUTOPUH IPEBHETO TOPOAA.

B xozne »aTux pabot ObuTa CHSATA TUIOMAAb OK. 14 KB. kM, moiydeHo 6onee 100 000 a»-
podoTocHUMKOB ¢ paspemienneM ot 2,5 no 7 cm/mukc. [lomyuennsie ¢ororpaduu ObUTH
o0OpaboTraHbl ¢ TIoMoOIIBIO MporpaMMmbl Agisoft Photoscan u, B utore, co3mpana mnoapoOHas
3D-monens apesueit [Tansmupsl. Ha ocHOBe 3TOH Moenu ObITM W3rOTOBIICHBI JeTaIbHbIC
T€OMO3UIIMOHHBIE OPTO(OTOIIIAHBI TEPPUTOPHH IPEBHETO TOPOAA M OKPYKAIOIINX HEKPOIIO-
neit, a Taxxke aeranusupoBanHas LIMP. OTiensHBIM BBI30BOM CTajlo XpaHEHHUE U MPEe3eHTa-
s TIOJTyYEHHBIX MarepuanoB. B HacTosiiee BpeMst Mbl pa3padaTbiBaeM apXeoJIOTHIECKYTO
onnaita 3D I'MC Ha ocHOBE NMOJTy4YE€HHBIX JAHHBIX — MHOTOILIEJIEBOI HHCTPYMEHT, IPUTOTHBIH
JUIs1 OTICHKH yIepOa U ynpasieHHs KyIbTypHBIM HacleIueM, JUIsl MJIaHWPOBaHUs U IPOBE/Ie-
HUS HOBBIX HMccienoBaHUid. OCHOBHas LeNb ATUX YCHIINH — MPEeloCTaBUTh UCCIIEA0BaTENb-
CKOMY COOOIIECTBY OTKPBITHIM JOCTYI KO BCEM COOpaHHBIM JIaHHBIM U CIIOCOOCTBOBATH pac-
MIPOCTPAHEHNIO 3HAHUI O CUPUICKOM HACJIEeIUN B MUPE.
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DIGITIZATION OF PALMYRA’S HERITAGE: OLD CHALLENGES
AND NEW SOLUTIONS FOR THE DOCUMENTATION, PRESERVATION
AND PRESENTATION OF ENDANGERED ARCHAEOLOGICAL HERITAGE

After the first liberation of Palmyra in Syria in March 2016, one of the most important
tasks that brought together specialists working in the Middle East and West Asia region was
the three-dimensional documentation of destroyed sites.

Institute for the History of Material Culture RAS organized two expeditions to Palmyra,
aiming to contribute to the international efforts to digitize the Syrian heritage with a large-
scale aerial survey of the entire territory of the ancient city.

This work captured an area of around 14 sq. km and over 100,000 aerial photographs
were taken at a resolution of 2.5 to 7 cm/pix. The resulting photographs were processed us-
ing Agisoft Photoscan software, and a detailed 3D model of Palmyra was created. From that
model, detailed geo-positioned orthophotomaps of the territory of the ancient city and sur-
rounding necropolises were produced, as well as a detailed DEM. A separate challenge was
the storage and presentation of the material. We are currently developing an archaeological
online 3D GIS based on the acquired data, a multipurpose tool suitable for damage assess-
ment and cultural heritage management, for planning and for new research. The main goal of
this effort is to provide the research community with open access to all the data collected and
to contribute to the dissemination of knowledge about Syrian heritage in the world.
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NPUMEHEHUE T'MC-TEXHOJIOT U
TP APXEOJIOI'MYECKHUX PA3BE/IKAX HA TATAPCKOM I'OPOJIMIIE

Tarapckoe ropouie — ofMH U3 KpyIMHEHIITNX apXeoJorHieckux naMaTHukoB [1penkas-
Ka3bs. Ha ero repputopun BCTpeyaroTcsi HaXOAKH Mepuoja cpeiHeil OpoH3bI, MIPUCYTCTBYET
MOIIHBIN MOCEICHYSCKUIN CI0H KOOAHCKON U CaJITOBO-MAsIIKOH apXeOIOrHUECKUX KYJIBTYD,
a Takke rnorpedanbHbIe MaMATHUKH KOOAHCKOTO M capMarckoro nepuoaoB. HecMorps Ha
MPaKTUYECKH BEKOBYIO UCTOPUIO U3yUYeHHs MaMATHHKA U OUYEBHIHYIO €ro 3HaYuMMOCThb, Ta-
TapcKoe TOPOAMIIE JIO CUX MOP SABISIETCA MaJIOM3Y4eHHbBIM. JTO B IIEPBYIO 0UYepeib 00yCIIOB-
JIEHO ero OOJBIIMMH MaclITadaMu: IO b 00BEKTa cocTaBsieT 235 ra, IpH dTOM pelbed
ropojuIa n3pe3aH NIyO0OKuMH Oaikamu, a OoJbIIast YacTh IUIOIIA/ M 3aHATa JIECOM.

B pamkax 3amaun KOMIUIEKCHOTO MccienoBanus maMstHuka B 2020 r. mpoBeaeHBI ap-
xeoyornyeckue pa3peaxu. OAHON M3 MEpBBIX 3a/lad B XO/1€ Pa3Be/lOK ObLIO HAXOXIAEHUE U
OCMOTp MECT JIeATEIbHOCTH MPEABLAYIINX SKCIeTUINH, BKIIOYas BbISBICHHBIE apX€OJIOrH-
YecKre 0OBEKTHI U 3aJI0KEHHBIE pacKorbl. CaMbIM MacIITaOHBIM HCCIIEIOBAHUEM TOPOJIHIIA
obua sxcnenuims 1992—-1993 rr. nox pykoBoactsoM B.H. Kamunckoro u B.1O. Manamesa.
[To uroram 3KcHEAUIIMU CO3/]aH TOMOTPapUUCCKUIA TIaH, UCIIOJIb30BAHHBIA KaK OCHOBHOM
WCTOYHHK MHPOPMAIK 00 00BEKTaxX Ha TEPPUTOPUH TOPOIHIIIA.

Jist paboThI ¢ mIaHoM MHCTpyMeHTamu porpammbl Global Mapper Obliia cienana reo-
rpaduueckas MpUBs3Ka CKAHUPOBAHHOTO U300paKEHUsI TTaHa TOPOJIUILA, TO3BOJIMBIIIAS CO-
OTHECTH KaXKJ[yt0 TOUKY pacTpa ¢ reorpaduieckuMu koopanHaramu. [locpencTBom ycTaHOB-
JeHHOW B cMapT¢oHe nporpaMmel Locus Map Obliia omydeHa BO3MOKHOCTD ONPE/ICICHUS
MECTOTIONIOKEHHSI Ha TUIaHe MPU HaX0XKJIEHUH HAa MECTHOCTH.

bnaronapsi npuMeHEeHHBIM TEXHOJIOTHSAM yIalOCh HAaWTH BCe 0003HAYEHHBIE TPEAbIAY-
IIMMH HCCIIEIOBATENSIMU O0BEKThI, YTOUHUTD CYIIECTBYIOIINE JAaHHBIC M MOIYYUTh HOBYIO
nHpOpMAIHIO 0 GOPTU(HUKAIIMOHHOM YCTPOHWCTBE TOPOMIIA, TPOTHKEHHOCTH JI0OPOT, BUIAX
COXPaHUBIIUXCS PYHIAMEHTOB OCTPOEK M MOTHIIbHUKAX.
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USING GIS-TECHNOLOGY IN ARCHAEOLOGICAL
PROSPECTING AT TATARSKOE FORTHILL

Tatarskoe fortified settlement is one of the largest archaeological sites of the Caucasus.
On its territory there are findings of the Middle Bronze Age, a thick settlement layer of Koban
and Saltovo-Mayatsk archaeological cultures as well as burial sites of Koban and Sarmatian
periods. Despite its nearly century-long history of research of the site and its obvious im-
portance, Tatarskoe settlement is still little-studied. First of all, it is conditioned by its large
scale: the area of the site is 235 hectares and the relief of the settlement is rugged with deep
gullies and most part of the area is covered by forests.

Archaeological survey was carried out as part of a comprehensive study of the site in
2020. One of the first tasks of the reconnaissance was to locate and inspect the areas of pre-
vious investigations, including identified archaeological objects and excavations. The most
extensive study of the site was the expedition of 1992—-1993 led by V.N. Kaminsky and V.Yu.
Malashev. As a result of the expedition, a topographic plan was created which is used as the
main source of information about the structures on the territory of the settlement.

Tools of Global Mapper program were used for georeferencing of the scanned image of
the site plan, which allowed to correlate each point of the image with geographical coordi-
nates. With the help of the Locus Map software installed on the smartphone we could find any
location of the plan on the ground.

Thanks to the technology used, we were able to find all the objects indicated by the pre-
vious researchers, refine the existing data and obtain new information about the fortification
structure of the forthill, the length of roads, the types of preserved foundations and burial
grounds.
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HNEPCHEKTUBBI UCIIOJIb30BAHUSA LIU®POBOI ®OTOI PAMMETPUA
HA BA3E BBC B APXEOJIOT'MYECKOM PA3BEJIKE

B coBpeMeHHOl apXeoJIOTHU KCIIONb30BaHHE OCCIMIIOTHBIX JICTATEIBHBIX alllaparoB
HIMPOKO PAacHpoCTpaHeHo. B GONBIIMHCTBE cilydaeB MCIONB3YIOTCS JIETKHE MYIBTHPOTOP-
HBIE anmnaparsl JUisl JOKYMEHTHUPOBaHMS MPOLECcCa PACKONOK WM ChEMKH OTHEIBHBIX ap-
XEOJIOTUYECKUX MaMSITHHKOB. BechMa IMEpCIeKTUBHBIM BBITNISUT WCIOJIb30BaHUE OECITH-
sotHoro Bo3ayiHoro cynHa (bBC) camorneTHOro THIa Jis TUIOIMIAHONW ChEMKH OOJBIINX
TEPPUTOPHIA C TICNIBIO BBISBICHHS MTAMSITHUKOB apXEOJIOTUU WM OTACIBHBIX 00bEKTOB. Jlis
cbeMkH ucnonb3oBaioch bBC I'eockan 201. MecnenoBanus npoBOAMIINCH B IBYX pailoHax
C pa3HBIMH MPUPOTHO-KIUMATHICCKUMU YCIOBUsIMU. Paiton «/lonuHbl apeii» PecryOnuku
TeiBa pacnionoxer B TypaHO- YIOKCKOH KOTIIOBUHE, MIMEET CTEITHOM JIaHAmAT, C HAIUIHEM
XonMoB ¥ rop. IlaiiTaHCKHN apXeoIIOrHYeCKUil MUKPOPAOH, PACIIONOKEHHBIM B CpEAHEM
TeueHnn peku O0u B ToMcKOl 001acTH, HAXOTUTCS B TAGKHOH 30HE CO CMEIIAHHBIM JIECOM.

CremnHast 30Ha, U3-32 OTCYTCTBUSI BBICOKOW PACTUTEIBHOCTH, SIBISICTCS] HAMTYYIINM Ba-
PUAHTOM MECTHOCTH JJISI KCIIOJIb30BaHUsI TEXHOJIOTHH IIUPPoBOH poTorpammerpun. Tak 4to
B 9TOM HCCJIEJOBAaHUU OICHUBaIACh 00mas 3pPeKTHBHOCTH TAKOTO MOAX0/Aa MPU «HJIeallb-
HBIX» ycloBusX. bbuta mokpeitTa miomanaps okosio 200 KB. KM, Ha KOTOPOH OBLJIO CyMMapHO
obOHapysxeHo 1000 TOCTOBEPHBIX U BO3MOXHBIX 00BEKTOB apxeoyiorud. Cpen HUX Hacuyu-
TBIBACTCS JUIIHL 265 KypraHoB, H3BECTHBIX paHee. [loneBas npoBepka mokazana, uro 13,1%
CJIy4aeB OKa3aJIUCh JIOKHOIOJOKHUTEIHHBIMU U HE SIBISIFOTCS apXCOJIOTUYCCKUMU 00BEKTa-
M, etie 13,6% 00beKTOB ObLITM 0OHAPYKEHBI ITPH MTOJIEBOM 00CIICOBAHUH U HE OBUTH BHJIHBI
Ha pe3ysbrarax ChbeMKHU. B 1enoM, 0cMOTp BCEH TEPPUTOPUU IO 3apaHEE yCTaHOBIECHHBIM
y4acTKaM CHJIbHO YCKOPHJI BpeMsl IOJIEBOM pa0oThl. Tak:ke, MHOTHE KypraHbl IOYTH HEBO3-
MOKHO YBHJIETh C 3¢MJIU (HAaIIpUMeEp, PacliaxaHHbIC WM CUIIBHO 3apOCIIHe).

TaexxHasi 30Ha, ¢ IEPBOTO B3MJIsi/a, HE IPUTOAHA JJIsl KCIIOJIb30BaHUS (POTOrpaMMeTpuH,
13-3a CIUIOIIHOIO IOKPBITHUS JIECHBIM MacCUBOM. B xone ucciieoBaHus OLEHUBAIACH BO3-
MOXXHOCTb OOHapY>KEHHSI apXeoJOrnyeckux 00bEKTOB TOJ MOKPOBOM Jjeca. O0cnenoBanue
MIPOBOJIMIIOCH HA XOPOIIIO UCCIICAOBAHHON TEPPUTOPUH C MOAPOOHBIMU JTAHHBIMHU TOTIOTPA-
¢uueckoit chemku. Hamuume OOJBIIMX MacCHBOB JIMCTBEHHOTO Jieca MO3BOJMIIO TPOBE-
CTU ChEMKY IOBEPXHOCTH HA OTAEJIBHBIX y4acTKax B MEPUOJ ONaBILIEH JUCTBBI. Pe3ynbra-
ThI CpPAaBHEHUSI JIAHHBIX (POTOTPAMMETPHU U TAXCOMETPHUYCCKOW ChEMKH TOKa3alid, 4TO Ha
y4acTKax JIMCTBEHHOTO Jieca ynaeTcs TOYHO 3aUKCHPOBaTh pelibed) MOBEPXHOCTH U pac-
MO3HATh aPXEOJIOTHYECKHEe 00BEKTHI. B TO e BpeMmsl, Ha y4acTKaX XBOWHOTO Jieca JaHHBIH
MOAXO OXKHUJaeMO OecIoe3eH.

B nenom, ncnonszoBanne bBC camoneTHOro THIa Ui OoMcKa 00BEKTOB apXeoJOTHU
Ha OOLIMPHOM TEPPUTOPUH MOXKET OBITh MPUMEHHM B Pa3HBIX MPUPOIHO-KIMMATUYECCKUX
ycIoBUsIX. JlaHHBIN TOIX0]] TTO3BOJISIET OOHAPYKUTH OOBEKTHI HE 3aMETHBIC C TIOBEPXHOCTH,
OIIPENICIHUTD MEPCIIEKTUBHBIC 30HbI IIOUCKA M CHIILHO COKPATUTh BPEMsI MOJIEBBIX PabOT MpH
ocMoTpe OonbIoi miomaan. OOHapyKeHHBIE TAKUM CIIOCOOOM apXeoJIOTHUECKUE OOBEKTHI
TpeOyIOT MpOBEepKH Ha MecTHOCTH. C Ipyroil CTOPOHBI, OTCYTCTBHE OOBEKTOB apXeOIOTHH
Ha naHHbix ¢ BBC Henb3s HHTEpIpEeTUPOBATh KaK peajbHOE OTCYTCTBUE apXECOTOTHUIECKUX
00BEKTOB Ha HMCCIEAyeMOi TeppuTopud. [IpuMeHeHre JaHHOTO MOAXOJa MO3BOJISECT Kaue-
CTBEHHO YIYYIIUTh MIPOLIECC MOUCKA 00BEKTOB U MAMSITHUKOB apXCOJIOTUH.
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PROSPECTS OF UAV-BASED DIGITAL PHOTOGRAMMETRY
IN ARCHEOLOGICAL PROSPECTING

In modern archeology the use of unmanned aerial vehicles is widespread. In most cases,
lightweight multirotor vehicles are used for documenting the process of excavation or survey-
ing individual archaeological sites. The use of unmanned aerial vehicles (UAVs) of aeroplane
type for the area-wide survey of large territories for the purpose of identifying archaeological
sites or individual objects looks very promising. The UAV Geoscan 201 was used for the sur-
vey. The survey was carried out in two areas with different natural and climatic conditions.
The “Valley of the Kings” area of the Republic of Tyva is located in the Turan-Uyuk Basin; it
has a steppe landscape, with the presence of hills and mountains. The Shaitan archaeological
microdistrict, located in the middle reaches of the Ob River in Tomsk region, is located in a
taiga zone with mixed forest.

The steppe zone, due to the lack of high vegetation, is the best terrain for the use of digi-
tal photogrammetry technology. So in this study the overall effectiveness of this approach
under “ideal” conditions was evaluated. An area of about 200 sq. km was covered and a total
of 1000 authentic and possible archacological sites were identified. These included only 265
barrows that had previously been known. The field inspection showed that 13.1% were false
positives and were not archaeological sites, and a further 13.6% were found during the field
survey and could not be seen on the survey results. In general, surveying the whole area in
pre-determined areas greatly accelerated the time of fieldwork. Also, many barrows are al-
most impossible to see from the ground (e.g. ploughed or heavily overgrown).

The taiga area, at a glance, is not suitable for the use of photogrammetry, due to the con-
tinuous cover of the woodland. The survey assessed the possibility of finding archaeological
sites under the forest cover. The survey was carried out in a well-researched area with de-
tailed topographic survey data. The presence of large areas of deciduous forest allowed the
surface to be surveyed in selected areas during the period of fallen leaves. The results of the
comparison of photogrammetric and total station survey data showed that in the deciduous
forest areas the surface topography could be accurately recorded and archacological objects
could be recognized. In contrast, in coniferous forest areas this approach is expected to be
useless.

In general, the use of aircraft-type UAVs to search for archaecological objects in a wide
area can be applied in different natural and climatic conditions. This approach allows to de-
tect objects not visible from the surface, to determine promising search areas and to greatly
reduce the time of fieldwork during inspection of a large territory. Archaecological sites found
in this way require field verification. On the other hand, the absence of archaeological objects
on the data obtained by the UAV cannot be interpreted as a real absence of archaeological
sites in the investigated area. The application of this approach allows to improve qualitatively
the process of search for archaeological objects and sites.
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OIIBIT TIONCKA NTAMATHHUKOB APXEOJIOI'MU,
OTKPBITBIX OKCIIEJUIIUAMMU B.B. 'TOJIBMCTEH
B 1920-1930 I'T., METOJJAMMU AHAJIU3A
TEOITPOCTPAHCTBEHHBIX JIAHHBIX U TEILLIOBU3MOHHOM CHbEMKHA

B nepuon ¢ 1920 no 1930 rr. unenamu Camapckoro o01iecTBa apxeonoru, UCTOPHH,
STHOTpaduu U ecTEeCTBO3HAHMS 1Ol pYKOBOACTBOM Bepwl BiiagumuposHs! [onbMcTeH, ObU10
MPOBEJICHO MepBoe MmIaHoMepHoe obcnenoBanne Camapcekoit, OpenOyprckoii n yactu Capa-
ToBCKoH ryoepanii. beuto otkpeiTo 1200 MamMsITHUKOB apXeOJIOTHH BCEX OCHOBHBIX apXeoJI0-
THYECKHUX 210X ¥ THIoB. OnHaxo, B iepuoa 1930—1970 rr. uapopmaius 0 MeCTONON0KESHUH
OONBIIMHCTBA U3 HUX OblIA yTpadeHa. TpaJuinOHHBIMU METOJAMH TTOJICBOH apXEOJIOTHH CO-
BPEMEHHBIM HCCIIE0BATENSAM YIal0Ch BTOPUYHO BBIIBUTH NOpsiika 15% MaMATHUKOB, U 3TH
MOTIBITKHU MOCTENIEHHO MPEKPaTUIINCh.

C 2018 . HIIL «YTP» peanu3syeT nporpaMMy BTOPHYHOTO OTKPBITHSI 3a0BITHIX MAMSIT-
HUKOB 3kcneauuuii B.B. [onpMcreH. [ 3TOro npou3BOAUTCS PEKOHCTPYKLMS UCTOpUYE-
cKkoro nmpoctpancTBa Camapckoi ryoepHHr TepBoi yeTBepT XX B., B COOTBETCTBUH C OITH-
CaHMSIMM M3 IOJIEBBIX JHEBHMKOB HCCIIEAOBATENA. YIOMSHYThIE B JHEBHMKAX OPUEHTHPHI
(tepxBH, /1 OyaKH, KJIa0UINa, BEPCTOBBIC CTOJIOBI U T.J1.) HAHOCSTCSI HA COBPEMEHHYIO T'e0-
MTOJJOCHOBY C TOYHOCTBIO J0 TIEPBBIX I€CATKOB METPOB. J{J1s1 onpeaeneH st MeCTOMOMOKEHHS
9THX OPUEHTUPOB U [Tl PEKOHCTPYKLUH CETH TYKEBBIX JIOPOT I'YOSpPHUH LIUPOKO HCIIOB3Y-
10TCsl KapT™Marepuansl u3 GonaoB LlenTpanapHOro rocyaapcTBeHHoOro apxusa Camapckoii 00-
nacTy. B nensix cyxeHus paiioHOB MOMCKa, HA OCHOBE JIaHHBIX BBICOTHOI Mozenn SRTM-3,
CTPOSTCS KapThl BUANMOCTH. TakuM 00pa3oM, JIOKaIHU3yeTCs MPOCTPAHCTBO, KOTOPOE MOTJIH
0003peBath nepBoOoTKphiBaTen B 1920—1930 rr., mpu OTKPHITHH COOTBETCTBYIOLIETO TAMSIT-
HukKa. /lanee, Ha OCHOBE aHaJIKM3a Pa3HOPOHBIX COBPEMEHHBIX M apXMBHBIX AaHHBIX J[33, Ha
JIOKQJIN30BaHHOM Y4YacTKE€ MECTHOCTH BBIJIENISIOTCS MTOYBEHHBIE CTPYKTYpBI, TPEATOI0KHU-
TEJIBHO COOTBETCTBYIOIINE 3a0BITHIM MAMSITHUKAM.

J1n1st BBISIBIICHUSI pacliaXaHHBIX KypraHOB MPUMEHSIETCS TEIJIOBU3MOHHASI CheMKa ¢ 0op-
ta BITJIA. C 2018 1. nanHas Metoanka pazpadarbiBacTCsi COBMECTHO coTpyaHukamu HITL]
«YTP», Uucruryra reorpadun PAH u reorpaduueckoro ¢axynsrera MI'Y. [lepcnekrus-
HOCTb IPUMEHEHUSI TETJIOBU3MOHHOHN CHEMKH OCIIOKHSIETCSI 0COOCHHOCTAMH 3EMJIISIHBIX Kyp-
ranoB [loBomxcko-IIprypanbckoro perroHa, B KOTOPBIX PEIKO BCTPEUAIOTCS TEMIIepaTypHO-
KOHTPACTHBIE SJIEMEHTHI (KaMEHHbIE HJTH ICPEBSHHBIC TOrpedaibHbIe KOHCTPYKIINH, KOCTPHILA
u 1.1.). UccnenoBarenbckas ctparerus 0a3upyercsl Ha (UKCAIlMU pa3HHUIBI B CKOPOCTH Ha-
rpeBa/oCThIBaHMS 00BEMa 3eMIIM, HEKOTa TIEPEMEIICHHON pyKaM JIIONIeH B HACKINb KypraHa
U OKpyKaromiei ero HeTpoHyToi nousbl. TerumoBuzopom FLIR BOSON 0Obutn mpoBeieHs
JUCTAaHIMOHHBIE 3aMephl B auanazoHe 7,5-13,5 pm oTpa’keHHOro M3Iy4eHHs C COBPEMEH-
HBIX JTHEBHBIX MTOBEPXHOCTEH UETHIPEX KypraHHBIX MOTMJIBHHMKOB, B YCIOBHUSIX «HA HArPEB»
(yTpom) u «Ha ocThIBaHUE» (BeuepoM). Ha momydeHHBIX TepMabHBIX H300paKECHUSIX BBISB-
JISIFOTCS| TPAJMEHTHO OKpAIlIeHHbIE CTPYKTYpbl. Bepugukanus ux B mosie no3poiuia oOHapy-
KHUTh paHee HEM3BeCTHBIC Kypranbl. Ha rpadukax xopomio BU3yalU3UpYIOTCS TTOHUKECHHS
OTHOCHTEJIHBIX TEMIIEPATYPHBIX 3HAUEHHUH, KOTOPbIE COOTBETCTBYIOT MOJIaM KypraHHbIX Ha-
chiTiel — OoJiee HU3KUM B pelibede, XyKe OCBELICHHBIM U MEHEE MHTEHCUBHO M3ITyYarOIM.

IIpenmnaraembie METO/BI MTO3BOJISAT BTOPUYHO OTKPBITH M MOCTABUTH HA TOCY/IAapCTBEH-
HBIH YUeT ¥ OXpaHy 3HAYUTEIBHYIO YaCTh «3a0bIThIX» NaMATHUKOB, OTKPBITHIX B X07€ Pado-
ThI dKkcnenuuuii B.B. ['onbMcTeH.
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EXPERIENCE IN SEARCH OF ARCHAEOLOGICAL SITES DISCOVERED
BY EXPEDITIONS LED BY V.V. GOL’MSTEN IN 1920-1930 BY METHODS
OF ANALYSIS OF GEOSPATIAL DATA AND THERMAL IMAGING

From 1920 to 1930, members of the Samara Society of Archaeology, History, Ethnogra-
phy and Natural History under the guidance of Vera Vladimirovna Gol’msten conducted the
first systematic survey of the Samara, Orenburg and part of Saratov provinces. Some 1200
archaeological sites of all the main archaeological epochs and types were discovered. How-
ever, between 1930 and 1970, information about the location of most of them was lost. By
traditional methods of field archaeology, modern researchers have been able to rediscover
around 15% of the sites, and these attempts have gradually come to an end.

Since 2018 the “UTR Ltd” is implementing a programme of rediscovery of forgotten
sites found by V.V. Gol’msten’s expeditions. For this purpose, the historical space of Samara
province in the first quarter of the 20th century is reconstructed according to the descrip-
tions from the researcher’s field diaries. The landmarks mentioned in the diaries (churches,
railway boxes, cemeteries, verst posts etc.) are plotted on the modern geodetic base to the
accuracy of the first tens of meters. Maps from Central State Archive of Samara region are
widely used to locate these landmarks and to reconstruct governorate road network. In order
to narrow search areas, visibility maps are built based on SRTM-3 height model data. Thus,
the space, which could be observed by the discoverers in 1920—1930 when the respective site
was discovered, is localized. Then, on the basis of analysis of heterogeneous contemporary
and archival ERS data, the soil structures, presumably corresponding to the forgotten sites,
are identified in the localized area.

A UAV thermal imaging survey is used to identify ploughed mounds. Since 2018, this
methodology has been developed jointly by employees of “UTR Ltd.”, the Institute of Ge-
ography RAS and the Geography Department of Moscow State University. The promising
application of thermal imaging is complicated by the peculiarities of earthen mounds in
the Volga-Cisurals region where temperature-contrasting elements (stone or wooden burial
structures, fire places, etc.) are rarely encountered. The research strategy is based on cap-
turing the difference in heating/cooling rate between the volume of earth once moved by
human hands into the mound embankment and the surrounding undisturbed soil. FLIR BO-
SON thermal imaging cameras were used to remotely measure in the range of 7.5-13.5 pm
the reflected radiation from modern day surfaces of four burial mounds, under “heating up”
(morning) and “cooling down” (evening) conditions. The thermal images obtained reveal
gradient-coloured structures. Verification of these results in the field allowed the discovery of
previously unknown mounds. The plots clearly visualize the decreases in relative tempera-
ture values, which correspond to the floors of burial mounds — lower in relief, less illuminated
and less intensely radiated.

The proposed methods will allow a significant proportion of the “forgotten” sites dis-
covered in the course of V.V. Gol’msten’s expeditions to be rediscovered and put on the state
register and protection.
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CIIOCOBbI BU3YAJIM3ALIMU PE3YJIBTATOB TEO®U3UYECKHX
HCCJEJOBAHUI HA TIPUMEPE YYACTKA IIAPEBCKOI'O T'OPOJIMIIA
BOJIT'OI'PAJICKOM OBJIACTH

[{apeBckoe ropouIIe SIBISETCS OTHUM U3 KPYIMHEHIIINX 30J0TOOPABIHCKUX TaMSITHUKOB
Huxuero [ToBomkbs. TpaAUIIMOHHO €ro CBA3BIBAIOT CO BTOpo cromutieit 3omoroit Opabl —
roponom Capaii-bepke. OTIHUNTENTEHBIME 0COOCHHOCTSMHU NAMATHHKA CYMTAIOTCS OOIIUP-
HOCTB ¥ XOPOIIO COXpaHuBIINICS MUKpopenbed. B 2020 . Ha 0TAEIbHOM yuacTKe TOpOHIIa
OBLTH BBITIOJIHEHBI T€OAE3MUECKUE UCCIleIoBaHus ¢ mpuMeHeHneM BITJIA u BBICOKOTOYHOTO
GNSS-000pynoBanusi, MarHUTOMETpUYeckre padoThl. CheMKa BBINOJIHsIIACH B IeKkadpe, BO
BpeMsI OTCYTCTBHUSI PacTUTEIBHOTO TMOKpoBa. [lo pe3ynsraTraM mpoBeAeHHBIX paboT mpen-
MPUHSTA MOMBITKA BU3YaJIN3allMH Te0(pU3NIeCKUX JTaHHBIX B MPOCTPAHCTBE C MPUMEHEHU-
€M COBPEMEHHBIX reOMH(OPMaIMOHHBIX TexHOoJIoTrui. B mporpamme Agisoft Metashape st
HCCIIElyeMOT0 y4acTKa IOCTPOeHa TpeXMepHast MOZIEIb MECTHOCTH, KapTa BBICOT U OpTOdO-
Toriad. B mporpamme ArcMap co3znaH noapoOHbIH TonorpaguyecKuii IiiaH yyacTka ¢ ceue-
HueM ropuzoHTanei 0,2 M, 4T0 JaeT BO3MOXKHOCTh OTOOpaskaTh J1axke HeOOJIbIINE Mepernaibl
MHUKpopenbeda MECTHOCTH.

TakuM 00pa3oM, MarHUTHbIC aHOMAaJIUH, BBISIBICHHBIE Ha MAaMSATHHKE, MPEICTABICHBI
Ha BCEX BO3MOYKHBIX BapHaHTax KapTorpaduyeckoil MOJOCHOBBI, MOATOTOBICHHON B XOJ€
MOJIEBBIX ChEMOK y4acTKa, & HUMEHHO: Ha OpTOo(OTOIIIaHe, KapTe BBICOT, TONOrpaprueCKOM
TUIaHe W Ha TPEXMEPHOW MOJeNn MoBepXHOCTH. [lomyunBmmecs KapThl 0TOOpasKeHus reo-
(U3NUECKUX JaHHBIX OTIMYAIOTCS XapaKTEePOM BOCIIPHUATHS HH(OPMALIUH HCCIIETOBATENEM.
Kaxnpiii cmocob Bu3yann3alui MMEET CBOM CHIIbHBIE CTOPOHBI, Ha KOTOPBIE U CIIEAyeT OIH-
patbes MPpU UHTEPIPETALUH TAHHBIX.
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WAYS OF VISUALIZING THE RESULTS OF GEOPHYSICAL RESEARCH ON
THE EXAMPLE OF THE TSAREVSKOE FORTHILL IN VOLGOGRAD REGION

Tsarevskoe forthill is one of the largest sites in the Lower Volga Region. It is tradition-
ally associated with the second capital of the Golden Horde — the city of Saray-Berke. The
vastness and well-preserved microrelief are considered to be distinctive features of the site.
In 2020, geodetic surveying using UAV and high-precision GNSS equipment and magneto-
metric survey were carried out in a separate area of the ancient settlement. The survey was
carried out in December, when there was no vegetation cover. Based on the results of this
work, an attempt was made to visualize geophysical data in space using modern geoinforma-
tion technologies. Three-dimensional terrain model, elevation map and orthophotomap were
created in Agisoft Metashape software for the study area. ArcMap software was used to cre-
ate a detailed topographic plan of the area with a horizontal section of 0.2 m, which makes it
possible to display even small variations in terrain microrelief.

