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

KOMILIEKCHBIM IMMOJIXO0J K OIIEHKE CEUCMHUYECKOM OITACHOCTHA C YYETOM
W3MEHEHUSA TEO3KOJIOTMYECKHUX YCJIOBUH (HA ITIPUMEPE KBIPTBI3CTAHA)

C. K. Opynb6ae*, M. B. Poakun

Llenmpanvno-A3uamckuii uncmumym npukiaoHsix uccieoosanuii 3emau, buwxex, Keipevizckas Pecnyonuka
*E-mail: s.orunbaev@gmail.com

KbIprei3cTan pacnosiokeH B OJHON U3 CeCMOAaKTUBHBIX o0siacTeil. OLeHka ceicMU4ecKol 0e30MMacHOCTH
0a3upyeTcs Ha peIeHNH KOMITJICKCA 3a/1a4: OIICHKE BEJTMYMHBI M TOBTOPSIEMOCTH CEHCMUYECKUX BO3ICHCTBUH,
OLIEHKETPYHTOBBIX yCJIOBUH, OI[CHKE YSI3BUMOCTH COITO-TeXHOChepbl. HMoaHa n3 »Tux mpo6ieM OKOHYATEIEHO
HepenieHa. O1eHKa CUIbHEUIITNX BO3ICUCTBUI 3aTPY THACTCSI MATION IITUTEIIbHOCTHIO CEICMUYECKUX KATAJIOTOB.
NHcTpymeHTanbHas OLEHKA IPYHTOBBIX YCIOBHM XOPOIIO PEHIAETCS JIOKAJIBHO, HO 3TH METOJBI TPYIOEMKHU
U UMH HEJb3sl NOKPBITh 3HAYUTENIbHbIE Iulomaau. OLeHKa YS3BUMOCTU MpeArojaraeT yd4er MU3MEHEHHH
KaK B IIPaKTHUKE CTPOUTENIbCTBA, TAaK U U3MEHEHMsI SKOJOTM4YecKuX (PakTopoB (0OBOJHEHHOCTH, XapaKTepa
3emuienoib3oBanus). [Ipumep I'nccapckoro 3emmnerpsicenus (1989 r., TamkukucTan) mokas3bIBaeT, UTO JAKE
He cuibHOe coObitne (M = 5.2) Ha 0OBOJHEHHBIX JIECCOBBIX TPYHTaX MOKET BBI3BATh KaTacTPO(pUUECKUE
onon3Hu U pazxuxenue. s Keipreiscrana, rjae 30HbI BHICOKON CEMCMHYHOCTH COBIAJIAIOT C 00JIACTIMU
pacIpOCTpaHEHHUs JIECCOB M aKTUBHO MEHSIOIIMMCS BOJHBIM PEXKUMOM, TaKOM CLEeHapui akTyaneH. Huxke
JlaHbl TIOJIXO/IbI K PEIIEHUIO 3TUX BOIPOCOB Ha npuMmepe Kbipreizcrana.

