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M3yyeHsl n 3akapTupoBaHbl reojorndyeckue addexkrsl Xyocyrynbckoro 3emiuerpsicenus 12.01.2021 r. ¢
Mw = 6.7, craBiiero cuibHeliiieM B IIpuxy6cyryinbe Ha MHCTPYMEHTATBHOM 3Tare CECMOIOrMYECKUX Ha -
omonenuii. C ucronbs3oBanueM mkajabl ESI-2007 okoHTypeHa anulieHTpabHasl 30Ha C ”THTEHCUBHOCTBIO
8 6autoB. Bhixom ouara 3eMJieTpsiCeHUSI Ha TOBEPXHOCTD MPENCTaBIIeH TPaBOCTOPOHHUM COPOCO-CIBUTOM
C aMIuUIUTynoi cMmelreHus 1o 20 cM, 0OHOBUBIIMM IMO3MHETOJIOLIEHOBBIN TEKTOHUYECKMIA YCTYN B 3amaj-
HOM 60opTy XyOCyryabcKoii prudToBOii BIIafuHbL. JJHaAMHKa pa3pbIBOOOpa30BaHUS B IIO3IHEM TOJIOLICHE
CBUIECTEIBCTBYET O MOCTENIEHHOM pa3pacTaHWM BIAJAWHBI 32 CUET AECTPYKIUM TPHUIIETAIONIETO TOPHOTO
MaccuBa. JIlaHHbIe CITyTHUKOBOI MHTEPMEPOMETPUM U CEMCMOJIOTMYECKUX HAOTI0IeHU I XOPOIIIO COIJIacy-
I0TCS ¢ pe3yibTaTaMU MOJIEBBIX UCCIIENOBAHUM, YTO MTO3BOJISIET pACCMATPUBATh BbIIEIEHHYIO 00J1aCTh MaK-
CHMAaJIbHBIX COTPSICEHUI B KAYeCTBE MPOSKIINY BEpXHEM YaCTU 0YaroBOif 30HBI HAa TTOBEPXHOCTD.
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M3BecTHO, 4TO CEICMUYHOCTD SIBJISIETCSI OTpaXke-
HUEM COBPEMEHHBIX TEKTOHUYECKUX ITPOIIECCOB B
Henpax 3emuin. [eonormyeckue MposiBieHUsI 3eMJie-
TPSICEHUIA Ha TIOBEPXHOCTU TTO3BOJISIIOT TOJYYMUTh
NpsMBbIe JTaHHBIE 0 MaKpocelicMmieckoMm 3P deKTe B
OJV>XKHEW 30He, MPOCTPAHCTBEHHBIX MapaMerpax
CeAICMUUYECKOro o4yara U UICTOPUU TaKUX COOBITUIA B
Onvkaitiem miponuioM [5]. MdyyeHue Kaxkaoro co-
BPEMEHHOTO CUJIBHOTO 3€MJIETPSICEHUS TI0 COOTBET-
CTBYIOIIE METOJMKE TaeT HOBbIE JAHHbBIE O 3aKOHO-
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MEPHOCTSIX YCTPOMCTBA OYArOBbIX 30H U HAIlPaBJIEH-
HOCTH COBPEMEHHBIX I€OJMHAMUWYECKUX IPOLIECCOB
B YCJOBHUSIX KOHKPETHOM CEMCMOTEKTOHUYECKOM

CTPYKTYPHI.

