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NPEANCJIOBHUE

Ota nyOnukamus mnpeacTtaBisieT coboit Ilporpammy m Kpatkue tesuchl moknanoB VI
Bceepoccuiickoit  Kondepenunn «MHpopManMoHHble TEXHOJOTHM I HayK O 3emie H
nupoBU3aIisl B TE€OJIOTMM U TOpHOAOoObIBaromel mpomeinuieHHOCTH. ITES-2022), kortopas
nponwia B T. Bnagusoctoke 3-8 okts16pst 2022 r.

OcHosHas uenb KondepeHniuu coctouT B ToM, 4To0bI puBjiedb BO BiiaquBocTok Beaymmx
UCclieloBaTeNeil U KCIepTOB B MH(OPMAIIMOHHBIX TEXHOJOTHSX, NMPHKJIATHON MaTeMaTHKe,
reonHpopMaTHKe, TeoPU3NKe, CHICTEMHOM aHAIM3E U3 Pa3IMYHbIX opranu3anuii PO mis oOmena
3HAHUSIMH U OTIBITOM U 0OCYKIE€HHUSI BO3MOXXHOCTEH COTPYAHUYECTBA.

HNuTterpamus akageMudeckod M By30BCKOM Hayku MockBel M BianuBocToka crana
onpeaensomuM (HakTopoM TpHU BEIOOpE peruoHa aiis NpoBeAcHus ouepenHoit KoHdepeHuuu
2022 rona.

3amaun KOH(EPEHLMH MOKPHIBAIOT BECh CIIEKTP BOMPOCOB, CBSA3aHHBIX C IMOMCKOM U
pa3BeAKONM MECTOPOKIEHUMN IOJE3HBIX MCKOINAEMbIX, PALMOHAIBHBIM IPUPOIONOIb30BAHNEM;
cobopom, 00pabOTKOM, aHATM30M JaHHBIX; YIPABICHUEM M TOMyJsSpU3aluell 3HAHUH, a TaKkxke
MpUMEHEHHEM HH(POPMAIIMOHHBIX TEXHOJOTUH B 001aCTH METAJUIOT€HUN KPUTUYECKUX TTOJIE3HBIX
MCKOIIAEMBIX; COLUAJIBHBIX aCIIEKTOB FOPHO-I'€OJOTUYECKON OTpaciiy; IPOrHO3HBIX OCTPOCHUN
B 00J1aCTH F€OJIOTUYECKON Pa3BEIKU U 3€MIICTIONIb30BAHMUS.

Msbl Taroke mnpeamonaraeM, uto KoHdepeHmms OyaeT cHnocoOCTBOBATH IOBBIIICHUIO
3(h(peKTUBHOCTH  WCIMONB30BaHUSA  PE3yJbTaTOB  HAy4YHOM  JAESATENIbHOCTH  OpraHaMu
WCIIOJTHUTENIbHOM BJIACTU W OpraHM3alMsIMHM, CBSI3aHHBIMH C KOHTPOJEM U YIIpaBJICHHUEM
MPUPOJHBIMU pecypcamu, MPEAYNPEXKICHUEM M JIUKBHIALMEH IOCIEACTBUI UYpe3BbIYATHBIX
IPUPOJHBIX U AaHTPOIIOI€HHBIX CUTYALMH, IPOEKTHO-U3BICKATEIBLCKUMHU PA0OOTAMH.

Crnennanuctsl u3 nHcTuTYTOB PAH M yHUBepcureros, u3 15 ropogos P®: Mocksbl, CaHKT-
[Terepbypra, HoBocubupcka, Tomcka, Upkyrcka, KpacHosipcka, Maranana, [lerponasioBcka-
Kamuarckoro, FOxxno-Caxanuncka, Maxaukansl, Tromenu, AnarutoB, Bonrorpana, Kemeposo,
BnaguBoctoka u p. npuHsaau yuyactue B 3toii KoHdepeHuu u npeacTaBuin B 3Ty KHUTY KpaTKHe
TE3UChI CBOUX JOKIJIAJIOB.

[IpencraBneHHble  yYyaCTHMKaMH  MaTepHalibl  OMMCHIBAIOT — PE3YyJbTaThl  HAy4HBIX
UCCJIEIOBAHHM B CIEAYIONUX 00IacTsIX:

e  OTKpBITHIN JOCTYI K HAYYHBIM JAHHBIM U aIrOpUTMaM 00pabOTKH B 00JIaCTH HAYK O
3emiie;

e Oco0eHHOCTH JaHHBIX (B TOM uncie u Big Data) B Haykax o 3emJie: HOBbIE KOHUEIIINU U
METO/Ibl, HTHCTPYMEHTHI UX cOOpa, MHTErpalluu 1 00pabOTKH B pa3IUUHbIX
UH(POPMALMOHHBIX CUCTEMaX, B TOM YHCJIE U B CUCTEMaX ¢ MHTEHCUBHBIM
HCIIOJIb30BAaHUEM JIAHHBIX;

e Iludpossie mpocTpaHCTBA re0NOTHIECKUX 3HaHUH. HPOPMAIMOHHO-BBIYUCIUTEIbHEIC
reoJIOTUYECKHE KOMITbIOTEpHBIE CUCTEMBI. [1naTdhopMbl 00pabOTKH reoIornYecKux
JTAHHBIX;

e UHTemnekTyanbHBIN aHAIHU3 TaHHBIX, U3BJICUCHHE (JAaKTOB U 3HAHUH U3 HAYYHBIX
nyOnukanuii. Te3aypychl, OHTOJIOTHH, KOHIIENTYaJIbHOE MOIETUPOBAHUE.
Cemantuueckuii WEB, cBs3annbie nannbie. CepBucbl. CeMaHTHUECKOE
CTPYKTypUpOBaHUE KOHTeHTA. [[puMeHeHune B Haykax o 3emie;

e VYipaBieHHUE pa3BUTUEM TEPPUTOPUI OCBOCHHMS IPUPOIHBIX PECYPCOB HA OCHOBE
TEXHOJIOTUI U JaHHBIX IUCTAaHIMOHHOTO 30HINPOBAaHUS 3EMIIH;

e TexHOIOrnu BUPTYyaIbHOW U JOMOJHEHHOMN peaibHOCTEN AJIsl CO3/IaHUsI CHCTEM
JEMOHCTpALMK U NOMYJISIPU3ALUN JOCTUKEHUM B HAyKax 0 3eMJIe;

e IludpoBas Tpanchopmamuss B TeOJOTHH M TOPHOIOOBIBAIONICH MPOMBIIIJICHHOCTH H
u(GPOBbIE TBOWHUKH.

Haymosa B.B.
INocynapctBenHbIl reosiornueckuii myseit um. B.M. Bepuanckoro PAH
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OU®POBASI TPAHC®OPMALIUA MOHUTOPHHI'A OTACHBIX .
IF'EOJIOTHYECKHUX ITPOLHECCOB HA IPUMEPE BAUKAJIbCKOU ITPUPOTHOU
TEPPUTOPUH

U.B. Boiukoe?, /[.I1. ['maokouy6', I'M. Pyscnuxoe?, KJK. Cemunckuiit, B.B. I[lapamonoe?,
C.B. Anexceeg, C.A. bopuaxos', A.A. /loopvinuna’, A.A. Peibuenko!, A.M. Kononos?,
A.B. ITocneest, C.B. Paccxazos', B.A. Canvros:, U.K. Cemuncruiit

"MucrutyT 3emMuoii kopsr CO PAH

dima@crust.irk.ru

’MHCTUTYT JMHAMUKY CHCTEM M TEOpUHM yrpasieHus umenu B.M. Matpocosa CO PAH

ivbychkov@mail.ru

@yH/IaMEHTAJIbHBIE HAy4YHbIE MCCIEJOBAaHUS OMACHBIX TIEO0JIOTMYECKUX IIPOLIECCOB,
poBoIMMbIe B Mupe U Poccuu, 6a3upyroTcsi HAa MOHUTOPUHTE, XPAaHEHUH B 00paboTKe OOJIBIINX
00BEMOB TEMAaTUYECKUX JAHHBIX M 3HAHWM, a TaK)K€ Ha UCIOJIH30BAHUU COBPEMEHHBIX ceTei
nepenayn JaHHbIX. Oco0oe 3HaueHue Npu ATOM NPUIAETCS MPOBEIACHHUIO CaMmoro Ipolecca
nupoBoit TpaHchopMmanMK, KOTOPBIM SIBISETCS BEAYIIMM TPEHIAOM MHPOBOTO HAy4YHO-
TE€XHOJOTMYECKOr0 Pa3BUTHS, YTO BBI3BAHO IPOPHIBOM B COBEPUICHCTBOBAHUU IM(PPOBBIX
TEXHOJIOTMM UM HCIOJIB30BAHUEM IPOCTPAHCTBEHHO-BPEMEHHBIX PECYpPCOB, YBEINYEHHEM
MOIIHOCTEW BBIYMCIMUTEIBHBIX KJIACTEPOB, popMupoBanueM cerei 5SG, unrepnera semei (IoT),
KHOEPPU3NIECKUX CUCTEM, OOJIAYHBIX BHIYUCICHUI.

baiikanbckass npuponnas teppuropus (BIIT) oTHocuTCs K TEppUTOpPHUSIM C BBICOKOM
CEMCMUYECKON aKTHUBHOCTBIO, Ul HCCIIEIOBAHUN KOTOPOM BBIMOJIHIETCA KPYIHBIM Hay4HbBIN
npoekT MunoOpHayku Poccun «@yH1aMeHTanbHbIE OCHOBBI, METOJIbI M TEXHOJIOTUH IIU(PPOBOTO
MOHHTOPUHTAa M TIPOTHO3UPOBAHUS DKOJOTHYECKOW 00cTaHOBKM bailkaibckol MpHPOIHOM
tepputopun». OIHMM M3 OCHOBHBIX HamlpaBleHUN MpoekTa sBiseTcss (OpMUpPOBaHUE
KOHIIENITYaIbHBIX OCHOB IIM(PPOBOTO MOHUTOPUHTA SKCTPEMAIBHBIX T€0JOTHYECKUX M YKOJIOTr0-
reoxuMmuueckux npoueccos bIIT.

B npoexte ocHoBo# 1m(poBoi TpaHC(HOpPMAIMK MOHUTOPHUHIA OIMACHBIX TEOJIOMMYECKHX
niporreccoB BIIT ciy»xut rmathopMeHHBIH TIOIX0/T, 8 TAK)KE UCTIONIE30BAHUE CEPBHUC-OPUEHTUPOBAHHOM
nmapaaurmel, crangaptoB  Open  Geospatial Consortium, HHPPACTPYKTYpHOIO — IOAXOJA,
JICKJTApaTUBHBIX CTICTIM(DUKAITIIA, a TaK)Ke CKBO3HBIX M Web-TexHooruit coopa v 00paboTKu OOIBIIHIX
00BEMOB TEMATHUYECKUX MPOCTPAHCTBEHHO-BPEMEHHBIX NaHHBIX. Lludposas mmardopma, SBISACH
OTKPBITON CUCTEMOI aJITOPUTMHU3UPOBAHHOIO CETEBOIO B3aMMOCHUCTBUSI YYaCTHUKOB MOHUTOPHHIA
BIIT, akkymymupyer B ceOe HOBEHIIME METO/bI, TEXHOJIOTUH U MPEIOCTABIISET JIOCTYI K OONBIINM
00BEMaM MPOCTPAHCTBEHHO-BPEMEHHBIX JIaHHBIX, CEPBHCAM HX 0OpaOOTKH, a Takke K IU(POBBIM
MHCTPYMEHTAM U YCITyTraM.

Ha mepBom stame mpoBeneHus 1udpoBoil TpaHchOpMalUKd OMACHBIX TEOJOTHYECKUX
nporieccoB BIIT ¢opmupyercs mporpammHo-anmapatHoe OOECIeUYeHHe MWIOTHOW CUCTEMBI
KOMIUIEKCHOTO IIU(PPOBOTO MOHUTOPUHTA OMACHBIX F€OJIOTUYECKUX MPOIIECCOB (3eMIIETPSCEHUH,
OTIOJI3HEH, CEeJEBBIX IIOTOKOB, OOBAJOB W [Ip.), OKA3bIBAIOIIMX CYIIECTBEHHOE BIIMSHHUE HA
9KOJIOTHYECKOE COCTOsIHUE bailkanbCkod MpUpOJHON TeppuTopuu M o3epa baiikan. [Ipu stom
U3MEPUTENbHBIA KOMIUIEKC CHUCTEMBI BKJIIOYAET COBpEMEHHOEe 00opynoBaHME, (hUKCHpYIOIIee
napaMmeTpsl aedopmaiuii TOpHBIX MOPOJ, ABMKEHHI 3€MHOI KOPBI, CEHCMUYHOCTH, dMaHAIIUN
pazoHa, 3JEKTPOIPOBOAHOCTH MOPOJ, peXHMa IOA3EMHBIX BOJ M D3K30T€HHBIX SBJICHHI.
[TomydeHsl pe3ynbTaThl MpeaBAPUTEIHLHON 00paOOTKH TaHHBIX MOHHUTOPUHTA B OTHOIICHUU TPEX
onacHbIx 3emietrpsiceHuit (M=5.4+6.8), npousomeamux B BIIT B Teuenue 2020-2021 rr., yto
CBUJIETEJILCTBYET O TE€HETHMYECKOM B3aUMOCBS3M OSTUX 3EMIIETPACEHHI, KOTOpPbIE OTpa3zuiv
7100aJIbHYyI0 KUHEMAaTHKy OJOKOB JHUTOC(HEphl 32 «MTHOBEHHBIH» JJIs TE€OJIOIMH HHTEpBaJ
BPEMEHH.
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[TpuknaHOM acmeKT UCCISNOBAHMS CBS3aH C TIOUCKOM MPEIBECTHUKOB 3eMIICTPSICEHUN U
JIPYTHX OIACHBIX TPOIECCOB Ha 0asze IMQpoBOil Tpanchopmanmuu U 0OpabOTKM JTaHHBIX
KOMILJICKCHOT'O MOHUTOPHHTA.

DIGITAL TRANSFORMATION OF MONITORING DATA ABOUT DANGEROUS
GEOLOGICAL PROCESSES ON EXAMPLE OF THE BAIKAL REGION

I.V. Bychkov?, D.P. Gladkochyb?, G.M. Ruzhnikov?, K.Zh. Seminsky?, V.V. Paramonov?,
S.V. AlekseeVv!, S.4. Bornyakov', A.A. Dobryninal, 4.4. Rybchenko', A.M. Kononov*,
A.V. Pospeevt, S.V. Rasskazov?, V.A. Sankov?, 1.K. Seminsky*

'The Institute of the Earth's Crust SB RAS

dima@crust.irk.ru

“Matrosov Institute for System Dynamics and Control Theory SB RAS

ivbychkov@mail.ru

Fundamental scientific studies of dangerous geological processes, carried out in the world
and in Russia, are based on monitoring, storage and processing of large volumes of thematic data
and knowledge, as well as on the use of modern data transmission networks. At the same time,
particular importance is attached to the process of digital transformation itself, which is the leading
trend in the world scientific and technological development, which is caused by a breakthrough in
the improvement of digital technologies and the use of spatio-temporal resources, an increase in
the capacity of computing clusters, the formation of 5G networks, the Internet of things (IoT),
cyber-physical systems, cloud computing.

The Baikal Natural Territory (BNT) belongs to areas with high seismic activity, for the
study of which a major scientific project of the Russian Ministry of Education and Science
"Fundamentals, methods and technologies for digital monitoring and forecasting of the ecological
situation in the Baikal Natural Territory" is being carried out. One of the main directions of project
is the formation of the conceptual foundations for digital monitoring of extreme geological and
ecological-geochemical processes of the BNT.

In the project, the platform approach, as well as the use of a service-oriented paradigm,
Open Geospatial Consortium standards, an infrastructure approach, declarative specifications, as
well as end-to-end and Web technologies for collecting and processing large volumes of thematic
spatio-temporal data, serve as the basis for the digital transformation of monitoring of hazardous
geological processes in the BNT. The digital platform, being an open system of algorithmic
network interaction between BNT monitoring participants, accumulates the latest methods,
technologies and provides access to large volumes of spatio-temporal data, their processing
services, as well as digital tools and services.

At the first stage of the digital transformation of hazardous geological processes of the
BNT, software and hardware for a pilot system for integrated digital monitoring of hazardous
geological processes (earthquakes, landscape zones, debris flows, landslides, etc.) that have a
significant impact on the ecological state of the Baikal natural territory and Lake Baikal is being
formed. At the same time, the measuring complex of the system includes modern equipment that
records the parameters of rock deformations, movements of the earth's crust, seismicity, radon
emanation, electrical conductivity of rocks, groundwater regime and exogenous phenomena. The
results of preliminary processing of monitoring data for three dangerous earthquakes (M=5.4+6.8)
that occurred in the BNT during 2020-2021 were obtained, which indicates the genetic relationship
of these earthquakes, which reflected the global kinematics of lithosphere blocks for the
"instantaneous" for geology time interval.

The applied aspect of the study is related to the search for precursors of earthquakes and
other dangerous processes based on digital transformation and processing of complex monitoring
data.
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OHTOJIOI'MM 1 UX MOJAEJIM B CEMAHTUYECKOM CTPYKTYPUPOBAHUU
KOHTEHTA HAYKOEMKHMX OBJIACTEMN

HJI. Apmemvesa, K.A. I'ynaesa, O.A. Kpecmnuxoea, C.B. Cmacun
JansHeBocTouHbI DenepalibHbI Y HUBEPCUTET

artemeva.il@dvfu.ru

B Hacrosmee BpeMs MHOrMe€ NpOrpaMMHBIE IPOEKTHI OCHOBAaHBI HAa HMCIHOJIB30BAHUH
OHTOJIOTMM M uXx wMmozeneil. OHTONOTMM 3a7al0T CTPYKTYpy HHPOpPMALUU, XpaHUMOH B
MHGOPMALIMOHHBIX KOMIIOHEHTaX MPOrpaMMHBIX cucTeM. Ha ocHOBE OHTOJOrMYECKHX
COMVIAlICHUH M 3HAHUM OO0JIaCTH MPHIOKEHUH pa3pabaTHIBAIOTCS CUCTEMbI Ui pELICHUs
NPUKIAJHBIX 3a7ad. B paboTe omnuceiBaeTcs MNPUMEHEHHE OHTOJOTUH TMPH CO3/aHUU
IPOTPaMMHBIX CPEJICTB VIS CJIOKHO CTPYKTYPHUPOBAHHBIX HAyKOEMKHUX oOnactell. Takue obmactu
UMEIOT psAl OCOOEHHOCTEW, BJIEKYLIMX 3a CO0OW HaJIWyhe CHeUAIbHBIX MPOrPaMMHBIX
KOMIOHeHTOB. C OJHOM CTOpPOHBI, 3HAHUS TaKUX OOJAacTel MOryT OBITh IOJHOCTBIO
CTPYKTYpHUPOBAHbI, KaK CIIEJICTBHE BBIAEISIETCS OCOOBI KOMIIOHEHT OHTOJIOTMM — OHTOJIOTHS
3HAHWHA, 3a/alomas CTPYKTypy 0a3 3HaHWA, MO3BOJSIONIAS IKCIEPTYy OOIACTH MPHIOKCHUN
caMoCTOsITeNIbHO (hopMUPOBaTh 0a3y 3HAHHUM B MOHATHBIX eMy TepmMuHax. C Apyroil CTOPOHBI,
CYLIECTBYIOT 00JacTH, B KOTOPBIX HE BCE 3HAHHS MOTYT OBITh CTPYKTYPHUPOBAHBI, YTO BIICYET
HEO0OXOUMOCTh UX MPEICTaBICHUA B BUAE COBOKymHocTH (opmyn. Kpome 3Toro, B pasHbIx
NPEIMETHBIX 00JIACTSAX CYIIECTBYIOT OOIICIPUHSATHIE B HUX I'pauuecKue CriocoObl MpeICTaBIIssA
BXOJHOM M BBIXOJHOM HHPOpMAIMK, 4YTO TpeOdyeT HaIuuus B MPOrPAMMHBIX CHCTeMax
CIEIUATM3UPOBAHHBIX OHTOJIOTHM, OTPEICIIIONINUX CTPYKTYpy 3TOH mHpopmanuu. B kadectse
PUMEPOB pacCMATPUBAIOTCS 3a/layMl aHanu3a UHGopMalu B 00JaCTH SKOJIOTHH, reorpaduu u
JpYIrux NpPWIOKEHUN. bonblioe BHUMAaHUE YHIENAETCS pe3yjpTaTaM II0 HCIOJIb30BAHUIO
OHTOJIOTMHM TPEAMETHON o00JacTH TMpH aHalu3e TEKCTOB [UIsl M3BJICUCHHUS Pa3IHMuHOM
CEMaHTUYECKON HH(OPMAITUH.

ONTOLOGIES AND THEIR MODELS IN THE SEMANTIC STRUCTURING
OF THE CONTENT OF SCIENTIFIC FIELDS

I.L. Artemyeva, K.A. Gulyaeva, O.A. Krestnikova, S.V. Smagin
Far Eastern Federal University

artemeva.il@dvfu.ru

Currently, many software projects are based on the use of ontologies and their models.
Ontologies define the structure of information stored in the information components of software
systems. On the basis of ontological conventions and knowledge of the application area, systems
are developed for solving applied problems. The paper describes the use of ontologies in the
creation of software for complexly structured science-intensive areas. Such areas have a number
of features that entail the presence of special software components. On the one hand, the
knowledge of such areas can be completely structured, as a result, a special component of the
ontology is distinguished - the ontology of knowledge, which sets the structure of knowledge
bases, allowing an expert in the application area to independently form a knowledge base in terms
that are understandable to him. On the other hand, there are areas in which not all knowledge can
be structured, which entails the need to present them in the form of a set of formulas. In addition,
in different subject areas there are generally accepted graphical methods for representing input and
output information, which requires the presence in software systems of specialized ontologies that
determine the structure of this information. As examples, the problems of analyzing information
in the field of ecology, geography and other applications are considered. Much attention is paid to
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the results of using the ontology of the subject area in the analysis of texts to extract various
semantic information.

COCTOSAHUE U IIEPCIIEKTHUBbBI
TEJJAOTEO®U3NYECKUX UCCJIEIOBAHUN B APKTUKE

AM. Mé'psﬂblﬁl'z, JIL.M. 3enenwiti, U.B. Muneanes®, A.A. Hempykoeuqz, A.T. Anaxoé?
"Poccuiickas akagemust HayK
2I/IHCTI/IT}IT KOCMHYECKUX uccienoannii PAH
S[TonsipHbIil reoQU3NIECKHil MHCTHTYT
pinegal42@yandex.ru

KoHTpoap (akTHdeckoro COCTOSHUS TelIUOreoPpHU3MUEcKUX YCIOBUH B ApKTHKE B
pearbHOM peXUME BPEMEHH M €r0 KPaTKOCPOYHOTO MTPOTHO3a CTAHOBUTCS BCE OoJiee aKTyaIbHON
npoOJaeMoil JUIsi pemeHus MPUKIAAHBIX 3aaad. DPH3MUECKHe TMPOLECCHl, MPOTEKalolmue B
HMoHOC(epe M BepxXHEeH aTMmocdepe, CBA3aHBl C TpoOLECCaMH Kak BbINIE (B3aMMOJEiCTBHE
ComHedHOro BeTpa C MarHUTOC(EpOil M MPOIECCHl BO BHYTPHM MarHUTOC(EpHI), TaK U HIDKE
MoHOC(epHI (Tporiecchl B Me3ocdepe U cTpaTocdepe) U SABISIFOTCS COCTAaBHOM YacThIO MPOIIECCOB
B €IMHOH Cpefie OKOJIO3EMHOT0 MIPOCTPAHCTBA, OHH BIUSIOT Ha APPEKTHBHOCTh pabOTHI MHOTHX
cyk0 P®, moxBenoMcTBeHHBIX psiay MHHUCTEpCTB. CleayeT MOTYEepKHYTh, YTO XOTS 3a
HOCJIEHEE ECATHIICTHE TTOHUMaHKue (DU3UKH MPOIECCOB B OKOJIO3EMHOM IIa3Me 3HaYUTENILHO
BO3pOCJIO, HO JAJICKO HE BCE ACIMEKTHl B3aUMOJCHCTBUS OTAEIBHBIX Cpel OOBSICHEHBI M IS
mporpecca B 3TOM HalpaBlICHHH TPeOyIOTCA NaJbHEWIINE TEOPETHYECKHE MCCIIENOBAHUS U
IKCTIEPUMEHTHI.

IOJTIOTOBKA JAHHBIX CHYTHUKOBOM AJIbTUMETPUM JIJIS1 PEIIEHUS
3AJAYU ACCUMUJIALINN YPOBHA B MOJAEJIAX JTUHAMUKHU YEPHOI'O MOPSA

C.A. Jlebeoes 23, A.B. Caxno®3
Teodusnueckuii nentp PAH

’HaruoHanbHbIH HCcie0BaTeNbCKUi YHUBEPCHTET «MOCKOBCKHiT MHHCTUTYT 3J1€KTPOHHOI
TEXHUKN

SMHCTUTYT BBIYMCIUTENBHON MaTeMaTHku uMm. I'. 1. Mapuyka PAH

sergey a lebedev@mail.ru

B mHactosmeil paborte mpeiacraBieHa METOJUKAa MOATOTOBKM JAHHBIX CITyTHUKOBOM
QIBTUMETPHHM JUISl TATbHEHIIIEro yCBOSCHH UX B Mojienn upKyisauuu Yeprnoro mopst (INMOM).
Ha mnepBoMm »Tane mnpoBOAMTCS pacdeT YpPOBHA MOpsA KaK CyNEpHO3ULUsA KIMMaTUYECKOU
JTMHaMU4ecKo# Tonorpaduu (OTKIIOHEHUS CpeHEH MOPCKON TOBEPXHOCTH OT BBICOTHI T€OU/1a) U
AHOMAJIMM ypPOBHs, IOJIYYEHHBIX IO JaHHBIM CIIyTHUKOBOM anmbTMeTpuu. Ha BTOpOM sTame
OPOBOJUTCS (PUIBTPALMS JAHHBIX AUCTAaHIIMOHHOTO 30HIMpOoBaHMs GuIbTpoM ["aycca, Tak Kak UX
IIPOCTPAHCTBEHHOE DAa3pelleHUuEe MEHbIIEe, 4YeM paspemieHne mozaenu. Ha Ttperbem stame

OTpeNieNIsieTCs paJualibHasi COCTaBIIAIONIAS OMIMOKM aJTbTUMETPUUYECKUX H3MEpPEHUN ASSH s
KOTOPYIO AJIsI aKBATOpUH qepHoro MOPA MOKHO alllIpOKCUMUPOBATH JIMHEMHOU 3aBUCUMOCTBIO OT
BPEMEHHU IIPOJIETA CITyTHHUKA BIIOJIb TPEKA:

ASSH =a-t+h.
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MeTosoM ONTUMH3ALMM MMHUMAJIBHOTO OTKJIOHEHMsI JAaHHBIX JMCTAHIIMOHHOI'O
30HMPOBAaHUS OT PE3YJIBTATOB MOJEIBHBIX PACUETOB HAXOIATCS KOA(PQHUIMEHTH B JTaHHOM
COOTHOILEHUH. Pe3ysbTaThl UUCIIEHHBIX SKCIEPUMEHTOB IOKa3bIBAIOT YBEIMUYEHUE KOPPEISLUU
pE3yJIbTaTOB MOJEIBHBIX PACUETOB U AJIbTUMETPUUECKMX JaHHBIX IIOCJIE IPOBEICHUS
GuibTpanuy, ydera pajdalbHOM OLIMOKM CIyTHUKOBBIX H3MepeHuil. JlanpHeHmum sTanom
NOJATOTOBKU JJaHHBIX OyAET MPOBEJIECHUE PACUYETOB IO aJaNTalUK MOJIsI YPOBHS MOPS C YUETOM
JAaHHBIX AUCTAaHIIMOHHOTO 30HIMPOBAHUS.

Pabora BeimosiHeHa npu noxzepkke Poccuiickoro Hayunoro ¢onaa (mpoekt Ne 19-71-
20035).

PREPARATION OF SATELLITE ALTIMETRY DATA FOR SOLVING
THE PROBLEM OF LEVEL ASSIMILATION IN MODELS
OF THE BLACK SEA DYNAMICS

S.A. Lebedev*?2, A.V. Sakhno?3
!Geophysical Center RAS
2National Research University of Electronic Technology
3Marchuk Institute of Numerical Mathematics RAS

sergey a lebedev@mail.ru

The methods of preparation of satellite altimetry data and their assimilation in the Black
Sea circulation models (INMOM) are presented in the work. At the first stage, the sea level is
calculated as a superposition of climatic dynamic topography (deviations of the mean sea surface
from the geoid height) and the level anomalies obtained from satellite altimetry data. At the second
stage, the remote sensing data are filtered with a gaussian filter, since their spatial resolution is

less than the model resolution. At the third stage, the radial component of the ASSH altimetry
measurement error is determined, which for the Black Sea water area can be approximated by a
linear dependence on the time of flight of the satellite along the track:

ASSH =a-t+h.

The coefficients in this ratio are found by the method of optimizing the minimum deviation
of remote sensing data from the results of model calculations. The results of numerical experiments
show an increase in the correlation between the results of model calculations and altimetry data
after filtering, taking into account the radial error of satellite measurements. The next stage of data
preparation will be calculations for the adaptation of the sea level field, taking into account remote
sensing data.

The work was supported by the Russian Science Foundation (project Ne 19-71-20035).

BbISIBJIEHUE ITIOTEHIIUAJIBHO OITACHBIX YYACTKOB PACITIPOCTPAHEHUSI
ITOBEPXHOCTHBIX JE®@OPMAILIMU HA OCHOBE JAHHbBIX BECIIMJIOTHOH
AIPODPOTOCBEMKMU CBEPXBBICOKOI'O PASPELHIEHUSA

O.B. Jlynuna', A.A. I'naokos*?
"MncturyT 3emuoit kopst CO PAH

’TAY J10 YO "LlenTp pasBuTHs TOMOJHUTENLHOIO 00pa3oBaHus AeTeil", IeTCKHUil TeEXHOMapK
"KBanropuym baiikan"

lounina(@crust.irk.ru

B macrosmieit pabore moka3zaHO, YTO NMPUMEHEHHE OSCHWIOTHOW a’dpo(OTOCHEMKH C
HOCTPOEHHEM OpTO(OTOIIAHOB M MU(MPOBBIX MOJEICH MECTHOCTH Ha TEPPUTOPHUH TLIOIIA IO
COTHHU KBaApPaTHBIX MCTPOB - MEPBLIC KBaApPATHBIC KHJIOMCTPBL n MOCJICAYOIICC
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nemuppupoBaHue a3podoToMaTepraioB Mo3BoysieT 3PGEKTUBHO BBISIBIISATH OMACHBIC YYACTKH,
NOTCHIUATBHBIE I MEUICHHBIX W OBICTPBIX cMemeHud. OIHUM W3 TJIaBHBIX (aKTOPOB,
OTIPEIEIISFOIIUM MECTO MOUCKA BUAMMBIX Jie(hopMaliyii 3eMHOW TIOBEPXHOCTH, SIBIISICTCS HATMYHE
aKTUBHOTO pa3zioMa. [TokazaHbl mpuMepsl 0OHAPYKEHUS MOBEPXHOCTHBIX Pa3phIBOB PA3IUYHOTO
reHe3nca B KOHyCaxX BBIHOCA W JIeJbTaX PEK, BIAjaromux B o3epo baiikan. KccrnemoBanue
BBIMIOJTHEHO 3a cueT rpaHTa Poccumiickoro HaywuHoro ¢onma No 22-27-00064,
https://rscf.ru/project/22-27-00064/.

