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The practical implementation of the possibilities of using unmanned aerial vehicles (UAVs) in carrying out geo-
archaeological mapping of the Sukhotinsky geoarchaeological region is shown. The object of the study is the
Sukhotinsky geoarchaeological region (Eastern Transbaikalia), associated with the source of mineral raw ma-
terials - the Titovskaya Sopka paleovolcano. The aim of the study is to create orthophotomap and digital terrain
model specified. The objectives of the study included geoarchaeological mapping of the territory of the study
area using modern hardware and software methods using algorithms for reconstructing a three-dimensional
scene from photographs, such as structure from motion (SfM), adapted to the tasks of geoarcheology and map-
ping of volcanics, as well as the products of their contact metamorphism; coordination of ground control points’
network and marking of their location in a way that allows them to be identified from photographs taken by UAVs;
realization of aerial photography of the area under consideration, using UAVs;implementation of algorithms for
photogrammetric processing of images using the SfM method with obtaining a spatially-oriented dense cloud of
terrain points; post-processing of a dense cloud of points with obtaining a three-dimensional terrain model and
a high spatial resolution orthophotomap.

The relevance of the work lies in the practical implementation of modern GNNS technologies using an un-
manned aerial vehicle for mapping geoarchaeological objects. Analysis and interpretation of high-resolution im-
ages taken from UAVs and other digital and cartographic materials, processing and digitization of images were
taken as research methods. An orthophotomap and a digital terrain model were created and analyzed. Areas of
microrelief change were revealed. The theoretical and practical significance of the study consists in creating an
orthophotomap and a digital terrain model of the Sukhotinsky geoarchaeological region using modern hardware
and a UAV, representing a digital geoarchaeological mapping of archaeological sites, including all hypsometric
levels and outcrops of mineral raw materials on an area of 2,4 km?

Key words: Transbaikalia, Titovskaya Sopka, archaeological sites, geoarchaeological mapping, orthophotomap, digital mod-
el, unmanned aerial vehicle, rock, hornfels volcanic, Paleolithic Age

Aééaél'éé. A fTA0ATATITE A00ATETAG+8- ATATAROITE DAATOO AOGATETATA & 34TETATA A
féTé Taoed Taaepaadony foCIancadiTaé  Dififiee, até ecadnioiné 1eT1adoTeTiA. A O4s-
TR0 ef0ddana & TOTABATal AacaeiTnayce fiaf. TATAET 44T TOAAETRATEA T4 TTE0+ET
Taeéeéa GaTali(ad efaonodeé e fadaéoade-  oedTETAT Toéeeda fodae addaTeTaTa, ca en-
foeé TETAGABUTTAT AOOUY, & 0aéxd & eco+a- e&p+aTedi A A. ATi+-TniTETARETAT (1932)
Tep Ba6TITA 43T dafTdTROdaTaTey. Taiel é¢ A T0a+aM0aaTiITé A00ATETACE DACOAATORA «ili-
T&0a0o, e0T atnéacae eade T 1aTadTae1Tioe  O0UAATé» TOTAcdTaoéée a fadaaeia e éTioa
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A&00aBUTTAOU ennedaTaaiey caéep+ara
A Toakoe+anéTé odacecadeeé aTciTaiThodé
TéeTaTaiey AANTeeToia0 ea0acdenias arra-
da0Ta (ATEA) 19& ToTadad1ée 44Tad0aTeTae-
+&NETAT adoedTaaiey NooToe TReTAT AaTad0a-
TeTAe+-ARETAT 0aéTTa. AQTTéTaATed TTaTaiod
BAATO aB00ABUTT & A THakoe+anéTé daaeeéca-
0éé NATadaiaiiad GNSS (Global Navigation
Satellite System) 0401TéT4€é c TdeTafaieai
AANTEETOTTAT EA0a0deUTTAT arradaca aey
gasoedTaaiéy 4ATad00aATETAe+Aneed TandéoTa.
Eco+aied fiTroada & naTénoa nasuy, enrTéi-
CTAATITAT &6y TOoTeécaTanocaa adoaddaéoTa,
a fAiT=a0aree fi 440aelTaT éadoedsTaaireai i
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Def. 2. TO&T A8 TTeféa TTTad i T ATT0AA0M0A0P 186 TeeR&edé Ta ecTadaraieys No
A00aTETAe+ANETAT daéTTa TT 1A0TA0 Structure from Motion & Agisoft Photoscan (fiefél Tat¢ia+aia
ET80460104 fayce; 88anTOT — TAETHAE0T (4, Edda — 54 ATToadoMN0aey, NTdada — 3256 TT0adonoaee) /
Fig. 2. An example of searching for matching pixels in pairs in the images of the Sukhotinsky
geoarchaeological region using the Structure from Motion method in Agisoft Photoscan (blue denotes correct