Xyocyrynbckoe 3emierpsiceHue 12.01.2021 mpo-
MU30IIJI0 Ha Ioro-3anagHoM ianre baiikaabckoit
pudtoBoii cucrembl (BPC) u crano cuibHermnm
celicMuueckuM coobiTieM IlpuxyOcyrynbst 3a WH-
CTPYMCHTAJIbHBINM miepuon HabmomeHuit (puc. 1).
st BPC nMmeroTcest Xopollo mpopadoTaHHEBIE Te0I-
Hamuueckue mopaenu. OmHako cpenu MpencTaBu-
TeJIbHO U3YYEHHBIX B CEICMOTEKTOHUYECKOM OTHO-
LIEHUU CWIIbHBIX 3emieTpsiceHuit BPC, mis1 koTopbix
ObLIM JEeTalbHO WU3YyYeHbl CEHCMOTEKTOHUYECKUE
MPOSIBJIEHUSI Ha TMOBEPXHOCTU M COCTABJIEHBI TIpe-
CTaBJIeHUSI O TEKTOHUYECKOM YCTPOIMCTBE ouara,
MOXHO OTMETUTB Juilb MoHnuHckoe 1950 r. ¢ M, =
=7 [11] m Myiickoe 1957 1. ¢ M= 7.6 [6]. DT cCOOBI-
Tnst BMecte ¢ Tac-FOpsaxckum 3emieTpsicenreM 1967 T.
(M, =7) ctanu cunbpHelimumu B bPC 3a uHcTpyMeH-
TaJgbHBIN TIepuon HabmoneHnii. TakuM oGpa3om, C
TOYKU 3PEHUS U3YYEHHOCTU CEHCMOTEKTOHUYECKUX
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Puc. 1. TTonoxeHue snuieHTpa Xyocyrynbekoro semierpsicennsi 2021 r. (moka3aH 3Be3104YKOiT) Ha KapTe ceiicMuuHocTh baiikaib-
cKoif pudTOBOI cUCTEMbl U TMPUJIETalOIUX TepPUTOpUil. DruieHTpbl 3emierpsicennit ¢ 1900 r. mo ganHeiM CK3 OCP-2012
(www.seismorus.ru) u EI'C PAH (http://www.ceme.gsras.ru). st CWIbHEHIINX CEMCMUYECKUX COOBITUI MPUBEICHbI MeXa-
HM3MBI 04aroB o maHHBIM: [3, 13]. MexaHu3m ouara Xyocyrynbckoro 3emueTrpsiceHus 2021 1. mo nanHbM [10]. 1 — Baiikanb-

ckasi pudToBasi cuctema.

YCJI0BUIA BO3BHUKHOBEHUSI CUJIBHBIX 3eMJICTPSICEHUIA
BPC npssMpIMu MeTOmaMu, UMEETCS OIIpeae/IeHHBIA
“neuuut”.

ITo nanubiM Antae-CasiHckoro M baiikanbckoro
dummanoB EI'C PAH XyoGcyryiabckoe 3emieTrpsice-
Hue umeno M, = 6.7, M; = 6.9, ryouHy odara mo-
psinka 8 KM, pacueTHasi MHTEHCUBHOCTb COTPSICEHU
B dNULEHTpe cocTaBuna I, = 9 6amios [2]. [TonyyeH-
HbIE pa3TMIHBIMHA aBTOpPaMM pellleHus (hOKaTbHOTO
MeXaHU3Ma OTJIMYAIOTCS ¢/1ab0 M CBUIETETLCTBYIOT O
NPEeMMYIIECTBEHHO COPOCOBOI KMHEMAaTHUKE CMEIIIE-
HHS B o4are Co CIBMUTOBOM KOMIIOHEHTOit [2, 8—10].
Taxkoit Mexannu3M B niesioM TunndeH g1t BPC 1 otpa-
KaeT nehopMallMOHHBIN PEXXUM TPaHCTEHCUM (pac-
TSDKEHHE CO CIIBUTOM).

B TeKTOHMYECKOM OTHOIIIEHUU oYar pacroyioXeH
B 3aImagHOM 00pTy XyOCyTryJIbCKOM prU(TOBOM BIAIN-
Hbl. BnaguHa pa3BuBaeTCs B YCIOBUSIX PACTSI>KEHUS
U UMEET CTPYKTYPY aCUMMETPUYHOTO TMoJyrpabeHa ¢
KPYTBbIM 3aMajJHbIM U MOJOTMM BOCTOUYHBIM OOPTOM
[4]. B cTpoeHuU BMaauMHbI OCHOBHYIO POJIb UTPAIOT
aKTUBHbIE COPOCHI U COPOCO-CIBUTU CYOMEPUINO-
HaJIbHOW OPUEHTUPOBKU, OrpaHUYUBAIOILINE 3allajl-
HBII 60pT BriaauHbl. CABUTOBasi KOMIIOHEHTA BIOJIb
pas3ioMOB CeBEpO-3aMnajHOro MPOCTUPAHUS UMEeT
MPaBOCTOPOHHIOI HAIMPaBJIEHHOCTb U JIEBOCTOPOH-
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HIOIO TIpU CEeBEPO-BOCTOYHOI oOpueHTUupoBke [1].
DNOULIEHTP JOKAIM30BaH B aKBaTOpUU 03. XyOCyTyI,
YTO BBI3BAJIO 3aTPYAHEHUSI B IPUBS3KE K KOHKPETHO-
MYy pas3jioMy.

