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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.

MOHHMTOPUHT U3MEHEHN APKTHYECKOT0 MOPCKOTO JibJa HA OCHOBE JaHHBIX CIYTHUKOB
ICESat-2 u Sentinel-2

Xiaotao Chang?, Zhenming Wang?!, Mingsen Lin?, Minghao Chang?, Jianguang Wen?, Xi Chen®
! lenTp npunosxennii AUCTAHIMOHHOTO CITyTHUKOBOTO 30HAMpOBanus 3emmu, [lexun, Kurait

2 HanmonanbHas cirysk0a IPUI0KeHHi CITyTHUKOBBIX JaHHBIX 00 okeane, ITexun, Kuraii

% HayuHo-Mccie0BaTenbCKuil MHCTUTYT adpOKOCMUUecKoi nndopmaruu, Kuraiickas akagemus
Hayk, [lekun, Kurait

B cBs13u ¢ ycuieHHeM TI00aJbHOTO MOTEIUICHUS MOPCKUE JIbJIBI TIOCTOSIHHO TAalOT, YTO
3HAYUTEIbHO YIYYIIAeT CYAOXOJHOCTh apKTHUECKHMX MOpCKuX myTed. Poccuiickoe Mope
JlanTeBbix siBNseTcsl BaxkHOW coctaBisitomeld CesepHoro JlemoBuroro oxeaHa. MOHUTOPUHTY
MOPCKOTO JIb/1a, KaK HEOOXOJIMMOMY CpeJICTBY oOecrieueHus: 6e30MacCHOCTH Cy/10XO0/ICTBA B 3TOM
pernone, ynensercss Bce OoJbIleé BHUMaHHs. Pa3BUTHE CIYTHUKOBBIX — TEXHOJOTHMA
JIMCTAHIIMOHHOTO 30HIMPOBAHUS, 0COOCHHO HHHOBAIIMOHHOE pUMeHeHue ontuieckux u LIDAR-
CIIYTHHKOB, TO3BOJIIJIO CO3/aTh OoJiee SKOHOMUYHBIE W J(PPEKTHBHBIE TEXHOJIOTUYECCKHE
CpeACTBa JUIsi MOHUTOPUHIA MOPCKOTO Jibja. Bo-mepBbIX, B JaHHOM HCCIEIOBAHUU IOJTYYEHbI
Pe3yabTAThI KJIACCH(HUKAIMN JIbJIa M BOJBI HA OCHOBE JJAHHBIX JIa3epHOU aTbTUMETPUH CITYyTHUKA
ICESat-2, a 3aTem mpeyioKeH yCOBEpIIEHCTBOBAHHBIM METOJ pacueTa SKBHBAJICHTA CETKH I
OLICHKH TUTOTHOCTH MOPCKOTO Jibia. BO-BTOPBIX, HA OCHOBE ONTHYECKUX U300pakeHuii Sentinel-2
ObUI HCHOJB30BAH METOJ IOPOTrOBOM KiacCU(UKALUMU JUIsl pelleHus] MpoOJieMbl HElIOoCTaTKa
JAHHBIX O TUIOTHOCTH MOPCKOTO JIb/Ia B IPUOPEKHBIX palloHax u paiioHax 0e3 manubix ICESat-2.
Kpome Toro, assi MOBBILIEHHUS pa3pelIeHUs] JaHHBIX O IUIOTHOCTH MOPCKOTO JbJa OBLI
UCTIOJIB30BaH MeTO ] MHTeproysnuu Kpuruara. 3atem 11t OIEHKH TOJIIUHBI MOPCKOTO JIbJA TI0
JTAHHBIM O BBICOTE CBOOOHOI0 0OpTa MOPCKOTO JibAa ObLIa UCIIOIb30BaHa MO/IEh CTATHYECKOTO
paBHOBecHs. HakoHel, B JTaHHOM KCCJIEIOBaHWM OBUT TIPOBENEH KOJMYECTBCHHBIH aHAIN3
U3MEHEHUH TIOTHOCTU U TOJIIUHBI MOPCKOTO Jibja B paiioHe JlanTeBbIX, a TakKe MOJIy4eHBI
XapaKTEPUCTHKH U 3aKOHOMEPHOCTH H3MEHEHUI MOPCKOTO JIbJIa B 3TOM paioHe.
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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.

CpaBHHTe/IbHOE HCC/IEI0OBAHNE T€OMATHUTHBIX UKEPKOB Ha TeppuTopuu SAA B nepuos
2000-2020 rr.

A. E. Nel, P. Kotz¢
Hanmonansnoe kocmuueckoe areHTcTBO FOxHoi Adpuku, ['ayrenr, FOxuas Adpuka

JlaHHBIE T€OMArHUTHOTO TOJS IIECTH MArHUTHBIX 00CEepBATOPHl, PACIOJIOKEHHBIX B
paiione KOxxHO-ATIaHTHUECKON aHOMAIMK U MPUJIEraloIIKX K Hell, OblIM MpoaHalIu3upOBaHbl 110
OTJICIbHOCTU C LEJbI0 BBISBICHUS PE3KUX H3MEHEHUH CBETCKHX Bapualuii Ha BPEMEHHBIX
macmTabax MeHee 1 roma W ompenereHUs JOOBIX KOPpEIsui Mexay sBoironuen HOxkHO-
ATnaHTuyeckoil aHoManuu. J[BeHaaUAaTHMECSYHblE pPAa3HOCTH CPEIHEMECSYHBIX 3HAYCHUU
BOCTOYHOM KOMIIOHEHTHI Y COOTBETCTBYIOUIMX 00CEpBATOPUM MOCIE MPUMEHEHMS MTOIPABOK Ha
BHelHee noiie ¢ momotibio Moaenu CHAQOS-7 BbIsBUIN MPU3HAKH HECKOJIBKUX T€OMAarHUTHBIX
TOJTYKOB C Pa3IMYHON aMIUIUTYy0¥, uMeBmUX Mecto B nepuon 2000-2020 rr. B nanbHeimem
HaONIOZICHUSI CpaBHUBAINCH ¢ MonelssMu chepudeckux rapmonuk CHAOS-7, a Ttakxke ¢
pe3ysbTaTaMu IpEeblIyIuX Uccae10BaHui 3Boaonuu FOxHO-ATIaHTUYECKON aHOMAINH.
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Statistical Diagnostic of Regional Appraise of Seismicity of North East India Himalaya

Daya Shanker!, Anant Panthi?
Indian 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 (l) 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.

CrarucTuyeckasi IMarHOCTUKA PEriOHAJILHOM oueHKH ceiicMuyHocTH ['umasiaeB CeBepo-
Boctounoii Unaun

Daya Shanker!, Anant Panthi?
! Manuiickuii TeXHOIOTHYECKHit UHCTUTYT, Pypku, Unaus
2 MHOTONpOQUIBHBIHA kamiyc byrean, Yuusepcuter Tpubxysan, byrsan, Henan

Cesepo-BocTounble ['mmanan Muaauu u npuiieratromiye K HUM PErHMOHBI MPEACTABISAIOT
co00M celiCMUYECKHU CIIOKHBIA TEKTOHHMUECKUH peskuM. PernoH paszesneH Ha NsTh aKTUBHBIX 30H:
() Bocrounsiit cuntakcuc; (11) Apaxancko-Momckuit cxnamuatsiii mosc; (I11) Ilnmnonrckoe
wiaro; (IV) I'mmanaiickas ¢dponrtansHas nyra; u (V) FOro-Boctounsiit Tuber ¢ momorisio
IPOCTPAHCTBEHHOTO  paclpefiesieHuss CEMCMUYHOCTH M TEKTOHMYECKUX OCOOEHHOCTEH.
CratucTika BOSHUKHOBEHHSI KPYITHBIX U CUJIBHBIX 3€MJIETPSACEHUH B 30HE | MManaiickoro HajBura
CBUJICTENILCTBYET O TOM, 4YTO OHHM OBbUIM BBI3BaHbl KPYNHBIMM HaJBUTaMM, HO XapakTep
BO3HUKHOBEHUSI 0Oojiee MEIKUX COOBITUH B 3HAUUTENBHOW CTENEHU KOHTPOJIMPYETCS IOro-
BOCTOYHBIM Te€4Ye€HHEM THOETCKOro Haropbsi, CEBEpHBIM JBMKEHHEM WHIUNCKON MIUTH U
3anafHbIM cMelieHueM bupmanckoit nyru. HaGop maHHBIX OBIT MOABEPTHYT KPUTUYECKOMY
aHaJ M3y Ha nOpeaMeT  D-3HauYeHWil, NPOCTPAHCTBEHHO-BPEMEHHBIX  3aKOHOMEPHOCTEH
celicMUYecKOM AaKTHUBHOCTH, paclpefesieHuss coObITMH Mo TIyOMHe odYara M Xapakrepa
BHICBOOOX/ICHHS SHEPrHH. bBbIIO OTMEUeHO, 4TO ApaKaHCKO-MOMCKHil pervoH sBisercs
HanOosee CeHCMMYECKH aKTHBHBIM MO CpPaBHEHHUIO C JAPYTUMH BBIJIEIEHHBIMU pPErMOHAMH.
JlokanpHBIE 30HBI C HHTEHCHBHOH CEHCMHUYECKON AaKTUBHOCTRIO Takke HAOIIOMal0TCsI B
HEKOTOPBIX pernoHax, ocooeHHo B Bocrounom CunTakcuce u oro-socrounom Tubere. Pernon
xapakrepusyercst 71% menkodokycHol akTUBHOCTH U 29% NpOMEKYTOUYHOM aKTUBHOCTH, €CIIU
VUUTEIBaTh COOBITHS ¢ MarHuTYyzoit cpesa (Mb > 4,3). B pernone Apakan-Moma HaGmromaercs
MOYTH OJMHAKOBAsI TOJI0BAsI YACTOTA KaK MEJKHUX, TaK U MPOMEKYTOUHBIX COOBITHI, B TO BpeMs
Kak B JpPYrUX pEruoHax IPOUCXOAWIM MPEUMYIIECTBEHHO MeJKHe coObITus. B paiione
Apaxan-Moma HaGT01aeTCs yBeTHUeHNE ITyOUHbI 0Yara 3eMICTPACEHHIT ¢ 3a1ajia Ha BOCTOK JI0
riyounsl 180 kM. B cTarbe nmpeacTaBieHsl pa3inyHble CEHCMOIOTMUECKUE acTeKThI IS OLIEHKU
COBPEMEHHOT0 CLIEHAapHs CECMUYHOCTH 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.

TexToHMKa BOCTOYHOII APDKTHKM U NPOUCXO0KIeHHe AMepa3uiickoro dacceiina

C. 1. Coxomnost, JI. 1. Jlo6xoBckuii?, M. 1. Tyukoal
! Teonoruuecknii nactutyT PAH, MockBa, Poccus
2 HNucturyt okeanonoruu um I1. I1. [llupmosa PAH, Mocksa, Poccus

OcHoBHbIMU 371eMeHTaMH BocTouHOW ApPKTHKH SBISIIOTCS AMepa3uiickuil OacceiiH u
KOHTHHEHTaJIbHBIE OKpanHbl EBpaszuu n CeBepHO AMEPUKH, KOTOPBIE CII0KEHBI ME30301CKUMU
MOKPOBHO-CKJIaq4aThIMU cTpykTypamu YykoTrku u CeBepHoil Ausicku. ['maBHOW mnpoOnemont
TEKTOHUKH ApKTUKH SIBISETCS TNPOUCXOXKJeHHe AMmepasuiickoro OacceiiHa. Pemenust stoi
po0JIeMbl OCHOBAHO HAa CHCTEMHOM IOXO0/I€ K aHAJIN3Y I'e00ro-reopusndeckoil nHpopMauu.
B noknane paccMaTpuBaroTCs TEKTOHMUYECKHE MOJieNU (OPMHPOBAHUS apKTUYECKUX OKPauH
UykoTtku u CeBepHOIl AJISICKU B CBS3H C BBIICHEHUEM NIPOUCXOKIEHHUS AMepa3uiickoro 0acceitHa
1 000CHOBaHMEM paclIupeHus BHelHel rpanuiibl menbda PO. Okeannueckue 6acceitnsl FOxHO-
AHIOWCKMI 1 AHrarouaM paccMaTpUBarOTCs Kak 4yacTu IIpoTo-ApKTHYECKOro okeaHa, KOTOPBIN
MO3JHEM I1aJie030€-PaHHEM Me3030€ MpeICTaBisl coboit 3anuB okeaHa [lamuduka. B moznuei
I0Op€ M paHHEM Mely [POUCXOJWIO 3aKpbITHE OKEaHWYEeCKUX OacceiiHOB, BBI3BAHHOE
HOTJIOIEHNEM OKEAaHHMUYECKOW JTMTOC(Ephl B 10)KHOM HAIlpaBJIEHUHU B 30HaX CYyOMYKIMH, KOTOPOE
3aBEpUIMIIOCH KOJUTM3UEH MUKPOIUIUTHI ApkTHueckas Assicka-HykoTka co ctpyktypamu Cubupu
u CesepHoil Amepuku. B coctaBe MHUKpPOIUIMTBHI BbIAEHAOTCA UYyKOTCKMII MHUKPOKOHTHHEHT,
BKJTFOYArOUH oausTHe Anb(a-MenzaeneeBa, 1 ApKTHYECKYIO TiaTdopmy Ha Assicke. B koHIte
paHHero wmena cGOPMHPOBAIUCH MOKPOBHO-CKIaa4yarble CTpYKTyphl UykoTrku (YUykorckas
ckinaauatas obmactb) W CeBepHoil Aunscku (oporeH xpeOta bpykca). OgHOBpeMEHHO B
00CTaHOBKE OOIIET0 pacTsHKEHHsI MPOMCXOIMIO (OPMHUPOBAHUE CTPYKTYp AMepa3HiicKoro
OacceifHa, 3aBepIimBIIEecs OOpa30BaHHEM OKEaHMYECKOW Kopel B KaHaackoil KOTIOBUHE.
[Ipennaraercst CyONyKIIMOHHO-KOHBEKTHBHAs JBYXbApPYCHas T€OJMHAMHUYECKass MOJENb
dbopmupoBanus CTPYKTYyp BocTouHOW APKTHKH B MO3THEIOPCKO-PAHHEMEIIOBOE 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.

CucreMa HaKOILIEeHHs, 00Pa0OTKH M aHAIU3a reoMarHuTHbIX JaHHbIX MATHYC

. B. Kynun, U. O. benos, M. H. Jlo6poBonsckuii, P. B. Cunopos, A. A. ['pynnes
I'eouznuecknmii uentp PAH, Mocksa, Poccus

Pa3paborannas u pasBepHyras B 2015 cucrema UEHTpaJM30BaHHON 00pabOTKH
reomarHUTHBIX JaHHBIX MAT'HY C 3a Bpemst pyHKImOHMpOBaHHS cTasia 6a30BO HHCTPYMEHTOM
pacnpocTpaHEHUs T€OMarHUTHBIX TaHHbBIX Uil opranu3anuil Poccun u cocennux crpas. B xone
MocJieIoBaTeIbHbIX 00HOBIEHUH porpaMmMmHoro obecnieuenuss MAI'HY C no6asiena nogaepxka
CEeKYHJIHBIX JIaHHBIX Ha3eMHBIX OOCEpBAaTOpUl ¥ M3MEPEHHH HAa HHU3KOOPOUTAIHLHBIX
FEOMarHUTHBIX CHYTHUKAaX. BaXHbIM 3TamoM pa3BUTHS CTAJI0 CO3JaHUE MOIYJA 3arpy3ku U
00paboOTKM JAHHBIX C yJAJICHHBIX 00CEpPBATOPHI ¢ MUHUMAIBHON 33J€PKKOM, BKIIIOUYAIOIIETO
YHUBEPCAIbHYIO CUCTEMY OTCIEKHBAHHUS COCTOSHUNA NPUOOPOB M CUCTEMBI SHEPrOCHAOKEHUS
obcepBaropun. Ha 6a3e cucrembl MAI'HYC Ob11 pazBepHYT y3el HAKOIUICHUSI OKOHYATEIbHBIX
nauHbix crangapra MHTEPMATHET, npenocraBisroniuii JaHHBIE B OOMICTIPUHATHIX opMaTax.
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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.

MyJ’IbTI/IMHO)KeCTBeHHBIe METOAbI OICHKH yCTOifI‘[HBOCTH H BOCCTAHABJ/INBACMOCTH CUCTEM

N. A. lllepemer
I'eouznuecknmii uentp PAH, Mocksa, Poccus

B noxnane paccmarpuBaroTCs METOIbl IPUMEHEHUSI MYJIbTUMHOKECTBEHHBIX TPaMMAaTUK
JUISl QHQJIA3a YCTOMYMBOCTH COLMOTEXHUYECKHUX CUCTEM K JCCTPYKTHBHBIM BO3ICHCTBUAM H
BO3MOKHOCTH BOCCTAHOBJICHHSI [UISl PA3JIMUHBIX PA3HOBUJIHOCTEH CHCTEM, B TOM YHCIIE
NPUMEHHUTEIBHO K Pa3pylIUTEIbHBIM KacKaaHbIM 3(ddexkram. AHanm3 Bemercs Jis CllydaeB
3aMKHYTBIX U OTKPBITBIX CHUCTEM C HMCHOJb30BAHHEM TEMIIOPAIbHBIX MYJIbTUMHOKECTBEHHBIX
rpaMMaTtuk. JlecTpyKTMBHOE BO3JEHCTBUE HA PECYpCHYHO0 0a3y CHUCTEMBbl MOJEIUPYETCs
MOCPEJICTBOM MYJbTUMHOXECTBA, BBIYUTAEMOIO M3 MYJIbTUMHOXXECTBA, MPEACTABISIOLIETO
COBOKYIIHOCTb PECYPCOB, JOCTYIHBIX CHCTEME€ B MOMEHT BO3JIEHCTBHs. JleCTpyKTHBHOE
BO3/ICIICTBIE HA TEXHOJIOTMYECKYIO 0a3y CHCTEMbl MOJAETUPYETCS MOCPEACTBOM BBIYMTAHUS W3
CXEMBbl TEMIIOPAIBHOW MYJIBTUTPAMMATUKH TEMIIOPAIbHBIX IPAaBWJI, IPEACTABIISIIOLIETO
MIPOU3BOJICTBEHHBIE YCTPONUCTBA, BBILIECAIINE U3 CTPOS BCIEACTBUE BO3ACHCTBUSA. Y CTOMUNBOCTD
CHUCTEMBI K BO3JICHCTBUIO ITOHUMAETCSI KAK BO3MOYKHOCTh BBIIIOJHEHHUS €10 3aKa3a IOCPEICTBOM
pelyLHpOBaHHBIX 3TUM BO3/IEHCTBUEM PECYPCHOM U TEXHOJIOTMUYECKON 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-TexHoaorndeckuii kommieke 'MC INTEGRO n ungposasn
miargopma

E. H. YUepemucuna, A. B. JIrooumora, K. H. Mapkos, M. S1. ®unkeabImTeiiH
Bceepoccuiickuii Hay9HO-HCCIIEI0BATENbCKUN Teosiornyeckuid HersiHoi nnctutyr (BHUT'HN),
MockBa, Poccus

B cooOumieHnn OMMCHIBAIOTCS POCCHHCKHAE MPOTPAMMHO-TEXHOJIIOTUYECKHAE pPEHICHUS
['"C INTEGRO u 'EOBAHK, pa3pa6ortannsie B ®PI'BY "BHUI'HU". TUC INTEGRO siBnsiercs
YHUKAJIBHBIM TPOTPAMMHO-TEXHOJIOTHIECKAM KOMITJICKCOM ISl CO3/IaHuUs TeONH()OPMAIIHOHHBIX
MPOEKTOB U KOMIIEKCHOTO F€0JI0T0-Te0(PU3NIECKOr0 MOJEIUPOBAHHS T€0JIOTHUECKOT0 CTPOCHUS
y4acTKoB Henp. lcmosb30BaHHME 3TOr0 KOMIUIEKCA IO3BOJISIET MCCIEA0BATENI0 B E€AMHOM
uHTepdeiice MPOBOAUTH BCE pabOTHI OT 3arpy3KU UCXOTHBIX TaHHBIX /10 TOTYUYEHUS TPEXMEPHBIX
MOJIeINel, TIePCIIEKTUBHBIX TUIOMIAAeH U OTYETHBIX Kaprorpaduyecknx marepuaios. L{upposas
mwiarpopma 'EOBAHK peanusyer unbopManmonHoe B3aumMOJEHCTBHE, BKIOYaroliee cOop,
CUCTEMATH3allMI0, XpaHEHWE, BU3YAIM3allMI0 U TPEJOCTaBICHHE TIe00ro-reopusnveckon
uH(pOpMaIIH, IO BCEM HANpaBIEHUSM HAyYHOU U MTPOU3BOJCTBEHHON NEATENbHOCTH HHCTUTYTA.
[TporpaMMHO-TEXHOJIOTUYECKHE KOMIUIEKCHI ~ CBSI3aHbIl MEXAy coboi. B coobuienun
PacCKpBIBAIOTCSI OCHOBHBIE BO3MOKHOCTH 3TUX KOMIUJIEKCOB U T€ MPEUMYIIIECTBA, KOTOPHIE MOTYT
OBITH MOJYYEHBI 32 CUET UX MCIIOJIb30BAHUS MIPU peaTu3aluu reoJOTHYECKUX MCCIIEOBAHUN 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’.

MHOroKoOMIIOHEeHTHAA Teo(pu3sndecKass MoJesb JUTOCPepbl U BepXHeld MAHTHH APKTHKH

M. K. Ka6au!, A. T HeprHI/IHZ, P. B. Cunopos?, A. A. Conosbes™?, A. JI. I'Bumnanu™?

! I'eodmsmueckuii nentp PAH, Mocksa, Poccust

2 YncTuTyT ceficMonorun AkajgemMun Hayk Pecry6muku Y36ekucran, TamkenT, Y306ekucran
3 Nucturyt ¢usuxu 3emmu um. O. 0. llImuara PAH, Mocksa, Poccus

ApPKTHYECKHI permoH — o00JIacTb, YHHKQJIbHAs MO CBOEMY I€O0JOro-TeKTOHHYECKOMY
CTPOEHHIO, U3yYEHHE KOTOPOM BCE €€ MPOJOJIKAETCS BBULY €€ TPYIHOAOCTYIIHOCTH. ABTOpaMu
Ipe/CTaBlIeHa KOMIUIEKCHas MOJEeIb JUTOC(epbl, OMHChIBaroImas €€ CTpoeHHe Mo Habopy
reousnUecKux Moyied U pazauyHbIX mapameTpoB. CoOpaHHas MO UTOraM MOJEIHPOBAHUS C
NPUBJICUECHUEM PAa3JIMYHBIX Te0J0ro-reopu3nyeckux JaHHbIX MOJeNb BKIOYaeT B cels
MH(}OpPMALIMIO O TPAaBUTALIMOHHOM I0JIE U €r0 PEIYKIIMH, HOBbIE JaHHbIE 00 0CaJI0YHOM YeXJie U
riyOuHe paszznena MoXo B BOCTOUHO-a3MAaTCKOM ApKTHKE, KapTy TeIJIOBOIO IOTOKa H
3¢ (PEeKTUBHOW  paJMOTEHHOM  TEIJIOTEHEpalud B BEPXHEM  CIIO€  KOPBI,  Cpe3bl
ceiicMoTomMorpaduueckux Mojenel JUisi TepPUTOPUM BCEro ApPKTHUECKOTO PEruoHa, JaHHbIE
[NIyOMHHOTO pAaclpesiesieHusl TeMIlepaTypbl, IUIOTHOCTH M CTENEHU JAETIETHPOBAHHOCTHU
MaHTUHHOTO BellecTBa M KapTa riyOouH a0 Touku Kropu. CoOpaHHBIE NaHHBIE MPEICTABISAIOT
3HAUUTENbHYI0 OCHOBY /I KOMIUIEKCHOTO KaueCTBEHHOTO M KOJMYECTBEHHOIO aHalu3a
CTPOEHHUSI apKTUYECKON JHUTOC(Ephl, AA0T NpeAcTaBlIeHHe O HEM Ha caaboM3ydeHHBIX
TEPPUTOPHUAX, a TaKKE MOTYT OBITh HCHOJIB30BAHbI H3Y4YEHHS] BO3MOXHOCTEH IOMCKa
MECTOPOKACHUM IOJIE3HBIX HCKOMAeMbIX B ApKTHKE. /[aHHBIE AEMOHCTPHUPYIOT BO3MOXXHOCTH
COBPEMEHHBIX IIIOOAIBHBIX MOJeNeld TreoPU3nYecKuX IMOoJeH, ¢ MOMOIIbIO KOTOPBIX MOXKHO
MOJYyYUTh HOBBIE JAaHHBIE MO KOHTUHEHTAJIbHBIM O0JACTSM, HEJIOCTAaTOYHO MCCIIEIOBAaHHBIM
HA3eMHBIMH WA adpocheMKkaMu. Pabora BeIoJIHEHA B paMkax npoekta PH® Ne 21-77-30010
«CHCTeMHBIN aHaAU3 JUHAMHUKH TE€O(QHU3MUECKUX IPOLECCOB B POCCUHUCKOM ApKTHKE M HX
BO3JICIICTBME Ha pa3BUTHE U (QYHKIMOHMPOBAHHE HHQPPACTPYKTYPHI IKEIE3HOJOPOKHOTO
TPaHCIIOPTA».
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Unified Catalogue of Earthquakes of the Russian Arctic

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

! 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.

O0beuHEeHHBIH KaTaJIOT 3eMJIeTPSACEeHU POCCHIICKON APKTUKHU

1. A. Bopo6sesa®?, I1. H. lle6amuu’?, A. JI. 'summann®, B. A JI3e60es>>, b. B. JI3epanos?
! MncTuryT Teopuu mpornosa semiaeTpsacenuii u MaTeMaTnueckoii reodusuku PAH, Mocksa,
Poccus

2 I'eodmsmueckuii nentp PAH, Mocksa, Poccus

3 Wuctutyt ¢puzuku 3emnu uM. O. 0. llImunra PAH, Mocksa, Poccus

3ajadyeil JaHHOTO MCCIEAOBAHUS SIBISUIOCH CO3JaHUE IPEICTAaBUTEIBHOIO KaTajlora
3emieTpsceHnit Apkruueckoit 30HbI Poccuiickoit denepaiinu, 00beTUHSIIONIETO BCE TOCTYIHBIE
JTaHHBIE POCCUMCKUX U MEKyHAPOIHBIX CEHCMOJIOTUYECKUX ar€HTCTB, C IPUBEICHUEM MarHuTy,
K OJHOpONIHON Imkane. B paboTe ommchIBaeTCs anrOpUTM COCTABJICHHS KaTalora, a Takke
dbopManu3oBaHHbIE MPOLENYpPHl YAaJeHUs AYOJIMPOBAHHBIX COOBITHI M BBIOOpPA ONTHUMAaJbHOM
HIKAIBl MarHUTYA. M3-3a pa3nuuHbix KoH(UTyparuii ceTu U MeTof0B 00pabOTKH 3amuceil pa3Hbie
areHTCTBa MOTYT PETUCTPUPOBATH/IPOMYCKATh pa3Hble COOBITHS, YTO B HUTOTE BBIPAXKAETCS B
OTCYTCTBHHM OTIENbHBIX COOBITHI B pa3IMYHBIX KaTajorax 3emuerpsceHuil. I[losaTomy
00beIMHEHNE JaHHBIX PA3JIUYHBIX CEHCMOJIOTUYECKUX areHTCTB MO3BOJMT MOIY4YUTh Hanbosee
MOJIHBIM KaTajmor Ans ucciaeayemoro peruoHa. Ilpm oObequHEHMH KaTaaoroB HEOOXOAMMO
BO3HHMKAeT MpoOjieMa BBIABICHUS ayOJiei (3amuceid, OTHOCAIIUXCS K OJHOMY H TOMY XK€
ceiicMuueckomy coObITHIO). JlIst  pemieHMs 93TOM  3agaud B paboTe  HCHOJIB30BAJICS
MOIU(UIIMPOBaHHBI MeTOJ OnmXKaiiero coceia, OPUEHTHPOBAHHOW Ha WACHTU(DUKAIUIO
nyoneii. B MonudunmrpoBaHHON BepcHu, UCTIONB3YETCS BEPOSITHOCTHAS METPUKA B IPOCTPAHCTBE
CETEBBIX OUIMOOK IMPH ONPEJCIICHNN AMUIIEHTPOB U BpEMEH celicMudeckux coObITHil. B pabote
MIPOBOAMTCS COTIOCTABJICHHUE U PETPECCUOHHBIN aHATN3 Pa3HBIX THIIOB MATHUTYT 00BEAMHEHHOTO
Karajora 1 Ha OCHOBE MOJyYE€HHBIX COOTHOIIEHUI MPOBOAUTCS YHU(PHUKAIUS OLIEHOK MarHUTY/I.
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Geodynamic studies in the task of systemic assessment of seismic hazard in Ossetia

B. Dzeboev'?3, A. Gvishiani'?, 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'eopuHaMHuYecKHe HCCaeI0BAHUS B 3a7a4e CHCTEMHOH OeHKH ceiicMuueckoi omacHocT OceTnn

B. A. JIze6oes'?3 A. JI. I'summanu’?, B. H. Tarapunos'?, B. U. Kagran!, U. A. Bopobbepal*,
A. W. Manesuu'®, B. B. [I3epanos’?, P. B. lllepuyk™?, JI. XK. Akmartos?®, 1. B. Jloces!, K. A. KouyGeii'
1 I'eodpmsmueckuii nenrp PAH, Mocksa, Poccus
2 Uncturyt ¢puzuku 3emim um. O.10. HImunra PAH, Mocksa, Poccunst
3 I'eopmsuueckuii nuactutrytr BHL] PAH, Bnagukaska3, Poccus
4 VlHCTUTYT TEOpUH IIPOrHO3a 3eMIIETPSICEHUI U MaTemarnieckoi reopusuku PAH, Mocksa, Poccust
5 T'opusiit uHCTUTYT HUTY « MU CuC», Mocksa, Poccust

Co3nan HauOosiee TOJHBIA W TPEJACTABUTEIBHBIA OOBEAMHEHHBIM KATAJIOT 3eMIICTPSICCHMI
Ocetunckoro cexkropa bonbmoro Kapkaza ¢ yHuduuupoBaHHOW MarHuTyAHOM Imkanod. Katamor
oxBateiBaeT nepuoy] ¢ 1962 mo 2022 ronusl M UHTETpUPYET B ceOe BCe IOCTYIHBIE JaHHBIE U3 COOPHUKOB
OUILl EI'C PAH «3emnerpsiceans B CCCP», «3eminerpsicennus CeepHoit EBpazum», «3emuerpscenus
Poccumy, coopruka «Ceiicmuueckuii 6roiiereds KaBkaza» (Mucturyr reogusuku AH I'pysunckoii CCP)
u karanora [ISC. BriepBble BBHIIOHEHO cHCTEMHOE O0OOIIEHWE W aHAIN3 M3YYEHHOCTH COBPEMEHHBIX
BEPTUKAJIbHBIX NBIKEHUM 3eMHON KOpbl Ha Tepputopun KaBkaza 3a Ooyiee uyeM BEKOBYIO HCTOPHIO
reojie3nveckux m3mMepenui. Textonuka u mopomnorust KaBkasza npsiMo ykas3pIBaeT Ha CYIIECTBEHHYIO POJIb
BEPTUKAJIbHBIX ABM)KCHUM B IOCTPOEHUM F€OJUHAMUYECKUX MOJENEH U, CIEI0BATEIBHO, UX MOJIE3HOCTh
MIpH OIIEHKE celCMUYECKOM onacHOCTH peruona. [lokazano, uro noabemsl boibmoro nu Manoro Kaskasza
MMEIOT TPOCTPAHCTBEHHO-BPEMEHHYIO B3aMMOCBS3b C CHJIBHBIMHM 3€MJIETPACEHHUSIMH, OYarud KOTOPBIX
HaxXOJATCAd NPEUMYIIECTBEHHO B 30HaX BBICOKUX TIPAJUEHTOB CKOPOCTEH BEPTUKAIBHBIX ABUKCHUIL.
CurnbHBIE 3eMJICTPSICCHHS MTPOUCXOAAT B MEPHOMABI 3aBEPIICHUS OBICTPBIX BEPTHKAIBHBIX IBMKCHUH B
TE€YEHHE TIEPBBIX AECCATUICTUN TOCIE TAKOBBIX C MPUMEPHON MOBTOPSEMOCTBIO OHO COOBITHE 32 6 JeT.
OrneHeHo Bo3eHCTBUE pa3pymnTenbHbIX Typenkux emnerpscennii 2023 r. Ha ABWKeHUS U Aepopmannn
3eMHON Kopbl KaBka3ckoro pernona. OmpeneneHsl CKOPOCTH IBWXEHMH 1O M IOCIE 3eMIETPSICEHMH.
Pe3ynbraThl MOKa3bIBAlOT 3HAYUTENHLHOE (M CTATHCTUYECKH 3HAYMMOE) BO3JIEHCTBHE 3EMIICTPSICEHUN Ha
TOPU30HTAJbHBIE M BEpTUKAIbHBIE NBIKEHHS Kophl KaBkaszckoro permona. B mpegemax OceTHHCKOTO
cexkropa bonpmoro KaBkaza chopmMupoBaH reOAMHAMUYECKHIA TIOJIWIOH JUIS BBIMOJHEHUS PEXKUMHBIX
HAOJIOJICHHI 32 COBPEMEHHBIME JIBH)KCHUSMHU 3€MHON KOpBI. B HacTosiiee BpeMs MOJIMTOH BKJIFOYAET B
cebst 37 reomesmueckux myHKTOB. CopmupoBana cets mius medopmarmonnoro I'HCC-moruTOopuHTa
BOCTOYHON YacTH W OTHEIBHO y3JIa couwieHeHHs BocrtouHoit m 3amagHoil BeTBel BraamkaBKa3zcKoro
paszioma.
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On the activities of the World Data Centres

B. Dzeranov?, N. Sergeeval, B. Dzeboev!?, L. Zabarinskaya?, E. Kedrov?, V. Ishkov!?, T. Kryloval

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 nesitesibHOocTH MupoBbix HentpoB JlanHbIX

B. B JIzepanos’, H. A. Cepreesal, b. A. JI3e60es™®, JI. I1. 3a6apunckas®, 3. O. Kenpos?, B. H. Mmkos'?,
T. A. Kpsutosa'
! Teodusmueckuii uenrp PAH, Mocksa, Poccus
2 IHCTUTYT 3€MHOTO MarHeTH3Ma, MOHoc(ephl M pacipocTpaHeHus panuoBoin PAH, Mocksa, Poccus
$ Uncturyt dpusuku 3emum um. O.10. Ilmuara PAH, Mocksa, Poccust

Poccuiickue Mupossie Liertpst Januerx (ML/I) mo comHedH0-3¢eMHOM (hr3nke u pU3UKe TBEpAOi 3eMITn B
Mockse ¢ 1957 roga BRIIOIHSIOT QYHKIMK cOOpa, JOJTOBPEMEHHOTO XpaHEHHs, YIPABICHUS U PaclpoCTpaHEHUS
reousnveckux gaHHbBX. O0a IeHTpa SBILTIOTCS MHOTOARCIUILTHHAPHBIME. C 2012 roma neHTpsI BXOIAT B MUPOBYIO
cucreMmy naHHbeIX (World Data System). CoBpeMeHHBIC Hay4YHbIE WCCIIEJOBAHHUS OCHOBBIBAIOTCS Ha KOMIUIEKCHOM
aHanmu3e OOJBIINX 00BEMOB JaHHBIX M3 pa3HbIX 001acTell HAyKW W Ha IPUMEHEHHH COBPEMEHHBIX KOMITBIOTEPHBIX
METoJI0B 00pabOTKH, aHanM3a M WHTepHperanuu AaHHBIX. MI|J] oOnmamaroT yHUKadbHOM M IpeACTaBHTEILHOM
KOJUIEKIIMEH pe3y/IbTaTOB MHOTOJIETHUX HaOI0/IEHHUH, TOJYyYEHHBIX MUPOBOIi CEThIO reo(u3nuecKkux o0cepBaTopHii
W CTaHUUA W MpUOOPOB, YCTAHOBJICHHBIX HAa KOCMHUYECKHX armaparax. bojbplioe KOJMYecTBO OTEYEeCTBEHHBIX M
3apyOeXHBIX JAHHBIX MO Pa3HBIM JUCLHUIUIMHAM M BUJAM HAOJIOJICHUI MpEeJCTaBIeHO Ha CalWTax LEHTPOB B
ANIEKTPOHHOH (hopmMe B CBOOOIHOM JIOCTYIE JJIsl MCCIENOBATEIbCKUX Liesiei. MHOrue psiibl JaHHBIX PEryJsipHO
MOTIONTHSIOTCSL HOBBIMH pe3ynbTatamu. B xozme peammsanum npoekra "CoxpaHEHHE CTapbIX TaHHBIX' aKTHBHO
OCYIIECTBIISIETCS] TIEPEBOJI UCTOPHUYECKUX JaHHBIX C OyMa)KHOrO HOCHUTENSI B JIEKTPOHHYIO (OopMYy C JanbHeHen
MyONMKanued B CeTH M PETPOCIEKTHBHBIM MOMNOJHEHHEM 3JEKTPOHHOIO XPAaHWIMINA AaHHBIX, (opMHpoBaHHEM
JUIMHHBIX psfoB HaOmopeHMH. Takue naHHbIE COBMECTHO C COBPEMEHHBIMH pe3yJbTaTaMH Te0(U3NUECKUX
HaOJIOEHUH WCIONB3YIOTCSl ISl PEIICHWs MHOTMX HAy4HBIX 33j7a4. B IeHTpax CcoBepIIEHCTBYETCS cuUcTeMa
YIIpaBJICHUS JTaHHBIMH, Pa3BUBAIOTCS HOBBIE OAXOABI K IMyOJIMKALMK JaHHBIX B CETH, 00ECIIeYNBAIOIINE TPOCTON 1
yIOOHBIA JoCcTyn K JgaHHBIM. PopMupyercs peisiunoHHas 0a3a I'€OMAarHUTHBIX JAHHBIX C IOJb30BaTEIbCKUM
uHTEpdEcoM, MO3BOIIOMNM yIAICHHOMY MOJB30BATEII0 BEIOMPAaTh W3 0a3bl TaHHBIX HEOOXOAMMBIE AaHHBIE O
YCJIOBUSIM, IPUMEHEHHBIM K DSy HapaMeTpoB. B mocienHue rojbl BHEAPSIETCS MPAKTHKA [UTUPOBAHUS JAHHBIX
MyTeM TIPUCBOCHMS AaHHBIM ImdpoBoro maeatudukatopa odwsexra DOI (Digital Object Identifier). B I'll PAH
pasBuBaeTcs npoekT "basza manHbix Hayk o 3emie" (Earth Science DataBase) mo co3ganunio COBpeMEHHON CUCTEMBI
perucTpanuy u myonmkanui HabopoB 1 6a3 reodusmuecKux faHHBIX ¢ mpucBoeHneM DOI gepes arenrctBo Crossref.
Peanuzanust 3Toro mpoekra jenaet reopuznueckre JaHHbIe 00Jiee 3HAYUMbBIMU M JOCTYITHBIMH ISl KCCIIEIOBATENeH
32 CYeT YNpPOIIEHWsS II0OMCKAa M HICHTU(PUKALMM M CrocoOCTByeT Oojee HMHTEHCHMBHOMY U HOBTOPHOMY
WCIIONIb30BAaHMIO JaHHBIX. PaboTa BhINOIHEHa B paMKax rocyAapcTBeHHoro 3aianus ['eodusnueckoro nenrpa PAH,
yTBepkIeHHOro MuHoOpHayku Poccun.
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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 nocaexnux pesyabrarax B IMA

C. M. Arasn’, 11I. P. boroyraunos?, /1. A. Kamaes?
! Teodusmnueckuit nentp PAH, Mocksa, Poccns
2 Hayuno-tipon3BojicTBeHHOe 00beaunenue Taitpyn, O6uunck, Poccus

JluckpeTHbiii Maremarrdeckuii ananm3 (JIMA) — MeTon aHayM3a JTUCKPETHBIX JaHHBIX,
WCIIOJIB3YIOUIUN  CIEHAapUM  KJIACCUYECKOW  HENpPEephIBHOM  MAaT€MAaTHKH, B  KOTOPBIX
(byHaaMeHTalbHbIE OCHOBBI 3aMEHEHbl HEUETKUMH MOJEISIMM MX JAMCKPETHBIX aHanoros. C
npakTH4eckor Touku 3peHus JJMA npencrasiser coOoil HOBBIM MOAXOA K aHAIU3y JIaHHBIX,
OpPHUEHTUPOBAHHBIA Ha MCCIIENOBATENs M 3aHUMAIOIIMKM IIPOMEKYTOUYHOE IOJIOKEHUE MEXAY
KECTKUMHU MaTeMaTHYEeCKUMH METOJIaMU U MSTKHUMH nepeOopHbIMU. Penienne 3a1aun B paMkax
JAMA cocrout u3 nByx yacrteil. IlepBas Hocut HedopManbHbIM XapakTrep: B Hel pa3zOupaercs
JIOTHKA UCCIIEI0BATENsl, BBOASTCS HY)KHbIE TIOHATHS, OOBACHAETCS CXEMa U IPUHIIMIIBI PELICHUSI.
Bropas yacts uMeeT hopMasIbHBIN XapakTep: ¢ MOMOIIbIo anmnaparta JIMA Bce HOHATHS MOTY4aroT
CTpPOTHE OINpEICICHUS B PAMKax HEYETKOM MaTeMaTUKM M HEYETKOW JIOTMKHM, a CXEMbl U
IIPUHLIMAIIBI CTAHOBATCS aNropuTMaMu. AnroputMsl JIMA HMEIOT yHUBEPCAIBHBIX XapakTep U
CKpEeIUIeHbl eAMHON (pOpMalibHOI OCHOBOI, BO MHOTOM COCTOSIIIEH B YIOMHMHABILIEWCS B HayaJe
HEYETKOW HWHTEPIPETALMN KIACCUYECKOM HENPEpPhIBHOM MareMaTuku. Anroputmsl JMA
HalleJICHbl Ha PEIICHHE OCHOBHBIX 33Ja4 aHaIW3a JAaHHBIX: B MHOIOMEPHBIX MacCHBax 3TO
KJIacTepu3alus, TpacCUpoOBaHHE, T'€OMETpUYECKHe, B YaCTHOCTH, (hpakTajbHBIE CBOICTBA, BO
BPEMEHHBIX psaX — aHOMaJIHMH, TPEHIbl U MOpQosorus B 1enoM. Hactosmumii 1okimaa nocBsieH
0030py mocineqHux pe3ynbTatoB B JIMA: Tpu ctamuu urepanuoHHoi DPS-knmactepuzanuu c
MPUMEHEHHEM K CEHCMHUYECKHM KaTajoraM; paclo3HaBaHUE aHOMAaNUM, X MOp(hOIOrnyecKuit
aHaJIM3 Ha BPEMEHHBIX PAJlaX ¢ MPUMEHEHUEM K HKCTPEMallbHbIM I€OMarHUTHBIM COOBITHSM B
pamkax aHanutudeckoro kommiekca MAI'HYC, B uHTemeKTyalbHbIN OJIOK KOTOPOrO BXOJIUT
JAMA, a Takye MHOTOE APYroe.
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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.

MopaeanpoBaHue ¢ HCNOJb30BAHUEM 00JILIIOT0 KOJTHYECTBA JAHHBIX VISl IPUHATHS
000CHOBAHHBIX pPellIeHHI 110 YNIPaBJIeHHIO pecypcaMu B YCJIOBHUSIX Heolpeae1eHHOCTH

E. PoBenckas
MesxayHapoIHbI HHCTUTYT MPUKIAJHOIO CUCTEMHOI0 aHainu3a, Jlakcenoypr, ABcTpus
MockoBckuii rocyaapcTBeHHbli yausepcurer uM. M. B. JIomonocoBa, MockBa, Poccust

D¢ dexkTuBHOE yIpaBiIeHHE NPOJAOBOJILCTBEHHBIMU, BOAHBIMM U JIPYTUMH CHUCTEMaMH,
3aBUCSIIUMHU OT MPUPOJTHBIX PECYPCOB, TPEOYET MPUHATHUS PELICHUN B YCIOBUAX MPUCYIIEH UM
HEOIPEeIEHHOCTH, TaKkoW Kak KosieOaHusd OyAyIluMX LIeH WM HelpeJcKa3yeMble MOroJHbIe
ycioBus. B aTom mokmane Oyner mpeicraBieHa cXxeMa MOJEIMPOBaHUS, pa3paboTaHHAs IS
NONJECPKKM IPHUHATHA PELIEHUM B yCIOBUAX HeompezneineHHocTH. Iloaxon wucmosb3yer
CTOXAaCTHYECKYI0 ONTHUMH3ALMIO, ITO3BOJIIONLYIO ONPENEINTh IIPUEMIIEMBIH YPOBEHb pHUCKAa U
rapaHTUpOBaTh, YTO PELIEHUS HE MPEBBICAT 3TOT IMOPOr. ByayT paccMOTpPEHBI HECKOJIBKO
BAPUAHTOB IIPUMEHEHMS  OTOr0  IOAXOJA, BKIKOYAs  IUIAHUPOBAHUE  IIPOM3BOJCTBA
IPOJOBOJBLCTBUS B 3amafgHod AdQpuke M YOpaBiIeHHE CHCTEMOW «IIpOJIOBOJIbCTBUE-BOA-
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. Kupriyanova?, L. Muravyev?
! Chelyabinsk State University, Chelyabinsk, Russia
Z 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.

IlI/ICTaHIII/IOHHOC HCCJICA0OBAHUE AaPXECOJOIMYCCKUX NAMATHUKOB IO:xHoro0 3aypam,ﬂ C IOMOIIbIO
METOAO0B l"eO(l)I/I3I/IKI/I U MAIIMHHOT O 06y‘leHI/IH

A. B. Boxmunues?, H. C. baranunal, E. B. Kynpusnosal®, JI. A. MypaBbep?
! YenaOunckuii rocynapcTBenHsli yauBepeuteT, Yensounck, Poccus
2 PucrutyT reopusuxu YpO PAH, Exarepunoypr, Poccus

[IpumeHeHne Hepa3pyLIalOIIMX METOJOB UCCIIEIOBAaHUS B HACTOSIIEE BPEMS SBIISIETCS HEOThEMIIEMbIM
3TaNnoM M3y4YCHUS apXEOJOTHYECKUX OOBEKTOB J0 MX pacKomok. OTKphITas BO BTOPOH mojoBuHEe XX Beka B
HOxuOM 3aypanbe Tak Ha3zpiBaeMast «CTpaHa ropooBy» — 0ojIee IBYX MECATKOB YKPEIUICHHBIX IIOCETICHHUH SMOXH
OpOH3EI, IPUHAJISKAIINE CHHTAIITHHCKOW KyIpType (okomo XXI-XVII B.B. 10 H.3.), SBISIETCS YHUKATHHBIM
00BEKTOM MEXIUCHUIUIMHAPHBIX HccienoBaHui. COBpPEMEHHBIE BBICOKOTOYHBIE METOABI T'€O(U3UKH aloT
3HAYIMYI0 HH(OPMALIUIO, KOTOPast HCIOIb3YeTCs MIPU IDIAHUPOBAHUH Pa3BEIOYHBIX apXEOJOTHISCKUX padoT.
JemmdpupoBanre NaHHBIX TUCTAHIMOHHOTO 30HIMPOBAHHS JaeT BO3MOXKHOCTH OOHApyXCHHS HOBBIX
MaMITHUKOB, OPHECHTHPYACh HA MOP(OIOTHIO YK€ M3BECTHBIX 00BekTOB. B 2023 romy OBUIH OTKPHITHI ABa
HOBBIX YKPCIUICHHBIX IIOCENICHHs, MpUHAIEKAIINE TOM >Ke apXeoJorndecko KynpType. M3ydenue
APXUTEKTYPhl ATHX IIOCEICHHH MPOBOAWIOCH IIITBI0O METONAMH: AemH(pHpOBaHHE adpOoPOTOCHUMKOB,
KOCMOCHUMKOB, IUIOIIAJHOE 3JIEKTPOMArHUTHOE NpOGUINPOBAaHHE HHIYKIIMOHHOH cuctemoit ADMII-14,
cbeMKa ¢ omotnbio GNSS, moctpoeHne opTohoTONIaHOB U HU(POBOI MoJEIH pebeda Mo JAHHBIM CHEMKH C
BILJIA. TosydeHHBIe pa3HBIMH METOJAMH JaHHBIC COBMEIIAINCH C IEIBI0 MOJYUEHHUS IIEJIOCTHOrO o0pasa
naMATHUKOB. Kakibplii W3 NpPUMEHSBIIMXCS METOAOB IO3BOJIMI YBHIETb B apXUTEKType H3yYEHHBIX
YKpEIUICHHBIX TIOCEJICHNI HOBBIC JIETaH, He (PUKCHpYyeMbIe IpyruMu MeToaamu. Ha 06oux mamsTHHKaX ObLIO
BBIJICIEHO HECKOJIbKO Pa3HOBPEMEHHBIX CTPOUTEIBHBIX TOPU30HTOB, YTO B JalbHEHIIEM IpPU NPOBEACHUU
apXeO0JIOTHUECKHX PacKOIIOK MO3BOJIMT IeJIeHANPaBIeHHO 3aKIaIbIBaTh paspessl. [loydeHHble n300pakeHus 1
IU(POBBIC MOJENM MECTHOCTH OBUTH WCIONB30BaHBl B paMKaxX MPEIIOKCHHOW METOMOJIOTHH  JUIS
JUCTaHIIMOHHOTO MCCIIEJOBAaHNS apXeOoNIOrHIeCKUX 00bEKTOB. /IByMepHBIe TaHHBIE B BUIE a9p0(OTOCHIMKOB
¥ KOCMOCHMMKOB HCHOJIB3YIOTCS JUIS OOHApYy)KEHHs apXeoJIOTMYEeCKHX MaMATHHKOB METOJAaMH MAallnHHOTO
oOyuenus. ['mmore3a 00 0OHapyXEHHWH TPOBEPSAETCS C HCIONIB30BaHHMEM MeTonoB 3D kiaccupukauu u
CEMaHTHYECKOH CErMEHTALlMH, U CETMEHTAIUN AK3EMIULIPOB HA OCHOBE I'pad)OBBIX CBEPTOUHBIX HEHPOHHBIX
cereit 1 GCNN (Graph Convolutional Neural Network) u apxurektypbl Tpanchopmepa Ha OCHOBE CETeH
Mask3d u OneFormer3D. JlanHble METOABI TO3BOJSIIOT TPOM3BECTH JCIIH(PPHUPOBAHUE CTPYKTYPBI
apXCOJIOTHYECKOT0 MAMSITHUKA B ABTOMATHYECKOM PEXHME.
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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.

Bo3MozkHOCTH COBPEMEHHBIX 0eCIMUJIOTHBIX ABHANHOHHBIX CUCTEM B U3YyUYCHHUH 3emin

J. A. T'ornes
I'K «I'eockan», Mockga, Poccus

Bonee 15 nmer ¢ moMompio GecnmiioTHBIX aBUAMOHHBIX cucTeM (BAC) exenHeBHO pemaroTcs
pasIn4HbIe 3a/71a4M, OAHAKO B IOCJIEAHUE T'OAbl HAOIIOAACTCA CTPEMHUTENIFHOE pa3sBUTHE OECIMIOTHBIX
TEXHOJIOTHH ITPAKTUUECKU BO BceX chepax AeATeNbHOCTH: pa3Bellka MECTOPOKACHUM, Fe0Ae31s, JOPOKHOE
XO34HCTBO, DHEPreTHKa, CEJbCKOE XO3SHCTBO, CTPOHMTENILCTBO, He(TErazoBblii CEKTOp, TOpHOE MEIO,
JIECHOE XO3siicTBO M MHorue npyrue. Kommanus «l'eockan» sBISETCS JIUAEPOM IO MPOU3BOACTBY
rpaXJaHCKUX OECIMIOTHBIX aBUAILIMOHHBIX CHCTEM M IOJE3HBIX HAarpy30K K HUM. 3a MOCJeIHHE TO/bl B
KOMITAHWM TIOSBIJIACH M HAa TIOCTOSTHHOW OCHOBE COBEpIICHCTBYeTCs mupokas auHeiika BAC: ot
HeOONBIINX OCCIMIIOTHUKOB JUIsI 00pa30BaTENbHBIX MPOEKTOB JI0 CHCTEM, 00ECIICUMBAIOIINX CO3aHUE
00BEMHBIX BEICOKOTOYHBIX MOZEJIEH MECTHOCTH, CIIOCOOHBIX OCTaBaThCS B BO3AyXe 10 8 yacoB. OqHUM U3
OCHOBHBIX HAIlpaBJICHUH KOMITAaHUHU «l'€0CKaH» OCTaeTCsl BBINIOJHEHHE PA3INYHBIX BUIOB CHEMOK IpHU
nomomy cooctBeHHbIX BAC. [ToMuMo KitaccHueckrx MPUMEHEHUH B 00JIaCTH Te0JIe3NH U KapTorpaduu,
BAC «l'eockan» cnocoOHBI BBIIOJHATE MArHUTHYI0O M TaMMa-CIEKTPOMETPHUYECKYI0 CHEMKH,
PagMOMETPUIO U MYJIBTHCHEKTPAIBHYIO ChEMKY, BO3AYLIHOE JIA3€pHOE CKAHMPOBAHUE M JPYTHe THUIIBI
cbeMOK. JIto0ast u3 cheMOK, BhITIONTHsIEMasl ¢ oMokl BAC, 3HaYUTENEHO MTPEBOCXOJIUT IO COOTHOIIEHHIO
LIEHAa-CKOPOCTh-KAYE€CTBO KJIACCUYECKUE BapUaHThl MOJydyeHHs uHpopMmauuu (memuid uim Ha Oase
nwioTupyeMoil  aBuanmu). [lokasaTrenbHBIM —NPUMEPOM  CIYXHT  BBICOKas BOCTPEOOBaHHOCTb
reopU3NUECKIX CheMOK, KOTopbie «'eockan» BBITIOJIHSET Ooee 6 JIeT, MHOTUMHU T'e0JIOropa3BeIouHbIMU
KoMImanusiMu B Poccun i mupe. CKOpOCTh CHEMKH 32 OAMH padouHii IEHb COTIOCTABUMA C MIJIOTHPYEMOM
aBuanyeil (10 330 MOroHHBIX KM), a KQUECTBO — 3HAYMTENBHO BBIIIE, 332 CYET BO3MOXKHOCTH BBIIIOJIHATh
CHEMKY Ha MHHUMAJIHHOM YJAJIEHUHU OT 3¢MHON TIOBEPXHOCTH 0e3 prcka s sxkunaxka. «['eockam» ¢ 2018
rojia BBIOJHWI Treodu3mueckne paboTel mpumepHo Ha 150 oObekTax Mo BceMy MHPY H TOJyYaeT
WCKITIOYUTENBHO MOJIOKUTEIbHBIE OT3BIBEL. O0BeM 3anpocoB Ha npuobperenne BAC B nocnennue aga roga
3HAYUTEJILHO BBIPOC U MPONOJDKAET yBeNWuMBaThCs. Vcmonb3oBaHHE OECIMIOTHUKOB B TPAXKIAHCKHX
HamnpaBJeHUIX OyJIeT U Aaiblle Bo3pacTaTh. B ckopom Oyaymiem OECIMIIOTHUKY TUIOTHO BOMAYT B HAIIy
MIOBCEIHEBHYO KHM3Hb U OYJyT BOCTIPHHUMATBCS TaK e OOBIIICHHO, KaK €371 Ha aBTOMOOWIIE.
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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.

HpnMeHeHne MOOMJIbHBIX mubpassylcom,lx KOMILJIEKCOB [JISl PEIICHUSA PAa3IHYHBIX 3a1a4

1O. A. Bunorpanos, A. M. Munexuna, M. C. IIaTyHun
OenepalbHBIA UCCIEAOBATENbCKUN TeHTp «EmuHas reodmsmueckas cimyxba Poccwiickoit akameMuu
Hayk», OOHuHCK, Poccus

Wndpa3zBykoBeie BOTHBI — MPOAONBHBIC BOJHBL, PAaCHpPOCTpaHSIOMMEcs B aTMmocdepe 3emin B
gactoTHOM nuanazoHe 0,01-20 T'm. OHM TeHepHPYIOTCS Pa3NUYHBIMU ECTECTBEHHBIMM M TEXHOTCHHBIMU
HCTOYHUKAMH: 3EMIICTPSCEHISIMU, B3pBIBAMH, CMEpPUYaMH, yparaHamu, OONHIaMH, pakeTaMH, CaMOIICTaMHU,
JABUHAMH, OMOJ3HAMH W MHOTHUMH JAPYTUMH oOBbekTamu. M3mMepeHnst HHPPa3BYKOBBIX BOJIH IPOU3BOIATCS C
UCIIOJIB30BAHUEM KOMIUIEKTa OOOpYZOBaHMSA B IEJIOM HAa3bIBAEMBIM «HH(PA3BYKOBAas H3MEPHUTENbHAS
cuctema». CoBpEeMEHHBIE CpEICTBa HM3MEpPEHHs OOBIYHO BKIIOYAIOT B cedsd WHGPa3BYKOBOW CEHCOP
(MukpoOaporpad, HU3KOYACTOTHBIH MHKpodoH, MEMS-ceHcop), YyCHIIMTENh CUTHANA, aHAJIOTO-IU(POBOM
npeoOpazoBartens (IUruTaii3ep Win pekopraep), 60K MUTaHWUs, HAKOTIUTENb AJIs cOOpa JaHHBIX U, KaK IPaBUIIO,
IIPOCTPAaHCTBEHHBII HH(PPa3BYKOBOH QUIBTD, IpeIHA3HAUCHHBIN I CHIKEHUS ITyMa BeTpa. MH(pa3ByKoBoil
CCHCOp — OCHOBHOM AIIEMEHT ISl I3MEpeHHsI HH(pa3ByKa, ONPENCITIOMNI YaCTOTHBIHN qHAMa30H pETUCTPALUI
¥ Ka4ecTBO 3amucH curHana. OH JOIKEH M3MEPSTh W3MEHEHHs aTMOC(EPHOTO JaBJICHHUS B OYEHH OOJIBIIOM
JUHAMHUYECKOM JIHana3oHe M 00ecrednBaTh HEOOXOIUMbIH yPOBEHb BBHIXOJHOTO CHUTHANA, COTIACOBAHHOTO K
COOTBETCTBYIOIIEMY PEKOPIAEpPY, IMana3oH BBOJAa KOTOPOIO OrpaHW4YeH. B 1ienoM ceHcop cOcTOUT u3
MEXaHHYECKON JacTH, YyBCTBUTEIHFHONH K M3MEHEHHIO NABICHUS U CBSI3aHHOTO ¢ HHUM IpeoOpasosarensi. Ha
NpPaKTUKE Ui PETUCTPALMM HU3KOYACTOTHBIX HH(PA3BYKOBBIX BOJIH HCHOJIB3YIOT B  OCHOBHOM
MUKpoOaporpadsl — MPUOOPHI, M3MEPSIONMMYA N3MCHEHHE BHEITHETO NABJICHHUS OTHOCHUTEIHHO HM3BECTHOTO
STAJOHA JABJIEHWSA, WHCTANIMPOBAHHOTO B ONpeJelIeHHOM o0beMe BHYTpH narTduka. JluamaszoH
PETUCTPHPYEMBIX YACTOT TaKUX HpHUOOpoB 00bIHO mOKpbBaeT auamazoH oT 0.01 I'm mo 50 Im, a
9yBCTBUTENHHOCTH Jocturaer A0 2000 mB/I1a. EMWHCTBEHHBIM HEOCTATKOM TAaKHX MPHOOPOB SBISETCS WX
pasmep. [ms Oomee BeIcOkMX uacToT wuHMpa3Byka (0.1-100 I'm) mnpuMeHSIOTCS HU3KOYaCTOTHBIE
KOHJICHCATOPHBIE MUKPO(OHBI CBOOOIHOTO OIS, MPEACTABISAIONINE COOOH eMKOCTHOW aaTdmk. [lpuHium
JEHCTBUSI €eMKOCTHBIX JATYMKOB OCHOBAH HAa W3MEPEHHM M3MEHEHUS] €MKOCTH MEXIY ABYMSI IPOBOSIINMH
TUTACTUHAMH TIPH U3MEHEHHUH PacCTOSHUS MKy HOUMH. DTH W3MEHEHUS EMKOCTH MOTYT OBITh ITPe00Opa3oBaHbI
B JIEKTPUYECKOE HANpsDKEHHE W 3aTeM YCWIEHBI W ouugppoBaHsl. HH3K0YacTOTHBIE MHUKPO(OHBI OYCHD
KOMITaKTBI, HO IMCIOT PSI/T HEAOCTATKOB — IIPEXK/IC BCETO CHIIbHAS 3aBUCHMOCTB OT BJIarH M JOCTATOYHO BBICOKASI
neHa. C TOsBICHHEM Ha PBIHKE HU3KOYACTOTHBIX MHUKPO(OHOB KHTAWCKOTO TPOU3BOACTBA, OTIMYAFOIIUXCS
XOPOIIUM KaueCTBOM, CTAOMIBFHBIME XapaKTePUCTHKAMU U HEBBICOKOW IIEHOH MOsBIJIACH BOZMOXKHOCTH Ha UX
OCHOBE CO37[aBaTh KOMITAKTHBIC HH(PA3BYKOBBIEC TPYIIIIHI.
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Use of bistatic radar system on GNSS signals

V. Lopatin!, M. Murzabekov?, V. Fateev?, Yu. Titchenko?
LVNIIFTRI, Solnechnogorsk, Russia
ZInstitute 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.

Hcnonn3oBanue GucTaTuueckoii cucreMbl paguosokanuu Ha curnajgax FHCC

B. I1. Jlonatun!, M. M. Myp3a6ekos?, B. ®@. ®atees?, IO. A. TutueHko?
LOIVIT «BHUUDTPU», Conneunoropek, Poccus
2Pucturyt npukiagaoi ¢usuku (UI1®) PAH, Hmwkuuii Hosropon, Poccus

B Hacrosiee BpeMs cylmecTByeT mnpodieMa reou3nueckoro HHGOPMaIOHHOTO O0CCIIeUSHMSI
Apkrryeckoit 30Hb1 Poccuiickoit ®@enepaunu n CeBepHOro Mopckoro myTd. Perienue 3Toil mpoOiiembl
BBI3BAHO HEOOXOJWMOCTBIO PaCHIMpPEHHs] 00hEeMOB JTOOBIMH HEPTH M Ta3a, CO3JaHMS HABUTAITMOHHBIX
IpaBUMETPUYECKUX KapT, a TAKKe MOBHIIIEHUS 0€30MacHOCTH MpH HaBuranuu o CeBepHOMY MOPCKOMY
nyTH. EMMHCTBEHHBIM BapHaHTOM CO3JaHUS TIOOANBHBIX KapT Pa3MYHBIX NapaMmeTpoB 3eMild, B TOM
YHUCIIe HAa HEJOCTYIHBIE TEPPUTOPUN W aKBATOPHH, SBIISETCS CO3/IaHWE U NMPUMEHEHHE KOCMUYECKHX
BBICOKOTOYHBIX HM3MEPHTENILHBIX CPEICTB, Pa3MEIICHHBIX Ha OOpPTY HU3KOOPOMTAIBHBIX KOCMHYECKHX
anmapatoB (KA). B HacTosmiee Bpems uist cO3AaHUs KapT Takoro napaMerpa I'paBUTAIIMOHHOTO TOJISA
3emimm (I'TI3), xak BbIcOTa reomza, MCIOIb3YIOTCS METO/bl AKTUBHON CIYTHHKOBOW anbTUMeTpuu. J[is
oOHapyXeHHs MOPCKOTO JIbJa MCIIONB3YIOTCS CITyTHUKOBBIE M3MepeHus B BuauMoMm U CBU amamazone
JUTH BoiH. OJTHAKO JUCTAaHIIMOHHOE 30HJANPOBAHKE B BHMMOM JMANa30He HEBO3MOXKHO MpH 00JaKax u
TymaHe. J[MCTaHIIMOHHOE MHKpPOBOJHOBOE 30HAWPOBaHWE, KaK W CIyTHUKOBAs alIbTUMETpPHUS, TpeOyeT
BEIBE/ICHHE OOJIBIINX KOCMHYECKHX allapaToB C BBICOKOW dHepreTHko. JlaHHBIE MPoOIeMBl BO3MOXKHO
pEeIUTh MYTEM HCIOJNB30BaHHUS MAcCUBHOW OWCTATHUECKOW pPaJMOIOKAIIMOHHOW CHCTEMBI Ha OCHOBE
CUTHAJIOB II00AJIbHBIX HABUTalMOHHBIX ciyTHUKOBBIX cucteM (THCC) 'NIOHACC/GPS/Galileo/Beidou,
KOTOpasi MOJXOJUT B KA4eCTBE IIOJIE3HON HArpy3Kd [UIsl HAHOCITyTHUKOB. Takas TaccHBHAs CHCTEMa
oOecnieurBaeT 3()(HEKTUBHBIA ¥ HIKOHOMUYECKH BBITOAHBIM CIIOCOO MOMYyYEHHS W3MEPUTENBHBIX JaHHBIX
JUISL pelIeHHs CIEeAYIONMX MPHUKIAAHBIX 33/7ad: — OIpEAe]eHHe BBICOTHI TEOWa; — OIpeAeTeHHe
XapaKTePUCTHK B3BOJHOBAHHOCTH MOPCKOH IOBEPXHOCTH M CKOPOCTH INPHUIOBEPXHOCTHOTO BETPA; —
oIpeeNICHIE TPaHMUIL «JIEITHON MOKPOB-BO/Ia»; — MOHUTOPHUHT BJIAKHOCTH MTOYBBI; — MOHUTOPUHT BOJHBIX
00bekToB. B pabore mpezcraBieHbl pa3paboTaHHBIE METOJbI HA OCHOBE M3MEPEHUH OHMCTaTHYeCKOi
cuctemsl Ha curHanax ['HCC, mo3Bonsromme pemunTh 3aa491 MOATOTOBKA BBICOKOTOYHBIX KapT BBICOT
reoysia, a TakKe MOHHMTOpDHHIa JieoBOH oOCTaHOBKH. B pabore Tarke MpeAcTaBIEHBI Pe3yIbTaThl
00pabOTKM CBHIPHIX JAHHBIX MPOTPAMMHOTO IPHEMHHKA OucTaTHdeckoi cucteMbl Ha curHaiax [HCC
cnytHuKOBeIX Muccuid TDS-1 m CYGNSS. bucratnmueckas cucrema Ha ocHoBe curHainoB ['HCC,
pasMelleHHass Ha OOpPTY HAHOCIYTHHKA M WCIIOJIB3YIOILAS MPEUIOKEHHBIE METOJIbI, MOXKET JONOJIHHUTH
OTEUECTBEHHYIO CITyTHUKOBYIO anbTuMmeTpudeckyro muccuio 'EO-MK-2, a Takke MOXKET CTaTh 4acThbiO
MEPCIIEKTUBHOM OTEUECTBEHHON KOCMUYEeCKoU reoaesndeckoit muccuu 'EO-MK-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 net I'eopusuvueckomy nenrTpy PAH: ncropusi craHoB/IeHHSI U COBPEMEHHBII cTaTyC

A. A. ConoBses, A. /. 'Bummanu
I'eopusnuecknmii nentp PAH, Mocksa, Poccus

Jloksiag TOCBSIIEH OCHOBHBIM BexaMm pa3Butus ['eodusmueckoro nentpa PAH, or
co3zianusi Mex1yBeJOMCTBEHHOI'O KOMUTETA IO MOATOTOBKE M MPOBEACHUI0 MeXIyHapOaHOIo
reopusuueckoro roma npu I[lpesuguyme Axamemun Hayk CCCP 1m0 ero CTaHOBIEHHUS Kak
IPOTPECCUBHOIO aKaJAEMUYECKOro MHCTUTYyTa. OTlenbHOE BHUMaHHUE OylIeT YAEICHO TeM
JMYHOCTSIM, KOTOpbIE cIocoOCTBOBaiM pa3BuTHiO HayuyHoro noreHuuana 'Ll PAH. Cpenu
(GyHIaMEHTAJbHBIX HAyYHBIX HaNpaBlIeHUH MHCTUTYyTa OyAyT OTAEIBHO OTMEYEHBI
UCCJIEJOBaHMSI, LIMPOKO BOCTPEOOBAaHHBIE B PEILICHUH aKTyaJbHBIX MPUKIAIHBIX 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 Iquique earthquake of 2014 (Mw=8.1), and the lllapel 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 cwibHeimux 3emierpscennii Hayaga XXI B. B Yniiu: cxoacTsa, pa3jiuiusi, B3aMMOCBSI3b

. C. Bnagumupoga, FO. B. I'abcarapos, H. C. llleBréBa
Wucturyt okeanonoruu uM. I1. I1. Ilupmosa PAH, Mocksa, Poccus

IIepBrie nBa pecsatunetuss XXI B. 03HAMEHOBAIUCh MUPOBOM CEHCMUYECKON aKTHBU3ALMENH — B 3TOT
MEpUOJ] MHOTHE CEHCMOTEHHbIE 30HBI 3eMJIM MpPEeTepreny CHIbHEHIINE 3eMIETPACCHUS, MAaTHUTYIa KOTOPBIX
npesbiciiia 8. Tak, B Unuiickoii 30He CyOIyKIIMM MEHEe YeM 3a MIECTHIICTHUH MeproJ] MPOU30IIIO Cpasy TpU
TaKUX CEHCMHUYECKHX COOBITHA: 3emierpsiceane Mayme 2010 r. (Mw=8.8), 3emnerpscenne Mkuke 2014 r.
(Mw=28.1) u 3emnerpsiceane Unbsmnens 2015 r. (Mw=8.3). OaHOli 13 BaKHEHIINX 3a/1a4 T€OPUIUKH SBIACTCS
BBISICHCHHE 3aKOHOMEPHOCTEH W YCIOBHH 3apOXICHMS MOJOOHBIX KaTaCTpO(HUUECKHX COOBITHIL.
Bo3HMKHOBEHHE cepuM W3 TpeX 3E€MIIETPACEHUN B Mpeaesiax OJHOW CEHCMOTECHEPUPYIOIIEH CTPYKTYpHI,
CBSA3aHHOM €IMHCTBOM TEKTOHMYECKUX YCIIOBUI, HATMUKME MHOTOJIETHUX JAHHBIX CITyTHUKOBBIX ['€0J€3NUECKUX
Ha6J’IIO)Z[eHHI>i B OKPECTHOCTHU OYAroB I3THUX CO6I>ITHI71, a TaK)X€ aKTUBHOC pPa3BUTUC MCETOJOB YHUCICHHOTO
MOJETUPOBAHUS M, OCOOCHHO, AaNTOPUTMOB MAIIMHHOTO OOYYSHHs CHAENaJ0 BO3MOXKHBIM IIPOBEICHUE
CPaBHHUTEIBHOTO aHa3a Ie(pOPMAIMOHHBIX MPOIECCOB, MPEIBAPSIONINX W COMPOBOXKIAIOMINX KaXKIOC W3
coObITHi. [Ipexne Bcero, HaMH OBUIM M3Y4EHBI OCOOCHHOCTH Ae(POPMHUPOBAHUS Kpasi HABUCAIOUIEH IUTUTHI B
OKPECTHOCTH KaXJIOTO M3 3eMJICTPSICEHHH C OLEHKOW Bapuanuii mojs JaeopMaivu H MpPOBEICHHUEM
KJIACTEPHOI'O aHalM3a IOJs CMEIIEHUM, KOTOpble MO3BOJMIIM BBIIEIUTh AHOMAIMM, XapaKTEpPHU3YIOLIUe
pasBUTHE TCOAMHAMMYECKUX MPOIECCOB B 30HE CYOAYKIIMH U OCOOCHHOCTH PETHOHAIBHOIO TEKTOHHYECKOTO
ctpoenus. Jlanee, A KaXIOro W3 3eMIETPSACEHHI ObUT MOCTPOEH aHcaMOJIb MOJeNiell pachpeneleHHBIX
MOJIBUXKEK B 0YaroBoi 30He B NpeACeCMUUECKUH, CeICMUYECKUI M paHHUHM TOCTCEHCMHUYECKUI IEPUOJIBL. DTH
MOJIEIH SBJISIOTCS Pe3yIbTaTOM PELIEHUS COOTBETCTBYIOIMX OOPATHBIX 3a/a4, CBOJSIIUXCS K MUHUMHU3ALUN
HCBA3OK MCKAY HWUSMCPCHHBIMH CIYTHUKOBBIMH METOAAaMU MW CMOACIHMPOBAHHBIMU CMCUICHUAMU W
ckopocTsiMU. Takxke OBIIO W3Yy4EHO BIUSHHE KPYIHBIX TIE€OCTPYKTYp, HPUHAUICKAIIUX MOrpyKaroleics
OKEaHUYECKOW IUIMTE W JIOKAJIBHBIX CTPYKTYPHBIX HapyLIEHUH Kpas KOHTHMHEHTAJIbHOW IUIMTHI Ha
réoguHaMUYCCKUC TIIPONECCChI, IPOTCKAOMINE B OKPECTHOCTAX OYaroBbIX 30H. 21_]'[51 TOTO, YTOOBI
MPOaHaJIM3UPOBATh OCOOEHHOCTH BEICBOOOXKIIEHHSI OCTATOYHBIX HAIIPSHKEHHH TOCIIe 3eMIIeTPSICEHUH, HaMH OBbLT
MPOBE/IEH aHAIN3 MPOCTPAHCTBEHHOTO U TITyOMHHOTO pacrpeneneHus nx apTepiiokoB. Takoi MHTETpaIbHBIA
MOJXOJ K H3YUCHHIO CEHCMOTEKTOHMYECKHX AedopManunii, CBSI3aHHBIX Cpa3y C TpeMs CHIbHEHIINMH
3eMiIeTpAceHUAMH B Yminiickoil 30He CyOIyKIMHM, TMO3BOJWI BBISIBUTH CXOJCTBA M PA3IHUYUs B PAa3BUTUH
TeOIMHAMHYECKHX IIPOLECCOB B OKPECTHOCTAX HMX ouaroB. VcciemoBaHWs BBINOJHEHBI NP (HMHAHCOBOU
nognepxke Poccuiickoro Hayunoro ¢onza, mpoekt Ne 24-27-00176.
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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 KOCMHUYECKHI aKCeJIePOMETP MJIS HCCACAOBAHUS IPABUTALIMOHHOIO M0JI1 APKTUKHA

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

B Hacrosimiee BpeMs AaxkTHBHO pa3BUBAIOTCA IIPOEKTHl 110 MOHHUTOPUHIY IJI0OAIBHOTO
TPaBUTALIMOHHOTO MO 3eMJIN C UCTIOJIb30BaHUEM KOCMHUYECKUX CpelcTB n3Mepenuil. K npenmymecrsam
TaKOTo IMOAX0Ja MOKHO OTHECTH BO3MOKHOCTh MOHHUTOPHHTA TPYOHOIOCTYIIHBIX pailOHOB, HampuMeEp,
apKTUyecKkux Teppuropuil Poccuiickoit ®enepanuu. B 4acTHOCTH, 3TO MO3BOJUT YTOYHUTH 3aIachl
NPUPOAHBIX PECYPCOB, 00ECTIEUNTh O€30MaCHOCTh IPYy30MepeBo30K 0 CeBepHOMY MOPCKOMY ITYTH U T.1.
Kocmudeckue mpoekThl O OIIeHKE MapaMeTPOB I'PaBUTAIIMOHHOTO TOJI OOBIYHO COCTOSIT U3 HECKOJIBKUX
cnytHuKOB (GRACE, GRACE-FO). Ilpu 3TOM BBINOJHSIOTCS BBICOKOTOYHBIE U3MEPEHHS MapaMeTpoB
OTHOCUTENFHOTO IBM)KEHHS CIIyTHHKOB, YTO ITO3BOJISIET PACCUUTAThH MMapaMeTPhl TPABUTALIMOHHOTO MOJIS
3emin. OfHUM M3 BXHBIX HAayYHBIX NMPHOOPOB HA KOCMHUYECKOM arapare sBJISIETCS aKcelepOMETp,
KOTOpPBIA H3MEpSeT AaKTHBHBIE YCKOPEHHsA, OOYCIIOBIIEHHBIE CBETOBBIM JaBIICEHHWEM, TOPMOKEHHEM
aTMoc(epsl U T. 1., BO3JCHCTBYIOIIMMHU HAa KOCMUYECKUH anmnapart. OLeHKa IapaMeTpoB I'PaBUTALIIOHHOTO
TIOJISt B KOCMOCE TPeOYeT KOMIIEHCAIMK aKTHBHBIX YeKopeHui He xyxke 107 M/c? Takyro TOYHOCTb MOKHO
JOCTHYB MIPY UCTIOJIB30BaHUHN ONITUYECKOTO HHTEPPEPOMETPHUIECKOro yeTpoicTa. B naHHO# paboTe 010
NPEIJIOKEHO HCIONb30BaTh OJHOYACTOTHBIA HHTEPPEpOMETp MOJpU3aLUOHHOrO Tuma. B Mmakere
aKceJIepoOMeTpa B KaUeCTBE YYBCTBUTEIBLHOTO 3JIEMEHTA HCIOIb30BAHO MOIBEIIEHHOE TEJIO C YTOJIKOBBIM
oTpakaTejaeM. YCKOPEHHE BOCIPOM3BOAMTICS C IIOMOLIbIO BO3MYILAIOLIEr0 Teja, IOMEIIEHHOIO Ha
MIPENU3NOHHBIN ITbe303JIeMeHT. TakuM 00pa3om, Ha TyBCTBUTEIBHBIN 3JIEMEHT OKA3bIBAET BIIMSIHAE TOJIBKO
TPaBUTALMOHHOE BO3JEHCTBHE, 3HAUEHUE KOTOPOTO OMPEIENSIETCS paCCTOSHUEM MEXKAY BO3MYLIAOIINM
TEJIOM ¥ YyBCTBUTENIbHBIM 3JIEMEHTOM, a TAaKXKe WX MaccaMu. B Xoje skcrepuMeHTa ¢ MCTOIb30BaHUEM
BBICOKOBOJIFTHOTO TEHEpAaTopa CUTHAIOB TE€HEPHUPYIOTCS TECTOBBIE CHUTHAJBl PAa3MUYHON YacTOTHI U
aMIUINTYJIbl, KOTOpBbIE 3aTeM MOJAIOTCS Ha MbE30UIEMEHT. JlIs pa3HbIX YacTOT BEIUYMHA
TPaBUTALIMOHHOTO BO3JCHUCTBHSI Ha UYyBCTBUTENBHBIH AJIEMEHT ObLIa OLEHEHAa M HSKCIEPUMEHTAIBHO
U3MepeHa ¢ MoMOIILI0 HHTepdepoMeTpa B auanazone 4actoT ot 1 qo 200 I'i. Takum oOpazomM, pazpenieHne
MHTEP(HEPOMETPHUECKOTO MAKETA I M3MEPEHHS YCKOPEHHH COCTABISET mopsaka eaunun 10° m/c?, uro
YIOBIIETBOPSIET TPEOOBAHUAM Ul OLICHKH MapaMeTpOB KOCMHUYECKOIO IpaBUTALMOHHOTO mojs. Pabora
BBIIIOJIHEHA TIpU  TMOJIepKKe TpaHToB  Poccumiickoro Hayunoro ¢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. . IIichev 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.

