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[TpuBeneHs! pe3ynbTaThl ONPEAEICHHUs TapaMeTPOB CEHCMIUECKOI aHM30TPOITMH BEPXHEH MaHTHH
HeHTpanbHoi vacTn Bocrouno-EBpormeiickoil miatgopMel, KOTopas, COIJIACHO aKTUBHO pa3BHU-
BAIOIIMMCS B IIOCIICAHUE JNECATHIICTHSI TEKTOHWYECKUM KOHIIEMIHSAM, COCTOUT M3 pa3HOBO3pacT-
HBIX METa0IIOKOB (MUKPOIUTUT). OOBEKTOM M3y4YeHHs ObljIa 30Ha COWICHEHHS TPEX OCHOBHBIX Me-
rabnokoB miardpopmel — Oernockanauy, Bonro-Ypammuu, Capmaruu. {1 perieHus mocTaBieH-
HOW 3amadu npuMeHeH Meton SKS/SKKS aram3otpormu. CyTh METONIa COCTOUT B UCIIONB30BAHIH
SKS-(ha3 mi1s nomydyeHus BEJMYMH CIBHUTA [0 BPEMEHH MEXTY IBYMs KBAa3UIIONEPEUHBIMU BOJIHA-
MH, (HOPMHUPYIOIIMMUCS NPH IPOXOXKICHUH IMONEPEYHON BOJHBI Yepe3 aHH30TPOIHYIO Cpeny, a
TaKk€ B MOJEIMPOBAHNH a3UMyTa OCH MAaKCUMAJIBHOW CKOPOCTH, 110 KOTOPOH PacmpOCTPaHsIETCs
“OblcTpas” KBazuIolnepeyHas BoJHA. MeToMKa He TI03BOJISIET MOJyYUTh TOYHbBIE OLEHKH TI1yOu-
HBI 3aJICTaHUsT AaHU30TPOMHOTO ¢iosi. OHAaKO OoJibinue mepuoabl SKS-BOH U SIPKO BBIPAXKCHHBIC
AQHU30TPOIHBIE CBOWCTBA OJMBHHA, OCHOBHOTO MaTepHaja, CIararollero BepXHIOI MaHTHIO, I10-
3BOJISIIOT CJIeNIaTh MPEIIOJIOKEHHE O NMPHYPOYEHHOCTH BBIABISIEMBIX 3()(EKTOB K MaHTHHHBIM
npoueccaM. ABTOpaMH HCIIONb30BaHbI jAaHHble cTaHiui “OOnuHCK” (OBN) m “Muxneso”
(MHV), pacnonoxeHHbIX B 30HE TPOMCTBEHHOTrO COwIEHEeHUs] MeradiokoB. /Iy aHammza ObUIO
otobpano 1266 coOwITHii, 3apeructpupoBaHHbiX Ha crannud OBN, u 472 — ma cranmmu MHV.
[MToxydeHHbIe A KaXKIOW CTAaHIMHU OLCHKH a3MMyTa OCH MaKCHMaJIbHOM CKOPOCTH W BEIHMYHHBI
3ama3/bIBaHMs KBa3UIIONEPEYHbBIX BOJIH MO3BOJISIOT CYATATh AHW3O0TPOIHIO MAHTHH HUCCIIEIYEMOTO
perunoHa ciaboii. Bpems 3anazaeiBanmst 11 craniimu OBN cocrasisiet 0.4 ¢, anst ctanmuu MHV —
0.2 ¢, 4To sIBIAETCA OXKHMAAEMBIM PE3yJbTaTOM AJISI TEKTOHWYECKU-CIHOKOHHBIX IIaT(GOPMEHHBIX
obmacreii. CTporo cyOmHMpOTHOE HANpaBICHWE OCH MaKCHMaIbHOW ckopocTH (o=90° mmsa craH-
mun OBN u 100° mns crarmun MHN) cormacyercst ¢ m3BECTHBIM HaIlpaBlIeHHEM JBIOKeHUS Boc-
TouHo-EBpomnetickoif murocdepHoit mTsl. s crannnyn OBN BBISBICHBI IBE TPYMITHI COOBITHI C
CYLIECTBEHHO Pa3HBIMH OLIEHKaMH a3UMyTa OCH MaKCUMaJbHOW ckopocTu. [isi coObiTHii ¢ npe-
HMMYIIECTBEHHO 3allaJIHbIM HaIpaBJICHUEM MPUX0/a CEHCMUYECKHUX BOJIH 3ara3/(bIBaHUE COCTABIIS-
et 0.4 ¢ mpu azumyte 90°; mpu 006paboTKe COOBITHI C BOCTOYHBIM HalpaBIeHUEM MPUX0/Ia, HAPS-
Jly C COIIACOBAHHBIM PEILLIEHUEM, BBIABIIAETCS BTOPOM BBIPAXKCHHBIN JIOKAJIBHBIM 3KCTPEMYM, CO-
otBeTcTBytommid yriaam ~160° u 3anmaszgeBanmio ~0.5—1 c. [na cranmmm MHV Takxe BBIIBICH
BTOpOﬁ JIOKaJIbHBIN OKCTPEMYM, COOTBCTCTByIOHJ,l/Iﬁ AHAJIOT'MYHBIM yIJjlaM, OJHAKO € MCHBLIIUM
BpeMmeHeM 3ana3asiBaHus (~0.1-0.2 ¢). MOXXHO NPENoN0oKUTh, YTO HANWYHE JABYX 3KCTPEMYyMOB
CBs3aHO C aHU3O0TPONHBIMU MapaMETpaMU IBYX MeFaGHOKOB, B6J'II/ISI/I rpaHylbl COYJICHCHHS KOTO-
peIX pacnonoxeHns! cranuuy OBN u MHV.