links, red denotes incorrect ones, left - 54 matches, right — 3256 matches)

Dacoeuoaot ennedaTaaiey e ed Tanoead- 08a014d7ay BAETIN0d0B0Y TAU&EOTA TTiT-
Ted. A 6a+&M0a4 040Te~aNETAT TRTAtIATey 46y 3240 19e 4Te0TaToedTaaiee ad0aTETie+aNneed
TTE6+aTey Nddee OTOTATETETA eATTEUGOPORY  BanéTTTe, TTcaTéyy i A0ATéTé OT+iTholp
0e60Tald OTOTEATAd0, 6MdaiTacdiToad fa  Toareaaou eciafaréy roTnodarioddrinad dda-
AAMTeETOTOS 6402086UT00 A1 Tada0ad (ATEA) feo efifeéaaddT G6 TauaéoTa [6; 8; 10]
NT-80aied ecTadazaieé, TTe6+ai1006 fi ATEA A daatod enrtéicTaai ATEA DJI
€ 26aToe01 T1 SfM, 6NTAa T T8eTaTyaofiy T8¢  Phantom 3, 66T11T6460TaaT 106 0€O68TATE OT-
ToTadadiee adoaTeTae+anees ennedataaireé 0Téa1adTé Sony EXMOR FC300S i dacdaoa-
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TeadT1 12 Taaareénaeaé. ToTadcar1edtaaiea Tao04eo0to0ey nieTéTa, Tada-
002860T0EE adexaiey Ea0a0a8UTTAT ATl a eéfnnedacaiTé o0adoeotoee.
0a € Tafo NUATée TAOLIAN0AEYET | arnotaaoiaie e enéep-aéeni
Taied1 Pix4D Capture & Ctrl+DJI a&y aTa100 dacTaré 1Taaee, Tada-
TTE000ey ec6+adiTé Tan oe. AT asai €41 14134 0030 NTeTET4, a
fildiée aaoTiace-anéé o OTaaéTnu 1T ToTnTénée e 1a TTéd0aa-
ETeaied €30a086UTTaT arTa a60e0Toep. Ay Beeloda-
4267l 4 exif-043 0eOSTATAT ecTadaxaiey aycaiiad i adaaaniT-éoncas-
efrTTelicTaareds ATo0TaTar 6fiod ITTAOUp, Tdé TThodTaiee

Agy TTés+arey nao 0 Tadeeé saeuada Trovanoaeyeanu
d0axaieé T0TAdaadiT +a000a AneOeéatey TETOTTAT Tadada 0T+46. Or+ée
a NogToenéTi 44TA00ATET: adoiTnoe cadiée endTay ec
Tavay TéTuaal fudiee r1ddatizaiey 6aea facéTia
TTE6+alT 525 ATeT1éTa €11 aTdaaasad reTuaaée
adai 1dode-anéay Tadaa 7a 6aTacdoaroyplied aaifTio
4acTaTar éadéana 1Taae 6éélooTataaéenu éaé o1 0
aréy dacoaxaiiTal Taeaéa y T aaT1a00e+anéed radaia-
133280 TOTadaadred 0anoesT: aaeaii acase. 1
enéTarad aarfas. ToTataéea

pefi. 3. Oeslndasey @01 T4, Naycai 100 il A044&NTT-E0M0a0 TEETATE AaN0e0asiTTiolp Tde TTROdTaATee
1Tadée 04eudda (edda — TETOTTA TAEAET 0T+48 44¢ ééafifebedadee; iTdada — dAcHElnad