IDENTIFICATION OF POTENTIALLY DANGEROUS AREAS OF SURFACE
DEFORMATION PROPAGATION BASED
ON ULTRA-HIGH RESOLUTION UAS IMAGERIES

O.V. Luninal, A.A. Gladkov!2
nstitute of the Earth’s Crust, Siberian Branch of RAS

’Center for the Development of Continuing Education of Children, Ministry of Education of
Irkutsk Region

lounina@crust.irk.ru

This work shows that the use of unmanned air system with the construction of
orthophotomaps and digital terrain models over an area of hundreds of square meters — the first
square kilometers and subsequent interpretation of UAS imageries makes it possible to identify
effectively dangerous areas that are potential for slow and impulse displacements. The presence
of an active fault is one of the main factors determining the location of the search for visible
deformations of the earth's surface. We demonstrate examples of detection of surface
discontinuities of various genesis in alluvial fans and deltas of rivers flowing into Lake Baikal.
The study was funded by Russian Science Foundation grant 22-27-00064,
https://rscf.ru/project/22-27-00064/.

OT HH®OPMALMOHHO-AHAJIMTHYECKOW CPE/IbI LISl NOUIEPKKHI
HAYUYHBIX UCCJIEJOBAHU B TEQJOTAU K EAUHOMY LIU®POBOMY
MMPOCTPAHCTBY T'EOQJIOTMYECKHUX HAYUYHBIX 3HAHMIA

B.B. HayMoeal, B.C. Epémenxo®, A.C. Epemenxo*?, A.A. 3a2yMé'HH061'2, M. Hamykl
TocynapcTBennslii reonornuecknii Myseit um. B.. Bepuanckoro PAH
’MIHCTUTYT aBTOMATHKH U TIpolieccoB ynpasinenus JIBO PAH

v.naumova@sgm.ru

OOcyxnaroTcs Bce craauu pa3BuTHs HMHQOpManmoOHHONW cHUCTEMBI I CO3[aHus,
pa3BUTHsI M TOAJEPKKM HAy4HBIX HCCIENOBaHUMN B reosoruu: oT HMHpopmanuoHHO-
aHATUTHYECKOU cpeibl 10 EquHoro nudpoBoro mpocTpaHCTBa re0IOTMYECKUX HAYYHBIX 3HAHUH.
CoBpeMmeHnHast pa3pabareiBaeMasi craius IIpoekta — 3To mar Bmepea OT TpPaJAULMOHHOU
TEPPUTOPUAIBHO PACTIPE/ICIICHHON T'€0JIOTHYeCKOil cucTeMbl K IU(poBOi cpese Oyaymero.
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FROM AN INFORMATION AND ANALYTICAL ENVIRONMENT TO
SUPPORT SCIENTIFIC RESEARCH IN GEOLOGY TO A SINGLE DIGITAL
SPACE OF GEOLOGICAL SCIENTIFIC KNOWLEDGE

V.V. Naumoval, V.S. Eremenko?, A.S. Eremenko'?, A.A. Zagumennov'?, M.I. Patuk!
IState Geological Museum named after Vladimir Vernadsky of RAS
Mnstitute of Automation and Control Processes FEB RAS

v.naumova@sgm.ru

The report describes all stages of the development of an Information system for the
creation, development and support of scientific research in geology: from the Information and
analytical environment to the Unified Digital Space of geological scientific knowledge. The
current stage of the Project under development is a step forward from the traditional geographically
distributed geological system to the digital environment of the future.

BEKTOP PAZBUTUSA CIIYTHUKOBOTI'O HEHTPA JIBO PAH
AU, Anexcanun?, M.I". Anexcanuna?, B.A. Jleeun*
'MHCTUTYT aBTOMATHKYU U IpolieccoB ynpasienus JIBO PAH
?J[lanbHeBocTOUHBIH DenepanbHblii Y HUBEpCHTET

aleks@jiacp.dvo.ru

B noxnane mpencrtaBieHa KOHUENIUS Pa3BUTHS TEXHOJOTUH OOpPaOOTKM [aHHBIX B
CnytHukoBoM 1ieHTpe [ansHeBocTouHoro otaeneHust Poccuiickoit akanemun Hayk (JIBO PAH)
Ha Oa3e HMucturyra aBTOMaTMKu U mporeccoB ympasieHus (MAITY JBO PAH). [ns
COBPEMEHHOI'0 OIEPaTUBHOIO MOHUTOPHUHIAa W JUArHOCTUKM IO CIYyTHUKOBBIM JaHHBIM
pa3IMYHbIX 0OBEKTOB WM SIBJICHUH TOJIBKO YK€ MMEIOIIMXCS TEXHOJOTui HeaocTaTo4Ho. Jlis
peleHnss KOHKPETHBIX 3a7ad 4acTo TpeOyeTrcsi moadop CIyTHHKOBOM JaHHBIX W pa3paboTka
HOBBIX TEXHOJIOTMH pacyeTa pa3iIudHbIX NapamerpoB. [l pemieHus pas3inyHbBIX 3a1ad 110
CIIyTHUKOBOMY MOHUTOPHHTY OKeaHa u atMocdepsl B CmytHukoBOM nentpe IBO PAH co3nano
OKOJIO JIBYX JIECATKOB HOBBIX TEXHOJIOTH pacueTa MmapamMeTpoB OKeaHa U aTMOc(hepbl, KOTOpbIe
aJanTUpPOBaHbl B CYILIECTBYIOIIME IAaKEeThl MporpaMMm oO0paOoTku. Takol MoaXoJ] IMO3BOJINI
BBIMIOJIHUTD PSIJI MHTEPECHBIX HAYYHO-HCCIEAO0BATENbCKUX paboT. B 4acTHOCTH, MOHUTOPUHT
TpaHCTPaHUYHBIX [IEPEHOCOB B aTMOoc(hepe u okeaHe npu aBapuu Ha ADC dykycuma-1 B mapre
2011 roma W wuCCieIOBaHHWE NPHYMH DKOJIOTHYECKOW KaracTpodbl B ABaYyMHCKOM 3ajIMBE
BOCTOYHOrO nodepexns Kamuatku ocensto 2020 rosna. Aganranuus y»xe CO31aHHbIX TEXHOJIOTUI
MOJl POCCHUHCKHE KOCMHUYECKHE almaparbl T[O3BOJHUT IMOJy4aTh MPOAYKTHl 00paboTKu
CIyTHUKOBBIX JIaHHBIX B COOTBETCTBUM C MMPOBBIMU CTaHJapTaMu kaudectBa. [IpoBoaumas
unTerpanus Crnytaukosoro nenrpa JIBO PAH coBmectHO co CiyTHHKOBBIM 1IeHTpoM JIBDVY B
['ocynapcTBeHHY!0 ~ MHQOPMAIMOHHYI0  CHUCTEMY  OINEpaTUBHOM  IOCTaBKU  JIAaHHBIX
nuctannuonHoro 3oHaupoBanus 3emnu (I'MC OITJ JI33) PockocMoca mo3BONUT pean3oBaTh
IPOCTON M €IMHOOOPA3HBIN TOCTYI K CIlyTHUKOBBIM JaHHBIM KaK POCCUNCKHX, TaK U MHPOBBIX
apXMBOB, a TaK)Ke K IMPOJYKTaM BBICOKOYPOBHEBOIHl 00paOoTku B TpeOyemol TeMaTHUecKOM
o0nacTH.
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DEVELOPMENT VECTOR OF THE SATELLITE CENTER OF THE FAR
EASTERN BRANCH OF THE RUSSIAN ACADEMY OF SCIENCES

Aleksanin!2 M.G. Aleksaninal?, V.A. Levin!
Mnstitute of Automation and Control Processes FEB RAS
?Far Eastern Federal University

aleks@jiacp.dvo.ru

The report presents the concept of developing data processing technologies at the Satellite
Center of the Far Eastern Branch of the Russian Academy of Sciences and Sciences (FEB RAS)
based on the Institute of Automation and Control Processes (IAPU FEB RAS). For up-to-date
operational monitoring and diagnostics based on satellite data of specific objects or phenomena,
only existing technologies are not enough. Solving specific problems often requires the selection
of satellite data and the development of new technologies for calculating various parameters. To
solve various problems of satellite monitoring of the ocean and atmosphere, the Satellite Center of
the Far East Branch of the Russian Academy of Sciences has created about two dozen new
technologies for calculating parameters of the ocean and atmosphere, which have been adapted
into existing processing software packages. This approach made it possible to carry out a few
interesting research works. In particular, the monitoring of transboundary transports in the
atmosphere and ocean during the accident at the Fukushima-1 nuclear power plant in March 2011
and the study of the causes of the environmental disaster in Avacha Bay on the eastern coast of
Kamchatka in autumn 2020. Adaptation of already created technologies for Russian spacecraft
will make it possible to obtain satellite data processing products in accordance with international
quality standards. The ongoing integration of the Satellite Center of the Far Eastern Branch of the
Russian Academy of Sciences, together with the Satellite Center of the Far Eastern Federal
University, into the State Information System for the Operational Delivery of Earth Remote
Sensing Data (GIS OPD remote sensing data) of Roscosmos will allow for simple and uniform
access to satellite data from both Russian and world archives, as well as to high-level processing
products in the required subject area.

METOJAbI U TEXHOJIOI'MHU ITPU CO3JAHUU BBIYUCJIUTEJBHOI'O Y3JIA
OBPABOTKH U AHAJIN3A CIIYTHUKOBBIX TAHHBIX
C UCIIOJIB3OBAHUEM OPUT'MHAJIBHBIX AJI'OPUTMOB HEHTPA
CIIYTHHUKOBOI'O MOHUTOPHUHI'A UAILY IBO PAH

A.C. Epemenko'?, A.A. 3azyménnos*?, B.C. Epémenxo® I1.B. Babsax*
"Mucturyr aBToMaTHKN U ponieccos ynpasnenus JBO PAH
2JlansHeBoCTOUHBIH DeepanbHblil Y HUBEPCUTET
TocynapcTBeHHbIi Teoorudeckuii Myseit um. B.1. Bepnaackoro PAH

B paznuunbix nHcTUTyTaX POCCHIICKOM akaeMHUH HAayK, 3aHUMAIOIINXCS UCCIIETOBAHUSMHU
B 00JlacTH HayK O 3emiie, B TECUCHUH MHOTHX JIeT ObLTM HapaOOoTaHbl OPUTHHAIBHBIE METOABI U
TEXHOJIOTHH O0pabOTKM CIyTHUKOBBIX MaHHBIX [[33 1y pemieHus WCCIIeOBaTEIbCKUX U
npuKiIagHeix  3amad.  lLlenms maHHOW pa®oThl — BBIpaOOTaTh MOAXOM JUIL  CO3JAHUS
BBIYMCITUTEIFHOTO y3JIa 00pa0OTKH M aHAM3a CITyTHUKOBBIX JAHHBIX C MCIIOIH30BAHUEM ITHX
OpPUTHHAIFHBIX METOJOB U TEXHOJOTHH AJis pelIeHUS HAay4HbIX 3amand. Ampobanus moaxona

OyZeT OCyILECTBISIThCS Ha 0a3e OpurHHaIbHBIX pa3padorok CryTHHKoBOro nieHTpa MAITY JIBO
PAH.
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CymectByeT 00JbIIOE KOJTMYECTBO OOJAYHBIX IIATGOPM U CEPBHUCOB I pabOTHI CO
CIIYTHHUKOBBIMU W IPOCTPAHCTBCHHBIMU NaHHBIMH. Ounu Pa3IN4arOTCA 110 (l)yHKI_[I/IOHaJIy, TUIIaM
MPEIOCTaBIAEMON  CIHYTHUKOBOM ¥  NPOCTPAHCTBEHHOW HH(OpPMALMU, TeMaTHUYECKON
HaIpaBJICHHOCTH, YI[O6CTBy HUCII0JIb30BaHUA, CTOUMOCTH. Mamnorue n3 HHaT(bOpM npeaoCTaBIAOT
BO3MOXXHOCTh HCIOJIB30BaHUS B HCCIIEIOBATENIbCKUX LENSIX, HO 3a4acTyIO MPEAOCTaBIIsAs JIUIIb
4acTh He0OX0AMMOro pyHKIMOHAa. Bee muardopMbl MOKHO pa3ieinTh Ha JBa OOJBIINX KiIacca:
w1atopmbl OOIIIETO Ha3HAUYCHUS U TEeMAaTUYECKHE.

[Tnatdopmbl 001IEr0 HA3HAYCHUS TIPEAOCTABIISAIOT BOZMOXKHOCTH JIJIsl PEILICHHSI OOJIBIIOT0
Kpyra 3aJad MOCPEJCTBOM MPEIOCTABICHUS JOCTyNa K IIMPOKOMY CIEKTPY CIYTHHUKOBBIX H
MMPOCTPAHCTBCHHBIX JaHHBIX, HWMCIOT pa3H006pa3Hble HHCTPYMCHTBLI [IJIsI BU3yaJlW3alllH,
MPEIOCTABIIAIOT BO3MOXKHOCTh HAIMCAHUS COOCTBEHHBIX aJrOPUTMOB, BO3MOXHOCTH JIETUTHCS
pe3ynbTataMu padoTEHI.

TemaTtnueckue muaThopMbl HallEJIEHbI Ha PEIICHUE OMPEIeIEHHOTO Y3KOro Kpyra 3ajad,
KaK TPaBUJIO OTPAaHUYCHBI KAaKUM-TO TeorpauueckuM pPEeTHOHOM, NpPEOCTaBiss Hauboee
PEJIEBAaHTHBIN U TIIATEILHO OTOOPAHHBIN HAOOP JAaHHBIX, HHCTPYMEHTOB U aJTOPUTMOB MOJ 3TH
3aJ1a4l U PETHUOH.

Takum oOpa3om ISl pelieHHsl COBPEMEHHBIX 3aJlad OT OOJAauHBIX TIATHOpM C OJHOMN
CTOpOHBI TpeOyeTcsl peanu3anus BO3MOXKHOCTEH JOCTyna K JJaHHBIM, UX 00paboTku u
BU3YaJIH3aIlUH, a C IPYroi — MPOCTOTa M THOKOCTh UCIIONIb30BaHUS B COBPEMEHHOM TeMaTHYEeCKOM
00paboTKe C BO3MOKHOCTBIO ONPEIEISITh HA0OPHI JAaHHBIX U aJITOPUTMBI UX 0OPaOOTKH.

[ToaTomMy mepen KOJUIEKTHBOM CTOsJa 3aaaya pa3paboTKu TUOPUIHOU apXUTEKTYpPbI
CHUCTEMBI, CcOueTaroIeil B cebe JOCTOMHCTBA OOOMX TOJX0A0B. Pa3pabaTriBaeMbIit
BBIUMCIIUTENBHBIA y3€ MPeACTaBIseT U3 ce0s YMpaBisIIONIee sSapo, MOACHCTEMY JOCTyHa K
JaHHBIM, IMIOJACUCTEMY O6pa60TKI/I " aHajin3a 1 MoACUCTEMY BU3YyaIU3alluUn U BSaHMOHCﬁCTBHﬂ C
nonb3oBateneM. JaHHBIA y3en oOpaOOTKM MpPH3BaH PEIIUTh PsA MPoOJeM, BCTAOMIMX MEpeN
y4EHBIMHU-HCCIIEOBATESIMU. B mepByro ouepenb — TOJNYyYEHHE CITyTHUKOBBIX JIaHHBIX,
MOPOIISNIINX TPOIEAYPhl TMEePBUYHON 00paboTKH. BO-BTOPBIX, BO3MOXKHOCTH MONyYEHUS
MIPOJYKTOB, CTPOSIINXCS HA PETYJSIPHOW OCHOBE. B-TpeThHX, BO3MOKHOCTH MOJIH30BATEIIbCKON
0o0paTKM MMEIOMIETOCS] MacCHBa JAHHBIX C HCIOJIb30BAHWEM OPUTHHAIBHBIX AalTOPUTMOB,
p33p36aTLIBaeMI)IX Hay4YHBIMHU KOJIJICKTUBaMMU. HpI/I 9TOM HMECTCA BO3MOXKHOCTH COXpPAaHCHUA
pe3ynbTaToB 00pabOTKH B OOIIETTPUHSTHIX (hopMaTax JaHHBIX C IETBI0 MPOBEACHUS JaTbHEHIIIIX
HCCTIEIOBaHUI 1 00pabOTKH B OOIIEIPUHSTHIX TTAKETaX.

Takum oOpazom y3en 0OpabOTKH pemiaer OJHY W3 BXKHEHIIMX 3a7ad B JEATEIBHOCTH
uccienoBareneii B obOimacth Hayk o 3emiie — Bepudukanus W MaciTabupoBaHUE
p33pa6aTbIBaeMbIX OpUTrHHAJIBHBIX aJITOPUTMOB 06p3,60TKI/I CIIYTHHUKOBBIX TAaHHBIX IOJId pCIICHUA
MPUKIAIHBIX 33724, C OJTHOIM CTOPOHBI, U IOCTYII K 3TUM aJrOpUTMaM IPU PEIICHUH MTPUKIATHBIX
3a/1a4 HAyYHBIM COOOIIIECTBOM.

MOPTAJI MOPCKHX CEPBUCOB SCANEX MARITIME
M.A. Cepeeesa
NuxenepHo-rexHonoruueckuil neHtp « CKAHOKC»

msergeeva@scanex.ru

I'eocepBuCHl ONEPATUBHOTO MOHUTOPHHIAa HABUTALIMOHHOM, NHKEHEPHO-TEXHUYECKOW U
HKOJIOTMYECKON O€30MacCHOCTH MOPCKHUX OOBEKTOB M aKBATOPUM — yAOOHBIA MHCTPYMEHT AJIs
HaOIOZCHUs, aHalu3a, KOHTPOJAs U  obecredeHuss O€30MacCHOCTH  CYJOXOJACTBA U
MOPEXO3SICTBEHHON JESITETbHOCTU. B OCHOBE I'€OCEepBHCOB JIEKUT MHTETpalids COOCTBEHHBIX
TEXHOJIOTUI O0OpabOTKM M HMHTEpPHpPETAIlMd ONEPATUBHBIX CITyTHUKOBBIX JAHHBIX, aJTOPUTMOB
MonenupoBanus U 1aHHbIX AVC Begymux MUPOBBIX TOCTABILIHKOB.
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CepBuCHl MOHUTOPUHTA HABUTAIIMOHHO-CYI0BOM 00CTaHOBKH ITOMOTAIOT KOHTPOJIUPOBAThH
CYIOXOJCTBO B pailoHE MHTEpeca, MpPEeceKaTh MONBITKM HAPYIICHUS TPAHMULl OXPAHIEMbIX 30H,
MOJyyaTh OTYETHl O IMEpPEeMEIlEeHUsAX CYAOB W HCKaTh aBapHilHble cyJa MO MaTepuaiam
KOCMHUYECKOW CheMKH. CepBUCHI MOHHMTOPHHIA HKOJOTHYECKOTO COCTOSHUS aKBaTOPUU
HaIpaBJieHbl Ha OINEPaTUBHOE OOHAPYXKEHHE IUICHOYHBIX 3arpsi3HEHUN M MX €CTECTBEHHBIX U
TEXHOTEHHBIX HCTOYHMKOB. MOHHUTOPHHT JIEJOBOTO COCTOSIHHSI aKBaTOPUU TIO3BOJIAET
KOHTPOJIUPOBATH 0€30M1aCHOCTD CYJI0B M OOBEKTOB B CJIOKHBIX JIEIOBBIX YCIOBUSAX U OTCIICKHUBATD
IepeMelleHus aiicoepros.

CepBuCHI TPOCTHI B UCIIOJIB30BaHUU. Pe3ynbTaTsl pabOTHI CEPBUCOB AOCTYIIHBI Yepe3 BeO-
uaTepdeiic Ha 6a3e obmaunoi TexHonoruu ScanEx Web GeoMixer® 24 yaca B CyTku 7 JTHEH B
Hezaento, 365 aueii B rony. CepBuchl pazpaboTansl Ha 6a3e TexHoJoruu odopadotku Big Data, a
TaKXKe aHAJIN3a C UCIIOIB30BAaHUEM HEMPOHHBIX CETEH U MAIIMHHOTO O0YYCHHSI.

SCANEX MARITIME PORTAL
M.A. Sergeeva
Engineering and Technology Center «SCANEX»

msergeeva@ scancx.ru

ScanEx Maritime Portal is a set of geospatial monitoring services providing local
intelligence to support shipping, engineering and environmental activities at sea. The services
include tools to track, analyze and manage activities to ensure navigational safety, support
logistical and asset management planning, and provide maritime situational awareness worldwide.

The services are based on the Company’s proprietary technology that integrates near real-
time satellite imagery, AIS data, advanced processing algorithms and web-based delivery tools.

The monitoring of navigational and vessel situation helps to control navigation in a
particular area of interest, prevent any attempts to violate the borders of protected areas, receive
reports on vessel movements and search for vessels in distress through the use of satellite imagery.
Environmental monitoring of water areas aims to promptly detect oil slicks and their natural and
industrial sources. The monitoring of a water area’s ice conditions is intended to monitor the safety
of vessels and other facilities in ice-bound conditions and track the movements of icebergs.

The Services are user-friendly. The obtained results are available via a web-based interface
powered by ScanEx Web GeoMixer® cloud computing technology. The services are available 365
days per year in a 24/7 mode. The services are based on big data processing and analysis
technology, using neural networks and machine learning algorithms.

MOHUTOPUHI' APKTUYECKHUX AKBATOPUI METOJIAMMA
MAHNIMHHOI'O OBYYEHMS 110 JAHHBIM
JUCTAHIIUMOHHOTI'O 30HAUPOBAHMUS 3EMJIN U3 KOCMOCA

H.C. JIyonun
Nnxenepno-rexnonorundeckuii neHtp «CKAHIKCy»

dlubnin(@scanex.ru

[Ipoekt «Ob6nayHas reonHpopManoHHas atopma sl peleHus 3a1a4 MOHUTOPUHTa
apKTUYECKHX aKBaTOPUM METO/JaMU MAIIMHHOTO OOYyYEHUs» IOCBSIIEH MPUMEHEHHI0O METOJI0B
MAaIlIuHHOI'O 06yquI/15[ IJid  pacClioO3HaBaHHA OITACHBLIX JICJAOBBIX 06pa3OBaHI/H>'I n HBJ'ICHI/II\/JI,
nHpOpMaIHS O PACTIONIOKEHIH KOTOPHIX BaXKHA MIPU MPOKJIAIKe MapIIpyTOB IBUKEHUA CyJ10B. B
paMKax IIPOCKTa SaﬂeﬁCTBOBaHBI 2 KaTCropuu MJaHHBIX: MaTCpUalibl KOCMHYECKOH CBbEMKMU,
nonyyaemble ¢ KA paguonokanmonHoro HaOmioneHuss u jnanHsle AMC (aBromaruueckas
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UICHTU(QUKAIIMOHHAsT CHUCTEMa CYyIOB), KOTOpPbIE COJEPXKAT CBEIEHUS O MECTOIOJOKECHUN
KaKI0r0 W3 YYaCTHUKOB Mopckoro asikeHus. Jlanneie AMC B cucteme aHalIM3UPYIOTCS
METOAAMH MAIIMHHOI'O OOYYEHHs C LIEJIbI0 BBIBIECHUS CYZAOB, MONABIIUX B TSHKEIYIO JIEJOBYIO
00cTaHOBKY. B nanbHeiiem, Ha OKpPeCTHOCTH TAKOTO CyAHA MOAOUPAETCS KOCMHUUECKUI CHIUMOK,
JUIsl KOTOPOTO BBIIOJHSIETCS] aBTOMAaTHUECKas Kilaccu(UKanus Je10BOH NOBEPXHOCTH, TEM CaMbIM
MOJTy4YaeTCsl KapTa OMACHBIX JIEJJOBBIX SBJICHHNA, KOTOPas MOXKET OBITh MCIIOJB30BaHa KAITUTAHOM
CyJIlHa JJI BBIXO/A U3 JIEOBOTO IUICHA.

MONITORING OF THE ARCTIC WATERS USING MACHINE LEARNING
METHODS BASED ON REMOTE SENSING DATA OF THE EARTH FROM SPACE

D.S. Lubnin
Engineering and Technology Center «SCANEX»

dlubnin(@scanex.ru

The project "Cloud geoinformation platform for solving problems of monitoring the Arctic
waters using machine learning methods" is dedicated to the use of machine learning methods for
recognizing dangerous ice formations and phenomena, information about the location of which is
important when laying ship routes. The project involves 2 categories of data: space imagery
materials received from radar surveillance spacecraft and AIS data (Automatic Vessel
Identification System), which contain information about the location of each of the participants in
maritime traffic. The AIS data in the system is analyzed by machine learning methods in order to
identify vessels that have fallen into severe ice conditions. In the future, a satellite image is selected
in the vicinity of such a vessel, for which an automatic classification of the ice surface is
performed, thereby obtaining a map of hazardous ice phenomena that can be used by the captain
of the vessel to exit the ice captivity.
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SCIENTIFIC SESSION

HAYYHAS CECCHUA




WHTEIPAIIUA TEXHOJIOTI' M OBPABOTKH CITY THUKOBBIX JAHHBIX
BHEIIHUX ITOCTABIIMKOB B UHO®OPMAIIMOHHYIO CUCTEMY
POCKOCMOCA HA ITPUMEPE CITYTHUKOBOI'O HEHTPA I1BO PAH

C.E. [lvaxoé, I1.B. Babsax', M.I'. Anexcanuna®?
"MucTuTyT aBTOMaTHKK M Hpoleccos yrpasnenus JJBO PAH
?[lanbHeBocTOUHKIH DenepanbHbli Y HUBEpCHTET

seredkv@gemail.com

OcHoBHo# nenbio ['ocyrapcTBeHHOM HH(OPMAIIMOHHOM CUCTEMBI OTIEPATUBHON MTOCTABKH
naHHbIX aucTtaHimonHoro 3oHaupoBanus 3emnu (IMMC OIIJ [33) Pockocmoca sBisieTcs
peanu3anys IpocToro ¥ eAMHOOOPA3HOrO IOCTYA K CITYTHUKOBBIM JAHHBIM KaK POCCUHCKHUX, TaK
U MHPOBBIX apXHMBOB, a TAaKXe K IMPOJIYKTaM BBICOKOYPOBHEBOW 0OpabOTKM B Tpedyemoi
TeMaTU4eckoi o0siacTH. BHelHeMy y4YacTHUKY CHCTEMbI 00ECIEeUMBAETCsS JOCTYN K apXuBam
CIYTHUKOBBIX JIaHHBIX, BBIUHUCIUTENBHBIM pecypcam PockocMoca, a Takke pekiama
BO3MOXXHOCTEH CBOMX TEXHOJIOTHA W WX HCHOJb30BaHHE B 00meil cucreme. KitoueBbiM
OpraHM3alMOHHBIM BOIIPOCOM SIBJISIETCS MUHUMHM3ALMS TOJITOBPEMEHHBIX 3aTPAT HA NHTErPALUIO
CEPBUCOB KaK €O CTOpPOHbI PockocMoca, Tak M CO CTOpPOHBI BHEIIHUX YYacTHHUKOB. Jlnd
MHTErpalil BHEIIHEH TEXHOJOTUH HEOOXOAMMO: YCTaHOBUTh CTOpPOHHEE IPOrpaMMHOE
obecrieuenne (I10); co3gaTh BapmaHT peanu3anuu, UCHOIb3yIommid Bo3MoxkHoctu ['IC OIT/]
J33; obecneunth wuHTepderic B cooTBeTcTBHM ¢ TpedoBanusmu [MIC OIlJ] J133. B
IIPEIOCTABIIAEMOIN Cpeie MOCTaBIIMKY JOCTYNHbBI CTAHJAPTHHIE KOMIMJISATOPHI, YTO YIPOILIAET
unTerpanuio coocrsenroro I10. Cepsucol oopmistorest o cranmaapty REST API, koropsrit
nojep>xuBaetcs B cpene Python, B paMkax KOTOpO# BBITIOIHAETCS HHTETpalys cepBUCOB. LleHTp
KOJUIEKTUBHOTI'O MI0JIb30BaHUsl PErnoHabHOro CIIyTHUKOBOI'O MOHUTOPUHIA OKPYKAIOLIEH CpeIbl
ABO PAH nonyuyun noctyn k ['MMC OIIJ /13 nns pasmernienus: cBoux cepBucoB. Ha mpumepe
cepBHca pacuéTa KOMIIO3UIIMOHHBIX KapT TemrepaTypsl noBepxHocTH okeaHa (TIIO) momyden
nepBblii  OombIT HMHTErpanuu. Jlus 11000H akBaTOPUM CEPBHC CTPOUT  €¥KEIHEBHBIC
KoMIo3uIMoHHbIE KapThl T1IO, KOTOpBIE COOTBETCTBYIOT IO TOYHOCTH MUPOBBIM CTaHAAPTAM U
KOTOpPbIE COXPAHSIOT CTPYKTYpy TepMuueckux ¢poHToB. Ilpu ero pabore HCHONB3YIOTCS
OJHOBPEMEHHO Kak pecypchl U aHHble Pockocmoca u CnytHukoBoro 1entpa JABO PAH, Tak u
JaHHBIE 3apyO0eKHBIX HH()OPMAIITOHHBIX CUCTEM.

INTEGRATION OF TECHNOLOGIES FOR PROCESSING SATELLITE DATA FROM
EXTERNAL PROVIDERS INTO THE INFORMATION SYSTEM OF ROSCOSMOS
ON THE EXAMPLE OF THE SATELLITE CENTER OF THE FAR EASTERN
BRANCH OF THE RUSSIAN ACADEMY OF SCIENCES

S.E. Dyakov?, P.V. Babyak® M.G. Aleksanina’?
nstitute of Automation and Control Processes FEB RAS
2Far Eastern Federal University

The main purpose of Roscosmos State Information System for the Operational delivery of
Remote Sensing Data (GIS OPD remote sensing) is to implement simple and uniform access to
satellite data from both Russian and world archives, as well as to high-level processing products
in the required thematic area. An external participant of the system is provided with access to
satellite data archives, Roscosmos computing resources, as well as advertising the capabilities of
its technologies and their use in the common system. The key organizational issue is to minimize
long-term costs of integrating services from both Roscosmos and external participants. To
integrate external technology, it is necessary to: install third-party software; create an
implementation option that uses the capabilities of GIS OPD remote sensing; provide an interface
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in accordance with the requirements of GIS OPD remote sensing. Standard compilers are available
to the vendor in an integration environment, which simplifies the integration of proprietary
software. Services are designed according to the REST API standard, which is supported in the
Python environment, within which the integration of services is performed. The Center for
Collective Use of Regional Satellite Environmental Monitoring of the Far Eastern Branch of the
Russian Academy of Sciences has received access to GIS OPD DDZ to host its services. Using
the example of the service for calculating composite maps of sea surface temperature (SST), the
first integration experience was obtained. For any sea area, the service builds daily composite maps
of SST, which correspond to international standards in accuracy and which preserve the structure
of thermal fronts. During its work, both the resources and data of Roscosmos and the Satellite
Center of the Far Eastern Branch of the Russian Academy of Sciences, as well as data from foreign
information systems, are used simultaneously.