B ycnoBusix HemocTaTka MHCTPYMEHTAIbHBIX M MCTOPHUUECKHUX CEHCMHUYECKHX JAHHBIX Ba)XKHYIO pPOJIb
UTPAIOT F€OJIOTHYECKUE U MMATIEOCEHCMOIIOTMYECKHUE METO/IBI OLIEHKH ITAPaMETPOB CHIIBHBIX 3E€MIIETPSICECHUN
3a OoJyiblIMe MHTEPBAJIBI BpeMEHH. MeTo/a BBISABICHHS W HMHTEPIPETAIMH CMEIICHHH CKaJbHBIX OJOKOB
MO3BOJISIET OLIEHUBATh MAKCUMAJIbHBIE YPOBHHU MPOILLIBIX CEMCMHUUYECKUX BO3A€UCTBHM. [[puMeHeHue 3Toro
MOAX0/1a MO3BOJIUJIO PACIIMPUTh BPEMEHHOMW AUana3oH JJisi OLICHKH CEHCMUYECKON OMMAaCHOCTU B AJIaliCKON 1
HapsiHckoit nonuHe. J[pyrum HCTOUHUKOM MH(OPMALIMK O CUIIBHBIX 3€MJIETPSICEHUSX MPOLUIOTO SBJISIOTCS
JIOHHBbIE OTJIO)KEHUs TOpHbIX 03€p. MccnenoBanue NOHHBIX ocankoB o3epa Capel-Yenek mokaszano, yTo
0CaJI0YHAsl TOCJIECOBATEIILHOCT MPEPHIBACTCS COOBITUHHBIMU CIIOSMU TYpOHIMTOB M JIe(OPMHUPOBAHHBIX
OCaJIKOB. DTH CTPYKTYpHl (OPMHUPYIOTCS B DPE3yJbTaTe IMOJBOIHBIX OIMOJ3HEH, OOpYHICHHI CKIOHOB H
Pa3zKMKEHNS 0CAIKOB IPU CUJIbHBIX 3€MJIETPSICEHUSIX. AHAIN3 KEPHOB IOHHBIX OCA/IKOB [I03BOJINII yCTAHOBUTh
BO3pacCT TaKUX COOBITUIHBIX CJIOEB, B YaCTHOCTH, JIBYX ITOCJIEJTHUX, OTBEYAIOLINX CHJIBHBIM 3€MJIETPSICEHUSIM
MarauTy o M, = 7.5: Hatkanbckomy 1946 r. u Cyycambipckomy 1992 r. Takoe coBrajieHue MOKa3bIBaET,
YTO 03EPHBIE OCAJKU MOTYT CIIy’KHTh XOPOILIUM PErMCTPATOPOM CEMCMUYECKON aKTUBHOCTH, ITO3BOJIIOIINM
PEKOHCTPYUPOBATH HCTOPHUIO CUIIBHBIX 36MJIETPSICEHUH 3a JIUTENbHBIE IEPUO/IbI BPEMEHH.

Taxoke BaKeH y4eT M3MEHEHUS COLMAIBbHO-I)KOHOMHYECKUX M T€0IKOIOTUIECKHX (0OBOHEHHE TPYHTOB,
JeTpajialus MEp3JIOThl) YCIOBUH, YTO OCOOCHHO CYIIECTBEHHO B BUIY OBICTPOTO M3MEHEHUsS COIUAIBHO-
SKOHOMHYECKUX U MIPUPOJIHBIX YCIOBHH (Cpein IpOoYero, MHUIMUPYEMBIX U3MEHEHUSIMU KJIMMaTa). MeTo1bl
MHKPOCEHCMHUYECKOT0 30HAUPOBAHUS U BEPTUKAIBHOIO 3JIEKTPUYECKOrO0 30HAMPOBAHMS HCIOJIB30BAINCH
JUI KapTUPOBAaHUS I'PYHTOBBIX YCJIOBUH M ypOBHEH I'PYHTOBBIX Boj (ropoja bumikek, HapbiH, muioTuHa
Kypncait). MonuTopuHr motussl Kypricaii BEISIBUI HATMUKME OTKJIMKA OT CE30HHBIX M3MEHEHU TEMIIEpaTyphl
1 ypoBHs Bo/ibl. B ceBepHoIl uacTu bullikeka yCcTaHOBIIEHO, UTO MTOIbEM YPOBHS I'PYHTOBBIX BOJI (BCIIEACTBHE
UppUTallMi U KIMMaTUYECKUX M3MEHEHUHN) BEJET K CHUKEHHUIO HECYLIEH CIIOCOOHOCTH JIECCOBBIX I'PYHTOB
U YBEJIMYEHUIO pUCKa noAToruieHus. OOBOIHEHHUE JIECCOBBIX TOJI] MOUIHOCTBIO 50—150 M MHOrokpartHO
yCWINBAET cericMuueckuid 2P ekt. J[onmoTHuTeTbHbIC JAHHBIC AeT aHAIN3 CITyTHUKOBBIX JaHHBIX (NDVI)
JUISI OLIEHKU CBSI3U U3MEHEHMM PACTUTEIBbHOCTH U BOJHOIO PEXUMA.