IKcTpeMalibHbIE siBJIeHUS B pernoHe "3anagnas yactb Tuxoro oxkeana — Bocrounas A3us"

JI. M. Murthuk, A. B. bapantok, B. I1. Kynemos, M. JI. MutHuk
Tuxookeanckuil okeanoiaorunueckuit UHCTUTYT uM. B.W. Unbuuesa IBO PAH, Bnanusoctok, Poccus

Maii — nexabps 2023 u sHBaps — Mait 2024 1. oKa3amuch CaMbIMU TEIUTBIMU MECSIIaMH C Hadana
WHCTpyMEHTaNbHBIX HaOmoneHui B 1850 r. Maii 2024 r. B rinobanbsHOM MacmiTabe OB TeTIee, 9eM JIF000n
NpeapIyIINI Mai 3a BCIO HCTOPHIO HabmoaeHui. Poct koHLIeHTpamu B aTMocepe yIiIeKuciIoro rasa u
MeTaHa BBI3BIBAET TMOBBIIICHWE TEMIEPaTyphl BO3JyXa, TEeMIeEpaTypbl W YPOBHS MOpsSA, COJEPIKaHUSA
BOJISTHOT'O Tapa B ToJme atMocdepe. st OlleHKH mapaMeTpoB U MOHUTOPUHTA SKCTPEMAIbHBIX SIBICHUH
HEOOXOIUMBI €XKEIHEBHBIE CBEACHUS O MOJSIX KIIOYEBBIX KIMMATHYECKUX MEPEMEHHBIX B TI00aIbHOM
MacmTade, TMoJdy4aeMble TI0 CIIyTHUKOBBIM aKTUBHBIM  (paJIMOJIOKAIMOHHBIM) W  TaCCHBHBIM
(panuomMeTpuuecKNM) H3MEpeHUsM B MukpoBoidHOBoM (MB) mmamazone. ['mobanpHOE MOTETUICHHE
YCKOPSIETCSI, YTO TMPOSBIISIETCS] B YBEIMUCHUH KOJIWYECTBA M MHTEHCHBHOCTH TPONUYECKUX M TIIyOOKHX
BHETPOITMYECKUX IMKJIOHOB, OCAJIKOB, HABOAHEHHH, BOJIH >Kaphl, 3acyX u aAp. C pocToM TeMmepaTypsl
noBepxHocTH okeana (TI10) yBenuunBaeTcs cpeiHee KOJIMUSCTBO OCAJAKOB B Tal(h)yHAX, U OHU CTAHOBSATCS
Bce Oojee paspyuuTenbHBIMU. B pabore paccMoTpeHo mpuMeHeHne MB naHHBIX mpH HcclieoBaHUU
9KCTpEMaJbHBIX SIBJICHUN B PErHOHE 3amajHas 4acTh Tuxoro okeaHa — Bocrounas Aszusa. TIIO B sToit
obacTH Oblla caMoil BEICOKOM 3a BCIO MCTOPHIO HAOIOIEHH, a A3us Teruiena ObICTpee, YeM B CpeIHEM
0 MHUPY, 9TO 0T™MeueHO B Hokjage BMO o cocrostaun kinumata Asuu B 2023 r. B mociennue rojs! 31ech
HaOJIroancs 3aMETHBI POCT 3KCTpeMalbHBIX sBleHHH. [lo maccuBHBIM MB naHHBIM, HOTy4eHHBIM
MHOTOYaCTOTHBIMH CKaHUpyromumMu paanomerpama AMSR2, GMI u MTB3A-I'4 nag cynepraiipynamu
Hagibis (2019), Hinnamon (2022), Khanum (2023) u ap. u Haj B3pBIBHBIMU I[HUKIOHAMH OBUIH
BOCCTaHOBJICHBI TIOJISI IPUBOIHOTO BETpa, OCAJKOB, BoJ03aaca 001akoB U MapocoAepKaHus aTMOC(EpHI,
ofpeJiesieHbl 30HbI ITyOOKOl KOHBEKIMHU B atMocdepe. OOpaboTka JaHHBIX W ONpeJesIeHHE TapaMeTpoB
aTMocdepsl U OKeaHa BBITOIHIUCH 110 YCOBEPIIEHCTBOBAHHBIM airoputMaM. CBEllEHHS O CKOpPOCTH
MIPUBOJHOTO BETPA, OCAIKaxX, HABOJHEHHSX OBLIH IMOIYYEHBI 10 M3MEPEHHSIM TOKIEBOTO PaJAHOIOKaTopa
(cmytauk GPM) u PCA co cnytHukoB Sentinel-1, Radarsat-2 u ALOS-2. /Iy uHTEprpeTanuy JaHHbIX
npuBiekanuch Buaumble U MK-n3o00paxenus co cmyTHUKOB Aqua u Terra, TOKa3aHUS METEOCTaHIMHA U
paano30HIOB, KapThl Horofsl. [Ipm aHanm3e MaHHBIX W pE3ysbTaTOB MOJEIMpPOBaHMA TNepeHoca MB
W3IY4YEHHs] TIOKa3aHO BO3pAacTaHHME POJM pacCcesHUs U3IYYEHHS B PETHCTPUPYEMYIO M3 KOCMOca
APKOCTHYIO TemnepaTypy. Ilpu nccnenoBaHMM SKCTpeMasbHBIX MOTOAHBIX CUCTEM OTMEYEHA BBICOKAsS
WHQOPMATHBHOCTh U3MEPEHHI B 00JIACTH JIMHUU BOJSTHOTO Iapa ¢ neHTpoM Ha yactote 183,31 [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 rpynmbl
BYJIKaHOB

A. I1. Monoxkosa, A. A. CkopkuHa
WHCTUTYT Teopuu MporHo3a 3eMIIeTpsiceHHil U MmaTemaruueckoil reousuku PAH, Mockaa,
Poccns

B 2015-2016 rr. B paiione KimroueBckoii rpymnmsl ByiakaHoB (KI'B) 83 aBToHOMHBIX
CelCMUYECKHUX CTaHLMHU OBIIM YCTAHOBJEHBI CPOKOM Ha | roj B pamkax skcrepumenta KISS. B
JAHHOM paboTe AJIs aHaJIM3a O4aroBbIX nmapameTpoB 3emiieTpsceHuil KI'B ucnonb3oBanuch 1aHHbIE,
HOJY4YEHHBIE C ITHX CTaHUUM. TpagulMOHHO BYJIKAaHMUYECKUE 3EMIICTPSICEHUs pa3feisaoT Ha JBa
OCHOBHBIX THMA: BbIcOKOUacToTHhie (BY) wu mgmuanonepuonubie (JI1). BomsmuacTBo BY
3eMJIETPSICEHUIl  BBI3BAHBI  CABUTOBBIM  DPa3pyLICHHEM WM CKOJBXEHHEM [0 pasjioMawm,
OpOMCXOIAIMMHE 1o, BynkaHamu, [JIII 3emnerpsaceHus — npoleccaMH, HENOCPEICTBEHHO
HNPOMCXOSIIMMHU B UTAIOIIENH MarMaTHyeckoi cucreme. B paboTe BbINOIHEHA OIIEHKa CEHCMUUECKUX
MOMEHTOB C IIOMOIIBI0 CHEKTPAJIBHOIO METOJa IO YPOBHIO HU3KOYACTOTHOW IIOIIAJKHU
aMIUTUTY/IHOTO CIIEKTpa CMEIIEHUH OOBEMHBIX BOJH JUIi OOOMX THIIOB COObITHHA. [l 3TOro
HNOJOMPATNCh 3aIMCH OJHOTO 3EMIIETPSACEHMS, MOJyYEHHbIE C Pa3HbIX CTaHLIUN C ONTUMAJIbHBIM
COOTHOILIEHHEM CHUTHAJI-IIYM, PAacCUMTHIBAINCH MX ObIcTpoe mpeoOpazoBanue Pypbe (BpeMEHHOE
okHO 30 ¢ OoT mepBOro BCTyIUICHHUs, paboumii nuana3oH yactoT — 0.5—15 I'). Paccunranusiii criekTp
IPUBOJWICA K YCJIIOBUSM OJHOPOJIHOrO YIPYroro MOJyINpPOCTPaHCTBA IIyT€M BBEACHHUs IIONPABOK 3a
TFEOMETPUUECKOE PACXOKAECHUE U JOOPOTHOCTh, M OLEHUBAJICS YPOBEHb HU3KOYACTOTHON IUIOIIAKU
CIIEKTpa Ha HyJIEBOM YacTOTE, BEIUUCIISICA CEHCMUUYECKMI MOMEHT U1l UHAUBUAYalbHOU 3anuch. s
OLIEHKU CEHCMHMYECKOI0 MOMEHTa ObLIO BbIOpaHO 146 ByJIKaHMUYECKUX 3E€MIIETPSICEHUH, KOTOpBIE
y4acTBOBAJIM Ha IMEPBOM 3Tare paboT, mpu 00pabOTKe METOIOM CHEKTPAIbHBIX OTHOIIEHHH. Beero
noJryueHo 92 MHauBUAYyalbHbIE OLEHKU celicMuueckux MoMeHToB: 36 mus 11 n 56 g BU. [lanee
OLIEHKU OBUIM MepecYUTaHbl B MOMEHTHBIE MAarHUTY/IbI, TIOCJIE YeTO MPOBEJCHO UX COMOCTABIICHHE C
OLICHKaMH PETMOHAIBHOM MAarHUTY1bl. AHAJIN3 MOKa3aJl, YTO COOTHOIIEHNE MOMEHTHOMN U JIOKAJIBHON
MarHutyn uis auanazoHa Mw = 1-3 pasnuuaercs ans BU u [l 3emnerpsacenuit. Ilonydennsie
pe3ynbTaThl BaKHBI JUIsl IPOTHO3a MOATOTaBIMBAEMBIX W3BEPKEHMUMH, U1 OLEHKH CEHMCMUYECKOM
omacHoctH. Pabora BeinonHena npu noanepkke PH® (rpant Ne 20-17-00180-11).
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Temporary seismological networks on Kuril-Kamchatka volcanoes: data processing

S. Abramenkov, T. Stupina, N. Belovezhec, I. 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. VVolcano
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.

BpeMmenHble ceiicMoJiornuecKkue ceTu Ha ByJkaHax Kypuiabckoit 1 Kamuarckoii rpsiabi:
00padoTKa JaHHBIX

C. A6pamenkos, T. Crynuna, H. benosexek, 1. Kynakos

HoBocubupckuii rocynapcTBeHHbIN yHUBepcuTeT, HoBocubupck, Poccus

Huctutyt Hedrerazonoii reonorun u reopusuku uM. A. A. Tpopumyka CO PAH, HoBocubupck,
Poccus

Cxonrex, Mocksa, Poccus

Bonee nmecstu et Hazax Hama Hay4Has rpymnmna (mox pykoBozacTBoM MBana Kymakosa) Hadana
MHOTOJICTHIOIO CEpPHI0 TPOEKTOB IO Pa3BEPTHIBAHUIO BPEMEHHBIX CEHCMOJIOTHUECKHX CeTed Ha
JIEUCTBYIONMX ByJKaHaX: CHaudajga Ha moiryoctpoBe Kamuarka, a 3areM m Ha KypuiabCKHX OCTpoBax.
OO0mas uaes, o cytu, ocraercs HemsMeHHoW ¢ 2012 roma u mo ceit AeHb. JleToM MBI ycTaHaBIMBaeM
HECKOJIbKO aBTOHOMHBIX IIMPOKOITOJIOCHBIX CTaHIUN (00BIYHO 0K0J10 20) Ha OAMH T'OJ] Ha BYJIKaHUYECKOM
COOPYKEHHUH M B OKPECTHOCTSIX — CJICYIOIINM JIETOM MBI 3arpy’kaeM HETPEePHIBHBIC CECMUYECKHUE 3aIMUCH
W3 BHYTpeHHeW (ruemr-namsata U nepeHocuM o0opynoBaHWE Ha Apyroi Bynkad. OOpaboTka W aHamu3
JTAHHBIX BPEMEHHOH CEHCMOJIOTHYECKON CeTH, JOTOIHEHHbIe WH(OpPMAIMe M3 IIOCTOSHHOW CeTH
(nopnepxxuaemoit Kamuarckum ¢uuanom ['eodusnyeckoi ¢y Obl), OTKPBIBAIOT MYyTh K JCTAILHOMY
W3YYEHUIO BHYTPEHHETO CTPOSHH KOHKPETHOTO BYJIKaHUIECKOT0 KOMITIeKca. B HacTosIee Bpemst 00mmmii
00BEM TEePBUYHBIX CEWCMUYECKHX 3aliCeH, MONydeHHBIX Hallleld KOMaHJOW B paMKax 3THX IMPOEKTOB,
MPUOIIIIKACTCS K NEpBbIM TepadaiitaM. OOBIYHO OTICIIbHBIC MCCIICIOBATEIN U TPYIIILI BHYTPU KOMAaH/IbI,
a TaKKe HAIllM KOJIJICTH UCIIOJIb3YIOT PA3JIMYHbIE MMOAXO0/IbI U Pabouune Mpoiecchl 00padoTKH, MO3TOMY 3TH
HECKOJIBKO TepabalT UCXOMHBIX BOIHOBBIX (DOPM MOTYT TOBOJBHHO OBICTPO YBEIHYHBATHCS B pa3Mepax. B
CBSI3W C OTHM MBI PEUIWIN pa3padoTaTh €AUHBIA KOHBEWep 00pabOTKHM TaHHBIX, KOTOPBIMA ITOMOXET
cOaTaHCHpPOBATh 3aTPAThI HA BEIYUCICHUS U XpaHEeHHE. [[J15 TOCTHKEHNS CIIEAYIOIIETO YPOBHS ITOHUMAHUS
HEOOXOJMMO OPTaHW30BaTh MHOTOJICTHIOW PaboTy, W YHHU(PHUIMPOBAHHOCTH JaHHBIX, C KOTOPHIMH MBI
paboTaem, sSBISETCS OTPOMHBIM (paKTOPOM B 3TOM HaYMHAHWHU. B ByITKaHWYEeCKOW CEHCMOJIOrMH HE TaK
MHOTO TPUMEPOB TaKUX HAOOPOB JAaHHBIX — B OTJIMYHE OT TPAJAMIIMOHHOHN TTOOATHEHON TEKTOHMYIECKON
CEHCMOJIOTHH ¢ OTPOMHBIMU KaTaJIOraMU COOBITUH M JIETKUM OTKPBITHIM JIOCTYTIOM K BOJTHOBBIM (hOpMam.
YHUGUIMPOBAB KOHBEWep 00pabOTKH, MBI MOXXEM OTKDBITh IyTh K CEPhE3HOMY CHUCTEMATHYECKOMY
MOIXO/IY C XOPOIIEeH EPCIIEKTUBOM TPUMEHEHISI COBPEMEHHOT'0 MAIIIMHHOTO 00YYEHUS — HE PaJi MOJTHBIX
TEHJICHITNH, a paJyl peaJbHBIX TOJIE3HBIX PE3YIhTATOB.
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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.

Hcnoab30BaHue KIMMATHYECKHUX U reornpoCTpaHCTBCHHBLIX JAHHBIX ITPA OLCHKE IMOTCHIIUAIA
«3eJIeHoi JHEPIrUuM» U MPOCKTUPOBAHUU IHEPICTUICCKHUX CUCTEM C BHUD

I1. ¥O. Byyanxkuii, C. B. Onunienko, C. B. Tennoyxos
AJpITeicKui TOCYTapCTBEHHBIN YHUBEpCUTET, Maiikorn, Poccust

CoBpeMeHHOE pa3BUTHE JHEPrETHUYECKUX CHUCTEM IPHUBENO K IOSBJICHUIO WHTEIUIEKTYyalIbHBIX
pacrpeenuTeIbHbIX CeTel, COYeTaIoNNX B ce0e HECKOJILKO Pa3IMYHbIX UICTOYHHKOB YHEPTHH, TAKHX KaK
BO300HOBIIIEMAs, YTICBOAOPOIHAS U THAPOIHEPreTHKA, YTO MPUBOAUT K HEOOXOIUMOCTH ONTUMAIILHOTO
pacrpeneneHus TeHepPUPYEMBIX MOILTHOCTENH MEXIy MOTPEOUTENSIMU C YUe€TOM OcOOeHHOCTEe! npoduieit
MOTPeOJeHNs] W BO3HMKAIOIIMX THMKOBBIX Harpy3ok. VIHTerpamusi «3eleHbIX» HCTOYHUKOB SHEPTUHU
TI03BOJISIET Pean30BaTh THOPUIHBIE M ABTOHOMHBIE SHEPIeTUYECKHUE CHCTEMBI, YTO OCOOCHHO aKTyalbHO
B psii€ PETHOHOB, a TAK)KE CHU3UTh KOJIMUECTBO BPEIHBIX BEIOPOCOB B aTMOCc(hepy, OJHAKO IIEPEeMEHYNBBII
XapakTep TeHepalid BHOCHT JOTIOJHHUTENBLHBIE TPYIHOCTH TMPU OPTaHU3AIMU CTaOMIILHOTO CHAOXEHUS
KOHEYHOro moTpebutens. s pemeHust 3Toi npodieMbl HEOOXOAMMO MCIOIB30BaTh MOJICNIN OIEHKH U
nporHo3upoBanust BUD, mozBosnsiiomye HE TOJBKO ONPEACIUTh Haubojee MOAXOASIINEe MecTa s
pasMelIeH s MOJOOHbBIX IHEPTeTHUECKUX CHCTEM, HO M ONPEAEIUTh MOTEHIHANbHBIE 00BEMbI T'eHepaun
SHEPIUU C YYETOM CE30HHBIX 0COOEHHOCTEH KOHKPETHOH MecTHocTH. OJHAKO, MOCTPOCHUE MOJO0HBIX
Mozeneil Tpedyer Hamuuusi OOJBIINX BBIOOPOK KJIIMMATUYECKUX AAHHBIX, TO3BOJISIOMIMX B TOJHOW Mepe
OLIGHUTH XapaKTep MOBEACHHUS TOrO0 WM HMHOIO pecypca B paccmarpuBaeMoil obnactu. B pabore
npejiaraeTcss pacCMOTPETh CYIIECTBYIOIINE OTKPBITHIE MCTOYHMKH JAHHBIX M TE€OMH(POPMAIMOHHEBIC
CHCTEMBI, UCIIOJIb30BaHNE U MHTETPALMs C KOTOPHIMH MO3BOJIUT MIPOU3BECTH MPEABAPUTENHHYIO OLIEHKY
noreHmana BUD u ocymecTBIATh yNpaBiIeHHE pPACIPEACICHHBIMH JHEPreTHUECKUMH CHCTEMaMH,
MOCPEACTBOM peaTH3aINH KPaTKOCPOYHBIX MPOrHO30B. HO Takne NCTOYHUKHU JAHHBIX UMEIOT Pa3InIHbIE
OTpaHWYEHHS ¥ HEOTPEeIEHHOCTH, BI3BAHHbBIE OTPaHUYEHHBIM NMPOCTPAHCTBEHHO-BPEMEHHBIM OXBAaTOM
(B cuity TPy JHOAOCTYIHOCTH HEKOTOPBIX HACEJICHHBIX ITYHKTOB), KOTOPBIE MOTYT OBITh YCTPaHEHBI 32 CUET
peanu3anud MOOWIBHBIX aBTOHOMHBIX CHCTEM IO cOOpy KIMMaTHYECKHX AAaHHBIX, MMO3BOJIOIIMX HE
TOJILKO TMONyYUTh HAOOpBHl KIMMAaTHYECKUX MapamMeTpoB, HO M CBEJCHUS O (yHKIMOHUPOBAHHUU
IKCIUTyaTUPYeMON DJHEPreTHYeCKONH CHCTEMBI, YTO JaeT BO3MOXKHOCTHh OIIEHKH TEOPETHYECKOTO U
TEXHUYECKOTO ITOTEHIINANIAa UCTIOIb3yEMOT0 BI/IA «3EJIEHOW 3HEPTUU.
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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.

IocTpoenne pernoHaaIbHbIX KOMIIeKCHBIX Moeeii nncrpymedtamu ' MC INTEGRO

M. . @unkensurteity, B. A. Coupugonos, E. M. boasmakos, A. C. Illymuxun
Bcepoccuiicknii HaydHO-HUCCIIEOBATENbCKII Teonorndecknii HeTsiHON nHCTHTYT (BHUT'HU), MoOcksa,
Poccus

Hnsa pernonameHOro srtama ['PP, xapakrepusyromerocs €IWHHUYHBIMA CKBaXWHAMH M JTOCTATOYHO
HHU3KOW IUIOTHOCTBIO CEHCMHMUYECKHX MPOQUICH, pacCTOSHUS MEXAYy KOTOPBIMU JIOCTHTalOT HECKOJIBKUX
JECATKOB KM, aKTyaJIbHBIM SIBJISIETCS] O0bEIMHEHUE TAaHHBIX CEHCMOPa3BEIKU M TPABUMETPHH B PELICHUH 3a1a91
MOCTPOEHUS] MPOCTPAHCTBEHHOM MOJENu cpeibl. BapuaHT pemieHus 3Toil 3aja4yu mpeniaraercs Ha OCHOBE
uHCcTpyMeHTapust reouHgopmarmonHoil cuctemsl INTEGRO. IIporpammusii xommuiekc I'MC INTEGRO
CO3/1aH, TIOJUICP)KUBACTCS M Pa3BHBAETCS KOJJICKTMBOM COTPYIHHWKOB oTaencHus ['eomnpopmaruku OI'BY
«BHUT'HU». B TUC INTEGRO peanu3oBaHbl METOIBI PEIICHHS NPSMBIX M OOpaTHBIX 3aJad TPaBH- U
MarHUTOPa3BEAKU IJIsl HA CETOYHBIX Mogened. OHaKO MOAENb, IOCTPOEHHAS C MOMOIIBIO peIeHUs 00paTHOM
3a/1a4y, SIBJSETCA JIUIIb OJHOM U3 MHOTUX M3-3a IPUHLUIA 3KBUBAJIEHTHOCTH U, KAaK [IPABUJIO, HE COIJIACYETCs
C IpYruMHU JaHHBIMH. [1o3TOMy mpHXOIUTCs MOAOUPATh TOAXOISIIYI0 MOIENb 00Jee aKKypaTHO, TIPOBEPSIS C
MIOMOIIBIO PEIICHHSI IPSMOI 33adH, COOTBETCTBYET JIM OHA HAOIIOICHHOMY IOJIO, a TAKXKE COTTIACyIOTCS JIU
pe3yNbTaThl C CKBOKHMHHBIMH M CEHCMHYECKMMH JIaHHbIMU. IlomOupaercsi oHa B Kiacce CIOHCTBIX HIIH
TpaueHTHO-CIOUCTRIX Mozeineld ¢ yderom BHeapeHuit. B 'MC INTEGRO pa3spaboran memblif CHeKTp
MHCTPYMEHTOB JJIs Takoro moabopa. Cozman HabOp MHCTPYMEHTOB, TO3BOJISIOIINX OMPEAETSITh CKOPOCTHEIC
XapaKTEPUCTHKH 10 BCEM UMEIOIIEHCS CeHCMUYIECKOM U CKBaXXKMHHOM HH(OPMAIINH, YTO TIO3BOJISICT IEPEXOUTh
OT BPEMEHHBIX CEHCMHIUECKHX Pa3pe30B K MIyOMHHBIM B HA00OPOT W, TEM CaMbBIM aJIeKBATHO COTJIACOBBHIBATH
CEHCMUYECKYIO0 U CKBAKUHHYIO mH(opManuio. OcoOCHHO CIOXHBIM SBIISIETCS BOTIPOC OMpPEAETICHUS (POPMEI
BHeJpeHus. 1 3Toro B CUCTEME IPUCYTCTBYET TaK Ha3bIBAEMbIM MOHTa)KHBIM METOA, KOTOPBIM CTapTyeT OT
TeOMETPHUYECKNX NMPUMHTHBOB (Habopa 3JUTHIICOM/IOB), a 3aTe€M MOIIAroBo MpHONIIKaeT K opMe BHEIPEHUS,
NpUYeM KpUTEpUeM TPAaBHIBHOCTH HAIPaBJICHHS IOAOOpa CIY)KUT YMEHBIIEHHE HEBA3KH MEXIy IIOJIEM,
pacCUMTAaHHBIM OT MOZETH, U HAOJIOAEHHBIM ITOJIEM. DTO NPUOIIDKEHNE MPOUCXOAUT TP ydeTe yTHUINTON
Ha0opa 3a/laHHBIX [T0JIF30BATEIeM OTPaHUYEHHH, 6a3upylomuxcs Ha ceicMuueckoii madopmannu. Kpome toro,
Te0JI0T, aHAIM3UPYsl PE3YNIbTAaThl UTEPALIMN, MOKET OCTAHOBUTHCS HE Ha IIOCIICAHEHN, a HA TOH, KOTOpas KayKeTCs
eMy OoJiee afeKBaTHOW, WJIM 3aIlyCTUTh IPOIECC 3aHOBO, M3MEHUB OrpaHWYeHHUs. Takol mombop ymanoch
OCYILIECTBUTb Ha HACTOJbHOM KOMIIBIOTEPE B pa3yMHOE BPEMs, UCIOJb3Ysl BUJCOKAPTY U paclapajjiciiiBaHue
BeIYMCIeHni. Pa3zpaboTaHHas TEXHOJOTHS KOMIUIEKCHPOBAaHHMSA BCe wWMeromeiics WHpOpMamuyu Ipu
MIOCTPOEHNH O0BEMHOH MOJENHN YCIENIHO OIpo0OBaHa Ha TeppUTOpHH EHMcel-XaTaHrckoro pernoHaIbLHOTO
nporuda.
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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.

HpnMeHeHne HHAYKIUOHHO-THHAMHYECKOI'o IpUBOAa B UMITYJIbCHBIX CelCMOMCTOYHHKAX

E. C. I'mu6un, A. B. [Ipsaunos, A. A. lllesnos, K. X. Y36ekoB
TONBATTUHCKUI TOCYIaPCTBEHHBIM yHUBEPCUTET, TonbaTTH, Poccus

NMmynecHBIE CEHCMOMCTOYHHKM IPENHA3HAYEHBl [UI CO3[aHUs HAa TPYHT HMIYJIBCHOTO
MEXaHUYEeCKOT0 BO3JIEHCTBHA, CO3/IAIONIETO celicMuUecKre BOHbBI. OTpakasich OT TpaHUI] pa3fesna cpel B
TPYHTE, 3T BOJIHBI yJIABIMBAIOTCS PACIOJIOKEHHBIMH Ha MOBEPXHOCTH JATYMKAMU U TIOCIE CIOXKHOM
MaTeMaTHYeCKOH 00pabOTKH Ial0T BO3MOXKHOCTH JIENaTh BBIBOJABI O CTpOeHHH 3eMin. Popmupyemas B
TpyHTE BOJIHA 3aBUCHUT OT CBOMCTB CaMoOro IpyHTa, a TaKkKe aMIUIUTYIbl, GOPMBI U AIUTEIBHOCTH
CO3/1aBa€MOT0 Ha TPYHT MEXaHHWYECKOro BO3JeHCTBHI. B HacTosiiee Bpems IIHMPOKOe MPUMEHEHHE B
UMIyJIbCHOM  HEB3pPBIBHOM  celicMOpa3BelKe HAlUIM  IIHPOKOE  MPAaKTUYECKOE  NPUMEHEHUE
CEHCMOMCTOYHMKH C 3JIEKTPOMArHUTHBIM NpHBOAOM (Hampumep, ['eoton, Enuceii-COM, Enuceii-KOM).
WX OCHOBHBIM CHJIOBBIM 3JIEMEHTOM SIBJISIETCS SJIEKTPOMArHUTHBIN MPUBO/I, CO3/AIOIINN YCUIIME HA TPYHT
NpY MoJjaue UMITYJIbca TOKa B €ro oOMOTKy. Takue mpuBojaa 00JaJaroT psiIoM Kak JOCTOMHCTB, TaK W
HEAOCTaTKOB. JlJIsl yNMyd4IIeHHs SKCIUIyaTallHOHHBIX XapaKTEPUCTUK HMITYJIbCHBIX CEHCMOHMCTOYHUKOB
BO3MOKHO TIPUMEHEHHe WHIYKIMOHHO-TuHaMudeckoro npusoaa (MAIT). Korcrpykrtusao UJIII cocTout
13 KaTYIIKHU | ¥ COMPSKEHHOTO ¢ Hel MeHoro KoJiblia 2. [Ipu mpornyckaHuy 1o Katymke 1 uMiysibca Toka
OT CIIENMAIbHON CUCTEMBI TUTAHUS BOKPYT KaTYIIKH CO3/Ia€TCsl MarHUTHBIN MOTOK D, KOTOPBIHA CTpEMUTCS
NPOMTH MEXIy KaTymKoH | M KoJbLOM 2. DTO OOBSCHAETCS HAIMYMEM MAarHUTHOHM CBS3U C MEIHBIM
KOJBIIOM 2, B KOTOPOM HABOJWUTCS WHAYKTHPOBAHHBIA TOK |2, WMMEIOMMI MPOTUBOIIOIOXKHOE
OTHOCHUTENHHO TOKa |1 HampaBneHue, a OH B CBOIO OYEPElb YMEHBIIIAET MarHUTHBINA MOTOK 32 TpeesiaMu
KOJIbIIa, KOHUEHTpHUPYS ero B 3a3ope. llpm mporexkanum TokoB |1 u 12 BO3HMKaeT pacTajaKuBaromas
KaTyImIKy W MEIHO€ KOJBLO cuia, rae M — B3aMMOWHAYKTHBHOCTb MEXIY KaTYIIKOM M KOJBIOM, X —
OTHOCHUTENIFHOE TOJIOKEHHE KAaTyIIKH M MeAHoro koisbna. Hemocrtatkom paccmorpennoro MJIII (mo
CPaBHEHHMIO C BBILICYIOMSIHYTHIM 3JIEKTPOMarHUTHBIM pUBOJIoM) siBisieTcst MeHbinii K11, uyro momkHO
OBITH KOMIICHCHPOBAHO 00Jiee MOIIHOM CUCTEMOM MUTaHUS U eMKOCTHBIM HakonuteseM C. B Hactosmee
BpEMsI 3TO CTaJI0 BO3MOXKHBIM OJ1arojapst OsIBICHUIO 00Jie EMKHX KOH/ICGHCATOPOB M IIporpeccy B 001acTu
anekTpoHuKH. OcHOBHBIME JocTonHCTBOM /111 siBisieTcs BO3MOKHOCTD CO3/1aBaTh 3HAUUTEIBHO O0JIbIIICe
M0 aMIUIUTYZE U KOPOTKOE 10 JJIUTEIHHOCTH yCUIIME Ha TPYHT IIPH TOM K€ Macce U radapuTax MpHBO/A.
IlepcriekTBa MpUMEHEHHUS JAHHOTO THITA IPUBOJIA AT BO3MOKHOCTD YBEJIMYUTH aMIUTUTYAY U IIUPUHY
CIIEKTpa CO3/1aBaeMbIX KoJieOaHHI, YTO SBIISETCS aKTyaJbHOW 3a/lauei, MOCKOJIBKY MO3BOJISIET ITOTyYaTh
0oJiee KaueCTBEHHBIH 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).

HOKII «<MKU-MouuTopuHr» — miiargopma ajs padotsl ¢ 1anasiMu /133

E. A. JIynsan, M. A. Bypues, A. A. Ilpomun, Y. B. banamos
MucrutyT kocmuueckux uccinenosanuii PAH, Mocksa, Poccust

B nocnennue necstuierus HaOMOgaeTCs pe3KUil pOCT HAYUHBIX U MPUKIAIHBIX 3aJa4, Ul peLIeHns
KOTOPBIX MCIIOJIb3YIOTCSl JJaHHBbIE IMCTAHIMOHHOI'O 30HAMPOBaHUS 3eMIM. DTO CBS3aHO KaK C pPOCTOM
KOJIMYECTBA M KQUECTBA CITyTHUKOBBIX CHUCTEM HAOIOIeHHs 3EMIIH B IOCTYITHOCTH, MOJy4aeMbIX C HUX JaHHBIX,
TaK M C pa3BUTHEM METOIIOB U TEXHOJOTHH MX 00paboTKH. DTO MPUBEINIO K B3PHIBHOMY (PKCIOHCHIINAIEHOMY)
pocTy WH(pOpPMAIMH, NOCTYIHOH M peIIeHHsS HAyYHBIX W TpHUKIagHBIX 3amad. [ms oOecmedeHus
3¢ (EKTUBHOTO HCIIONB30BAHUS TTOSBUBIIUXCS BO3MOXKHOCTEH MOTpeboBaach pa3paboTKa HOBBIX IOAXOOB,
KOTOpHIe JOIDKHBI OBUTH 00ECHEeYlTh HCCIEeNOBAaTEsIM M pa3padoTUMKaM HE TOJBKO YIOOHBIA IOCTYN K
CIYTHUKOBBIM JaHHBIM H pe3yJbTaTaM HX O00paOOTKH, HO M K MHCTPYMEHTaM U MOIIHBIM pacHpeaeIeHHBIM
BBIYMCIIUTENBHBIM pecypcaM i uX oOpaboTku M aHanm3a. Kak mMokaszan ONBIT MOCHENHUX JIET, pPellicHHe
JIAHHBIX 32/1a4 MOXKHO OOECIIeYHTh 3a CUYET CO3/IaHUs MOUIHBIX (MHOTZA PACIpeeNieHHbIX) CUCTEM, KOTOPhIE
obecrieunBatoT cOOp, apxXuBamuio, OOpabOTKy ¥, TJIABHOE, BO3MOXKHOCTH paCTpeleNEHHOTO aHaum3a |
00pabOTKM CITyTHUKOBBIX JJAHHBIX C UCTIOJIb30BAHUEM BBIYHCIUTEILHBIX MOIITHOCTEH, MPEIOCTABISAEMBIX STUMH
cuctemamu. K Hanbosee M3BECTHBIM 3apyOEKHBIM CHCTEMaM, KOTOPBIE Pa3BUBAIOTCS B 3TOM HAlpaBJICHUH,
moxkao oTtHectH Google Earth Engine mmm Microsoft Planetary Computer. B Poccum sipkum mpumepom
YCIELIHOI0 CO3AaHus U paboThl TaKUX cUCTEM sABIsAeTCA LIEHTp KOJIEKTUBHOIO I0JIb30BaHUS CHCTEMaMHU
apxXuBaIu, 0OpabOTKH 1 aHAIIN3a CITyTHUKOBBIX JaHHBIX IHCTUTYTa KOCMUYECKHX UCCIIeJoBaHnH Poccuiickoit
aKaJleMMM HayK IJIsl pelleHHsl 3ajjad M3Y4YeHHs M MOHUTOpuHra okpyxawomei cpenst (LUKIT «MKU-
MounuTtopunry, http://ckp.geosmis.ru/), coznanusiii B 2012 roxy. B ocHose L{enTpa nexat paspadotanubie MK
PAH TexHomoruu, oOecreunBaronIie CO3AaHWE W TOMJEPKKY CHUCTEM paboOThl CO CBEPXOOIBITUMHU
pacrpenenéHHBIMH apXHUBaMU CITyTHHKOBBIX TAHHBIX U C(OPMUPOBAHHBIC U IIOCTOSTHHO OOHOBJISIOIIHECS
apXuBBbl JAaHHBIX Pa3JIMYHBIX CIYTHUKOBBIX CHUCTEM (CEroHs MX OOBEM B HEMOCPEICTBEHHOM JIOCTYIIE
npeseiraer 7 116). 3a Bpems paboter LIKIT «MKW-MouutopuHr» mokaszal CBOIO 3(PQPEKTUBHOCTh H
BOCTPEOOBAaHHOCTH. ET0 BO3MOXHOCTSIMH CETOJTHS MOJIL3YIOTCS 0K0JI0 150 opranu3anuii 1 HECKOIBKO JIECATKOB
HAYYHBIX W TPHUKIATHBIX HHPOPMAIMOHHBIX CHCTEM TUCTAHIIMOHHOTO MOHHUTOpHHTA. [l0Kian MOCBSIICH
npejcTaBiieHU0 0CHOBHBIX Bo3MoxkHOcTeH LIKIT « MK -MOHUTOPHHT», OIMCAHUIO €r0 CTPYKTYpPBI U PELIEHUH,
MOJIOKEHHBIX B €r0 OCHOBY, a TakXe 0030py OCHOBHBIX TEKYIIMX BO3MOXKHOCTEH IIGHTpa, OMBITa HX
UCIIOJIF30BaHUSI M TIEPCIIEKTHBAM €ro pa3BuTus. Pabora BeImonHEHa mpu moanepkke MuHOOpHAyKH (Tema
«MonuTopuHIr», rocpeructpanus Ne 122042500031-8).
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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.

PacnpenesienHasi cucTemMa CyA0BbIX HHCTPYMeHTAJIbHbIX Ha0Moaennii CTMK

C. C. Ceposernukos, E.B. Koznosckuii, T. A. Anekceea, E. B. AjanacreBa
Apxrrueckuii 1 Antapkrudeckuii Hayuno-HccnenoBarensckuit Uacturyr, Cankr-IletepOypr,
Poccus

Henb. Pa3paboTka KOHIENUMM aBTOMAaTU3MPOBAHHON paclpeneaéHHON CUCTEMBbI
HATYpHBIX HaOJIOJEHHUH 3a JIEJOBBIMM M METEOpOJOTMUECKMMH IMapaMeTpaMu ¢ 6opra CyaHa.
Mertonpl u pe3ynbrartel. B fokiiane npuBoaMTCs KpaTKUil 0030p COBPEMEHHBIX HCTOUYHUKOB
JAHHBIX JIJIs1 OCYIIECTBIIEHUS CIIEHUAIBHOIO THapoMeTeoposoruyeckoro obecnedenus (CI'MO)
MOPCKHUX Orepanuii B ApKTUYECKOM OacceitHe U 3aMmep3arolinx Mopsax. PaccmaTpuBaeTcst BOIpoc
0 HEeAOCTaTOuyHOW oOecrmeyeHHOCTH cyuiecTByromux cucteM CI'MO naHHBIMM HaATYPHBIX
HaOmoneHnuil. [lpuBoautcs oOmiee 000CHOBaHME HEOOXOAWMOCTH HWHTErpaluu IOTOKa
ONEPATUBHBIX JIaHHBIX HATYPHBIX HAONIONEHWH Ui TMOBBIIEHHS KauyecTBa W paspelaroiien
cnocoonoctru CI'MO  Ha  coBpemeHHOM  ypoBHe. PaccmaTpuBaercs — KOHLENIUS
aBTOMATH3UPOBAHHOM pacnpenenéHHol cuctembl HaTypHbIX HaOmrogenuit CTMK (cynooit
TEJIEBU3MOHHO-METEOPOTOTUUECKHI KOMILJIEKC). BriBogbI. Pacnpenenennas
aBTOMAaTH3UpOBaHHas cucTeMa HaTypHbIXx HaOmoneHnit CTMK mno3Bonser ocymiecTBiATh
NEepexo/l OT AMU30AUYECKUX JOKAJIBHBIX HAOJIOEHUN K ONEepaTUBHOMY IIMPOKOMACIITaOHOMY
CHUCTEMHOMY MOHHUTOPHHIY KJIFOYEBBIX JIENOBBIX U METEOPOJIOTMUECKUX napaMmerpos. I[lo mepe
Pa3BUTHUSL U PACHpPOCTPAHEHUS MPOEKTUPYEMOW CHCTEMbI 3HAUUTEIBHO BO3PACTET TOYHOCTb U
JeTalN3alks KapTUPOBAaHUS MOPCKOTO JbJia, OINEPATHBHOIO TMPOTHO3UPOBAHMS JIEOBOU
00CTaHOBKM B 30HaX AaKTUBHOI'O CYAOXOJCTBA W METEOPOJIOTMUECKHUX IpOorHo3oB. Pabora
nojaepxana Poccuiickum HaydyHbIM poHoM, rpaHT Ne 23-17-00161.

38



VolSatView information system for comprehensive analysis of volcanic activity

O. Girinal, 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.

HNudopmanmonnas cuctema VolSatView U1 KOMIZIEKCHOT0 aHAJIN3a AaKTHBHOCTH BYJKAHOB

O. A. Tupunal, E. A. JTynau?, A. A. Copoxun®, JI. C. Kpamapena*

! MucturyT Bynkanosorum u ceficmosoruu JIBO PAH, Ilerponapnosck-Kamaarckuii, Poccus
2 HucrutyT kocmuueckux uccienosanuii PAH, Mocksa, Poccust

3 Brruucnurensuslii nentp JABO PAH, Xa6aposck, Poccus

4 1L Hayuno-uccienoBaTenbckuii nentp «Ilnaneray», Xabaposck, Poccus

WNudopmanmnonHas cucrema «J{MCTaHIMOHHBIII MOHMTOPHUHI aKTUBHOCTH ByJikaHoB Kamuarku u Kypui»
(1C VolSatView, http://volcanoes.smislab.ru) co3nana 8 2012 1. yayenbiMu IHCTUTYTa BYJIKAHOJIOTHH M CEHCMOJIOT MU
(BuC) IBO PAH, Hncrtutyra xocmuueckux uccienoBanuit (MIKW) PAH, BeruucnutensHoro nentpa (BILI)
JABO PAH u HamsaeBoctounoro mentpa (L) HUL[ «[lmaneta» B mepByrO odepens IUIA oOecriedeHus padboT
Kamuarckoit rpymnmber pearmpoBanuss Ha BynkaHudeckue m3BepxkeHus (KVERT) MBuC JIBO PAH, kotopas
BBITIOJNHACT (GyHKOMKM BynkaHonormueckoit OOcepBatopun Poccum mo obGecnedenmto uH(popmanuei o
BYJIKAaHWYECKOH aesTenbHOCTH Ha JlambHeM BocToke MeXayHapoIHOTO a’pOHAaBUTAIIMOHHOTO COOOIIECTBa.
NC VolSatView, ynukanbHast poccuiickasi pa3padoTka, 00beIMHMBIIAS TIEpEIOBbIe HAYYHbIE KOMIIETCHIINH yUEHBIX
B Pa3JMYHBIX 00NIACTAX 3HAHWM, IOCTOSHHO Pa3BHBACTCS, Ha Pa3HBIX dTalax oHa mojaepxkuBanrack POOU, PHO u
Muno6pHayku Poccun. UC VolSatView no3BosisieT IpOBOJIUTh KOMIUIEKCHBIH aHAJIU3 ONEPAaTUBHO IMOJIy4aeMOi
pa3nuuHOil MHpOpMalMU, B TOM YHCJE: CIIyTHUKOBBIX JaHHBIX (Oosee S50 pasnuuHBIX CHCTEM HAaOJIIOACHUI),
METEOJaHHBIX ¥ HWHCTPYMEHTAIbHOW WH(OpMAIM Ha3eMHBIX CeTed HaOMIOICHNH, a TakKe BBITIONHATH
MOJICIUPOBAHNE PACIPOCTPAHEHHS IEIUIOBBIX OOJAKOB OT BYJKaHOB. B cucTeMe peann3oBaHO OONBIIOE YHCIIO
WHCTPYMEHTOB, ITO3BOJISIONINX BECTH paclpeieIeHHy0 00paboTKy JaHHBIX, B TOM YHCIIE, IPAKTHYECKH B PEaIbHOM
BPEMEHH OTCIIE)KHBAaTh AKTHBHOCTH BYJIKAHOB, OLIEHMBAsI CTENEHb OMACHOCTH SKCIUIO3MBHBIX WM3BEPIKEHUH LI
aBMallMM W HacelleHWs. Hapsay c omepaTHMBHBIMH JIaHHBIMH, B CHCTEME peajin3oBaHa paboTa ¢ apXHBaMH
nHpopmanun riayounoit 6onee 40 ner. C nomompto MC VolSatView npoBozstes GpyHIaMeHTaNbHbIE HCCIeI0BaHMS
Bynkann3ma Kamuarku u Kypwi, Tak 3a mpomeamme 12 yier ObUIO BCECTOPOHHE M3ydeHO 65 u3BepkeHui 15
BynkaHoB u Ooinee 2000 OTAENBHBIX JKCILIO3MBHBIX COOBITHHA. B nokmame OymyT NpencTaBlIeHBI OCHOBHBIC
ocobennoctn UC VolSatView u onbitT ee npuMmeHeHns. Heo6XoanMo OTMETHTB, YTO NMPH PeaIU3alul CUCTEMBI U
obecrieueHnu ee paboThI yAanock 3PPEeKTUBHO 3a/1efiCTBOBAaTh HH(POPMAIIMOHHBIE PECYPCHI PA3INIHBIX POCCUHCKIX
Hay4yHbIX LIEHTPOB M OpraHU3aluii, B TOM YHUCIE: LEHTPOB KOJUIEKTUBHOIO Nojb30BaHus «MKHW-MoHuTOopuH
(MKW PAH) u «llenTp o6paboTku u xpaneHus HayuHbix qanaeix JIBO PAH» (BI[ JIBO PAH), a Taxxe ALl HUL]
«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

3 Anomalous Exploration, Squamish, BC, Canada

4 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 ra30pTYTHOI ChbeMKH B IPU3eMHO aTMoc(epe

H. P. Mamssnos?, A. JI. llamko?, B. B. Peoxos!, A. C. Pyxmnos?, H. Perkins®, W. Barnes*
! Momsre-mapketunr, Caukt-Ilerep6ypr, Poccus

2 British Columbia Geological Survey, Victoria, BC, Canada

$ Anomalous Exploration, Squamish, BC, Canada

*Finlay Minerals Ltd., Vancouver, BC, Canada

[loBpllIEHHBIE COAEpP)KAHUS PTYTH B IEPBUUYHBIX M BTOPUYHBIX OpEOJaX paccesHUs
OTMEYAIOTCS HAa MOJABIIAIONIEM OOJBIIMHCTBE SHAOT€HHBIX PYIHBIX U B PAAE YIJIEBOAOPOIHBIX
MECTOPOXKACHUM. DTUM 00YyCIOBIIEHA BBICOKAsi MOUCKOBas MH(GOPMATUBHOCTh I'€OXMMHYECKHUX
METOJIOB IOMCKOB MECTOPOXIECHUH IO NMEPBUYHBIM U BTOPUYHBIM JINTO-, © ATMOXUMHUYECKUM
opeonam paccedHuss prytd. [lIupoko mnpuMeHsABIIAsCS paHee Tra3opTyTHas CbeMKa I10
MIOANIOYBEHHOMY BO3AYXY HMMEETCS psJi OTPaHMYEHUIN INPU HAIMYUU HEOIHOPOAHBIX DPBIXJIBIX
OTJIO’)KEHUH, CKAJIbHBIX BBIXOJ0B, OOBOJAHEHHOCTH MOBEPXHOCTU. B 1okiane mnpeacraBieHb
HOBbIE BO3MOKHOCTH 9KCIIPECCHON ra30pTYTHOM ChbEMKH B MPU3EMHOI aTMOcdepe npu MOoHcKax
PYIHBIX MECTOPOXJIEHUNH C UCIHOJIb30BAaHUEM MOPTATUBHOTO 3€EMAHOBCKOIO AaTOMHO-
abcopbumonHoro cnekrtpomerpa PA-915M. Ilpexgen oOHapyXeHUS CIEKTpOMETpa HUXe
BEJIMYMHBI (DOHOBOTO COJIEP)KaHUS PTYTU B aTMOC(HEPHOM BO3AYyXE; M3MEpPEHUsS MPOBOJATCS B
peaJbHOM BpPEMEHH C MOCTOSIHHOM BpeMeHH 1 c. PaboThl, MpoBeieHHbIE B MOCIEAHNUE TOAbI Ha
pAlle pyIHBIX MECTOPOXKICHHM, IOKa3aJIu BO3MOXKHOCTb HKCIIPECCHOTO BBISBIICHHS Ha 3aKPBITHIX
y4acTKax 30H PYAHON MUHEPAIHU3ALUH U Py IOKOHTPOJIMPYIOIIUX Pa3IOMOB I10 Ta30BBIM OpE0JIaM
PTYTH B NPHU3EMHOM CJIO€ BO31yXa. [IpuBeneHbl MpUMepbl CbEMKH Ha MOJUMETAUIMYECKUX H
30JI0TOCEPEOPSAHBIX MECTOPOXKICHHUSIX TPH PA3TUYHBIX T'€OJOTMYECKHX M KIMMaTHYECKUX
YCIIOBHSIX.
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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-hnomologues 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/ITOI)I/IHF XapPaKTEPUCTUK MOPCKOIO JbAa IJ H3YyYCHUSA yC.]IOBI/Iﬁ JIeA0BOro InJiaBaHus

T. A. AnekceeBa, E.11. Makapos, B. B Tuxonos, E. B. Adanacsea
ApkTUYeckuil 1 AHTapKTHYECKH Hay4yHO-HccienoBaTenbekuii nnetutyt, Cankrt-IlerepOypr,
Poccus

B nocnennue roapl cymoxoactBo no CeBepHomy Mopckomy mytu (CMII) BmotHyro
OpUOIM3UIOCHE K PEIICHWIO BaKHEHINEH CTPATerMYecKOd 3aJaddm — K OCYIICCTBICHHUIO
HENPEPBHIBHOTO KPYIIIOTOJUYHOTO TPAH3UTHOTO IUIaBaHMs. MOIIHOCTh U JIEIOMPOXOAUMOCTh
COBPEMEHHBIX CYIOB YK€ Mmo3BojsieT 1iaBanue mo CMII B 3uMHee Bpems, 4TO paHee ObLIO
HEBO3MOKHO, U ’TOMY CBHJIETEIHCTBO — CBEPXPAHHHUE U CBEPXIIO3THUE PEICHI, OCYIIECTBISIEMbIE
¢ 2020 rona. Jlnsa obecnieuenus 6e3omacHoro, 3GPEeKTUBHOTO U SKOHOMUYECKH 11€TIECO00Pa3HOTO
KpyrinoroguyHoro mmiaaBaHuss 1o CMII HeoOXomuMbl HOBBIE MOAXOJIBI K  Pa3BUTHIO
CICIHAIM3UPOBAHHOTO THIPOMETEOPOJIOTHIECKOT0 O0ECIIeUeHUsT MOPCKUX OTNepaluil U WX
TUTAaHUPOBaHM. B mepByro ouepes Tl TPaH3UTHBIX MEPEX0I0B BAXKHBI JOITOCPOUYHBIE TPOTHO3BI
(3abmaroBpeMeHHOCTBIO 10 1 Mecsia) U cBepxjoiarocpounsle (Oosee 1 mecdia), KOTopble
OCHOBBIBAIOTCSl Ha MOUCKE MOJXOJISAIINX T'OJOB-TOMOJIOTOB IO OINpeAeIeHHbIM KpuTepusam. s
Pa3BHUTHS TAKUX METOJUK TPEOYETCS HEMPEPHIBHBI MOHUTOPUHT JICIOBBIX YCIIOBUH IJITaBAHUS, TO
€CTh BCEX XapaKTEePUCTUK MOPCKOTO JIb/a, BIUSIONINX Ha CYJOXO/ICTBO, U CO3JaHHE MAKCUMAIIBHO
MOJIHOW MHOTOJIETHEH Oa3bl maHHBIX. B maHHO#N pabGoTe mMpoBOAMTCS 0030p CYIIECTBYIOIIECH
uHpopMalui, HEOOXOAUMOW JJs aHanu3a JIEeIOBBIX YCIOBUN IIJIaBaHMs, CBSI3BIBAETCS
HEO0OXOAMMOCTh TaHHOW MH(OPMAITUU C OCOOCHHOCTSIMH JIEJIOBOTO TUTABaHUSI U 000CHOBBIBAETCS
HEOOXOJUMOCTh Pa3BUTUS METOAMK OOpabOTKM CHYTHUKOBBIX JAaHHBIX W Pa3IUYHBIX
WH(OPMAIMOHHBIX TPOJYKTOB, TOCTPOCHHBIX HAa OCHOBE CITYTHHKOBBIX JaHHBIX. Pabota
nonanepkana Poccuiickum HayunbiM poroM, TpanT 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.

AHaJIU3 XapaKTEePUCTUK CeiiCMUYeCKO AKTUBHOCTH B YIrOJbHbBIX HIAXTAX U HA PYAHHKAX

K. B. PomaneBuy, C. H. Myznes, I'. M. Taparunckuit, M. H. Ilutanb
BHMMMU, Caunkr-IlerepOypr, Poccus
Huctutyt ropuoro aena CO PAH, HoBocubupck, Poccus

Ha MHOrux mectopo/1eHusx B TOPHOJOOBIBAIOIIMX pailoHaX MHUpa BEAECTCS MOHUTOPUHT
celicMUYecKOl aKTUBHOCTH Il KOHTPOJIsl T€OJUHAMUYECKUX MPOLIECCOB. DKCIUTyaTalusi CHCTEM
CEIICMOMOHHUTOPHHTA [TO3BOJISIET BBISABIATH OMACHBIE 30HBI, IPOrHO3UPOBATh I'€0JMHAMUYECKUE
SBJICHUS, pa3padaTbiBaTh PEKOMEHAALMHU IO MapaMeTpaM U KPEIUIEHHIO TOPHBIX BBIPAOOTOK, a
TaK)Ke YNpaBiIsATh T'€OJAMHAMUYECKUM PHUCKOM C IOMOILBIO MPOTHUBOYAAPHBIX MEPONPUITHNA U
BbIOOpa METO/IOB M HAallpaBJIEHUH pa3BUTHsI TOPHBIX padoT. O1HON U3 3a1a4 CeHCMOMOHUTOPUHT A
sBsieTcs 2 PEeKTUBHBIN 1 3201ar0oBpEMEHHBIN POTHO3 MOJITOTOBKH OMACHBIX T€OAMHAMHYECKUX
IIPOLIECCOB M SIBJICHMM, B YaCTHOCTH AaKTHBU3ALUMU DPA3PbIBHBIX HApyIIEHWH B MAacCHBE.
Nucturyrom BHUMMU paspaborana cucrema ceiicmomonutopunra GITS, kotopast B HacTos1ee
BpeMs (QyHKIIMOHUpPYET Ha 16 maxrtax U pyaHukax. C ee NOMOIIBIO B MAaCCUBE TOPHBIX MOPOJT
BBIJICJIAIOTCSL  celicMUYecKkue M-TIOBEpXHOCTH, 4YTO JaeT BO3MOXKHOCTB €Ile B Ipolecce
(bopMHpOBaHHUs pa3pBIBHOTO HAPYIICHHSI MIIM Ha HAYAJIbHOM 3Talle ero akTUBU3AIMH ONPE/IEIUTh
MOTEHIIMAJIbHO ONACHBIE YYACTKU F'OPHBIX BHIPAOOTOK, BHIITOJIHUTH HEOOXOIUMBIE pa3rpy304HbIE
MEpOTPUATHSI, YCHIIUTh KpeTlb, 00€30M1acUTh 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°0620") 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 mto 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’.

PeTpOCHeKTHBHLIﬁ AHAJIU3 CIIEKTPAJBbHBIX CBOMCTB NOACTIJIAIOIIEH MOBEPXHOCTH JIAA OLHCHKHA
THAPOJIOTHY€CKOro COCTOIHUSA 60J10Ta, MePeCEYCHHOIr 0 )10p01"0171

. B. Unsscos, A. A. Kasepumn, FO. B. Kynpusiaosa, A. ®@. Cabpekos
IOropckunii I'ocynapcTBeHHbIi Y HUBepcuTeT, XaHThI-MaHcuiick, Poccns

BonotHeie sxocuctems! siBisgrorcss noraoruteneM CO, u ucrounukoM CHy, 94TO BO3MOXKHO BCIEACTBHE
OMIM3KOTO K MOBEPXHOCTH YpPOBHS BOABl. KpymHeimum 3a000ueHHBIM PEerHoHOM sBiseTcs 3amagHas Cubups,
OJIHaKO Tpoceku ceiicMopassenku, JIOII, moporn u TpyOONpPOBOIBI HAPYIIAIOT CTOK, TPAHCIIMPALUIO BOJBI, H
CBOICTBa pacTuTenbHOCTH O0JoT [Saraswati S., Strack M, 2019]. Llens paGoTsI cocTosIa B pETPOCIIEKTUBHOH OIIEHKE
M3MEHEHHS CIIEKTPAIbHBIX CBOMCTB ydacTka 00JI0Ta, IEpPEeceyeHHOro JOPOroi momnepek croka Bojsl. [lomydeHHbIe
JTaHHBIC HEOOXOMMBI JUIsl y4eTa TePPUTOPHH OCYIICHHUS 1 0OBOJHEHUS B MHTEPIIPETAlH BeMYMHBI T0TOKOB CHa,
CO; u puromaccs! pactenuii. MiccnenoBanne mpoBeeHo Ha oxurorpodpHom 6omore (N60°50°41" u E70°0620") B 58
kM Kk FOB ot r. Xantei-Mancutick. B 2007 rony mormepek JIMHUI cTOKa 37iech OblIa TTOCTpoeHa qopora. Ha ygactke
3ayoxuiu 3 caiira HaOmoneHuit: 1) o6Bogaenue (OB) — B 15 M k KO3 ot moporu 2) ocymenne (OC) — B 45 M k CB 3)
koHTpoib (K) B 120 M k CB. ITotoku CO2 u CHa, 3amacel puroMacchl U 3K0JI0THUECKHe (GaKTOpbl ObLIM N3MEPEHBI
Tak ke, kak B [Ilyasov D. V. et al., 2023]. PerpocnekTHBHBIH aHAIW3 AUHAMHUKH CIEKTPANbHBIX XapaKTEPUCTHK
BBITIOJIHEH HA OCHOBE MEIMAHHBIX (C UIOHS 10 ceHTA0ph) cHuMKkoB Landsat (L7 3a 2000-2005; L5 32 2007-2011 rr. u
L8 3a 2013-2021 rr.), ans xotopsix B Google Earth Engine Opiint paccunransl naaekcsl: NDWI, NDMI u MNDWI,
GVML, EVI u CVI. B Matlab npu nomoiu tecta MaHHa-YUTHH NPOU3BEICHO CPaBHEHHE CIIEKTPAIbHBIX UHIEKCOB
B JIBYX IpYIIIax: 10 U IOCJIE CTPOUTENBCTBA IOPOTH. 3HAUNMO OTJIMYAIOIINECS [0 BEJTMUNHE CIIEKTPAJIbHBIX HHACKCOB
MIMKCENN OBUTH pacTIpe/ielIeHbI B 1Ba Kilacca («CHM)KEHHE) HHIEKCA M «POCT») M HAHECEHBI Ha KapTy; 3aTeM BBIIIOJIHEH
aHAIM3 X MECTOIOJIOXKEHHUS OTHOCUTENbHO Jopord. I[lomydeHsl cienyromme pe3yibTaTbl: 1) Oonbluas 4acTb
MHUKCENeH, XapaKTepu3yonMxcs 3HauuMo u3MeHuBmMMucs ¢ 2007 roga BeJMYMHAMH CIIEKTPAIBHBIX HHJIEKCOB
pacmonoxeHsl B 300-MeTpoBOil 30HE OT JOPOTH 2) OOJMBITMHCTBO U3 HHUX OKa3anuch Ha ydactke OC, U CHUKaIHCh
MOCJIE CTPOUTEIBCTBA JOPOTH, YTO T'OBOPHUT 00 yMEHBIIEHWH YBIAXHEHHS M 3allacoB XJOpOo(dWIUIa B JIMCTHAX
3) cpennee (o npoctpancTBy) 3HaurMoe (p<0.05) coxpallleHue BETMYUHbI HHAEKCOB B rpymmax ¢ 2000-2006 u 2007-
2021 rr. cocraBmiio -14, -23, -125, -43, -13 u -29% s NDWI, NDMI u MNDWI, GVMI, EVI u CVI
COOTBETCTBEHHO. PaboTa BBIMOJIHEHA B paMKax T'OCYJapCTBEHHOTO 3afaHus MMUHHCTEPCTBA HAYKH W BBICIIETO
oOpazoBanms Poccuiickoit @enepaiiuu o opraHu3anyiy MOJIOAEKHOH TabopaTopun B FOropckom rocynapcTBeHHOM
yausepcurere (HUP 1022031100003-5-1.5.1) B pamkax peanusanuy HalMOHANbHOTO mpoekta «Hayka u
YHHUBEPCHTETBD».
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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.

IlI/ICTaHHHOHHbIﬁ KOHTPOJb OIMMACHBIX MPOLECCOB HA KPYNMHBIX MPOMBIINIJICHHBIX o0beKTax

A. B. JIuceiikun, B. C. Cenesnes, E. 3. Kocsknuna
Ceticmonorndeckuii pumman UL EI'C PAH, HoBocubupck, Poccust

Pa3zpaborana Mano3arpaTHasi METOAMKA ITUCTAHIIMOHHOTO KOHTPOJISI OIACHBIX INPOIECCOB HAa KPYITHBIX
MPOMBIIIJICHHBIX 00BEKTaX M0 MaJOaMIUIMTYIHBIM CeHCMHUYEeCKMM CHrHajaM. VICXOAHBIH MaTepHan — JaHHbIC
MHOT'0JIETHETO MOHUTOPHHIA B PEaTbHOM BPEMEHH BEICOKOUYBCTBUTEIIEHBIMU NMPHOOpAMH CECMUYECKHUX CTAHLIUH B
OKPECTHOCTH HECKOJBKUX KHJIOMETPOB OT OOBEKTa HCCIENOBaHUSI. B OCHOBE METOIMKH JIEKHUT CHEKTPAIBHO-
BPEMEHHOHN aHaIU3 0 CIEKTPOrpaMMaM 3aperHCTPUPOBAHHOIO cecMUYecKoro mryma. Pa3paboraHo crenuaibHOE
nporpaMMHOe oOecriedeHne SpectrumSeism il MX BU3yaqusauuu. IIporpamMma cHaOXeHa WHCTPYMEHTaMH
MacuITabupOBaHUs M HABUTALMH I10 CIIEKTPOTpaMMe, TI03BOJISIONINMHE BBIACIATH U AHAJM3UPOBATh OTPaHUICHHBIE BO
BPEMEHH M YacTOTE CHTHAJbl U3 MHOXKECTBA APYI'MX CHUTHAJIOB, COJEPIKAIIUXCS B CEHCMHYECKOM IIyME, a TaKXe
OTIEPAaTHBHO BBIABIATH CUTHAJIBI-TIOMEXH. B TEXHOTEHHOH COCTaBIISIOIIEH CEHCMHUYECKOTO IIyMa PErHCTPHPYIOTCS
MaJIOAMILIUTY/IHbIE CUTHAJIBI KaK OTKJIMKH OT MEXaHW4eCKUX KoyiebaHuii (BHOpanuu paboTaromero o0opynoBaHus,
COOCTBEHHBIX KoOJI€OaHMH 37aHMIl M TEXHUYECKUX COOPYKEHHH) PasIM4YHbIX 00BEKTOB. OHU XapaKTepU3YIOTCS
OTpe/IeNIeHHBIMH YacTOTaMH ¥ JUINTENBHOCTBIO BO BPEMEHH, YTO IIO3BONIAET OTIENATh COJEpIKaIluecs B
CeMCMHYECKOM LIYME CUTHAJIBI OJTHUX UCTOYHUKOB OT JPYTHX M MOBBILIATH OTHOIIEHHE CUTHAJ/TIOMeXa. 3a epro
Oe3aBapuilHOM  SKCIUTyaTallkd  TNPOMBIIUIEHHOTO  OOBEKTa  PErysIpHO  ONPENesIIoTCA  XapaKTepPUCTHUKU
MaJIOAMIUIUTYIHBIX CHTHAJIOB IO MaTepHanaM MHOTOJIETHEI0 MOHHUTOPHHIA CEHCMHYECKOro ImyMa. OJTO JaeT
NPE/ICTABUTENbHYI0 CTAaTUCTHYECKYI0 HH(POPMAIMIO, HEOOXOAMMYIO ISl BBISBICHHS B pEajbHOM BpPEMEHH
AQHOMAJIBHBIX BBIOPOCOB, CHTHATM3UPYIOIIMX O HAUYaBIIMXCS pa3pyLIMTENBHBIX Ipoueccax Ha oObekre. Tak,
JrcOaTaHC BpaIArONINXCsl MEXaHU3MOB IPOSIBIISIETCS. B POCTE aMIUIMTYJ CUTHAJIOB HA YacToTe WX BpameHus. [1o
YyacToTaM COOCTBEHHBIX KOJIeOaHHUH COOPYKEHHH BBISBILSIFOTCS HOBBIE S (QEKTHI, CBI3aHHBIE C M3MEHEHHEM YpPOBHS
BoJAbl B BojoxpaHwmumax ['DC (HeoqHO3HAYHBIE 3aBUCHMOCTH IIPWU HAIlOJHEHHMM W cpaboTKe pe3epByapa),
TEeMITEpaTypHBIMH KOJIeOaHHUSMH, BO3JEHCTBHEM Ha OOBEKTHI 3eMIICTPSICEHHH, MPUBOJSILEM MPEANOI0KUTEIBHO K
paspsike HampsDKEHMH, a TakkKe MHOTOJIETHHE HW3MEHEHUS, BBI3BAHHBIE CTapeHUEM WIM KOHCOJIMAALUEi
COOpPY)XKEHHH. Y4eT 3THX (haKTOPOB IMO3BOJISIET ONPENENIATh KaKHe N3MEHEHHS aMIIUTYI M 9aCTOT OMAacHBI ¥ MOTYT
NPUBECTH K pa3pyIIeHWI0 O0BeKTa, a Kakhe HeT. OTO IMOBBIMIAET JOCTOBEPHOCTH KOHTPOJIS HCIPABHOCTH
paboratorero 000pynOBaHNS W YCTOWYMBOCTH COOPY)KEHHH B pEanbHOM BPEMEHH, OCTPO HEOOXOIMMBIA I
MIPEIOTBPAIICHUS pa3pyIICHNH U aHATN3a IPHYMH HEIITATHBIX CUTYalni.
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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.

MoaenupoBaHue TeMIEPATYPHO-3aBUCMMOI H3MEHYHUBOCTH CeiiCMHYECKHX CBOICTB
3aMOPOKEeHHBIX MHOTO()a3HBIX cpejl

I'. PemeroBa, E. PomeHCcKkuit
Huctutyt marematuku uM. C. JI. CoboneBa CO PAH, HoBocubupck, Poccus

IIpencraBnena mareMaTthyeckas MOJEIb JII MOJCIHMPOBAHMS BOJHOBBIX IIOJIEH B
IE0JIOTHYECKUX CPEllaX ¢ MOPUCTBIMU CTPYKTYpaMH, HACBHIILIEHHBIMH CMECBIO KHUAKOCTU U rasa,
TaKUX KaK Tra30oBble TMApPATbl M BEYHas MeEp3JoTa. MoOZenb HCIONB3YeTCs Ul U3y4YeHUs
M3MEHYMBOCTH BOJIHOBBIX IOJIEH MPU U3MEHEHUH TEMIIEPATYpPHI U, KaK CIEACTBUE, U3MEHYUBOCTH
¢azoBoro cocraBa MHoroga3zHoi cpeabl. Paccmarpusaercs TpexdazHas Mozens aehopMupyemoit
MOPHUCTOM CpeIbl, COCTOSIIIEH M3 yIpyroro ckeiuera, (piaouaa, KOTOPBIA MOXKET HAXOTUTHCS B
COCTOSIHUM JIbJla WJIM BOJBI, M IPHUPOJHOrO ras3a. BwIBOojg MoJenu OCHOBaH Ha TEOpUHU
CUMMETPUYHBIX TUNEpPOOIMYECKUX TepMOoAMHaMuuecku coBMmecTUMbIX cuctem (CI'TC)
OPUMEHHUTEIbHO K Tpex¢a3zHOW cMecH TBEpIOro Tejia, XHJAKOCTM U rasza. [lomyueHHble
VIOPaBISIOUIME YpaBHEHUS SBJISIOTCS TUNEPOOTMYECKUMH U YAOBJIETBOPSAIOT 3aKOHaM
HEOOpaTUMON TEpPMOAMHAMHKU — COXPAHEHUIO SHEPrUM U pocTy 3HTponuu. llpuBeneHsl
YHCIICHHbIE MPUMEpPBI, WUTIOCTPUPYIOIIHE OCOOEHHOCTH PAaclpOCTPaHEHHsI BOJIH B Cpelax ¢
Pa3IMYHON MOPUCTOCTHIO U PA3IUYHBIM COOTHOIIEHUEM KHJIKOCTh/Ta3. PaboTa BhINOIHEHA MPH
noJyIep>)kke MaremMaTndeckoro mneHTrpa B Akajnemroponke mo goroopy Ne 075-15-2022-281 ¢
MuHKCTEpCTBOM HayKH U BbICIIero oopazoBanust Poccuiickoit denepanuu.
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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 npuUMEeHUMOCTH KOHUENIUN CeHCMOTEKTOHMYECKHUX JOMEHOB B 3a/1a4e OLlEHKHU
celicMMYeCcKOH OMacHOCTH

P. 3. TareBocsH
Wuctutyt ¢pusuku 3emnu uM. O. 1O. llImunra PAH, Mocksa, Poccus

Mopnens ceiiCMOTEKTOHHYECKHX TOMEHOB COCTABIISIET OCHOBY OIICHKH CEHCMUYECKOU
onacHoct Ha ypoBHe OO6miero Ceiicmuyeckoro PaiionupoBanus (OCP). Ilo ompenenenuto
CEHCMOTEKTOHUYECKHI JOMEH — 3TO 00bEeM 3eMHOH KOpBI, HIECHTU(DUIIUPOBAHHBIM 1O HAOOPY
CEHCMHUYECKHUX M TEKTOHHYECKUX MTPU3HAKOB, B KAXKIO0H IMO00IaCTH KOTOPOH MOXKET BO3HUKHYTH
3eMIIETPSICEHHE C MAaKCUMAJIBHO BO3MOXKHOH B IOMEHEe MarHUTy0ii. Mojiens pazpabareiBanach B
cBa3u ¢ kaproil OCP-97 u mnpomomkaeT HCHOIb30BaThCs. IIpOTSHKEHHOCTh HEKOTOPBIX
BBIJICTICHHBIX JIMHEHHBIX CTPYKTYp Ha KapTe AoMeHOB cBbime 1 300 KM; IMIOMIaJAHBIX — CBBIIIE
400 000 km?2. XOT4 B IOMEH MHOT/IA TOTAAI0T JECATKH U COTHH aKTHBHEIX PA3IOMOB PA3IHIHOTO
MPOCTUPAHUS U TIPOTSHKEHHOCTH, TEM HE MEHee, BCEMY JIOMEHY NMPUIUCHIBACTCS OJHA BEIMYUHA
MaKCUMaJIBbHOW OKHUJIaeMON MAarHUTYABl Myaxe. CelicMosiornuecke JaHHBIE TTOKA3bIBAIOT SIPKO
BBIPQXXCHHBI WHIUBUAYATbHBIA XapaKkTep CHIBHBIX 3emuieTpsiceHuil. OIHU COMPOBOXKIAIOTCS
aTEePIIOKOBBIMU CEPUSMH, B KOTOPBIX MAarHWTyjAa CWIbHeEWIero adremoka Ooyee, yeM Ha 2
€MHMIIBI YCTYNAeT MarHUTYy/e TJIABHOTO TOJIYKa, B APYTUX cepHsax pasHuia pasHa (.1, Tak 4ro
UX pa3pylIUTEIbHBIC TTOCIEACTBHS CONMOCTaBUMBI. CYIIECTBEHHO Pa3IMUYalOTCs TTOBEPXHOCTHBIC
nposieHus. Jlaxke y CHUIBHBIX 3€MIICTPSCEHHH paBHOW MAarHUTYABl MaKCHMAalIbHOE
KOCEHCMHYHOE CMEIICHHE Ha TTOBEPXHOCTH MOYKET OTJIIMYATHCS B HECKOJBKO pa3. Paznmmyarorcs
Tak)Ke KHHEMATHUECKHUE TPOSBIICHHS: MHOT/IA MMOABHKKH [0 OJJHOMY Pa3JIOMY BBI3BIBAIOT CXOKHE
JBIKCHHS 110 CONPSDKEHHOW CTPYKType, HWHOTJAa B POEBOH AaKTHBHOCTH TPOSBIISIOTCS
KOMIIEHCAIIMOHHBIE JBIDKCHUSA. BO03MOXXHO, ypOBEHb TeHepalu3alid JOMEHHON MOAenu
npuemiieM Ui 0030pHOT0 MAacCIITa0HOTO YPOBHS, B OCHOBHOM IS IEJICH IUIAHUPOBAHUS
TEPPUTOPUATHHOTO PA3BUTHS UM BHIPAOOTKH MOTUTUKH CTPAXOBAHUS, HO CEHCMOTEKTOHMYECKU
MoJIeJTh He 000cHOBaHa. Ee mpuMeHeHue 1t pa3padOoTKH MPOSKTHBIX PEIICHUH MOKET OKa3aThCs
HEOTIPaBIaHHbBIM.
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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'uapoundopMaTika Kak 0CHOBA IJIsl YIIPABJIEHUS JaHHBIMH, MO/1€JITHPOBAHUS U AHAJIH3A
NPH yNPaBJIeHUHN BOAHBIMH pecypcaMu

B. M. Mopeiino, b. 1. I'apuman, B. ®@. Cyuununa, B. @. Tonkauesa, K. 1. ['onoBHUH,
C. A. Urnun, A. A. Kanypa, /1. I1. Conomarun
Huctutyt Bonueix mpodinem PAH, Mocksa, Poccust

CoBpeMeHHast THIPOJIOTUSI OCHOBAaHA HA OOJBIIOM KOJMYECTBE JAHHBIX HAOIIOJCHUH 3a
BOJIHBIMU 00BbEKTaMH, FreOMH(OPMAIIMOHHBIX JaHHBIX O XapaKTEPUCTUKAX PEYHBIX BOJOCOOPOB U
pa3HOMAIITa0HBIX MAaTEMaTHYEeCKMX MOJEIsIX Biaroodopora Ha cyme. IddexTuBHOE
00BbEeIMHEHNE YKa3aHHBIX KOMIIOHEHTOB B CHUCTEMbI YNPAaBJICHUS BOJHBIMH pecypcaMu, B TOM
quciIe MPeayNpexaeHuss pa3BUTUSL ONACHBIX MPOSBIEHUH THAPOJIOTMUECKUX MPOIECCOB — 3TO
3a7a4ya 0co0Oro HampaBlIEHUs TUAPOJIOTUH, HA NPOTSHKEHUM TOCIETHUX JEeCATUIETUN
uMeHyemoro ruiporHpopmatukoil. C yBenuueHueM o0bemMa JOCTYIMHBIX JaHHBIX HAOII0IeHUH 1
pa3BuTHEM WH(GOPMAIMOHHBIX TEXHOJIOTHH OCTPO BCTala HEOOXOAUMOCTh MHTETPUPOBATh HX B
THJIPOJIOTMYECKYIO MPAKTHKY, YTO SBIsETCS MepBOOYepeHON 3aaayeil ruaponHdopmaTiku. B
JIOKJIaJie MPEe/ICTaBICHbl pa3IMuHbIE acTeKThl PEeIaeMbIX 3a/lad, B TOM 4YHCJIE MPOEKTUPOBAHUE
CHCTEM yIpaBiIeHus 6a3aMH THIPOJIOTHYECKUX JaHHBIX, TeOMH(OPMAIIMOHHBIN aHAINU3 peibeda
JUTSL TIOCTPOCHUSI MEPAPXUYECKUX MOJENeH PEYHBIX CeTei, METOJbl MOJEIHPOBAHUS PEYHOTO
CTOKa (BEpPOSTHOCTHOTO U JETePMHMHUPOBAHHOIO), METOJbl BEpUPHUKAIMMU Ppe3yJbTaTOB
MOJICIIUPOBAHMSI M TPUMEPHI TOCTPOCHUS WH(POPMALIMOHHBIX CHCTEM, OOBEIMHSIONINX BCE
HepeunCIeHHbIe KOMIIOHEHTHI. [IprMepsl OCHOBaHBI Ha PEANbHBIX MPOEKTaX, BBHINOJHSAEMBIX B
Jlaboparopuu ruapoundopmaruku Muctutyra Boausix npodiem 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 (Schifer 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.