KiroueBbie cjioBa: aHu30TpOIHs, ceiicMoiorus, Tekronnka, SKS/SKKS, nmonepednsie BOTHEIL.
BBenenune

HccenenoBanus 1o OLEHKE a3MMYTalIbHON YIPYTOM aHU3O0TPONMM BEPXHEHM MaHTHM I10
HaOMIOICHUAM U aHaIMu3y ceiicmudeckux SKS/SKKS-BOJH OT yAaleHHbIX 3eMIIETPSICEHUH ObUIN
Havatel B 1984 r., korna aBTopel paboThl [Bunnux, Kocapes, Maxeesa, 1984] npemnoxunn
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UCTIOJIb30BaHUE SIBIICHHS PACHICTICHUS PACIPOCTPAHSIONICHCS B aHU30TPOIHON cpejie Imore-
peYHO BOJHBI Ha JIBe KBaszumornepeuHbix. [lonepeunsie BoaHbl SKS/SKKS, monspu3oBaHHBIC
no SV, pacernisitoTcst Ha OBICTPYIO M MEUICHHYIO KBa3UTIONIEPEYHBIE BOJIHBI, KaX/1ask U3 KOTO-
ppix umeetr SH- u SV-komMnoHeHTsl. AHanu3 cooTHomeHus: SH- u SV-KOMIIOHEHT B 3aluCsX
SKS/SKKS-BONH MO3BOJISIET UCCIIEOBATh a3UMYTAJIbHYIO aHU30TPONHIO B PalilOHE IMyHKTa Ha-
OmoneHus (cecMuYecKoi ctaHiuu). Ha Kakmoi ceMcMMUYECKON CTaHIIMK OTNPEAeIseTCs] KaK
MUHHMYM JIBA aHU30TPOITHBIX MapaMeTpa: oL — a3UMYT HalpaBIICHUs PACTIPOCTPAHEHHS KBa3H-
MOTIEPEYHOH “OBICTPOI™ BOJHBI U Of — 3aMa3IbIBaHUE ‘“MEJICHHOW ~ BOJHBI OTHOCHTEIHHO “‘ObI-
CTpO” MpHU MPOXOKIACHUU UX YE€pEe3 aHU3O0TPOIHYIO Cpelly. BBy T€CHON B3aMMOCBS3M TEK-
TOHUYECKHX SIBIICHUI B KOpE C MPOIecCaMy, POUCXOSIIIUMU B BEPXHEH MaHTHH, 3TH HCCIIe-
JTOBaHUS TMOJYYHUJIM TOBCEMECTHOE PACHpPOCTPAHEHUE U MPOAOIDKAIOTCS B MUPE JO CHX IOp
(cMm., Hanpumep, [Becker et al., 2015]).

B Hauane neBSHOCTBIX T'0O/I0B MPOLUIOTO BEKa JIBE UCCIIEN0BATENbCKUE TPYIIIbI Oy OJIu-
KOBaJIM pe3yNbTaThl MAcCITAOHBIX PabOT MO aHANW3y aHU3OTPOIHBIX MAapPaMETPOB ISl COTEH
CTaHIMU 10 BceMy 3eMHOMY mapy [Silver, Chan, 1991; Vinnik et al., 1992; Helffrich, Silver,
Given, 1994]. Jlna Bocrouno-EBponeiickoil mnatdopmsl vcciae10BaHUs aHU30TPOIUU Ha OC-
HoBe SKS/SKKS-da3 npoBoaumuck mo ganHeM ctannuu “O6nuHck” (OBN). B [Silver, Chan,
1991] st 9TOM CTaHIIMK MO HEYKa3aHHOMY HaOoOpy coObITHI Obuth momydeHbl 0t=0.5 ¢ u
o=— 5°. Tlo3xe nms Toi ke cTaHiuuu 1o 12 coObITUsAM ObLTH Moy4eHsbl 3HaueHus 6=0.68 c,
o=—19° [Helffrich, Silver, Given, 1994]. dpyrumu aBropamu [Vinnik et al., 1992; Bunnux,
Kocapes, 1997] nnsa cranmuun OBN 1o 6 coObITHsIM ObUTH MONyYeHBI 3Ha4YeHUs 61=0.5 c,
o=160°. IIpeacraBieHHbIE pe3yabTAThl MOKHO CUUTATh HE3aBUCUMBIMH, MTOCKOJBKY aBTOPHI
Ha3BaHHBIX pabOT UCIOIB30BAIM pa3Hble HAOOPHI UCXOIHBIX coObITHH. Tak, Ha puc. 1 MOKHO
BUJIETh, YTO OJIHA Tpynma ucciuenoBareneit [Helffrich, Silver, Given, 1994] ananusupoBana
COOBITHSI, COCPEIOTOYCHHBIE B BOCTOYHOM HampaBiieHuu (9 coOwituii u3 12). PesynbTarhl
npyroit rpynnsl [ Vinnik et al., 1992] ocHOBaHBI Ha MEHBIIIEM KOJIMYECTBE COOBITHH (6 Tpacc),
HO 0oJiee paBHOMEPHO PaCIIpeICTICHHBIX 110 a3UMYTaTbHBIM HAMIPABIICHUSIM.

