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NPEANCJIOBHUE

Ota nyOnukanus npeacrasisieT coboit Kparkue tesucwr nokmamoB VII Beepoccuiickoi
Kondepenumu ¢ mexaynapoansm yyactiueM « IMH®POBBIE TEXHOJIOT'MU BY AYIIET'O
— COBPEMEHHBIE PEHIEHUSA B HAYKAX O 3EMUJIE. ITES -2025.

OcnoBHas 1nens KoHgepeHmu cocTouT B TOM, 4TOObI mpuBieub Ha [laneHuii Boctok
BEAYIIUX HMCCIeoBaTeaed M SKCIEPTOB B HH(MOPMALMOHHBIX TEXHOJIOIMSX, NPHUKIAJHON
MaTeMaTuke, reonH(popMaTuke, reopu3uKe, CACTEMHOM aHAIM3€ U3 Pa3InYHbIX opranuzanuii PO
JUIs 0OOMEHa 3HaHUSIMH U OTIBITOM U 0OCYX/I€HUSI BO3MOXKHOCTEN COTPY/IHUYECTBA.

OpranuzaropaM NpPEICTaBISIETCd Ba)XHbIM NPEJICTaBICHHE BEIYIIMMHU CHELHMATUCTAMU
JIOKJIQZIOB 110 aKTyasJbHBIM HAlpaBJICHUSIM HCCIEA0BAaHUM B 00JAacCTH LU(PPOBBIX TEXHOJIOTHH
Oyayuiero Ui Hayk o 3emie: OOJBIIMX MaHHBIX, OOJIAYHBIX TEXHOJOTHH, HMCKYyCCTBEHHOI'O
UHTEJUIEKTa, U(POBBIX ABOMHUKOB, OECIMIOTHBIX JIETATENIBHBIX aNlapaTtoB U Jp. BakHeiMu
TaKXe ABISIOTCS 00CYKIEHHsS BOIMPOCOB IU(POBOI MOMyIISIpU3allUN HAyYHOU JEATEIbHOCTH, a
TaK)K€ BOIIPOCOB BOBJICUEHUS B HAYKy MOJIOJIEKH U CTYyJECHTOB U OpPraHU3alds B3aUMOIEHCTBUSA
MEXy YUYEHBIMH, IPEICTABISIONIMMHI pa3IHUHbIe 00IaCTH 3HAHUH.

HHTerparus akageMudeckoil 1 By30BCcKoi Hayku MockBbl, HoBocubupcka n BnaauBoctoka
cTajla ONpeAeNsIomMM (aKTOpOM TPH BBHIOOpE peruoHa Ui NPOBENEHUS OdYepeIHOU
Kondepenmuu 2025 rona.

Msr  mpeamonaraeM, uto KoHdepenmuss Oyner cmocoOCTBOBAaTH — MOBBIIICHUIO
3¢ (EeKTUBHOCTH  MCIIONB30BaHMA  PE3yJbTaTOB  HAyYHOM  JEATENBHOCTH  OpraHaMu
VCIIOJIHUTENIbHOM BJIACTU W OpraHM3alMsIMM, CBSI3aHHBIMM C KOHTPOJIEM M YIPaBIECHUEM
IPUPOJHBIMU PECYpCaMH, NPENYNPEKICHUEM U JIMKBUAALMEH IOCIEACTBHNA YPE3BBIYAMHBIX
IPUPOJHBIX U AaHTPOIIOI€HHBIX CUTYALMH, IPOEKTHO-U3BICKATEIBLCKUMHU PA0OOTAMH.

Crnennanuctsl u3 nHcTuTYTOB PAH 1 yHuBepcureros, u3 20 ropogos P®: Mockssl, CaHKT-
[Terepbypra, HoBocubupcka, Tomcka, Upkyrcka, KpacHosipcka, Maranana, [lerponasioBcka-
Kamuarckoro, IOxHo-Caxanuncka, Tromenu, Anatutos, Bonrorpana, Kemeposo, Bnagusoctoka
u 1Ip., a Takke u3 PecrryOnmku benapyce n FOxHO-ApukaHCcKoil peciryOIuKe MPUHSIN y9acTHE
B 3T0i KoH(epeHnu n npeacTaBuiIn B 3Ty KHUTY KpaTKHeE TE3UChl CBOUX JTOKJIAI0B.

B xone koH(pepeHIMH paccCMOTPEHBbI COBPEMEHHbBIE JOCTUKEHUS, MOJyYEHHbBIE B paMKax
YeThIPEX IJIaBHBIX HAIPABICHUI UCCIEN0BaHU, B TOM YUCIIE U UX MIPAKTUYECKHUE TPUIIOKECHHUS.

IlepBoe 0ObeIMHSET Pa3pabOTKH, CBA3aHHBIC C 0COOCHHOCTSMH JaHHBIX (B TOM Yncie U Big
Data) B Haykax o0 3emJjie: HOBblE KOHLEIMIMHY U METObl, HHCTPYMEHTBI UX cOOpa, HHTErpalui u
00paboOTKM B pa3nMYHBIX HHPOPMAIIMOHHBIX CHCTEMaX, B TOM UYHCIE€ U B CHCTEMax C
VMHTEHCUBHBIM HCIOJIb30BAaHUEM JIaHHBIX.

Bropoe cBsizaHo pa3paboTKOW W amanTanuei METOAOB U TEXHOJOTHW HCKYCCTBEHHOTO
MHTEJUICKTA JIJISl peIIeHUs] HAyUHBIX, U B YACTHOCTHU, I'€OJIOTHUECKUX U reou3nyecKux 3aaay.

Tperbe — c uKM(POBHIMU HHCTPYMEHTaMH aHaiu3a M 00paboTKM HHOpManuu H
BUPTYaJIbHBIMU aCCUCTEHTAMHU.

YeT1Beproe — ¢ NOMYJIApU3ALMEN HAYUYHBIX 3HAHUM.

Haywmoga B.B.
I'ocynapcTBenHslii reonoruueckuii mysei um. B.W. Bepnaackoro PAH
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HUPPOBBIE TEXHOJIOI'MU B 'EOJIOTUU: COCTOSHUE U ITEPCITEKTHUBBI
JLE. Yecanos
OI'BY «I'mapocneureonorus» (Mocksa, Poccust)

chesalov(@specgeo.ru

AnHoTamst: PaccMOTpeH OmBIT pa3BUTHS HUGPOBBIX TEXHOJOTHA B TEOIOTUU H
TOOBIBAIONINX OTpPACisAX, BKIIOYAsi TOCYJApCTBEHHBIE M YAaCTHBIE CTPYKTYPHI, IPOMBIIIJICHHbIE,
Hay4HbIe 1 00pa3oBaTebHbIe yupekaeHus. [IpuBeeHbl pe3ynbTaThl HCIIOIB30BaHUs HU(POBBIX
TEXHOJOTHI I IIMPOKOTO CHEKTpa HCCIEAOBaHUNH B 00JACTH TEOJIOTOPa3BEAKH U JTOOBIUH,
paccMOTpEHBI MPEUMYIIECTBA M HEIOCTAaTKU. IIpeasioskeHsl Moaxo/sl, CIOCOOHBIe 00eCTIeYnTh
KauyeCTBEHHBIH MPUPOCT 3HAHUN U HHPOPMAIH B 00JIACTH T€OJIOTHH.

KiroueBsie crmoBa: 1udpoBbIE TEXHOJOTHH, TEOJOTHsA, JOOBIBAIOIIME OTPACIIH,
WH(POPMAIIMOHHBIE CUCTEMBI.

[u¢poBble TeXHOJOTMM B TIeojOTMU pas3BuBaroTcs Oonee 60 ner. Mcmosb3oBaHue
U(PPOBBIX TEXHOJIOTUI B T'€OJIOTUU U HEIPOIOJIb30BAHUU 32 MOCIEAHUE TO/AbI HAXOIUTCS MOJ
BIMSHUAEM JIByX pa3HOHANPABICHHBIX (PAaKTOPOB — B3PHIBHOM HWHTEpPEC K TEXHOJIOTHAM
UCKYCCTBEHHOI'O HHTEJUIEKTa U CHUKEHHE KOHBIOHKTYPbl ~MHHEPAJIBHOIO ChIpbS U
HHEPreTHUecKUX pecypcoB. ClieyeT OTMETUTh, YTO CHM)KEHUE KOHBIOHKTYPBI CHIPbS BEIET K
HOUCKy OoJiee JIeIEeBbIX METO/I0B I'€0JIOTHUECKOr0 U3Y4YEHHUs, YTO TaKKe YCHIMBAET MHTEPEC K
U(PPOBBIM TEXHOJIOTHUAM POTHO3UPOBAHMUS, TIOUCKOB Pa3BEIKU U Pa3paOdOTKU MECTOPOKICHHUI.

Brenpenne mudpoBsix TexHoMOrUi Ha panHeM dtarne (70-80-pie), Kak MpaBwIIo, HE 1aBaJIO
MPSIMOTO  3KOHOMHUYECKOro 3(dekra — 3aTpaThl Ha WHPOPMAIMOHHYIO HH(PPACTPYKTypy HE
okynanuck. OIHaKO MOSABJSUIMCH HOBbIE BOBMOXKHOCTH, 0COOEHHO B 00JacTH ¢OOpa, XpaHEHHUs U
00pabOTKH TeoJOrHYecKoi WH(GOpPMAIMK, YTO CTUMYJIHPOBAJO pa3pabOTKy alroOpuTMOB U
nporpaMM. CoBpeMeHHBIH 3Tan Hadajcs B KoHue 80-x — Hawane 90-X M CBA3aH PE3KUM
yJIeUIeBICHUEM KOMIIOHEHTOB HH(popManuonHoi uHPpacTpykTypsl (IBM-coBmecTimbIe
NEepCOHAJbHBIE KOMIBIOTEPHI). 3a mpolueAmue 35 jJeT NPaKTUYeCKH HCUYEe3IM U3 MacCOBOTO
cermenTa paznooOpasubie RISC mporieccopsl 1 apXUTeKTYphI, HecoBMecTuMBIe ¢ Intel. Pazsutue
OTKPBITOTO MPOTPaAaMMHOTO OoOecreueHus: 00ecneunino I0CTyTHOCTh aJIrOPUTMOB 00pabOTKH U
UHTEpIIPETallui, a OTHOCUTENIbHAsI HU3Kas 3(PQPEKTUBHOCTb HUX pealu3alus KOMIIEHCUPYETCS
BBIYMCIUTEIHLHON MOIIHOCTBIO. POCT BO3MOXkHOCTEH M KOHKYypeHuus TexHonoruid M1 (OpenAl
DeepSeek u ap.) 3a mocneaHee Bpems Tak)Ke CO3/Ia€T YHUKATBHBIC BOZMOXKHOCTH ISl PA3BUTHS
U(PPOBBIX TEXHOJIOTUH B MPUKIJIATHBIX 00IACTAX.

Hcnonb3oBanne HUQPPOBBIX TEXHOJOTHH B TEOJOTMH U HEIPOINOJB30BAHUU MOKHO
YCIIOBHO pa3JelUTh HA TPU HAIPaBICHUS:

1. TpaaumnuonHoe (yCIOBHO-TIACCHBHOE), CBSI3aHHOE CO COOpPOM H XpaHCHHEM
reojiornyeckoit uHGopMaiu. B pamkax 3Toro HamnpaBiIeHUs pa3BUBAeTCs aBTOMaTHU3aluUs cOopa,
noBbIlIeHHe 3((PEKTUBHOCTH XPAaHEHUs M JOCTyIa, CTaHAApTU3alMsi U TEXHOJIOTMU OOMEHa
JaHHBIMHU. VIMEHHO 3TO HampaBJIeHHE CO31AaET OCHOBY (B T.Y., MPECIOBYTHIE «AATACETHI») IS
JaJIbHEHIIero UCIob30BaHMs M pa3BUTHs. Pe3koe yzemieBieHre TBEpJOTEIbHBIX HAKOIHUTEIEeH
CYILIECTBEHHO PaCIIUPUIIO BO3MOKHOCTHU 10 XPAHEHHUIO JaHHBIX.

2. TpaguunonHoe  (YCIOBHO-aKTMBHOE),  CBSI3aHHO€  C  IIPOMBILIUICHHBIMHU
AHATUTHYECKUMHU PEILICHUSIMH 110 00pabOTKe re00rHIecKoi, reopu3n4ecKoi 1 reOXMMHUYECKOM
uHpopmanuu. B paMkax 3Toro HampaBleHUs PEUIAIOTCA 33aAaud UH(OPMALMOHHOMN MOAIEPKKU
pa3pabOTKW MECTOPOXKIECHUH U mepepaboTKH ChIpbsi. MHOruWe peanu3yeMble alrOpPUTMBI
ABJISIIOTCSL  BBIYMCIMTENBbHO-eMKUMHU. K coxaneHuto, wWumo3uss OECKOHEYHOro  pocTa
BBIYMCIUTEIFHON MOITHOCTH OTOJBHHYJAa Ha BTOpOH IulaH moUCK Ooinee 3(deKTuBHBIX
aJTOPUTMOB 00PaOOTKH.
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3. MHHOBAaLIMOHHBIE PELICHUS, HAIIPABJICHHBIC KAK HAa PEIICHUE HOBBIX 3a7a4, TaK U
Ha ToBbIICHHE ()(HEKTHUBHOCTH TPAJAWIIMOHHBIX METOAOB OOpabOTKH. DTH pEHICHHS aKTHBHO
pa3BUBAIOTCS BO BCEX O00JACTAX TIE€OJIOTHUM, OJAHAKO €CThb OO0JIACTH, BBI3BIBAIOILME OOJBILINIMA
uHTepec. BeeoOmuii axxnorax u 3i(opus MamMHHOTO 00YYEHHUS BEJET K NMEPEOLeHKE KauyecTBa
MOJIy4aeMbIX PELICHUH, CHOPHBIM I101X0AaM K (POPMHUPOBAHUIO 1aTACETOB AJIl OOY4YEHUS U 4acTO
K UTHOPUPOBAHUIO (PU3MUECKUX OCHOB METOJIOB U U3MEPEHUIA.

Poct ucnonwp3oBaHus LU(POBBIX TEXHOJOTMM HAOMIOJAeTcs BO BCEX CEKTOpax —
roCyZapCTBEHHOE YIPABJIEHUE U I'€0JIOTUYECKOE M3YUEHHE HEIp 3a cueT OIJKEeTa, pa3BelKa U
pa3paboTKka MeCTOpOXIEHUH (MPEeUMYIIECTBEHHO YacTHBIH CEKTOp), Hayka M oOpa3oBaHUE.
CyI1ecTBEHHO pa3Hble HaIlpaBI€HUsS pPa3BUTHS LUQPOBBIX TEXHOJOIHMH XapaKTepHBbl s
roCyAapCTBEHHOTO U YACTHOT'O CEKTOPOB.

['ocynapcTBeHHBIN CEKTOp NPEUMYIIECTBEHHO 3aUHTEPECOBAH B COBEPLICHCTBOBAHUU
ynpaBieHus: (OHJOM HeAp, B COOTBETCTBUM CO CTPAaTerMYECKMMHU 3ajayaMu oTpacid. 3a
MOCTICIHUE TO/ABI BBIIIOJHEH TEpPexXoa K IU(PPOBOMY JIMICH3MPOBAHUIO IpaBa MOJIH30BAHUS
HeipamMH, uAeT pedOopMHPOBAHHWE OTYETHOCTH  HEAPOIOb30BaTEIe, SKCIepTU3bl U
pa3pelmTenbHON JeATeIbHOCTU. ['eHepaabHOEe HamlpaBiieHue — o0OecledeHHe NpPO3pavHOCTH
JEeATENBHOCTH HEPOIOJIb30BaTENIEH AJI TOCY1apCTBa, YIyUllIEeHHEe BO3MOKHOCTEN MOHUTOPHUHT A
u ympaBieHus. Tak ke ecThb JIB)KEHHE B CTOPOHY YJIYUIIEHHUS JOCTyNa K HAKOIJICHHOU
reoJornyeckoil HH(opMaIum, COBepIIEHCTBOBAHMS €€ cOOpa M XpaHEHHS.

OOmuit mHTEpeC rocyAapcTBa U YaCTHOIO CEKTOpPa CBSI3aH C MCUYEPIIAHUEM MOMCKOBOTO
3ajena (T.e. BO3MOXXHOCTEH OTKPBITHS HOBBIX MECTOPOXIEHHUI MOJIE3HBIX HCKOMAEMBIX), YTO
CTUMYJMPYET MHTEPEC K MPOTHO3HO-IIOMCKOBBIM MCCIEAOBAHUSAM, B TOM YHCJE C MOMOILBIO
MHHOBAIlMOHHBIX MeTO/M0B. Ha mpakTuke 4yacTHBIM CEKTOp BHJIUT B LU(POBBIX TEXHOJOTHUSIX
CPEIICTBO CHWXXEHMS H3JepKeK (M ce0ecTOMMOCTH), OCOOEHHO CBSI3aHHBIX C pECypco- U
HSHEPrOeMKUMH TEXHOJIOTUSIMU JOOBIYM W TMEepepadOTKU ChIpbsi. B03MOXHOCTH T00aNbHOM
ONTHMU3ALMS TPOLECCOB HEAPOMOJIb30BAHUS CBS3BIBAIOT C TEXHOJOTHUSMHU «IIH(PPOBBIX
JBOMHUKOBY - OT IU(PPOBOro KEpPHA A0 IHU(PPOBOro MECTOPOKACHUS.

st 4acTHOro CEKTOpa POCCHUHCKOrO HEAPONOIb30BaHUS XapaKTEpPHO OTCYTCTBUE
KoJmabopaluy  MeXAy KOMIAHMSMHU JJIi COBMECTHOI'O pa3BUTHS HOBBIX TEXHOJOTHI.
CotpyanuuecTtBo B 3TOH cdepe ¢ By3aMH W HAyYHBIMH OPTraHM3alUSIMH TakKXKe 3a4acTyro
OKa3bIBAETCS] HOMMHAIBHBIM U Majod(p(eKTUBHBIM. TakuM 00pa3oM, €IMHCTBEHHBIM CIIOCOOOM
MOJIy4€HHUS HOBBIX HU(POBBIX TEXHOJIOTUH SIBISIETCS UX 3aKyNKa WU pa3paboTKa COOCTBEHHBIMU
CUJIAMHM, YTO JIOCTYITHO TOJIBKO KPYITHBIM KOMIIaHUSM.

Jliis By30B, BelyIIUX COOCTBEHHYIO pa3paboTKy LU(POBBIX TEXHOIOTUH, ONPEAEIAIOIINM
(akTOpOM SIBIISIETCS] HAJIMYME CBS3€H C 3aKa3UMKOM — KpPYNHOM KoMmmaHuei. Mnu napannenbHoe
CO3/1aHHE KOMITaHUH-pa3pabOTUMKOB, MOJIB3YIOIIUXCS pecypcaMH By30B, HO JICHCTBYIOIIMX Ha
PBIHKE HE3aBUCUMO B KAUECTBE CEPBUCHBIX KOMIIaHHM.

B kadecTBe Hay4HBIX OpraHU3alMil B HACTOAILEE BPEMsI MOYKHO pacCMaTpUBATh TOJIBKO
yupexaeHuss Axagemun Hayk. OtTpacieBble OpraHu3ali JuHOO OCTaJHCh MMOJ KOHTPOJIEM
rOCyAapCTBa W BBINOJIHSIOT 3aJaHMsl, CBS3aHHBIE C YIPABICHUEM HEIpaMU U TEOJOTHMYECKUM
W3y4YeHHEM HeAp 3a CYeT ToCyAapcTBa, JHOO TepenuIid TMOoJ KOHTPOJb  KPYIHBIX
HeZApoIoyib30BaTeNneil, 1ub0 MpeKkpaTUaM CBOE cyllecTBoBaHMe. OpraHusanuu, CO3/1aHHBIE
By3aMH, IIOJHOCTBIO 3aBUCAT OT By3a M COTPYAHMYECTBA C OIPEACIICHHON KOMITaHHUEH-
HEJPOIOJIb30BATENIEM.

He3zaBucumpIx pa3zpabOTYMKOB HOBBIX MH()OPMAIIMOHHBIX TEXHOJIOTUH CIIEyeT OTHOCUTD
K KaTErOp1M CEPBUCHBIX KOMITaHUM. JlJI1 HUX TaK e KpaliHe BaXKHO COTPYIHUYECTBO C KPYITHBIMU
HUIPOKaMU — rOCYJapCTBOM WJIM YaCTHOM KOMIIaHUEH.

OcHoBHbIE HanpaBiieHUs] TU(POBBIX HHHOBALMH B T€0JIOTUU U HEAPOIIOJIb30BaHHUHU:

I. [IporHo3HO-1OMCKOBBIE HCCIIEOBAaHNS HA OCHOBE MAIIMHHOTO 00y4eHus. B 3Toit
00J1acTU MPUKJIAIBIBAIOTCS OYEHb OOJIBIIME YCHUJIUS, OJHAKO Pe3yJbTaThl MOKA CKPOMHBIE MU
HenyOnmyHble. HeT cBeneHwid O KpPyNMHBIX OTKpHITUSX B Poccum, chaenaHHBIX C TOMOIIBIO
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HCKYCCTBCHHOI'O MHTCJIJICKTA. B T0 *)e BpEMsA €CTh HY6J'II/IK3HI/II/I O KPYIIHBIX YCIICXaX B MHpOBOﬁ

NPaKTUKE.
2. OnTumu3anus IPOU3BOACTBEHHBIX MTPOLIECCOB IPU Pa3BeKe U J00bIYE, OCOOEHHO
JUIS IOPOTrOCTOsIEro 00opyaoBanusi. Beicokas 3¢ (eKTHBHOCTD U peabHas YKOHOMHUSI.
3. [Ipumenenne wmammHHOrO 3peHUs. [Ipu BbicOKON 3((PEKTHUBHOCTH B APYrux

OTpACIISIX T€0JIOTUS M HEJIPOTIOIb30BAHKE €IIIE JKIYT PA3BUTHSI U TPUMEHEHUSI HOBBIX TEXHOJIOTUH
Ha 3TOH OCHOBE.

4. Coznanue 3 dexTuBHBIX 0a3 U 0aHKOB NaHHBIX. HarpaBieHne HECKOJIBKO OTOIILIO
Ha BTOPOHW IJIaH, XOTS MMEHHO HAJE)KHbIC JTaHHBbIC SBISIIOTCS OCHOBOW ycrexa JUisl JHOOBIX
UQPPOBBIX TEXHOJNOTHH. ECTh OTHENbHBIE yCHEXW Yy YAaCTHBIX KOMIAHWH, OpraHu3amus
COBPEMEHHBIX BBICOKO3((PEKTUBHBIX TOCYJApPCTBEHHBIX apXHBOB ((POHIOB) e€Ile HAXOIUTCS B
CTaJuU IPOCKTUPOBAHMUS.

5. Pa3zpaboTka wHGOPMAIIMOHHBIX CHCTEM M CEPBHCOB JIJII HEJIPOIOjb3oBareieii. B
3HAYUTEIIbHOW Mepe WHHIMATHBA TMPUHAJIC)KUT TOCYAAPCTBY, €CTh OTACJIbHBIC IOIBITKA
CO3/IaHUS1 HE3aBUCUMBIX CEPBUCOB JIJI PhIHKA.

6. Pemenune tunoBeix 3aga4 00pabOTKM M MHTEPHPETALUHU T'€0JIOr0-reopu3nyecKoi
uHpopManmu. Maer pasBuTHe TPAAMIMOHHBIX AHAIUTUYECKUX TOAXOAOB, MPHUMEHEHHE
MaIMHHOTO 00Yy4YEeHUs TTOKa HE JAeT MPOPHIBHBIX PE3YJIbTATOB.

7. Paspabotka u  wucmonb3oBaHHME — SA3BIKOBBIX — Mojened.  [loTeHumanbHO
BBICOKOO((DEKTUBHOE HAIpaBlI€HWE — 3HAYMUTENbHAs YacTh TEO0JOrHYecKod uHdOopmauu
npeJcTaBieHa TeKcTaMu. ECTh OJMHOYHBIE MOMBITKH peaTn3alii HeOONbIINX MOJENeH, B TO
BpeMs KaK re0JIOTHUECKHUE CITYKObI aHTJION3BIYHBIX CTPAH JaBHO PAa3BUBAIOT 3TO HAIIPaBJICHUE.

HMenHO reosorust ¥ HEAPOMOIb30BAHUE SBISIOTCS TOM chepoil HAyUYHO-TEXHUUYECKOU
JEATEeIIbHOCTH, TJIe MOTYT OBITh MOJIYYEHBI MPOPBIBHBIE pe3yJabTaThl. MHOTHE OTpabOTaHHBEIC B
JIPYTUX OTPACISAX TEXHOJOTHM KAYT CBOEro HMpUMeHEeHHus. boiblioil pe3epB cocpeaoTOvYeH B
opranm3anuu 3(PGEeKTHBHOTO COTPYJHUYECTBA W B3aWMOJICUCTBHS OpTaHHU3AIMN pa3HBIX
CEKTOpOB. Bricokasi peIHOYHAsE BOCTPEOOBAHHOCTH PE3yJIbTATOB TrapaHTHUPOBaHA OTCYTCTBHEM
aJbTEPHATHBHBIX MCTOYHUKOB MHHEPAIBHBIX PECYpPCOB M HEBO3MOXHOCTHIO TIOJHON 3aMEHBI
MCKOMIaeMOr0 TOTUIMBA aTbTEPHATUBHON PHEPTETUKON B OiIbKaiiiiiee Bpems.

DIGITAL TECHNOLOGIES IN GEOLOGY: STATUS AND PROSPECTS
L.E. Chesalov
FSBi "HYDROspetzgeologiya" (Moscow, Russia)

chesalov(@specgeo.ru

Annotation: The experience of the development of digital technologies in geology and
extractive industries, including governmental and private structures, industrial, scientific and
educational facilities, is considered. The results of the using of digital technologies for a wide
range of studies of geological exploration and production, the advantages and disadvantages are
considered. The approaches that can provide a qualitative increase in knowledge and information
in the field of geology are proposed.

Keywords: digital technologies, geology, extractive industry, information systems.
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HOUPPOBBIE TEXHOJIOI'MM BYAYHIEI'O - COBPEMEHHBIE PEIIEHUS B
HAYKAX O 3EMJIE

B.B. Haymosa', M 1. ITamyx’, A.C. Epemenxo’?3, A.A. 3acyménnos’ >3, B.C. Epémenxo’
TocynapcTBennslii reonoruueckuii Myseit um. B.1. Bepnanckoro PAH (Mocksa, Poccus)
2MIHCTHTYT aBTOMAaTHKH U miporieccos ynpasnenns JJBO PAH (Bnaausoctok, Poccus)

3 [lambHeBOCTOUHBIH (enepanbHbIi yHuBepcuTeT (Bnamusoctok, Poccus)

B paGote 00cyx)mar0Tcsi TEXHOJIOTHH, CTIOCOOHBIC PAUKAIBHO U3MEHUTH PA3BUTHE CPa3y
MHOTHUX O0O0JacTeil: MCKYCCTBEHHBI WHTEIUIEKT, KBAHTOBBIE TEXHOJIOTHH, OOJbBIINE JaHHBIC,
TEXHOJIOTUM OECIIPOBOIHOW CBSI3M, CHCTEMBI PACHpEACICHHOTO peecTpa W 1p. ABTOpaMu
paccMaTpuBaeTcs psl TMEpPCIEeKTHBHBIX TEXHOJIOTHH Onwkaiiiero Oyaymiero, KOTOpblie B
HaCTOsIIIee BpPEeMsI MMEIOT MEepPCINEeKTUBBI MPUMEHSThCS B Haykax o 3emiie. [Ipoeaen 0030p
MPUMEHEHHS YTUX TEXHOJIOTUN TSl pelIeHHs Pa3IMYHBIX Te0JIOTUYECKUX 3a/1ad, B TOM YUCIe U
PE3YJIBTATOB, ITOJIYUCHHBIX aBTOPAMMU.

PaGota BeimonHsieTcs B pamkax ['oc. Tembl ['ocy1apcTBEHHOTO T€0JI0THYECKOT0 My3€esl M.
B.1. Bepunanckoro  PAH (FMMR-2025-0001) Per. Ne1022061000107-4-1.5.1
«EcTecTBeHHOHAYYHbIE MYy3€H B €JUHOM IIU(POBOM MPOCTPAHCTBE T€OJIOTMUECKUX 3HAHUI

DIGITAL TECHNOLOGIES OF THE FUTURE - MODERN SOLUTIONS IN EARTH
SCIENCES.

V. V. Naumova', M. I. Patuk’, A. S. Eremenko’?3, A. A. Zagumennov'?3, V. S. Eremenko’
"Wernadsky State Geological Museum RAS (Moscow, Russia)
’Institute of Automatic and Control Processes of FEB RAS (Vladivostok, Russia)
3Far East Federal University (Vladivostok, Russia)

The article discusses technologies that can radically change the development of many areas
at once: artificial intelligence, quantum technologies, big data, wireless communication
technologies, distributed registry systems. The authors consider a number of promising
technologies of the near future that currently have prospects for application in Earth sciences. The
review of the application of these technologies to solve various geological problems, including the
results obtained by the authors, is carried out.

The work is carried out within the framework of the State Theme of the Vernadsky State
Geological Museum of the Russian Academy of Sciences (FMMR-2025-0001) Reg. No.
1022061000107-4-1.5.1 "Natural Science museums in the unified digital space of geological
knowledge"
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TEXHOJIOI'MH CEMAHTUYECKOI'O BEBA JIJI51 HOAAEPKKH
OYHAAMEHTAJIBHBIX UCCJIEAJOBAHUU B I'EOJIOT'UHN

HU.B. Boiukos', E.A. Yepxawun'3, O.B. Jlynuna?®, T.FO. Yepxawuna?®, O.A. Mazaesa’, 1]. J]ocan?,
B.A.Ilonosa'?

"MHCTUTYT TMHAMHKH CHCTEM U TeOpuH ynpasieHus uM. B.M. Marpocosa CO PAH (UpkyTck,
Poccus)

2Muctutyt 3emuoit kopsl CO PAH (Mpkytck, Poccust)
SHpkyTckuil Tocy1apcTBeHHbIH yruBepcuTeT (MpKkyTck, Poccus)
‘MHCTUTYT IpaxJaHCKOro CTPOUTENIbCTBA, SIHbTalickuii yausepcureT (Ilanayn, Kurait)

eugeneai@icc.ru

B nHacrosiiiiee Bpemsi, B CBSI3M C CO3JaHMEM WM BHEIPEHUEM HOBBIX HH(OPMAIMOHHBIX
TEXHOJIOTHIl B T€OJOTHMH M CMEXKHBIX 00JacTSIX 3HAaHUN CYIIECTBEHHO YBEJIMYMBAIOTCS O00BEMBI
Ha0II0JaeMbIX M HAKaIUIMBAEMBIX JaHHBIX. B nokiaze oOcykaaeTcs: MOAXOAbl K OpraHu3aluu
XpaHEHHUsl YaCTUYHO CTPYKTYPHUPOBAHHOM Teoornueckoi MH(popMaluu, a TakkKe MpUMEHEHHE
METOJIOB HMCKYCCTBEHHOTO WHTEIJIeKTa s ee o0paboTku. [lpemioxkeHpl KOHIICTIIIHS
NpEJICTaBICHUs JaHHBIX, OpraHW3alus pacHpelle]IeHHOro XpaHeHus uHpopManuu U
BBIUMCIIUTENbHAS UHOPACTPYKTYpa, MOAISPKUBAIONINE MEXIUCIUILUIMHAPHBIC UCCIICIOBAHUS B
reonoruu. [IpeacraBneHpl METOAMKN MPUMEHEHHUS] TEXHOJIOTUI ceMaHTH4eckoro Beba (CB) ans
XpaHEHHs JaHHBIX U METOJBl X 00paboTku, ncnoin3ys rpadsl 3Hanuid (I'3) [1] u obnaunbe
xpaHwimma naHHbiX. CB 1mo3BosisieT mpeAcTaBisTh XpaHUMBIE JAaHHBIE B BHUJIE€ OTHOLICHUI
(ceMaHTHYECKUX  CBsI3eM)  MeXay  MHPOPMALMOHHBIMH  €IWHHUIIAMH,  [POU3BOJIUTH
PEKOHPUTYpALMIO JaHHBIX TPU YBEIMYEHUH oO0bemMa HHPOpPMAIMM U CO3JAAHHUS HOBBIX
OTHOIIIEHUM B XPAaHUMBIX JAHHBIX. Takoil MOAX0J, OCHOBaHHBIM HA aKTMBHOM HCIIOJIb30BaHUU
metauHpopmaruu (T-Bokca onTonmoruit), mpeacraBieHHOW B sSBHOM Buae B ['3, mo3BoisieT
co3/aBaTh 00pabOTUMKH 3ampOCOB K 0a3aM JaHHBIX HAa €CTECTBEHHOM S3BIKE, KOMOMHHUPOBATh
HEHpOHHBIE CETH W JIOTMYECKUH BBIBOJA IpH 00paboTke H300pakeHuil, Hampumep, JJ33,
MIPOBOJIUTH UAECHTU(DUKAIIUIO MOJIEIICH U IPYTUE MPOIEAYPHI.

B nokiane npuBeneH psa1 npuMepoB, AEMOHCTPUPYIOIIUX MPUMEHUMOCTD MPEIII0KEHHBIX
METOAMK: MPEICTABICHUE JAaHHBIX O Pa3joMaX 3eMHOU KOphI ¢ nmpuMeHeHneMm CB, BbIoTHEHUE
3aMpOCOB M BU3YaJU3allMsl pe3yJIbTaTOB B BUJE KAPT; OMpeIeICHHUE KOOPAUHAT OCpEroBoil THHUHU
HA OCHOBE CerMeHTauuu u3o0paxeHuii Segment Anything, ceMaHTHYeCKOH pa3METKH
Openstreetmap ¥ JOTHYECKOTO BBIBOJA OIEHKH MPHU3HAKOB, B TOM YHCJIE€ TPOCTPAHCTBEHHBIX;
MpEeACTaBICHUE AHAIUTUYECKUX JAHHBIX MPOBEIECHHBIX T€OXUMHUYECKUX HCCIEAOBaHUN ¢
nocienyromed UACHTUPUKAIIMEH MOJEIN OIECHKH 3arpsS3HCHHM W TPOCTPAHCTBEHHOU
BHU3yanu3auuen pe3ysabraroB. [IpencrtaBieHbl pe3yabTaThl IEPBOrO 3Tana KPyIHOIO HAYYHOIO
npoekta «DPyHIaMEeHTalIbHbIE UCCIeN0BaHus ballkaibCKOW NPUPOTHON TEPPUTOPUU HA OCHOBE
CHUCTEMBbI B3aMMOCBS3aHHBIX 0a30BBIX METOJIOB, MOJEJIeH, HEWPOHHBIX ceTell U 1udpoBoOH
1aT(GOpPMBbI FKOJIOTMUECKOI0 MOHUTOPHUHT A OKpYKarolien cpeash» (rpant MunoOpHayku Poccun,
cornamienue ot 23.04.2024 r. Ne 075-15-2024-533).
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SEMANTIC WEB TECHNOLOGIES FOR SUPPORTING FUNDAMENTAL
RESEARCH IN GEOLOGY

LV. Bychkov!, E.A. Cherkashin'3, O.V. Lunina?®, T.Yu. Cherkashina®, O.A. Mazaeva?, J. Zhang?,
V.A. Popova'?

"Matrosov Institute for System Dynamics and Control Theory (Irkutsk, Russia)
Institute for the Earth’s Crust (Irkutsk, Russia)
3Irkutsk State University (Irkutsk, Russia)
*School of Civil Engineering, Yantai University (Shandong, China)

eugeneai@icc.ru

Currently, due to the development and implementation of new information technologies in
geology and related fields of knowledge, the volumes of observed and accumulated data are
significantly increasing. This paper discusses approaches to the organization of storage of partially
structured geological information, as well as the application of artificial intelligence methods for
its processing. The concept of data representation, organization of distributed information storage
and computational infrastructure supporting interdisciplinary research in geology are proposed.
Methods of applying semantic web (SW) technologies for data storage and methods of data
processing using knowledge graphs (KG) [1] and cloud data warehouses are presented. KB allows
to represent stored data in the form of relations (semantic links) between information units, to
perform data reconfiguration when the amount of information increases and new relations in stored
data are created. This approach, based on the active use of metainformation (T-Box of ontologies),
represented explicitly in the KB, allows database queries processing using natural language,
combining neural networks and logical inference in image processing, e.g., remote sensing, model
identification and other procedures.