Thus, the magnetic anomalies detected at the site are presented on all possible variants
of the cartographic base, prepared during the field survey of the site, namely on the orthopho-
toplane, altitude map, topographic plan and on the three-dimensional surface model. The
resulting geophysical data display maps differ in the way the information is perceived by the
researcher. Each method of visualization has its strong points to be used for data interpreta-
tion.
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COBPEMEHHBIE IMIOAXOAbI
IIPU AHAJIU3E COCTOSAHUS CPEJHEBEKOBBIX I'OPOJIMIL
B CUCTEME YIPABJIEHUSA KYJIBTYPHBIM HACJIEJIUEM
(HA IPUMEPE U3YUYEHUSA BUISAPCKOI'O I'OPOJAUILIA U EI'O OKPYI'N)

B pamkax Bemomnenust rpanta POOU 18-09-40114 nmpoBoguTCs OIIEHKA PUCKOB pas-
pyUICHHUS MaMSATHUKOB apXeoJIOTHH B Tpeneiax OKpyru buispckoro ropoamina npu mnomo-
I JIUCTAaHIMOHHOTO 30HNPOBAaHMS, KOMITJIEKCHBIX MOJIEBBIX NCCIE0BAHUH U KapTorpado-
reouH(pOPMaIIMOHHBIX TIOAX0/I0B K 00padoTKe mosydeHHbIX qaHHbIX. buisip ¢ XII B. sBisuics
cronuueit Bomkckoit bynrapun n Obu1 n3Becten kak Benmukuit ropon. He cunras okpyrw, ¢
YYETOM TI0Caa, TUIoMaab KOMIUIeKca cocTapisieT okoo 8 000 000 M?, 9TO MO3BOISIET OTHO-
CHUTPH €T0 K KPYIMHEUIIINM TOpoJiaM CPEIHEBEKOBOr0 Mupa. Bokpyr ropoaumia chopmupona-
JIaCh CUCTEMA U3 TOPOJIUIIL, CEITHII U TOPOACKUX KJIaa0uI] (MOTHIIBHUKOB), KOTOPBIE BXOAMITN
B OKpyTy cTonuipl. B 1236 1., BO BpeMsi MOHTOJIBCKOTO HAIIeCTBUS, TOPoJ| ObLT pazrpadiieH,
COXOKCH W TOKMHYT HacesieHueMm. Co BpeMEeHeM JaHHasi TeppUTOpus Obllla BHOBB 3acelie-
Ha, MECTa PacHOJIOKEHUSI OOBEKTOB apXEOJIOTHYECKOr0 HACIEusl ObLIIM 3aHOBO OCBOEHBI
YeJIOBEeKOM. XOTsl TOPOAMIIE U YaCTUYHO €ro OKpyra BXOOUT B cocTaB buispckoro rocy-
JTAPCTBEHHOTO MCTOPHUKO-apXEOJIOTHYECKOTO U MPHUPOJHOTO My3esi-3aloBeIHNKA, YHUKAIb-
HBIE TAMATHUKN CPETHUX BEKOB Pa3pyIIalOTCs MOJ BO3ACHCTBUEM Pa3IMYHBIX HETaTHBHBIX
(akTopoB. Takum 00pa3oM, aKTyaTbHBIM SBISIETCSA NOJTHOLEHHOE, KOMITJIEKCHOE MCCIIeI0Ba-
HUE HETaTUBHBIX (PaKTOPOB, BIHIOMINX HAa COXPAHHOCTb BCEH CHCTEMBI OOBEKTOB, BXOJS-
IIMX B COCTaB OKPYTH buisipckoro ropoauiia. ABTOpaMu ¢ NCIOIB30BAHNEM COBPEMEHHBIX
WHCTPYMEHTAIBHBIX METOZOB OCYILECTBISUICS cOOp MH(pOpPMAIUK 00 ONMACHBIX IK30TCHHBIX
Mporeccax M aHTPOIIOTEHHOM BO3ACWCTBMHU B Ipenenax okpyru buispckoro ropoawmia.
C ucmonb30BaHNEM MCTOPHUYECKHUX KapT, PA3HOBPEMEHHOM a’po(OoTOCHEMKH OCYIIECTBIICH
aHaJM3 U3MEHEHUs (QYHKIMOHAILHOTO UCIIOIB30BaHUS TEPPUTOPUN TOPOJIHIIA M €T0 OKpPY-
ru. ITOrom npoBeeHHBIX NCCIIEA0BAHUI SIBISIETCS Cepysl KaK MHBEHTAPU3AIIMOHHBIX, TaK U
OILIEHOYHBIX KapT, a TAK)KE€ PEKOMEHJAINH Ui MUHUMH3AIMA Harpy3Kd Ha paccMaTrpuBae-
MBI 00BEKT apxeosornyeckoro Hacneaud. [lomydennsie pe3yasraTsl OymnyT UCTIONB30BAHBI
MIPH CO3/IaHUH CUCTEMBI aHAJIM3a COCTOSHIS TEPPUTOPUN PACTIONIOKEHUS 0OBEKTOB KYJIBTYp-
HOTO Hacleaus (MMaMSITHUKOB apXEOJIOTHH).
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MODERN APPROACHES IN THE ANALYSIS OF MEDIEVAL SETTLEMENT
CONDITION IN THE CULTURAL HERITAGE MANAGEMENT SYSTEM
(CASE STUDY OF BILYAR SETTLEMENT AND ITS AREA)

In the framework of the RFBR grant 18-09-40114 assessment of the risks of destruc-
tions of archaeological sites within the boundaries of Bilyar settlement is carried out with the
help of remote sensing, integrated field studies, mapping and geoinformational approaches
to handling the data obtained. Bilyar was the capital of Volga Bulgaria since the 12th century
and was known as the Great City. Excluding the surrounding area, taking into account the
open settlement, the area of the complex is about 8,000,000 sq. m, which allows us to refer it
to the largest cities of the medieval world. A system of fortified settlements, villages and ur-
ban cemeteries (burial grounds) which were part of the capital’s area was formed around the
settlement. In 1236 during the Mongol invasion the town was looted, burnt and abandoned
by the population. Over time the area was repopulated, and the territory of archaeological
sites were resettled. Although the ancient settlement and part of its surroundings included
into the Bilyar State Historical, Archaeological and Natural Museum-Reserve, the unique
sites of the Middle Ages are being destroyed under the influence of various negative factors.
Thus, a full, comprehensive study of negative factors affecting the preservation of the entire
system of objects included in the Bilyar ancient settlement surroundings is relevant. The au-
thors used modern instrumental methods to collect information about hazardous exogenous
processes and anthropogenic impact within the Bilyar ancient settlement district. The analy-
sis of changes in the functional use of the territory of the settlement and its surroundings was
carried out using historical maps and multi-temporal aerial photography. The results of the
research are a series of both inventory and evaluation maps and recommendations to mini-
mize the human impact on the archaeological heritage site in question. The results will be
used to create a system for analyzing the condition of the cultural heritage objects (archaeo-
logical sites).
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CKHU®CKHI JJOCIIEX U3 HOBOPO3AHOBKHA
V B. 10 H.3. - [TIPUMEHEHUE TPEXMEPHOI'O MOJIEJIMPOBAHUS
IPU PEKOHCTPYKIIMHN

XapakTepHO! 4epToi CKU(CKOTO 3alIUTHOIO BOMHCKOTO CHAPSKEHHUS SIBIISTIOTCS JOCTIe-
XH, MIPECTaBICHHbIC BO MHOTUX MOrpedeHussx. OaHako, HECMOTpPsl Ha OOraTcTBO UCTOYHU-
KOBOM 0a3bl, Kiaccu(UKaNMs ¥ CUCTEMaTH3aIMs JOCTIEX0B U MX JIEMEHTOB OCTAIOTCS He-
JOCTaTOYHO pa3paOOTaHHBIMHU, YTO KpalHe 3aTpyJHseT PEKOHCTPYKLHMIO MX yCTpOMCTBa.
[omapnsiromiee OONBIIMHCTBO JTOCTIEXOB COCTOUT M3 JKEJIE3HBIX YEIIyeK Pa3HBIX Pa3MepoB,
a ’KeJe30 B MorpeOeHusIX coxpansiercs mioxo. CymecTBeHHast 4acTh HaliIGHHBIX TOCIIEXOB
paspylIeHbl B Mpolecce orpadieHnii CKUPCKUX MOrpeOeH 1 AOIUIH 10 HAC B HETIOJTHOM
Buze. M3yueHne u peKOHCTPYKIHMS 3aIIUTHOTO BOWHCKOTO CHapsKeHUsi ckudoB TpeOyerT, B
YaCTHOCTH, CO3/IaHMsI 3TAJIOHHOTO 00pasa Jlocrexa, KOTOphIii MOT OBl CTaTh OCHOBOM LIS
JanpHeWIMX conocTtaBieHnidl. He MeHee BakHa pa3zpaboTKa METOAMKH CHCTEMaTH3allUH
JAHHBIX 00 OT/AENBHBIX JIEMEHTaX Jocrexa, uX GopMe 1 pa3Mepax.

st pemieHust 3TUX 3a1a4 ObUIO BBITIOJHEHO TPEXMEPHOE MOIECIHMPOBAHKE OIHOTO M3
HEMHOTUX YIOBJIETBOPHUTEIBHO COXPAHUBIIUXCS CKH(CKHUX IOCIIEXOB MEPBOI MOJIOBHHBI
V B. 10 H.3., HaliaeHHOTO B 1967 I. B morpebennu 1 kyprana 1, pacnoioxeHHoro y ¢. Hoso-
po3aHoBKa. Mojienb CyIIECTBEHHO YIPOCTHIIA H3YUeHUE YCTPOHCTBA OTACIBHBIX JKEJIE3HBIX
qacTel Jocrexa, COCTOSIIEr0 U3 HuieMa, MaHIUPHOW pyOaxy ¢ KOKaHBIMH OIUICUbSIMH, Ha-
OepeHHUKa WK HAOPIOIIHUKA, IIITAHOB U OPOH30BOTO MOPTYIEHHOro nosica. Ocoboe BHU-
MaHHEe OBUTO YAEJICHO HMCCIICAOBAHUIO TEOMETPHH DIIEMEHTAPHBIX COCTABISIOMIMX J0CIexa
(MacTUH M YelIyeK), yTOYHEHUIO UX JTUHEWHBIX pa3sMepOB, TOJIIUHEI U MOMEPEYHOTO MPo-
¢uist. Pesynbrarel paboThl ¢ MOZIENBIO TIO3BOJISIIOT YTOUHHUTD P[] ITAPAMETPOB, CIOCOOCTBY-
IOLIMX WHTEPIPETAUN HAXOIKW M YBEJIWYCHHUIO HAJCKHOCTH PEKOHCTPYKLHUH HCXOTHOTO
obnuKa cku(CKOro Jocmnexa.
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SCYTHIAN ARMOUR FROM NOVOROZANOVKA,
5TH CENTURY BC - APPLICATION OF 3D
MODELLING IN THE RECONSTRUCTION

A characteristic feature of Scythian protective warrior gear is the armour presented in
many burials. However, despite the richness of the source base, the classification and system-
atization of the armour and its elements remain poorly developed, which makes it extremely
difficult to reconstruct their structure. The vast majority of the armour consists of iron scales
of various sizes, and iron is poorly preserved in the burials. A considerable part of the armour
found has been destroyed in the process of robberies of Scythian burials and has reached us
in incomplete form. The study and reconstruction of Scythian protective armour requires, in
particular, the creation of a reference image of armour that can provide a basis for further
comparisons. No less important is the development of a methodology for systematizing the
data on individual elements of armour, their shape and size.

To solve these tasks, we executed a 3D modelling of one of the few adequately preserved
Scythian armour of the first half of the 5th century BC, which was found in 1967 in Kurgan
1, situated near the village of Novorozanovka. The model greatly simplified the study of the
structure of individual iron parts of the armour, which consists of a helmet, an armoured shirt
with leather shoulder straps, an armoured skirt, trousers and a bronze harness belt. Particu-
lar attention was paid to studying the geometry of the elementary components of the armour
(plates and scales), clarifying their linear dimensions, thickness and cross-sectional profile.
The results of work with the model make it possible to clarify a number of parameters con-
tributing to the interpretation of the find and increasing the reliability of the reconstruction of
the original Scythian armour.
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APXEOJIOTHYECKASI BA3A TEOJJAHHBIX «CEPIIYXOBCKOE IOOYbEx»:
CTPYKTYPA U CHHXPOHU3ALMSI C MOJEBOI JOKYMEHTALIUE

Apxeonoruueckas 6aza reoganubix «CepryxoBckoe [looubey» — 3T0 MHOTOYpOBHEBas
cucremMa, o0beAMHSIONAsl B ce0e COBOKYNMHOCTh BEKTOPHBIX (.Shp) M pacTpOBBIX JaHHBIX,
OTPaHWYEHHBIX aJIMUHUCTPATUBHOM IpaHuleil coBpeMeHHoro CepiryXoBckoro paiiona Mo-
cKoBckoil obmactu. basza reomannbix (BI'Jl) paspaborana u Bemercst B nporpamme ArcGIS
Desktop 10.6.1.

BI'J] co3naBanach ajist penIeHus] HECKOJIBKUX 3a/lad: UCTOPUOTpapHUECKUI aHan3, Be-
pUQUKaLU TaMSITHAKOB, aKTyalH3alys U CUCTeMaTu3alysl JaHHBIX, UX XpaHCHUE U yUeT, a
Takke Bu3yanuzanus. Ha ceromusimamii nens B BI'J] npeacrasnena undopmanus o 128 ma-
MATHHKaxX apxeonoruu. CoOpaH W NPHUBSI3aH MAacCHUB PaCTPOBBIX NAHHBIX: HCTOPHUYECKHUE
KapThl, KOCMOCHUMKH, a3p0(OTOCHEMKA, apXEOIOTHIECKHE TIIaHbI U YEPTEXKH.

B HacTosuii MOMEHT BeleTCs IUIaHOMEpHas IoJieBasi apXeollorHueckas padoTa, u
OCHOBHBIMH METOaMH TIOJIEBOH JOKYMEHTAIMH OBbLIM BBIOPAHBI AIIEKTPOHHBIC METOJIBI:
CTaHIAPTU3UPOBAHHBIC MOJIEBBIE (POPMBI, 3aMONHSEMbIE C TIOMOIIBIO AIEKTPOHHOTO TUIAH-
miera, u rpaduyeckas GUKcanus Ha OCHOBE METOJa Ha3eMHOH (poTorpaMMeTpHH.
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ARCHAEOLOGICAL GEODATABASE “SERPUKHOVSKOYE POOCHYE”:
STRUCTURE AND SYNCHRONIZATION WITH THE FIELD DOCUMENTATION

Archaeological geodatabase “Serpukhovskoye Poochye” is a multilevel system com-
bining a set of vector (.shp) and raster data, limited by administrative boundary of modern
Serpukhov District of Moscow region. The geodatabase (GDB) was developed and is main-
tained in ArcGIS Desktop 10.6.1.

GDB was created to solve several problems: historiographic analysis, verification of
sites, actualization and systematization of data, their storage and accounting, as well as visu-
alization. At the moment, 128 archacological sites are represented in the GDB. A set of raster
data has been collected and linked: historical maps, satellite images, aerial photographs, ar-
chaeological plans and drawings.

A systematic archaeological fieldwork is underway and electronic methods have been
chosen as the main methods of field documentation: standardized field forms filled in by
means of an electronic tablet and graphic fixation based on the ground photogrammetry
method.
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OOTOI'PAMMETPUYECKASA MOAEJIb APTE®AKTA
KAK OCHOBA ITPU CO3JAHUU TPEXMEPHBIX BUBJIMOTEK

C KaXIbIM THEM PacTeT HHTEPEC K TPEXMEPHBIM MOJIEISIM apTe(hakToB ¥ BUPTYaIbHBIM
PEKOHCTPYKLUSIM aMATHUKOB. BceM yrke XOpOoIo U3BECTHA METOJUKA IOTYYEHUS TPEXMEP-
HBIX Mozesel apredakToB o ¢pororpadusiM. Tem He MeHee, TOKa He TIOSIBUJIOCH CTaHAaPTOB
u TpeboBaHuii K KauecTBy u (hopmaty moneneil. B cetn MHTEpHET MOKHO HalTH BBICOKOTIO-
JUTOHAJIBHBIE TPEXMEPHBIE MOJENHN apTe]aKkToB, KOTOPbIE HE ONTHUMHU3UPOBAHBI IS MPO-
CMOTpa, a B HEKOTOPBIX CIIydasiX MOT'YT HMEThCS OIIMOKK B TEOMETPUH U IBeTonepeaade. 1
€CIIU pedb UJIET O TPEXMEPHOM MOJAEIUPOBAHUN I BU3YalIU3allly, TO, CKOPEE BCETO, Iepe-
JIOBBIMU B JIaHHOW cepe sBIAIOTCS MHAYCTpUM KuHemarorpada m Buaeourp. CymiecTBy-
€T HEeCKOJIbKO KOMIIaHWH, KOTOpBIE HAMIPAMYIO 3aHUMAIOTCS CO3MaHHEM (OTOPEaTuCTHUHBIX
TPEXMEPHBIX MOJIeNeH ¢ ucmonb3oBanueM Gororpaduii as Bugeourp. Cpean Hanbomee u3-
BECTHBIX MOJKHO BBIICIIMTH MEXKIyHApOaHbIH mpoekT Quixel Megascans. B nokiane o3Byue-
HO, KaK UIMEHHO IIPOMCXOAMUT IIPOLECC CO3MaHUsI TPEXMEPHBIX MOJAEIEH ISl OCIEYOLIEH
VMHTErPAllMU B CIEIUAIU3UPOBAHHBIE ITPOrPAMMHBIE CPEACTBA, UCIIOIb3YEMBIE IIPU CO3/a-
HUU KOMIIBIOTEPHBIX BUIECOUTP.
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PHOTOGRAMMETRIC MODEL OF ARTIFACT AS BASIS
FOR THREE-DIMENSIONAL LIBRARIES

There is a growing interest in 3D models of artifacts and virtual reconstructions of sites.
The method of obtaining three-dimensional models of artifacts from photographs is well
known to all. Nevertheless, there are no standards and requirements for the quality and for-
mat of the models yet. On the Internet you can find highly polygonal 3D models of artifacts,
which are not optimized for viewing, and in some cases there may be errors in geometry and
colour reproduction. And when it comes to 3D modelling for visualization, the film and video
game industries are likely to be at the forefront of this. There are several companies that are
directly involved in creating photorealistic 3D models using photographs for video games.
Among the most famous is the international project Quixel Megascans. This presentation de-
scribes how exactly the process of creating three-dimensional models takes place for further
integration into the specialized software used for creating computer video games.
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KOMILIEKCHOE UCHOJIb30BAHUE APXUBHBIX KOCMOCHUMKOB
MMPOT'PAMMBbI CORONA U COBPEMEHHBIX JIAHHBIX
JUCTAHLIMOHHOTI'O 30HJUPOBAHMUSI /151 APXEOJIOTMUECKOI
PA3BEJIKU INOT'PEBAJIBHBIX MAMSITHUKOB FOXKHOI'O YPAJIA

B 2020 . AHO «CoBpemennsle Texnonoruu B Apxeosnoruu u Uctopum» («CoTAp»)
MIpoBeJa apXeoJoruuecKylo pa3Beny Ha Tepputopun roponoB Opck n Hosorpounx Open-
Oyprckoi 00JacTh € HENbI0 OLIEHKH TEKYILEro COCTOSIHUSI M TAaclOPTHU3aLUK MaMSTHUKOB
apxeosiornu. CoBpeMeHHbIE aIMUHHCTPATHBHbIE I'paHUIbl TopoaoB Opck u HoBoTpourk
OXBaTBIBAIOT OOIIMPHBINA palOH, MPOTAHYBIIMICS TPUMEPHO Ha 80 KM C 3amaja Ha BOCTOK H
25 KM C 10ora Ha ceBep, MPEUMYIIeCTBEHHO, Ha ITPaBoM Oepery p. Ypai, OfHaKo 3aXBaThIBaIO-
HIMH TaKKe y4acTOK JIEBOOECPEKbs. DTO TEPPUTOPHS TaHAIA(DTHBIX U IPaTOCTPOUTEILHBIX
KOHTPAcTOB, IJIe YUYaCTKH KOBBIJIBHON CTEMHM IPaHHUYaT ¢ OTPOraMH I0KHOYPAJIBCKUX Top, a
MeTaJUTyprudecKie KOMOWHATBI-TUTaHThl CMEHSIIOTCS 3alI0BEAHBIMHU YTOJIKaMH.

AKTHBHOE WHAYCTPUAJIbHO-XO35IIICTBEHHOE OCBOEHHE TEPPUTOPUU BO BTOPOH TpETH
XX B. MOBJIEKJIO KapAUHAJIBHOE U3MEHEHNE YYaCTKOB HCTOPUKO-KYJIBTYPHOTO U TPUPOAHO-
ro janAmadTa U MPUBEIO K NOBPEKACHUIO MHOTHX aMATHHUKOB MUKpOpernoHa. Yacte u3
HUX OblJIa YHUYTOXKEHA [TOJTHOCTHIO, YaCTh — JIMIIMIIACh BHEUTHUX MPU3HAKOB, B OYKBaJIbHOM
CMBICIIe OblJTa CTEPTa C JIMIA 3€MJTH, HO OTYACTH COXPaHUIIa 3arTyOJICHHbIE B TIOUBY 3JI€MEH-
Thl. HajexxHas W TOUHAs JTOKaNIM3alusi TAKMX OOBEKTOB CETOJHSI SIBISICTCS HEOOXOIUMBIM
YCIIOBHEM JJISl COXPAHEHUS UX UCCIIE0BATENBCKOTO MOTEHIIMANIA U PEA0TBPALIEHHSI TIOTHO-
TO YHHUYTOKEHHUS B OyIyLIEeM.

BakHbIM 3Tanom B pelIeHnn 3TOM 3a/lauu ABJSAETCS PETPOCTIEKTUBHAS PEKOHCTPYKIIUS
nanmmadTa, 0azupyromascs Ha KOMIUIEKCHOM HCIIOJb30BaHHH MaTepHajIoB apXUBHOH Koc-
MocheMKH 1960-70-X TT. B codeTaHNH C COBPEMEHHBIMU opOuTansHbiMu JI/13, Mogenmposa-
HUEM U aHAJIN30M MHUKpOpebeda MOBEPXHOCTH M HU3KOBBICOTHOU a3p0(OTOCHEMKOM.

Hapsiny ¢ xopomio u3BectHbiMu cHuMKamu muccuii KH-4b nporpammer CORONA B
xojie pabot ObLIM 3aeiicTBOBaHbl MaTepuaibl Muccu KH-7 ¢ cymecTBeHHO yny4IIeHHBIM
pazpenieHneM, HOMHUHaIIbHO focTuratoium 0,6—1,0 M Ha MUKCENb, YTO MO3BOJIMIIO TPOBECTH
CPaBHHTENBHBINA aHAIN3 MOTEHIMAA IBYX CEpHH ISl I (PUPOBAHHS apXEOIOTHIECKUX
00OBEKTOB.

ApxuBnble Matepuaibl mporpaMMbl CORONA o6enx Muccuii HOATBEPAMIN CBOE YHU-
KaJIbHOE€ 3HaUeHHE JJIs1 pa3BeKH MaMATHUKOB apXeO0JIOTHH U TIPOJEMOHCTPHUPOBAIIH B IIEJIOM
psizie ciayvaeB MPerMyILIECTBO HaJl COBpEMEHHBIMHU opOuTanbHbIMU /13 ¢ TOUKM 3peHHs BbI-
JICTICHUs CTIEKTPAJIbHBIX IPU3HAKOB CJIa00BBIPAKEHHBIX OOBEKTOB.
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INTEGRATED USE OF ARCHIVAL SATELLITE IMAGES OF CORONA
AND MODERN REMOTE SENSING DATA FOR ARCHAEOLOGICAL
EXPLORATION OF THE BURIAL SITES IN THE SOUTHERN URALS

In 2020 ANO “Modern Technologies in Archaeology and History” (“CoTApH ") con-
ducted archeological prospecting in Orsk and Novotroitsk of Orenburg Region to assess the
current state and recordering of archacological sites. Current administrative boundaries of
Orsk and Novotroitsk cover a vast area stretching about 80 km from west to east and 25 km
from south to north, mostly on the right bank of the Ural River, but also covering a part of
the left bank. This is an area of landscape and urban contrasts, where areas of feather-grass
steppe border the spurs of the South Ural Mountains, and giant steelworks are replaced by
protected areas.

Active industrial and economic development of the territory in the second third of the
20th century resulted in cardinal change of segments of historic-cultural and natural land-
scape and led to damage of many sites of the microregion. Some of them were destroyed
completely, some of them lost their external signs, were literally wiped off the face of the
ecarth, but partly retained the elements buried in the soil. Reliable and precise localization
of such objects today is a prerequisite for preserving their research potential and preventing
their total destruction in the future.

An important stage in solving this task is the retrospective reconstruction of the land-
scape, based on the integrated use of archival satellite imagery of 1960—70s in combination
with modern orbital remote sensing, surface microrelief modelling and analysis, and low-
altitude aerial photography.

In addition to well-known images of KH-4b CORONA program missions, the mate-
rials of KH-7 mission with a significantly improved resolution, which nominally reaches
0.6—1.0 m per pixel, were used in the course of work. That enabled to carry out a comparative
analysis of the potential of two series for the interpretation of archaeological sites.

Archival materials of CORONA program of both missions confirmed their unique value
for reconnaissance of archaeological sites and demonstrated in a number of cases the advan-
tage over modern orbital remote sensing in terms of extraction of spectral features of weakly
visible objects.
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NPUMEHEHUE TPEXMEPHOI'O MOJIEJTUPOBAHU S
NP JOKYMEHTUPOBAHUMN KEPAMUKW:
WHJIUBUIYAJBHBIIA U MACCOBBII MOAXO/bI

B 2020 r. Komopckoii apXeoIornyecKoi IKCIeUIIe ObLITH MPOBEICHBI UCCIICIOBAHUS
Ha MaMAITHUKaX aHTUYHOTO BpPEMEHHU B paiioHe c. baman Owyamybipckoro paiiona Adxasznu.
B xo1e moneBbIX paboT MpoJOIKaNOCh COBEPIICHCTBOBAHHE MPUMEHSEMOTO SKCIICIHIIN-
el KOMIUIEKca COBPEMEHHBIX TEXHUUECKHUX CPEJICTB U METOJIOB MOJIEBBIX HCCieqoBaHui. B
nojeBoM ce3oHe 2020 T. cenuansHOe BHUMaHue OBUIO yesieHO paboTe ¢ KepaMUUeCKUMH
HaxoakaMu. JJIst MX ydeTa ¥ JOKYMEHTHPOBAaHHUS ObLIa BHEAPEHA CUCTEMa, COCTOSIBIIAS U3
TpexX KOMIIOHEHTOB: IIM(POBOTO yueTa MOCTYAIOIIETO C PACKONOB KEPAMHUYECKOTO MaTepHa-
J1a, TOKyMEHTUPOBaHUs MHIMBUIYAIbHBIX HaX0/I0K U JJOKYMEHTHPOBAHUSI MAaCCOBOTO Kepa-
MHYECKOT0 MaTepuania.

JlokyMeHTHpOBaHHE KEPaMHUKH, HA 3TOM 3Tare TyOJrpoBaBIiiee TPaAUIUOHHBIE aHATIO-
TOBBIE METOBI, OCYIIECTBISITIOCH METOJJIOM TPEXMEPHOTO MOJICIIMPOBaHUS (POTOrpaMMETpH-
YeckuM cnocoboM. PaboTta ¢ MHAMBUAYaTbHBIM U MAacCCOBBIM KepaMHUYECKHUM MaTE€pHAIOM
BBITIOJTHSJIACH MO OTIIMYAIOIIMMCS MIPOTOKOIaM. J{JIsl MHAMBUTyaIbHBIX HAXOJOK B IOJIEBOM
naboparopuu GpOpMHUPOBAIIHCEH MOTHOLICHHBIE HUPPOBBIE 00pa3bl (MOAETH) MPEAMETOB, KO-
TOpBIE HEMEUIEHHO BKJIIOYAIHCH B 0a3y JaHHBIX, JOCTYIHYIO HCCIIEIOBATEINSIM Yepe3 CeTh
WuTtepret. OTHM ciocoboM ObUTO co3naHo 84 Moaenu Haubomnee BaKHBIX HAXOOK.

JlokyMeHTHpOBaHHE MacCOBOTO Marepuana ObIJI0 HampaBlICHO Ha TMOJHBIA Y4eT BcexX
(parMeHTOB, Hall/ICHHBIX B XO/I€ PACKOMOK, U CO3/IaHIE MacCHBa TPEXMEPHBIX MOIUTOHAIb-
HBIX MOJeNeH, mpeAHa3HaYeHHOTO s MOCIEeNYIoMero npoguianpoBanus (GparMeHToB co-
CYJIOB U YEpEIHIbl, a TaKXKe MCCIIeI0BaHUsl OpPHAMEHTOB Ha KepamHKe. DTOT MaTepHuall Jio-
KyMeHTHpoBajcs cepusaMu 1o 30—120 nmpegmMeToB, COCTaB KOTOPBIX U METO/ MOAETUPOBAHUS
oTpeNeNsIcs TUTaHUPYEMBIM HCTI0NIb30BaHNEM pe3ynbTaroB. B uactHoctu, 107 cepuit (9420
¢dparmeHTOB, Aanee ¢p.), cCHOPMUPOBAHHBIX 10 PACKOMIOYHBIM CIIHCKaM, OBLITIO MOICIHPOBA-
HO JJIS TIOJTHOTO y4eTa HaxofoK, 14 cepuii (749 ¢p.) s ucciaeqoBaHus OpHAMEHTOB C MPU-
MEHEHHEM BH3yaJH3alMOHHBIX aqropuTMOB, 8 cepuit (314 dp.) Wit n3yueHHs 4epenuipl,
34 cepuii (1460 ¢p.) st npodunupoBanus U 00yUYCHHsI CTYJICHTOB CO3IaHUI0 IU(POBBIX
TEXHUYECKUX YepTEKEH.

[Mony4eHHBIN MaccUB JAaHHBIX COCTABWIJI MCTOYHHUKOBYIO 0a3y HECKOJIBKHX B3aHMMOCBS-
3aHHBIX HAyYHO-UCCIIEI0BATEIbCKUX MPOEKTOB, pealn3yeMbIX B HacTosdllee Bpemst LienTpom
AHTUYHOU U BocTouHOU apxeonorun HUY BIIID. B 3agaun 3TUX OpOEKTOB, BXOAUT, B YaCT-
HOCTH, U3y4eHHE BO3MOXKHOCTEHN U OTpaHMUYEHHUI METO/Ia 1 ero JajibHelIIee COBEpIIeHCTBO-
BaHUeE.
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THE APPLICATION OF 3D MODELLING TO THE
DOCUMENTATION OF CERAMICS:
INDIVIDUAL AND MASS APPROACHES

In 2020 the Kodori Archaeological Expedition conducted research at the sites of ancient
times in the vicinity of the village of Balan in the Ochamchira District of Abkhazia. In the
course of the field work the expedition continued to improve the complex of modern techni-
cal means and methods of field research. In the 2020 field season special attention was paid to
the handling of ceramic finds. For their registration and documentation, a system consisting
of three components was introduced: digital registration of the ceramic material coming from
the excavations, documentation of individual finds and documentation of the mass ceramic
material.

Documentation of ceramics, which at this stage duplicated traditional analogue meth-
ods, was carried out by three-dimensional modelling using photogrammetry. The handling
of individual and mass ceramic material was carried out according to different protocols. For
individual finds, full digital images (models) of the objects were generated in the field labora-
tory and immediately included in the database available to researchers via the Internet. In this
way, 84 models of the most important finds were created.

The aim of the documentation of the mass material was to document all fragments found
during the excavations and to create a set of three-dimensional polygonal models for subse-
quent profiling of vessel and tile fragments and the study of ceramic ornaments. This material
was documented in series of 30—120 objects, whose composition and modelling method were
determined by the planned use of the results. In particular, 107 series (9,420 fragments, ff.),
formed from excavation lists, were modelled for the full account of finds, 14 series (749 ff.)
for the study of ornaments using visualization algorithms, 8 series (314 ff.) to study tiles, 34
series (1,460 ff.) for profiling and teaching students to create digital technical drawings.

The resulting data set formed the source base for several interlinked research projects
currently underway at the Centre for Ancient and Oriental Archaeology at the National Re-
search University Higher School of Economics (HSE University). The tasks of these projects
include, in particular, studying the possibilities and limitations of the method and its further
improvement.
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OIIBIT DJIEKTPOMATHUTHOM CHbEMKH
HA MAMATHUKAX ITEPEXO/JHOI'O BPEMEHHU OT BPOH3bI K KEJIE3Y
B TYPO-IIBILIMUHCKOM MEX/YPEUBE (3AITIAJHASI CUBUPDb)

OpHUM U3 aKTyaJ bHBIX HAIIPaBIIEHUH ABISAETCS MPUMEHEHNE HEPa3pyIIalouX METOIOB
WICCIIEZIOBAHUS apXEOJIOTHIECKIX MaMSITHUKOB.

B 3amagnoit Cubupu B nonmune p. Tobon (TromeHnckas 06macTb) OTKpBITO 46 TOpOAMI]
WUTKYJIBCKOHM KyIbTYypbl (BOCTOUHBIN JoKkanbHbIA BapuanT) VIII-VI BB. 1o H.3. OHN UMerOT
KpPYTOBYIO IIJIAHUPOBKY — OKOHTYPEHHYIO BaJlOM M PBOM IUIOIIAJKY, BHYTPH KOTOPOM IO
nepuMeTpy 0OOPOHHUTEIHHBIX COOPYKEHHUH PAcIioNiaraloTcs OCTaTKH MOCTPOEK HAa3eMHOTO
THMa. JTH cabo yKpeTJIeHHbIe TTOCETIeHUS MOTYT OBITh Kak HeOompiue 1o mromanu (0,2—
0,9 ra), Tak ¥ 3aHUMaTh OOIMIMPHYIO IIOMIAE (10 2—6 ra), IpHU STOM IEHTpaIbHAs YacTb
TOpOIUII, 0COOEHHO OOJIBITUX TI0 TUTOIIAIH, CBOOOIHA OT 3aCTPOUKH.

Crenmgpuyeckas CTpyKTypa MaMSTHUKOB ITO3BOJIMIIA CHIETATh MPENIOI0KEHNE, YTO B
LIEHTPE MOCEJIKOB MOTJIM HAXOAWTCS 3arOHBI JJIS COAEpKaHMUA CKOoTa. B pamkax m3ydeHus
CUCTEMBI KM3HE0OeCTIeUeHNsI HACEIeHN UTKYIbCKON KYJIBTYphl OBUIO PEIIEHO HCIOIb30-
BaTh AJIEKTPOMATHUTHYIO CHEMKY JUIS M3YUYEHHs 3THX IMOCEIEHYECKUX CTPYKTYyp. Chemka
MpeanoaraeT MakKCHMaIbHOE 00CIIeI0OBaHNE TUTOIIA N TOPOANII (CIUTONIHOE 00CIIeI0BaHIE
94acTo 3aTPYAHEHO HM3-3a CHIIBHOW 3aJIECEHHOCTH) — YYaCTKOB 3aCTPOHKH, 00OPOHHUTEIHHBIX
COOPYXXEHHUI 1 CBOOOMHON TuTOManu B IieHTpe. OCHOBHOW IETBI0 UCCIICTOBAHUS SIBISICTCS
OIpe/IeNICHNEe HAJTMYHsI/OTCYTCTBUSI 0OBEKTOB B IIEHTPE TOPOJIUII Ha CBOOOTHOH IIIOMIAIH H,
MPY HAITMYUH, UX TPENNOIOKUTEIbHAS HHTEPITPETAIHS.

HccnenoBanus ObIIN IPOBEACHBI HA TOPOIUINE UTKYIBCKON KynbTypbl [Tmama Cubupu
1, HaxomsmeMcs Ha TipaBooepeskbe p. Typser, B 30 KM K 10r0-BOCTOKY OT T. Tromenu. Pazmepbt
ropomuma 130 x 116 M, mpuMmepHas 1wiomanb okoio 12 000 k8. M. Ha ykperieHHo# 110~
HIaJKe 10 MepUMETPy 3adUKCUPOBAHBI OCTATKH 14 KHIUI HA3eMHOTO THIIA, OKPYXEHHBIX
HEOOJBIITIMH SIMaMHU.

B 2020 r. na mamsaTHHKE ObLTa POM3BEICHA AIEKTPOMATrHUTHAS CheMKa mpruoopom SMC
46, obmas miomaas KoTopoit cocrapmia 460 kB. M. CheMKa 0XBaTHIa MOTHOCTHIO OJHO Ha-
3eMHO€ JKUJIUINE, C TPUIIETAIONMHU IMaMu (pa3Mepsl ydacTka cbeMKkH 16 X 12 M) B 3amaj-
HOM 9acTH MJIOUIAIKA TOPOHUINA, U IBa y4acTKa OOOPOHUTENBHOM JTMHUN TTIOCETICHNS — OIHH
13 TIOJIMTOHOB CHEMKH OBIJT PACTIONIOKEH B CEBEPHON YaCcTH 00OPOHUTEIHHOMN JIMHUH, BTOPOH
YYaCTOK TOKPBIBAJ YaCTh COOPY>KEHHUS U CICTEMBI POB-BaJl B BOCTOYHOM YacTH MaMsTHHKA.
[Tnommane chbeMKH He3aCTPOCHHBIX YYaCTKOB B IEHTpPE MocesieHus coctaBmia 160 KB. M.

Cpemka mpou3BoamiIach Ha 14 yacToTax, T/1e NMepBbie MATh JaBaIH MOTHOLEHHOE Mpe/l-
CTaBJIEHHE O CTPYKTYpE CII0€B, OCOOCHHOCTSIX 3JIEKTPOMAarHUTHOTO TIONS, TUIAHUTpaduu
00BEKTOB.

ITonmoBrHA MOCTPOMKHN Ha3eMHOTO THMA (Y4acToOK pasmMepoM 8 X 12 M) Oblia packomaHa
B 2020 1. Ynanoch 3aKCHPOBATH HEKOTOPBIE COBIA/ICHUS YIaCTKOB ChEMKH U OOBEKTOB B
packone. Ha chemke ObLT yTOUHEH BUJ TPAaHUIBI COOPYKEHHS U BHEITHHX SIM, a TAaKXKe KPyTI-
HBIX SIM, CBSI3aHHBIX C KOHCTPYKITHEH COOPYKEHHS.
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EXPERIENCE OF ELECTROMAGNETIC SURVEY AT THE SITES
OF TRANSITION TIME FROM THE BRONZE AGE TO IRON AGE
IN THE TURO-PYSHMA INTERFLUVE (WESTERN SIBERIA)

One of the urgent directions is the application of non-destructive methods of archeologi-
cal sites’ research.

In the Western Siberia in the Tobol River valley (Tyumen region) 46 hillforts of Itkul
culture (east local variant) of 8th—6th centuries BC were discovered. They have a circular
layout — a court delineated by a rampart and a ditch inside which the remains of ground-type
dwellings are situated along the perimeter of the defensive constructions. These weakly forti-
fied settlements can be either small in size (0.2—0.9 ha) or occupy a large area (up to 2—6 ha),
with the central part of the fortified settlements, especially large ones, being free of build-
ings.

The specific structure of the sites suggests that the centre of the settlements could have
been occupied by livestock pens. As part of the study of the livelihood system of the popu-
lation of the Itkul culture, it was decided to use electromagnetic surveying to study these
settlement structures. This prospection implies a maximum survey of the settlement area
(surveying the whole area is often difficult because of the dense forest) — areas of buildings,
defensive structures and open space in the centre. The main purpose of the survey is to deter-
mine the presence / absence of objects in the centre of the fortified settlement in the free area
and, if available, their presumptive interpretation.

The investigation was carried out on the hillfort of Itkul culture Plamya Sibiri 1, located
on the right bank of the Tura River, 30 km south-east of Tyumen city. The dimensions of the
settlement are 130 x 116 m, the approximate area is about 12,000 sq. m. On the fortified pe-
rimeter of the site, the remains of 14 dwellings of above-ground type, surrounded by small
pits, were recorded.

In 2020, an electromagnetic survey was carried out on the site using an EMS 46 device,
with a total area of 460 sq. m. The survey completely covered one above-ground dwelling
with adjacent pits (survey section size 16 x 12 m) in the western part of the settlement, and
two sections of the settlement defensive line — one of the survey areas was located in the
northern part of the defensive line, the second section covered part of the structure and ditch
system in the eastern part of the hillfort. The survey area of open space in the centre of the
settlement was 160 sq. m.

The survey was carried out on 14 frequencies, where the first five gave a complete pic-
ture of the structure of the layers, the characteristics of the electromagnetic field and the lay-
out of the objects.