[lepBuyHOE reoysiormyeckoe oOCIEOOBAHUE SIIM-
LEeHTPaIbHOIM 00J1aCTH OBIIO BHITIOJTHEHO Yepe3 TPU
JIHSI TTOCJIe 3eMJIETPSICEHUS CIIELIMAJIMCTAMUY UHCTUTY-
Ta aCTPOHOMMHU U Teodn3nku MOHTOJIBCKOI aKamie-
mun Hayk [8]. Torna Ob111 BBISIBJICHBI TOTBKO BTOPHAY-
Hble HapylLIeHUSsI, IIPeICTaBJIeHHbIE CEIICMOBUOpaLU-
OHHBIMU TpEIIMHAMU U BBIOpOCAMU OOBOTHEHHOIO
TecKa Ha paBHUHE y 03. XyOCyTyiI.

B aBrycre 2022 r. HaMH1 OBLIO BBIMIOJTHEHO ITOJIE-
BO€ CEMCMOTEKTOHUYECKOE UCCIeA0BaHe 04aroBoii
30HBI 3eMJIETPSICEHUSI. 3eMIIETPSICEHUE HE TIPUBETIO K
KepTBaM U pa3pylLICHUSIM AaxKe B SIMULICHTPAIbHOM
30He. 3aKapTUPOBAHHbIC HAPYIIEHUST YETKO ACSTCS
Ha JBe TPYIIbL: TIEPBUYHbIE, HEIMTOCPEACTBEHHO OT-
paxkarollye BBIXO/ O4Yara 3eMJIETPSICEHUSI Ha TTOBepX-
HOCTh B BHUJIE CEHCMOTEKTOHWYECKOrOo pasphiBa, U
BTOPUYHBIE, NpPEACTaBISIONINEe COOOM pe3ynbTar
CeliCMUUYECKMX COTpsICeHUI (puc. 2).

PacnpocTtpaneHne BTOpUYHBIX HAPYIISHUI OTIpe-
JIeNsieTCsl reoMOP(dOJTIOTMYECKIMMU YCIIOBUSIMU M pac-
crostHueM Ao odara. OHU TIpeacTaBiIeHBI MEJIKUMU
oOBajlaMu, OCHITISIMM, KaMHEMAaIaM1, BCTPSIXHYTBIMU
Ne 1
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Puc. 2. Kapra reosiorudeckux 3¢ bekToB XyOCyryIbCKOTO 3eMJIETPSICEHUSI B COTTOCTaBICHUY C CEICMOIOTUYECKUMU JaHHBIMU.
1 — ceitMopasphrIB; 2 — TEKTOHUYECKHE YCTYMbI; 3 — 00BaJIbl; 4 — KaMHEMAaIbl; 5 — CeiiCMOBUOpALIMOHHBIE TPEIIUHBI; 6 — BbI-
Opochl necka (pa3XXKeHus1); 7 — MaKCUMaJlbHasl TJIOTHOCTh adTepiiokoB (35—47 B mpenenax kpyra paguycom 0.02°) o gaH-
HBIM: [2]; § — u3oceiicta § 6ayutoB no mkane ESI-2007 (koHTyp 3MULIEHTPaTbHO 30HBI); 9 — SMULIEHTP 3eMJIETPSICEHUSI TI0

NaHHBIM: [2].