MecTa cuibHemux 3emjaeTpsicennii B TUX00KkeaHCKOM nosice U SIBaHCKOM :kejio0e

A. U. T'opmikos, M. A. Cemka
WHCTUTYT TeopuM MpOrHO3a 3eMileTpsiceHuil u MaremaTudeckoi reodpusuku PAH, Mocksa,
Poccus

TuxookeaHckuil mosic sBIseTcs HanOojee CEeWCMOAKTUBHOM o00JacThio 3eMiH, TIe
npoucxoauT a0 90 % Bcex ¢UKCUpYEeMBIX Ha TUIaHeTe 3emueTpsceHuil. llenp paGoTer —
OTIpeNIeIUTh MOTEHIIMANbHbBIE MecTa 3emierpsceHuit ¢ M8.5+ Bronb »keno60B TUXx0OKeaHCKOTO
nosica u SIBaHckoro xenoba. BrepBbie B THXOOKEaHCKOM TMoOscCe MOTEHIMAJIbHBIE MeTa
3emierpsiceHuit ¢ M8.2+ Oblimu onpenenieHs! B padotax (I'Bummmanu u 1ip., 1978, 1981) ¢ nomorisro
METOJIOB pacro3HaBaHMsi oOpa3oB. [l Bcero THXOOKEAHCKOTO KOJbla 30HBI CHJIBHEHIIMX
3emueTpsiceHuid ycranoBneHbsl B (Schéfer and Wenzel 2019) ¢ ucnonp3oBaHHEM MaIIMHHOTO
aHaiu3a, a B (Schellart and Rawlinson,2013) ¢ momol1psto JIMHEHHONW KOppesLnuy MapaMeTpoB 30H
CyOnyKIIMM ¢ ceicMHUHOCTBIO. B 3TO paboTe pacno3HaBaHue MecT 3emierpsicenuit ¢ M8.5+ B
TuxookeanckoM mosce U SIBaHCKOM enobe MPOBEAEHO C MHCIOJIb30BAHMEM IapaMETPOB,
OCHOBAHHBIX Ha MOP(OMETPUUYECKHMX M TPaBHO-MArHUTHBIX JaHHBIX, a TaKXe IOKa3areien
TEOMETPUM 30H CyOnyKiuu. MHOXECTBO O0BEKTOB pacrmo3HaBanusi coctaBmwin 209 oOBEKTOB,
npejcTaBieHHble Kpyramu paamyca 300 KM, IEHTpBl KOTOPBIX pacloJIOKEHbl BIOJb
r1yOOKOBOHBIX 3k€71000B ¢ maroM B 300 kM. 3HaueHUs TapaMeTpOB OIpeIeeHbl o 0a3e TaHHbIX
«GeomapApp». T'eomerpuueckue mnapamMeTpsl 30H CYONYKIMH OIpeNIeNeHbl Ha OCHOBE
209 BepTUKaNBHBIX CEHCMO(QOKAIBHBIX pPa3pe3oB, MOCTPOCHHBIX [UISI KaXIOro OOBeKTa
pacnio3HaBaHMs. {15 pacrio3HaBaHUs BO3MOXHBIX MECT 3emiieTpsiceHuil ¢ M8.5+ ucnonp3oBan
aIrOpUTM pacno3HaBaHus ¢ o0yueHuem Kopa-3. 3agaua — paznenuts 209 06beKTOB Ha Ki1ace B,
IJIe MOTYT IPOUCXOAUTH 3emierpsceHuss M8.5+, u kmacc H, rae COOBITHS TaKOH CHIIBI
HeBO3MOKHBI. OOydenme kiacca B coctaBunu 24 oObekTa, rae corimacHo katanory NEIC
u3BecTHBI coObITH ¢ M8.5+. B pesynbTare u3 209 00beKTOB K Ki1accy B 0oTHECeHO 76 0OBEKTOB.
Pe3ynpTaT BakeH M1 OLIEHOK CEHCMHUYECKOM M IIyHAMH OIACHOCTEW B M3YyYEHHOM PETHOHE.
Pabora Beimosnnena npu ¢puHancoBoit noanepxkke 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 HayKka U
HeilipoceTeBble MeTObI 00PA0OTKH JAHHBIX

B. B. Ilynmarenxo?, A. I1. JIax2, K. A. Jlpaues?, H. H. I'pu6>®

! Mucruryr tekronuku u reodpusuku um. F0.A. Koceiruna JIBO PAH, Xa6aposck, Poccust
2 TUXOOKEaHCKMI TOCy1apCTBEHHEIN yHUBEpcuTeT, Xabaposck, Poccus

3 Texunueckuit uactutyt (puman) CBOY, Hepronrpu, Poccus

Hapsiny ¢ permoHamu, B KOTOpPBIX CYIIECTBYIOT IUIOTHBIE CETH celcMocTaHIuid, B Poccun ectb
HEMaJ0 CEeHCMHYECKH OMACHBIX PETHOHOB, B KOTOPHIX KOJIMYECTBO MYHKTOB HAOIIONEHUI MHUHAMAIBHO.
Ogua w3 Takux peruoHoB — Ilpmamypre. CelicMuueckass aKTUBHOCTH Tepputopuu Ilpuamypss
HEpaBHOMEpHA 10 IUIOLIA/M, OLEHUBAETCA OT HE3HAUYUTENbHOM 10 ymepeHHOH. [Ipu 3ToM Ha Oomnbueit
Y4acTU TEPPUTOPHH CETh CEHCMOJIOIMYECKUX HAOMI0IeHUH 00ecreynBaeT NPeACTaBUTEIbHYI0 MarHUTYAY
semuerpsicenuit 2.5-3.0 (Cadonos, 2018). B pabore oOCyxkmaeTcss OAMH M3 CIOCOOOB pa3BUTHS
ceiicMoyoruueckoro MoHuTopuHra B llpmamypbe — ycraHOBKa OOJBIIOIO KOJNWYECTBA HEIOPOTHX
ceiicMoCTaHIui, ocHaEHHBIX reodonamu. [Ipumep Takoi ceiicmoctanimu — Raspberry Shake 3D.
HccnenoBanusi COOCTBEHHOTO IIIyMa 3THUX MPHOOPOB MOKA3BIBAIOT, YTO OHU CIIOCOOHBI PETHCTPHPOBATH
cia0ble JIOKAIbHBIE 3eMJIETPSICEHHSI C MarHUTYIIOW, MPEBBINAIONIEH 2, COXpaHsis MPH 3TOM BBICOKOE
COOTHOIIIEHHEe cUrHa/TiryM Ha paccrosHun 10 100 kM (Anthony et al., 2019). B pabote cripoektnpoBaHa
BO3MOXHasi KoHpuryparus cetrt n3 50 HEJOPOTHX CEHCMOCTAHIMK B I0XHBIX U IEHTPAIBHBIX paioHax
XabapoBckoro kpasi, EBpelickoli aBTOHOMHOW o007acTH, BOCTOKE AMYpCKOW 00IacTd H ceBepe
[Ipumopckoro kpas. OueHKa perucTpalMoOHHBIX BO3MOKHOCTEH 3TOH CETH MOKa3bIBACT, YTO TaKas CETh
no3BosseT B €€ mpenenax (3To Teppuropus momansio B 800 ThIC. KM2) MOHU3UTH CPEAHEEe 3HAUYCHHE
NPEeICTaBUTENbHON MarHUTY/IbI pakTudecku 70 2.0. C oHOW CTOPOHBI, TaKas CETh MO3BOJIUT MOIYIUTh
0oJee MOJIHBIE ¥ TOYHBIE KaTalOTH 3eMJIETPSICEHHUH, PACIIUPUT MIEPEYeHb BOZMOKHBIX CEHCMOJIOTMYECKHX
uccnenoBanuil. C apyroii cTopoHsl, €€ ycTpoHCTBO, (PYHKIMOHUPOBAHUE U OOCITYKUBAHUE, B TOM YHCIIE U
00paboTKa TONyYaeMbIX JaHHBIX, CJETA0T pAalOHAIBHBIM HCIOJIb30BAHUE JBYX COBPEMEHHBIX
KOHLICNIIUA B CEMCMOJOTMYECKOM MOHMTOPHUHIE: TPAKJAHCKOM HAyKd M HEHUPOCETEBBIX METOAOB
00paboTky gaHHbIX. [IprBiIeUeHnEe HAYYHBIX BOJOHTEPOB K YCTaHOBKE M 0OCITY)KHBAaHHIO 000PYIOBaHuUS,
Y HCIOJIb30BaHHE METOJIOB MAIIUHHOTO O0y4YeHUs Ui 00pabOTKH OONBIIHX HAOOPOB JaHHBIX TIO3BOJIST
pemuTh MpodJIeMbl, BO3HUKAIONIME TPH MACIITA0OMPOBAHUH CEWCMOJIOTHYCCKUX HAONIOJICHHH, MaJILIMU
pecypcamu. PabGora BeinosnHeHa npu noguepxke 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.

MeTtoauka pa3io:keHus MojeJiei IIAaBHOT0 TeOMArHHTHOIO 1M0JIsI Ha ''cBo0OAHbIe"
IKCUHEHTPUYHbIE MATHUTHbIE AUIOJIH

9. B. Yremos, /I. K. Hypranues
Kazanckwuii henepanpubrii yauBepcutet, Kazanp, Poccus

Mopenu T1aBHOTO MarHUTHOTO MO 3eMIIM M MX BEKOBBIC BAPHAIMH CTPOATCS MYTEM Pa3IIOKCHUS
MeToJioM cdeprueckoro rapmonmdeckoro anammsa (CI'A, psmsl [Naycca) cpemHeromoBbIX 3HAUCHHI OIS
CKaJIIPHOTO T€OMAarHUTHOTO MOTEHIMANa HAa OCHOBE KOMIMJIMPOBAHMS JAHHBIX HaOMoaeHui oOcepBaTOpuii
MHPOBOH CETH, CITyTHUKOBBIX, a9pPOMarHWTHBIX, HAa3€MHBIX M THIPOMAarHUTHBIX ChEMOK. B cOBpeMeHHBIX
MOZENAX TJIABHOTO MarHUTHOTO IMOJs 3eMJIM MarHWTHBIA MOTEHIMall NPEeACTaBisioT B BHAE pana [aycca.
IIpumepamu Takux mozeneit sistotrcs The World Magnetic Model (WMM, 12 creneHs pasioxeHUs),
International Geomagnetic Reference Field (IGRF, 13 cremens), Enhanced Magnetic Model (EMM, 790
crerielb), BGS Global Geomagnetic Model (BGGM) (1440 crenens). HecMoTpst Ha TO, 9TO pa3iosKeHHE MO
Ha cepryecKkrue TapMOHUKH — XOPOIINH MaTeMaTHUSCKUH MHCTPYMEHT Ul TIOCTPOEHHsI MOJEIeH INIaBHOTO
MarHuTHOrO IOJIS 3eMIIM U peuieHus Apyrux 3ajgad, OH HE ABJIACTCA ONTUMAJIbHBIM JId 3aJa4dd aHaiu3a
CTPYKTYPHl HCTOYHHKOB HEIMIIONBHON cocTaBistomieil rmaBHoro momsd. Koadoumments: ['aycca, 3a
UCKIIIOYCHHUEM KO03((UIIMEHTOB MEpBOro MOpPsIKa, HE HECYT B ceOe SICHOro (pM3MUecKoro cMeicia. Takxke
OTMETUM, YTO «OTCCKAHUEC» psijia — OTPAHUYCHHUC PpAAa N-bIM MOPAAKOM HNPUBHOCHUT B I10JIC 3HAYHUTCIIBHBIC
HCKaXEHHS TTI00aIFHOTO XapakTepa — BeAib, 110 CYTH, U3 MOJISI BEIYUTAIOTCS HEKHE MaTeMaTHIecKue (QyHKIIUH,
0 KOTOPBIX M3BECTHO, YTO OHH SIBIISIFOTCSI YaCTHBIMH PEIICHUSAMH ypaBHeHH Jlammaca m MMErOT 30HaIBbHYIO,
CEKTOPAIBHYIO, JTHO0 TECCEPANbHYIO IEPUOJNUECKYIO CTPYKTYPY. Jpyroii, anbTepHaTUBHBIN TOAXO0A OCHOBAH
Ha niee MOAEINPOBAaHHS TIIABHOTO T€OMarHUTHOTO TI0JIS ITOJISIMH MarHUTHBIX Jumoneil. B Teopun Marnernsma
YacTO HMCHONB3yeTcsl TOHATHE 3apsA0BOTO MarHWTHOTO AWIONS — Mapbl PaBHBIX, OJIM3KO pPacIOI0KEHHBIX
MAarHiuTHBIX MacC pPas3sHOIro 3Haka. ITone 3apAa0BOT0 MAarHUTHOT'O AHWIIOJIA OKBHUBAJICHTHO IIOJIFO TOKOBOI'O
JIAIIONS — MaJICHBKOH METIIH C 3JIeKTPHYECKUM TOKOM. B aHHO# paboTe mpemiaraeTcss MeTOANKa pas3iioKeH s
MOJIeNel TJIaBHOTO T€OMarHUTHOTO TOJIS Ha «CBOOOJHBIEY IKCIEHTPUYHBIE MarHUTHBIE 3apsI0BBIe/TOKOBbIE
JUIIONIM KaK pe3yJbTaT pelIeHus: o0paTHoil 3agaun Ha chepe. TepMuUH «CBOOOAHBIE» O3HAYAET, UTO BCE CEMb
napaMeTpoB KaXJIOr0 W3 JUIIONIeH — KOOPAWHATHI LIEHTPA, HANpPABJISAIOIINE KOCHHYCHl OCH/HOPMAlU M
MarHUTHBIH MOMEHT — allpHoOpH He PUMKCHUPOBAHBI M MOJJIEXKAT OIIpe/IeNIeHnI0. B pe3ynbTate penienus oopaTHOH
3a4a4M B KJ1acce «CBO60)IHLIX» SKCUCHTPUYHBIX MarHUTHBIX zmnonei/i HUHTEPEC UIA aHaJIn3a MPCACTaBJIAIOT, KaK
IMPOCTPAaHCTBEHHOC PACIIPECACIICHNE AUIIOJIbHBIX MTapaMETPOB, TaK U UX 3BOJJIIOIUA BO BPEMCHHU.
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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.

CnyTHHKOBAasi TPABUMETPHS KAK HHCTPYMEHT MPOrHo3a He)Tera3oHOCHOCTH

. H. Orses, /1. K. Hypranues
Kazanckuii ¢penepanpubiii yauepcuret, Kasanb, Poccus

Pa3zmenienue MeCTOpOXKACHHM  YIIIEBOJOPOJOB  KOHTPOJUPYETCA CTPYKTYpOll H
pa3MemeHneM OTHIENbHBIX OCHOBHBIX DJJIEMEHTOB HE(TEra3oHOCHBIX CHCTEM, a HMMEHHO
KOJIJIEKTOPOB, MOKPBILIEK, JIOBYIIEK U HepTemarepuHCKuxX nopon. IlocnenHue NOMKHBI OBITh
3peiabIMU  JUISL  yBEJIMYEHMs] IIAHCOB YCHEIIHON pa3BEIKW Ha YIIEBOAOPOIBL. 3penocThb
HeTeMaTepUHCKUX MOPOJI 3aBUCHUT OT TEIUIOBOT'O MIOTOKA, COCTOSIIEr0 U3 MAaHTUHHON 1 KOPOBOH
cocrapistonux. Takum oOpa3oM, 3HaHHE CTPOEHUSI 3€MHOM KOpPbI TO3BOJIIET CO37aBaTh MOJIEIH
TEIIOBOTO MOTOKA, KOTOPBIA BIIMSAET Ha 3peNOCTh HEPTEMATEPUHCKUX MOPOA U JIOKATIU3ALHIO
3aJIe’Ke YTIIeBOIOpOI0B. B HacTosIee BpeMsi, CTpoeHHE 3eMHOM KOPBI MOKET OBITh HCCIIEI0BAHO
MHO€ECTBOM CIIOCOOOB € CEHCMHUECKUMH METOAAMH, BHIXOASIIMMU Ha IEPBYIO CTPOUKY B IJIaHE
TOYHOCTH  OIpEAETCHUs] TEeOMEeTpUU OoTpaxaroumx rpanul. OpjHako, ceilcMuueckue
MICCJIEIOBAHMSI TIOKPBHIBAIOT HE BCIO 3€MHYIO IIOBEPXHOCTH, a TOJIBKO JIOKAJIbHBIE €€ yYacTKH W,
3a4acTylo, TJIyOMHBI MCCIEIOBaHUS CEHCMHYECKHX METOJ0B OrPaHWYMBAIOTCS OCaJOYHBIM
YeXJIOM, He JaBas ONPEJeIUTh CTPYKTYPY 3€MHOM KOpBI B TOJTHOM 00b&éMe. BozHukaeT 3anpoc Ha
METO/I, UMEIOIINN I100abHOE MOKPBITHE M CIOCOOHBIN J1aBaTh CBEACHMS O CTPYKTYpE 3€MHOI
KOPBI C IOCTaTOYHOM TOYHOCTHIO. TaKUM METOJIOM MOXKET BBICTYIUTh CIyTHUKOBAsI TPaBUMETPHSL.
WuBepcHsi COyTHUKOBOTO MOJS CUJIbl TSDKECTH IO3BOJISIET ONPEAENUTh TIIYyOMHY 3asleraHus
rpaHuibl Moxo JUTst H3y4aeMbIX TEPPUTOPUIA U, KaK CIIEACTBHE, TOCTPOUTH O0Jiee TOUHbIE MOJIENN
TETIJIOBOTO MOTOKA, a 3HAYUT, U KapPThI 3pEJIOCTH HePTeMaTepUHCKUX MOpoI. B HacTosmiei padore
MOKA3aHO KaK JaHHbBIE CIIyTHHKOBOW I'paBUMETPHH OBLTH MCIIOIH30BAHBI AJI U3YUEHUS CTPOCHUS
3eMHOM KOpbl Bonro-Ypameckoro cermeHta BocTouHo-EBpomneickoro KparoHa mpH IOMOIIA
MHBEPCHUH CITyTHUKOBOTO TOJISl CHJIBI TSKECTH U IIOCTPOEHMS T€OIUIOTHOCTHOM MOJENN METOA0M
Heopmanu3zoBaHHOTO Toa0Opa. Takke MPOAEMOHCTPUPOBAHO KAKUM OOpa3oM TMOTydeHHAas
MO/IEJIb 36MHON KOPBI HUCII0JIb30BAJIACh JJIs1 MOJAEIUPOBAHMSI T€OTEPMUUECKOM CTPYKTYpsI Bosro-
Vpanuu meronom Monte-Kapno ¢ nensimu MapkoBa ¢ MCHOJIb30BAaHUEM JAHHBIX HW3MEPEHUM
MOBEPXHOCTHOI'O TEIUIOBOr0 MOoToKa. OleHeHa B3aUMOCBS3b TEIJIOBOro nosst Bosro-Ypanuu c
PacroI0KeHNEM MECTOPOXKIEHUH YIIIEBOAOPOIOB.
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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.I. 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.

IIporno3 pacnpeneseHusi CKOMJIEHUI yriieBoA0POA0B M0 KPynHocTU. CocTosiHMe U NPOoOJIeMbl

JI. M. bypurreiin, B. P. JIumuig
WuctutyT Hedrerasooii reonoruu u reopusnku CO PAH, HoBocubupck, Poccus

BaxHe#mmM 311eMEHTOM CTPYKTYpPBI pecypcoB YB sBisieTcss MX pacmpeleNcHHe M0 CKOIUICHUSM
pasznuuHoi kpymHocTH (IIporHo3 MmectopokaeHwid..., 1981; MeTtoanueckoe pPyKOBOACTBO..., 2000).
HccnenoBannss 95TOTO  HampaBlICHWS TMOSBWIMCH B IIECTHISCATHIX-CEMHUACCATHIX ToAax XX Beka
(Kaufman, 1963; I'yrman, 1967; bakupos, 1972; Bysios, 1977 u ap.). AHaIW3UPOBAIKMCH PACIPEICIICHHS
pa3MepoB BBISABICHHBIX MECTOPOKICHUHN MM KOHTPOJMPYIONIMX MX JIOKATBHBIX 00BEKTOB. B mogaBstoiem
OONBIIMHCTBE  CilydyaeB  (PUKCHUPOBATOCH  OJHOMOJAIBHOE  paclpelesieHue,  yAOBIETBOPUTEIHHO
aNMPOKCUMHUPYEMOE  JIOTApU(MHUICCKA HOPMAIBGHBIM 3aKOHOM. AHaIW3 WM3MEHEHHS pacIpelelICHHs
BBISIBJICHHBIX CKOIUIEHHH YB 1o Mepe Bo3pacTtaHusl M3Y4€HHOCTH HCCIEAYEMOW TEPPUTOPHH TPHBEN K
MPEANONIOKECHUIO, YTO paclpelelicHne CKOIUICHWH B MPUPONE MOXKET HMeTh B HabmromaeMoil obnactu
aMOJAJGHBIN XapakTep W OMHUCHIBATHCS cTereHHbIM 3akoHoM (Ilmmumeman, 1972, 1982). B kauectBe
ANMPOKCUMHUPYIOMUX ISl TPHPOIHON COBOKYITHOCTH CKOIDICHHH YB paccMaTpHBaiich paclpeneieHHs
Beitbyna, Koxa, 6erra-pacnpeneienue nepBoro poja u T. A. Hambombliee pacmpocTpaHeHHE Ha MPAaKTHKE
noigydmno o6oOmenue pacnpeneneHust [lapero — ycedeHHoe pacnpeneneHue Ilapero, mpemnoxeHHOE
A.3. Konroporuem u B.U. Jlemunbmv (1977, 1979). O1tn pe3ynpraTel OBUIH HOATBEPXKACHHI B paboTax
(KpbsuioB u np., 1986; Apcupmii u ap., 1986 u 1. a.). K aHamornyHeIM BbIBOAAM NPHIUIA (BO3MOXHO,
HE3aBUCUMO) W HEKOTOphble 3amajgHble crnenmaiucthl (Schuenemeyer, Drew, 1983; Houghton, 1988).
HanpHeliliee pa3BUTHE MPHUBEIO K MEPEXOAYy OT aHaiM3a COBOKYIMHOCTEH MECTOPOXKIEHUM K aHaJIU3y
COBOKYITHOCTEH 3ajexei, AeTambHON pa3paboTke ¢opmanbHbeix acnekToB (KonTtoposuu, Jluemmm, 1988;
Jlummmm, 2004, 2020, 2023 wu T. A.), BBHINOJHEHUIO OLEHOK CTPYKTYPHI PECYPCOB psfa KpyITHEHIINX
HedTerazoHocHbIX TpoBuHIMA Poccuu (Konroporuu, Jlupmmn, 2017, 2022; KoutopoBuu u np., 2021;
Bypureitn u np., 2020, 2023). OTaenbHbIM BaXXHBIM HalpaBJICHUEM SBJISIETCS TEOpeTHUYeCKOoe 0OOCHOBaHUE
BHJIa PaCMpe/Ie]ICHUs] CKOIJICHUH ¥ YCTAHOBIICHUE CBS3H €T0 MMapaMeTpoOB C XapaKTEPUCTUKAMHU BMEIIAIOIINX
reoyioruueckux o0bekToB (KonTopoBuu u ap., 1988; bypwreitn, 2004, 2006; Jlusmun 2014, 2017 u 1.1.). B
paMKax O3TUX pabdOT TMOKa3aHO, 4YTO CTEIEHHON XapakTep paclpeAeieHUs] CKOIUICHWH, OIpenerseTcs
COOTHOIIICHHWEM IPOIECCOB aKKyMVYISAIUM W Jguccunanud YB B 3anexxu. HecMoTps Ha 3Ha4MTENBbHOE
KOJIMYECTBO HCCJICIOBAHUN, TOCBSINEHHBIX MPHPOJIE CTENEHHBIX 3aKOHOB pACIpPEICNICHUS YCTONYMBBINA
XapakTep MoKa3aTels cTeneH: (~2) MPUMEHUTEIBHO K PaCIPEeIICHIIO CKOIUICHIH Y B 00bsSICHEHNUS MMOKa 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 (Brombierstdaudl 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’.

HUcnoan3oBanne 'MC-TexHo0THii 1JI OLIEHKH PACTIPOCTPAHEHNS HAJIe[AeH B I0KHOM
reOKpHoJI0ru4ecKoi 30He

b. 3. Upiaeimos, B. H. Yepnsbix, A. A. Atopxkanaes, b. B. Connomos, M. A. J)KapHukoBa,
E. XK. I'apmaes
baiikanbckuil ”HCTUTYT npupoonons3oBanus CO PAH, Vnan-Y 13, Poccus

Pa3BuTre reonH(oOpMalMOHHBIX CUCTEM M TEXHOJOTHH IHUCTAaHIIMOHHOTO 30HIUPOBAaHUS
NO3BOJIMJIO ClieNaTh OOJBIION IIar B M3y4eHUH Hailene. 3a MmocielHUe TOoAbl Ha OCHOBE
JUCTAaHIIMOHHBIX JAHHBIX COCTABIIEHBI CEpUU KATaJIOTOB TMT'AHTCKUX Hajeaen-TapbiHoB CeBepo-
Bocroka Poccun (AnekceeB u ap., 2021), Haneneil pa3HbIX BBICOKOTOPHBIX PaiilOHOB 3eMiu
(Brombierstdudl et al., 2021; Gagarin et al., 2022) u nap. BaxHpiM jgomojiHeHHUEM K
NEePeYUCICHHBIM paboTaM SBJISETCS KapTa paclpoCTpaHEHMs Hajeled B pOCCHHCKOM uacTu
Oaccelina p. CeneHra, TEppUTOPUS KOTOPOIO OTHOCUTCSI K IOKHOW I'€OKPHUOJOTHYECKON 30HE.
KaprorpadupoBanue Hasneneil BHIIOJHEHO Ha OCHOBE JaHHBIX KOCMUYecKoll chemku Landsat-8
(2022 r.). ABTOMaTH3UpOBaHHAasl 00pabOTKa CIYTHUKOBBIX JAHHBIX MPOBEAECHA MO MOPOrOBBIM
3HAUEHUSAM HOPMHMPOBAHHOIO CHEXHO-lefoBoro uHaekca NDSI. Jlng omnpeneneHus rpaHuL
OydepHBbIX 30H, B MpeAenax KOTOPhIX MPOBOAMINCH PAcUeThl, TOTpeOoBatach JOMOIHUTEIbHAS
Jeranu3anus rujgporpaduueckoil cetu. BonoTokn BelgeneHsl mo mudpoBoi MoJenu penbeda
SRTM v. 4 ¢ nomompbto Moayis IO ArcGIS «I'maponorus». Ilocne Bbruucienuss NDSI
MOJIydeHHBIE pacTpoBble M300pa’keHHsI KOHBEPTHPOBaHBI B BEKTOpHBIN (hopmaT. B mpormecce
paboThl MPUMEHSIIOCH TaKXKe BU3YyallbHOE Jemu(pupoBanre U pyyHas onudpoBka. C moMoUIb0
I'MC-ananu3a 1oydyeHbl 3aKOHOMEPHOCTH  paCHpEeleNIeHHs Haleled MO0  pa3IndHbIM
XapaKTepUCTHUKaM: BBICOTA MECTHOCTH, OSKCIIO3ULMA M KpPYTH3HA CKIIOHOB, CpEIHErojoBas
TeMIIepaTypa Bo3/lyXa M KOJIMYECTBO OCAJKOB, JaHIIMIA(ThI, TOUYBBI U Ap. Pe3ynbraToM manHON
paboTHl CTayia KapTa pacmpocTpaHeHus (B BeKTOpHOM (opmare) m 0a3a NaHHBIX OCHOBHBIX
MOp(hOMETPUIECKUX XapaKTepUCTHK Oosee 15,5 Tric. Hanesnei obeit miomaasio 6onee 361 km2.
Hccnenoanue BoimosiHeHO Tpu moaep:kke PH®, mpoekt Ne 23-27-00402 «Hanenu ceBepHOU
(poccuiickoit) yactu 6acceiina p. CeneHray.
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Arktika-M geoinformation system: current status

M. Kuchma, E. Kholodov, }O. 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.

FeOHH(l)OpMaIIHOHHaﬂ CUCTEeMaA «ApRTI/IKa-M»: TEKyliee COCTOAHUE

M. O. Kyuma, E. 1. Xonopos, 1O. A. lllamunosa
ALl Hayuno-uccnenoBarensckuii ieHTp «ILmaneray, Xabaposck, Poccus

B HacTosimiee BpeMsi MHTEHCHBHO pa3padaThIBAlOTCS M COBEPIICHCTBYIOTCS TEXHOJIOTHH
00paboOTKM W aHanM3a NaHHBIX, MMOMYy4YaeMbIX C Pa3iNWYHbIX KocMuueckux ammaparoB (KA). Jlannbie
MU3MEPEHUH CIIyTHUKOBBIX NPUOOPOB MO3BOJISIIOT MOMYYaTh IIMPOKHUHA CIEKTP TEMAaTHUYECKOW MPOIYKLINU
JUTS pelleHns] MHOXecTBa (yHAaMEHTaJIbHBIX U MPUKIaIHbIX 3a1a4. [Ipu sToMm, mardopm, KOTOpsie MOTYT
CBSI3aTh B €IMHBIN TEXHOJIOTHYECKHH UK (OPMUPOBAHUE TOTOBBIX MPOYKTOB MO HYKABI TOTPEOUTEIS
¥ BO3MOXXHOCTb UX OTOOpaKEHHMSI M aHAIM3a CTAaHIAPTHBIMUA U CHEUUAIBHBIMH MHCTPYMEHTAMH, IJIS
POCCHICKOM IpyNIUPOBKH METEOPOJIOIMYECKUX CITyTHUKOBBIX CUCTEM IpakTuuecku HetT. C 3amyckoM 16
nexabpst 2023 r. KA Apkruka-M Ne 2 cdopmupoBaHa TpynmupoBKa W3 JBYX ammapaTtoB Ha
BBICOKOAJIJTMIITUYECKOW OpOHTE, KOTOpas 00ecreyrBaeT HETPEPHIBHBIN PEXUM IOIY4YEeHHS C BBICOKOH
NEPUOJUYHOCTHI0O MHMOpMAUKMU MO ApKTHYECKOMY pervoHy 3emiu (Beime 60o c. m.). DTOT peruoH
HEJOCTYNEH JUIsi HaOJIONEHHsI CO CIYTHHKOB Ha TIeOCTAllMOHApHOW oOpOuTe, a HU3KOOpOWUTAIBHBIE
METEOPOJIOTHUECKNE CIIYTHHUKM HE Jal0T BO3MOXKHOCTH TPOBOAWTH HAOIOJEHHE BBICOKOIIMPOTHBIX
paiioHOB Cc TpeOyeMOH NepHOAMYHOCTBIO. B nmokmage  paccMaTpuBarOTCS  BO3MOXHOCTHU
reourdopmaronsoii cucremsl (I'MC) «Apkruka-My», pazpaborannoit B HULL «Ilnanera» B mHTEpecax
HIMPOKOTO Kpyra norpeduteneit. PazpaboTunkamu peam3oBaH MOJTHBIN aBTOMAaTHUECKUH UK 00pad0TKU
W TOATOTOBKH CIIyTHHKOBOH HMH(GOpPMAIUU: OTKPHITUE HCXOAHBIX JAHHBIX, PacdeT TeMaTHYecKOi
NPOAYKIMH C HCIOJIb30BAaHHEM METOI0B MAIIMHHOIO 0OydyeHMs, npeoOpa3oBaHue WHGPOPMALMH B
HeoOxomumele popmatel. B TUC ucmonb30BaHbl COBpEMEHHBIE TEXHOJIOTHH, 00eCTIEUNBAIONINE JOCTYIT K
JAHHBIM TIOCPEICTBOM KapTorpaduveckux CEepBHUCOB, OOBENWHEHHBIX B BeO-mHTepdeiice. B xome
onepatuBHOM skciutyatamun [MC  «Apktuka-M» OponeMOHCTpUpOBaja BBICOKYIO 3(deKTUBHOCTD
paboThl 3a CYET BBICOKOH OCTOBEPHOCTH HH(OPMAIMK, ONEPATHBHOCTH JOBEICHHS MPOAYKLIHH OO0
KOHEYHBIX MOJIh30BaTENeH, OOJIBIIOT0 KOJMYECTBA OTOOPaKAEMBIX MPOAYKTOB. Bce 3T0 cmocoOCcTByeT
MOBBIIIEHHIO TOYHOCTH NMPOTHO30B M IITOPMOBBIX ONOBEIIEHWH, W KaK CIEACTBUE, NPEIYNPEXICHUIO
Ype3BBIYAMHBIX cuUTyaluid npupoxHoro xapakrepa. [MC «Apkruka-M» oObenuHSIET B EIUHYIO
WHQOPMAIMOHHYIO CHCTEMY JIaHHbIE M3 Pa3IMYHBIX UCTOYHUKOB, KOTOpPhIC JOMOJHSIOT APYT JPyra U B
LIEJIOM TPEACTABIISIFOT co00i 3P (PEeKTUBHOE CPEJACTBO MOHHUTOPHMHIA W MPOTHO3MPOBaHMs. Pa3melneHue
NoJOOHBIX pecypcoB B ceT MHTEpHET Mo3BOIsIeT ONepaTuBHO HHPOPMHUPOBATH KaK 3aMHTEPECOBAHHbIE
CITyKOBI, 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+ (HlIstoric 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 CHUKCHHS IJIOINAIH, 3AHUMAEMOil IAXOTHBIMH 3eMJISIMH B ICHTPAJIbHOMI
yactu Pycckoii paBaunbl, 1o 1aHHbIM HILDA+

I'. A. Anexcanaposn
Huctutyt ¢pusuku armocdepsr um. A.M. ObyxoBa PAH, Mocksa, Poccus

HILDA+ (HlIstoric Land Dynamics Assessment+) — HaOOp JaHHBIX, COAEPIKAIIUX
nH(OpMaIKIO 0 3eMJICTIONB30BaHUH C IPOCTpaHCTBEHHBIM pazpemienuemM 0.01 rpagyc nmo gonrore
U IIAPOTE JUIsl KaKA0ro roja, HauuHas ¢ 1899 u 3akanuuBas 2019 romom, Buje LEIbIX YKCEN,
0003HAYAIOMINX BHUJ 3€MJICTIONB30BaHus. [10 3TUM JaHHBIM OBLIT BBIYHMCIICH MPOIEHT MaXOTHBIX
3eMeNlb B SYEHKaX KOOpAMHATHOM ceTku ¢ maroMm 0.5 rpaaycoB MO MIMPOTE U JOJITOTE.
B nentpanbHoit yactu Pycckoil paBHUHBI (TOYHEE Ha TEPPUTOPUH, 3aKITIOUSHHON Mexay 31-M u
42-m mepunmanamMud U 59-it m 51-i mapayutensiMu) maxoTHBIE 3eMJIM 3aHUManu B 1962 roxy
42.149%, B 1968 — 40.645%, B 1988 — 39.495%, B 2008 — 34.519%, a ¢ 2008 mo 2019 rox ux
TJIOIIA/h TPAKTHYECKH HE M3MeHsIach. CHUKEHUE TUIONIAIN TTaXOTHBIX 3eMellb B IIEHTPAIbHON
yacthu Pycckoil paBHHHBI B 1I€JIOM TMOATBEPXKAA€T OOCYXKJaeMyl0 B COBPEMEHHOW HaydHOM
JTUTEPAType TUIOTE3Y O TOM, YTO CHUKEHUE TIJIOMIA U MTaXOTHBIX 3€MeJlb, I0-BUIUMOMY, SIBIISICTCS
3aKOHOMEPHBIM  PE3yJbTaTOM  SKOHOMHMYECKOTO  pa3BUTUA.  UYepeqoBaHue  NEPHOJIOB
OTHOCHUTEJIbHOM CTaOWIM3allMi M TIEPUOJIOB OTHOCHUTEIHHO OBICTPOrO0 CHHKEHUS ILIOIIAIN
MaXOTHBIX 3€MEJb B IIEHTPaIbHOU YacTu Pycckoli paBHUHBI MOKET ObITh CBSI3aHO, B paMKax 3TON
TUTIOTE3bI, C YePEIOBAaHUEM TIEPHOJIOB YCKOPEHHUS U 3aMEIJICHUSI SKOHOMHYECKOTO Pa3BUTHS, WIIH
TOYHEE — C YepeJOBaHHWEM IMEPHOJOB OTHOCHUTEIHHO OBICTPHIX W MEJUICHHBIX W3MEHEHHU
KOJMYECTBEHHBIX UHIMKATOPOB TEX ACTIEKTOB YKOHOMHUYECKOTO Pa3BUTHS, KOTOPHIE ONPEICIISIIOT
M3MEHEHUE 3€MJICTIONb30BaHMUS.
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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 craguiiHoCTH IMPOABJICHUSA aHOMAJHUH ceiicMHYECKOro pPexKuMa rnepea 3eMJacTpsaCCHUAMN

B. b. CmupHoB!, A. A. TTerpymos?
! MockoBckuii rocymapcTBennblii yuusepcuteT uM. M. B. Jlomorocosa, Mocksa, Poccus
2 Wuctutyt ¢uzuku 3emnu uM. O. 0. llImunra PAH, Mocksa, Poccus

MupoBasi npakTUKa CEHCMOJIOTHYECKUX HCCIIEIOBAHUN BBIBHIIA PsAJl CTAaTUCTUYECKUX
[IapaMeTpPOB CEHCMUYECKOI0 peXruMa, aHOMaJIbHbIE U3MEHEHUSI KOTOPBIX pacCMaTPUBAIOTCS KaK
WHJUKATOPBl KIIFOYEBBIX IPOLIECCOB MOATOTOBKH 3emileTpsiceHni. K HMM, B mepByro odepens,
OTHOCATCSL XapaKTEPUCTHKH HHEPreTHUECKOro «CHEKTpa» CEMCMUYHOCTU: HAKIOH rpaduka
MIOBTOPSIEMOCTH, PA3JIMYHBIE XAPAKTEPUCTUKU CEHCMHYECKOW AKTHMBHOCTH, XapaKTEPUCTHKU
[IPOCTPAHCTBEHHOMU, BPEMEHHOHI W IIPOCTPAHCTBEHHO-BPEMEHHOMU IJIOTHOCTH
BBICBOOOJKJAIOIEHCS CEHCMHUECKON »HHEpruM, a TakXke [apaMeTpbl KiacTepu3aluu |
B3auMoJieiicTBUA 3emieTpsiceHuid. J{ns aHanu3a ObutM BBIOpaHBI JIBa MIMPOKO MCHOJIb3yEeMbIX B
IIPOTHOCTUYECKUX  MCCIEJOBAaHUAX  IMapaMeTrpa CEHUCMUYECKOrOo  peXkuma:  I0Kas3arelb
HHEPreTUUECKOro crekTpa ceiicMuyHocTu (mapamerp ['yrenOepra-Puxrtepa) M KOMIUIEKCHBIN
napamerp RTL, xapakrepusyrolmui B3auMOACHCTBUE 3€MIIETPSACEHUN U OTPAKAIOIIMKA CTaIuu
3aTUILIBS U (POPIIOKOBON aKTUBU3ALNU celicMUYHOCTH. [IpocTpaHCTBEHHO-BpEMEHHbBIE AHOMAINU
TUX MapaMeTpoB OBbUIM BBISABIEHBI MEPE]] OTHOCUTENBHO CHIBHBIMH 3E€MIIETPSICEHUSIMH B
o0nacTsX ¢ pa3MYHBIMM T€HEPaJbHBIMM TEKTOHHYECKHMMH THUIIAMU: 30HBI CYOAYKIMH (Ha
npumepe Kamuatku u SInonun), pudrossie 30ubI (Vcnanaus), 30HbI CIBUTOBBIX TPAHC(POPMHBIX
pasznomoB (Kamudopuus, Typuus, Upan). Ha ocHOBe comocTaBiieHHs] OCHOBHBIX XapaKTEPUCTUK
aHOMaJIUi (MIPOAOIKUTEIBHOCTEH, MPOCTPAHCTBEHHBIX pPa3MEpPOB, PACCTOSHUN OT SMMILEHTpA
3eMJIETPSCEHNS ) BBISIBICHBI OCOOCHHOCTH CTaJAUHHOCTH MPOSIBICHNUS AHOMAJIUN B paCCMOTPEHHBIX
obmactsax. Ilon cTaguifHOCTBIO TMOHMMAETCSl COOTHOIIEHHE BPEMEH M IMPOCTPAHCTBEHHBIX
oOnacrell GpopmMupoBaHUS W pa3BUTUsA aHOMaiui. HecMoTps Ha cTaBIIyl0O HOPMOH MpPaKTUKY
KOMIUIEKCUPOBAHUS PA3JINYHbIX CTaTHCTUK CEHCMHUYHOCTH IPU PEIIEHUU MPOTHOCTHYECKHUX
3a7a4 BOIPOCHI O 3aKOHOMEPHOCTSX CTAaJIUMHOCTH MPOSBJIEHUS aHOMAJMA, O CXOJICTBE H
pa3auuusax TPOSBICHMS 3TOM CTaJUHHOCTH B pPa3jIMYHBIX TEKTOHMYECKHUX YCIOBHMSIX M Ha
pa3IMYHBIX HHEPreTHUECKUX Maciitadax, o (pU3MUecKHX MPUYMHAX CTAAUMHOCTH OCTAIOTCS B
HACTOsIIIee BPEMS OTKPBITBIMU. DTH BOIPOCH! 00CYXAAt0TCS B TOKIAE.
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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 EquHoro rocygapcTBeHHOro ¢oHa JaHHbIX 0 COCTOSIHMHU OKPY:Kaloweil cpeabl, eé
3arpsi3HeHMH

B. M. [lTaitmapnanos, E. B. Konecuukon
BHUUT MU-MIL/, O6ruHCK, Poccust

Wudopmanusi 0 COCTOSIHUM OKpYKarollled NPUPOAHOW cpeabl, €€ 3arps3HeHuu (nayee WHGMOpMAILHS)
SBJISIETCS OJHUM M3 KIIIOUEBBIX (DAKTOPOB JOCTHIKEHUS LENU YCTOWYMBOTO IKOHOMHYECKOTO PAa3BHUTHS KaXKIOTO
rocynapcTBa. Takue CBeIEHHs SIBJISIOTCS IIGHHBIM M BOCTPEOOBAaHHBIM MaTepHaJIOM, ITOCKOJIBKY H3MEHEHHE
MPUPOAHBIX YCIOBUH OKa3bIBAET ITOCTOSIHHOE BIIMSHHE HA JKU3Hb YEIOBEKAa, OKa3bIBas BO3/ACHCTBHUE HA Pa3IHUYHBIC
OTpaciii 3KOHOMHKH U COIMANBHYIO cepy obiecTBa. PeryisipHslii cOop u xpaHeHHe HHpoOpMaLuK Ha TEPPUTOPUH
Poccun, ocymiecTBisieTcst Ha IPOTSDKEHUH TIOJTyTOpa BEKOB. B pesynbrare 3T0i nesirensHOcTH 00pasyercst Enunbrit
rocynapctBeHHbIH (oH naHHBX (ET®/I) 0 cocrossHUu OKpykaromiei cpenpl, e€ 3arpssHeHnd. OyHKINN BeIeHU
EI'®l Bo3noxkensl Ha Bcepoccuiickuii HayyHO-MCCIEIOBATEIbCKUI HMHCTUTYT THIPOMETEOPOJIOTHYECKOM
nHpopmanuu — Muposoit nentp manaeix (BHUUTMU-MI). OcroBHas nens BHUUTMU-MIIJ] — obecrieuenue
nH(opManueld HaceneHus, OPraHOB HCIIOJIHUTEIILHOM BIIACTH, BOOPYXKEHHBIX cuil PD, cekropoB sxoHOMHKH. [yist
JOCTIDKCHUS TIeJTH petraetcst psia 3aaa4u no Beaernio ET®J1: 1) C6op, yuer, apxuBamusi, 10JATOBPEMEHHOE XPaHCHHUE
W pacmpocTpaHeHue wuHPoOpManuu. Meronuyeckoe oOecrieueHne opraHuzanuii B yacTu BejaeHus EI'D/].
2) PaspabGoTka, BHEIpPEHHE W COMPOBOXKICHHE TEXHONOTWII cOopa, OOpPabOTKH W apXWBalMH JIaHHBIX,
ABTOMATH3MPOBAaHHBIX MH(MOPMAIIIOHHO-TIOMCKOBBIX CHUCTEM y4eTa M JIOJTOBPEMEHHOIO XpaHeHHs MHpopmanuu
ET®O. 3) OGcnykuBaHue IMOTPeOHTENEN CIENUATU3UPOBaHHOM HH(pOpMAIMEdl MW CO3MaHHOM Ha €€ OCHOBE
npoaykuueit. 4) HccrnenoBannst B obmactu kiumara. Mopckue uccnenoBanus. 5) OreHka yiepOoB 1 paboThl B
obGuiactn sKkoHOMH4YecKoi MeTeoposioruu. Jlanasie B EI'®/] ctpykTyprpoBaHsI 110 BuiIaM HH(pOpManuy, XpaHATCs Ha
TEXHUYECKUX, OyMakHbIX M (GoTo Hocurenix. Komnekums nanusix EI'®J] (okomo 50 muH. Qaiinos) sBisieTcs
YHUKQJIBHOH, U e MH(OPMAIOHHBIH KOMIIOHEHT COOTBETCTBYET KputepusaMm bonpmmx Jlannwix (Big Data). dins
BeimoiHeHuss  ¢yHkumi  EI'®J], pa3paboTansl W BHEIPEHHl COBETYIOUIME TEXHOJOTMM W CHUCTEMBI:
ABTOMaTHU3UpOBaHHAs CHCTEMa Iiepefadn JaHHbIX; CHcTeMbl 00paOOTKH, HAKOIUICHWS M aHaIW3a JaHHBIX
THPOMETEOPOIOTHUECKIX HAOMIOAEHUH Ha CTAHIMAX M 110CTaX; ABTOMAaTU3UpOBaHHAs MHPOpMaMOHHAs cUCTEMa
00paboTku pexumHoi nHpopMaiuu u aAp. Janpaeimee passutre EI'®J] coctouT B moBeimieHNH 3¢ (HEKTUBHOCTH,
MOJTHOTHl M KadecTBa MH(POPMAIIMOHHOTO O0ECTeYeHHs OPTaHOB T'OCYAAPCTBEHHOW BIIACTH, IOPUIAMYECKUX JIUI] U
HaceJIeHHsT HPOPMAaIMOHHON MPOAYKIIMEH Ha OCHOBE JaHHBIX HA0M0eHnH ocpenacTBoM passutus 110, cpencts u
TEXHOJIOTHH cOopa, XpaHEHHWS W MOHHUTOpWHTAa WHpOpmanuu, mnpenocraBiuiemoir B EI'®J[ opranmsamusvu
Pocrunpomera u Ipyrux 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 Vostok 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 MATHUTHOTO I0JIS1 KAK BO3MOKHBIH HHAUKATOPA U3MEHEeH Ul
HMHTEHCHBHOCTH TEIIOBOT0 MOTOKA

10. T. TypOun
ApxTudeckuii 1 AHTapKTUYECKHN HAyIHO-HCCIIe0BaTeNbekuii MHCTHTYT, CaHkT-IleTepOypr, Poccus

UccnenoBan BexoBod xoj MarHuTHOro moist 3emun (MII3) mo maHHBIM BBICOKOIIMPOTHBIX
craniumii HUC «Mesic BapanoBa» u «Boctok» u o nanasiM mozenu IGRF-2020. Lenbio paOboTh sBiIsIeTCS
OLIEHUTH TUHAMUKY aHOMaJIbHOIO0 MarHuTHOro nojs 3emsn (AMII3), BenuunHa KOTOPOTO ONpenesiseTcs
MHTEHCUBHOCTBIO HAMarHMYEHHOCTH HOpoA Jutocdepsl. JnHaMuka ABYX OCHOBHBIX MCTOYHHKOB MII3
(TyOMHHBIE TOKH U MOHOC(EPHO-MarHUTOC(epHbIe TOKOBBIE CHCTEMbI) U3yUYeHa JIOBOJBHO JETaIbHO, a
TPETUl HMCTOYHUK (HAMAarHWYEHHBIE IIOPOJbI) CUUTAETCS HEU3MEHHBIM. AKTHBHBIE TI'€OJOIMYECKHE
NPOLIECCHl, NpOTEKaromye, GaKkTUYECKH, B peaJbHOM MacliTade BPEMEHHM HE MOTYT HE CKa3aTbCsl Ha
W3MEHEHUH (PU3NUECKUX CBOWCTB MOPO JTUTOC(EPHI U, B YACTHOCTH, HA UX HAMArHUYEHHOCTH. Bhicokast
touHocTh Mmonaenu IGRF-2020, mnuHHBIN psig aOcomoTHBIX 3HaueHui moaynst MII3 Ha craHnumsx,
OTHOCHUTENILHO HU3Kasl akTUBHOCTH COJIHIIA B IEPUOJ €T0 24-T0 NUKIIA U UCIIOIb30BaHUE PETPECCHOHHOTO
aHaM3a JUId OTpeZeNeHUs] BETUYMHBI BEKOBON BapHalliil Ha MAarHUTHBIX CTAHIUSAX JAlOT BO3MOXXHOCTh
JIOCTUYb MOCTaBJIEHHOH I11enu. [laHHbIe O BeMWYMHE MOIYJS HAa CTAHIMSX TOIXYYEHBI C UCTIOIb30BaHUEM
NPOTOHHBIX MAarHUTOMETPOB BO BpeMs oOIpelesieHHs Oa3UCHBIX 3HAYCHUH MarHUTOBapHUallMOHHBIX
cranuuil. Benmnmunna AMII3 B BEIOpaHHOM IYyHKTE ONpEAEIIsieTCs] KaK PasHOCTh U3MEPEHHOT0 3HAYCHUS U
3HAUCHUS HOPMAaJBLHOTO 1oy — moiist Mojaenu IGRF. Benmmunna AMII3 Ha cranmum «Mseic bapanosa» B
nepuon ¢ 04.11.2016 roma mo 29.09.2021 roga usmenwnack Ha 28 HTn, a Ha cranuuun HUC «Msic
Bapanoay 3a nepuon ¢ 22.06.2010 o 10.06.2022 —na 6 HTn (18% u 25% oT nepBoHaYaNBHOTO 3HAYCHHS,
cootBeTcTBeHHO). [lomydennsie m3meHeHHss AMII3 Moryt OBITH OOBSICHEHHI M3MECHEHHEM BEIIMUWHBI
HAMarHWYeHHOCTH TOPOJ NMPH M3MEHEHWH WX TeMIepaTyphl, a u3MeHeHus BenmunHel AMII3 moryt
CIIy’KUTh UHIUKATOPOM HU3MEHEHUsI TEIJIOBOro MoToka u3 riryouH 3emin. B 2023-2024 rogax ceBepHBIT
MarHWTHBIA TIOJIOC JOCTHT pailoHa TMOBBIINIEHHOW aKTHMBHOCTH TETUIOBOTO MOTOKAa — 30HBI CHPEIMHTA
(xpeber I'akkens). M3smeHeHne 371ech MHTEHCHBHOCTH TEIUIOBOTO MOTOKA MOTJIO IPUBECTH K M3MEHEHHUIO
BenmnuuHel AMII3 M cTate mpUYMHOM TepeMenieHusl CIoJa MarHUTHOTO IIOJIIOCa IMpHU CTAOUIBHOM
MOJIO’KEHUH TIOJI0Ca T€OMArHUTHOTO. Eciu NpUHATE 3TO MPEANOIO0KEHHE, TO JBHKEHHE MArHUTHOTO
MOJIFOCA, €CIA M TPOAOIDKUTCS, TO B IpPEJeNiaX T€O0JIOTHYeCKH aKTHBHOM 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 is 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 MAHTHIHHO-KOPOBBIX MUTPAHTOB — HOBBIH MOAX0/ K CHCTEMHOMY aHAJU3Y
celicCMUYeCKUX COOBITHI

B. 1. Bacunses, E. B. Bacunnea
I'eonormueckuit uactutyT um. H. JI. JlobpenoBa CO PAH, Yman-Y mp, Poccus

B mnmactuunOil cpene Ha rimybune H mon cyOropH3oHTaIBHBIM HMPOYHOCTHBIM OaphepoM S MOCTYIUIEHHE
riyOuHHOTO (uitona u/uiu MarMel GOPMUPYET KaMepy C IUIOTHOCThIO D, MOHMKEHHON OTHOCHTENILHO IUIOTHOCTH
BMeratomien cpensl R. C HakomeHneM BellecTBa BEPTUKAIBHBIN pa3Mep kameps! L pactér. PasHocTh mioTHOCTEH
(R-D) Beaét k TOMy, 4TO MPU KPUTHIECKOM L H30BITOUHOE TaBIeHNE B KaMepe JOCTUTaeT M MPEBOCXOAUT IIPOYHOCTH
6aprepa: R-g-(H+L)-R-g-H-D-g-L>S (g — yckopeHue cuibl TSHKECTH); B 6apbepe 3a C4ET ruapopa3pbiBa o0pasyeTcs
cyOBepTHKaJIbHAS M0JOCTh, MTHOBEHHO 3aIOJIHSIEMasi BEIIECTBOM KaMepbl, — IOAHNUMAIOIINICS MaHTHHHO-KOPOBBIi
murpaatr (MKM). DOta teopus BeyiBuHyTa H.C. JKaTHyeBeIM, a 3aTeM pa3BHTa W OOOCHOBaHa C IOMOIIEIO
TEKTOHO(QHM3MUYECKUX ¥ YHCICHHBIX JSKCIIEPUMEHTOB Tpu ydwactum aBtopa (Karmyes, 2005, 2010, 2016;
BacuneeB u ap., 2008, 2009, 2012, 2019, 2021). Bo3uukHoBeHe MKM sBisieTcs TPUTTEPOM UIS pellaKCaIHd
HaINpsDKEHUsl BHEIIHEHW CpeJibl, HAKAIUTMBAIOIIErocs B IIPOLECCe POCTa Kamepbl, T.e. MPUYMHON CeHCMHUYECKHX
COOBITHI pa3nu4HON MonTHOCTH. Takue mocneoBaTeNIbHBIE BO BPEMEHH (3a CYET HAKOIUICHHS MOCIEAYIOMNX KaMep
Ha 3TOM IIPOYHOCTHOM Oaphepe) U B IPOCTPAHCTBE (3a CUET APYTUX MPOYHOCTHHIX OaphepoB Ha myTH nogbéma MKM)
COOBITHSL SBISAIOTCS TNPUYMHON Pa3NUYHBIX TPYIHOOOBACHUMBIX CEHCMHUYECKHX SBICHHH, B TOM YHCIE
«ceficMmuecKkux reo3eit» (o Bankosckomy, 2012) B 001aCTsIX COBPEMEHHOHN SHIOT€HHOW aKTUBHOCTH, IPHMEPOM
KOTOpBIX siBisieTcss ouar Kyntykckoro szemuetpscenus 2008 r., a Takxke 3emuerpscenus Kypwuio-Kamyarckoi,
SImoHCKON M IpyTruX OCTPOBHBIX Iyr. ClenoBaTelbHO, CHCTEMHBIH aHaJM3 TaKUX IPOLECCOB TOJKEH BKIIOYAThH:
1) gucnenHoe u TekToHO(MU3MYeckoe MmojnenupoBanne MKM wm ux cucrem; 2) W3y4eHHE NETPOPU3UIECKOTO U
PEOJIOTHYECKOTO CTPOCHUSI JIMTOC(EPHl B pasHbIX T'€OJMHAMHYECKMX OOCTaHOBKax W B pa3HOM Maciirade;
3) u3y4eHHe NPOCTPAHCTBEHHBIX M BPEMEHHBIX POEB 3emileTpsiceHni ¢ nosuumii reopun MKM; 4) coznanue u
BHEJIPEHHE ITPOTPaMMHOT0 obecriedeHus 1t MoaenupoBanust MKM n ux cuctem, a Taxoke IS aHaIM3a pe3ysbTaToB
TEeKTOHO(HU3UYIECKOro MozaenupoBanus. Hamu 3apernctpupoBan B PocmaTeHTe psi NPUKIAIHBIX KOMITBIOTEPHBIX
nporpamm: Vladi OverPressure — nporpamma s MoaennpoBanus oopazosanust MKM Ha HEKOTOPOM IIPOYHOCTHOM
6aprepe u ero »Borormy; Vladi DiStat — nmporpamMma g pacuéra IByMEpHBIX paclpeneiIeHuil MeTpopu3HIecKux
napametpos BMmemaomeidr MKM cpenpr; Vladi Gead — nporpamMma 1si Temmo@u3n4IecKux pacuéToB B quana3zoHe
IUTIOMOBast aguabata — pernoHansHas reorepma; Vladi Joint — mporpamMma Ui CTaTUCTHYECKOTO MOJISIHPOBAHHS
MOBEJICHUS CUCTEM cllydaitHbix nogHuMarouxcss MKM B miiactuuHo# cpene.
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Variations of the effective elastic thickness of the lithosphere unveil diverse tectonic
regimes in Northeastern Eurasia

M. Kaban?, 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.

Bapunauun 3¢ ¢pexTMBHOM yNpyro TOJNIIMHBI JUTOC(EpHbl, BbIABJIAININE Pa3JINYHbIC
TekTOHHYecKHne pe:kuMbl B CeBepo-Bocrounoii EBpazun

M. K. Ka6au'?, B. Chend, P. B. CI/II[OpOBl, A.T. HeprHHH2

! I'eodmsmueckuii nentp PAH, Mocksa, Poccust

2 [Toctnamckuii entp umenu I'enbmronsia, [loctaam, 'epmanus
3 entpansusiii OxwubI yauBepcuTeT, Yanmra, Kurait

Ha ocHoBe kpocc-CreKTpallbHOTO aHaIu3a MOBEPXHOCTHON HArpy3KH U rPaBUTALMOHHOTO
MOJIST MBI COCTaBWJIM KapTy 3¢dexTuBHOro ynpyroro yrommenus (3YT) naurocdepst ceBepo-
BOCTOYHOM EBpa3uu ¢ BBICOKUM pazpemieHueM. [[isi 3T0ro mMbl UCHOJIB30BAIM METOJ BEEPHOM
BEUBJIET-KOTEPEHLIMN, NPUMEHUB €ro K TIpaBUTALlMOHHBIM aHOMajdusM byrepa W JaHHBIM
Tonorpadgun/6aTUMeTpUn, KOTOpble OBbLIM COOTBETCTBYIOLIUM 00Pa30M CKOPPEKTUPOBAHBI IS
yudeTa BIIMSHUS BapHallui IUIOTHOCTU B OCAJIOYHBIX Hopojax. IlomyueHHble pe3yibTaThl JAlOT
IPEJICTaBICHUE O pa3IMYHbIX TEKTOHMYECKHX peXUMax B OTOM IPEUMYILIECTBEHHO
MaJIOM3Y4E€HHOM peruoHe. B wacTHOCTH, Mbl HJIeHTU(ULIIPYEM T'paHully Mexy EBpasuiickoil u
CeBepo-AMepukaHckoi miuutamMu B Cubupu kak nud¢y3MoHHYIO 30HY, IPOCTHPAIONIYIOCS OT
Bepxosinckoro u Cerre-J[abanckoro xpeOTOB /10 BOCTOYHOHM TpaHuilbl xpedta Yepckoro. B
ornuuue oT xpebroB Cerrte-/laban u BepxosiHckuii, o00pa3oBaBHIMXCS B pe3yjbTare
CTOJKHOBeHUs! MIUT U JaemoHcTpupytomux OIIT 30-50 kM, apyrue ropHsle pailoHbI UMEIOT
3HauuTeNbHO MeHblnne 3HadeHus OIIT, oObruHo Menee 15 kM. B aTmx paiioHax HemaBHO
MPOU3OIILIN TEKTOHUYECKUE MTPOIIECChI, OCIA0UBIIINE JTUTOCPEDY.
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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 Nifio, 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 mmmpoTax CeBepHOro
noJylapus

M. YO. I'ymuna, A. B. I'BozneBa
MockoBckuii rocyiapcTBeHHbIN YHUBepcUTET uM. M. B. JlIomoHocoBa, Mocksa, Poccus

N3menunBocTh TemnepaTypbl noBepxHocTu okeana (TTIO) B sxBaTopuaiipHON yacTu TUXOro okeaHa,
CBsi3aHHAs C sBIeHUEM Oib-Hunabo/lOxHOe konebanne (DHIKOK) BHOCHT ritaBHBIN BKIIQJ B €CTECTBEHHBIC
rno0anbHbIe BapUallii KIMMaTa Ha MEeXrogoBoM Mmaciitade. Peskoe mossimenue TIIO B Tponuueckoii yacTu
Tuxoro okeana u cCMeIIeHHE 00JIACTH TITyOOKOH KOHBEKIINH BEI3BIBACT 3HAYUTEIEHBIC aHOMAIINH aTMOC(EpHOi
MUPKYJLSIIHA 110 BCEMY MHUPY, HanOoJiee SIpKO BEIpaKEHHBIE B TPOIMKAX, HO TAK)KE PACIIPOCTPAHSIONIAECS BO
BHeTponmueckue mupoTel. DHIOK B ToM 4mcie OKa3bIBAaeT 3HAUUTENHHOE BIHMSHHAE HAa KIMMATHUECKYHO
U3MEHYMBOCTb B ApKTHUecKOM peruoHe. Ha ocHoBanum paHHbIX peaHanu3a ERAS wuccnenoBan
TEPMOJUHAMHYECKHNA OTKIMK Ha CcOOBITHS Oinb-Hunbo um Jla-HuHbS B TOMSAPHBIX MIHPOTaX C YUETOM
JuddepeHanuy AByX TUIOB Dinb-HuHbo ¢ pasnuuHoi mokanuzaruei anomanuit TIIO: Ha Boctoke Tuxoro
okeana — BT tun u B nentpe — LT Tun. Beiseaeno, uro xak BT, tak u T Dnp-HuHBO COMpOBOXIAOTCS
ocnabieHreM upkymmoispHoro Buxpst (L[[1B), n cooTBeTCTBYIOMNM TOTEIUICHHEM, B cTpatocdepe. OmxHaKo
OTKIHMK IUpKysiuu Ha BT Onp-HuHbo HauMHaeTcs 3HaYUTENBHO NMOIKE U 3aTyxaeT paHslie, uem Ha LIT. B
roasl LT coOwiTuit cTparocdepa xapakrepusyercss HeycToiunBbIM ocnadneHueM L{I1B, koTopoe HaunHaeTCs
panbre, geM npu BT coOBITHSAX, HO ¢ MapTa CMEHSIETCS YCIICHHEM IUKIOHWISCKOW IMUPKYJISIHAN, KOTOPOE
NpOHMKaeT B Tpomocdepy. OTKIMK LUPKYISIIUMH W Temoeparypsl B Apktuke Ha Jla-HuHpa B menom
MPOTHBOIIONIOKEH OTKIUKY Ha Onb-HUHBO, a UMEHHO ¢ OKTIOps mo MapT Habmomaercst ycuiuenue LI1B,
pacrnpocTpaHsromnieecs B Tporocgepy, KOTOpOMy COOTBETCTBYET ob1iee rmoxononanne. OnxHaKoO TeMITepaTypHbIH
OTKJIMK 4YacCTO UMEET JBYCIOWHYIO MJIM JaXke TPEXCIOHHYIO0 cTpyKTypy. B mpuzemHom cinoe BT Onb-Hunbo
COTIPOBOK/JIAETCSI MPEUMYIIIECTBEHHO OTPULIATEILHBIMU aHOMAJIMSIMU TEMIIEPaTyphl, TOrAa Kak OTKINK Ha LT
COOBITHS MPAKTUIECKU MPOTUBOIIOIOKEH — C IIPEOdIaaHieM MOTEIDICHUS B MOIPHBIX mupoTax. OTKINK Ha
Jla-HuHBS CyIIECTBEHHO M3MEHSETCS B TEUEHUE XOJOIHOTO MOJYTOAMS M XapaKTEpHU3yeTcsl MOTEIUICHHEM B
Havaje TMepuoJa H 3HAYUTEIbHBIM TOXOJoJaHueM B KoHIe (deBpanb-mapt). IIpoBenena oreHka
BOCTIDOM3BENICHUSI TEPMOJMHAMHUYECKOTO OTKIMKa Ha Onb-Huubo/Jla-Huues B Momenum wuHCTHTYTa
BBIUMCIUTENBbHON MaTeMaTuku PAH 1 mokazaHo, 4TO HEKOPPEKTHOE BOCIIPOM3BEACHHE OTKIUKA B OCHOBHOM
CBSI3aHO C HEIOCTAaTKaMHU B MOJEIHPOBAHIH CTpaTochepHO-TPOIochepHOro B3aUMOACHCTBHUS, PEaTH3yeMOTro
gyepes MOTOK BOJTHOBOW aKTUBHOCTH. VccnenoBanue BHIOTHEHO NpH (huHaHCOBOH moanepkke PH®D B pamkax
Hay4qHOTO 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.

Metona pa3acJeHusi NOTCHIUAJTbHBIX noJjiei mo rnyﬁnne

. . beizos, I1. C. MapTsbiiiko
Wuctutyt reopusuxu uM. 0. I1. bynamesnua YpO PAH, Exatepun0Oypr, Poccus

Kak mpaBuio, U3 anpHOpHBIX JaHHBIX W3BECTHO, YTO HCCIENYyEeMble aHOMAJIMM OIS
BBI3BaHBl T'COJIOTHUECKUMH CTPYKTYypaMmH, 3aJICTAOIMMH Ha OIpPENeIIEHHOW TIyOMHE o[
JTHEBHON MOBEpXHOCThIO. Pa3nenenue aHomanuii HaOMIONEHHOIO MOTEHUUAIBHOTO TMOJS IO
rIIyOMHE U UX CBS3b C TIYOMHHBIMH OOBEKTAMH MOKET COCTABIISTH OCHOBY HHTEPIIPETAIIMOHHBIX
cxeM Juig 3adady MojenupoBaHus. Kiaccudeckuil crnoco® paszeneHus Mojiedl BKIIOYaeT
CHEKTPAIBbHYIO (HIBTPALUIO C TOCIEAYIOUIMM AHATUTUYECKUM MPOJODKCHHEM DPa3/IeIeHHBIX
aHoManuii. MBI Jke mpeasaraeM OpPUTMHAIbHYI) METOJUKY IOBBICOTHBIX TpaHchopMaruii
NOTEHIMAJBHBIX TIOJEeH, OCHOBAaHHYI0 Ha pEUNICHWH OOpaTHOM 3a/ladyd aHaJHUTHUYECKOTO
IPOIOJDKEHHS TapMOHUYECKUX (DYHKIIHI C TNIOCKOCTH BO «BHYTPEHHEE» MOIYNIpocTpaHcTBO. OHa
CBOJUTCS K PEHICHUIO WHTETpajbHOrO ypaBHeHHss Ppearompbma 1-oro poma ais MHTErpaia
[TyaccoHa, KOTOpBIM MOXXHO TMpEACTaBUTh TapMOHMYECKYI0 (YHKIUIO BO «BHEIIHEM»
MOJTYIIPOCTPAHCTBE IO €€ TPAaHWYHBIM 3HAUEHHSIM Ha TUIOCKOCTH. MeToauka GopMaan3oBaHa B
BUJEC MapauIebHOTO alropuTMa, KOTOPBIM pealn30BaH C MCIOJIB30BAaHMEM MPOrPaMMHBIX
o6ubmuorek NVidia CUDA u AMD ROCm B mnpukiagHOM HOpOrpaMMHOM OO€CHEeYeHUH,
UCTIOJIB3YIOIIEM BBIUYUCIUTENbHbIE BO3MOXHOCTH TpapHUUECKUX YCKOpUTENEH YyKa3aHHBIX
npou3BoauTeneil. MeToanKa paccMOTpeHa Ha IpUMepe pa3ieIeHUs] BEpTUKAITBHON KOMITOHEHTHI
IpaBUTAlMOHHOTO TMoJisi B peaykuuu byre s tepputopunm CpeaHero VYpana B pamkax
muctoB O-40, O-41.
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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 KOMILIEKCHBIH MOAX0 K NPOTrHO3Y 3eMJIeTPsICeHUil

M. B. Poaxun
WHCTUTYT TeoprH MPOTHO3a 3eMIIETPSICCHUN 1 MaTeMaTndeckoi reodusuku PAH, Mocksa, Poccust

HecmoTps Ha fecATHICTHS] HHTEHCHBHBIX MCCICIOBAHUIA, 3aa4a MPOTHO3a 3eMJIETPSACEHHUH OCTAeTCsI
HepenleHHOH. OCHOBHBIMU TPYIHOCTSMH Ha ITyTH MOJYYEHHH IPOTHO3a CUHTAIOTCS CHIIbHAsS U3MEHUYMBOCTH
CEICMUYECKOr0 peXHMa (YTO 3aTpyIHsSET BBISBICHHE IPOTHO3HBIX IPU3HAKOB), OTCYTCTBHE DPa3BUTOH
(uU3MYECKON MOJIEITH 3eMIICTPSICEHHUS, U HEJIOCTATOK (PaKTHIECKUX JaHHBIX. [10 BCeM 3TUM BOMPOCAM HEAABHO
MOJTy4YEHBI 3HAUYUMBIe NpoJBrKeHHs. CpeIHII THITOBOW XapakTep Gop- 1 adTepIIOKOBBIX aHOMAIIMK yIaeTcs
HaJIeKHO BBIJIEIUTh M KOJMYECTBEHHO ITapaMeTPU30BaTh B pe3ysibTaTe IMOCTPOSHHs M aHaju3a 0000IIEHHON
OKpPECTHOCTH CHIJIBHOTO 3emieTpsiceHus. OTcroja TMoiydaeM [eTalbHYI0 MOIeNb Habopa THIIOBBIX
NPEBECTHUKOB. 3aMETHM, YTO BBIIBICHHE TAKUX MPEIBECTHUKOB, KAK M OIBIT IPUMEHEHHUS Psifia alrOPUTMOB
NPOrHO3a B PEAIFHOM BpEMEHH, YOEeIUTENbHO CBUJIETENILCTBYIOT MPOTHB KOHIENIIMH MPUHIUIHAIBHON
HEIMPEACKa3yeMOCTH 3eMJICTPSACCHHUM. AHann3 00O0OLICEHHOW OKPECTHOCTH M MapaMeTpOB Pa3HONITyOHMHHBIX
3eMJICTPSICEHHH [TO3BOJIMI BBISIBUTH ONPEACICHHBIC PA3IHUHs, [IPU TOM OTBEYAIOIINE OKHUIAEMBIM PA3IHUUSIM
(U3MYECKUX MEXaHM3MOB Da3HOIITYOMHHBIX 3eMJICTPSACEHHsSX. Takue OTIMYMS YTOYHAIT (PUBHKY
CEeMCMHMYECKOro Mpolecca U IMO3BOJSIFOT CTABHTh BOIMPOC [ETANM3AIMKM POTHO33, C YKa3aHHEeM TaKkKe U
0XHIaeMoil riyOouHbl coObIThs. [IpUHIMNNAIBHO BaXKHBIH BOMPOC, HACKOJIBKO CPEIHHE IPEIBECTHUKOBBIC
AHOMAJINH BBISBIISIEMBI B 04aroBbIX 00JIACTAX OTJEIBHBIX CHIIbHBIX 3eMileTpsiceHnit? J[jis oTBeTa Ha 3TO BONpPOC
OBUT MPOAHAIM3UPOBAH PsiJl MUPOBBIX U PETHOHANIBHBIX KaTaJo0roB 3emierpsiceHuil. L{eneBbiMu 3emueTpsiceHns
TpH 3TOM ObIIH cOOBITHSA OT M6.3+ 10 7.5+. Jlonst CHIIBHBIX COOBITHH, B OKPECTHOCTH KOTOPBIX CTaTUCTUYECKH
JIOCTOBEPHO BBISIBJISIFOTCSI 0)KUIAEMbIE IIPEIBECTHUKOBBIC aHOMAIIMU U3MEHSIETCS JUIsl Pa3HbIX KaTajoros oT <10
JI0 TIOJOBHHEI ciydaeB. IIpu 3ToM mons Takux COOBITHH PacTeT C POCTOM YHCIA CIAOBIX 3eMIICTPSICEHHH,
3apernuCTPUPOBAHHBIX B UX 00JIACTH IMOATrOTOBKU. B ciryyae Gombmioro yncna coOBITHI B 001aCTH TTOATOTOBKH
BEPOATHOCTh PETPOCTIEKTHBHO MporHo3a gocturaet 80%. OTciona mpeacTaBiIseTcss BO3MOXHBIM IS TAHHOTO
perruoHa CTaBUTh BOIPOC O TPeOOBAHMSAX K CHCTEME CEHCMHYECKOr0 MOHHMTOPHHIra, 4YTOOBI OOECIeqnTh
BBISIBJICHHE ITPOTHO3HBIX aHOMAJIMH 1eNieBEIX M+ COOBITHIA ¢ TpeOyeMoil BepoATHOCTBI0. TeM caMbIM, OTYACTH,
KOHKpETH3HpyeTcs Bompoc o TpebyemMoMm oObeme naHHBIX. Ha Hacrosmem stare Hambosee Ooje3HEHHOH
ocTaeTcs 3a1a4a o0ecreyeH st IOCTATOYHO MAJIOr0 YMCiia JIOXKHBIX Tpeor. biarogapHoctu. PaboTa BeinonHeHa
npu noanepxke PH® (mpoekt Ne 23-27-00395 «Komrureke anomanwii B 0000IIEHHOH OKPECTHOCTH CIITBHOTO
3eMIIeTpsiceHus; (hU3MKa TIPOLIEcCa U UCTIONB30BAHUE B LIENSX MPOTHO3a).
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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 spacecratft,
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.

