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Monitoring of Arctic Sea Ice Changes Based on ICESat-2 and Sentinel-2 Satellites

Xiaotao Chang?, Zhenming Wang?!, Mingsen Lin?, Minghao Chang?, Jianguang Wen?, Xi Chen®
! Land Satellite Remote Sensing Application Center, Ministry of Natural Resource, Beijing,
China

2 National Satellite Ocean Application Service, Beijing, China

3 Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing, China

With the intensification of global warming, sea ice is constantly melting, which
significantly improves the navigability of the Arctic shipping routes. The Laptev Sea of Russia is
an important component of the Arctic Ocean. Sea ice monitoring, as a necessary means of ensuring
navigation safety in this region, is receiving increasing attention. The development of satellite
remote sensing technology, especially the innovative application of optical and LiDAR satellite
technology, has provided a more economical and efficient technological means for sea ice
monitoring. Firstly, this study obtained ice and water classification results based on ICESat-2
satellite laser altimetry data, and then proposed an improved grid equivalent calculation method to
estimate sea ice denseness. Secondly, based on Sentinel-2 optical images, the threshold
classification method was used to solve the problem of insufficient sea ice denseness data in
nearshore areas and areas without ICESat-2 data. Furthermore, the Kriging interpolation method
was used to improve the resolution of sea ice denseness data. Then, the static equilibrium model
was used to estimate the sea ice thickness from the sea ice freeboard height data. Finally, this study
quantitatively analyzed the sea ice denseness and thickness changes in the Laptev area, and
obtained the characteristics and patterns of sea ice changes in the area.

MOHUTOPHHT H3MEHEHU APKTHYECKOT0 MOPCKOT0 JIbJa HA OCHOBE JAHHBIX CIYTHUKOB
ICESat-2 u Sentinel-2

Xiaotao Chang?, Zhenming Wang?, Mingsen Lin?, Minghao Chang?, Jianguang Wen?3, Xi Chen?
! entp npunosxenuii 1UCTaHIIMOHHOTO CIlyTHUKOBOTO 30HAMpOBaHus 3emiu, [lexkun, Kuraii

2 HarmonanbpHAas CTy»k0a IPUIOKEHHIT CITy THHKOBBIX JaHHBIX 00 okeane, Ilexun, Kuraii

3 HayuHo-HcCIe0BaTeNbCKUil HHCTUTYT a3pOKOCMUYecKoit nndopmanuu, Kuraiickas akagemus
HayK, [lexun, Kurait

B cBs3u ¢ ycuneHHeM ri106agbHOro MOTEIUIEHUS! MOPCKHUE JIbJIbl TIOCTOSIHHO TaroT, YTO
3HAQUYMUTEJIBHO YJIY4YlIaeT CyJOXOJHOCTh ApKTHMYECKUX MOpPCKUX IyTed. Pocculiickoe wmope
JlanteBBIX siBiIsIeTCS BaxkHOM cocrasismonieil CesepHoro JlemoButoro oxeana. MOHHUTOPHUHTY
MOPCKOTO JIbJIa, KaK HEOOXOJUMOMY CPEJICTBY OOECIieYeHHsI 0€301IaCHOCTH CYJ0XO0/ICTBA B 3TOM
peruoHe, ynensercss Bce Ooiblle BHUMaHMA. Pa3BUTHE CIyTHUKOBBIX  TEXHOJOTHM
JUCTAHIIHOHHOTO 30HIUPOBAHUS, 0OCOOCHHO HHHOBAI[HOHHOE TpUMeHeHHe onTryeckux u LIDAR-
CIyTHHKOB, MO3BOJHJIO CO3/aTh Oojiee SKOHOMUYHbIE U 3(PPEKTHBHbIE TEXHOJIOTHYECKHE
CpeACTBa JUIsi MOHUTOPHHTA MOPCKOTO JibjJa. BO-TIepBBIX, B JAHHOM HCCJIEIOBAHUU TTOTyYEHBI
pe3yNbTaThl Kiaccu(UKAIMK JIbJa U BOJBI HA OCHOBE JIAHHBIX JIA3€PHON allbTUMETPHUH CITyTHUKA
ICESat-2, a 3areM TpeJIOKeH YCOBEPIICHCTBOBAHHBINA METOJ] pacyeTa SKBUBAICHTA CETKU IS
OLICHKH TUIOTHOCTH MOPCKOTO Jiba. BO-BTOpBIX, HA OCHOBE ONTHYECKUX U300pakeHuid Sentinel-2
OB KCMOJB30BAaH METOJ MOPOroBOM KiacCU(UKALMU Ui pEIIeHUs MpoOJIeMbl HelocTaTka
JTAHHBIX O IUIOTHOCTH MOPCKOTO Jib/1a B IPUOPEKHBIX pailoHax U paiioHax 6e3 nanubix ICESat-2.
Kpome Toro, msisi TOBBIMICHHWS pa3pelIeHUs] NaHHBIX O IUIOTHOCTH MOPCKOTO JIbJa OBLI
UCIOJIb30BaH MeToJ uHTepnoniauuu Kpurunra. 3arem i OLEHKH TOJIUHBI MOPCKOTO JIbJA 10
JAHHBIM O BBICOTE CBOOOIHOTO OOpPTa MOPCKOTO JibAa ObljIa HCIIOIb30BaHA MOJEIb CTATHYECKOTO
paBHOBecHs. HakoHel, B JaHHOM HCCJIEIOBAaHUU ObUI TPOBEIEH KOJMUYECTBEHHBIM aHAU3
W3MEHEHHH TUIOTHOCTH W TOJIIMHBI MOPCKOTO JibJia B paiioHe JIanTeBBIX, a TakXKe MOIyYeHBI
XapaKTePUCTUKH U 3aKOHOMEPHOCTH U3MEHEHUI MOPCKOTO JIb/Ia B 3TOM paiioHe.
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A comparative investigation of geomagnetic jerks across the SAA during the period 2000-
2020

A. E. Nel, P. Kotzé
The South African National Space Agency, Gauteng, South Africa

Geomagnetic field data from six magnetic observatories located in and adjacent to the
South Atlantic Anomaly have been analysed individually to identify abrupt secular variation
changes on time scales of less than 1 year and to identify any correlation between the evolution of
the South Atlantic Anomaly. Twelve-month differences of the respective observatory monthly
mean of the eastward component Y revealed, after applying external field corrections by means of
the CHAOS-7 model, evidence of several geomagnetic jerks with varying amplitudes occurring
during the period 2000-2020. The observations were subsequently compared to the CHAOS-7
spherical harmonic models, as well as results from previous studies of the evolution of the South
Atlantic Anomaly.

CpaBHUTEJIbHOE HCCIIeI0BAHHE T€OMATHUTHBIX UKEPKOB Ha TeppuTtopuu SAA B nepuoj
2000-2020 rr.

A. E. Nel, P. Kotz¢é
HammonansHoe kocMudeckoe arenTcTBo FOxuoi Adpuku, [ayrenr, IOxnas Adpuka

JlaHHBIE TEOMAarHUTHOTO TIOJI IIECTH MAarHUTHBIX OOCEpPBATOpUM, PACIOIOKECHHBIX B
paiione KOxHO-ATnaHTHYECKON aHOMAJIMU U IPUJIETAIOIIUX K HEel, ObIIN NPOaHAIM3UPOBaHBbI IO
OTJENIFHOCTH C IIeNBI0 BBISBJICHUS PE3KUX WM3MEHEHHH CBETCKUX BapHalMii Ha BPEMEHHBIX
MmacmTabax MeHee 1 rojga u ompejaeneHus JIOOBIX Koppensuuil Mexnay ssoironuei HOxHo-
ATaHTHYECKOW aHOMaIMH. JIBeHaIIaTUMECSYHBIE PA3HOCTH CPEIHEMECSYHBIX 3HAYCHHN
BOCTOYHOW KOMIIOHEHTHI Y COOTBETCTBYIOIIUX 00CEpBAaTOPHI MOCiIe NPUMEHEHHUs MOIPAaBOK Ha
BHeHee noJie ¢ momonibio Mojenn CHAOS-7 BbIsSiBUIM TPU3HAKK HECKOJIBKHX T€OMarHUTHBIX
TOJIYKOB C Pa3jIMYHOM aMIUIMTY10i, uMeBmnX Mecto B nepuon 2000-2020 rr. B nanbHeiimem
HaOJIOIeHUsT CpaBHUBAIHCH ¢ Monemsimu chepuueckux rapmonnk CHAOS-7, a Takke ¢
pe3yJbTaTaMy MpeIblIyIX Uccae10BaHui BoTIOIMK FOXHO-ATIaHTHYECKOH aHOMAaITUH.
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Statistical Diagnostic of Regional Appraise of Seismicity of North East India Himalaya

Daya Shanker!, Anant Panthi?
LIndian Institute of Technology Roorkee, Roorkee, India
2 Butwal Multiple Campus, Tribhuvan University, Butwal, Nepal

The northeast India Himalaya and its adjoining regions represent a seismically complex
tectonic regime. The region is segmented into five active zones as (I) Eastern Syntaxis; (1)
Arakan-yoma fold belt; (I11) Shillong plateau; (IV) Himalayan Frontal arc; and (V) Southeastern
Tibet with the aid of spatial distribution of seismicity and tectonic features. Statistics of occurrence
of large to great earthquakes in Himalayan thrust zone evidenced that, it has been triggered by the
major thrusts but the occurrence patterns of smaller events are observed to be controlled largely
by the southeast flow of Tibetan plateau, northward movement of Indian plate and westward drift
of the Burmese arc. The data set has been critically examined for b-values, the spatio-temporal
patterns of seismic activity, the focal depth distribution of events, and the energy release pattern.
It has been observed that Arakan-Yoma region is seismically most active compared to other
delineated regions. Localized zones with intense seismic activity have also been observed in some
regions especially in Eastern Syntaxis and southeastern Tibet regions. The region is characterized
by 71% shallow focus activity and 29% intermediate activity when events with cutoff magnitude
(Mb > 4.3) are considered. The Arakan-yoma region exhibits almost equal annual frequency of
both the shallow and the intermediate events whereas mostly shallow events have occurred in other
regions. Increase in focal depth of earthquakes from west to east up to depth 180 km has been
observed in Arakan-yoma region. The paper presents the various seismological aspects to evaluate
the present seismicity scenario of the region.

CraTucTuyeckasi IMarHOCTHKA PernoHALHOI olleHKH ceiicMuuHocTH ['mmasnaeB CeBepo-
Bocrounoii Unanu

Daya Shanker!, Anant Panthi?
! Munuiickuii TeXHOIOTMYECKUI UHCTUTYT, Pypku, Unaus
2 MuoronpodunsHbIii kKammyc Bytsan, Yausepcurer Tpubxysan, Byrsan, Heman

Cesepo-BocTounsle ['mmanan Muaum u npuileraromye K HUM PETHOHBI NPEACTABISIOT
c000i1 celicMUYECKH CII0KHBIN TEKTOHUYECKUH pekUM. PErnoH pasjieneH Ha MsITh aKTUBHBIX 30H:
() Bocrounsriit cunraxcuc; (1) Apakancko-Momckuit ckmamuarsiii nosc; (111) Inmionrckoe
mwiaro; (IV) I'mmanaiickas ¢ponrtansHas nyra; u (V) IOro-Boctounsiii Tuber ¢ momouibio
IPOCTPAHCTBEHHOI'O  paclpesielieHusi CEeHCMMYHOCTH UM TEKTOHHYECKHX OCOOEHHOCTEM.
CrarucTika BOSHUKHOBEHHUS KPYITHBIX U CUJIbHBIX 3€MJIETPsICEHUH B 30HE | MManailickoro HaJiBura
CBHUJIETEJIbCTBYET O TOM, YTO OHHU OBLIM BbI3BaHBl KPYMHBIMH HaJBUTAMH, HO XapakTep
BO3HUKHOBEHHUSI 0o0jiee MEJKMX COOBITHMI B 3HAUUTEIbHOW CTENEHU KOHTPOJIUPYETCS IOro-
BOCTOYHBIM TeueHHeM THOeTCKOro Harophsi, CEeBEpHbIM JBIM)KeHHMEM VIHAMNWCKOM IIMTHI U
3amagHbM cMenieHneM bupmanckoil nyru. HaGop naHHBIX ObUT MOJABEPTHYT KPUTHYECKOMY
aHanmM3y Ha TpeaMeT  D-3HAuCHHWIl, TMPOCTPAHCTBEHHO-BPEMEHHBIX  3aKOHOMEPHOCTEH
CEHCMUYECKOW AaKTHUBHOCTH, paclpenesieHus COOBITHI 1o TJIIyOMHE ouara W Xapakrepa
BHICBOOOX/IGHHS SHEPrHH. bBBIIO OTMEueHO, 4TO ApaKaHCKO-MIOMCKHil pEeruoH sBseTcs
HaubOosee CEeHCMUYECKH AaKTHBHBIM IO CPaBHEHHUIO C JIPYTUMHU BBIIEICHHBIMH pPErMOHaMHU.
JlokanbpHbIE 30HBI C HWHTEHCHUBHOM CEHCMHUYECKONW aKTUBHOCTBIO TakXke HaOII0aloTCes B
HEKOTOPBIX pernoHax, ocooeHHo B Boctounom CuHTakcuce U 10ro-BoctouHoM Tubete. Pervon
xapaktepuzyercs 71% menkopoKyCcHONW aKTUBHOCTH U 29% MpPOMEKYTOUHOW aKTMUBHOCTH, €CIIU
VUNTHIBATH COOBITHS ¢ MarHuTy0i cpesa (Mb > 4,3). B pernone Apakan-Homa HaGmromaercs
MOYTH OJIMHAKOBAsi TOJI0BAsl YACTOTA KAaK MEJKUX, TaK M MPOMEXYTOUHBIX COOBITHI, B TO BpeMs
KaKk B JpPYTUX pETrHOHaX MPOUCXOAMIM NPEUMYIIECTBEHHO MeJKhe coObiTus. B paiione
Apaxan-Moma HaGT01aeTCs yBeIHUeHNe ITyOUHbI OUara 3eMIETPACEHHIT ¢ 3aIajia Ha BOCTOK JI0
riryounsl 180 kM. B ctatbe npeacTaBieHsl pa3inyHble CEHCMOIOTUYECKUE aCIEKThI I OLEHKU
COBPEMEHHOT0 CLIEHApHs CEHCMUYHOCTH B PETHOHE.
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Eastern Arctic tectonics and the origin of the Amerasian Basin

S. Sokolov?, L. Lobkovskiy?, M. Tuchkova?
! Geological Institute RAS, Moscow, Russia
2 Shirshov Institute of Oceanology RAS, Moscow, Russia

The main elements of the Eastern Arctic are the Amerasian Basin and the continental
margins of Eurasia and North America, which are composed of the Mesozoic cover-and-fold
structures of Chukotka and Northern Alaska. The main problem of Arctic tectonics is the origin of
the Amerasian Basin. Solutions to this problem are based on a systematic approach to the analysis
of geological and geophysical information. The report discusses tectonic models of the formation
of the Arctic margins of Chukotka and Northern Alaska in connection with the elucidation of the
origin of the Amerasian basin and the justification of the extension of the outer boundary of the
Russian Federation shelf. The Yuzhno-Anyuysky and Angayucham ocean basins are considered
as parts of the Proto-Arctic Ocean, which in the Late Palaeozoic-Early Mesozoic was a bay of the
Pacifica Ocean. In the Late Jurassic and Early Cretaceous there was a closure of ocean basins
caused by the southward absorption of oceanic lithosphere in subduction zones, which culminated
in the collision of the Arctic Alaska-Chukotka microplate with the Siberian and North American
structures. The Chukchi microplate includes the Chukchi microcontinent, including the Alpha-
Mendeleev Rise, and the Arctic Platform in Alaska. At the end of the Early Cretaceous, the cover-
fold structures of Chukotka (Chukotka folded region) and Northern Alaska (Brooks Ridge orogen)
were formed. At the same time, the formation of the Amerasian basin structures took place in the
environment of general stretching, culminating in the formation of the oceanic crust in the
Canadian Basin. We propose a subduction-convective two-tier geodynamic model of the formation
of the Eastern Arctic structures in the Late Jurassic-Early Cretaceous.

TexToHnka BocToO4HOII APKTHKM U TPOUCXO0KIeHNEe AMepa3suiicKoro dacceiina

C. [1. Coxonos!, JI. U. Jlo6kosckuii?, M. Y. Tyukonal
! Teonornuecknii unctutyT PAH, Mocksa, Poccus
2 PNuctutyt okeanonoruu um I1. IT. Illupmosa PAH, Mocksa, Poccus

OcHOBHBIMU 37eMeHTaMH BocTouHol ApKTUKH SIBISIOTCS AMepasuiickuil OacceiiH u
KOHTHHEHTaJbHbIe OKpanHbl EBpa3zuu u CeBepHoil AMepUKH, KOTOpPbIE CII0KEHBI ME30301CKUMU
MOKPOBHO-CKJIaAUaThIMU cTpykTypamu YUykoTku u CeBepHoit Ausicku. ['maBHOM mpobGiemoit
TEKTOHUKU ADPKTHKU SIBJISIETCS NMPOUCXOXKIEHHE AMepasuiickoro OacceiiHa. Pemienus sToi
po0JIeMbl OCHOBAHO Ha CUCTEMHOM IOAX0/JIE K aHAJIU3y Te0JIoro-reopu3nieckoil nHpopmarum.
B noxnane paccMaTpuBaroTCsi TEKTOHHYECKHE MOJAENU (OPMUPOBAHUSA APKTHUECKUX OKpauH
Yykotku 1 CeBepHOI AJACKU B CBSA3M C BBISICHEHHEM MPOUCXO0XKIEHUST AMepa3uiickoro 6acceifna
1 000CHOBaHHEM paclIMpeHus BHelIHel rpanulibl menbpa PO. Oxeannueckue 6acceiitnsl FOxHO-
AHIOWCKHMI 1 AHrarouaM paccMaTpHUBarOTCs Kak 4acTu IIpoTo-ApKTHYECKOro okeaHa, KOTOPBIN
MO3/THEM T1aJIe030€-PaHHEM ME3030€ MPECTaBsi coboi 3aymB okeana [lanmuduka. B moznuei
IOp€ U paHHEM Mely HPOMCXOJWIIO 3aKpbITHE OKEaHWYEeCKUX OaccelHOB, BbI3BaHHOE
MOTJIOUIEHUEM OKEaHMUYECKOH JTUTOCGEpPHI B F0)KHOM HAIPaBJICHUU B 30HaX CyOIyKIUHU, KOTOPOE
3aBEPILNIIOCH KOJUIM3UEH MUKPOIUTUTHI ApKTHueckas Assicka-HykoTka co cTpykrypamu Cubupu
n CeBepHoil AMepuku. B coctaBe MUKpOIUIMTHI BBIAEISAIOTCS UyKOTCKMH MUKPOKOHTHHEHT,
BKJTIOYAOIIUil noausaTHe Anb(a-MeHneneesa, 1 ApKTHUECKYIo miuatgopmy Ha Assicke. B koHIe
paHHero wmena cOpMHpPOBAIKMCH MOKPOBHO-CKIaA4aThle CTPYKTyphl UykoTku (Uykorckas
ckiaguaras obnactb) u CeBepHoil Amsicku (oporeH xpeOta bpykca). OnHoBpeMeHHO B
00CTaHOBKE OOIIEro pacTsHKEHUST HPOUCXOAWSIO (OPMUPOBAHHME CTPYKTYp AMepa3uicKoro
OacceifHa, 3aBepiiMBIIeecs O0Opa30BaHMEM OKEaHHMYECKOW Kopbhl B KaHaackoi KOTJIOBHHE.
[Ipennaraercss CcyOQyKIMOHHO-KOHBEKTUBHAs JIBYXbApPYCHas TIeOJMHAMUYecKass MOJENb
dbopmupoBaHus CTPYKTYp BocTOuHOM APKTHKH B MO3AHEIOPCKO-PAHHEMEIOBOE BpEMSI.
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System of accumulation, processing and analysis of geomagnetic data MAGNUS

D. Kudin, 1. Belov, M. Dobrovolsky, R. Sidorov, A. Grudnev
Geophysical Center RAS, Moscow, Russia

The system of centralized processing of geomagnetic data developed and deployed in 2015,
MAGNUS, has since become a basic tool for the distribution of geomagnetic data for organizations
in Russia and neighboring countries. In the course of successive updates of the MAGNUS
software, support for second data from ground-based observatories and measurements on low-
orbit geomagnetic satellites was added. An important stage of development was the creation of a
module for downloading and processing data from remote observatories with minimal delay,
including a universal system for tracking instrument statuses and observatory power supply
systems. On the basis of the MAGNUS system, a node for the accumulation of final data of the
INTERMAGNET standard was deployed, providing data in generally accepted formats.

CucremMa HAKOIJIEHUS, 00padOTKM U AaHAJIU3Aa reOMArHUTHBIX JaHHbIX MATHYC

. B. Kynun, U. O. benos, M. H. Jlo6poBonsckuii, P. B. Cunopos, A. A. ['pyanes
I'eopusnueckmii nentp PAH, Mocksa, Poccus

Paspaborannas u passepryras B 2015 cucTtema [EHTpPaJIM30BAaHHON 00paOOTKH
reoMarHuTHBIX TaHHBIX MATHYC 3a BpeMsi hyHKIMOHHPOBaHUS cTajia 6a30BOM HHCTPYMEHTOM
pacrpocTpaHeHUsI TEOMarHUTHBIX JaHHBIX JUIsl opranu3aiuii Poccuu u cocennux crpan. B xone
nocieA0BaTeIbHBIX 00HOBIEHUI porpammHoro odecnieuenus MAI'HY C no6asnena noaaepxka
CEeKYHJIHBIX JAaHHBIX Ha3eMHBIX OOCEpBATOPHI W H3MEPEHUH Ha HUZKOOPOUTAIHHBIX
TEOMAarHUTHBIX CIIyTHUKaX. Ba)KHbIM 3TaroM pa3BUTHSA CTalO CO3JaHUE MOJIYJIA 3arpy3kH U
00pabOTKM JaHHBIX C YJAJICHHBIX 00CEpPBATOPHI ¢ MUHUMAIBHON 3aJCPKKOM, BKIIFOYAIOIIETO
YHUBEPCAJIbHYIO CUCTEMY OTCIICKHBAHUS COCTOSHUI MPUOOPOB M CHUCTEMBI YHEPrOCHAOKEHUs
oOcepBaropun. Ha 6a3e cucrembl MAI'HYC Gbi1 pa3BepHYT y3€s HAKOIJIEHUSI OKOHYATEIbHBIX
nanHbix crangapra MTHTEPMATHET, npenocraBnsomuii JaHHbIE B OOIMIETIPUHATHIX opmarax.
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Multinomial methods for assessing stability and recoverability of systems

I. Sheremet
Geophysical Center RAS, Moscow, Russia

The paper discusses the methods of application of multiset grammars to analyse the
stability of sociotechnical systems to destructive influences and the possibility of recovery for
different types of systems, including destructive cascade effects. The analysis is conducted for the
cases of closed and open systems using temporal multi-multiple grammars. A disruptive impact
on the resource base of a system is modelled by means of a multiset subtracted from a multiset
representing the set of resources available to the system at the time of the impact. The destructive
impact on the technological base of the system is modelled by subtracting from a temporal
multigrammatic scheme of temporal rules representing the production devices that have failed due
to the impact. Resilience of the system to the impact is understood as the possibility of its
fulfilment of the order by means of the resource and technological bases reduced by this impact.

MyJIbTHMHO)KeCTBEHHLIe METOAbI OLICHKH yCTOﬁ‘IHBOCTH H BOCCTAaHABJINBAE€MOCTH CUCTEM

U. A. llepemet
I'eopusnueckmii nentp PAH, Mocksa, Poccus

B noxnane paccmarpuBaroTCs METOB! IPUMEHEHHSI MYJIbTUMHOKECTBEHHBIX TPaMMaTUK
JUIsl aHaJI3a YCTOMYMBOCTH COLIMOTEXHUYECKHUX CHCTEM K JECTPYKTHBHBIM BO3ACHCTBUSAM U
BO3MOKHOCTH BOCCTAHOBJICHHsI JUIS PAa3JIMYHBIX Pa3HOBHJIHOCTEH CHUCTEM, B TOM YHCIIE
NPUMEHUTEIBHO K DPa3pyIIUTEIbHBIM KackaJHbIM d(dexrtaM. AHanu3 BeAeTcs Uil CIIydaeB
3aMKHYTBIX M OTKpPBITBIX CHUCTEM C MCIOJIb30BAHUEM TEMIIOPAIbHBIX MYJIbTUMHOXECTBEHHBIX
rpaMMaTtuk. JlecTpyKTUBHOE BO3JEHUCTBHE HA pECypcHyK ©0a3y CHCTEMBbl MOJEIUPYeTCs
IIOCPEJICTBOM MYJBTHUMHOXECTBA, BBIYUTAEMOIO M3 MYJIbTUMHOXKECTBA, IPEACTABIISIOLIETO
COBOKYIIHOCTb PECYPCOB, JOCTYIHBIX CHUCTEME B MOMEHT BO3JEUCTBUA. JleCTpyKTUBHOE
BO3/ICIICTBIE HA TEXHOJIOTMYECKYIO 0a3y CHUCTEMbl MOJEIUPYETCS NOCPEACTBOM BBIYMTAHUS U3
CXeMbl TEMIIOPAJIBHOW MYJIBTUTPAMMATUKH TEMIOPAIbHBIX MpPaBUI, MPEACTABISIOLIETO
MIPOU3BOACTBEHHBIE YCTPOMCTBA, BBIIEAIINE U3 CTPOS BCIACICTBUE BO3JCHUCTBUA. Y CTONYUBOCTD
CUCTEMBI K BO3JIEUCTBHUIO TOHUMAETCS KaK BO3MOXKHOCTH BBIIIOJIHEHHS €10 3aKa3a IOCPEICTBOM
PeAYLUPOBAHHBIX TUM BO3/IEHCTBUEM PECYPCHOM U TEXHOJIOTHYECKOH 6a3.
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Russian software complex GIS INTEGRO and digital platform

E. Cheremisina, A. Lyubimova, K. Markov, M. Finkelstein
All-Russian research geological oil institute (VNIGNI), Moscow, Russia

The report describes the Russian software and technology solutions GIS INTEGRO and
GEOBANK developed at FGBU VNIGNI. GIS INTEGRO is a unique software and technology
complex for creating geoinformation projects and complex geological and geophysical modelling
of geological structure of subsurface areas. The use of this complex allows the researcher to carry
out all the work from downloading initial data to obtaining three-dimensional models, prospective
areas and reporting cartographic materials in a single interface. The GEOBANK digital platform
implements information interaction including collection, systematization, storage, visualization
and provision of geological and geophysical information in all areas of scientific and production
activities of the Institute. Software and technological complexes are interconnected. The report
discloses the main capabilities of these complexes and the advantages that can be obtained through
their use in the implementation of geological studies for oil and gas.

Poccuiicknii nporpammuo-TextHonorndeckuii kommieke 'MC INTEGRO n un¢gposas
miargopma

E. H. YUepemucuna, A. B. Jlrobumona, K. H. Mapkos, M. fI. ®unkenbireinn
Bcepoccuiickuii HaydHO-HCCIeI0BaTENbCKII reonornyeckuit HegTsiHOU nHCTUTYT (BHUT'HN),
Mocxksa, Poccus

B cooluieHnn ONMCHIBAIOTCA POCCUHMCKHE MPOrPaMMHO-TEXHOJIOTHYECKHUE pELICHUs
I'IC INTEGRO u I'EOBAHK, pa3paborannsie B PI'bY "BHUI'HU". TUC INTEGRO sBnsercs
YHHUKaJIbHBIM IIPOrPaMMHO-TEXHOJIOTUYECKUM KOMITJIEKCOM JJIsi CO3/IaHUs T€OnH(OpMaIIMOHHBIX
IPOEKTOB M KOMIUIEKCHOTO T'€0JI0r0-re0(hH3NIECKOro MOJAEITUPOBAHHS I€0JIOTHIECKOT0 CTPOSHUS
y4acTKOB HeJnp. Vcrosb30BaHME 3TOr0 KOMILUIEKCAa MO3BOJSET MCCIENOBATENI0 B €IMHOM
uHTepdeiice TPOBOAUTH BCE pabOTHI OT 3arpy3KH UCXOJHBIX IaHHBIX /10 OTYUYEHHUS TPEXMEPHBIX
MoJieniel, epCIeKTUBHBIX IUIOMAAeH U OTYETHBIX KapTorpaduueckux matepuanoB. Ludposas
mwiarpopma 'EOBAHK peanuzyer unpopmanmoHHoe B3auMoJeiCTBHE, BKIIOYaroliee cOop,
CHUCTEMaTH3allul0, XpaHEHHE, BHU3YAIM3alMI0 U MPEIOCTABICHHUE TIe0JI0ro-reoPpu3nuecKoi
uH(pOpMalnK, IO BCEM HANpaBJIE€HUSM HAyYHOW U MIPOU3BOJCTBEHHON NESATEIbHOCTH UHCTUTYTA.
[TporpaMMHO-TEXHOJIOTHYECKHE KOMIUIEKCHI ~ CBSI3aHBI Mexay coboil. B cooOmenun
PacKpBIBAIOTCSI OCHOBHBIE BOBMOKHOCTH 3THX KOMIUIEKCOB U T€ MPEUMYIIECTBA, KOTOPbIE MOTYT
OBITH MOJYYEHBI 33 CUET WX UCIOJIBb30BaHUS MPU peasn3allii Fe0JOrMYeCKUX UCCIIEOBAaHUM Ha
He(Th U ras.
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A multi-component geophysical model of the Arctic lithosphere and upper mantle

M. Kaban', A. Petrunin?, R. Sidorov?, A. Soloviev!?, A. Gvishianil?

! Geophysical Center RAS, Moscow, Russia

2 Institute of Seismology of Academy of sciences RUz, Tashkent, Uzbekistan
3 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

The Arctic region is an area unique in its geological and tectonic structure, the study of
which is still ongoing due to its inaccessibility. The authors present a comprehensive model of the
lithosphere describing its structure based on a set of geophysical fields and various parameters.
The model, compiled by modelling with the help of various geological and geophysical data,
includes information on the gravity field and its reduction, new data on the sedimentary cover and
the depth of the Moho interface in the East Asian Arctic, a map of the heat flow and effective
radiogenic heat generation in the upper crust, slices of seismic tomographic models for the entire
Arctic region, data on the depth distribution of temperature, density and degree of depletion of
mantle matter, and a map of depths to the Curie point. The collected data provide a significant
basis for a comprehensive qualitative and quantitative analysis of the structure of the Arctic
lithosphere, give insight into it in poorly studied areas, and can also be used to study the
possibilities of searching for mineral deposits in the Arctic. The data demonstrate the capabilities
of modern global models of geophysical fields, which can be used to obtain new data on
continental areas insufficiently explored by ground or aerial surveys. The work was carried out
within the framework of the RNF project Ne 21-77-30010 ‘System analysis of the dynamics of
geophysical processes in the Russian Arctic and their impact on the development and functioning
of railway transport infrastructure’.

MHOroKoMmnoHeHTHasi reoq)nsuqeucaﬂ MOJ€Jb .TI]/ITOC(bepr H BerHeﬁ MaHTHH ApKTHKI/I

M. K. Ka6ar?, A. . Ilerpynnn?, P. B. Cunopos?, A. A. Conosbes’?, A. JI. I'summanu’?

! Teodpusnueckuit nentp PAH, Mocksa, Poccns

2 PMuctutyT ceiicmonoruu AxajgemMun Hayk Pecry6muku V36exucran, TamkenT, Y36ekuctan
$UnctutyT dusuxu 3emnu um. O. 1O, IlImuara PAH, Mocksa, Poccus

ApKTHUYECKHIl pernoH — o00JacTh, YHUKAJbHAs IO CBOEMY TI'€0JIOTO-TEKTOHUYECKOMY
CTPOEHUIO, U3yUEHHE KOTOPOU BCE €IE MPOIOIIKAETCS BBUAY €€ TPYAHOAOCTYITHOCTH. ABTOpaMu
IpPEJCTaBICHa KOMIUIEKCHAas MOJAEIb JUTOC(Ephl, OMMCHIBAIOIIAS €€ CTPOeHHE IO Habopy
reou3nYecKux Mojed M pa3nuuyHbIX napamerpoB. CoOpaHHas Mo UTOraM MOJAEIHPOBAHUS C
IPUBJICYECHUEM Pa3IMYHBIX TE0JIOrO-TeOU3NYECKUX JAHHBIX MOJENIb BKJIIOYAaeT B cels
UH(POPMALIMIO O TPABUTALMOHHOM I10JI€ U €r0 PEeIYKIIMU, HOBbIE JaHHBIE 00 0CAaJ0YHOM YexJie U
ryouHe pasgena Moxo B BOCTOYHO-a3MaTCKOM ApKTHKE, KapTy TEIJIOBOrO IOTOKa U
3QQGEKTUBHON  paJUOreHHOW  TEIUIOTeHEepalMu B  BEPXHEM  CJIO€  KOpbl,  CpPEe3bl
ceificMoTromMorpaduueckux Mozenel sl TepPUTOPUN BCEro APKTUYECKOTO PErvoHa, AaHHbIE
[NIyOMHHOTO pacHpeiesieHus TeMIepaTypbl, IUIOTHOCTH M CTEMEHU JIeIUIETUPOBAHHOCTH
MaHTHUITHOTO BemiecTBa U Kaprta riayOuH 1o touku Kropu. CoOpaHHBIE IaHHBIE MPEICTaBISIOT
3HAQYUTEIIBHYI0O OCHOBY JUIsI KOMIUIEKCHOIO Ka4eCTBEHHOIO M KOJIMYECTBEHHOI'O aHalIu3a
CTPOEHHUSl apKTHYECKON JUTOC(ephbl, MAIOT NpeACTaBlIeHHEe O HEM Ha Ccl1a0O0M3yYeHHBIX
TEPPUTOPUSAX, a TaKkKe MOTryT OBITh MHCIOJb30BaHbl H3YYEHHUS BO3MOXKHOCTEH MoOMCKa
MECTOPOKACHUM TOJIE3HBIX MCKOIMAaeMbIX B ApKTuKe. [[aHHBIE TEMOHCTPUPYIOT BO3MOKHOCTH
COBPEMEHHBIX TJIOOANBHBIX MoJesiel Teo(U3NYecKuX TMOJel, ¢ MOMOIIBI0 KOTOPBIX MOXHO
MOJIyYUTh HOBBIE JIaHHBIE 1O KOHTHHEHTAJIbHBIM OO0JACTSIM, HEIOCTaTOYHO HCCIIEIOBAaHHBIM
Ha3eMHBIMH WM a’pocheMKamu. Pabora BeimosHeHa B pamkax mpoekta PH® Ne 21-77-30010
«CucteMHBI aHATU3 JWHAMUKUA TE€O(PU3NYECKUX MPOLECCOB B POCCHMCKOW ApKTHKE U HX
BO3/JCHCTBHE HA pa3BUTHE U (PYHKIMOHUPOBAHHE WH(PPACTPYKTYPHI KeIE3HOA0POKHOTO
TPAHCIIOPTAY.
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Unified Catalogue of Earthquakes of the Russian Arctic

I. Vorobieval, P. Shebalin'?, A. Gvishiani?3, B. Dzeboev??, B. Dzeranov?

L Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia
2 Geophysical Center RAS, Moscow, Russia

3 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

The task of this study was to create a representative catalogue of earthquakes in the Arctic
zone of the Russian Federation, combining all available data from Russian and international
seismological agencies, with magnitudes reduced to a homogeneous scale. The paper describes the
algorithm for compiling the catalogue, as well as formalised procedures for removing duplicated
events and selecting the optimal magnitude scale. Due to different network configurations and
record processing methods, different agencies may record/miss different events, resulting in the
absence of individual events in different earthquake catalogues. Therefore, combining data from
different seismological agencies will provide the most complete catalogue for the region under
study. When combining catalogues, the problem of identifying doubles (records referring to the
same seismic event) arises. In order to solve this problem, a modified nearest neighbour method
oriented on the identification of doubles was used in this work. In the modified version, a
probabilistic metric in the network error space is used to identify epicentres and times of seismic
events. The paper compares and performs regression analysis of different types of magnitudes of
the unified catalogue and unifies magnitude estimates on the basis of the obtained relations.

OO0benHEeHHBIN KATAJIOT 3eMJICTPACEHNH POCCHICKON APKTHKH

1. A. Bopo6sesal? I1. H. lle6amuu’?, A. JI. 'summann®S, b. A JI3e60es?, B. B. JI3epanos?
! UnctutyT Teopun npornosa semneTpsicenuii 1 Mmatematuueckoif reopusuku PAH, Mocksa,
Poccus

2 T'eodmsnueckuii nentp PAH, Mocksa, Poccus

3 Uncturyt ¢usuxu 3emmu um. O. 0. lmuara PAH, Mocksa, Poccus

3ajadel JAHHOTO MCCIEAOBAaHUA SBJSUIOCH CO3JaHUE IPENCTAaBUTENBHOIO Karajora
3emiieTpsiceHuid ApkTrueckoil 30HbI Poccuiickoit denepannn, 00beINHSIOMIEr0 BCE JOCTYIHbIE
JTaHHBIE POCCUHCKHUX U MEKIYHAPOIHBIX CEHCMOJIOTHYECKUX ar€HTCTB, C IPUBEACHUEM MarHUTY T
K OJHOpPOJHOW mKane. B pabore omuchIBaeTCs aJIrOPUTM COCTaBICHUS KaTajlora, a TaKkKe
(dopmanu3oBaHHbIE MPOLETYphl yAaJeHUs TyOIMPOBAHHBIX COOBITUH M BBIOOpa ONTHUMAJIbHOMN
HIKaIbl MarHUTy . M3-3a pa3nuuHbIX KOHUTypanuii ceTu 1 MeToZ0B 00pabOTKH 3anucell pa3Hbie
areHTCTBa MOTYT PETrUCTPUPOBATH/IPOINYCKATh pa3Hble COOBITHS, YTO B MTOTE BBIpAXKaeTcs B
OTCYTCTBUM OTHEIbHBIX COOBITMM B pa3IUYHbIX KaTajorax 3emuerpsiceHuil. IlosTtomy
00BbEeIMHEHNE JaHHBIX Pa3IMYHBIX CEHCMOJIOTMYECKUX areHTCTB MO3BOJMT MOJYYUTh Hamboiee
NOJHBIMA KaTajor s ucciegyeMoro pervoHa. Ilpu oObequHeHHMM KarajaoroB HEOOXOIMMO
BO3HHMKAaeT MpobOjemMa BbIsABIEHUS 1yOsiel (3amuceld, OTHOCAIIMXCS K OJHOMY M TOMY e
ceficMuueckoMy coObITHIO). [lnmst pemieHus »Tod 3agaud B pabOTe€  HCHOJIB30BAJICS
MOIUGUIMPOBAHHBIA MeTOJ| OsimkKallero cocena, OpPUEHTHUPOBAHHOW Ha HICHTU(DUKALIUIO
nyOneit. B MmoauduumrpoBaHHON BepcHH, UCTIOIB3YETCSI BEPOSITHOCTHAS METPUKA B IIPOCTPAHCTBE
CEeTeBbIX OLIMOOK MPH OMpEeAETICHUN SULEHTPOB U BpEeMEH ceficMuueckux coObITHil. B pabore
MIPOBOAMTCS COMOCTABICHHUE U PETPECCUOHHBIN aHAIM3 Pa3HbIX TUIIOB MAarHUTY1 O0bEIMHEHHOTO
KaTaJlora ¥ Ha OCHOBE TOJYYEHHBIX COOTHOLICHUN MPOBOJUTCS YHU(DUKAIUS OLIEHOK MAarHUTY/I.
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Geodynamic studies in the task of systemic assessment of seismic hazard in Ossetia

B. Dzeboev!?3, A. Gvishianil?, V. Tatarinov'?, V. Kaftan?, I. Vorobyova'#, A. Manevich'®,
B. Dzeranov*®, R. Shevchuk!?, D. Akmatov'®, I. Losev?, K. Kochubei'
1 Geophysical Center RAS, Moscow, Russia
2 Schmidt Institute of physics of the Earth RAS, Moscow, Russia
3 Geophysical Institute of VNS RAS, Vladikavkaz, Russia
4 Institute of Theory of Earthquake Forecasting and Mathematical Geophysics, RAS, Moscow, Russia
5 College of Mining NUST MISIS, Moscow, Russia

The most complete and representative joint catalogue of earthquakes in the Ossetian sector of the
Greater Caucasus with a unified magnitude scale has been created. The catalogue covers the period from
1962 to 2022 and integrates all available data from FIC EGS RAS collections ‘Earthquakes in the USSR,
‘Earthquakes of Northern Eurasia’, ‘Earthquakes of Russia’, ‘Seismic Bulletin of Caucasus’ (Institute of
Geophysics, Academy of Sciences of the Georgian SSR) and ISC catalogue. For the first time a systematic
generalization and analysis of the study of modern vertical movements of the Earth's crust on the territory
of the Caucasus for more than a century of geodetic measurements has been made. The tectonics and
morphology of the Caucasus directly indicates the essential role of vertical motions in the construction of
geodynamic models and, consequently, their usefulness in assessing the seismic hazard of the region. It is
shown that uplifts of the Greater and Lesser Caucasus have a spatial and temporal relationship with strong
earthquakes, the sources of which are located predominantly in zones of high vertical motion velocity
gradients. Strong earthquakes occur during the periods of completion of fast vertical movements during the
first decades after such movements with an approximate recurrence rate of one event per 6 years. The
impact of the destructive Turkish earthquakes of 2023 on the movements and deformations of the Earth's
crust in the Caucasus region has been assessed. The velocities of motions before and after the earthquakes
are determined. The results show a significant (and statistically significant) impact of the earthquakes on
horizontal and vertical crustal motions of the Caucasus region. A geodynamic polygon was formed within
the Ossetian sector of the Greater Caucasus to perform regime observations of modern crustal movements.
At present the polygon includes 37 geodetic points. A network for deformation GNSS monitoring of the
eastern part and separately the junction of the Eastern and Western branches of the Vladikavkaz fault has
been formed.

I'eomuHaMuyecKkue MCCaeT0BAHMS B 3a/1aUe CHCTEMHOM OILlEeHKH CEHCMMY€eCKO ONACHOCTH Ocernn

B. A. JIze60es'?3 A. JI. I'summanu’?, B. H. Tarapunos'?, B. U. Kagran!, U. A. Bopobbepal*,
A. W. Manesuu'®, B. B. [Isepanos’?, P. B. lllepuyx™?, JI. XK. Akmatos!®, U. B. Jloce?, K. A. KouyGeii'
1 I'eodusuueckuii nentp PAH, Mocksa, Poccus
2 Unctutyt ¢pusuku 3emum uM. O.10. HImunra PAH, Mocksa, Poccus
3 I'eopusuueckuit nuactutyt BHL] PAH, Biagukaska3s, Poccus
4 VIHCTHTYT TEOpHH IPOTHO3a 3eMJIeTpsiceHUi u MateMaTrdeckoil reodpmsuku PAH, Mocksa, Poccus
5 T'opustit uncturyT HUTY « MUCuCy», Mocksa, Poccus

Co3nan Haubosiee TOJMHBIA U TPEJACTABUTEIBHBIA OOBEAMHEHHBIM KaTalor 3eMJICTPSACCHHI
Ocetunckoro cexkropa bonbmoro Kapkaza ¢ yHuduumpoBaHHOW MarHuTyAHoHM Imukanod. Katamor
oxBateiBaeT nepuoj ¢ 1962 mo 2022 romusl M UHTETpHUPYET B ceOe BCe NOCTYIHBIE JaHHBIE U3 COOPHUKOB
OUILl EI'C PAH «3emnerpsiceans B CCCP», «3emnerpscenns CeepHoit EBpazum», «3emierpscenus
Poccumy, cooprunka «Celicmuieckuii 6roiierens KaBkaza» (Mucruryt reopusuku AH I'pysunckoii CCP)
n karanora [SC. BriepBbie BBHINOTHEHO CHCTEMHOE 0000IEHNEe W aHAIH3 M3YYEHHOCTH COBPEMEHHBIX
BEPTHKAJIbHBIX JIB)KCHUIM 3€MHON KOpbl Ha Tepputopuu Kapkasza 3a 0Ooyiee 4eM BEKOBYH) HCTOPHIO
reojie3nueckux uaMepenunii. Tekronuka u Mmopdosiorus Kapkasa nmpsiMo yka3bIBaeT Ha CyIIECTBEHHYIO POJIb
BEPTUKAJBHBIX ABMKEHUM B MOCTPOCHUHN F€OJIMHAMUYECKUX MOJIENEH U, CIeAOBATENbHO, UX MOJIE3HOCTh
MIpH OIIEHKE CeCMUYECKOM onacHOCTH peruona. [lokazano, uro nogbemsl bonsioro u Manoro Kapkaza
MMEIOT TPOCTPAHCTBEHHO-BPEMEHHYIO B3aMMOCBSI3b C CHJIBHBIMH 3€MIICTPSCEHUSMH, OYard KOTOPBIX
HaxXOJATCA NPEUMYIIECTBEHHO B 30HaX BBICOKUX TIPAIUEHTOB CKOPOCTEH BEPTUKAIBHBIX BHKECHHM.
CunbHBIE 3eMJICTPSICCHHS MTPOUCXOAT B MEPHOABI 3aBEPIICHUS OBICTPBIX BEPTHKAIBHBIX IBWKCHUN B
TEUCHUE TIEPBBIX IECATHIICTUH TOCIIE TAKOBBIX C MIPUMEPHOU IMOBTOPSIEMOCTBIO OJTHO COOBITHE 3a 6 JIET.
O1ieHeHO BO3ICHCTBUE pa3pyIuTeIbHbIX Typenkux 3emierpsacernii 2023 r. Ha ABMKEHUS U ae(opMaliiu
3eMHOM KOpbl KaBkaszckoro peruona. OmpeneneHbl CKOPOCTH IBMKEHUU O M TOCIE 3eMIICTPSICEHUM.
Pe3ynpTaThl OKa3bIBAIOT 3HAYUTENHLHOE (M CTATHCTUYECKH 3HAYMMOE) BO3JIEHCTBHE 3EMIICTPSICEHUN Ha
TOPHU30HTAILHBICE M BEPTHUKAIBHBIC ABWXKEHHS KOpbl KaBkazckoro permoHa. B mpemenax OceTHHCKOTO
cexkropa bonpmoro KaBkaza chopmMupoBaH TeOAMHAMUYECKHI TIOJIWTOH JUIS BBIMOJHEHUS PEXKUMHBIX
HAOIIOJICHHI 32 COBPEMEHHBIMU JIBH)KCHUSIMHU 3€MHON KOpBI. B HacTosiiiee BpeMs MOJIMTOH BKJIFOYAET B
ce0st 37 reonesnueckux nyHkToB. ChopmupoBana ceth i aedopmaimonHoro 'HCC-monuTopunra
BOCTOYHON YacTH W OTHEIBHO y3/a cowieHeHHs BocrtouHoit m 3amagHoil BeTBel BraamkaBKa3zcKoro
pazioma.
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On the activities of the World Data Centres

B. Dzeranov?, N. Sergeeva?, B. Dzeboev'?, L. Zabarinskaya!, E. Kedrov?, V. Ishkov'?, T. Krylova®

1 Geophysical Center RAS, Moscow, Russia

2 Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation RAS, Moscow,
Russia

% Schmidt Institute of physics of the Earth RAS, Moscow, Russia

The Russian World Data Centres (WDCs) for Solar-Terrestrial Physics and Solid Earth Physics in
Moscow have been performing the functions of geophysical data collection, long-term storage, management and
dissemination since 1957. Both centres are multidisciplinary. Since 2012, the centres have been part of the World
Data System. Modern scientific research is based on the integrated analysis of large volumes of data from
different fields of science and on the application of modern computer methods of data processing, analysis and
interpretation. WDCs have a unique and representative collection of long-term observations obtained by the
world network of geophysical observatories and spacecraft stations and instruments. A large number of domestic
and foreign data on various disciplines and types of observations are presented on the centres' websites in
electronic form in free access for research purposes. Many data series are regularly updated with new results. In
the course of implementation of the project ‘Preservation of old data’ the transfer of historical data from paper
to electronic form is actively carried out with further publication in the network and retrospective replenishment
of the electronic data repository, formation of long series of observations. Such data together with modern results
of geophysical observations are used for solving many scientific tasks. The centres are improving the data
management system, developing new approaches to data publication in the network, providing easy and
convenient access to the data. A relational geomagnetic data base is being formed with a user interface that
allows a remote user to select the necessary data from the database according to the conditions applied to a
number of parameters. In recent years, the practice of data citation by assigning a DOI (Digital Object Identifier)
to the data has been introduced. The project ‘Earth Science DataBase’ (Earth Science DataBase) on creation of
a modern system of registration and publication of geophysical data sets and databases with DOI assignment
through the Crossref agency is being developed in the GC RAS. The implementation of this project makes
geophysical data more meaningful and accessible to researchers by simplifying search and identification, and
promotes more intensive and repeated use of data. The work was performed within the framework of the state
assignment of the Geophysical Centre of the Russian Academy of Sciences, approved by the Ministry of
Education and Science of Russia.

O aesteabHocTH MupoBbix LlenTpos JlanHbIX

B. B Izepanos!, H. A. Cepreesal, b. A. JI3e60es'?, JI. I1. 3aGapunckas’, D. O. Keapos!, B. H. Mmkos!?,
T. A. Kpsutosa®
! Teodusmueckuii uenrp PAH, Mocksa, Poccus
2 IHCTUTYT 3€MHOTO MarHeTH3Ma, MOHoc(ephl M pacipocTpaHeHus panuoBoin PAH, Mocksa, Poccus
$ Uucturyt dusuku 3emsm um. O.10. [lmuara PAH, Mocksa, Poccust

Poccuiickue Mupossie Llentpst Janusix (ML) o conneuno-3eMHo# ¢usnke 1 pusuke TBEpA0it 3emin B
Mockge ¢ 1957 roza BBIIONHSIOT QYHKIHMU cOOpa, AOJTOBPEMEHHOTO XpaHEHHMs], YIIPABJICHUSI U PACHPOCTPAHEHHS
reodusnueckux aaHHpix. O0a 1eHTpa ABIstoTCs MHOToaucuuIunHapHbiMU. C 2012 rosia HEHTPBI BXOAAT B MUPOBYIO
cucrtemy naHHbix (World Data System). CoBpeMeHHBIE Hay9YHbIE MCCIIEIOBAHUS OCHOBBIBAIOTCS Ha KOMIUIEKCHOM
aHayu3e 0OJBIINX 00BEMOB JJaHHBIX U3 Pa3HBIX 00JacTell HAyKH U HAa MPUMEHEHUH COBPEMEHHBIX KOMIBIOTEPHBIX
METoJI0B 00pabOTKH, aHanM3a M WHTepHperanuu AaHHbIX. MI|Jl oOiamaroT yHUKadbHOM M IpeACTaBHTEILHOM
KOJUICKIMEH pe3yIbTaTOB MHOTOJICTHUX HAOIIOICHHH, TTOJIydeHHBIX MUPOBOH CEThIO Teou3nuecknx obcepBaTopuii
W CTaHUMH M TPHOOPOB, YCTAHOBJIECHHBIX HAa KOCMHUYECKHMX armaparax. bojblIoe KOJMYecTBO OTEYECTBEHHBIX U
3apyOeXHBIX MAHHBIX MO Pa3HbBIM IJUCHUIUIMHAM W BHJaM HaOJIOJEHWH NpEeACTaBICHO Ha caiiTaXx IEHTPOB B
3JIEKTPOHHOH (opMe B CBOOOAHOM JOCTYIIE UISl MCCIIEAOBATEIBLCKUX Heneil. MHOTHe psiibl TaHHBIX PETYISIPHO
TIOTIOJIHAIOTCS. HOBBIMHM pe3ysibTaTaMH. B xone peammsaumu npoekra "CoxpaHEHHE CTapbIX HaHHBIX" AKTHBHO
OCYIIECTBIIETCS IEPEBOJ] HCTOPHUYECKUX NaHHBIX ¢ OyMa)KHOTO HOCHUTENS B JIEKTPOHHYIO (GopMy ¢ paybHeHIeit
nyOnuKanueld B CeTH M PETPOCIEKTHBHBIM IIONOJHEHHEM 3JIEKTPOHHOTO XPAaHHWJIMINA JaHHBIX, (OPMHUPOBaHUEM
JUIMHHBIX psfoB HaOmoneHwid. Takue MaHHBIE COBMECTHO C COBPEMEHHBIMH pe3yJbTaTaMH TI'eo(pH3MYECKHX
HaOIIOACHUH HCIONB3YIOTCA Ui pelIeHHs MHOIMX HAay4YHbIX 3afad. B IIeHTpaX COBEpIIEHCTBYETCS CHCTEMa
yIpaBJCHUsI TaHHBIMH, Pa3BUBAIOTCSI HOBbIE MOAXOMbI K TyOIMKAIIMU JaHHBIX B CETH, 00eCreunBarolie NPOCTON 1
yIoOHBIA JocTyn K JaHHBIM. PopMupyercst persiuMoHHas 0a3a I'€OMAarHUTHBIX JAHHBIX C I10JIb30BaTEIbCKUM
uHTep(eiicoM, TIO3BOISIONIMM yIAICHHOMY IOJIb30BaTEN0 BHIOMPATh M3 0a3bl JaHHBIX HEOOXOAMMBIE NaHHBIE I10
YCIIOBUSIM, NIPUMEHEHHBIM K psiy HapaMeTpoB. B mocienHue ronbsl BHEAPsIETCS NMPAaKTHKA [TUTUPOBAHUS JAHHBIX
MyTeM IPHCBOEHUs AaHHBIM IHdpoBoro naeHtupukaropa oowrekra DOI (Digital Object Identifier). B I'Ll PAH
pasBuBaetcst npoekT "baza nannbix Hayk o 3emne” (Earth Science DataBase) no co3nanuio cOBpeMeHHOH CHCTEMBI
perucTpanuu u myonukanuy HabopoB 1 6a3 reousnueckrx AaHHbIX ¢ npucBoeHreM DOI uepes arentcTBo Crossref.
Peanun3zanus 3Toro npoekra aenaer reopusnueckue JaHHbIE 00Jee 3HAUMMBIMH M JOCTYIIHBIMH JJI MCClleoBaTeel
32 CYeT YNPOINCHUS IIOMCKA M MACGHTU(PHKAIMU M CIOCOOCTBYyeT Oojiee HHTCHCMBHOMY U HOBTOPHOMY
WCIIOJIb30BAaHUIO TaHHBIX. PaboTa BRIOJIHEHA B paMKax TOCyAapcTBeHHOro 3ananns I'eopusmueckoro nenTpa PAH,
yTBep)KAeHHOr0 MuHOOpHayku Poccum.
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About the latest results in the DMA

S. Agayan?, Sh. Bogoutdinov!, D. Kamaev?
! Geophysical Center RAS, Moscow, Russia
2 Scientific and production association Typhoon, Obninsk, Russia

Discrete Mathematical Analysis (DMA) is a method of discrete data analysis that uses the
scenarios of classical continuous mathematics, in which the fundamentals are replaced by fuzzy
models of their discrete counterparts. From a practical point of view, DMA is a new researcher-
centred approach to data analysis, occupying an intermediate position between hard mathematical
methods and soft oversampling methods. Problem solving in DMA consists of two parts. The first
part is informal: it deals with the researcher's logic, introduces the necessary concepts, and explains
the scheme and principles of the solution. The second part has formal character: with the help of
DMA apparatus all concepts get strict definitions within the framework of fuzzy mathematics and
fuzzy logic, and schemes and principles become algorithms. DMA algorithms have a universal
character and are bound together by a common formal basis, largely consisting in the fuzzy
interpretation of classical continuous mathematics mentioned at the beginning. DMA algorithms
are aimed at solving basic problems of data analysis: in multidimensional arrays these are
clustering, tracing, geometric, in particular fractal properties, in time series — anomalies, trends
and morphology in general. This report is devoted to a review of recent results in DMA: three
stages of iterative DPS clustering with application to seismic catalogues; anomaly recognition,
their morphological analysis on time series with application to extreme geomagnetic events within
the framework of the MAGNUS analytical complex, the intellectual block of which includes
DMA, and much more.

O nocsequux pesyiabrarax B IMA

C. M. Aragr?, I11. P. BoroyTI[I/IHOBl, II. A. Kamaeg?
! I'eodmsmueckuii nentp PAH, Mocksa, Poccus
2 HayuyHo-npou3BozicTBeHHOE 00beauHenue Taithyn, O6uuHck, Poccus

JuckpeTHblil MaTemaTnueckuil ananus (JJMA) — MeTon aHanmu3a IUCKPETHBIX JaHHBIX,
UCIONIB3YIOIUN  CLEHAapUM  KJIACCUYECKOW  HENPEpPBIBHOM  MAarTeMaTWKH, B  KOTOPBIX
(GyHIaMEHTalIbHbIE OCHOBBI 3aMEHEHbl HEUETKMMHU MOJEISIMU UX JHUCKPETHBIX aHanoros. C
npakTH4eckod Touku 3peHus JJMA mpencrasmiser co0oil HOBBIM MOAXOA K aHAIU3y JaHHBIX,
OpPHUEHTHPOBAHHBIA Ha MCCIECAOBATENsl W 3aHUMAOIIMM ITPOMEKYTOYHOE IIOJIOKEHHUE MEXIY
KECTKMMHU MaTeMaTHYeCKMMU METOJaMH M MATKMMHU nepeOopHbIMU. PereHne 3a1aum B paMkax
JIAMA cocrouT u3 aByx uacred. IlepBas Hocut HedoOpMabHBIM XapakTep: B HEW pa3zdoupaercs
JIOTHKA UCCIIEIOBATENIS, BBOJISATCS HY KHbIE ITOHSTHUS, OOBICHACTCS CXeMa U MPUHIIMIIBI peIIeHHS.
Bropas yacte nMeeT hopMabHBIN XapakTep: ¢ MOMOIIbIo anmnapara JJMA Bce MOHATHS OJTy4atoT
CTPOTHE OIPENEICHUS B PAMKaxX HEYETKOM MAaTeMaTUKH U HEYETKOM JIOTUKH, a CXEMbl H
MIPUHIUIIBI CTAHOBATCS anroputMaMu. AnroputMsl [[MA HMEIOT yHUBEpCAIbHBIX XapakTep U
CKpETJIeHbI €IMHOW (OpMaTIbHON OCHOBOW, BO MHOTOM COCTOSILEH B yIOMUHABIIEHCs B Havane
HEYETKOW WHTEpIpeTallud KIJIACCUYEeCKOM HeNpepbhlBHON MareMaTuku. Anroputmsl JMA
HalleJICHbl Ha PEIICHHE OCHOBHBIX 3aJa4 aHaJIW3a JaHHBIX: B MHOI'OMEPHBIX MAacCHBax 3TO
KJIacTepu3alus, TpacCUpPOBaHUE, T€OMETPUYECKHE, B YaCTHOCTH, (paKTalbHbIE CBOICTBa, BO
BPEMEHHBIX ps1ax — aHOMAJIUU, TPEH bl U MopQoiorus B 1esnoM. Hacrosmuii 1oK1a1 NOCBAIIEH
0030py mocnenHux pe3yaptatoB B JIMA: Tpu cragum urepanmonHor DPS-kmactepuszanuu c
IPUMEHEHHEM K CeHCMHYECKHUM KarajoraM; paclio3HaBaHHE aHOMaluil, UX MOp(OIOTrHUECKUi
aHAJIM3 Ha BPEMEHHBIX psJlaX C MPUMEHEHHEM K HKCTPEMaJbHbIM T'€OMarHUTHBIM COOBITUSM B
pamkax aHanuTHueckoro komruiekca MATHYC, B nHTeNIeKTyaIbHBIA OJIOK KOTOPOTO BXOJHT
JAMA, a Takyke MHOTO€ Jpyroe.
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Data-Intense Modeling for Informed Resource Management Decisions Under Uncertainty

E. Rovenskaya
International Institute for Applied Systems Analysis, Laxenburg, Austria
Lomonosov Moscow State University, Moscow, Russia

Effective management of food, water, and other natural resource-dependent systems
requires decision-making under inherent uncertainties, such as fluctuations in future prices or
unpredictable weather conditions. This talk will introduce a modeling framework designed to
support decision-making under uncertainty. The approach leverages stochastic optimization,
enabling the specification of an acceptable risk level and ensuring that decisions do not exceed this
threshold. Several applications of this framework will be discussed, including planning food
production in West Africa and managing a food-water-energy system in China.

MOI{CJII/IPOBaHI/[e C HCII0JIL30BaHHEM 00JILIIOro KOJINYecTBa JAAHHBIX IJISl IPUHATHSA
000CHOBAHHBIX pemeﬂnifl IO YIIPABJCHUIO pecypCcaMi B YCJIOBUAX HEONMPEACJTCHHOCTH

E. Posenckas
MexxayHapoaHbIM MHCTUTYT MPUKIAAHOTO CHCTEMHOTO aHalu3a, JlakceHoypr, ABcTpus
MockoBckuil rocy1apcTBeHHbIM yHUBEepcuTeT M. M. B. JlomonocoBa, MockBa, Poccust

D¢ dexTuBHOE yIpaBlieHHE MPOJOBOJILCTBEHHBIMU, BOAHBIMH U JIPYTHMMH CHCTEMaMH,
3aBUCSIIMMHU OT HPUPOJHBIX PECYPCOB, TPEOYET MPUHATHUS PEILIEHUH B YCIOBUSX MPHUCYILEH UM
HEOIPEeICHHOCTH, TaKOW Kak KoyiebaHus OyAyIIMX I[EH WM HEeMpeacKa3yeMble MOTOTHBIC
ycinoBus. B aTom nokmane Oyaer mpeiacTaBiieHa cXema MOAETUpPOBaHMsS, pa3paboTaHHAs JUIs
NOAJICPKKHA TPUHATUSA PEIICHWM B YCIOBHUAX HeomnpeaeineHHoctu. lloaxox wmcnomns3yer
CTOXaCTHYECKYI0 ONTHUMM3ALMIO, ITO3BOJIIOILIYI0 ONPEAESIUTh NPUEMIIEMBI ypOBEHb PHUCKa U
rapaHTUpPOBATh, YTO PELICHHsS HE IMPEBBICAT 3TOT IIOPOr. byAayT paccMOTpEHBI HECKOJBKO
BapMaHTOB  INPUMEHEHMs 3TOr0  IOJAXOJa, BKJIKOYas IUIAHUPOBAaHUE  IIPOM3BOJCTBA
IPOIOBOJBCTBHS B 3amagHoil AdQpuke W YIpaBiIeHHE CHCTEMOW «IIPOJIOBOJIBCTBHE-BOIA-
sHeprus» B Kurae.
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Remote sensing of archaeological monuments of the Southern Trans-Urals using geophysics and
machine learning methods

A. Vokhmintsev?, N. Batanina?, E. Kupriyanoval, L. Muravyev?
! Chelyabinsk State University, Chelyabinsk, Russia
2 Institute of geophysics UrB RAS, Ekaterinburg, Russia

The application of non-destructive research methods is currently an integral stage of studying
archaeological sites prior to their excavation. The so-called ‘Land of Cities’ discovered in the second half
of the XX century in the Southern Trans-Urals — more than two dozen fortified settlements of the Bronze
Age, belonging to the Sintashti culture (about XXI-XVII centuries BC), is a unique object of
interdisciplinary research. Modern high-precision methods of geophysics provide significant information,
which is used in planning exploration archaeological works. The interpretation of remote sensing data
makes it possible to discover new monuments by focusing on the morphology of already known sites.
In 2023, two new fortified settlements belonging to the same archaeological culture were discovered.
The architecture of these settlements was studied using five methods: interpretation of aerial photographs,
space images, area electromagnetic profiling with the AEMP-14 induction system, GNSS imagery,
construction of orthophotos and a digital elevation model based on UAV imagery. The data obtained by
different methods were combined in order to obtain a holistic image of the monuments. Each of the applied
methods allowed to see new details in the architecture of the studied fortified settlements, which were not
fixed by other methods. At both monuments several different construction horizons were identified, which
in future archaeological excavations will make it possible to lay out sections in a targeted manner.
The obtained images and digital terrain models were used within the framework of the proposed
methodology for remote investigation of archaeological sites. Two-dimensional data in the form of aerial
photographs and satellite images are used to detect archaeological sites using machine learning methods.
The detection hypothesis is tested using 3D classification and semantic segmentation methods, and instance
segmentation based on Graph Convolutional Neural Networks and GCNN (Graph Convolutional Neural
Network) and Transformer architecture based on Mask3d and OneFormer3D networks. These methods
allow the interpretation of the structure of an archaeological monument in automatic mode.

JlucTaHIIMOHHOE MccileJOBAHME apXeoaornyecKuX naMaTHIKOB FOxxHoro 3aypaJbs ¢ noMombio
MeTO0B re0(puM3MKN U MAIUNHHOI0 00y4YeHust

A. B. Boxmunues?, H. C. Baranuna’, E. B. Kynpusnosa?, JI. A. Mypasbes?
! YenaOunckuii rocynapcTBeHHblil yauBepeuret, Yensounck, Poccus
2Uucrutyt reopusuxu YpO PAH, Exarepun6ypr, Poccus

[IpumeHeHne Hepa3pyLIIAONUX METOAOB UCCIICIOBAHNUS B HACTOSIIIEE BPEMS SIBISETCS HEOThEMIIEMbIM
9TaNoOM H3y4YEHHUs apXeOoJOTHYECKNX O0OBEKTOB 0 MX pacKomok. OTKphITast BO BTOpPOH MojoBHHE XX BEKa B
IOxHOM 3aypanbe Tak Ha3pBaeMas «CTpaHa ropoJoBy — 0ojee ABYX NECATKOB YKPETIIEHHBIX TIOCEIECHHH 3IT0XH
OpOoH3BI, MPUHAJICKAIINE CUHTAIITHHCKONW KynbType (okojo XXI-XVII B.B. 10 H.3.), ABISAETCS YHUKAIbHBIM
00BEKTOM MEXIUCIMIUIMHAPHBIX HccienoBaHuid. COBpeMEHHBIE BBHICOKOTOUHBIE METOIBI T€O(M3UKH afoT
3HAYNMYTO HH(POPMALHUIO, KOTOpast HCIOIB3YeTCs NPH IUTAHMPOBAHNH Pa3BEJOYHBIX apPXEOJOTHIECKHX padoT.
JeummndpupoBanre TaHHBIX JUCTAHIMOHHOIO 30HIMPOBAHHSA JAaeT BO3MOXKHOCTH OOHApY>KEHHS HOBBIX
MaMATHUKOB, OPHEHTHPYSACH HA MOP(OIOTHIO yXe H3BeCTHBIX 00BekTOB. B 2023 romy ObUTH OTKPBHITHI JBa
HOBBIX YKPEIUIEHHBIX MOCEJCHHUS, NPHHAUIeKAIINEe TOH e apXeolorndeckod Kyibrype. M3ydenue
APXUTEKTYPhl STHX TMOCEIECHHH IPOBOAMIOCH ILITHIO METOJAMM: ACHM(PUPOBAHHE a’3po(OTOCHUMKOB,
KOCMOCHUMKOB, IUIOIIAJHOE 3JIEKTPOMArHUTHOE NpOGUINPOBAHNE HHIYKIMOHHOH cuctemoit ADMII-14,
cbeMKa ¢ iomorbio GNSS, mocrpoerne opTo(OTOIIIAHOB U IU(PPOBOI MOIENTH penbeda Mo JAHHBIM CHEMKH C
BITJIA. Ilomy4yeHHble pa3sHBIMH METOJaMH JaHHBIE COBMEIIAINCH C IIENBI0 MOJYYeHHs LEJIOCTHOro oOpasa
naMATHUKOB. KakIplii M3 NPUMEHSBIINXCS METOAOB IIO3BONMJI YBHIACTh B APXUTEKType H3YUECHHBIX
YKpETIEHHBIX TTOCEJICHNIT HOBBIE JIeTany, He (PUKCHpyeMble IpyruMHu MeTogaMu. Ha obonx mamsTHHKax ObUIO
BBIJICIEHO HECKOJIbKO Pa3HOBPEMEHHBIX CTPOUTEIBHBIX TOPU3OHTOB, YTO B JalbHEHIIEM IpPU NPOBEACHUU
ApXCOJIOTHUECKHUX PACKOIIOK ITO3BOJIHT LIECICHAPABICHHO 3aKIabIBaTh pa3pesbl. IlomyueHHbIe H300paskeHHs 1
uQpoBble MOJETM MECTHOCTH OBIIM HCIIOJB30BaHBl B paMKaX HPEUIOKEHHOM METONOJIOTHH  JUIS
JMCTaHIIMOHHOTO MCCIIEJOBAaHUS apXeoIOrHIecKUX 00bEKTOB. [IByMepHBIe TaHHBIE B BUIE a9P0(OTOCHIMKOB
¥ KOCMOCHMMKOB HCIIONB3YIOTCS JUIS OOHAPYKEHUSI apXCOJOTHUECKUX MaMSITHUKOB METOAAMH MAIIWHHOTO
oOydenus. ['umore3a 006 oOHapyKEHHUH TPOBEPSAETCS C HCIONB30BaHHEM MeTonoB 3D kiaccupukauu u
CEeMaHTHYECKOH CeTMEHTAIN, M CEeTMEHTAINN 3K3eMIULIPOB Ha OCHOBE TPa()OBBIX CBEPTOUHBIX HEHPOHHBIX
cereit 1 GCNN (Graph Convolutional Neural Network) u apxurextypsl Tpanchopmepa Ha OCHOBE CETEH
Mask3d wu OneFormer3D. JlanHple MeTOABI MO3BOJISIOT TPOU3BECTH JCHIM(PPUPOBAHHE CTPYKTYPEHI
apXeoJIOTHYECKOT0 MAaMSITHUKA B aBTOMATUYECKOM PEXUME.
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Capabilities of modern unmanned aerial systems in Earth exploration

D. Goglev
“Geoscan”, Moscow, Russia

For more than 15 years’ various tasks have been solved daily with the help of unmanned aerial
systems (UAS), but in recent years there has been a rapid development of unmanned technologies in almost
all spheres of activity: field exploration, geodesy, road maintenance, energy, agriculture, construction, oil
and gas sector, mining, forestry and many others. Geoscan is a leader in the production of civil unmanned
aerial systems and payloads for them. In recent years, the company has developed and continuously
improves a wide range of UAS: from small drones for educational projects to systems that provide creation
of volumetric high-precision terrain models capable of staying in the air for up to 8 hours. One of the main
directions of Geoscan Company remains the implementation of various types of surveys using its own UAS.
In addition to classical applications in geodesy and cartography, Geoscan UASs are capable of magnetic
and gamma-spectrometric surveys, radiometry and multispectral surveys, airborne laser scanning and other
types of surveys. Any of the surveys carried out with the help of UAS is significantly superior in terms of
price-velocity-quality ratio to the classical options for obtaining information (on foot or on the basis of
manned aviation). An illustrative example is the high demand for geophysical surveys, which Geoscan has
been performing for more than 6 years by many geological exploration companies in Russia and worldwide.
The speed of surveying in one working day is comparable to manned aviation (up to 330 linear kilometres),
and the quality is much higher due to the ability to survey at a minimum distance from the earth's surface
without risk to the crew. ‘Geoscan has carried out geophysical work at approximately 150 sites around the
world since 2018 and is receiving extremely positive feedback. The volume of UAS acquisition requests
has grown significantly over the past two years and continues to increase. The use of drones in civilian
applications will continue to increase. In the near future, drones will become a part of our daily lives and
will be as commonplace as driving a car.

Bo3mosxHocTH COBPEMEHHBIX 0eCMUJIOTHBIX ABHAIIMOHHBIX CHCTEM B H3YYCHUHU 3emin

J. A. T'ornes
I'K «I'eockam», MockBa, Poccus

Bonee 15 nmer ¢ moMompio GecnmiioTHBIX aBUAMOHHBIX cucTeM (BAC) exenHeBHO pemaroTcs
pasJIn4HbIe 33/1a4M, OJAHAKO B IOCJIEAHUE T'OAbl HAOIIOAAETCS CTPEMHUTENIFHOE pa3BUTHE OECIIMIOTHBIX
TEXHOJIOTHH ITPAKTUYECKU BO BceX chepax AeATeNbHOCTH: pa3Bellka MECTOPOKACHUM, Fe0Ae31s, JOPOKHOE
XO34HCTBO, DHEPreTHKa, CEIbCKOE XO3SHCTBO, CTPOHMTENHLCTBO, He(TErasoBbl CEKTOp, TOpHOE MAeJo,
JIECHOE XO3siicTBO M MHorue npyrue. Kommanus «l'eockan» sBIISETCS JTUAEPOM IO MPOU3BOACTBY
IrpaXJaHCKUX OECIMIOTHBIX aBUAILIMOHHBIX CHCTEM M IOJE3HBIX HArpy30K K HUM. 3a MOCJeIHHE TO/bl B
KOMITAHWM TIOSBIJIACH M HAa TIOCTOSTHHOW OCHOBE COBEPIICHCTBYETCS mupokas auHeiika BAC: ot
HeOONBIINX OCCIMIOTHUKOB JUISI 00pa30BaTENbHBIX MPOEKTOB JI0 CHCTEM, 00ECIICUMBAIOIINX CO3aHUE
00BEMHBIX BEICOKOTOYHBIX MOZEJIEH MECTHOCTH, CIIOCOOHBIX OCTaBaThCsS B BO3AyXeE 10 8 yacoB. OHUM U3
OCHOBHBIX HallpaBJIEHUH KOMITAaHUU «l'€0CKaH» OCTaeTCs BHINIOJHEHHE PA3INYHBIX BHUIOB CHEMOK IpHU
nomot cooctBeHHbIX BAC. [ToMrMo KitaccHueckrx MPUMEHEHUH B 00JIaCTH Te0Ie3H U KapTorpaduu,
BAC «l'eockan» cnocoOHBI BBIIOJHATE MArHUTHYI0O M TaMMa-CIEKTPOMETPHYECKYI0 CHEMKH,
PagHOMETPUIO U MYJIbTHCHEKTPAIBHYIO ChEMKY, BO3AYIIHOE JIA3€pHOE CKAHMPOBAHUE M JPYrHe THIIBI
cbeMOK. JIto0ast u3 cheMOK, BhITIONHsAeMasl ¢ MoMolIbio BAC, 3HaUUTENEHO MTPEBOCXOJIUT IO COOTHOIIEHHIO
LIEHAa-CKOPOCTh-Ka4eCTBO KIJIACCHUYECKHUE BapUaHThl MONydyeHHs HHpopMmauuu (memuid uim Ha Oase
nwioTupyemMoil  aBuanmu). [lokasaTrenbHBIM —NPUMEPOM  CIYXHT BBICOKas BOCTPEOOBaHHOCTD
reopU3NIECKNX CheMOK, KOTOphie «I eockam» BBIMONHSET 60jee 6 JIeT, MHOTUMH T'€0JIOTOpa3BEI0UYHBIMHU
KoMImanusiMu B Poccun i mupe. CKOpOCTh ChEMKH 32 OAMH pa0ouHii IEHb COTIOCTABUMA C MIJIOTHPYEMOM
aBuanyeil (10 330 MOrOHHBIX KM), 8 KQUECTBO — 3HAYMTENBHO BBIIIE, 332 CYET BO3MOXKHOCTH BBITIOJIHATh
ChEMKY Ha MHHUMAJILHOM Y/IaJICHUHU OT 3eMHOW TIOBEPXHOCTHU Oe3 prcka Jiist skunaxa. «[eockan» ¢ 2018
rojila BBIOJHWI Teodu3mueckne paboTel mpumepHo Ha 150 oOBekTax Mo BceMy MHUPY H IOIyYaeT
WCKITIOYUTENBHO MOJIOKUTEIbHBIE OT3BIBEL. O0BeM 3anpocoB Ha npuobperenne BAC B nocnennue aga roga
3HAYUTEJILHO BBIPOC U MPONOJDKAET yBeNW4uMBaThCs. Vcmonb3oBaHHE OECIMIIOTHUKOB B TPAXKIAHCKHX
HamnpaBJeHUIX OyJIeT U Aaiblle Bo3pacTaTh. B ckopom Oyayriem OECIMIOTHUKY TUIOTHO BOMAYT B HAILy
MIOBCEIHEBHYO )KHM3Hb U OYyT BOCIIPUHUMATBCS TaK ke OOBIJICHHO, KaK €3/1a Ha aBTOMOOHIIE.
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Application of mobile infrasound complexes for solving various tasks

Yu. Vinogradov, A. Milekhina, M. Pyatunin
Geophysical Servey RAS, Obninsk, Russia

Infrasound waves are longitudinal waves propagating in the Earth's atmosphere in the frequency
range of 0.01-20 Hz. They are generated by various natural and anthropogenic sources: earthquakes,
explosions, tornadoes, hurricanes, bolides, rockets, aircraft, avalanches, landslides and many other objects.
Measurements of infrasound waves are made using a set of equipment collectively called an ‘infrasound
measurement system’. Modern measurement equipment typically includes an infrasound sensor
(microbarograph, low-frequency microphone, MEMS sensor), a signal amplifier, an analogue-to-digital
converter (digitizer or recorder), a power supply, a storage unit for data acquisition, and usually a spatial
infrasound filter designed to reduce wind noise. The infrasound sensor is the main element for infrasound
measurement, determining the frequency range of the recording and the quality of the signal recording. It
must measure changes in atmospheric pressure over a very large dynamic range and provide the required
output signal level matched to the appropriate recorder, whose input range is limited. In general, a sensor
consists of a mechanical part sensitive to pressure changes and an associated transducer. In practice, to
record low-frequency infrasound waves are used mainly microbarographs — devices that measure the
change in external pressure relative to a known pressure standard, installed in a certain volume inside the
sensor. The frequency range of such instruments usually covers the range from 0.01 Hz to 50 Hz and the
sensitivity reaches up to 2000 mV/Pa. The only disadvantage of such instruments is their size. For higher
infrasound frequencies (0.1-100 Hz), low-frequency free-field condenser microphones, which are
capacitive sensors, are used. The principle of operation of capacitive sensors is based on measuring the
change in capacitance between two conductive plates as the distance between them changes. These changes
in capacitance can be converted into an electrical voltage and then amplified and digitised. Low-frequency
microphones are very compact but have a number of disadvantages — most notably a strong dependence on
moisture and a rather high price. With the appearance on the market of Chinese-made low-frequency
microphones, characterised by good quality, stable characteristics and low price, it became possible to
create compact infrasound groups on their basis.

IIpuMeHeHHe MOOMJIBHBIX MH(PPA3BYKOBBIX KOMILIEKCOB /JJIs1 peLieHUs] Pa3IMYHbIX 3a1a4

1O. A. Bunorpanos, A. M. Munexuna, M. C. IlaTynun
OenepanbHBI UCCIeAOBaTeNbCKUN 1eHTp «EmnHas reodmsmueckas cimyxba Poccwiickoit akameMuu
Hayk», OO0HUHCK, Poccus

WHuppa3BykoBble BOJHBI — IPOAOJBHBIC BOJHBIL, PACHPOCTpAHSIONIMECs B aTMochepe 3emin B
gactotHoM amanazoHe 0,01-20 I'm. OHM TeHEepUPYIOTCS pPa3IMYHBIMA ECTECTBCHHBIMH H TEXHOTCHHBIMHU
HCTOYHUKAMH: 3EMIICTPSICEHISIMU, B3pBIBAMH, CMEpPUYaMHM, yparaHamu, OOJHIaMH, pakeTaMH, CaMOIICTaMH,
JIABUHAMH, ONOJI3HAMHU U MHOTUMHM APYTMMH oOBbekTamu. M3MepeHns: nH(pPa3ByKOBBIX BOJIH MPOU3BOSTCS C
UCIIOJIb30BAaHUEM KOMIUIEKTa OOOpYIOBaHMS B LEJIOM HA3bIBAEMBIM «UH(Pa3BYKOBass H3MEpPHUTEIbHAs
cucreMa». CoBpeMEHHBIE CpeACTBAa HW3MEpEHHsT OOBIYHO BKIIIOYAIOT B ce0s WH(PA3ByKOBOW CEHCOP
(Muxpobaporpad, HU3KOUACTOTHBIM MukpopoH, MEMS-ceHcop), ycHIMTeNb CHTHAjJa, aHAJIOTO-LU(POBOI
nmpeoOpazoBaTens (IUrHTaii3ep M peKkopraep), 60K MUTaHWs, HAKOTIUTENb AJIsl cOOpa JaHHBIX U, KaK IPaBUIIO,
MPOCTPAHCTBEHHBIH HHPPA3BYKOBOM QWIBTD, IPEAHA3HAYCHHBIHN IS CHIDKEHUS IyMa BeTpa. MH(ppa3ByKkoBoi
CCHCOP — OCHOBHOM 3JIEMEHT ISl U3MepeHHs HH(Ppa3ByKa, ONpeaeomnii YaCTOTHBIH Uana3oH perucTpaluu
¥ Ka4ecTBO 3amucH curHana. OH JOIKEH M3MEPSTh M3MEHEHHS aTMOC(EPHOTO JaBJICHHUS B OYEHb OOJIBIIOM
JUHAMHYECKOM IHara3oHe M 00ecIeYnBaTh HEOOXOIUMEIH yPOBEHb BRIXOTHOTO CHUTHANA, COTIACOBAHHOTO K
COOTBETCTBYIOIIEMY PEKOPIEpPY, AMAna3oH BBOJAa KOTOPOrO OrpaHW4YeH. B 11enoM ceHcop COCTOUT u3
MEXaHWYECKOM 4acTH, YyBCTBUTEIBHON K M3MEHEHHIO JaBJICHUS U CBSI3aHHOTO ¢ HMM IpeoOpasoBarens. Ha
NpaKTHKE JUIl PErucTpalii  HHU3KOYACTOTHBIX HH(PA3BYKOBBIX BONH HCHONB3YIOT B OCHOBHOM
MHKpoOaporpadsl — MpUOOPHI, U3MEPAIOIIMMH M3MEHEHHE BHEIIHEro NaBJICHHS OTHOCHUTEIHHO H3BECTHOT'O
JTaJOHA JAaBJICHUS, WMHCTAJUIMPOBAHHOTO B OMNpPEACICHHOM oOBeMe BHYTpH JaTduka. JlmamazoH
PETUCTPHPYEMBIX UYaCTOT TaKUX HpHOOpoB 00bHO mOKpbBaeT auamazoH oT 0.01 I'm mo 50 Im, a
qyBCTBUTENBHOCTH pocturaeT 1o 2000 MB/I1a. EnuHCTBEHHBIM HEJOCTATKOM TaKHX IPHOOPOB SABISETCA MX
pasmep. Jlns OGonee BbicokMX YacToT uHOpa3Byka (0.1-100 T'ir) npuMeEHSIOTCS HU3KOYAaCTOTHBIC
KOHJICHCATOPHBIE MUKPO(OHBI CBOOOTHOTO TOJS, MPEACTaBISAIONINE COOOW €MKOCTHOW aaTduk. [lpuHIum
JEHCTBUSI EMKOCTHBIX JAaTYUKOB OCHOBAH Ha U3MEPEHHMU U3MEHEHUsI €eMKOCTU MEXAY ABYMs IPOBOIAIIUMU
IUTACTUHAMM IIPH U3MEHEHUH PACCTOSHUS MEXITy HUMU. DTH U3MEHEHHUSI EMKOCTH MOTYT OBITH ITpe0o0pa3oBaHbI
B QJIEKTPUYECKOE HANpsDKEHWE W 3aTeM YCWIEHBI M OIudpoBaHbl. HH3KOYAaCTOTHBIE MUKPO(OHBI OYCHD
KOMIIAKTbl, HO UMEIOT PsiJi HEAOCTATKOB — IIPEX 1€ BCETO CUIIbHAS 3aBUCUMOCTb OT BJIard U JOCTATOUHO BBICOKAsI
neHa. C TOsBICHHEM Ha PBIHKE HU3KOYACTOTHBIX MHUKPO(OHOB KHTaWCKOTO IPOU3BOACTBA, OTIMYAFOLIUXCS
XOPOIINM KauyeCTBOM, CTAOMIBHBIMU XapaKTEPUCTUKaMHU M HEBBICOKOH I[EHOH MOSIBUIACH BO3MOXKHOCTh HA X
OCHOBE CO3/1aBaTh KOMITAKTHbIE HH(PA3BYKOBbIE TPYIIIIHI.
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Use of bistatic radar system on GNSS signals

V. Lopatin', M. Murzabekov?, V. Fateev?, Yu. Titchenko?
LVNIIFTRI, Solnechnogorsk, Russia
2 Institute of Applied physics RAS, Nizhniy Novgorod, Russia

Currently there is a problem of geophysical information support of the Arctic zone of the Russian
Federation and the Northern Sea Route. The solution to this problem is caused by the need to expand oil
and gas production, create navigational gravimetric maps, and improve safety during navigation along the
Northern Sea Route. The only option for creating global maps of various Earth parameters, including
inaccessible territories and water areas, is the creation and application of space-based high-precision
measuring instruments placed on board low-orbiting spacecraft (SC). Currently, active satellite altimetry
methods are used to create maps of such a parameter of the Earth's gravity field as the geoid height. Satellite
measurements in the visible and microwave wavelength range are used to detect sea ice. However, remote
sensing in the visible range is not possible when clouds and fog are present. Microwave remote sensing,
like satellite altimetry, requires the launching of large spacecraft with high energy. These problems can be
solved by using a passive bistatic radar system based on GLONASS/GPS/Galileo/Beidou global navigation
satellite system (GNSS) signals, which is suitable as a payload for nanosatellites. Such a passive system
provides an efficient and cost-effective way to acquire measurement data for the following applications:-
geoid height determination; — characterisation of sea surface agitation and surface wind speed; —
determination of ice-water boundaries; — monitoring of soil moisture; — monitoring of water bodies. The
paper presents the developed methods based on bistatic system measurements on GNSS signals, which
allow solving the problems of preparing high-precision maps of geoid heights, as well as monitoring of ice
conditions. The paper also presents the results of raw data processing of the bistatic system software
receiver on GNSS signals of the TDS-1 and CYGNSS satellite missions. A bistatic system based on GNSS
signals, placed on board a nanosatellite and using the proposed methods, can complement the domestic
satellite altimetry mission GEO-IC-2 and can also become part of the prospective domestic space geodetic
mission GEO-IC-3.

Hcnonb3oBanue OMCTATHYECKOI ccTeMbI paguoiokannu Ha curnanax FTHCC

B. I1. Jlonatun!, M. M. Myp3a6ekos?, B. ®@. ®atees?, IO. A. TutueHko?
LOIVIT « BHUMDTPU», Conneunoropek, Poceus
2 MuctutyT npukiaanoi ¢pusuku (UI®) PAH, Huwknuii Horopos, Poccust

B Hacrosiiee BpeMsi cyiecTByeT mnpobsieMa reopu3nueckoro nH(HOPMaIMOHHOTO 00eCIeUeHUs
Apxkrryeckoit 30Hb1 Poccuiickoit ®@enepaunu u CeBepHOro Mopckoro myTd. Pemienue 3Toil mpobiembl
BBI3BAHO HEOOXOJWMOCTBIO PaCHIMPEHHs] 00BEMOB JOOBIMM HEPTH M Ta3a, CO3JaHMS HABUTAITMOHHBIX
TpaBUMETPUYECKUX KapT, a TAKKe MOBBIIEHUS 0€30MacHOCTH MpHU HaBuranuu 1mo CeBepHOMY MOPCKOMY
nyTd. ENWHCTBEHHBIM BapHaHTOM CO3JaHUs TNIOOAIBHBIX KapT Pa3MyYHBIX NapaMmeTpoB 3eMild, B TOM
YHUCIIe Ha HEJOCTYIHbIE TEPPUTOPUN W aKBATOPHH, SBIISETCS CO3/IaHWE U NMPUMEHEHHE KOCMUYECKHX
BBICOKOTOYHBIX HM3MEPHTEIILHBIX CPEICTB, Pa3MEIICHHBIX Ha OOpTYy HHU3KOOPOUTAIBHBIX KOCMHYECKHX
anmapatoB (KA). B HacTosiiiee Bpemsi uist co3AaHusl KapT Takoro napaMerpa T'paBUTAIlMOHHOTO MO
3emumm (I'TI3), xak BbIcOTa reomza, MCIOIb3YIOTCS METOJbl aKTUBHON CIYTHHKOBOW anbTUMeTpuu. Jlis
0o0HapyXeHHs MOPCKOTO JIbJa MCIIONB3YIOTCS CITyTHHKOBBIE M3MepeHus B BuaumoM u CBY nuamazone
JUTrH BoiH. OJTHAKO JUCTAaHIIMOHHOE 30HIMPOBAHKE B BHMMOM JMAaNia30He HEBO3MOXKHO MpH 00JaKax u
TyMaHe. JlMCTaHIIMOHHOE MHKpPOBOJHOBOE 30HAWPOBaHWE, KaK W CIyTHUKOBAas aIbTUMETpPHUS, TpeOyeT
BEIBE/ICHHE OOJIBIINX KOCMHYECKHX allapaToB C BBICOKOW dHepreTHKo. /[aHHBIE MPoOIeMBbl BO3MOKHO
pEeIUTh MyTEM HCIOJNB30BaHHUS MACCUBHOW OWCTATUYECKOW pajMOIOKAIIMOHHONW CHCTEMBI Ha OCHOBE
CUT'HAJIOB II00aJIbHBIX HABUTalMOHHBIX ciyTHUKOBBIX crcteM (THCC) 'NIOHACC/GPS/Galileo/Beidou,
KOTOpasl MOAXOJUT B KadyecTBE IOJIE3HOM HAarpy3KH s HAaHOCIYTHHKOB. Takas maccHBHas cHCTEMa
oOecnieurBaeT 3()(HEKTUBHBI ¥ HYKOHOMUYECKH BBITOAHBIM CIIOCOO MOMYyYEHHS W3MEPUTENBHBIX JaHHBIX
JUISL pelIeHHs CIEAYIONMX MPHUKIAIHBIX 33Jad: — OINpEAe]IeHHE BBICOTHI TEOWa; — OIpeAeTeHHe
XapaKTePUCTHK B3BOJHOBAHHOCTH MOPCKOM IOBEPXHOCTH M CKOPOCTH IPUIIOBEPXHOCTHOTO BETPA; —
oInpeesIeHIE TPaHHUIL «JIEASHON MOKPOB-BO/1a»; — MOHUTOPHUHT BJIAXKHOCTH MOYBBI; — MOHUTOPUHT BOJHBIX
00bekToB. B pabore mpezcraBieHbl pa3paboTaHHBIE METOJbI HA OCHOBE M3MEPEHUH OHMCTaTHYeCKOi
cuctemsbl Ha curaanax ['HCC, mo3Bonsromuye pemunTh 3aJa4d MOATOTOBKH BBICOKOTOYHBIX KapT BBICOT
reoysia, a TakKe MOHHMTOpDHHIa JieIoBOH oOCTaHOBKH. B pabore Tarxke MpeAcTaBIEHBl Pe3ylIbTaThl
00pabOTKM CBHIPHIX JAHHBIX MPOTPAMMHOTO IPHEMHHKA OucTaTHdeckou cucteMbl Ha curHamax [HCC
cnyTHUKOBBIX Muccuid TDS-1 m CYGNSS. bucratnueckas cucrema Ha ocHoBe curHaioB ['HCC,
pasMelleHHass Ha OOpPTY HAHOCIYTHHMKA M WCIIOJIB3YIOIAS MIPEUIOKEHHBIE METOJIBI, MOXKET JONOJIHHUTH
OTEUECTBEHHYIO CITyTHHUKOBYIO anbTuMeTpudeckyto muccuto I'EO-UK-2, a Takke MOXKET CTaTh 4acThbiO
MEPCIIEKTUBHOM OTEUECTBCHHON KOCMUYeCcKoU reoaesndeckoit muccuu ['EO-UK-3.
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70 Years of the Geophysical Center RAS: History of Establishment and Current Status

A. Soloviev, A. Gvishiani
Geophysical Center RAS, Moscow, Russia

The report is devoted to the main milestones in the development of the Geophysical Centre
of RAS, from the establishment of the Interdepartmental Committee for the preparation and
holding of the International Geophysical Year under the Presidium of the USSR Academy of
Sciences to its establishment as a progressive academic institute. Special attention will be paid to
those personalities who contributed to the development of the scientific potential of the GC RAS.
Among the fundamental scientific directions of the institute the research widely demanded in
solving actual applied problems will be separately noted.

70 aer I'eopuznveckomy nentpy PAH: ucropusi cranoB/1eHHsI M COBPeMEHHBIH CTaTyC

A. A. Conosees, A. /1. I'Bumnanu
I'eouznuecknmii nentp PAH, Mocksa, Poccus

Jlokiaa TOCBSIIIIEH OCHOBHBIM BexaM pas3BuTus ['eopusmueckoro menrpa PAH, ot
co3nanus MexayBeJIOMCTBEHHOTO KOMUTETA MO MOATOTOBKE M MPOBEACHUIO MeXTyHapOIHOTO
reopusuueckoro roaa npu Ilpesuamyme Axagemun Hayk CCCP 1o ero cTaHOBIEHHUS Kak
MPOTPECCUBHOTO aKaJIeMHYECKOro HWHCTUTYTa. OTIeapbHOE BHUMAaHHE OyAeT YIEICHO TeM
JUYHOCTSIM, KOTOpBIE CIOCOOCTBOBaNM pa3BuTHiO HayuyHoro noreHiuana 'Ll PAH. Cpenu
byHIaMEHTAIBHBIX ~ HAYYHBIX HAMpaBJICHUH MHCTHUTYTa OyIyT OTAEIBHO OTMEUYEHBI
HCCJICIOBAaHMS, IIUPOKO BOCTPEOOBAHHBIC B PEIICHUH aKTYaJIbHBIX MPUKIIATHBIX 3a/1a4.
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A series of the strongest earthquakes of the early XXI century in Chile: similarities, differences,
correlation

I. Vladimirova, Yu. Gabsatarov, N. Shchevieva
Shirshov Institute of Oceanology RAS, Moscow, Russia

The first two decades of the XXI century were marked by the world seismic activation — during this
period many seismogenic zones of the Earth underwent the strongest earthquakes with magnitudes exceeding 8.
Thus, in the Chilean subduction zone, three such seismic events occurred in less than a six-year period: the
Maule earthquake of 2010 (Mw=8.8), the lIquique earthquake of 2014 (Mw=8.1), and the Illapel earthquake of
2015 (Mw=8.3). One of the most important tasks of geophysics is to elucidate the patterns and conditions of
nucleation of such catastrophic events. The occurrence of a series of three earthquakes within one seismic
generating structure connected by the unity of tectonic conditions, the availability of long-term data of satellite
geodetic observations in the vicinity of the sources of these events, as well as the active development of
numerical modelling methods and, especially, machine learning algorithms made it possible to carry out a
comparative analysis of deformation processes preceding and accompanying each of the events. First of all, we
studied the features of deformation of the overhanging plate edge in the vicinity of each of the earthquakes with
the evaluation of variations in the deformation field and cluster analysis of the displacement field, which allowed
us to identify anomalies that characterise the development of geodynamic processes in the subduction zone and
features of the regional tectonic structure. Further, for each of the earthquakes an ensemble of models of
distributed motions in the source zone in the preseismic, seismic and early postseismic periods was built. These
models are the result of solving the corresponding inverse problems, which are reduced to minimising the
discrepancies between satellite-measured displacements or velocities and modelled displacements or velocities.
The influence of large geostructures belonging to the dipping oceanic plate and local structural disturbances of
the continental plate edge on the geodynamic processes occurring in the vicinity of the focal zones was also
studied. In order to analyse the peculiarities of the release of residual stresses after earthquakes, we analysed the
spatial and depth distribution of their aftershocks. Such an integral approach to the study of seismotectonic
deformations associated with the three strongest earthquakes in the Chilean subduction zone allowed us to
identify similarities and differences in the development of geodynamic processes in the vicinity of their sources.
The research was carried out with the financial support of the Russian Science Foundation, project
No. 24-27-00176.

Cepus cwibHelmux 3emjerpscennii nayaaa XXI B. B Uniiu: cxoacTa, pa3jiudus, B3aMMOCBSI3b

. C. Bnagumupoga, FO. B. I'abcarapos, H. C. llleBréBa
WuctutyT okeanonoruu um. I1. I1. upmosa PAH, Mocksa, Poccus

ITepBbie nBa necstunerus XXI B. 03HAMEHOBAJIMCh MUPOBOM CEMCMUYECKONW aKTUBHM3AIMEN — B 3TOT
MIEPUOJI MHOTHE CEHCMOTEHHBIE 30HBI 3eMJIM MPETEPIen CUIbHEHIINE 3eMIIETPSICEHHUS, MATHUTY1a KOTOPBIX
npesbicuiia 8. Tak, B UMmicKol 30He CYyOIyKITMM MEHEE YeM 3a IISCTUIICTHUH IMePHOJI MMPOU3OIIIIO cpa3y TPH
TaKUX CEUCMHUYECKHX cOOBbITHA: 3emierpscerne Mayme 2010 r. (Mw=8.8), 3emnerpscenne Mkuke 2014 r.
(Mw=38.1) u 3emnerpsiceane Unbsnens 2015 r. (Mw=8.3). OqHoli U3 BakHEHIINX 3a/1a4 T€OU3UKU SBISETCS
BELICHCHHE 3aKOHOMEPHOCTEH W YCIOBHH 3apOXIEHHsS MOIOOHBIX KAaTacTpPOOUIESCKUX COOBITHH.
Bo3HMKHOBEHHE cepuHd W3 TpeX 3E€MIIETPACEHUN B Mpeaeliax OJHOW CEUCMOTEHEPUPYIOIIEH CTPYKTYpHI,
CBSI3aHHOM €IMHCTBOM TEKTOHUYECKUX YCIOBUM, HATMYME MHOTOJIETHUX JAHHBIX CITyTHUKOBBIX ['€0JIE3UYECKUX
HAONMIONICHUH B OKPECTHOCTH OYaroB J3TUX COOBITHH, a TaKKe aKTHBHOE pPa3BUTHE METOJOB YHCICHHOTO
MOJCTUPOBAHUS M, OCOOCHHO, aNTOPUTMOB MAIIHMHHOTO OOYYEHHs CAENaJ0 BO3MOXKHBIM IIPOBEACHUE
CPaBHUTENBHOTO aHalM3a Je(QOPMAIMOHHBIX MPOIECCOB, MPEABAPAIONIMX W COMPOBOMXKAAIONINX KAKIOE U3
coObiTuil. [Ipexxae Bcero, HaMu OBLITM M3YYEHBI OCOOSHHOCTH Je(OPMHUPOBAHUS Kpash HABHCAIOUICH IIIUTHI B
OKPECTHOCTH KaXXIOTO M3 3eMJICTPACEHHH C OIEHKOW Baphamuii mois neopMalid H MPOBEICHUEM
KJIaCTEPHOTO aHajih3a IOJII CMEIICHHWM, KOTOpbIE TO3BOJMJIM BBIACIUTH AHOMAIMH, XapaKTepU3YIOLIUE
pa3BHUTHE TEOJIMHAMHYECKUX MPOIECCOB B 30HE CYOIYKIIMA U OCOOCHHOCTH PErHOHAILHOTO TEKTOHUYECKOTO
cTpoeHus. Jlamee, I KaKAOTO W3 3eMICTPSICEHUH OBUT TIOCTPOSH aHCaMOIb MOJENeH pachpeieIeHHBIX
MOJIBUXKEK B 04aroBoi 30He B NpeACEHCMUUECKUH, CEICMUYECKUI U paHHUH TOCTCEHCMHUYECKUI IEPUOJIBL. DTH
MOJICITH SIBJIIOTCS PE3YJIbTATOM PEIICHUS] COOTBETCTBYIOIIMX OOPATHBIX 3a/1a4, CBOASIINXCA K MUHUMHU3AIH
HEBA30K MEXIY H3MEPEHHBIMU CIyTHUKOBBIMH METOJaMU M CMOJEIMPOBAHHBIMU CMEIICHUSAMHU WJIH
ckopocTaMU. Tarxke ObUIO M3Yy4YEHO BIUSHHE KPYHHBIX TE€OCTPYKTYp, NPUHAAJNEKAIIMX MNOrpyKaroueics
OKEaHNYECKOM TMJIUTE M JIOKAIBHBIX CTPYKTYPHBIX HapylIeHWH Kpasi KOHTHUHEHTAJbHOW TUIMTHI Ha
TeOAMHAMHYECCKHAE IPOLECCH, MPOTEKAIOIINEe B OKPECTHOCTAX OYaroBhIX 30H. Jlmsg TOro, dYTOOBI
MPOaHANTU3UPOBATH OCOOCHHOCTH BEICBOOOKICHUSI OCTATOYHBIX HATIPSHKEHHH ITOCTIE 3eMIICTPSICEHUI, HAMH OBLT
MPOBEJICH aHAIN3 MPOCTPAHCTBEHHOTO U MTyOMHHOTO pacrpefesieHus UX adTepiokoB. Takoi HHTErpalbHEII
MOJX0J K HM3YYCHHIO CEHCMOTEKTOHWYECKHX JeOpMallyid, CBS3aHHBIX cpa3dy C TpeMs CHIbHEHITUMHU
3eMIIeTPACEHISIMU B UWIMHCKON 30HE CYyOMYKIMH, TO3BOJUI BBISBHTH CXOJICTBA M PAa3IM4ds B Pa3BUTUU
TeOJMHAMUYECKUX TPOIIECCOB B OKPECTHOCTAX WX 04YaroB. VcciieZjoBaHUS BBIMONHEHBI MpU (HPUHAHCOBOM
nonnepxke Poccuiickoro HaygHoro ¢onza, mpoekt Ne 24-27-00176.