PA3PABOTKA IIU®POBOM SKOCUCTEMBI
IO AHAJIN3Y IN'EOJOT'HYECKUX JAHHBIX

B.C. Epémenxo®, B.B. Haymosa', A.A. 3azyménnoe®:
TocynapcTBennblit reosiornueckuit Myseit um. B.1. Bepnaackoro PAH
2MIHCTHTYT aBTOMAaTHKH | TIporieccos ynpasnenns JJBO PAH

3 [lansHeBoCTOUHBIH DeepanbHblil Y HUBEPCUTET

vitaer@gmail.com

B nanHO#i paboTe paccMaTpHBAaIOTCS Pa3HOPOIHBIE TEPPUTOPUATBHO-pACTIpECTIEHHBIC
BBIYMCIUTEIBHBIC CUCTEMBI IO 00pPa0OTKE reOJOrHYSCKUX AHHBIX M MOJXOJbI IO OpraHU3aliu
B3aMMOJICHCTBHSI C STUMH CHcTeMaMH. VccieyeMbie CHCTEMBI aBTOPaMH KJIACCU(PUIIMPOBAHBI HA
P TPYII, UCXOIs W3 OCHOBHBIX (DYHKIIMOHAJIBHBIX BO3MOXKHOCTEH M TEXHOJIOTHYECKUX
pemeHuid. [yl Ka)XI0ro TUTA CHCTEM MPUBOJUTCS OMUCAHWE UX OCHOBHBIX CBOMCTB, BKITIOYAS
BO3MOXHBIC CITOCOOBI JIJIsl B3aMMO/ICUCTBHSL.

Ha ocHoBe mpoBen€HHOrO aHalM3a MPEAJIaraeTcsl MOAXOJ] 10 OPTraHU3aIlH €IHHOTO
pabouero mpoCTpaHCTBAa C JOCTYNOM K Pa3sHOPOJHBIM TEPPUTOPHATBHO-PACTIPEACIEHHBIM
BBIYACIUTEIFHBIM ~ CHCTEMaM B paMKaX  pa3BUBAacMOW  aBTOPAMH  JKOCHUCTEMBI
https://service.geologyscience.ru/. OmnwuchIBaeTCS apXUTEKTypa MpeqIaraeMoro pemeHus |
MpaBUja B3aUMOJEUCTBUA Ui €€ Y4YaCTHUKOB. J[eMOHCTpHpYETCS NPOrpPAMMHBIA MPOTOTHIIL,
peaM3yIONUi OMUCHhIBAEMbIE MPHUHIIUIIEI Ha MPUMEpPE HECKOJIbKUX PAa3HOPOJHBIX CHCTEM IO
00paboTKe TeoIornuecKoi HHPOopMaIiH.

This paper discusses heterogeneous geographically distributed computing systems for
processing geological data and approaches to organizing interaction with these systems. The
systems are classified by the authors into a number of groups based on the main functional
capabilities and technological solutions. A description of the main properties for each type of
systems is given, including possible ways for interaction.

An approach is proposed for organizing a single workspace with access to heterogeneous
geographically distributed computing systems within the ecosystem developed by the authors
https://service.geologyscience.ru/, based on the analysis. The architecture of the proposed solution
and the rules of interaction for its participants are described. A software prototype is demonstrated
that implements the described principles on the example of several heterogeneous systems for
processing geological information.
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PA3PABOTKA BBIYUCJ/IUTEJIBbHO-AHAJIMTUYECKOI'O Y3JIA
ITO OBPABOTKE CIIYTHUKOBBIX JIAHHBIX

A.A 3azyménnoe'?, A.C. Epemenxo?, B.C. Epemenxo™?3, I1.B. Babsax*
"MucTuryT aBToMaTHKM ¥ nipolieccoB ynpasienus (JIBO PAH, Poccus)
2JlansHeBoCTOUHBIH DeiepanbHblii Y HUBEPCUTET
TocyaapcTBeHHbII reonorndeckuii mysei nm. B.W. Bepragckoro PAH

truepikvic@gmail.com

Pabora mocesmeHa pa3paboTKe BBIYHCIUTEIBHO-aHAIUTUYECKOTO y37a Uit 00paboTKu
CIYTHUKOBBIX M MPOCTPAHCTBEHHBIX JAHHBIX A Hayk o 3emuie. [IpuBeneHbl mpenrnochUIKU
CO3aHMS TAKOTO POJIa BEIYHCIUTEIILHOTO y3J1a U TPeOOBaHUS K HEMY ITPH PEIICHUH, B YaCTHOCTH,
reoJIOTUYECKUX 3a/1ay. BeimonHeHn 0030p o6mayHbIX MmiuaTdopM MO AOCTymy U 00paboTke
CITyTHUKOBBIX M TPOCTPAHCTBEHHBIX JIAHHBIX, HA OCHOBE KOTOPOTO pa3padoTaHa KOHIICTITyJIbHAS
CXeMa BBIUMCIHMTEIHHOTO y3lla M OMNpeneiéH COCTaB TEXHOJOTHUW, HA KOTOPBIX OH CTPOUTCS.
Pa3paGoTaHHbIil y3en MpeaocTaBiIseT CPEICTBa JIsi MOMCKA JAHHBIX Y BHENTHUX OOJIAuHBIX
MPOBalIEPOB, UX 00PAOOTKU PA3NUYHBIMUA BCTPOCHHBIMH M MOJKIIOYAEMBIMU alTOPUTMAaMU, a
TaK)Ke CPEACTBA BU3YyATH3aIUH Pe3yIbTaToB. OH SBJISCTCS CAMOCTOSATEIIBHBIM BE0O-CEPBHUCOM, UTO
nmo3BoyiseT oOpamarsCs K JaHHBIM M alropuTMaM HX OOpaOOTKH, MPEAOCTaBISIEMbIM
BBIUMCITUTEILHBIM, ITUPOKOMY KPYTY ITOJI30BaTENICH, B TOM YHCJIC HHTETPUPOBATH €T0 B JIPyTHE
WH(GOPMAILIMOHHBIE CHCTEMBbI KaK CTOpPOHHEE MPUIOKEHHE Jisi 0OpadOTKH CIYyTHUKOBBIX M
MIPOCTPAHCTBEHHBIX JTAHHBIX.

DEVELOPMENT OF COMPUTING AND ANALYTICAL NODE
FOR PROCESSING SATELLITE DATA

A.A. Zagumennov:23, A.S. Eremenko?3, V.S. Eremenko!?3, P.V. Babyak?
nstitute of Automation and Control Processes FEB RAS
’Far Eastern Federal University
3Vernadsky State Geological Museum of RAS

The work is devoted to the development of a computing node for processing satellite and
spatial data for earth sciences. The prerequisites for the creation of such a computing node and the
requirements for it to solve geological problems are given. An overview of cloud platforms for
access to satellite and spatial data and its processing has been presented. Based on the overview a
conceptual diagram of a computing node has been proposed and the list of modern technologies
required for building it has been determined. The developed node provides tools for searching data
from external cloud providers, processing them with various built-in and custom algorithms, as well
as tools for visualizing the results. It is an independent web service, which allows a wide range of
users to access data and processing algorithms provided by computing node, including integrating it
into other information systems as a third-party application for processing satellite and spatial data.

NMOCTPOEHUE IUPPOBOM CUCTEMbBI YIIPABJIEHUS IF'EOJIO'MYECKUMH
SHAHUAMMU JJIA IOAJAEPKKN HAYYHbBIX UCCJIIEJOBAHUU

M.U. Ilamyxk, B.B. Haymosa
I'ocynapcrBenHslii reosiornueckuii myseit um. B.W. Bepnanckoro PAH
patuk@mail.ru
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B pabote onucaHbl HOBbIE IOJXO0/AbI COOpa JaHHBIX O HAYYHBIX IyOJUKAIUIX U3 CHCTEM
OTKPBITOTO J1ocTyma ¢ Tematukoid Hayku o 3emie. Ha ocHOBe pa3paboTaHHBIX U alallTUPOBAHHBIX
MIOJIXO/I0B CO3/1aH apXMB HAYUYHBIX MyOJIMKAIUH (PEO3UTOPHI) U KOMIUIEKC MPOTrPaMM JOCTyTIa
K Hay4HbIM MyOJUKalMsIM JUisi cOopa, Moucka, (uiIbTpaliH, KaTajJoTH3allud U YIpPaBIICHUS
nyOnMKauMsAMU M HUX METaJaHHbIMU. [l ymydlleHus JOCTYIHOCTH MyOJIMKAaUUi W ApYyrux
CBSI3aHHBIX C HUMHM JaHHBIX, Haxoasmmxcs Ha caitax ['TM PAH, paspabdorana cucrema Wiki —
I'eonorust Poccun. JlanHas cuctema sBISIETCS TEMATUYECKMM PYOPMKATOPOM IO HAMPABICHUIO
«MecTopokieHHsT TOJIE3HBIX HUCKOmaemblXx Poccum», ¢ JONOJNHHUTENBHOM  TEMAaTHUKON
«Munepanorusi». Bce crath B 00s3aTENbHOM TMOPSAKE HMEIOT CCBUIKY Ha HMCTOYHHUK
MHGOPMALMU U3 apXMBa HAy4YHBIX MyOIMKALUH Y, ONLMOHAIBHO, TOMOJIHUTEIbHBIE CCBUIKH I10
cxonHoit Tematuke. Wiki — ['eonorust Poccuu sIBISIIOTCS IEPBBIM IIATOM B CO37[aHUU 0a3bl 3HAHUN
10 MECTOPOKICHUSIM IOJIE3HBIX HCKOIIAEMBbIX.

BUILDING A DIGITAL GEOLOGICAL KNOWLEDGE MANAGEMENT SYSTEM
TO SUPPORT SCIENTIFIC RESEARCH

M.I. Patuk, V.V. Naumova
V. I. Vernadsky State geological museum of RAS

patuk@mail.ru

The paper describes new approaches to collecting data on scientific publications from open
access systems with the subject of Earth Science. Based on the developed and adapted approaches,
an archive of scientific publications (repository) and a set of programs for accessing scientific
publications for collecting, searching, filtering, cataloging and managing publications and their
metadata have been created. In order to improve the availability of publications and other related
data on the websites of the SGM RAS, the Wiki — Geology of Russia system has been developed.
This system is a thematic rubric in the direction of "Mineral deposits of Russia", with an additional
topic "Mineralogy". All articles must have a link to the source of information from the archive of
scientific publications and, optionally, additional links on similar topics. Wiki — Geology of Russia
is the first step in creating a knowledge base on mineral deposits.

PA3BUTUE WEB-OPUEHTUPOBAHHOM I'C «<ACTIVETECTONICS»
KAK BAHKA JJAHHBIX HH®OPMAIINHU 11O AKTUBHOU TEKTOHUKE
IOT'A BOCTOYHOM CUBUPU

A.A. I'naokos*?, O.B. Jlynuna*

'TAY 10 MO "LienTp pa3BuTHs JONOTHUTEILHOIO 00pa3oBaHus aeTeil", AeTCKuii TeEXHOMApK
"KBanTopuym baiikan"

2UuctutyT 3eMHoit kopsl CO PAH

anton90ne@rambler.ru

KonmekTruBoM aBTOPOB HACTOSIICH pabOThI pa3padaThiBacTCS U MOJACPHUIUPYETCS Web-
OpHUEHTHpOBaHHas reomHpopmaimonHas cuctema «ActiveTectonics» (mocTyrmHa B OTKPBITOM
JOCTYTIE 10 ajipecy http://activetectonics.ru).

B coctaB 'MC BXoasT 6a3bl JaHHBIX aKTUBHBIX PA3JIOMOB M CEMCMOT'CHHBIX Pa3phIBOB U
HaOOp WHCTPYMEHTOB JIJIsl MX BH3YyaJU3allii Ha KapTe, FTeHEPAIUU JICTATH3UPOBAHHBIX OTYETOB,
OOHOBJICHUS M PEJAKTUPOBAHUS JAHHBIX B pexkuMe on-line. ba3el MaHHBIX comepikaTr JeTalbHYIO
WH(POPMAITHIO IT0 MHOTUM M3YYCHHBIM TEKTOHUYECKUM CTPYKTypaM, BKITIOYas apaMeTpHISCKHe
JaHHbBIC, CBA3aHHBIC N300paxkeHus U (oTtorpaduu, myOIUKaUK, KOMMEHTAPUHU CIICIIUAINCTOB U

25


mailto:patuk@mail.ru
mailto:patuk@mail.ru
mailto:anton90ne@rambler.ru
http://activetectonics.ru/

MH. Jp., Bcs MHQpOpMAIus AOCTyMHA JIOO0MYy 3aMHTEpECOBaAaHHOMY Mojb3oBaTenmo. Jloctynm K
MOJYJIO0 PpPEAaKTHPOBAaHUS H J00aBleHHS WHGOPMAIMU OCYIIECTBISETCS TOJBKO IS
3aperucTpUPOBAHHBIX MMOJIH30BATENCH Yepe3 CUCTEMY ayTeHTU(UKALINH.

IIpu paspaboTke TEOMHPOPMAMOHHOW CHUCTEMBl aBTOPAaMH YYHUTHIBACTCS OIBIT
3apyOexHBIX U OTEYECTBEHHBIX U HCIIOIb3YETCS COBPEMEHHBIN HAOOP CpeACTB pa3paboTKu web-
OPUEHTHUPOBAHHBIX CUCTEM M F€OMPOCTPAHCTBEHHBIX 0a3 JaHHBIX.

[Ipennaraemblii TpOrpaMMHBIN NPOAYKT MOYKET HMCIOJIB30BAThCS CIELHUAINCTAMU IPHU
NPOBEICHUU paboOT MO OLEHKE CEMCMUYECKOH OMacHOCTH, A CO3JaHusi, OO0padoTKH u
KOMIUIEKCHOT0 aHanu3a 0a3 JaHHBIX [0 aKTUBHOM TEKTOHUKE pa3InYHbIX pernoHOB Poccun, a mpu
JAJbHEHIIEM Pa3BUTUU - JUI MOJAEIHPOBAHUS PACIPOCTPAHEHHS CEHMCMUYECKOTO 3(PdexTa u
MIPOTHO3UPOBAHUS BO3MOKHBIX ITOCIEACTBUI 3€MJIETPSCEHU.

WccnenoBanue BbioIHEHO Npu ¢uHaHCOBOM mnoanepkke PODPU u [IpaButenbcrBa
HpxyTtckoii obiacTu B pamkax HayyHoro npoekrta Ne 20-45-385001 p_HacraBHuk.

DEVELOPMENT OF THE WEB-ORIENTED GIS "ACTIVETECTONICS"
AS A DATA BANK OF INFORMATION ON THE ACTIVE TECTONICS
OF THE SOUTHERN OF EASTERN SIBERIA

A.A. Gladkov2, O.V. Lunina!

Center for the Development of Continuing Education of Children, Ministry
of Education of Irkutsk Region

’Institute of the Earth’s Crust, Siberian Branch of RAS

anton90ne@rambler.ru

The team of authors of this work is developing and modernizing the web-based
geoinformation  system  "ActiveTectonics" (available in the public domain at
http://activetectonics.ru).

The GIS includes databases of active faults and seismogenic ruptures and a set of tools for
their visualization on the map, generating detailed reports, updating and editing data on-line. The
databases contain detailed information on many studied tectonic structures, including parametric
data, related images and photographs, publications, expert comments, and more. etc., all
information is available to any interested user. Access to the module for editing and adding
information is carried out only for registered users through the authentication system.

When developing a geographic information system, the authors take into account the
experience of foreign and domestic and use a modern set of tools for developing web-oriented
systems and geospatial databases.

The proposed software product can be used by specialists in seismic hazard assessment, to
create, process and comprehensively analyze databases on active tectonics of various regions of
Russia, and, with further development, to model the propagation of a seismic effect and predict
the possible consequences of earthquakes.

HOAXOJbI K PEINEHUIO 3AJAY 'EOHABUT'AIIUA B CJIOKHBIX
I'EOJIOTHYECKHUX YCJIOBUAX

A.B. I'ankuna, M. 1O. Jlucuyuna, T.P. Paxumos
OAOQO "MHCTUTYT reoJIoruu U pa3paboTKH TOPIOYUX UCKOTTAeMbIX "

GalkinaAV @igirgi.rosneft.ru

Pemaercss 3amava 0 MO3UITMOHMPOBAHUM CTBOJA CKBAKHUHBI (II0JIOTA) OTHOCHUTEIHHO
TpaHUIl LIEJIEBOTO HMHTEpBaja MpU TeoHaBUTanuu. B HacTosmelr pabore Mbl mpeanaraem 2
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METOMKH: JIJIsl aBTOMaTHYECKOTO BBIICJICHUSI KOHTPACTHBIX TPAHMUII 110 JAHHBIM a3MMYTaJIbHOTO
KapoTaxka C WCIOJIb30BAHUEM TEXHOJIOTHA KOMITBIOTEPHOTO 3pEHUS M JUIsi OOHApYKEHUs
HOBTOPSIIONIMXCS MHTepBajioB 1o jnaHHbIM [MIC Ha ocHOBE aHaiW3a BPEMEHHBIX PSIOB IS
YTOYHCHUA TII0JIOKCHUSA CTBOJIa CKBAXXHWHBI OTHOCUTCIIBHO TIpaHUI] MHOCJICBOIO IUIACTa IIPpHU
T'COJIOTMYECKOM COTIPOBOXKICHHH OYypEHUS TOPH30HTAIBHBIX CKBAXHH. MBI TIOKa3bIBa€M, 4YTO
IMPUMCHCHHUC NpcraraCMbiX MCETOAUK IO3BOJIACT OIICPATUBHO pCarupoBaTb HAa U3MCHCHUA H
BHOCHUTH KOPPEKTUPOBKHU B IUTAHOBYIO TPACKTOPHIO OYPEHHS B PEXKUME PEaTbHOTO BPEMEHH, UTO
B CBOIO oOuYepelb MHHUMHU3UPYET HEIPPEKTHBHYIO TPOXOJIKY M TO3BOJSET IOIYyYUTh
IKOHOMHYECKUH 3P deKT. PazpaboTaHHbIe alrOpUTMbI OBUIH OMPOOOBAHBI HA PEabHBIX JaHHBIX
¥ TIOKA3aJId TOYHOCTh Ha ypoBHE 80%.

PROBLEM SOLVING APPROACHES FOR GEOSTEERING
UNDER COMPLEX GEOLOGICAL CONDITIONS

A.V. Galkina, M.Y. Lisitsyna, T.R. Rakhimov
Institute of Geology and Development of Fossil Fuels

GalkinaAV@igirgi.rosneft.ru

The problem of positioning the wellbore against target interval boundaries in geosteering
is being solved. In this paper, we propose two methods: automatic «smiling» patterns extraction
from azimuthal logging data using computer vision technologies and repeating patterns detection
from well logging data based on time series analysis to clarify the position of the wellbore against
boundaries of the target interval during horizontal wells geosteering. We demonstrate that
proposed methods significantly help to react promptly to drilling condition changes and to adjust
the borehole position in real time, which in turn minimizes inefficient penetration and results in
the economic benefit. The developed algorithms were tested on real data and got an 80% accuracy.

UHTETPALIUA JAHHBIX HABJIIOAEHUH IIKIT «MKA - MOHUTOPUHI »
B UHOOPMALIMNOHHO-BBIYUCIUTEJBHYIO CUCTEMY
«MBM PAH — YEPHOE MOPE»»

H.b. 3axaposa, B.U. Aeowrxos, E.U. [lapmysun, T.O. [llenonym, H.P. JIé3una
HNHuctuTyT BRiuncauTenbHOM MateMaTuku uM. I.11. Mapuyka PAH

zakharova nb@mail.ru

Pemenue 3aau MaTeMaTHu4ecKoro MOJIEIMPOBAHHUSI BO MHOTOM 3aBHCHUT OT YHCJIEHHBIX
MoJieNel HucchenyeMblX cped U I(PQPEKTHMBHOTO MCIOIb30BaHMUSA JAaHHBIX HAOIIOJCHUM,
MOBBIIIAIOIINX TOYHOCTh pacyeToB. COBpeMEHHbIE TEXHOJIOTMH MO3BOJIAIOT MOJIy4aTh OOJIbIIOE
KOJIMUYECTBO JaHHBIX O COCTOSIHUM MOPCKHUX akBaTopuid. B maHHOW paboTe mpu MOAEeIMpOBaHUU
UepHoro m A30BCKOIO MOpPEH HMCHOJIB3YIOTCSl JTaHHBIE TUCTAHIMOHHOTO 30HIupoBaHus [IKII
«MKW-Monutopunr» (Jlynsn np., 2015) u npoueayps! BapualluOHHON aCCUMMWIISILIMM IaHHBIX B
YUCJICHHOM MoJieNid ruaporepmoanHamMuku (Zalesny et al., 2012; Agoshkov et al., 2019) u UBC
«IBM PAH - Yepnoe mope» (Aroukos u ap., 2016).

Pa3paboran 050k 00pabOTKM [aHHBIX C YYE€TOM BO3MOXXHOCTEH MPOTrpaMMHO-
anmapartHoro komruiekca LIKII u cienmuku npeocTaBiseMbIX TaHHBIX, HACTPOCHBI IPOIEAYPhI
ACCUMWIALIMY JAHHBIX B YHCIEHHOM MOJENU TuapoTepMoauHaMuKku YepHoro u A30BCKOTo
Mopeii. Paccunran n unrerpuponan B LIKII peananu3 oCHOBHBIX THAPOPHU3NUECKUX TAPAMETPOB.

Nurerpamus nyx cuctem: LIKIT « MKW - Mouutopunr» u UBC «MBM PAH — Yepnoe
MOpE» MO3BOJISET C OAHON CTOPOHBI TOCTPOUTH CUCTEMY BapUALMOHHON aCCUMUIISILIMY JJAHHBIX C
MOCTOSTHHBIM MCTOYHWUKOM JIAaHHBIX HAOJIOJEHUN 3a HUCcleayeMond mMopckoi cpenoit. C npyrou
CTOPOHBI — JI00ABUTH PE3YIBTATHI YUCICHHOTO MOJCIIMPOBAHMS B MHPOPMALIMOHHYIO CHCTEMY See
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the Sea (Loupian et al.,, 2012) nmns pemeHUs MEXKIUCHUTUIMHAPHBIX 3a7ad HMCCICIOBAHUS
MupoBoro okeasa.

Pabota BeimonHeHa npu noaaepxkke Poccuiickoro HayuHoro ¢onma (mpoext Ne 19-71-
20035).

INTEGRATION OF THE OBSERVATION DATA OF THE “IKI - MONITORING”
CENTER INTO THE INFORMATIONAL COMPUTATIONAL SYSTEM
“INM RAS - BLACK SEA”

N.B. Zakharova, V.l. Agoshkov, E.I. Parmuzin, T.O. Sheloput, N.R. Lezina
Marchuk Institute of Numerical Mathematics of RAS

zakharova nb@mail.ru

The solution of mathematical modeling problems largely depends on numerical models
and the effective use of observation data that increase the accuracy of calculations. Modern
technologies make it possible to obtain a large amount of data on the state of marine areas. In this
work remote sensing data from the “IKI-Monitoring” Center for collective use (CCU) (Loupian et
al., 2015) and procedures for variational data assimilation in a numerical model of
hydrothermodynamics (Zalesny et al., 2012; Agoshkov et al., 2019) and ICS "INM RAS - Black
Sea" (Agoshkov et al., 2016) are used in the modeling of the Black and Azov Seas.

A data processing unit has been developed taking into account the capabilities of the CCU
and the specifics of the data provided. Procedures for data assimilation in the numerical model of
hydrothermodynamics of the Black and Azov Seas have been set up. A reanalysis of the main
hydrophysical parameters has been calculated and integrated into the CCU.

Integration of two systems: CCU "IKI - Monitoring" and ICS "INM RAS — Black Sea"
allows one on the one hand, to build a system of variational data assimilation with a permanent
source of observation data for the studied marine environment. On the other hand, to add the results
of numerical modeling to the informational system “See the Sea” system (Loupian et al., 2012) to
solve interdisciplinary problems of the World Ocean research.

The work is supported by the Russian Science Foundation (project Ne19-71-20035).

BO3MO’KHOCTHU UCITOJIB30BAHUA HEHTPA KOJUIEKTUBHOI'O
IHOJIb30BAHUA «MKN-MOHHUTOPHUHI» JJII MOHUTOPHUHI'A BJIUAHUA
OBBEKTOB I'OPHOJOBBIBAIOIIEN ITPOMBIIIJIEHHOCTH HA
OKPYXAIOIIYIO CPEAY

A.M. Koncmanmunosa®, E.A. Jlynau®, O.FO. Ilanosa?, B.I1. Casopckuii®
1I/IH(:TI/ITyT KOCMHYECKUX uccienoBanuii PAH
2Opszuackuil puaman MHCTUTYTA paaHOTeXHUKH U 2NeKTponuky uM. B.A Korensnukosa PAH

savor@inbox.ru

OnHOM U3 aKTyalbHBIX IPOOJIEM COBPEMEHHOCTH SBJISIETCS MOHUTOPUHT KyMYJISITUBHOTO
(HaKOIUIEHHOTO)  JTONTOBPEMEHHOTO  BIMSHUS ~ KPYMHBIX HCTOYHHUKOB  aHTPOTIOT€HHBIX
sarpssHeHnit (KMA3) Ha okpyxarmomryio cpefy. DTy NpobiemMy MNpakTHYECKH HEBO3MOXKHO
pemmnTh 0€3 UCIONBb30BaHUs JUCTAHIIMOHHBIX, U B TMEPBYIO OYepelb CIyTHUKOBBIX METOJIOB,
MO3BOJISIOIINX TOJTY4aTh OAHOPOAHYIO 00BEKTHUBHYIO HH(OPMALIHIO O COCTOSIHUM PACTUTENILHOTO
IIOKPOBA, BO3YIIIHOM M BOJHOM CPe/lbl TAKUX TEPPUTOPUI HA MPOTSHKEHUM JECATUIIETUI U, TAKUM
0o0pa3oM, MPOBOAUTH MOHHUTOPUHI OKpyxaromux KHWA3 rtepputopuil. B manHoMm nokinane
NPE/ICTaBICHB OCHOBHBIE BO3MOKHOCTH OPTraHU3aIMH TAKOTO MOHUTOPHHTA, OTINCAaHa CO3/IaHHAS
Ha ocHoBe LIKII «MKHW-Monutopunr» (http://ckp.geosmis.ru) sKcrepuMeHTalbHasi CUCTEMa
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JTUCTAHIIMOHHOTO MOHUTOPHUHTA pailOHOB pacmoiokeHus paznuuHbix KUA3. MadopmarmonHsie
BO3MO)XHOCTH CHUCTEMBI MMEIOT OTKpPBITBIE (B T.4. C BO3MOXXHOCTBIO MX OHJIATHOBOI
MoJU(UKAIIMKM U HACTPOMKHU) aJrOpPUTMbI 00paOOTKH CITyTHUKOBBIX JAHHBIX, 00ECIIEUNBAIOLINE
aHaJIU3 JAHHBIX MHOT'OJIETHEIO MOHUTOPUHIA OOBEKTOB OKpYIKarolLel cpelibl. BaxkHo 0TMETHTD,
YTO KpaTKo TMpeJICTaBlIeHHas B JOKJIaJe OHKCIEpPUMEHTalbHas CHCTeMa JUCTaHLIMOHHOIO
MOHMUTOpUHIa paiioHOB pacnonoxeHns KHMA3 yxe cerogHss HUCHONB3yeTCs [Js aHaluusa
COCTOSIHMS pa3uyHbIX Tepputopuit Poccuu ¢ paznuunbiMu tunamu KUA3.

POSSIBILITIES OF USING THE COLLECTIVE USE CENTER
"IKI-MONITORING" FOR MONITORING THE IMPACT OF MINING INDUSTRY
FACILITIES ON THE ENVIRONMENT

A.M. Konstantinova®, E.A. Loupian?, O.Yu. Panova?, V.P. Savorskiy?
Space Research Institute RAS
Kotelnikov Institute of Radioengineering and Electronics RAS, Fryazino Branch

savor(@inbox.ru

One of the urgent problems of our time is monitoring the cumulative (accumulated) long-
term impact of large sources of anthropogenic pollution (LSAP) on the environment. This problem
is practically impossible to solve without the use of remote, and primarily satellite, methods, which
allow obtaining homogeneous objective information about the state of the vegetation cover, air
and water environment of such territories for decades and, thus, monitoring the territories
surrounding LSAP. This report presents the main possibilities of organizing such monitoring and
describes an experimental system for remote monitoring of the areas where various LSAP are
located. The system was created on the basis of the Collective use Center (CUC) "IKI-Monitoring"
(http://ckp.geosmis.ru). The information capabilities of the system have open (including with the
possibility of their online modification and configuration) satellite data processing algorithms that
provide analysis of data from long-term monitoring of environmental objects. It is important to
note that the experimental system of remote monitoring of the areas where LSAP are located,
presented in the report, is already used today to analyze the state of various territories of Russia
with different types of LSAP.

HUAPPOBAS IVIAT®OPMA IS MHTEI' PAITUN U1 AHAJIU3A TAHHBIX
TFEO®PU33NYECKOI'O MOHUTOPUHI'A BAUKAJIBCKOU ITPUPOTHOU 30HBbI

A.IL Tpucopiox®, JLII. Bpazunckaa®, U.K. Cemunckuii?, B.B. Kosanesckuii*
'MHCTUTYT BBIYMCIUTENLHON MaTeMAaTUKU M MaTeMaTHueckoii reodusuku CO PAH

2HMuctutyT 3eMHo kopst CO PAH

and@opg.ssce.ru

B nacrosmeit pabote npenctasnena uudposas miatdhopMa s JaHHBIX KOMIUIEKCHOTO
MOHMUTOPHHIA ONACHBIX M€OJMHAMUYECKUX, HHKEHEPHO-T€0JIOTMUECKUX U THIPOreOJ0THYECKUX
IPOIIECCOB, TMPOTEKAIONIMX B PErHoHE HWHTEHCHUBHOIO TPHUPOIOIOIB30BAHUS I[IEHTPAIbHON
sKoJIoruueckoil 30HBI baiikaneckoit mpupoanoit Teppuropun (123 BIIT). Ilnardopma
npeaHa3HayeHa JJIsl UHTErpallii ¥ aHajiu3a JaHHBIX, MOCTYMAIOMINUX ¢ HECKOIBKUX MOJUTOHOB,
pacrnonoxeHubix B npenenax [[33 BIIT ¢ 1enbio O1EeHKH COCTOSIHUSI T€0JIOTMYECKOM Cpebl U
MPOTHO3MPOBAHMS TPOSIBICHUN OMacHbIX mporeccoB. [lmatrgopma mocTpoeHa MO KIHEHT-
CEpBEPHOI apxuTeKType. XpaHeHue, o0padoTKa U aHaIU3 JaHHBIX OCYILECTBISETCS Ha CEPBEpE,
K KOTOPOMY IOJIb30BAaTE€M MOTYT OOpamatbcs 4epe3 MHTEPHET MOCPEICTBOM BeO-Opaysepa.
briounas cTpykTypa cepBepa mo3BOISIET JIETKO PaCIIMPATh HAOOp Mporieayp 00pabOTKU 1 aHATH3a
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JAHHBIX, a TAKXE BU3yalW3allUM pPe3yibTaToB. B Hacrosmiee Bpemsi JOCTYHHBI HECKOJIBKO
METOJIOB (PHIILTpAIMK TaHHBIX (JIWHEHHast yacToTHas, CaBuIkoro-l onest u Apyrue), pa3inyHbIe
METOJIbl CIIEKTPAIbHOIO W BIWBJIET-aHAIN3a, MYJIbTU(QPAKTAIBHBIM U SHTPONUNHBIA aHAIH3,

aHalM3 MPOCTPAHCTBEHHBIX NaHHBIX. Llndposas miardpopma Obuta onpoOoBaHa HA peabHBIX
JTAHHBIX.

