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NPUMEHEHME 3D-MOJEJINPOBAHUS
IPU U3YYEHWUU XYTOXKECTBEHHBIX ITPAKTHK KAIIOBOW IEIIEPHI

Kamoga memiepa pacmonoxkena B mpearopbsx FOxuoro Ypana Ha mpaBom Oepery p. be-
nas B PecrryOnuke bamkoptoctan. B 1959 r. B nemepe BnepBbie Ob11H 00HAPY>KEHBI HACTEH-
HBIC U300paKEHUSI SMOXH BEPXHETO MaCONnTa. APXCONIOTHUECKUE UCCIICOBAHNS BBISIBHIIH
ClIe/Ibl KpaTKOBPEMEHHBIX TIOCEHICHUH U MIUPOKoe pa3HooOpasue GopM CHMBOIMYECKUX H
OBITOBBIX MPaKTHK. B qanHoi pabore MeTonsl 3D-ckaHMPOBaHUS U MOJCTHUPOBAHUSI UCTIONb-
3YIOTCS JIJISl U3yUEHHMS Pa3IMYHbIX TIPOSABIICHUN Xy/I0KECTBEHHOMU JiesiTenbHOCTH B KanoBoii
Teriepe B KOMILIEKCE.

OnHUM U3 00BEKTOB HCCIIEIOBAHMS B TICHIEpe SIBISICTCS «KAMEHHBIH 3aBajl», MPeJICTaB-
TSIOIUE cO00# HarpOMOXKJICHHE KaMHEW U TIIBIO Pa3HBIX pa3MepOB, CPEIH KOTOPBIX BCTpe-
YaroTcs IUTMTKH, OKpalleHHbIe OXpoil. B Xoe kamepaibHbIX paboT 10 peMOHTaXYy, POBO-
mMbIX Ha 6aze MI'Y um. M.B. JloMoHOCOBa, HEKOTOpPBIE U3 IJIUTOK MOA0OPAIUCH JAPYT K
npyry. C npumenennem 3D-ckanepa Range Vision Spectrum Obuia npousseieHa onuppoBKa
TUTUTOK C OXPOM, KOTOpask MO3BOJIMJIA pACCMATPUBATh X KaK €ANHYIO0 HAXOJKY, COCTOSIIYIO
W3 HECKOJNBKHX ()parMeHTOB. JTO a0 BOBMOXXHOCTH OCYIIECTBIISITh M3yUEHHE IIHTOK C
YUETOM JIOCTHKCHHUSI MAaKCUMAJIbHOW COXPaHHOCTH KPAacOYHOTO IMHIMEHTa Ha MX IMOBEpX-
HocTH. McenenoBanue TEKCTYphl OA0OPABIINXCS TIUTOK TIPOU3BOJIMIIOCH B TIPOTPAMMHOM
obecneuenun Autodesk Netfabb. Bosmoxknoctr porpammbl GOM Inspect mo3Bosinim cie-
JIaTh BBIBOJIBI O KOPPEJSIIIMK MUKpOpenbeda MOBEpXHOCTH TUIMTOK M HAHECEHHOTO Ha HETo
KpPacOYHOTO CJIOS.

Jist co3anrsi MHOTOMEPHBIX MOJIENeH HACTEHHBIX U300paKeHUH OBLIH MCTIOJIb30BAHBI
nporpamMmbl Agisoft Photoscan n Autodesk ReCap Photo, 0coGeHHOCTH KOTOPBIX TIO3BOJISIOT
CO3/1aBaTh MOJIEJIHM PA3HOTO Ka4eCcTBa B pa3Hble CPOKH B 3aBUCHMOCTH OT IIeJieil uccienoBa-
HUS. DTOT METOJ TIO3BOJIMII OTHOBPEMEHHO PadoTaTh ¢ M300paKeHUSIMU, HAXOISIIUMICS B
pa3HbIX 3ajax Meuiepsl, H3ydaTb 0COOCHHOCTH MCIIOIB30BaHMS peibeda CTeH ISl CO3AaHus
n300paXeHUH, a Tak¥Ke JIeNIaTh BHIBOABI O KOMITO3HIIMOHHON HENIOCTHOCTH PAa3IUYHBIX H30-
OpaskeHHH TUIOX0H coxpaHHOCTH. 3D-MoenMpoBaHue PacIIUPUIIO BOSMOKHOCTH H3yUCHHS
PHUCYHKOB 110 OKOHYAHHIO TOJIEBOTO CE30HA, TaK KaK BpeMsl MPOBEJCHUs padoT B Meliepe
CTpPOTO OTPAaHHYCHO M3-32 PHCKA POCTA AKTUBHOCTH MUKPOOUOTHI U IPYTUX MUKPOOPTAHH3-
MoB. [locnenyroimas padora ¢ dainamu popmara *.stl 6e3 HanoxeHus: Tekctypsl B GOM
Inspect o3BosisieT B3aUMO/ICHCTBOBATE C OTNEILHBIMU BHIOPAHHBIMU TUIOCKOCTSIMUA CTEHBI,
paboTarh ¢ penbeoM U MPOU3BOAUTH U3MEPEHHsI 0€3 Kakoro-auoo yiepoa s u3o0paxe-
HUM.

Takum obOpazom, MeToasl 3D-MOAETUPOBAHUS CIYXKAT HE TONBKO JJIS BU3YAIH3AIIUU U
MIPEACTABICHUSI HAXOJJOK B MY3€HHBIX HKCIIO3UIMAX, HO ¥ HANPSMYIO OTBEYAIOT MCCIE/0-
BaTeNbCKUM IIeJIIM, YIITyOJIsisl BO3SMOKHOCTH pabOThI ¢ 00bEKTaMU MOCPEICTBOM OOBIYHOM
(dorodukcanuu.
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APPLICATION OF 3D-MODELING IN THE STUDY
OF ARTISTIC PRACTICES OF THE KAPOVA CAVE

The Kapova Cave is located in the foothills of the South Urals on the right bank of the
Belaya River in the Republic of Bashkortostan. In 1959, the cave was the first to discover
wall paintings of the Upper Paleolithic period. Archaeological studies have revealed traces of
short-term visits and a wide variety of forms of symbolic and everyday practices. In this pa-
per, 3D-scanning and modeling methods are used to study various manifestations of artistic
activity in the Kapova Cave in the complex.

One of the objects of research in the cave is the “stone block”, which is a heap of stones
and blocks of different sizes, among which there are tiles, painted ochre. In the course of cam-
eral repair works carried out at the Lomonosov Moscow State University, some of the tiles got
close to each other. With the use of the Range Vision Spectrum 3D scanner, ochre tiles were
digitized, which allowed to consider them as a single find consisting of several fragments. This
made it possible to study tiles with a view to achieving maximum preservation of the pigment
on their surface. Research of a structure of the picked up tiles was made in software Autodesk
Netfabb. GOM Inspect’s capabilities have enabled us to draw conclusions about the correla-
tion between the micro-relief of the tile surface and the paint layer applied to it.

For creation of multidimensional models of wall images were used programs Agisoft
Photoscan and Autodesk ReCap Photo, which features allow to create models of different
quality in different terms depending on the purposes of research. This method allowed us to
simultaneously work with images located in different halls of the cave, to study the peculiari-
ties of using the relief of the walls to create images, as well as to draw conclusions about the
compositional integrity of various images of poor preservation. 3D-modeling has expanded
the possibilities of studying the drawings at the end of the field season, as the time of work in
the cave is strictly limited due to the risk of increased activity of microbiota and other micro-
organisms. Subsequent work with *.stl files without texture superimposition in GOM Inspect
allows to interact with individual selected wall planes, work with relief and take measure-
ments without any damage to images.

Thus, 3D-modeling methods serve not only for visualization and presentation of finds in
museum expositions, but also directly meet the research purposes, deepening possibilities of
work with objects by means of usual photofixation.

https://DOL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.14-15
baxenoBa A.U., Muanu B.H.

Yomypmerxuu UL YpO PAH

Hbicesck (Poccus)

METOJ OBPABOTKU MYJIbTUCIHHEKTPAJIBHBIX TAHHBIX
JAUCTAHIUOHHOI'O 30HAUNPOBAHUSA 3EMJIN
JIJISI OGHAPYKEHUS OBJIACTEA MECTHOCTH, MEPCIIEKTUBHBIX
C TOYKHU 3PEHUSA HAJINYUA APXEOJIOI'MYECKUX TAMSATHHUKOB

B pabore nmpencrasieH MeTon 00HapyKeHUs 00J1acTel MECTHOCTHU C XapaKTEPHBIMH
CBOWCTBAaMH, OCHOBaHHBI Ha MPUMEHEHHH MHOTOYPOBHEBOTO BEWUBIIET-IIPEOOpPA3OBAHMS.
enp MeToAa cocrosiia B MIOMCKE TEPPUTOPHUIL, KOTOPBIE OTIMYAOTCS MOLIHBIM I'YMYCHBIM
cimoeM. [lng 3TOro B KadecTBE STAJIOHHBIX JIAHHBIX OblIa MPHUHATA KapTa YAEIbHOTO
COIIPOTHUBIICHUSI, IOy YeHHAsI B pE3yJIbTaTe re0(pU3NUECKUX MCCIISIOBAHUI M TOATBEPIKICHHAS
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packonkamu. Bnosias TMHNM CKaHMPOBaHHS HA CHUMKE PAaCCUUTBIBAIOTCS 3HAYEHMSI TPU3HAKOB,
XapaKTePU3YIOINX 0COOCHHOCTH PACTHTEIBHOCTH B pa3paboTaHHbIE HA OCHOBE IPUMCHEHHS
MHOTOYPOBHEBOTO JUCKPETHOTO BeHBIIET-1TpeoOpa3oBanysl. {7151 0AHOTO U3 paccMaTprBaeMbIX
MPU3HAKOB BBISIBIIEHA 3aKOHOMEPHOCTh, KOTOpas Oblla omucaHa C TMOMOLIBIO aHajora
(dopMyabl BTOpOW NPOM3BOIHOW B KOHEYHBIX pazHOCTAX. [lomydeHHas XapaKTepuCTHKa
OIMCHIBAECT MOIIHOCTh TYMYCHOTO CJIOs: 4eM OJIMKe ero 3HaueHHWe K HYNIo, TeM OOJblie
rymyca. CMBICI METO/Ia B Pe3yJIbTaTe CBOJHUTCS K paccueTy pa3paboTaHHON XapaKTEePUCTHKH
BHYTPH OKHa (DUKCHPOBAaHHOTO pa3Mepa U €ro MEepeMELICHUIO C ONpEACICHHBIM IIarom.
B paborte npeacraBieHsl pe3yabTaThl paccyera pa3paboTaHHON XapaKTePUCTHKH 10 CHUMKaM
JIBYX apXeO0JIOTHYECKUX MaMITHUKOB, IIOJyYSHHBIX C O CIMIOTHBIX JIETATEIbHBIX allapaToB.
ComnocraBieHne MMEIOUIUXCS Pe3yJabTaTOB M JIAHHBIX, MOJYYEHHBIX APYTUMH METOJaMH,
MOKa3bIBAET BBICOKUH YPOBEHb COOTBETCTBHSI.

Bazhenova A.l., Milich V.N.
Udmurt FRC of the Ural Branch RAS
Izhevsk (Russia)

METHOD FOR PROCESSING MULTISPECTRAL EARTH
REMOTE SENSING DATA TO DETECT AREAS OF TERRAIN
WITH POTENTIAL FOR ARCHAEOLOGICAL SITES

The paper presents the method of detection of terrain areas with characteristic prop-
erties, based on the application of multilevel wavelet transformation. The purpose of the
method was to find areas that have a strong humus layer. For this purpose, a resistivity map
was adopted as a reference data, obtained as a result of geophysical studies and confirmed
by excavations. Along the scan line in the image, the values of the features of vegetation are
calculated and developed on the basis of multilevel discrete wavelet transformation. For one
of the features under consideration, a regularity was revealed, which was described with the
help of an analogue of the formula of the second derivative in finite differences. The obtained
characteristic describes the thickness of the humus layer: the closer its value is to zero, the
more humus. The meaning of the method as a result is reduced to the calculation of the devel-
oped characteristic inside the window of the fixed size and its moving with a certain step. The
paper presents the results of calculation of the developed characteristics based on the images
of two archeological sites obtained from unmanned aerial vehicles. Comparison of available
results and data obtained by other methods shows a high level of compliance.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.15-17
be3nynnslii B.I.*, BsazoB JL.A.**, [lonomapenko E.B.***,
MerpoBa J.A.**, CanoBa FO.A.**, CutaukoB A.I.**
*/labopamopust Apxeonozuueckoil 2eohusuxu
Pocmoe-na-/{ony (Poccus)

**Mncmumym apxeonoeuu um. A.X. Xanuxoea AH PT
Kaszanw (Poccus)

**%* Vuusepcumem Ommagol

Ommasa (Kanaoa)

KOMINVIEKCHBIE UCCJIEJOBAHHUSA KY3HEUUXNHCKOTI'O I'OPOJUIIIA
(CYBAP) B 2018 T.

B 2018 r. Obli IpoBeIeHBI KOMITJICKCHBIE UCCIICAOBAHUSI TEPPUTOPUU OOBEKTa apxe-

onornyeckoro Hacieaus «Kysneunxunckoe ropoaumie (Cysap)» (Cmacckuit paiion Pecmy-
onuku Tatapcran).
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Llenbio paboT cTao MpoBeICHUE apXUBHBIX UCCIIETOBAHUI a9pOPOTOCHIUMKOB TOPOIH-
111a, a TaKXkKe ocylecTBieHue 3D-ckannpoBanus TeppUTOpHHN ropouina mpu nomoru bITIA.
Bb110 OCy1IeCTBICHO CO31aHHE TPEXMEPHOI MOJEIH TOPO/HIIIA BEICOKOTO Pa3pelIeHHs ¢ ab-
COJIIOTHBIMH ITPHUBSA3KAMH K TeorpaduuecKoii cucTeMe KOOpIUHAT, TPOBEICHIE aHATN3a adpo-
(hOTOCHUMKOB M MHUKPOTOIIOIJIaHA TOPOANTIIA. MIcronb3yst pe3yabTaThl aHain3a, B BRIOpaHHBIX
MecTax ObUIM BBISIBICHBI H3MEHEHUS! MAarHUTHOTO TIOJISl U U3MEHEHUS B TPYHTE, CBSI3aHHBIC
C apXeOoJOrMYECKUMH 00BEKTaMHU TOPOAMIIA, ITPH MTOMOIIY MarHUTOMETPUH M T€OPaIuoIIo-
karuu. [lo nToram aHanM3a AaHHBIX AMCTAHIMOHHOTO 30HAWPOBAHUS MPOBOJIMINCH BBIOO-
pouHble 1IyphOBOUYHBIE PaOOTHI AJIS MOATBEP)KACHUS MoNydeHHOW uHTeprperanun JJ13.

Benymyto ponb B MIaHUpOBaHUHM MECT MPOBEACHUS TeOPH3MUECKUX HCCIEAOBAHUN
Urpal aHajau3 adpoQoToriaHa U MUKPOTOIOIIIaHA TOPOAUIIA. bt 0TOOpaHbl y4acTKH ro-
poauIa BHYyTPU COBPEMEHHBIX OCTATKOB BaJIOB C IIPEAIIOJIOKUTEIbHBIM HAJTUYUEM COOPYIKE-
HUH, a TaK’Ke BOZMOXKHBIM HaJIMYKEM 3achlllanHoro pBa. [1o nutoram reousnveckux uccie-
JIOBaHUW M KaMepaJlbHOH 0O0pabOTKM MOMYYCHHBIX JaHHBIX OBUI ClIeNaH BBIBOJ O HAJHMYUH
OCTAaTKOB COOPYKEHHMI Ha y4acTKax reopajapHOro U MArHUTOMETPUYECKOTO UCCIIECJOBAHMS
ropoauina. BeisiBIeHHAs 3aCTpOMKa HOCUT ILIAHOBBIM XapakTep, BBIABICHA KAK MUHUMYM
ofHa ynuna. MccnenoBaHHbIe COOPY)KEHHsI HECYT pa3lMuHoe (YHKIHOHAIBLHOE Ha3Haue-
HHUE — BEPOATHEE BCETO JKUIIOE U MPON3BOACTBeHHOE. [IpeamonoxurensHo oOHapyKEeHO He-
CKOJIbKO TOpHOB. Ha oTHOCHTENbHO HealeKnX ydacTKax TOPOAXIIA Pa3THYHbIE reopu3nye-
CKHE METOJIBI IaJIM PAa3HBIN PE3yJbTart, ONpeAeIsieMblli, CKOpee BCEro, XapaKTepoM 00bEKTOB
U UX CTPYKTYpHl. D((PEKTHUBHBIM OKa3al0Ch PELICHUE MPUMEHSTh KOMIUIEKC METOIOB Ha
Ka)XXJIOM y4acTke, AyOonupyst uX. BeISABICHO U TOATBEPKIEHO IIYpHOBKOW YIOPSIIOUYCHHOE
JTUHEHHOE 3arTyOlieHne, KOTOpOe HHTEPIPETUPOBATIOCH KaK OCTAaTKH pBa M3HadanbHoro Cy-
Bapa. Takum 00pa3oMm, ¢ MUHIMaJIbHBIMU TPYA03aTpaTaMy ObLIH [TOJTYYECHBI HOBBIE TaHHBIC
0 CTPYKTYpE U 3aCTpoiike BHyTpeHHeH yacTu Kysneunxunckoro roponuina (CyBap), a Takxke
JIOKaJIU30BaHbl OCTATKU €0 PBa.

Bezdudny V.G.*, Vyazov L.A.**, Ponomarenko E.V.***,
Petrova D.A.**, Salova Yu.A.**, Sitdikov A.G.**
*Archaeological Geophysics Lab Rostov-on-Don (Russia)
**Institute of Archaeology of the Academy of Sciences

of the Republic of Tatarstan

Kazan (Russia)

**% University of Ottawa

Ottawa (Canada)

COMPLEX STUDIES OF THE KUZNECHIKHA HILLFORT (SUVAR) IN 2018

In 2018, a comprehensive study was carried out on the territory of the archeological heri-
tage site “Kuznechikha Hillfort (Suvar)” (Spassky District of the Republic of Tatarstan).

The purpose of the work was to carry out archival studies of the ancient settlement’s aer-
ial photographs, as well as to carry out 3D-scanning of the settlement’s territory with the help
of the UAV. The creation of a high-resolution three-dimensional model of the hillfort with
absolute reference to the geographical coordinate system, as well as the analysis of aerial
photographs and microtoplane of the hillfort were carried out. Using the results of the analy-
sis, changes in the magnetic field and changes in the ground associated with archaeological
sites were identified by means of magnetometry and GPR. Based on the results of remote
sensing data analysis, selective coring work was carried out to confirm the interpretation of
remote sensing data.

Aerial photoplane and microtoplane analysis of the settlement played a leading role in
the planning of geophysical survey of the hillfort. Sections of settlement were selected within
the present-day ramparts with an assumed presence of structures, as well as the possible pres-
ence of a backfilled moat. Based on the results of geophysical studies and cameral process-
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ing of the obtained data, it was concluded that there are remains of structures at the areas of
georadar and magnetometric study of the settlement. The recognized layout of the habitation
zone has planned character and at least one street has been identified. The studied struc-
tures have different functional purposes — most likely, residential and industrial. Presum-
ably, several horns were found. Different geophysical methods have yielded different results
in relatively short areas of the settlement, which is likely to be determined by the nature of
the objects and their structure. The decision to apply a set of methods at each site, duplicat-
ing them, proved to be effective. An ordered linear deepening, which was interpreted as the
remnants of the original Suvar ditch, was detected and confirmed by plotting. Thus, new data
on the structure and construction of the inner part of the Kuznechikha Hillfort (Suvar) were
obtained with minimal effort, and the remains of its moat were localized.

https://DOL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.17-18
boaenos C.b.*, Koaranosa I.10.**,

Huxungopos M.I.***, Cemuxonenko I'.II.

* [ocydapcmeennuvlil My3etl UcKyccmea Hapooog Bocmoka
** Unemumym eocmokosedenus PAH

***Mockosckutl 20C. TUHSBUCMUYECKULL YH-M

Mocxesa (Poccus)

3AJAYA ITOJIYYEHUSA 'TEOUH®OPMALIUN
HA OCHOBE OBPABOTKU CITYTHUKOBBIX CHUMKOB

Hccneoosanue svinonneno npu noodepacxe PODU, npoexm Ne 19-09-00040a.

Llenpio paboOTHI SBISETCS MOMyYEHHWE TEOAAHHBIX HAa OCHOBE aHAW3a CITYTHHKOBBIX
CHHMKOB ISl CO3JIaHHs T€OMH()OPMALlMOHHON CHCTEMBI apXE0J0rMYECKUX MaMsITHHKOB XO-
pe3ma. OcHoBHasi poOiieMa, NPEIsITCTBYIONIAs peau3alui 3TOH 3a/1auu, 3aKJII04acTCs B
TOM, YTO B HACTOALICE BPEMs COXPAaHMJIMCH JalieKo He Bce 0OBEKThI, 0OHapYKeHHbIE XO-
PE3MCKOI dKCTIenUIel. YUnThIBasi, 4To MH(POPMAMOHHBIE TEXHOJIOTHU HA4aJIl pa3BUBaTh-
Csl 3HAYUTENBHO MOPKEe (PaKTHUECKOTO MPEKPAIeHUsI €€ aKTUBHOW paboThl, TaK U HE Oblia
cocrapieHa o0mias 6a3a JaHHBIX TaMATHUKOB, OTKPBITBHIX XOPE3MCKOM dKCIIEINIIEH, ¢ yKa-
3aHUEM MX TOYHBIX TeorpapuuecKuxX KOOPAMHAT, TEOMETPHUYECKUX Pa3MepoB, (POPMBI, PO-
CTPAHCTBEHHOW OpPUEHTAIIMU, XOTS B TO BPEMs MHOTHE MaMSITHUKH €lle CyIIEeCTBOBAIH, U
9Ta 3a7iadya MOTJia OBITh pellleHa J0CTaTouHO MpocTo. CocTaBIeHHBIE HKCTICAULIUEH KapThl,
nHanpumep bepkyTkanuackoro u Skke-Ilapcanckoro oa3ucoB, HETOUHBI K UMEIOT TPUOIN3HU-
TEJIbHBIN XapakTep: OTCYTCTBYET TOYHAst HH(OPMALIUS O TPOCTPAHCTBEHHOM PACTIONIOKCHUT
namsITHUKa. B pe3yibrare mpoBeeHHOTO UCCIeI0BaHuUs ObLIO YCTAHOBICHO, YTO HA IJIaHaX
SKCTICANLUH He YHUPHUIHPOBAaHO 0003HaYEHNE MEPUINaHa: B OJHUX CIIydasx 0003Ha4YeH HC-
TUHHBIN ceBep, B APYTMX — MArHUTHBIN, a B psAJe CIydyaeB, IpU MepecyeTe OT MarHUTHOTO
MepUAnaHa K HCTHHHOMY, ObIJI HEMPaBWIILHO YUTEH 3HAK MATHUTHOTO CKIIOHECHUSI.

Jns momydeHuss HEOOXOAUMBIX T€OHAHHBIX MOYKHO BOCIOJB30BATHCS KOCMHUYECKUMHU
N300paXKEHUSIMH 3eMHON TTOBEPXHOCTH, HapUMep, AMEPUKAHCKOTO reorpaduueckoro o0-
IIECTBA, KOTOPOE IMpeJIaraeT B pekKUMe MIIaTHOTO JIOCTyIa pacceKpeueHHble CHUMKH, Clie-
JIaHHBIE aMEPUKAHCKUMU CITy THUKaMU-ILIITHOHAMHU, TpoJieTaBIINMU Haj Tepputopueit CCCP.
CHUMKH pa3HOTO KauecTBa JOCTYMHbI HauMHas ¢ 1965 . EnnHCTBEHHOE OrpaHuyYeHHe NpH-
MEHEHUSI CITy THUKOBBIX CHUMKOB JIJISI TIOJTyYeHHsI HE0OX0MUMOH HH(pOpManny O NaMSITHUKY
3aKIII0YaeTcsi B TOM, YTO HCCIIEAYEMbIi 00BEKT TOJKEH OBITh BUACH M3 KOCMOCA.

AHann3 KOCMHUYECKHX CHMMKOB TO3BOJISIET PEIINTh JBE Ba)KHBIE ISl apXEOJIOTHH 3a-
naqn. [lepBast U3 HUX COCTOUT B ONpEJCICHUN Ha0Opa Te0JaHHBIX, KOTOPbIC TPeOYIOTCs IS
CO3JIaHMsI TTACTIOPTa TaMSTHHUKA: BBICOKOTOUHBIE TeorpaduuecKue KOOpAUHATEI 00bEKTa, €ro
¢dopmMy, TeoOMeTpUUECKUE pa3Mepsl, IUIOMAAb, MPOCTPAHCTBEHHYIO OPHEHTALNIO U 0COOCH-
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HOCTH KOHCTPYKIIMH. BTopas 3amaya 3akitouaeTcsl B MOUCKE «HOBBIX» MaMSITHUKOB, K KOTO-
PBIM MOJKHO OTHECTHM KPAaTKO YMOMSIHYTbIE, HO HE M3Y4YEHHbIE 3KCIEAUIINENH COOPYKEHUS,
100 00BEKTHI, KOTOpPBIE BOOOIIE HE ObITH HUT/AC YIIOMSHYTHI.

Bolelov S.B.*, Kolganova G.Yu.**,
Nikiforov M.G.***, Semikopenko G.P.
* State Museum of Oriental Art

** Institute of Oriental Studies RAS
***Moscow State Linguistic University
Moscow (Russia)

THE TASK OF OBTAINING GEOINFORMATION
ON THE BASIS OF SATELLITE IMAGES PROCESSING

The research was carried out with the support of the Russian Foundation for Basic
Research (RFBR), project No. 19-09-00040a.

The aim of the work is to obtain geodata based on the analysis of satellite images to
create a geoinformation system of archaeological sites of Khwarazm. The main problem
hindering the realization of this task is that not all the objects discovered by the Khwarazm
expedition have been preserved at present. Taking into account that information technologies
began to develop much later than the actual cessation of its active work, the general database
of'sites discovered by the Khwarazm expedition was not compiled with the indication of their
exact geographical coordinates, geometric dimensions, shape, spatial orientation, although at
that time many sites still existed, and this task could be solved quite simply. The maps of the
expedition, such as the Berkutkala and Yakke-Parsan oases, are inaccurate and approximate:
there is no accurate information on the spatial location of the site. As a result of the research
it was established that the meridian designation was not unified on the expedition plans: in
some cases the true north was marked, in other cases — the magnetic one, and in some cases,
when recalculated from the magnetic meridian to the true one, the magnetic declination sign
was incorrectly taken into account.

To obtain the necessary geodata, one can use space images of the Earth’s surface, for
example, the American Geographical Society, which offers declassified images taken by
American spy satellites flying over the territory of the USSR in paid access mode. Images of
different quality have been available since 1965. The only limitation on the use of satellite
images to obtain the necessary information on the site is that the object under study should
be visible from space.

Analysis of space images allows to solve two important problems for archeology. The
first of them is to determine the set of geodata required for the creation of the site passport:
high-precision geographical coordinates of the object, its shape, geometric dimensions, area,
spatial orientation and design features. The second task is to search for “new” sites, which in-
clude briefly mentioned, but not studied by the expedition constructions, or objects that were
not mentioned anywhere else.
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Yepuos A.*, [lonko 51.%, [lerpoxkymmn O.%, Boiiko M.**
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Kues (Yxpauna)

**bopuyesckuil 001acmHOU KpaeseoHuecKuil My3etl

bopwes (Vkpauna)

I'EOAPXEOJIOI'MYECKHUE NCCIIEJOBAHUS ITAMATHUKA
TPUIIOJIbCKOM KYJIBTYPHI INEIEPHI BEPTEBA (YKPAUHA)
TEO®U3NYECKUMU METOJAMUA

[Memepa Bepreba (TepHomoinbekas 001acTh, YKpanHa) — re0JIOTHYSCKUI U apXe0JIOTH-
YEeCKH TTAMATHHUK STMOXH 3HEOJHTa — Oblila 3yueHa MpPH ITOMOIIN KOMIUIEKCa reousnye-
CKUX METOJIOB, KOTOPBIA BKIIFOYAT BHICOKOTOUHYIO MarHUTOMETPHUIO, DIEKTPOTOMOTpa(HIo
W Teopaauoiokaimio. VizmepeHus BBIMONHSUIMCH KaK Ha MIOBEPXHOCTH, HAJ| TIEIICPOH, TaK U
BHYTpH Hee. HazemHble Teodrsndeckue HCcieoBanus ObUIM HANPaBJICHbl Ha pacro3HaBa-
HUE JIaTepalIbHBIX U BEPTUKAIBHBIX 0COOCHHOCTEH pacrpocTpaHeHus Gopm penbeda Cyib-
(daTHOTO KapcTa W BBISABICHUE apXeoJOTHYECKUX 00BEeKTOB. M3MepeHHs B meliepe poBo-
JIITUCH C TIEJTBI0 OIEHKH MOIIHOCTH YHEONUTHYCCKOTO KYJIBTYPHOTO CJIOSI, & TAKKE TIOUCKA
apxeoyiornyeckux o0bekToB. Hajx nemepoit Op1i 00HapyKEeHBI XapaKTepHble aHOMAaJINH UH-
JYKIIMA TEOMArHUTHOTO TI0JIsl, HCTOYHHUKAMH KOTOPBIX SIBJISUIMCH CTapble, 3aIIbIBIINE TPYH-
TOM KapCTOBbIC BOPOHKH, COBEPIICHHO HE BBIpaKECHHBIE B pesibee. MarHuToMeTpus moka-
3ajia OTCYTCTBUE TPHUITOJIBCKUX TUIOIIAIO0K — YHEONMTHYECKUX YKUJIHII — HAa TIOBEPXHOCTH, a
TaKXKe HaJMIME apXeoJIOTHIECKUX OOBEKTOB B IEIIEPEe, YTO TONTBEPIKIACT MPECTABICHUS
apXxeoJIoroB 00 UCIIOIB30BaHUH TEIIEPhl B KAYECTBE YOCKHIIA WITH CBSITHIINIIA.

Ha ocHOBaHUM JIUTONIOTHUECKOH MHTEPIIPETAIIMH T'CORJICKTPHUECKUX Pa3pe3oB U Teo-
paznaporpaMm IoJly4eHo MPEJCTaBICHUE O BEPTUKAIBHON CTPYKTYPE KapCTOBBIX BOPOHOK,
MOIITHOCTH CJIOSI PBIXJIBIX TTOPOJ] ¥ TIOYB HAJ| TUIICAMH, & TAK)Ke M3yUeHO ITTMHUCTOE 3aroJi-
HeHue reniepbl. KoMOMHaIus JaHHBIX JBYX METONOB (AJIEKTPOTOMOrpaduu U reopajnoio-
Kaliu) Jiajia BO3MOXXHOCTh Pa3IMYHUTh B TOJIIE THIICOB IyCTOTHBIC U 3aTIOJIHEHHBIC TTIHMHU-
CTBIM MaTE€pHAJIOM MTPOCTPAHCTBA.

[MoazemHas reopaapHasi CbeMKa 110 CTeHaM IelIepbl B COYETAaHUU ¢ HA3eMHOW KapTon
MarHUTHBIX aHOMAJIMH MMOKa3alia BO3MOKHOE MECTOIIOJIOKEHUE HEOTKPBITHIX TENIePHBIX XO-
JIOB.

Bondar K.*, Sokhatsky M.**, Baryshnikova M.*,
Chernov A.*, Popko L.*, Petrokushin O.*, Boyko M.**
*Kiev National University

Kiev (Ukraine)

**Borshevsk Regional Museum

Borshev (Ukraine)

GEOARCHAEOLOGICAL RESEARCH OF THE SITE
OF CUCUTENI-TRYPILLIA CULTURE IN THE CAVE
OF VERTEBA (UKRAINE) BY GEOPHYSICAL METHODS

The Werteba Cave (Ternopil Region, Ukraine), a geological and archaeological site of
the Eneolithic Age, was studied using a set of geophysical methods, which included high-pre-
cision magnetometry, electrotomography, and georadiolocation. Measurements were made
both on the surface, above and inside the cave. The ground geophysical studies were aimed at
the recognition of lateral and vertical features of the distribution of sulfate karst relief forms
and the identification of archaeological sites. Measurements in the cave were made to assess
the thickness of the Eneolithic cultural layer, as well as to search for archaeological sites.
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Characteristic anomalies of the geomagnetic field induction were found above the cave, the
sources of which were old karst funnels, which were not at all expressed in relief. Magne-
tometry showed the absence of Cucuteni—Trypillia living areas — Eneolithic dwellings — on
the surface, as well as the presence of archaeological objects in the cave, which confirms the
views of archaeologists on the use of the cave as a shelter or sanctuary.

On the basis of lithological interpretation of geoelectric sections and georadarograms
the idea of vertical structure of karst funnels, thickness of loose rocks layer and soils over
gypsum is received, and also clay filling of cave is studied. The combination of these two
methods (electrotomography and georadiolocation) made it possible to distinguish between
hollow spaces and spaces filled with clayey material in the gypsum layer.

Underground GPR surveys of the cave walls combined with a ground map of magnetic
anomalies showed the possible location of undiscovered cave passages.

https://DOI.ORG/10.25681/IARAS.2019.978-5-94375-289-6.20-21
Bypsak K.A., JTucenknii ®.H

bencopoockuii eoc. HayuonaibHulll
UCCe008aAMeNbCKULL YHUBEPCUMEM

benzopoo (Poccus)

I'EOINIOPTAJI APXEOJIOI'MYECKUX MAMSTHUKOB KPBIMA:
OXPAHA OBBEKTOB KVJIBTYPHOTI'O HACJIE IS

Joknan nmocssmieH 0000IIECHHIO PEe3yIbTaToOB ABYXJIETHEH paOOTHI, BBIIOIHSIEMOH CO-
TpyaHukamMu DenepanbHO-perHOHATBFHOTO LEHTPa a’POKOCMUYECKOTO M HAa3eMHOTO MO-
HUTOpUHra OOBEKTOB M MpHpoAHBIX pecypcoB HUY «benl'V», mo paspaborke reouH-
(opMaMOHHON aHAINTHYECKOH CHUCTEMBI «ApPXEONIOTHUECKUE MaMSITHUKKM KpbiMay Kak
WH(POPMAIIMOHHON OCHOBBI JUIS pEIICHHs 33134 110 UX OXpaHe B YCIOBUAX PeHOpMHUPOBAHUS
3eMeJIbHO-TIPABOBOM CUCTEMBI. AKTYyalbHOCTh paboThl 00yCIIOBIIEHa BO3pacTaromeil yrpo-
30i pa3pylIeHUs] apXEONOTHUECKUX MTaMSTHUKOB B CBSI3M C aKTHBHBIM BOBJICUEHUEM paHee
HE HCIOIB3YEMBIX TEPPUTOPHUI B CEILCKOXO3IHCTBEHHBIH 000POT.

[To naHHBIM U3 OTKPBITHIX HCTOYHUKOB (PEECTPhl OOBEKTOB KYJIBTYPHOTO HACIEIUS, CXE-
MBI TEPPUTOPHATIHLHOTO IIAHUPOBAHUS, HAyYHbIE TPYABI) ObLIO BBIOJHEHO 0000IIeHUE H
KapTorpadupoBaHUE BCEX YUTCHHBIX apXEOJOrMYECKHX MaMITHUKOB KpbiMa, coznana Oasza
MPOCTPAHCTBEHHBIX JaHHBIX.

C ucnonb3oBaHUEM CpeACTB HU(PPOBOTO KapTorpadupoBanusi, 00padOTKH JaHHBIX JTHC-
TaHIIMOHHOTO 30HJMPOBAHMS U MPOCTpaHCTBeHHOro aHanu3a B ['MC ynanoch oneHUTH ak-
TyaJbHOE COCTOSTHHE apXeOJIOTUYeCKUX MaMSITHUKOB OTHOCHTEJILHO MX MIPABOBOTO CTaTyca
C TOYKH 3pEHUSI 3eMEJIbHOTO 3aKOHOJIATENILCTBA: ONPE/IeiCH MePeYeHb 3eMEIbHBIX yYacTKOB
MOJ MaMATHUKAMH, TPOAHAIM3UPOBAHO MX (PAKTUYECKOE M IIeJIEBOE HCIOJIb30BaHUE. DTO
MO3BOJIMJIO BBISIBUTH KPUTHUECKUE CUTYallH, KOTJa MPaBOBOW CTAaTyC 3eMEJIbHOTO ydacT-
Ka IO/ apXCOJIOTHUECKUM ITaMSTHHKOM MOXKET MPOTHBOPEUUTH LIEJISIM COXPAHEHHUST 00bEKTa
HUCTOPUKO-KYJIBTYPHOTO HACIIEINSI.

Pesynprarsl paboThl pa3MelIeHbl Ha TeonopTale «ApXeolorHieckue maMaTHUKH Kpbi-
Mmay (https://crimgeoarch.bsu.edu.ru/) — uHTEpaKTHBHOM BeO-pecypce ¢ BO3MOKHOCTBIO MTPO-
CMOTpa M OMcKa HHPOPMALMH, a TAKKE PEAAKTUPOBAHUS U 100aBICHHS TPOCTPAHCTBEHHBIX
JaHHBIX B pexuMme oHyaiiH. TakuM o0pazoM pelieHa 3afada oOecrieueHUs] HeMPEPHIBHOTO
OOHOBIIEHUs 0a3 TeOJaHHBIX, BEJCHUS MOHUTOPHHIA 332 COCTOSIHUEM apXeOJOrMYecKHX Ma-
MSITHUKOB, HH(OPMAIIMOHHOTO O0ecrieueH s HayuyHbIX UCCIEIOBaHUN B 00JIACTH apXeoso-
run KpeiMa.
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Buryak J.A., Lisetski F.N.
Belgorod State National Research University
Belgorod (Russia)

GEOPORTAL OF CRIMEAN ARCHAEOLOGICAL SITES:
PROTECTION OF CULTURAL HERITAGE MONUMENTS

The report is devoted to the generalization of the results of the two-year work car-
ried out by the employees of the Federal Regional Center for Aerospace and Ground-based
Monitoring of Objects and Natural Resources of BelSU on the development of the geoin-
formation analytical system “Archaeological Sites of Crimea” as an information basis for
solving problems of their protection in the conditions of reforming the land-legal system.
Relevance of the work is conditioned by the growing threat of destruction of archaeologi-
cal sites in connection with the active involvement of previously unused territories in the
agricultural turnover.

According to the data from open sources (registers of cultural heritage objects, territorial
planning schemes, scientific works) the generalization and mapping of all accounted archae-
ological sites of Crimea was made, a database of spatial data was created.

With the use of digital mapping, remote sensing data processing and spatial analysis in
the GIS it was possible to assess the current state of archaecological sites with respect to their
legal status in terms of land legislation: a list of land plots under the sites, analyzed their ac-
tual and intended use. It has allowed to reveal critical situations when the legal status of the
land plot under the archeological site can contradict the purposes of preservation of the object
of historical and cultural heritage.

The results of the work are posted on the geoportal “Archacological Sites of Crimea”
(https://crimgeoarch.bsu.edu.ru/) — an interactive web resource with the ability to view and
search for information, as well as edit and add spatial data online. Thus, the task of ensuring
the continuous updating of geodatabases, monitoring the condition of archaeological sites,
information support of scientific research in the field of archeology of Crimea.

https://DOI.ORG/10.25681/IARAS.2019.978-5-94375-289-6.21-23
Byuknn M.H.*, BuabkoBuu P.B.*,

Ymakosa H.A.*, bepkoBuu B.A.**

*00O0 HIII «leopecypcy

** 000 «Apxeonoeuueckue u3bICKAHUsL 8 CHPOUMETbCINBEY
Mocxesa (Poccus)

I'nC «<APXEQOJIOI'Us1 MOCKBBbBI»

B 2017 r. mo 3aka3y [lemapramenTta KyJIbTypHOTO Hacienus I. MOCKBBI Ha4aThl pabOThI
M0 CHCTEMATH3aIIMU CBEICHUH, TIOJIyUYSHHBIX B XOJIE apXEOJIOTHYECKUX paboT, HAKOIICHHBIX
3a BCIO HCTOPHIO apXEOJIOTHYECKUX MCCIIEAOBAaHUI B ropoae. DT paboThl pean3yroTcs B
dopme 'MC «Apxeonorust MockBbl» Ha 6aze ExnHoli rocynapcTBEHHOM KapTorpaguyecKoi
ocHOBBI I. MockBsl Macmtada 1: 10 000.

I'NC cpaBHUTENBHO HOBOE HAIIPaBJICHHE B apXCOJIOTHUECKUX HCCIIECJOBAHUSAX, HO BCE
OoJTbIlIee YMCIIO apXEOJIOTOB TIOHUMAET, YTO cOOP, XpaHEHUE M aHAJIN3 OTPOMHOTO KOJIMYECTBA
00BEMOB Pa3HOOOPA3HON MPOCTPAHCTBEHHO-PACTIPEACIICHHON apXeoIOrnuecko nHpopMa-
UM HEBO3MOXKEH 0€3 UCTIONb30BaHUsI COBPEMEHHBIX T€ONH(POPMAIIMOHHBIX TEXHOJIOTHH.

I'MC «Apxeonorusi MOCKBBI» OXBaTbIBaeT TEPPUTOPHIO B 2,5 THIC. KB. KM U HH(Op-
MaIMIo O COTHSIX OOBEKTOB apxeosnormyeckoro Hacieaus. Ha ceromus B 6aze 6oixee 1000
coopyxenuii, 1500 Haxomok u k1amoB, 1700 yaactkoB padot, okono 2000 mpodumei, okomo
300 ne coxpaHHUBIINXCA HepkBei n norpedernii, 280 rpanun OAH.
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Co3nanne ['MC BiirodaeT B ceOsl 4eThIpe OCHOBHBIX 3aJ1a4d 110 CHCTEMATH3alUH pe-
3yJIBTATOB aPXEOTOTMYCSCKIX UCCIIEIOBAHUI U MOXKET pacCMaTpPUBaThCs Kak 3a371a4a CTPYKTY-
pH3aIUN apXEOTOTHICCKHUX JTAHHBIX ¢ ENBI0 MOMCKA U aHaIn3a HHOOpMAaInK:

— CO3JIaHUE OCHOBHOM KOMITBIOTEPHOU KapThl ISl OTOOPaKeHUST HCTOPUUECKOi HHDOp-
Maruu;

— coznanue 6a3bl qanHbIX (BJ]), comepkarieit nuccaenoBaTenbCKy 0 U YIPaBICHYECKYIO
nH(opMaIHIo, KOTOpas MOKET OBITh CBsI3aHA C HU(PPOBOW MHPOPMALIUCH O MECTOMOIOKE-
HUHM UCTOPUYUECKUX MAMSITHHUKOB, U MEPEBO B MUMPOBYIO GOpMy HHPOPMAIMU O MOJIOKE-
HUH UCTOPUYECKUX MAMSITHUKOB M MECT, UMCIONIUXCS Ha OYMaXKHBIX KapTax;

— UACHTH(UKAIUS U UCTIONH30BaHUE HH(DOPMAIINHT U3 IPYTUX UCTOUHUKOB: ad3pO— U KOC-
MOCHHUMKOB, HICTOPUYICCKHX KapT U Tp.;

— co3aanue ynoOHOTO TOJTb30BaTeNIbCKOr0 HHTEpdeiica.

I'MC — 3T0 aBTOMaTM3UpOBaHHAs CHCTEMa OOPabOTKH MPOCTPAaHCTBEHHO-BPEMEHHBIX
JTAHHBIX, OCHOBOM MHTETpaIni KOTOPBIX CIYXKHUT reorpadudeckas uadopmarus. ITo cBoeit
CYTH 3TO CHCTEMa yIpaBJieHuUs 0301 JaHHBIX, KOTOPAs MO3BOJISIET OCYIIECTBIISATh HEOOXOIH-
MbIC MAHHUTTYJISINN C JAHHBIMH M B TOM YHCIIC HHTEPIPETUPOBATh U3MEHEHUS JTaHaadra,
HCTIONB3Ysl PETPOILTIAHBI MECTHOCTH, CTPOUThH CXEMbI PACTIONIONKEHHUS TIOCETICHUH 10 HAXOXK-
neHuro apredakToB U npod. Bo Beex ciyuasx co3nanue b/l umeeT cBoeii 11e1b10 PEeBpaTHTh
pa3po3HEHHBIC JAHHBIC B MH()OPMAIIMOHHBIE PECYPCHI.

BJ1 Apxeornorust mpeacrapiseT coO0W TpeXKOMIOHEHTHyro cucteMy Cepsep-basa-IIpu-
noxenue. Cepeprast yactb — Ubuntu 18.04 LTS (Bionic Beaver), Be0-mipunoxenne — GeoDjango,
0aza mannbix — Postgresql 10.4 (PostGIS). PostgreSQL — 310 pensipionHast 6a3a JJaHHBIX, a Tak-
K€ TIPOTPAMMHBIN MPOIYKT C OTKPBITHIM MCXOAHBIM KOJIOM M CBOOOMHOW JHiieH3uei. PostGIS
JOOABIISIET TOMACPKKY Teorpadueckux OOBEKTOB B OOBEKTHO-PEISIIUOHHYIO 0a3y JIaHHBIX.
B cymnocTn, PostGIS — BHyTpeHHsIs pocTpaHCTBEHHAsI 0a3a JTaHHBIX U reorpapuuecKux uH-
(opmarmoHHeIX cucteM. Ubuntu — orepanuoHHast cucteMa, ocHoBanHasi Ha Debian GNU/Linux.
B Hacrosiee BpeMst IPOSKT aKTUBHO Pa3BUBACTCSI U MOIICPIKUBACTCS] CBOOOTHBIM COOOIIIECTBOM.
GeoDjango — reorpaduueckas BeO-cpena. Ero 1ienp — MakCHMalTbHO YIIPOCTHTh CO3/IaHUE BEO-
npunokernit T'MC 1 UCMoIb30BaTh BO3MOXKHOCTH TIPOCTPAHCTBEHHBIX JaHHBIX. [10M00Hast Tpex-
KOMITOHECHTHAsI CHCTeMa MO3BOJISIET CO3/IaBaTh MPOCTHIC, Pa30UThIC Ha OT/CIIbHBIC MO, KOM-
TUICKCHI CHCTEM, KOTOPBIMH JIETKO YIIPABIISATH U Pa3BHBATh.

TakuM 00pa3oM, MEPCIEKTUBHBIM HAMPaBICHUEM PAa0bOTHI CIEAYET CUUTATh CO3IAHHE
T'C «Apxeonorusi MOCKBBI», B KOTOPO# apxeoyornueckast Kaprorpadusi MOKPHIBaeT Tep-
PHUTOPHUIO BCETO TOpO/a, a 0a3a JaHHBIX MOJHOIICHHO U JOCTOBEPHO OTPaXKaeT BCKO UCTOPHUIO
apXeOJOrMYECKUX MCCIICAOBAHNI Ha TEPPUTOPUH TOPOJIa B COBPEMEHHBIX MPaHHIIAX.

Buchkin M.N.*, Vilkovich R.V.*,

Ushakova N.A.*, Berkovich V.A.**
*”Georesurs” LLC

**” Archaeological Research in Construction” LLC
Moscow (Russia)

GIS “ARCHAEOLOGY OF MOSCOW”

In 2017, by order of the Department of Cultural Heritage of Moscow, our team began to
systematize the information obtained during archaeological research accumulated over the
entire history of archaeological investigations in the city. This work is carried out in the form
of GIS “Archaeology of Moscow” on the basis of the Unified State Cartographic Basis of
Moscow at a scale of 1:10,000.

GIS is a relatively new direction in archeological research, but an increasing number
of archaeologists understand that the collection, storage and analysis of a huge amount of
diverse spatial and distributed archacological information is impossible without the use of
modern geoinformation technologies.
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GIS “Archaeology of Moscow” covers an area of 2.5 thousand square kilometers and
information about hundreds of objects of archacological heritage. For today our database col-
lects more than 1000 constructions, 1500 finds and storehouses, 1700 sites of excavations,
about 2000 profiles, about 300 churches and burials not remained for today, 280 borders of
the objects of archaeological heritage.

The creation of the GIS includes four main tasks to systematize the results of archaeo-
logical research and can be considered as a task of structuring archaeological data for the
purpose of searching and analyzing information:

— Creation of a basic computer map for displaying historical information;

— Creation of a database (DB) containing research and management information that can
be linked to digital information on the location of historical monuments, and digitization of
information on the status of historical monuments and sites on paper maps;

— Identification and use of information from other sources: air and space images, histori-
cal maps, etc;

— Creation of a convenient user interface.

GIS is an automated system of spatial and temporal data processing, the basis for the
integration of which is geographical information. In essence, it is a database management
system that allows to carry out the necessary manipulations with the data, including interpre-
tation of landscape changes using retroplanes of the terrain, to build schemes of settlement
location by finding artifacts, etc. In all cases, the creation of a database aims to turn disparate
data into information resources.

The DB Archaeology is a three-component Server-Base Application system. Server
part — Ubuntu 18.04 LTS (Bionic Beaver), web application — GeoDjango, database — Postgr-
esql 10.4 (PostGIS). PostgreSQL is a relational database, as well as an open source software
product with a free license. PostGIS adds support for geographic objects to the object-re-
lational database. In essence, PostGIS is an internal spatial database for geographic infor-
mation systems. Ubuntu is an operating system based on Debian GNU/Linux. The project
is currently being actively developed and supported by a free community. GeoDjango is a
geographic web environment. Its purpose is to simplify as much as possible the creation of
web-applications of GIS and to use the possibilities of spatial data. Such a three-component
system allows to create simple, broken down into separate modules, complexes of systems
that are easy to manage and develop.

Thus, the creation of GIS “Archaeology of Moscow” should be considered a perspective
direction of work, in which archaeological cartography covers the territory of the entire city,
and the database fully and accurately reflects the history of archaeological research in the city
in the modern borders.

https://DOL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.23-25
Byukun M.H., BuaskoBuu P.B., Atnacos 1O.P.
OO0O HIIII «I'eopecypcy

Mocxesa (Poccus)

0 BO3MOKHOCTH CO3JIAHUSI OFLEMHOI1 MOJEIU
KYJIbTYPHOI'O CJIOSI MOCKBBI

WunnunatyBa cucTeMaTH3aluy pe3yasTaToB apxeonornyeckux pador B popme ['MC nHa
0a3e kaprorpadupoBanust KyiasTypHoro cios (KC) . Mocksbl npuHaanexuT [emapramenty
MockoMHacaeausl.

KynbrypHblii crioii sBisieTcsi 00beKTOM TOCyJapCTBEHHOW OXpaHbl, U CO3JaHUEe CANHON
WHPOPMAITMOHHOH MIaTGOpPMBI U paboT € 3TUM OOBEKTOM SIBISIETCSI HEOOXOAMMBIM yCIIO-
BHEM JUIsI B3aUMOJICHCTBHSI CO CTPOMUTEIBHBIM KOMILJIEKCOM TOpoJia U apXeoJOoTHYeCKHUMHU
OpTaHHU3alMsIMH, BBITOTHIIOIMMH PaOOTHI B 00IACTH criacaTeIbHON apXeOoIOTHH.
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KynbeTrypHBIi#i citoit MOCKBBI — 3TO XpaHHUJIUINE MAaTEPUATBHBIX HCTOYHUKOB apXeO0JIOTH-
4yeckod MH(OpPMAIIUH, TTOCTOSHHO M O€3BO3BPATHO pa3pyIIArOIICHCs B Pe3ylibTare CTPOU-
TEJIBHOM JesTeabHOCTH. HeoO0XommmMo UMeTh JOCTOBEPHYIO HH(DOPMAIUIO O PACTIONOKEHUU
rpanui KC, ero MomHocTH, Bo3pacTte, CTEIICHH COXPAHHOCTH, TITyOUHE PaCIiOIOKESHUS KPOB-
JIU MaTEPUKOBBIX OTIIOKEHHUH M MX cocTaBa u T.J. Crernuduueckoii 0COOCHHOCTHIO paboTHI,
KOTOPYIO MPEJICTOUT BBIIIOIHUTD, SBISICTCS Pa3Mep TCPPUTOPUU KAPTUPOBAHHH.

B coBpemennbix rpanunax Mocksa 3anumaet 2500 kB. kM. [Ipu 3ToM, Mo npeaBapu-
TEJBHBIM OIleHKaM, obOmas mwiomans KC B rpanuiiax ropoaa cocrasisiet 200-300 Twic. ra,
a caM KC — 3T0 MHOXECTBO TPyHTOBBIX TEJ, UMCIOIIUX CIIOKHBIC OYCPTaHMSI KaK B ILIAHE,
Tak U B pa3pese. KapTupoBaHue BBIMOIHSIIOCH 1O JaHHBIM Oypenus (okoo 100 ThIC. ckBa-
JKUH) U JIOTIOJIHSJIOCH JaHHBIMH apXCOJIOTHYECKUX PACKONOK. BaXkHO, UTO CyIeCTBYIOIIAS
0a3a CKBaXXHH, MPOOYPEHHBIX MOCKOBCKUMHU T'€0JIOTAMHU, ITIO3BOJISICT BBIMIOJIHUTE ATy PadoTy
B IOJHOM 00BbeMe, B TOM unciie B maciurade 1: 10 000.

Metonuka 1udpoBOro KapTUPOBAHUS TPYHTOBBIX TEIl SIBIISICTCS PYTUHHOW M B paMKax
JTAHHOTO COOOIIICHUS HE 00CYKIACTCsl.

CyliecTByeT U BTOpas 3aja4a PerHOHATIbHBIX UCCIICAOBAHUI UCTOPHUYECKH IIETOCTHOMN
TEPPUTOPHH, KOTOPYIO I[EJIeCO00Pa3HO OOCYIUTh.

Mertonbl kapTorpaduu Mpu HAJIUYHHA MPOCTPAHCTBEHHO IPHBSI3aHHBIX apXeoJIorHue-
CKUX JIaHHBIX MTO3BOJISIOT «3aIVISTHYTh BHYTPBY» KYJBTYPHOTO CJIOS C IIEJIBE0 OIICHKH TOCIIEIO0-
BaTEJILHOCTH U XPOHOJIOTUU HAKOILICHHSI aHTPOTIOTEHHBIX OTIOKEHUH.

B ¢BsI31 ¢ 3TUM IPEIIOKEHO CO3/IaTh 00BEMHYIO MOJIEINb MPOCTPAHCTBEHHO-BPEMEHHOTO
kapkaca KC ¢ 11e1b0 apXeoJIornyecKoll KOppelsiui HaKOTICHHOH MH()OpMAIUU U peruo-
HaJBHON CHHXPOHU3AIMH ITPOCTPAHCTBEHHO 000c00IeHHBIX 311eMeHTOB KC 1. MOCKBBI.

Jlns mocTpoeHuss Kapkaca pa3paboTaH W ONpoOOBaH METOJ MPOCTPAHCTBEHHO-
BPEMECHHON MHTEPIIONSIUH, PA0OTAIONINI TPU HAJIMYMU JTaATUPOBAHHBIX HAXOJIOK, KOTOPHIC
MOXHO 3a()MKCUPOBATh B MPOCTPAHCTBE KYJIETYPHOTO CJIOSI B CHCTEME KOOPJHMHAT X,Y,Z,T
(KoopAMHATHI, Bpems).

Merton nmo3BosisieT B rpyHTOBOM Tojie KC mocTponTs N30IupoBaHHBIE TTIOBEPXHOCTH C
3apaHee 3aJlaHHBIM BPEMEHHBIM WHTepBaioM, Hanpumep 100 neT.

TexHoNOorHs pean3yercs Py YCIOBHH COCTABIICHUS JIBYX 0a30BbIX KapT:

— KapThl U30XPOH 3aCEJICHUs TePPUTOPUHN — Hayasio HakoruieHust KC;

— kapThl n30xpoH u3oisiuu KC — okonuanue nakoruienust KC.

WNuTepnionsiius mo napametpy T MO3BOJISET MOCTPOUTH CUCTEMY MOBEPXHOCTEH, KOTO-
pbIC HA3bIBAKOTCS N30XPOHHBIMHU.

[MocTpoeHue MPOCTPaHCTBEHHO-BPEMEHHOTO Kapkaca HE MOJMEHSCT apXeoyornye-
CKyI0 cTparurpaduro, HO BBOJUT METPHUKY aOCOJOTHOTO BPEMEHHM, UTO BaXKHO JUISl CHH-
XPOHU3AIUU pa3pe3a HAKOIUICHUSI aHTPOIIOTEHHBIX OTJIOXKCHHH OBIBIINX Tepputopuii. Kak
MoKa3bIBaeT nmocrpoenue oobemHuoi monenn KC B rpanuniax Kurali-roposa, Bo3MoxHa pe-
KOHCTPYKITHUS TIOCIIEI0BATEILHOTO PACIIMPEHUS TOPOJIa C MOMEHTA MEPBUYHOTO 3aCEIICHUS
TEPPUTOPUH.

Buchkin M.N., Vilkovich R.V., Atlasov Yu.R.
“Georesurs” LLC
Moscow (Russia)

ON THE POSSIBILITY OF CREATING A VOLUMETRIC
MODEL OF THE CULTURAL LAYER OF MOSCOW

The initiative to systematize the results of archeological work in the form of GIS based
on the mapping of the cultural layer (CL) of the city of Moscow belongs to the Department
of Department of its Cultural Heritage.

The cultural layer is an object of state protection, and the creation of a single informa-
tion platform for work with this object is a necessary condition for interaction with the con-
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struction complex of the city and archaeological organizations that perform work in the field
of rescue archaeology.

The cultural layer of Moscow is a repository of material sources of archaeological in-
formation, which is constantly and irrevocably destroyed as a result of construction activi-
ties. It is necessary to have reliable information about the location of CW boundaries, its
capacity, age, degree of safety, the depth of the location of the continental sediments roof
and their composition, etc. A specific feature of the work to be done is the size of the map-
ping area.

Moscow occupies an area of 2500 sq. km in modern borders. At the same time, accord-
ing to preliminary estimates, the total area of CL within the city borders is 200—300 thousand
hectares, and the CL itself is a lot of dirt bodies with complex contours both in terms of plan
and in terms of cross-section. Mapping was carried out using coring data (about 100,000
cores) and was supplemented by archaeological excavations. It is important that the existing
database of cores drilled by Moscow geologists makes it possible to perform this work in full,
including at a scale of 1:10,000.

The method of digital mapping of soil bodies is routine and is not discussed in this re-
port.

There is also a second task of regional studies of the historically integral territory, which
should be discussed.

Cartographic methods in the presence of spatially referenced archaeological data allow
us to “look inside” the cultural layer in order to assess the sequence and chronology of the
accumulation of anthropogenic deposits.

In this regard, it was proposed to create a volumetric model of the spatial and tempo-
ral framework of the CL in order to ensure the archaeological correlation of accumulated
information and regional synchronization of spatially isolated elements of the CL of Mos-
COW.

To build a framework, a method of spatial and temporal interpolation has been devel-
oped and tested, which works in the presence of dated finds that can be fixed in the space of
the cultural layer in the coordinate system x, y, z, T (coordinates, time).

The method allows to construct isolated surfaces with a predetermined time interval, for
example, 100 years, in the CL ground stratum.

The technology is implemented on the condition that two basic maps are drawn up:

— Isochron settlement maps — the beginning of the CL accumulation;

— CL isochronization maps — end of CL accumulation.

Interpolation by T-parameter allows the construction of a system of surfaces called iso-
chronic.

The construction of a spatio-temporal framework does not replace archeological stratig-
raphy, but introduces the metric of absolute time, which is important for the synchronization
of the section of the accumulation of anthropogenic deposits of former territories. As shown
by the construction of a volumetric model of CL within the boundaries of Kitai-Gorod, it is
possible to reconstruct the sequential expansion of the city from the moment of initial settle-
ment of the territory.
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CTEPEO®OTOI'PAMMETPUSA [JISI TPEXMEPHOI'O KOMIIBIOTEPHOT'O
MOJIEJIMPOBAHUSA OFBEKTOB B APXEOJIOI'MU PYCCKUX CUBUPHU

Hccneoosanue vinonneno npu noodepoicke PH®, npoexm Ne 18-18-00487.