C Puc. 1. [marpaMMbl a3uMyTaIbHOTO
pacnpezeneHus COOBITHI ISl CTAHIIUU
OBN: cresa — no [Helffrich, Silver,
Given, 1994], cnpasa — o [Vinnik et
3 g al, 1992]

Fig. 1. Diagrams of the azimuthal dis-
tribution of events for the OBN
station: left — according to [Helffrich,
0 o Silver, Given, 1994], right — according
to [Vinnik et al., 1992]

B o6cyxnaembIx paboTax mosyueHsl pa3Hble, HO BCErAa CyOMepHIMOHANIbHbIE HAallpaB-
JICHUsI OCH MaKCHUMaJIbHOW CKOpocTU. B omxHO# m3 Oonee mo3auux padot [Bacanosa, 2012]
3apukcupoBaHO ee CyOIIMPOTHOE HampaBiIeHUE, OJHAKO 3Ta paboTa cOKyCHpOBaHA Ha HUC-
CJIEZIOBaHUSX CEBEPHBIX pernOHOB BocTouHO-EBporeiickoii maTtgopMbl U HE COJIEPKHUT CBE-
JEHUI O KOJINYECTBE U KAUECTBE UCIOIb30BaHHOIO MaTepuana 1 cranuuu OBN.

K Hacrosimemy BpeMeHH HAaKOIUIEH CYIIECTBEHHBIH 00BhEM HOBOW CEHCMOJIOTHYECKOM
UH(pOPMALIUK, YTO, B YACTHOCTH, MTO3BOJISIET HE TOJBKO MPOBECTU NMOBTOPHBIE OLIEHKU aHU30-
TPOIHBIX MapamMeTpoB isl ceiicMoctaHu OBN, HO 1 BIiepBbI€ BBIOJIHUTH TAKHE KE OLICH-
Ku 151 Onmsneskamei ctaniua MHV (54.95 °c.., 37.76 °B.1.).
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Pe3yabTaThl OIEHKH aHU30TPONHBIX CBOMCTB cpeabl A ceiicmoctanuun OBN

Ceiicmoctannius OBN  yKOMIUIEKTOBaHa IIHMPOKOIIOJIOCHBIM BeslocUMeTpoM  ST5-1
[3emnerpsacenus..., 2010] ¢ nmpenensubiM niepuogom 300 c. Jliig uccienoBaHusa UCMHOJIb30BaA-
muck 1266 cobbrtuii u3 karanora Global Centroid Moment Tensor Catalog (CMT) [Dziewon-
ski et al., 1981; Ekstrom et al., 2012] 3a 2001-2015 rr. B quana3oHe SMUIEHTPATBHBIX pac-
crossHuid 65°-120° ¢ marnutynamu 6omee 5.5. [{ns ananuza oTOUpanuch COOBITHS C U30JIUPO-
BaHHBIMH, HE UHTEPPEPUPYIOIIUMHU HU ¢ KakuMu Apyrumu, SKS/SKKS-bdazamu, Ha TOPHU30H-
TaJbHBIX KOMIIOHEHTaX KOTOPBIX OTHOIICHHE CUTHAI/IIyM He Hibke 3. B GonmpIIMHCTBE Ciy-
gaeB oOpabareiBaiack SKS-daza (puc. 2, esepxy). J1ns KaxkI0ro COOBITHS BBITIOTHSUIICS TIEpe-
X011 U3 cucTeMbl koopauHaT ZNE (Z — BepTUKanbHasi KOMIIOHEHTA 3anucu, N — TOpU30HTaIIb-
Hasl, OpPUEHTUPOBAHHAS B HATIPABIICHUU CEBEP—IOT, £ — rOpU30HTANIbHAS, OPHEHTUPOBAHHAS B
HaIlpaBJICHUU BOCTOK—3amaa) K cucteMe koopauHat ZRT, B KOTOpoil R — paaraiibHasi KOMIIO-
HEHTa, COBMAJAIONIAs C HAMPABICHUEM OT MCTOYHHMKA K CTaHIMH, I — momepevHasi (TaHTeH-
1uanbHas), ojyyaemas myTeM nosopora R B ruiane Ha 90° o yacoBoit ctpenke. [pu onenke
W30JIMPOBAHHOCTH LENEBBIX (Da3, TOMUMO BU3YaJIbHOTO ONPEAENCHUS, KPUTEPUIMHU CITY KUITU
HU3KHE aMIUTUTY/bl HA Z-KOMITOHEHTE CEHCMOTPaMMBbI M XapaKTepHas AJUTUITHYECKAsT TPaeK-
TOpUS JBIKEHHUS YaCTHUI] Ha JHEBHON MOBEPXHOCTH, UMEIOIIAs OOJBIIYI0 OCh, OPHEHTHUPO-
BaHHYIO MMapaJuIeIbHO HAMIPABICHUIO R-KOMIIOHEHTHI (PUC. 2, BHU3Y, CNpasa).
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Puc. 2. Begepxy: npumep (GUIBTPOBaHHOM 3amucu coObITHs, oOpabotanHoro st craHiuu OBN.
Buu3y: ceiicMorpamMMsbl 7- 1 R-KOMIIOHEHT C OTMEYEHHBIMH CTPEJIKaMH IPaHUIIaMH BPEMEHHOTO HHTEp-
BaJla, BBHIOPAHHOTO JUISI MHBEPCHH; aMIUIMTy/AA 7-KOMITIOHEHTHI [UIS HAaIJIMHOCTH YBEIMYCHA B 5 pa3
(cnesa) u TpaeKTOpus IBMXKEHUS YacTHUI] B BRBIOpAHHOM MHTepBalie (cnpasa, B ane it SKS-¢asbl)