DIGITAL PLATFORM FOR INTEGRATION AND ANALYSIS OF GEOPHYSICAL
MONITORING DATA OF THE BAIKAL NATURAL TERRITORY

A.P. Grigoryuk?, L.P. Braginskaya?, I.K. Seminsky?, V.V. Kovalevsky?
IThe Institute of Computational Mathematics and Mathematical Geophysics
’The Institute of the Earth's Crust

and(@opg.ssce.ru

This paper presents a digital platform for complex monitoring data of hazardous
geodynamic, engineering-geological and hydrogeological processes occurring in the region of the
Central Ecological Zone of the Baikal Natural Territory (CEZ BNT) intensive nature management.
The platform is intended for integration and analysis of data coming from several polygons located
within the CEZ BPT in order to assess the state of the geological environment and forecast of
hazardous processes manifestation. The platform is built on a client-server architecture. Storage,
processing and analysis of data is carried out on a server which users can access via the Internet
using a web browser. The block structure of the server makes it easy to expand the set of
procedures for data processing and analysis, as well as the results visualization. Several data
filtering methods (linear frequency filter, Savitzky-Golay filter and others), various methods of
spectral and wavelet analysis, multifractal and entropy analysis, spatial data analysis are currently
available. The digital platform was tested on real data.

DDLAFS - QGIS PLUGIN FOR DOMINANT DIRECTIONS
OF THE LOCAL ACTIVE FAULT SYSTEM ESTIMATION

I. Emelyanov?, A. Nekrasova? 3
'MIREA - Russian Technological University
’Institute of Earthquake Prediction Theory and Mathematical Geophysics RAS
3Schmidet institute of Physics of the Earth RAS

nastia(@mitp.ru

QGIS is a commonly used open-source geographic information system. The DDLAFS is
the plugin in Python. It is developed as a collection of functions that allow one to calculate the
dominant strike value of the regional active fault system, note that it can be a number of optional
directions. The plugin provides an estimate of the dominant directions of the local active fault
system within the certain distance from specific point object . The set of g objects can be the main
shock epicentres, seismogenic nodes, regular grid points and etc. We consider Wells and
Coppersmith, 1994 earthquake linear dimensions for evaluating the radius R of the circle area. In
the WGS84 geographical coordinate system the Vincenty, 1975 area with radius R, and center g
outlines the linear objects from active fault database. The accumulated lengths of the fault
segments are estimated for each of n direction bin. Therefore, a given g can be associated with n
directions with the empirical probability density distribution of the fault azimuths {vi, pi|1=1, ...
n; > pi = 1}. The DDLASF plugin is designed as the part of an anisotropic model of the seismic
impact in terms of macroseismic intensity by Nekrasova and Kossobokov, 2022.
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MPOSIBJEHUE BO3JIENCTBUN MATHUTOC®EPHBIX BO3MYIIIEHUAM
B CPEJJHUX HIUPOTAX

A.A. Caxapoe*, C.A. 3onomoii*, A.M. Mép3znwuii?3, U.A. Mouceee?®, O.B. Huxugpopos?,
A.A. Hempyxoeuqz, A.M. Caoosckuii 2, B.H. Cenusanog®, A.T. Anaxos?

TlonspHblit reopu3ndecKuii HHCTUTYT
2I/IHCTI/ITyT KOCMHYECKUX ucciienosannii PAH
3Coser no kocmocy PAH
*HUPVII «I"eonndOpMaIIMOHHBIE CHCTEMBD
S®UL] Konbckuii Hayunblii neatp PAH

sakharov(@pgia.ru

CunbHble M CBEpXCHJIbHBIE MAarHuTHele Oypu Ha 3emie SBJSAIOTCS Haubosee
SHAYUTCJIbHBIM IIPOABJICHUCM AKTUBHOCTU COJ'IHHa. Bo BpEMsA CHUJIBHBIX MaFHI/ITOC(i)epHBIX
BO3MYULICHUN MEHSIETCs paclpelesieHue MarHUTHOIO IMOJisi BO BHYTpeHHeW Maraurtocdepe,
BO3pacTaroT IIOTOKH BBICHIITAIOITUXCS 3apsKCHHBIX qaCTHII, HU3MCHICTCA CTPYKTYypa
JIEKTPUUYECKOTO TI0JIs, YTO MPHUBOAUT K YCWJICHHIO HOHOC(EpPHBIX TOKOB HE TOJBKO B
aBpPOPAJIbHBIX, HO U B Cy0OaBpOpalbHbIX U CPEAHMUX MIHMPOTaX. TepMUHANBHBIM 3PPEKTOM I3TUX
MPOIIECCOB  MOXXET SBUTHCS HE TOJBKO W3MEHEHHE XapaKTepUCTHK HOHOC(EpPHOro
pacnpoCcTpaHeHusi paJUOBOJIH, HO M BO30YyXJeHHEe TreomHAyKTHupoBaHHbIX TokoB (I'MT) B
TOKOIPOBOJAIINX CUCTEMAX, TAKUX, KaK JIMHUU 3JIEKTponepeay, kabeiau CBA3U, MarucTpajibHble
TpyOOmpoBOIbl. BHE3amHoe HapyIIeHUE MTATHOTO PeKUMa PabOThl HA3EMHBIX TEXHOJIOTHUYECKHIX
CHUCTEM TMOJ BO3ACUCTBHEM (DAaKTOPOB KOCMHUYECKOM IOroJbl CHOCOOHO TPUBECTH K
3HAYUTEIbHBIM YKOHOMUUYECKUM MOTEPSIM.

B JOKJIaA€ IO 0Hy6HI/IKOBaHHLIM JaHHBIM HNPOBCACH aHalIn3 BO3MOKHOI'O BO3,Z[CI>1CTBH$I
CHJIBHBIX MarHMTOC()EpHBIX BO3MYICHUNA HAa HA3€MHbIE TEXHOJIOTMYECKUNA CHUCTEMBI, B IIEPBYIO
ouepeib, JINHUU 3JIEKTPOIIepeiad U CUCTEMBI SHEPTOPACIIPEAEIEHUS, PACTIOIOKEHHBIE B CPEAHUX
muporax. Ilo pesynpraram aHanmusza clenaH BbIBOA O HEOOXOIMMOCTH PACIIUPEHUS CETU
COBPEMEHHBIX HA3eMHBIX CHCTEM PETMCTpAIlMd MarHUTOC(EPHBIX BOSMYIIECHHUI B 30HY CPEIHHUX
LIMPOT.
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MANIFESTATION OF THE EFFECTS OF MAGNETOSPHERIC PERTURBATIONS
AT THE MIDDLE LATITUDE

Ya.A. Sakharov?, S.A. Zolotoy*, A.M. Merzly>3, I.A. Moiseev?, O.V. Nikiforov?,
A.A. Petrukovich? 4.M. Sadovskiy?, V.N. Selivanov®, A.T. Yanakov?

'FGBNU Polar Geophysical Institute (PGI, Russia)
? Space Research Institute of the Russian Academy of Sciences IKI
3 Space Council RAS
4NIRUP " Geoinformation systems"
S Federal Research Center Kola Scientific Center of RAS

sakharov(@pgia.ru

Strong and super-strong magnetic storms on Earth are the most significant manifestation
of solar activity. During strong magnetospheric disturbances, the distribution of the magnetic field
in the inner magnetosphere changes, the fluxes of precipitating charged particles increase, and the
structure of the electric field changes, which leads to an increase in ionospheric currents not only
in auroral, but also in subauroral and middle latitudes. The terminal effect of these processes can
be not only a change in the characteristics of the ionospheric propagation of radio waves, but also
the excitation of geomagnetically induced currents (GIC) in conductive systems, such as power
lines, communication cables, main pipelines. A sudden disruption of the normal operation of
ground-based technological systems under the influence of space weather factors can lead to
significant economic losses.

Based on published data, the report analyzes the possible impact of strong magnetospheric
disturbances on terrestrial technological systems, primarily power lines and power distribution
systems located in mid-latitudes. Based on the results of the analysis, it was concluded that it is
necessary to expand the network of modern ground-based systems for recording magnetospheric
disturbances to the mid-latitude zone.

3AJIAYM YU CJTEHHOI'O MOJEJIUPOBAHUSI
MAHTHUHUHBIX ILJTIOMOB

A.H. Yemwvipboyxut
JlanbHEeBOCTOUHBIN reonorndeckuit uuctutyt IBO PAH

chetyrbotsky(@yandex.ru

[Ipu paccMoTpeHUU AUHAMUKA MAHTHHHBIX TEUCHUN XapaKTep WU3MEHEHUH MOTPYKEHUU
OKEaHMYECKUX TUTUT (HUCXO/ISAIIME BETBU TEUCHUI) HE SBIISICTCS OAHO3HAYHBIM. B 0THUX cirydasix
OHM HE TMEpPEeCeKarT TIPAHMI]y HWKHEH MAHTUM W NPUHUMAIOT [OYTH TOPU3OHTAIBHOE
HaIpaBJIeHUE, a B IPYTUX - YXOAT Ha OOJbIINE TIIYOUHBI U JOCTUTAIOT sipa 3emin. J[nHamuka
BOCXO/IAIIEN BETBH XapaKTepu3yeTcsl ypaBHeHUAMHU CTOKCA, IJIe €€ IBHKYIIEH CUIION BHICTyaeT
temreparypa. CyTb MexaHu3zma ee (popMupoBaHus OOBIYHO HE PACCMATPUBAETCS, @ TPUHUMAETCS
yKe 3a/laHHbIM. B peanbHOCTH K€ €ro «TOILIMBOM» BBICTYNAIOT HMPKYJIUPYIOIINE HACHIILICHHbIE
razamu pacTBOpHI ((IIOUIBI), TTOCPEACTBOM KOTOPBIX CO3/1Aa€TCsl MOIBEMHAS CUJIa BOCXOJSIICH
BETBU. A MarTepuajoM — NPUCYTCTBYIOIIME Ha TPAHMIE SAPO-MAHTUS OTIEIbHBIE YacTH
HUCXOJAIINX BETBE. MOJiesIb TMHAMHUKN BOCXOASIIEH BETBH MAHTUMHON JUHAMHUKHA PUHUMAET
BU]T
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( V-(p.Vu) =0
V- (mVu) — Vp = 6pgéis
8p =—ap(T —T,) +Bp —yC
Ce+ W-V)C+V-[b(T)C]=V"-(kcVC) +aV-p
kp*cp[Tt + Ww-V)T] =V-(k;VT) — ap,gTus; + pH + ¢
rae p,pP.u,n,p,T IIOTHOCTb CpeAbl; IUIOTHOCTh IUIIOMA, €r0 CKOpPOCThb, JaBJIEHUE U

temneparypa; T, aamabaruyeckas temmeparypa; C IUIOTHOCTb CMECH JIETy4uX Ta3oB; «,f
KO3 (ULMEHThl TEPMUYECKOT0 pacuIMpeHusi U cxumaemoctd; H,¢ GyHKUMM MI0THOCTEH
TETUIOBBIX UCTOYHHUKOB M TUCCHUIIAIIUH.

PROBLEMS OF MANTLE PLUMES NUMERICAL MODELING
A.N. Chetyrbotsky
Far Eastern Geological Institute FEB RAS

chetyrbotsky@yandex.ru

When considering the mantle flows, the nature of changes in the dives of oceanic plates
(descending branches of currents) is not unambiguous. In some cases, they do not cross the boundary
of the lower mantle and take an almost horizontal direction, while in others they go to great depths
and reach the core of the Earth. The dynamics of the ascending branch is characterized by Stokes
equations, where its driving force is temperature. The essence of the mechanism of its formation is
usually not considered, but is accepted as already set. In reality, its "fuel" is circulating solutions
saturated with gases (fluids), through which the lifting force of the ascending branch is created. And
the material is the individual parts of the descending branches present at the core-mantle boundary.
The model of the dynamics of the ascending branch of mantle dynamics takes the form

( V- (p.Vu) = 0
V-(mVu) — Vp = 6pgd;s
{ 8p =—ap(T —T,) +Bp —yC

Co+W-V)C+V-[b(T)C]=V-(k;VC) +aV-p
\p.cplTe + (u-VIT] = V- (kg VT) — ap.gTus + pH + ¢
where p, p,,u,n,p, T is the density of the medium; the density of the plume, its velocity,
pressure and temperature; T _a is the adiabatic temperature; C is the density of a mixture of volatile
gases; a, B are the coefficients of thermal expansion and compressibility; H, ¢ are the functions of
the densities of thermal sources and dissipation.

CO3JIAHUE KAPTBI TEOKPHOJOTMYECKHNX YCJIOBHUI B COCTABE
I'NC-TAKETA UTH) KEHEPHO-TEOJIOIT'HYECKUX KAPT JIMCTOB Q-41, Q-42, R-42,
R -43 MACILITABA 1:1 000 000

N.C. Ipo3oos*?, FO.B. Kopocmenee?, I B. Manxosa*?, .M. Kpecmun?, JI.B. Cupomxun 2,
E.U. IMuocanxosa®3, A.A. Ilonosa*

Mucruryt kpuocoepst 3emnu TromHI] CO PAH

2MdenepanbHblil [IEHTP TOCYIAPCTBEHHOTO MOHUTOPHHTA U PETHOHANBHBIX pabor ®I'BY
I'mapocneureonorus

Teonoruueckuii paxynsrer MI'Y umenu M.B. JlomoHocOBa
4000 «Cesepusble M3bicKaHms»

ds drozdov@mail.ru
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IIpy co3paHuM KOMILIEKTA TUAPOTrE€OJIOTMYECKUX WU HH)KEHEPHO-TEOJOTMYECKUX KapT
macmraba 1:1 000 000 rpynmsl JIMCTOB, PACHOJIOKEHHBIX B KPUOJIUTO30HE, OBLIIN pa3paboTaHbl
['MC-kapTbl TE€OKPHOJIOTUYECKHX YCIOBUH, OTpaXkarolllue COBPEMEHHOE NpeAcTaBiIeHue 00
OCHOBHBIX MEpP3JIOTHBIX XapaKTepUCTHUKAX TMOPOJ, TaKUX KaK XapaKTep paclpoCTpaHEHUs u
MOILHOCTh MHOrosieTHeMep3nbix nopoxa (MMII), cpenneronoBas TemmepaTypa U CyMMapHas
apauctocth MMII, rimyOrHa C€30HHOTO MPOTAMBAHUS M ITPOMEP3aHUs MOPOJI, PACIIPOCTPAHECHUE
KPUOTEHHBIX MPOILIECCOB U SIBJICHUM.

KaprorpadgupoBanre OCHOBBIBAJIOCH Ha OOOOIIEHWH HMEIONIUXCS T€OKPHUOJIOTHIECKUX
JTAaHHBIX U aHAJIM3€ BIUSHHUA (PaKTOPOB MPHUPOTHONH 0O0CTAaHOBKU Ha (HOPMUPOBAHHE MEP3TOTHBIX
YCIOBHM € YyYETOM MIMPOTHBIX 3aKOHOMEPHOCTEH W JIOKAJIBbHBIX ocoOeHHOocTel. O030pHBIC
MeJIKOMacIITabHble KapThl HOCAT, KaK MPaBUJIO, OOLIMI XapaKTep UM OTPaKaloT U3MEHYHMBOCTb
3aJJaHHBIX XapaKTePUCTHK OOMMpHON TeppuTopuu. OCHOBOM ISl MX COCTaBJICHMS SIBISIOTCS
KapTbl Oojiee KpPYHMHOro Macimrada, a Takke BeCh HMMEIOUIMHCA (PaKTHUYECKU Marepuail o
TeOJIOTUYECKHX, JIAHAMIAQTHBIX U T€OKPUOJIOTHYECKUX YCIOBUSAX TEPPUTOPHUH.

IIpu paspabotrke ['MC-kapThl T'€OKpHUOJOTMYECKHUX YCIOBUHM OBLIM MOJrOTOBIICHBI
MTOKOMITOHEHTHBIE CJIOM U MAKEThl, U KOMIUIEKCHAs! TEOKPHOJIOTHYECKas KapTa, OTpaXkarolias Bce
napamerpsl MMII. HazHaueHneM reoKproJIOrM4ecKOi KapThl SIBISETCS MOJIHAs XapaKTEPUCTUKA
T€OKPHUOJIOTUYECKUX YCIOBUH KaK MPUIOBEpXHOCTHOM 10-20-MeTpoBOM I'pYHTOBOM TOJIIIH, TaK U
TOJIIIM TOPHBIX TOPOJA Ha BCIO MOLIHOCTh KPHOJIMTO30HBL. B mepBoMm ciydae uH(poOpMaIms
JIOCTAaTOYHA JJI MPEABAPUTEIIBHON OLICHKH 3KOJIOTMYECKUX M F€OKPUOJOTMYECKHX YCIIOBUW U
IUTAHUPOBAHMSI MEPOINPUSATUI, CBSI3aHHBIX C HAa36MHBIMU BHJIAMHU CTPOUTENICTBA M OXPaHOM
MPUPOJIHOIN Cpelbl, BO BTOPOl — C pa3Beakoid MU M0ObIYel TMIyOOKO3alerarolux MOJe3HbIX
HCKOIIa€MBbIX.

CREATING A MAP OF GEOCRYOLOGICAL CONDITIONS AS PART OF A GIS-
PACKAGE OF ENGINEERING-GEOLOGICAL MAPS OF SHEETS Q-41, Q-42, R-42,
R-43, SCALE 1 : 1000 000

D.S. Drozdovt?, Y.V. Korostelevt2, GN. Malkova'?, B.M. Krestin?, D.V. Sirotkin?,
E.l. Pizhankova®3, A.A. Popova*

'Earth Cryosphere Institute of the Tyumen Scientific Center of the SB RAS

’Federal Center for State Monitoring and Regional Works of the Federal State Budgetary
Institution Gidrospetsgeologiya

3Geological Faculty of Lomonosov Moscow State University
“LLC "Northern Surveys"

ds drozdov(@mail.ru

galina malk@mail.ri

GIS maps of modern geocryological conditions were developed while creating sets of
hydrogeological and engineering-geological maps of a 1:1 000 000 scale for a group of sheets
located in the cryolithozone. They describe the current understanding of the distribution of the
main characteristics of frozen rocks and soils, such as the extent and thickness of permafrost layer,
the average annual temperature and ice content, the depth of active layer, the activity of cryogenic
processes.

Mapping was based on generalization of available geocryological data and analysis of the
influence of environmental factors on the formation of permafrost conditions, taking into account
latitudinal patterns and local features. Overview small-scale maps of the global and regional levels
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usually reflect the general variability of the given characteristics of a large area. The basis for their
compilation are maps of a larger scale, as well as all available data on the geological, landscape
and geocryological conditions of the territory.

While developing the geocryological GIS-map, component-by-component layers and
layouts and as well as a comprehensive geocryological map reflecting all the parameters of the
permafrost were prepared. The purpose of the geocryological map is a complete description of the
geocryological conditions of both the near-surface soil layer of 10-20 m thickness and the entire
permafrost layer. In the first case, the information is sufficient for a preliminary assessment of
environmental and geocryological conditions when planning the development of industries related
to land-based construction and environmental protection, in the second — with the exploration and
extraction of deep-lying deposits.

BOCCTAHOBJIEHHUE BbICOTHI HUKHEW I'PAHUIIBI OBJIAKOB
BEPTUKAJIBHOI'O PA3ZBUTHUSA 110 CITYTHUKOBBIM JJAHHBIM MODIS

A.B Ckopoxooos, K.B. Kypvanosuu
WuctutyT ontuku atmocdepsl uM. B.E. 3yea CO PAH

vazime(@yandex.ru

BricoTa HHKHEH rpaHUIIbI 00JIAKOB SBJSIETCS OHOM U3 HanboJiee BaXKHBIX XapaKTEPHUCTHK,
M3y4aeMbIX B KJIMMATOJOTHMM W METEOpOJIOTHH. TpaaulMOHHBIM MOAXOIAOM K OLEHUBAHUIO
HCKOMOT'O TapaMeTpa OOJaYyHOCTH SIBJISIETCS MCIIOJIb30BAaHHE HA3eMHBIX CBETOJIOKAIIMOHHBIX U
Ja3epHbIX PEerucTpatopoB. OCHOBHBIMU HEIOCTATKAMHU YKa3aHHOTO CIIOcO0a K OINpeesieHUI0
BBICOTHI HWKHEW TPaHMIBI OOJIAKOB SIBIAIOTCS JIOKAIBHOCTh M3MEPEHHH M penkas MmpuOopHas
CeTh. DTO JlelaeT HeBO3MOKHBIM ONIEPATUBHBI MOHUTOPUHT HCKOMOTO IapamMeTpa 00J1auHOCTH B
rnobanpHOM Maciitabe. OYEeBHIHBIM pEIIEHHUEM SBJSIETCS HCIOJB30BAaHHE PE3yJIbTaTOB
JUCTAHIIMOHHOTO 30HIUPOBaHUS 3eMJIM U3 KOocMoca. PerynspHblii CIIyTHUKOBBIM MOHUTOPHHT
BBICOTBI HIDKHEH rpaHuisl 001akoB ocymectisercs Toibko aunapom CALIOP (CALIPSO) u
pamapom CPR (CloudSat). Onnako HU3Kas MEPUOIUYHOCTh ChEMKH M y3Kas IIMPHUHA IOJIOCHI
o030pa JienaeT ONepaTHBHYIO OIEHKY HMCKOMOro mapamerpa umu HedddexrtuBHoii. [loatomy
CErofIHs aKTUBHO Pa3BUBAIOTCS METO/IbI BOCCTAHOBIICHHUS BHICOTHI HHXKHEH TPaHUIIBI 00JIAKOB I10
JTAaHHBIM [TACCUBHOTO CIIyTHUKOBOTO 30HAMPOBAHMSI ONITUYECKUMU pasnomeTpaMu. CyliecTByIOT
JIBa OCHOBHBIX MOJXOJa B 3TOH 006iacTu: 1) MCHONB30BaHHME CTATUCTUYECKUX B3aMMOCBS3EH
MEXIy HCKOMBIM TMapaMeTpOB W JAPYTUMH XapaKTePUCTUKAMHU OOJaYHOCTH, HAIpUMeED,
BOJI03a11acoM, 2) MPUMEHEHHE KOHIETINU «JOHOP-PEIUIHEHT», COTJIACHO KOTOPOIl pe3ylbTaThl
AaKTHUBHBIX HW3MEPEHUH BBICOTHI HIDKHEH TpaHUIBl OO0JIAKOB JUAApaMHd WHIH pajapamu
JKCTPANOJIUPYIOTCS HAa CHUHXPOHHBIE JIaHHBIE MACCUBHOTO 30HAUpoBaHus. B  mokmane
paccMaTpuBaeTcss TMOpPUIHBIH METOJ| OLIEHKHM HCKOMOTO IapameTpa O0JaYHOCTH IO JaHHBIM
MODIS Ha ocHOBE UCIOJIL30BaHUS UCKYCCTBEHHOM HEUPOHHOW CETH.

PaGora BwimonHeHa npu ¢uHaHcoBoi mnonanepxkke PH® (rpant Ne 21-71-10076,
https://rscf.ru/project/21-71-10076/).

ESTIMATION OF THE BASE HEIGHT FOR VERTICAL DEVELOPMENT
CLOUDS BY MODIS SATELLITE DATA

A.V. Skorokhodov, K.V. Kuryanovich
V.E. Zuev Institute of Atmospheric Optics SB RAS

vazime(@yandex.ru

Cloud base height is one of the most important parameters studied in climatology and
meteorology. The traditional approach to estimating this cloud parameter is the use of ground-
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based light-location and laser altimeters. The main disadvantages of this method for retrieving the
cloud base height are the locality of measurements and a rare instrumental network. This makes it
impossible to quickly observe the studied cloud parameter on a global scale. The obvious solution
is to use the results of remote sensing of the Earth from space. Regular satellite observation of the
cloud base height is carried out only by the CALIOP (CALIPSO) lidar and the CPR (CloudSat)
radar. However, the low periodicity and narrow swath width make their prompt assessment of the
studied cloud parameter inefficient. Therefore, methods for retrieving the cloud base height based
on passive satellite sounding by optical radiometers are being actively developed today. There are
two main approaches in this area: 1) the use of statistical relationships between the studied
parameters and other cloud features, such as waterpath, 2) the use of the “donor-recipient” concept,
in which the results of active observations of the cloud base height by lidars and/or radars are
extrapolated to synchronous passive sounding data. The report discusses a hybrid method for
retrieving the studied cloud parameter from MODIS data based on the use of an artificial neural
network.

The work was supported by the Russian Science Foundation (grant no. 21-71-10076,
https://rscf.ru/project/21-71-10076/).

TECHNOLOGIES AND PRINCIPLES OF DATA COLLECTION AND PROCESSING
FOR THE ATMOSPHERIC AIR STATE MONITORING SYSTEM

A.A. Kadochnikov
Institute of Computational Modelling SB RAS

scorant@icm.krasn.ru

Air pollution is a threat to the natural environment and human health. Today, the problem
of air pollution is given much attention by the authorities and the population. In Russia, there is a
federal monitoring system for atmospheric air, which provides its assessment for a number of
characteristics, as well as provides a forecast and prescriptions for government. In Russia and other
countries, in addition to air quality monitoring carried out by federal organizations, public
monitoring is also carried out by independent organizations and interested citizens. Public
monitoring and the availability of simple air quality measurement tools in recent years has led to
the emergence of an alternative network that provides accessible and more detailed data. The paper
considers the task of developing and supporting a specialized system for ecological monitoring of
the state of the natural environment and resources, built on the basis of GIS technologies, the
Internet, processing remote sensing data and data from stationary and mobile observation stations.
The main attention is paid to the description of problems and solutions related to the development
of web services and applications for the collection, processing and operational assessment of data
on air pollution on the example of the Krasnoyarsk region and the city of Krasnoyarsk.

IMOUCKH MPEJABECTHUKOB 3EMJIETPSICEHUM B TPUBAMKAJIBE
HA OCHOBE COIIOCTABJIEHUSA JTAHHBIX SMAHAIIMOHHOI'O,
JAE®@OPMALNMNOHHOI'O U MATHUTOTEJIVITYPUYECKOI'O MOHUTOPHHI A
C IIPUMEHEHMEM 2JIEMEHTOB MAHIMHHOI'O OBYUYEHMU A

KK, Cemuncruii*, A.A. Boopos, A.A. Muxaiinos?, C.A. bopuaxoe*, U.K. Cemuncruii*,
A.B. Ilocneee*, JI.B. Canxo*

"MnctutyT 3emuoi kopsl (CO PAH, Poccus)
*MHCTUTYT IMHAMUKH CHCTEM M TEOPHH yIIpaBieHus umenu B.M. Marpocosa CO PAH

seminsky(@crust.irk.ru
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JlaHHBIE KOMIUIEKCHOTO T€OAMHAMHYECKOTO MOHUTOpPUHTAa OBUIM HUCHOJIb30BaHBI IS
BBISBJICHHSI TIPEIBECTHUKOB OMAacCHBIX 3emierpsicenuit (M>5) B Ilpubaiikanpe. MOHUTOpPHHT
IPOBOAUTCSA HA MOJUToHe «byryinbaeiika» 1 BKII0YaeT CUCTEMaTUYECKHUE U3MEPEHUS [TapaMeTPOB
pazoHOBOrO, A€(POPMAITMOHHOTO M MArHUTOTEILTypHuYecKoro mnojeil. Ilomck mnpeaBecTHUKOB
OCYIIECTBIISIJICSL 110 OTHOIIEHUIO K JBYM 3€MIIETPSICEHHUSM, KOTOpbIE HEJAaBHO MPOM3OILIN B
BaiikansckoMm pudre: beictpunckoe (21.09.2020; M=5.4) u Kymapunckoe (09.12.2020; M=5.5).
Bnauane Obutd BU3yallbHO OIpeeNieHbl 001IHe TPEH Ibl BPEMEHHBIX Bapyualluii U OTKIIOHEHHS OT
HUX JUIsl K&XJI0ro BUAa AaHHbIX. [IpuMepHo 3a Mecsan 1o KynapuHCKOro 3emMieTpsiceHUs Takue
OTKJIOHEHHsI IIPOU3OIILUTH BO BCEX TPEX MOJSIX. 3aTeM OblIa MOCTPOCHA PErpecCHOHHAs MOZEIb Ha
OCHOBE JIEPEBbEB pEIIECHUN JJII BPEMEHHOTO psga 3MaHanui pamoHa. Mojenb oOyuasnack
Ipe/CKa3blBaTh 3HAYCHHE KOHILEHTPAllMM NOYBEHHOro paaoHa (Q) Mo TpeM OCHOBHBIM
napameTpaMm (KOHIIGHTpalus pajoHa, arMoc(epHOe JaBJICHHE U TeMIlepaTypa), a Takke B
MPOU3BOHBIX OT HUX CTATHCTUYECKUX XapaKTepUCTUKax. B urore Mozaenp Hayungach 000011aTh
nanHble u3Mepennit Q Ha monmrone «byrynpaeiika» co cpemHeil abCoMOTHON ommoOkon 35,14.
bouto ycranoBineno nBa MakcumyMa (ommbOka — Oosee 200), KOTOpble OIU3KH MO BPEMEHHU K
MomeHTaM beictpuHckoro u  Kynapunckoro 3emuerpsicenuid. IlomydeHHblE pe3ysbTaThl
CBUIETEIBCTBYIOT O  IEPCIEKTHMBHOCTH  HUCIOJB30BaHUSA  KOMIUIEKCA  paJOHOBBIX,
neOpMallMOHHBIX M1 MarHUTOTEIIYPUUYECKUX JaHHBIX, @ TAKXKE METOJI0B MAIIUHHOIO O0yUYeHuUs
JUI pa3pabOTKH OCHOB CPEHECPOYHOTO MPOrHO3a ONACHBIX 3eMieTpsiceHuit B [Ipubaiikanbe.

IDENTIFICATION OF PRECURSORS FOR EARTHQUAKES IN THE BAIKAL
REGION BASED ON A COMPARISON OF RADON, STRAIN AND
MAGNETOTELLURIC MONITORING DATA USING ELEMENTS OF
COMPUTATIONAL INTELLIGENCE

K.Zh. Seminsky?, A4.4. Bobrov', A.A. Michailov?, S.A. Bornyakov', LK. Seminsky', A.V. Pospeev',
D.V. Salko!