éeanfiedeéadee) / Fig. 3. Filtering noise associated with tree and shrub vegetation when building a terrain
model (on the left — a dense point cloud without classification, on the right — the result of classification)

0aaeeva 1/ Table 1
AaTT406e+anéea Tadalaoda 1 1adée / Geometric parameters of the model

TeroiTa T8Tf0daiioadrita | IaTodainoaarita
Taeaet dacodwaied dafioda | dacddwaied dafoda
0T+4¢, Téf / | TooTOTOTIéaia, 1/ | OID, 1/ Spatial

o O

o xmnsnacse | ETEE+AM0AT | DAaCOARATIT
I 4not VeTaadiey ﬁ?g‘u 2?2?/ T:gg? C?T*ég
effedataaieé / et

Research location Nu;?]t())(:sr of olir?tl c/I gggr?ﬁln Dense point | Orthomosaic raster resolution of the
P ’ cloud, min | spatial resolution, m DEM raster, m
NogToe ffiéeé aaTadoat-
ETae-aneeé 0aéti /
Sukhotinsky geoar- 525 0,38 131,3 0,057 0,116

chaeological region
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pefi. 5. O34T 410 TOOTOTOTTEATA & 6OITATE 1Tadée Taf0TTHoE NOGToS TAETAT A4TAOGATETAS+ANETAT
daéTtia/ Fig. 5. Fragment of the orthophotomap and digital terrain model of the Sukhotinsky
geoarchaeological region

. oaglacanadane antay | Terenacuray | Taeneiacuiay
T6Tuaal Aot s e eS| Tgeata Tios- | Toeaca TIdA-
filaiée, g aa < aaeaiey a0nTo- | aaéaiey adfTo-
A3 2 1743éeé (M), T/Root- | Shad oy < | Tax s o <
éiz/ i00 TO1a0Té, 1 | 100 TOTA0TE, 1
mean-square error of ;L :
Research Survey determination of heights / Minimum error | / Maximum error
location area, km*> | points for according to the mogdel in determining | in determining
snapping 9 heights, m heights, m
(m), m
NogToeifieee
adTadoaTéTae-aneeé
0aéTi / Sukhotinsky 1,34 29 0,076 0,011 0,154
geoarchaeological
region
0aéeT TadacTi, alyaeadiifay iTaeécia Caeep-+aied. A 6Tad TTedand e éaia-
efinedataaréy naycaia i TEETOTOT TAETa- Baéuino0 6adTo a 18443640 NOGTOETNETAT 4aT-
TaTed1 ATEA e aeidToeoiTa 63ETinod0éoee  ad0aATETAE+ANETAT 0aéTiaa 20204 aavteiar
08301301 Té ROATO ec OTOTA0AOEE, 0260 aé  Oéé TTedald & éaladaelins daato i 6aeup
structure from motion (SfM), a3aT0edTAaTiG0 ATcaaiéy TOOTOTOTIEATa & 6eOdTATE 1Taa-
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TaTTEAAT yoaTa ennedataaieé enrmei-  ATrée, Aaycariad i Ao6ToR TAETE TanoadnéT
cTaal ETITEA8N AATAACe+ANETAT TATOOAT-  eaTaliTar adéa. NTcaared 4aeiTé ToThodal-
aaiey, aéép+apuieé GNSS éTi1édéo Trimble M0AATITE 0EOSTATE 1TAadce, Taldaéieapaé
R8s+R10 & ATEA DJI Phantom 3, TRTaC&Ti0é  Afi& ad04TETAe+aMéed TAldon Ta 0BACATITE
8a148Té Sony EXMOR FC300S. Agy 8aaTol  TéTUaae, é14ad0 nonianodaiiTa cia~afed agy
ATEA TORTATATO ATA0RAEECEOTAATTOA TOT- AABUTAEoAAT ETT TEAEATTAT eco+aiey Taiyo-
4621 1 T04 T8TA0800, 0aééd éaé: Pix4D Capture T€6TABAETTA, +0T & TTETTé TAd4 Troaaaeyao
& Ctrl+DJI. Agy daTadedTaaiey 6eO6dTaATE T T- iTaécid ennedataarey.
adee 8aeidoa é Te0TOTOTIéaiTa e¢ aydToT- Ad03eT daziacoei Tdac0e+anéeT neda-
OTATETETA TOSTATYETNU TOTAGAT T TTA TAd- N0aeaT AGTTETATiITAT TOTAéoa yaeyaony