The report presents a number of examples demonstrating the applicability of the proposed
techniques: representation of crustal fault data using SW, querying and visualization of results in
the form of maps; determination of coastline coordinates based on Segment Anything image
segmentation, Openstreetmap semantic markup and logical inference of feature evaluation,
including spatial ones; representation of analytical data from geochemical studies with subsequent
identification of the contamination assessment model and spatial visualization of the results. The
results of the first stage of a major scientific project “Fundamental research of the Baikal natural
territory based on a system of interconnected basic methods, models, neural networks and a digital
platform for environmental monitoring” are presented (grant of the Ministry of Education and
Science of Russia, agreement dated 23.04.2024 No. 075-15-2024-533).

[1] Aidan Hogan, Eva Blomgqvist, Michael Cochez, Claudia d’ Amato, et al. Knowledge
Graphs. URL:https://arxiv.org/abs/2003.02320
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AP®POBAS IIJIAT®OPMA MOHUTOPHUHT A U ITIPOTHO3UPOBAHUSA
3KOJOTHYECKON OBCTAHOBKH BAUKAJBCKOM ITPUPOTHOMN
TEPPUTOPUU

U.B. bviukos, E.C. @epegepos, P.K. Déoopos, A.E. Xmenvhos

WHCTUTYT IMHAMUKH cUcTeM U Teopuu ynpasieHus uM. B.M. Marpocosa CO PAH (Upkyrck,
Poccus)

bychkov@icc.ru, fereferov@icc.ru, fedorov@icc.ru, hmelnov@jicc.ru

B pabGote npenacraBieHbl pe3ynbTaThl HCCIICIOBAHUN TI0 CO3AaHUIO0 ITUGPOBOI TIaTGOPMBI
(LITI) xOMIUIEKCHOI'O 3KOJIOIMYECKOr0 MOHMUTOpPHHIa baillKkaiabCKoW NPUPOAHON TEPPUTOPHUU
(BIIT). LIT o6beauusieT uccaeaoBaTesied HayYHBIX HHCTUTYTOB, COTPYAHUKOB BEIOMCTBEHHBIX
opranuzanuii 1 obecreunBaeT UM MOJICPKKY KOMIUIEKCHOTO aHajH3a Pa3HOPOAHBIX JaHHBIX,
MOJIETUPOBAHUS, TPOTHO3UPOBAHMS M BBIPAOOTKM pexoMeHnanuil. VCTOYHMKOM JaHHBIX
ABIIETCA IOCTpPOEHHass KoHcopuuyMoMm uHcTUTYToB CO PAH ceTh KOMILIEKCHOTO
skosoruueckoro monutopunra bIIT, oOecnieunBaromias perucTpaiio aHTPOIIOT€HHBIX BEIOPOCOB
B aTMoc(epy, IKCTPEMATIbHBIX IPUPOTHBIX (TTOKAPHI), TEOJIOTMYECKUX, IKOJIOTO-T€OXUMHUUECKUX,
KITUMATHYECKHUX, OMOJIOTHYECKUX MPOIIECCOB U TUAPOIIOTHUECKUX PEKUMOB BOJIOEMOB C BHICOKUM
BPEMEHHBIM pa3pelieHrneM (5 HampaBlIeHUH MOHHTOPWHTA, HHTEPBAJI PETUCTPALIMH OTIEIBHBIX
napameTpoB 1-5 cek.). B pamkax I{I1 kaxaplii y4acTHHUK TPEIOCTaBISECT PE3yJIbTaThl CBOEH
JeSITENFHOCTH B BUJE CEPBUCOB, YTO IMO3BOJIIET MTHOBEHHO MOJYyYaThb JIOCTYN K JAQHHBIM U
MeroaaM o00paboTku 0Oe3 HeoOxomaumocTh coriacoBaHus. Jlms yHUUKAIMU CEPBHCOB B
mdpoBoi iathopme ucmonb3yeTcs pazpadbarsiBaeMblii Open Geospatial Consortium cranmapt
Web Processing Service (WPS), permameHTHPYIOIIMI TPOTOKOJ BHI30Ba CEpBHCa W OOMEH
meTanaHHeIMU. LludpoBas mutatdpopma oOecmeumBaeT BCEM YyYAaCTHHKAM pPa3pabOTKy W
MPUMEHEHHUE CEPBHCOB M MX KOMIIO3UIMI, YTO MOBBIIIAET YPOBEHb aBTOMATHU3AIMU PEILICHUS
3a/1a4, HAaYMHAsE OT BBO/IA JAHHBIX M 3aKaHUYMBAS ITyOIMKaIeH pe3yIbTaToB.

DIGITAL PLATFORM FOR MONITORING AND FORECASTING THE
ENVIRONMENTAL SITUATION OF THE BAIKAL NATURAL TERRITORY

LV. Bychkov, E.S. Fereferov, R.K. Fedorov, A.E. Hmelnov

Matrosov Institute for System Dynamics and Control Theory SB RAS
(Irkutsk, Russia)

The paper presents the results of research on the creation of a digital platform (DP) for
integrated environmental monitoring of the Baikal Natural Territory (BNT). The DP unites
researchers from scientific institutes, employees of departmental organizations and provides them
with support for integrated analysis of heterogeneous data, modeling, forecasting and development
of recommendations. The data source is the network of integrated environmental monitoring of
the BNT built by a consortium of institutes of the SB RAS. The network ensures registration of
anthropogenic emissions into the atmosphere, extreme natural (fires), geological, ecological-
geochemical, climatic, biological processes and hydrological regimes of water bodies with high
time resolution (5 monitoring directions, registration interval of individual parameters is 1-5 sec.).
Within the DP, each participant provides the results of their activities in the form of services, which
allows instant access to data and processing methods without the need for approval. To unify
services, the digital platform uses the Web Processing Service (WPS) standard developed by the
Open Geospatial Consortium, which regulates the service call protocol and metadata exchange.
The digital platform enables all participants to develop and use services and their compositions,
which increases the level of automation of problem solving, from data entry to publication of
results.
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ARTIFICIAL INTELLIGENCE IN EXPLORATION TARGETING FOR MINERAL
RESOURCES

Emmanuel John CARRANZA
Geology Department, University of the Free State, Bloemfontein, Free State, South Africa

This report explains briefly (a) what artificial intelligence (Al) is, and (b) why it has been
and currently employed in exploration targeting for mineral resources. The report then describes
(a) the different categories of Al that have been and are presently employed in exploration targeting
for mineral resources, and (b) the progresses in the uses of each of these different categories of Al
in exploration targeting for mineral resources. Then, a recent case study by the author on the use
of Al to demarcate exploration targets is reported. This case study developed a novel deep learning
architecture called Infomax — Deep Autoencoder Network, which links the Infomax (information
maximization) processor to a network of piled autoencoders for training of exploration
geochemical data. Being an adaptive learning system, the Infomax processor strives to maximize
the flow of information across a feed-forward neural network. The Infomax — Deep Autoencoder
Network was employed (a) to encode multielement concentration data into separate source signals
from distinct populations of the exploration geochemical data and (b) to avoid the attenuation of
background signals from superfluous inter-element relationships. Then, the encoded source signals
were input into a deep autoencoder network to help improve the modeling of geochemical
background and enhance the signals of complex geochemical anomalies. The Infomax — Deep
Autoencoder Network was employed to analyze stream sediment multielement concentration data
from the Moalleman district (Iran) and to evaluate its efficacy in distinguishing mineralization-
related geochemical anomalies. The evaluation using prediction—area plots and success-rate curves
indicated that geochemical anomalies distinguished by using the Infomax — Deep Autoencoder
Network, compared to those distinguished by using a deep autoencoder network only, presented
stronger spatial relationships with mineralization-controlling structures and locations of known
mineralization. The results denote that complex geochemical anomalies can be recognized by
using the developed Infomax — Deep Autoencoder Network with its improved modeling accuracy
to distinguish mineralized exploration targets.

HUHTEI'PAIIMA PECYPCOB B MTHOPOPMALIMOHHBIE CUCTEMbBI POCKOCMOCA:
PEIHIEHUSA U ITPOBJIEMBI

A.U. Anexcanun'?
'MncTuTyT aBTOMaTHKU M nipolieccoB ynpasienus JJBO PAH (Bnaausoctok, Poccus)
?[lanbHeBOCTOUHBIH (enepanbHblii yausepcuteT (Bramusoctok, Poccus)

aleks@jiacp.dvo.ru

Opranuzanys B3aUMOJEUCTBUS MEXIY Pa3NUYHBIMH WH(GOPMALMOHHBIMU CHUCTEMaMU
JTUCTAaHIIMOHHOTO 30HAMPOBAHUS 3eMJIM U3 KOCMOCa JAeT CHHEpPreTHYecKuil »pdexT mnpu
pa3zpaboTke cepBUCOB, OOECNEUMBAIOMIMX MOTpedUTeNneil JaHHBIMU 00 OKpy»Kalleh cpene.
Co3nanne Ha Oaze JIB®Y mno mopyuenuto Ilpesunenta PD IIp-1849 or 10.10.2018 r.
HccnenoBatenbcko-00pa3oBaTeIbHOTO W MHXKMHUPUHIOBOIO — KOCMHYECKOTO  IIEHTpa
Tlockoprnoparnuu "Pockocmoc" u  pa3paborka Pockocmocom WHGOpMAIMOHHON CHUCTEMBI
obecnieueHus norpedureneii JaHHbBIX aucTannronHoro 3ouauposanus (MC OIT J133) seustorces
MEPONPUATHSIMHU TI0 OpraHU3alMu Takoro B3aumozeicTBus. CrnyTHukoBbiil nentp JABO PAH
coBMecTHO ¢ noapaznaeneHusamu IBOY u I'Y MUC no [IpumopckoMy Kparo IpUHUMAIOT y4acTue
B OTHUX MeponpusaTusx. MHTerpanus TEXHUYECKUX CPEACTB, MHPOPMAIIMOHHBIX IOTOKOB M
CEpPBHCOB TeMaTHUeCKOH 00pabOTKU CIYTHUKOBOW WHGOpPMAMU B EIUHYIO CHUCTEMY,
paboTarolyl0 B pPEXHUME peajbHOr0 BPEMEHM, IO3BOJSET ONEpaTUBHO OOecrneunBaTh
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norpebureneii Heobxonumoil mHbopmanuend. Mmeercs psia TEXHUYECKUX MPOOJEM, KOTOpPbHIE
peIINTh BO3MOXXHO, M OPTaHHU3AIMOHHBIX NPOOJIEM, pEIMICHHE KOTOPBIX 3aTSITUBACTCS II0
HEIMOHATHBIM NpUYMHAM. J(OKJIa[ MOCBAILEH ONMCAHUIO TEXHUYECKUX PELIECHUN OpraHu3aluu
MEXBEJIOMCTBEHHOTO B3aUMOJICHCTBUS U MPOOJIEM HX peaTn3aliiu.

INTEGRATION OF FACILITIES INTO ROSCOSMOS INFORMATION SYSTEMS:
SOLUTIONS AND PROBLEMS

A.L Aleksanin'?
nstitute of Automation and Control Processes FEB RAS (Vladivostok, Russia)
2Far Eastern Federal University (Vladivostok, Russia)

aleks@jiacp.dvo.ru

Organization of interaction between various information systems for remote sensing of the
Earth from space gives a synergistic effect in the development of services that provide consumers
with environmental data. The creation of the Research, Educational and Engineering Space Center
of the Roscosmos State Corporation on the basis of FEFU by order of the President of the Russian
Federation Pr-1849 dated 10.10.2018 and the development by Roscosmos the Information System
for Providing Consumers with Remote Sensing Data (IS OPD ERS) are events to organize such
interaction. The Satellite Center of the Far Eastern Branch of the Russian Academy of Sciences
together with the FEFU divisions and the participation of the Main Directorate of EMERCOM in
Primorsky Krai take part in these events. The integration of technical means, information flows
and services for processing of satellite information into a single system operating in real time
allows promptly providing consumers with the necessary information. There are a number of
technical problems that can be solved, and organizational problems, the solution of which is
delayed for unknown reasons. The report is devoted to the description of technical solutions for
organizing interdepartmental interaction and problems of their implementation.

METABCEJIEHHASA «MCTOPUA 3EMJIN»: HOBBIE ITOJXO/IbI B
COBPEMEHHOM OBPA30BAHUUN

A.C. Epemenko’?
"MncTuryT aBToMaTHKU M polieccoB ynpasienus JJBO PAH (Bnaausoctok, Poccus)
?[lanbHeBOCTOUHBIH (enepanbublii yausepcuteT (Brnamusoctok, Poccus)

academy?21@gmail.com

AXTyanbHOCTb M BBI30BBI. TpaJiMLIMOHHBIE METOJbI IMOIYJIAPU3ALUN T'€OJIOTUU TEPSIOT
3P PEKTUBHOCTh CPEAN MOJIOAEKH, BOCTIPUHUMAIONIEH HAyKy KakK CJIOXHYIO U OTOPBAHHYIO OT
mudpoBoil peanbHocTu. Kpusuc wuHTepeca TpeOyeT NPUHIMIINAIBHO HOBBIX pPELICHMH,
MHTETPUPYIOLINX 00pa3oBaHue ¢ IU(PPOBBIM 00pa30M KU3HU OKOIeHUs Z. CTpaTerndeckas neib
— TpaHc(hopMHUpPOBaTh 00yueHHE B MHTEPAKTUBHOE MPHUKIIOUEHHE Yepe3 MeTaBcelneHHYIo, Te
10JIb30BaTENb CTAHOBUTCS] AKTUBHBIM HCCIJIEIOBATENIEM, @ HE TACCUBHBIM CITyLIaTEIIEM.

KoHuenuus u kimodeBble npeuMyinecTsa. [IpoekT HampasieH Ha co3/laHue UMMEPCUBHOM
00pa30BaTENbHYI0 YKOCUCTEMBI, 00BEINHSIIOMIEH BUPTYAJIbHBIE T€0JIOTHYECKUe JTaHmadThl (0T
TEKTOHUYECKUX CUMYJSIIMHA O MyTEIIeCTBUH B 3MOXM JUHO3aBPOB), COLUAIbHBIE MEXaHHKH
(KOJJIEKTUBHBIE MUCCHHM, YaTbl, COBMECTHBIC MpoeKkThl) U M-accucTeHToB B 00pa3ax ydE€HBIX.
OTO0 MO3BOJIAET:

. NpeBPAaTUTh A0CTPAKTHBIC 3HAHHS B TAKTHJIBHBIN OIBIT (HarpuMep, "morpyxenne”
B MarMy BYJIKaHa);
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. CTUMYJINPOBaTh MHTEpeC yepe3 reMudukanuio (Harpaabl 3a M3y4eHHE MOpPOJ,
KBECTBI T10 CITACECHUIO YKOCHUCTEM);

. c(hopMHPOBATH COOOLIECTBO €MHOMBIIIIICHHUKOB, Iie 00pa30BaHUE COUETAETCS C
COLMaIU3anuen.

TexHonoruu BoBneueHus. Kpurnuecku BaxkHa MyJIbTUILIAT(OPMEHHOCTb: JOCTYI Yepe3
VR 11s1 mOTHOTO MOTpYXeHHWs, BeO-Opay3epbl A LIKOM W MOOWJIbHBIC TPWIOKEHUS IS
o0yuenus «Ha xoay». Materpanus UGC (co3naHue nojb30BaTeIbCKUX KBECTOB M 3KCKYPCH) U
NH-nepconanuzanys (agantanys KOHTEHTA [10/] yPOBEHb 3HAHUI) YCHUIINBAIOT BOBJICYEHHOCTD.

I'naBHbIH (poKyc paOOTHI HaMpaBiIeH Ha MOJIOIEXKb: IKOJIBHUKOB (10—15 1et) npusnekaror
4yepe3 BU3yanbHbIe () (eKThl 1 HTpoBbIe MEXaHUKH; a0UTypueHTOB (16—18 set) — Hay4uHoit 0a30it
i noaroroBku k EI'D; crynenToB (1m0 22 51eT) — HMHCTPYMEHTaMM JJIsl UCCIIEJOBAHUHU.
KittoueBoil mpuHLIMIL: TE€OJIOTHs JOJIKHA BOCIPUHUMATBHCS HE KaK «y4eOHBIM mpeaMer», a Kak
JUHAMUYHBIA U(PPOBOM OIIBIT.

B nonrocpouyHoii nepcrneKTUBe MPOEKT 3aKiIaIbIBAET OCHOBY JJIS:

. dopMUpOBaHUs HOBOI'O OKOJIEHUS YUEHBIX Ye€pe3 PaHHIOK BOBICUEHHOCTD;

. DKcnopTa MOJIENN METaBCEICHHBIX B IPYTUE HAyYHbIC JUCUUIIIHHBL;

. [o3unmonupoBanus Poccun kak 1eHTpa o0pa3oBaTeIbHBIX HHHOBALUI.
MertaBcenennas «Mcropust 3emnm» — HE NPOCTO TNOMyJsipU3alldsg HayKd, a

CTpaTeruyeckas Iepesarpy3ka oOpa3oBaTelbHOW mapaaurmMel. OHa OTBeyaeT Ha 3aIlpoc
MOJIOAEKN Ha MHTEPAKTUBHOCTB, COLUAIM3ALMIO U IIEPCOHAIU3ALHUIO, NIPEBPAILAsi T€OJIOTHIO B
KHUBOH, pesleBaHTHBIM HUPPOBOI MUP.

METAVERSE "HISTORY OF THE EARTH" AS A TOOL FOR EDUCATIONAL
REVOLUTION

A.S. Eremenko?
"nstitute of automation and control processes FEB RAS (Vladivostok, Russia)
2Far Eastern Federal University (Vladivostok, Russia)

academy?21@gmail.com

Traditional methods of popularizing geology are losing effectiveness among youth, who
perceive science as complex and detached from digital reality. This crisis of interest demands
fundamentally new solutions that integrate education with Generation Z’s digital lifestyle. The
strategic goal is to transform learning into an interactive adventure through the Metaverse, where
users become active explorers rather than passive listeners.

The project creates an immersive educational ecosystem combining virtual geological
landscapes (from tectonic simulations to journeys to the age of dinosaurs), social mechanics
(collaborative missions, chats, group projects), and Al assistants modeled after scientists. This
enables:

. transforming abstract knowledge into tactile experiences (e.g., "diving" into
volcanic magma);

. stimulating interest through gamification (rewards for studying rocks, ecosystem
rescue quests);

. building a community where education merges with socialization.

Multi-platform accessibility is critical: VR for full immersion, web browsers for schools,
and mobile apps for on-the-go learning. Integrating UGC (user-generated quests/tours) and Al
personalization (content adapted to knowledge levels) enhances engagement.

The strategy segments audiences: schoolchildren (10—15 years) are engaged through
visuals and gameplay; applicants (16—18 years) through exam-prep scientific content; students (up
to 22 years) via research tools. Core principle: Geology must be perceived not as a "textbook
subject" but as a dynamic digital experience.
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The project lays foundations for:

. Nurturing new-generation scientists through early involvement;
. Exporting the metaverse model to other scientific disciplines;
. Positioning Russia as an educational innovation hub.

The "History of the Earth" Metaverse is not merely science popularization—it strategically
reboots educational paradigms. It responds to youth demands for interactivity, socialization, and
personalization, transforming geology into a living, relevant digital world. Its success will drive
similar initiatives across global scientific-educational spaces.
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MYJIbTUATEHTHASI CHCTEMA - Al BAPTYAJIBHBIA COABTOP 'EOJIOT A-
NCCIIEJOBATEJIA

B.C. Epémenxo, B.B. Haymosa
lNocynapcTBenHbli reonoruueckuii myseit um. B.U. Bepnanckoro PAH (Mocksa, Poccust)

vitaer@gmail.com

B nacrosmee BpeMs (okyc McciaeoBaHUHN YUYEHBIX-T€OJIOTOB CMEINAETCS C BIIAACHUS
IPOrpaMMHBIMU MHCTPYMEHTAMU M CEpPBHCAMU Ha HEMOCPEICTBEHHO HAay4yHOE HCCIeI0BaHHe,
IIOCTaHOBKY 3a/la4 ¥ aHaJIU3 pe3yJbTaToOB. JTO TpeOyeT OT 00JauHbIX CEPBUCOB, HHCTPYMEHTOB
MOUMCKAa W OOpabOTKM JAaHHBIX HOBBIX CBOWCTB M (DYHKIMI, BO3MOXXHOCTH HHTETpallMd B
BUPTYyaJIbHOE pabodee MPOCTPaHCTBO UCCIIEN0BATENS, IOJAEPKKN HHTEpdelica Ha eCTECTBEHHOM
SI3BIKE JUIS IOCTAHOBKM M PEILIEHHsI CaMbIX pa3HOOOPA3HBIX 3ajlayu: OT MOMCKA, PEABAPUTEIHHOM
00pabOTKM M CTaTUCTUYECKOIO aHAINM3a Ha0Opa IaHHBIX 10 MOJEINPOBAHU, T€HEpAIlUM KapT U
n300pakeHMi, HayYHBIX OTYETOB M HAOPOCKOB cTaTeil. HayuyHoe OTKpBITHE OCHOBBIBAETCS HA TOM,
YTO  y4YeHble TE€HEPUPYIOT HOBbIE  TUIOTE3bl, KOTOpBIE  MPOXOAST  TUIATEIbHYIO
HKCIEPUMEHTAIBHYIO TMPOBEPKY. UTOOBI yCKOPHTH 3TOT MPOIECC, B PAa3HBIX TEMaTHYECKUX
oOnactsax paspabatbiBatoTcsi Al co-scientist, MyJIbTHareHTHbIE CHCTEMBI, IIOCTPOCHHBIE Ha
pasnmuHbIX miatdopmax. Kosera mo MCKyCCTBEHHOMY MHTEIUICKTY TPU3BaH MOMOYb PaCKpPhITh
HOBbI€, OpPUTMHAJIbHBIE 3HAHUS M HAIAHO C(HOPMYIUPOBaTH HOBBIE MCCIENOBATEIbCKUE
TUIOTE3Bl M TPESIOKEHHsI, OCHOBAHHBIC HA MPEABIIYIINX JO0KA3aTEIbCTBAX M COTNIACOBAHHBIE C
NPEJOCTaBIEHHBIMU YYEHBIMHU LIEJIIMU MCCIIEIOBAHUS U PYKOBOJSAIIMMHU YKa3aHUSAMHU.

BuptyanbHblii cOaBTOp aBTOpaMH pa3padaThIBaeTcs IS TOTO, YTOOBI BBICTYNAaTh B
Ka4yecTBE MOJIE3HOTO NMOMOIIHUKA U KOJIJIETH I'e0JI0ra-uccieoBaTelis, CIocOOCTBYs YCKOPEHUIO
nporecca HaydHBIX OTKpBITHH. [Ipenmomaraercsi, 4ro cucrema OyaeT NpPEACTaBIATH COOOM
CIIO)KHYIO MYJIbTHAareHTHYIO CHUCTEMY HCKYCCTBEHHOTO WHTEIUIEKTa, pa3pabOTaHHYIO [Uis
OTpasKeHMsI IIPOLIECCA PACCYKACHUH, JIEKAILEr0 B OCHOBE HAYYHOI'O METO/1A.

Orta paboTa BesieTcst B paMKax pa3BuTus co3nanHoi panee B ['TM PAH NudopmannonHo-
AQHATMTHYECKOW CPEMIbl IS TIOAJIEPKKH U COMPOBOXKICHUS HAYYHBIX UCCIIEIOBAaHUN B T€OJIOTUU
(https://geologyscience.ru), oCylIeCTBISAIONIEH MHTETPALMIO TEPPUTOPUATIBHO pacTpeeeHHOMN
re0JIOTHYECKON HH(POPMAINH C UCIOIb30BAHNEM CHENNATN3UPOBAHHBIX CITYKO €€ aHaIm3a.

Pa6ora BeimonnsieTcs B pamkax ['oc. Tembl I'ocy1apcTBEHHOT0 re0JI0OrHYeCKOro My3est UM.
B.N. Bepranckoro  PAH  (FMMR-2025-0001)  Per.  Nel022061000107-4-1.5.1
«EcTecTBeHHOHayuUHbIE My3€U B €IMHOM IIM(PPOBOM NMPOCTPAHCTBE M€OJOTHUECKUX 3HAHUI»

MULTI-AGENT SYSTEM - AI VIRTUAL COLLABORATOR A RESEARCH
GEOLOGIST

V. S. Eremenko, V. V. Naumova
Vernadsky State Geological Museum RAS (Moscow, Russia)

vitaer@gmail.com

Currently, the focus of research by geologists is shifting from owning software tools and
services to direct scientific research, setting goals and analyzing results. This requires new
properties and functions from cloud services, data search and processing tools, the ability to
integrate into a researcher’s virtual workspace, and support for a natural language interface for
setting and solving a wide variety of tasks: from searching, preprocessing, and statistical analysis
of a dataset to modeling, generating maps and images, scientific reports, and draft articles.
Scientific discovery is based on the fact that scientists generate new hypotheses that are thoroughly
experimentally tested. To speed up this process, Al co-scientist, multi-agent systems built on
various platforms, are being developed in various thematic areas. The Al Colleague is designed to
help uncover new, original knowledge and visually formulate new research hypotheses and
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proposals based on previous evidence and consistent with the research goals and guidelines
provided by scientists.

The virtual co-author is being developed by the authors in order to act as a useful assistant
and colleague of a research geologist, helping to accelerate the process of scientific discoveries. It
is assumed that the system will be a complex multi-agent artificial intelligence system designed to
reflect the reasoning process underlying the scientific method. This work is being carried out as
part of the development of the Information and Analytical Environment created earlier at the GSM
RAS to support and support scientific research in geology (https://geologyscience.ru), which
integrates geographically distributed geological information using specialized analysis services.

The work is carried out within the framework of the State Theme of the Vernadsky State
Geological Museum of the Russian Academy of Sciences (FMMR-2025-0001) Reg. No.
1022061000107-4-1.5.1 "Natural Science museums in the unified digital space of geological
knowledge"

CPABHUTEJILHBIA AHAJIN3 TEKCTOB I'EOJIOTTYECKHX HYB.JIIKIKAIII/II‘/'I C
HNCITIOJIB3OBAHUEM BOJIBIINUX A3BIKOBBIX MOJAEJIEN

M.U. Ilamyk, B.B. Haymosa
I'ocynapcTBenHslit reonoruueckuii myseit um. B.W. Bepuanckoro PAH (Mocksa, Poccust)

patuk@mail.ru

CtpeMuTenbHbIl pocT 00BEMa MyONMKaAIMii BO BCeX 00JACTAX TEOJOTMUECKUX HAyK
JieNaeT KPUTHYECKH Ba)KHBIM BHEIPEHHE METOJ0B aBTOMATH3MPOBAHHON OOPaOOTKH HAay4HBIX
TekcToB. OMHUM U3 HauboJee MEepPCIEeKTUBHBIX WHCTPYMEHTOB JJIsi pEIICHUs AITOH 3anauu
BBICTYIAIOT OOJBIINE S3BIKOBBIE MOJEIM HAa OCHOBE HEHPOHHBIX ceTed. OrpOMHBIN MPOPHIB B
00JIaCTH HMCKYCCTBEHHOTO HWHTEJUIEKTa 3a MOCJEeIHUE TOJbl MpPEBpaTUi TaKue MOJEIu B
HEe3aMEHHMBIX TTOMOIIHHUKOB s uccienopareneii. Hamm paboTel IO ceMaHTHYECKOMY MOUCKY
nyOnIMKanuid C MCIOJIb30BAaHUEM JIOTIONHUTEIBHO TPEHUPOBAHHBIX SI3BIKOBBIX MOJENEH H
HAaXOXJCHUS Mepbl OJM30CTH TI'COJOTHUECKHX TEKCTOB MOKa3aldM XOopomme pe3ynbrartbl. Ho
UCTOJBb3yEeMbIe MOJIENIM OKa3alUCh HECIOCOOHBI BBIIOJIHUTH TIYOOKHMH aHajdu3 TEKCTOB.
CpaBHUTENBHBIN aHAJIU3 COBPEMEHHBIX apXUTEKTYp IMO3BOJIMI HaM BBIAEIUTH Mozenb DeepSeek
R1, oTHOCSHIIyIOCS K KJIacCy CHCTEM C PACIIMPEHHBIMH BO3MOXKHOCTSIMHU JIOTUYECKOTO BBIBOJIA.
JlaHHBII THI MOZIETIEH IEMOHCTPHUPYET MPUHIMITHAIILHO HOBBIH yPOBEHb KauecTBa reHepanun. Ha
0a3e BEIOpaHHOW MOIeNTH pa3padoTaH BeO-CEPBUC, MPEAOCTABIISIONINN YHUKATBHBINA (PYHKIIMOHAT,
OCYILIECCTBISIIONIMN CPaBHUTENBHBIM aHANM3 10 5 HAy4YHBIX CTaTeldl CTAaHAApTHOTO O0BEMA;
HOJIEP>KKY MYJIBTH SI3BIYHBIX HCTOYHHUKOB (BBOJI TEKCTOB Ha AHTIMICKOM, KHTACKOM, PyCCKOM
¥ JIp. sI3bIKax); (hOPMHUPOBAHHE CTPYKTYPHPOBAHHBIX OTYETOB HA PYCCKOM SI3BIKE C BBIICICHUEM
KJIFOYEBBIX TE3UCOB, MPOTUBOpPEYMi M marTepHOB. [IpoBeeHO TecTUpOBaHHE MPEIJIOKEHHOTO
HOAXO0Ja IS CPaBHUTEIHHOTO aHAJIN3a Te0JIOTHYECKHX MyOnukanuii. TecTupoBaHue moka3ano
BBI3BIBAIONINE JOBEPHE PE3YIIHTATHL

Pa6ota BeimonuseTcs B pamkax ['oc. Tembl I'ocy1apcTBEHHOT0 re0JI0rHuecKoro My3est UM.
B.1. Bepunagckoro  PAH (FMMR-2025-0001) Per. Ne1022061000107-4-1.5.1
«EcTecTBeHHOHayuYHBIE My3€U B €IUHOM LIH(DPOBOM MPOCTPAHCTBE I'€OJTOIMUECKUX 3HAHUI»
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COMPARATIVE ANALYSIS OF GEOLOGICAL TEXTS USING LARGE LANGUAGE
MODELS

M.I. Patuk, V.V. Naumova
V. 1. Vernadsky State geological museum of RAS (Moscow, Russia)

patuk@mail.ru

The rapid increase in the volume of publications in various fields of geology makes it
crucial to introduce methods for automated processing of scientific texts. Large language models
based on neural networks represent one of the most promising approaches to solving this challenge.
The recent breakthroughs in artificial intelligence have made such models indispensable tools for
researchers. Our work on semantic search for publications using additionally trained language
models and measuring the similarity between geological texts yielded good results. However, the
models we used were unable to perform in-depth text analysis. A comparative analysis of modern
architectures identified the DeepSeek R1 model as belonging to a class of systems with advanced
logical inference abilities. This type of model represents a fundamentally new level of quality in
text generation. Based on the chosen model, we have developed a web service that provides unique
functionality for comparative analysis of up to 5 scientific articles. The service supports
multilingual sources, allowing users to input text in English, Chinese, Russian, etc. It generates
structured reports in Russian, highlighting key theses, contradictions, and patterns. The proposed
approach has been tested on geological publications, and the results have been promising.

NPUMEHEHUE MAIIMHHOI'O OBYYEHUA J1JI51 KAPTUPOBAHMUSA
HNEPCHHEKTUBHOCTH ITIOJIE3HBIX HCKOITAEMBIX B ABUATCKO-
TUXOOKEAHCKOM PEI'MOHE C UCITOJIB30OBAHUEM JAHHbIX
JUCTAHIUOHHOI'O 30HAUPOBAHUA

C.JI Ileswvipes’, 2. Jloic. M. Kappansza’, H.I'. Bopuckuna’
! TanbHeBocTOUHBI reonoruueckuii uactutyt JABO PAH (BnagusocTtok, Poccus)
Teonornueckuii paxyasreT YHusepcurera CBodoanoro rocyaapcrsa (UFS, FOxnas Adpuka)

shevirev@mail.ru

OOmupHble pailoHbl B A3MaTCKO-THXOOKEaHCKOM PETHOHE MOXHO TMOApa3JeIUTh Ha
TEppeHbl PAa3HOrO MPOUCXOXKACHHUS M Bo3pacTa. B 3THX paifoHax wuMeroTcst HeOouiblIne
ANUTEPMaIbHbIE MECTOPOXKICHHUS IPArOLEHHBIX METAJIOB, [TOJIyY€HHUE T€0JIOTMUECKUX JAaHHBIX B
KOTOpBIX. MBI CTpEMUINCH JOCTUYb HOBBIX UCCIIEA0BAHUN, KOTOPBIE IPEO0IEBAIOT TPYIHOCTH B
KapTUPOBAaHUM TEPCIEKTUBHOCTH MMHEpAJIOB IyTeM aHalu3a Uil ycTpaHeHus 3¢ ¢deKToB
pactuTenbHOCTH Ha m3o0pakeHusx Landsat 8 u ASTER, moJakpemnyieHHbIX MOJIEBBIM OTOOPOM
npo6. BiusHue pacTUTENBHOrO MOKPOBAa Ha CIIyTHUKOBBIE H300pa)K€HHsI B PETMOHE MOXKHO
YMEHBIIUTD C TIOMOIIIBIO HAIIPaBJICHHOIO aHaIM3a IriIaBHbIX KoMIoHeHTOB (DPC). Boruncnennsie
DPC pa3zgensitoTcst U3-3a UX 3HAKOB Harpy3KH, a «MUHEPaAJIbHBIA KOMIIOHEHT» UCIOJIb3YETCA IS
JanbHeNero Moaenuposanus. KaprupoBanue nepcneKTHBHOCTH MUHEpasioB ¢ aHanu3zom DPC u
MozaenupoBanneM MaxEnt ObuTO ympoIeHO OpUTHHAIBHBIMH HabopamMu cKpunToB Python
DefMe, koTopble BKIIIOYAIN MTAKETHYIO 00pab0oTKy N300paKeHHH, T0JTyYeHHE JAHHBIX, 00yUeHHE
Mozienu U nposepky. DefMe mo3BosisieT co3aBaTh KapThl BEPOSATHOCTH HAIMYMS MHUHEPAJIOB U
BCIIOMOTaTeJNIbHbIE TPa(UKU ISl OLIEHKU POJIH MPEIUKTOPOB. DTO OBLIO YCHEUIHO MPUMEHEHO K
Cuxoms-AnuHckoMy cynnepreppeiiny u bonbemon Kypunbsckoil rpsae. IlomydeHHbie KapThl
BEPOSTHOCTH HAJMYUS MUHEPAIOB ObUIM OMPOOOBAHBI M MPOJEMOHCTPUPOBAIN 3HAYUTEIBHYIO
HAJCXKHOCTh. KIiTloueBoil OCOOEHHOCTHIO HCCIIEIOBAHUS SIBJSETCS BO3MOXKHOCTb OILIGHKH
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BCPOATHOCTH 3aJICTAHHA ITIOJIC3HBIX MCKOIMIACMbIX W CHHMIKXCHHA 3aTpaT Ha PA3BCAKY IMOJIC3HBIX
HCKOIIACMbIX B PCTUOHAJIBHOM MaciiTaoe.