IThe Institute of the Earth's Crust SB RAS
“Matrosov Institute for System Dynamics and Control Theory SB RAS

seminsky(@crust.irk.ru

The data of complex geodynamic monitoring were used to identify the precursors of
dangerous earthquakes (M>5) in the Baikal region. Monitoring is organized at the “Buguldeika”
test site and includes measurements of the parameters of radon, strain and magnetotelluric fields.
The search for precursors was carried out in relation to two earthquakes that recently occurred in
the Baikal Rift: Bystraya (09/21/2020; M=5.4) and Kudara (12/09/2020; M=5.5). At the beginning
general trends in temporary variations and deviations from them for each type of data were visually
determined. These deviations occurred in three fields about a month before the Kudara earthquake.
Then a regression model was compiled based on “Random Forest Regressor” implemented by
Scikit-learn for prediction of the temporary radon emanations. The model was trained to predict
the value of soil radon concentration (Q) in three main parameters (radon concentration,
atmospheric pressure and temperature), as well as in the statistical characteristics calculated from
them. As a result, the model learned to generalize Q measurements at the “Buguldeyka” test site
with an MAE of 35.14. Two maxima (MAE >200) were established, which are close in time to the
moments of the Bystraya and Kudara earthquakes. The results indicate the promise of using a
complex of radon, strain and magnetotelluric data, as well as ML methods for developing the
foundations for a medium-term forecast of dangerous earthquakes in the Baikal region.
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HNHTEI'PAIIMA JAHHBIX TEOPU3NYECKOI'O MOHUTOPHUHI'A
OIMACHBIX 'EOJOI'MYECKUX IMTPOIECCOB HA ITPUMEPE U3BEPKEHUSA
BYJIKAHA TOHI'O 15 AHBAPS 2022 I'OJA

A.A. Hobpeinuna'?, B.A. Canvroe®, H.A. Paosumunoeuu®, C.A. Bopnsaxos*
"MuctutyT 3eMuo0ii kopsr CO PAH
T'eonormueckuit mactutyr CO PAH
SUpKyTCKuMii roCy1apCTBEHHBIH YHUBEPCUTET

dobrynina@crust.irk.ru

N3zBepxenue Bynkana B Tonra (Tuxwuii okean) 15 suBaps 2022 r. (ms=5.8) creHepupoBaso
MoIHbIe aTMOocdepHbIe (MH(pa3ByKoBbIe, JIamba, aKyCTHKO-TpaBUTAIIMOHHBIC) U CEHCMHUYECKHUE
BOJIHBI, PaCIIPOCTPAaHUBLIMECS 110 BceMy 3eMHOMY 1apy. I1o jaHHBIM IyHKTOB CEHCMHUYECKOTO U
reo()M3NYecCKOro MOHUTOPUHTA W MOHHTOpWHTa YpoBHsA 03. baiikan (pacronoxeHsl Ha
paccrostaun ~100.6° oT smuieHTpa) ObUIM 3aperUCTPUPOBAHBI KakK aTMOC(epHble, TaKk U
auTochepHble BO3MYILEHUS, BbI3BaHHbIE U3BEepKEHHEM. [loBepXHOCTHBIE CEiCMUYECKHE BOIHbI
byHIamMeHTanbHOM 1 OoJjiee BBICOKMX MOJ € yacToTamMu oT 2 uao 6 I'll 3aperucTpupoBaHbl Ha
celficmuueckoi craniuu Tanast (BXOAUT B I1100aIbHYI0 MUPOBYIO ceTh Iris/Ida (nanHbie moayyeHsbl
¢ ucnons3oBanueM cuctembl IRIS Wilber 3 system, https://ds.iris.edu/wilber3/). Tlo nanHBIM
MeTeocTaHUMi B paiioHe o03. baiikan (mm. Jlucteauka, b. Kotel, Kysna, Tamas, Teipran)
HaOmoxanuch KkojeOaHus (moBblieHue) armocdepHoro pamieHus Ha 1.519+0.036 rlla
JUTMTENIBHOCTBIO 710 29 MuHyT. CpenHsisi CKOpOCTh 3BYKOBOM BOJIHBI paBHa 3.42 m/c. Bapuanuu
aTMOC(EPHOr0  JaBJIEHUs MOTJM  CIPOBOLMPOBATH HAOJIOJABIINECS BBICOKOYACTOTHBIC
M3MEHEHHUs ypoBHS 03. baiikan (MakcuManbHble Bapualuu aMIuIuTy 10 8.1 MM) B TeueHue 25
MuHyT (mm. JluctBsnka, b. Koter). Ha nynkrax Teipram u Tamas Taxxke HaOJIr0Januch
cKaukooOpa3Hble JeopMalliy TOPHBIX MOPOJ — MUKU AedopMauil NpuxoasaTcss Ha MOMEHTHI 30
CEKYHJ M 2 MUHYTHI [TOCTIe MMKA U3MEHEHUS aTMOC(EPHOTO 1aBICHHUS.

INTEGRATION OF DATA OF GEOPHYSICAL MONITORING OF DANGEROUS
GEOLOGICAL PROCESSES ON THE EXAMPLE OF THE TONGO VOLCANO
ERUPTION ON JANUARY 15, 2022

A.A. Dobrynina*?, V.A. Sankov*3, N.A. Radziminovich?, S.A. Bornyakov?
nstitute of the Earth’s Crust SB RAS

’Geological Institute SB RAS
SIrkutsk State University

dobrynina@crust.irk.ru

The volcanic eruption in Tonga (Pacific Ocean) on January 15, 2022 (ms=5.8) generated
powerful atmospheric (infrasonic, Lamb, acoustic-gravity) and seismic waves that spread
throughout the globe. According to the points of seismic and geophysical monitoring and
monitoring of the lake Baikal level (located at a distance of ~100.6° from the epicenter), both
atmospheric and lithospheric disturbances caused by the eruption were recorded. Surface seismic
waves of fundamental and higher modes with frequencies from 2 to 6 Hz were registered at TLY
seismic station (part of the Iris/Ida global network, data downloaded through the IRIS Wilber 3
system, https://ds.iris.edu/wilber3/). According to weather stations in the area of the lake Baikal
(Listvyanka, B. Koty, Kuyada, Talay, Tyrgan) fluctuations (increase) of atmospheric pressure by
1.519 £ 0.036 HPa for up to 29 minutes were observed. The average sound wave speed is 3.42
m/s. Atmospheric pressure variations could have provoked the observed high-frequency changes
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in the lake level. Baikal (maximum amplitude variations up to 8.1 mm) for 25 minutes (Listvyanka,
B. Koty). At the points of Tyrgan and Talaya, sharp deformations of rocks were observed,
deformation peaks occur at 30 seconds and 2 minutes after the peak of atmospheric pressure
change.

UHTETPALIAA IA®POBBIX MOJAEJENA HATPY)KEHHOCTH
N HAIIPSKEHHOI'O COCTOSAHUSA B MTHOPOPMAIIMOHHBIE TEXHOJIOI'NMHU
HOJAEPKKH ) KU3HEHHOI'O IUKJIA KAPBEPHBIX DOKCKABATOPOB

A.A. Anvwanckas
Cubupckuil penepanbHbIl YHUBEPCUTET

IIpu 0060O0IIEHNN pe3yNbTaTOB MHOTOBAPUAHTHBIX BBIYMCIUTEIBHBIX AKCIEPUMEHTOB
MOCTPOEHBI LU(POBBIE MOJEIN HArpy>KEHHOCTH M HAIPSKEHHOTO COCTOSIHHUS psijia CHUIIOBBIX
KOHCTPYKIMH pabouero oOOpyIOBaHUS KapbepHBIX SKCKABaTOPOB, B TOM YHCJE MX CBAapHBIX
coenuHeHuil. Harpy)X€HHOCTh M HANpPsDKEHHOE COCTOSIHHE — MMEHHO Te (aKTOphl, KOTOpHIE
OIpeAEIIII0T MHTEHCUBHOCTh PAacXOJOBaHMs pecypca U HaJeKHOCTh MalMH. PaccmaTtpuBaercs
Joryyeckas cxema HHTerpanuu LudpoBbIX Mojaeneil B HMH(DOPMAIMOHHBIE TEXHOJIOTUU
HOJIEP)KKH JKU3HEHHOTO IIMKJIA SKCKAaBaTOPOB, BKJIIOYAIOUICH B ce€0S MOHHTOPUHI TEKYIIUX
YCIIOBUHM HKCIUTyaTaluu (KaTeropuu TpyHTa, KBanu(HUKAIUsS MAIIMHHUCTA, BO3pPAcT MAIIUHBI,
KJIMMaTHUYECKHE YCIIOBUS U JIP.), UCTIOJIb30BAHHUE PE3YJIbTATOB MOHUTOPUHIA B KAUECTBE BXOHBIX
JTaHHBIX U1l UMeEroIuXcsi MUGPOBBIX MojeNell, KpaTKOCPOUHBIM MPOrHO3 HMHTEHCHUBHOCTU
pacxoJ0BaHMs pecypca U HAKOIUIEHHs MOBPEKICHHUM, NPUHATHE ONEpPaTHBHBIX PEIICHUN IO
IUTAHUPOBAHMIO M OPTraHU3AlUN TEXHUYECKOTO0 000pYI0BaHUS M PEMOHTA MapKa MalllHH.

INTEGRATION OF DIGITAL MODELS OF LOADING AND STRESS STATE
INTO INFORMATION TECHNOLOGIES FOR SUPPORTING
THE LIFE CYCLE OF MINING SHOVELS

A.A. Alshanskaya
Siberian Federal University

As a conclusion of generalizing the results of multivariate computational experiments,
digital models of loading and stress state of a number of load-bearing structures of the working
equipment of mining excavators, including their welded joints, were built. Loading and stress state
are exactly those factors that determine the intensity of resource consumption and the reliability
of machines. A logical scheme for integrating digital models into information technologies for
supporting the life cycle of excavators is considered, which includes monitoring current operating
conditions (soil categories, driver qualifications, machine age, climatic conditions, etc.), using
monitoring results as input data for existing digital models, short-term forecast of the intensity of
resource consumption and damage accumulation, making operational decisions on the planning
and organization of technical equipment and repair of the fleet of vehicles.

39



PSAIbI 10-TETHETO T'MIPOT'EOXUMHUYECKOI'O MOHUTOPUHI' A
HA KYJITYKCKOM IIOJIUTOHE KAK OCHOBA JIJISI PASPABOTKH
IMPOI'HO3A CUJIBHBIX 3BEMJIETPSICEHUI B IIEHTPAJIBHOM YACTH
BANKAJBCKOU CEUCMHUYECKOM 30HbI

C.B. Paccrazoe*?, E.II. Yebvikun'®, A.M. Hnvsacoea, C.B. Cnonkoe?, U.C. Yysawosa*?,
C.A. Bopusaxoe

Mncruryr 3emuoit kopst CO PAH
2MpKyTcKuii rocyJapcTBEHHbIH YHUBEPCHTET
3Jlumuonornueckuit muctutyr CO PAH

rassk(@crust.irk.ru

IlosrydeHBl MOHMTOPHHIOBBIE PsAbl [UIsl 6 CTaHUMKA MOA3eMHBIX Boj Kynrykckoro
CEUCMOIIPOTHOCTUYECKOTO TOJIMIoHa, B cowieHeHun HOxHO-bBaiikanbCkol BHaAWHBI U
TyHKMHCKOM 1OIMHBI. B 0136 MHBIX BOIaX CTAHIMI U3MEPSIINCH KOHLEHTPALUN 72 XUMHUYECKUX
371eMeHTOB, akTUBHOCTH YU (44) n otHomenus aktusHocteit 2*U/*8U (044/8) metonom ICP-
MS c ucnons3zoBanueM mMacc-criekrpometpa Agilent 7500. Monutopunr Havancs B 2012 r., nmocie
3aBepmieHust adrepmokoB Kynrykckoro 3emuerpscenust 2008 r. I[lo mpocTtpaHCTBEHHO-
BPEMEHHOMY pacnpeaeneHuto 3emiuerpsicenuil B FOxxHo-baiikanbCckol BnajguHe U OTKIUKaM 44—
0OA4/8 B no3eMHBIX BoAax B nepuo Ha0moaenuit 2012-2022 rr. 0603HaYMINCh CTaIUU CKATHUS
kopbl A-B-C ¢ nmoaroroskoii ['onoycthoro 3emnerpsicenus 2015 r. (K=12.3), ctanuu pactsxeHus
kopbl C-D ¢ noarorokoii 3emnerpsicenuii baiikano-Xy0Ocyrynbckoil celicMUuecKoil akTHBU3aLuU
2020-2021 rr. (K=13.9-15.7) u cramus E adtepmokoB 3Toil akTuBH3almu (adTepLIOKU
npogoinkatoTes). Ilo mpocTpaHCTBEHHO-BPEMEHHOM 3BOJIOLMU KalHO30MCKOTO BYJIKaHM3Ma
pa3BuTtHe baiikanbckoil pudTOBON CHUCTEMBl paccMaTpUBAETCA, KakK pe3ysbTaT JeHCTBHS
npoueccoB AnoHcKko-balkambCKOro reoJMHaMHUYECKOTr0 KOPUAOPA, OCJIOXKHEHHBIX BIMSHUEM
Nupo-A3znarckoii koHBepreHIMHu. CelicMOreHEpUpYIOINE UMITYJIbChl CKaTUsl U PAcTSDKEHUS B
HEeHTpAJIbHOM 4YacTu  balKanbCKOM  CEHCMHYECKOW  30HBI, JOCTUTIIHE MAaKCUMYMOB,
cooTBeTcTBEHHO, B 2015 1 2020-2021 rr., MOT'YyT CONOCTABIATHCS ¢ MOJOOHBIMH UMITYJIBCAMH,
BBI3BIBAIOIIMMHU CEHCMUYHOCTh B 3aIyroBoil SmoHOMOpCKOW W oOporeHHou ['ummanancko-
Tubetckoii cucremax.

SERIES OF 10-YEAR HYDROGEOCHEMICAL MONITORING AT THE KULTUK
AREA AS THE BASIS FOR DEVELOPMENT OF FORECASTING STRONG
EARTHQUAKES IN THE CENTRAL BAIKAL SEISMIC ZONE

Rasskazov S.V.12, E.P. Chebykin®3, A.M. llyasova?l, S.V. Snopkov?, I.S. Chuvashova'?
nstitute of the Earth's Crust SB RAS
YIrkutsk State University
SLimnological Institute SB RAS

rassk@crust.irk.ru

Monitoring series were obtained for 6 groundwater stations of the Kultuk area, at the
structural junction between the South Baikal Basin and Tunka Valley. Concentrations of 72
chemical elements, 2*U activity (44), and 2*U/*¥U activity ratio (AR4/8) were measured in
groundwater of the stations by the ICP-MS technique using an Agilent 7500 mass spectrometer.
Monitoring began in 2012, when aftershocks of the 2008 Kultuk earthquake finished. Spatial-
temporal distribution of earthquakes in the South Baikal Basin and A4-AR4/8 groundwater
responses showed stages A-B-C of the 2015 Goloustnoe earthquake preparation (K=12.3), stages
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C-D of the 2020-2021 Baikal-Khubsugul seismic reactivation preparation (K=13.9—15.7), and a
stage E of aftershocks, which continues in present. In terms of spatial-temporal evolution of
Cenozoic volcanism, the structural development of the Baikal Rift System is considered, as a result
of processes that developed along the Japan-Baikal geodynamic corridor and were partly
complicated by those of the Indo-Asian convergence. Compressional and extensional impulses
that reached maxima in the central Baikal seismic zone in 2015 and 20202021, respectively
should be compared with similar impulses that caused seismicity in the back-arc Sea of Japan and
orogenic Himalayan-Tibetan systems.

PA3PABOTKA METOJHUKHU CIIYTHUKOBOI'O PATHOTENVIOBUTEHUA
JJIsA PAHHET'O ITPOI'HO3A KPYITHBIX HABOJHEHUU B BACCEMHE AMYPA

E.B. Iawwunos*, . M. Epmaxos*?, A.B. Kysemun', B.B. Cmepnaoxkun®
1I/IHCTI/ITyT KOCMHYECKUX ucciemosanuii PAH
2MHCTHUTYT paJMOTEXHUKHN U dIeKTpoHnkH M. B.A. Korensaukosa PAH
SMUPDA - Poccuiicknii TeXHOTOTHYECKHI YHUBEPCUTET
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CrnencTBueM BBIMAJICHUS OOMJIBHBIX OCAJKOB HaJ| pallOHaMHU BOAOCOOpa OOJBIIMX PEK
SIBJIIFOTCS] CUJIbHBIE HABOJAHEHUS, CO3/IAI0IINE CEPhE3HBIE YTPO3bl HACENCHHUIO U HHPPACTPYKTYpE,
HAHOCSIIIIUE  CYIIECTBEHHBIM  COIMAIBHO-d)KOHOMUYECKUNA  ymepd ©  3aTpyAHSIONIne
XO3SIUCTBEHHYIO JEATENBHOCTh Ha MPWIEralonmx TeppUTOpHsX. HOBBII METOJ CIyTHHKOBOTO
PAaanOTCINIOBUACHUA, KOTOpI)II\/JI IMMO3BOJIACT PAaCCUNUTHIBATL ITOTOKW BOJAAHOTO Iapa HaaQ OKCaHAMMH,
npejiaraeTcsi IpUMEHUTh HaJl cylield HaJ BogocoopoM pexu Amyp. IlpemiosxkeHHbI MeTO KA
MO3BOJIUT PACCYUTATh OalaHC aTMOC(EPHOI BOABI HAJl BBIICICHHON TEPPUTOpUEH: 3arlacéHHBIN
HaJl MOBEPXHOCTHIO BOASHON Nap, KOJIMYECTBO BOJIbI, BOLUIEAIIEH WU BBILIEAIIEH YepPE3 TPaHULIbI
BOA0COOpa, U ONpPENEIUTh KOJUYECTBO BBIMABIIMX OCAJKOB 3a JIOOOW BBHIOPAHHBIM HMHTEpBAJ
BpeMeHHU. KoppensiiMoHHbIE 3aBUCHMOCTH BBINABIIMX OCAAKOB W YPOBHS PEKH IO3BOJIAT
IIPEICKa3bIBaTh HAaBOAHEHUA. [IpoBeieHa OLEHKA MOTPEIIHOCTEM PEAIaraeMoro MeToa.

DEVELOPMENT OF SATELLITE RADIOTHERMOVISION TECHNIQUE
FOR EARLY FORECASTING OF LARGE FLOODS IN THE AMUR BASIN

E.V. Pashinov!, D.M. Ermakov?, A.V. Kuzmin?, V.V. Sterlyadkin®
'Space Research Institute RAS, (IKI RAS, Russia)
’Institute of Radio Engineering and Electronics V.A. Kotelnikov RAS, Fryazino branch RAS
SMIREA — Russian Technological University

pashinove@mail.ru

The result of heavy precipitation over the catchment areas of large rivers is severe flooding
that poses serious threats to the population and infrastructure, causing significant socio-economic
damage and hindering economic activities in the surrounding areas. A new method of Satellite
Radiothermovision, which makes it possible to calculate water vapor fluxes over the oceans, is
proposed to be applied over land over the catchment area of the Amur River. The proposed method
will make it possible to calculate the balance of atmospheric water over a selected area: water
vapor stored above the surface, the amount of water that entered or exited through the catchment
boundaries, and determine the amount of precipitation for any selected time interval. Correlation
dependences of precipitation and river level will allow floods to be predicted. An estimation of the
errors of the proposed method has been carried out.
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NHOPACTPYKTYPA ITPOCTPAHCTBEHHbBIX TAHHBIX
I'EOIIOPTAJIA UT'M CO PAH

M.B. 3a00p09fCHb1121'2, E.M. Boicoyxuiit, A.B. Buwuneeckuii*, T.B. CMupHOSCll, F.E. Mouceeg?
"Mucturyt reonorun n munepanoruu um. B.C. Co6onesa CO PAH
2000 «Jlata Uct»

zador(@igm.nsc.ru

CoBpemennast ~ kaprorpadudeckas  miaTdpopMa  TMO3BOJISIET  KOHCOJIMIUPOBATH
pa3HOOOpa3Hy0 MPOCTPAHCTBEHHYIO HH(M)OPMAIMIO: PACTPOBBIE M BEKTOPHBIC KapThl, JaHHBIC
JTUCTAHIIMOHHOTO 30HIUPOBAHUS, MATEPHAIIBI F€OJIOTO-TeOPU3NICCKUX HAOTIOICHHIMA, Pe3yTbTaThl
onpoOoBaHus U TOpHBIX padoT. Pazmemenue 10 u 6a3bl reogaHHBIX Ha cepBepe oOecreunBaeT
yAAJEHHYIO pa0boTy ¢ PeryJIUPYEMbIM JIOCTYIIOM ISl IPOCMOTpPA U/UIU PEAAKTUPOBAHUS JTAHHBIX
yepe3 Opay3ep 1 MOOMIIbHOE TpritoskeHue. [lopran Takxke siBisieTcss 00Ia4HOM crcTeMO coopa,
XpaHeHUsT W O00pabOTKH TEOJOro-TeOXMMHYECKOH ¥ TeHeTHYeCKOW uHMOpManud 1o
MECTOPOXKJICHUSIM MUHEPAITLHOTO CBHIPbSL.

SPATIAL DATA INFRASTUCTURE
OF THE CENTRAL SIBERIAN GEOLOGYCAL MUSEUM

M.V. Zadorozhnyy!?, E.M. Vysotsky>2, A.V. Vishnevsky?, T.V. Smirnova?l, B.E. Moiseev?
'IGM SB RAS
’Data East, LLC

The experience of introducing a corporate geoportal into the work of the Central Siberian
Geological Museum of the Institute of Geology and Mineralogy. V.S. Sobolev SB RAS. A modern
cartographic platform allows consolidating a spatial information: raster and vector maps, remote
sensing data, materials of geological and geophysical observations, sampling and mining results.
Hosting the software and geodatabase on a server enables remote work with controlled access to
view and/or edit data using a browser and mobile app. The geoportal made it possible more
effectively organize the cataloging of the museum collection and help to study it. The portal is a
cloud-based system for collecting, storing and processing geological, geochemical and genetic
information on mineral deposits. Mobile GIS client made it possible to support field and cameral
geological, geochemical and cartographic works.

CO3JIAHUE BUPTYAJBHON CEHCMOTIPA®UYECKOM CETH
C UCITOJIL30OBAHUEM UCKYCCTBEHHBIX HEMPOHHBIX CETEMN

T.I". Acranos
00O "CoBpeMeHHbBIE HHKEHEPHBIC U MH()OPMAIIMOHHBIE TEXHOIOTHHN"

tabasik@gmail.com

Pa3paboran MeTOJl BOCCTAHOBJICHHS JaHHBIX HAa CEHCMHUYECKOM JaT4yMKe, a TaKKe
CBIMUTHPOBaHAa paboTa CEHCMUYECKOT0 TaTYUKA MPU MOMOIIU UCKYCCTBEHHBIX HEMPOHHBIX CETEH.
Jlist oO0ydeHHsT MCKYCCTBEHHOW HEHpPOHHOW ceTH OBUIM BBIOpaHBI JBa TMapaMeTpa: WHTEpBAI
BPEMEHH MEXAYy perucTpanusiMu Ha ceiicmMorpade mnpofonpHON (najee — MEepBUYHON) U
MOTIEPEYHON (Hajsiee — BTOPUYHOM) CEMCMHUYECKUX BOJIH, a TAKXKE WHTEPBAJ BPEMEHH MEXIY
perucTpanusiMi MepBUYHON CecCMHUYECKOW BOJHBI Ha mape ceiicmorpadoB, yaaleHHBIX APYT
OTHOCHTEJIBHO ApyTa.
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Jnst BocctanoBinenus uHdopmanuu Ha ceicMorpadax ObUIM HCIIOIB30BAHbBI JaHHBIE MO
2636 3emneTpscenusM, mpousomeamm 3a 2020 rox B Pecny6nuke [larecran. Ha umeromnmxcs
19 celicMuyeckux cTaHUOUSAX ObUTM 3apeructpupoBanbl MeHee 60 % wu3 oOmero umcna
MIPOU3OILEAIINX 3EMIICTPSCCHUM.

Jl1st BOCCTaHOBJICHUS CEMCMMUYECKUX JaHHBIX MPOBOAMIOCH O0yueHUE HEHPOHHOW ceTu
JIBAX/IBI JIUIsl KQKJIOTO CEICMUYECKOr0 1aTuMKa, IEPBBIN pa3 ¢ HyJIEBbIMU 3HAUEHUSIMU Pa3HOCTEN
BpEMEH NPUX0Jia CEHCMUYECKHX BOJIH Ha ceiicMorpadax, BpeMs Ha KOTOPbIX 3aUKCUPOBAHO HE
ObUIO, a BTOPOIl pa3 ¢ BOCCTAHOBJICHHBIMU PA3HOCTSMHU BpPEMEH IO pe3yjbTaTaM OOydeHHus
HEHPOHHOM ceTH B mepBbIil pa3. s 00yueHus: HCKyCCTBEHHOM HEHPOHHON CETH HCIOIb30BANCH
B KaUeCTBE BXOJ0B, MHTEPBAJIBI BPEMEH MEKIY PETUCTPALlUsIMH Ha ceficMorpadax ceHCMHYeCKUX
BOJIH, JJaHHBIE KOTOPBIX H3BECTHBI, @ B KaueCTBE BBIXOJOB, Pa3HOCTHU BpPEMEH, KOTOpHIE
HE00XO0IUMO OIIPEJEIHTb.

OOyyennast HeillpoHHas ceTh UMeeT KOIPPUIMEHT KOpPeNIslud, C pealbHBIMU
UHTEpBAJlaMd BpPEMEH MEXJy pEerucTpalusMu Ha celicMorpade celiCMUYEeCKHX BOJIH,
npesbimaronuit 0,99919. B pabote npuBeneHpl rpaguku 3aBUCUMOCTEH CpEIHEKBAIPATHICCKON
omrOKku pabOThl HEHPOHHOM CETH O ATMOXaM ee 00yUeHHs, TpaUKH COOTBETCTBHS PE3yIbTATOB
0o0y4eHUs, BBIYMCIIEHHBIX HEUPOHHOHN CEThIO, C MCXOAHBIMHU JaHHBIMHU, & TaKKe THCTOTPAMMBI
OIMOO0K pabOThl HEHPOHHBIX CETEH.

CREATING A VIRTUAL SEISMOGRAPHIC NETWORK USING
ARTIFICIAL NEURAL NETWORKS

T.G. Aslanov
LLC "Modern Engineering and Information Technologies"

tabasik@gmail.com

A method of data recovery on a seismic sensor has been developed, and the operation of a
seismic sensor has been simulated using artificial neural networks. Thus, two parameters were
selected for training an artificial neural network: the time interval between the registrations of
longitudinal (hereinafter referred to as primary) and transverse (hereinafter referred to as
secondary) seismic waves on a seismograph, as well as the time interval between the registrations
of the primary seismic wave on a pair of seismographs remote from each other.

To restore seismic data, data on 2,636 earthquakes that occurred in 2020 in the Republic
of Dagestan were used. Less than 60% of all recorded earthquake cases were registered at the
existing 19 seismic stations.

To recover seismic data, the neural network was trained twice for each seismic sensor, the
first time with zero values of time differences, where the time was unknown for more than 40% of
seismic sensors, and the second time with the recovered data for the first iteration. To train an
artificial neural network, the time intervals between seismic wave registrations on seismographs
whose data are known were used as inputs, and the time differences that need to be determined
were used as outputs.

The trained neural network has a correlation coefficient, with real time intervals between
seismic wave registrations on the seismograph, exceeding 0.99919. The paper presents training
schedules for neural network epochs depending on the root-mean-square error, graphs of the time
interval between seismic wave registrations on a seismograph calculated by a neural network from
the initial ones, as well as histograms of neural network errors.
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KOMILJIEKCHBIA AHAJIN3 PEJIBE®A BAJITUMCKOI'O IIIUTA
A.C. Aeaan?, HU. Kocesuu?, A.K. Hexpacosa®
"MHcTuTYT Teopun nporHosa seMieTpsacenuii 1 MaTeMaTHueckoi reodusuku PAH
T'eonoruueckuii paxymsrer MI'Y umenn M.B. JlomonocoBa

nastaagaian@mail.ru

PesynpTaTtoM B3aMMOJEHCTBUS KOMIUIEKCA COBPEMEHHBIX TI'€OJIOTMUECKHX IIPOLIECCOB
HH/IOT€HHOI'0 M HK30I€HHOI'0 XapakTepa M0 MHEHUI0 MHOTHX HCCIlIeJoBaTeNell ABIseTcs peiabed
36MHOI IOBEPXHOCTH.

B pesynbrare moppomerpudeckoro I'MC-ananuza uudposoit moaenu penbeda Obuia
IOCTpOeHa KapTa MOpP(POMETPUYECKHX KOMIUIEKCOB, IO KOTOPOH B COBOKYIHOCTH C
TEKTOHMYECKUM CTPOEHUEM PETHOHA yIaJ0Ch BbIIETUTH 3 MOPGOCTPYKTYPhI IEPBOTO MOPSIIKA U
29 cTpyktyp BTOpOro nopsuaka. CTpyKTypbl IEpPBOTO MOPSAJKA XOPOILIO MPOCIEKUBAKOTCS TaK Ke
U 110 JaHHBIM 10 BEPTUKAIbHOMY I'PaJUEHTY aHOMAJIMM CHIIBI TSXKECTH B pelyKuuu byre, a Taxoke
M0 JIAHHBIM MATHUTHBIX AHOMAJUU. A TakKe HEKOTOpPbIE U3 CTPYKTYpP BTOPOTO MOPSIKA TaKKe
XOpOILLIO TPOCJIEKUBAIOTCA MO Treo(GU3NUECKUM JaHHBIM. ['paHMIIBI BBIIEJIEHHBIX CTPYKTYpP
MapKHUPYIOTCSl CEHCMUYECKUMU COOBITHSMHU.

Taxxe ObUTH BBIICJICHBI JIMHEHHBIC HAPYIIEHUS HAa TEPPUTOPHIO bantuiickoro mmura, 1mo
HAMpaBJICHUIO KOTOPHIX pEruoH ObLI pa30ouT Ha 4 KpynHbIX Onoka. bioku coBmagaroT ¢
TEKTOHUYECKUM palioHUpoBaHUEM banTtuiickoro mura.

B pesynbrare ctpykrypHO-reomopdonorudeckoro ' MC-ananm3a mocTpoeHbI CEPUU KapT
(OpsAIKOB BOJOTOKOB, OA3MCHBIX TOBEPXHOCTEH, pa3HUIBI O0a3MUCHBIX MOBEPXHOCTEH), IO
KOTOPbIM OblJJa YaCTMYHO BOCCTAaHOBJEHA M OMNKMCAaHAa HCTOPUS (OPMHPOBAHHUS CTPYKTYp 32
HOBeiilee BpeMsi. BoleneHHbie 30HbI TAKKE XOPOIIO KOPPEIUPYIOTCS C 30HAMU, BBIIEISIEMbIMU
10 JAHHBIM [0 AHOMAJIMSM CHJIBI TSDKECTH B CBOOOTHOM BO3/IyXe€.

COMPREHENSIVE ANALYSIS OF THE RELIEF OF THE BALTIC SHIELD
A.S. Agayan®?, N.I. Kosevich?, A.K. Nekrasova!
nstitute of the Theory of Earthquake Prediction and Mathematical Geophysics RAS
Geological Faculty of Moscow State University named after M.V. Lomonosov

nastaagaian(@mail.ru

According to many researchers, the relief of the earth's surface is the result of the
interaction of a complex of modern endogenous and exogenous geological processes.

As a result of the morphometric GIS analysis of the digital elevation model author built
and analyzed maps of hypsometric levels, the steepness of the surface slope, vertical and horizontal
dissection of the relief. Moreover, map of morphometric complexes was developed, according to
which, together with the tectonic structure of the region, it was possible to identify three morpho
structures of the first order and 29 morpho structures of the second order. First-order structures are
also well traced from the data on the vertical gradient of gravity anomalies in the Bouguer
reduction, as well as from the data of magnetic anomalies. Alongside this, some of the structures
of the second order are also well traced on geophysical data.

Linear disturbances were also identified on the territory of the Baltic Shield, in the direction
of which the region was divided into 4 large blocks. Identified blocks correlate with the tectonic
zoning of the Baltic Shield.

As a result of the structural-geomorphological GIS-analysis author built a series of maps
(orders of streams, basic surfaces, difference of basic surfaces) according to which the history of
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the formation of structures during recent times was partially restored and described. The identified
zones also correlate well with the zones identified from the data on free-air gravity anomalies.

