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HanHble crryTHUKOBO# PCA-mHTepdhepoMeTpry MO3BOJIMIIN YETKO 3aKapTUPOBATh IBA CIBUTOBBIX PA3JIO-
Ma, CMEIIEHUsI MO0 KOTOPBIM BBI3BAJIM KaTtacTpoduuyeckue 3emietpsiceHust 6 despans 2023 r. 8 Typuuu.
ITo cmyTHUKOBBIM TaHHBIM, OTHOCUTEIbHBIE CMellleHUsI 60pTOB BocToUHO-AHATONMICKOI 30HBI pasyio-
MoB (BAP3), K KOTOpOi1 ObLJIO MPUYPOYEHO ITEPBOE COOBITUE C MATHUTYAOI MW 7.8, Ha LIEeHTPaJIbHOM Cer-
MeHTe, TTpeBocxomin 5 M. [ToBepXHOCTb pa3pbiBa TPOCTUPAETCS OT 00JIaCTH 3emieTpsiceHus JloraHbo-
Cuspuc 24.01.2020 Mw 6.7 Ha ceBepe 10 nobepexbss CpeanseMHOro Mops Ha rore, rae 20.02.2023 npouso-
LIJTO 3eMJIETPSICEHUE C MAaTHUTYHOi 6.3. Bropoe coObiTre ¢ MAarHUTYIOM 7.5 mpuypodeHo K pazinomy Ciop-
ry-Yapaak, OTHOCUTEIbHbIE CMEIlIEHUsI 6OPTOB KOTOPOIO, COMIACHO CIYTHUKOBBIM TaHHBIM, ITPEBOCXO-
mn 7 M. TTosrydeHHBIe TTOJIsI CMEIIeHU M 36MHOM ITOBEPXHOCTH ObUTH MCTIOI30BaHbI TSI ITOCTPOSHUSI MO-
eI TIOBEPXHOCTU CEMCMHUUYECKOro paspbiBa. Mojenb moctpoeHa Ha ocHoBe pemreHust (Pollitz, 1996)
3a/1aI0IIEro CMEIIEHMST Ha TTIOBEPXHOCTH CeprUIecKr pacCIOeHHOM TTAHEThI B pe3yyibTaTe CMEIeHU 110
MaJeHUIO U IPOCTUPAHUIO HA PACITOJIOKEHHOM BHYTPHU cephl MPSIMOYToJIbHOM rutommanke. MrHopuposa-
HUe chepruecKoil pacCIIOEHHOCTH TUTAHETHI TPUBOIUT K ommoKam 10 20% , 0co6eHHO ITPU HATMYIUY 6O0JThb-
LLIOM CABUTOBOII KOMITOHEHTHI. Takke OoIIMOKY BHOCUT U UTHOpUpPOBaHUE CHEPUUYHOCTU, ITPU UCITOJb30-
BaHUM pellleHUs] B paMKax Maeaqu3alluy yIpyroro onHopoaHoro nouayrnpoctpaHcTBa (Okada, 1985), kak
ato cnesiaHo B ['eonorunyeckoii cinyxk6e CILA (USGS) npu noctpoeHnr Moeeii ceiicMUYeCKOro pa3pbiBa
st 3emierpsicenuii B Typuuu 2023 1. OTangreM Hamlei MOIENN SIBISICTCS OeTaIbHBIN YIeT TeOMETPUN
paszyioMoB. J1J1s1 3TOro pasjioMbl ObLUIM alllIPOKCUMUPOBAHBI 19 IJIOCKOCTSIMU 11O TPOCTUPAHUIO, MOIEIICH -
HBIMU Ha JBa YPOBHSI 1O MaJeHUI0. B TocTpoeHHOI MOIeNIn CABUTOBBIE CMEIIeHUS Ha IIEHTPAJIbHOM Cer-
MEHTE MOBEPXHOCTU CEeiiCMMUYECKOIro pas3phbiBa JocturaioT 12.7 M. Ha 10)KHOM cerMeHTe 3TOro paspbiBa
CMeEIIeHMS CyIIeCTBEHHO MeHblIle. CiienyeT Moq4epKHYTh, UTO CMEIIIeHUSI 3aperuCcTPUPOBaHbl HAMU 34 e~
puoxn ¢ 29 suBaps 1o 10 pespast 2023 1., T.e. BMECTE C KOCEHCMUYECKUMMU BKJIIOYAIOT U MIOCTCEMICMUYECKUe
CMeIIeHMS 3a 4 THS TTOCe OCHOBHBIX CECMMIECKUX cOObITUIT. CIBUTOBBIE CMEIIEHUST Ha TIOBEPXHOCTH
paspbiBa BIoJb pasioMa Cropry-Hapaak, Ha KOTOPOM MPOM3OILILIO 3eMJIETPsICEHE MarHUTynou 7.5, no-
cruranu 10 M. IToaydeHHBIE pe3yabTaThl AEMOHCTPUPYIOT, B YACTHOCTH, 3(D(HOEKTUBHOCTb TPUMEHEHMS
CIYTHUKOBO pamapHoil MHTep(hepoOMeTpUU Mpu ONepaTUBHOM U3YYEHUM KaTacTpoUUeCKUX reoauHa-
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6 dpeBpang 2023 r. Ha rore TypLyu BOJIM3M IPaHu-
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MmarHutynou Mw = 7.8 (manHble I'eonorumyeckoit

cnyx6sr CIIIA') 6buto 3adukcuposano B 01:17:34
(UTC). KoopauHaThl TUITOLEHTPA OIIPeaeSIeHbl KaK
37.225 c.u., 37.021 B.a., Ha 35 KM 3amagHee ropojaa
l'aznanTten (Ha rpaHuue npoBuHIMU Kaxpamanma-
paii) Ha riyouHe 17.5 kM. DOuLIeHTp paciiojaraeTcs
Ha HeOOoIbIIOM pa3jioMe (KpacHas 3Be3na Ha puc. 1,
IMOJI0KEHME Pa3JIOMOB JaHO 1o 0a3e maHHbBIX [1]), oT-
xogsitieM Ha FO3 ot BocTouHO-AHATOMUICKOIT 30HBI
paznoMoB (maimee BA3P). Ilo manueim USGS mno-