APPLICATION OF MACHINE LEARNING FOR MINERAL PROSPECTIVITY
MAPPING IN THE ASIAN PACIFIC REGION WITH REMOTE SENSING DATA

S.L. Shevyrev', E. J. M. Carranza®, N.G. Boriskina'
'Far East Geological Institute FEB RAS (Vladivostok, Russia)
*Department of Geology, University of the Free State (UFS, South Africa)

Extensive areas in the Asian Pacific region can be subdivided into terranes of different
origins and ages. These areas possess small epithermal precious metal deposits, and acquisition of
geological data here is impeded. We aimed to achieve novel research that overcomes difficulties
in mineral prospectivity mapping by analysis to eliminate vegetation effects on Landsat 8 and
ASTER images supported by field sampling. The influence of vegetation cover on satellite
imagery in the region could be decreased by directed principal components (DPC) analysis.
Computed DPCs are separated due to their loading signs and the "mineral component" is used for
further modeling. Mineral prospectivity mapping with DPC analysis and MaxEnt modeling was
facilitated by original Python script sets DefMe (Defoliation and Maximum Entropy) that included
batch image processing, data acquisition, model training and validating. The DefMe allows the
generation of mineral occurrence probability maps and supportive plots for assessing the role of
predictors. This was successfully applied to the Sikhote-Alin Supperterrane and the Greater Kurile
Chain. The resulting mineral occurrence probability maps were trialed and they demonstrated
considerable reliability. The key feature of the research is the ability to assess the likelihood of
mineral occurrence and reduce the costs of regional-scale mineral exploration.

AHAJIN3 CITYTHUKOBBIX CHUMKOB C UCITIOJIb3OBAHUEM
JUCKPUMHNHAHTHOI'O AHAJIM3A U1 BBIAEJEHUA HOBBIX YHACTKOB
MUHEPAJIN3AIINN

Maxmyo Xamsa Adenv Moxameo!, B.B. JJbsxonos!, B.E. Mapkoé’

"Poccuiickuii rocyapcTBEHHBII reonoropa3Be0uHbIi yHUBepcHTET uMeHH Cepro
Opmxonukunze (Mocksa, Poccus)

?Poccuiickuil yHUBEpCUTET APykKOb HapoaoB (Mocksa, Poccus)

Hamza.elmansy94@gmail.com

BoIsiBIIEHME HOBBIX YYaCTKOB MUHEpAJIM3allMM OCTAETCS OJAHOM M3 KIIOYEBBIX 3a]a4
COBPEMEHHOM reoHaykH. XOTs TpaJULUOHHBIE TIOJIEBbIE METO/IbI OCTAIOTCS 3(PPEKTUBHBIMU, OHU
TpeOYyIOT 3HAYUTEIBHBIX BPEMEHHBIX W ()MHAHCOBBIX 3aTpaT. B CBA3M C 3TUM TEXHOJIOTHU
JUCTAHIIMOHHOTO 30HAMPOBAaHUS, OCOOEHHO CIYTHHKOBBIE CHHMMKH, MPEICTABISAIOT COOOM
OBICTpBIE U S5KOHOMHUYECKH 3 (DEeKTUBHBIE aJIbTEPHATUBBL. B TaHHOM HCClieJ0BaHUM TPUMEHSAETCS
nuckpuMuHaHTHBIN aHanu3 ([IA) x manaeiv ciytHuka ASTER (Advanced Spaceborne Thermal
Emission and Reflection Radiometer) nnst BeiieneHus! MOTEHIMAIBHBIX METHOCOAEPKAIINUX 30H
Ha Teppuropun Anrys B Bocrounom Kazaxcrane.

N3yuaeMblil paliOH paclojoKE€H Ha CTbIKE UMHIM3CKOW KallEJOHCKOM CTPYKTYpHl H
Anrtaiickoil TOpHOHM cucTeMbl, (OPMHUPOBAHHE KOTOPBIX CYIIECTBEHHO NPOUCXOAMIO B XOJ€
repLUUHCKOro oporeHe3a. JlannmadTt mpencTtaBneH JeIIOBUATIBHBIMU  OTJIOKEHUAMH U
OCTaTOYHBIMH (popMaMu penbeda, pa3BUBABLIMMUCS B YCIOBHSIX MHOTOKPATHON TEKTOHUYECKOU
aKTUBHOCTH U BhIBETpUBaHuUs. MynbTucnekTpanbable Bo3MoxHocTH ASTER, oxBarsiBatoue 14
muanazoHoB B VNIR, SWIR wu TIR o6mactax cmekrpa, MO3BOIAIOT 3PGEKTUBHO
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UIECHTU(DUIIMPOBATH KIFOYEBBIE MUHEPAIOTHYECKHE MHIUKATOphl, Takue kak Al-OH, Mg-OH,
COs, Fe u Si-O-H.

C meTomonoruyeckoi Touku 3peHus, odsactu wHTepeca (ROI) Obputm ompeneneHsl Ha
OCHOBE CYLIECTBYIOIUX M€OXMMHUYECKHUX JAHHBIX U IPOBEPEHHBIX MUHEPAIOTUYECKUX KJIACCOB.
B QGIS 6butn paccuMTaHbl CIEKTpPalbHBIE PACCTOSIHUS U CHOPMHUPOBAHBI MPEABAPUTEIILHBIC
knaccudukanuu. JIuckpumMuHaHTHBIE (YHKIMU OBUTM ONITUMHU3UPOBAHBI ISl PA3/IEICHUs] 30H C
BBICOKMM U HU3KHM cojepxkaHueMm menu. [lomyueHHas kiaccu(uKalMOHHAs KapTa BBIIEIHIIA
YEeThIPE YPOBHSA MUHEPAIM3ALUOHHOIO moTeHuuana. CoIoCTaBI€HWE C TE€OXUMUYECKUMU
JAHHBIMU  TOKa3ajO0 BBICOKYIO CTENEHb MPOCTPAHCTBEHHOIO0 cooTBeTcTBUs, a A
POIEMOHCTPHUPOBAT dP(PEKTUBHOCTh AK€ B AKCTPANOIMPOBAHHBIX, HEOXBAUYECHHBIX IpoOaMu
paiioHax.

Coueranne nanHbix ASTER M AMCKPUMHMHAHTHOTO aHajiu3a 3HAYUTEJIBHO IOBBIIIAET
TOYHOCTh M I(PGEKTUBHOCTh MPOrHO3a PYAHBIX OOBEKTOB. JlanmpHeillue wuccaenoBaHus
nenecoo0pa3HoO HalpaBUTh Ha yTOYHEHHME KputepueB BblOOpa ROI u cpaBHenue [JIA c
albTepHATUBHBIMU METOJAMH KJIACCU(PHUKALUU ISl MOBBIIIEHUS 3(hdekTuBHOCTH Oymyiien
MUHEpAJIOTNYECKON Pa3BEIKH.

APPLICATION OF DISCRIMINANT ANALYSIS TO ASTER IMAGERY FOR
ENHANCED MINERAL EXPLORATION

Mahmoud Hamza Adel Mohamed’, V.V. Dyakonov’, V.E. Markov?
'Sergo Ordzhonikidze Russian State Geological Prospecting University (Moscow, Russia)
ZPeoples Friendship University of Russia (Moscow, Russia)

Hamza.elmansy94@gmail.com

The discovery of new zones of mineralization remains a fundamental challenge in
contemporary geoscience. While traditional field-based methods are effective, they often require
significant time and financial investment. To address this, remote sensing technologies—
particularly satellite imagery—offer rapid and cost-efficient alternatives. This study applies
discriminant analysis (DA) to ASTER (Advanced Spaceborne Thermal Emission and Reflection
Radiometer) data to delineate prospective copper-bearing zones within the Ayguz area of East
Kazakhstan.

The study area is geologically situated at the convergence of the Chingiz Caledonides and
the Altai Mountain system, both of which were significantly shaped during the Hercynian orogeny.
The local terrain comprises deluvial deposits and erosional remnants influenced by sequential
tectonic and weathering processes. ASTER’s 14 spectral bands, covering the VNIR, SWIR, and
TIR regions, allow effective identification of mineralogical indicators such as Al-OH, Mg-OH,
CO3, Fe, and Si-O-H.

Methodologically, Regions of Interest (ROIs) were defined using existing geochemical
data and verified mineralogical classes. Spectral distance metrics and classification previews were
generated using QGIS. Discriminant functions were then optimized to separate zones of high and
low copper concentration. The resultant classified map delineated four distinct levels of
mineralization potential. Validation against geochemical datasets revealed strong spatial
agreement, with DA proving effective even in unsampled extrapolated areas.

The synergy between ASTER imaging and discriminant analysis significantly improves
the accuracy and efficiency of mineral prospecting. Further research should emphasize refining
ROI selection criteria and comparing DA with alternative classification techniques to optimize
future mineral exploration strategies.
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MOUCK PYJIHBIX MECTOPOXKJIEHWI NCKYCTBEHHBIM UHTEJJIEKTOM:
MEYTHI 1 PEAJIBHOCTD

E.E. Konosa, A.H. I'nyxoe
Cesepo-Bocrounsriit komminekcusiii HUW JIBO PAH (Maragan, Poccust)

kolova@neisri.ru

B noxmame oOCyXmaroTcsi BOMPOCHI MPOTHO3UPOBAHMS U TOHMCKOB  PYJHBIX
MECTOPOKJIEHUI ¢ IPUMEHEHUEM TEXHOJIOTUM HcKyccTBeHHOro nnremuiekra (MM). Ha npumepe
nonbITOK npumeHeHuss MM k mowckam OpOTreHHBIX 30JI0TOPYAHBIX MECTOPOXKICHUM B SHO-
KosibsiMckOM 10siceé NMpOaHANU3MPOBAHA 3HAYMMOCTb IPEACTABUTEIBHOCTH, AaKTyaJbHOCTH,
MIOJIHOTHI U TOCTOBEPHOCTU HCXOJHBIX T'€OJOTHYECKUX JIaHHBIX, UCHOJIB3YEMBIX ISl O0y4eHHUs
MoJienu. Pe3ynbpTaTel reopu3nuecKux U re0XUMUYECKUX padoT, TUCTAHIIMOHHOTO 30HIUPOBAHHUS,
ABTOMAaTU3MPOBAHHOI'O KOJIMYECTBEHHOI0 MUHEPAJIOTHYECKOr0 aHAJIN3a U CKAHUPOBAHUS KEpHA
MIPECTABISAIOT c000i HAOOPHI HU(POBBIX TaHHBIX, OTBEYAIOLIHE TPEOOBAHUIO CTAaHAAPTU3ALINH U
yHupuKkanuu. OHu 6e3 orpaHUYeHU MOTYT OBITh TIOJIO’KEHBI B OCHOBY HEHPOCETEBOM MPOTHO3HO-
NOMCKOBOK Mozenu. HamHOro Oonee ClIOXKHOW 3ajadeil sIBISETCS ajanTalus aHaJIOTOBBIX
re0JIOTMYECKUX JTaHHBIX, KOTOpas MNpPEICTaBlI€HAa B BHJIE KApT TI'€OJOTMYECKOr0 COAEp)KaHMUs,
Te0JIOTMYECKHX OTYETOB, )KYPHAJIOB JOKYMEHTALWW, HAYYHBIX MyOiuKanuid, nHpopMmanus Ha
KOTOPBIX TNpHUBEJCHA B BHJIE HUEPAPXUUYECKU MOCTPOCHHBIX HAOOPOB CHUMBOJBHBIX JTaHHBIX U
SBIISICTCSI TIPOJYKTOM MHTEPIPETAIMU CI0KHOTO KOMITJIEKCa TUIOXO (POPMATU3yEeMBIX TOJIEBBIX
Ha0II0/IeHUH, B KOTOPOM 3HaYUTENbHYIO POJIb UTPAET «4eJoBeUecKuil PakTop» - CyObeKTUBHOCTh
BOCIIPUATHUSL U TpakTOBKH. Ha MaHHBIA MOMEHT OTCYTCTBYIOT MHCTPYMEHTHI CTaHAApTHU3AIMU U
YHU(PUKAIUU 3TUX JAHHBIX, YTO MPHUBOJUT K TOMY, YTO B OCHOBY HEMPOCETEBBIX MOeNeil
3aKJIa/IbIBAIOTCS OIIMOOYHBIE «4esloBeuecKkre» uHTepnpeTtanuu. [lomydaemble TakuM 00pazom
MOJIETIH SIBJISIOTCSI TEOJIOTHYECKH Oe3rpaMOTHBIMH M aHTHHAaY4YHbIMU, a W mpexacTaet, o cyTH,
«UU(POBBIM HIAPTATAHOM.

MINERAL EXPLORATION BY ARTIFICIAL INTELLIGENCE: DREAMS AND
REALITY

E.E. Kolova, A.N. Glukhov
North-Eastern Complex Research Institute, FEB RAS (Magadan, Russia)

kolova@neisri.ru

Discussed appliance of artificial intelligence for mineral deposits forecasting. On example
of efforts utilization of Al for prospecting of the orogenic gold deposits in Yana-Kolyma belt
discussed importance of representativity, integrity and accuracy of reference geological data,
putted in base of digital model. Geophysical, geochemical data, results of remote sensing, core
scanning, quantity mineralogical analysis form sets of digital values and entirely relevant for
neural network modeling. In contrast, adaptation of analogue geological data (maps, reports, drill
logs, science papers), represented by complex hierarchical sets of symbol readings, is a more
difficult task. To this date tools for standardization and unification of that is absence. This lead to
wrong subjective interpretation, that putted in Al model.
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HUC ETUII - UHTET'PALIUSA U YIIPABJIEHUE 'EOJIOTHTYECKUMU TAHHBIMUA
C.C. Pamobkos
AK «AJIPOCA» ITAO (HoBocubupck, Poccus)
RatkovSS@alrosa.ru

3a gecaTuneTus npoBeaeHus reojaoropaspe1ounbix padbor B AK «AJIPOCA» ITAO (nanee
Komnanusi) HakomjaeH 3HAYUTENIbHBIA O00BEM Te0oro-reo@u3snueckux JJaHHBIX, KOTOpHIE
TpeOyIOT KOMIIJIEKCHOM MHTEPIIPETALINU U IEPEOCMBICIIEHNS paHee MTOJIyYeHHBIX pe3ynbTraToB. Ha
OTIpEJICIIEHHOM JTale TEeXHOJOTh4Yeckoro pas3BuTus Kommanuum crtano mNOHSTHO, 4TO 0e3
COBPEMEHHOTO WHCTPYMEHTA, TIO3BOJIAIONIETO OOBEIWHUTh BCE HWCTOUYHUK HH(OPMAIH,
obecnieunTh (UIBTPAIIMIO U TIOWCK IIEJEBBIX JaHHBIX, HEBO3MOXHO 3()(PEKTUBHO TPOBOIUTH
aIMa30MmouCKoBbIe paboThl. TakuM oOpa3zom Kommanus mpoBena KOMIUIEKC paboT mo BEIOOpPY
0a30BOM WHTErPAllMOHHON TUTATGOPMBI, €€ amanTallid W HACTPOWKH B TE€OJOrOpa3BEIOYHOM
komruiekce. [1o pesynbraTaM ee IpOMBIIIIEHHOM SKCIUTyaTalllH YXKe C/IeIaTh IepBbie BBIBOIBI 00
s dexruBHOCTH OTHENBHBIX (DyHKIIMOHANBHBIX pemenuit MC EI'UI (nadopmanronHas cucrema
Ennnoe reonoro-nHGopManMoHHOE MPOCTPAHCTBO), TPYAHOCTAX, KOTOPbIE BOHUKIIM HA 3Tare
pa3paboTKM W BHEJIPEHUHU, MEPCIEeKTHBAX NaibHEWIero pa3BuTHs. OCHOBHOHM CII0)KHOCTBIO,
KOTOPYIO MOTPeOOBAIOCH pemiath B Xoje BHeapenus u skcruryatanmu C ETUIT — paznuune B
aTpuOyTHKEe M OMUCAHUU MHTETPUPYEMBIX NAHHBIX, UX CTPYKType U CTAaHAAPTOB MOIATOTOBKHU
HAaOOpOB JITaHHBIX, YUYMTHIBAs, YTO JAHHbIE I'€HEPUPOBAINCH HA NPOTSLHKEHUHM Ooinee 70 Jer.
Hopmanuzamusi maHHBIX — 3TO TO, 4YTO TpeOyeTcs NS TOJHOIEHHOTO W KOMIUIEKCHOTO
WCIIONTb30BaHUsI CBOWX K€ JIaHHBIX, OJIHO3HAYHOTO HMX WACHTH()HUIIMPOBAHWS W KauyeCTBECHHOM
nepeuntepnpetanuu, a MC EI'MII mo3Bonsier BBIABIATH, TaKME HEAOCTATKHM U ONEPATHBHO
yCTpaHATh. XOpOLIO ce0s 3apEeKOMEHI0BAJl ¥ peaIu30BaHHbIN MOAXO0/], IPU KOTOPOM abCOIIOTHO
BCE JaHHBIE MJOJDKHBI HMEIOT MPOCTPAHCTBEHHYIO TMPUBSA3KY. IJTO TMO3BOJIAET BOBIEKAThH
a0COIIOTHO BEeCh HA0OP TOCTYITHBIX TaHHBIX Ha 33/IaHHYI0 00J1aCcTh HHTEpECa.

UGIS IS - INTEGRATION AND MANAGEMENT OF GEOLOGICAL DATA
S.S. Ratkov
PJSC ALROSA (Novosibirsk, Russia)
RatkovSS@alrosa.ru

Over the decades of exploration work, PISC ALROSA accumulated a significant amount
of geological and geophysical data that required a comprehensive interpretation and rethinking of
previous results. At a certain stage in the Company’s technological development, it became clear
that without a modern tool that allowed you to combine all information sources, filter, and search
for targeted data, it was impossible to effectively conduct diamond prospecting. Thus, the
Company implemented a complex of work on selecting a basic integration platform, adapting it,
and configuring it in the exploration complex. Based on the results of industrial operation, first
conclusions can be drawn about the effectiveness of individual functional solutions UGIS IS
(Unified Geological Information Space information system), difficulties that arose during
development and implementation, and prospects for further development. The main challenge that
needed to be addressed during the implementation and operation of the system was the difference
in attributes and descriptions of integrated data, as well as their structure and standards for
preparing datasets. This was due to the fact that the data was generated over more than 70 years
ago. Data normalization is essential for the full and comprehensive use of the data, ensuring
unambiguous identification and accurate interpretation. The UGIS IS system allows for identifying
such issues and promptly addressing them. The implemented approach also proved to be effective,
as it requires all data to be spatially linked. This enables the inclusion of the entire set of available
data for a specific area of interest, allowing for a more comprehensive analysis.
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U P®POBBIE IBOMHUKA OBHAKEHUI I'OPHBIX ITOPO/I: ITIPOBJIEMbBI U
INEPCIIEKTUBBI UCITOJIB30BAHUA 1JISA CTPYKTYPHOI'O AHAJIN3A

O.B. Jlynuna, A.C. Huzosyes
Wuctutyt 3emuoit kopel CO PAH (Mpkytck, Poccus)

lounina@crust.irk.ru

B nocneanue roapl Ast CTPYKTYPHOTO aHAIM3a BBIXO/I0B TOPHBIX MOPOJT IPUMEHSIOTCS UX
nuppoBble MOJEIM - JIBOMHHUKM, I[OJy4aeMmble IIyTEeM JIa3epHOTO CKAaHUPOBAHUS WM
(dboTorpamMmmeTprueckoil 00paboOTKK JaHHBIX a’pooTocheMkH. B pesynbraTe mx oO0paboTKH U3
IUIOTHOTO 00Jlaka TOYEK MOTYT OBITh W3BIEYEHBI DJIEMEHTHI 3ajJeraHus TPEIIMH U IITPUXOB
CKOJIbKEHUS, BBIJIEJICHbl  OCHOBHBIE  CHUCTEMBl  Pa3pblBOB, IOCTPOEHBI  JMAarpaMMbl
TPELIMHOBATOCTH, PacCUUTaHa €€ MHTEHCUBHOCTb. DTH JAHHbBIE BAa)KHBI JJIs POTHO3UPOBAHUS
MEXaHHYECKOTo MOBEACHUS MOPOJl, PEKOHCTPYKIIUHU TOJI HANPSIKEHUH, OLEHKH YCTOWYUBOCTU
TOPHOTO MacCHBa, KAPTUPOBAHUS Pa3jIOMOB M PELIEHUS APYTHUX FE0JIOTMUECKUX 3aaad. B xone
TECTOBOI'O MCHOJb30BaHus JBYyX crneuuanbHblx nporpamm DSE u CloudCompare Hamu Obuin
BbIJI€JICHBI HEKOTOPBIE IIPOOJIEMBI B 3BJIEUEHUN OCHOBHBIX CUCTEM TPEILMH, IIIaBHOW U3 KOTOPBIX
ABJIETCS DKCIO3ULMS ChEMKHU. [Ipy BBICOKOIM TOYHOCTH MaTEMaTHYECKOIO pacyeTa a3uMyTOB U
YIJI0B NaJCHMSI TPELUH, IIPY aBTOMAaTU3MPOBAHHOM BBIYHCIIEHUM OJIHA CHCTEMa, OOpallleHHas K
00BEKTHBY CHEMKH, ITOUTH BCETJa MOJABISAET BCE OCTaJIbHBIE. Pemenue 3Toro Bonpoca BUIUTCS
B Pa3HOCTOPOHHEM I10 BO3MOXKHOCTH PaKypc€ CBEMKH CTEHOK OOHa)KEHUS U BbLIEJICHUU
NOIXOJALINX JIOKAJIBHBIX YYaCTKOB BBIXOJ1a IS pacyeTta. [loka3aHo, 4To [l BBIIEICHUS TPEILIUH
U UX CHCTEM JIOCTAaTOYHO HCIOJIb30BaTh (PparMeHT IUIOTHOrO oOjaka (1Iu(ppoBOro JBOMHUKA
BbIXOJ1a), MojiydeHHoro B Agisoft Metashape Ha cpenHem kauectBe. IIponeMoHCTpupoBaHbI
BO3MOKHOCTH pacyeTa IIIOTHOCTH TpemuH Ha 1 M? u 1 M> 1o Bcell moBepXHOCTH OOHAMKEHHS C
ucrnosnb3zoBanueM tuiaruHoB DICE u FracPaQ, paGoraromux Ha ocHoBe MATLAB. Pabora
BBINOJIHEHA B paMkax rocyaapcteHHoro 3ananus 3K CO PAH na 2021-2025 rr., npoext Ne
FWEF-2021-0009.

DIGITAL TWINS OF ROCK OUTCROPS: PROBLEMS AND PROSPECTS OF USE
FOR STRUCTURAL ANALYSIS

O.V. Lunina, A.S. Nizovtsev
Institute of the Earth’s Crust SB RAS (Irkutsk, Russia)

lounina@crust.irk.ru

In recent years, digital outcrop models - twins obtained by laser scanning or photogrammetric
processing of aerial survey data are used for structural analysis. As a result of their processing dip
and strike of fractures, and slickensides can be extracted from a dense cloud of points, the main
fracture systems can be identified, fracture diagrams can be constructed, and fracture intensity can
be calculated. These data are important for predicting the mechanical rock behavior, reconstructing
the stress field, assessing the stability of the rock massif, mapping faults and solving other
geological problems. During the testing of two special programs DSE and CloudCompare, we
have highlighted some problems in the extraction of the main fracture systems, the main one being
the survey exposition. While the mathematical calculation of azimuths and dip angles of fractures
is highly accurate, one system in automated calculations facing the imaging lens almost always
suppresses all others. The solution to this issue is seen in a multifaceted, if possible, aspect of view
of the outcrop walls and the selection of suitable local areas for the calculation. It is shown that it
is sufficient to use a fragment of a dense cloud (digital twin of an outcrop) obtained in Agisoft
Metashape at medium quality to identify fractures and their systems. The possibilities of
calculating fracture density per 1 m2 and 1 m3 over the entire surface of the outcrop using
MATLAB-based DICE and FracPaQ plugins are demonstrated. The work was carried out within
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the framework of the state assignment of IEC SB RAS for 2021-2025, project No. FWEF-2021-
0009.

CIIYTHUKOBBIE TPABUMETPUYECKHUE MUCCUU U MOJEJIU I''TYBUHHOT'O
CTPOEHMUSA AJITAE-CASAHCKOTI'O PETHOHA

B.IO. Tumogpees’, JI.I. Apoioxoe!, A.B. Tumogeee!, M.I'. Barumoe?, /[.H. I'onoobur’

"MucrutyT Hedrerazopoii reonorun u reopusuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus)

2TuxookeaHCKHUii okeaHONOrHueckuit nacTuTyT M. B.U. Unsuuesa JIBO PAH (BnaauBocTox,
Poccus)

3Cubupckuii [ocynapcTBeHHbIH YHUBEPCHTET reocucTeM U TexHonoruii (Hosocubupcek, Poccus)

timofeevvy(@ipgg.sbras.ru

C nosiBiieHHEM MOJAENEH MOl CHUJIbl TSKECTH 3€MIIM, TOCTPOEHHBIX IO CIyTHUKOBBIM
JAHHBIM, OTKPBUIUCH HOBBIE BO3MOXHOCTH IS U3yUEHUS TITyOUHHOTO CTPOCHHSI 3€MHOU KOPBI U
MaHTUM. Marepuanbl CIIyTHUKOBBIX T'PaBUMETPUYECKUX MHMCCHH IO3BOJISIIOT IPOBECTH HOBBIE
ompeNieNieHUsT TIOJOKEHUs TpaHUIlbl MoxopoBuya B 3amajHoW 4acTd MoHTromno-Cudbupckoi
ropHoii obnactu. M3 MHOXECTBa MoOpeNeil Ha OCHOBE TECTHPOBAHHMS IO JAHHBIM HA3€MHBIM
M3MEpEeHUil MeToJaMu aOCOJIIOTHO TPaBUMETPUU UM KOCMUYECKOW reoje3uu BblOpaHa MOJIEhb
reonorennnasia EIGEN-6C4 (pa3noxenue mnoreHuuana ngo0 2190). B wuccnemoBanusix
HCIIONIb30BaHbl TPAaBUMETPUUYECKHUE pPe3y/bTaThl B peayKIusx byre u B cBOOOIHOM BO3IyXe.
3HauMTeNbHAS YacTh H3y4aeMoOu TeppUTOpUH (pa3Mepsl - ¢ ceBepa Ha 1or oT S6°N 1o 46°N°, u ¢
3amana Ha BocToK oT 80°E 1o 100°E)— 310 BhIcOKOTOpHBIE paiioHbI (BBICOTHI Oosiee 3000 MeTpoB):
[opubiit Anraii (BeicoTa 10 4506 M.), Monronsckuit Anrait (Beicota 10 4342 M.), BocTtounsrit
Casn (BbicoTa 10 3491 m.) u Xanraii (BeicoTa 10 3905 Mm.).

Hamu wucnons3oBana monens penbeda ETOPOIL. B pesymbprate moctpoeHa kapTa
pacnpeneneHus rIyOuH, MOIIHOCTh 36MHOM KOpbl u3MeHsieTcs, oT 40 km 10 55 kM. B obmactsx
aKTUBHOTO ropoo0Opa3oBaHMs CPEAHSSI MOIHOCTh KOpbI MpuMepHO Ha 10-15 kM Gombiie, yeM B
paBHMHHOW dYacTu Ha tore 3amaaHoil Cubupu. B BbicokoropHoil uwactu (I'opHblil AnTaii,
Monronsckuii Antaii, XaHrail) oHa mocTuraer 55 kM. J[ms MEXropHBIX JOJWH WM BIAIUH
(TyBunckas xkotnoBuHa, Kotnosuna boabmmx O3€p) rimy6una noBepxHoctd Moxo 45-47 km. B
paboTe paccMaTpHUBAIOTCS BOITPOCH M30CTa31HU (PAaBHOBECHS) U CBSI3H C CECMHYHOCTBIO PETHOHA.

HHUP®POBOE KAPTUPOBAHUE MUKPOCTPYKTYP B OPUEHTUPOBAHBIX
MIJAPAX C IPUMEHEHUEM I'IC-TEXHOJIOT' A HA IPUMEPE
BMEIIAIOIUX ITOPO/J TYIOKAHCKOI'O PYJTHOI'O Y3JIA B IPHJIO’KEHUMU K
CTPYKTYPHO-TEKTOHUYECKOMY AHAJIN3Y

U A. Koukun, C.A. Yemunos, B.A. [lemposg

WHCcTUTYT Teosioruu pyaHbIX MECTOPOXKIAECHUH, neTporpaduu, MuHepagoruu u reoxumun PAH
(Mockga, Poccust)

iakochkin@vandex.ru

B pamkax coBpeMEHHOro »JTama pa3BUTHS T'EOJIOTMYECKOM HAyKd JUIsl PElICHUS
CTPYKTYPHBIX 3a/lay 4acTO AENAeTCsl aKUEHT Ha U3YYEHUU MUKPOTPEHIMH B OPUEHTHPOBAHHBIX
o0pasmax ropaeix nmopoa. s atoro paspaborana crienaibHas METOANKA MUKPOCTPYKTYPHOTO
anammza (CMMA). B paGote mnpenctaBieH aBTOpckuil moaxon k peanuzaimun CMMA,
OCHOBAHHBIM Ha AJITOPUTME aBTOMATUYECKOTO KaPTUPOBAHMS MUKPOTPEIINH C HUCTIOJIb30BaHUEM
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I'C-texnonoruii. OCHOBHBIMHM 3aJlayaMy SIBJISIIOTCS BBISBICHUE JMHEHHBIX MHKPOOOBEKTOB
pa3HBIX THIIOB, a TaKXX€ YCTAHOBIICHHE 3aKOHOMEPHOCTEM W KOMIUICKCHBIH aHalIu3 uX
pacripefieyieHdsl Ha Iulomaau IuiMda B TEKTOHHYECKOM KOHTEKCTe. Peanm3anms HadalbHBIX
9TarlOB METOJUKH IPEJICTAaBICHA B KA4eCTBE KapTHPOBAHHUS OOBEKTOB Ha TUIOMAAM HutHda,
KOTOPBI WrpaeT poJib «KapTorpauyeckoi» OCHOBBL. ABTOMATHYECKOE H3BJICUCHUE
MHUKpPOTpeImuH ocymecteisieTcst ¢ nomomipio Moayns «LINE» ITTIO PCI Geomatica. [lanee Ha
ocHoBe [ IC HHCTpYMEHTOB yCTaHABIUBAIOTCS MHOTOYHCIICHHBIC TPOCTPAHCTBEHHBIC TTapaMETPhI
BBIJICJICHHBIX JIMHEWHBIX 00BEKTOB. C MPUMEHEHHEM TEKTOHO(PU3UYECKUX MOJENCH pa3BUTHUS
TPEeIIMH K WHTEPIpEeTallii TUIOB W CHUCTEM MHUKPOCTPYKTYp TMOSBISETCS BO3MOXKHOCTH
PEKOHCTPYKIIMA TEKTOHMYECKOM H3BOJIOLMHM HCCieayeMoro oonekrta. [Ipemmaraembiii moaxon
ornpoOoBaH B mpejienax TyKaHCKOTO pyIHOTO y3ja, YTO MO3BOJIUIO BOCCTAHOBUTH ITYTH U 3TAIIbI
MUTPAIIHU PYJAOHOCHBIX (DITFOUI0B HAa (DOHE OCHOBHBIX JIe(hOPMAIIMOHHBIX IMPOIIECCOB B PETHOHE.

HccnenoBanue BbIMoMHEHO 3a cu€T rpanHTa Poccuiickoro nHayunoro donma No 24-27-
00218.

DIGITAL MAPPING OF MICROSTRUCTURES IN ORIENTED THIN SECTIONS
USING GIS TECHNOLOGIES ON THE EXAMPLE OF HOST ROCKS OF THE
TUYUKAN ORE CLUSTER IN APPLICATION TO STRUCTURAL-TECTONIC

ANALYSIS

1.A. Kochkin, S.A4. Ustinov, V.A. Petrov

Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, RAS
(Moscow, Russia)

iakochkin@yvandex.ru

Within the framework of the modern stage of geological science development for solving
structural problems, the study of microcracks in oriented rock samples is often emphasized. For
this purpose, a special technique of microstructural analysis (STMA) has been developed. The
paper presents the author’s approach to the realization of STMA based on the algorithm of
automatic microcrack mapping using GIS-technologies. The main objectives are the identification
of linear microobjects of different types, as well as the establishment of regularities and complex
analysis of their distribution in the area of the thin section in the tectonic context. The realization
of the initial stages of the methodology is presented as a mapping of objects in the area of the
cuttings, which plays the role of a «cartographic» basis. Automatic extraction of microcracks is
carried out using the «LINE» module of PCI Geomatica software. Then, based on GIS tools,
numerous spatial parameters of the extracted linear objects are established. By applying
tectonophysical models of fracture development to the interpretation of microstructure types and
systems, it is possible to reconstruct the tectonic evolution of the investigated object. The proposed
approach was tested within the Tuyukan ore cluster, which allowed to reconstruct the paths and
stages of ore-bearing fluids migration against the background of the main deformation processes
in the region.