OOPMAJIM3ALNUA T’EOPU3UKHA C LHEJBIO IIOBBIHTEHU A
IOPEKTUBHOCTU PABPABOTKHN METO/J10OB

E.b. Yuproe
WNuctutyt dusuku 3emnu umenu O.10. [lImuara PAH

ve chirkov@list.ru

B pabote paccmotpena cnenuduka reopu3NKd Kak HAyYHOW JUCIUIUIMHBI U MIPUBEACHA
KIaccu(UKalms XapakTEepPHbBIX Al He€ OomMOOK M cCUcTeMaThudecKux norpemHocte. [Tokaszano,
YTO TTOHUMaHUE CHEU(UKN Te0(U3UKU TO3BOJISIET SICHEE OCO3HATH IIEJIM Pa3paboTKH METoAa U
3HAYUTENBHO MOBBICUTH €€ 3(h(PEKTUBHOCTH, KOHTPOIUPYS BCE BUIBI MOTPEIIHOCTEH HA OCHOBE
CO3JIaHHOTO C ATOU IeNbI0 U(PPOBOTO ABOMHMKA. [IpennokeH MOHATHITHO-TEPMUHOIOTHICCKUMA
anmapar,  (QOKYCHPYIOIIMHA  HCCIEAOBaTeNss HAa  BaXHBIX  acleKkTax  pa3paboTkw,
CHUCTEMATH3UPYIOIMA ¥  yOPOIIAIOMUKA  pa3pabOTKy MeEToJa M TPHUBEACHBI MPUMEPHI
NPaKTUIECKOro MPUMEHECHUS.

FORMALIZATION OF GEOPHYSICS IN ORDER TO INCREASE
THE EFFICIENCY OF METHOD DEVELOPMENT

E.B. Chirkov
Schmidt Institute of Physics of the Earth RAS

ve chirkov@list.ru

The paper considers the specifics of geophysics as a scientific discipline and provides a
classification of its characteristic errors and systematic errors. It is shown that understanding the
specifics of geophysics makes it possible to more clearly understand the goals of developing a
method and significantly increase its efficiency by controlling all types of errors on the basis of a
digital twin created for this purpose. A conceptual and terminological apparatus is proposed that
focuses the researcher on important aspects of development, systematizes and simplifies the
development of the method, and examples of practical application are given.

INPUMEHEHUE P2P-CETEMN JJISA CBOPA TEOPU3NYECKUX JAHHBIX
UM. Anéwun, K.1. Xonookos

Nuctutyt dusuku 3emnu umenu O.10. [lImuara PAH

ima@ifz.ru

[Ipennoxxena u amnpoOupoBaHa wuaes coOopa M paclpocTpaHeHHsl Teodu3nuecKue
JaHHBIE B pEAJbHOM BpPEMEHHM C IIOMOLIbIO OJHOpaHroBod ceTtu. IlpuBeneHo Kparkoe
ONMCAaHUE, BKJIOUYAOIIEE [MOCTAHOBKY 3aJayd, I[PUHLUI TEXHOJOTMYECKOTO0 pEelIeHUs
U Ha nmpuMmepe cOopa JaHHBIX CTaHIMKA Ha3zeMHON peructpanuu curHaios ['HCC.
Onucana  mporpamMmHasi — peainu3alusi, BBIIOJHEHHas Uil  [POBEPKU  KOHIEIIUH,
npou3BeleHa €€ TecToBas OKCIUlyarauus. TecT HpoOBOAMICS C  UCIHOJIb30BAaHUEM
SKCIEPUMEHTAIBLHON CTaHIUU I'HCC u pa3paboTaHHBIX paHee
IpOrpaMMHO-aNNapaTHbIX ~ CPEACTB  arperanuu  JaHHbIX. B Xome  ucnblTaHui
ucXoAHble HeoOpaboranHble wu3Mepenus curhagsa ['HCC nepemaBanuch cHavana B
LHEHTp arperauuMyd JaHHbBIX, a 3aTeM norpedurtento. Hama peanuszanuss HCHOIB3YyeT
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JUIsL  CBA3W M Iepelayd  JaHHBIX ~ PAaclpOCTpaHEHHBId  BapuaHT  P2P-mpotokona
BitTorrent. = Pemenme  MOXXHO  NPUMEHHTh Uil OpraHU3allid  MHOTHX  BHJIOB
NEATEIbHOCTH ~ apXWBOB, LEHTPOB arperauy JaHHbIX W 1p., I oOecrneyeHus
OBICTpOI, HaJEKHOH ¥ TPO3payHOi OOpabOTKM JaHHBIX B  pPEAJTbHOM BpPEMEHH.
Pabora BBIIIOJIHEHA B paMKax roc3aJaHus Nd3 PAH.
KiroueBrie  ciosa: GNSS,  onHopanroBast  cetb,  BitTorrent, cOop  HaHHBIX,
COBMECTHOE UCIOJIb30BaHUE JTAHHBIX, IOBTOPHOE UCIIOJIB30BAHUE JTAHHBIX.

ENHANCING GEOPHYSICAL DATA COLLECTION WITH P2P-NETWORK
[.M. Aleshin, K.I. Kholodkov
Schmidt Institute of Physics of the Earth RAS

ima@ifz.ru

This article covers a nouveau idea of how to collect and handle geophysical data with a
peer-to-peer network in near real-time. The text covers a brief introduction to the cause, the
technology, and the particular case of collecting data from GNSS stations. We describe the proof-
of-concept implementation that has been tested. The test was conducted with an experimental
GNSS station and a data aggregation facility. In the test, original raw GNSS signal measurements
were transferred to the data aggregation center and subsequently to the consumer. Our
implementation utilized BitTorrent to communicate and transfer data. The solution could be used
to establish the majority of data aggregation centers’ activities to provide fast, reliable, and
transparent realtime data handling experience to the scientific community. The work is a part of
the state assignment of IPE RAS. Keywords: GNSS, peer-to-peer, BitTorrent, data acquisition,
data sharing, data reuse.

PACYET IOJIEV TEMIIEPATYPBI U BJAI'OCOJEPKAHHUA B IIOYBE
HA OCHOBE OBOBHIEHHOU ®OPMYJIbI ®YPBE

[0O.C. Baxpauesa, A.M. Apanacves
Boarorpanckuii rocyaapcTBEHHbIM YHUBEPCUTET

bakhracheva@yandex.ru

B pamkax teopuu A.B. JIbikoBa chopmyrpoBaHa HauaIbHO-KpaeBas 3a7ada JIjs pacyera
noJiel TeMIepaTyphl U BIAarocoiep KaHus B OAHOPOJHOM IOIYIIPOCTPAHCTBE, T'paHUIa KOTOPOTO
HaXOJUTCS B COCTOSIHUM TEIUIO- M MaccooOMeHa C BO3AYIIHOM cpenoil. Matepuan
MOJIyIIPOCTPAHCTBA COCTOMT M3 TBEPAOM OCHOBBI (KANMMJUILSIPHO-TIOPUCTOE TEJIO0) U BOJBL,
TEINIOOOMEH TpaHMLBl MOJYNPOCTPAHCTBA C BO3AYLIHOMW CpENOil MPOUCXOIUT MO 3aKOHY
HrroToHa, a MmaccooOMeH — 1o 3akoHy JlambToHa. B MCXOMHOM COCTOSIHUM BO3MYIIHAS Cpena U
MaTepual HMEIOT OJMHAKOBYIO TEMIIEpaTypy, a IUIOTHOCTH IIOTOKOB TeIUIa M BJAard Ha
pa3AeIsIoNIe UX IpaHULE paBHbI HYII0. B MOMEHT BpemMeHU, MPUHATHIA 3a HAYaJIO OTCYETA,
TeMIIepaTypa BO3yXa HAUMHAET COBEpIIATh Majble TapMOHMYECKUE KojeOaHHs BOIM3H CBOETO
nepBoHavyabHOTO 3HaueHus. [lokazaHo, YTO ¢ TeyeHHMeM BpEeMEHH BHYTpPH MaTepuana Oyjaer
YCTaHaBJIMNBATHCA PECIKUM TCIIJIOMACCOIICPCHOCA, B KOTOpOM I0JIA TCMIICPATYyPbL u
BJIArOCOJIEP’KaHUsl UMEIOT BUJI 3aTYXAIOLIMX FrapMOHUYECKUX BOJIH. J[J1s1 MaTeMaTH4ecKoi MoeNn
TCIIJIOMACCOIICPCHOCA YaCTHOI'O BHU1a (IlBI/I)KeHI/Ie BJIaTd K MOBCPXHOCTHU NPOUCXOJUT TOJIBKO 3a
CYeT Tepernaja BIArocoJep>kaHusi, a IPEeBpallleHue BOAbl B Map MPOUCXOAUT TOJIBKO Ha
MOBEPXHOCTH ) TIOTY4YEHA 3aBUCUMOCTb ITyOMHBI TIPOHUKHOBEHUS M (Pa30BON CKOPOCTH 3TUX BOJH
OT 3a/IaHHBIX MO YCJOBHIO M ONpelessIoIMX mporecc BenuyuH. [locTpoeHHOe pelieHue u
CJIE1yIOLIME U3 HETO BBIBO/IbI SIBJISIOTCSI 00OOIIEHUSIMY U3BECTHBIX B JIMTEpPAType 3aKOHOB Dyphe,
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KOTOPBIE OTHOCSITCS K CUTYallUH, KOTJla MaTeprall NOJIyIPOCTPAHCTBA HE COAEPKUT BJIArd, a Mo
FapMOHHUYECKOMY 3aKOHY HM3MEHSETCS HE TEMIIeparypa BO3/yXa, a TeMIlepaTypa MOBEPXHOCTH
maTtepuaina. Pe3ynpTaThl paboTbl MOTYT OBITh HCIOJB30BaHbl B T'€OKPHUOJIOTMH B KadyecTBe
TCOPCTUUCCKOTO MHCTPYMCHTA IIpU MOACIUPOBAHHWU CYTOYHBIX HU TOJOBBIX KOJI€6aHI/II71
TEII0(U3UUECKOr0 COCTOSIHMSI TOYBBI, YTO SIBIISIETCS Ba)KHOW 3ajjaueil NpU IUIAHUPOBAHUU
X03UCTBEHHOM JIEATETLHOCTH B O0JACTH PACTIPOCTPAHEHUSI MEP3IIBIX MTOPOJI.

CALCULATION OF TEMPERATURE AND MOISTURE CONTENT FIELDS IN SOIL
BASED ON THE GENERALIZED FOURIER FORMULA

Y.S. Bakhracheva, A.M. Afanasyev
Volgograd State University

bakhracheva@yandex.ru

Within the framework of A.V. Lykov's theory, an initial boundary value problem is
formulated for calculating the temperature and moisture content fields in a homogeneous half-
space, the boundary of which is in a state of heat and mass exchange with the air medium. The
material of the half-space consists of a solid base (a capillary—porous body) and water, the heat
exchange of the boundary of the half-space with the air medium occurs according to Newton's law,
and mass transfer - according to Dalton's law. In the initial state, the air medium and the material
have the same temperature, and the densities of heat and moisture flows at the boundary separating
them are zero. At the moment of time taken as the beginning of the reference, the air temperature
begins to make small harmonic fluctuations near its initial value. It is shown that over time, a heat
and mass transfer regime will be established inside the material, in which the temperature and
moisture content fields have the form of damped harmonic waves. For a mathematical model of
heat and mass transfer of a particular type (the movement of moisture to the surface occurs only
due to a drop in moisture content, and the transformation of water into steam occurs only on the
surface), the dependence of the penetration depth and phase velocity of these waves on the values
specified by the condition and determining the process is obtained. The constructed solution and
the conclusions following from it are generalizations of the Fourier laws known in the literature,
which relate to the situation when the material of the half-space does not contain moisture, and
according to the harmonic law, not the air temperature changes, but the surface temperature of the
material. The results of the work can be used in geocryology as a theoretical tool for modeling
daily and annual fluctuations in the thermophysical state of the soil, which is an important task
when planning economic activities in the field of the distribution of frozen rocks.
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HAYYHO-TIONYJIAPHBIN MTOPTAJI: COCTOSTHUE JIEJI
N NNEPCIIEKTUBBI PA3BUTUSA

A.C. Epemenxo®?, JI.E. Jlewuxoea?, JI.C. Pomanenxosa?
"MucTutyT aBTOMaTHKM M polieccoB ynpasienus JIBO PAH
2JlansHeBoCcTOUHBIH DeepanbHblil Y HUBEPCUTET

academy21@gmail.com

B HacTosmei pabote paccMaTpuBaeTCs TEKYILEE COCTOSHUE pa3padaThIBA€MOr0 HayqHO-
nomyJssipHoro noprana «lMcropus 3eMiu: reoJoru4eckuil paKype», a TakkKe NEPCIEKTHUBBI €ro
pa3Butus. llpuHrMas BO BHMMaHUE HAKONUBIIYIOCS CTATUCTUKY IO IPOCMOTPAM M 3aXOJHOCTH
ObUIO TPOM3BENIEHO MEPEOCMBICICHHE HACOJIOTUYECKOH M apXUTEKTYPHOM COCTABISIOLINX
JAHHOTO pecypca. B ToM uncie 6bu1a nepepaboTaHa apxXUTEKTypa MOpTaa, JOTUKA U3JI0KEHUS U
[I0ZJa4¥ Hay4YHO-IIOIYJIIPHOIO MaTepuaia.

OcHoBHas mpo0isieMa, KOTOpasl pelajach B JaHHOM padoTe — OTCYTCTBHE INOHSATHOMN
HaBUTALUHU Yy CYIIECTBYIOIIEH BEpPCUM HAY4YHO-TIOMYJSIPHOrO Moprayna. B cBsi3u ¢ yeM ObLI
IIPOBEICH PSAJ UX-TECTOB Ha IIMPOKOH BHIOOpKE NOTEHIMAJIBHBIX IOJIb30BATENEH, COCTABICHA
JOpOXHAsgE KapTa 10 pa3padOTKe HOBOM apXUTEKTyphl MOpTana, pa3paboTaHbl HOBBIC
HaBUTaLMOHHBIE 3IeMeHThl, mokup maketsl, userflow. Taxke joruka HM3I0KeHHs MaTepuana
Obula IpUBECHA K €AMHOMY BHUJY, YTO B CBOIO OUYEpElb YJIy4YlLIaeT MOJIb30BATEIBCKUMA OMBIT U
MIO3BOJIAET IOJIB30BATENIO JOJIBIIE OCTABATHCA HAa pecypce, M3ydas NPENIOKEHHBIM HAy4YHO-
MIONYJIAPHBIN MaTEpUAIL.

SCIENTIFIC POPULAR PORTAL: STATUS AND DEVELOPMENT PERSPECTIVES
A.S. Eremenko®2, D.E. Leshikova?, L.S. Romanenkova?
! Institute of automation and control processes FEB RAS
2 Far Eastern Federal University

academy?21@gmail.com

This paper discusses the current state of the developed of popular science portal "History
of the Earth: a geological perspective", as well as the prospects for its development. Considering
the accumulated statistics on views and visits, the ideological and architectural components of this
resource were refactored. Including the architecture of the portal, the logic of presentation and
presentation of popular science material was redesigned.

The main problem solved in this work is the lack of clear navigation in the existing version
of the popular science portal. In this connection, several ux-tests were carried out on a wide sample
of potential users, a roadmap was drawn up for the development of a new portal architecture, new
navigation elements, mokup layouts, userflow were developed. Also, the logic of the presentation
of the material was unified, which improves the user experience and allows the user to stay longer
on the resource, studying the proposed popular science material.
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W3YYEHUE IOCTCEMCMUYECKOI'O D®DEKTA
CPEJJTHE®OKYCHBIX 3EMJIETPSICEHUIA

A.A. Kpacomxun*, I'.B. Heuaee 2, H.B. Illecmaxos *?
! ansreBocTOUHBIH DeepanbHblil Y HUBEPCUTET
’MHcTUTYT NpuKIanHoi matematuku JJBO PAH

krasotkin.aa@students.dvfu.ru

B Mupe exeronHo nNpoucxXoJsT THICSYU 3eMJIETpsCEHUI. BONbIIMHCTBO MX TUIIOLIEHTPOB
pacnionaraiorcsi Ha riayouHe mMeHee 40 kM. MIMeHHO Takue, METKO(QOKYCHBIE, 3eMJIETPSICEHUS
IpOU3BOJAT Haubosiee CHIbHBIE CMelleHus U Jedopmanuu  3eMHOM  kopbl. Ko-u
nocrceiicMuyeckue 3GQGEeKThl, THULIUUPYEMbIE CUIBHBIMU MEJIKO(OKYCHBIMU COOBITHSIMH Ha
CErOAHSIIHUN JIeHb XOpPOIIO M3y4Y€Hbl U IO 3TOMY BOIPOCY HMMEETCs OOUIMpHas Hay4yHas
aureparypa. Ongnako cpeanedokycueie (H = 100-300 kM) u, ocobGeHHO, ri1yOOKO(OKYCHBIE
ceiicmuueckue coobiTus (H = 400-700 kM) Bce erie HeJOCTaTOUYHO U3YUYeHBbI. TONBKO B MPOLLIOM
necatwietud npu nomomm ['HCC-meTomoB yaanoch MHCTPYMEHTAIBHO —3a(pUKCHPOBATH
KOCEMCMUYECKHE CMELICHNUs, TOPOXKIEHHbIE CpeHE- U TITyOOKO()OKYCHBIMU 3eMIIETPACEHUSIMH.
[Ipr >TOM THpaKkTUYECKH HE HU3YyYEHHBIM OCTa€Tcsi BOMPOC O mocTceiicMuueckux 3¢ddexrax,
HOPOXKIAEMBIX 3€MIIETPACEHUSIMH Takoro Tuma. Jlo cux mop HeT AOCTOBEpHOM MH(pOpManu O
HAJIMYUM ~ TOCTCEHCMUYECKMX  CMELICHMH 3€MHOW  KOpPBI, BBI3BAaHHBIX  [JIyOMHHBIMU
CECMHYECKUMHU COOBITHSMU. M3ydeHue 5TOro BoOIpoca UYPEe3BBIYAHHO BaXKHO KaK C
TEOpeTUYeCKOW (IMMOHMMaHHE CTPYKTYpbl, CBOHCTB W MEXAaHHM3MOB pa3HOMACHITAOHBIX
re0JJMHaMUYECKHUX MPOLECCOB, MPOUCXOAIINX B MAHTHH 3€MIIM), TaK U C MIPAKTUYECKON TOUKU
3peHust (IOIrOCpPOUYHOE M3MEHEHHME BEKOBBIX CKOPOCTEH JBHMKEHHUS yYacTKOB 3€MHOM KOpBI U
IIYHKTOB I'€0/1€3MUECKUX CETeH, U3MEHEHHE NTapaMeTPOB F€OLEHTPHUUECKOM CUCTEMBI KOOPAMHAT).

Hacrosimas paborta mocBsiiieHa MOWUCKY W OINPEICIICHUIO XapaKTEPUCTHK BO3MOXKHBIX
HOCTCEHCMUYECKUX  A(PQPEKTOB, BbI3BAaHHBIX CPEAHE(OKYCHBIMU 3EMJIETPSCEHUSIMHU, II0
pe3yabTataM 00pabOTKM BPEMEHHBIX CEpUil M3MEHEHUsI KoopauHaT ctaHiuii mupoBbix [T HCC-
cererl. PaccMoTpeHbl cuiibHBbIE cpeaHE(OKYCHBIE 3eMIICTPSCEHUS MarHuTynon oT Mw=6.9 u ¢
riryounoii runonentpa ot 100 go 300 kM, mpouzomeanue B nepuox ¢ 1995 mo 2022 rogx.

B psne ciydaeB Hamu ObUIM OOHApy’KeHbl M3MeHeHus ckopocteil nBmwkenus ['HCC-
CTaHIMM  BOJIM3M  SMNMUEHTPAJLHOM  00JAacTH, BO3HHUKILKE  HEMOCPEACTBEHHO  IOCIIE
3eMyeTpsiceHus. MakcuMaibHble M3MEHEeHus Jocturaior 20 MM/ToJ, a UX XapaKTepUCTHUKU
CYLIECTBEHHO OTJIMYAIOTCS OT XapaKTepa aHAJIOIMYHBIX IOCTCEHCMHYECKUX HN3MEHEHUN
JBIDKEHUH 3€MHON KOpbl, WHHULUUPYEMBIX MEIKO(POKYCHBIMH 3eMJIETpACEHUAMU. Takum
00pa3oM, MO’KHO YTBEPKAATh O CYIIECTBOBAHUH MOCTCEUCMUYCCKUX JABMKCHHUN U AehopMaIuit
3€MHOW KOpBbI, TeHEPUPYEMBIX CpeIHEPOKYCHBIMU CEHCMUUECKUMU COOBITUAMHU.

Pabora noxnepxana rpanrom PH® Ne 22-27-00599.

INVESTIGATION OF POSTSEISMIC EFFECT OF MID-FOCUS EARTHQUAKES
A.A. Krasotkint, G.V. Nechaev!?, N.V. Shestakov?
'Far Eastern Federal University
’Institute for Applied Mathematics FEB RAS

krasotkin.aa@students.dvfu.ru

There are thousands of earthquakes in the world every year. Most of their hypocenters
localize at a depth less than 40 km. Such earthquakes (crustal) generate the strongest displacements
and deformations of the Earth’s crust. Co- and postseismic effects caused by strong crustal events
are well investigated nowadays and there is an extensive scientific literature on this issue.
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However, mid-focus (H = 100-300 km) and especially deep-focus earthquakes (H = 400-700 km)
are still insufficiently studied. Only in the past decade coseismic displacements generated by mid-
and deep-focus events were instrumentally detected by GNSS-methods. Moreover, issue of
postceismic offsets of such type events is almost unexplored. It is still no reliable information
about existence of posteismic displacements of the crust invoked by deep events. Investigation of
that issue is critical both for theoretical (understanding of structure, properties and geodynamic
processing mechanisms occurring into the Earth mantle) and practical points of view (long-term
changing of secular movement velocities of areas of Earth crust and geodetic networks’ sites,
changing of geocentric coordinate system parameters).

The work is dedicated to the search and determination of characteristics of possible
postseismic effects caused by mid-focus earthquakes by processing of coordinate time series of
global GNSS-networks’ stations. Strong mid-focus earthquakes with Mw=6.9 and hypocenters’
depth of 100-300 km occurred in the period from 1995 to 2022 were considered.

In a number of cases, we revealed changing of velocities of GNSS-sites located at
epicentral area that occurred immediately after the earthquake origin. Maximum velocity changes
reach 20 mm/year and their characteristics differ significantly from parameters of postseismic
movement of crustal earthquakes. Thus, it can be argued that postseismic movement and
deformations of Earth crust generated by mid-focus earthquakes are exist.

The work was supported by RSF grant Ne 22-27-00599.

COBPEMEHHBIE ABWKEHMS 3EMHOI KOPBI B I0KHOIA
OKOHEYHOCTH LEHTPAJILHOI'O CUXOT-AJIMHCKOI'O PA3JIOMA
MO JTAHHBIM T'HCC-HABJIIOJAEHUI

A.A. Canaxymounosa®, H.B. Illecmaxos'?, A.K. Kuwxuna3, I B. Heuaee>?, E.A. JIaniowxo*
! anbreBocTOUHBIH Detepanbhblili YHHBEpCUTET
*MHCTUTYT IpHMKIafHOM MaTemaTuku JJBO PAH
3TuxookeaHnckuii nHCTHTYT reorpaduu JJBO PAH

salakhutdinova.aa@students.dvfu.ru

Hentpanpubiii Cuxors-Anunckuit paznom (LICAP) sBnsercs oaHOM M3 KpyNHEHIIMX
TEKTOHUYECKUX CTPYKTYp KOHTHHEHTaJdpbHOM dYactu tora JlampHero Bocrtoka Poccum. Ero
COBpEMEHHAas TIE€OJMHAMUYECKass AaKTUBHOCTh BCE €II€ OCTAaeTCd OYE€Hb MAJIIOU3YUYECHHOM,
0COOCHHO, METOJaMH TUCTAHIIMOHHOTO 30HAUpOBaHUs. VMerommecs reoJoruveckre OICHKU
newkeHnid mo [{CAP nocTuraroT HeCKOJBKHX MM/TOJI, OJJHAKO CYIIECTBYIOIIUE Pa3pO3HCHHBIC
COBPEMEHHBIE T€0JIe3UUECKUE JaHHbIE TO3BOJISIIOT YTBEPKAATh, YTO CMEILIEHUM, MPEBBIIIAIOIINX
TepBbIE MM/TO/T B IICHTPAJIHLHOM YaCTH pa3jioMa, HE BBISBIICHO.

B nacrosmeit pa6ore nmo ganueiM ['HCC-HaOnroneHuii, BHIIOJTHEHHBIX B TMEPBBIC JIBE
nekanpl XXI Beka, IOTy4YeHbl EpBble KOJIMYECTBEHHbIE OIICHKH BEKOBBIX (IJIUTHBIX) JIBHKEHUHN
3eMHOM Kopbl B OKkpecTHocTsX 1. KueBka (IIpumopckuii kpaif), pacroiOKEHHOTO B FOKHOU
okoHeuHoctu [[CAP. Takxe B pailoHE HUCCIEIOBAHHWII OIIEHEHO W BBINOJHEHO YHCICHHOE
MOJICIMPOBAHUE BIIUSHUS BO3MYLIEHUH reocpeabl (KO- M MOCTCEUCMHYECKHE CMEIICHHUS),
WHUIIMMPOBAHHBIX KaTtacTpoduueckum 3emueTpscenrnemM Toxoky 11.03.2011 roma, Mw 9.1.
[TonyuenHble pe3ysbTaThl JOCTATOYHO XOPOILIO COTJACYIOTCS ¢ UMEIOIIUMHUCS MOJEISIMU OYara
3eMJIETPSACEHUS U MOJEIISIMU TOCTCEMCMUYECKOM BSI3KOYIIPYTOW pejaKcalid reoCpeabl.

Pa6ota BeimonHeHa npu noaaepxke rpanta PH® Ne 22-27-00599.
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CONTEMPORARY CRUSTAL MOVEMENT AT THE SOUTHERN EDGE
OF CENTRAL SIKHOTE-ALIN FAULT ACCORDING TO GNSS-OBSERVATIONS

A.A. Salakhutdinova?, N.V. Shestakov!?, A K. Kishkina'3, G.V. Nechaev'?, E.A. Lyalushko!
'Far Eastern Federal University
’Institute of Applied Mathematics FEB RAS
3Pacific Institute of Geography FEB RAS

salakhutdinova.aa@students.dvfu.ru

The Central Sikhote-Alin Fault (CSAF) is one of the largest tectonic structures in the
continental part of the south of the Russian Far East. Its modern geodynamic activity is still very
poorly understood, especially by remote sensing methods. The available geological estimates of
movements along the CSAR reach several mm/year, however, the available scattered modern
geodetic data allow us to state that no displacements exceeding a few mm/year have been detected
in the central part of the fault.

In the present work, based on the data of GNSS observations carried out in the first two
decades of the 21st century, the first quantitative estimates of the secular (plate) movements of the
Earth's crust in the vicinity of the village of Kievka (Primorsky Krai), located at the southern end
of the CSAR, are obtained. Also, in the study area, numerical modeling of the effect of
geoenvironment disturbances (co- and postseismic displacements) initiated by the catastrophic
Tohoku earthquake on March 11, 2011, Mw 9.1, was evaluated and performed. The results
obtained are in good agreement with the available models of the earthquake source and models of
postseismic viscoelastic relaxation of the geoenvironment.

This work was supported by the Russian Science Foundation grant no. 22-27-00599.

ADAPTATION OF THE METHODOLOGY FOR ALLOCATING LOCAL
CLIMATIC ZONES TO THE TASKS OF MEDICAL-GEOGRAPHICAL ZONING
(CASES OF MOSCOW AND VOLGOGRAD)

M.Y. Grishchenko?, N.M. Fazleyeva!, N.V. Shartova'?
"Lomonosov Moscow State University
Higher School of Economics University

m.gri{@geogr.msu.ru

Different infections take the lives of millions of people around the world every year.
Because it spread over a certain territory, the study of the nature of infections and favorable
conditions for their pathogens and vectors is a particularly important task for determining the laws
of their spread. The existing methodology of local climate zones — areas with uniform surface
coverage, structure, and the special nature of human activity — is the first attempt to standardize
urban climate research worldwide, which has become an international standard for the analysis of
urban morphology. Despite the fact that the theory of local climate zones has made a big step in
studying the climate of cities and urban areas in general, for the purposes of medical geography,
the existing classification is rather generalized and uninformative. The authors present a
fundamentally new algorithm for adapting the methodology for allocating local climatic zones of
vegetation and water areas for medico-geographical zoning and assessment of medico-
geographical risks based on the use of geoinformation technologies. The developed methodology
is based on the idea of splitting the classification of local climatic zones of vegetation, which takes
into account humidity, the values of which are determined using a normalized difference water
index. Also has been revealed a direct reaction of local climatic zones to disease outbreaks, that
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allows to use them as indicators of changes in the natural environment that can lead to outbreaks
of diseases.

HUHTEI'PALIMA NEPEJTOBBIX CPEACTB 3D BU3YAJIN3ALINU 'EOJJAHHBIX
B HCCJIEJOBATEJIBCKHUE U YYHEBHO-OBPA3OBATEJIBHBIE ITPOLECCHI

I'C. Eo;zpmunoel'z, C.B. Hpecmmoel, A.A. Oounyosa®?
'Teodpusnueckuii nentp PAH
’MucTuTyT npobnem ynpasienus um. B.A. Tpanesnankosa PAH
SUucturyt ¢pusuku 3emmu umenn O.FO. IImuara PAH

g.bovarshinov@gcras.ru

Ha cerogusmHuii AeHb NpOJOIKAETCs MOUCK A(PPEKTUBHBIX (OPM BHU3YyaTH3ALUU
re0NpPOCTPAaHCTBEHHBIX JAHHBIX B HCCIIEI0OBATEIBCKUX U yUeOHO-00pa30BaTeIbHbIX IpoLeccax, a
TaKKe YIOOHOTO TMPENOCTaBICHHUSA JOCTyNa K MTaHHBIM HayK O 3eMiieé IIUPOKOMY KpYTY
II0JIb30BATENIEH.

KonnexTrBoM aBTOpOB ObLTa pelieHa 3a/avya Mo CO3JaHHUI0 HAyYHO-METOIMYECKOTO U
pOrpaMMHOTr0-allnapaTHOro obecneueH s nepeioBbIX cpeacTB 3D BU3yanu3aluy reoJaHHbIX Ha
OCHOBE TEXHOJIOTUH C(epHuecKoro MPOEKIMOHHOTO JKpaHa B COYETAaHHH C MOOWMIBHBIM
IPUIOKEHUEM JIOTIOJIHEHHON pealbHOCTH M BUPTYaJbHOIO Tio0yca. J[OmoJHUTENbHO perieHa
3aja4a Mo OCHAIIEHHUIO CIEIHMaTN3UPOBAHHON 0a3bl JaHHBIX MPOTPAMMHBIMHA WHCTPYMEHTaMH,
o0ecrieunBaroIIMMU M0JIb30BATEI0 MPOCTYIO U y100HYI0 paboTy C JaHHBIMH.