! https://earthquake.usgs.gov/earthquakes/
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Puc. 1. ITone cMmelieHuit B HanpaBiIeHWH TIEPIICHAUKYISIPHO opouTe (a3uMyT opouTsl 189°). CMmellieHUsT B METpax, MOJIOXKM -
TeJIbHbIE B BOCTOYHOM HallpaBJeHUN. Pa31oMbl ITOCTpOEHBI 110 6a3e JTaHHBIX aKTUBHBIX pa3iioMoB [1]. CornacHo [2], pa3ioMm
Cropry-Yapaak uMmeeT nageHue Ha ceBep, a BA3P — Ha ceBepo-3anan ¢ yriioM nageHus 80°. CMelleHus BOOJIb NPOdUiei,
0003HauYeHHbIX LIMppamu 1—3, IpUBeNeHBI CJIeBa, Ie IO TOPU30HTAILHON OCH OTJIOXEHO PACCTOSIHUE B YCIIOBHBIX eMTMHULIAX.
Howmep npocduns Ha kapTe COOTBETCTBYET €ro MpaBoMy KOHIY Ha Ipoduie ciiesa.

BEPXHOCThH pa3pbiBa mocturiia BA3P n nBuHyIack Ha
CEeBEPO-BOCTOK M IOro-3allal Ha pacCcTOsHUE Ooee
100 xm B obOomx HampasieHusx. Coycta 9 4, B
10:24:49 (UTC), npou3o11J10 BTOPOE KPYITHOE 3eM-
nerpsicenne Ha pasiaome Cropry-Yappmak (Sirgii-
Cardak [2]) ¢ MmarHuTynoit Mw = 7.5, ¢ 3IULIEHTPOM
38.024° c.m., 37.203° B.n. B paifoHe HaceJIeHHOTIO
nyHkTta OkuHeso (Ekindzii, npoBuHus KaxpamaH-
Mapaiil), IpuMepHo Ha 90 KM ceBepHee OT BIMIEH-
Tpa IepBoro coobITUs (3keaTast 3Be3na Ha puc. 1). Tu-
MOLICHTP BTOPOTO COOBITUSI OIIpeleieH Ha IITyOuHe
13.5 xm. laHHBIE O MAarHUTYAE U KOOPAWMHATAX TUITO-
LEHTPOB PA3INYHBIX CECMOIOrMYEeCKNX LIEHTPOB He-
ckonbko orTnmyarorcsa. Hampumep, GCMT (Global

Centroid Moment Tensor’?) oLeHMBAET MarHUTYIbI
3emJeTpsiceHuit Kak Mw = 7.8 u 7.7 ¢ anuiLeHTpaMu
(37.56° c.u1., 37.47° B.1.) u (38.11° c.u1., 37.22° B.11.).
DT 3eMJIETPSICEHUSI U UX MHOTOUMCJIeHHbIE adTep-
IIIOKM, JOKaJlu30BaHHbIe B 30He BocTouHO-AHaTO-
JIMICKOTO pa3jioMa, OXBaTWIM 11 TIpOBUHIINIA B peruo-
He CyMMapHOii Iwiomansio 6onee 108 812 xkm?, 1 cranu
CcaMbIMU Pa3pyLIMTEIbHEIMA B UICTOPUM CTPaHEI (CM.
JTaHHBIM MUHMCTEpCTBAa MO YpPE3BbIYAHBIM CHUTYya-

uuam Typeukoii pecnyonuku — AFAD?). 3emuerpsi-
CEeHUSI TIPUBEIU K MOSBJICHUIO TTOBEPXHOCTHBIX pas3-

2 https://www.globalcmt.org/CMTsearch.html
3 https://deprem.afad.gov.tr/home-page
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PBIBOB 1 TPEIINH, C IPe00IagaloIMM JIEBOCTOPOH -
HUMHU CIBUTOBBIMM CMelLIeHUSIMU. Ilo maHHBIM
AFAD, o6mass OpoTsSK€HHOCTb ITOBEPXHOCTHOTO
pa3phiBa IIEPBOTO 3eMJIETPsICeHMS cocTaBmiaa 290 K,
MaKCHMAaJIbHbIE CIBUTOBBIE CMECILICHUSI TOCTUTAIU
5.5 M Ha y4yacTke K 3amaay oT Yuriau mo moceika
Tropkormy. Pa3pbsiB B pe3ynbTaTe BTOPOTO 3€MIIETPSI-
ceHus npoTsaHyacs Ha 130 kM. Ha ydacTke K ceBepy
ot Tenpbamm mo mocenka bapblll MakcuUMalIbHbIE
cABUTHU JOCTUTIN 6 M. BociaencTeuu Takke HabIIIO-
JlaTiCh 0OBaJIbl TOPHBIX TTIOPO, OMIOJI3HU 1 pa3kKUxkKe-
Hue rpyHTa. M3-3a MacIITaGHBIX KATACTPOPUUECKUX
pa3pylIeHU XWIBIX 3TaHUH W COOPYKEHUI COOBI-
e 6 despaig 2023 1. MpU3HAHO OOHUM U3 CaMBIX
kartactpodpudeckux ¢ Havasa XXI Beka. OHO 3aHU-
MaeT IISITOE MECTO IO KOJIWYECTBY 4YETOBEUECKUX
xkepTB. ITo nanHpiIM USGS, yuciao nmorudiumx u pa-
HEeHHBIX peBeIcio 160000, 1.5 MITH YeJloBeK ocTa-
JIMch 6e3 KpoBa, pa3pyllueHo 6osee 164 ThIC. 30aHUIA.