Half of the ground-type structure (an 8 x 12 m area) was excavated in 2020. Some over-
laps between the survey areas and the objects in the excavation were recorded. The survey
clarified the appearance of the boundary of the structure and external pits, as well as large pits
associated with the construction of the structure.
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HNCITOJIB30OBAHUE I'NC B APXEOJIOI'MYECKHUX NCCIIEJOBAHUSAX
B 3AIIOBE/ITHUKAX «MYEPULIEXEP»
(“CTAPBINA T'OPO/”) B BAKY U «I'AJIA» HA ATIIIEPOHE

1. Ucnonb3oBanue ['MC B apXeos0ruu U3MEHHIIO HE TOJIBKO CIIOCO0 MOTYYCHHS U BH3Y-
aIU3alyiy TaHHBIX apXEOJI0TraMu, HO B TO, KaK apXEOJIOTH IyMaloT 0 caMoM IpocTpaHcTse. C
MIPUMEHEHUEM 3TOTO TEXHOJIOTMYECKOTO HOBIIECTBA ObliIa COCTaBIIeHa U(POBAS DIIEKTPOH-
Hasl KapTa TePPUTOPUH UCTOPUKO-apXUTEKTYpHOTO 3aroBenanka « Muepumexepy (“Crapsbiii
ropox’”’). [1o aTuM ke mpaBuiIaM COCTaBIICHA KapTa apXeoJIOTMUYECKUX MaMATHUKOB U MECT
apXeoJIOTUYECKUX packoroK. C MOMOIIBIO0 CO3/IaHHOM AIEKTPOHHOU KapThl M 0a3bl JaHHBIX
CTaHOBUTCS HAIVISIHEE OTCIICKUBATh U M3ydaTh MEHSIOIIUNCS TIJIaH TOPOoJia 3a pa3Hble UCTO-
pUYECKUE TTEPUOTIBL.

2. Crnenyer OTMETHTh, YTO apXeolormyeckas kapra Muepuinexep Oblia co3maHa Ha
OCHOBe Bceil mH(OpMaIUu U JaHHBIX S0-JETHUX apXeOJIOTMYECKUX PACKOIOK, MPOBE/ICH-
HBIX B JIpeBHeM baky B CTeHax 3amKa 3a IMOCJICIHHE JIECATh JIeT, a Takke (ororpaduii u
ApXUTEKTYPHBIX IJIAHOB, U 3Ta 0a3za JaHHBIX ObUIa mepeHeceHa Ha kapry ['MC. Kaxnprii
MI0JIb30BaTENb, KOTOPHIN Teneps uMeeT noctyn k ' MC-kapte cTaporo ropoga, MOKET 03Ha-
KOMHTBCSI C apXEOIOTUUECKOM KapTOi U apXeoIOTUYECKOM HCTOpUel TOpoAa B SIEKTPOHHOM
Bepcun. HayuHast pecTaBpaiys U apXeoJOrHueCKHe UCCIICAOBaHUS, a Takxke dPPeKTHBHAS
OpraHM3aIMs PacKoOIOK yaydlialoT padory. M3yuenue u kaprorpapupoBaHHE BCEX MaMST-
HUKOB B CTPaHE C MOMOIIBI0 TAKOW CUCTEMBI TIOJIC3HO ISl U3YUEHUS U COXPAHCHUS HAILIETO
KYJBTYPHOTO HACJICIHSL.

3. Ceromust Muepuniexep, ASHCTBYIOIINEN Kak My3eH 10J] OTKPBITHIM HEOOM, TTPUBIICKACT
Bce OoJiblliee BHUMaHKUE OOIIIECTBEHHOCTH, U BOIIPOC €0 OXPaHbI B MOCJICTHUE TOJIbI 00CY K-
JTaeTCsl Ha pa3HbIX YpoBHAX. ClIeAyeT OTMETUTh, YTO CETO/IHS OOJIbIIe BHUMAHUS YACISAETCS
3alUTE HAIIUX HAIMOHAJLHBIX U JYXOBHBIX ICHHOCTEH, HCTOPUIECKUX TTAMSITHUKOB, a TaK-
e TPUHUMAIOTCS 0oJiee CEpbe3HbBIC MEPHI 110 3alUTe ¥ BOCCTaHOBIEeHUIO CTaporo roposa.
OcCHOBHasl 1IeJb 3aKJIF0YANIaCh B TOM, YTOOBI COXPaHUTh U MepelaTh OyAyIIHM TOKOJICHHSIM
HCTOPHYECKOE MPOCTPAHCTBO, chopMUpOBaBIIeeCs BeKaMH, Kak o0pasel] IpeBHEro rpajio-
CTPOUTEIHCTBA.

4. Kak u B YnipaBnenuu 3anosennka Muepumexep, kapra 'MIC Obuia npuMeHeHa Takke
B paiione «I ana 3amoBeanuk» cena ['ana, pacrnonoxkennoro Ha Amnmepone. Kanactposast un-
(dhopmarroHHasi cucreMa Oblia CO3/1aHa Iy TeM IPUBEACHUS reorpaduyeckoi nH(HOPMAITUH O
paiioHe KpenocTH, OTPaKAOIIEH ONpe/IeIICHHbIC HCTOPUIECKUE (haKThl pa3HOTo MaciiTada,
K €JIMHOMY MacIiTaly B paMKaxX HOBOM cucTeMbl. Ha ciemyroiieM 3rane MeCTOMOIIOKEHHE
BCEX JieTayiell U 00BEKTOB B IPaHUIAX HACEIICHHOTO MTYHKTA OMPEICISUIOCh B CHCTEME KOOP-
nuHar WGS84 UTM39 ¢ nmoMoIbio COBPEMEHHOTO IEKTPOHHOTO TaxoMeTpa Trimble M3
DR GPS ¢ Bricokoit TouHOCTBIO. [TOMHMO OmpeneseHuss MeCTOHAXOXK/ICHHMSI, ObliIa coOpa-
Ha TeKCTOBas MH(OpPMAIIUS U KaJacTpoBasi HHPOPMAIIUs B KOOPJIMHATHOU (OpME, KOTOPhIC
OBLIH BKITFOUCHKI B 0a3y JaHHBIX.

5. [Ipu NpOEKTHPOBAHUU HCIOIB30BAIUCHL OPTO(OTOIUIAHBI, JAaHHBIE KOCMUYECKUX
CHHMKOB U CYIIECTBYIOIIME Tonorpaduyeckue rianel. Ha crnemyroriem srane Obutn codpa-
HBI U KJIaCCU(PHUIIMPOBAHBI BCE BUIBI TEKCTOBOW KajacTpoBoi nH(popmaiuu. Ocobo cremayer
OTMETHUTH BKJIAJ] apXCOJIOTHH, SIBIISIOICHCS IJIaBHOW OIMOPOM MCTOPUYECKON HayKH, B pa3-
BUTHE MY3E€HHOrO Jea.
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USING GIS INARCHAEOLOGICAL RESEARCH
IN “ICHERISHEHER” (OLD CITY OF BAKU)
AND “GALA” RESERVES IN ABSHERON

1. The use of GIS in archaeology has changed not only the way archacologists acquire
and visualize data, but also the way archaeologists think about space itself. Using this tech-
nological innovation, a digital electronic map of the territory of Icherisheher (Old City) State
Historical-Architectural Reserve has been produced. A map of the archacological sites and
excavated places was also made using the same rules. With the help of the electronic map
and database created, it is easier to track and study the changing plan of the city in different
historical periods.

2. It should be noted that the archaeological map of Icherisheher was created on the basis
of all information and data of 50 years of archaeological excavations conducted in ancient
Baku in the castle walls over the past ten years, as well as photographs and architectural
plans, and this database has been transferred to the GIS map. Every user who has access to
the GIS map of the old city can now consult the archaeological map and the archaeological
history of the city in an electronic version. Scientific restoration and archaeological research
as well as efficient organization of the excavations improve the work. Surveying and map-
ping all the sites in the country with such a system is useful for studying and preserving our
cultural heritage.

3. Today Icherisheher, acting as an open-air museum, is attracting increasing public at-
tention and the issue of its protection has been discussed at different levels in recent years.
It should be noted that today more attention is given to the protection of our national and
spiritual values and historical sites, and more serious measures are taken for the protection
and restoration of the Old City. The primary objective was to preserve and pass on to future
generations the historic space, which has developed over the centuries as an example of an-
cient town-planning.

4. As in the Icherisheher Reserve Administration, the GIS map was also applied in the
area of “Gala Reserve” of the village of Gala, located in Absheron. The cadastral informa-
tion system was created by bringing the geographic information of the area of the fortress
reflecting certain historical facts of different scales to the same scale in the new system. In the
next phase, the position of all details and objects within the settlement was determined in the
WGS84 UTM39 coordinate system by means of a modern Trimble M3 DR GPS electronic
tachometer with high accuracy. In addition to locating, textual and cadastral information in
coordinate form was collected and included in the database.

5. Orthophotomaps, satellite image data and existing topographic plans were used in the
design. In the next phase, all types of textual cadastral information were collected and clas-
sified. The contribution of archaeology, which is the main pillar of historical science, to the
development of museum work is particularly noteworthy.
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HUCITIOJIB30OBAHUE HCTOPUYECKHUX KAPT
IS AHAJIM3A TIMHAMUKHA 3EMJIEITIOJIB3OBAHUSA
HA TEPPUTOPUHU BOJIXKCKOM BYJITAPUM B ITPEJEJIAX IIPEJBOJIXKbSA PT

Pemraercs 3aga4a OlleHKH JUHAMHMKH CTPYKTYpBI 3eMenb 3a 200-1eTHHi iepuos Ha Tep-
PUTOPUU PACIIOJIOKEHUS ACBITH CPEIHEBEKOBBIX ropoAuil nepuona Bomwkckoit bynrapuu
(X—XIII BB.). B xauectBe McTOYHMKA MH(OPMALUHN O 3EMJICTIONB30BAHUM HCIIOJIL30BAHBI
TIaHbl reHepanbHoro meskeBanus konua X VIII — nagana XIX B. u caumku Landsat 8 3a 6ec-
cHexxHbli nepuon 2015-2018 rr. I1o pe3ynbTaraM BEeKTOpU3AUN ApXUBHBIX IIAHOB U aBTO-
MaTU3UPOBAHHOTO JACMH(PUPOBAHUS KOCMOCHUMKOB OBUIM PAacCYMTaHBI TUIOMIAAN U JIOIH
Pa3IMYHBIX TUIOB 3eMJIETIONB30BaHus B mpenenax OydepHoii 30ub1 10 x 10 kM. B pe3syinsb-
TaTe MOJy4eHbl HOBBIC JIaHHBIE O CTPYKTYpE M JHUHAMHUKE 3eMJICTIONb30BaHMs BOJIM3H pac-
CMaTpUBaeMbIX 00BEKTOB KYJIBTYPHOTO HAaCIIEHs], TO3BOJISIFOIINE CYAUTh 00 aHTPOIIOTEHHOM
BO3/JICHCTBUU HA PACCMAaTpUBAEMYIO TEPPUTOPUIO U OLEHUTH CTEIIEHb PUCKA UX YHUYTOXKE-
HUsA. MOXHO c/ienaTh BBIBOJI O TOM, YTO UCTOPUYECKHE KapThl U COBpeMEHHbIe JaHHbIe J[33
SIBISIFOTCSI LIEHHBIM MCTOYHUKOM MH(OPMALIUH, TO3BOJISIONINM MTPOBOAUTH KaUeCTBEHHBINA U
KOJTMYECTBEHHBIN aHaIn3 CTPYKTYPbI 3eMIICTIONB30BAHMUS BOJH3H MaMSITHUKOB KyJIBTYpPHOTO
Hacaenus. FIX COBMECTHOE UCIOIb30BaHUE, OJHAKO, 3ATPYAHSAECTCSI HECOIOCTABUMOCTBIO UX
MacIITaboB, AETATLHOCTH U Ka4yecTBa.
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USE OF HISTORICAL MAPS FOR ANALYSIS OF LAND USE DYNAMICS
ON THE TERRITORY OF VOLGA BULGARIA IN CIS-VOLGA REGION OF RT

The task of assessing the dynamics of land use in the territory of nine medieval settle-
ment of the Volga Bulgaria period (10th—13th centuries) for the 200-year period is solved. As
a source of information on land use the plans of the General Land Survey of the late 18th —
ecarly 19th centuries and Landsat 8 images for the snow-free period of 2015-2018 were used.
Based on the results of vectorization of archive plans and automated interpretation of satellite
images, the areas and plots of different land use types within a 10 x 10 km buffer zone were
calculated. As a result, new data on the structure and dynamics of land use in the vicinity of
the cultural heritage objects in question were obtained, allowing to judge the anthropogenic
impact on the territory of research and to assess the degree of risk of their destruction. It can
be concluded that the historical maps and contemporary remote sensing data are a valuable
source of information allowing a qualitative and quantitative analysis of the land use struc-
ture in the vicinity of cultural heritage sites. Their combined use, however, is hampered by
the lack of comparability of their scale, detail and quality.
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LIUPPOBBIE APXEOQJIOT'MYECKUE UCCJIEJOBAHUS
B JJOTUHE XPAMOB AKPATAHTA (CULIAJINST)

B 2019 r. MmexnyHapoaHas skcriequuus B Akparante Ha Cunmnun (YHUBepcuteT bop-
10 Moutens, HY Belcmas 1mKoiia 3KOHOMUKHY, YHHUBepcUTeT Buckoncuna, @paHiy3ckas
mKosia B PuMe) mpoBoamiia uccienoBaHus B 3amnagHol yactu JlonuHbel XpaMoB. Packarbl-
Basicss «Manblii Xxpam» (tempietto), B KOTopoM oOHapy»eH KOMIUIeKC u3 19 mensix u 6onee
400 ¢pparmMeHTOB OPOH30BBIX (U, a TAKXKEe OOOPOHUTENIBHASL CTCHA K 3arajy oT BOpPOT V.
Marepuain, oOHapyKEHHBII B X0/Ie PacKOIIOK, aTUpyeTcst KOHIIoM V — cepeaunoii 1V B. 10
H.3. JIOKyMEHTallMOHHOE COMPOBOXKACHUE PACKOIIOK OCYIIECTBISIOCH KOMOMHAIIEH METO-
JIOB CITyTHUKOBOW T'€O/IC3MU M TPEXMEPHOTO MOJECTUPOBaHUS (DOTOTPaMMETPHUECKUM CIIO-
cobom. Kakzplil packor B Ipoliecce packoroK JOKYMEHTHPOBAJICS OT ABYX JI0 TISITH pa3, YTo
MO3BOJIUIIO, B YaCTHOCTH, TOUHO 3apukcupoBaTh mnosoxenue ¢puan B packore 2100. Cymst mo
BCEMY, pe4b MJIET O BOTUBHOM IPUHOIIEHNH, BO3MOXHO, CBA3aHHOM C OCHOBAaHHEM XpaMa,
OZIHAaKO OHO HE COXPAHMJIOCH in Situ: (uanbl ObUIM MEpeMEIeHbI MPH ero OoJee Mo3nHEH
NepecTpoiike U HUBETHPOBKE OKpyXkaromed Tepputopur. OTHOBPEMEHHO C BBIITOJHEHHEM
PAcKOIOK OBUTH pa3BepHYTHI PabOTHI IO TPEXMEPHOMY MOJCITHUPOBAHUIO OOBEKTOB apXeo-
JIOTHYECKOTO TapKa Akparanra. JlJoKyMEeHTHPOBaHHE TaKKe BHIMOIHSIIOCH (POTOrpaMMeTpH-
YeckuM criocoOoM. Beumn chopMmupoBaHbl TpexMepHbIe MOJeNd pyuH «Majoro xpamay,
«xpama J{nockypoB» U MpUIIETaloNIel K HEMYy TEPPUTOPUH, B TOM UHUCIIE COOPYKEHUH T.H.
CasaTunuia XToHndecknx OoxectB. Kpome Toro, Obumn chopmupoBansl Mozenu 25 apxu-
TEKTYPHBIX OJIOKOB, MPUHAAJICKAIIUX K 3TOMY Xpamy, HO HE UCTIOJIb30BAHHBIX TIPH €ro pe-
CTaBpaluu. DTH MOJENN OyAyT HCIOJIb30BaHBI PU APXUTEKTYPHOM HCCIIEIOBAHUH «Xpa-
Ma J[MoCKypOoB», BKIIIOUAOIIEM POBEPKY JOCTOBEPHOCTH CYIIECTBYIOIIEH PEKOHCTPYKIHH
Xxpama. HakomnieHHBIH MacCHB MPOCTPAHCTBEHHBIX AAHHBIX MO3BOJMI C(HOPMHPOBATH MH-
(OpMaIIMOHHYIO CUCTEMY OOBEKTa, COCTOSLIYIO U3 HU(POBON KapThl MJIOLIAN HCCIEI0Ba-
HUH U TpEeXMEPHBIX MOZIeIel OOBEKTOB — pYUH XPaMOB, OTJICJIbHBIX aPXUTEKTYPHBIX OJIOKOB
u packoroB 2019 r.
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DIGITAL ARCHAEOLOGICAL RESEARCH
IN THE VALLEY OF THE TEMPLES OF AGRIGENTO (SICILY)

In 2019, an international expedition to Agrigento in Sicily (University of Bordeaux
Montaigne, HSE University, University of Wisconsin, French School in Rome) carried out
research in the western part of the Valley of the Temples. They excavated the “Small Temple”
(tempietto), in which they found a complex of 19 entire bronze phials and over 400 frag-
ments, as well as a defensive wall to the west of Gate V. The material uncovered from the
excavations dates from the late Sth to the middle of the 4th century BC. The excavations were
documented using a combination of satellite geodetic and three-dimensional photogrammet-
ric modelling techniques. Each trench was documented between two and five times during the
excavation, which allowed the position of the phials in excavation trench 2100, in particular,
to be precisely recorded. It appears to be a votive offering, possibly related to the foundation
of the temple, but it was not preserved in situ: the phials were moved during its later rebuild-
ing and levelling of the surrounding area. Simultaneously with the excavations, a 3D model-
ling of the sites of the Agrigento Archaeological Park was undertaken. The documentation
was also carried out by photogrammetric method. Three-dimensional models of the ruins of
the “Small Temple”, the “Temple of Dioscury” and the surrounding area, including structures
of the so-called Sanctuary of the Chthonic Deities, have been generated. In addition, models
of 25 architectural blocks, belonging to the temple, but not used in its restoration, have been
created. These models will be used in the architectural research of the “Temple of Dioscury”,
including the verification of the existing reconstruction of the temple. The accumulated set of
spatial data allowed to form an information system of the site, consisting of a digital map of
the study area and three-dimensional models of objects — the temple ruins, individual archi-
tectural blocks and excavations of 2019.
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IMPOCTPAHCTBEHHBIN AHAJIN3 APXEOJIOTUYECKHX PABOT
HA TEPPUTOPUU I'. KUPOBA: OIIBIT PEAJIMU3ALIUUA B QGIS

Hctopust apxeomorndeckoro m3yuyeHus . KupoBa HacUNWTHIBa€T HECKOJBKO JECSATHIIC-
tnid. COop, cuctemaTu3aiys U 0000IIeHre MaTepruaIoB apXeoJOTHIECKIX PACKOTIOK, IIyp-
(hOBOK, HAONFOICHUH, TUCbMEHHBIX HCTOYHUKOB, KapTOorpadUpoBaHUE MOTYYCHHBIX JaHHBIX
T BO3MOXKHOCTb JUTSA CO3JaHMs T€OMH(POPMAIMOHHON 0a3bl MO0 apXeoIoTHYecKuM pado-
TaM Toposa.

boumn obpabotansl pesyneratel 146 apxeomormueckux padot 3a mepuon ¢ 1935 mo
2020 r. Y kaxa0oro o0beKTa BBIABJIEHBI IUIONIAb U MOIIHOCTb, 3a UCKIIOUEHUEM OOBEKTOB,
10 KOTOPHIM MHGpOPMAITUs OTCYTCTBOBaja. Ha kakmprit 00BbeKT OblIa cliejlaHa IMpHUBSI3Ka B
I'"C B cucreme koopauaatr WGS84. Best madopmanus O6puta 3aHeceHa B 0a3y JaHHBIX, T10-
3BOJISIFOITYIO TIOHATH 00BEM TPOBEIEHHBIX B TOPOJIE APXEOIOTUIECKUX NCCIIEOBAaHUH.

W3naganpHO 6a3a apxeonornueckux u3bickanuii . Kuposa 6pu1a coznana Ha ocHoe API
Sunexc.Kaptel. baza maHHBIX IMEET BO3MOXKHOCTE OTCIICKHBATH HH()OPMAIIHIO TT0 apXe0yI0-
THYECKUM paboTaM Ha TeppuTopuu I. KupoBa ¢ IOMONIBIO pa3inYHbIX QUIBTPOB (110 THITY
paboT, 1o aBTOpaM apxeoJOTHIECKUM padoT, Mo ITyOMHE 3aJeTaHus KyIbTYPHOTO CII0).

B xone pabotsl Haj 6a30¥ MBI CTOJNKHYINCH C TEM, YTO, HECMOTPS Ha OOJBIIOE KOJH-
4eCcTBO (DPMIIBTPOB, PACIIMPEHHE €€ B JalIbHEHIIeM CTallo HEBO3MOXHBIM. B HacTosmee Bpe-
Ms1, 0a3a MepeHOCUTCS Ha OCHOBY TeOMH(OPMAIIMOHHON CHCTEMBI OTKpBITOrO foctyna QGIS
Desktop.

B nanHO# cucteme ObLIM HAJIOXKEHBI TPAHMIIBI PACTIPOCTPAHEHHS TOPOJIa B Pa3InUHbIC
nctopuueckne nepuozs! (Kpemus, mocan, pacipocrpanenne ropoaa B X VIII-XIX BB. u mip.)
[Tnardopma mo3BONSAET MOTYUUTH TOYHBIE KOOPAMHATHI MECTA apXe0IOTHYecKuX padbort. Tou-
HO Tak)Ke OBbLIH TepeHeCeHbl KOOPANHATHI BceX TOUYeK. [Ipy HalO)KEeHUH pa3inYHbIX (JOHOB
MBI MOXXEM BHJIETh HOMEp KaJacTPOBOIO y4yacTKa W HaKJIaJIbIBaTh HA KAPTy MPAKTHYCCKH
TM000# BapraHT TOMOrPaQHUUYECKON MM TeoJOTHYEeCKON KapThl, BKIIFOYas HHBEPTHUPYEMbIE
KOCMOCHUMKH ((POHOM MOYKET CIYKHTb JTF000I BEKTOPHBIN ci10H, no0aBieHHbIi B QGIS).

Bonpmroit urroc QGIS B ToM, uTo T1aT)OpMa MO3BOISIET CO3IaBaTh MAKETHI PA3THMUHbIX
BHJIOB KapT, KOTOPbIE B TMOCIEAYIONIEM MOKHO BBIBECTH Ha Te4arh B JJr006om Gopmare. Llen-
HOCTb JIJAHHOTO UCCJICIOBAHUS 3aKJII0YAETCS B TOM, UTO, MyOIUKYSI paOOThI IPOLUIBIX JIET U
KapTUpys MX, MOCTETICHHO BBISBISICTCS CBSI3b MEXKILy BCEMH apXeOJIOTHUECKUMH UCCIIeI0Ba-
Husimu B I. Kupose.

52



Kaisin A.O., Borisova A.M., Glazyrina M.K.
Vyatka State University, Kirov

SPATIAL ANALYSIS OF ARCHAEOLOGICAL WORKS
ON THE TERRITORY OF KIROV: EXPERIENCE
OF IMPLEMENTATION IN QGIS

History of archeological research of Kirov is several decades. Collecting, systematiza-
tion and generalization of materials of archeological excavations, pits, observations, written
sources, mapping of the received data allowed to create geoinformation base on archeologi-
cal works of the city.

The results of 146 archaeological works from 1935 to 2020 were processed. The area of
each site and depth of its cultural layer was identified, with the exception of sites for which
no information was available. Each site was georeferenced in a GIS in WGS84 coordinate
system. All information was entered into a database to understand the extent of archaeologi-
cal research carried out in the town.

Initially, the database of archacological surveys of Kirov was created on the basis of
Yandex.Map API. The database has the ability to track information on archaeological work
on the territory of Kirov using various filters (by type of work, by authors of archaeological
work, by depth of the cultural layer).

In the course of work on the database, we faced the fact that despite the large number of
filters, it became impossible to expand it further. Currently, the database is being migrated to
the basis of the open access geoinformation system QGIS Desktop.

In this system, the boundaries of the spread of the city in different historical periods
(Kremlin, posad, spread of the city in 18th—19th centuries, etc.) have been mapped. The coor-
dinates of all the points have also been transposed. By superimposing different backgrounds,
we can see cadastral plot number and overlay almost any variant of topographic or geologi-
cal map, including inverted space imagery (any vector layer added to QGIS can serve as a
background).

A big plus of QGIS is that the platform allows creating layouts of different types of
maps, which can later be printed in any format. The value of this study is that by publishing
past works and mapping them, a link between all archacological investigations in Kirov is
gradually revealed.
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Koncrantunon H.A.
Topro-Anmaticxutl 20cyoapcmeeHHblll YHUSepCumen

IHNPUMEHEHHUE TPEXMEPHOI'O MOAEJINPOBAHUSA
PU U3YUYEHUU MMOCEJEHYECKHUX U XO3S1MCTBEHHBIX
KOMINIEKCOB HEHTPAJIBHOI'O 1 IOT'O-BOCTOYHOI'O AJITAA

JIns TIOHMMaHHUs MPOLIECCOB XO3SUCTBEHHOTO OCBOCHHUS TEPPUTOPUMA B JIPEBHOCTU U
CPEIHEBEKOBbE KIIHOUEBYIO POJIb UTPAET UCCIIEN0BAHUE IOCEICHUN U OKPYKAOIIUX UX JIAH]-
madTHBIX 30H. Hy)XHO mpu3HATH, Y4TO, HECMOTPS Ha JOCTaTOYHO XOPOIIYI0 M3yUYEHHOCTb
HEKOTOPBIX KaTeropuil IaMsITHUKOB AJITast 3II0XH paHHETO CPEHEBEKOBbS, TOCEIEHHS 3TOTO
Nepuoaa Ucciae0BaHbl KpaiiHe c1a0o. B ¢Bs3u ¢ 9THM, HaMU HadaThl pabOTHI Ha JBYX HOCe-
nennsix (Koxxomnro-1 u Kymuerens-1) B nonune p. bonsmoit Unerymens (LlenTpansubiii An-
tait). [lomy4deHHbIH B X0/Ie pa3BeOYHBIX pa0OT MaTepHal MO3BOJIMI OTHECTH 3TH MaMSITHUKH
KO BTOpO# mosnoBuHE | ThIC. H.3. OCYIIECTBIEHHBIE 3aUUCTKH Ha MECTaX Pa3MBIBOB CE30H-
HBIMHU BOJJOTOKAMH U cOOp MOABEMHOT0 MaTepHalia Mo3BOJIMII TIOTyYUTh IPEICTABUTEIbHYIO
KOJUTIEKIIMIO HAaXOOK ((hparMeHThl KepaMHUYECKUX COCYIIOB, )KEJIE3HbIC U KOCTSHBIC H3/IENus,
[IJIAKH, OCTEOJIOTMYECKUH MaTepual) u 00pasloB i €CTEeCTBCHHOHAYYHOTO U3YUYCHUSI.

[TpoBoauTcst pukcanys APYrux apxeorornuecKUX KOMIUIEKCOB, PACTIONOKEHHBIX BOJIH-
31 nocenieHuil. brarogapst CKyIHOCTH pacTUTENBHOTO MOKpoBa LleHTpanbHoro Anras MeTon
(oTorpaMMeTpHH MO3BOJISET MOJTYYUTh CYIIECTBEHHBIC TaHHBIE O KOHCTPYKTHBHBIX 0COOCH-
HOCTSIX TaMATHHUKOB. Tak, Ha co3ganHoN nu(ppoBOH MoJeNn S1TOMaHCKOTO TOPOIUINA, HaX0-
nserocst B 15 kM roxkHee uccienyemsix nocenenuii Koxomo-1 u Kymuerens-1, otTueTnuBo
BUAHBI QPOPTUPHUKALUOHHBIC COOPY)KEHHS, a TAK)KE TPYHTOBBIC HACBHITM M KaMEHHBIE KOH-
CTPYKLIMH.

HauOonpmmii nHTEpeC BBI3BIBAIOT OPOCUTEIBHBIE CUCTEMBI, IIUPOKO PaCcIpPOCTPaHEeH-
ueie B [opHoM Anrtae. B xozne Hammx paboT o0ciie1oBaaich OpOCHTENbHBIE CUCTEMBI B J10-
nuHax pexk Mansiit u bonpiioit Unsrymens B LlenTpansHoM AnTae; B 1olnHax pek bombiioit
Vnaran u YyneimmMan B BocrounoM Anrae. /leficTBytomye opocuTeIbHbIE KOMIUIEKCHI, HUC-
MOJIB30BABIIMECS B 3TUX MECTax Uil MOJUBAa HEOOJBIINX MOCEBOB SYMEHS, YITOMUHAIOT-
csl MHOTUMH HccienoBaressiMi ¢ nepoii monosunbl XIX B. (A.A. bynre, I1.A. Yuxaues,
H.M. Anpunues, B.B. Canoxnukos, C.11. llIBenioB u ip.). 13-3a npo1omKUTENBHOTO HCIIONb-
30BaHUs KAHAJIOB U PETYISIPHBIX IIOJHOBIIEHUN, YUCTOK U PEMOHTA OCTAETCS HEPELIEHHBIM
BOIIPOC YCTaHOBJICHHS BPEMEHH CTPOUTENLCTBA KaHaioB. OHako O1aronaps COBpeMEHHbBIM
TEXHUYECKUM BO3MOYKHOCTSIM B CYILIECTBEHHON CTENEHH YHPOCTUIICS Mpolece GUKCauu U
BU3yaJHM3allii HPPUTAIIMOHHBIX MaMsTHUKOB. COBMEIIEHHE METOZ0B a3po(OoTOCHEMKH, (o-
torpammerpun U ['MC mo3BossifoT Gonee AeTanbHO OXapaKTepU30BaTh 0COOCHHOCTH (YHK-
LIMOHUPOBAHHUSI KOMIUIEKCOB U UX B3aUMOCBSI3H.
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APPLICATION OF 3D MODELING IN STUDYING OF SETTLEMENTS AND
ECONOMIC COMPLEXES OF THE CENTRAL AND SOUTH-EASTERN ALTAI

To understand processes of economic development of territories in an antiquity and the
Middle Ages the study of settlements and the surrounding landscape zones plays the key role.
We must admit that, despite the fact that some categories of sites of the Early Middle Ages are
quite well studied in the Altai, the settlements of this period are very poorly investigated. In
this connection we began our work on two settlements (Kozholu-1 and Kupchegen-1) in the
valley of the Bolshoi Ilgumen River (Central Altai). The material received during prospecting
works has allowed to attribute these sites to the second half of the 1st millennium AD. Clean-
ings on places of erosion by seasonal water streams and collection of surface material have
allowed to receive a representative collection of finds (fragments of ceramic vessels, iron and
bone products, slags, osteological material) and samples for natural-science studying.

Other archaeological complexes in the vicinity of the settlements are being recorded. Due
to the scarcity of vegetation cover in the Central Altai, the photogrammetry method makes it
possible to obtain significant data on the structural features of the sites. Thus, a digital model
of the Yaloman hillfort, located 15 km south of the Kozholu-1 and Kupchegen-1 settlements
under study, clearly shows fortifications, as well as earth mounds and stone structures.

Irrigation systems, widespread in the Altai Mountains, are of the greatest interest. In the
course of our works irrigation systems were examined in valleys of the Malyi and Bolshoy
Ilgumen rivers in the Central Altai, in valleys of the Bolshoy Ulagan and Chulyshman rivers
in the Eastern Altai. Operational irrigation complexes used in these places for irrigation of
small barley crops are mentioned by many researchers since the first half of the 19th century
(A.A. Bunge, P.A. Chikhachev, N.M. Yadrintsev, V.V. Sapozhnikov, S.P. Shvetsov and oth-
ers). Due to the long use of canals and regular renewals, cleanings and repairs, the issue of
the timing of canal construction remains unresolved. However, thanks to modern technical
possibilities, the process of fixation and visualization of irrigation sites has been considerably
simplified. The combination of aerial photography, photogrammetry and GIS methods allow
for a more detailed characterization of the functioning of the complexes and their interrela-
tionship.
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HCCJEIOBAHUE TIOPKCKOM PYHUUYECKOWM CTEJbBI «KYJIU-UYP» —
BBISIBTEHUE PAHEE HEW3BECTHOM HAJIIACH C TTIOMOIIBIO
AJITOPUTMOB BU3YAJIM3ALUU PEJIBE®A IIOBEPXHOCTHU MOJAEJIN

Crena B wecth Kymu-Uypa, maga Tapaymieil B 510Xy BTOPOro BoCTOYHOTIOPKCKOTO Ka-
raHara, pacrnojiokeHa B MecTHOCTH J[aBcT xynauil [[pnrapxaan comona llenTpansHoro aii-
Maka MOHTOIMH. DTOT MaMATHHK, BXOJSIIINN B COCTAaB MIOMHHAJIHHOTO KOMIUIEKCa, OBII OT-
KpoIT ¥ onyonukoBaH B 1912 1. B.JI. KorBnuem n A.H. CamoiinoBruem. Haanuck TIOpKCKIM
PYHUYECKUM MUCHMOM, AaTUpyeMas MPEearoIoXUTeabHo 723—725 TT. u cocrosimas nu3 29
CTPOK, BBIOWTA Ha 3alagHON, BOCTOYHON M CEBEPHOHN TpaHSAX CTEIbl U MMEET 3HAYUTEIh-
HbIE TIOBPEXK/ICHUS 1 yTpaThl. Ha mpoTshkeHnn Beka HaANKUCh HEOIHOKPATHO HCCIIeI0BAIACh.
OnyOmuKoBaHBI 3CTaMIaXKH, 3aPHCOBKHA U (POTOCHUMKH CTEIbI, HA KOTOPBIE 10 HACTOSAIIETO
BPEMEHH OTMPATHCH UCCIIEA0BATENHN TIOPKCKUX PYHUYECKUX HAAMHCEH.

B 2019 . B pamkax mpoekra «KoppekuoHHbIE HCCIeIOBaHNS IPEBHETIOPKCKUX PY-
HUYECKUX MaMATHUKOB Ha Tepputopuu MoHrommmy crena B yecth Kynu-Uypa nokymeHnTu-
poBaHa MeTo/IOM TpexmepHoro moaenupoBanus. Ha ocnose 1800 mudpossix (oTorpaduit
(hoTorpaMMETPHUUECKIM CIIOCOOOM OBIITH MOCTPOEHBI IMTOJIMTOHAIBHBIE MOJIENT BCEH CTEIBI
(c nerampHOCTHIO 0,2 MM) U ee TpaHel (¢ meTambHOCTHIO HEe HIKe 0,1 MM), a Takke KapThl
BBICOT. [IprMeHeHre anropuTMOB BU3yaIH3aly peibeda MOBEPXHOCTH MO3BOJIMIO yTOU-
HUTH TIPOUTEHNE COXPAHMUBIIMXCS (DparMEeHTOB TEKCTA U BHISIBUTH paHee HE OMMCAaHHBIE HC-
CJIeZIOBaTeN MU CHMBOJIBI Ha I0KHOM, HanboJee MOBPEXKIEHHON, TPAHH CTEITbI.

56



Kormushin L.V.*, Romanenko E.V.**, Svoysky J.M.***, Ziganshina A.A.#***
*Institute of Linguistics RAS, Moscow

**RSSDA Lab, Moscow

***HSE University; RSSDA Lab, Moscow

***%State Academic University for the Humanities,

RSSDA Lab, Moscow

INVESTIGATION OF THE TURKIC RUNIC STELE “KULI-CHUR” —
IDENTIFICATION OF A PREVIOUSLY UNKNOWN INSCRIPTION USING
ALGORITHMS OF VISUALIZATION OF MODEL SURFACE RELIEF

The stele in honour of Kuli-Chur, Tardush Shad in the epoch of the Second East Turkic
Kaganate, is located in Davst Khundii Delgerhaan Somon of the Central Aimag of Mongolia.
This site, being a part of the memorial complex, was discovered and published in 1912 by
V.L. Kotvich and A.N. Samoilovich. The inscription in Turkic runic script, presumably dat-
ing from 723 to 725 and consisting of 29 lines, is carved on the western, eastern and northern
faces of the stele and has significant damage and loss. The inscription has been researched
many times over the century. Prints, sketches and photographs of the stele have been pub-
lished, on which researchers of Turkic runic inscriptions have hitherto relied.