fird+afea Agisoft Photoscan. onoaiTacaired aeviTi &0 68TaTaé

EoTdTaay 6e68Taay 1Tadél iTcaaia a6y  oT=i01e 4aTadce-anéeie Toeayceaie To-
TéTUade 2,4 612 (+30064 T8T6TAa 1T 0,6 €12 880000 daTad ad6aTeTae+anéed TauaeoTa, ot
ec 525 4aeeaits 6ToTadaoceé, alTTeTaiiad  TTcATEeo TOTATASOU 1TTené TTald TaiyoieéTa
TTA08TE 90°AATEA. Tiadéep+esaateipei- GATATITAT 4464 i TITOTE Ta TTieiaied dan-
fOAT A00ATETAC+ANEEd TaTyoieéTa NOoToRT- TTET@RATEY A0VACATIOE & cadeenedTaaiias
NETAT AATAaO0ATETAE+ANETAT BAETIa, a 0aéxd  46TNT1400e+anéed 68TaTaé, aoTi ~efedeie-
a00Tal TOTATAeETAATi(0 adeéareoTa TATTa-  é0TAAela0a T1anoiThoe.

ITAT 4c&a TeTAdGABUTTAT AOdUY 0e0TaneTé
NTefTé 68085820680

1. AficadTa N. T. @6600-wado0 48y aTa0+e eaTATITAT NOSUY & TAGATERA Ta 0R0TANETE fTTEA // Ca-
refieeé EETE PAT. Aav. 19. NTa., 2018. N. 13-19.

2. Araeda A. A. TagTaonToTay ayoTiadreoray AuAiéa i ToeTATATe4T AaNTesToTOd ATcads 106 fie-
f0&T Ta daca 8AaA0TETT0A0A A Ad0ATET RS // FATTdT6e. 2018. 1 6. N. 20-22

3. EfoTiei b. T. Tanoasnéay NosToeiT (N6oToeiT 12): iTa0d 4aiT0& 7T 1a04deasai 2019 aTaa //
120862280 LX DTRNGENETE AB0ATETAT-Y0ITA0A0S+4NETE ETTOAGATORE M00AATOTA & TTETAND 6+, 106 f
T3x40Ta0TATOT 6+afioedl . Ede6ofe: Eca-aT EAQ, 2020. N. 60-62.

4. Ta08Ta 1. A, Ef0TORY A00ATETAC+ANETAT ec6+aTey TaT yoTeeTa 0e0TanéTé ATrée (ATAOT+iTA Ca-
4aéeasiia) // 1a04deasn LX DTRAeERETE AD0ATETAT-y0 1TA0AO+AMETE ETTOABATOSE fi00AATOTA & T TETAND
6+, 100 fi TAeaoTadTaian 6+anoedi. Edgoone: Eca-at EAQ, 2020. N. 59-60.