Ieonesnteckoe CONMPOBOXKICHUE apXEOIOTHISCKHIX PaloT, C €KETOIHON MPHUBS3KOM Tpa-
HUI] KaXXJI0ro packoria B eZIHHOﬁ CHUCTCMC KOOPAMHAT, IO3BOJIACT IMPU KOMIIBIOTCPHOM MO-
ACJTIUPOBAHUHN BKJIIOYATh B PCKOHCTPYKIHIO A€TAJIN, BBIABJICHHBIC Ha PA3HBIX 3TAallax apxeo-
JIOTUYECKOr0 UCCIICA0BaHNA U HE IMOMaBIIMEC B I1OJIC 3pCHHUA B MOMCHT CHCMKHU. HaubGoiee
MOJTHOE ¥ TOYHOE OMHMCAHUE TMaMsTHHKA MOJTy4aeTcsi Ha OCHOBE METO/IOB OnvkHeH (oTo-
IPaMMETPHUH.

Hcropudecku CIIOKUIIOCH TaK, YTO pa3BUTHE (POTOrpaMMETPHUYECKUX CIIOCOOOB MTOCTPO-
SHHS MOJIeJIC MECTHOCTH HAYMHAIOCH C Ha3eMHOM cTepeocheMK. [To3ke chopMupoBamuch
MeTozbl a3podorocheMku. C nu3odpeTeHreM U poBoii portorpaduu U Co3TaHUEM TI100aIb-
HBIX HABUTAIIMOHHBIX CITyTHUKOBBIX cucTeM (I'HCC) y HazeMHO# cTepeocheMKH TOSBUIIHICH
HOBBIC ICPCIICKTUBBI.

B 2018 1. KoysIeKTHB aBTOPOB MPOTECTUPOBAIT HA PYCCKOM apXeOJIOrHUECKOM KOMITJIEKCE
XVII-XVIII BB. Anansuno-I B Tapckom paiione OMcKo#i 001acT IEPEHOCHYIO CHEMOYHYIO
CHCTEMY JUUTsl pelIeHNs 3a/1au OKHEH OTOrpaMMETpHUH.

CheMouHasl cucTeMa, cocrosias u3 komouHarmu nudposoro poroanmnapara u [HCC-
MPUEMHHKA, YCTAaHOBJICHHBIX Ha T€0Ie3MUECKOM Belllke, TT03BOJHIIA co3ark 3D-Mozens pac-
KOTIa M JKMJIMIIIHOTO KOMIUIEeKca, n3ydeHHoro B 2017-2018 rr.

B nporiecce padore THCC-nipuemuuk padotai B pesxxume peanbroro spemenn (RTK) u
o0ecrieunBal B MOMEHT (POTOCHEMKH CHHXPOHHYIO (PHKCAIMIO KOOpAHHAT (ha30BOTO IICHTpPa
AQHTEHHBI, KOTOPBIE PEAYIIUPOBAIHMCH K Y3JIOBOM TOUKE 0OBEKTHBA (poToarmapara.

®dororpadupoBaHre MPOU3BOAMUIOCH C 3aBEJOMO YBEIMUYCHHBIM MEPEKPHITUEM CHUM-
KOB. Eciin Ipu ChbeMKe NPUIEPKUBATHCS MPOCTHIX IIPABUII IIOCTPOCHUS TPAEKTOPUU JIBHXKE-
HUSI, TO MOXKHO TIONTyYHUTh (hoTorpaduu Bcero 00beKTa ¢ KOPPEKTHOW MPUBS3KONW CHUMKOB K
cucreMe KoopauHat MecTHOCTH. DoTorpammerpuyeckas 00paboTKa IMOyYeHHBIX JaHHBIX,
BBITTOJTHEHHAsT B TiporpaMMHOoM Komriekce Agisoft PhotoScan (I'K «I'eockan», . CaHKT-
[TetepOypr), mo3BossieT mocTpouTh 3D-Mo/eNIb MECTHOCTH B 3a/laHHON CCTEME KOOpPANHAT.
[peanoxeHHast METOIMKA 00ECTIEUNBACT TIOYUYEHHUE PE3YIBTaTOB MPAKTHUECKU B PEaIbHOM
BpemeHH. Tak, Ha CheMKy U 00paboTKy MarepHuajioB Ha packore rmionaapio 200 kB. M 3a-
Tpav4eHO BCETO OKOJIO OJTHOTO Yaca BpeMeHH. [1o pesynbraraM chbeMKH CO3[aHbl TUIOTHBIE U
TEKCTYPUPOBAHHBIC MOJCIIM pacCKoIllia, IO KOTOPbIM 00eCITeunBarOTCs BLICOKOTOUYHBIE M3MeE-
PEHHSI MECTOIIONIOKEHNS ¥ TEOMETPHUECKIX ITapaMeTPOB HAXOJI0K, YUTAETCS cTpaturpadus,
BOCTIPOM3BOUTCS 3a)UKCHPOBAHHASI B PACKOIIEC apXUTEKTYpa IIOCTPOCK.

ITo nToram apxeoJ0ruueckoro ucciaeioBaHus U Ha3eMHOM crepeocheMku B 2018 1. crie-
JIaHbI CIIEAYIONINE BHIBOBI:

— PackonanHoe >xuiuIIe, 9acTh KOTOporo u3ydeHa B 2017 1., UMEET CIOKHYIO CTPYK-
TypY, BCIEACTBUE HEOJHOKPATHOM MEPECTPOMKH.

—  Cyzst o HaliZiecHHBIM apTedakTam, B KaKOW-TO MEPUOJ] BpEMEHH OHO MTPUHAJIICIKAIIO
He psoBoMy uenoBeky. Ctpaturpaduueckrie HaOMIOACHUS HE MO3BOJISIIOT 3TO 3a()UKCHPO-
BaTh.

— H3yuenwue manurpaduu KUIUIIA HA OCHOBE TOCTpocHUsT 3D-Mo/ienu 1 aHaju3 ero
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PacmoOKEHHsI B CHCTEME BCETO MOCETICHUS MO3BOISET MPUOIU3UTHCS K PEIIIEHUIO 3TOTO BO-
npoca.

— IlpemnoxeHHas METOIMKA HA3eMHOI CTEPEOCHEMKH YIpolIaeT cozaanue 3D-monenn
apXeOJOTMYECKUX OOBEKTOB, TAK KAaK MO3BOJIAET MONYYUTH TOTOBBIM MPOAYKT B MOJIEBBIX
YCIOBHUSAX, UTO a€T BO3MOKHOCTh PEIaKTHPOBATH CIICHAPHU CHEMOK.

Bykov L.V.*, Tataurova L.V.**, Fedorovskiy A.A.*,
Bogdanov A.A.*, Svetleishiy A.Z.***

*Omsk State Agrarian University - Omsk (Russia)

**National Research Tomsk State University - Tomsk (Russia),

Institute of Archaeology and Ethnography of the Siberian Branch RAS - Omsk (Russia))
*4%7Rosj-2015 "Rus LLC - Omsk (Russia)

STEREOPHOTOGRAMMETRY FOR THREE-DIMENSIONAL COMPUTER
MODELING OF OBJECTS IN ARCHEOLOGY OF THE RUSSIANS IN SIBERIA

The research was carried out with the support of the Russian Science Foundation (RSF),
project No. 18-18-00487.

Geodetic support of archeological works with annual binding of borders of each excava-
tion in a single system of coordinates, allows to include in reconstruction of details revealed
at different stages of archeological research and not got in a field of vision at the moment
of survey. The most complete and accurate description of the site is obtained on the basis of
near-field photogrammetry methods.

Historically, the development of photogrammetric methods of building terrain models
began with ground-based stereo photography. Later, aerial photography methods were devel-
oped. With the invention of digital photography and the creation of global navigation satellite
systems (GNSS), ground-based stereo imaging has new perspectives.

In 2018, the team of authors tested a portable imaging system for solving problems of
near-field photogrammetry on the Russian archaeological complex of the 17th—18th centu-
ries Ananyino-I situated in the Tarsky District of the Omsk Region.

The shooting system, which consists of a combination of a digital camera and a GNSS
receiver mounted on a geodetic grid, made it possible to create a 3D-model of the excavation
and housing complex studied in 2017-2018.

In the process of operation, the GNSS receiver operated in real time (RTK) and provided
synchronous fixation of the antenna phase center coordinates at the moment of photography,
which were reduced to the node point of the camera lens.

Photography was carried out with knowingly enlarged overlapping of images. If you fol-
low simple rules of trajectory construction, you can get the photos of the whole object with
the correct binding of images to the system of coordinates of the terrain. Photogrammetric
processing of the obtained data, performed in the Agisoft PhotoScan software complex (GC
“Geoscan”, St. Petersburg), allows to build a 3D-model of the terrain in a given coordi-
nate system. The proposed methodology provides almost real-time results. Thus, it took only
about one hour to survey and process materials at the excavation area of 200 sq. m. Based on
the results of the survey, dense and textured models of excavation were created, which pro-
vide high-precision measurements of the location and geometric parameters of finds, read-
able stratigraphy, and reproducing architecture of buildings fixed in the excavation.

Based on the results of archaeological research and ground-based stereo photography in
2018, the following conclusions were drawn:

— The excavated dwelling, some of which was studied in 2017, has a complex structure
due to repeated reconstructions.

— For some time it belonged to a man who has an extraordinary position. Stratigraphic
observations do not allow us to record this.
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— The study of housing planning on the basis of building a 3D-model and analysis of its
location in the system of the entire settlement allows us to approach the solution of this is-
sue.

The proposed method of ground-based stereo shooting simplifies the creation of a 3D-
model of archaeological sites, as it allows to get a finished product in the field, which makes
it possible to edit the shooting scenarios.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.28-30
BocTrpoknyTtoB A.B.
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30HbI X031 CTBEHHOM JEATEJIbHOCTHU CPEJIHEBEKOBOI'O
HACEJIEHUSI BACCEMHA P. UHbBBI B IEPMCKOM ITPEYPAJIBE

HUccnedosanue svinonueno npu noodepicke PODOU, npoexm Ne 17-46-590780.

Bacceiin p. UnpBEI (IpaBoro nputoka p. Kamsl) pacnonoxkeH TEppUTOPUATIBHO B IBYX
paitonax Ilepmckoro kpas: KyasiMkapckom u FOchbBHHCKOM. DTa TEppUTOPHS 3aceieHa ue-
JIOBEKOM ellle C Mepruoja mnajeonuTa. B reorpaduyeckoM minane naHHas TEPPUTOPHS 3aHATA
WupBencko-OOBHHCKOM HU3MEHHOCTBIO (MpaBobOepexbe), Konmacckumu yBanamu u Cpen-
HEKaMCKOW HU3MEHHOCTBIO Ha JIEBOM Oepery.

B cpenneBexoBbe Ha VHBBE U ee MPUTOKAaX HACUUTHIBAETCA 70 15 TEppUTOpHATIBHBIX
CPYII DaMSITHUKOB apxeonoruu. CTOUT OTMETUTH, UTO JIAHHAS TEPPUTOPUS SBISETCS OHOM
U3 caMbIX 3aceleHHbIX Ha KaMckoM mpaBoOepekbe B 3TO BpeMsl — 3[1eCh HaCUUThIBaeTcs 39
apXeOJOrMYECKNX OOBEKTOB: OOJBIINX M MAJIBIX TOPOIUIL, CEIIHII U MOTHIILHUKOB.

C XI1I B., kak cnenyet u3 ucciaegoanuii A.H. Capamnynosa, Ha HHTepecyIoLIei Hac Tep-
PHUTOpHUH TOSBIIsIETCS TaeHHoe 3emienenue. OO0 3TOM CBHIETEIbCTBYIOT HAXOAKH HAKOHEY-
HUKOB MaXOTHBIX OPYIHUi, CEproB, KOC-TOPOYII, 3€pPeH 3JaKOBBIX PACTECHHMH, SIM-KJIaZOBOK
Ha roceneHusax. Kpome Toro, UMeroTCss MECTOHAXOXKICHHUS PaIbHUKOB. AHAJIN3 MaTMHONO-
THYECKUX MPOO Ha PACMOIOKEHHOM B OTHOCHTEIBHOM Onn3ocTtr PoxkIecTBEHCKOM Topoau-
e (60 KM K 1oro-3amajy) mokaszai, YTO B OKPECTHOCTSIX STOTO MaMSITHUKA TOCIIOICTBOBATIN
BTOpHUYHBIE Oepe3oBbie (POPMALIUH, YTO TOBOPUT 00 aKTUBHOH XO3SIIICTBEHHOM AESTEILHOCTH
MECTHOTO HaceJleHUs!.

ITomMuMo 3eMienienus, K CeNbCKOMY X03HCTBY OTHOCUTCS M CKOTOBOAICTBO. Ha KpymHBIX
rocesieHYecKux namsaTHuKax (ropoauia Kynemvmkap, Kynpoc, Anronrkap, Poganoso, Iomto-
ThI, cenuax Kanuno n BakuHo) ObIIH cie1aHbl MHOTOUHCIICHHBIE HAXOAKH KOCTEH ToMalll-
HUX KUBOTHBIX.

Ha nam B3misiz1, 0610 OBl HHTEPECHO MPEACTaBUTh, KAK B XO35HCTBEHHOM OTHOILICHUN
OCBaWBaJIaCh JaHHAS TEPPUTOPHsL. 3eMIIH, BXOIsIMe B OacceiiH p. MIHBBEI, IO XapakTepu-
CTHKE ITOYB MPUTOIHBI U JJIs 3eMJIEJIENNs, U JUIs CKOTOBOAICTBA. PasymeeTcst, ocBoeHne npo-
CTpPAHCTBa JUISl IBYX 3TUX THIIOB XO3SHCTBa MPOUCXOAMIIO B Pa3HBIX MECTax: JUIsl BEJCHUS
3eMIIeIeTIHsI HEOOXOAMMBI TIOMIA 1, TIPUTOAHBIE TT0]T pacTaliKy, a AJ1sl CKOTOBOACTBA — MacT-
OwIIa ¥ TOKOCKI JJISl 3arOTOBKM KOpMa Ha 3uMy. Hemasoe 3HaueHue st CCHOKOCHBIX YTOJUH
HMMEEeT paccTOSIHUE A0 MOCENIEHUH /I BBIBO3a 3arOTOBJIEHHOTO CEHa B 3UMHHI MEpHOI.

Pemenne manHOro Bompoca BUAUTCS HAM B METOAMKe, mpeanoxenHol [LE. Adanacne-
BBIM, OIUPAIOLICHCS Ha MOJOKEHHUE O TOM, UYTO OoJiee MM MEHee HHTCHCUBHO OCBauBasach
TEPPUTOPHS BOKPYT TOCENEeHUs B panuyce 5 kM, npudeMm Ha 100% — Ha pacctosiHuu 1 KM,
50% — 1-2 xm, 33% — 2-3 kM, 25% — 3—4 xm, 20% — 45 kM.

Hanoxxenue okpy»HOCTel € yKa3aHHBIMU pailycaMH Ha KapTy C apXeoJIOrH4eCKUMH Ia-
MSITHHKaMU, KyZia Takke ObLTH J0OABJICHBI CIION penbeda 1 MOYB, O3BOJIMIO HAM BBIICITUTh
MOTCHINANBHBIC 30HBI: «ITAIIHWY, «CEHOKOCHBIC YIOIbsi» U «nacTouiia». OKoHYaTeIbHBIH
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aHaJIM3 MMPOBOAUJICA C YYETOM NOTCHIUAJIBHBIX BOJHBIX MpErpaj, KOTOPbIC, HCCOMHECHHO,
SABJIJIMCH NPCIATCTBUCM IJIA paCIIPpOCTPAHCHUA XO3SIMCTBEHHOTO OCBOCHUS IMPpOCTPAHCTBA,
BXOAAMICTO B MATUKUIIOMETPOBYIO 30HY, 4 TAKKC penbeq)a MECTHOCTH. HOCJ’IGI[HCMy apry-
MCHTY CHOCO6CTByCT TOT q)aKT, YTO aBTOp CaM HCOAHOKPATHO IMPUHUMAJ y4aCTUC B pa60TaX
Ha pa3sjiMIHbIX CPEAHCBCKOBBIX IMAMATHUKAX B Oacceitne p. HHBBBI U UMEET mpeaCTaBJICHUC
O I’ COMOp(bOJ'IOI‘ WK OKPYIKAIOMIUX 3TU MMaMATHUKHA 3E€MCJIb.

HpI/IMeHeHI/IC KapTOI‘pa(I)I/I‘IeCKOI‘O METOJa B U3yUCHUU XO03SIMCTBEHHOT'O OCBOCHMS TCp-
puToprun HanBenckoro 6acceina OTKPBIBA€T HOBBIC BO3MOXKHOCTH ITOHUMAaHUWA IMTPOUCXOIUB-
murX B APEBHOCTU UCTOPUUICCKUX MPOLICCCOB.

Vostroknutov A.V.

Perm State Humanitarian
and Pedagogical University
Perm (Russia)

AREAS OF ECONOMIC ACTIVITY OF THE MEDIEVAL POPULATION
OF THE INVA RIVER BASIN IN THE PERM URALS

The research was supported by Russian Foundation for Basic Research (RFBR),
project No. 17-46-590780.

The basin of the Inva River (right tributary of the Kama River) is located in two districts
of the Perm Krai: Kudymkar and Yusva. This area has been inhabited by humans since the
Paleolithic period. Geographically, the area is occupied by the Inva-Obva lowland (right
bank), Kondassk Hills and Middle Kama lowland on the left bank.

In the Middle Ages on the Inva and its tributaries there are up to 15 territorial groups
of archaeological sites. It is worth noting that this area is one of the most populated on the
Kama right bank at this time — there are 39 archaeological sites: large and small hillforts,
open settlements and burial grounds.

Since the 12th century, as it follows from the research of A.N. Sarapulov, arable farm-
ing has appeared on the territory we are interested in. This is evidenced by the findings of
the tips of arable tools, sickles, scythes, cereal grains, pits in settlements. In addition, there
are locations of the plowshares. Analysis of palynological samples on the Rozhdestveskoe
hillfort located in relative proximity (60 km to the south-west) showed that secondary birch
formations dominated in the vicinity of this site, which indicates the active economic activity
of the local population.

In addition to arable farming, the agricultural sector also includes cattle breeding. At
large settlement sites (hillforts of Kudymkar, Kupros, Anyushkar, Rodanovo, Polyuthy, set-
tlements of Kalino and Vakino) numerous animal bones were found.

In our view, it would be interesting to imagine how this territory was developed econom-
ically. The soils of the Inva River basin are suitable for both farming and animal husbandry.
Of course, the development of space for these two types of farm took place in different plac-
es: for farming, plowing areas are needed, and for cattle breeding — pastures and mowing for
winter harvesting. The distance to settlements for the removal of harvested hay in winter is
of great importance for hayfields.

The solution to this problem is seen in the methodology proposed by G.E. Afanasiev,
which is based on the position that the territory around the settlement within a radius of 5 km
was more or less intensively developed, and at 100% — at a distance of 1 km, 50% — 1-2 km,
33% —2-3 km, 25% — 3—4 km, 20% — 4-5 km.

The mapping of circles with these radii on the map of archaeological sites, where lay-
ers of relief and soil were also added, allowed us to identify potential areas: “arable land”,
“hayfields” and “pastures”. The final analysis was carried out taking into account potential
water barriers, which undoubtedly were an obstacle to the spread of economic development
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of the space included in the five-kilometer zone, as well as the relief of the terrain. The last
argument is facilitated by the fact that the author himself repeatedly participated in archaeo-
logical survey of various medieval sites in the basin of the river Inva and has an idea of the
geomorphology of the surrounding lands.

The application of the cartographic method in the study of the economic development
of the territory of the Inva basin opens up new opportunities for understanding the historical
processes that took place in ancient times.

https://DOI.ORG/10.25681/IARAS.2019.978-5-94375-289-6.30-31
Tatinynnun UM%, YemanoB B.M.**

*Unemumym apxeonoeuu um. A.X. Xarwxosa AH PT
**Kasauckuil pedepanvuviil yHUgepcumem

Kaszanw (Poccus)

NCITIOJIB3OBAHUE JAHHBIX JTUCTAHUHMOHHOI'O 30HAUPOBAHUSA
TP OLEHKE PASPYHIEHUSA NAMATHUKOB APXEOJIOI'NH,
PACITIOJIO’KEHHBIX HA BEPETAX MAJIBIX PEK

Jannas pabota siBIsieTCsI MPOIOIKEHUEM HCCIIe0BaHMsI, HAITPAaBICHHOTO Ha pa3padoTKy
CHCTEMBI aHAJIN3a PUCKOB pa3pyIleHUs] apXeoIOTHUECKUX 00heKTOB Bomkcko-bynarapckoro
nepuona (X—XIII BB. H.3.) Ha Tepputopun Peciybnuku Tarapcran. Bonbinas yacts ykpe-
TUICHHBIX TOCEJIEHUH paccMaTpUBacMOroO MepHoja pacrojokeHa Ha Oeperax MaibIX pek.
OTOT (hakT ompenenseT pIucK UX pa3pyLIeHUs] €CTeCTBEHHBIME Mporieccamu. C 1eTbIO BBISB-
JICHUs1 PHCKa TPaHC(HOPMALIUH apXEOTOTHIECKHX TaMATHIUKOB PEYHBIMHU MPOLIECCAMH ITPOBE-
JieHa OIleHKa TUHAMMKH OeperoBoii apo3uu B pailoHe pacnoioxeHus JIykoBCKoro ropoamiia
(AmactoBckwuii paiion Pecniyonuku Tarapcran). C 3Toi 1enblo poBeIeHBI TOJNEBbIC HCCIie-
noBaHus ¢ ucnoib3oBanreM MeTonoB BITJIA u THCC-texnonoruii 1uis onucanust penbeda
U COBPEMEHHOI'O COCTOSIHUS TEPPUTOPUHN MaMsTHUKA. [lomydeHHble naHHbIe OBUTM MpoaHa-
JU3UpoBaHsl ¢ ucnonb3oBanreM ['MC st olleHKH MHTEHCUBHOCTH OeperoBoil apo3un. b
COBMEILICHBI UCTOPUUECKUE KAPTHI, APXUBHBIE JaHHBIC NUCTAHLMOHHOIO 30HAUPOBAHUS U
nojiyueHHsle oprodoromiansl. Kpome Toro, B pesynsrare GororpammeTprueckoii oopador-
k1 cHUMKOB ¢ BITJIA noctpoena u npoananusupoBana 3D-mozens JlykoBckoro ropoamiia.
B pe3synbrare momydeHsl KapThl TUHAMUKN OEperoBOi JIMHUM U KOJMYECTBEHHBIE XapaKTe-
PUCTUKM MHTEHCHBHOCTH pa3pylleHUs] TEPPUTOPHU mamsTHUKA. OCHOBHBIMU (pakTopamu,
KOTOpBIE BIHSIIOT Ha 3PO3UI0 OEperoB NpHW pasMelieHnH Ha JIYyKOBCKOM YKpenjeHHOM IO-
CeJICHWH, SIBJISIETCSl MeaHIpupoBaHue pycia pekn KyOHs, BeicoTa Oepera U ciaraiouiye ero
nopoasl. MccnenoBanue Nokas3alo BaKHOCTb MCIONB30BAaHUS METOAOB JUCTAHI[MOHHOIO
30HAMpOoBaHus U 3D-mMozpenupoBaHus AN U3yYEHUS U NMPOTHO3MPOBAHMS JWHAMHUKU ped-
HBIX MPOIECCOB Kak (aKTopa pa3pylleHHs apXeoJorHuecKuX 00beKToB. Pe3ynsrarsl uccie-
JIOBaHUH MTOMOTYT BBISIBUTh TEHACHIIMM COCTOSHUS ITAMSITHUKOB U KOJIMYECTBEHHO OLIEHUTH
PHUCKH HUX pa3pylLICHHUS.

Gainullin L.I.*, Usmanov B.M.**

*Institute of Archaeology of the Academy of Sciences
of the Republic of Tatarstan

**Kazan Federal University

Kazan (Russia)

USE OF REMOTE SENSING DATA IN ASSESSING THE DESTRUCTION OF
ARCHAEOLOGICAL SITES LOCATED ON THE BANKS OF SMALL RIVERS

This work is a continuation of the research aimed at developing a system of analysis of
the risks of destruction of archaeological sites of the Volga-Bulgarian period (10th—13th cen-
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turies AD) on the territory of the Republic of Tatarstan. Most of the fortified settlements of
the period under consideration are located on the banks of small rivers. This fact determines
the risk of their destruction by natural processes. In order to identify the risk of transforma-
tion of archaeological sites by river processes, the dynamics of coastal erosion in the area of
Lukovskoye hillfort (Apastovsky District of the Republic of Tatarstan) was assessed. To this
end, field studies were conducted using UAV and GNSS techniques to describe the relief and
current state of the site’s territory. The data were analyzed using GIS to assess the intensity
of coastal erosion. Historical maps, archived remote sensing data and orthophoto maps were
combined. In addition, as a result of photogrammetric processing of images from the UAV,
the 3D-model of Lukovskoye hillfort was constructed and analyzed. As a result, maps of the
coastline dynamics and quantitative characteristics of the intensity of the site’s destruction
were obtained. The main factors affecting bank erosion at the Lukovsky fortified settlement
are the meandering of the Kubnya riverbed, the height of the bank and its component rocks.
The study showed the importance of using remote sensing and 3D-modelling methods to
study and predict the dynamics of river processes as a factor in the destruction of archaeo-
logical sites. Results of researches will help to reveal tendencies of a condition of sites and to
estimate quantitatively risks of their destruction.
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Tocyoapcmeennwiii Spmumandsic

Canxm-Ilemepbype (Poccus)

APXEOJIOTHYECKHE UCCJIEJJOBAHUA
IF'OCYJAPCTBEHHOI'O OPMUTAXA
B BUPTYAJIBHOM ITPOCTPAHCTBEHHO-BPEMEHHOM KOHTUHYYME

[ co3naHus 2NEeKTPOHHOM SHIMKIIONEINH 110 apXeoJoruu B l ocynapcTBeHHOM DpMHU-
Take OBbUT MPUMEHEH KOMIUIEKCHBIH moaxoa. HyxHo Obu1o npeactaBuTh HHGOpMALUIO Tak,
9T0OBI HE OBUIO HUKAKHX OTpaHMYCHUH 1O ITyOHHE MCIIONb3YEMBIX MaTepHuaioB U (hopmMaTam
MPEACTABICHHBIX AaHHBIX, YTOOBI 3alPOCH (POPMYIUPOBAIUCH HA €CTECTBEHHOM SI3bIKE, a
3aMoJIHEHUE pecypca MOXKHO OBLTIO BECTH MOCTENEHHO, N0 BO3MOXXHOCTH MUHHMHU3HUPOBAB
J00bIe 3aTpaThl. APXEOJIOTHS — 3TO HE TOJNBKO HAXOAKH U MaMSTHUKH, HO TaKKe HMEIOIINE
OTHONICHHE K HUM B pa3HOE BpeMsl JIIOAU M COOBITHS, B CBOIO OUepe/b CBSI3aHHBIC C KOH-
KpPETHBIM TOYKaMH Ha reorpaduueckoii kapre. Mcxoast usz aToro st pa3paboTku paboueit
MozenH JaHHbIX Obul monoxkeH cranaapt CIDOC-CRM (ISO 21127:2006). Uadopmanus
00 SPMUTaKHOM COOpaHHH MPEJCTaBIeHa TaK, YTOOBI MOYKHO OBUIO y3HATH O 3ajax ¢ KOJ-
JIEKIUSAMH, apXEOJOrMYECKHUX MaMsATHUKAX, UCCIEI0BATENSIX-3pPMUTAKHUKAX, SKCTISAUIINAX
U CBSI3aHHBIX CO BCEM 3THM COOBITHSAX M3 HCTOPUHU apXeOIOTHYECKHX paboT Ha TEPPUTOPUH
Poccun ¢ XIX Beka.

B ocHOBY pa3paOoTku ObLI MOJI0KEH MPUHIIMII ceTeBOro B3aumoneicteus Web 2.0, cyTb
KOTOPOTO CBOAUTCSI K TOMY, YTO CHCTEMa CTAaHOBUTCS TEM IOJTHEE, YeM OOJIbIIe JIIOeH ero
MoJB3yeTcsl ¥ OOJbIIe BHOCHTCSI KOPPEKTUPOBOK. Ha HauabHOM STarne MCHONb3yIoTCs BCE
nyonukanuu B cOopHuKax [ocymapcTBeHHOro DpMHTaXa, a TAK)KE aBTOPUTETHBIE CETEBBIC
u3nanus (Harnpumep, bonsinas Poccuiickas DHIMKIONEIUS, YaCTh CTaTel B KOTOPOU HaIuU-
caHa apxeosioramu, paboTalmKUMH B My3ee). B mensix 6e30macHOCTH, MECTOHAXOXKACHUE
MaMSITHUKOB He (eIepanbHOr0 YPOBHS MPUBSA3aHO K ONMKalIIeMy HAaceIEHHOMY ITYHKTY.
KoHTekcTHBIE 3ampochl HAa €CTECTBEHHOM f3bIKE BBIAAIOT JaHHBIE Ha PYCCKOM MJIM aHIIIMH-
CKOM S$I3BIKaX, a TAK)KE CBSI3BIBAIOT COOBITHS M apXEOJOrHYecKHe MaMsSTHUKHA C TOYKaMH Ha
Yandex-kaprax. [ MmepTeKkcToBbIE CCHUTKH TIEPEHANPABIISIOT TOJIB30BATENEH K COOTBETCTBY-
IOLIMM pecypcaMm: OMOMUOTEYHBIM CHCTEMaM, SHIMKIONE UM, polukaM Youtube u cepBu-
caM OTOOpakeHHsI TpeXMEpHBIX Mojeneil. OueHb Ba)KHO, YTO JUIS TOJIb30BAHUSI CETEBBIM
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pecypcoM He TpeOyeTcst Kakoro-JIMOo CIenUanIbHOr0 000pyA0BaHusl, HY)KEH TOJIBKO JOCTYI
B MHTepHeT. CaliT ONTUMU3UPOBAH TaK, YTOOBI OH OJIMHAKOBO KOPPEKTHO OTOOpa)aicsi Ha
HACTOJILHBIX KOMITbIOTEpax, Ha TIAHIIEeTax U Ha cMapT(oHax.

IIpoekT BBIMONMHAETCS B paMKax JOroBopa O Hay4HOM COTpyJIHH4YecTBe locynapcTBeH-
Horo Dpmutaxa ¢ Cubupckum QeaepanbHbIM YHUBEPCUTETOM MIPH Y4aCTHH BOJIOHTEpOB [ 0-
CY/IapCTBEHHOTO DpMHTaXKa. DTO O3HAYAET, YTO HAYYHOE PYKOBOJCTBO U JIaHHBIE MY3€IHBIX
CTELUAIMCTOB JOMOMHSIOTCS pe3yiabTaraMi HeOOMbIINX MH(OPMALUMOHHBIX MPOEKTOB, BbI-
MTOJTHEHHBIX HAYMHAIOIIMMHU HCCIIEe0BaTeNsIMU. BoBIeUeHHOCTh B CO3aHNE CIIPaBOYHOIO
pecypca MOo3BOJISIET UM MOJIYYUTh JOMOJHUTENbHbBIE 3HAHUS 110 UCTOPUU M apXeoJIoTHH, a
TaKXKe 3aKpPEeNUTh UMEIOIINECS HABBIKH MPUMEHEHUS LU(PPOBBIX TEXHOIOTHH.

Guk D.Yu.
The State Hermitage Museum
St. Petersburg, Russia

ARCHAEOLOGICAL RESEARCH OF THE STATE HERMITAGE
MUSEUM IN THE VIRTUAL SPACE-TIME CONTINUUM

To create an electronic encyclopedia of archeology in the State Hermitage Museum, a
comprehensive approach was applied. The information should be presented in such a way
that there were no restrictions on the depth of the materials used and the formats of the data
provided, the requests should be formulated in natural language, and the filling of the resource
could be done gradually, minimizing any costs as much as possible. Archaeology is not only
about discoveries and sites, but also about people and events related to them at different
times, in turn related to specific points on a geographical map. On this basis, the CIDOC-
CRM standard (ISO 21127:2006) was used for the development of a working data model. In-
formation about the Hermitage collection is presented in such a way that one can learn about
the halls with collections, archaeological sites, Hermitage explorers, expeditions and related
events from the history of archaeological works in Russia since the 19th century.

In a basis of working out the principle of network interaction Web 2.0 which essence
comes down to that the system becomes more full, the more people use it and more correc-
tions are brought in. At the initial stage, all publications in the collections of the State Her-
mitage Museum are used, as well as authoritative online publications (for example, the Great
Russian Encyclopedia, part of which is written by archaeologists working in the museum).
For security reasons, the location of the sites of non-federal level tied to the nearest settle-
ment. Context queries in natural language give out the data in Russian or English, and also
connect events and archaeological sites with points on Yandex-maps. Hypertext links redirect
users to relevant resources: library systems, encyclopedias, Youtube videos and 3D-modeling
services. It is very important that no special equipment is required to use the network re-
source except an Internet access. The site is optimized so that it is displayed equally correctly
on desktops, tablets and smartphones.

The project is being implemented within the framework of the agreement on scientific
cooperation between the State Hermitage Museum and the Siberian Federal University with
the participation of volunteers from the State Hermitage. This means that the scientific guid-
ance and data of museum specialists are supplemented by the results of small information
projects carried out by novice researchers. Their involvement in the development of the re-
source allows them to acquire additional knowledge of history and archaeology, as well as to
consolidate their digital skills.
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Mocxesa (Poccus)

MATHUTHOE OBCIIEJOBAHUE AKBATOPUU ®AHAT'OPUUN

B akBaropuu TamaHCKOro 3a1uBa, IpUMbIKAOIIEH K PaHArOPUICKOMY TOPOJIULLY, YKE
20 1et mpoBOJATCS MOABOAHBIE apXeoJornueckue nccnenosanus. Ha miomanu 6omnee 15 ra
PacToNOKeHbl 3aTOIUIEHHAs YacTh TOPO/Ia U MOPTOBBIE COOPYKEHHUsS, HO BCE apXeoJoruye-
CKHE OOBEKTHI TIEPEKPHITHI JIOHHBIMU OTJIOKECHUSIMH M BH3yallbHO HE3aMETHBI Ha MOBEPX-
HOCTH JHa. BBHUIy 3HaYMTENHHON IUIOIIAAM YyYacTKa aKBAaTOPUU TPATUIIMOHHBIE METOJIBI
BBISIBIICHUSI OOBEKTOB — BU3YAJIbHBI OCMOTp MOBEPXHOCTH JTHA W BBIOOpOUYHAs nryphoBka
— oKazanuch HedpPekTuBHBL 1 ¢ 2013 1. B @aHaropuu perymnspHo NpOBOISTCS MOPCKHE Ieo-
(u3NUecKre MCCIEAOBaHUs C IEIbI0 KAPTUPOBAHMUS TIOIPEOCHHBIX apXeOIOTHYeCKHX 00b-
extoB. Hanbosiee a3 pekTHBHBIM U3 ONMPOOOBAHHBIX JMCTAHIIMOHHBIX METOJIOB B MECTHBIX
YCJIOBHSIX TTOKa3ana ceOst MOpCKasi MarHuTHas cheMka macirabda 1: 500 — 1: 100, tak xak
CCTCCTBCHHBIN MarHUTHBIN (oH JHAa TaMaHCKOroO 3ajKMBa MPH KOPPEKTHONH METOIUKE TPO-
BEJICHUSI ICCIICIOBAHMI MTO3BOJISIET BBISIBIISTH JIaXKEe OTHOCHUTENLHO cinadbie (oT 5 HTm) mio-
Ia/IHBIE 1 JIOKaJbHBIE aHOMAJIMU. AHAITU3 PE3yJIbTaTOB PsAJja MAarHUTHBIX ChEeMOK ITO3BOJUI
OTIPENIENTD U JIeTATM3UPOBATh ONTUMAJIbHBIE METOANKH TEIIEXOAHON 1 OyKCHpYEeMOH Che-
MOK B MIPUOPEKHOW aKBaTOPHM U COCTABHUTH JETAIBHYIO KapTy aHOMAaJIbHOTO MAarHUTHOTO
noJjIst oka Ha Turomaau 6onee 50 ra, JEMOHCTPUPYIOIIYIO MECTOIOIIOKEHUE U OYEPTaAHUS
MIOTPEOCHHBIX aAPXECOTOTHIECKUX OOBEKTOB.

Gusarov O.S., Luchnikov A.G.*, Olkhovsky S.V.**
*“AGT Systems” LLC

**Institute of Archaeology RAS

Moscow (Russia)

MAGNETIC SURVEY OF THE WATER AREA OF PHANAGORIA

In the water area of the Gulf of Taman, adjacent to the Phanagoria hillfort, underwater
archacological research has been carried out for 20 years. On an area of more than 15 hect-
ares, there is a flooded part of the city and port facilities, but all archaeological sites are cov-
ered with bottom sediments and are visually invisible on the surface of the bottom. Due to the
large area of the water area, traditional methods of detecting objects — visual inspection of the
seabed surface and selective drilling — proved ineffective, and since 2013 marine geophysical
surveys have been regularly conducted in Phanagoria in order to map buried archaeological
structures. The most effective of the tested remote sensing methods in the local conditions
proved to be the marine magnetic survey at the scale of 1: 500 — 1: 100, as the natural mag-
netic background of the bottom of the Taman Bay with the correct methodology of research
allows to identify even relatively weak (from 5 nTl) area and local anomalies. The analysis
of the results of a number of magnetic surveys made it possible to determine and detail the
optimal methods of pedestrian and towed surveys in the coastal area and to draw up a detailed
map of the anomalous magnetic field on an area of more than 50 hectares, demonstrating the
location and shape of buried archaeological features.
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Hucmumym apxeonozuu u smuozpaguu

HAH Pecnybnuxu Apmenus

Epesan (Apmenus)

HPUMEHEHHUE I'MC B APXEOJIOT'HMYECKHNX
HNCCIIEAOBAHUSAX B PECITYBJIMKE APMEHUSA

I'eonndpopmanmonnsie cuctemsl (I'IC) B ApMeHun BIiepBbIe CTATH WCHOIB30BATHCS B
Haydaie 1990-x rr.

I'NC ucnionb3yeTcs i1t U3yUESHUS COIMANTBHO-DKOHOMUYIECKHIX aCTIEKTOB U CaKPaJIbHBIX
MPOCTPAHCTB PAaHHUX OOIIECTB, C €€ MOMOIIBIO CO3/IAeTCs M MOIOTHSIETCS 0a3a JaHHBIX, a
TaKXKe MPOBOJIUTCS KAPTUPOBAHUE U aHau3 Janamadra. MHCTUTYT apXeonoruu 1 3THOTpa-
¢um HAH PA unTeHCHMBHO paboTaeT HajJ KapTHPOBAHUEM apXEOJIOTHYECKUX MaMATHUKOB
W UX JIBYMEPHBIM H TPEXMEPHBIM MOJEIUpOBaHUEM. JIJIsi 7TOTO B OCHOBHOM HCITOJIB3YIOTCS
oun(poBaHHBIE COBETCKUE Tomorpaduueckue kaptel B Maciirade 1: 10 000, 1: 25 000 u 1:
50 000 u uugpossie moxaenu BeicoT (DEM) SRTM c pasperniennemM B 0fHy YIJIOBYIO CEKyH-
ny (oxoso 30 meTpoB). 3a7a4a COCTOUT B TOM, YTOOBI IIPU TIOMOIIU TAHHBIX 00 a0COJIFOTHOM
BBICOTE B KOHKPETHBIX TOUKAX UCIIPABUTH U IPOBEPHUTH JIaH A THEIC BBICOTHI, U HAa CO3/IaH-
HBIX TPEXMEPHBIX KapTaxX paccMaTrpuBarh OTMEUCHHBIC MAMSITHUKHU C pa3HbIX yIIIOB 0030pa,
BOCCTaHABIUBAsI TPAHMIIBI BXKHBIX JIOPOT U THAPOJIOTHIO.

B 2016-2017 rr. UuctutyT apxeonoruu u stHorpadun HAH PA B cocraBe skcrenm-
UM, U3yYarOIIeH METrajuThl, IPOBEI apXEOIOTnIeCKHe Pa3BEIKH Ha FOT0-BOCTOUHBIX CKJIIO-
HaX ropsl Aparail 1 I0T0-BOCTOYHBIX M BOCTOUYHBIX Oeperax o3epa CeaH. OCHOBHOM 1€JIbIO
paboT OBIJIO KapTHPOBAHUE paHee YACTUYHO HCCIIETOBAaHHBIX OOBEKTOB apXeOoJIOTHYECKOro
Haclenust (3aperucTprupoBaHHbIX B [0CynapcTBEHHOM peecTpe OXpaHbl TaMSTHHKOB), a3po-
(hoTOoChEMKA U BBIABICHHUE HOBBIX 00BEKTOB apxeosoruu. O0cienyeMpie pailoHbI pacIoio-
skeHbl Ha BeIcoTe 1000-2000 M u1 1900-2300 M Hanm ypoBHEM MOpsi. B paMkax paboTs! ObLITO
Haii/leHo 62 HOBBIX MaMsITHHKA. MccieoBanus BEUCh MO CIIEAYIOIIUM HaPaBICHHSIM:

*  BugyanbHoe o0cienoBaHHEe MECTHOCTH C MPUMEHEHHEM KOMOWHHPOBAHHUSI COBET-
CKHUX TOnorpaduueckux KapT ¥ a3po(hOTOCHUMKOB JJIsl TPOTHO3UPOBAHHS MECTOPACTIOIOKE-
HUSI TAMSITHUKOB.

e l3ydeHue Ha MecTe, IPOBECHUE MTPEABAPUTEIBHBIX HAOIIOICHHI, COCTABICHUE TO-
norpauueckoil CheMKH MaMsITHUKA, a3podoTocheMKa.

e BrxuiroyeHHe MaMsTHUKOB B 0a3y JJaHHBIX M HAHECEHHE Ha KapTy B COOTBETCTBUH C
XPOHOJIOTHYECKUMH XapPaKTEPUCTHKAMHU.

e CocraBieHHe CTATUCTUKY MTAMSTHHKOB 10 XPOHOJIOTHYECKUM MPU3HAKAM.

* Vcnonb3oBaHne apXWBHBIX (oTorpaduii Jjisi BOCCTAHOBJICHHUSI MECTOIIOJIOKECHUS
YTPauCHHBIX Ha HACTOSIIUH MOMEHT MaMSITHUKOB, CO3JIaHHE TOMOIpaprIECKON CHEMKH.

Danielian G.A.

Institute of Archaeology and Ethnography
NAS of the Republic of Armenia

Yerevan, Armenia

APPLICATION OF GIS INARCHAEOLOGICAL
RESEARCH IN THE REPUBLIC OF ARMENIA

Geoinformation systems (GIS) in Armenia were first used in the early 1990s.

GIS is used to study the socio-economic aspects and sacred spaces of early societies,
and is used to create and maintain a database, as well as to map and analyse the landscape.
The Institute of Archaeology and Ethnography of the National Academy of Sciences of the
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Republic of Armenia is working intensively on the mapping of archeological sites and their
two-dimensional and three-dimensional modeling. This is mainly done using digitized Soviet
topographic maps at a scale of 1: 10,000, 1: 25,000 and 1: 50,000 and digital elevation mod-
els (DEMs) SRTM with a resolution of one angular second (about 30 meters). The challenge
is to use absolute altitude data at specific points to correct and verify landscape heights, and
to use three-dimensional maps to view marked sites from different points of view, restoring
important road boundaries and hydrology.

In 2016 and 2017, the Institute of Archeology and Ethnography of NAS RA as a part of
the expedition studying megaliths conducted archeological researches on the south-eastern
slopes of Mount Aragats and the south-eastern and eastern shores of Lake Sevan. The main
purpose of the work was to map previously partially explored objects of archaeological heri-
tage (included into the State Register of Sites Protection), aerial photography and identifi-
cation of new archaeological sites. The surveyed areas are located at an altitude of 1000—
2000 m and 19002300 m above sea level. As part of the work, 62 new sites were found. The
research was conducted in the following areas:

— Visual survey of the terrain using a combination of Soviet topographic maps and aerial
photographs to predict the location of sites.

— On-site study, preliminary observations, topographic survey of the site, aerial photog-
raphy.

— Inclusion of sites in the database and mapping in accordance with the chrono-
logical characteristics.

— Compilation of sites statistics by chronological features.

— Use of archival photographs to restore the location of currently lost sites and to create
a topographic survey.
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I'PEYECKAS IHKATVYJIKA U3 CKU®CKOI'O ITIOT'PEBEHUSA 1V B.
J0 H.2. UCCIEAOBAHUE TEOMETPHUHU U OIIBIT PEKOHCTPYKLIUU

B 1971 . B oqHOoM u3 morpebennii crenHoii Ckuduu Bropoi-Tperheil yetBeptu 1V B.
710 H.3., pacmoiio’KeHHOM y c. BynarakoBo, Obul Haii/ieH pacmaBHIMKCS JEPEeBSIHHBIN KOpoO,
BMEIABIINH JIEpeBSHHbIC IKATYIKH, BepeTeHa, TpeOeHb, paCTHPaIbHUK, JOMICUKH JJIS TKa-
yecTBa U Ap. OHA U3 IKATYJIOK, YIOBIETBOPUTEIBHON COXPaHHOCTH, MPEACTABISET COOOM
JUTMHHYIO TIPSIMOYTOJIBHYIO MJIOCKYIO LENBbHYI0 KOPOOOUKY € TpeMsl OJMHAKOBBIMHU TI0 pa3-
MepaM OTJEeNCHUSIMHU KBaJpaTHOH (OpMBI M TpeMs CIOSIMH KPBIIIEK pa3HONH KOHCTPYKIUH
HaJ HUMH. HIKHUI cl10# COCTOSIT M3 TpeX MaJIbIX OTKHIHBIX KBaIPaTHBIX KPBILIEK OTMHAKO-
BOTO pa3zMepa, Kakaast U3 KOTOPBIX 3aKphlBajla CBOE KBajpaTrHoe oTaeneHue. CpeaHuii mpo-
MEKYTOUYHBIH CJIOH MpeNCcTaBIsul COO0H OAHY OOJBIIYIO [UIMHHYIO TPSMOYTOJIBHYIO OOIIYTO
KPBIIIKY, HAKJIaIbIBaBIIYIOCS TIOBEPX BCEX TPEX MaJbIX KpbIllIedeK HUKHETo cios. Kpblmika
BEPXHET0 CIIOS MpeAcTaBisia co0oi Takke OONBUIYIO JJTUHHYIO TPSMOYTOIBHYIO OOIIYIO
OTKHMJIHYIO KPBIIIKY, PAaBHYIO TI0 pa3MepaM KpBIIIKE CPEIHEro cJos, U Takke MepeKphIBaB-
LIyIO BCe TpU oTAeneHus. I3HyTpu 3Ta Kpbllika Oblila 000MTa TOHKOW KOXKel, COXpaHUBIICH-
csi pparmenTapHo. Ha oqHOM U3 Takux (parMEeHTOB COXpPaHMIIACh YaCTh IPEUeCKOr HaAIH-
cu. llIkartynka cienana HCKYCHBIM, CKOpee BCEro, IPEUeCKUM MacTepOM, C OOIBIIMM OTBITOM
paboThI, BIaeBIIMM BCEMH CEKpETaMU MacTEpCTBa CTOJISIpa M pe3urKa 1o aepesy. Ha ceron-
HSIIIHUH 1€Hb 3TO SAMHCTBEHHBIH B MUpPE COXPAHUBIINHCS 00pa3ell NepeBSHHON IIKATyIKH
IPeYecKoro MPOU3BOJICTBA TAKOM CI0KHOCTH.
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bnaronapst yHHKaJIBHBIM IPUPOJIHBIM YCIOBHUSIM OYyJITaKOBCKOTO 3aXOPOHEHUSI, IITKATYJI-
Ka B IIEJIOM COXpaHWIACh CPABHHUTEIBHO HEIUIOXO. TeM He MeHee, OHa MOABEpPIIIach He-
KOTOpO# nedopmaruu. J[peBecuHa mepecoxiia, B pe3ysibraTe Yero TOHKHE YacTH CTCHOK H
KPBIIIEK PACTPECKANINCh U OTCIOWINCH, HEKOTOPHIC UX YacTH yTepsiHbl. XpaHEHHUE U HUC-
CJICIOBAaHHUE CTOJb YHUKAILHOTO 00pasna TpeOyeT 0COOBIX YCHIIMM, MPU 3TOM CPEIICTBOM
KOHTPOJIS © MOHUTOPUHTA MOT'YT BBICTYIIAaTh IU(POBBIC TaHHbIC. [ HCCIieI0BaHUS TeoMe-
TPUU U U3y4yeHUs (PParMeHTOB IPEUCCKON HAIITUCH HA BEPXHEH KPBIIIKE MOJICTH OBLIO MPH-
MEHEHO TPEXMEPHOE MOJIeIMpOoBaHue. MOIeNN AIIEMEHTOB IIKATYJIKU ObLITH C(HOPMUPOBAHBI
(hoTorpaMMeETPHUECKUM CITIOCOOOM Ha OCHOBE IU(PPOBBIX Makpodororopaduii. Monenupo-
BaHHE MO3BOJUJIO YTOUHUTH T€OMETPUUECKUE MapaMeTPhl U KOHCTPYKIIMIO IIKATYIKH, HC-
CJIEJIOBATH HAJIITUCH U BBITIOJTHUTD PEKOHCTPYKITUIO MPEATIOIAraeMoro 00JIMKa YHUKAIIEHOTO
W3ETHUS.

Daragan M.N.*, Svoysky Yu.M.**

* Institute of Archaeology NAS of Ukraine
Kiev (Ukraine)

**The Higher School of Economics
Moscow (Russia)

GREEK CASKET FROM THE SCYTHIAN BURIAL OF THE 4TH CENTURY
BC. GEOMETRY RESEARCH AND RECONSTRUCTION EXPERIENCE

In 1971, in one of the burials of the steppe Scythia in the second or third quarter of
the 4th century BC, located near the village Bulgakovo, a broken wooden box was found,
which contained wooden caskets, spindles, a crest, a beater grinder, plaques for weaving,
etc. One of the caskets is a long, rectangular, flat, one-piece box with three square-shaped
compartments of equal size and three layers of lids of different construction above them.
The lower layer consisted of three small folding square covers of the same size, each of
which covered its own square section. The middle intermediate layer was one large long
rectangular common lid overlaying all three small lids of the lower layer. The top layer
cover was also a large, long, rectangular, total hinged cover equal in size to the middle
layer cover, which also covered all three compartments. From the inside, this cover was
covered with thin skin, which remained fragmentary. On one of these fragments, a part of
the Greek inscription is preserved. The casket is made by a skilled Greek craftsman, most
likely, with a great experience of work, possessing all the secrets of carpenter’s and wood
carver’s skill. Today it is the only surviving example of a wooden casket of such complex-
ity made in Greece.

Due to the unique natural conditions of Bulgakov’s burial place, the casket as a whole
has been relatively well preserved. However, it has undergone some deformation. The wood
dried up, causing the thin parts of the walls and lids to crack and peel off, and some of them
were lost. Storing and researching such a unique sample requires special efforts, and digital
data can be used as a control and monitoring tool. To study the geometry and fragments of
the Greek inscription on the top cover of the model, three-dimensional modeling was used.
Models of elements of a casket have been generated by the photogrammetric way on the basis
of digital macro photography. Modeling has allowed to specify geometrical parameters and
a casket design, to investigate an inscription and to execute reconstruction of prospective ap-
pearance of a unique product.
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HOBOE O XOPE AHTUYHOM I'OPTUTIITAM:
METOAbI JMCTAHIIMOHHOI'O 30HANPOBAHUS

Hccnedosanue gvinonneno npu noooepoicke PODOU, npoexm Ne 18-09-40121.

Xopa (xozsiicTBeHHast mepudepusi) OOCIOPCKOro meHTpa [oprunmuy pacnoioKeHa
Ha 3amajiHbIX oTporax boubinoro xpeOta ¥ oxBaThiBaeT, Mo MHeHHIO E.M. AJjiekceeBoi,
25-KUJIOMETPOBYIO 30HY, IPOCTHPASACH HA BOCTOK Ha BCEM NMPOTSHKEHUU AHAINCKOW JTOJTHHEI.
[IpakTryecku MOJIOBUHA ATOTO MPOCTPAHCTBA MPUHAICKUT OacceiiHy pekn AHamKu, oopa-
3yIolleil OOIIMpPHBIC TIaBHU (B JIPEBHOCTH — 3JIMB). 3aKPHITOE OT CTEIHBIX PaiiOHOB MPO-
CTPAHCTBO CTaJI0 OCHOBOW AIKOHOMHYECKOTO MOTYIIlecTBa | Oprunmuu Ha MpoTsHKEHUH BCETO
Teprosia ee CyIeCTBOBAHNS.

B myTteBoauTesIX MTOPEBOIIOIMOHHOTO BPEMEHH 3TOT PETHOH TOIYyYMJ Ha3BaHUE JO-
JUHBI UCT (TPOOHUI/KAaMEHHBIX SIIMKOB). CHCTeMaTHuecKoe HCCIeIOBaHUE MaMsTHHKOB
AHATCKOI1 TOJIMHBI SMIOXH PAHHETO JKeJIE3HOTO BeKa M aHTUYHOCTH HaunHaercsa B 1950-e .
(H.A. Omnaiiko, JI.C. Kpymxon, N.T. Kpyrnmukosa, A.B. Jlmutpues). B HacTosIiee BpeMs BbI-
siBIieHO oK. 250 mamatHukoB VI B. 10 H.3. — [V B. H.3., apXe0IOrMYeCKUMHU PACKOIIKaMH B TOM
WJIM UHOM CTENeHM HCCIIeI0BaHa IIPUMEPHO MITast yacTh. bonbIoi mporpecc TOCTUTHYT BO
MHOTOM 0J1aroziaps MacITaOHbBIM MEIHOPATUBHBIM BCKPBIIIHBIM padoTam 1970-1980-x rr.

B coBpeMeHHBIX yCIIOBHSX BBISBICHHE U yIIIyOJIEHHOE U3yUeHHE HBOJIOIUH MTOCEJICH-
YECKHUX CTPYKTYP € y4eTOM JIaHAMA(QTHBIX H PeCypCHBIX 0COOEHHOCTEH (p03a BETPOB, KOM-
MYHHKAIUW, ICTOYHUKH BOJIBI, TOYBHI U T.11.) BOZMOKHO O1arofapsi MprUMEHEHHUI0 U (POBBIX
TEXHOJIOTHH.

B nocnennue rozapl mojieBble pa3BeJOYHBIE MCCIIEAOBAHUS C MCIIONB30BaHUEM a3podo-
TOCHEMKH NPOBEJCHBI B KITIOYEBBIX TOUKAX PETHOHA, PACIIONOXKEHHBIX B JOIMHAX pek Ky-
MaTbIpb, Mackaru u Kotiama u, cyast mo Bcemy, yXKe C 3IMOXH 3JUTMHH3Ma BKJIIOUYEHHBIX B
cucreMy ganbHeit xopbl [oprunmuu. [ToMruMo TpaJUIIMOHHBIX METOMOB Pa3BEIKH, aKTUBHO
WCTIOJIB30BAIUCH METO/IBI a3p0(OTOTE01e31H, O KOTOPBIX BCE Hallle MOYHO YCIBIIIATh B CO-
BpEMEHHBIX yonuKaiusax. Oco6eHHOCThIO padoT ABIsIETCA OONBIION OXBAT TEPPUTOPHH, HA
KOTOPOM pacCIOI0KEHBl 00BEKThHI Pa3TMYHOTO 3HaueHus. Tak, Ha TaHHBIH MOMEHT B HCCIIe-
JIOBaHHAX yroMHuHaeTcst 6osee 10 pa3snuuHBIX TPy 0OBEKTOB, a IUIOMAAb a9POPOTOCHEM-
KM cyMMapHO nokpsiBaeT 6onee 3000 ra.

Jns obecniedenns paboThl ¢ TAKUMHU 00beMaMHy JaHHBIX TOJTy4€HHBIE MaTepHaIbl CUCTE-
MaTH3UPOBAHBI B Cpejie, KOTOpyro obecneuna nporpamMma Quantum GIS. Braromaps TouHoi
TeoJIe3UUeCKON MPUBSI3KE PA3HOBPEMEHHBIX KapTMaTepHajoB, a9pooTo— U KOCMOCHEMKH,
a TaKXKe KJIACCHYECKOHM TaXeOMETPHUYECKON CheMKH OBbUIM YUTECHBI M3MEHEHHs JaHqmadra,
CBSI3aHHBIE C MEIHOPATUBHBIMU paboTaMu B peruoHe. CructemMaru3aius JaHHBIX B T'€OUH-
(hopMaIMOHHOM cHCTEME W COBMEIIICHHE PA3HOBPEMEHHBIX CIIOEB, TAKUX Kak Tororpadu-
yeckue kapThl XIX — Hauana XX B. U COBpeMeHHbIE a3p0()OTOCHUMKH (BKIJIIO4ast opTodhoTo-
TUTaHBI U KapThl BHICOT) TTO3BOJIMIIO BBISIBUTH TOYKH MHTEPECA IS MTOJICBOTO 00CIIEIOBAHUS
3a cUeT aHajm3a pesbeda U BBISBICHHS (aKTOPOB aHTPOIIOTEHHBIX U3MEHEHHUH JaHmadTa
Ha TPOTSHKEHUN CTOJICTHSI.
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NEW ABOUT THE CHORA OF ANCIENT GORGIPPIA:
REMOTE SENSING TECHNIQUES

The research was supported by Russian Foundation for Basic Research (RFBR), project
No. 18-09-40121.

The chora (economic periphery) of the Bosporan center of Gorgippia is located on the
western spurs of the Great Caucasian Ridge and covers, according to E.M. Alekseeva, a
25-kilometer zone, stretching to the east along the whole length of the Anapa valley. Almost
half of this space belongs to the basin of the Anapka River, which forms vast pools (in ancient
times — the bay). The space closed from the steppe regions became the basis of the economic
power of Gorgippia during the whole period of its existence.

In pre-revolutionary guides, this region was named the Cyst Valley (tombs/stone boxes).
Systematic study of the Anapa Valley sites of the early Iron Age and antiquity begins in the
1950s. (N.A. Onaiko, L.S. Krushkol, I.T. Kruglikova, A.V. Dmitriev). At the moment, it is
been revealed that there is about 250 sites of the 6th century BC — the 4th century AD, archeo-
logical excavations to a greater or lesser extent examined about a fifth of the part. Great prog-
ress has been achieved largely due to large-scale reclamation works in the 1970s and 1980s.

In modern conditions, identification and in-depth study of the evolution of settlement
structures, taking into account landscape and resource features (wind rose, communications,
water sources, soil, etc.) is possible through the use of digital technologies.

In recent years, aerial field surveys have been carried out in key locations in the region,
situated in the valleys of the Kumatyr, Maskagi and Kotlama Rivers, and appear to have been
conducted since the Hellenistic era of the distant chora of Gorgippia. In addition to traditional
exploration methods, aerial photo-geodesy methods have been actively used and are increas-
ingly found in modern publications. The peculiarity of the work is a large coverage of the
territory where the objects of different importance are located. Thus, at the moment, more
than 10 different groups of objects are mentioned in the studies, and the total area of aerial
photography covers more than 3000 hectares.