B Ttextonnueckom miane BA3P sBisieTcs rpaHu-
e MexXTy AHATOJIMICKOI 1 ApaBUICKOI TNIMTaAMMU.
CKOpOCTb OTHOCUTEJILHOTO CMellleHUs] ApaBUCKOM
IUIUTBI COCTaBIsseT OT 6 MM/Tom B I0XHOR 10
10 MM/Tonm B ceBepHOI1 yacT BocTouHO-AHaTOIMIi-
CKOM 30HBI Pa3jiOMOB.

B cBs131 ¢ OTpOMHBIMU pa3pyLISHUSIMU U ITOTEPSI-
MU, AeTaJbHOE IeoJJOTMIeCcKOe UCCIIefOBaHNE CTOJh
NPOTSIKEHHOIW 04aroBOi 30HbBI CTAHET BO3MOXKHBIM
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OYeHb HECKOPO. B 3THX YCIIOBUSIX CyIIeCTBEHHYIO
TOMOILb OKa3bIBAIOT Pa3INYHbIe CITyTHUKOBBIC JaH-
HbIE, BKITIOYAast CITyTHUKOBYIO pagapHyIo MHTepdepo-
METPHIO.

2. METOJ UCCIIEAOBAHUA
N TITOJIYYEHHBIE PE3VIIBTATDBI

CIyTHUKOBBIE pajilapbl C CHHTE3UPOBaHHOI anep-
typoit (PCA) Mo3BOJSIIOT TPOBOAUTH ChEMKY MECT-
HOCTM HE3aBUCUMO OT MOTOAHBIX YCIOBMI U OCBe-
IIIEHHOCTU C TPOCTPAHCTBEHHBIM pa3pelleHUEM B
nepBbie MeTpbl. CHUMKM ciiyTHUKa CeHTUHeNnb- 1A,
MUCMOJIb30BAaHHbIE B TaHHOK paboTe, UMEIOT pa3Mephbl
200 x 250 km?. CoBMecTHast 06paboTKa Mapbl CHUM-
KOB OJTHOM 1 TO¥ XK€ TEPPUTOPUU ITO3BOJISIET OMpEae-
JIUTh CMEIIIEHUS OTPaKalolnx 0ObEKTOB Ha IMTOBEPX-
HOCTU 3eMJIM 32 BpeMsI MeXIy MOBTOPHBIMU CHUM-
Kamu. PagapHBIiI CHUMOK comepXHUT MH(OPMaIINIo
00 aMIINTYae U (pa3e pagapHOTo CUTHaJIa, OTPaKeH-
HOTO OT 3JIEMEHTa pa3pellleHus] Ha 3eMHOi1 TToBepX-
HOCTH. AHaIN3 pa3HOCTU (pa3 pamapHBIX CUTHAJIOB,
MOJIyYEHHBIX TIPY MOBTOPHOU ChEeMKE OTHOTO U TOTO
Ke 00BbeKTa, MO3BOJISIET OTIPEIeJINTh €r0 CMEIleHE B
HaIpaBJIEeHUU PACpPOCTPAHEHUs] palapHOTO CUTHa-
Jia, T.€. B HallpaBJICHUU Ha CITyTHUK. ITOCKOJbKY U3-
MeHeHue (a3 perucTpupyroTcsl B Auara3oHe oT —Tt
JIO T, BO3HUKAeT HeOOXONMMOCTb B BOCCTAHOBJIEHUN
TOJIHOH (pa3bl OTpaKeHHOTO CUTHaIA. DTa orepanus
Ha3bIBaeTCsl pa3BepTKOM (ha3bl U COCTOUT B MprbOaB-
JIEHUH K 3aperucTpupoBaHHOl (paze HE0OXOAMMOro
qucJjia MOJIHBIX ITepruoaoB. PazBepTka assl siBisieTCS
orepaieii HEOMTHO3HAYHOI, MTO3TOMY OHa MPOBO-
JIIUTCS O[T YCJIOBUEM, UTo (ha3a He JOJIKHA MEHSIThCS
OoJiee YeM Ha IOJIOBMHY Ieprojia B COCETHUX ITMK-
censx. [To aToit mpuunHe pasBepTka 3aTpydHEHa B
00JacTsX OOMBILIUX CMEIEHU I, B YaCTHOCTU, OKOJIO
BBbIXOZla Ha TOBEPXHOCTh CEMCMMYECKOTO pa3phbiBa,
[Je CMEIleHUs] MOTYT COCTaBUTb METpbl U Oouiee.
To4yHOCTb OLIEHKM CMEIIEHUN JaHHbIM METOI0M
OILIEHUBAETCs B TIEpBbIE CAHTUMETPHI [3].