HNHcTpyMeHTaIbHOE 00ecnedeHne HOHOC(EePHBIX, MATHUTHBIX H IeJIHOre0(pu3nvecKnx
HA0JII0AeHU A

B. T. Munnurapeen
WuctutyT npukinanHoii reopusuku, Mocksa, Poccus

B nuk 25 nukna COJHEYHONM AKTUBHOCTHU OIIACHBIE SBJIEHUS KOCMMYECKOH IOTOJbI
(omacHbie renuoreo(u3nUEcKre SBICHUS), BIUSHIE X HA TEXHUYECKUE CPEICTBA U CHUCTEMBI,
BKJIIOYas ~ KOCMHMYECKHE  amnaparbl, TEXHMYECKHE  CpEACTBA  HABUTALlUM,  CBS3H,
DIIEKTPOIHEPTETUKH, PAIMALMOHHYIO O€30MacHOCTh NpU aBUAIepeneTax, SKCIUTyaTaluio
TpyOONPOBOJOB M JIp. CTAHOBUTCSA Bce Oojee akTyalbHbIM. JlOCTOBEPHOCTb, TOYHOCTh HU
o0ecrieyeHre eIUHCTBA U3MEPEHU MHCTPYMEHTAIbHBIX CPEICTB MOHOC(HEPHBIX, MATHUTHBIX U
renuoreo(pu3NYeckux HaOMIOAeHUN Ha3eMHOM IUIaTOpMBl M KOCMHUYECKOW TI'pYNIHUPOBKH
BBIXOJAMT Ha NepBbIM IMaH. B pokmazge paccMOTpeHbl Ha3eMHbIE CPEICTBAa HAONIOAECHUN —
MOHO30H/Ibl, MArHUTOMETPBI, PEOMETPHI, TEXHUYECKHE cpesicTBa ToMorpaduu uonochepsl. Ha
KOCMHUYECKHMX almaparax TUAPOMETEOPOIOrHYeCKOro M TeIuoreo(pu3nveckoro HazHayeHUus
cepun «Mereop-M», «Onektpo-JI», «ApkTHKa-M» (QYHKIHOHUPYIOT Teauoreopusnyeckue
annapartypHble koMmiiekcsl ['TAK ¢ reodusnueckumu npubopamu (JaT4vKamMHu pagraliMOHHBIX
IOTOKOB, YJIbTPa(hHUOJIETOBOTO U PEHTTEHOBCKOro u3iaydeHus: CosHIla, MarHUTOMETPOB U Jp.),
MO3BOJISIOIIUMHU OTIPEACIIATH MapaMeTpsl renroreodpusndeckoit ooctanoBku B OKII. Tounocts u
JIOCTOBEPHOCTb HUX IAapaMeTPOB OINPEHEIACTCS KOMILIEKCOM Mep II0 METPOJIOTMYECKOMY
00€ecrevyeHnIo CpeiCTB U3MEPEHH — ITPOBEJIEHUE COOTBETCTBYIONINX KaTMOPOBOK HA CO3JJaHHOMN
pacripesieIeHHON 3TaJOHHOH 0ase.
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Problems of studying coseismic and postseismic processes

V. Mikhailov?, M. Volkova?, A. Konvisar®?, V. Smirnov'?, E. Timoshkina?, S. Hairetdinov!
1 Schmidt Institute of physics of the Earth RAS, Moscow, Russia
2 Lomonosov 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).

HpOGJ’IeMbI HU3yYCHUA KOCeliCMHYECKHX U MOCTCeCMUYECKHUX nmpoumeccon

B. O. Muxaiinos'?, M. C. Bonkosa?, A. M. Kousucap*?, B. 5. Cmupuos®?, E. II. Tumomxkuna®,
C. A. Xaiiperaunos!

! Nucturyt pusukn 3emmn um. O. 10. LlImunra PAH, Mocksa, Poccus

2MocKoBcKHii rocyaapcTBeHHbli yauBepcuteT uM. M. B. JlomoHocoBa, Mocksa, Poccust

[Ipu ucciegoBaHuM KOCEHCMUYECKUX M MOCTCEHCMUYECKUX MPOLIECCOB B HACTOSILIEE BPEMSI aKTHUBHO
WCTIONIB3YeTCsl NIMPOKUI KOMITJIEKC Ha3eMHBIX M CITYTHUKOBBIX JaHHBIX. JTO JaHHBbIE O CMEIEHHIX 3EMHOU
MOBEPXHOCTH, 3apETUCTPUPOBaHHbIE [ J100adbHBIMM  HAaBUTAIIMOHHBIMH  CITyTHUKOBBIMH  CHCTEMaMH,
OTITHYECKHE U palapHble CHUMKHU. BakHyI0 HH(POPMAITHIO TOCTABILTIOT MOJEIH III00aNEHOTO TPaBUTAITHOHHOTO
noJjs, noxydaemble ¢ momoinbio cyTHukoBoil Muccun GRACE u GRACE-FO. Ilpusnekaiorcsi 1aHHBIE O
MEXaHU3Me oYara, KOOpJAWHATax THIOILEHTpa, pacipeeneHne adTepIIOKOBOW aKTUBHOCTH B MPOCTPAHCTBE U
BO BPEMEHH, JJaHHBIE O Pa3JIOMHON TEKTOHHKE, BBIXOJE Pa3phlBOB HAa MOBEPXHOCTh. VIHTepmperanus Takux
Pa3HOPOJHBIX JaHHBIX BBIMNOJHAETCS B PaMKax reoJuHaMudeckux mozeneil. Hampumep, mist moctpoeHUs
MOJENN CEHCMUYECKOr0 pa3pblBa WJIM TOCTCEHCMHUYECKOTO KpWIIA HCIIOJNB3YIOTCS pEIIEeHUE 3aJadyd o
CMEILEHUSAX 3€MHOM MOBEPXHOCTH M M3MEHEHUM TIPAaBUTALIMOHHOIO IMOJS B pe3yJbTaTe MOABMXKKM Ha
IPSIMOYTOJIHHOM TUIOIIAIKE, PACIION0KEHHOM B OTHOPOJHOM YIIPYTOM HOIYIIPOCTPAHCTBE WIIH B CHEPUIECKOH,
paauanbHO paccloeHHOM TuiaHeTe. [[ns omucaHus mpoliecca BSI3KOYNPYTroM pelakcaluy HamnpsyKeHUH
ucnionpzyercst pemenne O©. [Nommurna (USGS) mis cdeprdeckoil TmaHEeTs, CBOMCTBA KOTOPOW 3aBHCAT OT
paauyca. I'paBUTalIMOHHAs aHOMaJIMs, BOSHMKAOIAsl B pe3yjbTaTe 3eMJIETpACEHUs] MarHUTynou Oonee 8.6,
peructpupyercss cnytHukamMud GRACE u wucnonp3yeTcss mpu TMOCTPOCHUM MOJENEH KOCEHCMHYECKHX
npoiieccoB. BaxkHo, 4To 171 3eMIIETPSICEHUH B 30HE KOJIJTU3UH OKEAaHUYECKUX TUTUT IaHHBIE O CMEIIEHUSX MOTYT
OBITH TOJyYCHBI TOJNBKO HAa OCTPOBAaX, OOBIYHO BEChMa YAAJICHHBIX OT OYaroBOW 30HBI. | paBUTAMOHHEBIE
JIaHHbIE, PaBHOMEPHO MOKPHIBAIOLINE 36MHYIO IIOBEPXHOCTh. TakKe rpaBUTAIIIOHHBIE MOJEIN PETUCTPUPYIOT
MEJIEHHBIN POCT TPaBUTAIIMOHHOW aHOMAJIMH B 00JIACTAX 3€MIICTPSICCHUN 3HAYMTEIBHO MEHBIICH MarHUTYIbI
(dacTo oT 8.2). DT aHOMAaJIUU BEPOSATHEE BCETO CBA3aHBI C IOCTCEUCMUYECKUM KPUTIOM MPOUCXOSIIUM BOKPYT
0YaroBoil 30HKI M HA €€ MPONOJDKEHHIH B TIyOuHy. OOparHas 3a1a4a OnpeeNieHus ITapaMeTPOB MTOBEPXHOCTH
pa3pbiBa UMEET €AUHCTBEHHOE PEILIEHUE, HO SBIIAETCS HEYCTOMUMBOM. 3ajaua OJHOBPEMEHHOM OLIEHKU BKJIaja
MOCTCEHCMHUYIECKOT0 KPUTIA M BA3KOYIPYTOf pelakcaluy He HMEeT CIUHCTBEHHOTO peleHus. B moknane Oyayt
paccMOTpeHbl BOIPOCHI Peryisapu3alii HEKOPPEKTHO MOCTaBJICHHBIX 3a7ad. byayT nmpeacraBieHsl IpUMEpbI
COBMECTHOM MHTEPIIPETAIIMY HA3EMHBIX U CIIYTHUKOBBIX JTaHHBIX MPU MOCTPOEHUU MOJENEH KOCEHCMUYECKUX
U TIOCTCEMCMHUYECKHX MPOLECCOB IS psAla HENABHUX 3eMIETpsCeHHMU. MccienoBaHus BBINOJHEHBI 3a CUET
rpanra Poccuiickoro HayuHoro donma 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. Dubrovskayal?, R. Bezhorodnikova?
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.

Anaaus HpOCTpaHCTBeHHOi;I HEOTHOPOAHOCTH NOTJIOTHTEIbHOM CIIOCOOHOCTH IKOCHCTEM B OTHOIIEHHH
yriepoaa Ha OCHOBE CIIYTHUKOBBIX JaHHBIX

K. B. Msauuna®?, U. A. Kepumos?, P. B. Paxos?, A. H. Il{asenen?, C. A. Jly6posckas’?, P. M. Be360poaHuKoBa?
! Uucturyt crenm OOULL YpO PAH, Opendypr, Poccust
2ITHTY uM. akan. M. JI. MIDIHOHIIHKOBA, I'po3ueiii, Poccust

OmueHka CIOCOOHOCTH 3KOCHCTEM ITOTJIONIATh YIIIEPO SBISETCS IIEPBOOUEPETHOMN SKOIOT0-3KOHOMUIECKON
3ajadeil Hamero BpeMeHH. Ha NaHHBII MOMEHT €CTECTBEHHBIE METOIBI — IOTJIONICHHE HA3eMHOW (huTomMaccoi
9KOCHCTEM — UTPAIOT KIIFOUEBYIO POJIb B YJIaBIMBaHUU yriepoja. MHpopmalus o mapamerpax puToMaccsl Mo3BoJIsieT
OLICHHTb 3aI1achl yriiepo/ia, @ MOHUTOPUHT U3MEHEHHS €€ COCTOSHUS HAa TEPPUTOPHSIX PA3IMIHOTO reorpaduyeckoro
Maciitaba HalpsIMyIO CBsI3aH C MOHUTOPUHIOM W3MEHEHMH yriepojaHoro Oananca. Llenu nccnenoBaHus — OLEHUTh
BO3MOXKHOCTH MOTJIONICHHS YIJIepo/ia Ha3eMHON PacTUTEIbHOCTBIO TOPHO-JIECHBIX, TOPHO-JIECOCTEIHBIX U CTEIHBIX
nanamadros Poccun, BBISIBUTH MPOCTPAHCTBEHHO-BPEMEHHbIE BapUallMH YJIABJIUBAIOLICH CIIOCOOHOCTH Ha OCHOBE
CIIyTHUKOBBIX JaHHBIX. AHAJM3 BBIMOJHSICS AJsl CEMU KIIOUEBBIX YYAaCTKOB, BBIJICIICHHBIX B JIByX PErHOHAX:
Yeuenckoit Pecrrybmuke n OpenOyprekoit oomactu. [Ipu BeIOOpe ydacTKOB TpeOOBaIOCh, YTOOBI PA3HIIHCH UX
MPUPOTHO-KIMMATHIECKHE W TEO3KOJIOTHUECKHE XapaKTepucTuku. Ha mepBoMm 3Tare paccuuThIBajach JUHAMHUKA
MOKa3aTeJs MOTJIOMIEHHU YUCTOT0 yriaepoaa pactutensHOcThIO (Net Primary Productivity C, (NPPC)) Ha kimrodeBbIx
yuactkax 3a 2000-2020 rr. Ha ocHOBE AOCTYNHBIX NpoaykToB MODI17A3, nmo3BoJMIOMIMX OLEHUTH BaJIOBYIO
MEPBUYHYIO MPOAYKTUBHOCTEH (Gross Primary Productivity, (GPP)) u wmcTtyro mepBudHyr0 mpoaykTHBHOCTE (Net
Primary Productivity, (NPP)). BeisBneHo, 4TO MpEeOroOpHBI YY4acTOK C MHOTOJICTHHM CMEIIAaHHBIM JIECOM U
OTCYTCTBUEM aHTPOIIOT€HHOW HArpy3KH JAEMOHCTPUPYET MAKCUMAaJIbHYIO CIIOCOOHOCTD K YJIaBJIMBaHHIO yIIIepoJia U3
atMoctepsl — ot 2,6 no 3,5 krC/M*roj. Y4acTOK eCTeCTBEHHOI MHOTOJIETHEH CyXOil CTenM XapaKTepu3yercs
MUHHMaJIbHOM CHOCOOHOCThIO K yhaBnuBaHuio yriaepoga — ot 0,5 mo 1,5 xrC/m*rox. CdopmupoBaHbI
perpeccuoHHbIE MOJIENN 3aBUCMOCTH T1I0Ka3aTelis MOTJIOMICHHUS YUCTOTO YIiepo/ia OT KIMMAaTO-METeOPOIOTHIECKIX
XapaKTepUCTUK, JIEMOHCTPUPYIOUINE OTHOCHUTEIbHYIO CTAaOMIIBHOCTh CIIOCOOHOCTH MHOTOJIETHETO €CTECTBEHHOTO
PacTUTENILHOTO MOKPOBa MOTJIOMIATh YIIIepo1 U3 atMocdepsl. B To xe BpeMst BUIHO, YTO B 30HaX C MpeodiiafaHueM
necoB MHoroneTHHH npupoct 3HadyeHnii NPPC munumaneH. CymiecTByromiye THIOTE3bl OOBICHSIIOT 3TO Kak
camxkenneM NPP B BospacTHbIX jecax 3a cuer cradbmimsanuu GPP u HenpepbIBHOrO IMOBBINIEHUS aBTOTPOPHOTO
JIBIXaHMS, TaK U TeM, 4yTo cHIkeHne NPP B MHOroseTHUX Jlecax B 1epByro ouepenb 00ycioBieHo cHibkenneM GPP.
[IpennoxeHHble MOAENM JUIS JIECHOTO, CTEIIHOTO M CPEIHETOPHOIO YYacTKOB C MHOTOJETHEH eCTeCTBEHHOMH
PacTUTEIILHOCTBIO MOTYT IIPUMEHSTHCS ISl TEPPUTOPHI CO CXOKUMHU T€0IKOIOTHUECKIMHU XapaKTEPUCTHKAMH.
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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(bl B roJiolleHe U UX BJIMSHHE HA BApUALUM KJIUMATA U
IKOCHCTEMBI 3eMJIn

B. K. I'ycskoB
WHCTUTYT BBIYMCIUTENBHOM MaTeMaTuku 1 MaTematuueckod reopusuku CO PAH, HoBocubupck, Poccust

Kpymubeie npupomnbie katactpodbl Havama XXI Beka (Mumoneswiickoe myHamu 2004 rona,
3emnieTpsicenne B Kammupe 2005 roga, yparan Karpuna 2005 roga B CIA, HaBonHenune B Musamape 2008
rojia) MPUBICKIA BHUIMaHHE HAYIHOTO O0IIecTBa K MPpoOIeMe UX MPEACKa3aHusl i OLIEHKH BO3MOXKHOTO PHCKA.
OmHaKo 3TH KaTacTpo(bl SBIAIOTCS BCE XK€ PETHOHANBHBIMH IO MAacIITaly M BBINENATCS W3 OOIIETO psaa
CTUXUHHBIX OEIICTBUI TONBKO Ha OYEHb KOPOTKOM IO T€0JIOTHYECKUM MepKaM BpeMeHHOM Maciitade — 100-
200 meT. Brixon 3a 3T BpeMEHHBIE paMKH MPUBOJUT K OCO3HAHUIO BO3MOKHOCTH U PEATBHOCTH TPUPOTHBIX
KaTacTpod, 3HAYUTEIHHO OoJiee KPYIHBIX IO CBOMM JHEPTeTHYCCKAM U MPOCTPAHCTBEHHBIM MacIITabam,
KOTOpPBIE MPOUCXOMIIN B HEABHEM T'€0JIOTUYECKHUM MPOIIIIOM 3eMIIH, U, CIIEJIOBATENBLHO, BIIOJHE BOSMOXKHBI B
Oyaymiem. KpynHeiimasi, oxBaTHBINAs NPAKTUYECKH BCE CEBEPHOE TMONIyIIapue 3eMIH KIUMaTH4ecKas
KaracTpoda Ha pyOeke TuieicToren/royomnex (okoyo 12,820 et ToMy Ha3aa), BRIPAKCHHBIC KIIMMATHYSCKUE
aHomanu (environmental downturns), moBceMecTHO (PUKCHPYEMBIE IO TOJJOBBIM KOJIbIIaM JIEPEBLEB, HATHYHIO
aHOMAJIBHBIX CIIOEB B O3EPHBIX OCAJKaX M KOJOHKax OypeHus neaHukoB, B 4370, 3195, 2350, 1628, 1159, 207,
44 romax J0 Hamied 3pbl, a Takke B 536-540, 1292-1295 u B 1348 romax Hamieil 3pbl, ObUTH MPAKTHYCCKU
rro0ankHBIME TI0 0XBaTy. CIemsl 3THX KaTacTpod COXPaHMUIOCH KaK B BUE TCONOTHYECCKUX CBHUICTEIHCTB
(aHOMaJIbHBIE CJIOM B JIOHHBIX OCaJKaX, MOrpeOCeHHBIE MOYBBI M MIOHBI), OMOJIOTMYECKHX CBHICTEIHCTB
(ucuezHoBeHHe JMOO TMOSIBJIGHME B apeajie HOBBIX BHIOB JKMBOTHBIX M PAacTeHHUH, aHOMAaJHH
JICHIPOXPOHOJIOTHYCCKUX PSIOB), apXCOJOTHYECKUX (DaKTOB, YKa3bIBAIONIMX Ha BHE3AIHBIC MHUTPAUU U
3allyCTeHHS] TPHBBIYHBIX apeajioB oOHTaHWsI. B cumimy macmTaGHOCTH TpoOJeMBI U YpOBHS  ee
MEKIUCIUILTHHAPHOCTH, BOIMPOC 00 HCTOYHHMKAX M MEXaHHM3MaX PACHpPOCTPAaHEHUS JTHUX KIMMATHYECKUX
AHOMAJIMH SBIIETCS OCTPO JHCKYCCHOHHBIM. 3HAUMTEIbHAs YacTh HAYYHOTO COOOIIECTBA B OTHEIBHBIX
JUCIUITINHAX (HampuMep, B UICTOPUIECKHUX ) UTHOPUPYET UX CYIIECTBOBAHME, CUUTAS JIaHHBIC, TOCTYIAIOIIUE
OT JpYyruX HayK OTPBIBOYHBIMHU, MPOTUBOPCUYMBBIMH H, CJICJOBATEIBbHO, HEAOCTOBEPHBIMH. B mpyrux
JTUCHHUILTHHAX, UMEIOIIHX JEI0 C MPSIMBIMU HAOIIOJACHUSMA H KOJUYECTBEHHBIMH U3MEPECHUSMH TPUPOTHBIX
MIPOIECCOB, CYIIECTBOBAHNE TAKHX IJI00ATBHBIX aHOMAJIM HE OTPUIAETCS, OJJHAKO MHEHHS 00 WX MPUYHMHAX
pacxonsatcs. B 1okage aHAIM3UPYIOTCS TEOJIOTHYECKUE, apXEOIOTHIECKUE U HCTOPHUYECKUE CBUICTEIILCTBA O
TpeX KPYIHEHIINX MPUPOIAHBIX KaTacTpodax, mpoucxoaupinx Ha 3emite 12,820, 4350 net Tomy Ha3ax u B 536-
540 rr. Ha1Ie! 3pbl, AHATTU3UPYIOTCS UX BO3MOKHBIE TPUUUHBI ¥ IOCIEACTBUS AJIs KIIMMAaTa U HaceJIEHUs 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).

OtobOpaxenue pa3ioMHON ceTH CHUXOTI-AJIMHCKOI0 OPOreHHOr0 Mosica B re0(pu3nyecKux
MOJIfAX

A. K. Bponnukos?, M. 0. Hoceipes!, A. H. lunenko’?
! ncturyt Texronuku u reodusuxu JIBO PAH, Xa6aposck, Poccus
2 [eonormnyeckuii unctutyt PAH, Mocksa, Poccus

Jloxita mOCBAIEH U3YUEHUIO Pa3IOMHON TEKTOHUKN CHXOT3-AJIMHCKOIO OPOTE€HHOIO I05ca.
OH u3y4eH NpopHUIIMU MarHUTOTEIUTYPHUUECKUX 30HAUPOBAaHUM, CAETaHHBIMU 32 TIOCIeTHIE 9
aet UTul’ /IBO PAH. B xoze ananu3a ObuM MOTy4eHbl KOMIUICKCHBIE XapaKTEPUCTUKU
(3meKTpHuUecKre, TNIOTHOCTHBIE, MAaTHUTHBIE) Psiia PETHOHATIBHBIX PA3JIOMOB IJIOLIAAH
uccienoBanys. B aHanu3 ObUIM BOBJIEUEHBI CIEAYIOLIUE pa3ioMbl: MaHOMUHCKHH,
enTpanpublii Cuxot3-Anunckuii, KaOynu-Xopckuii, Bepxueantoiickuii, Boctouno-Cuxots-
Anunckuit, CpeHexankaiickuii, ApcenbeBckuii, CamapKkuHCKHM, MepuaInoHHAIbHBIN,
[Taptuzanckuii, lanbuepeuenckuii, Kabaprunckuii. bonpiias yacTh peruoHaibHBIX pa3jiOMOB
cnenuduyecku oTodOpakaercsl B reopuznyueckux JaHHbIX. [1o pesynbTaram
MarHUTOTEIIYPUUECKHUX MCCIEA0BAHNUN 3TO B OCHOBHOM 30HBI OTHOCUTEIBHOI'O MOHMKEHUS
AIIEKTPUYECKOTO COMPOTUBIICHUS UM KOHTPACTHBIE F€03JIEKTPUUECKHE IpaHullbl B paspese. 1o
JAHHBIM MOJIEJUPOBAHUS OISl CUIIBI TSYKECTH Pa3joMbl, KaK IMPaBUII0, OTOOpakaroTcs
KOHTPACTHBIMH METPOIJIOTHOCTHBIMH T'PaHULIAMHU, Pa3BUTHIE 10 TITYOUH B AECATKH KM, peXe —
CUCTEMAMH JIMHENHO OpPUEHTUPOBAHHBIX JIOKAIbHBIX IOHMW)KEHNI TUIOTHOCTH B BEPXHEN 4acTU
36MHOM KOpbl. B MarHuTHOM 10JI€ pa3/IoMbl 4YaCTO COBIAJAOT C 30HAMHU €TI0 TIOBBIIIEHHOTO
TOPU30HTAJIBHOTO TPAINEHTA, B PAJIE CIyYaeB COBIANAIOT C Y3KUMU MarHUTHBIMM T€JIaMH,
OpPUEHTUPOBAHHBIMU BJI0JIb pa3sioMa. [Ipu nHTEpnpeTanuu HHAYKINOHHBIX BEKTOPOB
re0dJIEKTPUYECKOT0 OISt ObljIa OlleHEeHa MTyOUHHOCTh MPOBOISIIUX 30H, COOTBETCBYIOIIUM
paznomaM. Ha ocHOBaHMM 3TOT0 MOXHO CJI€JIaTh BBIBOJI O CYLIECTBOBAaHUU I'TyOMHHOTO
IIPOBOASILErO KaHaja, yXOASIEro HUKE 36MHOM KOPbI B BEPXHIOIO MAaHTHUIO JJIs
[Taptuzanckoro, ApcenbeBckoro 1 CaMapKHHCKOTo pa3ioMoB. PaboTa BbIonHEHa 3a cUeT
rpanTta 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.

Pa3sBuTHe ceTM MArHMTHBIX oﬁcepBaTopnifl B Poccuu mu conpeaeJabHbIX CTpaHax: IIOCJTCIHUE
AOCTHKCHHUA U AKTyaJIbHbIC HpOﬁJIEMLI

P. . KpacHonepos, A. A. Conosses, P. B. Cunopos, . B. Kynun., A. A. I'pynues, B. H. Ceprees
I'eodmsnueckuii nentp Poccuiickoit akanemnu Hayk, Mocksa, Poccus

CoBpeMeHHBIE MAarHWUTHBIE OOCEPBATOPHH SBISIOTCS OCHOBHBIM HMCTOYHHKOM JaHHBIX O
napamMeTpax MAarHUTHOIO HOJs 3eMJId M €ro AWHAMHUKE B pa3IMYHbIX BPEMEHHBIX MacluTadax.
Ob6cepBaropckue JaHHBIE HAXOAAT MIMPOKOE MPUMEHEHHE MIPU PELISHUH LIEJIOro psijia PyHIaMEHTAIbHBIX
W TIPUKIAAHBIX 3anad. [IpeacraBiseMblil JOKIAI MOCBSIEH KPaTKOMY 0030py TEKYIIETO COCTOSHHS H
MOCJIETHUX JOCTIKEHUH B Pa3BUTHH CETH MarHUTHBIX 0O0cepBaTopuii B Poccun u conpeiebHbIX cTpaHax.
Ha naHHBIE MOMEHT MeXIyHapojaHas ceTh MarHUTHBIX oOcepBatopuit MTHTEPMATHET (International
Real-Time Magnetic Observatory Network — INTERMAGNET) mnpezacraBisier HanOoyiee BBICOKHI
CTaHJApT KauecTBa BPEMEHHBIX pSJOB TEOMAarHUTHBIX HaOmoneHwid. Ha ceromusimamic aenp 10
poccuiickux obOcepBatopuit («Apti», «bopok», «Boctokx» (AnTapktuma), «Upkyrck», «Maranany,
«HoBocubupck», «llaparynka», «Cankr-llerepOypr», «XabapoBck», «SIKyTck») cepTH(UIMPOBAHbI B
cetu MHTEPMATHET. Takxe Ha Tepputopun P® akTHBHO pa3BHBalOTCS 00CEpBATOPUH, IO MHOTHM
rapaMeTpaM COOTBETCTBYIOIIME CTaHAAapTaM 3TOM CEeTH, HO MO pa3HbIM NPHYMHAM HE MPOIIE/IINe
npouenypy ceprudukanuu. OmHAKO CYLIECTBYIOLIMH HPOCTPAHCTBEHHBIH OXBaT Teppuropuu Poccum
MOJTHOMACIITa0HBIMH  00CEPBATOPHAMHU HEIIOCTATOYEH, OCOOCHHO 93TO KacaeTcs BBICOKOIIUPOTHBIX
obOnacreld 1 ApkTuueckoi 30HbI P®D. JlaHHOE OOCTOSATEIILCTBO JUKTYET HEOOXOAMMOCTH AajibHEHIIIEro
AKTUBHOT'O Pa3BUTHSI OTEUECTBEHHON reOMarHUTHON HaOmonaTeabHo cetu. [Ipu 3ToM Gosbiioe 3HaUeHUe
UMEET U COBEPILCHCTBOBAHUE HCIIONb3yEMOH TIeo(U3NUECKOH anmapaTypbl: MOBBIIIEHHE TOYHOCTH
MpuOOpPOB, YBENWYEHHE 4YAaCTOTHl AWCKPETH3AIMH PErHCTPUPYEMBIX NaHHBIX, Iepeaada ITaHHBIX BO
BpeMeHH, OJIM3KOM K pealIbHOMY, BHEAPEHHE COBPEMEHHBIX HHCTPYMEHTOB O0pabOTKH 1 aHaJIu3a IaHHBIX.
C xonua 2000-x rr. I'eopusuueckuii uentp PAH coBmecTHO ¢ psAooM akageMUYeCKHX W OTPacieBBIX
WHCTUTYTOB BEJIET aKTUBHYIO PaldOTy MO Pa3BHTHIO 0OCEpBATOPCKOM ceTw Ha TeppuTopuu Poccun u
COTIpeIeTbHBIX CTpaH. B mokname OyayT mpencTaBieHbl HEKOTOPHIE IOCIEAHHWE PE3yIbTaThl ITON
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 pe3yJbTaThl HCCJICA0BAHUH BYJKAHUYECKHUX NPOLECCOB C IOMOUILI0 METOAOB
CIIyTHMKOBOI pagapHoi uHTepdepomMeTpun

M. C. Boakosa, B. O. Muxaiinos
Wucturyt dusuku 3emmu um. O. FO. HImunra PAH, Mocksa, Poccust

B ByJiIkaHMUYECKHX U CEMCMHMYECKN aKTUBHBIX pailOHaX OYEHb Ba)KHA OLIEHKA CMEIICHUI 3€eMHOM
MOBEPXHOCTH, KOTOPbIE MO>KHO OOHAPYKUTh Pa3IMYHBIMHA COBPEMEHHBIMU METOIAMH KaK HA3€MHBIMH, TaK
U CIIyTHUKOBBIMM, B TOM YHCJI€ C IOMOILIBIO CIIyTHMKOBOHM pajapHoil mHTepdepomerpun. CmemnieHus,
Ha0JI0JaeMble Ha CKJIOHAX BYJIKAHOB, YaCTO WHAYIIMPOBAHBI BHYTPEHHUMH M BHEUTHUMH MTPOIIECCAMHU TaK
WJIM MHA4Y€ CBSI3aHHBIMU C JIBM)KEHHEM MarMsbl B 3eMHOM Kope. HamprumMep, omonsHu 1 06Baibl, BEI3BaHHBIE
BYJIKAHUUYECKUMHU 3EMJICTPSICEHUSMH, JaBOBBIE M IMUPOKJIACTUYECKHUE IOTOKH, (pOpMUpYIOIIHEe HOBBIH
penbed Ha MOBEPXHOCTH, WIH MOTHATHE/OCEAaHUe CKIOHOB MPHU MPOJBIKEHHN MarMbl K MOBEPXHOCTH
WA, HA000POT, OTCTYMJICHNH U3 MarMaTHYECKOro oyara. JJaHHbIe O perucTpanny TaKuxX CMEIIeHUH MOTYT
OBITH MCIIOJIB30BAHBI [T MCCIICAOBAHNS BYJIKAHUUECKOW aKTUBHOCTH B 1I€JIOM U MarMaTHYECKHX CHCTEM
B yacTHOCTH. OJTHUM U3 MOJIX0/10B K U3YUYEHUIO ITPOLIECCOB, CBSI3aHHBIX C BYJKAHUUECKON JIESITEIbHOCTEIO,
SBIISIETCSl WHTEPIIPEeTalusl M3MEPEHHBIX CMEIICHWH IMOBEPXHOCTH BYJIKaHAa C IMOMOIIBIO IMOCTPOEHUS
MaTeMaTHYECKUX MOJIEJIe U pereHne o0paTHBIX 3a/1ad, KOTOPOE CBOAUTCS K ONPEENICHHUIO TapaMeTpOB
MOJIEINIM, IPU KOTOPBIX JOCTUTAETCA HAWIy4YLIee COrJIacOBaHUE YMCICHHOTO PEIIEHHUs C HAOII0AaeMbIMH
JAHHBIMU. B 3aBHCUMOCTH OT 00BEKTa HCCIIEOBAHHUS, TAPAMETPBI MOJICIIH MTO3BOJISIOT OLIEHUTH CKOPOCTH
NepeMEIeHNs] MarMbl, MacInTalbl, TIIyOUHY 3aieranus U (u3ndeckue XapakTePUCTHKH MarMaTuieckoro
ouara u T.1. B pabore mpencraBieHbl HEKOTOpBIE PE3YJIbTaThl HCCIEAOBAaHMN BynkKaHoOB Kypmio-
Kamyarckoii 30HBI CyOMyKIIMM HA OCHOBE JJAHHBIX O CMEIEHHSAX 3€MHOW IMOBEPXHOCTH, PACCUMTAHHBIX
metogamu PCA unTepdepomerpun. 3aperucTpUpOBaHHBIE CMEIICHHUS MO3BOJIMIN IETANbHO H3YYHTH C
MOMOIIBIO MAaTEMAaTHUECKUX MOJIEJICH TPUIMHBI aHOMaJIbHO OBICTPOTO OCeIaHus BEpXHEW 4acTH JJaBOBOTO
nonst Tonmbaumka 2012-2013 rr, BOCBMHKpPAaTHO MPEBBHIMAIOIIEIO CPEIHHE 3HAYEHHS, IOIYYUTbH
KOJIMYECTBEHHBIE OLIEHKH MOPHUCTOCTH, COJAEPKAHUS CTEKON M TEMIeEepaTyphl JIaBBI CITyCTs 7 JIET MOCTe
M3BEpP)KeHHA ByNKaHa. Takxke OyAyT MpeIcTaBleHBI OIEHKH BKJIala Pa3IMYHBIX MPOIECCOB B yCaIKy
nupokiacTuyeckoro notoka 29.08.2019 r. Ha Bynkane IlluBenyd, U MOJeNb BHEAPEHUS WHTPY3UBHOIO
Tena, cOPMUPOBABILIETO TIOJAHATHE HA 3allaJIHOM CKIIOHe ByikaHa [lluBenyd B mocTmapoKCH3MaabHYIO
¢a3y u3Beprxenus 11.04.2023 r.u. MccnenoBaHust BBIIOJHEHBI 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. Velikint, S. Milanovskiy?3, V. Istratov?4, Yu. Ivanov!, 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.

TeXHOTeHHBIH TATHK KaK WINKATOP COCTOSTHUSI MEP3JIOTHI B3aHMOIECTBYIONIEH ¢ THAPOTEXHHYECKHMHA
00bEeKTaAMH

C. A. Bemuxun?, C. JO. Munanosckuii?s, B. A. Ucrparos®*, 10. I'. Usanos?, A. I'. IleTpynun?®
IBHMMC Hncruryra Mepsnorosenenus um. I1. . Mensunkosa CO PAH, UepHbimesckuid, Poccus
2 Huctutyt @usuku 3emin um. O. FO. muara PAH, Mocksa, Poccust

$Uucrutyt 'eoskonoruu um. E. M. Cepreesa PAH, Mocksa, Poccus

4 Papuonna, MockBa, Poccus

*Teopusmaeckuii Llentp PAH, Mocksa, Poccust

I'moGanbHbIe ¥ peTHOHANIBHBIE N3MEHEHHS KPHOJIMTO30HBI IOBOJIBHO MEAJICHHBI BO BPEMEHH M JaTepalibHO
HEO/IHOPO/IHBI, YTO 3aTPYAHSAET UX OLIEHKY U NporHo3. OHaKo, NMEIOTCSl MH)KEHEPHbIe 00BEKTHI (BOZOXPAaHMIIHIIA,
00BexTsl TOK, ADC), KOTOpble CO3AI0T JIOKAIBHYIO TEIUIOBYIO HArpy3Ky Ha MHOTOJETHEMEP3JIbIe OPOIbI, MEHSA
MX COCTOSIHHME BILIOTH JI0 TaJOTO 32 OTHOCUTENILHO MaJible BpeMeHa. DTO T03BOJISIET PACCMATPUBATh MX KaK HATypHbIC
MOJIEIIM C YCKOPEHHEM CIIOXKHBIX TPOIECCOB MPOTEKAIOIUX B Kprocdepe. Tanuku cBsizaHbl ¢ (pa3oBbIM NEPEX0A0M
Je<>B0/Ia, ONPECISIIONIMM 0COOEHHOCTH U3MEHEHHUSI re0(U3MYECKUX XapAKTEPUCTUK BOAOHACHIIIEHHBIX TOPHBIX
Mnopoj. DTH 0COOEHHOCTH IMO3BOJIIOT HCIOJIB30BAaTh Ie0(PHU3NUYECKUE TI0JIsl, CBSI3aHHBIE C HUMH, VISl BBIICIICHUS,
KOHTPOJISL ¥ TIPOTHO3a KaK MPHPOIHBIX, TaK M TEXHOTCHHBIX TAIMKOB. Llenb McciaenoBaHnsi — CHCTEMHBIN aHAN3
pe3ysIbTaToB Te0(U3NYECKOr0 MOHHUTOPHHTA COCTOSIHMSL MEp3JIBIX II0pOJ, MHOABEPKEHHBIX OTEIIIIONIEMY
BO3JICHCTBHIO TMIAPOTEXHUYECKUX COOPYKEHHSX, MOCKOJBKY IIO/ABIISIONIEe OOJBIIMHCTBO aBapWil M OTKa30B Ha
rugporexHrdecknx coopyxkeHusx(I'TC) B ceBepHBIX pernoHax CBs3aHBI ¢ IposiBIeHHeM (uibTpanuu. 1o onbITy
M3Y4YEHUSI TE€OKPHOJIOrHYecKOro coctossHus ocHoBanuit ['TC 3anaaHodt fIkyTMm B mpollecce MHOIOJETHEH
9KCIUTyaTallid B YCJOBHSX HPUPOJHO-TEXHOT€HHBIX BO3JEHCTBHI OOYCIOBHBLIMX pa3BUTHE (QHUIBTPALIMOHHBIX
MIPOIIECCOB B COCTaBE HEOOXOAMMOTO WH(POPMATHUBHOTO TeO(MH3MUECKOTO HAOIIOAATEIHHOTO KOMIUIEKCa MOXKHO
HCIIOJIB30BAaTh. BHCKTPOTOMOFpaCI)I/I}O; CKBa’>XMHHBIC JIOTTCPHBIC U3MEPUTCIIbHBIC CUCTEMBI, CrocoOHBIE B aBTOHOMHOM
PEXKUME TIPOBOAUTH CEAHCHI OJHOBPEMCHHBIX TEMIICPATYPHBIX, IMBE3OMCTPUYECKUX H PE3UCTUBUMETPUYCCKUX
U3MEpEHUH; CEMCMOMETPUUYECKUE U TEOpaJapHble ChEMKH; MEXKCKBaXXMHHOE PaJUOBOJHOBOE IPOCBEYUBAHHE.
Hocnennuit meron, B ¢opmare 3D/4D maer mHbOpMAIMIO O CTPOCHHHM M MEP3JIO/TAIOM COCTOSIHUM MAacCHBa,
IMMO3BOIACT KOHTPOJUPOBATH PA3ZBUTHC KPHOJOTHYCCKUX IPOLECCOB B IMPOCTPAHCTBE M BPEMCHH. HpI/I 9TOM,
YYBCTBUTEIBHOCTH METOJa JI0CTAaTOYHO, YTOOBI (PMKCHPOBATh M3MEHEHHS B 3JIEKTPUYECKUX CBOWMCTBAaX MOPOJ Ha
HavyallbHOM CTa/IMM MpoIlecca pacTelyIeH s (BO3MOXKHa (pUKcalys 1 00paTHOTO ITpoliecca — mpoMep3anus). B noxiane
OymyT TpencTaBiIeHbl pe3yibTaThl KOMIUIEKCHBIX HccienoBanuii Ha ['TC. MojenbHble HCCIIEOBaHUS BKIIOYAIN
peleHre HeCcTalMOHON 3ajJaddl TeIIOMAacCONEepeHoca B TPEIIMHOBATO-IIOPHCTON HACHIIIEHHOW MEp3JIoN cpere.
Moznenp aHaIM3UpYyeT YCIIOBHS, BEI3BIBAIONINE BOSHUKHOBEHNE M Pa3BUTHE TAJIHMKa BOJIM3M BOJOXPAHWININA, TAKHE
Kak KoyieOaHus TEMIIEPATYPBI BO3AYyXa, CHEKHBIN IOKPOB, CE30HHOC HU3MCHCHHUE TEMIIEpATYPbl BOJABI B
BOJOXpaHWINIIC, UBMCHCHNE TPOHNIACMOCTH MEP3JIOTO IT'PYHTA U BHyTpeHHeﬁ CTPYKTYPBI MEP3JIOT0 MacCHUBa.
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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.

Pa3BuTne negunura BHyTpeHHHX cMelleHui 3eMHoil kopbl 1o JaHHbIM THCC 10 u BO
Bpems 3emuterpsicennst Hualien, Taiwan (03 April 2024, Mw=7.4)

I1. A. loxykun', B. U. Kapran?, A. 10. Mensuukos!
! Poccuiickuit yausepcureT apysxk6n! Haponos uM. Iatpuca JTymym6s1, MockBsa, Poccus
2 I'eodmsmueckuii nentp PAH, Mocksa, Poccus

HccnepoBanue MOCBAIIEHO aHANW3Y 3BOJIOLMM BHYTPEHHUX JBUKEHUUA 3€MHOM KOPBI
Tepputopun TaliBaHs, B CBA3M C XOJIOM CEHCMHYECKOro mporecca 3a mnocienHue 10 ser.
[TepBUYHBIMY TaHHBIMU OCTYXHUIIM BpeMEHHbIE psifibl HenpepbIBHbIX GPS HabutoieHuii, katanor
3eMJIETPSICEHUH M PAaCIOJIOKEHUE OCHOBHBIX TEKTOHMYECKHX CTPYKTYp. Ha kaxkaple cyTku mo
OTHOUICHHIO K HAaYaJIbHOM 3M0XE ONpPEesUINCh BEKTOPbl TOPU30HTAIBHBIX CMEIIEHUN CTaHIUI
GPS. Hcnonp3oBanach BHYTPEHHSs CHCTEMa OTCYeTa, Korja oOliee JBHKEHHE TEePPUTOPHH,
ONpezieNieHHOEe B IIOOAJbHON CUCTEME KOOpAMHAT, WCKIIIOYanoch. bbula mocTpoeHa Bujieo-
aHUMalMs U1 CHHONTHYECKOTO aHAaJINW3a D3BOJIOLUM BHYTPEHHUX JBWKEHUH B CBS3U C
CEICMHYHOCTBIO M TEKTOHMKOM. IlokazaHo, 4yTo OONBIIMHCTBO CUIBHBIX M>6 3emierpsiceHuit
IPOM30IIUIO BHYTPU M Ha IPaHUIAX 30H JAe(UIMTa BHYTPEHHUX JBHKEHUN 3eMHOU KOpBI. DTO
MO3BOJIIET pacCMaTpUBaTh Takue 00JIACTH MOBBIILIEHHOW MJIOTHOCTH 3€MHOM KOpBI B KaueCTBE
IPOTHOCTUYECKOT0 NMpu3Haka. OHM 0OHapyKUBatOTCs 1o Mepe HakorieHus GPS Habmonenuii 3a
HECKOJIBKO JIET U pa3pylIAlOTCs CHJIBHBIMU CEHCMUYECKUMHU COOBITHUSIMHU, a Takke OOJIbIIUMU
rpynnamMy yMepeHHbIX U ciadbix 3emuerpscenuii. Ha moment 2024 r. Ha TeppUTOpUHU OCTPOBaA
o0pa3oBasiach 30HA MOBBIIIEHHOHN MJIOTHOCTH, BBITSHYTas MOJOCOM OT BOCTOUYHOTO K 3alaJHOMY
noGepexpio. OHa CBSA3BIBACT MecTa COMMKEHUS TITyOOKOBOJHBIX kelo0oB Prokio u Manumia ¢
CylIei OCTPOBHOM TeppuTOopuu. MOKHO TMoOjaratb, 4TOo 3Ta O00JacTh MapKUPYET 30HY
MOBBILIEHHBIX CEHCMOICHEPUPYIOIUX HANPSIKEHUH, YTO BaXKHO IPUHUMAaTh BO BHHUMAHHE IPU
IadbHEHIeH olleHKe celiCMIYeCKOM 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. Sokoloval?, O. Kozyreva?, |. Kupriyanova?, D. Epishkin3, 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 pucKoB OnacHbIX BO3AelCTBUH KOCMUYECKOM MOr0/ibl HA HHPPACTPYKTYPHbIe 00beKThbl APKTHKU:
H3yyeHHe BapuadeJbHOCTH MATHUTOTEJLTYPHYECKHX MoJIel BA0JIb JHHHMM ra3onposoja «Meccosxa-
Hopuabcx»

E. 1O. Cokonoa'?, O. B. Kossipera?, U. C. Kynpusnos?, /. B. Enumkun®, /1. B. Skosnes®

1 Bcepoccuiickuil HayqHO-HMCCIEN0BATENLCKUH Teolornueckuit Hepranoi unctutyt (BHUTHU), Mocksa, Poccus
2Nucrutyt Pusnku 3eman um. O. 10, IImuara PAH, Mocksa, Poccus

3 «Cesepo-3anan», Mocksa, Poccust

OcBoeHHE apKTHYECKHX O0O0JacTe CONpsHKEHO C PUCKaMH HETaTUBHBIX BO3/ACHCTBHII aHOMaNni
KOCMHYECKOH IIOT0/1bI HA BO3BOMMBIE IPOMBIIIICHHBIE 00BbEKTh. AHOMAJIBbHBIE KOPIYCKYJISIPHO -BOJTHOBEIE SIBIICHUS
B OKOJIO3EMHOH IuIa3Me IOpOXIaloT mepTypOammu MarHutocdepbl M HOHOChEpH (reOMarHUTHBIE OypH,
cyOo0ypH M 1Ip.) M, Kak cJIeICTBHE, TeOMarHUTHO-MHAyIHpoBaHHbIe 3iekTpudyeckne Tokn (IMT) B mpoBomsmmx
3a3eMJICHHBIX KOHCTpYKIMAX. Oco00 MHTEeHCHBHBIE B aBpopanbHOH 30He, ['UT rpo3sr aBapusMu Ha >KeNE3HBIX
noporax, B cuctemax JIOII u ynpasistromeii 31eKTpOHUKH. TpyOOnpOBOABI UCIIBITEIBAIOT KyMYIATUBHBIA 3P QeKT
I'T: comyTcTBYIOINE BapHaIliy Pa3HOCTH MOTEHITHANIA 3eMIISI-Tpy0a 4acTO MPEBBIIAIOT MOPOTH KaTOTHON 3aIUTHI,
YTO YCKOPSET IEKTPOXUMHUUECKYIO0 KOPpO3uto U u3HoC TpyO. [IporHos skctpemanbubix BenuauH [ YT, BaxkHBIN 17151
MIPOEKTUPOBAHUS TPYOOIPOBOIOB, HEBO3MOXKEH Oe3 aHaIn3a BapuabeIbHOCTH UX «IPaliBEPOBY» — F€0IEKTPUIECKUX
(mMarauTotemtypudeckux, MT) monel, OTKJIMKOB MPOBOJAIIECH 3eMIN Ha T€OMarHUTHBIC Bapyaluu. X BenmuunHa u
HalpaBlI€HHE OMNpPENEeNAIOTCS KaKk BHEIIHUM  BO30YXKAGHHEM, TaK W KOPOBBIMH TEO3JIEKTPHYECKUMHU
HEOJHOPOJHOCTAMU. B noknazne mpeiacTaBIeHbl METOABI M PE3yNbTaThl U3Yy4EHHs NPOCTPAHCTBEHHO-BPEMEHHOM
n3MenunBocti MT noneit B mpenenax Exuceii-XaTanrckoro npornoa u npuiieraromero y4acTka JMHAN a30IpoBojia
«Meccosxa-Hopwisck». CBeleHHS O T'EORIEKTPHYECKOM CTPOEHMM pETHOHA OO0ECHeUeHbl YHUKAIBHBIM
maccuBoM MT naHHBIX (pe3ynbTaT perHoHaNbHBIX HedTerazononckoBelx pador OO0 «Cesepo-3anany). 3anucu
AQHOMAJIBHBIX MAarHUTHBIX COOBITHH B3ATHI W3 apXHBa JaHHBIX '€OMarHUTHOTO MOHHMTOpPHMHTa B Apkruke. OueHka
TE0IEKTPUIECKUX OTKIIMKOB MMPOBOAMIACEH KaK B YaCTHOM, Tak M BO BpeMeHHOH 00macTsX. [1epBbIif T01X01 IT03BOITHIT
MOJYYUTh KapThl «TEO0dJICKTPUYECKOM OIMACHOCTH» JUII HHGPACTPYKTYPHBIX OOBEKTOB PpErHOHA: 30HBI
sKcTpemManbHbIX OTKIHKOB ULF nuamazona moaBep)keHBI HANOOIIBIIIMM pHCKaM. BpeMeHHO# aHaTN3 BBISIBIII YIaCTOK
JIMHUM rasonposoja «Meccosxa-Hopuibck», TpacCupyeMblii HHTEHCUBHBIMU I'€03JIEKTPUYECKUMHU OTKIMKAMHU, TIE
BEPOSATHOCTD JACCTPYKIMH HaWOOJbIIass W HAKAIUIMBAETCS C KaXKAOH cepuell aHOMAaNbHBIX T'€OMarHUTHBIX
neprypbaruif. CrenaHHbIe OLEHKH PAa3HOCTH IMOTEHIMAJOB, HaBoauMoil Ha Hem ['MT, nmaxke mpu ymepeHHOH
MarHuTHO# Oype MpeBhICHIIN KOHBEHIIMOHHBIH YPOBEHb KaTOXHOH 3a1uThL. [1oTydeH nepBhlii ONBIT CTaTHCTHYECKOTO
aHaJIM3a aMIUTUTYTHOTO YPOBHSI T€OJIEKTPHUYECKHUX OTKJIMKOB B paiioHe razonposoaa. MccienoBanune 3anoxuino 6azy
JUIT HEOOXOIUMBIX pabOT MO MporHo3y HeraTuBHBIX Bo3aeidctBuii ['MT Ha wuHOpacTpykTypy CyOHONSpHBIX
ob6uacreit PO. [TokazaHo, 4To AJIs aI€KBATHOH OLEHKH MX PHCKOB HEOOXOANUM YUYET T€03JIEKTPUIECKOTO CTPOEHHS
perrona pador.
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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 puUHIUNIBI CO3aHUS PETHOHATBHBIX CTPYKTYPHBIX BECOBBIX MPOTrHO3HO-TIOHCKOBBIX MOJIeJIei
PYA000pa3yOmMX CUCTEM HA OCHOBE IreOUH(OPMALMOHHBIX TEXHOJIOTUH 1 00pad0TKU JAHHBIX
AUCTAHIIMOHHOI0 30HAUPOBaHNs 3eMJIH HA MPpUMepe O0TAeIbHBIX IuIomaneii Poccuiickoi
Denepanuu

C. A. Ycrunos, B. A. Iletpos, B. A. Munaes, A. /. CBeuepeBckuit
WHCTUTYT T€0JIOTUH PYIHBIX MECTOPOXKIEHH, neTporpadun, munepanoruu u reoxumun (U'EM) PAH,
Mocksa, Poccus

VY4uuThIBas COBPEMEHHBIE T'€0JIOTO-3KOHOMUYECKUE (DAKTOPBI Pa3BUTUS MUHEPAIbHO-CHIPHEBOH
0a3bl CTpaHbl BO3HHKAET OCTpas HEOOXOJMMOCTH 0OoJyiee YETKOW TMOCTAaHOBKHM M OOOCHOBAaHWS 3a/1ad
TIOMCKOBO-OIICHOYHBIX Te0JI0ropa3BeJOYHbIX Pa0OT C IeJbI0 OOHAapY)KEHUS HOBBIX MECTOPOXKIICHHI,
0COOEHHO CTPAaTeTHYECKUX METAJUIOB W Je(HUUUTHBIX BHIOB TBEPABIX MOJE3HBbIX Hckomaemblx (I1M).
BOonpIIMHCTBO MOTEHUMATIBHO MEPCIEKTUBHBIX Ha paszauyHble THbl [IM momaneil pacnosaratoTcs B
npejienax TPYAHOAOCTYIHBIX CIa0OM3y4YeHHbIX TeppuTopuil. C pa3BUTHEM TEXHOJOTHH COBpEMEHHON
CIIyTHUKOBOM CBEMKH H JOCTYIMHOCTBIO IOJYy4YacMbIX PAa3HOIIAHOBBIX JAHHBIX IUCTAHIIMOHHOTO
3oHaupoBannsa 3emun (/I33) BBICOKOIO NPOCTPAaHCTBEHHOTO PAa3pEIICHHs IOSBIISETCS BO3MOXKHOCTh
JIOCTAaTOYHO TOYHOTO BBISBJICHUS OCOOEHHOCTEH TEKTOHHMYECKOTO CTPOCHUS TEPPUTOPUH, MPOBEICHUS
reOAMHAMHUYECKHX PEKOHCTPYKLHUH, OLEHKH HaIlpsHKEHHO-IC()OPMUPOBAHHOIO COCTOSIHHS MAacCHBOB
TOPHBIX NOPOJ, YCTAHOBIECHHS KMHEMAaTHUKU MEPEMEIEHU B 30HaX OCHOBHBIX PA3JIOMOB, NPOBEACHUS
MUHEPAJIHHOr0 KapTUPOBAHNS, BBISABICHUS SMaHAIIMOHHBIX aHOMAJIMH HaJl MPEAToIaraeMbIMU KPYITHBIMU
pyIHBIMU CKOIUIeHUsIMH. C yd4eTOM YyCTaHOBJIEHHOTO T'€0JOTMYECKOTO0 CTPOEHHs, pPe3yJlbTaToB paHee
MPOBEIEHHBIX ['€0JIOrOpa3Bel0YHbIX padOT U Ha3eMHBIX CbeMOK Ha ocHoBe npuMeHeHus I IC TexHoorui,
0o0paboTtku nansbix /33, ¢ moctpoeHneM uu¢poBol MoaenH peibeda, HCHOIb30BAaHHEM CTPYKTYpPHO-
reoMopQOIOTHYECKUX (JIMHEAMEHTHBIN aHalK3), MPOCTPAHCTBEHHO-TEOMETPHUECKIX, TPOCTPAHCTBEHHO-
TUIOTHOCTHBIX ¥ TEKTOHO(MU3NYECKUX METOJIOB JUTs IUIOINaiel B peruoHanbHOM MacmTabe (1:5 000 000 —
1:200 000) npeacTaBiieH aBTOPCKUI OAX O/, TO3BOJISIOMINI COPMYITUPOBATD U TPOCTPAHCTBEHHO, B BHJIE
TEMAaTUYEeCKUX CXEM, BU3YyaM3UPOBATh CTPYKTYPHbIE U TEKTOHO(PH3MUECKHE KPUTEPUH, OIPEIEIISIONINE
pasMerieHre pyAHOH MHUHepalIu3allMd B TpeAesax paccMaTpuBaeMbIX TeppuTopuil. C MOMOIIBIO
HOPMHPOBAHUS U onpeeseHus K03 (QUIMEHTOB Beca KaKJ0I0 KpUTEPHSl CO3/1aHbl CTPYKTYPHBIE BECOBBIE
MIPOTHO3HO-TIOMCKOBBIE MOJIETH, COOTBETCTBYIOIIME MacliTadaM HCCIeqyeMbIX Iutomanen. [laHabie
MOJIEIIN CITY’KaT Ba)KHOM OCHOBOH 17151 00JIee YeTKOW MOCTaHOBKH TIOMCKOBBIX I'€0JIOTOPa3BeI0UHBIX PaboT
B TPaHUIAX COOTBETCTBYIOLIMX Pa3HOMACIUTAOHBIX JIUCTOB TOCYIAPCTBEHHOM I'€0JIOTHUECKOW KapThl.
UccnenoBanue BBINOJIHEHO 3a cueT rpaHta Poccuiickoro Hay4yHoro ¢onma 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.

Mopaeau marauTHoro noJjass U3SMUPAH nis HedTerazoBoro komMmijiekca.

B. I'. Ilerposg, P. A. PeiToB
WHCTUTYT 3eMHOr0 MarHeTusma, noHochepsl U pacrpoctpanenus paanoBonH PAH, Mockaa,
Poccus

[Tocnegnue necsaTuieTuss B HedTErasoBol OTpaciau Bce Ooliee IMIMPOKO MPUMEHSETCS
HaKJIOHHOE W TOPU3OHTAJILHO HAIMpaBlIeHHOE OypeHHWe CKBAXKHUH, KOTJIa M3 OJHOTO ydacTKa
OypsTCsl MHOTO CKB)XMH B Pa3NIMYHBIX HAMpPaBICHUSIX. DTO 3aMETHO yHAEIIEBIseT OypeHue, HO
CYIIIECTBEHHO TOBBIMIAET TPEOOBAHUSA K TOYHOCTH TPACCHUPOBKH CKBaXKWHBI. JlJis ompeneneHus
HaIpPaBIIEHUS CKBRXKMHBI HEOOXOIMMO 3HATh €€ OPUEHTAIIHIO B IBYX HAMPABJICHUIX — OTKJIIOHEHHE
OT BEPTUKAIM W HANpPaBJICHHE B TOPU3OHTAIBHON IIOCKOCcTU (azumyt). st ompeneneHus
BEPTUKAIA TPAJAUIMOHHO MCHOJB3YETCS aKCEIEPOMETPhI, [JIsl ONPENCNCHHUs a3uMyTa —
MarHUTOMETPbI WJIM TUPOCKOMNbl. OOBIYHO TMPOCKONI, OCOOCHHO B HEHWHEPLMAIBHOW CHUCTEME,
uMeeT Oonbiine Apeddbl M OCHOBHBIM MPUOOPOM JUIS OMpENeieHHs] a3uMyTa sBIsSETCS
MarHutTomeTp. OH Tak e UMEeT CBOM HEJOCTATKU — MOJIBEPKEHHOCTh MECTHBIM U TJIOOAIbHBIM
noMexaM W TpPUBSI3KOH K MECTHOMY MAarHMTHOMY IIOJII0, a HE K reorpaguyeckoil cucreme
KoopauHat. JlJis mepecdyera MarHUTHOTO a3uMyTa B reorpaduueckuii HeoOXOIMMO 3HATh
MarHUTHOE CKJIOHEHUE, YTO MOYKHO OMNPENETUTh U3 MOJENIEd MarHUTHOIO MOJIsl WX NMPSIMBIMU
W3MEPECHHSIMH, OJIHAKO TPSMbIC U3MEPEHHUS B OJHOM TOUYKE HE MOTYT OBITh MEPEeCUYMTAHBI Ha
MIyOMHY YW MOJENd BCE PaBHO HEOOXOAMMBI. MarHuTHoe moje 3eMiu co3JaeTcs TpeMms
HMCTOYHHKAMH -TOKH B SIp€ U MAaHTUH 3eMJTH (TJIaBHOE T0JI€), HAMAarHUYEHHOCTHIO 3€MHOM KOPBI
(aHOMasbHOE TOJIe) U TOKaMHU B HOHOchepe u MarHUTOchepe 3emiu (NMEpeMEHHOE TOJe).
PaccMoTpeHsl CBOWMCTBA ATHUX TIOJICH, MOJENH HMX OIUCHIBAIOIIME M CIOCOOBI TOCTPOCHUS
mojenei. Takke omrcanbl coBpeMeHHbie Mojienu U3MUPAH na snoxy 2024 r. Beicokoro (790)
u HU3Kkoro (15 rapMOHHMK) paspernieHus: U MPOBEACHO WX CPAaBHEHHE C JAPYTHMMH MOJEISMHU.
[TpuBeneHbI mpUMEPHI MPOTPAMMHOT0 00ECTIeYeHHS Ha OCHOBE 3TUX MOJIENIEH TSl UCTIOJIb30BaHUS
OypOBBIMHU KOMITAHUSIMH.
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Parallel algorithms for solving direct and inverse gravimetric problems

P. Martyshko, D. Byzov, 1. 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).

IMapajiesibHbIe ANTOPUTMBbI pellieHUs] NPSIMbIX U 00PATHBIX 32/1a4 TPABUMeETPUH

I1. C. Maptsbiko, . . beizos, U. B. Jlanosckuit, A. I'. [lunaes
Wuctutyt reopusuxu uM. 0. I1. bynamesnua YpO PAH, Exatepun0Oypr, Poccus

[Ipouecc mHTEepnperanuu reoPpU3UUECKUX TaHHBIX CBOJUTCS K PEIICHUIO TMPSMBIX U
o0paTHBIX 3amad MaremMaThdeckod ¢u3uku. OOpaTHBIE 3aJaud TPaBUMETPUU CBOAATCA K
PELICHUI0 HMHTETPAIBHOIO YPaBHEHHUs IEPBOro poja. 3ajgavya OIpEeAeNIeHHs IUIOTHOCTH B
paccmaTpuBaeMoM 00bEME BHYTPU 3€MIIM CBOAUTCS K JMHEMHOMY YpPaBHEHHIO, JJIS «PYAHON»
(ompeneneHue rpaHuIlbl 00JIACTH, TOPOKIAIOICH TPAaBUTAIIMOHHYIO aHOMAIIUIO) U CTPYKTYPHOI
(ompezenenne MOBEPXHOCTH, Pa3ICISIONIECH CJIOU C Pa3HBIMU 3HAYEHUSIMH TUIOTHOCTH ) 0OpaTHOM
3aJauM TOJTy4aeM HEIUHEiiHoe ypaBHeHue. J[ns pelieHus STUX 3a/Jad Ha ceTKax OOJbIION
pa3MepHOCTH pa3pa0OTaHbl YHMCIEHHBbIE METO/bl (C MCIONb30BAaHUEM HJEU JIOKAIM3alUU) U
pETyJIIpU30BAaHHBIE  ANTOPUTMBI, PEANU30BAaHHbIE B  KOMIIBIOTEPHBIX TEXHOJIOTHMSIX C
UCIIOJIb30BaHUEM TpauuecKuX yckopuTened. PemieHuss oOpaTHBIX 3ajad ompenessercss Ha
MHO€ECTBE KOPPEKTHOCTH C UCIOJIb30BAHUEM MOJIeNIel HyJIeBOro MPUOIMKEHUS, TOCTPOCHHBIX
10 apUOPHON MHPOpMALMK (MHTEpIPETALUU CEHCMUYECKUX U IpYruX AaHHbIX ). [lapannenbHbie
ITOPUTMBI OITPOOOBAHBI HA TEOPETUUYECKUX NPUMEpPAX M MPUMEHEHBI /ISl TOCTPOCHUS MOJIENeH
36MHOM KOpBI Ypajla U COMpeNeibHBIX pPEeruoHoB. Pabora BeIMOTHEHA TpPH (UHAHCOBOM
noanepxkke 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.

HogBble Bo3M0:xkHOCTH MOP(OMETPUYECKOT0 aHATU3A peiibeda U KOMIIBIOTEPHOIO
reoAMHAMHUYECKOr0 MO/IeJIMPOBAHMS VISl BbIIeJIEHHS 30H BO3MOKHBIX 04aroB 3eMJeTpPsiCeHuii B
00J1acTAX AKTMBHOI'0 HOBeIfIIero TeKToreHe3a

A. JI. Cobucesnu, A. O. Arudanos, A. A. CeHII0B
Wucturyt dusuku 3emmn um. O. FO. HImuara PAH, Mocksa, Poccust

K 3HaymMbIM acmekTaM pa3BUTHA JUCTAHIIMOHHBIX T'€O0JOro-reoMOpQOIOrHIeCKUX METOJI0B
OTHOCHUTCSI TIOBBIIIIEHWE TOYHOCTH IM(poBeIx Mogneneli penbeda (LUMP) u coBepiieHcTBOBaHUE
NPOrpaMMHOro o0ecIieueHusl Uil MX aBTOMAaTH3MPOBAaHHON 00pabOTKH. DTO MO3BOJIMIIO PACIIUPUTH
BO3MOXHOCTU CTPYKTYPHO-T€OMOP(OIOrHIecKoro 1 Mop(hoOMETpUIECKOro aHajau3a peibeda, KOTopblil
Hapsly ¢ KOMIBIOTEPHBIM MOJIEIHPOBAHUEM COBPEMEHHOM I'€OJMHAMHUKH MOXKET HCIIOJIb30BaThCS MpPHU
pPELICHUN aKTyalbHOM HAay4YHO-TIPAKTMYECKOM 3aaydl — BBIACICHUH 30H BO3MOXHBIX OYaroB
3emerpsicenuit (BO3). Ha npumepe pernoHoB akTHBHOTo HoBeiimero TekroreHesa (bonpmoro Kaskasa,
0. Caxamun, Antae-CasgHcKo# 00JacTH) MPEI0KEH U anpoOUpPOBaH HOBBIN alTOPUTM BBIJEIECHHUS TaKUX
30H. OH mpenmonaraeT BbIOOp HECKONBKUX MOP(POMETPHUECKHX  XapaKTEpUCTHK peibeda,
MOJIOXKUTENIbHBIE aHOMAJMKM KOTOPHIX HAWIyYIIMM OOpa3oM CBs3aHbl C INPOCTPAHCTBEHHBIM
pacrpenieliecHHEM SIUICHTPOB 3emierpsiceHuil. [lyrem o0paOOTKM 3THUX TapameTpoB Y-OIEepaTopoM
HEYETKOHN JIOTUKH CTPOUTCA CXeMa HMHJEeKca HeoTeKToHmueckoi aktuBHOCTH (I). B kawectBe 30 BO3
BBIJIEJISIOTCS 001aCTH JIOKAIM3aLMH MTOBBIIEHHBIX 3HAYEHUH COKUMAIOIUX HanpsbKeHUH, rae [ Bappupyer
oT 0.6 10 0.9. OTHOCHUTENBHBIE BEINYMHBI MAaKCUMAIBHBIX CKUMAIOIINX HaNpsSHKEHUH PacCUUTHIBAIOTCS
METOJIOM KOMITBIOTEPHOTO MOJIEIMPOBAHMS, I IPOBEIEHUS KOTOpOoro ucrnois3yercs LIMP, nadopmanms
00 OpPHEHTHPOBKE TJIABHBIX HOPMAJBHBIX OCEH HampsbKeHHH W KOHQUIYpaluH aKTUBHBIX PAa3IOMOB
(mOCTOBEPHBIX M BBIECIEHHBIX CTPYKTYPHO-TEOMOPQOIOIHIECKUM METOJOM), a Takke KO3((UIMEHTHI
Ilyaccona wu BHyTpeHHero TpeHusA. J[ms BBIOpaHHBIX pPETHOHOB [I0OKa3aHa WH(POPMATHBHOCTH
MPEIOKEHHOTO TOAX0/1a, MMOCKOJIBKY B HEOOJbIME MO Tutomaan 30H6 BO3 momagaeT 3HaYMTENbHAS
YacTh SMUIEHTPOB 3eMJIETPSICEHHUI, B TOM YHUCIIE€ BBICOKOMAarHUTyIHBIX (M>5.5). [lonyueHHbli pe3yabTaT
MO3BOJISIET CHIeNaTh BBIBOJ O IEI€COOOPAa3HOCTH MPHMEHEHHUS JaHHOTO ajropuTMa IpU aHau3e
CEHCMUYHOCTH C€J1a00 W3YYEHHBIX U TPYAHOJOCTYITHBIX PETHOHOB, MIOCKOJIBKY OH OCHOBaH Ha 00paboTKe
OOIIEOCTYNHBIX HMCXOAHBIX MaTepuaJoB W He TpeOyeT HeTaJbHOTO HW3YyYEHHS CEHCMHUYHOCTH
WHCTPYMEHTAIBHBIMU M TAJIE0CENCMONIOTMYECKUMHU MeToJaMu. VcciaenoBaHue BBIIIOJHEHO B PaMKax
I'oczapanus O3 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 XVl 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.

PenpesenTaTuBHbIi KaTagor HapoaHeHnid Hepbl. IIpyHIUIIBI IOCTPOEHUSA

A. A. Poguosnos, A. A. Jlobanos, T. 1. ManoBa
Wucruryt okeanonorun uM. 1. I1. Illupmosa PAH (Cankr-IlerepOyprekuii ¢punuan), Cankr-IletepOypr, Poccus
Cankr-IlerepOyprekuit Hayunsiii neHtp PAH, Cankr-IletepOypr, Poccus

HaBonnenuss HeBbl HEOOX0IMMO HCCleoBaTh Kak (DEHOMEH, MPOUCXOXKIACHUE M XapaKTePUCTUKH
KOTOPOTO €CTh PE3yJbTAT MPAMBIX K KOCBEHHBIX MPOSBICHHI PUPOAHBIX (PAKTOPOB, CYIIECTBEHHO Pa3INYHBIX
0 CBOMM MPOCTPaHCTBEHHO-BpeMEHHBIM MacmTabaM. K pemenuro mpoOieMbl HEOOXOIUMO ITOIXOIUTH
MEXIMCLIUILIIMHApHO. B mpolecce M3yyeHHss MCTOPUUECKUX HaBOAHEHMH HeBbl, B 4acTHOCTH pecTaBpalluu
JAHHBIX 00 HMX BBICOTaX, ObUIM C(HOPMYIMPOBAHBI HAyYHbIE NPUHIMIBI TOCTPOCHUS PENPE3EHTATUBHOTO
KaTajora HaBOJAHEHUH, KOTOPBIH 10 CHX IOp TaK U HE CO3AaH, YTO CO3/1AET AONOJHUTEIbHBIE CI0KHOCTU IIPU
W3YyYEHHUH SBOJIIOLUU THAPOJIUHAMUYECKOM CUCTEMBI, BKIrouaromeil Jlagoxckoe ozepo, HeBy n ®dunckuii
3aJIUB: KOMILJIEKCHBIH METOJIOJIOTHYECKUH TMOAXO0J K PEIICHHIO MpoOJeMbl; Oe3yCIOBHBIM MPUOPHUTET
MIEPBONCTOYHUKOB; OTKa3 OT «HCIPABICHHI» HCTOPUICCKUX PANOB post factum; KaTamorm3amus OMHCOK H
PacXOKJICHUN BEpCUH 3a BCe BpeMs HAONIOJCHUI; pa3paboTKa W BHEAPCHHUE B MPAKTUKY YHU(DHUIIMPOBAHHOM
MPOrpamMMBbl OLIEHKH PENpPEe3eHTATHBHOCTH PS/IOB; TIOUCK HOBBIX CBEJICHUN 00 YpOBHEMEPHBIX HAOIIOJICHUAX.
OaHako HEOOXOIWMO YYUTHIBATH, YTO HUMEIOIIMECS MaTepHuajbl M CBEICHHS O BBICOTAX HCTOPHYECKUX
HaBOAHEHUI HeBHI (hparMeHTapHEI, MPOTHBOPEUYHBEL U COAECP)KAT OOMIINE HMOIMOHATBHBIX XapaKTEPHUCTHK.
Kpowme Toro, oHu mosyueHsl U3 HaOMIOICHUH Ha pa3MYHBIX MYHKTAX, IPEICTABICHBI U3MEPEHUSAMH OT Pa3HBIX
JIOKAITBHBIX OPJIMHAPOB M B PA3IMYHBIX CHCTEMAaX CUETa BBICOT, a TakXKe Ae(hOPMUPOBAHBI IPU SKCTPATIOJISAIHH
0oJiee MO3IHUX WM Jayke COBpeMeHHOW banTuiickoil cucteMbl BBICOT Ha JECATKH U COTHH JieT Hazaz. B CII6D
NO PAH co3mana 6a3a nanebix HaBogHenuid Heser XVIII B., oOoOmaromasi coOpaHHBIM MaTepHall.
JloTIOJTHUTENNEHO, B KAaueCTBE pEMepHBIX COOBITUH B 0a3y BKIIOYEHBI JaHHBIE 1O KaTacTpOopHUECKUM
HaBogHeHMSIM 7 (19) HosOpst 1824 1. u 23 centsnops 1924 r. baza obecrieunBaeT CHCTEMATH3ALUIO JAHHBIX O
HaBogHeHUsAX X VIII B., 1aeT KOMIUIEKCHOE MIPEICTABICHUE O KaX/I0M KOHKPETHOM PACCMATPUBAEMOM 3ITH30/1E
C KQueCTBEHHOHN W KOJMYECTBCHHOW TOYEK 3PEHHS, TIO3BOJISIET OCYIIECTBIATh OUCK MHPOPMAIIUY 110 JaTe (B
pasHBIX CHUCTEMax JIETOCUHMCIIEHHsI), BBICOTE MOJbeMa BOJABI OTHOCUTEIBHO Pa3HBIX OPAMHAPOB (B pa3HBIX
CHCTEMax cueTa BBICOT), aBTOpPY ONMHUCAHWs (TIPH €ro HaJIWYHH), CCHUIKE Ha MCTOYHUK. Vcmonb3oBanue 0a3bl
JIAHHBIX TIO3BOJISIET BU3YAIbHO OIICHUBATh NCKAYKCHHBIC PSIbl HABOIHEHHH 1 BepU(DUITUPOBATH CBEICHUS O HUX.
NubopmaliioHHO 0XBAaYEHHBIMU OKa3bIBAOTCS BCE COOBITHS, OTPAXKECHHBIE B HBIHE CYIIECTBYIOIINX KaTalorax
HABOJHCHHUIA, 8 TAK)KE B PACCMOTPEHHBIX OMOIMOTEYHBIX U YHUKAIBHBIX, BICPBBIC OITyOIMKOBAHHBIX apXUBHBIX
HMCTOYHHKAX.
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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.