In order to work with such volumes of data, the received materials are systematized
in the environment provided by Quantum GIS software. Due to precise geodetic linking of
multi-temporal maps, aerial photography and space imagery, as well as classical total station
imagery, changes in the landscape related to reclamation works in the region were taken into
account. Systematization of data in the geoinformation system and combination of different
time layers, such as topographic maps of the 19th — early 20th century and modern aerial pho-
tographs (including orthophotoplans and altitude maps) allowed to identify points of interest
for the field survey by analyzing the relief and recognizing factors of anthropogenic changes
in the landscape over the century.
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OIIBIT OPTAHU3ALIMU JMCTAHIIMOHHOI'O JOCTVYIIA
K 9JIEKTPOHHOMY APXUBY MATEPHUAJIOB ITIOJIEBOT'O
W3YYEHUSA T'HE3JOBCKOT'O APXEOJIOT'MYECKOI'O KOMILJIEKCA

B 2001 1. Cmonenckoii apxeonornyeckor sxcneaunmed MI'Y nm. M.B. JlomoHocO-
Ba mojx pykoBojgctBoM T.A. IlymikuHoi ObuT pa3paOOTaH MPOEKT MO CO3JaHUI0 HU(POBO-
ro apXuBa MaTepHaJoB HAy4yHOTO M3y4eHHs [HE3MOBCKOTO apXeoJOTHYEeCKOTro KOMILIEKCa.
DNEeKTPOHHBIH apXuB, CHOPMHUPOBAHHBIN YCUIIMSIMHU COTPYTHHKOB JKCIICIHIINH, CTYJCHTOB
W acIMpaHTOB UCTOpHUecKoro (akynpreta MI'Y, 00beIMHUIT TaHHBIC, TTONYYCHHBIC B XOJIC
MHOTOJIETHUX apXEOJOTHUECKHUX IOJIEBBIX MCCIIEOBAaHUI MaMATHUKOB ['HE3M0BA, BIEpBbIE
npoBeZieHHbIX B 1874 . B cocTaB apX1Ba BOIIIH TEKCTOBBIE OMMCAHUS, OTYETHI O PACKOTIKAX,
TMOJICBBIC JTHEBHUKH, ONMUCH, (hoTorpaduil U PUCYHKH HAXOJOK, apXEOJOTHYEeCKHE U TOIO-
rpauuecKue MIaHbl U CXEMbl Pa3IMYHBIX MacIITaboB, pa3HOOOpa3HbIEe KapTorpapuuecKue
Mmarepuanbl. O6beM COOpaHHBIX W OLU(PPOBAHHBIX UCCIIENOBATEISIMA MaTEPHUAIIOB COCTABUIT
JIECSITKU THICSY SJTMHUII.

Cozfanne 3JIeKTPOHHOTO apXyBa MOTPeOOBANIO OPraHM3ALMU JAOCTYTa K €ro JaHHbBIM,
KOTOPBIN M3HAYaIbHO OBLT OPHEHTHPOBAH Ha UCIOJIBb30BaHUE KIIMEHT-CEPBEPHOMN apXUTEK-
TYpBI B CETEBBIX KaHAIOB. B utore, 0bu1 pazpaboran MHTEepHET-TIOpTAN, TPEA0CTABISIOMINI
YyacTh U(POBBIX MaTepUalOB THE3IOBCKOTO apXHMBa 3aWHTEPECOBAHHBIM HCCIIEIOBATEIISIM
MTOCPEACTBOM PENNIaMEHTHPOBAHHOTO JTOCTYTIA.

ITopran oxBarbiBaeT qBa O10ka HHGOpManUK: 6a3y JaHHBIX apXEOJIOTHYECKUX MpeMe-
TOB M MOJIEBYIO JOKyMeHTaruio sxkcrieaunny MI'Y nm. M.B. JlomoHocoBa 3a nepuox ¢ 1949
o 2000 r. [lepBast mpeacTaBiIsieT OO0 TMHAMHYECKYIO TaOIUILY, TOJTHOCTHIO pean30BaH-
Hyto B UHTepHeT-Opay3epe, B KOTOpOW CTPYKTYpPHPOBaHBI CBeleHUst 0 Oonee ueM 20 ThIC.
WH/IMBUIyallbHBIX HaxoJoK. Tabnwiia BKIIOYAET JeTajbHOe (POpMarn30BaHHOE ONHMCAaHUC
MPEAMETOB ¥ JJAHHBIC MX TTOJIEBBIX MACTIOPTOB. HeCKOIBKO THICSY HAXOMOK CHAOXKEHBI (POTO-
rpadusamu. JlnHamudeckas TabauIa mpeaycMaTpuBaeT HACTOHKY OTOOpakaeMbIX MoJei u
THOKYI0 KOHTEKCTHYIO (DHIIBTPALIMIO TaHHBIX.

Lndposbie Marepuabl MOJIEBOM JOKYMEHTAIMH CTPYKTYPUPOBAHBI TI0 TUTIAM JaHHBIX:
YEepTEXkKH, ONMCH HAXOIOK, TEKCTOBBIC OITUCAHUS, TTOJIEBbIE POoTOrpaduu, pUCYHKH HHTETPHU-
POBAHBI MO0 KPUTEPHUIO MPHHAJIEKHOCTH K CAMOCTOSTENIbHBIM 0ObekTaM—packornam. HaBu-
raTop, OpraHu30BaHHBIN N0 npuHIMITY [01—-O0BeKT, obecneynBaeT OBICTPYIO (DUITBTPAIHIO
JAHHBIX U UX JOCTaBKY MOJIb30BaTEIIO.

Zhukovsky M.O.

ANO “Modern Technologies
in Archeology and History”
Moscow (Russia)

EXPERIENCE IN ORGANIZING REMOTE ACCESS
TO THE ELECTRONIC ARCHIVE OF THE FIELD STUDY MATERIALS
OF THE GNEZDOVO ARCHAEOLOGICAL COMPLEX

In 2001 the Smolensk Archaeological Expedition of the Lomonosov Moscow State Uni-
versity under the leadership of T.A. Pushkina developed a project to create a digital archive
of scientific research materials of the Gnezdovo Archaeological Complex. The electronic
archive, formed by the efforts of the expedition staff, students and post-graduates of the Fac-
ulty of History of Moscow State University, combined the data obtained during many years
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of archaeological field research of Gnezdovo’s sites, first conducted in 1874. The archive in-
cludes text descriptions, reports on excavations, field diaries, inventory books, photographs
and drawings of finds, archaeological and topographic plans and diagrams of various scales,
a variety of cartographic materials. The volume of materials collected and digitized by re-
searchers amounted to tens of thousands of units.

Creating an electronic archive required the organization of access to its data, which was
originally focused on the use of client-server architecture and network channels. As a result,
an Internet portal was developed to provide a part of the digital materials of the Gnezdovo
archive to interested researchers by means of regulated access.

The portal covers two blocks of information: the database of archacological objects and
field documentation of the Lomonosov Moscow State University expedition for the period
from 1949 to 2000. The first is a dynamic table, fully implemented in the Internet browser,
which is structured information about more than 20 thousand individual finds. The table
includes a detailed formalized description of the items and their field passports. A few thou-
sand finds have photographs. Dynamic table provides setting of displayed fields and flexible
contextual data filtering.

Digital field documentation materials are structured according to data types: drawings,
find records, text descriptions, field photographs are integrated according to the criterion of
belonging to independent excavation objects. The navigator, organized on the principle of
Year-Object, provides fast data filtration and delivery to the user.
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CPABHUTEJBHBII AHAJIN3 CTPYKTYPBI U IVIAHUPOBKH
CPEJHEBEKOBBIX ®MUHHO-YT'OPCKHUX I'OPOIUILL:
MEKINCHMIIIMHAPHBIN MOIXO/

HUccnedosanue svinonneno npu noodepicxke PODOU, npoexm Ne 18-49-180007p-a.

Cpenu nocenenuii uenenkoil apxeonornueckoi KynbTypsl (IX-XIII BB. H.3., cpenHee
TeueHue p. Yenma, ceBepHas yacTh YAMYPTCKOM PecryOnuKu) TpaJulMOHHO BBIIENSIOT
Tpu ropoauma — Manakap, Yukakap u ['ypesikap — Haubomnee KpymnHsle o miomaan (20—
40 TeIC. KB. M) C pa3BUTON CHUCTEMOH YKpeIUIeHHH. DTU TPU MOCEJIEHUs] paccMaTpHBaIoT-
Cs KaK arpapHO-pEMECIICHHBIE LICHTPbI, BO3SMOXKHO, C aIMUHUCTPATUBHO-YIIPABICHYECKUMU
¢yukuusivy. MiHakap pacnosiokeH B IEHTPaJbHOM YacTH apeajia YerlelKod KyJIbTYpbl, a
VYukakap u ['ypbskap 3aHUMAIOT [IOTPAHUYHOE ITOJIOKEHHE: YUKaKap — Ha CEBEpo-3alaje,
I'ypbsikap — Ha FOrO-BOCTOKE.

ITpoBeieHbI KOMILIEKCHBIE UCCIIEN0BAHUS 3THX KIIFOUEBBIX IAMSATHUKOB METOIAMH €CTE-
CTBEHHBIX HayK (a9po¢oTocheMKa, Teo(hr3nKa, MOYBEeHHbIE HccienoBanus ). CpaBHUTEIbHBIH
aHaJIM3 TMO3BOJIMI BBISIBUTH OOIIME YEPTHI U CYIIECTBEHHBIC OTIMYUTEIbHbIE 0COOCHHOCTH B
CTPYKTYPE, INIAHUPOBKE U CTEIIEHU COXPAHHOCTH KYJIbTYPHOIO CJIOSI TPEX MOCEJIEHUN Yelel-
KOH KyJbTYpBbI, YpE3BbIUAHO CXOXKHUX 10 BHELIHUM IIapaMmeTpaM. Pe3ylbraTsl €CTeCTBEHHO-
HAay4YHBIX METOJOB COITIACYIOTCS € PE3YABTATAMU PACKOIIOK.
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Zhurbin LV.
Udmurt FRC of the Ural Branch RAS
Izhevsk (Russia)

COMPARATIVE ANALYSIS OF THE STRUCTURE AND LAYOUT OF MEDIEVAL
FINNO-UGRIC HILLFORTS: AN INTERDISCIPLINARY APPROACH

The research was carried out with the support of the Russian Foundation for Basic
Research (RFBR), project No. 18-49-180007r-a.

Among the settlements of the Chepetsk archaeological culture (9th—13th centuries AD,
the middle course of the Cheptsa River, the northern part of the Udmurt Republic), there are
traditionally three hillforts — Idnakar, Uchkakar and Guryakar — the largest in area (20—40
thousand square meters) with a developed system of fortifications. These three rural/urban
settlements are regarded as agrarian and craft centers, possibly with administrative functions.
Idnakar is located in the central part of the Chepetsk culture area, and Uchkakar and Gurya-
kar occupy a border position: Uchkakar in the north-west and Guryakar in the south-east.

Complex studies of these key sites were carried out by methods of natural sciences (aer-
ial photography, geophysics, soil research). The comparative analysis has allowed to reveal
the general features and essential distinctive peculiarities in structure, planning and degree
of preservation of the cultural layer of three hillforts of the Chepetsk culture which are ex-
tremely similar on external parameters. The results of natural science methods are consistent
with the outcome of excavations.

https://DOL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.41-42
3aBepmmHckast M.IL

PPOQO «/]onckoe apxeonocuueckoe oouecmeoy
Pocmos-na-/{ony (Poccus)

HNPUMEHEHHME I'MC U 3D-MOAEJINPOBAHUSA
B NCCJIEJJOBAHUM MTOCEJIEHUA KA3AYUI EPUK

B nHos16pe 2018 1. aBTOpOoM OBLT MCCIENOBAH YYACTOK MHOTOCIOMHOTO ToceneHus Ka-
3aunii EpuK, pacrnonokeHHOro Ha Oepery OJHOMMEHHOro epuka B jenbTe peku Jlon. Jlis
KOMIUIEKCHOTO aHajin3a MaHHBIX ObT cosmaH mpoekT B QGIS (Bepcus 3.4.1-Madeira). Ha
MIEPBOM 3Tarle cAejaHa TOIMOChEMKa TEPPUTOPUH MTaMATHUKA 1 PUBSA3KA CETKU PacKoma Mpu
nomotu RTK Trimble R8s. [TonydenHble naHHBIE 3arpyKeHbl B (pOpMare BEKTOPHOTO CIIOS
B ['MC-npoekt. Crienyromum 3TarnoM paboThl CTaJl aHaJ W3 apXUBHBIX KapT JUis (PUKCAIUH
W3MeHeHu OeperoBoii muHuK eprka Kazaumii. J{yst 3Toro B mpoeKT ObUTH 3arpy>KeHbl U MPHU-
BsA3aHbI B cucteme koopanHar WGS-84 ckaHMpoBaHHbBIE KapThl yyacTKa JenbTsl JloHa Ha-
gana XX B. B xagecTBe TOYEK MPUBA3KH HCIIOIB30BAINCH [IEPKBH, KJIAAOWIIA U KypraHsbl,
HaHECEHHBIC Ha apXMBHBIE KapThl M CYIIECTBYIOILINE B HacTosmee Bpems. X KoopauHaTh
3a(hUKCHPOBaHbl HA MECTHOCTH TP MOMOIIH nprueMHrka GPS.

Ha moneBom stamne pa30opKy HamjIaCTOBaHHM, HAPALY C YEPTEKOM Ha MUIJUIUMETPOB-
Ke, KOKABIA MmiacT (GUKCHPOBAICS MPU MOMONIH (POTOTPaMMETPHH C MPUBS3KOW OIOPHBIX
ToYeK-MapkepoB. Hanbosiee MHTEPECHON U CIIOKHOM JUIsl (PUKcAMK Obljla BOCTOYHAS YaCTh
packomna — y4acTOK aHTHYHOTO PBa C BBICOKOH KOHIIEHTpAIMel MaTepraia U CII0KHON CTpa-
turpadueit. [lonyduennsie Mosienu u oprodoToruiansl JodasneHsl B [ MC-poexT.

B xamepanbHBIX YCIOBHAX, IPU pa3bopKe Marepualia, BCe JJaHHbIE 3aHOCUIINCH B TIPO-
eKT B hopMaTe TOueuHbIX ciioeB. cronb30Bascs THIT BEKTOPHOTO ciiosi Spatialite, KOTOpbIi
MO3BOJISIET XPAHUTH BCE CIIOU B €IMHOM Oa3e. B arprOyTHBHBIX TaOIHIIAX YKA3bIBAINCH THITBI
HaXOJ0K (TapHas, CTOJOBas, KyXOHHas K€paMHKa, MHIUBUAYyAIbHBIE HAXOAKH), TaTHPOBKA.

41



HJ’IH TapHOﬁ KEpaMUKU OTMEYAJIMCh IICHTPLI MPOU3BOACTBA. Taxxe q)HKCI/IpOBa.HI/ICL HOMCpa
HOHGBOﬁ/KOHHCKHHOHHOﬁ OIMUCH, KOOPAUHATEI. Ha ocHoBe 3THX JaHHBIX OBLI MPOBCACH MPO-
CTpaHCTBCHHLIfI U KOJIMYSCTBCHHBIN aHAIN3 Marepuaia.

B JOKJIaae 6yI[yT O3BYYCHBI PE3YJbTAaThl NPUMEHCHUA 3TUX MCTOAOB U MPEACTABICHBI
TPEXMEPHBIC PEKOHCTPYKIUU YHACTKAa aHTUYHOTO pBa.

Zavershinskaya M.P.
“Don Archaeological Society”
Rostov-on-Don (Russia)

APPLICATION OF GIS AND 3D-MODELING
IN THE STUDY OF KAZACHIY YERIK SETTLEMENT

In November 2018, the author investigated a section of the multi-layered settlement of
Kazachiy Erik, located on the bank of the eponymous anabranch in the Don River Delta.
A QGIS project (version 3.4.1-Madeira) was created for complex data analysis. At the first
stage the topographic survey of the site territory was made and the tying of the excavation
grid with the help of RTK Trimble R8s was done. The data obtained are uploaded in the vec-
tor layer format to the GIS project. The next stage of the work was the analysis of archival
maps to record changes in the coastline of the Kazachiy Erik. For this purpose, scanned maps
of the early 20th century section of the Don delta were loaded into the project and linked to
the WGS-84 coordinate system. Churches, cemeteries and burial mounds on archival maps
that exist today were used as control points. Their coordinates are fixed on the ground using
a GPS receiver.

At the field stage of disassembly of layers, along with the drawing on the graph paper,
each layer was fixed by means of photogrammetry with binding of marker points. The eastern
part of the excavation — a section of an ancient ditch with a high concentration of material and
complex stratigraphy — was the most interesting and difficult to fix. The obtained models and
orthophotoplans have been added to the GIS project.

In cameral conditions, when disassembling the material, all the data were entered into
the project in the form of point layers. The type of vector layer of SpatiaLite was used, which
allows to store all layers in a single database. Attributive tables indicated the types of finds
(containers, tableware, cooking vessels, individual finds) and its dating. For container vessels
production centers were determined. The field/collection inventory numbers and coordinates
were also recorded. Based on these data, a spatial and quantitative analysis of the material
was carried out.

The presentation highlights the results of these methods and present three-dimensional
reconstruction of the ancient ditch area.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.42-44
3arpazauu E.IL., {annsios ILI.

Tobonvcras komnaexchas

nayunas cmanyus YpO PAH

Tobonvck (Poccus)

TOBOJBLCKHUI ITOPOXOBOM IMOT'PEEB XVII B.:
OT PACKOIIOK /IO BU3YAJIbLHOI PEKOHCTPYKLIMA

B xone apxeonoruueckux uccnenosanuit 2001 u 2003 rr. B 1Byx 3anax JIBopua Hamect-
Huka B ToOONbCKe OBUIM BBISIBIICHBI OCTAaTKH COOPYXKCHHUS, YIITYyOIIEHHOTO B MaTCPUKOBBIM
CYIJIMHOK, OTHECEHHOTO K YUCITy IIOPOXOBBIX MOTPe0OB, HAXOMUBIIIMXCS HA TeppuToprn To-
6onbckoro kpemisi B X VII B.
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Onupasch Ha pe3yabTaThl MPOBEICHHBIX aPXEOJIOTHYECKUX HCCIEI0BaHUM, aBTOpaMu
ObL1a BBINTOJHEHA TpaduyecKasi peKOHCTPYKILHUS YCTPOMCTBA M BHEITHETO BUIa TIOPOXOBOTO
norpeba B TpexmepHoM penaktope Autodesk 3ds Max, ¢ omopoit Ha U3BECTHBIC aHAJIOTH
yCTpOICTBa TTOPOXOBBIX morpedoB EBpormeiickoii yactu Poccun. [TopoxoBoii morped mmen
JOCTaTOYHO CIOXKHYIO KOHCTPYKIHIO: COCTOSUT M3 TIIyOOKOTO TMPSIMOYTOJIBHOTO KOTJIOBAHa,
BBIKOITAHHOTO B MaTE€pPHKE — JKEITOM CYIJIMHKE, B KOTOpBI OBbLIM BIYIICHBI J1Ba cpyda —
BHEIIHUH 1 BHyTpeHHUH. [lockonbKy nccnenoBanue mypda Ha pacCTOSIHUH 6,5 M K ceBepy
OT KUPIUYHOTO BXOJia B MOrped He BHISIBHIO HAJTMYUS B HEM KOTJIOBaHA, TO MPEIONI0KH-
TEJNBbHO pa3Mepsl morpeda He mpesblmand 12 X 12 m. [Torped umen moANpsIMOyToJIbHYIO
MIaHUPOBKY. BeposiTHo, OpeBHa B cpyOe ObIIIH COeANHEHBI B «00J10%» (KOHIIBI OpeBEH B cpyOe
BBIXOJISIT 32 TIpeJIeIIbl CTeH). J{HO KoTiioBaHa ObIIO YCTIaHO AEPEBSIHHBIM MOJIOM, HA KOTOPOM
CTOSUTH JIEPEBSIHHBIEC CTOJIOBI, MO IepKUBatoLre Kpbliy. Kpblma npeacrasisiia coboii Ope-
BEHYATHIM HaKarT, 3a7a4eil KOTOPOTro OBLIO BbIIEPKATh Bec 3eMIH. CBEpXY BCSI KOHCTPYKIHS
norpe6a Oblja 3acklana 3eMiIel Tak, YTO BHEIIHE BCE BBHIIISCIO KaK HEOOIBIION 3eMIISTHOM
XOJIM.

B morpe0 Ben KUpmUYHBINA BXOJ apOUYHON KOHCTPYKIIMHU, IOCTABICHHBIH Ha KIaaKy QyH-
naMmeHTa. [lepBoHavaabHO CIyCK B morped ObLT caeiaH u3 JepeBsSHHbIX Mu1ax. [lo3nnee ae-
PEBSIHHBIN CITyCK OBLT 3aMEHEH Ha 3eMIISTHOM.

IIpoBeneHHBIE UCCIEIOBAaHUS U COOTHECEHHUE IOJIyYEHHBIX MAaTepUajoB C JaHHBIMU
MUCHMEHHBIX U KapTOrpaduuecKux NCTOUHUKOB ITOKa3aJld, YTO HallICHHOE COOPY>KEHHE SIB-
JSIeTCsl OCTaTKaMM OJTHOTO M3 MOPOXOBBIX morpe6oB cepeanubl X VII — nauana XVIII BB.
ToGonbckuii 3eneiHbIil morped ObUT TOCTPOCH U3 JIepeBa, U TOIBKO BXOA OBbLIT BBITIOJIHEH U3
kupnuya. [lorped nepecraroT ucmnonb3oBath B Hayane X VIII B. B CBSI3U CO CTPOUTEIIBCTBOM
[Mpukaznoii nanarel. B 80-x rr. XVIII B. mopoxoBoii morpe6 Bowien B rpanuis! JBopna Ha-
MECTHHKA, U OH OKa3aJCsi Ha TEPPUTOPHUH JBYX €ro 3ajoB. Ha OCHOBE NOJIy4eHHBIX Mare-
pHaJoB M C MPHUBICYCHUEM H3BECTHBIX aHAJIIOTHH CO3AaHa MpeanojaraeMas rpaduueckast
MOJIeTIb TOPOXOBOTO morpeda. KupnuuHelii Bxo B morped mociie 4acTUYHONH KOHCEPBALlUH
SKCIIOHUPYETCSI CETO/IHS B TOPOJICKOM My3€ee B CIIEUaIbHO pa3pabOTaHHOM ISl HETo 3ajie.

Zagvazdin E.P., Danilov P.G.
Tobolsk Complex Scientific
Station of the Ural Branch RAS
Tobolsk (Russia)

TOBOLSK POWDER CELLAR OF THE 17TH CENTURY:
FROM EXCAVATIONS TO VISUAL RECONSTRUCTION

In the course of archeological research in 2001 and 2003 in two halls of the Palace of the
Governor in Tobolsk the remains of the building deepened in the mainland loam was found. It
was referred to the number of powder cellars that were located in the territory of the Tobolsk
Kremlin in the 17th century.

Based on the results of archaeological research, the authors have made a graphic recon-
struction of the powder cellar in a three-dimensional editor Autodesk 3ds Max, supported by
well-known analogues of such cellars of the European part of Russia. The powder cellar had
a rather complicated construction: it consisted of a deep rectangular pit dug in the bedrock —
yellow loam, into which two log houses — external and internal — were let in. Since the study
of the pit 6.5 m north of the brick entrance to the cellar did not reveal any other construction,
it is assumed that the cellar size did not exceed 12 x 12 m. The cellar had a rectangular layout.
Probably, the logs in the houses were joined together in a “oblo”-type (the ends of the beams
in the log cabin go beyond the walls). The bottom of the pit was covered with a wooden floor
with wooden pillars supporting the roof. The roof was made from logs, which was designed
to withstand the weight of the earth. The entire cellar structure was covered with earth from
above, so that everything looked like a small earthen hill.
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In the cellar there was a brick entrance of arched construction, placed on the masonry of
the foundation. Initially, the descent to the cellar was made of wooden scaffolding. Later, the
wooden descent was replaced by an earthen one.

The conducted researches and correlation of the received materials with the data of writ-
ten and cartographic sources have shown, that the found construction is the rests of one of
powder cellars of the middle of 17th — beginning of 18th centuries. The Tobolsk powder cel-
lar was built of wood and only the entrance was made of brick. The cellar is no longer used
in the early 18th century due to the construction of the Prikaz Chamber. In the eighties of the
18th century, the powder cellar was included to the boundaries of the Palace of the Governor,
and it was located on the territory of its two halls. On the basis of the obtained materials and
with the use of known analogies, an assumed graphic model of the powder cellar was created.
The brick cellar entrance, after partial conservation, is now exhibited in the City Museum in
a specially designed hall.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.44-44
Hnpucos U.A.

Uncmumym zeonoeuu /J[HL] PAH

Maxauxana (Poccus)

MNPOCTPAHCTBEHHOE PACIIPEJEJIEHUE
APXEOJIOTHYECKUX OFBEKTOB
HA TEPCKO-CYJIAKCKOI HU3MEHHOCTH

B noknane npuBoIsTCS JaHHBIE O CIICHU(PHUYECKUX 0COOCHHOCTSAX PaCTIpeACICHHs apXeo-
JIOTHYECKUX OOBEKTOB, B TOM YHCIIE KYPraHOB, BBISIBICHHBIX ITpu aHaiu3e /13 Ha Teppuropun
Tepcro-Cynakckoit HIBMEHHOCTH. AHaJIN3 9THX JTAaHHBIX, @ TAKXKE TOMOKAPT U ITyOIMKAIUH TO-
3BOJISIET MPEATIOIOKHUTE IPUYPOUCHHOCTh OOJIBIIMHCTBA KypPraHOB PErHoHa U BEPOSITHO HHBIX
apXEOoJIOTHYECKUX OOBEKTOB K majeopycnam Tepeka, Akrama u Axcasi, Cynaka. OcoOeHHO-
CTH paCHpeieIeHUs] pa3HOBO3PACTHBIX MAMATHUKOB apXEeOJIOTUH HA TEPPUTOPUU HHU3MEHHO-
CTU HaXOASATCS B TECHOH CBSI3U ¢ MCTOpUEl (OPMHUPOBAHHUS ee reocucTeMbl. Ha ydacTkax c
HeOoIbIIMM BpeMeHeM (popMHUpoBaHUst (IIEPBBIE COTHH JIET) OTCYTCTBYIOT KypraHbl U HHBIE ap-
XEOJIOTHUECKHE 00BEKTHI OOIbIIEro Bo3pacTa. s Gosbleil yacTH HU3MEHHOCTH (MCKITIOUast
OT/IEbHBIE YYacTKU Ha I0r0-3aIlajie ¥ I0re) COOTBETCTBEHHO MAJIOBEPOSTHO MOBEPXHOCTHOE
pacronoxeHne 00bEKTOB PAHHETO U CPEAHETO TONOLeHa (HEOIUT — OPOH30BBIH BEK).

Idrisov I.A.
Institute of Geology of the Dagestan Scientific Center RAS
Makhachkala (Russia)

SPATIAL DISTRIBUTION OF ARCHAEOLOGICAL
SITES IN THE TEREK-SULAK LOWLAND

The author presents data on specific features of the distribution of archaeological sites,
including burial mounds identified during the analysis of remote sensing in the Terek-Sulak
lowland. The analysis of these data, as well as topographic maps and publications, allows us
to assume that the majority of mounds in the region and probably other archaeological sites
are confined to the paleo-riverbeds of Terek, Aktash, Aksai, and Sulak. The peculiarities of
distribution of different archeological sites on the territory of the lowland are in close connec-
tion with the history of formation of its geosystems. There are no burial mounds or other ar-
chaeological sites of a larger age at sites with short formation times (first hundreds of years).
For most of the lowland (except for some areas in the southwest and south), the surface loca-
tion of the early-middle Holocene (Neolithic — Bronze Age) is unlikely, respectively.
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Ka3zaxoB B.B., KoBaJses B.C., Kymaguios K.b., Cumyxun A.U., JIooBa JI.B.
Hoeocubupckuii coc. yn-m

Hosocubupck (Poccust)

TF'EOMH®OPMALINOHHAS CUCTEMA
MO HACKAJIBHOMY UCKYCCTBY I0)KHOW CUBUPH

Hccneoosanue gvinonneno npu noooepoicke PH®, npoexm Ne 18-78-10079.

TpaIuIMOHHBIE METOIBI IOKYMEHTHPOBAHUSI ETPOrTH(OB 001aat0T PSIOM HEIOCTAT-
koB. Tak, mepeprcoBKa Ha MPO3pPaYHYIO IJIEHKY J1aeT HETOYHOE U CyOBhEeKTUBHOE BOCIIPOH3-
BeJICHUE PUCYHKA, a TIpH (oTorpadupoBaHIH OOBEKTHI HACKAJLHOTO HCKYCCTBA MOTYYa0TCs
TeOMETPUYECKH MCKKEHHBIMU M B HEJIOCTATOUHOM pazpemnieHuu. Kpome Toro, mpu ¢oro-
rpadupoBaHUH HEOOXOMM OIarONPUSATHBIH OOKOBOM CBET JIJIsl ITOJICBETA PUCYHKA. B peais-
HBIX YCJIOBUSAX OOKOBOTO MOJICBETA CIIOKHO JTOCTHYb, & TIPY €T0 HAJTMYNU UCKAKAEeTCs I[BETO-
BOE MPOCTPAHCTBO OOBEKTA.

Ha mpoTsbkeHu# MmocieTHIX HECKONIBKHX JIET MPEeIIPUHIUMAIOTCS MOMBITKA U(POBOH
(uKcanuy neTporingoB, B TOM YUCIIE METOIOM TPEXMEPHOTO CKaHUPOBaHUsL. JlaHHBIN MEeTOT
MO3BOJISICT TOJYYUTh UPPOBOE N300paKEHHE HACKATLHOTO PUCYHKA C JIYYIINM KaueCTBOM
Y TOYHOCTBIO, YEM TPaJAULIMOHHbIE MeToAbl. OHAKO 10 CHUX TOp 3Ta TEXHOJIOTHUS arnpoOu-
pYIOTCS Ha eIMHUYHBIX 00bEKTax. 3aJa4a MpOBEACHUS OOUIHMPHBIX pa0dOT MO BEICOKOTOYHOM
JOKYMEHTAIIMH METPOrTU(OB B MACIITA0aX B COTHH U THICSYH OOBEKTOB HE CTABHUTCSI.

B To ke Bpems Takas pabota mo3Bosmiia Obl ropasno 0ojee TOYHO JOKYMEHTHPOBATh
MaMATHUKH HACKaJIbHOTO MCKYCCTBa — C OOJIBIIINM pa3perieHrneM, 6e3 reoMeTpUIecKX rc-
Ka)XeHUI 1 0e3 BIUsIHUS CyOBeKTHBHOTO (haktopa. PabGora B mose ¢ 0ObEKTOM MpPU STOM
Obl1a OBl MUHIMH3HPOBAHA, & Pe3yNbTaThl KAMEPaIbHOM padOThl MHOTOKPATHO BOCIIPOU3BO-
JIMIMBI HA OCHOBE TEePBUYHBIX (poToMarepuanon. OHUKcayst HAaCKabHBIX PUCYHKOB METOJIOM
TPEXMEPHOTO MOJICIIMPOBAHHUSI IO3BOJISIET CO3/1aBaTh JIOCTATOUHO TOYHYIO IUPPOBYIO KOITHIO
o0bekTa 0e3 reoMeTPUYECKIX M IIBETOBBIX MCKaKEHUH, BKIIo4as ero penbed. Mmes Tpex-
MEpPHYIO MOZIETTb MOJKHO CO3/1aBaTh OOKOBOM TOCBET PUCYHKA IPOTPAMMHBIMHU METOAAMH,
KpOMeE TOTO — IIPOTPaMMHO M3MepSATh ITapaMeTphl pUCYHKa, B TOM YHCJIe IIyOHHY cliesa.

KomtektnB aBTOpPOB J0KIJIafia HAa MPOTSHKEHUHU PsJia JIET anpoOupyeT paziIuyHbIe MOJI-
XOJIbl U TEXHUKH JJOKYMEHTAIIMU HacKaJIbHOTO nckyccTBa HOxuo#t Cubupu. Tak, st orud-
POBKH METPOTTU(OB MPUMEHSITUCH KaK METO/Ibl (DOTOrpaMMETPHH, TaK U CKAaHUPOBAaHHUE Ha
TEXHOJIOTUN CTPYKTYpUPOBAHHOTO TMojicBeTa. B noknaze OyayT mpencTaBiIeHbl pe3ynbTaThl
pabot 2018 1., B X0/1€ KOTOPHIX KOJUIEKTUBOM aBTOPOB OBLIO MOITYYEHO M MOCTPOCHO Ooiee
100 moxeneit neTporuoB pa3HbIX MaAMITHUKOB HacCKaJIbHOTO McKyccTBa HOxHon Cubupu
B paMKax TpoeKTa artemiris.org.

Kazakov V.V., Kovalev V.S., Zhumadilov K.B,
Simukhin A.I., Lbova L.V.

Novosibirsk State University

Novosibirsk (Russia)

GEOINFORMATION SYSTEM ON ROCK ART IN SOUTH SIBERIA

The research was carried out with the support of the Russian Science Foundation (RSF),
project No. 18-78-10079.

Traditional methods of documenting petroglyphs have a number of drawbacks. Thus,

repainting on a transparent film gives an inaccurate and subjective reproduction of the draw-
ing, and photographing objects of rock art conducts to geometrical distortion and insufficient
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resolution. In addition, photographing needs a favorable side light to illuminate the picture.
In real-life conditions, side illumination is difficult to achieve, and if it is present, the color
space of the object is distorted.

Over the past few years, attempts to digitally capture petroglyphs have been made, in-
cluding 3D-scanning. This method allows to get a digital image of a rock painting with bet-
ter quality and accuracy than traditional methods. However, so far this technology has been
tested at single sites. The task of carrying out extensive work on high-precision documenta-
tion of petroglyphs on a scale of hundreds and thousands of objects is not set.

At the same time, such work would allow for a much more accurate documentation of
rock art sites — with higher resolution, without geometric distortions and without the influence
of subjective factor. Work in the field with the object would be minimized, and the results of
cameral work are repeatedly reproduced on the basis of primary photographic materials. Fixing
of rock drawings by a method of 3D-modelling allows to create enough exact digital copy of
object without geometrical and colour distortions, including its relief. With a three-dimensional
model, you can create a side illumination of the drawing by software methods, and in addition
software helps to measure the parameters of the drawing, including the depth of trace.

The team of authors of the presentation has been testing various approaches and tech-
niques of documentation of rock art in South Siberia for a number of years. Thus, for digi-
tization of petroglyphs both methods of photogrammetry and scanning with structured light
technology were used. The authors present the results of work in 2018, during which the team
received and built more than 100 models of petroglyphs of various sites of rock art in South
Siberia within the framework of the project artemiris.org.

https://DOL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.46-47

Ka3zakoB B.B., Cumyxun A.HU., Koanes B.C., Kymaguios K.b., JIooa JI.B.
Hosocubupckuii eoc. yn-m

Hosocubupck (Poccus)

TPEXMEPHOE MOJIEJIMPOBAHUE NETPOINIU®OB IOXKHOM CUBUPU
HUccnedosanue svinonneno npu noodepacrke PH®, npoexm Ne 18-78-10079.

Oco0oii 3aj1auell apXeoIOrHUSCKUX UCCIIEOBAHUM SIBIIICTCS KapTorpaupoBaHUe Ha-
CKaJIbHOTO HMCKYCCTBa, YTO HEBO3MOXXHO 0€3 HCIOJb30BAHHUS COBPEMEHHBIX T€OHMH(OP-
MAaIMOHHBIX TexHoyorui. ['eonndopmanmonnsie cucreMbl (I'MC) He TONBKO peayin3yroT
MOTPEOHOCTH KapTorpadupOBaHUs NaHHBIX, HO M PEIIAFOT 33/1a4d CTATUCTHYECKOTO, JEMO-
rpau4YecKoro aHaju3a, UACHTU(DUKAIMU IPOCTPAHCTBCHHBIX CTPYKTYp. Ha ceromHsmHmii
neHb ucnonb3oBanue ['MC B apXeooruu peiko J0CTaTOYHO PAa3BUTO, CO3aHHBIC MTPOCKTHI
4acTo JIM0O Y3KOCHEIMATU3UPOBAHbI, JU00 HE TMOJICPKUBAIOTCS B TCUCHUE JUITUTEIHHOTO
Bpemenu. B 1o ke Bpems npumenenue ['MC-TexHOIOTHI B apXeOJOTHISCKUX UCCIICI0Ba-
HUSIX, @ TAKKE B O0JIACTH OXPAHBI KYJILTYPHOTO HACHIEIMsI B HACTOsIIEee BpeMst chopMupoBa-
JIOCh KaK CaMOCTOSITEIIbHAS MEXKTUCIUILTHHAPHAS 00JIaCTh UCCIICIOBAHUM.

J11st 5 hEKTUBHOTO COXpPAHEHUS U MPEIICTABICHUS JIAHHBIX 00 N300pakeHUSX HACKAIIb-
HBIX PUCYHKOB U UX MECTOHAXOXJICHUU TPeOyeTcs MPOJBUHYTask reonH(OpMAIIIOHHAS CH-
CTeMa B COUCTAHHH C CUCTEMOH YIIPaBIICHUS] KOHTCHTOM, UMEIOIIAsi OTKPBITHINA BEO-JOCTYII.
B T0 ke BpeMsi OTKpBITOCTh 0a3 JIaHHBIX IO METporTHdaM Mpu OTCYTCTBUH KOMIUIEKCA 3a-
IIUTHBIX Mep (CO37[aHne MY3€€B I0J] OTKPBITBIM HEOOM C PEKMUMOM KOHTPOJIUPYEMOTO KYJIb-
TYpPHOTO TYpH3Ma) MOXKET MPUBECTH K YHUUYTOXKEHUIO HAN0O0JIee BAXKHBIX 00Pa3IloB HACKAIIb-
HOTO UCKYCCTBa. APXEOJIOTH IO TOHSATHBIM MIPUYHUHAM OTKA3bIBAIOTCS ITyOJIMKOBATH TOUYHBIC
reorpa)UuecKiue KOOPAMHATHI U3YyUEHHBIX METPONTU(PUICCKUX MaMSTHHUKOB, Oylb TO KOM-
MaKTHBIC CKOTICHUS, BO3MOYKHO, CBSI3aHHBIC C JIPEBHUMHU CBSITHIIUIIIAMU, UIH Pa30pOCaHHBIC
0 aHCaMOJISIM H300paXKeHUsT Ha OOJIBIION TUTOMIA/IH.
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B nipe3enraruu rpeacrapieHa reonH(popMaIoHHas cucteMa 1o rnerpormdam FOxHoN
Cubupu — poeKT artemiris.org, KOTOPbIM BKJIFOYAET B ceOsl MHTEPAKTHUBHYIO KapTy C yKa3a-
HUEM MECTOITIOJIOKECHUH HACKaIbHBIX U300paKCHUMN, UX OMHCAHUEM, JaTUPOBKOM, KYJIBTYp-
HOW 1 MeTofonorudeckoit arpudynueit u T.4. B 'MC nokazaHo pacnonoxeHue, arpuOyIus u
ONMCaHUE OTAENbHBIX HACKAJIbHBIX PUCYHKOB. Peann3zoBana MoJIeib 10CTyTa MOJIb30BaTENEH,
KOTOpasi CKphIBAET PACIIONOKEHUS TAMATHUKOB OT IIMPOKUX TPYMI MIOCETUTEINIEN caiTa, rpe-
JIOCTABJISISE TAKYFO WH(OPMAIIUIO TOJILKO COTPYIHHKAM HayYHBIX OpraHU3aIUH 110 3aIpocy.

Kazakov V.V., Simukhin A.I., Kovalev V.S, Zhumadilov K.B., Lbova L.V.
Novosibirsk State University
Novosibirsk (Russia)

THREE-DIMENSIONAL MODELING OF SOUTH SIBERIAN PETROGLYPHS

The research was carried out with the support of the Russian Science Foundation (RSF),
project No. 18-78-10079.

A special task of archaeological research is the mapping of rock art, which is impossible
without the use of modern geoinformation technologies. Geoinformation systems (GIS) not
only meet the needs of data mapping, but also solve the problems of statistical, demographic
analysis, identification of spatial structures. Today, the use of GIS in archeology is seldom
sufficiently developed, and the projects created are often either highly specialized or not
maintained for a long time. At the same time, the application of GIS technologies in archaeo-
logical research, as well as in the field of cultural heritage protection, has now emerged as an
independent interdisciplinary field of research.

An advanced geoinformation system, combined with a content management system with
open web access, is required to effectively store and present data on rock art images and their
location. At the same time, the openness of databases on petroglyphs in the absence of a set of
protective measures (creation of open-air museums with a regime of controlled cultural tour-
ism) may lead to the destruction of the most important examples of rock art. Archaeologists
understandably refuse to publish the exact geographical coordinates of the petroglyphic sites
studied, whether they are compact clusters, possibly associated with ancient sanctuaries, or
images scattered over a large area.

The authors presents the geoinformation system on petroglyphs of South Siberia — the
project artemiris.org, which includes an interactive map with the location of rock images,
their description, dating, cultural and methodological attribution, etc. The GIS shows the lo-
cation, attribution and description of the individual rock paintings. A user access model has
been implemented, which hides the location of sites from wide groups of visitors to the site,
providing such information only to employees of scientific organizations on request.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.47-48
Ko63eB A.A., Ckppinunsina T.H., Kypkos B.H.
Mocxkosckuii coc. yn-m 2eode3uu

u kapmoepapuu (MUNUTAuK)

Mocxesa (Poccus)

TEXHOJIOI'S KOMIVIEKCHOI'O OBCJIIEJOBAHUS
APXEOJIOTHYECKUX MTAMATHUKOB C IPUMEHEHUEM
HA3EMHOI'O 1 BO3JAYIIHOT'O JUCTAHIHUMOHHOI'O 30HAUPOBAHUA

HccnenoBanue APXCOJIOTUICCKUX MaMSITHHUKOB OCCKOHTAKTHBIMH CIIOCOOAMH SIBIISICTCS
0IlHOI>i n3 3aJ1a4 COBpeMeHHOﬁ ApXeOJIOTHH. Takue CpeacTtBa JUCTAHIIMOHHOI'O 30HAHWPOBA-
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HUS, KaK KOCMHYECKasi CbeMKa, a’spo(oTocheMKa W BO3AYIIHOE JIA3EPHOE CKAaHUPOBAHHE C
OecrunoTHBIX Bo3aymHbIX cynoB (BBC), reopagapuas cbeMka u HazeMHas (oTorpaduue-
CKasl CheMKa B COUYETAaHHHU C Te0JIe3UNIeCKUM 000CHOBAHUEM, MTPEACTABIAIOT OOIBIIYIO BO3-
MOYXHOCTb JUISI MOHUTOPHHTA, UCCIIEIOBAHUS M TOKYMEHTUPOBAaHUS apXEOJIOTHIECKHX 00b-
EKTOB.

B anpene u aBrycte 2018 1. B pamkax rpanta POOU Ne 17-29-04410 «Pa3paborka me-
TOZIOB aBTOMAaTHYECKOH 00pabOTKM M JOKYMEHTUPOBAHUS TTOJIEBBIX UCCIIEIOBaHUH apXeoo-
THYECKUX TTaMSTHUKOBY» OBLIHM MPOBENCHBI IBE SKCIEIUINN COBMECTHO ¢ bocnopckoii apxe-
onornyeckoii sxcnenunmeit (I'MIM) npu ygactun koiier u3 ['epMaHckoro apxeonorayecKoro
uHCTUTYTa. B 9acTHOCTH, OBLTa BRIMTOTHEHA OTO— M BUneockeMka ¢ bBC necsitu apxeoro-
TMYECKUX MaMSATHUKOB OOIIEH Mmiomaapio 62,3 KB. KM, BO3AYIIHOE J1a3epPHOE CKAHUPOBAaHHUE
1 HazeMHas QoTorpaMMeTpUuecKasi CheMKa OTACIBHBIX 00BEKTOB. B KauecTBe MCTOUHUKA
JIOTIOTHUTENFHON HH(OopManny Obljla HCIIOIb30BaHa CTepeornapa KOCMUUECKUX CHUMKOB CO
cnytauka SPOT 6 ¢ pazmepom nukcena 1,8 M, kocMuueckne n300paskeHus ¢ moprainoB Bing
u Google Earth u undposas monens peaseda AW3ID30 DSM (ALOS) ¢ pazmepoM stueiku
26,6 M.

B pesynbrare Obimn mocTpoeHsl nugpossie Moaenu penseda (LIMP) u moBepxnoctn
(IMIT), oprodoTromnansl, TpeXMEpHbIE MOJAEIH, a TaKkKe MPOBEICH MOP(POMETPHUYECKUH
aHaJu3.

B noxnazne npencrapieHa METOANKA TPOBEICHHUS HA3EMHBIX U a9p0(OTOCHEMOYHBIX pa-
00T C LEeIBIO MOTYYCHHUS BRICOKOTOYHBIX M BBICOKOACTATIBHBIX JOKYMEHTOB O MECTHOCTH JUISI
JaNbHEMNIIIEH apXe0JIOTHYECKOM HHTEPIIPETALIUH.

Kobzev A.A., Skrypitsyna T.N., Kurkov V.I.
Moscow State University

of Geodesy and Cartography

Moscow (Russia)

TECHNOLOGY OF COMPLEX EXAMINATION OF ARCHEOLOGICAL
SITES WITH APPLICATION OF GROUND AND AIR REMOTE SENSING

Research of archeological sites by non-contact methods is one of the tasks of modern
archeology. Remote sensing tools such as space imagery, aerial photography and aerial laser
scanning from unmanned aerial vehicles (UAVs), GPR and ground-based photography, com-
bined with geodetic justification, provide a great opportunity for monitoring, research and
documentation of archaeological sites.

In April and August 2018, in the framework of the RFBR grant No. 17-29-04410 “De-
velopment of methods for automatic processing and documentation of field research of ar-
chaeological sites”, two surveys were conducted jointly with the Bosporus Archaeological
Expedition (State Historical Museum) with the participation of colleagues from the Ger-
man Archaeological Institute. In particular, ten archaeological sites with a total area of 62.3
square kilometers, aerial laser scanning and ground-based photogrammetric survey of indi-
vidual objects were photographed and videotaped from the UAV. The source of additional
information was a stereo pair of space images from SPOT 6 satellite with a pixel size of 1.8
m, space images from Bing and Google Earth portals and digital elevation model AW3D30
DSM (ALOS) with a cell size of 26.6 m.

As aresult, digital elevation models (DEM) and surface models (DSM), orthophotoplans,
three-dimensional models were constructed and morphometric analysis was performed.

The authors presents the methodology of ground and aerial photography in order to ob-
tain highly accurate and detailed documents on the terrain for further archaeological inter-
pretation.
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Mocxesa (Poccus)

CBOJI PYCCKHUX HAJIIUCEM U DJIEKTPOHHBIE
HUHCTPYMEHTBI EI'O ®OPMUPOBAHUSA

IIpoext «CBox pyccKuX HaAMHUCE» OPUEHTHPOBAH Ha LM(POBOE TOKYMEHTHPOBAHUE,
HCCIIeIOBaHUE U CUCTEMATU3AIMI0 TAMATHHKOB cTapopycckoit smmrpadukn XV-XVIII BB.
B pamMkax npoexra B Hay4qHBIH 000pPOT BBOIUTCS OOIIMPHBIN MaCCHB HOBBIX MCTOUHUKOB. /{0
HACTOSIIIET0 MOMEHTAa CO3/JaHME CHCTEMAaTHYeCcKOro CBOJIA MaMsATHUKOB CTapOPYCCKON 3IH-
rpadyKy ynupanoch B MpoOieMy OTCYTCTBHS €IMHBIX MPABHII OMHCAHUA SMUTPahUIECKUX
MaMATHUKOB U METOJIOB, TIO3BOJIAIONINX OCYIIECTBIATh JOKYMEHTUPOBaHHE Ha JOCTATOUYHO
BBICOKOM ypoBHe. [Ipeononenue 3tux npodiem ABIsieTcs OHON M3 KIIIOYEBBIX 3a/1au co3/1a-
Hus «Ceoma Pycckux Hagmuceii».

s moKyMeHTHpOBaHMS MaMSITHUKOB HCIIONB3YETCSI METOMKAa TPEXMEPHOTO OECKOH-
TaKTHOTO IU(PPOBOTO JOKYMEHTHPOBAHHUS, OCHOBaHHAs Ha TEXHOJOTHH IH(PoBoOi PoTo-
ChEMKH C TOCIIEAYIONIeH (hoTorpaMMeTpruiecKoii 00paboTKol n300paxkeHuid. Pe3ynprarom
JIOKYMEHTHPOBAHUS SBIISETCS TpEXMEpHas MOJIMTOHAIbHAS MOJIEb NaMsITHUKA M Ha/INCH,
reOMEeTPUYECKH KOPPEKTHAs W BOCIIPOU3BOASIIAS OOBEKT JOKyMEHTHPOBAHMS B MaciiTade
1:1. MonenupoBaHue NaMSITHUKOB SIUTPa(UKH BBIIOIHIETCS C BBICOKOW JIETAILHOCTBIO (HE
MeHee 1500 moiauroHoB Ha KB. cM). TakuM 00pa3oM GOopMUPYETCst TOUHAST KOTTUSI HAIITUCH.

TpexmMepHble TOIUTOHATBHBIE MOJIENIN UCIIONB3YIOTCA, B TIEPBYIO OYepe/ib, /IS BBIION-
HEHUS PaKTUYECKUX HCCIIeI0BATeNbCKUX 3a1ad. [Ipexx/ie Bcero oHu mo3BoIsAI0OT 00eCIeYnTh
JOCTYT K HQAMUCH HIUPOKOMY KPYTY CHEIHUATUCTOB (MCTOPUKOB, (PHUIIOIOTOB, maneorpados,
HCKYCCTBOBENIOB), OPraHNU30BaTh HX COBMECTHYIO paboTy, 00JIerYnTh B3aUMOJICHCTBIE U B3a-
MMHYIO ITPOBEPKY, YCKOPHUTH co3anue onucanuii. lllnpokoe ucnonp3oBaHue cpesicTB BU3ya-
JIU3aIUN TEOMETPHUH TOBEPXHOCTH MaTeMaTHUYECKUMHU aJTOPUTMAaMHM, MPUMEHSIEMBIMH Kak
HEMOCPEICTBEHHO K TPEXMEPHBIM MOJEISIM, TaK U K MX JIepuBaTHUBaM (KapTaM BBICOT Ha/I-
MUCeii) MO3BOJISIET CYIIECTBEHHO OOJIETYUTh KOPPEKTHOE MPOUYTEHUE HaIiceld. ITo 0COOeH-
HO B)KHO JIJIsl TOBPEKACHHBIX HAJMHUCEH U UX (parMeHTOB. B HEKOTOPBIX CITydasx TOJIBKO
MPUMEHEHUE BU3YaJU3AI[MOHHBIX AJITOPUTMOB OOECHEYMIIO HaJ/Ie)KHOE MPOUTEHHE paspy-
IIEHHBIX ()ParMEeHTOB, IEPBOHAYAIHLHO, IPH OCMOTPE Ha MECTe OOHAPYKEHHUSI, TIPEACTaBIIAB-
muxcst HeuutaeMbIMu. CHHXPOHU3AIMS pabOThl HCCIe0BaTeNIel Pa3InYHON Crelrain3a-
LMY C HAJMUCSIMH 00JIETYaeTCsl IPUMEHEHUEM AJIEKTPOHHBIX TAaOHII, B KOTOPbIe BHOCUTCA
nH(popMaIMs O MaMATHUKAX U BCIIOMOTaTeNIbHbIE JaHHBIE, HEOOXOUMBIE [T OpraHU3aIiu
B3alMOJICHCTBUSL.

DopMHpyEMBIii AIEKTPOHHBIN CBOJI TAMSTHUKOB CTApPOPYCCKOM AMUrpap Ky 00benHs,-
€T HaKOIUIEHHYIO TEKCTOBYIO U Ipad)nuecKyro HHPOPMALIUIO — CTPYKTYPHPOBAHHBIE TEKCTHI
OIMMCAaHWH U KOMMEHTapueB K HUM, IIU(QPOBbIe 00pa3bl MOjIETICH, apXHUBHbBIC MaTepPHAaIb 1O
yTpadeHHBIM MaMsATHUKaM. CucTeMa Mmoucka U (QUIBTPOB JaeT BO3MOXKHOCThH OIEPATHBHO
W3BJIEKaTh U3 OOJIBIIOTO MacCHBa HCTOYHHKOB HEOOXOJUMYIO HH(OPMAIIMIO, COTIOCTABISTh
HAJMKCH, aHAIM3UPOBATh CTAaTUCTUYECKHE AaHHbIe. ba3a JaHHBIX MPOEKTa JOMOIHEHA I'eo-
MH(OPMAIIMOHHONW CHCTEMOM, OTpaXKaroIleld MPOCTPAaHCTBEHHOE IOJIOKEHHE MaMSITHHUKOB.
TotoBuTCS TMyOMUKAI¥s OOIIETOCTYITHOTO SJICKTPOHHOTO CBOIA.

K nHacrosmemy BpeMeHH B pamKax npoekta «CBOJl pyCCKUX HaJIHCe» JOKyMEHTHPO-
BaHo 1088 mamsaTHukoB B 124 myHnktax Mocksel, CankT-IlerepOypra, Branumupckoii, Ka-
myxckoit, Koctpomckoit, MockoBckoit, HoBroposckoii, I1ckoBckoit, CmoneHckoi, TBepcKoi,
Spocnasckoii oonacreit. ChopmupoBano 802 TpeXMEPHBIX MOJICIH, IOATOTOBICHO K HCCIIe-
JIOBaHHIO 762 mamMaTHHUKA. BeimonneHo 287 geTanbHBIX ONMUCAHUNA HAIITHCEH.

49



Kozulya A.S.*, Svoysky Yu.M.**

* Saint Tikhon's Orthodox University
**The Higher School of Economics
Moscow (Russia)

CODE OF RUSSIAN INSCRIPTIONS AND ELECTRONIC
TOOLS FOR ITS FORMATION

The project “Code of Russian inscriptions” is focused on digital documentation, research
and systematization of sites of the Old Russian epigraphy of the 15th—17th centuries. The
project is introducing an extensive array of new sources into the scientific community. Until
now, the creation of a systematic collection of objects of the Old Russian epigraphy has been
hampered by the lack of uniform rules for the description of epigraphic sites and methods that
allow for documentation at a sufficiently high level. Overcoming these problems is one of the
key tasks of creating the “Code of Russian inscriptions”.

For documentation of sites the method of three-dimensional non-contact digital docu-
mentation is used, based on the technology of digital photography with subsequent pho-
togrammetric processing of images. The result of documentation is a three-dimensional
polygonal model of the find and the inscription, geometrically correct and reproducing the
object of documentation at a scale of 1:1. Modeling of epigraphic sites is performed with
high detail (not less than 1500 polygons per sq. cm). Thus, an exact copy of the inscription
is formed.

Three-dimensional polygonal models are used primarily for practical research tasks.
First of all, they allow to provide access to the inscriptions to a wide range of specialists
(historians, philologists, palacographers, art historians), to organize their joint work, to
facilitate interaction and mutual verification, to accelerate the creation of descriptions.
Wide use of means of surface geometry visualization by mathematical algorithms applied
both directly to three-dimensional models and to their derivatives (maps of inscription
heights) allows to facilitate essentially correct reading of inscriptions. This is particularly
important for damaged inscriptions and their fragments. In some cases, only the use of
visualization algorithms provided a reliable reading of the destroyed fragments, initially,
when inspected at the site of detection, which appeared unreadable. Synchronization of the
work of researchers of various specializations with inscriptions is facilitated by the use of
spreadsheets, which contain information on objects and auxiliary data necessary to orga-
nize interaction.

The formed electronic code of sites of the Old Russian epigraphy unites the accumulated
text and graphic information — structured texts of descriptions and comments to them, digital
images of models, archival materials on the lost sites. The system of search and filters makes
it possible to quickly extract the necessary information from a large array of sources, com-
pare inscriptions and analyze statistical data. The project database was supplemented with a
geoinformation system reflecting the spatial position of sites. The publication of a publicly
available electronic code is under preparation.

To date, 1088 sites in 124 locations in Moscow and St. Petersburg, as well as Vladimir,
Kaluga, Kostroma, Moscow, Novgorod, Pskov, Smolensk, Tver, Yaroslavl regions have been
documented within the framework of the “Code of Russian inscriptions” project. 802 three-
dimensional models were formed and prepared for the study of 762 monuments. There are
287 detailed descriptions of the inscriptions.
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AHAJIN3 BUIUMOCTHU T'OPOIMII BAXMYTHUHCKOM KYJIBTYPhI:
BO3MOKHOCTU I'C U ITOJIEBBIE NCCJIIEJOBAHUSA

XapakTtep apXeoJIoTHIeCKON N3yUeHHOCTH PaHHECPETHEBEKOBBIX MOceNeHU Y huMCcKo-
Benbckoro Mexaypedbs He MO3BOJISIET YCTAHOBUTH (DYHKIIMOHAILHOCT U POJIb OTEILHBIX
00BEKTOB B IMOCEJICHYSCKON CTPYKTYpe 0aXMyTHHCKOIO O0IIECTBa.

[Tpu 3TOM CyHIECTBYIOT BIIOJIHE OOBEKTUBHBIC M (PUKCHPYEMbIC HA COBPEMEHHOW 3eM-
HOM TMOBEPXHOCTH NMPHU3HAKU (B CIy4yae C TOPOJIUINAMHU 3TO COXPAHMBIIHECS (PParMEHTHI
(bopTUUKAITMOHHBIX COOPYKECHHUH ), TO3BOJISIOIIIE PEJIIONAraTh XapaKkTep UCIIOIb30BaAHHS
OTJICTHHBIX TUIIOB MAMSTHUKOB.

Tax KaK yKperuieHus: TOPOIUIL ¢ OONBIION BEPOSTHOCTHIO OBUIM MOCTPOEHBI C IENbIO
3alUThI, UMEIOTCS OCHOBAHUS TPEIoJararh, 4To Tornorpadus JaHHOTO BHJA TOCEICHUH
(pacnonokeHue Ha BEpIIMHAX Teppac, BO3BBIIIEHHOCTSX, TOCTIOCTBYIONIIMX BBICOTAX) CITy-
JKUJIa HE TOJIBKO CPEICTBOM €CTECTBEHHOMW IMperpajibl HaMaJAeHHI0, HO U IS BHU3YaJIbHOTO
KOHTPOJISI HaJT OCBOCHHBIMU TEPPUTOPUSIMH.

OcHoBHas 11e1b pabOTHl — aHAJIN3 BO3MOKHOCTH BU3YaJbHOTO KOHTPOJIS € TUIOMIAI0K
YKPEIUICHHBIX TIOCEICHUN 0aXMyTHHCKOH KYJIBTYPHI.

CBoeoOpa3znas Tororpadust U JOKAIU3AIHIS TOPOIHUII] TIO3BOJISET HE TOJBKO BECTH Ha-
OJroZicHUE, HO W TIPHU HEOOXOIMMOCTH TepeaaBaTh CUTHAIBI O MPHOIMKAIONIUXCS OMACHO-
CTSIX Ha JPYTHE MaMSITHUKH.

[Tpu 3TOM HEOOXOAUMO YUHUTHIBATh pazMep 3aHATON 0aXMyTHHCKMMH IIEMEHAMH Tep-
PUTOPUHU U KOJIMYECTBO U3BECTHBIX MOCETICHUYECKUX OOBEKTOB.

BeposiTHO, 4TO KycTOBOE pacrojoKeHHe NaMITHUKOB BHYTPH OOIIeH OWKyMeHBI 0ax-
MYTHHCKOW KYJBTYPBI HE CIIy4aifHO M XapaKTepH3yeT XPOHOJIOTHYECKHE OCOOCHHOCTH WM
JIOKaJIbHBIE TPYTIITHI HACEICHNUS.

Taxum 06pa3om, 30HbI B3AUMHON BUTUMOCTH MTOCENIEHUH TTOKPBIBAIOT OT/IEJIbHBIE y4aCT-
Ki 0aXMYTHHCKOW TEPPUTOPHH H BPSIL JTX MOTYT PACIIPOCTPAHSTHCSI CEThIO HA BCe Y PUMCKO-
benbckoe mexaypeusne.

Kolonskikh A.G.

Institute of Ethnological Research
of the Ufa FRC RAS

Ufa, Russia

ANALYSIS OF THE VISIBILITY OF THE HILLFORTS OF THE
BAKHMUTINO CULTURE: GIS CAPABILITIES AND FIELD RESEARCH

The nature of the archeological study of early medieval hillforts in the Ufa-Belaya in-
terfluve does not allow us to establish the functionality and role of individual objects in the
settlement structure of the Bakhmutino society.

At the same time, there are quite objective and fixed features on the modern earth surface
(in the case of ancient hillforts, these are preserved fragments of fortifications), which allow
to assume the nature of the use of certain types of sites.