In 2019, within the framework of the project “Correction Studies of Old Turkic runic
inscriptions in the territory of Mongolia”, the stele in honour of Kuli-Chur is documented by
three-dimensional modelling. Polygonal models of the stele (detail 0.2 mm) and its facets
(detail no less than 0.1 mm) as well as height maps were created on the base of 1800 digital
photogrammetric photos. The use of algorithms for visualization of the surface relief made it
possible to clarify the reading of the preserved text fragments and to identify the symbols on
the southern, most damaged face of the stele not previously described by the researchers.
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JAHAITA®THAS UCTOPUSA AJTAKYJIIBCKOI'O MOI'MJIBHUKA:
MONBITKY PEKOHCTPYKIIUU U MYJIBTUJIACIHUILIMHAPHBINA ITOIXO/I

AJaKyabCKHH MOTWJIBHUK SIBISICTCS OAHUM W3 KPYMHBIX MaMSITHUKOB DIIOXH OpPOH3BI
3aypanbs. B xonne 1940-x rr. o pesynsraraMm u3ydeHHus AaKylIbCKOTO MOTMIIBHUKA O3/~
Heit Oponsel K.B. CanbHUKOBBIM Oblila BBIJENICHA ajlaKyJdbCKas apXeolorndeckas KyJbTy-
pa, onHa M3 KPyNHEHIINX B paMKaxX aHAPOHOBCKOW KYJIBTYPHO-UCTOPUYECKOW OOLIHOCTH.
B 1999 1. B pamkax aBapuiiHO-cIlacaTeIbHBIX PaOOT OBUTH MPOBECHBI CaMble OOJBIINE T10
IUIOIIAIN apXEOJIOTHYECKHE HCCIIE0BAaHUS 3TOT0 MOTMJIBHHKA, MaTepuajbl KOTOPBIX OT-
JUYAINCH OT MOJYYCHHBIX paHee M MOKa3bIBAIN OoJiee CIOKHYIO KYJIBTYPHYIO CHUTYAIHMIO.
B 1938 r. K.B. CanpHUKOBBIM Ha TEPPUTOPHH MaMTHUKA OBIJIO HACUMTAHO 66 KypraHoB.
K MorunsHuKy ¢ BOCTOKa M ceBepa BIUIOTHYIO MTOAXouIa namHs. [lo MHeHHIo uccienosa-
TeJIsl, IePBOHAYaIbHO MOTHIIBHUK MOT OBITh 3HAYUTEIBHO OOJIbIIE, HO YaCTh KypraHHbIX Ha-
CBITICH yrke Oblja YHHYITOXKEHA PaCIIalliKoi, 4acTh MOBpeX/cHa KabeneM cBs3u. C TeueHuem
BpPEMEHHM MOTHIIBHUK OBbUT TIOJIHOCTHIO YHUYTOXKEH, KaK MMPOBOAMBIIMMUCS PACKOTIKAMH, TaK
W aKTUBHOHM XO3SHICTBEHHOH JEATeNbHOCTHIO. B paMkax mpoBeseHHBIX paboT B MOCIEIHUE
rofpl ObUTa cjeflaHa MOMbITKa PEKOHCTPYHPOBATh MCTOPUYECCKUN JaHImadT MOTHIBHUKA,
BBISIBUTH OCTABIIMECS] HEU3yUYEHHBIMHU TUIOMIAAKH, @ TaKXKe ONPENEIUTh yYacTKH, KOTOpPhIE
OBUTH OTpa’keHBI HAa PaHHUX ToMOrpaduueckux iaHax. B ocHOBY mcclenoBaHUs MOJIOKeE-
HBI METOJIbl HECKOJIBKUX HarpaBiieHuil. ['eone3nueckne MeTobpl MpeACTaBIeHbI Kak TpaIu-
IIMOHHOM WHCTPYMEHTAJBHOM TONOrpaduueckoil ChbeMKoi, Tak u chemkoi ¢ BIUIA. [lns
¢uKcanuy penepHbIX Touek ucrnonbizoBaics GPS, a mist onpeneneHus: rpaHUl] MOTHIIBHU-
Ka MpHUMEHsIach MEKTPOMarHuTHas cbeMka. Kpome a3toro mepes ucciaeoBaTesisMyd CTOS-
na ¢pyHAaMeHTaJbHas 3a/a4a Mo ONPEACICHUIO MECTa yJyacTKa B HepapXHUU OKPYKAIOIIETO
nammadTa U MoYeMy UMEHHO JaHHOE MECTO HCIOJB30BajOCh KaK HEKPOIOib B TCUCHUU
JUITMTENbHOTO BpeMeHu. [y aToro nposesieH psn aHanu3oB B cpene ['MIC, kotopslii mo3Bo-
JIMJT pEKOHCTPYHPOBATh CUCTEMY BOAOCOOPa, COOTHECTH PACIIONIOKEHHE MOTUIIbHUKA 1 O1H-
JKalIIMX NMEepPCIEeKTUBHBIX YYacTKOB | TIp.
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THE LANDSCAPE HISTORY OF ALAKUL BURIAL GROUND: ATTEMPTS
OF RECONSTRUCTION AND MULTIDISCIPLINARY APPROACH

The Alakul Burial Ground is one of the major sites of the Bronze Age in the Trans-Ural
region. At the end of the 1940s K.V. Salnikov dedicated the Alakul archeological culture,
one of the largest within the frames of Andronovo cultural-historical community. In 1999
within the framework of rescue excavations, the largest in area archacological investiga-
tions of this burial ground were carried out, materials of which differed from those received
carlier and showed more complicated cultural situation. In 1938, K.V. Salnikov counted 66
burial mounds on the territory of the site. Arable land adjoined the burial ground closely to
the east and north. According to the researcher, originally the burial ground could have been
much bigger, but some of the mounds had already been destroyed by ploughing, and some
were damaged by communication cables. Over time, the burial ground has been completely
destroyed, both by excavations and active economic activities. The work carried out in re-
cent years has attempted to reconstruct the historical landscape of the burial ground, to iden-
tify the remaining unexplored areas, as well as to determine the areas that were reflected on
early topographic plans. The research is based on methods from several directions. Geodetic
methods are represented by both traditional instrumental topographic surveys and UAV sur-
veys. GPS was used to fix reference points, and electromagnetic survey was applied to define
boundaries of the burial ground. In addition, the researchers faced the fundamental task of de-
termining the site’s place in the hierarchy of the surrounding landscape and why it had been
used as a necropolis for a long time. For this purpose, a series of analyses were carried out in
the GIS environment, which allowed for reconstruction of the drainage system, correlation of
the location of the burial ground with the nearest prospective sites etc.
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HUDPPOBAS IITUT'PAOUKA B IPEBHEETMIIETCKUX
I'POBHUYHBIX KOMIIVIEKCAX: ITPOBJIEMbBI U INTEPCIHHEKTUBbI

O0paboTKka U u3yueHUe MUrPaGUISCKUX UCTOYHUKOB — TPUBBIYHBIC 3a/1a4d JUIsS ap-
X€O0JIOTOB, KOTOpPhIE pabOTarOT ¢ MaMsATHUKAMH JIPEBHUX MUCHMEHHBIX HUBMIH3anuid. [Tpu
OoOHaApYKEHUH SMUTPAPUUESCKOro MAaMSITHUKA B TIOJIC OJHA M3 BaXKHEHINNX 3a/1ad — 3TO €ro
KOIUPOBAHUE B IEJSX COXPAHCHUS U JIaTbHEHUIICH MyOIuKaIy. 3a UCTOPHUIO ETUIITOJIOTHH
B PaCIOPsHKCHUH AIUTPAPUCTOB 0Ka3aJI0Ch HEMaJI0 TeXHUK, IPUTOIHBIX JUIT KOMUPOBAHHUS
TEKCTOB U M300paKEHHIT HA TBEP/IbIX MaTepHaliaX: pa3InyHble BAPUAHTHI OTTHCKOB, PYYHBIC
MIPOPHUCOBKH B Pa3HBIX MacIITabax, >KUBOMMCHBIC TEXHUKH, (hoTorpadust U, HAKOHEII, Jia3ep-
HOE CKaHUpOBaHKE, POTOrpaMMETpus 1 MHOTOyTIIoBasi TeHeBas porochemka (RTI). [Tocnen-
HUE TPAJUIIMOHHO CBS3BIBAIOTCS C TaK Ha3bIBaeMOU UG pOBOi anurpadukoit. XoTs BOZMOK-
HBI Pa3JINYHbIE BAPUAHTHI COUETAHUS 3TUX TEXHUK JJIsI JOCTUKEHUS JTyUIIUX PE3YJIBTATOB B
YCJIOBUSIX KOHKPETHOTO NaMATHUKA, B LEJAX YKOHOMHHU BPEMEHU U CPEACTB COBPEMEHHBIE
CICIMAITUCTHI B PaMKaX OJHOTO MPOEKTa OOBIYHO OTJAIOT MPEANOYTCHHE KAKOW-TO OJIHOM
OCHOBHOW TEXHUKE KOMTUPOBAHMSI, JOTOHSIS €€, KaK IpaBuiio, ¢ororpadueii.

Joxnan mocBsieH aHanu3y 25-leTHero omnbita Poccuiickoil apXxeonornueckoi sKcre-
muive B ['M3e B KOMMpOBaHUU pelibe(DOB B CKAIbHBIX TPOOHUYHBIX KoMIuiekcax [II Teic. 1o
H.3. CpaBHUBAIOTCS PE3yIIBTAThI, IOTYYCHHBIC TIPU TPAJIUIUOHHON IIPOPUCOBKE pebeOB Ha
pa3IMYHBIC TUITBI HOCUTEIICH U TP KOIMPOBAHUU PEbe(OB C MOMOIIBIO (POTOrPaMMETPHUHU.
B ocHoBe cpaBHEHHUS JIeKaT TAKUE NapaMeTPhl KaK CKOPOCTh, TOYHOCTh, IPOBEPSIEMOCTD pe-
3yJABTAaTOB M 0€30MaCHOCTh I MaMATHUKA. D(P(HEKTUBHOCTL Pa3IMYHBIX METOJIOB KOITHUPO-
BaHUs OIICHUBACTCS C YYETOM CIEeIU(UISCKUX YCIOBUH KOHKPETHOTO MaMsATHUKA, a TaKKe
HEOOXOAMMOCTH ITyOJIMKOBAThH MOJIyYCHHBIC KOMUU B TMEUATHOM BHJE. JleNatoTcsi BHIBOJIBI
00 OCHOBHBIX MPOOJIEMaxX U BO3MOXKHBIX MTEPCIIEKTUBAX Pa3BUTHS TUPPOBOM nUTrpaduKy B
I'u3e Ha coBpeMEeHHOM 3Tare.
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DIGITAL EPIGRAPHY IN ANCIENT EGYPTIAN TOMB
COMPLEXES: PROBLEMS AND PERSPECTIVES

Processing and study of epigraphic sources is a common task for archaeologists, who
work with the sites of ancient written civilizations. When an epigraphic site is found in the
field, one of the most important tasks is to copy it for preservation and future publication.
In the history of Egyptology, epigraphers have had at their disposal a number of techniques
suitable for copying texts and images on solid materials: various versions of prints, hand
drawings at different scales, painting techniques, photography and, finally, laser scanning,
photogrammetry and multi-angle shadow photography (RTI). The latter are traditionally as-
sociated with so-called digital epigraphy. Although various combinations of these techniques
are possible to achieve the best results for a given monument, in order to save time and mon-
ey, contemporary specialists usually prefer a single basic copying technique, complementing
it, as a rule, with photography.

The report analyses the 25-year experience of the Russian Archaeological Expedition to
Giza in copying reliefs of rocky tomb complexes from the 3rd millennium BC. The results
obtained in the traditional rendering of reliefs on different types of media and in copying of
reliefs using photogrammetry are compared. The comparison is based on such parameters as
speed, accuracy, verifiability of the results and safety for the monument. The efficiency of
different copying methods is assessed, taking into account the specific conditions of a given
monument and the need to publish hard copies. Conclusions are drawn about the main prob-
lems and possible prospects for the development of digital epigraphy in Giza at the present
stage.
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JOKYMEHTHUPOBAHUE INETPOITIM®OB JAJIBHEI'O BOCTOKA POCCHUU:
HUTOT'U ITPOEKTA 2017-2020 I'T.

[MamsTHUKM HackaabHOTO MCKyccTBa Hmxnero Amypa u Yecypu (XabapoBckuil Kpaid,
P®) cranu 00beKTOM TOKYMEHTHPOBaHUS M HCCIIEI0BaHUH KoJuiekTuBa LlenTpa naneonckyc-
crBa UnctutyTa apxeonorun PAH, XabapoBckoro kpaeBoro LeHTpa OXpaHbl MaMsSTHUKOB
uctopuu U KynsTypsl 1 Jlaboparopun RSSDA. B nepuoa 2017-2020 rr. ObUTH MOTHOCTHIO
oun(ppPOBaHBI TAKHE CIOKHBIE U PA3THYAIOIINECS IO TEXHOJIOTHIECKOMY CBOCOOpasuio Me-
cToHaxoxaeHus nerporugos kak Cukaun-AssiH, LlepemerbeBo, Kus. Iletpormudsr 3nech
BBITIOJTHEHBI HA OTAEJBHO JIeKaIuX 0a3albTOBBIX BalyHax, a TAKKe BBIOMTHI I BBIpe3a-
Hbl Ha BEPTHKAJIbHBIX CKaJbHBIX BBIXOJAX IIOKOJBHBIX Teppac. bonblnas yacTe meTporiu-
¢oB HmwxHero AMypa HaXoIuTCsl B HU3KOU MOMME 1 TIOCTOSIHHO TIOIBEPraeTcsl BO3ACHCTBHIO
pexu (Jiegoxo, MaBoOJKH U KaTacTpopuIecKre HaBOAHEHHUS).

Hawubonee BaxxupiMu pesynsratamu padot 2017-2020 rr. MOXKHO CUMTATh 3aBEpILCHHE
MIOJIEBOTO JIOKYMEHTHPOBAHUSI OCHOBHOTO MAacCHBa BAJyHOB U MOBEPXHOCTEW C METPOIIH-
¢amu Ha namsiTHuKax Huwknero Amypa u Yecypu, a Takke popMupoBaHue OaHKa JaHHBIX,
MO3BOJISIOIIETO MCCIIeI0BaTh PUCYHKN Ha MPOTSKEHUN BCETO IO/ia, a HE TOJIBKO B KPaTKOB-
peMeHHbIe Tepro/Ibl (PU3NUECKON JOCTYMHOCTH KamHel. K HacTosimieMy BpeMeHH B paMKax
npoekTa chopmupoBanbl Moaenu 1t 107 BasyHOB M MOBEPXHOCTEH C meTporiindamu, Kpome
Toro copMUpOBaHbl MOAEH A 51 ydacTka aeranuzanuu. TpexMepHoe MOISINPOBaHNE
BAIYHOB M TOBEPXHOCTEH € METPOrTU(aMU BBITIONHSIIOCH MyTeM (OTOrpaMMETPHUYECKOH
00paboTKk 1M(POBBIX (POTOCHUMKOB BBICOKOTO pazpemieHus. [IpumeHsemMble TEXHOIOTHH
MO3BOJIMIIN C(hOPMHUPOBATH MOJUTOHANBHBIC Pa3MEPHBIE MOJIEIH C JIETaTbHOCTHIO (Pa3MepoM
nonurona) 0,1-0,35 MM 17151 MOBEPXHOCTHU TUIOMIANBIO 10 2 KB. M. Takasi 1eTaJbHOCTh, KaK
MpaBUiIo, 00ECTIEUNBACT HA/IC)KHOE BBISIBICHHE IJIOXO COXPAHUBLICTOCS METpOruda aaxe
Ha BaJIyHe, I0JIr0€ BpeMs MoJBEpraBIIeMcsl BO3AEHCTBUIO BOJBI U JIbjia. OHUM U3 BaXKHBIX
WTOTOB MPOEKTA CTAJIO BBISIBICHUE 3HAYUTEIILHOTO KOJIMYEeCTBA HOBBIX NETPOrTH(OB U CylIe-
CTBEHHOE YTOUHEHHE MPOPHUCOBOK PaHEe U3BECTHBIX N300paKEeHUH.

B xoze pabot Ha maMsATHUKAX, TI€ TOCTOSHHO MTPOUCXOHUT IBUKEHHE BATYHOB C MIETPO-
i amu, 66110 3a(UKCHPOBAHO MPOCTPAHCTBEHHOE MOJIOKEHUE BCEX TOKYMEHTHPOBAHHBIX
KaMHel U MOoBepXHOCTEH, chOpMHUPOBaHBI TEOMH(POPMAIIIOHHBIE CUCTEMBI OT/ACIBHBIX Ia-
MSITHHKOB, & TaKke pa3paboTaHa ¥ BHEAPEHA METOANKAa MOHUTOPHHIA JBMKCHHS BATyHOB
B MoiiMe p. AMYp TOJ BO3ACHCTBHEM JIEOXOAOB M TAaBOIKOB, 00ECIIEUMBAIOIIAs MOTyYe-
HUE OOBEKTUBHBIX JAHHBIX O TOPU3OHTAJBHBIX M BEPTUKAIBHBIX CMelIeHHsX. Eme omHuM
B2)XHBIM UTOTOM MPOEKTA CTAJNO pPEIICHHE 33Ja4d CO3AaHUs TPEXMEPHBIX U(POBBIX KapT
pacronoxeHus neTporindoB Ha cyOBEPTHKAIBHBIX CKaJIbHBIX MOBEPXHOCTAX. Takue nug-
POBBIE KapThl, OTOOpaKAIOIINE TEOMETPUIO M COCTOSHUE CKAJIbHOH MOBEPXHOCTH, a TaKKe
pacronokeHne AeTajJbHO JTOKYMEHTHPOBAHHBIX MOBEPXHOCTEH ¢ meTpormudamu, co3IaHbl
Tt naMATHUKOB Cukauu-AnsH myHKTHI 3 u 4, lllepemerseBo myHkThI 2 1 3, Kus. [Ipu atom
anpoOHpOBaHbl pa3Hble METOABI cOOpa M 00PaOOTKH JaHHBIX (MOJAETUPOBAHUE IO JTAHHBIM
JIa3epHOT0 CKAaHWPOBAHMS, BO3LYLITHOH 1 Ha3eMHON (POTOCHEMKH), OTIpEIeICHBI UX TOCTOMH-
CTBa, HEIOCTaTKH, OTPAHUYEHHUS, TIPAKTHUYECKast IPUMEHUMOCTb B 3aBUCUMOCTH OT YCIIOBHH
JOKyMEHTHPOBAHHMS ¥ CBOMCTB OOBEKTA.
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DOCUMENTING PETROGLYPHS
OF THE RUSSIAN FAR EAST: RESULTS OF THE 2017-2020 PROJECT

The Lower Amur and Ussuri rock art sites (Khabarovsk Territory, Russian Federation)
were documented and researched by the team of the Institute of Archaeology RAS, Khabarovsk
Territory Centre for the Protection of Historical and Cultural Sites and RSSDA Laboratory.
Between 2017 and 2020, such complex and technologically distinctive petroglyph locations
as Sikachi-Alan, Sheremetevo, and Kiya were fully digitized. The petroglyphs here are made
on separately lying basalt boulders, and also carved or engraved on vertical rock outcrops of
basement terraces. Most of the Lower Amur petroglyphs are located in the low floodplain and
are constantly exposed to the river (ice drifts, floods and catastrophic overflows).

The most important results of the 2017-2020 work can be considered the completion of
field documentation of the main body of boulders and surfaces with petroglyphs on the sites
of the Lower Amur and Ussuri, as well as the formation of a data bank allowing the study of
drawings throughout the year, not only during short periods of physical availability of stones.
To date, the project has generated models for 107 boulders and surfaces with petroglyphs,
in addition models have been generated for 51 detail areas. Three-dimensional modelling of
boulders and surfaces with petroglyphs has been carried out by photogrammetric processing
of high-resolution digital photographs. The applied technologies allowed to generate polygo-
nal dimensional models with a detail (polygon size) of 0.1-0.35 mm for a surface area up to 2
sq. m. This level of detail generally ensures reliable identification of poorly preserved petro-
glyphs, even on boulders that have been exposed to water and ice for a long period of time.
One of the important results of the project was the discovery of a significant number of new
petroglyphs and a substantial refinement of the drawings of the previously known images.

In the course of the works at the sites where boulders with petroglyphs are constantly
moving, the spatial position of all documented stones and surfaces was recorded, geoin-
formation systems of individual sites were formed and a methodology to monitor boulder
movement in the Amur River floodplain under the influence of ice drifts and floods was de-
veloped and implemented, providing objective data on horizontal and vertical displacements.
Another important outcome of the project was the creation of three-dimensional digital maps
of the location of petroglyphs on sub-vertical rock surfaces. Such digital maps showing the
geometry and condition of the rock surface, as well as the location of detailed documented
surfaces with petroglyphs have been created for Sikachi-Alan sites 3 and 4, Sheremetyevo
sites 2 and 3, Kiya. Different methods of data collection and processing (modelling based on
laser scanning data, airborne and ground photographing) were tested, their advantages, dis-
advantages, limitations, practical applicability depending on the conditions of documenting
and object properties were determined.
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AISPOTI'EOAE3UYECKUE METO/bI
B U3YUEHUU APXEOJIOI'MYECKHUX TAMSATHUKOB ITIOJITYOCTPOBA ABPAY

PaGota BeimonHena B pamkax rpanta POOU, npoekt Ne 18-09-40121 «kOro-BocTounas
nepudepus Aznarckoro bocropa B paHHEBH3aHTHIICKOE BpEMsI: DKOJIOTHsI, CUCTEMa pacce-
JICHUSI ¥ XO3SHCTBOBAHUS, STHOMIOJIMTHYECKASI CUTYaIIUs»

IIpuMeHeHne KoMIIeKca a3poreoie3nuecknx METOJI0B Hccie0BaHus nmo3Boamio Ho-
BopoccHiickoil apxeonoruueckoil axcrieauunu A PAH cymecTBeHHO paciupyuTh MacIiTa-
OBl 1 pe3yJIBTaTUBHOCTH padoT.

OnuH U3 CIOKETOB — BBISIBICHHE M HM3YYEHHE CHCTEMBI pacceleHusi B AHAICKO-
Haryxaesckoli jonuue B koHie [V — VI B. H.3. Asporeonesndeckue pabOThl MO3BOJIIH
OnpeaeNnuTh JaHaAma(THRIE TPaHHUIBI TPEX MOCENCHUH, MPUYPOUCHHBIX K KPYITHBIM HCTOY-
HUKaM BOJIbI (pogHUKaM) B nonuHax pek Lllympunka, beapuuka n LieBkaii — 1eBBbIX IPUTOKOB
pexr Mackaru u 3aliIIeHHBIX OT BHE3AITHOTO BTOPKEHUS €CTECTBEHHBIM pesibe()oM (0Tpo-
ramu HaBarupckoro xpe6ta u xpe6ra Cemucam).

BaXHBIM HHCTPYMEHTOM B apXeOJOTHYECKUX UCCIICIOBAHHSIX JOJDKHBI CTaTh MOMTyYeH-
HBIE B XOJ/Ie a9pOreoie3ndeckux padot BupTyaibHbeie maHnopambl OKH (cM., Hanpumep Mo-
runbHUK J{ropco: https://www.google.com/maps/@44.734276,37.561282,3a,75y,241h,90t/
data=!3m8!1e1!3m6!1sAF1QipNSOMkOHh9Wsv3P-VgM VtWKDqlU41K XpFfbsutg!2e10
13e12!6shttps:%2F%2F1h5.googleusercontent.com%2Fp%2FAF1QipNSOMkOHh9OWsv3P-
VgMVtWKDqlU41KXpFfbsutg%3Dw365-h260-k-no-pi-0-ya78.99999-r0-0-
f0100!7110000!8i5000?hl=ru-RU).

Kaxk nmoxazanu paboTs! Ha MoruiabHHKe Bepxusis KoTnama, BakHOe 3HaUEHHE IPH HCCIIe-
JIOBaHUH TOTNOrpaui 0OBEKTOB BBISIBICHHOTO apXeOJIOTHUECKOT0 MOTHIIBHUKA C MOHYMEH-
TaJbHBIMU MOTPEOaTbHBIMUA COOPYKCHUSIMH HMEET KOMITApPaTHBHBIN aHAIIN3 BCEX MOTYyYeH-
HBIX MaTe€pHaIoB (KapThl BEICOT, OPTO(OTO- U TOIOIMIIAHOB).

Abporeone3ndeckre paboThl, B YaCTHOCTH, MOJTy4YeHHast JOTOrpaMMETpUIECcKasi MOACIb
OCTaHIa 3HAMEHUTOTO BHUTA3€BCKOTO KypraHa, KOTOPbIi ObLT pacKOMaH eIe B IEPHOJL KKyp-
ranHoi Jmxopaakuy XIX B., O3BOIMIN NPEIUIOKUTH HUPPOBYIO MOJEIH STOTO MaMSITHUKA.
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AEROGEODETIC METHODS IN STUDYING ARCHAEOLOGICAL
SITES OF THE ABRAU PENINSULA

This work was supported by RFBR grant, project no. 18-09-40121 “South-Eastern Pe-
riphery of the Asian Bosporus in Early Byzantine times: Ecology, Settlement and Economic
System, and Ethnopolitical Situation”.

The application of the complex of airborne geodesic methods of investigation allowed
the Novorossiysk Archaeological Expedition of the IA RAS to expand considerably the scope
and efficiency of its works.

One of the subjects is the identification and study of the settlement system in the Anapa-
Natukhayev valley at the end of the 4th — 6th centuries AD. Aerial surveys allowed to define
landscape boundaries of three settlements confined to large water sources (springs) in val-
leys of the Shumrinka, Bedrichka and Tsevkai rivers — left tributaries of the Maskagi River
and protected from sudden intrusion by natural relief (spurs of Navagir Ridge and Semisam
Ridge).

An important tool in archaeological investigations should be virtual panoramas of the
cultural sites obtained in the course of airborne geodesic works (see, for example the Dyur-
so burial ground: https://www.google.com/maps/(@44.734276,37.561282,3a,75y,241h,90t/
data=!3m8!1e1!3m6!1sAF1QipNSOMkOHhOWsv3P-VgMVtWKDqlU4IKXpFbsutg!2e10!
3el12!6shttps:%2F%2F1h5.googleusercontent.com%2Fp%2FAF1QipNSOMkOHhOWsv3P-
Vg@MVtWKDqlU41KXpFfbsutg%3Dw365-h260-k-no-pi-0-ya78.99999-ro0-0-
f0100!7110000!8i5000?hl=ru-RU).

As the works at the cemetery of Upper Kotlama showed, the comparative analysis of
all the obtained materials (altitude maps, orthophotos and topoplans) is of great importance
when studying the topography of the identified archaeological burial ground with monumen-
tal funerary structures.

The aerial survey works, in particular, the obtained photogrammetric model of the fa-
mous Vityazev barrow which was excavated during the “barrow fever” of the 19th century,
allowed to propose a digital model of this site.
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MPOCTPAHCTBEHHOE MOJEJINPOBAHUE HCTOPUUYECKOT'O
JAHJIIA®TA C IOMOIIBIO IMJAPHOI CHEMKU
HA IPUMEPE I'PYIIII IAMSITHUKOB BEPBEHEL]
U BEPXMAPEBO HA BAJIJIAE

B xone apxeonorndeckux pasBenok Pynckoro orpsaa A PAH B [leHoBckoM paifone
Tepckoit 00macT OBLIO BBISBICHO MHOTO HOBBIX MaMSTHHKOB, OOJbIIAsl 4aCTh KOTOPBIX
HaXOJUTCS B CJIBHO 3aJIECEHHOM MECTHOCTH, YTO JIeJIaeT BUJUMOCTb OUeHb OIPaHUYEHHON
U TPaKTUYECKU HE MO3BOJSIET aJeKBAaTHO C 3€MJIM OLEHUTH pa3Mephl MaMSATHUKOB U OKpY-
XKarouuii ux manamadr. Ha HeCKobKUX BBISBICHHBIX 00BEKTaxX Oblila BBIOTHEHA JTHapHast
cbeMKka. B manHoii paboTe paccMaTpuBalOTCs Ba MaMSITHUKA C Pa3TUYHBIMU JIaH (A THHI-
MU XapaKTEPUCTHKAMH, BBISBICHHE KOTOPBIX OBIJIO MOCTPOCHO HAa KOMIUIEKCE JaHHBIX, O-
Jy4YEHHBIX apXEOJOTHUYECKHMMH U €CTeCTBEHHOHAYYHBIMH METOJJaMM, a TaKXe C MOMOIIBIO
JUAAPHON CHEMKH.

Apxeonoruueckuii kommiekc bepBeHel, BKIIIOYAIOMNI OCENEHUE C X035 CTBEHHOM 30-
HOHI U CUHXPOHHBIA €My KypraHHBI MOTUJIBHUK, JaTUPOBAaH BTOPOM MOJOBUHOMU [ ThIC. H.3.
YacTp Hachlnell KypraHHOM rpynIbl pa3pyLIeHo JecOBO3HBIMU JoporaMu. HepaspyieHusie
KypraHHble HaChIIM UMEIOT (popMy MpHUILTIOCHYTOH nonycdepsl. [locenenne npuMbIKaeT K
TEPPUTOPHH MOTHIIBHHKA M TPAaHUUYUT ¢ OeperoBoil nuHuei pexu Kyb.

Apxeonoruueckuii koMIsekc BepxmapeBo cocTOUT U3 ABYX FOPOAHUII, KypraHHOTO MO-
TMJIBHUKA M JIOKAJIBHBIX YYaCTKOB ¢ KAMEHHBIMH T'PsIIaMU M «Ky4yaMm». XpOHOJIOTHS KOM-
TJIEKCOB HEOJJHO3HAYHA, HA TOPOAXIIAX OOHAPYKEHBI (PParMEHTHI JICITHBIX COCYI0B, KOTOPHIC
MOTYT OBITh OTHECEHBI K PAHHEMY CPEHEBEKOBBIO MITH K IPEBHEPYCCKOMY BPEMEHH.

[TpumeHeHue TMAapHOI ChEMKH MO3BOJIMIIO OTKOPPEKTUPOBATH JaHHBIE O (hOpMeE pas3py-
LICHHBIX HACKINEH (1Ba KypraHa ObUIM HHTEPIPETHPOBAHBI KaK MOAIPSMOYTOIBHBIE) H YTOU-
HUTPH JaHmmadTHYIO cUTyauio B bepseHie. B kommiekce BepxmapeBo, B KOpOTKHE CPOKH
nojy4eHa HugpoBas MOJeINb penbeda B 00MMPHOH 3a71eCeHHON MECTHOCTH. DTO TIO3BOIUIIO
BBISIBUTH HOBBIC MMAMSTHHKH KOMIUIEKCA U CYIIECTBEHHO YTOYHUTH OOJHMK MCTOPHUYECKOTO
naHamadgTa.
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SPATIAL MODELLING OF HISTORICAL LANDSCAPE BY MEANS
OF LIDAR IMAGERY ON THE EXAMPLE OF BERVENETS
AND VERKHMAREVO GROUPS OF SITES ON THE VALDAI

During the archaeological surveys of the Institute of Archacology RAS in Penova Dis-
trict of Tver Region many new sites were discovered, most of which are located in heavily
forested areas, which makes visibility very limited and almost does not allow to adequately
assess the size of sites and the surrounding landscape from the ground. A LIDAR survey was
carried out on several of the identified sites. This paper deals with two sites with different
landscape characteristics, the identification of which was based on a set of data obtained by
archaeological and natural science methods as well as by means of a LIDAR survey.

The Bervenets archacological complex, which includes a settlement with an economic
zone and a burial mound synchronous to it, dates back to the second half of the 1st millen-
nium AD. Part of the barrows of the burial mound group was destroyed by forest roads. The
undestroyed burial mounds have the shape of flattened hemisphere. The settlement adjoins
the territory of the burial ground and borders with the bank of the river Kud.

The archaeological complex of Verkhmarevo consists of two hillforts, a burial mound
and local sites with stone ridges and “piles”. The chronology of the complexes is ambigu-
ous, fragments of hand-building vessels were found on the fortified settlement, which can be
dated back to the early Middle Ages or the Old Russian time.

The application of the LIDAR survey made it possible to correct the data on the shape of
the ruined embankments (two barrows were interpreted as subrectangular) and to clarify the
landscape situation in Bervenets. At the Verkhmarevo complex, a digital terrain model was
obtained in a short time in a vast forested area. This made it possible to identify new sites of
the complex and significantly clarify the appearance of the historic landscape.
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TFEO®U3NYECKHUE UCCJIENOBAHUA
KYPITAHHOI'O HEKPOITIOJISAA 'HE3INJIOBO

B noxnage paccMarpuBaroTCsl pe3yJbTaThl KOMIUIEKCHBIX IeO(U3NUYECKUX HCCIe0Ba-
HUH CPeIHEBEKOBOTO KypraHHOTO HEKPOTIOJIs, PAcIoIOKEHHOTO BOIM3HM KPYITHOTO CEJHIA
X-XII BB. I'ne3aunoso 2. [lnomaas reoMarHuTHOM CheMKH B 30HE OCHOBHOW KOHIIEHTPALlUU
MOABEMHOTO MaTepHuasa, COOpaHHOTO Ha pacliaxaHHOH MOBEPXHOCTH MaMITHUKA, COCTaBHIIA
5 ra, anerpotomorpaduu — 2,67 ra. [IpoBeneHHbIe Uccae0BaHUs MO3BOJIMIN ONPEACITUTD
CTPYKTYpy NaMATHHKA, B TOM YHCIIE NTOJIOKEHHE HEBBIPAKEHHBIX HA COBPEMEHHOMN MOBEPX-
HOCTH KypraHoB.

[TpaBuIbHOCTH UHTEPIIPETAIMN OOBEKTOB HA KypraHHOM y4acTKE MOTHIIbHUKA JJOKA3bI-
BAeTCsl COOTBETCTBMEM KapThl COMPOTHUBIIEHHS U IUIAHOB, CHSTBHIX B XOJI€ apXEOJIOTUYECKUX
PacKoNoOK NaMsATHHKA, TPOBEJEHHBIX 1o pykoBoacTBoM A.C. YBaposa B 1851 1. Konnuectso
HaChIIeH U IUIOTHOCTh UX PACIIONIOAKEHHUS BBIIIE, 4eM OTMEUEHO YBapoBbIM. Kpome yuacTka ¢
BBIPaKEHHBIMH KOJIBLIEBBIMHM AaHOMAJIUSIMH, Ha KapTaX IEKTPHUUECKOrO CONPOTUBIIEHHS BbI-
nensieTcss 001acTh ¢ JOKAIbHBIMU aHOMAIUSIMU TTOBBIIIEHHOTO COIIPOTUBICHUS («PSIOBIO»).
Omna uHTepnpeTHpyeTcs Kak 00J1acTh pacpoOCTpaHEHHs apXeoIoTHYeCKUX 00beKTOB. O0b-
eKTBI MOTYT IIPEACTABIISATE COOON KypraHbl C HEBBIPaKEHHBIMH POBHUKAMHU, TPYHTOBBIE MOTH-
JIBI MJTU SIMBI HESICHOTO Ha3HAY€HHs, HO aHTPOIIOI'€HHOTO MMPOUCXOXKACHNUs. [l onpeeeHust
WX TUIA HEOOXOIUMBI apXEOoIOTHUeCKHe PACKONKH. [IpaBUIBHOCTD HHTEPIPETALUH TPAHUILL
30HBI PACIPOCTPAHEHUS JIOKAJIBHBIX AHOMAJIMI KaK MPaHUL] TaMsATHUKA TOATBEPHKAAETCS CO-
OTBETCTBUEM KOHTYpa «psiOn» M KOHTYpa pacipoCTpaHeHHs TOIbEMHOTO MaTepuaa 1o J1aH-
HBIM TIOBEPXHOCTHBIX COOPOB.

TakuMm 00pa3om, pe3ysbTaThl HCCISIOBAHUN MTO3BOJISIIOT HE TOJIBKO YTOUHHUTH JIOKAIH3a-
U0 Mecta packonok XIX B., caiesaTh NepBble ark Mo U3y4EeHUIO CTPYKTYPhI MaMATHUKA,
HO U CIIy’KaT OCHOBOH JJIS ITNIAHUPOBAHHS JAJILHEHIINX apXe0J0rHYeCcKHX paboT 1Mo u3yye-
HUIO HEKPOMOJIS.

PaGota BeINIONHEHA NTPU MOAAEPKKe IpaHTa «CpeJHEBEKOBbIE HEKPOIIOIN B M3MEHSIO-
mMxcs JagamadTax: ucciaeJoBaHUe APEBHEPYCCKUX MOTHIIBHUKOB C yTPaueHHBIMH KypraH-
HeIMU HacwsiMi» (PH® Nel19-18-00538).
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GEOPHYSICAL SURVEY OF THE KURGAN NECROPOLIS GNEZDILOVO

The report describes the results of complex geophysical investigations of the medieval
burial mound necropolis located near a large settlement of Gnezdilovo 2 (10th—12th cc.). The
square of the geomagnetic survey in the area of the main concentration of material collected
on the ploughed surface of the monument was 5 ha, the area of eletrotomography was 2.67
ha. The surveys made it possible to determine the structure of the site, including the position
of mounds unexpressed on the modern surface.