HudppoBasi 00padboTKa reOMArHUTHBIX HA0JII0IECHNH HA OCHOBE METO/10B
aNnpoOKCUMALMOHHBIX MoeJiei

B.T. I'ermanos'?, A. JI. summanu’?, B. A. ITumunenxo®?, JI. A. CTyKOB2
! I'eodmsmueckuii nentp PAH, Mocksa, Poccus
2 Wuctutyt ¢uzuku 3emnu uM. O. 0. llImunra PAH, Mocksa, Poccus

[Ipeuiararorcss K paccCMOTPEHHMIO METOAbl IU(PPOBOH 0OpPabOTKH TI'€OMarHUTHBIX
HaOrofeHMT Ha OCHOBE IPUMEHEHHs AaNNpOKCHUMALMOHHBIX MoJeNed, BKIIIOYarolue
UCIIOJIB30BAaHUE  JIOKAJIbHBIX  ANIPOKCHUMAalMid W B3BEIIEHHOIO  YCPEOHEHMS U
IIOCJIEI0BATENBHOCTEN JIOKANBbHBIX Mozened. [IpenyiokeHHbIE MeETOABl OpPUEHTHPOBAHBI Ha
MOJIyYEHUE PELIeHUM 3a/ad aHajiu3a OLIEHHWBAHUS AapaMETPOB I€OMAarHUTHBIX HAONIIOJECHUU.
Pa3pabGoranbl  anropuTMbl  BBIUMCIEHUH  JIOKAJIbHBIX  AlIPOKCHUMALMOHHBIX  KYCOYHO-
CHHYCOUJIAJIbHBIX MOJENEH, KYCOYHO-CUMHYCOMIAIbHBIX MOJENIEH C JIMHEMHONM 4YacTOTHOM H
aMIUIUTYIHON MOAYJALMEN, KyCOUHO-CUHYCOUJANbHBIX MOJENEN C aJTATUBHBIMU JIMHEHHBIMU
TPEHIOBBIMU  (PYHKUMAMH, KYCOYHO-CUHYCOWJAJIBHBIX  IOJUTAPMOHUYECKHX  MOJIEJEH.
Pa3pabotanbl anropuTMbl BBIYKCICHHS alpPOKCUMAIMOHHBIX B3BEUICHHBIX YCPEIHEHUH aJis
MOCJIE0BATENbHOCTEN JIOKAJIIbHBIX MOJIEJIEH HA OCHOBE CUCTEM, CKOJIB3SIIINX KYCOUHO-JIMHEHHBIX
U KycouHo-napabonuueckux GpyHkunid. ChopMupoBaHHbIE METOJbl 1 MaTEMaTHUECKUN anmapaT
IpelHa3HayYeHbl JJIs PELICHUM 3a/7ad OLEHUBAHUS MapaMEeTpOB — aMIUIMTYAHO-4AaCTOTHBIX U
TPEHIOBBIX (PYHKUMHA, (PUIBTpAallMM LIYMOB M BBIUMCICHUS CHEKTPAIbHBIX XapaKTEPUCTUK
CUTHAJIOB T€OMarHUTHBIX HAOJIIOICHUH.
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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. Semenov®*

! 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 M OKeaHUYeCKHX MOTOKOB Telvia B paiione bapenuesa
MOPs IPH COBPEMEHHOM NOTeNJIEHUH KINMaTa

M. M. Jlatonun!, U. JI. Bammaunnkos!?, B. A. Cemenor®*

! MexayHapoaHblii LIEHTp MO OKpY:Kalollel cpefe M AUCTAHIMOHHOMY 30HAMpOBaHUI0 uMenu Hancena, CaHKT-
ITetepOypr, Poccus

2 Cankr-TletepOyprekuil rocynapcTsennslii yausepeurer, Cankr-TletepOypr, Poccus

$MucrutyT Gusuku armochepsl uM. A.M. O6yxosa PAH, Mocksa, Poccus

4 UnctutyT reorpaduu PAH, Mocksa, Poccus

Hambonee OpicTpoe cOBpeMEHHOE NOTEIDIEHHE KIUMaTa ApPKTHKH B MOCIEIHUE ECSITHICTHS
MPOMCXOAUT B paitoHe bapeHneBa Mopsi, mpuyéM JaHHBIN MPOIIECC 3aTparuBaeT Kak atMocgepy, Tak U OKeaH.
Oco6eHHOCTh KIIMMAaTHYECKOM cHCTeMbl bapeHiieBa Mopsi — CyIeCTBOBaHUE TIOJIOKUTEIBHOW 00paTHOI CBSI3H
B CHCTEME OKeaH — MOPCKOH JIE — aTMOCc(epa, MEXaHH3M JICHCTBUS KOTOPOM BO BPEMEHH OCTAETCSl HESICHBIM.
Ilenp maHHOTO HWICCIEMOBAHHUS — ONEHHUTH 3()(PEKTHBHOCTh pabOThI 3TOM MOJOXKHUTEIBHONH OOpPaTHOW CBSA3W B
3UMHHUMA CE30H IS aJBEKTUBHBIX IMOTOKOB Telja IO JaHHBIM OKeaHHueckoro peanaimm3a ORAS4 wu
atMocepHoro peananmza ERAS 3a mepuox 1959-2017 rr. Ha ocHoBe aHanmn3a BpEMEHHON HW3MEHYHBOCTH
OKEaHUYECKOTO ITPHUTOKA TeIlla Ha 3amagHoil rpanmie bapeHreBa Mops ObUTO BBIAEICHO ABA TEPHOAA VIS
nocnenyoomero asanmuza: 1959—1987 rr. ¢ oTpuuaTenbHBIM JIMHEHHBIM TpeHaom u 1987-2017 rr. c
MOJIOKUTENBbHBIM JIMHEHHBIM TpeHAoM. KoMmMmno3uTHbele KapTbl IOJ€H MPU3EMHOTO BETpa YKa3bIBAIOT Ha
ycwiieHre 3()(QEKTHBHOCTH TMOJIOKUTEIILHOW 0OpaTHOM CBSI3W B paiioHe bapeHIiieBa Mopsi 3a COBPEMEHHBII
nepuoa OTHOCHUTCIIBHO MPCAbIAYHICTO MEpuoaa. OT0 NPOABJIAICTCA B YCHUJICHHMU HOXHBIX BETPOB HaZl HOTr0-
BOCTOYHOI 4acThI0 MOPS B TOJBI C MAKCUMyMaMH OKEAHWYECKOTO ITOTOKA TeIjIa U B OCJIA0JICHUH CEBEPHBIX
BETPOB HaJl CEBEPO-3alaJHOM 4YacThbl0 MOpS B TOJbl C MHHUMYMAaMU OKEaHHYECKOro IIOTOKA TeIlla.
KonBeprenuus atMocgepHOro nepeHoca SBHOTO TeIuia Hag bapeHIIeBEIM MOpEeM MaKCHMAaIbHA B HUKHEM CJI0€
tpomocepsr 1000900 rlla. Amanu3 BpeMEeHHOH W3MEHYMBOCTH KOHBEPIEHIMH aTMoc(hepHOro W
OKEaHWYECKOTro ITOTOKOB TeIUIa ITOKa3al, YTO B COBPEMEHHBIH mepron 3((EeKTHBHOCTH MOJIIOKHUTETHHON
oOpatHoO¥ cBs3M B paiioHe bapeniieBa Mops Bo3pocia. DTO IPOSABISAETCS B TOM, YTO KOIP(UIMEHT KOPPENSIIN
MEX]ly KOHBEPI€HLIMSAMU IIOTOKOB Teruia 3a niepuof 1997-2017 rr. nocruraer 0,73. Takol pe3yabTaT yKa3bIBacT
Ha BO3PACTaIONIyl0 CHHXPOHH3AIMIO KOHBEPTEHIINN aTMOC(EPHBIX H OKEaHMYECKMX MOTOKOB TEIIa B paioHe
BapeHnueBa Mopsi, 94TO CIIOCOOCTBYET YCHIIEHHIO JIOKAJIBHOTO TMOTeruIeHHs. MccieoBanre BRIIOIHEHO 3a CUET
rpanTa Poccuiickoro Hayusoro ¢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.

MeTO}IbI H npnﬁopbl AJIst AUArHOCTUKHU U MOHUTOPHUHTA MaCCUBA NOPHBIX MMOPOJX

C. B. Cepatoxos, M. B. Kypnens, A. I1. XmMenuaux
Wucturyt roproro gena M. H. A. Yunakama CO PAH, HoBocubupck, Poccust

[Ipu ocBOGHMH MECTOPOXKIEHHI ITOJIE3HBIX MCKOIAEMBIX OOS3aTENBHBIM SBIISETCS MPOBEICHUE
reOMEXaHWYEeCKOI0 MOHUTOPUHIA COCTOSIHUS MaccHBa FOPHBIX MopoiA. PopMHUpyeMble B T€OJIOTHYECKOM
cpeJie 30HbI KOHIIEHTPAIIUU HAPSHKEHWA W pa3TPy3KH SBISIFOTCS CIIEJICTBHEM BO3MYIIEHHH, BHOCHMEBIX B
HCXOJHOE PAaBHOBECHOE COCTOSIHE MacchuBa. KOHTPOJIb TaK¥X 30H ¥ OIIEHKA MX BIMSHUS HA YCTOWYHBOCTh
WH)XCHEPHO-TEXHUUECKUX COOPY)KCHHUH SBISAIOTCS aKTyaJIbHBIMH Hay4YHbIMH 3afadyaMu. OCHOBY
Te€OMEXaHUYEeCKOT0 MOHHTOPHHIA COCTaBJISIOT HAOJIOJEHHs 3a BapualnusMu (QU3WYECKHX ToJieH B
OKPECTHOCTH BHIPA0OTaHHOTO MPOCTPAHCTBA. J{JIs1 OIEHKH MMOBEICHUS MaCCHBA TOPHBIX TIOPOJ B YCIOBHSIX
0TpabOTKM TIpe/IOKEeHA aBTOKoJeOaTenbHass MOJEb, YUHTHIBAOIas ero OJo4Hoe cTpoeHue. Mojenb
COCTOMT M3 3JICMEHTOB, COYETAIONIMX CBOMCTBA ()PUKIIMOHHOW M KOJICOATEIHHON KBa3UTapMOHUYECKOH
cucteM. OHa 00BSCHIET OCOOCHHOCTH ITOBEACHUS ITOPOJTHOTO MaCcCHBA, HAXOSIIETOCS B HEPABHOBECHOM
COCTOSTHHH, €70 YyBCTBUTEIBHOCTh K BHEIITHUM BO3/ICHCTBUSIM, HAIPUMED, PEaKIIUIO HETSTHON 3aJIeKH Ha
o0ny4yeHue celicMuyecKuMH BojiHaMH. [lomydeHre HaJe)KHbIX OIEHOK COCTOSIHHS T€0JIOTHYECKON Cpeibl
TpeOyeT co3laHusl CIEUANBHBIX MPUOOPOB, METOJOB HW3MEPEHHH ¥ WHTEPIPETAlUd Pe3yIbTaToB
sxcnepumenToB. B UI'J[ CO PAH nmnutensHOE BpeMsi MPOBOASATCS UCCIIEAOBAHUS M Pa3pabOTKH B 3TOM
o0acTH, HampaBJieHHbIE HA MOBBIIIEHHE WH(POPMATUBHOCTH W JOCTOBEPHOCTH 3KCIIEPUMEHTATBHBIX
JTaHHBIX, oOecrieueHrne 0e30MacHOCTH PaboT. BHenpeHne HOBBIX METOJMIOB WCCJICIOBAHUS SBICHUI THIIA
TOPHBIX yJapOB M BHE3aIHBIX BBIOPOCOB YIJISl M ra3a OCYLIECTBIISAETCS MPH MOMOIIM pa3pabOTaHHBIX
npruOOPOB, PEATU3YIOIUX MHOTOKAHAILHBIE MTACCHBHBIC U aKTUBHBIE CeiiCMUYecKUe HAOIIO/ICHHS, B TOM
YHUCIIE C WCIIOJIb30BAaHHUEM TIOBEPXHOCTHBIX BOJH, PACIpPOCTPAHSIOMIUXCS BIOJIb BBIPAOOTOK,
MHOTOKPAaTHYIO PETUCTPALMI0 W3MEHEHHUS NPOHUIAEMOCTH, NedOopMaluii M HANpsHKEHUH B MacCUBe
TOPHBIX TOPOJA, a TaKKe DSJIEKTPOMArHUTHOIO M AaKyCTHYECKOrO W3JIy4eHUH. AKTyallpHas 3ajada
ompenesicHUsT HanpspkeHmid permaetcs paspaboranasivu B WUI'J] CO PAH meromamu mapaienbHBIX
CKBa)KHH, JIOKQIBHOTO THAPOPA3phIBa pa3inIHbIX Moaudukanuid. Co3gaHHble MPUOOPEI MOTYT paboTaTh
KaKk B aBTOHOMHOM DEXHME, TaK M B PEKUME yIAIEHHOTO JOCTYIa, YTO 00ECleUYMBACT ONEPAaTUBHBIHI
KOHTPOJIb T€OMEXaHMYECKOM OOCTAaHOBKM Ha TOPHOAOOBIBAIONIEM MPEANPUITHN KBATH(DUIIMPOBAHHBIM
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.

CeilicMu4yHOCTB 3aniagHOro cekTopa Poccuiickoii ApKTHKH

A. H. Mopo3og?, H. B. Baranosa?
'Uncturyr Qpusukm 3eman um. O. 10. Ilmuara PAH, Mocksa, Poccus
2 ®ULI KOMILIEKCHOTO n3ydeHust ApkTky nMeHu akagemuka H.I1. Jlaseposa YpO PAH, Apxanrensck, Poccus

Oco0eHHOCTH Pa3BUTHA UHCTPYMEHTAIBHBIX HAOMIOACHUH, HEOOXOAMMOCTh OIIEHKU TOTEHIIMAIbHBIX
MIPUPOTHO-TEXHOTEHHBIX PUCKOB M OOECTeueHHsi 0e30MacHOW HSKCIUTyaTallMd TPOMBIIUICHHBIX CHUCTEM H
OOBEKTOB TIPH OCBOCHHH KPYIHBIX MECTOPOXKICHHM B 3almagHoOM ceKTope Poccuiickoi ApKTHKH H
nHppacTpyKTypsl CeBEepHOTO MOPCKOTO MyTH HAKJIABIBAIOT HEOOXOAUMOCTD B IPOBEACHNUHN MCCIIEIOBAaHHMA O
0000IIEHNI0O ¥  YTOYHEHHIO OCHOBHBIX MapamMeTpoB  (THMIOLEHTP, MArHUTYAa) 3E€MJIETPACCHMH,
3apEeTUCTPUPOBAHHEIX 32 BECh IEPHOJ WHCTPYMEHTANBHBIX HaOmoneHuil. Takue uccieqoBaHus HEOOXOIIMO
MPOBOANTE C IPUMEHEHHEM HOBBIX M COBPEMEHHBIX aJTOPHTMOB JIOKAIWUH, allPOOHPOBAHHBIX PETHOHATBHBIX
CKOPOCTHBIX MOJIeNiel, YTOUHEHHO! IIKajbl JTOKAaTbHOH MarHUTYbl, U BCEX NOCTYIHBIX B HACTOSIIEE BpEeMs
WCXOMHBIX MAaHHBIX W OrojuiereHed (yHKIMOHUPOBABIIMX B PETHOHE CEHCMUYECKHX CTaHIMUA. B xome
MHOTOJIETHHAX MCCIICIOBAHHUH 110 CBEICHHIO, YTOUHCHHIO ¥ YHU(HUKAIINN OCHOBHBIX ITapaMeTPOB CEHCMUYIECKUX
COOBITHH, 3apeTUCTPUPOBAHHBIX B Mpelenax 3amaJHoro cekTopa Poccuiickoil ApKTHKH, CO31aH €IHHBIHI
YTOYHEHHBIA ¥ YHU(UITUPOBAHHBIN KaTaJIoT 3eMiieTpsiceruit 3a mepuo ¢ 1908 mo 2020 rr. Co3naHHBIN KaTajior
BKJIIOYAET TAKXKE JAaHHBIE O COBPEMEHHOH CEHCMHUYHOCTH pallOHOB, paHee HEAOCTYIHBIX JI JAETaJbHOIO
CEHCMHUYECKOTO MOHUTOpHUHTA. Pe3ynbTaThl HCCIENOBAHMN IO3BOJWIM YTOYHHUTH IPOCTPAHCTBEHHOE
pacrpenenieHre 3eMIIETPSACEHH B PETMOHE U COTMOCTaBUTh MHCTPYMEHTAJbHBIE JaHHBIE C TapamMeTpamu
JTMHEAMEHTHO-TOMeHHO-(okanbHEIX (JIID) Mozmenelt kapt obmiero ceticmudeckoro paiionuposanus (OCP) -97
u -2016. B mpenenax 3amagHoro cextopa Poccuiickoil ApKTHKM HanOOIbIIasi CEHCMUIHOCTD TPOSIBIISICTCS B
IIpejiesiax 30Hbl IEpeXo/ia «KOHTUHEHT-0Kean» U 0. bensblii, apxunenaros Hosas 3emns u Cesepnast 3emist. Cam
menbd bapennera u Kapckoro mopeit xapakrepusyeTcs peIKOH 1 pacCessHHOW CeHCMUIHOCTRIO. Takke B paiioH
UCCIICIOBaHUS TOMANAIOT (PparMEeHTHl CEUCMHYHOCTH, XapaKTEPHOHW M IMOMyocTpoBa TaiMbeIp M ceBepa
®ennockanauu. KoHduryparus, 3HaUeHUS MaKCUMaJIbHO BO3MOXKHBIX MAarHuTyJ U TIyOMHA CECMOTEHHBIX
cinoés nomenoB JIID-mozneneit kapt OCP-97 u -2016 nns 3anagHoro cexropa Poccuiickoil ApKTHKH He Bcerja
COOTBETCTBYIOT WHCTPYMCHTAIBHBIM JAHHBIM W TpeOyercss WX KOppeKTHpoBKa. CO3MaHHBIA CBOIHBIHA
YTOUYHEHHBIN KaTaJIoT 3eMJIETPSICEHUI MOXKET CIIYKUTh OCHOBOM JIJIsI IOCTIEAYIOIUX UCCIIEIOBAHUH, CBSI3aHHBIX
C OLICHKOM CeliCMUYECKOM OMTACHOCTH TEPPUTOPHUH, IOCTPOSHUEM Ie0IMHAMUYECKUX MOZeNe, uccieaoBaHueM
HaIPsDKEHHO-Ie()OpMUPOBAHHOTO COCTOSIHUS 3eMHOU KOPEI.
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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 CHIbHBIX TEXHOT€HHO-TEeKTOHUYeCcKHX 3emJieTpsiceHuii. Heo0xoaumocTs u
BO3MOKHOCTh

C. b. Kumikuna
Wucturyt muaamuku reochep PAH, Mockga, Poccus

Poccuiickue HOpMaTHBHBIE JOKYMEHTHI TPEOYIOT MpPU MPOBEJACHUM WHKEHEPHBIX M3BICKAHUN U
WCCIICIOBAHNN paiioHa ¥ IUIOIIAAKHM pa3MelleHuss 0c000 BaXXHBIX OOBEKTOB pPacCMaTPHUBAThH
3eMJIETPSICEHHSI JTFO00T0 TeHEe3UCa, CIIOCOOHbIE 0Ka3aTh BIMSHUE Ha 0e30macHOCTh 00bekTa. [Ipu 3TOM Ha
HpaKTI/IKe OLCHKE BO3HUKHOBCHHUA TEXHOI'CHHOI'O CO6BITI/I$I BHUMAHHUEC HC yﬂeHHeTCH. Pe3yHBTaTI)I
BBITIOJITHEHHOTO 0030pa CBHJICTEIILCTBYIOT O HEOOXOJUMOCTH 0ojiee MOAPOOHOr0 ydeTa BO3MOIKHOCTH
BO3HHUKHOBCHHUSI KPYITHBIX TEXHOTCHHBIX 3eMJIETPSACEHHUI NMpH aHaiu3e Oe30MacHOCTH IUIOMAJ0K. B
HEPBYIO OYEPElb ITO KACAETCS CHIIbHBIX TEXHOTEHHO-TEKTOHHYECKUX (TPUITEPHBIX) COOBITHI, OCHOBHYIO
pOJ'H) B BO3BHUKHOBCHHUU KOTOpBIX HrpaeT HaJIN4YUEC TeKTOHH‘IeCKOﬁ Harpy3KH B MAaCCHUBEC, a TCXHOI'CHHOC
BO3JCHCTBHE SIBJSIETCS JIMIIb HWHHUIMHPYIOIIAM MEXaHH3MOM. AHAJINW3 COBPEMEHHBIX JaHHBIX O
THITOIEHTPAIbHBIX 30HAX CHJIBHEHIINX TEXHOTCHHBIX 3eMJICTPICEHHUI IEMOHCTPUPYET, YTO Aedopmarius,
HAKOIIJICHHAsA B MAaCCHUBC FOpHBIX HOpOI{, peaﬂHE}yeTCS{ B BHJC IIOABHUIKCK II0 y)Ke CyHIeCTByIOHII/IM
pa3HOMaM. I[I/IHaMI/I'-IeCKOG CKOJIB)KCHUEC MOXKET 6BITB I/IHI/IHI/II/IpOBaHO JINIIIb HA TEX pa3J10Max, JUJISA KOTOpBIX
BBITIOJIHACTCS PSIJT T€OMEXAaHMYECKHUX YCIOBHM BO3HHKHOBEHHUS HECTAOMJIBHOCTH: KYJIOHOBCKHE
HaNpsHKEHUsI Ha TIOCKOCTH Pa3jioMa JOJDKHBI ObITh OJIM3KH K JIOKATbHOMY IPEAETy MPOYHOCTH; JTOJKHBI
BBITIOJTHATBCS YCIIOBHSL CKOPOCTHOTO Ppa3ylMpOYHEHHsT KOHTaKTa; JKECTKOCTh pasjoMa JIO/DKHA OBITH
JIOCTAaTOYHO Benuka. [ToOMHMO MPH3HAHHBIX THUIOB TEXHOTEHHBIX BO3JACHUCTBHMN, TAKMX KAK HMHKCKIIUSI
GuronIa UK BO3AeHCTBUE CEHCMHUECKIX KOJICOAHU, pacCMaTpUBACTCS BO3MOXKHBIN TPUTTEPHBIN AP deKT
OT W3BJICYEHHS M TIEPEMEIICHHs] MOPOJAbl IIPHU TOPHBIX paboTax. PacueTsl AeMOHCTPUPYIOT, YTO XOTS
BbIEMKa MOPOJIBI B KPYITHOM JI0OBIBAIOIIEM Kapbepe MPUBOANT K HeE3HAUUTENbHOMY n3MeHeHuto ~1 Mlla
KyJIOHOBCKMX HANpPsDKCHUH HA TUTOCKOCTH Pas3jioMa, 93TOT0 MOXET OKa3aTbCs JOCTATOYHO ISt
MHULMAPOBAHUS CEHCMOTEHEPUPYIOIINX MTOABWKEK 10 HAIIPSDKEHHBIM pasjioMaM, IOCKOJIbKY U3MEHEHUS
HpOI/ICXOZISIT Ha TaKuX IUIoImIagsax, KOTOpI)Ie 3HAYUTCIIBHO HpeBI)IIlIaI-OT pa3Mep 30HBI HyKHeaHI/II/I
3eMJICTPSICEHUI ¢ MarHuTyaoi. ECTh CBHAETENBCTBA TOTO, YTO MPOLECC M3MEHEHHS MEXaHHUECKUX
CBOWCTB KOHTAKTa HAYMHACTCS 3aJ0JIT0 JI0 PEATHM3al[MF MAaKPOCKOIMUYECKOro MepeMeIIeHus] Oeperosn
pasiaoma. CiiepoBarenbHo, 3¢ dekT Hayana (OPMHUPOBAHMS CKOJIBKCHHS MOXKET ObITh OOHApyXKEeH
HHCTPYMEHTAILHO B HATYPHBIX YCIIOBHSX. Pabora BBIIIOJIHEHA B paMKkax
roczamanus 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 ceiicMM4YecKoro 3xa K 3noxe Omopu u 6udpypranun 04aroBoi 30HbI
3eMJIeTPsICEH Ml

A. J1. 3aBbsjIoB
Wucruryt puzuku 3eman um. O. FO. HImuara PAH, Mocksa, Poccust

B cepenune 2010 rogoB 0b110 00HAPYKEHO U OMMCAHO SBJICHHE KPYTOCBETHOTO CEHCMHUYECKOTO dXa —
I0J] BO3JICHCTBHEM MOBEPXHOCTHBIX CEHCMHMYECKUX BOJIH, CAENABIINX 000POT BOKPYT 3€MJIM M BEPHYBIIHUXCS B
SMULEHTPAIbHYIO 30HY NOPOJUBILErO UX 3€MJIETPSICEHUS IPUMEPHO uepe3 3 4, B Hel BO3ZHHUKAJl JOCTATOYHO
CIIIBHBIN agTepiiok. BriocneacTBun Hamle BHUMaHUE NMPUBJIEK caM a(TepIIOKOBBIN MPOIECcC, ONMMCHIBAEMBIi
HU3BECTHBIM 3aKOHOM OMOpI/I, KOTOpLIﬁ TJIACUT, YTO YMUCJIO MOBTOPHLIX TOJYKOB FI/IHep6OHI/I‘IeCKI/I y6I>IBaeT C
TEYCHHUEM BPEMEHH, MPOIIEIIIeM OT ocHOBHOro Toiruka n(t)=k/(c+t) (1). 3aece k > 0, ¢ > 0, t >= 0. MHOTO JIeT
CUHTAJIOCh, 3aKOH OMOpH SIBJISIETCA YUCTO CTATUCTUYECKUM. OKa3anoch, 3TO JANEKO HE TaK. MBI MPEIIOKHIIHN
3amucaTth ypaBHEHHE D5BOJIIOIMM a(TEpIIOKOB BO BpeMeHM B BHIC AU(D(DEepeHIHANEHOTO ypaBHEHUS
Buga dn/dt+on”2=0 (2). 3mech n(t) — dacToTta adTEpPIIOKOB, 6 — KOIPPHUIMEHT JICaKTHBAIMK Odara
3EMIIETPSICEHUS, “OCTHIBAIOIIETO” TOCJE TTaBHOTO ynapa. [Ipu ananmuse perneHus: ypaBHeHHs (2) 0Ka3ajoch,
ecliu 6=const, TO C TOYHOCTBIO 10 0003HAYEHUI OHO COBIAAACT C KJIACCHYECKOH (hOpMOIl 3aKOHA HBONIOLUM
aptepmoxkoB Omopu. [lo3TOMy, MOKHO CUHTATh THIEPOONHYECKYI0 3aBUCHMOCTEH (1) (yHmameHTambHBIM
3akoHOM. boree Toro, 3T0 €cTh MepBEIi 3aK0H PHU3UKH 3eMIleTpsiceHril. OOpaTHB BHUMaHHE Ha TO, 9TO B (2) ©
HE SIBJISIETCS] KOHCTaHTOM, a SABJIsieTCs] PyHKIMEH BpeMEHH, MbI TIOCTAaBUIIM U PEIIIIIN 00PaTHYIO 3a/1a4y (GH3UKH
a(TEpIIOKOB: BHIYUCINT KO3()(UINEHT AeaKTUBALMK O4ara 1o JaHHBIM HaOMIOAEeHHs 4acTOTHI a) TEPIIOKOB.
MBI TpoaHANM3MPOBAIM HECKOJIBKO JECSATKOB a(TEepIIOKOBBIX MOCIENOBAaTENbHOCTEHl M  TOBEICHHUE
K03 durpeHTa neakTUBayy 6(t) B MpOIiecce 3BOMIOUH 09aroBoi 00JIacTH IMIaBHOTO yxapa. OKkasanock, 4To
KOBq)(l)I/H_H/IeHT JACaKTUBAallUM TIpU O3TOM HUCIIBITBIBACT CJIOKHBIE Bapualyyi, HO Ha II€PBOM IOTallC
sBomonyH 6=const. COOTBETCTBYIOIINI HHTEPBaJI BpeMEHH ObII Ha3BaH HaMH 311ox0i OMopu. FIMeHHO B 310Xy
Omopu BhIIONHSETCS Kitaccruueckuid 3akoH OmopH (1). UTo e IPOUCXOIUT B oYare mocjiae OKOHYAHUS ITOXH
Omopu? Kak Benet cebs kodhUIMEHT IeaKkTUBAIMK 1O ee OKoH4YaHuH? OKa3aloch, 10 OKOHYAHUU STOXH
OMopH COCTOSIHME Odara M3MEHSETCs, IPOUCXOANT Ondypkanus odara 3emieTpsiceHns. OKOHUaHUE BIOXH
OMOpH CBUIIETENBCTBYET O IEPEXO/e O4aroBoi 0ONACTH 3eMIIETpSCeHHS KaK AMHAMHYECKOW CHCTEMBI W3
OJTHOTO COCTOSIHHSI B KAUECTBEHHO MHOE COCTOsIHHE. TakuM 00pa3oM, OOHapy>KeH IBYXCTaJAWNHBIN XapakTep
9BOJIIOLMH 0YaroBoi obiacTw mocie oO0pa3oBaHUS B HEH MarMcTpalbHOTO paspbiBa. PaboTa BEIMONHEHA MpH
nojjepxke MHUHHUCTepCTBA HAyKU M BbIclIlero odpasoBaHus Poccun B paMkax rocyJapCTBEHHOTO 3aaHHs
WNuctutyra dpmsuku 3emm umenu O.10. HImuara 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. Soloviev'#, R. Krasnoperov?, B. DzeboeV?,

S. Gvozdik'®, S. Lebedev?, I. Nikitinal, I. Dubchak®, N. Sazonov’, O. Shevaldysheva'®, V. Sergeev?,
G. Gvozdik*®

L 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
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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 Hovmdéller
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 Hovméller 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'eoundopmanuoOHHBINH aHAIU3 PETHOHAJIBHBIX KIMMATHYECKHX U3MEHEHU B HIEHTPAJIbHOU U
3anagHoi yacTax Poccuiickoii ApKTHKY UIS1 PA3BUTHS KeJIe3HBIX J0pPor

A. T'. Koctanoitt?3, A. JI. I'summanu’*, U. H. Posen6epr®, A. A. Conosses™*, P. U. Kpacuonepos?,
B. A. JI3e60eB!, C. A. T'Bo3mux®, C. A. Jlebenes!, U. M. Huxutuna®, U. A. Jlyouax®, H. B. Cazonos’,
0. O. lepanapimesa’®, B. H. Ceprees!, I'. A. I'so3auk’®

!Teopusuueckuii neurp PAH, Mocksa, Poccus

2WucrutyT okeanosoruu um I1. T1. Ilupmosa PAH, Mocksa, Poccus

3 MockoBckuit yauBepcureT uM. C. 10. Burre, MockBa, Poccus

4 UnctutyT Qusuku 3emn uM. O. 10. IlImuara PAH, Mocksa, Poccust

® Poccuiickuii yHEBEpPCHTET TpaHCIopTa, Mocksa, Poccus

® dakynbTeT Hayk 0 3eMile U OKpykKarolleii cpese, YHuBepcuter Munan-buxokka, Munan, Mtanus

" Hay4Ho-HCCIEIOBATENLCKHI M POEKTHO-KOHCTPYKTOPCKUH HHCTHTYT MH(OPMATH3AIINH, ABTOMATH3AIMY U CBS3H
Ha ’eJIe3HOJOPOXKHOM TpaHctopte, Mocksa, Poccust

8 MockoBckuii rocynapcTsenHblil yausepeuter um. M. B. JlomoHocoBa, Mocksa, Poccust

Apkrudeckas 30oHa  Poccuiickoit  ®enepanuu  xapakrepusyercss  OypHBIM  POCTOM
TOPHOI00BIBAIOIICH MTPOMBIIUICHHOCTH, HAIIPABJICHHON Ha JT0ObIUy He()TH, Ta3a, yIiis, Py, B TOM YHCIIe
PEeaKO3eMENBHBIX METAILIOB. JKene3Hple AOPOru UrparoT BaXKHYIO POJIb B TPAHCHOPTUPOBKE ATUX PECYPCOB
B pa3Nu4HbIe peruoHbl Poccum anms mepepaboTku M dKcmopra. YacTh Tpy3oB JOCTaBISIeTCS depe3
ApKTUYECKUE TIOPTHI, MOJKIIOUEHHBIE K JKEJIE3HOJOPOKHON CeTH. bhICTpoe M3MEHEHUE KIMMaTa, B TOM
YUCIIE PETHOHAIbHOE IMIOTEIJICHWEe, SBISETCS OJHUM U3 (AaKTOPOB, CTaBAIMIMX TIOJ yrpo3y
(YHKIIMOHUPOBAHUE TPAHCIOPTHONW HHPPACTPyKTYpbl ApKTuku. CUCTEMHBINH aHANINU3 KIUMATHYECKUX
MPOIIECCOB M OICHKA MOTCHIIMATLHBIX OMACHOCTEH, KOTOPHIE OHH MOTYT BBI3BATh, TPEOYIOT aJIeKBATHOM
reonHGOPMAaMOHHON TOJACPKKH. B HJaHHOW TMpe3eHTaIllid IMPEACTABICHB pPE3yJabTaThl aHAIN3a
MPOCTPAHCTBEHHO-BPEMEHHON H3MEHUYMBOCTH PA3IMYHBIX THAPOMETEOPOJOTHMYECKUX MapaMmeTpoB AJis
OTJICJIbHBIX JKEJIE3HOAOPOKHBIX MarucTpaie B ApKTudeckoM peruone. /s atoro Obu1 pa3paboTaH HOBBIN
reorH(OPMaIMOHHBIA METO/I, OCHOBAHHBIN Ha JUarpaMmax XoQmMioiiepa. TOT HHCTPYMEHT HOJIe3eH IS
MPEACTABICHUS AUHAMUKU KJIMMAaTa BIIOJIb YKA3aHHBIX KEJIE3HOMOPOMXKHBIX MArucTpayied 3a HECKOJBKO
necartunetuii. OH MO3BOJSET ONPEICIUTh YYACTKU JKEJEe3HBIX JOPOr, IOJABEPKCHHbIE BIUSHUIO
aHOMAIBHBIX KJIMMATHYCCKUX YCIOBUH B TIEPEeMEHHOM BpeMeHHOM Macmrabe. IIpemcraBieHHBIC
JuarpamMmbl XopMIoiiepa 0Ka3aauch 3QPGEKTUBHBIM HHCTPYMEHTOM IS MPEACTABICHHS PErMOHAbHBIX
u3MeHeHui kimMata. OHM MOTYT OBITh BEChbMa TIOJE3HBI TPH OOCITY)XKMBAaHWH, TIJIAHUPOBAHHH,
IKCILIyaTallMK U aJallTal[iK KeJIe3HOA0POKHONH HHDPACTPYKTYPBHI.
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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 wuser 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)OpMal[I/IOHHLIX BOJIH IO JaHHBIM IT'HCC B
CBSI3M C CWIIbHBIMH 3€MJICTPACCHUAMHU

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

B mocnenHue roapl 3HAUMTENBHBIM Nporpecc B reoJMHaMuKe W reodusuke HabOmromaercs B
UCCIICIOBAHUM MEJUICHHBIX Ae()OPMALMOHHBIX BOJH 3€MHOM KOpBl. ODTH TPOLECCHl NMPOTEKAIOT CO
CKOPOCTSIMH TIOpAJKa KWJIOMETPOB M COTEH KWJIOMETpPOB B ToA. Teoperndyeckoe ONMHUCaHUE
JneGOpMalMOHHBIX BOJIH aKTUBHO pa3padaThiBaeTCs, CYIIECTBEHHO OIepekas COOTBETCTBYIOIIHE
9KCIEPUMEHTANIbHBIE HcclaefnoBaHus. (OCHOBHBIM NPH3HAKOM CYIIECTBOBAaHHMS MEJIEHHBIX BOJIH
JeopMan  3eMHOH KOpPBI SBIISIETCS. MHTpAlUs SIHIEHTPOB 3eMIleTpsiceHni. UmeroTcs Takoke
OIyOJIMKOBaHHbBIE CBUJICTETIHCTBA perucrpanuu MeJICHHBIX neGopMauoHHbBIX BOJIH
negopMorpad)iIecKuMi CpPeACTBaMH ITOJI3EMHBIX T'€OJUHAMHUYECKUX 00CEpPBATOpUil U CEHCMOCTAHIIUM.
Pe3ynbpTaThl NOBTOPHOTO TOYHOTO HUBEIUPOBAHUS HA OOIIUPHBIX TEPPUTOPHUSIX NOKA3aIH 3aKOHOMEPHBIE
BOJIHOBBIE TI€PEMEIEHUS] AHOMAJbHBIX BEPTUKAJIBHBIX JABIDKEHHH OT pasjoMa K pasjioMy B
MAaJIONOJIBUKHBIX U CEHCMOAKTHBHBIX PEruoHax. Jlo MocieaHero BPeMEHH OTCYTCTBOBAIM PE3YJIbTAaThI
oOHapyeHHsl BOJIH Me[UleHHOH aedopmaunu 1o AaHHeIM HenpepbiBHBIX ['HCC-nabmonennii. Takue
pe3ybTaThl MOyYeHbI cOTpyaHnKaMu Jlaboparopuu reogunamuku ['eodusndeckoro neatpa PAH myrem
aHaJIM3a BPEMEHHBIX PSAI0OB H3MEHEHUH KOOpAUHAT I7I00anbHOM ceTH HenpepbIBHO-AekcTByomux ['HCC-
CTaHIMA. B 3TUX oJKcIepUMEHTaX HCIONB30BaHbl JAaHHBIE, MPEACTaBISIEMBIE  IOJIB30BATEIIO
I'eonesnueckoii nadbopatopueii Heranbl yausepcutera Hesanbi-Peno (http://geodesy.unr.edu/index.php).
JlokazaTenbCTBa CyIIECTBOBAHUS MENJIEHHBIX J1e()OPMAIIIOHHBIX BOJIH B BEPXHUX YACTSIX 3€MHOUM KOPHI
MOJY4YeHBl IyTEeM H3y4YCHUS! NPOCTPAHCTBEHHO-BPEMEHHOH 3BOJIIOLMH TOPH30HTAILHON AedopMannu
NoJHOTO caBura. Jlns pemeHWss STOM 3a7auyd  CO3JaBajich Tpaduueckue MoAend  (Kaaphbl)
MPOCTPAHCTBEHHOTO pacIpe/ieleHnss AeopMaluy TMOJHOTO CIABWTAa Ha KaKJble CYTKH HaOJIrOJEeHHH.
[Mony4yeHHbIe KaJpbl OOBEANHSUIACH B BUJCODUIEM, CHHONTHIECKHI aHaIH3 KOTOPOTO MTO3BOJISUT YBUIETh
3aKOHOMEPHOCTH IepeMeleHnss nedopMaluil CABUIa B COIOCTABICHUU C Pa3IOMHOM TEKTOHHMKOH WU
CEHCMUYHOCTBIO HCCICIyeMON TeppuTOopuu. B pe3ynbrare OOHApYKEHBI MEJICHHBIC IEPEeMEIICHUS
aHOMaJBHOU nedopMaIuu TMOJHOTO CIBHTAa CO CKOpPOCTSIMH Tmopsinka 2-20 kM B roa. AHoMalbHas
nedopmManisi BOSHUKAET, KaK CIEACTBHE Pa3psiki YMEPEHHbBIX WM CEpUH clabbix 3emierpsiceHuil. OHa
HauMHAeT IepeMellaTbcd BAOJIb AaKTUBHOIO pa3jioMa WIM B OTCyTCTBHE TakoBoro. llogxoms
«CO3PEBIIEMY» OYary CHIBHOTO cOOBITHS, AedopMalius cpabaThIBaET, KaK TPUTTEP 3eMIICTPSICEHUS.
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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 pa3pa60TKe 3(l)(l)eKTI/IBHI)IX CUCTEM YHIPaABJICHUSA I'a30BbIICJICHUEM HA
BbICMOYHBIX YHYACTKaX yYIroJbHbIX IaXT

10. M. T'oBopyxun, C. C. Kyopun

HHuctuTtyT npobneM koMiekcHoro ocBoenust Heap PAH, Mocksa, Poccus

[TpumMeHsieMble CHCTEMBI YIIPaBIEHUS ra30BBIACICHUEM B HEOCTATOYHON Mepe 00eCIeuuBal0T pUTMUYHYIO
1 3QPEeKTUBHYIO PabOTy MEXaHW3UPOBAHHBIX KOMIIJIEKCOB Ha IUIACTaX ¢ BHICOKOH ra30HOCHOCTHIO. CyIecTBEHHOE
BIIMSTHUE OKa3bIBAIOT 30HBI 0OpyIIeHUs, (hopMHpYyeMble MO0 Mepe OTpabOTKM BBIEMOYHBIX cTOJI00B. B Mx Kymomax
MPOUCXOJUT 00pa30BaHME ra30BOTO KOJUIEKTOpA, U3 KOTOPOTO METaH IOCTYNAaeT B JEHCTBYIOIIHE BBIPAOOTKH, a
TaKke MOXET JUHAMHYECKH BBIJABIMBATHCS IPH IOCAIKE KOHCONEH KpoBiu. IIperioskeH moaxon K pa3padoTke
3¢ EKTUBHBIX CHCTEM YIPaBICHUS TA30BBIICICHHEM Ha BBHIEMOYHBIX yYaCTKaX IOCPEICTBOM KOMIUIEKCHPOBAHUS
3JIEMEHTOB CHCTEMBI «TOpHBIE BBIPAOOTKM — 30Ha oOpymeHus». Pa3paborana wmaremarndeckas MOJIETb,
CBS3BIBAIONIAS T€OMEXaHWYECKHE M a’pOra3oJMHAMHUYECKHE MPOIECCH, MPOUCXOAAIINE B BBICOKONPOHHUIIAEMON
cpeze 30HBI 0OpyIIeHHs. Y CTaHOBJICHO, YTO OIPEESIOMMMH apaMeTpaMy AJIsl JAHHOW CBSI3H SBISIOTCS CTETICHb
YCTOWYMBOCTH TOPOJ, KpPOBJIM, BbIHUMaeMas MOIIHOCTb, KOI(PQUIMUECHTH pPa3pbIXJICHHs, YIUIOTHEHHS,
MPOHUIIAEMOCTH M MaKpOIIEPOXOBAaTOCTH. B meisx aganranyuy MOZAETH BBINOJHEHB cOOp, aHAINu3 M 0000IIeHNe
OKCIIEPUMEHTAJIbHBIX JIAHHBIX, TIOJIyYCHHBIX OTE€UECTBEHHBIMU U 3apyOeKHBIMU HCCIIEA0BATEIISIMH ISl Pa3InuHbIX
TOPHO-TEOJIOTHYECKHUX YCIOBHUA. ABTOpaMHM MOJIY4€HO, YTO HauOOJIbIlasi MPOHUIAEMOCTh K IE3MHTETPUPOBAHHBIX
nopox (ucxoxHast mopuctocts oT 1,0 10 10,0 %) cocraBnser (B ckoOKax ykazaHbl 3HAYSHUS! IPOHUIIAEMOCTH TI0CTIE
3aBepIIeHUsS AKTUBHOM CTaJnM CIBIDKCHMS T'€OMAacCHBa): INPH MaKCHMAIbHOM KO3((QHUIMEHTE pPa3phIXJICHHUS
kp.max = 1,8 — kx = 1020-1140 [ (8,8 — 22,2 JI); npu kp.max = 2,0 — kx = 1310-1430 J] (15,6 — 33,5 [);
npu kp.max =2,1 —kx = 1430 - 1550 1 (19,9 — 40,2 JT). 3na4eHus TPOHNIIAEMOCTH BEPXHEH 4aCTH 30HbI OOpYIIEHHS
cocraBmsitor 2,15-8,19 /1 (0,05-1,62 J1), a HmkHel yactu 30HBI TpemuH U pasnomoB — 0,39-3,38 11 (0,01 — 1,14 JT).
Pa3zpaboTtana mporpamMma «A3poJMHAMHUKAY, MMO3BOJISIOMIAS BBIIOIHUTH OIEHKY TPEXMEPHOTO pPACHpeAeTiCHHS B
MPOCTPAHCTBE W BPEMEHH T€OMEXaHWYECKHX U adPOAMHAMHUYECKHX ITapaMeTpoB 30HBI OOpYIICHHS B Ipolecce
0oTpabOTKM BBIEMOYHOTO cToJj0a. BEIXO#HBIE MaHHBIE W3 HEE SBISIIOTCS HWCXOMHBIMH JJIS MOIEIHPOBAHUS
(DUITBTPaIMOHHBIX MPOIECCOB M MPOIECCOB (OPMHUPOBAHMSA Ta30BOTO KOJUIEKTOpPa Ha BBIEMOYHOM YYacTKE B
IIMPOKOM JIMama30HE TOPHO-TEOJOTHYECKHX M TOPHOTEXHHUYECKHMX YCIOBHU. IIpeaso’keHo WCIoIb30BaHNe
pe3yIbTaTOB TAHHOTO MOJICTHPOBAHUS A Iieiel pa3paboTku 3 PEeKTHBHBIX CHCTEM YIIPABICHHUS T'a30BbIIETICHHEM
¢ yu€TOM KOHKPETHBIX YCIIOBHH U JUIA 1IeJIel MOBBIIIEHUS YPOBHS 0€30MaCHOCTH BEJICHHS TOPHBIX PabOT B YCIOBHAX
BBICOKOMHTEHCHBHBIX HAarpy30K Ha OYMCTHBIE 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.

IIpo6aemMbl 00pa00OTKH NEPBUYHBIX JAHHBIX MATHUTHBIX 00CEPBATOPHIA: IOMOTYT JIM
COBpeMeHHbIe MATEeMATHYEeCKHE TeXHOJIOTum ?

C. I0. XomyToB
HMHCTUTYT KOCMO(HM3MYECKUX HCCIENIOBaHMA M pacmpocTtpaHeHus paauoBonH [IBO PAH,
ITaparyHnka, Poccus

PaccmarpuBaroTcsi pa3nuyHbIE acleKThl OOpabOTKM TEpBUYHBIX MArHUTHBIX JTAHHBIX,
HoJy4aeMbIX Ha obcepBaropusix. OTMedeHbl MpoOIeMBbl, CBSI3aHHbIE C IOMEXAaMHU B Pe3yJbTaTax
M3MEpEHUI, annapaTypHbIMU U IPOTPAMMHBIMH COOSIMHU, METOIMYECKUMH OLLIMOKaMU, OLIMOKaMU
nepcoHana W Jp. AKICHTUPYETCSs HEOOXOIUMOCTh BBINONHATH TEPBHUHYIO 00pabOTKy
pe3yIbTaTOB U3MEPEHUI HEMOCPECTBEHHO Ha 00CEpBAaTOPUSX U BaKHOCTh BHEJPEHUS B 3TOT
IIPOLIECC COBPEMEHHBIX TexHoJoruil. [loka3aHo, 4To cyliecTBYIOT IpO0IeMbl, HATPUMED, PEAKUE
HEPETYIISIPHBIE U HEKOHTPOJIUPYEMbIE U3MEHEHHUs YCIOBUN MATHUTHBIX U3MEPEHUN, KOTOPBIE HE
MOTyT OBITh 3(PQPEKTUBHO pEIIEHbl C MOMOIIbI0 BBICOKOTEXHOJOTUYHBIX MaTEMaTHYECKUX
METO/IOB, TaKUX Kak INTyOOKOe MallMHHOE OOyueHue, HEHPOHHBIE CeTH, BEHBJIET-aHAIU3 U JIp.
OpnHako, TOHATHO TakXKe, YTO TPAJAMIIMOHHBIE MOJXObl, OCHOBAHHBIE HA OLEHKAaX SKCIIEPTOB-
MarHuTOJIOrOB, OYAYT JaBaTh HaJ&XKHbIE U JOCTOBEPHBIE Pe3yJIbTaThl TOJBKO MPU T0CTaTOYHOMN
KBaIM(UKAIUM M ONBITE 3THUX DSKCIEPTOB, 4YTO JUIsI MHOTHX 00CEpBAaTOpUN NPAKTUUYECKU
HEBO3MOXKHO. AJIBTEDHAaTUBHBIM IIyThb — OTO HWHTEPAKTUBHOE B3aUMOJEHCTBUE MEXKAY
oOpaboTunkamMu Ha 00CepBaTOPHUSX U HCHOJb3YEMBIMH HMMH IpOrpaMMaMu, pealn3yloluMU
COBPEMEHHBIE MATEMATUYECKUE METO/BI.
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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.

MeToauuecKkue acleKThbl MPOTHO3HO-MHHEPATrCHUYICCKHUX HCCJIeI0OBAHUM ¢
HCIIO0Jb30BAHUEM JAHHBIX JTUCTAHIMOHHOI'O 30HAUPOBAHUA 3emun

B. A. Iletpos, C. A. Yctunos, B. A. Munaes
WHCTUTYT TEOJIOTMH PYIHBIX MECTOPOXKACHHM, MeTporpaduu, MUHEPaJOTHHM M TE€OXUMUU
(UTEM) PAH, Mocksa, Poccus

PaccmoTpensl MeTou4YeCKUE aclieKThl BIJENICHUS. 1 000CHOBAHMSI MOMCKOBBIX ILTOMIACH
Ha JeQUIUTHBIE BHIBI TBEPABIX IMOJE3HBIX HMCKOMAEMBIX C YYETOM KOHIICTIIUHU
MUHEPATO00pa3yIOUMX CHUCTEM U HCIOIb30BAaHHEM IAHHBIX TUCTAHIIMOHHOTO 30HAMPOBAHUS
3emim. M3 Bcero cmekTpa HampaBleHHH (QYyHJIaMEHTATbHBIX H IOWCKOBBIX HAYYHBIX
UCCIICIOBAaHUI OCHOBHOE BHUMAHHE YJEJICHO CIEAYIOUIMM acleKkTaM: 1) BBIJICICHUIO
JUHEAMEHTOB (pa3JIOMHBIX 30H) Ha OCHOBE 00paOoTKu IMGPOBBIX MOJENeH penbeda ¢
UCIOJIb30BaHUEM JAaHHBIX pallapHOil MHTEpPEpOMETPUUYECKON CHEMKH IMOBEPXHOCTH 3E€MHOI0
mapa SRTM, 2) ompeneneHHro THUIPaBIWYECKHM AaKTUBHBIX Ha IMEpUON PyA00OpazoBaHUS
pPaspbIBHBIX CTPYKTYp Ha OCHOBE TEKTOHO(PHU3MUECKUX PEKOHCTPYKUUH, 3) aHammu3y
MYJIBTHCIIEKTPATIBHBIX XaPAKTEPUCTUK JOPYAHBIX, PYJOCONPOBOXKIAIONIMX ¢ MOCTPYAHBIX
METacCOMATHUTOB Ha OCHOBE CTaTUCTUYECKOH 0OpabOTKM CIyTHHKOBBIX JaHHbIX Landsat-8, 4)
oleHKe (DITFOMIOMMHAMHYECKIX OOCTAaHOBOK (OPMHUPOBAHUS MECTOPOKACHUN MO JaHHBIM O
COCTaBe, CBOMCTBAaX W TEHE3UCYy MHUHEpaooOpasyromux (IouaoB, 5) CO31aHUI0 BECOBBIX
MIPOTHO3HO-TIOUCKOBBIX Mojenelt (weight of evidence models), o0CHOBaHHBIX Ha CTaTUCTUYECKUX
aropuT™Max o0pabOTKM JAHHBIX O AMHAMHKE MPOTEKAHUs PYAOr€HETHUECKUX MPOLECCOB.
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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 npuMenenus TexHosoruii Beo-I'MC B 3agauax rjio0ajabHOro reopu3nyecKoro NporLo3a

I'. P. BopoGbesal, A. B. BopoObes!?
1V pumckuii yauBEpPCHTET HAyKU U TEXHOJIOTHH, Yda, Poccus
2T'eopusnaeckuii nentp PAH, Mocksa, Poccus

3amada mporpaMMHONM OOpabOTKM MPOCTPAHCTBEHHBIX JAaHHBIX B YCJIOBHSIX COBPEMEHHOTO
Pa3BUTHA TEXHOJOTHMH M OSKCIOHEHIMAIBHOTO POCTa OOBEMOB M CIOKHOCTU Takoil HWH(pOpManuu
npuodperaeT 0co0yr aKTyaJbHOCTh HPH MPOSKTHPOBAHUHM WH(POPMAIMOHHBIX CHCTEM JUISl HOMJICPIKKU
NPUHATHS PEUIeHUH B TPUKIATHBIX OOJNACTSX, B YaCTHOCTH, MPH PEUNICHWH 3aJad TJI00ajJbHOTO
reouznueckoro mNporuo3a. TEHAEHIMM K IOBCEMECTHOMY paCIpPOCTPAHEHHIO COOTBETCTBYIOIIMX
HMHCTPYMEHTAIILHO-IPOTPAaMMHBIX CPECTB IS ITUPOKOTO KPYTa MOJIb30BaTENIeH CIOCOOCTBYIOT Pa3BUTHIO
Be0-OPHEHTHPOBAHHBIX PEIICHUH Takol 3aga4un. OJHO U3 MpobdiIeM reonHPOPMAITHOHHBIX POTPAMMHBIX
OMONMOTEK TMpH BHU3YyaJIM3al[MH T'EONPOCTPAHCTBEHHBIX JAHHBIX SBISIETCS HHU3Kas 3()(OEKTUBHOCTh H
OTPaHWYEHHOCTH MOKAJAPOBOTO M3MEHEHHS TPYIIIBI IIPOCTPAHCTBEHHBIX CIIOEB C BPEMEHHOM MPUBSI3KOM.
Cpenu Hanbosee 3HAYUMBIX TPYAHOCTEH BU3yaIU3allud MOXKHO OTMETUTh HEBO3MOXXHOCTh CHHXPOHHOTO
NEPEeKIIOUeHHsT TPYNIbl MPOCTPAHCTBEHHBIX CJIOEB MO BpPEMEHHOMY TMapaMeTpy, 4YTO HETraTHBHO
CKa3bIBAETCSI HA Pe3yJbTaTaX OIEHKH BPEMEHHOW aHM30TPOIHHU COOTBETCTBYIOLIMX IPOCTPAHCTBEHHBIX
naHHbIX. [IpoOnmema ycyryOmsiercst Takke pa3sHOPOIHOCTBIO MPOCTPAHCTBEHHOW HH(POPMAIMHU, YTO
BBIPQKAETCS B IIArax JUCKpETH3aluHu, (opMarax, UCTIONb3YEMbIX FeONpPOCTPAHCTBEHHBIX PUMHTHBAX.
Hpyras mpobiiemMa reonHQOPMAIMOHHBIX BeO-OPHEHTHPOBAHHBIX OWOIMOTEK IpH BU3yalU3allud, B
YaCTHOCTH, TIPH TIOCTPOCHHUHN ITPOCTPAHCTBEHHBIX M30JIMHUH CBSI3aHA C IPUCYTCTBUEM B PE3yJIbTUPYIOLIEM
Habope MHOXXECTBEHHBIX apTe(akToB. OJTO 3aTPyIHSET aHAJU3 TMPOCTPAHCTBEHHOTO pacHpeAeiIeHuUs
COOTBETCTBYIOIINX JAaHHBIX, C OJJHOH CTOPOHBI, U CHHXKAET KAa4eCTBO PEHJIEPUHTa MPOCTPAHCTBEHHOTO
n300paxenus, ¢ 1pyroit. [Ipu 3ToM 0coOOEHHO KPUTHUHBI apTe(haKThl T€ONPOCTPAHCTBEHHBIX N300paKeHNH
Ut OONbIIMX OOBEMOB JaHHBIX. ABTOpaMH MpejiaraeTcs Moaxo/, Kak 00ecleunBalonil HHTErPalnuio
Pa3HOPOJIHBIX BEKTOPHBIX I'€ONPOCTPAHCTBEHHBIX JAaHHBIX JUISI TIOCIEAYIOMNX 0O0pabOTKH, aHANIW3a H
BU3yaJM3allid, TaK W TIO3BOJISIIONIUIA BBIOJHUTH KOPPEKTHPOBKY MPOTrpaMMHO-CHOPMUPOBAHHBIX
M30JIMHUN TOCPEICTBOM HIECHTHU(UKAMHM PA30MKHYTHIX JIMHHUM M HMX MOCJIEAYIOMIEro BbIOOPOYHOTO
coeqHEHMsI 00 3aMbikanus. C TOYKH 3pEHUs] MPOTPAMMHOM peaNn3aliiuu, MPeJICTaBICHHBIA TOAX0/]
NPaKTUYECKH HE W3MEHSIET BPEMEHH OTKIIMKA CEPBEPHBIX CIieHapHueB. DPPEeKTHBHOCTh pa3pabOTaHHOTO
noaxona Oblla HccleqyeTcss Ha HpuMepe BeO-NpHIIOKEHHUS, OOECIEeUMBAIOUIETO BHU3YAIU3ALHIO
reonpOCTPAHCTBEHHOT'O N300paKeHHS B BUIE KOMIUIEKCA POCTPAHCTBEHHBIX M30JIMHUI Te0(pU3NUECKIX
HapaMeTpoB B 00JIaCTH aBPOPAIILHOTO OBaa.
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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. Vorobeval

L 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.

IHoaxon k 6e3annapaTHOli OLleHKe YPOBHA reOMHAYLHHMPOBAHHBIX TOKOB B JHEProcucTeMax
APKTHYECKOI0 pernoHa

A. B. Bopo6ses'?, A. B. Conossen??, I'. P. Bopo6bena®

1 Vpumckuit ynuepcuter Hayku u TexHonorui, ¥ da, Poccus

2 I'eoduznuecknii nentp PAH, Mocksa, Poccus

$Unctutyt ¢usuxu 3emmu um. O. 0. IlImuara PAH, Mocksa, Poccus

JluHaMM4YHOE OCBOEHME U pa3BUTHE ApKTHUECKON 30HBI P® Hepa3phlBHO CBA3aHO C
HEOO0XO/IMMOCTBI0O MHUHUMM3AIMKA TEXHOCPEPHBIX PHUCKOB, CONPSHKEHHBIX B TOM 4YHCIE U C
s dexkTamMu BO3ENUCTBUS KOCMUYECKOM MOTroJbl HA CUCTEMbI SHEPIeTUUYECKOT0 000pya0BaHMUS,
DKCIUTyaTUPYEMBbIE BHYTPU TPAaHULl aBpopaidpHOro oBana. [Ipm 3TOM comyTcTBYROIUMI
MOHMTOPHHT MapaMeTPOB KOCMHYECKON MOToAbl U Bapualuii TEOMarHUTHOTO MOJIA B APKTHKE
OCYILECTBIISICTCS JIUIIb MTOCPEACTBOM HEOOJBIION IPYMIbI CIIYTHUKOB M HECKOJIBKMX JECATKOB
MarHUTHBIX CTaHLUH, PACIOJNIOKEHHBIX TIJIaBHbIM oOpa3som Ha Tepputopuun CIIA, Kanansl,
CEBEpHOM M LeHTpanbHOW EBpomnbl. O4YeBHIHO, YTO CIOKUBILNASCS CHUTyalUsl INPAKTUYECKU
MCKJIIOYaeT BO3MOKHOCTb ONEPAaTUBHOTO IMarHOCTUPOBAHUS YPOBHS T€OMHAYIIIPOBAHHBIX TOKOB
('T) ans 6onpieit yactu ApKTUYecKoi 30HbI PO, rie hakTuYecKu eTMHCTBEHHBIM JOCTYITHBIM
MHAUKATOPOM COCTOSIHUSI KOCMHYECKOM TIOroJibl OCTaroTCsl MOJspHble cusHus. B pabote
npeiaraeTcst MoAX0 1 K MHTEPIIPETAlUK POSIBICHUSI CUSIHUH JJ151 OLIeHKHU 3P EeKTOB BO3ACHCTBUSA
KOCMHUYECKON IMOToAbl Ha OOBEKTHl M CHCTEMbI BBICOKOUIMPOTHONW HMH(pacTpyKTyphl. Tak, Ha
IpUMepe NoACTaHIMK «BBIXOJHOW» MarucTpajbHOMN AIEKTpUUecKor ceTu «CeBepHBbIN TPAH3UT
MOKAa3aHO, YTO MPH PETUCTpPAllMU MOJIAPHBIX CHUSHUN Ha ceBepe, B 3€HUTE M Ha fore Haubolee
BeposTHBIN (ycpeaHeHHbId o 30 muH) ypoBeHb I'MT cocraBnser 0.08 A, 0.23 A u 0.68 A
COOTBETCTBEHHO. IIpm 3TOM BEPOATHOCTH TOrO, 4YTO CpEIHENoiaydacoBod ypoBeHb [UT
IpeBbICUT 2 A (B cilydae CUSHUM Ha CEBEpe, B 3€HUTE M Ha tore) cocrasisger ~6 %, ~10 %
u ~15 % cooTBeTcTBEeHHO. B 3akioueHnn paccMaTpUBarOTCS MyTH MOAEPHU3ALMHM M TPAHUIIbI
IIPUMEHUMOCTH NPEAJIOKEHHOTO MOAXO0AA.
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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).

FJIyﬁI/IH])I MOJ0OIIBLI 1 KPOBJIM MATHUTOAKTHUBHOI'O CJI0SA AMprKOﬁ IVIMTBI

A. H. JTunenxo™?, M. 0. Hocsipes?, I'. 3. Tunsmanosa®
! Teonoruueckuii uacturyr PAH, Mocksa, Poccus
2WuctutyT TekToHukK U reodusuxu JIBO PAH, Xa6aposck, Poccus

OmnpeneneHne HIKHEH TpaHUIBI MAaTHUTOAKTUBHOTO ¢J10s 3eMHOH Kophl (CPD) Ha oCHOBE CIIEKTpaIbHOTO
aHaJIM3a aHOMAJIBFHOTO MAarHUTHOTO TIOJIS SIBJSIETCSl OJHOM M3 COCTABJISIIOUIMX OOINEro KOMIUIEKCa TIyOMHHBIX
uccienoBanuii. Pacuer n uarepnperarus CPD BaXHBI Kak ¢ TOUKH 3pEHHUS CTPYKTYPHO-TEKTOHHIECKHX MTOCTPOSHHH,
TaK ¥ B CBSI3U C M3yYEHHEM TEIUIOBOTO MOoToKa 3emiun. Ham mpencrasnsercs akTyansHO#H pazpadoTka monenu CPD
TEPPUTOPUN AMYPCKOW IUTHTHI U € 0OpaMIIeHHs /ISl OLICHKH IPOSBICHUS €€ I'PaHUI] C TOYKH 3PCHUSI N3MEHEHUS
HIDKHEH TpaHMIbI MarHUTOAKTHBHOTO CIIOSI, OIIEHKH OCOOCHHOCTEH IPOCTPAHCTBEHHOTO paclpeneNeHus] JaHHOTO
mapameTpa B CBSI3U C TEKTOHHYECKHUM CTPOCHHEM TEPPUTOPUH M HEKOTOPHIMM ITTYOMHHBIMH XapaKTEPHUCTHKAMH.
OCHOBOI TIPOBEJICHHBIX HAMU PACUYETOB ITyOMH MarHUTHBIX UCTOYHUKOB B 36MHOU Kope AMypcKoil nuTochepHoit
wmThl siBuicst merof (Spector, Grant, 1970), monepuusupoBanssiii B (Tanaka et al., 1999), u rio0aneHast Mozenb
MarauTHOro 1ot 3emin — EMAG2v3 (Meyer et al., 2017). BeranucneHus BBITOJIHEHBI B CKOJIB3AIIEM OKHE pa3MepoM
200x200 kM ¢ niepekpbiTieM B 100 kM. TTo mronany AMypCKOH IUTMTHI M MPUIIETAIOIIUX TEPPUTOPHI pacyeThl ObLIH
npoBeneHs! U1 880 ToUek, 259 U3 KOTOPHIX HAXOAATCS HENOCPEACTBEHHO B IPAHULIAX IUIMTHI. Y UUTHIBASI, 4TO MOJEIb
EMAG2v3 mpencraBnena TpanchopManueil Ha BRICOTY 4 KM OTHOCHTEIFHO T€OWIa W IEpenaj BBICOT penbeda B
npezenax AMypCKoOi TUIMTHI cocTaBisieT 6osee 5.7 KM, B pacueThbl IITyOMH MarHUTHBIX UCTOYHHWKOB OBLIM BBEJICHBI
COOTBETCTBYIOIINE NONPABKU. PacyeTsl rryOMH MarHUTHBIX UCTOYHUKOB AMYPCKOH IUINTBHI MTOKa3ald CIleAylolee:
1) abconmroTHBIE OTMETKM KPOBIM MAarHUTOAKTHBHOTO CIIOS BapbUpyloTcs oT 4 no 15 kM mpu cpenHem 10+£2 k.
MuHuMasbHBIE TITYOWHBI KPOBIM HaONIOMAIOTCS Ul FO’KHOM 4acTH IUIMTHI B Ipeaenax SmoHckoro mops; 2)
a0COJTIOTHBIE OTMETKH MOJOMIBRl MAarHWTOAKTUBHOIO CJIOS BaphHpyoTCsA OT 15 mo 38 kM mpu cpemHem 25+5 kM.
MakcuManbHbIe TIIYOWHBI TIOJIOMIBEI HAOIIOAAOTCS s TeHTpanbHOl (Oacceitn Cynisio, Manplii XuHTaH) U F0TO-
BOCTOUHOH (SImOHCKME OCcTpoBa) "yacTel mnThl. Hanboee mpUIOTHATHIE YIaCTKU MOIOMIBHI (TToBepxHOCTH Kropw)
HaOJIFOIal0TCs Ha CeBEePO-3allaHON, CeBEPHOI M BOCTOYHON y4acTKax — 30HAaX B3aMMOJACHCTBHS AMYPCKOH TUTUTHI C
TuxookeaHcKo# Ha BocToKe N EBpasuniickoi Ha ceBepo-3amajie v ceBepe IIUTaMH; 3) MOITHOCTh MarHUTOAKTUBHOTO
ciost Bapeupyetcst ot 2 10 30 kM npu cpenHeM 1446 kM. HanGomnbinve 1 HaWMEHBIIHE MOIIHOCTH CJIOS XOPOIIO
KOppEeNUpyIoTcs ¢ TIyOuHO# ero nmonomsel. Hanbouspias — B HEHTPaJIbHOW U I0r0-BOCTOYHOM, HaMMEHbIIAs — B
ceBepo-3aIlaIHoM, CeBEPHOW M BOCTOYHOM 4acTsX IUIMTHL. PaboTa BeImoHEHA 3a cueT rpanTa Poccuiickoro HaydHOTO
¢donna (mpoekt 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).

IIpumenenne KNN-aHamu3a A1 HHTepHpeTanuu reopusnyecKkux u3MepeHui

N. M. Anéumnn
Wuctutyt ¢pusuku 3emnu uM. O. FO. llImunra PAH, Mocksa, Poccus
I'eopusnueckmii nentp PAH, Mocksa, Poccus

upokuii kpyr reou3HMUECKUX HCCIEAOBAaHUNA TpeOyeT NpPOBENCHUS H3MEPEHU,
MOKPBIBAIOIIMX 3HAYUTENbHYIO IUIOHIaAb. Takoro poaa MCCIENOBaHUS MOTYT HMMETh Kak
(GbyHIaMeHTalIbHBIM, TaK U MPUKJIAJHON XapakTep, U3ydyaeMble MapaMeTpbl MOTYT UMETh Pa3HYIo
(bu3nUecKyro NpUPOY, U3MEPATHCS HETIOCPEACTBEHHO MM OBITh PE3yJIbTaTOM MOCTOOPAaOOTKH.
[IpencraBineHne © aHaNIM3 IUIOMIATHBIX HM3MEPEHUNH OOBIYHO MCHONB3YIOT pazIudHbIE
MHTEPIOJISILIMOHHBIE NPOLIEYPhl: JIUHEWHAS, TOJMHOMHUAIbHASI MHTEPIIOJSALNS, CIUIAHBI, PABHO
Kak U Oojee MOUIHBbIE METOJbl, TaKH€ KakK pazIu4Hble MOAM(UKALMKU METoAa ONMKalIInx
cocelieil, KpUTHHT U Jip. B nociieqHem ciryyae KauecTBO MHTEPIOJISALUHN CYLIECTBEHHO 3aBUCUT OT
BBIOOpA 3HAUYECHUM YIPABISAIONMIUX TAapaMeTpoB alroputMa (runeprnapamerpoB). Kak mpasuio,
HEBO3MOXXHO OJITHO3HAYHO BBIOpATh 3HAUEHUS THIEpHapaMeToB UCXOJs TOJBbKO U3 (pu3nyeckon
MIOCTaHOBKH 33J1aul, TpeOyeTcs JONOJHUTENbHBIN aHaIu3 AaHHbIX. Hibke peub NoWIET 0 TaHHBIX
IIOJIEBBIX U3MEPEHNN, MMEIOINX 3HAUYNTENBHYIO IPOCTPAHCTBEHHYIO aHU30TPOIHIO. Takoro pona
CUTYyallusl YaCTO BO3HHMKACT IPU MPOBEACHUU IMOJEBBIX PadOT, B YACTHOCTH, NMPU CKBAXKUHHBIX
UCCIIEOBAaHMSIX. byleT mokasaHo, 4TO CTaHAAPTHBIE METOJbl MHTEPIOJALNN IPUMEHUMBl U B
3TOM cllydyae, OAHAaKo TpeOyloTcss uX MoauduKanus. OTO MPUBOAUT K TOSBICHUIO
JIOTIONTHUTEIIBHBIX THIIEPIapaMeTPOB, 3HAUEHUE KOTOPBIX, BMECTE C NapamMeTpaMH HCXOIHOTO
QIrOpUTMa MOXHO OINpEAETUTh METOJAaMHM TEOPUU MallMHHOro o0ydeHus. Takoil momxon K
aHaM3y JaHHBIX Oy/leT MPOJEMOHCTPUPOBAH HA MpUMeEpe alropuTMma ONmxallmx cocenei
(kNN) npuMeHUTENbHO K HECKOJIbKMM HabopaM Treo(pU3nYecKuX H3MEPEeHUN: JTaHHBIX
MEXXCKBRXMHHOIO  3JEKTPOMAarHUTHOIO  MPOCBEYMBAHUS, A’POMAarHUTHOM CBbEMKH  C
IpPUMEHEHHEM O€CNUJIOTHBIX ammnapaToB, pe3yJbTaTOB aHaiu3a OOMEHHBIX BOJH OT
TesecelicMUYecKuX cOOBITHH (DyHKINN MPUEMHUKA).

93



Geoinformation system ‘Thermal Mineral Waters of the Kuril Islands’

A. Dolgaya, E. Kalacheva
Institute of VVolcanology 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).

FeOHH(l)OpMaIIHOHHaﬂ CUCTEeMaA «TepMOMHHepaJ’[BHLIe BOAbI KypI/IJIbCKI/IX OCTPOBOB»

A. A. Jlomras, E. I'. KamageBa
HucrutyT BynkaHonoruu u ceiicmonoruu JIBO PAH, [lerponaBnosck-Kamuarckuii, Poccust

B Uncturyre Bynkanonoruu u ceiicmonoruu (MBuC) /IBO PAH Ha npoTs>keHUH MHOTHX JIET BEIYTCS
HCCIIEIOBAaHUS BYJIKAaHO-THAPOTEPMATIBLHBIX CHCTEM, paclojiokKeHHBIX Ha Kypumbckux octpoBax. B pamkax
3TUX paboT MojydeH OOJIBIION 00BEM IAHHBIX O XMMMYECKOM M H30TOITHOM COCTaBE€ TEPMAJBHBIX BOX U
(yMapomBHBIX Ta30B, TIPEICTABICHBI OINCHKH THUAPOTEPMATHHOTO BBIHOCA MArMaTHYECKHUX JIETYUHX,
XMUMHUYECKOH  3pPO3MM  BYJIKAHHYECKHMX  ITIOCTPOEK,  pPACCMOTPEHBl  TIPOIECCHI  COBPEMEHHOTO
MHUHEPaJI000pa30BaHus, MPOTEKAIOINX Ha CONb(aTapHBIX MOIIX aKTUBHBIX BYJIKaHOB. [ ccTeMaTH3auu U
aHaJ3a HaKOIUIEHHOTO o0BeMa JaHHBIX Ha 0a3e Komimiekca pemreHmid kommaHud NextGIS Opoia cozmana
cnieranusupoBannas reouHpopmannonnas cucrema (I'MC). TUC noctymnHa MMPOKOMY KPYTY TOJIb30BaTeeH
mo anpecy https:/kamkursprings.nextgis.com/ ¥ TO3BOISIET MpPOCMATpUBaTh TaKWe JaHHBIE O TOYKaX
OTIPOOOBaHUS TEPMOMUHEPATBHBIX BoA KypHIbCKHX OCTPOBOB, Kak TeMIepaTrypa, ypoBEeHb KUCIOTHOCTH pH,
MUHEpaJIH3aLus, IpeodIaIaroIIni THIT aHHOHOB U KaTHOHOB B IipoOe. Bee omy0InKoBaHHEBIE TaHHEBIE O COCTAaBE
BOJIBI B ITP00ax MOKHO MMPOCMOTPETH B OTAEIBHOM citoe. [ToMumo Touek onpoboBanus TepManbHbIX Bog B [YIC
MPUCYTCTBYIOT CJIOM JAHHBIX, OIMCHIBAIONINX (DOHOBBIE XOJIOJHbIEC BOJBI (TOUKH ONPOOOBAHUS IOBEPXHOCTHBIX
BOJI M BOZHI B YCTBhsIX pek). B TUC conepikutces Takke KOMIDIEKC 00miereorpaguiIeckux cioeB (ByIKaHbl, peKy,
o3epa). 1t MHOTMX OOBEKTOB NIPHUBEICHBI (OTOMATEPUAIBI C MOSCHEHUSIMH, TO3BOJISIONINE Oojee IOJIHO
OIICHUTH PA3NYHbIC TePMaJIbHBIE TIOJIS U TPYIIIBI HCTOYHHUKOB, a TAKXKe Mel3aKH OCTPOBOB M BYJIKAHHUECKUX
maccuBoB. B Hactosmee Bpems B [MIC mpencraBiena undopmanus mo 6onee 1500 Touek ompoGoBaHws,
OoJbIIast 4acTh XapaKTepu3yeT TepMalibHbie Bojbl. B co3nannoit [YC peannzoBana cuctema mpap JOCTYIIA.
I'pynma mone3oBateneii «I'0cTh» UMEEeT BO3MOXHOCTD ITPOCMAaTPUBATh JaHHBIC Ha KapTe, M3MEHSS ee 0XBaT
MacmTad, IpOoCMaTPUBATh TAOIHIBI aTPHOYTHBHBIX JAHHBIX TOCTYIHBIX CIIOEB, SKCIIOPTHPOBATH JAHHBIC B
(aitel pa3nu4HBIX (JOPMATOB, a TAKKE BEIBOAUTH KapTy HA IeYaTh. | pyIina moiap3oBaTenci « A IMUHHCTPATOP)
o0nagaer BCel MOTHOTON MpaB JOCTYNA, UMEsT BOZMOXKHOCTb paboTaTh CO CIOSMHU JAAHHBIX OTPAaHUYECHHOTO
JocTymna, peaaktupoBarbh JaHHble u cTpykTypy [UC. HanpHeiliime mnansl pazButuss [MC cBs3aHbl c
JI00aBICHAEM HOBBIX TEMaTHUECKHX CIIOCB JaHHBIX, a TAKXKe C pacmupeHneM reorpaduaeckoro oxpara 'NC 3a
CYeT JIAHHBIX O TepMalbHBIX Tolisix Kamuatku. Pabora Bemonasiercs B pamkax tembl HUP MBuC JIBO PAH
«Ponp rtuaporepmaneHbix cucreM Kypuino-KamuaTckolf BylkaHM4YecKOM AyrM B IepepaclpelesieHUH
MaHTHHHOTO U KOPOBOT'O BEILECTBA, B MpoIieccax MuHepano-pynorenesa» (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
UAYV 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.

ABTOMaTH3alus 00padOTKH JaHHBIX podoTH3upoBaHHbIX BIIJIA-reodu3nyeckux cucrem ¢
nomMoums moayas «DDV

C. B. I'auenko, A. B. [lapmun
Hucturyt "Cubupckas mkona reonayk" « MPHUTY», Upkytck, Poccus

BHeapenue B mpakTUKy reo()u3n4ecKuX CheMOK OSCIIMIIOTHBIX JieTaTelbHbIX anmnaparoB (BI1JIA)
MO3BOJIMJIO HA TMOPSAOK TOBBICUTH TPOU3BOAUTENHFHOCTh TMOJEBBIX pabor. [y  BBIOIHEHUS
MaJIOBBICOTHOH reodusnueckoit ceeMk B MHctutyte "Cubupckas mkona reonayk” UPHUTY coznansr
BapUaHTHl MYJIBTHPOTOPHOTO M caMoJleTHOTO OecruiotHoro kommuiekca SibGIS UAS. Becrnmnorhbie
CHUCTEM OCHAIIEHbl BBICOKOTOYHBIMH MAarHUTOMETPaMH, pPaJUOMETPaMH, JHIAPHBIMH CKaHEpaMH,
MYJBTUCHEKTPAIEHBIME  (DOTOrpaMMETPUUYECKUMH ~ KaMepaMH, 3JIEKTPOPa3BEAOYHBIMUA  CHCTEMaMHU.
Haunbonpiryro BocTpeOOBaHHOCTD HUMEET MOAYJIbHAsI MarHUTHAs! CheMKa. BbICOKasi MpOM3BOJUTEIBHOCTh
OCCITWIIOTHBIX CHUCTEM MO3BOJISIET IMOJy4aTh OONBIION 00beM HH(OpMAIHU 32 KOPOTKHH MPOMEKYTOK
BpPEMEHH, HO [IEHHOCTh POOOTH3aLUH Te0(PU3NIECKON pa3BEeIKH CHIILHO CHIDKAETCS, €CIIM HEJb3s TaK XKe
ObicTpo U oOpalaTbiBaTh HaHHbIE. YacTHuHO MeToauka oOpabotku BIIJIA-maHHBIX OTiaMuaeTcsi Kak OT
Ha3eMHOM CHhEMKH (TaK KaK MPHUCYTCTBYET IapaMeTp BBICOTHI U CBSI3aHHBIE C HUM HIOAHCHI), TaK U OT
a’poreo(pU3NIECKO CheMKH (TaK KakK CYIIECTBEHHO MEHbIIee BHHUMAaHHE MOXHO YACISTh BIHSHUIO
HocuTene u npoliemam ¢ o0TekaHHeM pesibeda), B CBSI3H ¢ YEM NMPUMEHEHHE CYIECTBYIOIIUX, HO HE
cnennanu3upoBaHHbix A BIIJIA-reodu3uku nporpaMMHBIX HPOIYKTOB HE MO3BOJISIET B MOJHON Mepe
peluTh MpoodiieMy ObICTpol 00paboTKU. B 1emnsix onTuMu3auu nepBUYHON 00pabOTKH JaHHBIX UMEHHO
BIUUTA-cbemku pa3paboTaH mporpaMMHbeii Monyib «DDVy». Mogynb mo3BojsieT aBTOMAaTH3UPOBATH
npouenypsl  oOpaOOTKH: CHHXPOHM3ALMIO MAarHUTOMETpa U TOJIETHOTO KOHTPOJUIEpa, OLEHKY
MOTPEITHOCTH, pa3AesieHre OCHOBHBIX M BCIIOMOTATEIbHBIX MapIIPyTOB Ha Kacchl, u ap. [IpexycmoTrpena
HacTpoliKa mapameTpoB 00padaThIBAIONIECH CHCTEMBI B PYYHOM W aBTOMAaTHYeCKOM BapuaHTtax. B momyne
peanu3oBaHa rpaduyuecKas BHU3yalu3alMsg MaTepHaioB Oonpmioro o0bema aaHHbIX. OH  sBiIsETCS
CaMOCTOSITETIFHBIM TIPOTPAMMHBIM TIPOJYKTOM, JIETKO MOPTHPYeMbIM 0€3 yCTaHOBKM Ha JOOBIE
KOMITBIOTEPHI, B TOM YHCJIe MOOMIIBHBIE H MOXKET 3aITyCKaThCsl ¢ (UIdII-HOCHTENel. Bricokas onTuMu3aius
BBIYMCIIUTEIBHBIX aJrOPUTMOB MO3BOJIAECT 00paldaThIBATh JIIOOBIE BO3MOXHBIE 00BEMBI TeO(PH3MUECKUX
JaHHBIX. B pesynprare npuMeHenus OecnmiotHoro kommiekca SibGIS UAS ¢ nporpaMmHbIM Moaysem
«DDV» permaercs 3a/ia4a NMOBBIIICHNsT ONIEPATUBHOCTHA U KadecTBa 00paboTku naHHbIX BITJIA chemku.
[locne oOpabotku c momouipio mMoayisi «DDV» naHHble ChEeMKH MOCTYNAlOT Ha HHTEPHPETALUIO
MOJY4YEeHHBIX HHPOPMALMOHHBIX MaTEPHAJIOB.
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Geoinformation technology for monitoring of natural spatial and temporal processes

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

LInstitute 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.