29



Quantum space accelerometer for Arctic gravity field research

R. Davlatov, S. Donchenko, V. Fateev
VNIIFTRI, Solnechnogorsk, Russia

At present, projects on monitoring of the Earth's global gravity field using space-based
measurement tools are being actively developed. The advantages of this approach include the possibility of
monitoring hard-to-reach areas, for example, the Arctic territories of the Russian Federation. In particular,
this will make it possible to clarify natural resource reserves, ensure the safety of cargo transportations
along the Northern Sea Route, etc. Space projects on estimation of gravity field parameters usually consist
of several satellites (GRACE, GRACE-FO). High-precision measurements of the relative motion
parameters of the satellites are carried out, which makes it possible to calculate the parameters of the Earth's
gravity field. One of the important scientific instruments on the spacecraft is the accelerometer, which
measures active accelerations due to light pressure, atmospheric deceleration, etc. affecting the spacecraft.
Estimation of gravity field parameters in space requires compensation of active accelerations no worse
than 10° m/s2. Such accuracy can be achieved by using an optical interferometric device. In this work, a
single-frequency polarisation-type interferometer was proposed. In the accelerometer layout, a suspended
body with a corner reflector is used as a sensing element. The acceleration is reproduced by a perturbing
body placed on a precision piezo element. Thus, the sensing element is affected only by gravitational
influence, the value of which is determined by the distance between the perturbing body and the sensing
element, as well as their masses. During the experiment, test signals of different frequency and amplitude
are generated using a high-voltage signal generator, which are then applied to the piezo element. For
different frequencies, the magnitude of gravitational influence on the sensing element was estimated and
experimentally measured using an interferometer in the frequency range of 1 to 200 Hz. Thus, the resolution
of the interferometric layout for measuring accelerations is of the order of units 10 m/s?, which satisfies
the requirements for estimating the parameters of the cosmic gravity field. The work was supported by
grants of the Russian Science Foundation No. 23-67-10007, https://rscf.ru/en/project/23-67-10007/

KBaHTOBBIII KOCMHYECKHH aKCeJIEpOMETP AJIA UCCIECAOBAHUA TPABUTALIMOHHOI'O I10JIS ApKTHKI/I

P. A. Jaenaros, C. C. [lonuenko, B. ®. ®datecen
BHUN®TPU, Conneunoropck, Poccust

B Hacrosmee BpeMs AaKTHBHO pa3BUBAIOTCA IPOEKTHl 110 MOHHUTOPUHTY TJI00AIbHOTO
TPaBUTALIMOHHOTO MO 3eMJIN C UCTIOJIb30BaHUEM KOCMHUECKUX CpelcTB n3Mepenuil. K npenmymecrsam
TaKOTo IMOAX0Ja MOKHO OTHECTH BO3MOKHOCTh MOHHUTOPHHTA TPYAHOIOCTYIHBIX pailOHOB, HampuMeEp,
apKThyecKkux Tteppuropuil Poccuiickoil @epepauuu. B 9yacTHOCTH, 3TO MO3BOJUT YTOUYHUTH 3aIACHI
NPUPOAHBIX PECYPCOB, 00ECTIEUNTh O€30MaCHOCTh IPYy30MepeBo30K 0 CeBEepHOMY MOPCKOMY IYTH H T.II.
Kocmudeckne nMpoekThl O OIEHKE MapaMeTPOB I'PAaBUTALIMOHHOTO TOJI OOBIYHO COCTOSIT M3 HECKOJIBKUX
cnyTHuKOB (GRACE, GRACE-FO). IIpu 3ToM BBINOJHSIOTCS BBICOKOTOYHBIE M3MEPEHHUS MapaMeTpOB
OTHOCUTENBHOTO IBM)KEHHS CIIyTHHKOB, YTO MO3BOJISIET PACCUUTAThH MapaMeTPhl TPABUTALIMOHHOTO MOJIS
3emin. OfHUM M3 BXHBIX HAayYHBIX NMPHOOPOB HA KOCMHUYECKOM arapare sBISIETCS aKCelepOMETp,
KOTOpPBIA H3MEpSEeT AaKTHBHBIE YCKOPEHHsA, OOYCIOBIIEHHBIE CBETOBBIM JAaBIEHHUEM, TOPMOXKEHHUEM
aTMoc(epsl U T. 1., BO3ACHCTBYIOLIMMHU HA KOCMUYECKUH anmnapart. OLeHKa IapaMeTpoB I'PaBUTALIOHHOTO
TIOJISt B KOCMOCE TPeOYeT KOMIIEHCAIMK aKTHBHBIX YCKOpeHui He xyxe 107 M/c2 Takyto TOYHOCTh MOKHO
JOCTHYB MIPU UCTIOJIE30BaHUHN ONITUYECKOTO HHTEPPEPOMETPUIECKOTo YCTpOoiCTBa. B naHHO# paboTe ObiI0
NPEIJIOKEHO HCIONb30BaTh OJHOYACTOTHBIA WHTEPPEpOMETp MOAPU3ALUOHHOrO Tuma. B Makere
aKceJepoMeTpa B KaueCTBE UyBCTBUTEIBHOTO 3JIEMEHTA HCITOJIB30BAHO MOJBEIIEHHOE TEJIO C YTOJIKOBBIM
oTpakarejeM. YCKOPEHHE BOCIPOM3BOAMTCS C IIOMOLIbIO BO3MYIIAIOLIErO Teja, IIOMELIEHHOIO Ha
MPEeNU3UOHHBIN [Tbe3035IeMeHT. TakuM 00pa3om, Ha TyBCTBUTEIBHBIN 3JIEMEHT OKa3bIBAET BIIMSIHAE TOJIBKO
TPaBUTALMOHHOE BO3JEHCTBHE, 3HAUEHUE KOTOPOTO ONPEIENISIETCS PACCTOSHUEM MEXAY BO3MYLIAOIINUM
TEJIOM W YyBCTBUTENBHBIM 3JIEMEHTOM, a TAaKXKe MX MaccaMu. B XoJe 3KCIeprMeHTa ¢ UCTIOIb30BaHUEM
BBICOKOBOJIFTHOTO TE€HEpAaTopa CUTHAJIOB TE€HEPHUPYIOTCS TECTOBBIE CHUTHAJBl PAa3TUYHON YacTOTHI U
aMIUINTYZlbl, KOTOpBIE 3aTéM TMOJAI0TCA Ha MbE30IEMEHT. Jliasd pa3HbIX YacTOT BEIMYMHA
TPaBUTALIMOHHOTO BO3JCHUCTBHSI Ha UYyBCTBUTENBHBIH 3JIEMEHT ObLIa OLEHEHAa M HKCHEPUMEHTAIBHO
U3MepeHa ¢ MoMOIILI0 HHTepdepoMeTpa B guanazone 4actoT ot 1 1o 200 I'i. Takum oOpazomM, pazpenieHne
MHTEP(HEPOMETPHUECKOTO MAKETA JIUII M3MEPEHHST YCKOPEHHH COCTABISET Topsiaka eaunaun 10° m/c?, uro
YIOBJIETBOPSIET TPEOOBAHUAM Ui OLICHKH MapaMeTPOB KOCMHUYECKOTO IpaBUTaLMOHHOTO mojs. Pabora
BBIIIOJIHEHA TIpU  MOJJIep)KKe TpaHToB  Poccumiickoro HayuHoro ¢onma Ne 23-67-10007,
https://rscf.ru/en/project/23-67-10007/
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Extreme events in the Western Pacific-East Asia region

L. Mitnik, A. Baranyuk, V. Kuleshov, M. Mitnik
V. I. II"ichev Pacific Oceanological Institute FEB RAS, Vladivostok, Russia

May-December 2023 and January-May 2024 were the warmest months since the beginning of
instrumental observations in 1850. May 2024 was globally warmer than any previous May in the history of
observations. The increase in atmospheric concentrations of carbon dioxide and methane causes an increase
in air temperature, temperature and sea level, and water vapour content in the atmospheric column. Daily
information on the fields of key climatic variables on a global scale, obtained from satellite active (radar)
and passive (radiometric) measurements in the microwave (MW) range, is needed for parameter estimation
and monitoring of extreme events. Global warming is accelerating, manifested by an increase in the number
and intensity of tropical and deep extratropical cyclones, precipitation, floods, heat waves, droughts, etc.,
which are increasing. As the ocean surface temperature (OST) increases, the average rainfall of typhoons
increases and they become more destructive. This paper considers the application of MB data in the study
of extreme events in the Western Pacific-East Asia region. TPO in this region has been the highest ever
recorded, and Asia has been warming faster than the global average, as noted in the WMO State of the Asia
Climate Report 2023. Using passive MV data obtained by AMSR2, GMI and MTVZA-GYA multi-
frequency scanning radiometers over super typhoons Hagibis (2019), Hinnamon (2022),
Khanum (2023), etc. and over explosive cyclones, the fields of driving wind, precipitation, cloud water
storage and atmospheric vapour content were reconstructed, and zones of deep convection in the
atmosphere were determined. Data processing and determination of the atmosphere and ocean parameters
were performed using improved algorithms. Information on driving wind speed, precipitation and floods
was obtained from rain radar (GPM satellite) and SAR measurements from Sentinel-1, Radarsat-2 and
ALOS-2 satellites. For data interpretation, visible and infrared images from Aqua and Terra satellites,
readings from meteorological stations and radiosondes, and weather maps were used. When analysing the
data and the results of modelling of MB radiation transport, the increasing role of radiation scattering in the
brightness temperature registered from space is shown. In the study of extreme weather systems, high
informativity of measurements in the region of the water vapour line centred at 183.31 GHz is noted.

IKceTpeMalibHble siBJIeHUs B pernoHe "3anagHas yactb Tuxoro oxkeana — Bocrounas Asus"

JI. M. Murthuk, A. B. bapantok, B. I1. Kynemos, M. JI. MuTtHuk
Tuxookeanckuit okeaHojgorndeckuit ”HCTUTYT uM. B.U. UnpuueBa JIBO PAH, Brnanusocroxk, Poccus

Mait — nexabps 2023 u suBapb — Mait 2024 r. oka3zaiauch CaMbIMHU TEIUIBIMH MECSIIAMU C Hadajia
WHCTpyMEHTaIbHBIX HaOmoneHui B 1850 r. Maii 2024 r. B rmo6ansHOM MacmiTabe ObLI TeTuIee, 4eM 0001
npeapIyIuil Mail 3a BCIO HCTOPHIO HaOMoAeHUH. PocT KoHLIeHTpauyu B aTMoc(epe YIIIeKUCIIoro rasa u
MeTaHa BBI3BIBAET TMOBBIIICHWE TEMIEPaTyphl BO3JyXa, TEeMIeEpaTypsl U YPOBHS MOpSA, COJAEPIKaHUSA
BOJISTHOT'O Tapa B Toje atMocdepe. 1Jisi OlIEHKH mapamMeTpoB U MOHUTOPUHTA IKCTPEMATBHBIX SBICHUM
HEOOXOIUMBI €XKEIHEBHBIC CBEACHHUS O MOJSIX KIHOYEBBIX KIMMAaTHUYECKUX MEPEMEHHBIX B IJI100aIbHOM
MacmTabe, TMoJdy4aeMble TI0 CIIyTHAKOBBIM aKTUBHBIM (paJIMOJIOKAIIMOHHBIM) W  TaCCHUBHBIM
(pamguoMeTpUYECKUM) HU3MEPEHHUsAM B MUKPOBONIHOBOM (MB) nmanazone. [noGajibHOE NOTEIUICHUE
YCKOPSIETCSI, YTO TPOSBIISIETCS] B yBEIMUEHUH KOJNWYECTBA M MHTEHCHBHOCTH TPOIIMYECKUX M TITyOOKHX
BHETPOITMYECKUX IMKJIOHOB, OCAJKOB, HABOAHEHHH, BOJIH >Kaphbl, 3acyX u Ap. C pocToM TeMmepaTypsl
noBepxHocTH okeana (TI10) yBenuuuBaeTcs cpeiHee KOJTHMUSCTBO 0CAIKOB B TalihyHaX, U OHU CTAHOBSATCS
Bce Oojee paspyummrTenbHeIMH. B pabore paccMorpeno mpuMeHeHne MB naHHBIX NpH HCCielOBaHUH
9KCTpEMaJbHBIX SIBICHUN B PETHOHE 3amajaHas 4acTb Tuxoro okeaHa — Bocrounas Aszusa. TIIO B sToit
oOnactu ObIJIa caMOM BBICOKOH 3a BCIO MCTOPHIO HAOMIONEHUH, a A3us Teruiena ObicTpee, 4eM B CpelHEM
IO MHUPY, 9TO OTMeUeHO B Hokjage BMO o cocrostaum kinumata A3uu B 2023 r. B mociieiaue Toas! 31ech
HaOIroancss 3aMETHBI POCT 3KCTpeManbHBIX sBieHnd. [lo maccuBHRIM MB naHHBIM, HOITy4eHHBIM
MHOTOYaCTOTHBIMH CKaHupyromumu paanomerpama AMSR2, GMI u MTB3A-I'4 nag cynepraiipynamu
Hagibis (2019), Hinnamon (2022), Khanum (2023) u ap. W Haja B3pBIBHBIMH IUKIOHAMU OBLTA
BOCCTaHOBJICHBI TIOJISI IPUBOIHOTO BETpa, OCAJKOB, BoJ03aaca 001akoB U MapocoAepKaHus aTMOC(EpHI,
orpeJiesieHbl 30HbI ITyOOKO# KOHBEeKIMHU B atMocdepe. OOpaboTka JaHHBIX U OINpeesieHHe MapaMeTpOB
aTMocdepsl U OKeaHa BBITONHIUCH 110 YCOBEPIIEHCTBOBAHHBIM airoputMaM. CBENEHHS O CKOPOCTH
MIPUBOIHOTO BETPA, OCaIKaX, HABOJHEHHSIX OBLIH IMOIYYEHBI TI0 N3MEPEHHIM JI0KIEBOTO PaANOIOKaTOpa
(cmyrauk GPM) u PCA co cnyraukoB Sentinel-1, Radarsat-2 u ALOS-2. [l uHTEprpeTanuy JaHHbIX
npuBiekanuch Buaumble U MK-n300paxenus co cmyTHUKOB Aqua u Terra, TOKa3aHUA METEOCTAaHIMNA U
paano30HIOB, KapThl morofsl. [Ipy aHanm3e MaHHBIX W pPE3yNbTaTOB MOAETUpPOBaHHS mepeHoca MB
W3IY4YEHUs] T0Ka3aHO BO3pPAaCTaHME POJM pacCEesHHUs HW3IYUYEHHs] B PErHCTPUPYEMYH M3 KOcMmoca
APKOCTHYIO TemnepaTypy. Ilpu nccnenoBaHMM SKCTpeMasbHBIX MOTOAHBIX CUCTEM OTMEYEHA BBICOKAsS
UHGOPMATUBHOCTH U3MEPEHUI B 00JACTH JTUHUK BOASHOTO 1Mapa ¢ 1eHTpoM Ha yactore 183,31 I'T'.
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Determination of spectral parameters for earthquakes of the Kliuchevskoi group of
volcanoes

A. Molokova, A. Skorkina
Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia

In 2015-2016, 83 autonomous seismic stations were installed in the area of the Kliuchevskoi
Group of Volcanoes (KGV) for a period of 1 year as part of the KISS experiment. In this paper, the
data obtained from these stations were used to analyse the focal parameters of KGV earthquakes.
Traditionally, volcanic earthquakes are divided into two main types: high-frequency (HF) and long-
period (LP). Most HF earthquakes are caused by shear failure or fault slip occurring beneath volcanoes,
while DP earthquakes are caused by processes directly occurring in the feeding magmatic system. In
this work, we have estimated seismic moments using a spectral method based on the low-frequency
site level of the amplitude displacement spectrum of bulk wave displacements for both types of events.
For this purpose we selected records of one earthquake obtained from different stations with optimal
signal-to-noise ratio, calculated their fast Fourier transform (time window 30 s from the first arrival,
working frequency range — 0.5-15 Hz). The calculated spectrum was reduced to the conditions of a
homogeneous elastic half-space by introducing corrections for geometric divergence and goodness-of-
fit, and the level of the low-frequency area of the spectrum at zero frequency was estimated, and the
seismic moment for an individual record was calculated. For seismic moment estimation, 146 volcanic
earthquakes that participated in the first stage of the work were selected for processing using the
spectral ratio method. A total of 92 individual seismic moment estimates were obtained: 36 for DP and
56 for HF. Further, the estimates were converted into moment magnitudes, after which they were
compared with the regional magnitude estimates. The analysis showed that the ratio of moment and
local magnitudes for the range Mw = 1-3 is different for HF and DP earthquakes. The obtained results
are important for forecasting of prepared eruptions, for seismic hazard assessment. The work was
supported by RNF (grant No. 20-17-00180-P).

OmnpenelieHue CIeKTPAIbLHBIX MApPaMeTPOB 1Jis 3eMileTpsicennii KiiroueBckoii rpynmsl
BYJIKaHOB

A.II. Monoxkoga, A. A. CkopkuHa
WHCTUTYT TeopuM MNporHo3a 3emileTpsiceHu u matemaruueckoil reopusuku PAH, Mockaa,
Poccus

B 2015-2016 rr. B paiione KimoueBckoii rpynmsl BynkaHoB (KI'B) 83 aBroHomHBIX
CelCMUYECKHUX CTaHLMHU OBIIM yCTAHOBJEHBI CPOKOM Ha | roj B pamkax skcrepumenta KISS. B
JAaHHOW paboTe JUIsl aHAJIM3a OYaroBbIX mapameTpoB 3emieTpsacenuil KI'B ucnonbs3oBanuchk naHHbIe,
MOJlyYEHHbIE C 3TUX CTaHUMUA. TpPaJUIMOHHO BYJIKAHMYECKHE 3EMJICTPACEHHUS pa3JeisioT Ha JBa
OCHOBHBIX THMA: BbIcOKOUacToTHhIe (BY) wu mgmuanonepuonubie (JI1). BomsmmacTtBo BY
3€MJIETPSICEHUM  BBI3BAHBI  CIABUTOBBIM  PA3pyIIEHUEM WM  CKOJIBKEHHEM II0  pa3jioMaM,
npoucxoAsiiuMu  noj BynkaHamu, JII 3emnerpsiceHuss — mpoleccaMu, HENOCPEACTBEHHO
HPOMCXOSIIMMHU B UTAIOIIEH MarMaTHueckoi cucreme. B paboTe BbINOIHEHA OlIEHKA CEHCMUUECKUX
MOMEHTOB C IIOMOIIBIO CIEKTPAIBHOIO METOJa IO YPOBHIO HU3KOYACTOTHOW IJIOINAJKHU
aMIUTUTYZAHOTO CIIEKTpa CMEIEHHH OOBEMHBIX BOJH Ui OOOMX THIIOB COObITHHA. [list 3TOrO
No0WPATNCh 3aIHMCH OJHOTO 3EMIICTPSCEHMS, MOJNyYEHHbIE C PAa3HBIX CTAaHLIUI C ONTUMAJIbHBIM
COOTHOILIEHHEM CHTHAJI-IIYM, PAaCCUMTHIBAINCH MX ObIcTpoe mpeoOpazoBanne Pypbe (BpeMEHHOE
okHO 30 ¢ OoT mepBOro BCTyIUICHHS, padoumii nuana3oH yactoT — 0.5—15 I'). Paccunranubiii criekTp
IPUBOJUICA K YCIOBUSAM OJHOPOJHOIrO YIPYroro MOJyIpOCTPaHCTBA IIyTeM BBEACHHUS IONPABOK 3a
TFEOMETPUUECKOE PACXOKAECHUE U JOOPOTHOCTh, U OLEHUBAJICS YPOBEHb HU3KOUACTOTHOH IUIOIIAAKH
CIIEKTPA HA HYJIEBOU YaCTOTE, BBIYUCIIIICSA CEHCMUYECKUI MOMEHT IJIsl UHAWBUAYaJIbHOM 3anucu. J{s
OLIEHKU CEHCMHUYECKOI0 MOMEHTa ObLIO BbIOpaHO 146 ByJIKaHMUECKUX 3€MIIETPSICEHUI, KOTOpBIE
y4acTBOBAIM Ha TIEPBOM 3Tare paboT, mpu 00pabOTKe METOJIO0M CIIEKTPAIbHBIX OTHOIICHHH. Bcero
NoJTy4eHo 92 MHauBUAYyalbHbIE OLUEHKU ceicMuyeckux MoMeHToB: 36 mns [AI1 u 56 ma BU. Jlanee
OLIEHKU OBUIM MepecYUTaHbl B MOMEHTHBIE MAarHUTY/IBI, TIOCJIE YETO MPOBEICHO UX COMOCTABICHHE C
OLICHKaMH PETMOHAILHOM MarHUTYyAbl. AHAJIN3 NOKa3aJl, YTO COOTHOIIEHNE MOMEHTHOMN U JIOKAIBHON
Marutyn Juist auanazoHa Mw = 1-3 pasnuuaercs ans BU u [l 3emnerpsacenuit. IlomyyeHnsie
pe3yJIbTaThl Ba)KHBI JUIsl IIPOrHO3a IOArOTaBIMBAEMBIX W3BEPXKCHUM, Ul OLCHKH CEHCMUYECKON
omacHoctu. Pabora BeinonHena npu noaaepkke PH® (rpant Ne 20-17-00180-I1).
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Temporary seismological networks on Kuril-Kamchatka volcanoes: data processing

S. Abramenkov, T. Stupina, N. Belovezhec, 1. Koulakov

Novosibirsk State University, Novosibirsk, Russia

The Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, Novosibirsk, Russia
Skoltech, Moscow, Russia

More than a decade ago our scientific group (under the lead of Ivan Koulakov) started a long-
running series of projects with deployment of temporary seismological networks on active volcanoes: first
on Kamchatka Peninsula and later also on Kuril Islands. The general idea in essence stayed the same since
2012 up to this day. In a summer we install several autonomous broadband stations (usually around 20) for
one-year period on a volcanic edifice and in surrounding area — the following summer we download
continuous seismic records from the inner flash-memory and move equipment on another volcano.
Processing and analysis of a temporary seismological network data supplemented by information from the
permanent network (maintained by Kamchatka Branch of Geophysical Survey) opens up a way for detailed
research about a particular volcano complex inner structure. Nowadays, the total amount of initial seismic
records obtained by our team in the scope of these projects approaching first terabytes. Usually individual
researchers and groups within the team as well as our colleagues tend to use various approaches and
processing workflows, so these few terabytes of initial waveforms may extend in size further rather quickly.
In this context we decided to develop a unified pipeline of data processing that will help balancing
computational and storage cost. Many years of dedicated work now has to be organized to achive next level
of understanding and the uniquness of data we working on is a huge factor in this endeavour. Volcano
seismology does not have many examples of such datasets — contrary to traditional global tectonic
seismology with vast catalogs of events and easy open access to waveforms. By unifying processing
pipeline we may open a route to serious systematic approach with good perspective of the state-of-art
machine learning applications — not for the trendiness but for real useful results.

BpeMenHble ceiicMoJIorHuecKkue ceTd Ha ByJkaHax Kypuiabckoit 1 Kamyarckoil rpsabi:
00padoTKa JTaHHBIX

C. Aopamenkos, T. Crynuna, H. benosexek, U. Kynakos

HoBocubupckuii rocygapcTBeHHbI yHuBepcuTeT, HoBocnbupck, Poccus

WNuctutyT HedTerazonoit reosorun u reodusuku um. A. A. Tpopumyka CO PAH, HoBocubupck,
Poccus

Ckoirex, Mocksa, Poccust

Bonee necstu ner Hazax Hama Hay4Has rpymnna (moj pykoBoxacTBoM MBana Kynakosa) Hauana
MHOTOJIETHIOIO CEpHI0 MPOEKTOB IO pPAa3BEPTHIBAHUIO BPEMEHHBIX CEWCMOJIOTHYECKMX CeTeld Ha
JEHCTBYIONIMX BYJKaHax: CHadajga Ha moiyocTtpoBe Kamuarka, a 3areM u Ha KypuiabCKuUX OCTpoBax.
OO0mas unes, Mo CyTH, ocraercs HensMeHHoU ¢ 2012 roma u mo ceit AeHb. JleToM MBI yCTaHaBIMBaeM
HECKOJIbKO aBTOHOMHBIX IIMPOKOITOJIOCHBIX CTaHIUK (00BIYHO 0K0J10 20) Ha OAMH IOl Ha BYJKaHUYECKOM
COOPY’KEHHH U B OKPECTHOCTSX — CJIEAYIOLINM JIETOM MBI 3arpy»aeM HelpephIBHbIE CEHCMUUECKHE 3aiCH
U3 BHyTpeHHeH Quiem-naMaTH U HEepeHOCHM O0OpyAoBaHME Ha Apyrod BynkaH. OOpaboTka W aHaIH3
JaHHBIX BPEMEHHOM CEMCMOJIOTMYECKOH CETH, IOMNOJIHEHHBbIE WH(pOPMALMeld M3 IOCTOSHHOM CeTH
(nomnepxuBaemoii Kamuatckum ¢ummanom ['eodusnueckoil ciry»Obl), OTKPBIBAIOT MyTh K JACTATEHOMY
W3yUYCHHIO BHYTPEHHETO CTPOESHUS KOHKPETHOTO BYJIKAHUYECKOr0 KOMIUIEKca. B HacTosiee Bpems o0muit
00bEeM MEPBUYHBIX CEHCMHYECKHX 3aIllUCEH, MOJYUYCHHBIX Halllell KOMaHAOH B paMKax 3THX IIPOEKTOB,
MpHOIIKAETCs K NMEPBBIM TepabaiitaM. OOBIYHO OTIENbHBIE UCCIIeIOBATENH U TPYIITEI BHYTPH KOMAaH/IBI,
a TaxKe HaIlld KOJIJIETH MCTIONB3YIOT PA3INYHbIE MOAXO/IBI ¥ PaboYue MPOLEeCChl 00padOTKH, TOITOMY 3TH
HECKOJIbKO TepadailT NCXOTHBIX BOJHOBBIX ()OPM MOTYT TOBOJIGHO OBICTPO yBEIMYHMBATHCS B pazMepax. B
CBS3M C 3THM MBI PEUIMNIM pa3paboTaTh eAWHBIN KOHBeHep 00pabOTKM JaHHBIX, KOTOPBIA MOMOMKET
cOamaHCHPOBATh 3aTPATHl HA BEIYUCIEHUS U XpaHeHue. [[J1s JOCTIKEHUS CIeyIOIero ypoBHs MOHNMaHuUs
HEOOXOIUMO OPraHW30BaTb MHOTOJIETHIOI PaldoTy, M YHH()UIMPOBAHHOCTH NAHHBIX, C KOTOPBIMH MBI
pabotaem, sBJISIETCS OTPOMHBIM (PaKTOPOM B 3TOM HAYMHAHMM. B ByJTKaHMUECKOW CEWCMOJIOIMU HE TaK
MHOTO TIPUMEPOB TaKWX HAOOpPOB AAHHBIX — B OTJIMYHME OT TPAAUIIMOHHOW TII00ATBHON TEKTOHWYECKON
CEICMOJIOTMH C OTPOMHBIMH KaTajioraMu COOBITUH U JIETKUM OTKPBITHIM JOCTYIIOM K BOJIHOBBIM (hOpMaM.
Yauduuuposas KoHBeWep 00pabOOTKH, MBI MOXKEM OTKPBITh IyThb K CEPbE3HOMY CHCTEMAaTHYECKOMY
MOJIXO/Ty C XOPOIIeH NepCIeKTUBON MPUMEHEHHS COBPEMEHHOTO MAIIMHHOTO O0YYEeHHS — HE Paii MOJHBIX
TEHACHIINH, a paJii PeaTbHBIX MOJIE3HBIX PE3yIbTATOB.
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Use of climate and geospatial data in the assessment of green energy potential and design of
renewable energy systems

P. Buchtskiy, S. Onishchenko, S. Teploukhov
Adyghe State University, Maykop, Russia

The modern development of energy systems has led to the emergence of smart distribution
networks combining several different energy sources, such as renewable, hydrocarbon and hydropower,
which leads to the need to optimise the distribution of generation capacity between consumers, taking into
account specific consumption profiles and emerging peak loads. The integration of ‘green’ energy sources
makes it possible to implement hybrid and autonomous energy systems, which is especially important in
some regions, as well as to reduce the amount of harmful emissions into the atmosphere, but the variable
nature of generation introduces additional difficulties in organising a stable supply to end consumers. To
solve this problem, it is necessary to use RES assessment and forecasting models that allow not only to
determine the most suitable locations for such energy systems, but also to determine the potential volumes
of energy generation taking into account the seasonal characteristics of a particular location. However, the
construction of such models requires the availability of large samples of climatic data that allow to fully
assess the behaviour of a particular resource in the area under consideration. This paper proposes to consider
existing open data sources and geo-information systems, the use and integration with which will allow for
a preliminary assessment of the RES potential and management of distributed energy systems through the
realisation of short-term forecasts. However, such data sources have various limitations and uncertainties
caused by limited spatial and temporal coverage (due to the inaccessibility of some settlements), which can
be eliminated through the implementation of mobile autonomous systems for climate data collection,
allowing not only to obtain sets of climatic parameters, but also information on the functioning of the
operating energy system, which makes it possible to assess the theoretical and technical potential of the
used type of ‘green’ energy.

Hcnoab3oBaHue KIUMATHYECKMX H T€ONPOCTPAHCTBEHHBIX JAHHBIX NPH OLeHKe MOTeHIHAJIAa
«3eJIeHOH IHepruw» U MPOeKTUPOBAHUM 3HepreTuyeckux cucrem ¢ BUJ

I1. 0. bywaukwuii, C. B. Onuenko, C. B. Tennmoyxos
AnpIreiickuil rocy1apcTBeHHBIN yHUBEpcUTeT, Maiikon, Poccus

CoBpeMeHHOE pa3BUTHE JHEPrETHUECKUX CUCTEM IIPHUBENO K IOSBJICHUIO WHTEIUIEKTYaJIbHBIX
pacrpenenuTeIbHbIX CeTel, COYeTaIONNX B ce0e HECKOJILKO Pa3IMYHbIX UICTOYHHKOB YHEPTUH, TAKUX KaK
BO300HOBIIIEMAs], YIICBOAOPOIHAS U THAPOIHEPreTHKA, YTO IPUBOAUT K HEOOXOJUMOCTH ONTUMAIBHOTO
pacrpeneneHus TeHePUPYEMBIX MOILTHOCTEH MEXIy HOTPEOUTENIIMU C Y4€TOM OCOOCHHOCTeH npoduieit
MOTpeONeHNs] W BO3HMKAIOIIMX TTHMKOBBIX Harpy3ok. VIHTerpamusi «3eJeHbIX» HCTOYHUKOB 3HEPTUU
TI03BOJISICT Pean30BaTh THOPUIHBIE M ABTOHOMHBIE SHEPTeTUIECKUE CHCTEMBI, YTO 0COOEHHO aKTyalbHO
B psii€ PETHOHOB, a TAK)KE CHU3UTH KOJIMUECTBO BPEIHBIX BEIOPOCOB B aTMOC(epy, OJHAKO IIEPEMEHYNBBII
XapakTep TeHepalii BHOCHT JOTOJHHUTENBHBIE TPYJAHOCTH NPU OpPTaHU3aIMK CTAaOWIIBHOTO CHAOXKEHUS
KOHEeYHOro motpebutens. s pemeHus 3Toi npobiemMbl He0OX0AUMO UCIIONB30BATh MOJIENU OIICHKH U
nporHo3upoBanust BUD, mozBosnsiomye HE TOJBKO ONPEAEIUTh Haubojee MOAXOASIINEe MecTa s
pasMelIeH s TOJOOHBIX YHEPTeTHUECKIX CUCTEM, HO M ONPEICIUTDh OTEHIMAIbHbIE 00BEMbI TeHepalun
SHEPrHU C Y4E€TOM CE30HHBIX 0COOEHHOCTEH KOHKpeTHOH MecTHOCTH. OJHAKO, TIOCTPOCHUE MOAOOHBIX
Mojeneil TpedyeT Hamuuusi OOJBIIMX BBIOOPOK KJIMMATUYECKUX AAHHBIX, TO3BOJISIOMIMX B TOJHOW Mepe
OLICHUTH XapakTep NOBEACHHUS TOTO0 WM HHOIO pecypca B paccMarpuBaeMoll obmactu. B pabote
MpeJIaraeTcs pPacCMOTPETh CYIIECTBYIOIIME OTKPBITbIE MCTOYHHWKHM JaHHBIX M TE€OMH()OPMAIMOHHBIE
CHCTEMBI, HCIIOJIb30BaHNE U MHTETPALNS C KOTOPHIMH MO3BOJUT MPOU3BECTH MPEABAPUTEIHHYIO OLIEHKY
noreHmana BUD u ocymecTBiATh yHpaBiIeHHE paclpeAciIeHHBIMH JHEPreTHUECKUMH CHUCTEMaMH,
MOCPEACTBOM peaTH3aINH KPAaTKOCPOYHBIX MPOrHO30B. HO Takne NCTOYHUKHN JAHHBIX UMEIOT PAa3InIHbIE
OTpaHWYEHHS ¥ HEOTPEeIEHHOCTH, BBI3BAHHbBIE OTPaHUYE€HHBIM NMPOCTPAHCTBEHHO-BPEMEHHBIM OXBAaTOM
(B cuity TPy THOAOCTYITHOCTH HEKOTOPBIX HACEJICHHBIX ITYHKTOB), KOTOPHIE MOTYT OBITh YCTPAHEHBI 3a CUET
peanu3anryd MOOWIBHBIX aBTOHOMHBIX CHCTEM IO cOOpy KIMMAaTHYECKHX AAHHBIX, MMO3BOJIIIOIIMX HE
TOJILKO TONyYUTh HAOOpBHI KIMMAaTHYECKUX MapamMeTpoB, HO M CBEJCHUS O (yHKIIMOHUPOBAHHUU
SKCIUTyaTUPYEeMOW DHEPTreTHYEeCKONH CHCTEMBI, YTO JaeT BO3MOXKHOCTHh OIIEHKH TEOPETHYECKOTO U
TEXHUYECKOTO MTOTEHIINANIAa UCTIOIb3YyEMOT0 BI/Ia «3EJIEHOW» SHEPIUu.
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Building regional integrated models with GIS INTEGRO tools

M. Finkelstein, V. Spiridonov, E. Bolshakov, A. Shumikhin
All-Russian research geological oil institute (VNIGNI), Moscow, Russia

For the regional stage of geological exploration, characterised by single wells and rather low density of
seismic profiles, the distances between which reach several tens of km, it is relevant to combine seismic and
gravimetry data in solving the problem of building a spatial model of the environment. A variant of solution of
this problem is offered on the basis of INTEGRO geoinformation system tools. The INTEGRO GIS software
system is created, supported and developed by the team of employees of the Geoinformatics Department of
VNIGNI FGBU. In INTEGRO GIS the methods of solving direct and inverse problems of gravity and magnetic
exploration for grid models are implemented. However, the model built by solving the inverse problem is only
one of many due to the principle of equivalence and, as a rule, does not agree with other data. Therefore, it is
necessary to select a suitable model more carefully, checking with the solution of the forward problem whether
it fits the observed field and whether the results are consistent with well and seismic data. It is selected in the
class of layered or gradient-layered models with consideration of embeddings. INTEGRO GIS has developed a
range of tools for such fitting. A set of tools has been created that allow to determine velocity characteristics
from all available seismic and borehole data, which makes it possible to go from time seismic sections to depth
sections and vice versa, and thus to adequately match seismic and borehole data. Particularly complicated is the
issue of determining the form of embedding. For this purpose, the system contains the so-called fitting method,
which starts from geometric primitives (a set of ellipsoids) and then step-by-step approaches the shape of
embedding, with the criterion of the correctness of the fitting direction being the reduction of the discrepancy
between the field calculated from the model and the observed field. This approximation occurs when the utility
takes into account a set of user-defined constraints based on seismic information. In addition, the geologist,
analysing the results of the iterations, can stop not at the last one, but at the one that seems to him more adequate,
or start the process again by changing the constraints. Such a selection could be performed on a desktop computer
in a reasonable amount of time, using a video card and parallelisation of computations. The developed
technology of integrating all available information when building a volumetric model has been successfully
tested in the territory of the Yenisei-Khatanga regional trough.

IHocTpoenne permoHaIbHBIX KOMILIeKCHBIX Mojeeil nHctpymedTamu I'MC INTEGRO

M. 4. ®unkensuteiiy, B. A. Cniupunonos, E. M. bonsmakos, A. C. Hlymuxun
Bcepoccuiicknii HaydHO-HUCCIIEIOBATENbCKII Teonornyeckniit HedrsiHoM nHcTHTyT (BHUT'HU), Mockaa,
Poccus

Jia peruonansHoro srana I'PP, xapakrepusyronierocs €IMHUYHBIMYM CKBAXMHAMU M JOCTaTOYHO
HU3KOW TUTOTHOCTBIO CEHCMHYECKHX MPOQHICH, pacCTOSHUSA MEKAY KOTOPBIMH TOCTHTAIOT HECKOIBKHX
JECATKOB KM, aKTyaJbHBIM SIBJISIETCS O0ObEIMHCHUE TAaHHBIX CEHCMOPa3BEIKH M TPaBUMETPUH B PEIICHIH 33 a9l
MIOCTPOEHUSI IPOCTPAHCTBEHHON MOJENM CpeAbl. BapuaHT perieHust 3TOH 3a1auu NpejaraeTca Ha OCHOBE
uHcTpyMeHTapust reonHpopmarmionnoit cucteMsl INTEGRO. IIporpammustii xomruieke ['MC INTEGRO
CO3/1aH, TOJICPKUBACTCS M Pa3BHBACTCS KOJJICKTHBOM COTPYIHHKOB oTaencHus ['eomnpopmarnkn PI'BY
«BHUT'HU». B TMC INTEGRO peanu3oBaHbl METOIBI PEIICHHS NPSIMBIX M OOpaTHBIX 3a1ad TpaBU- U
MarHUTOPa3BEAKU IJIsl Ha CETOYHBIX Mogeneld. OTHaKO MOAEb, HOCTPOEHHAS C IIOMOIIBIO PelIeHHs 00paTHOIl
3a/1a4i, ABJSETCA JUIIb OJHONU M3 MHOTHX M3-3a MPUHLIMIA 3KBUBAJIEHTHOCTH U, KaK MPaBUJIO, HE COTJIaCyeTCsl
C IpyTrUMH JaHHBIMU. [I03TOMy HpuXO0aUTCs MOAOUPATh MOAXOSIIYI0 MOJIENb 00JIee aKKypaTHO, IIPOBEPSIS C
MIOMOIIBIO PEIICHHSI TPSIMOH 33a4H, COOTBETCTBYET JI OHA HAOIIOIEHHOMY IIOJIIO, a TAKXKE COTJIACyIOTCS JIH
pe3yIbTaThl C CKBOXMHHBIMH M CEHCMHUYECKUMH NaHHBIMHU. [lomOmpaercst oHa B KJIACCE CIIOMCTBIX HIIH
rpaJueHTHO-CIOUCThIX Mojened ¢ yderom BHenpeHuil. B TMC INTEGRO pa3pabortan wnenblii crnextp
MHCTPYMEHTOB AJIsl Takoro nogbopa. Co3naH HabOp MHCTPYMEHTOB, MO3BOJISIOIINX ONPENEISTh CKOPOCTHBIC
XapaKTEePHCTHKH MO BCEM UMEIOIIEHCs ceficMIuecKol M CKBaXXKHHHONW HH(OPMAIIUH, YTO TTO3BOJIET EPEXOTUTD
OT BPEMEHHBIX CEHICMIYECKHX Pa3pe30B K NITyOMHHBIM M HA000POT M, TEM CaMbIM aJeKBAaTHO COTJIACOBBIBATh
CCHCMHUYECKYIO U CKBAXXHHHYIO MH(popmanuio. OcoOEHHO CIIOXKHBIM SIBIISICTCSI BOTIPOC OIMpPEAETICHUS (hOPMBI
BHeZIpeHusl. [ 3TOoro B cUCTEME MPUCYTCTBYET TaK Ha3bIBAEMbI MOHTa)KHBI METOA, KOTOPBIH CTapTyeT OT
TeOMETPHUYECKNX NMPUMHTHBOB (Habopa 3JUTHIICOMIOB), a 3aTe€M IOIIAroBoO NpHONIIIKaeT K (opMe BHEIPEHNS,
IpUYEeM KpUTEpPHEM TPAaBWIHHOCTH HAIpaBICHHUS MOAOOPA CIYKUT YMEHBIICHHE HEBSI3KM MEXIYy IIOJIEM,
pacCUMTaHHBIM OT MOZETH, U HAOJIIOAEHHBIM ITOJIEM. DTO NPUOIIDKEHNE MPOUCXOAUT TPH y4yeTe yTUINTON
Habopa 3alaHHBIX IT0JIb30BaTeNIeM OTpaHHYEeHHH, Oa3upyIOIUXCcs Ha celicMuaeckoi nHpopMarn. Kpome Toro,
T'€0JIOT, aHAIM3HPYS PE3YJIBTATHI UTEPAIM, MOXKET OCTAHOBUTHCS HE HA TIOCIIEIHEH, a HAa TOH, KOTOpast KaKeTcs
eMy Oosiee afeKBaTHOW, WJIM 3aIlyCTUTh IIPOIECC 3aHOBO, M3MEHUB OrpaHM4eHus. Takol mombop ymanoch
OCYILIECTBUTh Ha HACTOJIbHOM KOMIIBIOTEPE B Pa3yMHOE BPEMsl, UCIIONb3Ys BUAEOKAPTY U paclapanieIuBaHue
BeIYMCIeHNH. Pa3zpaboTaHHas TEXHOJOTHS KOMIUIEKCHPOBAaHMS Bcell wWMerommeiics wWHopMauyu Ipu
MOCTPOCHUHN 00BEMHOI MOJENH yCIIEIHO onpo0oBaHa Ha TeppuTopuK EHMCENH-XaTaHICKOro PerHOHAIBHOTO
nporuoda.
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Application of induction-dynamic drive in pulse seismic sources

E. Glibin, A. Pryadilov, A. Shevtsov, K. Uzbekov
Togliatti State University, Togliatti, Russia

Pulsed seismic sources are designed to create an impulsive mechanical impact on the ground,
creating seismic waves. Reflecting from the interfaces in the ground, these waves are picked up by sensors
located on the surface and after complex mathematical processing make it possible to draw conclusions
about the structure of the earth. The wave formed in the ground depends on the properties of the ground
itself, as well as the amplitude, shape and duration of the mechanical impact created on the ground.
Electromagnetically driven seismic sources (e.g., Geoton, Yenisei-SEM, Yenisei-KEM) are now widely
used in pulse non-explosive seismic exploration. Their main power element is an electromagnetic drive that
creates a force on the ground when a current pulse is fed into its winding. Such drives have a number of
both advantages and disadvantages. To improve the operational characteristics of pulse seismic sources, it
is possible to use an induction-dynamic drive (IDD). Structurally, the IDD consists of a coil 1 and a copper
ring 2 coupled with it. When passing through coil 1 a current pulse from a special power supply system
around the coil creates a magnetic flux F, which tends to pass between coil 1 and ring 2. This is due to the
presence of magnetic coupling with copper ring 2, which induces an induced current 12, which has the
opposite direction to the current 11, and it in turn reduces the magnetic flux outside the ring, concentrating
it in the gap. When the currents 11 and 12 flow, a force pushing the coil and the copper ring occurs, where
M is the mutual inductance between the coil and the ring, x is the relative position of the coil and the copper
ring. The disadvantage of the considered ADP (in comparison with the above-mentioned electromagnetic
drive) is a lower efficiency, which should be compensated by a more powerful power supply system and
capacitive storage C. Nowadays this is possible due to the emergence of higher capacity capacitors and
progress in the field of electronics. The main advantage of the PDE is the ability to generate a significantly
higher amplitude and shorter duration ground force with the same weight and dimensions of the actuator.
The prospect of using this type of actuator makes it possible to increase the amplitude and width of the
spectrum of created oscillations, which is an urgent task, as it makes it possible to obtain better seismic
material.

HpnMeHe}me HHAYKIHOHHO-AMHAMMUYECKOI'0 NIPUBOAA B UMITYJIbCHBIX ceiicCMOMCTOYHHKAX

E. C. I'mu6bun, A. B. [Ipsnunos, A. A. lllesnos, K. X. Y30exoB
ToNBSITTUHCKUI TOCYTaPCTBEHHBIM YHUBEPCUTET, TonbiaTTu, Poccus

NMmynecHbIE CEHCMOMCTOYHHMKM IpPENHA3HA4YEHbl JUIS CO3[aHUs HAa TPYyHT HMIYJBCHOIO
MEXaHUYEeCKOT0 BO3JIEHCTBHA, CO3/IAIONIETO celicMuiecKkre BOHbI. OTpakasich OT TpaHUII pa3fesna cpel B
TPyHTE, 3TH BOJIHBI YJIaBIUBAIOTCS PACHOJIOKEHHBIMH Ha MOBEPXHOCTH JATYMKAMU U TIOCTIE CIIOKHOU
MaTeMaTHYeCKOH 00pabOTKH Ial0T BO3MOXKHOCTH JIENaTh BBIBOJABI O CTpPOEHHH 3emin. Popmupyemas B
TpyHTE BOJHA 3aBUCHT OT CBOMCTB CaMoOro IpyHTa, a TaKkKe aMIUIUTYIbl, GOPMBI U AIUTEIBHOCTH
CO3/1aBa€MOT0 Ha TPYHT MEXaHHWYECKOro BO3JeHCTBHA. B HacTosiiee Bpems MIMPOKOe NMPUMEHEHUE B
UMIyJbCHOM  HEB3pBIBHOM  celicMOpa3BelKe  HalUIM  IIHPOKOE  MPAaKTHUYECKOE  NPUMEHEHHUE
CEHCMOMCTOYHMKH C 3JIEKTPOMarHUTHBIM NpUBOAOM (Hampumep, ['eoron, Enuceii-COM, Enuceii-KOM).
WX OCHOBHBIM CHJIOBBIM 3JIEMEHTOM SIBJISIETCS SJIEKTPOMArHUTHBIN MPUBO/I, CO3JAI0IINN yCUIINE HA TPYHT
NpY MoJjaue UMITYJIbCa TOKa B €ro oOMOTKy. Takue mpuBoaa 00JagaroT psIoM Kak JOCTOMHCTB, TaK M
HEAOCTaTKOB. Il yJydIIeHHs SKCIUTyaTallMOHHBIX XapaKTEpPUCTUK HMITYJBCHBIX CEHCMOHMCTOYHUKOB
BO3MOKHO TIPUMEHEHHe WHIYKIIMOHHO-TuHamudeckoro npusoaa (MAIT). Koncrpykrusno UJIII cocTout
M3 KaTYUIKU | U COMpSKEHHOTO ¢ Hel MeaHoro KoJiblia 2. [Ipu mpomyckanuu 1o karymke 1 uMImyibca Toka
OT CIIEMaIbHON CUCTEMBI TUTAHUS BOKPYT KaTyIIKH CO3/1a€TCsl MarHUTHBIN TOTOK @D, KOTOPBINA CTpeMUTCS
NPOMTH MEXIy KaTymKOH | M KOJbLOM 2. DTO OOBACHIETCS HAIWYMEM MAarHUTHOHM CBS3U C MEIHBIM
KOJBIIOM 2, B KOTOPOM HaBOJWTCS WHAYKTHPOBAaHHBIA TOK |2, WMerOmmid NPOTHBOMOIOKHOE
OTHOCHUTENHHO TOKa |1 HampaBneHue, a OH B CBOIO OYEPEb YMEHBIIIAET MAarHUTHBINA MMOTOK 32 TpeesiaMu
KOJIbIIa, KOHUEHTpHUPYs ero B 3a3ope. llpum mporekanuu TokoB |1 u 12 Bo3HMKaeT pacTajaKuBaromas
KaTyIIKy W MeIHOE KONbIO Cuia, rae M — B3aMMOWHAYKTHBHOCTDh MEXIY KaTYIIKOM M KOJBIIOM, X —
OTHOCHUTENIFHOE TOJIOKEHHE KAaTYyIIKH M MeAHoro koisbna. Hemocratkom paccmorpennoro MJIII (mo
CPaBHEHHMIO C BBILICYTIOMSIHYTBIM 3JI€KTPOMarHUTHBIM NpUBOJIoM) siBiisieTcst MeHbimnid K11, uyro momkHO
OBITH KOMIICHCHPOBAHO 00Jiee MOIIHOM CUCTEMOM MUTaHUS U eMKOCTHBIM HakonuteseM C. B Hactosmee
BpEMsI 3TO CTAJI0 BO3MOKHBIM OJ1arojiapst NOsIBJICHUIO 00Jie EMKHX KOH/ICHCATOPOB M porpeccy B obiaacTu
a51eKTpoHUKH. OcHOBHBIME JocTonHCTBOM M /11T siBiisieTcs BO3MOKHOCTD CO3/1aBaTh 3HAUYUTEIBHO O0JIbIIIEe
M0 aMIUIUTYZAE U KOPOTKOE MO AJIUTEIHHOCTU yCUINE Ha TPYHT IPH TOM K€ Macce U rabapurax MpHBOJA.
IlepcriekTrBa MpUMEHEHHUS JAHHOTO THITA IPUBOJIA AT BO3MOKHOCTD YBEIWYUTh aMIUTUTYAY U IIHPUHY
CIIEKTpa CO3/1aBaeMbIX KoJieOaHHI, YTO SBISETCS aKTyaJIbHOW 3a/iauel, MOCKOJIbKY MO3BOJISET MOIy4aTh
0oJiee KaueCTBEHHBIN CEHCMUYECKUN MaTepuall.
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IKI-Monitoring — a platform for working with remote sensing data

E. Loupian, M. Burtsev, A. Proshin, I. Balashov
Russian Space Research Institute (IKI) RAS, Moscow, Russia

In recent decades, there has been a sharp increase in the scientific and applied tasks for which Earth
remote sensing data are used. This is due both to the growth in the quantity and quality of Earth observation
satellite systems and in the availability of data obtained from them, and to the development of methods and
technologies for their processing. This has led to an explosive (exponential) growth in the information
available to solve scientific and applied problems. In order to ensure the effective use of the new
opportunities, it was necessary to develop new approaches that would provide researchers and developers
not only with convenient access to satellite data and the results of their processing, but also with tools and
powerful distributed computing resources for their processing and analysis. As the experience of recent
years has shown, the solution of these problems can be provided by creating powerful (sometimes
distributed) systems that provide collection, archiving, processing and, most importantly, the possibility of
distributed analysis and processing of satellite data using computing power provided by these systems. The
most famous foreign systems that are developing in this direction include Google Earth Engine or Microsoft
Planetary Computer. In Russia, a vivid example of successful creation and operation of such systems is the
Centre for collective use of satellite data archiving, processing and analysis systems of the Space Research
Institute of the Russian Academy of Sciences for solving problems of environmental studies and monitoring
(IKI-Monitoring, http://ckp.geosmis.ru/), established in 2012. The Centre is based on the technologies
developed by the Institute of Space Research of the Russian Academy of Sciences, which ensure the
creation and support of systems for working with ultra-large distributed satellite data archives and formed
and constantly updated data archives of various satellite systems (today their volume in direct access
exceeds 7 PB). During the period of its operation, the IKI-Monitoring CDC has demonstrated its efficiency
and relevance. Its capabilities are now used by about 150 organisations and several dozens of scientific and
applied information systems for remote monitoring. The report is devoted to the presentation of the main
capabilities of the IKI-Monitoring CKP, description of its structure and solutions based on it, as well as
review of the main current capabilities of the Centre, experience of their use and prospects of its
development. The work was supported by the Ministry of Education and Science (theme ‘Monitoring’, state
registration No. 122042500031-8).

HKII «<MKA-MonuTopuHr» — miargopma nis padorsl ¢ 1anabiMu /(33

E. A. JIynsn, M. A. Bypues, A. A. [Ipomwusn, U. B. banamos
HuctutyT Kocmuueckux uccnegopannii PAH, Mocksa, Poccust

B nocnennue pecsatmietus HaOMogaeTCsl Pe3KU POCT HAYYHBIX M MPUKIATHBIX 3334, JUIS PEIICHHS
KOTOPBIX MCHOJB3YIOTCS IAaHHBIC IUCTAHIIMOHHOTO 30HIMPOBaHMS 3€MIM. DTO CBA3aHO KaK C POCTOM
KOJIMYECTBA M KAYEeCTBA CITy THUKOBBIX CHCTEM HAOJIOACHHS 3eMJIIH U JOCTYITHOCTH, TIOTyYaeMbIX C HUX TaHHBIX,
TaK M C pa3BUTHEM METOIIOB U TEXHOJOTHH MX 00paboTKH. DTO MPUBEINIO K B3PHIBHOMY (9KCIIOHCHINAIEHOMY)
pocTy HHGOpPMAIMM, OOCTYHHOM M pEIIeHUs HaydHBIX W MpUKIagHbIX 3azad. [l obecrmedeHus
3¢ (PEKTHBHOTO WCIIONB30BAHUS MOSBUBIIUXCS BO3MOKHOCTEH MOTpeboBaiachk pa3paboTka HOBBIX IOAXOOB,
KOTOpBIE JOIDKHBI OBUTH 00ECHEeYlTh HCCIEeNOBAaTEesIM M pa3padoTUMKaM HE TOJNBKO YMOOHBIA IOCTYN K
CIIyTHHKOBBIM JIaHHBIM M Pe3yJIbTaraM HX 00pabOTKH, HO M K MHCTPYMEHTAM U MOIIHBIM PacHpeaciIeHHBIM
BBIYHCIHUTENBHBIM pecypcaM Ui UX o0paboTku M aHanmza. Kak moxasan ONBIT MOCHETHHX JIET, PEIICHUE
JAHHBIX 3271a9 MOKHO OOECIIEUHTH 32 CUET CO3[JaHMs MOIIHBIX (MHOTIA pPaclpeleieHHBIX) CHCTEM, KOTOPHIS
obecrieunBaroT cOOp, apxwBaluioo, 00pabOTKY H, TJIaBHOE, BO3MOXXHOCTHh PacHpele€HHOro aHain3a |
00pabOTKH CITyTHUKOBBIX IAHHBIX C HCIIOJIb30BAHUEM BBIYHCIUTENIBEHBIX MOIIHOCTEH, IPEIOCTAaBIIEMbIX ITUMU
cucremamu. K Hambosee M3BECTHBIM 3apyOEKHBIM CHCTEMaM, KOTOPHIC Pa3BHUBAIOTCS B OTOM HAIPABICHUH,
MoxHo oTHecTH Google Earth Engine wmm Microsoft Planetary Computer. B Poccun sipkuM mprmepom
YCTICIIHOTO CO3JaHMS M paboThl TaKuX CUCTEM sBIsieTcsl LIGHTp KOJUIEKTMBHOTO IIOJIB30BAHUSI CHCTEMaMH
apXxuBaIuy, 00pabOTKH U aHAIM3a CITY THUKOBBIX TaHHBIX HCTUTYTa KOCMHYECKHX HcCiIenoBaHuil Poccuiickoit
aKkaJeMUW HayK s pelIeHHWs 3aJad HW3YYeHUss M MOHHTOpHHTa OKpyxaromed cpensl (LUKIT «UKU-
MounuTtopunTy, http://ckp.geosmis.ru/), cozmannsiii B 2012 romy. B ocHoBe LlenTpa nexat paspaborannsie MK
PAH TexHonorMy, oOecreynBaiOIde CO3JaHWE W TOJJEPXKKY CHCTEM pabOoThl CO CBEPXOONBIINMHU
pacrpenenéHHBIMH apXUBaMU CITyTHHKOBBIX JTAHHBIX W C(OPMHUPOBAHHBIE U IOCTOSHHO OOHOBIITIOIIHECS
apX¥MBbI JAaHHBIX DPA3JIMYHBIX CIYTHHKOBBIX CHCTEM (CEromHs WX 00bEM B HEIMOCPESICTBEHHOM IOCTYIIC
npeseiraer 7 110). 3a Bpems paboter LIKII «MKHW-MonuTOpHHr» mOKa3zal CBOIO 3(PQPEKTUBHOCTh H
BOCTpeOOBaHHOCTH. ETO BO3MOXKHOCTSIMH CETOIHS MONB3YIOTCS 0KoJI0 150 oprann3anmii 1 HECKOIBKO JIECATKOB
HAYYHBIX M TMPHUKIAIHBIX HHGOPMAIMOHHBIX CHCTEM TUCTAHIIMOHHOIO MOHHUTOpHWHTra. JIoKjgam MOCBsIeH
npencTabiieHU0 0CHOBHBIX Bo3MoxkHOcTeH LIKIT « MK -MOHUTOPUHI», OIMCAHUIO €r0 CTPYKTYpPBI U PELIECHUH,
MOJIOKEHHBIX B €r0 OCHOBY, a Takke 0030py OCHOBHBIX TEKYIIMX BO3MOXKHOCTEH WEHTpa, OMBITA HX
UCIIOJIb30BaHUS M TEPCIIEKTHBAM €ro pa3Butus. PaboTa BBIMONHEHA MpW moanepkke MuHOOpHAykH (Tema
«MouuTopuar, rocpeructparust Ne 12204250003 1-8).
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Distributed system of shipboard instrumental observations STMK

S. Serovetnikov, E. Kozlovskiy, T. Alekseeva, E. Afanasieva
Arctic and Antarctic Research Institute, Saint Petersburg, Russia

Objective. Development of the concept of the automated distributed system of field
observations of ice and meteorological parameters from the shipboard. Methods and Results. The
report gives a brief review of modern data sources for special hydrometeorological support (SHS)
of marine operations in the Arctic basin and freezing seas. The issue of insufficient availability of
in-situ observation data for existing SHMS systems is discussed. A general justification of the
necessity to integrate the stream of operational data from in-situ observations to improve the
quality and resolution of GMSO at the modern level is given. The concept of the automated
distributed system of in-situ observations STMK (shipboard television-meteorological complex)
is considered. Conclusions. The distributed automated system of in-situ observations of STMK
allows to carry out transition from episodic local observations to operational large-scale system
monitoring of key ice and meteorological parameters. As the designed system develops and
spreads, the accuracy and detail of sea ice mapping, operational forecasting of ice conditions in
active shipping areas and meteorological forecasts will increase significantly. The work was
supported by the Russian Science Foundation, grant No. 23-17-00161.

PacnpenesieHHasi cucTeMa CyA0BbIX HHCTPYMeHTAJbHbIX Ha0moaennii CTMK

C. C. Ceposernukos, E.B. Koznosckuii, T. A. Anekceea, E. B. AdpanacreBa
Apxkrudeckuii 1 Anrapkrudeckuii Hayuno-HccnenoBarensckuit Mucrutyr, Cankr-IletepOypr,
Poccus

Ilenb. Pa3paboTka KOHLENIUM aBTOMAaTU3UPOBAHHOW pacHpeleNéHHOM CHCTEMBbI
HATYpHBIX HaOJIIOJEHUM 3a JIETOBBIMM U METEOpOJIOTMYECKMMH IapaMeTpaMu ¢ O0opTa cyJHa.
Mertonbl u pe3ynbTarthl. B nokiazge npuBOAMTCS KpaTKUil 0030p COBPEMEHHBIX MCTOYHUKOB
JAHHBIX ISl OCYIIECTBJICHHS CHEIUAIBHOTO ruapoMereoposoruueckoro ooecnedenus: (CI'MO)
MOPCKUX orepanuii B ApkTuyeckoM Oacceiine 1 3amep3aronux Mopsx. PaccmarpuBaercst Borpoc
0 HEIOCTaTO4YHOM oOecnedyeHHOCTH cymecTByoumx cucreM CI'MO naHHBIMM HaTypHBIX
HaOmonenuil. IlpuBoaurcs oOmee 00OCHOBaHME HEOOXOJMMOCTH HHTETpalldu IOTOKa
ONEpaTUBHBIX JAHHBIX HATYpPHBIX HAOJMIOJEHHWM ISl MOBBIMIEHUS KayecTBa M pa3pellaronieit
cnocooHoctu CI'MO  Ha  coBpeMeHHOM  ypoBHe. PaccMaTpuBaeTcst — KOHIENLHUsA
aBTOMATHU3UPOBAaHHOW pacnpenenéHHol cuctembl HaTypHblx HaOmonenuit CTMK (cynooit
TEJIEBU3NOHHO-METEOPOIOTMUECKUM KOMILJIEKC). BoiBozbI. Pacnipenenennas
aBTOMAaTU3UpOBaHHas cuctema HaTypHbIXx HaOmogeHuid CTMK mo3Bosisier oCyIIecTBIsATh
nepexoa OT AMU30MUECKUX JIOKAJIbHBIX HAOMIOEHUH K OMepaTMBHOMY LIMPOKOMACIITaOHOMY
CUCTEMHOMY MOHMTOPMHIY KJIFOYEBBIX JIEIOBBIX U METEOPOJIOTMUYECKUX napamerpos. [lo mepe
pa3BUTHS U PACIPOCTPAHEHMSI MPOEKTUPYEMONW CHUCTEMBI 3HAUYUTENIBHO BO3PACTET TOYHOCTH U
JeTanu3alns KapTUPOBAaHUS MOPCKOTO JibJla, ONEPATUBHOIO IPOTHO3UPOBAHUS JIEJOBOM
OOCTaHOBKM B 30HAaX AaKTHUBHOI'O CY/JOXOJCTBA M METEOPOJIOTMYECKUX MporHo3oB. Pabora
nojuepxkana Poccuiickum Hay4dHbIM poHmOM, rpaHT Ne 23-17-00161.
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VolSatView information system for comprehensive analysis of volcanic activity

O. Girina?, E. Loupian?, A. Sorokin®, L. Kramareva*

YInstitute of Volcanology and Seismology FEB RAS, Petropavlovsk-Kamchatsky, Russia

2 Russian Space Research Institute (IKI) RAS, Moscow, Russia

3 Computing Center FEB RAS, Khabarovsk, Russia

4 Far-Eastern Center of the FSBI «State Research Center of Space Hydrometeorology «PLANETA», Khabarovsk,
Russia

The information system ‘Remote Monitoring of Kamchatka and Kuril Volcanoes Activity’ (IS
VolSatView, http://volcanoes.smislab.ru) was created in 2012. scientists of the Institute of VVolcanology and
Seismology (IV&S) of the Far East RAS, the Institute of Space Research (ISR) of the Russian Academy of
Sciences, the Computing Centre (CC) of the Far East RAS and the Far Eastern Centre (FEC) of SIC Planeta,
primarily to support the work of the Kamchatka Volcanic Eruption Response Team (KVERT) of the Institute of
Volcanology and Seismology of the Far East RAS, which performs the functions of the Volcanological
Observatory of Russia to provide information on volcanic activity in the Far East to the international air
navigation community. The VolSatView IS, a unique Russian development that combines the advanced
scientific competences of scientists in various fields of knowledge, is constantly being developed, and at different
stages it has been supported by the Russian Foundation for Basic Research, the Russian National Foundation
and the Russian Ministry of Education and Science. The VolSatView IS allows to carry out complex analysis of
various data, including: satellite data (more than 50 different observation systems), meteorological data and
instrumental information from ground-based observation networks, as well as to perform modelling of ash clouds
propagation from volcanoes. The system has a large number of tools for distributed data processing, including
near real-time monitoring of volcano activity, assessing the degree of danger of explosive eruptions for aviation
and population. In addition to operational data, the system is able to work with data archives with a depth of
more than 40 years. The VolSatView IS is used for fundamental studies of volcanism in Kamchatka and the
Kurils, so over the past 12 years 65 eruptions of 15 volcanoes and more than 2000 individual explosive events
have been comprehensively studied. The report will present the main features of the VolSatView IS and the
experience of its application. It should be noted that during the implementation of the system and support of its
operation it was possible to effectively use information resources of various Russian scientific centres and
organizations, including: collective use centres ‘IKI-Monitoring’ (IKI RAS) and ‘Centre for Processing and
Storage of Scientific Data of the Far Eastern Branch of the Russian Academy of Sciences’ (VC of the Far Eastern
Branch of the Russian Academy of Sciences), as well as DC SIC ‘Planeta’ and IV&S of the Far Eastern Branch
of the Russian Academy of Sciences.

HNudopmannonnas cucrema VolSatView Uil KOMIIEKCHOT0 aHAIN3a AKTUBHOCTH BYJIKAHOB

O. A. Tupuna', E. A. Jlynau?, A. A. Copoxun®, JI. C. Kpamapesa*

' MucrutyT ByskaHonoruu u celicmosnorun JIBO PAH, Terponasiosck-Kamuarckuit, Poccus
2 HucrutyT kocmuueckux uccienosanuii PAH, Mocksa, Poccust

8 Berumcnurensublii nentp JBO PAH, Xa6aposck, Poccus

4 I Hay4uno-uccienoBaTenbekuii nenTp «Ilnanera», Xabaposck, Poccus

Wndopmannonnas cucrema «/lMCTaHIMOHHBI MOHMTOPHHI aKTUBHOCTH ByJikaHoB Kamuarku m Kypum»
(UC VolSatView, http://volcanoes.smislab.ru) cozmana B 2012 r. yaeHpIME IHCTHTYTa BYJIKAHOJIOTHUH ¥ CEHCMOJIOTHI
(BuC) IBO PAH, Huactutyra xocmudeckux uccienoBanuii (MKUW) PAH, BeruuncmurensHoro nentpa (BLI)
JABO PAH u [JlansHeBocTtounoro mentpa ([L]) HULL «Ilnaneta» B mepByro ouepenp s obecredeHuss padboT
Kamuarckoif rpynmel pearupoBanusi Ha ByiakaHmdeckue wuipeprkeHus (KVERT) MBuC JIBO PAH, xortopas
BbINOJHsAET (GyHKUMKM BynkaHonoruueckoit OOcepBatopun Poccum 1o obecnedenuto uHopMmanueir o
BYJIKAHHYECKOH nesTenbHOCTH Ha JlampHeM BoCTOkKe MeXIyHapOIHOTO a’pOHABUTALMOHHOIO COOOINECTBA.
HC VolSatView, yHukanbHas poccuiickasi pa3paboTka, 00beIHHUBIIAS TEPEIOBbIC HAYYHBIC KOMIIETCHIINN YYCHBIX
B Pa3NIMYHBIX 00JIACTSX 3HAHWIL, TOCTOSHHO Pa3BUBAETCs, HA PAa3HBIX 3Tanax oHa noajepxusainace PODU, PHO u
Muno6pnayku Poccun. IC VolSatView mo3BosisieT MpOBOAWTb KOMIUICKCHBIH aHAIN3 ONEPaTUBHO IIOJyd4aeMOM
pa3nMyHOi MHQOpMaUMH, B TOM YHCIE: CIIyTHHUKOBBIX JaHHBIX (Oosee 50 pasnmuHBIX CHCTEM HaOJIIOAEHUH),
METEOJ]aHHBIX W HWHCTPYMEHTAIbHOH HWH(OpMalMK HA3eMHBIX CeTed HaOIIoJeHnH, a TakKe BBIOJHATD
MOJIETIMPOBaHNE PACIIPOCTPAHEHHMS MEIUIOBBIX 00JAaKOB OT BYJIKaHOB. B cucreme peannzoBaHO OOJBIIOE YHCIIO
MHCTPYMEHTOB, TIO3BOJISIIOIIMX BECTH PACIpEICNICHHYI0 00paboTKy JITaHHBIX, B TOM YHCIIE, TPAKTHYECKN B pEalbHOM
BPEMEHH OTCIIC)KHBAaTh AKTHBHOCTH BYJKAHOB, OLIEHHWBAsI CTEIIEHb ONACHOCTH ASKCIUIO3UBHBIX H3BEP)KEHUH IS
aBMalMd W HaceleHHWA. Hapsmy c omepaTMBHBIMH JaHHBIMH, B CHCTEME pealn3oBaHa paboTa ¢ apXuBaMHu
nHpopManmu rayounoi 6onee 40 ser. C momomipio UC VolSatView npoBoasarces ¢hyHIaMeHTaIbHBIC HCCIICTOBAHMS
Bynkanm3ma Kamuatku u Kypwn, Tak 3a mpomenmue 12 jmeT ObUIO BCECTOpPOHHE W3Yy4YeHO 65 m3BepkeHud 15
BynkaHoB u Oomee 2000 OTAENBHBIX JKCILIO3MBHBIX COOBITHH. B mokmame OymyT mpencTaBieHBI OCHOBHBIC
ocobennoctn C VolSatView u onbiT ee npumeHenns. Heo6XoquMo oTMETHTb, YTO NP pean3aliii CHCTEMBI U
obecrieueHnu ee paboThl yaanock 3h(HEeKTUBHO 33/1eficTBOBAaTh HHPOPMAIIMOHHBIE PECYPCHI Pa3IMUHBIX POCCHHCKUX
Hay4YHBIX LIEHTPOB W OpraHM3alMid, B TOM YHMCIIE: IIEHTPOB KOJUIEKTUBHOTO Tmoisb3oBaHus «MKW-MoHuTOprHr»
(MUKW PAH) u «Ilentp o6padoTku u xpaneHus Hay4HbIX nanHeix IBO PAH» (BI[ JIBO PAH), a Taxxe ALl HUIL]
«ITnanera» u UBuC JIBO PAH.
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New opportunities for mercury gas imaging in the surface atmosphere

N. Mashyanov?, A. Shashko!, V. Ryzhov!, A. Ruhlov?, H. Perkins®, W. Barnes*
! Lumex-marketing, Saint Petersburg, Russia

2 British Columbia Geological Survey, Victoria, BC, Canada

$ Anomalous Exploration, Squamish, BC, Canada

*Finlay Minerals Ltd., Vancouver, BC, Canada

Elevated mercury content in primary and secondary scattering halos is observed in the vast
majority of endogenous ore and a number of hydrocarbon deposits. This is the reason for the high
search informativeness of geochemical methods of prospecting for deposits on primary and
secondary litho-, and atmochemical halos of mercury scattering. Widely used earlier gazortooth
survey by subsurface air has a number of limitations in the presence of inhomogeneous loose
sediments, rocky outcrops, watered surface. The report presents new possibilities of express
gazortooth survey in the surface atmosphere in the search for ore deposits using portable Zeeman
atomic absorption spectrometer RA-915M. The detection limit of the spectrometer is lower than
the background mercury content in atmospheric air; measurements are carried out in real time with
a time constant of 1 s. The works carried out in recent years at a number of ore deposits have
shown the possibility of express detection of ore mineralisation zones and ore-controlling faults in
closed areas by mercury gas halos in the surface air layer. Examples of surveying at polymetallic
and gold-silver deposits under different geological and climatic conditions are given.

HoBble BO3MOKHOCTH ra30pTYTHOIi CheMKH B IPU3eMHOI aTMocdepe

H. P. Mamssnos!, A. /1. Illamxko?, B. B. Peoxos, A. C. Pyxmos?, H. Perkins®, W. Barnes*
! Momakce-mapkerunr, Cankr-IlerepOypr, Poccus

2 British Columbia Geological Survey, Victoria, BC, Canada

3 Anomalous Exploration, Squamish, BC, Canada

4 Finlay Minerals Ltd., Vancouver, BC, Canada

[loBpllIEHHBIE COAEpPKAHUSA PTYTH B INEPBHUYHBIX M BTOPUYHBIX OpEOJAX PACCESIHHUS
OTMEYAIOTCSl Ha MOJABJIAIONIEM OOJBIIMHCTBE SHAOTCHHBIX PYJIHBIX U B pAJ€ YIVIEBOAOPOIHBIX
MECTOPOKICHUNH. DTUM O00YCIIOBJI€HA BBICOKAs MOUCKOBAass MH(POPMATUBHOCTh M€OXMMHUYECKHX
METOJIOB TOMCKOB MECTOPOXKAECHUN MO MEPBUYHBIM U BTOPUYHBIM JIUTO-, U ATMOXUMHUYECKUM
opeosaM paccesHus pryTH. llIupoko mnpumeHsBHIasCs paHee Ta3opTyTHas CbEMKa I10
MOJIMOYBEHHOMY BO3IYXY HMEETCS psAJ OrpaHUYEHUN NMPU HAJIMYUU HEOJHOPOIHBIX PBIXJIBIX
OTJIOKEHUH, CKaIbHBIX BBIXOJIOB, OOBOJHEHHOCTH NOBEPXHOCTH. B noknaze mnpenctaBieHb!
HOBBIE BO3MOXKHOCTH JKCIIPECCHOM Tra30pTYTHON ChEMKH B MPU3EMHOM aTMOcdepe pH MOUCKax
PYIHBIX MECTOPOXKJIEHUH C MCIOJIb30BAaHUEM MOPTATUBHOIO 3€EMAHOBCKOIO aTOMHO-
abcopOunonHoro cnektpomerpa PA-915M. Ilpenen oOHapyeHUS CIEKTpOMETpa HHXKE
BEJIMYMHBI (DOHOBOTO COJEpXkAHUS PTYTU B aTMOC(HEPHOM BO3JyXe; U3MEPEHUs MPOBOIATCS B
peaJlbHOM BpPEMEHHM C MOCTOSHHOHM BpeMeHu 1 c. PaboThl, mpoBeaeHHbIE B MOCIEAHNUE OBl Ha
psizie pyIHBIX MECTOPOKIEHUH, MI0Ka3aJIi BO3MOKHOCTh IKCIIPECCHOTO BBISIBJIICHUS HA 3aKPBITHIX
y4acTKax 30H PyJHONH MHUHEpAIU3AINH U PyJIOKOHTPOIUPYIOIIUX Pa3IOMOB 10 Ta30BbIM OpeoJiaM
pPTYTH B NPU3EMHOM cCilIo€ BO3ayXa. IIpuBeneHsl mpuMephl ChEMKH Ha MOJIMMETAUINYECKUX U
30JI0TOCEPEOPSHBIX MECTOPOXKACHUSX MPU PA3TUYHBIX TEOJOTMUECKUX M KIMMaTHYECKHX
YCIIOBUSIX.
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Monitoring of sea ice characteristics to study ice navigation conditions

T. Alekseeva, E. Makarov, V. Tikhonov, E. Afanasieva
Arctic and Antarctic Research Institute, Saint Petersburg, Russia

In recent years, shipping along the Northern Sea Route (NSR) has come close to fulfilling
its most important strategic objective — continuous year-round transit navigation. The capacity and
ice-clearance of modern vessels already allow for winter navigation along the NSR, which was
previously impossible, and this is evidenced by the ultra-early and ultra-late voyages that have
been carried out since 2020. To ensure safe, efficient and economically viable year-round
navigation along the NSR, new approaches to the development of specialised hydrometeorological
support for marine operations and their planning are required. First of all, for transit crossings,
long-term forecasts (up to 1 month in advance) and ultra-long-term forecasts (more than 1 month)
are important, which are based on the search for suitable year-nomologues according to certain
criteria. The development of such techniques requires continuous monitoring of ice conditions of
navigation, i.e. all sea ice characteristics affecting navigation, and the creation of the most
complete multi-year database. This paper reviews the existing information necessary for analysing
ice navigation conditions, relates the need for this information to the peculiarities of ice navigation
and substantiates the necessity to develop satellite data processing techniques and various
information products based on satellite data. The work was supported by the Russian Science
Foundation, grant No. 23-17-00161.

MOHI/ITOPHHF XaAPaKTEPUCTUK MOPCKOI'0 JbJa NJIA U3YyYCHUS yCJ'lOBI/Iﬁ JIEA0OBOI'0 IJiaBaHusd

T. A. AnekceeBa, E.11. Makapos, B. B Tuxonos, E. B. AdanacbeBa
ApkTuyeckuil U1 AHTapKTHYECKMHM HayuyHO-HccienoBaTesbekuil nuertutyt, Cankrt-IlerepOypr,
Poccus

B nocnennue roner cygoxoactBo mo CeBepHomy mopckomy nytu (CMII) BmmoTtHyro
OpuOIM3UIOCE K PEUICHHIO BaKHEHMIIEH CTpaTerMueckoil 3agaud — K OCYIIECTBICHHUIO
HENPEPBHIBHOTO KPYTJIOTOJUYHOIO TPAH3UTHOIO IUIaBaHMs. MOIHOCTh U JIEIONPOXOAUMOCTh
COBPEMEHHBIX CYJIOB Y€ Mmo3BoiisieT miuaBanue no CMII B 3umHee Bpems, uyTO paHee ObLIO
HEBO3MOKHO, U ’TOMY CBHJIETEIHCTBO — CBEPXPAHHUE U CBEPXITO3/JHUE PEICHI, OCYIIECTBISIEMbIE
¢ 2020 roxa. [{ns obecnieuenust 6e3omacHoro, 3p(HeKTHBHOrO U 3KOHOMUYECKH 11e51eco00pa3HOro
kpyrnoronuyaoro TuiaBanuss 1o CMII  HeoOXoAWMBI HOBBIE TOAXOABI K  Pa3BUTHIO
CHELHATU3UPOBAHHOTO THUAPOMETEOPOTIOIMYECKOr0 00ecneueH!s MOPCKUX OHepanuii M Hx
IUTaHUpOBaHUs. B mepByto ouepepb 1sl TPaH3UTHBIX IEPEX0A0B BaXKHbI JOJITOCPOYHBIE TPOTHO3BI
(3abmaroBpeMeHHOCTRIO 0 1 Mecsia) u cBepxgoiarocpouynsie (Oomee 1 mecsia), KOTopble
OCHOBBIBAIOTCSl Ha MOUCKE MOJAXOSAIINX T'OJJOB-TOMOJIOIOB 10 OINpeneIeHHbIM KpuTtepusam. s
Pa3BUTHUS TAKUX METOAMK TPeOyeTCsl HEMPEPHIBHBI MOHUTOPHUHT JIEOBBIX YCIOBUH MIaBaHUs, TO
€CThb BCEX XapaKTEePUCTUK MOPCKOTO JIb/1a, BIUSIOIINX Ha CYJI0XO/ICTBO, U CO3JJaHHE MaKCUMAJIbHO
MOJTHOM MHOToJIeTHeH Oasbl JaHHBIX. B maHHO# pa®oTe MpoBOAUTCS 0030p CyIIeCTBYIOIIEH
uHpopManuy, HEOOXOOUMOW 1Js aHaiM3a JIeJOBBIX YCIOBUM IJIaBaHUS, CBSA3BIBAETCS
HE00X0IMMOCTh TaHHON MH(OpMaIK ¢ 0COOEHHOCTSIMU JIEJOBOT'O IJIaBaHHUsI U 00OCHOBBIBAETCS
HEOOXOIMMOCTh Pa3BUTHS METOJUK OOpaOOTKM CIYTHUKOBBIX MJAaHHBIX H  Pa3IUYHBIX
UH(POPMALIMOHHBIX MPOAYKTOB, IOCTPOEHHBIX HAa OCHOBE CIYTHUKOBBIX JaHHBIX. Pabora
nojyepxkana Poccuiickum HaydHBIM poHIOM, TpaHT Ne 23-17-00161.
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Analyses of seismic activity characteristics in coal mines and mine sites

K. Romanevich, S. Mulev, G. Taratinskiy, M. Pital’
VNIMI, Saint Petersburg, Russia
Chinakal Institute of Mining SB RAS, Novosibirsk, Russia

Seismic activity is monitored at many fields in mining areas around the world to control
geodynamic processes. Operation of seismic monitoring systems makes it possible to identify
hazardous zones, predict geodynamic phenomena, develop recommendations on the parameters
and anchoring of mine workings, as well as manage geodynamic risk by means of shock control
measures and selection of methods and directions of mining development. One of the tasks of
seismic monitoring is an effective and early forecast of preparation of dangerous geodynamic
processes and phenomena, in particular, the activation of rupture faults in the massif. The VNIMI
Institute has developed the GITS seismic monitoring system, which is currently operating at 16
mines and mines. With its help, seismic M-surfaces are identified in the rock massif, which makes
it possible to identify potentially hazardous areas of mine workings even during the formation of
a rupture or at the initial stage of its activation, to take the necessary unloading measures, to
reinforce the support, and to protect personnel.

AHanu3 XapPaKTEePUCTUK celicMHUYeCKOM aKTUBHOCTH B YroJIbHBIX HIaXTaX U HA PYAHHKaX

K. B. PomaneBuy, C. H. Mynes, I'. M. Taparunckuii, M. H. Tlutans
BHUMMU, Caukr-IlerepOypr, Poccus
Wnuctutyt ropuoro aena CO PAH, HoBocubupck, Poccus

Ha MHOruX MecTOpOX/I€HUAX B TOPHOAOOBIBAIOIIMX palloHaX MUPA BEJETCS MOHUTOPHHT
celicMMUYECKON aKTUBHOCTH ISl KOHTPOJISl TEOMHAMUYECKUX MPOIIECCOB. DKCILTyaTalus CUCTEM
CEIICMOMOHUTOPHHIA MO3BOJISIET BBIABIIATH ONACHBIE 30HBI, IPOTHO3UPOBATh I'€OAMHAMUUYECKUE
ABJICHUS, pa3padaThiBaTh PEKOMEHAALMU 10 MapaMeTpaM U KPEIUIEHHIO TOPHBIX BBIPAOOTOK, a
TaK)KE YNPABIATh I'€OAMHAMMUYECKUM PUCKOM C IOMOILBIO MPOTHUBOYAAPHBIX MEPONPHUITHH U
BbIOOPA METOJIOB U HANPABJICHUM pa3BUTHUS TOPHBIX padoT. O1HOI U3 3aa4 CEIICMOMOHUTOPHHTA
sBisieTcs 3G PeKTUBHBIN U 3a071aroBpeMEHHBIH IPOTHO3 MOJITOTOBKH ONMACHBIX IT'€0IMHAMHUYECKUX
IIPOLIECCOB M SIBJICHWM, B YAaCTHOCTH AKTHBU3ALIMM pPa3pbIBHBIX HAPYIIEHW B MAacCHUBE.
Nuctutyrom BHUMMU paspabortana cuctema ceiicmomonutoputra GITS, kotopasi B HacTosimiee
Bpemsi QyHKIMOHUpPYET Ha 16 maxrtax u pynHukax. C ee IOMOIIbIO B MAaCCHUBE TOPHBIX MOPOJ
BBIZICIIAOTCA CEHCMHUYECKHEe M-IIOBEpXHOCTH, YTO JaeT BO3MOXKHOCTb €II€ B Ipolecce
(bopMUpPOBaHUS Pa3pPHIBHOTO HAPYILIECHHUS UM HA HAYaJIbHOM JTalle €ro akTUBU3aIH ONPEIEIUTh
HNOTEHIMAJIBHO OMACHbIE YYAaCTKH F'OPHBIX BBIPAOOTOK, BBIIIOJHUTh HEOOXOAMMBIE pa3rpy30uHbIe
MEPONPUSITHS, YCUIIUTh KPeTlb, 00€3011aCUTh MEPCOHAI.
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Retrospective analysis of underlying surface spectral properties to assess the hydrological condition
of a road-crossed bog

D. Ilyasov, A. Kaverin, Yu. Kupriyanova, A. Sabrekov
Yugra State University, Khanty-Mansiysk, Russia

Wetland ecosystems are a sink for CO; and a source of CHa, possibly due to the near-surface water
table. The largest wetland region is Western Siberia, but seismic cuts, power lines, roads, and pipelines
disrupt runoff, water transpiration, and bog vegetation properties [Saraswati S., Strack M, 2019]. The aim
of this work was to retrospectively assess changes in spectral properties of a marsh area crossed by a road
across water flow. The data obtained are necessary to account for the area of drainage and watering in
interpreting the magnitude of CHa, CO- fluxes and plant phytomass. The study was conducted in an
oligotrophic bog (N60°50'41" and E70°06'20") 58 km SW of Khanty-Mansiysk. In 2007, a road was built
across the flow lines here. Three observation sites were laid down at the site: 1) watering (WB) — 15 m to
the SW of the road 2) drying (DW) — 45 m to the NE 3) control (C) — 120 m to the NE. CO and CH, fluxes,
phytomass stocks and environmental factors were measured as in [llyasov D. V. et al., 2023]. Retrospective
analysis of the dynamics of spectral characteristics was performed on the basis of median (June to
September) Landsat images (L7 for 2000-2005; L5 for 2007-2011 and L8 for 2013-2021), for which indices
were calculated in Google Earth Engine: NDWI, NDMI and MNDW!I, GVMI, EVI and CVI. A comparison
of spectral indices in two groups: before and after road construction was made in Matlab using the Mann-
Whitney test. Pixels significantly different in spectral indices were classified into two classes (‘decreasing’
index and ‘increasing’ index) and mapped; then their location relative to the road was analysed. The
following results were obtained: 1) most of the pixels characterised by significant changes in spectral index
values since 2007 are located in the 300 m zone from the road 2) most of them were in the OS plot, and
decreased after the road construction, indicating a decrease in moisture and chlorophyll reserves in leaves
3) average (spatially) significant (p<0. 05) reduction in the value of indices in groups from 2000-2006 and
2007-2021 were -14, -23, -125, -43, -13 and -29% for NDWI, NDMI and MNDWI, GVMI, EVI and CVI,
respectively. The work was performed under the state assignment of the Ministry of Science and Higher
Education of the Russian Federation to organise a youth laboratory at Ugra State University (NIR
1022031100003-5-1.5.1) within the framework of the national project ‘Science and Universities’.

PeTpocneKTHBHBII aHAJIN3 CHEKTPAJIBHBIX CBOICTB MOACTHIIAIONIEIH MOBEPXHOCTH /IJIsI OEHKHU
TH/IPOJIOTHYECKOro COCTOSTHUS 00J10Ta, epecedeHHOro J0poroii

. B. Unbscos, A. A. Kasepun, 10. B. Kynpusinosa, A. ®@. Cabpekos
I0ropckuit 'ocynapcTBeHHbIN YHUBEpCUTET, XaHTHI-MaHcuiick, Poccus

BonorHele sxocucremsl aBistorcst norsoruteneM COz u ncrounnkoM CHg, 9TO BO3MOXKHO BCIIEICTBHE
OJIM3KOTO K MOBEPXHOCTH YPOBHSA BOABL. KpymHEHImINM 3a00JI04€HHBIM pernoHoM siBisercs 3amanHas CHOHpb,
OJIHaKO Tpoceku ceiicMopassenku, JIOII, moporn u TpyOOHpPOBOABI HAPYIIAIOT CTOK, TPAHCHHUPAIMIO BOABI, U
CBO¥iCTBa pacTuTeabHOCTH 00J10T [Saraswati S., Strack M, 2019]. Ilesnb paboThI cOCTOsIIA B PETPOCIIEKTUBHOM OIICHKE
W3MEHEHHUS CIIEKTPAJIbHBIX CBOMCTB ydacTka 00JI0Ta, MepEecedeHHOro JOPOToi momnepek croka Boabl. [lomyueHHbIe
JTaHHbIE HEOOXOAUMBI JUIS y4eTa TepPUTOPHH OCYIIEHUS M OOBOJHEHUS B HHTEPIPETALNN BeIUIUHBI TOTOKOB CHy,
CO; u puromaccs pactenuii. MiccnenoBanue npoBeaeHo Ha oiurotpodHom 6omore (N60°50'41" u E70°0620") B 58
kM K FOB ot r. Xantei-Mancutick. B 2007 roay nomepek JUHUE CTOKa 371eCh Obljia OCcTpoeHa nopora. Ha ydactke
3ayoxuiu 3 caiira HaOmoneHuit: 1) ooBogaenue (OB) — B 15 M k FO3 ot moporu 2) ocymenne (OC) — B 45 M k CB 3)
koHTpOJb (K) B 120 M k CB. ITotoku CO, u CH4, 3amacel GUTOMACCHI ¥ IKOJIOTHYECKUE (HaKTOPHI OBLIA N3MEPEHBI
Tak ke, kak B [llyasov D. V. et al., 2023]. PeTpoCHeKTHBHBIA aHAIH3 AMHAMUKH CHEKTPAIBHBIX XapaKTePUCTUK
BBITIOJTHEH HA OCHOBE MEUAHHBIX (C HIOHA MO CEHT0ph) cHUMKOB Landsat (L7 3a 2000-2005; L5 3a 2007-2011 rr. u
L8 3a 2013-2021 rr.), nnst kotopsix B Google Earth Engine 6b1u paccunrans! naaekcsl: NDWI, NDMI u MNDWI,
GVMLI, EVI u CVI. B Matlab npu nomomu tecra MaHHa-Y UTHH IPONU3BEAECHO CPaBHEHHE CIIEKTPAILHBIX UHIEKCOB
B JIBYX I'pyMIIax: JI0 ¥ IOCJIE CTPOUTENBCTBA TOPOTH. 3HAYNMO OTJIMYAIOIINECS [0 BEJIMYHHE CIIEKTPAIEHBIX HHCKCOB
MIUKCEITN OBLIN pacTIpe/IeNIeHB! B 1Ba Kilacca («CHIKESHHE) MHJEKCA M «POCT») M HAHECEHBI Ha KapTy; 3aTEM BBIITOJTHEH
aHAIM3 WX MECTOIOJIOKEHHUS OTHOCHTENBbHO Ioporu. [lomydeHsl ciemyrome pe3ynbTaThl: 1) Oosblnas yacTe
MHUKCeNel, XapakTepu3ymuxcs 3HaYnMo u3MeHuBmMHCA ¢ 2007 roma BeIWYHMHAMH CIEKTPAIBHBIX HHICKCOB
pacnionoxensl B 300-MeTpoBOi#l 30HE OT JOPOTH 2) OONBITMHCTBO M3 HUX OKazaauch Ha ydacTke OC, U CHIKAIHChH
MOCJIE CTPOUTEIBCTBA JOPOTH, YTO TOBOPHUT 00 yMEHBIIEHWH YBIXHEHHS M 3allacoB XJOPO(WUIA B JHCTHIX
3) cpennee (o npoctpancTBy) 3HaUHMOe (p<0.05) cokpaleHHe BETHYHHBI HHICKCOB B rpymmnax ¢ 2000-2006 u 2007-
2021 rr. cocraBuio -14, -23, -125, -43, -13 u -29% ms NDWI, NDMI u MNDWI, GVMI, EVI u CVI
COOTBETCTBEHHO. PaboTa BHINOJIIHEHA B paMKax TI'OCYAAapCTBEHHOTO 3aJaHusi MHUHHCTEPCTBA HAyKH M BBICIIETO
obpazoBanus Poccuiickoit dexepanuy o opraHu3anny MOJIOAEKHOH abopaTopun B FOropckom rocyiapcTBeHHOM
yauepcurere (HUP 1022031100003-5-1.5.1) B paMkax peanu3alyy HalMOHANbHOro mpoekra «Hayka n
YHHUBEPCHUTETBI».
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Remote control of hazardous processes at large industrial facilities

A. Liseikin, V. Seleznev, E. Kosyakina
Seismological department of Geophysical Servey RAS, Novosibirsk, Russia

A low-cost method of remote control of hazardous processes at large industrial facilities using low-
amplitude seismic signals has been developed. The source material is the data of long-term monitoring in
real time by highly sensitive devices of seismic stations in the vicinity of several kilometres from the object
of study. The methodology is based on spectral-temporal analysis using spectrograms of registered seismic
noise. Special software SpectrumSeism was developed for their visualisation. The software is equipped
with tools of scaling and navigation on the spectrogram, which allow to select and analyse time- and
frequency-limited signals from the multitude of other signals contained in the seismic noise, as well as to
promptly identify interfering signals. In the man-made component of seismic noise, low-amplitude signals
are recorded as responses from mechanical vibrations (vibration of operating equipment, natural vibrations
of buildings and technical structures) of various objects. They are characterised by certain frequencies and
duration in time, which makes it possible to separate signals of some sources contained in seismic noise
from others and to increase the signal-to-interference ratio. During the period of accident-free operation of
an industrial facility, the characteristics of low-amplitude signals are regularly determined from the
materials of multi-year seismic noise monitoring. This provides representative statistical information
necessary to identify in real time anomalous emissions signalling the beginning of destructive processes at
the facility. For example, the imbalance of rotating mechanisms is manifested in the growth of signal
amplitudes at the frequency of their rotation. The frequencies of natural vibrations of structures reveal new
effects associated with changes in the water level in HPP reservoirs (ambiguous dependencies during filling
and operation of the reservoir), temperature fluctuations, the impact of earthquakes on the objects, leading
presumably to the discharge of stresses, as well as multi-year changes caused by aging or consolidation of
structures. Taking into account these factors allows to determine which changes in amplitudes and
frequencies are dangerous and can lead to the destruction of the object, and which are not. This increases
the reliability of real-time monitoring of the serviceability of operating equipment and the stability of
structures, which is essential for preventing damage and analysing the causes of abnormal situations.

JMCTAaHIMOHHBII KOHTPO/Ib ONACHBIX NPOLIECCOB HA KPYNHBIX NPOMBILILJIEHHbIX 00beKTaX

A. B. JIuceiikun, B. C. Cenesnes, E. 3. Kocsknna
Ceticmonornyeckuit punuan ®UI EI'C PAH, HoBocubupck, Poccus

Pa3paboTtana Mmano3arpaTHasi METOAMKA JIUCTAHIMOHHOTO KOHTPOJIS OIACHBIX IIPOIECCOB HAa KPYIHBIX
MPOMBIIUICHHBIX OOBEKTax 10 MAJIOAMIUIMTYJHBIM CeHCMHYECKHM cHrHanam. McxonHelii marepuan — JaHHBIC
MHOTOJIETHETO MOHUTOPHHTA B PEAIbHOM BPEMEHHU BHICOKOTYBCTBUTEIbHBIMHI IPUOOpaMHU CEHCMUUECKHUX CTAHIUHN B
OKPECTHOCTH HECKOJIbKMX KHJIOMETPOB OT OOBEKTa HCCIIeIOBaHHA. B OCHOBE METOIUKH JEXKHT CICKTPabHO-
BPEMEHHOH aHaJIM3 MO CHEKTPOTrpaMMaM 3aperuCTPHUPOBAHHOTO celicMudeckoro nryma. PazpaboraHo crenuansHOe
nporpaMMHOe oOecriedeHne SpectrumSeism Ui MX Bu3yanuzauuu. I[IporpamMma cHaOeHa HWHCTPYyMEHTaMH
MaCIHTa6I/IpOBaHI/I$I W HaBUTALWU T10 CIEKTPOrpaMme, MO3BOJIAOMIUMU BbIACTIATh U aHAJIM3UPOBATH OTPAHUYCHHBIC BO
BPEMCHH U YaCTOTE CUTHAJIBI U3 MHOXKECCTBA JAPYIUX CUT'HAJIOB, COJACPIKAIIUXCA B CEHCMHUUECKOM aryme, a Takxe
ONEPATUBHO BBISBISATH CUTHAIBI-TIOMEXU. B TEXHOT€HHOMN COCTaBISIONIEH CEMCMUYECKOro LIyMa PerucTpUpyroTcs
MaJIOAMIUIUTYIHBIE CUTHAJIBI KaK OTKJIIMKH OT MEXaHWYECKHX KoJjeOaHui (BHOparuu paboTaromnero o0opy10BaHus,
COOCTBEHHBIX KoOJIeOaHMH 37aHMIl M TEXHUYECKUX COOPY)KCHMH) pa3iIW4HbIX 00bekToB. OHHM XapaKTepH3yIOTCs
ONpPENENEHHBIMU YacTOTAMH U JUINTENBHOCTBIO BO BPEMEHH, 4YTO IO3BOJIAET OTIENATh COJAEpXKAaIUECs B
CeMCMMYECKOM LIyME CUTHAJIBI OJHUX MCTOYHUKOB OT JIPYTHX M TOBBIIATH OTHOILIEHHE CUTHAJ/TIoMexa. 3a Mepro
OezaBapuiiHOW  O3KCIUTyaTallMd  IPOMBIIUICHHOTO  OOBEKTa  PEryJSIpHO  ONPENeJNISIOTCS — XapaKTepPHCTHKH
MaJIOAMIUIMTYJHBIX CHTHAJIOB MO MAaTepHanaM MHOTOJETHEI0 MOHUTOPHHIA CEMCMHUYECKOro IIymMa. OTO Jaer
NPE/ICTABUTENbHYIO CTaTUCTHYECKYI0O HH(OPMAIMIO, HEOOXOAMMYIO ISl BBISBICHHS B pEaJbHOM BpPEMEHH
aHOMAJILHBIX BBIOPOCOB, CHTHAIM3MPYIONIMX O HAYABIIMXCS Pa3pyHIMTEIBHBIX Mpolleccax Ha o0bekTe. Tak,
JucOaNaHC BPAIAIONINXCS MEXaHU3MOB MPOSBIAETCS B POCTE aMIUIUTYJ CHTHAJIOB HA 4acTOTe uX BpameHus. [lo
4acTOTaM COOCTBEHHBIX KOJEeOaHWH COOPYKEHUI BBISABISIOTCS HOBBIE A(PQEKTHI, CBI3aHHBIE C N3MEHEHNEM yPOBHSA
BoAbl B BomoxpaHwimmiax ['DC (HeogHO3HAYHBIE 3aBUCHMOCTH TIPW HAIlOJHEHWHW M CpabOTKe pe3epByapa),
TEMIIEPATYPHBIMU KOJ'[e6aHI/I5[MI/I, BO3HCﬁCTBHeM Ha OOBEKTHI 3CMHeTpﬂCGHHﬁ, MPpUBOAAIIEM MTPEAIIOJIOXKUTEIBHO K
paspsike HampsDKEHMM, a TakkKe MHOTOJIETHHE W3MEHEHHs, BbI3BaHHbIE CTapeHHEM WM KOHCOJIUAALUel
COOpYXEHHUH. YUeT 3THX (aKTOpOB MO3BOJISIET ONPENESIISITh KaKhe N3MEHEHHS aMIUTUTY U YacTOT OIACHBI U MOTYT
NPUBECTH K pa3pyLICHUI0O OObEKTa, a Kakue HeT. OTO TIIOBBIIAET JOCTOBEPHOCTH KOHTPOJIS HCIIPaBHOCTH
paboraromiero 00Opy/IOBaHHS W YCTOMYMBOCTH COOPY)XEHMH B pealbHOM BPEMEHH, OCTPO HEOOXOMUMBIH ISt
HpeJOTBpPAlleHUs pa3pyLIeHU U aHaIU3a IPUYUH HEIITATHBIX CUTyalui.
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Modelling the temperature-dependent variability of seismic properties of frozen multi-
phase media

G. Reshetova, E. Romenski
Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia

A mathematical model for modelling wave fields in geological media with porous
structures saturated with a mixture of liquid and gas, such as gas hydrates and permafrost, is
presented. The model is used to study the variability of wave fields with temperature change and,
as a consequence, the variability of the phase composition of a multiphase medium. Our study
considers a three-phase model of a deformable porous medium consisting of an elastic skeleton, a
fluid which may be in the state of ice or water, and a natural gas. The derivation of the model is
based on the theory of Symmetric Hyperbolic Thermodynamically Compatible (SHTC) systems
as applied to a three-phase mixture of solid, liquid and gas. The resulting governing equations are
hyperbolic and satisfy the laws of irreversible thermodynamics — conservation of energy and
entropy growth. Numerical examples are given to illustrate the peculiarities of wave propagation
in media with different porosities and different liquid/gas ratios. The work is supported by the
Mathematical Center in Akademgorodok under the agreement No. 075-15-2022-281 with the
Ministry of Science and Higher Education of the Russian Federation.

MopeanpoBaHnue TeMIepaTypHO-3aBUCUMON M3MEHYUBOCTH CEHCMHYECKUX CBOICTB
3aMOpPOKEeHHbIX MHOT0(a3HbIX cpej

I'. PemetroBa, E. PomeHckuit
WNucturyt matematuku um. C. JI. Cob6oneBa CO PAH, HoBocubupck, Poccust

[IpencraBnena MaTemaTWdeckas MOJENb JUIS MOJCIHPOBAHUS BOJIHOBBIX IIOJICH B
T€0JIOTHYECKHUX CPeax C MOPUCTBIMU CTPYKTYPaMH, HACHIIICHHBIMH CMECHIO JKUAKOCTH H Ta3a,
TaKMX KaK Ta30Bble THApATHl M BeYHAss Mep3nora. Mozenb HUCHONb3YyeTcs JUIsl H3y4YeHHS
MU3MEHYMBOCTHU BOJIHOBBIX MOJIEH IPH M3MEHEHNH TEMITEPATyPhI U, KaK CIEACTBUE, H3MEHYNBOCTH
¢dazoBoro cocraBa MHOTOo(a3zHoM cpeabl. PaccMarpuBaetcs TpexdaszHas Mojaemb 1ehopMUpyeMoi
HOPHUCTOM Cpefibl, COCTOSIIIEH M3 YIpyroro ckenera, (Gparouaa, KOTOPbI MOXET HaXOTUThCS B
COCTOSIHUW JIbJla WJIM BOJABI, W TPUPOIAHOTO Tra3a. BhIBOA Moaenn OCHOBAaH Ha TEOPHH
CUMMETPUYHBIX TUIEpPOOIUYECKUX TepMoauHaMudyecku coBMecTUMbIX cuctem (CI'TC)
NPUMEHHUTEIBHO K Tpex(a3zHOW CMeCH TBEpIOro Teja, XHUIKOCTH M rasza. l[lomydeHHBIE
YIOPaBISIONIME YPaBHEHUS SBISAIOTCS TUNEPOOIMYECKUMHU U YJIOBIETBOPSIOT 3aKOHAM
HEOOpaTUMON TEPMOJAMHAMHUKH — COXPAHEHHIO JHEPTUU M POCTy OSHTpornuu. lIpuBeneHbI
YUCJICHHBIE MPUMEPBI, WITIOCTPUPYIOIINE OCOOCHHOCTH PACIpOCTpaHEHHs BOJH B cpelax ¢
pa3IMYHON MOPUCTOCTHIO U PA3IMYHBIM COOTHOUICHWEM JKUIKOCTh/Ta3. PaboTa BBIIOIHEHA MPH
noJ/iep)kke MaremaTudeckoro LeHTpa B Akajemropojnke mno goroopy Ne 075-15-2022-281 ¢
MuHucTepcTBOM HayKH U Bbiciiero ooOpasoanus Poccuiickoit ®enepaunu.
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On the applicability of the concept of seismotectonic domains in the task of seismic hazard
assessment

R. Tatevossian
Schmidt Institute of physics of the Earth RAS, Moscow, Russia

The model of seismotectonic domains forms the basis for seismic hazard assessment at the
level of General Seismic Zoning (GSZ). By definition, a seismotectonic domain is a volume of the
Earth's crust identified by a set of seismic and tectonic features, in each subarea of which an
earthquake with the maximum magnitude possible in the domain may occur. The model was
developed in connection with the OSR-97 map and is still in use. The length of some selected
linear structures on the map domains is over 1,300 kilometres; area structures are over 400,000
km2. Although the domain sometimes includes tens and hundreds of active faults of different strike
and length, nevertheless, the entire domain is assigned one value of the maximum expected
magnitude Mmax. Seismological data show a pronounced individual character of strong
earthquakes. Some are accompanied by aftershock series, in which the magnitude of the strongest
aftershock is more than 2 units inferior to the magnitude of the main shock, in other series the
difference is 0.1, so that their destructive consequences are comparable. Surface manifestations
differ significantly. Even for strong earthquakes of equal magnitude, the maximum coseismic
displacement at the surface can differ by several times. The kinematic manifestations also differ:
sometimes movements along one fault cause similar movements along the conjugate structure,
sometimes compensatory movements are manifested in swarm activity. Perhaps, the level of
generalisation of the domain model is acceptable for an overview scale level, mainly for the
purposes of territorial development planning or insurance policy, but the model is not
seismotectonically justified. Its application for the development of design solutions may not be
justified.

O npMMeHUMOCTH KOHUENIIUHU CeHCMOTEKTOHUYECKHUX JOMEHOB B 3a/1aue OLeHKH
celicMHYeCcKOoil OacCHOCTH

P. D. TareBocsin
Huctutyt dusuku 3emnu uM. O. 0. llImunra PAH, Mocksa, Poccus

Mopnenb CelCMOTEKTOHMYECKHX JOMEHOB COCTABIISIET OCHOBY OLEHKU CEHCMUYECKOU
ornacHocT Ha ypoBHe OOmero Celicmuueckoro Paitonuposanus (OCP). Ilo ompenenenuto
CEHCMOTEKTOHUYECKUM JJOMEH — 3TO 00BEM 3eMHOU KOpPBI, WACHTU(PHUIIMPOBAHHBIN 10 HAOOPY
CceCMUYECKHUX U TEKTOHUYECKHUX MTPU3HAKOB, B KaX/101 0001aCTH KOTOPOI MOKET BO3HUKHYTh
3eMJIETPSICEHHE C MAaKCUMAJIbHO BO3MOKHOM B IoMeHe MarHUTyjoi. Mojens pazpabatbiBasiach B
cea3u ¢ kaprod OCP-97 u mnpomomkaeT ucnonb3oBaThCs. I[IpOTSIKEHHOCTH HEKOTOPBIX
BbIJIEJICHHBIX JIMHEWHBIX CTPYKTYp Ha KapTe JoMeHOB cBbiie 1 300 KM; MIOLIaJHbIX — CBBIIIE
400 000 xm?. XOTs B JOMEH HHOT/Ia [OMA[AI0T JECATKU ¥ COTHU aKTHBHBIX PA3JIOMOB Pa3IHIHOTO
MPOCTUPAHUS U IPOTSHKEHHOCTH, TEM HE MEHEE, BCEMY JIOMEHY MPUIUCHIBAECTCS OJHA BEIMYMHA
MaKCUMAaJIbHON OKUIAEMOM MAarHUTYABl Myake. CEHCMONOrHYECKHE NTaHHBIE TIOKA3BIBAIOT SPKO
BBIPAKECHHBI WHAMBUAYAJIbHBIN XapaKTEp CHIBHBIX 3eMIIeTpsiCeHHU. OJHM CONPOBOXKIAKOTCS
aTepIIOKOBBIMU CEPUSMHU, B KOTOPBIX MarHUTyAa CHIbHeHmero agremoka Oojee, yeM Ha 2
€MHMIIBI YCTYIIaeT MarHUTYJe IJIaBHOTO TOJTUKA, B IPYIUX cepusix pasHuua pasHa 0.1, Tak 4yro
UX pa3pyLIUTENbHbIE OCAEACTBHS CONOCTaBUMbI. CyIIECTBEHHO Pa3/INYar0OTCsl IOBEPXHOCTHbIE
nposiBeHus. Jlaxke y CHUJIBHBIX 3€MIIETPSCEHH paBHOM MarHUTyAbl MaKCHUMaJIbHOE
KOCEHCMHYHOE CMELIEHNE Ha NMOBEPXHOCTH MOXKET OTJIMYAThCS B HECKOJIBKO pa3. Pasnmuuarorcs
TaK)Ke KHHEMaTHYeCKHE MPOSBICHUS: NHOT/IA MMOABMKKH 10 OHOMY Pa3joMy BBI3bIBAIOT CXOKHE
JBUKEHHUSI 110 CONPSUKEHHOW CTPYKType, MHOIJAa B POEBOM AKTUBHOCTU IMPOSBISIOTCS
KOMIIEHCAIIUOHHbIE JBIDKEHHSA. B0O3MOXXHO, YypOBeHb TI€Hepalu3aliil JOMEHHOH Mozenu
npuemsieM s 0030pHOr0 MaclITabHOTO YPOBHS, B OCHOBHOM Ul LeJied IUIaHUPOBAHUS
TEPPUTOPUATBHOTO PA3BUTHUS UM BBIPAOOTKH MOJIUTUKH CTPAXOBAaHUS, HO CECMOTEKTOHMYECKU
Mo/JieNib He 00ocHoBaHa. Ee mpuMeHeHue Ais pa3pabOTKU MPOEKTHBIX PEIIEHU MOXKET 0Ka3aThCs
HEOTIpaBIaHHbIM.
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Hydroinformatics as a framework for data management, modelling and analysis in water
resources management

V. Moreido, B. Gartsman, V. Suchilina, V. Tolkacheva, K. Golovnin, S. Iglin, A. Katsura,
D. Solomatin
Water Problems Institute RAS, Moscow, Russia

Modern hydrology is based on a large number of observations of water bodies, geo-
information data on the characteristics of river catchments, and multi-scale mathematical models
of water rotation on land. Effective integration of these components into water resources
management systems, including prevention of dangerous hydrological processes, is the task of a
special branch of hydrology, which has been called hydroinformatics for the last decades. With
the increasing amount of available observational data and the development of information
technologies, there is an urgent need to integrate them into hydrological practice, which is the
primary task of hydroinformatics. The paper presents various aspects of the problems to be solved,
including the design of hydrological data base management systems, geoinformation analysis of
relief for the construction of hierarchical models of river networks, methods of river flow
modelling (probabilistic and deterministic), methods of verification of modelling results and
examples of building information systems combining all the above components. The examples are
based on real projects carried out in the Hydroinformatics Laboratory of the Institute of Water
Problems of the Russian Academy of Sciences.