Since the fortifications of the fortified settlements were probably built to protect them,
there is reason to believe that the topography of this type of settlement (the location on the
tops of terraces, hills, dominating heights) served not only as a means of natural barrier to
attack, but also for visual control over the occupied areas.

The main purpose of the work is to analyze the possibility of visual control from the sites
of fortified settlements of the Bakhmutino culture.
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The peculiar topography and localization of the hillforts allows not only to observe, but
also, if necessary, to transmit signals about approaching dangers to other sites.

It is necessary to take into account the size of the territory occupied by the Bakhmutino
tribes and the number of known settlement facilities.

It is likely that the cluster location of sites within the common oikumen of the Bakhmu-
tino culture is not accidental and characterizes chronological features or local population
groups.

Thus, the mutual visibility zones of settlements cover separate sections of the Bakhmu-
tino culture territory and are unlikely to be extended by the network to the entire Ufa-Belaya
interfluve.
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Tromens (Poccus)

CHUCTEMA 3ACEJIEHUSI TOBOJIO-UCETCKOI'O MEK/YPEUbS
B DIIOXY CPEJHEBEKOBbDSI (CPEIHEE 3AYPAJIBE)

Ha ¢one akTHBHO Pa3BHBAIOMIMXCS BOIPOCOB KYJIBTypOr€HE3a M U3MEHYMBOCTH Ma-
TEpUANbHOW KYJBTYPBI, BECbMa aKTyaJbHOH SIBISIETCS MpoOieMa KH3He0OeCTIeUeHUs KoJl-
JIEKTHBOB MPOIIOT0. B 3TOM KOHTEKCTE M3ydeHHe MPOCTPaHCTBEHHBIX 0COOCHHOCTEH pac-
MOJIOKEHHS MTOCETICHYECKUX M MOrpedabHBIX KOMIUIEKCOB CIIOCOOHO TOMOYb MPOJBUHYTCS
B PEKOHCTPYKIMH XO3HCTBEHHO-DKOHOMUYECKOTO 00JInKa ApeBHero HaceneHus. Ha ceron-
HSIIHUH 1eHb MBI pacrioyiaraéM BECOMOW MCTOYHHMKOBOM 02301 KOMIUIEKCOB SMOXU CpeaHe-
BekoBbs (IV—XIII BB.) B 3aypainbe. SIpKkuM nprUMEpoM SIBISIETCS] XOPOILO H3YYEHHOE MEXKIY-
peube ToGono-Mcerbs. JlanHas TeppuUTOPHsI IPEACTABIISICT COOOH KIIACCUYECKYIO JIECOCTEIh
C HNIMPOKUMH JOJIMHAMU PEK U OOLIMPHBIMHU JIyTOBBIMHU MTpocTpaHcTBaMu. C paHHUM CpesiHe-
BekoBbeM (IV—VIII BB.) cBs3aH mepuol 3aceleHUs] TaHHOTO PEernoHa HOCUTEISIMU OaKalib-
cKoil KynbTypbl. [Ipu aHanmse yKperieHHbIX oceIeHUH (TOPOAMIL) BBISIBUIACH 3aKOHOMEP-
HOCTB MEK/1Y IJI0IaAb0, KOHGHUTypanuei u penbedHoi 30H0i. Tak, roponuina TpeyroabHOMI
(dopMbI (MBICOBBIC), TUIOMIA/IBIO0 4—8 THIC. KB. M BO BCEX CIIydyasX MPHYPOUYCHBI K BHICOKHM
OTMETKaM KOPEHHBIX Teppac PeK U UMEIOT OT OJHOH JI0 TpeX 00OPOHHUTENBHBIX JTHHUH. JlaH-
HBIE MMOCEIIKH UMEIOT CTPOTYH CTPYKTYpPY PacCpeLOTOUEHUs, PACIIONArasCh 4epes3 KaxIble
40—45 kM Brosb pek. B cBOIo o4yepenb, KOMIUIEKCHI, IMEIOIIHE OOIINPHBIC CEJINIIA-TIOCA/IbI
o61eit romanpio 25-30 ThIC. KB. M JIOKAJIM3YIOTCS MPEUMYIIECTBEHHO B MOMMEHHBIX paio-
Hax peK, Ha ocTaHnax. HeykpenseHHbIe moceNeHns 0akaabCKOH KyIbTypbl HE UMEIOT YETKOH
CUCTEMBI U Yallle BCETO PACIIOJIOKEHBI CKOIIJICHUSIMU BOKPYT KPYIIHBIX LIEHTPOB — FOPOIULLI.
3anpoc nNpsMOi BUANMOCTH C YKPEIUIEHHBIX ITOCEJIEHNH MO3BOJIMII MPENNOI0KHUT, YTO IO-
poauiia, IPUYPOUEHHBIE K TEppacaM, BEPOSTHEE BCEIO HECIIU HaJA30PHBIN XapaKTep U sBIIs-
JHch (GOPIIOCTaMU, a UX YeTKasi CTPYKTypa B pacroiioKeHHH Obl1a 00yCciIoBIeHa My TSIMH CO-
OOILIEHHSI, B YACTHOCTH — BO3MOJKHOCTBIO JOCTYIIA U3 OJTHOTO MOCEJICHUS B IPYroe B TCUCHHUE
OJIHOT'O CBETOBOrO JHs. MICXOAs U3 3KOHOMMKU JAHHOTO HACEJIEHUs], KOTOpask CTPOMIIOCH HA
CKOTOBOJICTBE (pa3Be/IcHHEe KPYITHOTO pOraroro CKOTa), Mbl JieflaéM BBIBOJ, YTO TIOCEJICHUS,
PACIIOJIOKEHHBIE B IOMMEHHBIX Yy4acTKaX, CBA3aHbl C HEIOCPEICTBEHHBIM COACPKAHUEM
CKOTa U MPOKWBAaHUEM OCHOBHOW YacTH OOIIWHBI.

Hauunas ¢ cepeauns! IX B., Tepputoputo ToOomo-MceTrsi 3aHUMAaIOT HOCUTEIHN I0UH-
CKOH KyabTypbl. C JaHHBIM [IEPUOJOM CBSI3aHO OOHOBJIEHHE OOOPOHHUTENBHBIX JTMHUHN Ha pa-
Hee 3aCeIeHHBIX 0aKalbCKUMH KOJJIEKTHBAMH MTOCENKaX U CTPOUTEIbCTBO HOBBIX. CHcTeMa
MPSMOI CBSI3U TOPOAMII FOAMHCKOM KyIbTYpBl Ooliee mioTHas1, B cpenneM 15-20 km. Kpome
TOI0, CTOUT OTMETUTh, YTO KOJUYECTBO YKPEIUICHHBIX MOCEIEHUI B JaHHBIM IEPUOJ BO3-
pacraet, OJHAKO, MO0 CPAaBHEHHUIO C MPEIBIAYIIMM MEPHOIOM, BABOMHE CHUXKAETCS OO0IIas
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miomaab ropoaunil. OCHOBHOUM MacCHB IIOCEJIICHYSCKHUX U l'IOI‘pe6aJ'II>HI>IX KOMIIJICKCOB pas-
BUTOT'O CPECAHCBCKOBLA JIOKAJIU3YCTCS B moiiMe Ha HeOOIBIINX 03€pax v CTapulax. HaHHI;Iﬁ
(baKT 00BSICHSIETCSI DKOHOMUYECKUM YKIIaAOM JaHHOI'O HACCJICHUS, I/I€ BAXKKHYIO POJIb UT'PAJIo
KOHEBOJACTBO U IMTPOMBICJIOBBIC BU/JIbI XO3SIMCTBA.

TaK, MOXHO CKa3aTb, YTO Y CPECAHCBCKOBOI'O HACCJICHUA 3aypam>;1 CyuecTBoBaljia omnpe-
ACJICHHAsA CJIOKHAA CTPYKTypa B CUCTEME paCCCJICHUA U HpOCTpaHCTBCHHOfI OKCILTyaTalu.
C OonbIIoi BEPOATHOCTHIO MOXKXHO IT'OBOPUTH, YTO IOpOAUIIA ABJIAJINCH OCHOBHBIMHU LICHTPA-
MU 3aCCJICHUA U KOHTPOJIA HaJl TCppHTOpHeﬁ, NOIIYTHO HUCIIOJIHSA (l)yHKIII/II/I INOJIUTUYCCKHUX,
TOPIrOBbBIX U XO3SIMCTBEHHBIX ICHTPOB. Hx PacCIoIOKEHUEC B IMICPBYIO OUCPECAb O6yCJ'IOBJ'ICHO
MyTIMHU COO6III€HI/I$I, CpCACTBaMU CBA3U U pasMCpaMU 3KOHOMUYCCKHUX 30H. Amnanu3 noka-
JIn3allu HECYKPCIIJICHHBIX MOCEICHUMI BCJIICACTBUEC UX MAJIOTO KOJIMYCCTBA HEC ITO3BOJISCT I'0O-
BOPUTH O CUCTCMHOCTHU B UX PACIIOJIOKCHUHU. OI[HaKO, CKOpPEEC BCCIO, 3TU IMMOCCIIKU B IICPBYIO
oucpeab OBLIH CBS3aHEI C XO3IHCTBEHHOM ACATCIIBHOCTBIO U MPOLICCCaMU OCBOCHUS TECPpU-
TOPUH BOKPYT SKOHOMUYCCKUX LICHTPOB. Takum 06pa30M, MOXHO CKa3aTrb, 4YTO AJid pa3HO-
KYJBTYPHOI'O HACCJIICHUS Onlia XapaKTEepHa CBOs CTpaTerus HpOCTpaHCTBeHHOﬁ ajarTaliuu,
Ha KOTOPYIO BJIMAT KyHLTypHO-XOSHﬁCTBCHHLIﬁ THUIT HACCJICHU, €Iro COHH&HLHO-CCMCﬁHOG
ACJICHUEC, a TAKKC ITPUPOJHOC OKPYIKCHUC.

Kostomarov V.M.*, Tretyakov E.A.**

*Tyumen Scientific Center of the Siberian Branch RAS
**Tyumen State University

Tyumen (Russia)

THE SETTLEMENT SYSTEM OF THE TOBOL-ISET
INTERFLUVE IN THE MIDDLE AGES (MIDDLE URALS)

Against the background of actively developing issues of cultural genesis and variability
of material culture, the problem of life support for collectives of the past is very urgent. In
this context, the study of spatial features of the location of settlement and burial complexes
can help to advance in the reconstruction of the economic image of the ancient population.
Today we have a significant source base of medieval complexes (4th—13th centuries) in the
Trans-Urals. A striking example is the well studied interfluve between the Tobol and Iset
rivers. This area is a classic forest-steppe with wide river valleys and vast meadow areas.
The early Middle Ages (4th—8th centuries) are associated with the period of settlement of
the region by bearers of the Bakal culture. The analysis of fortified settlements (hillforts)
revealed a pattern between the area, configuration and relief zone. Thus, triangular fortified
settlements (promontory hillforts) with the area of 4-8 thousand square meters in all cases
are confined to the high marks of the main river terraces and have from one to three defensive
lines. These camps have a strict dispersal structure and are located every 4045 km along the
rivers. In their turn, the settlements having extensive open space with a total area of 25-30
thousand square meters are located mainly in floodplain river areas, on the remnants. Un-
fortified settlements of the Bakal culture do not have a clear system and are usually located
in clusters around the large centers — hillforts. The analysis of direct visibility from fortified
settlements suggested that the hillforts adjacent to the terraces were most likely supervisory
places and outposts, and their clear structure in the location was due to the means of com-
munication, in particular, the possibility of access from one settlement to another during one
light day. According to the economy of this population, which was based on cattle breeding,
we conclude that the settlements located in floodplains are connected with the direct mainte-
nance of livestock and habitation of the main part of the community.

Since the middle of the 9th century, the territory of Tobol-Iset interfluve has been oc-
cupied by bearers of the Yudino culture. This period was connected with the renewal of de-
fensive lines in the hillforts previously inhabited by the Bakal collectives and the construc-
tion of new ones. The system of direct communication of settlements of the Yudino culture
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is more dense, on the average 15-20 km. In addition, it should be noted that the number of
fortified settlements in this period is increasing, however, compared to the previous period,
the total area of settlements is decreasing two times. The main massif of settlement and burial
complexes of the High Middle Ages is localized in the floodplain on small and oxbow lakes.
This fact is explained by the economic situation of this population, where horse breeding and
obtainment of resources played an important role.

Thus, we can say that the medieval population of the Trans-Urals had a certain complex
structure in the system of settlement and spatial exploitation. It is very likely that the hillforts
were the main centers of habitation and control over the territory, simultaneously perform-
ing the functions of political, trade and economic centers. Their location is primarily due to
communication routes, network and the size of economic zones. The analysis of the local-
ization of unfortified settlements due to their small number does not allow us to speak about
the systemic nature of their location. However, most likely, these settlements were primarily
associated with economic activities and development processes around the economic centers.
Thus, it can be said that the diverse cultural population had its own strategy of spatial adapta-
tion, which was influenced by the cultural and economic type of the population, its social and
family division, as well as the natural environment.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.54-56
Kyanm A.B.*, Toproes A.N.*, Ceoiickuii FO.M.**
*[ocydapcmeenHolilt dpmumasic

C.-Ilemepbype (Poccus)

**HUY « Bolcuwias wkona 3K0HOMUKUY

Mocxesa (Poccus)

V3rEHCKU MUHAPET 3IIOXHA KAPAXAHHUJIOB, XII BEK.
BO3MOXHOCTHU U3YUYEHUS APXUTEKTYPHI HEHTPAJIbHOM AWM
BECKOHTAKTHBIMU METOJAMMU

VY3reHckuit MMHapeT BMeCTe C TpeMsl MOCTaBICHHBIMM BIUIOTHYIO APYT K JIpyry MaB-
30JIeIMH BXOJHUT B COCTaB UCTOPUKO-aPXUTEKTYPHOTO KOMIUIEKca B ropoje Y3reH Omickoit
obnactu, Keipresckas Pecybnuka. [TosiBienue komrmiiekca cBsizaHo ¢ nuHactuei Kapaxa-
HUJIOB, IPaBUBIICH B 3HaunTeIbHOM Yactu Llentpansuoit Azuu ¢ X mo XIII B. B ognom u3
MaB3oJieeB (ceBepHOM) B 1152 I. 3aXOpoHeH KapaxaHUJICKUH paBuTens XyceiH 0. XacaH 0.
A, 0 ueM roBopuTcs B HaanucH Ha acane. Munapet nonpo6bno usyqanu b.H. 3aceinkum,
B.E. Hycos, A.H. bepuiram u apyrue uccneaoparenu 3oq4ecta Lientpansuoit Azuu. Bo-
MIpOC O IaTHPOBKE MUHApeTa J0cTaToqHOo ciaoxkeH. K konmy XIX B. BepxHsis 4acTh MUHapeTa
MOJTHOCTBIO pa3pylIHiach, MO BCEH BUIUMOCTH, OBbUT yTpadeH MOsC C HAANUCHIO O BpEeMEHH
ero coznanus. [1o psaay CTHIMCTHYECKUX 0COOCHHOCTEH MUHAPET CXOJeH ¢ MUHapeToM Ka-
nsH 1127 1. B Byxape u Babkentckum Mmunaperom 1198—1199 rr. XapakrepHoil uepToit 3Tux
MHUHApETOB SIBIISICTCS KUPNUYHBIN (oHAph HaBepxy. B 1923 r. y3renckuii MuHapeT ObLT He-
MHOTO TIOZIpyOJIeH, ¥ MECTHBIE 30/]YMe YCTAaHOBHIU (oHapb. COBpEMEHHBIE UCCIIEIOBATEIH
JaTUPOBAJIM y3reHCKUI MUHApPET Mmo-pa3sHoMy: ot koHna X 1o XII B. Hanbonee pacnpoctpa-
HeHHas nara — koHenl XI B., XoTst bepHITaMm oTMedant, 4To CTUIMCTHYECKUE OCOOCHHOCTH
MuHapera coxpanstorcss 1 B XII B. CTOUT 3aMeTHTh, YTO JAaHHAS JaTa yYUTHIBAET TOJIBKO
CTHJIMCTHYECKUE OCOOCHHOCTH, M HUKAK HE PACCMaTpHUBACTCS TMOJUTHYECKAst UCTOPHS. Y3-
mxann (Ysren) cormtacHo padotam b.J]. KouneBa cTaHOBUTCS KpyTTHBIM pErMOHATBHBIM IICH-
TpOM ToJbKO K cepenuHe XII B., pakTHyecku LEHTPOM XaHCTBA, IO ATOTO STOT TOPOJ CTOSIT
B psily HEOOJIBIIMX TOPOJIOB, B KOTOPBIX HET MOMOOHBIX apXUTEKTYPHBIX KOMIUIEKCOB. [Toz-
po6HO oTcHsAThIE B 2018 I TPYIHOAOCTYIHBIC A€TANN HUKAaK He mpoTuBopeyar nare — XII B.,
cKkopee OHM xapakrepHsbl 1 XII B.

JlokymMeHTHpOBaHNe TaMsTHHKA BbIMONHEHO 18—20 utons 2018 1. koMOMHHUpOBaHUEM
METOJIOB CITYTHHKOBOH reose3uu, TaxeomeTpud u porockeMku ¢ BIIJIA (6onee 6000 ¢o-
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torpaduii). O0Imas MPoAOHKUTEILHOCTD TOJIEBBIX pa0doT cocTaBmiia MeHee 10 yacos. Tou-
HOCTh MOJICJIMPOBaHUs 00ECIIeUueHa CO3/JaHIEM CETH OMOPHBIX TOYCK Ha 3eMJIC U B BEpXHEH
yactu MuHaperta. [yisi oOecrieueHusl BRICOKOTO KaueCcTBa TEKCTYPhl U paBHOMEPHOW OCBe-
IIICHHOCTH NTAMSITHUKA CO BCEX CTOPOH (hOTOTrpapOBaHUE BBITIOTHSIIOCH JIBAXK/IbI, B TICPBOM
Y BTOPOH mosioBuHE JHS. Ha 0CHOBe COOpaHHBIX JIaHHBIX C(OPMHPOBAHA TECKCTYPUPOBAH-
Has TMOJUTOHATbHAS MOJAETH C ACTANbHOCTBIO 5 MM (3,4 MONUIoHa HAa KB. CM MOBEPXHOCTH
namsTHUKA). TOYHOCTh M JAETATLHOCTh MOJICTH JOCTATOYHA IS KaMepaIbHOTO UCCIIe0Ba-
HUS TEOMETPHUY MAMSTHUKA U TIO3BOJISIET BBIICIUTD ATallbl KUPIIMYHOW KIIAJKH, OKOHTYPHUTh
YYaCTKU ¢ OPUTHHAIBHOM (HE MOABEPrIIEHCS pecTaBpaliu) KiIaJIKoi, IOCTPOUTh CEUCHUS,
BBISIBUTH JIepOpPMaIINU TaMSITHUKA U ONIPEACIUTh UX XapakTep U Maciitad. Kapruposano, ¢
WCIOJIh30BAHUEM apXUBHBIX (POTOMATEPHAIIOB, PACTIONOKEHUE OPUTHHAIBHBIX U3Pa3I0B H
COCTaBJICH UX Karajior. Mcnonb30BaHHe OECKOHTAKTHOTO TPEXMEPHOTO MOJICIHPOBAHUS CY-
IIECTBEHHO YIIPOCTWIIO M YCKOPHJIO TOCTPOCHHE TUTAHOB (pacaioB M CEUCHUH.

Kulish A.V.*, Torgoev A.L.*, Svoysky Yu.M.**
*The State Hermitage Museum

St. Petersburg (Russia)

**The Higher School of Economics

Moscow (Russia)

UZGEN MINARET OF THE KARAKHANID ERA, 12TH CENTURY.
POSSIBILITIES OF STUDYING THE ARCHITECTURE
OF CENTRAL ASIA BY NON-CONTACT METHODS

The Uzgen Minaret, together with three closely-knit mausoleums, is part of the histori-
cal and architectural complex in Uzgen, Osh District, Kyrgyz Republic. The appearance of
the complex is connected with the Karakhanid dynasty, which ruled in a large part of Central
Asia from the 10th to 13th centuries. In one of the mausoleums (north) in 1152 was buried
the Karakhanid ruler Hussein b. Hassan b. Ali, as stated in the inscription on the facade. The
minaret was studied in detail by B.N. Zasypkin, V.E. Nusov, A.N. Bernstam and other re-
searchers of architecture of Central Asia. The question of the dating of the minaret is complex
enough. By the end of the 19th century, the upper part of the minaret had been completely
destroyed, apparently, the belt with the inscription about the time of its creation had been
lost. By a number of stylistic features, the minaret is similar to the Kalyan minaret of 1127 in
Bukhara and the Vabkent minaret of 1198—1199. A characteristic feature of these minarets is
the brick lantern at the top. In 1923, the Uzgen minaret was cut down a bit, and local archi-
tects installed a lantern. Modern researchers dated the Uzgen minaret in different ways: from
the end of the 10th to 12th century. The most common date — the end of the 11th century,
although Bernstam noted that the stylistic features of the minaret are preserved in the 12th
century. It should be noted that this date takes into account only the stylistic features, and
does not consider the political history. Uzjand (Uzgen) according to the works of B.D. Koch-
nev became a large regional center, actually the center of the khanate, only by the middle of
the 12th century. Before that, this city stood in a number of small cities in which there are no
similar architectural complexes. The features surveyed in detail in 2018 do not contradict the
date — the 12th century, rather they are characteristic of that time.

The site was documented on June 18-20, 2018 by combining satellite geodesy, tachome-
try and UAV photography methods (more than 6000 photographs). The total duration of field-
work was less than 10 hours. Accuracy of modeling is provided by creation of a network of
reference points on the ground and in the top part of a minaret. In order to ensure high quality
of texture and uniform illumination of the monument from all sides, photography was carried
out twice, in the morning and in the afternoon. On the basis of the collected data, a textured
polygonal model with a detail of 5 mm (3.4 polygons per square centimeter of the site sur-
face) was formed. The accuracy and detail of the model is sufficient for cameral study of the
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site geometry and allows to identify the stages of brickwork, outline the areas with the origi-
nal (not restored) masonry, build sections, identify deformations of the site and determine
their nature and scale. The location of original tiles was mapped and their catalogues was
created with the use of archival photographic materials. The use of non-contact 3D-modeling
has significantly simplified and accelerated the construction of facade and section plans.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.56-57
JleGeneB M.A.

Unemumym eocmoxosedenuss PAH

Mocxesa (Poccus)

HUCITOJIB30OBAHUE ®OTOT'PAMMETPHUH ITPU PACKOIIKAX
JAPEBHEETUIIETCKUX CKAJIBHBIX 'POBHUYHbBIX KOMIIJIEKCOB:
HEPCIHHEKTUBbI U OTPAHUYEHUSA METOJA

Boctounsrit Hekpomnonb ['M3bl UMEET MIUTEIbHYI0 UCTOPUIO MCIIONB30BaHUS. AKTHUB-
HOCTb Ha JJAHHOM YYacCTKE IIaTO HEMpePBIBHO Mponoipkaiack ¢ III teic. 1o H.3. Briots g0
PUMCKOTO BPEMEHHU TIEPUOJIbI aKTUBHOTO (PYHKIIMOHUPOBAHUS HEKPOIOJS YEePEIOBAIUCH C
neproiamMu 3amycreHusi. C 310Xy paHHETO CPETHEBEKOBbSI MHOTHE JIPEBHUE TPOOHUIIBI ObLITH
MIPEBPAILICHBI B )KUJIbIC U X03siiicTBeHHBIe KOMIUIEKCHI. C mepBoit uetBepTu XIX B. B ['13€ Ha-
YaJIMCh MIEPBBIE PACKOIKH, a 3aTEM U PETYJIAPHBIE apXE0JIOrHYECKUE UCCaea0Banus. Bee atu
COOBITHSI OCTABIIIH CIIE/I B CTPATUTPapUK TPOOHUYHBIX KOMILJICKCOB, KOTOpbIE U3y4aet Poc-
CUICKas apxeosjoruyeckas skcrnenunus B ['use.

Erunerckas apxeosiorusi TpaJuLIMOHHO OTCTAET B CBOEM PA3BUTHUH U J1AJIEKO HE Cpasy Ie-
pEHUMAET COBpEeMEHHbIEe METOAUKU. OHa U3 MHOTOYHCICHHBIX MPUYUH TaKOTO MOJIOKEHUS
BEIIEH — 3TO TPaJUIMOHHASI OPUEHTAIHS OOJIBITUHCTBA UCCIIEIOBATEINICH IPEBHECTUITIETCKUX
rpOOHUI] HAa TMCEMEHHBIE M N300pa3UTeIbHBIC HCTOYHUKHU. [103TOMY, K IpHMEpY, TOYTH HU B
OJIHOM IMyONMMKauK rpoOHIYHBIX KoMIIIeKcoB 311oxu [peBrero napersa (XX VII-XXII BB. 1o
H.3.) HEJB3s BCTPETUTh CTpaTurpaduieckux yeprexeil. HemoHuManue BaXKHOCTH CTpaTHIPa-
(uu — He eIMHCTBEHHAS MpUYKHA. MHOTHE TIorpedasbHbBIC MAaXThl AMOXHU J[peBHEro 1mapcTaa
Y3K{ M UMCIOT 3HAUYUTEIILHYIO TIIyOUHY, YTO 3aTPYAHSAET NpoIece (PUKCAUU CTpaThrpaduu.
OyHaKoO coveTaHUe TPATUIIMOHHBIX CIIOCOO0B JIOKYMEHTAIIUHU C CO3/IaHUEM TPEXMEPHBIX MO-
JIeIei MTO3BOJHIIO 3HAYUTEIILHO TTOBBICHTh TOUHOCTh U YCKOPUTH JIAHHYIO PadoTy.

[ToneBast apxeonorust — 3TO CIOKHOE COYETAaHUE Pa3INUHbIX MeTonuk. OIHU ompene-
JISTFOTCS TIPOIIECCOM PACKOIIOK, APYTUE — MpolieccoM (hukcanuu uaGopmanuu. To, Kak MbI B
K2)KJIOM KOHKPETHOM Cliydae (PUKCHpPYeM HH(OPMAIIUIO, TECHO CBSI3aHO C IMPUMEHSICMbIMH
METOJMKaMH PACKOIIOK U Hao0opoT. Jliist pukcanmu crpaturpaduu TpaguliiOHHO UCTIONB3Y-
FOTCsI ITOJIEBRIE 3amucH, (hotorpaduu 1 ueprexu. OTHAKO MOSIBIICHUE JIOCTYITHOTO MIPOrpaMM-
HOTO oOecreueHus i1l 00pabOTKH H300PAKEHHIA C TIOMOIIBIO (POTOTPAMMETPHH TTO3BOJIHIIO
apXxeoyoraM MOJy4YUTh B CBOE PACIIOPSKEHUE TOMOJHUTEIBHOE COBPEMEHHOE CPEACTBO J0-
KyMEHTHUPOBaHUs. BO3MOXKHOCTh CO3/1aHus PaKTHUSCKA HEOTPAHUYCHHOTO YUCIIAa TPEXMep-
HBIX MOJICJICH pacKarblBaeMOro OObEKTa B 3aJIaHHON CUCTEME KOOPAMHAT ITOPOJIUIO MHOXKE-
CTBO AKCIIEPUMEHTOB M MPOJOJIKAIOIIYIOCSA JUCKYCCHIO O BO3MOKHOCTSIX M OTPAaHUYEHHUSIX
HOBOrO MeToja. Cyjist 1o BceMy, Hapsiy ¢ YepTekaMu u pororpadusiMu, TpeXMEepHbIE MOJIe-
JIY JIOJDKHBI CTaTh MIPUBBIYHBIM HIIH JJaske HEOOXOAMMBIM CIIOCOOOM coXpaHeHHs HHpopMa-
uu 00 n3yuaeMoM namstHuke. OJHaKo, B OTIIMYKe OT poTorpaduii, uepTexel 1 OMHCAHUH,
UX TPYAHO MyOJIMKOBaTh, K HUM TPYIHO OOECIEUUTH JOCTYI JPYTrUX CICIUAINCTOB U WX
HEBO3MOKHO TMOJIHOIICHHO aHAJIM3MPOBATh 0€3 COOTBETCTBYIOIIETO MPOTPaMMHOT0 obecrie-
YCHUS.

B Hactosimieit pabote aHaJM3UPYETCsl MATHICTHHUN OIBIT HCIIONB30BaHUS (OTOrpam-
METPHHU TIPU apXCOJIOTUICCKOM HM3YYCHUU JPEBHEETHUIICTCKUX CKabHBIX TpoOHuIl 11 ThIc.
JI0 H.3. K BOCTOKY OT Benukux mupamua. OOCyKIAar0TCs MEPCIEKTUBbI JAHHOTO METOJa U
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ero 00bEKTHUBHEIE OrpaHUYCHUA MPUMCHHUTCIBLHO K YCIIOBUAM CKAaJIbHOT'O HCKPOIIOJIsSL FI/I3I)I,
a TaKKC BApUAHTHI UCIIOJIB30BAHUA TPEXMEPHBIX MOZ[CHeﬁ Ipu U3y4CHUU CTpaTI/IFpa(bI/II/I u
IIOATOTOBKE Hy6J'II/IKaIII/II71 Ha TpaAULUOHHBIX 6YMa)KHI>IX HOCHUTCIIAX.

Lebedev M. A.
Institute of Oriental Studies RAS
Moscow (Russia)

USING PHOTOGRAMMETRY FOR EXCAVATION
OF ANCIENT EGYPTIAN ROCK TOMB COMPLEXES:
PROSPECTS AND LIMITATIONS OF THE METHOD

Giza’s eastern necropolis has a long history of use. Activity in this plateau section has
continued uninterruptedly since the 3rd millennium BC. Up to the Roman time, the periods of
active functioning of the necropolis alternated with the periods of desolation. Since the Early
Middle Ages, many ancient tombs have been turned into residential and economic complex-
es. From the first quarter of the 19th century, the first excavations began in Giza, and then
regular archaeological research started. All these events left their mark on the stratigraphy of
the tomb complexes studied by the Russian Archeological Expedition in Giza.

Egyptian archeology traditionally lags behind in its development and does not immedi-
ately adopt modern methods. One of the numerous reasons for this situation is the traditional
orientation of most researchers of ancient Egyptian tombs towards written and visual sourc-
es. Therefore, for example, in almost all publications of the tomb complexes of the Ancient
Kingdom epoch (27th-22nd centuries BC) it is impossible to find stratigraphic drawings.
The lack of understanding of the importance of stratigraphy is not the only reason. Many of
the shaft tombs of the Ancient Kingdom era are narrow and have a significant depth, which
makes it difficult to fix the stratigraphy. However, the combination of traditional methods of
documentation with the creation of three-dimensional models has significantly increased the
accuracy and speed of this work.

Field archaeology is a complex combination of different techniques. Some are defined
by the excavation process, others by the process of fixing the information. The way we record
information in each case is closely related to the excavation techniques used and vice versa.
Field records, photos and drawings are traditionally used to record stratigraphy. However, the
advent of affordable image processing software using photogrammetry has allowed archae-
ologists to obtain additional modern documentation tools. The possibility of creating a virtu-
ally unlimited number of 3D-models of the excavated object in a given coordinate system has
generated a lot of experiments and ongoing discussion about the possibilities and limitations
of the new method. Apparently, along with drawings and photographs, three-dimensional
models should become a habitual or even a necessary way of preserving information about
the site under study. However, unlike photographs, drawings and descriptions, they are dif-
ficult to publish or access by other professionals and impossible to fully analyze without ap-
propriate software.

In the present work the five-year experience of using photogrammetry is analyzed at
archeological study of ancient Egyptian rock tombs of 3rd millennium BC to the east of the
Great Pyramids. The prospects of this method and its objective limitations as applied to the
conditions of the Giza rock necropolis are discussed, as well as the variants of using three-
dimensional models in the study of stratigraphy and the preparation of publications on tradi-
tional paper carriers.
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KAMEHDB, OCTAMITIAK, IU®POBASI MOAEJIb.
HCCJEIOBAHUE MATEPUAJIOB AMYPCKOM SKCITEJIUIINA
A.Il. OKJIAJTHUKOBA 1935 T.

Mectonaxoxaenusi nerporndor JlameHero Bocroka Poccun (Cukauu-AuisH, Ille-
pemeTbeBo, Kust), TOKyMEHTHpOBaHHBIE SKCHEAUIUSAMHU T0Jl PYKOBOJCTBOM aKaJieMHUKa
A.I1. OxnannukoBa cepennne XX B., 10 HACTOSIIETO BPEMEHH XPaHsT B ce0e MOTEeHIHall HO-
BbIX OTKpBITHH. A.Il. OkanHuKkoB BriepBbie moceTrs1 CuKadyu-AJsSH 1 OIHu3exariue namsr-
Hukd B 1935 1. B cocraBe skcnequiuu MIHCTUTYTa aHTPOTIONOTHH, apXEOJIOTHH U THOTpa-
¢un AH CCCP, a ¢ 1958 1. mo ero pykoBOJICTBOM BEJHCH Pa0OTHI IO JOKyMEHTHPOBAHHIO
MMaMATHUKOB HacCKaJbHOTO McKyccTBa Himkaero Amypa. C nadana 2000-X IT. BeeTcst OCTO-
STHHBIF MOHUTOPHUHT JIBI)KEHHS KAMHEH, a TaKkoKe yTPaT, CBA3aHHBIX KaK C MIPUPOIHBIM, TaK U
AHTPOTIOT€HHBIM BO3/IEHCTBHEM Ha MaMATHUKU. OHOM 13 aKTyallbHbIX 33/1a4 UCCIIETOBaHHH
SIBJISICTCSI TIOUCK M300pakKeHH, He HaOmogaeMbIx mocie skcrnenuiuit A.Il. OxnagaukoBa,
JUIsl 9eTO TPUBJICKAIOTCS BCE apXMBHBIC MaTepHaibl Nponuibix JieT. B 2004 . B ponmax Ot-
nena apxeonornn MAD PAH E.A. MuknameBnd 6buta 0OHapy»KeHa Iarka ¢ dcTaMIaxamu
amypckux nerporudos, crenaHHbiMe B 1935 1. M3roToBinenue scrammnaxeid B IepBOi 1M0-
noBrHe XX B. HIMPOKO MPUMEHSIIOCH JUIsl KOITMPOBAHUS M SKCIIOHUPOBAHMS NETPOrH(OB
Cubupu, Lenrpanshoii Azun, Kapenuu u Jlansaero Bocroka. Dxenenuimeit A.IT. Oxnan-
HukoBa B 1935 1. 6b10 cienano Oosnee 20 scTammaxkeit. DT Marepuaibl ObUTH OLU(POBAHBI
MeTO/IOM (POPMHUPOBaHUSI TPEXMEPHBIX MOJIMTOHAIBHBIX MOJENel (hOoTOrpaMMeTpHYECKUM
crioco6om. OTHOBPEMEHHO TeM ke CII0cO00M OBUIH TIOTYYEHbBI MOJIENIH C COOTBETCTBYIOIINX
COXPaHHUBIINXCS KAMHEH M TUIOCKOCTEH ¢ reTporudamu. 1iist ncciieoBaHus MOBEPXHOCTEH
Moiesiel ObUTH IPUMEHEHBI METO/IbI MaTeMaTHUECKOM BU3yalIn3allii KapT BBICOT.

N3yuenue mMaccuBa cOOpaHHBIX JAHHBIX MO3BOJMIIO PEUIUTH PSI/ MPAKTUYECKUX 3ajad
MPOCKTa. BBUIO BBISBICHO, UYTO ICTAMITAXKHU, MONyYeHHBIC dKcneauiueii A.Il. Oxmagauko-
Ba B 1935 1, HE OBIIM MCIIONB30BAHBI JJIs MyOIUKAIUi, U BCE TIPOPHUCOBKHU BBITOJIHSIHNCH
o KajbkaMm M Hatupkam 1958—1969 rr., mpuuem B HEKOTOPBIX Ciaydasx sctammnaxu 1935 .
BOCTIPOM3BOJMIIN TeTpornud Oonee Toyno. Cpenu dcTaMiiakedl ObUIM BBISBICHBI HEOITY-
OJIMKOBaHHBIC HACKAIBbHBIC W300pa)KEHUs, KOTOPbIE HE KOMMPOBAIUCH B XOJIE DKCIICAUIIH
1958-1969 rr. n He HabmionatoTcs B Hactosmiee Bpems. KauectBo scramnaxeit 1935 . u
JIeTaIbHOCTh WX MOJICITUPOBAHUS ITO3BOJISIIOT MPUBSA3aTh HEOIyOIMKOBAHHBIC NIETPOTTH(BI
K KOHKPETHBIM MaMATHHKAM T10 XapaKTepy CKaJIbHOM MOBEPXHOCTH (MHOIICHOBbIE 0a3ajIbTh
U aHAe3uT0-0a3anbThl Ku3uHckoi cBUTH MyHKTa 3 CHKauu-AJissHa U BEpPXHEMEIIOBBIC (Ce-
HOHCKHE) apTHJIIIUTHl YIOMHHCKOM CBHUTHI, BEPOATHO COOTBETCTBYIOIIHME «CIIAHI[AM», OIH-
canHbiM A.T1. OKJIaHUKOBBIM y CTOiOUIIA Maii), BBIIOIHUTE MPOPUCOBKHU U BBECTH ITH
HacKaJbHbIE N300pakeHHsl B HayYHBIH 000pOT. J{JIs1 cCOXpaHMBIIMXCS HACKAJIBLHBIX H300pa-
JKEHUI COMOCTABJIEHUE MOJIEIEH, MOJIYUYEHHbBIX C 3CTaMIaxei, U MoJelell OpUrMHaIbHBIX
KaMHEH IO3BOJISIET OLIEHUTh TOYHOCTh M JIETAIBHOCTH BOCIIPOU3BEACHUSA PUCYHKA 3CTaM-
MakeM Ha Pa3HbIX TUMAX METPOrTU(OB. B menomM MOXHO 3aKIIIOYUTH, YTO ICTAMIAK JACT
OTHOCHTEJILHO HETIJIOXHE PEe3yabTaThl Ha TIIYOOKHX TPaBUPOBKAX M 3HAYMTEIHHO XY/IIINE —
Ha OapenbeHBIX W30METPUYHBIX U300paKEHHSIX; KAUeCTBO dCTaMIIaka HaXOIUTCS TaKKe
B IPAMOI 3aBUCHUMOCTH OT KauecTBa NMpuMeHseMoii Oymaru. CornocTaBieHrue Mojenei mo-
3BOJIMJIO TAK)K€ OIIEHWUTH MAcIITad MOBPEKICHHUS HACKAJIBHBIX M300paKEHHI 3a TIepHOJ] C
1935 mo 2018 rr. mox Bo3aeiicTBHEM JeHYJAIIMOHHBIX MPOIIECCOB (B TOM YHCIIE dK3apalfei
PEYHBIM JIBJIOM B TIEPHO/T JISIOXO0/Ia) M aHTPOIIOTEHHOTO (haKTopa.
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STONE, STAMPING, DIGITAL MODEL. STUDY OF MATERIALS
OF THE AMUR EXPEDITION OF A.P. OKLADNIKOV IN 1935

The locations of the petroglyphs of the Russian Far East (Sikachi-Alyan, Sheremetyevo,
Kiya), documented by expeditions led by Academician A.P. Okladnikov in the middle of the
20th century, still hold the potential for new discoveries. A.P. Okladnikov visited Sikachi-
Alyan and nearby sites for the first time in 1935 as a part of the expedition of the Institute of
Anthropology, Archacology and Ethnography of the Academy of Sciences of the USSR, and
since 1958 he has been leading the work to document the sites of rock art of the Lower Amur.
Since the early 2000s, the movement of stones has been continuously monitored, as well as
losses due to both natural and anthropogenic impacts on sites. One of the urgent tasks of the
research is to search for images not observed after the expeditions of A.P. Okladnikov, for
which all the archival materials of the past years are involved. In 2004, a folder with stamp-
ing images of Amur petroglyphs made in 1935 was found by E.A. Miklashevich in the ar-
chive of the Department of Archacology of the Peter the Great Museum of Anthropology and
Ethnography (the Kunstkamera) RAS. The production of stamping in the first half of the 20th
century was widely used to copy and exhibit the petroglyphs of Siberia, Central Asia, Karelia
and the Far East. The expedition of A.P. Okladnikov in 1935 made more than 20 stampings.
These materials were digitized by means of forming three-dimensional polygonal models
with help of photogrammetric method. Simultaneously, the same method was used to obtain
models from the corresponding preserved stones and petroglyph planes. Methods of math-
ematical visualization of height maps were used to study the surfaces of the models.

The study of the array of data collected made it possible to solve a number of practical
tasks of the project. It was revealed that the stampings received by A.P. Okladnikov’s expedi-
tion in 1935 were not used for publications, and all the drawings were made on tracing and
rubbing of 1958-1969, and in some cases the stampings of 1935 reproduced the petroglyph
more accurately. Among them there were unpublished rock images, which were not copied
during the expeditions of 1958-1969 and are not observed nowadays. The quality of the
1935 stampings and the details of their modeling allow us to tie unpublished petroglyphs to
specific monuments according to the nature of the rock surface (Miocene and andesite ba-
salts of the Kizinskaya Formation of Sikachi-Alyan Point 3 and Upper Cretaceous (Senon)
argillites of the Udominskaya Formation, probably corresponding to the “shale” described
by A.P. Okladnikovym at the camp of Mai), make drawings and introduce these rock images
into the scientific circulation. For the surviving petroglyphs, the comparison of the models
obtained from the stampings and from the original stones allows us to estimate the accuracy
and detail of the reproduction of the pattern by the stamping method on different types of
petroglyphs. In general, it can be concluded that the stamping gives relatively good results on
deep engravings and much worse on bas-relief isometric images. The quality of the stamping
is also directly related to the quality of the paper used. Comparison of the models also made
it possible to estimate the scale of rock image damage for the period from 1935 to 2018 under
the influence of denudation processes (including river ice damage during the ice drift) and
anthropogenic factor.
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CUCTEMATHUYHBIE TOIIOTI'PAOUYECKUE PABOTHI B PETHOHE
KOCTEHKMU-BOPIIEBO B ITIEPUO/I 2013-2018 I'T. OIIBIT CbOPA
MHNPOCTPAHCTBEHHBIX TAHHBIX, KAK HTHCTPYMEHT UCCJIEJOBAHUSA

Jloknas mocBsieH MpakTHKe U MpoOIeMaTuKe HCIONb30BaHNsI COBPEMEHHBIX CPEJICTB
reosie3nn U Kaprorpaduu (HazeMHasi reojie3udeckasl CheMKa, CIIyTHUKOBAs reofie3ndeckas
ChEMKa, OTKPBIThIEC JAHHBIE PATUOJIOKALIMK) U UX KOHCOIMIAIMK C IPYTMMU JaHHBIMH UC-
CJIC/IOBAHUS TIPHU MTPOBEJICHUY MHOTOJIETHUX apXEOIOTHYECKUX PadOT Ha TEPPUTOPUH TTAMSIT-
HUKOB, 3aHHMAIOIINX 3HAUYUTEJIbHYIO TEPPUTOPHIO (TIPOTHKEHHOCTH 6osiee 10 KM) ¢ CHIIBHO
pacwieHeHHBIM penbedoM Ha mpumepe KocTeHkoBcko-bopimeBckoro pernoxa.

Haubonee xparko 3TH paboThl MOKHO OOO3HAYUTh KakK IMOJY4YEHHE Pa3IUYHBIX IMPO-
CTPAHCTBEHHBIX IaHHBIX (K IPUMEPY, MECTOITIOI0KEHHNE HaX0/I0K Ha PACKOIIe MU MOJTyYeHHe
LEJION KPYIMTHOMACIITAOHOW KapThl MECTHOCTH).

HexoTtopsie paboThI mepeyrciieHsl Janee: HeMpepbIBHO B TEUCHNE HECKOJIBKUX CE30HOB
(puKcupoBaCsa apXxeoJOTHIECKHUM MaTepra ¢ MaKCUMaJIbHO BO3MOYKHOM TOUHOCTBIO, TIPOU3-
BOJIMJIOCH KapTUPOBaHHUE OT/ENBHBIX YYaCTKOB MECTHOCTH (MaKCHMAaJIbHBIN pa3Mep yJacTKa
npuMepHo 1 x 1 KM) IIyTeM COCTaBJICHUSI KPYITHOMACIITAOHBIX TONOTpaQUIECKUX U CUTYa-
LIMOHHBIX KapT, ObUIN ITOTy4eHbI JAHHBIE PaIMOJIOKAIINN HAa TEPPUTOPHIO BCETO PETHOHA U UX
WHTEpIIpeTalys, MpoBeeHa YBA3Ka OCHOBHBIX PEIEepPOB apXeoJOTHYECKUX MaMATHUKOB pe-
THOHA B €IMHYIO0 CbE€MOUYHYIO CETh, Ha perepa nepeaanbl KOOPIAWHATHI B IIIOCKOM MPOEKIINH,
CTaJIO U3BECTHO UX TOYHOE B3aUMHOE PACIIONIOKEHNE OTHOCUTEIBHO APYT ApyTa.

Hcnonb3yst cpencTBa reoJie3un U KapTorpaduu B UHTEpecax apXxeouoTuu, CIEAyeT YUr-
TBIBaTh, YTO BCE 3TH AUCLUMUIUIMHBI 00pAIIaloTCs K MPOCTPAHCTBEHHBIM JTaHHBIM, HO TaK Kak
METOAMKA UX IMOJydeHHs! pa3paboTaHa MMEHHO B 3TOW OOJIACTH HAyKH, TO CTPYKTYypUpPYIO-
IIMM TIOJIXO/IOM K PEIIEHHUIO 3TOH 3a7a4M HYKHO BBIOpATh re0ie3NUeCKHii U KapTorpaduue-
CKUH 1osixoa. EcTecTBeHHBIM CIIEICTBUEM 3TOTO NMPHUHIIMIIA SIBJISETCS MIOA0TBOPHAS MPaK-
THKa MEXTUCITUTTHHAPHBIX HCCIIeIOBAaHUH.

Ha ocHoBanuu moipoOHBIX U CBSI3HBIX JAHHBIX O pelbede CTAHOBUTCS BO3ZMOXHBIM pa3-
BUTH Pa3INYHbIE IPHEMBI IPOCTPAHCTBEHHOT'O aHaJH3a MaMATHUKOB PETHOHA.

[Ipu perenny npakTHUECKHX 3a]1a4, KOTOPBIM OTYACTH MOCBSIIEHA TeMa JI0KIa/1a, aBTo-
pamMu Takke YUUTBIBAJICS TOT (PAKT, YTO MOTOOHBIH 1MOX07] 0COOEHHO aKTyaleH UMEHHO JIIs
MIPOTSHKEHHBIX M HACBIIIEHHBIX MAMATHUKOB MJIM TIPOCTPAHCTB OOJIBIION TUIOIIA U, 00BeIu-
HEHHBIX ONpeIeIEHHBIMU MPU3HAKAMH, U SBJISIETCS €MHCTBEHHO BEPHBIM.

[Nepeuncnennpie paboThI, a TAK)KE OCOOCHHOCTH MX PEATHM3alUN M TEPCIIEKTHBBI MC-
MIOJIb30BaHMSI OyyT PACCMOTPEHBI B TOKJIAJIE.

Lisitsyn S.N.*, Marunin M.V.**
*Institute of Material Culture History RAS
**”Krasnoyarsk Geo-Archaeology” LLC
St. Petersburg (Russia)

SYSTEMATIC TOPOGRAPHIC WORKS IN KOSTYONKI-BORSHCHYOVO
ARCHAEOLOGICAL COMPLEX DURING 2013-2018.
EXPERIENCE OF SPATIAL DATA COLLECTION AS A RESEARCH TOOL

The presentation is devoted to the practice and problems of using modern means of ge-
odesy and cartography (ground-based and satellite geodetic survey, open source radar data)
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and their consolidation with other data. The study is characterized as a long-term archaeolog-
ical work on the territory of sites occupying a significant area of the Kostyonki-Borshchyovo
region (length of more than 10 km) with a highly dissected relief.

In the shortest possible way, these works can be defined as the acquisition of various
spatial data (e.g., the location of finds at an excavation site or the acquisition of an entire
large-scale terrain map).

Some works are listed below: archeological material was continuously recorded with
the highest possible accuracy during several seasons, some parts of the area were mapped
(the maximum size of the area is about 1 x 1 km) by drawing up large-scale topographic and
situational maps, radar data for the entire region and their interpretation were obtained, the
main control points of archeological sites of the region were linked into a single topographic
network, and coordinates of the points were linked to each other in a flat projection.

Using means of geodesy and cartography in interests of archeology, it is necessary to
consider that all these disciplines address to the spatial data, but as the technique of their re-
ception is developed in this area of a science, it is necessary to choose the geodetic and car-
tographic approach as a structuring one. A natural consequence of this principle is the fruitful
practice of interdisciplinary research.

On the basis of detailed and coherent relief data it is possible to develop various methods
of spatial analysis of the region’s sites.

When solving practical problems, to which the theme of the presentation is partly de-
voted, the authors also took into account the fact that such an approach is particularly relevant
for extended and saturated sites or spaces of large area, united by certain features, and is the
only correct one.

These works, as well as the peculiarities of their implementation and prospects for their
use will be considered in the presentation.
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POJIb IIM®POBLIX TEXHOJIOTWI B PEKOHCTPYKIIUH
AHTPOIIOT'EHHBIX JIAHAIIA®TOB JIPEBHE CUHIUKH

Hccnedosanue svinonneno npu noddepicxke PODOU, npoexm Ne 17-29-043130¢pu_m.

B dokyce uccnenoBanust — JereHIapHbIC Il aHTHYHOW apXCOoJOTHH MaMsATHUKU. Ha
PaCIONIOKEHHOM Ha JICBOW HaJIMOHMeHHOH Teppace peku Kybanu CeMuOpaTHeM ropojmiie
(JIabpuTa MUCHMEHHBIX MCTOYHHUKOB) JIOKAJIU3YETCS TMOJIUTUYCCKUI IICHTP OOLIMPHON 00-
JIACTH WU JIaXKe TOCYIapCTBEHHOTO 00Pa30BaHUs, U3BECTHOTO B MUCHMEHHBIX MUCTOYHUKAX
oy, Ha3BaHueM «Cunauka». B.I. Tu3eHray3eH Hadaja apXeoJIOTMYECKUE PACKOTKH Ha IoO-
ponuie eme B 1878 . B pe3ynbrare apxeonorndeckux padbotr 1937—1953 rr. sxcnenuius
KpacHomapckoro kpaeBoro my3sest moj pykoBoactsom H.B. AHdumMoBa packonania y4acTku
KPEMOCTHBIX CTEH, OKPYKABIIIMX TOPOJAUIIE, U (PYyHAAMEHT KAMEHHOTO 3JIaHUS STIOXH 3JIIU-
Hu3Ma. Hanbonee macmTaOHbie pabOTHI Pa3BEPHYIIKCH B MOCICIHUE ICCATUIICTUS: TOMUMO
apXeoJIOTMYECKUX paboT B IIEHTPAILHON YacTH MaMSITHHKA, ObLIH ITPOBEJCHBI aHAIU3 adPO-
¢dorochemku 1970-X IT. TUIONIAIU MAMSTHHKA U MAarHATOPa3BEIKa 3HAUUTEIILHOM TUIOIIAIH
ropoauiia. ITo MO3BOJIMIO MOIYYUTH OoJiee ONpeeNieHHOE PEeACTaBICHHE O TOMOrpaduu
JTAHHOTO aHTUYHOTO LIEHTPA.

®doTorpaMMETpUUYECKUAE UCCIICOBAHUS BBITIOTHSUIUCH JUISL BBISBICHUS DJIEMEHTOB aH-
TpororeHHoro penbeda. OCHOBHAs 4acTh 00BEKTa HAXOMUTCS HA TEPPUTOPHUU JICHCTBYIO-
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LIUX CEIbCKOXO3SIMCTBEHHBIX YTOAMU C MOJOCOW JIGCOHACAKICHUH, B CBSI3U C YeM paboThI
Ha 00BbEKTE MPOBOJMIUCH B 3MMHEE BPEMSI T0/1a, KOT/Ia BIMSHUE PACTUTEILHOCTH Ha pelbed
MUHHMH3UPOBaHO. Ha naHHOM oObekTe miomanpio okosno 20 ra BBIIONHEHA TUIOLIa Hast
ChEMKa C MaJbIX BBICOT, O3BOJIUBILAS OMEPATUBHO MOJYYHUTH TPEOyeMyro HHPOPMAIHIO O
penbede. s nomydeHust 0ojee TOYHOTO U KadyeCTBEHHOTO MaTepHaja BBIIOJIHSIIACH BbI-
COKOTOYHAsI Teofie3nuecKasi IPUBsI3Ka C UCTIONB30BaHUEM cOBpeMeHHBIX GPS-npreMHHUKOB,
MO3BOJISIIOUINX TTONYYUTh HH(POPMALMIO O TNIAHOBOM M BBICOTHOM PacCIIOIOKEHUH 0OBEKTOB
C CAaHTHMETPOBOH TOYHOCTBHIO. B KadecTBe OMOPHBIX TOYEK HMCIOIB30BAIMCh OTIO3HAKU B
¢dopme kpyra, pa30OHUThIC Ha CEKTOPA, BKIIOYAIONINE B ceOsl OeIblid, YepHBIH M KPacHBIN IBET
(Hambonee peaKO BCTPEUAIOIIUECS B TPUPO/IE LIBETA), YTO MO3BOIMIIO OBICTPO OTOKACCTBUTD
UX TIOJIOKEHUE HAa MECTHOCTH M OCYIIECTBUTH MpUBA3KY. Takxke GPS-npueMHUKN TOMOTAIOT
CTPYKTYPHPOBAaTh U CHCTEMaTHU3MPOBATh MOJYUYCHHBIC JaHHbBIC B OOIIEH CUCTEME MIIaHOBBIX
KOOpAMHAT U BBICOT. Pe3yibTar ObUT mpencTaBieH B popMare HUPPOBOH MaTPULBI BEICOT U
opTodoToriaHa — Jyis yI00CTBa aHAIIN3a | IajbHEHIIeH 00paOOTKH, B YaCTHOCTH JUTS ITH (-
POBOM PEKOHCTPYKIMU POPTUPHUKALMOHHON CHCTEMBI HCCIIETyEeMOT0 OOBEKTa.

HccnenoBanus, cszaHHble ¢ ropoxuineM CeMuOpaTHHX KypraHoB, MPOBOIWINCH B
XIX B. OHM BBISIBWIH CIE/Ibl 3HAYUTENLHBIX OIpabIeHUI U MO3BOJIMIIN IaTUPOBATh MOTpe-
OanpHBIC KOMITUIEKCHl V — HadaioM [V BB. 10 H.3. HecMoTpst Ha TpaHIro3HOCTh OOBEKTOB,
noJjeBble uccienoBanus co BpemeH B.I. Tuzenraysena (1875—1876 rr.) Ha 3TOM MaMsITHUKE
HE TIPOBOJIWIINCH, TO3TOMY B HCTOPHOTpa(UH A0 CHX TIOP CYIIECTBYIOT JJOBOJILHO CMYTHBIC
MPEACTABICHHS O TOMOrpaduy MamMsITHUKA.

[Tpu cpemke CeMHOpaTHUX KypraHOB MPOHM3BOAMIACH HAaJIUpHAs IUIOLIagHAs ChEMKa,
OHa OXBaTWJa ropasfo Oonplnue miomaan — okojo 150 ra, omHaKo Il MOCTPOCHUS Jie-
TaJbHBIX TPEXMEPHBIX MOJICIICH JOMOIHUTENHHO UCTIONb30BaIaCh EPCIICKTUBHAS CHEMKaA C
MaJIbIX BBICOT IPYIITBI OCHOBHBIX KypraHoB. YacTh KypraHoB HaXOIUTCS B JIECHOHU MoJjoce,
YTO 3aTPyAHSET MOTYYEHUE TOYHOTO penbeda Mo JaHHBIM adpodoTtocbeMku. st Toro, 4To-
ObI N30eKaTh BIUSHUS PACTUTEIFHOCTH Ha OOIIYI0 KapTUHY pelibeda, BHIIOIHSIIACH KIacCH-
¢ukanus ob1aKa TOUCK, a 3aTEM ero KOppeKTHpoBKa. Mcrmons3oBanue TpeXMEpHBIX MOJIEIeH
MO3BOJISIET BU3YaJbHO MPOAHATIM3UPOBATh B3AUMHOE PACIOIOKEHHE KYypPraHoB M TONYyYUTh
HEOOXOAMMY0 UH(POPMAIIHUIO.

Malyshev A.A.*, Dryga D.O.**, Moor V.V., Mochalov A.V.**
*Institute of Archaeology RAS

**Moscow State University of Geodesy and Cartography
Moscow (Russia)

THE ROLE OF DIGITAL TECHNOLOGIES IN THE RECONSTRUCTION
OF ANTHROPOGENIC LANDSCAPES OF ANCIENT SINDICA

The research was supported by Russian Foundation for Basic Research (RFBR), project
No. 17-29-043130fi_m.

The research focuses on the legendary sites of ancient archeology. Semibratnee hillfort
(Labrita in the written sources) is located on the left floodplain terrace of the river Kuban. It
was a political center of the vast region or even the state formation, known in written sources
as “Sindica”. V.G. Tizengausen began archeological excavations on the site of the ancient
settlement as early as 1878. As a result of archeological works in 1937-1953 the expedition of
the Krasnodar Regional Museum under the direction of N.V. Anfimov excavated the sections
of the fortress walls surrounding the settlement and the foundation of a stone building of the
Hellenistic era. The most extensive work has been carried out in recent decades: in addition
to archaeological investigation in the central part of the site, an analysis of the 1970s aerial
photographs and a magnetic survey of a large area of the site have been carried out. This al-
lowed us to get a more definite idea of the topography of this ancient center.
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Photogrammetric studies were carried out to identify elements of anthropogenic relief.
The main part of the facility is located on the territory of the operating agricultural lands with
a strip of forest plantations, and therefore the works at the facility were carried out in win-
ter, when the impact of vegetation on the relief was minimized. At this facility with the area
of about 20 hectares the area survey from low altitudes was carried out, which allowed to
promptly obtain the required information about the terrain. In order to obtain a more accurate
and high-quality material, high-precision geodetic geolocation was performed using modern
GPS receivers, which provided information on the planned and high-altitude location of ob-
jects with a centimeter accuracy. Circle-shaped markers were used as the reference points,
divided into sectors that included white, black and red (the most rarely found colours in na-
ture), which made it possible to quickly identify their position on the ground and to make a
topographic link. GPS receivers also help to structure and organize the received data in the
general system of planned coordinates and heights. The result was presented in the format
of digital elevation matrix and orthophotoplane — for the convenience of analysis and further
processing, in particular for the digital reconstruction of the fortification system of the object
under study.

The survey of barrows connected with the ancient hillfort of Semibratnee were carried
out in the 19th century. They revealed the traces of significant looting and allowed to date the
funeral complexes of the 5th — beginning of the 4th centuries BC. Despite the grandiosity of
the objects, field research since the times of V.G. Tizenhausen (1875—1876) has not been car-
ried out on this site, so the historiography still has rather vague ideas about the topography
of the monument.