The correctness of the interpretation of the objects in the barrow area of the burial mound
is proved by the correspondence of the resistivity map and the plans made during archaeolog-
ical excavations of the monument, conducted under the leadership of A.S. Uvarov in 1851.
In addition to the area with pronounced circular anomalies, the resistivity maps identify an
area with local anomalies of increased resistivity (“ripples”). This is interpreted as an area
of archaeological objects. Objects could be mounds with unmarked ditches, earth graves or
pits of unclear purpose but of anthropogenic origin. Archaeological excavations are neces-
sary to determine their type. The correctness of the interpretation of the boundaries of the
local anomaly distribution zone as site boundaries is confirmed by the correspondence of the
“ripple” contour and the contour of the distribution of surface material according to pedes-
trian survey.

Thus, the results of the investigations allow not only to specify localization of the 19th
century excavation site and make the first steps towards studying the structure of the cemetery
but also serve as a base for planning further archeological works to study this necropolis.

This work was supported by grant “Medieval necropolises in changing landscapes: study
of Old Russian burial grounds with lost barrow mounds” (Russian Foundation for Basic Re-
search No. 19-18-00538).
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PA3PABOTKA BEB-TIOPTAJIA JIJISI PABOTBI
C IPOCTPAHCTBEHHBIMU JIAHHBIMH, ITOJTYYEHHBIMHA
B XOJIE HOBOPOCCHUCKOM APXEOQJIOI' MYECKOM SKCIEJIUIIAN

Hacrosimii sTan pa3BUTHS TEXHOJOTHH MO cOOpy M 00pabOTKe MPOCTPAaHCTBEHHBIX
JAHHBIX CIIOCOOCTBOBAJ BHEIPEHUIO COBPEMEHHOTO 000PYA0BaHMUs B 00IAaCTh TOJIEBBIX ap-
XEOJIOrHYeCcKUX paboT. CIeCTBHEM 3TOTO CTAJIO MOSBICHUE OOBIIOTO KOJTMYECTBA TAaHHBIX,
TaKdX Kak TPEeXMEpPHBIC MOJIENN PACKOTIOB M apTe(akToB, OpTOHOTOILUIaHbI, Tomorpaduye-
CKHE IIJIaHBbl, YEPTEKHU PACKOIIOB.

B xone pabotsl B pamkax HoBopoccuiickoii apxeoa0rndeckoi SKCIEeUINT MbI CTOJKHY-
JIMCB C TE€M, YTO HAaKOMUI0Ch Oombie 5 Tb mpocTpaHCTBEHHBIX IaHHBIX, YTO BBI3BAJIO BOMIPO-
CBI 10 UX CUCTEMAaTU3aLUU U BU3yAJIU3ALUH.

Tak Kak JaHHBIC MOJEBBIX UCCICIOBAHMI B OONBIIMHCTBE CIIydacB UMEIOT MH(OpMa-
LU0 O MECTOIOJIOKEHUU, TO OUEBHU/IHBIM PELICHUEM SIBJISJIOCH UCIIOJIb30BaHNUE HACTOJIBHOU
reonH()OpMallMOHHON cHCTeMBbI. BblT HccenoBan psii OTKPHITHIX TeOMH(POPMAIIMOHHBIX CH-
CTEM, HO B IIOJIHOM Mepe OHU HE PELIAIN BO3HUKIINE 3a1a4H.

B pesynbrare ObUIO IPUHATO PElIeHrE O pa3paboTke COOCTBEHHOTO MopTaa, MO3BOJS-
IOLLETO BU3YAIM3UPOBATh TPEXMEPHBIE MOJIEIIN, PACTPOBBIE U BEKTOPHBIE JTaHHBIE, OCYILECT-
BJISITH COOP JJAHHBIX C MCTIOJIB30BaHHEM MOOMIIBHOTO MPUIIOKEHHUSI, U COBMECTHO BBITIOJHSTh
UX aHaJM3 Ha yAAJIIEHHOM CEpPBEpE.
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DEVELOPMENT OF A WEB PORTAL TO WORK WITH SPATIAL DATA
OBTAINED DURING THE NOVOROSSIYSK ARCHAEOLOGICAL EXPEDITION

The current stage of development of technologies for spatial data collection and process-
ing contributed to introduction of modern equipment in field archeological works. This has
resulted in the availability of large amounts of data, such as three-dimensional models of ex-
cavations and artefacts, orthophotomaps, topographic plans and excavation drawings.

In the course of work within Novorossiysk archaeological expedition we faced the fact
that more than 5 Tb of spatial data have been accumulated, which raised questions on their
systematization and visualization.

As the field survey data in most cases have location information, the obvious solution
was to use a desktop geographic information system. A number of open source GIS systems
were investigated, but they did not fully solve the problems encountered.

As a result, the decision was made to develop a special portal that would visualize 3D
models, raster and vector data, collect data using a mobile application, and collectively ana-
lyze the data on a remote server.
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JAUCTAHIUOHHBIE METO/bI BBIABJIEHUSA, PUKCALIUU
U U3YUYEHUSA HAMSITHUKOB APXEOJIOT MU (OLIM®POBKA TEPPUTOPUI
HNAMATHHUKOB U UCTOPUKO-KYJIBTYPHBIX IIPOCTPAHCTB)

B noknane moiinet peub 00 OMbITE BHISABICHUS, PUKCAMH U U3YUCHUS TaMSITHUKOB ap-
XEOJIOTHU AUCTaHIUOHHBIME (IIM(YPOBBIMU) METOJIAMH.

OnbIT H3yYeHHS IOCEICHYECKUX U OrpeOaibHbIX MaMSITHUKOB HU(PPOBBIMH METOJaMU
CBHJICTETLCTBYET, YTO MOTEHIMAN Ja)Ke XOPOIIO M3yUYEHHBIX OOBEKTOB PACKPBIT HE B IOJI-
HOM oObeme. bornee TOro, TMCTaHIIMOHHBIMA METOAAMHU 3a(pUKCUPOBAHBI HHTEPECHBIE KOH-
CTPYKTUBHBIE JETaJIH, KOTOPBIE BBUAY 0COOEHHOCTEH penbeda (pacTUTENILHOCTD, pacalika,
CIIOXKHBIM OOIIMPHBIN penbed), He 0OHAPYKUBAIOTCS TPAJUIUOHHBIMU apXEOIOTHUECKUMH
METOIaMH. JTH 0COOCHHOCTH, B KOHTEKCTE y’KE UMEIOIIUXCSI JTAaHHBIX, TOTYYCHHBIX MHOTO-
JIETHUMH PAcKOIMKaMH, MO3BOJISIOT B3MIAHYTh HAa MaMSTHUK C JPYroro pakypca U cepbe3HO
MEPECMOTPETH paHee CJIeNaHHbIE BEIBOABI 10 HUM.

Mertoz mo3BOJSIET BBISIBUTH paHEe HEM3BECTHBIC MAMATHUKHM apXeonoruu. B Gamkup-
CKOM 3aypaJjibe BBISBIEHBI OTPOMHbBIE KypraHHbIE MOTUIBHUKH U YKpPEIUIEHHBIE TOCETIeHUS
Kpyra Apkanma.

Mertox pemraer 3a1auyd HE TOJIBKO apXeoJOTHYEeCKON HayKd, HO M TMPOOIeMBbI rocyaap-
CTBEHHOH OXpaHbl OOBEKTOB KYJIBTYPHOTO Hacjequsl. B KOpOTKHE CPOKH U C BBICOKOM CTere-
HBIO 00BEKTHBHOCTH (TOYHOCTH 110 10—15 cM) ObLIM ycTaHOBJIEHBI TPAHHMIIBI AJ1s1 OoJiee yem
200 maMATHUKOB apXeolorny. B 3ToM HampaBiIeHMM MPEUMYILECTBO METOJa 3aKIIoYaeTcs
B BBISBJICHUH paclaxaHHBIX U MOYTH HE BBIPAKEHHBIX B penbede Hachinei. OObeKTHBHAS
¢uKcanus mpeaMeTa OXpaHbl Cracia OT Pa3pyLICHUS] MHOXECTBO MaMATHUKOB. Bo3mMokHO
YAOBUTB HACBIIU BBICOTOM OT 5—10 cM, KOTOpBIE HAa MECTHOCTH TPaJAULIMOHHBIMHI METOJJaMH
MPAKTUYECKN HE BOCIPUHHUMAIOTCSI.

Ecnu Mbl panee nzyyanu oTAeIbHbIE TAMATHUKH, TO ¢ 2020 I. HAMHU 3aIyIIeH IPOEKT 10
W3YYEHUIO NCTOPUKO-KYJIBTYpHBIX TpocTpaHcTB. C BO3AyXa, AMCTAHIIMOHHBIM METOIOM OLIH (-
poBaHa orpomHas Teppuropus B 60 Teic. ra. Ha Tepputopnn MCTOPUKO-apXe0IOrnIECKOro
U nanamadTHOrO My3es-3anoBenHuka «MpeHapik» B OamkupckoM 3aypajbe 0OHApy:KEHO
cebiire 400 mamsaTHUKOB apxeoioruu. U3 Hux no 70 % BBISABICHBI BIEPBbIC, OOHAPYKECHBI
YHUKaJIbHbIe 00bEKTHI. [IpoeKT mpeacTaBiseTcsl yHUKaIbHBIM, TOCKOJIBKY HE UMEET aHajo-
TOB pean3alui.
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REMOTE METHODS OF REVEALING, FIXATION AND STUDY
OF ARCHAEOLOGICAL SITES (DIGITIZATION OF SITES
TERRITORIES AND HISTORICAL AND CULTURAL SPACES)

The paper will be devoted to the experience of discovering, fixation and study of ar-
chaeological sites using remote (digital) methods.

The experience of studying the settlement and burial sites using the digital methods
shows that even well-studied sites have not revealed their full potential. Moreover, the re-
mote methods have recorded interesting structural details which, due to the terrain features
(vegetation, ploughing, complex extensive topography), are not detectable by traditional ar-
chaeological techniques. These features, in the context of the data already available from
years of excavations, allow us to look at the site from a different perspective and seriously
reconsider the conclusions previously drawn on them.

The method makes it possible to identify previously unknown archaeological sites. Huge
burial mounds and fortified settlements of the Arkaim type have been identified in the Bash-
kir Trans-Ural region.

The method solves problems not only of archaeological science, but also of state protec-
tion of cultural heritage sites. In a short time and with a high degree of objectivity (accuracy
up to 10-15 cm) the boundaries for more than 200 archaeological sites were established.
The method has the advantage of detecting ploughed and hardly marked embankments in
the terrain. The independent fixation of the object of protection has saved many sites from
destruction. It is possible to capture embankments from 5-10 cm in height, which are hardly
perceptible on the ground by traditional methods.

While previously we studied individual sites, since 2020 we have launched a project to
study historical and cultural spaces. A huge area of 60,000 hectares was digitized from the
air, using the remote sensing method. Over 400 archaeological sites have been discovered on
the territory of the historical, archaeological and landscape museum-reserve Irendyk in the
Bashkir Trans-Urals. Up to 70% of which have been discovered for the first time, and unique
objects have been detected. The project appears to be unique, as it has no analogues.
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IIVIMHUCTUYECKAS TAMOXEHHAS IVIALIIKA?

Jletom 2020 r. mpu packormkax OKOJIO KOpaOJiisi, 3aTOHYBIIETO B TOPOJICKOH raBaHU
B | B. 10 H.3., [logBoxHkIi oTpsin @anaropuiickoii sxcnequinn UA PAH oOHapyxui yHU-
KallbHOE JepeBsiHHOE n3aenue. KOHTeKCT HaXOAKu, MPECTaBICHHBIM MHOKECTBOM KepaMu-
4yeckux (hopM, MO3BOJISET IAaTHPOBATh MEPHO OTIOKEHUs 3Toro ciiost kak 11— BB. 10 H.3.
OTinyHas COXPaHHOCTh U3JIENHSI TO3BOJISIET OMPEICIUTh €0 KaK MOABECHYIO IUIAIIKY s
OIJIOMOMPOBKHU. XOTS M3/ICHsI ITOJJOOHOTO Ha3HAYCHUSI IPUMCHSIFOTCS U JIOHBIHE, HaXO0JKa
n3 danaropuu ycTpoeHa ropasio GyHKIMOHATbHEE TPUMUTHBHBIX COBPEMEHHBIX TUTAIICK
MO3BOJISICT HAJICKHEE KOHTPOJIIMPOBATH I[EIOCTHOCTh OIUIOMOMPOBAHHOIO I'py3a. YUHUTHIBAS
BBICOKOC KAaYSCTBO HM3TOTOBJICHUS HAWJCHHOH IUIAIIKH, BO3MOXKHO II0jaraTh, YTO OHA HC-
MOJIb30BAJIACH HE JIISI PYTHHHOTO TaMOXKEHHOTO O(OPMIICHHS UMITOPTHBIX TOBApPOB, a IS
3aIUTHI [ICHHBIX TTOCBUIOK WA KOH(DUICHIIMATHLHONW KOPPECIIOH ICHITHH.

[TepBoouepenHOit 3amaueil UCCACNOBAHUS YHUKAIBHOIO XPYMKOTO MpeMeTa CTaIo
CO3JIaHUE €0 Pa3MEPHOTO KIIUPPOBOTO 00pa3a» (MOAEIH), IeTATBHO (PUKCUPYIOIIETO O0IUK
HAaXOJIKU TIepe/l KoHcepBaluei. Takas TpexmepHast MOjielb, chopMUpoBaHHas oTOrpaMMe-
TPUYECKHUM CITIOCOOOM, TIO3BOJISIET PEIIUTh HECKOJIBKO BaXKHBIX 3a71a4:

- TIOJIYYHTh TIOJTHOE MPEJICTABJICHUE O MpeaMeTe 0e3 HaHeCeHUs yiep0Oa COXPaHHOCTH
OpUTHHAJA;

- obecrieunTh YMOOHBIN JOCTYI K 3TOW MHPOpPMAIIUU cpeicTBaMu cetu MHTepHET;

- M3TOTOBUTH HEOOXOJMMOE KOJMYECTBO TOYHBIX KOMUH mpenmera Ha 3D-npuHTepe B
Mactirade 1:1 JJis HaTypHBIX 3KCIIEPUMEHTOB.

B ycnoBusx, xorjga oOHapyKUTh THIIOJIOTHYECKU CXOJIHBIC M3JIEIHS KIaCCUYECKOTO
Y 3JUTMHUCTUYECKOTO BPEMEHH B MUPOBBIX MY3€HHBIX COOpaHUSIX MOKa HE Y/Ia10Ch, BOZMOXK-
HOCTH IU(POBOTO JOKYMEHTUPOBAHUS, BU3yaIH3allMA U aJJIATHBHOTO BOCIPOU3BEICHHUS
XPYIKHUX HAXOJOK U3 OPTaHUYCCKUX MAaTepUajIoB JAIOT HAM PEAKUH IIaHC U3YyUUTh IIPEIMET,
AHAJIOTU KOTOPOTO JIO CUX MOP HEU3BECTHBI.
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A HELLENISTIC CUSTOMS PLATE?

In the summer of 2020, during excavations near a ship sunk in the city harbour in the 1st
century BC, the Underwater Detachment of the Phanagoria Expedition of the IA RAS dis-
covered a unique wooden article. The context of the find, represented by a number of ceramic
forms, suggests that this layer was deposited in the 3rd or 1st centuries BC. The excellent
preservation of the object allows it to be identified as a suspended plaque for sealing. Al-
though similar products are still used today, the Phanagoria find is much more functional than
the more primitive modern tile and allows for better control over the integrity of the sealed
cargo. Given the high quality of the workmanship of the found plate, it is possible to believe
that it was used not for the routine customs clearance of imported goods, but to protect valu-
able parcels or confidential correspondence.

The first task of the study of a unique fragile object was to create a dimensional “digital
image” (model) of it, capturing in detail the appearance of the find prior to preservation. This
three-dimensional model, generated by photogrammetry, allows us to solve several important
problems:

- to obtain a complete picture of the object without compromising the preservation of
the original;

- to make the information easily accessible on the Internet;

- to make a necessary number of exact copies of an object on a 3D printer at a scale of 1:1
for natural experiments.

With no typologically similar objects from classical and Hellenistic times to be found in
the world’s museum collections, the possibilities of digital documentation, visualization and
additive reproduction of fragile artefacts made from organic materials offer us a rare chance
to study an object whose analogues are as yet unknown.
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MPOT'YJIOUHASI YCAJIbBA, PA3BEJIBIBATEJILHBIN ITOJTUTOH

B Hunepnangax OONBUIMHCTBO apXeOJIOTHUYECKUX MCCIETOBAaHUH MPOBOANTCS Ha 00b-
eKTax 3alIaHuPOBAHHOTO CTPOUTENHCTBA. Kak ObLIO OBl 3M0POBO UMETh OOBEKT, KOTOPBIH
He OyzeT M3MEHEH, U UCTIONB30BaTh €ro AJIsl TECTUPOBAHUSI METOJOB apXEOJIOTHUECKOM pa3-
BE/IKH.

B xoze moucka Takoro UCTBITaTeIFHOTO MOJIUIOHA HEJAIeKo OT Hallero oguca Obu1 00-
Hapy»XeH y4yacTOK Tutomanasio 1,5 ra, oTBevarommii BceM TpeboBaHusIM. bbuto mposeaeHo
MOJTHOE KaMepallbHOE HCCIICIOBAHUE, B PE3yJbTare KOTOPOro OBLTH MOMyYeHBl MCTOpUYC-
CKHE yKa3aHHUSl Ha BO3MOXKHOCTH OOHApYXCHHUSI apXCOJNIOTHUECKUX OOBEKTOB, HAYMHAS OT
PHMCKOTO XpaMa, CpeIHEBEKOBOH YacOBHHU M 3aKaHUYMBas ycaab00il. DTO MECTO SIBISETCS
YHUKaJIBHOM apXe0J0rHYeCKOM JOCTONPUMEUATeIbHOCTHIO, TaK KaK B IIO3IHEM CPEIHEBEKO-
BbE CEJIO ellle He ONPEIeTUIIOCH CO CBOMM MECTOMOIOKEHHEM U MEIJICHHO MPOABUTAIIOCH 110
Mepe OCBOCHHSI HOBBIX 3eMelTb. Ycaap0a, MIomaab KOTOPOH yABOMIIACH B KAUECTBE MECTHOTO
JBOpa CyIOIPOU3BOJCTBA, MPOCYIIECTBOBAIA BCEIO OKOJO CTa JeT. 3aTeM OHa OblIa pa3o-
Opana u nepemeniena Ha 500 M Tyza, r7ie HAXOAUTCS U MO CeH JCHb.

B nauane 2020 1. reoduznyeckas pa3Beika METOIOM U3MEPEHHS AIEKTPOMAarHUTHOM H-
JOYKLUH, COMPOTHBICHUSI M MarHUTOMETPHH JIOKa3aia CyLIeCTBOBaHUE ycalbObl MO3IHETO
CpPEIHEBEKOBBS U OTIPE/IeIiiia reorpaduiyeckoe mojoyKeHue CpeIHEBEKOBOM YaCOBHHU, CTOSIB-
nrei Ha mpuIIeraonieM K Hell 3eMelTbHOM ydacTKe. PuMckuil xpam He OblT 0OHapYsKeH.

B 2021 r. Obli mpoBeeHBI AOTIOIHUTEIBHBIE UCCIIENOBAHUS 3JEKTPOMArHUTHON WH-
JOYKLUH U YAETBHOTO COMTPOTHUBIICHUS 10 CpaBHEHMIO ¢ uccnenoanusymu 2020 . Otu ucce-
JIOBaHHSA Oy/IyT MPOJOJKEHBI B PA3TUUHBIX yCIOBHUSIX.

B 2020 u 2021 rr. 6bUIO cAeNaHO HECKONBKO cepuil aspodoToCcheMKH OeCUIOTHBIMU
JeTaTeIbHBIMY arlaparaMy Py Pa3IHYHBIX YCIOBHIX PACTHTEIBHOCTH W MOYBEHHOTO TO-
kpoBa. B 2020 1. moceBbl KyKypy3bl HE J1aBaJld BO3MOKHOCTH BBISIBIICHHUS CIIEIOB KaKUX-
1100 00BbeKTOB. B 2021 1. 3epHOBBIE KYJIBTYpBI TOJIBKO Ha4au pacTu. JlaHHbIe paObOThI TaKKe
Oy/IyT MPOJOJKEHBI.

B npesenranyu OyayT nokazaHbl pa3BeloYHbIe pabOTHI 110 TIOUCKY yCaab0bl U IPeICTaB-
JICHBI Pe3yNbTaThl re0pU3NIECKOro 00CIe0BaH S, POBEACHHOTO HA 3TOM YYacTKe.
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THE WALKING FARMSTEAD, A PROSPECTION TEST SITE

In The Netherlands, most archaeological surveys are carried out over sites that soon will
be built upon. How nice would it be to have a site that is not going to be altered and use it to
test archaeological prospection methods.

In the search for such a test site close to our office, a 1.5 hectare large location was dis-
covered that matches all the requirements. A full desktop study was carried out that produced
historical indications of a couple of archaeological possibilities ranging from a Roman tem-
ple, a medieval chapel to a farmstead. The site offers a good singular archaeological feature
as in late medieval times the village had not settled its position yet and was slowly moving
along with the exploitation of the new grounds. The farmstead that doubled as a local legal
courthouse, only lasted about one hundred years. It was then taken apart and moved 500 me-
tres where it still sits today.

Early 2020 a geophysical survey with EMI, resistivity and magnetometry proved the ex-
istence of a late medieval farmstead and matched it geographically with the medieval chapel
that stood on an adjacent plot of land. The Roman temple was not found.

In 2021 some additional resurveys with EMI and resistivity were carried out to compare
to the 2020 surveys. This will be continued under different conditions.

In 2020 and 2021 multiple series of drone aerial photographs were taken under different
growth and soil conditions. 2020 had corn that produced no cropmarks at all. 2021 has grain
that is just starting to grow. It will be followed in the future.

The presentation will show the search for this site and present the results of the prospec-
tion surveys that have been carried out there.
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TPEXMEPHASI PEKOHCTPYKI[MSI HOBITOPOJCKOM YCAbBbI X1V B.
(ITO MATEPUAJIAM PACKOITA 1 YBOLINUH-II)

MacitabHble apxeoJioThdecKkue ucciienoBanus Ha HepesckoM packone B Horropose
BIIEPBBIC OTKPBLIM HAYYHOUM OOIIECTBEHHOCTH OCHOBHYIO CTPYKTYPHYIO €IUHHUILY CPE/IHEBE-
KOBOT'O TOPOJIa — TOPOACKYI0 ycaan0y. [lepBast pekoHCTPYKITUS 00IMKa HOBTOPOACKOH yca ib-
061 13 Heperckoro packomna Obuia onmyonukoBaHa B 1961 T., mpu 3TOM aBTOpPHI U3HAYAIBLHO
OTOBOPWJIM, YTO B €€ OCHOBE JICIKAT IIaHBI TOCTPOCK, a UX OOJIMK B 3HAUUTEIHLHOU CTEIICHH
runoteTndeH. [locnaenyromnme monbITKU PEKOHCTPYKIUH pa3IMyHbIX ycaieO BhI3bIBAIU He-
W3MEHHBI HHTEPEC, OJIHAKO IPUYHHY UX HEOOJIBIIOr0 (MEHEe ASCITKA) KOJIMYECTBA CIICAYET
BHUJIETh HE CTOJILKO B OTCYTCTBUM ITOCTAHOBKU HAYUYHBIX 33/1a4, CKOJIBKO B CIIOXKHOCTSX Tpa-
(PMYIECKOTO UCTIOMHEHHS U HAJIMYHMH OTBITHOTO apXUTEKTOpA.

BHenpeHnue coBpeMeHHBIX TEXHOJIOTHI B apXeOJIOrHUECKHe HccaenoBanus (u(poBbie
yeptexxku U (ororpaduu, (HoTorpaMMerpus) 3HAUYUTEIBHO W3MEHWIM BO3MOXXHOCTH BbI-
MOJTHEHMSI PEKOHCTPYKIUH yCcaeOHON TNIAHUPOBKU MPU UCTIOIB30BAHUU PA3IUYHOTO TPO-
TPaMMHOTO 00€CTIeUeHHSL.

BusyanbHble peKOHCTPYKIUU UTPAIOT KpailHe 3HAUUMYIO POJIb ISl TOMYSIPU3aLUU ap-
XEOJOTHYECKOr0 3HAHMS, & TAKXKE MO3BOJISIOT MPOSICHUTH U UCCIIEOBATEIBLCKUE 3aa4u, KO-
TOpBIC 3aTPAruBalOT ACIICKTHI yCaieOHON TUIAHUPOBKH, B 0COOCHHOCTH B TPEXMEPHOM IPO-
CTpaHCTBE.

B nporiecce pekoHCTpyKIIUK ycaeOHOW 3aCTPOMKH MOXHO BBIJICIUTH JBA ATAIla: dTal
HMHTEPIPETALUU PE3YJIBTATOB IMOJICBBIX pabOT U ATan BU3yamu3anuu Mojesiu. OCHOBOH s
PEKOHCTPYKIIMU CTAHOBUTCS KOMIUIEKC HCTOYHUKOB, TOMYUYEHHBIX B XOJIC TMOJIEBBIX UCCIEH0-
BaHUU: YEPTEXKH MOCTPOEK U crparurpaduu, Gpororpaduu, TEKCTOBBIC OMUCAHUS, 8 TAKKE
HAKOIUJICHHAS B X0JIC MHOTOJISTHUX packonok HoBropoma nHdopmarus o mocTpoiikax u3 pas-
JIMYHBIX PACKOIOB M 3THOTpaduueckue marepuaibl. [locie onpeneneHus KOHIENTYalbHBIX
MOJIXO/IOB U CXEMaTHUECKOW PEKOHCTPYKIIUU KaXKJI0W U3 MOCTPOCK ycaleOHOro KOMILICKCa
HACTyIaeT dTan rpaduueckor BU3yallu3alliu, KOTOpas B HACTOSINEH padoTe BBIMOJIHEHA B
nakete nporpamm Blender 3D v.2.8. Crenyer 0oTMETUTb, UTO MHOTHE JICTAIIA PEKOHCTPYKITHH
YTOUHSIIOTCS YK€ Ha 3Talle BU3yaIM3alluy M U3yUYeHUsI MOJIeN (HalpuMep, XapaKkTep U Ha-
MIpaBJICHUE KPOBJIH; JIEMEHTHI BHYTPEHHETO HHTEphEpa U T.I1.).

PexoHcTpyKINs KOMITIEKCa ycaeOHOM 3aCTPOMKH ONMUPACTCsS Ha MaTepUabl UCCIIEO-
BaHui packona Jlyoomun-11 B omoxkenusx 1360—70-x rr. (ropu3oHT 4, ycan0a A), KOTOpbIC
ObuH u3yueHsl B 2017 r. Be10op 00bekTa sl PEKOHCTPYKITHH ONPEICICH KOMIIEKCOM MPH-
YUH: 3HAUYUTEIHHON TUIOMIAAbI0 UCCIEAOBAHUN, MPEBOCXOAHBIM YPOBHEM COXPAHHOCTH Op-
TaHHUKH B PACKOIIE; BRICOKOU CKOPOCThIO (POPMUPOBAHUS KYJIBTYPHOTO CIIOS, YTO 00CCIICUHIIO
COXPAHHOCTb OCTaTKOB COOPYXEHHUI HA 3HAYUTENIbHYIO BHICOTY; NETATBHOU JECHAPOXPOHO-
JIOTUEH TOPU30HTA, TO3BOJISIONICH MPOCIIEANUTh JUHAMUKY Pa3BUTHUS 3aCTPOUKH yCaabObI A.

Hactosiiast pabota npencrasisier co00i HanOoIee COBPEMEHHBIN ONBIT BU3yaTU3aIlluU
CPEHEBEKOBOW TOPOJICKON yCaabObl; B JaJIbHEHIIIEM MPEIONaracTcs Co3IaHue Cepuu pe-
KOHCTPYKIIUN ycazeOHOM 3acTpONKHU, HCCIISIOBAHHON Kak B packore JlyOommH-11, Tak u B
npyrux packornax Hosropona.
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THREE-DIMENSIONAL RECONSTRUCTION
OF A 14TH CENTURY NOVGOROD MANOR HOUSE
(BASED ON MATERIALS FROM DUBOSHIN-II EXCAVATION)

Large-scale archeological research at Nerevsky excavation in Novgorod for the first time
showed to scientific community the basic structural unit of medieval city — the city manor.
The first reconstruction of the layout of a Novgorod manor from Nerevsky excavation was
published in 1961, and the authors initially specified that it was based on schemes of build-
ings, and their appearance is largely hypothetical. The successive attempts to reconstruct
various farmsteads aroused great interest, but the reason for their small number (less than a
dozen) should be seen not so much in the lack of a scientific task, but rather in the difficulties
of graphic fulfillment and the presence of an experienced architect.

The introduction of modern technology in archaeological research (digital drawings and
photographs, photogrammetry) has greatly changed the possibilities for the reconstruction of
manor house layouts using different software.

Visual reconstructions play an extremely important role for the popularization of ar-
chaeological knowledge, but also allow to clarify and research tasks that affect aspects of the
manor house layout, especially in three-dimensional space.

There are two phases in the reconstruction of the manor house layout: the interpretation
phase of the fieldwork and the visualization phase of the model. The basis for the reconstruc-
tion is a set of sources obtained during the field studies: drawings of buildings and stratig-
raphy, photographs, textual descriptions, as well as information on buildings from various
excavations in Novgorod and ethnographic materials accumulated during the years of exca-
vation. After determining the conceptual approaches and schematic reconstruction of each
building of the estate complex, there comes the stage of graphic visualization, which in this
work is done in Blender 3D v.2.8. It should be noted that many details of the reconstruction
are specified at the stage of visualization and study of the model (for example, the materials
and direction of the roof; elements of the interior, etc.).

The reconstruction of the complex of the manor building is based on the research of
Duboshin-II excavation in deposits from 1360—70s (horizon 4, manor A), which were studied
in 2017. The choice of the site for reconstruction was determined by a complex of reasons:
a large area of research, excellent preservation of organics in the excavation; high speed of
formation of the cultural layer, which ensured the preservation of remains of structures at a
considerable height; detailed dendrochronology of the horizon, making it possible to trace
the dynamics of the development of the A manor house.

The present work is the most up-to-date experience in visualization of a medieval urban
homestead; in the future we plan to create a series of reconstructions of the homestead build-
ings, studied in Duboshin-II and in other excavations in Novgorod.
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METOAUKA IMTOAI'OTOBKH WIJIIOCTPATUBHBIX MATEPUAJIOB
JIJISI APXEOJOI'MYECKHX OTYETOB Y TYBJIUKALIMIA HA IIPUMEPE
KEPAMMNYECKHUX COCYAOB BECJTAHCKOI'O KYPTAHHOI'O MOTMJIBHUKA

TpanunmoHHBIE CTIOCOOBI MPEACTABICHHS KEPAMHUYECKUX COCYJIOB B apXEOJOrHYECKUX
oTYeTax M MyONUKAIMSIX OCHOBAHBI Ha aHAJOTOBBIX METOAAX W MPEAINOJararoT J0CTaTOYHO
TPYAOEMKHE 3apHCOBKY U BbIUEPUMBAHUE BHEITHETO BU/A M POQHIIS HAXOIOK XyTOKHHKOM.
Henocratkamy aHajaoroBbIX METOJOB SIBIISICTCS, B TMEPBYIO OUEpPE/b, HX CYObEKTHBHOCTD —
KaueCTBO PUCYHKOB 3aBUCHT OT YMEHUH U OMbITa XyAoKHHKA. DoTorpadupoBanne Haxomok
HE pemraeT 3Tol MpoOIeMsbl, Tak Kak Jitobast Gororpadusi COAECPKUT reOMETPHUECKUE HCKa-
KeHUs1, 00yCIIOBIEHHbIC ONTHYECKUMHU abeppausiMu otocucTeMsl. Kak crnenctsue, mac-
mrabd pororpapuueckoro N300pakeHHst HETOCTOSHEH U Pa3indaeTcs B IeHTpe (POTOCHUMKA
1 Ha ero Kpasx. PoTtorpadus He MOKET OBITH HCIIOIB30BAHA U [ BEIYEPUUBAHUS TIPOQUIIS
cocyza.

Bospacraromue TpeOOBaHHS K KaUeCTBY apXEOJIOTHIECKUX OTYETOB U IMyOIuKaui 00-
yCIaBIUBAIOT HEOOXOANMOCTH TEepexoja OT aHaJOTOBBIX METOJOB BOCIIPOU3BEICHHS Kepa-
MHYECKUX COCYIOB K IU(POBBIM METOAaM, 00CCIIEUNBAIOIINM 00jiee TOUHOE U OOBEKTHB-
HOE TIPEeJCTaBICHUE HAaXOIOK. B mocnemHue roabl Bce Ooliee MUPOKOE PacHpOCTpaHEHHUE
MOJTy4aeT TPEXMEPHOE MOJICIMPOBAHUE KEPAMUYECKUX COCYI0B C aBTOMAaTH3MPOBAHHBIM
MOCTPOCHHEM YepTekKel U POPMUPOBAHNEM HILUTIOCTPATHUBHBIX MaTepHUaIoB HA OCHOBE MO-
neneil. Moaenu mpu 3ToM MO0 CO3AI0TCA CKAaHUPOBAHUEM CTPYKTYPHUPOBAHHBIM CBETOM,
60 GopMupyroTCcs POTOrpaMMETPUISCKUM CITOCOOOM Ha OCHOBE IU(POBBIX (hoTorpaduil.
Bropoii criocod, He Tpedyromuii IpUMEHEHHs JOPOToro 000pynoBaHus U, OMHOBPEMEHHO,
WUMEIOIIUH sl MpeuMyecTB (0osee BhICOKas AETaIbHOCTh MOACTHUPOBAHMSI, JydIliee BOC-
Mpou3BecHHE 1BeTa) ObII MPUMEHEH MPHU JOKYMEHTHPOBAaHUU 13 HAaXOHOK COCYIOB M UX
(parMeHTOB M3 KaTaKOMOHBIX MorpedeHuii beciaHckoro KypraHHOro MOTWJIBHUKA, UCCIIe-
noBanHbIX B 2020 1. Kucnosonckoit sxcneaumueit A PAH non pyxosonctsom [1.C. Kopo-
OoBa. 3amadeii uccruenoBaHUs SIBISUIOCH CO3/IaHUE W OTPaOOTKa MPOCTOH B UCIIOTHEHUHU H
SKOHOMHYHON METOAWKH (OPMUPOBAHUS MOJIENICH W WILTIOCTPATHBHBIX MaTepHalioB Ha UX
ocHoBe. OTBIT BBIITOTHEHHUS 3THUX paboT MOKa3aj, 4To AaKe OTHOCHUTENFHO MPOCTOE U HEI0-
poroe 00OpyIOBaHHE MO3BOJISIET CO3/IaBATh TEOMETPUUYECKH KOPPEKTHBIE MOCTH BBICOKOTO
pasperienus (pazmep nonurona 0,05 Mmm, pazpemnrenue moaenu 22-43 ThIC. MOTUTOHOB Ha KB.
CM), IPUTOAHBIE HE TOJIBKO I BU3yaJIbHOTO U3Y4€HUs, HO U JJIsl CO3/IaHUs PA3INYHbIX M-
JIOCTPaTUBHBIX MaTepuajoB. Ha HacTosmem stane Habop WILTIOCTPAIMiA COCTOUT U3 yIpo-
LICHHBIX TPEXMEPHBIX MOJIEIICH TSl IEMOHCTpAIUU IOCPEICTBOM BeO-uHTEepdeiica u Habopa
pacTpoBBIX 300paKeHUH — OOIINX BUOB B EPCIEKTUBHON MPOEKIINH, CTaHAapPTU3UPOBAH-
HBIX BUJIOB C Pa3HBIX PAKypCcOB B MapaslIeNbHON MPOEKLNH, Pa3pe30B U TEXHUUECKUX dep-
texxed. [Ipu popmupoBaHum pacTpOBBIX M300paKEHUH MPUMEHEHBI CIEAYIOIINE CIIOCOOBI
MpeAcTaBIeHUsT — MOJieNb ¢ (oTtorpaduueckoid TEKCTYpoil, Moaenb 0e3 GoTorpaduyecKoi
TEKCTYpBI, PEHTTEHOBCKOE M300pakeHUEe, pa3pe3 MOJICNIN C [IBETOBBIM BBIICJICHUEM BHEII-
Hell moBepxHOCTH. TeXHUUECKUE YepTeKU (POPMUPYIOTCS aBTOMAaTH3UPOBAHHBIM CIIOCOOOM
B BEKTOPHOM (opMare C Mocienyomei pacTepu3auei.