I'maponndopmaTka KaK OCHOBA /Il YIIPABJIEHUS] JAHHBIMH, MO/IEJTUHPOBAHUS M aHAJIU3A
NPH yNpaBJieHUH BOAHBIMH pecypcaMu

B. M. Mopeiino, b. U. I'apiman, B. @. Cyunnuna, B. @. Tonkauea, K. 1. T'onoBuuH,
C. A. Urnun, A. A. Kanypa, /1. I1. Conomarun
WuctutyT Boaubix nmpodiiem PAH, Mocksa, Poccus

CoBpeMeHHas THAPOJIOTHs OCHOBaHA Ha OOJIBIIIOM KOJIMYECTBE JaHHBIX HAOMOJIeHUN 3a
BOJIHBIMHU 00BbEKTaMH, FeONH()OPMALIMOHHBIX TAHHBIX O XapaKTEPUCTUKaX PEUYHBIX BOJOCOOPOB U
pasHOMAIITAOHBIX MaTeMaTH4YeCKMX MOJENSIX Biaroodopora Ha cyme. OddekTuBHOe
00BbEeIMHEHNE YKa3aHHBIX KOMIIOHEHTOB B CHUCTEMbI YIPABJICHUS BOJHBIMH pecypcamMH, B TOM
YHCclie IPeayNpexIeHUs Pa3BUTUS OMACHBIX MPOSBICHUM TUAPOIOTHYECKUX IPOILIECCOB — 3TO
3aJaya 0co0Oro HampaBlIeHMs THAPOJIOTMH, Ha TMPOTSHKEHUU TOCIEAHUX JECATHICTHH
nMeHnyemoro runpouHpopmarrkoit. C yBennueHueM o0beMa JOCTYIHBIX TaHHBIX HAOTI0IEHUN 1
pa3sBUTHEM MH(POPMALMOHHBIX TEXHOJOTUH OCTPO BCTala HEOOXOJIUMOCTh MHTEIPUPOBATh UX B
THIPOJIOTUYECKYIO MPAKTUKY, YTO SIBISIETCA IEepBOOUYEpEHON 3amauel rujpornHpopmartuku. B
JIOKJIaJi€ MPEJICTABICHbl Pa3IMUHbIE aCIEKThl PEIIaeMbIX 3a/1ad, B TOM YHCJIE IPOEKTUPOBAHUE
CUCTEM YIIpaBJeHMs Oa3aMu THMAPOJIOTUYECKUX JAHHBIX, T€OMH()OPMAIIMOHHBIN aHau3 peiabeda
JUIsL TIOCTPOEHHUSI MEPApXUYECKUX MOJENIEH PEYHbIX CETEH, METOAbl MOJAEIUPOBAHUS PEYHOIO
CTOKa (BEpOSATHOCTHOIO U JAETEPMHUHHPOBAHHOIO), METO/Abl BepU(UKALMU pPE3yIbTaTOB
MOJICIUPOBAHMUS. M TMPHUMEPHl TMOCTPOECHUS HHGPOPMALMOHHBIX CHCTEM, OOBEIMHSIOLIMX BCE
NepEeYUCIIeHHbIE KOMIOHEHTHI. [IprMepsl OCHOBaHbBI Ha pealbHBIX MPOEKTax, BHIMOJHSIEMBIX B
JlaGopatopuu rugponHpopmaTiku MHCTHTYTa BOAHBIX TpodieM PAH.
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Locations of the strongest earthquakes in the Pacific Belt and Java Trough

A. Gorshkov, M. Semka
Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia

The Pacific belt is the most seismically active region of the Earth, where up to 90% of all
earthquakes recorded on the planet occur. The purpose of this work is to identify potential locations
of M8.5+ earthquakes along the troughs of the Pacific Belt and the Java Trough. Potential meta-
earthquakes with M8.2+ in the Pacific Belt were first identified in (Guisciani et al., 1978, 1981)
using pattern recognition techniques. For the entire Pacific Rim, the strongest earthquake zones
were established in (Schéfer and Wenzel 2019) using machine analysis, and in (Schellart and
Rawlinson,2013) using linear correlation of subduction zone parameters with seismicity. In this
work, recognition of M8.5+ earthquake locations in the Pacific Belt and Java Trough was
performed using parameters based on morphometric and gravio-magnetic data, as well as
indicators of subduction zone geometry. The recognition set consisted of 209 objects, represented
by circles of radius 300 km, whose centres are located along the deep-sea troughs at 300 km
spacing. Parameter values were determined using the GeomapApp database. Geometric
parameters of subduction zones were determined on the basis of 209 vertical seismofocal sections
constructed for each recognition object. A recognition algorithm with Kora-3 training was used to
recognise possible earthquake locations with M8.5+. The task is to divide 209 objects into class B,
where M8.5+ earthquakes can occur, and class H, where events of this magnitude are impossible.
Training of class B consisted of 24 objects, where according to NEIC catalogue known events ¢
M8.5+. As a result, 76 sites out of 209 sites were classified as class B. The result is important for
assessments of seismic and tsunami hazards in the studied region. This work was financially
supported by RNF, grant No. 24-27-00246.

Mecra cunbHelmmnx 3emisierpsicennii B Tuxookeanckom nosice u SIBanckom :xesnode

A. U. I'opmikos, M. A. Cemka
WHCTUTYT TeopuH MNporHo3a 3emileTpsiceHui u matemaruueckoil reopusukun PAH, Mockaa,
Poccus

TuxookeaHCKUH TOSIC SABISETCS HanOoliee CEMCMOAKTUBHOM 00JacThI0 3€MIIH, TAE
npoucxomuT 10 90 % Bcex (uUKcHpyeMBIX Ha IuUlaHeTe 3emierpsiceHuid. Llenb paboTbl —
ONpeAeNnTh NOTEHIIMAIbHbIE MecTa 3eMieTpsaceHuil ¢ M8.5+ Baoib xenoboB TuxookeaHckoro
nosca u SIBaHckoro xenoba. BmepBele B THXOOKEaHCKOM IOsiceé MOTEHIMAJIbHBIE METa
3emiieTpsicennii ¢ M8.2+ Obutn onpenenensl B padotax (I'Bummanu u ap., 1978, 1981) ¢ momorsio
METO/IOB pacro3HaBaHHus 00pa3oB. s Bcero THXOOKEAHCKOro KOJbIa 30HBI CHIIbHEHIINX
3emierpsicennii ycranoiieHbl B (Schifer and Wenzel 2019) ¢ ucnons30BaHMEM MAaIIMHHOTO
aHanu3za, a B (Schellart and Rawlinson,2013) ¢ momol1is1o TMHEHHOM KOPPENsLUy MapaMeTPOB 30H
CyOIyKIIMM ¢ CEMCMUYHOCTHIO. B 3TOI paboTe pacmo3HaBaHUe MECT 3eMyeTpsiceHui ¢ M8.5+ B
TuxookeaHckoM Tosice U SIBaHCKOM >kKelo0e MpOBENEHO C HCIOJb30BAHUEM I1apaMeTpoB,
OCHOBaHHBIX Ha MOpP(OMETPUYECKUX M TI'PaBHO-MArHUTHBIX JaHHBIX, a TaKXKe IoKa3aTesen
reoMeTpUH 30H cyOnyKunu. MHOXECTBO 0OBEKTOB pacro3HaBaHus cocTaBUiIM 209 0OBEKTOB,
npejcTaBieHHble Kpyramu paamyca 300 KM, LEHTpPhl KOTOPBIX PpacHOJIOKEHBI BIOJb
rJ1yOOKOBOAHBIX ke1000B ¢ marom B 300 kM. 3HaYeHHS TapaMeTPOB OTIpeIeNIeHBI 110 6a3e TaHHBIX
«GeomapApp». T'eomerpuueckue mapaMeTpsl 30H CYOAYKIIMM OINpENelIeHbl Ha OCHOBE
209 BepTUKaNbHBIX CEHCMO(OKAIBHBIX pPa3pe3oB, IOCTPOCHHBIX [UII KaXJIOro 0ObeKTa
pacrio3HaBaHus. [y pacno3HaBaHUsI BO3MOXKHBIX MECT 3eMiieTpaceHurd ¢ M8.5+ ncnosb3oBaH
ITOPUTM pacrio3HaBaHus ¢ o0yueHuem Kopa-3. 3agaua — pazgenuts 209 06bekToB Ha Kiacc B,
€ MOTYT TPOUCXOIUTH 3emieTpsiceHus MS8.5+, m wimacc H, rae coObITHS TaKOW CHIIBI
HeBO3MOXXHbI. OOyueHue kiacca B coctaBunu 24 oObekTa, rae corjacHo katamory NEIC
u3BeCTHbI coObITUs ¢ M8.5+. B pesynbrate u3 209 00beKTOB K Ki1accy B oTHeCeHO 76 00BEKTOB.
PesynpTaT BakeH 11 OLIEHOK CEHCMUYECKOW M IIyHAMH OIIACHOCTEH B M3YYEHHOM DPETHOHE.
Pabora BeImoHEeHA 1TpH PrHAHCOBOH Mo yiepxke PH®, rpant Ne 24-27-00246.
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Prospects of seismological monitoring in Priamurie: citizen science and neural network methods of
data processing

V. Pupatenko'?, A. Lyakh?, K. Drachev?, N. Grib??

1Yu. A. Kosygin Institute of tectonics and geophysics FEB RAS, Khabarovsk, Russia
2 pacific National University, Khabarovsk, Russia

8 Technical university North-Eastern Federal University, Neryungri, Russia

Along with the regions with dense networks of seismic stations, there are many seismically
hazardous regions in Russia where the number of observation points is minimal. One of such regions is
Priamurye. The seismic activity of the Priamurye territory is uneven over the area and is estimated from
insignificant to moderate. At the same time, in most of the territory, the seismological observation network
provides representative earthquake magnitude 2.5-3.0 (Safonov, 2018). The paper discusses one of the ways
to develop seismological monitoring in Priamurie — installation of a large number of inexpensive seismic
stations equipped with geophones. An example of such a seismic station is the Raspberry Shake 3D. Studies
of the intrinsic noise of these devices show that they are capable of detecting weak local earthquakes with
magnitudes greater than 2, while maintaining a high signal-to-noise ratio at distances up to 100 km
(Anthony et al., 2019). In this paper, we design a possible configuration of a network of 50 low-cost seismic
stations in the southern and central regions of Khabarovsk Krai, Jewish Autonomous Oblast, eastern Amur
Oblast, and northern Primorsky Krai. Evaluation of the registration capabilities of this network shows that
such a network makes it possible to lower the average value of representative magnitude to almost 2.0
within its boundaries (this is an area of 800 thousand km2). On the one hand, such a network will allow
obtaining more complete and accurate catalogues of earthquakes and will expand the list of possible
seismological studies. On the other hand, its design, operation and maintenance, including the processing
of the obtained data, will make rational use of two modern concepts in seismological monitoring: citizen
science and neural network methods of data processing. Involvement of scientific volunteers in equipment
installation and maintenance, and the use of machine learning methods for processing large datasets will
make it possible to solve the problems arising in scaling seismological observations with small resources.
This work was supported by RNF grant No. 24-17-20031.

IlepcnekTHBHI celicMOJIOTNYeCKOro MOHNTOPUHTa B [IpuaMypbe: rpaxianckas HayKa U
HeiipoceTeBbIe MeTObI 00Pa0OTKH JaHHBIX

B. B. Ilymarenko'?, A. I1. JIax2, K. A. Jlpaues?, H. H. I'pu6>3

! Mucruryr rekroruku u reodpusuru um. F0.A. Koceiruna JIBO PAH, Xa6aposck, Poccust
2 TUXOOKEaHCKMI TOCy1apCTBEHHbIN yHUBEpcuTeT, Xabaposck, Poccus

3 Texumueckuit unctutyT (Gusman) CBOY, Hepronrpu, Poccus

Hapsiny ¢ permoHamu, B KOTOPBIX CYIIECTBYIOT IUIOTHBIE CETH ceiicMocTaHuui, B Poccum ectb
HEMaJ0 CEeHCMHYECKH OMACHBIX PETHOHOB, B KOTOPHIX KOJIMYECTBO MYHKTOB HAONIONEHUI MHUHAMAIBHO.
Omua w3 Takux peruoHoB — Ilpmamypre. CelicMuueckass akTHBHOCTH Tepputopun llpuamypes
HEpaBHOMEpHA 10 IUIOLIA/M, OLEHUBAETCA OT HE3HAUYUTENbHOM 10 ymepeHHOH. [Ipu sTom Ha Oonbiueit
YacTU TEPPUTOPHH CETh CEHCMOJIOTMUYECKUX HAOII0IeHUH 00ecreunBaeT NpeACTaBUTENbHYIO0 MAarHUTYAY
semuerpsicenuit 2.5-3.0 (Cadonos, 2018). B pabore oOCyxkmaeTcsi OAMH M3 CIOCOOOB pa3BUTHS
ceiicMonoruueckoro MoHuTopuHra B llpmamypbe — ycraHOBKa OOJBIIOIO KOJMYECTBA HEIOPOTHX
ceiicMoCTaHIui, ocHaEHHBIX reodonamu. [Ipumep Takoi ceiicmoctanimu — Raspberry Shake 3D.
HccnenoBanusi COOCTBEHHOTO IIIyMa 3THX MPHOOPOB MOKA3BIBAIOT, YTO OHU CIIOCOOHBI PETHCTPUPOBATH
cia0ble JIOKAIbHBIE 3eMJIETPSICEHHSI C MarHUTY/OW, MPEBBINAIONIEH 2, COXpaHss MPH 3TOM BBICOKOE
COOTHOILICHHE CUrHaN/IIyM Ha paccrosHun 10 100 km (Anthony et al., 2019). B paboTe cripoekTupoBaHa
BO3MOJKHasl KOHUryparus cetd n3 50 HeJOPOruX CEHCMOCTaHIMIA B FOKHBIX U IEHTPAJIBHBIX paliOHax
Xabaposckoro kpasi, EBpeiickoli aBTOHOMHOW o007acTh, BOCTOKe AMYypCKOW o00lacTH U ceBepe
ITpumopckoro kpast. OueHKa perucTpanroHHBIX BO3MOKHOCTEH 3TOM CETH MOKAa3bIBAET, YTO Takas CeTb
no3BoyseT B €€ mpenenax (3To teppuropus momansio B 800 ThIC. KM2) MOHU3UTH CPEAHEEe 3HAUYCHHUE
NpEeICTaBUTENbHON MarHUTY (bl IpakTudecku 70 2.0. C oTHON CTOPOHBI, TaKas CETh MO3BOJIUT TOIYIUTh
0oJiee MOJIHBIE ¥ TOYHBIE KaTaJlOTH 3eMJIETPSICEHUH, PaCIIUPUT MIEPEeYeHb BOZMOKHBIX CEHCMOJIOTMYECKHX
uccnenoBanuil. C apyroii cTopoHsl, €€ yCcTpoHCcTBO, GYHKINOHUPOBAHHUE U OOCITYKUBAHUE, B TOM YHCIIE U
00paboTKa TONYyYaeMbIX JaHHBIX, CJENAlOT PalMOHANBLHBIM HCIOJIb30BAaHHE JIBYX COBPEMEHHBIX
KOHLICNIIUA B CEMCMOJOTMYECKOM MOHMTOPHUHIE: IPAKJAHCKOM HAyKd M HEHUPOCETEBBIX METOAOB
00paboTku gaHHbIX. [IprBiIeUeHnEe HAYYHBIX BOJIOHTEPOB K YCTAHOBKE M 0OCITY>KHBAaHHIO 000pYyIOBaHuUS,
Y HCIOJIb30BaHHE METOJIOB MAIIUHHOTO O0YYEeHUs Ui 00OpabOTKH OONBIIHX HAOOPOB JaHHBIX TIO3BOJIST
pemuTh MpodJIeMbl, BO3HUKAIONIHE TPH MACIITA0OMPOBAHUH CEWCMOJIOTHYECKUX HAONIOJICHHH, MaJILIMU
pecypcamu. PabGora BeinonHeHa npu nogepxke rpanta PH® Ne 24-17-20031.
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Methodology of decomposition of the main geomagnetic field models into ‘free’ eccentric magnetic
dipoles

E. Utemov, D. Nurgaliev
Kazan Federal University, Kazan, Russia

The models of the Earth's main magnetic field and their secular variations are constructed by
decomposing the mean annual values of the scalar geomagnetic potential field by the method of spherical
harmonic analysis (SHA, Gauss series) on the basis of compiling the observational data of the world
network observatories, satellite, aeromagnetic, ground and hydromagnetic surveys. In modern models of
the Earth's main magnetic field, the magnetic potential is represented as a Gauss series. Examples of such
models are The World Magnetic Model (WMM, 12 degree decomposition), International Geomagnetic
Reference Field (IGRF, 13 degree), Enhanced Magnetic Model (EMM, 790 degree), BGS Global
Geomagnetic Model (BGGM) (1440 degree). Despite the fact that the field decomposition into spherical
harmonics is a good mathematical tool for building models of the Earth's main magnetic field and solving
other problems, it is not optimal for the task of analysing the source structure of the non-dipole component
of the main field. The Gauss coefficients, except for the first order coefficients, do not have a clear physical
meaning. We also note that ‘cutting off” the series — restricting the series to the n-th order — introduces
significant distortions of global character into the field — because, in fact, some mathematical functions are
subtracted from the field, about which it is known that they are partial solutions of the Laplace equation
and have a zonal, sectoral, or tesseral periodic structure. Another, alternative approach is based on the idea
of modelling the main geomagnetic field by fields of magnetic dipoles. In the theory of magnetism, the
concept of a charge magnetic dipole — a pair of equal, closely located magnetic masses of different sign —
is often used. The field of a charge magnetic dipole is equivalent to the field of a current dipole — a small
loop with electric current. In this paper we propose a technique for decomposing the main geomagnetic
field models into ‘free’ eccentric magnetic charge/current dipoles as a result of solving the inverse problem
on the sphere. The term ‘free’ means that all seven parameters of each dipole — centre coordinates,
axis/normal directional cosines and magnetic moment — are not fixed a priori and are subject to
determination. As a result of solving the inverse problem in the class of ‘free’ eccentric magnetic dipoles,
both the spatial distribution of dipole parameters and their evolution in time are of interest for analysis.

MeToaunka pasJjioskeHusi MojJeJsieil IJ1aBHOr0 reOMArHUTHOIO 110JIs1 Ha ''cBo0oaHbIE"
IKCHEHTPHYHbIE MATHUTHBIE THII0JIN

9. B. Yremos, /I. K. Hypranues
Kazanckuit henepanbshblil yausepcutet, Kazanb, Poccus

Mozenu TIaBHOTO MarHUTHOTO TOJS 3eMJIM M WX BEKOBBIC BapHAIUU CTPOSTCS IMYyTEM pa3IoKEHHS
MeToJioM cdepuueckoro rapmoHuueckoro aHanmmza (CI'A, psael ['aycca) cpeqHEeroloBBIX 3HAYEHHU OIS
CKAJLIPHOTO T€OMArHUTHOTO MOTEHIIMANA HA OCHOBE KOMITHJIMPOBAHWS NAHHBIX HAOMIONEHUH 00CEepBaTOpHA
MHUPOBOH CETH, CIYTHHKOBBIX, adpPOMAarHUTHBIX, HA3e€MHBIX W THIPOMATHUTHBIX CHEMOK. B coBpeMEeHHBIX
MOJCIAX TJIaBHOI'O MAarHuTHOI'O ITOJIA 3eMIIM MarHUTHBIHA MOTCHIHAJ MPCACTABIISIIOT B BUAC psAda Faycca.
IIpumepamu Takux moxeneit siBisitotrcss The World Magnetic Model (WMM, 12 creneHs pasioskeHHs),
International Geomagnetic Reference Field (IGRF, 13 crenens), Enhanced Magnetic Model (EMM, 790
crenienb), BGS Global Geomagnetic Model (BGGM) (1440 crenens). HecMoTpst Ha TO, YTO pa3iioKEHUE OIS
Ha ceprdyecKrue TapMOHUKH — XOPOIINH MaTeMaTHUYSCKUH MHCTPYMEHT Ul IOCTPOEHHs MOJEIeH INIaBHOTO
MarHUTHOTO TOJS 3eMJIM M PEHICHUS APYTHX 3a1ad, OH He SBILSICTCS ONTHMAIBHBIM MU 3aMa4d aHaIu3a
CTPYKTYPbl HWCTOYHHUKOB HEIMIIONBHOM cocTaBistomieil riaBHoro mnossi. Koagduumentsr ['aycca, 3a
UCKIIIOYCHHUEM KO03((UIIMEHTOB NEepBOro MOpAJKa, HE HECYT B cebe SCHOro (pu3HUYecKoro cMeicia. Takxe
OTMETHM, YTO «OTCEKaHHe» psAfa — OTpaHWYEHHE psija N-BIM IOPSAAKOM IPHBHOCHT B TIOJIE 3HAYUTENILHbIC
HCKaXEHHS TII00IFHOTO XapaKTepa — Be/lb, 110 CYTH, U3 MOJIs BEIYUTAIOTCS HEKHE MaTeMaTHIecKue (QyHKINH,
0 KOTOPBIX U3BECTHO, YTO OHU ABJIAIOTCA YaCTHBIMU PCIICHUAMU YPaBHCHUSA Jlamtaca u UMerOT 30HAJIbHYIO,
CEKTOpaJIbHYIO, IN00 TeccepaIbHyI0 MEPHOINIECKYIO CTPYKTYpY. Apyroi, aabTepHaTUBHBIN ITOJIX0]] OCHOBAaH
Ha njiee MOAEINPOBAaHMS TJIIABHOTO T€OMarHUTHOTO TI0JIS ITOJISIMH MarHUTHBIX Jumoneil. B Teopun Marnernsma
HJacCTO HCIOJB3YCTCs MOHATHUE 3apsAI0BOI0 MAarHMTHOTO JUIIOA — Mapbl paBHBIX, OIM3KO PacCroJI0KCHHBIX
MarHUTHBIX Macc pa3HOro 3Haka. [lojie 3apsmoBOr0 MAarHWTHOTO JIUIOJS SKBHBAJICHTHO IOJIO TOKOBOTO
JIAIIONS — MaJICHBKOH TeTIIH ¢ 3JIeKTPUUECKUM TOKOM. B naHHOMN padoTe mpeanaraercss METOAMKA pa3fioKEHHs
MOJIeNell TIaBHOrO0 T€OMarHUTHOTO MOJIs Ha «CBOOOJHBICY» IKCIIEHTPUYHBIC MAarHUTHBIC 3apsilOBbIC/TOKOBbIC
JUIIONIM KaK pe3yJIbTaT peuieHus: o0paTHoil 3agaun Ha chepe. TepMHUH «CBOOOAHBIE» O3HAYAET, UTO BCE CEMb
HapaMeTpoB KaXJOTO W3 JWIOJIeH — KOOPAWHATH LEHTpPA, HANpaBIIOIINEe KOCHHYCHI OCH/HOPMaIN H
MarHUTHBIA MOMEHT — allpuopH He GUKCUPOBAHBI U MTOIJIEKAT OIpeieNieHuI0. B pesynbTare peneHus 00paTHoi
3aJa4M B KJ1acce «CBO60}IHBIX» OKCHCHTPUYHBIX MarHUTHBIX HHHOHeﬁ HHTEPEC JId aHaJIn3a NPEACTaBJIAIOT, KaK
MPOCTPAHCTBEHHOE PacIIpeIesIeHHE JUITOIBHBIX ITAPaMETPOB, TaK M MX BOJIOIHS BO BPEMEHH.
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Satellite gravimetry as a tool for forecasting oil and gas content

I. Ognev, D. Nurgaliev
Kazan Federal University, Kazan, Russia

The location of hydrocarbon deposits is controlled by the structure and location of certain
key elements of oil and gas bearing systems, namely reservoirs, covers, traps and oil-bearing rocks.
The latter must be mature to increase the chances of successful exploration for hydrocarbons. The
maturity of petroleum parent rocks depends on the heat flow, which consists of mantle and crustal
components. Thus, knowledge of the crustal structure allows us to create models of the heat flow
that affects the maturity of petroleum parent rocks and the localisation of hydrocarbon deposits.
At present, the crustal structure can be investigated in many ways with seismic methods coming
out on top in terms of accuracy in determining the geometry of reflecting boundaries. However,
seismic surveys do not cover the entire Earth's surface, but only localised areas of it, and often the
depths of seismic methods are limited to the sedimentary cover, preventing the crustal structure
from being determined in its entirety. There is a demand for a method that has global coverage and
can provide information about the structure of the Earth's crust with sufficient accuracy. Satellite
gravimetry can be such a method. Inversion of the satellite gravity field makes it possible to
determine the depth of the Moho boundary for the studied areas and, as a consequence, to build
more accurate heat flow models and, hence, maps of the maturity of oil-bearing rocks. This paper
shows how satellite gravimetry data were used to study the crustal structure of the Volga-Ural
segment of the East European craton by inverting the satellite gravity field and constructing a
geodensity model using an informalised fitting method. It is also demonstrated how the obtained
crustal model was used for modelling the geothermal structure of Volga-Uralia by Monte Carlo
method with Markov chains using surface heat flux measurements. The relationship between the
thermal field of VVolga-Uralia and the location of hydrocarbon deposits is evaluated.

CnyTHHKOBasi TPAaBHUMETPHS KAaK HHCTPYMEHT NPOrHo3a HehTera3oHOCHOCTH

. H. Orses, /1. K. Hypranues
Kazanckuit ¢penepanbublii ynusepcuret, Kazanb, Poccus

Pazmemienne MeCTOpOXKIAEHUN  YIIE€BOJOPOJOB  KOHTPOJHUPYETCS CTPYKTYpOd H
pa3MeIIeHHeM OTACNbHBIX OCHOBHBIX JJIEMEHTOB HE(PTEra3oHOCHBIX CHCTEM, a HMMEHHO
KOJUIEKTOPOB, TMOKPHIIIEK, JOBYIIeK U HedTemarepuHckux mopon. IlocneaHue momKHBI OBITH
3peNbIMU ISl YBEIWYEHUs ILIAHCOB YCIEIIHOM pa3BEAKU Ha YIJIEBOJOPOAbL. 3PENOCTh
He(TeMaTepUHCKUX MOPOJ] 3aBUCUT OT TEIJIOBOTO MTOTOKA, COCTOSIIETO U3 MAHTHITHOM U KOPOBOH
cocTaBmstoNMX. TakuM 00pa3oM, 3HAaHHE CTPOCHHS 3€MHOM KOpHI MO3BOJISIET CO37aBaTh MOJIEIH
TEIJIOBOTO MOTOKA, KOTOPHIN BIHMSET HA 3PENOCTh HETEMATEPUHCKUX TOPOJA U JIOKAIHM3AIUIO
3anexei yrieBogopo10B. B HacTosiee Bpemsi, CTpOeHHE 3eMHOM KOPBI MOKET OBITh UCCIIEIOBAaHO
MHOECTBOM CIIOCOOOB C CEHCMUYECKUMH METOAaMH, BBIXOISIIIIUMH Ha TIEPBYIO CTPOYKY B IJIaHE
TOYHOCTH  OMNPEIEICHUS TEeOMETPUM  OTpakawlux rpaHul. OaHako, CeHCMUYECKHe
WCCIIEIOBAHUS TMOKPBIBAIOT HE BCIO 3€MHYIO MOBEPXHOCTh, & TOJBKO JIOKAIbHBIE €€ YYacCTKU H,
3a4acTyl0, TUIyOMHBI HCCIEAOBAaHUSA CEHCMHYECKHMX METOJIOB OrPaHUYMBAIOTCS OCAIOYHBIM
YEeXJIOM, HE JJaBast ONPEIeTTUTh CTPYKTYPY 36MHOM KOPHI B TTOJTHOM 00bEéMe. Bo3HUKaeT 3ampoc Ha
METO/I, UMEIOIINIA TI00aTbHOE MOKPBITHE M CIOCOOHBIN /1aBaTh CBEACHHS O CTPYKType 3€MHOMN
KOPBI € IOCTaTOYHON TOYHOCTBHIO. TaKMM METOJI0M MOKET BBICTYITUTH CITYTHUKOBASI TPABUMETPHS.
WuBepcrsi COyTHUKOBOTO TOJS CHJIBI TSDKECTH IO3BOJISIET ONPEACTUTh TIIYOWHY 3aeTaHus
rpaHuIlel MoXo JIsl H3y4daeMbIX TEPPUTOPUM U, KaK CIIEJCTBUE, ITOCTPOUTH 00JIee TOUYHBIE MOIEITH
TEIJIOBOTO MOTOKA, a 3HAYHT, ¥ KapThl 3pelocTH HepTeMaTepuHCKUX MopoJ1. B HacTostieii pabote
MOKa3aHO KaK JJAHHBIE CITyTHUKOBOW IPaBUMETPHUH OBLITH MCTIOIB30BAaHBI JISI H3YYCHHS CTPOCHUS
3eMHOU KOpbl Bounro-Ypaneckoro cermenta BocrouHo-EBporeiickoro kparoHa npu moMOLIU
WHBEPCUU CIIYTHUKOBOTO MOJISI CHIIBI TSKECTH M TOCTPOCHUS T€OIIIOTHOCTHON MOJIENTA METOJ0M
HedopMann3oBaHHOTO Toadopa. Takke MPOAEMOHCTPHPOBAHO KaKUM OOpa3oM MONydeHHas
MOJIETb 36MHOM KOPBI HCHOJIB30BAJIACH 11 MOJEIUPOBAHUS T€OTEPMHUUECKON CTPYKTYphl Boiro-
VYpanuu meronom Monte-Kapio ¢ nensimu MapkoBa ¢ MCHOJIB30BaHUEM JIAHHBIX U3MEPEHUN
MOBEPXHOCTHOTO TEIIOBOTO MOTOKa. OlleHeHa B3aMMOCBS3b TETUIOBOTO 1ojisi Bonro-Ypanuu ¢
PaCIIONI0KEHUEM MECTOPOKICHUM YTIIEBOIOPOAOB.
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Forecast of hydrocarbon accumulation distribution by size. Status and problems

L. Burshtein, V. Livshits
Institute of Petroleum Geology and Geophysics SB RAS, Novosibirsk, Russia

The most important element of HC resources structure is their distribution into accumulations of
different size (Field Forecast..., 1981; Methodological Guide..., 2000). Studies in this direction appeared in
the sixties and seventies of the XX century (Kaufman, 1963; Gutman, 1967; Bakirov, 1972;
Buyalov, 1977, etc.). The size distributions of identified deposits or local objects controlling them were
analysed. In the vast majority of cases, a unimodal distribution satisfactorily approximated by a log-normal
law was recorded. The analysis of changes in the distribution of identified HC accumulations as the studied
area becomes more and more explored led to the assumption that the distribution of accumulations in nature
may have an amodal character in the observed area and be described by the steppe law
(Shpilman, 1972, 1982). Weibull, Koch, betta-distributions of the first kind, etc. were considered as
approximating for the natural population of HC accumulations. A generalisation of the Pareto distribution,
the truncated Pareto distribution, proposed by A.E. Kontorovich and V.l. Demin (1977, 1979) became the
most widespread in practice. These results were confirmed in the works (Krylov et al., 1986;
Avrsirius et al., 1986, etc.). Similar conclusions were also reached (probably independently) by some
Western specialists (Schuenemeyer, Drew, 1983; Houghton, 1988). Further development led to the
transition from the analysis of aggregates of fields to the analysis of aggregates of deposits, detailed
development of formal aspects (Kontorovich and Livshits, 1988; Livshits, 2004, 2020, 2023, etc.), and the
execution of estimates of the resource structure of some of the largest oil and gas bearing provinces of
Russia (Kontorovich and Livshits, 2017, 2022; Kontorovich et al., 2021; Burstein et al., 2020, 2023). A
separate important direction is the theoretical justification of the type of accumulation distribution and the
establishment of the relationship between its parameters and the characteristics of the host geological
objects (Kontorovich et al., 1988; Burshtein, 2004, 2006; Livshits 2014, 2017, etc.). Within the framework
of these works it is shown that the steppe character of accumulation distribution, is determined by the ratio
of HC accumulation and dissipation processes in the deposit. Despite a significant number of studies
devoted to the nature of steppe distribution laws, the stable character of the degree index (~2) in relation to
the distribution of HC accumulations has not yet been explained.

IIporxo3 pacnpeeseHusi CKOIJIEHUI YIiIeBOAOPOA0B 0 KPpynHocTu. CocTosiHue U npodieMbl

JI. M. bypuureiin, B. P. JIuBmun
Wucrutyt Hedrerazosoii reosnoruu u reopusuxku CO PAH, HoBocubupck, Poccust

BaxHelmuM 371€MEHTOM CTPYKTYphI pecypcoB YB sBisieTcs ux pacnpeleneHHe MO CKOIUICHUSM
pasznuuHoi kpymHocTH (IIporHO3 MecTopoxaeHwid..., 1981; Metoauueckoe pPyKOBOACTBO..., 2000).
HccnenoBanuss 3TOro HampaBi€HUs MOABMINCh B  ILIECTUIECITHIX-CEMHIECATHIX roxax XX Beka
(Kaufman, 1963; TI'yrman, 1967; Bakupos, 1972; Bysuios, 1977 u np.). AHaTU3HPOBAIKCEH PaclpeIeICHUs
pa3MepoB BBIABIEHHBIX MECTOPOKICHUHN MM KOHTPOJIUPYIONIMX MX JIOKAIBHBIX 00BEKTOB. B mojaBistoniem
OONBIIMHCTBE  CIlydacB  (DUKCHUPOBATIOCH  OJHOMOMANBHOE  pAcIpelelieHHe,  yIOBICTBOPUTEIHHO
ANMPOKCUMHUPYEMOE  JIOTapU(PMHUIESCKA HOPMAJIBHBIM 3aKOHOM. AHAIN3 W3MEHCHHS pPacIpeaeieHUsI
BBISIBJIEHHBIX CKOIUIEHMH YB mo mepe Bo3pacTaHusi W3YYEHHOCTH HCCIETyEMOM TEPPUTOPUHU TPUBEN K
MPEATONIOKECHUIO, YTO paclpeleiicHne CKOIUICHHH B MPUPONE MOXKET HWMETh B HaOIIoJaeMoil obiacTu
aMOJANGHBIN XapakTep W OMHUCHIBAThCA creneHHbIM 3akoHoM ([Hmmmeman, 1972, 1982). B kadectBe
arMpOKCUMHUPYIOUIMX ISl TPUPOJHON COBOKYITHOCTH CKOIUIEHMH YB paccMarpuBanuch pacrpeneiaeHus
Beitbyna, Koxa, 6erta-pacnpeneienue nepBoro poja u T. A. Hambombliee pacmpocTpaHeHHE Ha MPAaKTHKE
noiayumwio oboOmenue pacnpenenenus [lapero — ycedeHHoe pacnpeneneane I[lapero, mpemtokeHHOE
A.3. Konroposnuem u B.M. JlemunsiM (1977, 1979). Otu pesynpTaTsl OBUIM TOATBEPXKACHBI B paboTax
(KppuioB u np., 1986; Apcupmii u ap., 1986 u 1. x.). K aHanornyHeIM BBIBOAAM MPHIUIA (BO3MOXHO,
HE3aBUCHMO) W HEKOTOpble 3amajaHble cnenuanuctel (Schuenemeyer, Drew, 1983; Houghton, 1988).
JanpHeiliee pa3BUTHE NPUBEIO K TMEPEXOqy OT aHaliu3a COBOKYITHOCTEM MECTOPOXKACHHM K aHalu3y
COBOKYITHOCTEH 3ajexei, AeTaubHO pa3paboTke ¢opmanbHbeix acnekToB (KonTtoposuu, Jlusmmm, 1988;
JluBmmn, 2004, 2020, 2023 u T.7.), BBIIOJIHEHUIO OLEHOK CTPYKTYPbl PECYPCOB psilia KpyIMHEUIIHNX
HedTerazoHocHbIX TpoBuHIMKE Poccuu (Konroporuu, Jlupmmn, 2017, 2022; KontopoBuu u np., 2021;
Bypmreitn u ap., 2020, 2023). OTnenbHBIM BaKHBIM HAIlpaBICHUEM SBILIETCS TEOPETHYIECKOE 0OOCHOBAHHUE
BUJIa paclpelieeHUsl CKOIJICHUH 1 YCTaHOBJIEHUE CBSA3M €0 MapaMeTpoOB C XapaKTEePUCTHKAMH BMEIIAIOIIUX
reojoruueckux o0bekToB (KontopoBuu u ap., 1988; bypureitn, 2004, 2006; Jlusmun 2014, 2017 u 1.1.). B
pamMkKax 93TUX pabOT IMOKa3aHO, YTO CTETNCHHOW XapakTep paclpele/iecHus] CKOTUICHUH, OmpeeseTcs
COOTHOIIIEHHEM TIPOIECCOB AKKyMyJsiuu u auccunannu YB B 3anexu. HecmoTpss Ha 3HauuTenbHOE
KOJIMYECTBO MCCJIEJOBAHUN, TOCBSILEHHBIX MPHPOJE CTENEHHBIX 3aKOHOB PAaCIHpEesICHUs] YCTOHYMBBIMA
XapakTep MoKazaressl CTENeH! (~2) MPUMEHUTEIHHO K pacipeelieHHI0 CKOTUIeHUH YB 00bsiICHeHUs TOKa He
HaXOJIHT.
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Use of GIS-technologies for assessment of ice spreading in the southern geocryological zone

B. Tsydypov, V. Chernykh, A. Ayurzhanaev, B. Sodmonov, M. Zharnikova, E. Garmaev
Baikal Institute of Nature Management of the SB RAS, Ulan-Ude, Russia

The development of geoinformation systems and remote sensing technologies has made it
possible to make a great step in the study of glaciers. In recent years, based on remote sensing
data, a series of catalogues of giant ice-tarns of the Northeast of Russia (Alekseev et al., 2021), ice
sheets of different high-mountainous regions of the Earth (Brombierstdudl et al., 2021;
Gagarin et al., 2022), etc. have been compiled. An important addition to these works is the map of
ice spreading in the Russian part of the Selenga River basin, the territory of which belongs to the
southern geocryological zone. The mapping of glaciers was made on the basis of Landsat-8 space
imagery data (2022). Automated processing of satellite data was carried out using threshold values
of the normalised snow and ice index NDSI. Additional detail of the hydrographic network was
required to define the boundaries of the buffer zones within which the calculations were
carried out. Watercourses were identified using the digital elevation model SRTM v. 4 using the
Hydrology module of ArcGIS software. After NDSI calculation, the obtained raster images were
converted to vector format. Visual interpretation and manual digitisation were also applied in the
process. GIS-analysis was used to obtain regularities of ice distribution by various characteristics:
terrain elevation, slope exposure and steepness, average annual air temperature and precipitation,
landscapes, soils, etc. The result of this work was a map of ice distribution (map of ice cover
distribution). The result of this work was a distribution map (in vector format) and a database of
basic morphometric characteristics of more than 15.5 thousand glaciers with a total area of more
than 361 km2. The study was supported by RNF, Project No. 23-27-00402 ‘Ice in the northern
(Russian) part of the Selenga River basin’.

Hcnonb3zoBanue 'MC-TexHoJI0THIi 111 OLIEHKH PACTIPOCTPAHEHUS HAJIe/lell B I0KHOM
reOKPHOJIOTHYeCKOH 30He

b. 3. Lpiaeimos, B. H. Yepnsix, A. A. Aropxkanaes, b. B. Coqnomos, M. A. XXapaukosa,
E. XK. I'apmacs
baiikanbckuii nHCTUTYT npupoonons3oBanus CO PAH, Ynan-Y 13, Poccus

PazButue reonHpOpMalMOHHBIX CUCTEM U TEXHOJOTMH AMCTAaHIMOHHOTO 30HAMPOBAHUS
MO3BOJIUJIO C/A€NaTh OOJNBIION IIar B W3y4YEHHWU HajeAe. 3a MocielHHe TojAbl Ha OCHOBE
JUCTAaHIIMOHHBIX JaHHBIX COCTABIIEHBI CEPUU KaTaJIOTOB FMTAHTCKUX Hajenen-tapbiHoB Cesepo-
Bocroka Poccum (AnekceeB u np., 2021), Hanmenei pa3HbIX BBICOKOTOPHBIX pailoHOB 3emiin
(Brombierstdudl et al., 2021; Gagarin et al., 2022) u nap. BaxHpiM JOomONHEHHEM K
NEPEYUCIIEHHBIM paboTaM SBIIETCS KapTa pPAaclpOCTpaHEHMs] HalleZiell B POCCHIICKON 4YacTu
Oacceitna p. CeseHra, TeppUTOpUSI KOTOPOTO OTHOCHTCS K IOXKHOH T€OKPHOJIOTMUYECKOW 30HE.
KaprorpadgupoBanue Haneneil BHIIOJHEHO Ha OCHOBE JaHHBIX KOCMHUYECKOH cheMku Landsat-8
(2022 r.). ABTOMaTU3MpOBaHHasE 00pabOTKa CIYTHUKOBBIX JAHHBIX IPOBEJIEHa MO MOPOTrOBBIM
3HAYCHUSIM HOPMHPOBAHHOTO CHEXHO-JenoBoro uHaekca NDSI. Jlns onpeneneHus TpaHMUIL
Oy¢epHbIX 30H, B Ipejenax KOTOPhIX MPOBOJMWINCH pacueThl, MOTpeOOoBaIach AONOIHUTENbHAS
JeTanu3anus ruaporpapuueckoi cet. BogoTtoku BbieneHbl Mo HUQPPOBOM Moaenu penbeda
SRTM v. 4 ¢ nomompto Moayns IIO ArcGIS «I'maponorus». Ilocie Berumcnenns NDSI
MOJTy4YE€HHBIE PAacTpOBblEe M300pa)K€HUs KOHBEPTUPOBaHBI B BEKTOPHBIN (hopmar. B mpouecce
paboThl MPUMEHSIIOCH TaKXkKe BU3yaJbHOE AeH(ppUpoBaHue U pydHas orudpoBka. C MOMOIIBIO
I'MC-ananu3a mOdy4YeHbl 3aKOHOMEPHOCTH pACHpPEACNICHHs Haleded M0  Pa3IMYHbIM
XapaKTepUCTHKaM: BBICOTA MECTHOCTH, OJKCIIO3MLMA M KpPyTH3HA CKIOHOB, CpPEJHET0A0Bas
TeMIepaTypa BO3JyXa U KOJUYECTBO OCAAKOB, JaHAMAPTHI, TOYBHI U Ap. Pe3ynbrarom naHHOU
paboThl cTajla KapTa pacrnpocTpaHeHHs (B BEKTOpHOM (opmare) U 0a3za JaHHBIX OCHOBHBIX
Mop(hoMeTpruYeCcKUX XapakTepucTHkK Oosiee 15,5 Tric. Haneae oOuieit riomanpto 6omuee 361 km?2.
HccnenoBanue BoinonHeHo npu noanaepxke PH®, npoekt Ne 23-27-00402 «Hanenu ceBepHoi
(poccwuiickoii) yactu Oacceiina p. CeneHray.
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Arktika-M geoinformation system: current status

M. Kuchma, E. Kholodov, IO. Shamilova
Far-Eastern Center of the FSBI «State Research Center of Space Hydrometeorology «PLANETA,
Khabarovsk, Russia

At present, technologies for processing and analysing data received from various spacecraft are
being intensively developed and improved. Measurement data from satellite instruments make it possible
to obtain a wide range of thematic products for solving a variety of fundamental and applied problems. At
the same time, there are practically no platforms available for the Russian constellation of meteorological
satellite systems that can link in a single technological cycle the formation of finished products for
consumer needs and the ability to display and analyse them using standard and special tools. With the
launch of the Arktika-M satellite No. 2 on 16 December 2023, a constellation of two satellites in a highly
elliptical orbit was formed, which provides a continuous mode of receiving information on the Arctic region
of the Earth (above 60°N) with a high frequency. That region is not accessible to observation from satellites
in geostationary orbit, and low-Earth orbiting meteorological satellites do not make it possible to observe
high-latitude areas with the required periodicity. The report discusses the capabilities of the Arktika-M
geoinformation system (GIS) developed at SIC Planeta for the benefit of a wide range of consumers. The
developers have implemented a full automatic cycle of processing and preparation of satellite data: opening
of initial data, calculation of thematic products using machine learning methods, transformation of
information into required formats. The GIS uses modern technologies providing access to data through
cartographic services united in a web-interface. In the course of operational use GIS ‘Arktika-M’
demonstrated high efficiency of work due to high reliability of information, prompt delivery of products to
end users, a large number of displayed products. All this contributes to improving the accuracy of forecasts
and storm warnings, and as a consequence, the prevention of natural emergencies. GIS ‘Arktika-M’
combines into a single information system data from various sources, which complement each other and in
general represent an effective monitoring and forecasting tool. Placement of such resources on the Internet
allows for prompt informing both interested services and the population.

I'eounpopmanuonHas cucrema «ApKTHKAa-M»: TeKyliee COCTOSIHUE

M. O. Kyuma, E. . Xonozos, 0. A. [llamunosa
AL Hayuno-uccnenoBarensckuii 1ieHTp «Ilnaneray, Xadaposck, Poccus

B mHacrosimee BpemMs WHTEHCHBHO pa3pabaThIBAIOTCSI W COBEPIICHCTBYIOTCS TEXHOJOTHH
00pabOTKM M aHaM3a JAHHBIX, MOJY4aeMBIX C Pa3lMYHBIX Kocmuueckux ammaparoB (KA). [lannbie
WU3MEPEHUH CIIyTHUKOBBIX NPUOOPOB MO3BOJISIIOT MOMYYaTh MIMPOKHHA CIIEKTP TEMAaTHUYECKOW MPOIYKLINU
JUTS pelleHns] MHOXecTBa QyHIaMEHTaIbHBIX U MPUKIaTHbIX 3a1a4. [Ipu aToM, mardopm, KOTOpsie MOTYT
CBSI3aTh B €IMHBIN TEXHOJIOTHYECKHH UK (OPMUPOBAHUE TOTOBBIX MPOYKTOB MO HY KBl TOTPEOUTEIS
¥ BO3MOXXHOCTb HUX OTOOpaKEHHMSI M aHaM3a CTAaHAAPTHBIMU U CHEUUAIBHBIMH MHCTPYMEHTaMH, IS
POCCHUICKOM TPYNITUPOBKH METEOPOJOTHUECKUX CIIyTHUKOBBIX CUCTEM INpakTuiecku HeT. C 3amyckoMm 16
nexabpst 2023 r. KA Apkruka-M Ne 2 cdopmupoBaHa TrpynnupoBKa W3 JBYX arnapaTroB Ha
BBICOKORJIJTMIITUYECKOW OpOHTE, KOTOpas 00ecrneyrBaeT HETPEPHIBHBIN PEXUM IOITYYEHHUS C BBICOKOM
NEPUOJUYHOCTHI0O MHGOpMAKMU MO ApKTHYECKOMY pervoHy 3emiu (Beime 60o c. m.). DTOT PEeruoH
HEJIOCTYyNeH JUIsi HaONIOJEHHsI CO CIYTHUKOB HAa TIeOCTAllMOHApHOW opOuTe, a HU3KOOpPOWUTAIBHBIE
METEOPOJIOTHUECKHNE CIYTHHUKH HE Jal0T BO3MOXKHOCTH TPOBOAMTH HAOIIOJEHHE BBICOKOIIMPOTHBIX
paiioHOB Cc TpeOyeMOH NepHOAMYHOCTHIO. B nokmage  paccMaTpuBarOTCS — BO3MOXKHOCTHU
reourdopmanronaoii cucremsl (I'MC) «Apkruka-My», pazpaborannoit B HULL «Ilnanera» B mHTEpecax
HIMPOKOTO KpyTa norpedureieii. PazpaboTunkamu peaii3oBaH MOJTHBIN aBTOMATUYECKHUH UK 00pad0TKU
W TOJATOTOBKH CIIyTHHKOBOW HMH(OpPMAIUU: OTKPHITUE HCXOJHBIX JIAHHBIX, PacdeT TeMaTHYecKOi
NPOAYKIMH C HCIOJB30BaHWEM METOIOB MAIIMHHOTO 0OydeHHs, NpeoOpa3oBaHHe WHPOPMALH B
HeoOxomumele popmaTel. B TUC ucmonb30BaHbl COBpEMEHHBIE TEXHOJIOTHH, 00eCTIEUNBAIONINE JOCTYI K
JAHHBIM TIOCPEJICTBOM KapTorpaduveckux CEepBHUCOB, OOBENWHEHHBIX B BeO-mHTEpdeiice. B xome
onepatuBHOM skciuryatamun [MC «ApkTtuka-M» TponeMOHCTpUpOBaja BBICOKYIO 3(deKTHuBHOCTD
paboThl 3a CYET BBICOKOH OCTOBEPHOCTH HH(OPMAIMK, ONEPATHBHOCTH AOBEICHHUS MPOAYKLIHH OO0
KOHEUHbIX II0JIb30BaTesIel, OOJIBIIOro KOJMYECTBa 0TOOpa)xkaeMbIX NMPOAYKTOB. Bce 310 crocoOcTByeT
MOBBIIIIEHHIO TOYHOCTH NMPOTHO30B M IITOPMOBBIX ONOBEIIEHWH, W KaK CIEACTBUE, MPEIYNPEKICHUIO
Ype3BBIYAMHBIX cUTyaluid npupoxHoro xapakrepa. [MC «Apkruka-M» oO0benuHsIeT B EIUHYIO
WHQOPMAIMOHHYIO CHCTEMY JIaHHBIE W3 Pa3IMYHBIX UCTOYHHKOB, KOTOPBIC JAOTONHSIOT JAPYT JIpyra U B
[EJIOM TIPEJICTABISIOT CO00H AP (PEKTUBHOE CPEICTBO MOHHTOPHHIA M MPOTHO3MpOBaHMA. Pa3mMerieHue
NoJOOHBIX pecypcoB B ceTH MHTepHET Mo3BoiIsIeT OnepaTuBHO HHPOPMUPOBATH KaK 3aMHTEPECOBAHHbIE
CITY’KOBI, TaK U HACCJICHHE.
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Regularities of decrease in the area occupied by arable land in the central part of the
Russian Plain, according to HILDA+ data

G. Aleksandrov
A. M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

HILDA+ (Historic Land Dynamics Assessment+) is a dataset containing land use
information at a spatial resolution of 0.01 degrees’ longitude and latitude for each year from 1899
to 2019, in the form of integers denoting the type of land use. Using these data, the percentage of
arable land was calculated in grid cells in 0.5 degree increments in latitude and longitude. In the
central part of the Russian Plain (more precisely in the area enclosed between the 31st and 42nd
meridians and the 59th and 51st parallels) arable land occupied 42.149% in 1962, 40.645% in
1968, 39.495% in 1988, 34.519% in 2008, and from 2008 to 2019 its area remained practically
unchanged. The decrease in the area of arable land in the central part of the Russian Plain generally
confirms the hypothesis discussed in modern scientific literature that the decrease in the area of
arable land seems to be a natural result of economic development. The alternation of periods of
relative stabilisation and periods of relatively rapid decline in the area of arable land in the central
part of the Russian Plain can be associated, within the framework of this hypothesis, with the
alternation of periods of acceleration and deceleration of economic development, or, more
precisely, with the alternation of periods of relatively rapid and slow changes in quantitative
indicators of those aspects of economic development that determine land use change.

3aKOHOMEPHOCTH CHUKEHUS MJIOIIAIU, 3AaHUMAeMOH MaXOTHBIMHU 3eMJISIMU B LIEHTPAJIbHOM
yactu Pycckoii paBaunbl, 1o 1anabiMm HILDA+

I'. A. Anekcanapos
WuctutyT dpusuku armocdepsr um. A.M. O6yxoBa PAH, Mocksa, Poccus

HILDA+ (Hlistoric Land Dynamics Assessment+) — Ha0Op JaHHBIX, COJACPIKAIIUX
MH(POPMALIKIO O 36MJIEII0Ib30BAHUY € MPOCTPaHCTBEHHBIM pa3pewienueM 0.01 rpagyc no goirore
U IIUPOTE JUIsl KaXJ0ro rofa, HaunHas ¢ 1899 u 3akanuuBas 2019 romom, Buae HENBIX YHCEI,
0003HAvaIOIIKX BHJ 3€MJIENIOIb30BaHusA. 110 3TUM aHHBIM ObUT BBIYMCIIEH MPOLEHT MaXOTHBIX
3eMelb B S4eMKax KOOpAWHATHOM ceTku ¢ maroM 0.5 rpaaycoB MO IIHPOTE U JIOJITOTE.
B nenrpanbHoit yactu Pycckoli paBHUHBI (TOYHEE Ha TEPPUTOPUH, 3aKIOUEHHON Mexy 31-M u
42-m mepunmaHamMu U 59-if m 51-i mapayuiensiMM) maxoTHble 3eMJIM 3aHuUManu B 1962 rogy
42.149%, B 1968 — 40.645%, B 1988 — 39.495%, B 2008 — 34.519%, a ¢ 2008 no 2019 rox ux
IUIOLIA/lb IPAKTUYECKU HE M3MeHsIach. CHIKEHHE TUIOIIAIN TaXOTHBIX 3€MENb B [IEHTPAIbHON
yacTu Pycckoll paBHUHBI B 1I€JIOM MOJTBEPKIACT OOCYXKIAaeMyl0 B COBPEMEHHON Hay4yHOU
JUTEpaType TMIOTE3Y O TOM, YTO CHUXKEHHUE IO TAXOTHBIX 3€MEIIb, 1I0-BUAUMOMY, SBJIIETCS
3aKOHOMEPHBIM  pe3yJbTaTOM  SKOHOMHYECKOro  pa3BuTusi. UepengoBaHue  meproioB
OTHOCHUTEJIbHOM cTaOWiIM3allud U TEpUOJOB OTHOCHTEIBHO OBICTPOrO CHIIKEHHS IJIOLIaIu
MaXOTHBIX 3€MEJIb B IEHTPaJIbHOU YacTu Pycckoil paBHUHBI MOXKET OBITh CBSI3aHO, B paMKax 3TOU
TUIIOTE3bI, C YEPENOBAHUEM NIEPUOJIOB YCKOPEHHUS U 3aMEIIEHHS] S KOHOMHUUYECKOTO Pa3BUTHUS, WU
TOYHEE — C YepeJOBaHHWEM I[E€PHOJOB OTHOCHUTEIBHO OBICTPHIX U MEIJIEHHBIX W3MEHEHUM
KOJIMYECTBEHHBIX MHAUKATOPOB TEX ACIIEKTOB YKOHOMHUYECKOTO Pa3BUTHS, KOTOPHIE ONPEAEISAIOT
M3MEHEHUE 3eMJIETI0Ib30BaHUsl.

55



About stages of manifestation of seismic regime anomalies before earthquakes

V. Smirnov?, A. Petrushov?
! Lomonosov Moscow State University, Moscow, Russia
2 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

The world practice of seismological research has revealed a number of statistical
parameters of the seismic regime, anomalous changes in which are considered as indicators of key
earthquake preparation processes. These include, first of all, characteristics of the energy
‘spectrum’ of seismicity: the slope of the recurrence plot, various characteristics of seismic
activity, characteristics of the spatial, temporal or spatial-temporal density of released seismic
energy, as well as parameters of earthquake clustering and interaction. Two seismic regime
parameters widely used in prognostic studies were selected for analysis: the seismicity energy
spectrum parameter (Gutenberg-Richter parameter) and the complex RTL parameter, which
characterises the interaction of earthquakes and reflects the stages of quiescence and foreshock
activation of seismicity. Spatial and temporal anomalies of these parameters were found before
relatively strong earthquakes in areas with different general tectonic types: subduction zones
(Kamchatka and Japan as an example), rift zones (Iceland), shear transform fault zones (California,
Turkey, Iran). On the basis of comparison of the main characteristics of anomalies (durations,
spatial sizes, distances from the epicentre of the earthquake) the peculiarities of the stages of
anomalies manifestation in the considered areas were revealed. Staging is understood as the ratio
of time and spatial areas of formation and development of anomalies. In spite of the practice of
complexing various seismicity statistics in solving prognostic problems, the questions about the
regularities of anomalies manifestation stages, about similarities and differences of this stage
manifestation in different tectonic conditions and on different energy scales, about the physical
causes of stages remain open at present. These issues are discussed in the report.

O cragniiHOCTH NPOSIBJICHUS AHOMAJIHI CeHCMHYECKOr0 pesKuMa nepej 3eMIeTPsICeHUsIMU

B. b. Cvupnos?, A. A. Tlerpymios?
! MockoBckuii rocyaapcTsenHblii yauepeuteT uM. M. B. Jlomonocosa, Mocksa, Poccus
2 Nuctutyt ¢usuku 3emmu um. O. 0. IlImuara PAH, Mocksa, Poccust

MupoBasi mpakTUKa CEHCMOJIOTHYECKUX MCCIECNOBAaHUN BBISBUIIA PAJl CTATUCTUYECKUX
[IapaMeTPOB CEHCMHUYECKOT0 PEXXMMa, AaHOMAJIbHbIE N3MEHEHUSI KOTOPBIX PACCMATPUBAIOTCS Kak
WMHIMKATOPBl KIIIOYEBBIX MPOLIECCOB MOArOTOBKHU 3emieTpsiceHuil. K HuM, B nepByro odepens,
OTHOCSITCSl XapaKTEPUCTHKU SHEPreTHYECKOro «CIEKTPa» CEHMCMMYHOCTU: HAKJIOH rpaduka
MIOBTOPSIEMOCTH, DPA3JIMYHbIE XapaKTEPUCTUKU CEUCMMUYECKOW aKTHUBHOCTH, XapaKTEPUCTUKU
IIPOCTPAHCTBEHHOM, BPEMEHHOU 1SN0 IIPOCTPAHCTBEHHO-BPEMEHHOM IJIOTHOCTH
BBICBOOOXKJIAIOIIEHCST CeMCMUYECKOl DSHepruM, a TakXke M[apaMeTpbl KiacTepus3aluud U
B3aMMOJEHCTBUS 3eMieTpsiceHui. [ aHanu3a ObUIM BBIOpAHBI JBa IIUPOKO HCIONb3YEMbIX B
IIPOTHOCTUYECKUX  MCCIEJOBAaHUAX  MapaMeTrpa CEHCMUYECKOro  peXHuma: I0Ka3arelb
HHEPreTUYECKOro crekTpa ceiicMuyHocTu (mapamerp ['yreHOepra-Puxrtepa) M KOMIUIEKCHBIN
napamerp RTL, xapakrepusyromuii B3aMMOAEHCTBUE 3€MIIETPSICEHUM M OTPAXKAIOUIUN CTaIUH
3aTUIIbs ¥ (POPIIOKOBOM aKTUBHM3aLUU ceiicMUUHOCTH. [IpocTpaHcTBEHHO-BpeMEHHbIE AHOMATHH
ATUX MapaMETPOB OBUIM BBISBICHBI IEpPE] OTHOCHUTENBHO CHJIBHBIMU 3E€MJIETPSCEHUSMU B
001acTAX € Pa3NUYHBIMU T'€HEPAJbHBIMH TEKTOHMYECKUMH TUIAMM: 30HBI CyOAyKUMH (Ha
npumepe Kamuatku u Snonun), pudrossie 30861 (Mcnannus), 30HbI CABUTOBBIX TPAaHCPOPMHBIX
paznomoB (Kamudopuus, Typuus, Upan). Ha ocHOBe comocTaBieHns: OCHOBHBIX XapaKTEPUCTUK
aHOMaJUi (MIPOJOJIKUTEILHOCTEN, MPOCTPAHCTBEHHBIX Pa3MEpOB, PACCTOSIHUM OT SMHUIIEHTpa
3eMJIETPSICEHNs1) BBISBJICHBI 0COOEHHOCTH CTaIUIMHOCTH MPOSIBICHUS aHOMAJIMI B pACCMOTPEHHBIX
obnactsx. Ilon craguilHOCTBIO TMOHMMAeTCs COOTHOIIEHHE BpPEMEH U IPOCTPAHCTBEHHBIX
obmacteil GpopMHupoBaHUS U pa3BUTUs aHOManuid. HecMoTps Ha cTaBIIyl0O HOPMOW MPAaKTUKY
KOMILUIEKCUPOBAHHS PA3JIMYHBIX CTAaTUCTUK CEHCMHUYHOCTH IPHU PEIIEHHH INPOTHOCTUYECKUX
3314 BOIIPOCBI O 3aKOHOMEPHOCTSX CTaJAMMHOCTU IPOSBICHHUS AHOMAJIHUHM, O CXOACTBE U
pa3IMuusAX NOPOSBICHHUS ITOW CTAAMWHOCTH B PAa3JIMYHBIX TEKTOHMYECKUX YCIOBHAX WU HA
Pa3IMYHBIX HPHEPreTHYECKUX MaciuTabax, o (pU3MUeCKUX MPUYMHAX CTAAUWHOCTH OCTAIOTCS B
HACTOsIILEe BPEMS OTKPBITBIMU. DTU BONPOCHI 00CYKAAI0TCS B TOKIAJE.
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On maintenance of the Unified State Data Fund on the state of the environment, its pollution

V. Shaimardanov, E. Kolesnikov
RIHMI-WDC, Obninsk, Russia

Information on the state of the natural environment, its pollution (hereinafter referred to as
information) is one of the key factors in achieving the goal of sustainable economic development of each
state. Such information is a valuable and demanded material, as changes in natural conditions have a
constant impact on human life, affecting various sectors of the economy and the social sphere of society.
Regular collection and storage of information on the territory of Russia has been carried out for a century
and a half. As a result of this activity, the Unified State Data Fund (USDF) on the State of the Environment
and its Pollution is formed. The All-Russian Research Institute of Hydrometeorological Information —
World Data Centre (VNIIGMI-MDC) is responsible for maintaining the USDF. The main objective of
VNIIGMI-MDC is to provide information to the population, executive authorities, armed forces of the
Russian Federation, and sectors of the economy. In order to achieve this goal, a number of tasks of the
USDF are solved: 1) Collection, recording, archiving, long-term storage and dissemination of information.
Methodological support of organisations in terms of keeping the USDF. 2) Development, implementation
and maintenance of technologies for data collection, processing and archiving, automated information
retrieval systems for recording and long-term storage of the USDF information. 3) Serving consumers with
specialised information and products created on its basis. 4) Climate research. Marine research. 5) Damage
assessment and works in the field of economic meteorology. The data in the USDF are structured by types
of information, stored on technical, paper and photo media. The data collection of the USDF (about 50
million files) is unique and its information component fulfils the Big Data criteria. To perform the functions
of the USDF, the following advisory technologies and systems have been developed and implemented:
Automated Data Transfer System; Systems for processing, accumulation and analysis of
hydrometeorological observation data at stations and posts; Automated Information System for processing
of regime information, etc. The following systems have been developed and implemented. Further
development of the USDF consists in increasing the efficiency, completeness and quality of information
provision of public authorities, legal entities and population with information products based on observation
data through the development of software, tools and technologies for collection, storage and monitoring of
information provided to the USDF by organisations of Roshydromet and other ministries and departments.

O Benenun ExunHoro rocygapcTBeHHOro ¢goHaa JaHHbIX 0 COCTOSIHMHM OKPY:KawoLleil cpeabl, eé
3arpsi3HeHUH

B. M. [Taitmapnanos, E. B. Konecuukon
BHUUTMU-MIIJ], O6HuHCK, Poccus

WNudopmanns 0 COCTOSIHUM OKpY)KAlOIEH NPHUPOAHOW cpedpl, €€ 3arps3HeHHH (najee HH(POPMAIH)
ABJISIETCS OJHUM M3 KIIIOUEBBIX (DAKTOPOB JTOCTHKEHUS LM YCTOWYMBOTO KOHOMHYECKOTO PA3BUTHS KaXKIOTO
rocyaapcrBa. Takue CBEJEHHS SBISIOTCA IEHHBIM M BOCTPEOOBAaHHBIM MaTEpPHAIOM, MOCKOJBKY H3MEHEHHE
HPUPOJHBIX YCIOBUM OKa3bIBA€T IIOCTOSIHHOE BIMSHUE HA >KM3Hb YEIOBEKA, OKa3blBas BO3ACHCTBHE HA PAa3IUYHBIC
OTpaciii 3KOHOMHKH U COIMANBHYIO cepy obiectBa. PerymsipHslii cOop u XxpaHeHne nHpopMalnuK Ha TEPPUTOPUH
Poccum, ocymiecTBisieTcss Ha MPOTSDKEHUH TOJTyTOpa BEKOB. B pesymnbrate 3T0il AesTensHOCTH 00paszyercst Enunbrit
rocyaapcTBeHHblit pona nanHbX (EI'®/I) o cocrosiHum okpyxatorieit cpeapl, €€ 3arps3HeHnd. OyHKIMU BeACHUs
EI'®J[ Bo3noxkenol Ha Bcepoccuiickuii HayudHO-MCCIENOBATENIbCKUA HMHCTUTYT THAPOMETEOPOJOTHYECKOU
napopmanuu — Muposoit nentp nauasix (BHUNT'MU-MI). OcuoBHas nens BHUUT' MU-MILJ] — obecnieuenue
nH(opManueld HaceneHus, OPraHOB HCIIOJIHUTEIILHOM BIIACTH, BOOPYKEHHBIX cuil PD, cekropoB skoHOMHKH. st
JOCTIDKECHUS LM penraetcs psij 3anad no seaenuto EI'®J1: 1) Coop, yuer, apxuBanus, 10JArOBPEMEHHOE XpaHCHUE
u pacnpoctpaHenue uHpopmanmu. Meroaudyeckoe obecniedyeHne opraHuzanuii B uyactu BeneHus EID/.
2) PaspaboTka, BHEIpPEHHE M CONPOBOXKICHHE TEXHOJNOTWIl cOopa, OOpabOTKM W apXUBAalMU JIaHHBIX,
ABTOMATH3MPOBAHHBIX MH(MOPMAIIIOHHO-TIOMCKOBBIX CHUCTEM y4eTa M JIOJITOBPEMEHHOI0 XpaHeHHs HH]opMmanuu
ET®/l. 3) ObcnyxuBanne NOTpeOMTENEH CHEeHUANTU3MPOBAHHOW HH(pOpMAaLHeld M CO3JaHHONH Ha e OCHOBE
npoaykuueit. 4) HccrnenoBannst B obnmactu kiumara. Mopckue uccienoBanus. 5) OreHka yiep6oB u paboTsl B
o0iact skoHOMHIUYECcKOo# MeTeopostorun. Jlanusie B EI'®/] cTpykTyprpOoBaHbI IO BUJIaM HH(OPMAIIUH, XpaHITCSI Ha
TEXHUYECKHUX, OyMaxXHbIX M Qoro Hocutensx. Kommekuus nanaeix EI'®J] (oxono 50 mmH. daiiinoB) sBiseTcs
YHHUKAIIbHOH, ¥ ee MH()OPMAIOHHBIH KOMIIOHEHT COOTBEeTCTBYeT KpurepusaM bompmmx [lannex (Big Data). s
BommosHeHns  QyHKumi EI®Jl, pa3paboTraHsl W BHEIAPEHBl COBETYIOIIME TEXHOJOTHHM U  CHUCTEMBI:
ABTOMAaTH3MpOBAaHHAS CHCTeMa Iiepefadd AaHHbIX; CHCTeMBl OOpabOTKH, HAKOIUICHWS W aHajH3a JaHHBIX
THPOMETEOPOIOTHUECKIX HAaOMIOAEHUH Ha CTAHIMAX M 110CTaX; ABTOMAaTU3UpOBaHHAs WHPOpMaMOHHAs cUCTEMa
00paboTku pexxuMHON nHpopManmu u ap. Hanpreinee passurue ET®J] cocronT B noBbleHnH 3QQPEeKTHBHOCTH,
MOJIHOTHI M KauecTBa MH(OPMAIIMOHHOTO O00ECIeueHHs] OPraHOB TOCYJIapPCTBEHHOM BIIACTH, IOPUAWYECKUX JIHIl H
HacesieHHs: HH)OPMALMOHHON MPOJIyKIMel Ha OCHOBE JTaHHBIX HaOmoaeHui nocpeacTsoM passurust [10, cpeacts u
TEXHOJIOTHMH cOopa, XpaHeHHMs M MOHHUTOpHHra wuHpopmanmu, npexpocrasisieMoii B EI'®DJ] opranmzanusmu
Pocrunpomera u 1pyrux MUHHCTEPCTB M BEZJOMCTB.
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Dynamics of the anomalous magnetic field as a possible indicator of changes in heat flux intensity

Yu. Turbin
Arctic and Antarctic Research Institute, Saint Petersburg, Russia

The secular variations of the Earth's magnetic field (EMF) were studied using data from the high-
latitude stations Mys Baranov and VVostok and the IGRF-2020 model. The purpose of this work is to assess
the dynamics of the Earth's anomalous magnetic field (AMF), the magnitude of which is determined by the
intensity of lithospheric rock magnetisation. The dynamics of two main sources of the AMPF (deep currents
and ionospheric-magnetospheric current systems) has been studied in detail, while the third source
(magnetised rocks) is considered to be unchanged. Active geological processes occurring, in fact, in real
time cannot but affect the changes in the physical properties of lithospheric rocks and, in particular, in their
magnetisation. The high accuracy of the IGRF-2020 model, a long series of absolute values of the
magnetisation modulus at the stations, relatively low activity of the Sun during its 24th cycle and the use
of regression analysis to determine the magnitude of the secular variation at magnetic stations make it
possible to achieve the goal set. The data on the magnitude of the modulus at the stations were obtained
using proton magnetometers during the determination of the baseline values of the magnetovariation
stations. The magnitude of AMPZ at a selected station is defined as the difference between the measured
value and the value of the normal field — the IGRF model field. The AMPZ value at the ‘Cape Baranova’
station during the period from 04.11.2016 to 29.09.2021 changed by 28 nTa, and at the NIS ‘Cape
Baranova’ station for the period from 22.06.2010 to 10.06.2022 — by 6 nTa (18% and 25% of the initial
value, respectively). The obtained changes in AMPZ can be explained by the change in the magnetisation
of rocks when their temperature changes, and the changes in the AMPZ value can serve as an indicator of
the change in the heat flux from the Earth's depths. In 2023-2024, the northern magnetic pole reached the
area of increased heat flow activity — the spreading zone (Gakkel Ridge). A change here in the intensity of
the heat flow could lead to a change in the value of the AMPZ and cause the magnetic pole to move here
at a stable position of the geomagnetic pole. If we accept this assumption, the movement of the magnetic
pole, if it continues, then within the geologically active zone — the spreading zone in the Arctic Ocean.

JAuHamMMKa aHOMAJIbHOI0 MATHUTHOT'O I0JISI KAK BO3MOKHbIH HHAUKATOPA U3MEHEeHU I
HMHTEHCUBHOCTH TEILJIOBOI0 MOTOKA

10. T. TypOun
ApKTUYeCKHil 1 AHTapKTUUCCKHUN HAyYHO-UCCIIeA0BaTeNbCekui nHCTUTYT, CaHkT-IleTepOypr, Poccus

UccnenoBan BexkoBod xoj MarHuTHOTOo moist 3emuu (MII3) mo maHHBIM BBICOKOIIMPOTHBIX
craniumii HUC «Mpsic BapanoBa» u «Boctok» u o nanasiM mojenu IGRF-2020. Lenbio paOboTh sBisieTcs
OLIEHUTH TUHAMUKY aHOMaJIbHOIO0 MarHUTHOro nojsi 3emsn (AMII3), BenuunHa KOTOPOTro ONpenesisieTcs
MHTEHCHBHOCTBIO HAMarHMYEHHOCTH NOpoA Jautocdepsl. JnHaMuka ABYX OCHOBHBIX MCTOYHHKOB MII3
(TyOMHHBIE TOKH U MOHOC(EPHO-MarHuTocepHble TOKOBBIE CHCTEMbI) U3yUYeHa JIOBOJBHO JETAIBHO, a
TPETUl HMCTOYHUK (HAMAarHWYECHHBIE IOPOJBI) CUUTACTCS HEU3MEHHBIM. AKTHBHBIE TI'€OJOIMYECKHE
NPOLIECCHl, NpOTEKaromye, GaKkTUYECKH, B peaJbHOM MacliTade BPEMEHHM HE MOTYT HE CKa3aTbCsl Ha
W3MEHEHUH (PU3NUECKUX CBOWCTB MOPOJ JTUTOC(EPHI U, B YACTHOCTH, HA UX HAMAarHUYEeHHOCTH. Bhicokast
touHocTh monaenu IGRF-2020, mnmuuHBIA psig aOcomtoTHBIX 3HaueHWd momyns MII3 Ha craHnusax,
OTHOCHUTENILHO HU3Kasl akTUBHOCTH COJIHIIA B IEPUOJ €T0 24-T0 HUKIIA U HCIOJIB30BaHUE PETPECCHOHHOTO
aHaM3a JUId OTpeeNeHUs] BETUYMHBI BEKOBOM BapHalliil Ha MAarHUTHBIX CTAHIUSAX JAlOT BO3MOXHOCTh
JIOCTUYb MTOCTaBJIEHHOH 1enH. JlaHHbIe 0 BETUYMHE MOJYJS HAa CTaHIMAX IOJYYEHbI C UCIOIb30BAHUEM
NPOTOHHBIX MAarHUTOMETPOB BO BpeMs OIpelesieHHs Oa3UCHBIX 3HAYCHUH MarHUTOBapUallMOHHBIX
cranuuil. Bennunna AMII3 B BEIOpaHHOM MYHKTE ONpeEAessieTcs] KaK Pa3HOCTh U3MEPEHHOTO 3HAYCHUS U
3HAYCHHSI HOpMaJIbHOTO ToJst — 1oyt mojaenu IGRF. Benmunaa AMII3 wa cranmuu «Meic bapanosa» B
nepuon ¢ 04.11.2016 roma mo 29.09.2021 roga m3menunachk Ha 28 HTn, a Ha ctaHuuu HUC «Msic
Bapanosay 3a nepuon ¢ 22.06.2010 o 10.06.2022 —ua 6 1Tn (18% u 25% oT nepBoHAYaIBHOTO 3HAYCHHS,
cootBeTcTBeHHO). [lonyuennbie n3ameHenuss AMII3 MoryT ObITh OOBSCHEHBI M3MCHEHHUEM BEIIMYMHBI
HAMarHWYeHHOCTH TOPOJ NMPH WM3MEHEHWH WX TeMIepaTyphl, a u3MeHeHus BeiamuuHel AMII3 moryT
CIIy’KUTh MHIUKATOPOM HU3MEHEHHsI TEIJIOBOro MOoToKa u3 rinyouH 3emin. B 2023-2024 rogax ceBepHBII
MarHWTHBIA TIOJIOC JOCTHT pailoHa TMOBBIIIEHHON aKTUBHOCTH TETUIOBOTO IOTOKA — 30HBI CHPEIMHTA
(xpeber I'akkens). M3smeHeHne 31ech MHTEHCHBHOCTH TEIUIOBOTO MOTOKA MOTJIO TPUBECTH K M3MEHEHHIO
BenmnunHel AMII3 u cTate mpUYMHOM TepeMenieHusl CIoJa MarHUTHOTO IIOJIIOCa MpHU CTAOMIBHOM
MOJIO’KEHUH TIOJ0Ca T€OMAarHUTHOTO. ECiIM NPUHATH 3TO NMPEANOJOKEHHUE, TO JBHKEHHE MArHUTHOTO
MOJIFOCA, €CIM M TPOAOIDKUTCS, TO B IpPEeNiaX T€O0JIOTHYECKH aKTUBHOW 30HBI — 30HBI CIIPEAHMHTa B
CeseproM JlemoBUTOM OKeaHe.
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Modelling of mantle-crust migrant systems — a new approach to system analysis of seismic events

V. Vasiliev, E. Vasilieva
Dobretsov Geological Institute SB RAS, Ulan-Ude, Russia

In the plastic medium at depth H under the subhorizontal strength barrier S, the inflow of deep fluid
and/or magma forms a chamber with density D, which is lower than the density of the host medium R. The
vertical size of the chamber L increases with the accumulation of matter. With the accumulation of matter,
the vertical dimension of the chamber L increases. The density difference (R-D) leads to the fact that at
critical L the overpressure in the chamber reaches and exceeds the strength of the barrier:
R-g-(H+L)-R-g-H-D-g-L>S (g is the acceleration of gravity); a subvertical cavity is formed in the barrier
due to fracturing, which is instantly filled with the chamber substance — the rising mantle-crust migrant
(MCM). This theory was put forward by N.S. Zhatnuev and then developed and substantiated using
tectonophysical and numerical experiments with the author's participation (Zhatnuev, 2005, 2010, 2016;
Vasiliev et al., 2008, 2009, 2012, 2019, 2021). The occurrence of MCM s a trigger for relaxation of the
external environment stress accumulated in the process of chamber growth, i.e. the cause of seismic events
of different power. Such consecutive events in time (due to accumulation of subsequent chambers on this
strength barrier) and in space (due to other strength barriers on the way of MCM rise) are the cause of
various hard-to-explain seismic events, including ‘seismic nails’ (according to Vadkovsky, 2012) in the
areas of modern endogenous activity, an example of which is the origin of the Kultuk earthquake of 2008,
as well as earthquakes of the Kurilo-Kamchatka, Japanese and other island arcs. Consequently, system
analysis of such processes should include:1) numerical and tectonophysical modelling of MCMs and their
systems; 2) study of petrophysical and rheological structure of lithosphere in different geodynamic
conditions and at different scales; 3) study of spatial and temporal swarms of earthquakes from positions
of MCM theory; 4) creation and implementation of software for modelling of MCMs and their systems, as
well as for analysis of results of tectonophysical modelling. We have registered in Rospatent a number of
applied computer programs: Vladi OverPressure — a program for simulation of MCM formation on some
strength barrier and its evolution; Vladi DiStat — a program for calculation of two-dimensional distributions
of petrophysical parameters of MCM host medium; Vladi Gead —a program for thermophysical calculations
in the range of plume adiabatic — regional geotherm; Vladi Joint — a program for statistical modelling of
behaviour of systems of random rising MCMs in plastic medium.

MopaenupoBanue cHCTeM MAHTHITHO-KOPOBBIX MUTPAHTOB — HOBBIH MOAX0 K CHCTEMHOMY aHAJU3Y
celicCMHYeCKHX COOBITHI

B. U. Bacunses, E. B. Bacunbea
I'eonmornueckuii nactutyt uM. H. JI. JloopeoBa CO PAH, Ynau-¥Y 3, Poccus

B mnactuuHO# cpene Ha rimyOoune H mox cyOropu3oHTaNbHBIM IPOYHOCTHBIM OapbepoM S MOCTYIUICHHE
riryOnHHOTO (hironaa u/mim Marmsl GopMHUpYeT KaMepy ¢ INIOTHOCTBIO D, MOHMKEHHONW OTHOCHUTENBHO INIOTHOCTH
BMematonieit cpenpl R. C HakomieHueM BellecTBa BEpTUKAIBHBIN pazmep kamepsl L pactér. PasHocTs minoTHOCTEM
(R-D) Benér k ToMy, 4TO NIPH KPUTHIECKOM L N30BITOYHOE TaBJIeHHUE B KaMepe JOCTUTAET U IIPEBOCXOIUT IPOYHOCTh
6aprepa: R-g-(H+L)-R-g-H-D-g-L>S (g — yckopeHune cuibl TSHKECTH); B 6apbepe 3a CUET ruapopaspbiBa o0pasyercs
cyOBepTHKaIbHAs MOJIOCTh, MTHOBEHHO 3aIlOIHsAEMas! BEIIECTBOM KaMephl, — NOJHUMAIOIIUNACS MaHTHIHO-KOPOBBIH
murpait (MKM). Ota teopus BeyaBunyTta H.C. JKaTHyeBeIM, a 3aTeM pa3BuTa W OOOCHOBaHAa C IOMOIIBIO
TEKTOHO(QUM3MYECKNX M YHCICHHBIX S3KCIIEPUMEHTOB TIpu ydactTuu aBTopa (PKatmyes, 2005, 2010, 2016;
BacunwseB u ap., 2008, 2009, 2012, 2019, 2021). BozuukaoBenne MKM SBISIETCSI TPUTTEPOM JUIS PENTaKCAIMH
HaINpsDKEHUsl BHEIIHEH CpeJibl, HAKAIUTMBAIOIIErocs B TIPOLECCe POCTa Kamepbl, T.e. MPUYMHON CeHCMHUYECKHX
coObITHi pa3nuuHoil MomHOCTH. Takue mocienoBaTesbHbBIE BO BpEMEHH (3a CUET HAKOTUICHHS TTOCIIEIYIOMINX KaMep
Ha 3TOM POYHOCTHOM 0apbepe) U B IIPOCTPAHCTBE (32 CUET IPYTUX NPOYHOCTHBIX OaphepoB Ha My TH nogbéMa MKM)
COOBITHS  SABISIIOTCS NPUYMHON PasIMYHBIX TPYIHOOOBSCHUMBIX CEHCMHYECKHX SIBICHHH, B TOM 4YHCIE
«celficMuueckux reo3uei» (mo Bagkosckomy, 2012) B 00acTsx cOBpeMEHHOM YH/IOTEHHON aKTHBHOCTH, IPHMEPOM
KOTOpBIX sBisieTcst ouar Kyntykckoro 3emnerpscenus 2008 r., a taxxe semuerpsacenus Kypuno-Kamuatckoid,
SImoHCKON M IpyruX OCTPOBHBIX AyT. ClenoBaTelbHO, CHCTEMHBIN aHaJH3 TaKUX IPOLECCOB JOJKEH BKIIOYATH:
1) uncnenHoe u TekTOoHOU3NYeckoe MmonenupoBanne MKM um ux cucrem; 2) u3ydeHue MeTPOHU3HUECKOTO H
PEOJOTHYIECKOTO CTPOCHHS JIMTOC(HEPhl B Pa3HBIX T'eOJMHAMHYECKHMX OOCTaHOBKAX M B pa3HOM MacuITade;
3) m3yueHWe NPOCTPAHCTBEHHBIX M BPEMEHHBIX POEB 3emieTpsiceHui ¢ mosuiuil Teopun MKM; 4) co3manue u
BHEJIPEHHE NTPOrpaMMHOTO obecrieueHns st MoenmpoBaand MKM u ux cucteM, a Taxoke [T aHaIM3a Pe3yIbTaToB
TEeKTOHOM3MUECKOT0 MoaenupoBanusa. Hamu 3apernctpupoBan B PocmaTeHTe psia NpUKIAIHBIX KOMIBIOTEPHBIX
nporpamm: Vladi OverPressure — nporpamma s MoaenpoBanus oopazosanust MKM Ha HEKOTOPOM IIPOYHOCTHOM
6apbepe u ero sBomtonny; Vladi DiStat — nporpamma juist pacuéra AByMEPHBIX paclpeesieHHi MeTpopU3NIECKUX
napameTpoB BMemaronied MKM cpenpr; Vladi Gead — nporpamma juist Teruiou3nyeckux pacuéroB B JUaria3oHe
TUTIOMOBas aguabara — pernoHaybHas reorepma; Vladi Joint — mporpamma Juisi CTaTUCTHYECKOTO MOJAEIHPOBAHUS
MOBE/ICHUS CUCTEM cllyyalHbIX nogHuMaromuxcss MKM B miiactuuHoi cpeze.

59



Variations of the effective elastic thickness of the lithosphere unveil diverse tectonic
regimes in Northeastern Eurasia

M. Kaban'2, B. Chen?, R. Sidorov!, A. Petrunin?

! Geophysical Center RAS, Moscow, Russia

2 GFZ German Research Centre for Geosciences, Potsdam, Germany
3 Central South University, Changsha, China

Based on a cross-spectral analysis of the surface load and gravity field, we computed a
high-resolution map of the effective elastic thickness (EET) of the lithosphere for northeastern
Eurasia. To accomplish this, we employed the fan wavelet coherence technique, applying it to the
Bouguer gravity anomalies and topography/bathymetry data, which were appropriately adjusted
to account for the influence of density variations within the sediments. The results obtained provide
insights into diverse tectonic regimes within this predominantly understudied region. Specifically,
we identify the boundary between the Eurasian and North American plates in Siberia as a diffusive
zone extending from the Verkhoyansk and Sette-Daban Ranges to the eastern boundary of the
Chersky Range. Unlike the Sette-Daban and Verkhoyansk ranges, formed through plate collision
and exhibiting an EET of 30-50 km, other mountainous regions have considerably lower EET
values, usually below 15 km. These areas have recently experienced tectonic activities, weakening
the lithosphere.

Bapunauuu 3¢ @QeKTHBHOM YNpPYroM TOJIIMHBI JUTOC(pEpHI, BbIABJIAIIINE pPa3JIHYHbIe
TeKTOHHYeckHe pe;kuMbl B CeBepo-Bocrounoit EBpazun

M. K. Ka6an'?, B. Chen, P. B. Cunopos!, A. I'. Iletpynun®

! Teodpusnueckuit nentp PAH, Mocksa, Poccus

2 TTocTnamcKuit ueHtp umenu ['ensmroibna, [octaam, ['epmanus
3 entpansusiii FOxubI yHuBepcuTeT, Yanmta, Kutaii

Ha ocHoBe kpocc-CeKTpaabHOro aHaIu3a MOBEPXHOCTHON Harpy3Ku U rpaBUTALIOHHOTO
HOJIST MBI COCTaBUJIM KapTy 3(dexTuBHOro ympyroro yrommenus (OYT) nurocdeps ceBepo-
BOCTOYHOM EBpasum ¢ BBICOKMM pazpemieHueM. [[J1st 3T0ro mMsl MCHOJIB30BAIM METOJ BEEPHOMN
BEUBJIET-KOTEPEHLINN, NPUMEHUB €ro K TIpaBUTALIMOHHBIM aHOManusAM byrepa M JaHHBIM
Tornorpadun/0aTUMETPUHN, KOTOPbIE OBLIM COOTBETCTBYIOLIUM 00pa3oM CKOPPEKTHUPOBAHBI IS
ydeTa BIIMSHHS BapHallMi IUIOTHOCTH B OCAJOUYHBIX mopojax. IlomyueHHble pe3ynbTaThl JaroT
NPEJCTaBICHUE O pa3IUYHbIX TEKTOHMYECKUX peXuMaX B OITOM IPEUMYIIECTBEHHO
MaJION3y4YeHHOM peruoHe. B 4acTHOCTH, MbI HIEHTH(PHULIMPYEM TpaHuLly Mexay EBpasuiickoit u
CeBepo-AMepukaHckoi muutamu B Cubupu kak 1ud@y3uoHHYIO 30HY, IPOCTUPAIOIIYIOCS OT
Bepxosinckoro u Cetre-/labanckoro XxpeOTOB 10 BOCTOYHOW TpaHuUIsl XxpedTa Uepckoro. B
ornmune ot XxpedtoB Cerre-/laban u BepxosHckui, o00pa3oBaBIIMXCS B pe3yJbTare
CTOJIKHOBEHUS IIMT U JgeMoHcTpupyromux OIIT 30-50 kM, apyrue ropHsle pailOHbBI UMEIOT
3HaunTeNbHO MeHbIue 3HaueHus OIIT, oObruHo menee 15 kM. B 3TuX paifoHax HeIaBHO
IPOM30LILIN TEKTOHMUYECKUE MTPOLIECChI, OCIabuBIINE IUTOChEpY.
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Thermodynamic response to EI Nifio/La Niiia in the polar latitudes of the Northern Hemisphere

D. Gushchina, A. Gvozdeva
Lomonosov Moscow State University, Moscow, Russia

Ocean surface temperature (OST) variability in the equatorial Pacific Ocean associated with the El
Nifio/Southern Oscillation (ENSO) phenomenon is a major contributor to natural global climate variations
on interannual scales. The sharp increase in the tropical Pacific Ocean OST and the displacement of the
deep convection region causes significant atmospheric circulation anomalies around the world, most
pronounced in the tropics but also extending to extratropical latitudes. ENSO also has a significant impact
on climate variability in the Arctic region. On the basis of ERA5 reanalysis data, the thermodynamic
response to El Niflo and La Nifia events in polar latitudes was investigated, taking into account the
differentiation of two types of El Nifio with different localisation of OST anomalies: in the eastern Pacific
Ocean — ET type and in the centre — CT type. It was revealed that both ET and CT El Nifio are accompanied
by the weakening of the circumpolar vortex (CMV), and the corresponding warming, in the stratosphere.
However, the circulation response to a ET El Nifio begins much later and decays earlier than that of a CT
El Niflo. In the years of CT events, the stratosphere is characterised by an unstable weakening of the CMV,
which begins earlier than for ET events, but from March is replaced by an intensification of the cyclonic
circulation, which penetrates into the troposphere. The Arctic circulation and temperature response to La
Nifia is generally opposite to that of El Nifo, namely, from October to March there is a strengthening of
the CMV that extends into the troposphere, which corresponds to a general cooling. However, the
temperature response often has a two-layer or even three-layer structure. In the surface layer of the ET, El
Nifio is accompanied by predominantly negative temperature anomalies, whereas the response to the event
CT is almost opposite, with a predominance of warming at polar latitudes. The response to La Nifia varies
significantly during the cold half-year and is characterised by warming at the beginning of the period and
significant cooling at the end (February-March). The reproduction of the thermodynamic response to El
Nifio/La Nifna in the model of the Institute of Computational Mathematics of the Russian Academy of
Sciences was evaluated and it was shown that the incorrect reproduction of the response is mainly due to
deficiencies in modelling the stratosphere-troposphere interaction realised through the wave activity flux.
The study was financially supported by RNF under the scientific project No. 22-17-00190.

TepMmoaunamMudeckuii 0OTKIUK HA Dib-Hunbo/JIa-Hunbs B moisipabix mmpoTax CeBepHOro
MOJIylIapust

. 10. T'ymuna, A. B. I'BozneBa
MockoBckuil rocyjapcTBeHHbIN yHuBepcureT uM. M. B. JlomonocoBa, MockBsa, Poccus

N3menunBocTh TemnepaTypbl noBepxHocTu okeana (TTIO) B sxkBaTopuasibHON yacTH TUXOro okeaHa,
cBsi3aHHas c siBieHueM Onb-Huabo/FOxHoe konebanne (DHIOK) BHOCHT TiiaBHBIN BKJIaJ B €CTECTBEHHBIC
nI00aTbHBIC BapHalliy KIIMMaTa Ha MEXTo70BoM MaciuTade. Peskoe moseimenne TI1IO B Tpomudeckoit yactu
Tuxoro okeana u cMeIIeHHE 00JIACTH TITyOOKOH KOHBEKIINH BEI3BIBACT 3HAYUTEILHBIC aHOMAIIUU aTMOC(EpHOi
IUPKYJISIIAYA TI0 BCEMY MHUPY, HanOosee spKo BBIPAKEHHBIE B TPOMHMKAX, HO TAKXKE PAcIIPOCTPaHSIONINECs BO
BHeTponnueckue wupoTsl. DHIOK B ToM 4Yucne Oka3bIBaeT 3HAUMTENBbHOE BIMSHHE Ha KJIMMATHUYECKYIO
W3MEHYMBOCTH B ApKTHUecKOM peruoHe. Ha ocHoBanum JnaHHbIX peaHanu3a ERAS wuccnenoBan
TEPMOJAMHAMUYECKUNA OTKJIMK Ha coObITHa Onb-Huabo u Jla-HuHbs B MONSPHBIX MIHPOTAX C YYETOM
JuddepeHmanuy AByX THHOB Dinb-HuHbo ¢ pasnuuHoi mokanuzarueit anomanuit TIIO: Ha Boctoke Tuxoro
okeana — BT tun u B nieatpe — T tun. BeisBneno, uro kak BT, tak u IIT 3ap-Hunbso compoBoxmaroTcs
ocnabneHueM mupkymiossipHoro Buxpst (L[I1B), n cooTBeTCTBYIOIUM MOTEIUIEHHEM, B cTpaTocdepe. OnHako
OTKJIIMK IUpKyIsimy Ha BT Onp-HuHb0 HauMHaeTcst 3HaUUTENBHO NMOIKE U 3aTyXaeT paHblie, ueMm Ha LIT. B
roael LT coObiThii cTpaTocdepa XapakTepusyercs HeycToHUHMBBIM ociadinenueM L{[1B, koTopoe HaunHaeTCs
panble, yeM npu BT coObITHSX, HO ¢ MapTa CMEHSETCS YCHJIEHHEM LHMKIOHUYECKOH LUPKYISLUU, KOTOPOe
NpOHMKaeT B Tpomocdepy. OTKIMK LUPKYISAIHMM W Temneparypel B Apktuke Ha Jla-Hunpa B mesiom
MPOTHUBOIIONIOKEH OTKIUKY Ha Jib-HUHBO, a UMEHHO ¢ OKTSIOps mo MapT HaOmromaercst ycwirenwe LI1B,
pacIpocTpaHsIoNIeecs B TPOIOC(epy, KOTOPOMY COOTBETCTBYET obIiee noxonoaanue. OJHAKO TEMIIepaTypHBIH
OTKJIMK 4acCTO MMEET JBYCIONHYIO WM Ja)Xe TPEXCIOHHYI0 cTpyKTypy. B mpusemHoMm cinoe BT Onbp-Hunbo
COMPOBOXKIAETCS MPEUMYIIIECTBEHHO OTPULIATEILHBIMA aHOMAJIMSIMU TEMIIEPATYpPBhI, TOIAA KaK OTKIMK Ha LT
COOBITHS TMPAKTUIECKU MPOTUBOIIOIOKEH — C IIPEOdIaJaHieM OTEIDICHUS B MOIPHBIX mupoTax. OTKINK Ha
Jla-HuHbs cyliecTBEHHO U3MEHSIETCSI B TE€UEHUE XOJIOJHOTO MOJIYTOAMS U XapaKTepu3yeTcsl MOTEIUICHUEM B
Havaje TMepuoJa H 3HAYUTENbHBIM TOXOJoJaHueM B KoHIe ((deBpanb-mapt). IIpoBenena oreHka
BOCIIPOM3BENICHHUSI TEPMOIUHAMUYECKOTO OTKIMKa Ha Onb-Hunpo/Jla-Huaps B Momenmnm WHCTHTYTA
BBIYHCIUTENbHON MaTeMaTku PAH u mokazaHo, 4YTO HEKOPPEKTHOE BOCIPOU3BEACHHUE OTKINKA B OCHOBHOM
CBSI3aHO C HEJIOCTATKAMH B MOJICITUPOBAHUH CTPaTOCHEPHO-TPOIOCHEPHOro B3aAUMOJICHCTBHSI, PEaT3yeMOro
Yepe3 MOTOK BOJMIHOBOM aKTUBHOCTH. VccienoBanue BHITOMHEHO npu (prHaHCOBOH monuepxke PH® B pamkax
Hay4HOTro Tpoekrta Ne 22-17-00190.
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Method of separation of potential fields by depth

D. Byzov, P. Martyshko
Y. P. Bulashevich Institute of geophysics UrB RAS, Ekaterinburg, Russia

As arule, it is known from a priori data that the investigated field anomalies are caused by
geological structures occurring at a certain depth below the day surface. The separation of observed
potential field anomalies by depth and their relation to deep objects can form the basis of
interpretation schemes for modelling tasks. The classical method of field separation includes
spectral filtering followed by analytical continuation of the separated anomalies. We propose an
original technique for elevation transformations of potential fields based on the solution of the
inverse problem of analytical continuation of harmonic functions from the plane into the ‘inner’
half-space. It is reduced to the solution of the Fredholm integral equation of the 1st genus for the
Poisson integral, which can be used to represent the harmonic function in the ‘outer’ half-space by
its boundary values on the plane. The technique is formalised as a parallel algorithm, which is
implemented using NVidia CUDA and AMD ROCm software libraries in application software
that uses the computational capabilities of graphics accelerators of the mentioned manufacturers.
The methodology is considered on the example of separation of the vertical component of the
gravity field in the Bouguer reduction for the territory of the Middle Urals within
sheets O-40, O-41.

Meton pa3iesieHusi NOTEHUMAJbHBIX NOJI€i 10 II1yOuHe

H. . beizos, I1. C. MapTsIko
Huctutyt reopusuxu um. FO. I1. bynamesuua YpO PAH, Exatepun0ypr, Poccus

Kak mpaBuio, W3 anpuoOpHBIX JaHHBIX H3BECTHO, YTO HCCIEIyeMble aHOMAJHH OIS
BBI3BAHBI TEOJOTMYECKUMH CTPYKTypaMu, 3aJIeTaloIMM{ Ha ONpPEAETICHHOH TiIyOMHE TOox
JTHEBHON MOBEpXHOCThIO. Pa3zjenenune anomanwii HaONIONEHHOTO IMOTEHIUAILHOTO TOJIS IO
rIIyOMHE U UX CBSI3b C INIyOMHHBIMU OOBEKTaMHU MOKET COCTABIISTH OCHOBY MHTEPIIPETAIIHOHHBIX
cxeM s 3amad  MmojenupoBaHus. Kraccudeckuid cmoco0 pas3ienieHdst TOoJed  BKITI0YaeT
CHEKTPAIbHYIO (HIBTPALUIO C TOCIEIYIOUMM AHATUTUYECKUM MPOJODKEHUEM DPa3/IeleHHBIX
aHoManMid. MBI JKe TIpeayiaraeM OpPUTHHAIBHYI0 METOJIUKY TIOBBICOTHBIX TpaHCchOopMaIiuii
NOTEHIMAJBHBIX TI0JeH, OCHOBAaHHYIO Ha pELUIeHHH OOpaTHOM 3a/aud aHaJUTUYECKOIro
MIPOJIOJDKEHHS TAPMOHHYECKHX (DYHKITHH C TUIOCKOCTH BO «BHYTPEHHEE» TOIyIpocTpancTBo. OHa
CBOJUTCS K PEIICHUI0 WHTErpajbHOro ypaBHeHus Ppearospma 1-oro poja aias MHTErpana
[TyaccoHa, KOTOpBIM MOXXHO TIPEICTAaBUTh TapMOHHYECKYIO (YHKIMIO BO «BHEIIHEM)
HOJYIIPOCTPAHCTBE O €€ TPAaHUYHBIM 3HAUEHHUSIM Ha IUIOCKOCTH. MeToauka GopMmanan3oBaHa B
BUJIEC TapauIeIbHOTO alTOpPUTMa, KOTOPBIH pEaTn30BaH C WCIIOJIB30BAaHHEM MPOTPAMMHBIX
6ubmorek NVidia CUDA u AMD ROCm B npuKiIaHOM NPOrpaMMHOM OO€CHeYeHHH,
UCTIONB3YIONIEM BBIUYUCIUTENIFHBIE BO3MOXHOCTH TpapUUECKUX YCKOPHUTENEeH YKa3aHHBIX
npousBoauTeneil. MeToauka paccMOTpeHa Ha IpUMepe pa3JielIeHus] BEpTUKAIBHON KOMIIOHEHTHI
TPaBUTAIMOHHOTO ToJisi B pexaykuuu byre mns tepputopum Cpemnero VYpana B pamkax
auctoB O-40, O-41.

62



A new integrated approach to earthquake forecasting

M. Rodkin
Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia

Despite decades of intensive research, the task of earthquake prediction remains unsolved. The
main difficulties in obtaining forecasts are considered to be the strong variability of the seismic regime
(which makes it difficult to identify predictive features), the lack of a developed physical earthquake model,
and the lack of actual data. Significant advances have recently been made on all of these issues. The average
type character of fore- and aftershock anomalies can be reliably identified and quantitatively parameterised
as a result of the construction and analysis of a generalised strong earthquake neighbourhood. From here
we obtain a detailed model of a set of typical precursors. It should be noted that the identification of such
precursors, as well as the experience of using a number of real-time forecasting algorithms, convincingly
testify against the concept of fundamental unpredictability of earthquakes. The analysis of the generalised
neighbourhood and parameters of different-depth earthquakes has allowed us to identify certain differences,
at the same time corresponding to the expected differences in the physical mechanisms of different-depth
earthquakes. Such differences clarify the physics of the seismic process and allow us to raise the issue of
forecast detailing, indicating also the expected depth of the event. A fundamentally important question is
how much average precursor anomalies are detectable in the source regions of individual strong
earthquakes? To answer this question, a number of world and regional earthquake catalogues were
analysed. The target earthquakes in this case were events from M6.3+ to 7.5+. The share of strong events
in the vicinity of which the expected precursor anomalies are statistically reliably detected varies for
different catalogues from <10 to half of cases. At the same time, the share of such events increases with the
growth of the number of weak earthquakes registered in their preparation area. In the case of a large number
of events in the preparation region, the probability of retrospective prediction reaches 80%. Hence, it seems
possible for a given region to raise the question of the requirements for the seismic monitoring system to
ensure the detection of forecast anomalies of target M+ events with the required probability. In this way,
the question of the required amount of data is partly specified. At the present stage, the most painful task
remains the problem of ensuring a sufficiently low number of false alarms. Acknowledgements. This work
was supported by RNF (project No. 23-27-00395 ‘Complex anomalies in the generalised vicinity of a strong
earthquake; process physics and use for forecasting purposes’).