FCOHH(I)OpMaIIHOHHaﬂ TEXHOJIOI'usi MOHUTOPHUHTA NIPUPOJAHBIX MPOCTPAHCTBCHHO-BPEMEHHBIX
nmpoueccoB

B.T. Tmtuct, A. B. lepennses?, K. H. ITerpos?, A. A. 3enenpko?
! Uucruryt npobnem nepenaun nadopmanuu PAH, Mocksa, Poccust
2TuapomeTuentp Poceun, Mocksa, Poccust

MOHUTOPHHT NPUPOJHBIX IIPOLIECCOB BKIIOYAET B ce0s TpH (QYHKLUH: PETYIAPHOE IPEACTaBICHHE
MH(QOPMALMK O TEKYIIEM COCTOSIHUU MPOLECCOB; BBISBICHHE U3MEHEHUH NPUPOIHON Cpenbl; MPOTHO3 U
MpenynpexieHne puckoB. llpeanaraemMas TEXHOJOTHS MOHMTOPHHIA MPEACTABISET IMOJIB30BATENIO JBE
rpynmsl cBeneHuit: (A) CBeneHus, ABISIONINECS pe3ylbTaTaMU 3apaHee 3aJaHHbIX METOJOB aHaln3a
naHHbelX, ¥ (B) CBepenus, U1 MOMyYeHHUsT KOTOPBIX TpeOyeTcsl BHIIOJIHEHHE HAyYHOTO HCCIIEAOBAHMA.
[Mnatpopma mouutopunra coctouT u3 AByx ['MC. (A) [lepas [MC B aBTOMaTHYECKOM peXUMe BENET
MOHHMTOPUHT TIporieccoB. OHA MOXET BBINOJHATh 3arpy3Ky, oOpaOOTKy, aHalmu3 U HarjasgHoe
NpeACTaBIeHUE JaHHBIX, OOy4YeHHEe M TPOrHO3 3EMJIETPSICEHHH, 00ecneynBaTh IOJIb30BATENs
MHCTPYMEHTaMH aHAJIN3a IPOLIECCOB C MHTYUTHBHO NMOHATHBIMH ONEPALMSIMH, TI0 3aIIPOCY HOJIb30BaTENs
MOJKET 3aITyCKaTh BBIYUCIIEHUS Ha yJIaJIEHHOM CepBepe, TOTOBUTH akTyaiabHyIo Bepcuio [ IC-npoexTa mo
aHAJTM3UPYEMOMY PperuoHy M 3arpyxarts npoekT Ha BTopyto I'MC. (B) Bropas I'UC (GeoTime 3)
npeHa3HavYeHa sl JeTajJbHOTO0 aHaJM3a TUIOTEe3, KOTOPBIE CIELUAIMCT MOXET cOpMyJIMpoBaTh Ha
ypoBHe (A). OT0 MHOTO(YHKI[MOHAIbHAS CUCTEMa, OPUCHTUPOBAaHHAS HAa aHAIMU3 MPOCTPAHCTBEHHO-
BPEMEHHBIX MPOIECCOB M MPOTHO3 OMACHBIX NMpupoaHbIX sBiaeHui. ['MIC, Hapsgy co cTaHgapTHBIMU
orepauusimMy, o0ecreunBaeT JMHAMUYECKYIO 3arpy3Ky M MHTErpalMio JaHHBIX C yIaJCHHBIX CEPBEPOB U
JIOKaJIbHOM CeTH MONIb30BaTesl, 00J1agaeT 00IbIINM HA0OPOM HHCTPYMEHTOB JIJIsl COBMECTHOTO aHAIU3a U
MIPEJICTaBICHUS] Pa3HOTHUITHBIX MTPOCTPAHCTBEHHO-BPEMEHHBIX JAaHHBIX, OJAEP)KUBAET MCCIETOBAHUS 110
NPOTHO3Y 3€MJIETPSICEHUWH W HICHTU(UKAIMKA aHOMAaJbHBIX TeOJOrMYeCKHX 30H. B mokmane
paccMaTpuBalOTCs  TpU  IUIATQOPMBI  MOHUTOpMHTa:  1uatdopma  SeismoMap:  MOHHTOPHHT
MPOCTPAaHCTBEHHO-BpEMEHHBIX ceiicMudeckux noseit mo manaeiv KO OUILL ET'C PAH, NEIC USGS, ISC
u GMA; mnardopma Arctic (https://gis.iitp.ru/arctic/): MOHUTOPHHT H IPOTHO3 THPOMETEOPOTIOTHIECKOM
00cTaHOBKM B ApKTHKEe 1m0 naHHBIM ['mapomeruentpa Poccun, ISC n komnanuu HardFor; matdopma
Prognosis (https://gis.iitp.ru/prognosis-gps/): MOHUTOPHHT CEHCMOTEHHBIX MPOIECCOB U CHCTEMATHUECKHUI
nporuo3 3emieTpscerwnii mo qanasiM KO OUILL EI'C PAH, NEIC USGS, ISC, GMA u pssmam GPS c caifra
NGL I'eonesnueckoit naboparopun HeBaapl. [yiss o0ydeHHs MPOTHO3Y 3EMIIETPSCEHHH HCIONB3YeTCs
METO MUHUMAJIBHOW 00JIaCTH TPEBOT'H.

96



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 vyears 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.

TexHOJIOrMsl CHCTEMATHYECKOI0 IPOrH03a 3eMJIeTPSICEH U

B.T. T'utuc, A. b. Jlepennsen
Wucruryt npobnem nepenayun nadopmanun PAH, Mocksa, Poccust

CucremaTndeckuil MPOrHO3 3eMIIETPSICEHUM BBINOJHIAETCS C MOCTOSHHBIM HHTEPBAIIOM 10 BPEMEHH.
Ilepen KkaxOpIM TPOTHO30M 3arpyXar0TCsi HOBBIC JaHHBIE, 00yJaeTcsl pelaroliee IMpaBWIO MPOTHO3a U
OIPEJEIACTCS 30HA TPEBOTH, B KOTOPOH OXMIAFOTCS SIMHULEHTPHI 36MIETPACEHHUI C LI€JEBBIMA MarHUTYAaMHU.
Jst o6ydenns pa3paboTaH METOl MUHHMAIBHOH o0iacTi TpeBoru. OeHKy KauecTBa MPOrHO3a ONpeAeIsioT 4
nokasareinsi: 1. BeposTHOCTs 0OHapyKeHUs IeNeBbIX coObITuil U, paBHas o€ yiciia HHTEPBAIOB, HA KOTOPBIX
BCE JIUILICHTPBI UENEBBIX 3€MIIETPSICEHUI TONAJA0T B 30HBI TPEBOTH, OT YHCJIAa BCEX HHTEPBAJIOB, HA KOTOPBIX
MMEIOTCS ITUIEHTPHI B 30HE aHAN3a. DTOT MTOKA3aTeNb IO3BOJISET OLEHUTHh Ka9eCTBO alrOpUTMa OOydIeHHs 1
MH(OPMAIMH, UCTIOJIB3YEeMON Iy IporHo3a. 2. BepostHocTh P Toro, 4To Ha ouepeaHOM HHTEpBaJIe MPOTHO3
OyzeT ycIlemHBIM, paBHas JOJ€ YHCia MHTEPBAJIOB, HA KOTOPBIX BCE AMMIEHTPHI IENEBBIX 3E€MIICTPSICEHHUM
NONAJA0T B 30HBI TPEBOTH, OT YKMCIIA BCEX MHTEPBAIOB, HA KOTOPBIX MPOTHO3UPYIOTCS 3EMIIETPSICEHHUs. DTOT
MIOKAa3aTelb MO3BOJISIET OLEHUTH 3((EKTUBHOCTL MPAKTUUYECKOTO HCIOJIb30BAaHMS PE3YyNbTaToOB MPOTHO3A. 3.
O0BEM TpeBOT'H, paBHBIA JIOJIE CpPEJHEN TUIOMIAJAM 30HBI TPEBOTW OT IUIOINAJAM 30HBI aHanu3a. 4. BeiamuuHa
UHTEpBaja MPOrHo3a. PaccMoTpUM npumep ABYX TEXHOJIOTMI CHCTEMATHYECKOIO MPOTHO3a 3eMIIETPSCCHUN.
[Tycth mporuos pasaics 10 sner, naTepBal MporHo3a At=30 gHeH, YUCI0 UHTEPBAJIOB C IMMHUIIEHTPAMU IIEJIEBBIX
3eMJIeTpsiceHUil B 30He aHanu3a M=10. B nepBoil TEXHOJIOTMU 30HBI TPEBOTH BBIUUCISIOTCA HAa Ka)IOM
uHTepBaje. [lycTh BCe SMUIEHTPHI [EeNeBEIX 3eMIIETPSICEHUH Ol B 30HBI TPEBOTH Ha M*=9 nHTepBanax.
Orcroma  U=M*/M =9/10=09. 3a 10 mer 30HB TPEBOI'HM MPOTHO3HpOBAIMNCH N=120 pa3.
Otcrona P = M*/N=9/120=0.075. BTtopass TexHOIOTHS COCTOMT U3 IBYX 3Tamnos: (1) IlporHo3 mHTEpBaNOB
TPEBOTHU, HAa KOTOPBIX SMMLEHTPHI LETIEBbIX 3€MIIETPSICEHUI 0XXKMAatoTCs B 30HE aHanu3a u (2) IIporHos 30H
TPEBOTH TOJIBKO Ha HHTepBaiax TpeBord. [Iycts Ha stane (1) anroputm BeiOpan N* = 25 uHTEpBaNOB TPEBOTH
u3 N=120. [Iycts Ha 3Tamne (2) Bce AMUICHTPHI 3eMIETPSCCHNH TONaIN B 30HBI TpeBOru Ha M*=8 mHTepBanax
n3 N*=25. Otcroma mnomyuaem U=M*/M =8/10=0.8. P=M*/N* =8/25=0.32. MoxHO BHIETb, YTO
BEPOSITHOCTh P BO BTOPOIl TEXHOJIOIMH yBEIUUYMIIACh IO CPABHEHUIO C MEPBOH B 4 pa3a, 4TO CyHIECTBEHHO
yJlydlI1aeT BO3MOXHOCTb IIPAKTUUYECKOTO IPUMEHEHMsI PE3YJIbTaTOB CUCTEMAaTUUECKOro NporHo3a. B noxnazne
NPUBOIATCS PE3YAbTaThl MOJCTUPOBAHUS [BYX PACCMOTPEHHBIX TEXHOJIOTHH sl pernoHoB Kamyatkwy,
Kammdopuun u Snonnu.
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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'pannubl npumenumocTy 3akoHa ['yren0epra-Puxrepa B 3aqauax OleHKH CelCMUYECKOI
OIIACHOCTH

[1. H. [lle6anun, K. B. Kpymensuuukwuii, 1. A. BopooseBa
WHCTUTYT TeopuM MpOrHO3a 3eMileTpsiceHHM u Matemartuueckoil reo¢pusuku PAH, Mocksa,
Poccus

3akon ['yrenOepra-Puxrtepa ycTaHaBIMBaeT JIOT-IMHEHMHOE COOTHOILIEHUE MEXKAY
KOJINYECTBOM 3€MJIETPSICEHUH, KOTOPbIE IPOU3O0IILIN B HEKOTOPOM MTPOCTPAHCTBEHHO-BPEMEHHOM
00beMe, U UX MAarHUTYIOU. ITO CBOMCTBO MOJ00US MPEATOI0KHUTEIIEHO OTPaXaeT PpaKkTaIbHYIO
CTPYKTYPY CHCTEMBI pa3jiioMOB, B KOTOpoW (hopMHUpYIOTCS odaru 3emiieTpsceHuil. B 3amauax
OLICHKHM CEeMCMMYECKOI OMacHOCTU U pHcka 3akoH [ 'yrenOepra-PuxTepa urpaer Kiro4eByro poJib.
OH 103BOJISET OLIEHUBATh CPEAHUN NEPHO TOBTOPSEMOCTH CHIIBHBIX 3eMJIETPSICEHUH 110 4YacTOTe
noBTOpeHUs Oosee cinadbix. M3-3a TOro, 4to cuibHEHNIINE 3eMIIETPSICEHNUS POUCXOAST PEIKO, C
MHTEPBAJIOM B HECKOJIBKO COT M OoJiee JIeT, MpsiMasi OLIEHKa UX MOBTOPSIEMOCTH HEBO3MOXKHa. [1o
KOCBEHHBIM T'€OJIOTUYECKUM U TaJIE€O0CEMCMUYECKUM OIIEHKAM YacTO Ka)XeTcs, YTO CUJIbHbIE
3eMJIETPSICEHUs] Ha OTJIENIbHBIX pa3jioMax MPOMCXOIAT Yallle, YeM OXKHJIAeTCs B COOTBETCTBUM C
3akoHOM ['yrenOepra-Puxtepa. Takue oneHKH jexaT B OCHOBE TMIIOTE€3bl TaK Ha3bIBAEMBIX
XapaKTEepUCTHUECKUX 3emileTpsiceHni. YacTto 3Ta rumoresa JOMOJHUTENBHO MOATBEPXKIAETCS
BUJIOM MarHUTYAHO-YaCTOTHBIX PaCIPENEICHU Il OTIACNIBHBIX Pa3IOMOB, IMOCTPOCHHBIX TIO
JTAHHBIM COBPEMEHHBIX KaTaJloroB 3emileTpsceHuil. Bmecte ¢ TeM, BaxHBIM (HaKTOPOM,
BIMSIOIIMM  Ha  BUJ  MarHWTYJHO-9aCTOTHOTO  paclpeNeieHusi,  SBIIeTCS  BHIOOp
IPOCTPAHCTBEHHOW O00JIaCTH, B KOTOPOH CTPOMTCS 3TO pacmpezaeneHue. B manHoil pabote
UCCIIeyeTCs BIMSIHHE JTOro (akTopa U ONPENENSIOTCS YCIOBUS, NMPH KOTOPBIX 3aKOH
['yrennOepra-Puxrepa mpUMEHUM JJs1 OLEHKHM MOBTOPSEMOCTH CHIIBHBIX 3€MIIETPSCCHHMA.
[Ipennaraercs BapuaHT NPUMEHEHHS 3aKOHA ¢ COOMI0ACHUEM 3TUX ycioBuid. PaboTa BeinmonHeHa
npu ¢puHaHCOBOM nozepkke Poccuiickoro Hayunoro gonaa (rpant 20-17-00180-11).
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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, I. 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
PYA000pa3oBaHNU HA OCHOBE Pe3y/IbTATOB JUCTAHIMOHHBIX PErHOHAJIBLHBIX HCC/Ie10BaAHUN

B. A. Munaes, C. A. YctuHOB, B. A. Iletpos, A. /. Ceuepesckuii, 1. O. Hadburun
WHCTUTYT T€0JIOTUH PYIHBIX MECTOPOXKIEHH, neTporpadun, munepanoruu u reoxumun (U'EM) PAH,
Mockgsa, Poccus

[IpoBenéH KOMITIIEKCHBIN aHAIN3 PA3IOMHON TEKTOHUKN TaiiMbIpo-CeBepo3eMenbCKOro OporeHa.
HccnenoBanus BBINIOJHEHBI B perHoHANbHOM Maciutabe. Ha ocHoBe mmdpoBori Moxpenu penbeda
BBIJICJICHBI JINHEAMEHTHI PYYHBIM M aBTOMATHYeCKUM criocoO0aMu. [lomydeHHbIe pe3ylbTaThl B KOMILIEKCE
C JHUTEPaTYpHbIMH JAQHHBIMH TIIO3BOJMJIM MPOBECTH TEKTOHOMOU3WYECKUE PEKOHCTPYKLIUH C
ucnons3zoBanrem mozaenu [1.JI. Xanrkoka (1985). Ha ocHOBe MOieny pa3BUTHS BTOPHYHBIX CTPYKTYP B 30HE
CKOJIa M YCTAaHOBJIEHHBIX Da3pPhIBHBIX HApPYIIEHUH PEKOHCTPYHUPOBAHBI IMapaMeTphl (OPUEHTHPOBKHU
TJIABHBIX OCEil) pErMOHANIBHOTO IOJIS HANpsDKEHUH-IeopMaliii, a TakKe KHHEMaTHKa OCHOBHBIX THUIIOB
PasphIBOB Ul HCCIENYEeMON TEPPUTOPUH. Pe3ynbTaThl MajeopeKOHCTPYKUUH OTBEYAOT KOHKPETHBIM
00CTaHOBKaM, BBISIBIICHHBIM paHee Apyrumu uccienosatensmu (IIpockypun, 2013; Adanacenkos u ap.,
2016; BepaukoBckwuii u 1ip., 2022) Ha OCHOBE MPUMEHEHHUS MHOTO HAYyYHO-METOAMYECKOro nmoaxozaa. Ha
OCHOBE PEKOHCTPYKLHH OIpeAeIeHbl PEANoiaracMble yYaCTKH TeKTOHHYECKUX CTPYKTYp, oOJanaBIine
HauOOJbIIEH THIPABIMYECKON aKTUBHOCTBIO B XOJI€ IO3AHENAIC030HCKO-PAaHHEME3030CKOr0 TEKTOHO-
MUHEPareHM4eCcKOro IHKJIa, C KOTOPBIM CBSI3aHBI Py IOMPOSIBICHUS IEPUIUTHBIX BUIOB CTPATEIMIECKOTO
MHUHEPAJIBHOTO ChIpbsi TaliMbIpa (30J10TO, peAKHE METalibl, Me/lb, CBUHEL, LUWHK W Jp.). BeigeneHs
YUYaCTKH, IEPCIEKTUBHbIE Ha OOHApYXEHHWE HOBBIX PYIOHBIX 00bekToB. C TOYKM 3pEHHs NPOTHO3a
pa3MemieHrss TIOJIE3HBIX HWCKOMAaeMbIX, JaJbHEHINHE JeTaTu3upylonipe paboTel  HEOOXO0IUMO
COCpPEIOTOYNTh Ha HM3y4YEHHHM 30H BIIMSHUS THUIPABIMYECKH aKTHBHBIX Pa3IOMOB CEBEPO-BOCTOYHOTO
MpocTUpaHus. /laHHbIE HaJperHOHAIbHBIE M PETHMOHAIBHBIE CTPYKTYPBHl MOIVIM BBICTYNAaTh B KadyecTBE
GITFOUONIOBOSIIIIUX B MPOIIECCE THIPOTEPMAIBHOTO pynooOpa3zoBanus. VccnenoBanne BBITIONHEHO B
mostonéxHou tadoparopun UI'EM PAH «JlaGopaTopusi mpOrH03HO-METaNIOT€HUYECKUX UCCIISI0BAHUI
B paMKax TE€MbI FOCyJapCTBEHHOro 3ajaHus «lIprMeHeHHe COBpPEMEHHBIX METOJIOB OLIEHKH, MOMCKA U
MIPOTHO3a MECTOPOXKIEHUI TBEPABIX IOJIE3HBIX HCKOMAEMBIX, B TOM UHUCJIE CTPAaTETHMYECKUX, B
Apxrudeckoil 30He Poccuiickoit denepannu ¢ LENbI0 PAaCHIMPEHUs] MUHEPAIbHO-CHIPhEBOIl 0a3bl U
TUTAHUPOBAHUS PAa3BUTHS TPAHCIIOPTHO-KOMMYHUKAIIMOHHBIX CETEW».
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Systems research for seismic risk management using Big Data

N. Froloval, N. Malaeva?, 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.

CucremMHble uccjeaoBanus AJisl ynpaBJCcHUA celicMHUYECKHM PUCKOM C MCITOJB30BAHUEM boabmmux
JAHHBIX

H. U. ®ponosal, H. C. Manaesa?, C. I1. Cymes?, A. H. Yrapos?
! Mucturyt reoskonorun um E. M. Cepreesa PAH, Mocksa, Poccns
2MoCKOBCKHI TOCY1apCTBEHHBIN TEXHUUECKUI yHUBEpCHTET M. Baymana, Mocksa, Poccus

CornacHo craticTHKe MexXIyHapoaHOro HeHTpa anuaeMuonoran katactpod (EMDAT) koiuuectBo
nmoruommx ot 3emiierpsicenuit B 2023 coctaBmiio Gonee 60 ThIC. YEIOBEK, YTO BABOE MPEBBIMIACT CPEIHHE
onenku 3a nepuog ¢ 2003 mo 2022 rox. Tparudeckue mocnenctsus emierpsicernit 2023 rona moka3pIBaloT,
YTO CHIJIbHBIC U KaTacTpo(duiyecKre 3eMIETPSACEHHS OCTAIOTCS HE TPEACKa3yeMbIMH, a CEHCMUYECKHIA PHCK BCE
erie ocraetcst oBoJabHO BEICOKUM. B 3asBiennn KOJIATA ot 01 mapra 2023 1. mo noBoy Tpareauu B Typiun
u Cupun, BBI3BaHHOW 3emieTpsceHHmssMA 6 ¢QeBpams, oTMedaeTcsi Ba)XKHOCTh HAYYHBIX YCWIHH B
MPEIOCTABICHUN OMNEPaTUBHOW WH(OpPMALMU ISl JIUI, TMPUHUMAKOIIUX YIIpaBlieHYeCKne perieHus. Takas
HHpOpPMAI MOXKET OBITh TPEAOCTAaBICHA COOTBETCTBYIONIMMH CHCTEMAaMU Ul OIIEPATUBHOM OICHKH
MOCIIEACTBH, KOTOPBIE YCIIEIIHO pa3BUBAIOTCA Tmocienuue 20 JeT U aKkTHBHO UCTIONB3YIOT OOJBINUE JaHHBIC
(Big Data) nyis kanuOpoBKu cBoux Mojieneii u o0yueHus cucteM Al. B HacTosiee Bpems U3BECTHBI, TIO KpaiHe
Mepe, TpU TIOOAIbHBIE CHCTEMBI, KOTOpBIE OMNEPATHBHO MPEIOCTaBISIOT WHPOPMAIHI0O O BO3MOXKHBIX
nociencTBusx cuibHbIX coObITH. [MIC «OkcTpemym» SBISETCS OMHOM M3 TakUX cHUCTEeM. B mokmane
npuBoauTcs CucteMa celicMHUYecKol 0e30MacHOCTH KU3HEACATENBHOCTH, pa3padoTaHHas ¢ MCTOIb30BaHUEM
MaTemMaTtudeckux mojeneid u 6a3pl JaHHbIX [MC «OkcTpemym», KOTopash MOXET OBbITh HCIOJb30BaHa
OIIepaTUBHO JUIA IPUHATHS YIIPABIEHUYECKUX PELIEHUI 1 KaK CPEACTBO [IPOrHO3a B CIIydae 0XKUJAHUS CUIIBHOTO
3eMIIeTpsiceHUs. B jJ0knane mpuBOASTCA pe3yabTaThl OLIGHKU U KapTHUPOBaHHUS CEHCMHUYECKOTO PHUCKa IS
KpacHomapckoro kpas M pe3ynbTaThl MOJENHPOBAHMS IIOCIEACTBHN CIICHAPHBIX COOBITHH A1 Hamboiee
onacHblx 30H BO3 s ropoma KpacHonmapa. MonenupoBaHue MOCIEACTBUN 3€MIIETPACEHUI C MTOMOIIbBIO
pa3paboranHoi CHUcTeMBI MpeloaaraeT BoIASIEHUE KITIOUEBbIX 2JIeMEeHTOB CHCTEMBI, aHallu3a UX CTPYKTYPHI
U (pYHKIIMOHHUPOBaHUS, a TaKXKe B3aWMOCBSI3M MEXIy HUMH. BBITONHEHa KanMOpOBKa MOJETH 3aTyXaHHS
ceficMrUYecKOl MHTEHCUBHOCTH A1 KpacHo#apcKoro Kpas ¢ MCIOJIb30BAaHUEM JaHHBIX MaKpPOCEHCMHUYECKUX
HaOFONICHUH CUIIBHBIX M OIIYTUMBIX 3eMIIETPsCEHUH 3a mepuos ¢ 1799 no 1966 rr. BeimonHeHa kannOpoBka
(yHKIIMM  ySI3BUMOCTH THIOBOH 3acTpoiikum r. KpacHomapa. Ha ocHOBe HCHOIB30BaHHS METOMOB
HCKYCCTBEHHOTO HMHTEJJIEKTa TIOJTrOTOBJICHA K NMPUMEHEHHIO HEMpOCeTh, OOecleurnBaromas OICHKY Kiacca
VSI3BUMOCTH 3aCTpPOiKH 1o ¢ororpadusiM ¢acamoB u 3amucsm B 06a3e manHeix [MC «DOxctpemMmym» o
MOCTIEICTBUAX 3eMileTpsicennit, Brirodas Matepuansl /133, «KKX I'MC-Pedopma» u cepBuca «IlaHopamb»
komnanuu Sxnekc. Ilonyuennsie pesynbrarsel BKiIoueHsl B AUYC PC UC ans npuHATUS yHpPaBIEHUECKUX
pELLICHUM.
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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. |. 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 nocTpoeHusi HUGPOBOIl PerHoHAILHOI re0J10ro-MaTeMaTHYECKOH MO/IeJ U 10
Teppuropuu 3anagHoit Cudupn

A. A. Cunopos, A. I'. KonbiToB
HayuyHo-aHanuTuyeckuil UEHTp palUOHAIbHOrO HeApornonb3oBaHus um. B. WM. Illnunsmana, TroMeHb,
Poccus

Pa3BuTHe BBHIYMCIUTENHHONW TEXHHKH, CICIHATH3UPOBAHHOTO IIPOTPaMMHOTO OOECTIeueHHs] U
MaTEeMaTUYECKUX METOJIOB PEIICHUS TEOJOTHYECKUX 3a/lad, BMECTE C HENPEPHIBHBIM HAKOIUICHHEM
reoJIoro-reopu3nveckoll MHGOpMAIMK BBIBEIM HAa KA4YeCTBEHHO HOBBIH YPOBEHb BO3MOXKHOCTH,
CBSI3aHHBIE C PErHOHAJbHBIM TI€0JOr0-MaTeMAaTHUYECKUM MojaenupoBaHueM. K paccMoOTpeHuro
npeiaracTcs OIBIT TPUMEHEHHS MaTeMaTHYeCKHX METOJOB M Pa3padOTKU CIEeHUATH3UPOBAHHOIO
MPOrPaMMHOI0 OOCCIICUCHHs I CO3JaHMsl PETHOHAIBHBIX ITU(PPOBBIX T'€OJOIMYSCKUX MOJICIIEH.
MaremMaTuuecKkuMm IpoM MOAX0/1a SBISETCA BapUALlMOHHO-CETOUHBIN METO KapTUPOBAaHUs, OCHOBAHHBII
Ha cruadH-annpokcumanui. OH JaeT MUPOKUE BO3MOXHOCTH KOMIUIEKCUPOBAHMSI MCXOJHOM reosoro-
reouznueckoit nHpopMaru. [IoMMMO TOYCUHBIX 3HAYEHUH UCKOMOMN (DYHKIIMU B KaueCTBE MCXOJHBIX
JTAHHBIX MOTYT HUCIOJB30BaThCS Pa3lIMYHbIe TPAaHC(HOPMAHTHI TOJIEH KapTUPYEeMbIX BeITHYHH. ATIprOpHas
nH(pOPMAITHUS O paCIIpe/IeIeHNH KapTHPYEeMOTo IapaMeTpa BBOJIUTCS B 33/1a4y B BUjie TP EpEeHITHATEHBIX
YpaBHCHUH B 4YaCTHBIX TMPOM3BOJHBIX, YTO IO3BOJISET MOJICIIMPOBATH IOJIA (DU3UUESCKUX CBOWCTB,
pa3IruHbIe BAPUAHTHI KOHPOPMHOCTH re0JIOTHYECKUX MIOBEPXHOCTEH, MPOCTPAHCTBEHHYIO aHU30TPOIIHIO.
CaoiicTBa B-crutaifHOB 1at0T BO3MOKHOCTh CO3/IaHMSI MOJENEH ¢ ceTKaMu IEPEMEHHOMN AETAIbHOCTH, YTO
UMeeT 0co0oe 3Ha4YeHHe I OOJBIIUX TEPPUTOPHHA C CYIIECTBEHHO HEOIHOPOIHBIM paCIpeNeiIcCHUEM
ucxonuoit mHPOpMarmu. OOBEKTHO-HEPAPXUUSCKHUN IMOAX0J K OpTraHWU3alMH IPOCTPAHCTBA JTAaHHBIX
o0OecrieunBaeT aIrOPUTMH3AIMIO W ABTOMATH3AIlMIO Ipollecca MOoJeNupoBaHus. JlaHHBIA TMOAXO,
SIBIISIONIUICS Pa3sHOBUAHOCThEIO Workflow-MeTo/10B, aeT BO3MOXHOCTH OBICTPO TOCTPOUTH JEPEBO
pereHnit, MoTuPHUITNPOBATE €T0, a TAKXKE Uepe3 KOMMMPOBAHUE OTACIBHBIX DJIEMEHTOB WM IIETBIX BETOK
KOHCTPYHPOBATh HOBBIC PEIICHISI. PaccMaTpruBaeMbie METOIBI PEATM30BaHbI B crieiuaiunzupoBadHoM 110
GST. Cnenuanucramu HayuHo-aHATUTUYECKOTO LEHTPA PAlMOHAIBHOIO HEApPOmoJb3oBaHus um. B.I.
[IInunpMaHa OHU TPUMEHSAIUCH MPU CO3JAHHUU IOCTOSIHHO JIEUCTBYIOLIEH TI'€0JI0r0-MaTeMaTHYECKOU
Mozean ocanouHoro uexia «L{uppoBoii CTpyKTypHBIH Kapkac» o TeppuTopun 3amamHoir Cubupwu, a
TaK)Ke MPH BBITOIHEHUH psifa (eAepalbHBIX 3aKa30B IO MPOBEIECHUIO PETHOHAIBHBIX UCCIEAOBaHUN B
npenenax 3anagHo-CuOnupckoi He)Tera30HOCHOM MTPOBUHITUH.
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Use of Earth remote sensing data and ground-based snow cover studies in monitoring coal
mines

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

1 South Ural State University, Chelyabinsk, Russia

2 V. 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.

Hcnosib30BaHHue JAHHBIX TUCTAHIIMOHHOTO 30HAUPOBAHNS 3eMJIH M HA3eMHBIX
HCCJIEJOBAHUI COCTOSIHUSI CHESKHOI'0 MOKPOBA NMPU MOHUTOPHHTIE YIOJIbHBIX Pa3pe3oB

0. B. Pakosal, T. T". Kpynnosal, I'. I1. Ctpyukoa?, T. A Kanutonosa?, C. A. TuxoHoBa?

L 10sxn0-Ypanbckuii rocynapcrsennslii ynusepcurer, Uensbunck, Poccus

2 NuctutyT ¢usnko-texuudeckux npobmem Cesepa uM. B. I1. Jlapuonosa CO PAH, SkyTtck,
Poccus

CHexHbIl TOKpOB sBIsieTCS 3((HEKTUBHBIM HAKOIUTENEM 3arpsA3HUTENCH, B TOM 4HCIIe
HanOoJiee ONacHbIX AJIs 370pOBbs HaceneHus PM2,5, nMeromux B CBOEM COCTaBE MOTEHIIMAIBHO
ToKcHu4HbIe 1eMeHThI (IITD) — Tskenble MeTayuisl 1 MeTaionibl. VcenenoBanus Mokas3bpIBaoT,
yro KoHueHTpauun I1TO-conepxkamux PM2,5 B cHere MOryT ObITh Ha MOPSAKH BBILIE, YeM B
atMocepHoM Bozayxe. Ilo XumHueckoMy cOCTaBy CHeEra MOKHO YCTaHOBMUTH IUIOLIAIHOE
pacnpeiesieHue M KOJIMYECTBEHHBIE XapaKTEPUCTUKH BELIECTB, OCAXKAAIOIIMXCSA 3UMOM U3
aTtMoc(epsl 1, 61arogaps ’TOMY, BBIIBUTh UCTOUYHUKH 3arpsSA3HEHMS U apealibl X BIUAHUA. bbum
HCCIIEIOBaHbl CHEXXHBIE IIOKPOBBI B paillOHE pAcMONOKEHUS JABYX YrOJBHBIX pa3pe30B:
Hepronrpunckoro (Pecriyonuka Caxa, Sxkyrtus) u Kopkunckoro (Uensounckas ob6nacts). Ilpu
3TOM B paiione HioproHrpu yrieno0blya HaparmuBaercsi, a 1o0b4a Ha KopkuHCKOM paspese,
MIPEICTABIISIIONIEM CO00M caMyto TIIyOOKyIo maxTy B EBpa3uu, npexpaiiena B 2017 roxy u B 2020
HauaTa pEKyJIbTUBALMs TeppuTtopuu. B paboTe wHcCHoiab30BauCh (EeBpalbCKUE€ CHUMKHU
ciytHukoB Landsat 5, 7 u 8 3a 2005-2020 rr. [lemmudpupoBanue mpOBOIUIOCH C TOMOIIBIO
nporpamMmHoro komiuiekca ENVI 5.0. Pe3ynbrarsl mpoBeIEHHBIX HMCCIIEI0BAaHUI MOKA3bIBAIOT,
YTO MCIIOJIb30BAaHHUE CIIEKTPATIbHBIX XapaKTEPUCTHK, IO3BOJIET IPOBOJUTH OLIEHKY 3arpsi3HEeHUs
TEPPUTOPUM B 30HE BIUSHUSA YTOJBHOIO paspe3a IO pa3HOBPEMEHHBIM CIYTHHKOBBIM
n3o0paxkerusM. OgHako, 6€3 Ha3eMHBIX JaHHBIX 0 coaepkanuu [1TD B CHETOBOM MBI U TATBIX
BOJIAX KAapTHHA 3arpsA3HEHMs SIBISETCS BeCcbMa HenojHoW. Ha3emHble nccienoBaHus CHEXXHOIO
MOKpPOBa HMMEIOT Ba)XHO€ 3HAYE€HHWE I MACHTU(UKAIUM HUCTOYHUKOB 3arpsA3HEHUS.
HccnenoBaHue BBIOJHEHO 3a c4eT rpanTta Poccuiickoro Hayqnoro ¢onga Ne 22- 17-20006 u npu
¢unancosoit nogaepxke [IpaBurenscrBa YensOunckoil odnactu.
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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.

Hcnoab3oBaHue JaHHBIX JUCTAHIMOHHOI0 30HAUPOBAHUS 3eMJIM M HA3eMHBIX HCCJIe10BAHMI 115
MOHUTOPHUHIA COCTOSIHUSA ypOo3KkoaanamadTos

T.T. Kpynnoga, O. B. Pakosa
HOxHo-Ypansckuit rocyaapcTBEHHBIN YHUBEpCUTET, Yensounck, Poccus

Poccwuiickiie mpOMEBIIIIEHHBIE TOpOAa — 3TO YHUKalIbHBIE ypOosKkocucTeMbl. KonoccamsHoe
COCPE0TOYCHNE IPOMBIIUICHHBIX MPENPUATHI HA HEOOJBIION TEPPUTOPHH M OTCYTCTBUE TNIAHUPOBAHUSI
4acTo JeNaloT WX [EHTpaMH JKOJIOTHYECKHX IMpoOsieM. TpaauIioOHHBIE METOJbI MOHWTOPHHTA
MPEJICTABISIOT ~ COOOW  TOYEeYHbIe  W3MEpeHHus,  oOjajaroniue  Maloil  MPOCTPaHCTBEHHON
penpe3eHTaTUBHOCTRI0. OHM Majio MOAXOIAT A CIIOKHBIINXCS MOCTUHAYCTPUANBHBIX arjioMepalyii, Ha
X OCHOBE HEBO3MOXXHO BBISBHTb MCTOYHMKH 3arpsi3HEHHH W MPEVIOKUTH 3KO3AIUTHBIE perieHus. B
HacTosAlIer paboTe mpeayaraeTcs KOMIUIEKCHBIH TIOAXOA K MOHUTOPHHTY YpOO3KOoIaHMmadToB,
COCTOSIIIKA B KOMOWHAIIUM JMCTAHIIMOHHOTO 30HAMPOBAaHUS 3eMIH M (PM3UKO-XHMHUYECKOTO aHalin3a
Ha3eMHBIX P00 00BEKTOB OKPYIKAIOIIEH ropoJICKO# cpenbl. B gokane paccMoTpeHsl 1Ba ketica. [lepBoiid
KelC TOCBSIIEH BO3MOXXHOCTH HCTonb3oBaHuss NDVI juis MOHUTOpHHTA 3arpsi3HEHHsT aTMOC(HEPHOTO
Bo3ayxa PM2,5. B xauecTBe MapkepoB ObLTH MCTIONB30BaHbI CBHHEIICOAepkamme PM2,5, oqHOBpeMeHHO
OBUIO OIpeieNICeHO COJiep)KaHUe CBHHIIA B Mpo0ax JIMCTBEB M WIJ JiepeBbeB. BBUIO TOKa3aHO, 4TO
CTaTUCTUYECKH JIOCTOBEPHas Koppessinusa Mexay NDVI u 3arpsi3HeHneM Bo3lyXa OTCYTCTBYET, TOTJa Kak
JUCThSI JIEPEBBEB SBISAIOTCS XOPOIIUMHU OWOMOHUTOpPaMH. BTOpol KeHcC TOCBAINIEH BO3MOXKHOCTH
HCIIOJIb30BaHUS TEIUIOKAPT ISl AaHAJIM3a BIMSIHUS METEOYCIIOBHI Ha 3arpsi3HEHHE rOPOICKOro Bo3ayxa. B
LEeJIOM, B JIOKJIaJie mpejyiaraeTcs o0beIMHeHHe PErMOHALHOTO U III00ATbHOTO MOHUTOPHUHTA B PaMKax
noaxoza “smart city”. MOHUTOPHHT Ha PErHOHAJILHOM YPOBHE MO3BOJISIET HACHTU(DHUINPOBATh UCTOUHUKH
3arps3HEHMs, TaKUE KaK SJHEPTeTHKA, IPOMBIIIIJIEHHOCTh U TPAHCTIOPT. PernoHanbHbIN YPOBEHB peanu3yeT
moaxoa "cHu3y BBepx'. [ToOambHBEIN YpPOBEHb OOBEAMHSET HA3€MHBIC M3MEPCHUS W NHUCTAHIIMOHHOE
3oHAMpoBanre. OH MO3BONSIET MOCTPOUTH MOZENb 3arpsS3HEHHS Ha OCHOBE TNIOOATIBHBIX HAOIIO/IEHUH.
I'moGaypHBIE MOHUTOPUHI peanu3yeT moaxof "cBepxy BHH3". CoueTaHue ABYX MOAXOAOB MO3BOJISAET
pa3palboTaTh HAWIYHIIYI0 CTPATETHIO 3aIlUTHl TOPOJCKOW cpeapl. MccrnemoBaHue BBIITOJHEHO 3a CUET
rpanTa Poccuiickoro nayunoro gonma Ne 22-17-20006 u nipu ¢punaHCcOBO# mojyiepxkke [IpaButenbpcTBa
YensiOuHCcKOM 0bmacTu.
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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.

®opMaIu30BaHHOE BbleJIeHUe NPU3HAKOB NOAT0TOBKHU 3eMileTpsiceHuil B baiikaiabckoii
pudroBoii 30He

E. A. JleBuna
WNuctutyT 3emHoit kopel CO PAH, Upkytck, Poccust

[Ipownzomeamue B dhespane 2023 roxa B Typuuu 3emiieTpsceHus ¢ M>7 B o4epeHON pa3 MoKa3aiu
aKTYaJIbHOCTh TEMBI TPOTHO3a 3eMieTpsiceHuid. Kak M3BECTHO, AJIS MPOTHO3a MOBEICHUS JIIOOOH CHCTEMBI
HEOOXOIIMO COCTaBUTH €€ MOAEb. JII000i MPOrHO3 JOMKEH CoAepKaTh TPU MapaMeTpa — yKa3aHHe Ha MECTO,
SHEPTHUIO U BPEMs OXKHUIAEMOro 3emiieTpsaceHus. B paccmaTpuBaeMoOi MOAENH MOATOTOBKU 3€MIIETPSACEHU B
KadeCcTBE IPOTHO3HBIX IPH3HAKOB HCIIONB30BAIHMCH: | — Hanmpume ceHCMUYECKOH Opem, 2 — Haludue
MIPEAIIOKOBOM aKTUBU3AIMK M CEHCMUYECKOTO 3aTUlIbs, 3 — HaJIMYuMe CEeWCMOakTHUBHOTO paszioma. Iloxg
OpenraMy MOHMMAIOTCS JIOKAJTbHbIE MUHUMYMBI paclpeielieHus CEeHCMUYECKON dHEePTruH, MOJCUUTAHHOTO 32
OTIPENIETICHHBIN IIPOMEKYTOK BPEMEHH C TTIOMOIIBIO IPOCTPAHCTBEHHOTO OKHA, TIPH HAJIMYHNH PIOM (hparMeHTa
celicMOakTUBHOro pasnoma. IIpennonaraercs, 4To CHJIBHOMY 3€MJIETPACEHUIO IIPEALIECTBYET CTaAUs
MIPEAIIOKOBOM aKTUBU3ALMU U CECMHUECKOE 3aTUILBE, IO MAKCUMAIBHOW SHEPTUH U TUTENIBHOCTH KOTOPBIX
MOJKHO CYIHUTh 00 SHEPTHH 0’KUAAEMOTr0 3eMIIETPSICEHUS U BPEMEHH €ro pealin3aluu. PacueTsl, cieaHHble IS
Bcex 16 cobOwituii ¢ K>15, mpomsomenmux B baiikansckoit pudroBoii 30He (BP3) ¢ 1963 mo 2022 roxsl,
MIOKAa3aJIM, YTO HAJIMYHE aKTUBHOTO Pa3jioMa U AIUTENIBHO CYLIECTBYIOMIEH Opern MOXKET CITy>KHUTh OCHOBAaHUEM
JUISL BBISIBJIGHUS. MECT OXHIAEMbIX 3emierpsceHud. [IpM 3TOM COOTHOILIEHHE SHEPrHMHM IPOU3OLISALIETO
3eMJIETPSACEHUS U SHEPIrUY MaKCUMAaJIbHOTO 3€MIIETPSICEHUS MIPENIIOKOBON CTaM COCTaBIISIET B cpeaHeM 2.3
(0.7), a cpenHss UIMTEIBFHOCTD 3aTHIIBS paBHa 5.7 (3.4) net, rae B CKoOKaxX yKa3aHbl CpeTHHE KBapaTHIHbIC
OTKJIOHEHWs1. BoIbIIoil pa3dopoc MTUTENEHOCTH 3aTHIIbSI TPEOYeT IPUBICYCHUS JOTIOIHUTEIBHON HH(OPMALIUH
JUIsL yTOUHEHUs mapaMeTrpa «Bpems». Hampumep, yueT nepuoandHOCTeR B CEHCMUYECKOM PEXUME, KOTOPHIE,
BO3MOXKHO, CBSI3aHBI C BIMSHHEM BHE3EMHBIX (DaKTOpOB, CIIOCOOHBIX MOAYJIMPOBATH JIHCCUIIAIHIO
ceiicMuueckoi sHeprur. MeToaoM HanoxxeHus amnox 111 BP3 paccmarpuBaroTes pacnpeaeneHus ceHcMUUeCKO
AKTHBHOCTH 1O (ha3zam 11-JII€THEro CONHEYHOTO IUKIIA (MAKCUMYM MPUXOIHUTCS HA CENBMOM TOX) ¥ TOIHIHOTO
mukina obOparmeHust 3emiin Bokpyr ConHIa (BBIACTSIFOTCS J[Ba MaKCHMyMa — B sSHBape M B Hione). OTO JaeT
BO3MOHOCTb BBIJIEIUTD MEPHOJIbI, KOTJ]a BEPOSITHOCTh BOZHUKHOBEHHUSI CHIIBHOTO 3€MJIETPSICEHUS BO3PACTaET.
OnpeneneHyue MeCT M SHEPrMH BO3MOXKHBIX 3€MIIETPSACEHUI JieslaeT BO3MOXKHBIM MOCTPOEHUE HUX HM30CEHCT
(IMHU paBHBIX COTPSACEHMIA), YTO MOXET OBITh HCIOJB30BAHO JUISI OICHKH BO3MOXKHBIX TMOCIEICTBHMA
celicMHUeCKUX KoJieOaHMid, KOTOpble OyAyT ONIyIIaThCs B MpeiesiaX HACCICHHBIX ITYHKTOB W BaXKHBIX
KOMMYHUKaIUH B pe3yIbTaTe NPOTHO3UPYEMOTO 3eMIIETPSACEHUSL.
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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.

HpnMeHeHne HCKYCCTBCHHBIX HeﬁPOHHbIX cerei aJ1s NMPpOAJICHUS U BOCCTAHOBJICHUSA
BEKTOPHOI'0 aHOMAJIbHOT0 T€OMArHUTHOI'O IMOJIA

P. A. PrrToB
WHCTUTYT 3eMHOr0 MarHetusma, moHochepsl U pacrpocTpanenus paanoBonHn PAH, Mockaa,
Poccus

l'eonoruyeckne CTPYKTyphl W MHOTHE TIOJE3HBIE MCKOMAaeMble 4YacTo OO0JaiaroT
HAMAarHM4€HHOCThIO M CO3Jal0T CTAallMOHAPHBIE AHOMAJIbHbIE MArHUTHBIE MMOJsA. Takue Mo
U3MEPSIOTCA HaJ NMOBEPXHOCTHIO 36MJIM C ITOMOLIBI0 MarHUTOMETPOB U MOT'YT MCITOJIb30BaThCs
JUISL Pa3iIMYHBIX 33724 Teo(DU3WKH, B TOM YHCIE TOUCKA IOJE3HBIX HMCKOMAEMBbIX, OOIIei
HABUTAIIMM ¥ KOHTPOJS HampaBieHHoro Oypenus. OmHako AN TakuX 3a7ad HEOOXOIMMBI
KOMIIOHEHTHBIE HM3MEPEHUS, HO B CBS3H CO CIIOXHOCTBIO MPOBEACHUS TaKUX HW3MEPEHUI,
OCOOCHHO C TIOJBMXHBIX OOBEKTOB, MPAKTUUYECKHM BCE MArHUTHBIE CHEMKH SIBISIOTCS
MOJYJIbHBIMU, MW BO3HMKAECT 3aJaya BBIYMCJIEHUS KOMIIOHEHT MAarHUTHOTO TIOJNS M3
MPOCTPAHCTBEHHOTO pachpeieNieHuss ero Monayns. UToObl MOIy4UTh KapTy BEKTOPHOTO
AHOMAJIBHOTO MarHUTHOTO TOJISI, IO U3BECTHBIM MOIYJIbHBIM JJAHHBIM PACCUUTHIBAIOT BEKTOPHOE
MoJie U MPOAJIEBAIOT €r0 BHU3 JI0 MOBEPXHOCTH 3eMIIU U TIy0xke. B manHOM paboTe ¢ MOMOIIbIO
HMCKYCCTBEHHBIX HEHPOHHBIX CETEH PEIIArOTCA 3aJayd O MPOJJICHUM BHU3 U BOCCTAaHOBJIEHUH
BEKTOPHOT'O aHOMAJIBHOTO MarHUTHOTO moJs. J{ns oOydeHus HEMpOHHBIX ceTel ObLla co3/aHa
0a3a MaHHBIX MarHUTHBIX TOJIEH C MOMOIIBI0 Habopa ToueuyHBIX numoiei. Ha nckyccTBeHHBIX
npuMepax Obula MmokazaHa paboTa oOy4eHHON HEHpPOHHOW CEeTH B CPAaBHEHWHU C W3BECTHBIMHU
YUCIICHHBIMM ajroputMamu. Jlamee, mo AaHHBIM MOJHOIO MAarHUTHOTO IMOJsi, KOTOpOE Ha
Tepputopun  Poccu B OCHOBHOM  ONPENENSAETCS €r0  BEPTUKAJIBbHOW KOMIIOHEHTOM,
BOCCTAHABJIMBAETCA 3HAYEHNE BEPTUKATIbHOW KOMIIOHEHTHI aHOMAJIbHOTO TEOMarHMTHOTO TTOJIS, ¥
C TIIOMOIIBK) HCKYCCTBEHHBIX HEHWPOHHBIX CETEH BOCCTAHABIMBAIOTCA TOPU3OHTAIBHBIE
KOMIIOHEHTHI T€OMarHuTHOro noJist. [IpuBenen npumep Takoro BOCCTAHOBJIEHUS IS OTIEIBHOTO
perMoHa Ha TEPPUTOPUM MOJYyOCTpoBa SIMan C MIaroM CEeTKUM 2 YIiIOBBIX MHUHYTHI, T.€. C
MPOCTPAHCTBEHHBIM Pa3pelICeHNEM MEHee 4 KM.
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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.

AdHuccajbHbIe IOTOKH AHTAPKTUYICCKUX IIPUTOHHBIX BOA B l"J'lyﬁOK]/IX KaHaJaX ATJaHTHKH

E. I'. Mopo3zos
HNucturyt okeanonoruu um I1. I1. [llupmosa PAH, Mocksa, Poccus

OTo 0030pHas Mpe3eHTalys, OCHOBAHHAs Ha PE3yJIbTaTax MOJEBBIX HCCICIOBAaHHH aBTOpA B
abuccalabHBIX KaHAIAX ATIAHTHKH. AHTapKTH4eckue npumoHHble Boabl (AllJIB), pacnpocrpanstomuecs
B ATJIaHTUKE OT MOps Y3jJeiia Ha ceBep, nocturaroT mupoTsl EBponsl. AABB dopmupyercs B mope
VYoanaenna, Korja XOJOJHbIE W IUIOTHBIE BOJBI aHTAPKTUYECKOTO CKIIOHA M aHTAPKTHYECKOTO miesb(a
OITYCKAaIOTCS BJIOJIb KOHTUHEHTAJIBHOIO CKJIOHA M CMEIIUBAIOTCS ¢ HUPKYMITOJIIPHBIMU BolaMu. TedeHue
B ATiaHThuke (QopMHpyeTcs TOoJ JeiicTBHEeM pa3HOCTH TiyOuH Ha BepxHel rpanmmne AABW. Tommuaa
3TOTO0 TPUIOHHOTO CJOS BOJBI YMEHBIAeTCAd B IMpOIEccCe paclpocTpaHeHus. B To ke Bpems
noreHuuanbHas temneparypa AABW yBenuunBaeTcs u3-3a CMEIIMBAHMS C BBIIICIEKAIIMMHA BOJAMH.
JouHbIe Oapbepsl Ha IMyTH pacrpoctpaHeHus AABB mpensTcTBylOT manpHeWmeMy pacripoCTpaHEHUIO
HanOoJiee TUIOTHBIX XOJOAHBIX BOJA. W3 Mopst VYaguenna aHTapKTHYECKHUE MPUIOHHBIE BOJBI
pacripocTpaHsoTcs yepe3 npoxoasl B xpeore IOxuas Ckorus B Mope Ckotus. OCHOBHOH IyTh JICKHUT
uepe3 Opxkneiickuil nmpoxon. U3 mops lotnangun AABB Teder B ApreHTHHCKYHO0 KOTJIOBHHY. 3aTe€M
OCHOBHBIM KaHaJIOM JUIsI pacHpoCTpaHeHHs] Ha ceBep cTaHOBUTcS kaHan Bewa. Ilocne memienHoro
IBIKeHUs B bpa3unbsckom Oacceline MOTOK pa3jiensercs Ha aBa TedeHus. OauH HanpaBieH B Boctounyro
ATIaHTHKY 4Yepe3 3KBaTOpPHAIbHBIC 30HBI pa3oMoB Pomanmr u Yait. [[pyroe TeueHne TeyeT Ha CeBEpO-
3amnaj yepe3 DKBaTOPHAIBHBIN KaHaJl, a 3aTEM CHOBA pasjensercd Ha ABa. OMH MOTOK MPOXOIUT Yepe3
pazmombel CpeTMHHO-ATIIAHTHYECKOTO XpedTa m 3amosHseTr Tiybokme Oaccelinbl Ceepo-BocTounoit
Atnantuku. OCHOBHOU IyTh Yepe3 CpeMHHO-ATIAHTHYECKHI XpeOeT MPOXOAUT Yepe3 30Hy Pa3ioMOB
Bema. Ot10 Teuenue yepe3 CpeauHHO-ATIaHTHUECKUI XpebeT 3amonHseT riybokue Oacceitnbl CeBepo-
BocTtounoii Atnantuku. J{pyroe TeueHue noBopauyMBaeT Ha CeBepo-3amaj U TeUeT yepe3 KaHai Bunans B
CeBepoaMepHKaHCKYI0 KOTIOBMHY u BmaguHy Ilyspro-Puko. /[IBa Teuenuss uepe3 CpennHHO-
ATnanTryeckuil Xpebet (uepe3 pa3noMHyto 30Hy Bema u pasnomHuyro 300y Pomanin) gocturaror paspsiBa
Keiin B BocrouHoii ATianTHike. 3/1eCh TEUYECHHUE IOIEPEMEHHO TeueT Ju00 Ha ceBep, JubOO Ha 10T C
neproaoM B nonroja. MccnemoBanue BeImonHEeHO Mpy noaaepxke Poccuiickoro HayyHoro poHza, TpaHT
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.

MuoronapamMerpuuyeckue oOpaTHbie 3a1a41 MHOTOBOJIHOBOM ceiicMopa3BeaKkn

B. A. Yesepna
Huctutyt maremaruku uM. C. JI. Co6oneBa CO PAH, HoBocubupck, Poccus

CeiicMr4eCKUi MOHUTOPUHT MECTOPOXKIAEHUS YTIIEBOJOPOAOB B IIPOLIECCE IKCILTyaTalluu
OTKpPBIBAE€T BO3MOKHOCTb KOHTPOJIS 32 M3MEHUYMBOCTBIO €r0 MEXaHHYECKUX XapaKTePUCTHK.
CoBpeMeHHBIN yPOBEHb Pa3BUTHS TEXHOJIOTUN CEHCMUYECKUX UCCIIEI0OBAaHUI BIIOJIHE IIO3BOJISIET
o0ecrieunTh HEOOXOIUMYI0 TOYHOCTh TIOBTOPSIEMOCTH OSKCIEPUMEHTOB U PETUCTPALUU
MHOTOKOMIIOHEHTHBIX JIAHHBIX, KaK JIJIsl HA3€MHBIX, TaK U JJIsl CKBOKUHHBIX CHCTEM HaOJIIOICHUS.
CkBaXMHHbBIE CUCTEMBbl HAOIIOACHUS UMEIOT Psi/i MPEUMYIIECTB 110 CPABHEHHUIO C HAa3eMHBIMU,
HarpuMep, BO3MOXKHOCTh KECTKOM (hUKCAlMM TMOJOXKEHHUS HMCTOYHHUKOB M IMPUEMHHUKOB U
CYLIECTBEHHO MEHBIIUN ypoBeHb InyMa. Kpome TOro, BO3MOXXHOCTh pa3MEIICHHs Kak
UCTOYHUKOB, TaK U NPUEMHHMKOB HA YPOBHE IIEJEBOrO TOPHU30HTA (IPOAYKTHBHOIO IIACTA)
CHU)KAET BIIMSHUE HEOJHOPOJHOCTEH B MPUIOBEPXHOCTHOM YacTU pa3pe3a U yMEHbIIAET MYyTh
BoNMHBL. HemoctarkoM Takol cucTeMbl HaOMIOACHUS SBISIETCS HEOONbIIOE KOJUYECTBO
MCTOYHUKOB U MPUEMHHKOB, pa3MELIaeMbIX B CKBaXXMHaX. [lepBocTeneHHOE 3HaUE€HUE TIPU 3TOM
nproOpeTaeT OLIEHKa pa3pelIalonieil ClIoCOOHOCTH TaKMX CHUCTEM HAOJIIOJCHHUS M OXKHJIAeMOIo
KayecTBa MOJIy4YaeMbIX pPEe3yJbTaTOB IPH Pa3yMHBIX OTpaHMUYEHUSX YPOBHA NHoMex. B aTom
UCCIIEIOBAHUM MBI PAaCCMaTPUBAEM METO/]I TIOJHOTO OOpAaIleHUs] BOJHOBOTO IMOJIS JJISi PELICHUs
MHOTrOMapaMeTpUyecKoil o0paTHOH 3aaun MPUMEHUTEIBHO K BA3KOYNPYTOM HEOJHOPOIHOMN
CpeZie M aHAIM3UPYEM €r0 Pa3pelIaroyio cliocoOHOCTh. 1 onucanus npouecca GOpMUPOBAHUS
U PAcCIpOCTPaHEHMs] CECMUYECKUX BOJIH MBI UCIIOJIb3yEM YpaBHEHHUS YNPYTHUX BOJIH B paMKax
000011eHHOI MOJeNN cTaHgapTHOro nuHeiHoro TBepaoro tena (GSLS). Takas mocraHoBKa
MPUBOAMUT K OOpaTHOM 3a/1a4ue ISl CKOPOCTH PACTIPOCTpaHeHHs P- 1 S-BOJIH M COOTBETCTBYIOIINX
no0poTHOCTEH. MBI BOCCTaHAaBIMBAeM IapaMeTphl BS3KOYNPYrod cpeibl MyTeM OOpalleHus
MIOJIHOTO BOJIHOBOTO TOJISl HA CHCTEME MHOTOKPATHOT'O MEPEKPBITHUS, OMUPAsiCh Ha pa3paboTaHHBIN
HaMH pPaHEE METOJ[ YCEUEHUs CUHIYJSIPHOTO pasiiokeHus. bmarogapHoctu. MccnenoBanue
nojiep>kaHo mpoektoM Poccuiickoro HayaHoro ¢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.

3JI€KTp0MaI‘HI/ITHI)Iﬁ OTKJIMK OKOJIO3€MHOI'0 MMPOCTPAHCTBA HA I'PO3bI U NIPOMBIIIVIEHHY IO
AKTHUBHOCTD

B. A. [Tununenko
I'eopusnueckmii nentp PAH, Mocksa, Poccus

[Ina3meHHOEe OKpykeHHE 3eMild UIpaer posib CBOEOOpa3HOro  “kameproHa”,
pearupyomero Ha HPUPOAHbIE M TEXHOreHHble Bo3MylleHHA. OcobeHHO 3¢ (PeKTUBHO
AIIEKTPOMArHUTHOE B3aMMOJICHCTBHE MEXIY aTMOoc(hepoii u BepXHel HOHOC(EPO IPOSBIIETCS B
YaCTOTHOM JlMana3oHe HOHOC(EpHOro aabBEeHOBCKOro pesoHaropa (MAP) npu Bo3aelcTBIM Kak
"cHu3y", Tak u "cBepxy". [lo JaHHBIM HU3KOOPOUTAIBHBIX CIIyTHUKOB paccMOTpeH OTKINK AP
Ha pa3JInyHble MarHUTOC(epHble U aTMOC(EpHbIe BO3ACHCTBUA. AHAIN3 3JIEKTPOMArHUTHBIX
YHY mymoB u Bapuauuii mapaMeTpoB IUIa3Mbl HaJ TalW(yHamMH BBISIBUII TOSIBICHUE
«T€OMarHuTHOU psiOm». i MHTepIpeTaluy SKCIePUMEHTAIbHBIX PE3yIbTaTOB pa3paboTaH psil
HOBBIX YHCJICHHBIX MOjJeNed B3auMoOACHCTBUA atMochepsl u wuoHOcheprl. Paccuntano
pacripoctpanenre Y HH ummynbcoB oT aTMOC(HEpHOTo rpo30BOTro pa3psijia B BEpXHIOI HOHOChEpY
3emnu. CMOZIEIMPOBAaHO MPOCAYMBAHUE B BEPXHIOW HOHOC(epy mnpombinuieHHbIX 50/60 T'iy
n3iydyeHuil. OCHOBHBIE MPOLIECCHI UMITYJIBCHOTO 3JIEKTPOMAarHUTHOIO B3aWMOAEHUCTBHS MEXIY
reopu3nNUYecKUMU 000JOUKaMH, BO3JIEUCTBHE aTMOC(EPHBIX IMPOIECCOB HA OKOJIO3EMHOE
IIPOCTPAHCTBO, M  AHTPONOIEHHOE  JJIEKTPOMAarHUTHOE  <«3arpsi3HEHUE»  OKOJIO3EMHOIO
IIPOCTPAHCTBA CTAHOBSTCA Oosiee MOHATHRIMU. PaboTa moanepxana rpantom PH® 22-17-00125.

108



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*?2, A. Gusev?34

! 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 CeBepHoOil ATIIAHTHKH € LeJIbI0 IOMCKA MeCTa NaJeHus JaliHepa
A330 (peiic AB 447 Puo ae Kaneiipo — [lapu:x, 01.06.2009) mytem pacuyera 00paTHBIX TPaeKTOPHIi
00HApYKEeHHBbIX TeJl

H. A. Tuanckuii*?®, A. B. I'ycep>%*

1 MockoBcKkuii rocyIapcTBeHHbIH yHIBepcHTeT MM. M. B. JlomoHocoBa, Mocksa, Poccus
2TocynapcTBeHHbIH okeaHorpaduueckuil uacturyt um. H. H. 3y6osa, Mocksa, Poccus
3 MucTtutyT BoluucnuTenbHoi MaTeMaruky uM. I'. M. Mapuyka PAH, Mocksa, Poccus

4 Mucruryt okeanonoruu um. I1. T1. Illupmosa PAH, Mocksa, Poccus

Juia ueneil uccrnempoBaHusl UCTOIb30Banach Bepcus curma-moneian INMOM (Institute of Numerical
Mathematics Ocean Model), peannzoBannas s akBatopun CesepHoit ATmantuku (CA) ot 10°S mo 78°N ¢
BBICOKUM TpocTpaHcTBeHHBIM pazpemenneM 0.16°x0.08° mo pmonrore u muUpOTE, MO3BOISIONIIM
BOCTIPOM3BOJUTh BHUXPEBYIO MHUHAMHKY OKeaHa. 3agaBaiuch 31 curMa ypoBHS IO INIyOHMHE, IO3BOJISIOIIUE
ONHCHIBATh BEPXHUU clO ¢ paspemeHueM 1.75 M Ha rioyOuHe 3.5 kM. Ha uakux OOKOBBIX TpaHMIIAX
3aJaBalliICh CpeIHEMECSYHBIC NaHHBIC HAONIONEHWH IO TEMIIepaType M COJNIEHOCTH MJs pacyera 3/1ech
reocTpopHUECKUX CKOPOCTEil BTOKa U BBITOKA. ATMOc(hepHOoe Bo3/ieiicTBIE Opanoch u3 6-TH YaCOBBIX JaHHBIX
CORE (Common Ocean-ice Reference Experiments), crenuasbHO NpeAHA3HAYEHHBIX JJIsI ABTOHOMHBIX
pacuétoB Mmozeneil okeana. Ilokazano, uro INMOM xopoio BOCHPOM3BOOUT BHUXPEBYIO CTPYKTYpPY
mupkysimuu CA, BKIIouast MeaHIpupoBanue ['ons(cTprmMa 1 00pa3oBaHUs €T0 PUHTOB, a TAKXKE CIOXKHYIO
CUCTEMY DOKBATOPUAIBHBIX TEYEHUH M NpOoTHBOTeueHUM. Pesynprarel BocmpousseneHus INMOM
MIPUITOBEPXHOCTHON HUPKYIAK CA HCHOJIB30BAIUCh IS ONpeAeIeHns MecTa najaeHus apuanaiinepa A330
peiica Air France 447 Puo-ne-Xaneiipo — Ilapmwk 01.06.2009, myreM oOpaTHOTO pacueTa TpacKTOPHH,
HaWJICHHBIX B palioHe KPYLICHHS OKOJIO TocjenHero wu3BecTHoro mnojoxenust A330 (LKP) (2°58.8'N,
30°35.4'W). IlpenBapurensHo OblLIa MpoBeneHa BepU(HUKAIMS BOCHPOU3BEICHUS CIOXKHOW CTPYKTYPHI MPH
9KBaTOPHAITEHOU IUPKYISALUH, TyTEeM CPaBHEHHS MOACITBHBIX H U3BECTHBIX PEabHBIX TPACKTOPHHA Apr(TEpOB
pazmuanoro tuna u 0yeB ARGO, kotopas mokazana, uro naHHas Bepcusi INMOM uX JOBOJBHO XOPOIIO
BOCITPOM3BOJIUT, HO TOIBKO ceBepHee 4°N. KOxHee 3Toli rpaHUIIbl MOIETbHBIE TPAEKTOPHUH OTKIIOHSIOTCS BJIEBO.
[Tyrem BBeICHUS KOPPEKIMU Ha TO OTKJIOHEHUE OBLIO BBHIYHCICHA 00JIACTH MPUMEPHOTO IOJIOXKCHUS MECTa
nagenuss A330. Kak okazamoch, oHa BKJIIOYana B ce0s MECTO peajbHOTO TaJeHUs aBUallaiiHepa, TMO3THEe
HaiiienHoro 04.04.2011 Ha rryOune ~3.5 kM B mouckoBoM peiice HUC «Anycuay, npuHamiexamero Woods
Hole Oceanographic Institution (WHOI). I1pu aTom paccunranroe ¢ momorsio INMOM monoxeHne 0ka3aaoch
MHOT'0 TOYHEE, II0 CPABHEHHIO C PACCUUTAHHBIM 10 IPYTUM EBPOIECHCKIMHU U CEBEPOAMEPUKAHCKIMHU MOJIEIISIM.
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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.

CucremMHbIe HCCICAOBAHNSA TEKTOHNYECKHX NIPOLECCOB U I'€OIMHAMHYECKOe
MO/eJIMPOBaHME KJIIYEeBbIX CTPYKTYP Poccuiickoii ApKTHKH

B. A. Bepuuxkosckuii, A. E. BepaukoBckas
HoBocubupckuii rocyapcTBeHHbIH yHIBEepcuTeT, HoBocubupcek, Poccus
Huctutyt HedrerazoBoii reonoruu u reopusukun CO PAH, HoBocubupck, Poccust

['eonornveckoe CTpOSHUE TOTO WIIM MHOTO JINTOC(HEPHOTO CerMeHTa 3eMITH MPEICTABIISET
co00#l CIOXKHYIO CHUCTEMY, CPOPMHUPOBABIIYIOCS B TEUCHHH JUIUTEIHHOTO BPEMEHHU (COTHU
MIUIHOHOB JIET) B pe3yjibTaTe pEOpraHu3alMyd JUTOCHEPHBIX IUIMT IO/ BO3JIEHCTBHEM
[NIyOMHHBIX MPOLIECCOB B SApE M MAaHTHU. 3a/laya YUEHBIX-TE€OJIOTOB MOHATh, KaK U KOIJa 3TH
CTPYKTYPBI U CUCTEMBI CTPYKTYp OBUTH CPOPMHUPOBAHBI, YTO YPE3BBIUANHO BaXKHO JUTSI PEIICHUS
COBPEMEHHBIX TJI00aJIbHBIX MpoOieM. [y pemieHUs 3TOM 3aJaud M HOCTPOEHHUS TIeO0JIOoro-
reopu3NUeCcKO MOJENN HMHTEPECYIOIIEr0o HAc CErMeHTa JUTOC(hEepbl HEOOXOIUM KOMILIEKC
JMaHHbIX. B cBs3u ¢ TeM, yTo reojoro—reodusnueckas WHGoOpMaUs A KPYIMHBIX CErMEHTOB
auTocdeprl, Kak TpaBWIO, OBIBAET OYEHb PA3HOPOIHOW, TNe OONBIINE MAaCCHUBBI JAHHBIX
COYETAIOTCS ¢ €IMHUYHBIMU, HO OUY€Hb BaXKHBIMM JaHHBIMHU, HEOOXOAUM €€ ITyOOKUH HaydHBIN
aHaJIM3 ¥ KOppEKTHasi HHTepIIpeTaus. Ha mpumepe reooruaeckoro CTpoeHus! KOHTHHEHTATBLHON
OKpauHbl POCCUHCKOM APKTHKHM OYAYT paccMOTpeHBbl MpoOIeMbl HAYYHOTO aHaIM3a U Te0JIoro-
reopu3nIecKoit WMHTEpIpETann re0JIOTO-CTPYKTYPHBIX, T€OXPOHOJIOTHIECKHUX,
[aJICOHTOJIOTUYECKUX, TaJ€OMarHUTHBIX M JPYTUX MJAaHHBIX Ui pEIIeHHs COBPEMEHHBIX
r100aNbHBIX 33j]ad, TAKUX KaK Te€OJMHAMHUYECKHE PEKOHCTPYKIMHA KOHTHHEHTAJIBHBIX IUIUT U
TEKTOHO-TEPMaJIbHOE MOJICIMPOBAHUE KIIOUEBBIX OPOTEHHBIX CTPYKTyp. MccnenoBanue
BBIIIOJIHEHO pu (uHaHCOBOM MOJJIEPIKKE Poccuiickoro Hay4HOI'O donna:
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.

KoMmniekce 1151 BbICOKOTOYHBIX usMepe}mifl mapamMeTpoB rpaBUTAllMOHHOI'O ITOJISA 3emun

M. M. Myp3abekos, /. C. bobpos, P. A. JlaBnaros, B. I1. Jlonatun
BHUN®TPU, Conuneunoropck, Poccust

PaccmaTpuBaeTcs rpaBUMETPUYECKHII KOMILUIEKC, BKIIIOUYAIONIUN pPa3pabOTaHHBIA BO
OI'VII "BHUUDTPU" actpoHOMHYECKMI U3MEPHUTENb YKIOHEHHUS OTBECHOM JIMHUM U
BBICOKOTOUYHBIM OTHOCUTENBHBIN I'paBUMETp. BhIMoIHEHNE COBMECTHBIX IJIOUIAHBIX U3MEPEHUN
C HMCIIOJIb30BAaHUEM IIPEAIAraeMOro KOMILIEKCa MIO3BOJIET ONPEAEIATh CAEAYIOLUE TapaMeTPhbI
CPAaBUTALMOHHOIO TOJIA 3€MJIM: YCKOPEHHE CHJIBI TSKECTH U AHOMAJIHUU CHJIbI TSDKECTH,
COCTaBJISIIOLIME U IOJHOE 3HAYEHHE YKJIOHEHHS OTBECHOW JMHHUM, COCTABISAIOLINE YCKOPEHHS
CHWJIBI TSIKECTH, MPEBBILICHHUS BHICOT KBa3UT€OU1a U TOPU30HTAIBHBIE COCTABIISIONINE TPaIueHTa
AQHOMAJILHOTO TMOTEeHIMana. V3MepeHus STUX MapaMeTpoB TPaBUTALMOHHOIO MOJA 3eMiin
BOCTpeOOBaHbI TpPH TOMCKE M pa3BEIKe MECTOPOXKIEHHH IOJIE3HBIX MCKONMAeMbIX, TOIO-
reojie3uyeckoM oOecredyeHun TeppuTopuu Poccuu, co31aHMM UM COBEPIIEHCTBOBAHUU
['ocynapcTBeHHOM TIeOLEHTPUUECKOM CHUCTEMbl KOOPAHMHAT, CO3JaHUU IOJIMIOHOB KaIUOPOBKHU
MEPCIEKTUBHBIX KOCMHYECKUX Teone3ndeckux wmuccuid tHna «l'eo-UK», paspaboTke
NEPCIEKTUBHBIX KOMIUIEKCHBIX CHCTEM HABUTALMM 10 T'PAaBUTALMOHHOMY IOJIIO 3€MJIM U Jp.
Kommuiekc siBnsieTcs: nmepe®a3vpyeMbIM U MO3BOJISIET M3MEPATH MapamMeTpbl I'PaBUTALMOHHOTO
noJs 3eMJIu B €AMHUYHOM TOUKe 3a BpeMs He O6onee 1 yaca. B pabore npeacraBieHsl pe3yiabTaThl
M3MEpEHMH BhIlLIEyKa3aHHBIX MTapaMETPOB IPaBUTALIMOHHOTO MOJs 3eMJIM Ha IPUMEpe MOJUTOHa
Ha TeppUTOpUHU MOCKOBCKOI 001acTH.

111



POSTER PRESENTATIONS

IHOCTEPHBDBIE 1OKJIA/1bI



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.

Cl'lyTHPIKOBbIe HCCJICA0OBAHUA AaHTPOMOT€HHBIX IIEHOYHBIX 38Fpﬂ3HEHHﬁ ABaYHHCKOIO0 3a/IMBa

B.T. bounyp, B. B. 3ammmn, O. H. UsepTtkoBa, B. H. Uepuukosa
HUN «<ADPOKOCMOC», Mocksa, Poccus

[IpubpexHbIe akBaTOpUHU Y IOTyoCcTpoBa KamuaTka, B TOM ducie B paiioHe ABaYHHCKOTO 3aJIMBa,
MOJIBEPTaloTCs AaHTPONOTEHHBIMU BO3AEWCTBUSAMH, CBS3aHHBIMH, IPEXKIE BCEro, C HHTECHCUBHBIM
CYJOXOACTBOM, 4TO OOyCIaBIMBAECT PHUCKU YXYALICHUS COCTOSHHS MOPCKHX 3KOCHCTEM peruosHa. B
HACTOSIIIEH paboTe pa3BUBAETCS MOAXOA K PETHUCTPALMH U KOJIMYECTBEHHOMY aHaJIM3Y MPOCTPAHCTBEHHO-
BPEMEHHOM JMHAMUKHU MIEHOYHBIX 3aTrPsI3HEHUI aHTPOIIOT€HHOTO MPOUCXOXKACHNUS, BEI3BAHHBIX, MPEXKIE
BCETO, MHTCHCUBHBIM CYJOXOJICTBOM, OCHOBaHHBI Ha 00pabOTKE JUIMTEIbHBIX BPEMEHHBIX PSJIIOB
CIyTHUKOBBIX PaJUOJIOKAMOHHBIX JAHHbIX, ITOJYYCHHBIX NIPY MOHHTOPHHIE AKBATOPHU ABadHMHCKOTO
sammBa iomaaeio ~10 teic. kM% [lpemaraemplii MOAXOJ K aHAIM3y NPOCTPAHCTBEHHO-BPEMEHHOM
JUHAMHKHU TUIEHOYHBIX 3arpsS3HEHUH aHTPOIOI€HHOTO MPOHUCXOXKACHHSA (AHTPOMOTEHHBIX TUIEHOYHBIX
3arpssHeHN — AlI3) ocHOBaH Ha BBIYMCICHHUHU U MOCIEAYIOIIEM aHaJIH3€ BPEMEHHOTO Psia €XeroAaHbIX
NPOCTPAHCTBEHHBIX pacnpeneneHuid BennunHbl dAIL3, yciioBHO Ha3BaHHON «IIOJBEPXKEHHOCTHION K All3,
KOTOpasl OHpenesieTcs Uisl KaXAOW sSUYEHKH PEryssipHOM IIPOCTPAHCTBEHHOM CETKM KaK OTHOLICHME
CyMMapHOH IUIoIIaax 3aperucTpupoBaHHbix All3 k cyMMapHOI Miiomaayu BHIIOIHEHHBIX HAOIIOAECHHH B
3TON sYEeHKe TPU JOMMYCTHMBIX CKOPOCTSAX Berpa (2 M/c < v < 9 m/c). Ha ocHoBanumu oOpabotku 1134
CIYTHHKOBBIX PaJHOJIOKAIIMOHHBIX clieH (Sentinel-1) B mpenmenax akBaTopuu ABAuWHCKOTO 3aliiBa B
2014-2023 rr. obuto BhIsiBICHO 318 AII3. CymmapHas 1uiomaas 3apeructpupoBanubix All3 cocraBuia
332 kMm% (~3% oT mIomamu akBaropun). Cpennee 3HaueHue mnoasepxkeHHocTH dAII3 cocraBmio
npubnu3uTenbHo 93 ppm  (MWIIMOHHBIX —[JOJE€H), YTO CBUJAETENBCTBYET O BBICOKOM YPOBHE
AHTPOTIOTeHHBIX IIEHOYHBIX 3arpsA3HEHUH (COMOCTaBUMO C ydacTKaMu UEpPHOro MOps ¢ WHTEHCHBHBIM
CYJOXOACTBOM, Ul KOTOpBIX paHee Obwio ompexaeneHo dAII3 ~130 ppm). HaOmromaercs mMexronoBoi
MOJIOKUTENBHBIN TPEH, YKa3bIBAIOUIUM Ha TO, 4TO 32 10 JIeT moABEpKEHHOCTh aKBaTOPUI ABaYMHCKOIO
saymBa All3 Bo3pocna B ~3 paza. AHaiM3 MpOCTpaHCTBEHHOTO pactupenenceaus All3 U KapT IIOTHOCTH
CyJIOXOJICTBA CBHUJETEIHCTBYET O TOM, UYTO OHO SBJIIETCS OCHOBHBIM HMCTOYHHUKOM OOpa30BaHUS
AHTPOIIOTEHHBIX IUIEHOYHBIX 3arps3HeHUil B ABauMHCKOM 3ayiuBe. HanOonee 3arps3HEHHBIH y4acTOK
aKBaTOPHH pacrojiaraercs B npexaenax 6yxt Moxosas n 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 um 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.