CKJIOHaMHU, CEMCMOTPaBUTAIIMOHHBLIMUA TPEIIMHAMM
Ha OpOBKax CKJIOHOB BOIOPA3/EJOB U YCTYNOB Tep-
pac, ceiicMOBUOpPaIIMOHHBIMY TPEIIIMHAMU U BBIOPO-
caMM OOBOJIHEHHOTO TTeCKa Ha MOBEPXHOCTU 3200710~
YEeHHOI aKKyMYJISITUBHOM pPaBHUHBI y 03. XyOCyTyn
(puc. 3, a, 0). J1st OLIECHKY MHTEHCUBHOCTHU COTpPsICe-
HUI MO mapaMeTpaM BTOPUYHBIX HapyllIeHUI HC-
nonb3oBaHa mkana ESI-2007 (Environmental Seis-
mic Intensity), COOTBETCTBYIOIIAsI TPaAUIIMOHHBIM
mKaam tiua MSK-64 m EMS-98 [12], TecTupoBaH-
Has HaMHW Ha HECKOJBbKHNX COBPEMEHHBIX aHaJIoTax, B
TOM 4YHUCJIE U B BOULECHTpaIbHOI 30He TYBUHCKUX
semuerpsicenuii 2011—2012 rr. [5]. ITo cpennum pas-
MepaM CEMCMOBHUOpPAIlMOHHBLIX TpeIluuH (IIMHA
25—40 M ipu mmpuHe go 30 cM), BeIMInHE OTOPO-
IIIEHHBIX CO CKJIOHOB IIbIO (10 2.5 X 3 M Ha 25—30 M),
00beMy 06BasioB (20—30 Thic. M?) TOayYEHA UHTEH-
CUBHOCTb 8 6aJ/JIOB, KOTOPOIi COOTBETCTBYIOT U ITapa-
METPbI CeiICMOTEeKTOHUUECKUX HapylleHuit. [1To atum
JMAHHBIM TTOJTyYeHbI KOHTYPBI TTUIIEHTPAIIBHOMN 30HBI.

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

B MecTe crymeHnsT BTOpUYHBIX HApyIIeHWI OBLT
OOHapy:KeH BBIXOJ] ouara 3eMJIeTpsICEHUsI Ha TTOBEPX-
HOCTh — CEHICMOTEKTOHMYECKUI Pa3pbIB, TIPEACTaAB-
JICHHBII TIPaBOCTOPOHHUM COPOCO-CIBUTOM CO CMeE-
meHueM 10 20 CM B BEpTUKAIBHO M CTOIBKO K& B
TOPU30HTAJILHOM TIOCKOCTU (puC. 3, B, T). Pa3pniB
cMmeniaer Bce opMbl pesbeda Ha CBOEM MYTH, Ky-
CTapHMKOBO-MOXOBOII ITIOKPOB, KaMHW, KOPHU |
CTBOJIBI IEPEBBEB, IO KOTOPHIM 3aMepPEeHBI aMIUTUTY-
obel cMmenieHus. PaspeiB umeer CC3- mpocTtupaHue
(340°—350°) u ripocexkeH Ha pacCcTOsTHUE OKOJIo 250 M.
Heb6ompmag mmmHa mOpocieXXeHHOTO pa3phiBa, II0
BCel BUTUMOCTH, OOYCIIOBJIEHA ero cJIaboil BEIpa3-
TEJIbHOCTBIO U HEOOJIBIIINM CMEIIEHUEM.

TekToHMYecKas Mpupoaa pa3pbiBa MOAYEPKUBA-
€TCsI MPUYPOYEHHOCTHIO K TEKTOHUYECKOMY YCTYIY,
c(OPMUPOBAHHOMY TIPEIBIIYIIUMU ITOIBMKKAMM.
Bxkpect npoctupaHust ycryra BBICOTOM OKOJIO 1 M,
0oOHOBJIEHHOTO IIpu 3emiieTpsiceHun 2021 1., ObLIa
TpoiifeHa TpaHIllesl, B KOTOPOU BBISIBIIEH COpOC C T1ajie-
HUeM Tion yrioM 50°—70° B BOCTOYHOM HaIpaBJIeHUU
Ne 1

ToM 511 2023



68 OBCIOYEHKO u gp.

Puc. 3. ®0oT0 BTOPUYHBIX U MEPBUYHBIX 3(DDHeKTOB XyOCYTyILCKOTO 3eMIIETPSICEHUsI: a — 00Bajl; 6 — OTOpOIlIeHHas IIbiba ¢
yAapHOI BMSITUHOI; B, T — CEMCMOTEKTOHUYECKHNE PA3PbIBbl CABUTOBOI KUHEMATUKU.