HoBblii KOMILIEKCHBII MOAX0 K MPOTHO3Y 3eMJleTpsiCeHMit

M. B. Poaxun
WucTuTyT Teopuu mporHo3a 3emMieTpsiceHui 1 MaTemarndeckoit reopuzukun PAH, Mocksa, Poccus

HecMotpst Ha aecsATUIETHS! MHTEHCUBHBIX MCCIIEIOBAHUM, 3a/1a4a IIPOTHO3a 3eMJICTPSICEHUH OCTaeTCs
HepemeHHoH. OCHOBHBIMM TPYIHOCTSIMU Ha IyTH ITOTYYEHHUH MPOTHO3a CUMTAIOTCS CHIIbHAS M3MEHYUBOCTD
CEHCMUYECKOTO pEXHMMa (4TO 3aTPYAHSET BBIIBICHHE IPOTHO3HBIX IIPH3HAKOB), OTCYTCTBHE Pa3BUTOM
(u3ndecKoi MO 3eMIIETPSCEHHUS, M HEAOCTATOK (PaKTHUECKUX JaHHBIX. [0 BceM 3TUM BOIpocaM HEAABHO
MOJTy4€eHBl 3HaUUMBbIe POABIDKeHN. Cpe Ui THIIOBOH XapakTep (op- 1 adTepIIOKOBBIX aHOMANU yaaeTcs
HAJIe)KHO BBINEIUTh W KOJMYECTBEHHO MapaMeTpU30BaTh B Pe3ylbTaTe MOCTPOSHUS W aHaiIH3a 00OOIIECHHOM
OKPECTHOCTH CHIIBHOTO 3emieTpsiceHus. OTcroa TMoilydaeM [eTaJbHYI0 MOIENb Habopa THIIOBBIX
MPEABECTHUKOB. 3aMETHM, YTO BBIIBJICHHE TAKUX NPEIBECTHUKOB, KaK U OIBIT IPIMEHEHUS PAJia aITOPUTMOB
MPOTHO3a B PEaJbHOM BPEMEHH, YOCIHWTEIFHO CBHICTCIHCTBYIOT MPOTHB KOHIEMIUH NPUHIWIHATIHHON
HETIPEeICKa3yeMOCTH 3eMIICTPICEHU. AHaMN3 00OOIIEHHON OKPECTHOCTH M MapaMeTpPOB Pa3HOTIYOHHHBIX
3eMJICTPSCEHUI TTO3BOJIHII BEISIBUTE OTNPEIEIEHHbBIE PA3IHYHS, IPH TOM OTBEYAIOIINE 0XKUAAEMBIM Pa3IndUsIM
(M3UYECKUX MEXaHH3MOB pa3HOTIYOMHHBIX 3EMIICTPSICCHUSAX. TakWe OTIHYMS YTOUHSIOT —(DU3UKY
ceiicMUUecKoro mnpouecca U MO3BOJISIIOT CTaBUTh BONPOC JAETAlU3allMU MPOTHO33, C yKa3aHUEM TaKXke U
oXKuaeMoil rryOuHBI coObITus. [IpUHIMIUANEHO BaKHBIH BOIPOC, HACKOJIBKO CPEJHHME IPEIBECTHUKOBBIC
AQHOMAJIH BBIBIISIEMBI B OYaroBhIX 00JIAaCTSIX OTIEIBHBIX CHIBHBIX 3eMIIEeTpsceHHI? 151 0TBETa Ha 3TO BOIIPOC
OBUT MPOAHATIM3UPOBAH PSIJI MUPOBBIX U PETHOHAIBHBIX KaTaJOTOB 3eMieTpsceHui. LleneBbiMu 3emueTpsiceHns
IpH ATOM OBbLTH cOObITUS 0T M6.3+ 10 7.5+. Jloy1s1 CUITBHBIX COOBITHIH, B OKPECTHOCTH KOTOPBIX CTATUCTUYECCKH
JOCTOBEPHO BBISIBIIIIOTCS OKHUaEMBbIE ITPEIBECTHUKOBBIC AaHOMAJIMH H3MEHSETCS IS Pa3HbIX KaTanoros oT <10
JI0 TIOJIOBUHBI ciiy4aeB. IIpy 3TOM 10 TakMX COOBITHH pacTeT ¢ POCTOM YHCNA CIa0bIX 3eMIICTPSCCHUH,
3apernCTPUPOBAHHBIX B UX 00JIACTH ITOJATOTOBKU. B ciryuae Goibmioro yncna coOBITHI B 001aCTH TIOATOTOBKH
BEPOSATHOCTb PETPOCIEKTUBHO MporHo3a paocturaetr 80%. OTcrona npeacTaBiseTcss BO3MOKHBIM JUIsl JAHHOTO
pEerroHa CTaBHTh BONPOC O TPeOOBAaHMAX K CHCTEME CEHCMHYECKOr0 MOHHMTOPHHTa, YTOOBI OOecIednTh
BBISIBJICHHE ITPOTHO3HBIX aHOMAJIMH 1eJIeBEIX M+ cOOBITHIA ¢ TpeOyeMoil BeposSTHOCTBIO. TeM caMbIM, OTHACTH,
KOHKpETH3HUpyeTcsi Bompoc o TpedyemMoM oOBbeMe AaHHBIX. Ha Hacrosmem stame Hambosee OOJE3HEHHOM
ocTaeTcs 3a1a4a o0ecreyeHust JOCTaTOYHO MaJIOT0 YHciia JIOXKHBIX TpeBor. biaromapHocTi. PaboTa BeimonHeHa
npu noanepxke PH® (mpoext Ne 23-27-00395 «Komruteke anomanwii B 0000IIEHHOH OKPECTHOCTH CIITBHOTO
3emMuleTpsiceHus; Pu3MKa mporecca U NCIoIb30BaHUE B LIENISX MPOTHO3aY).
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Instrumental support of ionospheric, magnetic and heliogeophysical observations

V. Minligareev
Institute of Applied Geophysics, Moscow, Russia

At the peak of the 25th solar activity cycle dangerous space weather phenomena (dangerous
heliogeophysical phenomena), their impact on technical means and systems, including spacecraft,
technical means of navigation, communication, power engineering, radiation safety during air
travel, operation of pipelines, etc. is becoming more and more urgent. Reliability, accuracy and
ensuring the uniformity of measurements of instrumental means of ionospheric, magnetic and
heliogeophysical observations of the ground platform and space constellation come to the
forefront. The report considers ground-based observational instruments — ionosondes,
magnetometers, rheometers and technical means of ionospheric tomography. On spacecraft of
hydrometeorological and heliogeophysical purpose of ‘Meteor-M’, ‘Elektro-L’°, Arktika-M’
series heliogeophysical instrumentation complexes of GGAC with geophysical instruments
(sensors of radiation fluxes, ultraviolet and X-ray radiation of the Sun, magnetometers, etc.)
allowing to determine the parameters of heliogeophysical situation in the ECS are functioning.
Accuracy and reliability of their parameters are determined by a complex of measures on
metrological support of measuring instruments — carrying out of appropriate calibrations on the
created distributed reference base.

HucTpyMenTanbHOe o0ecniedeHrue HOHOC(EPHBbIX, MATHUTHBIX U TeJIHoreo(pusnyecKknx
Ha0JJII0AeHU

B. T. Munnurapees
WuctutyT npuknagHoi reopusnku, Mocksa, Poccus

B muk 25 nukna coJHEYHONM AaKTUBHOCTU OIACHBIE SBJIEHUS KOCMMYECKOHN IOTOJbl
(onacHele renuoreou3nyecKue SIBIECHUS), BIUSHUE MX HAa TEXHUYECKUE CPEICTBA U CHUCTEMBI,
BKJIIOYasi ~ KOCMHMYECKHE  ammaparbl, TEXHMYECKHE  CpEeACTBa  HaBUTAllUM,  CBS3H,
AIIEKTPOIHEPTeTUKH, PAJUALMOHHYI0 O€30MacCHOCTh IpU aBUAmepeseTax, HKCIUTyaTaluio
TpyOONpOBOJIOB W JIp. CTAHOBUTCS Bce Oojiee akTyalbHbIM. JlOCTOBEpHOCTb, TOYHOCTh U
o0ecrieyeHne eAMHCTBA U3MEPEHUI MHCTPYMEHTAIbHBIX CPEACTB MOHOC(HEPHBIX, MATHUTHBIX U
reJuoreopu3nyecKux HaOMIOAeHU HazeMHOH IaTGopMbl MU KOCMHMYECKOH TIpyHIHpPOBKU
BBIXOJUT Ha TepBbI IMiaH. B Jokiane paccMOTpeHbl Ha3eMHBbIE CPEJCTBA HAONIOJNEHUH —
MOHO30H/bl, MArHUTOMETPbI, PEOMETPBI, TEXHUUECKHE CpeJicTBa ToMorpapuu noHocdepsl. Ha
KOCMMYECKHMX ammnaparax THIpOMETEOpOIOTHYECKOT0 M TelHoreo(pu3nYeckoro Ha3HAYeHMS
cepun «Mereop-M», «Onektpo-JI», «ApkTHka-M» (QYHKIMOHUPYIOT Trenuoreousnueckue
annaparypuble kommiekcsl [ TAK ¢ reopusnyeckumu npubopamu (IaT4MKaMu pagralliOHHBIX
MIOTOKOB, YJIbTPa(UOJIETOBOTO M PEHTICHOBCKOTO M3nyueHus CoJHI[A, MATHUTOMETPOB U JIp.),
MO3BOJISIOIIMME ONPEENATh MapaMeTpsl renuoreodusnueckoit oocranoBku B OKIIL. ToynocTs n
JIOCTOBEPHOCTh HMX IAapaMETPOB OINPEAEISIETCS KOMIIEKCOM MeEp IO METPOJIOTMYECKOMY
00€CTeYeHHIO CPEJICTB U3MEPEHUI — MPOBEIEHNE COOTBETCTBYIOIIMX KaTUOPOBOK HA CO3/1aHHON
pacrpeneneHHON dTAIOHHOH 6a3e.
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Problems of studying coseismic and postseismic processes

V. Mikhailov'?, M. Volkoval, A. Konvisar®?, V. Smirnov'?2, E. Timoshkina!, S. Hairetdinov!
1 Schmidt Institute of physics of the Earth RAS, Moscow, Russia
2] omonosov Moscow State University, Moscow, Russia

A wide range of ground-based and satellite data is currently actively used in the study of coseismic
and postseismic processes. These are data on the Earth surface displacements registered by Global
Navigation Satellite Systems, optical and radar images. Important information is provided by models of the
global gravity field obtained by the GRACE and GRACE-FO satellite missions. Data on the origin
mechanism, hypocentre coordinates, distribution of aftershock activity in space and time, data on fault
tectonics, and rupture outbursts to the surface are used. Interpretation of such heterogeneous data is
performed within the framework of geodynamic models. For example, to build a model of a seismic rupture
or postseismic creep, we use the solution of the problem of displacements of the Earth's surface and changes
in the gravity field as a result of movement on a rectangular site located in a homogeneous elastic half-
space or in a spherical, radially stratified planet. To describe the viscoelastic stress relaxation process, the
solution of F. Pollitz (USGS) for a spherical planet whose properties depend on the radius is used. The
gravitational anomaly resulting from an earthquake of magnitude greater than 8.6 is recorded by the
GRACE satellites and used in the construction of models of coseismic processes. Importantly, for
earthquakes in the zone of oceanic plate collision, displacement data can be obtained only on islands,
usually very distant from the source zone. Gravity data that uniformly cover the earth's surface. Gravity
models also record a slow increase in gravity anomaly in areas of earthquakes of much lower magnitude
(often from 8.2). These anomalies are most likely related to the postseismic creep occurring around the
source zone and on its continuation in depth. The inverse problem of determining the rupture surface
parameters has a single solution but is unstable. The problem of simultaneous estimation of the contribution
of the postseismic creep and viscoelastic relaxation has no single solution. The paper will discuss the
regularisation of incorrectly posed problems. Examples of joint interpretation of ground and satellite data
in building models of coseismic and postseismic processes for a number of recent earthquakes will be
presented. The research was funded by the Russian Science Foundation grant No. 23-17-00064
(https://rscf.ru/project/23-17-00064).

IIpoGJieMbl H3y4YeHHsI KOCeiiCMHUYECKUX U NOCTCeiicCMIYeCKUX NPOLecCcoB

B. O. Muxaiinos'?, M. C. Bonkosa!, A. M. Konsucap*?, B. 5. Cmupnos'?, E. TI. Tumonikuna?,
C. A. Xaiiperaunos!

"Mucruryr Ppusnku 3eman um. O. 10, Imuara PAH, Mockea, Poccus

2MocKoBCKHii Tocy1apcTBeHHbIN yHuBepcuteT um. M. B. JlomoHocoBa, Mocksa, Poccust

[Ipu uccnenoBaHM KOCEHCMUYECKUX U MOCTCEUCMUYECKUX MPOIIECCOB B HACTOSIIEE BPEMS aKTHMBHO
WCTIONB3YETCsl MHPOKUI KOMITJIEKC Ha3eMHBIX M CITyTHUKOBBIX JaHHBIX. JTO JaHHBIE O CMEIIECHHUIX 3eMHOU
MOBEPXHOCTH, 3apPETHUCTPUPOBAaHHBIE [ JIOOANFHBIME  HABUTAIMOHHBIMH  CIYTHHKOBBIMH  CHCTEMaMH,
ONTHUYECKHE U paJlapHble CHUMKHU. BaxkHyto HH(OpMaIUIO JOCTABIAIOT MOAEIH TJI00aTbHOTO TPaBUTAIIMOHHOTO
noJisi, moy4aembie ¢ nomomsio crnyTHuKoBoi mMuccun GRACE u GRACE-FO. IlpuBnekarorcs AaHHBIE O
MeXaHH3ME Oovara, KOOpIUHATaX THIIONEHTPA, paclpeaeiecHrne adTepIIoKOBOH aKTUBHOCTH B IIPOCTPAHCTBE H
BO BPEMEHH, JJaHHBIE O Pa3JIOMHON TEKTOHHKE, BBIXOZE Pa3pbhlBOB Ha MOBEPXHOCTh. MHTepmperanus Takux
Pa3HOPOJHBIX JAHHBIX BBHINIOJHSETCS B paMKax reoJuHamMuveckux Mmoneneidl. Hampumep, s mocTpoeHUs
MOJIEIM CEHCMHMYECKOr0 pa3pblBa WM IMOCTCEHCMHMYECKOr0 KpHUIa HCIOJb3YIOTCS pelleHHe 3aladd o
CMEILEHUSX 3€MHOM MOBEPXHOCTH M M3MEHEHMH TIPaBUTALMOHHOIO TMOJS B pe3yJibTaTe MOABMKKA Ha
MPSIMOYTOJILHOH IIIOIIA/IKE, PACTIONIOKEHHOM B OJTHOPOTHOM YIIPYTOM IMOJIyPOCTPAHCTBE WIIH B CHEPUIECKOH,
paguaibHO pacclOoeHHOM IuiaHeTe. [[nst ommcaHms mponecca BS3KOYNPYIOW peNlakcalui HamnpsyKEHUN
ucnonesyercs pemenne ©. [Nommrna (USGS) mms cdeprdeckoil TIaHETH, CBOWCTBA KOTOPOU 3aBHCAT OT
paanyca. I'paBuTanmoHHass aHOMAaJIMs, BO3HHMKAIOUIAS B PE3yJIbTaTe 3eMIIETPSCCHUSI MarHuTyaou Ooinee 8.0,
peructpupyerca crnytHukamMmu GRACE wu ucnosb3yercss TpH TMOCTPOSHHH MOAENEH KOCEHCMHYECKHX
poreccoB. BakHO, 4TO U1 3¢MIIETPSICEHUH B 30HE KOJIJTM3UHA OKEAHWYECKHX TUIUT TaHHBIE O CMEIIEHUAX MOTYT
OBITH TONyYeHBI TOJHKO HA OCTPOBaxX, OOBIYHO BEChMa YJAICHHBIX OT OYaroBOH 30HBI. | paBUTAIIMOHHEIC
JIaHHbIE, pAaBHOMEPHO MOKPHIBAIOIINE 36MHYIO TTOBEPXHOCTh. TakKe rpaBUTALIMIOHHBIE MOJIETH PETUCTPUPYIOT
MEJICHHBIH POCT TPaBUTANIMOHHON aHOMAJIHHU B OOJIACTAX 3eMJICTPSICEHIIA 3HAYNTEILHO MEHBIICH MarHUTY b
(dacTo oT 8.2). DT aHOMAaJIUU BEPOSATHEE BCETO CBA3aHBI C IOCTCEHCMUYECKUM KPUIIOM IIPOUCXOISIIUM BOKPYT
04aroBoil 30HBI ¥ Ha €€ MPONODKEHUH B TTyOnHy. OOpaTHas 3aa4a OnpeieieHus IapaMeTpoB MOBEPXHOCTH
pa3pbiBa UMEET €IMHCTBEHHOE PEILIEHUE, HO ABIISETCS HEYCTOMUMBOM. 3ajaua OJHOBPEMEHHOM OLIEHKH BKJIaja
MOCTCEHCMHUYIECKOT0 KPUTIa M BA3KOYIIPYTroH pellakcallii He IMeeT SIUHCTBCHHOTO pereHus. B mokmane OyayT
paccMOTpEHBI BOTIPOCHI PETYNAPU3aLUNA HEKOPPEKTHO MOCTABJICHHBIX 33a4. byayT mpencraBieHbl MpuMepbl
COBMECTHOW MHTEPIIPETALNH HA3EMHBIX U CITyTHUKOBBIX JTAHHBIX IPU NMOCTPOCHUU MOJEIEH KOCEHCMUYECKUX
U TOCTCEMCMHUYECKHX TPOLECCOB Ul psAla HENABHUX 3eMIIETpsiceHMU. McciaemoBaHusl BBIMOIHEHBI 32 CUET
rpanta Poccuiickoro HayuHoro ¢onma Ne 23-17-00064 (https://rscf.ru/project/23-17-00064).
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Analysing spatial heterogeneity in the carbon sink capacity of ecosystems using satellite data

K. Myachinal?, I. Kerimov?, R. Ryakhov?, A. Shchavelev?, S. Dubrovskaya'?, R. Bezborodnikova?
YInstitute of Steppe OFIC UrB RAS, Orenburg, Russia
2 Grozny State Oil Technical University, Grozny, Russia

Assessing the carbon sequestration capacity of ecosystems is the primary ecological and economic challenge
of our time. At the moment, natural methods — absorption by terrestrial phytomass of ecosystems — play a key role in
carbon sequestration. Information on phytomass parameters allows estimating carbon stocks, and monitoring changes
in its state in areas of different geographical scales is directly related to monitoring changes in the carbon balance.
The objectives of the study were to assess the carbon sequestration capacity of terrestrial vegetation in mountain-
forest, mountain-forest-steppe and steppe landscapes of Russia, and to identify spatial and temporal variations in
sequestration capacity based on satellite data. The analysis was performed for seven key sites selected in two regions:
the Chechen Republic and the Orenburg Oblast. When selecting the sites, it was required that their natural, climatic
and geo-ecological characteristics differed. At the first stage, the dynamics of Net Primary Productivity C (NPPC) at
the key sites for 2000-2020 was calculated based on available MOD17A3 products that allow estimating Gross
Primary Productivity (GPP) and Net Primary Productivity (NPP). The foothill site with perennial mixed forest and no
anthropogenic load was found to show the maximum atmospheric carbon sequestration capacity of 2.6
to 3.5 kgC/m?/year. The plot of natural perennial dry steppe is characterised by the minimum carbon sequestration
capacity — from 0.5 to 1.5 kgC/m?/year. Regression models of dependence of the net carbon sequestration index on
climatic and meteorological characteristics were formed, demonstrating the relative stability of the ability of perennial
natural vegetation cover to absorb carbon from the atmosphere. At the same time, it can be seen that in the zones
dominated by forests, the multiyear increase in NPPC values is minimal. The existing hypotheses explain this both by
the decrease of NPP in age-old forests due to stabilisation of GPP and continuous increase of autotrophic respiration,
and by the fact that the decrease of NPP in perennial forests is primarily due to the decrease of GPP. The proposed
models for forest, steppe and mid-mountain areas with perennial natural vegetation can be applied to areas with similar
geo-ecological characteristics.

AHaJIN3 POCTPAHCTBEHHOI HEOJHOPOJIHOCTH NOIJIOTUTEIbHOM CIOCOOHOCTH IKOCHCTEM B OTHOLLICHUHU
yIjiepoJa Ha OCHOBe CYTHUKOBBIX JaHHBIX

K. B. Msuuna®?, 1. A. Kepumos?, P. B. Paxos?, A. H. IllaBenes?, C. A. [lyoposckaa®?, P. M. Be36opoanukosa’
' Mucrutyt crenu OPUIL] VpO PAH, Openbypr, Poccus
2ITHTY um. akaza. M. JI. Munnuonmukosa, I'posuerii, Poccus

OreHKa CIOCOOHOCTH IKOCHUCTEM TIOTJIONIATh YITIEPO/ SIBISETCS IEPBOOYEPEAHON IKOTIOT0-9KOHOMHYECKON
3ajadell Hamrero BpeMeHH. Ha JaHHBI MOMEHT eCTeCTBEHHBbIE METOZbl — IOTJIONIEHHE Ha3eMHOW (uTomMaccoit
9KOCHCTEM — MTPAIOT KIIIOUEBYIO POJIb B yJIaBIMBaHUHM yriiepoaa. Mapopmarys o mapamerpax pUTOMacChl MO3BOJISET
OLICHNTH 3aI1achl yriiepo/ia, a MOHUTOPHHT N3MEHEHHS €€ COCTOSHUS HAa TEPPUTOPHAX PA3IMIHOTO reorpaduieckoro
MacmiTaba HalpsIMyo CBSI3aH ¢ MOHUTOPHHIOM M3MEHEHMH yrieponHoro OanaHca. Llenn uccinenoBanns — OneHUTh
BO3MO>KHOCTH MOTJIOMIEHHS YTJIepo/ia Ha3eMHOH PacTUTEIbHOCTHIO TOPHO-JIECHBIX, TOPHO-JIECOCTEHBIX U CTEIHBIX
nanamadToB Poccun, BBISIBUTH MPOCTPAHCTBEHHO-BPEMEHHbIE BapHalny YJIaBJIUBAIONIEH CIIOCOOHOCTH HAa OCHOBE
CIIyTHHKOBBIX JaHHBIX. AHAJH3 BBINOJHSJICS JUIS CEMHM KIIIOUEBBIX YYaCTKOB, BBIIENEHHBIX B JBYX PETHOHAX:
Ueuenckoit Pecniy6muke m OpenOyprckoii obmactu. [Ipu BeiOOpe ydacTKOB TpeOOBaNOCh, YTOOBI PAa3HWIUCH UX
MPUPOAHO-KIIMMATHYECKHE M Te0IKOJIOTHUYECKHE XapaKTepHUCTHKH. Ha mepBoM aTame paccuuThIBajgach JUHAMHUKA
MOKa3aTeJIst MOTJIOIEH S YUCTOro yriepona pacturenbHocThio (Net Primary Productivity C, (NPPC)) Ha kitoueBbIX
yuactkax 3a 2000-2020 rr. Ha OCHOBE AOCTYMHBIX MpoaykToB MODI17A3, mMO3BOJISIONIMX OIEHUTH BAJIOBYIO
nepBUYHYyI0 nponyktuBHocTh (Gross Primary Productivity, (GPP)) u unctyto nepBuuHyto nmponykruBHocTs (Net
Primary Productivity, (NPP)). BeissBneHo, 94TO MpearopHBId y9acTOK C MHOTOJICTHHM CMEIIAHHBIM JIECOM U
OTCYTCTBHEM aHTPOIIOTCHHOW HAarpy3KH AEMOHCTPHPYET MaKCUMaJbHYIO CHOCOOHOCT K yJIaBIMBAHHUIO YIIIEPOIa U3
atMoctepsl — ot 2,6 no 3,5 krC/M*roa. Y4acTOK €CTECTBEHHOH MHOTOJIETHEH CyXOil CTenM XapaKTepu3yeTcs
MHHUMaJIBHOW CIIOCOOHOCTBIO K YyiaBiumBauuio yriepopa — ot 0,5 no 1,5 xrC/m*rox. CdopmupoBaHb
PErpecCUOHHBIE MOJEIH 3aBUCUMOCTH MTOKAa3aTeNs MOIIOIIEHNUS YUCTOTO YIIIEpoaa OT KIMMAaTO-METEOPOIOrHUECKIX
XapaKTEePUCTHK, JIEMOHCTPUPYIONIHE OTHOCHTEIIBHYIO CTAOMIIBHOCTH CIIOCOOHOCTH MHOTOJISTHETO €CTECTBEHHOTO
PacTUTENTHFHOTO OKPOBA IMOTIIOMIATE YITIEpoa U3 aTMocdepsl. B To jke BpeMs BHIHO, YTO B 30HaX C IMpeoOiagaHueM
necoB MHoroJeTHHil mpupocT 3HaueHHI NPPC muuumanen. CymiecTByIOmHe THIIOTE3BI OOBICHAIOT 3TO Kak
camkenneM NPP B Bo3pacTHbBIX jecax 3a cuer crabwimsanmuu GPP u HempephIBHOTO IMOBBIMIEHUSI aBTOTPOGHOTO
JIBIXaHUsl, TaK U TeM, 4TO CHIkeHne NPP B MHOTOJIETHHX Jiecax B MepBYIO ouepenb o0ycioBieHo cHmkeHrnem GPP.
[IpemnoxeHHBIE MOAETH VIS JIECHOTO, CTEHMHOTO W CPEAHETOPHOTO YYAaCTKOB C MHOTOJIETHEH €CTECTBEHHOU
PacTUTENBLHOCTHIO MOTYT MIPUMEHSTHCA U1l TEPPUTOPHUIA CO CXOKUMH FE€0IKOIOTMYECKMMH XapaKTEPUCTUKAMH.
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Major natural catastrophes in the Holocene and their impact on climate variations and Earth's
ecosystems

V. Gusyakov
The Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia

Major natural disasters of the early 21st century (the 2004 Indonesian tsunami, the 2005 Kashmir
earthquake, the 2005 Katrina hurricane in the USA, the 2008 Miyanmar flooding) have drawn the attention
of the scientific community to the problem of their prediction and assessment of possible risk. However,
these disasters are still regional in scale and stand out from the general series of natural disasters only on a
very short geological time scale — 100-200 years. Going beyond these time frames leads to the realisation
of the possibility and reality of natural disasters, much larger in their energy and spatial scales, which
occurred in the recent geological past of the Earth and, therefore, are quite possible in the future. The largest
climatic catastrophe covering almost the entire northern hemisphere of the Earth at the
Pleistocene/Holocene boundary (about 12,820 years ago), pronounced climatic anomalies (environmental
downturns), recorded everywhere by annual tree rings, anomalous layers in lake sediments and glacier
drilling columns, in 4370, 3195, 2350, 1628, 1159, 207, 44 B.C., as well as in 536-540, 1292-1295 and
1348 A.D., were almost global in scope. Traces of these catastrophes have been preserved as geological
evidence (anomalous layers in bottom sediments, buried soils and dunes), biological evidence
(disappearance or appearance of new species of animals and plants in the area, anomalies of
dendrochronological series), archaeological facts indicating sudden migrations and desolation of habitats.
Due to the scale of the problem and the level of its interdisciplinarity, the question of the sources and
mechanisms of the spread of these climatic anomalies is acutely debatable. Much of the scientific
community in certain disciplines (e.g. history) ignores their existence, considering data from other sciences
to be sketchy, contradictory and therefore unreliable. In other disciplines dealing with direct observations
and quantitative measurements of natural processes, the existence of such global anomalies is not denied,
but there are divergent views on their causes. The paper analyses the geological, archaeological and
historical evidence for the three major natural catastrophes that occurred on Earth 12,820, 4,350 years ago
and in 536-540 AD, analysing their possible causes and consequences for the Earth's climate and
population.

KpynHeiimue npupoanbie KATACTPO(bI B oJIoIeHe U UX BJIAMSHHE HA BAPUALUM KJIMMATa U
IKOCHCTEMBI 3eMJIH

B. K. I'ycsikoB
WHCTUTYT BEIYMCIUTEIBHOM MaTeMaTuku 1 Matematuueckoit reopusuxu CO PAH, HoBocubupcek, Poccust

Kpymnuele npuponnsie katacTpopsl Hawana XXI Beka (Munmonesmiickoe myHamu 2004 rona,
3emsietpscenne B Kammupe 2005 roga, yparan Karpuna 2005 roga B CIA, nHaBonHenue B Musiumape 2008
rojia) MPUBICKIA BHUIMaHUE HAYIHOT'O O0IIECcTBA K MPOOIeMe UX MPeACKa3aHus U OIIEHKHA BOZMOYKHOTO PHCKA.
OpHaKo 3TH KaTacTpO(bI SABIAIOTCS BCE K€ PETHOHAIBHBIMU IO MAacIITady M BBIICIATCS U3 OOLIETO psaa
CTUXWUHHBIX OCIICTBUI TOJHKO HA OYCHHb KOPOTKOM IO T€OJIOTHYESCKAM MepKaM BpeMeHHoM Maciitabe — 100-
200 meT. Brixon 3a 3TH BpeMEHHBIE paMKH IMPUBOIUT K OCO3HAHUIO BO3MOKHOCTH U PEaTbHOCTH MPUPOIHBIX
KaTacTpod, 3HAYUTEIBHO OoJice KPYMHBIX 10 CBOMM 3HEPIeTHYECKHMM H IPOCTPAaHCTBEHHBIM MaciiTabam,
KOTOPBIE IPOUCXOMIN B HEJTaBHEM T'€OJIOTHIECKUM IIPONUIOM 3€MIIH, U, CI€JOBATEIHHO, BIIOJIHE BO3MOXKHEI B
Oyaymem. Kpymaeiimas, oxBaTHBIIAs MPAaKTHUYECKH BCE CEBEPHOE TNONyIIapue 3eMIIM KIMMAaTHYECKAas
KaracTpoda Ha pyOexe ruieiicToneH/ronomeH (okono 12,820 net Tomy Hazam), BRIPAKEHHBIE KIMMATHYECKHE
aHomanu (environmental downturns), moBceMecTHO (UKCHPYEMBIE TI0 TOJJOBBIM KOJIbLIAM JEPEBHEB, HATTMUHIO
aHOMAJIBHBIX CIIOEB B O3EPHBIX OCaJKax M KOJOHKaxX OypeHus JeaHukoB, B 4370, 3195, 2350, 1628, 1159, 207,
44 romax J0 HamieH 3pbl, a Takxke B 536-540, 1292-1295 u B 1348 romax Hamieil 3pbl, ObUTH MPAKTHYECKU
r00aIbHBIMU TI0 0XBaTy. Ciensl 3THX KaTacTpo( COXpaHMIIOCHh KakK B BHUJIE TCOJIOTHYECKUX CBUICTEIBCTB
(aHOMaNBHBIC CIIOM B JIOHHBIX OCAQJKaX, IMOTPEOCHHBIC IMOYBBI W [IOHBI), OMONOTHYECKHUX CBHICTEIHCTB
(ucue3HoBeHHE JMOO TIOSBJICHWE B apeaje HOBBIX BHIOB JKMBOTHBIX U pPACTCHUH, aHOMAIUH
JCHIPOXPOHOJIOTHUCCKUX DSIOB), apXCOJOTHYECKUX (DaKTOB, YKA3bIBAIONIMX Ha BHE3AIHBIC MUTPALUU H
3allyCTeHHs] TIPUBBIYHBIX apeaioB OoOWTaHWA. B cwiry MacmTabHOCTH mMpOOJIeMBI W YPOBHA €¢
MEKIUCIUILTHHAPHOCTH, BOIPOC 00 HCTOYHHWKAX M MEXaHHM3MaX PACHpPOCTPaHEHUS JTHUX KINMATUYECKUX
AQHOMAJMH SBISIETCS OCTPO IHCKYCCHOHHBIM. 3HAUMTEIbHAs YacTh HAYYHOTO COOONIECTBA B OTHENBHBIX
JUCHUIUTHHAX (HaIpUMEpP, B UCTOPUYECKUX) UTHOPHUPYET MX CYIICCTBOBAHHE, CUNTASI JaHHBIC, ITOCTYAIOIINE
OT JPYrHX HAyK OTPHIBOYHBIMH, IPOTHBOPCYMBBIMH U, CJIEIOBATEIbHO, HEJOCTOBEPHBIMH. B mpyrux
JUCIUITIMHAX, UMEIONIHNX JIEI0 C MPSAMBIMU HAONIONESHUSIMA U KOJIMYECTBEHHBIMU M3MEPEHHUSIMHA TTPUPOTHBIX
MIPOIIECCOB, CYIIECTBOBAHUE TAKHMX INIOOAIBHBIX aHOMAJIMH HE OTPHUIACTCS, OJJHAKO MHEHHS 00 MX MPHYUHAX
pacxonsarcs. B 1oknase aHaIM3UPYIOTCS Fe0J0rMYECKUe, apXeoJIOTHYeCKUe U UCTOPUUYECKUE CBUIETENBCTBA O
TpeX KpyHHEHIINX NPUPOAHBIX KaTacTpodax, mpoucxoausmnx Ha 3emie 12,820, 4350 net Tomy Ha3zax u B 536-
540 rr. HalIeH 3pbl, AHATH3UPYIOTCS UX BO3ZMOKHBIE IPHYUHBI U TOCIIEACTBUS ISl KJIMMATa U HACSIICHHST 3EMITH.
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Mapping of the fault network of the Sikhote-Alin orogenic belt in geophysical fields

A. Bronnikov?, M. Nosyrev!, A. Didenko'?
Lnstitute of tectonics and geophysics FEB RAS, Khabarovsk, Russia
2 Geological Institute RAS, Moscow, Russia

The report is devoted to the study of fault tectonics of the Sikhote-Alin orogenic belt. It is
studied by profiles of magnetotelluric soundings made over the last 9 years by ITiG FEB RAS. In
the course of the analysis, complex characteristics (electrical, density, magnetic) of a number of
regional faults of the study area were obtained. The following faults were involved in the analysis:
Manominsky, Central Sikhote-Alin, Kabuli-Khor, Verkhneanuysky, East Sikhote-Alin,
Srednekhankaisky, Arsenyevsky, Samarkinsky, Meridionnalny, Partizansky, Dalnerechensky,
Kabarginsky. Most of the regional faults are specifically mapped in geophysical data. According
to the results of magnetotelluric studies, these are mainly zones of relative decrease in electrical
resistivity or contrasting geoelectric boundaries in the section. According to gravity field
modelling data, faults are usually shown as contrasting petrodensity boundaries developed to
depths of tens of km, and less frequently as systems of linearly oriented local density depressions
in the upper part of the Earth's crust. In the magnetic field, faults often coincide with zones of its
increased horizontal gradient, and in some cases coincide with narrow magnetic bodies oriented
along the fault. When interpreting the induction vectors of the geoelectric field, the depth of
conductive zones corresponding to faults was estimated. Based on this, it can be concluded that
there exists a deep conductive channel going below the Earth's crust into the upper mantle for the
Partizansky, Arsenyevsky, and Samarkinsky faults. This work was supported by a grant from the
Russian Science Foundation (project No. 22-17-00023).

Oto0paxxeHnue pa3ioMHOI ceTH CHUX0T3-AJIMHCKOI0 OPOTeHHOI0 1Mosica B reo(pu3n4ecKux
NnoJsAX

A. K. Bponnukos?, M. 0. Hocripes!, A. H. Tunenko®?
! Uncturyt Texronuku u reodusuxu JIBO PAH, Xa6aposck, Poccus
2 Teonoruyeckuii unctutyT PAH, Mocksa, Poccus

Jloxita mOCBAIIEH U3YUYEHUIO Pa3JIOMHON TEeKTOHUKN CHXOT3-AJIMHCKOIO OPOTE€HHOIO I0sca.
OH u3y4eH npopuIIMU MarHUTOTEIUTYPUUYECKUX 30HAUPOBAHUH, CAeTaHHBIMU 3a NOocaeAHne 9
aet UTul’ /IBO PAH. B xozae aHanu3a ObUTH MOTy4eHbl KOMIUIEKCHBIE XapaKTEPUCTUKU
(3meKTpHUUecKre, TNIOTHOCTHBIE, MAarHUTHBIE) PsiJia PETHOHATIBHBIX Pa3IOMOB ILIOLIAIN
uccienoBanys. B ananu3 ObUIM BOBJIEUEHBI CIEAYIOLIUE pa3ioMbl: MaHOMUHCKHM,
enTpanbublii Cuxot3-Anunckuii, KaOynu-Xopckuii, Bepxueantolickuii, Boctouno-Cuxots-
Anunckuit, CpegHexankaiickuii, ApcenbeBckuii, CamapkuHCKu, MepuanoHHAIbHBIN,
[Taptuzanckuii, lansuepeuenckuii, Kabaprunckuii. bonpiias yacTh pernoHaibHBIX pa3IOMOB
cnenuduiecky oTodpaxkaercs B reopuznyeckux qaHHbIx. [lo pesynabTaTam
MarHUTOTEITYPUUYECKUX MCCIIEA0OBAHUN 3TO B OCHOBHOM 30HBI OTHOCUTEIBHOTO MOHMKEHUS
AIIEKTPUYECKOTO COMPOTHUBIICHUS WM KOHTPACTHBIE F€03JIeKTpUUYECKUEe TpaHullbl B paspese. [1o
JAHHBIM MOJIETTUPOBAHUS OIS CUIIBI TSYKECTH Pa3jIoOMbl, KaK MPaBUII0, OTOOpaXaroTcs
KOHTPACTHBIMH METPOIJIOTHOCTHBIMH T'PaHUIIAMHU, Pa3BUTHIE 0 TIyOUH B IECATKH KM, peXe —
CUCTEMAMH JIMHENHO OpPUEHTUPOBAHHBIX JIOKAIbHBIX TIOHWKEHUH INIOTHOCTU B BEPXHEH 4acTU
36MHOM KOpbl. B MarHuTHOM 1oJie pa3jioMbl 4acTO COBNAJAIOT C 30HAMHU €0 IOBBIIIEHHOTO
TOPU30HTAJIBHOTO TPAINEHTA, B PSJIE CIyYaeB COBIANAIOT C y3KMMU MarHUTHBIMU TEJIaMH,
OpPUEHTUPOBAHHBIMU BJI0JIb pa3sioMa. [Ipu uHTEpnpeTanuu HHAYKIHOHHBIX BEKTOPOB
re0dJIEKTPUYECKOT0 MOt ObljIa OllEHEeHa MTyOUHHOCTh MPOBOISIIUX 30H, COOTBETCBYIOIIUM
paznomaM. Ha 0CHOBaHMM 3TOr0 MOKHO CJI€JIaTh BHIBOJI O CYLIECTBOBAaHUU I'TyOMHHOTO
IIPOBOASILErO KaHaja, yXOASIEro HUKE 36MHON KOPbI B BEPXHIOI0 MAHTHUIO JJIs
[Taptuzanckoro, ApcenbeBckoro 1 CaMapKHHCKOTro pa3nioMoB. PaboTa BbINOIHEHA 3a CUET
rpanrta Poccuiickoro Hayunoro ¢onna (mpoekt Ne 22-17-00023).
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Development of the magnetic observatory network in Russia and neighboring countries: recent
achievements and current issues

R. Krasnhoperov, A. Soloviev, R. Sidorov, D. Kudin, A. Grudnev, V. Sergeev
Geophysical Center of the Russian Academy of Sciences

Modern magnetic observatories are the main source of data on the Earth’s magnetic field and its
dynamics within different time scales. Observatory data are widely used in solving a number of fundamental
and applied problems. The presented report is devoted to a brief outlook of the current state and recent
achievements in the development of the network of magnetic observatories in Russia and neighboring
countries. Nowadays the International Real-Time Magnetic Observatory Network (INTERMAGNET)
provides geomagnetic data of the highest quality. Currently 10 Russian observatories (“Arti”, “Borok”,
“Vostok” (Antarctica), “Irkutsk”, “Magadan”, ‘“Novosibirsk”, “Paratunka”, “St. Petersburg”,
“Khabarovsk”, “Yakutsk”) are certified in the INTERMAGNET network. Observatories that in many
aspects meet the standards of this network, but for various reasons have not passed the certification
procedure, are being actively developed on the territory of the Russian Federation. However, the existing
spatial coverage of the Russian territory by such full-scale observatories is insufficient. This sparsity is
critical for the high-latitude regions and the Arctic zone of the Russian Federation. This fact justifies the
need for further active development of the national geomagnetic observation network. At the same time,
the improvement of the geophysical equipment is also of great importance: increase of the instrument
accuracy and sampling frequency, data transmission in near real time, introduction of modern tools for data
processing and analysis. Since the late 2000s, the Geophysical Center of the Russian Academy of Sciences
in cooperation with academic and research institutes has been actively working on the development of the
observatory network in Russia and neighboring countries. Brief information on recent results and topical
problems will be presented.

PasButHe ceTM MArHMTHBIX 06cepBaT0pnifl B Poccuun m conmpeaeJbHbIX CTpaHax: MOCJICIHUE
AOCTHIKCHUSA U AKTYAJIbHbBIC l'[pOﬁJ'IeMI)I

P. . KpacHonepos, A. A. Conosses, P. B. Cunopos, . B. Kynun., A. A. I'pynues, B. H. Ceprees
I'eousnueckuii nentp Poccutickoli akagemuu Hayk, Mocka, Poccus

CoBpeMeHHbIE MAarHUTHBIE OOCEPBATOPHH SBISIOTCS OCHOBHBIM HMCTOYHHKOM JaHHBIX O
napamMeTpax MAarHUTHOIO HOJsl 3eMJIM M €ro AWHAMHMKE B pa3IMYHbIX BPEMEHHBIX MacluTadax.
Ob6cepBaropckie JaHHBIE HAXOAAT MIXPOKOE MPUMEHEHHE MIPU PELISHUH LIEJIOro psijia PyHIaMEeHTaIbHBIX
W TpUKJIaaHbIX 331a4. [IpencTaBnseMblii JOKIaA MOCBSIIEH KPAaTKOMY 0030py TEKYIIErO COCTOSIHHUS U
MOCJIETHUX JOCTIKEHUH B Pa3BUTHH CETH MarHUTHBIX 00cepBaTopuii B Poccun u conpeiebHbIX cTpaHax.
Ha naHHBIE MOMEHT MeXIyHapojHas ceTh MarHUTHBIX oOcepBatopuit MTHTEPMATHET (International
Real-Time Magnetic Observatory Network — INTERMAGNET) mnpezacraBisier Hanboyiee BBICOKHIA
CTaHJApT KauecTBa BPEMEHHBIX pPSJOB TEOMAarHUTHBIX HaOmoneHwid. Ha ceromusimamic aens 10
poccuiickux obOcepBatopuii («Aptu», «bopok», «Boctok» (AnTapkruma), «Upkyrck», «Maramany,
«HoBocubupck», «llapatynka», «Cankt-llerepOypr», «XabapoBck», «SIKyTck») cepTH()UIUPOBAHBI B
cetu MHTEPMATHET. Takxe Ha Tepputopun P® akTHBHO pa3BHBalOTCS 00CEpBATOPUH, IO MHOTHM
rapaMeTpaM COOTBETCTBYIOIIME CTaHAApTaM 3TOM CETH, HO MO pa3HbIM NPHYMHAM HE MPOIIEIINe
npouenypy ceprudukanuu. OmHAKO CYLIECTBYIOLIMM HPOCTPAHCTBEHHBIH OXBaT Teppuropun Poccumn
MOJTHOMACIITa0HBIMH  00CEpBATOPHAMH HEJIOCTATOYEH, OCOOCHHO 3TO KacaeTcs BBICOKOIIUPOTHBIX
obmacreit m Apkrmdeckoi 30HbI PD. JlaHHOE 0OCTOSTENBCTBO JUKTYET HEOOXOAMMOCTH JATHHEHIIIETO
AKTUBHOT'O Pa3BUTHI OTEUECTBEHHON reOMarHUTHON HaOmo1aTenbHoi cetu. [Ipu 3ToM Gosbiioe 3HaUeHUEe
UMEET U COBEPILCHCTBOBAHUE HCIIONb3yeMOH Teo(M3NUECKO anmapaTypbl: MOBBIIIEHHE TOYHOCTH
MpuOOpPOB, YBEIMYEHHE YAaCTOTHl AVCKPETH3AIMH PErHCTPUPYEMBIX NaHHBIX, Iepeaada ITaHHBIX BO
BpeMeHH, OJIM3KOM K peaJIbHOMY, BHEJJPEHHE COBPEMEHHBIX HHCTPYMEHTOB 00pabOTKH 1 aHaIu3a 1aHHBIX.
C xonua 2000-x rr. I'eopusnueckuii uentp PAH coBmecTHO ¢ psAooM akageMUYeCKHX W OTPacieBBIX
WHCTUTYTOB BeIET aKTUBHYIO padOTy MO pa3BHTHIO 0OCEpBATOPCKOM ceTw Ha TeppuTopuu Poccun u
COTIpeIeNbHBIX CTpaH. B mokname OyayT mpencTaBiieHbl HEKOTOpHIE IIOCIEAHHWE Pe3yJbTaThl 3ITOMH
JESITeIbHOCTH M 3aTPOHYTHI OCHOBHBIE aKTyaJIbHbIE MPOOIEMBIL.
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Some results of studies of volcanic processes using satellite radar interferometry methods

M. Volkova, V. Mikhailov
Schmidt Institute of physics of the Earth RAS, Moscow, Russia

In volcanic and seismically active areas, it is very important to assess land surface displacements,
which can be detected by a variety of modern methods, both ground-based and satellite-based, including
satellite radar interferometry. Displacements observed on volcanic slopes are often induced by internal and
external processes related in one way or another to the movement of magma in the Earth's crust. For
example, landslides and rockfalls caused by volcanic earthquakes, lava and pyroclastic flows forming new
relief on the surface, or slope uplift/sedimentation as magma advances to the surface or, conversely, retreats
from the magma source. Data on the registration of such displacements can be used to study volcanic
activity in general and magmatic systems in particular. One of the approaches to the study of processes
related to volcanic activity is the interpretation of measured displacements of the volcanic surface by means
of building mathematical models and solving inverse problems, which is reduced to the determination of
model parameters, at which the best agreement of the numerical solution with the observed data is achieved.
Depending on the object of study, the model parameters make it possible to estimate the velocities of
magma movement, scale, depth of occurrence and physical characteristics of the magma centre, etc. The
paper presents some results of studies of volcanoes of the Kuril-Kamchatka subduction zone on the basis
of data on earth surface displacements calculated by PCA interferometry methods. The recorded
displacements allowed us to study in detail with the help of mathematical models the causes of anomalously
rapid subsidence of the upper part of the lava field of Tolbachik in 2012-2013, eight times higher than
average values, to obtain quantitative estimates of porosity, glass content and lava temperature 7 years after
the volcanic eruption. We will also present estimates of the contribution of various processes to the
shrinkage of the pyroclastic flow on 29.08.2019 at Shiveluch volcano, and a model of the intrusive body
emplacement that formed the uplift on the western slope of Shiveluch volcano in the post-paroxysmal phase
of the eruption on 11.04.2023. The research was funded by the Russian Science Foundation grant
No. 23-17-00064 (https://rscf.ru/project/23-17-00064).

HexoTtopsle pe3y1bTaThl HCCJIEAOBAHMIA BYJIKAHMYECKUX MPOLECCOB ¢ MOMOIIBIO METO0B
CILyTHMKOBOI pagapHoil uHTepdepomeTpun

M. C. Boakoga, B. O. Muxaiiios
WuctutyT Puszuku 3emim um. O. FO. IlImuara PAH, Mocksa, Poccust

B BysiKaHMUYECKHX U CEMCMHUYECKH aKTUBHBIX paillOHaX OYE€Hb Ba)KHA OLIEHKA CMEIICHUI 3€eMHOU
MOBEPXHOCTH, KOTOPbIE MO>KHO OOHAPY>KUTh Pa3IMYHBIMHA COBPEMEHHBIMU METOIAMH KaK HA3€MHBIMH, TaK
U CIIyTHUKOBBIMH, B TOM YHCJI€ C IOMOILBIO CIIyTHUKOBOH pazapHoil mHTepdepomerpun. CmemnieHus,
Ha0JI0JaeMble Ha CKJIOHAX BYJIKAHOB, YaCTO MHAYIIUPOBAHbl BHYTPEHHUMHU U BHEUTHHUMH MTPOIIECCAMH TaK
WJIM MHAY€ CBSI3aHHBIMU C JIBM)KEHHEM MarMbl B 3eMHOM Kope. HamprumMep, omonsHu 1 06Baibl, BEI3BaHHBIE
BYJIKAHUUECKUMHU 3EMJICTPSICEHUSMH, JaBOBBIE M IMUPOKJIACTHYECKHE IOTOKH, (POpMUpYIOIIHE HOBBIH
penbed Ha MOBEPXHOCTH, WIH MOTHSITHE/OCEAaHNE CKIIOHOB TIPU TPOJIBIIKEHUH MarMbl K TIOBEPXHOCTU
WA, HA000POT, OTCTYIIEHHH U3 MarMaTHUECKOro ouyara. JJaHHbIe 0 pernucTpanny Takux CMEIIeHUH MOTYT
OBITH MCIIOJIB30BAHBI JUIS MCCIICAOBAHNS BYJIKAHUYECKOW aKTUBHOCTH B 1IEJIOM U MarMaTHYECKUX CHCTEM
B yacTHOCTU. OHUM U3 [TOAXO0JI0B K U3yUEHUIO NPOLIECCOB, CBSA3aHHBIX C BYJIKaHUUYECKOH JESTENbHOCTBIO,
SBJISIETCSl WHTEPIIPETAlls M3MEPEHHBIX CMEIICHUH IMOBEPXHOCTH BYJIKaHa C IIOMOIIBIO TOCTPOCHHUS
MaTeMaTHYECKUX MOJIEJIel U pereHne o0paTHBIX 3a/1ad, KOTOPOE CBOAUTCS K ONPEESICHHIO MTapaMeTpOB
MOJIEINIM, IPU KOTOPBIX JOCTUTAeTCA HAWIy4LIee COrJIacOBaHUE YMCICHHOTO PEIIEHHUs C HAOII0AaeMbIMH
JAHHBIMU. B 3aBUCHMOCTH OT 00BeKTa MCCIeI0BaHMs, TapaMeTPbl MOJEIH MTO3BOJISIIOT OIIEHUTh CKOPOCTH
NepeMeIleHNs] MarMbl, MacInTalbl, TIyOUHY 3ajeranus U (u3ndeckue XapakTepUCTHKU MarMaTH4eckoro
ouara W T.1. B pabore mpencraBieHbl HEKOTOPBIE pPe3yJbTaThl HCCIEAOBAaHMK ByJKaHOB Kypwuio-
KamuaTckoil 30HBI CyOAyKIIMM HAa OCHOBE JAHHBIX O CMEIIEHUSIX 36MHON MOBEPXHOCTH, PACCUHUTAHHBIX
metogamu PCA umnTepdepoMerpun. 3aperucTpupoBaHHBIE CMENICHHS MO3BOJWIN JETAIbHO H3YyYUTH C
MOMOIIBIO MAaTEMAaTHUECKUX MOJIEJICH TPUYMHBI aHOMaJIbHO OBICTPOTO OCeIaHusl BEpXHEW 4acTH JJABOBOTO
nonst Tonbaumka 2012-2013 rr, BOCBMHKpPAaTHO IPEBBILAIOIIEIO CPEIHHE 3HAYEHHS, IOIYYUTh
KOJIMYECTBEHHBIE OLIEHKH MOPUCTOCTH, COJEPKAHUS CTEKON W TEMIEepaTyphl JIaBBI CIYCTS 7 JIET IOcCIie
W3BEPIKEHHS BylikaHa. Tarke OyayT MpelCTaBICHBI OICHKH BKIAJa Pa3lIMYHBIX IMPOIECCOB B YCAIKy
nupokiacTuyeckoro notoka 29.08.2019 r. nHa Bynkane IlluBenxyd, 1 MOJeNb BHEAPEHUS WHTPY3UBHOIO
Tena, cOPMUPOBABILIETO TIOJAHATHE HA 3allaJIHOM CKIIOHe BynkaHa [lluBenyd B MOCTIapOKCH3MAIBHYIO
¢dazy mszeprkenus 11.04.2023 r.u. MccnenoBaHust BBIIOIHEHBI 32 CUET rpaHTa POCCHIICKOro HaydHOTO
donma Ne 23-17-00064 (https://rscf.ru/project/23-17-00064).
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Technogenic talik as an indicator of permafrost condition interacting with hydraulic structures

S. Velikin!, S. Milanovskiy?3, V. Istratov?*, Yu. lvanov, A. G. Petrunin®®
1VPRS Melnikov Permafrost Institute SB RAS, Chernyshevskiy, Russia

2 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

3 Sergeev Institute of Environmental Geoscience RAS, Moscow, Russia

4 Radionda, Moscow, Russia

5> Geophysical Center RAS, Moscow, Russia

Global and regional changes in the cryolithozone are rather slow in time and laterally heterogeneous, which
complicates their assessment and forecast. However, there are engineering objects (reservoirs, fuel and energy
facilities, nuclear power plants) that create local thermal load on permafrost rocks, changing their state up to thaw in
relatively short time. This allows us to consider them as natural models with acceleration of complex processes
occurring in the cryosphere. Taliks are associated with the ice«>water phase transition, which determines the
peculiarities of changes in the geophysical characteristics of water-saturated rocks. These features allow to use
geophysical fields associated with them to identify, control and predict both natural and anthropogenic taliks. The aim
of the study is to systematically analyse the results of geophysical monitoring of the state of frozen rocks exposed to
the calving effect of hydraulic structures, since the overwhelming majority of accidents and failures at hydraulic
structures (HS) in the northern regions are associated with the manifestation of filtration. According to the experience
of studying the geocryological condition of the bases of hydraulic structures of Western Yakutia in the course of long-
term operation under the conditions of natural-technogenic influences that caused the development of filtration
processes as part of the necessary informative geophysical observation complex can be used: electrotomography;
borehole logger measuring systems capable of autonomous mode to conduct sessions of simultaneous temperature,
piezometric and resistivity measurements; seismometric and HS surveys; inter-borehole surveys; geophysical
monitoring systems. The latter method, in 3D/4D format, provides information on the structure and permafrost/melt
state of the massif, and allows controlling the development of cryological processes in space and time. At the same
time, the sensitivity of the method is sufficient to record changes in the electrical properties of rocks at the initial stage
of thawing (the reverse process — freezing — can also be recorded). The paper will present the results of complex
studies on HS. The modelling studies included the solution of a non-stationary problem of heat and mass transfer in a
fractured porous saturated permafrost medium. The model analyses the conditions causing the occurrence and
development of talik near the reservoir, such as air temperature fluctuations, snow cover, seasonal changes in reservoir
water temperature, changes in the permeability of the frozen ground and the internal structure of the frozen massif.

TexXHOreHHbIH TATUK KAK HIMKATOP COCTOSIHUSI MepP3J10Thl B3auMoAelicTBYOIIel ¢ THAPOTeXHUYeCKUMU
00bEeKTaAMH

C. A. Benuxun?!, C. FO. Munanosckuii?3, B. A. Ucrpatos?*, 1O. I. Upanos?, A. I. Ilerpynun®®

! BHUMC Uncruryra Mepsnorosenenus um. I1. U. Mensuukosa CO PAH, UepHbimesckuii, Poccus
2MucturyT ®usuxu 3emmu um. O. 0. IlImunra PAH, Mocksa, Poccust

3 Mucturyt leoskonorun um. E. M. Cepreesa PAH, Mocksa, Poccus

4 Paguonna, Mocksa, Poccus

STeopusuueckuii Llentp PAH, Mocksa, Poccus

I'moGanpHBIE U PETHOHAIBHBIE H3MEHEHHS KPHUOJIUTO30HbI TOBOJIFHO MEIJICHHBI BO BPEMEHHU U JaTepaIbHO
HEO/IHOPO/IHBI, YTO 3aTPYAHSACT UX OLEHKY U NporHo3. OJHaKo, UMEIOTCSl MH)KEHEPHbIe 00BEKTHI (BOZOXPAHMIIHIIA,
06bexTsl TOK, ADC), KOTOpBIE CO3AAI0T JIOKATBbHYIO TEINIOBYIO Harpy3Ky Ha MHOTOJIETHEMEP3JIbIe TOPOJIbI, MEHSS
UX COCTOSIHHE BILIOTH JI0 TAJIOTO 32 OTHOCUTENBHO MaJlble BpeMeHa. DTO MO3BOJISET PACCMATPUBATh X KaK HATYPHBIE
MOJIETIH C YCKOPEHHEM CIIOXKHBIX IPOLECCOB NMPOTEKAIOINX B Kprocdepe. Tanukn cBsA3aHbl C (Pa30BBIM IEPEXOA0M
JIe1<>BO/Ia, ONPEEISIIONINM OCOOCHHOCTH M3MEHEHHUS TeO(U3MUECKUX XapPAKTEPUCTUK BOJAOHACHIIIIEHHBIX TOPHBIX
MopoJi. OTH 0COOEHHOCTH MO3BOJISIOT HCIOJIB30BaTh I'e0(U3UUECKUE IMOJIS, CBA3aHHBIE C HUMHM, JUIS BBIJCIICHUS,
KOHTPOJISI ¥ TIPOTHO3a KaK MPHUPOJHBIX, TAK U TEXHOTEHHBIX TAIHMKOB. llens McciienoBaHUs — CHUCTEMHBIM aHAIN3
pe3yapTaTOB Treo(U3NYECKOT0 MOHHTOPHHTA COCTOSHHSI MEP3JIBIX TOPOA, IOABEPIKEHHBIX OTETISIOIEMY
BO3ACHCTBHIO THAPOTEXHUYECKUX COOPYKEHHUSIX, MOCKOJBKY TOAABIIONIIEe OOJBIIMHCTBO aBapuil M OTKAa30B Ha
runpoTexHnueckux coopyxkeHusx(I'TC) B ceBepHBIX permoHax CBA3aHBI ¢ MposBIeHWEM (uibTpanuu. [lo ombiTy
W3yYeHHMsI TEOKPHOJOTHYecKoro cocrossHus ocHoBanmii I'TC 3amamnoif SIKyTum B Tporecce MHOTOJETHEH
9KCIUTyaTallid B YCJIOBUSX HPUPOJHO-TEXHOT'€HHBIX BO3JCHCTBHI OOYCIOBHBLIMX pa3BUTHE (QUIBTPALMOHHBIX
MPOLIECCOB B COCTaBE HEOOXOAMMOro MH(OPMATHBHOTO Te0(M3NUECKOT0 HAOII0AATEIbHOTO KOMILIEKCA MOXHO
MCIIOJIb30BaTh: AIEKTPOTOMOTrpadHio; CKBaXMHHbIE JIOTTEPHBIE U3MEPUTEIbHBIE CHCTEMBI, CHOCOOHBIE B aBTOHOMHOM
pEeXUME TMPOBOAUTH CEAHCHl OJHOBPEMEHHBIX TEMIIEPATypPHBIX, NbE30METPUUECKHX M PE3UCTUBUMETPUUECKHX
U3MEPEHUil; CeHCMOMETPUUECKUE M TeOopaJapHble ChEMKHU; MEXKCKBa)KMHHOE PpaJHOBOJHOBOE IPOCBEUUBAHMUE.
[ocnennuit meron, B ¢dopmare 3D/4D naer mHpopManuio o CTPOGHHHM M MEP3JIO/TaloOM COCTOSHMHM MAacCHBa,
MO3BOJISIET KOHTPOJIHMPOBATh PA3BUTHE KPHOJOTHYECKHX TIPOIECCOB B IPOCTPAHCTBE M BpeMeHH. [lpum 3ToMm,
YyBCTBUTEIHHOCTH METO/a TOCTATOYHO, YTOOB! (PMKCHPOBATh M3MEHEHHS B AIIEKTPUYECKHX CBOMCTBAX IOPOA Ha
HaYaJILHOM CTaIU Mpollecca pacTerieHus (Bo3MoKHa (pUKcamus 1 00paTHOTO Mpoliecca — mpoMep3anus). B moxmane
OyayT mpencTaBiIeHBI Pe3yNbTaThl KOMIUIEKCHBIX mccienoBanuii Ha ['TC. MojenbHble MCCIEIOBaHNS BKIIOYAIH
pelIeHrne HeCTallMOHOM 3aJlayd TEeIJIOMAacCOolepeHoca B TPEIIMHOBATO-TIOPUCTON HACBHIIIEHHON Mep3J0i cpee.
Mozenp aHaIM3UPYET YCIOBHS, BEI3BIBAIONINE BOSHUKHOBEHNE M Pa3BUTHE TAJIMKa BOJIM3U BOJOXPAHWININA, TaKHE
KaKk KoJieOaHMsl TEMIIEpaTypbl BO31yXa, CHEXHBIH IIOKPOB, CE30HHOE W3MEHEHHME TEMIIepaTypsl BOALI B
BOJIOXPAHUIINILE, U3MEHEHUE IPOHUIIAEMOCTH MEP3JIOT0 IPyHTa U BHYTPEHHEH CTPYKTYphl MEP3JIOr0 MacCUBa.
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Development of internal crustal displacement deficit from GNSS data before and during
the earthquake Hualien, Taiwan (03 April 2024, Mw=7.4)

P. Dokunin?, V. Kaftan?, A. Melnikov*
! Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow, Russia
2 Geophysical Center RAS, Moscow, Russia

The study analyses the evolution of internal crustal movements in Taiwan in relation to the
seismic process over the last 10 years. The primary data were time series of continuous GPS
observations, earthquake catalogue and location of the main tectonic structures. Vectors of
horizontal displacements of GPS stations were determined for each day with respect to the initial
epoch. An internal reference system was used, when the general movement of the territory defined
in the global coordinate system was excluded. A video animation was constructed to synoptically
analyse the evolution of internal motions in relation to seismicity and tectonics. It is shown that
most of the strong M>6 earthquakes occurred inside and at the boundaries of zones of deficit of
internal crustal motions. This allows us to consider such areas of increased crustal density as a
prognostic sign. They are detected as GPS observations accumulate over several years and are
destroyed by strong seismic events as well as by large groups of moderate and weak earthquakes.
At the time of 2024, a high-density zone has formed on the island, extending in a band from the
east to west coast. It connects the convergence of the Ryukyu and Manila Deep Troughs with the
land of the island territory. It can be assumed that this area marks a zone of increased seismic-
generating stresses, which is important to take into account in further seismic hazard assessment.

Pa3BurTHe ne¢puunTa BHyTPpEeHHHX cMeleHui 3eMHOM Kopbl 10 JaHHbIM ['THCC 10 u BO
Bpems 3emuierpsicenusi Hualien, Taiwan (03 April 2024, Mw=7.4)

IT. A. ILOKyKHHl, B. . Ka(bTaHz, A. 10. Menbuukos?
! Poccuiickuii yausepcutet apyx0s1 Haponos um. Ilarpuca JIymym6s1, Mocksa, Poccus
2 Teodusnueckuii nentp PAH, Mocksa, Poccus

HccnenoBanne MOCBSIIEHO aHAINW3Y 3BOJIOLNUM BHYTPEHHUX JABM)KEHUH 3€MHOW KOpBI
Tepputopun TaliBaHs, B CBA3M C XOJIOM CEHCMHYECKOro mporecca 3a mnocienHue 10 ier.
[TepBUYHBIMY TaHHBIMU OCTY MM BpeMEHHbIE psifibl HenpepbIBHbIX GPS Habuto1eHuii, katanor
3eMJIETPSICEHUH U PAaCIOJI0KEHUE OCHOBHBIX TEKTOHMUYECKHUX CTPYKTyp. Ha kaxaple cyTku mo
OTHOLICHHIO K HAYaJIbHOM 3II0XE ONPENEISUINCh BEKTOPHI TOPU30HTAIBHBIX CMEIIEHUN CTaHIUN
GPS. Hcnons3oBanach BHYTpEHHSs CHCTEMa OTCYETa, Korja oOlee IBUKEHUE TEPPUTOPUH,
OTpe/ielIeHHOe B TJI00albHONW CHUCTEME KOOpAMHAT, HMCKIoyanoch. bbuia mocTtpoeHa BHUEO-
aHUMAIMs I CHHONTUYECKOTO aHajii3a 53BOJIOLMU BHYTPEHHUX JIBUKEHUN B CBS3H C
CEeMCMUYHOCTBIO U TEKTOHMKOH. [lokazaHO, 4yTO OOJIBIIMHCTBO CHIIBHBIX M>6 3emieTpsiceHuit
MIPOM30LUIO BHYTPH M Ha TpaHHUIaX 30H Je(UIUTa BHYTPEHHUX JBMKEHUHU 36MHOW KOpBI. JTO
MO3BOJISIET PacCMaTPUBATh TaKWe OOJACTH TMOBBIIIEHHOM IJIOTHOCTU 3€MHOM KOpBI B KayecTBE
porHocTuyeckoro npusHaka. OHu oOHapykuBaroTcs o Mepe HakoruieHus GPS nabmonenuii 3a
HECKOJIBKO JIET M Pa3pylIalTCsl CHIIBHBIMU CEHCMHUYECKUMHU COOBITHUSAMH, a TakKe OOJBIINMHU
rpynnamMu yMEpeHHbIX U cla0bix 3emierpsiceHuil. Ha Moment 2024 r. Ha TeppuUTOpUHU OCTPOBA
o0pa3oBaiack 30Ha MOBBIIIEHHON MIOTHOCTH, BBITSIHYTAas TIOJIOCONW OT BOCTOYHOIO K 3alaJIHOMY
noOepexpto. OHa CBS3BIBAET MecTa COMMKEHHs TTyOOKOBOJIHBIX keno00B Prokto u Manuna c
cyuieil OocCTpOBHOW TeppuTopuu. MOXKHO modaratb, 4YTro 3Ta 00JacTh MapKUPYET 30HY
MOBBILICHHBIX CEHCMOIeHEPUPYIOMINX HANPSHXKEHUH, YTO Ba)KHO MPUHUMATh BO BHHUMAHUE NPU
JaJIbHEeHUIIe OlleHKe CECMHUYECKOM OITaCHOCTH.
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Risk assessment of hazardous space weather impacts on Arctic infrastructure facilities: study of variability of
magnetotelluric fields along the Messoyakha-Norilsk pipeline line

E. Sokolova'?, O. Kozyreva?, |. Kupriyanova?, D. Epishkin®, D. Yakovlev®
L All-Russian research geological oil institute (VNIGNI), Moscow, Russia
2Schmidt Institute of physics of the Earth RAS, Moscow, Russia

3 «NordWest», Moscow, Russia

Development of the Arctic regions is associated with the risks of negative impacts of space weather anomalies
on the industrial facilities being constructed. Anomalous corpuscular-wave phenomena in the near-Earth plasma
generate perturbations of the magnetosphere and ionosphere (geomagnetic storms, substorms, etc.) and, as a
consequence, geomagnetically induced electric currents (GICs) in conductive earthed structures. Particularly intense
in the auroral zone, GICs threaten accidents on railways, in power transmission systems and control electronics.
Pipelines experience the cumulative effect of GICs: the associated variations in the ground-pipe potential difference
often exceed cathodic protection thresholds, which accelerates electrochemical corrosion and pipe wear. Forecasting
of extreme values of GICs, which is important for pipeline design, is impossible without analysing the variability of
their ‘drivers’ — geoelectric (magnetotelluric, MT) fields, responses of the conducting Earth to geomagnetic variations.
Their magnitude and direction are determined by both external excitation and crustal geoelectric inhomogeneities.
The report presents methods and results of studying the spatial and temporal variability of MT fields within the
Yenisei-Khatanga trough and the adjacent section of the Messoyakha-Norilsk gas pipeline line. Information on the
geoelectric structure of the region is provided by a unique array of MT data (the result of regional oil and gas
prospecting works of «North-West»). Records of anomalous magnetic events are taken from the archive of
geomagnetic monitoring data in the Arctic. The geoelectric responses were evaluated in both the private and time
domains. The first approach produced ‘geoelectric hazard” maps for the region's infrastructure facilities: the areas of
extreme ULF band responses are most at risk. The temporal analysis revealed the section of the Messoyakha-Norilsk
gas pipeline line traced by intensive geoelectric responses, where the probability of destruction is the highest and
accumulates with each series of anomalous geomagnetic perturbations. Estimates of the potential difference induced
on it by GICs, even under moderate magnetic storm, exceeded the conventional level of cathodic protection. The first
experience of statistical analysis of the amplitude level of geoelectric responses in the pipeline area was obtained. The
study laid the basis for the necessary work on forecasting the negative impact of GICs on the infrastructure of the
subpolar regions of the Russian Federation. It is shown that for adequate assessment of their risks it is necessary to
take into account the geoelectric structure of the region of works.

K oneHke pucKoOB ONacHBIX BO3AelCTBHI KOCMUYECKOH MOr0/ibl HA HHPPACTPYKTYPHbIe 00beKThbl APKTUKH:
H3yYeHHe BapualdeJbHOCTH MArHUTOTeJUIYPHYECKHX MoJleil B0JIb JUHHH ra3onposoaa «Meccosxa-
Hopuiabex»

E. O. Cokonosa'?, O. B. Kossipesa?, U. C. Kynpusuos?, JI. B. Emmukun®, JI. B. Skosnes®

1 Beepoccniickuii Hay9HO-HCCIIEN0BATENBCKHI reotornueckuii Hedrsnoi uactutyT (BHUTHW), Mocksa, Poccus
2Nucrutyt Pusnku 3eman um. O. 10, IImuara PAH, Mocksa, Poccus

3 «Cesepo-3anan», Mocksa, Poccus

OcBoeHne apKTUYEeCKUX OoO0JacTeil COMpsDKEHO C pPHUCKaMH HETaTHUBHBIX BO3ACHCTBHM aHOMAaNUil
KOCMHYECKOM NoroAbl Ha BO3BOAUMBIC ITPOMBIIIJICHHBIC 00beKThl. AHOMAJIbHEIE KOPIYCKYJIAPHO-BOJIHOBBIC ABJICHUA
B OKOJIO3EMHOIl Iula3Me MOopoXKIalT neprypbanuu MarHuTocdepsl M HoHOchepbl (reomarHuTHBIE Oypw,
cy00ypu 1 Ip.) M, KaK CIEACTBUE, T'€OMAarHUTHO-WHAYIMpoBaHHBIE 3iexkTpuueckue Toku (I'MT) B mpomomsmux
3a3eMJICHHBIX KOHCTpYKIMsAX. Oco00 mHTeHCHBHBIE B aBpopanbHOH 30He, ['MT rpo3sr aBapusMu Ha >KeNE3HBIX
noporax, B cucremax JIOII n ynpasisiommeil 31eKTpoHnKH. TpyOGonpoBOAbl NCTIBITHIBAIOT KyMYJIITUBHBIN 3 (heKT
I'NT: comyTcTByIOMmME Bapualuy pa3HOCTH IMIOTEHIIMANIA 3eMJIsI-TPYy0a 4YacTo NMPEBBIIIAIOT TOPOTY KaTOIHOM 3alHTH,
YTO YCKOPSET MEKTPOXUMHUUECKYIO KOppo3uio u u3Hoc TpyO. [IporHos sxcTpemanbHbix Benuuud [T, BaskHbIH 1715
MPOEKTUPOBAHMS TPYOOIIPOBO/IOB, HEBO3MOYXKEH 03 aHalN3a BapnadelIbHOCTH HX «JIpaliBEpOB» — FE03IEKTPUIECKIX
(marauToTemTyprueckux, MT) noneit, OTKIMKOB pOBOAIIEH 3eMiIM Ha TeOMarHUTHBIE Bapuanuy. VX BennunHa n
HaIpaBJICHUE ONPECACIIAIOTCA KaK BHCIIHUM B036y)K}IeHI/IeM, TakK u KOPOBBIMU T'CODJICKTPUICCKUMU
HEOJHOPOAHOCTAMHU. B noknazne mpeacraBiieHbl METOABI M PE3YJbTaThl U3Y4YEHMsI IPOCTPAHCTBEHHO-BPEMEHHOMN
n3menunBocty MT moneit B mpenenax Enuceit-Xaranrckoro nmporu0a v MpUIeTarolero y4acTka JHHAHA Ta30IIpoBoIa
«Meccosxa-Hopunsck». CBeoeHHS O TEOINEKTPHYECKOM CTPOCHHH pEerHoHa OOeCIeYeHbl YHUKAJIbHBIM
MaccuBoM MT naHHBIX (pe3yibTaT pernoHaJbHBIX HedrerasomonckoBsix padbor OO0 «Cesepo-3amany). 3ammcu
AQHOMAJIBHBIX MArHUTHBIX COOBITHH B3STHI U3 apXHWBa JaHHBIX T'€OMarHUTHOTO MOHHTOpHHTa B ApkTHke. OueHka
Te0dJICKTPUIECKUX OTKIMKOB IIPOBOJIMIIACE KaK B YaCTHOM, TaK ¥ BO BpeMeHHOI o6macTsx. [1epBblif 1101X0/1 TO3BOIIHI
MOJYYUTh KapThl «IEOJNIEKTPUUECKOH OIMacHOCTW» Il HMH(PACTPYKTYPHBIX OOBEKTOB pEruoHa: 30HEI
aKcTpeManbHbIX oTKINKOB ULF nuana3ona noasepskeHbl HANOOIBIIMM pHcKaM. BpeMeHHO# aHaJIn3 BBISIBUII y4acTOK
JMHUU rasonpooja «Meccosixa-Hopuibck», TpacCHpyeMblii HHTEHCUBHBIMU T€03JIEKTPUUECKUMH OTKIIUKAMHU, TJe
BEPOSITHOCTh JIECTPYKIMH HauOOJIbIIAsi W HAaKaIUIMBAeTCs C KaXJOH cepued aHOMaJbHBIX TI'€OMAarHUTHBIX
neprypOaruii. ChenaHHbie OLEHKH PAa3HOCTH TOTEHIIMAIOB, HaBoguMod Ha Hem ['UT, gaxke mpu ymepeHHOM
MarHUTHOH Oype MpeBbICHIN KOHBEHIIMOHHBII YPOBEHb KaTOJHOH 3amuTh. [1oTydeH mepBolil OMBIT CTATHCTHYECKOTO
aHaIN3a aMIUTMTYJHOTO YPOBHS T'€03JIEKTPHUECKUX OTKIMKOB B paifoHe ra3onpoBoaa. VccienoBaHue 3aM0Xmio 6asy
JUII HEOOXOAWMBIX paboT Mo MpOrHo3y HeratuBHBIX BosneiictBuit I'MT Ha wHOpPacTpyKTypy CyOIOISpHBIX
obmacreit P®. [loka3aHo, 4TO A7 aJeKBaTHOHM OIEHKH MX PHUCKOB HEOOXOAWM YUeT T€03JIeKTPHIECKOrO CTPOCHHUS
peruonHa pador.

73



Principles of creation of regional structural weight prognostic and prospecting models of ore-
forming systems based on geoinformation technologies and Earth remote sensing data processing
on the example of some areas of the Russian Federation

S. Ustinov, V. Petrov, V. Minaev, A. Svecherevskiy
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry (IGEM) RAS, Moscow,
Russia

Given the current geological and economic factors of the country's mineral resource base
development, there is an urgent need for a clearer definition and justification of the objectives of prospecting
and appraisal geological exploration to discover new deposits, especially strategic metals and scarce types
of solid minerals (SM). The majority of areas potentially prospective for various types of mineral resources
are located within inaccessible and poorly explored territories. With the development of modern satellite
imagery technologies and the availability of high spatial resolution multidimensional remote sensing data,
it is now possible to accurately identify the tectonic structure of territories, carry out geodynamic
reconstructions, assess the stress-strain state of rock massifs, determine the kinematics of displacements in
the zones of major faults, carry out mineral mapping, and identify emanation anomalies over the prospective
areas. Taking into account the established geological structure, results of earlier geological exploration
works and ground surveys on the basis of GIS technologies, remote sensing data processing, construction
of a digital elevation model, use of structural-geomorphological (lineament analysis), spatial-geometric,
spatial-density and tectonophysical methods for areas on a regional scale (1:5 000 000 — 1:200 000), the
author's approach is presented, which allows to formulate and visualise spatially, in the form of thematic
schemes. By means of normalisation and determination of weight coefficients of each criterion, structural
weighted predictive-search models corresponding to the scales of the investigated areas were created. These
models serve as an important basis for a clearer setting of prospecting and exploration works within the
boundaries of the corresponding multi-scale sheets of the state geological map. The research was funded
by the Russian Science Foundation grant No. 24-27-00218, https://rscf.ru/project/24-27-00218/

I pUHIUNIBI CO3aHUS PETHOHATBHBIX CTPYKTYPHBIX BECOBBIX MPOTrHO3HO-TIOUCKOBBIX MO/IeJIei
PYA000pa3yOmMX CUCTEM HA OCHOBE IreOUH(OPMALMOHHBIX TEXHOJIOTUH 1 00padOTKH JaAHHBIX
AUCTAHIIMOHHOTO 30HAUPOBAHNS 3eMJIU HA MPUMepPe OTaeNbHbIX Iiomaneii Poccuiickoii
Denepanun

C. A. Ycrunos, B. A. [letpos, B. A. Munaes, A. /. CBeuepeBckuit
WHCTUTYT TeoJIOTUH PYIHBIX MECTOPOXKIEHHM, neTporpadun, munepanoruu u reoxumun (MI'EM) PAH,
Mockgsa, Poccus

VY4uuThIBas COBPEMEHHBIE I'€0JIOTO-IKOHOMUYECKHE (DAaKTOPBI Pa3sBUTHS MUHEPAIBLHO-CHIPHEBOM
0a3bl CTpaHbl BO3HUKAET OCTpas HEOOXOJMMOCTH 0Ooyiee YETKOW TMOCTAHOBKHM M OOOCHOBAaHUS 3a/1ad
TIOMCKOBO-OI[EHOYHBIX T'e0JOropa3BeZ0YHBIX Pa0OT C IEbl0 OOHAPYKEHHS HOBBIX MECTOPOXKICHHH,
0COOEHHO CTPAaTeTHYECKUX METAJUIOB W Je(UUUTHBIX BHIOB TBEPABIX MOJE3HBbIX Hckomaemblx (I1N).
BOonpIIMHCTBO MOTEHUMAIBHO MEPCIEKTUBHBIX Ha paszauyHble THnb! [IM momaneil pacnosararoTcs B
npeienax TPYAHOAOCTYIHBIX CIa0oM3y4deHHbIX TeppuTopuil. C pa3BUTHEM TEXHOJOTHUH COBpPEMEHHOU
CIIyTHUKOBOM CBEMKHM H JOCTYIHOCTBIO IOJYyYacMbIX pPAa3HOIIAHOBBIX JAHHBIX JUCTAHIIMOHHOTO
3oHaupoBannsa 3emun (/I33) BBICOKOIO MPOCTPAaHCTBEHHOTO PAa3pEIICHHs IOSBIISETCS BO3MOXKHOCThH
JIOCTAaTOYHO TOYHOTO BBISBJIICHUSI OCOOEHHOCTEW TEKTOHHMYECKOTO CTPOCHUSI TepPUTOPHI, NPOBEICHHS
reOAMHAMHYECKHX PEKOHCTPYKLMH, OLEHKH HaIlpsHKEeHHO-Ie(OPMUPOBAHHOTO COCTOSIHAS MacCHBOB
TOPHBIX MOPOJ, YCTAaHOBIECHHS KMHEMAaTHKH MEPEMELICHU B 30HaX OCHOBHBIX PA3JIOMOB, MPOBEICHUS
MUHEPAJIHHOTO KapTHUPOBAHNS, BBISBICHUS SMAHAIIMOHHBIX aHOMAJIMI HaJ| IPEAOoNaraeMbIMU KPYITHBIMU
pyIHBIMH CKOIUIeHUsIMH. C ydYeTOM yCTaHOBJIEHHOTO T'€0JOTHMYECKOTO CTPOEHHS, pe3ylbTaTOB paHee
MPOBEIEHHBIX '€0JIOrOpa3BeI0YHbIX padoT U Ha3eMHBIX ChbeMOK Ha ocHoBe npuMeHenus I IC TexHoorui,
00paboTtku nansbix [[33, ¢ moctpoeHneM uuppoBol MOAENH peibeda, MCIOIb30BAHHEM CTPYKTYpPHO-
reoMopQOIOTHYeCKUX (JJMHEAMEHTHBIN aHalK3), MPOCTPAHCTBEHHO-TEOMETPHUECKIX, TPOCTPAHCTBEHHO-
TUIOTHOCTHBIX ¥ TEKTOHO(MU3NYECKUX METOJIOB JUTs IUIOIIaiel B peruoHanbHOM MacmTabe (1:5 000 000 —
1:200 000) npeacTaBiieH aBTOPCKUI OAX 0/, IIO3BOJISIOMINI CHOPMYIINPOBATD U TPOCTPAHCTBEHHO, B BHJIE
TEMAaTUYEeCKUX CXEM, BU3yalM3UPOBATh CTPYKTYPHBIC U TEKTOHO(PH3MUYECKHE KPUTEPUH, OIPEIEIISIONINE
pasMenieHre pyIJHOW MUHepalmu3alid B TpeAesax paccMaTpuBaeMbIX TeppuTopuil. C MOMOIIBIO
HOPMHPOBAHUS U onpeiesieH s K03(pQUIIMEeHTOB Beca KaXKJ0r0 KPUTEPHsI CO3JIaHbl CTPYKTYPHBIE BECOBBIE
MIPOTHO3HO-TIONCKOBBIE MOJIETH, COOTBETCTBYIOIIME MacliTadaM HCCIeqyeMbIX Iutomaaen. [laHabie
MOJIEJH CITy’KaT BaXKHOM OCHOBOM 151 00Jiee YeTKOM MOCTaHOBKH IMOMCKOBBIX T'€0JIOTOPa3BeI0YHBIX paboT
B TPaHUIAX COOTBETCTBYIOLIMX Pa3HOMACIUTAOHBIX JIMCTOB TOCYIAPCTBEHHOM I'€0JIOTMUECKON KapThl.
UccnenoBanue BBIMOJIHEHO 3a cueT rpaHTa Poccuiickoro HaywyHoro ¢onga Ne 24-27-00218,
https://rscf.ru/project/24-27-00218/
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IZMIRAN magnetic field models for oil and gas complex.

V. Petrov, R. Rytov
Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation RAS,
Moscow, Russia

In recent decades, the oil and gas industry has increasingly used directional and horizontal
directional drilling, where many wells are drilled from one section in different directions. This
significantly reduces the cost of drilling, but significantly increases the requirements for the
accuracy of well tracing. To determine the direction of the well, it is necessary to know its
orientation in two directions — deviation from the vertical and direction in the horizontal plane
(azimuth). Accelerometers are traditionally used to determine vertical direction, while
magnetometers or gyroscopes are used to determine azimuth. Usually gyroscope, especially in a
non-inertial system, has large drifts and the main device for determining azimuth is a
magnetometer. It also has the disadvantages of being subject to local and global interference and
being referenced to the local magnetic field rather than to a geographic coordinate system. To
convert magnetic azimuth to geographic azimuth, magnetic declination must be known, which can
be determined from magnetic field models or direct measurements, but direct measurements at a
single point cannot be converted to depth and models are still needed. The Earth's magnetic field
IS produced by three sources — currents in the Earth's core and mantle (the main field), the
magnetisation of the Earth's crust (the anomalous field) and currents in the Earth's ionosphere and
magnetosphere (the alternating field). Properties of these fields, models describing them and
methods of model construction are considered. Also modern IZMIRAN models for the epoch of
2024 of high (790) and low (15 harmonics) resolution are described and compared with other
models. Examples of software based on these models for use by drilling companies are given.

Mopean marautHoro nojisi U3SMUPAH a5 HepTerazoBoro KomMijiekca.

B. IT'. Iletrpos, P. A. PeiToB
WHCTUTYT 3eMHOTr0 MarHetusma, MoHocepsl U pacrpocTpaHeHust paanoBosH PAH, Mockaa,
Poccus

[locnegnue necsTuiieTuss B HeTEra3oBod OTpaciau Bce OoJjiee IMIMPOKO HMPUMEHSETCS
HAKJIOHHOE U TOPU3OHTAJIbHO HAalpaBleHHOEe OypeHHe CKBaXXMH, KOIJa M3 OJHOr0 y4acTKa
OypsITCS MHOTO CKBa)XMH B Pa3JIMYHBIX HAINPaBJICHUSX. JTO 3aMETHO yJIEeUIeBNIsIeT OypeHue, HO
CYLIECTBEHHO IOBBIIIAET TPeOOBAaHUS K TOYHOCTH TPACCUPOBKU CKBaKUHBI. [l ompeneneHus
HaIpaBJIEHUs! CKBR)KUHBI HEOOXOMMO 3HATh €€ OPUEHTAIIHIO B IBYX HalpaBICHUIX — OTKJIOHEHHE
OT BEpPTHKAJIM M HAINpaBJICHHE B TOPU3OHTAIBHON MJIOCKOCTH (a3umyT). s ompeneneHus
BEPTUKAIM TPAJUIMOHHO HCIOJB3YETCSl aKCEJIEPOMETphI, MJIs OIpeAeNeHUs a3uMyTa —
MarHUTOMETPBl UM TUPOCKOMbl. OOBIYHO TMPOCKON, OCOOCHHO B HEMHEPLHUAIbHOH cucteme,
uMeeT Oonbline Apeddbl M OCHOBHBIM TNPUOOPOM [UIsl OIpENEieHHs] a3uMyTa sBISETCS
MarHuToMeTp. OH Tak e UMeeT CBOM HEJJOCTAaTKH — MOABEPKEHHOCTh MECTHBIM M TTI00AJIbHBIM
oMexaM U NPUBSI3KOM K MECTHOMY MarHMTHOMY IIOJII0, & HE K reorpapuueckoil cucteme
KoopauHaT. J[is mepecuera MarHUTHOTO a3uMyTa B Teorpaduuyeckuii HeoOXOIUMO 3HATh
MarHUTHOE CKJIOHEHHE, YTO MOKHO OINpPEAETUTh U3 MOJENeH MarHUTHOTO MOJIS WU HPSIMBIMU
U3MEPEHUSIMH, OJIHAKO TNpsMble M3MEpPEHHs] B OAHON TOYKE HE MOTYT OBITh NEpEeCYHTaHbl Ha
MIyOMHY YW MOJENIM BCE pPaBHO HEOOXoAWMbl. MarHuTHoe moje 3eMJIM CO3[aeTcsl TpeMms
UCTOYHHMKAMU -TOKH B S/Ipe U MAaHTUU 3eMJIH (TJIABHOE MOJI€), HAMAarHUYEHHOCTBIO 36MHOM KOPBI
(aHOManBpHOE TMOJIE) W TOKaMu B HoHOChepe W marHuTocdepe 3emun (TIEPEeMEHHOE TIOJIE).
PaccmoTpensl cBoiicTBa 3THX MOJEH, MOAETM MX OINUCHIBAIOIIME U CIIOCOOBI MOCTPOCHHUS
moaenei. Takxke onucanbl coBpemenHbie moaenu U3MUPAH na snoxy 2024 r. Beicokoro (790)
U Huskoro (15 rapMoHUK) pa3pelieHHs M NPOBEIEHO MX CpPaBHEHUE C JPYTMMH MOJEISMHU.
[TpuBeneHbl pUMephl MPOrPAaMMHOI0 0OECTIeYeHHS Ha OCHOBE 3TUX MOJIEJIEN /171l UCIIOJIb30BaHUs
OypOBBIMU KOMITAaHUSIMH.
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Parallel algorithms for solving direct and inverse gravimetric problems

P. Martyshko, D. Byzov, I. Ladovskiy, A. Tsydaev
Y. P. Bulashevich Institute of geophysics UrB RAS, Ekaterinburg, Russia

The process of interpreting geophysical data is reduced to solving direct and inverse
problems of mathematical physics. Inverse problems of gravimetry are reduced to the solution of
the integral equation of the first kind. The problem of determining the density in the considered
volume inside the Earth is reduced to a linear equation, for the ‘ore’ (determining the boundary of
the area generating a gravity anomaly) and structural (determining the surface separating layers
with different density values) inverse problems we obtain a nonlinear equation. Numerical
methods (using the idea of localisation) and regularised algorithms implemented in computer
technologies using graphic accelerators have been developed for solving these problems on grids
of large dimensionality. Solutions of inverse problems are determined on the set of correctness
using zero approximation models constructed from a priori information (interpretation of seismic
and other data). Parallel algorithms are tested on theoretical examples and applied to build models
of the Earth's crust of the Urals and neighbouring regions. The work was financially supported by
RSF (grant No. 20-17-00058).

Hapa.]'[.]'[e.]'[bﬂble AJITOPpUTMBI PCIICHUA IIPAMBIX H OﬁpaTHbIX 3aa4 rpaBUMETPUHA

I1. C. Maptsbiko, . . beizos, U. B. Jlanosckuit, A. I'. [lunaes
Huctutyt reopusuxu um. FO. I1. bynamesuua YpO PAH, Exatepun0Oypr, Poccus

[Iponiecc muTEepnperanuu reoU3UYECKUX TAaHHBIX CBOJUTCSA K PEIICHHUIO MPSMBIX M
oOpaTHBIX 3alad MareMaTudeckod ¢usuku. OOpaTHble 3aJaydl TPaBUMETPUU CBOJSATCS K
PELICHHI0O MHTErpajbHOrO YpaBHEHHs IE€PBOrO poja. 3ajaya ONpPEJCNICHUs IIJIOTHOCTH B
paccMaTpuBaeMoM 00beMe BHYTPH 3€MIIM CBOAUTCS K JIMHEHHOMY YPaBHEHHUIO, JUISl «PYAHON
(ompeneneHue rpaHuiibl 00JAaCTH, TOPOKIAOIIEH TPAaBUTALMOHHYIO0 aHOMAJINIO) U CTPYKTYPHOM
(ompeneneHue MOBEPXHOCTH, Pa3ACISIONICH CIOU ¢ pa3HBIMU 3HAYCHHUSIMH ILNIOTHOCTH ) 00paTHOM
3a/1aud TOJydyaeM HeNWHEWHoe ypaBHeHue. Jlyis pelieHus 5THUX 3alad Ha CeTKaxX OOoJIbIION
pa3MEpHOCTH pPa3pabOTaHbl YHMCICHHBIE METOJNbI (C MCIONB30BAHHEM HJEU JOKAIW3aluH) U
peryJsipU30BaHHbIE  QJITOPUTMBI, pEAJM30BaHHbIE B  KOMIIBIOTEPHBIX TEXHOJIOTHSX C
UCIIONIb30BaHNEM Tpaduuecknx yckopuTeneld. Pemienuss oOpaTHBIX 3agad oOmpesensercs Ha
MHO’KECTBE KOPPEKTHOCTU C UCIOJIb30BAaHUEM MOJIEJICH HYJIEBOTO MPUOIMKEHHSI, TOCTPOESHHBIX
M0 anmpHOPHON HHPOpMAIHK (HHTEPIPETALUU CEUCMUYECKUX U IPYTUX AaHHBIX). [lapannenbHbie
AITOPUTMBI OITPOOOBaHBI HA TEOPETUUYECKUX MPUMEPAX U MPUMEHEHBI JUIsl IOCTPOCHUS MOJeen
36MHOM KOpbI Ypalla M CONpeNeNbHBIX pEeruoHoB. Pabora BbIMOIHEHA MpH (PUHAHCOBOMA
noanepxke PH® (rpant Ne 20-17-00058).
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New possibilities of morphometric analysis of relief and computer geodynamic modelling for
delineation of zones of possible earthquake sources in areas of active recent tectogenesis

A. Sobisevich, A. Agibalov, A. Sentsov
Schmidt Institute of physics of the Earth RAS, Moscow, Russia

Significant aspects of the development of remote geological and geomorphological methods
include increasing the accuracy of digital elevation models (DEM) and improving the software for their
automated processing. This allowed to expand the possibilities of structural-geomorphological and
morphometric analysis of relief, which along with computer modelling of modern geodynamics can be used
in solving an urgent scientific and practical problem — delineation of zones of possible earthquake sources
(WHO). On the example of regions of active recent tectogenesis (the Greater Caucasus, Sakhalin Island,
Altai-Sayan region) a new algorithm for the identification of such zones has been proposed and tested. It
involves the selection of several morphometric characteristics of relief, positive anomalies of which are
best related to the spatial distribution of earthquake epicentres. By processing these parameters with y-
operator of fuzzy logic the scheme of neotectonic activity index (1) is constructed. The areas of localisation
of increased values of compressive stresses, where | varies from 0.6 to 0.9, are identified as WHO zones.
Relative values of maximum compressive stresses are calculated by computer modelling using DEM,
information on orientation of main normal stress axes and configuration of active faults (reliable and
identified by structural-geomorphological method), as well as Poisson's and internal friction coefficients.
For the selected regions, the informativeness of the proposed approach is proved, since a significant part of
earthquake epicentres, including high-magnitude earthquakes (M>5.5), fall in small WHO zones. The
obtained result allows us to conclude that it is reasonable to apply this algorithm in the analysis of seismicity
of poorly studied and hard-to-reach regions, since it is based on the processing of publicly available source
materials and does not require a detailed study of seismicity by instrumental and paleoseismological
methods. The research was carried out within the framework of the State Assignment of the Institute of
Physics of the RAS.

HoBble BO3M0:KHOCTH MOP(OMETPUYECKOT0 aHATU3A peiibeda U KOMIIBIOTEPHOIO
reoAMHAMUYECKOr0 MO/IeJIMPOBAHMS VISl BbIIeJIeHHsI 30H BO3MOKHBIX 04aroB 3eMJIeTPsiCeHu B
00J1aCTAX AKTUBHOI'0 HOBEHIIIEr0 TEKTOreHe3a

A. JI. Cobucesnu, A. O. Arudanos, A. A. CeHII0B
WuctutyT Puszuku 3emin um. O. FO. IlImuara PAH, Mocksa, Poccust

K 3HaymMbIM acmekTaM pa3BUTHA JUCTAHIIMOHHBIX T'eO0JOro-reoMopQOIOrHIecKUX METOJI0B
OTHOCHUTCSI TIOBBIIIIEHWE TOYHOCTH IM(poBbIx Mognened penbeda (LUMP) u coBepiieHcTBOBaHUE
NPOrpaMMHOrO o0ecIieueHusl Uil MX aBTOMAaTH3MPOBAaHHON 00pabOTKH. DTO MO3BOJIMIIO PACIIUPUTH
BO3MOXHOCTU CTPYKTYPHO-T€OMOP(OIOrHIecKOro 1 MOp(OMETpUIECKOro aHajau3a peibeda, KOTopbIil
Hapsly ¢ KOMIIBIOTEPHBIM MOJIEIHPOBAHUEM COBPEMEHHOM I'€OJMHAMHUKH MOXKET HMCIIOJIb30BaThCSA MpPHU
pPELICHUN aKTyaJbHOM HAayYHO-TIPAKTHYECKOM 3aaydl — BBIACICHUH 30H BO3MOXHBIX OYaroB
3emerpsicenuit (BO3). Ha npumepe pernoHoB akTUBHOTo HoBeimero TekroreHesa (bonpmoro Kaskasa,
0. Caxanun, Antae-CassHCKO#M 00JacTH) MPEII0KEeH U anpoOUPOBaH HOBBIN alTOPUTM BBIJEIEHHUS TaKUX
30H. OH mpenmonaraeT BbIOOp HECKONBKUX MOP(POMETPHUECKMX  XapaKTepUCTHK  peibeda,
MOJIOXKUTEJIbHBIE aHOMAJMKM KOTOPBIX HAWIyYlIMM OOpa3oM CBs3aHbl C INPOCTPAHCTBEHHBIM
pacrpenesieHHEM SIUICHTPOB 3emierpsiceHuil. [lyrem o0paOOTKM 3THX TapameTpoB Y-ONEepaTopoM
HEYETKOHN JIOTUKH CTPOMTCS CXeMa HMHIEKca HeoTeKToHmueckoi aktuBHOCTH (I). B kawectBe 30 BO3
BBIJICJISIOTCS 001aCTH JIOKAJIM3aLluH MTOBBIIEHHBIX 3HAYEHUH COKMMAIOIUX HanpspKeHui, rae | Bappupyet
oT 0.6 10 0.9. OTHOCHUTENbHBIE BEINYMHBI MAaKCUMAIIBHBIX CKUMAIOIINX HaNpsSKEHUH PacCUUTHIBAIOTCA
METOJIOM KOMITBIOTEPHOTO MOJIEIMPOBAHUS, I IPOBEIEHUS KOTOpOro ucrnois3yercs LIMP, nadopmanms
00 OpPHEHTHPOBKE TJIABHBIX HOPMAJIBHBIX OCEH HampsbKeHHH W KOHQUTYpaluH aKTUBHBIX Pa3IOMOB
(mOCTOBEPHBIX M BBIECIEHHBIX CTPYKTYPHO-TEOMOPQOIOTHIECKHM METOJOM), a Takke KO3((UIMEHTHI
Ilyaccona wu BHyTpeHHero TpeHusA. J[ms BbIOpaHHBIX pPETHOHOB JI0OKa3aHa WH(POPMATHBHOCTH
MPEIOKEHHOTO TOAX0/1a, MOCKOJIBKY B HEOOJbIIME MO TuTomaan 30H6 BO3 momagaeT 3HaYMTENbHAS
YacTh SIMUICHTPOB 3eMJIETPSICEHHUI, B TOM YHUCIIE€ BBICOKOMAarHUTYIHBIX (M>5.5). [lonyueHHbIH pe3ynbTat
MO3BOJISIET CHIENaTh BBIBOJ O IEI€COOOPAa3HOCTH MPHMEHEHHUS JaHHOTO ajropuTMa IMpU aHaJu3e
CEHCMUYHOCTH €J1a00 U3YUEHHBIX U TPYIHOJOCTYITHBIX PETHOHOB, MIOCKOJIBKY OH OCHOBaH Ha 00paboTKe
OOMIEOCTYNHBIX HMCXOAHBIX MaTepuaioB W He TpeOyeT [HeTaJbHOI0 H3yYeHHs CeHCMHUYHOCTU
WHCTPYMEHTAJIBHBIMU M IAJIEOCENCMONIOTMYECKUMHE MeTolaMu. VcciaenoBaHue BBIIOJHEHO B PaMKax
T'oczapanus Md3 PAH.
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Representative catalogue of the Neva floods. Principles of construction

A. Rodionov, A. Lobanov, T. Malova
Shirshov Institute of Oceanology RAS (Saint Petersburg department), Saint Petersburg, Russia
Saint Petersburg Scientific Center RAS, Saint Petersburg, Russia

The Neva River floods should be studied as a phenomenon, the origin and characteristics of which
are the result of direct and indirect manifestations of natural factors, significantly different in their spatial
and temporal scales. The problem should be approached in an interdisciplinary manner. In the process of
studying the historical floods of the Neva, in particular the restoration of data on their heights, scientific
principles of building a representative catalogue of floods have been formulated, which has not yet been
created, which creates additional difficulties in studying the evolution of the hydrodynamic system
including Lake Ladoga, the Neva and the Gulf of Finland: a comprehensive methodological approach to
solving the problem; unconditional priority of primary sources; refusal to ‘correct’ historical series post
factum; cataloguing errors and discrepancies in versions for all times; and the use of the historical data for
the whole period of time. However, it is necessary to take into account that the available materials and
information about the heights of historical floods of the Neva are fragmentary, contradictory and contain
an abundance of emotional characterisations. Besides, they are obtained from observations at different
points, represented by measurements from different local ordinaries and in different height counting
systems, as well as deformed by extrapolation of later or even modern Baltic height system to tens and
hundreds of years ago. A database of the Neva floods of the XVIII c. has been created in the SPbF 10 RAS,
which generalises the collected material. In addition, the database includes data on catastrophic floods of 7
(19) November 1824 and 23 September 1924 as reference events. The database provides systematisation
of data on floods of the XVIII century, gives a comprehensive view of each specific episode under
consideration from qualitative and quantitative points of view, allows searching for information by date (in
different systems of chronology), height of water rise relative to different ordinaries (in different systems
of altitude counting), author of the description (if available), reference to the source. The use of the database
allows visual assessment of distorted flood series and verification of flood information. All events reflected
in the currently existing flood catalogues, as well as in the reviewed library and unique, first-time published
archival sources, are covered.

PenpesenTaTuBHbIiA KaTajgor HapoaHeHuil Heppl. IIpuHnunes1 nocrtpoennst

A. A. Poauonos, A. A. Jlobanos, T. 1. Maiosa
WuctutyTt okeanomorun uM. [1. I1. Hlupmosa PAH (Canrkr-IletepOyprekuit dunman), Cankr-IletepOypr, Poccns
Cankr-IlerepOyprekuit Hayunsiid neHTp PAH, Carkr-IletepOypr, Poccus

HaBonnenust HeBbl HEoOXomuMo HccleoBaTh Kak (DEHOMEH, MPOUCXOXKIACHUE M XapaKTePUCTUKH
KOTOPOTO €CTh PE3YJIBTAT MPSIMBIX H KOCBEHHBIX MIPOSIBIICHUH MTPUPOAHBIX (PaKTOPOB, CYIIECTBEHHO Pa3IMIHBIX
0 CBOMM NPOCTPAaHCTBEHHO-BpEeMEHHBIM MacmTabaM. K pemeHuro mpoOieMbl HEOOXOIUMO ITOIXOIUTH
MEXIUCIUILITIHAPHO. B mporiecce M3yueHUs MCTOPUYECKUX HABOJHEHWH HeBbI, B 4aCTHOCTH pecTaBpalluu
JAaHHBIX 00 WX BBICOTAaX, OBUIM CHOPMYIHPOBAHBI HAYYHBIE HPUHIUIBI TOCTPOCHHS PETPE3EHTATUBHOTO
KaTajora HaBOJAHEHUH, KOTOPBIM 10 CUX MOp TaK U HE CO3AaH, YTO CO3/AET AONOJHUTEIbHBIE CI0KHOCTH IIPU
W3Y4YEHUH 3BOJIIOIMU THAPOJMHAMUYECKON cucTeMbl, Bktouatomen Jlagoxkckoe ozepo, Hery n ®dunckuit
3aJMB: KOMIUIEKCHBIH METOMOJIOTHYCCKAN MOAXO[ K pEIICHHIO IPOOJIEMBI; OE3YCIIOBHBIA IPHOPUTET
MIEPBOUCTOYHUKOB; OTKa3 OT «HCIPABJICHHUI» HCTOPUYIESCKUX PANOB post factum; KaTamorm3amus OMHCOK H
pacxoXxJIeHUI Bepcuil 3a Bce BpeMs HaOMIOCHUH; pa3paboTKa U BHEAPEHHE B MPAKTUKY YHU(DUIIMPOBAHHOM
MPOrpamMMBbl OLIEHKH PENpPEe3eHTATHBHOCTH PSJIOB; TIOUCK HOBBIX CBEICHUH 00 ypOBHEMEPHBIX HAOIIOJICHUAX.
OaHako HEOOXOIMMO YUYUTHIBATh, YTO HMEIOILMECS MaTepuajibl M CBEJEHHS O BBICOTAX HCTOPHYECKUX
HaBoJHEHW HeBbl (hparMeHTapHBI, TPOTUBOPEUUBBI U COJACPKAT OOMIIME SMOIMOHAIBHBIX XapaKTEPUCTHUK.
Kpome Toro, oHM MosTydeHbl 13 HAOIIOICHUH Ha pa3IMYHbIX TyHKTAX, IPEJICTABICHBI M3MEPEHUSAMH OT Pa3HBIX
JOKaIBHBIX OPIMHAPOB U B PA3IHMYHBIX CHCTEMaX CYeTa BBICOT, a Takke Je(GOopMUpPOBaHBI IPU SKCTPATIOIISIIUH
OoJiee MO3THUX WM JJaKe COBPEMEHHOW banTuiickoil CHCTEMBI BHICOT Ha JISCSITKH U COTHH JieT Hazan. B CII0D
MO PAH cosnmana 6a3a nanabix HaBogueHudt Hesbr XVIII B., o6oOmarommas coOpaHHBIA MaTepual.
JIOTOTHUTENPHO, B KAa4YeCTBE PEMEPHBIX COOBITHH B 0a3y BKIIOYCHBI JaHHBIE IO KaTacTPOOUICCKUM
HaBogHeHUsM 7 (19) HosOpst 1824 1. u 23 cenrsiops 1924 1. ba3a obecrieunBaeT CHCTEMATH3AMUIO TAHHBIX O
HaBogHeHUs X X VIII B., 1aeT KOMIUIEKCHOE MIPE/ICTABICHUE O KAaXk/I0M KOHKPETHOM PacCMaTpUBAEMOM 3ITH30/1€
¢ Ka4eCTBCHHOW M KOJMYECTBCHHOW TOUYCK 3PCHMUS, TTO3BOIIET OCYIIECTBIITh TOUCK HHPOPMAIINH T10 JaTe (B
pasHBIX CHUCTEMax JIETOCUHMCIIEHHS), BBICOTE MOJbEMa BOJIbI OTHOCUTEIBHO Pa3HBIX OPAMHAPOB (B pa3HBIX
CHCTEMax cyeTa BBICOT), aBTOpPY OMMCaHMs (MPH €ro HAJIWYIHMK), CCHUIKE Ha MCTOYHHUK. Mcmonp3oBaHue 6a3bl
JIAHHBIX TIO3BOJISIET BU3YaIbHO OIICHUBATh NCKAYKCHHBIC PSIbl HABOIHEHHUH 1 BepU(DUITUPOBATH CBEICHUS O HUX.
WudopMaimoHHO 0XBa4eHHBIMH OKa3BIBAIOTCS BCE COOBITHS, OTPAXKCHHBIE B HBIHE CYIIECTBYOIIMX KaTaaorax
HABOJIHEHMIA, a TAK)KE B PACCMOTPEHHBIX OMOIMOTEYHBIX U YHUKAJIBHBIX, BIIEPBBIC OMYOJIMKOBAHHBIX apXUBHBIX
HUCTOYHHKAX.
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Digital processing of geomagnetic observations based on approximation model methods

V. Getmanov*?, A. Gvishiani'?, V. Pilipenko??!, D. Stukov?
! Geophysical Center RAS, Moscow, Russia
2 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

The methods of digital processing of geomagnetic observations based on the use of
approximation models, including the use of local approximations and weighted averaging for
sequences of local models, are proposed for consideration. The proposed methods are focused on
obtaining solutions to the problems of analysing the estimation of geomagnetic observation
parameters. The algorithms for computing local approximation of piecewise sinusoidal models,
piecewise sinusoidal models with linear frequency and amplitude modulation, piecewise
sinusoidal models with additive linear trend functions, and piecewise sinusoidal polyharmonic
models have been developed. Algorithms for computing approximation weighted averages for
sequences of local models based on systems of sliding piecewise linear and piecewise parabolic
functions are developed. The developed methods and mathematical apparatus are intended for
solving the problems of parameter estimation — amplitude-frequency and trend functions, noise
filtering and calculation of spectral characteristics of geomagnetic observation signals.