Fig. 2. Top: Example of the filtered event record processed for the OBN station. Botfom. seismograms
of 7T- and R-components, the arrows indicate the time range chosen for the inversion; the amplitude of
the T-component is 5 times increased for the clarity (leff); trajectory of particle motion in the chosen
range (in plan for the SKS-phase, right)
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B pesynbrare, mia craniuun OBN Obuto otobpano 46 mywmux coObituii (Tabdm. 1),
YIOBJICTBOPSIOIMINX TEPEYUCICHHBIM BBIIIE KPUTEPUSIM. 3BE30UYKOM B TAOIHIIE OTMEUYCHBI
36 coObITHH, OCTaBIIMXCS TOCTE YaaneHus 3anucei ¢ 0>3.0 c.

Ta6aunua 1. CoObITHS, HCTIONB30BaHHBIE U1 OLIEHKH MTapaMeTpOB aHU30Tponuu A craHimn OBN

Jara Paccrosaue, °© Azumyr, ° Marnutyna a, ° ot, ¢
13.01.2001 98.01 306.5 6.4 120 3.0
29.01.2001 94.43 84.84 5.9 70 3.0
19.03.2001 94.11 91.11 6 90 3.0
04.04.2001* 97.54 88.21 5.9 10 0.8
20.05.2001* 99.24 322.86 5.5 50 1.9
23.08.2001* 103.98 75.53 5.8 140 1.0
07.10.2001 102.03 78.36 5.7 80 3.0
10.01.2002* 101.67 78.73 6 160 1.0
17.03.2002 99.97 181.05 5.5 170 3.0
06.06.2002* 103.03 72.39 5.7 150 1.0
06.06.2002* 103.03 72.39 5.7 140 0.9
07.08.2002* 99.72 298.93 5.6 90 0.6
08.09.2002* 102.04 78.34 6.5 160 2.2
16.09.2002* 101.9 78.57 5.9 160 1.7
17.09.2002* 101.92 78.48 5.7 160 1.6
20.12.2002* 104.64 73.97 5.8 150 2.6
02.03.2003 104.03 224.1 5.6 130 3.0
25.08.2003 100.26 324.78 5.5 50 3.0
22.09.2003* 83.4 295.12 6.2 100 1.2
22.12.2003 87.53 341.97 6.1 160 3.0
11.01.2004* 92.58 166.57 6.1 160 2.4
17.04.2004* 97 92.74 6.1 80 1.4
29.04.2004* 98.7 303.11 5.6 120 2.9
29.06.2004 99.26 303.98 5.8 120 3.0
15.11.2004* 99.61 292.64 6.6 100 1.3
20.11.2004* 98.86 300.92 6.2 110 2.4
11.04.2005%* 103.85 75.93 5.9 10 0.1
04.06.2005* 97.15 175.66 5.7 110 2.0
05.02.2006* 87.61 65.29 6.3 150 1.4
09.06.2006* 102.55 182.73 5.6 170 1.6
11.08.2006* 98.26 319.76 6 20 0.1
16.08.2006* 86.34 158.04 5.6 150 1.8
15.10.2006* 104.55 12.15 6.2 180 1.9
10.09.2007* 101.3 292.11 6.1 80 0.8
26.11.2007 98.42 320.36 5.7 50 3.0
26.06.2011* 97.1 83.09 6.4 160 1.9
15.08.2011* 105.4 288.5 5.7 50 0.9
30.08.2011* 94.6 95.28 6.9 180 0.9
12.09.2011* 102.4 77.49 6.0 160 2.7
13.10.2011%* 90.2 105.05 6.2 20 1.5
14.11.2011%* 90.3 90.26 6.4 100 0.2
18.01.2012%* 90.2 90.26 5.8 90 0.5
20.03.2012* 99.5 316.41 7.4 50 1.4
21.04.2012* 95.1 84.6 6.7 80 2.9
01.06.2012%* 93.8 84.92 5.8 170 2.2
04.06.2012* 102.3 297.39 6.3 50 0.5
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3anmucu ¢ a>3.0 ¢ yoansiuck, MOCKOJIBKY Takoe OOJBIIOE 3HAYEHHUE 3TOro MapameTpa
MOXET OBITH IMOJIYUYCHO TOJIbKO B TCKTOHHYCCKU AKTHBHBIX PCrHOHAX M HE XAPAKTCPHO IJIA
ICHTPaAJIbHOW YacTH iatgopMmeHHol oOmactu. [IpocTpaHCTBEHHOE pacIlpelieieHue O4aroB
WCIIOJIb30BAHHBIX JIJIs1 aHAIN3a COOBITUH TTOKa3aHO Ha puc. 3.