®PAKTAJIBHASI PABMEPHOCTb CUCTEMbI AKTUBHBIX PA3JIOMOB
U IIAPAMETPBI OBIIIET'O 3AKOHA ITOJIOBUS JIJISI SEMJIETPSICEHUI:
CEHCMOOIIACHBIE PETHOHBI POCCUMCKOM ®EJIEPAIINA

U A. IJeemkos', A.K. Hexpacosa®*
'MUPDA - Poccuiickuii TeXHONOTMYECKUIl YHHBEPCUTET
2MIHCTHTYT TEOPHHU MPOTHO3A 3eMIIETPSCEHUI N MaTeMaTH4YecKoil reodusnkn PAH
SUnctutyT dusuku 3emmu nmern O.10. vuara PAH

nastia@mitp.ru

Kapts! ppakranshoii pasmepHoctH (Feder, 1988; Mandelbrot, 1982) akTuBHBIX pa3nioMoB
u3 ba3bl JaHHBIX aKTUBHBIX pa3sioMoB EBpasuu (1 npuneraromux aksatopuii) (Bachmanov et al.,
2017), 6buM BBIIOITHEHBI [T CEHCMOOTIACHBIX perrnoHoB Poccuiickoii @enepanun. B wactHOCTH,
Ha Teppuropun bonbmoro Kaskaza u Kpeima, Anraii-CasnH, Ilpubaiikanes u Kamuatku
MIPOCTPAHCTBEHHOE paclipesiejieHne (ppakTaibHON pa3MEpPHOCTH aKTUBHBIX Pa3IOMOB MOIY4YEHO
TaMm, TIJle paHee ObUIM TNOJIY4YEeHbl OIEHKM mapameTpoB OOIIero 3akoHa NOA0OMS Jis
3emuierpsicennii (O3I13) (Kossobokov and Nekrasova 2018a, 2018b; Nekrasova and Kossobokov
2020, Nekrasova and Kossobokov 2022).

O3I13 o6o0maer pynnameHTanbHbIN 3ak0oH ['yrenOepra-Puxrepa, onpeaenss norapupm
0KMJIa€MOT0 TO/I0BOT0 4YHCJa 3eMJIETpsICEeHUH MarHuTyasl M B IpOCTpaHCTBEHHOH oOiacTu
nuHeHOTO pasmepa L ans nuanazona marautyn [M-, M+] kak log N(M, L) = A + BX(5 - M) +
Cxlog L, tne A, B u C - xoncrantsl. [Ipu aTom A u B ananornuns! knaccuueckum a-value u b-
value, a C nmomonusier I'-P oreHkoit jokanbHOW (paKkTaIbHONH Pa3MEPHOCTH SIHICHTPOB
3eMJICTPSICCHUH, MO3BOJIAIONIEH PEATUCTUYHO NepecuuTaTh CEHMCMHUYECKYI0 OMAacHOCTh Ha
MOJIBEPKEHHYIO PUCKY IJIOMIA/b.
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OneHku (pakTandbHBIX pa3MEpHOCTEH AKTUBHBIX Pa3JOMOB BBIMOJIHEHBI B MaciiTadax,
CPaBHUMBIX C TPOCTPAHCTBCHHBIMU HEPAPXUSAMHU, IS KOTOPBIX OBLIM MOJYYCHBI OIICHKHU
napametpoB O3I13. [l KaXaoro pervoHa BBIMOJHEHO CPaBHEHUE MPOCTPAHCTBEHHOIO
pacnpenenenus napamerpa C u QpaKTaTbHOW Pa3MEPHOCTH ISl YUYACTKOB CHCTEMBI aKTUBHBIX
pa3IoMOB.
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FRACTAL DIMENSION OF ACTIVE FAULTS SYSTEM AND PARAMETERS
OF UNIFIED SCALE LAW FOR EARTHQUAKES: SEISMIC HAZARD
REGIONS OF THE RUSSIAN FEDERATION

I.A. Tsvetkov!, A.K. Nekrasova??
'MIREA - Russian Technological University
Institute of Earthquake Prediction Theory and Mathematical Geophysics RAS
3Schmidt institute of Physics of the Earth RAS

nastia@mitp.ru

Fractal dimension (Feder, 1988; Mandelbrot, 1982) maps of active faults from the Active
Faults of Eurasia Database (AFEAD) (Bachmanov et al., 2017) were performed for earthquake-
prone regions of the Russian Federation. In particular, the spatial distribution of the fractal
dimension of active faults in the Greater Caucasus and Crimea, Altai-Sayan, Lake Baikal region,
and Kamchatka has been obtained where the parameters of the Unified scaling law for earthquakes
(USLE) were previously estimated (Kossobokov and Nekrasova 2018a, 2018b; Nekrasova and
Kossobokov 2020, Nekrasova and Kossobokov 2022).

The USLE generalizes the fundamental Gutenberg-Richter law (G-R). The USLE states
that the logarithm of expected annual number of earthquakes of magnitude M in an area of linear
size L within the magnitude range [M—, M+] follows the relationship log N(M, L) = A + Bx(5 —
M) + Cxlog L, where A, B, and C are constants. Naturally, A and B are analogous to the classical
a- and b-values, while C compliments to G-R with the estimate of local fractal dimension of
earthquake epicentres allowing for realistic rescaling seismic hazard to the size of exposure at risk.
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Estimates of the active faults fractal dimension were performed at scales comparable to the
spatial hierarchies for which the USLE parameters were obtained. For each region, the spatial
distribution of the C parameter and the fractal dimension of the active fault system were compared.
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NHO®POPMANMOHHBIE TEXHOJIOTHHX B COBPEMEHHOM
ECTECTBEHHOHAYYHOM MY3EE

C.B. Yepkacos
lNocynapctBenHslii reonornvyeckuii Mmyseit uM. B.M. Bepuanckoro PAH

s.cherkasov(@sgm.ru

WudopmaniioHHble  TEXHOJOTMM B  COBPEMEHHOM  €CTECTBEHHOHAy4YHOM  My3ee
HCIIOJIB3YIOTCS JJISL:

obOecrieueHrss HHOOPMAITMOHHOW W MHTEPAKTUBHON COCTABIISIONIMX IKCIIO3HIIMKI, B TOM
YHCJIE - BU3yaJIN3allUU IIPOLECCOB U OOBEKTOB;

MHTEPAaKTUBHBIX UTPOBBIX U 00YUAIOLINX 3aHATHIA;

JUCTAHIIMOHHOTO TPEACTaBICHUS My3€s B IIEJIOM, PA3IMYHBIX aCHEKTOB AEATEIbHOCTU
My3es, a TaKKe — COOCTBEHHO MY3€IHBIX MPEAMETOB U KOJUICKIUI;

TEXHUYECKOT'O 00ECTICYEeHHUs IEATENbHOCTH My3€s, B T.4. — ydeTa My3eHHBIX IPEJMETOB U
KOJUIEKIIUN, SKCKYPCUOHHOTO U KaCCOBOTO 0OCTY>KMBaHUs TOCETUTENEH, U JIp.

C ToukHM 3peHHs] IKOHOMUKH, MTOYTH BCE MPOTPAMMHBIE MPOIYKTHI, HCIIOIb3yEeMbIe TPH
pEIIeHUH JaHHBIX 3a/a4, SIBJSIFOTCS YHUKAJIbHBIMU, WM, B JTYYIIeM CIy4yae, MaIOTUPaKHBIMHU, U,
COOTBETCTBEHHO, 3HAYUTEIBHYIO YaCTh 3aTpaT Ha CO3/IaHUE WIH NPUOOPETEHHE TAKUX MPOYKTOB
COCTaBIISIIOT 3aTPAThI Ha pa3paboTKy. ECTh CIIOXKHOCTH U C IEMOHCTPAIMOHHBIM 000PYIOBaHUEM,
KOTOPOE YacTo MpeAHa3HAUYEHO AJIs UCII0JIb30BAaHUS B X0JI€ KPATKOCPOUHBIX MEPOTIPUSITUM, TAKHX,
Kak (ecTuBadM W BHICTaBKU. [IpM HUCMONB30BaHMU TaKOro OOOpPYIOBaHUS B MY3EHHBIX
9KCIO3ULHUAX HEOOXOAUMO YYMTHIBATh PECYPCHBIE €r0 XapaKTEepUCTUKU U  3apaHee
npelycMaTpuBaTh 3aTpaThl Ha TEXHUYECKOe OOCTy>KMBaHUE, 3allacHble YacTH, U 3aMEHYy
BBIPaOOTABIIIETO CBOM pecypc 000py10BaHUS.

Bce BhIleckazaHHOE HILTIOCTPUPYETCS NaHHBIMU 1O 10-IeTHEMy OmBITYy pa3pabOTKU U
BHEJPEHUS UH(POPMALIMOHHBIX TEXHOJOTUM B ['0Cy1apcTBEHHOM IreoioruueckoM Mysee um. B.1.
Bepnanckoro PAH.

INFORMATIONAL TECHNOLOGIES
IN A STETE-OF-ART NATURAL HISTORY MUSEUM

S.V. Cherkasov
Vernadsky State Geological Museum of RAS

s.cherkasov(@sgm.ru

Informational technologies in a natural history museum are being used nowadays for:

Informational and interactive components in the expositions, including visualization of
processes and objects;

Interactive entertainment and education;

Virtual (remote) presentation of the museum, its activities, and museum’s collections;

Technical support of the museum’s activities, including registration of collections,
bookkeeping, customer services, etc.

From the point of economy, nearly all software for these tasks should be unique, or, at best,
of very limited circulation. Correspondingly, sufficient part of expenses for creation or purchase
of such products goes for the product development. Also, demonstration equipment quite often
intended to be used at short-term activities such as festivities and exhibitions. When using it in the
museum expositions, one has to carefully pay attention to the resource characteristics of the
equipment in order to foresee maintenance, spare parts acquisition, and, finally, replacement of
the worked-out equipment.

All the above said is illustrated by data on 10-years’ experience of IT development and
implementation in the Vernadsky State Geological Museum of RAS.
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TEOPHUSI COBOKYITHOCTEM: U3 TEQJIOT A
B WTHXKEHEPWIO 3HAHUI U OGPATHO

KA. Thuenuynoin

VYuusepcurer UTMO, ®akynbTeT 6€30M1aCHOCTH HHPOPMALMOHHBIX TEXHOJIOTUH, POEKT
«I'eornosuc»

cpshenichny@yandex.ru

Teopusi COBOKyNIHOCTE — HOBasl JJIOTUKO-MaTeMaTUUYECKasl TEOpHUs, AIbTEPHATUBHAS KaK
KJIACCHYECKOM, TaK M HEKJIACCUYECKUM JIOTUKAM M TEOPUH MHOXKeCTB. E€ pa3paboTka Hayamach B
CBSI3M C pELICHHEM BYJIKAHOJOTMYECKUX 3aJad. BIOCIENCTBUM W3 MPUKIATHOTO METOAA
PEKOHCTPYKITUU SPYNITUBHBIX CIIEHAPUEB PA3BHIICS (POPMATU3M, IIPUTOTHBIN I TIPEICTABICHUS
KaueCTBEHHOTO0 W KOJIMYECTBEHHOT'O 3HAHUS HE3aBUCUMO OT MpeaMeTHo obmactu. Smpom
dbopmMau3Ma SBISIFOTCS aKCHOMBI OO0 OTHOIIEHUSAX MEXKIYy OOO3HAYEHHBIMH CYITHOCTSIMHU
(0003HaUECHHBIMH CMBICTIAaMU B OeccmbiciuiiamMu). Onucanbl (GopManbHbIE U COACpPKATECILHBIC
omepanuu Haja HUMH. [locTpoeHa KOHTEKCTHO-CBSI3aHHAs TpaMMaTHKa JJisi 0003HAYEHHBIX
cMbiciioB.  HMccnemoBanbl  OTHOILIEGHHUS — JAHHOTO  (opManu3Ma C  CYLIECTBYIOIIUMU
CEMaHTUYECKUMH U JIMHTBUCTUYECKUMHU TEOPHUSIMHU.

[Tox COBOKYMHOCTBHIO MOHUMAETCSI HATIOTHEHHBINM 0003HAYCHHBIN cMbICH. HamonHenue
MPUHAJICKAT OJHOMY U3 CEMH THIIOB (B TEOPUU MHOXKECTB THI TOJIBKO OJMH — aTOMAapHBIN).
Teopust 0603HAYEHHBIX CMBICJIOB KaK TAKOBAsi MOXKET CIY>KUTh OCHOBOM MH)KEHEPHUH 3HAHUM U, B
YaCTHOCTH, OBITh YHUBEPCAJbHBIM SI3bIKOM OHTOJIOTHH M KOHIIENITYaJdbHBIX Mojene (B
YaCTHOCTH, €IMHOW OCHOBOM JIJIsl BCceX JuarpaMm kiaccos sizbika UML), a Teopusi HanoJIHEHHBIX
0003HAaYCHHBIX CMBICIIOB — OCHOBOM JIJI1 MOJEJICH M3MEHSIOMIET0Cs] MUpPa W KOJTHMYECTBEHHBIX
pacuétoB. HemocpencTBEHHO OCHOBaHHBIA Ha JAHHOM pPa3eiie TEOPUH COBOKYIMHOCTEW METOJ
KyCTa COOBITUI paccMaTpUBAETCs KaK eAWHas OCHOBA JJIs quarpamm noseneHus s3pika UML. B
HBIHEIIIHEM BHJI€ TEOPHsS COBOKYMHOCTEW MPHUMEHUMa B IIMPOKOM CIIEKTpe HayK O 3emJje, OT
r7100aJbHON TEKTOHHUKHU 10 YKOIOTHH.

THEORY OF MULTITUDES: FROM GEOLOGY
TO KNOWLEDGE ENGINEERING AND BACK

Cyril A. Pshenichny
Geognosis Project, Faculty of Secure Information Technologies, ITMO University

cpshenichny(@yandex.ru

The theory of multitudes is a novel logical and mathematical theory seen as alternative to
existing logic (both classical and non-classical) and set theory. Originally it was developed for the
volcanological studies but later evolved into a formalism able to cope with qualitative and
quantitative knowledge in any field. The core of the formalism is represented by the axioms setting
the relations between denoted entities (denoted meanings, better say, smysls, and
meaninglessnesses). Context-sensitive grammar is developed. Then, formal and intentional
operations are introduced. This theory has been compared to existing semantic and linguistic
theories.

Multitude is understood as filled denoted smysl. Fill may be of one of seven types (in
contrast to the set theory implying only one, i.e., atomic, or elementary type). The theory of
denoted smysls per se can serve as the basis for knowledge engineering, ontology design and
conceptual modeling (and is, in fact, a common ground for UML class diagrams). The same time,
the theory of filled smysls and especially its extension, the event bush method, are good for
modeling the changing world and numerical estimates. These can be, inter alia, the general case
for any UML behavior diagram. In its present state, the theory of multitudes may work well in a
wide spectrum of geoscientific domains, from global tectonics to environmental studies.
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WHCTUTYIHUOHAJIBHBIE BA3bI JAHHBIX HAYUHBIX IYBJIUKAIIAN KAK .
CITIOCOB ITPOABWKXEHUSA U INIOITYJIAPU3ALINN HAYUYHBIX UCCJIEJOBAHUU
(HA ITPUMEPE B «TPYJbI COTPYJIHUKOB UHI'T CO PAH»)

H.A. Mazos'?, B.H. I'ypeee*?
"MuctutyT HedTerazopoii reonorun u reopusuku uM. A.A. Tpopumyka CO PAH
TocynapcTBeHHas MyOIMYHAs HAyYHO-TeXHUYecKas oudmmoreka CO PAH

MazovNA@ipgg.sbras.ru

Wuctutynuonansubie 6a3bl fanubix (bJ]) HayyHBIX MyOIMKanuii UTPaloT 3HAYUMYIO POIIb
3a/1a4ax, CTOALIMX KakK Mepes OTAEIbHbIMU COTPYIHUKAMHU, TaK U MEPE]l OpraHu3alueil B LEJI0M.
K ocHOBHBIM (hyHKIIUSIM — OUCKOBOI ¥ OMOIMOMETPUUECKON — B MOCIeIHee BpeMsl 100aBUIach
HOIYJIIPU3aTOPCKasi, peajn3yeMasi B BHJIIE PEMO3UTOpHeB M web-perumk 0a3pl gaHHbIX. OHa
MOBBIIIAET BUAUMOCTD MyOIMKAIMKA OpraHu3alyuy B HAyYHOM MH()OPMAIIMOHHOM MPOCTPAHCTBE,
CIOCOOCTBYET HaJlaXXUBaHUIO HAy4YHBIX CBSI3€d C JPYIMMH  YYPEXKIEHUSIMH, pOCTY
aBTOPUTETHOCTH OPraHM3allMd U TOBBIIIEHHIO €€ KOHKYPEHTHBIX IpeuMyllecTs. B noxiane
caenaH o030p moaxonoB K (opmupoBanuio BHyTpeHHMX B/ st mpexacraBnenuss Haumbosee
HOJHBIX M TOYHBIX CBEACHUH O MyOJMKAIMOHHONW AaKTUBHOCTU COTPYIHUKOB YUPEKICHHS.
OcCHOBHBIE XapaKTEPUCTUKH COBpeMeHHbIX b/l BKIO4aIOT MOMHO(YHKIMOHAIBHBIN MOUCK IO
601b1IIOMY HAOOPY KpUTEPUEB, MHTErPALMIO ¢ BHEIIHUMHU bJl, aBTOMaTU3MPOBAaHHYIO T€HEPALIUIO
OTYETOB U OMOIMOTpaPUIECKUX CIUCKOB B 33JaHHBIX (hopmaTax, ONEepaTUBHOE MPEICTABICHNE
NaHHbIX B web-unTepdeiice. OnucaH TEXHOIOTHYECKHIA KOMIUIEKC cOopa, 00pabOTKH, aHaIH3a U
xpaneHus: uHpopmanun o nyonukamusx B MHIT CO PAH, npencrtaBieHHBIX B BUAE TpeX
pensinmonHbIx BJ1: myOnukanuii, HCTOUHUKOB U aBTOPOB. Bce Tpu Mo1yIis CBsi3aHbl C BHEIIHUMHU
OoubnuorpaduueckuMu CUCTEMaMH M TO3BOJIAIOT  peniaTb BECh  CHEKTP  TEKYIIUX
MH(POPMAIIMOHHBIX, OMOIMOMETPUYECKHX W MOMyJIsIpu3aTOpcKuX 3anad. Hamonnenue BJ] u
OPUTHHAJIBHBIA MHCTPYMEHTapuil, (YyHKIMOHANbHO NPHUOIMKEHHBI K MHCTPYMEHTApHIO
MexayHapoAHblx b/l, Takke NMO3BOJAIOT pelIaTh TAKUE AKTyaJbHBIE 33aJa4uM, KaK ONTUMH3ALUA
OMOIMOTEeYHON OUCKH, BBISIBIIEHUE HAYUYHBIX ()POHTOB U NEPCIIEKTUBHBIX UCCIEI0BATEIbCKIX
HallpaBJICHUH W OLIEHKAa IOTEHIMAla W3J4aBacMbIX B OpraHM3allUd KypHaynoB. OTMmeueHa
HEOOXOJIMMOCTh TIOCTOSIHHOTO KypupoBaHusi u Jopabotku bBJ[ B oTBer Ha HOBBIE
MH(OPMAIIMOHHbIE BBI30BHI.

DATABASES OF ACADEMIC PAPERS FOR PROMOTING SCIENTIFIC RESEARCH:
A CASE STUDY OF INSTITUTE OF PETROLEUM GEOLOGY AND GEOPHYSICS

N.A. Mazov'?, V.N. Gureyev*?
Trofimuk Institute of Petroleum Geology and Geophysics SB RAS
“State Public Scientific Technological Library SB RAS

MazovNA@ipgg.sbras.ru

Bibliographic databases in research organizations play an important role in solving various
tasks that face both researchers and organizations. Recently, two main searching and bibliometric
functions have been enriched by the promotional one resulting in formation of repositories and
web-mirrors of databases. The promotional function may lead to enhanced academic network,
increase in ranking or competitive positions. This report reviews current approaches to
constructing internal databases for full and precise information on the organization’s scholarly
output. Main features of modern databases include powerful search using different filters,
integration with general databases, producing various reports in necessary formats, and rapid web-
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presentation of data. The authors describe the technological process of collecting, processing,
analysis, and storage of data on scholarly output of IPGG SB RAS organized as three relational
databases including publications, sources, and authors units. All three modules are linked to
general bibliographic databases and enable one to solve a wide range of current informational,
bibliometric, and promotional issues. Database content, as well as original software functionally
close to that of general databases, makes it also possible to solve the following topical problems:
revising the list of subscribed serials in the library, detecting research fronts and promising
research areas, and evaluate journals published by IPGG. The authors focus on the necessity to
permanently supervise and update database content and functionality in response to current
information challenges.

MINERAL PROSPECTIVITY MAPPING JIUISI TIPOTHO3A MECTOPOXJIEHUI
30JI0TA 1 METAJUIOTEHHYECKOI'O PAWOHUPOBAHMUS
HEHTPAJIBHO-KOJIBIMCKOI'O PETHOHA (MAT'AJAHCKAS OBJIACTD, POCCHA)

U .H. I'opsues
Cubupckas mkona reonayk MPHUTY

Ha mnmomane IlentpanbHo-KonpiMckoro pernona (AsH-FOpsaxckuil aHTUKIMHOPHM,
WNubsinu-JleOMHCKHMIA CUHKJIMHOPUH, banbirbluanckoe mogHsATHE W I0KHas 4acTh OMyIEBCKOTO
MOHSATHS) C UCIOJIb30BAHUEM METOJIOB MAIIMHHOTO O0YY€HHs MOCTPOEHA reoCTaTHUCTUYeCKas
MIPOTHO3HO-TIONCKOBAss MOJIENIb 30JI0TOr0 OpyAeHEeHUs (KapTa TOTEHIUAIBLHONH pecypCcHOM
NMEepCHeKTUBHOCTH). B KadecTBe HCXOAHBIX JAaHHBIX MCIOJIB30BAHbBl MYJIBTUCIICKTPAIbHBIC
CITyTHUKOBBIE ~CHHUMKH, MaTepHallbl CpPEIHEe- W MEJKOMACIITaOHOTO TeOJIOTHYECKOTO
KapTUPOBAHUS, JTAHHBIC CPEIHEMACIITAOHBIX TeOPU3MUSCKUX M JTUTOXHUMHUYECKOH chéMOK. Ha
OCHOBE TEPBUYHBIX JAaHHBIX OBbUT PACCUMTAH HCUEPIBIBAIOUINN HAOOp MPU3HAKOB, MMEIOIIMX
OTHOIIIEHWE K TIOMCKOBBIM KpHUTEpUAM. /[l TOCTpOEHUS TMPOTrHO3a MPHUMEHSJICS METO.
ciyyvaitHoro neca (Random Forest) ¢ mcnonp3oBaHuEM CIIy4allHBIX BBIOOPOK M OCpPEIHEHHEM
pesynbrata. [lomydeHHbIE NPOTHO3HBIE KapThl TO3BOJSIOT JIOKAIM30BATh IMOTEHIIMATIBHBIC
30JI0TOPYIHBIE OOBEKTHI C TPOCTPAHCTBEHHBIM Pa3peICHUEM 2 KM, UTO TIO3BOJISIET OCYIIECTBIISATh
BBIOOp TMEPCHEKTHUBHBIX YYAaCTKOB sl JHIleH3upoBaHus. [lokazaHo pazauyue MPOTHO3HBIX
MPU3HAKOB ISl Pa3HBIX PETHOHAIBHBIX CTPYKTYP, TO3BOJISIONIEE UCIIOIB30BAaTh UX KaK OJUH U3
($haKTOPOB I METAJTIOTEHUYECKOT0 PAaHOHUPOBAHHUS.

MINERAL PROCPECTIVITY MAPPING FOR FORECATING GOLD DEPOSITS
AND METALLOGENIC ZONING OF THE CENTRAL KOLYMA REGION
(MAGADAN REGION, RUSSIA)

I. N. Goryachev
Siberian School of Geosciences, Irkutsk National Research Technical University

Using machine learning methods for the territory of the Central Kolyma region (Ayan-
Yuryakh anticlinorium, Inyali-Debin synclinorium, Balygychan uplift and the southern part of the
Omulevsky uplift), a geostatistical prognostic-prospecting model of gold mineralization was built.
Multispectral satellite images, materials of medium- and small-scale geological cartography, data
of medium-scale geophysical and lithochemical studies were used as source data. Based on these
data, a complete set of features related to the search indicators was calculated. To build a forecast,
we used the Random Forest method with randomized samples and averaging the result. The
resulting forecast maps make it possible to localize potential gold ore objects with a spatial
resolution of 2 km, which allows to select perspective areas for licensing. The difference in
prognostic indicators for different regional structures is shown, which allows using them as one of
the factors of metallogenic zoning.
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MINERAL PROSPECTIVITY ASSESSMENT USING ASTER DATA
AND MAXENT METHOD IN PYTHON

S.L. Shevyrev!?, E. John M. Carranza3, E.V. Gorobeyko?, N.G. Boriskina?®
'Polytechnic Institute of FEFU
2Far East Geological Institute FEB RAS
3Department of Geology, University of the Free State

shevirev@mail.ru

Poor access to remote regions and dense forest cover obstruct mineral exploration and
increase investment risk. However, the combination of remote sensing and in-situ field mapping
can be implemented to outline prospective areas within such regions of interests. This proposition
was tested within the Kema terrane (Sikhote—Alin Superterrane, Southeast Russia), whereby
ASTER data were used to compute “mineral presence images” for mineral species determined by
analysis of field samples. The implementation of this methodology requires computing of directed
principal component (DPC) images that can depict mineral signal separately from reflectance
caused by vegetation cover. The remote sensing data processing and image defoliant techniques
can be implemented in a Python script. Data assessment and prospectivity analysis algorithm
include the following steps: data input (mineral occurrence points, list of determined mineral
species, ASTER L1T radiance bands in HDF file); conversion of radiance into reflectance, and
then atmospheric and topographic corrections; deriving mineral band ratios and NDVIc vegetation
classes; selecting coverage with sparse vegetation classes; data cross-validation and training of
Maximum Entropy (MaxEnt) prospective model with locational data of known mineral occurrence
points. The trained MaxEnt model can be used for deriving a prospective map when assessed with
testing dataset. Automation of data processing can be applied in Python with gdal, numpy and
pandas. Richdem library was implemented for removal of topographic shading. The MaxEnt
model was configured based on OneClassSVM class from scikit-learn library. The developed
software allowed us to derive a mineral prospectivity map for the vegetation-covered Kema
terrane, revealing hidden prospectivity zoning, and to recommend areas for further exploration.

HOBBI MOJX0/J K MTHTETPHPOBAHHOMY MOJIETUPOBAHUIO TIPUTOKA
K T'PYIIE CKBAKHWH B HE®TEI'A30BOMU 3AJIEKH C ITOJOIIBEHHOMN BOJOH

JLJI. Puvixcosa, P.J[. Kanesckas, I1.B. Ky3ueyos
AQO "NHCTUTYT reosoruy u pa3paboTKH TOPIOYHX HCKOMaeMbIX "

RyzhovalLL @igirgi.rosneft.ru

Bosneuenne B pa3paboTKy TpyAHOM3BIEKAEMBIX 3allacoOB, MPUYPOUYCHHBIX K CIIOKHO
MOCTPOCHHBIM KOJIJIEKTOpaM, Ha CETOAHSAILIHUI JeHb SBISETCS aKTyalbHOH 3amadeil. OOBEKT
HCCJIEeIOBaHUs TPEICTaBIseT cO00M MacCCHUBHBIA TPEIIMHOBATO-KaBEPHO3ZHBINM KapOOHATHBIN
KOJUJIEKTOP C Ta30BOH IIANKOW M MOJACTWIAIONICH BOJoW. MomenupoBaHue AOOBIYM U3 TaKHX
O00OBEKTOB SBJISAETCS TaK K€ HETpUBHAIbHOM 3amaueil. IlosTomy Oblia cozmaHa OpUrHMHAIbHAS
BBIUMCIIUTENbHAS JKCIPECC-METOANKA, YUYUTHIBAIONIAS OCHOBHBIE OCOOCHHOCTH HCCIETyeMOU
3aJIeKHd, OOBEMITIONIAs BECh IMKJI YOpaBICHUS pa3pabOTKOW U BKIOYaromas B ceOs
B3aMMOCBSI3aHHBIC MOJIENIU TeUeHUS (PIFOUOB KaK B TJIACTE, TAK M B CTBOJIE CKBAKHHBI U CUCTEME
Ha3eMHOTO 00yCTPONCTBA.

[IpuTok Kk rpynmne CKBaXXMH B IJIACTE MOJEIUPYETCS C MOMOUIBIO MOJyaHATUTHUYECKOMN
pa3HOMAacIITa0HOM MOJENW W YYWUTHIBA€T WHTEPPEpPEHIMI0 CKBAXWH I1I0 IUIACTy B
KpyIMHOMAacCIITa0HOM TMPUOTMKEHHH, a Tak)Ke TMpOpPhIBBI KOHYCOB BOJbI W Taza B
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OKOJIOCKBRXXMHHOW 30He. [lanbHelmas ajganTanus MoJenu 1O (aKTUYECKUM JaHHBIM
OCYILECTBIIICTCS] C TIOMOIIBI0 METOJUKH MICHTH(PHUKAIINN KITIOUEBBIX MMapaMeTpoOB, OCHOBAaHHOMN
Ha PEIICHUH ONTUMU3ALUOHHBIX 3a]1a4.

MogenupoBaHue pabOThl 3aJIE)KHU B YCIOBUSX BBICOKOT'O Ta30COAEPIKaHUS H0OBIBaeMOM
npoAyKiuu TpeOyeT yuera uHTepdepeHIy U 1o HazeMHoU uHbpacTpykrype. [Jng storo O6suia
pa3paboTraHa HOBas MOJAETb MHOro()a3HOro TMOTOKAa B TPyOax, MOJHOCTBIO COMPSDKEHHAs C
MOJEJIBIO TUIACTA.

PazpaboTannas nHTErpUpOBaHHAsI MOJIENIb ONPOOOBAHA HA PEabHBIX JAHHBIX OJJHOTO M3
YHUKAJIBHBIX MECTOPOXKICHUI U MOXKET UCIOJI30BATHCS JIJIsl ONIEPATUBHOTO MPUHATUS PEIIECHUN
10 KOPPEKTUPOBKE PEKUMOB paOOThI CKBAXKHH.

A NEW APPROACH TO INFLOW INTEGRATED MODELING TO A WELL GROUP
IN THE OIL AND GAS RESERVOIR WITH BOTTOM WATER

L.L. Ryzhova, R.D. Kanevskaya, P.V. Kuznetsov
Institute of Geology and Development of Fossil Fuels

RyzhovalL@igirgi.rosneft.ru

Including in hydrocarbon production hard-to-recover reserves confined to complex
reservoirs is an important problem today. We consider a massive fractured-cavernous carbonate
reservoir with a gas cap and bottom water. Oil production modeling from such objects is also a
complex problem. Therefore, an original computational express procedure was created. It
considers the main reservoir features, covers the entire oil production management cycle and also
includes connected fluid flow models both in the reservoir and surface equipment system. The
inflow to a well group in the reservoir is modeled by the semi-analytical multi-scale model.

This model takes into account the wells reservoir interference in a large-scale
approximation and water and gas breakthroughs near the wellbore zone. Further model history
matching is implemented by the control parameters identification algorithm based on solving
optimization problems.

High gas-oil ratio production modeling requires consideration the surface infrastructure
interference. For this, a new pipe multiphase flow model was developed and fully coupled to the
reservoir model.

The developed integrated model has been tested on the one of the unique oil fields real data
and can be used for adjusting well operation mode express decision-making.