During the surveying of the Semibratnee burial mounds, the nadir square survey was
carried out, that covered a much larger area — about 150 hectares, but for the construction
of detailed three-dimensional models promising survey from low altitudes of the group of
main mounds was additionally used. Some of the burial mounds are located in the forest
plantation, which makes it difficult to obtain accurate terrain based on aerial survey data.
In order to avoid the influence of vegetation on the overall relief picture, a point cloud clas-
sification was performed and then its correction was done. The use of three-dimensional
models allows to visually analyze the relative location of the mounds and get the necessary
information.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.63-64
Mapusimk JI.*, AAnyc A*., Yanpkuna H.M.**,
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OOTOI'PAMMETPUS, 3D-MOJAEJIMPOBAHUE U JEHAPOXPOHOJIOT'USI -
HNCCIIEJOBAHUE HA IPUMEPE 'TOPBYHOBCKOI'O TOP®AHUKA

TopOyHOBCKMI TOP(SHUK SIBISETCS UCKIIOUUTEIBHBIM apXeOJOrHYECKIM MaMITHHUKOM,
e 3a MOCJIEAHNE CTO JIET ObUIM OOHAPY)KEHBI UYPE3BBIYafHO XOPOIIO COXpaHHMBIIHECS ap-
XEOJIOTHYECKHE O0BEKTHI U JiepeBsiHHas nmoctpoiika. C 2008 r. MHcTUTYTOM HCTOpHH | ap-
xeonorun YpO PAH Obuin HauaThl HOBBIE PACKONKH TOA pykoBoiacTBoM H.M. YanpkuHOH,
HampaBjeHHbIE HA MHTETpalMI0O MaTepHajioB M JAaTHPOBOK, MOJYUYEHHBIX B XOZE Mpele-
CTBYIOIIUX NOJNEBbIX padoT. C 2017 I. K 3TUM pacKoNKaM MPHUCOCIHMHUINCH CTICIUATUCTHI
n3 ['epMaHCKOTO apXeoI0rn4eckoro HHCTUTYTa C 3a1a4deil pa3paboTKy HOBOTO mpoliecca J0-
KyMEHTHPOBAHHSI, KOTOPBIK TO3BOJUT JIy4lle MOHATH CTpaTHrpaduuecKue 0COOCHHOCTH H
MIPOLIECCHI PA3BUTHSI pACKONIAaHHBIX AEPEBIHHBIX KOHCTPYKIMI. B HacToseM nokmnase npes-
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CTaBJISFOTCS TIEPBBIC PE3YJBTATHI MPOIEAYPHI POTOrPaMMETPUUYCCKON JOKYMEHTAIUH, KOTO-
pasi 3aBeplIacTCs MOCTPOCHUEM TPEXMEPHOU MoenH, Jexaiei B ocHose Hatieit [ UC, pas-
paboTaHHOM 115 TAaHHOTO apXeoyornyeckoro namsitHuka. B atoit ['MC kaxblit 1epeBsiHHBIT
00BEKT — BEPTUKAJIBHBIC CTOJIOBI, TOPU30HTAIBHBIC KOHCTPYKIIUU WA apTeaKThl — JOCTY-
IIEH OTJIEIBHO. DTO IMO3BOJISET OCYHIECTRIATh 3D-kaprorpaduro pa3nuyHor MHPOpPMALIUH,
TakoW Kak OTHOCUTEIIbHAS TaTUPOBKA, TUII IEPEBa WM TPACOJIOTHYECKUE acleKThl. IlepBhlil
OITIBIT OBLI IOJTYYCH MTPH UCCIISIOBAHUU JIEPEBSIHHOM KOHCTPYKIIUH, KOTOpast Oblila pacKomaHa
B HECKOJIBKO CJIOEB U BBISIBUJIA CIOKHYIO HCTOPUIO CTPOUTEIIHCTBA.

[MapamiensHO ¢ poTOrpaMMEeTpUYECKON JOKyMEHTAIUeH OblUIa 3aIylieHa mporpaMmma
JICHJIPOXPOHOJIOTUYECKOTO U3yueHus namsTHuka. Co Bcex 00pabOTaHHBIX JICPEBSIHHBIX Jie-
TaJel U, B YaCTHOCTH, C BEPTUKAIBHBIX CTOJI00B OBUTH MOJTyYEHBI 00pa3Ilbl, KOTOPhIC ObLTH
usMmepensl. [lepBbiid pe3ynpTaT 1eHIPOXOHOJIOTHYECKOTO U3YYEHHU TaMITHUKA 3aKITI0YaeTCs
B CPaBHUTEIIEHO KOPOTKOM (ha3e ero CTPOUTEIHCTBA, YKIIAIBIBAFOIICHCS B ITOCIICIHIOK TPETh
I tIC. MO H.3. O)umaercs OoJiee TOYHOE JATUPOBAHUE, KOTa Oy/ieT 100aBIeHO OObIe Ma-
TepuanoB. OTHOCUTENbHAS XPOHOJIOTHYECKAs MOCIEA0BATEIHLHOCTD, OJHAKO, SIBISICTCS yKe
3adukcupoBanHoil. OHa oroOpaxkaercss B [MIC u B pe3ynbrare BBISBISICT MTOCIIEI0BATEIb-
HOCTb 3TarloB CTPOUTENHCTBA.

Marijashk D.*, Janus A.*., Chairkina N.M.**,
Reinhold S.*, Heissner K.-U.*

*The German Archaeological Institute

Berlin (Germany)

**Institute of History and Archaeology

of the Ural Branch RAS

Ekaterinburg (Russia)

PHOTOGRAMMETRY, 3D-MODELLING AND DENDROCHRONOLOGY -
A CASE STUDY FROM THE GORBUNOVO PEAT BOG*!

The Gorbunovo Peat bog is an exceptional archaeological site, where for the last hun-
dred years extremely well preserved archaeological objects and wooden construction are
discovered. From 2008 new excavations were started by Institute of History and Archaeol-
ogy of the Ural Branch RAS (N.M. Chairkina), focusing on the integration of older excava-
tions and dating. From 2017 onwards a team of DAI joined the new excavations with a task
of developing a new documentation process, which allow understanding better the internal
development of the wooden constructions excavated. We present here the first outcome of a
photogrammetric documentation procedure which results in a 3D-model that is at the basis
of our intra-site GIS. In this GIS each wooden object — vertical posts, horizontal posts or
artefacts — can be separately accessed. This allows 3D-cartography of various information,
such as relative date, type of wood or trace evidencing aspects. The first test was conducted
at a wooden construction, that was excavated in several layers and revealed a complex
building history.

Parallel to the photogrammetric documentation a program of dendrochronology was
started. All worked woods and particular the vertical posts were samples and measured.
A comparatively short construction phase is the first result of the dendrochonological mea-
sured. It dates to the last third of the 3rd millennium BC. A more precise dating is expected,
when more materials is integrated. The relative-chronological sequence, however, is fixed.
It is mapped in the intra-site GIS and as a result reveal the construction sequence of the ob-
jects.

o

The abstracts marked by are published in original English version.
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*E*0CyoapemeenHblLil UCTOPUYeCKUtl My3eil

*E*E Unemumym eeoepagpuu PAH

Mocxesa (Poccus)

OIIBIT TEO®U3NYECKHNX UCCJEJOBAHUI CPEJHEBEKOBBIX
HEKPOITIOJIEM CY3JAJIBCKOI'O OITOJIbS
HA IPUMEPE MOT'JIBHUKA IIEKIIIOBO 9

Hccneoosanue gvinonneno npu noooepoicke PH®, npoexm Ne 19-18-00538.

CooTHolIeHNE TUIOMAACH TOCEIeHUH W H3BECTHBIX IOTpebaIbHBIX MaMSITHHUKOB
X—XII BB. B Cy3nansckom Onojbe TO3BOJISIET MPEAIoaraTh, 4To 00Iee YUcio U MacIlTa-
OBl 3HAYUTEJILHOW YaCTH HEKPOIIOJICH OCTArOTCS HEeM3BeCTHhIMU. [IpruuHa 3akiro4yaeTcs B
TOM, YTO CTETICHb Pa3pyIICHUs MaMSITHUKOB Ha pacCMaTprUBaeMOl TEPPUTOPHUH, OXBAYCHHON
MHOT'OBEKOBOW aKTHBHOM CEJIbCKOXO35CTBEHHOH JIEATEIbHOCTBIO, OUEHb BbICOKA. HayuHbIi
MOTEHIINAN TOTPeOAIbHBIX TTAMATHUKOB JaJIeKO He UCYEPIIaH U BO MHOTOM IPOJIOJIKACT CITy-
KUTh OCHOBOU ISl pEKOHCTPYKIIMH KYJIBTYPHO-UCTOPUUYECKUX MPOLIECCOB, MPOUCXOMSIINX
He TOJIKO Ha 0003Ha4eHHO TeppuTOoprH, HO 1 Ha CeBepo-BocToke JlpeBHeil Pycu B ienom.
Oto 00yciaBnuBaeT HEOOXOAMMOCTh JIOKAJIN3allMK HE BUIUMBIX HAa COBPEMEHHOH MOBEepX-
HOCTH HEKPOTIOJNIeH 1 OMPEAETICHHS UX CTPYKTYPBI.

Peuienue 1ol 3a/1aun TpaIMIIMOHHBIMU ApPXEOJIOTUUYECKUMHU METOJIAMU Ceivac MpaKkTH-
YEeCKU HEBO3MO)KHO — 00BbEMBI PACKOIIOK M 3aTpaThl Ha CIEAYIONIEM dTare U3yUeHHs TaMsT-
HUKa OKa3bIBAIOTCS HEMPOMOPIIMOHATIBHBI POCTY HH()OPMAIIUU: IPUPAIIICHHE K CTAPbIM pac-
KOTIaM JIa€T OTHOTUITHBIE OOBEKTBHI, a OIpeiesIeHHe MecTa JIJIsl HOBBIX PACKOIIOB 3aTPYJHEHO,
TaK KaK HEeT OJJHO3HAYHBIX MPEAMOJIOKECHUN O CTPYKTYPE MaMsITHUKA.

B xauecTBe OCHOBHOTO METOZa ONITUMHU3AIIMHU TPAJUIIMOHHOTO TIOAX0/1a Ha HEKPOIOJIe
[ekmoBo 9 ObUT MPUMEHEH KOMIUICKC reo(hM3UYECKUX METOJOB HCCienoBanus. MeToau-
YECKMMU 3aJIa4aMM MCCIICAOBAHMUS SIBIISUTUCH OTIpe/elIeHHEe BOZMOKHOCTEH re0(hU3NIeCKuX
METOJIOB JIJISI TOMCKOB HEBBIPAKCHHBIX HA MTOBEPXHOCTH KyPTraHOB M OTACIBHBIX TPYHTOBBIX
norpeOeHui.

Jlns BeIOOpa ONTUMAJIBLHOTO COOTHOIIEHHS pa3peliaonieil CnocoOHOCTH, JOCTOBEPHO-
CTH PEe3yJabTaTOB M CKOPOCTH UCCIIEOBAHUM ObUIH OMPOOOBaHBI pa3IMYHbIE METOAUKH T€0-
(u3nyecknx uccieaoBanuil. B kauecTBe OCHOBHOTO METO/1a PUMEHSIIach TceB0-3D anek-
TpoToMorpadusi, MO3BOJSAIONIAs KapTUPOBATh paciipeienenne GU3NIeCKuX CBOMCTB, Kak B
IJ1aHe, Tak U B pazpese. CymMmapHas TIoIIaab uccieqoBanmst coctaBuia 25230 kB, M (U3 HUX
6omee 20000 kB. M — ¢ miarom 1 x 1 M, Birodast 12000 KB, M B IBYX MOJIIPU3AIUSX; JJIs HE-
CKOJIBKMX YYacTKOB ITPOBOJIMIIACE JIeTaIM3aIlMOHHAas CheMKa ¢ maroM 0,5 M MeKIy 37IeKTpo-
namu). Taxke ¢ MEeTOIUYECKUMH LIETISIMH Ha TEPPUTOPHUU MTPOBOMIIACH MAaTHUTOpa3BeaAKa U
reopaIuoIOKaIIs.

BaxHol OTIHYUTENBHON YEepTO MpOEKTa ABISETCS OONbINas IIIOMAAh MPOBEICH-
HBIX apxeosiorndeckux packomok (6omee 3000 kB. Mm). ComocTaBiieHHE TTOJIYUYCHHBIC pe-
3yJIBTaTOB C JAHHBIMU TeO()U3UKH — OCCIICHHBIH MCTOYHMK MHGPOPMAIMHU s «00yde-
HUSI» UHTEPIIpETay reo(hU3nIeCKUX TaHHBIX Ha CKPBITHIX MOTPeOabHBIX MaMsATHUKAX
peruona.

Pe3ynbraTsl cOnocTaBIeHHs MOKa3ald BO3MOKHOCTh YBEPEHHOTO BBIJIENICHHUS HEBbIpa-
KCHHBIX Ha MOBEPXHOCTH KypPraHHBIX poBUKOB: 10 u3 12 BCKPBHITHIX PAacKONKaMH POBHUKOB
XOpOIIO BUJIHBI B JIAHHBIX 3JIEKTpopa3Beku. ClokHee 0OCTOUT CUTYyalusl ¢ eNUHUYHBIMU
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SIMaMH ¥ TPYHTOBBIMH MOTHMJIaMH, BO3MOKHOCTB BBIICIICHHUSI KOTOPBIX CYIIECTBEHHO 3aBHU-
CHT OT MX CBOMCTB M CBOWCTB BMEIIAIOIIETO T€0JIOrO-TIOYBEHHOTO pa3pesa.

OcCHOBHOH (paKTOp, CHWKAIOUIMNA KaueCTBO MHTEPIPETALMH IeOPHU3UKH, 3aKII0UaeTCs
B TOM, 4TO NP MHTEPIIPETAIMHA HEOOXOIUMO pa3ielieHHe, KaKk MUHUMYM, TPEX THIIOB 00b-
€KTOB: apXE0JIOTHYECKUX CTPYKTYp, HEOMHOPOAHOCTEN BMEIIAOIEr0 Te0IOTHYECKOTO pas-
pe3a 1 M3MEHEHUH CBOMCTB I'PYHTA, SIBISIOIIUXCS CIEICTBUEM PACIALIKU M X035HCTBEHHON
JeSITEbHOCTH.

Pemenne 3amaun knaccuuKanuy BBICICHHBIX aHOMAJIUH B COOTBETCTBHHU C OIUCAH-
HBIMU THUTNIAMH OCHOBBIBACTCSl Ha KOMIUIEKCHPOBAHHH PA3TUYHBIX METOIOB HCCIICIOBAHUSI.
B uvacTHOCTH, pe3ynbraThl MCCIIEIOBAaHUI MOKa3bIBAIOT, YTO Ha MorunpHHKe lllekmoBo 9
OOBEKTHl HEKPOTIOJISl MIPAKTUYECKHA HE BBIPAKAIOTCS B MarHUTHOM IIOJIE, YTO JIENaeT Mar-
HUTOPA3BE/IKYy BaKHBIM MCTOYHMKOM WH(OPMAIMU O MPUPOJHBIX F'€OIOTHUECKUX 00BEKTaxX
(Ha OCHOBaHMH BBIPAYKEHHOCTH MaTHUTHBIX CBOHCTB OMPEACICHHBIX 00bEKTOB COOTBETCTBY-
IOLIMe aHOMAJIMM CONPOTHBICHUS MOXXHO OTHOCHTH K NMPHUPOAHBIM WJIM aHTPOIIOTCHHBIM).
BaxHy1o posb UrpatoT TaKkKe TEXHOJIOTHH JUCTAHIIMOHHOTO 30HIUPOBAHUS, TIO3BOJISIFOIINE
B TICPBOM NMPHOIMKEHUN BBIACTUTH CTPYKTYPBI, KOTOPBIE MOTYT «3aMaCKHPOBATh» B PE3YIlb-
TaTax MEKTPOPa3BEAKH dPPEKTHI OT apXEOTOTUIECKUX 0OBEKTOB.

[TpoBeneHHbBIE HCCIECAOBAaHMS TOKA3bIBAIOT, YTO KAapTHPOBAaHUE KypPTraHHBIX MOTHIIb-
HUKOB Ha TeppuTopru OMOoJbs JOCTATOYHO YBEPEHHO MPOBOAUTCS C MOMOIIBIO COBPEMEH-
HBIX 3JIEKTPOPA3BEIOYHBIX METOAOB. V3yueHue CHIbHO HApYLICHHBIX Paclallkoli POBUKOB,
pacrpeneneHie eqUHAYHBIX SIM U TPYHTOBBIX 3aXOPOHECHUH SIBIISIETCS CYILIECTBEHHO Oosiee
CIIOKHOH 3amavel, TpeOyroled pacCMOTPEHNSI B KOHTEKCTE MPUPOIHBIX M aHTPOIOTEHHBIX
MPOIIECCOB, XapaKTEPHbBIX IS W3y4aeMoro JaHAmadra B IeJIOM — 00NacTb, SBISIOIIAsICS
MPEeAMETOM OYIYIIMX UCCIIEIOBaHUH.

Modin I.N.*, Makarov N.A.**, Krasnikova A.M.***,
Yerokhin S.A.**, Troshko K.A.****, Pelevin A.A.*,
Sorkunov I.G. , Ugulava N.D.**, Milovanov S.I.**
*Moscow State University

**Institute of Archaeology RAS

***State Historical Museum

****nstitute of Geography RAS

Moscow (Russia)

EXPERIENCE OF GEOPHYSICAL STUDIES OF MEDIEVAL NECROPOLISES
OF SUZDAL OPOLYE ON THE EXAMPLE OF SHEKSHOVO 9 CEMETERY

The research was carried out with the support of the Russian Science Foundation (RSF),
project No. 19-18-00538.

The ratio of settlement areas to the known funerary sites of the 10th—12th centuries in Su-
zdal Opolye suggests that the total number and scale of a significant part of the necropolises
remain unknown. The reason is that the degree of destruction of sites in the territory under
consideration, covered by centuries-old active agricultural activity, is very high. The scientific
potential of burial sites is far from exhausted and in many respects continues to serve as a basis
for the reconstruction of cultural and historical processes taking place not only in the designated
area, but also in the Northeast of ancient Russia as a whole. This makes it necessary to localize
necropolises that are not visible on the modern surface and to determine their structure.

Solution of this problem by traditional archeological methods is now almost impos-
sible — the volume of excavations and costs at the next stage of the study of the site are dis-
proportionate to the growth of information: the increase in the old excavations gives the same
type of objects, and it is difficult to determine the place for new excavations, as there are no
clear assumptions about the structure of the site.
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A complex of geophysical methods was applied as the main method of optimization
of the traditional approach at Shekshovo 9 necropolis. The methodological objectives of
the study were to determine the possibilities of geophysical methods for the search for the
mounds and individual ground burials invisible on the surface.

Different methods of geophysical research were tested to select the optimal ratio of reso-
lution, reliability of results and speed of research. As the main method, pseudo-3D electroto-
mography was used to map the distribution of physical properties, both in terms of plan and
section. The total study area was 25,230 square meters (of which more than 20,000 square
meters in 1 x 1 m grid, including 12,000 square meters in two polarizations; several areas
were surveyed in 0.5 meter measurement steps between the electrodes). Magnetometry and
georadiolocation were also carried out on the territory for methodological purposes.

An important feature of the project is the large area of archaeological excavations (more
than 3000 sq. m). Comparison of the obtained results with geophysics data is an invaluable
source of information for “training” the interpretation of geophysical data on hidden burial
sites of the region.

The results of the comparison showed the possibility of a confident separation of the bar-
row ditches unexpressed on the surface: 10 out of 12 ditches opened by excavations are well
visible in the electrical survey data. The situation is more complicated with single pits and flat
graves, the possibility of separation of which significantly depends on their properties and the
peculiarities of the geological-soil conditions.

The main factor reducing the quality of interpretation of geophysics is that it is necessary
to separate at least three types of objects when interpreting them: archaeological structures,
ground heterogeneity of the geological section and changes in soil properties resulting from
plowing and other agricultural activity.

The solution to the problem of classifying the selected anomalies in accordance with the
types described above is based on combining different research methods. In particular, the
results of research show that at the Shekshovo 9 burial site necropolis objects are practically
not expressed in the magnetic field, which makes magnetic survey an important source of
information about natural geological objects (based on the severity of the magnetic proper-
ties of certain objects, the corresponding resistance anomalies can be attributed to natural
or anthropogenic). Remote sensing technologies also play an important role in identifying
structures that can mask the effects of archaeological sites in the first approximation of elec-
tro resistivity approach.

Thus our research shows that mapping of burial mounds on the territory of Suzdal Opo-
lye is confidently carried out with the help of modern electric survey methods. The study of
burial ditches heavily disturbed by plowing, as well as the distribution of single pits and flat
burials is a much more complex task, which requires consideration in the context of natural
and anthropogenic processes, typical for the studied landscape as a whole — an area that is the
subject of future research.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.67-70
Moxpymus B.II., Coxos I1.B.

HAO «Hacneoue Kyoanuy

Kpacrnooap (Poccus)

JJIEMEHTAPHAS TPEXMEPHAS MOJEJIb KYPTAHA

[Ipumenenue cucrem apromarudeckoro mpoektupoBanus (CAIIP) B coBpemeHHOI ap-
XEOJIOTHHU — HE PEeAKOCTh. MBI, B 4acTHOCTH, ucnoibs3oBaau AutoCAD-2010. [Iporpammuoe
o0ecrieueHre Takoro pojia MO3BOJISIET JaKe HE CIIMIIKOM ONBITHOMY IOJIb30BATEII0 CO3/a-
BaTh JICMEHTAPHBIC TPEXMEPHBIE 00beKThl. OHU JieNnatT padoTy Oosee HarsIIHOW. OTKpPHI-
BaeTCsl BO3MOXKHOCTh YK€ HEMTOCPEACTBEHHO B TI0JIC BBISIBIIATH M OBICTPO HCIIPABIISATH ONIHO-
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KH, HE PEIKO BO3HUKAIOIINE Ha CThIKaX OpoBOK. [IpoTuBonexamnye (Gackl mocaeJHUX 4acTo
OCBELICHBI HEOAMHAKOBO, BBICHIXAIOT C Pa3HOM CKOPOCTBHIO U IOITOMY MOTYT OBITh OTPHCO-
BaHbI ¢ HCKa)KEeHUSIMU. [Ipy COBMEIEHNH IBYX TaKUX OOPTOB HETOYHOCTHU CPa3y CTAHOBSTCS
3aMETHBI.

B 2018 . B CeBepckoM paitone KpacHomapckoro kpasi B cOCTaBe KypraHHOW IpyTIIIbI
Admurckas-15, Ha neBoMm Oepery peuymku Bropoit Epuk, nzydyenst n1se cnabo BbIpakeHHBIE
3eMiIsHble Hachlnu. OHA U3 HUX €]1Ba 3aMETHA, €€ BbICOTA C K’KHOM CTOPOHBI 27 cM, a C ce-
BepHOH — 90 cM; BTOpast HartoMrHaa Hu3koe (ot 0,7 M) noxHaTue. VX auaMeTpsl, COOTBET-
CTBEHHO, cocTaBJst0T 30 1 60 M. TakoBa ke MPOTSIKEHHOCTh B3aMMHO NEPIIEHANKYIISPHBIX
OpoBok. OHM OPHEHTHPOBAHBI MO0 CTOPOHAM CBETA, JOCTUTANN B IIMPHHY | M, 00a ux daca
¢uxcupoBanuck. YeThIpe ceKTopa Kyprana BHIOMPaliCh MOOYEPEIHO IKCKABATOPOM.

B mecTte nepeceuennst OpoBOK, BpOBEHb ¢ AHEBHOW MOBEPXHOCTHIO OBbLT 3a0MT KoiI. Ero
BepIinHa npuHsaTa 3a penep R(0). On coBnanaer ¢ HauajaoM KoOpAuHAT Hamleld 3D-monenu
Kyprasa, npeacTaBisiionield Co00i makeT JOKyMEHTOB, Pa3MEIeHHBIX B OHOH marke. daiin
C COKpallleHHbIM HanuMeHoBaHHeM «Kypr» sBisieTcs IIaBHBIM U OTKPBIBAE€T HEMOCPEICTBEH-
HO TPEXMEPHYIO MOJETb.

C HUM CBsI3aHBI €111€ YeThIPE MEKTPOHHBIX ueprexa— «3BCy», «3BIO», «CHOB», « CIO3»
(ab0peBuarypa «CHO3» pacumdpossiBaercs kak «bpoBka Cesep-lOr, 3amanubiii 6opT» H
T.A.). DT0 poduisi 00PTOB, UMEIOIINE OJMHAKOBBIC HACTPONKH; OTHA SAMHUIIA 37eCh PaBHA
CaHTHUMETPY; B KayKIOM UEPTEKe UETBIPE CII0s1, KOTOPBIC HE CIEAYET MyTaTh CO CTpaTUrpadu-
YeCKUMU HAIJIaCTOBAHUAMHU MaMITHHKA:

Croit «1» sBisiercst paboYlM M BKITIOUAeT BCE OCHOBHBIE I'padUuecKue MaTepuaibl, B
TOM YHCJI€ IITPUXOBKY.

Crnoii «HuB» — BMemaeT HanucH, HUBEJIMPOBOYHBIE OTMETKH M OTHOCSIIHECS K HUM
Tororpaduueckre 3aceyKy (CHHUE TPEYTONbHUKHU B LIBETHOH OKAHTOBKE).

Croit «Ciyx» — He0OXOIUM JUTS TOTO, YTOOBI CBSI3aTh YEPTEKHU APYT C IPYTOM IOCPEa-
CTBOM CIIy>)KEOHOW pa3METKH: TOPU30OHTANbHAS OCh 3/IeCh 0003HAYAET «HYJEBYIO» MOBEPX-
HOCTB, OT Hee JIeTA0TCsl 3aMephl TITyOHH; BEPTUKAIISIMH YKa3aHbl MECTa CThIKA MPO(UIICH.

Croit «Defpoints» npennazHaveH 1uist XpaHEHUs! OTCKaHUPOBAHHBIX HCXOAHBIX MOJIEBBIX
IJJAHOB M CXEM.

«/lucneTuep CBOWCTB CIIOEB» MO3BOJISIET MEHITh UX OKPACKY, YJIydllasl yCIOBHUS BHU3Y-
QJILHOTO BOCTIPHATHS, & TaK)Ke OTKIIOYATh BUIUMOCTH B JIOOOM IMOpSIKE, €CIIN KaKUe-TO
JeTajIy yXyAWaT 0030p U 3arOpaXUBaIOT KapTHHKY.

Komnus moaroroBneHHOro HaMM MakeTa JJOKyMEHTOB B JalIbHEHIIIEM MOCTyKuIa B Kaue-
cTBe madaoHa npu paspadorke 3D-mMonenu cinenyrouield Hackinuy. [ Hayana ctapbie UCXO-
JTHBIC TIOJIEBbIC TUIAHBI M CXEMbI OBUIH 3aMEHEHBI HYKHBIMH. Ecin TonmmHa OpoBKH OoblIe
n100 MeHbIIe 3aJaHHOW, IPOCTPAHCTBEHHOE MOJIOKEHHE MPOQMIS OTHOCUTENIFHO Havyana
KOOpAMHAT MOYKHO OTKOPPEKTUPOBATH, BBIACIHB €r0 B IIaBHOM (aiific M OTKPHIB KOMaH/I0H
«CBOHCTBa» COOTBETCTBYIOIILYIO TTaHEJNb, I7Ie B rpade «TouKa BCTaBKU X» (win Y) cieayer
BHECTH COOTBETCTBYIOIUE MOMPABKH.

3areM 1O O4eper OTKPBIBACTCS KasKABIH MPOQHIIb U TTOJIHOCTHIO OUUIIAETCS CIOH « 1.
Br13BaB u3 najaromiero MeHro «BeraBka» nuanoroBoe okHO «BHeIIHUE CCBITKNY, yaanseM
n3 Tabmunbl «CchUIKE Ha (aiiibDy CTPOKH, KOTOPBIE TIOMEUEHBI JKEITHIM TPEYTOILHUKOM C
BOCKJIMIATEILHBIM 3HAKOM U UMEIOT cTaryc «He ucnomnb3yercs». JJo0aBinsis B uepTeK HOBBIH
WCXOJIHBIA PacTpOBBI PUCYHOK, MPY 3aJlaHAX MYTH, B OKHE «BcTaBka M300pakeHHUs» CIie-
JyeT BbIOpaTh MyHKT «OTHOCUTENBHBINY. Torna manky ¢ makeTom J0KyMEHTOB MOXKHO OyneT
MEPEMECTUTH B PYroe MeCTO (B TOM YHUCIIE HA APYTOi HOCUTEIh HH(OpMAIIMH), HE OTacasich
MOTEpH CBA3EH MEXy HUMHU.

Bce BHECeHHBIE H3MEHEHUSI, TTOCIIE UX COXPAHEHUsI, JOJKHBI OTOOpaKaThCsl B TIIABHOM
¢aiire.
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ELEMENTARY THREE-DIMENSIONAL MODEL OF THE BURIAL MOUND

Application of systems of automatic designing (CAD) in modern archeology is not rar-
ity. In particular, we used AutoCAD-2010. The software of such kind allows even not too
skilled user to create elementary three-dimensional objects. They make the work more vis-
ible. It opens up the possibility of detecting and quickly correcting errors that do not rarely
occur at the combination of profiles directly in the field. Opposite faces of the latter are often
illuminated differently, dry at different speeds and can therefore be drawn with distortions.
When two such profiles are combined, the inaccuracies are immediately noticeable.

In 2018, in the Seversky District of Krasnodar Krai, two poorly visible earth mounds
were studied as part of the Afipskaya-15 mound group on the left bank of the Second Erik
River. One of them was barely noticeable, with a height of 27 cm on the south and 90 cm on
the north side; the other resembled a low elevation (from 0.7 m). Their diameters, respec-
tively, are 30 and 60 m. This is also the length of the mutually perpendicular profiles. They
are oriented on the sides of the world, reaching a width of 1 m, both of their faces were fixed.
The four sectors of the mound were dug by the excavator in turn.

A stake was hammered at the point where the profiles crossed, flush with the day surface.
Its peak is thought to be the R(0) fix point. It coincides with the beginning of the coordinates
of our 3D-model of the mound, which is a package of field records placed in one computer
folder. The file with the abbreviated name “Kurg” is the main one and opens directly a three-
dimensional model.

There are four electronic drawings connected with it —“ZVS”, “ZVU”, “SYV”, “SYUZ”
(the abbreviation “SYUZ” is deciphered as “Profile North-South, Western Profile”, etc.).
These are side profiles with the same settings; one unit here is equal to a centimeter; each
drawing has four layers that should not be confused with the stratigraphic layers of the site:

Layer “1” is the working layer and includes all basic graphic materials, including hatch-
ing.

Niv layer — contains inscriptions, leveling marks and related topographic fix points (blue
triangles in colored edging).

Layer “Service” — is necessary to connect drawings with each other by means of service
marking: the horizontal axis here designates a “zero” surface, from it measurements of depths
are made; verticals indicate places of a joint of profiles.

The “Defpoints” layer is intended for storing the scanned original field plans and
schemes.

The “Layer Properties Manager” allows to change the color of layers, improving visual
perception, as well as to turn off the visibility in any order, if some details worsen the view
and block the image.

A copy of the package of documentation prepared by us served as a template for the de-
velopment of the next 3D-model of the next burial mound. To begin with, the old field plans
and schemes have been replaced by the necessary ones. If the thickness of the profile is more
or less than the specified one, its spatial position relative to the origin of coordinates can be
corrected by selecting it in the main file and opening with the command “Properties” the
corresponding panel, where in the column “insertion point X” (or Y) it is necessary to make
corresponding corrections.

Then each profile is opened one by one and the layer “1” is completely cleared. Calling
up the “External Links” dialog box from the “Insert” drop-down menu, deleting table the
rows from the “File Links” that are marked with a yellow triangle with an exclamation mark
and have the status of “Unused”. Adding a new initial raster image to the drawing, when set-
ting the path, select “Relative” in the “Insert image” window. Then the folder with the set of
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documents can be moved to another place (including another medium) without fear of losing
links between them.
All changes made should be displayed in the main file after they have been saved.

https://DOI.ORG/10.25681/IARAS.2019.978-5-94375-289-6.70-71
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PE3VJIBTATBI BO3JAYIIHOTI'O JIASEPHOI'O CKAHUPOBAHMUSA
TEPPUTOPUM T'HE3JOBCKOI'O APXEOJTOT'MYECKOI'O KOMILJIEKCA

I'HE310BCKMM apXEOIOrMUYECKUN KOMIUIEKC — KPYITHEUIIUN apXeOJOTHYECKUM U JIaH[-
madTHEIA MaMSATHUK 3MOXH 00pa30BaHMs APEBHEPYCCKOTO TOCYAAPCTBA M AIOXH BHKHH-
roB [X — nau. XI BB. Kommieke pacrnionoxken B 12 kM oT . CMoneHcka Ha obonx Oeperax
p- Auenp. OOmmias mpoTsHKEHHOCTh €ro COCTaBIsieT okoso 6 kM. KoMruiekc o0beanHseT Bo-
CeMb KypraHHbIX rpym, cenuia u LlentpansHoe ropoauine. Kpome o0bekToB neprosa pac-
ugsera ['uésnosa B IX—XI BB., Ha TEPPUTOPUH KOMIUIEKCA IPOCIEKUBAKOTCS CIIEbI KYIBTYP-
Horo ciost anoxu 3HeonuTa/Heonuta (I1I-11 Teic. 70 H.3.), cNaBsHCKUX MOCeNeHu Had. | ThIC.
H.3., ipeBHepycckoro Bpemenu XII-XIV Be., amoxu XVII-XVIII BB., xku3nu ycaaed XIX .,
00beKTHI 3110XH Bemnmkoii oreuecTBeHHON BOHHBI 1941-1945 T

ApXeoJorMuecKnii KOMITJIEKC MMEET 3HAYHUTENbHbIE aHTPOIOTEHHBIE W TEXHOTCHHBIE
MOBPEXIEHNUS, KaK KyJIbTypHOTO CJIOS TIOCETIeHMs, TaK U KypraHHbIX Hackined. Ha teppuTto-
pHUH PACIIONIOKEHBI JBE COBpEMEHHbIE AepeBHU ['HE310BO U I MylieHKH, Kapbepsl, JOPOTH U
T.1. YacTe nmoceneHus: U OTAETbHbIC KypraHHbIe TPYMIIbI IIOKPHITHI JiecoM (okoio 60% Tep-
puTOpUN).

B Hos16pe 2018 1. cucTemMoi BO3yNIHOTO JIA3ePHOT0 CKAHUPOBAHHOTO, YCTAaHOBJICHHOTO
Ha reKcakoITep, Oblia MPOBEJCHA CheMKa TepPUTOPHHU 001IeH Tomaapto okoio 270 ra.

I'eonesnueckoe CONpOBOXKACHUE PAOOT MPOU3BOAMIOCH IBYX4aCTOTHBIMH CITy THUKOBBI-
MU T€0JIe3NUECKUMH PUEeMHUKaMH. MakcuMallbHOE yAaleHne JpoHa oT 0a30BOi CTaHIIUH
He TpeBbIIIaN 5 KM.

Jnist BBIIOTHEHUSI BO3LYIITHOTO Ja3epHOr0 CKaHUPOBaHUs MoTpedoBanoch 10 BbLIETOB
npona. CKOpoCTb MojieTa MpH CKOPOCTH BETpa cOCTaBmia 5-8 M/Cek.

B pesynbrare paboT ObLIO MOTYYEHO 00J1aK0, KOTOPOE COCTOUT U3 Oosee yeM 730 MIIH.
touek. CpeHsisl IIIOTHOCTh 00JIaKka TOUEK JIa3epHOTO CKaHMPOBaHUs cocTaBmia Oonee 200
Touek Ha 1 kB. M. TouHOCTB CheMKH KoIeOneTes oT 3 10 5 cM.

B mpornecce kamepanbHOW 00pabOTKM oONaka TOYEK OBLIM MOCTPOCHBI CIECAYIOLINE
KapThl U TUIaHbl: nU(dpoBast MOJeNb penbeda B popMare TPHAHTYIIIIUOHHON MOJIENHN, pacTp
CBETOTEHEBOH MOJENH pelibeda B OTTEHKaX CEpoOro, pacTp CBETOTEHEBOW MOJENHU penbeda
B 1Betax RGB, pacTp OTHOCHTENBHBIX BBICOT PACTHTENLHOCTH B 1BeTax RGB, nngposas
MoOZIeTb penbeda B BUE CIUIONIHBIX ropuzoHTaineil ¢ ceuenuem 0,1 u 0,5 m. [TomydeHusle
JTaHHBIC MPUBS3aHbl B MecTHOU cucteme koopaunat MCK-67 u WGS-84 UTM 36.

IIpenBapuTenbHbIN aHANN3 JaHHBIX TO3BOJIMII YTOYHUTH KOJIMYECTBO, MECTOIIONIOKEHUE
U COCTOSTHHE COXPAHMBIIMXCS KypraHHBIX HAchINEH, OMpPENeNnTh MECTOIMON0KEHUE YaCTH
apxeojorudeckux packonoB 50—-80-x rr. XX B., yTOYHUTh MUKpOpebed MOCEIEeHHH U 0COo-
OeHHOCTH M3MEHEHus pycia JlHenpa 1 ero MpuToKoB. JlaHHbIe BO3AYIIHOTO JIa3€PHOTO CKa-
HUPOBaHUS JOTOIHIIN TeONHPOPMAIIMOHHYIO 0a3y, CO3/aBaeMyI0 JUIsl apXEOJIOTHIECKOTO
kommiekca ¢ 2010 . Pe3ynbraTsl yBsi3aHbl C COBPEMEHHOM U HCTOPHUYECKOH adpodoTOChHEeM-
KOW, JaHHBIMHM TaX€OMETPHUUYECKOW ChEMKH U CheMKOH ¢ ucnosnb3oBaHueM GNSS-cTaHImu
3220102018 rr.
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RESULTS OF AERIAL LASER SCANNING OF THE TERRITORY
OF THE GNEZDOVO ARCHAEOLOGICAL COMPLEX

The Gnezdovo Archaeological Complex is the largest archeological and landscape site
of the ancient Russian state and the Viking Age of the 9th — beginning of the 11th centuries.
The complex is located 12 km from Smolensk on both banks of the Dnieper River. Its total
length is about 6 km. The complex unites eight barrow groups, open settlements and the Cen-
tral Hillfort. In addition to the objects from the period of Gnezdovo’s heyday in the 9th-11th
centuries, on the territory of the complex there are traces of the cultural layer of the Eneo-
lithic/Neolithic Era (3rd-2nd millennia BC), Slavic settlements from the beginning of the 1st
millennium AD, the Old Russian time of the 12th—14th centuries, the features of the 17th—18-
th centuries, the rests of estates of the 19th century, objects of the WWII of 1941-1945.

The archaeological complex has significant anthropogenic and man-made damage, both
to the cultural layer of the settlement and mounds. There are two modern villages of Gnez-
dovo and Gluschenki, quarries, roads, etc. on the territory of the archaeological complex.
Part of the settlement and some barrow groups are covered with forest (about 60% of the
territory).

In November 2018, an airborne laser scanned system installed on a hexacopter was used
to survey the territory with a total area of about 270 hectares.

Geodetic support of the work was provided by two-frequency satellite geodetic receiv-
ers. The maximum drone distance from the base station did not exceed 5 km.

Airborne laser scanning required 10 drone sorties. The flight speed at wind speed was
5-8 m/sec.

As a result of the work, the point cloud was received, which consists of more than 730
million points. The average density of the laser scanning point cloud was more than 200
points per square meter. Shooting accuracy varies from 3 to 5 cm.

In the process of point cloud cameral processing the following maps and plans were
drawn: digital terrain triangulation model, gray shade terrain raster model of light and shade
in the RGB colors, the raster model of relative heights of vegetation in the RGB colors, digi-
tal terrain model in the form of solid contours with a step of 0.1 and 0.5 m. The data obtained
are linked to the local coordinate system MSK-67 and WGS-84 UTM 36.

Preliminary analysis of the data made it possible to specify the number, location and
condition of the preserved burial mounds, to determine the location of part of the archaeolog-
ical excavations of the 50-80s of the 20th century, to specify the micro-relief of settlements
and the peculiarities of changes in the channel of the Dnieper and its tributaries. Airborne
laser scanning data complemented the geoinformation base created for the archaeological
complex since 2010. The results are linked to modern and historical aerial photography, total
station data and GNSS surveys from 2010 to 2018.
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PE3YJIBTATHI JIEKTPOPA3BEJOYHBIX UCCJIEJOBAHUI
BOJBIINX KYPTAHOB IIEHTPAJILHOM Y JIECHOM KYPTAHHBIX
T'PYII THE3TOBCKOI'O APXEOJIOTHYECKOT'O KOMILIEKCA

HccnenoBanue 00bEKTOB KyJIBTYPHOTO HACIIEANST METOIaMH COBPEMEHHOH pa3BeI0uHON
reoU3uKH — OJJHO U3 BRKHEHIIUX HAMpaBlICHHE B apXEOJIOTHUH, KOTOPOE UTPaeT 0COOyIo
pOJb Ha MaMATHHUKAX, MMOJIBEPraBIIMXCS JJIUTEIEHOMY aHTPOIOITEHHOMY U TEXHOT€HHOMY
BO3JICHCTBUSM.

I'HE310BCKMI apXEOJOTNYECKUI KOMILJIEKC — KPYITHEHIINI MTaMATHHUK 3II0XU BUKHUHIOB
u obpazoBanus JpeBHepycckoro rocymapctsa B IX—XI BB. OH pacmoioxeH B IIEHTPE TPaHC-
KOHTHHEHTAJILHOTO TOPTOBOTO MYTH «H3 BapsT B Tpekn» B 12 KM OoT coBpeMeHHOro CMoJieH-
cka. [JaMsITHUK UMeEeT CIIOKHYIO CTPYKTYpY, KOTOpas OObEAMHSET KypraHHBIH MOTHIBHHK
W HECKOJIbKO TocesieHni. KoMIuieke maMsTHIUKOB HaxXOquTCsl Ha o0oux Oeperax p. Juenp u
BBITSIHYT BJIOJIb HETO Ha 5,9 kM. OO1ias miomaab KOMIUIEKca cocTaBiseT okoio 439 ra.

Kypransslif MOTHJIBHUK apX€0JIOrMYE€CKOr0 KOMILJIEKCA SIBJISIETCS KpyIHEHIMUM B EBpo-
ne: B Hagane XX B. oH HacuuThiBal oT 4500 mo 5000 KypraHHBIX HACBITIEH, KOTOPBIC pacipe-
JIENIAIOTCSA Ha BOCEMb KypraHHBIX TPYII, CAMBIMU KPYITHBIMH M3 KOTOPBIX sABisoTcs LleH-
TpanbHas U JlecHast KypraHHble TPYIIIIBL.

Kyprannas HachInb pOpMUpOBAIach U3 TPYHTA, B3SITOTO BOKPYT KypraHa — TaK HOSBIISII-
Cs POBHK (TIPEMMYIIIECTBEHHO KOJIBIICBUIHOM (POPMBI), IITyOHUHA M IIUPUHA KOTOPOTO 3aBUCE-
J1a, COOTBETCTBEHHO, OT BBICOTHI HachIH. Kypransl cofiepkar norpe0eHus o oopsy KpeMa-
UK Wik nHrymMann. [lomasistoniee OOJIBITMHCTBO KypraHoB Ha TeppUTOpUH [ HE3MOBCKOTO
KOMIIEKCAa HECYT CJIe/lbl aHTPOIIOTEHHOTO M TEXHOT€HHOTO BO3AECWCTBHUSA: MHOTHE HACHIH
HapyIlIeHb! (2 MHOT/A U TOJIHOCTBIO pa3pyIIeHbl), UX MOBEPXHOCTh CUILHO 3aMyCOpEHa, a
3HAYUTEJIBHOE KOJIMYECTBO PACKOMAHO 10 HECOBEpLIEHHOW MeToauke XIX B.

Ocoboe MecTo cpeid KypraHoB Ha TEPPUTOPUH apXeOJOrMYecKOro KOMIUIEKCA 3aHH-
MalOT TaK Ha3biBaeMble «bonbime Kypranep. JTO 3nuTapHbIe OrpedeHns paHHeCpeIHe-
BekoBoii 3HaTH X B. OHU SIPKO BBIACISIFOTCS Ha (oHe anamadra onarogaps METpHYECKUM
TOKa3aTessiM — BBICOTA HE MEHEee 3 M U BBIIIE 6 M U 1uaMeTp oT 15 M u 6omee 25 M. Ot
KypraHbl XapaKTepU3yIOTCS MHOTOATAITHBIM MOTPe0aIbHBIM OOPSIIOM, CIOKHOW KOHCTPYK-
[UEH HACKIITU U UCKIFOYUTEIEHBIM XapaKTepoM NorpedanbHOro MHBEHTapsl. B GonbminHCTBE
cirydaeB o0Ops morpeOeHust — kpemaiust Ha mecte. B ['HE3IOBO M3BeCTHO camoe OOoIbIIoe
yncio «bonmpmux Kypranon» Ha Tepputopun Pycu — He Menee 20 HachImei.

B niepedens nccie0BaHHbIX Kypranos Bounin: Kypran [{-41(20)120)/Cuz-1885 («bosb-
moi Cu3oBckHit»), Kypran bessiMsanublii B LleHTpansHoil KypranHoil rpymre, «bomibiioit
Kypran» u kypran JI-210 B JlecHo# KypranHoii rpymre.

Mertozbl pa3BeiouHOM reo(3nKH I 3yueHus « boNbIInx KypranoBy Ha TEPPUTOPUHI
I'HE3IOBCKOTO KOMILUIEKCA apXeOJOrnYeCKUX MaMsTHUKOB MpeAcTaBiIeHbl Hanbomnee 3 dek-
THUBHBIM METOZIOM — 3JIeKTpoToMorpadueii. OH UMeeT psii OUyTUMBIX MPEUMYIIECTB. DTO
paboTa B YCJIOBHSAX BBICOKOI 3aCOPEHHOCTH KYpPraHOB, KOTOpas HE MO3BOJSET 4acTo MpH-
MEHSATh IPyTHe METO/IbI (MAarHUTOPA3BEIKY). MeTo1 yBepEeHHO OIpeesisieT HapyIeHus Kyp-
TaHHBIX HACBINEN, CBA3aHHBIE C TIO3THIM BMEIIATEeILCTBOM MIIH 00Jiee pAHHUMHU PACKOTIKAMH
XIX — magama XX B. OH MO3BOJISIET YETKO OMPEICISITh CTPYKTYPHBIC dIEMEHTa KypraHnHOM
HacwIu (poBUKH). Omnpeenenue o0psia B OTACTBHBIX CITydasx He SBJSETCs 0€3yCIOBHBIM.
Mertoz He 1o3BOJISIET OE3yCIOBHO MHTEPIIPETHPOBATh KOHCTPYKTUBHBIE OCOOCHHOCTH COO-
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pY’KeHHsI TorpedeHusl, KOTOPBIE BBISIBISIIOTCS MPH packomnkax. Ecinu «boibmoi Kkypran» co-
JePKUT KpEeMaluio Ha MecTe, TO CJIOH KOCTPHIIA AOCTaTOYHO YBEPEHHO (DPUKCHPYETCS OT-
JIeNbHBIMA aHOMaIMAMH. MeTo/] He MO3BOJIMII Ha JJAHHOM 3Talle IPUMEHEHHs ONpeaeTUTh
KpYTIHBbIE CKOIUIEHHUS JKEJIE3HBIX MPEIMETOB, HO MO3BOJSET YBEPEHHO BBIABIATH KOHTYPHI
MOAKYPTaHHBIX SIM U Kamep. DTO XOPOIIO MoKa3ajo ceOs IPH HUCCIEeA0BAaHNN KaMEPHBIX IO~
rpebenwuii JI-206, JI-207, JI-206 B Jlecnoit kyprannoii rpynme B 2017 . OnHako, HeJIb3s He
OTMETHTb, YTO PE3YIBTATHI AIEKTPOPA3BEAKH TMOITYUYEHbI HAa TPAaHU METOJIa B YCIOBUSAX IeC-
YaHBIX OJHOPOJHBIX IPyHTOB. [IprMeHeHne MEeTOqOB pa3BenoyHOll reodusuku Tpedyer B
Ka)XJIOM KOHKPETHOM CIJIyyae TOYHOW KaJIMOPOBKH M OTICIBHBIX HACTPOCK IS MONTYyUCHHS
pe3yIbTaToB.

Novikov V.V.*, Kainov S.Yu.**, Vlasov D.A.*,
Sergeyev K.S.***, Gorin AD***
*”Energotransproject” Engineering Company
**State Historical Museum

*** Gubkin Russian State University of Oil and Gas
Moscow (Russia)

RESULTS OF THE ELECTRICAL SURVEY OF THE GREAT
BARROWS IN THE CENTRAL AND FOREST BARROW GROUPS
OF THE GNEZDOVO ARCHAEOLOGICAL COMPLEX

The study of cultural heritage objects by methods of modern geophysical survey is one
of the most important directions in archeology, which plays a special role on sites that were
subject to long-term anthropogenic and technogenic impact.

The Gnezdovo Archaeological Complex is the largest site of the Viking Age and the
formation of the Old Russian state in the 9th—11th centuries. It is located in the center of the
transcontinental trade route “from the Varangians to the Greeks” in 12 km from modern Smo-
lensk. The site has a complex structure that unites a burial mounds and several settlements.
The complex of sites is located on both banks of the Dnieper River and stretches along it for
5.9 km. The total area of the complex is about 439 hectares.

The barrow cemetery of the archaeological complex is the largest in Europe: at the be-
ginning of the 20th century it had from 4500 to 5000 burial mounds, which are divided into
eight kurgan groups, the largest of which are the Central and Forest Barrow Groups.

The burial mound was formed from the soil taken around it — this is how a ditch (mainly
circular in shape) appeared, the depth and width of which depended, respectively, on the
height of the embankment. Mounds contain burials in the rite of cremation or inhumation.
The overwhelming majority of mounds in the territory of the Gnezdovo complex bear traces
of anthropogenic impact: many embankments are damaged (and sometimes completely de-
stroyed), their surface is heavily littered, and a significant number were excavated by imper-
fect methods of the 19th century.

A special place among the mounds on the territory of the archaeological complex is
occupied by the so-called “Great Barrows”. These are elitist burials of the early medieval
nobility of the 10th century. They stand out clearly against the background of the landscape
due to their metric indicators — the height of at least 3 m and above 6 m and a diameter of 15
m and above 25 m. These barrows are characterized by a multistage funeral rite, a complex
embankment structure and the exceptional nature of the grave goods. In most cases, the rite
of burial is cremation in situ. In Gnezdovo we know the largest number of “Great Barrows”
in Russia — not less than 20 burial mounds.

The list of mounds studied included: the 11-41(20)120)/Cu3-1885 (“Bolshoi Sizovsky”)
mound, the Bezymyannyi mound in the Central Barrow Group, the “Bolshoi Mound” and the
JI-210 mound in the Forest Barrow Group.

Methods of geophysical prospection for the study of “Great Barrows” in the territory of
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the Gnezdovo archaeological complex are presented by electrotomography as the most ef-
fective technique. It has a number of tangible advantages because the work is going in condi-
tions of high contamination of mounds, which does not allow the frequent use of other meth-
ods (for example, magnetometry). The method confidently determines the disturbances of
barrow embankments associated with late damaging or earlier excavations of the 19th — early
20th centuries. It allows to clearly identify such structural elements of the burial mounds as
ditches. The definition of a burial rite in some cases is not precise. The method does not allow
to interpret the structural features of the burial construction, which are revealed during exca-
vations. If the Great Barrow contains cremation in place, the bonfire layer is quite confidently
fixed by separate anomalies. The method did not allow to determine large accumulations of
iron objects at this stage of application, but allows to identify confidently the contours of the
underbarrow holes and chambers. This proved to be a good result in the study of chamber
burials of JI-206, JI-207, JI-206 in the Forest Barrow Group in 2017. However, it should be
noted that the results of the electrical survey were obtained on the verge of the method in
conditions of sandy homogeneous soils. The application of geophysical prospection meth-
ods requires precise calibration and separate settings on a case-by-case basis to obtain good
results.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.74-76
HoBuxkos B.B.*, HoBukoBa M.B., Kannos C.10.**
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METOAUKA 3D-PEKOHCTPYKIIMUU OBFBEKTOB APXEOJIOT'MU
HA ITPUMEPE BOEBOI'O HAT'OJIOBbS U3 MOI'MJIBHUKA «KAPJI MAPKC»

OOBEKTHI apXEOJIOTHU M3 PACKOMOK B OOJBIIMHCTBE CIIyYaeB JOXOAAT 10 HAIIMX JHEH
B CHJIBHO TIOBPEKACHHOM WM (PparMeHTUPOBAHHOM COCTOSIHHH. B 3THX YCIOBUSIX YCHIIHS
pecTaBpaTopoB MMO3BOJISIOT 3aKOHCEPBUPOBATh 0OBEKT apXECOIOTHUECKOTO HACIE ML, HO Bep-
HYTbh €My [I€PBOHAYATbHBIA OOJUK 3a4aCTYI0 HEBO3ZMOXKHO.

B 2015 r. orpsan Unctutyta apxeonoruu PAH nox pykxoBoactsom M.B. PykaBumnunko-
BOI HccienoBan MormibHUK «Kapin Mapke» B KpacHogapckoMm kpae. B onnom u3 nmorpebe-
HUH, 1aTUpOBaHHOM HccienoBarensiMu [X—X BB., OblI 0OHAPYKEHBI CUIBHO MOBPEKACH-
HBIE ()parMeHTHl OOEBOTO HATOJIOBBS U KOJIBIYKHOH OapMUIIBL.

[Tpu momemennu B morpebeHue muieM ObUT HAMEPEHHO Pa3pylICH, 3aTeM IOJBEprcs
BO3/ICHCTBUIO OT'HS U B HACTOSIIIEE BpeMs MIPEACTaBISIET cOOOH HETOMHBIN KOMIUICKT: Ooree
35 ¢parmMeHTOB caMOro IIjIeMa U OOJIBIIOE KOMUYECTBO (PParMEHTOB KONBYYKHOTO MIICTCHHS
ot Gapmubl. Takne 3HaYUTENbHBIC YTPaThl U AedopMmanys AeTar0T PEKOHCTPYKIHIO C MPHU-
MEHEHHEM PECTaBPALMOHHBIX METO/I0OB HEBO3MOYKHOM.

YToOBl BOCCTAHOBUTH KOHCTPYKTUBHBIE 0COOCHHOCTH U OOJIHMK 0OEBOTO HArOJIOBbSI, He-
00xouMo OBLIIO pa3padoTaTh METOAMKY €ro moaTanHoi 3D-pexkoHcTpykuuu. KoMiuteke koH-
CepBalOHHBIX paloT, a TaKXKe peHTreHorpaduuecKoe NCCleloOBaHue sl HaBepIIus MOKa-
3aJiM, 4YTO KOpIycC nuiemMa copMUpoBaH M3 YETHIpEX MIACTUH, MPUUYEM TEPETHSS U 3aHSIS
MJIACTUHBI UMEIOT BOJIHUCTBIE Kpasi. DTO MO3BOJIMIIO OMPEASIUTh TUIIOJIOTUYECKYIO TPHHA/I-
JISKHOCTH 0OEBOTO HATOJIOBBSI.

CaMBIM CIIOKHBIM 3TallOM PEKOHCTPYKIIMHU OKa3aJI0Ch BOCCTAHOBICHHUE (POPMBI LITIEMa,
3aTpyAHEHHOE €ro CHIIbHOU aedopmarueid. st 3Toro Mbl H3MEPUIIM PACCTOSTHUE MEXKITY 3a-
KJIeTIKaMH (MJIM OTBEPCTUSIMH ISl HAX) Ha KaKJOW MIacTHHE M, CYMMHPOBAB PE3yJIbTaThl,
MOJTYYMIIH JUTMHY OKPY:KHOCTH HarojioBbsi. TakuM 00pazoM Mbl u3Mepwian 10 AIuH OKpyx-
HOCTH T10 TOBEPXHOCTH TI0 BCEW BBICOTE IIJIEMa, OTKJIa/(bIBasi paBHbIE PACCTOSIHHSI OT BEpX-
Hel KPOMKH (XOpOILIO COXpaHMBIIEHCS, B OTIMYME OT HHUXKHEH, YaCTUYHO yTpaueHHOM).
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[TonbITKM U3MEPHUTH JUTHHY OKPYXHOCTH C OpUEHTAlMel Ha 3aKJIeTKH WK (EeCTOHBI AajH
HEKOPPEKTHBIE PE3YJbTaThl, TIOCKOJIBKY 3aKJICMKH PacIoNiaraloTcsl Ha pa3Hoi BbIcoTe, a (de-
CTOHBI UMEIOT HEOJMHAKOBbIe pa3Mepbl. PopMa OKPYKHOCTH MPUOIH3UTENBHO MOBTOPSIET
OKPY’KHOCTb TOJIOBBI YelIOBEKa 1 ObLIa BOCCTAHOBJICHA 10 aHAJIOTHYHBIM 00pa3iaM.

CrnengyromyM 3TarnoM paboThl CTalO CO3JaHHE BCEX COCTABISIONIMX IIJIEMa B CAMOM
o0ImeM BHJie ¢ mochenyomei neranusanueil. [IockoabKy Bce pesieBaHTHBIE YacTH COXpa-
HWJINCH, BOPOCOB HA 3TOM M MOCIEAYIOMMX 3Tanax He BO3HHMKai0. HexBaTka HECKOIBKUX
3aKJIETIOK W TIeTEeNb B JAHHOM CJIy4ae POJId HE Urpaia, IOCKOIbKY OHH JIETKO BOCCTaHABIIH-
BAJIMCH 110 COXPAHUBIIMMCS JIeMeHTaM. B pesynbrare Obu10 cMoaeIHpoBaHo 32 pa3sMepHBIX
netany nieMa u okoso 6000 koser 6apMuUIIbl.

OuHANTBHBIM 3TAIOM CTaJI0 TEKCTYPUPOBaHKE MOJICTH (TIPHIAHHUE €€ TIOBEPXHOCTH (ak-
TYPHBIX 0COOEHHOCTEH 1 HYKHOM LIBETOBOH OKPACKH) € TIOCIEAYIOINM PEHIEpOM (TIpocye-
TOM MOJIEJIN) JUIsl TIOJTyYEHHs CEPUU N300paKeHNH B Pa3HbIX paKypcax v BUAAX.

Jnst paboThl OBLIO MCHOJIB30BAHO IMOCIENOBATEIBLHO TPU MPOTPAMMHBIX KOMILIEKCA:
Autodesk 3DS MAX, Zbrush u Substance painter.

B pesynbrare Oblia monyueHa BeICOKOAETaNM3UpoBanHas 3D-mozaens 00eBOro Harono-
Bb$I, IOTPEIIHOCTD MPH ITOCTPOCHNUHU KOTOPOi He TipeBbickiia 0,5 cM. Mozenb MOKeT HCTIOIb-
30BaThCs IS JEMOHCTPALUH CTPYKTYPHBIX OCOOCHHOCTEH 1 3TaroB COOPKH, PEIOCTABISIS
camble NIMPOKKE BO3MOKHOCTH JIJIsl HAYYHOU paOOThI U MyOIHMKaIHH.

Novikov V.V.*, Novikova M.V., Kainov S.Yu.**
*”Energotransproject” Engineering Company
**State Historical Museum

Moscow (Russia)

METHODOLOGY OF 3D-RECONSTRUCTION
OF ARCHEOLOGICAL OBJECTS ON THE EXAMPLE
OF COMBAT HEAD FROM “KARL MARX” BURIAL GROUND

Archaeological objects from excavations in most cases come to this day in a severely
damaged or fragmented state. Under these conditions, the efforts of restorers make it possible
to conserve an archaeological heritage object, but it is often impossible to restore its original
appearance.

In 2015, a detachment of the Institute of Archacology RAS headed by I.V. Rukavish-
nikova investigated the “Karl Marx” burial ground in the Krasnodar Krai. In one of the buri-
als, dated to the 9th—10th centuries researchers were found severely damaged fragments of
combat head and chain mail aventail.

The helmet was intentionally destroyed when it was buried, then exposed to the fire and
now represents an incomplete set: more than 35 fragments of the helmet itself and a large
part of chain male of aventail were lost. Such significant losses and deformations make re-
construction with the use of restoration methods impossible.

To restore the design features and appearance of the combat head, it was necessary to
develop a method of its phased 3D-reconstruction. The complex of conservation works, as
well as X-ray examination for the tip of the helmet showed that the body of the helmet is
formed of four plates, with the front and back plates have wavy edges. This made it possible
to determine the typological peculiarities of the combat head.

The most difficult stage of reconstruction was the restoration of the helmet shape, which
was hampered by its severe deformation. To do this, we measured the distance between the
rivets (or their holes) on each plate and summed up the results to obtain the length of the head
circumference. In this way, we measured 10 circumference lengths over the entire height of
the helmet, leaving equal distances from the top edge (well-preserved, as opposed to the bot-
tom, partially lost). Attempts to measure the length of the circle with the orientation of the
rivets or festoons gave incorrect results, because the rivets are located at different heights and
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festoons have different sizes. The shape of the circle approximately repeats the circumfer-
ence of a person’s head and has been restored on similar samples.