0

i

5. Oesaota A. A. NosToeinéee JBATETAG+AMNEEé ETTTEARA: Ta0+TOEé TO0AATAROAEH T TagaTéeoe-
+aneeT raiyoreeai Nos OATETAC+ANETAT ET1 TE48MA. x&0a: CaaA0, 2016. 44 f.

6. Fei P, Sam C. L., Jialong G., Huimin W., Xing G. The Application of SfM Photogrammetry Software for
Extracting Artifact Provenience from Palaeolithic Excavation Surfaces. 0&éfio: yéaéodTiTaé // Journal of Field
Archaeology. 2017. Vol. 42:4, P. 326—336. URL: https://doi.org/10.1080/00934690.2017.1338118 (dada Tada-
taiey: 13.10.2020).

7. Jones C. A., Church E. Photogrammetry is for everyone: Structure-from-motion software user experi-
ences in archaeology. 04&fio: yéaeodTT 10é // Journal of Archaeological Science: Reports. 2020. Vol. 30. P. 1-10.
URL: https://doi.org/10.1016/j.jasrep.2020.102261 (daca Tadavaiéy: 13.10.2020).

8. Nikolakopoulos K. G., Soura K., Koukouvelas I. K., Argyropoulos N. G. UAV vs classical aerial photogram-
metry for archaeological studies // Journal of Archaeological Science: Reports. 2017. Vol. 14. P. 758—773.

9. Westoby M. J., Brasington J., Glasser N. F, Hambrey M. J., Reynolds J. M. ‘Structure-from-Motion’
photogrammetry: A low-cost, effective tool for geoscience applications // Geomorphology. 2012. Iss. 179.
P. 300-314.

10. Willis M., Koenig C., Black S. Castaneda A. Archeological 3D Mapping: The Structure from Motion

Revolution. 0&éfio: yedéodTiTaé // Journal of Texas Archeology and History. 2016. Vol. 3. P. 1-36. URL: https://
doi.org/10.21112/ita.2016.1.110 (4304 TAdatidiey: 13.10.2020).

21



Asfioieé Caalo. 2020. 0. 26. 2 9 Ta6ée T CAi6a

References

1. Astakhov S. N. Zapiski IMK RAN (Proceedings of the IIMK RAS), 2018, SPb., vol. 19, pp. 13-19.

2. Goglev D. A. Geoprofi (Geoprofi), 2018, no. 6, dp. 20-22.

3. Istomin Yu. O. Materialy LX Rossiyskoy arheologo-etnograficheskoy konferentsii studentov i molodyh
uchyonyh s mezhdunarodnym uchastiem Geoprofi (Materials of the LX Russian archaeological and ethnographic
conference of students and young scientists with international participation). Irkutsk: 1zd-vo ISU, 2020, dp. 60—62.

4. Markov N. A. Materialy LX Rossiyskoy arheologo-etnograficheskoy konferentsii studentov i molodyh
uchyonyh s mezhdunarodnym uchastiem (Materials of the LX Russian archaeological and ethnographic conference
of students and young scientists with international participation). Irkutsk: 1zd-vo ISU, 2020. Pp. 59-60.

5. Filatov E. A. Suhotinskii geoarheologicheskii kompleks: nauchnyi putevoditel po paleoliticheskim pamy-
atnikam Sukhotinskogo geoarheologicheskogo kompleksa (Sukhotinsky geoarcheological complex: scientific
guide to the Paleolithic monuments of the Sukhotinsky geoarcheological complex). Chita: ZabSU, 2016, 44 3.

6. Fei P, Sam C. L., Jialong G., Huimin W., Xing G. Journal of Field Archaeology (Journal of Field Archaeol-
ogy), 2017, vol. 42:4, 86. 326—336. Available at: https://doi.org/10.1080/00934690.2017.1338118 (date ac-
cessed: 13.10.2020). Text: electronic.