Puc. 3. [IpocTpancTBEHHOE pacHpeneieHue ova-
rOB COOBITHIl, UCIIONB30BAHHBIX MPH aHATU3E TS
cranuu OBN (TpeyroiabHUK)

Fig. 3. The spatial distribution of the sources of
events used in the analysis for the OBN station
(triangle)

WuauBuayanbHble pelIeHUs AJs OCTaBLIMXCS Tocie yaaneHus 36 coOwbITUi Mo mapa-
METpPY O SIBHO JENSTCS Ha JBe rpymmbl — ogHa ¢ a~100° (21 cobwitue), npyras ¢ a=160°
(15 coOpiTuit). B cBsA3M ¢ 3THM a3uMyTalbHBIE PACIPEACIICHUS aHATM3UPOBAIIUCH Pa3IeIbHO
JUTsI TIOJTHOTO Habopa u3 36 coobiTuil, st 21 cobbrtust ¢ a=100° u ansa 15 cobsiTuii ¢ ax160°
(puc. 4). Pa3ublil uBeT MMHUNA Ha puC. 4 oTOOpa)kaeT HalpaBJICHUE BpAILlEHUsI YaCTHUI] Ha TO-
BEPXHOCTH: KPACHBII — 0 YacOBOM cTpelike (IIpaBoe BpAIICHHE), CHHUI — MIPOTHUB YacOBOI
CTpenku (JeBoe BpaiieHue). TeopeTHdecKy MpHU Mepexo/ie a3uMyTa COOBITHS Yepe3 a3uMyT
OCH HaumOOJbIIeH CKOPOCTH HAOIIOAaeMOe HaMpaBiCHHE BPAIICHHUS YaCTHIl HA TTOBEPXHOCTH
JIOJKHO MEHSTHCS Ha MMPOTHUBOIIOIOKHOE.

o o 0]

Puc. 4. [luarpaMMbl a3UMyTalIbHOTO pacupeaesieHus st 36 coowituii (cresa), 21 codbitus ¢ ax100°
(no yenmpy) n 15 coburtuii ¢ ax160°(cnpasa). KpacHsie TuHUN — IpaBoe BpallleHUE, CHHUE — JIEBOE

Fig. 4. Diagrams of azimuthal distribution for 36 events (/eff), for 21 events with a=100° (centre), and
forl5 events with a=160°(right). Red lines — right rotation of particles on the surface, blue — left rota-
tion

Pemenne nckanoch B BUJIe MUHUMYMa II€JIEBOM (PYHKITNHU, 3aBUCAIIEH OT TapaMeTPOB O

u Of, Kak ObLJIO ONMKCAHO, HANIpUMeEp, B padorte [Vinnik et al., 1992]:
1/2

2

1 & (10T e d
Flen= an_; [ R0y

r7€ oL — TPOOHBIN a3UMYT “OBICTPOIT” OcH; Of — 3ama3apIiBaHue “‘OBICTPON” KBA3UIIONIEPEUHON
BOJIHBI OTHOCHUTENIBHO “MEJJICHHOW’; n — HOMep coObITHsI; N — 00Iiee KOTUIeCTBO COOBITHIA;
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%
T,(t) n R,(t) — naOnroicHHBIE KOMIIOHEHTHI, TOraa Kak 7, (¢,o.,0f) — CHHTETHYECKas Iomepey-

*
Hasi kommoHeHTa. CHHTeTHYecKkash KOMIIOHEHTa Bbluucisiiack kak 1 (1) = F(1)*R(¢), roe

F(t) — pesynbTaT oOpaTHOTO MpeodpazoBanus Oypbe OT

1_ e—l'(x)ﬁl
cos? o+ e ¥ gin

f(®w)=-0.5sin2a -
o

[TpoOHbIe yriasl oo BappupoBanuch B auanasone 0° qo 180° (¢ marom 10°), a BpemeHa
3ama3apiBanus Of — B quanaszoHe oT 0.1 mo 3.0 ¢ marom 0.1 ¢. Bennuuna mara o0ycioBieHa
OTPaHUYEHUSMH TOUHOCTH UCIIOJIb3yEMOI0 METO/IA.