The study was funded by the Russian Science Foundation grant No. 24-27-00218.
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TPEXMEPHOE I'EOCTATUCTHYECKOE ITPEJACTABJIEHUE KOHHEHTPALIUU
TBEPAOTI'O ITOJIE3HOI'O HCKOITAEMOI'O B IIPEJEJAX MECTOPOXKIEHUSA

A.A. Axywes, A.JI. Kunoees, M.B. Bopobeti
benopycckuii rocynapctBennslil yauBepeuteT (Munck, Pecriybnuka benapycs)

andryusha.yakushev.2004@gmail.com

B Hacrosimee BpemMss HaMU aKTHBHO pa3pabaThIBa€TCs M HPUMEHEHSETCS METOJUKa
TPEXMEPHOI'O0 TE€OCTaTUCTUYECKOTO MOJEIMPOBAHMS B pa3IUYHbIX Haykax o 3eMile.
[IpuMeHUTENBPHO K JaHHOW TEMAaTHUKE, OHA HCIOJB3YEeTCS I OLCHKM paclpeiesieHus
KOHIIGHTPAllMM JICHTOYHBIX TIJMH Ha MectopoxiaeHun «laimykoBka» (MwuHckast 005acTb,
Peciy6nuka bemapych). B kadecTBe MeTo/a WHTEPHOJSAIMH HWCIOIB30BaH AMITUPUYECKUN
Oaitecopckuil kpuruHr (EBK3D), ornuuaromuiics yCTOMYMBOCTBIO K HECTAallMOHAPHOCTU U
BBICOKOH BapnaOeIbHOCTH T€0JIOTHYECKUX JaHHBIX. VIcXOomMHbIE TaHHbIe BKIOYAIH 262 OypoBbIe
CKBAKUHBI, 110 KOTOPBIM PaCCUUTHIBAJIUCH ITOKA3aTeNN KOHILEHTpaluuu vH. Ha ocHoBe aHanusa
BapHMOrpaMM OINTHUMAaJbHOM IpU3HAHA OHKCIOHEHIManbHass Moxenb. IIpoBenéHnas kpocce-
BaJIM1allks MOATBEPANIIA TOYHOCTh ocTpoeHHOM Moaenu. [lonyyennass 3D-monens nmo3Bosmiia
BBIJICJIUTh OCHOBHBIE 30HBI 3aJIETaHNUS TJIMH, a TAK)KE IEPCIIEKTUBHBIE YYaCTKU HA CEBEPO-BOCTOKE
MECTOPOKIEHUS ¢ KOHLEHTpauuel colle 75 %. Busyanuzanus pe3yabTaToB BHIIIOJHEHA B BUJIE
BOKCEJIPHOTO CJI0S M M30IOBEPXHOCTEH, YTO 00ECNEeUMSIO HAIJIAJHOCTh HMPOCTPAHCTBEHHOI'O
pacmpenielieHdsl M BbIIEJICHUE Y4YacTKOB IPOMBIIUIEHHONM 3HAUMMOCTH. MeTroauka mokazaja
BBICOKYIO 3()()eKTUBHOCTh U MOKET OBITh PEKOMEH/JOBAaHA JIUIsl OLIEHKH JAPYTUX MPOCTPAHCTBEHHO
HEOJIHOPOJHBIX I'€OJIOTHYECKIX O0BEKTOB MPU OTPAHUYEHHOM 00BEME TaHHBIX.

THREE-DIMENSIONAL GEOSTATISTICAL REPRESENTATION OF THE
CONCENTRATION OF SOLID MINERALS WITHIN THE DEPOSIT

A.A. Yakushev, A.L. Kindeev, M.V. Vorobey
Belarusian State University (Minsk, Republic of Belarus)

andryusha.yakushev.2004@gmail.com

We are currently actively developing and applying a method of three-dimensional
geostatistical modeling in various Earth sciences. In relation to this topic, it is used to assess the
distribution of ribbon clay concentrations at the Gaidukovka deposit (Minsk Region, Republic of
Belarus). Empirical Bayesian kriging (EBK3D) was used as the interpolation method, which is
characterized by its resistance to non-stationarity and high variability of geological data. The initial
data included 262 boreholes, which were used to calculate clay concentration indicators. Based on
the analysis of variograms, the exponential model was recognized as optimal. Cross-validation
confirmed the accuracy of the constructed model. The resulting 3D model made it possible to
identify the main clay deposits, as well as promising areas in the northeast of the field with a
concentration of over 75%. The results were visualized in the form of a voxel layer and isosurfaces,
which provided clarity of spatial distribution and identification of areas of industrial significance.
The methodology proved to be highly effective and can be recommended for the assessment of
other spatially heterogeneous geological objects with limited data.
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HCCJIEJOBAHHUE 9®PEKTA MACHITABA ITPM OHEHKE AHA30TPOIINH
AJJIMTUBHBIX U HEAJJIMTUBHBIX CBOUCTB MUKPOKEPHOB

JI.B. Jlobponiobosa’?, A.FO. Kymuwesa', C.1U. Mapkog'?

"MncTturyT HedTerasosoii reonoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust)

’HoBocubupcKuii rocyapcTBeHHbIH TexHudeckuii yausepcuteT (HoBocubupck, Poccus)

dobrolubovadv@ipgg.sbras.ru

B nannoii pabote Ha mpumepe oOpasua necyanuka Bentheimer, BHyTpeHHssI CTpyKTypa
KOTOpOro TMpejcTaBlieHa B Buie Habopa Mukporomorpaduueckux wuzobpaxenuit (uKT),
UCCIIEAyeTCsl TPOSIBIIEHUE AHU3OTPONUM TPU OLEHKE A(PQPEKTHUBHBIX (PU3MUECKUX CBOUCTB
nmoAao0pa3oB MpU Bapualuu JUHEHHBIX pa3MmepoB. Ha ocHoBe Habopa puKT-ckaHoB cTpouTCs
CeTOYHas MoOJeNb o0paslia, OTpa)kamolas ero BHYTPEHHIOI CTPYKTypy. PaccmatpuBarorcs
aAIUTUBHbIE W  HEAJJUTUBHBIE XapaKTEPUCTUKHU: IOPUCTOCTh, CBA3HOCTH IOPOBOTO
IIPOCTPAHCTBA, TEH30PHl KOX(P(PUIMEHTOB YIEIbHOM 3JIEKTPONPOBOIHOCTH, YIPYTOCTH H
aOCOJIFOTHOM TMPOHUIIAEMOCTH. Pe3ynbpTaThl JEMOHCTPHUPYIOT pas3idyusi B  MacIITaOHOU
3aBUCUMOCTH U1 aJJUTHBHBIX M HEAJJUTHUBHBIX CBOMCTB, 4TO Ba)KHO YYHUTBIBAThb IIpU
VHTEPIPETALMH JAHHBIX U AIICKEUJIMHI€ CBOWCTB HA YPOBHE «MUKPOKEPH-KEPHY.

Pa6ota BeimonHeHa npu gpuHancoBoit noanepxke [Ipoekra FWZZ-2022-0030.

ON THE SCALE EFFECT IN ANISOTROPY OF ADDITIVE AND NON-ADDITIVE
PROPERTIES OF MICRO-CORES: A CASE STUDY

D. V. Dobrolyubova'?, A. Yu. Kutischcheva', S. I. Markov'?
!"Trofimuk Institute of Petroleum Geology and Geophysics SB RAS (Novosibirsk, Russia)
2Novosibirsk State Technical University (Novosibirsk, Russia)

dobrolubovadv@ipgg.sbras.ru

In this paper, we investigate the scale effect onto the anisotropy in effective tensor properties using
the case of the Bentheimer sandstone core sample. The core sample is represented as a set of
computed microtomography scans describing the internal structure of the medium. To perform
numerical simulation yielding effective properties of the sample, we translate the CT-scans set into
a 3D mesh model. We consider both additive and non-additive effective properties, such as
porosity, pore space connectivity, effective specific electrical conductivity, effective elasticity
tensor, and effective absolute permeability. The results demonstrate differences in scale
dependence for additive and non-additive properties, which is important to consider when
interpreting data and upscaling properties from microcore to core level.

NH®OPMAIIMOHHO-AHAJIMTUYECKAS CUCTEMA UKU PAH
«('EJIMOT'EOPU3UKA» (MAC UKHU I'T®). IEPCIIEKTUBBI PA3BUTUA U
TPAHC®OPMAIINMN.

O.B. Huxughopos, P.IO. Jlykvanosa, U.A. lllacypun, A.M. Mépsnwiii, A.T. Anaxos, U.A. Yeapos,
I'.C. Qunamos, H1.A. Moucees

NuctutyT Kocmuueckux uccinenoBanuit PAH (Mocksa, Poccust)

Lenpto cozmanust HNAC UKW IT® sBasercs wuHPOpMAaUMOHHOE oOecredeHne
norpebureneit  cucreMbl  MarHurocdepa-uoHochepa-tepmochepa M CIECLUATUCTOB,
UCHOJB3YIOUINX JAaHHbIE JUIsl PEICHUs NMPUKIAAHBIX 3aJad, BKIOYAs JIaHHbIE O CTPYKTypax
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U3ITy4eHUs SMUCCHI HOHOC(]Ephl U BepXHEW aTMOCc(ephl, B IEPBYIO OUepe/ib B MOJSIPHOM 30HE, a
TaK)Ke pa3pabOTKU U BHEAPEHUS METOJOB pPacloO3HaBaHUs aBPOPAIbHBIX CTPYKTYP Pa3iIMUHBIX
MacmTaboOB B H300paKCHHSIX, THUIIOB DSHEPreTUYECKUX CIEKTPOB BBICHINAIONIMXCS YacCTHII,
KIaccupUKaluy, KiacTepusauuy, U ux uHTerpauuu c¢ apyrumu I'MC u 06a3amu JaHHBIX,
paspabateiBacmbiMu B UK PAH.

B pamkax passutus chopmynupoBanbl npuHiuUiel paspadorkn MAC UKW IT® u cucremsl
JOBEICHHsl BHU3YyallbHOW HH(OpMAIMK, OOHOBIEHA JOrHMYecKas CTPyKTypa ©0a3bl JaHHBIX.
Pa3paborana mporpamma mis 3D Busyanmmzamum «CHcTeMa BH3YaIbHOTO JOBEICHUS
MPOCTPAHCTBEHHO-pacmpeneneHubix gauHbix (Shar. IKI 0.2)».

BAPUAIIMU COEKTPAJIBHOI'O COCTABA MUKPOCEMCM KAK ITPOTHO3HBIN
MMAPAMETP CEUCMHUYECKHNX COBBITUM B BAMKAJIBCKOM PU®TOBOM

CUCTEME
JLII. Bpazunckas®, A.I1. Ipuzopiox!, B.B. Kosanesckuii!, A.A. [Joopvinuna®

"MHCTUTYT BBIYMCIUTENLHON MaTeMAaTUKU 1 MaTeMaTHdeckoit reousuku CO PAH
(HoBocubupck, Poccust)

2MuctutyT 3eMuoit kopst CO PAH (Upkytck, Poccus)

ludmila@opg.sscc.ru

B pabote uccienoBancs CHEeKTpabHbIA COCTaB MUKPOCEHCMHYECKOT0 LITyMa 32 HECKOJIBKO
4acoB JI0 YMEPEHHBIX U CHJIbHBIX celicMuueckux coOblTuil. PaccmarpuBanucs 40 3emneTpscenuit
¢ sHeprerudyeckuM kiaccom K=9.5-14.5 nHa smuueHTpanbHbeix pacctosdHusx oT 10 go 120 km.
OOHapyX€HO CTaTUCTMYECKH 3HAYMMOE IOBBIIIEHHE CHEKTPAJbHOM IUIOTHOCTH MOIIHOCTH
(CIIM) B mamamazone 0.8-2.4 I'n. MerogamMu MammHHOTO OOydYeHHs! ObLIa MOCTPOEHA MOEIh
OuHapHOU Kiaccudukauu, mo3Bojstomas no 3HadeHussiM CIIM MwuKkpoceiicM B yKa3aHHOM
JMara3oHe YacToT OOHapy KUBATh MOATOTOBKY 3€MJIETPSICEHUI 32 HECKOJIBKO YacOB JI0 TOJTUKA.

VARIATIONS IN THE SPECTRAL COMPOSITION OF MICROSEISMS AS A
FORECAST PARAMETER OF SEISMIC EVENTS IN THE BAIKAL RIFT SYSTEM

L.P. Braginskaya', A.P. Grigoruk!, V.V. Kovalevsky', A.A Dobrynina’

"nstitute of Computational Mathematics and Mathematical Geophysics SB RAS (Novosibirsk,
Russia)

’Institute of the Earth’s Crust SB RAS (Irkutsk, Russia)

ludmila@opg.sscc.ru

The paper studies the spectral composition of microseismic noise several hours before
moderate and strong seismic events. We considered 40 earthquakes with energy class K=9.5-14.5
at epicentral distances from 10 to 120 km. A statistically significant increase in the spectral power
density (SPD) in the range of 0.8—2.4 Hz was detected. Machine learning methods were used to
build a binary classification model that allows detecting earthquake preparation several hours
before the shock based on the values of microseismic SPD in the specified frequency range.
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MAHTHUHHAS KOHBEKIIHA B 30HE CYBAYKIIUU (YUCJIEHHASI MOJEJIb)
A.H. Yemwvipboyxui
JanbHeBocTouHbli reojorudeckuii uHcTuTYT JIBO PAH (Bragusoctok, Poccust)

chetyrbotsky@vandex.ru

B Mopenu mnosaraercs, 4TO NOTPYKEHHMIO IUIMTBHI MPEALIECTBYET 3Tall YCTAHOBICHUS
pexuMa TEePMOTPAaBUTAIMOHHOW KOHBEKIIMM MAHTUHWHON BEIIECTBa, KOTOPBI 0OYCIOBICH
TEMIIEpaTypoil W IJIaBy4YECThIO PAa30rPETOro JIErKOro BellecTBa. BeimosHeHa (opmanusanms
(ha30BbIX MEPEXOJ0B BEILIECTBA IIUTHI, PE3yJIbTaTOM KOTOPOW SIBJISETCS YIUIOTHEHHE cinba 3a
CYET TEIUIOBOI'O C)KATHA, YJAJIECHHWE YaCTH IMOJBMKHBIX M JIETKMX KOMIIOHEHTOB €€ MCXOJHOTO
0CaJIOYHOTO MaTepuasa, YTSKEJICHUE OCTAaTOYHBIX KOMIIOHEHTOB MaTepuaia IUIUTHL. XapakTep
KoH(pUrypamuu tena cibda nocie S00 BpeMeHHbIX uTepanuii (6osee 4 MITH. JIET) TOKa3bIBAET, YTO
B HMOKHEW MaHTUU UMEET MECTO pa3dpoc OTAENIbHBIX COCTABIAIONIUX CI30a.

MANTLE CONVECTION IN THE SUBDUCTION ZONE (NUMERICAL MODEL)
A.N. Chetyrbotsky
Far Eastern Geological Institute, FEB RAS (Vladivostok, Russia)

chetyrbotsky@vandex.ru

The model assumes that the immersion of the plate is preceded by the stage of establishing
the regime of thermogravitational convection of the mantle substance, which is caused by the
temperature and buoyancy of the heated light substance. The formalization of phase transitions of
the plate substance is performed, the result of which is the compaction of the slab due to thermal
compression, the removal of part of the mobile and light components of its original sedimentary
material, and the weighting of the residual components of the plate material. The nature of the
configuration of the slab body after 500 time iterations (more than 4 million years) shows that in
the lower mantle there is a scatter of individual components of the slab.

MOBBICOTHASI ASPOMATHUTHAS CbEMKA JIJISA IN SITU U3MEPEHUIA
BEPTUKAJIBHOT'O I'PAJIMEHTA MATTHUTHOTI'O I1OJISA

UM. Anéwun’, A.A. Conoeves’, A.B. Tapan’
Teopusnueckuit nenrp PAH (Mocksa, Poccust)

*MuctutyT dusuku 3emau um. O.J0. llImuara PAH (Mocksa, Poccust)

ima@ifz.ru

B nactosmee Bpems Oiaromapsi pa3BUTHIO MPUOOPHON 0a3bl MOSBUIACH BO3MOXKHOCTH
peanu3aiy HEMOCPEACTBEHHOTO BBIUUCICHUS BEPTUKAIBHOTO TPaJUeHTa MAarHUTHOTO TOJIS 110
JTAHHBIM TIOBBICOTHOM CBEMKH C OCCIHMJIOTHBIX BO3YIIHBIX CYIOB. BeCHUIOTHBIE TEXHOJIOTHUH
MIO3BOJISTIOT 00ECTICUNTh MAKCUMAIILHOE COBIAJICHUE IPODUIICH F TIOCTOSIHHOE PACCTOSTHUE MEXKTY
SIIETIOHAMH CBHEMKH, a ucrnojib3oBaHue ynaieHHo ['HCC-ctaHuuu — pemmTh MO3MLMOHHYIO
3a/la4y ¢ HEOOXOIWMOUW TOYHOCTBIO. BBUIM BBITIOJHEHBI IKCIIEPUMEHTAIBHBIC CHEMKH HaJl
pa3HBIMH TEOJIOTUYECKUMU CTPYKTypaMH M aHTPONOTCHHBIMH OOBEKTaMH B paloHaX
pacmoio>KeHUsI TECOMAarHUTHBIX 00cepBaTopuii. Pe3ynbTaThl oKa3aau psiji MPEUMYIIECTB JaHHOU

METOJIMKH 0 CPAaBHEHUH C YHCJICHHBIM METOAOM. lcciienoBaHus ObUIM BBIMIOJHEHBI B PaMKax
npoexkta PH® Ne24-17-00346.
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MULTI-LEVEL AEROMAGNETIC SURVEY FOR IN SITU MEASUREMENTS OF
VERTICAL MAGNETIC FIELD GRADIENT

LM. Aleshin’, A.A. Soloviev', Ya.V. Taran’
!Geophysical Center RAS (Moscow, Russia)
2Schmidt Institute of Physics of the Earth RAS (Moscow, Russia)

ima@ifz.ru

Due to the development of instrumental techniques over the past few decades, we now have
the opportunity to calculate directly the vertical gradient of the magnetic field based on multi-level
survey data from unmanned aerial vehicles. Unmanned technologies allow us to ensure maximum
profile alignment and a constant distance between surveys. The use of a remote GNSS station
enables us to refine significantly the magnetometer position. Experimental surveys were conducted
on various geological structures and anthropogenic objects in the areas of geomagnetic
observatories. The results demonstrated several advantages of this technique compared to the

numerical method. The research was conducted under the Russian ScienceFund grant No. 24-17-
00346

NHCTPYMEHTAJIBHBIE ITIOJIEBBIE HCCJIIEJOBAHUA MACCHUBA
«BAJIUMSAKN» ITPU TIOMOIIA BBC

UM. Anéwun’>* M.A. Mameees', J[. K. Moxpos', FO.A. Moposoe’, ®@.B. Ilepedepun’?, H.K.
Posenbepe’, A.B. Tapan', K.1. Xonooxoe'?, B.M. Il[epbaxoe’?

Mucturyr pusuxn 3emmm um. O.10. IImuara PAH (Mocksa, Poccust)
Teopusunueckuii nentp PAH (Mocksa, Poccus)
SMoOCKOBCKHIi FOCYIapCTBEHHBII YHUBEPCUTET Teoie3un U Kaprorpadguu (Mocksa, Poccus)
keir@ifz.ru

N3yuenue w™accuBa Bsanumsaxkun Havanoce B cepeguHe XIX Beka ¢ moucka
TUTAaHOMAarHeTuToBeIXx pyA. B 1855 romy X. XommOepr OTKpBUT IMO3IHEMAarMaTHYeCKoe
TUTAHOMAarHETUTOBOE MECTOPOXKJIECHHE Ha Teppurtopur MmaccuBa. IlepBas neranbpHas
reoJIOrHYecKasi MOJIeNIb MaccuBa IpejacTaBieHa B pabote [CapanumHa, 1948]. CoBpemeHHOE
MOHUMAaHUE CTPOCHUS BSIMMIKCKOro MHTPY3UBHOTO KOMILJIEKCA OIMKMCAHO B paboTe [AJeKcees,
2020], onHaKO JUCKYCCUU O €ro FeHe3uce BCE eI MPOI0IKAIOTCS.

B mae 2024 ropa cotpyauuku Md3 PAH npoBenyu HHCTpyMEHTaIbHBIE 110JIEBbIE paOOThHI
C WCToJIb30BaHWEM OecmioTHRIX BO3aymHbIX cynoB (BBC) B paiione maccuBa Bsmumsku. B
pe3ynbrate ObUTH co3aHbl IudpoBbie Monenu penbeda (IIMP) u mectHOCTH (LIMM), KOTOpBIE
JIOTIOJIHUAJIM UMEIOILMECS TaHHbBIE TI0 MACCHUBY.

Takxke ObUta TMpOBEJCHA a’pOMArHUTHAsE ChEMKA C  TOMOIIBI0  KBAaHTOBOTO
aspomarauromeTpa GeoShark. Pe3ynbTaThl chEMKH POAEMOHCTPUPOBAIU BHICOKUI MOTCHIIMAT
METO/1a JIJIsl U3yYCHUs MTOIOOHBIX T€OJIOTHUECKUX CTPYKTYp. [lepBudHas HHTepIpeTaus JaHHBIX
BBISIBWJIA CYIIECTBEHHBIE Pa3u4usl C CYIIECTBYIOUIMMHU MPEICTABICHUSIMHU O T€O0JOTHYECKOM
CTPOCHHH MAaCCHUBA.

B nepcriekTrBe Ha OCHOBE MHBEPCHUU IMOJIyUYEHHBIX JAHHBIX OyJeT co37aHa KOMIUIEKCHAs
reosioro-reopuzmyeckas Mosieib TeppuTopu. OHa MO3BOJIUT BOCCTAHOBUTH O0BEMHYIO (POpPMY H
IyOMHY 3ajJeTaHusi KOPHEBOM 30HBI MaccuBa BsAmuUMSKH, a TakKe YCTAaHOBHUTH €rO CBSI3b C
BBIXOJIJaMU Ha OCTPOBE MSKHCAIO U, BO3MOXHO, BBISIBUTH PAHEE HEHM3BECTHBIC PY/IHBIC TETA.

bubnuorpadus
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Capanunna ['M. [Ilerposorusi BsJIuMSIKCKOW MHTPY3MH M CBSI3aHHOE C HEIO
pynomnposisnenue // 3B. Kap.-®un. Hayy.- uccnen. 6azst AH CCCP. 1948. Ne 2. C. 32-42.

Anmncumos P.J1., [TerpakoBa M.E., bantei6aes I11.K. PannenpoTepo3sorickue rabOpouiHbIe
maccuBbl Kaamamo wu Bemumsku B CeBepHom Ilpunanoxse: Tepmoamnamuyeckoe
MOJICJIMPOBAHNE KPUCTAUIM3AIMHU U TPEeH b 3BosTtonnu nopoy // BectH. CIIOI'Y. Hayku o 3emite.
2023. T. 68, Bbim. 2. C. 265-292

AnekceeB M.A. BsmuMmskckuii komruiekc // Jlamoxckash mpoOTEpoO30McKas CTPYKTypa
(reosorusa, TmyOuHHOE cTpoeHWe W MuHeparenus) / Ots. pea. H.B. Illapos. Ilerpo3aBojack:
KapHII PAH, 2020. C. 85-90.

MAPPING THE VALIMAKI COMPLEX: DRONE-ENABLED FIELDWORK

LM. Aleshin’? * M.A. Matveev!, D.K. Mokrov!, Yu.A. Morozov!, F.V. Perederin’?, N.K.
Rozenberg', Ya.V. Taran!, K.I. Kholodkov'?, V.M. Shcherbakov'3

!Schmidt Institute of Physics of the Earth RAS (Moscow, Russia)
2Geophysical Center RAS (Moscow, Russia)
3Moscow State University of Geodesy and Cartography (Moscow, Russia)
keir@ifz.ru

The study of the Vilimdki Complex began in the mid-19th century with the search for
titanomagnetite ores. In 1855, H. Holmberg discovered a late-magmatic titanomagnetite deposit
within the complex. The first detailed geological model of the complex was presented in
[Saranchina, 1948]. The modern understanding of the Vélimaki intrusive complex’s structure is
described in [Alekseev, 2020], though discussions regarding its genesis remain ongoing.

In May 2024, researchers from the Institute of Physics of the Earth (RAS) conducted
instrumental field studies using unmanned aerial vehicles (UAVs) in the Vilimiki Complex area.
As a result, digital elevation models (DEMs) and digital terrain models (DTMs) were created,
supplementing existing data on the complex.

Additionally, an aeromagnetic survey was performed using the GeoShark quantum
aecromagnetometer. The survey results demonstrated the high potential of this method for studying
similar geological structures. Preliminary data interpretation revealed significant discrepancies
with existing concepts of the complex’s geological structure.

In the future, a comprehensive geological-geophysical model of the area will be developed
based on the inversion of the obtained data. This model will enable the reconstruction of the three-
dimensional shape and depth of the root zone of the Viliméiki Complex, establish its connection
with outcrops on Mékisalo Island, and potentially identify previously unknown ore bodies.

References:

Saranchina G.M. “Petrology of the Vyalimaki Intrusion and Related Ore Occurrence” (in
Russian, orig. title: IleTponorust BamuMsakckoi HHTPY3UH U CBSI3aHHOE C HEIO PYJIONPOSIBICHHE),
Izvestia of Karelia-Finland Research Facility of the USSR Academy of Sciences (orig. M3B. Kap.-
®uH. Hayy.- uccien. 6azel AH CCCP.), 1948, Nr 2. p. 32-42.

Anisimov, R. L., Petrakova, M. E. and Baltybaev, S. K. (2023) “Kaalamo and Velimyaki
paleoroterozoic gabbroid massifs of the Northern Ladoga area: thermodynamic modeling of
crystallization and evolution trends of igneous rocks”, Vestnik of Saint Petersburg University.
Earth Sciences, 68(2). doi: 10.21638/spbu07.2023.204.

Alekseev ILA. “Vyalimyakskiy Komplex” (in Russian), Proterozoic Ladoga Structure,
Edited by N. V. Sharov. Petrozavodsk: Karelian Research Centre of the Russian Academy of
Sciences, 2020. p. 85-90.
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AHAJIN3 CEUCMHUYECKHUX ATPUBYTOB I10 PETHOHAJBHOMY KATAJIOT'Y
3EMUIETPSICEHUIM B PAMOHE SIMOHCKUX OCTPOBOB

E.B. lquouzosa, T.A. Cmynuna, H.A. Bywenkosa

WHuctutyT Hedrerazopoit reosoruu u reopuszuxu um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust)

tsibizovaev(@ipgg.sbras.ru

B  macrosmei#t paGore MBI 1MOAPOOHO — paccMoTpenu  GopMmar  HEepBUYHBIX
CeIICMOJIOrMYECKHX JIaHHBIX, IPEICTABICHHBIX B OroyieTeHsAX SnoHckoro MeTeoposornyeckoro
ATEHTCTBa, W3 KOTOPBIX (OPMHUPYIOTCS KaTaJOTW 3eMIICTPSACEHH, B TOM YHCIE W
HU3KOMAarHUTYHBIX, 3apPETUCTPUPOBAHHBIX B pailoHe SIMMOHCKMX OCTPOBOB. JJOCTATOYHO BBICOKAS
IUIOTHOCTh CEeTe CeHCMMYECKMX CTaHLMM, HAcUMTHIBAIOIIAas Oojiee IBYX THICSY, BKIIOYAs
IJ1yOOKOBOHBIE, TI03BOJIIET IPUMEHNTh MHOTOIIapaMETPUUECKYIO ITPOLElypy 0TOOpa JaHHBIX MO
aTpuOyTaM (TUIOLEHTP, OIIMOKH JIOKAIlMH, MAarHUTY/Aa, KaTeropusl 3eMJICTPSICEHHUS, BpEMEHa
BCTYIUIEHUS (a3 0OOBEMHBIX BOJIH, KOJMYECTBO CTAHIMI), MPEACTaBIECHHBIM B OHOJUIETEHSAX U
JIOTIOJTHUTETIFHO TI0 HUM BbIUUCIsAeMBbIM (K03 duumeHT Banatu, oneHkn nmapameTrpoB rpaduka
MIOBTOPSIEMOCTH B CKOJIB3SIIEM OKHe). B pesynbrare, hopMupyeMblil HOBBII MoAKaTaIor UMeeT
MEHBIINI 00beM 1 0oJiee BHICOKHI YPOBEHb JIOBEpHUS K KaUECTBY JaHHBIX, YTO B CBOIO OY€pE/ib,
COKpAIIlaeT pacueTHOE BpeMs P MOCTPOSHUH TPEXMEPHBIX CEHCMOTOMOrpa(pUUECKUX MOAETEH.
Pe3ynbraT «pa3symMHOro» oTOOpa [JaHHBIX CONPOBOXKAAETCS BU3yaJIH3aLUEH pacHpeeeHus
aTpuOyTOB B IIPOCTPAHCTBE, BPEMEHHU, U MPOEKLHUAX Ha 3aJjaBaeMble MOJIb30BaTENIEM CPE3bl, YTO
MIO3BOJISIET JI€IaTh IIPEABAPUTEIIBHBIE BBIBOJBI O BO3MOKHOCTH MX MCIIOJIb30BaHUS JUIS PELICHUS
pasnuuHbIX 3amad. Pa3pa®oTaHHas cTpyKTypa MOKeT OBITh MNpPUMEHEHAa M K JpYrHM
pEeruoHaIbHBIM KaTajloraM ¢ 00beACHUEM JAHHBIX AJIS I€TAIU3UPOBAHHOTO M3YYEHUS KPYIHBIX
oOnacreit. PaGora BeimosiHeHa B paMkax rocyaapctBeHHoro 3aaanust MHI'T CO PAH (mpoekt
FWZZ-2022-0017).

ANALYSIS OF SEISMIC ATTRIBUTES FROM THE REGIONAL EARTHQUAKE
CATALOG OF THE JAPANESE ISLANDS AREA

E.V. Tsibizova, T.A. Stupina, N.A. Bushenkova
Trofimuk Institute of Petroleum Geology and Geophysics SB RAS (Novosibirsk, Russia)

tsibizovaev@ipgg.sbras.ru

In this work, the format of primary seismological data presented in the bulletins of the
Japan Meteorological Agency is considered in detail. They are used to form catalogs of
earthquakes, including low-magnitude ones, registered in the area of the Japanese islands. A
sufficiently high density of seismic networks, numbering more than two thousand stations,
including deep-water ones, allows using a multiparametric procedure for selecting data by
attributes (hypocenter, location errors, magnitude, earthquake category, wave phase arrival times,
number of stations) presented in the bulletins. In addition, we calculated new seismic attributes
(Wadati coefficient, estimates of recurrence graph parameters in a sliding window). As a result,
the newly formed subcatalog has a smaller volume and a higher level of reliability in terms of data
quality, which in turn reduces the estimated time of building 3D seismic tomographic models. The
result of “intelligent” data selection is accompanied by visualization of the attribute distribution in
space, time and projections on user-defined sections, which allows us to make preliminary
conclusions about their usability for various studies. The developed structure can be applied to
other regional catalogs, combining data for detailed study of large territories. The study was
supported by the Government Contract of A.A. Trofimuk Institute of Petroleum Geology and
Geophysics (project FWZZ-2022-0017).
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MOHMTOPHUHI KPATEPHOM 30HbI ABAYMHCKOT' O BYJIKAHA 110 JIAHHBIM
THCC-HABJIIOJEHUA U BECIIUJIOTHOM ADPO®OTOCHEMKH B 2020-2025IT.

U K. Muponos, K.M. Mazycokun, B.M. Mazcycokun
WuctutyT Bynkanonoruu u ceiicmonoruu /IBO PAH (Ilerponasnosck-Kamuarckuit, Poccust)

taliks123(@mail.ru

B oxTs6pe-nexadbpe 2019 r. mpousonuia akTUBH3AIUs CIAOBIX CEHCMUYECKUX COOBITHUMA
M0JT KOHYCOM U B paJiyce 8 KM 0T ABaUYMHCKOTO ByJIKaHa. B cBsi3u ¢ aTMu coObITHsIMU, B 2020
r. 1a0. TeoNe3nH W IUCTAHIMOHHBIX MeTonoB mccienoBanuii IBuC JIBO PAH 3anoxwuna 4
MyHKTa HAa ABauyMHCKOM BYJIKaHe i OoJjiee ETAIbHOTO MOHHUTOPHHTA BEPIIMHHON 4YacTu
ByJKkaHa. B Habmonenusx ucnoib3oBasmch aByxdactotele [ HCC npuemnanku Leica GR10 ¢
antenHamu Javad GrAnt G3T. B pesynbrare 00paboTKH BEIYUCIIEHBI T€0/Ie3UUECKUE KOOPAUHATHI
myHKTOB ceTu. Takxe ¢ 2023 r., oqHoBpeMeHHO ¢ u3MmepeHusiMu Ha ' HCC nmyHkTax, mpoBOaUTCS
a’poOoTOCHEMKA C LIETBI0 TocTpoeHHs opTodoTorana u [[MM BepmnHHOM 4acTH ABaYHHCKOTO
ByJIKaHa. 3a BpeMs HaONIOJEHUI, MYHKTBHI, PAaclOJIO)KCHHbIE B CEBEPHOM 4YacTh Kpartepa,
CMEIIAIOTCS B CEBEPO-BOCTOYHOM HAIPAaBJIEHUU CO CKOPOCTBIO OKOJIO 2 cM B roa. IIyHKTHI B
HEHTPaIbHON YaCTH CMEIIAI0TCS B CTOPOHY TPEUIMHBI B JTaBOBOM MPOOKE CO CKOPOCTSIMHU OKOJIO
2-3 cm B rof. Takke BBICOTHI BCEX IMyHKTOB YMEHBIIMINCH Ha 5-8 ¢M 3a nepuo HabOmroaeHuii. B
Oynymem turanupyetrcs mnpomonkeHne ['HCC-mabmioneHwii W TPOBEACHHE TOBTOPHBIX
a’po(OTOCHEMOYHBIX paboT A GoJIee IeTabHOTO aHaJIi3a BO3MOYKHBIX JIBIYKEHUN B KpaTepHOH
30He ABAYMHCKOTO BYJIKaHa.

MONITORING OF THE CRATER ZONE OF AVACHA VOLCANO USING GNSS
OBSERVATIONS AND UNMANNED AERIAL PHOTOGRAPHY IN 2020-2025

LK. Mironov, K. M. Maguskin, V.M. Maguskin
Institute of Volcanology and Seismology FEB RAS (Petropavlovsk-Kamchatsky, Russia)
taliks123(@mail.ru

In October-December 2019, there was an activation of weak seismic events under the cone
and within 8 km of Avacha volcano. In connection with these events, in 2020, the Laboratory of
Geodesy and Remote Sensing Methods of the Institute of Volcanology and Seismology FEB RAS
established 4 points on Avacha volcano for more detailed monitoring of the summit of the volcano.
Leica GR10 dual-frequency GNSS receivers with Javad GrAnt G3T antennas were used in the
observations. As a result of processing, the geodetic coordinates of the network points were
calculated. Also from 2023, simultaneously with the measurements at the GNSS points, an aerial
survey is being conducted in order to construct an orthophoto and DEM of the summit of Avacha
volcano. During the observation period, the points located in the northern part of the crater move
northeastward at a rate of about 2 cm per year. The points in the central part are shifting toward
the fissure in the lava plug at a rate of about 2-3 cm per year. Also, the elevations of all points
decreased by 5-8 cm during the observation period. In the future, it is planned to continue GNSS
observations and conduct repeated aerial surveys for a more detailed analysis of possible
movements in the crater zone of Avacha volcano.