3aBuCHMOCTD pocTa Kamnejab 00J1aKOB OT HX pasMepa 1 HAJIHYHUSA JICKTPUIECCKOT0 IMOJIsA

J. H. I'aObImeB
I'eouznuecknmii nentp PAH, Mocksa, Poccus

[IpuponHble BoJHBIE a3pO30JM, TaKUE Kak oOJaka M TyMaH, UTPaloT KIOYEBYIO poOjb B
TEIJIOMaccOOOMeHe 3eMHOM aTMocQepbl, CrilaXuBasi TeMiepaTypHble kKosnebanus. O0pa3oBanue
ATHUX a’p030JieH B I[EIOM XOPOIIO MU3YyYEeHO, HO JeTajH Mpoliecca Ha MUKPOYPOBHE OCTAOTCS HE
BITOJIHE SICHBIMU U IIPOJOJDKAOT MPEACTABIATH O0NbILION HHTEpeC it ucciaenoBaTeneid. OObIYHO
KaIUTM B aTMoc(epe BO3HUKAIOT B pe3yJbTaTe reTepOreHHON HyKJIealul Ha pax KOHJIEHCALuU
36MHOTO W BHE3EMHOTO MPOHMCXOXACHUsS. Temreparypa, BIaXHOCTh, XHMUYECKHE TMPUMECH U
KOHIIEHTpALUs s/1ep KOHACHCAIIMH BIUSIOT HA MHTEHCUBHOCTh POCTa Karellb U, COOTBETCTBEHHO,
oOpa3oBaHue ocankoB. KOH/IEHCAIIMOHHBIN MEXaHM3M SIBISIETCS OIPEAEISIOUIUM ISl Kareib
pamuycoM 110 15-20 MKM, mocie 4ero npeobsagaeT KoaryasHOHHBIH MeXaHu3M. THUIUYHBIE
KaIlJIi TyMaHa panycoM 3-5 MKM 1 4yTh 00Jiee KPYIHbIE KAl 00JaKoB pacTyT WM UCTIAPSIOTCS
B COOTBETCTBUU C TaK Ha3bIBAEMBIM 3aKOHOM «0-KBajpar», COrJIACHO KOTOPOMY ILIOMIANIb
MOBEPXHOCTH (KBaJpaT JHMAMETPa) MPH MMOCTOSHHON BIAXXHOCTH MEHSETCS JTMHEHHO OT BPEMEHHU.
OpHako 3TOT 3aKOH HE NPUMEHHMM JUIsl Kameslb pa3MepoM MeHblle 1 MKM HM3-32 W3MEHEHMs
dpPEKTUBHON BIOKHOCTH HAJX WCKPUBIEHHOW MMOBEPXHOCTHIO KAaIId M TPOSBICHUS
KUHETHYECKOTO TPAHCIOPTHOTO pexuma Moiyiekyl. Kpome Toro, pasaenéHHble 3apsiipl Ha
KpOMKaX Ky4eBOro o0Jiaka co37atoT CUIbHOE 3JIEKTPUUECKOE 1oJie Hanps>KEHHOCThIO ~ 1 kB / cMm.
Ecnu nepsblit hakTop 3aTpyHSET pOCT Kamelb, TO BTOPOH, HAIIPOTHB, CIIOCOOCTBYET UX pocTy. B
CBA3M C 3TUM HMHTEPECHO OINpEAENUTh CTENEeHb KOMIEHcAaluu (aKTOpOB M HaIpaBliEeHUE
CMEIIEHHUs PABHOBECHS — B CTOPOHY CHEP)KMBAHHS WM BCE K€ YCKOpPeHMs pocTa. B manHOM
UCCIICIOBAaHUM TIpeJIaraeTcs y4ecTb 00a 3TUX (akTopa B YHCICHHO-aHAJIUTHUECKOM pacueTe.
HccnenoBanue BhINOJIHEHO pU nojiepskke mpoekta PH® Ne21-77-30010.
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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.

HeueTkue CIHICKTPbI BPEMEHHBIX PA10B

C. M. Arasu®, I1I. P. Boroyrnuunos?, JI. A. Kamaes?
1 Teopusmaeckuii nentp PAH, Mocksa, Poccus
2 HayuHo-npousBoicTBeHHOE 00beaunenue Taiidyn, O6HuHCK, Poccus

OnHO W3 HanpaBlIEeHUWH pPa3BUTHSI JTUCKPETHBIX METOJOB aHAJIW3a JAHHBIX M JUCKPETHOW MaTeMaTHKH B
[EIOM CBSI3aHO C MOJCIUPOBAaHWEM yMEHHUS HccienoBareiss paboTaTe ¢ JaHHBIMHA. Hamu ycunms B 3TOM
HaIpaBJIEHUU 10 aHAIM3Y JaHHBIX IMYTEM «AJITOPUTMM3ALMM HCCIIEN0BATENs» MPUBENIU K CO3JaHuI0 J{MCKpeTHOro
Martematnueckoro Ananuza (JJIMA) — HOBOTo Moaxo/ia K aHAJIM3Y JaHHBIX, OPUEHTUPOBAHHOTO HA MCCIIEAOBATENS U
3aHMMAIOIEr0 MPOMEXYTOYHOE TIOJO0XKEHHE MEXAY JKeCTKUMHM MaTeMAaTHUYeCKUMH METOJaMH M MATKHMHU
MHTENNeKTyanbHbIMe. [lokman nocesimen [IMA-uccnenoBannio 3anuceil (BpeMEHHBIX PsIIOB), B OCHOBE KOTOPOTO
NEXHT JIoruKa uccnenosarenst (JIN), ananuzupyromero 3anucu. HamoMHuM e€: ncciaenoBaTeNb CKOIb3UT 10 3aIUCH,
OLIEHMBAsl YMCJIAMH aKTUBHOCTh OJIMHAKOBBIX, HEOOJBLIMX (JIOKAJbHBIX), 10 €r0 MHEHHIO, (parMeHToB e€. DTu
OLIEHKH OH TPHCBaMBAaeT LEHTPaM (GparMeHTOB. Tak OT UCXOAHOW 3allMCH MCCIIEO0BATENb NEPEXOAUT K (QYHKIUH,
KOTOpasi M €CTh BHINPSIMIICHHE 3alHCH, TOCKOJIBKY OoJiee aKTUBHBIM Ha HEW TOYKAM COOTBETCTBYIOT OOIBIIIHE
3Ha4YeHUs 3ToH QyHkrm. @opmanu3anus JJOTUKA HHTEPIIPETaTopa crana riaBHoi B JIMA-UccIeIOBaHAAX 3amuceit
Ha TICpPBOM 3Tare: co3aHHbIe B 3T0 Bpems anroputMbl DRAS 1 FCARS ocraBnsum 3a uiccnemoBareineM cBOOOIy B
TPaKTOBKE aHOMaJMH, yMENu HUX MPABUIBHO COEAMHATH, OCTOMHO KOHKYPHUPOBAJIM B IOMCKE aHOMAIHMM C
KJIACCHYECKHMHU allTOPUTMAMH CIIEKTPAIbHOTO aHali3a W WMENH piIx 3(QQEeKTHBHBIX, TIABHBIM 00pazoM,
reo(pu3nIecKuX TpHIokeHMH. Ha BTOpOM 3Tame OBUT OCYIIECTBIICH MEPEeXOJ OT BBIMPSIMICHHS 3allCH K Mepe
BeImpsmieHus 3anucu. CorsacHo JIM, BBIIpAMIIEHHE 3alIHUCH €CTh KOJIMYECTBEHHOE BBIPAXKEHHE WHTEPECYIOIIEro
WCCIIeIoBaTeNsl CBOWCTBA. BEIMpsMIICHWE CIYXKUT OCHOBAaHMEM Ui KAadeCTBEHHOTO BBIPAKEHHS CBONCTBA.
HazpiBaeTcs 0HO MepOil BEITIPSAMIICHHSI, SIBJISIETCSI HEUETKON CTPYKTYpo# Ha obnacTu onpeaenenus 3amucu (O03) u
HEUYETKO XapaKTePU3yeT B KaXKIOM y3JI€ 3aIFICH CTEIIEHb BBIPAKEHUS (NPOSIBICHNUS) HHTEPECYIOMIET0 UCCIIEI0BATENS
cBoiicTBa. Ilepexon OT BBEIIPAMIICHHI K MX MepaM pelIaeT mpobjieMy HECPaBHUMOCTH W SBISETCA CYIIHOCTHBIM
obocHoBaHMeM mepeBona IMA-uccnenoBanuii 3amuceil Ha 361k HM ¢ TOMOIIBIO TBOWHOTO TEPEX0Jia «3aIHCh» —
«BBITIPSIMIIEHUE» — «Mepa BeIpsiMieHus. JIMA-nccneioBaHue 3amiceil Ha epBhIX ABYX dTanax MpeICTaBIsieT co00i
nocJieioBatenbHoe yiydiienue Gopmanusanuu JIW. I'maBHyIo ponb Urpaer nccieoBaTelb CO CBOMM B3IUISIOM Ha
3alKCh, BKIIOYAIONINM KaK MHTEPECYIOIee ero CBOWCTBO, TaK M MacIiTad ero paccMOTpeHus Ha 3amucu. [loatomy
YUHUTHIBAIOIIEE 3TO 0OCTOSATEIHCTBO MOACIMPOBAHUE U €TI0 Pe3yiIbTaT HE0OX0ANMO UMEET OrPaHNYEHHBIH XapakTep.
Jloknaz nocBsIIeH TPETbEMY JTally, Ha KOTOPOM MbI CHUMAaeM 3TO OTPaHUYEHUE, N3ydasi B BUJI€ HEUETKHUX CIIEKTPOB
CBSI3b MKy CBOMCTBOM M 3aIMCHIO B pa3HBIX MaciTabax. Vxes pasHOMacIITaOHOCTH, IPUIIEAIIAst U3 BEHBIETOB U
(hpakxTaioB, AemaeT CBOIICTBO, a HE HCCIIEAOBATENS, TITABHBIM B aHAJIM3€E 3aIIFCH. JTO JIaeT BO3MOYKHOCTH ITOHATH CBS3b
MEXIy HUMH O0Jiee TIOTHO U OOBEKTHBHO.
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Magnetometry for searching archaeological, man-made objects and extraterrestrial matter

L. Muravyev!, V. Bezdudniy?
! nstitute 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.

MaFHI/ITOMeTpI/Iﬂ AJIA MOUCKA ApPXCO0JIOIr'H4€CKHUX, TEXHOI'CHHBIX 00HLEKTOB 1 BHE3EMHOI'0
BelIeCTBa

JI. A. MypaBLeBl, B.T. EGSﬂyHHBIﬁZ
! Yncturyr reopusuxu YpO PAH, Exatepun6ypr, Poccus
2 HNucturyt apxeonorun um. A.X. XanukoBa AH PT, Ka3ans, Poccus

O PexTUBHOCTh MPUMEHEHUS TIeo(PU3NUECKUX METOJO0B JUIsl PEHIeHHs] CTaHAApTHBIX
TEOJIOTUYECKMX W HHXKEHEPHBIX 3aJad HANpsAMYH OIpPEAEISAeTCS 4YYBCTBUTEIBHOCTBIO U
paspemaronieil CrocoOHOCThIO MPUMEHSEMON H3MEpHUTeNbHON ammaparypsl. OmHa U3 4acTo
BCTPEYAIOLIUXCS MPOOJIeM HH)KEHEPHOM TeO0(PHU3MKM — MOUCK JIOKAIBHBIX (heppOMarHUTHBIX
00BEKTOB, CKPBITBIX B YKpbIBarolux cpenax. Haubonee 3hpexTMBHBIM METOIOM OOHApYKEHUS
TaKUX TJIyOOKO3QJIEralolMX JKEJNE3HbIX TeJl sBiseTcss MarHuTomeTpus. CoBpeMeHHBbIE
OBEpPXay3epOBCKHE MarHUTOMETPbl 00Ja/Jal0T BBICOKOM UYBCTBUTENIBHOCTBIO, JOCTATOYHOU
I'PaMEHTOYCTOMUMBOCTBIO U HU3KUM 3HEPrornoTpeOiIeHrneM, YTO aKTyalbHO MPHU MPOBEICHUU
MOMCKOBBIX pabOT B YCIOBHUSIX aBTOHOMHOCTH. Bbicokasi cTaOuiabHOCTH pabodero BelecTBa
MO3BOJISIET JUIMTEIBHO COXPaHATh PAOOTOCIIOCOOHOCTh MPUOOpPA NMPH NPUMEHEHNUHU B PETHOHAX C
OKCTPEMAJIBHBIMU  TeMmmeparypaMu. HecoMHEHHOe  JOCTOMHCTBO  OBEpPXay3€pOBCKOTO
MarHMUTOMETPA IO CPAaBHEHUIO MAarHUTOMETPOM, MCIIOJIB3YIOIUM IPUHIIUII ONTHYECKON HAKauKU
— B aOCOJIIOTHOCTH H3MEpPEHHIl. DTO MNpeAoCTaBIseT BO3MOKHOCTb IPUMEHEHMSI METOJOB
KOJINYECTBEHHON MHTEPIPETALIUH MTOJTyYEHHBIX Pe3yIbTaTOB U Aa€T BO3MOKHOCTh 3P PHEKTUBHOTO
MCIIOJIb30BAaHUsI MarHUTOMETPOB NP BBIIOJIHEHUH CBEPXBHICOKOTOYHBIX MarHUTHBIX ChEMOK, B
YaCTHOCTH [UIi KapTUPOBAaHUS apXeoJOTHYecKuX O0OBekToB. YacTo mpH 3TOM Ha OJHOM
U3MEPUTENIbHOM MOJyJie (UKCHPYETCS HECKOJIBKO OJIMHAKOBBIX NaTUYMKOB, PACIIONIOXKEHHBIX 10
3aJJaHHOHM cXeMe M OJIHOBPEMEHHO PETUCTPUPYIOIIUX 3HAYSHNUs MarHUTHOTO 10Jis1. B coobmennn
npescTaBieH 0030p COBPEMEHHOTO OIBbITa HMCHOJIb30BAaHUS TI'PaJMEHTOMETPUUECKUX CHCTEM,
COCTAaBJIEHHBIX U3 OTEUECTBEHHBIX SIEPHO-IIPELIECCUOHHBIX JAaTUNKOB MarHuTomerpos POS nis
novcka (EeppoMarHUTHBIX OOBEKTOB, MMEIOIIUX TEXHONEHHOE a TakKke BHE3EMHOe
IIPOUCXOXKAEHUE W MarHUTOMETPUYECKOTO KapTUPOBAHUSA TEPPUTOPUI apXEO0JIOrMYECKHX
MaMSTHUKOB.

116



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.

Ananus IIMP puist yesieil 1pOrHO3MpoOBaHUs HE(PTEra30HOCHOCTH 00JILIINX TEPPUTOPUIi

U. YO. Yepnosa, /1. K. Hypranues, ®@. H. TI'apaes, O. B. Jlynepa
WucTtutyT reonoruu u HedTerazorsix TexHonorui, K(I)@Y, Kazans, Poccus

CrpykTypHO-TeoMOp(]osIornuecKkue MeTobl TPAIUILIMOHHO UCIIONIB3YIOTCA B HEPTAHON reonorun
IUIS TIOMCKA JIOKAJIbHBIX CTPYKTYP, EPCHEKTUBHBIX Ha HeTh u ra3. Hanbonee nHGOpMaTUBHBIM U3 HUX
sBisieTcss Mop(hOMETpUUeCKUid MeTosi aHanuza I1mdpoBeix Mojaened penbeda (IIMP). 3a cuer
WCTIOJIb30BaHMsI COBPEMEHHBIX ITUPPOBBIX TOMOrpapHUECKUX JaHHBIX U TeOMHPOPMAIMOHHBIX CHCTEM
('C) BO3MOKHOCTH MOP(HOMETPUIECKOTO METO/AA CYIIECTBEHHO PACIIUPSIOTCS, U METOJI MOXET OBITH
YCIIENIHO TIPUMEHEH W Ha PETHOHAIBHOM ypoBHE paboT. [lokazaHa peanuzamusi MOPPOMETPHUECKOTO
MeTosa ¢ momolnelo uHcTpymMeHntoB ['MC mis miomagu paboT, pacrofioKEHHOW Ha oro-3amaje
Cubupckoii 1atgopmbl, mepecekaromeil baikurckyro, Karanrckyio wu IIpucasHo-Enucerickyro
HedTerazoHocHble oOnacTy. [TokazaHa nHGOpPMaTHBHOCTE pa3HOCTH 0A3UCHBIX MOBEPXHOCTEH 6-TO U 7- 0
MOPSJIKOB: TDIOMIAAN U3BECTHBIX MECTOPOXKICHUHN MPEMMYIIECTBEHHO PACTIONOKEHBI B O0JIACTSIX HU3KHX
aMIUTUTYl HEOTEKTOHUYIECKUX ABKeHUH. OOHapyKeHHAask B3aMMOCBS3b OblIa MCIIOJIb30BaHA B KAUECTBE
NPOTHO3HOTO IpH3HAaKa. B kauecTBe MPOTHO3HOIO NpHU3HAKA TaKkKe ObUla HCIIOIb30BaHA B3aMMOCBSI3b
MaKpOTPEIIMHOBATOCTH  OCQJI0OYHOTO YeXja, BBIpaKEHHas dYepe3 IUIOTHOCTh JIMHEAMEHTOB, C
pacIoioKeHUEM HM3BECTHBIX MECTOPOXKJCHUH. bBbulo 0OHapykeHO, 4TO IUIOIAAM HW3BECTHBIX
MECTOPOKACHUI PACHOJIOKEHBl NPEHMYIIECTBEHHO B 00JacTAX HHU3KUX M CPEOHHUX 3HAYCHHUH
MaKpOTPEIIMHOBATOCTH, YTO MO3BOJIET paccMaTpuBaTh NAHHBIM MpPHU3HAK Kak (aKTOpP COXPaHHOCTH
3ajexeil. [[JI0THOCTh TMHEaMEeHTOB ObllIa pacCUMTaHa C TOMOIIBI0 aBTOMATH3UPOBAHHOTO JIMHEAMEHTHOTO
aHanu3a LIMP. OxoHuarenbpHO Ha OCHOBE 2-X IIPU3HAKOB ObLIA MOJy4YeHa KOMILJIEKCHAS TPOTHO3HAS KapTa.
B ocHoBe pacuera ¥ MOCTPOEHHsI KOMIUIEKCHOW MPOTHO3HOM KapThl JIGKHUT CTaTUCTHYECKas oOpabdoTka
pacTpoB MJIOTHOCTH JIMHEAMEHTOB M Pa3HOCTH Oa3UCHBIX MOBEpXHOCTEH. JIOCTOBEpHOCTH MOMYYEHHOU
KOMILJIEKCHOM TIPOTHO3HOW KapThl TOJTBEPXKIAETCS TEM, YTO KOHTYPBI W3BECTHBIX MECTOPOXKICHUN
OTIIMYHO BITUCHIBAIOTCA B 30HBI BEICOKOM HE()TEra30HOCHOCTH TEPPUTOPHH UcciienoBanus. Takum oOpazom
MPOJCMOHCTPUPOBaHa HMH(OPMATUBHOCTE M I(PQPEKTUBHOCTh MpEAjiaraeéMoro crocoda OIEHKH
He(Tera3onepcrneKTUBHOCTH  OOJBIIUX MAJIOM3YYEHHBIX TEPPUTOPHIA, OCHOBAHHOTO Ha OIICHKE
MHTEHCUBHOCTHU (haKTOPOB paspyLICHUs 3aeXel YyriieBOJOPOAOB 10 pe3yibraTtaM 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 1) 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
(MO) 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 Il, 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 BO3MOKHOT0 BOBHUKHOBEHUS 3eMJ'leTpﬂceH]rlﬁ B HEHTpaﬂbHO-ASHaTCKOM MOABUKHOM
nosice

A. . Topuixos, O. B. HoBukosa, A. U. JluBunckuii, M. A. Cemka
HHCTHTYT Teopun IpOTHO3a 3eMIIeTpSICEHUI U MaTeMaTndeckoi reomsnku PAH, Mocksa, Poccust

PaccmatpuBaercss emuHast ceiicMudeckass 3oHa HOxHoit Cubupu, pacroioxeHHas B IIpenenax
LleHTpanbHO-A3HATCKOTO TTOABIKHOTO Tosica. Llems paboThl — ONpeneniuTh MeCTa CHIBHBIX 3EMIICTPSICEHUH C
MIOMOIIBI0 METOZIOB pPAacIo3HaBaHUs 00pa3oB. MccienoBaHWEe OCHOBAHO Ha JAHHBIX MOPQOCTPYKTYPHOTO
paiioHMpOBaHUs, €AMHOOOPAa3HO MPOBEACHHOTO A Bce Tepputopuu. KpymHEHIIMMH TEKTOHMYECKUMH
JJIEMEHTaMH Tosica sIBIsIoTCsl Anraid, Casabl, baiikansckast pudroBas 30Ha, 001acTs 3ab6aliKaIbCKUX XpeOTOB,
CranoBoe Haropbe, CTaHOBOH XpebeT u ropHoe coopyxenne Cuxord-AnnHs. CelicMUuecKass akKTUBHOCTD B
npezenax nosica HeopHopoaHa. B permone Amnraii, Casasl u baiikanbckas pudToBast 30Ha mpousorio 20
cobOpiTiii ¢ M6+. K Boctoky or baiikambckux pudTOB celicMuueckas aKTHBHOCTh oOciiabeBaeT: 37eCh
3a(MKCUPOBAHO 1IeCTh COOBITHH ¢ MarHuTyIamMu 6.0 — 6.4. [To ypoBHIo celicMuaHocTH L{eHTpaibHO-A3HaTCKUH
MOJIBUKHBIH MOsIC OBLT pa3/ieNieH Ha 3amaiHyl0 U BOCTOUYHYIO YyacTh. K 3amagHoii (peruoH 1) oTHOCcsATCS AnTaii,
Casnbl u Baiikanbckas pudToBas 30Ha, a K BoctouHoi (peruon IlI) — obnacte 3abaiikanbCKux XpeOTOB,
CranoBoe Haropne, CtanoBoii xpeber um Cuxord>-AnuHb. 3agada paclio3HaBaHUs PEIICHA OTIACIHHO IS
Kaxxaoro peruoHa. B peruone I 3nauenne noporosoit marautynsl (M0) ObUTO IPUHATO PaBHBIM 6, a B pEroHe
Il — paBHBIM 5.5. 3ajada penieHa ¢ MOMOINIBIO aIropuTMa pacro3HaBaHus ¢ o0yueHueM «Kopa-3». OObeKThI
pacrio3HaBaHUs — Y3JBl MEPECeUCHHs] JTHHEAMEHTOB, ONMMCAHHBIC SIUHBIM HA0OpOM MOP(POMETPHUCCKHX M
I'paBUO-MarHUTHBIX apaMeTpoB. B pernone I u3 140 y31m08B 41 y3en oTHeceH K BBICOKOCEHUMHUHOMY Knaccy B,
rJie BO3MOXHBI COOBITHS ¢ M6+. PacriosHaHHbIE Y3761 B rpynmupyioTcst B OTAETBHBIX 00macTsax. ['pymnmna y3mos
B o0pasyeT BBICOKOCEHCMHUYHYIO 30HY Ha IOrO-BOCTOKE ANTas M BAOJb €ro rpaHul ¢ 3amaaHbiM CasHoM,
KoTioBHHOM bomnbimx o3ep u Monronsckum Anraem. Jlpyras rpymmna y3i10B B, pacnosioskeHa Ha THHEaMeHTe
1-ro panra, otmenstommM 3anaanblii © Boctounslii CasH or XpeOtoB Xanras. Taxke rpymma ysnoB B
pacroio’KeHa Ha F0’)KHOM rpaHuIle pernoHa B nmpenenax Monronnu. Ha baiikane B-y3ibl CKOHIIEHTpHPOBaHbI
Ha TpaHUlax IKHOM wyacth balikanbCKOM KOTJIOBMHBI. 30HAMH MEHBIIET0 CEHCMHUYECKOro MOTEHIHMajIa
OKa3aJIMCh 3al M ceB-3am AnTail, BHyTpeHHHe oOsactu 3amamgHoro CasHa, Boctounsni CasH W 3amajHoe
orpannyenue baiikansckoil Bnaauuel. B pernone II 30 u3 89 y31m0B oTHeceHBI K Kiaccy B, rie BO3MOKHBI
coObITHs ¢ M5.5+. BrrsiieHo 18 y310B B, rie 1o cux nop takue coOBITHS HE H3BECTHBI. B mpenenax perumona
II y3ne1 B HEe 00pa3yroT KiacTephl, a OXMHOYHO PACCESHBI MO IUIOMIAIM peruoHa. bomsmuHCTBO y310B B
cocpenoTouyeHsl B CraHoBOM XpeOTe 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 YIJIEPOAHOI0 0ajJaHca IKOCHMCTEM TEPPUTOPHH He(PTAHBIX MeCTOPOKIEHU I
Ha 0CHOBe cnyTHUKOBbIX 1 BBC nanHbIX

A. A. Kasepun u JI. B. Unbscos
IOropckuit 'ocynapcTBeHHBIN YHUBEpCUTET, XaHThHI-MaHcuiick, Poccus

HccnenoBanne OCBOCHHOCTH M YTIIEPOJHOTO OanaHca IKOCHUCTEM HE(PTSIHBIX MECTOPOXKICHHH C
HCIOJIb30BAHUEM  CIIYTHHKOBBIX U OECITUIOTHBIX JaHHBIX ABJSICTCA  aKTyaJlbHBIM, Y4YUTbIBasg, 4YTO
MECTOPOXKJICHUS 3aHMMaloT OOIMMpHYI0 4YacTh Tepputopun Poccuiickorn @Denepamun. (OcBoeHue
MECTOPOXKIEHUI OKa3bIBa€T 3HAYUTEJBHOE BIUSHUE Ha IKOCHCTEMBI, BKJIOYas HU3MEHEHHE YIJIEPOIHOTO
Oananca. JlaHHbBIE CO CITyTHHUKOB MCIIOJIB3YIOTCS ISl MOHUTOPHHIA 3KOCHCTEM, oOecrieunBas nHpopMarmeit o
3EMJICIIOJIL30BAHUHN, U3MCHCHUAX PACTUTCIIBHOCTU U KIIMMATUYCCKUX YCIIOBUAX. B TNoCJICAHEC BpEMs aKTUBHO
pa3BHBaeTCs OTpaciab OeCHIUIOTHBIX BO3MymHEIX cymoB (BBC), m mx naHHBIE BCe Yalle WHTETPHUPYIOTCS B
9KOJIOTHYECKUH MOHUTOPUHT (TpeXMepHOe KapTorpaupoBaHHE, MOHUTOPUHT KOHIEHTpAIMN MapHHUKOBBIX
ra3oB, OIICHKAa OMoMacchl U Apyroe). Vcronap3oBaHHE Pa3HOBPEMEHHBIX CITyTHHKOBBIX JAHHBIX, TAKHX Kak
cpeMka Sentinel-2, mpegocTaBiIsSIeT IEHHBIE BO3MOKHOCTH IS OIICHKH MecTopoxneHui. [Ipumepom sBisieTcs
pa3paboTKa TUMOJOTHH 3KOCUCTEM MECTOPOXKJICHHUS U OI[CHKA OCHOBHBIX THIIOB HapyIICHUI HAa TEPPUTOPUH.
MybTHCTIEKTpATIbHBIE H300PaXKEHHSI TOMOTAIOT WACHTU(HUIIMPOBATh YUACTKU ACTpaiallui, 30HBI 3aTrPsISHEHUS
U WHPPACTPYKTYPHBIC M3MEHECHHS, TAKHE KaK Pa3pbIBHI JIECHOTO MOKPOBA U CTPOHUTEIHCTBO OOBEKTOB. DTH
JlaHHbIE WHTETPUPYIOTCA JUIsl CO3/aHUS KOMIUIEKCHBIX KapT 3KOCHCTEM M MOHHUTOPHUHIA 3KOJOTHYECKUX
MocIeIcTBUH ocBoeHus: Mmectopoxkaeauii (Kasepun, 2022). Ucnonws3zoBanne bBC npu orieHKe MECTOPOXKICHUI
BKIIIOYAeT NpPUMEHEHHWE JHOAPHBIX MJaHHBIX JUII TOYHOTO W3MEPEHHsS Ham3eMHOH (uTOoMaccel
MYJbTHCIIEKTPAJIbHBIE, A TaKXe TeIJIOBble KaMepbl A MOHHUTOPUHTA THAPOJIOTMYECKHMX H3MEHEHUIL.
[Mpumepom sBisieTcst ucmonb3oBanue juaapoB Ha BBC st oneHkn ob6bema U pacrpenieneHnss OHoMacchl B
JIECHBIX DKOCUCTEMAX, YTO IOMOTACT ONPEAEIIATh 3anacsl yriepona (Unescos, 2023). Kpome Toro, perysipHbIit
MOHUTOpUHr ¢ BBC mno3BoNseT OnepaTUBHO BBIABIATH 30HBI OCYLICHMH U MOATOIUIEHWH, CO3[aBas KapTbl
W3MEHEHHI YPOBH:A BOAbI U COCTOAHUS MTOYBEI. KomriekcHBIN aHaIu3 ¢ UCIT0JIb30BaHUEM JaHHBIX CITYTHUKOB
u BBC mo3Bomsier co3marte Oosiee ETAIM3MPOBAHHYIO M TOYHYIO KapTHHY COCTOSIHHSI 3KOCHCTEM
MECTOPOXKIEHHUA. DTO CHOCOOCTBYET YIIYUIIEHHIO MOHUTOPUHIa M YIPABIEHHUs HNPUPOIHBIMHU pPECypcami,
OILICHKE BO3JCHCTBUS AHTPOIOICHHBIX (DAKTOPOB W IUIAHHUPOBAHHWIO MEPONPHUSITHII IO BOCCTAHOBJICHHIO
skocucteM. Pabora BBINONHEHAa B paMKax TOCYIAapCTBEHHOTO 3aJaHMsi MMHHCTEPCTBA HAYKH W BBICIIETO
obpasoBanusi Poccuiickoit ®Penepanuu 1O OpraHM3alMd  MOJIOAEXKHOH Jnabopatopun B IOropckom
rocynapctBenHoM yHusepcurere (HUP 1022031100003-5-1.5.1) B pamkax peaiu3alud HalMOHAJILHOIO
npoekra «Hayka u yHUBEpCUTETBIY.
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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?
1 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-CMB6-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 Niflo 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 Diab-Hunbo Ha Tponocdepy apkTHYECKUX IIMPOT MO JAHHBIM pPeaHaln3a, poccuiickoit
kaumaruueckoii mogean UBM PAH u moaeneit CMIP6

A. B. T'sosgesal, [I. O. T'ymuna®
HMucTHTYT BRIUMCINTENEHON MaTeMaTuku uM. I .1. Mapuayka PAH, Mocksa, Poccus
2MockoBCKuii rocyjapcTBeHHbIH yHuBepcuTeT uM. M. B. JlomoHocoBa, Mocksa, Poccus

Onp-Hunpo — FOxHoe Konebanme (DHIOK) — Hambomee spkuii (heHOMEH MEXToJOBOI KIMMAaTHIECKOM
M3MEHYMBOCTH, SBJISIFOLIMICS PE3yJIbTATOM B3aWMOJAEHCTBHUS Tporuueckoro Tuxoro okeana u atmocdepsl. bouio
MOKa3aHO, YTO COOBITHSA ABYX THUIOB Db-HUHBO B 3HAUNTENBFHON CTENIEHH H3MEHSIOT aTMOC(HEPHYIO HUPKYIISIIHIO B
MOJSIPHBIX IHMpoTax. Ha HMHTEHCHBHOCTh OTKJIMKA BIMAET HE TOJBKO AaMIUTUTYAa AaHOMAJIUH TeMIepaTypsl
MOBEPXHOCTH OKEaHa, HO M MX JIOKAJIN3AIIKs, TOATOMY BaXKHO YUHUTHIBATH JiBa THMa Terioi ¢aszsl DHIOK: BoctouHo-
Tuxookeanckoe (BT) u Llentpanbao-Tuxookeanckoe (L[T) Onb-Hunbo. Xapakrepucriku peHomena DHIOK 3aBucst
oT ()OHOBOTO COCTOSTHHSI CHCTEMbI OKeaH-aTMoc(epa, KOTOpOe CYNIECTBEHHO MEHSETCS B YCJIOBHSX HM3MEHEHUs
kiauMmara. M3ydenne otkinmka Ha OHIOK B Oynymem kiauMare BO3MOXKHO C HCIIOJIb30BAaHMEM MOJAEIBHBIX
9KCIIEPUMEHTOB, YTO 00YyCJIaBIMBaEeT HEOOXOIMMOCTh OLIEHKH CIIOCOOHOCTH MOJIeNIel BOCIPONU3BOIUTE 3TOT OTKIIMK
B COBpPEMEHHOM KjiHMMare. B JaHHOM HcceJoBaHMM BBINOJIHEHA OIIEHKAa BOCIIPOM3BEACHUS OTKIMKA aTMOC(EpPHOH
UPKYJISIIUN B Tporocepe MOJSIPHBIX IIUPOT Ha /BA THUMA sBIEHUS Oib-HHWHBO poccmiickoil KimmaTHuecKoi
Mogenbio MHcTHTyTa BRrunciutenbHoi Matematuku PAH — INM-CM u mpoBeneHo cpaBHEHHE C pe3yibTaTaMH,
MOJIYYEHHBIMH 10 JaHHBIM peaHanu3a ERAS g coBpeMeHHOro kiMMara M 1o ApyruMm mojaensam npoexkra CMIP6
Uit Oyayiiero kimMmata. [lokas3aHo, 4To B HOBO# pa3pabareiBaemoii Bepcuu mozeinu INM-CM6-M ynyuniaercs
BOCTIPOM3BEJICHNE CPETHETO COCTOSIHUA OIS aTMOC(EPHOTI0 AaBJICHUS B Tporocdepe U yAaJIeHHOTO OTKIINKA Ha Ba
Tuna O1ab-HuHBO. ApKTHYECKas OCIMILISIINSA KOPPEKTHO BOCTIPOM3BOANTCS BO Bcex Mozaeisix INM-CM. B ycrnosusax
MEHSIOIET0oCs KIMMaTa, KoTrJja 0COOCHHO CHIIBHOE MOTEMJICHHE MPOMCXOIUT B MOJIIPHBIX MIMPOTaX, HOCIEACTBUS
coOpITHil Onb-HUHBO cTaHOBATCS Oo0Jiee ONIYTHMMBIMH B apKTHUYECKHX PErHoHax. B Oyaymem kiuMaTe OTKIHK Ha
co0ObITns D1b-HUHBO NPOSIBIISIETCS HE TOJBKO B U3MEHEHWN JUHAMHUKN OCHOBHBIX IIEHTPOB JAEHCTBUS aTMOC(hEpHI, HO
Y B 3HAYUTEJILHOM TOBBIIICHUN IIPU3EMHON TEMIEpaTyphl BO3yXa. DTO MOBBIIICHHE MOXET OBITH B HECKOJIBKO pa3
Oosibllie, YeM B HBIHEIIHEM KiuMare. Takas 4yBCTBHTEIHLHOCTH aHOMAIMI TEMIIEpaTyphl Bo3ayxa K Dnb-HuHbo B
Oosiee TEIIIOM KIMMaTe MOXKET CKa3bIBaTHCS Ha MOJIOXKUTEIBHBIX TPEH/aX B APKTHUYECKOM PETHOHE, B YaCTHOCTH,
MOJKET BIHSTh Ha CE30HHOE BOCCTAHOBIIEHHE ILIOMIAU MOPCKOTO JIbJa B APKTUKE B TE€UEHUE HECKOJIBKUX JIET IOCIIe
coObITnit Onb-Huebo. MccnenoBanue NpoBOJMIOCH B paMKaxX peajn3aliii Ba)KHEHIIET0 HHHOBAIMOHHOTO IPOEKTa
TOCy/ITapCTBEHHOTO 3HaueHHUs «EMuHas HallMoOHAIbHAS CHCTEeMa MOHHUTOPHHIA KIMMATHYECKH aKTUBHBIX BEIIECTB)

(Cornamenne Ne 169-15-2023-003).
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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.

Bo3aeiictBue OTCTYIVICHUSA MHOT0JIeTHEMH MEP3JIOTHI HA oajanc yriepoia B 9KoCHUCTEMAax

I'. A. Anexcanaposn
Huctutyt ¢pusuku armocdepsr um. A.M. ObyxoBa PAH, Mocksa, Poccus

ApKTHYECKME M CYOapKTHYECKHE TYHJIPBI, PaClOJIOKEHHbIE B 30HE MHOIOJETHEH
MEp3JI0ThI, BBIBEJIM 3HAYUTEIFHOE KOJIMYECTBO YIJVIEKUCIIOrO ra3a M3 arMocdepsl 3a HEepHOA
rojJOLEeHa W CBS3aJIM €ro B OpPraHMYEeCKOM BellecTBEe MMOuBbl. OTCTYIUIEHHE MHOTOJIETHEH
MEpP3JIOThl M YBEIMYEHHE TJIyOMHBl CE30HHOIO OTTauBaHMsI IIOYB IIOBBIIIAET CKOPOCTh
pa3I0kKEeHUs, CONEPIKALIErOCsl B HUX OPraHUYECKOrO0 BEUIECTBA. JTO BBI3bIBACT ONACEHUS, YTO
OaslaHC yriiepoJa B 3TUX 3KOCHCTEMaX MOXKET ObITh HAPYILIEH HACTOJIBKO, YTO OHU MIPEBPATATCS B
UCTOYHUK yrieponaa. OIHAKO pe3yabTaThl YACIEHHBIX 3KCIIEPUMEHTOB, ITOCTABJIEHHBIX Ha IIATU
MoOJIeIsIX 3E€MHOM CHCTeMbI JIi CaMOro HeOJIaromnpusiTHOTO CIIEHApUsl pa3BUTUS MHUPOBOM
HDKOHOMHUKH, HE NOJATBEPKIAIOT TUIIOTE3Y O TOM, YTO apKTHUYECKHUE IKOCUCTEMBI NPEBPATITCS B
UCTOYHUK YIJIEKUCIOrO rasa Inpu rIinobajbHOM mnoTeruieHud. COoriaacHoO HPOrHOCTUYECKUM
OLIEHKaM YHMCTOM 3KOCUCTEMHON MPOAYKLUHU OajaHC yriepoJa B 3TUX SKOCHCTEMaX OCTaHETCS B
CpeHEM TIOJIOKUTENbHBIM B mepuoy 2025-2065 rr. mpakTH4YeCKHM Ha BCEW TeppUTOpUU
poccuiickoii ApkTuku. O3HadaeT JM 3TO, YTO MOJENIM 3E€MHOM CHUCTEMBI HEJOOLIEHUBAIOT
BO3CHCTBUE TIIO0AJIBHOrO MOTEIUICHUS Ha OalaHC yriepoja B apKTHYECKUX 3KOCUCTEMAX,
pacroJI0KEHHBIX B 30HE MHOT'OJIETHEN Mep3JI0ThI? J[71s1 OTBETa HAa 3TOT BOIPOC HYKHBI HE TOJIBKO
YHCIIEHHbIE IKCIEPUMEHThl Ha MOJEJIAX, OMMCHIBAIOIIUX LUKJ YIJIepojaa, HO M JOJrOCpPOUYHbIE
HaOJI0IEHUS KaK B PaMKax CETH MOHUTOPUHIA COCTOSIHUSI MHOTOJIETHEH MEP3JI0ThI, TaK U B CETH
Ha0JII0/IeHU, cO31aBaeMOM JJIsl MOHUTOPHHIA TOTOKOB MApPHUKOBBIX T'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.

JerajibHAs OLlEHKA KJIMMATHYECKUX TPEHI0B H UX MPOCTPAHCTBEHHbIX 3aKOHOMEPHOCTeM
Kak npoodaema boabmmx JJaHHBIX B KIAMMATOJOTHH

A. M. Crepun, A. JlaBpoB
BHUUI MU-MIIJ, O6HuHCK, Poccus

B uccnenoBanuu paccMaTpUBarOTCS KIIMMAaTUYECKUE TPEH bl HE JUISl CPETHETO 3HAUCHUS
IIPEIUKTAHTA, a JETAIU3UPYIOTCA Ul LIMPOKOT0 Juarna3oHa KBaHTWwiIeH npeaukranTa ot 0 go 1.
BaxxHo 3HaTh KIMMaTUYECKUE TPEHbI Ul TE€X 3HAUEHUN KIMMATHYECKUX NEPEMEHHBIX (TakuxX
KaK TeMIlepaTypa BO3JyXa WJIM CYTOYHAas CyMMa OCaJKOB, KOTOPBIE OTHOCATCA K «XBOCTaM
pacnpenenenus». Takue 3HAUEHUS YacTO COOTBETCTBYIOT KIMMATUYECKUM OJKCTpEMyMaM U
SBJICHUAM KJIMMaTHuYecKod katacTpodsl. Mbl ncnomnb3oBanu KantuneHyto perpeccuto (KP) u
Knactephsiii anains Ha ocHoBe K-Means, KoTopsele sSBISIOTCS CTAaTUCTUUYECKMMHU MHCTPYMEHTAMU
JUIS IPOBE/IEHUs 3TUX uccienoBaHui. Takum o0pa3oM, 3TH MCCIIEOBAaHUS, 110 CYTH, SBISIOTCS
MHOTOMEPHBIM aHaJIM30M OoJbIIMX JaHHBIX. OH OoJee pecypco3aTpaTeH, YeM TPaJUuLMOHHbBIN
aHau3 KJIMMaTHYEeCKUX TEHJAEHIMH, HO MO3BOJSAET MOJYyYUTh Oojee moapoOHyr0 MH(OpMaIIio
00 0cOoOEHHOCTAX KIMMaTH4YeCKHX TpeHaoB. [IpoBeneHa oOleHKa MPOCTPAHCTBEHHBIX
3aKOHOMEPHOCTEH AETaIbHBIX KIMMAaTHUECKUX TPEHIOB MPU3EMHOM TEMIIEPATYphl U OCAIKOB Ha
tepputopun Poccuu st okosno 1400 METEOPONTOTHYECKUX CTAHIIUN, JUIS KaKJIOTO U3 YEThIPEeX
ce30HO0B. [lokazaHo, 4TO KJIAaCTEPU30BAHHBIE METEOPOJIOTHYECKHE CTAHIIUY MPEICTABIAIOT COOOM
reorpapuueckd KOMIAKTHBIE TPYMIbI, YTO MO3BOJISIET MCIOJIB30BaTh MX AJIs KIMMAaTHYECKOTO
pallOHUPOBAHMSL.
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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'mmepakTMBHOCTH r€eOMAarHUTHOIO OJIs1 B panHeM Heonportepo3oe

H. B. I'onosanosa, P. FO. CairmanoBa
Wuctutyt reonoruun Y OULL PAH, Yda, Poccus

B BepxHei yacTu pazpesa KaTaBCKOM CBUTHI O3/1HETO pudes Ha KOxxHoM Ypase BbIsIBIEHO
00JIbIIIOE KOJIMYECTBO YETKO MPOSBISIOIIMXCA 30H MAarHUTHOM mojsipHOCTH. B ciyuae
JI0Ka3aTeNbCTBA CHUHXPOHHOCTU  BBICOKOTEMIEPATYPHON KOMIIOHEHThl HaMarHMYE€HHOCTU
BpEMEHU 00pa30BaHUs IOPOJ, KaTaBCKass CBUTa MOXET CTaTh XOPOLIUM MaJeOMarHUTHBIM
perepoM B HEOTIPOTEPO30MCKONU UCTOPUM 3EMITH U JIaTh BaXHYIO HHPOpMAITHIO 00 0COOEHHOCTIX
MOBEJICHUS TEOMAarHUTHOTO T0JIs B TIO3/IHEM JokeMOpuu. [TonyueHsl HOBbIE JaHHBIE IO TOPOJIaM
KAaTaBCKOW CBUTHI, paHEE CUUTABIIMMCS NEpPEeMarHUYEHHBIMH, MOATBEPKAAIOIINE MEPBUYHBIN
XapakTep HAMAarHM4YEHHOCTM B JOTUX IOopojax. B mpeanonokxeHun o0 CHHXPOHHOCTHU
HAMarHWYEHHOCTH W3BECTHAKOB KAaTaBCKOM CBUTHI BpEeMEHU €€ OoOpa3oBaHMs BBINOJIHEHO
UKJIOCTpaTUrpaduyeckoe ucciuenpoBanue paspesa KOprozans. MeTos 0oCHOBaH Ha pacro3HaBaHUH
ACTPOHOMUYECKH BBIHYKJIEHHBIX NEPUOAMYECKUX KIMMATHUECKUX H3MEHEHUH B OCaJOYHBIX
TOJNIIAX. OTH aCTPOHOMHYECKHME LUKl (UMKIBl MMUIAaHKOBHYA) SIBIAIOTCA BapUalMsIMU
napameTpoB opOUTHI 3eMiu (0obIIoN 1 Manblil skciieHTpucuTeThl, LE 1 SE) 1 ocu ee Bpamenus
(nmytauus u npeneccusi, O u P coorBercTBeHHO). OHU BIUSIOT HA YPOBEHb MHCOJIALUHN 3€MIIH U
MOPO’KJAIOT KIIMMaTHYECKHEe, OKeaHorpapuueckue 1 Ouonornyeckre GpaykTyaluu B OTIOKEHUSIX,
KOTOpBIE MOTYT COXPaHATBHCS B I€0JIOTMYECKON JeTonucu. CneKkTpalbHbIM aHaIU3 LEJI0r0 psaaa
XapaKTEPUCTHK OCAJ0YHBIX OTIOKEHHUH MO3BOJIAET UACHTUPUIMPOBATH OPOUTATIbHBIE LIMKIIBL. B
najJieOMarHeTu3Me OpOUTaJbHBIE IUKJIBI MOXHO BBIJCIUTh W3 BapualMii MarHUTHOM
BOCIIpUUMYHMBOCTU TopoJ. LlukioctpaTturpadudeckre HCCIeTOBaHUS OTJIOKEHMH KaTaBCKOM
CBUTBHI TIOKa3ajM, 4YTO 4YacTOTa HMHBEPCUM MOXET cOCTaBiATh 11-12 3a MWIIMOH JIEeT, 4TO
MO3BOJIIET  BBIICTUTh HOBBI HMHTEpBal TUNEPAKTUBHOCTH TE€OMAarHUTHOTO TMOJdS B

HEONpOTepo30iicKoe  BpeMsi.  PaGora  BbImonHeHa mpu  (UHAHCOBOM  IMOJICPIKKE
rpaata 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.

Bba3pl 1aHHBIX 0 3eMJIeTPSICEHUSIX B CeiicCMOAKTUBHBIX 30Hax Tepputopuun CCCP
B nepuoxa 1911-1957 rr.

H. A. Cepreesa, JI. I1. 3abapunckas, T. A. Kpsutosa, H. Y. Kaumnmep
I'eopmznueckuit nentp PAH, Mocksa, Poccust

CoxpaHHOCTh HAY4YHBIX JaHHBIX, HAXOIALINX IIMPOKOE IPUMEHEHUE B HAyUHBIX UCCIIEJIOBAHUSAX,
u obecrieueHne yno0OHOTO JOCTyNa K HUM SIBJISIETCSl aKTyaJbHOHM 3amaueil MUpOBOro LEHTpa JaHHBIX
MLIA) no ¢usuke tBepmoit 3emnu ['eodusmueckoro nentpa PAH. Llentp pacmomaraer oOmmpHOR
KOJUICKIIMEH JTaHHBIX B NU(QPOBOM BHUJE, HAXOAANIMXCS B CBOOOJHOM JOCTYIE Ha caliTe, U OOJBIIUM
apXMBOM CTapbIX JIaHHbBIX, TIPE/ICTABICHHBIX B OCHOBHOM B TPQIMIIMOHHON OyMakHO-TIe4aTHOH Gopme. B
xofe peanmzanuu npoekta "CoxpaHeHHE CTapbIX NAHHBIX" OCYIIECTBIISIETCS] NEPEBOJ TaKMX JaHHBIX B
mudpoByto ¢opMy U Tocienyromas myonukanus Ha caiite MIJ]. B moknane mpencraenena pabora,
MPOBEICHHAs] C JaHHBIMA W3 omyOimkoBaHHoro B 1962 1. «Atmaca 3emnuerpscenmii B CCCPy
(pen. Casapenckuii E.®@., Conosses C.JI., Xapun [.A.), cogepkaiiero coopanHsie 1 00padOTaHHbIE 110
€IMHON METOJIMKE C OLIEHKON HaJeKHOCTH PE3YJIbTATOB HHCTPYMEHTAJIbHbIEC JaHHBIE CETH CTALIMOHAPHBIX
cranmmii CCCP ¢ 1911 no 1957 rr. JlanHbIe B «ATJ1ace» MpeCTaBIEHbI B BUE KaTalIOrOB 3eMIIETPSICEHUN
s Beert tepputopur CCCP u i neBstu ceficMoakTuBHBIX 30H Tepputopun CCCP (~10 000 coObituii).
Tekct Atnaca u 16 KapT pacroyioKeHHs] 04aroB 3eMIICTPSACCHUHN MePEeBECHbI B 3JIEKTPOHHYI0 (HOpMYy H
noctynHbl B popmare PDF Ha caiite MIJl. Ha ocHOoBe mMarepuana, MpeICTaBICHHOTO B «ATiace», s
Ka)XJI0 CeHCMOAaKTUBHOW 30HBI CPOPMHUPOBAHBI KATAIOTH 3E€MIICTPSICCHUH, MepeBeieHHbIE B II(POBOii
Bux B Tpex (opmatax PDF, Excel u TXT (ASCII). Kartanoru comnpoBoaarTcsi TEKCTaMU ONKUCAHUN W3
ATiaca, KapTamMH, CBEJICHUSIMH O CEHCMOCTaHUUSIX U Oubnuorpadueit. s Kaxmoi 30HHI IO KaTainoram
MOCTPOEHBI KapThI-CXEMbI MPOCTPAHCTBEHHOTO paclpeiesieHns dSMUIeHTpoB. Beero cozgano 67 daitnos
naHHbIX. CHopMUpOBaHHBIE MACCUBBI U3 KaTaJOrOB, ONMCAHUN, KapT 1 Onbimorpadun, pasMelieHHbIE HA
uHTepHeT-cTpanuuax ML, npexacraBisitoT coboii 0a3bl JaHHBIX, NMpeIHa3HAYCHHBIC IJISI XPaHEHUS B
ynoOHOM BHWjae W oOecreveHus] CBOOOJHOTO JOCTyHa B CETH K JIaHHBIM O 3EMIICTPACEHHSX B
ceficMoakTuBHBIX 30Hax Tepputopun CCCP. Dtm 06a3bl NaHHBIX SBISIOTCS PETPOCIEKTHBHBIM
JONIOJTHEHUEM KAaTaJIOTOB 3EMJICTPSCEHHH CEHCMHYECKHX PETHOHOB, C(OPMUPOBAHHBIX HA OCHOBE
exeronHukoB «3emnerpsicennss B CCCP» n «3emnetpsacenuss CesepHolt EBpasumy, HauMHAIONIMXCS
¢ 1962r. JIng 6a3 AaHHBIX MOJyYEHBI CBHJIETEIBCTBA O TOCYIAPCTBEHHOW perucrpanuu. Pabora
BBHINIOJIHEHA B paMKax TIOCylapCcTBEHHOro 3aiaHusi [eodumsmueckoro nentpa PAH, yrBepkneHHOTO
Muno6pHayku Poccun.
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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.

CHcTeMHBIH IOAX0/ HA OCHOBE KOMILJIEKCA reOXUHMHYECKHX, Fre0TeKTOHnYecKuX AaHHbIX 1 ITUC
AJis1 00bSICHEHHUSI IPOLeccOB 00pa30BaHUs M MOMCKA ri1y0okux YB mecTropoxaeHui

M. B. Poaxun

WHCTHTYT TEOpHH IPOTHO3a 3eMIIeTpsiceHH 1 Matemaruueckoii reopusuku PAH, Mocksa, Poccus
Wucturyt ¢puzuku 3emmn um. O. 0. HImunra PAH, Mocksa, Poccns

HucTtuTyT MOpckoii reonorun u reodmsuku IBO PAH, FOxH0-CaxanmmHck, Poccus

Hcuepnaemocts 00BIYHBIX YB MecTOpoXIeHHil CTaBUT 3amady IOHWCKAa HOBBIX BHJIOB pecypcoB. Cpenu
TaKOBBIX Ba)KHOE MECTO 3aHUMaIOT riyOokue (H > 4.5 kM), MecTOpokaeHHs, KCIITyaTays KOTOPEIX HOIydYuiIa
HanOonbiree pazButne B CLHA u Kurae. Takne MecTopoxIeHHs, B TOM 4YHCIE KpPYIHBIE, OTKPBIBAINCH Yalle
CIIy4alHO, TaK KaK KJIAaCCHYECKHE ITONCKOBBIE IIPH3HAKN Ha OOJIBIINX TIIyOnHax He padoratoT. OTciona 3aTpeboBaHa
METOAMKa TOHCKa TIyOokux YB MecTopoxneHuil. BpIsBieHHbIE 0COOGHHOCTH MeECT pas3BUTHA TIiIybokux YB
MECTOPOXKJCHUH JOBOJBHO 3arafoyHbl. J[md HUX XapaKTepHBl yKa3aHWs Ha aKTHUBHBIE TIyOMHHBIE MPOIIECCHI,
AQHOMAJIBHO BBICOKAS IIOPUCTOCTH, MPHYPOUYEHHOCTH K Pa3IOMHBIM CTPYKTYypaM U 00JIaCTsIM Pa3BUTHSA TTyOUHHBIX BOJ
HHU3KOM MHHepaIu3alny, XapakTepHa BBICOKAs CBSI3b MUKPO3JIEMEHTHOTO COCTaBa He(TeH ¢ XMMUYECKUM COCTaBOM
HIDKHEH KOpBI. DTH JIaHHBIC YKa3bIBAIOT Ha Ba)KHOCTh TIyOMHHBIX (akTopoB HadruareHesa. Ho mis riyboknx YB
MECTOPOXKJICHUI XapaKTepHBl U OTHOCUTEIBHO MOHMKEHHBIE TEMIIEpaTyphl, Yero He JODKHO HaOMI0AAaThCs BOIHU3H
BOCXO/SIINX MaHTHHHBIX (IIOMAHBIX NMOTOKOB. Bo3MOXHOE perieHne mpoOjeMbl JOCTUTACTCS MCHOJIb30BaHUEM
KOMILJIEKCA T€OXUMHYECKHX U T€0TeKTOHNYecKUX NaHHbIX, U ['MIC texHomormil. [Ipuneraromue kx MECTOPOXKICHHUAM
Pa3yIOMBI 4aCTO OKA3bIBAIOTCS 30HAMHM IIO/IJIBUIOB, & XapakTep MPUKOHTYPHBIX BOJ| KaK TITyOWHHBIX X OJTHOBPEMEHHO
HU3KOMMHEPAIU30BaHHBIX JAET OCHOBAaHHME TPAKTOBATh HUX TOJIbKO KaK MOJOABIE BOJABI — HMPOMYKTHI IPOLIECCOB
JIeTUApaTaluy, MPOTEKAOIUX Ha YPOBHE HIXKHEW KOpBI. IlepedncieHHble SMIUPUYECKHE B3aUMOCBSI3U MOJIy4atoT
€CTECTBEHHYIO MHTEPIIPETALMIO B MOJEIM MAaCCHPOBAHHOTO He(TereHe3a 0 CXeMe MPOTOYHOTO HEPAaBHOBECHOTO
peakTopa, SBJSIFONIeHCS KOHKpeTU3aluel n3BecTHOM (ongonnHamudeckoid moaenu Hedrerenesa b.A.Cokosona.
CoriacHO MOJENH MPOTOYHOT'O PEaKTOpPa, I pearu3aii MaCCHPOBAHHOTO He(TereHe3a MpeaoYTUTEIHHBI 30HBI
TTyOOKUX KOPOBBIX ITOJIBUTOB, KyAa paccesHHOE OPTaHMYECKOE BEIIECTBO MOACTCS KaK 0 KOHBEHEPHOU JICHTe, ’
T/Ie peaKkIMOHHBII 00BeM MPOMBIBACTCS BOCXOAAIINMH CIa0OMHHEPAIHN30BaHHBIMU BOJIaMH, 00pa3yOUMMHUCS IPH
peaKIusIxX IeTHIpaTalny, MPOTEKAIIHNX B 0oJiee TITyOOKHX 001acTsAX 30H MOJJABUTOB. 3aMETHUM, YTO TIOXOXKHUE, HO
MeHee TTyOOKHe U He KOHIIEHTPUPOBAHHBIE MPOIECCHl XapaKTepHBI U I 00J1acTeil OBICTPOro 0CaAKOHAKOIIIICHUS.
Corlacue SMIUPUYECKU BBISIBICHHBIX OCOOCHHOCTEH 30H pa3BUTHS NIyOOKHX YB MecTopoieHHH ¢ MOI0KEHUAMH
MOJIETIH TIPOTOYHOTO PEaKTOpa JaeT OCHOBAHME MPEAJIOXKHUTh KOMIUIEKC NPH3HAKOB I TOMCKa riryooknx YB
MecTopoxkaeHui. [IpuBeeHHbIN NTpuMep SBIIAETCS WILTIOCTpalell Kak CUCTEMHBIN KOMIIEKCHBIHM MOIX0/A HOMOraeT
pelaTh IPaKTUYEeCKH BaXKHYIO 3a/a4y.
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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 Ocerus —
Ananmus)

A. M. AsnonuHa, K. A. KouyGeit
I'eopusnueckuii nentp PAH, Mocksa, Poccust

[ToBcemecTHOE pacmpocTpaneHne u3BecTHAKOB B PecmyOmmke CeepHas OceTusi-AnaHus
NpeoNpeAeIHiIo aKTUBHOE Pa3BUTHE KapcTa Ha ee TeppuTopud. VccienoBanre Kapera SBIsieTCsl HayqHOH
3aj1a4el, peleHne KoTopoil HeoOXoauMo s obecreueHus Oe30macHOCTH uenoBeka. [lo pesynbraram
noJeBbIx uccnenoBanuii 2023 roga u B xone AemnprUpoOBaHUS KOCMOCHHMKOB BBICOKOTO pa3peLIeHUs
(Landsat, Sentinel, GeoEye n WorldView-1,2) Obuti BBISIBJICHBI IapaMeTphl U 30HBI PaclpOCTPaHEHUs
KapcToBbIX Tpocanok Kyprarunckoro ymenss. [IpoBeneH cucTeMHBIN aHaIM3 KapCTOBOM OMAacHOCTH IO
CTPYKTYPHO-TEOJIOTHUECKUM M T'e€OMOP(OIOTHYECKUM JaHHBIM, B pPe3yJbTaTe KOTOPOI'O COCTaBJICHA
COOTBETCTBYIOIIas kapTa. HanbombImasi TUIOTHOCTh KapcTOBBIX Tpocaok (15-20 mpocamok Ha 0,01 xMm2)
OTMEYaeTcss Ha OKPYIIBIX BBIIOJOXKEHHBIX BEPUIMHHBIX TOBEPXHOCTSAX Xp. baxrtei-Jlamapeipar u
XorixapaHpar, CJI0XKEHHBIX C MOBEPXHOCTH MEJIOBBIMH Topojamu Oappemckoro sipyca (Klbr). Ha xp.
XocaBapar ¢ aHaJOTMYHBIM Ie€0JOTHYECKUM CTPOEHHEM, HO ¢ 00Jiee PacHICHEHHBIM pelbedoM MPOocagKu
€AMHUYHBl M PACIOJIOKEHB! IPEUMYIIECTBEHHO Ha CTPYKTYpPHBIX CTYNEHSX CKJIOHOB. B HIKHHX
BBITIOJIOKEHHBIX YacTSIX CKJIOHOB KapCTOBBIE MPOCAAKH HE OTMEYArOTCsl BCJIEJCTBHE aKTHUBHOU
AKKyMYJSILIUM CHECEHHOTO PBIXJIO00JIOMOYHOr0 Martepuaina. JuaMerp oTAenbHBIX KapCTOBBIX MPOCAIIOK
coctaBisieT oT 5—7 no 60 M, riyOuHa He mpeBbIIaeT 4 M, OTMEYAETCsl IIUPOKOE PaclpOCTpaHEHHUE
MPOCaOK, IPUYPOUCHHBIX K MabIM 3p0o3uoHHBIX (opM. [TouTH Bce MpocagKu pacroioKeHbl CeBEpHEe
JUHUHA Bojopazaena KypTaTHHCKOrO ymienbs, W 3TO CHW)XKaeT OMACHOCTh KapcTa Jsl HCCIeayeMOu
teppuropur. Ho mo npuunHe GOibIION MIOTHOCTH MPOCAJ0K UMEHHO B BEPXOBBSIX MaJbIX 3PO3MOHHBIX
dbopM BO3MOXKHO (HOPMHPOBAHKME BEPIIMHHOTO IIEpPeXBaTa BCIICACTBUE AaKTHBU3AIMH PETPECCHBHOM
apo3un. Teppuropust Oblia pasjienieHa Ha MATh KaTETOpUH Ha OCHOBE CIEAYIOMIMX (PAKTOpOB: cocTaB
TOPHBIX MOPOJ M MapaMeTphl MX 3ajleraHus, KPyTH3HA, INIOTHOCTh KAapCTOBBIX Ipocaiok. Hanbombmas
KapcTOONAacHOCTh XapakTepHa aisi xpeOToB baxtei-Jlanapeipar n Xomxapanpar. HaceneHHbIe TyHKTHI I1.
Topueiii Kapua u . I'ycblp pacrnionoxkensl B Oe3omacHoi 30He. Ha oOpazoBaHue W pa3BHUTHE KapcTa B
KypratnackoM ymienbe B OOJNbINEH CTENEHW OKa3bIBaeT BIMSHUE XapakTep penbeda OTHOCHUTEIHHO
cocTaBa TOpHBIX mopoa. Tpebyercs MIaHUPOBaHUE W peanu3alys Mep MO 3aluTe UHPPACTPYKTYPHBIX
00bekToB. Oco00e BHUMAHUE CIEyeT yIEeNATh 0e30MacCHOCTH TOPOKHOMU ceTn KypTaTHHCKOTO yIelnbs,
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'eomexaHnveckue HCCIAeT0BAHNUS CKAJIBHBIX MACCHBOB IJIM CHEHAJIbLHBIX 00bEeKTOB

J. K. AkmartoB
I'eouznuecknii uentp PAH, Mocksa, Poccus

I'eomexaHnuecKkne HUCCIECJOBAHMS CKAJIBHBIX MAaCCHUBOB MIPAKOT DPEIIAIOLIYI0 pOJIb B
IIPOEKTUPOBAHUU U CTPOUTENIBCTBE CIIELIUATIbHBIX 00BEKTOB, TAKMX KaK MOJ3€MHbIE XpaHUWINIIA
PalMOAaKTUBHBIX OTXOOB, MOA3EMHbIE JJAOOPAaTOPHH, KPYIIHbIE HHPPACTPYKTYPHBIE MTPOEKTHI U
npyrue. DTH MCCIIEOBaHUsI HANPABJICHBI HA BCECTOPOHHIOIO OIEHKY (DM3MKO-MEXaHUYECKUX H
TUAPOTEOJIOTUYECKUX CBOWCTB CKAJIBHBIX IIOPOJ, OIPENEICHHE MX YCTOMYMBOCTH IIOJ
BO3JICUCTBHEM pA3JIMYHBIX HArpy30K W BHEIIHHUX (aKTOpPOB, a TaKXkKe Ha pa3paboTKy
pekoMeHaaluii 1o Oe30macHOM HKCIUlyaTalliM 3TUX 00bekToB. B Xonme wuccinenoBaHuii
MCIIOJIb3YIOTCSI METO/IbI T€0JIOTMYECKOr0 KapTUPOBAHMUSL, TAOOPATOPHBIX M MOJIEBBIX UCIIBITAHUM,
PEUTUHIOBBIE OLIEHKH KaueCTBa F'OPHBIX MTOPOJ U YUCICHHOE MOJEIUPOBAHUE T€OMEXaHUYECKUX
npoueccos. [lomyd4eHHbIE TaHHBIE MO3BOJSAIOT IPOrHO3UPOBATh MOBEJECHUE CKAJIBHOIO MacCHBa
[P Pa3iIUYHBIX CLICHAPUAX, OLEHUBATH PUCKH BO3HUKHOBEHUS OIIACHBIX TI'€OMEXaHUYECKHUX
IIPOLIECCOB M pa3padaThIBaTh MEphl MO MUX IMpeAOoTBpallleHuI0. Pe3yiabTaThl reoMexaHMUeCKUX
UCCIIEIOBaHUM 00eCIeUnBalOT HAJEKHYI0 OCHOBY JJIi HPUHATHS MPOEKTHBIX PEIeHHH,
HaIpPaBJIEHHBIX Ha 00eCIeueHue T0JITOBPEMEHHON YCTOWYMBOCTH U 0€30aCHOCTH CHEMAIbHBIX
00beKkTOB. KOMIUIEKCHBIN MOAX0/1 K H3YUYEHHUIO CKaJIbHBIX MAaCCUBOB I103BOJIIET MUHUMHU3UPOBAThH
PUCKH M ONTHUMM3UPOBATH 3KCIUTyaTallHOHHBIE XapaKTEPUCTUKU COOPYKEHHMH, 4TO OCOOEHHO
BAKHO B KOHTEKCTE JIMTEIBHOIO XPAaHCHUS PaJMOAKTUBHBIX OTXOIOB U APYIMX KPUTUYECKH
BAJKHBIX IPUMEHEHMI.
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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.

MopaeanpoBaHue HANPSAKEHHO-1e(POPMHUPOBAHHOTO COCTOSIHUS INMUIEHTPATbHBIX 30H
CWJIBHBIX KOPOBBIX 3eMJIeTPSICEHU I

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

MonenupoBanue  HanpspkeHHO-nedopmupoBanHoro  cocrosHus (HJIC) psma  CriIbHBIX
KOHTUHEHTAIBHBIX 3€MJIETPSICEHUM € MarHuTyioi Oonbme M 6 MO3BOJWIO YCTAaHOBUTH OOIIHE
MOBTOPSIIOIIMECS]  3aKOHOMEPHOCTH ~ MEXIY pe3yJibTaTaMd  MOJCIHMPOBAaHMA U  IapaMeTpamMu
3emieTpsceHuil. Ilpy 3TOM B KadecTBE «JOCTOBEPHBIX» T'€OJOTHYECKUX JaHHBIX NPHHUMAIOTCS
CTPYKTYPHO-TEKTOHUYECKHE CXEMBl JMHIEHTPAJIBHBIX PAllOHOB CHUJIBHBIX 3€MJIETPACEHUH, TO €CTh
pasJioMHasi TEKTOHHKA, Jaiollas IPEeACTaBICHHE O IPOCTPAHCTBEHHOW B IUIAHE OpPHEHTALMU
TEKTOHMUYECKUX Pa3joMOB, BKIIIOUAs IMapaMeTphl T€0JIOTUYECKON CPeIbl U JIEHCTBYIOLINE pernoHaIbHbIC
MOJIS TEeKTOHMYECKUX HaNpsyKeHWH. 3aTeM NMPUXOAUTCS HCIOJIB30BaTh alpHOpHBIE (IIperoiaraeMble)
NPEACTaBICHUs] O HapameTpax TEKTOHWYECKMX PAa3JIOMOB M BEIMYMHE TEKTOHMYECKHX HAIPSKEHHH,
UCIOJIB3YyEMBIX NPH 3aJaHUN TPaHUYHBIX ycrnoBui. g Mmoxenuposanus HJIC snunieHTpanbsHO 30HEI 10
M TIOCJIE 3eMJIETPSICeHHsI HMCIOJBb30BaHa CTPYKTYpHO-TEKTOHHYECKas CXeMa pa3loOMHOW TEKTOHUKHU
3eMJICTPSICEHUS U MOJIENIb CEHCMOT€HEPUPYIOILETO CII0s1 MOITHOCTHIO 20 KM. MeTo KOHEUHBIX 3JIEMEHTOB
WCIIOJIB30BaH AJISl IOCTPOCHUS KapT MHTEHCUBHOCTH HANpPsDKEHUH U TVIaBHBIX HANpPsDKEHWH 711 aHAIu3a
HJC no u mocne 3emieTpscennii. Ha 3Toit ocHOBE TIpe/jIoKeHa MOJISTh OIEHKH CeHCMUYECKOT0 MOMEHTA
Mo u MexaHH3Ma pa3pbiBa IPHU €r0 pacrpocTpaHeHuH. Ha ocHOBe aHanu3a pe3ynbTaToB MOJIEIHPOBAHUS
HaNpsDKEHHO-1e(OPMHUPOBAHHOTO COCTOSIHUS, CHJIBHBIX KOPOBBIX 3€MJIETPSICEHHH C KOCEHCMHUYECKUMHU
reo(pM3M4YECKUMH M TeOAE3MYECKMMHU IaHHBIMH HaMU MpelJiaraeTcsa Mozenb (OpMHUpOBaHHUS pa3phbiBa
3emueTpsacenus. [lokazaHo, 4TO pa3pbIB 3apOXKAAETCSA B YCIOBHUSIX MEPECEUEHUS KPUTHIECKON M300aphl
MHTEeHCUBHOCTU HampsbkeHuid ~30-35 MIla ¢ oOmacTbio OTHOIIEHHS TJaBHBIX HampsbKeHHH &>3+4.
Pa3priB u3 «hokyca» 3emieTpsaceHHs paclpocTpaHseTcs 3a c4eT cOpoca HAKOMJICHHOW MOTEHUUAILHON
SHEPTrUM B 30HAX BBICOKOM HMHTEHCHMBHOCTH HampsDKkeHW. HampaBineHue paspeiBa COOTBETCTBYET
JOMHHHUPYIOLIEMY HaIlPaBJICHHUIO TJIABHBIX TEKTOHUYECKHX PA3IOMOB, a €T0 MPOTSHKEHHOCTH OIPEIENsIeTCs
JIByMsI 30HaMU BBICOKOM MHTEHCHUBHOCTU HampspkeHWH. [loirydeHHble pe3ysbTaThl Jal0T OCHOBAaHUE AN
TaK)Ke HAIPaBJICHHBIX T€0JIOTO-Te0(N3NIECKUX NCCIIEA0BAHNH B 00JIACTH MIPEAIOIaraéMbIX THIIOIIEHTPOB
C IEeNbI0 TMOWCKAa NPEJBECTHUKOB 3EMIIETPSICEHHS, OpPHWEHTHPOBAHHBIX HA OIEPATHBHBIN MPOTHO3
KaTacTpO(UIECKOro COOBITHSI.
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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'eomunamMu4yeckas MoaeIb CeBepHOﬁ yacTd HukHeKaHCKOro MaccuBa

P. B. llleBuyk
I'eouznuecknii nentp PAH, Mocksa, Poccus

MupoBO#i U OTeUECTBEHHBIN OIBIT, HAKOIIEHHBIN B IIOCIIEHUE IECATUIICTHS, TOATBEPKAAET,
YTO IPUMEHEHHUE TI1100aabHON HaBuranuoHHou cinytHukoBoi cucreMsl (I'HCC) okazanock oueHb
3¢ (GeKTUBHBIM Ul OOHAapyXeHHs Jaxe HeOOJNBIIMX CMEIIEHUH 3eMHOH IOBEpXHOCTH,
BBI3BAHHBIX KaK TEKTOHWYECKMMH, TaK U TEXHOI€HHBIMU Bo3aeicTBusimMu. s obecrneueHus
spdextuBHOCTH ['HCC-MOHUTOpHHTa HEOOXOAMMO MOCTOSIHHO COBEPIIEHCTBOBATH MPOIECC
cOopa JaHHBIX U MX 00pabOTKH, BKIIIOYAs ONTUMH3ALUIO CTPYKTYpPhl T€OAMHAMMUYECKOHN CeTH,
OTNEPATUBHBIA KOHTPOJIb TOYHOCTH MOJEBBIX M3MEPEHHUH, a TakKe NMPUMEHEHUE COBPEMEHHBIX
AITOPUTMOB 00pabOTKM W aHanmu3a Aedopmanuii. Pa3paboTaHbl TEOPETUUYECKHUE TOJIOKEHUS
pacueroB M MozenupoBaHus moneil nepopmanmii mo ['HCC-maHHBIM, NOMYYEHHBIX Ha
HwxneKaHnckoM reoiMHaMUYeCKOM IOJIMTOHE, XapaKTepHU3yomuxX aedopMaluu AUIaTaluu U
YHUCTOTO C/IBUTA, U AMHAMHUKU MX M3MEHEHHs BO BpeMeHu. Taxke Obuia pazpaboTaHa METOAMKA
JUIsL KOHTpOJISI TOYHOCTH u3MeputenbHoro obopynoBanuss [THCC u ynyumieHus kauecTBa
U3MepeHuii, 0COOEHHO B YCIOBHSIX (u3uKo-reorpapuueckux ocodbennocreil Huxne-Kanckoro
MaccuBa. OJTa METOJMKA IIO3BOJISIET BBISBIATh HEKOPPEKTHbIE HOMUHAJIBHBIE MapaMeTpbl
U3MEPUTENIBHBIX YCTPOMCTB. B KOHTEKCTe MOJAEpHM3AllMU TI'eOAMHAMUYECKOTr0 IOJUIOHA
HwuxneKanckoro maccuBa Obuta pacmupeHa ceTh cnyTHUKOBbIX ['HCC-nabGmiopenuii no 39
IIYHKTOB, BKJIIOUas 3aKJIa/IKy CKaJIbHBIX F€0JIE3UUECKUX LIEHTPOB. JTO PaCIIUPEHHUE CETH CENATI0
ee Oosiee ONTUMAIBHON C TOYKU 3peHusi (OpMbI KOHEUHBIX 3JEMEHTOB, YTO CIHOCOOCTBYET
YBEJIMYEHUIO TOYHOCTH OIpenesieHus aedopmaruii 3eMHONH MOBEPXHOCTH M, COOTBETCTBEHHO
Te03KO0JIOTHYeCKOoM Oe3omacHocTu 3axoponenus 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'eonnHamMuYeckoe paiioHUPOBAHHE HA OCHOBE CHCTEMHOI0 AHAJIN3A re0JI0ro-reopu3nyecKkoii
MH(OPMAMH TEPPUTOPHH MOI3MHOM HCCIe10BaTeIbCKOil 1adopaTopun B KpacHosipckoM kpae

. B. Jloces
I'eopusnueckuii nentp PAH, Mocksa, Poccust

JlJis OlleHKH yCTOMYMBOCTH T'€OJOTHUECKOW Cpe/ibl U ee MpOorHo3e Ha mepuoi Oomnee 10 ThIC. JeT B
MUPOBOM HAay4yHOW NpAKTUKE AKTUBHO MCIIOJIB3YETCs IMOAXOJ, OCHOBAHHBIM Ha MHOIO3TAallHOM CUCTEMHOM
aHanm3e MaccuBa JaHHBIX. OH IMO3BOJSET BHISIBUTH IPHYUHBI HEOTIPEICICHHOCTEH, HAMETUTh ONTUMAIbHEIE
IIYTHU UX OPEOOOJICHUS U TTOJIYYUTh JOCTOBEPHBIC MPOTHO3HLIC OUEHKN O I'COJUHAMUYCCKOM PEKMUME HA OCHOBC
BbISIBJICHUSA (I)yH}laMeHTaJ'H)HI)IX T'€OJIOTHYCCKUX W TI'€OAMHAMHYCCKHX SBKOHOMepHOCTCﬁ, JaxXe 1npu
OTPaHHYCHHOM O0BbeMe Teosioro-reou3nueckoii mHbpopManuu. B 3Toil cBs3u, pa3paboTka METOIUKH
reoMHaMU4YECKOr0 paliOHUPOBaHU Ha OCHOBE CUCTEMHOI0 IIOJIX0/A ABJISAETCS aKTyaJlbHOW Hay4HOH 3anauel,
KOTOpas MO3BOJIMUT OLICHUTDL YCTOI‘/‘I‘H/IBOCTB Ire0JIOTHYCCKOU Cpe€abl U MOBBICUTH JOCTOBEPHOCTH 000CHOBaHUS
TEOIKOJIOTHYECKON Oe30MacHOCTH 3aXOPOHEHMs BBICOKOAKTUBHBIX PAO Ha y4actke «EHucelickuii»y. B 2023
roJy Ha HEM OBUIO HAYaTO CTPOUTEIHCTBO HIAXTHBIX CTBOJIOB MOJ3EMHOW MCCIEIOBATEIHCKOH JTabopaTopuu
(ITNJI). CornacHO MeXIyHapOJHBIM TPeOOBAaHHUSIM OHA HEOOXOAMMA VISl HIPUHSTHS OKOHYATEIBHOTO PEIICHUS
0 TMPUTOAHOCTH MOPOIHOTO MaccuBa i1 3axopoHeHmss PAO. OpmgHako OKasaloch, YTO JaHHBIE O
TEOAMHAMHYCCKOH W  TEKTOHMYECKOH CTaOWMIBHOCTH PETHOHAa  XapaKTepU3yIOTCS  HEMONHOTOW U
HE3aBCPUICHHOCTbIO, )4 HGO6XOI[I/IMI)I JOITIOJIHUTCIIbHBIC HUCCIIC10OBaHUs 10 MpeOa0JICHUIO 3THUX
HeonpeaeneHHocTel. Llens paboThl 3akirodacTes B pa3paboTKe METOIUKH F€OANHAMUYECKOTO PalOHUPOBAHUS
yuacTka «EHucenckuiny HrmkHeKkaHCKOro MacCHBa U MPWIETAIOIINX TEPPUTOPHI IO CTENIEHHU T€0IMHAMUYECKON
YCTOWYMBOCTH HAa OCHOBE METOJOB CHCTEMHOIO aHajlM3a TIeoJoro-TeOQU3NYECKUX JaHHBIX IS
T'€03KOJIOTHYECKOT0 0OOCHOBAaHMS O€30MAaCHOCTH 3aXOPOHEHHSI BBICOKOAKTHUBHBIX PAIHOAKTHBHBIX OTXOOB.
Pazpaborana MeToAMKa TEOAMHAMHYCCKOTO PAHOHHPOBAHHS C HWCIONB30BAaHHEM HOBBIX alTOPUTMOB
CHCTEMHOT0 aHaJIN3a, TI03BOJISIONIAS IO KJIacCU(HUINPOBAHHBIM U HOPMAaIN30BAHHBIM I'€0JIOTO-TEO(QU3NIESCKUM
MPU3HAKaM BBIIOJIHATH OIIEHKY YCTOWYMBOCTH CTPYKTYPHBIX TEKTOHUYECKUX OJIOKOB 3¢MHOM KOpBI B paifoHax
3aXOpPOHEHHUS BHICOKOAKTUBHBIX PAO. D PekTHBHOCTD UCTIONB30BAHUS aNTOPUTMOB HOPMATH3ALUH JTAaHHBIX
npy aHamu3e QYHKIUH H3MEHIHBOCTH COCTOSHIS T€OJIOTMIECKOM CPeIbl TOKa3aHa METOIOM KOPPEISIIHOHHOTO
aHanm3a Pe3ynbraThl MCCe10BaHuUs O3BOJIMIIN MTOYYUTh HOBBIC (DyHIaMEHTAIbHBIC 3HAHHUS 00 YCTOHUYNBOCTH
TE0JIOTUYECKON Cpejibl, HEOOXOAUMBbIE sl OLEHKH BO3MOXKHOCTH reojloruueckoro 3axopoHeHuss PAO Ha
yuactke «Enuceiickuii». [IpennoxeHHble MOAXOAbl I€OJMHAMUYECKOIO PalOHUPOBAHUS HMEIOT XOPOIIUe
NEPCHOCKTUBLL JJIsI BHCAPCHUA HaA APYIrU€ OIIACHBIC ITPOU3BOJCTBCHHBIC O6’beKTBI, B TOM YHCJIE TOpPHO-
JIOOBIBAOIIIETO 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.