W3onuHuM 3HaYeHui 1eneBblX GyHKIU E(o, Of) A TpeX Ha3BaHHBIX BbIlIE HAOOPOB
JAHHBIX MPEICTaBICHB HA pHUC. 5. MOXXHO BUAETH, UTO B KAXKJIOM U3 paclpelneieHuil nmpo-
CJIC)KMBAETCS 30Ha aOCOMIOTHOTO MUHMUMYMa B MHTEpBaje 3HaueHuid o ot 80° mo 110° u of ot
0.3 ¢ 1o 0.5 c. B xauecTBe penieHus! aBTOPBI MIPEAIATalOT UCIONIb30BaTh JJaHHBIE, MTOJIy4YEH-
HBIE 1I0 MaKCHMaJbHOMY Ha0opy coObiTuii, a uMeHHo a=90°, 6=0.4 ¢ (cMm. puc. 5, cresa).
BaxxHO Tax)ke OTMETHUTh, YTO AJS COOBITUH C MPEUMYIIECTBEHHO BOCTOYHBIMU a3UMyTaMH

BBISIBJISICTCSI BTOPOM YETKO BBIPAKEHHBIN MUHUMYM ¢ a=160° u 6 0.5 c.
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Puc. 5. Mzonuann 3Havennii neneBoit Gpyukmum E(a, of) mo ganasM cranmnu OBN. Pemenus, momy-
YeHHBIC IS MOJTHOTO Habopa nu3 36 coowiTuit (cresa, a=90°, 6t=0.4 ¢); mist 21 coOBITHSA ¢ HHANBUIY-
IBHBIMH peIIeHUsIMU o opsiaka 160° (no yenmpy, 0=100°, 6t=0.3 c); nna 15 coObITHH ¢ MHAUBUIY-
ANBHBIMU peleHusIMH o opsiaka 90° (cnpasa, a=90°, 5t=0.4 c)

Fig. 5. The isolines of the values of the objective function E(a., 8¢) according to the data of the OBN

station. The solution obtained for the complete set of 36 events (left, a=90°, dt=0.4 s); for 21 events

with individual solutions ax160° (center, a=100°, 8=0.3 s); for 15 events with individual solutions
~90° (right, 0=90°, 6=0.4 s)

Pe3yjibTaThl OLICHKH AHU30TPOINHBIX CBOMCTB cpeabl Ad ceiicmocTanuuu MHV
Ceitcmoctanuss MHV naxonutes B 80 km ot cranimu OBN u ykoMITJIEeKTOBaHa BEJO-
cumetpom STS-2 [3emnerpsicenus..., 2010] ¢ npenensubiM niepuogom 120 c. OneHka aHu3o-

TPONHBIX MapamMeTpoB ¢ ucrnosnb3oBaHueM SKS/SKKS-}a3 nnst 3Toi CTaHIMU BBINOJHSIIACH
BIIEPBBIC U TPOBOMIIACH IO METOJIMKE, AaHAJIOTUYHOM ONMKMCAaHHOM Bbile 1t cTaniu OBN.
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boun ucnionb3oBanbl 417 cOOBITUH, YIOBIETBOPSIOUINX KPUTEPUSIM MAarHUTYbI U y/ia-
JeHHOCTH; 37 cOoOBITHIA, TPEICTABICHHBIX B Ta0Jd. 2, COOTBETCTBYIOT IIOJIHOMY Ha0Opy KpHTe-
pueB. Kak u npu ananuse naHHbIX Ans ctaHiuu OBN, u3 oToOpaHHBIX COOBITHI ObUIH HC-
KJIIOUEHBI COOBITHUS € 3ana3biBaHueM >3.0 c. A3UMyTaJIbHOE paclpeaeseHue Uil OCTaBLINX-
cs mocye toro 16 Tpacc (B Tabmuiie 0OTMEUYEHBI 3B€310YKOI) TTOKa3aHOo Ha pHC. 6, cresa; pac-
MOJIO’KEHUE UX 0YaroB — Ha puc. 6, cnpasa.

Tadauua 2. CoObITHS, UCIIOIB30BaHHBIC IS OIIEHKH MapaMeTPOB aHU30TPOITHH s ctaHimn MHV

Hara Paccrosinue, ° AzumyrT, ° Marnutyga a,”’ ot, ¢
06.03.2011* 114.3 273.2 6.3 100 0.9
07.04.2011 97.3 314.3 6.7 60 3.0
20.06.2011* 116.6 269.8 6.5 80 0.4
26.06.2011* 97.1 84 6.4 170 1.9
15.08.2011 105.4 289.5 5.7 30 3.0
24.08.2011 108.9 284.1 7.0 20 3.0
30.08.2011* 94.6 94.4 6.9 100 0.3
12.09.2011 102.4 78.5 6.0 160 3.0
13.10.2011 90.2 106 6.2 110 3.0
14.10.2011 106.9 77 6.5 160 3.0
14.11.2011* 90.3 91.2 6.4 100 0.2
22.11.2011* 109.8 271.4 6.6 10 0.8
14.12.2011 107.1 78.5 7.1 160 3.0
14.01.2012* 70.8 83.9 5.8 160 1.3
18.01.2012* 90.2 91.2 5.8 120 0.4
11.02.2012* 90.3 91.3 5.6 10 2.8
14.03.2012* 107.8 73.7 6.2 180 0.3
20.03.2012 99.5 307.4 7.4 50 3.0
21.03.2012 105.5 78.5 6.6 160 3.0
21.04.2012 95.1 85.5 6.7 90 3.0
14.05.2012* 114.2 273.7 6.2 180 0.3
28.05.2012* 118.5 261.3 7.8 160 1.8
01.06.2012* 93.8 85.8 5.8 100 0.9
04.06.2012 102.3 298.4 6.3 40 3.0
09.02.2013 103.2 291.6 6.9 30 3.0
18.02.2013 74.5 257.1 5.6 30 3.0
23.02.2013 96.7 95 5.9 10 3.0
06.04.2013 99 83.2 7.0 80 3.0
16.04.2013 101.1 79.6 6.6 70 3.0
19.04.2013 96.3 101.8 5.8 20 3.0
07.07.2013 108 70.2 7.3 150 3.0
12.08.2013* 97 92.4 6.1 180 1.2
12.08.2013 111.1 292 6.3 40 3.0
13.08.2013 99.7 294.8 6.7 40 3.0
21.09.2013* 91.5 100.5 6.1 20 2.5
19.11.2103* 88.3 87.9 6.0 10 0.6
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o