OtpaboTaHHasi METOJMKA MPEJCTABICHUSI KEPAMUYECKHUX COCY/IOB SIBISCTCS AOCTATOY-
HO MPOCTOM 11 OCBOEHUS U, B JaJIbHEHIIIEM, BEPOATHO, BOMIET B MOBCEIHEBHYIO MPAKTHKY
JIOKYMEHTHPOBAHUS apXe0JIOTHYECKUX PACKOTIOK.
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PREPARATION OF ILLUSTRATIVE MATERIALS FOR ARCHAEOLOGICAL
REPORTS AND PUBLICATIONS ON THE EXAMPLE
OF CERAMIC VESSELS FROM THE BESLAN BURIAL MOUND

Traditional methods of presenting ceramic vessels in archaeological reports and pub-
lications are based on analogue techniques and assume a rather labour-intensive process of
sketching and drawing the face and profile of the finds by an artist. The disadvantages of ana-
logue methods are, first and foremost, their subjectivity — the quality of the drawings depends
on the skills and experience of the artist. Photographing finds does not solve this problem, as
any photograph contains geometric distortions due to optical aberrations of the photographic
system. As a consequence, the scale of the photographic image is not constant and differs be-
tween the centre of the photo and its edges. The photograph cannot be used for drawing the
profile of a vessel either.

Increasing demands on the quality of archaeological reports and publications make it
necessary to shift from analogue methods of ceramic vessel reproduction to digital meth-
ods, which ensure more accurate and objective presentation of finds. In recent years, three-
dimensional modelling of ceramic vessels has become increasingly widespread, with auto-
mated drawings and model-based illustrations. The models are either created by scanning
with structured light or generated photogrammetrically on the basis of digital photographs.
The second technique, which does not require expensive equipment and has a number of ad-
vantages (higher resolution of modelling, better colour reproduction) was used to document
13 finds of vessels and their fragments from catacomb burials at the Beslan burial mound, in-
vestigated in 2020 by the Kislovodsk expedition of the IA RAS headed by D.S. Korobov. The
aim of the study was to create and refine an easy-to-execute and cost-effective methodology
for generating models and illustrative materials on their basis. Experience of this work has
shown, that even relatively simple and inexpensive equipment allows to create geometrically
correct models of high resolution (polygon size 0.05 mm, model resolution 22—43 thousand
polygons per sq. cm), suitable not only for visual research, but also for creation of various
illustrative materials. At this stage the set of illustrations consists of simplified 3D models for
demonstration through web-interface and a set of raster images — general perspective views,
standardized views from different angles in parallel projection, cross-sections and technical
drawings. When generating raster images the following representation methods are applied —
model with photographic texture, model without photographic texture, X-ray image, model
section with colour highlighting of external surface. Technical drawings are generated auto-
matically in vector format and rasterized.

The perfected technique for representing ceramic vessels is easy enough to master and
in the future it will probably become part of daily practice in documenting archaeological
excavations.
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Mo3gnsikoBa O.A.
Unemumym apxeonozuu u smuoepaguu CO PAH, Hosocubupck

OINbIT IPUMEHEHUS ADPOMATHUTHOM CbEMKH
C BIIA 1 ADPO®OTOCBEMKMU JJISAA IOUCKA
U U3YUYEHUSA KYPTAHHBIX MOT'MJIBHUKOB 3AIIATHO CUBUPH

B noxnage 000OIIEHBI UTOTH apXeoJoro-reopu3nuecKuxX MCCiIeOBaHUN, BBIOIHEH-
HbeIX B 2016-2020 rr. B pamkax corpynuudectsa MADT CO PAH, MUHIT CO PAH (r. Ho-
BOCHOMPCK) | Ipymmbl komnanuil «l'eockan» (. Cankrt-IlerepOypr). BriepBeie B MUpOBOiA
MpakTUKe IMpoBeleHa MacmTaOHas ampoOalys MeToJa HHU3KOBBICOTHOM a’pOMarHUTHOM
cbeMkH ¢ moMolbsio BITJIA Ha TeppuTopun pacnaxaHHBIX KypraHHBIX MOTUJIBHUKOB paHHE-
TO KeJIEe3HOT0 BeKa M CpelHEeBeKOBbs. OOO0CHOBAaHBI MPUHLMUIIBI TOAOOpa OOBEKTOB IS HC-
CIIC/IOBaHUH, JaHa XapaKTEePUCTHKA UCIIOIB30BaHHON anmapaTypbl, METOJUKH ChEMKH U 00-
pabotku qanHbIX. CpaBHEHHE [TOTYYCHHBIX PE3yIbTaTOB C JAHHBIMH HA3MHOTO MAarHUTHOTO
KapTUPOBaHUS MTOKa3aJI0 OOJIBIIYIO IEPCIEKTUBHOCTH MPUMEHEHHSI METO/Ia a9pOMarHUTHOM
CBHEMKH JIJIS1 IPEBAPUTENIBHOM OLIEHKU I'PaHUI] KypraHHBIX MOTHUJIBHUKOB, OMPEAECIEHUS UX
MIaHUrpaduu 1 AeTaiu3aluy yCTPOMCTBa OTACIBHBIX COOpYKeHUH. PaccmarpuBatoTes npo-
0JIeMBI, CBSI3aHHBIC C BBIJICIICHHEM HEOONBIINX IPYHTOBBIX 0OBEKTOB B MEKKYPTaHHOM ITPO-
cTpaHcTBe. J[aHa OLleHKa IIEPCIEKTUB UCIIONb30BaHUSA A9POMArHUTHON ChEMKH JUISL U3YUECHUS
MaMSITHUKOB JPYroro Tuma (TpyHTOBBIE MOTHJIBHUKH, IOCEICHUS, TOPOANIIA), 0003HAYCHBI
IIyTH JAJIbHEUIIECH aJanTalud METoJa Ul PELIeHUs apXeolorn4eckux 3ajad. IIpogemon-
CTPUPOBAHBI BO3MOKHOCTHU CYLIECTBEHHO JOIOIHUTD PE3YIbTATHl a9POMArHUTHON pa3BEIKU
3a c4yeT aHanu3a HUQPOBBIX MozeTiel penbeda, IOCTPOSHHBIX M0 AaHHBIM a3p0(OTOCHEMKH.
KomrnekcHoe npuMeHeHne 3TUX BBICOKOITPOU3BOUTENBHBIX METO/IOB MOXKET CYIIECTBEHHO
W3MEHHUThH CUTYalUIO B OOJIACTH OXPaHbl M M3YYCHUs PaclaXaHHBIX KypraHHBIX MOTHJIbHU-
KOB, KOTOpPBIE TPEJICTABISIOT cO00M Hanboee OOIMPHYIO KaTErOPHIO MaMsTHUKOB B paio-
Hax €BPA3UICKOro CTEMHOIO I05Ca.
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EXPERIENCE OF AEROMAGNETIC SURVEY FROM UAV
AND AERIAL PHOTOGRAPHY APPLICATION FOR SEARCHING
AND STUDYING BURIAL MOUNDS OF THE WESTERN SIBERIA

The report summarizes the results of archaeological and geophysical research carried
out in 2016-2020 in the framework of cooperation between IAET SB RAS, IPGG SB RAS
(Novosibirsk) and Geoscan Group (St. Petersburg). For the first time in the world practice the
method of low-altitude aeromagnetic survey by UAV was tested on the territory of ploughed
burial mounds of the Early Iron Age and the Middle Ages. The principles of selection of
objects for researches are grounded, the characteristic of the used equipment, methods of
survey and data processing is given. The comparison of the obtained results with the data
of the ground-based magnetic mapping has shown that the acromagnetic survey method is
very promising for a preliminary estimation of the boundaries of the burial mounds and for
determining their planigraphy and the details of the structure of individual objects. The prob-
lems associated with the identification of small ground objects in the inter-mound space are
considered. The perspectives of using acromagnetic survey to study the sites of other types
(flat cemeteries, settlements, hillforts) are estimated and the ways of further adaptation of the
method for archaeological purposes are outlined. The possibilities of the acromagnetic sur-
vey results essentially supplemented by the analysis of digital elevation models constructed
by the airborne survey data are shown. The complex application of these high-performance
methods can significantly change the situation in the field of protection and study of ploughed
burial mounds, which represent the most extensive category of sites in the regions of the Eur-
asian steppe belt.
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Hymxkapes A.A.
Tomckuil cocyoapcmeenHulil yHugepcumem

MOUCK I'PYHTOBBIX 3AXOPOHEHUI
HA OINTAXTUHCKOM MOI'MJIBHUKE
C IOMOIIIO MATHUTHOM PA3BEJIKA

OrIaxTHHCKHUN TPYHTOBBIH MOTHMJIBHHK HaXOIUTCS Ha Tepputopuu PecryOnuku Xaka-
cusi, Ha JieBoM Oepery p. Enuceit, BHyTpu ropHOi rpynmnbl OrnaxTel, npuMepHO B 50 KM
ceBepHee T. AbGakaH. [lamMaTHUK OOHapykeH W BIepBble UcciienoBaH A.B. AnpuaHoBbIM B
1903 r., mo3aHee Ha ero TeppuTtopuu npoBoawiIn packonku J.b. Bageuxas u JI.P. Keizna-
COB.

OnHa Y3 IIaBHBIX CIOKHOCTEH, C KOTOPOM CTaJIKMBAIUChH HucciaemaoBaTenu OriaxTHH-
CKOT'O TPYHTOBOTO MOTHJIBHHKA, 3aKIF0YAJIach B OMCKE U WICHTU(DUKAIIUYN 3aXOPOHEHU Ha
TEPPUTOPHH MAMSATHUKA. BOJIBIIMHCTBO U3 HUX MPEACTABISUIA COOO0M IPYHTOBBIC ITOTPEOSHUS
B JISPEBSIHHBIX CPy0ax C MEPEKPHITUSIMHU, PACIIONIOKCHHBIE Ha TiTyOuHe 70 1,7 M OT moBepx-
HOCTH 3€MJIM. 3HAYUTENbHAS YacTh OObEKTOB MOTHIILHUKA (PUKCHPYETCS Ha COBPEMEHHOM
MMOBEPXHOCTHU B BUJC yIIyOIeHUH (3amainH), KOTOpbie 00pa30BalIuCh BCIICACTBUE pa3pyIiie-
HUSI BEPXHETO MEPEKPHITHS CPYOOB U Mpoceaanus mouBbl. OTHAKO HEKOTOPBIC 3aXOPOHCHHUS
COBEpIIICHHO HE BHJIHBI B COBPEMCHHOM peibe(e M, YTO MPUMEUYATEIIBHO, TAKUEe OOBEKTHI
MMEJTH CaMyI0 JIYUIIyI0 COXPAaHHOCTh KaK CaMoro cpy0a, Tak U COACPKUMOTO MOTrpeOeHusI.

Jist coznanwst 00IIero MmiiaHa 00bEKTOB, PACIIONIOKEHHBIX Ha TEPPUTOPUU OTIIaXTUHCKO-
IO IPYHTOBOTO MOTWIIbHKKA, B 2019 T. OblIa ocyliecTBIeHa a3po(OTOCheMKa TaMSITHUKA |
MOCTPOCHA JIeTallbHAs MOJIENb peiibeda ero moBepxHocTu. Ha ocHOBE aHanm3a MUKpOpEIbe-
(hba Ha MOTMJIBHHKE ObLIO OOHAPYKEHO 3HAYUTEIBHOE KOJIMUECTBO OOBEKTOB (3arajiuH), KO-
TOpBIE MPEXKIE He ObLIHN 3a(hUKCUPOBaHBL. B CBOIO Ouepeib, MoydeHHbIE JAaHHBIC TTOCTABHIN
HOBBIC BOIIPOCHI B M3y4eHUU riaHurpaduu OriaXTHHCKOTO MOTHIIbHUKA. Bo-TIepBhIX, Kakue
13 00HAPY)KEHHBIX 3aIlaIUH COOTHOCSITCS C IOTPEOCHUSIMU, a KaKHE — C JPYTUMHU Pa3HOTHUII-
HbIMH OOBEKTaMH (SIMBI C IIUTAKOM U O0O0MOKEHHOW 3eMIICH, XO3SHCTBEHHBIC SIMBI JUIS Xpa-
HeHUs XJieba — coBp.?), paCKOIIaHHBIMHU Ha MaMsTHUKE paHee? Bo-BTOphIX, KaKUM 00pazoM
BBIICTTUTh OOBEKTHI, COBEPIIICHHO HE BBIPAXKECHHBIC Ha COBPEMEHHOHN MOBEPXHOCTHU: TIOTpe-
OCHUS C XOPOIIIeH COXPAHHOCTHIO TIEPEKPHITUS CPpy0a, a TAKXKE 3aIaHbI, HUBEJIMPOBAHHBIC
COBpEMEHHOH pacrnarkoi?

s perienust BeIIeyka3aHHbIX BOIPocoB B 2020 r. Ha OmIaXTUHCKOM TPyHTOBOM MO-
TUJIbHUKE ObLIa TIPOBE/IcHA MarHUTHAS pa3Benka. /i ucciaenoBaHus B IEPBYIO Ouepelb ObLI
BBIOpaH 3amaJiHbId yY9aCcTOK MaMATHUKA, KOTOPBIH B HACTOSIIEE BPEMs ITOJBEPKEH MHTCH-
CHUBHOMY XO3SIICTBEHHOMY BO3/ICHCTBHIO.

B noknaze OyzieT onucaH ONbIT MPUMEHEHHUSI MATHUTHOW Pa3BEJIKH IS ITOMCKA 3aX0PO-
HeHUi Ha OTIIaXTUHCKOM TPYHTOBOM MoOTHIbHUKE. Oc000e BHUMAaHUE YIIEICHO OMUCAHHIO
METOJIMKH UCCIENOBAHUMN, MPUMEHEHHUE KOTOPOH MO3BOJIMIIO ONITUMU3UPOBATH MPOIIECC Mar-
HUTHOW CHEMKH U TIOJIYYUTh KQYECTBCHHBIC JIaHHBbIC. B UTOre MPOBEICHHBIX UCCIICIOBAHUIA
roJryueHa HoBast nH(GOpMaIys O IIaHUTpadUu MTaMITHUKA: U3YYSHO COOTHOIIICHUE 3aIlajiH
C MAarHUTHBIMU aHOMAJTUSIMU, A TAK)KE BBISIBIICHBI 00BEKTHI, HE BEIPAXKCHHBIC B COBPEMEHHOM
penbede.
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Tomsk State University

SEARCH FOR GROUND BURIALS AT THE OGLAKHTINSKY
BURIAL GROUND USING MAGNETIC RECONNAISSANCE

The Oglakhtinsky burial ground is located on the territory of the Republic of Khakassia,
on the left bank of the Yenisei River, inside the Oglakhta mountain group, about 50 km north
of the town of Abakan. The site was first discovered and studied by A.V. Adrianov in 1903,
later excavated by E.B. Vadetskaya and L.R. Kyzlasov.

One of the main difficulties the researchers of the Oglakhtinsky flat cemetery encoun-
tered was searching and identifying the burials on the territory of the site. Most of them were
burials in timber graves with covers, up to 1.7 metres below the surface. Most of the objects
of the burial ground can be seen on the modern surface in hollows (pits), which were formed
as a result of destruction of the upper roof of the log structures and sinking of the soil. How-
ever, some burials are not visible at all in the modern relief and it is noteworthy that such ob-
jects had the best preservation of both the timber grave itself and the contents of the burial.

In order to create a general plan of the objects located on the territory of the Oglakhtin-
sky burial ground, an aerial survey of the site was carried out in 2019 and a detailed model of
the relief of its surface was built. Based on the analysis of the microrelief at the burial site, a
significant number of objects (pits) were discovered, which had not been recorded before. In
turn, the obtained data raised new questions in the study of the Oglakhtinsky cemetery lay-
out. Firstly, which of the discovered hollows correspond to the burials, and which ones cor-
respond to other objects of different types (pits with slag and burnt earth, household pits for
storing bread, etc.), excavated at the burial site earlier? Secondly, how can we distinguish the
objects which are not marked at all on the modern surface: burials with well-preserved cover
of the timber grave, as well as hollows levelled by modern ploughing?

To address the above questions, a magnetic survey was carried out at the Oglakhtinsky
burial ground in 2020. The western section of the site, which is currently subject to intensive
economic impact, was chosen for the study in the first instance.

The paper will describe the experience of using magnetic prospection to search for buri-
als at the Oglakhtinsky burial ground. Particular attention is paid to the description of the
research methodology which allowed to optimize the magnetic surveying process and to ob-
tain high quality data. As a result of the research, new information about the layout of the site
was obtained: the correlation of pits with magnetic anomalies was studied, and objects not
expressed in the modern relief were identified.
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U3YYASI PYCCKUE YE3/Ibl: ONBIT BU3YATU3ALIUUN
COLIUAJILHO-MIOJIUTUYECKOIO COCTOSIHUS
POCCHUIICKOI'O TOCYJIAPCTBA NOCJIEJHEN TPETHU XVII B.

C 2020 r. uccienoBarenbckasi rpymmna cTyIeHTOB HalnoHaapHOTO HCCIeI0BaATENbCKO-
ro yHuUBepcHuTeTa «BpIcIias 1mkoia SKOHOMUKW» pa0dOTaeT HaJl CO3JaHHeM EJMHOM TeOuH-
(hopMaIMOHHOW CHCTEMBI COIMATBHO-TIOIMTUYECKOTO COCTOsTHUS Poccuiickoro rocynapcraa
Bpemenu rnpasiieHust demopa Anekceesnya (1676-1682). HcciienoBanue onupaercst Ha yxe
OITyOJIMKOBAHHBIC IOPEBOIIOIMOHHBIMUA U COBETCKUMH MUCTOPUKAMH UCTOYHUKH U PACIIUPSI-
€TCsl 3aIUCSIMU U3 nepenucHbIX U MexkeBbIX KHUT 60-80 rr. XVII B. Kpome Toro, mms yrouHe-
HUs 0a3bl JAHHBIX UCIIOJIB3YIOTCS KPAaeBEIUSCKHUE U TeHEAIOrHUeCKHUEe UCCIIC0BaHUs, KOTO-
pbIe OTHOCSATCS K MajibIM HACEJICHHBIM MyHKTaM. PaboTa ¢ mpoCTpaHCTBEHHBIMU JTaHHBIMU
MIPOXOJIUT ATAITbI COOPA CBEICHUH U3 UCTOUHUKOB, BepupUKaIuu, opMUpOBaHUS 0a3bl, CO3-
JIaHWsI HA €€ OCHOBE reoMH(pOPMAIIMOHHON CHCTEMBI. JlaHHas cucTemMa MPOIOJIKHUT TOIOJI-
HATHCSI HOBBIMU MaTepuajiaMy U CTAHET OTKPBITHIM CIIPABOYHBIM PECYPCOM JJI UCCIEA0BA-
Huii o ucropun Poccuu XVII B.
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STUDYING RUSSIAN UYEZDS: EXPERIENCE OF VISUALIZATION
OF SOCIO-POLITICAL CONDITION OF THE RUSSIAN
STATE IN THE LAST THIRD OF THE 17TH CENTURY

Since 2020 a research group of students of the HSE University is working on creation of
a unified geo-information system of social and political condition of the Russian state dur-
ing the reign of Fyodor Alekseyevich (1676—1682). The research is based on sources already
published by pre-revolutionary and Soviet historians and is expanded by records from census
and survey books of the 1660—80s. In addition, local history and genealogy research is used
to refine the database, which refers to small localities. Work with spatial data passes stages
of data collection from sources, verification, formation of a base, creation on its basis of a
geoinformation system. This system will continue to be updated with new materials and will
become an open reference resource for research on the history of Russia in the 17th century.
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TPEXMEPHBIE I'PABJIU. IPEBPATHOCTU IPUMEHEHU S
OUPPOBBIX METOJOB B APXEOJIOT'MH

B mocnennee necaruieTne MpUMEHEHUE COBPEMEHHBIX MU(DPOBBIX TEXHOJOTHUN B ap-
XEOJIOTUYECKUX U UCTOPUUYECKUX MCCIIEIOBAHUAX MOJYUHIIO IIMPOKOE PacCIpOCTPaHEHHUE.
MHOroYMCIEHHBIE HAyYHbIE KOJUIEKTHBBI, 3aHUMAIOLIMECS BBISIBICHUEM apXEOJIOrMYEeCKUX
MaMSTHUKOB, apXCOJIOTHYCCKUMU PACKONKaMH, neTporudaMu u snurpapukoil Bce Oosee
u Oosiee MIMPOKO MPUMECHSIIOT JIa3€PHOE CKAaHMPOBAHUE, CKAHHPOBAaHUE CTPYKTYpUPOBaH-
HBIM CBETOM, (POTOrPaMMETPUYECKOE MOCIUPOBaHUE, (POTOCHEMKY C OSCHHIIOTHBIX JIeTa-
TEJIBHBIX allllapaToB, CITyTHUKOBYIO I'eojie3uro. Penkas nmpeseHTarust 00xonuTes 0e3 ciaiiia
C TpEeXMepHOU Moienbto. OIHAKO BO BHEIPSHUU MU(DPOBBIX TEXHOIOTHI HAOIIOMACTCS PsiJT
TEHJACHUMH, NPENSITCTBYIOUIUX UX MOJHOLEHHOMY MCIOJIB30BAaHUIO U 3a4acTylo IpeBpalia-
IOIUX TIPUMEHEHHE COBPEMEHHBIX METOJIOB B CBOCOOPA3HBIN Kapro-KyJabT «TPEXMEPHOCTH
paziyi TPEXMEPHOCTIY.

Ha namm B3m1si/1, o0CHOBHAas po0JieMa BHEIPEHUs [IU(PPOBBIX TEXHOJIOTHI B apXEOJIOTHH,
neTponudoBeIcHNU U 3MUrpaduke 3aKIF0YaeTCs TOM, YTO HOBBIC METOJBl U TEXHOJOTHH
MPUMEHSIOTCS MPEUMYILECTBEHHO JIJI1 BOCIIPOU3BEICHHS TPAJULIUOHHBIX MTPOLIEAYP — BMe-
cTO (hOpMUPOBAHUS MPHUHIUITHAIEHO HOBBIX MPOIIECCOB, OMUPAIOIIUXCS HA BO3MOXKHOCTH
HOBBIX UHCTPyMEHTOB. Kpome Toro, mpu BHEIPEHUH COBPEMEHHBIX METOIOB MCCIIEI0BATE-
JIEW MOACTEPETAET Psii METOJOJIOTHYECKUX M TEXHOJOTUUECKUX JIOBYILIEK, KOTOPBIE MPETIST-
CTBYIOT TIOJIYYCHHUIO XOPOIIUX HCXOIHBIX MOJIETICH OOBEKTOB U, B KOHEYHOM UTOTE, HE JIAFOT
BO3MOXXHOCTH U3BJIEYb M3 PE3YJbTaTOB JOKYMEHTUPOBAHUS BCIO IMMOJHOTY MH(OPMALUU O
MPEAMETE UCCIIEIOBAHHUS.

OnBIT MPUMEHEHUSI TPEXMEPHOTO MOJISIIMPOBAHUSI HA Pa3HOOOPa3HBIX 00BEKTaX — OT
OyCHHBI IO pyWH aHTHYHOTO XpaMa — BO B3aUMOJICHICTBUU C Pa3HBIMHU HCCIICOBATEIISIMU U
KOJUICKTUBaMU UCCIICIOBATEIEH, TO3BOJISCT OIPEISIUTh HA0OP OTPAaHHUYCHUH U TPYTHOCTEH,
C KOTOPBIMHU, B CHITy OOBEKTUBHBIX M CYOhEKTUBHBIX MIPUYHUH, CTAIKUBAIOTCS UCCIICI0BATE-
JI, © HAMETUTh ITyTH KAYECTBEHHOTO IE€peXoa K NPUHIHUITNAIBEHO HTHOMY YPOBHIO UCIIOJb-
30BaHUs TPEXMEPHOTO MOJIEJIMPOBAHNUS B TIOBCETHEBHOM MMPAKTUKE ApPXEOJOTMUECKUX UCCIIE-
JIOBaHMUI.
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THREE-DIMENSIONAL RAKE. THE VICISSITUDES
OF DIGITAL TECHNIQUES IN ARCHAEOLOGY

Over the past decade, the use of modern digital technology in archaeological and his-
torical research has become widespread. Numerous scientific teams engaged in detection of
archeological sites, archeological excavations, petroglyphs and epigraphy more and more
widely use laser scanning, structured light scanning, photogrammetric modeling, photogra-
phy from drones, satellite geodesy. Hardly a presentation is complete without a slide with a
three-dimensional model. However, there are a number of trends in the implementation of
digital technologies, which hinder their full-scale use and often turn the use of modern meth-
ods into a kind of kargo-cult of “three-dimensionality for the sake of three-dimensionality”.

In our view, the main problem with the introduction of digital technologies in archaeol-
ogy, petroglyphology and epigraphy is that new methods and technologies are used primarily
to reproduce traditional procedures — instead of forming fundamentally new processes based
on the capabilities of new tools. In addition, there are a number of methodological and tech-
nological pitfalls in the implementation of modern methods, which prevent the production
of good initial models of objects and, ultimately, do not allow to extract from the results of
documentation the fullness of information about the subject of research.

The experience of using three-dimensional modeling on various objects — from a bead
to the ruins of an ancient temple — in interaction with different researchers and teams of re-
searchers, allows us to define a set of restrictions and difficulties which, for objective and
subjective reasons, researchers face, and to outline ways of qualitative transition to a funda-
mentally different level of using three-dimensional modeling in everyday practice of archeo-
logical research.
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HUDPOBOM OBPA3 OFBEKTA. KOMILJIEKCHOE UCITIOJIb30BAHHUE
INPOCTPAHCTBEHHBIX TAHHBIX
NP JOKYMEHTHUPOBAHUU APXEOJIOT'MYECKOI'O MTAMSATHHUKA

K nacrosimiemy BpeMeHH B NPAKTHUKY apXeOoJOIMYECKHX HCCIIEAOBAaHUI JOCTAaTOYHO
IIMPOKO BHEIPEHBI pa3iuuHble HU(POBbIE METOIBI KapTUPOBAHUS M JOKYMECHTHPOBAHHS
apXeoJIOTHYECKUX MaMSATHUKOB M apXeoJOTHYecKHX HaxofoK. OIHAKo MO COCTOSHHMIO Ha
CETOAHSIIHUH IeHb MBI HE MOYKEM TOBOPHUTD O TIOJIHOLIEHHO U BCEOOBEMITIONIE JOKYMEHTUPO-
BAaHHBIX APXEOJIOTMYECKUX MAMATHUKAX. be3yCII0BHO, OMHON U3 CYIIECTBEHHBIX IPUYHH Ta-
KOTO TIOJIOKEHUS I SIBJISIOTCSI SKOHOMUUYECKUE OTPaHUYEHHUS], HE IT03BOJISIOIUE IIPUBIICYD
JIOCTATOYHO PECYPCOB K BBIITOJHEHUIO 33J1auu TOKyMeHTHpoBaHUsA. OJJHaKO HE B MEHBIIEH
CTETICHH MPUYMHOM SIBIISIETCS c1aboe pacupoCTpaHeHUe MPAKTUKN KOMIUICKCUPOBAHHMS pa3-
HOPOJHBIX METO/IOB NMPH JOKYMEHTHPOBAHUHU MaMSATHHUKOB. 3a PEJKUM HCKIIOYEHHEM HC-
ClIeI0BaTEId OTPAaHUYMBAIOTCS IPUMEHEHUEM OTHOTO WM JIByX METOIOB U HE MPAKTUKYIOT
(hopMHpOBaHHE B3aUMOCBSI3Ei MEXKy Pa3TUUHBIMU BUJAMU TIPOCTPAHCTBEHHBIX TaHHBIX.

CoBpeMeHHBII YPOBEHb Pa3BUTHS TEXHOIOTUH MO3BOJISIET IPEANPUHIMATE (POPMUPOBa-
HUEe MH()OPMAIMOHHBIX CHCTEM NMaMATHUKOB, HHTETPAbHO OMHCBHIBAIOMINX OOBEKT — JIaH -
madTHOE OKpY)KEHHE, UTaHUTPa(UIO MaMSITHUKA, €r0 OTAENbHBIC SJIEMEHTHI U CTPYKTYPHI,
CTpaTurpaduio pacKoroB, MAaCCUB HaXOIOK Ha MaMsaTHUKE. Kakaplii N3 MaMSITHUKOB UMEET
CBOIO CIIEIM(UKY — CTPYKTypa, KOMIIOHEHTBI U CIOCO0 MOCTpOeHHsT HHYOPMALIMOHHON CH-
CTEMBI Pa3JIMYHBI Il IOCEJICHUH M MOTHIILHUKOB, CBOIO CIIEU(HUKY HUMEIOT CTOSHKH Ka-
MEHHOTO BEeKa U MECTOHAXOXICHHsI MeTPOrTuQoB. s KaKA0ro apXxeonornaeckoro oobeK-
Ta crenuduyeH U HabOp MPUMEHSIEMBIX METOAOB M TeXHONOrHH. OHAKO B JIIOOOM CiTydae
JaHHble 00 00BEKTe, cCOOpaHHBIE Pa3IMYHBIMU CIIOCOOAMHU MOTYT U JIOJKHBI COOMpPAThCs B
eNMHYI0 MH()OPMALIMOHHYIO CUCTEMY, BCECTOPOHHE OMUCHIBAIOILYIO TAMSITHHUK.

Hacrosimmii nokniaa npeacTaBisieT OMbIT pa3padOTKH AIEMEHTOB HHPOPMAIIMOHHON CH-
cTeMbl U (POPMHUPOBAHMS B3aMMOCBSI3CH MEXIY HUMH, MOTYYCHHBIH MPH COMPOBOKACHUH
apxeoJornyeckux packonok Komopckoit skcnenumn (Adxasus), MexayHapoaHOH apxeo-
JOTHYeCcKoi skcneauunu B Arpumkento (Cunumust), BysHTCKOH poccHiiCKO-MOHTOIBCKON
apxeosiorndyeckoi skcneaunmuu (Monromnus), Kucnosoackoit skenequunn MA PAH (Tlpen-
kaBkasbe), Jlecaunckoi sxcnieauimu MAD PAH, u coBMeCTHOMN apXeooru4ecKoi SIKCIe -
uuu MA PAH n HIY BIID B KapadaeBo-Uepkecuu, a Takxe B X0/1€ UCCIEI0BaHHUH, BBITON-
HsieMbIX coBMecTHO ¢ Llentpom naneonckyccrsa UA PAH (Ilpuamypre, Monronus).
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DIGITAL OBJECT IMAGE. INTEGRATED USE OF SPATIAL
DATA IN DOCUMENTING THE ARCHAEOLOGICAL SITE

By now, various digital methods of mapping and documenting archaeological sites and
finds have been widely introduced in the practice of archaeological research. However, as
of today, we cannot speak of fully and comprehensively documented archaeological sites.
Undoubtedly, one of the significant reasons for this situation is economic constraints, which
do not allow sufficient resources to be committed to the task of documentation. However, an
equally significant reason is the poor practice of combining heterogeneous methods in the
documentation of sites. With few exceptions, researchers limit themselves to applying one
or two methods and do not practice the formation of relationships between different kinds of
spatial data.

The modern level of technology allows to undertake the formation of information sys-
tems of sites, integrally describing the object — landscape environment, site planigraphy, its
individual elements and structures, stratigraphy of excavations, an bulk of finds at the site.
Each of the sites has its own specificity — the structure, components and method of informa-
tion system construction are different for settlements and burial grounds, stone age sites and
petroglyph sites etc. Each archaeological site has its own specific set of methods and tech-
nologies. However, in any case, the data on the site collected by different methods can and
should be gathered in a unified information system comprehensively describing the site.

The report presents the experience of developing the elements of the information system
and forming relationships between them, obtained while accompanying the archaeological
excavations of the Kodori Expedition (Abkhazia), the International Archaeological Expedi-
tion in Agrigento (Sicily), Buyant Russian-Mongolian archaeological expedition (Mongolia),
Kislovodsk expedition IA RAS (North Caucasus), Desna expedition of the MAE RAS, and
joint archaeological expedition of the IA RAS and the HSE University in Karachay-Cherkes-
sia, as well as during research carried out jointly with the Paleoart Centre of IA RAS (Lower
Amur, Mongolia).
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PEKOHCTPYKUUA ITAJTEOJTAHAIIADTA
METOIOM I'PYIIIIOBOI'O YUETA APT'YMEHTOB

MarepuanbHOI OCHOBOW NMPH PEKOHCTPYKIMU JIPEBHUX JAHIIIA(PTOB MOCEIEHUH U TO-
POZIOB SIBJISIETCS COXPAaHUBIIHICA pebed), HETPOHYThIE 0Ca0UYHBIE TTOPOBI M COAEpIKaIIIe-
Csl B HUX OPTaHWYECKHE OCTATKH, a TaKKe OOBEKTHI U CTPYKTYPHI, CO3/TaHHBIE aHTPOIOTEH-
HOM JeSTeNbHOCTHIO YEJIOBeKa. Y YUTHIBAsl, YTO TAKMX HETPOHYTHIX TEPPUTOPHI Ha 3emiie
MIPAKTHYECKN HE OCTANOCH, IPEBHUI JTaHIIA(T MOXKET OBITh PEKOHCTPYHPOBAH C YCIOBHOM
JIOCTOBEPHOCTHIO, B OTPAHWYEHHBIX TPAHUIIAX M B ONPEACIICHHBIX BPEMEHHBIX HHTEpPBaIax.

AHTpPONOreHHOE BO3ACUCTBUE KAKOM UCTOPUUECKOM IIOXU B Y3KMX UCTOPUUECKUX UH-
tepBasiax (30-60 neT) Ha opMHPOBaHKE TEOTOTHUECKOTO CII0S MPOSBIISIETCSI HEPAaBHOMEPHO.
OTO0 BO3EMCTBHE NMEET XapaKTep TOUEUHBIX TPEXMEPHBIX TpaHChopMarnii, HabIIOaeMbIX
B MECTax paHHUX MOCEJIEHUH U APYTUX aHTPOIIOICHHbIX TEppUTOpuil. TeM He MeHee, axe
Ha CHJIBHO ypOAHW3MPOBAHHON TEPPUTOPUH BCETIA MOKHO OOHAPYKUTh OTHOCHTEIHHO He-
OO0bIITNe YYACTKH C OTHOCUTEIBHO «YHCTOI» T€0JIOTHYECKON CTPYKTYPOH, KOTOpasi CBA3bI-
BAeTCS C MPAKTHUYECKH HEYHHYTOKAEMOCTHIO «OONBIINX OPraHW30BAaHHBIX CTPYKTYp» IO
TyOnHEe. DTHX CTPYKTYPHBIX MapKEPOB BIIOJHE JOCTATOYHO, YTOOBI TOIYYHTD IIPUEMIIEMbIE
JJAHHBIE 17151 JOCTOBEPHOM PEKOHCTPYKIIMU MajieosaHamagdra.

Mcnonp30BaHue MeToa IPpyNIOBOr0 ydeTra apryMEeHTOB, LU(POBOrO aJropuTMa pac-
MMO3HaBaHUA OOBEKTOB M CTPYKTYp Ha OCHOBE OOpaOOTKH NaHHBIX MYJBTHCIIEKTPAIbHOM
CHEMKH, OTCIIEKUBAHHIE CE30HHBIX KOJIEOaHNI XapaKTEPUCTUK pebeda, TOCTPOCHUE TeMIIe-
paTypHO KapThl HOBEPXHOCTH, HAOIIOACHNE TMHAMIKH TETUIOBBIX MTPOILIECCOB B OIPE/IEIICH-
HBIX BPEMEHHBIX WHTEpBajax MO3BOJSAET CPOPMHUPOBATEH JOBEPUTEIHHYIO TPYIITY MOJEIICH-
PEKOHCTPYKIUI 10 psAy (YHKIMOHATBHBIX KPUTEPUEB, W, NMPH JalbHEiIeld o0paboTke,
BBIIETIUTh MOJIENIb ONITUMANIBHOI CTPYKTYpHI B BUE CUCTEMBI ypaBHeHUH. CyIIecTBEeHHOM
OCOOEHHOCTBIO TEXHOJIOTHH TPYTIIOBOTO YUY€Ta apryMEHTOB SIBJISIETCS MCTIONBb30BaHUE BCEX
paHee YYTEHHBIX W OUM(POBAHHBIX JAHHBIX MCCIETOBAHUN NCKOMOM TEPPUTOPHH, a TAKKE
OCYILECTBJICHUE JTONOJHUTENBHBIX MYJIBTUCIIEKTPAIbHBIX UCCIIEOBAHUM C LEIBIO CO3AAHUS
BepU(UKALIMOHHON MOZIeIM NajleoIanaAmadra.
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PALEOLANDSCAPE RECONSTRUCTION BY THE METHOD
OF GROUP CONSIDERATION OF ARGUMENTS

The material basis for the reconstruction of ancient landscapes of settlements and towns
is the preserved relief, intact sedimentary rocks and their organic remains, as well as objects
and structures created by human activity. Considering that there are almost no such pristine
areas on Earth, the ancient landscape can be reconstructed with conditional certainty, within
limited boundaries and within certain time intervals.