(puc. 4). Ha 6poBke ycTymna pa3pblB CMEIIAET COBpe-
MEHHYIO 36MHYIO MOBEPXHOCTb U MouBy Ha 15—20 cM.
B ocHOBaHMM ycTyITa BCKPBITHI pa3phIBBI TTPEABITY-
IMUX 3eMJIETPSICEHUI, KOTOpbIE TOCIEeIOBaTEILHO
3axBaTbIBaJd B OMYyCKaHWE BCE HOBBIE YYaCTKU CO
CTOpOHHI XpebTa. TakuM oOpa3zom, IMHAMUKa pa3-
PBIBOOOPA30BaHMS BO BDEMEHM U ITPOCTPAHCTBE CBU-
JIeTeJIbCTBYeT 00 KCITAaHCHMM BHAAWHBI B 3aMagiHOM
HaIIpaBJIEHUHU C TTOCIIeI0BaTeIbHBIM 3aXBaTOM U Jie-
CTPYKIIMEN MPUJIETaroIero ropHOTo MOIHSTHS.

OOHOBJICHHBI TEKTOHWYECKUI YCTYIl BXOIWUT B
SIIEJIOHUPOBAHHYIO CUCTEMY TEKTOHUUYECKUX YCTY-
OB, 3aKapTUPOBAHHBIX B MOTHOXMUU XpeOTa Ha 3a-
MagHOM OTrpaHWYeHUU XyOCYT'YJIbCKOI BIAIUHBI
(cM. puc. 2). YcTynbl UMEIOT TO3IHETOI0LIEHOBbI
BO3pACT, HapyIIalT MOBEPXHOCTA MOPEH M PEIHBIX
Teppac B peUHbIX JOJMHAX, 4 MEXIY HUMU BhIpaxe-
HbI LIETTIOYKOI TPEyroJbHbIX TEKTOHUYECKUX (aceT.

ITo uHCTpyMEHTaNbHBIM JAaHHBIM SIIMLEHTP 3€M-
JIETPSICEHUSI 3aperUCcTpUpoBaH B 18—19 KM K 10ro-Bo-
CTOKY OT OOHapy>K€HHOTO HaMU BbIXO/Ia OYara Ha rmo-
BepxHOCTh. O4ary COOTBETCTBYeT 00JIaCTb MaKCHU-
MaJIbHOM KOHIEHTpauuu adrepimokos [2]. Beixon
oyara Ha MOBEPXHOCTh COOTBETCTBYET JIMHUU C PE3-
KOil cMeHOl WuHTep(pEpPEeHIMOHHON KapTUHBI II0
JTaHHBIM CITYTHUKOBOM pamapHoOii mHTepdepoMeT-
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puu. Mogenb pa3pbiBa 10 3TUM JAHHBIM TPEICTaB-
JieHa Tu1ocKocThio ¢ C3-npoctupanueM (340°—350°)
U yrjioM najaeHust 45°—54° B BOCTOUHOM HarlpaBfie-
HUMU, T.€. B CTOPOHY TMIOLIEHTPA, JOCTUTAsT TIyOUHBI
18—24 xMm [7—10]. MakcumasbpHas1 BeJIMIYrHa CMeIle-
Hus (1.2 M) 1o pe3yabraTaM MOACIUPOBAHUS TIPEI-
rnoJjiaraeTcsl Ha NIyOrMHe 7 KM, a Ha TTIOBEPXHOCTH 3a-
¢dukcupoBaHo onyckaHue 10 20 cm [8, 10].