Puc. 6. /lnarpaMmMa a3uMyTaJIEHOTO paclpeieieHnus COOBITHH, NCTIOIB30BaHHBIX sl cTaHn MHV,
(cnesa), m cxeMa pacmpeneieHust X 04aroB (cnpasa). KpacHble IMHUN — TIPaBOE BPAIICHHE YaCTHUI] Ha
MOBEPXHOCTH; CHHHUE — JIEBOE; 3eJIEHbIE — TMHEHHOE

Fig. 6. Diagram of azimuthal distribution of events used for the MHV station (/eff) and the location of
the sources of events (right). Red lines on the diagram — right rotation of particles on the surface;
blue — left rotation; green — linear rotation

Ha npencraBnenHoi Ha puc. 7 cxeme U30auHuM 1eneBoi Gpyuakuuu E(o, of), TOCTpOeH-
HOM Il COOBITHM, 3aperuCTpUpOBaHHBIX cTaHIedn MHV, 4eTko mpociexuBaeTcs: JT0oKajb-
HbIi MUHUMYM ¢ 00=90° 1 8=0.2 c. Kpome 3toro, kak u ans ctaniuu OBN, BeinenseTcst BTo-
poii ToKanbHbI MUHUMYM ¢ 0= 160° u 6t=0.1-0.2 c.

Puc. 7. M3onuuun 3HaveHW 1eneBod QyHKIMH
E(a, 8¢f) mo mannbiM crannuu MHV. Pemenne,
nosrydeHHoe s 16 coowituit, — a=90°, 6=0.2 ¢

Fig. 7. Isolines of the values of the objective func-
tion E(a, 0f) according to the data of the MHYV sta-
tion. The solution obtained for 16 events — a=90°,
0t=0.2 s

0

00 05 10 15 20 25 304dtc

[IpuHuMas BO BHUMaHUE OTJIMYME MOJYYEHHBIX B PaMKax HACTOSILEr0 MCCIEA0BaHMS
pe3yJbTaTOB OT paHee OMmyOJMKOBAaHHBIX OIEHOK M OJIM3Koe pacnoyioxkeHue cranuuii MHV u
OBN, aBTOpbI NpOBENIM JOMOJHHUTEIbHOE HccienoBaHHEe. 3 CNUCKOB, NMPHUBEIEHHBIX B
Tabm. 1, 2, O 0TOOpaHBI COOBITHS, 3aPETUCTPUPOBAHHBIE HA 00X CTAHIUSAX — TAKHX CO-
ObITHI OKazanoch Bcero 11. Jlnarpamma a3uMyTanbHOTO pacHpefeieHus TUX COOBITHHA U
cXeMa PacIoJIOKEHHS UX SIUIEHTPOB mpuBeaeHb! Ha puc. 8. Cranuun OBN 1 MHV 0603Ha-
YeHbI OJJTHUM TPEYTOJIbHUKOM, YTO CBSI3aHO C UX OJIM3KUM PACHOJIOKEHUEM U MacluTaboM pH-
CYHKa.

HesaBucumast 00paboTKa OTHUX U TEX e COOBITHIA, 3apEerUCTPUPOBAHHBIX IByMs pa3HbIMU
CTaHLMSIMY, TIOKa3aJla MOJIHYI0 COIJIACOBAHHOCTh MOJIyYEHHBIX PE3yJIbTATOB: PELICHUE MO JaH-
HbM cTaniu OBN — a=90°, 6=0.3 ¢, mo manabM ctanimu MHV — a=100°, 6=0.3 ¢ (puc. 9).
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C

Puc. 8. /lnarpamma a3uMyTaJIbHOTO pacupeneiaeHus COOBITHH, 3aperHCTPHUPOBAHHBIX OJHOBPEMEHHO
Ha crannusx OBN u MHV (cresa), n cxema pacmoyIoKeHHS UX 049aroB (cnpasa). Y cIOBHBIE 0003HA-
YEeHHS CM. Ha pHC. 6

Fig. 8. Diagram of the azimuthal distribution of events recorded simultaneously at the OBN and the
MHYV stations (/eft), and the location of sources of the events (right). Notations see in Fig. 6