39


mailto:ezhkin@yandex.ru
mailto:ezhkin@yandex.ru

OBPABOTKA JAHHBIX BUBPOCEMCMHYECKOM TOMOI'PA®UHA I'PS3EBOI'O
BYJKAHA KAPABETOBA I'OPA

B.B. Kosanesckuii, JI.II. Bpacunckas, A.1l. I pueoprok, /[.A. Kapasaeg

WMHCTUTYT BBIYMCIUTEIBHON MaTeMaTUKH U MaTeMaTHueckoil reopusuku CO PAH
(HoBocubupck, Poccust)

kovalevsky@sscc.ru

B pabote mpuBeneHBI METOAMKA W PE3yNbTaThl 00paOOTKM JAHHBIX SKCIIEPHUMEHTa I10
BUOpoceiicMudeckoil ToMorpaduu rpsizeBoro ByJikaHa KapaberoBa ropa. Iccmenmoanack
CTPYKTYpa BOJIHOBOTO TIOJIS MPH MPOXOKIACHUN BOJIH OT BUOPATOPOB Uepe3 IPsA3eBOM ByJIKaH IO
pa3IUYHBIM HanpaBieHUsAM. [Ipu aHan3e BUOPALIMOHHBIX CEHCMOTPaMM BBIAEIISUINCH TEPUOJIBI €
pa3HOW NIWHAMHMKOW Ha OCHOBE OIpEJeNIeHHUs IoKa3aTenss Xepcra Kak Mepbhl XaOTUYHOCTHU
BPEMEHHOI'0 psia, YTO IO3BOJIMJIO BBIIBUTH BOJIHBI IPOLIEAIINE uyepe3 (UIIOUI0COoeprKallne
30HBI ByJikaHa. [locTpoeHne Tomorpaduyeckoro n300pakeHus: BHyTPEHHEH CTPYKTYphI ByJIKaHa
OCHOBBIBAJIOCh Ha aJITOPUTME OOPATHOI'O MPOELHPOBAHUS IO ONPEACIEHHON Ui OTAEIbHBIX
ceiicMorpaMM (pakTadbHON pasMEpHOCTH WM TMapamerpa Xepcta. B pesynbprare yaanoch
BBIJICJIUT TPU 30HBI MOBBIIIEHHOI'O IOIVIOIIEHUS! CEMCMUYECKMX BOJH BHYTPH BYJIKaHa,
CBSI3aHHBIMU C KaHaJIAMHU BBIXOJ[a TPsI3e-OpEeKYNEBOI COCTABISIONICH ByJIKaHa HAa IOBEPXHOCTb.

DATA PROCESSING OF THE KARABETOVA GORA MUD VOLCANO
VIBROSEISMIC TOMOGRAPHY

V.V. Kovalevskiy, L.P. Braginskaya, A.P. Grigoruk, D.A. Karavaev

Institute of Computational Mathematics and Mathematical Geophysics SB RAS (Novosibirsk,
Russia)

kovalevsky(@sscc.ru

The paper presents the methodology and results of processing the data of the experiment
on vibroseismic tomography of the Karabetova Gora mud volcano. The structure of the wave field
was studied when waves from vibrators passed through the mud volcano in different directions.
When analyzing vibration seismograms, periods with different dynamics were identified based on
the definition of the Hurst exponent as a measure of the chaos of the time series, which made it
possible to identify waves that passed through the fluid-containing zones of the volcano.
Construction of a tomographic image of the internal structure of the volcano was based on the
algorithm of back projection according to the fractal dimension or Hurst parameter determined for
individual seismograms. As a result, it was possible to identify three zones of increased absorption
of seismic waves inside the volcano, associated with the channels of the exit of the mud-breccia
component of the volcano to the surface.
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YUCJIEHHOE MOIAEJIUPOBAHUE PABOTBI PAINOBBICOTOMEPA JISAA
YTOUHEHUA TAPAMETPOB AJITOPUTMOB PETPEKHUHT A

A.O. Cnoboosmiox?, C.A. Jlebeoes!?
Teodusnueckuit nentp PAH (Mocksa, Poccust)

’HanmoHanbHBIH HCCe0BaTeNbCKNH YHUBEPCHTET «MOCKOBCKUI HHCTHTYT 3JIEKTPOHHOM
TexHukn» (Mocksa, Poccus)

sashaedva@mail.ru

Llenbto uccnenoBaHus ABISETCS aHAIU3 BIUSAHUSA (PAKTOPOB, CBA3AHHBIX C OpUCHTAIUEH
AQHTEHHbl aJbTUMETpPa M COCTOSIHUEM MOPCKOM TOBEPXHOCTH, Ha TOYHOCTb W3MEpPEHUN
PaaroBBICOTOMEPA C UCIOIb30BAHUEM YHCIEHHOIO MOJEIUPOBAHUS U AITOPUTMOB PETPEKUHTA.
Jlis MonenupoBaHus OpMBI OTPaKEHHOI'O MMITyJIbca NMpUMEHsUIach reoMeTpust bpayHa, a ans
pacdera OTPaKCHHOW MOIIMHOCTH OTAEJIBHBIX YYaCTKOB ITOBEPXHOCTH HCIIOJIB30BAJICS METOJ
Kupxroda nmpu maneix yriax nagenus. [IpoBenensl Tpu skcnepumenta: 1) OTkiIOHEHHE ocu
aHTEHHb! (yroia OTkJIOHeHMs oT Haaupa 0-0,5°) Ha CIOKOMHOW IOBEPXHOCTU C BETPOM; 2)
Bpamenne wmopckoii moBepxHOcTH (0—180°) OTHOCHTENBHO BEpPTUKAIBHOW OCH TIpH
B3BOJIHOBAaHHOW MOBepXxHOCTH; 3) M3MeHeHue amMIuuTybl JOMUHAHTHOW BoiHBI (1-2 M) Ha
B3BOJIHOBAaHHOW MMOBEpPXHOCTU. Pe3ynbTaThl moOKa3ajau, YTO NpPU OTKIOHEHWH AHTEHHBI
HAOII0ZaeTCsl CMEUICHUE CEepelrHbl NepepHero (poHTa UMIyJIbca Ha 3 reiiTa M CHUXKEHUE
3HAYMMOM BBICOTHI BOJIH, C OIIMOKOW U3MEPEHUs BBICOTHI MOpcKoii moBepxHocTH 0,89 + 0,48 cm
JUISL JaHHBIX cIyTHUKA Jason-3. [Ipu Bpaniennu noBepxHocTH omubka coctauna 0,18 + 0,25 cm,
a Ipu U3MEHEHHH amIuuTyasl BoiaHbl — 0,83 + 0,05 cm. YUucieHHoe MoJeaupoBaHUE
JIeMOHCTpUpyeT 3(hdeKkTuBHOCTH anroputMoB perpekunra (bpayn, Ocean-2) B KOppekIuu
OIIMOOK, BBI3BAHHBIX HECTAOUIBLHOCTHIO AHTEHHBI M JAMHAMHUKOW MOPCKOWM MOBEPXHOCTH, UYTO
BaXHO JJI TMOBBIIIEHUS TOYHOCTH CIyTHUKOBOW aJbTUMETPUH B OKeaHOrpahuu H
KJIMMATHYECKUX HCCIICAOBAHUAX.

NUMERICAL MODELING OF RADAR ALTIMETER OPERATION TO REFINE
RETRACKING ALGORITHM PARAMETERS

A.O. Slobodyanyuk?, S.A. Lebedev'?
!Geophysical Center RAS (Moscow, Russia)
*National Research University "Moscow Institute of Electronic Engineering" (Moscow, Russia)

sashaedva@mail.ru

The aim of the study is to analyze the influence of factors related to the orientation of the
altimeter antenna and the state of the sea surface on the accuracy of radar altimeter measurements
using numerical modeling and retracking algorithms. The Brown model was used for modeling
the shape of the reflected pulse, and the Kirchhoff method was employed for calculating the
reflected power from individual surface areas at small incidence angles. Three experiments were
conducted: 1) Deviation of the antenna axis (deviation angle from nadir 0—0.5°) on a calm surface
with wind; 2) Rotation of the sea surface (0—180°) relative to the vertical axis on a rough surface;
3) Change in the amplitude of the dominant wave (1-2 m) on a rough surface. The results showed
that with antenna deviation, there is a shift in the midpoint of the leading edge of the pulse by 3
gates and a decrease in the significant wave height, with an error in measuring the sea surface
height of 0.89 + 0.48 cm for Jason-3 satellite data. With surface rotation, the error was 0.18 + 0.25
cm, and with changing wave amplitude, it was 0.83 £ 0.05 cm. Numerical modeling demonstrates
the effectiveness of retracking algorithms (Brown, Ocean-2) in correcting errors caused by antenna
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instability and sea surface dynamics, which is important for improving the accuracy of satellite
altimetry in oceanography and climate research.

MEKBEJOMCTBEHHAS OKCITIEPUMEHTAJIBHASA BBICOKOIINPOTHASA
PAINOTPACCA UKHU PAH - OCHOBA JUIA @OPMHUPOBAHUA MOCKOBCKOI'O
I'EJIMOT'EOPU3NYECKOI'O MEPUJIHAHA

A.T. Anaxoe!, A.A. ITempyrosuu’, A.M. Mépznoi’, A.M. Caooscxuii’, U.B. Munzanés’, A.A.
Caxapoé’

"MuctutyT KOcMUUeckux uccienopanuit PAH (MockBsa, Poccus)
Monsapuslit reodusnueckuii nHCTUTYT (Mypmanck, Poccus)

eet-21(@mail.ru

B noxnane npuBeneHs! 000CHOBaHHE HEOOXOAMMOCTH IIPOBEACHUS T'€IHOre0(hU3NIECKOT0
MOHUTOpPUHIA Ul PELICHHWS HAy4HO-IPUKIAAHBIX 3anad. [IpoaHanu3supoBaHbl BO3MOKHOCTHU
CYILIECTBYIOIIMX ceTel reauoreodusnveckoro Mouutopuara Pocruagpomera 1 Muno6pHayku mno
oOecnieueHunto norpeduteneil uHdGopmarmen. IlpeacraBieHbl OCHOBHBbIE MOJOXKEHHUS MPOEKTa
KOHLENIIMM CUCTEMBbI TeIuoreopu3sndyeckoro MoHutopuHra B ApkTtuke. CopMyInpOBaHbI
IpeUI0KEHUs IO POPMUPOBAHUIO MOCKOBCKOTO MeJINOre0(pU3MYECKOro MEPHIMaHa KaK JIEMEHTa
CUCTEMBbI MOHUTOpPUHTA. M3110keHbI OCHOBHBIE (DyHAaMEHTaJIbHbIE U MpUKIaAHbIe 3a0aun MOPT
KU PAH, a Takxe pe3yJbTaThl IPOBEJCHHBIX TEOPETUUECKUX U IKCTIEPUMEHTAIBHBIX paboT.

BECIINJIOTHAS 1OBBIYA BYJIKAHUYECKUX METAJIJIOB
B.H. Apoacenosg
MockBa, Poccus

ardvalnik@mail.ru

becnwiioTHple  ammapaTthl 1O NPUMEHSEMBIM  MaTepuanaM, KOHCTPYKTHBHOMY
UCIIOJHEHUIO, TPY30HOJBEMHOCTH U YAAJEHHOCTH YIPABIEHUS CO3JAIOT IPEANOCHUIKU
6e3omacHoro cmoco0a J00BYM pEHHMsT M JPYIMX LEHHBIX 3JIEMEHTOB M3 (yMaposbHbIX
razonapoBbelx BbIOpocoB ByikaHa "Kynpsseii" (Mrtypyn).  Mcxoanbele TpeboBaHus id
pa3paboTKW W IpUMEHEHMs crocoba: 3amura ABUrartesiell oT abpa3MBHOrO Mersia; Hoadop
KOHCTPYKLUH JIOBYILIEK PACCESIHHBIX MUHEPAJIbHBIX KOMIIOHEHTOB U JIETYYMX YaCTULl METAJIJIOB
ra3oBod cpenbl; KOMIbIOTepHass o00pa0oTka Bujeo3anucel (pakIMOHHOTO COOTHOLICHHS
DIIEMEHTOB HAa PA3JIMYHBIX OIIEJIOHaX Ta30BBIX BHIOPOCOB; OLEHKA IUIOTHOCTH, XHMHKO-
OpPraHWYECKOI'0 COCTaBa MUHEPAJIOB U MarHUTHBIX CBOWCTB METAJJIOB; WACHTU(UKALMS YaCTUI
METaJJIOB MO  ONTHYECKUM  XapaKTepUCTHKaM; MOJIOJIEKHAsT U  COpPEBHOBATEJIbHAas
HalpaBJIeHHOCTh (POPMHUPOBAHUS MOJIE3HBIX HOBALIMI B CO3aBa€MOIl SIKOCHCTEME.

UNMANNED MINING OF VOLCANIC METALS
V.N. Ardasenov
Moskow, Russia

ardvalnik(@mail.ru

In terms of materials used, structural design, carrying capacity and remote control,
unmanned vehicles create the prerequisites for a safe method of extracting rhenium and other
valuable elements from fumarolic gas-steam emissions from the Kudryavy volcano (Iturup). Initial
requirements for the development and application of the method: protection of engines from
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abrasive ash; selection of trap designs for dispersed mineral components and volatile metal
particles in the gaseous medium; computer processing of video recordings of the fractional ratio
of elements at various levels of gas emissions; assessment of density, chemical and organic
composition of minerals and magnetic properties of metals; identification of metal particles by
optical characteristics; youth and the competitive orientation of the formation of useful innovations
in the created ecosystem
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OIPEJEJEHUE KATETOPUU TPOITUUYECKOI'O IIMKJIOHA HA OCHOBE
HEWPOCETEBBIX TEXHOJIOT U1

A.C. Epemenko’?
'MHcTuTyT aBTOMaTHKU 1 nipolieccoB ynpasienus JJBO PAH (Bnaausoctok, Poccus)
2JlanpHeBOCTOUHBIH (henepanpHblil yHuBepcuTeT (BnamusocTok, Poccus)

academy21@gmail.com

ABTOMaTHYECKOE OOHAPYKEHHE TPOITUYECKUX IIUKIOHOB U OMPEICIICHNE UX KaTerOpruu Ha
OCHOBE HEHPOCETEBhIX TEXHOJIOTHI MPECTABIAIOT CO00M BaXKHOE HANPaBIICHHE B COBPEMEHHOM
CITyTHUKOBOM MOHUTOpuUHTe. Tpormmueckue 1mukioHbl (TLl) sBisitoTcs omacHpIMUA MPUPOTHBIMU
SIBIICHUSIMU, TPEOYIOIIMMHU ONIEPATUBHOTO MPOTHO3UPOBaHUS. TpauIINOHHBIE METOIbI, TAKHE KaK
TexHHKa J[Bopaka, 00J1aat0T CyIIeCTBEHHBIMU HEJOCTAaTKAMMU, BKJIIOUAsi CyOBEKTUBHOCTD OLIEHOK
Y 3HAYUTENbHBIC PACXOXKICHUS B omnpenenenun napamerpos TL[. B mannoii pabote mnpeanoxeH
aBTOMATU3MPOBAHHBIN MOAXO K AeTeKuu U Kiaccudukanuu TL] ¢ ncrnonpzoBaHueM riy00Koro
00y4eHus1, TO3BOJISIOMINN MUHUMH3UPOBATH 3TH OTPAHHYCHUSI.

B nccnenoBanum MCONB30BAIMCH JaHHBIE TE€OCTAIIMOHAPHOTO ciryTHUKa Himawari-8 —
13 565 UK-u3o06paxenuit 3a mepuoz ¢ 2012 nmo 2022 roj, pa3sMeYeHHBIX HA OCHOBE best-TpexoB
SAnonckoro mereoponorudeckoro arenrctBa (JMA). Kareropmzamus Tl mpoBomunace mo
CKOPOCTH BETPA, BBIACJIECHO 7 KJIACCOB — OT TPOIMUYECKOIO0 BOJHEHHUS O OYEHb MHTEHCUBHOI'O
TPONUYECKOro UMKJIOHA. s pemeHus 3amadud  npumeHeHa apxurekrypa YOLOVS,
aJanTHPOBAHHAS JJII 00paOOTKH CIYTHUKOBBIX JaHHBIX. JJOTIOJTHUTEIBHO YYUTHIBAIUCH TAKHE
nmapameTpsl, Kak paauyc "mnaza" Tl u kpurepuii paccoriiacoBanus yriioB BETpa, paCCUUTAHHBIN
10 KapTaM JOMHUHAHTHBIX OpUEeHTalui TepMudeckux koHTpacTtoB (JJOTK).

PesynbpraTthl mokazanu BBICOKYH 3G (EKTUBHOCTbh MNpeasiokeHHOro Mertona. Omubka
onpexaenenus nentpa TL[ cocraBuna He 6onee 10.5 KM MO MIUPOTE U AOATOTE, YTO CYIIECTBEHHO
TOYHEE TPAAUIMOHHBIX 1M0aAX0/10B. Kitaccudukanus mo kareropusiM 10CTUIIIa TOYHOCTU CBBILIE
80% a1t OOJBIIMHCTBA KIIACCOB, MTPH ATOM JISI HEKOTOPBIX KATETOPHA, HAIPUMEP TPOITHUIECKOTO
BOJIHEHUSI ¥ MHTEHCHBHOI'O TPOMHYECKOTr0 LUKIOHA, TOYHOCTH npeBbicuia 90%. Haunbonbuime
3aTpyJHEHUS BbI3BAJIO PACIIO3HABAHUE OUYEHb MHTEHCUBHBIX TPOIMMUYECKUX IIUKIOHOB (KaTeropus
7), 4TO CBSI3aHO C UX OTHOCUTEJIBHO MaJIbIM KOJIMYECTBOM B 00yUaroleil BhIOOpKe U HEMTUHEIHON
3aBUCUMOCTBIO pazMepa TL[ oT HHTEHCHUBHOCTH Ha SKCTPEMAJIbHBIX CTaUAX.

Pa3pabGotannass Mozenb HMHTErpUpPOBaHA B paclpeleNi€éHHYI0 CHCTEMY MOHUTOPHUHTA,
oOecreynBaronyo o0paboTKy JaHHBIX B PEaJIbHOM BpeMeHHU (4 CEeKyHIBl Ha M300pakeHue) U
Busyanuzanuio TpekoB Tl uepe3 BeOG-unTepdeiic. s MoBbIIIEHUS TOYHOCTU KiacCUpUKALIUN
skcTpeManibHbIX TL] mpenoskeHo uCoap30BaTh AOMOTHUTEIbHBIC TAPAMETPhI, TAKHE KaK paguyc
"rnaza" u ganneie kapt JOTK, nemoHcTpupyromue 4€TKYO0 KOPPEISLUI0 ¢ UHTEHCUBHOCTBIO
LUKJIOHA.

Takum 06pazoM, IpeIOKEHHBIN MOIX0]] TO3BOJISIET 3HAYUTEIBHO MOBBICUTH TOYHOCTH U
OTIEPAaTUBHOCTh MOHUTOPHHTA TPONMUYECKUX IIMKIOHOB MO CPAaBHEHHUIO C TPAJAUIIMOHHBIMU
MeTonamu. JlanmpHeilmue uccieaoBaHus OyIyT HaAMpaBlieHbl Ha YIydllleHHE KiIacCUpUKalUU
skcTpeManbHbIX T1l 3a cu€T pacmmpenust 00y4aroiiel BHIOOPKH M BKIFOUCHUS JTIOTTOTHUTEIBHBIX
CIyTHUKOBBIX JaHHBIX. Pa3zpaboTaHHas cucTeMa HMeEeT NPAKTHYECKYI0 3HAYMMOCTh [
METEOPOJIOTUYECKUX CITY’KO M MOXKET OBbITh MCIOJb30BaHA Ui paHHETO MpPEeayNpexIeHus ol
OMAaCHBIX OTOAHBIX SIBJICHUSAX.
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AUTOMATIC DETECTION AND CLASSIFICATION OF TROPICAL CYCLONES
USING NEURAL NETWORK TECHNOLOGIES IN MODERN SATELLITE
MONITORING

A.S. Eremenko’?
nstitute of automation and control processes (Vladivostok, Russia)
2Far Eastern Federal University (Vladivostok, Russia)

academy21@gmail.com

Automatic detection of tropical cyclones (TCs) and determination of their category based
on neural network technologies represent an important direction in modern satellite monitoring.
Tropical cyclones are hazardous natural phenomena requiring rapid forecasting. Traditional
methods, such as the Dvorak technique, have significant limitations, including subjective
assessments and substantial discrepancies in TC parameter estimation. This paper proposes an
automated approach for TC detection and classification using deep learning to minimize these
constraints.

The study utilized data from the Himawari-8 geostationary satellite—13,565 infrared
images from 2012 to 2022, labeled based on best-track data from the Japan Meteorological Agency
(JMA). TCs were categorized by wind speed into 7 classes, ranging from tropical disturbances to
very intense tropical cyclones. The YOLOVS architecture, adapted for satellite data processing,
was employed for the task. Additional parameters, such as the TC eye radius and the wind angle
mismatch criterion derived from dominant thermal contrast orientation (DTCQO) maps, were also
considered.

The results demonstrated the high efficiency of the proposed method. The error in
determining the TC center did not exceed 10.5 km in latitude and longitude, significantly
outperforming traditional approaches. Classification accuracy exceeded 80% for most categories,
with some, such as tropical disturbances and intense tropical cyclones, achieving over 90%
accuracy. The greatest challenges arose in recognizing very intense tropical cyclones (Category
7), attributed to their limited representation in the training dataset and the nonlinear relationship
between TC size and intensity at extreme stages.

The developed model has been integrated into a distributed monitoring system enabling
real-time data processing (4 seconds per image) and TC track visualization via a web interface. To
improve classification accuracy for extreme TCs, additional parameters such as eye radius and
DTCO maps—which show a strong correlation with cyclone intensity—were proposed for
inclusion.

Thus, the proposed approach significantly enhances the accuracy and efficiency of tropical
cyclone monitoring compared to traditional methods. Future research will focus on improving
extreme TC classification by expanding the training dataset and incorporating additional satellite
data. The developed system has practical value for meteorological services and can be used for
early warning of hazardous weather events.
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CEMAHTHYECKASA CETMEHTAIIUA CITYTHUKOBBIX CHUMKOB MODIS JJIA
OIIPEJAEJIEHMS JIEAOBOTI'O ITIOKPOBA B 3AJIMBE IIETPA BEJIUKOI'O

A.B. 3ayepkosnvui, E.B. Kycmosa

Tuxookeanckuit okeanonorunueckuii ”HCTUTYT uM. B.W. Unbuuesa J[BO PAH (BnanusocTok,
Poccus)

kustova e@poi.dvo.ru

B npencraBneHHO# paboTe OnKcaH aropuT™M OMHAPHOM CErMEHTAIlMH aKBaTOPUH 3aJIMBA
[Tetpa Benukoro o cemu kanagaM cHUMKOB TERRA u AQUA, noctynHbeiM B pa3zpemerHuu 500
METPOB/TIMKCEIIb.

Yacth CHUMKOB, 3aXBaThIBAIOIIMX MCCIEAYEMbI palOH, HWHTEPIOIUPYIOTCS IO
KOOpJIWHATaM Ha TEH30p C paBHOMEpHOW ceTkor 7x285x430. Ecmu HEoO0X0auMO, JaHHBIE U3
COCeHUX rpaHyin cuuBarorcs. Paspemenne 285x430 mpuMEpHO COOTBETCTBYET pa3pelICHUIO
Y4aCTKOB CHUMKOB B HaJIUpE€ HaJl 3aJIUBOM.

Pe3ynpTaToM cermeHTanuu ABIsieTCA BellecTBeHHass Matpuiia 285x430, KOTOpYI0 MOKHO
IOPOTOM KOHBEPTHPOBATH B OyieBy. CerMeHTaINs BBITOIHICTCS CBEPTOYHON HEHPOHHOU CETHIO,
CO37aHHOHN aBTOpamMu Mo HekoTopoil aHanoruu c¢ U-Net. OOydeHHe ceTd BBINOIHSETCS Ha
CHUMKaX, Pa3MEUEHHBIX TOJTYyaBTOMATHYECKH. AKTYyallbHOCTh PaOOTHI CBSI3aHA C MPAKTHYECKOM
HEMPUTOHOCTHIO MTpoxykToB MODIS MOD29/MYD29 nnst paccMaTpuBaeMoro peruoHa.

SEMANTIC SEGMENTATION OF MODIS SATELLITE DATA TO DETERMINE THE
ICE COVER IN PETER THE GREAT BAY

A.V. Zatserkovnyy, E.V. Kustova
V.I. II’ichev Pacific Oceanological Institute (Vladivostok, Russia)

kustova e@poi.dvo.ru

The paper describes an algorithm for the binary segmentation of the water area in Peter the
Great Bay, using seven channels of 500-meter resolution from TERRA and AQUA datasets. Parts
of the images capturing the area under study are interpolated by coordinates onto a 7x285x430
tensor. If necessary, data from neighboring granules is combined. The segmentation process results
in a 285x430 float numbers matrix, which can then be converted to a binary matrix using a
threshold value. Segmentation is performed using a convolutional neural network that was created
by the authors by some analogy with U-Net. We train the Network on semi-automatically
annotated images. The relevance of this work lies in the unsuitability of MODIS MOD29/MYD29
products for the region under consideration.

HEWPOCETEBBIE AJITOPUTMbI IPEOBPA3OBAHUSA
MYJAbTUCIIEKTPAJIBHBIX CHUMKOB B BBICOKOTOYHbBIE HUPPOBBIE
MOJEJIM PEJIBE®A

A.A. Onun, U.B. Exumos

JlanpHEBOCTOUHBIN (enepanbHblii yHUBEpcUTET (BnaauBoctok, Poccust)

olin.aal@dvfu.ru

B nanHo#t paboTe MBI MPUMEHSIEM CIEIUAIBHO pa3paOOTaHHBIE AITOPUTMBI TIIYOOKOTO
oOy4eHHss W METOJAbl HEUYETKOW KIAcCH(PHUKAIMU [JIsl aBTOMATHYECKOro TmpeoOpazoBaHuUs
CITyTHUKOBBIX CHUMKOB B JIeTajbHbIe ITU(pOBBIe Mojaenu penbeda. OOydeHHbIE HEMpOoceTeBbIe
MOJIENTH JIEMOHCTPUPYIOT BBICOKYIO A()(PEKTUBHOCTH B BBIIEICHHH TI'€OMOP(OIOTHIECKUX
CTPYKTYP U Pa3THMUYCHHH €CTECTBEHHOTO peibeda OT aHTPOTOTEHHBIX U3MEHEHHU. AJITOPUTMBI
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YCIIENTHO TPOTECTHPOBAHBI HA JAHHBIX TUCTAHIIMOHHOTO 30HAMpoBaHus Landsat m Sentinel,
MOKa3aB TOYHOCTHh IOCTPOCHHS BBICOTHBIX MPOQWICH C TMOTPEIIHOCThI0 MeHee 4 METpOB.
[Tonydennsle pe3ysbTaThl OTKPHIBAIOT BO3MOMHOCTH IS BHEAPEHUS CHUCTEMBI B MPAKTUKY
re0JIOrMYECKUX UCCIECIOBAHUN U MOHUTOPUHIA U3MEHEHUIN 36MHOM TOBEPXHOCTH.

NEURAL NETWORK ALGORITHMS FOR TRANSFORMING MULTISPECTRAL
IMAGERY INTO HIGH-PRECISION DIGITAL ELEVATION MODELS

A.A. Olin, 1.V. Ekimov
Far Eastern Federal University (Vladivostok, Russia)

olin.aal@dvfu.ru

In this work, we apply specially developed deep learning algorithms and fuzzy
classification methods for automatic conversion of satellite images into detailed digital elevation
models. The trained neural network models demonstrate high effectiveness in identifying
geomorphological structures and distinguishing natural relief from anthropogenic changes. The
algorithms were successfully tested on Landsat and Sentinel remote sensing data, showing
accuracy in constructing elevation profiles with an error of less than 4 meters. The obtained results
open possibilities for implementing the system in geological research practice and land surface
change monitoring.

NPUMEHEHHME BU3YAJIU3UPOBAHHBIX IIU®POBBLIX MOJIEJEN PEJIbEDA
JJIAA MOP®OCTPYKTYPHOI'O U MOP®OTEKTOHUYECKOT'O
KAPTOI'PA®HUPOBAHUA JTHA MOPE 1 OKEAHOB

A.A. I'aspunos

Tuxookeanckuii okeanojorundeckuid ”HCTUTYT uM. B.W. UnbeuueBa JIBO PAH (BnaguBocToxk,
Poccus)

gavrilov@poi.dvo.ru

BusyanusupoBannbsle 1udpoBble Moaenu mnoasBoaHoro peinbepa GEBCO 2014,
GEBCO 2022 (http://Ocean3dproects...) B KOMIUIEKCE C MaTe€pHAIIaMH JUCTAHIIMOHHOTO
30HAMPOBaHUS 3eMIIM U3 KOCMOca B paMKax cymecTBytomux nporpamm (Google Earth, Google
Earth Pro w p1p.) OTKpHIBalOT TPHHIWIHUAIGHO HOBBIE BO3MOXHOCTH [UJISl HM3yUYCHHS
reoMop(OJIOTUH U T€OJIOTUH THA MOpPEH, OKEaHOB.

OcoOble MepcrneKTUBbl CBSI3aHbl C KOMIUIEKCHBIM HCIOJIb30BaHUEM IIPU aHAJIM3E
u300pakeHU  METOOUK  MOP(OCTPYKTYpHOI'O  aHaliM3a M KOCMOI'€OJIOIMYECKOIro
nemm@pupoBanusa. OMNBIT NPUMEHEHUS TaKUX UCCIENOBaHUI B Ipeaenax IOABOIHBIX
BO3BBILIICHHOCTEH JIHA OKPAMHHO-KOHTHHEHTAJbHBIX MOpEH M HEKOTOphIX pailoHoB Tuxoro
okeana (I'aBpunoB, 2022 u pap.) TOKa3pIBae€T, 4YTO, B COOTBETCTBHU CO CHenU(PUKON Hx
re0JOrMYECKOr0 CTPOCHUS M Pa3BUTHSL, TJIaBHBIC 00BbEKThI U3YUYEHUS — pa3pbIBHbIC HAPYIICHHS U
KOJIbIIeBbIE MOP(OCTPYKTYphl. BhiOOpouHasi 3aBepka MX Ha OCHOBE TIe0JIOTO-Te0(U3UIECKUX
MaTEepHaJIOB IO3BOJIMWJIA YCTAHOBUTh B HM3YUEHHBIX palOHAX IIMPOKOE pPAa3BUTHE OYAroBBIX
o0pa3oBaHUIl Pa3HOrO0 IN€HOTWUIIA U pPaHra: OT OTAEIbHBIX MAJCOBYJIKAHHMYECKHUX MOCTPOEK A0
MarMaTHYeCKUX CBOOB, MPEJCTABISAIOMINX COOON MPOSKIMH MAaHTUHHBIX TUanupoB. JInHelHbIe
CUCTEMBI, LIETH TMaJICOBYJKAHOB, CONPSIKEHHBIE C MAarMOKOHTPOJUPYIOLUIUMHU pa3jOMaMH,
00pa3yloT TEeKTOHUYECKYIO OCHOBY IOJIBOJHBIX T'OPHBIX XpeOTOB. OCHOBHBIE Hay4HbIC 3a7auu
CBS3aHbI C U3YUEHHUEM CTPOCHHUSI U IPOUCXOKICHHUS ITOIBOJHBIX TOPHBIX COOPY>KEHUH, C OLIEHKOM
pPOJHM OYAroBBIX CHCTEM W 30H DPA3JIOMOB NPU TopooOpa3oBaHMU M PYAOreHe3e B 00JIACTIX
BHYTPUIUIUTHON TEKTOHOMAarMaTW4yecKoil aKTHBH3aluu JAHa Tuxoro okeaHa. [IpukiaaHbie
UCCIIC/IOBAaHMSI HAIIPABIICHBI HA aHAIM3 OCOOCHHOCTEW T'e0JIOTUU ¥ TeoMOP(OJIOTUN U3BECTHBIX U
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HNOTEHIMAIbHO NEPCHEKTUBHBIX IMOABOIAHBIX PYIOHOCHBIX pailOHOB, ompezeneHHe (GaKTOpoB
CTPYKTYPHOTO KOHTPOJSl CKOIUIGHWH pYIJHOH MHHEpaju3alyy, pa3paboTKy KpUTEpUEB
IPOTHO3UPOBAHUS U MUHEPAreHUYECKOI0 palOHUPOBAHMSL.

'aBpunoB A.A. AKTyaJgbHbIE TEOPETHYECKHE BONPOCHl TeOMOP(HOJIOrHYECKUX U
MOP(OTEKTOHNYECKHX HccaeqoBannil. — BmaguBocrok: JlanbHayka, 2022. 324 c.

APPLICATION OF VISUALIZED DIGITAL RELIEF MODELS FOR
MORPHOSTRUCTURAL AND MORPHOTECTONIC MAPPING OF SEAS AND
OCEANS BOTTOM

A. A. Gavrilov
II’ichev Pacific Oceanological Institute (Vladivostok, Russia)

gavrilov(@poi.dvo.ru

Visualized digital models of an underwater relief of GEBCO 2014, GEBCO 2022
(http://Ocean3dproects...) in combination with materials for remote sensing of the Earth from
space within the framework of existing programs (Google Earth, Google Earth Pro, etc.) open up
fundamentally new opportunities for geomorphology and geology study of seas and oceans
bottom.

Special prospects are associated with the complex use of morphostructural analysis and
cosmogeological decryption methods by an image analysis. The experience of the application of
such investigations within underwater rises of the marginal-continental seas bottom and some
regions of the Pacific Ocean (Gavrilov, 2022 and oth.) shows that, in accordance with the specifics
of their geological structure and development, faults and ring morphostructures are main objects
of the study. Selective verification of them on the basis of geological and geophysical materials
made it possible to establish in the studied areas the widespread development of focal formations
of different genotypes and ranks: from individual paleovolcanic constructions to magmatic swells,
which are projections of mantle diapirs. Linear systems, chains of paleovolcanoes connected with
magma-controlling faults form the tectonic basis of underwater mountain ridges. The fundamental
scientific problems are related to the structure and origin study of underwater mountain
constructions, in particular, to the assessment of focal systems and fault zones role in mountain
formation and oregenesis in areas of intraplate tectonomagmatic activation of the Pacific Ocean.
The applied researches are aimed for analysis of geology and geomorphology features of known
and potentially promising underwater ore-bearing areas, for the definition of structural control
factors of ore mineralization concentrations, for the forecasting criteria and mineragenic zoning
working.

Gavrilov A.A. Actual theoretical questions of geomorphological and morphotectonic
researches. Vladivostok: Dalnauka, 2022. 324 p.
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U P®POBBIE TEOKPUOJIOTTYECKUE KAPTHI CEBEPA 3AIIAJTHOM CUBUPU
(MACHITAB 1:1 000 000)

J1.C. lIpozooe’?3, I'B. Manxoea’?, KO.B. Kopocmenes'3, H.M. Beponuxoe', /[.A. Abpamos’, JI.B.
Cupomkun’

"MuctutyT xpuocdepst 3emu TromHI CO PAH (Tiomens, Poccus)

2Poccuiickuii rocyIapcTBEHHBIH Te0I0ropa3BeI0uHbIH yHUBepcUuTeT nMeHn Cepro
Opmxonukunze (Mocksa, Poccus)

3OI'BY «uapocnenreonorus» (Mocksa, Poccus)

ds drozdov@mail.ru, galina malk@mail.ru

Hudpossie reokpuonornyeckue kapthl Macmrada 1:1 000 000 cepepa 3anagHoit Cubupu
COCTaBIIIOTCS B HACTOsIIEE BPeMsl MPH MOJUCTHOM TOCYAApCTBEHHOM THAPOr€0JIOTHYECKOM U
WH)XKEHEPHO-T'€0JIOTHYECKOM KapTHpoBaHus. Vcronb3yercs eiHas KOHTYpHasi OCHOBa (CJIOH T.H.
OpUpOAHO-TeppuTOpHaiIbHbIX KomiuiekcoB — IITK), oOpasoBannas mnpu aemmdpupoBaHUN
KOCMOCHMMKOB M aHaJIU3€ paHee COCTaBJICHHBIX KapT peruoHa paszHoro wmacmraba. [ITK
00pa3yloT MEepapXui0 U TUNM3UPOBaHbL. BrimomHens! 6a3oBble kapthl [ITK (nanmmadrhbie
kapThl) nuctoB Q-41 (Bopkyta), Q-42 (Canexapx), R-42(43) (Sman), Q-43 (Hos. Ypenroi),
Havarta padota o S-44 ([Jdukcon), Q-45 (Urapka), R-45 (Hopunbck). Ha 3T0it KOHTYpHOI OCHOBE
COCTaBJIEHbI T€OKPHUOJIOIMUECKHE, TPOTHO3HBIE U OLIEHOUHBIE KapThl TJTyOMHHOCTHIO B OCHOBHOM
10-20 metpos.