Xapakrep ceiicmuyeckoro ymepoa B Keipreizctane B Onmkaiiiime qecsaTUIeTUs: OyJIeT ONpeaesiaThCs He
TOJILKO COOCTBEHHO XapaKTEPOM CEHCMUYHOCTH, HO U IMHAMHUKOW T'€09KOJIOTUIECKHUX YCIIOBHI (0OBOJHEHNE
IPYHTOB) U U3MEHEHUEM YSI3BUMOCTH 3aCTPOMKH. B 3TOH CBsA3M akTyasleH Mepexoja OT CTAaTUYECKUX KapT
CEIICMHUYECKON OMACHOCTH K AMHAMHUYECKUM CLEHApUsM PUCKA, MHTETPUPYIOUIUM JIaHHbIE MOHUTOPHUHIA
I'PYHTOBBIX BOJ, KIMMaTU4YECKHE MPOTHO3bI U aKTyaJIbHbIE XapaKTEPUCTUKHU 3JaHUI.
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Kyrgyzstan is located in one of the most seismically active regions of Central Asia. Assessing seismic safety
requires addressing several interconnected tasks: estimating the magnitude and recurrence of seismic impacts,
evaluating local ground conditions, and assessing the vulnerability of the socio-technical environment. None
of these issues has been fully resolved. The evaluation of the strongest seismic impacts is constrained by the
relatively short duration of instrumental and historical earthquake catalogs. Although instrumental methods
allow accurate assessment of ground conditions at local sites, they are labor-intensive and cannot easily be
applied over large areas. At the same time, vulnerability assessments must consider changes in construction
practices as well as environmental factors such as groundwater conditions and land-use changes. The
example of the 1989 Gissar earthquake in Tajikistan illustrates this challenge: despite its moderate magnitude
(M =5.2), the event triggered catastrophic landslides and soil liquefaction in water-saturated loess deposits. In
Kyrgyzstan, where highly seismic zones coincide with extensive loess formations and changing hydrological
conditions, such scenarios remain highly relevant.

In the absence of long instrumental and historical records, geological and paleoseismological methods are
important for reconstructing parameters of strong earthquakes over longer time intervals. One such method
involves identifying and interpreting displaced precariously balanced rock blocks, which allows estimation
of maximum ground motions produced by past seismic events. Application of this approach has extended the
time horizon for seismic hazard assessment in the Alai and Naryn valleys.

Another valuable archive of past seismic activity is preserved in the sedimentary records of mountain lakes.
Studies of bottom sediments in Lake Sary-Chelek reveal event layers such as turbidites and deformed deposits
formed by underwater landslides, slope failures, and sediment liquefaction triggered by strong earthquakes.
Analysis of sediment cores identified layers corresponding to two strong earthquakes with magnitudes of
approximately MLH = 7.5: the 1946 Chatkal earthquake and the 1992 Suusamyr earthquake. This demonstrates
that lacustrine sediments can serve as reliable natural archives for reconstructing long-term seismic histories.

Ongoing socio-economic and geoenvironmental changes must also be considered. Rising groundwater
levels, land-use changes, and climate-related processes can significantly influence ground stability.
Geophysical methods, including microseismic sounding and vertical electrical sounding, have been applied to
map subsurface conditions and groundwater levels in Bishkek, Naryn, and at the Kurpsai dam. Monitoring at
the Kurpsai dam shows responses to seasonal variations in temperature and water levels. In northern Bishkek,
groundwater rise—partly due to irrigation and climate change—reduces the bearing capacity of loess soils and
increases flooding risks.

Future seismic damage in Kyrgyzstan will depend not only on seismic activity but also on evolving
environmental conditions and the vulnerability of the built environment. Therefore, there is a need to move
from static seismic hazard maps toward dynamic risk assessment approaches integrating environmental
monitoring, climate projections, and updated building data.
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