Tpurrepusie 3¢ dexTs B reocucremax (18-22 mas 2026 r., Komomua, Poccust)

AHAJIN3 HAITPSIAKEHHO-IE@OPMUPOBAHHOI'O COCTOAHUA IUTOCPEPBI KABKA3A
HA OCHOBE TPEXMEPHOI'O YUCJIEHHOI'O MOJEJINPOBAHUSA

. XK. Akmartos*, B. H. Tatapunos

Teogpuszuueckuii yenmp Poccutickou akademuu Hayk, Mockea, Poccus
*E-mail: d.akmatov@gcras.ru

B pabote paccMOTpeHbl pe3yibTaTbl YUCIEHHOTO MOJAEIUPOBAHUS HANPSKEHHO-A€(POPMUPOBAHHOTO
cocrosiuust ytocepsl bonbimoro KaBkaza kak cermMeHta AJBNHICKO-I MManaicKoro KOJUIM3MOHHOTO
nosica. MoaenupoBanue BbimosHeHO B cpene COMSOL Multiphysics MeTOIOM KOHEUHBIX JIEMEHTOB B
KBa3UCTaTMUECKON TPEXMEpPHOW NOCTaHOBKE. 3€MHasi KOpa ONKCaHa Kak YNpyromjiacTU4eckas cpenaa, a
BEPXHsISI MAHTUS — KaK BA3KOYIIpyras cpeia tuna Makcpesuia. ['eomeTpus MoJieny BKIIIOUAET KOPOBYIO 4acTb
MOITHOCTH 70 60 KM M TOICTHIIAIOIIN I MaHTHIHBIN CJ10# 10 riryouHs! 150 kM. [ paHIYHBIE YCIIOBUS 331aBAINCH
C Y4ETOM PETHOHAILHOTO pexkuma cxkatust SH_ > Sh . > Sv. KitoueBoe 3HaueHre UMEET Mpeodpa3oBaHue
OOKOBBIX CMEIICHUI B BEPTHKAJIbHBIE (TTOTIEpeuHOe CIUTIonIBanne wiu coasur 1o JI. M. Pacuseraesy). Jlis
BepU(UKALNN U UHTEPIPETALNN PE3YIHTATOB MPUBIICKAINCH OMyOINKOBAaHHBIE B CEHCMHYECKMX KaTalorax
JJaHHbIE O COBPEMEHHBIX JBIKEHHUSIX 3€MHOW KOpbl M DPACIpPEAECHUH BbICBOOOKIECHHOW CEHCMUYECKOU
SHEPIrUH.

PesynpraTe MOAEIMpPOBaHUs IOKA3aJIH, YTO I10JI€ HANIPSKEHNUH 3€MHOM KOpHI B ITpeaenax bossmoro Kaskaza
OTIpEe/IEIIAETCS OTKIMKOM MEPEMELEHUIN MECTKUX CTPYKTYpPHBIX OJIOKOB, pa3/e€leHHBIX OCJIa0JIEHHBIMU
Pa3JIOMHBIMH 30HaMU M aHU30TPONHUEN PEOJOrnuecKrX CBOMCTB 10 IiTyOnHe. MakcuMalbHble BEpTHKAIbHbBIE
[IEPEMEILEHUS] U TMOBBIIIEHHbIE 3HAYEHMsS] MHTEHCUBHOCTH HANpsSIKEHUH JIOKAJIM30BAHbI B OCEBOM 4acTH
OporeHa W BOJHM3M KPYIHBIX TEKTOHHUYECKHX CTPYKTYp. AHaIU3 MapaMeTpoB TEHICHIMH K CABHUTY H
kodpdunuenta Jlone—Hanan mokaszai, 4ro KpynHEeHUIIHe pa3ioMbl HAXOAATCS IPEUMYIIECTBEHHO B PEXXKUME
CXKaTHs M HAJBUT00Opa30BaHMUs, TOT/Ia KaK OT/EIBHBIE CETMEHTHI PA3IOMHOM CeTH 00J1a/IaloT BHIPAKEHHOM
IIPEIPacoIOKEHHOCTBIO K CIIBUTOBOM pEAaKTHUBALMU. OTO TMOATBEPKAAET CIOKHBIM, HMPOCTPAHCTBEHHO
HEOJIHOPO/IHBII XapaKTep COBPEMEHHOIO HANPSKEHHO-1E(POPMUPOBAHHOTO COCTOSIHUS JIUTOC(EPHI pETHOHA.