. CocraBieHa MHOTrOCIOMHAsE KapTa MOBEPXHOCTHBIX OTJIO)KEHHH — BO3pacT,
JIMUTOJIOTHS, 3aCOJIEHHOCTh U 0TOP(OBAaHHOCTH MOPO/I.

. CocTaBiieH KOMIUIEKT MTOKOMIIOHEHTHBIX MEP3JIOTHBIX KapT — pacHpocTpaHEHUeE,
TEMIIEPATYPA, MOIHOCTD, JIbJUCTOCTh MEP3JIOTHI, Pa3BUTHE KPUOIATOB, KPUOTEHHBIE NTPOLIECCHI.

. Pa3zpaboTana nporso3Has Kaprta cpeHeroloBoi TeMrepaTrypbl Mep3i0Thl Ha 2050
roJl, YYUTHIBAIOIIAsl PEaKlU0 KPHUOTEHHBIX JaHAA(PTOB HAa KIMMATUYECKOe MOTerieHHe (1o
cpennemy cueHaputo RCP 4.5) u 3amennenue TpeHIa MOBBILIEHUS TEMIEPATypbl TPYHTOB, IO
Mepe ee MPUOIKEHUS K HYJIEBBIM 3HAUEHHSIM.

. [TosrydeHbl OLIEHOYHBIE KapThl PAcUETHBIX COMPOTUBICHHH MEP3NBIX T'PYHTOB
C/BMTY IO TOBEPXHOCTU cMep3anus Raf mist nByx BpeMeHHBbIX cpe3oB — Ha 2020 u 2050 rr.

[Tognepsxano roczamannem MunoOpHayku PO Ne FWRZ-2021-0012.

DIGITAL GEOCRYOLOGICAL MAPS OF THE NORTH OF WESTERN SIBERIA
(SCALE 1:1,000,000)

D.S. Drozdov'?3, G.V. Malkova'3, Yu.V. Korostelev'3, N.M. Berdnikov'!, D.A. Abramov', D.V.
Sirotkin’

nstitute of the Earth’s Cryosphere of the Tyumen Scientific Center SB RAS (Tyumen, Russia)
2Sergo Ordzhonirilze Russian State University For Geological Prospecting (Moscow, Russia)
SHydrospecgeologia (Moscow, Russia)

ds drozdov(@mail.ru: galina malk@mail.ru

Digital geocryological maps (scale 1:1,000,000) of the north of Western Siberia are being
compiled during the state hydro geological and engineering-geological mapping. A digital layer
of the so-called natural-territorial complexes — NTC — is used. It is formed by the interpretation of
space images and the analysis of previously compiled maps of the region at different scales. NTCs
form a hierarchy and are typified. Basic NTC-maps (landscape maps) corresponding to
topographic maps Q-41 (Vorkuta), Q-42 (Salekhard), R-42(43) (Yamal), Q-43 (Nov. Urengoy)
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have been completed, and S-44 (Dikson), Q-45 (Igarka), and R-45 (Norilsk) are processed now.
The NTC contours are used to draw-up geocryological, forecast, and evaluation maps with a depth
of 10-20 meters or more:

. A multilayer map of surface deposits — age, lithology, salinity, and peat content.

. A set of detailed permafrost maps — distribution, temperature, thickness, ice content,
cryopages and cryogenic processes.

. A forecast map of the average annual permafrost temperature for 2050 has been

developed, taking into account the response to climate warming (according to the RCP 4.5 medium
scenario) and the slowdown in the trend of increasing ground temperature as it approaches zero
values.

. Estimated maps of the mechanical resistance of frozen soils to shear along the
freezing surface have been obtained for two time slices: 2020 and 2050.

Supported by the state task FWRZ-2021-0012 of the Russian Ministry of Education and
Science.

[UP®POBON JBOMHUK IIOIIAJAKA TEOKPHOJIOT MUECKOI'O
MOHHWTOPHHI A «kKYMAKA», PACIIOJIOJ)KEHHOM B JEJIBTE PEKH ITIEYOPA

I'.B. Manxosa', M.P. Caoypmounos’, A.I'. Cxeopyos’, IO.B. Kopocmenes!, A.M. I]apes’, C.IO.
Hasvioenxo’?, M.C. Cyoaxoea’?

"MucturyT kpuochepst 3emu TromHI CO PAH (Tiomens, Poccus)
2MockoBCKHif TocynapcTBeHHEIH yHUBepcuTeT uM. M.B. Jlomonocosa (MockBsa, Poccus)

galina_malk@mail.ru

B noknane npeacraBiaeHsl pe3ysbTaThl FEOKPUOJIOTHYECKOTO MOHUTOPHHIA HA TUIOMIAKE
Kymxka, pacnonoxeHHo B nenpre p. Iledopsl, rne Mep3noTra HMEET pPEeIKOOCTPOBHOE
pacnpoctpanenue. Ilnomanka pasmepom 70x100 merpos opranuszosana B 2014 r. B mpenenax
momann mnepcnektuBHoro KymkumHckoro I'KM s u3ydeHHss TEpMHYECKOTO COCTOSHHUSA
TPYHTOB M TTyOHHBI 3aJIeTaHusl MEP3JI0THI, a TAK)KE UX U3MEHEHUs IpU NOTEIUIeHUH KiuMata. B
MATH CKBa)XXMHAX M3y4YeH KPHUOJUTOJOTHYECKHil paspe3 1o rayounsl 10 M u mpoBoasTcs
KPYTJIOTOIMYHbIE M3MEpPEHHs TeMIepaTypbl Ha pa3HbIX rinyOuHax. HaOmiomaercss moBbllIeHHE
cpeaHerogoBoii Temmneparypsl TpyHTOB Ha 0,1..0,2°C u cokpalieHue TIyOHMHBI CE30HHBIX
konebanuii. C MOMOIIBIO T'€OpPaJUOJOKALMOHHOW CBEMKH M CEUCMONPO(UIMPOBAHUS TIO
MIOCTOSIHHOM ceTke NMpoduiiei yCTaHOBJIEHO, YTO IPOUCXOIUT HEPAaBHOMEPHOE OIyCKaHUE KPOBIH
MEp3JI0Thl CcO cpemHel ckopocthio 0,25 M/TO B 3aBUCHUMOCTH OT (DamManbHBIX yCIOBUM
MIOBEPXHOCTU U BIAXHOCTU TIPYHTOB. bBBICTpbIi M ynoOHBI JocTyn K HH(pOpMAaIMH,
aBTOMATUYECKUIN aHAJIU3, YUCICHHOE MOJAEIMPOBAHNE U TPEXMEPHYIO BU3YyaIN3alMIO TEKYIIETO
U TPOrHO3HOTO TEPMHUYECKOTO COCTOSHHUS TPYHTOB IO3BOJSIET pealnu30BaTh LUPPOBOIH
TeOKPHOJIOTMYECKU JBOWHUK, co3gaHHbli B mporpamme Frost 3D. LudpoBoil nBoiiHMK
wiomaakn «Kymxka» coderaeT pe3yibTaThl MHOTOJIETHHX HaOIOJEHHH M HWHHOBAIMOHHBIE
TEXHOJIOTMH JIsl YIIPABJICHUSI PUCKaMU B YCIIOBUSX JETPaJallii MEP3JIOTHI.

Pa6ota BeinosiHeHa B pamkax ['oc3ananus MuHHCTEpCTBA HAYKH M BBICLIETO 00pa30BaHUs
Poccuiickoit @enepannu (mpoextsl NeNe FWRZ-2021-0012 u FWRZ-2021-0005).
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THE DIGITAL TWIN OF THE «KKUMZHA» GEOCRYOLOGICAL MONITORING
SITE LOCATED IN THE PECHORA RIVER DELTA

G.V. Malkova', M.R. Sadurtdinov', A.G. Skvortsov!, Yu.V. Korostelev', A.M. Tsarev', S.Yu.
Davydenko’?, M.S. Sudakova'?

nstitute of the Earth’s Cryosphere of the Tyumen Scientific Center SB RAS (Tyumen, Russia)
2Lomonosov Moscow State University (Moscow, Russia)

galina malk@mail.ru

The report presents the results of geocryological monitoring at the Kumzha site located in
the Pechora River delta, where permafrost is sporadic distributed. The 70x100 meter site was
organized in 2014 within the prospective Kumzhinskoye GCF to study the thermal state of soils
and permafrost depth, as well as their changes with climate warming. The cryolithologic section
to a depth of 10 m has been studied in five wells and temperature measurements at different depths
are carried out. An increase in the average annual soil temperature by 0.1...0.2°C and changes in
the depth of seasonal fluctuations are observed. Using georadiolocation survey and seismic
profiling on a constant grid of profiles, it was established that there is an uneven lowering of the
permafrost roof at an average rate of 0.25 m/year depending on the facies conditions of the surface
and soil moisture. Quick and convenient access to all information, automatic analysis, numerical
modeling and three-dimensional visualization of the current and predicted thermal state of soils
allows to solve the digital geocryological twin created in the Frost 3D software package. The
digital twin of the Kumzha site combines the results of long-term observations and innovative
technologies for risk management in permafrost degradation conditions.

The work was carried out under the state assignment of the Ministry of Science and Higher
Education of the Russian Federation (projects NeNe FWRZ-2021-0012 and FWRZ-2021-0005).

HCHOJb30BAHUE BECIIUJIOTHOM ADPO®OTOCHEMKH 5 U3YUYEHUA
CTPOEHMUS Y PA3BBUTUSA MBICA THITEPU HA BAUKAJIE

M A. Jlynuna'?
'UpkyTckuii rocymapctennsiit yausepcutet (Mpkytck, Poccus)
2MuctutyT 3eMuoit kopst CO PAH (Upkytck, Poccus)

lounina2006(@inbox.ru

[IpoBeneno uzyuenue penbeda Mbica ThITEpH, pacloONOKEHHOTO B mpeaenax baiikamo-
JleHCKOTO 3amoBeHIKA HA CEBEpO-3amaJHOM Mmodepexbe 03. baiikain. [IJist 3TOro ucmoiap30BaHbI
JaHHbIe OecHMIOTHON a’podoTocheMKkH, 00paboTaHHBIE (OTOrpaMMETPUUYECKUM METOaoM. B
pe3ynbTare mocTpoeHsl opTodoTormian U mudpoBas MOACIb MECTHOCTH paiioHa paboT. Ha mx
OCHOBE  COCTaBlieHa  reomopdosiorudyeckas  Kapra, JAETalIbHO  OXapaKTepU30BaHbI
reomopdosoruyeckue (GoOpMbl U IOKa3aHbl CEHCMOTEHHBIE pa3pbiBbl — BBIXOJBI oOuara
NaJIe03eMIIETPSICEHHS Ha 3eMHYIO0 IIOBEPXHOCTb. BBISIBIIEHO, UTO 3a BpeMsl CYILIECTBOBaHMS JJOJIHH
Ha U3yYEHHOM IJIOLAaAN pe3Ko U3MEHsICs 0a3uc 3po3uH, T.€. ypoBeHb 03. baiikai, Kyna Bnaganu
pyusu. Haxonka nedopmupoBaHHOTO BO BpeMs mayeo3eMieTpsiceHus: parMeHTa 6aikaibckon
Teppacsl moATBepaAuia, 9to okosio 50000 — 44020 net ypoBeHs 03. baiikan 611 Ha 118—-120 M
BBIIIIE, YeM B HacTtosiiee BpeMs. Mbic TriTepu B TO Bpems eie He Obu1 chopmupoBaH. Takum
obpaszom, nemudpupoBaHUE BBHICOKOTOUHBIX H300PKEHUM 3€MHOW IMOBEPXHOCTH TO3BOJISET
UACHTU(GUIUPOBATh JaK€ MAaJO3aMETHBIC CJEbl TPOSBICHUS PA3IUYHBIX T'EOJOTUYECKUX
MIPOLIECCOB.
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USING UNMANNED AERIAL PHOTOGRAPHY TO STUDY THE STRUCTURE AND
DEVELOPMENT OF CAPE TYTERI ON LAKE BAIKAL

M.A. Lunina'?
"rkutsk State University (Irkutsk, Russia)
’Institute of the Earth’s Crust, Siberian Branch of RAS (Irkutsk, Russia)

lounina2006(@inbox.ru

The study of the relief of Cape Tytery located within the Baikal-Lena Reserve on the
northwestern coast of Lake Baikal was carried out. Unmanned aerial photography data processed
by the photogrammetric method were used. As a result, an orthophotomap and a digital terrain
model of the work area were built. On their basis, a geomorphological map was compiled,
geomorphological forms were characterized in detail, and seismogenic ruptures, i.e., outcrops of
the paleoearthquake source on the earth’s surface, were shown. It was revealed that during the
existence of valleys in the studied area, the basis of erosion changed sharply, i.e. level of Lake
Baikal, where streams flowed. The discovery of a fragment of the Baikal terrace deformed during
a paleoearthquake confirmed that about 50,000—44,020 years ago the level of Lake Baikal was
118—120 m higher than at present. Cape Tytery had not yet been formed at that time. Thus, the
interpretation of the ultra-high resolution UAV’s images of the earth’s surface makes it possible
to identify even subtle traces of various geological processes.

HUPPOBOE MOJAEJINPOBAHUE PEJIBE®A AHTAPKTUYECKHUX OA3UCOB
U.B. @nopunckuti

HucTutyT Maremarndeckux mnpobiem ouonoruu PAH — punuan MHcTUTYTA IpUKIIATHOM
marematrky uM. M.B. Kenneimma PAH (Mocksa, Poccust)

iflor@mail.ru

Hudposoe monenuposanue penbeda (reomopdHoMeTpust) MUPOKO UCTIOTB3YETCS B HAYKax
o 3emne. IlpeacraBieHbl pe3ynbTaThl TreoMOP(HOMETPHUUECKOTO  MOJAEIMPOBAHUS U
KapTorpapupoBaHus HECKOJIbKUX AaHTAPKTUUECKHUX 0a3UCOB, BKIIIOYAs X0JIMbl JlapceMaHH, X0IMbl
Tana, oasuc Illupmaxepa, nomyoctpos Painzac, oazuc banrepa, Mbic bepke, octpos Xacyaiut u
HyHartak JIeHuHrpaackuid. B kauecTBe MCXOIHBIX JaHHBIX UCHOJIb30BaHbl (pparmeHThl Reference
Elevation Model of Antarctica (REMA). lns kaxaoi TeppUTOPUH pPacCUUTAHBl LUPPOBBIC
MOJIENIU CIEAYIOIUX MOP(OMETPUYECKUX BEIUYMH: KPYTHU3HA, HKCIO3ULUS, FOPU3OHTAIIbHAS
KpUBU3HA, BEpPTUKaJbHAs KPUBU3HA, MUHUMAaJbHAas KPUBU3HA, MaKCHMajbHas KpUBU3HA,
BOAOCOOpHAs IJIOLIA/lb, TONOTrpadUUYECKU MHAECKC BJIAXXHOCTU U MHIEKC MOLIHOCTH MOTOKOB.
[lomyuyennsle reoMopdoMeTpUYEeCKHEe KapThl MOTYT OBITh MOJE3HBl ISl CTPYKTYPHO-
IEOJIOTUYECKUX HCClefoBaHUM. KOHEYHOM MLENnpl0 TEKyINEero IPOEKTa SABIAETCSA CO3JAHHE
reoMop(OMETPUYECKOro ariaca CBOOOIHBIX OT OJICACHEHUS TEPPUTOPUN AHTAPKTHKH.

DIGITAL TERRAIN MODELING OF ANTARCTIC OASES
LV. Florinsky

Institute of Mathematical Problems of Biology, Keldysh Institute of Applied Mathematics,
Russian Academy of Sciences (Moscow, Russia)

iflor@mail.ru

Digital terrain modeling (geomorphometry) is widely used in geosciences. We present
results of geomorphometric modeling and mapping of several Antarctic oases including the
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Larsemann Hills, Thala Hills, Schirmacher Oasis, Fildes Peninsula, Bunger Hills, Cape Burks,
Haswell Island, and Leningradsky Nunatak. As input data, we used fragments of the Reference
Elevation Model of Antarctica (REMA). For each territory, we derived digital models of the
following morphometric variables: slope, aspect, horizontal curvature, vertical curvature, minimal
curvature, maximal curvature, catchment area, topographic wetness index, and stream power
index. Derived geomorphometric maps can be useful for structural geological studies. The ultimate
goal of the ongoing project is to create a gecomorphometric atlas of ice-free Antarctic territories.

MOHUTOPHUHI' U KAPTOI'PA®UPOBAHHUE CKJIOHOBBIX KPUOI'EHHBIX
IMPOLECCOB C UCITOJIb30OBAHUEM CITYTHHUKOBBIX TAHHBIX U BIIVIA

A.B. Xomymoe!, M.O. Jleiibman', P.P. Xaupyniun?, U.U. Tapacesuu'3, H.B5. Hecmeposa*’, M.M.
Hanvxo!

"MuctutyT xpuochepst 3emnu TromHI] CO PAH (Tiomens, Poccus)
’b.geos GmbH (Bena, ABcTpus)
3MoCKOBCKHii TocyaapcTBeHHEIH yHuBepcuTeT M. M.B. JlomonocoBa (Mocksa, Poccust)

*MHCTUTYT HOJAPHBIX ¥ MOPCKHUX HCCiIeI0BaHuit nMenu Anbdpena Berenepa (AWI Potsdam,
I'epmanus)

SYausepcuter Iotcnama (UP, T'epmanus)

artcryo(@yandex.ru

MoHuTopuHT U KapTorpadupoBaHuE CKIOHOBBIX KPHOT€HHBIX IPOIECCOB aKTyalbHBI B
ycnoBusX Bo3pocmieil ¢ Hayama XXI B. aKTUBHOCTH KpPHUOTEHHBIX pesibeooOpasyromux
IpoOLEcCOB B ApKTUKE, OOYCJIOBJIEHHOW TI00albHBIMU KIMMAaTHYECKUMH HW3MEHEHUSIMHU,
0COOEHHO 3HAUNTENLHBIMU B BBICOKHX LIMpOTax. B TyHapoBoii 30He 3anagHoit CuOupu Hanboee
pacnpocTpaHeHHbIMU (GopMamMH penbeda — MHANKATOPAMHU PAa3BUTHS KPUOTEHHOTO OIOJI3aHMS,
ABIIIIOTCS. ONIOJI3HEBBIE LIMPKU M TEPMOLUPKU. 3HAUUTEIBHOE YBEJINYEHUE YUCIIA U aKTUBHOCTHU
nocsenHux nociue 2012 r. cBA3aHo0 ¢ JOCTHKEHUEM KPOBJIM PACIIPOCTPAHEHHBIX 3/1€Ch MOI3EMHBIX
JbJI0B, 00pa30BaHHEM KPHUOTCHHBIX OIOJI3HEH TeUEHHsI U MOCIEAYIOMIMM BbITAUBAaHUEM JIE/ISTHOM
3anexu. [loseBble HAOMIOJEHMA Ha JIOKAIBHBIX YYacTKaXx CONPOBOXIAIOTCS KJIACCHUYECKOH
¢dororpammerpudeckoil BITJIA-chbeMKOl TEpMOLMPKOB. JTO MO3BOJISAET MPOBOIUTH JI€TAIBHBIN
MOHUTOPHHI Pa3BUTHUS MPOLIECCOB U aKTyaJIM3HPOBATh ACIIU(PPOBOYHBIE NMPU3HAKU M3YdaeMbIX
dopm penbeda 1A NanbHEHIIEH WHBEHTApU3AMK U KJIACCU(UKALMU TPOSIBICHUH CKIOHOBBIX
KPHUOTEHHBIX MPOLIECCOB MO CITyTHUKOBBIM JIaHHBIM Ha BCIO IUIOLIAIb TYHIPOBOM 30HBI 3anagHon
Cubupu. [IpenMy1ecTBOM yCHEIHOTo MPUMEHEHHSI B TYHPax KJIACCHUECKOH (hoTorpammeTpun
¢ BIUTA, MynpTHCIIEKTpaIbHBIX CIyTHUKOBBIX JAHHBIX U Ja)K€ OOLIETOCTYIHBIX CITyTHUKOBBIX
MO3aMK OCTaeTcs OTCYTCTBHE HEOOXOJMMOCTH HCIIONB30BaHUA Oosiee JOPOrOCTOSIIUX U
TPYA03aTPAaTHBIX MHCTPYMEHTAJIBHBIX IOJIEBBIX CHEMOK M HA3eMHOro MOHMTOpHHra. Paborta
BeieTcs B pamkax npoekra roc.3aganus UK3 TromHI CO PAH (FWRZ-2021-0012) u ctunenauu
DAAD (“STIBET-I").
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MONITORING AND MAPPING OF SLOPE CRYOGENIC PROCESSES USING
REMOTE SENSING AND UAV

A.V. Khomutov!, M.O. Leibman’, R.R. Khairullin®, I.I. Tarasevich’3, N.B. Nesterova®>, M.M.
Danko!

'Earth Cryosphere Institute Tyumen Scientific Centre SB RAS (Tyumen, Russia)
2b.geos GmbH (Vienna, Austria)
3Lomonosov Moscow State University (Moscow, Russia)

*Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research (AWI Potsdam,
Germany)

SUniversity of Potsdam (UP, Germany)

artcryo(@yandex.ru

Monitoring and mapping of slope cryogenic processes are relevant in the context of the
increased activity of cryogenic relief-forming processes in the Arctic since the beginning of the
21st century, caused by global climate changes, especially significant at high latitudes. In the
tundra zone of West Siberia, the most common landforms - indicators of cryogenic landsliding -
are landslide cirques and thermocirques. A considerable increase in the number and activity of the
latter after 2012 is associated with reaching the top of the ground ice layers widespread here, as a
result, formation of retrogressive thaw slumps followed by thawing out of the ice layers. Our field
observations in key sites are accompanied by classical photogrammetric UAV-survey of
thermocirques. This allows detailed monitoring of the process activity, updating the indicators of
the landforms and, further on, inventory and classification of slope cryogenic processes based on
satellite data for the entire area of the West Siberia tundra. The advantage of successful application
of classical UAV photogrammetry, multispectral satellite data and even free-for-all satellite
mosaics in the tundra is the lack of necessity to use more expensive and time-consuming field
topographic surveys and land-based monitoring. The work is carried out within the framework of
the state assignment project of the ECI Tyumen Scientific Centre SB RAS (FWRZ-2021-0012)
and the DAAD fellowship (“STIBET-I").

KPYITHOMACIHITABHOE KAPTOTPA®HUPOBAHUE HAPYIIIEHHOM
PACTUTEJBbHOCTHU IO KHO-CAXAJIMHCKOI'O I'PA3EBOI'O BYJIKAHA

K.A. lllsuockas, A.B. Konanuna
WuctutyT Mopckoii reostoruu u reopusuxu IBO PAH (YOxno-Caxanunck, Poccus)

getrin89@mail.ru

B coBpemeHHOI Hayke ais neiel kaprorpadupoBaHHUs PacTUTEIBHOCTH, HAPYLICHHOM
BCIICACTBUE M3BEPKEHUM MAarMaTU4EeCKUX BYJIKAHOB, IIMPOKO INPUMEHSIOTCS BEreTallHOHHBIE
unaekcsl NDVI u SAVI. [lng Tepputopuii rpsi3eBbIX BYJIKAHOB IMOJOOHBIX pabOT HEMHOTO.
IOxnO0-Caxanuuckuii rps3eBoii Byskad (FOCI'B), pacmnonoskeHHbIH B F0XKHOU yacTh 0-Ba CaxannH
B II0/I30HE€ TEMHOXBOHHBIX JIECOB, B XOJ€ CBOEH AKTUBHOCTH (HOPMHUPYET CBOCOOpPA3HBIN
napmmadT. IlocmegHee KpymHoe wu3Bep)KeHHWe BynkaHa mpomzomio B 2020 r. Hamm
IIPOAaHAJIN3UPOBaHbl PE3yJIbTaThl pacyera BereTalMoHHbIX HHIekcoB NDVI um SAVI no
CITyTHUKOBBIM cHUMKaM (Sentinel-2) miust tepputopun FOCI'B 3a 2017-2021 rr. C ydetom
¢deHonornueckux (a3 LEHO3000pa3yIOMMX M JOMMHAHTHBIX BHIOB 3a pa3HbIE MEPHOJIbI
BEreTal[MIOHHBIX CE30HOB OBUIM OIpEJesIeHbl TI'PAaHULIbl JIYTOBBIX M JIECHBIX PACTHTENIbHBIX
COOOIIECTB, OKPYXAIOIIUX SPYNTUBHBIA HEeHTp Bynkana. Co3gaHa KpynHOMaciiTaOHas KapTa

55


mailto:artcryo@yandex.ru
mailto:qetrin89@mail.ru

pactutenbHocTH FOCI'B, oTpakaromias MOCHEACTBHS €r0 HM3BEPKEHHSA. Y CTaHOBJIEHO, YTO
IUIOIA/lb PAaCTUTENBHOCTH, HapylIeHHOW BciexactBue usBepskeHus 2020 r., comocraBUMa ¢
TJIOMIAIbI0 BHIOPOIIEHHON Opekunu. BBHISABIICHBI YUacTKH 3a TpeleiiaMyd dPYNTHBHOTO LEHTpa
BYJIKaHa, PACTUTEILHOCTh KOTOPHIX HE ObUIA 3aTPOHYTA U3BEPKEHUEM, HO HAXOJIUTCS B PEKIME
YrHETEeHMS. 3HAaUEHHUsI BEr€TallMOHHBIX MHIEKCOB ISl TAKMX Y4aCTKOB OHMXKeHbl. UHexe SAVI
MO3BOJIICT YCTAHOBUTH T'PAHUIIBI HAPYIICHHBIX M YTHETEHHBIX PACTUTEIHLHBIX COOOIIECTB Ooliee
TOYHO, U MBI PEKOMEHIYEM €ro IMpPHUMEHEHHUE JJIsi KPYIMHOMACIITAaOHOrO KapTorpadupoBaHUS
IPSI3EBYJIKAHMYECKUX JIAHAIA(TOB.

LARGE-SCALE MAPPING OF DISTURBED VEGETATION OF YUZHNO-
SAKHALINSKY MUD VOLCANO

K.A. Shvidskaya, A.V. Kopanina
Institute of Marine Geology and Geophysics FEB RAS (Yuzhno-Sakhalinsk, Russia)

getrin89@mail.ru

The contemporary researches on the impact of mud volcano eruptions on vegetation is
relatively sparse, with a notable absence of systematic studies addressing this specific
phenomenon. The Yuzhno-Sakhalinsky Mud Volcano (YSMV), situated in the south of Sakhalin
Island within the dark coniferous forests, represents a unique landscape marked by intermittent
eruptive activity. The last significant eruption of the YSMV occurred in 2020, providing a valuable
case study for examining the effects of mud volcano activity on vegetation. This study presents an
analysis of the NDVI and SAVI derived from Sentinel-2 satellite imagery for the YSMV region
over the period 2017-2021. By integrating phenological data of dominant species across different
stages of the growing season, we delineated the boundaries of meadow and forest plant
communities surrounding the volcanic eruption center. A comprehensive vegetation map of the
YSMV was constructed, illustrating the spatial extent and intensity of vegetation disturbance
resulting from the 2020 eruption. The SAVI index, which incorporates soil adjustment factors,
proved to be particularly effective in delineating the boundaries of both disturbed and suppressed
plant communities, offering enhanced accuracy compared to the NDVI. This approach will
facilitate a more precise assessment of the ecological impacts of volcanic activity and contribute
to the development of effective conservation and management strategies for these fragile
ecosystems.

PA3PABOTKA 1 PEAJIM3ALIUSI MOJEJIENA MHOFOMETOHHOﬁ
KJACCUPUKANIIMA U CETMEHTALIUHN U30BPA’KEHUN U5 PEINEHUSA
3AJAY MOHUTOPUHI'A UBSMEHEHHUHN COCTOAHUA HASEMHOTI'O IIOKPOBA

B.U. banyn, C.M. Kpacnoneeg
Tuxookeanckuit uHcTUTyT reorpaduu IBO PAH (BnanusocTok, Poccus)

viktor147921@gmail.com

ANTopuTMaM aHaM3a BO3MOXKHBIX U3MEHEHHI COCTOSIHUSI HA3€MHOTO TIOKPOBa B 000U
cHCcTeMe MOHUTOPHHIA, B TOM YHCJIE U CUCTEME KOCMUYECKOT0 MOHUTOPHHTA, OTBOANTCS Ba)kKHAS
pousb. B mocnennue roapl napaaurmMy Gpukcanuyu M3MEHEHHH PAKTHYECKHU TTOJIHOCTHIO 3aMEHIIIA
napajurMa MOHHTOPHHIA B PEalbHOM BPEMEHH, B OCHOBE KOTOPOM JIEKHT HJESI O MOCTPOCHUH
MacOK CErMEHTALIUH ISl BCEX CHUMKOB, OKPHIBAIOIIMX HEKYIO 00J1acTh HHTEpeca. Takoi cBwr,
no OonpmieMy cy€Ty, CTal BO3MOXKHBIM OJjarofapsi akTHBHO pPa3BHBAIOLIMMCS METOJaM
MAIIMHHOTO 00yYeHUSI.

B pamkax Hacrosmed paboTel ObulM  pa3paboTaHBl MOAETHM MHOTOMETOYHOMH
KJIaccu(UKaluy M cerMEHTaluu n3o0pakeHni Ha 0aze oOyuaromero Habopa BigEarthNet-S2.
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[MpuBoasTCcs pe3ynabTaThl CpPaBHEHHS MOJENEH CEMAaHTHYECKOM CerMEHTAllid Ha OCHOBE
apxurektyp U-net u Transformer, a Takxe oneHKH 3QPEKTHBHOCTH JaHHBIX MOJIEJEH B 3a/1a4ax
KJIacCU(UKALIKI HA3eMHOTO TIOKpoBa Tepputopuu [Ipumopckoro kpasi.

MOHUTOPHUHT HAa3eMHOT'O TOKPOBA, HApaBHE C TAKUMH 3aJa4aMU KaK MOMCK IMOJIE3HBIX
UCKOMAeMBIX M HUX KapTorpagupoBaHHe, OOHApyKCHHE TI'E€OXMMHUYECKHUX AaHOMAJIHH,
UICHTU(QHUKAIMA TEOJOTHYECKUX O0pa3loB M  MOHUTOPHHT  3E€MJICTPSICEHHH, Wrpaer
CYIIECTBEHHYIO POJIb B PELICHUH 33]a4 TEOJIOTUH, HAIPHMED B JINTOJIOTHH.

DEVELOPMENT AND IMPLEMENTATION OF MULTILABEL CLASSIFICATION
AND IMAGE SEGMENTATION MODELS FOR LAND COVER STATE
MONITORING

V.I. Balun, S.M. Krasnopeev
Pacific Geographical Institute FEB RAS (Vladivostok, Russia)
viktor147921@gmail.com

Algorithms for analyzing possible changes in the state of the land cover play an important
role in any monitoring system, including the space monitoring system. In recent years, the
paradigm of change detection has been almost completely replaced by the paradigm of real-time
monitoring, which is based on the idea of constructing segmentation masks for all images covering
a certain area of interest. This shift has become possible for the most part due to the rapidly
developing methods of machine learning.

In this research, multi-label classification and image segmentation models were developed
and trained on the BigEarthNet-S2 dataset. The results of a comparison of semantic segmentation
models based on the U-net and Transformer architectures are presented, as well as an assessment
of the effectiveness of these models in land cover classification tasks on Primorsky Krai territory.

Land cover monitoring, along with mineral exploration and mapping, detection of
geochemical anomalies, identification of geological samples and earthquake monitoring, plays a
significant role in geology tasks, for example in lithology.

INPUMEHEHHUE HEHPOCETH LSTMJIJISI OTEPATUBHOTI'O ITPOTHO3A
KPUTUYECKOM YACTOTHI F2CJIOSA HOHOC®EPBI(FOF2) HA OCHOBE
JAHHBIX OBCEPBATOPHUU N3MHUPAH B KAPIIOI'OPAX

I'.C. @unamos’, A.M. Mépznwuii!, U.A. Moucees', O.B. Huxugopos', B.H. LLlyoun’, B.M.
Bepewaecuna’, U.A. lazypun’, A.T. Anaxoe’

Mucturyr kocmuuecknx uccnenosanuii PAH (Mocksa, Poccus)

UuctutyT 3eMHOro Marnerusma, Monocdepst U Pacnipoctpanenus Pagnosonn PAH (Tpournk,
Poccus)

fes0907 @yandex.ru

B noknane mpuBeneHbl pe3yibTaThl ONEpPaTUBHOrO MporHo3a (1 yac) KpUTHYECKOH
yacTtoThl foF2 nns obcepBaropun U3SMUPAH (Kapnoropsl), nony4eHHble ¢ HUCIOJIB30BaHUEM
Heiipocetu LSTM (Long-Short Term Memory). IlpumeHeHsl HEKOTOpbIE CIIOCOOBI KOPPEKIIUU
Heripocetu LSTM i ynyumienust kaduecTBa nporuosa. B pamkax anpo6ainy MeTosa mporsosa
Ha ocHoBe Helipocetn LSTM nns Kaprnorop yaanock 100uThest TouHOCTH nopsaka 5—10%.

57


mailto:viktor147921@gmail.com
mailto:fgs0907@yandex.ru

ABTOMATUYECKOE OIIPEJEJIEHUE P-BOJIHBI B JAHHBIX AKYCTUUYECKON
SMUCCHHU C IOMOIIBIO I'TYBOKO HEMPOHHOMN CETH

P.A. ITawenxo’?
"Mucturyt pusuku 3emmu um. O.FO. IlImuara PAH (Mocksa, Poccust)
2MoOCKOBCKHIi rocyaapcTBeHHBIH yHUBepcuTeT M. M.B. JTomonocoBa (Mocksa, Poccust)

r.pashhenko@mail.ru

B naGopaTopHBbIX 3KCIIEPUMEHTaX M0 aKyCTHUYeCKOU IMUcCUU (AD) GUKCUPYIOTCS 1ECATKU
TBHICSIY OJHOKAHAJIBHBIX CUTHAJIOB, U TOUYHOE OINPEIEIICHUE BPEMEHU IpUxonaa P-BosHBEI urpaet
KJIIOUYEBYIO POJIb MPH JIOKAIM3ALUMN COOBITUI M aHaJIN3€ MEXaHUKU paspyiuieHus. Kiiaccuueckue
aBTOMaTHueckue nukepbl, HapuMep AIC, yacto Aa0T cOOM Ha HIYMHBIX 3alHCAX U TPeOyIOT
TPyIOEMKOM py4yHOU nopaboTku. B pabote mpeacraBieHa aganTaiusi COBPEMEHHOW TiTyOOKOM
HEHpOHHOW ceTH, co3gaHHOM Ha ©0a3e ceiicMuyeckoit apxuTekTypbl PhaseNet, «
BbICOKOYACTOTHBIM AD-naHHbIM. [lomyueHHas monenb o0ydeHa Ha OTHOCUTENIBHO HEOOJBIION
BBIOOpPKE BPYUHYIO Pa3MEUCHHBIX (OPM U MPOTECTUPOBAHA HA HE3aBUCUMBIX IKCIIEPHUMEHTAX.
Vike npu orpaHUYeHHOM 00BEME 00yJaIONMX TaHHBIX CETh YBEPEHHO npeBocxoaut AIC-mkep,
3HAUUTENBHO [OBBIIAS HAAEKHOCTh JACTEKTHUPOBAaHUS M TOYHOCTb OINPEICIICHUS BPEMEHU
IPUXO0/a; AaJIbHEHIee yBeIMUeHHE 00yUaroero Kopiyca emeé ycuiusaet e€ npeumymiecrsa. Ha
3aMUCAX C HU3KUM OTHOUICHWEM CUTHAJ/IIyM HEHpOCETh COXPaHSET YCTOWYMBOCTH, TOTAA Kak
KJIACCHYECKHE METO/bl OBICTPO TEPSIOT pabOTOCTIOCOOHOCTh. Pe3ynbTaThl MOKA3BIBAIOT, YTO
IpUMEHEHHE TITyOOKOro OOydeHHs MO3BOJSET MPEBPATUTh NMUKEP AD-CUTHAJIOB B IMOJHOCTHIO
aBTOMATHUYECKUI M HaA&XHBIH MHCTPYMEHT, OTKpbIBas IyTh K ONEPAaTMBHON HHTEpHIpETALUU
BBICOKOCKOPOCTHBIX JIA0OPATOPHBIX 3KCIIEPUMEHTOB.