CymiecTByeT Takxke MeTom o@dceToB, KOTOPHIi
MPUMEHSIETCS B ClIydasix OOJIbIINX CMEIIEHUM 1 CO-
CTOUT B UASHTUDUKALIMU OTHUX U TEX XKe 3JIEMEHTOB
pa3peieHus B I10JIe aMIUIMTYAbl OTPAaXKEHHOTO CUT-
Haja. CMelIeH!sI 3TUM METOIOM OIIEHMBAIOTCS Ha
CyONMKCEIbHOM YPOBHE, MpU pa3Mepe MUKCess B
IepBbIe METPhbl. TOYHOCTH 3TOr0 METOAA HIXKE, YeM
npu aHanmse ¢a3bl OTPAXKEHHOTO CHUIHajla, HO OH
MO3BOJISIET YCTOMUYMBO BBIMOJHSITH OLIEHKHW B 00Ja-
CTSX, e CMEIIEeHMUs HOCTUTaloT METPOB U Ooliee.
MeTton o(ceToB MO3BOJISIET OLICHUTH CMEILIEHUS Tep-
MEeHIUKYJISIPHO opOuTe (10 JaJbHOCTU) W Mapa-
JIEIbHO opouTe (110 a3uMYyTY I10JieTa ciyTHuKa). I1o-
CKOJBKY opouTa ciryTHrKa CeHTuHEb- 1 A OTKIIOHS -
eTCsl OT HampaBJieHUs ceBep—ior He Ooiyiee 10°, aTu
CMeIeHMsI OJIN3KU K CMEIIEHUSIM B CEBEPHOM U BO-
CTOYHOM HampaBJICHUMU.
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Jist olleHKU cMellleHU it HaMU ObLIM UCTIOJIb30Ba-
Hbl PCA-cHuMKY ciyTHUKAa CeHTUHENb- 1 A, BBITION-
HEHHBIE C BOCXOISIIEH M HUCXOISIIEH OpOUTHI 10 1
nocJiie 6 pespansa 2023 r. Haubosee yeTkast KapTuHa
MoJIydeHa B CMEILICHUSIX MO JAJTbHOCTU C HUCXOISI-
et opobutsl ¢ azumyTtoM 189°, Mo CHUMKaMm OT
29 auBaps u 10 ¢pespans 2023 r. (puc. 1).

O0603HaunM [} yrosr MexIy MpoCTHpaHuEM pasiio-
Ma 1 OpOUTOM CITyTHHMKA. Torma cMeleHus oTpaka-
IOIlEe TUIOLIAAKM IIePIIEHIMKYISIPHO HUCXOASIIEA
opbure — R, BIOIb ee a3uMyTa — A7 ¥ B HanIpaBJIeHUN
Ha cnyTHUK U, (MOJIOXUTEBbHBIE HA BOCTOK, CEBEP
U K CITYTHUKY) OyIyT paBHBI:

R=U,sin(B), Az=U,cos(B),

1

Uyps = U, cos(0) + Rsin (0).
3nece U, — aMIiMryna CABUTOBbIX, a U, — BepTH-
KaJIbHBIX CMEILeHUI1 Ha OopTax pas3ioMoB, O — yron
OTKJIOHEHUS OT BEPTUKAJIM HaNpaBJIeHUSd PacIpo-
CTPaHEHUs PafapHOTo CUTHAJIA.

OtHocUTeIbHBIE cMelIeHnsT 00pToB paznoma Ciop-
ry-Hapaak 1o 1ajibHOCTU JocTuraloT 7 M. OHU OJIM3KKU
K aMIUIMTYOE CIBUTOBBIX CMEIIIEHU Ha pa3IoMe, I10-
CKOJIBKY IIPOCTUPaHUE pa3jioMa IT0YTH NePHeHINKY-
JISIPHO HUCXOIsIIel opoute, T.e. B Gausko K 90°.
CMenieHud 1o gajxbHoct Ha BA3P MeHblle ciBUTO-
BBIX CMEIIIEHHI Ha pa3jioMe, TOCKOIbKY yroi 3 mist
pa3IMYHBLIX OTPE3KOB paszjioMa MeHsieTcas or 10°
1o 70°. B paiione npodwis 2 (puc. 1) cMmelieHus 1o
nmanpHOCT Ha BA3P mpeBocxonmnu 4 m. C ygeToMm
yrjla MeXay OpOuTOIl CIIyTHMKA W HallpaBJIeHUEM
MPOCTUPAHMs pa3jioMa, KOTOPEIi B 3TOiT 00IaCTH CO-
craBisgeT 53°, OTHOCUTEIbHOE CMellecHUe OOpTOB
37eCh MPEBOCXOIMIIO 5 M (cM. popmyay 1).

by Takke MOoCTpOEHbl CMEIIEHUST MO HalpaB-
JICHUIO TI0JIeTa CITyTHUKA C BOCXOASIIEH U HUCXOI S -
1ieii OpoUTHI, a TaKKe CMEIIEeHUS MO JaJIbHOCTH T10
CHMMKaM ¢ BOcXomsIeil oponTel. KapTel 3TMx cMe-
IIEHUI Xopolilo coBnaaaroT. OHu OyAyT IpoaHaIn3u-
poBaHEI B Oojiee meTaabHOIT mybommkanyu. Ha puc. 2
MPUBEJEHBI CMEILIEHUS B HAIPaBJI€HUU Ha CITyTHUK

U, (bopmyna (1)), moayyeHHble MO Iape TeX XKe
CHHUMKOB.