Hudposas 00padoTka reoOMarHuTHbHIX HA0TI0JeHUI HA OCHOBE METO/10B
aNnnpoKCUMAILMOHHBIX MoJeJ1el

B.T. I'ermanos!?, A. JI. T'eummanu®?, B. A. IIwmmenko®?, JI. A. Ctykos?
! Teodpusmnueckuit nentp PAH, Mocksa, Poccns
2 Nuctutyt dpusuku 3emmu um. O. 0. IlImuara PAH, Mocksa, Poccust

[Ipeiararorcss K pacCMOTPEHHMIO METOAbl IU(PPOBOKH 0OpPabOTKH TI'€OMarHUTHBIX
HaOJroleHuiI Ha OCHOBE IPUMEHEHHs AaNMpOKCHUMALMOHHBIX MoJened, BKIIIOYarolue
UCIIOJB30BAaHUE  JIOKAJIbHBIX  ANIPOKCUMAalMAd W B3BEIIEHHOIO  YCPEOHEHMS s
NIOCJIE0BATENBHOCTEN JIOKANbHBIX Mozened. [IpenyiokeHHblE MeETOABl OpPUEHTHPOBAHBI Ha
MOJIyYeHUE pEUIeHUM 3a/ad aHajiu3a OLIEHWBAHHS MapaMeTpOB I€OMarHUTHBIX HaONIIOJECHUU.
Pa3pabGotanbl  anropuTMbBl  BBIUYMCIEHHUH  JIOKQIbHBIX  ANIPOKCHMAIMOHHBIX  KyCOYHO-
CHHYCOUJIAJIbHBIX MOJENEN, KyCOYHO-CUHYCOUJAIBHBIX MOJENE C JUHEHMHONM 4YacTOTHOM H
aMIUIUTYAHON MOAYJISILIMEN, KYCOUHO-CUHYCOMJIAIbHBIX MOJIENEN C aJlJUTUBHBIMU JIMHEHHBIMU
TPEHIOBBIMU  (PYHKIMAMH, KYCOUYHO-CHUHYCOWJAJIbHBIX  IOJMTAPMOHUYECKHX  MOJEJEH.
Pa3pabotanbl anropuTMbl BBIYKCICHHS aNpPOKCUMAIMOHHBIX B3BEUICHHBIX YCPEIHEHUH IS
MOCJIEI0BATENbHOCTEN JIOKAJIIbHBIX MOJIETIEN HA OCHOBE CUCTEM, CKOJIB3SIIMX KyCOYHO-TMHEWHBIX
U KycouHo-napadonnueckux QyHkuuidi. ChopMHUpOBaHHBIE METObI U MaTEMaTHUYECKHUM anmapaT
IpelHa3HaYeHbl JJIs PEUICHUM 3a/1ad OLEHUBAHUS MapaMEeTpOB — aMIUIMTYAHO-YaCTOTHBIX U
TPEHIOBBIX (PYHKUMHA, (UIABTpalMKM LIYMOB M BBIUMCICHHUS CHEKTPAIbHBIX XapaKTEPUCTUK
CUTHAJIOB T€OMAarHUTHBIX HAOIIOACHUH.
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Enhanced convergence of atmospheric and oceanic heat fluxes in the Barents Sea region under
present climate warming

M. Latonin?, I. Bashmachnikov!?, V. Semenov3*

! Nansen International Environmental and Remote Sensing Centre, Saint Petersburg, Russia
2 Saint Petersburg State University, Saint Petersburg, Russia

3 A. M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

4 Institute of Geography RAS, Moscow, Russia

The most rapid present warming of the Arctic climate in recent decades has occurred in the Barents
Sea region, with this process affecting both the atmosphere and the ocean. A distinctive feature of the
Barents Sea climate system is the existence of positive feedback in the ocean—sea ice—atmosphere system,
the mechanism of which over time remains unclear. The objective of this study is to assess the effectiveness
of this positive feedback for the advective heat fluxes in the winter season using the ORAS4 ocean
reanalysis and ERA5 atmospheric reanalysis data for the period 1959-2017. Based on the analysis of the
temporal variability of the oceanic heat flux at the western boundary of the Barents Sea, two periods were
identified for further analysis: 1959-1987 with a negative linear trend and 1987-2017 with a positive linear
trend. Composite maps of surface wind fields indicate an increase in the effectiveness of the positive
feedback in the Barents Sea region during the present period relative to the previous one. This is manifested
in the strengthening of the southern winds over the southeastern part of the sea in years with the maximum
oceanic heat flux and in the weakening of the northern winds over the northwestern part of the sea in years
with the minimum oceanic heat flux. The convergence of atmospheric sensible heat transport over the
Barents Sea is maximum in the layer of the lower troposphere 1000-900 hPa. An analysis of the temporal
variability of convergences of the atmospheric and oceanic heat fluxes showed that in the present period,
the effectiveness of the positive feedback in the Barents Sea region has increased. This is manifested in the
fact that the correlation coefficient between the convergences of the heat fluxes for the period 1997-2017
reaches 0.73. This result indicates an increasing synchronization of the convergence of atmospheric and
oceanic heat fluxes in the Barents Sea region, which contributes to strengthening the local warming. This
study was funded by the Russian Science Foundation (RSF), grant number 23-77-01046
(https://rscf.ru/en/project/23-77-01046/).

Ycunienue koHBepreH UM atMocgepHbIX U OKeaHMYeCKHX MOTOKOB Telvia B paiione bapenuesa
MOPpSI IPM COBPEMEHHOM MOTeIJIEHNH KJINMMAaTa

M. M. Jlatonnn?, U. JI. Bammaunukos'?, B. A. Cemenos®*

! MexyHaposHbIii HEHTP MO OKPYKAIOIIEH Cpele W JMCTAHIMOHHOMY 30HIMpoBaHni0 umenn Haucena, CaHkT-
IetepOypr, Poccus

2 Cankr-TlerepOyprekuil rocynapcTsennblil yausepeuret, Cankr-ITerepOypr, Poccus

$UucrutyT Pusnku armocPepsl uM. A.M. O6yxosa PAH, Mocksa, Poccus

4 Mucrutyt reorpadgun PAH, Mocksa, Poccus

Haunbonee ObicTpoe cOBpeMEHHOE NOTEIUIEHHE KIUMaTa ApPKTHKM B MOCIEIHUE ECSTUICTHS
MPOMCXOAUT B paitoHe bapeHneBa Mopsi, mpuyuéM JaHHBINA MPOIIECC 3aTparuBaeT Kak atMocgepy, Tak U OKeaH.
Oco0eHHOCTh KITMMAaTHIECKON CHCTeMBI bapeHiieBa MOpsi — CyIIeCTBOBaHUE TIOJIOKUTEIBHOW 00paTHOH CBSI3H
B CHCTEME OKeaH — MOPCKOH JIEST — aTMOCcdepa, MEXaHH3M JICHCTBHUSI KOTOPO BO BPEMEHH OCTAETCS HESICHBIM.
Llens maHHOTO MCCIIENOBAHUSI — OLECHUTH 3(PPEKTUBHOCTH PabOTHI 3TON MOJOKUTEIBHON OOpaTHON CBA3U B
3UMHUN CE€30H U1 aJBEKTUBHBIX IIOTOKOB TeIIa IO JaHHBIM oOKeaHWdeckoro peaHamm3a ORAS4 u
atMocepHoro peananmza ERAS 3a mepuox 1959-2017 rr. Ha ocHoBe aHain3a BpEMEHHON W3MEHYHBOCTH
OKEaHHYECKOT0 NPHUTOKA TeIlla Ha 3amagHoi rpanuie bapeHiieBa Mops ObUIO BBIAEICHO JBa HEpHOAA IS
nocienyromero aHamm3a: 1959—1987 r1r. ¢ oTpumaTenbHBIM JMHEHHBIM TpeHmom u 1987-2017 rtr. c
MOJIOKUTENbHBIM JIMHEHHBIM TpeHAoM. KoMmmno3uTHble KapTbl MOJ€ MPU3EMHOTO BETpa YKa3blBalOT Ha
ycusneHne 3(h(eKTHBHOCTH TTOJIOKUTEIBHON 00paTHOI cBs3M B paiioHe bapeHmeBa Mops 3a COBpEMEHHBIH
MEepUOJ] OTHOCHTENBHO MPEABIAYINETO0 MEepHoAa. JTO MPOSBISETCS B YCHJICHHM IOXHBIX BETPOB HaJ IOTO-
BOCTOYHOM YacThIO MOPSI B TOJBI C MAKCUMYMaMH OKEAHUYECKOTO MOTOKA TEIIa U B OCIAOJICHUU CEBEPHBIX
BETPOB HaJ CEBEpO-3amagHON YacThl0 MOPS B TOABl C MHHHMyMaMmy OKEaHHYECKOTO IIOTOKA TeIIa.
KonBeprenuus atMocgepHOro nepeHoca siBHOTO Teruia Hag bapeHIieBEIM MOpeM MakCHMallbHa B HUKHEM CJI0€
tpoocepsr 1000900 rlla. AmHanm3 BpeMEHHOH HM3MEHYMBOCTH KOHBEpPreHIM aTMocdepHOro u
OKECaHUYECKOTO TMOTOKOB TeIDIa IOKa3all, YTO B COBPEMEHHBIH Neprox A(PQPEKTHBHOCTH MOIOKUTECIHHOM
o0OpaTHO#i cBs13u B paiione bapeniieBa Mopst Bo3pocia. DTo IPOSBISIETCS B TOM, YTO KO3 HUIMEHT KOPPEIISAIIIH
MeX]ly KOHBEpPI€HLUsIMH IIOTOKOB Teruia 3a nepuof 1997-2017 rr. nocturaer 0,73. Takol pe3ynpTaT yKa3blBaeT
Ha BO3PACTAIONIYI0 CHHXPOHHU3AIMIO KOHBEPTEHIINH aTMOC(HEPHBIX H OKCAaHHMIECKHUX ITOTOKOB TeIlIa B paiioHe
Bapenriesa Mopsi, 4TO CIIOCOOCTBYET YCHICHHIO JIOKAJIBHOTO MOTEIUIeHHs. VccienoBanue BRIMOIHEHO 3a CUET
rpanTta Poccuiickoro Hayunoro ¢onma Ne 23-77-01046 (https://rscf.ru/project/23-77-01046/).
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Methods and instruments for rock mass diagnostics and monitoring

S. Serdukov, M. Kurlenya, A. Khmelinin
Chinakal Institute of Mining SB RAS, Novosibirsk, Russia

When developing mineral deposits, geomechanical monitoring of the rock massif condition is
mandatory. Stress concentration and unloading zones formed in the geological environment are a
consequence of perturbations introduced into the initial equilibrium state of the massif. Control of such
zones and assessment of their influence on the stability of engineering structures are actual scientific tasks.
The basis of geomechanical monitoring consists of observations of variations of physical fields in the
vicinity of the excavated space. To assess the behaviour of the rock massif in the conditions of mining, an
auto-oscillation model that takes into account its block structure is proposed. The model consists of
elements combining the properties of frictional and oscillatory quasi-harmonic systems. It explains the
peculiarities of behaviour of the rock massif being in a non-equilibrium state, its sensitivity to external
influences, for example, the reaction of an oil deposit to irradiation by seismic waves. Obtaining reliable
estimates of the state of the geological environment requires the creation of special instruments,
measurement methods and interpretation of experimental results. Research and development in this field
have been carried out for a long time in IGD SB RAS, aimed at increasing the informativeness and
reliability of experimental data and ensuring the safety of work. Implementation of new methods of research
of phenomena such as rock impacts and sudden coal and gas emissions is carried out with the help of the
developed devices realising multi-channel passive and active seismic observations, including the use of
surface waves propagating along the workings, multiple registration of permeability changes, deformations
and stresses in the rock mass, as well as electromagnetic and acoustic radiation. The actual task of stress
determination is solved by the methods of parallel wells and local hydraulic fracturing of various
modifications developed at the Institute of Geological Research of the Siberian Branch of the Russian
Academy of Sciences. The created devices can work both in autonomous mode and in remote access mode,
which provides operative control of geomechanical situation at the mining enterprise by qualified
personnel.

MeToabl M IPUOOPHI 1JIsl IMATHOCTUKH 1 MOHMTOPMHIAa MAaCCHBA FOPHBIX NIOPOJ

C. B. Cepatoxos, M. B. Kypnens, A. I1. Xmenuaun
HuctutyT roproro nena uM. H. A. Unnakana CO PAH, HoBocubupck, Poccust

[Ipu ocBOGHHMH MECTOPOXKIEHHI ITOJIE3HBIX MCKOIAEMBIX O0S3aTENBHBIM SBIISETCS MPOBEIICHUE
reOMEeXaHWYEeCKOI0 MOHUTOPHHIA COCTOSIHUS MaccHBa FOPHBIX MOpoA. PopMHUpyeMbIe B T€OJIOTHYECKOM
cpeJie 30HbI KOHIIEHTPAIlUU HAPSOHKEHUH M Pa3TPy3KH SBISIFOTCS CIIEJCTBHEM BO3MYIIICHHI, BHOCHMBIX B
HCXOJHOE PAaBHOBECHOE COCTOSIHAE MaccrBa. KOHTPOJIb TaKMX 30H ¥ OIIEHKA MX BIMSHUS HA YCTOWIHBOCTh
WH)XCHEPHO-TEXHUYECKUX COOPYKCHHMH SIBIAIOTCA AaKTyalbHBIMH Hay4dHBIMH 3agadaMud. OCHOBY
reOMEXaHUYECKOT0 MOHHTOPHHIA COCTABJISIOT HAOJIONEHHs 3a BapualnusMu (QU3WYECKHX ToJieH B
OKPECTHOCTH BHIPAOOTAHHOTO MTPOCTPAHCTBA. 1JIs OLIEHKH IMOBECHHUS MaCCHBA TOPHBIX TIOPO/T B YCIIOBHSIX
0TpabOTKM TIpe/IOKEeHA aBTOKoJeOaTenbHash MOJAEb, YUYUTHIBAMOIIas ero Ojo4Hoe cTpoeHue. Mojenb
COCTOUT M3 3JICMEHTOB, COYETAIONIMX CBOMCTBA (YPUKIIMOHHOW M KOJIcOATEIBHON KBa3UrapMOHUYECKON
cucteM. OHa 00BSCHIET OCOOCHHOCTH IMOBEACHUS ITOPOJTHOTO MAacCHBa, HAXO/AIIETOCS B HEPABHOBECHOM
COCTOSTHHH, €T0 YyBCTBUTEIBHOCTh K BHEIITHUM BO3/ICHCTBUSIM, HAIPUMED, PEAKIIHIO HETSHON 3aJIeKH Ha
o0myuyeHue ceilicMuyecKUMH BojiHamMHU. [loiydeHne HaeKHBIX OLEHOK COCTOSIHHS T€0JIOTHYECKOM Cpeibl
TpeOyeT co3laHMs CIEHUaIbHBIX MPUOOPOB, METOJIOB HM3MEPEHMH W WHTEPIPETALUH DPE3YJIbTaTOB
skcnepumenToB. B UI'J[ CO PAH nmnutensHOE BpeMs MPOBOISATCS UCCIIEAOBAHUS U Pa3pabOTKH B ATOH
o0acTH, HampaBJIeHHbIE HA IOBBIIICHHE WHPOPMATUBHOCTH W JIOCTOBEPHOCTH 3KCIIEPHUMEHTAIBHBIX
JIAHHBIX, obecrieueHne 0e30macHOCTH paboT. BHeJpeHne HOBBIX METOJ/IOB MCCIICOBAHUS SBICHUN THIIA
TOPHBIX yJapOB M BHE3aIHBIX BBIOPOCOB YIJISI M ra3a OCYLIECTBISETCS MPH MOMOIIM pa3pabOTaHHBIX
MpUOOPOB, PeaATNIYIOMNX MHOTOKaHAJIbHBIE TACCUBHBIC U aKTUBHBIE ceCMUYECKHe HaOII0AeHNSA, B TOM
YHUCIIE C WCIIOJIb30BAaHUEM TIOBEPXHOCTHBIX BOJH, PACIPOCTPAHSIOMINXCA BIOJIb BBIPabOTOK,
MHOTOKPAaTHYIO PETUCTPALMI0 M3MEHEHUS NPOHUIAEMOCTH, JeOopMaluii M HaNpsHKEHUH B MacCUBe
TOPHBIX TOPOA, a TaKXKe 3JIEKTPOMArHUTHOIO M AaKyCTHYECKOrO M3JIy4eHHH. AKTyalbHas 3ajada
ompeneNeHusT HanpspkeHni permaeTrcs paspadoranasivu B U] CO PAH meromamu mapaiiebHBIX
CKBa)KHH, JIOKQIBHOTO THAPOPA3phIBa pa3indHbIX Monudukanuii. Co3gaHHble MPUOOPEI MOTYT paboTaTh
KaKk B aBTOHOMHOM DEXHME, TaK U B PEKHUME yNAIEHHOTO JOCTYIa, YTO O0OECIIeYMBaeT OINEPAaTUBHBIN
KOHTPOJIb T€OMEXaHMYECKO OOCTAaHOBKM Ha TOPHOMOOBIBAIONIEM MPEANPHITAN KBATU(MUIIMPOBAHHBIM
MIEPCOHAIIOM.
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Seismicity of the western sector of the Russian Arctic

A. Morozov?, N. Vaganova?
1 Schmidt Institute of physics of the Earth RAS, Moscow, Russia
ZN. Laverov Federal Center for Integrated Arctic Research UrB RAS, Arkhangelsk, Russia

The peculiarities of the development of instrumental observations, the need to assess potential
natural and technogenic risks and ensure safe operation of industrial systems and facilities during the
development of large fields in the western sector of the Russian Arctic and the infrastructure of the Northern
Sea Route impose the need to conduct studies to summarise and refine the main parameters (hypocentre,
magnitude) of earthquakes recorded over the entire period of instrumental observations. Such studies should
be carried out using new and modern location algorithms, tested regional velocity models, refined local
magnitude scale, and all currently available source data and bulletins of seismic stations operating in the
region. In the course of many years of research on the consolidation, refinement and unification of the main
parameters of seismic events registered within the western sector of the Russian Arctic, a single refined and
unified catalogue of earthquakes for the period from 1908 to 2020 has been created. The catalogue also
includes data on the modern seismicity of areas previously inaccessible for detailed seismic monitoring.
The results of the research allowed to clarify the spatial distribution of earthquakes in the region and to
compare the instrumental data with the parameters of lineament-domain-focal (LDF) models of the General
Seismic Zoning (GSZ) maps -97 and -2016. Within the western sector of the Russian Arctic, the greatest
seismicity is manifested within the ‘continent-ocean’ transition zone and on Novaya Zemlya Island. Bely,
Novaya Zemlya and Severnaya Zemlya archipelagos. The shelf of the Barents and Kara Seas itself is
characterised by rare and scattered seismicity. The study area also includes fragments of seismicity
characteristic of the Taimyr Peninsula and the north of Fennoscandia. Configuration, values of maximum
possible magnitudes and depth of seismogenic layers of domains of LDF-models of GSZ-97 and -2016
maps for the western sector of the Russian Arctic do not always correspond to the instrumental data and
their correction is required. The created consolidated updated catalogue of earthquakes can serve as a basis
for subsequent studies related to the assessment of seismic hazard of the territory, construction of
geodynamic models, and investigation of the stress-strain state of the Earth's crust.

CelicMMYHOCTD 3aNIIHOT0 ceKTopa Poccuiickoi ApKTHKH

A. H. Mopo3os?, H. B. Baranosa?
'Uncturyt dpusuxm 3eman um. O. 10. Ilmuara PAH, Mocksa, Poccus
2 ®ULI koMIuIeKCHOTO u3yueHust Apktruku nmenn akagemuka H.IT. Jlaseposa YpO PAH, Apxanrennsck, Poccust

OcoOeHHOCTH pa3BUTHS MHCTPYMEHTAIBHBIX HaOMIOeHNH, HEOOXOAUMOCTh OLIEHKH MOTEHINAIBHBIX
MPUPOIHO-TEXHOTEHHBIX PHCKOB W OOeCHedeHHsT Oe30MacHOW DJKCIUTyaTallid IMPOMBIINUICHHBIX CHCTEM U
00BEKTOB IPM OCBOCHMH KPYHHBIX MECTOPOXIEHMH B 3amagHoM cekTtope Poccuiickoil ApkTHKH U
uH(pacTpyKTypsl CEeBEpHOr0 MOPCKOT0 MyTH HAKJIAIBIBAIOT HEOOXOAUMOCTh B IIPOBEACHUH UCCIIEIOBAHUI 110
00OOIICHHI0O W  YTOYHCHHIO OCHOBHBIX IMapaMmMeTpoB  (THUIOLEHTP, MAarHUTyAa) 3eMIICTPSICEHUH,
3apEeTUCTPUPOBAHHEIX 32 BECh IEPHOJ WHCTPYMEHTANBHBIX HaOmoneHuil. Takue ucciaeqoBaHus HEOOXOIMMO
MPOBOANUTEH C IPUMEHEHUEM HOBBIX M COBPEMEHHBIX AJITOPUTMOB JIOKAlMH, allpOOHPOBAHHBIX PETHMOHANBHBIX
CKOPOCTHBIX MOJieJIel, YTOUHEHHOM LIKasbl JIOKAIbHOM MarHUTYIbl, U BCEX NOCTYNHBIX B HACTOsIIEE BpeMs
HCXOMHBIX MAaHHBIX W OrojuiereHed (HyHKIMOHUPOBABIIMX B PETHOHE CEHCMUYECKHX CTaHIMU. B xome
MHOTOJIETHUX UCCJIEJOBAHUM 110 CBEICHHIO, YTOYHEHHIO ¥ YHU(UKAIIUN OCHOBHBIX TAPaMETPOB CEHCMUYIECKUX
COOBITHH, 3aperUCTPUPOBAHHBIX B IpeleNiax 3amaJHoro cekropa Poccuiickoil ApPKTHKH, CO3/1aH CIMHBIH
YTOYHEHHBIA M YHU(DUITUPOBAHHBIN KaTaJIor 3emiieTpsicenuit 3a mepuo ¢ 1908 mo 2020 rr. Co3naHHBIN KaTajior
BKJIIOYAET TaKXe JAaHHbIE O COBPEMEHHOH CEHCMHYHOCTH pailiOHOB, paHee HEAOCTYNHBIX IS AETAIbHOTO
CCHCMHYECKOTO MOHHUTOpPHHTA. Pe3ympTaThl HCCICIOBAaHUH ITO3BONMIM YTOYHHTH IPOCTPAHCTBEHHOE
pacIpesieieHue 3eMIICTPSICEHU B PErMOHE U CONOCTABUTh WHCTPYMEHTAIbHbIE JAaHHBIE C HapameTpamMu
JMHEAaMEHTHO-TOMeHHO-(okanbpHbIX (JIZID) Momeneit kapt obmiero celicmudeckoro paitonuposanus (OCP) -97
u -2016. B mpenenax 3amagHoro cextopa Poccuiickoil ApKTHKH HanOOIbIIasi CEHCMUIHOCTD TPOSIBISICTCS B
npezenax 30Hbl Iepexoia «KKOHTUHEHT-0Kean» 1 0. benblii, apxunenaros Hosas 3emist u CeBepHas 3emis. Cam
menbd bapennera u Kapckoro mopeit xapakrepu3yercst peIKOi 1 pacCestHHOM CeHCMUIHOCTRIO. Taxke B paiioH
MCCIICIOBAaHUSI IOMAAAIOT (pparMeHTHl CEHCMMYHOCTH, XapaKTEPHOW A moilyocTpoBa TalMBIp M ceBepa
®ennockanmun. Kondurypanmus, 3Ha4eHAS MaKCHMaJIbHO BO3MOXKHBIX MarHUTYZA W TIIyOMHA CeHCMOT'€HHBIX
cinoés nomenoB JII®D-mozneneit kapt OCP-97 u -2016 nns 3anagHoro cexkropa Poccuiickoit ApKTHKHY He BCeraa
COOTBETCTBYIOT HHCTPYMEHTAJIBHBIM JaHHBIM U TpeOyercss ux KoppeKTHpoBKa. CO3MaHHBIM CBOJHBIH
YTOUHEHHBIH KaTaJor 3eMIETPACEHUI MOKET CIIyKUTh OCHOBOH AJIsl MOCIEAYIOIUX UCCIEA0BAaHUMN, CBSI3aHHBIX
C OLICHKOM celilCMMYECKO OITaCHOCTU TEPPUTOPHUHU, MOCTPOCHUEM I€OJUHAMUUYECKUX MOJIEIIEH, HCCIIEI0OBAHUEM
HaNpsDKEHHO-Ie(hOPMUPOBAHHOTO COCTOSHUS 3eMHOM KOPBI.
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Monitoring of strong man-made tectonic earthquakes. Necessity and feasibility

S. Kishkina
Institute of Geosphere Dynamics RAS, Moscow, Russia

Russian regulatory documents require that earthquakes of any genesis capable of affecting the
safety of the facility be considered during engineering surveys and studies of the area and site of the location
of critical facilities. At the same time, in practice, no attention is paid to the assessment of the occurrence
of a man-made event. The results of the performed review indicate the necessity to take into account in
more detail the possibility of occurrence of large man-made earthquakes when analysing site safety. First
of all, it concerns strong technogenic-tectonic (trigger) events, the main role in the occurrence of which is
played by the presence of tectonic load in the massif, and technogenic impact is only an initiating
mechanism. Analysis of modern data on hypocentral zones of the strongest anthropogenic earthquakes
demonstrates that the deformation accumulated in the rock massif is realised in the form of slip along
already existing faults. Dynamic slip can be initiated only on those faults for which a number of
geomechanical conditions of instability occurrence are fulfilled: Coulomb stresses on the fault plane must
be close to the local strength limit; conditions of velocity de-strengthening of the contact must be fulfilled,;
and the fault stiffness must be sufficiently large. In addition to recognised types of anthropogenic effects,
such as fluid injection or seismic vibration, possible triggering effects from rock removal and movement
during mining are considered. Calculations demonstrate that although rock excavation in a large mining pit
results in a negligible change of ~1 MPa in Coulomb stresses on the fault plane, this may be sufficient to
initiate seismic-generating motions along stressed faults because the changes occur over areas much larger
than the size of the nucleation zone of magnitude earthquakes. There is evidence that the process of
changing the mechanical properties of the contact begins long before the macroscopic displacement of the
fault banks is realised. Consequently, the effect of the beginning of slip formation can be detected
instrumentally in  full-scale conditions. The work was carried out under the state
task 1021052706247-7-1.5.4 (FMWN-2022-0015).

MOHUTOPHUHI CHJIbHBIX TEXHOT€HHO-TEeKTOHUYeCKHX 3emiieTpsiceHuii. Heod0xoaumocTs u
BO3MOKHOCTD

C. b. Knmkuna
WuctutyT nmunamuku reochep PAH, Mocksa, Poccust

Poccuiickue HOpMaTHBHBIE JOKYMEHTHI TPEOYIOT MpPU MPOBEJACHUM WHKEHEPHBIX M3BICKAHUH U
UCCIIC/IOBAHUI paifoHa M IUIOIMIANKK pPa3MEIIeHUs] 0C000 BaKHBIX OOBEKTOB paccMaTpHBATh
3eMJIETPSICEHHS JTFO00T0 TeHEe3UCa, CIIOCOOHbIE 0Ka3aTh BIMSHUE Ha 06e30macHOCTh 00bekTa. [Ipu 3TOM Ha
IMPAKTHUKE OLCHKE BO3HUKHOBCHHA TCEXHOTICHHOI'O CO6BITI/I$I BHUMAaHUE HE YACIACTCH. Pe3yHBTaTI)I
BBITIOJIHEHHOTO 0030pa CBHICTENILCTBYIOT O HEOOXOAMMOCTH 0OoJiee MOJPOOHOTO ydeTa BO3MOXKHOCTH
BO3HHUKHOBCHHUSI KPYIHBIX TEXHOTCHHBIX 3eMJIETPSACEHHUH MpH aHaiu3e Oe30MacHOCTH IUIOMIAJ0K. B
HEPBYIO OYEPElb ATO KACAETCS CHIIbHBIX TEXHOTEHHO-TEKTOHHYECKUX (TPUITEPHBIX) COOBITHI, OCHOBHYIO
POJib B BOBHMKHOBEHUHN KOTOPLIX UI'PACT HAJINYUC TEKTOHUYECKOU Harpy3ku B MaCCHMBEC, a TCXHOI'CHHOC
BO3JCHCTBHE SIBJSIETCSl JIMIIb HWHHUIMHPYIOIIAM MEXaHW3MOM. AHAINW3 COBPEMEHHBIX JaHHBIX O
THITOICHTPAIbHBIX 30HAX CHJIBHEHIIMX TEXHOTCHHBIX 3eMJICTPICEHHUI IEMOHCTPUPYET, YTO aedopmarius,
HaKOIUICHHAasA B MACCHMBC TOPHBIX IIOpOA, PCAIM3YCTCA B BHJAC IOJABHMIKCK II0 YXKC CYHICCTBYIOUIUM
pasjiomMaM. I[I/IHaMI/I'-IeCKOG CKOJIBKCHUC MOXKET 6BITB WHHUIHUUPOBAHO JIMIIb HA TEX pa3jioMax, Ijid KOTOPbIX
BBIMIOJTHACTCSA PAJA  TCOMEXAHUYECKHUX YCJIOBHH BO3HUKHOBCHHS HECTAOMJIBHOCTH: KYJIOHOBCKHE
HAMPSHKEHUS HA TUIOCKOCTH Pa3IoMa JOJDKHBI ObITh OJU3KH K JIOKATBHOMY TIPEACTY MPOYHOCTH; JOTDKHBI
BBITIOJHATHCA YCIOBHSI CKOPOCTHOTO pPa3yNpOYHEHHS KOHTAaKTa; >KECTKOCTh pas3jiomMa [OJDKHA OBITh
JIOCTAaTOYHO Benuka. [TOMHMO MPHU3HAHHBIX THUIOB TEXHOTEHHBIX BO3JACHUCTBHH, TAKMX KAK HWHKCKIIUSI
Gurona UK BO3ASHCTBUE CEHCMHUECKIX KOJICOAHUH, pacCMaTpUBACTCS BO3MOXKHBIN TPUTTEPHBIN 2P PeKT
OT W3BJICYEHHS M TIEPEMEIICHHs MOPOJABI MPHU TOPHBIX paboTax. PacueTsl AeMOHCTPUPYIOT, YTO XOTS
BbIEMKa MOPOJIBI B KPYTTHOM JI0OBIBAIOIIEM Kapbepe MPUBOANT K HE3HAUUTENbHOMY n3MeHenunto ~1 Mlla
KYJIOHOBCKMX HANpPsDKCHHH HA TUTOCKOCTH Pas3jioMa, 93TOTO MOXET OKa3aThCs JOCTATOYHO ISt
MHULMAPOBAHUS CEHCMOTEHEPUPYIOIINX MTOJABMKEK 10 HAIIPSLDKEHHBIM pasjioMaM, IIOCKOJIBKY U3MEHEHNUS
MMPOUCXOOAT Ha TaKuX IIomaaAX, KOTOPBIC 3HAYUTCIbHO IMPEBBIMIAIOT pa3MEp 30HbI HYKIICAIUU
3eMJICTPSICEHUI ¢ MarHuTyaoil. ECTh CBHAETENBCTBA TOTO, YTO MPOLECC M3MEHEHHS MEXaHUYECKUX
CBOWCTB KOHTAKTa HAYMHACTCS 3aJ0JIT0 JI0 PEATHM3al[MF MAaKPOCKOIMUYECKOro MepeMeIIeHus] Oeperosn
pasiaoma. CrenoBarenbHo, 3¢ dekT Havana (OPMHUPOBAHMS CKOJIBKCHHS MOXKET ObITh OOHApyXeH
HHCTPYMEHTAIBHO B HATYPHBIX YCIIOBHUSX. Pabora BBIMOJTHEHA B paMKkax
roc3amanus 1021052706247-7-1.5.4 (FMWN-2022-0015).
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From circular seismic echo to the Omori epoch and earthquake source zone bifurcation

A. Zavyalov
Schmidt Institute of physics of the Earth RAS, Moscow, Russia

In the mid-2010s, the phenomenon of a round-the-world seismic echo was discovered and
described: under the influence of surface seismic waves that had travelled around the earth and returned to
the epicentral zone of the earthquake that generated them after about 3 h, a rather strong aftershock occurred
there. Subsequently, our attention was drawn to the aftershock process itself, described by the well-known
Omori's law, which states that the number of repeated shocks decreases hyperbolically with the time elapsed
from the main shock n(t)=k/(c+t) (1). Here k > 0, ¢ > 0, t >= 0. For many years, Omori's law was thought
to be purely statistical. This turned out to be far from true. We proposed to write down the equation of
aftershock evolution in time in the form of a differential equation of the form dn/dt+on”2=0 (2). Here n(t)
is the frequency of aftershocks, o is the deactivation coefficient of the earthquake origin ‘cooling down’
after the main shock. When analysing the solution of equation (2), it turned out that if c=const, it coincides
with the classical form of the Omori aftershock evolution law. Therefore, we can consider the hyperbolic
relation (1) as a fundamental law. Moreover, it is the first law of earthquake physics. Having paid attention
to the fact that in (2) o is not a constant, but a function of time, we set and solved the inverse problem of
aftershock physics: to calculate the source deactivation coefficient from observed aftershock frequency
data. We analysed several dozens of aftershock sequences and the behaviour of the deactivation
coefficient o(t) during the evolution of the focal region of the main shock. It turned out that the deactivation
coefficient undergoes complex variations, but at the first stage of evolution o=const. The corresponding
time interval was named by us as the Omori epoch. It is in the Omori epoch that the classical Omori law
(1) is fulfilled. What happens in the hearth after the end of the Omori epoch? How does the deactivation
coefficient behave at the end of the Omori epoch? It turns out that at the end of the Omori epoch, the state
of the origin changes and the earthquake origin bifurcation occurs. The end of the Omori epoch indicates
the transition of the earthquake source region as a dynamic system from one state to a qualitatively different
state. Thus, two-stage character of evolution of the source region after formation of the main rupture in it
was found. This work was supported by the Ministry of Science and Higher Education of Russia within the
framework of the state assignment of the O.Yu. Schmidt Institute of Physics of the Earth RAS
Ne (075-00693-22-00.

OT KPyrocBeTHOro0 ceiicMMYecKoro 3xa K 3noxe OMopu u 6udyprauuu 04aroBoi 30HbI
3emJIeTpsCeHus

A. J1. 3aBbsinioB
Wucturyt ¢puzuku 3emmm um. O. FO. HImuara PAH, Mocksa, Poccnst

B cepenune 2010 rogoB 0b110 00HAPYKEHO U OMMCAHO SIBJICHHE KPYTOCBETHOTO CEHCMHMYECKOTO dXa —
I0J] BO3JCHCTBHEM ITOBEPXHOCTHBIX CEHCMHYECKUX BOJH, CACTABIINX 000POT BOKPYT 3€MJIM M BEPHYBIIHXCS B
OMUICHTPAJIBbHYIO 30HY IMOPOAMBIICTIO UX 3EMIICTPACCHUA MMPUMEPHO 4Y€PE3 3 9, B HEll BO3HUKAI JOCTAaTOYHO
CIIIBHBIN agTepiok. BriocneacTBun Hamle BHUMaHUE NMPUBJIEK caM a(TepIIOKOBBIN MPOIECcC, ONMCHIBAEMBIH
M3BECTHBIM 3aKOHOM OMOpH, KOTOPHIH TJIACHT, YTO YUCIO MOBTOPHBIX TONYKOB THIIEPOOINIESCKU YOBIBAET C
TEYCHHEM BPEMEHH, MpoIIenieM oT ocHoBHOro Tomuka n(t)=k/(c+t) (1). 3aecs k > 0, ¢ > 0, t >= 0. MHoOTO NIET
CUHTAJIOCh, 3aKOH OMOpH SIBJISIETCSA YHCTO CTATUCTUYECKUM. OKa3anoch, 3TO JANEKO HE TakK. MBI MPEIIOKIIH
3ammcaTth ypaBHEHHE DBONIONMH a(TEpIIOKOB BO BPEMEHH B BHIAC AUPPEPESHIHUANBFHOTO YpaBHEHHS
Buga dn/dt+on”2=0 (2). 3mech n(t) — dacToTta adTEPIIOKOB, 6 — KOIPPHUIMEHT JICaKTHBAIMK Odara
3eMJIETPSCEHUsI, “‘OCTBIBAIONIETO” TMOCcie TiaBHOro ynapa. [Ipu aHanuse pemieHusi ypaBHeHHs (2) OKa3aioch,
€CIli 6=const, TO C TOYHOCTHIO 10 0003HAYEHUI OHO COBIIAJACT ¢ KIIACCHYIECKOH (hOpMOIl 3aKOHA IBONIOLIUH
adrepmokoB Omopu. [lo3ToMy, MOKHO CUHTaTh THIEPOONIMUECKyI0 3aBHCHMOCTH (1) (yHIaMeHTaIbHBIM
3akoHOM. Bosee Toro, 3To ecTh nepBbIi 3ak0H GU3MKHK 3eMieTpsiceHnii. OOpaTuB BHUMaHKUE Ha TO, 9TO B (2) ©
He SBIISIeTCSI KOHCTAHTOH, a SIBJIAETCS (PYHKIMEH BpeMEHH, MBI TOCTABIIIN U PEIIVIIN OOpaTHYIO 3a1a4y (DU3UKH
a(TEpIIOKOB: BHIYUCINT KO3()(UINEHT AeaKTUBALMK O4ara 1o JaHHBIM HaOMIOAEeHHs YacTOTHI a) TEPIIOKOB.
MB!I poaHaNM3MPOBAIM HECKOJIBKO JECATKOB Aa(TEpIIOKOBBIX MOCIEAOBATEILHOCTEH M ITOBEICHUE
K03 durpeHTa neakTUBayy 6(t) B MPOIiecce 3BOMIOIUH 09aroBoi 00JIacTH IMIaBHOTO yaapa. OKka3anock, 4To
KOO(QUIMEHT JeaKkTHBAlMM IIpH O3TOM HCIBITBIBAET CJIOXKHBIE BapHaldHd, HO Ha IIEpPBOM JTare
sBoIoH 6=const. COOTBETCTBYIOIIHI HHTEPBAJ BpeMEHHU ObUT Ha3BaH Hamu 31oxoii OMopu. IMEHHO B 310Xy
Omopu BhIIONHsIETCS Kitaccruueckuid 3akoH OmopH (1). UTo e MPOUCXOIUT B oYare mocjiae OKOHYAHUS SMOXH
Owmopu? Kak Bener cebst koapduimeHT neakTHBanyy 1Mo ee okoH4aHHH? OKazanock, M0 OKOHYAHWH SIMOXH
OMopH COCTOSHHE Odara M3MEHSeTCs, IPOUCXOANT Omdypkamms odara semieTpsceHns. OKOHUaHHE 3IOXH
OMOpH CBUZETENBCTBYET O INEPEXOAE OYaroBOil 00JAcTH 3eMIICTPSICCHUS KaK JHHAMHYCCKON CHCTEMBI W3
OJIHOTO COCTOSIHUSI B KAUECTBEHHO MHOE COCTOsIHME. TakuM 00pa3zoM, OOHapy>KeH JBYXCTaAUNHBII XapakTep
9BOJIIOLMH 0YaroBoi obiacTw mocie o0pa3oBaHUS B HEH MarMcTpalbHOTO paspbiBa. PaboTa BEIMONHEHA MpH
nojyiepke MUHHCTEPCTBAa HAyKH M BBICHIET0 00pa3zoBaHus Poccuu B paMKax IOCYAapCTBEHHOTO 3aJaHUS
Wncrnryra dusukn 3emmn umenn O.10. [Imunra PAH Ne 075-00693-22-00.
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Geoinformation analysis of regional climatic changes in the Central and Western Russian Arctic
for railway development

A. Kostianoy'23, A, Gvishianil4, I. Rozenberg®, A. Soloviev4, R. Krasnoperov?, B. Dzeboev?,

S. Gvozdik!®, S. Lebedev?, I. Nikitinal, I. Dubchak®, N. Sazonov’, O. Shevaldysheval®, V. Sergeev?,
G. Gvozdik!8

! Geophysical Center RAS, Moscow, Russia

2 Shirshov Institute of Oceanology RAS, Moscow, Russia

3S.Yu. Witte Moscow University, Moscow, Russia

4Schmidt Institute of Physics RAS, Moscow, Russia

5 Russian University of Transport, Moscow, Russia

¢ Department of Earth and Environmental Sciences, University of Milano-Bicocca, Milan, Italy
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Russia

8 Lomonosov Moscow State University, Moscow, Russia

The Arctic Zone of the Russian Federation is characterized by the rapid growth of the mining
industry, aimed at the extraction of oil, gas, coal, and ores, including rare earth metals. Railways are
essential in the transportation of these resources to different regions of Russia for processing and export.
Part of the cargo delivery is performed via the Arctic ports connected to the railway network. Rapid climate
change, including regional climate warming, is among the compromising factors for the operation of the
Arctic transport infrastructure. System analysis of climatic processes and assessment of potential hazards
that they may induce requires adequate geoinformation support. This presentation shows the results of
spatio-temporal variability analysis of various hydrometeorological parameters for selected railway
mainlines within the Arctic region. For this purpose, a new geoinformation method based on the Hovmoéller
diagrams was elaborated. This tool is useful for representation of climate dynamics along the specified
railway mainlines over several decades. It allows us to determine railway sections affected by anomalous
climatic conditions on the variable time scale. The presented Hovmoller diagrams proved to be an efficient
instrument for the regional climate change representation. It might be quite useful for railway infrastructure
mainte-nance, planning, operation, and adaptation.

I'eounpopManMOHHBINH AHAIN3 PETMOHAJIBHBIX KIMMATHYECKUX H3MEHEHUI B HEeHTPAJIbHOH 1
3anagHoi yactax Poccuiickoii APKTHKH UIS1 pA3BUTHS AKeJIe3HBIX 10por

A. T. Koctaunoitt?3, A. JI. I'summanu’*, U. H. Posen6epr®, A. A. Conosses™*, P. U. Kpacnonepos?,
B. A. JI3e60eB!, C. A. T'Bo3mux™®, C. A. Jlebenes!, U. M. Hukutuna®, U. A. Jly6uax®, H. B. Ca3onos’,
0. O. lepanapimesa’®, B. H. Ceprees!, I'. A. I'so3auk’®

1 Teopusmaeckuii nenrtp PAH, Mocksa, Poccus

2NuctutyT okeanonoruu um I1. I1. Iupimosa PAH, Mocksa, Poccus

3 MockoBckuit yuusepcuret um. C. 10. Burre, MockBa, Poccus

4 Mucruryt Qusuku 3emiu um. O. TO. IImuara PAH, Mocksa, Poccus

S Poccuiickuii ynuBepcuTeT TpaHcnopra, Mocksa, Poccust

® dakynpTeT Hayk 0 3emile U OKpyKaromeil cpese, YuuBepcuteT Munan-bukoxka, Munan, Uranus

" Hay4Ho-MCClIeI0BATELCKHI U TPOEKTHO-KOHCTPYKTOPCKUH MHCTHTYT MH()OPMATH3aIMK, aBTOMATU3AI[MH H CBS3H
Ha KeJIe3HOIOPOKHOM TpaHcnopTte, Mocksa, Poccust

8 MockoBckuii rocynapcTBeHHblil yauBepcuter um. M. B. JlomoHocoBa, Mocksa, Poccust

Apktuueckass 3oHa  Poccuiickoit  ®Demepamum  xapakTepu3yeTcsl  OypHBIM — POCTOM
TOPHOI00BIBAIOIIEH MTPOMBIIUICHHOCTH, HAIIPABJICHHON Ha JTOObIUY HE(TH, Ta3a, yris, pyld, B TOM YHCIIS
PEeaKO3eMENBHBIX METAILIOB. JKene3Hple AOPOru UrparoT BaXKHYIO POJIb B TPAHCHOPTUPOBKE ATUX PECYPCOB
B pa3Nu4HbIe peruoHbl Poccum ams mepepaboTku M dKcmopra. YacTh Tpy30B JOCTaBISIETCS dYepes
ApKTUYECKUE TIOPTHI, MOJKIIOUEHHBIE K JKEJIE3HOJOPOKHOM CeTH. BhICTpoe M3MEHEeHHEe KiIuMara, B TOM
YuCclie PETHOHAIbHOE TMOTCIUICHHWEe, SBISETCS OJHUM U3  (DAKTOPOB, CTaBSIIUX TIOJ yrpo3y
(YHKITMOHUPOBAHUE TPAHCIOPTHOW HHPPACTPYKTYpbl ApKTHKH. CHUCTEMHBIH aHAIH3 KIMMATHYECKUX
MPOIIECCOB M OICHKA MOTCHIIMATLHBIX OMACHOCTEH, KOTOPHIE OHU MOTYT BBI3BaTh, TPEOYIOT a/leKBAaTHOU
reonHGOPMAMOHHON TOJAEPKKH. B HJaHHOW TMpe3eHTallid IMPEACTABICHBl pPE3yJbTaThl aHaIN3a
MPOCTPAHCTBEHHO-BPEMEHHON H3MEHUYMBOCTH PA3IMYHBIX THAPOMETEOPOJOTHMUYECKUX MapamMeTpoB IS
OTIETBHBIX JKEJIE3HOAOPOKHBIX MaruCTpalield B ApKTHIECKOM pernoHe. [t 3Toro 0611 pazpaboTaH HOBBIHA
reorH(OPMaIMOHHBIA METO/I, OCHOBAHHBIN Ha JUarpaMmax XoQMioiiepa. TOT HHCTPYMEHT I0JIe3€H IS
MPEACTABICHUA AUHAMUKU KJIUMAaTa BIIOJIb YKA3aHHBIX KEJIE3HOJIOPOKHBIX MArUCTpalield 3a HECKOJIBKO
necartunetuii. OH MO3BOJSET ONPEIACIUTh YYACTKU JKEJE3HBIX JOPOr, MOJABEPKCHHBIE BIUSHUIO
aHOMAIBHBIX KJIMMATHYCCKUX YCIOBUH B TIEPEMEHHOM BpeMeHHOM wMmacmrabe. IlpemcraBieHHBIC
JuarpamMmbl XopMIoiiepa 0Ka3aauch 3PGEKTUBHBIM HHCTPYMEHTOM IS MPEACTABICHHS PErHOHAIBHBIX
u3MeHeHui kimMmata. OHH MOTYyT OBITh BECbMa TIOJE3HBI TpU OOCITYy)KMBaHWH, IUIAHHUPOBAHUH,
JKCIUTyaTaIlMH U aJIallTaIlK KEJIE3HOT0OPOKHON HHDPACTPYKTYPHI.
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Experimental registration of slow deformation waves from GNSS data in connection with strong
earthquakes

V. Kaftan
Geophysical Center RAS, Moscow, Russia

In recent years, significant progress in geodynamics and geophysics has been observed in the study
of slow deformation waves of the Earth's crust. These processes occur at speeds of the order of kilometres
and hundreds of kilometres per year. The theoretical description of deformation waves is being actively
developed, significantly outpacing the corresponding experimental studies. The main sign of the existence
of slow crustal deformation waves is the migration of earthquake epicentres. There are also published
evidences of registration of slow deformation waves by deformographic means of underground geodynamic
observatories and seismic stations. The results of repeated accurate levelling over large areas have shown
regular wave movements of anomalous vertical movements from fault to fault in low-moving and
seismically active regions. Until recently, there were no results of slow deformation wave detection from
continuous GNSS observations. Such results were obtained by the staff of the Geodynamics Laboratory of
the Geophysical Centre of the Russian Academy of Sciences by analysing time series of changes in the
coordinates of the global network of continuous GNSS stations. These experiments utilise data provided to
the user by the Nevada Geodetic Laboratory of the University of Nevada-Reno
(http://geodesy.unr.edu/index.php). Evidence for the existence of slow deformation waves in the upper parts
of the Earth's crust was obtained by studying the spatial and temporal evolution of horizontal total shear
deformation. To solve this problem, graphical models (frames) of the spatial distribution of the total shear
deformation for each day of observations were created. The obtained frames were combined into a video
film, synoptic analysis of which allowed us to see the regularities of shear deformation displacement in
comparison with fault tectonics and seismicity of the study area. As a result, slow displacements of
anomalous full shear deformation were detected at rates of about 2-20 km per year. The anomalous
deformation occurs as a consequence of the discharge of moderate or a series of weak earthquakes. It begins
to move along an active fault or in the absence of one. Approaching the ‘mature’ centre of a strong event,
the deformation acts as an earthquake trigger.

3KCHepHMeHTaJILHaH perucrpanus MEIJICHHbBIX Ile(l)OpMaIIHOH]—[bIX BOJIH IIO JaHHBIM IT'HCC B
CBA3H C CUIIBHBIMH 3€EMJICTPACCHUAMHA

B. U. Kadran
I'eopuznueckuii nentp PAH, Mocksa, Poccust

B mocnemnme rombl 3HAYMTENBHBIN TpOrpecc B TeoJMHAMHKE UM reodu3nke HaOIomaeTrcs B
WCCIICIOBAHUM MEJJICHHBIX Je()OPMALMOHHBIX BOJH 3€MHOM KOpBl. ODTH TPOLECCH NPOTEKAIOT CO
CKOPOCTSIMH TOpAJKa KWJIOMETPOB M COTEH KWUJIOMETPOB B TOA. TeopeTHYecKoe ONHCaHue
JIeQOpMalMOHHBIX BOJIH aKTUBHO pa3padaThiBaeTCs, CYIIECTBEHHO OIepekasi COOTBETCTBYIOIINE
9KCIIEPUMEHTANIbHBIE HcchnefnoBaHus. (OCHOBHBIM NPHU3HAKOM CYIIECTBOBaHHMS MEIJIEHHBIX BOJIH
JeopMani  3eMHOH KOPBI SIBIISIETCS MWTpPAlMsl SIHUIEHTPOB 3eMileTpsiceHHd. MMeroTcst Tarke
oIy OJIMKOBaHHEIE CBUJICTETIHCTBA perucrpanuu MeJICHHBIX neGopMaoOHHBIX BOJIH
nedopMorpagpuuecKuMu CpeICTBaMHU TOA3EMHBIX T'e€OAMHAMUYECKHX 00CEpBATOPUN M CEHCMOCTAHIIHIA.
Pe3ynbpTaThl HOBTOPHOTO TOYHOTO HUBEIUPOBAHUS HAa OOIIMPHBIX TEPPUTOPHSIX MOKA3AINA 3aKOHOMEPHBIC
BOJIHOBBIE TIEPEMEIEHUS] AHOMAJbHBIX BEPTUKAJIBHBIX JABIDKEHHH OT pasjioMa K pas3ioMy B
MAaJIONOJBUXHBIX U CEMCMOAKTUBHBIX peruoHax. /[o mocienHero BpeMEHU OTCYTCTBOBAJIU PE3YJIbTAThI
oOHapyeHHsl BOJIH MeUIeHHOH aedopmaunu 1o aaHHeIM HenpepbiBHBIX ['HCC-nabmonennii. Takue
pe3ysbTaThl HOJIYYEeHBI COTpyaHuKaMu Jlaboparopuu reoaunnamuku I'eodusudeckoro rearpa PAH nyrem
aHaJM3a BPEMEHHBIX PAIOB N3MEHEHUH KOOPIUHAT TTT00aIbHON ceTH HenpephIBHO-AercTByomux ' HCC-
cTaHIMi. B 3TUX »JKchepuMeHTaXx HCIONB30BaHbl JaHHBIE, TPEACTaBISIEMBIE  IOJIB30BATEIIO
T'eonesnyeckoit maboparopueii Hesaapl yauBepcutera Hesaapi-Peno (http://geodesy.unr.edu/index.php).
JlokazaTenbCTBa CyIIECTBOBAaHUS MENJICHHBIX J1e()OPMAIIIOHHBIX BOJH B BEPXHUX YACTSIX 3€MHOUM KOPBHI
MOJYYEHBl IyTEM H3y4YEeHUS! MPOCTPAHCTBEHHO-BPEMEHHOH 3BOJIIOLMHN TOPH30HTAILHON AedopManuu
NnoJgHOTO caBura. Jlns pemeHWss STOH 3a7aud  CcO3JaBajiich TIpaduueckue MoAend  (Kaaphbl)
MPOCTPAHCTBEHHOTO pAacCIpe/ieleHnss AeopMaluy TMOJHOTO CIABWTAa HAa KaKIble CYTKHM HaOJIOJEeHHH.
[TomydenHsie Kaapbl O0bETUHITMCH B BUACODMIBM, CHHONTHYECKUN aHaTN3 KOTOPOTO TO3BOJISIT YBUAETH
3aKOHOMEPHOCTH MepeMenieHns: 1edopMalul CABUIa B COMOCTABICHWH C Pa3IOMHOW TEKTOHHMKOH W
CEHCMUYHOCTBIO HCCICIyeMON TeppuTOpuu. B pe3ynbrare OOHApYKEHBI MEJICHHBIC IEPEMEIICHUS
aHOMaBHOU nedopMaIuu TMOJHOTO CABHTAa CO CKOPOCTSAMHU Topsinka 2-20 kM B roa. AHOMallbHas
nedopmManisi BOSHUKAET, KaK CIEACTBHE Pa3psIKi YMEPEHHBIX WM CEpUH clabbix 3emierpsiceHuil. Ona
HauMHAeT IepeMellaTbcsd BAOJIb AaKTUBHOIO pa3jioMa WIM B OTCyTcTBHE TakoBoro. Ilogxoms k
«CO3pEBIIEMY» 0Yary CHIBLHOTO cOOBITHS, AeopMalius cpabaThIBacT, KaKk TPUTTEP 3eMIICTPSICEHUSI.
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An integrated approach to the development of effective gas emission control systems at coal mines
excavation sites

Yu. Govorukin, S. Kubrin
Research Institute of Comprehensive Exploitation of Mineral Resources (IPKON) RAS, Moscow, Russia

The used gas release control systems do not sufficiently ensure rhythmic and efficient operation of
mechanised complexes in formations with high gas content. A significant impact is made by the caving
zones formed as the mining pillars are mined out. In their domes a gas reservoir is formed, from which
methane enters the active workings, and can also be dynamically squeezed out at landing of roof cantilevers.
The approach to the development of effective control systems of gas emission at mine sites by means of
complexing the elements of the system ‘mine workings — caving zone’ is proposed. A mathematical model
linking geomechanical and aerogasodynamic processes occurring in the highly permeable environment of
the caving zone has been developed. It was established that the determining parameters for this connection
are the degree of stability of the roof rocks, excavated thickness, coefficients of loosening, compaction,
permeability and macro-roughness. In order to adapt the model, the experimental data obtained by domestic
and foreign researchers for various mining and geological conditions were collected, analysed and
summarized. The authors obtained that the highest permeability kd of disintegrated rocks (initial porosity
from 1.0 to 10.0 %) is (the values of permeability after the end of the active stage of geomassif shearing
are given in brackets): at the maximum loosening coefficient kr. max = 1,8 — kd = 1020-1140 D
(8,8 — 22,2 D); at kr.max = 2,0 — kd = 1310-1430 D (15,6 — 33,5 D); at kr.max = 2,1 — kd = 1430-1550 D
(19,9 — 40,2 D). The permeability values of the upper part of the collapse zone are 2.15-8.19 D
(0.05-1.62 D), and the lower part of the fracture and fault zone are 0.39-3.38 D (0.01 — 1.14 D). The
programme ‘Aerodynamics’ was developed, which allows to estimate three-dimensional distribution in
space and time of geomechanical and aerodynamic parameters of the caving zone in the process of mining
of the excavation pillar. Its output data are the initial data for modelling filtration processes and processes
of gas reservoir formation at the mine site in a wide range of mining and geological and mining engineering
conditions. It is proposed to use the results of this modelling for the purposes of development of effective
systems of gas emission control taking into account specific conditions and for the purposes of increasing
the level of safety of mining operations under conditions of high intensity loads on mine faces.

KomiuiekcHbIH nmoaxoa K paspaﬁoTKe 3q)(l)eKTI/IBHBIX CUCTEM YyIIPABJICHHUS ra30BbIACJICHUEM HA
BBIEMOYHBIX YYAaCTKaX YIrOJbHBIX IIAXT

10. M. l'oBopyxumn, C. C. Ky6pun

WuCcTHTYT ipobaeM koMIuiekcHOTo ocBoeHus Heap PAH, Mocksa, Poccust

[TpumeHsieMble CUCTEMBI YIIPaBJICHHS Ta30BbIICICHHEM B HEJJOCTATOYHOW Mepe 00eCeYBalOT PUTMHUYHYIO
1 3QPeKTUBHYIO pabOTy MEXaHW3UPOBAHHBIX KOMILJIEKCOB Ha IJIACTaX C BBHICOKOM ra30HOCHOCThIO. CyIllIeCcTBEHHOE
BJIMSTHUE OKa3bIBAaIOT 30HBI 0OpyIIeHus, (hopMHUpyeMble 10 Mepe OTpabOTKH BBIEMOYHBIX CT0J00B. B Mx Kymonax
MPOUCXOIUT 00pa30BaHKE ra30BOr0 KOJUIEKTOpA, U3 KOTOPOTO METaH IOCTYNaeT B JEHCTBYIOIIUE BBIPAOOTKH, a
TaKKe MOXKET NUHAMHMYECKH BBIJABIMBATHCS IPH TOCAJKE KOHCOJEH KpoBiu. IIpeliokeH moaxon K pa3paboTke
3 PEKTUBHBIX CHCTEM YIMpPABJCHUs ra30BbIICICHUEM Ha BHIEMOYHBIX YYacCTKaxX IOCPEICTBOM KOMIUIEKCUPOBaHHUS
JJIEMEHTOB CHCTEMBI «TOpHBIE BEIPAOOTKM — 30Ha OOpymeHHs». Pa3paboTaHa MaTeMaTHYecKash MOJEIb,
CBSI3BIBAIONIAS TEOMEXAHMYECKHE W adpOra3oJMHAMUYECKHE IPOIECCH], MPOUCXOMIAIINE B BBICOKOIPOHHUIIACMOMN
cpelie 30HBI OOpYIICHUS. Y CTaHOBJICHO, YTO OIPEICIISIONIMMH MapaMeTpaMy JJIs JAHHOW CBSI3H SBIISIOTCS CTETICHD
YCTOHYMBOCTH TOPOJ KPOBIH, BBIHUMAaeMas MOIIMHOCTh, KO3()(UIMEHTH pa3phIXJICHHS, YIUIOTHEHUS,
MPOHHUIIAEMOCTH ¥ MaKPOIIEPOXOBAaTOCTH. B meisx aganrtanuy MOAETH BBHIOJHEHB cOOp, aHAIN3 B 0000IIeHIE
SKCIIEPUMCHTANBHBIX JTaHHBIX, TIOJYYCHHBIX OTCUCCTBEHHBIMU M 3apYOCKHBIMHU HCCIICOBATEISIMHU ISl Pa3IMIHBIX
TOPHO-TEOJIOTMYECKUX YCIOBHA. ABTOpaMH TOJIy4EHO, YTO HAMOOJbIIAS MPOHUIAEMOCTb K7 I€3MHTErpUPOBAHHBIX
nopof (ucxoxnas nmopucrocts oT 1,0 1o 10,0 %) cocraBmuser (B ckoOkax yKa3aHBI 3HAYCHHS ITPOHUIIAEMOCTH TIOCIIe
3aBEpLICHUs] aKTUBHOM CTaJAMU CHBW)KEHHS TI'eOMAacCHBa): HPH MaKCUMaJbHOM Kod(dduimeHTe pa3pbIXIeHUs
kp.max = 1,8 — kx = 1020-1140 [ (8,8 — 22,2 J); npu kp.max = 2,0 — ka = 1310-1430 J] (15,6 — 33,5 [);
mpu kp.max =2,1 —ka=1430—- 1550 1 (19,9 — 40,2 J1). 3HaueHUs MPOHUIIAEMOCTH BEPXHEH YaCTH 30HBI OOPYIICHUS
cocraBisiror 2,15-8,19 [T (0,05-1,62 J1), a HmkHel yacTu 30HBI TpemuH U pasnomoB — 0,39-3.38 11 (0,01 — 1,14 JT).
Pazpaborana mporpamMMa «AspoJMHAMHUKA», MO3BOJISIONIAS BBIIOJHUTE OLEHKY TPEXMEPHOTO paclpeleicHus] B
MPOCTPAHCTBE M BPEMEHM TI'€OMEXAaHMUYECKHX M a’dPOJMHAMHUYECKHX IapaMeTpoB 30HBI OOpYLIEHHWs B Ipolecce
OTpabOTKM BBIEMOYHOTO CTOJI0A. BEIXOIHBIE paHHbIE W3 HeEE SIBISIOTCA HMCXOAHBIMH JUISI MOJIEIMPOBAHUS
(UIBTPAIMOHHBIX IPOLECCOB M MpoOLEeccoB (OPMHUPOBAHHS Tra30BOr0 KOJUIEKTOpa Ha BHIEMOYHOM Y4YacTKE B
IIMPOKOM JIMana3oHe TOPHO-TEOJIOTHYECKNX MW TOPHOTEXHUYECKMX YCIOBHH. [Ipe/ioskeHO HCIoNb30BaHUE
Pe3yJIbTaTOB JJAHHOT'O MOJEIIUPOBAHUS ISl 1ieNei pa3paboTku 3P EeKTHBHBIX CUCTEM YIPaBIICHHUS Ta30BbI/IEICHHEM
¢ yu€TOM KOHKPETHBIX YCIIOBUH U JUIS 11eJIe MOBBIIICHHUS YPOBHS 0€30MaCHOCTH BEJICHUsI TOPHBIX pabOT B YCIOBHSX
BBICOKOMHTEHCHBHBIX HArpy30K Ha OYMCTHBIC 3200H.
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Problems of processing primary data of magnetic observatories: will modern mathematical
technologies help?

S. Khomutov
Institute of cosmophysical research and radio wave propagation FEB RAS, Paratunka, Russia

Various aspects of processing of primary magnetic data obtained at observatories are
considered. The problems related to interferences in the measurement results, hardware and
software failures, methodological errors, personnel errors, etc. are noted. The necessity to perform
the primary processing of measurement results directly at the observatories and the importance of
introducing modern technologies into this process are emphasised. It is shown that there are
problems, for example, rare irregular and uncontrolled changes in the conditions of magnetic
measurements, which cannot be effectively solved by high-tech mathematical methods such as
deep machine learning, neural networks, wavelet analysis and others. However, it is also clear that
traditional approaches based on the assessments of expert magnetologists will give reliable and
valid results only if these experts are sufficiently qualified and experienced, which is practically
impossible for many observatories. An alternative way is interactive interaction between the
processors at the observatories and the programmes used by them that implement modern
mathematical methods.

IIpo0/ieMbl 00paGdOTKH NEPBUYHBIX JAHHBIX MATHUTHBIX 00CepBATOPHIi: MOMOTYT JIH
COBpPEeMEHHbIe MATeMATHYeCKHe TeXHOJI0ruu?

C. I0. XomyToB
HNucTUTYT KOCMO(MU3MYECKUX HCCIeI0BaHUN M pacmpocTtpaHeHus paauoBonH JIBO PAH,
ITapatynka, Poccus

PaccmarpuBaroTcss pasinyHble acleKkThl O0OpaOOTKM MEPBUYHBIX MAarHUTHBIX JaHHBIX,
NoJTy4aeMbIX Ha obcepBaropusix. OTMedeHbl Mpo0IeMbl, CBSI3aHHBIE C TIOMEXaMHU B Pe3yJIbTaTax
U3MEpPEHUH, anmapaTypHbIMHU U IPOTPAMMHBIMU COOSIMH, METOJUIECKAMH OITMOKaMH, OITHOKaMu
HepcoHana W Jp. AKIEHTUpyeTCs HEOOXOIMMOCTh BBIINOJHATh HEPBUYHYIO 0OpabOTKY
pe3yNbTaTOB U3MEPEHUN HEMOCPEICTBEHHO Ha 00CEpBATOPHSIX M BaXXHOCTb BHEAPEHUS B 3TOT
Ipoliecc COBPEeMEHHBIX TexHosorui. [lokazaHo, 4To CyIIecCTBYIOT POOJIEMBbI, HAIPUMED, PEIKHE
HEpETYJISIPHBIE U HEKOHTPOJIUPYEMbIE H3MEHEHHUsI YCIIOBUI MAarHUTHBIX U3MEPEHM, KOTOPHIE HE
MOTYT OBITh 3()()EKTHBHO pELIEHbl C IMOMOIIbIO BBICOKOTEXHOJIOTHYHBIX MaTeMaTHYEeCKHX
METOJIOB, TaKUX KakK ITyOOKOe MallMHHOEe oOydeHue, HEHPOHHBIE CETH, BEUBIIET-aHAIU3 U Jp.
OpnHako, OHATHO TaKXKe, YTO TPAAMLMOHHBIE MOAXOAbI, OCHOBAHHBIE HA OLEHKAaX JKCIIEPTOB-
MarHuToJIOroB, OyAyT JaBaTh HAJEXKHbBIE U IOCTOBEPHBIE PE3yJIbTAThl TOJBKO MPHU TOCTATOYHOMN
KBAJIM(HUKAIMA M OMNBITE 3THX SKCIEPTOB, YTO A MHOTHMX OOCEpBaTOpPUN NpPaKTHUECKU
HEBO3MOYKHO. AJIBTEpHATUBHBIA IIyTh — OTO HHTEPAKTHMBHOE B3aWMOJICHCTBHE MEXIY
0o0paboTyMKaMu Ha 00CepBaTOPUAX U HCIIOJB3YEMbIMM HMMH IPOrpaMMaMHM, pean3yIOIINMU
COBPEMEHHBIE MATEMATHYECKUE METO/IBI.
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Methodological aspects of prognostic and mineralogenic studies using remotely sensed
Earth observation data

V. Petrov, S. Ustinov, V. Minaev
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry (IGEM) RAS,
Moscow, Russia

The methodological aspects of the allocation and justification of search areas for scarce types
of solid minerals are considered, taking into account the concept of mineral-forming systems and
the use of Earth remote sensing data. From the whole range of areas of fundamental and
exploratory scientific research, the main attention is paid to the following aspects: 1) identification
of lineaments (fault zones) based on the processing of digital relief models using radar
interferometric survey of the globe surface SRTM, 2) determination of hydraulically active
discontinuous structures for the period of ore formation based on tectonophysical reconstructions,
3) analysis of multispectral characteristics of pre-ore, ore-accompanying and post-ore
metasomatites based on statistical processing of Landsat-8 satellite data, 4) assessment of fluid
dynamic conditions of deposit formation based on data on the composition, properties and genesis
of mineral-forming fluids, 5) creation of weight predictive and prospecting models (weight of
evidence models) based on statistical algorithms for processing data on the dynamics of ore-
genetic processes.

MeToanuecKkne acneKTbl IIPOTrHO3HO-MHUHEPAr€cHUICCKHUX nccnenona}mifl C
HCIIOJB30BAHUEM JAHHBIX TUCTAHIMUOHHOI'O 30HAUPOBAHUA 3eman

B. A. Iletpos, C. A. Yctunos, B. A. MunaeB
WHCTUTYT TEOJOTHH PYIHBIX MECTOPOXKICHHMA, MeTporpaduu, MUHEPAJIOTHH M TCOXUMHUHU
(MI'EM) PAH, Mocksa, Poccust

PaccMoTpeHbl METOIMYECKHE acTIeKThI BBIICIIEHUS 1 000CHOBAHUS IIOMCKOBBIX TUTOMIAICH
Ha JedUIUTHBIE BHABI TBEPIAbIX TMOJE3HBIX HCKOMAEMBIX C Y4YETOM  KOHLEMIUU
MHUHEPAIO00pa3yIOINX CHCTEM W HCIOJb30BAaHHEM JAaHHBIX JMCTAHIIMOHHOTO 30HIMPOBAHUS
3emnu. U3 Bcero cmekTpa HampaBieHHH (QYHIAMEHTAIBHBIX M TOUCKOBBIX HAYYHBIX
UCCIIC/IOBAaHUI OCHOBHOE BHHMAHHE V/EJICHO CIEAYIONIMM acleKTaM: 1) BBIICICHUIO
JMHEaMEeHTOB (Pa3JIOMHBIX 30H) Ha OCHOBE 00paboTKM HHQPPOBBIX Mojeneil penpeda ¢
UCTIOJIb30BaHUEM JAaHHBIX PalapHON MHTEPPEPOMETPUUYECKONH CHEMKH IMOBEPXHOCTH 3E€MHOTO
miapa SRTM, 2) ompeneneHHio TUAPABIMYECKH AaKTUBHBIX Ha MEPUON pPyA00OpazoBaHUS
Pa3pBIBHBIX CTPYKTYp Ha OCHOBE TEKTOHOPHU3WYECKUX PEKOHCTPYKIWH, 3) aHaIM3y
MYJIbTUCIEKTPAIBHBIX XapaKTEPUCTUK JOPYAHBIX, PYIOCOMPOBOXKIAIONINX W MOCTPYIHBIX
METAaCOMATUTOB Ha OCHOBE CTATHCTUYECKOW OOpabOTKH CITyTHHKOBBIX JaHHbIX Landsat-8, 4)
olleHKe (IIOMAOJMHAMUYECKUX OOCTAaHOBOK (POPMHUPOBAHUS MECTOPOKICHHHN MO JaHHBIM O
COCTaBe, CBOMCTBAX W TEHE3UCY MHUHEPATO00pa3yronmx QIIOUI0B, 5) CO3JaHUI0 BECOBBIX
MIPOTHO3HO-TIOMCKOBLIX Mojenei (weight of evidence models), 0cHOBaHHBIX Ha CTaTUCTHYECKHUX
anropuTMax 00pabOTKH JaHHBIX O JMHAMHKE MPOTEKAHUS PYJOTCHETHIECKUX MTPOIECCOB.
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Experience in application of web GIS technologies in global geophysical forecasting tasks

G. Vorobeval, A. Vorobev'?
L Ufa University of Science and Technology, Ufa, Russia
2 Geophysical Center RAS, Moscow, Russia

The task of software processing of spatial data in the conditions of modern technology development
and exponential growth of the volume and complexity of such information becomes especially important
when designing information systems for decision support in applied areas, in particular, when solving
problems of global geophysical forecasting. Tendencies to the ubiquitous distribution of appropriate tool-
software for a wide range of users contribute to the development of web-oriented solutions to such a task.
One of the problems of geoinformation software libraries in visualisation of geospatial data is low efficiency
and limitation of frame-by-frame changes of a group of spatial layers with time reference. Among the most
significant difficulties of visualisation is the impossibility of synchronous switching of a group of spatial
layers by time parameter, which negatively affects the results of estimation of temporal anisotropy of the
corresponding spatial data. The problem is also aggravated by the heterogeneity of spatial information,
which is expressed in discretisation steps, formats, geospatial primitives used. Another problem of web-
based geoinformation libraries in visualisation, in particular in the construction of spatial isolines, is related
to the presence of multiple artefacts in the result set. This makes it difficult to analyse the spatial distribution
of the corresponding data, on the one hand, and reduces the quality of spatial image rendering, on the other
hand. At the same time, geospatial image artefacts are particularly critical for large data sets. The authors
propose an approach that both provides integration of heterogeneous vector geospatial data for subsequent
processing, analysis and visualisation, and allows to correct software generated isolines by identifying open
lines and their subsequent selective connection or closing. From the point of view of software
implementation, the presented approach practically does not change the response time of server scenarios.
The effectiveness of the developed approach was investigated on the example of a web application that
provides visualisation of a geospatial image in the form of a set of spatial isolines of geophysical parameters
in the area of the auroral oval.

OnbIT npuMeHenus TexHosorui Bed0-I'MC B 3agayax rio0aabHOro reopusn4ecKoro NporLo3a

I'. P. BopoGbesal, A. B. Bopoobes!?
1V pumckuii yHMBEpPCHTET HAyKU U TeXHOJIOTHA, Yda, Poccus
2T'eopusuueckuii neutp PAH, Mocksa, Poccus

3amaua mporpaMMHONW 00pabOTKM NPOCTPAHCTBEHHBIX JaHHBIX B YCJIOBHSIX COBPEMEHHOTO
PasBUTHS TEXHOJOTHMH M 3KCIIOHEHIHAJIBHOTO POCTa OOBEMOB M CIOXHOCTH TakoW HHGOpManuu
nproOpeTaeT 0coOyI0 aKTyalnbHOCTh MPH MPOEKTUPOBAHMHM MH(OPMAIMOHHBIX CHCTEM ISl MOIJIEPKKU
NPUHATHS PEUICHWH B TPUKIATHBIX OOJNACTSIX, B YAaCTHOCTH, NPH PEIICHWH 3alad TI00aJbHOTO
reouznueckoro mnporuo3a. TEeHAEGHIMH K MOBCEMECTHOMY paCHpOCTPAaHEHHIO COOTBETCTBYIOLIMX
MHCTPYMEHTAIbHO-IIPOTPaMMHBIX CPEJCTB ISl IIUPOKOT0 KPyTra IM0JIb30BaTeIel CloCOOCTBYIOT Pa3BUTHIO
Be0-OpHUECHTUPOBAHHBIX PEIICHUH Takol 3axa4un. OJHOH U3 MpobIeM reOnHPOPMAITOHHBIX POTPAMMHBIX
OMONMOTEK NMpH BHU3YyAIM3al[MM TEONPOCTPAHCTBEHHBIX JAHHBIX SBISIETCS HH3Kas 3(Q(EKTUBHOCTh H
OrpaHUYEHHOCTh MOKaAPOBOTO M3MEHEHHUS TPYIIbI IPOCTPAHCTBEHHBIX CJIOEB C BPEMEHHON MPHUBSI3KOM.
Cpenu Hanbosee 3HAUMMBIX TPYAHOCTEH BU3yaIM3alud MOXKHO OTMETUTh HEBO3MOXXHOCTb CHHXPOHHOTO
NEepeKIIOUeHHsT TPYNIIBl MPOCTPAHCTBEHHBIX CJIOEB MO BpPEMEHHOMY IMapaMeTpy, 4YTO HETaTHBHO
CKa3bIBAETCsl HAa pe3yJIbTaTax OLIEHKM BPEMEHHOH aHM30TPOIUHM COOTBETCTBYIOLIMX MPOCTPAHCTBEHHBIX
nanHelX. IlpoOnema ycyryOmsiercssi Takke Ppa3HOPOAHOCTHIO INPOCTPAHCTBEHHOH HH(OpMALMH, YTO
BBIPQKAETCS B IlIArax JUCKpETH3aluu, (opMarax, UCTIONB3YEMBIX IeONpPOCTPAHCTBEHHBIX PUMHTHBAX.
Hpyras mpobiieMa reonHQOPMAIMOHHBIX BeO-OPUEHTHPOBAHHBIX OWOIMOTEK IPH BU3yallU3allld, B
YaCTHOCTH, IPH OCTPOESHUH IPOCTPAHCTBEHHBIX U30JMHUI CBSA3aHa C IPUCYTCTBUEM B PE3YJIbTUPYIOILEM
Habope MHOXKECTBEHHBIX apTe(akToB. ODTO 3aTPyIHSET aHAJU3 TMPOCTPAHCTBEHHOTO pacHpeAeiIeHUs
COOTBETCTBYIOIINX JAaHHBIX, C OJJHOH CTOPOHBI, U CHU)KAeT KayeCTBO PEHJEPUHTa MPOCTPAHCTBEHHOTO
n300paxenus, ¢ 1pyroit. [Ipu 3ToM 0cOOEHHO KPUTHUHBI apTe(aKThl T€ONPOCTPAHCTBEHHBIX N300paKeHUI
Ut OoNbIIMX OOBEMOB JAaHHBIX. ABTOpaMH MpejiaraeTcs Moaxo/, Kak 00ecleunBalonii HHTErPaLuio
Pa3HOPOJIHBIX BEKTOPHBIX I'€ONPOCTPAHCTBEHHBIX JAaHHBIX JUISI TIOCIEAYIOMIMX OOpabOTKH, aHaW3a U
BU3yallM3allii, TaK W TMO3BOJISIIONIUIA BBIMOJHUTE KOPPEKTHPOBKY MPOTrPaMMHO-C(HOPMUPOBAHHBIX
W30JIMHUN TOCPEACTBOM HIECHTU(UKAMKM PA30MKHYTHIX JIMHUM M HMX MOCJIEAYIOMIEro BHIOOPOYHOrO
coeqHEHMsI 00 3aMblkanus. C TOYKU 3pEHHs MPOTPAMMHOM peann3aluu, MpeJICTaBICHHBIH TOIX0]]
NPaKTUYECKH HE W3MEHsIET BPEMEHH OTKIIMKA CEPBEPHBIX CIieHapHueB. DPPEeKTHBHOCTh pa3pabOTaHHOTO
noaxona Oblla HccleqyeTcss Ha NpuMepe BeO-NPHIIOKEHHUs, OOECIEeYMBAIOLIETO BHU3YAIHU3aLUIO
reonpoCTPAHCTBEHHOTO M300pakeHHs B BUI€ KOMIUIEKCA POCTPAHCTBEHHBIX U30JIMHUN Te0pU3NUECKIX
apaMeTpoB B 00J1aCTH aBpOPaIbHOIO OBAJIA.
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Approach to hardware-free assessment of the level of geoinduced currents in power
systems of the Arctic region

A. Vorobev!?, A. Soloviev®?, G. Vorobeva!

1 Ufa University of Science and Technology, Ufa, Russia

2 Geophysical Center RAS, Moscow, Russia

3 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

Dynamic exploration and development of the Arctic zone of the Russian Federation is inextricably
linked to the need to minimise technosphere risks associated, among other things, with the effects
of space weather on power equipment systems operated within the auroral oval boundaries. The
associated monitoring of space weather parameters and geomagnetic field variations in the Arctic
is carried out only by means of a small group of satellites and several dozens of magnetic stations
located mainly in the USA, Canada, northern and central Europe. It is obvious that the current
situation practically excludes the possibility of operational diagnostics of the level of geoinduced
currents (GIC) for the most part of the Arctic zone of the Russian Federation, where, in fact, the
only available indicator of the state of space weather remains the aurora borealis. The paper
proposes an approach to the interpretation of auroras manifestation to assess the effects of space
weather on the objects and systems of high-latitude infrastructure. Thus, on the example of the
substation ‘Vykhodnoy’ of the main electric network ‘Severny Transit’ it is shown that at
registration of auroras in the north, in the zenith and in the south the most probable (averaged
over 30 min) level of GIC is 0.08 A, 0.23 A and 0.68 A, respectively. At the same time, the
probability that the half-hourly average GIC level exceeds 2 A (in the case of auroras in the north,
zenith and south) is ~6 %, ~10 % and ~15 %, respectively. In conclusion, the ways of
modernisation and the limits of applicability of the proposed approach are discussed.

IToaxon k Oe3annapaTHOil OLeHKe YPOBHS I€OMHIYIMPOBAHHBIX TOKOB B JHEProcHcTEeMAax
APKTHYECKOI0 peruoHa

A. B. Bopo6ses?, A. B. Conobes??, I'. P. Bopo6nesal

1V humckuit yruBepcuTeT Hayku u TexHonoruii, Y da, Poccus

2 I'eodusnueckuii nentp PAH, Mocksa, Poccus

$Uucturyt dusuku 3emmu um. O. 0. IlImuara PAH, Mocksa, Poccus

JIuHAaMM4YHOE OCBOCHME M pa3BUTHE APKTHUYECKON 30HBI P® HEpa3phIBHO CBA3aHO C
HEOOXOJUMOCTbI0 MHUHUMH3ALMU TEXHOC(EPHBIX PHUCKOB, CONPSIKEHHBIX B TOM 4YHCIE U C
s dexTaMu BO3ACHCTBUS KOCMHUYECKON MOT0JIbl Ha CUCTEMbI SHEPreTUYECKOro 000py10BaHMs,
AKCIUTyaTUpyE€Mble BHYTPU TpaHUIl aBpPOpPaJbHOrO oOBana. IIpu 3TOM COMYyTCTBYIOIIMN
MOHHMTOPHHI NapaMETPOB KOCMHYECKOM MOTOAbl U Bapualuil TEOMarHUTHOTO MOJI B APKTHKE
OCYIIECTBIISIETCS JIMILb ITOCPEICTBOM HEOONBIION I'PyNIbl CIYTHUKOB M HECKOJIBKHUX JIECSITKOB
MarHUTHBIX CTaHIMH, PACHOJIOKEHHBIX IJIaBHBIM oOpa3zom Ha Tepputopun CHIA, Kanansl,
ceBepHOM M ueHTpaidbHOW EBpomnbl. OueBHIIHO, YTO CIOKMBILIASCS CHUTyalUsl NPAKTUYECKU
MCKJIIOYaeT BO3MOKHOCTb OIIEPAaTUBHOTO IMarHOCTUPOBAHUS YPOBHS T€OMHAYLIMPOBAHHBIX TOKOB
(I'T) nns 6onbiieit yactu ApkTrdeckoit 30HbI PO, re hakThuyecku eIMHCTBEHHBIM JOCTYITHBIM
UH/IMKATOPOM COCTOSIHUSI KOCMHYECKOM IOroJibl OCTAlOTCs MOJspHble cusHus. B pabore
npeJiaraeTcs HoIX0/] K MHTEPIPETAlu IPOSBIECHUS CUSHUM 1J1 OLIeHKHU 3G (HEKTOB BO31eHCTBUS
KOCMHMYECKON MOTroJbl Ha OOBEKTHI M CHUCTEMbI BBICOKOUIMPOTHOM HMH(ppacTpyKTyphl. Tak, Ha
IIpUMeEpe NOACTaHINH «BBIXOAHOW) MarucTpaJbHON 3JIEKTPpUUYECKON ceTh « CEeBEpHBIN TPAH3UT
MIOKa3aHo, YTO MPHU PETUCTpallMU MOJSPHBIX CUSHHUI Ha ceBepe, B 3€HUTE M Ha rore Hamboiee
BepoATHbIN (ycpenHenHsld nmo 30 muH) ypoBenb I'UT cocrasnser 0.08 A, 0.23 A u 0.68 A
COOTBETCTBEHHO. IIpu 5TOM BEPOATHOCTH TOrO, 4YTO CpEIHENonay4acoBon yposeHb ['MT
npeBbICUT 2 A (B cilydyae CUSHUM Ha ceBepe, B 3€HUTE M Ha tore) coctaBiser ~6 %, ~10 %
u ~15 % cooTBeTcTBEHHO. B 3aKitoueHNM paccMaTpUBarOTCS IyTH MOJEPHU3ALMUA U TPaHULIbI
MPUMEHUMOCTH MPEAJIOKEHHOTO MOIX0a.
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Depths of the basement and roof of the magnetically active layer of the Amur plate

A. Didenko*?, M. Nosyrev?, G. Gilmanova?
! Geological Institute RAS, Moscow, Russia
2 Institute of tectonics and geophysics FEB RAS, Khabarovsk, Russia

Determination of the lower boundary of the crustal magnetically active layer (CPD) on the basis of
spectral analysis of the anomalous magnetic field is one of the components of the general complex of depth
studies. The calculation and interpretation of CPD are important both from the point of view of structural
and tectonic constructions and in connection with the study of the Earth's heat flow. It seems relevant to us
to develop a CPD model of the Amur plate territory and its frame to assess the manifestation of its
boundaries in terms of changes in the lower boundary of the magnetically active layer, to assess the
peculiarities of the spatial distribution of this parameter in connection with the tectonic structure of the
territory and some depth characteristics. Our calculations of the depths of magnetic sources in the crust of
the Amur lithospheric plate were based on the method (Spector and Grant, 1970), modernised in (Tanaka
et al., 1999), and the global model of the Earth's magnetic field - EMAG2v3 (Meyer et al., 2017). The
calculations were performed in a sliding window of size 200x200 km with an overlap of 100 km. For the
area of the Amur plate and adjacent areas, the calculations were performed for 880 points, 259 of which
are directly within the plate boundaries. Taking into account that the EMAG2v3 model is represented by a
4 km height transformation relative to the geoid and the elevation difference within the Amur plate is more
than 5.7 km, appropriate corrections were introduced into the calculations of magnetic source depths. The
calculations of the depths of magnetic sources of the Amur plate showed the following: 1) absolute marks
of the roof of the magnetically active layer vary from 4 to 15 km with an average of 10+2 km. The minimum
roof depths are observed for the southern part of the plate within the Sea of Japan; 2) absolute marks of the
base of the magnetically active layer vary from 15 to 38 km with an average of 2545 km. The maximum
depths of the basement are observed for the central (Sunliao basin, Maly Khingan) and southeastern
(Japanese Islands) parts of the plate. The most elevated areas of the basement (Curie surfaces) are observed
in the north-western, northern and eastern parts — the zones of interaction of the Amur plate with the Pacific
plate in the east and the Eurasian plate in the north-west and north; 3) the thickness of the magnetically
active layer varies from 2 to 30 km with an average of 14+6 km. The highest and lowest thicknesses of the
layer are well correlated with the depth of its basement. The highest is in the central and south-eastern parts
of the plate, and the lowest — in the north-western, northern and eastern parts of the plate. The work was
funded by a grant from the Russian Science Foundation (project No. 22-17-00023).

I'1yOuHbI NOAOMIBBI U KPOBJIU MATHUTOAKTUBHOIO €101 AMYPCKO IJIMTHI

A. H. qunenxo™2, M. FO. Hocbipes?, I. 3. TuibmanoBa?

! Teonoruueckuii macturyt PAH, Mocksa, Poccus
2WuctutyT TekToHukK U reodusuku JIBO PAH, Xabaposck, Poccus

Omnpenenenne HIDKHEH TPaHUIIBI MATHUTOAKTUBHOTO cliost 3eMHOHM Kopbl (CPD) Ha oCHOBE CHEKTPaIbLHOTO
aHaM3a aHOMAJFHOI'O MAarHUTHOTO IOJS SIBJISAETCS OAHOM M3 COCTaBILIONMX OOIIEro KOMILIeKca ITyOMHHBIX
uccnenoBanuii. PacueT u naTepnperanus CPD BajkHBI Kak ¢ TOUKU 3pEHUS CTPYKTYPHO-TEKTOHHYECKUX TIOCTPOCHUIA,
TaK M B CBSI3U C U3yUEHHEM TEIJIOBOTO MOToka 3eMiu. Ham mpexacraBisieTcst akTyalibHO# pa3dpadborka moaenun CPD
TEpPUTOPUN AMYPCKOW IUTHTHI U € 0OpaMIICHHs /IS OLICHKH IPOSBICHHS €€ T'PaHUI] C TOUYKH 3PCHUS] N3MEHEHUS
HIDKHEH TPaHUIbl MarHUTOAKTHBHOTO CJIOSI, OLIEHKH OCOOEHHOCTEH MPOCTPAHCTBEHHOTO PACIpE/eNIeHNs] JaHHOTO
napaMeTpa B CBA3M C TEKTOHHYECKHM CTPOSHHEM TePPUTOPHUH M HEKOTOPHIMHU INIyOMHHBIMH XapaKTepPHCTHKAMHU.
OCHOBOI1 IPOBEAECHHBIX HAMH PacyeTOB ITyOWH MarHUTHBIX UCTOYHHKOB B 3¢MHOM KOpe AMYpPCKOH JUTOC(HEepHOI
nTH SBUIcs Metof (Spector, Grant, 1970), MmonepuusupoBanssnii B (Tanaka et al., 1999), u rnmobamsHast MoeNb
MarHuTHOTO 1oy 3emi — EMAG2v3 (Meyer et al., 2017). BerauciieHus BBITIOHEHEI B CKOJIB3AIIEM OKHE Pa3MepoM
200x200 kM ¢ niepekpbiTrem B 100 kM. 1o mommanu AMypCKO# TUTHTBI U MIPUJIETAIOIINX TEPPUTOPHIA pacyeThbl ObLIH
npoBeneHs! 1 880 Touek, 259 13 KOTOPHIX HAXOIATCS HEITOCPEACTBEHHO B TPAHHUIAX TUTUTHIL. Y YUTHIBASI, YTO MOJIEINb
EMAG2v3 npencrasnena TpanchopMmanueil Ha BRICOTY 4 KM OTHOCHTENIFHO T'€OH/a W Mepemnas BBICOT peibeda B
npenenax AMypCKOH TUIMTHI COCTaBIsIET OoJiee 5.7 KM, B pacueThl TIIyOMH MarHUTHBIX UCTOYHUKOB OBIITH BBEICHBI
COOTBETCTBYIOIIHNE MOIMPAaBKH. PacyeTsl riTyOMH MarHUTHBIX HCTOYHHKOB AMYPCKOH IUIMTHI TIOKA3aIH CIEAYIOIIee:
1) abGCodrOTHBIE OTMETKH KPOBIH MAarHUTOAKTHBHOTO CJOS BapeHpyroTcsa oT 4 mo 15 xm mpu cpemnem 10£2 xm.
MuHuMasbHBIE TITyOWHBI KPOBIM HaONIOMAIOTCS [UIS FO’KHOM 4acTH IUIMTHI B Ipeaenax SmoHckoro mops; 2)
a0COJIOTHBIE OTMETKHM TOOIIBBI MarHUTOAKTHBHOTO CJIOSI BapbHpyIOTcs oT 15 mo 38 kM npu cpenHeM 25+5 k.
MakcumanbHble TIyOUHBI 1T0IOIIBBI HAOII0ar0TCes Uil IeHTpanbHoH (Oacceitn Cynnso, Manbiii XuHraH) U 10r0-
BOCcTOYHOM (SImoHCKMe ocTpoBa) yacteil mmThl. Hanbonee npunoaHsAThIE Y4acTKH MOJOMIBEI (1ToBepXHOCTH Kropn)
HaOJII0AI0TCSI HA CEeBEPO-3alaHON, CEBEPHOIM W BOCTOYHOHN y4acTKaxX — 30HaX B3aUMOAEHCTBUS AMYPCKOH IUTUTHI C
TuxookeaHckoii Ha BocToke 1 EBpa3suiickoii Ha ceBepo-3ama/ie ¥ CeBepe INIMTaMK; 3) MOITHOCTh MAarHUTOAKTUBHOTO
ciost Bapeupyetcst oT 2 10 30 kM npu cpennem 1446 kM. Hanbompiive 1 HaWMEHBIIHE MOIIHOCTH CJIOS XOPOIIO
KOPPEIUPYIOTCS ¢ MIyOMHOH ero momomBbl. Hanbomnpmas — B IEHTPAIbHONH U FOTO-BOCTOYHOM, HAMMEHbINAS — B
CEeBepO-3aIa JHOH, CeBEPHOI U BOCTOYHOH YacTsaX IINTHL. PaboTa BeImonHeHa 3a c4et rpanTa Poccniickoro HayqHOTO
¢donma (mpoext Ne 22-17-00023).
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Application of KNN-analysis for interpretation of geophysical measurements

I. Aleshin
Schmidt Institute of physics of the Earth RAS, Moscow, Russia
Geophysical Center RAS, Moscow, Russia

A wide range of geophysical investigations requires measurements covering a large area.
Such studies can be of both fundamental and applied nature, the parameters studied can be of
different physical nature, measured directly or as a result of post-processing. Representation and
analysis of area measurements usually use various interpolation procedures: linear, polynomial
interpolation, splines, as well as more powerful methods, such as various modifications of the
nearest neighbours method, kriging, etc. The latter are usually performed by using the quality of
interpolation. In the latter case, the quality of interpolation significantly depends on the choice of
values of the control parameters of the algorithm (hyperparameters). As a rule, it is impossible to
unambiguously choose the values of hyperparameters based only on the physical formulation of
the problem; additional data analysis is required. Below we will talk about field measurement data
with significant spatial anisotropy. This situation often arises during field work, in particular,
during borehole surveys. It will be shown that standard interpolation methods are also applicable
in this case, but their modification is required. This leads to the appearance of additional
hyperparameters, the value of which, together with the parameters of the original algorithm, can
be determined by methods of machine learning theory. This approach to data analysis will be
demonstrated on the example of the nearest neighbours (KNN) algorithm for several sets of
geophysical measurements: downhole electromagnetic survey data, aeromagnetic surveys using
unmanned aerial vehicles, and the results of analysis of exchange waves from teleseismic events
(receiver functions).

Ipumenenne KNN-anaam3a st HHTepHpeTanuy reopusnyecKux n3MepeHui

N. M. Anémumn
Wuctutyt ¢pusuku 3emu um. O. 0. [lImuara PAH, Mocksa, Poccus
['eouznuecknii nentp PAH, Mocksa, Poccus

HIupokuii kpyr reodusnueckux HcciaeloBaHUNH TpeOyeT NpPOBENEHUS H3MEPEHUH,
MOKPBIBAIOIIUX 3HAUUTENbHYIO IUIOWAAb. TaKoro poja HCCIEIOBaHUS MOTYT HMMETh Kak
(byHIaMeHTaJIbHBIN, TaK U MPUKIIAJAHON XapakTep, U3ydaeMble MapaMeTpbl MOTYT UMETh Pa3HYyIO
(bu3NYECKyI0 TPUPOTY, U3MEPATHCS HEMOCPEICTBEHHO UM OBITh Pe3ysbTaTOM MOCTOOPAOOTKH.
[lpencraBieHne ¥ aHaIW3 IUIOIIAAHBIX M3MEpPEHHH OOBIYHO UCIMOJIB3YIOT —pa3iuyHble
MHTEPIOJISIIIMOHHBIE MPOLIEypPhl: JTUHEIHASI, TOJTMHOMHUAIbHAS UHTEPIIOSILINS, CIUIaliHbI, paBHO
Kak M 0Oojee MOIIHBbIE METOAbI, TAaKME KaK pa3ziIuyHble MOJU(PHKAIMKA METOAa OnmKalmmx
coceqeil, KpUruHr u Jip. B nocnenHem ciyyae kauecTBO MHTEPIOJISALUHU CYLIECTBEHHO 3aBUCUT OT
BbIOOpa 3HAUEHMH YNpaBISIONUX MAapaMeTpoB ajroputMa (rumeprnapaMerpoB). Kak mpaswuio,
HEBO3MOKHO OJIHO3HAYHO BbIOpaTh 3HAUEHHUs TUIEPIIapaMETOB MCXOMS TOJIbKO U3 (PU3HUECKO
MOCTaHOBKH 3aJ1auil, TpeOyeTCsl JOMOJHUTEIbHBIN aHanu3 JaHHbIX. Huke peub moMaeT o JaHHbIX
MOJIEBBIX U3MEPEHU, UMEIOIINX 3HAYUTENIbHYIO IPOCTPAHCTBEHHYIO aHU30TpomnHuio. Takoro poaa
CUTYyaIlMsl YaCTO BO3HHUKAET MPH MPOBEIEHUH IOJIEBBIX PadOT, B YACTHOCTH, NPU CKBAXKHMHHBIX
UccleIoBaHMsIX. Byner mokasaHo, 4TO cTaHAApTHBIE METOJbl MHTEPIOJALNUN MPUMEHUMBI U B
3TOM Cllydae, OJHAKo TpeOyroTcss uX Moaudukanus. ITO NPUBOJUT K TOSBICHUIO
JOTIOTHUTEIIBHBIX TUIIEpIapaMeTpoB, 3HaU€HHE KOTOPBIX, BMECTE C IMapaMmeTpamMH HCXOAHOIO
QITOPUTMA MOXKHO OINPEAEIUTh METOJaMU TEOPHUH MAIIMHHOro o0ydeHus. Takoil moaxon K
aHAINM3Y JaHHBIX OyAeT NPOAEMOHCTPUPOBAH Ha MpHUMEpE aJropuTMma OiKalmx cocenei
(kNN) npuMeHHTENbHO K HECKOJbKHMM HabopaM TeOo(pHU3UYEeCKUX H3MEpPEHH: JaHHBIX
MEXCKBRXMHHOIO  3JIEKTPOMAarHUTHOIO  MPOCBEYMBAHUS, A’POMArHUTHOM  CBHEMKH  C
OpUMEHeHHEeM OECIMJIOTHBIX —amNmapaTtoB, pe3yJbTaTOB aHalIW3a OOMEHHBIX BOJH OT
TeneceicMUYecKux coObITUH (PyHKINN TPUEMHUKA).
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Geoinformation system ‘Thermal Mineral Waters of the Kuril Islands’

A. Dolgaya, E. Kalacheva
Institute of Volcanology and Seismology FEB RAS, Petropavlovsk-Kamchatsky, Russia

For many years, the Institute of Volcanology and Seismology (IV&S) of the Far Eastern Branch of
the Russian Academy of Sciences has been conducting research on volcanic-hydrothermal systems located
on the Kuril Islands. Within the framework of these works, a large amount of data on the chemical and
isotopic composition of thermal waters and fumarolic gases has been obtained, estimates of hydrothermal
removal of magmatic volatiles, chemical erosion of volcanic structures have been presented, and the
processes of modern mineral formation occurring on the solfataric fields of active volcanoes have been
considered. To systematise and analyse the accumulated amount of data, a specialised geoinformation
system (GIS) was created on the basis of a set of NextGIS solutions. The GIS is available to a wide range
of users at https://kamkursprings.nextgis.com/ and allows viewing such data on the sampling points of
thermomineral waters of the Kuril Islands as temperature, pH acidity level, mineralisation, predominant
type of anions and cations in the sample. All published data on water composition in samples can be viewed
in a separate layer. In addition to thermal water sampling points, the GIS contains data layers describing
background cold water (surface water and estuarine water sampling points). The GIS also contains a set of
general geographic layers (volcanoes, rivers, lakes). For many sites, photographic materials with
explanations are provided to allow a more complete assessment of the different thermal fields and spring
groups, as well as landscapes of islands and volcanic massifs. At present, the GIS contains information on
more than 1500 sampling points, most of them characterising thermal waters. A system of access rights has
been implemented in the created GIS. User group ‘Guest’ has the ability to view data on the map, changing
its coverage and scale, to view tables of attributive data of available layers, to export data to files of different
formats, as well as to print the map. The ‘Administrator’ user group has full access rights, being able to
work with restricted data layers, edit data and GIS structure. Further GIS development plans are related to
adding new thematic data layers, as well as expanding the geographical coverage of the GIS with data on
thermal fields of Kamchatka. The work is carried out within the framework of the research project ‘The
role of hydrothermal systems of the Kuril-Kamchatka volcanic arc in the redistribution of mantle and crustal
matter, in the processes of mineral and ore genesis’ (No. FWME-2024-0006).