7.Jones C. A., Church E. Journal of Archaeological Science: Reports (Journal of Archaeological Science:
Reports), 2020, vol. 30, 88. 1-10. Available at: https://doi.org/10.1016/j.jasrep.2020.102261 (date accessed:
13.10.2020). Text: electronic.

8. Nikolakopoulos K. G., Soura K., Koukouvelas I. K., Argyropoulos N. G. Journal of Archaeological Science:
Reports (Journal of Archaeological Science: Reports), 2017, vol. 14, pp. 758-773.

9. Westoby M. J., Brasington J., Glasser N. F., Hambrey M. J., Reynolds J. M. Geomorphology (Geomor-
phology), 2012, Iss. 179, pp. 300-314.

10. Willis M., Koenig C., Black S. Castaneda A. Journal of Texas Archeology and History (Journal of Texas
Archeology and History), 2016, vol. 3, 88. 1-36. Available at: https://doi.org/10.21112/ita.2016.1.110 (date ac-
cessed: 13.10.2020). Text: electronic.

DaaToa A0TTETATA THE TTaA40x68 404104 CadA0 - 292 —AD /
This work was supported by a grant from TransbSU No. 292 — Ap.

mp

TOTOET T4 440T0Ad

TTOTC Tasde Aasadidae+, eafa. eno. Tade, ATOAT), ATOAT0 8a0&AS0 ef0TAEe, Cadaéeatiineeé ATH0AAON0AAT TOE 0TEAAs-
fie0do, 4 x&o0a, DThfiey. TA8anol 1a6+T1006 & T0404NTA: 2 TéTaey éavair

deTaiocagiifay adcaTeTaey

frostius.81@mail.ru

[0
Do
=3
;>
.
o
o
Do
:
=)
Q2
.
o
.
-/
Qo
=)
Q»
Qo
o)
o
o
o
)
I
[0
o
5
:
=)
I
o
‘_<:
o
Oox
0%
i
:
%
o)
:<:
<
o
=
o
|

EodaaiTae+ ETTnoaroer ATaoTeldae, ara. 0ast.
TOzEATITé AA¢TTan1Tioe, Cadaéeacunéeé aTno:
1TadeedTaaled 4640TETAE+ANEE0 TATOAN
naptheodor@mail.ru
ATATa Taénel ATaoTeudae+, Gaia. 0861, Ta08, ATOAT0 BA6&Ad0 ATATTAT GTCYEN0aa, YETETIS-ANETE & TOTI QoEaliTeé
A&CTTaNTTR0S, Cadacsacinéeé ATNOAABNOAATTOE 0TEAAdNE0A0, 4 x&0a, DTAMEY. Taganol Ta6+T00 & T04dANTA: 44
Te+anéea nTTadxaiey, 1TadeedTaaled 4640TETie+aNees TOTOANNTA

max_bosov@mail.ru

PO3ATATT ATOACE AGdeaTAaOTAS, 4-0. AATE.-T1&T40. TA08, cAA. BAATOAOTORAE 4ATOS T & & dOATAATACA, ETH0e000 Toe-
dTar00 dAROSITA, yeTeTAe & édeTeTaee NT PAT; cafeoxa i 10é 4ay0aél T1acée PO, 4 x&0a, DTfifey. Taganol 1as+1ad
e10384iTa: TeTa6aeTaey, 44T0e 1 ey, 804TAATac, 33T 1 TETAeY

yurgga@mail.ru

Pacaesladdaa Edera ETTTEATOUAATA, aTA. &R0 Ta8, ATOATO, ATOATO 8204400 &fi0TOee, Cadadeasineeé ATNOAABM0AAT-
T0é 61a80Me040, 4 x&0a, DTAfey. Taganol Tao+T006 eT0A0ANTA: TaeaTéeo ATHoT+1T¢é Neacde, TA0TATETISY effEaaT-
aaieé T8TNOBATA0AATITE TodaTecavee 4d3aied TTNacaTeé, Teareadade+aneeé afagec ®eeetIiT-6TeyEn0aarias eTi-
TEABNTA A480TA4T TaedTéeoa