JaHHBIE MOIEIMPOBAHUSI U CEHCMOJOTHMUECKUX
HaOII0ICHUI XOPOIIIO COIJIacyloTCsl ¢ pe3yjbTaTaMu
MOJIEBBIX HCCAeAOBaHU. BeineneHHass HamMu 00-
JIaCTb MaKCHUMAaJIbHBIX COTPSICEHUIl COOTBETCTBYET
0o0acTM MaKCUMAaJIbHOM KOHIEHTpALMM adTepIimo-
KOB I10 CEMCMOJIOTMYECKUM JaHHBIM Y NPENCTaBISIET
o001 TTPOEKILIMIO BEpXHEU YacTh oyara Ha MOBEpX-
HocTb. Ouar morpyxkaetrcsi B I0TO-BOCTOYHOM Ha-
MpaBjeHUMU, T.6. B CTOPOHY MHCTPYMEHTAJIbHOTO
SIUILIEHTPA U OCEBOM YaCTH XyOCYTyIbCKOI1 BITAIWHBI,
nox, yriioM 50°—70° (cM. puc. 2). OH uMeeT 3aKOHO-
MEPHYI0 MOP(OCTPYKTYPHYIO MO3UIIUIO Y TIPUYPOYEH
K aKTUBHOMY OOPTY aCUMMETPUYHOI XyOCyTYJILCKOI
pudTOBOIi BMagWHBI, KOTOPBIM UCHBITHIBAET CMEILIE-
HUE B CTOPOHY MpuUJIeramlilero TOpHOro MaccuBa ¢
Mocje10BaTeIbHbIM 3aXBaTOM B OIYCKaHUE HOBBIX
Y4aCTKOB MPHY KaXJIOM HOBOM 3€MJIETPSICEHUU.
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Tpanies

Puc. 4. CeiicMopaspbIB XyOCyTyIbCKOTO 3eMJIETPSICEHM ST, TTOJIOKEHUE U IOKYMEHTAlMsI TpaHIlIeu. a — a3poOTOCHUMOK C TO-
JIOXKEeHHEM 3aKapTUPOBAaHHOTO y4acTKa ceiicMopaspbiBa U TpaHlleu. 6 — ¢hoTonaHopaMa CeBEpHOM CTEHKH M MHTepIpeTalust
pa3pesa TpaHlen. 1| — TPeLMHOBATOCTh B KOPEHHBIX NTOPOJaX; 2 — rpaHULbI c10eB; 3 — pa3peiBbl. LIndpel B Kpyxkax: 1 —
nEpH; 2 — Topd; 3 — pBIXJIbIC, ITbIJIEBaThIe CYIIMHKY C IIeOHEM U IPeCBOii (CKIIOHOBBIE OTJIOKEHUsI), 3 a — TO XK€, C INIbI0aMu
(KosntoBuUit), 3 6 — TO Xe, IUIOTHBIE, KOMKOBAThI€, OIJIEEHHbIE; 4 — CepO-3€eJIeHbIe CYIIeCH C PEIKMM IeOHEeM U APEeCBOii (TOH-
KOJUCITEpCHAsT KOpa BHIBETPUBAHUS); 5 — 11IeGEHb, IBIOBI C CYTIeCYaHbIM 3aIOTHUTENIeM (06JIOMOYHAsT KOPa BBIBETPUBAHMS);
6 — yIbTPaOCHOBHbIE, CUIIbHOTPEIIIMHOBATHIE KOPEHHBIE TTOPOJIbI, 62 — TO XK€, BBIBETPEJIbIC 0 IIMHBI. B — PEKOHCTPYKIIUS TTO-
CJIEIOBATEILHOCTU MOABUXKEK. / — pa3pbIBbI; 2 — MOJOXKEHME OIMYILIEHHBIX ()parMEeHTOB ApeBHEl 3¢MHOIT MOBEpXHOCTH (LInd-
paMU yKa3aHbI aMIUTUTYIBI CMEIIeHU, cM). PuMckumu rimdpaMu mpoHyMepoBaHa MocieTI0BaTeIbHOCTh CEICMOTEKTOHMYE-
CKMX CMEILIeHUIA.
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The geological effects of the Khubsgul earthquake on January 12, 2021 with Mw = 6.7, which became the
strongest in the Khubsgul region at the instrumental stage of seismological observations, were studied and
mapped. Using the ESI-2007 scale, the epicentral zone was contoured with an intensity VIII. The primary
seismic rupture is represented by a dextral normal fault with displacement up to 20 cm, which renewed the
Late Holocene tectonic scarp in the western side of the Khubsgul rift basin. The dynamics of rupturing in the
Late Holocene testifies to the gradual expansion of the depression due to the destruction of the adjacent
mountain range. The data of satellite interferometry and seismological observations are in good agreement
with the results of field studies, which allows us to consider the selected region of maximum shaking as a pro-
jection of the upper part of the source zone onto the surface.
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