I'eounpopmanunonnas cucrema «TepmMoMuHepanbHble BoAbl KypwibCcKuX 0CTPOBOB)

A. A. [Jonras, E. I'. KanaueBa
WuctuTyT BynkaHonoruu u ceiicmonioruu /IBO PAH, Ilerponasnosck-KamuaTckuii, Poccust

B Unctutyte Bynkanonoruu u ceiicmonoruu (MBuC) /IBO PAH Ha npoTs>KeHUH MHOTHX JIET BEAyTCs
HCCIIEIOBAaHUSI BYJIKaHO-TUAPOTEPMATIBHBIX CHCTEM, pacloiiokeHHBIX Ha Kypunbckux octpoBax. B pamkax
9THX paboT MOJMy4YeH OOJNBIION 00BEM HAaHHBIX O XMMHYECKOM H HM30TOITHOM COCTaBE€ TEPMANBHBIX BOJA U
(yMaposIbHBIX Ta30B, TIPEICTABICHBl OLEHKH THAPOTEPMATBHOTO BBIHOCA MAarMaTHYECKUX JIETYUHX,
XMMHUYECKOH  3pPO3MM  BYJIKAHHYECKHX  IIOCTPOEK,  pPACCMOTPEHBl  TIPOIECCH  COBPEMEHHOTIO
MHUHEPaJI000pa30BaHus, MPOTEKAIOIINX Ha CONb(aTapHBIX MOJSTX aKTHBHBIX BYJIKAHOB. [ cCHCcTeMaTH3aIuy |
aHaJM3a HaKOIUIEHHOTO o0BeMa JaHHBIX Ha 0a3e Komimiekca pemreHmid kommaHund NextGIS Owppia cozmana
cnenanusupoBanHas reouHpopmannonnas cucrema (I'MC). TUC gocTynHa mMpoKOMy KpyTy MOJb30BaTeNei
mo axpecy https://kamkursprings.nextgis.com/ W TO3BOJSET NPOCMATPUBATh TaKWe IAaHHBIE O TOYKaX
OTIPOOOBaHUS TEPMOMUHEPATBHBIX BOA KypHIbCKHX OCTPOBOB, Kak TeMIeparypa, YpOBEeHb KUCIOTHOCTH pH,
MHUHEpaJIH3aLus, TpeodiIaaroui THIl aHHOHOB U KaTHOHOB B Ipo0Oe. Bee omy6arKoBaHHbIE TaHHBIE O COCTaBe
BOJIBI B ITP00ax MOKHO MMPOCMOTPETH B OTAEIBHOM ciioe. [ToMumo Touek onpoboBanus TepManbHbIX Bog B [IC
MPUCYTCTBYIOT CIIOW JAHHBIX, OMICHIBAIOMINX (DOHOBEIC XOJIOJHEIC BOJBI (TOUYKH ONMPOOOBAHUS TOBEPXHOCTHBIX
BOJI M BOABI B YCThAX pek). B 'UC conepxutces Takke KOMIUIEKC obmiereorpaguyeckux cioeB (ByJIKaHbI, PeKH,
o3epa). 1t MHOTMX OOBEKTOB HPHUBEICHBI (OTOMATEPUANBI C MOSCHEHUSIMH, IO3BOJLIONINE Oojee IOJIHO
OLICHUTb PA3JIMUHbIC TEPMANIbHBIE TIOJIS1 U TPYMIIBI HICTOYHUKOB, a TAKXKE MeH3a)KHU OCTPOBOB U BYJIKAHUYECKUX
maccuBoB. B Hactosimiee Bpems B IMIC mpencrasiena mHpopmanus no 6omee 1500 Touek ompoboBanws,
OoJbIIas 4acTh XapakTepu3yeT TepMasibHbie Bojbl. B co3nannoit [YC peannzoBaHa cucTtema mpap JOCTYyIIA.
I'pynna none3osareneil «'ocTb» UMEET BOZMOXKHOCTb IIPOCMATPUBATh JaHHBIC HA KapTe, U3MEHIS €€ 0XBaT U
MacmTad, IpOoCMAaTPUBATh TAOIHIBI aTPHOYTUBHBIX JAHHBIX TOCTYITHBIX CIIOEB, SKCIIOPTHPOBATH JAHHBIC B
(aitnel pa3nu4HBIX (POPMATOB, A TAK)KE BEIBOAUTE KapTy Ha Ie4aTh. I pymma mojas3oBaTenc « AIMUHHCTPATOP)
o0JyiajjaeT BCel MOJHOTOH NpaB JOCTyIa, ©Mes BO3MOXKHOCTh PaboTaTh CO CIIOSAMH JaHHBIX OTPaHWYEHHOTO
JocTyna, penaktupoBarh JaHHble u cTpyktypy [MC. Hanpneiliime mnansl pasButus [MIC cBsa3aHbl C
Jno0aBJIeHNEM HOBBIX TEMAaTHYECKHX CIOEB JaHHBIX, a TAKXKE C pacmupeHneM reorpaduaeckoro oxaara 'MC 3a
CYeT JIAHHBIX O TepMalbHBIX ToJisix Kamuarku. Pabora Bemonnsercs B pamkax tembl HUP MBuC JIBO PAH
«Ponp rugporepmaneHbix cucreM Kypuno-KamuaTckoll ByNKaHUYECKOW AyTd B IepepaclpeneieHuu
MaHTHMHHOTO U KOPOBOT'O BEIECTBA, B IPOIleccax MuHepano-pyaorenesa» (Ne FWME-2024-0006).
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Automation of data processing of robotic UAV-geophysical systems using the ‘DDV’ module

S. Gachenko, A. Parshin
Institute "Siberian School of Geosciences" «INRTUy, Irkutsk, Russia

The introduction of unmanned aerial vehicles (UAVS) into the practice of geophysical surveys
allowed to increase the productivity of field work by an order of magnitude. To perform low-altitude
geophysical surveys, the Institute ‘Siberian School of Geosciences’ IRNITU has created variants of multi-
rotor and aircraft unmanned aerial system SibGIS UAS. Unmanned systems are equipped with high-
precision magnetometers, radiometers, lidar scanners, multispectral photogrammetric cameras, and
electrical survey systems. The greatest demand is for modular magnetic surveying. High productivity of
unmanned systems allows obtaining a large amount of information in a short period of time, but the value
of robotisation of geophysical exploration is greatly reduced if the data cannot be processed as quickly. In
part, the methodology of UAV data processing differs from both ground-based surveying (as there is a
height parameter and related nuances) and aerogeophysical surveying (as much less attention can be paid
to the influence of carriers and problems with terrain flow), so the use of existing but not specialised for
UAV-geophysics software products does not fully solve the problem of fast processing. In order to optimise
the primary processing of UAV survey data the software module ‘DDV’ was developed. The module allows
to automate processing procedures: synchronisation of magnetometer and flight controller, error estimation,
division of main and auxiliary routes into classes, etc. The processing system parameters can be set up
manually and automatically. The module implements graphical visualisation of materials of a large amount
of data. It is an independent software product, easily ported without installation to any computers, including
mobile ones, and can be launched from flash-carriers. High optimisation of computational algorithms
allows processing any possible volumes of geophysical data. As a result of using the SibGIS UAS
unmanned complex with the ‘DDV’ software module, the task of increasing the efficiency and quality of
UAV survey data processing is solved. After processing with the help of the DDV module, the survey data
are submitted for interpretation of the obtained information materials.

ABTOMaTH3aUus 00padoTKH JaHHBIX podoTu3upoBaHHbIX BIIJIA-reodpuznyeckux cucrem ¢
noMoumb Moayas «DDV»

C. B. I'auenko, A. B. [lapmmna
HuctutyT "Cubupckas mkona reonayk” « IPHUTY», Upkytck, Poccus

BHeapenue B mpakTUKy reo()u3N4IecKuX CheMOK OSCIIMIIOTHBIX JieTaTelbHbIX anmnaparoB (BI1JIA)
MO3BOJIMJIO HA TMOPSAOK TOBBICUTH TPOU3BOAUTENHLHOCTh TMOJEBBIX pabor. [y  BBINOIHEHUS
MaJIOBBICOTHOH reodusnueckoil ceeMk B MHcturyTe "Cubupckas mkona reonayk" UPHUTY coznansr
BapUaHTHl MYJIBTHPOTOPHOTO M caMoJyleTHOTO OecmuiotHoro komuiekca SibGIS UAS. Becrnmnorhbie
CHUCTEM OCHAIIEHbl BBICOKOTOYHBIMH MAarHUTOMETPaMH, pPaJUOMETPaMH, JHIAPHBIMH CKaHEpaMH,
MYJIbTUCHEKTPAIIEHBIME  (DOTOrpaMMETPUUYECKUMH  KaMEpaMH, 3JIEKTPOPa3BEAOYHBIMU  CHCTEMaMHU.
Haunbonpiryro BocTpeOOBaHHOCTh HMEET MOAYJIbHAS MarHUTHAsi CheMKa. BbICOKasi MpOM3BOAUTEIBHOCTh
OCCITWIIOTHBIX CHCTEM MO3BOJISIET TMOJyYaTh OOJBIION 00beM HH(OpMAIMK 32 KOPOTKHH MPOMEKYTOK
BpPEMEHH, HO [IEHHOCTh POOOTHU3aLMH Te0(pHU3NIECKON pa3BEeIKH CHUIILHO CHIDKAETCS, €CIIM HEJb3s TaK XKe
ObicTpo u 0OpalaTbiBaTh HaHHbIE. YacTHuHO MeToauka oOpabotku BIIJIA-maHHBIX OTiaMuaeTcsi Kak OT
Ha3eMHOM CHhEMKH (TaK KaK MPHUCYTCTBYET MapaMeTp BBICOTHI U CBSI3aHHBIE C HUM HIOAHCHI), TaK U OT
a’poreo(pU3NUECKOll CheMKH (TaK KaK CYyIIECTBEHHO MEHbIIee BHUMAaHHE MOXXHO YACISTH BIHSHUIO
HocuTeNe u mpolieMaM ¢ o0TeKaHueM pelibeda), B CBSI3H ¢ YeM NPUMEHEHHE CYIIECTBYIOIUX, HO HE
cnenuanu3upoBaHHblX A BIIJIA-reodusuky nporpaMMHBIX HPOIYKTOB HE MO3BOJISIET B MOJHON Mepe
peuuTh MpodsieMy ObICTpol 00padoTKU. B 1emsix onTuMH3aiuy MepBUYHON 00pabOTKH JaHHBIX UMEHHO
BIUUIA-chemkn paspaboTan mporpaMMmHbeiii Monyns «DDVy». Mogaynb mo3BoJsieT aBTOMAaTU3UpPOBATH
npouenypsl  oOpaOOTKH: CHHXPOHM3ALMI0 MAarHUTOMETpa U TOJIETHOTO KOHTPOJUIEpa, OLEHKY
MOTPEITHOCTH, pa3AesieHre OCHOBHBIX M BCIIOMOTATENbHBIX MapIIpyTOB Ha Kiacchl, u ap. [IpexycmoTrpena
HacTpoiKa apamMeTpoB 00pabaThIBAIOIIEH CHCTEMbI B PYYHOM M aBTOMaTHYECKOM BapuaHTax. B Momyne
peanu3oBaHa rpaduyuecKas BHU3yalu3alMs MaTepuaioB Oonpmoro odbema aaHHbIX. OH  sBisEeTCS
CaMOCTOSITETIBHBIM TIPOTPAMMHBIM TPOJIYKTOM, JIETKO MOPTHPYyEeMbIM 0€3 yCTaHOBKHM Ha JIIOOBIE
KOMITBIOTEPHI, B TOM YHCJIe MOOMIIBHBIE H MOXKET 3aITyCKaThCs ¢ (UdII-HOCUTENel. Bhicokas onTuMu3aius
BBIYUCIIUTEIBHBIX aJTOPUTMOB MO3BOJIAET 00OpaldaThIBaTh JII0OBIE BO3MOXKHBIE 00BEMBI TeOPH3MUECKUX
JaHHbBIX. B pesynprare npuMeHenus OecnmiotHoro kommiekca SibGIS UAS ¢ nporpaMmHbIM MoaysieM
«DDV» pemiaercs 3aj1a4a NOBBIIICHNsT ONIEPATUBHOCTH U KadecTBa 00paboTku naHHbIX BITJIA chemku.
[locne oOpabotku c momouipio mMoayisi «DDV» naHHble ChEeMKH MOCTYNAIOT Ha HMHTEPHPETALUIO
MOJYYEHHBIX NHPOPMALMOHHBIX MaTEPHAJIOB.
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Geoinformation technology for monitoring of natural spatial and temporal processes

V. Gitis!, A. Derendyaev?!, K. Petrov?, A. Zelenko?

L Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich
Institute) RAS, Moscow, Russia

2 Hydrometcenter of Russia, Moscow, Russia

Monitoring of natural processes includes three functions: regular presentation of information on
the current state of the processes; detection of changes in the natural environment; forecasting and
prevention of risks. The proposed monitoring technology provides the user with two groups of information:
(A) Information that is the result of predefined methods of data analysis, and (B) Information that requires
scientific research. The monitoring platform consists of two GIS. (A) The first GIS monitors processes
automatically. It can load, process, analyse and visualise data, train and forecast earthquakes, provide the
user with process analysis tools with intuitive operations, run calculations on a remote server at the user's
request, prepare an up-to-date version of the GIS project for the analysed region and upload the project to
the second GIS. (B) The second GIS (GeoTime 3) is designed for detailed analysis of hypotheses that a
specialist can formulate at level (A). It is a multifunctional system focused on analysing spatial and temporal
processes and forecasting natural hazards. GIS, along with standard operations, provides dynamic loading
and integration of data from remote servers and the user's local network, has a large set of tools for joint
analysis and presentation of different types of spatio-temporal data, supports research on earthquake
prediction and identification of anomalous geological zones. Three monitoring platforms are discussed in
the paper: seismoMap platform: monitoring of spatio-temporal seismic fields using data from the KF FIC
EGS RAS, NEIC USGS, ISC and GMA,; Arctic platform (https://gis.iitp.ru/arctic/): monitoring and
forecasting of hydrometeorological situation in the Arctic using data from the Russian Hydrometeorological
Centre, ISC and HardFor; prognosis platform (https://gis.iitp.ru/prognosis-gps/): Monitoring of
seismogenic processes and systematic forecast of earthquakes from data of KF FIC EGS RAS, NEIC
USGS, ISC, GMA and GPS series from NGL site of Nevada Geodetic Laboratory. The minimum alarm
region method is used for earthquake prediction training.

I'eonHpopManHOHHAS TEXHOJIOTHSI MOHUTOPHHIA PHPOIHBIX POCTPAHCTBEHHO-BPEMEHHbBIX
MpoLEecCcoB

B.T. Turuct, A. B. lepennses?, K. H. ITerpos?, A. A. 3enenpko?
! Uucruryt npobiem nepenaun nadopmanuu PAH, Mocksa, Poccust
2 I'unpometuentp Poccun, Mocksa, Poccus

MOHUTOPHHT NPUPOJHBIX IIPOLIECCOB BKIIOYAET B €05 TpH QYHKUUU: PETYISIPHOE NPEACTaBICHHE
MHQOPMAILMK O TEKYIIEM COCTOSIHUU MPOLIECCOB; BBISBICHHE U3MEHEHUH NPUPOIHON Cpenbl; MPOTHO3 U
npenynpexieHne puckoB. llpeanaraemas TEXHOJOTHS MOHMTOPHHTA MPEACTABISET IMOJIB30BATENIO JBE
rpynnsl cBenenuit: (A) CBeneHus, ABISIOUINECS pe3yibTaTaMU 3apaHee 3aJaHHbIX METO/0B aHalIHu3a
nansbelx, U (b) CBepenusi, 11l TOXy4YEHUs] KOTOPBIX TpeOyeTcs BBIIOJIHEHHE HAYYHOI'O HMCCIIEAOBAHMA.
[Mnatpopma mouutopunra coctouT u3 AByx [MC. (A) [lepas [NC B aBTOMaTHYECKOM peXUME BENET
MOHUTOPUHT TmporeccoB. OHa MOXET BBIIOTHATH 3arpy3Ky, OOpa0OTKy, aHaiu3 W HarJIsagHOe
NpeACTaBICHUE JaHHBIX, OOyYeHHME U TPOrHO3 3eMJIETPSICEHHH, OOecneYnBaTh I0JIb30BATENs
MHCTPYMEHTAMH aHAJIN3a POLIECCOB C MHTYUTHBHO MOHATHBIMH OINEPALMSIMH, TI0 3aIIPOCY HOJIb30BATENS
MOJKET 3aITyCKaTh BBIYUCIIEHUS Ha yJIaJIEeHHOM CepBepe, TOTOBUTH akTyanbHyI0 Bepcuio ' UC-ipoexTa mo
aHAJTM3UPYEMOMY PEruoHy M 3arpyxarts npoekT Ha BTopyto ['MC. (b) Bropas I'MC (GeoTime 3)
npeHa3HavYeHa ISl JeTajJbHOIO0 aHaJM3a TUIOTEe3, KOTOPBIE CIELHUAIMCT MOXET cOpMyJIMpoBaTh Ha
ypoBHE (A). DT0 MHOrO(QYHKIMOHAIBHAS CHUCTEMa, OPUCHTUPOBAHHAS HA aHAIN3 IMPOCTPAHCTBEHHO-
BpPEMEHHBIX TPOIIECCOB M TMPOTHO3 OMACHBIX NMpHPOAHbIX siBieHud. [MC, Hapsy co cTaHAapTHBIMHU
orepauusMy, o0ecreunBaeT IMHAMUYECKYIO 3arpy3Ky M MHTErpalMio JaHHBIX C yJaJICHHBIX CEPBEPOB U
JIOKaJIbHOM CeTH MOJIb30BaTesl, 00s1agaeT 00IbIINM HA0OPOM HHCTPYMEHTOB JJIsl COBMECTHOTO aHAIIM3a U
MIPEJICTaBIEHUS] Pa3HOTHUITHBIX MTPOCTPAHCTBEHHO-BPEMEHHBIX NAaHHBIX, OJAEP)KUBAET MCCIETOBAHUS 110
NPOTHO3Y 3eMJIETPSICEHWH W HICHTU(UKAIMKA aHOMAaJbHBIX TeOJOrMYeCKHX 30H. B mokmane
paccMaTpuBalOTCs  TpU  IUIATOPMBI  MOHUTOpMHTa:  1uatgopma  SeismoMap:  MOHHTOPHHT
MPOCTPAaHCTBEHHO-BPEMEHHBIX ceiicMudeckux noseit mo manaeiM KO OULL ET'C PAH, NEIC USGS, ISC
u GMA; mnardopma Arctic (https://gis.iitp.ru/arctic/): MOHUTOPHHT H IPOTHO3 THIPOMETEOPOIOTHIECKOM
00cTaHOBKM B ApKTHKE 1O naHHBIM I'mapomeruentpa Poccun, ISC u xomnannm HardFor; nmnatdopma
Prognosis (https://gis.iitp.ru/prognosis-gps/): MOHUTOPHHT CEHCMOTEHHBIX MPOIECCOB U CHCTEMATHUECKHUI
nporuo3 3emieTpscenwnii mo qanasiM KO OUILL EI'C PAH, NEIC USGS, ISC, GMA u pssmam GPS c caifra
NGL I'eonesunueckoii nadopatopun Heaapl. [y o0y4yeHHs MPOTHO3Y 3EMIIETPSCEHHH HCIIOJIB3YeTCs
METO/ MUHUMAJILHOW 00JIaCTH TPEBOT'H.
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Technology for systematic earthquake forecasting

V. Gitis, A. Derendyaev
Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute) RAS,
Moscow, Russia

Systematic earthquake forecasting is performed with a constant time interval. Before each forecast,
new data are downloaded, the prediction decisive rule is trained, and an alarm zone is defined in which
epicentres of earthquakes with target magnitudes are expected. A minimum alarm area method is developed
for training. The evaluation of forecast quality is determined by 4 indicators: 1. The probability of detection
of target events U, equal to the fraction of the number of intervals in which all epicentres of target
earthquakes fall within the alarm zones, from the number of all intervals in which there are epicentres in
the analysis zone. This indicator allows us to evaluate the quality of the training algorithm and the
information used for prediction. 2. Probability P that at the next interval the forecast will be successful,
equal to the fraction of the number of intervals at which all epicentres of the target earthquakes fall within
the alarm zones, from the number of all intervals at which earthquakes are forecast. This indicator allows
estimating the efficiency of practical use of the forecast results. 3. Alarm volume, equal to the proportion
of the average area of the alarm zone to the area of the analysis zone. 4. The size of the prediction interval.
Let us consider an example of two technologies of systematic earthquake forecasting. Let the forecast was
given for 10 years, the forecast interval At=30 days, the number of intervals with epicentres of target
earthquakes in the analysis area M=10. In the first technique, the alarm zones are calculated at each interval.
Let all epicentres of target earthquakes fall into the alarm zones at M*=9 intervals.
Hence U=M*/M =9/10=0.9. For 10 years alarm zones were predicted N=120 times.
Hence P = M*/N=9/120=0.075. The second technique consists of two steps: (1) Prediction of alarm
intervals at which the epicentres of target earthquakes are expected in the analysis area and (2) Prediction
of alarm zones only at alarm intervals. Suppose in step (1), the algorithm selected N* = 25 alarm intervals
out of N=120. Suppose in step (2) all the earthquake epicentres hit the alarm zones at M*=8 intervals out
of N*=25. Hence we obtain U=M*/M =8/10=0.8. P=M*/N* =8/25=0.32. It can be seen that
the probability P in the second technology has increased compared to the first one by 4 times, which
significantly improves the possibility of practical application of the results of systematic prediction. The
report presents the results of modelling of the two considered technologies for the regions of Kamchatka,
California and Japan.

TexHOJ0rNsA CHCTEMATHYECKOT O nporxo3a 3eMHeTpﬂceHI/Iﬁ

B.T. T'utuc, A. b. [lepennses
WucTuTyT ipobaem nepexaun napopmanuu PAH, Mocksa, Poccus

CucremaTn4eckuil MPOrHO3 3eMIICTPSICEHUM BBIMOJIHICTCS C MOCTOSHHBIM HHTEPBAJIIOM II0 BPEMEHH.
[lepen KaXKABIM TIPOTHO30M 3arpy»KaroTCs HOBBIE MaHHBIC, O0YYaeTCsl pellaroliee IPaBIIO IMPOTHO3a H
onpezessieTcs 30Ha TPEBOTH, B KOTOPOH OXKMIAIOTCS SIHULIEHTPHI 3eMJIETPSACEHUH C LIE€JIeBbIMU MarHUTYAaMu.
s oOyueHust pazpaboTaH METOJ, MUHUMAJIbHOM 001acTi TpeBoru. OTeHKY KauecTBa MPOTHO3a ONPeNesioT 4
nokasarens: 1. BeposTHoCTh 00HapyKeHUs IeNeBbIX coObITHT U, paBHas 10Ie 9iciia HHTEPBAIOB, Ha KOTOPBIX
BCE AIMLEHTPHI LIETEBBIX 3eMJIETPACEHHUM MONaJaoT B 30HbI TPEBOTH, OT YHCJIa BCEX MHTEPBAJIOB, Ha KOTOPBIX
MMEIOTCS SMUIICHTPHI B 30HE aHAIU3a. DTOT MOKa3aTelb MIO3BOJISIET OLIEHUTh KA4eCTBO aJITOPUTMA O0YUICHUS U
MH(OPMAIMH, UCTIOJIB3YEMON It porHo3a. 2. BepostHocTs P Toro, 4To Ha ouepeaHOM HHTEpBaJIe MPOTHO3
Oyzer yCIemIHBIM, paBHas JOJI€ YHCIa MHTEPBAJIOB, HA KOTOPBHIX BCE DIHICHTPHI IENEBBHIX 3EMIICTPIICEHHHA
MIOTIA/IAI0T B 30HBI TPEBOTH, OT YHCIIA BCEX MHTEPBAJIOB, HA KOTOPBIX MPOTHO3UPYIOTCS 3eMIIETPICEHHs. DTOT
MIOKAa3aTelb MO3BOJIAET OLEHHUTH 3((EKTUBHOCTL MPAKTUUECKOIO HCIOJIBb30BaHMS PE3yJIbTaTOB MPOTHO3A. 3.
OOBEM TpeBOrU, paBHBIN A0JIe CPEAHEH IUIOLIAJN 30HBI TPEBOTU OT IUIOIAAM 30HBI aHanu3a. 4. Bemnuuna
UHTEpBaja NMPOrHo3a. PaccMoTpuM npumep ABYX TEXHOJIOTUH CHCTEMATHYECKOIO MPOTHO3a 3EMIETPACCHUN.
ITycTh nporuos nasascs 10 net, unTepBai nmporHo3a At=30 qHe, YUCI0 HHTEPBAJIOB C AMUIICHTPAMU IEIEBBIX
3emierpsaceHuil B 30He aHanusa M=10. B mepBoil TEXHONOTMU 30HBI TPEBOTM BBIUUCISIOTCA HAa KaXKAOM
uHTepBaje. [lycTh BCe AMUIEHTPHI [EeNeBbIX 3eMIIETPSACEHUH IOl B 30HBI TpeBOTH Ha M*=9 mHTepBanax.
Orctoma U=M*/M =9/10=0.9. 3a 10 g;er 30HB TpeBOrM TMporHozupoBamuch N=120 pa3.
Otcroma P = M*/N=9/120=0.075. BTopast TeXHOIOTHsS COCTOMT U3 AByX dTamoB: (1) IIporHo3 mHTEpBaAIOB
TPEBOTH, HAa KOTOPBIX SMHMLEHTPHI LETIEBbIX 3€MIICTPSICEHUN 0XXMAAtOTCs B 30HE aHanu3a u (2) IIporHos 30H
TPEBOTH TOJIBKO Ha MHTepBasax TpeBoru. IlycTts Ha sTane (1) anroput™ BeiOpan N* = 25 HHTepBaIOB TPEBOTH
u3 N=120. [Tycts Ha 3Tane (2) Bce 3MUICHTPHI 3eMJIETPSCCHUI ONAIN B 30HBI TpeBOrH Ha M*=8 unTepBanax
n3 N*=25. Otcroma mnomydaem U=M*/M =8/10=0.8. P=M*/N* =8/25=0.32. MoXHO BHJIETb, YTO
BEPOSITHOCTH P BO BTOPOI TEXHOJIOTMM YBEIUYMIIACH TI0 CPABHEHMIO C MEPBOH B 4 pasza, 4TO CYLIECTBEHHO
YIIy4IIaeT BO3MOKHOCTh IMPAKTHYECKOTO MIPUMEHEHHS Pe3yJIbTaTOB CHCTEMAaTHUECKOro MporHo3a. B mokmane
HOPUBOJSTCA PE3yNbTaThl MOJCIUPOBAHUSI [BYX PACCMOTPEHHBIX TEXHONOTWil it pernoHoB Kamuatkwy,
Kammpopunn u SAnonum.
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Boundaries of applicability of the Gutenberg-Richter law in seismic hazard assessment
problems

P. Shebalin, K. Krushelnitskiy, I. Vorobieva
Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia

The Gutenberg-Richter law establishes a log-linear relationship between the number of
earthquakes that have occurred in some spatial and temporal volume and their magnitude. This
similarity property presumably reflects the fractal structure of the fault system in which earthquake
sources are formed. The Gutenberg-Richter law plays a key role in seismic hazard and risk
assessment. It allows us to estimate the average recurrence period of strong earthquakes from the
recurrence rate of weaker earthquakes. Because the strongest earthquakes are rare, occurring at
intervals of several hundred years or more, direct assessment of their recurrence is impossible.
Based on indirect geological and palaeoseismic estimates, it often appears that strong earthquakes
on individual faults occur more frequently than expected according to the Gutenberg-Richter law.
Such estimates are the basis for the hypothesis of so-called characteristic earthquakes. This
hypothesis is often further supported by the type of magnitude-frequency distributions for
individual faults plotted against data from modern earthquake catalogues. However, an important
factor influencing the type of magnitude-frequency distribution is the choice of the spatial domain
in which the distribution is plotted. This paper investigates the influence of this factor and
determines the conditions under which the Gutenberg-Richter law is applicable for estimating the
recurrence of strong earthquakes. A variant of application of the law with observance of these
conditions is proposed. This work was financially supported by the Russian Science Foundation
(grant 20-17-00180-P).

I'panuubl npumennmMocTu 3akoHa ['yrenOepra-Puxrepa B 3a1a4ax oueHKH celicMHYeCKOi
ONACHOCTH

I1. H. lle6amun, K. B. Kpymensauukwuii, 1. A. BopooneBa
WMHCTUTYT Teopun NpOrHO3a 3eMieTpsiceHud M martematndeckoil reopumsuku PAH, Mocksa,
Poccus

3akon ['yrenOepra-Puxrepa ycTaHaBIMBaeT JIOT-JIMHEHHOE COOTHOIIEHUE MEXIY
KOJIMYECTBOM 3€MJIETPACEHU, KOTOPbIE MPOU30LILIA B HEKOTOPOM MPOCTPAHCTBEHHO-BPEMEHHOM
o0beMe, U UX MarHUTyA0H. DTO CBOMCTBO 110100Us MPEANOIOKUTENBLHO OTpaXkaeT GpaKkTalbHYIO
CTPYKTYpy CHUCTEMBI pa3jOMOB, B KOTOpoH (opMHUPYIOTCS oyaru 3emuieTpsiceHuil. B 3amauax
OLIEHKHU CecMUYECKOl ONacCHOCTU M pUCKa 3aKoH 'yTenOepra-Puxrepa urpaer KiIro4eByIo poib.
OH 1n03BOJISET OLIEHUBATh CPETHUM MTEPHO/]] TOBTOPSEMOCTH CHIIBHBIX 3€MJIETPSCEHUH 110 YaCTOTE
NoBTOpeHUs Ooee cinalbix. 3-3a TOro, 4YTO CUIIbHENIINE 3eMIICTPSICEHUS IPOUCXOAT PENIKO, C
MHTEPBAJIOM B HECKOJIBKO COT U 0oJiee JIeT, IpsiMas OLleHKa UX MOBTOPSAEMOCTH HEBO3MOKHa. [1o
KOCBEHHBIM T'€OJIOTUYECKUM U NAJIEOCEMCMUUYECKUM OLIEHKAaM 4YacTO KaXeTcs, YTO CUJIbHBIE
3eMJIETPSICEHHS Ha OTJENbHBIX pa3joMax MPOUCXOJAT Yalle, YeM 0KHMJIaeTCsl B COOTBETCTBHUHU C
3akoHOM ['yrenGepra-Puxrepa. Takue oLeHKH JiexkaT B OCHOBE T'MIIOTE3bl TaK Ha3bIBAEMbIX
XapaKTepUCTHUUECKUX 3emileTpsiceHuil. YacTo 3Ta rumore3a JAOMOJHUTENIBHO TMOATBEPKAAETCS
BHUJIOM MAarHuTYyJHO-YaCTOTHBIX PacHpelesIeHUN Ul OTHENIBHBIX pa3jOMOB, ITOCTPOCHHBIX IO
JaHHBIM COBPEMEHHBIX KaTaJoroB 3emJeTpsceHuid. Bmecte ¢ TeM, BaXHBIM (HaKTOPOM,
BIMSIOIIMM  Ha  BWJ  MarHUTyJHO-4aCTOTHOTO  paclpenelieHus, SBIsSeTcs  BbIOOp
MPOCTPAHCTBEHHOW 00JIacTH, B KOTOPOW CTPOUTCS OTO pacrmpeseneHue. B manHOi padote
UCCIIElyeTCs BIMSHUE HTOro (pakropa M ONPEAETSIOTCS YCIOBHSA, IMPH KOTOPBIX 3aKOH
['yrennOepra-Puxrtepa mpuUMeHHM i OLEHKM IOBTOPSEMOCTH CHJIBHBIX 3€MJIETPSICEHUN.
[Ipennaraercst BapuaHT NPUMEHEHUS 3aKOHA ¢ COOMIOIEHNEM 3THX ycioBuid. PaboTa BhINOIHEHA
npu puHAHCOBOM MToIepkke Poccuiickoro Haydroro ¢onma (rpant 20-17-00180-1T).
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Analysis of fault tectonics of the Taimyr-North-Earth orogen and its role in ore formation based on
the results of remote sensing regional studies

V. Minaev, S. Ustinov, V. Petrov, A. Svecherevskiy, 1. Nafigin
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry (IGEM) RAS, Moscow,
Russia

A comprehensive analysis of the fault tectonics of the Taimyr-North-Earth orogen has been carried
out. The studies were carried out on a regional scale. Lineaments were identified manually and
automatically on the basis of a digital elevation model. The results obtained in combination with literature
data allowed us to carry out tectonophysical reconstructions using the model of P.L. Hancock (1985). On
the basis of the model of secondary structures development in the chipping zone and the established
discontinuities, the parameters (orientation of the main axes) of the regional stress-strain field and the
kinematics of the main types of discontinuities for the studied area were reconstructed. The results of the
palaeoreconstructions correspond to specific settings identified earlier by other researchers (Proskurin,
2013; Afanasenkov et al., 2016; Vernikovsky et al., 2022) based on the application of a different scientific
and methodological approach. On the basis of reconstructions, the proposed areas of tectonic structures
with the highest hydraulic activity during the Late Paleozoic-Early Mesozoic tectonic-mineralogenic cycle,
with which ore occurrences of scarce types of strategic mineral resources of the Taymir (gold, rare metals,
copper, lead, zinc, etc.) are associated, were identified. Areas promising for the discovery of new ore objects
have been identified. From the point of view of predicting the location of minerals, further detailed work
should be focused on the study of zones of influence of hydraulically active faults of northeastern strike.
These supra-regional and regional structures could act as fluid-supplying structures in the process of
hydrothermal ore formation. The research was carried out in the youth laboratory of IGEM RAS
‘Laboratory of prognostic-metallogenic studies’ within the framework of the state task ‘Application of
modern methods of assessment, search and forecasting of solid mineral deposits, including strategic ones,
in the Arctic zone of the Russian Federation for the purpose of expanding the mineral resource base and
planning the development of transport and communication networks’.

Ananan3 pasinomHoi TekToHnkH Taiimbipo-CeBepo3emMesibCKOro oporeHa v eé posiu B
PyZ1000pa30BaHUM HA OCHOBE Pe3yJIbTATOB JUCTAHIUOHHBIX PErHOHATbHBIX HCCJIEA0BAHUIM

B. A. Munaes, C. A. YctuHoB, B. A. Iletpos, A. /. Ceuepesckuii, . O. Hadburun
WHCTUTYT TeoIoTuH PyIHBIX MECTOPOXKIEHHH, neTporpadun, munepanoruu u reoxumun (UL'EM) PAH,
Mocksa, Poccus

[IpoBenéH KOMITIIEKCHBIN aHAIN3 PA3IOMHON TEKTOHUKN TaiiMbIpo-CeBepo3eMenbCKoro OporeHa.
HccnenoBanus BBITIOJHEHBI B perdoHaNbHOM Macmitabe. Ha ocHoBe mmdpoBoii Momenu peinbeda
BBIJICJICHBI JINHEAMEHTHI PYYHBIM M aBTOMAaTHYeCKUM crioco0aMu. [lomyueHHbIe pe3ysIbTaThl B KOMILIEKCE
C JHUTEPaTypHbIMH JAHHBIMH [IO3BOJMJIM MPOBECTH TEKTOHOMDU3WYECKUE PEKOHCTPYKLUUH C
ucnons3zoBanrem mozaenu [1.JI. Xaukoka (1985). Ha ocHOBe MOieny pa3BUTHs BTOPUYHBIX CTPYKTYP B 30HE
CKOJIa M YCTaHOBJIEHHBIX DAa3phIBHBIX HApPYIIEHUN PEKOHCTPYHMPOBAHBI IMapaMeTphl (OpHUEHTHPOBKHU
TJIABHBIX OCEil) pErMOHANIBHOTO TOJIS HANPsDKEHUH-IeOopMaliii, a TakKe KHHEMaTHKa OCHOBHBIX THUIIOB
PasphIBOB Ul HCCIEAYEMOH TEPPUTOPUH. Pe3ynbTaThl MaseopeKOHCTPYKUMH OTBEYAIOT KOHKPETHBIM
00CTaHOBKaM, BBISIBIICHHBIM paHee Apyrumu uccnenosatensmu ([Ipockypun, 2013; AdanacenkoB u ap.,
2016; BepaukoBckwuii u 1ip., 2022) Ha OCHOBE MPUMEHEHHS MHOTO HAYYHO-METOAMYECKOro moaxozaa. Ha
OCHOBE PEKOHCTPYKLHHA OIpEeAeIeHbl PEAToiaracMble yYaCTKH TeKTOHMYECKUX CTPYKTYp, 00JagaBIine
HauOOJBIIEH THIPABIMYECKONH aKTHBHOCTBIO B XOJI€ IO3AHENAIC030HCKO-PaHHEME3030CKOT0 TEKTOHO-
MUHEPAareHMYeCKOro IHUKJIIA, C KOTOPBIM CBSI3aHBI PYAONPOSBICHHS Ie(UIIUTHBIX BUJOB CTPATETHIECKOTO
MHUHEPAJIBHOTO ChIpbst TaliMbIpa (30J10TO, pEAKHE METaJlIbl, Mellb, CBHHEL, IUHK W 1p.). BrlaeneHsl
YYaCTKH, NEpCIEeKTUBHbIE Ha OOHApYXEHHWE HOBBIX PYIOHBIX 00BekTOoB. C TOYKM 3pEHMs MPOrHO3a
pa3MemieHrs TIOJIE3HBIX HWCKOMAaeMbIX, JaJbHEHINHE JeTaTu3upyromme paboTel  HE00XO0aUMO
COCpPEIOTOYNTh Ha HM3yYEHWH 30H BIIMSHUS THUIPABIMYECKH aKTUBHBIX Pa3JIOMOB CEBEPO-BOCTOYHOIO
NpocTUpaHus. /[aHHBIE HaJperHOHAIbHBIE M PETHMOHAIBHBIE CTPYKTYpPBl MOTJIM BBICTYIIATh B KaueCTBE
GITFOUONIOBOSIIIUX B MPOIIECCE THIPOTEPMAIBHOTO pyaoo0pa3zoBanus. VccnenoBanne BBITIONHEHO B
mostonéxHou tadoparopun UI'EM PAH «JlaGopaTopusi MpOrHO3HO-META/UIOT€HUYECKUX UCCIISI0BAHUI
B paMKax TE€MbI FOCyJapCTBEHHOro 3ajaHus «lIpuMeHeHne COBpPEMEHHBIX METOJOB OLIEHKH, MOMCKa U
MIPOTHO3a MECTOPOXKIEHUI TBEPABIX IOJIE3HBIX HCKOMAEMBIX, B TOM YHUCJIE CTPAaTETHYECKUX, B
Apxrudeckoil 30He Poccuiickoit denepannu ¢ LENbI0 PaCHIMPEHHs] MHHEPAIbHO-CHIPbEBON 0a3bl U
TUTAHUPOBAHUS PAa3BUTHS TPAHCIIOPTHO-KOMMYHHUKALIMOHHBIX CETEW».
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Systems research for seismic risk management using Big Data

N. Froloval, N. Malaeval, S. Sushchev?, A. Ugarov?
! Sergeev Institute of Environmental Geoscience RAS, Moscow, Russia
2 Bauman Moscow State Technical University, Moscow, Russia

According to statistics from the EMDAT International Centre for Disaster Epidemiology, the number
of deaths from earthquakes in 2023 was more than 60,000, double the average estimate for the period from 2003
to 2022. The tragic consequences of the 2023 earthquakes show that strong and catastrophic earthquakes remain
unpredictable and seismic risk is still quite high. The CODATA statement of 01 March 2023 on the tragedy in
Turkey and Syria caused by the 6 February earthquakes notes the importance of scientific efforts in providing
operational information for management decision makers. Such information can be provided by appropriate
systems for rapid impact assessment, which have been successfully developed over the last 20 years and are
actively using Big Data to calibrate their models and train Al systems. At least three global systems are currently
known to provide rapid information on the possible consequences of severe events. The Extremum GIS is one
of these systems. The report presents a Seismic Life Safety System, developed using mathematical models and
the Extremum GIS database, which can be used operationally for management decision-making and as a
forecasting tool in case a strong earthquake is expected. The report presents the results of seismic risk assessment
and mapping for the Krasnodar region and the results of modelling the consequences of scenario events for the
most hazardous WHO zones for the city of Krasnodar. Modelling the consequences of earthquakes using the
developed System involves the identification of key elements of the System, analysis of their structure and
functioning, as well as the relationship between them. Calibration of the seismic intensity attenuation model for
the Krasnodar region using macroseismic data of strong and appreciable earthquakes for the period from 1799
to 1966 has been performed. The calibration of the vulnerability function of typical buildings of Krasnodar city
was performed. Krasnodar. Based on the use of artificial intelligence methods, a neural network has been
prepared for application, which provides an assessment of the vulnerability class of buildings based on photos
of facades and records in the GIS ‘Extremum’ database on earthquake consequences, including materials from
remote sensing, ‘Housing and Utilities GIS-Reforma’ and the ‘Panoramas’ service of the Yandex company. The
obtained results are included in the AIMS RS emergency management system for management decision making.

CucreMHbIe HCCJIEI0BAHUS JJIs1 YIPABJIEHHUS CelICMUYEeCKHMM PUCKOM C MCNOJb30BanneM boabmmx
JaHHBIX

H. U. ®ponosal, H. C. Manaesa?, C. I1. Cymes?, A. H. Yrapos?
! Muctutyt reoskxonorun mm E. M. Cepreea PAH, Mocksa, Poccus
2 MocKOBCKHii TOCYJapCTBEHHbIN TeXHHUECKUil yHUBepcUTeT UM. baymana, Mocksa, Poccus

CoracHo cratucTrke MeKayHapoaHOro IeHTpa sruaeMuoorud karactpod (EMDAT) kommdecTtBo
nmoruomux ot 3emiierpsicenuit B 2023 coctaBmio Gonee 60 ThIC. YEIOBEK, YTO BIBOE NMPEBBIMIACT CPEIHHE
onenku 3a nepuof ¢ 2003 mo 2022 rox. Tparudeckue nocnenctsus semierpsicennit 2023 rona nokasbpIBaroT,
YTO CHJIBHBIC U KaTaCTPO(YUIECKUE 3eMIIETPSCEHHSI OCTAIOTCS HE MPEACKa3yeMbIMH, a CEHCMUIECKUH PHCK BCe
erie ocraetcst oBoJabHO BEICOKUM. B 3asBiennu KOJIATA ot 01 mapra 2023 1. mo noBoy Tpareawnu B Typriun
u Cupuu, BBI3BAHHOW 3eMJIeTpsCEeHUAMH 6 ¢eBpais, OTMEuYaeTCs Ba)XHOCTh HAY4YHBIX YCHJIMH B
MPEIOCTAaBICHUN OIEPATHBHOW WH(OpMAIWMU UL JUI, NMPHHAMAMONINX YIIPaBICHYECKHE peIleHHs. Taxas
HHpOpPMAISI MOXKET OBITh TMPEAOCTAaBICHA COOTBETCTBYIOIIMMH CHCTEMAaMU U OIEPATUBHOHM OICHKH
MOCIIEACTBU, KOTOpBIE YCIIEIIHO pa3BUBAIOTCA mociennue 20 JeT U akTUBHO HCTONB3YIOT OOJBbIINE JaHHBIE
(Big Data) nuis kanuOpoBKu cBoux Mojieneit u o0yueHus cucteM Al. B HacTosiee Bpems U3BECTHBI, TIO KpaiHe
Mepe, TPH TJIO00aNbHBIE CHUCTEMBI, KOTOPBIE OIEPATHBHO IIPENOCTABIIOT HH(MOPMALIUIO O BO3MOXKHBIX
MOCTENCTBUSAX CHIBHBIX coObITHil. [MC «OKcTpeMyMm» sBISETCS ONHOM M3 TakUX CHUCTeM. B moknaze
npuBouTcest CucreMa ceiicMU4ecKoi 0e30MacHOCTH JKU3HEACSITENbHOCTH, pa3paboTaHHas ¢ UCTIONIb30BaHUEM
MaTeMaTHdeckux Mojenedt m 6a3pl maHHbiXx [UC «OkcTpemym», KOTOpas MOXKET OBITh HCIIOJIh30BaHA
OTIEpaTHBHO IS IPUHATHS YIIPABICHYCCKUX PEIICHHI 1 KaK CPEACTBO IIPOTHO3a B CITy4ae OXKHUIAHHSI CHIIBHOTO
3eMIIeTpsICeHUsI. B j0Kknane mpuBOASTCS pe3yldbTaThl OLICHKA U KapTHPOBAHHUS CEHCMHUYECKOTO PHUCKA JUIS
KpacHogapckoro kpas W pe3yibTaThl MOJEIMPOBAHUS MOCIEICTBUI CLIEHApHBIX COOBITHMH naJs1 Haubosee
omacHblx 30H BO3 s ropoma KpacHonmapa. MopenupoBaHue MOCHENCTBUNA 3€MIIETPSICEHUH C MOMOUIBIO
paspabotanHoii CUCTEMBI MPEATIONAraeT BhIICICHNE KIFOYEBBIX 371eMeHTOB CUCTEMBI, aHAIN3a X CTPYKTYPHI
¥ (YHKIMOHUPOBAHUS, a TAaKXKE B3aMMOCBS3H MEXIy HHMHU. BBIONHEHa KalMOpPOBKAa MOJIEITH 3aTyXaHHS
ceficMHUYecKOl MHTEHCUBHOCTH Al KpacHo#apckoro Kpas ¢ HCIOJIb30BAHUEM JaHHBIX MaKpPOCEHCMHUYECKUX
HaOMIOICHUI CHIIBHBIX M OIIyTHMBIX 3eMIIETpsiceHuH 3a mepuoz ¢ 1799 no 1966 rr. BeimonneHna kannOpoBka
(yHKIMM yS3BUMOCTH THIIOBOM 3acTpoifkum T. KpacHomapa. Ha ocHOBe HCHOJB30BaHHMS METOMOB
HCKYCCTBEHHOTO WHTEIUICKTa MOJTOTOBJICHA K NPHMEHEHUIO HEHPOCEeTh, 00CCICUMBAIONIAs OICHKY Kiacca
YSI3BUMOCTH 3acTpoiiku 1o ¢ororpadusM dacamoB u 3amucaM B 0ase gaHHeIx [MC «OkcTpemMmym» o
MOCTIEICTBUAX 3emileTpsicennit, Brirouas Matepuansl /133, «XKKX I'MC-Pedopma» u cepBuca «Ilanopambiy
komnanuu SAunekc. [lomyuennsie pesynbrarsl BKItoueHsl B AUYC PC YUC ans npuHATHS yHOpaBiIeHUECKUX
peleHuil.
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On methods of building a digital regional geological and mathematical model for the territory of
Western Siberia

A. Sidorov, A. Kopytov
V. I. Shpilman Research and Analytical Centre for the Rational Use of the Subsoil, Tyumen, Russia

The development of computer technology, specialised software and mathematical methods for
solving geological problems, together with the continuous accumulation of geological and geophysical
information have brought to a qualitatively new level the possibilities associated with regional geological
and mathematical modelling. The experience of application of mathematical methods and development of
specialised software for creation of regional digital geological models is offered for consideration. The
mathematical core of the approach is the variation-mesh mapping method based on spline approximation.
It provides a wide range of possibilities for complexing the initial geological and geophysical information.
In addition to point values of the desired function, various transforms of the fields of mapped quantities can
be used as input data. A priori information about the distribution of the mapped parameter is introduced
into the problem in the form of partial differential equations, which allows to model the fields of physical
properties, different variants of conformality of geological surfaces, spatial anisotropy. The properties of
B-splines make it possible to create models with meshes of variable detail, which is of particular importance
for large territories with a significantly heterogeneous distribution of initial information. Object-
hierarchical approach to data space organisation provides algorithmic and automated modelling process.
This approach, which is a kind of workflow-methods, gives an opportunity to quickly build a decision tree,
modify it, and through copying individual elements or entire branches to construct new solutions. The
methods under consideration are implemented in the specialised software GST. Specialists of the Scientific
and Analytical Centre for Rational Subsoil Use named after V.I. Shpilman. V.I. Shpilman Scientific and
Analytical Centre for Rational Subsoil Use applied them in the creation of a permanent geological and
mathematical model of the sedimentary cover ‘Digital Structural Framework’ for the territory of Western
Siberia, as well as in the performance of a number of federal orders for regional studies within the West
Siberian oil and gas province.

O MeTtoaax nmoctpoeHusi HUGPOBOIi pErHOHAIBLHOI re010ro-MaTeMaTHYECKOH MO/IeJId 10
Tepputopun 3anagHoii Cudupn

A. A. Cunopos, A. I'. KonbiToB
HayuyHo-aHanuTuyeckuil UEHTpP pallMOHaIbHOrO Heapononb3oBaHus um. B. WM. lnunbmana, TromeHsb,
Poccus

Pa3BuTHe BBHIYMCIUTENHFHOW TEXHHKH, CIECIHATH3UPOBAHHOTO IIPOTPaMMHOTO OOECTIeueHHs] U
MaTeMaTUYECKUX METOJOB PEIICHUS TEOJOTHYECKUX 3a/lad, BMECTE C HENPEPHIBHBIM HAKOIUICHHEM
re0JIoro-reopu3nveckoll MHGOpPMAIMK BBIBEIM HAa KA4YeCTBEHHO HOBBIM YPOBEHb BO3MOXKHOCTH,
CBSI3aHHBIE C PErHOHAJbHBIM TI€0JOr0-MaTeMAaTHUYECKUM MojaenupoBaHueM. K paccMoTpeHuio
npeiaracTcs OIBIT TPUMEHEHHS MaTeMaTHYeCKHX METOJOB M Pa3padOTKU CIeHUATH3UPOBAHHOIO
MPOrPaMMHOI0 OOECIICUCHHS I CO3JaHMsl PETHOHAIBHBIX ITU(PPOBBIX T'€OJOIMUYECKUX MOJICIICH.
MaremMaTuueckuMm IpoM MOAX0/1a SBISETCA BapUALlMOHHO-CETOUHBII METOJ] KApTUPOBAHUS, OCHOBAHHBII
Ha cruladH-annpokcumanui. OH JaeT MUPOKUE BO3MOXHOCTH KOMIUIEKCUPOBAHMSI MCXOJIHOM reosoro-
reouznueckoit nHpopMaru. [IoMMMO TOYCUHBIX 3HAUCHUH UCKOMOMN (DYHKIIMHM B KaueCTBE MCXOJHBIX
JTAHHBIX MOTYT HCIOJB30BaThCS Pa3IMYHbIe TPAaHC(HOPMAHTHI TOJIEH KapTUPYEMbIX BeTHYHH. ATIprOpHast
nHGOPMAITHUS O paCIIpe/IeIeHnH KapTHPYeMOro rapaMeTpa BBOJIUTCS B 33/1a4y B BUIe TP EpEeHITHATEHBIX
YpaBHEHHH B YaCTHBIX TMPOM3BOJHBIX, YTO IIO3BOJISICT MOJCIMPOBATH IMOJIS (DU3UUESCKUX CBOWCTB,
pa3jiruHbIe BAPHAHThI KOHGOPMHOCTH Ie0JIOTHYECKUX MTOBEPXHOCTEH, MPOCTPAHCTBEHHYIO aHU30TPOIIHIO.
CaoiicTBa B-crutaifHOB at0T BO3MOKHOCTh CO3/IaHMSI MOJIENIEH ¢ ceTKaMu EPEeMEHHOMN AETaIbHOCTH, UTO
UMeeT 0co0oe 3Ha4YeHHe I OOJBIIUX TEPPUTOPHNA C CYIIECTBEHHO HEOHOPOIHBIM pACIpeNeICHUEM
ucxonuoit mHOopMarmu. OOBEKTHO-UEPAPXUUCCKUN IMOAX0J K OpTraHHU3alMH IPOCTPAHCTBA AaHHBIX
oOecrieunBaeT aJIrOPUTMH3AIMI0 W ABTOMATH3AIlMIO TIpollecca MOoJieNupoBaHus. JlaHHBIA TMOAXO,
SIBIISIONUICS Pa3sHOBUAHOCThEIO Workflow-MeTo/IoB, aeT BO3MOXHOCTH OBICTPO TOCTPOUTH JEPEBO
pereHnit, MoTu(PHUITNPOBATE €T0, a TAKXKE Uepe3 KOMMMPOBAHUE OTACIBHBIX DJIEMEHTOB WM IEBIX BETOK
KOHCTPYHPOBATh HOBBIC PENICHISI. PaccMaTpruBaeMbie METOIBI PEaTM30BaHbI B crieiuaiunsnposadHoM 110
GST. Cneunanucramu HayuHo-aHANIUTHYECKOTO LEHTPA PalMOHAIBHOIO HEApomoJb3oBaHus um. B.I.
[IInunpMaHa OHU TPUMEHSIMCH MPU CO3JAHHUU IOCTOSIHHO JIEUCTBYIOLIEH TI'€0JI0rO-MaTeMaTHYECKOU
Mozean ocanouHoro uexja «L{udpoBoit cTpyKTypHBIH Kapkac» 1o Tepputopum 3amamHoir Culupwu, a
TaK)Ke MPH BBITOIHEHUH psifa (eAepalbHBIX 3aKa30B IO MPOBEIECHUIO PETHOHAIBHBIX UCCIEAOBaHUHU B
npenenax 3anagHo-CuOupckoit HeTera3oHOCHON MPOBUHIIMY.
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Use of Earth remote sensing data and ground-based snow cover studies in monitoring coal
mines

0. Rakova?, T. Krupnova!, G. Struchkova?, T. Kapitonova?, S. Tikhonova?

! South Ural State University, Chelyabinsk, Russia

2V/. P. Larionov Institute of Physical and Technical Problems of the North SB RAS, Yakutsk,
Russia

Snow cover is an effective accumulator of pollutants, including the most dangerous for
public health PM2.5, which have in their composition potentially toxic elements (PTE) — heavy
metals and metalloids. Studies show that concentrations of PTE-containing PM2.5 in snow can be
orders of magnitude higher than in atmospheric air. From the chemical composition of snow it is
possible to establish the area distribution and quantitative characteristics of substances deposited
in winter from the atmosphere and, due to this, to identify sources of pollution and areas of their
influence. Snow covers were studied in the area of two coal mines: Neryungri (Sakha Republic,
Yakutia) and Korkinskiy (Chelyabinsk Region). At the same time, coal mining is increasing in the
Neryungri area, while mining at the Korkinsky mine, which is the deepest mine in Eurasia, ceased
in 2017 and reclamation of the area began in 2020. February images of Landsat 5, 7 and 8 satellites
for 2005-2020 were used in the work. Interpretation was carried out using ENVI 5.0 software
package. The results of the studies show that the use of spectral characteristics allows estimating
the territory pollution in the area of coal mine influence using multi-temporal satellite images.
However, without ground-based data on PTE content in snow dust and melt water, the picture of
pollution is very incomplete. Ground-based studies of snow cover are important for identification
of pollution sources. The study was carried out under the grant of the Russian Science Foundation
No. 22- 17-20006 and with the financial support of the Government of the Chelyabinsk Region.

Hcnonb3oBaHue JaAHHBIX JUCTAHIIMOHHOIO 30HIMPOBAHUA 3eMJIH ¥ Ha3eMHBIX
HCCIeI0BAHUM COCTOSTHHUS CHEXKHOI0 MOKpPoOBa NP MOHUTOPUHIE€ YIOJbHBIX pa3pe3oB

O. B. Pakosal, T. T'. Kpynuogal, I'. II. Ctpyuxopa?, T. A Kanutonosa?, C. A. TuxoHoBa?

L 1OsxH0-Ypansckuii TocynapcTBeHHEIH yHUBEepenTeT, Uensbuack, Poccns
2 MuctutyT dusuko-Texuudeckux mpodiem Cesepa um. B. I1. Jlapuonosa CO PAH, Skytck,
Poccns

CHexHbI MOKpOB siBisieTcs 3()PEKTUBHBIM HAKOMUTENEM 3arpsi3HUTENCH, B TOM 4HCie
HauboJsee onacHbIX JUIs 3J0pOBbs HaceneHuss PM2,5, umeronux B CBOEM COCTaBe MOTEHIIUATbHO
TokcHuHbIe AneMeHThl (I1TD) — Tskensle MeTayuIbl U MeTaiionIbl. McenenoBanus MOKa3bIBaloT,
yto KoHUeHTpauuu [1T3-conepxkamux PM2,5 B cHere Moryt ObITh Ha MOPSIIKH BbIIIE, YEM B
aTMocepHoM Bo3ayxe. Ilo XMMHUECKOMY COCTaBy CHEra MOXHO YCTAHOBUTH IUIOLIAIHOE
pacnpenelneHne M KOJIMYECTBEHHBIE XapaKTEPUCTUKH BELIECTB, OCAXKIAIOMIMXCS 3UMOM U3
aTMocdepsl U, O1arojapsi ’TOMy, BBIIBUTh HCTOUHHUKH 3arps3HEHUs U apeasibl UX BIUAHUS. beum
UCCJIEIOBaHbl CHE)XHbIE IIOKPOBBI B pailoHE pAacloNOKEHHUs] JBYX YrOJbHBIX pa3pe3oB:
Hepronrpunckoro (Pecnyonuka Caxa, SAxytus) u Kopkunckoro (YemnsiOunckast obnacts). [Ipu
3TOM B paiione Hropronrpu yrinenoOblua HapammBaeTcs, a AoObpya Ha KopkuHCKOM paszpese,
npezcTaBisioneM co0oii camyto rirybokyro maxty B EBpasuu, npekparena B 2017 roxy u B 2020
HayaTta peKyJbTHBAlMs TeppuTopuud. B pabore wucnonb3oBanuch (GEBpaTbCKUE CHUMKHU
cnytHukoB Landsat 5, 7 u 8 3a 2005-2020 rr. [JemmdpupoBanrue MpoOBOAUIOCH C MOMOIIBIO
nporpammHoro komrmuiekca ENVI 5.0. Pe3ynbTaTel NpoBEIEHHBIX UCCIEAOBAHUI MOKA3bIBAIOT,
YTO HCII0JIb30BAHUE CIIEKTPAIbHBIX XapAaKTEPUCTHUK, TIO3BOJISIET IPOBOAUTH OLIEHKY 3arps3HEHUs
TEPPUTOPUU B 30HE BIUSHUS YIrOJBHOIO paspe3a IO pPa3HOBPEMEHHBIM CITyTHHUKOBBIM
u3o0paxkenusiM. OHako, 6€3 Ha3eMHBIX JaHHBIX 0 cojepxkanuu [1TD B cHEeroBoii MblJIM U TaJIbIX
BOJIaX KapTHHA 3arps3HEHMsl SBJISETCs BechbMa HemojiHoW. Ha3emHble uccienoBaHusl CHEXKHOTO
MOKpOBa HMMEIOT Ba)XHOE 3HAUYe€HUE JUI1 MJIECHTHU()UKALUU HCTOYHUKOB 3arpsi3HEHMS.
HccnenoBanue BBIOIHEHO 3a cueT rpanTa Poccuiickoro HayuHoro ¢onna Ne 22- 17-20006 u npu
¢unancoBoit mognepxkke [IpaButenscrBa YensiOnHckoii o01acTy.
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Use of remotely sensed and ground-based data for monitoring the state of urban ecological
landscapes

T. Krupnova, O. Rakova
South Ural State University, Chelyabinsk, Russia

Russian industrial cities are unique urban ecosystems. The colossal concentration of industrial
enterprises in a small area and lack of planning often make them centres of environmental problems.
Traditional monitoring methods are point measurements with little spatial representativeness. They are not
well suited for established post-industrial agglomerations and cannot be used to identify sources of pollution
and propose environmental protection solutions. This paper proposes an integrated approach to monitoring
urban ecolandscapes, consisting of a combination of remote sensing and physico-chemical analysis of
ground samples of the urban environment. Two case studies are considered in the paper. The first case study
is devoted to the possibility of using NDVI for monitoring the atmospheric air pollution of PM2.5. Lead-
containing PM2,5 were used as markers, simultaneously the lead content in leaf and needle samples of trees
was determined. It was shown that there is no statistically significant correlation between NDVI and air
pollution, whereas tree leaves are good biomonitors. The second case study focuses on the possibility of
using heat maps to analyse the impact of meteorological conditions on urban air pollution. In general, the
report proposes to combine regional and global monitoring within the smart city approach. Monitoring at
the regional level allows identifying sources of pollution such as energy, industry and transport. The
regional level implements a bottom-up approach. The global level combines ground-based measurements
and remote sensing. It allows building a pollution model based on global observations. Global monitoring
implements a top-down approach. The combination of the two approaches allows to develop the best
strategy for urban environment protection. The research was carried out under the grant of the Russian
Science Foundation No. 22- 17-20006 and with the financial support of the Government of the Chelyabinsk
Region.

Hcnonb3oBanue JaHHBIX TUCTAHIHOHHOTO 30HIMPOBaHUs 3eMJIM U HA3eMHBIX HCCIeI0BAHU 1A
MOHUTOPHUHIA COCTOSIHUSA YpOoIKOoIaHAIIAPTOB

T.T. Kpynnoga, O. B. Pakosa
HOsxHo-Ypanbckuli rocyaapcTBeHHBIN yHUBepcUuTeT, Yensounck, Poccus

Poccuiickie mpoMBIIIIEHHBIE TOpOJa — 3TO YHHUKalbHBIE ypOoldkocucTeMbl. KoioccambHoe
COCPE0TOYCHNE IPOMBINUICHHBIX MPENPUATHI HA HEOOBIIONW TEPPUTOPHH M OTCYTCTBUE TUIAHUPOBAHUSI
YacTo JIENAl0T MX IEHTPaMU 3KOJOTMYEeCKUX MpodiieM. TpaJulMOHHBIE METOJbl MOHHTOPHHTA
MPEJICTABISIOT ~ COOOW  TOYeyHble  W3MEpeHHus,  oOjajarnie  Maloil  MPOCTPaHCTBEHHON
penpe3eHTaTUBHOCTHI0. OHM Majo MOAXOAT A1 CIOKHBIINXCS MOCTUHAYCTPHUANBHBIX arjioMepalyii, Ha
X OCHOBE HEBO3MOXXHO BBISBHTH MCTOYHMKH 3arpsi3HEHHH W MPESIOKUTH 3KO3aIIUTHBIE pemieHus. B
HacTosAlIe paboTe mpeayaraeTcs KOMIUIEKCHBIA TIOAXOA K MOHUTOPHHTY ypOo3KoidaHmmadros,
COCTOSIIIAKA B KOMOWHAIIUM JMCTAHIIMOHHOTO 30HAMPOBAHUS 3eMIH M (PM3UKO-XMMHUYECKOTO aHalin3a
Ha3eMHBIX P00 0O0BEKTOB OKPYIKAIOIIEH rOPoJICKOM cpenbl. B noknane paccMotpensl 1Ba kerica. [lepBbiit
KelC TOCBSIIEH BO3MOXXHOCTH Hcmonb3oBanuss NDVI s MoHuUTOpHHTra 3arpsisHeHHsT aTMOC(HEPHOTO
Bo3ayxa PM2,5. B kauecTBe MapkepoB ObLTH UCTIONB30BaHbEI CBHHEIICOAepKamme PM2,5, oqHOBpeMeHHO
OBIJIO ONpEeneNeHo CoAepXKaHHe CBHUHIIA B Mpobax JUCTHEB W HWIJI JIEpEeBbEB. BBIIO TOKa3aHO, YTO
CTaTUCTUYECKH JI0CTOBEpHas Koppessiuusa Mexay NDVI u 3arpsi3HeHneM Bo3/lyXa OTCYTCTBYET, TOTJa KakK
JMCTBSl JIEPEBBEB SABISIOTCA XOpPOIIMMH OWOMOHMTOpaMu. BTopoll Keic MOCBSIEH BO3MOMXHOCTU
WCIOJIB30BaHMsl TEIUIOKAPT JUIsl aHaJIM3a BIMSAHUSA METEOYCIOBHI Ha 3arpsa3HEHHE TOPOACKOro Bo3ayxa. B
[IeJIOM, B JIOKJIazie MpearaeTca 00beAMHEHNE PErHOHAIBHOTO M II00aTbHOTO MOHUTOPHUHTA B paMKax
noaxoza “smart city”. MOHUTOPHHT Ha pErHOHAJILHOM YPOBHE MO3BOJISIET HACHTU(UIMPOBATH HCTOUHUKHI
3arpsI3HEHMS, TaKUe KaK SHEPTeTUKA, IPOMBIIIJIEHHOCTh U TPAHCIIOPT. PernoHanbHbIN YPOBEHBb peanu3yeT
moaxoa "cHu3y BBepx'. [T0OambHBEIN YpPOBEHb OOBEAMHSET HA3€MHBIC M3MEPCHUS W NHUCTAHIIMOHHOE
3oHAMpoBanre. OH MO3BONSIET MOCTPOUTH MOZENb 3arPsA3HEHHS HAa OCHOBE TIOOAJIBHBIX HAOIIOJICHHM.
I'moGaypHBIE MOHUTOPUHT peanu3yeT noaxox "cBepxy BHHU3". CoueTaHue ABYX MOAXOAOB MO3BOJISAET
pa3paboTaTh HAWIYYIIYIO CTPATETHIO 3aIlUTHl TOPOJCKOW cpeapl. MccnemoBaHue BBITOJHEHO 32 CUET
rpanTa Poccuiickoro nayunoro gonma Ne 22-17-20006 u nipu ¢puHaHCOBO#M moyiepkke [IpaButenbcTsa
YensiOuHcKo#M 0bnacTu.
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Formalised identification of earthquake preparation signs in the Baikal rift zone

E. Levina
Institute of the Earth Crust SB RAS, Irkutsk, Russia

The earthquakes with M>7 that occurred in Turkey in February 2023 have once again shown the
relevance of the topic of earthquake forecasting. As it is known, in order to predict the behaviour of any
system, it is necessary to make its model. Any forecast must contain three parameters — an indication of the
location, energy and time of the expected earthquake. In the earthquake preparation model under
consideration, the following were used as prediction attributes: 1 — the presence of a seismic gap, 2 — the
presence of pre-shock activation and seismic quiescence, 3 —the presence of a seismically active fault. Gaps
are understood as local minima of seismic energy distribution, calculated over a certain time interval using
a spatial window, in the presence of a nearby fragment of a seismically active fault. It is assumed that a
strong earthquake is preceded by a stage of pre-shock activation and seismic quiescence, by the maximum
energy and duration of which one can judge the energy of the expected earthquake and the time of its
realisation. Calculations made for all 16 events with K>15 that occurred in the Baikal Rift Zone (BRZ)
from 1963 to 2022 showed that the presence of an active fault and a long-lasting gap can serve as a basis
for identifying the locations of expected earthquakes. In this case, the ratio of the energy of the occurred
earthquake to the energy of the maximum pre-shock earthquake is on average 2.3 (0.7), and the average
duration of quiescence is 5.7 (3.4) years, where the mean square deviations are given in brackets. The large
variation in quiescence duration requires additional information to refine the ‘time” parameter. For example,
taking into account periodicities in the seismic regime, which may be related to the influence of
extraterrestrial factors capable of modulating the dissipation of seismic energy. Using the method of
superposition of epochs for the BRZ, we consider the distribution of seismic activity by phases of the 11-
year solar cycle (the maximum occurs in the seventh year) and the annual cycle of the Earth's orbit around
the Sun (two maximums — in January and in July). This makes it possible to identify periods when the
probability of a strong earthquake increases. Determining the locations and energies of possible earthquakes
makes it possible to plot their isoseist (lines of equal shaking), which can be used to assess the possible
effects of seismic shaking that will be felt within populated areas and important communications as a result
of a predicted earthquake.

DopMaIu30BaHHOE BbleJIeHUe NPU3HAKOB NOAT0TOBKHU 3eMileTpsiceHuil B baiikajabckoii
pu¢ToBOii 30HE

E. A. JleBuHa
Wucturyt 3emuoit kopet CO PAH, Mpkytck, Poccus

[Ipownzomenmue B dhespane 2023 roxa B Typunu 3emiieTpsiceHuss ¢ M>7 B odepeTHON pa3 MoKa3aiu
aKTyallbHOCTh TEMBI MPOTHO3a 3emiieTpsiceHnil. Kak u3BecTHO, A MPOrHO3a MOBEACHHS JIOOOW CHUCTEMBI
HEOOXOJMMO COCTaBHUTH €€ MOAENb. JII000i MPOTrHO3 JOKEH COAepKaTh TPH IapaMeTpa — yKa3aHHe Ha MECTO,
SHEPTUI0 U BpEMsI OXKUIAEMOTro 3emileTpsceHus. B paccmaTpuBaeMoil MOZeNM MOATOTOBKU 3€MIIETPSICEHUH B
KayeCcTBEe MPOTHO3HBIX TPU3HAKOB HCIOJB30BAIUCH: | — HaluymMe celicMUYecKkor Opem, 2 — Hanuyue
MIPEAIIOKOBOM aKTUBU3AIMK M CEHCMUYECKOrO 3aTHlIbs, 3 — HaJIMuuMe CeWCMOakTHUBHOTO paszioma. Iloxg
OpemamMu MOHUMAFOTCS JIOKATBHBIE MHHUMYMBI PacHpeneieHIss ceHCMUIeCKOW YHEPTUH, IMOJACYUTAHHOTO 32
OTIpeICTICHHBIN MTPOMEKYTOK BPEMEHH € TIOMOIIBIO IIPOCTPAHCTBEHHOT'O OKHA, PU HATMYUH PsIIOM (hparmMeHTa
celiCMOaKkTUBHOIO paziomMa. I[Ipenmomnaraercsi, 4YTO CHJIBHOMY 3EMJIETPSICEHHMIO TIPEIUIECTBYET CTaIus
MPEIIOKOBOM aKTUBU3ALUHU U CEHCMUYECKOE 3aTHUILIBE, 10 MAKCUMAIIbHONW SHEPIUH U JUIUTEIBHOCTH KOTOPBIX
MOJKHO CYJIUTh 00 SHEPTHH 0’KUIAEMOTO 3eMIIETPICEHUSI K BPEMEHH eT0 peain3alnu. PacdeTs, clienanHbIe ISt
Bcex 16 coOwituii ¢ K>15, mpomsomenmux B baiikansckoii pudroBoii 30He (BP3) ¢ 1963 mo 2022 roxsl,
MOKa3aJIy, YTO HAIMYME aKTUBHOI'O pa3jioMa U AJTUTEIHHO CYILECTBYIOLIEH OPEIn MOXKET CIIy>KUTh OCHOBAaHHUEM
JUIS BBIBJIEHHS MECT OXHIAEMbIX 3emjeTpsiceHUd. [IpM 3TOM COOTHOILIEHHE SHEPrHuH IPOU3OLIESALIETO
3EMJIETPSICEHUS] | SHEPTUM MAKCUMAIBHOIO 3€MJIETPSCEHUS TIPEIIIOKOBOM CTaJIUM COCTABISIET B cpeHeM 2.3
(0.7), a cpenHAs [UIMTETHHOCTE 3aTHINBS paBHA 5.7 (3.4) net, rue B CKkoOKaX yKa3aHbl CPeTHIE KBaPAaTHIHEIC
OTKJIOHEHWs1. BoIbIoit pa3dopoc MTUTENEHOCTH 3aTHIIbS TPEOYeT MPUBICUCHUS JOTIOIHUTEIHHOW HH(OPMALIUH
JUIsl YTOUYHEHUs TapaMeTpa «Bpemsi». Harpumep, yueT nepuoanyHOCTENd B CEHCMUYECKOM PEXHUME, KOTOPBIE,
BO3MO)KHO, CBSI3aHBI C BIHMSHHEM BHE3EMHBIX (DakTOpPOB, CIIOCOOHBIX MOJIYJIHPOBATH IHCCHITAIHIO
ceiicMuueckoi sHepru. MeToaoM HanoxxeHus anox 11 BP3 paccmarpuBaroTes pacnpeaeneHns ceHcMHUUecKon
aKTUBHOCTH 10 (azam 11-JeTHero coaHevyHOoro nMukia (MaKCUMyM TMPUXOJAUTCS Ha CEbMOW T'OJT) ¥ TOJUYHOTO
nukia oopamienus 3emin BOKpyr ConHIA (BBIISNIAIOTCS J1Ba MAKCHMyMa — B SIHBape W B HIOJNE). DTO JIaeT
BO3MOKHOCTb BBIJIEIUTh NEPUOJIbI, KOTIa BEPOSTHOCTH BOSHUKHOBEHUS CHIIBHOTO 3€MJIETPSICEHUS BO3PACTAET.
Ormpenenenue MECT M SHEPTUHU BO3MOXHBIX 3€MJIETPACEHUN J€aeT BO3MOXKHBIM MOCTPOEHHE MX H30CEHCT
(IMHUT paBHBIX COTPSACEHMIA), YTO MOXET OBITh HCIOJB30BAHO JUIS OICHKH BO3MOXKHBIX TOCIEICTBHMA
CCHCMUYECKUX KOJEeOaHUH, KOTOpbIe OyAyT OIIyIIaThcs B MpEAeTaX HACCICHHBIX ITYHKTOB W Ba)KHBIX
KOMMYHUKaLMi B pe3yJibTaTe IPOrHO3UPYEMOT0 3€MIIETPSCEHUSL.
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Application of artificial neural networks for prolongation and recovery of vector
anomalous geomagnetic field

R. Rytov
Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation RAS,
Moscow, Russia

Geological structures and many minerals are often magnetised and produce stationary
anomalous magnetic fields. Such fields are measured above the earth's surface using
magnetometers and can be used for a variety of geophysical applications, including mineral
prospecting, general navigation and directional drilling control. However, such tasks require
component measurements, but due to the difficulty of making such measurements, especially from
moving objects, almost all magnetic surveys are modular, and the problem arises of calculating
the components of the magnetic field from the spatial distribution of its modulus. To obtain a map
of the vector anomalous magnetic field, the vector field is calculated from the known modular data
and extended down to the ground surface and deeper. In this paper, the downward extension and
reconstruction of the vector anomalous magnetic field are solved using artificial neural networks.
To train the neural networks, a database of magnetic fields was created using a set of point dipoles.
The performance of the trained neural network was shown on artificial examples in comparison
with known numerical algorithms. Further, the value of the vertical component of the anomalous
geomagnetic field is reconstructed from the data of the total magnetic field, which on the territory
of Russia is mainly determined by its vertical component, and the horizontal components of the
geomagnetic field are reconstructed using artificial neural networks. An example of such
reconstruction for a separate region on the territory of the Yamal Peninsula with a grid spacing of
2 angular minutes, i.e. with a spatial resolution of less than 4 km, is given.

HpI/IMEHEHI/Ie HCKYCCTBE€HHbBIX HEﬁpOHHbIX ceren AJId NPOAJICHUSA U BOCCTAHOBJICHUA
BEKTOPHOI'0 aHOMAJILHOT0 T€OMAarHuTHOIO IMOJIsA

P. A. PorToB
WHCTUTYT 3eMHOTr0 MarHetusma, MoHocepsl U pacrpocTpaHeHust paanoBosH PAH, Mockaa,
Poccus

['eonoruueckne CTPyKTypbl M MHOTHE T[IOJE3HBbIE MCKOMAaeMble 4YacTo o0JaiaroT
HaMarHM4eHHOCTBbIO M CO3JIal0T CTAIlMOHAPHBIE aHOMAJIbHbIE MAarHUTHbIE Mojs. Takue moss
U3MEPSIOTCS HaJl MOBEPXHOCTHIO 3€MJIM C MOMOIIBI0 MarHUTOMETPOB M MOTYT MCIOJIB30BaThCS
JUIs Pa3MYHBbIX 3a7ay reous3uKd, B TOM YHCIE MOUCKA IOJE3HBIX HCKOMAEMBIX, OOIIeH
HaBUTAllMM W KOHTPOJS HampaBieHHOro OypeHusa. OmHako A TakuX 3a7ad HEeoOXOAMMBI
KOMIIOHEHTHBIE M3MEPEHHs, HO B CBSI3U CO CIIOXKHOCTBIO IPOBEACHHS TAaKMX W3MEPEHUH,
OCOOEHHO C TIOJBMXHBIX OOBEKTOB, IPAKTUUYECKHM BCE MAarHUTHBIE CBHEMKHU SIBISIOTCS
MOAYJIBHBIMH, M BO3HHMKAeT 3aJaya BbIYMCICHHS KOMIIOHEHT MAarHUTHOTO TMOJs U3
IIPOCTPAHCTBEHHOTO pacnpeieneHuss ero Monaynd. YToOsl MHOIyYuTh KapTy BEKTOPHOTO
QHOMAaJIbHOTO MarHUTHOTO MOJIs, IO U3BECTHBIM MOAYJIbHBIM JaHHBIM PaCCUUTHIBAIOT BEKTOPHOE
10JIe ¥ MPOAJIEBAIOT €r0 BHU3 JI0 MMOBEPXHOCTHU 3eMIIM U TiyOxe. B nanHoi pabote ¢ moMoIibio
VCKYCCTBEHHBIX HEMPOHHBIX CETEH pPEIIaroTCs 3aJa4d O IPOJUIEHHH BHU3 M BOCCTAaHOBJIEHUU
BEKTOPHOTO aHOMAJILHOTO MarHUTHOTO Touist. [y oOydeHus HeHPOHHBIX ceTel Oblia co3/aHa
0a3a TaHHBIX MAarHUTHBIX TOJEH ¢ MOMOIIBI0 Habopa TOYeUHbIX aunosieid. Ha mckyccTBeHHBIX
npuMepax Oblla MoKazaHa paboTa oOy4eHHON HEHpPOHHOW CEeTM B CPAaBHEHUHU C W3BECTHBIMU
YHUCIEHHBIMUA ajroputMamMu. Jlamee, mo JaHHBIM IOJHOTO MarHUTHOIO MOJs, KOTOPOE Ha
Tepputopun  Poccu B OCHOBHOM  ONpPENENAETCS €ro BEPTUKAJIbHOW KOMIIOHEHTOM,
BOCCTAHABJIMBAETCS 3HAUEHNE BEPTUKAIbEHON KOMIIOHEHTHI aHOMAJIbHOTO TEOMAarHUTHOI'O MOJIs, U
C TIOMOIIBIO HMCKYCCTBEHHBIX HEHpPOHHBIX CETel BOCCTAHABIMBAIOTCS TOPU3OHTAJIbHBIE
KOMIIOHEHTBI T€OMarHuTHoro nosst. [IpuBeaeH npumep Takoro BOCCTAHOBIIEHUS AJIs OTJIENBHOIO
pervoHa Ha TEPPUTOPUM MOJIyocTpoBa fIMan ¢ HIaroM CeTKU 2 YIJIOBBIX MHUHYTHI, T.€. C
IIPOCTPAHCTBEHHBIM pa3pelIeHuEM MEHee 4 KM.

105



Abyssal flows of Antarctic Bottom Water in deep channels of the Atlantic

E. Morozov
Shirshov Institute of Oceanology, RAS, Moscow, Russia

This is a review presentation based on the author’s field research measurements in the
abyssal channels of the Atlantic. Antarctic Bottom Water (AABW) that propagates in the Atlantic
from the Weddell Sea to the north reaches the latitudes of Europe. AABW is formed in the Weddell
Sea when cold and dense Antarctic Slope Water and Antarctic Shelf Water descend along the
continental slope and mix with Circumpolar Water. This flow in the Atlantic is forced by the depth
difference of the upper boundary of AABW. The thickness of this bottom water layer decreases
during propagation. At the same time potential temperature of AABW increases due to mixing
with the overlying water. Bottom barriers along the pathway of AABW spreading prevent further
propagation of the densest coldest water. From the Weddell Sea Antarctic Bottom Water spreads
through the passages in the South Scotia Ridge to the Scotia Sea. The main pathway is through the
Orkney Passage. From the Scotia Sea AABW flows to the Argentine Basin. Then the main conduit
for the northward propagation is the Vema Channel. After slow motion in the Brazil basin the flow
splits into two flows. One is directed to the East Atlantic through the equatorial Romanche and
Chain fracture zones. The other current flows to the northwest through the Equatorial Channel and
then it again divides into two. One flow goes through the fractures in the Mid-Atlantic Ridge and
fills the deep basins of the Northeast Atlantic. The main pathway through the Mid-Atlantic Ridge
is the Vema Fracture Zone. This flow through the Mid-Atlantic Ridge fills the deep basins of the
Northeast Atlantic. The other current turns to the northwest and flows through the Vidal Channel
to the North American Basin and Puerto-Rico Trench. Two flows through the Mid-Atlantic Ridge
(through the Vema Fracture Zone and Romanche Fracture Zone) reach the Kane Gap in the East
Atlantic. Here, the current alternatively flows either to the north or to the south with a period of
half year. This research was supported by the Russian Science Foundation, grant no. 21-77-20004.

AdHccajbHbIe IOTOKH AHTAPKTUYIECCKUX IIPUTOHHBIX BOA B l"JIyﬁOKI/IX KaHaJaX ATJIaHTHKH

E.I'. Mopo3os
HNuctutyT okeanosoruu um I1. I1. [llupmosa PAH, Mocksa, Poccus

OTo 0030pHas Npe3eHTalys, OCHOBAHHAs Ha PE3yJIbTaTax MOJEBBIX HCCIECIOBAHHH aBTOpa B
abuccalabHBIX KaHAIAX ATIAHTHKH. AHTapKTH4eckue npumoHHble Boabl (AllJIB), pacipocrpanstomuecs
B ATJIaHTUKE OT MOps Y3//eiia Ha ceBep, nocturaror mupoTshl EBponsl. AABB dopmupyercs B mope
VYoannenna, Korjia XOJOJHbIE W IUIOTHBIE BOJBI aHTAPKTUYECKOTO CKIIOHA M aHTAPKTHYECKOTO miesb(a
OITYCKAalOTCs BJIOJIb KOHTUHEHTAJIBHOTO CKJIOHA M CMEIIUBAIOTCS ¢ HUPKYMITOJIIPHBIMU BolaMu. TedeHue
B ATiaHTuke QopMHpYyeTcs ToJ JAeiicTBHeM pa3HocTH TiyOuH Ha BepxHell rpanmine AABW. Tommuna
3TOTO0 TPUJOHHOTO CJIOS BOJBI YMEHBIAeTCAd B IMIpOIECCe paclpocTpaHeHus. B To ke Bpems
noreHuuanbHas temneparypa AABW yBennunBaeTcs u3-3a CMEIIMBAHMS C BBIIICIEKAIIMMHA BOJAMH.
JouHbIe Oapbepsl Ha MyTH pacrpoctpaHeHus AADBB mpensTcTByloT manpHeHmeMy pacripoCTpaHEHUIO
HanOoJiee TUIOTHBIX XOJOAHBIX BOJ. W3 wMopst VYoanaenna aHTapKTHUECKHE MPUIOHHBIE BOJBI
pacripocTpaHsroTcs uepe3 npoxoasl B xpeore FOxnas Ckorus B Mope Ckotus. OCHOBHOH IyTh JICKHUT
uepe3 Opxkneiickuil mpoxon. U3 mops lotnangun AABB Teder B ApreHTHHCKYIO KOTJIOBHHY. 3aTeM
OCHOBHBIM KaHaJIOM JUIsI pacHpoCTpaHeHHs] Ha ceBep cTaHOBUTCS kaHan Bewa. Ilocne memienHoro
nBkeHns B bpasnnbckom Gacceline OTOK pasjiensercs Ha fBa TedeHus. OnuH HanpasieH B BocTounyio
ATIaHTHKY 4yepe3 3KBaTOpHAIbHBIE 30HBI pa3oMoB Pomanm u Yaifu. [[pyroe TeueHne TeyeT Ha ceBepo-
3amnaj yepe3 DKBaTOPHAIBHBIN KaHaJ, a 3aTEM CHOBA pasjensercd Ha ABa. OMH MOTOK MPOXOIUT Yepe3
paszmombel CpeTMHHO-ATIIAHTUYECKOTO XpedTa m 3amosHseTr Tiybokme Oaccelinbl Ceepo-BocTounoit
Atnantuku. OCHOBHOU MyTh Yepe3 CpeMHHO-ATIAHTUYECKHA XpeOeT MPOXOANUT Yepe3 30Hy pa3lioMOB
Bema. Ot10 Teuenue yepe3 CpeauHHO-ATIaHTHUECKUI XpebeT 3amonHseT riybokue Oacceitnbl CeBepo-
BocTtounoii Atnantuku. Jlpyroe TeueHue MoBOpauyMBaeT Ha CEBEPO-3amaj U TeUeT uepe3 kaHan Bunans B
CeBepoaMepHKaHCKYI0 KOTIOBMHY u BrmaguHy Ilyspro-Puko. JIBa Teuenuss uepe3 CpennHHO-
ATnanTHyeckuil Xpebet (uepe3 pa3noMHyto 30Hy Bema u pasnomuyro 30Hy Pomaniin) gocturaroor paspsia
Keiin B BocrouHoii ATianTHiKe. 3/1eCh TEUYECHHUE IOIEPEMEHHO TeueT ju00 Ha ceBep, Ju0O Ha 10T C
nepuoJioM B monrona. MccnenoBanue BBIIONHEHO MpyU moJiepkke Poccuiickoro Hay4Horo oHma, rpanT
Ne 21-77-20004.
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Multiparametric inverse problems of multiwave seismic acquisition

V. Cheverda
Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia

Seismic monitoring of a hydrocarbon field during operation opens up the possibility of
controlling the variability of its mechanical characteristics. The current level of development of
seismic survey technologies makes it possible to ensure the required accuracy of repeatability of
experiments and registration of multicomponent data for both surface and borehole observation
systems. Borehole observation systems have a number of advantages over ground-based systems,
such as the possibility of rigid fixation of the position of sources and receivers and a significantly
lower noise level. In addition, the possibility of placing both sources and receivers at the level of
the target horizon (pay zone) reduces the influence of inhomogeneities in the near-surface part of
the section and reduces the wave path. The disadvantage of this observation system is the small
number of sources and receivers placed in wells. It is of paramount importance to evaluate the
resolution of such observing systems and the expected quality of the results obtained within
reasonable limits on the level of interference. In this study, we consider the method of full
wavefield reversal for solving the multi-parameter inverse problem for a viscoelastic
inhomogeneous medium and analyse its resolution. To describe the process of seismic wave
formation and propagation, we use the elastic wave equations in the framework of the generalised
standard linear solid (GSLS) model. This formulation leads to the inverse problem for the P- and
S-wave propagation velocity and corresponding goodness-of-fit. We recover the parameters of the
viscoelastic medium by reversing the full wavefield on a multiple-overlap system, relying on the
singular expansion truncation method we have previously developed. Acknowledgements. The
research was supported by the Russian Science Foundation project 22-11-00104.

MHoronapaMerpuieckue o0paTHbIe 321a44 MHOTOBOJIHOBOM celicMOpa3BeaKn

B. A. YeBepaa
Huctutyt matematuku uM. C. JI. CoboneBa CO PAH, HoBocubupck, Poccus

CelicMuyeckuil MOHUTOPUHT MECTOPOXK/IEHHUS YIJIEBOJIOPOOB B MPOIECCE IKCILTyaTallun
OTKpPBIBAET BO3MOKHOCTb KOHTPOJII 3a M3MEHYMBOCTBIO €T0 MEXAHHYECKUX XapaKTEPUCTHK.
CoBpeMeHHbIN ypOBEHb Pa3BUTHUS TEXHOJIOTUN CEHCMUYECKUX UCCIIEIOBAaHUI BIIOJIHE MTO3BOJISET
o0ecrneynTh HEOO0XOAMMYI0O TOYHOCTh IOBTOPSEMOCTH OSKCIIEPUMEHTOB U  PETUCTPALUH
MHOTOKOMIIOHEHTHBIX JJaHHBIX, KaK JUIsl HA3€MHBIX, TaK U 1JIs1 CKBKHMHHBIX CUCTEM HAOJIIOICHUSI.
CKBa)XMHHBIE CUCTEMBI HAOJIIOJICHHUSI UMEIOT psiji MPEUMYIIECTB [0 CPAaBHEHHMIO C HA3€MHBIMH,
HanpuMep, BO3MOXXHOCTh JKECTKOM (UKcAllMM MOJIO)KEHHUS HCTOYHUKOB W IPUEMHUKOB U
CYLIECTBEHHO MEHBIIMN ypoBeHb uIyMa. Kpome TOro, BO3MOXKHOCTb PAa3MEIIEHUs Kak
MCTOYHUKOB, TaK M NPUEMHUKOB Ha YpPOBHE IIE€JIEBOr0 TOpU30HTA (MPOAYKTHBHOIO ILIACTA)
CHW)KAET BIIMSHHUE HEOJAHOPOJHOCTEH B MPUIIOBEPXHOCTHOM YacTU pa3pe3a U yMEHBIIAET NyTh
BosiHbl. HemocraTkom Takoil cuctembl HaOMIOJEHUS SIBISIETCS HEOOJbIIOE KOJIUYECTBO
VCTOYHUKOB U MPUEMHHKOB, pa3MEIaEMBbIX B CKBa)XXKMHaX. llepBocTeneHHOE 3HaUEHUE IPU 3TOM
npuoOpeTaeT OIeHKa pa3pelIaromieii CIoCOOHOCTH TaKUX CHUCTEM HaOJIONCHUS U OXKHUIAEMOTO
KadyecTBa MOJIy4YaeMbIX pPE3yJbTAaTOB IpPHU Pa3yMHBIX OrpaHHUYEHUSIX YpOBHA Momex. B srom
HCCJIEJIOBAaHUM MBI pacCMaTpUBAaeM METOJ MOJHOIro oOpallleHus BOJIHOBOTO MOJS AJIs pelieHus
MHOTOMapaMeTpUIecKoil 0OpaTHOM 3a7auM MPUMEHUTENBHO K BS3KOYNPYTro HEOJIHOPOIHOMN
Cpelie ¥ aHAIM3UPYEM €r0 pa3peraronlyo cnocoOHocTs. [ onucanus nporecca GopMUpoBaHUs
U PacHpOCTPaHEHUs! CECMUYECKUX BOJH MbI HCIOJb3yeM YpaBHEHHs YIPYTHUX BOJIH B paMKax
0000111eHHOW MOJENN cTaHAapTHOro JuHeiHoro TBepaoro tena (GSLS). Takas mocraHoBKa
NPUBOJIUT K OOpaTHOMH 3a/1aue AJIsi CKOPOCTH pacrpocTpaHeHus P- 1 S-BOJH M COOTBETCTBYIOIIUX
noOpoTHOCTe. MBI BOCCTaHaBIMBAaEM MapaMeTpbl BSI3KOYNPYroil cpensl MmyTeM oOpalieHus
MIOJTHOT'O BOJIHOBOT'O ITOJISt HA CUCTEME MHOTOKPaTHOTO EPEKPBITHS, OMUPAsCh Ha pa3pab0oTaHHBIN
HAMH paHee METOJI yCEeUeHHUs CUHTYJSIpHOTO pasnoxkeHus. brmarogmapuoctu. HccnenoBanue
nojyepxaHo mpoektoM Poccuiickoro Hayunoro ¢onma 22-11-00104.
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Near-Earth electromagnetic response to thunderstorms and industrial activity

V. Pilipenko
Geophysical Center RAS, Moscow, Russia

The plasma environment of the Earth plays the role of a peculiar ‘tuning chamber’ reacting
to natural and anthropogenic perturbations. The electromagnetic interaction between the
atmosphere and the upper ionosphere is particularly effective in the frequency range of the
ionospheric Alvenov resonator (IAR) under the influence of both ‘from below’ and ‘from above’.
The response of the IAR to various magnetospheric and atmospheric influences is considered using
data from low-orbit satellites. The analysis of electromagnetic VLF noise and variations of plasma
parameters above typhoons revealed the appearance of ‘geomagnetic ripples’. A number of new
numerical models of interaction between the atmosphere and ionosphere were developed to
interpret the experimental results. The propagation of VLF pulses from the atmospheric lightning
discharge into the upper ionosphere of the Earth was calculated. Seepage into the upper ionosphere
of industrial 50/60 Hz radiations is modelled. The basic processes of pulsed electromagnetic
interaction between geophysical envelopes, the impact of atmospheric processes on near-Earth
space, and anthropogenic electromagnetic ‘pollution’ of near-Earth space become clearer. The
work was supported by RNF grant 22-17-00125.

DJIEKTPOMATHUTHBII OTKJIMK 0K0JI03€MHOT'0 IPOCTPAHCTBA HA IPO3bI U NPOMBINLIEHHYIO
AKTHBHOCThH

B. A. [Inaunenko
I'eouznuecknii uentp PAH, Mocksa, Poccus

[Ina3meHHOE€ OKpyXeHHE 3eMiid HrpaeT pojib CBOEOOpa3HOro  “kamepToHa”,
pearupymoImero Ha TPHPOJHBIE H TEXHOreHHbIe Bo3MymeHUs. OcobOeHHO 3hdeKTHBHO
3JIEKTPOMArHUTHOE B3aMMOIEHCTBHE MEKIY aTMOCc(epoii U BepxHel HoHOc(hepoil PosBIsIeTCs B
YaCTOTHOM /IMana3oHe HOHOC(HEPHOTo abBEHOBCKOTO pe3oHaTopa (MAP) npu Bo3aeiicTBuM Kak
"cHu3y", Tak u "cBepxy". [1o 1aHHBIM HU3KOOPOUTAIBHBIX CITyTHUKOB paccMOTpeH OTKIMK AP
Ha pa3jIuy4Hble MarHUTocepHble U aTMoc(hepHble BO3JACHCTBHS. AHaNIM3 3JIEKTPOMArHUTHBIX
YHY mymoB U Bapuanuii napamMeTpoB IUIa3Mbl HaJ TallpyHamMu BBISBUI TOSBICHHE
«T€OMarHUTHON psOow». s HHTeprnpeTaly SKCIIePUMEHTAIBHBIX Pe3yIbTaToOB pa3padoTaH psj
HOBBIX UHCJIEHHBIX Mojenell B3aumozencTBuss armochepsl U HoHochepsl. PaccunraHo
pactipoctpanenue Y HU uMiyibcoB oT aTMOC(HEPHOTO TPO30BOTO pa3ps/ia B BEPXHIOI HOHOChEpY
3emin. CMoOzIeNnMpOBaHO IMPOCAauMBaHUE B BEPXHIOW HOHOC(epy mpombliuieHHbIX 50/60 I'iy
u3nydeHuil. OCHOBHBIE MPOIECCHl UMITYJIbCHOTO 3JIEKTPOMAarHUTHOTO B3aWMOAECUCTBUS MEXKIY
reopu3nYeckUMyU 00O0JIOYKaMH, BO3JEHCTBUE aTMOC(HEpHBIX MPOIECCOB HAa OKOJO3EMHOE
IPOCTPAHCTBO, M  AHTPONOIEHHOE  JJIEKTPOMArHUTHOE  «3arpsi3HEHUE»  OKOJO3EMHOI0
IPOCTPaHCTBA CTAaHOBATCA Oosiee MOHATHBIMU. PaboTa noanepxkana rpantom PH® 22-17-00125.
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Reproduction of the North Atlantic circulation in order to search for the crash site of the AZZO
liner (flight AB 447 Rio de Janeiro — Paris, 01.06.2009) by calculating the reverse trajectories of the
detected bodies

N. Dianskiy*?3, A. Gusev?®*

L Lomonosov Moscow State University, Moscow, Russia

2 Zubov State Oceanographic Institute, Moscow, Russia

3 Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
4 Shirshov Institute of Oceanology RAS, Moscow, Russia

For the purposes of the study, a version of the INMOM (Institute of Numerical Mathematics Ocean
Model) sigma model implemented for the North Atlantic (NA) from 10°S to 78°N with a high spatial
resolution of 0.16°x0.08° in longitude and latitude was used to reproduce the eddy dynamics of the ocean.
We set 31 sigma levels in depth, allowing us to describe the upper layer with a resolution of 1.75 m at 3.5
km depth. At the liquid lateral boundaries, monthly mean observed temperature and salinity data were set
to calculate here the geostrophic velocities of inflow and outflow. Atmospheric forcing was taken from 6-
hourly CORE (Common Ocean-ice Reference Experiments) data specifically designed for off-line ocean
model calculations. It is shown that INMOM reproduces well the eddy structure of the SA circulation,
including the meandering of the Gulf Stream and its ring formations, as well as the complex system of
equatorial currents and countercurrents. The results of INMOM's reproduction of the surface circulation of
the SA were used to determine the crash site of the A330 Air France Flight 447 Rio de Janeiro-Paris
01.06.2009, by back-calculating the trajectories found in the crash area near the last known position of the
A330 (LKP) (2°58.8°N, 30°35.4’W). A preliminary verification of the reproduction of the complex
structure in equatorial circulation was carried out by comparing model and known real trajectories of
drifters of different types and ARGO buoys, which showed that this version of INMOM reproduces them
quite well, but only north of 4°N. South of this boundary the model trajectories deviate to the left. By
introducing a correction for this deviation, the area of the approximate position of the A330 crash site was
calculated. As it turned out it included the place of the real crash of the airliner, later found 04.04.2011 at a
depth of ~3.5 km in the search cruise R/V ‘Alusia’, belonging to Woods Hole Oceanographic Institution
(WHOI). The INMOM-calculated position was much more accurate compared to other European and North
American models.

Bocnpounssenenue nupkyjasanun CeBepHoil ATIAHTHKH € LEJIbI0 MIOMCKA MeCTa MajeHus JaliHepa
A330 (peiic Ab 447 Puo ae Kamneiipo — [lapu:x, 01.06.2009) mytem pacuyera 00paTHBIX TPaeKTOpPHii
00HapYyKEeHHBIX TeJl

H. A. Tnauckuii?3, A. B. I'ycep?3#

! MockoBckuii rocynapcTseHHblil yausepcuter um. M. B. JlomoHocoBa, Mocksa, Poccus
2TocymapcTBeHHblH okeanorpaduueckuil uactutyt um. H. H. 3y6osa, Mocksa, Poccus
S MucTuTyT BRIYMCINTENbHOM MaTeMaTuky um. I'. M. Mapuyka PAH, Mocksa, Poccus

4 UnctutyT okeanosorum uM. I1. I1. Illupmosa PAH, Mocksa, Poccus

Jlia ieneit uccnenoBaHus UCTOIb30Bajiach Bepcus curma-moaean INMOM (Institute of Numerical
Mathematics Ocean Model), peanu3oBannast s akBaropuu CepepHoid Atnantuku (CA) ot 10°S g0 78°N ¢
BBICOKHM IPOCTpAaHCTBEHHbIM paspeuieHneM 0.16°x0.08° mo gonrore W MIMPOTE, MO3BOJSIOMINM
BOCTIPOM3BOJNTE BHUXPEBYIO JHHAMHKY OKeaHa. 3afaBainuch 31 curma ypoBHS IO TTyOHHE, MO3BOJISIOLIHE
ONKCHIBATh BEPXHHUH CJIOW ¢ paspemeHueM 1.75 M Ha rinyOuHe 3.5 kM. Ha *uIkux OOKOBBIX TpaHHIAX
3aJaBaJICh CpEIHEMECSYHbIe JaHHbIC HAOMIONCHMH IO TeMIepaType W COJIGHOCTH Al pacyera 37ech
reocTpoHUECKUX CKOPOCTEil BTOKa U BBITOKA. ATMOc(hepHOoe Bo3/ieiicTBHE Opanoch U3 6-TH YaCOBBIX JaHHBIX
CORE (Common Ocean-ice Reference Experiments), crenuaspbHO NpeAHA3HAYECHHBIX JIsI ABTOHOMHBIX
pacuéroB Mmogenelt oxeaHa. Ilokazano, uto INMOM xopowo BOCHPOM3BOIUT BUXPEBYIO CTPYKTYpPY
mupkynsiun CA, BKiIIoyast MeaHaprupoBanne ['ons(eTprMa M 00pa3oBaHUsI €TO PHHTOB, a TaKXKe CIOKHYIO
CHUCTEMY OKBAaTOPHMAIBHBIX TEYEHHH M NOpoTHBOTeueHWi. Pesynprarhl BocmpousBeneHus INMOM
MIPUITOBEPXHOCTHON HUPKYIAuM CA HCHOJIB30BAIUCh Ul ONpEAeieHNs: MecTa najieHus aBuanaitnepa A330
peiica Air France 447 Puo-nme-Kaneiipo — Ilapmwk 01.06.2009, mytem obOpaTHOrO pacdera TPaeKTOPHH,
HallICHHBIX B pailoHe KpyIIeHHs OKoJio mnocieaHero usBecTHoro mnojoxenus A330 (LKP) (2°58.8'N,
30°35.4'W). IlpenBapurensHo ObLIa MpOBENCHAa BepUPHKANNS BOCHPOU3BEACHUS CIOXKHOU CTPYKTYPHI IPH
9KBATOPUAITLHOM TUPKYJISILIAN, ITyTEM CPAaBHEHHS MOJICITBHBIX U U3BECTHBIX PEalIbHBIX TPACKTOPU APUPTEPOB
pazmuanoro tuna u 0yeB ARGO, kotopas mokazana, uro naHHas Bepcus INMOM ux A0BOIBLHO XOPOIIO
BOCIIPOM3BOJIUT, HO TOJIBKO ceBepHee 4°N. KOxxHee 3Tol rpaHUIIbl MOJENIbHBIE TPAEKTOPUHU OTKJIOHSIOTCS BIIEBO.
ITyTtem BBeICHUS KOPPEKIMU Ha 3TO OTKIOHEHHE OBUIO BBHIYMCICHA 00JIACTH MPUMEPHOTO IMOJIOKECHUS MECTa
nagenuss A330. Kak okazamoch, oHa BKJIIOYana B ce0s MECTO peajbHOTO TaJeHUs aBHalaiiHepa, MO3HEE
HaiinerHoro 04.04.2011 Ha ryoune ~3.5 kM B mouckoBoM peiice HUC «Amycunay, npuHamiexariero Woods
Hole Oceanographic Institution (WHOI). I1pu aTom paccuntanaoe ¢ momornsio INMOM nonoxeHne oka3aaoch
MHOT'0 TOYHEE, 110 CPABHEHUIO C PACCUMTAHHBIM I10 JPYTUM €BPONEHCKUMU U CEBEPOAMEPUKAHCKUMU MOAETISIM.
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System studies of tectonic processes and geodynamic modelling of key structures of the
Russian Arctic

V. Vernikovsky, A. Vernikovskaya
Novosibirsk State University, Novosibirsk, Russia
Institute of Petroleum Geology and Geophysics SB RAS, Novosibirsk, Russia

The geological structure of a particular lithospheric segment of the Earth is a complex
system formed over a long period of time (hundreds of millions of years) as a result of the
reorganisation of lithospheric plates under the influence of deep processes in the core and mantle.
The task of geoscientists is to understand how and when these structures and systems of structures
were formed, which is extremely important for solving modern global problems. In order to solve
this task and build a geological and geophysical model of the lithosphere segment of interest to us,
a set of data is required. Due to the fact that geological and geophysical information for large
segments of the lithosphere, as a rule, is very heterogeneous, where large data arrays are combined
with single, but very important data, its deep scientific analysis and correct interpretation is
necessary. On the example of the geological structure of the continental margin of the Russian
Arctic, the problems of scientific analysis and geological and geophysical interpretation of
geological, structural, geochronological, paleontological, paleomagnetic and other data will be
considered to solve modern global problems, such as geodynamic reconstruction of continental
plates and tectonic-thermal modelling of key orogenic structures. The research was financially
supported by the Russian Science Foundation: project No. 24-17-00057.

CucreMHbI€e HCCJIEIOBAHNS TEKTOHUYECKHUX MPOLIECCOB U Ire0JUHAMMYECKOE
MO/ eJIMPOBaHMe KJI4YeBbIX CTPYKTYP Poccuiickoii ApKTHKH

B. A. Bepnuxosckuii, A. E. Bepaukockas
HoBocubupckuii rocygapcTBeHHbIN yHIUBEpcuTeT, HoBocuOupck, Poccus
Wuctutyt Hedrerazopoii reonorun u reodpusukun CO PAH, HoBocubupck, Poccust

I'eosornueckoe cTpoeHHE TOTO WK MHOTO JIMTOC(HEPHOTO CerMeHTa 3eMIIU MpeACTaBIsIeT
co00M CIIOXKHYIO CHUCTEMY, C(HOPMHUPOBABIIYIOCS B TEUCHUH JIUTEIHLHOTO BPEMEHH (COTHU
MIIJIMOHOB JIET) B pe3yJbTaTe peopraHu3alMyd JUTOCHEPHBIX IUIMT TMOJA BO3JEHCTBHEM
[NIyOMHHBIX MPOIECCOB B SApEe M MAHTHH. 3aJaya YUEHbIX-T€OJIOTOB MOHATh, KaK U KOI/a 3TU
CTPYKTYPBI U CUCTEMBI CTPYKTYP OBLIM COPMHUPOBAHBI, YTO YPE3BBIYAHHO BAXKHO JUIS PELICHUs
COBPEMEHHBIX TJI00anbHBIX IpoOsieM. [[is pemieHus 3TON 3aayud M MOCTPOEHHUS T€0JIOro-
reo(pu3NYecKO MOJEIM HHTEPECYIOIIEr0 HAac CEerMEeHTa JUTOC(hepbl HEOOXOAUM KOMILIEKC
JIaHHbIX. B cBsA3M ¢ TeM, uTo reosjoro-reopusnueckas uHGopMaus Aas KPyIMHBIX CETMEHTOB
auTocdeprl, Kak MpaBWiio, ObIBAET OYEHb PA3HOPOIHOW, I/e OONbIINE MACCHUBBI JIAHHBIX
COYETAIOTCS C €IMHUYHBIMU, HO OYEHb Ba)KHBIMHU JaHHBIMU, HEOOXOIUM €€ INTyOOKHI Hay4yHBIN
aHaJIN3 U KOPPEKTHas MHTepnpeTanus. Ha mprumepe reoaornyeckoro CTpoeHNs KOHTHHEHTAJIBHON
OKpauHbl POCCUMCKOW APKTHKU OYyAyT paccCMOTpPEHBI MPOOIeMbl HAYYHOIO aHAJIW3a U T'e0JI0ro-
reo(pu3nYecKoi MHTEpIpEeTalun re0JI0r0-CTPYKTYPHBIX, rEOXPOHOJIOTUYECKUX,
MAJI€OHTOJOTUYECKUX, IaJ€OMAarHUTHBIX M JPYTMX JaHHBIX JJS pEIIeHHsS COBPEMEHHBIX
rJ100aNbHBIX 33jJad, TAKMX KaK Te€OJMHAMUYECKHE PEKOHCTPYKIIMM KOHTHMHEHTAJIbHBIX IIUT U
TEKTOHO-TEPMAJIbHOE MOJEIUPOBAaHUE KIIIOYEBBIX OPOTEHHBIX CTPyKTyp. Mccnengosanue
BBIMIOJIHEHO  Tpu  (uHaHCOBOM  mommepxkke  Poccuiickoro HAy4YHOTO donma:
npoekT Ne 24-17-00057.
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Complex for high-precision measurements of the Earth’s gravitational field parameters

M. Murzabekov, D. Bobrov, R. Davlatov, V. Lopatin
VNIIFTRI, Solnechnogorsk, Russia

The gravimetric complex is considered, which includes an astronomical plumb line slope
meter and a high-precision relative gravimeter developed in FSUE ‘VNIIFTRI’. Performing joint
area measurements using the proposed complex allows to determine the following parameters of
the Earth's gravitational field: acceleration of gravity and gravity anomalies, components and total
value of the plumb line slope, components of gravity acceleration, quasigeoidal height excesses
and horizontal components of the anomalous potential gradient. Measurements of these parameters
of the Earth's gravitational field are in demand for prospecting and exploration of mineral deposits,
topo-geodetic support of the Russian territory, creation and improvement of the State Geocentric
Coordinate System, creation of calibration sites for prospective space geodetic missions of
‘Geo-IR’ type, development of prospective complex navigation systems based on the Earth's
gravitational field and others. The complex is relocatable and allows measuring parameters of the
Earth's gravity field in a single point for a time not exceeding 1 hour. The paper presents the results
of measurements of the above-mentioned parameters of the Earth's gravitational field on the
example of the polygon on the territory of the Moscow region.