labpaleo@yandex.ru

ET-84 A&ien Agaaei eoTae, caddadpieé 8aaToa0TAEY 1 & 6a0AA00 ATATTAT §TCYEn0aa, YeTETAS+AMETE & TOTT Ooéai-
iTé AACTTaf T TH0E, Cadactacineeé ATH0aadn0aa T T0é 6TeaadMe0d0, 4 x&0a, DTTifiey. Taganol Tad+T06 eT0AdANTA: AaiTe-
ET0T04 84020880T0A aTTada00, 46f0ATOETTTTA CTTAe8TAATea CaTée, TageTITATa0+aTed, T14ésTii0a ndoe
frostius.81@mail.ru

22



Earth sciences Bulletin of ZabGU. 2020. Vol. 26. No. 9

Briefly about the authors

Pavel Moroz, candidate of historical sciences, associate professor, assistant professor, History department, Transbaikal State
University, Chita, Russia. Sphere of scientific interests: archeology of the Stone Age, petroarcheology, functional analysis,
experimental archeology

Konstantin Kurganovich, candidate of technical sciences, associate professor, head of the Water Management and Engineer-
ing Ecology department, Transbaikal State University, Chita, Russia. Sphere of scientific interests: modeling of hydrological
processes, remote sensing of the environment

Maksim Bosov, candidate of technical sciences, associate professor, Water Management and Engineering Ecology department,
Transbaikal State University, Chita, Russia. Sphere of scientific interests: hydraulic structures, modeling of hydrological
processes

Georgy Yurgenson, doctor of geological and mineralogical sciences, head of the Geochemistry and Ore Genesis Laboratory,
Institute of Natural Resources, Geology and Cryology SB RAS; Honored Scientist of the Russian Federation, Chita, Russia.
Sphere of scientific interests: mineralogy, geochemistry, ore genesis, gemology

Irina Razgildeeva, candidate of historical sciences, associate professor, assistant professor, History department, Transbaikal
State University, Chita, Russia. Sphere of scientific interests: Paleolithic of Eastern Siberia, methodology of studies of the spa-
tial organization of ancient settlements, planigraphic analysis of housing and economic complexes of the Upper Paleolithic.

Denis Kochev, head of the laboratory, Water Management and Engineering Ecology department, Transbaikal State University,
Chita, Russia. Sphere of scientific interests: unmanned aerial vehicles, remote sensing of the environment, machine learning,
neural networks

T1707T¢ T. A, Eodaaitae+ E. A, ATiTa 1. A, POZATATI A. A, Dacieeisddaa E. E., ET-8a A. A. FATA00ATETAe+AMETA 8ad-
0eOTAATEA TATYOTEETA CATATIT 2 & A06TATA 1eTA0a8UTTAT ANBUY 080TAMETE ATTée (ATAOT+TTA Cadaésasid): Toatoe-
+afieeé anréeo // A&noTeé CaaaéeaBiNRETAT ATHOAAONOAAT ITAT 6T@A4dMe0&da. 2020. 0. 26, 1 9. N. 13-23. DOI: 10.21209/2227-

9245-2020-26-9-13-23.

Moroz P., Kurganovich E., Bosov 1., Yurgenson G., Razgildeeva |., Kochev D. Geoarchaeological mapping of Stone Age sites
and mineral outputs of Titovskaya Sopka (Eastern Transbaikalia): a practical aspect // Transbaikal State University Journal,
2020, vol. 26, no. 9, pp. 13-23. DOI: 10.21209/2227-9245-2020-26-9-13-23.

Noaoiiy TTRo6TeEa & daaac6ep: 14.10.2020 &
Noaoiy T8 1§03 & Toasesadees: 24.11.2020 4

23