Hcnoan3oBanue cereBbIX ' MC-cucrem NextGIS Web nJ1g anajin3a reoJiorn4ecKux JaHHBIX ¥ BbIAeJIeHHS
NMepPCneKTUBHBIX YYACTKOB B X0/1€ IUIAHNPOBAHUSI F€0JI0r0-pa3Bel0YHbIX PadoT Ha ajJMa3bl, IBETHbIE U
0J1aropoHble MeTaJJIbl

E. A. YBaposa, A. M. Baxpyies
«IHUT'PN», Mocksa, Poccust

BocnpomsBoacTso mMuHepadpHO-chIpbeBoi 0a3sl ABLIM B Poccuiickoit depepannn sSBIsETCS OTHON M3
MPUOPUTETHBIX 3ajad, onpenenseMoii «Ctpareruei pa3BUTHs MUHEPAITLHO-CHIPbeBOI 0a3bl Poccuiickoit @eneparm
mo 2035 r.», TocymapctBenHoit nporpammoil «CoOIUaNIbHO-9KOHOMHYECKOE pPa3BUTHE APKTUYECKOH 30HBI
Poccuiickoit Denepanuu», AeUCTBYyROIIEH penakuueid locynapcTBeHHOH mporpaMMbl «BocCInpou3BOACTBO U
HCIIONIb30BaHUE MPHPOIHBIX PECYpPCOB» M APYIHUMH NMPOTPAaMMHBIMH JToKyMeHTaMu. OnHON U3 Hanbojee BaXKHBIX
3anau OI'BY «ITHUI'PN» gBnserca HaydHO-METOAHMUYECKOE CONMPOBOXKIECHUE T'e0JIoro-pa3Beounsix padot (I'PP) u
(hopmupoBaHue peIoxKeHHH Mo muanupoBaHuio [ PP Ha anmasbl, nBeTHbIC U O1aropoanbie Metauisl (ABLIM). s
addekrunoro mianuposanus [ PP Heo6xoaum ananus 6osnbinoro oobema HHpopMauy (pe3yIbTaToB 3aBEPILICHHBIX
I'PP, cBeneHmii 0 MECTOPOXKIEHHUAX W TPOSBICHUAX, NEHCTBYIOIUX JIMIEH3UAX, 0c000-0XpaHIEMBIX TEPPUTOPHI
(OOIIT), uadpacTpyKTyphI) C MPOCTPAHCTBEHHOH MPUBSI3KOH. B pamkax padoTsl o ['ocynapcTBeHHOMY 3aIaHUIO
cnenuanmuctamu OI'BY « THUTPU» Ha ocHOBE 6a30Boro npoekta ArcGis co3faH ceTeBOi HHPOPMAMOHHBINA pecypc
«["eonoro-pa3BeouHbIe pabOTHI Ha anMasbl, OJAropoJHbIE M BETHBIE METAJUIBI» I OoJiee TOYHOTO M OBICTPOTO
pellleHHs. BOIPOCOB, CBA3AHHBIX C MOHMTOPHHIOM IIPOBEICHUS, HAYYHO-METOIUYECKOTO COINPOBOXKICHUS,
MOBEIIIEHUS 3 PEKTHBHOCTH TEKYIIHX U IaHupoBaHus Oymynx PP wa ABLIM. IIpoekt 0611 mepenecer B QGis ¢
nomotubsto Moayiast SLYR u 3atem ony6OnukoBan B BeG-npusiokeHun uist kapT u reojaHHbix NextGIS Web uepes
Moxynb NextGIS Connect, 9T0 MO3BOJIMIO COXPAaHUTh CTPYKTYpy NpoeKTa W odopMmieHHE KapTel. B kauecTBe
MpOrpaMMHO-aMNMapaTHol 1ar(opMbl Uil pa3BepThIBAHUS pecypca UCIOIb30BaH OOBIYHBIA POU3BOJUTEIIBHBIH
KoMmmbpoTep ¢ omnepanuonHoi cucremoir (OC) Astra Linux. B OC ycTaHOBIEHBI HEOOXOJMMBIC ISt
¢yaxunornpoBanus NextGIS Web KOMIIOHEHTH! M MPOrpaMMHBIE TPOIYKTHI, B COOTBETCTBHH C JOKyMEHTaIHen
paspaborunka. HemocpeactBenHo NextGIS Web passepHyT ¢ momormbio mporpammHoi miatdopmel Docker.
CerteBoii nHQOpMaLMOHHBIH pecypc «I eosoro-pasBeiodHbIe pabOTHI Ha ajIMa3bl, OJ1arOpOIHBIE U IIBETHBIE METAILIBI»
COJIEPKHUT BCIO HEOOXOANMYIO MH(OPMALUIO U TTO3BOJISET ITPOBOANTH aHAJIIM3 JAHHBIX, peliaTh 3a/lauyl, CBsI3aHHBIE C
MOHHUTOPHHIOM IIPOBEJCHUS, HAYyYHO-METOJMYECKOTO CONPOBOXKACHUS, TOBBILEHNS 3()(EKTUBHOCTH TEKYIIUX H
wiannpoBanus Oynymmx 'PP Ha ABLIM B MHOTOIIOJIB30BAaTEIECKOM PEXHUME, YTO 3HAYMTEIHFHO YCKOPSIET MIPOLIEcC
Y YMEHbIIAET KOJWYECTBO HETOUHOCTEH M TEXHUYECKUX OIINOOK.

131



Changes in the seismic regime at engineering facilities under the influence of natural and man-made factors

B. Trifonov!, S. Milanovskiy??
! 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 Ill 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.

M3MeHeHNs celicMMYeCKOro peskuMa Ha HHKeHePHBIX 00beKTaxX Noj AeficTBHEM NPHUPOAHO-TEeXHOTeHHbBIX
¢axropos

B. A. Tpudonos?, C. O. Munanosckuii'?
! Mucturyt reoskonorun um. E. M. Cepreesa PAH, Mocksa, Poccust
2Nucrutyt Gusuku 3emau um. O. FO. IImuara PAH, Mocksa, Poccus

OMmBIT U3y4YeHUs TTOCIIECTBUI CHITBHBIX 3€MIIETPSICEHUH, a TAKKe aHAIIN3 pe3ynbpTatoB padbot mo CMP
CBUJETEIBCTBYIOT O TOM, YTO BEIMYMHA U XapaKTep CEHCMMYECKOIO BO3AEHUCTBUS ONPEAEIAIOTCS, IIOMUMO
PETHOHANIBHBIX, MHOTOYHMCIECHHBIMH JIOKJIBHBIMH OCOOEHHOCTSMH T'COJIOTHYECKONW Cpenbl, KOTOphIE
MOJIBEP’KEHBI M BpEMEHHBIM N3MeHeHUM. [losieBble rccine1oBaHus Ha IPYHTOBBIX KOMIUIEKcax MIMepeTHHCKOM
HU3MEHHOCTH TIOJI CTPOHUTENECTBO OMUMITHICKHX 00bekTOB(OO) O3BOIMIN MOCTPOUTH KapThl-cxeMbl CMP ¢
W3MEHSIONIMMHUCS CeicMUYeCKMMHU yciIoBUAMU. B 1986-1996rT. mpu mMOATOTOBKE TEPPUTOPHH TPOBEACHO
ynanenue rpyHToB Il kaTeropun, mocmy>XUBIIHE YITYUIICHAIO CEUCMUYECKUX YCIOBUH Ha Tomaake. Kapter
2007-2008rT. ¢ TOHIKEHHOH CEHCMUYHOCTBIO MOCTPOEHBI sl mpoekTupoBaus OO B HOBHIX ycnoBusax. Ha
kaptax 2014-2021rr. OTMEYEHO YXYALICHHE CCHCMHUYCCKHX YCIOBHUH, OOYCIOBICHHOE TEXHOT€HE30M II0
3aBEpIICHUIO cTpouTenbeTBa 1 dkcmryaranuu OO. Ha mnomanke bamakosckoit ADC ceficMuyeckue CBOMCTBA
TPYHTOB MEHSUIMCH 3a Oojiee yeM 30 JieT ee cymecTBoBaHus HaunHas ¢ 1978-1980rr. mo 2019roa. Ot Havana
MPOCKTHPOBAHUSA U JO CTPOMUTENILCTBA IMPOU3OLUI0 HMX YXYALICHWE IIPU BHIPAaBHUBAHUM TEPPUTOPHH 10
IUIAHUPOBOYHOM OTMETKM C 3aMEHOM IUIOTHBIX €CTECTBEHHBIX TI'PyHTOB Ha Hacbisble III kaTteropum.
CTpouTenbeTBO peakTopHBIX 0510koB 2004-2012rT. ¢ hyHAaMEHTaMU B BUIE TUTUT U YIUTOTHEHNUS IEOSHUCTHIX
NONYIIEK IOJ HMMM IIPHUBEIO K IMOHWKEHMIO CEHCMHMYHOCTM Ha Iiomajgke. Yepes 7 jeT mocie Haydana
sKkcuTyaTanuu K 2019 T U3MEHWINCh CceiicMUYecKHe YCIOBUSl B Xyuryto ctopony (Vs cHusmiace ¢ 450m/c
10 300m/c) u3-3a YaCTUYHOTO PACTBOPEHHUS MIEOEHHCTOTO OCHOBAHUS NPH HOAHSATHE MOA3EMHBIX BOJ, YTO
MOXKET MPUBECTH B JaJbHEHIIIEM K HAPYIICHUIO YCTOMYMBOCTH HECYIEH CrTocOOHOCTH (hyHIaMEHTHBIX IUTHT, a
TaKKe K YXyIIIEHHIO celicMumueckux ycnoBuid. Ha mnpumepe bummbmuckoit ADC, mocTpoeHHOH Ha
MHOTOJIETHEMEP3JIBIX MOPOJIaX, IOKA3aHO, YTO YIPYrHe CBOWCTBA CKaJbHBIX MEP3JIbIX TPYHTOB, KaK MPaBUIIO,
TPELIMHOBATBIX B BEPXHEH 4YacTH pas3pesa, 3aBUCAT B TOM YHUCIE U OT KPHOI€HHOTO COCTOSIHHMS IOPOJbL.
ITpoanann3upoBaHbl W3MEHEHUS CEHCMUYECKHUX CBOWCTB MEpP3JIBIX CKAIBHBIX TPYHTOB, OTTASBIIMX IIOX
BO3/IEHCTBHEM OCHOBHBIX COOPYKEHHH peakTOpHBIX 0510k0B 3a 30 sret. [Toka3ano, 4To 3a 3TO BpeMsi, TPOU3O0IIIO
YBEIMUCHHE TPHUPALICHUS CEHCMHUYECKONM WHTEHCUBHOCTH B cpegHeM Ha +0.3 6amna OTHOCUTENBHO
NEPBOHAYAIBHBIX YCIOBHH. VI3MEHWINCH COOTBETCTBEHHO M 3HAYCHUS XapPAaKTEPUCTHK CEHCMHUYECKHX
BO3/ICHCTBUI (TMUKOBBIC YyCKOopeHms TpyHTa PGA W BenMYMHBI CHEKTPOB peakiuu Sa). Pesynbrarsl
UCCIIEI0BaHUM MO3BOJISIOT 0OOCHOBAHO MOAXOIUTH K IPOrHO3UPOBAHUIO U3MEHEHUH CEHCMUYECKON CUTyaluii
Ha momaaxkax CMP.
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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 ¥ TEXHOJIOTUsI TPa(pUYeCKOro CTPYKTYPHPOBAHNSA U NMPEACTABJICHUS 3HAHNN KaK
3¢ ¢PpeKTUBHBIIH HHCTPYMEHT CUCTEMHOI0 AHAJIM3

B. II. Measaukos, A. C. JInakoB
HuctutyT kpuocdepst 3emnu THL CO PAH, Tromens, Poccust
MockoBckuil rocyiapcTBeHHbI yHuBepcuteT uMm. M. B. JlomoHocoBa, MockBa, Poccust

ABTOpaMHu mpeaiaraeTcs KOMIUIEKC HH()OPMALMOHHBIX TEXHOJOIMH CHUCTEMHOIO aHaju3a,
OCHOBAaHHBIX Ha TpaUYecKoM s3bIKE KOHIENTYaJTbHOTO MOJCIMPOBAHUS 3HAHWH, M OOLIed Teopuu M
TEXHOJIOTHH WX Tpa)MuecKoro CTPYKTYPUPOBAHUS W TPEACTABICHHs, PEaH3yeMbIX C HCTIOIb30BaHHEM
BO3MOHOCTEH mporpaMmel Microsoft Excel, n He nMeromux aHanoros B JaHHOW NPEIMETHOM 00JacTH.
Ocoboe MecTo B 3TOM KOMIUIEKCE 3aHMMAIOT TEXHOJOTMH TpadUuecKoro KOHIENTyaIbHOTO
MOJICITUPOBAHNS MPOOIEMHBIX CUTYAIH, U IPUYNHHBIX BEPCUH NX BOZHUKHOBEHHMsI. X yHUBEpCANBHOCTS,
MO3BOJIIET, HA4yaB MPOLECC C HESCHOro, 3a4acTyl0, HMHTYHTHUBHOI'O IPEACTABICHHUS O Ipodieme,
BBIPQKEHHOTO B BHJE ONPENENEHHOIO CY)KICHHUS, 3aBEPIINTh €ro CO3JaHuEeM TIpadUuecKod MOJeH
akcnepTHO# cuctemsbl (JC) 3HaHUH 1 6a3bl JaHHBIX. DTH TEXHOJIOTHH TPOILIH HEOOXOIUMYIO arpoOaInio
B rpaduyeckoM KOHLENTYyaJbHOM MOJEIUPOBAHUN CIIOXHBIX OOBEKTOB JEATENIHOCTH, B cdepe
9KOHOMHKE W YIpaBJICHUs, NPOEKTUPOBAHUM OPraHHU3ALHMOHHBIX CHCTEM W  perilaMeHTaluu
YIIpaBIIEHYECKON JIEATEIbHOCTH; a TAK)Ke B KOTHUTOJIOTHH Y WH)KEHEPHH 3HAHUH B PEICHUU MPOOJIEM HX
HEMAalIMHHOTO H3BIICUYCHUS, TPadUUIecKOro CTPYKTYPHPOBaHUS W TPEJCTABICHUS, KaK BO3MOMXHOH
IbTEPHATUBbl TEXHOJOTHMAM CO3JaHMs KOTHUTHMBHBIX KapT W Mojesel, (peidMOBBIX Monened u
CEeMaHTHUeCKHX ceTeld. OOLIyl0 MHCTPYMEHTaJIbHYI0 OCHOBY JAaHHOIO KOMIUIEKCA COCTaBIISIET
COBOKYITHOCTh CIHOCO0OB M CPENCTB Tpaduyeckoro CTPYKTypHUPOBAaHUS W TPEJCTaBICHUS 3HAHHWI,
oOecrieynBalOIIMX HWACHTH(PUKALMIO 00beMa M COAEp)KaHHUS IOHATHH, OCHOBAHHBIX Ha HCIIOJIB30BAHUHU
IBYX BHJOB OpPHEHTHpOBaHHOrO apeBoBuaHoro rpada (O/l) ¢ mpow3BONBHOW M KECTKO 3aJaHHOMN
CTPYKTYpOH KJIacCHU(PUKAMMOHHBIX TPU3HAKOB. A TakXkKe JHaroHATLHON WHPOPMAIIMOHHOM Tpaduueckoi
MaTpuiel (aurMatel) JIMHKOBa, KaK YHHBEPCAJIBHOTO CIOCO0A CTPYKTYPHPOBAHHS 3HAHUA M WX
npeCcTaBiIeHus B eAMHO00pa3Hoi rpaduueckoii popme. BozmokHOCTH B3anMHOr0 npeodpazosanust OAI"
M JUTMaT peliaeT MpoOJieMy arperupoBaHUsl WX HEOTPAaHWYEHHOTO MHOXKECTBA B €IUHOE IIEeJoe —
rpaduueckue Moenu 0a3 3HaAHMI JIFOOBIX CIIOKHBIX 00bEKTOB AeATeIbHOCTH. JIornyeckas 3aBepIIéHHOCTD
JAHHOTO KOMIUIEKCa CBs3aHa C HEOOXOJMMOCTBIO Pa3paboTKH rpad)uvyeckoro pelakTopa, CIoCOOHOTo
OIepHUPOBATH C MOAEISIMU 0a3 3HAHUW U JaHHBIX, co3aBaeMbIMu B [ IKM. TexHo10THN MILTFOCTPUPYIOTCS
KOMITJIEKCOM rpad)iuecKuX MOJIeiel Ha IpHuiIaraeMoM 3JeKTpoHHOM Jucke U USB ¢umni-Hakonurese.
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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. Sokoloval?, A. Kulyandina®, A. Filippova*

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

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

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

4Pushkov 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.

AHanIu3 CBSI3U celicMHUYHOCTH peruoHa Jleno-Ana6apckoro nporuda ¢ 0co0eHHOCTAMM €ro rJIyOMHHOI 0
CTPOEHHUS 0 KOMILJIEKCY reo(pu3nuecKnX JaHHBIX

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

! Beepoccuiickuii HaydHO-MCCIIEN0BATENLCKUM reonorudeckuii Hedranol uncturyr (BHUIHU), Mocksa,
Poccns

2Nucturyt dusuku 3emun um. O. FO. Imuara PAH, Mocksa, Poccust

3 Enunas reodusnueckas cryx6a PAH, Sxyrckuit punman, Skyrck, Poccns

4 IHCTUTYT 36MHOTO MarHETU3Ma, HOHOC(EpHI U pacupocTpaHeHus paauosond PAH, Mocksa, Poccust

IIpencraBnen 0630p celicMuuHocTH JleHO-AHabapckoro mporuda M CONPENCTBHBIX TEPPUTOPHIL
(Cesepo-3anamnas  SkyTus), 3aperHCTPUPOBAHHON 3a HMHCTPYMEHTAIBHBIM TIEpUON  HAOJIOJCHHMA
(1963-2022 rr.) crammoHapHbIME CcTaHmusMu SIkyrckoro ¢ummaga PUIL EI'C PAH. Pacnpenenenue
CCHCMUYHOCTH aHAJM3HPYETCS B CBSI3M C H3BECTHOM TEKTOHMYECKOH OOCTaHOBKOH, MPOCTPAHCTBEHHBIMU
XapaKTCPpUCTUKAMU MAIrHUTHOTO U TPABUTALITMOHHOT'O HOHeﬁ, a TaKk)Ke ¢ 0COOEHHOCTIMHU FHYGI/IHHOFO CTpPOCHUA
pErvoHa, BRISIBJICHHBIMU 110 pe3yabTaTaMm 3D creKkTpaibHBIX HHBEPCUH TTOTEHITHANBHBIX mosei u 2D nHBepcuit
IPOQUIBHBIX MarHUTOTEIUTYPUYECKUX TAHHBIX NPHU OIOpPE HAa COOTBETCTBYIOIIUE ceficMuueckue paspesbl. B
aHaJIN3€e UCIIOIB3YIOTCS KapThl MOTCHIMAIBHBIX MoJieil (06001eHne Matepruanos cbeMok Macrrada 1:200 000)
U nanHble HedrerazomonckoBrix MT3 o cetn pernonanbHbIX npoduieit MOI'T2D. OCHOBHBIM HHCTPYMEHTOM
BBISIBJICHUST aHOMAIBHBIX XapaKTEPUCTHK Ie0(U3NIECKIX IOJIEH, a TaKXKe HIIEMEHTOB TITYONHHOH CTPYKTYPHI B
UX KOPPESIIMU C MPOCTPAHCTBEHHON (M YacTUYHO W3BECTHOM TINTyOMHOM) KapTHHOW pacHpeaeneHus
ceicMUYHOCTH CIYyXUT coBpeMeHHEIH koMmuiekca 'IC INTEGRO (BHUI'HU, otnenenune ['eonHpomMaTukn).
I[Ipn oOHapyxeHMH ¥ BepH(UKALUH OTUX KOPPENAIMOHHBIX CBS3€H OYEHb BaXHBIM OKazaics
MHTETPUPOBAHHEIIN MOJXO0]] C UCIIOIB30BAHHEM T'e€0(PH3NIECKUX IMOJIeH pa3HONW MPUPOIBI M MHOTOOOpasus ux
MOP(OJOTHYECKUX U CTATUCTHYECKHUX MapaMeTpoB, KOTOPHIM MO3BOJMI C JOCTATOYHOW OIPENeNICHHOCTHIO
BBIBUTH CEHCMOT€HEepHPYIOLINe CTPYKTYpPhI, KaK OTJAeNbHbIE, Tak U (Gopmupyromue 30061 BO3 (Hampumep, B
npeaenax celcMIUeckr Hanboee akTUBHOTO ydacTka JIeHo-AHabapcKkoro KpaeBoro mBa B AenbTe p. JICHBI).
HOKaSaHO, YTO INOBBIILICHHAs CeﬁCMHQHOCTL, TJIaBHBIM 06p330M, OTBEYAEeT 00IaCTSIM aHOMAJIbHBIX rpaJucHTOB
NOTCHLIUANIBHBIX OJEH U 30HaM Iepexoja OT U30JIUPYIOIUX K MPOBOISAIIUM Y4aCTKaM Ha T€0EKTPUIECKUX
paspesax, AHATHOCTHPYIOIIMM HEOJHOPOIHOCTH TEOJOTHYecKOro cTpoeHus. C IMOMOLIBIO CIIEIHaTbHBIX
METO/IOB BBIJICJICHUS JIOKAIBHBIX JIMHEHHBIX aHOMAIUH yCTaHOBIICHBI MOP(OJOTMYECKUE XapaKTCPHCTUKH
NOTCHLUANIBHBIX [TOJIEH, KOTOPbIE MOXKHO CBSI3aTh C PAHEE HEU3BECTHBIMU CEHCMOTEKTOHNYECKUMHU 3JIEMEHTAMU
B HamOojee morpyxkeHHoH uyactu JleHo-AHabapckoro mporuda — pa3IOMHBIMH 30HAMH CEBEPO-3aIlaJHOTO
npoctupaHus. [ HEKOTOpBIX Hambojee WHTCHCHUBHBIX, YBEPEHHO 3aperMCTPHUPOBAHHBIX COOBITHH,
IMPUYPOUEHHBIX K BBISIBICHHBIM CEIICMOT€HHBIM CTPYKTYpPaM, ONIPEeIeHbl MEXaHU3Mbl 04aroB 3eMJIETPICEHUN.
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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'eomaruuTHbIE HaﬁJIIOIleHI/Iﬂ IJIA yueTa Bapnaunﬁ BHCIIHEIr0 MArHUTHOI'O IMOJIA NMPH
HAKJIOHHOM U I'OPU30HTAJILHO HAIIPABJICHHOM 6ypemm

B.T. Ilerpos
WMHCTUTYT 3€MHOT0 MarHeTu3Ma, MOHOC(epsl U pacnpocTpaneHus: paaunoBoaH PAH, Mockaa,
Poccus

[Tocnegnue necstuiietuss B HedTerasoBod oTpaciu Bce OoJiee IMIMPOKO MPUMEHSETCS
HAKJIOHHOE ¥ TOPU30HTAJIBLHO HAMPaBJICHHOE OypeHNe CKBaKIH, KOTJ]a HA OJTHOM y4acTKe OypsTcs
MHOTO CKB&XKHMH B Pa3JIUYHBIX HarpaBieHUusx. OCHOBHBIM NpUOOPOM Ui OTNpEaeTICHUS
HamnpaBlieHUs1 OypeHUs B TOPU3OHTAIBHON TUIOCKOCTH SIBISETCS (EeppO30HIOBBI MAarHUTOMET).
Jns mepecyeTa MarHUTHOTO a3UMyTa B reorpaduueckuil UCIOIb3YeTCsl 3HAYEHUE MArHUTHOTO
CKJIOHEHHUS, KOTOPOE€ OOBIYHO MOTYYar0T U3 MOJIeNIeil MAarHUTHOTO 1oJjisl. OJHAKO MarHUTHOE T0JIe
WCIIBITHIBACT BapUAaIlMH, CBSI3aHHBIE C MEPUOJINUYESCKUMHU M HETIEPUOJUIECKUMU T€OMArHUTHBIMU
BO3MYILIEHUSIMHU, CO3/JaBaeMble TOKaMH B HMOHochepe u marHutocdepe 3emin. B crmokoiHBIX
YCIIOBHSIX aMIUIMTYyJa BapHallil CKJIOHEHUS HMEeT BeNW4YuHy 5-10 yriioBBIX MHH., HO B
BO3MYILIEHHBIX MOXET IOCTUIaTh HECKOJIBKUX I'PafyCoB. B CBA3M € 3TUM yXkKe TaBHO CTOUT BOIIPOC
00 ydeTe ITHX BapHwaluil B pealbHOM BpeMeHHU. JlJisi 3TOro AenaroTcsl MOMBITKH MOCTPOSHUS
mojeneit Takux Bapuaiuii (HDGM RT), Ho B ciiydae CHIIbHBIX T€OMarHUTHBIX BapUalluil cO3/1aTh
TaKue MOJIeN 0€3 IOMOJIHUTENBHBIX TAaHHBIX PEAIbHOTO BPEMEHH HEBO3MOXKHO. BTOpoii crmocob
yK€ JaBHO MPUMEHSEMbI 3amaHbIMM KOMIIAHUSIMHU — YCTAHOBKA CIEIUATbHBIX MarHUTHBIX
obcepBaropuii. Ceiiuac ¥ 0OTEUECTBEHHBIE KOMIIAHUY HAYMHAIOT 33[yMBIBAThCS O CO3/IaHUH TAaKHX
oOcepBaropuii. B noknage paccMOTpeHbI OCHOBHBIE OT€UECTBEHHBIE U 3apyOEKHBIE MPHUOOPHI,
HEOOXOJMMBIC I CO3/JaHHS TaKuX OOCEpPBATOPUA M BO3MOXKHOCTH WX TPHOOPETEHUS WU
W3TOTOBJICHHSI U TPeOOBaHMS K CAMOW MarHUTHOW 0OcepBaTOPHUH.
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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.

BbrunciieHHe YACTOTHBIX XapAKTEPHCTHK T€OMATHUTHBIX CUTHAJIOB HA OCHOBE METO/Ia JOKAJIbHBIX
annpoKCUMAINMOHHBIX MOJIeJIei

B. T. I'ermanos'?, B. A. IIununenko®?!, JI. A. Ctykos?
! Teodusmueckuii nentp PAH, Mocksa, Poccus
2Nucturyt usuku 3eman um. O. FO. Imuara PAH, Mocksa, Poccus

[Ipemmaraercss METOJT JIOKATBHBIX AMMPOKCUMAITMOHHBIX MOJENCH IS BBIYUCIICHUS YaCTOTHBIX
XapaKTePUCTUK HECTAIIMOHAPHBIX T€OMArHUTHBIX CUTHAJIOB — (DYHKIIMIA YACTOTHI ¥ ()YHKIIMU POU3BOTHON
4yacTOThl. llpupogHble CHUTHANBI, Kak MPaBIIIO, SBISIFOTCS 3allyMJIEHHBIMH, MHOTOYAaCTOTHBIMH,
HECTaIlMOHAPHBIMU TI0 aMIUTUTY 1€ X 9aCTOTE U C MEJUICHHBIMU TPEH/IAMH CIIEKTPATBHBIX XapaKTePUCTHUK.
B 0cHOBHOM, OIIEHKH 9aCTOTHBIX XapaKTEPUCTUK CUTHATIOB MMPOU3BOISATCS Ha OCHOBE METOAA JUCKPETHOTO
npeoOpazoBanus ®yppe. OmHAKO, 3TOT METOJ AJIsS HECTAIIMOHAPHBIX CUTHAJOB HE B IIOJHOH Mepe
a¢deKkTHBeH n3-3a OTpaHUYEHUH, CBA3aHHBIX C €r0 pa3pelIameil ClTIOCOOHOCTHIO. AJTBTEPHATHBON €My
MOXKET CIY)KUTh METOJ HEIWHEHHBIX MHOTOIMApPaMETPUUECKUX MOJETCH M peanu3allid Ha €ro OCHOBE
pEIIeHnH C ITOMOIIBIO ONITUMH3AIIMOHHBIX MTPOLIEAYP, YTO HE BCET/Ia MPUBOINT K YCIIEITHOMY ITOTYIEHUIO
pesynbTaToB. llpennmaraeMblii HOBBI METOJ JIOKAIBHBIX AaNIPOKCHMAIMOHHBIX MOJEJeH BKIIOYaeT
JIBYX3TaITHbIE allIpOKCUMAIIMOHHBIEC MPOIleAypsl. Ha mepBoM 3Tane Ha3HAYAIOTCS JTOKAIbHBIC HHTEPBAIIHI,
Ha KOTOPBIX UCXOJIHBIN CUTHAJI MOJKHO CUUTATh KBa3UCTAIIMOHAPHBIM. [IpH 3TOM HUCIIONIB3YIOTCSI CUCTEMBI
JIOKAIIGHBIX aIMMPOKCUMAITMOHHBIX HETMHEWHBIX MOJEIeH, JOMyCKarIIUX YIpolleHrne onTuMu3anuu. Ha
OCHOBE JIOKJIbHBIX MOJIeJIel BEIYUCIIAIOTCS OIEHKH HeCTAIMOHAPHBIX ITapaMeTpoB cUrHaIIOB. Ha BTOpoMm
JTarne pearn3yeTcs CHUKEHHE MOTPEITHOCTEH B BBIYMCIICHHSIX MEPBOTO 3Tala HAa OCHOBE CKOJB3SIIIHUX
KYCOYHO-TIOJMHOMHAIIBHBIX ~ MOJENe ¢  B3BELIEHHOro ycpeAaHeHus. B kauecTtBe mpumepa
paccMaTpUBarOTC TeOMarHUTHBIE ITyJIbCcalluy quama3ona Pcl («okeMayXUHBI») TI0 JaHHBIM 00CepBaTOpPUN
SDY (I'pennanausi), KOTOpPbIE MNPEACTABISIOT COOOW CEpUM KOPOTKHUX YacCTOTHO MOJIYJMPOBAHHBIX
BOJTHOBBIX TAKETOB. B KauecTBe JOKATBHBIX MOJENEH OBLIM MPUMEHEHBI KyCOYHO-CHHYCOWIAThHBIC
(GYHKIIMM C KYCOYHO-JIMHEHHBIMH QJIUTUBHBIMH TpeHJAaMH. Peann30BaHO IOCTPOCHHUE CHUCTEMBI
JIOKaJbHBIX  ANMPOKCHUMAIIMOHHBIX MOJEJe ¥  OIGHeHB HECTAIlMOHApHBIC IMapaMETPUICCKUC
aMIUIATYIHbIC, YAaCTOTHBIC U TPEHIOBbIe QYHKIMH. TeM caMbiM Obljla HAJEKHO pacCuMTaHa YacCTOTHAS
JIACTIepCHs 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.

MopennpoBanue pacnpeiejieHusi MATHUTHOTO TOJIS IIOCTAMEHTA HA MATHUTHOI
o0cepBaTopuu

A. 1O. I'Boznapes, C. 10. XomyToB
HMHCTUTYT KOCMO(HM3MYECKUX HCCIENIOBaHWA M pacmpocTtpaHeHus paauoBondH [IBO PAH,
ITaparyHka, Poccust

Ha ocHoBe aHaiuTH4YecKOM  MOAENM  MArHUTHOTO  TOJS  HAMarHW4eHHOIO
napajuleJienunea celnad pacy€éT MarHUTHOTO MOJI MOCTaMEHTA, SIBJISIFOIIETOCsS CTaHAapTHBIM
AJIEMEHTOM NaBUJILOHOB Ha MATHUTHBIX 00CEPBATOPHSX, C YUETOM MarHUTHOM BOCIIPUUMYHBOCTH
IIOYBBI M MaTepHaja OCHOBaHUSA mocraMeHTa. [locTpoeHsl Moenu pacnpenesieHus MarHUTHOTO
noJisi B naBuiboHax MarauromeTpoB dIdD GSM-19FD u POS-4 I'eodusmnueckoit obcepBaTopun
"ITaparynka" UKHWP JIBO PAH. Iloka3aHo, 4TO aMIUINTy/a aHOMAaJbHOTO IIOJI B IABHJIOHE
dldD moxer nocturate 20 HTn Ha BbeicoTe ycraHoBku mpubopa (40 cm). Kommnencarus
MarHMTHBIX MOMEHTOB SIMBI Y IJIUTHI OCHOBAaHHUS B TaBUIbOHE POS-4 puBOAUT K OTHOCUTENBHON
OJIHOPOJAHOCTH MOAeNbHOro mnosisg — He Oosnee 0.5 HTn Ha BeicoTe ycTaHOBKM mpubopa (1 m).
HccnenoBaHo M3MEHEHHE PaclpeiesIeHus MoJId 1O U MOCIE BBIKANBIBAHUS MOJEIBHON sIMBI Ha
TEPPUTOPUHU 00CEPBATOPUH U NTOKA3AHO, YTO U3MEHEHHE I10JISI COTIIACYETCS C MPECTABICHUSIMU O
JBYXCJIIOWHOM pacIpeleIeHU MarHUTHBIX CBOMCTB IOYBBI IIPU MarHUTHOM BOCIPHUUMYHMBOCTU
0.006 nmns Bepxuero ciosi MomiHOcThiO 70 cM u 0.009 nmns HmwxkHero cios. C TO3UIUK
W3MEHUYMBOCTH MAarHUTHBIX CBOWCTB IIOYBBI M DJIEMEHTOB KOHCTPYKLUH IaBUJIbOHOB
oOcyxaaroTcsi rojioBble Bapuanuu O6a3ucHbix 3HaueHudl anst dldD u POS-4 na oGcepBaropun.
[TocTpoena Mojenb MarHUTHOTO TOJIA MOCTAMEHTOB Ha MarHUTHOM crtaHuuu "Kypuaros" UT'U
MD PK, comocTraBieHne MoOJIeH ¢ U3MEPEHUSIMHU B a0COIFOTHOM M BapUallMOHHOM MaBUILOHAX
CTaHIIMM NO3BOJIMJIM ONPEAETUTh MArHUTHYIO BOCIIPUMMUYNBOCTh N3BECTKOBO-LIEMEHTHON CMECH
MOCTaMEHTOB. TakuM 00pa3oM MOKa3aHO, YTO H3-3a MPUPOJHBIX YCIOBHM MM HEYJa4HOTO
noadopa MaTepuagoB MOCTAMEHTOB BOJIM3M HUX MOTYT (hOPMHUPOBATbCS MAarHUTHbIE aHOMAJIUU
amrutynou a0 10-20 HT.
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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).

FeOHH(l)OpMaIIHOHHﬂﬂ cucTeMa «JK0JI0ro-reoXuMudecKas XapaKTEePUCTUKA PEK KamuaTkn»

E.T. Kanauesa, A. A. Jlonras
WNuctutyT Bynkanonoruu u ceiicmosnoruu JIBO PAH, Ilerponasnock-Kamuarckuii, Poccus

AKTHBHBIE BYJKaHbl U THAPOTEPMAIIbHBIE CUCTEMBI SIBIISIIOTCS OTEHIIMATIBHBIMU 3arPA3HUTEISIMU
OKpYyarolei cpeasl. ExecyTo4HO TepMalbHBIMU BOAAMH BBIHOCUTCSA B PEUHYIO CEThb HECKOJIBKO COTEH
TOHH PacTBOPEHHOT0 BemiecTna. [lenbl BynkaHnueckux u3Bepx eHui cogepxar 10 20% ot oduieit maccel
BOJIOPACTBOPUMBIX KOMILJIEKCOB H, Tomnajas B ruapocdepy, MOTYT KapJUHAIBHO MEHSTh XUMHUYECKHUHA
COCTaB peK M 03€p, YBEJIMYUBATh MUHEpAIHM3AIMIO U CHIKATh PH. BoibIIMHCTBO BOJOTOKOB oOnacTeit
AKTHBHOIO BYJIKaHWU3Ma («3apa)XX€HbD» TOKEIBIMM METaNIaMH ¥ TOKCHYHBIMH  COEIUHEHUSIMU,
(GOPMUPYIOIIMMH MECTHBIH THIpPOXUMHYECKU (oH. DKkonormueckoir Oe3omacHocTH KamuaTku B
MOCJICHHUE TOJIBI YACISETCS 0COOSHHO MHOTO BHUMaHus. Hanboee akTMBHON M MOTEHIMAILHO OMACHOH
MPUPOAHON 30HOW peruoHa sisiercss Bocrounslil Byiakanuueckuil nosc u LlenTpansHas KamuaTckas
JIenpeccusi, TA€ PACIOJIOKEHBl CaMble aKTHUBHBIE BYJIKaHBI IMOJNyOCTpoBa. B pamkax uccienoBaHus
cocTosiHUS BO/IbI B pekax Kamuarku corpyauukamu MHCTHTYTA BynkaHosnoruu u ceiicmonorun J[BO PAH
BEAyTCA PpEXHMHBIE HAONMIOAECHUS B IIYHKTaxX Ha BCEM MNPOTSHKEHUHM TEYEHHsI KpYHHEHIIeH pexku
MOJlyoCTpoBa — pekn KamuaTka, a Takke Ha BOJOTOKaX, APCHHUPYIOIIUX KPYIHBIE BYJIKaHO-
THIpOTEepMaibHbIe eHTPBl KpoHolikoro modepexbst. OToOpaHHbIE MPOOBI PEYHON BOJBI aHATH3UPYIOTCS
Ha CoJiep)KaHUEe OCHOBHBIX AHHOHOB, KAaTHOHOB WM MHKPOAXJIEMEHTOB. [l KakaoW mpoObl Takke
ONpPENENIAIOTCS  OCHOBHBIE  (DM3MKO-XMMHUYECKHWe  Tmokaszaresn  (temneparypa, pH, ypoBeHb
MUHepanu3anun). Bce oOpasipl Boibl aHANU3UPYIOTCS Ha COOTBETCTBUE TPEOOBAHUSAM K KauecTBY BOJHI,
WCTIIONB3yeMON I XO3SIMICTBEHHO-TIMTHEBBIX  HYXKI, a TaKKe BOABl BOAHBIX  OOBEKTOB
pBIOOXO03siCTBeHHOrO 3HaueHus. [loyueHHbIe JaHHBIE BU3YalIM3UPYIOTCS Ha web-KapTe, ¢ IMOMOLIBIO
KOTOPOM MOXXHO YBHJIETb MECTOIOJOKEHHE ITYHKTOB HaONIOJCHMS, MOIYYUTh JIOCTYNl K pe3yJbTaTam
aHAJIM30B, a TaK)Ke HArJSIIHO MOKa3aTh MYHKTHI, B KOTOPBIX KauecTBO BoAb! mpeBbimaeT [1JIK Bpemnbix
BEIIECTB pa3jMuYHBIX KjiaccoB omacHocTtd. [eomnpopmaimonnas cucrema (I'MC) co3mana c
HCII0JIb30BAaHUEM KOMIUIeKca TexHoioruil komnanuu NextGIS, BkiaroueHHOro B peectp poccuiickoro I10.
B nacrosimee Bpemsi TMIC HaxomuTcs Ha 3Tane HAaKOIUICHUS WH(POPMAIUM U JOCTYIHA TOJNBKO JUIS
aBTOPM30BaHHBIX MOJIb30BaTENeH. B manpHeieM OCHOBHBIE aHATUTHYECKHE CJIOW CTAHYT OTKPBITHIMU IS
Bcex. Pabora Bomonnsercs B pamkax Temsl HUP HMBuC JIBO PAH «MouutopuHr BiIMsHUS

By.]'IKaHH‘lCCKOﬁ nu FH,Z[pOTepMaJ'IBHOfI aKTUBHOCTH Ha XUMHYECKHH COCTaB PeK Kamuatkny
(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.

CejicMu4YecKNii MOHMTOPMHI MHOT'0JIETHEMEP3JIbIX TOPOJ APKTHYECKOoro meabda Poccun

B. A. Yesepnaa, I'. B. Pemierosa, E. 1. Pomenckuii
Huctutyt marematuku uM. C. JI. Cob6oneBa CO PAH, Upkyrck, Poccus

Hamu  moctpoena  cuMMmerpuueckas — rumnepooivueckas — TEpMOAMHAMMYECKU
coriacoBaHHasi cucreMa aAudQepeHInanbHbIX YpaBHEHUH B YACTHBIX IPOU3BOJIHBIX IS
onMcaHus Ipouecca GOPMUPOBAHUSA U PACIIPOCTPAHEHMSI CEHCMUYECKUX BOJHOBBIX IOJIEH BO
drounoHackiieHHONW nedopMupyeMoit mopuctoil cpene. Ha Ham B3rnsn Takas cuctema
HaWIy4lluM 00pa3oM MOJAXOJUT Ui 3TUX IieJied, 03BOJISASL ONUCHIBATh MHOTOJIETEHEMEP3ITYIO
opo.y, KaK YIpyryro AeopMUpyeMyto MOPUCTYIO CPEAY, MOPbI KOTOPOH 3aNI0THEHBI (QIIOUI0M,
3aMep3a0IUM MPU MOHWKEHUH TEMIIEPATYPhl U IOCTENIEHHO OTTAWBAIOIIUM IIPH €€ MOBBIIICHUH.
OueHb BaXHBIM aCIIEKTOM JIJIs1 MOJIEIUPOBAHUS POLECCOB 3aMEP3aHUs — OTTAUBAHUS BBICTYIAET
BO3MO>KHOCTh OITMCAHUS COOTBETCTBYIOUINX J€(POPMAIIMOHHBIX IPOLECCOB, KOTOPBIE IPUBOIAT K
W3MEHEHHI0O MEXaHMYECKHX CBOMCTB CpeIpl, YTO M MPEAJaraercs HCIOJIb30BaTh IIpU
CEIICMHYECKOM MOHUTOPUHIE COCTOSIHMSI MHOTOJIETHEMEP3IbIX MopoJ. [lomydyeHHble mpu 3TOM
Qg depeHmaIbHbIe ypaBHEHUS 00pa3yloT CUCTEMY IIEPBOTO MOPSIIKA, IS YUCIIEHHOTO PeIeHHS
KOTOpOM NpUMEHUM HPQPEKTUBHBI KOHEYHO-PA3HOCTHBIM METOJl Ha CABUHYTBHIX CETKax.
ITpoBenéHHBIE YHMCIIEHHBIE pacdy€Tbl IOKa3ajad, YTO 3aTyXaHUE CEHMCMMUYECKHX BOJIH IIpU
pacnpoCTpaHEHUH B TAKUX CPeaxX CYLIECTBEHHBIM 00pa30M MEHSETCS B 3aBUCUMOCTHU OT CTENIEHU
OTTauBaHMs, TO €CTh OT BOZHUKHOBEHUS >KUKON (a3bl. IMEHHO 3TO CBOICTBO M Mpejaraercs B
KayeCcTBE MHJIMKATOPA COCTOSHUSL MHOTOJIETHEMEP3IIBIX OPO/I.
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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.

MeTO}IbI MO3UIMUOHUPOBAHUA CKBAKUH

A. C. Banbuyk
Texuomornum ODPC, Mocksa, Poccus

Penrenue npoOiieM MO3WIIMOHUPOBAHUS CKBAXHH: (MIpoOjieMa BEPTHKAIM — PACTSHKEHHE CTallH,
a¢pdekr CrokxayszeHa, mpodiieMa ropu3onTaiu — maruutHoe BiausHue KHBK, OypunbsHoro nHCTpyMEHTa,
OypoBoro pactBopa, TOpHbIX mNopoa) — Meron koppekuuu rayounsl: SPE 89899. Dmnmpuuecku
NoJy4eHHbIe KOX(GUIIMEHTHI, TPUMEHUMBIE B JIIOOBIX YCIOBUSX, BX0oaHbIE NaHHbIE — rTyOWHA MO CTBOJIY
U IyOMHa 1O BEpPTHKAIM, NMPUMEHUM K J000My HaOOpy JaHHBIX, B TOM YHUCIE U K apXUBHBIM. —
HenpepbiBHass uHKIMHOMETpHS: MeTo NPUMEHUM HCKIIOYUTEIBHO K POTOPHBIM  YIPaBIISEMBIM
cucrtemam: 2 HezaBucuUMbIX HHKIMHOMeTpa (ATK u OTK), utorossie 3amMmepsl nepeJaroTcs ¢ IMIIOTHOCTHIO
MUHHMYM | TOYKa/3M, BHE TOYEK OCHOBHOTO 3aMepa HMCIOJb3YIOTCS WHTEPIIOIUPOBAHHBIE a3UMYTHI. —
Koppensaunsa ¢ rupockonoM: CHmkeHne asuMyTaibHON norpemtHocTy TC, AHann3 HavanbHBIX YCIOBHMH,
NPUHATHE PELICHUS O MPUMEHHMOCTH MeToJa, AHalu3 cucTeMartudeckod ommOku azumyTta Gyro Vs
MWD, Komnencanus azumytoB MWD Ha BelWYMHY HaiIeHHOW cucTeMaTHuyeckoi ormmbku — MSA
(MHOTOTOUCHUHBIN aHanu3): CBUHUeHHBIE BMecTe, TpyObl CBT mpeicTaBisoT co00i OrpOMHBIN MarHHUT C
IByMs noirocamu. Takoi mapasuTHBI MarHUTHBIA (DOH MCKaXaeT «BUIMMOE» MarHUTHOE IoJie 3eMIIH U
BHOCHUT OIIMOKY B M3MepeHue asumyTa. CHU3Y M CBEpXY JaTyMKa yCTAaHABJIMBAIOT HEMAarHUTHBIE TPYOBI
JUTSL M30JISIIMU aTyrka. TakuM o0pa3oM, OJMH JWMONb pa3OMBaeTcs Ha JBE YacTH, C M30JSTOPOM II0
cepeanne. OmunbOKa a3uMyTa BCIIEACTBHE MHTEPPEPEHIIMN PACTET NPOMOPLHOHATIBHO: POCTY IUPOTHI (C
YBEJTMUEHHEM YyTjla HAaKIOHEHHs), POCTY 3€HUTHOTO yria, OJIM30CTH K MarHuTHoMy 3amany/Boctoky —
IFR1 (BbICOKOTOYHAs TeOMAarHUTHAsI MOZIENb C YYETOM JIOKAJIbHBIX aHOMaNni): B mporiecce peructpanuu
UK 3amepoB aysi OLIEHKHM WX Ka4yecTBa HCIIOJB3YIOTCS 3TAJOHHBIE XapaKTEPUCTUKKA MArHUTHOTO OIS
3emin (CKJIOHEHUE, HAKIOHEHUE, HANPSKEHHOCTh). MarHUTHBIA ceBep — HECTaOMJIBHBIA BO BpEMEHHU
opueHTHp. MarHuTHOE CKIOHEHHE HMCIIONB3YEeTCs IS IPUBEACHUS MarHUTHOTO a3MMyTa TEJIEeCUCTEMBI K
reorpaueckoil cUcTeMe KOOpIWHAT, T.K. TeorpadUuecKdil TONIOC BpalleHHs 3eMIId SBISETCS
YCTOMYMBBIM BO BpeMeHU OpueHTUpoM (uctuHHBIA CeBep). I'me ucmonb3yercst stanon? IlpuBenenue
a3uMyTa K CHUCTEME yCTOM4YMBOro opueHTHpa, KoHTponb kauectBa m3mepenuil — IFR2 (KommeHncanus
CYTOYHBIX BapHallMii MarHUTHOTO TOJS 3eMJIM C TMOMOIIbI0 BapuocTaHiuu): CyTOUYHBIE BapHalliu
MarHMTHOIO MOJISI UCKAKalOT MarHUTHOE CKJIOHEHUWE, MCKAKAIOT HaNpsHKEHHOCTh M yroJl HaKJIOHEHUS
MarHMTHOTO NOJIs 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.

DJ1eKTPOHHBIN HayuHblii )kypHaJa «Russian Journal of Earth Sciences». 25 Jjier B Haykax o
3emure

A. 1. I'Bumnanu, 9. O. Kenpos, H. A. ®omenko, E. 0. @upcosa, T. M. Kynpsiuesa
I'eouznuecknii uentp PAH, Mocksa, Poccus

B 2023 romy xypuan «Russian Journal of Earth Sciences» otmerun cBoii
JBAIATUTIITHIICTHUN toOunedd. Maes co3manus >kypHana BO3HUKIA B Haudaie 1990-x romoB
nporiioro Beka B Muctutyte dpuzuku 3emnu uM. O. 0. HImunra PAH u I'eodusnueckom neHtpe
PAH, korma BoO3HMKJIa HEOOXOIMMOCTh B OTAEJIBHOM HAYyYHOM H3/IaHUHU, OOBEIMHSIOIIEM
JUCLUIUIMHBI HayK o 3emiie. BoJbIIMHCTBO JKypHAJIOB, M3aaBaBIIuXcsa B ObiBIieM COBETCKOM
Coroze mo Haykam o 3emule, ObUIM Y3KOCTEUMAIU3WPOBAHHBIMM, Hampumep: «TeKTOHHKay,
«JIuronorusy, «Ilerponorus» u T. 1. [loaToOMy OBLIIO CTI0%KHO MTyOIMKOBATh CTAThH, TOCBAIICHHBIE
npobiieMaM Ha CTBIKE pPa3HbIX HAyuyHbIX JAWCUUIUIMH. Jlpyroi BakHOM mnpoOiemol Obuio
OTPaHUYEHHOE KOJIMYECTBO HJUIIOCTpALUi, KOTOphIE K TOMY K€ JOJDKHBI OBLIM OBITH YepHO-
OeNbIMH, YTO CYIIIECTBEHHO CHUYKAJIO WX BocnpusiTue. Eile oHa BakHas TpyTHOCTh ObLIa CBsI3aHa
C Te€M, UYTO OOBbIUHBIE aKaJAEeMUYECKHE KYpHaIbl MOIJIM U3JaBaThCs HE OAMH Troi. «Poccuiickuii
JKYypHaJI HayK O 3emiie» JIMIIEH BCEeX 3TUX HeAocTaTKoB. OH MyOJIMKYeT CTaTbU Ha aHIJIMHCKOM
WIM PYCCKOM SI3bIKax INPAKTUYECKH IO BCEM AMCLMILIMHAM HayK O 3emile: I€OMarHeTH3M,
reoJIorusi, Te0OXUMHUs, reonH(popMaTuka, reorpadus, reodKoIorus, Grusnka 3eMiu, ceicMOIOTHs,
BYJIKAHOJIOTHsI, Te0Ie3Hsl, He(hTera3oBasi reoJiorusi U reopu3nKa, IMCTAaHIIMOHHOE 30HUPOBAaHNE
3emiiu, OKeaHOJIOTHUsl, BOJHBIE PECYPCHI, TOPHOE /I€JI0, OKPY’KaIoIask cpeia U KIMMaT, U3ydyeHue
ApPKTHKM M AHTapKTHKH, a Takke OOJbIIME JaHHBIE B HayKaxX O 3eMileé U CUCTEMHBIH aHaIu3.
Cpoxu myOnuKaIum cratei, nocjae NpUHATHS PeAKOJUIETHEH, COCTABISIIOT B cpenHeM 90 nHeil (B
3aBUCUMOCTH OT OYepeAd CTaTbl M €€ TEXHUYECKOM CII0)KHOCTH). CylleCTBeHHBIM
IPEUMYIIECTBOM JKypHaJja SBJISE€TCS OTKPBITHIN JocTym K cTaThsM (Open Access), YTO O3BOJISIET
3HAUUTENIBHO YBEIMUUTh AYAUTOPUIO U JIOBECTH PE3YJAbTaThl HAYYHBIX HCCIEIOBaHUMN 10
HIMPOKOT0 Kpyra yuTareneil. B HacrosmeMm nokiaae pacckasbiBaeTcs 00 MCTOPUU CO3/IaHUS
XKypHaia, 00 aKTyaJlbHOH MO3UIIMH B OCHOBHBIX pedepaTHUBHBIX 0a3zaX, Kak POCCHUICKHX, TaK U
MEXTyHApOJHbIX.
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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.

AHaJM3 NPOCTPAHCTBEHHBIX JAHHBIX VIS 32124 NPOrHO3MPOBAHMA JIe10BOi HHGOpMALHH
B APKTHKe

E. A. IlaBnoBa, A. B. IOmun, T. A. AnckceeBa
Apxrrueckuii 1 Aurapkraueckuii Hayuno- MccnenoBarensckuit Uucturyt, Cankr-IlerepOypr,
Poccus

MeToauKu TpOTHO3UPOBAHUS JIEAOBOW MH(POPMALMK BKIIOYAIOT B ceOs Moa00p Tom0B
TOMOJIOTOB, BBIJCJIEHUE KIMMATHUYECKUX MEPUOJIOB, 33/a4M, CBA3aHHbIE C MPOCTPAHCTBEHHBIM
pacnpeneeHneM XapaKTepPUCTUK JIEJITHOTO ITOKPOBa, COMTOCTABIIEHUE PAa3IMUYHbBIX XapaKTEPUCTUK
Mexay coboi. IlporHo3upoBanue eoBOM HHpOpMaLMU NpEeAroyiaraeT aHajau3 OoJIbLIOro
00béMa MPOCTPAHCTBEHHBIX JAHHBIX: pPa3jIMYHOM  METEOPOJIOrMYECKOH, JIeJOBOM U
okeaHorpaduueckoir nHpopmaruu. dopmaTsl HCXOAHON HHGOpPMALMU pa3IUYHBl MO TUIY:
AIIEKTPOHHBIE KapThl, TaOJIMYHbIE JTaHHBIE, OMKMCATEIbHbIE XapaKTEPUCTUKU MPOCTPAHCTBEHHBIX
00BEKTOB, pacTpOBble M300paKEHMsI, UMEIOLINE TeOoNpuBsA3Ky. BaxxHON 3amauell MOATOTOBKU
MaTepuajoB K MPOTHO3Y SIBISIETCS MPHUBEACHUE Bcel MH(OpMAaLUK K BHJIaM, MO3BOJISIOUIUM €€
COIIOCTAaBUTh MEXIY co00i. B onepaTuBHOM NpakTuke OOJbIIAs YacTh JAHHBIX MPUBOAUTCS K
BEKTOPHOMY (popMaTy Juisi pabOThl B reOMH(OPMAIIMOHHBIX cucTeMax. MakcHMaibHO-BO3MOKHOE
NPOJAJICHUE DPSJIOB JIAHHBIX W3 apXUBHBIX HCTOYHUKOB I103BOJIIET TOYHEE MOA0OpaTh TOJibI-
TOMOJIOTH U JIOCTOBEpHEE OTPA3UTh CTAaTHCTUYECKUE IapaMeTphbl XapaKTepucTHK. [[nst sToro
TpeOyeTcs NpUBEIEHUE apXUBHBIX MAaTEpHAIIOB K OJTHOMY BHJly C COBPEMEHHON nHpopManuen —
olM(poBKa U BeKTOpU3alus KapT. PaboTa ¢ reonpocTpaHCTBEHHBIMHU JaHHBIMU B APKTHYECKOM
peruoHe uMeeT 0COOEHHOCTH M OINpeeEHHBIE CIOKHOCTH, CBSA3aHHBIE C IEPEX00M KOOpIUHAT
yepe3 180 mepuaman. OnTuMHU3UpOBaHHAS paboTa C JaHHBIMH Ja€T BO3MOXKHOCTH TOBBICHUTH
KaueCTBO KOHEYHOI'O IPOTHO3a COKPAaTUTh BPEMsI HA €0 CO3[aHUE, a TAK)KE COXPAHWUTH BCHO
UCXOJHYI0 MH(OpMaLMIO B BUJE, MPUTOJHOM JUIsd JlaibHelmero ananusza. Pabora moanepxkana
Poccuiickum HayunsiM ¢onI0M, TpaHT 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’ (lsaoperanalysis.ikir.ru:9180/Isaoperanalysis.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).

CucreMHBIH aHAJIU3 B 32/1a4aX KOCMHUYECKO MOro/Abl 0 Pe3yJibTATAM CHCTEMbI KABPOpPa»

O. B. Mangpukosa
HNuCcTUTYT KOCMO(U3HUECKUX HCCIeAOBaHUNW M pacmpocTpaHeHus paauoBoid [IBO PAH,
[Taparynka, Poccust

HccnenoBanne BIMSHUS MapaMeTpOB MEXKIUIAHETHOH cpellbl HA TPOIECCHl B MarHUTOC(hEpHO-
noHoc(hepHoil cucreme TpeOyeT NPUMEHEHUS] U Pa3BUTHSA KOTHUTHBHBIX TEXHOJIOTUI B MCKYCCTBEHHOM
MHTEJUIEKTE C MO3MLIMN CHCTEMHOro aHayin3a. HakomsieHHble W HempephiBHO (POpMHUpPYEMbIE MAacCHBBI
9KCIEPUMCHTALHBIX JIAaHHBIX W WHTEHCHBHO pa3BHBalONIMecs (U3UKO-MaTeMaTHYECKHE METObl B
KOMOWHAIINY C COBPEMEHHBIMH HH(POPMAIIMOHHO-KOMMYHHKAITHOHHBIMY CPEACTBAMH M TEXHOJOTHAMH Ha
TEKyIIM MOMEHT OO0ECHEUMBAIOT BO3MOXKHOCTH IEPEXOAa OT Pe3ybTAaTOB MNPSAMBIX HM3MEPEHUH K
uHpopMaIu OoJiee BBICOKOTO MHTEIUIEKTYyalbHOTO ypoBHs. [Ipeiaraemplii moaxoa B JOKiaae OyneT
paccMOTpeH Ha TpuUMepe pe3yibTaTOB KOMIUIGKCHOM HWHTEPAKTUBHOW CHCTEMBI  «ABpOpa»
(Isaoperanalysis.ikir.ru:9180/Isaoperanalysis.html), paspaboranHoii B 1aboparopuu CHCTEMHOTO aHAIN3a
HUKHP JIBO PAH. B cucreme «ABpopa» B pexxuMe, MPUOIMKEHHOM K MaciTady pealbHOrO BpEMEHH, 110
JAHHBIM TEeO(QHU3MYECKOr0 MOHHTOPUHTA BBITIONHSAETCS aHalN3 M KOHTPOJIb MarHUTocepHoil u
noHocheproit aktuBHoctell B CeBepo-BocTounom peruone Poccum, a Takke OLIEHMBAETCS COCTOSIHUE
BapualMii IOTOKOB TaJIAKTUYECKUX KOCMHYECKMX Jiydel. Pe3ynbraTsl cHCTEMbl OCHOBaHbI Ha
KOMILJIEKCHOI 00pa00oTKe MarHUTHBIX ¥ HOHOC(EpHBIX AaHHBIX obcepBaTopuit UKUP JIBO PAH, a Takxke
JAHHBIX CETH HAa3eMHBIX CTaHIWN HEUTPOHHBIX MoHHTOpOB (Www.nmdb.eu). IIpu dopmupoBanun
pelICHUH O COCTOSHUM CpeIbl TakKKe MCIOJb3YIOTCS MapaMeTpsl MarHutocdepsl (ckp.geras.ru,
wdc.kugi.kyoto-u.ac.jp, ipg.geospace.ru, spaceweather.izmiran.ru) ¥u  MEXIUIAHETHOH  CPEIBI
(omniweb.gsfc.nasa.gov/form/dx1.html). Cucrema nmeeT OTKpbITBIH moctyn ¢ 2018 roma, U COACPKUT
(opMHpyeMble HEPEPHIBHO MaTepuaibl HAOMIOACHUHN U pe3ynbTaThl 00paboTKK JaHHBIX. B noknane, Ha
npumepe paboTbl cucTeMbl ABpopa B NMEPUOJbl MOBBIIIEHHOW COJIHEYHOW M MAarHUTHOH aKTUBHOCTEH,
OyayT paccCMOTpPEHBI BOIIPOCH BO3MOKHOCTH BBITIOJIHEHHST TIPOTHO3a KOCMUYECKOW TOTO/IBI 110 HA3eMHBIM
JaHHBIM re0()U3NIECKOT0 MOHUTOPHHTA ¥ TIOTEHIAJIbHBIE TIEPCTIEKTUBBI ITOBBIILIEHHUS TOYHOCTH IIPOTHO3a
Ha OCHOBE ITOAXOJI0B CUCTEMHOro aHanu3a. PaboTa BeimonHeHa 3a cueT [oc. 3aganus UKWP IBO PAH
(per. Ne Temsr 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).

HNuTtennexryaiabHblil MeTod o0HapyxeHusi PopOym-3ppexToB B Bapuanusix KOCMHYECKHX
Jy4eit

O. B. Manpgpukosa, b. C. ManapukoBa
HNucTUTYT KOCMOGUM3HUECKUX HCCIeAOBaHUNA M pacmpocTpaHeHus paauoBoid [IBO PAH,
ITapatynka, Poccus

Teoperndeckoil OCHOBOW HCCIEHOBaHMS SBISETCS pa3padOTaHHBIA aBTOPAMH METOJ
OOHapyXeHHs] aHOMAaJu{, OCHOBAaHHBI Ha CHHTE3€ KJIACCUYECKOW TEOPHUM PUCKOB C
HEJTMHEHHBIMH aNNPOKCUMHUPYIOIIMMH CXEMaMH B OPTOHOPMHPOBAHHBIX BEHBIET-0a3ucax M
MOCTPOCHHBIMH KOTHUTHBHBIMH TpaBWiaMH. lIpemiaraemMplii METOZ TO3BOJISIET B PEKHME
HOCTYIUIEHUS IaHHBIX B CUCTEMY 00pabOTKM MPUHUMATh OJIM3K0€ K ONTUMAaIbHOMY pelieHue 6e3
npenoOyudenus. B noknane 6yayT npeacraBieHsl pe3ynbTaThl 00HapyxeHus @opOyu-3p¢dexkToB
B BapHallUsAX BTOPUYHBIX KOCMUYECKHX JIyuell Ha psijie CUIbHBIX U YMEPEHHBIX MAarHUTHBIX Oyph
2024 roga. B uccienoBaHnu UCIOJIb30BAIKCH TAHHBIC HEUTPOHHBIX MOHUTOPOB (Www.nmdb.eu)
U uHopMamus O MapaMeTpax MeXIUIaHeTHOW cpeasl M MarHutocheps! (ckp.geras.ru),
XapaKTEePHU3YIOIIMX COCTOSIHUE KOCMUUECKOM Mmoroibl (ipg.geospace.ru, spaceweather.izmiran.ru).
[Tokazana 5>(@eKTUBHOCT, MpeAsaraeMoro Meroja Juid OOHAapyKeHHMs  BHE3aIHbIX,
KOPOTKOIIEPUOIHBIX aHOMAJIHHA Pa3HOOOPa3HO# (HOPMBI, BOSHUKAIOIINX HAKAHYHE W BO BpEMS
MarHuTHBIX Oypb. DKCHEPUMEHTAJIbHO MOJTBEpXkJEHa 00Ilas aHOMalbHas TUHAMHKA MOTOKa
KOCMHYECKHX JIydeil B TIEpUOJbI TOBBIIICHHON COJHEYHOW AKTHMBHOCTH M MarHUTHBIX OYypb.
HaGnronaemast Koppemsius ¢ ”3MEHEHUIMHU [TapaMeTPOB MEKIUIAHETHO Cpe/ibl CBUIETENILCTBYET
0 JIOCTOBEPHOCTH TIOJYYEHHBIX pe3ylbTaToB. PaboTa BBIMONHEHA 3a cyeT [ ocymapcTBEHHOTO
sapanust UKUP JIBO PAH (per. Ne Tembr 124012300245-2).
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Identification and Analysis of Swarm Sequences in the Amur Region

S. A. Tusikova, V. V. Pupatenko
Yu. A. Kosygin Institute of Tectonics and Geophysics, FEB RAS, Khabarovsk, Russia

Earthquake swarms are one of the types of seismic activity manifestations, in which a large
number of earthquakes, comparatively weak for this territory, occur over a relatively short period
of time. Unlike aftershock sequences, swarms do not have a main event, as well as a characteristic
attenuation of earthquake energy over time. The study of swarm sequences is important for a more
complete understanding of seismic processes, as well as for the study of active faults. The very
appearance of swarms is often associated with the heterogeneity of tectonic structures and fluid
migration processes. This paper presents the results of a study of earthquake swarm sequences in
the Amur Region. The Amur Region is an intraplate region, its seismic activity is extremely uneven
and varies from insignificant to moderate. It is defined by systems of large faults, mainly left-
lateral strike-slip faults. In historical times, many earthquakes with magnitudes of about 6.0 and
higher were recorded here. The most informative part of the regional earthquake catalog, covering
the period from 1965 to 2022, was used as the initial data. The paper also discusses the
methodological basis for identifying swarms for such territories, where low earthquake magnitudes
in a swarm are combined with low recording capabilities of the seismological network. The swarm
identification algorithms were adapted, including an increase in the permissible interval between
events - up to 10 days. As a result of the analysis, more than 150 swarm sequences were identified
that are not aftershock sequences. The maximum swarm activity occurs in the months of March
and April, which shows the supposed connection between their occurrence with snowmelt and
fluid migration. Comparison of the position of earthquake swarms with geophysical and geological
data made it possible to identify some patterns. Thus, most swarms are localized near fault
structures that have geological manifestations and are confined to rift basins and volcanic
formations. Their connection with the position of the axes of linear anomalies of the gravitational
field and zones of anomalous values of the Vp/Vs velocity ratio is also observed..

BbiiesnieHue M aHAJIM3 poeBbIX NocjegoBaTenbHocTel B [Ipuamypbe
C. A. Tycuxosa, B. B. Ilynatenxo

Wuctutyt Tektonuku u reopusuku um. FO.A. Koceiruaa IBO PAH, Xa6aposck, Poccus

Pou 3emnerpsiceHuil sBISIOTCS OJHMM U3 BUJIOB MPOSBICHUS CEHCMHUYECKON aKTUBHOCTH, NPHU
KOTOPOM 3a OTHOCHTEJIbHO HEOOJBIIONH NPOMEKYTOK BPEMEHH IPOUCXOAUT OOJIBIIOE KOJIUYESCTBO
CPaBHHUTEIBHO CHAOBIX JUII OSTOW TEPPUTOPUHU 3eMileTpsiceHmil. B oriamume ot adrepirokoBon
MOCIIEIOBATEIEHOCTH, POM HE WMEIOT TJIABHOTO COOBITHS, a TaKXKe XapaKTePHOTO 3aTyXaHUs SHEPTruu
3eMIICTPSICEHUH BO BpeMeHH. M3ydeHHe POEBBIX IMOCIEAOBATEIHLHOCTEH BaXXHO ISt OoJiee IOIHOTO
MOHUMAaHUSI CEMCMHYECKUX TPOIECCOB, a TAKXKE IS U3YYCHHSI aKTUBHBIX pa3ioMoB. CamMoO TOSBICHHE
POEB YaCTO CBSI3aHO C HEOJHOPOIHOCTHIO TEKTOHHUYECKUX CTPYKTYpP M MPOIECCAMU MHUTPaliU (DIFOUIOB.
B Hacrosmieit pabote mpuBEACHBI PE3yAbTATHl U3YUEHHUS! POEBBIX MOCIEIOBATEIHPHOCTEH 3eMIICTPSICCHUIA
Ha Tepputopun l[Ipuamypbs. Ilpuamypbe — BHYTPUIUIUTHBIA PETHMOH, €r0 CEHCMHMUYECKas aKTUBHOCTD
KpalilHe HEpaBHOMEpPHA M U3MEHSIETCSI OT HE3HAUUTEIbHOU 10 ymepeHHOH. EE€ ompenensioT cucTeMsl
KPYIHBIX Pa3IOMOB, IPEUMYIIECTBEHHO JIEBBIX CABUIOB. B cTOpHUecKoe BpeMsl 31€Ch pETUCTPUPOBAIUCH
HEMAaJIo 3eMJICTPSCEHUH ¢ MarHUTyAaMu 0KoJjio 6.0 u BeImIe. B kauecTBe NCXOAHBIX JAHHBIX UCTIOIBE30BaHA
Hauboee nHGOPMATHUBHAS YaCTh PETHOHAIBHOTO KaTalloTa 3eMJIETPSCEHH, MTOKPHIBAIOIIAS IIPOMEXYTOK
¢ 1965 mo 2022 ronel. B pabore oOcyxkmaercs Takxke U METOJOJIOTHIECKast OCHOBA BBIJICIICHUS POEB IS
MOO0HBIX TEPPUTOPHIA, HA KOTOPBIX HEBBICOKHNE MATHUTYIBI 3EMJIETPSICEHHM B POE COUETAIOTCS C HU3KUMH
PETUCTPAITMOHHBIMA BO3MOYKHOCTSIMH CEHCMOJIOTHUECKONH CEeTH. AJNTOPUTMBI BBIIACIEHUS POEB ObUH
aJaTUPOBAHbI, B TOM YHCIIE OBUT MOBBIIICH JIOMTYCTHUMBIN HHTEPBAIl MEXTy coObITHsIME — 10 10 cyTok. B
pe3yiabTaTe aHanu3a BbyiedeHbl Oosiee 150 pOEBBIX IMOCIICAOBATEIBHOCTEH, HE  SBJSIONIMXCS
a(TepIIOKOBBIMHU TTOCIIEIOBATEIIHFHOCTAME. MaKkCUMabHAs POEBasi AKTUBHOCTh TIPUXOAUTCSI HA MECSIIBI
MapT W amnpesb, YTO MOKAa3bIBAET IMPEANOJIATa€MYI0 CBSI3b MX BO3HUKHOBEHHUS C TasHUEM CHErOB H
murpanueit Qmonnos. ComocTaBleHUE TONOXKEHUS POEB 3EMIICTPSCEHHA C TeOPU3UYSCKUMH U
IEOJIOTHYECKUMHU JaHHBIMH TI03BOJIMIIO BBIJCIUTh HEKOTOPhIE 3aKOHOMEPHOCTH. Tak, OOJIBIIMHCTBO POEB
JIOKAIIM3YIOTCST BOJU3U PA3JIOMHBIX CTPYKTYpP, HMEIOIUX I'€OJOTHYECKUe TPOSBICHUS, ¥ MIPUYPOUYCHBI K
PUGDTOrCHHBIM BIIaJITHAM ¥ ByJKaHUYECKUM 00pa3oBaHusaM. HabmoqaeTes Takke X CBsI3b C MOJI0KCHUEM
ocel JIMHEWHBIX aHOMAJMKA TPaBUTAIIMOHHOTO TIOJSI M 30H AHOMAJIbHBIX 3HAYEHUW OTHOIIEHUS
ckopocreit Vp/Vs.
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