Kommuieke 1511 BBICOKOTOYHBIX H3MePeHUil NapaMeTPOB rPABUTALIMOHHOIO MOJIst 3eMJIn

M. M. Myp3ab6ekos, /I. C. bobpos, P. A. JlaBnatos, B. I1. Jlonarun
BHUMNDTPU, Conneunoropck, Poccus

PaccmarpuBaeTcsi TpaBUMETPHUYECKUN KOMILUIEKC, BKJIIOYAIOMIMK pa3pabOTaHHBIN BO
OI'VII "BHUNOTPU" acTtpoHOMUYECKHMI U3MEpPUTENb YKJIOHEHHUS OTBECHOM JIMHMUM U
BBICOKOTOYHBIN OTHOCUTEJIbHBIN TPaBUMETP. BBINOIHEHNE COBMECTHBIX TUIOIIAIHBIX U3MEPEHUI
C MCHOJIb30BAaHUEM IPEAJIaraeMoro KOMIIJIEKCA MO3BOJIAET ONPEAEIATh CIEAYIOIINE apaMeTphbl
TPaBUTAIMOHHOTO TIOJIA 3EMJIM: YCKOPEHHME CHJIBI TSKECTH W aHOMAJIWU CUJIbI TSDKECTH,
COCTaBJISAIOIIME U TNOJHOE 3HAYCHUE YKIIOHEHHS OTBECHOW JIMHUM, COCTABIISIOLINE YCKOPEHUS
CHUJIbI TSPKECTH, MTPEBBIIIECHUS BBICOT KBA3UTE€OUA U TOPU3OHTAIBHBIE COCTABIISIIOIINE TPAIUCHTa
AHOMAJIBHOrO TNOTEeHIMaNa. M3MepeHuss 3TUX NapaMeTpoB TPaBUTALUOHHOTO TOJS 3eMiu
BOCTpPeOOBaHBI TPU TIOMCKE M PAa3BEIKE MECTOPOXKICHHUN TOJIE3HBIX HCKOIMAEMBIX, TOIO-
reoJie3uyeckoM olecredeHnn TeppuTopun Poccuu, co3MaHMM ¥ COBEPIICHCTBOBAHUU
['ocynapcTBeHHOM TEOIEHTPUYECKON CUCTEMBI KOOPAWHAT, CO3JaHUU TOJIMTOHOB KaJUOPOBKHU
MEPCIEeKTUBHBIX KOCMHYECKHX Treoje3ndeckux wmuccuid tuma «['eo-MK», paspabotke
MEePCIEKTUBHBIX KOMIUIEKCHBIX CHCTEM HABUTAIIMU IO TPABUTAIIMOHHOMY TOJIIO 3€MJIM W Jp.
Kommuiekc siBnsieTcst mepeba3upyemMbiM M TO3BOJISIET U3MEPATh MapaMeTphl TPaBUTAIMOHHOTO
noJisi 3eMJIM B €IMHUYHOM TOYKe 3a BpeMs He Oosiee | yaca. B paboTe npencraBieHsl pe3yabTaThl
M3MEPEHMI BBIIICYKAa3aHHBIX MapaMeTPOB IPABUTALMOHHOTO OISl 3€MJIM Ha PUMEpE MOJIUTOHA
Ha TEPPUTOPUH MOCKOBCKOM 00J1aCTH.
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Satellite studies of anthropogenic film pollution in Avacha Bay

V. Bondur, V. Zamshin, O. Chvertkova, V. Chernikova
ISR AEROCOSMOS, Moscow, Russia

Coastal water areas near the Kamchatka Peninsula, including the Avacha Bay area, are subjected
to anthropogenic impacts, primarily associated with intensive shipping, which causes the risks of
deterioration of marine ecosystems in the region. This paper develops an approach to recording and
guantitative analysis of spatial and temporal dynamics of anthropogenic film pollution caused, first of all,
by intensive shipping, based on the processing of long-term time series of satellite radar data obtained
during the monitoring of the Avacha Gulf water area of ~10 thousand km?. The proposed approach to
analysing the spatial and temporal dynamics of anthropogenic film pollution (anthropogenic film
pollution — AFP) is based on calculation and subsequent analysis of the time series of annual spatial
distributions of dAFP, conditionally called ‘susceptibility’ to AFP, which is defined for each cell of the
regular spatial grid as the ratio of the total area of registered AFP to the total area of observations made in
this cell at permissible wind speeds (2 m/s < v <9 m/s). Based on the processing of 1134 satellite radar
scenes (Sentinel-1), 318 AFP were identified within the Avacha Bay water area in 2014-2023. The total
area of registered AFP was 332 km? (~3% of the water area). The average dAFP exposure value was
approximately 93 ppm (millionths), which indicates a high level of anthropogenic film pollution
(comparable to the areas of the Black Sea with intensive navigation, for which a dAFP of ~130 ppm was
previously determined). A positive interannual trend is observed, indicating that the exposure of the Avacha
Gulf water areas to AFP has increased ~3-fold over 10 years. Analysis of the spatial distribution of AFP
and maps of shipping density indicates that it is the main source of anthropogenic film pollution in Avacha
Bay. The most polluted area of the water area is located within Mokhovaya and Seroglazka Bays.

CnyTHMKOBBIE HCCICAOBAHNS AHTPONOTeHHBIX JIEHOYHBIX 3arpsSI3HEHU i ABAYMHCKOI0 32/1MBa

B.T. bonnyp, B. B. 3ammun, O. 1. UseptkoBa, B. H. UepHukosa
H1N «ADPOKOCMOC», Mocksa, Poccust

[IpubpexHbIe akBaTOpUH Y IOTyoCcTpoBa KamyaTka, B ToM ducie B paiioHe ABaYHHCKOTO 3aJIMBa,
MOJIBEPTaloTCs AaHTPONOT€HHBIMU BO3/AEWCTBUSAMH, CBS3aHHBIMH, IPEXKIE BCEro, C HHTECHCUBHBIM
CYJOXOACTBOM, 4TO OOyCIaBIMBA€T PHUCKU YXYALICHUS COCTOSHHS MOPCKHX 3KOCHCTEM pervoHa. B
HACTOSIIIEH paboTe pa3BUBAETCS MOAXOA K PETUCTPALMH U KOJIMYECTBEHHOMY aHaJIM3y MPOCTPaHCTBEHHO-
BPEMEHHOMN JMHAMUKH MIEHOYHBIX 3aTrPs3HEHUI aHTPOIIOT€HHOTO MPOUCXOXKACHNUS, BEI3BAHHBIX, MPEXK/IE
BCETO, MHTCHCUBHBIM CYJOXOJICTBOM, OCHOBaHHBI Ha 00pabOTKE JUIMTEIbHBIX BPEMEHHBIX PSJIIOB
CIyTHHKOBBIX PaJUOJIOKAIMOHHBIX JAHHBIX, ITOJYYEHHBIX NIPU MOHHTOPHHIE AKBATOPHU ABadHMHCKOTO
sammBa iomaaeio ~10 teic. kM% [lpemaraemplii MOAXOJ K aHAIM3y MPOCTPAHCTBEHHO-BPEMEHHOM
JUHAMHKHU TUIEHOYHBIX 3arpsS3HEHUN aHTPOIOI€HHOTO MPOHUCXOXKACHHSA (AHTPOMOTEHHBIX IUIEHOYHBIX
3arpssHeHUH — AlI3) ocHOBaH Ha BBIYMCIICHHWHU U MOCIEAYIOIIEM aHaJIH3€ BPEMEHHOTO Psja €XeroAHbIX
NPOCTPAHCTBEHHBIX pacnpeneneHuid BennunHbl dAIL3, ycioBHO Ha3BaHHOW «I1OIBEPKEHHOCTHION K All3,
KOTOpasl OHpenesieTcs Uil KaXAOW sSYEHKH PEryJsipHOM IPOCTPAHCTBEHHOM CETKM KaK OTHOLICHME
CyMMapHOH IUIoIaax 3aperucTpupoBaHHbix All3 k cyMMapHOH Mmiiomaayu BHIIOIHEHHBIX HAOIIOACHUH B
3TOW sUEHKe TPU JOMMYCTHMBIX CKOPOCTAX BeTpa (2 m/c < v < 9 m/c). Ha ocHoBanum obOpadotku 1134
CIYTHHKOBBIX PaJHOJIOKAIIMOHHBIX ciieH (Sentinel-1) B mpenmemax axBaTopuu ABauWHCKOTO 3aliiBa B
2014-2023 rr. Obuto BhIsiBICHO 318 AII3. CymmapHas 1uiomiaas 3apeructpupoBanibix All3 cocraBuia
332 km? (~3% ot nnomamu axpatopun). CpenHee 3HaueHume noxsepsxeHHoctd dAIT3 cocraBuiio
npubnu3uTenabHo 93 ppm  (MIWUTMOHHBIX —JOJI€H), YTO CBUJAETENBCTBYET O BBICOKOM YPOBHE
AHTPOTIOTeHHBIX IIEHOYHBIX 3arpsA3HEHUH (COMOCTaBUMO C ydacTKaMu UEPHOTO MOpPSI C WHTEHCHBHBIM
CYJIOXOJICTBOM, JIJIsi KOTOpBIX paHee Obuio ompeneneHo dAII3 ~130 ppm). Habnrogaercs MekronoBoit
MOJIOKUTENBHBIN TPEH, YKa3bIBAIOUIUI Ha TO, 4TO 3a 10 JIeT moABEepKEHHOCTh aKBaTOPUI ABaYMHCKOIO
saymBa All3 Bo3pocna B ~3 paza. AHaIM3 MpOCTPaHCTBEHHOTO pactupenencaus All3 U kapT IIOTHOCTH
CyIOXOJICTBA CBHUIETEIHCTBYET O TOM, UYTO OHO SBJIIETCS OCHOBHBIM HCTOYHHUKOM OOpa30BaHUS
AQHTPOIIOTEHHBIX TUIEHOYHBIX 3arps3HeHuil B ABaumHCKOM 3aiuBe. HanOonee 3arps3HEHHBIH ydacTOK
aKBaTOPUH pacrojiaraercs B npeaenax oyxt Moxosas u Cepornaska.
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Dependence of cloud droplet growth on their size and the presence of an electric field

D. Gabyshev
Geophysical Center RAS, Moscow, Russia

Natural water aerosols, such as clouds and fog, play a key role in the heat and mass transfer
of the Earth's atmosphere by smoothing temperature fluctuations. The formation of these aerosols
is generally well understood, but the details of the process at the microscale remain not well
understood and continue to be of great interest to researchers. Typically, droplets in the atmosphere
result from heterogeneous nucleation on condensation nuclei of terrestrial and extraterrestrial
origin. Temperature, humidity, chemical impurities and concentration of condensation nuclei
influence the intensity of droplet growth and, consequently, the formation of precipitation. The
condensation mechanism is decisive for droplets up to 15-20 pum radius, after which the
coagulation mechanism predominates. Typical fog droplets of radius 3-5 um and slightly larger
cloud droplets grow or evaporate according to the so-called ‘d-square’ law, according to which the
surface area (square of diameter) at constant humidity varies linearly with time. However, this law
IS not applicable for droplets smaller than 1 pm because of the change in effective humidity over
the curved surface of the droplet and the manifestation of the kinetic transport mode of the
molecules. In addition, the separated charges at the edges of the cumulus cloud create a strong
electric field with a strength of ~ 1 kV/cm. While the first factor hinders the growth of droplets,
the second factor, on the contrary, favours their growth. In this connection, it is interesting to
determine the degree of compensation of the factors and the direction of the equilibrium shift —
towards restraining or still accelerating the growth. This study proposes to take into account both
of these factors in a numerical and analytical calculation. The study was supported by the RNF
project No. 21-77-30010.

3aBHCHMOCTB POCTa KamneJab 00JIAaKOB OT UX pa3Mepa U HAJIMYHUSI JJIeKTPHYECKOT0 TOJIst

. H. I'aGbimmieB
['eopusnueckuii nentp PAH, Mocksa, Poccus

[Ipuposanbie BoAHbBIE a3p030JiM, TaKue Kak o0jlaka M TyMaH, UTPalOT KIIIOYEBYIO POJb B
TEIIOMAacCOOOMEHe 3eMHOM aTMocdepsl, CriiakuBasi TemMreparypHble Kosnebanus. O6pazoBaHue
ATUX a3p030Ji€il B 1IEJIOM XOPOIIO U3yUYeHO, HO JIeTalli Mpoliecca Ha MUKPOYPOBHE OCTAIOTCS HE
BIIOJIHE SICHBIMU U NIPOJIOJDKAIOT MPEACTABIATH O0JIBLION HHTEpec A uccienonareneil. OObIYHO
KaIlJId B aTMOCc(epe BOZHUKAIOT B pe3yJIbTaTe reTepOreHHOM HyKJIeallu Ha siipax KOHJIEHCAIluU
36MHOI'O UM BHE3EMHOI'O IPOMCXOXJIEHHUA. TemmepaTrypa, BIaXXHOCTb, XMMHUYECKHE NMPUMECH U
KOHIEHTpalus A7ep KOHACHCALUN BIUSAIOT HA MHTEHCUBHOCTh POCTa Karellb U, COOTBETCTBEHHO,
oOpa3oBaHue ocaakoB. KOHIEHCAIIMOHHBIH MEXaHU3M SIBIISETCS ONPEAEISIIOIUM Ul Karelb
paauycoMm 1o 15-20 MkM, mocie yero mpeobsiajaeT KoaryJislUUOHHBIA MeXxaHu3M. TUnuyHbie
KaIUIM TyMaHa pajinycoM 3-5 MKM 1 4yTbh OoJiee KpYITHbIE Karjiu 00JIaKOB PacTyT UM UCTIApSIFOTCS
B COOTBETCTBHM C TaK Ha3bIBaCMbIM 3aKOHOM «d-KBaJpar», COMJIACHO KOTOPOMY ILIOIIA[h
MOBEPXHOCTH (KBaJpaT JUaMeTpa) MpH MOCTOSHHON BIaXXHOCTH MEHSETCS JTMHEHHO OT BPEMEHHU.
OpHako 3TOT 3aKOH HE NPUMEHHM JJIsl Kamejlb pa3MepoM MeHbIlle 1 MKM H3-3a U3MEHEHUs
3(pPEKTUBHON BIOKHOCTH HaJ WCKPUBIEHHONW MOBEPXHOCTBIO KallId M  MPOSBICHUS
KMHETUYECKOTO0 TPAHCIOPTHOrO pexuma MoJekyn. Kpome Toro, pasnenéHHble 3apsiibl Ha
KPOMKax Ky4eBOro o0j1aKka CO3/1al0T CHIIBHOE AJIEKTPHUYECKOE 110JIe€ HAMPSKEHHOCTHIO ~ 1 KB / cm.
Ecnu nepBeiit hakTop 3aTpyaHSAET POCT Kareib, TO BTOPOl, HAMPOTHUB, CIIOCOOCTBYET UX pocTy. B
CBSI3M C JTUM MHTEPECHO ONpEIENUTh CTENeHb KOMIEHcaluu (aKTOPOB M HaIpaBieHUE
CMEIIIEHNs PaBHOBECHUS — B CTOPOHY CAEpPKUBAHUS WM BCE K€ yCKOpeHHs pocTa. B manHoM
UCCIICIOBAaHUM TIpe/JIaraeTcs y4ectb 00a 3TuxX (akTopa B YMCICHHO-aHAJUTHUYECKOM pacueTe.
HccnenoBanue BHIONHEHO TTpH Toiepkke mpoekta PH® No21-77-30010.
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Fuzzy spectra of time series

S. Agayan?, Sh. Bogoutdinov?, D. Kamaev?
! Geophysical Center RAS, Moscow, Russia
2 Scientific and production association Typhoon, Obninsk, Russia

One of the directions in the development of discrete data analysis methods and discrete mathematics in
general has to do with modelling the researcher's ability to work with data. Our efforts in this direction to analyse data
by ‘algorithmising the researcher’ have led to the creation of Discrete Mathematical Analysis (DMA), a new
researcher-centric approach to data analysis that occupies an intermediate position between hard mathematical
methods and soft intellectual methods. The paper is devoted to DMA-research of records (time series), which is based
on the logic of the researcher (LI) analysing the records. Let us recall it: the researcher glides through a record,
estimating by numbers the activity of identical, small (local), in his opinion, fragments of it. He assigns these estimates
to the centres of the fragments. In this way, the researcher moves from the initial record to the function, which is the
straightening of the record, because the more active points on it correspond to larger values of this function.
Formalisation of the interpreter logic became the main thing in DMA-research of records at the first stage: the DRAS
and FCARS algorithms created at that time left the researcher free to interpret anomalies, knew how to connect them
correctly, competed in anomaly search with classical spectral analysis algorithms and had a number of effective,
mainly geophysical applications. In the second step, a transition from record rectification to a measure of record
rectification was made. According to LI, record rectification is a quantitative expression of the property of interest to
the researcher. Rectification serves as a basis for qualitative expression of the property. It is called a measure of
rectification, is a fuzzy structure on the record definition area (RDA) and fuzzy characterises in each node of the
record the degree of expression (manifestation) of the property of interest to the researcher. The transition from
rectifications to their measures solves the problem of incomparability and is the essential justification of translation
of DMA-research of records into NM language by means of the double transition ‘record’ — ‘rectification’ —
‘rectification measure’. DMA-research of records in the first two stages is a sequential improvement of LI
formalisation. The main role is played by the researcher with his view of the record, which includes both the property
of interest and the scale of its consideration on the record. Therefore, the modelling that takes this into account and its
result is necessarily limited. The paper is devoted to the third step where we remove this limitation by studying, in the
form of fuzzy spectra, the relationship between the property and the record at different scales. The idea of multiscale,
coming from wavelets and fractals, makes the property, rather than the researcher, the main focus in analysing the
record. This makes it possible to understand the relationship between the two more fully and objectively.

Heuerkue crniekTpbl BpeMeHHBIX Psii0B

C. M. Arasu?, I1I. P. Boroytnunos?, JI. A. Kamaep?
!Teopusuueckuii nenrp PAH, Mocksa, Poccus
2 HayuHo-npou3BojicTBeHHOE 00beaunenue Taiidyn, O6HuHCK, Poccus

OnHO W3 HampaBlIeHUI Pa3BUTHA AMCKPETHBIX METOJIOB aHAINM3a JAHHBIX U JUCKPETHOW MaTeMaTHKH B
I[EJIOM CBSI3aHO C MOJCIUPOBAaHMEM YyMEHHUsS HccienoBarenss paboTate ¢ JaHHBIMH. Hamm ycunus B 3TOM
HAIpaBJIEHUU MO aHAIM3Y JaHHBIX IMYTEM «aJrOPUTMM3ALMM HCCIEN0BATENsD» MPUBENIU K CO3JaHUI0 J{MCKpEeTHOro
Matematnaeckoro Axanu3za (JIMA) — HOBOTo IOX0/1a K aHAIH3Y JNaHHBIX, OPHEHTHPOBAHHOTO Ha HCCIICAOBATEIS H
3aHUMAIOLLET0 MPOMEXYTOUHOE IOJIOKEHUE MEXAY KECTKUMU MaTeMaTHYEeCKUMU METOAaMH U  MSTKHUMH
HMHTEJUIEKTyalbHbIMH. JloKiTan nmocssmeH IMA-ucciaeToBaHAI0 3aliuceil (BpeMEHHBIX PSIOB), B OCHOBE KOTOPOTO
JISKUT JorHKa uccienoatens (JIN), ananmmsupyromiero 3anvcyd. HamoMHNM e€: mcciaenoBaTenb CKOIB3UT 10 3aIUCH,
OIICHUBAs YUCIIAMH AaKTHBHOCTH OJIMHAKOBBIX, HEOOJBIINX (JIOKATBHBIX), IO €r0 MHEHUIO, (parmMeHTOB €. DTH
OLIEHKH OH TPHCBaMBAET LEHTPaM (GparMeHTOB. Tak OT UCXOJHOW 3alMCH UCCIE0BaTENb ePEXOANUT K (QYHKIUH,
KOTOpas M €CTh BBINPSIMIICHHE 3allHCH, MOCKOJIBKY Ooyiee aKTHBHBIM Ha HEW TOYKAM COOTBETCTBYIOT OOJIbIIHE
3HaueHus 3Tor GyHKunu. dopmanusanus JOTUKYA HHTEPIIpETaTopa crajia riaBHoi B JIMA-uccieqoBaHusIX 3anucen
Ha MEePBOM 3Tare: co3anHbie B 3T0 Bpems aaroputMbl DRAS u FCARS ocraBnsum 3a uccienoBatesneM cBOOOITy B
TPAaKTOBKE aHOMA&JIMH, YMENM HX MPAaBUIBHO COEAWHATH, JOCTOWHO KOHKYPHPOBAJIM B TIOMCKE AHOMAIHH ¢
KJIACCHYECKMMHU alTOPUTMAMH CIIEKTPAJIFHOTO aHajM3a W HUMENH psix 3(PQPEeKTHBHBIX, TJIABHBIM 00pa3zoMm,
reo(hm3nvecKuX TpUIoKeHuiH. Ha BTOpoM 3Tame OBUT OCYIIECTBICH MEPEXOd OT BBIMPSIMICHHS 3allUCH K Mepe
BoIIpsAMIeHUs 3anucu. CoriacHo JIW, BbIIpsIMIIEHHE 3alHCH €CTh KOJIMYECTBEHHOE BBIPAXKEHHE WHTEPECYIOIIETO
WCClIeIoBaTelsl CBOMCTBA. BpINpsMieHHE CIyXUT OCHOBaHMEM JJIi KaueCTBEHHOI'O BBIPAXXEHHs CBOMCTBA.
HaspiBaeTcst oHO Mepoii BBINPSIMIIEHHS, SBJISETCS HEUETKOH CTPYKTypoil Ha obnactu onpenenenus 3amucu (O03) u
HEYETKO XapaKTePU3yeT B KAXKIOM y3JI€ 3aIliCH CTEIICHb BEIPAKECHUS (TIPOSBICHUS) HHTEPECYIOMIETO UCCIIEeIOBATEIS
cBoiicTBa. Ilepexox OT BBEIIPAMIICHHI K MX MepaM pelIaeT mpobjieMy HECPaBHUMOCTH W SBISETCS CYIIHOCTHBIM
obocHoBanmneM nepeBoaa JIMA-uccienoBanuii 3amnvceil Ha 361Kk HM ¢ MOMOIIBI0 TBOHHOTO TIEpexo/ia «3aluchy —
«BBITIPSIMIICHUE» — «Mepa BeIpsimiieHus1. JIMA-nccienoBaHue 3anucell Ha MepBhIX ABYX ATalax MpeICcTaBisieT co00it
nocJenoBaTeNbHOe yiaydmerne Gpopmanmsanuu JIV. 'maBHyI0 poip UTpaeT UCCIeaoBaTeNlb CO CBOMM B3IJIAOM Ha
3aMK1Ch, BKIFOYAIONINM KaK MHTEPECYIOIee ero CBOMCTBO, TaK M MacImTad ero pacCMOTpEHHUs Ha 3amucH. [loatomy
YYHTHIBAIOIIEE 3TO 0OCTOSTEIHCTBO MOJICIUPOBAHHIE U €T0 PEe3yIbTaT HEOOXOIMMO HMEEeT OTPAaHWICHHBIA XapaKkTep.
Joxmnan nocBsiieH TpeTbeMy dTaly, Ha KOTOPOM Mbl CHUMAEeM 3TO OTpaHUYEHUE, 3ydasl B BU/IE€ HEUETKUX CIIEKTPOB
CBSI3b MEXKJIy CBOMCTBOM M 3aIUCHIO B pa3HBIX MaciiTabax. Vxes pasHOMacITaOHOCTH, TIPUIICAIIAs U3 BEUBICTOB U
(hpakTaios, AemaeT CBOMCTBO, a HE HCCIICAOBATENS, TITABHBIM B aHAJIM3E 3AIIMCH. JTO TAeT BO3MOYKHOCTH MTOHATH CBSI3b
MEXIy HUMH 00Jiee TIOTHO U 0OBEKTHUBHO.
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Magnetometry for searching archaeological, man-made objects and extraterrestrial matter

L. Muravyev!, V. Bezdudniy?
Lnstitute of geophysics UrB RAS, Ekaterinburg, Russia
2 Institute of Archaeology named after A. Kh. Khalikov TAS, Kazan, Russia

The efficiency of geophysical methods for solving standard geological and engineering
problems is directly determined by the sensitivity and resolution of the applied measuring
equipment. One of the frequently encountered problems of engineering geophysics is the search
for local ferromagnetic objects hidden in hiding media. The most effective method of detecting
such deep buried iron bodies is magnetometry. Modern Overhauser magnetometers have high
sensitivity, sufficient gradient stability and low power consumption, which is relevant when
carrying out prospecting works in autonomous conditions. High stability of the working substance
allows to keep the device operability for a long time when used in regions with extreme
temperatures. The undoubted advantage of the Overhauser magnetometer in comparison with the
magnetometer using the principle of optical pumping is in the absoluteness of measurements. This
provides an opportunity to apply methods of quantitative interpretation of the obtained results and
makes it possible to effectively use magnetometers when performing ultrahigh-precision magnetic
surveys, in particular, for mapping archaeological sites. Often in this case several identical sensors
arranged according to a given scheme and simultaneously registering magnetic field values are
fixed on one measuring module. The report presents a review of the current experience of using
gradientometric systems composed of domestic nuclear-precipitation sensors of POS
magnetometers to search for ferromagnetic objects of anthropogenic and extraterrestrial origin and
magnetometric mapping of archaeological sites.

MarautoMeTpus JJisi IOMCKA apXe0JI0rHYeCKHX, TEXHOTeHHBIX 00beKTOB 1 BHE3eMHOI0
BellecTBa

JI. A. Mypasses!, B. I'. Be3xyusrii?
! Yncturyt reopusuxu YpO PAH, Exatepun6ypr, Poccus
2 Nuctutyt apxeonoruu uMm. A.X. Xanmukosa AH PT, Kasans, Poccus

D¢ hekTuBHOCT, NPUMEHEHUS Teo(PU3MYECKHMX METONOB JUIsl PELICHHsS CTaHIapTHBIX
TeOJIOTUYECKMX W HWHXKEHEPHBIX 3aJay HaNpsMYyH0 OIpEeAeNseTcsl YyBCTBUTEIBHOCTBIO U
paspenaneil crnocoOHOCTbI0 NMPUMEHSEMON H3MEpUTENbHON ammapaTypbl. OJHa M3 4acTo
BCTpEUAIOUINXCA MPOOJeM HMHKEHEPHON Treo(U3MKU — TMOUCK JIOKAJIbHBIX (heppOMarHUTHBIX
00BEKTOB, CKPBITHIX B yKpbIBarolux cpenax. Haubonee 3¢ppekTUBHBIM METOAOM OOHApYKEHUS
TaKUX TIyOOKO3aJIeraloluX IKEJIEe3HbIX Tell sBisiercds MarHutomerpusi. CoBpeMEeHHbIE
OBEpXay3epOBCKUE MAarHUTOMETPBl OO0JIaZJal0T BBICOKOM UYYBCTBUTEJIBHOCTBIO, JOCTaTOYHOU
IPaJUeHTOYCTOMYMBOCTBIO U HU3KUM HEProNnoTpeOIEHUEM, UYTO aKTyaJlbHO IMPH MPOBEACHUU
MIOUCKOBBIX paboOT B YCIOBHUAX aBTOHOMHOCTH. BbICOKas CTaOMJIBHOCTH pabo4ero BellecTBa
MO3BOJISIET JUTUTENIBHO COXPAHSITh PAOOTOCIIOCOOHOCTH MPHOOpPA MpU MPUMEHEHUH B PETHMOHAX C
DKCTPEMAIBHBIMH  TeMmneparypaMu. HecOMHEHHOe  JOCTOMHCTBO  OBEpPXay3€pOBCKOTO
MarHUTOMETpa MO CPAaBHEHUIO MAarHUTOMETPOM, MCIIOJIb3YIOIIKUM MPUHIIUIT ONTHYECKON HaKauKU
— B a0COJNIIOTHOCTU H3MEPEHUH. DTO MPEeaoCTaBIsAeT BO3MOXKHOCTh HMPUMEHEHHS METOJI0B
KOJIMYECTBEHHOW MHTEPIPETAL[MH [TOJIyYEHHBIX PE3YJIbTaTOB U JAET BO3MOKHOCTH 3((EKTUBHOTO
MCIIOJIb30BAaHUsI MarHUTOMETPOB IIPU BBIIIOJIHEHUN CBEPXBBICOKOTOUHBIX MarHUTHBIX ChEMOK, B
YaCTHOCTH ISl KapTUPOBAHMS apXEOJOrMUecKUX OO0BbekToB. YacTo mpu ATOM Ha OJHOM
U3MEPUTEIIEHOM MOJyJie (PUKCHPYETCS HECKOJIBKO OJMHAKOBBIX JAaTYMKOB, PACIIOI0KEHHBIX 110
3aJJaHHOM CXEeM€ U OJJHOBPEMEHHO PETUCTPUPYIOIIMX 3HAUEHUSI MarHUTHOTO 1oJist. B coobmmenun
IpeCTaBiIeH 0030p COBPEMEHHOIO OINbITa HCIOJb30BAHUS TI'PAAMEHTOMETPUUYECKUX CHCTEM,
COCTaBJICHHBIX M3 OTEUECTBEHHBIX SJIE€PHO-TIPELIECCHOHHBIX AATYUKOB MarHuTomeTpoB POS mis
noucka (eppoMarHUTHBIX OOBEKTOB, HMMEIOIIMX TEXHOIEHHOE a TakXke BHE3eMHOE
MPOUCXOXKJACHUE W MarHUTOMETPUYECKOTO0 KapTUPOBAHUSA TEPPUTOPUI apXeOoIOrH4ecKHX
NaMATHUKOB.
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DEM analysis for the purposes of forecasting oil and gas content of large territories

I. Chernova, D. Nurgaliev, F. Garaev, O. Luneva
Institute of Geology and Petroleum Technologies KFU, Kazan, Russia

Structural-geomorphological methods are traditionally used in petroleum geology to search for
local structures promising for oil and gas. The most informative of them is the morphometric method of
analysing digital elevation models (DEM). Due to the use of modern digital topographic data and
geographic information systems (GIS) the possibilities of the morphometric method are significantly
expanded, and the method can be successfully applied at the regional level of work. The implementation of
the morphometric method with the help of GIS tools is shown for the work area located in the south-west
of the Siberian platform, crossing the Baikitskaya, Katanga and Prisayano-Yenisei oil and gas bearing areas.
The informativeness of the difference between the 6th and 7th order baseline surfaces were shown: the
areas of known fields are predominantly located in the areas of low amplitudes of neotectonic movements.
The discovered relationship was used as a predictive sign. The relationship of sedimentary cover
macrofracturing, expressed through lineament density, with the location of known deposits was also used
as a predictor. It was found that the areas of known fields are predominantly located in areas of low and
medium values of macrofracturing, which allows us to consider this attribute as a factor in the preservation
of deposits. Lineament density was calculated using automated DEM lineament analysis. Finally, a
comprehensive predictive map was obtained on the basis of 2 attributes. The calculation and construction
of the complex predictive map is based on statistical processing of lineament density rasters and difference
of baseline surfaces. The reliability of the obtained complex predictive map is confirmed by the fact that
the contours of known fields fit perfectly into the zones of high oil and gas content of the study area. Thus,
the informativeness and efficiency of the proposed method of oil and gas prospectivity assessment of large
understudied territories based on the assessment of the intensity of hydrocarbon deposit destruction factors
based on the results of DEM analysis is demonstrated.

Anaans HHMP nis neseii nporHo3upoBaHusi HehTera3oHOCHOCTH 00JIBIINX TePPUTOPHIA

U. YO. Yepnosa, /1. K. Hypranues, ®@. H. TI'apaes, O. B. Jlynesa
WuctutyT reonorun u HedTerazoBsix TexHonorwii, K(II)@VY, Kazans, Poccus

CrpykTypHO-TeoMOp(doNOTHIecKrue METOIbI TPAJAUIIMOHHO UCTIONB3YIOTCS B HEPTIHOM Teosornn
JUTSL TIONCKA JIOKABHBIX CTPYKTYP, IEPCIEKTUBHBIX Ha HedTh U ra3. Hanbonee MHPOPMATHBHBIM W3 HHUX
sBiseTcss Mop(hoMEeTpUUeCKUid MeToJl aHanmuza ImdpoBeix Mogened penbeda (LIMP). 3a cuer
UCTIOJIb30BaHMsI COBPEMEHHBIX IUPPOBBIX TOMOrpadHUECKUX JaHHBIX W reOMH(POPMAIMOHHBIX CHUCTEM
(F'C) BozMokHOCTH MOP(OMETPUIECKOTO METOJa CYIIIECTBEHHO PACIIUPSIOTCS, H METOJ MOXXET OBITh
YCIIENIHO TMPUMEHEH M Ha PETHOHAIBHOM ypoBHE paboT. [lokazaHa peanuzanuss MOPQOMETPHUECKOTO
MeTosia ¢ momolnelo uHCTpyMeHToB [MC mis mmommagu paboT, pacrofioKEHHOW Ha oro-zamaje
Cubupckoit 1atdopmbl, mnepecekaromeil baiikurckyro, Karanrckyio u IlpucasHo-Enuceiickyto
HedTerazoHocHbie o0macTu. [lokazana nHGOPMATHBHOCT PA3HOCTH Oa3UCHBIX MOBEPXHOCTEH 6-T0 U 7- TO
MOPSAZIKOB: TIJIOLIAIM U3BECTHBIX MECTOPOXKIECHUH NMPEHUMYIIECTBEHHO PACIIOIIOKEHBI B 00IACTAX HU3KHUX
aMIUTATYT HEOTEKTOHUYECKUX JBIDKeHUI. OOHapyKeHHAss B3aMMOCBS3b ObLIa MCIIOJIF30BaHA B KAUYeCTBE
MPOTHO3HOTO TMpHU3HaKa. B kadecTBe MPOTHO3HOTO MPHU3HAKA TaKKe Obljla MCIIOb30BaHA B3aWMOCBS3b
MaKpOTPEIIMHOBATOCTH OCaJOYHOIO 4YeXJja, BBIpAKEHHAs depe3 IUIOTHOCTh JIMHEAMEHTOB, C
pacIoioKeHUEM HM3BECTHBIX MECTOPOXKJCHUH. bBbulo 0OHapykeHO, 4TO IUIOMIAAM HW3BECTHBIX
MECTOPOKACHUI PACHOJIOKEHBl NPEUMYIIECTBEHHO B 00JacTAX HHU3KUX M CPEOHHUX 3HAYCHHUH
MaKpOTPEIIMHOBATOCTH, YTO MO3BOJIAECT paccMaTpuBaTh JAHHBIH MPHU3HAK Kak ()AaKTOp COXPaHHOCTH
3anexeil. [IToTHOCTh TMHEaMeHTOB ObljIa PACCYUTAHA C IIOMOIIBI0 ABTOMATH3UPOBAHHOTO IMHEAMEHTHOTO
aHanu3a LIMP. OxoHuarenbpHO Ha OCHOBE 2-X IPU3HAKOB ObLIA MOTy4YeHAa KOMITJIEKCHAS TPOTHO3HAS KapTa.
B ocHoBe pacuera ¥ MOCTPOEHHsI KOMIUIEKCHOW MPOTHO3HOM KapThl JIGKHUT CTaTUCTHYECKas oOpabdoTka
pacTpoB IIOTHOCTH JIMHEAMEHTOB M Pa3HOCTH Oa3WCHBIX MOBEPXHOCTEH. J|OCTOBEpHOCTH MOIyYEHHOM
KOMIUIEKCHON MPOTHO3HOM KapThl IMOATBEP)KIACTCS TEM, YTO KOHTYPHI M3BECTHBIX MECTOPOKIACHHUN
OTIIMYHO BITUCHIBAIOTCA B 30HBI BEICOKOM HE()TEra30HOCHOCTH TEPPUTOPHH UcciieoBanus. Takum o0pa3om
MPOJEMOHCTPUPOBaHa HMH(OPMATUBHOCTE M 3(PQPEKTUBHOCTh MPEAjaraeMoro crocoda OIEHKH
He(Tera3onepcrneKTUBHOCTH  OOJBIIUX MAJIOM3YYEHHBIX TEPPUTOPHIA, OCHOBAaHHOTO Ha OIICHKE
MHTEHCUBHOCTHU (haKTOPOB paspyLICHHs 3aleXel yriIeBOJOPOAOB 10 pe3yibTaTtaM aHanuza LIMP.
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Locations of possible earthquakes in the Central Asian mobile belt

A. Gorshkov, O. Novikova, A. Livinskiy, M. Semka
Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia

The unified seismic zone of South Siberia, located within the Central Asian mobile belt, is
considered. The aim of the work is to determine the locations of strong earthquakes using pattern
recognition methods. The study is based on the data of morphostructural zoning, uniformly carried out for
the whole territory. The largest tectonic elements of the belt are Altai, Sayans, Baikal rift zone, Transbaikal
Ridge area, Stanovoi Plateau, Stanovoi Ridge and Sikhote-Alin mountain structure. Seismic activity within
the belt is heterogeneous. In the Altai, Sayan and Baikal rift zone region there were 20 events with M6+.
To the east of the Baikal rifts seismic activity weakens: six events with magnitudes 6.0 — 6.4 were recorded
here. According to the level of seismicity, the Central Asian mobile belt was divided into western and
eastern parts. The western part (region I) includes Altai, Sayans and Baikal rift zone, and the eastern part
(region 1) includes the region of Transbaikal ridges, Stanovoi Plateau, Stanovoi Ridge and Sikhote-Alin.
The recognition problem was solved separately for each region. In region I the value of threshold magnitude
(MO0) was taken as 6, and in region Il — as 5.5. The problem was solved using the recognition algorithm
with training ‘Kora-3’. The recognition objects are nodes of lineament intersection described by a single
set of morphometric and gravio-magnetic parameters. In Region |, out of 140 nodes, 41 nodes are classified
as high-seismic class B, where M6+ events are possible. The recognised B nodes are grouped in separate
regions. A group of B nodes forms a high-seismic zone in the southeastern Altai and along its borders with
the Western Sayan, the Great Lakes Basin, and the Mongolian Altai. Another group of B nodes is located
on the 1st rank lineament separating the Western and Eastern Sayan from the Khangai ridges. Also, a group
of B-nodes is located on the southern border of the region within Mongolia. In Baikal, B-nodes are
concentrated on the borders of the southern part of the Baikal Basin. Areas of lower seismic potential are
the western and north-western Altai, the inner regions of the Western Sayan, the Eastern Sayan and the
western limit of the Baikal Basin. In Region I, 30 out of 89 nodes are classified as class B, where M5.5+
events are possible. Eighteen B nodes have been identified where no such events are known so far. Within
Region Il, B nodes do not form clusters, but are scattered singly over the region. Most B nodes are
concentrated in the Stanovoi Ridge and the Stanovoi Plateau.

MecTa BO3MOKHOI0 BOBHUKHOBEHUSA 36MJ'IeTpﬂC€HHﬁ B HeHTpaﬂbHO-ASHaTCKOM MOABMUKHOM
mnmosice

A. . Topmixos, O. B. HoBukoBa, A. W. JIuBunckuii, M. A. Cemka
HHCTHTYT Teopuu MporHO3a 3eMIIeTPsCEeHUH U MaTeMaTndeckoii reopusnku PAH, Mocksa, Poccus

PaccmatpuBaercs emmHas ceiicmmdeckas 30Ha HOxnoit Cubupw, pacmoloXeHHas B IIpenenax
LlenTpanbHO-A3HAaTCKOTO TOABWXKHOTO mosica. Llenb paboThl — ONpeaeTuTh MECTa CUIBHBIX 3€MJICTPSICEHUIT C
MIOMOIIBI0 METOJIOB pPAacIo3HaBaHUs 00pa3oB. MccienoBaHHe OCHOBAHO HA JAHHBIX MOPQOCTPYKTYPHOTO
pailoHupoBaHMs, €AMHOOOpPa3HO MPOBEAEHHOTO Ul Bced TeppuTopuu. KpynmHEHIIMMU TEKTOHHUYECKUMU
3JIeMEeHTaMH Tosca sBIsitoTess Antaid, Castabl, baiikanbsckas pudrosas 30Ha, 061acTs 3abaiikanbCkux XpeOToB,
CranoBoe Haropbe, CTaHOBOHU XpebeT u ropHoe coopyxenne Cuxord-AnnHs. CelicMuuecKasi akTUBHOCTD B
npenenax mosica HeomHopoxHa. B permone Aurait, Casapl u baiikanbckas pudToBast 30Ha mpomsonnio 20
cobbiTiii ¢ M6+. K Boctoky ot balikambckux pU(TOB ceficMuueckas aKTHBHOCTh oOcliabeBaeT: 37eCh
3aukcupoBaHo mecTs coObITHI ¢ MarHuTyAaMHu 6.0 — 6.4. 1o ypoBHIo celficMuuHOoCTH LeHTpanbHO-A3naTCKuit
MOJIBMYKHBIH 1Osic OBUT pa3/ielicH Ha 3amaJHyI0 ¥ BOCTOUYHYIO yacTu. K 3amamHoi (peruoH 1) oTHOCATCs Araid,
Casupl 1 baiikanbckas pudroBas 30Ha, a K BocTouHOH (permoH II) — obmacte 3abaiikadbcKux XpeOTOB,
CranoBoe Haropbe, CraHOBO# xpebeT u CuxoT3-AnmHb. 3agada pacro3HaBaHHS pelIeHa OTIACNBHO JUIs
KaXx110ro pernona. B pernone I 3nauenne noporosoit MarauTyas! (M0) OBLI0 IPHUHATO PaBHBIM 0, a B PETHOHE
Il — paBHBIM 5.5. 3amaua penieHa ¢ IOMOIIBIO aTOPUTMa paciio3HaBaHus ¢ ooyueHneM «Kopa-3». OOBeKTHI
pacro3HaBaHUsI — y3JIbI IIEpPEeCeUeHHs JMHEAMECHTOB, OIMCAHHBIC €IWHBIM HA0OpPOM MOPHOMETPUYECKUX U
IpaBUO-MarHUTHBIX napameTpoB. B pernone I u3 140 y3noB 41 y3en oTHECEH K BBICOKOCEMUMHHOMY Kiaccy B,
1€ BO3MOXHBI cOObITHs ¢ M6+. PacnioznanHble y371b1 B rpynnupytoTcs B oTAenbHBIX 0bnacTax. ['pynmna y3nos
B o0pa3yer BBICOKOCEHCMHUYHYIO 30HY Ha FOTO-BOCTOKE AJTas W BIOJb €ro rpaHuil ¢ 3amamHbiM CasHoM,
KoTioBHHOM bomnbimx o3zep u Monronsckum Anraem. pyras rpynmna y3inoB B, pacnonoskeHa Ha TuHeaMeHTe
1-ro panra, ormensrormuM 3anagHelid 1 Boctounsnii CasitH ot xpeOtoB Xanras. Taxxke rpymnma y3noB B
pacroJio’KeHa Ha F0’)KHOM rpaHuIle pernoHa B nmpenenax Monronnu. Ha baiikane B-y31mbpl CKOHIEHTpHPOBaHBI
Ha TpaHWIAaX FOKHOM uacTu balKkanbCKOW KOTJIOBMHBI. 30HaMHU MEHBIIET0 CEMCMHMYECKOro MOTEeHIHasa
OKa3alMCh 3al M ceB-3am AnTail, BHyTpeHHHe obOsiactu 3amaaHoro CasiHa, Bocrounwlii CasH M 3amaaHoe
orpannyenue baiikansckoit Bnaauuel. B pernone II 30 u3 89 y310B oTHeceHB! K Kiaccy B, rie BO3MOXKHBI
coObITHA ¢ M5.5+. BersieHo 18 y310B B, rae 1o cux nop takue coOBITHS He U3BECTHBI. B mpenenax perunona
II y3ne1 B He 00pa3yroT KiacTepsl, a OXMHOYHO PACCESHBI IO IUIOMIAIN peruoHa. bomsmuHCTBO y310B B
cocpenorodeHs! B CtaHoBOM xpedTe 1 CTaHOBOM Harophe.
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Assessment of development and carbon balance of ecosystems in the territory of oil fields on the
basis of satellite and BBC data

A. Kaverin and D. Ilyasov
Yugra State University, Khanty-Mansiysk, Russia

The study of the development and carbon balance of oil field ecosystems using satellite and drone
data is relevant, given that the fields occupy a large part of the Russian Federation. Field development has
a significant impact on ecosystems, including changes in carbon balance. Satellite data are used to monitor
ecosystems, providing information on land use, vegetation changes and climatic conditions. Recently, the
unmanned aerial vehicle (UAV) industry has been actively developing, and their data are increasingly being
integrated into environmental monitoring (3D mapping, monitoring of greenhouse gas concentrations,
biomass estimation and others). The use of multi-temporal satellite data, such as Sentinel-2 imagery,
provides valuable opportunities for field assessment. An example is the development of a typology of field
ecosystems and assessment of the main types of disturbance in an area. Multispectral imagery helps identify
areas of degradation, areas of contamination and infrastructural changes such as forest cover breaks and
construction of facilities. These data are integrated to create comprehensive ecosystem maps and monitor
the environmental impacts of field development (Kaverin, 2022). The use of BWS in field assessment
includes the use of lidar data to accurately measure aboveground phytomass and multispectral as well as
thermal cameras to monitor hydrological changes. An example is the use of lidar on BWS to estimate the
volume and distribution of biomass in forest ecosystems, which helps to determine carbon stocks (llyasov,
2023). In addition, regular monitoring from the BWS allows rapid identification of areas of drainage and
waterlogging, creating maps of changes in water levels and soil conditions. Integrated analysis using
satellite and TBC data allows to create a more detailed and accurate picture of the state of the field's
ecosystems. This helps to improve monitoring and management of natural resources, assess the impact of
anthropogenic factors and plan measures to restore ecosystems. The work was performed under the state
assignment of the Ministry of Science and Higher Education of the Russian Federation to organise a youth
laboratory at Ugra State University (NIR 1022031100003-5-1.5.1) as part of the implementation of the
national project ‘Science and Universities’.

OneHka 0CBOEHHOCTH M YIVIEPOAHOI0 HajaHca IKOCHCTEM TEPPUTOPHH He(PTAHBIX MeCTOPOKIEHU I
HA 0CHOBe cyTHUKOBBIX 1 BBC nannbIx

A. A. Kasepun u JI. B. Unbscos
IOropckunii I'ocynapcTBeHHbI Y HUBepcuTeT, XaHThI-MaHcuiick, Poccns

HccnenoBanne OCBOCHHOCTH M YITIEPOAHOTO OanaHCa 3KOCHCTEM HE(PTSHBIX MECTOPOXKICHHH C
UCIIONIb30BAHUEM CITYTHUKOBBIX M OCCIMIOTHBIX JaHHBIX SIBISICTCS AaKTyalbHBIM, YYHTBHIBAs, YTO
MECTOPOXKJICHUSI 3aHUMAIOT OOIIMPHYI dacTh Tepputopuu Poccuiickoit ®enepanuu. OcBoeHue
MECTOPOXICHUH OKa3bIBACT 3HAUYUTENIBHOE BIMSHHE HAa SKOCHCTEMBI, BKJIOYAsh M3MEHEHHE YIJIEPOIHOTO
Oananca. JlaHHbBIE CO CITyTHHUKOB HCIIOJIB3YIOTCS IIsI MOHUTOPHHIA 3KOCHCTEM, o0ecreunBasi nHpopMarmei o
3eMJIENOIb30BAHNH, U3MEHEHUAX PACTUTENLHOCTH U KIIMMAaTHUYECKUX YCIIOBUX. B mocienHee BpeMsi akTUBHO
pasBUBaeTCsl OTpacib OCCHIIOTHBIX BO3XyHIHbIX cynoB (BBC), u ux maHHBIE BCe yalle MHTETPUPYIOTCS B
9KOJIOTHYECKUI MOHUTOPUHT (TpexMepHOoe KapTorpaupoBaHHE, MOHUTOPUHT KOHIEHTpPAIMN MapHHUKOBBIX
ra3oB, OIEHKa OMOMAaccel M Jpyroe). Mcrmomp3oBaHue pa3HOBPEMEHHBIX CIYTHHKOBBIX ITaHHBIX, TAKHX Kak
cheMKa Sentinel-2, mpegocTaBisgeT IIEHHBIE BO3MOXKHOCTH JUTS OLIEHKH MecTopoxaeHui. [Ipumepom siBisercs
pa3paboTKa TUMOJOTHH 3KOCHCTEM MECTOPOXKJCHHUS M OL[CHKA OCHOBHBIX THIIOB HapyLIEHUI HA TEPPUTOPHH.
MynbpTHCTIEKTpaIbHBIE N300paKEHIS TOMOTAIOT HACHTH(UIIMPOBATh YIACTKU ACTPANAIINH, 30HBI 3aTrPSI3HEHUSI
U WHPPACTPYKTYPHBIC M3MEHEHHSI, TAKUE KaK Pa3pbIBHI JISCHOTO MOKPOBAa M CTPOHTENHCTBO OOBEKTOB. JTH
JaHHBIE WHTETPUPYIOTCS IS CO3JaHMS KOMIUICKCHBIX KapT SKOCHCTEM M MOHHUTOPUHTA SKOJOTMYECKHX
nocinencTBui ocBoenus mecropoxxaenuit (Kasepun, 2022). Mcnons3oanrne bBC mpu olieHKe MECTOPOXKIEHH
BKJIIOYAaeT TPUMEHEHHWE JMAAPHBIX JaHHBIX U1 TOYHOTO M3MEpeHMS HaJq3eMHOH (uToMaccsl |
MYJIBTUCIIEKTPAIbHBIE, @ TaKXXe TEIUIOBBIE KaMephl UIS MOHHUTOPHMHIA THIPOJOTMYECKUX W3MEHEHHUH.
[Tpumepom sBrsieTcst Ucmonb3oBanue iuaapoB Ha BBC s oneHkn obdvema W pacripesescHus OMOMacchl B
JIECHBIX 9KOCUCTEMAX, YTO IOMOTAET ONpeAessITh 3anachl yriaepona (Mnbscos, 2023). Kpome Toro, perynspHbIi
MOHUTOpUHT ¢ BBC 1no3BojseT onepaTMBHO BBIIBJIATH 30HBI OCYIIEHUN M NOATOIUIEHUH, co3faBas KapThl
M3MEHEHHUH YPOBHS BOJABI M COCTOSIHUS IOYBHI. KOMIUIEKCHBIN aHAIN3 ¢ HCTIOIB30BAHNEM JTaHHBIX CITyTHHKOB
u BbBC mno3Bonser co3gare Oonee JETaAM3UPOBAHHYH) M TOYHYK) KapTHHY COCTOSIHUSI 3KOCHCTEM
MECTOPOXICHHUA. DTO CHOCOOCTBYET YIYUIIEHHIO MOHUTOPMHIA WM YIPABICHHUS HPUPOIHBIMH PECypCaMH,
OILICHKE BO3JCHCTBUS AHTPOIOICHHBIX (PAKTOPOB M IUIAHHUPOBAHUIO MEPONPHUSTHH MO BOCCTAHOBJICHHIO
sKocucTeM. PaboTa BBINONHEHa B paMKax FOCYAAPCTBEHHOTO 3aiaHuss MHHUCTEPCTBA HAYKU M BBICILETO
obpasoBanus Poccuiickoit ®Penepanum 1O OpraHM3alMd  MOJOAEXKHOH Jnabopatopun B IOropckom
rocynapctBeHHoM yHuBepcutete (HUP 1022031100003-5-1.5.1) B pamkax peanu3alyii HAIMOHAIBHOTO
npoekra «Hayka u yHUBEpCUTETBI.
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El Nifio influence on the troposphere of Arctic latitudes according to reanalysis data, the Russian climate
model of the IWM RAS and CMIP6 models

A. Gvozdeval, D. Gushchina?
I Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
2 _omonosov Moscow State University, Moscow, Russia

El Nifio-Southern Oscillation (ENSO) is the most striking phenomenon of interannual climatic variability resulting
from the interaction between the tropical Pacific Ocean and the atmosphere. Two types of El Nifio events have been
shown to significantly modify the atmospheric circulation at polar latitudes. The intensity of the response is affected
not only by the amplitude of ocean surface temperature anomalies, but also by their localisation, so it is important to
take into account the two types of warm phase ENSO: East Pacific (EP) and Central Pacific (CP) El Nifio. The
characteristics of the ENSO phenomenon depend on the background state of the ocean-atmosphere system, which
changes significantly under climate change. Studying the response to ENSO in future climate is possible using model
experiments, hence the need to assess the ability of models to reproduce this response in the present-day climate. In
this study, the reproduction of the response of atmospheric circulation in the polar troposphere to two types of El Nifio
phenomena by the Russian climate model of the Institute of Computational Mathematics of the Russian Academy of
Sciences — INM-CM s evaluated and compared with the results obtained from the ERA5 reanalysis data for the
present climate and other models of the CMIP6 project for the future climate. It is shown that the new version of the
INM-CM6-M model under development improves the reproduction of the mean state of the atmospheric pressure field
in the troposphere and the remote response to two types of El Nifio. The Arctic oscillation is correctly reproduced in
all INM-CM models. In a changing climate, with particularly strong warming at polar latitudes, the effects of El Nifio
events become more pronounced in Arctic regions. In the future climate, the response to El Nifio events is manifested
not only in changes in the dynamics of the main centres of atmospheric action, but also in a significant increase in
surface air temperature. This increase may be several times greater than in the current climate. Such sensitivity of air
temperature anomalies to El Nifio in a warmer climate may affect positive trends in the Arctic region, in particular, it
may influence the seasonal recovery of sea ice extent in the Arctic in the years following El Nifio events. The study
was conducted as part of the implementation of the most important innovative project of state importance ‘Unified
National System for Monitoring of Climate Active Substances’ (Agreement No. 169-15-2023-003).

Bausinue Jiab-Hunbo Ha Tponocdepy apKTHYECKUX IIMPOT MO JaHHBIM peaHan3a, poccuiicKoii
kaumaTndeckoii mogean UBM PAH u moaeneit CMIP6

A. B. 'soznesal, JI. 10. I'ymuna?®
MHcTUTYyT BRIUMCINTENbHOM MaTeMaTuku uM. I.1. Mapuyka PAH, Mocksa, Poccus
2MockoBCKHii rocy1apcTBeHHBIH yHuBepcuTeT uM. M. B. JlJomoHocoBa, MockBa, Poccust

Onp-Huapo — FOxHoe Konebanme (DHIOK) — Hambomee spkuii (heHOMEH MEXToJ0BOI KIMMAaTHIECKOM
W3MEHYMBOCTH, SBILIONIMNACS Pe3yJIbTaTOM B3aUMOJAEHCTBUS Tpommdeckoro Tuxoro okeana m atMmoctepsl. beuto
MOKA3aHO, YTO COOBITHS IBYX TUHOB Diib-HUHBO B 3HAUMTENBHON CTETIEHH N3MEHSIOT aTMOC(EPHYIO IUPKYJIIIIUIO B
NOJIPHBIX MMpoTax. Ha WHTEHCMBHOCTH OTKIMKA BIHMSET HE TOJBKO aMIUIUTY/A aHOMalWid TeMIIepaTypshl
MIOBEPXHOCTH OKEaHa, HO M MX JIOKIN3AIIXs, TOATOMY B2)XKHO YUHUTHIBATH JiBa THIA Tetioi ¢a3zst DHIOK: BocTouno-
Tuxookeanckoe (BT) u Liearpansro-Tuxookeanckoe (LT) Omp-Hunpo. Xapakrepuctuku penomerna DHIOK 3aBucar
oT ()OHOBOTO COCTOSHHMSI CHCTEMbI OKeaH-aTMoc(epa, KOTOpOoe CYLIECTBEHHO MEHSETCS B YCIOBHSX HM3MEHEHHs
knmumata. M3ydenune otknuka Ha OHIOK B Oymymem knuMate BO3MOXKHO C HCIOJNB30BAHHEM MOJIEIBHBIX
HKCIEPHUMEHTOB, YTO 00YCIIaBIMBAET HEOOXOIUMOCTH OIEHKH CIIOCOOHOCTH MOJIENEi BOCIPOU3BOJUTD 3TOT OTKIIHK
B COBPEMEHHOM KiIHMMaTe. B TaHHOM HCCiIeJOBaHUH BBIMIOJHEHA OIIEHKA BOCIIPOM3BEIACHUS OTKIHMKA aTMOC(hEepHOH
UPKYJSIIMK B Tporocdepe MONSPHBIX IUPOT HA JBa THUIA sBJIEHUsI Dib-HHMHBO poccuilckoil KimmaTuueckoi
Mojenbio MHcTHTyTa BRIunMciauTensHoi MatemMatuku PAH — INM-CM u npoBefieHO cpaBHEHHE C pe3ylbTaTaMH,
MOJIyYEHHBIMH 0 JaHHBIM peaHanu3a ERAS s coBpeMeHHOro kimMMara U 1o Ipyrum mozensMm npoekra CMIP6
Uit Oymymiero kimMmata. [lokazaHo, 4To B HOBOH pa3pabareiBaeMoii Bepcuu moxaenn INM-CM6-M ymydmaercs
BOCIIPOM3BE/IEHHE CPETHETO COCTOSIHUSI OJISE aTMOC(EPHOTO JaBIeHUs B Tponocdepe U yIaJICHHOTO OTKJIMKA Ha JBa
tuna Onb-HuHbo. ApKkTHUEcKas OCHMIIISLUSA KOPPEKTHO BOCIIPOU3BOAUTCS BO Beex Mozensx INM-CM. B ycnosusax
MEHSIOIIErocsl KJIMMaTa, Korjja OCOOEHHO CHIIBHOE IOTEIUIEHHE MPOUCXOIHUT B IOJISIPHBIX LIMPOTAX, MOCIEACTBHS
coOpITiii Onb-HuHBO cTaHOBATCS Oo0Jiee ONIyTHMBIMH B apKTHUYECKHX PErHoHax. B Oyaymiem kiuMaTe OTKIHK Ha
coObITHsI D1b-HUHBO TIpOSIBIISETCS HE TOIBKO B N3MEHEHUH IWHAMHUKH OCHOBHBIX IIEHTPOB JEHCTBUS aTMOC(heEphl, HO
Y B 3HAYUTEIHHOM ITOBBIIICHUN PU3EMHON TEMIIepaTyphl BO3AyXa. DTO TOBBIIICHNE MOXKET OBITH B HECKOJIBKO pa3
Oopmie, YeM B HBIHEIIHEM KiMMaTe. Takas 4yBCTBUTENFHOCTh aHOMAIUI TeMIlepaTypsl Bo3ayxa K Diab-HuHbO B
Ooree TEIIOM KJIMMAaTe MOYXET CKA3bIBATHCS HA MOJOXKHUTEIBHBIX TPEHJaX B APKTHYECKOM PETHOHE, B YaCTHOCTH,
MOJKET BIHSTH Ha CE30HHOE BOCCTAHOBJICHHE IUIONIAId MOPCKOTO JIba B APKTHKE B TE€YCHHE HECKOJIBKUX JIET MOCIIe
coObITnit Onb-Huebo. MccnenoBanne NpoBOMIOCH B paMKaxX peaju3allii BaKHEHIIET0 HHHOBAIMOHHOTO TPOEKTa
rocy1apCTBEHHOI0 3HaueHHs «EnuHas HanuoHalbHasl CUCTEMa MOHUTOPHMHIA KIMMATUYECKH aKTUBHBIX BELIECTBY»
(Cornamenue Ne 169-15-2023-003).

120



Impact of permafrost retreat on carbon balance in ecosystems

G. Aleksandrov
A. M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

Arctic and subarctic tundras located in the permafrost zone have removed a significant amount
of carbon dioxide from the atmosphere during the Holocene and bound it in soil organic matter.
The retreat of permafrost and increased depth of seasonal thawing of soils increases the rate of
decomposition of the organic matter they contain. This raises concerns that the carbon balance in
these ecosystems may be disturbed to such an extent that they become a source of carbon.
However, the results of numerical experiments run on five Earth System models for the worst-
case scenario do not support the hypothesis that Arctic ecosystems will become a source of
carbon dioxide under global warming. According to predictive estimates of net ecosystem
output, the carbon balance in these ecosystems will remain positive on average between 2025
and 2065 over virtually the entire Russian Arctic. Does this mean that Earth system models
underestimate the impact of global warming on the carbon balance in Arctic ecosystems located
in the permafrost zone? To answer this question, we need not only numerical experiments on
models describing the carbon cycle, but also long-term observations both within the permafrost
monitoring network and in the observation network being established to monitor greenhouse gas
fluxes.

Bo3neiicTBue 0TCTyNJIEHUS] MHOTOJIETHEll Mep3J10Thl HA 0AJIAHC YIJIepoJa B IKOCHCTEMAaX

I'. A. Anekcanapos
WuctutyT dpusuku armocdepsr um. A.M. O6yxoBa PAH, Mocksa, Poccus

ApkTudeckue U CyOapKTUYECKME TYHJpPBl, PACIOJIOKEHHbIE B 30HE MHOTOJIETHEN
MEp3JI0Thl, BBIBEIM 3HAYUTEIBHOE KOJMYECTBO YIVIEKHCIOIO Taza M3 arMocepbl 3a Hepuos
rOJIOLIEHa U CBA3&JIM €ro B OPraHMYeCKOM BelllecTBE MOuBbl. OTCTYIJIEHHME MHOIOJETHEN
MEp3JI0Thl M YBEIMYEHHE TIJIyOMHBI CE30HHOTO OTTaMBaHUs IIOYB IOBBIIMIAET CKOPOCTh
pa3oKeHus, CONEPIKAIIErocss B HUX OPraHUYECKOTO BEUIECTBA. JTO BBI3bIBAET ONACEHUSs, YTO
OanaHc yriepoja B 3THUX 3KOCHCTEMaX MOXET OBbITh HAPYIIEH HACTOJIBKO, YTO OHU NMPEBPATATCS B
UCTOYHUK yriepona. OmHaKo pe3ysbTaThl YUCICHHBIX 3KCIIEPUMEHTOB, TOCTABJICHHBIX HA IMATU
MoOJeNsAX 3eMHOM CHCTEMBI JUIsi CaMOro HEOJIarONpUATHOTO CLEHAapUsl pPa3BUTUS MHUPOBOU
HSKOHOMHUKH, HE MOJATBEP)KIAIOT TUIIOTE3y O TOM, YTO apKTHUYECKHE SKOCUCTEMBI IPEBPATATCS B
UCTOYHUK YTJIEKUCIOro rasa MpH TIio0asbHOM mnoTerieHMd. CoryllacHO MpPOTHOCTHYECKUM
OIICHKaM YHMCTOM SKOCHUCTEMHOI MPOAYKIMK OajlaHC yriiepo/ia B 3TUX SKOCUCTEMAaX OCTAaHETCS B
CpPEHEM TIOJIOKUTENbHBIM B mepuoy 2025-2065 rr. mpakTU4eCKM Ha BCEW TEppUTOpUU
poccuiickoii ApkTtukd. O3HadaeT U 3TO, YTO MOJETHM 3€MHOM CHCTEMBbl HEIOOIICHUBAIOT
BO3/ICUCTBUE TJI00AJILHOTO MOTEIJICHUs Ha OanaHC yriepoja B apKTHUECKUX 3KOCHUCTEMaX,
PacIoJIOKEHHBIX B 30HE MHOTOJIETHEN Mep3JI0ThI? J{71s1 OTBETa Ha 3TOT BOIPOC HYXHBI HE TOJIBKO
YHUCJIEHHBIE DKCIEPUMEHTHl HAa MOJEISAX, ONMMCHIBAIOIUX LUKJ YIIEPOAd, HO U JOJrOCPOYHBIE
HaOJI0/IeHUs KaK B paMKax CETH MOHUTOPHHIA COCTOSTHUSI MHOTOJIETHEH MEP3JI0ThI, TaK U B CETH
HaOJr01eHnH, cO3/1aBaeMoi 111 MOHUTOPUHIA TOTOKOB NMAPHUKOBBIX a30B.
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Detailed climate trend assessment and their spatial patterns as a Big Data problem in
climatology

A. Sterin, A. Lavrov
RIHMI-WDC, Moscow, Russia

The study considers climate trends not for the mean of predictant, but are detailed for the
wide range of quantiles of predictant between 0 and 1. It is essential to know climate trends for
those values of climate variables (such as air temperature or daily sum of precipitation, that are
related to the “tails of distribution”. Such values often correspond to climate extremes and to
climate disaster phenomena. We used Quantile Regression (QR) and Cluster Analysis based on K-
Means, that are statistical instruments to provide these studies. So these studies are, in fact, Big
Data Multidimensional Analysis. It is more resource-consuming than traditional climate trend
analysis, but provide more detailed information on features of climate trends. The spatial patterns
of detailed climate trends for surface temperature and precipitation over the territory of Russia for
about 1400 meteorological stations, for each of the four seasons, are assessed. It is demonstrated
that clustered meteorological stations are geographically compact groups, so that it may be used
for climate regionalization.

JleTanbHAasl OLIEHKA KJIMMATHYECKHX TPEH/I0B U UX NMPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTel
Kak npoodaema boabmux [aHHBIX B KJIUMATOJIOTHHI

A. M. CrepuHn, A. JlaBpoB
BHUUT'MU-MII, O6uunCK, Poccus

B uccienoBanuy paccMaTpUBarOTCs KIMMAaTUYECKUE TPEHIbI HE Ul CPEJHETO 3HAYCHUS
IPEIUKTAHTA, a JETAIU3UPYIOTCS AJIs IIUPOKOTo Auarna3oHa KBaHTwied npeaukranTa ot 0 go 1.
BaxHO 3HaTh KIIMMaTUYEeCKUE TPEHABI JUIs T€X 3HAaYCHUN KIMMAaTHYECKUX MEPEeMEHHbIX (TaKhX
KaK TeMmIepaTrypa BO3[yXa WM CyTOYHas CyMMa OCaJKOB, KOTOpPBIE OTHOCATCS K «XBOCTaM
pacnpezneneHus». Takue 3HAYEHHS 4YacTO COOTBETCTBYIOT KIMMATHYECKUM 3KCTpEMYyMaM U
ABJICHUSIM KJIMMaTH4yeckoi KatacTpodsl. Mbl ucnons3oBanu KantuneHyto perpeccuto (KP) u
KnacrepHslif ananu3 Ha ocHoBe K-Means, koTopsle sIBIISIOTCS CTATUCTUYECKUMU HHCTPYMEHTaMU
JUISL IPOBEJIEHUS ATUX UccliefjoBaHui. TakuM o0pa3om, 3TH HCCIEA0BaHuUsA, IO CyTH, SBISIOTCS
MHOTOMEpPHBIM aHAIHU30M OONbIINX JaHHBIX. OH Oosee pecypco3aTpaTeH, 4YeM TpaJUuI[MOHHBIN
aHaJIN3 KIMMATHYECKUX TEHJICHIIMM, HO TO3BOJISIET MOJIYYUTh OoJiee MOAPOOHYI0 MH(POPMAITHIO
00 0COOEHHOCTSX KJIMMaTH4YecKHX TpeHAoB. IlpoBeneHa oleHKa MPOCTPAHCTBEHHBIX
3aKOHOMEPHOCTEN JI€TAJIbHBIX KIMMAaTHYECKUX TPEHIOB MPU3EMHOM TEMIIEPATyphl U OCAIKOB Ha
tepputopun Poccun s okono 1400 MeTeoposIornueckux CTaHLIMM, Ul KaXKJI0TO M3 YETBIPEX
ce30HOB. [lokazaHo, 4TO KJ1acTepU30BaHHBIE METEOPOJIOTHYECKUE CTAHLIUN IPEICTABISIIOT COOOM
reorpaMuecKd KOMIAKTHbIE TPYIIbI, YTO MO3BOJISIET UCHOIB30BATh MX JUIS KIMMATUYECKOTO
paliiOHUpPOBaHUSI.
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Geomagnetic field hyperactivity in the early Neoproterozoic

I. Golovanova, R. Salmanova
Institute of Geology Ufa Federal Research Center RAS, Ufa, Russia

The upper part of the Katava Formation section of the Late Riphean section in the South
Urals reveals a large number of clearly manifested zones of magnetic polarity. If the synchrony of
the high-temperature component of magnetization with the time of rock formation is proved, the
Katava Formation may become a good paleomagnetic recorder in the Neoproterozoic history of
the Earth and provide important information on the peculiarities of the geomagnetic field
behaviour in the Late Precambrian. New data were obtained for the rocks of the Katava Formation,
previously considered overmagnetised, confirming the primary character of magnetization in these
rocks. On the assumption that the magnetisation of the Katava Formation limestones is
synchronous with the time of its formation, a cyclostratigraphic study of the Yuryuzan section was
carried out. The method is based on the recognition of astronomically forced periodic climatic
changes in sedimentary strata. These astronomical cycles (Milankovitch cycles) are variations of
the Earth's orbit parameters (large and small eccentricity, LE and SE) and its rotation axis (nutation
and precession, O and P, respectively). They affect the level of the Earth's insolation and produce
climatic, oceanographic and biological fluctuations in sediments that can be preserved in the
geological record. Spectral analyses of a range of sediment characteristics allow the identification
of orbital cycles. In palaeomagnetism, orbital cycles can be distinguished from variations in the
magnetic susceptibility of rocks. Cyclostratigraphic studies of sediments of the Katava Formation
have shown that the frequency of inversions can be 11-12 per million years, which allows us to
identify a new interval of geomagnetic field hyperactivity in the Neoproterozoic time. The work
was financially supported by RNF grant No. 23-27-00018.

I'mnepakTMBHOCTH F€eOMArHUTHOTO 1M0JisA B paHHeM HeonpoTtepo3oe

. B. 'onosanoga, P. 0. CanpmanoBa
WNuctutyt reonorun Y OUIL] PAH, VY da, Poccus

B BepxHeit yacTu pa3pesa KaTaBCKOM CBUTHI T03/1HET0 pudes Ha FOxHOM Ypase BbISIBICHO
00JbIIOE KOJIMYECTBO YETKO NPOSBISIONIUXCS 30H MAarHUTHOM moyisipHOcTH. B cimyuae
JIOKa3aTelIbCTBA CUHXPOHHOCTH  BBICOKOTEMIIEPATYPHOM KOMIIOHEHTbl HaMarHM4E€HHOCTHU
BpEMEHHM 00pa30BaHUSl IMOPOJ, KaTaBCKas CBUTAa MOXKET CTAaTh XOPOILIMM IaJ€OMarHUTHBIM
pernepoM B HEONIPOTEPO30MCKOM HCTOPUM 3eMJIM U J1aTh BaXXKHYI0 HHPOPMAIUIO 00 0COOEHHOCTAX
MOBE/IEHNS TEOMarHUTHOI'O MOJIs B M03/1HEM JokeMOpuu. [lonydeHbl HOBbIE TaHHBIE 110 TOPOJaM
KaTaBCKOM CBUTBHI, PaHEE CUUTABIIUMCS MEPEMAarHUYECHHBIMH, MOATBEPKAAOLINE EPBUYHBIN
XapakTep HAMarHM4eHHOCTM B OTUX MOpOAAaxX. B IpeamnosioKeHMH O CHHXPOHHOCTH
HaMarHMYEHHOCTH W3BECTHSIKOB KAaTaBCKOW CBUTHI BpPEeMEHH €€ OOpa30BaHUS BBIOJHEHO
LHUKJIOCTpaTUrpaduueckoe nccienoBanue paspesa KOpro3ans. MeTos ocHOBaH Ha paclo3HaBaHUU
aCTPOHOMHUYECKH BBIHYXKJEHHBIX IEPUOJUYECKUX KIMMATUYECKUX H3MEHEHUN B OCAJ0YHBIX
ToNmaXx. OTH AacTPOHOMHUYECKHE LHKIbI (UMKIBI MUJTaHKOBHYA) SBISIIOTCS BapUalUsIMU
napaMeTpoB opOUTHI 3eMiH (00JbIION U Manbli SkcuieHTpucuTeThl, LE u SE) 1 ocu ee BpamieHus
(myTaus u npeueccusi, O u P coorBercTBeHHO0). OHM BIMSIOT Ha YPOBEHb MHCOJSIMHN 3eMIIU U
MOPOXK/IAIOT KIIMMAaTHYeCKHe, OKeaHorpaduueckue 1 OnoJornueckue GIIyKTyauu B OTI0KEHUSAX,
KOTOpPBIE MOTYT COXPaHATHCA B N€0JIOrMYecKoi Jietonucu. CIeKTpaIbHBIN aHAIW3 LEJI0ro psa
XapaKTePUCTHK OCATOYHBIX OTIIOKEHHUH 1MO3BOJIIET UACHTH(PUINPOBATH OPOUTAIbHBIE LIUKIIBL. B
najieoMarHeTusMe OpOWTalbHbIE LUKIBI MOXHO BBIACNUTh W3 Bapualuid MarHUTHOMN
BOCIIPUMMYHMBOCTH TopoJ. Llukmnocrpaturpaduyeckne HCCIEAOBAaHUS OTIOXKEHMH KaTaBCKOM
CBUTHI MMOKa3aJIM, YTO YAaCTOTA WHBEPCUUA MOXKET COCTaBiATh 11-12 3a MWIIIMOH JET, 4TO
MIO3BOJIAECT  BBIACIWTb HOBBIM HMHTEPBAJ THUIIEPAKTUBHOCTM T'€OMarHUTHOIO IOJIS B
HeonpoTepo3oiickoe  Bpems.  PaGora  BbeimonHeHa  mnpu  (UHAHCOBOM  MOJJEpPIKKE
rpanta PH® Ne 23-27-00018.
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Databases on earthquakes in seismic active zones of the USSR territory in the period 1911-1957.

N. Sergeeva, L. Zabarinskaya, T. Krylova, N. Knipper
Geophysical Center RAS, Moscow, Russia

Preservation of scientific data, which are widely used in scientific research, and provision of
convenient access to them is an urgent task of the World Data Centre (WDC) on Solid Earth Physics of the
Geophysical Centre of the Russian Academy of Sciences. The Centre has an extensive collection of data in
digital form, freely available on the website, and a large archive of old data, presented mainly in traditional
paper-and-print form. The project ‘Preserving Old Data’ is digitising such data and publishing them on the
IDC website. The report presents the work carried out with data from the ‘Atlas of earthquakes in USSR’
published in 1962 (ed. E.F. Savarensky, C.L. Soloviev, D.A. Kharin), which contains instrumental data of
the USSR stationary stations network from 1911 to 1957 collected and processed according to a unified
methodology with reliability assessment of the results. The data in the Atlas are presented in the form of
catalogues of earthquakes for the whole territory of the USSR and for nine seismic active zones of the
USSR territory (~10 000 events). The text of the Atlas and 16 earthquake source maps have been converted
into electronic form and are available in PDF format on the WDC website. Based on the material presented
in the Atlas, catalogues of earthquakes for each seismic zone have been created and digitised in three
formats: PDF, Excel and TXT (ASCII). The catalogues are accompanied by texts of descriptions from the
Atlas, maps, information about seismic stations and bibliography. For each zone the catalogues are used to
construct maps-charts of spatial distribution of epicenters. A total of 67 data files were created. Formed
arrays of catalogues, descriptions, maps and bibliography, placed on the WDC Internet pages, are databases
intended for storing in a convenient form and providing free access in the network to data on earthquakes
in seismic active zones of the USSR territory. These databases are a retrospective addition to the catalogues
of earthquakes in seismic regions, formed on the basis of the yearbooks ‘Earthquakes in the USSR’ and
‘Earthquakes in Northern Eurasia’, starting from 1962. State registration certificates have been obtained for
the databases. The work was performed within the framework of the state assignment of the Geophysical
Centre of RAS approved by the Ministry of Education and Science of Russia.

Ba3pl 1aHHBIX 0 3eMJIeTPSICEHUSIX B CeiicCMOAKTUBHBIX 30Hax Tepputopun CCCP
B nepuox 1911-1957 rr.

H. A. Cepreesa, JI. I1. 3abapunckas, T. A. Kpsutoa, H. Y. Kaumnep
I'eopusnueckuii nentp PAH, Mocksa, Poccust

CoxpaHHOCTh HAYYHBIX JTaHHBIX, HAXOALINX IIMPOKOE IPUMEHEHUE B HAyUHBIX UCCIIEJIOBAHUSAX,
u obecrieueHne yIo0OHOTO JOCTyNa K HUM SIBJISIETCSl aKTyaJbHOM 3amaueil MHpOBOro LEHTpa JaHHBIX
MLA) no ¢usuxe tBepmoit 3emnu ['eodusmueckoro nentpa PAH. Llentp pacmomaraer oOmmpHOR
KOJUICKIIMEH JTaHHBIX B NU(QPOBOM BHUJE, HAXOAANIMXCS B CBOOOJHOM JOCTYIE Ha calTe, U OOJBIIUM
apXMBOM CTapbIX JaHHbBIX, TIPE/ICTABICHHBIX B OCHOBHOM B TPAIUIIMOHHON OyMakHO-TIe4aTHOH dopme. B
xoje peanmzanuu npoekta "CoxpaHeHHE CTapbIX NaHHBIX" OCYLIECTBIISETCS NEPEBOJ TaKHX IJAHHBIX B
mudposyto GopMy W mocnenyromas myonukanus Ha caiite MIJ[. B moknane mpencraeneHa pabora,
MPOBEJICHHAS C JaHHBIMH M3 OImyOJukoBaHHOTO B 1962 1. «Atmaca 3emierpscenunii B CCCP»
(pea. CaBapenckuii E.®@., Conosses C.JI., Xapun [[.A.), conepkaiiero coopanHsie 1 00pabOTaHHBIE 110
€MHON METOJIMKE C OLIEHKON HaJeKHOCTH PE3YJIbTATOB HHCTPYMEHTAIbHbIEC JaHHBIE CETH CTAIMOHAPHBIX
cranmmii CCCP ¢ 1911 no 1957 rr. JlanHble B «ATiace) MpeCTaBIeHbl B BUAE KaTalIOrOB 3eMIIETPSICEHUN
quts Beert tepputopur CCCP u i neBstu ceficMoakTuBHBIX 30H Tepputopuu CCCP (~10 000 coObituii).
Texct Atnaca u 16 KapT pacroyioeHHsT 04aroB 3eMIICTPSCCHUH MepPEeBECHbI B 3JIEKTPOHHYIO (HOpMYy H
noctymHbl B hopmare PDF na caiite MIJI. Ha ocHOBe mMaTepuana, IpeaCcTaBICHHOTO B «ATiace», Il
KaXJI0l CeHCMOAaKTUBHOW 30HBI CPOPMHUPOBAHBI KATAIOTH 3E€MIICTPSICCHUH, TepeBeicHHbIE B II(POBOit
Bux B Tpex ¢opmatax PDF, Excel u TXT (ASCII). Kartanoru cornpoBoaatoTcsi TEKCTaMU ONKMCAaHUN W3
ATiaca, KapTamMH, CBEJICHUSIMH O CEHCMOCTaHLUAX U Oubnuorpadueit. s Kaxmoi 30HHI IO KaTainoram
MOCTPOEHBI KapThI-CXEMbI MMPOCTPAHCTBEHHOTO paclpeiesieHnus dSMUIeHTpoB. Beero cozmano 67 daitnos
naHHbIX. CopMUpOBaHHBIE MACCUBBI U3 KaTaJOrOB, ONMCAHUN, KapT 1 Onbsmorpadun, pasMelieHHbIE Ha
uHTepHeT-cTpanunax ML, npexacraBisitoT coboii 0a3bl JaHHBIX, NMpeIHa3HAYCHHBIC IJISi XPaHEHUS B
ynoOHOM BHe W oOecredeHus] CBOOOJHOTO JOCTyNa B CETH K JIaHHBIM O 3EMIICTPACEHHSX B
ceficMoakTuBHBIX 30Hax Tepputopun CCCP. DOtm 06a3bl NaHHBIX SBISIOTCS PETPOCIEKTHBHBIM
JOMOJTHEHUEM KAaTaJIOTOB 3EMJICTPSCEHHH CEHCMHYECKHX PETHOHOB, C(OPMHUPOBAHHBIX HA OCHOBE
exeronHukoB «3emnerpsiceans B CCCP» n «3emnetpsacenuss CeepHoll EBpasum», HauMHAIOMUXCS
¢ 1962r. Jlng 6a3 AaHHBIX MOJyYEHBI CBHJIETEIBCTBA O TOCYJAPCTBEHHOW perucrpanuu. Pabora
BBHINIOJIHEHA B paMKax TIOCyIapCcTBEHHOro 3afanusi [eodumsmueckoro nentpa PAH, yTBepxkueHHOTO
Muno6pHayku Poccun.

124



System approach based on a complex of geochemical, geotectonic and GIS data to explain the
processes of formation and search for deep hydrocarbon deposits

M. Rodkin

Institute of earthquake prediction theory and mathematical geophysics RAS, Moscow, Russia
Schmidt Institute of physics of the Earth RAS, Moscow, Russia

Institute of Marine Geology and Geophysics FEB RAS, Yuzhno-Sakhalinsk, Russia

The exhaustibility of conventional hydrocarbon deposits poses the task of searching for new types of
resources. Among them, deep (H > 4.5 km) fields, the exploitation of which has been most developed in the USA and
China, occupy an important place. Such fields, including large ones, were discovered more often by chance, as
classical search signs do not work at great depths. Hence the methodology of searching for deep hydrocarbon deposits
was demanded. The revealed features of the places of development of deep hydrocarbon deposits are rather
mysterious. They are characterised by indications of active deep processes, anomalously high porosity, confinement
to fault structures and areas of development of deep waters of low mineralisation, a high connection between the trace
element composition of oils and the chemical composition of the lower crust. These data indicate the importance of
deep factors of naphthidgenesis. But deep hydrocarbon deposits are also characterised by relatively low temperatures,
which should not be observed near upward mantle fluid flows. A possible solution of the problem is achieved by using
a complex of geochemical and geotectonic data and GIS technologies. Faults adjacent to the fields often turn out to
be thrust zones, and the character of near-contour waters as deep and at the same time low-mineralised gives grounds
to interpret them only as young waters — products of dehydration processes occurring at the level of the lower crust.
The listed empirical relationships receive a natural interpretation in the model of massive oil genesis according to the
flow nonequilibrium reactor scheme, which is a concretisation of the known fluid dynamic model of oil genesis by
B.A. Sokolov. According to the flow reactor model, for the implementation of massive oil genesis preferred zones of
deep crustal thrusts, where the dispersed organic matter is fed as on a conveyor belt, and where the reaction volume
is washed by rising low-mineralised waters formed by dehydration reactions occurring in deeper areas of the thrust
zones. Note that similar but less deep and unconcentrated processes are also characteristic of areas of rapid
sedimentation. The agreement of the empirically revealed features of the development zones of deep hydrocarbon
deposits with the provisions of the flow reactor model gives grounds to propose a set of features for searching for deep
hydrocarbon deposits. The above example is an illustration of how a systematic integrated approach helps to solve a
practically important problem.

CucTeMHBII MOAX0/] HA OCHOBE KOMILJIEKCA FeOXHMHYECKUX, re0TeKTOHuYecKuX JaHubIx u IT'UC
AJi5 00BbSICHEHNS MPOIecCOB 00pa30BaHUS M NMOUCKA I1y0oKuX YB MecTopokaenmii

M. B. Poaxun

HHCTHTYT Teopuu MpOrHo3a 3eMIIeTPSACeHUH U MaTeMaTudeckoii reopusnku PAH, Mocksa, Poccus
Wucruryt puzuku 3eman um. O. FO. HImuara PAH, MockBa, Poccust

WuctutyT MOpckoit reonorun u reopusuku JJBO PAH, FOxHo-Caxanunck, Poccust

HcuepnaeMocTh OOBIYHBIX YB MecTOpOoXIeHW CTaBUT 3ajady MOMCKa HOBBIX BHJIOB pecypcoB. Cpenn
TaKOBBIX Ba)KHOE MecTO 3aHuMaroT riryookue (H > 4.5 kM), MECTOpOXaeHuUs, dKCIUTyaTalus KOTOPBIX MOIydHia
HauOonbmee pasputue B CIIA u Kurtae. Takue MecTOpokIeHUS, B TOM YHWCIIE€ KPYIHBIE, OTKPHIBAIMCH YaIlle
CIIy4aifHO, TaK KaK KJIACCHYECKUE IMOMCKOBBIC MTPU3HAKK Ha OONBIINX TTyOnHaX He paboTarot. OTclona 3aTpeboBaHa
METOAMKA TIOMCKa TIyOokmx YB MecTtopoxneHuii. BeisBIeHHBIE 0COOCHHOCTH MeECT pa3BUTHsA IIyOokux YB
MECTOPOXKICHAN JOBOJIHHO 3arafodyHbl. I HUX XapaKTepHBI yKa3aHWs Ha aKTHUBHBIE TIyOWHHBIC MPOIECCHI,
AHOMAJIEHO BBICOKAS TIOPUCTOCTH, IIPHYPOUCHHOCTH K Pa3JIOMHBIM CTPYKTYPaM H 00JIaCTSAM Pa3BUTHS ITyOWHHBIX BOJ
HU3KOM MUHEpaIH3aliy, XapaKTepHa BBICOKAs CBSI3b MHUKPO3JIEMEHTHOTO COCTaBa HEPTEH ¢ XMMUIECKAM COCTABOM
HIDKHEH KOpBL. DTH JTaHHBIC YKa3bIBAIOT HA BAKHOCTH TITyOHMHHEIX (pakTopoB HaTuareHesa. Ho mist rmybokux VB
MECTOPOXKJCHNI XapaKTepHBl U OTHOCUTEIBHO MOHIKEHHBIE TEMIIEPATyphl, YeTO He JOJDKHO HaOI0AaThCs BOIM3U
BOCXOJSIIIIMX MAHTHUHHBIX (MIIOWAHBIX MMOTOKOB. BO3MOXKHOE pelieHHe MpoOJjeMbl HOCTUTAETCSl MCIOJIb30BAHUEM
KOMIUIEKCA TEOXUMHUYECKUX M TEOTEKTOHNYECKUX JaHHBIX, U ' UC TexHomoruid. [Ipuneraromue kK MECTOPOXKICHUSIM
Pa3JIOMBI YaCTO OKA3bIBAIOTCS 30HAMU ITOJIIBUTOB, a XapaKTep IPUKOHTYPHBIX BOJ KaK TITyOHMHHBIX U OJHOBPEMEHHO
HU3KOMHMHEPAJIN30BaHHBIX JTA€T OCHOBAaHHWE TPAKTOBATH X TOJBKO KaK MOJIOZIBIE BOIABI — MPOIYKTHI HPOIIECCOB
JETUApATALNH, IPOTEKAIONINX Ha YPOBHE HIDKHEW KOpHL. llepednciieHHpIe SMINPUYECKUE B3aMMOCBS3HU MOTyYaroT
€CTECTBECHHYIO MHTEPIPETALHUIO B MOJAEIH MAacCHPOBAHHOrO HedTereHesa Mo cxeme MpOTOYHOTO HEPaBHOBECHOTO
peakTopa, SBIIOMICHCS KOHKpETH3aueH H3BeCTHOW (IIFoHI0IuHaMu4eckoi Moienu HedTerenesa b.A.CokooBa.
CoriacHO MOJEITH IPOTOYHOTO PEaKTOpa, U peau3allii MaCCUPOBAHHOTO He(hTereHe3a MpeIoYTHTEIILHBI 30HBI
NTyOOKUX KOPOBBIX IOJAIBUTOB, KyJa paccessHHOE OPTaHMYECKOE BEIIECTBO MOACTCS KaK 110 KOHBEUEPHOH JICHTE, H
IJIe peaKIMOHHBIN 00BEM MPOMBIBACTCS BOCXOASIIMMHE CIA00OMHHEPATHN30BaHHBIMA BOJAAMH, 00pPa3yIOIMMHUCS TIPU
peaKIusIX IeTHIpaTalry, MPOTEKAIIHNX B 0oJiee TITyOOKHX 001acTsAX 30H MOJJABUTOB. 3aMETHUM, YTO TIOXOXKHUE, HO
MeHee IITyOoKHe U He KOHIIEHTPUPOBAaHHbIE IPOILIECCH XapaKTepHBI U IS 00J1acTel OBICTPOTO OCAaIKOHAKOIIICHHS.
Cornacue 3MIIUPUIECKH BBISIBIEHHBIX 0COOEHHOCTEH 30H pa3BUTHS IIyOOKHX YB MecTopokaeHuit ¢ MoI0KeHUIMI
MOJIENIU MIPOTOYHOTO PEAKTOpa AaeT OCHOBAaHHE MPEIIOKUTh KOMIUIEKC MPU3HAKOB JUIS TMOHWCKa IioyOokmx YB
MecTopoxaeHUi. ITpuBeneHHbII IpUMep SBISETCS WLIIOCTPALUEN KaK CHCTEMHBIN KOMIIJIEKCHBIN [TOAXO0J IIOMOIaeT
pemaTh MPaKTHIECKH BAXKHYIO 3a/1a9y.
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Karst hazard in the vicinity of the Kurtata Gorge (Republic of North Ossetia-Alania)

A. Avdonina, X. Kochubey
Geophysical Center RAS, Moscow, Russia

The widespread distribution of limestone in the Republic of North Ossetia-Alania predetermined
the active development of karst on its territory. Karst research is an important scientific task, the solution
of which is necessary to ensure human safety. Based on the results of field research carried out in 2023 and
interpretation of high-resolution satellite images (GeoEye and WorldView-1,2), the parameters and
distribution zones of karst subsidence in the Kurtatinsky Gorge were identified. A corresponding map was
compiled using a systems analysis of the karst hazard based on structural, geological and geomorphological
data. The highest density of karst subsidence (15-20 subsidence per 0.01 km2) is observed on the rounded,
flattened summit surfaces of the Bakhty-Laparyrag and Khoshkharanrag ridges, composed of Cretaceous
rocks of the Barremian stage (K1br). On the similarly geologically structured Khosavdrag ridge with a
more dissected topography, subsidence is sporadic and located mainly on the structural steps of the slopes.
In the lower flattened parts of the slopes, karst subsidence is not observed due to the active accumulation
of demolished loose clastic material. The diameter of individual karst subsidences ranges from 5-7 to 60
m, the depth does not exceed 4 m, and there is a wide distribution of subsidences associated with small
erosion forms. Almost all subsidences are located north of the watershed line of the Kurtata Gorge, reducing
the danger of karst for the study area. However, due to high density of subsidence, the formation of a
summit interception is possible due to the activation of regressive erosion in upper reaches of small erosion
forms. The territory was divided into five categories based on the following factors: rock composition and
parameters of their occurrence, surface slope, density of karst subsidence. The greatest karst hazard is
typical for the Bakhty-Laparyrag and Khoshkharanrag ridges. The settlements of Gorny Kartsa and Gusyr
are located in the safe zone. The formation and development of karst in the Kurtata Gorge is largely
influenced by the nature of the surface relative to composition of the rocks. Planning and implementation
of measures to protect infrastructure facilities is required. Primary focus should be placed on the safety of
the road network of the Kurtata Gorge, which crosses an area of high karst danger.

KapcroBas onacHocTh okpecTHocTell KypraTtunckoro ymenbs (Pecnyoiauka CeBepnas Ocerust —
Ananus)

A. M. AsnonuHa, K. A. Kouy0eii
I'eopuznueckuii nentp PAH, Mocksa, Poccust

IloBcemecTHOE pacnpocTpaHeHHe H3BecTHAKOB B PecnyOnuke CesepHas Ocerusi-AnaHus
NpeoNpeAeIHIo aKTUBHOE Pa3BUTHE KapcTa Ha ee TeppuTopud. VcciienoBanne KapeTa ABisieTcsl HayYHOH
3aj1a4el, pemeHne KoTopoi HeoOXoauMo i obecreueHus Oe30macHOCTH uenoBeka. [lo pesynabraram
noJeBbIX uccnenoBanuii 2023 roga u B xoje Aemr(PUPOBAHUS KOCMOCHHMKOB BBICOKOTO pa3pelIeHuUs
(Landsat, Sentinel, GeoEye nu WorldView-1,2) Obuti BBISIBJICHBI IapaMeTphl U 30HBI PaclpOCTPaHEHUs
KapcToBbIX Tpocanok Kyprarunckoro ymenss. [IpoBeneH cucTeMHBIN aHaIM3 KapCTOBOM OMAacHOCTH IO
CTPYKTYPHO-TE€OJIOTHUECKUM U T'eOMOP(OIOTHYECKAM JaHHBIM, B pPE3yJIbTare KOTOPOTO COCTaBJeHa
COOTBETCTBYIOIIas kapTa. HanbombImast TiIoTHOCTh KapcToBBIX Tpocaok (15-20 mpocamok Ha 0,01 xMm2)
OTMEYaeTCss Ha OKPYIJIBIX BBIIIOJIOKEHHBIX BEPIIMHHBIX MOBEPXHOCTSX Xp. baxTei-Jlamapeipar u
XoixapaHpar, CJI0XKEHHBIX C IMOBEPXHOCTH MEJIOBBIMH Topojamu Oappemckoro sipyca (Klbr). Ha xp.
XocaBpar ¢ aHaJOTMYHBIM Ie€0JOTHYECKUM CTPOEHHEM, HO ¢ 00Jiee PacuICHEHHBIM penbedoM MPOocagKu
€AMHUYHBl M PACIOJIOKEHB! IMPEUMYLIECTBEHHO Ha CTPYKTYPHBIX CTYHEHSX CKJIOHOB. B HIKHHX
BBITIOJIOKEHHBIX YaCTSIX CKJIOHOB KapCTOBBIE MPOCAJAKH HE OTMEYAIOTCS BCIEACTBHE AaKTHBHOMN
AKKyMYJISILIMM CHECEHHOTO PBIXJIO00JIOMOYHOr0 Martepuaina. JuaMerp OTAeNbHBIX KapCTOBBIX MPOCAJIOK
coctaBisieT oT 5-7 no 60 M, ryOuHa He TpeBbImIaeT 4 M, OTMEYAeTCsl IIUPOKOE paclpOCTpaHEHHUE
MPOCaJIOK, TPUYPOUCHHBIX K MaJbIM dpo3HOHHBIX (GopM. [TouT Bce TpocasKu pacIoioxKeHbI CeBEpHEe
JUHUHA Bojopazaena KypTaTHHCKOrO yIenbs, W 3TO CHW)XAaeT OMACHOCTh KapcTa JJsl HCCIeayeMou
teppuropur. Ho mo npuunHe GOiBIION MIOTHOCTH MPOCAJ0K UMEHHO B BEPXOBBSIX MaJbIX 3PO3HMOHHBIX
dbopM BO3MOXKHO (HOPMHPOBAHKME BEPIIMHHOTO II€pPEeXBaTa BCIIEJCTBUE AKTUBU3AIMU PETPECCHBHOM
aposun. Teppuropust Oblia pa3jieNieHa Ha MATh KaTErOpuil Ha OCHOBE CIEAYIOMIMX (PAKTOpOB: cocTaB
TOPHBIX MOPOJ M MapaMeTphl MX 3ajleraHusi, KpyTH3HA, INIOTHOCTh KapCTOBBIX Npocaiok. Hanbombmas
KapCcTOOMAaCcHOCTh XapakTepHa aisi xpeOToB baxtei-Jlanapeipar n Xouixapanpar. HaceneHHbIe TyHKTHI 11.
Topueiii Kapua u . I'ycklp pacrnionoxkensl B Oe3omacHoi 30He. Ha oOpazoBaHue W pa3BHUTHE KapcTa B
KypraruackoM ymenbe B OOJbIIEH CTENEHNW OKa3bIBaET BIMSHHE XapakTep pelibeda OTHOCUTEITHHO
coCTaBa TOPHBIX MopoA. Tpebyercs: MIaHUPOBaHME U pean3alsl Mep MO 3aluTe UHPPACTPYKTYPHBIX
00bekToB. Oco00e BHUMAHHUE CIEyeT yIeNATh 0e30MacHOCTH JIOPOKHOMN ceTn KypTaTHHCKOTO yIIelnss,
nepeceKaroIeit 001acTh MOBBIIEHHOH KAPCTOOMACHOCTH.
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Geomechanical studies of rock massifs for special objects

D. Akmatov
Geophysical Center RAS, Moscow, Russia

Geomechanical studies of rock massifs play a crucial role in the design and construction of
special facilities, such as underground radioactive waste storage facilities, underground
laboratories, large infrastructure projects and others. These studies are aimed at comprehensive
assessment of physical, mechanical and hydrogeological properties of rock masses, determination
of their stability under the influence of various loads and external factors, as well as development
of recommendations for safe operation of these facilities. The research uses methods of geological
mapping, laboratory and field tests, rock quality rating and numerical modelling of geomechanical
processes. The data obtained allow predicting the behaviour of the rock massif under various
scenarios, assessing the risks of dangerous geomechanical processes and developing measures to
prevent them. The results of geomechanical studies provide a reliable basis for making design
decisions aimed at ensuring long-term stability and safety of special facilities. An integrated
approach to studying rock massifs makes it possible to minimise risks and optimise the
performance of structures, which is particularly important in the context of long-term storage of
radioactive waste and other critical applications.

I'eomexannueckne UCCIeN0BAHNA CKAJbHBIX MACCUBOB JIJI51 ClIENMAJbLHBIX 00BEKTOB

. XK. AkmartoB
I'eopusnueckmii nentp PAH, Mocksa, Poccus

['eomexannueckre HCCIEIOBAHUS CKaJIbHBIX MAaCCHBOB HIPAIOT PEIIAIONIYI0 pOJIb B
MIPOEKTUPOBAHUU M CTPOUTENIHCTBE CIIEIIUATBHBIX 00BEKTOB, TAKMX KaK MOJ3EMHBbIE XpaHWINIIA
PaZMOaKTHBHBIX OTXOJI0OB, IOJ3EMHBIE JIAOOPATOPUH, KPYITHbIE HH(MPACTPYKTYpPHBIE TPOCKTHI
Ipyrue. OTH UCCIIEOBaHMS HAMpaBICHbl HA BCECTOPOHHIOIO OLIEHKY (PU3MKO-MEXaHUYECKHX U
TUAPOTCOJIOTrNICCKUX CBOMCTB CKaJIbHBIX nmopona, OIpeaACICHUC UX yCTOfI‘{PIBOCTH non
BO3JICHICTBMEM pA3MYHBIX HArpy30K H BHEIIHMX (AKTOpOB, a TakkKe Ha pa3paboTKy
peKoMeHmanuii 1o 0e30macHOM »JKCIuTyaTalldd 3THX O0BEeKTOB. B Xome wuccnegoBaHuit
HCIIONIB3YIOTCS METO/IBI T€0JIOTMUECKOr0 KapTUPOBAHUS, Ta0OPATOPHBIX M MOJEBBIX UCIBITAHUH,
peﬁTHHFOBBIC OLCHKH KauCCTBA I'OPHLIX IMOPOA XU YUCIICHHOC MOJACIIMPOBAHUEC I'COMCXAHUYCCKUX
npotieccoB. [lonyueHHble JaHHBIE MO3BOJISIIOT MIPOTHO3UPOBAThH MOBEJEHUE CKAJIbHOTO MAacCHBa
Ipu pPasiIMYHBIX CHCHApPUAX, OUHCHHUBATH PUCKU BO3HUKHOBCHHUA OIIACHBIX TI'COMCEXAaHWMYCCKHUX
MPOIIECCOB M pa3padaThiBaTh MEphl MO MX MPEAOTBpalleHui0. Pe3ynpTaThl reoMeXxaHMYeCKHX
UCCIIEIOBAaHUM 00€CTeuynBalOT HAAECKHYI0 OCHOBY ISl TPUHATHS MPOEKTHBIX pEIlIEeHUH,
HAIPAaBIEHHBIX Ha 00ECTIeUeHUE TOITOBPEMEHHON YCTOMUYMBOCTH U 0€30MaCHOCTH CHEIIMATBbHBIX
00bekTOB. KOMITIIEKCHBIN MoAXO0Jd K UIBYUCHUTIO CKAJIbHBIX MACCHUBOB ITO3BOJISICT MUHUMU3UPOBATH
PUCKM M ONTUMU3UPOBATH SKCILTyaTAllMOHHBIE XapaKTEPUCTHKU COOPYKEHUH, UYTO OCOOCHHO
BAXXHO B KOHTCKCTC IMTCIBHOI'O XpaHCHUA PATUOAKTHBHBIX OTXOJO0B W APYIUX KPUTHUYCCKH
BA)KHBIX IPUMEHEHHUII.
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Modelling of stress-strain state of epicentral zones of strong crustal earthquakes

V. Morozov, A. Manevich
Geophysical Center RAS, Moscow, Russia

Modelling of the stress-strain state (SS) of a number of strong continental earthquakes with
magnitudes greater than M 6 has allowed us to establish general recurring regularities between modelling
results and earthquake parameters. In this case, structural tectonic schemes of epicentral regions of strong
earthquakes, i.e., fault tectonics, which gives an idea of the spatial orientation of tectonic faults, including
the parameters of the geological environment and active regional tectonic stress fields, are taken as
‘reliable’ geological data. Then it is necessary to use a priori (assumed) ideas about the parameters of
tectonic faults and the magnitude of tectonic stresses used in setting the boundary conditions. For modelling
the SS of the epicentral zone before and after the earthquake, the structural tectonic scheme of the
earthquake fault tectonics and the model of the seismic generating layer with a thickness of 20 km were
used. The finite element method was used to construct stress intensity and principal stress maps to analyse
the SS before and after earthquakes. On this basis, a model for estimating the seismic moment Mo and the
mechanism of rupture during its propagation is proposed. Based on the analysis of the results of modelling
of the stress-strain state, strong crustal earthquakes with coseismic geophysical and geodetic data, we
propose a model of earthquake rupture formation. It is shown that the rupture originates in the conditions
of intersection of the critical isobar of stress intensity ~30-35 MPa with the area of the main stress ratio &
>3-+4, The rupture from the ‘focus’ of the earthquake propagates due to the release of accumulated potential
energy in the zones of high stress intensity. The direction of the rupture corresponds to the dominant
direction of the main tectonic faults, and its extent is determined by two zones of high stress intensity. The
obtained results also provide a basis for directed geological and geophysical studies in the area of the
proposed hypocentres in order to search for earthquake precursors oriented to the operational forecast of a
catastrophic event.