The anthropogenic impact of each historical epoch in narrow historical intervals (30-60
years) on the formation of the geological layer is manifested unevenly. This impact has the
character of point three-dimensional transformations observed in the sites of early settle-
ments and other anthropogenic territories. Nevertheless, even in a heavily urbanized area, it
is always possible to find relatively small areas with relatively “clean” geological structure,
which is associated with the almost indestructibility of “large organized structures” in depth.
These structural markers are sufficient to provide acceptable data for a reliable reconstruction
of the paleolandscape.

The use of the method of argument grouping, a digital algorithm for recognizing objects
and structures based on multispectral survey data processing, tracking seasonal fluctuations
in relief characteristics, construction of a surface temperature map, observation of thermal
processes dynamics in certain time intervals allows to form a confidence group of models-
reconstructions according to a number of functional criteria, and, during further processing,
to select an optimal structure model in the form of a system of equations. An essential pecu-
liarity of the argument group technology is the use of all previously recorded and digitized
research data of the required area as well as the implementation of additional multispectral
studies to create a verification model of paleolandscape.
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GOOTOI'PAMMETPUYECKAS CBEMKA NAMATHUKOB APXEOJIOI'MU
TAMAHCKOI'O ITIOJIYOCTPOBA

[IpeacraBieHbl METOABI W TEXHOJOTMU BBINOIHEHHS a’pO(OTOCHEMKH M Ha3eMHOU
(oTorpaMMeTpUIECKOM ChEMKH U MX KOMOMHAIMH, JaHbl PEKOMEHIAIMU 110 ONTHMHU3AIUH
BBITTOJTHEHUSI (POTOCHEMKH C IENbI0 TONYyYeHHs JOCTOBEPHBIX M MH(OPMATHBHBIX JIOKY-
MEHTOB 00cienoBanus. OO0OIICH ONMBIT MPAKTUYECKUX paboT COTPYAHHKOB MOCKOBCKOTO
rOCYJapCTBEHHOI0 yHHUBepcuTeTa reofe3un u kaprorpapun (MUNTAuK), monmyyennsiii npu
ydacTuu B bocmopckoii apxeosnoruueckoi skcnenuun ['ocyjapcTBEHHOTO HCTOPUYECKOTO
my3sest (TMUM) na Tamanckom noyoctpoBe B 2018-2020 rr. 3a 3TOT mepHros MpOBEICHO Ye-
TBHIpE SKCIEIUINH, BHIIOIHEHO o0ciienoBanue 18 apxeonoruueckux oObEKTOB adpoMeTo/Ia-
MU ¢ ucnons3zoBanueM bBC camonernoro (I'eockan 101 I'eogesust) n kontepHoro tuna (DJI
Phantom 4 Pro). Mcnonb3oBanuch Kak MiIaHOBBIC, TAK M MEPCIIEKTHBHBIE CIIOCOOBI a3podo-
TockeMKH. Kpome aspodorochemMky, Ha MecTax JACHCTBYIOIINX apXEOIOTHIECKUX PACcKOIOB
BBITOJTHSIACH Ha3eMHasl poTorpaMMeTpudeKas cheMka nudposoit porokamepoit Canon 30D
CO CMEHHBIMU 00beKTUBaMU ¢ (POKYCHBIM paccTtossHueM 50 MM 1 14 Mmm. HekoTopbie 00beKThI
OBUTM OTCHSITHI MHOTOKPAaTHO B pa3jMYHbIC MEPHOIBI apxeonornueckux padot. Ha Bcex 00-
CIICIOBAHHBIX apXECOJIOTHUECKUX MaMITHUKaX MeTogaMu (oTorpaMMeTpHdecKoi o0padoT-
K1 B UQpoBoit pororpammerpuueckoii cucteme Agisoft Metashape momydeHsl JOKYMEHTBI
obcnenoBanus (opTooToIIaHbl, U(POBEIE MOJECTH MECTHOCTH H pelibeda, TPEeXMEPHbIC
peaTuCTUYHbIe MOJETM MECTHOCTH M 00beKTOB). B kadecTBe momonHUTENbHON MH(pOpMAa-
LMY UCTOJB30BAJINCh JTaHHBIE MarHUTOMETPUUYECKON CHEMKH, JIA3€PHOT0 CKaHUPOBAHUS U
apxuBHble KocMudeckue cHUMKH CORONA. Bce nanHble, TpUBEIEHHBIE K €IMHOM CUCTEME
KOOpAMHAT, COMOCTaBISLINCh U aHAJTU3UPOBaIKCh B reonHpopmannonnoi cucreme QGIS.
[omy4eHHble TOKYMEHTHI OOCIICIOBAHUSI 3HAUUTEIHHO JOMOJTHWIN YK€ HMEIOIIYIOCS HH-
(dopmanuio 00 apxeoIoTHUecKrX MaMsITHUKAX. B Toknane npencrasieHsl Hanboee sipKkue u
3HAUUMBIE pe3ynbTaThl Ha MaMsaTHHKax CemuOpaTtnee ropoauuie, Kpacueiii Oktsiops 1, Co-
nensiit 3 u CraporutapoBckas 14.
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PHOTOGRAMMETRIC SURVEY OF ARCHAEOLOGICAL SITES
ON THE TAMAN PENINSULA

Methods and technologies of aerial and ground-based photogrammetric survey and their
combinations are presented and recommendations are given for optimization of photogram-
metric survey in order to obtain reliable and informative records. The experience of practi-
cal work of the Moscow State University of Geodesy and Cartography (MIIGAIK) staff,
obtained by participation in the Bosporan archaeological expedition of the State Historical
Museum (SHM) on the Taman Peninsula in 2018-2020, is summarized. During this period,
four expeditions were conducted, 18 archaeological sites were surveyed by aecrometric meth-
ods, using airborne UAVs (Geoscan 101 Geodesy) and copter-type (DJI Phantom 4 Pro).
Both vertical and oblique aerial survey methods were used. In addition to the aerial survey,
ground-based photogrammetric photography was performed at the archaeological excava-
tion sites using a Canon 30D digital camera with interchangeable lenses with focal lengths of
50mm and 14mm. Some objects were photographed repeatedly in different periods of archae-
ological research. Survey documents (orthophotomaps, digital models of terrain and relief,
three-dimensional realistic models of landscapes and objects) were obtained at all archaeo-
logical sites surveyed by photogrammetric processing methods in Agisoft Metashape digital
photogrammetric system. Magnetometer survey data, laser scanning and archived CORONA
space images were used as additional information. All data reduced to a single coordinate
system were collated and analyzed in the QGIS geo-information system. The survey docu-
ments produced were significantly supplemented by the information already available on the
archaeological sites. The report presents the most striking and significant results on the sites
of Semibratnee Hillfort, Krasny Oktyabr 1, Soleny 3 and Starotitarovskaya 14.
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KYPTAHBI KPBIMA. CONOCTABJIEHME PE3YJIBTATOB UCCJIEJIOBAHUI
OT/IEJBHBIX PAHOHOB MO KAPTAM, ADPO®OTOCBEMKE,
CIYTHUKOBBIM CHUMKAM U HAZEMHBIM PA3BEJIKAM

Tema paboThI HE SBISICTCS HOBOHM, MOXOKUE COMOCTABICHUS TPOBOIWINCH OAHUM U3
COaBTOPOB, MpaBJa B ApyroMm Kosiektuse, emie B 2007 1. 3a npomeamue 14 et npoBeneHbl
HOBBIE HA3€MHbBIE Pa3BEIKH, KOCMHUUECKHE CHUMKH CTajJIH JPYTUMHU, U3MEHUWINCh KOMIIbIO-
TEpPbI U UCTIOJIb3yeMbIE IPOrpaMMbl. Tak 4TO BO3HHKAIOT BOIIPOCH O TOM, YTOOBI 3aTPOHYTh
Te ke MpOoOJIEeMBbl C Y4eTOM HOBBIX 3HAHWU M TEXHHUYECKHUX BO3MOKHOCTEH. Peub maer o0
uccnenoanusx B Boctounom KpeiMy, rie aBTopaMu ObIJI0 IPOBEACHO ACTANBHOE HA3EMHOE
o0cIieioBaHNE TEPPUTOPUH, TPUMBIKAIONICH K O0ajike AKUAIIb U ee pyKaBaM — IPUMEPHO B
30 kM 3anazHee I. Kepub, a Takyke HEKOTOPBIX APYTUX pailoHoB: B 3anagHoM KpbiMy B 3amaj-
HOM YacTu nmoiyocTpoBa TapXaHKyT M B OTHOM M3 pailoHOB IieHTpasibHOro Kpbima cesepo-
BocTO4HEe benoropcka.

Jnist conocTaBiieHHs UCTIONB30BAIIMCH POCCHICKUE BOSHHBIE TONOTpapUUECKUe KapThl
cepenunbl ¥ koHna XIX B. macmrados 1: 42 000 («BepctoBka») u 1: 126 000 («TpexBep-
CTOBKa»), COBETCKHE KapThl Macrados 1: 100 000, 1: 50 000, 1: 25 000 u 1: 10 000 BTOpOI
nojoBuHBI XX B. KocMHYecKast cheMKa reocepsepoB Google.Earth u Bing.Map, a takxke
aspoorocremka Kpbima BTopoii monoBuHbl XX B. B oTHOIIEHNN KapT Kakux-TuO0 n3Me-
HeHUi 3a npomenmue 14 jger He HACTYNUIO, KPOME TOTO, YTO aBTOPHI HAIIIN HEKOTOPHIE
JIOTIOJTHUTEIIbHBIE JINCTHI, KOTOPBIX paHblie He Ob10. KocMuyeckas cbeMka, KOHEYHO, CTaia
Oornee MOTHOHN 1 0o0JIee BHICOKOTO KauecTBa, HO HAMOONBLINK HHTEpEC, IO MHEHUIO aBTOPOB
MPOM30MIET B BO3MOKHOCTH HCIONB30BaHUs a3po(OTOCHEMKH. 14 JieT Hazaj MOATOTOBKA
0pTOdOTOIUIAHOB OblIa B 3HAYUTENBHON CTENEHN «pydHO». Mcronp30BaHme CyIIecTBOBAB-
IIMX Ha TOT MOMEHT Bepcuil nmporpamm («Tanka», «@oTomMo») HE TO3BOJISIIO MOTHOCTHIO
ABTOMAaTHU3UPOBATh «CIIMBKY» OTACIBHBIX CHUMKOB M Jefano paboTy ¢ OONbIIUM KOJIHYe-
ctBoM (pororpaduii 3arpyaHUTENbHON. DaKTHYECKH KXKIbIH CHUMOK HYKHO OBLIO T€OKO-
JTUpoBaTh oTAenbHO. [losBnenne nporpammbl Agisoft, 1 MHOTHX 3apyOesKHBIX aHAJIOTOB TIO-
3BOJISICT TOPa3zio B OoJiee MOTHOM Mepe UCTIONB30BaTh adPOPOTOCHUMKH AJISl 3HAYUTEIILHBIX
TEPPUTOPUIA.

B noknane npeacraBiaeHsl pe3yabTaThl CONOCTABICHMSI JAHHBIX 10 Ha3BaHHBIM HMCTOY-
HUKaM ]Il OTMEYCHHBIX PailOHOB, @ OCHOBHOM BBIBOJ| 3aKJIIOYAETCS] B HEOOXOIUMOCTH TPO-
BE/ICHUS TPAJAWIMOHHBIX IMEIINX Pa3BENOK JJIsl TPOBEPKH PE3yNbTaToB IeIIU(PPUPOBAHUSI.
Tax, Kypranel, OTMEUEHHBIE Ha CTApPBIX KapTaxX U COXPAHUBIIHECS /IO HACTOSILETO BPEMEHH,
MPAKTUYECKN BCETJIa MOXKHO HAWTH M HA TAHHBIX AMCTAHIIMOHHONW CheMKHU (KOorja y’ke ecTb
pe3yNbTaThl HA3eMHBIX Pa3BEelOK), HO NPU MEPBUYHOM aHAJIH3€ KOCMHUYECKUX U adpogoTo-
CHUMKOB yYBEPEHHO MOHO BBIJICIIUTH JIMIIb JOCTATOYHO KPYIHBIE KYypraHbl, & BBIABICHHE
BCEX HEMHOTO MOXOXHX Ha KypraHbl OOBEKTOB JIACT CIMIIKOM OOJBIIOE YHUCIIO JIOKHBIX TO-
Yek.

96



Smekalov S.L., Zubarev V.G., Yartsev S.V.
Tula State Pedagogical University

BURIAL MOUNDS OF THE CRIMEA. COMPARING THE RESULTS
OF INVESTIGATIONS OF SELECTED AREAS ON MAPS, AERIAL
PHOTOGRAPHS, SATELLITE IMAGES AND GROUND RECONNAISSANCE

The topic is not new, similar comparisons were made by one of the co-authors, in a
different team, in 2007. Over the past 14 years, new ground surveys were conducted, the
satellite imagery has changed, computers and programs used have developed. So there are
questions about how to address the same issues with the new knowledge and technical capa-
bilities. This is about the research in the Eastern Crimea, where the authors carried out a de-
tailed ground survey of the territory adjacent to the Adzhiel Ravine and its branches — about
30 km west of Kerch, as well as some other areas: in the Western Crimea in the western part
of the Tarkhankut peninsula and in one area of the central Crimea north-east of Belogorsk.

Russian military topographic maps of the mid- and late 19th century at a scale of 1: 42
000 (“one-verst”) and 1: 126 000 (“tree-versts”), Soviet maps at a scale of 1: 100 000, 1: 50
000, 1: 25 000 and 1: 10 000 of the second half of the 20th century, Google.Earth and Bing.
Map geoservers’ space imagery, and also aerial photographs of the Crimea of the second
half of the 20th century were used for comparisons. As far as the maps are concerned, there
have been no changes over the past 14 years, apart from the fact that the authors found some
additional map sheets which were not there before. Satellite photography, of course, has be-
come more complete and of higher quality, but the greatest interest, according to the authors,
has occurred in the possibility of using aerial photography. 14 years ago, the preparation of
orthophotos was largely “manual”. The use of then existing versions of software (“Talka”,
“Photomod”) did not allow fully automated “stitching” of individual images and made it dif-
ficult to work with a large number of photos. In fact, each shot had to be geocoded separately.
The appearance of Agisoft program, and many foreign analogues, allows much more com-
plete use of aerial photos for large territories.

The report presents the results of a comparison of data from the named sources for the
marked areas, and the main conclusion is that traditional pedestrian surveys must be carried
out to verify the results of the interpretation. Mounds marked on old maps and preserved
to this day can almost always be found on remote sensing data (when the results of ground
reconnaissance are already available), but the primary analysis of satellite and aerial photos
can confidently identify only fairly large barrows, and the identification of all objects slightly
similar to mounds gives too many false points.
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KAPTOI'PAOUPOBAHUE INETPOIVIN®OB TEIICES:
TPU YPOBHS JETAJIBHOCTH U B3BAUMOCBA3U
MEXIY PABHOPOAHBIMU IMTPOCTPAHCTBEHHBIMU JTAHHBIMUA

BennuectBeHHas aByriaBas ropa Terceil Bo3BbIaeTcs Ha mpaBoM Oepery Enuces y
MecTa BraaeHus B Hero p. TyOwl (KpacHoTypaHckuii paifon KpacHosipckoro kpasi), uMeeT
abcomroTHy0 BBICOTY 639 M. OHa MMeeT CIOXHYI0 (OpPMY C MHOTOUYMCICHHBIMH OTpOTa-
MU, 00pa3yoIMMH BHYTpeHHHE Jiora. CeBepo-BOCTOUHBIN CKIIOH TOPbI MOJIOTHH, 3araaHble,
I0KHBIE U IOTO-BOCTOUHBIE CKJIOHBI BRIXOIAT K TyOe n EHucero, pu 3TOM KpyThI€ 3araHbIH
W I0TO-3alaIHbIi CKIIOHBI, OOpalieHHble K EHucero, mpeacTaBisioT OO0 MOUTH OTBECHYIO
KaMEHHYIO CTEHY M C 3TOM CTOPOHBI MPAKTUYECKU HENPHUCTYIHBI. PUCYHKM BBISBIEHBI Kak
Ha CKaJIbHBIX IIOBEPXHOCTSIX, TAK M Ha KAMHSIX Tarapckoro MOTHIIbHHKA, HA OTACIBHBIX 00JIb-
IIMX ¥ MaJIbIX MJIMTaX, B HACTOSAIIEE BPEMs HaXOJIAIINXCS Ha TIOBEPXHOCTH 3EMJIH.

Cnoxnocts Tonorpaduu ropsl Terceit, pa30poCaHHOCTD OTACIBHBIX CKOTICHUH METPO-
(OB, pacToioKEeHUEe UX Ha TPYAHOJOCTYITHBIX CKJIOHAX MPENoNpeein 00beKTHBHEIC
TPYAHOCTH KapTorpadupoBaHHs MaMsATHUKA U JOKYMEHTUPOBAHUS METPOrTH(OB Tpaauiu-
OHHBIMHU CPEJCTBaMU. BClleICTBUE 3TOTO TOYHBIX U JETAIBHBIX IUIAHOB PACIIONIOKEHUS Ha-
CKaJIbHBIX PHCYHKOB J0 HACTOSILETO BPEMEHH BBIMOTHEHO HE OBIJIO, YTO 3aTPYAHSCT aHAIN3
B3aMMHOTO PACTIOJIOKCHUSI OTACIBHBIX M300paKEHUH M BBISIBICHHE B3aMMOCBSI3EH MEXKIY
numHa. [is pemenus stoii mpodaemsl B 2020 . Ha Tenicee Oblia BHeIpeHa TPEeXypOBHEBAs
cxema JOKyMEHTHPOBaHMs aMsTHUKa, npeanonaratomas: (1) Crutomnoe kaprorpaduposa-
HHUE TePPUTOPHUH MIaHOBOH poTocheMkoli ¢ BITJIA ¢ HM3KOM AeTanbHOCTBIO B (hopMupoBa-
HueM oprodororutana u uudposoit Moaenu nosepxuocty; (1) kaprorpaguposanue Mecto-
HaXOKJEHUH (CKOTIJICHUH ) TETPOrTU(OB Ha CKIOHAX epCIeKTUBHOHN poTochemkoii ¢ BITJIA
CO CcpelHel JeTaIbHOCThIO U POPMUPOBAHUEM TPEXMEPHBIX MOJIENICH MECTOHAXOXKICHHI B
BHJIE MOJIMTOHAIILHBIX MOjieNel u obnakoB Touek; (111) JlokymeHTHpOBaHME TOBEPXHOCTEH C
neTporudamMu ¢ BBICOKOH 1E€TaTbHOCTBIO U (POPMUPOBAHUEM TPEXMEPHBIX MOJUTOHAIBLHBIX
Mozeneil. B3anMHast yBsizka coOpaHHBIX JAaHHBIX JOCTHUranach MPUMEHEHUEM €IHHOW CH-
CTEMBI [TPOCTPAHCTBEHHBIX KoOpAMHAT. Pe3ynpratom padot crana reonHpopMaoHHAs CH-
cTeMa MaMsITHUKa, 00ecIIeunBaroas HAKOTUICHHE HAJAEKHBIX MPOCTPAHCTBEHHBIX JaHHBIX U
OBICTPBIH MOMCK CBEICHUN O JOKYMEHTUPOBAHHBIX HACKAJILHBIX PUCYHKAX.
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MAPPING THE TEPSEI PETROGLYPHS: THREE LEVELS OF DETAIL AND
THE RELATIONSHIP BETWEEN HETEROGENEOUS SPATIAL DATA

The majestic two-headed mountain Tepsei rises on the right bank of the Yenisei River
at the place where the River Tuba flows into it (Krasnoturansky District, Krasnoyarsk Terri-
tory), has an absolute height of 639 m. It has a complex shape with numerous spurs that form
inner ravines. The north-eastern slope of the mountain is gentle; the western, southern and
south-eastern slopes face the Tuba and the Yenisei, while the steep western and south-western
slopes, facing the Yenisei, are an almost steep stone wall and are almost inaccessible from
this side. The drawings are revealed both on rock surfaces and on the stones of the burial
ground of Tagar culture, on separate large and small slabs, which are now on the surface of
the ground.

The complexity of the topography of Mount Tepsei, the scattering of individual clusters
of petroglyphs, their location on slopes that are difficult to access have predetermined the
objective difficulties of mapping the site and documenting the petroglyphs using traditional
means. As a consequence, no precise and detailed plans of the rock art locations have been
made to date, which makes it difficult to analyze the relative positioning of individual im-
ages and to identify the relationships between them. To solve this problem, a three-level site
documentation scheme was introduced at Tepsei in 2020, involving: (I) Continuous mapping
of the area by vertical UAV photography with low detail and the formation of an orthophoto-
map and digital surface model; (II) mapping of locations (clusters) of petroglyphs on slopes
by medium-detail UAV mapping and generation of three-dimensional models of locations as
polygonal models and point clouds; (III) documentation of surfaces with petroglyphs with
high detail and generation of three-dimensional polygonal models. Mutual linking of the col-
lected data was achieved by applying a unified spatial coordinate system. The work resulted
in a geo-information system of the site, providing the accumulation of reliable spatial data
and quick search of information about the documented rock paintings.
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KAPTA APXEOQJIOTMYECKOI'O U3YUEHUS TABPUYECKOM I'YBEPHUU
KAK KOMIIOHEHT KOMIIVIEKCHOTI'O KAPTOI'PA®GNPOBAHUS PETMOHA

JloxJiaj TOCBSIIEH ONBITY TOCTPOEHUSI KapThl apXeOoJIOrMUeCKOd U3yuYeHHOCTH TeppH-
topuu TaBpuueckoit ryoepuuu (1802—1921) u ee comocraBieHHUs ¢ aBTOPCKUMH KapTaMu
TOTO K€ TepHoa IPyrux TeMaTudecKux Harpy3ok. Cpean mapaMeTpoB KapTorpadupyeMbix
00BEKTOB YUHUTBHIBAINCH JaHHBIC, JOCTYITHBIE U3 UCTOYHUKOB (OTKPBITHIX JIUCTOB M JAPYTUX
JOKYMEHTOB): HOMEp JOKyMEHTa, HCIIOJIHUTEINb, OPTaHU3alsl, 3aKa34HK, PETHOH M TOUHas
JIOKaIu3anus pador.

CBsI3b pEerHOHANIBHBIX J€(PUHUALUA OTKPBITHIX JIUCTOB C aAMUHUCTPATUBHBIM JICIICHHEM
MO3BOJISICT CBSI3aTh JaHHBIC 110 apXEOJOrMYECKOW M3yUYEeHHOCTH ¢ IU(POBOH KapTorpadu-
YecKoil 0cHOBOM 1o TaBprueckoil r'yOepHUU U COBMECTUTH UX ¢ HabopamMH MaTepHajoB IO
JpyTUM HarpaBieHusAM. Tak, mpociekeHa HepaBHOMEPHOCTh N3yUEHUs] MaTEpPUKOBOI YacTH
ryoepunu, KpeiMa 1 ero oTaenpHBIX y4acTKoB. B xome kaprorpadupoBaHusi yCTaHOBJICHA
B3aMMOCBA3b XO/la apXEOJIOTMYECKUX HCCIIEAOBAaHUI MOJIyOCTPOBA C €r0 XO35IHCTBEHHBIM
Pa3sBUTHEM W OCBOCHHEM TEPPHUTOPHH, a TAKKE aKTyaJbHOM KapTorpaguyeckoil n3y4eHHo-
CTBIO.

[TokazaHo BnusiHME BHEITHUX cOOBITHI — KppIMcKOIt BoiiHEIL, [lepBoii MupoBoii u [ paxk-
JTAaHCKOM BOIH — HA NHTEHCUBHOCTH U TIPOCTPAHCTBEHHOE paCpeeICHIE apXe0IOTHIECKUX
HCCIIEOBaHUN.
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A MAP OF ARCHEOLOGICAL RESEARCH OF TAVRICHESKAYA PROVINCE
AS A COMPONENT OF COMPLEX MAPPING OF THE REGION

The report is devoted to the experience of building of the map of archeological research
of Tavricheskaya Province territory (1802—1921) and its comparison with the author’s maps
of the same period of other thematic loadings. Among the parameters of mapped objects, the
data available from sources (archaeological excavation permits and other documents) were
taken into account: document number, executor, organization, customer, region and precise
localization of research.

The connection of regional definitions of archaeological excavation permits with the
administrative division allows to link the data on the archaeological study with digital map-
ping framework for the Tavricheskaya Province and combine them with the sets of materials
on other areas. Thus, the uneven study of the mainland part of the province, Crimea and its
individual areas is traced. The cartographic research of the peninsula is correlated with its
economic progress and development of the territory, as well as with the current cartographic
study.

The influence of external events — the Crimean War, the First World War and the Civil
War — on the intensity and spatial distribution of archaeological research is shown.
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KOJIMYECTBEHHBIE IMOJX0/Ibl K PUMCKOIN CUCTEME PACCEJIEHUS
U PACIIPEJIEJIEHU IO ITOKA3ATEJIEN POCKOILIN
B I0’)KHO#M NMPUBPEKHOM JIALIMU (MTAJIHSI)

B Hactosimem goknaze OCHOBHOE BHHMaHHE yaensieTcs ocHoBaHHBIM Ha I'MC komm-
YECTBEHHBIM MOJXO/aM K M3YYECHUIO OCOOCHHOCTEH PUMCKHX MOCEIICHHH B IOKHOW YacTH
Jlauus (uentpansHas Uranus). O61acTh ncclienoBaHuil MpocTUpaeTcs OT 1oauHbI Tubpa Ha
CeBep OT 3amagHbIX CKIOHOB AJILOAHCKHUX XOJIMOB, Jlenuan u AycoHCKuX rop u a0 Teppauu-
HBI Ha I0T0-BOCTOKE. DTOT palilOH UMEJ 0c000€ HCTOPHUYECKOE 3HAUCHHE, TaK KaKk ObLI TECHO
cBsi3aH ¢ Pumom. XpoHONIOrHYecKuid akIeHT C/IeiaH Ha BpeMEHHbIe paMKu oT KoHua [V B. 10
H.3. 10 Havyana [V B. H.O.

OnwucaTenbHbI aHAU3 PACTIONIOKECHUSI OOBEKTOB MPOBOJUTCS AJSl MAMSITHUKOB Pa3-
JUYHBIX THIIOB (3aropomHsie aoma (villae), cenbckue BB (villae rusticae) u nepeBHN) B
pa3NnMYHBIX JaHAmadTax (Takux Kak ajuTiOBHAlIbHAsl paBHUHA, OeperoBasi JIMHUS, BYJIKaHU-
YECKHIA XOJIM WJIM M3BECTHIKOBAsI TOPa) € LIENbI0 OLEHKH POJIH Pa3IMYHbBIX YKOJIOTHUECKUX
W KyJABTYPHBIX (pakTOpOB B BBIOOpE MecT [yt moceneHus. OHU BKITIOUAIOT BBICOTY, HAKJIOH
CKJIOHA, KPUBU3HY, SKCTIIO3UIIHIO, (JOHOBYIO TEOJOTHUIO, THIT TIOYBBI, CTOUMOCTh-PACCTOSTHUE
JI0 PECYpCOB, a TAKXKe CTOMMOCTb-PACCTOSIHUE JI0 AJIEMEHTOB KYJIBTYPHBIX JaHIIA(TOB, Ta-
KHX KaK JOPOTH, CBATHJIHILA U TOpoAa. SIIepHbId METON ONpeneeH sl INIOTHOCTH ObLT HC-
MOJIb30BaH JJIsl BBISIBICHUSI IIGHTPOB aKTHMBHOCTU B PECIyOIMKAHCKYIO U UMIIEPATOPCKYIO
9MOXHU. AHAJIOTHYHBII OAXO0/ OBLT BBIOpaH AJIsl KAPTUPOBAHUS PacIpeIeICHUS MTOKa3aTeNneH
pocKoLIH (TaKMX KaK KyCOYKH MO3auKH, (hparMeHTHl MpaMopa, (pparMeHTsl HACTEHHOU Po-
CIIHCH U T.JI.) C LIENbIO BBISBICHHUS 001acTell HAKOIUIEHHOTO OOrarcTBa B CENbCKOM MECTHO-
CTH.

AHaJM3 BUAUMOCTH MPOBOAMUTCS JUIS OLEHKH POJIM B3aMMOCBSI3EH MEKIY Ba)KHBIMH
3NIEMEHTaMH KYJIBTYPHOTO JaHmadTa, TaKUMH KaKk BHJUIbI, TOPOJA, JOPOTH U CBATHIIMINA,
MOCKOJIbKY BHIUMOCThH MOIJIa UIMETh 3HaU€HHE JJIsl aCTIEKTOB COLMAJIbHOM perpe3eHTaTuB-
HOCTH M BU3YaJbHOTO JOMUHUPOBAHUS JaHmagTa.
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QUANTITATIVE APPROACHES TO ROMAN SETTLEMENT
PATTERNS AND THE DISTRIBUTION OF LUXURY INDICATORS
IN SOUTHERN COASTAL LATIUM (ITALY)

The present paper focuses on GIS-based quantitative approaches to Roman settlement
patterns in southern Latium (central Italy). The research area reaches from the Tiber Valley in
the north to the westward-facing slopes of the Alban Hills, the Lepini and the Ausoni Moun-
tains and to Terracina in the southeast. The study area was of particular historical important
as it was closely connected to Rome. The chronological focus is on the time-frame of the late
4th century BC to the early 4th century AD.

Descriptive site location analysis is conducted for sites of various types (villas, villae
rusticae and hamlets) in different landscapes (such as alluvial plain, coastline, volcanic hill
or limestone mountain) to assess the role of various environmental and cultural variables for
the choice of settlement sites. These comprise altitude, slope inclination, curvature, exposi-
tion, background geology, soil type, cost-distance to resources as well as cost-distances to
elements of the cultural landscapes such as roads, sanctuaries and towns. The kernel-densi-
ty-estimation method was used to identify hotspots of activity in Republican and Imperial
Times. A similar approach was chosen to map the distribution of luxury indicators (such as
mosaic tesserae, marble pieces, wall painting fragments etc.) to identify areas of accumulated
wealth in the rural areas.

Viewshed analyses are conducted to assess the role of intervisibilty between important
elements of the cultural landscape such as villas, towns, roads and sanctuaries as visibility
may have been of relevance for aspects of social representation and a visual dominance of
the landscape.
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KAPTOI'PA®UPOBAHUE AJIOMAHCKOI'O 'OPOIUILIA (KPEITIOCTH)
B HEHTPAJIBHOM AJITAE

Slmomanckoe ropoauiie (KpernocTh) HAXOAUTCS HEITOCPEICTBEHHO Y MecTa CIHSHUS P.
Bonpmoii Slnoman c p. Karynsto B OnrynaiickoMm paiione Pecryonuku Anraii. Kak kommuiekce
¢ (opTH(UKAIMOHHBIMUA COOPYKEHHUSMH 3TOT apXEOJIOTHUECKUH MaMsSITHUK CTall paccMa-
TpuBathcs ¢ 1980-x rr. Dkcneaunueil AnTalicKoro TOCyIapCTBEHHOTO YHUBEPCHUTETA MO
pykoBoactBom C.B. HeBepora B 1986 1. ObLTH MPEANPUHSATHI PACKOIIKY Bajla M YaCTUYHO PBa,
a TaKKe HECKOJBKHX 0OBEKTOB, TIOXOKUX Ha KypraHbl. OJJHAKO 5TH pEe3yNIbTaThl A0 CHX TIOP
HE OMyOJIMKOBaHBI, a TIOJIeBas TIOKYMEHTAIMS HEIOCTYIHA.

C nagana 2000-x IT. o pykoBoACTBOM A.A. THIIIKHHA CTaIN OCYIIECTBISTHCS CUCTEM-
HBIE 00CIIeJOBAaHMS TEPPUTOPUN HIKHETO TeueHus p. bonbioit Slnoman. 3adukcupoBannoe
YHCIIO0 JIPEBHUX U CPEIHEBEKOBBIX OOBEKTOB MO3BOJIWIIO BBIICIUTH SIIOMAaHCKHN apXeoso-
ruueckuii Mukpopaiion. B 2001 r. ocymiecTBisiiach TaxeoMeTpUueckas CheMKa FopoanIa
(xpenoctH). bpun 3aMKCHPOBAHBI M ONMUCAHBI BHISIBICHHBIE OOBEKTHI (Baj, PBbI, OCTATKH
KpETOCTHOM CTEHBI, OCHOBAaHMUS OallleH, JBa BXOAa-BBIX0Ja, OCHOBAHMS JUISl KNI U JIP.).
[lonmy4eHHble cBeACHUS JHIIL KpaTko oTpaxeHbl B myOnukamusix (Twmxwun, 2002; 2018;
Tumxkun, lopOynos, Marpenuns, 2004). OCHOBBIBasICh Ha ITUX MaTepHaiax, a TaKke Ha J0-
MOJTHUTENBHBIX 00CIeAOBaHMUAX M (PUKCAIMAX, COCTOSIIACH MOATOTOBKA JOKYMEHTOB JUIS
BKITIOUCHHS YKa3aHHOTO MaMsTHUKa B EMWHBIA rocynapcTBEHHBIH peecTp OOBEKTOB KyIlb-
TypHOTo Hacinenus (IaMITHUKOB MCTOPHUU M KYJIBTYpbl) HapoaoB Poccuiickoit @eneparmn.
[IpeaBapurenbHO 0OBEKT JATUPOBAH AIIOX0H CPEIHEBEKOBBSI.

B untone 2020 r. ObII0 IpEANIPUHSATO HOBOE KapTorpadupoBanue SIIoMaHCKOTO TOpOIH-
ma (KpernocTy) ¢ UCIOIb30BaHUEM COBPEMEHHOTO 00OpYIOBaHUS M F€OMH()OPMALIMOHHBIX
TexHojoruid. Ha ropomuiie Obiia cozaana BpeMEHHas OIOpHas Teoe3udecKasi CeTh U BbI-
nojHeHa aspodorocheMka ¢ BITJIA. OOpaboTKOM STHX MaTepHasioB MOIYYEHBI HUPPOBas
Mozenb penbeda ¢ paspemenneM 10 cM U opTodoTomian ¢ pazpeuieHueM 5 cM. AHaIM3
BCEX JJAHHBIX, BBITIOJIHEHHBIM ¢ MPUMEHEHUEM allTOPUTMOB BU3YaJIM3allMH pelibeda, Mo3Bo-
JIWJT IETAJIbHO OTPA3UTh BECh MAMSITHHK, CYILIECTBEHHO YTOUHUThH KOHTYPBI U PAaCIOI0KEHUE
00BEKTOB, BBIITOJIHUTE MOPPOMETPHUECKYIO KIIACCH(DUKAIIMIO COOPYKEHHI, HAOII0IaeMbIX B
Mpejiesiax apXxeoJornueckoro KOMIUIeKca.
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MAPPING OF THE YALOMAN HILLFORT
(FORTRESS) IN THE CENTRAL ALTAI

The Yaloman Hillfort (fortress) is situated immediately at the confluence of the Bolshoi
Yaloman and the Katun Rivers in the Ongudai Region of the Altai Republic. This archeologi-
cal site has been considered as a complex with fortification structures since 1980s. In 1986,
an expedition of the Altai State University under the leadership of S.V. Neverov undertook
excavations of a rampart and partly a ditch as well as several structures resembling barrows.
However, these results have not yet been published and field documentation is not avail-
able.

Since the early 2000s, systematic surveys of the territory of the lower reaches of the
Bolshoi Yaloman River have been carried out under the leadership of A.A. Tishkin. The re-
corded number of ancient and medieval objects allowed to single out Yaloman archaeological
microdistrict. In 2001, a total station survey of the hillfort (fortress) was carried out. Identi-
fied objects (rampart, ditches, remains of fortress wall, tower bases, two entrances and exits,
bases for dwellings, etc.) were recorded and described. The obtained data is only briefly re-
flected in publications (Tishkin, 2002; 2018; Tishkin, Gorbunov, Matrenin, 2004). Based on
these materials, as well as on additional surveys and fixations, documents have been prepared
to include the mentioned site in the Unified State Register of Cultural Heritage Objects (sites
of history and culture) of the peoples of the Russian Federation. The site has been tentatively
dated to the Middle Ages.