The next step was to create all the components of the helmet in the most general form
with further detail. As all the relevant parts remained intact, no questions were raised in this
and subsequent phases. The lack of several rivets and loops did not play a role in this case, as
they were easily restored using the remaining elements. As a result, 32 helmet sizes and about
6000 aventail rings were simulated.

The final stage was the texture of the model (giving its surface texture and color) with
the subsequent rendering (model calculation) to obtain a series of images in different angles
and views.

Three software complexes were used for the work: Autodesk 3DS MAX, Zbrush and
Substance painter.

As a result, a highly detailed 3D-model of the combat head was obtained, the error in
the construction of which did not exceed 0.5 cm. The model can be used to demonstrate the
structural features and stages of assembly, providing the widest possible opportunity for re-
search and publication.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.76-77
Hanun /J1.B., BopooseB [.A., Kpynouxkun E.II.
Anmaiickutl eoc. yH-m

bapuayn (Poccus)

OINIBIT NIPUMEHEHMS BILJIA B APXEOJIOI'UU:
OB30P BO3MOKHOCTEN U METOJMKA UCCJIEJOBAHUM

[Tpumenenue 6ecnuIOTHBIX JieTarenbHbIX anmapatoB (BI1JIA) B pa3HbIX oTpacisx co-
BPEMEHHON HAayKH M MPAKTHYECKOH JEATENIbHOCTH CTalno HOpMOH. OCOOEHHO aKTyaJbHBIM
MPEACTABISETCS UCIIOIb30BaHHE OCCIMIOTHUKOB (APOHOB) B MEKIUCIUIUIMHAPHBIX HCCIIEe-
JIOBAaHHUAX OOBEKTOB apXEOJOTMYECKOTO HACIEAHS, MPEANONAraloIiX pa3InuHble BUIbI Che-
MOK — OT TipocToii (hoTohUKCaAMN apXEeOJOTHYECKIX aMATHIUKOB Ha CTaIUN apXeoJIoruye-
CKOH pa3BeJKu 10 MYJIBTHCIEKTPAILHON ChEMKH U a3PO-MarHUTOMETPHH B IOPACKOTIOUHBIX
o0cIe1oBaHusIX U T.A4. BObIIMM MOACTIOpBEM CTaJI0 NCTIONIB30BAHUE CIICUAIBHBIX PEXKUMOB
BITIJTA-cbemMKH B pe3ynbTraTe KOTOPBIX BO3MOXKHO CO3JJaHHE MPOAYKTOB (OTOTpaMMeTprye-
CKOIl 00paboTKH, TaKKX KaK OpTOQOTOIIaHbl, HU(PPOBBIE MOAEH penbeda, 3D-Moxenu uc-
ciempyeMoro nangmadTa 1 ap. Bee 3To HemMaaoBakHO JUTsI pelIeHUsI LIeJIOro CIEeKTpa 3a/1a4, B
YaCTHOCTH, MMEIOIINX OTHOILIEHHE K JaHAma(GTHONW apXeolOorHi, MOHUTOPHUHTY COCTOSTHHS
apXEOJIOrMYECKUX MaMSTHUKOB, TIOUCKY M KapTOrpapHpOBaHUIO HOBBIX WM Majo H3ydYeH-
HBIX apXCOJIOTHUECKUX OOBEKTOB. B KOIIEKTUBHOM JOKIa/Ae TPEICTaBICH KpaTkui 0030p
OCHOBHBIX HampaBlieHHH OECIMIOTHON ChEMKH B apXCOJIOTHH C aKIICHTOM Ha TOJy4eHHBIH
ombIT ucnionb3oBanusi BITJIA konTepHOro THna Ha IpUMepe MOJAECTBHBIX TUIOMAaI0K AJTasl.
bonbiioe 3HaueHHE YNENEHO TEXHOJIOTMUECKOMY U METOAMYECKOMY OOECHEYEHHIO ecTe-
CTBEHHOHAYYHBIX MCCIICAOBAHUN C UCTIOJNIb30BAHUEM OECIHMIOTHBIX TEXHOJIOTHH, OTMEUCHBI
OCHOBHBIE MTPOOIEMHBIC MECTa X BO3MOXKHBIE ITyTH UX PEILICHHUSI.

[IpeacraBnennas paboTa 1 pe3ybTaThl HCCIEIOBaHUH 0a3UPYIOTCS KaK Ha TIMIHOM OITbI-
Te BITJIA-cheMKH apXeonornuecKuX 00BEKTOB U KOMIIEKCOB, TaK U C yUETOM COBPEMEHHBIX
JOCTIKEHUH U TIEPCIIEKTUBHBIX Pa3paboToK B 3TOM obnactu B Poccun u 3a pybesxom. Ilon-
YepKUBAETCSl HEOOXOAMMOCTb KOHBEPIEHIIUM METOANYECKON U TEXHOIOTHYECKOH OCHOB ap-
X€O0JIOTHH, (POTOrpaMMETPHUH, KapTorpaguu 1 reonH()OPMaTHKH.

76



Papin D.V., Vorobiev D.A., Krupochkin E.P.
Altai State University
Barnaul (Russia)

EXPERIENCES WITH UAVS IN ARCHAEOLOGY:
OVERVIEW OF POSSIBILITIES AND RESEARCH METHODOLOGY

The use of unmanned aerial vehicles (UAVs) in various fields of modern science and
practice has become the norm. Particularly relevant is the use of drones in interdisciplinary
research of the objects of archacological heritage, which involves various types of survey-
ing — from simple photographing of archaeological sites at the stage of archacological survey
to multispectral survey and aeromagnetometry in pre-excavation prospections, etc. A great
help was the use of special modes of UAV-photographing as a result of which it is possible
to create products of photogrammetric processing, such as orthophotoplans, digital elevation
models, 3D-models of the landscape under study, etc. All this is important for the solution
of a whole range of problems, in particular, related to landscape archaeology, monitoring of
the state of archaeological sites, search and mapping of new or poorly studied archaeological
areas. The collective presentation provides a brief overview of the main areas of unmanned
aerial imagery in archeology, with an emphasis on the experience gained in the use of the
copter-type UAV on the example of test sites in Altai. The great importance is given to tech-
nological and methodical support of natural-science researches with use of unmanned tech-
nologies, the basic problem questions and possible ways of their decision are noted.

The presented work and research results are based on both personal experience of the
UAV-survey of archaeological sites and complexes, and taking into account modern achieve-
ments and promising developments in this field in Russia and abroad. The necessity of con-
vergence of methodological and technological bases of archeology, photogrammetry, cartog-
raphy and geoinformatics is underlined.
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YINYHASA CETb CPEJHEBEKOBOI'O HOBI'OPOJIA
U TEOPAJTAPHBIN ITOUCK: PE3YJIBTATHI HCCJIEJTOBAHUIA

Jlokia nocesieH anpodanuy METOAUKU Fe0palapHOro OUCKA CPEIHEBEKOBbIX YIUY-
HBIX Tpacc B KyJIBTYpHBIX aHa3pPOOHBIX OTIOKEHHSIX O0oJbInoil MomrHocTH. [Ipobrema pe-
KOHCTPYKIIMU YIUYHON CETH CpeHeBeKOBOro HoBroposa npencTaBisieT OuH U3 KIIFOYEBBIX
BOIIPOCOB rOpOACKON Tonorpaduu. MHOroneTHUE UCCIIEN0BAHUS [10KA3aJId, YTO [10JOOHbIE
PEKOHCTPYKIIUH BO3MOXKHBI JIUIIIb C TPUMEHEHHEM KOMIUIEKCHOTO aHaJIN3a BCEX BOZMOYKHBIX
HCTOYHHKOB, OTHAKO PEIIAIOIINM JJOBOIOM OCTaeTCs (PU3MUECKOe BBISBJICHHE YIUYIHOM Tpac-
CBI B rpaHuIax mypda uim packona. TpaaulnoHHas METOANKA MTOMCKA YIIUI] TPEAToaraet
3aJI0’KeHHE Pa3BEOYHBIX IIyp(HOB 1 TPaAHIIEH, 3a4aCTyI0 3HAYUTEIHHON MPOTSHKEHHOCTH, HO
JlaKe C TPUBJICUCHUEM JIAHHBIX MUCbMEHHBIX U KapTorpa)uueckux UCTOYHUKOB MOJJOOHBIC
paboTHI KpaifHe BPEeMSIEMKH U TPYA03aTPaTHBI.

VYimuHas ceTb cpeaHeBexoBoro HoBropoaa xapaxkrepusyercs: NEpUOANYECKOH CMEHOM
JICPEBSIHHBIX HACTUJIOB, KOTOPBIEC B pe3ylibTaTe 00pa3yloT 3HAYNTEIbHbIE BEPTHKALHBIE CKO-
IJICHUS JIPEBECHHBI B OPTraHUYECKOM KYJIBTYPHOM CJI0€ O0MbIIoi MOIHOCTH (10 9 Mm). Tex-
HOJIOTHUSI T€OPaAAPHOTO TONUCKA CKPBITHIX YIWYHBIX TPAcC OMHPACTCS MMEHHO HA 3Ty OCO-
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OCHHOCTB, TIOCKOJIbKY Pa3pO3HEHHbIC ()pParMEHTHI IPEBECHHBI HE TIO3BOJISIOT BBISIBUTH UX B
MOIIIHBIX OTJIOKEHUSIX.

Amnpobanust TexHonoruu npoussoaunacsk B 2017-2018 rr. [Ipaktruyeckoe npuMeHeHHE
reopajaapa AJisl MOMCKa CPEeTHEBEKOBBIX YIIUII MO3BOIMIO cPOpMYIMPOBATH KOMIUIEKC MPO-
071eM, CBSI3aHHBIX KaK ¢ COOCTBEHHO TEXHOJOTHEH, TaK M C METOAMKOH apXeoJOrHYeCKOH
Pa3BEeIKH MO pe3yabTaTaM MpeIBapUTEIbHOr0 HEJECTPYKTUBHOTO aHAIN3a TEPPUTOPHH.

Petrov MLL.*, Khlebopashev P.V.**
*The Novgorod Museum-Reserve
Veliky Novgorod (Russia)

**The Institute of Oceanology RAS
Moscow (Russia)

MEDIEVAL NOVGOROD STREET NETWORK
AND GPR SURVEY: RESEARCH RESULTS

The presentation is devoted to the testing of methods of georadar survey for medieval
street routes in cultural anaerobic deposits of high thickness. The problem of reconstruction
of the street network of medieval Novgorod is one of the key issues of urban topography.
Long-term studies have shown that such reconstructions are possible only with the use of
a comprehensive analysis of all available sources, but the decisive argument remains the
physical identification of the street route within the boundaries of the test pits or excava-
tion trenches. The traditional method of street survey involves the laying of excavation pits
and trenches, often of considerable length, but even with the use of written and cartographic
sources such work is extremely time-consuming and labor-intensive.

The street network of medieval Novgorod is characterized by a periodic change of wood-
en decking, which as a result form significant vertical wood accumulation in the organic cul-
tural layer of high width (up to 9 m). The technology of georadar survey for hidden street
routes is based on this feature, because separate fragments of wood do not allow to reveal
them in thick cultural sediments.

The technology was tested in 2017-2018. Practical application of GPR to search for
medieval streets allowed to formulate a complex of problems associated with this technique
itself, and with the method of archaeological survey by the results of preliminary non-de-
structive analysis of the territory.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.78-80
onun C.B.*, laparan M.H.*, bounaps K.M.**
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**Kueeckuil Hay. yH-m um. T. Illesuenxo

Kues (Vkpauna)

INPOCTPAHCTBO CKU®CKOI'O MOI'MJIBHUKA EKATEPUHOBKA
IO JAHHBIM MATHUTOMETPUHU U APXEOJIOI'MYECKHUX PACKOIIOK

Ckudceknit kypranusiii MorunbHUK ExarepunoBka (Hukononbckuii p-u J{HenponeTpos-
CKO# 0011., YKpauHa) — nepBblii TaMATHUK Ha Tepputopun CKuduH, rae JaHHbIE MAarHUTO-
METpUH ObLTH MPOBEPEHBI pacKoNKaMu. MarHutomeTpuen 3adukcupoBaHo 29 aHoManui,
COOTBETCTBYIOIMX MOJHOCTHIO YHUYTOKEHHBIM pacHallkod KypraHaM Ha TEPPUTOPUH MO-
THJIBHUKA, I7I€ COXPaHWJIOCh TOJIBKO CEMb BUIMMBIX HACHIEH.

B pesynbrare mogHOrO apXxeoJorMYecKOro HCCIIEOBaHUS Bcex aHoManuid B 2017—
2018 rr. BesiBIEeHO 24 ckudekux Kyprana [V B. 10 H.3. B o1HOM ciy4ae KOMIUIEKC aHOMaTUi
COOTBETCTBOBAJ Kyprauy 31moxu OpoH3bl. Elile msaTh aHOMaIH{ CBSI3aHBI C KOMIUIEKCAMH 30-
soroopasiHckoro Bpemenu (XIII-XIV BB.).
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MecToHaxoxk/eHUe OONbIICH YaCTH aHOMAJIMi, COOTBETCTBYIOIIMX CKH()CKUM Kypra-
HaM, HHKaK He MpOSBISUIOCh HU B penbede, HU 1O IBETy MouBbl. HO Bce OHM OKa3aimch
3aXOPOHEHHSMHU T0J] YHUUTOKCHHBIMU B PE3YJIbTaTe PacHallKi KypraHHBIMH HACBIISIMU B
no0osIX WM B KaTakoMOax, HepeAKo BechMa 3HAUUTENbHON TyOuHbl 10 4,0-4,5 M 0T 10-
BEpXHOCTH. B cemu Kypranax oOHapyKeHbI KOJIbIIEBbIC PBbI. B 07IHOM ciiy4yae ObUT OTKpPBIT
POB CKU(CKOTo BpeMeHH 0e3 MorpedeHusl B ero mpeaenax.

OcranbHble CKU(CKUE KypraHbl MOJTHOLICHHBIX PBOB HE UMeNH. Bo3iie HUX MarHuTome-
TpHel 3aUKCUPOBaHBI OKOJIOKYPraHHbIC BHIEMKH, B OCHOBHOM C CEBEpHON CTOPOHBI, OCTaB-
HIMECs TOCIIE B3SATHS TPYHTA ISl COOPYKeHUsI Hachiu. HOKHee TakuX BBIEMOK OBbLIN OTKPbI-
THI ICTCKHE M KEHCKHE MOrpedeHH s B MOJ00sX U KaTakoMOaX He3HAYMTENIbHBIX pa3MEpOB U
[TyOWHBI.

Pe3ynbrarsl reOMarHUTHON ChbEMKH M apXEOJIOTHYECKUX UCCIIEI0BAaHUI aHOMAIHN J10-
Ka3bIBAIOT, YTO MEKKYPraHHOE MPOCTPAHCTBO BHMMBIX KYPraHOB HACBIIICHO KypraHamu
MEHBIIETO pa3Mepa M Xy/IIIeH CTeeHH COXPaHHOCTH. DTH Ke JaHHbIC MO3BOJISIOT CENaTh
BBIBOJI, UTO BCE 0€3 MCKIIIOUCHHMSI KypraHHbIC MOTHJIBHUKH, KOTOpBIC OBUIM PAaCKONAHbI Ha
HOBOCTpOIKax YKpauHbI 3a nocieanue 50 JeT, ucciaeoBaHbl B JIyYlleM CiIyvae HarmoJOBHU-
HY, TIOCKOJIbKY OOJIBIIIOE KOJIMYECTBO PAa3pPyIICHHBIX U ITOJHOCTHIO YHUUTOXKCHHBIX HACKITICH,
OCTaBIINECs HEBUAMMBIMH JUIsl apXEOJI0TOB, HE ObUTH HccienoBanbl. [1oaToMy mo0ble BbI-
BOJIbI OTHOCHUTEIIHHO TTOJIOBO3PACTHOM CTPYKTYPBI OMYJISIIIUH, OCTABUBILCH 3TH MTaMSITHUKH,
WIIK JKe 10 JieMorpaduu IPEeBHETO HACENICHUS B LICJIOM HEJb3s CUUTATh 000CHOBAHHBIMH,
MOCKOJIBKY OHH OITUPAFOTCS JIMIIb HA YaCTUYHBIC JAHHbIC.

DTO0 HaTaNKUBAaET Ha HEOOXOIUMOCTh 00s3aTEIBHOTO MPEIBAPUTEILHOTO MarHUTOMe-
TPUYECKOTO OOCIICIOBAHUS TEPPUTOPHI KYpPraHHBIX MOTMIIBHHKOB, KaK C ILIEJIbIO0 BEPHOU
OLICHKHU KOJINYECTBA KypraHOB, TaK M JUIs OOJIee TOHOM PEKOHCTPYKIIUH X TIPOCTPAHCTBEH-
HOH CTPYKTYpBI.

Polin S.V.*, Daragan M.N.*, Bondar K.M.**
*[nstitute of Archaeology NAS of Ukraine
**Kiev National University

Kiev (Ukraine)

THE SPACE OF THE SCYTHIAN BURIAL GROUND
OF EKATERINOVKA ACCORDING TO THE MAGNETOMETRY
AND ARCHEOLOGICAL EXCAVATIONS

Scythian burial mound Ekaterinovka (Nikopol District, Dnepropetrovsk Region, Ukraine)
is the first site on the territory of Scythia, where the data of magnetometry were checked by
excavations. Magnetometry has recorded 29 anomalies corresponding to the mounds com-
pletely destroyed by plowing in the territory of the barrow cemetery, where only seven vis-
ible mounds have been preserved.

As a result of a complete archaeological study of all anomalies in 2017-2018, 24 Scyth-
ian burial mounds of the 4th century BC were discovered. In one case, the complex of anom-
alies corresponded to the Bronze Age mound. Five more anomalies are connected with the
complexes of Golden Horde time (13th—14th centuries).

The location of most of the anomalies corresponding to the Scythian barrows did not ap-
pear in any way in the relief or in the color of the soil. But all of them contain burials under the
barrows destroyed as a result of ploughing in form of chamber graves — niches or catacombs,
often quite a significant depth of 4.0—4.5 m from the surface. Seven mounds were surrounded
by ring ditches. In one case the ditch of Scythian time was opened without burial inside.

The rest of the Scythian barrows did not have recognizable ditches. Near them, magne-
tometry recorded the traces of previous digging, mainly on the northern side, which remained
after the removal of soil for the construction of the barrow. To the south of these pits, children
and female burials were discovered in small chamber graves.
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The results of geomagnetic survey and archeological excavations of anomalies prove
that the space between of visible mounds is saturated with smaller and worse preserved bar-
rows. The same data allow to draw a conclusion that practically all barrow cemeteries which
have been rescue excavated in Ukraine for last 50 years, are investigated at the best half as
the considerable quantity of the completely destroyed burial mounds remained invisible for
archeologists, have not been investigated. Therefore, any conclusions regarding the sex and
age structure of the Scythian population left these sites, or the demographics of the ancient
population as a whole, cannot be considered reasonable, as they are based only on partial
data.

This makes it necessary to carry out a preliminary magnetometric examination of the
burial mound areas, both to correctly estimate the number of mounds and for a more com-
plete reconstruction of their spatial structure.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.80-82
IIpacoJios .B.

Llenmp 6armcxoli u CKaHOUHABCKOU ApXeonocuu
LlInessue (I'epmarnus)

HUncmumym apxeonocuu PAH

Mocxea (Poccus)

I'nC B PEKOHCTPYKIMHU APXEOJIOI'MYECKOI'O JJAHAIIIA®TA
HA TEPPUTOPHUU BbIBIIEII HEMEIKOI ITPOBUHIIUU
BOCTOYHAS ITPYCCHUSA

K cepenune aBanuaroro cronerus repputopus Bocrounoit [Ipyccuu npencrasnsna co-
0011 oguH 13 HanboIIee MOAPOOHO N3YUEHHBIX PETHOHOB EBPOIIBI ¢ BRICOKOH KOHIIEHTpaLueH
apXeoJIOTHYeCKNX MaMATHUKOB Ha €MHMILY TuToImaau. [IpudanHoil 3Toro ciayxuno, ¢ oxHOM
CTOPOHBI, 0OBEKTUBHO BBHICOKOE KOJTMYECTBO MAMSTHHKOB Pa3HBIX 3II0X, C IPYroi — UHTEH-
CHUBHOE apXe0J0TrN4YeCKOe UCCIIEN0BaHNE TEPPUTOpUN yxke ¢ Hadana XIX B.

HakomnneHnHslil MaccuB apXeoJdorMueckux 3HaHUM XpaHuics kK 1943 . B OCHOBHOM B
BUJIC KOJUICKIIMM HAaXOAOK M apXMBHBIX JOKYMEHTOB B KEHUrcOeprckoMm mysee «lIpyccusi»,
B TO BpeMs KakK JIMIIb CPaBHUTEIBHO HEOOJNbINAs YacTh Marepuana Oblia OMyOJHKOBaHA.
Bcenencreue aToro sBakyanus ¥ MOCIEAyIOIee MCUE3HOBEHHE OOJbIICH YacTH My3eHHOM
KOJUIEKIIMH HaXOJIOK M BCETO apXuBa My3es B KoHIle BTopoii MupoBoii BOWHBI B 3HAUUTENb-
HOM Mepe 3aTOpMO3HIIO Pa3BUTHE apXEOJIOTHH B YKa3aHHOM PETHOHE B IOCIEBOCHHBIN Nepu-
on uccnenoanus. [locie paznenenus teppuroprun Bocrounoit [Ipyccun cornnacHo perieHnto
[Morcmamckoit koHpepeHunu B 1945 1., HONBCKUM U COBETCKUM (IIO3HEE — POCCUICKUM H
JUTOBCKHMM) apXe0JIoraM MPUXOIUIOCH OMTUPAThCS JIHIIb Ha Pe3yIbTaThl COOCTBEHHBIX TIOJIE-
BBIX padoT, a TaKKe Ha BO MHOTOM YK€ HE COOTBETCTBYIOIIYIO COBPEMEHHBIM TpeOOBaHUSIM
JIOBOEHHYIO JIUTEpaTypy.

Curyanus KapAWHAIBHO M3MEHWIACh ¢ oOHapyxeHueMm B 1992 r. 3HaunTENbHON
YacTH CUMTABLIETOCS 0€3BO3BpAaTHO YTepSHHBIM apxuBa myses «lIpyccus» B bepnune.
C aTOro IHS W MO HACTOSIIMKA MOMEHT BEIETCs KpONOTINBas padoTa Mo BOCCTaHOBJIE-
HHUIO COCTOSTHUS apX€0JIOrHYeCKOro UCCIIeJOBaHUS paccCMaTpUBaeMOM TEpPpUTOPUH, B TOM
YHclie ¥ KaK OJHOW U3 MPEANOCBUIOK ISl ee AalibHeHIero uzydenus. [lepsoie paboThI 1Mo
BOCCO3/IaHHIO apxuBa My3ed «lIpyccus» u3 paspo3HEHHBIX U MOBPEKIECHHBIX B CUITy He-
COOTBETCTBYIOIIMX YCIOBUN XpaHEHHs apXWUBHBIX JTOKyMEHTOB B mepuop 1945-1992 rr.
OBUIH MPOBEICHBI COTPYIHUKAMHU apXHBa OCPIMHCKOTO My3es K€ B MEPBbIC TOBI MOCIE
X O0Hapy>KeHUSI.

Ha npuHIMTIHAaTbHO HOBOM COBPEMEHHOM YPOBHE pabOTHI IO PEKOHCTPYKIHH apxe-
ojornyeckoro nanamadra OsBIIeld Boctounoii [Ipyccun nocnenoBaTeabHO MPOBOAATCS €
2012 1. corpynaukamu Llentpa Ganrckoii u ckanauHaBcKo# apxeonoruu (ZBSA) (1LLne3sur)
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u My3es apeBneli u panneit ucropun (MVF) (bepiun) B paMkax noaaepkuBaeMoro Axkase-
MHEH HayK U JIUTepaTypsl I. MaiiHia Hay4yHOro npoekra «[IocToSHCTBO UCCiIeJ0OBaHUS U UC-
ciefoBaHue nocrodHcTBay. Conepikaliasics B apxuBe Myses «lIpyccusy», apxeonoruaeckom
apxuBe okpyra durrxayseH (3arnajgHas 4acTb TEPPUTOPUH coBpeMeHHoro KannHuHrpaacko-
TO 1-Ba), B PAJe IpyTruX BHOBb BBEJCHHBIX B HAay4HBIH 00OPOT MEHee KPYMHBIX apXuBax,
a TaKKe B JIOBOCHHBIX MyONMHMKALMSIX WHPOPMAHS CIYKUT TOCIE ee 000O0LIeHUsI U CpaB-
HUTEJIBHOIO HAYYHOI'O aHAJIN3a BOCCO3JaHUI0 apXEOJIOTMYECKOW KapThl pacCMAaTpUBAEMOM
TEPPUTOPUH.

OnHuM 13 OeCCIIOpHO BaKHEHIITNX HCIIOIb3YEMBIX B IPOCKTE COBPEMEHHBIX TOAX00B
apasiercss [MC. B ocnoBy ['MC-mozmenu TeppuTOpHH JIETIN HEMENKHE Tornorpaduieckue,
reoJI0TUYECKUE, IOUYBEHHbIE U ruaponorudyeckue kaprel XIX — nepsoii nonosussl XX B., a
TakXKe JaHHbIe TOBOEHHOH aspodoTtocbemku. [Ipumenenune texnonorun ['MC nemaer Bo3-
MOKHBIM KaK HEIIOCPEJACTBEHHO ITPOCTPAHCTBEHHOE KAPTUPOBAHUE U3BECTHBIX U BHOBb BBO-
JIMMBIX B Hay4YHBIH 000pOT MaMATHUKOB apXeOJOTHUH YK€ CETrOfHs, TaK M peuieHue Oomee
CIIOXKHBIX UCCIIEIOBATENBLCKHIX 3aa4 B MEPCIIEKTHBE: aHAIN3a 0COOEHHOCTEH apXeonornye-
CKOTO JIaHAmAa(Ta, pEKOHCTPYKLHUIO (QYHKIIMOHATIBHBIX CBSI3eH MEKIY MaMsITHHUKAMH, a TaK-
K€ BIIEPBBIE JUUIsl PETHOHA TPEXMEPHYI0 PEKOHCTPYKLHIO KaK OT/IEIbHBIX IAMSITHUKOB apXe0-
JIOTHUH, TaK U LENbIX OCEIEHYECKNX MUKPOApEaJIOB.

Prasolov L.V.

Center for Baltic and Scandinavian Archaeology
Schleswig (Germany)

Institute of Archaeology RAS

Moscow (Russia)

GIS IN THE RECONSTRUCTION OF THE ARCHAEOLOGICAL LANDSCAPE
IN THE FORMER GERMAN PROVINCE OF EAST PRUSSIA

By the middle of the twentieth century, the territory of East Prussia was one of the most
detailed studied regions of Europe with a high concentration of archaeological sites per unit
area. The reason for this was, on the one hand, the objectively high number of sites of differ-
ent time, on the other hand — intensive archaeological research of the territory since the early
nineteenth century.

By 1943, the accumulated archaeological knowledge was kept mainly in the form of a
collection of finds and archival documents in the Prussia Museum in Koenigsberg, while only
a relatively small part of the material was published. As a result, the evacuation and subse-
quent disappearance of most of the museum’s finds and the entire museum archive at the end
of World War II significantly slowed down the development of archaeology in the region in
the post-war period. After the division of the territory of East Prussia in accordance with the
decision of the Potsdam Conference in 1945, Polish and Soviet (later — Russian and Lithu-
anian) archaeologists had to rely only on the results of their own field work, as well as largely
no longer meet modern requirements of pre-war literature.

The situation changed dramatically with the discovery in 1992 of a significant part of
the Prussia museum archive in Berlin, which was considered to be irrevocably lost. From
this day to the present moment the painstaking work on restoration of a condition of ar-
chaeological research of considered territory is conducted, including as one of precondi-
tions for its further studying. The first works on the reconstruction of the Prussia Museum’s
archive from scattered and damaged archive documents in the period 1945-1992 were car-
ried out by the staff of the Berlin Museum’s archive already in the first years after their
discovery.

At a fundamentally new modern level, the reconstruction of the archaeological land-
scape of the former East Prussia has been carried out consistently since 2012 by the staff of
the Centre for Baltic and Scandinavian Archaeology (ZBSA, Schleswig) and the Museum of
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Ancient and Early History (MVF, Berlin) within the framework of the research project “Con-
tinuity of research and research on continuity” supported by the Academy of Sciences and
Literature in Mainz. The information contained in the Prussia Museum Archive, the Archaeo-
logical Archive of Fischhausen District (the western part of the territory of the present-day
Kaliningrad Peninsula), a number of other smaller archives, newly introduced into scientific
circulation, as well as in pre-war publications, serves after its generalization and comparative
scientific analysis to the reconstruction of the archacological map of the area under consid-
eration.

One of the most important modern approaches used in the project is undoubtedly GIS.
The GIS model of the territory is based on German topographic, geological, soil and hydro-
logical maps of the 19th — first half of 20th centuries, as well as pre-war aerial photography
data. The application of GIS technology makes it possible both to map the archeological sites
known and newly introduced into the scientific circulation today and to solve more complex
research tasks in the future: analysis of the features of the archaeological landscape, recon-
struction of functional links between sites, as well as three-dimensional reconstruction of
individual archeological structures and the whole settlement microareas that is making for
the first time in the region.

https://DOI.ORG/10.25681/IARAS.2019.978-5-94375-289-6.82-83
IIpoxopos P.1O., Jlykomkos A.B., ’Kypoun E.B.
L{enmp nooeoowwvix uccreoosanuii PI'O

C.-Ilemepbype (Poccus)

HUCITIOJIB3OBAHUE AIIITAPATHBIX METOJ1OB ITPOBEJIEHU A
MOJBOJHO-APXEOJIOTI MUECKOM PA3BEJIKH

OCHOBY METOJUKH MOABOAHO-APXEOJIOTHUECKON pa3Beaku LleHTpa moaBOAHBIX Ucciie-
noBaHuii Pycckoro reorpaduueckoro oomectsa (L[ITW PI'O) cocrapmnstoT TexHruecKue (ar-
napaTHble) METO/IbI 00CIICIOBAHUSI:

1. Teneynpasisiemble anmapaTsl — B XOJ€ MTOJIBOJHON pa3BEJKN TEIEBU3MOHHAs yCTa-
HOBKA T03BOJISIET BU3YaJIbHO, 32 CPABHUTEIBHO KOPOTKOE BPEMS, U3yUUTh MIOBEPXHOCTD JTHA
U BCE HaxoJsIIMecs Ha HEM IMpeaMETHl, NOJTYYUTh NMPUBBIYHOE IS YEIOBEKa 3pUTENBHOE
npeacTaBieHre 000 Bcex 0OHaPYKEHHBIX O] BOAOH 00beKTax.

2. T'mapoaxycTuka — METOJ] OCHOBaH Ha U3MEPEHHUH NTPOMEXKYTKa BPEMEHU MEXTy I10-
CBIJIKOM MPSIMOTO M IPUEMOM OTPAKEHHOTO OT JHA YJABTPa3BYKOBOI'O CUTHAJa, MPU UX MPH-
MEHEHUH B BEPTHKAIBHOH IIOCKOCTH MO3BOJISIIOT HE TOJIBKO OMPEesiTh IIyOuHY Ha HCcIie-
JyeMOH akBaTOpUH, HO U MOTYYUTh U300pakeHHe peibeda aHa.

3. TI'mapoMaraurtHas pa3Beaka — OCHOBaHa Ha M3MEPEHHUH HAIPSKEHHOCTH MarHUTHOTO
I0JIs1 B MECTaX MPOBEIEHUS HCCIIeTOBAaHNM.

JlaHHBIE METO/IBI TO3BOJISIOT MPOBOAUTE IUCTAHIIMOHHBIH OCMOTP JHA U BBIABIATH pa3-
JUYHBIE aHOMAJIMH, KOTOPBIE BIIOCIEICTBIH OCMATPUBAIOT BOJI0JIa3bl, TPOBOAUTCS (pOTO— U
BUACOPHUKCAUS 0OHAPYKEHHBIX 00BEKTOB.

KomMriekcHsbIi moxo/1 (MCIOIb30BaHNE METO/IOB AIMapaTHOrO U JUCTAHIIMOHHOTO 30H-
JMPOBaHMS THA) MTO3BOJISIET ¢ HAMOOJIbIIEH TOYHOCTHIO MOMyYaTh HHPOPMAIHIO O 3aTOHYB-
IeM 0OBbeKTe.

B xo1e mpoBoAMMBIX HCCleNoBaHUN (opMHUpYeTCs KapTa OOHAPY>KEHHBIX OOBEKTOB U
IIPOBOAUTCS CUCTEMATUYECKUM OCMOTP CHUJIaMU BOJOJIA3HBIX CIIELIUAIIUCTOB.
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Prokhorov R.Y., Lukoshkov A.V., Zhurbin E.V.
Centre for Underwater Research of the Russian Geographical Society
St. Petersburg (Russia)

USE OF HARDWARE METHODS
FOR UNDERWATER ARCHEOLOGICAL SURVEY

Technical (hardware) survey methods form the basis of the underwater archeological
survey methodology of the Center for Underwater Research of the Russian Geographical
Society (RGS):

1. Televators — during underwater reconnaissance, a television set allows to visually, in
a relatively short period of time, examine the bottom surface and all the objects on it, to get
a habitual visual representation of all the objects found underwater.

2. Hydroacoustics — the method is based on the measurement of the time interval be-
tween the sending of the direct and receiving of the ultrasonic signal reflected from the bot-
tom, when used in the vertical plane allows not only to determine the depth in the study area,
but also to obtain an image of the bottom relief.

3. Hydromagnetic reconnaissance — based on measuring the magnetic field strength at
the sites of research.

These methods allow remote survey of the bottom and identify various anomalies, which
are subsequently examined by divers, photo— and video-recording of the detected objects.

An integrated approach (using hardware and remote sensing methods) allows to obtain
information about the wreck with the greatest accuracy.

In the course of the research, a map of the discovered objects is formed and a systematic
inspection is carried out by diving specialists.

https://DOI.ORG/10.25681/IARAS.2019.978-5-94375-289-6.83-85
Pogunkona B.E.*, Kuceaen J.H.

*Uncmumym apxeonocuu PAH

Mocxesa (Poccus)

OIIBIT TPEXMEPHOM PEKOHCTPYKIVMH KYJIGTYPHOI'O
CJIOSI (ITO PE3YJIBTATAM PABOT HA MHOT'OCJTOMHOM
MOCEJEHHAU KYPHUJIOBKA 2 B KYPCKOM OBJIACTH)

[Tocenenune KypunoBka 2 3aanMaeT ocTaHell IpeBHEN HAATIONMEHHOM Teppackl Ha Tpa-
BOM Oepery coBpeMeHHOro pycna p. Cymka npu BuajaeHud ee B p. [lcen (JieBblid MpUTOK
p. Huenp). Ero o6mias muromans — okojo 2,5 ra, Beicota Han Bomoit — 3,0—4,5 m. [TamsTHIK
nccnenyercs ¢ 2015 1.; BBISIBIEHBI KyIbTypHBIE OCTAaTKH 3110X HEOJIHUTA U OPOH3BI, TPOTO— H
pannecnassHckoro nepuoaa (III-VIII BB.), HoBoro u HoBeiimero Bpemenu (X VII — Bropas
noyioBrHa XX B.).

Kak nns muranupoBaHus MOJEBBIX paOOT, Tak M Ui MOHUMAHUS MaMSATHHKA B LEIOM
BaXHO MPECTABIEHHE O MOIIHOCTH KYJIBTYPHOTO CJIOS M OCOOCHHOCTSIX €ro MpOCTpaH-
CTBEHHOTO pactpenenenns. CTpyKTypa HAIUIACTOBAHWN M XapaKTep COMAEPIKAIIErocs B HUX
Marepuaia U3y4ajrch B TPEX packornax u 35 mouBeHHbIX paspesax (urypdax). Mapopmanms
0 TITyOWHe 3ajeranus MaTepuKa MojlyueHa Takxe nocpenctsoM Oypenns (99 xepHos). B nau-
0oJ1ee BBICOKHX TOUKaxX ocTaHIa oHa cocrapisuia 0,25-0,30 M, Ha CHIKEHHBIX IUIOIIAIKaX —
0,7-0,85 M, B ymmybneHHbIx o0bekTax — 1o 1,9 M. Ha Bceil Teppuropun nocenenus 3adux-
CHUPOBAHBI CJI€bl HHTEHCUBHOHN pacmamiku. OHa pa3pyiiia KyJIbTypHBIA CIIOH Ha TITyOUHY
1o 0,3 M 1 mpuBena K BOZHUKHOBEHUIO TTOYBEHHOW 3pO3WH, B PE3yJabTaTe KOTOPOW HacThb
TYMYCOBOTO TOPM30HTA C BO3BBIIIEHHBIX Y4aCTKOB, BEPOSITHO, OblJIa CMBITA U MIEPEOTIIOKEHA
Ha 0oJiee HU3KUX MTOBEPXHOCTSX.
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O06paboTka JaHHBIX MPOU3BOMIIACH ITPH TOMOIIY TporpaMMHBIX akeToB Autocad Civil
3D u Surfer, o0beaunenne — B reonHpopmanronnoi cucteme QGIS. brina paccuntana cpen-
Hsis TOJIIIIMHA KYJIBTYPHOTO CJIOSl Ha pa3HbIX yyacTKax MaMATHUKA U CO3/[aHa ero TpeXMepHas
PEKOHCTPYKIHSI C YI€TOM 0COOCHHOCTEH MUKpopenbeda. YCTaHOBICHO, YTO BOMPEKH OXKH-
JIaHUSIM, OCHOBaHHBIM Ha pe3yJbTarax MOYBEHHBIX MCCICAOBAaHUN, MOUIHOCTD KYJIBTYPHBIX
OTJIOKEHUI He BCEerja KOppeaupyeT ¢ BBICOTOM TOM MM MHOM yacTH ocTaHIA. BbIsABIEHBI
JIBE 30HBI, I7I€ 3aJIEralollne HIKE MTaXOTHOTO TOPU30HTA HEMOTPEBOKEHHBIE HAMJIAaCTOBAHUS
HMMEIOT 3HaYUTENbHYIO TONMMHY. OJlHA U3 HUX COBMAAAET C 30HOM KOHIEHTpPAllUd MarHuT-
HBIX aHoManmii (pabotsl . Illneesaiicca (Iertunrenckuii yausepcurer), 2013 1), oTpaxa-
IOIIUX, TIO-BUAMMOMY, PACIIOI0KEHUE MTOCTPOEK HOBOTO M HOBEMILIEr0 BpEMEHH.

Vriy6neHHbie 00bEeKThI, Ha HEBCKPBITOM MPOCTPAHCTBE JIOKAIM30BaHHbBIE 110 TIIyOHHE
3aJieraHysl MaTeprKa, MPEBBIIAIONICH CPEIHIOK ISl JaHHBIX yYacTKOB, (YUKCHPYIOTCS IO
BCEH TEPPUTOPHHU MOCENIECHHS U BBHIPAKEHHBIX CKOIUICHUH B 30HaX ¢ Oojiee MOIIHBIM KYJlb-
TYPHBIM CJIOEM He 00pa3yloT. MOXKHO MpeAroararh, YTo IUIoNaika OCTaHIa Obula 3aceieHa
CPaBHHUTEIBHO PaBHOMEPHO, a BBISIBICHHBIE OCOOCHHOCTH paclpe/ielieHHs KYJIbTypHBIX OT-
JIOKEHUH CTaJIM Pe3yIbTaToM BO3JCHCTBHSI KOMILIEKCa ()aKTOPOB HE TOJIBKO aHTPONOTeHHO-
r0, HO M IIPUPOJTHOTO XapaKTepa.

Rodinkova V.E.*, Kiselev D.I.
*Institute of Archaeology RAS
Moscow (Russia)

EXPERIENCE OF THREE-DIMENSIONAL RECONSTRUCTION
OF THE CULTURAL LAYER (BASED ON THE RESULTS OF WORK AT THE
MULTILAYER SETTLEMENT OF KURILOVKA 2 IN THE KURSK REGION)

Settlement of Kurilovka 2 occupies the remnant of the ancient floodplain terrace on the
right bank of the modern Sudzha River at its confluence into the Psel River (left tributary of
the Dnieper River). Its total area is about 2.5 hectares, the height above water is 3.0-4.5 m.
The site has been studied since 2015; the cultural remains of the Neolithic and Bronze Age,
the Proto-Slavic and Early Slavic period (3rd—8th centuries), the new and modern times
(17th — second half of 20th century) were revealed.

Both for planning field work and for understanding the site as a whole it is important to
understand the cultural layer thickness and peculiarities of its spatial distribution. The struc-
ture of the layers and the nature of the material they contain were studied in three excava-
tions and 35 soil sections (pits). Information about the depth of the bedrock is also obtained
through coring (99 cores). It was 0.25-0.30 m at the highest points of the remains, 0.7-0.85 m
at the lowered areas and up to 1.9 m at the deepened places. Traces of intensive plowing were
recorded throughout the settlement. It has destroyed the cultural layer to a depth of 0.3 m and
has resulted in soil erosion, in the process of which some of the humus horizon from upland
areas is likely to have been washed away and re-deposited on lower surfaces.

Data processing was carried out with the help of Autocad Civil 3D and Surfer software
packages, and the integration was done in the QGIS. The average thickness of the cultural
layer in different parts of the site was calculated and its three-dimensional reconstruction
taking into account the peculiarities of micro-relief was created. It has been established that,
contrary to expectations based on the results of soil research, the thickness of cultural sedi-
ments does not always correlate with the height of any part of the remnant. Two zones have
been identified where undisturbed formations below the arable horizon have a significant
thickness. One of them coincides with the zone of concentration of magnetic anomalies (sur-
vey made by J. Schneeweis, University of Gottingen, in 2013), reflecting, apparently, the
location of buildings of new and modern times.

Deepened objects located in the unopened space were localized according to the depth
of the bedrock, exceeding the average for these areas. They were recorded throughout the
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settlement and do not form distinct clusters in areas with a more powerful cultural layer. It
can be assumed that the top of the remnant was relatively evenly populated, and the identified
features of the distribution of cultural sediments were the result of a combination of factors,
not only anthropogenic, but also natural.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.85-86
Capbrues JI.B.*, 3emuoB I[LJL.**, ®aopunuyc E.B.**
*Boponedicckuil 20c. YH-m

Bopowneoic (Poccus)

**luneyxuil 2oc. nedazocuyeckuil

yu-m um. 11.11. Cemenosa-Tan-Lllancroeo

Jluneyx (Poccus)

MOJIEJIMPOBAHUE PASMEIIEHUA APXEOJIOI'MYECKUX TAMATHHUKOB
METOJIOM MAKCUMAJIbLHOM SHTPOIIUU (HA IPUMEPE IOCEJIEHUI
MO3JIHEPUMCKOI'O BPEMEHH JIUIIELIKOM OBJIACTH)

Ilens uccrnenoBaHusl — BBIABICHHE MOTEHIMAIBHBIX MECT PACITIONIOXKEHHS MOCEIEHUN
MO3IHepUMCKOTO BpeMeHu Jlunenkoit oonactu (cepenuna 111 — nagano IV B. H.3., maMsaTHU-
k1 tuna Kamupku—Cenenok) MeToJoM MaKCUMaJIbHON SHTPOIHU.

CBenieHHsI 0 MECTONIONOKEHUHU 148 M3BECTHBIX MO apXEOJOTHYECKUM OTUeTaM MaMsT-
HUKOB (B ToM umcie 107, oOHapykeHHBIX B ipenenax Jlumenkoit o0nacTu) OblJI BHECEHBI B
reorpaduueckyro 6asy JaHHbIX. J{JIst KaXKJ0r0 NaMATHHKA OMPEAEIICHBI €T0 reorpapuyecKue
KOOPJMHATHI, C yKa3aHUEM KJlacca UX TOYHOCTH: | — yCTaHOBJIEHbI aBTOPAaMHU Ha MECTHOCTH
MO CITyTHUKOBOMY HaBHUTaTopy; 2 — KOOPJMHATHI B3THl U3 OTUYETOB, O€3 MPOBEPKH HA MECT-
HOCTH; 3 — yCTaHOBJIEHBI 110 OUCAHUAM MECTOMOI0KEHUS U3 OTYETOB; 4 — MECTOIOJIOKEHHE
YCTaHOBJICHO MPUOIM3UTENBHO, B ClIydae HEJOCTATOYHO YETKOTO OMUCAHUS B OTYETE.

Ha ocHoBe TaHHBIX JUCTaHIIMOHHOTO 30HAUPOBAHUS M TEMaTHYECKUX KapT JAJIs OCYILECT-
BJICHUSI MOJIEIUPOBAHUSI OBUTM TOITOTOBJICHBI I'€OMH()OPMALMOHHBIE CIOU-TPEIUKTOPHI:
«MOJCTUIAIONINE OTIAOKEHHS», «a0CONOTHASL BBICOTA», «YKIOH MECTHOCTH», «IKCIIO3UIIHS
CKJIOHa», «OJIN30CTh BOJOTOKA», «THII MOYBY», «THII JaHamadray. McxonHasle KapThl ObLIH
BEKTOPHU30BaHbI U MEPEBE/ICHBI B PACTPOBBIC CIIOM C paspelieHrueM npuonm3nTensHo 90 m/
MTUKCEIb, B COOTBETCTBHE JaHHBIM paaapHoil Tornorpadudeckoir cbemkn SRTM, uro mo3so-
JIUJIO CO3/1aTh OAHOPOAHBIN HA0OP pacTpoB-NPeAUKTOPOB. [10ArOTOBKA POCTPAHCTBEHHBIX
JIAaHHBIX BBITIONHSJIACH B reonHpopmarimonHoi cpeae QGIS 2.18.

MopenupoBaHie NOTEHIMAIBHO MPUTOAHBIX TEPPUTOPHUI JUId TOCENeHUH Mo3/He-
PUMCKOTO BPEMEHM MO METOJYy MaKCHMMaJbHON SHTPONMHUH OCYIIECTBISIIOCH B MpOrpamme
MaxEnt 3.4.1. B xauecTBe BBOJAHBIX JaHHBIX MCIOJIH30BANACh BBIOOPKA TOUYEK 51 mamsaTHU-
Ka, KOOPJMHATBI KOTOPBIX OTHECEHbI K KJlaccy TOYHOCTH | U 2, 1 HabOp MOATrOTOBICHHBIX
CJIOEB-TIPEAUKTOPOB. [l OLIEHKN MPOTHOCTUYECKOTO KauecTBa MOAETH CIYKHUJ CTaHAapT-
HbIi mokazarens AUC, pu pacueTe KOTOPOTo UCTIONB30BAJIMCh OCTalIbHBIE 56 TOUEK ¢ Ooree
HU3KHM KaueCTBOM MPOCTPAHCTBEHHOW MpUBA3KH (Kiacchl 3 u 4). CTaTUCTUUECKUH BKJIaJ
MapaMeTpoB CPEbl B UTOTOBYIO MOJIENb OLIEHUBAJICS O NTOKA3aTeN0 BAXKHOCTH MPH MEPMY-
Taluu.

B pesynbrare ObIIO BBIACICHO OKOJO 4 THIC. OTAENBHBIX MOTEHIMATBHO MPUTOJHBIX
y4acTKoB pazmepamu oT 0,4 ra 70 2 ThIC. Ta U 001IeH mwiomaapio 25 986 ra, 4To COCTaBIsCT
Bcero 1% ot uccnenyemoit Teppuropun. [1o cTaTucTHUuecKUM KpUTEPHUAM MOJIENb MoKa3aia
BbICOKYI0 HaaexkHOCTh (AUC = 0,895). Hanbomnbmnii BKJ1aa B BBITOJIHEHHBINH TPOTHO3 00e-
CTICUMJIIH CJIOM «THUI Janamadray» (46 %), «omuzocts Bonotoka» (17 %) n «abcomroTHast BbI-
cora MectHOCTH» (13%). Pe3ynprarel MonenrpoBanus OyyT MCIIOIB30BaHbI MIPH IIIAHUPO-
BaHHHM TOJIEBBIX aPXEOJIOTUUECKUX UCCeioBaHui B JInnenkoii odnactu.
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MODELING THE PLACEMENT OF ARCHAEOLOGICAL SITES
BY THE METHOD OF MAXIMUM ENTROPY (ON THE EXAMPLE
OF LATE ROMAN SETTLEMENTS IN THE LIPETSK REGION)

The aim of the study is to identify potential locations of late Roman settlements in the Li-
petsk region (mid 3rd — early 4th century AD, sites of Kashirka-Sedelok type) by the method
of maximum entropy.

Information on the location of 148 sites known from archaeological reports (includ-
ing 107 found within the Lipetsk region) were entered into the geographical database. For
each site its geographical coordinates are determined with indication of its accuracy class:
1 — set by the authors on the ground by GPS-receiver; 2 — coordinates are taken from the
reports, without checking on the ground; 3 — set by descriptions of location from the re-
ports; 4 — location is determined approximately in case of insufficiently clear description
in the report.

Based on remote sensing data and thematic maps, the following geoinformation predic-
tor layers were prepared for modelling: “Underlying Sediments”, “Absolute Height”, “Slope
Steepness”, “Slope Exposure”, “Watercourse Proximity”, “Soil Type”, “Landscape Type”.
The original maps were vectorized and converted to raster layers with a resolution of ap-
proximately 90 m/pixel, in accordance with the SRTM radar topographic survey data, which
allowed to create a homogeneous set of raster-predictors. Spatial data preparation was per-
formed in the geoinformation environment of QGIS 2.18.

Modeling of potentially suitable areas for late Roman settlements by the method of max-
imum entropy was carried out in MaxEnt 3.4.1 software. The input data was a sample of
points of 51 sites, the coordinates of which are classified as accuracy class 1 and 2, and a set
of prepared layers-predictors. To assess the predictive quality of the model, the standard AUC
indicator was used, which was calculated using the remaining 56 points with a lower quality
of spatial information (classes 3 and 4). The statistical contribution of environmental param-
eters to the final model was assessed by the importance of permutation.

As a result, about 4,000 separate potentially suitable sites were identified, ranging in
size from 0.4 ha to 2,000 ha and with a total area of 25,986 ha, which is only 1% of the
surveyed area. By statistical criteria the model showed high reliability (AUC = 0.895). The
greatest contribution to the predictive modelling was made by the layers of “Landscape
Type” (46%), “Watercourse Proximity” (17%) and “Absolute Height of Terrain” (13%).
The results of the modeling will be used in the planning of field archaeological research in
the Lipetsk region.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.86-87
Cadponos A.B.

MI'Y um. M.B.Jlomonocosa

Mocxesa (Poccus)

METOAUKA I'HC-PEKOHCTPYKIUU TEPPUTOPUAJIBHO-
MNOJUTUYECKOM OPTAHU3AIIMA TPEBHUX MAMS I TBIC. H.D.

OO6mmecTBO ApeBHUX Maiid [ ThIC. H.3. TIpeACTaBIsuII0 cO00i OIHY U3 HanOoJee Pa3BUTHIX

KyJABTYPHBIX Tpagunuid Me3oaMepuKu KIacCHYecKOro MEepHoAa CO CIOXKHOW COLMaIbHO-
MTOJTUTHYECKOW OpraHu3aIfeil ypoBHs paHHETo rocynapcTsa. DopMupoBaHue paHHETOCYAap-
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CTBEHHBIX MOJIUTHUH IPUILIOCH HA IIEPBBIE BEKA H.3., a UK UX pacusera — Ha VII-VIII BB.,
[IOCJE Yero IMPOU30LIEN PE3KUN YNanoK, 3aBEPIIUBIIUICS MOYTH IOJIHBIM HCYE3HOBEHU-
€M KJIaCCHUYECKUX MONMTHI Mais K Hayany X B. OcoOyio cI0KHOCTh B M3YYEHUH UCTOPUH
JPEeBHUX Maiisl JaHHOTO TMEpUofa TPENCTAaBISeT CO00M PEKOHCTPYKIHUS TEPPUTOPHATIBEHO-
MOJUTUYECKON OpTaHM3aliy B 30HE HU3MEHHOCTEH — OCHOBHOM pPErnoHe (HOpMHPOBAHHS
paHHUX TocyaapcTB Maisi. Cnabasi apxeolloruueckasi HCCleIOBaHHOCTE psiia obiacTeil pe-
TMOHA, a TaK)Ke OrPaHUYCHHOCTh MHChMEHHBIX UCTOYHUKOB — HEPOrMU(UIECKUX HAAIH-
cell Maiisi, He MO3BOJISIOT JOCKOHAIBHO PEKOHCTPYUPOBATh CXEMY IOIUTHYECKOTO JEIECHUS
30HBI Maiisl, TPaHULBI OTIEIbHBIX LAPCTB U TEHACHLIUN UX U3MEHEHUS, II0JIb3YsCh TPAAULIU-
OHHBIMHU MeTonamu. Hanbosee neiiCTBEHHBIM IIaroM B JAHHOW CHUTYalluH MpPEACTaBIISETCS
MpUMEHEHUE KoMIUIeKkca mporpaMMHbIX cpeacts ['MC, naroiiero HoBble BO3MOXHOCTH IS
MPOBEICHNSI PEKOHCTPYKIIMH HCTOPHYECKOH ONMUTHYECKOH reorpadun Maiist. B noxmnazne Oy-
IyT MpeAcTaBieHbl 0CHOBHBIE dTanbl [ UC-pekoHCTPYKIMHN PErHOHATILHOTO YPOBHSI, OT (hop-
MHUpPOBaHUS 0a3bl JAaHHBIX APXEOJOTMYECKUX MaMSATHUKOB OOJACTH Maiis 10 MPUMEHEHHS
METO/I0B MPOCTPAHCTBEHHOIO aHaJM3a mocpencTBoM MHCTpyMeHToB ['MIC, mo3Bonsromux
chopMyIHpPOBaTh METOJUKY MPOBEACHHUS MOJOOHBIX UCTOPUUECKUX HcclenoBanuil. Takxke
OyZeT yaeJIeHO BHUMaHUE OTPaHMUYCHHSAM, C KOTOPBIMHU CTOJIKHYJICS aBTOp MPU pa3padoTKe
METOAMKH HUCCIEOBAaHUS, C WILTIOCTpaLneil KOHKPETHBIX pe3yasTaToB I UC-pekoHCTpyKIu
TEPPUTOPUAIBHO-TIOTUTHYECKON OpraHU3aluy JPEBHUX Malsl.

Safronov A.V.
Moscow State University
Moscow (Russia)

GIS-RECONSTRUCTION METHODOLOGY FOR
THE TERRITORIAL AND POLITICAL ORGANIZATION
OF THE ANCIENT MAYA OF THE 1ST MILLENNIUM AD

The Society of Ancient Maya of the 1st millennium AD was one of the most developed
cultural traditions of Mesoamerica of the classical period with a complex socio-political or-
ganization of the level of the early state. The formation of early state policies took place in
the first centuries AD, and their heyday peaked in the 7th—8th centuries, after which there was
a sharp decline, culminating in the almost complete disappearance of classical Mayan poli-
cies by the beginning of the 10th century. A particular difficulty in studying the history of the
ancient Maya of this period is the reconstruction of the territorial and political organization
in the zone of lowlands — the main region of the formation of the early Maya states. Weak
archeological research in a number of areas of the region, as well as limited written sourc-
es — Mayan hieroglyphic inscriptions — do not allow to thoroughly reconstruct the scheme
of political division of the Mayan zone, the boundaries of individual kingdoms and trends in
their changes, using traditional methods. The most effective step in this situation is the use
of a set of GIS software tools, which provides new opportunities for the reconstruction of the
historical political geography of the Maya. The author will present the main stages of GIS-
reconstruction at the regional level, from the creation of a database of Mayan archaeological
sites to the application of spatial analysis methods using GIS tools, which will enable the
formulation of a methodology for such historical research. Also, attention will be paid to the
limitations faced by the author in the development of research methodology, with an illustra-
tion of the specific results of GIS-reconstruction of the territorial and political organization
of the ancient Maya.
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OIIbIT ZJOKYMEHTUPOBAHUA IIELIEPBI LHIYJIBI'AH-TALL
N OKPYXAIOWEI'O JJAHAIHA®TA COBPEMEHHBIMU METOJJAMM

[Temepa lynsran-Tam (KamoBa) — maMATHUK MaJCOMUTUYECKOTO HACKAIBLHOTO HC-
KyCcCTBa MHPOBOI'O 3HA4Y€HMsI, PaclojOKeHHBbI B Byp3siHckoM palioHe bamkoprocTaHa.
B 2012 1. [IpaButenscTBO Pecnybnukn BamkoprocTan mpeiokuiio BKIKOUUTh APEBHHUE
HacKaJbHble U300paxkeHus nemepsl B Crincok BcemupHoro Hacneaus FOHECKO. B pawm-
Kax peann3anuu 3toro mnpoekrta LlenTpom maneonckycctBa MHcTuTyTa apxeonorun PAH
1 Hay4HO-IpOM3BOJICTBEHHBIM IIEHTPOM T10 OXpaHe HEeJIBHKUMBIX 00bEKTOB KyJIBTYpHOTO
Hacienusi PecriyOnuku bamkoproctan ocenpto 2017 T ObITM MHUITMHPOBAHBI pabOTHI O
JOKYMEHTHpOBaHUIo crieneocucteMsl Lllynbran-Tamr coBpeMeHHBIME TEXHUYECKUMHU CPe/I-
CTBaMH.

3aaun MpoeKTa BKIIIOYAIU TOJIyY€HHE CBEJCHHMI O T€OMETPHUH IEIIEPHON TOJIO0CTH,
OIpe/IeNICHNEe B3aMMHOTO PACIIONIOKEHHUS TTEHIePhl U HAa3eMHBIX GopM penbeda (B TOM 4uc-
Jie OJTHO3HAYHOE pPelIeHHne BOIMpoca 00 OTHOCUTENBHOM MPOCTPAHCTBEHHOM PACTIONIOKEHUHT
3ama Xaoca M KaHbOHA), JOKYMEHTHPOBAHUE CHCTEMBI TPEIIWH W BBISBICHUE €€ CBs3eHl C
KapcToBbIMU (popmMaMM Ha MOBEPXHOCTH. J[JIsl Karanorn3aniyi HACKaJIbHBIX U300paKeHUH
OBUTO HEOOXOJMMO TOYHO OINPEJEIUTh PACIIONIOKEHUE TTAHHO M JIOKYMEHTHUPOBATh TeoMe-
TPHIO YYaCTKOB CTEH C pHCyHKaMH. Kpome Toro, miiaHom padboT npeycMarpuBaioch KapTu-
pPOBaHNE HUHKEHEPHBIX COOPYKEHHH, pa3MEIIeHHBIX B TeIIepe, JI€MEHTOB CHCTEMbl MOHH-
TOPUHTA, aPXEOIOTUIECKUX PACKOTIOB MPOIIIBIX JIET.

Jist perieHust 3TUX 3aja4 ObLT pa3pa0doOTaH W MPAKTHYECKH NMPUMEHEH KOMOMHHUPO-
BaHHBIA TMOJXOJ K JOKYMEHTHPOBAHMIO TEIIEPhl U OKPY’KAIOLIero JaHAmadpTa METOIOM
TPEXMEPHOTO MOJEIMPOBAHUSA. DTOT MOAXO/ Mpearnoarail J0KyMEHTHPOBAHNE 3JIEMEHTOB
MaMATHUKA Pa3HOPOAHBIMH TEXHHUECKUMHU CPEJICTBAMHU C TTOCIEAYIOIIEeH NX B3aUMHOM yBsI3-
KOH Ha OCHOBE 00111eli OITOPHOM Teone3ndecKkoit ceTu. OmopHast CeTh CO3/1aBaiaCh METOAAMHU
CITyTHHKOBOM reofie3uu (Co3aHne Ha3eMHOTOo 0a3nca B paifoHe BXO/a B TIEMIEPY) U TaXeoMe-
TpuM (HETIOCPECTBEHHO B MEIepe) U B JajJbHEHIIEeM HCIOIb30BaIach I MPUBA3KH BCEX
coOupaeMbIX JaHHBIX. KOMIIEKC METOI0B TOKYMEHTHPOBAHUS SJIEMEHTOB IEIIEpPhl U OKpY-
JKaromero JiaHamadra BKII0Yal BO3AYIIHOE JIA3ePHOE CKAHUPOBAHKE, TTOJI3EMHOE JIA3EPHOE
CKaHWPOBaHHE, MJIAHOBYIO adpOOTOCHEMKY, MepcneKTuBHYy0 (horockemky ¢ BITIA, mon-
3eMHYI0 ()OTOCHEMKY.