INEPCIIEKTUBBI OCBOEHUS ITPUPOJHBIX PECYPCOB BYJIKAHOB
HA OCHOBE JAHHBIX TUCTAHIOIUMOHHOI'O 30HAUPOBAHUSA 3EMJIN

B.A. Menxuii, A.A. Bepxomypoeg
WuctutyT Mopckoii reonoruu u reopusuku [[BO PAH

vamelkiy@mail.ru

HecmoTps Ha TO, 4TO BYJKaHBI NPEACTABISIIOT JIOBOJBHO OOJBLIYIO OMACHOCTH IpHU
OpraHU3alUuH XO35IMCTBEHHOM EATEIIBHOCTH OOIN30CTH OT HUX, MUJIJIMOHBI JIFOJIEH TPOKUBAIOT
B 30HAax, IOJBEP)KEHHBIX PHUCKY BYJIKAaHHYECKOrO BO3AEHCTBUs. JlaHHBIE NMCTAaHIIMOHHOTO
30HAMPOBAHUA 3€MJIU IO3BOJISIOT OLICHUTh IIPUPOJHO-PECYPCHBIM MTOTEHIIMAI TEPPUTOPHH, T1IE
BO3MOXHA JOOBIYa MHUHEPAJIBHOTO ChIpbs (CEephbl, TYTOIUIABKUX METAJJIOB, CTPOUTEIBHBIX
MaTepualioB), TUAPOTEPMAIBHONM OSHEpPruu (OTOIUIEHHE JKWIbs, TEIUIML, IPOU3BOJICTBO
ANIEKTpOdHEprun). /i orleHKH 0ObEMOB BYJIIKAHOTEHHBIX OTJIOKEHHH JOCTATOYHO OIPENEIUTh
IUIOLIA/Ib UX PACIIPOCTPAHEHUS ¥ MOLIHOCTh. BIIOJIHE yMECTHBIM B KOHTEKCTE U3yUEHHUS pECYPCOB
BYJIKAHUYECKUX PETrMOHOB OyI€T yHOMUHAHHUE O IJI0JJOPOJHBIX IT0YBAX, (POPMUPYIOIIMXCS BOKPYT
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SPYNTUBHBIX LEHTPOB MOCIIE U3BEPKEHUM, KOTOPBIE UMEIOT BAKHEHIIIEE 3HAUCHUE JJI pa3BUTHUSA
CEJIbCKOXO35MCTBEHHOIO  IPOM3BOACTBA. HeMamoBaXHBIM  IPOAYKTOM  BYJIKAHHYECKOU
NEeSATEIbHOCTH SIBJIAIOTCSA IPUPOJHBIE MUHEpAIbHbIE BOJBI, OAJBHEOJOIMYECKHE CBOMCTBa
KOTOPBIX TOMOTAlOT HW3JI€YUTh 3a00JI€BaHUSI ONOPHO-ABHTAaTEIBHOTO armapara, >KEIyJI04HO-
KHIIECYHOTO TpaKTa, CEPAEYHO-COCYAMCTOM cucreMbl M np. llpm xopomel opranuszanuu
KYPOPTHOM  J€ATEIBHOCTU IEPCIEKTUBBI  HCIIOIB30BAHMS THUAPOTEPMAIBHBIX PECYpPCOB
3HAYMTENbHO BoO3pacTaroT. Ilnomanku TepManabHOrO pasorpeBa JIETKO OOHApy)KHMBAIOTCS Ha
cHumkax B SWIR-auanasone. TypucTcko-peKpealiiOHHbINA MOTEHIMAI BYJIKAHOT€HHBIX 00BEKTOB
TaKXke MPeCTaBIIsAeT OOJIbIION HHTEpeC.

PROSPECTS FOR THE DEVELOPMENT OF NATURAL RESOURCES
OF VOLCANOES BY REMOTE SENSING DATA

V.A. Melkiy, A.A. Verkhoturov
Institute of Marine Geology and Geophysics FEB RAS

vamelkiv@mail.ru

Millions of people live in areas at risk of volcanic impact, despite the fact that volcanoes
pose a fairly large risk to economic activity. The natural resource potential of the territories where
the extraction of mineral raw materials (sulfur, refractory metals, building materials),
hydrothermal energy (heating of housing, greenhouses, electricity generation) is possible is
estimated according by data of remote sensing of the Earth. It is sufficient to determine the
distribution area and thickness of volcanic deposits in order to estimate their volumes. In the
context of studying the resources of volcanic regions, it is quite appropriate to mention the fertile
soils that form around eruptive centers after eruptions, which are important for the development
of agricultural production. Natural mineral waters, whose balneological properties contribute to
the treatment of diseases of the musculoskeletal system, gastrointestinal tract and cardiovascular
system, are a very valuable natural resource. With a good organization of resort activities, the
prospects for the use of hydrothermal resources increase many times over. Areas of thermal heating
are easily detected on images in the SWIR range. Of great interest is the tourist and recreational
potential of volcanogenic sites.

WCHOJIb30BAHUE TEXHOJOI' M CMEIIIAHHOM PEAJIBHOCTH
JJIsA OBIMEHUA C TIPUPOAHBIMU OBBEKTAMMU

FO.H. Monopooos*, E.A. Crenyos®

ld)eﬂepaanLIﬁ HCCJ'ICI[OBB.TCHBCKHIZ LHCHTP I/IH(bOpMaI_II/IOHHLIX W BBEIUHUCIUTEIBHBIX TEXHOJIOT UM
CO PAH

’HoBocuOHpPCKHii TOCy1apCTBEHHbIH YHUBEPCUTET

yumol@ya.ru

B pabote paccMaTpuBaroOTCsl 3J€MEHThl TEXHOJOTMHM CMEIIAaHHOW peasbHOCTH. OHH
MPUMEHSIIOTCS UIsl paboThl ¢ NpupoaHbIMU 3D oObekTamu U 0a3upyrOTCSl Ha HCHOJBb30BAaHUU!
(opMaTOB JaHHBIX, UX MPEOOpPa30BaHUs, UMIIOPT, FKCHOPT B MPOrpaMMHBIE KOMIUIEKCH 3D
MojenupoBaHus. B ocHoBe 3Tux paboT JNEeKUT ¢GoTorpaMMerpuyeckuid moaxoj. OCHOBHBIM
UHCTPYMEHTOM SIBJIIIOTCS IPOTPAaMMHBIE KOMILUIEKCHI Uil pabOThl B CMEIIAHHON peaibHOCTH U
coBpeMeHHbIe porpamMHbie cpenctBa: Blender, Unreal Engine, Unity. Heo6xoaumeIm siBisieTcs
o0ecrieueHHEe BO3MOXHOCTH TIOJIYYEHUS TMPOCTPAHCTBEHHOM HH(pOpMAlMM Ha OCHOBE
(dbotorpadupoBanrss 0OBEKTOB JIeTATEIBLHBIMH aliapaTaMH, BBOJ ATOW WH(OpPMAIUU, a TaKKe
HE00XOAMMbIE TeOMETPUYECKUE PeoOpa3oBaHus, SKCIOPT, CO3AaHNE KOMIUIEKCHBIX MTPOEKTOB.
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Jnist 3T0M 1enu ObuTH pa3paboTaHa IPOTrpaMMbl U HHCTPYMEHTBI, KOTOPbIE MOKHO HCIOJIb30BATh
IpU CO3JAaHUM TPEXMEPHBIX MOJEJEH, TEXHOJIOTHH pabOThl ¢ BUPTYyaJbHOM M JOTOJHEHHOMN
PEAJIBHOCTBIO. DTU TEXHOJIOIMHM MOTYT YCIIEIIHO MCIOIb30BAThCS AJIS IIOJIy4EHHsI TOCTOBEPHOIO
3HaHUS O pPEAIbHOW JEHCTBUTENBHOCTH, Ha OCHOBE COBPEMEHHBIX CIIOCOOOB BH3yalU3aIUH
pa3NUYHbIX BUJIOB MHpOpManuu. BaxxHbIM 351eMEHTOM sBIseTcsa pa3paboTKa APYKECTBEHHOI'O
uHTep(eiica moap30BaTeNsl, 00ECIeYeHne HHTEPAKTUBHOTO B3aUMOAEUCTBHUS C TI0JIb30BATENIEM,
ONMPAsCh Ha TEXHOJOTUU BUPTYaJIbHON pPeaIbHOCTH.

USING MIXED REALITY TECHNOLOGIES TO COMMUNICATE
WITH NATURAL OBJECTS

Yu.l. Molorodov?, E.A. Sleptsov?
! Federal Research Center for Information Technology
% Novosibirsk State Universities
mol@ya.ru

The paper considers the elements of mixed reality technology. They are used to work with
natural 3D objects and are based on the use of: data formats, their transformation, import, export
to 3D modeling software systems. These works are based on the photogrammetric approach. The
main tools are software systems for working in mixed reality and modern software tools: Blender,
Unreal Engine, Unity. It is necessary to provide the possibility of obtaining spatial information
based on photographing objects by aircraft, the input of this information, as well as the necessary
geometric transformations, export, and the creation of complex projects. For this purpose,
programs and tools have been developed that can be used to create three-dimensional models,
technologies for working with virtual and augmented reality. These technologies can be
successfully used to obtain reliable knowledge about reality, based on modern methods of
visualizing various types of information. An important element is the development of a friendly
user interface, providing interactive interaction with the user, relying on virtual reality technology.

ETL-TEXHOJIOTAN KAK HTHCTPYMEHT OPTAHN3AIINYA HATIOJTHEHUS
JTAHHBIMM IU®POBBIX JIBOMHUKOB

B.I1. Ilomanos, E.JI. Cuacmaueyes, H Y. FOxuna, U.E. Xapramnenkos, A.A. bvikos, M.C. Pyoos

Kemepockuii punman denepaabHOTO UCCIIEIOBATEILCKOTO IIEHTPa HHOOPMAITMOHHBIX 1
BBIUHCIUTENbHBIX TexHonorut CO PAH

leonakler@mail.ru

Paccmotpen Bomnpoc npumenenus npouenypsl ETL k 3anade cOopa v HOArOTOBKE TaHHBIX
JUIA HamoJHEeHus: MH(pOpMannoHHOW cucteMbl. CylmecTByromas HH()OpMAIMOHHAS CHCTEMa
HKOJIOTUYECKOT0 MOHUTOPHHIA T'OPHOAOOBIBAIOIMX MHPEANPUATHN MO3BOJIAET pelaTh 3ajadu
OoTOOpakeHUs OOBEKTOB Ha JJIEKTPOHHBIX KapTax, paboTel ¢ 0a3aMu JaHHBIX 4epes
N0JIb30BaTENbCKUI HHTEp(EICc 1 TpoBeieHNs psiaa pacueToB. Ho B HacTosi1iee Bpemsi, CTAaHOBATCS
aKTyaJIbHbI BOIIPOCHI 00pa0OTKU Pa3HOPOIHBIX JaHHBIX, MOAIEPKKA BO3MOKHOCTH UX XPaHEHUS
B CIHEIHMAIM3UPOBAHHBIX XPAHWIUINAX M aBTOMATH3alUH, YHHU(DHUKALUU MPOLenyp HNOIy4YeHHUs
(BBOJI@) M peoOpa3oBaHus JaHHBIX. J{J1s peleHus yka3aHHOM npoOieMbl IpeiaraeTcsi BHEIPUTD
B cuctemy npouenypy ETL, T.e. Bomnonnenue onepauuii Extract, Transform, Load (u3Bneuenue,
npeoOpa3oBaHue, 3arpy3ka) C LEJIbI0 HAINOJIHEHUS JaHHBIMU LIEJIEBOM CUCTEMbl Ha 0Oasze
OTKPBITOTO MporpaMMHOro obecredeHus. Takum oOpa3zom, OyJeT TOCTUTHYTO €AMHOOOpasue
nporuecca o0paboOTKU MOTOKOB BXOJAHBIX JIaHHBIX, UX MOJIU(UKALMU, B TOM YHUCIE IO 3alpocy
10JIB30BATEI.
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ETL-TECHNOLOGIES AS A TOOL FOR ORGANIZING DATA
FILLING IN DIGITAL TWINS

V.P. Potapov, E.L. Schastlivtsev, N.I. Yukina, I.E. Kharlampenkov, A.A. Bykov, M.S. Rudov
Kemerovo branch "Federal Research Center for Information and Computing Technologies"

leonakler@mail.ru

The issue of applying the ETL procedure to the task of collecting and preparing data for
filling the information system is considered. The existing information system for environmental
monitoring of mining enterprises allows solving the problems of displaying objects on electronic
maps, working with databases through the user interface and performing a number of calculations.
But at present, the issues of processing heterogeneous data, supporting the possibility of storing
them in specialized storages and automation, unifying the procedures for obtaining (inputting) and
converting data are becoming relevant. To solve this problem, it is proposed to introduce the ETL
procedure into the system, execution of Extract, Transform, Load operations (extraction,
transformation, loading) in order to fill the target system with data based on open source software.
Thus, the uniformity of the process of processing input data streams, their modification, including
at the request of the user, will be achieved.

HHOPOPMAILIMOHHASI CHACTEMA MOHUTOPHUHI' A
CEMCMHUYHOCTHU ITIPUBANKAJIBS

M.A. Xpumosa, H.A. 'unésa

baiikanbckuii ¢punnan @enepanbHOr0 ToCyAapCTBEHHOT0 OI0AKETHOTO YUPEXKICHHUS HAyKH
denepaabHOTO HCCIIEN0BaTENBCKOTO eHTpa «Eannas reodusnueckas ciyxo6a Poccuiickoit
aKaJeMUuU HAyK»

hritova@crust.irk.ru

CBoeBpeMEeHHbII MOHUTOPUHI 3eMJeTpsceHuid Ha Tepputopun [Ipubaiikanes u
3abaiikanbs C BBICOKOM CEHCMUYECKOW AaKTHBHOCTBIO SBISIETCS HEOTHEMJIEMOM YacThIO
XKHU3HeoOecreyeHHsI HaCEJICHUs] PETUOHOB U CUCTEM o0ecrnedeHus: 6€30acCHOCTH OTBETCTBEHHBIX
COOPYKEHHM, OTHOCUTCS K TEXHOJIOTUSIM YMEHBLIEHHSI PUCKA ONACHBIX NPUPOIHBIX sBICHUN. B
paboTe TpeACTABICH OMBIT CO3JaHUS BUPTYaIbHOW CETH CEMCMUYECKUX CTaHIMK baiikambckoro
¢mmmana OUIL[ EI'C PAH ¢ npuMeHeHHEM TEXHOJIOTHH BUPTYaJIbHBIX IPUBATHBIX CETEH.

PaccmoTpena cymiecTByromas cucremMa coopa NepBUUHBIX MaTepraIoB HAOIIOIEHUN ceTH
ceiicmuyeckux cranuuii Ilpubaiikanest u 3abaiikanbs, paOoTaromas B pPeXHUME peaJbHOro
Bpemenn (IIK «SendAgent & ReceiveAgent»). PazpabGorannas mporpamMma aBTOMaTHYECKOU
00pabOTKH pernoHaJIbHBIX 3emiieTpsiceHuil («AutoBykl») mo3Bonser ompenensitb OCHOBHBIE
napamMeTpel coOBbITHMIi: BpemMss B ouare, reorpaduyeckue KOOPIMWHATHI THIIOLEHTPA,
SHEPreTUYEeCKUl Kiacc, MarHuTyny. llpuBeneH ombBIT HCIONIB30BAHMS HMHTEPAKTHBHOIO
OMpOCHMKA i1 cOopa MaKpOCEHCMUYECKMX MJAaHHBIX TMPH CHUJIBHBIX 3EMIIETPSICEHHSX,
MO3BOJISIIOIETO  cOOMpaTh /0 HECKOJIBKO THICAY aHKeT. lcmonb30BaHUe CyHIeCTBYIOMICH
UHGOPMAIIMOHHO-aHAIUTUYECKON CHCTEMbl MOHUTOPUHTA CeCMUYHOCTH baiikanbckoro perunona
MOKa3aHO Ha MPUMEpE MOCIEeIHUX MPOU3OIICAINX CWIbHBIX 3emierpsicenuit 2020-2021 rr.
(beictpunackoe 21.09.2020 r. ¢ maraurygoi M=5.5, Kynmapuuckoe 09.12.2020 r. ¢ M=5.5 u
Xy6cyrynsckoe 3emnerpsicenue 11.01.2021 r. ¢ M=6.8).

Pa6ora BeImoHeHa npu noanaep:kke MunoOpHayku Poccun (B paMkax rocy1apcTBEHHOTO
3ananus Ne 075-01471-22) u ¢ ucnionb30BaHUEM JITaHHBIX, OJTYYEHHBIX Ha YHUKAJIbHON HayYHOU
yctaHoBke «CelicMOonH(pa3ByKOBOI KOMIUIEKC MOHUTOPHHTA apKTUYECKOW KPUOIUTO30HBI U
KOMIUIEKC  HENPEpPhIBHOIO  CEMCMHUYECKOro  MOHUTOpuHra  Pocculickoit ~ @enepauuu,
compeaenbHbIX Tepputopuii u mupay (https://ckp-rf.ru/usu/507436/, http://www.gsras.ru/unu/).

65


mailto:leonakler@mail.ru
mailto:hritova@crust.irk.ru

INFORMATION SYSTEM FOR MONITORING SEISMICITY
OF THE BAIKAL REGION

M.A. Khritova, N.A. Gilyova
'Baikal Branch of the Geophysical Survey RAS

hritova@crust.irk.ru

Timely monitoring of earthquakes in the territory of the Baikal and Transbaikal regions
with high seismic activity is an integral part of the life support of the population of the regions and
the safety systems of critical structures. It is technology for reducing the risk of natural hazards.
The paper presents the experience of creating a virtual network of seismic stations of the Baikal
branch of the FRC EGS RAS using the technology of virtual private networks.

The existing system of collecting primary observation data from the network of seismic
stations in the Baikal and Transbaikal regions operating in real time is considered (software
package "SendAgent & ReceiveAgent"). The developed program for automatic processing of
regional earthquakes ("AutoBykl") allows you to determine the main parameters of events: time
in the source, geographic coordinates of the hypocenter, energy class, magnitude. The experience
of using an interactive questionnaire for collecting macroseismic data during strong earthquakes
is presented, which allows collecting up to several thousand questionnaires. The use of the existing
information and analytical system for monitoring the seismicity of the Baikal region is shown on
the example of the last strong earthquakes that occurred in 2020-2021. (Bystrinskoe on September
21, 2020 with a magnitude of M=5.5, Kudarinskoe on December 9, 2020 with M=5.5, and the
Khubsugul earthquake on January 11, 2021 with M=6.8).

The work was supported by Ministry of Science and Higher Education of the Russian
Federation (075-01471-22). The data used in the work were obtained with large-scale research
facilities «Seismic infrasound array for monitoring Arctic cryolitozone and continuous seismic
monitoring of the Russian Federation, neighbouring territories and the world» (https://ckp-
rf.ru/usu/507436/, http://www.gsras.ru/unu/).

CIITYTHUKOBBII PAJTUOJOKAIIMOHHBI MOHUTOPUHT
I'OPHOAOBBIBAIOIIINX OBBEKTOB KY3bACCA

JI.C. Muxkos

Kemeposckuit punnan denepanbHOro UCCIe10BaTENbCKOT0 IEHTPa HH(OPMALIMOHHBIX U
BbIUMCIUTENBHBIX TeXHOJorui CO PAH

mikov@ict.sbras.ru

B paGote paccMoTpeHbl BOIPOCHI OLEHKH COCTOSIHUSL U U3MEHEHHUS 36MHOU TTOBEPXHOCTH
Ha TepPUTOPUSX yrieno0siBaromux npennpusatuii Kysoacca. [IpogeMoHcTpupoBaHO IpUMEHEHHE
MHOTOIIPOXOJHBIX CEPUH CIYTHUKOBBIX pamapHbIX (SAR) wu300pakeHH C KOCMHYECKOTO
anmapata Sentinel-1 ¢ wucnonp30BaHMEM TaKUX ~METONOB, Kak Ju(pdepeHnnanbHas

uHTEephEepOMETpHsI, METOJI MaJIbIX 0a30BBIX JuHUHN (SBaS), MeTonm ycToOMYMBBIX OTpakarenein
(PS).

SATELLITE RADAR MONITORING OF MINING FACILITIES IN KUZBASS
L.S. Mikov
Federal Research Center for Information and Computational Technologies

mikov@ict.sbras.ru
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The paper considers the issues of assessing the state and changes of the Earth's surface in
the territories of Kuzbass coal mining enterprises. The application of multi-pass series of satellite
radar (SAR) images from the Sentinel-1 spacecraft using methods such as differential
interferometry, the small baseline subset (SBaS), persistent scatterer (PS) is demonstrated.

NPEANOCBHLIKHU JJII PE@AKTOPUHI' A IPOT'PAMMBI 11O PACUETY
KPUCTAJUVIOTPA®OUYECKUX ITAPAMETPOB ITIOA3EMHOI'O JIBJIA

A.A. Heanosal, E.A. Cnacooal?3

"MncturyT kpuocdepsl 3eman TEOMEHCKOro HaydHOro HeHTpa CHOUPCKOro OTe ICHH S
Poccuiickoit akanemun Hayk CO PAH

>TIioMeHCKHil MH Iy CTPUANLHBIA YHUBEPCUTET
3TroMeHCKHil TOCYJapCTBEHHBIH YHUBEPCUTET

ananivanova@yahoo.com

N3yuenne o0coOEHHOCTEH KPHCTAIIMYECKOTO CTPOEHUS IMOJ3EMHOI0 JIbAa IO3BOJIAET
HOJY4YUTh MH(POPMAIHMIO O Tpoleccax ero GopmupoBanus u Tpanchopmarun. CoTpyIHUKAMU
Hucturyta Kpnocdeps! 3emnn Obuta co3naHa nporpaMma Ha s3bike MapBasic u1st BelYMCIeHUS
KpHucTaorpadgudeckux mapameTpoB mo ¢ortorpadusM cTpykTypsl Japaa — «Crystaly. IMocie
3arpy3kd M300pakeHusi, MOATOTOBIEHHOro merporpadguyeckuM MetogoM, B  Maplnfo,
HEOOXOIUMO OOBECTH KaXIblid Kpuctaul WHCTpyMeHTOM «llommuron». Jlnst oOBemeHHBIX
IOJIMTOHOB IMPOTrpaMMa pacCUUTHIBACT MapaMeTpbl KPUCTAIUIOB (IUIOLAAb, IEPUMETP U T.A.) U
BBIBOJIHT PE3YJIBTAT B MOPSIKE UX JOOABICHUS 0€3 BO3SMOKHOCTH IPYIIIUPOBKH. UTO HE MOAXOIUT
JUIS U3YYEHUS pa3pe30B MHOTOJICTHEMEP3JION TOJIIHM, KOTOPasi COCTOUT M3 JICASHBIX TEJl Pa3HOI0
TCHE3NCa, XapaKTEpU3YIOMIMXCS OTIMYHBIMH Jpyr OT Jpyra pasmepamu, GopMod W
OPUEHTUPOBKOM KpuCTaLIoB B nuinge. Takke B MporpaMme HE YUUTHIBAIOTCS MUHEpAJbHBIE U
OpTaHWYeCKHEe BKIFOUCHUS, ITy3bIPHKU BO3TyXa. UTOOBI HE 3aBUCETH OT IPOTPAMMHOTO MPOAYKTA
Maplnfo, npusATO pemieHHMe 0O MpPeoOpPa3oOBAHHUI0O M IEPEHOCe MPOrpaMMbl Ha  SI3BIK
nporpammupoBanus python ¢ ucrons3oBanueM rpadpudeckoit oudmuorexn Tkinter. I[IpopucoBka
KPUCTAJJIOB SIBISIETCS CJOXKHOM M TPYyAOEMKOW paboTOM, MOITOMY BeAeTcss pa3paboTka
MOJTyaBTOMAaTUYECKOH BEKTOPU3allMU KOHTYPOB KPHUCTAIOB MO OWHAPHBIM M300pakKeHHsM. B
OyaylieM MjIaHUpyeTCsl MPOBEACHHE PacyeToB MO (GOpMYyJIaM U3 OPUTHHAIBHON MPOrpamMMbl U
CTaTUCTHYECKUI aHAIN3 MTOTyYEHHBIX PE3yJIbTaTOB.

Pa6ora Bemonnena B pamkax HUOKTP 121041600042-7.

BACKGROUND FOR REFACTORING THE PROGRAM FOR CALCULATION
OF UNDERGROUND ICE CRYSTALLOGRAPHIC PARAMETERS

A.A. lvanoval, E.A. Slagoda®??
'Earth Cryosphere Institute, Tyumen Scientific Centre SB RAS
’Industrial University of Tyumen
3University of Tyumen

ananivanova(@yahoo.com

The study of the underground ice crystal structure features provides information about the
processes of its formation and transformation. The staff of the Earth Cryosphere Institute created
a program in the MapBasic for calculating crystallographic parameters from photographs of the
ice structure — «Crystal». After loading the petrographically prepared image into Maplnfo, it is
necessary to outline each crystal with the «Polygon» tool. The program calculates the parameters
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of crystals (area, perimeter, etc.) and displays the result for outlined polygons in the order they
were added without the possibility of grouping. It is not suitable for studying sections of
permafrost, which consists of ice bodies of different genesis, characterized by different sizes,
shapes, and orientations of crystals in thin section. The program does not take into account mineral
and organic inclusions, air bubbles. In order not to depend on the Maplnfo software product, a
decision was made to convert and port the program to the python programming language using the
Tkinter graphics library. The drawing of crystals is a complex and time-consuming work,
therefore, the development of semi-automatic vectorization of the crystals contours from binary
images is underway. In the future, it is planned to carry out calculations using formulas from the
original program and statistical analysis of the results obtained.
The work was carried out in the framework of State Research Program 121041600042-7.

ASSESSING LAND DEGRADATION ON A REGINAL SCALE USING
A MULTI-DATA APPROACH IN CENTRAL ASIA

Elizaveta Khazieva, Ziga Malek, Peter Verburg
Environmental Geography Department, Institute for Environmental Studies, Vrije Universiteit

es.khazieva@gmail.com

Central Asia hosts one of the largest continuous grassland areas on our planet, and
grasslands are of vital importance for food security, biodiversity and carbon sequestration.
However, this region was also subject to some of the most intense land degradation processes,
negatively impacting human activities, biodiversity and climate dynamics. For combating land
degradation worldwide the concept of land degradation neutrality (LDN) has been introduced as a
target for the Sustainable Development Goals (SDG).

In order to achieve LDN, appropriate methods and data need to be used to identify the
extent of actual LD trends. As in most global regions, there are still insufficient data on land
degradation. We therefore used different data and indicators to analyse land degradation. Most
importantly, we compare the global LDN indicators with a regional indicator on soil quality, the
so-called soil bonitet, based on different soil characteristics.

We compared global and regional land cover datasets, showing that the selection of land
cover datasets has a significant impact on the overall assessment of degradation state. We find out,
that the extent of land degradation varies considerably depending on the use of land cover data.
Particularly, we identified that land degradation can range between 15 to 34% of the whole Central
Asian region.

Using the regional indicator of soil bonitet, we were able to identify the extent of degraded
areas that should be counterbalanced, as proposed in the “like-for-like” approach. For example,
the area of degraded land on high quality soils twice as high as area, where land condition was
improved (12% versus 6%). Low soil quality areas demonstrate the similar trend, but the variance
is not so significant (13% versus 10%). Our study demonstrates, that with improper selection of
data, particularly in data poor regions, we could under or overestimate the extent of land
degradation. In addition, without consideration of regionally specific indicators, restoring
degraded lands would not enable achieving LDN.
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PE®EPEHIUA HEUETKUX IPOCTPAHCTBEHHBIX OB BbEKTOB
A.B. Kowkapés
Wucturyt reorpaduu PAH

akoshkarev@yandex.ru

Mexaynapoanslii  ctangapt ISO 19112:2019 «Geographic information - Spatial
referencing by geographic identifiers» (IIpoctpancTBeHHble naHHbIe. [IpocTpaHcTBeHHAS
NpUBA3Ka TO TreorpaduueckuM WACHTHU(PHUKATOpaM) M €ro OJHOMMEHHBIA HaIlMOHAJIBHBIN
poccuicKkuii TpOo(HUIb OMUCHIBAIOT METOJbI TO3WUIMOHUPOBAHMS (TIPHUBS3KH) OOBEKTOB
pearbHOCTH, OCHOBaHHBIE Ha «reorpaduueckux wuaeHtupukatopax» (geographic identifiers),
KOTOpbIE OOBIYHO TPEICTABISAIOT CO00M reorpaduyeckre Ha3BaHUS (TOMOHWMBI) WA KOJBI
(HarmpuMep, MOYTOBBIE MHAEKCHI). Ero mcrnoip3oBaHue 3aTPyIHEHO B CiIydae, €Clii OOBEKT He
MMeEeT WIM HE MOXKET UMETh YeTKux rpanull. [Ipumepom ciyxar Gopmsl penbeda pazanyHOro
MOp(hOTreHEeTUYECKOT 0 TUIIA ¢ HEONPEIeIEHHBIMHU T'€OMOP(OIOTrHUECKUMH I'paHUIIAMU (PaBHUHBL,
BO3BBIIIEHHOCTH, YBaJbl, KPSXKH, HAropbs, MiIaTo U T.I.), UACHTUPHUIHPYEMbIe OpPOHUMAMU
(Bocrouno-EBponeiickas paBHMHa, Bannalickas BO3BbILIEHHOCTb, TUMaHCKUI Kpsixk, CeBepHbIe
yBaunbl, Kopsikckoe Haropse, miaro [lytopana u T.4.). CiocoObl onucaHus UX MECTOMOIO0KEHHS
JIOJDKHBI 00ecrieunBaTh HEOOXOAMMYIO (Hamepes 3aJaHHYI0) TOYHOCTh HPUBS3KH C y4ETOM
MaciiTada Wik MpOCTPAaHCTBEHHOTO pa3pelieHus. AHAIN3 COACPKAHUSI CTaHIapTa U MPOOJIEM ero
UCTIOJIb30BAaHUS WILTIOCTPUPYET HEOOXOIUMOCTh MOJATOTOBKH JIETAIBHBIX MHCTPYKIMU JUISL €T0
OTEUYECTBEHHBIX MMOJIb30BaTeseil. VccienoBanue BHIOTHEHO B paMKaX TeMbI TOCYJapCTBEHHOTO

3amanus Uucturyra reorpaguu PAH AAAA-A19-119022190168-8 (FMGE-2019-0010).
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Koshkarev A.V.
Institute of Geography RAS

akoshkarev@yandex.ru

International standard ISO 19112:2019 ‘Geographic information - Spatial referencing by
geographic identifiers’ and its eponymous national Russian profile describe spatial references
which relate the features represented in the data to positions in the real world, based on
geographic identifiers in the form of a label (most commonly toponym) or code (for example,
postcode). Standard application is challenging if the object does not have or cannot have clear
boundaries. The landforms of various morphogenetic types with uncertain geomorphologic
borders (plains, uplands, uvals, ridges, highlands, plateaus, etc.), identified by oronyms (East
European Plain, Valdai Upland, Timan Ridge, Northern Uvals, Koryak Highlands, Putorana
Plateau, etc.) represent typical examples of such problematic interpretation. Methods for
describing their location should provide the necessary (predetermined) accuracy of the reference,
taking into account the map scale or spatial resolution. Analysis of the standard’s content and the
problems of its practical use illustrate the need to prepare detailed instructions to be adjusted for
the domestic users. Investigation was implemented within the framework of the theme under the
AAAA-A19-119022190168-8 (FMGE-2019-0010) State Assignment of the Institute of
Geography of the Russian Academy of Sciences.
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