B 11e;10M KapThl CMEIIEHU I XOPOIIIO COIacyloTCs
MeXAy cOOOM (C y4eTOM TOro, 4TO aMIUIMTyda CMe-
IIeHWI Ha CIIyTHUK, coriiacHo ¢opmyie (1) mmpu ot-
CYyTCTBMM BEPTUKAIbHOW KOMIOHEHTBI U, OTIMYa-
€TCs1 OT CMEILIEHU 1O NaTbHOCTU B sin(0) = sin(38°) =
= (.615 pa3). DTo yKasbIBaeT Ha CyIIeCTBEHHOE Mpe-
o061amaHue CIBUTOBOM KOMITOHEHTHI Hal BEPTUKAJTb-
HBIMU cCMellleHUsIMU. EnnHCTBEHHOE CylecTBEHHOE
pacxoxiaeHue HaOmogaercss Ha BA3P B paitoHe npo-
¢wta 5 Ha puc. 2, TIe 061aCTb MOJOXHUTEIIBHBIX CMe-
IIEHW B HaIpaBJICHUW Ha CIIYTHUK pacIiojiaraeTcs
o obe ctopoHsl oT BA3P, B To BpeMsI Kak Ha KapTe
CMEIIEHU 0 HaJIBHOCTH (pHC. 1) CMEIIeHHs TIpu
nepeceuennn BA3P MmensroT 3HaK. B 3T0i1 001acTn
Ne 1

ToM 511 2023
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Puc. 2. CmemeHust (B MeTpax), pacCUMTaHHbIE 10 MapHOil MHTepdeporpaMme 1o CHUMKaM ciiyTHUKa CeHTUHeb- 1A ¢ Huc-
xoasuein opoutsl ot 29 suBaps u 10 despans 2023 r. 3eneHast TMHUS — TPaHULIA MEXKAY OTPULIATETbHBIMU U TTOJIOXKUTETbHBI-
MU CMEILEHUSIMU, TIOJTydeHHBIMU MeTooM odeeToB (puc. 1). [paduku cmeneHuii Bnois mpoduieii, 0003HaYeHHBIX LIMppa-
MM, IPUBEIEHbI ClieBa. 3BE3/Ibl — AMULEHTPbI HauboJiee CUIIbHBIX 3eMJIETPSICEHUI 1 aTepllioKy MarHuTy ok 6osee 4 3a mne-

pUOA MEXIy pafapHbIMU CHUMKaMMU.

pacrionaraeTcss ocagouyHblii 0acceitH I'enpOaim [4].
PacxoxxneHne MOXeT OBITh CBSI3aHO C HAJIMYKUEM Bep-
TUKaJIbHOW KOMITOHEHTHI cMmelueHuit U,,, KoTopas
BXOOUT B CMEIIEHMUSI Ha CITyTHUK, HO HE BXOIUT B
cMeleHus mo ganbHocTu. CleayeT TaKKe YYUThI-
BaTh, YTO B 3TOM 00JIaCTU KOT€PEHTHOCTh HMU3KAasl U3-
3a KpyTOI'o FTOpPHOro pejibeda u HaIu4usi HECKOIbKUX
KPYITHBIX BOZOEMOB. DTO MOIJIO IPUBECTHU K OIINOKAM
B pa3BepTKe (as3bl. PacxoxneHue KapT CMEIIeHUT B
3TOM 001aCTH TPEOYeT AeTaTbHOIO UCCICIOBAHMS.

OTMeTHM CMeILleHNs BIOJIb IIpodnid 4 Ha puc. 2,
repeceKalolllero pasjioM, Ha KOTOPOM HayalloCh
BCHapbIiBaHUE O4ara v BIOJIb KOTOPOro AcopMalus
pacripoctpanuiack 1o BA3P. CMmemeHus 31ech OT-
HOCUTEJILHO HEBEJIMKU, U COAEPXKAaT CABUTOBYIO W,
BO3MOXHO, HaJJBUTOBYIO KOMITOHEHTY.

3. MOAEJIb ITOBEPXHOCTMU PA3PbLIBA

ITose cMmemnieHMit 110 TAAbHOCTH OBLIIO UCIIOIB30-
BaHO IIJIsl TIOCTPOEHUSI MOJIEJIU TIOBEPXHOCTH Pa3phl-
Ba. st aToro paznom Cropry-Yapmak ObLT pa3aesieH
Ha 4 sneMeHTa IO mpoctupaHmio, a BA3P — Ha
15 sanemenTOoB (puc. 3), U3 HUX 7 2JIEMEHTOB B €ro
IOXXKHOM 4actu ¢ npoctupanuem HO—I03, u 8 aie-
MEHTOB B CeBEpHOI yacTu ¢ rmpoctupannem 3—H03.

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

Ha paznome Cropry-Hapnak pa3pbiB ObLT 3aJaH OT
oryouHs! 0.5 o 20 XM ¢ mageHueM Ha ceBep IO YI-
oM 80°. Ha BA3P rny6uHa BepxHeli KpOMKHM 3aJaHa
paBHOIT 1 KM, HIKHEN — Tozke 20 KM, TTafeHuE B ce-
Bepo-3allaJHOM HaIpaBJIeHUU Mon yriaoM 85° co-
miacHo [ 1, 2]. HeGonblioii pa3pbiB, ¢ KOTOPOro Haya-
JIMCh 3eMJIETPSICEHUSI, HA JAHHOM 3Talle B MOJIE/Ib He
pkimodeH. [lo mmybmHe Momenn pa3doWTHI Ha IBa
YPOBHSI OIMHAKOBOI MPOTSKEHHOCTH 10 TTaJeHUIO.
Peltenune HaitieHoO 10 yCJIOBUEM, YTO CMEIIEHUS
OJIM3KU K YMCTOMY CIBUTY. [IJIsT pelieHusI YCITOIb30-
BaHa MOZeIb CMEIIEHUI Ha TTOBEPXHOCTH Cepurde-
CKH pacCIOEHHOM MJIaHeThl B pe3yJibTaTe CIBUIA IO
MajJicHUI0 U TIPOCTUPAHUIO Ha PaCHOJOXEHHOU Ha
3aIaHHON TIIyOWHE MPSIMOYTOJAbHOU TuIoIanke [5].
MeTtonuka pelleHus IIOCTaBJIeHHON! 3a0auM JeTalb-
HO M3J0XeHa B [7].