BosnymrHoe nazepHoe CKaHUPOBAHUE C OJHOBPEMEHHOM a3po(OTOCHEMKOM UCTIONB30-
BAJIOCH JUIS KapTUPOBaHUs JaHMmadTa OKpecTHOCTeH nemepsl. [lapamerpsl monera u Ha-
CTpOWKH 00OPY/IOBaHMsI BHIOMPATHCH TAKUM 00pa3oM, YTOOBI IMONyYUTh JAHHBIC BHICOKOM
JETAIbHOCTH, TOYHO BOCIPOMU3BOAIINE JIaHAMA(T ¥ MPUTOAHBIE /IS BBISBICHUS dJI€MEH-
TOB I'€OJIOTHYECKOTO CTPOEHHSI, B IIEPBYIO OYepe/ib — KAPCTOBBIE U CTPYKTYpPHbIE (POPMEI pe-
nbeda. A3pocheMKoi ObUTa TIOKPBITA TEPPUTOPHUS B 25 KB. KM, OXBaThIBaBIIAsl paiioH Iie-
IIepbl U COCETHHE TOPHbIE MAacCUBBI. MUHUMAIBHO JOMYCTUMasl IJIOTHOCTh O0JIaka TOYeK
JIa3epHBIX OTPaKEHUH cocTaBisia 15 Touek Ha KB. M, OJTHAKO HETIOCPEICTBEHHO B pailoHe
TemIeps! Ha MII0MIa M okojio 1 KB. KM oHa Obuia noBeneHa 10 100 Toyek Ha kB. M. Ha ocHoBe
COOpaHHBIX JaHHBIX OBUTH C(HOPMHUPOBAHBI OPTOPOTOIUIAHBI C pa3pelieHueM 7 CM/TIMKCENb 1
Mojienu penbeda pazpemenuem 25, 50 cm u 1 M. OTu 1aHHBIe, TOMUMO PElIeHUs COOCTBEH-
HO KapTUPOBOYHBIX 33/1a4, TIO3BOJISIOT BBISIBUTH B3AaMMOCBSI3M MEXK/Ty pesibe(hoM MOBEPXHO-
CTH 1 TIOJIOCTBIO TMEIIEpPHI.
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Jlns 1oKyMeHTUpOBaHMsI 30HBI BEPTUKAJIBHBIX MMOBEpXHOCTEH Ha Bxoze B rpot [lopran
OblTa MpUMEHeHa mepcerekTrBHas aspodoTtocheMka ¢ BITJIA. Orta chemka mo3Bommiaa obe-
CIEYUTH CBA3b MEXAY JaHHBIMU BO3AYIIHOTO U HA3EMHOTO JIA3€PHOT0 CKAaHWPOBAHUSI.

[Toa3eMHBIM J1a3epHBIM CKaHUPOBaHUEM Obllla JOKyMEHTHPOBAHA IOJIOCTh MEHIEPhl OT
rpota Ilopran no 3ama Xaoca (1-i atax) u 3ana bpunnuantoBoro (2-it aTax). JlazepHoe
CKaHWpPOBaHKE ObLIO BHIMOIHEHO B 336 MyHKTaX, coopano 16,4 MIIH. TOYEK JIa3epHBIX OTpa-
xeHuil. [110THOCTH 00aKa TOYeK JIa3epPHOTO CKAHMPOBAHHS COCTaBHIIa 25 TOYEK Ha KB. CM
MOBEPXHOCTH; HA OCHOBE THX JIAHHBIX ObLIH C(HOPMHUPOBAHBI TPEXMEPHbIC OIUTOHATILHBIC
MO/IEJI, C BBICOKOW TOYHOCTBIO BOCIIPOM3BOSAIINE IE€OMETPHUIO TOJIOCTH U JOCTATOYHBIE
1151 QOPMUPOBAHUS YACTHBIX CIICIUATU3UPOBAHHBIX KApT, MOMIEPEUHBIX U ITPOIOIBHBIX MPO-
¢uneit, ananuza cucrtemsl TpemuH. [locTpoeHa KapTa ropu30HTaIBHON MPOSKIUH TEIIEPHI,
BBISIBUBIIAS CYIIECTBEHHBIC OUIMOKM MPEABIIYIINX TOJIyHHCTPYMEHTAIbHBIX cheMOK. Co-
MOCTaBJICHUE MOJIEIHN MEHIePhl ¢ MOJEIBIO pelibeda TOBEPXHOCTH MO3BOJISIET BBISIBUTD DS
3aKOHOMEPHOCTEH, BaXKHBIX JJISI aHAJIM3a MOBEAECHUS IPYHTOBBIX BOJ|, OKa3bIBAIOIIMX BO3-
JIeliCTBIE HA HACKAJIbHBIC N300paKCHUSI.

Jnist TOKyMEHTHPOBaHHSI HACKAIBHBIX U300pakeHUH Obli1a MCTIONb30BaHa (POTOCHEMKA C
nociuenyomei GoTorpaMMeTprUIecKoi 1 mocThoTorpaMMeTpudecKkoit oopadorkoid. [1pu go-
KyMeHTHpoBaHHH Ob1o caenano 16 380 ¢otorpaduii, mozBonuBmUX cPopMUpOBaTH TPEX-
MEpHbIE MOJUTOHAJIbHBIE MOJIENH CTEH ¢ AeTanbHOoCThi0 1000 monauroHoB Ha kB. cM. Takas
JIETAIbHOCTh HAJIe’KHO BOCIPOM3BOIUT T€OMETPHIO TTOBEPXHOCTEW M MO3BOJISIET MPOU3BO-
JMTh MOHUTOPHHT Pa3BUTHsI KAIbLUTOBBIX Kop. DoTorpammerpudeckue Moenn (GparMeH-
TOB Temeps! (OPMHUPOBAINCH C ONMOPOH Ha JaHHBIC JIAa3epHOTO CKaHWPOBAaHHUS, YeM OblIa
obecrniedeHa UX B3aMMOCBSA3b C 00LIEH MOJEIbIO HELEepPhI.

TakuMm 00pa3om, B pe3yibTare ChbeMKH ObUI CO3aH MacCHB B3aHMHO YBSI3aHHBIX HPO-
CTPAHCTBEHHBIX JIJAHHBIX, BIIOJIHE OTOOPAKAIOIINX TEOMETPUIO MECTHOCTH U MOJIOCTH Telle-
PBI, a TaKkKe MaleONIUTHUECKUE HACKaIbHbIE pUCYHKH. [10100OHBIX 1O cocTaBy pabOT KOM-
IJIEKCHBIX IPOEKTOB JJOKYMEHTHPOBaHus nenlep B Poccun u Mupe He U3BECTHO.

Svoysky Yu.M.*, Romanenko E.V.**, Grigoriev N.N.#**
*The Higher School of Economics

**The remote sensing and

spatial data analysis lab

Moscow (Russia)

***Bashkir State University

Ufa, Russia

EXPERIENCE OF DOCUMENTATION OF THE SHULGAN-TASH CAVE
AND SURROUNDING LANDSCAPE BY MODERN METHODS

Shulgan-Tash (Kapova) Cave is a site of paleolithic rock art of world importance, lo-
cated in Burzyansky District of the Republic of Bashkortostan. In 2012 the Government of
the Republic has proposed the inclusion of ancient rock painting of the cave in the UNESCO
World Heritage List. As part of this project, the PalacoArt Centre of the Institute of Archae-
ology RAS and the Centre for the Protection of Cultural Heritage Objects of the Republic
of Bashkortostan initiated the documentation of the Shulgan-Tash speleological system with
modern technology in autumn 2017.

The main tasks of the project included obtaining information on the geometry of the
Shulgan-Tash Cave hollow, determining the relative position of the cave and the terres-
trial topography (including the unambiguous decision on the relative spatial location of the
Chaos Hall and canyon), documenting the system of cracks and identifying its links with
karst forms on the surface. For creating the catalogue of the rock images it was necessary to
determine the exact location of the panel and to document the geometry of the wall sections
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with paintings. In addition, the work plan provided for mapping of engineering structures
located in the cave, elements of the monitoring system, archaeological excavations of previ-
ous years.

To solve these problems, a combined approach to documenting the cave and the sur-
rounding landscape was developed and practically applied by means of three-dimensional
modeling. This approach involved recording the elements of the site with heterogeneous
technical means and their subsequent mutual coordination on the basis of a common geo-
detic reference network. The reference network was created by satellite geodesy (creation of
a ground base at the cave entrance) and tahometry (directly in the cave) and was subsequent-
ly used to combine all collected data. The set of methods for documenting cave elements
and the surrounding landscape included aerial and underground laser scanning, vertical and
oblique aerial UAV photography, and underground photography.

Aerial laser scanning with simultaneous aerial photography was used to map the land-
scape around the cave. Flight parameters and equipment settings have been selected to
provide high-detailed data that accurately reproduce the landscape and are suitable for the
identification of geological features, primarily karst and structural topography. Aerial sur-
vey covered an area of 25 square kilometers, covering the cave area and adjacent mountain
ranges. The minimum allowable density of the laser reflection point cloud was 15 points
per square meter, but in the immediate vicinity of the cave on an area of about 1 square
kilometer it was brought to 100 points per square meter. Based on the data collected, or-
thophotoimages with a resolution of 7 cm/pixel and relief models with a resolution of 25,
50 cm and 1 m were formed. These data, in addition to solving the actual mapping prob-
lems, allow us to identify the relationship between the surface topography and the cave
space.

To document the vertical surface area at the entrance to the Portal grotto, an oblique aer-
ial survey with a UAV was used. This survey has made it possible to provide a link between
airborne and ground-based laser scanning data.

Underground laser scanning documented the cave space from the Portal Grotto to the
Chaos Hall (1st floor) and the Diamond Hall (2nd floor). Laser scanning was performed in
336 points, 16.4 million laser reflection points were collected. The density of the laser scan-
ning point cloud was 25 points per square centimeter of surface. On the basis of these data,
three-dimensional polygonal models with high accuracy reproducing the geometry of the
cavity and sufficient for the formation of specialized local maps, transverse and longitudi-
nal profiles, analysis of the crack system were formed. A map of the horizontal projection
of the cave was built, which revealed significant errors of previous semi-instrumental sur-
veys. Comparison of the cave model with the surface topography model allows to reveal a
number of regularities important for the analysis of groundwater behavior affecting the rock
images.

Photography with subsequent photogrammetric and post-photogrammetric processing
was used to document rock images. During the documentation process, 16,380 photographs
were taken, which made it possible to form three-dimensional polygonal models of walls
with details of 1000 polygons per square centimeter. Photogrammetric models of cave frag-
ments were formed on the basis of laser scanning data, which ensured their interrelation with
the general model of the cave.

Thus, as a result of the survey, an array of mutually linked spatial data was created, fully
reflecting the geometry of the area and cave space, as well as Paleolithic rock paintings.
There are no similar complex cave documentation projects in Russia and in the world.
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APXEOJIOTHYECKAS KAPTA YPOUNLIA A/KUDJIb
B BOCTOYHOM KPbBIMY

VYpounie AKUAIL — TEPPUTOPHS, TPUMBIKAONIEH K Oanke AJKHMAIb U €€ pyKaBaM,
pacnionoxkeHo B Boctounom Kpeimy, mpumepno B 30 kM 3amagnee . Kepub. OTa Tepputo-
pus miomaasio okono 100 KB. KM sIBIIIETCS paifoHOM, UTPABIINM, BEPOSTHO, BAXKHYIO POJIb
B ApeBHOCTH. CHiaMM TapHU30HOB HAXOAMBIIHUXCS 3/1€Ch YKPEIJICHHBIX MOCENEHUH U, B
MIEPBYIO O4Yepe/ib, KPYITHOTO aHTHYHOTO ropoania «beanHckoe», MOTIIH KOHTPOINPOBAThCA
HauboJee MPOXOIMMBIE MECTA, T/I€ B APEBHOCTH I, ITO-BHIMMOMY, KpaTdaiue myTH Mu-
rpaimy HaceneHus: oT Marepuka yepe3 Kpbiv Ha Tamanb. Takum 00pazoM, 3Ta TEpPUTOPHS
Wrpajia CTpaTernyeckyro poib B cucteme 000poHsl bocmopckoro mapcTsa.

Jloxtan mocBsIeH pe3yabraraM uccaenoBannid ypouwnia B 2014—2018 rr., BRITIOYaBIINX:

— MpenBapuTeIbHbIE Pa0OTHI IO U3YUYEHHIO JINTEPATYPHBIX JaHHBIX, aHAJIN3Y KapT (To-
norpauuecKrx, reoJIOTHIECKNUX, TIOYBEHHBIX), aHaIH3y adpo(oTo— U KOCMHUECKOH CheM-
KM, B TOM YHCJI€ CIIyTHUKOBBIX JaHHBIX O penbede;

— JIeTaJbHbIE CIUIONIHBIE MEIIEXOJHbIE apXeOoJOTHYECKHE Pa3BEIKH, MPOBOIUMBIE «II0
KBaJpaTamy Tonorpadudeckon kapTsl Macirada 1: 100 000;

— MarHUTOPA3BEJKy YYACTKOB, IJI€ T10 Pe3yJIbTaTaM MeHIeX0HbIX pa3BeI0K MOXKHO OBLIO
MpeAToaraTb HaJTMuue TOCEICHUH, U ITyP(POBKY OT/ICITBHBIX BBISIBICHHBIX MATHUTHBIX aHO-
MaJuii.

[MoaroTtoriieHa 6a3a JaHHBIX U TEOUH(POPMAITMOHHAS CUCTEMA, OTpaXKaroliast MoJIyYeH-
HBIE Pe3yJIbTaThl, a TAKXKE JIEMOHCTPALIMOHHAS BEPCHS CUCTEMBI, TO3BOJISAIONIAs 3HAKOMHUTCS
C MOJIyYEHHBIMH Pe3yJIbTaTaMu IMoJb30BareisiM, He BiajeromuM [ MC— nporpammamu, mpu
noMo1ny oObuHBIX MHTEpHET-Opay3epoB. Kak monaraiot aBTopsl, 3HaYEHHE paboThI 3aKIIIO-
yaeTcsd B JIETAIBHOM 00CIEeOBaHUM TEPPUTOPUHU, BHISIBUBIIEM HE TOJBKO HAJUYHE apXeo-
JIOTHYECKUX OOBEKTOB, HO ¥ TUIOIIA/IH, IJI¢ TAKOBBIX HET U KOTOPBIE MOTYT OBITH CBOOOIHO
HCIIOJIB30BAHBI JJI XO3SIMICTBEHHON JEATEIBHOCTH.

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

Tula (Russia)

**Belgorod State University

Belgorod (Russia)

ARCHAEOLOGICAL MAP OF THE ADGIEL SITE IN EASTERN CRIMEA

The Adgiel site is an area adjacent to the Adgiel Ravine and its arms, located in the East-
ern Crimea, about 30 km west of the city of Kerch. This area of about 100 square kilometers
is an area that probably played an important role in antiquity. The garrisons of the fortified
settlements and, first of all, the large ancient hillfort of “Belinskoye”, could control the most
passable places where, apparently, the shortest ways of population migration from the main-
land through the Crimea to Taman were in ancient times. Thus, this territory played a strate-
gic role in the defense system of the Bosporus Kingdom.

The presentation is devoted to the results of field studies in 2014-2018, which included

— Preliminary studies of literature data, analysis of maps (topographic, geological, soil),
analysis of airborne and space imagery, including satellite data on relief;
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— Detailed archeological field walking, based on the grid of the topographic map at a
scale of 1:100,000;

— Magnetic survey of areas where field walking suggested the presence of settlements
and the test trenching of individual identified magnetic anomalies.

A database and geographic information system reflecting the results obtained has been
prepared, as well as a demo version of the system. It allows users who do not know GIS
software to view the results using regular Internet browsers. According to the authors, the
importance of the work lies in the detailed survey of the territory, which revealed not only
the presence of archaeological sites, but also the area where they do not exist and which can
be freely used for economic activities.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.92-94
Couapnarosa T.E.

Yuusepcumem Opnaneena-Hwopnbepea

Opnaneen (I'epmanus)

HPOEKT CO3JAHUSA I'NC
«KOCTSAHBIE UHAYCTPUHU PAHHEI'O BEPXHEI'O ITAJIEOJIUTA»

B mocnennue necstuwneruss ['MC-texHomornu npuoOpeTaroT Bce OoJblliee 3HAUYCHUE
pH pa3pabOTKe KaK apXeoJIOTHYSCKUX METOJIOB, TaK U MpakTHueckux nprioxenuid. ['UC-
METOIBI MPEJIAraroT Jy4IIne BO3MOXKHOCTH JUIs cOOpa, CHCTEMAaTU3allii, COXPAHCHUS H
aHaJM3a HHPOPMAIIMH O KYJIBTYPHOM HACIICIVH.

I'MC-TexHOIOTNY TIO3BOJISIFOT TPOBO/IUTH AHATUTHYCCKYHO 00pa0O0TKy JTaHHBIX, CBSI3aH-
HBIX C MIPOCTPAHCTBEHHOW MH(OpMAIUEH, HAalTpUMeEp, MPOTHO3HOE MOJISIIMPOBAHUE CBSI3aH-
HBIX C YYaCTKOM OCOOCHHOCTEW B 3aJIaHHOM JaHIa(Te WM MOJACIUPOBAHKUE ITPOIECCOB
B mponuioM. [loMmumo aHanm3a cOOpaHHBIX JaHHBIX, MOJCIUPOBAHHE MO3BOJISCT MONyYaTh
apXCOJIOTUYECKUE JaHHBIC HA TEPPUTOPHUSX, KOTOPHIC ellle He uccieaoBannl. [IpeaBapurens-
HBIM YCJIOBUEM JIJIsl TIPOBEJICHUS TAKOTO aHAIN3a SIBJISICTCS HaJInYue 0a3bl JaHHBIX, KOTOPas
MIO3BOJISIET BBIMIOJHATE 3alIPOCHI, U CTATUCTUUCCKUIN aHAIN3 JUIsl IPOCTPAHCTBEHHOTO aHAIIU-
3a U KapTorpaduyecKoi BU3yaan3alluH.

OcHOBHasl 11eJTb JAHHOTO MPOEKTa COCTOUT B co3annu 0a3bl qaHHbIX [ IC «KocTHbie uH-
JYCTPHUU paHHETo BepxHero maneonutay. OcHoBHbIE 3a1aun nanHoi ['MC BrirouaroT B cedst:

— pa3paboTKy CTPYKTYphI 0a3bl JaHHBIX apXCOJOTHUECKHUX MaMSTHHUKOB PAaHHETO BEpPX-
HETO MajeoInTa;

— cOop ¢akTuueckoit nHGOPMAIMU O TAMSITHUKAX PAHHETO BEPXHETO MAJICOTUTA, B KOJI-
JICKIIUU KOTOPBIX MPEJICTABICHBI IPEAMEThI U3 KOCTH, POra U OUBHS,

— cOOp ¥ cUCTEeMAaTU3aIUI0 TPOCTPAHCTBEHHOW U CBSI3aHHOU ¢ apTedakraMu HHPpopMa-
LIUY TI0 apXEOJIOTMUECKUM MaMSTHUKAM;

— NPUBS3KY 0a3bl JAHHBIX K T€0apXe0IOTHICCKUM 00BEKTaM Ha AJICKTPOHHOM KapTe;

— CO37]aHKe TeMaTUYCCKUX KapT;

— MPOCTPAHCTBEHHBIN aHAIN3 ApPXCOTOTHIECKUX OObEKTOB.

Paspabotka 6a3b1 nanubix ['UIC «KocTsiHBIC HHyCTPUHM pAaHHETO BEPXHETO MAaJICOTUTA
BEJICTCSI B COOTBETCTBUU C TEXHOJOTHEH OTKPHITHIX cucTeM. [locne mepBoro sTamna 3aBepiiie-
HUS JJaHHAsI CUCTeMa OyJIeT MMETh OTKPBITHIH JIOCTYII, YTO TAK)KE TIO3BOJIMT MEPe/laBaTh UH-
(dhopmaruio B cyiecTByomue 6a3nl nanHbIx, Takue kak ROCEEH nnu NESPOS. DT0 no3so-
JISIET PacIIUpPSITh HH(OPMAIIMOHHBINA COCTAaB U ()YHKIIMOHAILHBIC BO3MOXXHOCTH CHCTEMBI.

Ha nanHBIli MOMEHT reorpauuecKkre paMKd OrpaHHuYCHBbI TeppuTopueil ['epmanum.
baza maHHBIX mpencTaBiseT co00l 010K MepBUYHONW WH(GOPMAIIMU, TTOCTYIAOICH U3 pas-
HBIX UCTOYHUKOB, HAITOJHCHHE CHUCTEMbI OCHOBAHO Ha OITyOJIMKOBAHHBIX JaHHBIX. BakHBIM
AJIEMEHTOM CHUCTEMBI SIBJISICTCSI OJI0K AJIEKTPOHHBIX KapT, KOTOPKIH MPECTABIISET COO0H Kap-
Torpaduueckyro 0azy naHHbIX. Pa3paboTka cTpyKTyphl 0a3bl JJaHHBIX OCHOBaHA HAa I€OWH-
(hopMaIMOHHOM CTaHJAPTE JIJISl OMUCAHUS T€0aPXECOIOTUICCKUX OOBEKTOB.
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Crpykrypa 0a3bl JaHHBIX «KOCTsAHBIC HHAYCTPUHU PAHHETO BEPXHETO MajIeoluTa» OyaeT
peannu3oBaHa B CUCTEME C OTKPBITBIM HCXOAHBIM KojoM QGIS. Llens npoekra — ymydmuTh
Hay4yHOE MMOHMMaHHE MPOCTPAHCTBEHHOTO PACHpEAeNIeHUs] KOCTAHBIX MHIYCTPUM paHHEro
BEpxHero naueonnTa [ epMannu u 00ecriednTs CBOOOAHBIN TOCTYII Ha OTACILHOM Beb-caiire,
9T0OBI JTI000! 3aMHTEPECOBAHHBIN CIIEIMATUCT MOT O3HAKOMHTBCS ¢ KOCTSIHBIMHA MH/Y CTPHU-
SIMH, YBUJIETH OTACITIbHbBIC MAMSITHUKU U KOHKPETHBIE TTPEIMETHI.

[Tocne ycmemHoro 3amycka MpoeKkTa 0003HaYeHHBbIE TeorpaduuecKkue U BPEMEHHBIC
PaMKH HMCCIIEAOBAHUSI MOTYT OBITH PacUIMPEHbI, YTO TIO3BOJUT BBHINTH Ha HOBBIH ypOBEHBb
npeacrasieHust nHGopmanuu. [Ipu coneiicTBUM apXeonoroB U3 IPyrux CTPaH, BOZMOXKHO
CO3JaTh II00aJMBHBIA MPOEKT, OTPAXKAIOUIMK TaK WIIM MHAYe BCE aCHEKTHI XO3SHCTBEHHO-
OBITOBOM M CHMBOJIMUECKOH JEATENBHOCTH, CB3aHHBIE C 00pabOTKON KOCTSHOTO CHIPBS, Ha
TOM HJIM HHOM MaMSITHUKE.

Soldatova T.E.
University of Erlangen-Niirnberg
Erlangen (Germany)

THE PROJECT OF CREATION OF GIS “BONE INDUSTRIES
OF THE EARLY UPPER PALEOLITHIC”

In recent decades, GIS technologies have become increasingly important in the development
of both archaeological methods and practical applications. GIS methods offer better opportuni-
ties for collecting, systematizing, preserving and analyzing information on cultural heritage.

GIS technologies allow the analytical processing of spatial information data, such as pre-
dictive modelling of site-specific features in a given landscape or modelling of processes in
the past. In addition to the analysis of the data collected, the modeling provides archaeologi-
cal data on areas that have not yet been investigated. A precondition for such an analysis is
the availability of a database that makes it possible to perform queries and statistical analysis
for spatial distribution and cartographic visualization.

The main objective of this project is to create a GIS database “Bone Industries of the
Early Upper Paleolithic”. The main tasks of this GIS include

— Development of a database structure for archaeological sites of the Early Upper Pa-
leolithic period;

— Collection of factual information about the sites of the Early Upper Paleolithic with
bone, horn and tusk finds;

— Collection and systematization of spatial and artefact-related information on archaeo-
logical sites;

— Linking the database to geoarchaeological objects on the electronic map;

— Creation of thematic maps;

— Spatial analysis of archaeological sites.

The development of the GIS database “Bone Industries of the Early Upper Paleolithic”
is carried out in accordance with the technology of open systems. After the first stage of
completion, the system will be made publicly available, which will also allow for the transfer
of information to existing databases such as ROCEEH or NESPOS. It allows to expand the
information composition and functionality of the system.

At the moment, the geographical scope is limited to the territory of Germany. The da-
tabase is a block of primary information coming from different sources, the filling of the
system is based on published data. An important element of the system is the electronic map
block, which is a map database. The development of the database structure is based on the
geoinformation standard for the description of geoarchaeological objects.

The structure of the “Bone Industries of the Early Upper Paleolithic” database will be
implemented in the open source QGIS system. The aim of the project is to improve the scien-
tific understanding of the spatial distribution of the bone industries in the Early Upper Paleo-
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lithic Germany and to provide free access on a separate website so that any interested special-
ist can get acquainted with the bone industries, see individual sites and specific objects.

Once the project has been successfully launched, the geographical and temporal scope
of the study can be extended to reach a new level of information presentation. With the as-
sistance of archaeologists from other countries, it is possible to create a global project that
reflects in one way or another all aspects of household and symbolic activities related to the
processing of bone raw materials on a particular site.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.94-96
Copoxuna U.A.*, I'pummn E.C.**

*Uncmumym apxeonocuu PAH

** Unemumym obwecmeennwvix nayk PAHXul 'C
Mocxesa (Poccus)

IMPOCTPAHCTBEHHbBIN AHAJIN3 PACHPEJEJIEHUSI ITIOJEBBIX
APXEOJIOTHYECKHUX UCCJIEJOBAHUM HA TEPPUTOPUHA
EBPOIIEMCKON YACTU POCCUMNCKOMN UMITEPUU U CCCP

(HA IPUMEPE 1913, 1914, 1923 1 1924 I'T")

OcHOBHas Tema NPEeACTABICHHOI0 MaTepuana — 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO
pa3MeleHus MOoNEeBbIX apXeoJI0rMuecKUX MCCIIe0BaHns Ha TeppuTopun Poccun B paMkax
OTAEJBHBIX BPEMEHHBIX HHTEPBAJIOB.

OCHOBHOH HMCTOYHHMK HCCIIEOBAaHUS — OTKPBITHIE apXEOJOTHYECKHe JUCTHI 3a 1913,
1914, 1923, 1924 1. BBIGOp XpOHOJIOTHYECKUX CPE30B OO0YCIIOBJICH 3a/1aueii CpaBHUTEIIHHO-
r'0 aHaJ13a U3MEHEHUS IPHOPUTETOB B apXEOJIOTNYECKOM N3yUYE€HUH TOW WIIM MHOM TeppUTO-
pun. Cpenu nmapameTpoB KapTorpaupyeMbIX OOBEKTOB YUUTHIBAIUCH JJTAaHHBIC, TOCTYITHBIC
13 UCTOUHUKA: HOMEP OTKPBITOTO JIUCTA, UCTIOJIHUTEINb, OPraHU3aIHsl, 3aKa3uUK, pETrHOH WIH
TOYHAs! JIOKAJTU3aIIKsI TIOJIEBBIX paloT.

[IpocTpaHCTBEHHBII aHANN3 Marepuana OblI OCYIIESCTBICH Ha HU(POBOI reorpaduye-
CKOH OCHOBE B BUJIe 0030pHOH KapThl Poccuiickoii mMIiepun, akTyain3upoBaHHoi Ha 1914 1.,
B Maciurtabe 1: 2 500 000. B crpykrypy reorpadudeckoit 0CHOBBI BXOAMIIO a/IMUHUCTPATUBHOE
nenenue [-111 mopsiaka, OCHOBHBIE HACENICHHBIE MTYHKTHI U ITyTH COOOILIEHUH, YTO MO3BOJIUIIO
BU3YyaIN3UPOBATh Ha KapTe B popmare reonHdpopmannontoii cuctemsl (I'IC) pactipenenenue
MOJIEBBIX apXEOJIOTMYECKUX HCCIEIOBAaHUI B COOTBETCTBUU C JAHHBIMHM OTKPBITBHIX JIUCTOB.
J171s1 TeX perHOHOB, TI0 KOTOPBIM TEPPUTOPHS HCCIICA0BAHUS JaHa 0000IECHHO, BU3yaTH3alHs
JAHHBIX IPOM3BOANIIACH B BUJIE KAPTOIPAMMBI: LIBET MOJMTOHAIILHOM TEMBI ONpeAessil o01ee
KOJIMYECTBO OTKPBITHIX JINCTOB 10 KOHKPETHOM TEPPUTOPHH 3a yKa3aHHOM BpeMEHHON HHTep-
BaJl. bonee TouHoe ykazaHne MeCTHOCTH 0003HAYCHO apealaMy UM MapKepaMH.

Ha ocHoBe mony4eHHOro KapTorpaguuecKoro MaTepraia CTaHOBUTCS JOCTYITHBIM yCTa-
HOBJICHHE OCHOBHBIX ()aKTOPOB BOCTPEOOBAHHOCTH TEPPUTOPHIA B IJIAHE aPXEOJIOTHIECKOTO
n3y4deHus. BaXXxHbIM Noka3aTesieM B 3TOM OTHOIIEHUH SIBJISIETCS MPOCTPAHCTBEHHAs! KOHKpe-
TU3aIMsI PETHOHA B OTKPBITOM JcTe. OOpaniaeT Ha cebsi BHUMaHUE, 4To Ooliee TeHepa-
30BaHHbIE OIPE/IEJIEHNUS TI0 OTKPBITOMY JIUCTY XapaKTePHBI JJIs1 MEHEe U3yUeHHBIX TEPPUTO-
pwuii, Hanpumep, ans KaBkaza; OoJjiee KOHKpETHBIE YKa3aHUsl pETHOHA — Ha YPOBHE ye3aa U
TOYHEE — HAOIIOAAIOTCS Uil MECTHOCTEH ¢ OONBLIMM YPOBHEM M3YYEHHOCTH, YTO XOPOIIO
3aMETHO Ha OTKPBITHIX JIUCcTax 1mo HoBroponckoii rybepanu.

ComnyTcTByIOmMiA (GaKTOp MPUBICKATEILHOCTH TEPPUTOPUH ISl apXEOIOTHIECKUX HC-
ClIeIOBaHUH — TomorpaduyecKoe n3yueHHe PEruoHa, KOTOpoe B CBOIO 0Yepellb MOIIIO MPe-
LIECTBOBATH TEM MJIM HHBIM paboTaM [0 OCBOCHHIO PErHOHa, HAPUMED, CTPOUTENBCTBRY Ke-
JIE3HBIX JI0POT.

Eme omgHO BakHOE 00CTOSTENBCTBO, OMpPENEIsIoNiee MPOCTPAHCTBEHHOE pa3MEIeHHUs
Lenel apXxeoJorH4ecKnX MOJIEBBIX MCCIEI0BaHUH, — AKTHBHOCTh MECTHBIX, PETHOHATIBHBIX

94



OpraHHU3alri, BBICTYAIONINX B KAYECTBE 3aKa3YNKOB paboThl. Tak, BHICOKAs! aKTHBHOCTD I10-
neBbIX HccnenoBannii o CaparoBckoil TyOepHun B 1914 . 00BsICHSACTCS AEATEIBHOCTHIO
CapaToBCcKoOil yueHOM apXUBHOU KOMHCCHH.

OTHOCHUTENBHO COMOCTABIEHUS POJM YACTHBIX JIMIl U apXEOJOTHYECKMX MHCTHUTYTOB
U OpPraHU3aliil B KaueCTBE 3aKA3YMKOB OTKPBITHIX JIICTOB HA MPOBEACHHUE UCCIIEJOBAHUI
CTOMT OTMETHTbH d((PEKT CBOCOOPa3HOW KOOMEpalru: B paMKax OJHOTO TIOJIEBOTO CE30HA
HCCIIEZIOBATENb MOT MPOBECTH PAa0OTHI MO OTKPBITHIM JIMCTaM U YAaCTHOTO JIMIIA, U TocyAap-
CTBEHHOHW OpraHU3alMy, €CJI 00BbEKTHI UCCIIENOBaHUS OBUTM PACHONIOKEHBI Ha HEOOIBIIOM
yAAJIEHUH OTHOCUTEIIBHO APYT ApYTa.

Cy1ecTBeHHOE BIMSHME HA MHTEHCUBHOCTH M MPOCTPAHCTBEHHYIO KapTHUHY MOJEBBIX
WCCIIeIOBaHUM OKa3blBaIy BHEIIHHE coObITHs. Hayamo [lepBoit MUpOBOH BOWHBI PUBEIO
K TOMY, YTO PaOOTHI MO OT/EILHBIM JIUCTaM He OBbIIIH MPOBEACHBI B CBSI3H C MOOMIM3aLIUEH
HCIIOJIHUTENEN.

Sorokina I.A.*, Grishin E.S.**
*Institute of Archaeology RAS
**Institute of Social Sciences RANEPA
Moscow (Russia)

SPATTIAL ANALYSIS OF THE DISTRIBUTION OF FIELD ARCHAEOLOGICAL
RESEARCH IN THE EUROPEAN PART OF THE RUSSIAN EMPIRE
AND THE USSR (ON THE EXAMPLE OF 1913, 1914, 1923 AND 1924)

The main topic of the presented material is the investigation of regularities of spatial
location of field archaeological research in Russia within the framework of separate time
intervals.

The main source of research is the archaeological excavation permits given for field
surveys in 1913, 1914, 1923, 1924. The choice of chronological slices is conditioned by the
task of comparative analysis of the change of priorities in the archeological study of this or
that territory. Among the parameters of the mapped objects the data available from the source
were taken into account: the number of the permits, the contractor, the organization, the cus-
tomer, the region or the exact localization of field works.

Spatial analysis of the material was carried out on a digital geographical basis in the form of
an overview map of the Russian Empire updated for 1914 at a scale of 1: 2,500,000. The struc-
ture of the geographical basis included the administrative division of the 1st-3rd order, the main
population centers and communication routes, which made it possible to visualize the distribu-
tion of field archaeological research on the map in the form of a geoinformation system (GIS) in
accordance with the data of the archaeological excavation permits. For those regions where the
study area is generalized, the data were visualized in the form of a cartogram: the color of the
polygonal theme determined the total number of permits for a particular area for a specified time
interval. More precise indication of the terrain is indicated by ranges or markers.

On the basis of the received cartographic material it becomes possible to establish the
main factors of demand for territory in terms of archaeological research. An important indi-
cator in this regard is the spatial concretization of the region on an archaeological excavation
permit. It should be noted that more generalized definitions of the permits are characteristic
of less studied territories, for example, the Caucasus; more specific instructions of the re-
gion — at the county level and more precisely — are observed for areas with a high level of
study, which is clearly visible on the archaeological permits of the Novgorod Province.

An accompanying factor in the attractiveness of the area for archaeological research is
the topographical study of the region, which in turn could have preceded any work on its de-
velopment, such as the construction of railways.

Another important factor that determines the spatial placement of archaeological field
research objectives is the activity of local, regional organizations that act as the customers

95



of the work. Thus, the high quantity of field research in the Saratov Province in 1914 is ex-
plained by the activities of the Saratov Scientific Archive Commission.

With regard to the comparison of the role of individuals and archaeological institutions
and organizations as customers of archaeological permits, it is worth noting the effect of a
kind of cooperation: during one field season, the researcher could carry out works on permits
of both individuals and government organizations, if the objects of research were located at
a small distance from each other.

External events had a significant impact on the intensity and spatial picture of field stud-
ies. The outbreak of the First World War led to the fact that work on individual permits was
not carried out due to the mobilization of performers.

https://DOI.ORG/10.25681/TARAS.2019.978-5-94375-289-6.96-97
Tumkun A.A., PentnukoB A.A.

Anmaiickuti eoc. yH-m

bapnayn Poccus

APXEOJIOT'O-TEOPU3NYECKHUE UCCJIIEJOBAHUSA
HA TEPPUTOPUU MAMATHUKA «COBETCKHUH IYTh 1,
MNOCEJIEHUE U MOT'MJIbHUK» B AJITTAUCKOM KPAE

Hccnedosanue guinoaneno 6 pamxax eoczaoanus Munucmepemea HayKu u 8b1CUUe20
obpaszoeanusi PO (npoexm Ne 33.867.2017/4.6 « PekoncmpyKyusi mexHoio02u4eckux
npuUemMos u Memooos npou3eoocmes opesnux oowecmes Cegeprou Azuuy)

C Ka)/IbIM I'OJIOM YBEJINYHMBAIOTCSA BO3MOXKHOCTH UCIIOIB30BAHNS HEPA3pyLIAIOIINX Me-
TOJIOB MPH U3YUEHUH apXeOoJIOrHYECKUX MaMATHUKOB AnTaiickoro kpas. HaxkomnneHHsl# Teo-
peTUYeCKHid U TPAKTHYECKHUH OIBIT TPUMEHEHUSI MATHUTOMETPUYECKOM CheMKH OBLI peau-
30BaH Ha namsaTHUKe «CoBeTckuii [1yTh 1, mocesneHne 1 MOTUIBHUKY.

YKazaHHBIN apXeoIornYecKuil KOMIUIeKC HaxoAuTcs B JIokTeBckoM paiione AnTtaiickoro
Kpasi, B 1,2 KM K ceBepo—CeBepO—BOCTOKY OT Kiagouma c. Coserckuii [1yTh, Ha 1eBOOEpek-
Holi Teppace p. Asneld. On 6bu1 3adukcupoBan [1.1. Ilynsroit u C.M. CutHuKOBBIM B 1994 1.
3areM UMHU Ke HcCIeloBalICs IBYMs pacKomaMHM, OIMH U3 KOTOPBIX JIajl TOJIBKO MOCEIeHYe-
CKHUI MaTepua, a BO BTOPOM ObLIO 0OHAPYKEHO HECKOJILKO MOTPeOeHN. APXEOJIOrHYeCKUe
HaXO/IKH OTPaKalOT HECKOJIBKO MEPHOIOB: pa3BuTas OpOH3a, MO3IHsS OpOH3a, paHHUH Ke-
ne3Hblif Bek. B 2016-2017 rr. uccnenoBanns naMsITHUKA IPOIOJKMITUCH B paMKaXx peain3a-
UM IPOEKTA MO U3YUCHHUIO IPEBHET0 OPOH30JIMTEHHOTO MPOU3BOJICTBA.

3ajauell MarHUTOCHhEMKH, OCYIIECTBIEHHOW aBTOpaMH, SIBISJIOCH BBISIBIEHHE CKpbI-
TBHIX TOCEJICHUYECKUX CTPYKTYp U OOBEKTOB, a TakKe MOUCK morpebenuid. st apxeonoro-
reou3MYeCKUX UCCIEeA0BAaHUN HCIIOIb30BANIC MArHUTOMETp-TrpaaneHToMeTp Foerster Ferex
4.032 DLG, umetomuiicst B AntaiickoM rocyaapcTBEHHOM YHUBEpCUTETE. MarHUTHas CheM-
Ka MPOM3BOAMIACH METOJIOM BEPTHKAJIBHOTO I'pajueHTa (Pa3HOC JAaTYMKOB 2 M, PACCTOSIHUE
ot 3emin 0,3 M, mrar usmepenuit 1 m). OHa OCyIIECTBISIACH B HEMPEPHIBHOM JIBU)KEHHH C
yacTtoToil B 10 3amMepoB B cek. 3aluch JJaHHBIX MPOU3BOAMIACh Yepes kaxapie 10 cM mio-
a1 B aBTOMaTH4eckoM pexxume. OOIas miomia e uccienaoBanus coctaBmia 12800 kB. M:
yuacTok 80 x 160 M ObL1 pazaeneH Ha BoceMb y4acTKoB 40 x 40 M B 1Be JINHUH.

HToroBast MarHuTOrpaMMa MOArOTOBIICHA H3BECTHBIM HEMEILIKUM CIIELUAIMCTOM B 00J1a-
CcTH apxeoorudeckoii reodusnku M. ®accGunmepoM. B 3amaHoii ee yacTu (oH TOBOTBHO
CTIIOKOMHBIH ¢ HEOOIBIINM KOIMYECTBOM JKEJIE30COAEpIKaIero mycopa. B roro-3anannoi ya-
CTH TIPOCJIeKHUBAETCS MPSMOYTOIBHBIN poB pazMepaMu 40 x 45 M HESICHOTO TIPOMCXOXKICHMS,
MPOTSHYBIIMICS C ceBepo-3ama/ia Ha Ioro-BoCToK. Ha JaHHOM y4yacTKe BBISIBIEHO HECKOJIBKO
MOJIOKUTEIBHBIX aHOMAJIH, KOTOpPBIE, TIO-BHIMMOMY, SIBJISIFOTCSl apXEOJI0TMYECKIUMU 00bEeK-
TaMd. B BOCTOUHOH 4acTH MarHUTOTrPaMMbl MOXKHO MPOCIIEANTH CKOIUIEHHE aHOMalIWH Ha
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JBYX ydacTKaxX. BOKpyr HUX HEUETKO MPOCIEKUBAIOTCA pBbl. CTPYKTypa HallOMUHAET CTPOE-
HUE KypPTraHHBIX HACHITICH: IIEHTPaJIbHAS MOTHJIA, HECKOJILKO MOTPeOSHIIT BOKPYT Hee U POB.
DTO MOXKET MOITBEPKAATHCS U TEM, YTO CEBEPHEE JJAHHBIX aHOMAJIHH yKe OBLIO U3yYeHO He-
CKOJIBKO MOTPeOCHUIT paHHETO JKeJIe3HOTO BeKa. B ceBepo-BOCTOUHOM YITy MAarHUTOTPaMMBI
3a)IKCHPOBAH OTBAJ CTAPOTO PACKOIIa.

Taxum 00pa3oMm, JJis MPOJOIHKEHIS TUTAHUPYEMBIX PACKOIIOK YAJIOCh TUArHOCTUPOBATh
4acTh MaMSITHHUKA, a TAKKE HAMETUTh MEPCIICKTUBHBIC OOBEKTHI JUIsl aPXCOIOTMYSCKUX UC-
CJICJOBAaHUH.

Tishkin A.A., Rednikov A.A.
Altai State University
Barnaul Russia

ARCHAEOLOGICAL AND GEOPHYSICAL RESEARCH
ON THE TERRITORY OF THE SETTLEMENT AND BURIAL
GROUND “SOVETSKIY PUT’ 1” IN THE ALTAI KRAI

The research was carried out within the framework of the state assignment of the Ministry
of Science and Higher Education of the Russian Federation (project No. 33.867.2017/4.6
“Reconstruction of Technological Techniques and Production Methods of Ancient Societies
of North Asia”)

Every year the possibilities of using nondestructive methods for studying archeological
sites of Altai Krai increase. The accumulated theoretical and practical experience of magne-
tometric imaging was realized at the site “Sovetskiy Put’ 1, settlement and burial ground”.

This archaeological complex is located in the Loktev Bistrict of the Altai Krai, 1.2 km
north-north-east of the cemetery Sovetskiy Put’ village, on the left bank terrace of the Aley
River. It was recorded by P.I. Shulga and S.M. Sitnikov in 1994. Then they were investigated
the site by two excavation campaigns, one of which gave only settlement material, and during
the second several burials were discovered. Archaeological findings reflect several periods:
High and Late Bronze Age, and Early Iron Age. In 20162017, research on the site continued
as part of the project to study the ancient bronze metallurgy.

The task of the authors’ magnetic survey was to reveal hidden settlement structures and
objects, as well as to search for burials. For archeological-geophysical studies, the Foerster
Ferex 4.032 DLG gradientometer was used, which is available at Altai State University. Mag-
netic survey was carried out by the method of vertical gradient (spreading of sensors was
2 m, distance from the ground 0.3 m, measuring step 1 m). It was carried out in continuous
movement with a frequency of 10 measurements per second. Data was recorded every 10 cm
of area automatically. The total area of the study was 12,800 square meters: the plot of 80 x
160 m was divided into eight plots of 40 x 40 m in two lines.

The final magnetogram was prepared by the famous German expert in the field of ar-
cheological geophysics J. Fassbinder. In its western part, the background of magnetic field
is quite calm with a small amount of iron garbage. In the south-western part, a rectangular
ditch of 40 x 45 m of unknown origin stretching from north-west to south-east can be traced.
Several positive anomalies have been identified in this area, which appear to be archaeo-
logical sites. In the eastern part of the magnetogram, one can recognize an accumulation of
anomalies at two segments. The ditches not clearly traced could be observed around them.
The structure resembles the burial mound construction: the central grave, several burials
around it and a ditch. This can also be confirmed by the fact that several burials of the early
Iron Age have already been studied to the north of these anomalies. In the northeast corner of
the magnetogram the old excavation trench was fixed.

Thus, in order to continue the planned excavations, it was possible to analyze a part of
the site, as well as to identify promising objects for archaeological research.
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MO3JTHEAHTUYHBIE U CPEJTHEBEKOBBIE XPAMbI ABXA3WN:
I'"C, HCCJIIEJOBAHHUE C TIOMOIIBIO ®OTOIPAMMETPUHA
" CO3JAHUE 3D-MOJEJIEN

PecmyOnnka A6xa3us OoraTa maMsITHUKaMU CPeTHEBEKOBbS, B TOM YHCJIE M pAaHHETO, KaK
HaXOJIIIMMHUCS B XOPOILIEM COCTOSIHHM, TaK M MPAKTHYECKU pa3pylICHHbIMH. YHUKaJbHA
TEPPUTOPHSI CTPAHBI U 10 YUCITY COXPAHUBIIUXCS 3/1€Ch JPEBHUX XPUCTHAHCKUX XPaMOB.

Ha ceromusmnunii nenp AGxas3us sBiseTcsl OBICTPOPA3BUBAIOIIMMCS B IUIaHE TypH3Ma
U CEJbCKOTO XO341CTBA PETHOHOM, YTO HECET ONPEACICHHYIO YIPO3y COXPAaHHOCTH MaMsT-
HUKOB MCTOPUKO-KYJIBTYPHOTO HACIEUs IS MOCIEAYIONMX MmokoneHnid. CienoBarenbHo,
CYIIECTBYeT HEOOXOUMOCTb B OPTaHM3ALINH A IAIIEeH SKCIUTyaTallii HCTOPUYECKUX 00bEK-
TOB U cOOpe MaKCUMaJbHO MMOTHON HH(MOPMAIIUH O HUX. AKTYyalIbHOCTH MTPOOIEMbI JAHHOTO
WCCIIEZIOBAHUS 3aKII0OYeHA B TOM, YTO OMMCAHUA U TUTaHbI TAMATHUKOB XpPaMOBOT'0 30/14€CTBa
AOxa3uy B Hay4HOH JIUTEpaType MpeACTaBIeHb OYeHb HEpaBHOMEpPHO. EcTh psin maMsaTHU-
KOB, XOPOIIIO MCCIIEIOBAaHHBIX KAaK apXeojioraMi, TaK M MCKYyCCTBOBEIAMHU M apXHUTEKTOpa-
MH, HO CYIIIECTBYET U MHOTO OOBEKTOB HACJIeusl, KOTOpble He H3ydaauch BooOie. [lostomy
OCHOBHOW 11eJ1bI0 TJAaHHON paOoThI ABJIsIETCA BBEJCHNE B HAYYHBIH 000POT apXe0IOTHYECKUX
0OBEKTOB, BBHIMABIIMX W3 IOJSl 3PCHHUsSI HAIIMX TpeNIIecCTBEHHUKOB. Ho st Bocco3nanus
MTOJTHOTHI KapTHUHBI PACIIPOCTPAHEHUSI XPUCTHAHCTBA B AOXa3nuu M pa3BUTHS XpaMOBOH ap-
xutekTypsl B [ IC BKITIOUaIOTCS BCe XpaMbl, KaK U3y4YE€HHBIE HAIIMMU TPEAIIeCTBEHHUKAMH
Y KOJJIETaMH, TaK M 00cJie/IoBaHHbIEe HAMU BIIEpPBHIE.

Pabora BkitodaeT B ce0s1 HECKOIBKO HAIIPABICHHIA:

1) IIpoBenenue pa3BeoK.

2) Ilpumenenue GOTOrpaMMETPUIECKON CHEMKH, KOTOPAs TO3BOJISIET B IOCTATOUHO KO-
POTKHE CPOKH U MPH 3TOM C MAaKCUMAaJIbHOM TOYHOCTBIO MOJTy4aTh BCe HEOOXOIMMBbIE 0OMe-
PBI, TUTAaHBI U pa3pesbl.

3) Coznanne KOMIBIOTEPHBIX 3D-Moaeneit Mo UMEIOIUMCS TIaHaM B OITUCAHUSM IS
TUTIMYHBIX B CBOEH TUIAHUPOBKE XPaMOB, YTO MO3BOJISIET CO3/IaTh IOCTATOYHO PeaTCTUIHbBIE
TpeXMepHbIe MOJIENIN, KOTOpbIe B JAajlbHEHIIEM MOTYT OBITh MCIIOJIb30BaHbl B Ka4yeCTBE Ha-
IJISIIHOTO MaTepHalia B Xofie 00pa30BaTesIbHOM e TeNbHOCTH U B My3€HHOM paborTe.

4) AHanmu3 CBS3YIOIIEro pacTBOpa B KJIaJKaX MaMsITHHUKOB.

5) Cozganne 'MC mo3nHeaHTHYHBIX M paHHECPEIHEBEKOBBIX XpaMoB AOXa3uu | I0-
MIBITKA BBIABJICHUS PA3IMYHBIX B3aHMO3aBUCUMOCTEH 0 MX THIAM M JaTUPOBKaM JUIsl BO3-
MOYKHOW PEKOHCTPYKIIMH Pa3BUTHS PACTPOCTPAHEHMS XPHUCTHAHCTBA B M3Yy4aeMOM pErvo-
He.
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LATE ANTIQUE AND MEDIEVAL TEMPLES OF ABKHAZIA:
GIS, PHOTOGRAMMETRIC RESEARCH AND 3D-MODELING

The Republic of Abkhazia has plenty of medieval sites, including early ones, both in
good condition and practically destroyed. The territory of the country is also unique in terms
of the number of ancient Christian temples preserved here.

Today, Abkhazia is a rapidly developing region in terms of tourism and agriculture,
which poses a threat to the preservation of historical and cultural heritage monuments for
future generations. Therefore, there is a need to organize the gentle management of historical
objects and collect the most complete information about them. Relevance of the problem of
this study lies in the fact that descriptions and plans of sites of temple architecture of Abkha-
zia in the scientific literature are presented very unevenly. There are a number of sites well
researched by archaeologists, art historians and architects, but there are also many heritage
monuments that have not been studied at all. Therefore, the main purpose of this work is to
introduce into the scientific circulation of archaecological sites that have fallen out of sight of
our predecessors. But to recreate the completeness of the picture of the spread of Christian-
ity in Abkhazia and the development of temple architecture, all the temples include in the
GIS, as studied by our predecessors and colleagues, and investigated by our team for the first
time.

The project includes several areas of research:

1) Conducting archaeological surveys.

2) Using photogrammetric photography, which allows to get all the necessary measure-
ments, plans and profiles in a fairly short time and with maximum accuracy.

3) Creation of computer 3D-models according to available plans and descriptions for
temples typical in their layout, which allows to create a fairly realistic three-dimensional
model, that can then be used as a visual material in the course of educational activities and
museum work.

4) Analysis of the mortar in the masonry of sites.

5) Creation of GIS of late antique and early medieval temples of Abkhazia and attempt
to identify various interdependencies by their types and dates for possible reconstruction of
the development of Christianity in the region under study.
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PASPEIIEHUE IMP, KIACCU®PUKALUSA PEJIBE®PA U MOAEJINPOBAHUE
NYTEW C YYETOM SHEPTETUYECKHX 3ATPAT:
TEMATUYECKHUE NUCCIIEJOBAHUSA B 'OPHBIX YCJIIOBUAX

ANTOPUTMBI pacdeTa MapuIpyTOB C y4ETOM PHEPreTHUECKHX 3aTpaT, OOBIYHO HCIIONb-
3yeMbl€ apXeoJoraMH I MOAETUPOBAHMS MOTEHIIMAIBHOTO ABIKEHUS 10 penbedy, cral-
KHUBAIOTCSI C TPYJHOCTSIMU ITPU BBIOOpE TyTel cOOOIIeHNUs B TOPHBIX JlaHAmadrax. Ity an-
TOPUTMBI YacTO MPOTHO3UPYIOT JJIMHHBIE MapIIPYThl, BMECTO TOTO YTOOBI HCIIOIB30BaTh
JUTS co0OIIeHNs OoJiee KPYyThIe MTyTH Yepe3 TOpHbIE TIepeBaIbl, YTO MPUBOJUT K CKAKEHHOM
KapTHHE JaHAIaQTHOTO MOACTUPOBAHHS B rOpax W BOKPYT HUX. OZHUM M3 pelIeHHH 3Toi
npoOeMsbl sBIsIETCS KiaccuuKkamnus penbeda MEeCTHOCTH, KOTOpas MOXKET MCIOIb30BaTh-
¢S U WACHTU()MKAIIMU TOPHBIX TIepeBajoB HA OCHOBE OTHOCHUTENBHBIX TOMOrpaduyecKux
xapakrepucTHK. [IpocTpancTBa, HIeHTH(HUITMPOBAHHEBIE KaK MPOXOBI, MOTYT 3aTeM paccMa-
TPUBATHCS B Kau€CTBE MPEMMYIIECTBEHHBIX MPH BBIYUCICHUAX IMyTeil Hanbosee yaoOHOTro
JBYKEHUS, YTOOBI CTUMYJIHPOBATh X MCIIOJIIb30BaHUE B MOJICIMPOBAHUH MapIIPyTOB C Hau-
MEHBIIIeH CTOUMOCTBIO SHEPTeTUYECKUX 3aTpar.

Mertonp! Knaccu(puKauy 3eMHON MMOBEPXHOCTH, OJJHAKO, OY€Hb YyBCTBUTENBHBI K pa3-
pertenuto 1udpoBoit Mmonxenu penbeda (LIMP), npu 3TOM pasHble pa3pelieHus 1al0T COBep-
IIIEHHO pa3HbIe pe3yabTaThl. B TaHHOM 0KIIa/1e MpeCcTaBIeHbl TEeMaTHYeCKUE UCCIIEIOBAHNS
KiaccuuKanuu penbeda MECTHOCTH ¢ ucnonb3oBanueM LIMP paznuuHbIx paspemnieHui, ¢
aKIIEHTOM Ha MPUMEPbI TOCTPOEHHUS MyTel cooluieHus B rpaHunax boneimoro u Marnoro
KaBkaza. Pesynbrarsl onepanuii kiaccupuKkanuym CpaBHUBAIOTCSI ¢ COBPEMEHHBIMU M 3THO-
rpa4ecKuMH JaHHBIMH O TOPHBIX TIepeBaiax, KOTOPbIE HCIOB3YIOTCA (MM MCIIOIb30Ba-
JIUCH), C TIEBI0 OMPEICICHISI MUHUMAIBHOTO paszpemieHust LIMP, Heob6xomuMoro a1 momy-
YeHMs aJIeKBaTHBIX PE3YJIbTaTOB, OTPAXKAIOIIUX BHIOODP HesloBeyeckoro nmoseieHusd. Llenbio
9TO# pabOTHI ABJISIETCS 00BETMHEHNE KOJIMYECTBEHHBIX MTOJIX0/I0B K U3YUYCHUIO JaHmadTa ¢
Ka4eCTBEHHBIMHU JIAaHHBIMHU O TOM, KaK Ha CaMOM JIeJIe JTIFOJI B3aUMOJICHCTBYIOT C pealbHbIMU
TororpaduyeckuMu ycIoBusiMA. KpoMme TOTro, akIeHT Ha W3yYCHWHU TOPHBIX JaHAMA(TOB
MIpHUBJIEKAaeT BHUMAHNUE K apXEOJOTHYECKH MaJIOM3yYeHHbIM pailOHaM BBICOKOTOPHS, KOTO-
pBIe, TEM HE MEHee, MMEIOT pellaloliee 3HaueHue s TOHUMaHUA 3aKOHOMEPHOCTE! BO3-
HUKHOBEHHS] KOMMYHHUKAIHH B TIPOIIIIOM.

Fabian L.
Albert-Ludwigs University
Freiburg im Brisgau (Germany)

DEM RESOLUTION, LANDFORM CLASSIFICATION,
AND LEAST COST PATHS:
CASE STUDIES IN MOUNTAINOUS ENVIRONMENTS*

Least-cost path algorithms, commonly used by archaeologists to model movement po-
tentials, run into difficulties resolving route choices in mountainous landscapes. These algo-
rithms often identify circuitously long routes instead of taking advantage of the more rug-
ged paths across mountains, resulting in a distorted picture of landscape affordances in and
around highlands. One solution to this problem lies in landform classification, which can be
used to identify mountain passes based on relative topographic characteristics. Spaces identi-
fied as passes can then be treated preferentially in the least-cost-path calculations, in order to
incentivize their use in the least-cost-path modeling
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Landform classification techniques, however, are highly sensitive to DEM resolution,
with differing resolutions generating dramatically different results. This paper presents case
studies of landform classification using DEMs of various resolutions, focusing on examples
from the Greater and Lesser Caucasus. The outputs of the classification operations are com-
pared with modern and ethnographic data about mountain passes that are (or were) in use,
with the aim of identifying the minimum resolution needed to generate meaningful results
that reflect of human behavioral choices. This work aims to bring together quantitative ap-
proaches to landscape with qualitative data about how people actually interact with topogra-
phy. The focus on mountainous landscapes, furthermore, brings attention to archacologically
understudied highland landscapes, which are nevertheless critical for understanding patterns
of connectivity in the past.
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BBISIBJIEHUE CKPBITBIX CTPYKTYP JPEBHENIIEIO B MUPE
METATIOJIMCA YPYK U CTOJULBI FOXKHOI MECOIIOTAMMH YPA (MPAK)
C NOMOILbIO MATHUTOMETPUYECKOI PA3BEJIKU
U PE3UCTUBHO TOMOTI'PA®HH (ERT)

VYpyK sBIII€TCS MEPBBIM METANOINCOM U MECTOM JEUCTBUS JIPEBHEHIIETO 310ca Yeno-
BeUeCTBa, 3HAMEHUTOro0 «2mnoca o I'miueramenie». Okono 40 000 >xuTesel, Ha MUIOIIAAH OK.
5 KB. KM, Hacessio ropon yxe B IV ToIc. 10 H.3. [lnameTp roposaa coctaBisul 4—5 KM; orpax-
JlaroIas ero ropoJickasi CTeHa umena JJuHy oK. 11 KM, HO M 3a TOpO/ICKOM cTeHOH pacriona-
raJINCh I0Ma, XpaMbl U caabl. CeTh BOJHBIX NMyTeH U KaHAJIOB Iepecekalia Topoj] ¢ ceBepa Ha
IO, UTO JIeNIaJI0 JOCTYITHBIMHU TOPOJICKUE KBAPTAaJIbl, a TAKXkKe 00eCIeunBaio BOAOH it Opo-
LIEHNs CaJl0B MIPOCTPAHCTBA BHYTPH OrOPOKEHHON CTEHAMU TOPOJCKOI TEPPUTOPHH.