AUTOMATIC P-WAVE PICKING IN ACOUSTIC EMISSION DATA USING A DEEP
NEURAL NETWORK

R.A. Pashchenko’?
!Schmidt Institute of the Physics of the Earth RAS (Moscow, Russia)
?Lomonosov Moscow State University (Moscow, Russia)

r.pashhenko@mail.ru

In laboratory rock-mechanics experiments acoustic-emission (AE) monitoring produces
tens of thousands of single-component waveforms whose accurate P-wave onset times are crucial
for locating events and analysing source mechanics. Classical automatic pickers, such as the
Akaike Information Criterion (AIC), often break down on noisy records and require laborious
manual correction. We adapt a modern deep-learning architecture derived from the seismic
PhaseNet U-Net to the AE context by tailoring it to high-frequency single-channel data. The
resulting model, is trained on a modest set of manually annotated sandstone waveforms and
validated on independent experiments. Even with limited training data the network already
surpasses the AIC picker, markedly improving both detection reliability and timing precision;
enlarging the training set further consolidates this advantage. The gains are most pronounced for
records with low signal-to-noise ratio, where traditional methods quickly lose stability while the
neural network remains robust. Our results demonstrate that deep learning can turn AE picking
into a fully automatic and dependable step, paving the way for real-time interpretation of high-rate
laboratory studies.
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3®OEKTHI KOCMAYECKOM MMOTr'0/1bl

A A. Caxapoé', B.H. Cenueéanoe’, B.A. Bunun!, T.B. Axcenosuy?, A.M. Mépznoui’, A.T. Anaxoé’,
A.M. Caoosckuir®, A.A. [lempyxosuy’

Tonsapuerii reopusnueckuit unctutyT (Myp™manck, Poccus)
Ilentp pusuko-TexHuueckuii npodiaem suepretuku Cesepa KHI] PAH (Anatutel, Poccus)
SUHCTUTYT KocMuueckux ucenenopanuii PAH (Mocksa, Poccus)

sakharov(@pgia.ru

Bapuanuu aktuBHocTr COJHIIA BBI3BIBAIOT PA3BUTHE BO3MYIIEHHUN B IIOTOKE COJTHEYHOIO
BETpa, KOTOphI (opMupyer marHutocdepy 3eMiid U ONpeAessieT XapakTep BO3AeHCTBUS
KOCMHYECKUX (paKTOPOB Ha BHYTPEHHIOIO MaruuTochepy. TepmuHanbHO (ha3oii enu coHeqHo-
3€MHBIX CBsI3€H SBISETCS BO3MYIIEHHE I'€OMArHUTHOTO IOJIs, IE€HEpalus Ieo’IeKTPUYECKOro
mojisi, HapymeHue  paboThl  HABUTAIIMOHHBIX ~ CHCTEM, BO3MOXKHOE  BO30OYKICHHE
reouHaAyupoBaHHblX TOKOB (I'MT) B 3JeKTpONPOBOAALIMX TEXHOJOTMUECKUX CHUCTEMAax.
Kputnueckn BaxHBIM SIBJISIETCSI OMACHOCTh HAapylIeHUH B paboTe cHCTEM Iepeaadu
JJIEKTPOIHEPrUH, pPabOThl CHCTEM KEJIE3HOJOPOXKHOM aBTOMATHKH, IITaTHas paboTa
TpyOomnpoBogoB. B noknage paccmartpuBatorcs pesynbrarel peructpauuu [T B nuHum
anektponepenay «Kapenbckuif TpaH3UT» M 00CYXITAIOTCS MPOOJIEMBbI 3alllUThl  YA3BUMOM
UHQPACTPYKTYphl OT BO3/I€UCTBUS (DaKTOPOB KOCMUYECKOU MOTO/IbI.

SPACE WEATHER EFFECTS

Ya.A. Sakharov!, V.N. Selivanov?, V.A. Bilin!, T.V. Aksenovich?, A.M. Merzly?, A.T. Yanakov’,
A.M. Sadovsky?, A.A. Petrukovich’

"Polar Geophysical Institute (Murmansk, Russia)
2Center for Physical and Technical Problems of Northern Energy (Apatity, Russia)
3Space Research Institute RAS (Moscow, Russia)

Variations in solar activity cause disturbances in the solar wind flow, which forms the
Earth’s magnetosphere and determines the nature of the impact of cosmic factors on the inner
magnetosphere. The terminal phase of the solar-terrestrial connection chain is disturbance of the
geomagnetic field, generation of the geoelectric field, disruption of navigation systems, and
possible excitation of geo-induced currents (GIC) in electrically conductive technological systems.
The danger of disruptions in the operation of power transmission systems, the operation of railway
automation systems, and the normal operation of pipelines are critically important. The report
examines the results of GIC registration in the Karelian Transit power transmission line and
discusses the problems of protecting vulnerable infrastructure from the impact of space weather
factors.
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AJANTAIONUA B1OJBTPEKOBBIX JTAHHBIX TUCTAHIIHOHHOTI'O
30HAUPOBAHUSA B THIPOJJUHAMHNYECKOU MOJAEJIM YEPHOI'O MOPA

A.B. Caxno!,C.A. Jlebeoee! 34
"MocKkoBCKHil HHCTHTYT 31eKTpoHHOH Texnuku (MockBpa, Poccus)
2MHCTUTYT BBIUMCINTENBHON MaTeMaTuku umenn I'. M. Mapuyka PAH (Mocksa, Poccus)
STeodusnuecknii nentp PAH (Mocksa, Poccus)
*Maiixomnckuii rocynapcTBeHHbIH TexHONOrMYeckuii yausepeuteT (Maiikon, Poccust)

a v sakhno@mail.ru

B paborte mnpencraBieH METOA aJanTaldd BAOJIBTPEKOBBIX JaHHBIX CITyTHUKOBOMH
aJbTUMETPUH B THApPOIMHaMuyeckoil Mosienn Yépuoro mopsa INMOM. B MeTojie ncnonb3yroTes:
UHTEPIOJSIINS MOJAETBHOTO YPOBHS, (QHUIBTPAIMsl BIOJIBTPEKOBBIX JAHHBIX HAOIIONECHUM,
anmnpoOKCUMALUs U yYeT pauaIbHOMN COCTaBIIAOLIEH OpONUTAIbHON OIMOKH, THAPOJUHAMUYECKAS
amanrarys. [lepBoit 0COOEHHOCTBHIO METOIOJIOTHH SBIISIETCS COTIIACOBAHHOCTD MPOTHOCTUYECKHIX
NEepEeMEHHBIX B I'MJIPOAMHAMUYECKOM MOJIENN B IIpOIecce aanTaly, BTOpas 0COOEHHOCTh — 3TO
MCIIOJIb30BAaHUE JIAHHBIX HaOIOeHUH Oe3 IMpenBapuTebHON 00padOTKH M SKCTPANOsUU Ha
CeTKYy, YTO IMO3BOJSET MHHHUMHU3UpOBaTh omMOKU. Ilpn umMcieHHOM MoJenupoBaHUM ObLI
OTIpeieIeH ONTUMAIIBHBIA NepUoJl aJanTaluy, CpaBHEHHE JaHHBIX HAOMIOACHUN C MOACIHHBIM
peleHreM nokasano 3¢ (HeKTUBHOCTh MPEJI0KEHHOTO METO/Ia.

HccnenoBanust mpoBeieHbI pH noaepkke Poccuiickoro HayqHoro ¢onma, mpoekt Ne 19-
71-20035 «MabDOpMaIMOHHO — BRIYMCIUTENIbHAS CUCTEMa BapUAITMOHHOW aCCUMUIISIITUN JaHHBIX
HaOmonenut «MBM PAH — YepHoe Mope» u €€ MHTerpauus ¢ HOpOrpaMMHO-anmapaTHbIM
komruiekcoM LKIT « MKW — Monutopunr»» (Pykosogutens B.U. Aromkos).

ADAPTATION ALONG-TRACK REMOTE SENSING DATA IN THE
HYDRODYNAMIC MODEL OF THE BLACK SEA

A.V. Sakhno', S.A. Lebedev'?3*

'National Research University of Electronic Technology (Moscow, Russia)
?Marchuk Institute of Numerical Mathematics RAS (Moscow, Russia)
3Geophysical Center RAS (Moscow, Russia)

“Maykop State Technological University (Maykop, Russia)

a v sakhno@mail.ru

The paper presents a method for adapting long-range satellite altimetry data to the INMOM
hydrodynamic model of the Black Sea. The method uses: model-level interpolation, filtering of
long-range observational data, approximation and accounting for the radial component of the
orbital error, and hydrodynamic adaptation. The first feature of the methodology is the consistency
of predictive variables in the hydrodynamic model during adaptation, the second feature is the use
of observational data without preprocessing and extrapolation to the grid, which minimizes errors.
During numerical modeling, the optimal adaptation period was determined, and a comparison of
the observational data with the model solution showed the effectiveness of the proposed method.

The research was carried out with the support of the Russian Science Foundation, project
No. 19-71-20035 "Informational Computational System for Variational Data Assimilation "INM
RAS - Black Sea" and its integration with the hardware-software complex of the CKP "IKI-
Monitoring" (Head V.I. Agoshkov).
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OBHAPYXXEHHWE KOBYJIKAHUYECKNX HOHOC®EPHBIX BO3MYIIIEHU BO
BPEMEHHBIX PAJAX ITIOJIHOI'O 3JIEKTPOHHOI'O COAEP KAHUSA
NOHOC®EPBI C UCIIOJIb3OBAHUEM METOJ0B MAIIIMHHOI'O 1

I'VIYBOKOI'O OBYYEHUA

A.C. Ten!, A.A. Copoxun', H.B. Illecmaxog®?
"Beruncnurenshsiii nentp JIBO PAH (Xa6aposck, Poccus)
’HMuctutyT npukiagHoil matematuku JIBO PAH (Bnagusoctok, Poccus)
3 [lambHeBOCTOUHBI (enepanbHbIi yHUBepcuTeT (Bnagusoctok, Poccus)

alexander.s.ten@yandex.ru

[IpencraBineHsl pe3yabTaThl pa3padOTKH aIropuTMa Jjisi IOMCKA KOBYJIKAHHYECKHX
MOHOC(EpHBIX BO3MYIIEHUI BO BPEMEHHBIX pslax HOJHOIO 3JIEKTPOHHOTO COJAEpKAaHUA
nonocheps! mo nanaeiM 'HCC. AnroputM ocHOBaH Ha OMHAPHOW KiaccH(UKAIUN BPEMEHHBIX
psnoB. B kauecTBe KiaccupukaTopa paccMaTpUBAIOTCS MOJEIM KJIACCHUYECKOIO MAIIMHHOTO
oOydeHus (Ciy4ailHbIN Jiec, alropuT™M TIpagueHTHOro OyctuHra) um HeiipoHHble cetd (FCN,
InceptionTime). [l oOyuyenuss moxened ucnoib3oBainuch aanHble [HCC mo u3BepikeHUto
Bysikana CaperaeBa 3a nepuoj ¢ 14 mo 16 utons 2009 roga. OOydeHHBIE MOAEIHA JOCTUTAIOT
BBICOKMX 3HAYEHMH METPUK KauecTBa Kiaccupukanuu — koadduuumenra koppensuun MaTThioca
(MCC) — Bprmie 0.70 Ha 06yuatomeii BeiOopke u Boitie .80 Ha OTI0XKEHHBIX TECTOBBIX BEIOOPKAX.
TectupoBaHue anroputMa Ha JAHHBIX APYTUX H3BepeHUH (ByiakaHa XyHra-Tonra-XyHra-
Xaamna#t B 2022 r. u Bynkana KanbOyko B 2015 r.) Takke MOATBEPHkAAET BBICOKYIO TOUHOCTh
OOHapy’KeHUs] BOZMYILIEHUH.

Pe3ynbTaThl paboThl MOTYT OBITH UCIIOJIB30BAHBI B UCCIIEIOBAHUIX U3BEPKEHUI BYJIKAHOB,
B TOM YHUCJIE CUCTEMAX ONEPATUBHOTO MOHUTOPHHTA.

IDENTIFICATION OF COVOLCANIC IONOSPHERIC DISTURBANCES IN
IONOSPHERIC TOTAL ELECTRON CONTENT TIME SERIES USING MACHINE
AND DEEP LEARNING METHODS

A.S. Ten!, A.A. Sorokin!, N.V. Shestakov*?
!Computing Center FEB RAS (Khabarovsk, Russia)
’Institute of Applied Mathematics FEB RAS (Vladivostok, Russia)
3Far Eastern State University (Vladivostok, Russia)

alexander.s.ten@yandex.ru

The results of the development of an algorithm for detecting covolcanic ionospheric
disturbances in total electron content (TEC) time series derived from GNSS data are presented.
The algorithm is based on binary classification of time series. As classifiers, both classical machine
learning models (random forest, gradient boosting) and neural networks (FCN, InceptionTime) are
considered. The models were trained on GNSS data from the eruption of Sarychev volcano during
the period from 14 to 16 June 2009. The trained models achieve high classification performance
metrics — Matthews correlation coefficient (MCC) exceeding 0.70 on the training set and above
0.80 on held-out test sets. Testing the algorithm on data from other eruptions (Hunga Tonga—
Hunga Ha‘apai volcano in 2022 and Calbuco volcano in 2015) also confirms the high accuracy of
disturbance detection.

The results of this work can be applied in volcanic eruption research, including operational
monitoring systems
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CUCTEMA HAYYHOU TPEXMEPHOU BU3YAJIM3AIIUNA JAHHBIX OB
MHTEHCUBHOCTH IIOTOKA SHEPI'MU COJIHEYHOI'O BETPA B MOHOC®EPE
3EMJIN

U.A. Hlazypun’!, B.IO. Ilonoe"*3, O.B. Huxugopos', U.A. Yeapos'
"MucTutyT KOcMuUeckux uccienopanuii PAH (MockBsa, Poccus)
’HUY Bsaicmas mxoa sxonomuku (Mocksa, Poccus)
3MockoBckumii rocynapcTBeHHbIH yruBepcuteT uM. M.B. JlJomorocosa (MockBa, Poccus)

iashagurin@mail.ru

B noknane npuBoauTCs onucaHue (PyHKIMOHAJIBHBIX BO3MOXHOCTEH M NPOrpaMMHOMN
APXUTEKTYPhl BEO-IPUIOKEHUS I BU3yaIM3allui JAHHBIX 00 HHTEHCUBHOCTHU MTOTOKA YHEPTHU
3JIEKTPOHOB M POTOHOB B HOHOC(hepe 3emun. McTouHMKOM aHHBIX siBisieTcst cucreMa Ovation
Prime. C momomipto pazpaboTaHHON TMPOTrpPaMMBI MOYKHO JOTIOJTHUTEIEHO OTOOpakaTh TPAHUILY
aBpOPAJIBHOI0 OBaja, 00JIAYHOCTh, HOUHYIO 30HY Ha TPEXMEPHOM Tiio0yce.

B ocHoBe paboThl NpuIOKEHUS JIEKUT TeXHOJIoTUs Opay3epHoil 3D-rpapuku WebGL. B
paboTe Tak >€ NPUBOJUTCA ONMCAHUE 3AIUIAHUPOBAHHBIX ONTHUMHU3ALMKN ISl TOBBILICHUS
POM3BOIUTEILHOCTH ITPOTPAMMBI.

Be6-npuiioskeHue mpoIio npoueypy rocyAapCTBEHHOM perucTparyi.
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SCIENTIFIC SESSION

HAYYHASI CECCHUSI:
COBPEMEHHBIE
{U®POBLIE
WUHCTPYMEHTBI
CBOPA, UHTETPALIUM
U OBPABOTKH
JTAHHBIX JJIS1 HAVK O
3EMUIE
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OIIEHKA KAYECTBA ABTOMATHYECKOM 'EONPUBSI3KA N30BPAKEHUI C
BIIJIA

A.U. Anexcanun'’?, M.I' Anexcanuna’?, B.J[. Bnoxuna?, b.A. I pysxoe®
"MucTuryT aBTOMaTHKM M npolieccoB ynpasienus JIBO PAH (Bnaausoctok, Poccus)
?JlanpHeBOCTOUHBIH (henepanpHblil yauBepcuteT (Bnamusoctok, Poccus)

aleks@jiacp.dvo.ru

B mpencrasnsiemoit paboTe OlEHWBAETCS TOYHOCTH T'eONMpuBsI3KU n3o0pakeHuit BITIA,
KOTOpasi OCYILECTBISETCS 1O OECIIOBHOMY HOKpBITUIO PockocMmoca, CO3AaHHOMY IO
CIYTHUKOBBIM H300pa)KEHUSIM BBICOKOTO IPOCTPAHCTBEHHOI'O paspelieHus. ['eonpussizka
n300pakeHni 6a3upyeTcst Ha aBTOMaTHYECKOM IoucKe paifoHa cbeMkH ¢ BITJIA Ha crmyTHUKOBOM
nzo0paxkenun. [locne yero, m3o0paxenue BITJIA moBopaumBaeTcsi m Macmrtabupyercs. Jlanee
npousBoauTcs Tpanchopmanus uzodpaxkenus BIIJIA B dopmar reorpaduuecku MpUBsI3aHHOTO
CIIyTHUKOBOTO u300paxkeHus. TecTupoBaHUs MOAXO0Ja IIOKa3ajlo, YTO XOpollee KayecTBO
coBmenleHuss u3zoOpakeHuit BIIJIA co CHyTHHKOBBIMM H300pa)XEHUSIMU TIOIy4aeTcss Npu
coBnajieHuu ce30HOB cheMkU BIIJIA m cnyrtHuka. TymaH u macmypHasi moroja yXy/IIaeT
pe3ysnbTaT  COBMEIIEHUSA. TeCTUpOBAaHME TOYHOCTHM  TEONPHUBSI3KM  IEPEKPHIBAIOIINXCS
n3obpakenuit BIIJIA mokaspiBaeT, 4YTo Ha OOBEKTaX WHXKEHEPHOH WH(DPACTPyKTypHI
OTHOCHTEJIbHAS. TOYHOCTh OJIM3Ka K MPOCTPAHCTBEHHOMY Pa3pelIeHUI0 OECIIOBHOTO MOKPBITUS
PockocMoca, a Ha TIPUPOIHBIX OOBEKTaX MOXKET KojaeOaThCs BIUIOTH 10 10M. 3Ha4YWTEIBHOE
paznuune n3odpaxkeHuit co cmytHukoB U BITJIA (pa3Hble ce30HbI, TOTOAHbBIC YCIOBUS, pa3inyue
BO BpPEMEHM B HECKOJBbKO JIET) 4YacTO HE IMO3BOJIIET COBMEUIaTh H300pakKeHUS C BBICOKOMH
TOYHOCTbBIO, HO IO3BOJISIET onpeaeaTs nojoxeHue BIIJIA B mpocTpaHCTBE NpU OTCYTCTBUU Y
HEero padoTaroIIero HaBUrallMOHHOTO 000PYI0BaHMUSI.

QUALITY ASSESSMENT OF AUTOMATIC GEOREFERENCE OF IMAGES FROM
UAVS

A.l Aleksanin 2, M.G. Aleksanina’?, V.D. Blokhina?, B.A. Gruzkov?
"nstitute of Automation and Control Processes FEB RAS (Vladivostok, Russia)
’Far Eastern Federal University (Vladivostok, Russia)

aleks@jiacp.dvo.ru

The presented work evaluates the accuracy of geolocation of UAV images, which is carried
out using a seamless Roscosmos coating created from high-resolution satellite images.
Geolocation of images is based on the automatic search of the area of shooting from the UAV on
the satellite image. After that, the UAV image is rotated and scaled. Next, the UAV image is
transformed into a geographically linked satellite image format. Testing of the approach showed
that a good quality of combining UAV images with satellite images is obtained when the seasons
of UAV and satellite shooting coincide. Fog and cloudy weather worsen the result of the
combination. Testing the accuracy of geolocation of overlapping UAV images shows that at
engineering infrastructure facilities the relative accuracy is close to the spatial resolution of the
Roscosmos seamless coating, and at natural sites it can range up to 10m. The significant difference
between satellite and UAV images (different seasons, weather conditions, time differences of
several years) often does not allow combining images with high accuracy, but it allows you to
determine the position of the UAV in space in the absence of working navigation equipment.
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ABTOMATHYECKAS BBICOKOTOYHASA OBPABOTKA BOJIBIINX IIOTOKOB
JAHHBIX B OTEYECTBEHHOM CEI'MEHTE /133

E.H. bopogenckuui, /I.1. @edomxun, JI.B. Cvicenro, A.B. Aovixun, /[.H. I'onybes, I."M. bansam,
M.B. Ilecoyxuu, /{.FO. Memm

HayuHo-nccnenoBarenbckuil MHCTUTYT TOUHBIX IpubopoB (Mocksa, Poccust)

iprs@mail.ru

B 2018 r. B P® cunamu crienuanucToB ¢ 25-TH JIETHUM ONBITOM CO3/IaHUSI KOMIUIEKCOB
00paboTKM 111  TOJNYCOTHM KocMuueckux anmaparoB (KA) ONTHKO-3JEKTPOHHOTO U
PaaNOIOKAIIMOHHOTO JAWCTAHIIMOHHOTO 30HaupoBanus 3emuu (/133) BmepBeie pa3paboTaHa
TEXHOJIOTHSI aBTOMAaTHYECKOW MOTOKOBOW o0pabotku wuHpopmanuu (AIIOM) ¢ momHOCTHIO
aBToMaTuyeckuM (0e3 ydacTusi dYellOBeKa) ITMKIOM IIOJIYYeHHS TOTOBOM BBICOKOTOYHOM
npoaykiuu /133 OoT ypOBHS «ChIPOTO CUTHAJIa» U MPOU3BOAUTEILHOCTHIO MUJTMOHBI KBAJPATHBIX
KIJIoMeTpoB B cyTkH. Co3MaHHBIN Ha 0a3e 3TOM TEXHOJIOTHH U HaXOISIIMICS B DKCILTyaTaluu
Omnepatopa kocmuueckux cuctem 133 xomrieke AIIOW mo BceM moka3zarensiM (KadecTBo,
TOYHOCTb, OINEPATUBHOCTb, MPOU3BOAUTENBHOCTb M Jp.) HA TMOPSJOK IPEBOCXOIUT
OTEYECTBEHHBIC aBTOMATH3UPOBAHHBIE (C y4YyacTHEM YeJIOBEKa) KOMIUIEKCHI OOpabOTKH H
COOTBETCTBYET JIY4IIIUM COBPEMEHHBIM 3apyOeKHBIM MTPAKTHKAM.

Ha cerommsmanii nenp AIIOW saBmsieTcs yHubuuupoBaHHBIM (1o pa3Hbie KA) wu
HanboJiee TEXHOJIOTUYECKH COBEPIIEHHBIM KOMIUIEKCOM MEPBUYHON M CTaHIAPTHOW 00paboTKU
BO Bceit orpacnu /33 PD. OteuecTBEHHBIX aHAJIOTOB JAHHOW TEXHOJIOTUM HAa CETOAHSIITHUN JI€Hb
HeT. BpeMs Ha co3nanHue monHoro mukia oOpaOOTKM NaHHBIX ¢ HOBBIX KA cokpaTtuiioch ¢
HECKOJIBKHX JIET 10 HECKOJIbKHX MecsieB. Ha 6aze kommiekca AIIOU 6onee 4-X €T ycrenrHo
¢yskunonnpyer ®Penepanpubiii Goun manabix /33 (@D /I33) Pockocmoca u obecrieunBaeT
aBTOMATUYECKYI0 00paboTKy 3asBOK moTpeOuteneil PD, BeimaBas UM MPOIYKIUIO BBICOKOTO
KadyecTBa CTaHIApTHBIX YpoBHEH oOpabotku 1 u 2. AIIOM mno3BoimsI COKpAaTUTh BpeMs
00paboTKM C 4acoB/CYTOK 10 MUHYT. biaronaps BeicokoMy kauecTBy oOpabotku AITOU crano
BO3MOKHO CO3/JaHUE HOBBIX BUAOB MpoayKuuu /133 u TeMaTH4eCKUX CEPBUCOB I NOTpeOuTENIeH
10 JTaHHBIM ¢ oTedecTBeHHBIX KA J133.

OcHoBHbIE TeXHUUECKHE perieHns TexHoioruu AIIOU:

- 100% aBTOMaTHueckas MoTokoBas oOpaboTka (oT mpuema curHama ¢ KA no
OTIPY3KH MPOAYKLUHU OTPEOUTENSIM);

- eIMHBIN KOMIUIEKC 00paOOTKH [IJIsl TaHHBIX ¢ pa3nuyHbiXx KA (Bcs rpynmupoBka
A33);

- YHU(PUKALUSA U CTAaHIAPTU3AIMS TTPOLIECCOB, alTOPUTMOB, MPOIYKTOB, (hOPMATOB,
METaJIaHHBIX;

- BBICOKOIIPOM3BOUTENIbHBIE TapajuleNibHbIe M paclpeaelieHHbIe (KJIACTEPHEIC)
BBIYHCIICHHS;

- HCIIOJIb30BAHUE CTPOTMX MATEMaTUYECKHX MOJEINIEH, YTO MO3BOJIUJIO YCTPaHATh
MIEPBONPUYUHBI OIIMOOK, a HE UX MOCIEICTBUS;

- CKBO3HOHM aBTOMaTHYECKUI KOHTPOJb Ka4eCTBAa HA BCEX ATalax o0padoTKH;

- aJanTUBHbIE  QJITOPUTMBI  (BKJIOYas  HEHPOCETEeBbIE),  HUBEIHMPYIOIINE
MOTPEUTHOCTH PabOThI OOPTOBBIX CUCTEM.

B 2024 r. Buepssie B P® (na 6a3e AIION) co3nan KOMIUIEKC aBTOMAaTHYECKONH 00paboTKH
U XpaHeHMA JaHHBIX HH(popmanumonHoi cuctembl “Ludposas 3emms” (HUC L3),
o0ecTieunBarONUi MOTHBIN ITUKIT pab0ThI ¢ JaHHBIMU [[33, B TOM unciie Mpou3BOIHYI0 00paboTKy
no YpoBHs 3, BKIIOYAas CO3JaHUE BBICOKOTOYHBIX OCCIIOBHBIX CIUIOMIHBIX TMOKPBITUH
(opTomo3auk) 1o gJaHHbM /[33 B aBTOMAaTHUECKOM peKUME.

Ha ceropnsimauii nens texnonorus AITOU u UC 113 obecrnieunBaror:

- 100% aBTOMaTH4ECKYIO 00pabOTKY (HE TpeOyIOTCs OmepaTophl);

- 100% macmrabupyemocts (o ito6oe kommaectso KA);
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- 100% noptupyemocTs (nmepeHocuMocTh) B o6mako LIO/;

- CKOPOCTh O0Pa0OTKU: ECATKHA TUTadaiiT B MUHYTY;

- MPOU3BOJUTENILHOCTh: MUJUTMOHBI KB. KM. B CYTKHU;

- TOYHOCTb I'€ONPUBA3KHU NpoaAyKToB J[33: enununsl MetpoB (1-2 nukcens);

- OIepaTUBHOCTh 00pabOTKU OJTHOTO ceaHca copoca: MeHee 1 yaca.

[IpencraBnenHass TEXHOJIOTHS, pEaJM30BaHHAsE B  PACCMOTPEHHBIX  KOMIUIEKCaxX
OTE€YeCTBEHHOro HazeMHoro cermeHta /[I33, eauncTtBenHas Ha cerogus B P®, cmocoOHas
o0ecreuuTh MOTOKOBYIO 00pabOTKy OoybmnX 00BEMOB WMHGPOPMAIMK C MHOTOCITYTHUKOBBIX
TPYIIUPOBOK (C COTHSIMH KOCMUUYECKUX arIapaToB HA OpOUTeE).

AUTOMATIC HIGH-PRECISION PROCESSING OF LARGE DATA STREAMS IN
THE DOMESTIC REMOTE SENSING OF EARTH SEGMENT

D.1. Fedotkin, D.V. Sysenko, E.N. Borovenkiy, A.V. Yadykin, D.N. Golubev, G.M. Balyan, M.V.
Pesotskiy, D.U. Mett

Scientific research institute of precision instruments (Moscow, Russia)

iprs@mail.ru

In 2018, in the Russian Federation, specialists with 25 years of experience in creating
processing complexes for fifty spacecraft of optoelectronic and radar remote sensing of the Earth
for the first time developed a technology for automatic streaming data processing (ASDP) with a
fully automatic (without human intervention) cycle for obtaining finished high-precision remote
sensing products from the level a "raw signal" and a capacity of millions of square kilometers per
day. The ASDP complex, created on the basis of this technology and operated by the Operator of
remote sensing space systems, surpasses domestic automated (with human participation)
processing complexes by an order of quantity in all parameters (quality, accuracy, efficiency,
productivity, etc.) and corresponds to the best modern foreign practices.

Today, ASDP is a unified (for different spacecraft) and the most technologically advanced
complex of primary and standard processing in the entire remote sensing industry of the Russian
Federation. There are currently no domestic analogues of this technology. The time to create a
complete data processing cycle from new spacecraft has been reduced from several years to several
months. The Federal Remote Sensing Data Fund of Roscosmos has been successfully operating
on the basis of the ASDP complex for more than 4 years and provides automatic processing of
applications from consumers of the Russian Federation, providing them high-quality products of
standard processing Levels 1 and 2. ASDP allowed us to reduce the processing time from
hours/days to minutes. Due to the high quality of ASDP processing, it became possible to create
new types of remote sensing products and thematic services for consumers based on data from
domestic remote sensing systems.

The main technical solutions of ASDP technology:

. 100% automatic streaming data processing (from receiving a signal from a
spacecraft to delivery products to consumers);

. a single processing complex for data from various spacecraft (the entire remote
sensing grouping);

. unification and standardization of processes, algorithms, products, formats,
metadata;

. high-performance parallel and distributed (cluster) computing;

. the use of rigorous mathematical models, which made it possible to eliminate the
root causes of errors rather than their consequences;

. end-to-end automatic quality control at all stages of processing;

. adaptive algorithms (including neural network algorithms) that compensate for

errors in the operation of on-board systems.
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In 2024, for the first time in the Russian Federation (based on the ASDP), a complex for
automatic data processing and storage of the information system "Digital Earth" was created,
providing a full cycle of processing with remote sensing data, including derivative processing up
to Level 3, including the creation of high-precision seamless continuous coatings (orthomosaic)
based on remote sensing data in automatic mode.

At the moment, ASDP and information system "Digital Earth" technology provide:

. 100% automatic processing (no operators required);

. 100% scalability (for any number of spacecraft);

. 100% portability (transferability) to the data center cloud,

. processing speed: tens of gigabytes per minute;

. productivity: millions of square kilometers per day;

. accuracy of geolocation of remote sensing products: units of meters (1-2 pixels);
. speed of processing of one receiving session: less than 1 hour.

The presented technology, implemented in the considered complexes of the domestic
ground-based remote sensing segment, is the only one in the Russian Federation today capable of
providing streaming processing of large amounts of information from multi-satellite groupings
(with hundreds of spacecrafts in orbit).

CEPBUC OBPABOTKHU I'EOITPOCTPAHCTBEHHbBIX TAHHBIX HA OCHOBE U
AT'EHTOB

A.A. 3azyménnoe’>3
"MncTutyT aBToMatyky u npoueccos yrnpasnenus JIBO PAH (Bnagusoctok, Poccus)
?JlabHEBOCTOUHBIH (enepanbHblii yausepcuteT (Bnagupoctok, Poccus)

STocynapcTBeHHbIH Teonornyeckuii Myseit um. B.M. Bepuanckoro PAH (Mockaa, Poccust)

zagumennov.aa@dvfu.ru

Pabota mocssimieHa pa3zpaboTke cepBHca 00paObOTKH reONpPOCTPAHCTBEHHBIX JaHHBIX Ha
OCHOBE areHTOB MCKYCCTBEHHOTO MHTEJUICKTA JUIsl PEIICHUS MCCIeNOBATEIbCKUX 3a1ad B HAyKax
o 3emie. O6paboTKa reonpoCTPaHCTBEHHBIX JAHHBIX: CITlyTHUKOBBIE CHUMKH, KapThbl, CHUIMKH C
OECIMIIOTHBIX aBHAIMOHHBIX CHCTEM, Teorpadudecky MpuBsS3aHHbIC KOJTMYECTBEHHBIE JaHHbBIC —
SBJISICTCS BXKHBIM 3TAIlOM UL PELIEHUS Psijia UCCIIE0BAaTENbCKUX 3a/1ay, B YaCTHOCTH, B 00JIACTH
reojoruu. Dp¢ekTuBHas paboTa ¢ reonpoCTPaHCTBEHHBIMU JTaHHBIMHM TpeOyeT HalIu4us psana
KOMIIETEHIIMM M 3HAYUTEIHHOIO OIbITa B 3TOM OOJACTH, YTO HAKJIAJbIBAET JOMOJHUTEIbHbIC
OTPaHWYCHUS TIPU MPOBEJACHUN HcciienoBaHmii. Co3laBaeMblil CepBUC HAIlEJICH Ha yCTpaHEHUE
3TOro Oapbepa uepe3 peleHHe THIOBBIX 3a/1ad B 00JacTu 00pabOTKH TeoNnpOoCTPAHCTBEHHBIX
JTAHHBIX Ha OCHOBE areHTOB HMCKYCCTBCHHOTO HMHTEIIICKTA: IMOMCKAa JaHHBIX, UX 0OpabOTKH H
Buzyasnmzauuu. CepBUC peanu3oBaH B ¢opmare BeO-NPHIOKEHHS € KapTorpaduyeckum
uHTepdeiicom s 0TOOpakeHHs TAaHHBIX CO BCTPOSHHBIM 4aT-00TOM JUISi HOCTAHOBKH 3a]1a4u U
KOPPEKTHPOBKH PE3YyJbTaTOB IOJb30BaTeNeM. B3auMopelcTBie ¢ CepBHUCOM IMPOMCXOAUT Ha
€CTECTBEHHOM SI3bIKE B TEPMMHAX II0JIb30BATENs M Yepe3 KapTorpaguyeckuii MHTEpdenc mpu
HeoOxoaumoctu. Cucrema Ha ocHoBe MM areHToB MO3BOJIIET HOHUMATD 3alIPOCHI TOJIb30BATENS,
IUIAHUPOBAaTh M BBIIOJIHATH HEOOXOIMMBIC JEHCTBHS, 3aJaBaTh YTOUHSIOIIME BOIPOCHI M
KOppPEeKTHpOBaTh pe3yinbraT. CepBUC HMEET MOJIYJIBHYIO CTPYKTYpY, IpelyCMaTpUBAIOIIYIO
BO3MOXKHOCTh PACIIMPEHHs] JOCTYIHBIX HCTOYHHMKOB TaHHBIX, MHCTPYMEHTOB, 0a3 /JaHHBIX,
THUIOBBIX 33/1a4 U CIICHapHEB PabOTHI.