MopenupoBanue HANPSZKEHHO-1e(OPMUPOBAHHOI0 COCTOSTHHUSA MULEHTPAJBHBIX 30H
CHJIbHBIX KOPOBBIX 3eMJIeTPSCeHN

B. H. Mopo3os, A. 1. ManeBuu
I'eopusnueckuii nentp PAH, Mocksa, Poccust

MonenupoBanue  HanpspkeHHO-nedopmupoBanHoro  cocrosHus (HJIC) psma  CriibHBIX
KOHTUHEHTAIBHBIX 3€MJIETPSICEHU ¢ MarHuTyfoil Oonbme M 6 MO3BOMWIO YCTaHOBUTH OOIIHE
MOBTOPSIIOIIMECS]  3aKOHOMEPHOCTH  MEXIY  pe3yJbTaTaMd  MOJACIMPOBAaHMA UM IapaMeTpamMu
3emieTpsceHuil. Ilpy 3TOM B KadecTBE <«JIOCTOBEPHBIX» T'€OJOTHYECKHUX JaHHBIX NPHHUMAIOTCS
CTPYKTYpPHO-TEKTOHUYECKHE CXEMBl JMHIEHTPAJIBHBIX PaliOHOB CHUJIBHBIX 3€MJIETPACEHUH, TO €CTh
pasioMHass TEKTOHHKA, Jaiollas INPEeICTaBICHHE O IPOCTPAHCTBEHHOW B IUIAHE OpPHEHTALMU
TEKTOHMUYECKUX Pa3joMOB, BKIIOUAs IMapaMeTphl T€0JIOTUYECKON CPeIbl U JIEHCTBYIOINE pernOHAIbHbIC
MOJIS TEeKTOHMYECKUX HampsyKeHWH. 3aTeM NMPUXOAUTCS HCIOJIB30BaTh alpHOpHBIE (IIpelroiaraeMble)
NPEACTABICHUs] O HapameTpax TEKTOHWYECKHMX PAa3JIOMOB M BEIMYMHE TEKTOHMYECKHX HAIPSKEHMH,
UCIOIB3yEMBIX NPH 3aJaHUN TpaHUYHBIX ycioBuil. [l Mmoxenuposanus HJIC snuneHTpanbsHOi 30HBI 10
M TIOCJE 3eMJIETPSICeHHsI HMCIOJb30BaHa CTPYKTYpHO-TEKTOHHYECKas CXeMa pa3loOMHOW TEKTOHUKHU
3eMJICTPSICEHUS U MOJIENIb CEHCMOT€HEPUPYIOILETO CII0s1 MOITHOCTHIO 20 KM. MeTo1 KOHEUHBIX 3JIEMEHTOB
WCIIOJIB30BaH AJISl IOCTPOCHUSI KapT MHTEHCUBHOCTH HANPsDKEHUH U TVIaBHBIX HANpPsDKEHWH 711 aHAU3a
HJIC mo u mocite 3emieTpsiceruii. Ha 3Tol 0CHOBE TIpeiioskeHa MOIEIh OIIEHKH CEMCMIYEeCKOT0 MOMEHTA
Mo u MexaHu3Ma pa3pbiBa P €ro pacrpocTpaHneHnu. Ha ocHOBe aHanm3a pe3ynbTaToOB MOJIEITHPOBAHUS
HanpsHKEHHO-1e(OPMHUPOBAHHOTO COCTOSIHUS, CHJIBHBIX KOPOBBIX 3€MJIETPSICEHHH C KOCEHCMHUYECKUMH
reo(pM3MUYECKUMH M TeOAE3MYECKMMHU IaHHBIMH HaMU MpelJiaraeTcsa Mozenb (OpMHUpOBaHHUS pa3phiBa
3emueTpaceHus. [lokazaHo, 4TO pa3pbIB 3apOXKAAETCSA B YCIOBUSAX MEPECEUEHUS KPUTHIECKON M300aphl
MHTEHCUBHOCTU HampsbkeHuid ~30-35 MIla ¢ oOmacTpio OTHOIIEHHS TJIaBHBIX HampsDKeHHH &>3-+4.
Pa3priB u3 «doxyca» 3emierpsaceHHs paclpocTpaHseTcs 3a c4eT cOpoca HAKOIJICHHOW MOTEHUUAIbHON
SHEPTrUM B 30HAX BBHICOKOM HMHTEHCHMBHOCTH HampspKkeHW. HampaBieHue pa3peiBa COOTBETCTBYET
JOMHHHUPYIOLIEMY HaIllPaBJICHHUIO TJIABHBIX TEKTOHUYECKHX PA3IOMOB, a €T0 MPOTSHKEHHOCTH OIPEIENsIeTCs
JIByMsI 30HAMH BBICOKON MHTEHCHUBHOCTU HampspkeHWH. [losydeHHble pe3ynbpTaThl Aal0T OCHOBAaHUE AN
TaK)Ke HANPaBJICHHBIX T€0JIOTO-Te0(hN3NIECKUX NCCIIEA0BAHNH B 00JIACTH MIPEAIOIaraéMbIX THIIOIEHTPOB
C IEeNbI0 TMOWCKAa NPEJBECTHUKOB 3EMIIETPSICEHHS, OpPHUEHTHPOBAHHBIX HA OIEPATHBHBIM MPOTHO3
KaTacTpoHUIECKOTO COOBITHS.
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Geodynamic model of the northern part of the Nizhnekansky massif

R. Shevchuk
Geophysical Center RAS, Moscow, Russia

Global and domestic experience accumulated in recent decades confirms that the use of global
navigation satellite system (GNSS) has proved to be very effective in detecting even small
displacements of the Earth's surface caused by both tectonic and anthropogenic impacts. To ensure
the effectiveness of GNSS monitoring, it is necessary to constantly improve the process of data
collection and processing, including the optimisation of the geodynamic network structure,
operational control of the accuracy of field measurements, as well as the use of modern algorithms
for deformation processing and analysis. The theoretical provisions for calculations and modelling
of deformation fields based on GNSS data obtained at the Nizhne-Kansk geodynamic polygon,
characterising dilatation and pure shear deformations and their dynamics in time, have been
developed. A technique was also developed to control the accuracy of GNSS measuring equipment
and improve the quality of measurements, especially in the conditions of physical and geographical
peculiarities of the Nizhne-Kansk massif. This technique makes it possible to identify incorrect
nominal parameters of measuring devices. In the context of the modernisation of the geodynamic
polygon of the Nizhne-Kansky massif, the network of satellite GNSS observations was expanded
to 39 points, including the establishment of rock geodetic centres. This expansion of the network
made it more optimal in terms of the finite element shape, which contributes to an increase in the
accuracy of determining the earth surface deformations and, consequently, the geo-ecological
safety of RAW disposal.

I'eoquHaMHUYecKast MO/IeIb ceBepHO YacTH HHJKHeKaHCKOT0 MaccuBa

P. B. IlleBuyk
I'eopusnueckmii nentp PAH, Mocksa, Poccus

MupoBO#1 ¥ OTEYECTBEHHBIH OIIBIT, HAKOIIJICHHBIN B OCIEAHUE IECATUIICTHUS, IOATBEPKAACT,
4TO NMPUMEHEHHe 17100anbHOM HaBuranuonHoi cmyTHHKoBOH cuctemsl (THCC) oka3zanoch oueHb
3¢ (PEeKTUBHBIM JJIsI OOHApYXEHUs Jake HEOONbIINX CMEIIEHUH 3eMHOW TOBEPXHOCTH,
BBI3BaHHBIX KaK TEKTOHWYECKMMH, TaK M TEXHOTCHHBIMHM BO3AEUCTBHAMHU. [ obecrneyeHus
sp¢pexkruBHoctH 'HCC-moHMTOpHHTa HEOOXOAMMO TMOCTOSIHHO COBEPUICHCTBOBATH IPOLIECC
cOopa aHHBIX UM UX 00pabOTKH, BKIJIIOYAsl ONTUMH3AIMIO CTPYKTYPhl F€OAMHAMUYECKOH ceTH,
ONEpaTUBHBIM KOHTPOJIb TOYHOCTH MOJIEBBIX M3MEPEHMH, a Takke MPUMEHEHHE COBPEMEHHBIX
QITOPUTMOB 00pabOTKM M aHanu3a Jedopmanuid. PazpaboTaHbl TeopeTHUECKHE MOJIO0KEHUS
pacueroB u MonenupoBaHus nosed aedopmanuii o I'HCC-paHHBIM, MONYy4YeHHBIX Ha
HwmwxneKaHCKOM reoiHaMHUYeCKOM MOJHUIOHE, XapaKTepU3YoLMX AedopMaluy AUIaTallud U
YUCTOI'O C/IBMIa, U JMHAMHUKHU UX MU3MEHEHMs BO BpeMeHHU. Takke Obula pa3paboTaHa METOAMKA
JUIS KOHTpPOJIA TOYHOCTH u3MepurenbHoro obopynoBanuss 'HCC u ymyumieHuss kauyecTBa
MU3MEpPEHH, 0COOCHHO B YCIOBUAX (u3HKO-Teorpaguueckux ocodeHHocrer Hmxne-Kanckoro
MaccuBa. JTa METOJMKAa IIO3BOJIIET BBIABIIATE HEKOPPEKTHBIE HOMHHAJIBHBIE IapaMeTpPhl
U3MEPUTENIbHBIX YCTPOHCTB. B KOHTEKkcTe MOAEpHU3ALMU TIe€OJMHAMUYECKOrO TOJUTOHA
HwmxneKanckoro maccuBa Obina pacummpena ceth crnyTHHKOBbIX ['HCC-nabmonenmii 10 39
MYHKTOB, BKJIIOYAs 3aKJIa/IKy CKaJIbHBIX F€0JI€3MUECKUX LIEHTPOB. DTO PacIIUPEHNUE CETH CAENAN0
ee Oonee ONTHMAJIbHOM C TOUKHU 3peHHs] (POPMBI KOHEUHBIX AJIEMEHTOB, YTO CHOCOOCTBYET
YBEJIMUEHUIO TOYHOCTH ompezeneHust nedopManuil 3¢eMHONW MOBEPXHOCTH U, COOTBETCTBEHHO
re0dKOJIOTHUecKoi 6e3onacHocTH 3axopoHeHust PAO.
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Geodynamic zoning on the basis of system analysis of geological and geophysical information of the
territory of the underground research laboratory in Krasnoyarsk Krai

I. Losev
Geophysical Center RAS, Moscow, Russia

In order to assess the stability of the geological environment and its forecast for a period of more than
10 thousand years, the approach based on multistage system analysis of the data set is actively used in the world
scientific practice. It allows us to identify the causes of uncertainties, outline optimal ways to overcome them
and obtain reliable forecasts of the geodynamic regime on the basis of identifying fundamental geological and
geodynamic regularities, even with a limited amount of geological and geophysical information. In this regard,
the development of geodynamic zoning methodology based on a systematic approach is an urgent scientific task,
which will allow to assess the stability of the geological environment and improve the reliability of justification
of geo-ecological safety of high-level radioactive waste disposal at the “Yeniseisky’ site. In 2023, construction
of shafts of the underground research laboratory (URL) was started at the site. According to international
requirements, it is needed to make a final decision on the suitability of the rock mass for RAW disposal.
However, it turned out that the data on geodynamic and tectonic stability of the region are characterised by
incompleteness and incompleteness, and additional research is needed to overcome these uncertainties. The
purpose of the work is to develop a methodology of geodynamic zoning of the ‘Yeniseisky’ site of the
Nizhnekansky massif and adjacent territories by the degree of geodynamic stability on the basis of methods of
system analysis of geological and geophysical data for geo-ecological justification of safety of high-level
radioactive waste disposal. The methodology of geodynamic zoning with the use of new algorithms of system
analysis has been developed, which allows to estimate the stability of structural tectonic blocks of the Earth crust
in the areas of high-level radioactive waste disposal by classified and normalised geological and geophysical
features. The efficiency of using the data normalisation algorithms in the analysis of the geological environment
state variability functions was proved by the correlation analysis method The results of the study allowed
obtaining new fundamental knowledge about the stability of the geological environment necessary for assessing
the possibility of geological disposal of RAW at the ‘Yeniseisky’ site. The proposed approaches of geodynamic
zoning have good prospects for implementation at other hazardous industrial facilities, including those in the
mining sector.

I'eonnHaMu4eckoe paiioHHPOBAHUE HA OCHOBE CHCTEMHOI0 aHAIN3A Ie0JI0ro-reopusnyeckoi
HHGopMaLMU TePPUTOPUM NOA3EMHOM HCCIe10BaTebCKOI 1a0opaTopun B KpacHosipckoM Kpae

H. B. Jloces
I'eopuznueckuii nentp PAH, Mocksa, Poccust

JlJis OlleHKH yCTOMYMBOCTH T'€OJIOTHMUYECKOW Cpebl U ee MpOorHo3e Ha mepuoi Oomnee 10 ToIc. yeT B
MHUPOBOM HAay4YHOM NpaKTUKE AKTUBHO MCIIOJIB3YETCS IOAXO0J, OCHOBAHHBIM Ha MHOT0O3TAallHOM CHUCTEMHOM
aHaJiM3e MaccuBa JaHHBIX. OH MO3BOJSIET BBIABUTH MPHYUHBI HEONPEACICHHOCTEH, HAMETUTh ONTUMAJIbHbIC
IIyTU UX IPEOJOJIECHUS U MTOJIyYUTh JOCTOBEPHBIE IIPOTHO3HBIE OLIEHKH O FEOAMHAMUYECKOM PEXKUME HAa OCHOBE
BBIABIICHUS (DYHIAMEHTAJIBHBIX TEOJNOTHUECKHX U TEONMHAMHYECKHX 3aKOHOMEPHOCTEH, MJaxe IIpH
OTpaHHUCHHOM 00BeMe Teojoro-reopusnueckoil mHpopMauuu. B 3Toi cBs3M, pa3paboTKa METOIUKH
re0JIMHAMUYECKOTO pallOHMPOBAHHUSI HA OCHOBE CHCTEMHOI'0 TI0JIX0/1a SIBJISIETCS] aKTyallbHOM Hay4yHOU 3a/1aueH,
KOTOpast MO3BOJIUT OLEHUTh YCTOMUYMBOCTh T'€0JIOTUYECKON CpeAbl U MOBBICUTH TOCTOBEPHOCTH 0OOCHOBAHUSA
TEOIKOJIOTHYECKON Oe30MacHOCTH 3aXOPOHEHMS BBICOKOAKTUBHBIX PAO Ha yuactke «Enuceiickmii». B 2023
rofy Ha HeM ObUIO HA4aTO CTPOUTEIHCTBO IIAXTHBIX CTBOJIOB IOI3EMHON HCCIENOBATEIbCKOI abopaTopuu
(ITNJI). CornmacHo MeXIyHApOTHEIM TPeOOBAHISIM OHA HEOOXOIMUMA [UISl IPUHSTHS OKOHYATEIBHOTO PEIICHHS
0 TMPUTOIHOCTH NOPOJHOro MaccuBa i 3axopoHeHuss PAOQO. OpHako okas3ajloch, 4YTO JaHHBIE O
reOIMHAMUYECKOH ¥  TEKTOHMYECKOH CTaOMJIBHOCTH pErMOHa XapaKTepU3YIOTCS  HEMOJHOTOH |
HE3aBEPIICHHOCTBIO, W  HEOOXOAWMBI  JIOTIONHHUTENBHBIE  HCCICIOBAaHHS IO  MPEOJOJCHUIO  ITHX
HeomnpezeneHHocTer. Lens paboThl 3akimodaeTcs B pa3paboTKe METOMMKH T'€0JHHAMUYECKOTO PailOHNPOBaHMSA
yuacTka « EHuceiickuin» HuxHekaHCKOro MaccuBa U IPUWIIETAIOIIUX TEPPUTOPUI 110 CTENEHU M0 AMHAMUYECKOI
YCTOMYMBOCTH HAa OCHOBE METOJOB CHCTEMHOIO aHajlW3a TIeoJIOro-TeO(MU3NUECKUX JaHHBIX IS
T'€09KOJIOTHYECKOTO 0OOCHOBaHMS O€30MacHOCTH 3aXOPOHEHUS BBICOKOAKTHBHBIX PaJNOAKTHBHBIX OTXOMIOB.
Pazpaborana MeTogMKa TeOAMHAMHYECCKOTO PpAOHMPOBAHMSA C HCIONb30BAaHMEM HOBBIX aJTOPUTMOB
CHCTEMHOT0 aHaJIN3a, TI03BOJISIONIAs IO KJIacCU(HUINPOBAHHBIM U HOPMAaIN30BAHHBIM T'€0JIOTO-Te0()U3NIESCKUM
MPU3HAKaM BBINOJHATH OLIEHKY YCTOMYMBOCTU CTPYKTYPHBIX TEKTOHUYECKUX OJIOKOB 3¢MHOM KOpBI B paiioHax
3aXOpPOHEHUS BHICOKOAKTUBHBIX PAO. D PeKkTHBHOCTD UCIIONB30BAHUS aJTOPUTMOB HOPMATH3ALUH JAHHBIX
Ipu aHanu3e QYHKIUH N3MEHINBOCTH COCTOSHIS T€0JI0TNIECKOH Cpeibl ToKa3aHa METOI0M KOPPEISIIHOHHOTO
aHanu3a Pe3ynbTaThl nccaen0BaHus IO3BOJIMIIN MOIYyYUTh HOBBIE (DyHAaMEHTAIbHBIE 3HAHUS 00 YCTOHYNBOCTH
TE0JIOTUYECKON Cpejibl, HEOOXOAUMBbIE sl OLEHKH BO3MOXKHOCTH Teojloruueckoro 3axopoHeHus PAO Ha
yuyactke «Enucerickuit». I[IpennoxeHHble MOIXOAbl T€OJIWHAMUYECKOTO PAOHMPOBAHMS HMEIOT XOPOIIUE
NEepPCHEeKTUBBl JUIS BHEAPEHHs Ha JAPYTHE OIAcHBIC IIPOM3BOACTBEHHBIE OOBEKTHl, B TOM YHCIIE TOPHO-
J0OBIBAIOIIETO CEKTOPA.
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Use of NextGIS Web network GIS systems for analysis of geological data and identification of promising
areas in the course of planning geological exploration for diamonds, base and noble metals

E. Uvarova, A. Vakhrushev
Central Research Institute of Geological Prospecting for Base and Precious Metals, Moscow, Russia

Reproduction of the mineral resource base of the ABCM in the Russian Federation is one of the priority tasks
determined by the ‘Strategy for the Development of the Mineral Resource Base of the Russian Federation until 2035’,
the State Programme ‘Socio-Economic Development of the Arctic Zone of the Russian Federation’, the current version
of the State Programme ‘Reproduction and Use of Natural Resources’ and other programme documents. One of the
most important tasks of FGBU ‘TSNIGRI is scientific and methodological support of geological and exploration
works (GEO) and formation of proposals for planning of GEO for diamonds, base and noble metals (ABCM).
Effective exploration planning requires analysis of a large amount of information (results of completed exploration,
information on deposits and occurrences, active licences, specially protected areas (SPNA), infrastructure) with spatial
reference. Within the framework of the State Assignment specialists of FGBU ‘TSNIGRI’ on the basis of the basic
ArcGis project created a network information resource ‘Geological Exploration for Diamonds, Noble and Nonferrous
Metals’ for more accurate and quick solution of issues related to monitoring, scientific and methodological support,
improving the efficiency of current and planning future geological exploration on the ABCM. The project was
transferred to QGis using the SLYR module and then published to the NextGIS Web application for maps and geodata
through the NextGIS Connect module, which allowed the project structure and map layout to be preserved. As a
hardware and software platform for deployment of the resource, an ordinary productive computer with Astra Linux
operating system (OS) was used. The components and software products necessary for NextGIS Web functioning are
installed in the OS in accordance with the developer's documentation. NextGIS Web itself is deployed using the
Docker software platform. The network information resource ‘Geological Exploration for Diamonds, Noble and Non-
ferrous Metals’ contains all the necessary information and allows to perform data analysis, solve tasks related to
monitoring, scientific and methodological support, improving the efficiency of current and planning future geological
exploration at ABMC in multi-user mode, which significantly speeds up the process and reduces the number of
inaccuracies and technical errors.

Hcnoan3zoBanue cereBbIX TUC-cucrem NextGIS Web s anan3a reojiorndeckKux JaHHBIX H BbIJACJICHUA
NMePCNeKTUBHBIX YYACTKOB B X0/1€ IVIAHUPOBAHUSI Te€0J10T0-Pa3BeJ04YHbIX PadoT HA aJiIMa3bl, IIBETHbIE U
0J1aropoiHbie MeTANJIbI

E. A. YBapoBa, A. M. Baxpyes
«OHUT'PN», Mocksa, Poccust

BocnpounsBoacTBo MuHEpanbHO-ChIpheBOi 6a3pl ABIIM B Poccuiickoit @eneparuu siBasieTcss OJHON U3
MIPUOPUTETHBIX 3aad, onpenenseMoi «Ctpareruei pa3BUTHs MUHEPaIbHO-CBIPheBOi 0a3bl Poccuiickoit @eneparm
no 2035 r.», TlocymapcrBenHoit mnporpammoil «CoUuanbHO-3KOHOMHYECKOE pa3BUTHE APKTHYECKON 30HbI
Poccuiickoit ®enepauuun», aeiictByromiel penakuuei [ocynapcrBeHHOM mnporpammbl «Bocnpous3BOACTBO U
UCTIONIb30BaHUE MPHUPOJHBIX PECYPCOB» W APYTMMH NPOTPAMMHBIMU AoKyMeHTaMH. OnHOI 13 Hamboiee BaKHBIX
3agau ®I'BY «UHUI'PW» sBisieTcss HAydIHO-METOAMIECKOE COMPOBOXKICHHIE Te0JIoro-pa3BenouHbix padot (I['PP) u
(hopMupoBaHUe MpeToKeHUH Mo TuiaHupoBanutio [ PP Ha ammaser, iBeTHBIE 1 6maropogabie Metawisl (ABLIM). s
s dexTuBHOTO IWIaHUpoBaHus [ PP HeobxoaumM anamm3 6oseiioro oosemMa nHpopMauu (pe3yIbTaToB 3aBEPIICHHBIX
I'PP, cBeneHuii 0 MECTOPOXKICHHUAX U MPOSBICHUSIX, JEHCTBYIONUX JIUIIEH3UAX, 0CO00-0XPaHIEMbIX TEPPUTOPHIL
(OOIIT), undpacTpykTypsl) ¢ MPOCTPAHCTBEHHO!N MPUBSI3KO#. B pamkax paboTsl o ['ocynapcTBEHHOMY 3aaHUIO
cnenuanuctamu @I'BY « [ {THUT' Py Ha ocHOBe 6a30Boro npoekra ArcGis co3an ceTeBoi HHGOPMAIIMOHHBIH pecype
«"eonoro-pa3BeiovHbIe pabOTHI HA ajaMa3bl, OJArOPOJIHBIE W IIBETHHIE METAJUIbI» JAJsl 00Jee TOYHOTO U OBICTPOTO
pemIeHus BOIIPOCOB, CBA3AHHBIX C MOHMTOPHHIOM IIPOBEICHHUS, HAYYHO-METOAWYECKOTO COINPOBOXKICHUS,
MOBEIIICHUS 3 PEKTHBHOCTH TEKYIIHX U maHuposanus Oyxymux ['PP ma ABLIM. IIpoekt 6611 mepenecer B QGis ¢
nomotsio Moayns SLYR u 3atem omyOnukoBaH B BeO-nprmoskeHun it kapT u reoganHbix NextGIS Web gepes
moaynb NextGIS Connect, 4T0 MO3BONMIO COXPAaHUTH CTPYKTYpY HpoeKkTa M odopmieHHe KapTel. B kauecTBe
MpOrpaMMHO-aIIapaTHON TIaT(OpMbl Ul pa3BepTHIBAHUS pecypca HCIIOIb30BaH OOBIYHBIA NPOW3BOJUTEIIBHBIH
KoMmmbroTep ¢ omepanuonHord cucremoit (OC) Astra Linux. B OC ycraHoBiIeHBI HEOOXOAMMBIC IS
¢yaxunornpoBanus NextGIS Web KOMITOHEHTHI M NMPOrpaMMHBIE MPOIYKTHI, B COOTBETCTBUH C JOKyMEHTAIlHEH
paspabotunka. HemocpeactBenno NextGIS Web passepHyT ¢ momomipio mporpammHoi matdopmbel Docker.
CereBoii nH(MOpMaMOHHBIN pecypc «I'eooro-pa3serogHbIe pabOTHI HA alIMa3bl, 0J1aropOIHBIE U IIBETHBIE METAJIIBI)
COJIEPKHT BCIO HEOOXOIMMYI0 HH(OPMAIIHIO U TIO3BOJISET IIPOBOIUTH aHATIN3 TaHHBIX, PEIIaTh 33/1a49H, CBSI3aHHEIE C
MOHUTOPHHIOM TPOBEICHHS, HAYYHO-METOJUYECKOTO CONPOBOXKICHHUS, MOBBIMICHNS 3PPEKTHBHOCTH TEKYIIUX U
miaaupoBanust Oyaynmx ['PP Ha ABIIM B MHOrOmoIb30BaTENECKOM PEXHUME, YTO 3HAUUTEIHLHO YCKOPSET MPOoIece
Y YMEHBIIAET KOJINYECTBO HETOYHOCTEH M TEXHUYECKUX OIINOOK.
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Changes in the seismic regime at engineering facilities under the influence of natural and man-made factors

B. Trifonov?, S. Milanovskiy'?
1 Sergeev Institute of Environmental Geoscience RAS, Moscow, Russia
2Schmidt Institute of physics of the Earth RAS, Moscow, Russia

Experience in studying the consequences of strong earthquakes, as well as analyses of the results of IDA
works, show that the magnitude and nature of seismic effects are determined, in addition to regional ones, by
numerous local features of the geological environment, which are subject to temporal changes. Field studies on
soil complexes of the Imereti Lowland for the construction of Olympic facilities (OO) allowed to construct
maps-schemes of seismic design with changing seismic conditions. In 1986-1996 during the preparation of the
territory the removal of soils of 11l category was carried out, which improved seismic conditions at the site. The
2007-2008 maps with reduced seismicity were constructed for the design of the PA in the new conditions. The
2014-2021 maps show deterioration of seismic conditions due to technogenesis upon completion of construction
and operation of the PA. At the site of Balakovo NPP seismic properties of soils changed for more than 30 years
of its existence from 1978-1980 to 2019. From the beginning of design to construction their deterioration
occurred during levelling of the territory to the planning level with replacement of dense natural soils with bulk
soils of 11l category. Construction of reactor units 2004-2012 with foundations in the form of slabs and
compaction of crushed stone pads under them resulted in lower seismicity at the site. In 7 years after the start of
operation by 2019 seismic conditions have changed for the worse (Vs decreased from 450m/s to 300m/s) due to
partial dissolution of the crushed stone base at groundwater rise, which may lead to further violation of the
stability of the bearing capacity of the foundation slabs, as well as to deterioration of seismic conditions. Using
the example of the Bilibino NPP built on permafrost rocks, it is shown that the elastic properties of rocky frozen
soils, usually fractured in the upper part of the section, depend, among other things, on the cryogenic state of the
rock. Changes in the seismic properties of frozen rock soils thawed under the influence of the main structures of
reactor units for 30 years have been analysed. It is shown that during this time, there was an increase in the
seismic intensity increment by +0.3 points on average with respect to the initial conditions. The values of seismic
impact characteristics (peak ground accelerations PGA and values of response spectra Sa) have changed
accordingly. The results of the research allow for a reasonable approach to forecasting changes in the seismic
situation at IDA sites.

HN3meHeHus celicMHYeCKOr0 pe:KMMAa HA HHKEHEePHBIX 00beKTaX Mo/ eiicTBHMeM NPUPOIHO-TeXHOT€eHHbIX
¢axrTopos

B. A. Tpudonos!, C. I0. Munanosckuiil?
! Mucruryt reosxonoruu um. E. M. Cepreesa PAH, Mocksa, Poccus
2NucrutyT Pusnku 3eman um. O. T0. [Imuara PAH, Mockea, Poccus

OnbIT U3yueHUs MOCIIEACTBUN CHIILHBIX 3€MIIETPACEHUH, a TaK)Ke aHaINU3 pe3ybTaToB pabot mo CMP
CBUJICTEJIBCTBYIOT O TOM, YTO BEIMYMHA U XapaKTep CEHMCMUYECKOTO BO3JEHCTBHS OMPEAEISAIOTCS, TOMUMO
PETHOHANBHBIX, MHOTOYHCICHHBIMH JIOKAFHBIMA ~ OCOOCHHOCTSIMH T€OJIOTUYECKONW Cpembl, KOTOpHIE
MOJIBEP’KEHBI M BpEMEHHBIM N3MeHeHUsIM. [1oJieBble rccne10BaHNs Ha IPYHTOBBIX KOMIUIEKcax MIMepeTHHCKOM
HU3MEHHOCTH T0J] CTPOUTEIHCTBO ONIMMIHUICKIX 00heKkTOB(OO) MO3BOIHMIN MOCTPOUTH KapThi-cxeMbl CMP ¢
M3MEHSIONMMUCS celicMuueckuMu ycenoBusmMu. B 1986-1996rr. mpu moAroToBKE TEPPUTOPHH IPOBEICHO
ynanenue TpyHToB Il kaTeropun, mocmyXKyBIIME YIYUYIICHHIO CEMCMUYECKUX YCIOBUN Ha rromaake. Kapter
2007-2008rT. ¢ MOHIKEHHOM CEHCMHYHOCTBIO MOCTPOEHB! Ajsl mpoekTupoBanus OO B HOBBIX ycnoBusix. Ha
kapTax 2014-2021rr. OTMEYEHO YXYyIIICHHE CEHCMHYECKUX YCIOBHH, OOYCIIOBJIEHHOE TEXHOTCHE30M I10
3aBepIICHUIO cTpouTenbeTBa 1 dkcmryarannu OO. Ha mnomanke bamakosckoit ADC celicMuyeckre CBOMCTBA
TPYHTOB MEHsUTUCH 3a Oosee ueM 30 ser ee cymecTBoBaHUs HaunHas ¢ 1978-1980rr. mo 2019rox. Ot Havyana
MPOEKTUPOBAHKUS W JIO CTPOUTENBCTBA MPOU3ONIIO HMX YXYAIICHHE TPU BBHIPABHUBAHUM TEPPUTOPUH [0
IJITAHUPOBOYHOM OTMETKM C 3aMEHOM IUIOTHBIX €CTECTBEHHBIX TI'pyHTOB Ha HaceinHble III xareropum.
CTpouTenseTBO peakTopHbIX 0510k0B 2004-2012rT. ¢ pyHAaMEHTaMU B BUJIE TUTUT U YIUIOTHEHNUS MEOCHUCTHIX
MOJyIIEK TOJ HUMH TPHUBEJIO K IMOHIKEHHIO CEHCMHYHOCTH Ha Iiomiagke. Yepes 7 JeT mocie Hadana
aKcuTyaTanuu K 2019 T U3MEHWIUCHh CEHCMUYECKHe YCIIOBUS B Xymunyio ctopony (Vs cHusmiack ¢ 450m/c
1m0 300m/c) u3-3a HaCTHYHOTO PACTBOPEHUs MIEOCHUCTOTO OCHOBAaHUS IMpPU TOMHATHE IOA3EMHBIX BOJ, UTO
MOJKET MPUBECTH B TATHHEUIIEM K HAPYIICHUIO YCTOWIMBOCTH HECYIIe criocOOHOCTH (YyHJAMEHTHBIX IIJIHT, a
TaKkke K YXYALNICHWIO celicMudueckux ycnoBuit. Ha mpumepe bmmubunackoit ADC, mocTpoeHHOW Ha
MHOTOJIETHEMEP3JIBIX MOPOJIaX, IOKAa3aHO, YTO YIPYTHe CBOMCTBA CKaJIbHBIX MEP3JbIX TPYHTOB, KaK MPaBHIIO,
TPEIIMHOBATHIX B BEPXHEW YaCTH pa3pe3a, 3aBHCAT B TOM YHCIE U OT KPHOTCHHOTO COCTOSIHHS TOPOJIBIL.
[IpoaHanu3upoBaHbl HM3MEHEHHUS CEMCMUYECKUX CBOWCTB MEP3JBIX CKAJbHBIX TPYHTOB, OTTAsIBIIUX IO
BO3/ICHCTBHEM OCHOBHBIX COOPYKEHUH peakTOpHBIX 010K0B 3a 30 net. [loka3zaHo, 94To 32 3TO BpeMsi, IIPOU30ILIO
YBEIMYCHHE TIPUPANICHUS CEHMCMHUYECKONH WHTEHCHMBHOCTH B cpemHeM Ha +0.3 0Oamia OTHOCHUTENBHO
MEePBOHAYATIBHBIX YCIOBUH. V3MEHWINCh COOTBETCTBEHHO W 3HAYCHUS XapaKTEPUCTHK CEHCMHUYECKUX
BO3ZecTBUl (IHMKOBBIE ycKOpeHHs rpyHTa PGA W BeIMYMHBI CIEKTPOB peakuuu Sa). Pesynbrarsl
WCCIICJIOBaHUH MO3BOJISIIOT 0OOCHOBAHO TIOAXOIUTh K IPOTHO3UPOBAHUIO U3MEHEHHI CEHCMUYECKON CUTYaIHi
Ha momaakax CMP.

132



General theory and technology of graphical structuring and representation of knowledge as an
effective tool for system analysis

V. Melnikov, A. Linkov
Earth Cryosphere Institute, Tyumen Scientific Centre SB RAS, Tyumen, Russia
Lomonosov Moscow State University, Moscow, Russia

The authors propose a set of information technologies of system analysis based on the graphical
language of conceptual modelling of knowledge, and the general theory and technology of their graphical
structuring and representation, implemented using the capabilities of Microsoft Excel, and have no
analogues in this subject area. A special place in this complex is occupied by technologies of graphic
conceptual modelling of problem situations and causal versions of their occurrence. Their universality
allows, having started the process with an unclear, often intuitive idea of the problem expressed in the form
of a certain judgement, to complete it by creating a graphical model of an expert system (ES) of knowledge
and database. These technologies have undergone the necessary approbation in graphical conceptual
modelling of complex objects of activity, in the sphere of economics and management, designing of
organisational systems and regulation of managerial activity; and also in cognitive science and knowledge
engineering in solving problems of their non-machine extraction, graphical structuring and representation
as a possible alternative to technologies of creating cognitive maps and models, frame models and semantic
networks. The general instrumental basis of this complex is a set of methods and means of graphical
structuring and representation of knowledge, providing identification of the volume and content of
concepts, based on the use of two types of oriented tree graph (ODG) with arbitrary and rigidly specified
structure of classification features. And also the diagonal information graphical matrix (digmata) of Linkov
as a universal way of structuring knowledge and its representation in a uniform graphical form. The
possibility of mutual transformation of ODG and digmat solves the problem of aggregation of their
unlimited set into a single whole — graphical models of knowledge bases of any complex objects of activity.
The logical completeness of this complex is connected with the necessity to develop a graphical editor
capable of operating with the models of knowledge bases and data created in GYAKM. The technologies
are illustrated by the complex of graphic models on the attached electronic disc and USB flash drive.

Oo0mas Teopus M TEXHOJIOTUsl TPa)MYeCKOro CTPYKTYPHPOBAHNSA U NMPEACTABJICHUS 3HAHUI KaK
3((peKTUBHBIA HHCTPYMEHT CHCTEMHOI'0 AHAJIN3

B. II. Measaukos, A. C. JInakoB
HuctutyT kpuocdepst 3emnu THL CO PAH, Tromens, Poccust
MockoBckuii rocygapcTBeHHslil yausepeuret uM. M. B. JlomonocoBa, Mocksa, Poccus

ABTOpaMH TpeasiaraeTcs KOMIUIEKC HH(POPMAIMOHHBIX TEXHOJOIMH CHCTEMHOTO aHaju3a,
OCHOBAaHHBIX Ha TpaHUyYecKoM s3bIKE KOHIIENTYalbHOTO MOJCIMPOBAHUS 3HAHWH, M OOLIeH Teopuu M
TEXHOJIOTHH UX TPpa)UiIecKOro CTPYKTYPUPOBAHHS M MPEACTABICHUS, PEai3yeMbIX C HCHOIB30BaHHEM
BO3MOXKHOCTEH mporpaMmbl Microsoft Excel, u He umeronmx aHaJioroB B JaHHOW MpeIMETHOW 00JacTu.
Ocoboe MecTo B 3TOM KOMIUIEKCE 3aHMMAIOT TEXHOJOTMH TpadUuecKoro KOHIENTYaJbHOTO
MOJIEITUPOBAHNS POOIEMHBIX CUTYAIHA, U IPUYNHHBIX BEPCUH NX BOZHUKHOBEHMsI. X yHHBEpCAaNbHOCTS,
MO3BOJIIET, HA4aB MPOLECC C HESICHOrO, 3a4acTyl0, HHTYUTHUBHOTO TMPEICTaBICHUS O mpolieme,
BBIPQKEHHOTO B BHJE ONPENENEHHOIO CY)KICHHUS, 3aBEPIIUTh €ro CO3JaHuEeM IpadUuecKoid MOJeH
skcrniepTHOH cuctembl (JC) 3HaHUH 1 0a3bl JaHHBIX. DTH TEXHOJIOTHH TPOILIH HEOOX0IUMYIO arpo0aInio
B rpadu4eckOM KOHLENTYyaJbHOM MOJCTUPOBAHUU CIIOKHBIX OOBEKTOB JAEATENBHOCTH, B cdepe
9KOHOMHUKE M YINpPaBJICHUs, NPOEKTUPOBAHUM OPraHM3ALMOHHBIX CHCTEM W  perilaMeHTaluu
YIPaBJIEHYECKON JIEITEIILHOCTH; a TAK)Ke B KOTHUTOJIOTHH M WHXKEHEPUH 3HAHUU B PEICHUH TPOOIIEM HX
HEMAalIMHHOTO H3BIICUYCHUsS, TPpadUUIecKOro CTPYKTYPHPOBaHUS W TPEACTABICHUS, KaK BO3MOXHOMN
AIbTEPHATUBbl TEXHOJOTHMSAM CO3JaHMsA KOTHUTHUBHBIX KapT M MojeJiel, (peidMOBBIX Monened u
CEeMaHTHUECKNX ceTeid. OOILIyl0 HMHCTPYMEHTAJIbHYI0 OCHOBY JAHHOTO KOMIUIEKCA COCTaBIIsET
COBOKYITHOCTh CIHOCOOOB M CPEICTB Tpaduyeckoro CTPYKTypUPOBAaHUS W TPEACTABICHUS 3HAHHH,
oOecrieunBalOIIMX WACHTH(PUKALNIO 00beMa M COAEp)KaHHUS IOHATHH, OCHOBaHHBIX Ha HCIIOJIB30BAHUHU
IBYX BHJOB OpPHEHTHpOBaHHOIrO apeBoBuaHoro rpada (Ol) ¢ mpow3BONBHOW M KECTKO 3aJaHHON
CTPYKTYpPO# KiTacCH(PUKAIMOHHBIX PU3HAKOB. A TakXe JUaroHajJbHON MHpOpMaIMOHHOW Tpaduyeckoit
MaTpulpl (aurMatel) JIMHKOBa, KaK YHHBEPCAJBHOTO CIOCO0a CTPYKTYPHPOBAHHWA 3HAHUH H WX
npeCTaBiIeHuUs B eAMHO00pa3Hoi rpaduueckoit popme. BozmokHOCTH B3anMHOr0 npeodpazosanust O
M JUTMaT pemiaeT MpoOJieMy arperupoBaHUsl WX HEOTPAaHWYEHHOTO MHOXECTBA B €IUHOE IIejoe —
rpaduueckue Moenu 0a3 3HaAHMI JIFOOBIX CIIOKHBIX 00bEKTOB AeATeILHOCTH. JIornyeckas 3aBepIIéHHOCTD
JAHHOTO KOMIUIEKCAa CBs3aHa C HEOOXOOMMOCTBIO pa3pabOTKH Ipad)yecKkoro penakropa, CocoOHOro
OIepHUPOBATh C MOAETSIMU 0a3 3HAHUW U JaHHBIX, co3aaBaeMbIMi B [ SIKM. TexHOIOTHH WILTIOCTPUPYIOTCS
KOMITJIEKCOM rpad)MuecKuX MOZeJiel Ha pujlaraeMoM 3JIeKTpoHHOM Aucke 1 USB ¢udii-HakonuTene.
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Analysis of the relationship between seismicity of the Lena-Anabar Trough region and the peculiarities
of its deep structure based on a set of geophysical data

E. Sokolova'?, A. Kulyandina®, A. Filippova*

L All-Russian research geological oil institute (VNIGNI), Moscow, Russia

2 Schmidt Institute of physics of the Earth RAS, Moscow, Russia

$Yakutsk Division of Geophysic Survey SB RAS, Yakutsk, Russia

4 Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation RAS, Moscow, Russia

A review of seismicity of the Lena-Anabar Trough and adjacent territories (Northwestern Yakutia)
recorded during the instrumental period of observations (1963-2022) by stationary stations of the Yakutsk branch
of the FIC EGS RAS is presented. The seismicity distribution is analysed in connection with the known tectonic
setting, spatial characteristics of the magnetic and gravity fields, as well as with the peculiarities of the deep
structure of the region revealed by the results of 3D spectral inversions of potential fields and 2D inversions of
profile magnetotelluric data based on the corresponding seismic sections. The analysis uses potential field maps
(generalisation of 1:200,000 scale survey materials) and oil and gas prospecting MTZ data from a network of
regional MOGT2D profiles. The main tool for detecting anomalous characteristics of geophysical fields, as well
as elements of the depth structure in their correlation with the spatial (and partially known depth) picture of
seismicity distribution is the modern GIS complex INTEGRO (VNIGNI, Geoinfomatics Department). When
detecting and verifying these correlations, an integrated approach using geophysical fields of different nature
and a variety of their morphological and statistical parameters was very important, which allowed us to identify
with sufficient certainty seismic generating structures, both separate and forming WHO zones (e.g., within the
seismically most active section of the Lena-Anabar marginal suture in the Lena River delta). It is shown that the
increased seismicity mainly corresponds to the areas of anomalous gradients of potential fields and zones of
transition from isolating to conducting areas on geoelectric sections, diagnosing heterogeneities of geological
structure. Using special methods of local linear anomalies extraction, morphological characteristics of potential
fields were established, which can be associated with previously unknown seismotectonic elements in the most
submerged part of the Lena-Anabar trough — fault zones of north-west strike. Earthquake source mechanisms
have been determined for some of the most intense, confidently recorded events confined to the identified
seismogenic structures.

AHaIn3 CBSI3M celicMUYHOCTH peruoHa JleHo-AHaGapckoro nporuda ¢ 0co0eHHOCTSIMH €ro r’1yOMHHOr 0
CTPOCHUS 0 KOMILJIEKCY re0(pu3n4ecKnX JaHHbIX

E. I0. Cokonopal?, A. C. Kynsuauna®, A. Y. ®umunmosa*

! Beepoccuiickuii Hay4HO-UCCIIEN0BATENLCKUM reonorudeckuii Hedranoi uncturyr (BHUIHU), Mocksa,
Poccus

2Uncturyt usuku 3emmn um. O. FO. muara PAH, MockBa, Poccust

3 Enunas reodusnueckas cryx6a PAH, Sxyrckuit puman, Skytck, Poccns

4 MHeTUTYT 3eMHOTO MarHeTu3ma, HoHocdepsl U pacnpoctpanenus paarnosond PAH, Mocksa, Poccust

[Ipencrapiien 0030p ceiicMuyHOCTH JIeHO-AHAa0apCKOro Mporuda W COMPEICITBHBIX TEPPUTOPHUI
(CeBepo-3anamnas  SkyTws), 3aperHCTPUPOBAHHON 3a HMHCTPYMCHTAJIBHBIA  TIEpUON  HAOJIOJCHHMA
(1963-2022 rr.) craumoHapHbiMU craHnusMu Skyrckoro ¢uimana OUI] EI'C PAH. Pacmpenernenue
CCHCMUYHOCTH aHAJM3UPYETCSd B CBSI3U C W3BECTHOM TEKTOHMYECKOM OOCTaHOBKOH, IPOCTPAHCTBEHHBIMU
XapaKTepHCTHKAMH MarHUTHOTO W TPABUTALIMOHHOTO MOJIEH, a TakKe ¢ 0COOCHHOCTAMH TTyOMHHOTO CTPOEHHS
PETUOHA, BBIABICHHBIMU 110 pe3yibTataM 3D creKTpasbHbIX MHBEPCUM NOTEHIMANbHBIX [oei 1 2D unBepcuii
IPOQUIBHBIX MarHUTOTEIUTYPUYECKUX TAHHBIX NPHU OINOpE Ha COOTBETCTBYIOIIME celicMHUYecKue paspesbl. B
aHaJIN3€e UCTIONB3YIOTCS KapThl OTEHIMATBHBIX T0JIeH (0000IIeHne MaTepranoB cheMok Macirada 1:200 000)
U nanHble HedrerazomonckoBrix MT3 o cetn pernonanbHbIX npoduneit MOI'T2D. OCHOBHBIM HHCTPYMEHTOM
BBIBJICHUS] aHOMAIBHBIX XapaKTCPHCTUK Ie0(U3HUECKIX TTOJICH, a TakKe HIEMEHTOB TITyOMHHON CTPYKTYPHI B
UX KOppeIsLUUd C HPOCTPAHCTBEHHOH (M YACTUYHO WH3BECTHOM TINIyOMHONM) KapTHHOM pacnpeaeneHust
ceificMuaHOCTH cIy)uT coBpeMeHHbIH koMruiekca 'IC INTEGRO (BHUT'HU, otnenenue ['eonnpomaTrkm).
IIpu oOHapykeHHMH W BepUUKANWM OTUX KOPPEISIHOHHBIX CBSI3€H OYECHb BAXHBIM  OKa3aJICs
MHTETPUPOBAHHBIN ITOJX0]] ¢ MCIOIB30BAaHNEM TeO()U3MIECKUX TT0JIed pa3HOM MPHPOABI M1 MHOT000pa3us UX
MOP(OTOTHYECKHX U CTATUCTHYECKHUX MapaMeTpoB, KOTOPHIM MO3BOJMI C JOCTATOYHOW OIPEAEIEHHOCTHIO
BBIBUTH CEHCMOTCHEPHPYIOIINE CTPYKTYpPhI, KaK OTAEIbHbIE, TaK U (GopMmupyronme 30861 BO3 (Hampumep, B
Ipeaenax celcMIUUeckr Hanboee akTUBHOTO yJacTka JIeHo-AHabapcKkoro KpaeBoro mBa B AenbTe p. JICHBI).
[okazaHo, 4TO MOBHINIEHHAs CEHCMUYHOCTD, TTTaBHBIM 00pa3oM, OTBEYAeT 00IaCTIM aHOMAJIbHBIX I'PaJIeHTOB
MOTCHIUAIBHBIX ITOJIEH U 30HaM Iepexo/ia OT M30JIMPYIOMKX K IPOBOISIIINM yIacTKaM Ha T€03JICKTPHUCCKUX
paspesax, AHATHOCTHPYIOIIMM HEOJHOPOIHOCTH TEOJOTNYEecKOro cTpoeHus. C IMOMOLIBIO CIIEIHaTbHBIX
METOJIOB BBIJIETICHUS JIOKAJIbHBIX JIMHEHHBIX aHOMAaIWi yCTaHOBJIEHBI MOP(OJIOTHUECKHE XapaKTePHCTHKU
MOTCHIUAIBHBIX ITOJIEH, KOTOPBIE MOXHO CBSI3aTh C paHEe HEU3BECTHBIMHU CEHCMOTEKTOHUYIECKUMHU 3JIEMEHTaMH
B HamOojee morpyxeHHO# udactu JleHo-AHabapckoro mporuda — pa3IOMHBIMH 30HAMH CEBEPO-3aIlaHOTO
npoctupanusd. 14 HEKOTOphIX HanOojiee WHTEHCHUBHBIX, YBEPEHHO 3apernCTPUPOBAHHBIX COOBITHIA,
NPUYPOYEHHBIX K BBIABIECHHBIM CEICMOT€HHBIM CTPYKTYPaM, ONIPEeIeHbl MEXaHU3MbI 04aroB 3eMIIETPSCEHUN.
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Geomagnetic observations to account for variations in the external magnetic field during
directional and horizontally oriented drilling

V. Petrov
Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation RAS,
Moscow, Russia

Over the last decades, directional and horizontal directional drilling has become
increasingly common in the oil and gas industry, where many wells are drilled in different
directions in one area. The main instrument for determining the drilling direction in the horizontal
plane is a ferro-probe magnetometer. To convert magnetic azimuth to geographic azimuth, the
magnetic declination value, which is usually obtained from magnetic field models, is used.
However, the magnetic field experiences variations associated with periodic and non-periodic
geomagnetic disturbances created by currents in the Earth's ionosphere and magnetosphere. In
calm conditions, the amplitude of declination variations has a value of 5-10 angular min. but in
perturbed conditions it can reach several degrees. In this connection, the question of accounting
for these variations in real time has long been raised. For this purpose, attempts are made to build
models of such variations (HDGM RT), but in the case of strong geomagnetic variations it is
impossible to create such models without additional real-time data. The second method has long
been used by Western companies — installation of special magnetic observatories. Now domestic
companies are beginning to think about the creation of such observatories. The report considers
the main domestic and foreign instruments necessary for the creation of such observatories and the
possibilities of their purchase or manufacture and the requirements for the magnetic observatory
itself.

I'eoMmarnuTHbIEe HAOJIIOAeHNS VISl y4eTa BapUalMii BHEIIHEr0 MATHUTHOTO MOJIsl TPH
HAKJIOHHOM U FOPU30HTAJIbHO HANIPABJIEHHOM OypeHun

B. T Ilerpos
WHCTUTYT 3eMHOTO MarHetusma, MoHochepsl U pacrpocTpaneHus paanoBonH PAH, Mockaa,
Poccus

[Tocnennue necaruneruss B He(TErazoBoW oTpaciau Bce Oojiee HIMPOKO MPUMEHSIETCS
HAKJIOHHOE ¥ TOPU30HTAJIbHO HalpaBJIeHHOE OypeHUe CKBaYKUH, KOTJIa HAa OJTHOM y4acTKe OypsTcs
MHOIO CKB&XMH B PAa3JIMYHbIX HampaBieHUsX. OCHOBHBIM NPUOOPOM MJIsl OINpe/eleHus
HamnpaBlieHUs1 OypeHUsl B TOPU3OHTAIbHON MJIOCKOCTH SBJIE€TCS (EPPO30HIOBBI MarHUTOMETD.
Jlns mepecyera MarHUTHOTO a3MMyTa B TeorpaMuecKuil UCMoNb3yeTcs 3Haue€HHe MAarHUTHOTO
CKJIOHEHHMsI, KOTOPOE OOBIYHO MOJYyUYar0T U3 MOZEIEH MarHUTHOTo 1oJisi. OJHaKO MarHUTHOE T10JIe
VCIIBITBIBAET BapHAlMM, CBA3AHHBIE C NEPUOANUECKUMHU U HENEPHUOJUYECKMMH F€OMarHUTHBIMHU
BO3MYILIEHUSIMHU, CO3JjaBaéMble TOKaMH B HMOHOchepe U MarHurocdepe 3emsn. B crokoiHBIX
YCIIOBUSX aMIUINTyJa Bapualui CKIOHEHHs HMMeEeT BenuduHy 5-10 yriaoBbIX MHH., HO B
BO3MYIIIEHHBIX MOXKET JIOCTUTaTh HECKOJIBKUX I'PaJycoB. B CBsI3U ¢ 3TUM y’Ke TaBHO CTOUT BOIIPOC
00 yuere 3THX BapualUil B peaJbHOM BpeMeHH. /[y 3Toro AenaroTcsl MONBITKUA MOCTPOECHHUS
mozeneit Takux Bapuanuii (HDGM RT), HoO B citydae CHIIbHBIX T€OMarHuTHBIX Bapualuil co3/1aTh
Takue MoJienu 0e3 TOTOJIHUTENbHBIX JTaHHBIX PeaJbHOr0 BpeMEHU HEBO3MOXKHO. BTopoii criocod
y>K€ JIaBHO NMPUMEHSEMBI 3amaHbIMU KOMIIAHHUSMU — YCTAHOBKA CIELHaIbHBIX MarHUTHBIX
oOcepBatopuii. Ceifuac u 0TeuecTBEHHbIE KOMIIAHUM HAYMHAIOT 33yMBIBAThCS O CO3/IaHUH TaKHX
oOcepBaropuil. B noknane paccMOTpeHbl OCHOBHBIE OTE€UECTBEHHBIE U 3apyOeKHbIE MPUOOPHI,
HEOOXOUMBIE Il CO3/IaHUsl TaKMX OOCepBAaTOPHM M BO3MOXKHOCTH HMX HPUOOpETEHUS WU
W3TOTOBJICHUS U TpeOOBaHUS K caMOi MarHUTHOM 0OcepBaTOPHUH.

135



Calculation of frequency characteristics of geomagnetic signals based on the method of local
approximation models

V. Getmanov*?, V. Pilipenko?!, D. Stukov?
1 Geophysical Center RAS, Moscow, Russia
2Schmidt Institute of physics of the Earth RAS, Moscow, Russia

We propose a method of local approximation models for calculating the frequency characteristics
of nonstationary geomagnetic signals - frequency functions and frequency derivative functions. As a rule,
natural signals are noisy, multifrequency, nonstationary in amplitude and frequency and with slow trends
of spectral characteristics. Basically, the estimates of frequency characteristics of signals are made on the
basis of the discrete Fourier transform method. However, this method for non-stationary signals is not fully
effective due to the limitations associated with its resolution. An alternative to it can be the method of
nonlinear multi-parameter models and implementation of solutions on its basis by means of optimisation
procedures, which does not always lead to successful results. The proposed new method of local
approximation models includes two-stage approximation procedures. In the first stage, local intervals are
assigned at which the original signal can be considered quasi-stationary. At the same time, systems of local
approximation nonlinear models are used that allow for simplified optimisation. On the basis of local
models, the estimates of non-stationary signal parameters are calculated. At the second stage the reduction
of errors in calculations of the first stage is realised on the basis of sliding piecewise polynomial models
and weighted averaging. As an example, we consider geomagnetic pulsations of the Pcl range (‘pearls’)
from data of the SDY observatory (Greenland), which are a series of short frequency modulated wave
packets. Piecewise sinusoidal functions with piecewise linear additive trends were applied as local models.
The construction of a system of local approximation models was realised and non-stationary parametric
amplitude, frequency and trend functions were evaluated. Thus, the frequency dispersion of the pulsation
packets Ps1 was reliably calculated.

BpIuuciaeHne 4aCTOTHBIX XAPAKTePUCTUK NI’€COMATrHUTHBIX CUTHAJIOB HA OCHOBE ME€TOAA JOKAJIbHBIX
ANMPOKCUMAIIMOHHBIX Mojaeaen

B.T. I'etmanos'?, B. A. ITumnenko®!, JI. A. Ctykos?
! Teodusmueckuii nentp PAH, Mocksa, Poccus
2Nucturyt pusuku 3emn um. O. FO. HImuara PAH, Mocksa, Poccus

[IpemmaraeTcss METOJT JIOKATBHBIX AMMPOKCUMAITMOHHBIX MOJENCH IS BBIYUCIICHUS YaCTOTHBIX
XapaKTePUCTUK HECTAIIMOHAPHBIX T€OMArHUTHBIX CUTHAJIOB — (DYHKIIMI YaCTOTHI ¥ ()YHKIIMIA POU3BOTHOM
4yacTOThl. llpupogHBle CHUTHANBI, Kak MPaBIIIO, SBISIFOTCS 3allyMIIEHHBIMH, MHOTOYaCTOTHBIMH,
HECTaIlMOHAPHBIMU 110 aMIUTUTYI€ U YaCTOTE U C MEJUICHHBIMU TPEH/IAMH CIIEKTPATBHBIX XapaKTePUCTHUK.
B 0cHOBHOM, OIIEHKH 9aCTOTHBIX XapaKTEPUCTUK CUTHATIOB MMPOU3BOIATCS HA OCHOBE METOa JUCKPETHOTO
npeoOpazoBanus ®yppe. OmgHAKO, 3TOT METOJ AJIs HECTAIIMOHAPHBIX CUTHAJOB HE B IIOJHON Mepe
s¢(dheKkTHBEH n3-32 OTpaHUYEHU, CBA3aHHBIX C €r0 pa3pelIaoieil CToCOOHOCTHIO. AJTBTEPHATHBON €My
MOXKET CIY)KUTh METOJ HEIWHEHHBIX MHOTOIMApPaMETPUUECKUX MOJNENECH W peanu3allid Ha €ro OCHOBE
pEIIeHnH C TOMOIIBIO ONTUMH3AIMOHHBIX MTPOLIEAYP, YTO HE BCET/Ia IPUBOANT K YCIIEITHOMY IOTy9IEHUIO
pesynbraToB. llpennmaraeMblii HOBBII METOJ JIOKANBHBIX AaINIPOKCHMAIMOHHBIX MOJEJIeH BKIIIOYaeT
JIBYXATAaITHBIE alllIPOKCUMAIIMOHHBIEC MTPOIleayphl. Ha mepBoM 3Tamne Ha3HAYaloTCs JTOKAIbHBIC MHTEPBAIIHI,
Ha KOTOPBIX UCXOJIHBIN CUTHAJI MOJKHO CUUTATh KBa3UCTAIIMOHAPHBIM. [IpH 3TOM HUCIIONIB3YIOTCSI CUCTEMBI
JIOKaJbHBIX aNpPOKCUMAIIMOHHBIX HEIMHEWHBIX MOJENEH, TOMYyCKAaoUMX yOpolieHue ontumuzanuu. Ha
OCHOBE JIOKAJIbHBIX MOJIENIEH BBIYUCIISIOTCS OLEHKU HECTAlMOHAPHBIX TapaMeTpoB curHanoB. Ha BTopom
JTale pearn3yercs CHIKEHHE MOTPEITHOCTEH B BBIYMCIICHISIX MEPBOTO 3Tama HAa OCHOBE CKOJB3SIINAX
KyCOYHO-TIOJIMHOMHUANBHBIX ~ MOJENe M  B3BELIEHHOro ycpeAaHeHus. B kauecTtBe mpumepa
paccMaTpUBarOTCS TeOMarHUTHBIE ITyJIbcaliuy quama3ona Pcl («okeM4yXKHHBI») 10 JaHHBIM 00cepBaTOpun
SDY (I'pennanaus), KOTOpPbIC MPEACTABISIOT COOOW CEpUM KOPOTKHUX YacCTOTHO MOJIYJIMPOBAHHBIX
BOJTHOBBIX TAKETOB. B KadecTBe JOKATBHBIX MOJENEH OBUIM MPUMEHEHBI KyCOYHO-CHHYCOWIATLHBIC
(GYHKIIMM C KYCOYHO-JIMHEHHBIMH QJMTUBHBIMU TpeHJaMH. Peann30BaHO IOCTPOCHHUE CHUCTEMBI
JIOKaJbHBIX  ANMPOKCUMAIIMOHHBIX MOJIEJe ¥  OIGHeHB HECTAIlMOHApHBIC IMapaMeTPUICCKUEC
aMIUTUTYTHBIC, 9aCTOTHBIC W TPEHIIOBBIC (yHKIUHA. TeM cambiM ObLTa HAJEKHO PACCUUTAaHA YACTOTHAS
JACTIepCHs TaKeTOB myJibcanuit Pcl.
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Modelling of pedestal magnetic field distribution at the magnetic observatory

A. Gvozdarev, S. Khomutov
Institute of cosmophysical research and radio wave propagation FEB RAS, Paratunka, Russia

Based on the analytical model of the magnetic field of a magnetised parallelepiped, the
magnetic field of the pedestal, which is a standard element of pavilions at magnetic observatories,
is calculated, taking into account the magnetic susceptibility of the soil and the material of the
pedestal base. Models of magnetic field distribution in the pavilions of dldD GSM-19FD and POS-
4 magnetometers of the Geophysical Observatory ‘Paratunka’ IKIR FEB RAS are constructed. It
Is shown that the amplitude of the anomalous field in the dldD pavilion can reach 20 nTI at the
height of the device installation (40 cm). Compensation of magnetic moments of the pit and base
plate in the POS-4 pavilion leads to relative homogeneity of the model field — no more than 0.5
nTl at the device installation height (1 m). The change of the field distribution before and after
digging the model pit on the territory of the observatory was investigated and it was shown that
the field change agrees with the ideas about two-layer distribution of soil magnetic properties with
magnetic susceptibility 0.006 for the upper 70 cm layer and 0.009 for the lower layer. The annual
variations of the baseline values for dldD and POS-4 at the observatory are discussed from the
position of the variability of the magnetic properties of the soil and pavilion construction elements.
The model of the magnetic field of pedestals at the magnetic station ‘Kurchatov’ IGI DOE RK is
constructed, comparison of the model with measurements in the absolute and variation pavilions
of the station allowed to determine the magnetic susceptibility of the lime-cement mixture of
pedestals. Thus it is shown that due to natural conditions or unsuccessful selection of materials of
pedestals near them can form magnetic anomalies with amplitude up to 10-20 nTI.

MopeanpoBanue pacnpeaejeHusi MATHUTHOTO MOJISl IOCTAMEHTA HA MATHUTHOM
oOcepBaTopum

A. 1O. I'Boznapes, C. 1O0. XomyToB
WMHCTUTYT KOCMO(HM3UYECKUX HCCIENOBaHMM M pacmpocTpaHeHus paauoBonH /IBO PAH,
ITapatynka, Poccus

Ha ocHOBe aHanuTHYeCKOH  MOJAENM  MarHUTHOrO  MOJsS  HaMarHUYEHHOTO
napajuleJienunesa clieinad pacyéT MarHUTHOTO MMOJI MOCTAMEHTa, SIBJSIOLIErocs] CTaHAapTHBIM
3JIEMEHTOM NaBHJILOHOB Ha MAarHUTHBIX 00CEPBATOPHSIX, C yUETOM MarHUTHOW BOCIPUUMYHUBOCTH
MOYBHI M MaTepHajia OCHOBaHUS mocraMeHTa. [locTpoeHsl MoJenu pacnpeesieHnss MarHUTHOTO
nojs B naBuiboHax MarauTomMerpoB dIdD GSM-19FD u POS-4 I'eopusnueckoit odcepBaTopru
"Ilaparynka" UKWP JIBO PAH. Iloka3aHo, 4To aMIUIUTy/a aHOMAaJbHOIO MOJIsi B MaBUJILOHE
dIldD moxer nocturate 20 HTn Ha BbicoTe ycTaHoBKM mnpubopa (40 cm). Komnencarus
MarHUTHBIX MOMEHTOB SIMBI M TUTUTHI OCHOBaHUSI B aBmiiboHe POS-4 MprBOANT K OTHOCHTENBHOM
OJTHOPOJHOCTH MoJenbHoro noist — He 6osnee 0.5 HTn Ha BbIcoTe ycTaHoBKHM npubopa (1 m).
HccnenoBaHo M3MEHEHHE paclpeiesieHus Mo 10 U MOCJE BBIKANBIBAHUS MOJEIbHON SIMBI Ha
TEPPUTOPUN 00CEPBATOPUH U TIOKA3aHO, YTO U3MEHEHHUE MOJIS COTJIaCyeTCs C MPEICTABICHUSIMHU O
JIBYXCIIOWHOM pacTpe/IeICHN MarHUTHBIX CBOICTB ITOYBHI TIPH MarHUTHOH BOCIPHUMYHBOCTH
0.006 nns BepxHero cnosi MomHOcThi0 70 cm u 0.009 nns HwxkHero cios. C mo3uUUHU
U3MEHYMBOCTH MArHUTHBIX CBOWCTB TIOYBBI M OJEMEHTOB KOHCTPYKIIMHM TaBHIILOHOB
o0cy»x1atoTcsi rooBble Bapuanuu O6asucHbIX 3HaueHui ans dIdD u POS-4 na oOcepBaTopum.
ITocTpoeHa MOzeNb MarHUTHOTO TOJI MIOCTAMEHTOB Ha MarHWTHOM craHuuu "Kypuaros" UT'U
MD PK, comocraBieHre MOEIH C U3MEPEHUSIMHU B aOCOMIOTHOM M BapUallMOHHOM MaBHIIbLOHAX
CTaHIIMK TO3BOJIMJIM ONPEAETUTh MArHUTHYIO BOCIIPUMMYHMBOCTh U3BECTKOBO-IIEMEHTHON CMeCcH
MOCTaMEHTOB. TakuM 00pa3oM IMOKa3aHO, YTO H3-3a MPHUPOTHBIX YCIOBMHA WM HEYJauyHOTO
nosbopa MaTepuaioB MOCTAMEHTOB BOJIM3M HUX MOTYT (POPMHUPOBATHCSI MAarHUTHBIE aHOMAJIUU
ammumaryaou ao 10-20 aTa.
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Geoinformation system ‘Ecological and geochemical characteristics of Kamchatka rivers’

E. Kalacheva, A. Dolgaya
Institute of Volcanology and Seismology FEB RAS, Petropavlovsk-Kamchatsky, Russia

Active volcanoes and hydrothermal systems are potential environmental pollutants. Every day
thermal waters carry several hundred tonnes of dissolved matter into the river network. Ashes from volcanic
eruptions contain up to 20% of the total mass of water-soluble complexes and, once in the hydrosphere, can
dramatically change the chemical composition of rivers and lakes, increase salinity and lower pH. Most
watercourses of active volcanism areas are ‘contaminated’ with heavy metals and toxic compounds that
form the local hydrochemical background. The environmental safety of Kamchatka has received a lot of
attention in recent years. The most active and potentially dangerous natural zone of the region is the Eastern
Volcanic Belt and the Central Kamchatka Depression, where the most active volcanoes of the peninsula
are located. As part of the study of water conditions in the rivers of Kamchatka, the staff of the Institute of
Volcanology and Seismology of the Far East Branch of the Russian Academy of Sciences conducts regime
observations at points along the entire course of the largest river of the peninsula, the Kamchatka River, as
well as at watercourses draining major volcanic-hydrothermal centres of the Kronotsky coast. The collected
river water samples are analysed for the content of main anions, cations and trace elements. The main
physical and chemical parameters (temperature, pH, mineralisation level) are also determined for each
sample. All water samples are analysed for compliance with water quality requirements for water used for
household and drinking needs, as well as water of water bodies of fishery significance. The obtained data
are visualised on a web-map, which can be used to see the location of observation points, to access the
results of analyses, and to clearly show the points where water quality exceeds MPC of harmful substances
of various hazard classes. The geographic information system (GIS) was created using the NextGIS suite
of technologies included in the Russian software register. At present, the GIS is at the stage of information
accumulation and is available only for authorised users. In the future, the main analytical layers will be
open to all. The work is carried out within the framework of the research and development project
‘Monitoring of the impact of volcanic and hydrothermal activity on the chemical composition of Kamchatka
rivers’ (FWME-2024-0014).

I'eounpopmannoHHas cucTeMa «JK0JI0ro-reOXuMU4ecKas Xapakrepuctuka pek Kamuarkmw)

E.T. Kanauesa, A. A. Jlonras
Wucturyt Bynkanonoruu u ceicmonoruu J[BO PAH, Ilerponanosck-Kamuarckuii, Poccust

AKTHBHBIE BYJIKaHbI M THAPOTEPMAIIbHBIE CUCTEMBI SIBIISIIOTCS IOTEHIIMATBHBIMU 3arPA3SHUTEIISIMU
OKpYyarolel cpeasl. ExecyToYHO TepMalbHBIMU BOAAMH BBIHOCUTCSA B PEUHYIO CE€Th HECKOJIBKO COTEH
TOHH PacTBOPEHHOT0 BeniecTna. [lenbl BynkaHnueckux u3Bepx eHui cogepxar 10 20% ot odiieit maccel
BOJIOPACTBOPUMBIX KOMILJIEKCOB M, Tomnajas B ruapocdepy, MOTYT KapJUHAIBHO MEHSTh XUMHUYECKHUHA
COCTaB pEK M 03€p, YBEJIMYUBATh MUHEpAIHM3AIMIO U CHIKATh PH. BoibIIMHCTBO BOJOTOKOB oOnacTeit
AKTUBHOTO BYJKaHU3Ma «3apaXCHbD» TSDKENBIMM METaNIaMH M TOKCHYHBIMH  COEIUHEHUSIMU,
(GOPMUPYIONIMMH MECTHBIH THIpPOXMUMHYECKU (oH. DKkonormueckoir Oe3omacHocTH KamuaTku B
MOCJICHHUE TOJIbI YACISETCS 0COOSHHO MHOTO BHUMaHus. Hanboee akTMBHOM M MOTEHIMAILHO OMACHOMH
MPUPOAHON 30HOW peruoHa spisiercss Bocrounslil Bynkanuueckuil nosc u LlenTpansHas KamuaTtckas
Jlenpeccusi, TAE DPACIOJIOKEHBl CaMble aKTHUBHBIE BYJKaHBI IOMyOCTpoBa. B pamkax wuccienoBaHus
cocTostHUS BO/IbI B pekax Kamuarku corpyauukamu MHCTHTYTa BynkaHosnoruu u ceiicmonoruu J[BO PAH
BEAyTCS PEXHUMHBIE HAONIOACHUS B IIyHKTax Ha BCEM MPOTSHKEHWH TEYEHHs KpYNMHEWIIeH pexku
MOJlyocTpoBa — pekn KamuaTka, a Takke Ha BOJOTOKaX, JAPCHHUPYIOIIUX KPYIHBIE BYJIKaHO-
THIIpOTepMalbHbIe IeHTphl KpoHotikoro nodepexns. OToOpaHHbIe IPOOBI PEYHOI BOJIBI aHATTU3UPYIOTCS
Ha COJep)KaHHWE OCHOBHBIX AaHHOHOB, KaTHOHOB W MHKPO3JeMEHTOB. [l Kaxmoil mpoObl Takke
ONPENICJIAIOTCS  OCHOBHBIE  (DM3HMKO-XMMHYECKHe Tokazatesu  (temneparypa, pH, ypoBeHb
MUHepanu3anun). Bce oOpasipl Boibl aHANU3UPYIOTCS Ha COOTBETCTBUE TPEOOBAHUSAM K KauecTBY BOJIBI,
WCTIIONIB3yeMOM  JUI  XO3SIICTBEHHO-TIMTHEBBIX  HYXKJI, a TaKKe BOABl BOAHBIX  OOBEKTOB
pBIOOXO03siCTBeHHOrO 3HaueHus. [loyueHHble JaHHBIE BU3YaIM3HPYIOTCS Ha web-KapTe, ¢ MOMOLIBIO
KOTOPO MOXXHO YBHIIETb MECTOIOJOKEHHE ITyHKTOB HaONIOJCHMS, MOIYYUTh JOCTYN K pe3yjbTaTam
aHAJIM30B, a TaK)Ke HArJSIIHO MOKa3aTh MYHKTHI, B KOTOPBIX KauecTBO BoAb! mpeBbimaeT [1JIK Bpemnbix
BEIIECTB pa3jMuYHBIX KjaccoB omacHocTtd. [eomnpopmainmonnas cucrema (I'MC) co3mana c
HCII0JIb30BAaHUEM KOMIUIeKca TexHoioruil komnanuu NextGIS, BkiatoueHHoro B peectp poccuiickoro I10.
B nacrosimee Bpemsi TMIC HaxomuTcs Ha 3Tane HAaKOIUICHUS WHPOPMAIUM U JOCTYIIHA TOJBKO JUIS
aBTOPM30BAaHHBIX MOJIb30BaTENeH. B manpHeieM OCHOBHBIE aHATUTHYECKHE CJIOW CTAHYT OTKPBITBIMU IS
Bcex. Pabora Bomonusercs B pamkax Temsl HUP HMBuC JIBO PAH «MouutopuHr BiausHuUs
BYJIKAHUYECKOM W THAPOTEPMAIBHOM aKTUBHOCTH HA XUMHYECKMM cocraB pek Kamyatku»
(FWME-2024-0014).
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Seismic monitoring of perennially frozen rocks of the Russian Arctic shelf

V. Cheverda, G. Reshetova, E. Romenskiy
Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia

We have constructed a symmetric hyperbolic thermodynamically consistent system of
partial differential equations to describe the process of formation and propagation of seismic wave
fields in a fluid-saturated deformable porous medium. In our opinion, this system is best suited for
these purposes, allowing us to describe permafrost rock as an elastic deformable porous medium,
the pores of which are filled with fluid that freezes when the temperature drops and gradually
thaws when it rises. A very important aspect for modelling freezing-thawing processes is the
possibility of describing the corresponding deformation processes that lead to changes in the
mechanical properties of the medium, which is proposed to be used in seismic monitoring of
permafrost. The differential equations obtained in this case form a system of the first order, for the
numerical solution of which we apply an effective finite-difference method on shifted meshes.
Numerical calculations have shown that the attenuation of seismic waves during propagation in
such media changes significantly depending on the degree of thawing, i.e., on the occurrence of
the liquid phase. It is this property that is proposed as an indicator of the state of permafrost.

CeilicMuyecKnii MOHUTOPHMHI MHOT0JIETHEMEP3JIbIX MOPOJI APKTHYECKOro mebda Poccun

B. A. Yesepna, I'. B. PemetoBa, E. 1. PomeHckuii
WNucturyt matematuku uM. C. JI. CoboneBa CO PAH, Upkytck, Poccus

Hamu  moctpoena  cumMerpuueckas — rumepoOoinueckas — TEpPMOAMHAMHYECKU
coryiiacoBaHHasi cucrema Ju(pQGepeHIHATBHBIX ypPaBHEHUH B YaCTHBIX IPOW3BOAHBIX JUIS
omucaHus mpouecca GOPMUPOBAHUSA U PACTIPOCTPAHEHMS] CEUCMUYECKUX BOJIHOBBIX IOJIEH BO
drouioHackiieHHON neopMupyemoii mopuctoi cpene. Ha Ham B3risig Takas cucTema
HAWJIYYIIUM 00pazoM MOAXOIUT JUIS 3TUX IIeJIed, MO3BOJISISI OMUCHIBATH MHOTOJIETEHEMEP3NTYIO
MOPOJY, KaK YIPYTYIo 1epOpMHPYEMYIO TOPUCTYIO CPELy, TIOPBI KOTOPOU 3aTIOJTHEHBI (DITFOHIOM,
3aMep3ar0IIUM TPU MOHMKEHUU TEMIEPATYPhI U IOCTENEHHO OTTAUBAIOIIMM TP €€ MOBBIILICHUH.
OuyeHb Ba)KHBIM aCIIEKTOM AJI1 MOJCTIUPOBAHUA IPOUCCCOB 3aMCP3aHUs — OTTaUBAHHA BbICTYIIACT
BO3MOXXHOCTH OITMCAHUS COOTBETCTBYIONINX Ae(POPMAIIIOHHBIX IPOIECCOB, KOTOPBIE IPUBOIAT K
N3MEHEHHIO MEXaHMYEeCKUX CBOMCTB Cp€abl, 4YTO W 1Mpeajaracrcsa HMCIOJb30BATL IIPHU
CEHCMHUYECKOM MOHHUTOPUHIE COCTOSIHUSI MHOTOJIETHEMEP3IbIX MopoA. [lodyueHHble mpu 3ToM
nuddepeHiraibabie ypaBHEHUSI 00pa3yIOT CUCTEMY TIEPBOTO MOPSAKA, JIJIS YUCICHHOTO PEIICHHS
KOTOpO mTpuMEeHUM OHPQPEKTUBHBIII KOHEYHO-PA3HOCTHBIM METOJ Ha CABUHYTHIX CETKax.
HpOBeI[éHHI)IG YU CJICHHBIC paCLIéTBI IMmoKasajii, 4TO 3aTyXaHHue celiCMHUYECKNX BOJH npu
pacmipocTpaHEHHH B TAKMX CPeAax CYIIECTBEHHBIM 00pa30M MEHSETCS B 3aBUCUMOCTH OT CTETICHU
OTTanBaHUuA, TO €CTh OT BOSHUKHOBCHU )I(I/IJIKOI7[ (1)&31:1. HNmMenHO 3TO CBOMCTBO N npeajiaracTcsa B
KaueCTBE MHJIUKATOpPa COCTOSIHUSI MHOTOJIETHEMEP3IIBIX TTOPOJ.

139



Drill hole positioning methods

A. Valchuk
TechOFS, Moscow, Russia

Solving well positioning problems: (vertical problem — steel stretching, Stockhausen effect,
horizontal problem — magnetic influence of BHA, drilling tools, drilling mud, rocks). — Depth correction
method: SPE 89899. Empirically derived coefficients applicable in all conditions, Input data — borehole
depth and vertical depth, applicable to any data set, including archived data. — Continuous inclinometry:
The method is applicable exclusively to rotary steerable systems: 2 independent inclinometers (ATK and
OTK), final measurements are transmitted at a minimum density of 1 point/3m, interpolated azimuths are
used outside the main measurement points. — Correlation with gyro: Reduction of TC azimuth error,
Analysis of initial conditions, decision on method applicability, Analysis of Gyro Vs MWD azimuth
systematic error, Compensation of MWD azimuths by the value of the found systematic error. — MSA
(Multipoint Analysis): Screwed together, the SBT tubes represent a huge magnet with two poles. This stray
magnetic background distorts the Earth's ‘visible’ magnetic field and introduces error into the azimuth
measurement. Non-magnetic tubes are placed at the bottom and top of the sensor to isolate the sensor. In
this way, a single dipole is split into two parts, with an insulator in the middle. The azimuth error due to
interference grows in proportion to: increasing latitude (with increasing inclination angle), increasing zenith
angle, proximity to magnetic West/East — IFR1 (high-precision geomagnetic model taking into account
local anomalies): In the process of recording IR measurements, reference characteristics of the Earth's
magnetic field (declination, inclination, strength) are used to assess their quality. Magnetic north is a time
unstable reference. Magnetic declination is used to bring the magnetic azimuth of the telesystem to the
geographic coordinate system, as the geographic pole of the Earth's rotation is a reference point stable in
time (true North). Where is the reference used? Adjustment of azimuth to a stable reference system, Quality
control of measurements — IFR2 (Compensation of diurnal variations of the Earth's magnetic field using a
variostation station): Diurnal variations in the magnetic field distort magnetic declination, distorting the
strength and inclination angle of the Earth's magnetic field.

MeToabl NO3MIHMOHUPOBAHUS CKBAKUH

A. C. Banbuyk
Texnosorun OPC, Mocksa, Poccus

Penrenne mpoOiieM MO3WIIMOHUPOBAHUST CKBaXHH: (MIpoOjieMa BEPTHKAIM — PACTSHKEHUE CTallu,
s dexr Crokxay3ena, mpodiieMa ropu3onTaiv — maruutHoe BiausHue KHBK, OypuiibHOro nHCTpyMEHTa,
OypoBoro pactBopa, TOpHbIX mNopox) — Meron koppekuuu Tayounsl: SPE 89899. Dmnmpuuecku
MOJy4YeHHBIE KOX(OUIIMEHTHI, TPUMEHUMBIE B JIIOOBIX YCIIOBHAX, BX0O/HBIE JaHHbIE — NTyOWHA MO CTBOJIY
U IyOWHA TO BEPTHKAIHW, NMPUMEHUM K J000My HaOOpy JaHHBIX, B TOM YHUCIE U K apXUBHBIM. —
HenpepbiBHass uHKIMHOMETpHS: MeToJ NPUMEHUM HCKIIOYUTEIBHO K POTOPHBIM YIPAaBIAEMBIM
cucrtemam: 2 HezaBucuUMbIX HHKIMHOMeTpa (ATK u OTK), utorossie 3amMmepsl mepeJaroTcs ¢ IMIIOTHOCTHIO
MUHHMYM | TOYKa/3M, BHE TOYEK OCHOBHOIO 3aMepa HMCIOJb3YIOTCS UHTEPIOIUPOBAHHBIC a3UMYTHI. —
Koppensauusa ¢ rupockonom: CHmkeHne asuMyTaibHOM norpemHocTy TC, AHann3 HavanbHBIX yCIOBHM,
NPUHATHE PELICHUS O MPUMEHHMOCTH MeToJa, AHalM3 cucTeMaTudeckod ommOku azumyrta Gyro Vs
MWD, Komnencanus azumyToB MWD Ha Beln4uMHY HaieHHOW cucTeMaTHuyeckoi ommbku — MSA
(MHOTOTOUCHUHBIN aHanu3): CBUHUeHHBIE BMecTe, TpyObl CBT mpeicTaBisioT OO0 OrpOMHBIN MarHHUT C
IBYMs moJitocaMi. Takoi mapa3suTHBIA MarHUTHBIA (DOH MCKa)XaeT «BHIMMOE» MarHUTHOE 1oJie 3eMIIH U
BHOCHUT OIIMOKY B M3MepeHHe azumyTa. CHU3Y M CBEpXY JaTUYMKa YCTAHABIMBAIOT HEMAarHUTHBIE TPYOBI
JUTSL M30JIALIMK aT4uka. Takum oOpa3om, OJWH JUIONb pa3dWBaeTCs HA JBE YacTH, C M3OJSATOPOM IO
cepeanne. OmunbOKa a3uMyTa BCIIEACTBHE MHTEPPEPEHIIMN PACTET NPOMOPLIHOHATIBHO: POCTY IUPOTHI (C
YBEJIMYEHHEM YIjla HaKJIOHEHHs), POCTY 3€HHUTHOrO yria, OJIM30CTH K MarHuTHOMy 3amaay/Boctoky —
IFR1 (BbICOKOTOYHAs TeOMAarHUTHAsI MOZENb C YYETOM JIOKAJIbHBIX aHOMaNIni): B mporiecce peructpanuu
UK 3amepoB aisi OLIEHKHM WX KayecTBa HMCIIOJB3YIOTCS 3TAJOHHBIE XapaKTEPUCTUKKA MArHUTHOTO OIS
3emin (CKJIOHEHUE, HAKIOHEHHE, HANPSKEHHOCTh). MarHUTHBIA ceBep — HECTaOMJIBHBIA BO BpEMEHHU
opueHTHp. MarHuTHOE CKIOHEHHE HMCIIONBb3YETCS IS IPUBEACHUS MarHUTHOTO a3MMyTa TEIECHCTEMBI K
reorpaueckoil cUcTeMe KOOpIWHAT, T.K. TeorpadUuecKuil TONIOC BpalleHHs 3eMIId SBISETCS
YCTOMUYMBBIM BO BpeMeHU OpueHTUpoM (ucTuHHBIA CeBep). I'me ucmonb3yercst stanon? Ilpusenenue
a3uMyTa K CHUCTeMe ycToiuuBoro opueHtupa, Kontpons kauectBa m3mepenuit — IFR2 (Kommencanus
CYTOYHBIX BapHalWid MarHUTHOTO TOJS 3eMJIM C TOMOIIbI0 BapuocTaHuuu): CyTOUHBIE BapHalud
MarHUTHOTO MOJISI UCKaKalOT MarHUTHOE CKJIOHEHHWE, MCKAaXKAalOT HaNpsHKEHHOCTh W YroJl HAaKJIOHEHUS
MarHMTHOTO NOJI 3eMJIH.
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Electronic scientific journal ‘Russian Journal of Earth Sciences’. 25 years in Earth
Sciences

A. Gvishiani, E. Kedrov, N. Fomenko, E. Firsova, T. Kudryavtseva
Geophysical Center RAS, Moscow, Russia

In 2023, the Russian Journal of Earth Sciences celebrated its twenty-fifth anniversary. The
idea of creating the journal arose in the early 1990s at the Schmidt Institute of Physics of the Earth
of the Russian Academy of Sciences and the Geophysical Center of the Russian Academy of
Sciences, when there was a need for a separate scientific publication combining disciplines of
Earth Sciences. Most journals published in the former Soviet Union on Earth Sciences were highly
specialized, for example: "Tectonics", "Lithology", "Petrology", etc. Therefore, it was difficult to
publish articles devoted to problems at the intersection of different scientific disciplines. Another
important problem was the limited number of illustrations, which also had to be black and white,
which significantly impeded their perception. Another important difficulty was associated with the
fact that ordinary academic journals could be published for more than one year. The Russian
Journal of Earth Sciences is free from all these shortcomings. It publishes articles in English or
Russian on virtually all disciplines of the Earth Sciences: geomagnetism, geology, geochemistry,
geoinformatics, geography, geoecology, physics of the Earth, seismology, volcanology, geodesy,
oil and gas geology and geophysics, remote sensing of the Earth, oceanology, water resources,
mining, environment and climate, Arctic and Antarctic studies, as well as Big Data in geoscience
and systems analysis. The publication period of articles, after acceptance by the editorial board, is
on average 90 days (depending on the position of the article in the list of accepted publications
and its technical complexity). A significant advantage of the journal is open access to articles,
which significantly expands its audience and brings the results of scientific research to a wide
range of readers. This report tells about the history of the journal, its current position in the main
academic research databases, both Russian and international.

DJ1eKTPOHHBbIN HayuHblii kypHaa «Russian Journal of Earth Sciences». 25 seT B Haykax o
3emue

A. 1. I'Bummanu, 2. O. Kenpos, H. A. ®omenko, E. 10. dupcosa, T. M. Kynpsisuesa
I'eopusnueckuii nentp PAH, Mocksa, Poccus

B 2023 romy xypuan «Russian Journal of Earth Sciences» ormerun cBoit
JBaILATUISITUICTHUN to0mielt. Vnes co3naHus kypHajia BO3HUKIa B Haudaine 1990-x ronos
npouuioro Beka B Muctutyte pusuku 3emuan uM. O. 0. llImunra PAH u I'eoduznueckom neHtpe
PAH, xorna BO3HHMKJIA HEOOXOIMMOCTh B OTAEIBHOM HAyYHOM W3JaHHH, OOBEIUHSIOIEM
JUCIUIUIMHBI HayK o 3emie. BonbIMHCTBO XypHaiIoB, M3gaBaBlInxcs B ObiBlIeM COBETCKOM
Coroze mo HaykaMm o 3emiie, ObUIM Y3KOCHEUMAIU3UPOBAHHBIMU, Hampumep: «TeKTOHHKay,
«JIuronorusy, «Ilerponorus» u T. 1. [103TOMY OBLIIO CIOKHO MTyOJIMKOBATH CTAThU, IOCBSIIIICHHBIC
npobjiemMaM Ha CThIKE pa3HbIX HAy4yHBIX AMCUUIUIMH. Jlpyroit BaxxHOH mnpobiemoit ObLIO
OTpaHMYEHHOE KOJMYECTBO WIUIIOCTPAIMi, KOTOpble K TOMY € JOJDKHBI ObUIM OBITH YEpHO-
0enbIMU, UTO CYIIECTBEHHO CHIDKAJIO UX BocnpusTe. Eme ogHa BaxkHast Tpy THOCTh ObLiIa CBA3aHa
C TeM, YTO OOBIYHBIE aKaJeMHUECKHUE YpHaJIbl MOTJIM MU3/1aBaThbcsa HE OouH roj. «Poccuiickuit
KYpHAJ HayK O 3emJjie» JIMIIEH BCeX 3THX HeqocTaTkoB. OH MyOJIMKYeT CTaThu Ha aHIJIMHCKOM
WIM PYCCKOM SI3bIKaX MPAKTUYECKH IO BCEM AMCLMILIMHAM HayK O 3emile: IeOMarHeTH3M,
reoJIOTHsl, TEOXUMHUSI, TeOMH(POpPMAaTHKa, reorpadusi, re0IKOJIOTus, PU3nKa 3eMiiu, CEHCMOIOTHs,
BYJIKQHOJIOTHSl, T€0/1€3Usl, HeTerazoBasi reojorusi U reopusuka, JUCTAHIIMOHHOE 30HIUPOBAaHUE
3eMiu, OKE€aHOJIOTUsl, BOJHBIE PECYPCHI, TOPHOE AEJI0, OKPY>Kaolllas cpeAa U KJIMMaT, U3y4eHue
ApKTUKHM ¥ AHTApKTUKH, a Takke OOJIbIINE JaHHblEe B HayKax O 3emiie U CUCTEMHBIM aHau3.
Cpoku myOnauKanuu cTatei, mocie NpuHATHS peAKOoIIeruei, CoCTaBIsa0T B cpeaneM 90 nueit (B
3aBHCUMOCTH OT O4YepeAM CTaTbUd W €€ TEeXHMYeCKoN cioxHocTH). CylecTBEeHHbIM
IPEUMYIIECTBOM XKYpHaja SBJSETCS OTKPBITHIN T0CTYM K cTaThsiM (Open Access), 4To MO3BOJISIET
3HAYUTENIbHO YBEJIWYUTh ayJAUTOPUI0O U JIOBECTH pE3YyJbTaTbl HAYYHBIX HCCIEIOBAHUN 10
IIMPOKOT0 Kpyra uuraTeneil. B Hacrosimem mokiane paccka3blBaeTcsi 00 MCTOPHHM CO3JaHMS
JKypHana, 00 akTyaJbHOM MO3MUIIMH B OCHOBHBIX pedepaTHBHBIX 0a3ax, KaK pOCCHICKUX, TaK U
MEXyHapOAHbIX.
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Analysis of spatial data for ice information forecasting tasks in the Arctic

E. Pavlova, A. Yulin, T. Alekseeva
Arctic and Antarctic Research Institute, Saint Petersburg, Russia

Ice information forecasting techniques include selection of homologues years, selection of
climatic periods, tasks related to spatial distribution of ice cover characteristics, comparison of
different characteristics among themselves. Forecasting of ice information involves the analysis
of a large volume of spatial data: various meteorological, ice and oceanographic information. The
formats of initial information are of different types: electronic maps, tabular data, descriptive
characteristics of spatial objects, raster images with georeferencing. An important task of preparing
materials for the forecast is to bring all information to the types that allow its comparison with
each other. In operational practice most of the data are brought to vector format for work in
geoinformation systems. Maximum possible prolongation of data series from archival sources
allows to select more accurately the years-homologues and to reflect more reliably statistical
parameters of characteristics. This requires bringing archival materials to the same form as modern
information — digitisation and vectorisation of maps. Working with geospatial data in the Arctic
region has peculiarities and certain difficulties associated with the transition of coordinates through
180 meridian. Optimised work with data gives the opportunity to improve the quality of the final
forecast to reduce the time for its creation, as well as to save all the original information in a form
suitable for further analysis. The work was supported by the Russian Science Foundation, grant
No. 23-17-00161.

AHaJIU3 NPOCTPAHCTBEHHBIX JAHHBIX /1JI51 32124 NPOTrHO3MPOBAHUA J1e10BOH HH(pOpMALIMHT
B APKTHKe

E. A. IlaBnoBa, A. B. IOmun, T. A. AnekceeBa
Apxkruyeckuit u Autapkruaeckuit Hayuno- MccnenoBarensckuii Muctutyt, Cankt-IlerepOypr,
Poccus

MeToauKH TPOTHO3MPOBAHUS JIEAOBOM MH(pOpPMALUU BKIIOYAIOT B ceOs Moa00p roioB
TOMOJIOTOB, BbIJIEJICHHE KIMMATUYECKUX IMEPHOJOB, 3a/la4M, CBSI3aHHBIE C MPOCTPAHCTBEHHBIM
pacnpeesIeHueEM XapaKTEPUCTHUK JIEASIHOTO ITOKPOBA, COMIOCTABIECHUE PA3IMUHBIX XapAKTEPUCTHK
Mexay coboil. IIporHosupoBaHue jemnoBod HH(OpMAINMK TMpeanoyiaraeT aHaidu3 OO0JIBIIOTO
00bEMa MPOCTPAHCTBEHHBIX JAHHBIX: PaA3IMYHOW  METEOpPOJOTMYECKOW, JIe0BOM U
okeaHorpaduueckoil nHpopmanuu. dopmarbl UCXOTHOW MHGMOPMALMK PaA3IUYHBI MO THILY:
AJIEKTPOHHBIE KapThl, TaOJIMYHBIE JIaHHBIE, ONUCATENIbHbBIE XapaKTEPUCTUKH MPOCTPAHCTBEHHBIX
00BEKTOB, PaCTpPOBBIE M300paKECHHs, UMEIOIINE TeONpHUBs3KY. BakHoW 3amauell MOATOTOBKHU
MaTepHajioB K MPOTHO3Y SIBIIETCS MpHUBEJIeHHE Bcel MHPOPMALMU K BUIaM, TO3BOJISIONUM €€
COIOCTaBUTh MeXxay co0oil. B onepaTtuBHOI npakTHke 0OJbIIas YacTh JAHHBIX IMPUBOIUTCS K
BEKTOPHOMY (popMarty Jjsi paboThl B reONH(OPMAIIMOHHBIX CHCTEMax. MaKCHMalbHO-BO3MOXKHOE
IPOJUIEHHE PSI0OB JaHHBIX M3 apXUMBHBIX HMCTOYHUKOB I103BOJISIET TOYHEE IMOA00paTh TOJbI-
TOMOJIOTH U JIOCTOBEPHEE OTPA3UTh CTAaTHCTUYECKUE IapaMeTphbl XapaKTepucTwk. [[ns sToro
TpeOyeTcsi MpUBeeHNE apXUBHBIX MaTEPUajIOB K OJIHOMY By C COBPEMEHHOUW HHpopMaIuen —
ourdpoBKa 1 BeKTOpH3anus KapT. PaboTa ¢ reonpocTpaHCTBEHHBIMU JJAHHBIMU B APKTHYECKOM
pEernoHe UMeeT 0COOEHHOCTHU U ONpeIeNIEHHBIE CI0KHOCTH, CBA3aHHbBIE C TIEPEX0JOM KOOPINHAT
yepe3 180 mepuanan. OntumMusupoBaHHas padoTa ¢ JaHHBIMH Ja€T BO3MOXKHOCTh TOBBICUTh
KayecTBO KOHEYHOI'O NMPOTHO3a COKPAaTUTh BpPEMsI Ha €ro CO3JaHUE, a TaKKe€ COXPAHHUTh BCHO
UCXOJIHYI0O MH(pOpMAIMIO B BHUJIE, IPUTOJHOM JUIs AajibHelero ananusa. Pabora moanepxkana
Poccuiickum HayunsiM poHm0M, rpanT Ne 23-17-00161.
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System analysis in space weather tasks based on the results of the Aurora system

O. Mandrikova
Institute of cosmophysical research and radio wave propagation FEB RAS, Paratunka, Russia

The study of the influence of interplanetary medium parameters on the processes in the
magnetosphere-ionosphere system requires the application and development of cognitive technologies in
artificial intelligence from the standpoint of system analysis. Accumulated and continuously formed arrays
of experimental data and intensively developing physical and mathematical methods in combination with
modern information and communication means and technologies at the present moment provide the
possibility of transition from the results of direct measurements to information of higher intellectual level.
The proposed approach will be considered in the paper on the example of the results of the complex
interactive system ‘Aurora’ (Isaoperanalysis.ikir.ru:9180/lsaoperanalysis.html), developed in the
Laboratory of System Analysis of IKIR FEB RAS. The Aurora system analyses and controls
magnetospheric and ionospheric activity in the North-Eastern region of Russia in a mode close to the real-
time scale using geophysical monitoring data, as well as assesses the state of variation of galactic cosmic
ray fluxes. The results of the system are based on complex processing of magnetic and ionospheric data of
IKIR FEB RAS observatories, as well as data of the network of ground stations of neutron monitors
(www.nmdb.eu). The magnetospheric (ckp.gcras.ru, wdc.kugi.kyoto-u.ac.jp, ipg.geospace.ru,
spaceweather.izmiran.ru) and interplanetary environment (omniweb.gsfc.nasa.gov/form/dx1.html)
parameters are also used in forming decisions on the state of the environment. The system has been open
access since 2018, and contains continuously formed observation materials and data processing results. The
report, using the example of the Aurora system operation during periods of increased solar and magnetic
activity, will address the issues of the possibility of space weather forecasting based on ground-based
geophysical monitoring data and potential prospects for improving the forecast accuracy based on system
analysis approaches. The work was carried out at the expense of the State Assignment of the Institute of
Space Research of the Far East Branch of the Russian Academy of Sciences (reg. No. 124012300245-2).

CucreMHbBIii aHAJIN3 B 3aJjavyax KOCMHYeCKOil Moroabl Mo pe3yJdbTaTaM CUCTEMbI «ABpopa»

O. B. MangpuxoBa
NHCTUTYT KOCMO(DM3MUECKHUX HCCIeIoBaHUM M pacnpocTpaHeHus paauoBonH JIBO PAH,
ITapartynka, Poccus

HccnenoBanre BIMSHUS MapaMeTpOB MEXKIUIAHETHOH cpellbl HA TPOLECCHl B MarHUTOC(hEpHO-
noHoc(hepHoil cucreme TpeOyeT NMPUMEHEHUS] M Pa3BUTHS KOTHUTHBHBIX TEXHOJIOTHH B MCKYCCTBEHHOM
MHTEJUIEKTE C MO3MLIMN CHCTEMHOro aHayin3a. HakomsieHHble W HempephlBHO (POpMHUpPYEMble MAacCHBBI
IKCIIEPUMEHTANILHBIX JIAHHBIX W WHTEHCHBHO pa3BHBaIONIMecs (U3UKO-MaTeMaTHYECKHE METObl B
KOMOWHAIINHU C COBPEMEHHBIMH HH(POPMAIIMOHHO-KOMMYHHKAITUOHHBIMH CPEACTBAMH M TEXHOJIOTHSIMH Ha
TEKyIIMH MOMEHT OO0ECIEUMBAIOT BO3MOXKHOCTH IE€PEXOAa OT PE3YyIbTAaTOB MPSAMBIX HM3MEPEHUH K
uHpopMaIuu OoJiee BBICOKOTO MHTEIUICKTYalbHOTO ypoBHs. [Ipe/araemblii moaxoa B JOKiaae OyneT
paccMOTpeH Ha TpuMepe pe3yJbTaTOB KOMIUIEKCHOW WHTEPAKTUBHOW CHCTEMBI  «ABpopa»
(Isaoperanalysis.ikir.ru:9180/Isaoperanalysis.html), paspaboranHoii B 1aboparopuu CHCTEMHOTO aHAIN3a
HUKHP JIBO PAH. B cucreme «ABpopa» B pexuMe, IPUOIMKEHHOM K MaciuTaly pealbHOrO BpEMEHH, 110
JAHHBIM TeO(QHU3MYECKOr0 MOHHTOPHHIA BBINOJHACTCS AaHajiW3 W KOHTPOJIb MarHuTtochepHOr u
noHocepHoit aktuBHoctell B CeBepo-BocTounom peruone Poccum, a Takke OLIEHHBAETCS COCTOSHUE
BapualMii IOTOKOB TaJIAKTUUECKUX KOCMHYECKMX Jiyueil. Pe3ynbpraTel cHCTEMbl OCHOBaHbI Ha
KOMITJIEKCHOH 00pa0d0TKe MAarHUTHBIX B HOHOC(EepHBIX JaHHbIX o0cepBatopuit UKUP JIBO PAH, a takxe
JAHHBIX CETH HAa3eMHBIX CTaHIWH HEUTPOHHBIX MoHHTOpOB (Www.nmdb.eu). [Ipu dopmupoBanun
pelIeHUH O COCTOSHUM CpeIbl TaKKe MCIOJb3YIOTCS MapaMeTpel MarHurocdepsl (ckp.geras.ru,
wdc.kugi.kyoto-u.ac.jp, ipg.geospace.ru, spaceweather.izmiran.ru) ¥  MEXIUIAHETHOH  CPEIBI
(omniweb.gsfc.nasa.gov/form/dx1.html). Cucrema umeeT OTKpbITBIA moctyn ¢ 2018 roma, U COmCPKUT
(dopMHpyeMble HEPEPHIBHO MaTepuasibl HAOMIOACHUHN 1 pe3ysbTaThl 00paboTKM NaHHBIX. B noknaze, Ha
npumepe paboTbl cucTeMbl ABpopa B MEPUObl MOBBIIIEHHOW COJIHEYHOW M MAarHUTHOH aKTUBHOCTEH,
OyayT pacCMOTPEHBI BOIIPOCH BO3MOKHOCTH BBITIOJIHEHHST TIPOTHO3a KOCMUYECKOW TIOTO/IBI 110 HA3eMHBIM
JaHHBIM re0(U3NIECKOT0 MOHUTOPHHTA ¥ TIOTCHLIUATIbHBIE TIEPCIIEKTUBBI TOBBIIEHHUSI TOYHOCTH POTHO32
Ha OCHOBE IIOAXOJ0B CUCTEMHOro aHanu3a. PaboTa BeimonHeHa 3a cueT [oc. 3aganus UKWP IBO PAH
(per. Ne Temer 124012300245-2).
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Intelligent method for detecting Forbush effects in cosmic ray variations

O. Mandrikova, B. Mandrikova
Institute of cosmophysical research and radio wave propagation FEB RAS, Paratunka, Russia

The theoretical basis of the study is the anomaly detection method developed by the
authors, based on the synthesis of classical risk theory with nonlinear approximating schemes in
orthonormalised wavelet bases and constructed cognitive rules. The proposed method enables
near-optimal decision making without pre-training in the data arrival mode of the processing
system. The paper will present the results of the detection of Forbush effects in the variations of
secondary cosmic rays on a number of strong and moderate magnetic storms in 2024. The study
used data from neutron monitors (www.nmdb.eu) and information on the parameters of the
interplanetary medium and magnetosphere (ckp.gcras.ru) characterising the state of space weather
(ipg.geospace.ru, spaceweather.izmiran.ru). The effectiveness of the proposed method for
detecting sudden, short-period anomalies of various shapes occurring on the eve and during
magnetic storms is shown. The general anomalous dynamics of the cosmic ray flux during periods
of increased solar activity and magnetic storms is experimentally confirmed. The observed
correlation with changes in the parameters of the interplanetary medium testifies to the reliability
of the results obtained. The work was carried out at the expense of the State Assignment of the
Institute of Cosmic Radiation of the Far East Branch of the Russian Academy of Sciences (reg.
No. 124012300245-2).

HNHTesnekTyabHbIi MeTO 00HApYkeHus1t PopOym-3pPpeKToB B Bapuanusix KOCMUYECKHX
Jy4den

O. B. Manapukona, b. C. ManapukoBa
WMHCTUTYT KOCMO(HM3UYECKUX HCCIENOBaHMNA M pacnpocTpaHenus paauoBoinH /IBO PAH,
ITaparyHnka, Poccust

Teopernueckoil OCHOBOW HCCiIEIOBaHUS SBJSIETCS pa3pabOTaHHBI aBTOPAMU METOJ
oOHapyKeHUsl aHOMaJlui, OCHOBAHHBIH Ha CHHTE3€ KJIACCHUECKOW TEOpUH PHUCKOB C
HENIMHEHHBIMH  aNMIPOKCUMHUPYIOIUMH CXE€MaMHi B OPTOHOPMHPOBAaHHBIX BeWBIET-0aznucax u
IOCTPOCHHBIMM KOTHUTMBHBIMHM MpaBuiaMu. [Ipennaraemblii MeTOJ MO3BOJISIET B pEXHUME
MOCTYTIJICHUS TaHHBIX B CHCTEMY 00paOOTKH MPUHUMATH OJIM3K0€ K ONTHMAIbHOMY pelieHue 6e3
npenodydenus. B noknane OyayT npeacTaBieHbl pe3yabTaTbl 0OHapyxkeHus PopOyu-3gpdexTon
B BapHaIlUsIX BTOPUYHBIX KOCMUYECKHX JIy4eil Ha psijie CUIBHBIX U YMEPEHHBIX MAaTHUTHBIX Oypb
2024 rona. B uccnenoBaHnu UCTIONIB30BANNCH JaHHBIE HEUTPOHHBIX MOHUTOPOB (Www.nmdb.eu)
u uHOpMalug O TMapamMeTpax MEXIUIAHETHON cpenbl W MarHuTocdepsl (ckp.gcras.ru),
XapaKTepHU3YIOIIMX COCTOSIHIE KOCMUUECKOI moros! (ipg.geospace.ru, spaceweather.izmiran.ru).
[Tokazana 5(QQeKTHBHOCTh TpeaaraeMoro MeTojga Juii OOHAapy)KeHHS  BHE3aIHbIX,
KOPOTKOIIEPUOIHBIX aHOMAJIMH pa3HOOOpa3HOM (OpMBbI, BOZHUKAIOIIMX HAKAaHYHE U BO BpeMs
MarHUTHBIX Oypb. DKCIEPUMEHTAJIBHO MOJTBEpXkIEHA OO0Ias aHOMalbHAs TUHAMHKA ITOTOKA
KOCMHMYECKHX JIyuyeil B MepHO/bl MOBBIIIEHHON COJHEYHOW AKTMBHOCTM M MAarHUTHBIX OYypb.
Hab6nromaemast Koppemsiius ¢ U3MEHEHUSIMU MTapaMeTPOB MEKIUIAHETHOM CPeIbl CBUICTEIIECTBYET
0 JIOCTOBEpHOCTH TOJYYEHHBIX pe3ynbTaToB. PaboTa BbIMOJIHEHa 3a cyeT ['ocynapCcTBEHHOTO
saganust UKWP JIBO PAH (per. Ne remsr 124012300245-2).
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