Ha nmpuBenenHoii Ha puc. 3 MOJEI MOBEPXHOCTH
pa3pbiBa CTPEJIKM YKa3bIBAIOT HAIlpaBJIEHUSI CMeEILIE-
HUI Ha BucsiueM Kpbuie pasznoma. nss BA3P nane-
HUe ObUIO 3aaHO Ha ceBepo-3amaj 1ol YriioMm 85°,
HO pe3yJbTaThl MEHSIOTCS ¢1ab0, eciiv 3a1aTh Iajae-
HY€ Ha IOro-BOCTOK C TaKUM Xe yrioM. OTMeTuM,
4yTO 10 ceiicmoorndeckum naHHeM (USGS) napai-
nenbHass BA3P ¢okanbHas IIOCKOCTh IamaeT Ha
Ne 1
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Puc. 3. Moznenb rnmoBepxHOCTH pa3pbiBa 3emiietpsicenuit 06.02.2023, moctpoeHHas 1o naHHbIM PCA-unTepdepomerpuu. Lse-
TOBasi KapTa — CMEILEHUSI 36MHOM MOBEPXHOCTH (B CM), OTNpeieJIeHHbIE METOI0M O()CETOB MO0 CHUMKAM C HUCXOSIILIETO TpeKa.
YepHble U30JIMHUM — PACCUMTAHHbBIC 0 MOJEIN CMELLIEHUSI 36MHOM MOBEPXHOCTU. YepHble MPSIMOYTOJIbHUKH TTOKAa3bIBAIOT
IMMOBEPXHOCTh pa3pbiBa B BEPTUKAIHLHOM pa3pe3e, CO CMEIICHUSIMU Ha BEpXHEM M HIDKHEM YpoBHe. MakcumaibHasl JUTMHA
crpenku 12.7 M B cpenHeii yacTu ceBepHoro orpe3ka BA3P. bopnosblie imHuu — ripodwin yepe3 obiacth paspbiBa. Criesa wist
aTuX npoduieit mokazanbl PCA-maHHbIe (KpaCHBIN LIBET) M TOAOOP 11O MOJEIU (CUHUIL LIBET).

FOr0-BOCTOK, a MO T€0JIOTMYeCKUM JAaHHbIM [1, 2] —
Ha ceBepo-3anaj.

Ha 1oxxHoMm cermenTe BA3P cMmelieHrss MOHOTOH-
HO YBEJIMYMBAIOTCS C I0Ta Ha ceBep, CMEIICHUS B
BEepXHEM YacTu pas3pbiBa OOJIbIIE, YeM B HIKHEI,
KpPOME CaMOTIO I0XKHOIO 3JIEMEHTa, B HUKHEHM 4acTu
KOTOPOI0o CMEIIEHUSI COCTaBWIN 3.5 M, a B BepXHEl
menee 0.5 M. UMeHHO 31ech yxke Tociie Tepruoaa, Imo-
KpbIBaeMOIro Mcnojb3oBaHHbEIMU HamMu PCA cHuUM-
kamu, 20.02.2023 nmpousoiigeTr 3eMJIeTpsiCeHIE Mar-
HUTYIO0M 6.3, TMITOLIEHTP KOTOPOTO pacroarajics Ha
n1youHe 11.5 kM.

Jlamee Ha ceBep aMIUTUTYIa CMEIIeHWI B BEpXHEM
YacTU IOKHOIO CerMeHTa CeiicCMMYeCKOro pa3phbiBa
YBEJIMUMBAETCS 10 5.6 M, B HIDKHEN Y4acTU pa3pbiBa
MX MAaKCUMYM He TIPEeBOCXOONT 3.4 M.

Ha nentpansHoMm cermeHte BA3P, roe ero npo-
cTupaHue nmoBopaumBaeT Ha 3—H03, ammnTyma cme-
IIEHWI Ha CEMCMUYECKOM pas3pblBe€ CYLIECTBEHHO
yBenuuBaeTcsi. CMellleHUsI B BEpXHEli yacTy pa3phbl-
Ba MeCTaMM IPEeBOCXOIIT 8 M, a B HIDKHEI 9acTu Ha
OIHOM U3 BJIEMEHTOB CMeEllleHHWe AOCTUIIO 12.7 M.
Jlanee Ha ceBep CMelleHUs] YObIBAIOT, HO BCe XX Ha
HMXKHEM YPOBHE CaMOI'0 CEBEPHOIO Y4acTKa OHHU JI0-
CTUTAIOT 5 M. DTOT y4yacTOK JOXOOUT OO ceicMuUe-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

cKoro paspbiBa 3emiieTpsiceHusi JloraHbos-CuBpuc
(Doganyol-Sivrice) 24.01.2020 Mw 6.7, cortacHO MO-
JIeJId 3TOro COOBITUSI, OMyOJIMKOBAaHHOI Ha caiiTe
USGS.