In July 2020, a new mapping of the Yaloman Hillfort (fortress) was undertaken using
modern equipment and geoinformation technology. A temporary geodetic reference network
was created and UAV photography was carried out on the fortress. Digital elevation model
with 10 cm resolution and orthophotoplane with 5 cm resolution were processed. The analy-
sis of all data carried out with the use of terrain visualization algorithms made it possible to
reflect the whole site in detail, to clarify substantially the contours and location of objects,
to carry out morphometric classification of constructions observed within the archaeological
complex.
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NMPUMEHEHUE ®OTOTPAMMETPUU B PABOTAX COBMECTHOM
POCCUMUCKO-ABXA3CKOM MAPKYJILCKOMN
APXEOJIOTMYECKOM SKCIEJULIMA UA PAH U ABUT' AHA

CoBMmecTHasl poccuiicko-abxa3ckass MapKylbckasi apxXeoiorndyeckas sxcnenuius A
PAH u AGUT'M AHA Benet cBou paboThl B pernone 3anaanoii Konxuasl: Tepputopus Adxa-
3un u paiion bonbmioro Coun. PaboTel B 3KCTIEAUIIMU UIYT 10 psly HarpasieHui. [lepBoe
HaIpaBJICHUE — 3TO UCCIIEOBAHUE HEMOCPEACTBEHHO MapKynbckoro ropoauia. [TamMmarauk
pacnonoxeH B Ouamuupckom paiione PecriyOnuku AGxas3ust u narupyercs B 1esnom ¢ [V B.
1o H.3. o XV B. H.3. /s uccienoBanus nanHoro namstHuka B 2019 1. Obuta npuMeHeHa
cheMka ¢ BITJIA ¢ nenpro moigydeHusl ero MoJHOIEHHONH OpTo(OTOMOETN U Ka9eCTBCHHO-
o IJIaHa ropoAuia B 1eiaoM. CheMKa U MePBUYHOE OCTPOCHUE MOIETH MIPOBOIAMINUCH CO-
TPYIHUKAMU OT/ie]a pu3udeckoit reorpaduu u taboparopuu kaprorpaduu MHcTHTyTa reo-
rpadun PAH A.A. Mensenesbim u T.M. Kynepunoii. B nanpHeiimem, padbota ¢ moiy4eHHOM
MOJISJNIBIO, €€ aHalIu3 U 00padOTKa MPOBOWINCH CHIIAMHU COTPYIHHKOB dKCIISAUINU. Takxke,
(hoTorpamMMeTpus MPUMEHSIETCS HETIOCPECTBEHHO ISl (PUKCAIMH PACKOIIOB M JJIsl CO3IaHHS
3D-Mmonenu HaiiieHHBIX apTedakToB. B 3TOM citydae cheMKa MPOU3BOIUTCS C 3EMITH.

Bropoe HampapneHre paboT SKCIEIUITUH: HCCISIOBAHUE UCTOPUKO-KYJIBTYPHOTO JIaH]I-
madta. B pamkax paboT JaHHOTO HANPABICHUS TIPOBOISITCS PA0OTHI IO KAaTaJIOTH3AIUH Xpa-
MOB M KperocTeil. doTrorpaMMerprueckas CheMKa XpaMoB, O0JIAJArOIINX XOPOIIeH apXu-
TEKTYPHOU COXPAHHOCTHIO U MHOYKECTBOM CIIOXKHBIX JIeTajcii, mpoBoauTCs ¢ 3emiu. Llenbio
ATON CHEMKH SIBJIICTCS MOJyYSHUE KAYeCTBCHHBIX MOJICJICH U TUTAHOB NaMSITHHKA, ¢ (PUKCa-
IUel BCeX apXUTEKTYPHBIX JeTaliell 1 0coOeHHOCTEeH. CheMKa MaMATHUKOB, 00JIadaroIIuX
3HAYUTEIBHON TUIONIA/BI0 U/WJIH CYIIECTBEHHOM MPOTSKEHHOCTBIO CTEH, K MIPUMEPY TaKHE
Kak Kpenocts Mamaiika uiau KpenocTs [ onuk, NpoBOAMIACE COTPYIHUKAMU SKCIICTUIIUHU C
BIUTA. Llenbro 3TO# CheMKH SIBISIETCS HE OTPAKEHHUE BCEX apXUTEKTYPHBIX OCOOCHHOCTEH
MaMsTHUKA, a TIOTY4YCHUE KaueCTBEHHOIO TIaHa O0BEKTa B JIAHAMAPTE MECTHOCTH.
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THE USE OF PHOTOGRAMMETRY IN THE WORK OF THE
JOINT RUSSIAN-ABKHAZIAN MARKUL ARCHAEOLOGICAL
EXPEDITION OF IA RAS AND ABIHR ASA

The joint Russian-Abkhazian Markul Archaeological Expedition of IA RAS and AbIHR
ASA (Abkhaz Institute for Humanitarian Research of the Academy of Sciences of Abkhazia)
is working in the region of Western Colchis: the territory of Abkhazia and the Greater Sochi
area. The expedition works in several directions. The first direction is a study of the Markul
Hillfort itself. The site is located in the Ochamchira District of the Republic of Abkhazia and
is generally dated from the 4th century BC to the 15th century AD. A UAV survey was ap-
plied to study the site in 2019 in order to obtain its full orthophotomodel and a high-quality
plan of the site as a whole. The survey and initial model were carried out by A.A. Medvedev
and T.M. Kuderina of the Physical Geography Department and the Cartography Laboratory
of the Institute of Geography RAS. Subsequently, the work with the resulting model, its anal-
ysis and processing were carried out by the expedition staff. Also, photogrammetry is used
directly to fix the excavations and to create a 3D model of the artefacts found. In this case the
survey is made from the ground.

The second direction of the expedition’s work is historical and cultural landscape re-
search. Within the framework of this direction there are carried out the works on cataloguing
of temples and fortresses. Photogrammetric survey of the temples, having a good architec-
tural preservation and a lot of complex details, is made from the ground. The purpose of this
survey is to obtain high quality models and plans of the monument, with fixation of all ar-
chitectural details and features. Imaging of sites with a significant area and/or a considerable
length of walls, such as Mamayka Fortress or Godlik Fortress, was performed by the expedi-
tion members using UAV. The purpose of this survey is not to reflect all architectural features
of the site, but to obtain a qualitative plan of the object in the landscape of the area.
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T'EOIIOPTAJI « CTPAHA TOPOJIOB. TOPOJIMIIA BOJI)KCKOM BYJITAPAW»

B pamkax peannzannu npoekra POOU 18-09-40114 «Crpana ropoioB» - KOMIUIEKCHOE
n3ydyeHue roponuin Bomkckoit Bynrapun coBpeMeHHBIMH METOJIaMH» BEACTCSl pa3padoTKa
apXeoJIOrMYECKOr0 BeO-1opTaa, 00ecleunBaroIIeTro Kak HaydyHble U 00pa3oBaTesibHbIe WH-
TEPECHI, TaK M LM COXPaHEHUs KYAbTYpHOTO Hacieaus. OmHOM U3 1eNiei MPOeKTa SBISeTCS
cozJlaHue yaIoOHOH cpeibl Al MPOCMOTPA U MCIIONIB30BaHMSI BCEX MOTYYESHHBIX JaHHBIX ye-
pe3 ceTh MIHTEpHET KaK y4acTHUKaMH MPOEKTA, TaK M MIMPOKUM KPYTOM 3aWHTEPECOBAHHBIX
JIHIL.

Ha manHBIl MOMEHT Ha reonopTalie peajrn30BaHa BOZMOKHOCTb OTOOPayKEHHUST BEKTOP-
HBIX U PACTPOBBIX CJIOEB B 3aBHCUMOCTH OT BbIOOpa MOJB30BaTENsl, BEIBOJ aTpHOyTHBHOM
WHOPMAIMK AJIST BEKTOPHBIX CIIOEB 10 HAXXaTHIO Ha 00beKT. Ha reomoprane pazmenicHbl
CIIOH, COJepKalllie KaK Pe3ylbTaThl MPOBEACHHBIX HCCICAOBAaHUN B BEKTOPHBIX (opMarax,
Tak U ciou B popmarax GeoTIFF (opTodoTornnans):

1) rpanuts Bomxckoit bonrapun;

2) ropoauiia Bomxkckoit Byiarapuu, Bkitouast aTpuOyTUBHBIE CBEACHUS;

3) rutansl reHepanbHoro mexxeBanust X VIII B.;

4) ncropuueckue kaptel XVIII B.;

5) aspodorocuumku 1958—-1969 rr.;

6) oprohorocanmku 2019-2020 rr;

7) ungpossie mozenu penbeda 2019-2020 rr;

8) 3emnenonb3oBanue o miaanam X VIII B.;

9) cnytHukoBble cHUMKH CORONA;

10) rpanumpl cyObekTa (enepanuy, MyHHLIUIATbHBIX pailoHOB U 00pa30BaHUM, aaMu-
HUCTpaTUBHBIE TPAHUIIBL. B HaCTOAIINI MOMEHT BeieTcs paboTa HaJl peanu3anneii QyHKIuI
MOWCKA U Mepexofa K OTACIbHBIM 00bEeKTaM BHYTPH CII0s1, 100aBICHNE HHCTPYMEHTOB H3Me-
pEeHHUS JUITMH M TUIOUIaeH, MPUCOSTUHEHNE MHO)KECTBEHHBIX COMYTCTBYIOMIMX MaTepUalIOB
(jpg, pdf u T.1.), peanuzanuii 0TOOpaKEHHUsI TEMATHYECKUX KapT, OLIEHKH COCTOSHUS TOPO-
T U PUCKOB MX pa3pylICHHS.

Jnist mpencTaBieHusl NTOTOBBIX MAaTePHAJIOB, MOTYYEHHBIX 10 Pe3yJIbTaTaM BBIIIOTHEHHS
MPOEKTa, OBIJIO MPUHATO pEIICHHE Pa3AeiIuTh ONMHUCATEIbHYIO U KapTOrpaduiecKyro 4acTh.
Juis aToro Ob11 co3nan BeO-noptan «Crpana ['oponosy (https://drevnosti.archeogeo.ru/), rae
Ha Kbl 00CleIoBaHHBIH 00BEKT-TOPOIUILE OblIa CO3aHa OTAebHAs CTPaHUIa, Ha KO-
TOPOH MpeNCTaBICHbI CICAYIOMNE HHPOPMALUOHHBIE OJIOKH:

1) ¢pororpaduu ropoau (¢ BIIJIA, HazeMHast cheMKa);

2) 6a3oBast HHGOPMAIIHS O TOPOIUIIAX;

3) 0030pHBIC U TEMAaTUYECKHUE KaPThI;

4) ucropnueckue kaptel ¥ [1J13, BKiIroyarone n300paxeHus yKperuIeHHBIX TT0CeIeHUH
Ha UCTOPHYECKHUX KapTax M IUIaHaX, pa3HOBPEMEHHBIE adpo- U KOCMOCHUMKH. JlaHHBIH pa3-
Jien yaoOeH JUIsl BU3yaJIbHOTO AeIIH(pPUPOBaHUS N3MEHEHUH Ha TEPPUTOPHUU TOPOIUIL U BbI-
SIBJICHUS] IMHAMUKH PO3HOHHBIX ()OPM M aHTPOIIOTEHHOTO BO3JCHCTBUS;

5) UHTEpaKTUBHAsI TEKCTYPHUPOBAaHHASI MOJIEIb, OTY4YECHHAS 110 PE3yJbTaTaM ChEMKH C
BIUTA. ITono6Has xommiekcHas nHPOPMAMOHHAs CHCTEMa, PEACTABISIIONIAsl COCTOSTHUE
apXeoJIOTMYECKUX MaMsATHUKOB Ha MpoTshkeHnH Oonee 200 net, peanusyeTcst Ha OOIIUPHYIO
TEPPUTOPHIO U C TAKUM YPOBHEM JICTAIILHOCTH BIICPBEIE.
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GEOPORTAL “COUNTRY OF CITIES. SETTLEMENTS
OF THE VOLGA BULGARIA”

Within the framework of RFBR project 18-09-40114 “Country of cities” — complex re-
search of Volga Bulgaria settlements by modern methods” the development of the archaeo-
logical web-portal is conducted. It provides both scientific and educational interests and aims
to keep cultural heritage. One of the project’s goals is to create a convenient environment
for viewing and using all the data obtained via the Internet both by project participants and a
wide range of interested parties.

At present, the possibility of displaying vector and raster layers depending on the user’s
choice is implemented on the geoportal, attributive information for vector layers can be dis-
played by clicking on the object. Layers containing both vector data and GeoTIFF-formats
(orthophotomaps) containing the results of performed researches are located on the geopor-
tal:

1) borders of Volga Bulgaria;

2) ancient settlement sites of Volga Bulgaria including attributive data;

3) general survey plans of 18th century;

4) historical maps of 18th century;

5) aerial photographs of 1958—1969;

6) orthophotos of 2019-2020;

7) digital elevation models of 2019—2020;

8) land use according to plans of 18th century;

9) CORONA satellite images;

10) borders of subject of Federation, municipal areas and formations, administrative
boundaries. At the moment the search function and switching to particular objects within the
layer, addition of tools for measurement of lengths and areas, the accession of many related
materials (jpg, pdf, etc.), the implementation of thematic maps display, assessment of the
condition of the sites and the risk of their destruction are being worked on.

In order to present the results of the project, it was decided to separate the descriptive and
cartographic parts. For this purpose, a web portal “Country of Cities” was created (https://
drevnosti.archeogeo.ru/), where we constructed a separate page for each of the surveyed sites
and towns with the following information blocks:

1) photographs of fortified settlements (UAV, ground survey);

2) basic information about the settlements;

3) survey and thematic maps;

4) historical maps and RS data including images of fortified settlements on the historical
maps and plans, various aerial and satellite imagery. This section is useful for visual interpre-
tation of changes in the territory of ancient settlements and revealing the dynamics of erosion
forms and anthropogenic impact;

5) interactive textured model based on the UAV imagery. Such an integrated information
system representing the state of archacological sites for more than 200 years is implemented
on a vast territory and with this level of detail for the first time.
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B MOMCKAX AXEMEHH/IOB HA KABKA3E:
BHE/IPEHUE BCIOMOTATEJIbHBIX TEO®U3UYECKUX
METO/IOB B AJIABAHCKOI JOJIMHE B KAXETUM (TPY3HUSI)

Axemenubl (VI-IV BB. 10 H.3.) OCHOBaJIM KPYITHEHUIITYIO U TICPBYIO B MUPE HaJIPETHO-
HaJbHYIO UMNeputo. B cBoem camom mmmpokom oxsate oT Erunta no pexu Mupa, oHa mpo-
cTHpajiach Takke o BepmrH bombmoro KaBkasckoro xpedta — AzepOaiimkana u ['py3umn.
Apxeonoruueckue ciebl AXeMEHU0B, OHAKO, TPYIHO HAMTH U3-3a UX 0COOCHHOCTEH ap-
XHUTEKTYPbI U CIIOCOO0B pacceNeHHs Ha NIMPOKUX MPOCTPAHCTBAX.

Hameit nenpro 66110 coOpaTh HOBBIE JaHHBIE O IPOCTPAHCTBEHHOM OpraHU3alliy psiaa
aXeMEHHMJICKHX LIEHTPOB BJIACTH, pacHojoKeHHBIX Ha KaBkaze. DTu MecTa HaXoAWJIUCH B
npeaenax npeodpa3zoBaHHBIX JTaHAMA(TOB, 3aHUMAsl ACCATKA T€KTapOB M OXBATHIBas MPO-
CTOpPHBIE CaJIbl, )KUJIbIE IOMA U aIMUHUCTPATUBHBIE 3[aHNA. YIIydllleHHe TOHUMaHMs UX pac-
MOJIOKEHHS 3aBUCHT HE TOJBKO OT MaclITa0HBIX, HO M OT BCIIOMOTATEIbHBIX HCCIICAOBAHNH.
B cBs31 ¢ 3THM MBI TOCTapaNCh pa3padoTaTh MOAXOIINE re0(hU3NIECKIE TOAXOIbI K STHM
o0bekTaM. [ToCKobKy OHU UMEIOT CIOKHBIA apXeoNOTHUECKUI XapaKTep, coyeTasi ChIpIo-
BbIE apXUTEKTYPHBIE OCTaTKU U 0oJiee JIETKYI0 MOJIMBHYIO HHPPaCTPYyKTypy, TaKyl0 KaKk BO-
JTHBIC U HPPUTALIOHHBIC KaHAJbI, MBI COCPEOTOUYMINCH HA KOMOMHUPOBAHHBIX MATHUTHBIX,
EKTPUUECKUX M MOYBEHHO-MATrHUTHBIX MeTofax. Ilockonbky Bce MaMATHUKH HaXOASTCA
B pEruoHax ¢ MHTEHCHBHBIM 3€MJICJCIHEM, Mbl CTPEMHUMCSI OLIEHUTh, TIO3BOJIUT JIK OoJee
1yOOKOe U3y4eHHEe MarHUTHBIX CBOMCTB MIOYBBI COCTABHUTH KapTy Pa3IMYHbBIX Y4aCTKOB 00b-
€KTa, HallpuMep, CaJoBO-MAPKOBBIX M JKUJIBIX pallOHOB, HECMOTPSI Ha ChEMKY B Ipejenax
pa3pyLIEHHBIX JaHadTOB.

ApXeonoruuecKre NCCIIE0BaHus U Cly4yaiiHble HaX0/IKH, TaKue KaK OCHOBAHHE KOJIOH-
HBI ¥ (hparMeHTHI U3BeCTHsIKA B TTosie 0kosio 900 M K ceBepo-BOCTOKY OT ['ymMaOTH (pacKomKH
1994 r.) mocmy>Kuau OCHOBOM JIJIsl HAIIEH EpPBOM MarHUTOMETPUUECKONM ChEMKH U U3Mepe-
HUS JIEKTPUYECKOTO CONMPOTUBIICHUSI HA HOBOM 00bekTe Ton Ha3Banuem Caakiemo. [Tpu-
MEHEHHUE Pa3IMYHbIX TeOPHU3MIECKIX METOJOB MPUBEIIO HAC K OTKPBITHIO IIMPOKOTO, HOBO-
r0 JI0 CHX MOp HEM3BECTHOTO aXeMEHHUACKOTo KomIuiekca. Ero pazMepsl cOCTaBsAIOT MOYTH
160 x 160 meTpoB. MBI OOHapYKWIIM B TIOCTPOIKe 0a3bl KAMEHHBIX KOJIOHH, XapaKTepPHbIC
JUTS. @XEMEHHU/ICKOTO IIapCKOTO CTHJIS M XOPOIIO U3BECTHBIE elle B ApeBHel Ilepcuu, u 3a-
TEM MOATBEPIMIN CACTAHHYIO MHTEPIIPETAMIO Y)KE HEOONbIIMMHU MPOOHBIMU PACKOTIKAMHU
2020 r. M3-3a cBOMX apXUTEKTYPHBIX 0COOCHHOCTEH MBI HHTEPIPETHPOBAIN 3TOT MAMSTHHK
KaK OCTaTKH OJJHOTO M3 a]IMUHHMCTPATUBHBIX KOMIUIEKCOB, KOHTPOJIHUPYIOUINX 3aKaBKa3be, —
CaMyI0 CEBEpPHYIO TPOBUHINIO AXEMEHHICKON UMIIEPUH.
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IN SEARCH FOR ACHAEMENIDS IN THE CAUCASUS:
IMPLEMENTATION OF COMPLEMENTARY GEOPHYSICAL METHODS
IN THE ALAZANI VALLEY, KAKHETI REGION, GEORGIA

The Achaemenids (6—4th century BC), established the largest and the first supra-region-
al Empire of the world. In his widest extend, stretching from Egypt to the Indus River, it
reached also to the foreland of the Greater Caucasus, Azerbaijan and Georgia. Archaeological
traces of the Achaemenid however are hard to find because of its architectural characteristics
and their habitude to cover a wide spaces and areas for their residences.

Our aim was to collect new data regarding the spatial organization of several Achae-
menid centres of power located in the Caucasus. These sites situated within planned land-
scapes, covering dozens of hectares and encompassing spacious gardens, residences and ad-
ministrative buildings. An improved understanding of their layout depends on large scale
but also complementary surveys. Consequently, we tried to develop suitable geophysical
approaches for these sites. Since they are of a complex archaeological nature, combining
mudbrick architectural remains and lighter garden infrastructures such as water and irrigation
channels, we focus on combined magnetic, electric and soil magnetic methods. Since all sites
are located in intensively farmed regions, we aim to evaluate whether a deeper study of the
soil magnetic properties would enable us to map the different sectors of the site, e.g. gardened
and inhabited areas, despite surveying within landscapes of destruction.

Archaeological survey and findings of a farmer such as column base and pieces of lime-
stone in a field ca. 900 m northeast of Gumabti (excavated 1994) guided our first magnetom-
eter survey and ERT-measurement on the new site named Saaklemo. Implementing different
geophysical methods lead us to the discovery of a wide, new so far unknown Achaemenid
Complex. Its extension is almost 160 x 160 m in length. Stone column bases, typical of an
Achaemenid royal style and well known from ancient Persia, we found in a building and con-
firmed the interpretation already by a small test excavation 2020. Because of its architectural
characteristics, we interpreted the site as the remains of one of the administrative complexes
controlling the Transcaucasia, the northernmost province of the Achaemenid Empire.
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INPUMEHEHHUE TPEXMEPHOI'O MOAEJINPOBAHUSA
NP UCCJIEJOBAHUU MMAJIEOJIMTUYECKUX ITPEIMETOB
C I'PABUPOBKAMMU

OfHUM U3 CHOXKETOB 3HAKOBOTO HMCKYCCTBa Majibix (opMm Boctounoii EBporibr siBisi-
I0TCsl a0CTPaKTHBIE, TCOMETPUICCKUE, 3HAKOBBIC N300paKeHUS, HE TIOJJIAIONIUECS TPSIMOM
pacimppoBke. BONBITMHCTBO N3BECTHBIX B HACTOSIICE BPEMS TAKHX F€OMETPUUICCKUX H30-
OpaXeHUH C apXeOJIOTUYCCKUX MaMSTHHUKOB BEPXHETO IMaJeoInTa U Me30iuTa BocTouHoi
EBporibl HAHOCWITUCH HAa KOCTSIHBIC H3/ICIHsI 3aKOHYCHHOUW (POPMBI — OpY/IUs TPy/a, OpYyKHE,
MPEIMEThI OBITOBOTO M HEYTHIIMTAPHOTO HA3HAUYCHUS, & TAK)KE KOCTH Pa3HBIX )KUBOTHBIX 0€3
ciies1oB 00pabOTKH ¢ MMOMOIIIBIO Pa3IMYHBIX TEXHUK pe3anus. KocTh XOpoIlo coxpaHsercs B
KYJIBTYPHBIX CIIOSIX CTOSIHOK TIO3IHETO TUICHCTOIIeHa — pAaHHETo rojolieHa Pycckolt paBHUHBL,
YTO JIeJaeT IPEeaIMEThI U3 STOTO MaTepuaia BaKHEHIIUM UCTOUHUKOM JJIs U3YUCHUSI TeoMe-
TpUYecKux n3oopaxxeHuit. OHAKO, HECMOTPS Ha OOTaTCTBO HCTOYHHKOBOMW 0a3bl, MpodiieMa
KJIACCU(DUKAIIMH M CHCTEMATU3aIU1 U300paKECHNH FeOMETPUIESCKOTO XapaKTepa B HCKYCCTBE
MaJbIX ()OpM OCTaeTCs pa3padOTaHHOMW B ciiaboii Mepe. OAHON U3 MPUYHH ITOTO SBISICTCS
OTPAaHUYECHHOCTh TPAAUIIMOHHOTO MHCTPYMEHTapus uccienoBatens. Vcmonb3oBaHue Tpa-
JTUIIMOHHOTO OWMHOKYJISIPHOTO MHKPOCKOIIA JUIsl ATUX IeJIed BO3MOXKHO, KOTJla IPpaBHPOBKA
HaHECEeHa Ha MPEIMET C OTHOCUTEIHHO IJIOCKOM M POBHOM MOBEPXHOCTHIO. OHAKO, KOTJa
MIPUXOUTCS U3y4aTh TEOMETPUUECKOE H300paKeHNE, HAHECEHHOE Ha MPEIMET CO CIIOKHBIM
00beMOM (CTHJIM30BaHHASI JKCHCKasi CTaTy3TKa, TOHKUW WIVIOBUJIHBIA HAKOHEUHUK, TIPE-
MET KOHYCOBUIHON (DOPMBI U JIp.) U 3aHUMAIOIIEE 3HAYUTEIbHYIO, a UHOTJAa BCIO €ro I0-
BEPXHOCTh, BO3MOXKHOCTH UCIOJIB30BaHNE OOBIYHOTO MUKPOCKOIIA CTAHOBSITCS JOCTATOYHO
OrpaHWYeHHBIMU. J[J1s1 pereHus 3Toi mpoOIeMbl IEPCIICKTUBHO BHEIPEHUE TPEXMEPHOTO
MOJISJIUPOBAHUS, TTO3BOJISIOIIETO CO3/aTh MHU(PPOBON 00pa3 MpeaMeTa 1 UCCIIEI0BATh €ro C
MTOMOIIIBI0 AJITOPUTMOB BU3YaJIM3allUU T€OMETPUU MTOBEPXHOCTH. Pa3paboTaHHas METOAMKA
ObuTa MpuMeHeHa Ha 121 mpeaMeTe UCKyCcCTBa MallbiX (POpPM ¢ apXeOoJOTHYECKHIX MaMsTHH-
koB BepxHero naneonuta (Kocrenku 15; Koctenku 1, cnoit I; Kocrenku 13; JlopormuBiie 3,
cioit 6; XoteuieBo 2; TumonoBka 1; FOaunoso; KOposuun; bopieso 2; EnuceeBuun 1) u
Mmezonuta (Bepetsé [; OneHeocTpoBCcKHid MOTHIBHUK; 3aMocThe 2; MBanoBckoe 7).
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APPLICATION OF THREE-DIMENSIONAL MODELLING
IN THE STUDY OF PALAEOLITHIC ENGRAVED OBJECTS

One of the subjects of the sign art of small forms in Eastern Europe are abstract, geo-
metrical, iconic images that cannot be directly deciphered. The majority of the currently
known geometric representations from Upper Palaeolithic and Mesolithic archeological sites
in Eastern Europe were engraved on finished bone objects — tools, weapons, household and
non-utilitarian items, as well as animal bones without traces of machining using different en-
graving techniques. The bone is well-preserved in the cultural layers of the late Pleistocene
and early Holocene of the Russian Plain, which makes objects made of this material the most
important source for the study of geometric images. However, in spite of the richness of the
source material, the problem of classifying and systematizing images of geometric shapes
in art remains poorly elaborated. One of the reasons for this is the limitations of traditional
investigator’s tools. Using a traditional binocular microscope for these purposes is possible
when the engraving is on an object with a relatively flat and level surface. However, when a
geometric image, applied to an object with a complex volume (a stylized female figurine, a
thin needle-like tip, a cone-shaped object, etc.) and covering a considerable and sometimes
whole surface, has to be studied, the possibilities of using a conventional microscope become
rather limited. To solve this problem, 3D modelling is promising, allowing to create a digi-
tal image of the object and examine it with surface geometry visualization algorithms. The
developed methodology was applied on 121 small-form artifacts from archaeological sites
of the Upper Paleolithic (Kostenki 15; Kostenki 1, layer I; Kostenki 13; Doroshivtsi 3, layer
6; Khotylevo 2; Timonovka 1; Yudinovo; Yurovichi; Borschevo 2; Eliseevichi 1) and Meso-
lithic (Veritye I; Oleneostrovsky burial ground; Zamostye 2; Ivanovskoe 7).
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BEPUOUKAIIUA I'EOMAT'HUTHBIX TAHHBIX KAK
CIHOCOBb KAPTUPOBAHMUSA APXEOJIOI'MYECKHUX
OBBEKTOB B AKBATOPUU ®PAHAT'OPUUN

®anaropusi, OCHOBaHHasA rpekaMu B VI B. 10 H.3. Ha 10)KHOM Oepery TamaHCKOTO 3a/MBa,
Ha MPOTSHKEHUU MHOTHX BEKOB SIBIISITIACH KPYITHBIM TPAH3UTHBIM LIEHTPOM Ha TOPTOBOM ITyTH
n3 CpennzemMHoro MOps B A30B. B pesynsrare Tpancrpeccun UepHoro mopsi mpuOpexHas
4acTh TOpPOJa M €0 TOPT OKA3aJIUCh 3aTOIUICHBI M IEPEKPHITHI JOHHBIMU OTIOKEHUSIMH, Ha
MTOBEPXHOCTH JIHA HBIHE HE 3aMETHBI KaKHe-IN00 CTPOUTENbHBIE 00BEKTHI. Tak Kak mpezro-
JaraeMasi TUIOIIa b 3aTOIIEHHOM YacTu coctasiseT He MeHee 0,15 KB. KM, 1715 KapTHPOBa-
HUSl HaXOMSIIMXCS 37I6Ch apXEOJOTHIECKIX OOBEKTOB IIeIeCO00pa3HO MPUMEHSTH Pa3HOO-
OpaszHble TUCTAHIIMOHHBIC METO/bI 00CIIEIOBAHUSI.

Haubonee pe3ynbTaTuBHBIM METOZIOM 0OCIeoBaHus akBaTopun PaHaropun okazaaach
THAPOMATrHUTHAS ChEMKa, BBITTONTHEeHHAs Ha rutomanu 0,744 kB. kM. Ee apdextuBHOCTE 00Y-
CJIOBJIEHA TeM, YTO TaMaHCKHUIl MOIyOCTPOB MPEUMYIIECTBEHHO CIOKEH TIIMHAMHU U OTIIH-
YaeTcs clladbIM €CTeCTBEHHBIM MarHUTHBIM (DOHOM, HAa KOTOPOM OOBEKTHI C OTHOCHUTEIHHO
CHJIbHBIMHM MarHUTHBIMHU CBOMCTBaMH (BYJIKaHWYECKHE, IITyTOHUYECKUE, METaMOp(pUIECKIe
TOPHBIE TIOPOIBI), @ TAK)KE CKOIIICHHUS KEPAMUKH, CO3AI0T 3aMETHBIE aHOMAaJIH. AJIeKBar-
Has METOJIMKA BBIITOJHEHHS THIPOMArHUTHBIX CHEMOK ITO3BOJIMIIA TIOTYYHTh JOCTATOYHBIN
00BbEM JIaHHBIX JIJISl BBISBIICHUS OJ] CIIOEM JIOHHBIX OTJIOKECHHUH TUIOMAJHBIX U JIOKAIbLHBIX
MarHATHBIX AHOMAJIUI — TTOTEHIINAJIBHBIX apXEOJOTHIECKUX OOBEKTOB.

B BOCTOYHOM YacT MarHUTHOM KapThl akBaropuy MaHaropuu BeISBICHA JUHEHHAS aHO-
manust JmuHOM 190-200 M u mmpuHON okomo 60 M, OpHEeHTHPOBaHHAS MEPIECHINKYIISIPHO
Oepery. Ha 3amagHoM Kpae 3TOW aHOMAJIMH 3aMETHO OTBETBJICHHE JUTHHON OoKoio 100 M u
MHUPHHOM 10 35 M. [{yis nneHTnuKaum aHOMaInu B €e KPaeBbIX YacTsAX 3aJI0’KeHbI U JTOBe-
JICHBI 10 Marepuka 2 mypda, B pe3ysbrare BhIsIBICHA KPyITHAs KAMEHHAsl HAChIIb. Ee kapkac
00pasyroT OKaTaHHbIE BayHBI auameTpoM 110 5070 cM, IPOCTPAHCTBO MEKITY KOTOPHIMH
3aI0JIHEHO CIEeNUAIBLHO PACKOIOTHIMU 00JIOMKaMH MOPOJI, PparMeHTaMu KepaMUuKH, TIHHU-
CTBIM NTECKOM. YTMOPSAZA0YEHHOE CTPOCHHE, pa3Mephbl U TEOMETPUIECKHIE OUePTaHNS HACHITH
CBUJIETEIHCTBYIOT O €€ aHTPOTIOT€HHOM MTPOUCXOXKICHHH.

AHanu3 KapTbl MarHUTHOTO TIOJIST C TOYKH 3PEHHS Te€OMOP(]OIOTHH MTO3BOJISAET YTBEPIK-
JIaTh, YTO PACTIONO)KEHUE BBISIBICHHOW KaMEHHOH HACBIITM HE CIy4aifHO: OHA BO3BEJCHA Ha
OKOHEYHOCTH OJHOW M3 JABYX KJIMHOBHIHBIX IECUAHBIX IMaJI€OKOC, BBIIAIONIUXCS B MOpE H
OTPaHUYMBAIOIINX BHYTPECHHIOIO aKBAaTOpWIO TaBaHU. OuepTaHwsl Mmajneo0eperoBOl JTUHUH
YCTaHOBJIEHBI Oarogapsi JyrooO0pa3HbIM TOJOKUTEIbHBIM MarHUTHBIM aHOMaJUsAM, oOpa-
30BaHHBIM CKOTJIEHHEM TSDKEJIBIX MHHEPAJOB — MarHeTUTa U WIBMEHHTA — BIOJb JIPEBHEH
BOJIHOTIPUOOHHOMN 30HBI.

Mg monaraem, 4TO BBISIBIIEHHAs KaMEHHAs HACHIMb SIBISETCS (PyHAAMEHTOM MpudYana,
COOPY’KEHHOTO Ha OKOHEYHOCTH TIeCUaHOW KOCBI M OTPAHUYHMBAIOIIIETO C BOCTOKA OOIINPHYIO
JIaryHY TOPOJICKOTO TIOPTA.

[Iponomxenne paboT 1o BepupUKaAIIH Pe3yabTaTOB THAPOMArHUTHOW ChEMKH B aKBaTO-
puu daHaropuu MO3BOIUT KAPTUPOBATH 3aTOIICHHYIO MTOPTOBYIO HHPPACTPYKTYpPY H JIOKa-
JU30BaTh HanOoJIee MePCTIIeKTUBHbIE YYaCTKU JJIs1 IOABOAHBIX PACKOTIOK.
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VERIFICATION OF GEOMAGNETIC DATA AS AMETHOD OF MAPPING
OF ARCHAEOLOGICAL SITES IN THE WATER AREA OF PHANAGORIA

Phanagoria, founded by the Greeks in the 6th century BC on the southern coast of the Ta-
man Gulf, for many centuries it was a major transit centre on the trade route from the Medi-
terranean to the Azov Sea. As a result of Black Sea transgression the coastal part of the town
and its port were flooded and covered by marine sediments, and no constructions are visible
on the surface of the bottom today. Since the extent of the submerged area is estimated to be
at least 0.15 sq. km, various remote sensing methods should be applied to map the archaeo-
logical sites present in the area.

A hydromagnetic survey, carried out over an area of 0.744 sq. km, proved to be the most
effective method of surveying the Phanagoria water area. Its effectiveness is due to the fact
that the Taman Peninsula is mostly composed of clays and has a weak natural magnetic back-
ground, on which objects with relatively strong magnetic properties (volcanic, plutonic, met-
amorphic rocks), as well as ceramics accumulations, create noticeable anomalies. Adequate
methodology of hydromagnetic surveying has provided sufficient data to identify area and
local magnetic anomalies — potential archacological sites — beneath the sediment layer.

In the eastern part of the magnetic map of the water area of Phanagoria a linear anomaly
190-200 m long and about 60 m wide was detected, oriented perpendicularly to the coast. On
the western edge of this anomaly there is a noticeable branch with a length of about 100 m
and a width of up to 35 m. In order to identify the anomaly, 2 test pits were excavated along
its periphery and reduced to the mainland, which revealed a large stone mound. Its frame
is made up of rounded boulders up to 50-70 cm in diameter, the space between which is
filled with specially split fragments of rocks, fragments of pottery, clayey sand. The orderly
structure, dimensions and geometric outlines of the embankment indicate its anthropogenic
origin.

The analysis of the magnetic field map in terms of geomorphology suggests that the lo-
cation of the revealed stone embankment is not accidental: it was erected at the tip of one of
the two wedge-shaped sand palaeo-spits that protrude into the sea and limit the inner harbour
water area. The palaco-shorelines are established due to the arc-shaped positive magnetic
anomalies formed by the accumulation of heavy minerals — magnetite and ilmenite — along
the ancient wave-surfacing zone.

We believe that the identified rocky embankment is the foundation of the wharf built at
the tip of the sand spit and bounding the extensive city port lagoon to the east.

Continued work to verify the results of the hydromagnetic survey in the waters of Phana-
goria will allow to map the submerged port infrastructure and localize the most promising
areas for underwater excavations.
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