HauboneeBaXHBIM pe3yIbTaTOM IBJISICTCS BBISIBIICHIE METACTA0MITHHBIX 30H KOHIIEHTPALIUU MEXaHUYECKOM
SHEPIUM B TMpeJieNaX CEHMCMOreHEepUupyIIero cjaosl. OTH 30HbBl XapaKTEpU3YIOTCS IOBBIIIEHHBIMU
JI€BUATOPHBIMU HANPSKEHUSIMH, HAKOIUIEHUEM YNPYTOl SHEPTUM U KAUECTBEHHO COBIAAAIOT C 00JaCTAMHU
MaKCUMaJIbHON TUIOTHOCTH BBICBOOOXKICHUSI CEMCMUYECKOM SHEPruM, PACCUUTAHHOM IO KaTajoram
3emuieTpsiceHnii. Tem caMmbIM moka3aHo, 4To bombmiol KaBkas mpeacraBisieT co00l MeTacTaOMIIBHYIO
r€OMEXaHHUYECKYI0 CHUCTEMY, B KOTOPOH HAKOIUICHHAs SHEPTHUS MOXKET TpPaHC(HOPMHUPOBATHCS KaK B
BEPTUKAJIBHOE MOJHATHE OPOr€Ha, TaK U B DHEPrUI0 paspylleHus B BUJE 3emieTpsiceHuil. [lonmyyeHHble
Pe3yIBTAThI MOTYT OBITH MCIIOJB30BAHBI VISl JAIIBHEHUINCH OIEHKH CEMCMHUYECKON OMACHOCTH PETHOHA, a
TaKXe JJI1 MOCIEeAYIONIEH MHTErpaluu YuciIeHHoro mojaenupoBanus ¢ nganusiMu ['HCC naGmronenuit u
JPYTUMU T'€0JIe3UNYECKUMHU U3MEPEHUSIMU.
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The paper presents the results of numerical modeling of the stress—strain state of the Greater Caucasus
lithosphere as a segment of the Alpine—Himalayan collisional belt. The modeling was carried out in COMSOL
Multiphysics using the finite element method in a quasi-static three-dimensional formulation. The Earth’s
crust was represented as an elastoplastic medium, whereas the upper mantle was described as a Maxwell-
type viscoelastic medium. The model geometry includes a crustal layer up to 60 km thick and an underlying
mantle layer extending to a depth of 150 km. Boundary conditions were specified with regard to the regional
compressional regime, SH__ > Sh_. > Sv. Of key importance is the transformation of lateral displacements
into vertical ones (transverse shortening, or «sodvig» in the sense of L. M. Rastsvetaev). For verificati n
and interpretation of the results, published data on present-day crustal movements, seismic catalogs, and the
distribution of released seismic energy were used.

The modeling results showed that the stress field of the crust within the Greater Caucasus is controlled by
the displacement response of rigid structural blocks separated by weakened fault zones and by the anisotropy
of rheological properties with depth. Maximum vertical displacements and elevated stress intensity values
are localized in the axial part of the orogen and near major tectonic structures. Analysis of slip tendency and
the Lode—Nadai coefficien demonstrated that the largest faults predominantly operate under compression
and thrust-related deformation, whereas certain segments of the fault network exhibit a pronounced tendency
toward strike-slip reactivation. This confirms the complex and spatially heterogeneous character of the present-
day stress—strain state of the region’s lithosphere.

The most important result is the identification of metastable zones of mechanical energy concentration
within the seismogenic layer. These zones are characterized by elevated deviatoric stresses and elastic energy
accumulation, and they qualitatively coincide with areas of maximum seismic energy release density calculated
from earthquake catalogs. Thus, the Greater Caucasus is shown to represent a metastable geomechanical
system in which the accumulated energy may be transformed both into vertical uplift of the orogen and into
fracture energy released in the form of earthquakes. The obtained results may be used for further assessment of
the seismic hazard of the region, as well as for the subsequent integration of numerical modeling with GNSS
observations and other geodetic measurements.
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