Ha Tpex BOCTOYHBIX CErMEHTax CEeMCMUUYECKOTO
paspsiBa BOosb pasnoma Cropry-Yapaak mpou3onuim
YHUCTO COBUTOBBLIE CMEIIECHUSI, a HA 3amagHOM €ro
cerMeHTe H00aBJIsieTcsl M HaABUTOBast KOMIIOHEHTA,
IJe pa3pbiB MOBopayuBaeT oxHee (puc. 4). CMmele-
HUS B BEpXHE 4aCTU pa3phiBa BO3PaCTalOT C BOCTOKA
Ha 3amazn. B HmxHel yacTu pa3peiBa 0oJjiee MHTEH-
CHBHBIE CMEIIEHWS TTPOU3OIILIA B BOCTOUHOI YacTH.

4. ObCYXIEHME PE3VJIIBTATOB M BbIBOJ bl

Hannsie PCA-uHTepdepoMeTpun ITO3BOJUIN
YeTKO 3aKapTUPOBATh ABa CABUTOBLIX pa3jioMa, CMe-
IIEHUS Ha KOTOPBIX BEI3BAJIM 3eMJIETPSICEHUSI MarH1-
tynoii 7.8 u 7.5. IlepBoe coObITHE TPpUYypOUYeHO K Bo-
CTOYHO-AHATOJIMIICKOI 30HE pa3jIoMOB, OTHOCHU-
TeJIbHbIE CMEIIeHUsT OOpPTOB KOTOPOIO B palioHe
npoduinsg 2 (puc. 1) Mo CIMyTHUKOBBIM JaHHBIM Ipe-
Bocxomuwin 5 M. [1oBepXHOCTh pa3phiBa IIPOCTUPACT-
cst ot obmactu 3emiierpsiceHus JoraHnbon-CusBpuc
24.01.2020 ¢ Mw 6.7 Ha ceBepe 10 1modepexbsa Cpemny-
Ne 1
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Puc. 4. Mopenb MOBepXHOCTH pa3pbiBa 3emiieTpsiceHuii 6 eBpass 2023 r. Ha Tonoapad)nquKof/i KapTe, IIOCTPOSHHOM 110 TaH-
HBIM c caiita HammoHnanbsHOTO 1IeHTpa nHhopMainu o6 okpyxkatonieii cpene CLLIA™. YepHast TMHUS — TPOEKIIUS TUIOCKOCTE,
aMNIMPOKCUMMPYIOIIUX MOBEPXHOCTD Pa3pbliBa Ha THEBHYIO MTOBEPXHOCTDb, KPACHBIE IMHUU — Pa3JIoMbl 1o 6a3e qaHHbIX [1]. To-
JIyOble CTPEJIKM — CMEIeHUSI HA BEPXHEM YPOBHE CECMUYECKOT0 pa3pbiBa, KpaCHbIE — HAa HUXKHEM.

3eMHOTO Mops Ha tore, rae 20.02.2023 mpou3onuio
3eMJIeTpsiCeHe MarHUTymoit 6.3. MakcuMallbHBIe
OTHOCUTENIbHBIC CMEIICHUST OOpPTOB Ha pasioMe
Cropry-Yapnak no PCA-gaHHBIM IIPEBOCXOIAT 7 M.

JlaHHBIE O CMEIICHUSIX 3¢ MHOIM TOBEPXHOCTH ObI-
JIM UICTIOIb30BaHbI [IJISI IIOCTPOSHUST MOAEIN IIOBEPX-
HOCTHU CeMCMHUYECKOro pa3pbiBa. Moaeab mocTpoeHa
Ha OCHOBe penleHus [5], B KOTOPOM IIOJIy4eHBI (hop-
MYJIBI IJTSI pacyeTa CMEIIeHUI Ha TOBEPXHOCTH che-
PUYECKU PACCIIOEHHOM IUIaHETHI B pe3yjbTaTe CMe-
IIEHUH 1O TaJeHWIO0 1 TPOCTUPAHUIO Ha PaCHOIo-
KEHHOI BHYTPHU cephI IIPSIMOYTOJIbHOM TIOIIAIKE.
BaxxHo, yTo urHopupoBaHue chepudeckoil pacciao-
€HHOCTH TUTAaHEThI, COIIACHO [5], MPUBOAUT K OLINO-
KaMm 10 20%. Hanboomplre olmmOoK BOZHUKAIOT MPU
HaJIMYUU OOJIBIIION CIBUTOBOII KOMIIOHEHTHI. TakxKe
OIMMOKY BHOCUT M MTHOPHUPOBaHUE C(HPEpPUIHOCTH,
IpH UCIIOJIb30BAHUHU PEIIeHUS B paMKax Macain3a-
UM YIIPYroro OOHOPOIHOTO TTOJIYIIPOCTPaHCTBa [6],
Kak 310 cnenano B USGS mpu mocTpoeHUn MoIeneit
CeICMMYECKOTo pa3phiBa IJIs 3eMieTpsiceHuit B Typ-

uuu 2023 1.
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OtnnuneM Hameit Mogeau ot Mmoneau USGS sB-
ngeTcss Gojiee OeTallbHasi TeOMETPUSI MOBEPXHOCTU
ceCMMWYECKOTo paspbIBa. [IJIsT 3TOro pa3pniB ObLIT
anmnpoKCUMMPOBaH HaMHU 19 MIOCKOCTSIMU IO MpPO-
CTUpPaHUIO, TTOACJICHHLIMU Ha IBa YPOBHS IO Maje-
Hu1o. ComtacHO MOCTPOEHHOM HAMU MOJIEIM, CIBU-
IrOBbIE CMEILEHUS Ha LIEHTPaJIbHOM CErMEHTE Ceii-
CMHMYeCKOTo pa3pbiBa Bnoiib BA3P nocruraror 12.7 m.
Ha 10)kHOM cerMeHTe 3TOro pas3pbiBa CMEIIEHUS Cy-
IecTBEeHHO MeHblle. CienyeT ITOOYEepPKHYTh, 4YTO
CMeIlleHUsI 36MHOM MOBEPXHOCTU 3aperucTpUpOBa-
HBI Hamu 3a nepuox 29 ssuBaps u 10 ¢pespans 2023 1.,
T.€. BKJIIOYAIOT ellle U ITOCTCEICMUYECKNE CMETLIEHUS
3a 4 IHS Tocjie OCHOBHBIX CEICMUYECKUX COOBITU.