67


mailto:zagumennov.aa@dvfu.ru

GEOSPATIAL DATA PROCESSING SERVICE BASED ON AI AGENTS
A.A. Zagumennov'?3
nstitute of Automation and Control Processes FEB RAS (Vladivostok, Russia)
2Far Eastern Federal University (Vladivostok, Russia)
3Vernadsky State Geological Museum of RAS (Moscow, Russia)

zagumennov.aa@dvfu.ru

The work is devoted to the development of a geospatial data processing service based on
artificial intelligence agents for solving research problems in the Earth sciences. Processing
geospatial data, such as satellite images, maps, images from aerial systems and geographically
referenced quantitative data, is an important stage in solving research problems, for example, in
the field of geology. Effective work with geospatial data requires certain competencies and
significant experience in this field, which imposes additional restrictions on research. The created
service is aimed at eliminating this barrier by solving typical problems in the field of geospatial
data processing based on artificial intelligence agents: data search, processing and visualization.
The service is implemented as a web application with a cartographic interface for displaying data
with a built-in chatbot for setting a task and adjusting the results by the user. Interaction with the
service occurs in natural language in user terms and through the cartographic interface if necessary.
The system based on Al agents allows you to understand user requests, plan and perform the
necessary actions, ask clarifying questions and adjust the result. The service has a modular
structure, which provides the ability to expand available data sources, tools, databases, typical
tasks and work scenarios.

TEXHOJIOTI'UA NIOATI'OTOBKU U INTPEJACTABJIEHUSA CITYTHUKOBBIX TAHHBIX
N JAHHBIX ASPOPOTOCBEMKH JJI51 CHCTEM MOHUTOPHUHI'A
OKPYXAIOIEU TPUPOJHOU CPEbI

A.A. Kaoounuxos
WuctutyT BeruncnutensHoro mogenupoBanus CO PAH (Kpacnosipek, Poccus)

scorant@icm.krasn.ru

CeroaHs naHHbBIE JMCTAaHIMOHHOTO 3O0HAMPOBAHUS 3€MJIM TIO3BOJIIOT BBINOJIHATH
MOHUTOPHHT OOJIBIIMX TEPPUTOPHIA C BBICOKOM TOYHOCTBIO M Ha pEryJsIpHOH ocHoBe. B
COBOKYITHOCTH C JIaHHBIMH a3p0(OTOCHEMKH 00€CIIeUNBAIOT MOJIH30BATECH IIMPOKUM HaOOPOM
BO3MOXKHOCTEH [UIS MOHHTOPWHIA OKpYXKAIOUIeH cpenbl M yIOpaBICHUS pecypcamu ¢
UCIIOJIb30BAaHUEM COBPEMEHHBIX METOJOB M TEXHOJIOTHH. CIyTHHKOBBIC TaHHBIC W JIaHHbBIC
a’poOTOCHEMKH TTO3BOJISIIOT aHATU3UPOBATH COCTOSTHIE aTMOC(EPHI, MOYBBI U PACTUTEIHHOCTH,
reoJOrMYeckiue OCOOEHHOCTH, SIBISIIOTCS BaXKHBIM HMHCTPYMEHTOM B CEJIBCKOM Xo3diicTBe. B
paboTe paccMaTpuBaeTCsl TEXHOJOTHS, IMO3BOJIONMIAs OBICTPO BU3yalIM3UPOBATh C ITOMOIIBIO
CTaHJIapTHOro BeO-Opay3epa CIyTHUKOBBIE JaHHble M JaHHblEe a’podoTtochemku ¢ BIIIA
Oompmoro pasMepa 0e3 CyIIECTBEHHONW HAarpy3ku Ha CEpPBEpPHYI0 HH(PACTPYKTypy.
[TpenioskeHHast TEXHOJIOTHS MCIIONB3YyeT Ul myonukanuu ganHsle B popmare Cloud Optimized
GeoTIFF (COQG). COG mpeacrapnsier co6oi 0ObIUHBIM MHOTOKaHAJIbHBIN pacTpoBbIi (aiii B
dopmare GeoTIFF, pa3meniennslii Ha (aiiioBoM BeO-cepBepe.
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TECHNOLOGY FOR PREPARATION AND PRESENTATION OF SATELLITE AND
AERIAL PHOTOGRAPHY DATA FOR ENVIRONMENTAL MONITORING SYSTEMS

A.A. Kadochnikov
Institute of Computational Modelling SB RAS (Krasnoyarsk, Russia)

scorant@icm.krasn.ru

Today, Earth remote sensing data allows monitoring large areas with high accuracy and on
a regular basis. Together with aerial photography data, they provide users with a wide range of
opportunities for environmental monitoring and resource management using modern methods and
technologies. Satellite data and aerial photography data allow analyzing the state of the
atmosphere, soil and vegetation, geological features, and are an important tool in agriculture. The
paper discusses a technology that allows for quick visualization of satellite data and aerial
photography data from large UAVs using a standard web browser without significant load on the
server infrastructure. The proposed technology uses data in the Cloud Optimized GeoTIFF (COG)
format for publication. COG is a regular multi-channel raster file in GeoTIFF format, hosted on a
file web server.

HEPEJIAALIMOHHBIN IMOJIXO0J K XPAHEHUIO T'EOJIOTMTYECKHNX JTAHHBIX
H.A. Kybacos

HanmonaneHelii uccnenoBaTesnbekuil saepubiil yausepcurer «MUDON» (Mocksa, Poccust)

kual8@inbox.ru

B nacrosmeit pabote 0003peBaroTcsi, HaOWpAOUIUE MOMYJISIPHOCTb, HE PEISIMOHHbIC
MeTOo/Ibl XpaHeHus AaHHbIX. OCHOBHOH (okyc HampaBieH Ha mnpeumyinectBa No-SQL 6a3bl
naHHbix «Cassandra». «Cassandray — 5TO0 TONMyJspHas KOJIOHOYHAs 0asza JaHHBIX,
ONTHMHU3HMpPOBaHHasT Al 00pabOTKM OONbIIMX OOBEMOB JaHHBIX HAa MHOXKECTBE CEPBEPOB.
AKTYyaqbHOCTb 00YCJIaBIMBAETCSl HE COBEPIICHCTBOM PEJISAIIMOHHBIX METOJI0B, TOITOMY B paboTe
MIPOUCXOUT CPAaBHEHHUE KJIACCUYECKOT0 M KOJIOHOYHOT'O TOJIX0/1a K HAaKOTUIEHHUIO JaHHbIX. [lanee
paccMaTpuBaeTCsl MOAXOJ K TMPOEKTUPOBAHMIO TAKOTO XPAHWIMIIA, C YYETOM CHEIU(PHUKH
reosiorudeckux nanHbiX. CocrapieH mian murpamnun u3 PostgreSQL mo cpencrBam ETL (Extract
Transform Load) npomueccos. IIpousBenena oreHka 3¢(EeKTUBHOCTH BHEAPSEMOTO pPELICHHMS,
BBIPA)KEHHAs] B COKPALICHUMHM HEOOXOIUMBIX BBIYMCIHUTENBHBIX MOIIHOCTENH A7 00paboTKU
uHpOpMaINK.

NOSQL APPROACH TO PRESERVE GEOLOGICAL DATA
N.A. Kubasov
National Research Nuclear University MEPhI (Moscow, Russia)
kual8@inbox.ru

In this article, non-relational data storage methods that are gaining popularity are reviewed.
The main focus is on the advantages of the Cassandra No-SQL database. Cassandra is a popular
column database optimized for processing large amounts of data on multiple servers. The
relevance is due to the imperfection of relational methods, therefore, the work compares the
classical and columnar approaches to data accumulation. Next, an approach to the design of such
a repository is considered, taking into account the specifics of geological data. A migration plan
has been drawn up from PostgreSQL using ETL (Extract Transform Load) processes. The
effectiveness of the implemented solution was evaluated, expressed in reducing the necessary
computing power for information processing.
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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.

HUPPOBBIE TEXHOJIOI'MHU B IPOLHECCE IEPEPABOTKMU ITPUPOIHOI'O
CbIPbA

M.A. Kopexuna', A.H. Casuues!, A.Il. ’Kaboeooé’, K.B. Hzymenyes®

OsxH0-Ypanbckuii GenepanbHblii HAyYHbII HEHTP MUHEPANIOruu 1 reoskonoruu YpO PAH
(Mmuacc, Poccust)

2MuctutyT reoxumun uM. A.IT. Bunorpamosa CO PAH (Upkytck, Poccus)
3FOsxHO-Y panbekuil TocyiapcTBeHHblil ynusepeutet (Uensbunck, Poccus)

imaria@mineralogy.ru

[{udpoBble TEXHOJIOTMHM HUIPAIOT BaXKHYIO pOJb B Ipolecce NepepaboTKU MPUPOIHOIO
CBIPbsI, B TOM YHCIIE ¥ TIpU 00OTaIlleHUH KBaplia, KapJAUHAIBHO MEHSS MOAXO0bl K MAKCHMAaJIbHO
IIOJTHOMY M3BJICYEHUIO LIEHHOTO MpoayKTa. biarogapss BHeapeHMIO NepeloBbIX LU(PPOBBIX
pelIeHni B IPOLIECChl TEXHOJIOTMUYECKOTO Iepesesa HaONIoIaeTcsi CTPEMMTENbHBIA pOCT
NPOM3BOJUTENBHOCTH, YIy4IIEHHE KadecTBa KOHEUHOro MHpoayKTa. BwIOOp KOHKpeTHOMH
TEXHOJOTMM HAINpsIMyI0 3aBUCHUT OT CTPYKTYPHO-TEXHOJIOTMUECKHUX I1apaMeTpoB KBaplia,
OlpesiesieMbIX YCIOBUSAMHM €ro oOpa3oBaHMs, a Takke OT TpeOyeMoro ypOBHS UHCTOTHI
KOHe4YHOro npoxaykra. Cpeau HaumOojee MNEepCHEKTUBHBIX TEXHOJOTUH, HCHONIb3yEMbIX B
o0oraIieHuy KBapiia, MOXKHO BbIICIUTh (POTOMETPHUUECKYIO CeNapaliHio, JJa3epHOe CKaHUPOBAHNE
U MJIa3MOXMMMYECKYIO0 OYMCTKY. Bce OHM OCHOBaHBI Ha COUYETAHUU SJIEKTPOHHBIX BBIYMCIICHUH,
MTHOBEHHOM NpeoOpa3soBaHMU JaHHBIX B PpEXHMME peaJbHOrO BpPEMEHH, obecreunBas
MTHOBEHHYIO OOpATHYIO CBSI3b M aBTOMAaTHUYECKYIO PETYIHUPOBKY apaMeTpoB. bombmM 1mrocom
ABISICTCSL ObICTpasl aAaNTUBHOCTh LUGPOBBIX TEXHOJOTHI MO3BOJAIONIAs ONTUMH3UPOBATH
mpoiecchl  oOoramieHuss Moj  crnenupuueckrue OCOOEHHOCTH  KaXIOr0  KOHKPETHOTO
MECTOPOKICHUS.

HccrnenoBanue BBIOTHEHO MTpH (PHMHAHCOBOM mozepkke Poccuiickoro HayuHoro ¢onma
u YensOuHCKOM 00acTy B paMKax HayyHoro npoekra Ne 25-27-20047.

DIGITAL TECHNOLOGIES IN THE PROCESS OF PROCESSING NATURAL RAW
MATERIALS

M.A. Korekina', A.N. Savichev!, A.P. Zhaboedov?, K.V. Igumentsev’

'Federal State Budgetary Scientific Institution South Ural Federal Scientific Center of
Mineralogy and Geoecology UB RAS (Miass, Russia)

2A.P. Vinogradov Institute of Geochemistry SB RAS (Irkutsk, Russia)
3South Ural State University (Chelyabinsk, Russia)

imaria@mineralogy.ru

Digital technologies play an important role in the processing of natural raw materials,
including quartz processing, radically changing approaches to the fullest possible extraction of a
valuable product. Thanks to the introduction of advanced digital solutions into the processes of
technological transformation, there is a rapid increase in productivity and an improvement in the
quality of the final product. The choice of a specific technology directly depends on the structural
and technological parameters of quartz, determined by the conditions of its formation, as well as
on the required level of purity of the final product. Photometric separation, laser scanning, and
plasma chemical purification are among the most promising technologies used in quartz
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enrichment. All of them are based on a combination of electronic computing, instant data
conversion in real time, providing instant feedback and automatic parameter adjustment. A big
advantage is the rapid adaptability of digital technologies, which allows for wholesale

The research was carried out with the financial support of the Russian Science Foundation
and the Chelyabinsk region as part of the scientific project Ne 25-27-20047.
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HAYUYHOE B3AMMOJIEVCTBUE B METABCEJEHHOM: OITBIT
IMPOEKTUPOBAHUSA OBPA3OBATEJIBHOI'O ITPOCTPAHCTBA JJIA
MNONIYJIAPU3ALINU I'EOJIOT'TA

A.O. T'ocvrosa!, A.C. Epemenxo’?3
! TanbHeBocTOUHBI (enepanbHblil yauBepeutet (Bnagusoctok, Poccus)
*MHCTHTYT aBTOMATHKH 1 nporieccos ynpasnenus JJBO PAH (Bnagusoctok, Poccus)

STocynapcTBeHHbIi Teonornyeckuii Myseit um. B.U. Bepuanckoro PAH (Mockaa, Poccust)

goskovaantonina@gmail.com

CoBpemenHoe oOpa3oBaHHEe B O00JACTH T'€OJOTUU CTAIKUBAECTCA C PSIAOM BBI30BOB:
CJIOXKXHBIC JId BOCIIPUATHA MATCpHAJIbl, CHHXXCHUC HHTCpPCCa K (1)YH[[aMeHTaJII>H51M HayKaMm,
HEXBAaTKa WHTEPAKTUBHBIX (GopM o00ydeHus. OTBETOM Ha JaHHBIE BBI3OBBI aBTOPHI BUIST
pa3pabOTKy KOHIIENITa U TPOTOTUIIA HAYYHO-00Pa30BaTEILHON METaBCEIEHHOM, 00BEINHAIONICH
AJIEMEHTHI TeiMUUKALNY, CUMYJISIIIUA U COLIMAIbHOTO B3auMoJieiicTBusA. B kadecTBe 6a30BOro
WH(OPMAIIMOHHOTO HAMOJIHCHHS TPOTOTUIIA METABCEJICHHON 3aKJIaJbIBAIOTCS WMEIOIIHECS Y
aBTOPOB HAPAOOTKH MO MOMyJspu3anuu reonoruu (mopran “Hctopusi 3emiu: reosormuecKuit
pakypc”, pa3paboTaHHbIi g [OCymapCTBEHHOTO TeoJloTMUecKoro wmysess uM. B.U.
Bepnazckoro), a Takke Hay4HbIE PECYpChI, HaPaBJICHHbBIE HAa MOMYISPHOE U3TI0KEHNE 3HAHUH O
reotorun 3emun. KirodeBas waess MpoekTa — CO3JaHME BHUPTYaJIbHOTO IPOCTPAHCTBA, T
MOJIb30BATEIN CMOTYT MCCIEI0BATh ATIOXU UCTOPUH 3€MJIU, B3aUMOICHCTBOBATh APYT C IPYTOM,
y4aCTBOBAaTb B MCPOIIPUATHAX U O6y0TpaI/IBaTI) COOCTBEHHBIE BBICTaBKH, BBICTYIIasd COaABTOpaMU
MeTaBCeJICHHON. ABTOPBI pa0OTHI TAKXKE BUAST MEPCIEKTUBY B UCIIONB30BaHUH TexHomoruit NN
B pPOJM BUPTYyaJbHBIX ACCHUCTEHTOB, OOYYEHHBIX Ha 0a3e reosjoruuyeckux 3HaHui. Takue
MTOMOITHUKU OYAYT COMPOBOXAATH IMOJIb30BATENs] B METABCEICHHOW, TIOMOTas B HaBUTAIMU U
OCBOEHUM Martepuana. [I[poekT npemyiaraet He TOIbKO HOBBIM HHCTPYMEHT NOMYJIIpU3allui HAYKH,
HO U allbTEPHATUBY KOMMEPYECKHM METaBCEIIEHHBIM, OPUEHTHPOBAHHBIM HA Pa3BICUYCHUS U
uu(ppoBble PHIHKUA. ABTOpPHI pabOTHl JENal0T aKIEHT Ha JOCTYMHOCTH M ILIEHHOCTHU 3HAHMU,
co3/aBasi BUPTyalIbHOE MPOCTPAHCTBO I aKaJIEMUYECKOTO TUAJIOTA, HAYYHOTO COTPYAHUYECTBA
1 UHTCPAKTUBHOI'O O6y‘—IeHI/I$[.

SCIENTIFIC COLLABORATION INSIDE THE METAVERSE: DESIGNING AN
EDUCATIONAL SPACE FOR THE POPULARIZATION OF GEOLOGY

A.O. Goskova!, A.S. Eremenko’?3
'Far Eastern Federal University (Vladivostok, Russia)
?Institute of Automation and Control Processes FEB RAS (Vladivostok, Russia)
3Vernadsky State Geological Museum RAS (Moscow, Russia)

goskovaantonina@gmail.com

Modern geology education faces a number of challenges: difficulty in understanding the
materials, a decline in student interest in fundamental sciences, and a lack of interactive learning
formats. In response to these issues, the authors propose the development of a concept and
prototype for a scientific and educational metaverse, which combines gamification, simulation,
and social interaction. The metaverse prototype is based on existing popular science developments
by the authors (the “Earth’s History: A Geological Perspective” portal created for the Vernadsky
State Geological Museum), as well as other scientific resources aimed at accessible presentation
of geological knowledge. The core idea of the project is to create a virtual environment where
users can explore geological eras, interact with each other, participate in events, and curate their
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own exhibitions, becoming co-creators of the metaverse. The authors also see promise in using Al
technologies in the form of virtual assistants trained on geological data. These assistants will
support users in navigating the virtual world and engaging with its educational content. The project
offers not only a new tool for science popularization but also an alternative to commercial
metaverse concepts focused primarily on entertainment and digital markets. The authors
emphasize accessibility and the value of knowledge, building a virtual space for academic
dialogue, scientific collaboration, and interactive learning.

KOMIVIEKC TEOMH®OPMAIIMOHHBIX CUCTEM KAK CPEICTBO
HOITYJAAPU3ALINU 3HAHHUU O BOAHBIX PECYPCAX KYPUIO-KAMYATCKOI'O
PETTOHA

A.A. Jloneas, E.I'. Kanauesa
WuctutyT Bynkanonoruu u ceiicmonoruu JJBO PAH (IlerponaBnoBck-Kamuarckuii, Poccus)

adolgava@kscnet.ru

[TonyoctpoB Kamuatka wu Kypuiabckue ocTpoBa XapaKTepU3YIOTCS — OOJBIIHM
pasHOoOOpa3eM 1O  (U3MKO-XMUMHUYECKHM  MapaMeTrpaM H  XUMHYECKOMY  COCTaBy
TUAPOJIOTUYECKUX OOBEKTOB, YTO B 3HAUUTEIBHOW CTENEHU OOYCIIOBJICHO AaKTHUBHOMU
BYJIKAHMUYECKOH JIEATEIbHOCTBIO B pETHOHE. Bece BOHbBIE pecypchl MOXKHO YCIOBHO pa3/ieinTh Ha
(hOHOBBIC TTOBEPXHOCTHBIE (PEKH M 03€pa) U TEPMOMHHEPAJIbHbIE (MCTOYHUKHA C TIOBBIIIECHHOMN
OTHOCUTENIbHO (OoHA TemmepaTypoil W MuHepanuzauueit). B MHcTUTyTE ByIKaHOJIOTUH U
cetricmonioruu JIBO PAH B pe3ynbTaTe MHOTOJIETHUX HMCCIICOBAHWUN OBUT HAKOTUICH OOJIBITION
(dakTHueckuii MaTepuan o BogHBIX pecypcax Kypuio-Kamyarckoro permona, KOTOPBIA MOKET
OBITh MHTEpPECEH HE TOJIBKO CHEeHHATIUCTaM-THAPOreosioraM, HO M IIMPOKOMY KpYyTy
nojb3oBareneid. s obecnedeHust A0CTyna K JaHHBIM C HOMOIIBIO KOMIUIEKCHBIX pPELICHUI
koMmrmanuk  NextGIS  Opum  co3ganbl  nBe  reoumHpopmanuonueie  cuctemsl  ([TUC):
«Tepmomunepanbuble Boabsl Kypuno-Kamuatckoro pernona» u «9KOJIOro-reoXuMHUYECKas
XapaKTepuCTHKa oBepXHOCTHBIX BoJ Kypuno-Kamuarckoro pernonay. O6e cucTeMbl JOCTYITHBI
B cetu Murepuer (kamkursprings.nextgis.com). I'MC ¢opmupyoT enuHbIi KOMIUIEKC, HMes
CXOXYIO CTPYKTYpy U 0011ue 6a3oBbie ciiou. JJaHHbIe O MyHKTaX MOHUTOPUHIA MOBEPXHOCTHBIX
BOJI U TEPMOMHUHEPAJIbHBIX HCTOYHUKAX [IOMUMO I'€0XUMHUYECKUX TApaMETPOB BKIIIOYAIOT B c€0s
OMHCATEIbHYI0 YacTh M OOMIMPHBIA (oTorpaduyeckuil MaTepual, 4TO JelaeT 3TU CBEJEHUs
MIOJIE3HBIMU ISl Pa3JINYHBIX KaTErOpHUi MOJIb30BaTeNIel, HHTEPECYIOIINXCS Pa3HbIMU acClIEKTaMuU
W3Y4YeHHUS U HCIIOJIb30BAHMUS BOJHBIX PECypCOB peruoHa, HampuMep, B KadecTBe OOBEKTOB
TYpUCTHUYECKOTO HHTEpPECA.

COMPLEX OF GEOINFORMATION SYSTEMS AS A MEANS OF
POPULARIZATION OF KNOWLEDGE ABOUT WATER RESOURCES OF THE
KURIL-KAMCHATKA REGION

A.A. Dolgaya, E.G. Kalacheva
Institute of volcanology and seismology FEB RAS (Petropavlovsk-Kamchatsky, Russia)

adolgava@kscnet.ru

Kamchatka Peninsula and the Kuril Islands are characterized by a great diversity of
physicochemical parameters and chemical composition of hydrological objects, which is largely
due to active volcanic activity in the region. All water resources can be divided into background
surface (rivers and lakes) and thermomineral (springs with high temperature and mineralization
relative to the background). As a result of long-term research, the Institute of Volcanology and
Seismology FEB RAS has accumulated a large amount of factual material on the water resources
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of the Kuril-Kamchatka region, which may be of interest not only to hydrogeologists, but also to
a wide range of users. To provide access to data using integrated solutions from NextGIS, two
geographic information systems (GIS) were created: "Thermomineral waters of the Kuril-
Kamchatka region" and "Ecological and geochemical characteristics of surface waters of the Kuril -
Kamchatka region". Both systems are available on the Internet (kamkursprings.nextgis.com). GIS
form a single complex, having a similar structure and common base layers. Data on monitoring
points of surface waters and thermal mineral springs, in addition to geochemical parameters,
include a descriptive part and extensive photographic material, which makes this information
useful for various categories of users interested in various aspects of studying and using water
resources of the region, for example, as objects of tourist interest.

METOJBI IIOUCKA U ITONTYJIAPU3AIIUN HOBBIX 1 APXUBHBIX
MOJHOTEKCTOBBIX TEOJIOTHUYECKHUX CTATEN

C.B. Cunseuna’, HA. Maszoe*?, B.H. I'ypees®?

!Canxr-TleTepOyprekuii ropubiit ynusepcuter ummnepatpuiibl Ekarepunst 11 (Cankr-IletepOypr,
Poccus)

’MucTutyT HeTerasosoii reosioruu u reopusuxu uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust)

TocynapcTBeHHas MyOIMYHAs HaydHO-TexHHueckas oubnuoreka CO PAH (Hosocubupck,
Poccus)

ssv.1207@yandex.ru

Pe3ynpTaThl COBpEMEHHBIX HAy4YHBIX TI€OJOTMYECKMX JOCTHXKCHHMM, TaKkKe Kak U
nyOommkanuu yaeHsix CCCP, nuMmeronme MUpOBOE MpU3HAHKE, JHIIb (ParMEHTAPHO JAOCTYITHBI
CErOAHs sl IIMPOKON ayJUTOPUH YUTATEIEH.

B mnorone 3a peWTHHIOBBIMHM NOKAa3aTEISIMM YUEHBIE UCIIOJIB3YIOT JIMIIb OTPAHUYCHHBIN
00BbEM CYIIECTBYIOIIUX JAHHBIX U3 IPUBBIYHBIX 0a3 MM )KypHaJIoB. B HegocTaTke BpeMeHu Majio
BPEMEHH YJIETSAETCS] apXUBaM OT/EIbHBIX )KYPHAJIBHBIX CATOB, HOBBIX MJIM MaJIOU3BECTHBIX 0a3
n 6ubnanoTek. MHOroe oOBACHSETCA TakXKe TeM, 4YTO CaMM M3JaTelid Majlo 3aHUMAIoTCA
MPOJBMKEHUEM  OINYOJMKOBAaHHOTO  MaTepuana: OTCYTCTBHMSI ~ KaJpoOBOTO  IMOTEHIMAala,
¢uHaHCcOBOrO obecrneueHus, AepUIUTa POCCUNCKUX MIaTHOPMEHHBIX U 00JaUHBIX pEIIeHUi u,
HaKOHel, B psJie CIy4yaeB HENOHMMAaHHUS 3HAUYMMOCTH IOJHOTEKCTOBBIX apXuBoB. OnHaKo
otaenpHble u3aarenbeTBa U OBC, HA000POT, MPUKIAABIBAIOT YCHIMS Ul HOMYJISpU3ALUU
HAaYYHBIX 3HAHUH.

ITo pabGote ¢ apxuBaMu ABYX XYpPHaJIOB U3 00jacTu Hayk o 3emuie: «3anucku ['opHOro
unctutyTtay (118 net) u «I'eonorus u reopusuka (65 1eT) MOKHO YBUAETH IPUMEP COXPAHEHHUS
HAy4YHOIo Hacienus. 3a OCHOBY palOThl C apXMBaMU B3ATa Ba)KHOCTH MPOJBMIKEHUS IOJIHBIX
TEKCTOB CTATEH Kak pe3ysIbTaTOB TEKYIIUX UCCIIEOBAHUI, TaK U BO3MOKHOCTh PA0OTATh yUYE€HBIM
C apXUBHBIMHM JaHHBIMH (oTpaxeHo B cTaThe AokinamauukoB: EDN YAEWUR (nmepeBognas
Bepcus: https://doi.org/10.3103/S0147688224700655)).

Taxke OojplIoe 3HAYEHHWE MMEET CaMOCTOSTEIbHOE IPOJBMIKEHUE AaBTOPAMU
ONyOJMKOBAaHHBIX  PE3YyJIbTATOB  CBOMX  IEOJOTMYECKHUX  HCCIEJOBAaHMM  IOCPEICTBOM
nHocTpaHHbIX U poccuiickux ObC, BJl, pecypcoB ajis yueHbIX, KOMMyHHUKAlLMEN C )KypHaJlaMH,
KOJIJIETaMH, HAy4YHO-TIONMYJISIPHBIMU KypHAJIMCTaMH M IPOYUMHU COBPEMEHHBIMH LH(POBBIMU
CUCTEMaMHM U IIPUEMAMHU.
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METHODS FOR SEARCHING AND POPULARIZING NEW AND ARCHIVED FULL-
TEXT TEXTS GEOLOGICAL ARTICLES

S.V. Sinyavina!, N.A. Mazov*3, V.N. Gureyev*?
"Empress Catherine II Saint Petersburg Mining University (St. Petersburg, Russia)
>Trofimuk Institute of Petroleum Geology and Geophysics (Novosibirsk, Russia)
3State Public Scientific Technological Library SB RAS (Novosibirsk, Russia)

ssv.1207@yandex.ru

The results of modern scientific geological achievements, as well as publications of
scientists of the USSR, which have world recognition, are only fragmentary available today for a
wide audience of readers.

In the pursuit of rating indicators, scientists use only a limited amount of existing data from
familiar databases or journals. Due to lack of time, little time is devoted to the archives of
individual journals sites, new or little-known databases and libraries. Much can also be explained
by the fact that publishers themselves do little to promote the published material: lack of human
resources, lack of financial support, lack of Russian platform and cloud solutions, and, finally, in
some cases, lack of understanding of the importance of full-text archives. However, individual
publishers and EBS, on the contrary, make efforts to popularize scientific knowledge.

When working with the archives of two journals in the field of Earth sciences: "Journal of
Mining Institute" (118 years old) and "Russian Geology & Geophysics" (65 years old), you can
see an example of preserving the scientific heritage. The work with archives is based on the
importance of promoting full texts of articles, both the results of current research, and the ability
of scientists to work with archival data (reflected in the article of the speakers: EDN YAEWUR
(translated version: https://doi.org/10.3103/S0147688224700655)).

Also of great importance is the independent promotion of the published results of their
geological research by authors through foreign and Russian EBS, databases, resources for
scientists, communication with journals, colleagues, popular science journalists, and other modern
digital systems and techniques.

COXPAHEHMUE I'EOJIO'MYECKUX TAMSATHHUKOB, HA IPUMEPE
KAJIMHUHI'PAJICKOM OBJIACTH

T.B. Cykmanosa, H.C. benos, I'.C. Muxueeuu, V. A. l[Ipaxuna
bantutickuii penepanbupiii yauBepcuteT uM. Mmmanywmina Kanta (Kamuaunrpan, Poccust)

tanja.sukmanova@yandex.ru

['eonornyeckne MaMATHUKU TPEICTABISIOT CO00I yHUKaJIbHBIE MPUPOIHBIE OOBEKTHI,
o0Jaaromiye 3HauuMbIM Hay4HbIM, HICTOPUUECKUM U 00pa30BaTeNIbHBIM 3HaUe€HHEM. B ycrioBusix
BO3pACTAIOIIET0 aHTPOIOT€HHOr0 BO3JEHUCTBUS W JAMHAMHUYHBIX MPUPOJHBIX IPOLECCOB HX
COXpaHEHHE CTAHOBHUTCS TNPUOPUTETHOM 3ajaueil B cdepe OXpaHbl OKpYyKaoLled cpeisl U
KyJapTypHOTO Hacieausi. OcoOyroo akTyadbHOCTh JIaHHAs MpoOJieMaTHKa MpPUOOpEeTaeT st
OpUOpPEXKHBIX TEPPUTOPUM, TJe TeoJOrMyeckue oOpa30BaHMsS WHTEHCHUBHO pa3pylIaloTCs
BCJIE/ICTBHE 3pO3UH, abpa3uu M XO3SMCTBEHHOHN aAesTenbHOCTH. OJHMM M3 MEPCHEKTUBHBIX
HarpasieHuil B o0ecrieueHUH >PPEeKTUBHOM OXpaHbl U MOHUTOPUHIA I€OJOTMUECKUX 00BEKTOB
ABJIIETCS IPUMEHEHNE COBPEMEHHBIX reOMH(OPMallMOHHBIX TeXHOoIorui. B wactHoctn, SLAM-
CKaHHMPOBAHME IO3BOJIIET OINEPATUBHO CO3[aBaTh JAETAJIU3UPOBAHHBIE TPEXMEPHBIE MOAEIU
MecTHocTU. Takoi moaxos odecrneyrBaeT BO3MOXHOCTh TOUHOTO JOKYMEHTHPOBAHUS TEKYIIETO
COCTOSIHUSL OOBEKTOB, BBIBICHUS HMX M3MEHEHMH BO BpEMEHH C  IOCIEAYIOLUINM
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IPOrHO3MPOBAHUEM JalbHEHIIel TUHAMUKHU, a Takke pa3paboTKy KOMILJIEKCa Mep IO OXpaHe,
BOCCTAHOBJICHUIO WJIM KOHcepBaluu. Hacrosimiee wuccienoBaHne TMOCBSIICHO H3YyYSHHUIO
BO3MOYKHOCTEH MCT0JIb30BaHusI MoOwIIbHOTO 3D-nmumapuoro ckanepa LiGrip H300 nns cozmanus
BBICOKOTOUYHBIX TPOCTPAHCTBEHHBIX MOJIEICH TeoJIOTMUYeCKuX NaMATHUKOB. MccnemoBanus
OPOBOAMIUCH, Ha TeppuTopun 3emiu KpaHTa — yHHMKaJIBbHOTO NPHUPOJHOTO KOMILIEKCa,
pacnonioskeHHoro B mocénke [Ipumopse KanmauHrpanckoit obmactu, B mpeaenax OuimHCKOU
Ooyxtel. "3emuss Kpanta" mpeacraBiseT cobol ApeBHHE MOPCKHUE OTIOXKECHHS IajJecOreéHOBOTO
Bo3pacra (MO3AHMNA H01LEH, OKOolo 34 MiH 5er), OoraTble OKaMEHENIOCTSMHU (JIBYCTBOPKH,
racTpOMO/Ibl, MITAHKK) U SIBISIOLIUECS €JMHCTBEHHBIM JOCTYIHBIM OOHaKEHUEM MaJIeOr€HOBBIX
MOPOJI B PETUOHE.

CONSERVATION OF GEOLOGICAL MONUMENTS: THE CASE OF THE
KALININGRAD REGION

T.V. Sukmanova, N.S. Belov, G.S. Mikhnevich, U.A. Pryakhina
Immanuel Kant Baltic Federal University (Kaliningrad, Russia)

tanja.sukmanova@yandex.ru

Geological monuments represent unique natural features that possess significant scientific,
historical, and educational value. Under conditions of increasing anthropogenic impact and
dynamic natural processes, their preservation has become a priority in environmental and cultural
heritage protection. This issue is especially relevant for coastal areas, where geological formations
are intensively deteriorating due to erosion, abrasion, and human activity. One of the promising
approaches to ensuring effective protection and monitoring of geological objects is the use of
modern geoinformation technologies. In particular, SLAM scanning enables the rapid creation of
detailed 3D models. This approach allows for accurate documentation of the current state of
geological monuments, detection of changes over time, forecasting future dynamics, as well as the
development of comprehensive measures for conservation, restoration, or stabilization. This study
focuses on the potential of using a mobile 3D LiDAR scanner, the LiGrip H300, for creating high-
precision spatial models of geological monuments. The research was conducted at "Kranty Land"
— a unique natural complex located in the village of Primorsky, within the Filinskaya Bay of the
Kaliningrad Region. "Kranty Land" consists of ancient Paleogene marine sediments (late Eocene,
approximately 34 million years old), rich in fossils such as bivalves, gastropods, and bryozoans,
and represents the only accessible outcrop of Paleogene rocks in the region.
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