T'opon myHHOTO OOTa M «/ToM ABpaaMa» ¥Yp OblT OCHOBaH MOCeNeHIaMu Takxke B [V Thic.
70 H.3. EcTh cBUzETENBCTBA TOTO, YTO KHU3Hb B FOPOJIE 3aKaHUYUBAETCS MOTONOM, KOTOPBIH
paHee cuuTalcs ONUCAaHHBIM B KHUre boITHA. XOTS OH M 3HAYMTENBHO MEHBIIIE YpyKa, B Clie-
IYIOIUH (paHHEMHACTUYCCKUI) niepuos Yp ctai cronuiei Beeit FOxHoit Meconoramuu
MoJl PYKOBOJCTBOM LIYMEPCKHUX Hapei mepBoil nunactum Ypa (XXV B. mo H.3.). [locnen-
HUM L1apeM, KOTOPBII OCTaBUIJI CBOM cJeqbl U B Ype, U B Ypyke, 0bu1 Axemenus Kup Benu-
KWH, 9bst HAJIMMCh Ha KUpIHUyax Obljla HaljeHa Mpy packonkax. [opona BEIKUIN BO BpeMeHa
npasienus: Aprakcepkca II. Bo3amoskHO, uMeHHO B 3T0 BpeMmsi EBppar u3meHun cBoit Kypc,
U C pa3pylIeHHUEM Bcel MPPHUTAlMOHHON CHUCTeMbI Ypa U YpyKa, UX MOJsl MPEeBPaTHIIUCh B
MYCTBIHIO ¥ OBUIM OKOHYATEJILHO 3a0pOIICHBI.

Marnuromerpuueckue obcnenoBanus Ha rore Mpaka Opimn HavaTel B 2001 u 2002 T,
B0300HOBIIEHBI B 2016 I. 1 mpoBoAMIUCH Ha Oombinelt miuomaau B 2017-2019 rr. {st kpym-
HOMAcCIITaOHBIX MCCIICAOBAHUN MBI HCIONB30BAIM [E3UEBBIE MAarHUTOMETPHI Scintrex
Smartmag SM4G-special u Geometrics G-858G. Oba MPUMEHSIFOTCSI B KQYECTBE MOJIEBBIX
MarHUTOMETPOB B TaK Ha3bIBAEMOH JBYXJaTYNKOBOM KOH(PUTYpaIHH.

B pesynbrare Oblia cozana MmojHasl KapTa ropoja ¢ JIOKaau3alueld KOHKPETHBIX MECT,
MOKa3bIBAIOIIUX PACIOJIOKEHNE JOMOB, YJIHIl U TaBaHU B Ype, B TO BpeMsI Kak B YPyKe MBI
JaJieKd OT TIOJIHOW KapThl, HO OOHApYXHJIHM CYIIECTBOBaHUE APEBHHUX KaHAJIOB, KOTOPBIC
¢dopmupoBasn HHGPACTPYKTYpY Topoaa. JJornoaHuTensHbIe H3MEPEHUs] TOMOTpaduH COIPO-
tusnenust 3emin (ERT) ¢ momoripio n3mMepuTens ynenbHOro COnpoTHBICHHS 3eMin “4point
light 10W” mo3BoNMIM MOTYYHUTH TPEXMEPHBIE MOJEIH JOMOB U3 NIMHIHOTO KMPIHYa, TITy-
OMHBI TaBaHEH U KaHAJIOB, a TAK)KE Pa3Mepbl TOPOJICKON CTEHBI 000MX TOPOJIOB.
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REVEALING THE HIDDEN STRUCTURES OF THE WORLD
OLDEST MEGACITY URUK AND THE CAPITAL OF SOUTH
MESOPOTAMIA UR (IRAQ) BY MEANS OF MAGNETOMETER
PROSPECTING AND RESISTIVITY TOMOGRAPHY (ERT)*

Uruk is the first metropolis and the scene of action of the oldest epic of humankind, the
famous “Epic of Gilgamesh”. About 40,000 residents, on an area of ca. 5 sq. km, inhabited
the city already in the fourth millennium BC. The diameter of the city is 4-5 km; the enclos-
ing city wall has a length of ca. 11 km, but house constructions, temples, and gardens stretch
out over the city wall. A network of waterways and canals cross the city from north to south
that make the city quarters accessible but also provide water for the irrigation of gardens in-
side the enclosed city.

Ur the city of moon god and “house of Abraham” was founded by settlers in the fourth
millennium BC. There is evidence that their occupation ends by a flood, formerly thought to
be the one described in Genesis. Although much smaller than Uruk, in the next (Early Dynas-
tic) period Ur became the capital of the whole of southern Mesopotamia under the Sumerian
kings of the 1st dynasty of Ur (25th century BC). The last king who left his traces at both Ur
and Uruk was the Achaemenian Cyrus the Great, whose inscription on bricks was found in
excavations. The cities survived into the reign of Artaxerxes II. It was perhaps at this time
that the Euphrates changed its course; and with the breakdown of the whole irrigation system
of Ur and Uruk, its fields reduced to desert and were finally abandoned.

Magnetometer prospecting in southern Iraq was initiated in 2001 and 2002, resumed
in 2016 and carried out for a larger area in 2017, 2018 and 2019. For the large scale survey,
we applied the caesium magnetometers Scintrex Smartmag SM4G-special and Geometrics
G-858G, both applied as total field magnetometers in the so called duo-sensor configura-
tion.

The results reveals already the city map of the sites showing the layout of houses streets
and the harbour from Ur, while in Uruk we are far from a complete map, but discovered the
existence of ancient canals that formed the infrastructure of the city. Additional Earth resis-
tance tomography (ERT) measurements by the Earth resistivity meter “4point light 10W”
revealed 3D-models of mudbrick houses, the depths of harbours and canals as well as the
dimensions of the city wall of both cities.
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TPEXMEPHOE MOJIEJIMPOBAHUE B U3YUYEHUU NIOCEJIEHYECKHUX
IEHTPOB 3ATIAJTHBIX BAJITOB ITEPBOM ITOJIOBUHHI I THIC. H.3.

[ToHuMaHue CTPYKTYpbl KyJbTYPHOTO JIaHAMIAGTA SBISCTCS OAHUM M3 ONPEACIISIOIINX
KpPUTEPUEB B U3YUEHUHU TAMATHUKOB 3M0XM PUMCKUX BIUSHUM U Bennkoro nepecesienus Ha-
pomoB. B aToT mepuon, XxapakTepru3yeMblid BEICOKOH MOOMIBHOCTBIO HACEICHUS, CTCTICHBIO
oOMeHa ¥ TOPrOBJIH, CBSI3aHHBIA C HEOOXOAMMOCTHIO KOHTPOJISI OCHOBHBIX TPAHCIIOPTHBIX
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apTepuii, IPOCTPAHCTBEHHOE DPACIONOKECHUE MAMSATHUKOB, U3 B3aUMOCBS3b, UCIOIb30Ba-
HHUE €CTECTBEHHBIX MPUPOIHBIX 0aphepoOB, 0COOCHHOCTEH penbeda Urpanyd 3HAYUTENbHYIO
poib B (OPMHPOBAHUH COLMAIBLHO-MEPAPXUIECKUX CTPYKTYp Ha Tepputopuu CeBepHOM
EBponer u bantun. Metoas! ' MC-ananusa u TpeXMepHOTro KOMIBIOTEPHOTO MOJIEINPOBa-
HUS paHee OBUIM MCIOJIB30BaHBI HAMH JUISl MOJNYYEHUS! JAHHBIX O TPYHTOBBIX MOTHJIBHU-
kax FOro-Bocrounoii [Ipubantuku. B HacTosmem noknane OyayT MpelncTaBiIeHbl HEKOTO-
pBle pe3yibTaThl U3yUYeHHs OCOOCHHOCTEH MOCENIEHUYECKUX LEHTPOB, CTPYKTYPBI TOPOJIHIL]
(YKpeIUIeHHBIX TIOCEJICHUI Ha X0iMax) B IIEHTpaibHOW yacTh KannHuHrpaackol obiacT,
PACIIOJIOKEHHBIX BJIOJIb OJHON M3 IIABHBIX TPAHCIIOPTHBIX apTepuil «SIHTapHOro myTu» B
peruone — p. IIperons. PaccMmatpuBaeTcs cneayrommii psit Bonpocos. Kak moigyueHHbIE MO-
JIeTT OTPaXKaloT CTPYKTYPY TOPOIHII M TIO3BOJISIIOT CPaBHUBATH JaHHBIE 00 WX THUIOJIOTHUHU?
Janee — npy MOMOIIH KOMITBIOTEPHOTO MOJICIMPOBAHUS MBI TONPOOYEM IMOHSATH, KaKHe Ia-
MSITHUKH SIBIISIIOTCS «JIOMUHAHTaMU» TPH (OPMUPOBAHUH JTOKAIBHBIX LIEHTPOB 3aCEIICHHS
y 3anaaHbIx OantoB. KakoBa poib ropoiui, mocejaeHni, MOTHIBHUKOB B COLMANIBHOMN Op-
raHu3anuy Ja"amadTa 1 MOAEIH paccenenus? Hakonen, Kak MOIIa BBITISACTh CTPYKTypa
OTAEJBHBIX MOCEJIIEHYECKUX IIEHTPOB U KaK UX TPYNIHUPOBKA MOXKET OBITh CBsI3aHa C TaKoH
0COOCHHOCTBIO KYJIBTYp 3amaJHOOaNTCKOTO Kpyra, Kak BbIJICJICHHE B HEM MHOXECTBA JIO-
KaJIbHBIX TPy NaMsATHUKOB?

Khomyakova O.A.*, Skhodnov I.N.**
*Institute of Archaeology RAS

Moscow (Russia)

**Baltic Archeology Research Center
Kaliningrad (Russia)

THREE-DIMENSIONAL MODELING IN THE STUDY
OF SETTLEMENT CENTERS OF THE WESTERN BALTS
IN THE FIRST HALF OF THE 1ST MILLENNIUM AD

Understanding the structure of the cultural landscape is one of the determining criteria
in the study of sites of the Roman influence epoch and the Great Migration Period. During
this time, characterized by high mobility of the population, the degree of exchange and trade,
associated with the need to control the main transport arteries, the spatial location of sites,
the interrelation, the use of natural barriers, features of the relief played a significant role in
the formation of social-hierarchical structures in Northern Europe and the Baltic States. The
GIS-analysis and three-dimensional computer modeling methods were previously used by
our team to obtain data on burial grounds in the South-Eastern Baltic region. This paper will
present some results of the study of the peculiarities of settlement centers, the structure of
hillforts (fortified settlements on hills) in the central part of the Kaliningrad Region, located
along one of the main transport arteries of the “Amber Route” in the area — the Pregolya
River. The following range of issues is being considered. How do the obtained models reflect
the structure of settlements and allow comparing data on their typology? Further — by means
of computer modeling we will try to understand what sites are the “dominant” in the forma-
tion of local settlement centers among the Western Balts. What is the role of fortified and un-
fortified settlements as well as burial grounds in the social organization of the landscape and
settlement model? Finally, how could the structure of individual settlement centers look like
and how could their grouping be connected with such a peculiarity of Western Baltic cultures
as the allocation of many local groups of sites in it?
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OIIBIT PABPABOTKH, TEMATUYECKOI'O HAITOJIHEHUS
N IMMPAKTUYECKOI'O UCITOJIB30OBAHUSA APXEOJIOI'MYECKOI'O
I'EOIIOPTAJIA HA ITIPUMEPE TYPO-IIBILIMUHCKOI'O
MEXIAYPEUBS (TFOMEHCKAS OBJL.)

OnHUM W3 aKTyallbHBIX TPEHJIOB B apXeosornveckoi reonHpopmarike B Poccun sB-
JSieTCsl Co3JjaHne BeO-KapTorpaduieckux MopTanoB, HHTETPUPYIONIUX MPOCTPAHCTBEHHBIE
U TEMAaTU4YCCKHUEC JaHHBLIC I10 3aJJaHHBbIM paﬁOHaM KOHLCHTpalu apXCOJIOrMYCCKUX Iia-
MSITHHKOB. B paMKkax m3ydeHHs CHCTEMBbI KH3HeoOecneueHns: ApeBHero HaceiaeHus: Typo-
[IpmmuHCKOTO MEskaypeubs (TiomeHckas o0nacTh) Oblila MPEANPUHATA TOIBITKA CO3IaHUS
reornopraia Ha OCHOBE CBOOOJHOTO MPOTrPaMMHOTO OOECIEUSHHUSI ¢ OTKPBITHIM HCXOHBIM
KOJIOM.

I'eonoprait umeeT TPaIUMLUOHHYIO KIUEHT-CEPBEPHYIO APXUTEKTYPY:

1. CepBepHast yacTh oOeclieunBaeT XpaHeHHE WH(OpMAIMKA U aBTOPHU3OBAHHBIA J10-
ctyn k Hedl. OCHOBHON KOMIIOHEHT cepBepHoi wactu — GeoServer (geoserver.org). [lan-
Hoe nporpammHoe obecrieuenue (I10) paspaborano Ha s3bike nporpammupoBanus (SI1)
Java ¢ ucnonb3oBanuem cranaaproB Open Geospatial Consortium (OGC), Takux kak Web
Map Service (WMS), Web Map Tile Service (WMTS), Web Feature Service (WES) u 1.1
XpaHeHI/Ie BCKTOPHBIX JAaHHBIX OCYHICCTBJIISICTCA B CUCTCMC YIPaBJIICHUA Oazamu JaHHBbIX
PostgreSQL (www.postgresql.org) ¢ ucnonb3oBanuem Hajactpoiiku PostGIS (postgis.net),
kotopas paspadarsiBacTcsi OSGeo u peanusyet crangapr OGC Simple Features mist SQL,
N00aBIIsIsE TEM CaMbIM IOUICPIKKY XpaHEHHUS U 00pabOTKU reorpaduueckux 0ObEKTOB Ha
ypOBHE 0a3bl IaHHBIX. PacTpoBbie JaHHbBIE XpaHSITCS HA cepBepe B BUE (aiinoB B opmare
GeoTIFF u MrSID. Utenune pacTpoBBIX JAHHBIX OCYIIECTBISIETCS C HCTIOIB30BAaHUEM OHOITH-
OTEKH abCTpaKIUK reonpocTpaHcTBeHHbIX JaHHbIX GDAL (www.gdal.org), kotopas Takke
sIBIIIETCS TPOoayKTOM pa3paborku OSGeo. JlocTymn K pacTpOBBIM JaHHBIM OCYIICCTBIISETCS
o crangapry WMTS, nocTyn Kk BEeKTOpHBIM JaHHBIM — 110 ctannapram WFS u Vector Tiles.
Takom I1oaxoa I1mo3BOJIACT ILO6I/ITBC$I OINNTUMAJIBHOTO COOTHOIICHUA MEKAY Ka4€CTBOM OTO-
OpaskeHHsI U CKOpPOCThIO 00paboTku. Bee Taiinsl, kotopsie popmupyer GeoServer, XpaHITCs
Ha cepBepe JUIsl HOCIeYIOIIero uenoib3oBanus (ooecrneunBaercs GeoWebCache). 3ampocsr
k GeoServer OT KIIMEHTOB TPAHCIUPYIOTCS Yepe3 0OpaTHbBI MTPOKCH-CEPBEP, B POJIU KOTOPO-
ro BeicTymaer Nginx (www.nginx.com), obecrieunBaronuii mudposanue Tpadhuka MexIy
CCPBCPOM U KIIMCHTAMHU U €ro CKATUC, 4 TAKIKE JOCTYIT K KIIMCHTCKOMY Be6-HpI/IHO)KeHI/IIO.

2. Kmmentckoe BeO-mpmiokenne Harmucano Ha SII TypeScript ¢ ucmonb3oBaHueM
¢peiimBopka Preact (preactjs.com) u 6udiauorexu OpenlLayers (openlayers.org). Preact pea-
nu3yet TexHosoruto Virtual DOM u nmo3BossieT uenonb3oBark cuaTakcuce JSX mist ObicTpoit
Pa3pabOTKH OT3BIBUMBBIX MTOJIH30BATEIBCKUX HHTEPPEIHCOB, TPHU ITOM OH 00J1a1aeT HeOOIIb-
MM pa3MepoM M BBICOKOH CKOpocThio paboTsl. OpenlLayers — 6ubnuorexa st ObICTPOi
pa3paboOTKH MOJIb30BATENBCKAX MHTEP(EHCOB padOThl ¢ POCTPAHCTBCHHBIMU JIAHHBIMH, B
ToM uncie u ¢ GeoServer. Mcronbp3oBaHHbIe TPU pa3pabOTKe KIMEHTCKOTO BEO-TIPUIIOKEHUS
TEXHOJIOTUH TTO3BOJISIIOT TIOJB30BATHCSI UM B MOMYJISIPHBIX COBPEMEHHBIX BeO-Opay3epax 6e3
YCTAHOBKM Ha TMOJIB30BATENbCKHUE yCTpoicTBa mononuutensHoro [10. Ilomp3oBaTenbekuit
uHTEpdelic ApPXEoJOrHYecKOro reornopTraia MpeICTaBlIseT co00i MHTEPAKTUBHYIO KapTy
CJIOEB MPOCTPAHCTBEHHBIX JAHHBIX, a TAK)XKE 3JIEMEHTHI yIpaBlIeHus KapToid. B coctas 06-
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LIMX 2JIEMEHTOB YIPaBICHHS BXOJSIT KHOTKH W3MEHEHUS MacIiTaba, BHICTABIICHUS MaCIITa-
0a 10 AKCTEHTY JOCTYITHBIX CJIOEB, MOI3YHOK U3MEHEHUs MaciuTaba, MaciTaOHast TMHEHKa,
noje oToOpakeHus1 reorpadMuecKux KOOPAMHAT YCTaHOBKH Kypcopa, KHOMKA BKIIIOUCHHS
pekuMa oToOpaskeHHs arpuOyTHBHOW MH(opMauuu. B coctaB a1eMeHTOB ynpasieHus Oy-
IyT 10OaBIIeHbI TOUCK 110 aTpUOyTaM BEKTOPHBIX CJI0EB, HHCTPYMEHTHI U3MEPEHHUS pacCTOs-
HUH U IJI0aaei.

Temarnueckoe HaroIHEHHWE BKIIOYAeT KOCMHUYECKHE CHUMKH co cpemHuMm (10 M) u
cBepXBbICOKUM (10 0,3 M) MpOCTpaHCTBEHHBIM pa3pelieHreM, Mojenb peiabeda AW3D
(25 ™), TonorpaduyecKre KapThl, pe3yJbTaThl CheMKH OTACIBHBIX y4acTKoB ¢ BITJIA (opTo-
¢dotornansl 1 LIMM), BEKTOpHBIE CIIOM apXeoJIOTHUECKUX NaMATHUKOB, THAporpaduu, Boc-
CTaHOBJICHHBIX JIaHAIIA(TOB, PE3yIbTaTOB KapTorpapupoBaHHs TPaHUI] apXEOJIOTHIECKUX
MaMSITHUKOB ¢ ToMolbio GPS-npreMHUKOB, a Takke JaHHBIX OaTUMETPUYECKOH CHEMKH.
Croit apxeonornyecKux MaMsITHUKOB (366 00BEKTOB) COACPKUT aTpHOyTHBHYIO HH(pOpMa-
LIMIO, BKJIIOYAIOIIYIO THI, IEPHO/, ONKMCAHNE, JaTUPOBKY. B manpHeiimeM miaHnupyercs ao-
0aBUTH UMeroIMecs rpaduuecKrue MaTepHraibl (IUTaHbl PAcKoNoB, GpoTorpaduu u ap.).

I'eomoprain sBiusieTcsi yI0OHBIM WHCTPYMEHTOM ISl YNIPABICHUSI W BU3yalM3allud Ha-
KOIUIGHHBIX MacCHBOB WH(OPMAIMK AJIS CHICIMAINCTOB, HE 00NalalomnX MUPOKUMH 3Ha-
HusIMH B obnactu kaprorpaduu u ['MC. I'eonopran He TpeOyeT YCTaHOBKH JIOTIOTHHUTEIb-
HBIX CHECHUAIN3UPOBAHHBIX MIPOTPAMM M HE TPUBSI3aH K ONpeACICHHOMY pabouemMy MecTy.
OTKpbITasi apXUTEKTypa MopTaja MO3BOJSIET B JalbHEUIIEM PAaCHIMPHUTh €ro (PyHKIHOHAT
MyTeM BHEAPEHUSI HHCTPYMEHTOB 02a30BOTO MPOCTPAHCTBEHHOTO aHAJIHM3a.

Tsymbarovich P.R.*, Sizov O.S.**,
Zimina O.Yu.***, Zakh V.A ***
*Moscow State University

**Institute of Oil and Gas Problems RAS
Moscow (Russia)

*** Tyumen Scientific Center

of the Siberian Branch RAS

Tyumen (Russia)

EXPERIENCE OF DEVELOPMENT, THEMATIC CONTENT
AND PRACTICAL USE OF THE ARCHAEOLOGICAL GEOPORTAL ON THE
EXAMPLE OF THE TURA-AND-PYSHMA INTERFLUVE (TYUMEN REGION)

One of the actual trends in archeological geoinformatics in Russia is the creation of web-
mapping portals that integrate spatial and thematic data on specific areas of archaeological
sites concentration. Within the framework of the study of the life support system for the an-
cient population of the Tura-and-Pyshma interfluve (Tyumen Region), an attempt was made
to create a geoportal based on free and open source software.

The geoportal has a traditional client-server architecture:

1. The server part provides information storage and authorized access to it. The main
component of the server part is GeoServer (geoserver.org). This software is developed in the
Java programming language (JP) using Open Geospatial Consortium (OGC) standards such
as Web Map Service (WMS), Web Map Tile Service (WMTS), Web Feature Service (WFS),
etc. Storage of vector data is carried out in PostgreSQL database management system (Www.
postgresql.org) with the use of PostGIS add-in (postgis.net), which is developed by OSGeo
and implements OGC Simple Features standard for SQL, thus adding support for storage and
processing of geographical objects at the database level. Raster data is stored on the server as
GeoTIFF and MrSID files. Raster data reading is carried out with the use of GDAL geospa-
tial data abstraction library (www.gdal.org), which is also a product of OSGeo development.
Access to raster data is carried out on WMTS standard, access to the vector data — on WES
and Vector Tiles standards. This approach makes it possible to achieve an optimal balance

105



between display quality and processing speed. All tiles generated by GeoServer are stored on
the server for later use (provided by GeoWebCache). Requests to GeoServer from clients are
transmitted through the reverse proxy server, which acts as Nginx (www.nginx.com), provid-
ing encryption and compression of traffic between the server and clients, as well as access to
the client’s web application.

2. The web client application is written in TypeScript programming language using the
Preact framework (preactjs.com) and the OpenLayers library (openlayers.org). Preact imple-
ments Virtual DOM technology and allows the JSX syntax to be used to quickly develop
responsive user interfaces, but with a small footprint and high speed. OpenLayers is a library
for fast development of user interfaces for working with spatial data, including GeoServer.
The technologies used in the development of the client web application allow using it in
popular modern web browsers without installing additional software on user devices. The
user interface of the Archaeological Geoportal is an interactive map of spatial data layers, as
well as map management elements. Common controls include zoom buttons, zoom in on the
extent of available layers, zoom slider, scale bar, geographic coordinates of the cursor setting
field, and attributive information display mode button. The search by attributes of vector lay-
ers, tools for measuring distances and areas will be added to the list of control elements.

Thematic content includes space images with average (10 m) and ultra-high (up to 0.3
m) spatial resolution, AW3D (25 m) elevation model, topographic maps, results of UAV sur-
veys (orthophoto and DEM), vector layers of archeological sites, hydrography, virtually re-
constructed landscapes, results of mapping the boundaries of archaeological sites using GPS-
receivers, as well as bathymetric survey data. The layer of archaeological sites (366 objects)
contains attributive information, including type, period, description and dating. In the future
it is planned to add available graphic materials (excavation plans, photos, etc.).

Geoportal is a convenient tool for management and visualization of accumulated data
sets for specialists who do not have wide knowledge in cartography and GIS. The geoportal
does not require installation of additional specialized programs and is not tied to a certain
workplace. The open architecture of the portal makes it possible to further expand its func-
tionality by introducing basic spatial analysis tools.
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PACKOIIKH B 3D. IOCTPOMKHU IT'OPOJIUILL JIbSIKOBA TUIIA
B BACCEMHE MOCKBBI-PEKH

Jlokna MoCBsIIeH MPOCTPAaHCTBEHHOMY aHaJU3Y JKMIIBIX IMOCTPOEK JBSIKOBCKON KYJb-
Typsl U3 packornok ropoaunt: Kpyrmuna (asrop — JILU. Ilumakun) n pskoBo (aBrop — H.A.
Kpenke), pacrionoxeHHBIX B cpeiHeM TedeHnH MockBbI-peku. COBpeMEHHBIE TEXHOJIOTHH,
B yacTHOCTH 3D-MonenupoBanue, O3BOJISIOT BHOBb BO3BPAILIATHCS K PE3YAbTaTaM MOJIEBBIX
WCCIIeIOBaHUH, 3aBEPIICHHBIX MHOTHE JCCATUIICTHS TOMY Ha3al, Aa)e €ClIM UCTOYHUKHU He
BCEI/Ia COOTBETCTBYIOT COBPEMEHHBIM METOMYECKUM TPEOOBAHHSM.

Marepuanbl pacKoOIoK ropoamina Kpyminia sSBisitoTcsl CIOKHBIMU IJ1S1 A€TANbHOW WH-
TepIIpeTaliy 13-32 MHOTOYHCICHHBIX OMIMOOK M HeToyHOCTel. [Ipeanaraercs pemuTh 3Ty
po0JieMy ¢ MOMOIIBI0 co3faanus 3D-monenu packorna 1956—1957 rr. [Tomaroso ObLH pea-
JIM30BaHbI CIIEAYIOUINE ATAIbI:

1) CxanupoBaHH€e BCeX TUIAHOB U YEPTEKEH packora.

2) IlpuBs3ka B eAMHOM MacIITabe CKaHOB YepTexel B mporpamme ArcMap.

3) Bekropuzanus Bcex 00EKTOB KyJABTYPHOTO cJI0s1 (B aTpUOYTUBHYIO TaOJIHILy BHOCST-
csl Bce He0OXOAMMBIE TTapaMeTphbl).
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4) Tpanchopmanusi BeKTOpHBIX ciioeB B 3D-popmar. OTKpeITHE BCEX AIEMEHTOB pac-
Korma B mporpamme ArcScene Ut paboThl B TPEXMEPHOM MTPOCTPAHCTBE.

B pesynbrare ObUTH BBIIEIEHBI OTAENbHBIE KOHCTPYKIMH U3 KOMILJIEKCOB, ONPECIIeH-
HeIx JI.W. I[lumakuHbIM 1O cliegaM MocTpoek B MaTepuke. BeposTHo, B rpaHuIiax packomna
MPUCYTCTBYIOT JIBE€ OCTPONWKH THIA JJIMHHBIX JOMOB, KOTOPBIE pacroyiaraloTcst B KOMITJIEK-
cax “A-B” u “b-I"". CocTosT nanHble MOCTPOUKHU U3 ABYX MOMEIICHUH, pa3aeieHHbIX MEX-
ny coboii TaMOypoM. BHYTpH 0HOTO M3 TIOMEIEHHUH pacioiaraeTcsi IMTMHOOUTHBIH ovYar ¢
ooprukoM. Kpome Toro, B kommiekcax “A—I"” mpucyTCTBYIOT QparMeHThl Ooiee TMO3AHUX
MOCTPOEK ¢ OPUEHTUPOBKON ceBep—tor. O4eBHIHa MHOTOKpaTHAsl TIepecTpoika CTeH JUINH-
HBIX IOMOB, 9THM OOBSICHSIETCSI CTOJIb YaCTOE PACIIONOKEHHE YTOIBHBIX POCIOCK Ha OJJHOM
ypOBHE BOJNM3HM TPEANOIaraéMbIX CTEH MOCTPOCK.

AmnanoruuHas BHpTyallbHas MOAETb ObLIa CO3JaHa W JUIsl packornoB /JIpsikoBa
ropoauma 1985 r., rae mocTpoiky ObIIH TIATETBHO 3a()MKCHPOBAHBI. DTO 4210 BO3MOKHOCTb
JIETAIbHO MPOAHATU3UPOBATh KOHCTPYKIIUH JKHUITUII U COMTOCTABUTh X C MHAUBUAYAIbHBIMU
1 MacCOBBIMH HaXOJKaMH.

BupryanbHas pexoHCTpykius packorna B mporpamme ArcGIS — sto 3D-mozens,
00Ja1at011ast MOIITHBIM aHAJTMTHYECKUM TIOTEHIIUATIOM, TO3BOJISIIOIIAs IPOBECTH KITOBTOPHBIC
PacKONKW» Ha MaMITHUKE M MOJIYYHUTh HOBBIC AaHHBIC O HAXOMASIIMXCS HAa HEM OOBEKTaX,
HEIOCTYITHBIE TPU TPATULMOHHBIX METOJaX UCCIIEAOBAHUS.

Chaukin S.N.
Institute of Archaeology RAS
Moscow (Russia)

EXCAVATION IN 3D. BUILDINGS OF DYAKOVO-TYPE
HILLFORTS IN THE MOSKVA RIVER BASIN

The presentation is devoted to the spatial analysis of dwellings of the Dyakovo culture
from the excavations of the settlements of Kruglitsa (made by L.I. Pimakin) and Dyakovo
(made by N.A. Krenke), located in the middle reaches of the Moskva River. Modern technol-
ogies, in particular 3D-modelling, allow to return again to the results of the field researches
which have been finished many decades ago even if sources not always correspond to modern
methodical requirements.

The excavations of the Kruglitsa hillfort are difficult to interpret in detail due to numer-
ous mistakes and inaccuracies. It is proposed to solve this problem by creating a 3D-model of
excavation trench of 1956-1957. The following stages were implemented step by step:

1) Scanning of all excavation plans and drawings.

2) Link drawing scans to a single scale in ArcMap.

3) Vectorization of all objects of the cultural layer (all necessary parameters are entered
into the attributive table).

4) Transformation of vector layers into 3D-format. Opening all excavated elements in
ArcScene to work in 3D-space.

As a result, separate structures were identified from the complexes defined by L.I. Pi-
makin on the traces of buildings in the bedrock. Probably, there are two long houses in the
excavation area, which are located in the complexes “A—B” and “B-I"". These dwellings
consist from two rooms separated by a vestibule. Inside one of the rooms there is a clay made
hearth with a rim. In addition, in the complexes of “A—I"" there are fragments of later build-
ings with orientation north-south. It is obvious that the walls of long houses are repeatedly
rebuilt, which explains the frequent location of charcoal interlayers at one level near the pro-
posed walls of dwellings.

A similar virtual model was created for the excavations of the Dyakovo hillfort of 1985,
where the dwellings were carefully fixed. This made it possible to analyze in detail the design
of house constructions and connect them with individual and mass finds.
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Virtual reconstruction of the excavation in ArcGIS is a 3D-model with a powerful ana-
lytical potential, allowing to “re-excave” the site and get new data about the objects located
on it, inaccessible in traditional research methods.
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«YHECEHHBIE BETPOM»: MOJAEJIUPOBAHUE CKOPOCTHU
U CUIbI BETPA ITPH ®OPMUPOBAHUU OFbSICHUTEJIbHBIX MOJIEJIEN
CUCTEM PACCEJIEHUS

Berep penko paccmarpuBaeTcs B KauecTBe (akTopa, BIHUSIOIIEr0 Ha BBIOOP MecTa Io-
ceneHus B ApeBHOCTH. OfHAKO AT MHOTHX JOHCTOPHYECKUX KOJJIEKTHBOB, B OCOOCHHO-
CTH HACENABIIMX OTKPBITHIC JaHIIIAPTHI, BETep, 0€3yCIOBHO MPEACTABISIT COO0H BaXKHYIO
COCTaBIISIIOLIYIO €KEJHEBHOTO OmbiTa. B mmporax k cesepy ot 30° mpeoOnamaioT BeTpa
3arajHoro MepeHoca, HampsIMyIo BIIUSIONIME HA KIMMaTHYECKHE YCIIOBHS B CEBEPHOM I1O-
JyIIapyuu, TPUHOCS OCaJKH, BIMAA Ha TEMIEpaTypHBbIH PeKUM M, 3a4acTylo, BbI3bIBAs Ka-
TacTpouyecKre MOCIEACTBUS B BUAE IITOPMOB WK yparaHoB. [loaTomy mMonenupoBanue
MOBEACHUS BETpa Ha KOHKPETHOM pelibede MOKET ClI0COOCTBOBATh MOHUMAaHHUIO MOTHBALIUH
JIOMCTOPUYECKUX KOJUIEKTUBOB MPH BBIOOPE KOHKPETHOTO MeCTa 15 [TocesieHns. B BrICOKHX
IIMPOTax, ceBepHee S0°, JONOTHUTENBHBIM (DAKTOPOM SIBIISICTCS MHICKC )KECTKOCTH TIOTOIbI,
MOCKOJIbKY MPH MUHYCOBBIX TEMIIEPATypax BETEP CIOCOOCTBYIOT IOTMOIHUTEIBHOMY OXJIakK-
JICHUIO ¥ MIPH IKCTPEMATbHO-HU3KUX TEMIIEpaTypax — 00MOPOKEHHIO.

B xadectBe pabouell THIOTE3bI MHOIO BBIIBUHYTO MPEIIOJIIOKECHUE, YTO B CEBEPHBIX
HIMPOTAaxX JIOAY MPEAIOYUTAIH )KUTh B HANOOJIee YKPHITHIX MECTax penbeda A1 MUHIMHU3a-
LMW HETaTUBHBIX NocencTBUi BeTpa. CleqoBaTebHO, MOJIETMPOBAHNE BETPOBBIX YCIOBHM
B MECTHOM MacIITabe MOXKET CIIOCOOCTBOBATH OOBSICHEHHIO JIOTUKH U MOTHBALIUH TIPH BBIOO-
pe MecT nocenaeHni. B kauecTBe MO/IENbHBIX HCIOIB30BAHBI YETHIPE CTEMHBIX I0KHOYPAIIb-
CKHX [TOCEJIeHUsI Mo3qHero OpoH30Boro Beka (kair. 4000-3700 rr. 10 H.3.) ¥ TPH SCKUMOCCKUX
nocesnka cepenunbl X VII n nauama X VIII B. rokxHOTO MoOepexbs KBeOeka u 03. MenBuiut B
Kanane. B oboux ciydasx majaeokJIMMaTHueCKue PEKOHCTPYKLHUH TO3BOJISIOT TOBOPHTH O
CXOXKUX UK 00JI€€ XOIOTHBIX YCIOBHUSX B ITPOIILIIOM, TIO3BOJISISI IPUMEHHTD JIOTHKY 1aHHOTO
HCCIIEZIOBAHUS.

CHHTAIITHHCKO-TIETPOBCKHE TIOCEICHHUsI OPOH30BOTO BEKa PACIOIOKEHBI Mo Oeperam
MaJbIX cTenHbIX pek B FOxHoM 3aypanbe. Moaenn 1eMOHCTPUPYIOT, YTO BCE YEThIpE IO-
cenenns (Kamennsiit Am6ap, Yeroe, Konomnsiaka n CapbsiM-Caxiibl) pacronioKeHbl B Hau-
OoJiee YKPBITBIX OT BETpa y4acTKaX MECTHOCTH CO CpeiHel ckopocThio BeTpa 3,57+0,1 m/c
(HM3Kas—cpeqHsisl), YTO HIDKE CPEAHEro pernonaibHoro 3HaueHus 3,71+0,11 m/c. Cpennuii
peruoHanbHbIi MUHUMYM cocTaBiseT -50°C, 4TO COOTHOCHUTCS ¢ MHJEKCOM KECTKOCTH I10-
rogibl -64,8°C, a ipu aOCOIOTHOM MUHUMYME TeMIiepaTtypa OyaeT cooTBeTcTBoBath -71,8°C.
Hacronbko HH3KHE TemMmepaTypbl, 0€3yCIIOBHO, HE TIO3BOJISUIM BBDKMBATH HU JIIOASM, HU JI0-
MAIllHUM >KUBOTHBIM, CJIEJOBAaTEIbHO, B 3UMHEE BPEMsl TPEOOBAIHCH TTOCTOSHHBIE YKPBITHS
JUI. MMHAMH3ALMM HEraTUBHOTO BIMSIHUS KJIMMaTHYECKHUX yciaoBHH. Bcee mccienoBaHHbIe
MOCEJICHUs SIBHBIM 00pa3oM pAacloiIOKEHbl HAa HauOoJiee YKPBITBIX YYacTKaX, a CTEHBI H
CIUIOLIHAsL 3aCTPOWKA JOJDKHBI OBUIM CIIOCOOCTBOBATH COXPAHEHHUIO TeIlla B Hanboee Xo-
noxHble 3uMHKUE THH. JlaHHas cTpaterust Oblia HaubOoee Ba)KHA JJIsl KOJJIEKTUBOB CKOTO-
BOJIOB, Yb€ 0Jaronoiydne ¥ BBDKMBAHHME HAMPSIMYIO 3aBUCENO OT BBDKHUBAHUS MOJIOTHSKA
JOMAITHUX KUBOTHBIX.

3uMHHE AepeBHU 3CKUMOCOB Ha mobepexbiax Ksebeka u Jlabpamopa Bo Beex cirydasx
pacnonokeHbl MOOIM30CTH OT MOOEPEKbs M 3a4acTyI0 OTKPBITHI MOPCKUM BeTpaM. [Ipeau-
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KTUBHBIE MOJICTIM MTOKA3bIBAIOT, YTO JIBa MoceleHus: Ha nodepexne Keebeka (Belle Amour,
Hart Chalet) Haxomarcs B 30HaxX cpelHell CKOpocTH BeTpa ¢ mopsiBamu j0 31,7+0,6 m/c,
YTO B MPE/IEax PacyeTHOTO CPeAHEro 3HaueHHs 1715t 3uMHero Betpa (31,242,5 m/c). 3umHsis
nepeBHst B akBatopuu 03. Mensuinn (Eskimo Island) Taxoke pacnonokeHa B OTHOCHTEIBHO
YKPBITO 30HE OCTPOBA, T7Ie MOJIeJIbHAsI CKOPOCTH BeTpa coctasisieT 20,5+1,8 m/c, pu cpen-
HeM 3UMHeM 3HadeHuu B 21,8+0,6 m/c.

TakuM 0Opa3om, MOZIENMPOBaHKE MTOBEJCHHUS BETpa Ha pelibede MO3BOIISET Mpearoa-
raTh, 4YTO B 000X M3YyUCHHBIX CIyYasX JIIOAX MPEAIOYNTaId OTHOCUTEILHO YKPBITHIE MECTa
JUIsl IPOYKMBAHUS 3UMOK. B 0cOOEHHOCTH 3TO 3HAYMMO /715l TOHUMaHHsI 0OBaJOBaHHBIX IO~
CeJIeHHI 3MOXH OPOH3bI, YaCTO BOCIIPUHUMAEMBIX B KAUECTBE KPETIOCTEH.

Chechushkov L.V.
University of Pittsburgh
Pittsburgh (USA)

“GONE WITH THE WIND”: MODELING WIND SPEED AND STRENGTH IN
THE FORMATION OF EXPLANATORY MODELS OF SETTLEMENT SYSTEMS

Wind is rarely considered to be a factor influencing the choice of the place of settlement
in antiquity. However, for many prehistoric groups, especially those living in open land-
scapes, the wind was undoubtedly an important component of daily experience. In latitudes
north of 30° westward winds prevail, directly affecting climatic conditions in the northern
hemisphere, bringing precipitation, influencing the temperature regime and often causing
catastrophic consequences in the form of storms or hurricanes. Therefore, the modeling of
wind behavior on a particular terrain can help to understand the motivation of prehistoric
groups when choosing a specific place to settle. At high latitudes, north of 50°, an additional
factor is the index of wind-chill, because at minus temperatures the wind contributes to ad-
ditional cooling and at extremely low temperatures — to frostbite.

As a working hypothesis I put forward an assumption that people in the northern lati-
tudes preferred to live in the most sheltered areas of relief to minimize the negative effects of
the wind. Consequently, local-scale wind modelling can help to explain the logic and motiva-
tion behind the selection of settlement sites. Four Late Bronze Age settlements on the South
Ural steppe region (cal. 4000—3700 BC) and three Eskimo settlements of the middle of the
17th and early 18th century on the southern coast of Quebec and Lake Melville in Canada
were used as models. In both cases, paleoclimatic reconstructions allow us to speak of similar
or colder conditions in the past, make possible to apply the logic of this study.

Bronze Age settlements of the Sintashta-Petrovka culture located along the banks of
small steppe rivers in the Southern Trans-Urals. Models show that all four settlements (Ka-
mennyi Ambar, Ust’ye, Konoplyanka and Sarim-Sakly) are located in the most windy areas
with average wind speeds of 3.57+0.1 m/s (low-middle), which is lower than the regional
average of 3.71+0.11 m/s. The average regional minimum temperature is -50°C, which cor-
responds to the wind-chill index of -64.8°C, and at an absolute minimum the temperature will
be -71.8°C. Such low temperatures, of course, did not allow for the survival of either people
or domesticated animals, therefore, in winter, permanent shelters were required to minimize
the negative impact of climatic conditions. All of the surveyed settlements were clearly lo-
cated in the most covered areas, and the walls and solid buildings should have contributed
to the preservation of heat on the coldest winter days. This strategy was most important for
groups of pastoralists, whose well-being and survival depended directly on the survival of
young animals.

Eskimo winter villages on the coasts of Quebec and Labrador are always close to the
coast and often open to the sea winds. Predictive models show that two settlements on the
Quebec coast (Belle Amour, Hart Chalet) are located in average wind speed zones with gusts
up to 31.7+0.6 m/s, which is within the calculated average value for winter wind (31.2+2.5
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m/s). The winter village in the waters of Lake Melville (Eskimo Island) is also located in a
relatively sheltered area of the island, where the model wind speed is 20.5+1.8 m/s, with an
average winter value of 21.8+0.6 m/s.

Thus, modeling the wind behavior on the terrain suggests that in both cases people pre-
ferred relatively sheltered places to live in winter. This is particularly important for under-
standing the phenomena of closed settlements of the Bronze Age, which are often perceived
as fortresses.

https://DOL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.110-111
nornayap Y.*, ’Kypasaes I.B.**

*[epmanckutl apxeonoeuteckuti UHCImumym

bepnun (I'epmanus)

**[ocyoapcmeeHublll UCMOPUYeCKUll My3ell

Mocxesa (Poccus)

HEKOTOPBIE HOBBIE JAHHBIE MEKIUCHUIIJINHAPHBIX
UCCJIEJOBAHUI APXEOJIOTMYECKUX TAMSITHUKOB
HA TAMAHCKOM IIOJIYOCTPOBE

HUccnedosanue svinonneno npu noodepacke PODU, npoexm Ne 17-29-04410.

C 2007 r. coBmecTHas bocnopekast skcnenuius ['ocy1apcTBEHHOTO HCTOPUYECKOTO MYy-
3est B MockBe u EBpasuiickoro otneneHus ['epMaHCKOro apXeojJoruuyeckoro MHCTUTYTA B
bepnune mpoBoasAT uccienoBaHus TaMaHCKOTO MOMyoCTpoBa Ha Tepputopun KpacHomap-
ckoro kpasi. OCHOBHBIMH HCCIIEI0BAaTEIbLCKUMH BOIPOCAMH HAIllero MpoeKTa ObIIIN U OCTa-
I0TCsl TpedecKasl KOJIOHM3allUsl U pa3BUTHE TPEUECKUX MOceNeHni B a3uarckoil yactu Knuwm-
Mepuiickoro bocropa. Hammm rimaBHBIM HHTEpECOM OBIJIO HE CTOJIBKO M3yUSHHE OTACIBHBIX
MaMSITHUKOB, CKOJIbKO MCCJIeOBaHHUE JaHamadTa, KOTOPbIH ObLT MCIOIB30BaH JUII pacce-
JIEHUs] TPEYECKUMHU KOJIOHHCTaMH. BOT mouemy ¢ caMoro Hauaja M3ydajcsi CPaBHUTENIBHO
OonbIoi peruoH. [lepBoHayansHO 3TO ObLIA ceBepo-3amaaHas TeppuTopHs TaMaHCKOTO 1Mo-
JIyOCTpOBa, MO3/IHEE TaKXKe caMasi BOCTOYHAs €F0 OKOHEYHOCTb.

YroObl JOCTHYD LieJIeH HAIIETo MPOEKTa, 3a 3TH oAbl ObUIM COOpaHbI MHOTOYMCIICHHEIC
JTaHHBIE B XOJ/1€ MEXAMCLUUIUIMHAPHBIX HccaenoBaHnil. OCHOBOM BCeX PEKOHCTPYKLUH cTall
BOIIPOC pa3BUTHs naneonangmadTa. Heckonbko reopuanueckux ncciaeoBaHuii, IpoBeaeH-
HBIX B MEHBIIIEM MaclITade, IpeloCTaBuiIi HHPOPMAIHIO O pazMepax U popMe pasITHuHBIX
nocenennii. CoBceM HEAABHO ATU CHEMKH OBUIM JOIMOJIHEHBI JTaHHBIMH JWCTaHLIUOHHOTO
30HIUPOBAHUS, B YACTHOCTH a3pO(OTOCHEMKOH C NCTIOIB30BAHNEM OCCITUIIOTHBIX JICTATEIb-
HBIX anmaparoB (Geoscan, a Takke ¢ npuMeHeHrueM TexHonoruu LiDAR, kotopslie Bce vare
3aMEHSIOT TPAJUIIMOHHBIE T€0/Ie3NYECKUE METOBI ChbEMKH.

Hcnons3ys oTnenabHble TPUMEPHI, B TOKIaJIE IEMOHCTPUPYETCS, KaK COUYETaHHUE Pe3yiib-
TaToOB pabOThI CIICIUATIMCTOB U3 PA3JIMYHBIX 00JaCcTeH MPUBOIUT KaK K OTJCIBHBIM JICTallb-
HBIM PEKOHCTPYKILUM, TaK U K 0OIIeH MepeoleHKe BCEro Mmpolecca rpeyeckoil KoIoHn3a-
LUH.

PaboTsl mpoBeaeHa B KOONEpaIMK CO CIEAYIOMNME crienuaniuctamMu: X. bprokHepoM
u /1. Kensrepbaymom (Kénbpuckuii yausepcutet, ['epmanns), X. Ltromnenem, K. Mumikoit
(Opnanrenckuii yausepcuret, ['epmanns), A. Kaii-bpoyne (Brviciias TexHndeckast mkoa,
I'epmanus), B.1. Kypkosbim, T.H. Cxpoimuusinoit 1 A.A. Ko63essim (MUUT'AuK, Poc-
cus).
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Schlotzauer W.*, Zhuravlev D.V.**
*The German Archaeological Institute
Berlin (Germany)

**State Historical Museum

Moscow (Russia)

SOME NEW INTERDISCIPLINARY DATA FROM
ARCHAEOLOGICAL SITES ON THE TAMAN’ PENINSULA*

Since 2007, the Bosporan Expedition of the State Historical Museum (Moscow) and
the Eurasia-Department of the German Archaeological Institute (Berlin) has been conduct-
ing research on the Taman’ peninsula in the territory of Krasnodar Krai. The main research
questions of our project were and still are the Greek colonization and the development of the
Greek settlements in the Asian part of the Cimmerian Bosporus. Our main interest was not
necessarily the exploration of individual sites, but from the beginning it was the landscape
that was settled by Greek colonists. That is why we looked at a larger region right from the
beginning. This was initially the northwestern region of the Taman’ Peninsula, later also its
easternmost region.

In order to reach our goal, we have collected a lot of data in many multidisciplinary
collaborations over the years. The basis of all considerations was the question of the devel-
opment of the paleo landscape. On a smaller scale several geophysical surveys provided
information on the size and shape of the various settlements. More recently, these surveys
have been complemented by remote sensing, notably aerial photography using unmanned
aircraft, Geoscan and LiDAR, which replace more and more traditional geodetic surveying
techniques.

Using selected examples, we want to demonstrate how the combination of results from
the various disciplines leads to both, detailed individual statements and general reassess-
ments of the colonization process.

The project is done in cooperations with H. Briickner and D. Kelterbaum (University
of Cologne); H. Stiimpel (University of Kiel); C. Mischka (University of Erlangen-Nurem-
berg); Arie Kai-Browne (HTW Berlin); V. Kurkov, T. Skrypitsyna and A. Kobzev (Moscow
State University of Geodesy and Cartography). It was financial supported by the Russian
Foundation for Basic Researches (project No. 17-29-04410) and the German Archaeological
Institute.

https://DOIL.LORG/10.25681/IARAS.2019.978-5-94375-289-6.111-112
SunmeBcknii B.E., Slanmescknii O.b.

Hnemumym apxeonoeuu PAH

Mocxesa (Poccus)

APXEOJIOTHYECKAS KAPTA HEHTPA I. MOCKBBI:
HUHTEPAKTUBHAS KAPTA APXEOJJOTMYECKHUX UCCJETOBAHUM

Apxeonoruueckas KapTa HeHTpa I. MOCKBBI IOATOTOBJIEHA aBTOpaMu B MHCTUTYTE ap-
xeonoruu PAH B pamkax cepuiiHoro m3nanust «Apxeonornyeckas kapra Poccum» (AKP).
Brinyck oxBarbiBaeT Teppuropuro BHyTpu Kamep-Komiexckoro Bajia, rpaHMibl KOTOPO-
ro (akTUuecku SBISIOTCS TPAHUIAMH OT/CIBHOTO OOBEKTa apXeOJOrHYECKOTO HaCIeHs
«KynerypHslii cnoii ienTpa . MockBb». [101X01pI K ONMMCAHUIO TAKOTO OOJBIIOTO MaMST-
HUKa C TIOYTH HEpa3pbIBHBIM KYJIBTYPHBIM CIIOEM JIOJDKHBI OBITh MHBIMH, YEM NPHHSATO B
Boimyckax AKP no otaensHbIM pernonam nearpa Poccun. [lpu peanmusanmm 3T0ro BhITyCcKa
ObLIa IPUMEHEHA METOIUKA OITMCAHMUS KaXKJIOTO PacKola Ha TEPPUTOPHH IIEHTPAIBHON Ya-
¢t MockBssl. [Ipn 5TOM ONKMCHIBAIOCH MECTOIIONIOKEHHUE PACKOIIA, HCCIIENOBAaHHAS TUIOIIAIb,
TOJIIIUHA KYJIBTYPHOTO CJIOS, HAXOJKU, cTparurpadus U JIaTUpPOBKA CIIOCB HA TEPPUTOPUHU
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uccnenoBanuii. K KakaoMy packomy Mmpuiiaraercsi cxema ero pacrojioKeHHUs] B MaciiTade
1: 2000, a Takxke GoTorpaguu U YEPTEKU CTPATUTPAPHUSCKUX Pa3pe30B U HEKOTOPHIX Ha-
XOIIOK. Packomnbl HaHeCeHBI Ha KapTy IieHTpa I. MockBel MaciiTaba 1: 10 000, moaeneHHyo
B MEYaTHOM BEpCHM HA YacTH, KOTOPBIMHU SIBIISIIOTCS aIMHHUCTPATUBHBIC pailoHbl. Kaskaplid
aJIMUHHMCTPATHBHBINA palioH cHaOKeH UCTOPHUYECKOM CIIPaBKOM, a KayKAasl CTaThs (packor) —
CIIMCKOM JIUTEpaTyphl U apXUBHBIX UCTOUHUKOB. DakTHuecku, naHHbIi Beimyck AKP mpen-
cTaBisieT co0O0l MHTEPaKTHBHYIO KapTy, 00JaJaionlyl0 HEKOTOPBIMH BO3MOKHOCTSIMH T10-
ucka (Harmp., o agpecam), a TakKe BO3MOKHOCTBIO BBIOOpA U TPYMIIUPOBKH OOBEKTOB I10
HEKOTOpBIM MapameTpaM. Kapra peannzoBana na margopme QGIS.

Yanishevsky B.E., Yanishevsky O.B.
Institute of Archaeology RAS
Moscow (Russia)

ARCHAEOLOGICAL MAP OF MOSCOW CITY CENTER:
INTERACTIVE MAP OF ARCHAEOLOGICAL RESEARCH

The Archaeological Map of the Moscow City Center was prepared by the authors at the
Institute of Archaeology RAS within the framework of the serial edition “Archaeological
Map of Russia” (AMR). The issue covers the territory inside the Kamer-Kollezhsky ram-
part, the borders of which are actually the borders of a separate archaeological heritage site
“Cultural layer of the center of Moscow”. Approaches to the description of such a large
site with an almost continuous cultural layer should be different from what is customary in
the issues of the AMR for certain regions of central Russia. In the course of this issue, the
method of describing each excavation trench in the central part of Moscow was applied. The
location of the excavation, the investigated area, the thickness of the cultural layer, findings,
stratigraphy and the dating of the layers in the research area were described. Each excava-
tion trench is accompanied by a diagram of its location on a scale of 1: 2000, as well as
photographs and drawings of stratigraphic profiles and some finds. The excavations are on
the map of the center of Moscow, scale 1: 10,000, divided in the printed version into parts,
which are administrative districts. Each administrative district is provided with a historical
reference, and each article (excavation trench) with a list of literature and archive sources.
In fact, this is an interactive map with some search capabilities (e.g., by address), as well as
the ability to select and group objects by some parameters. The map is implemented on the
QGIS platform.

https://DOL.ORG/10.25681/IARAS.2019.978-5-94375-289-6.112-114
SnkoBckni A.HU.

HUncmumym socmounwix pykonuceii PAH

C.-Ilemepbype (Poccus)

“KAPTbI BPEMEHW” J1JIs1 FO2)KHOI'O UPAKA

B Hacrosumuii MOMEHT HJET MOArOTOBKAa POCCUICKO-HUPAKCKOM KOMIUIEKCHOM 3KCIie-
JUIAH JIJIs U3ydeHus: 0010THON 30HBI FOxHOTrO Mpaka — 00beKkTa BCEMUPHOTO HACIICHAHS
IOHECKO. Ilo-Buaumomy, UMEHHO OOJIOTHAsI 30HA C €€ MEPeIICTEHUEM YYaCTKOB CEITbCKO-
XO3UCTBEHHBIX 36MEJIb, CE30HHBIX M IMOCTOSHHBIX OOJIOT U 03€p, MEAHPUPYIOLIUX PEK H
MPOBOJMMBIX OT HUX KaHAJOB SIBUJIACh MECTOM 3apOKJICHHS MEPBOM TOPOJICKON LIMBUJIM3A-
LM, MHCbMEHHOCTH U TOCYAapCTBa.

[TmaHupyrOTCS ApPXEOIIOTUYSCKUE UCCIICIOBAHUS JIBYX ITAMSTHUKOB IO KpasiM OOJIOTHOMN
30HBI, a Takxke BeIOopouHoe LIDAR-uccnenoBane 00beKTOB BHYTPH HEe.
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Wpakckuii lupekTopar ApeBHOCTEH U HACJIEAUs, IPEACTABISIIONIUI HPAKCKYIO CTOPOHY
KOMIUICKCHOHM SKCTEIUIINHU, HE PacIoyiiaraeT eJUHON HAIlMOHAIBFHONH TeOMH(POPMAIIMOHHOM
cuctemoit. Ha teppuropun Mpaka naxoaurcs nopsiaka 100 000 apxeonoruyeckux mamsT-
HUKOB, KOTOpBIE MPEACTaBICHBI B 0a3ax JaHHBIX OTJACIBHBIX yYeHbIX. Mimeercs: Takke AT-
JIac apXeoJIOTHYECKUX NMaMsATHUKOB, COCTaBIeHHBIN B 1975—1976 IT. 1 OTCKaHMPOBAHHBIN B
BBICOKOM KauecTBe BocTounbiM nHCcTUTYTOM UHKarckoro yHusepcurera. Hagaro corpynHu-
gyecTtBO JlupekTtopara apesHocteit ¢ miatgopmoit EAMENA (Endangered Archaeology of
Middle East and Northern Africa). Kak ciieayer u3 Ha3zBaHusl, TuiaTopma npeHa3HaYCHA HE
CTOJIBKO JIJIs1 HAlIMOHAJIBHOM Karajorusanuu naMatHukoB B ['IC, ckonbko ams nieneit 1oKy-
MEHTHPOBaHHUsSI 0OBEKTOB KYJIBTYPHOTO HACJIENs, HAXOAsIIerocs moj yrpo3oi. [loixp3oBars-
Cs1 DTOM CUCTEMOM ISl LieJIel KOMIIEKCHOM 3KCIIEIULUU HEBO3MOXKHO.

C 2015 r. Hama rpynma BegeT pa3padoTKy mpoekTta «KapTbl BpeMeHn», KOTOpBIi MpH-
3BaH CO3aTh CAMHYIO CPEdy, B KOTOPOH MOXHO pa3Melarh pabouue MarepHaibl, pe3eH-
Tauu ¥ nyonukanuu Ha obmeild [MC-ocHnoBe. Tam, rae 3To MO3BOJSIIOT AaHHBIE, «KapThl
BpPEMEHM» CIIOCOOHBI IMOKa3aTh UCTOPUUECKUI Mporece B xoje ero pa3zsutus. st KOxxHoro
Hpaka 510 oCyIIecTBUMO OJarogapst TOMY, 4TO JebTOBBIE POLIECCHl MOKHO MOJICTTUPOBATh:
MeaHApPUPOBaHHUE PEK, Pa3BUTHE U yracaHHe CTPOsIIeca OT HUX CETH KaHAJIOB MOYKHO I10-
Ka3aTh B JIBUKEHWH, & UMEHHO 3TH U3MEHEHHS BO MHOTOM ONPEAEISIOT UCTOPUUYECKOE pa3-
BUTHE pErHoHa.

B npornecce peanuzaiiuy Takoro Mojaxo/ia pe3yinbTaThl MOJEIHPOBAHUS COCEACTBYIOT C
pearbHBIMI 00BbEKTaMH — TAHHBIMH PACKOTIOK, Pa3BEIOK U TUCTAHIMOHHBIX UCCIICJOBAHHMA.
OTO MOX0oXKe Ha CyLIECTBYIOIIEe MONOKEHHE el B 3D-peKoHCTPYKIMIX, KOTOPbIE MOYKHO
MOKa3aTh B COCEJCTBE C pEalbHBIM apXEoJIOTMYECKUM MarepuajgoM. MBI mojaraem, 4to B
HaIlleM CiTydae KOHQIIUKT, WM HAlIPOTHUB, COMNIACKe MOJICIH C MaTepuaioM OyJeT 1aBaTh HM-
MYyJNbC KPUTHYECKOW MBICIU UCTOPUKA, TIOCITYKUT AJIsi 0000IIEHUS] 1 KPUTUIESCKOM OLEHKH
KaK apXeoJOrHueCKHUX pe3yJabTaToB, TaK U MOJIENEH.

Yankovsky A.L
Institute of Oriental Manuscripts RAS
St. Petersburg (Russia)

“TIME MAPS” FOR SOUTH IRAQ

A Russian-Iraqi complex expedition is currently being prepared to study the Southern
Iraq marshland, a UNESCO World Heritage site. Apparently, it is the marsh zone with its
interwoven plots of agricultural land, seasonal and permanent bogs and lakes, meandering
rivers and channels linking with them, that was the birthplace of the first urban civilization,
writing system and the state.

Archaeological studies of the two sites along the edges of the marsh zone are planned, as
well as a selective LiIDAR study of the objects inside it.

The Iraqi Directorate of Antiquities and Heritage, representing the Iraqi side of the com-
plex expedition, does not have a unified national geoinformation system. There are some
100,000 archaeological sites on Iraqi territory that are represented in the databases of indi-
vidual scientists. There is also an Atlas of Archaeological Sites, compiled in 1975-1976 and
scanned in high quality by the Eastern Institute of Chicago University. The Directorate of
Antiquities has begun working with the EAMENA (Endangered Archaeology of Middle East
and Northern Africa) platform. As the name implies, the platform is not so much for national
cataloguing of sites in GIS as for documentation of endangered cultural heritage sites. It is
not possible to use this system for the purposes of a complex expedition.

Since 2015, our team has been developing the “Time Map” project, which is designed
to create a unified environment in which working materials, presentations and publications
can be placed on a common GIS basis. Where data permit, “Time Maps” are able to show
the historical process in the course of its development. For Southern Iraq, this is possible due
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to the fact that the delta processes can be simulated: meandering of rivers, development and
abandonment of the network of canals being built from them can be shown in process, and
these changes largely determine the historical development of the region.

In the process of implementing this approach, the results of the modeling are adjacent to
real objects — excavation, survey and remote sensing data. This is similar to the current state
of affairs in 3D-reconstructions, which can be shown together with the real archaeological
material. We believe that in our case, the conflict, or conversely, the agreement of the model
with the material will give impetus to the critical thinking of the historian, serve to generalize
and critically evaluate both the archaeological results and the models.
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