Kak u B Haleit Moaenu, B MOEJIM MOBEPXHOCTHU
paspnbiBa, onyoiukoBaHHoi Ha caiite USGS, Ha 10Xk-
HoM y4yacTtke BA3P cMmemeHunst Bo3pacTaloT ¢ 1ora Ha
CeBEp U B OCHOBHOM KOHIICHTPUPYIOTCS B BEpXHeul
yacTu CEMCMUYECKOro paspbiBa 10 TIJIyOMHBLI B
12—14 xm. Ha 10)kHOM OKOHYaHMM 3TOrO pa3phiBa
CMEIIECHUsI B Hallleil MOJEJU HECKOJbKO OOJIbIIIE.

4 https://www.ngdc.noaa.gov/
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Mogens USGS Ttakke mMeeT 001aCTh MHTEHCUBHBIX
CMEIEeHU B BEpXHEN YaCTU LIEHTPAJILHOIO CETMEHTA
pa3pniBa Baoiib BA3P. CMmeltieHrnss B 060MX MOIEIISIX
YXOOSIT Ha TIIyOMHY B 00JaCTU, TIe HAMU TTOJy4eHbI
cMelneHns 6osee 12 M, XOTS aMIIJIMTyIa CMEIIEHU B
mozen USGS 3meck He MpeBOCXOIUT S M.

B momemu USGS na paznome Cropry-Yapnax ceii-
CMUYECKUIT pa3pbIB TaK e, KaK W B HaIlleil MOAEIH,
YXOIOMUT 00 DIyOMHBI B 20 KM, M aMIUIUTyIa CMeEIIe-
HUM gocturaet 12 M.

[NonydeHHBIE pe3yIbTaTHI eIlle pa3 IeMOHCTPUPY-
10T 3¢ HEeKTUBHOCTb MPUMEHEHUSI CITyTHUKOBO pa-
IapHoit mHTepdepoOMeTpUM TTPU U3yYEeHUH TeOoIMHA -
MUWYECKUX MTPOIIECCOB.

NCTOYHUK OMHAHCUPOBAHUA

HccrnenoBaHue BBINOTHEHO B paMKax Troc3alaHus
NP3 PAH.

KOH®JIMKT MHTEPECOB

ABTODBI 3aSIBJISIIOT 00 OTCYTCTBUM KOH(JIMKTA MHTEPECOB.
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EARTHQUAKES IN TURKEY 06.02.2023: MODEL OF THE RUPTURE
SURFACE BASED ON SATELLITE RADAR INTERFEROMETRY
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V. B. Smirnov®“, and Corresponding Member of the RAS S. A. Tikhotskiy*
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Satellite radar interferometry data made it possible to clearly map two faults, shear displacements along which
caused catastrophic earthquakes on February 06, 2023 in Turkey. According to satellite data, the relative dis-
placements of the sides of the East Anatolian Fault Zone (EAFZ), to which the first event with a magnitude
of Mw 7.8 was associated, exceeded 5 m in the central segment. The rupture surface extends from the area of
the Doganyol-Sivris of 24.01.2020 Mw 6.7 earthquake in the north to the Mediterranean coast in the south,
where the earthquake Mw 6.3 occurred on 20.02.2023. The second event of Mw 7.5 is associated with the
Surgii-Cardak fault, and the relative displacements of its sides, according to satellite data, exceeded 7 m. The
obtained displacement fields of the Earth’s surface were used to construct a model of the seismic rupture. The
model is based on the solution [5], which defines displacements on the surface of a spherically stratified plan-
et as a result of dip and strike displacements on a rectangular rupture located inside the sphere. Ignoring the
spherical stratification of the planet leads to errors of up to 20%, especially in the presence of a large shear
component [5]. Also, an error is introduced by ignoring sphericity when using the solution obtained for an
elastic homogeneous half-space [6], as the US Geological Survey (USGS) did when building seismic rupture
models for earthquakes in Turkey in 2023. The difference of our model is the detailed consideration of the
fault geometry. For this purpose, the faults were approximated by 19 planes along the strike, divided into two
levels along the dip. In the built model, shear displacements in the central segment of the EAFZ reached 12.7 m.
In the southern segment of this rupture, the displacements are substantially smaller. It should be emphasized
that we registered the displacements for the period from January 29 to February 10, 2023, i.e. together with
coseismic ones, they also include postseismic displacements for 4 days after the main seismic events. The dis-
placements on the rupture surface along the Surgii-Cardak fault, where an Mw 7.5 earthquake occurred,
reached 10 m. The obtained results demonstrate, in particular, the efficiency of application of satellite radar
interferometry in the operative study of catastrophic geodynamic phenomena and processes.

Keywords: earthquakes, Turkey, 06 February 2023, Synthetic Aperture Radar (SAR) Interferometry, seismic

rupture surface
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