0 I T I T T 0 I T I I I
00 05 1.0 15 20 25 3.0 4dc 00 05 10 15 20 25 3.04dtc

Puc. 9. M3onunaun 3HaueHnii neneBoi GyHkuuu E(o, &f) Ui COOBITHH, 3apeTUCTPUPOBAHHBIX OJTHO-
BpemeHHO cTtaHuusaMu OBN u MHV: cresa — pemenue, nomyueHHoe mo JaHHBIM cTanuuu OBN;
cnpasa — 1o JaHHbIM ctaHuun MHV

Fig. 9. Isolines of the values of the objective function E(a, of) for events recorded simultaneously by
the OBN and the MHYV stations. Left: the solution obtained from the OBN station data; right: the solu-
tion obtained from the MHYV station data

3akjaro4yeHue

B pabore npepcraBieHbl pe3yibTaThl TOBTOPHOW OICHKH aHW30TPOITHBIX MapaMeTpOB
(HampaBJIeHMs TJIAaBHOM OCH CUMMETPHUU OL U BEJIMUMHBI 3a1a3/IbIBAHUS Of), BHIIOJIHEHHOM JIJIs
HeHTpanbHOl yacTu Bocrouno-EBponeiickoil miardopmer meronom SKS/SKKS 1o maHHBIM
cericMuuecknx crannuii “O6HuHCcK” (OBN) 1 “MuxneBo” (MHV).

Ouenku s ceficmuueckoit ctanmmu OBN monydeHsl o Habopy JaHHBIX, OoJiee Tpe/-
CTaBUTEJILHOMY I10 CPAaBHEHUIO C UCIIOJIb30BAaHHBIM paHee NMPU aHAJIOTUYHBIX HUCCIIEI0BaHUSX;
utst ceficmuieckoi ctanimu MHV orieHku aHM30TPOMHBIX MapameTpoB MetoaoM SKS/SKKS
BBITIOJTHEHBI BIIEPBBIE.
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Jna cranuun OBN azuMyT HanpaBiieHUs IVIaBHOM OCH cUMMeETpun o coctasisieT 100°;
3ama3ibpiBaHue Of, XapakTepusymwilee BenuuuHy anuzorpornuu, — 0.4 c. nsg 3Toi craHuuu
BBISIBJICHBI JIBE T'PYIIbI COOBITUN C pa3HBIMU WHIUBUAYAJIbHBIMU PEIICHUSAMU — JUJISI OJHOM
o~90°, nns gpyroit a=160°.

Bonee neranbHbIN aHATM3 TTOKA3aJI, YTO MTPU COBMECTHOM 00pabOTKe COOBITHIA TPYIIIHI C
WHIUBUYyAIbHBIMA pelieHussMH, Onu3kumu K 160°, momyyaem obmee permenue o=100°,
0t=0.3 ¢c. OHAKO TIPH 3TOM BBISIBISICTCS YETKO BBIPAKCHHBIN MOOOYHBIN JIOKATBHBIA MHHHU-
MyM, COOTBeTCTBYIOIMA 00~ 160° 1 51~0.5 c. Kpome TOTO0, 3MTUIIEHTPHI OOJIBIIMHCTBA COOBITHI
9TOW TPYMIBl PacHOJIOkKEHBl K BOCTOKY OT craHimu OBN. OTMeTHM, 4TO MPUBOAUMBIN B
[Helffrich, Silver, Given, 1994] pesynbtaT 0= —19° (161° ¢ yuerom 180-rpamycHoii nepuo-
JUYHOCTH) TaKXKe MOJYYEeH MO COOBITUSAM IMPEHMYIIECTBEHHO C BOCTOYHOTO OTHOCHUTEIBHO
craniuu OBN nanpasnenus (cm. puc. 1). [IpuunHa siBHOrO pasaeneHusi cOObITUH Ha JBE
IPYIIbl ¢ MPOTUBONOJOKEHHBIMH a3UMYTaMU U CYIIECTBEHHO Pa3IMYarolIMMUCS pe3ysbTa-
TaMUd Ha JaHHBII MOMEHT HESICHa — MOXXHO JOIYyCTHTb, HampuMep, CYIIECTBOBAHHE, IO
MEHbILIEH Mepe, IBYX aHU30TPOITHBIX CJIOEB.

Hns ceiicmuueckol cranun MHV, pacnionoxenHoi Ha paccTosHuu 80 KM OT CTaHIUU
OBN, mony4yeHo pelieHue, XOpoulio coriuacyomieecs ¢ pemeHuem s ctanuuu OBN —
a=90°, 6r=0.2 c. bonee Toro, mo pe3yJabTaraM aHaIM3a SKCIEPUMEHTATHLHOTO MaTepuaia Jis
cranuun MHV Takke npociie:kuBaercst BTOPON JIOKAJIbHBIMI MUHUMYM, COOTBETCTBYIOLIUI
o~160° u 6t~0.1-0.2 c.

Ceiicmuueckue craniimn OBN u MHV HaxonsTcss B 30HE COWICHEHHUS MErabJIOKOB
(puc. 10), MOIIHOCTH U OCOOCHHOCTH TITYOMHHOTO CTPOEHHUS KOTOPBIX, KaK 3TO MOKa3aHO B
[Bogdanova, Gorbatschev, Garetsky, 2016], moka He yCTaHOBJICHBI.
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Puc. 10. TexTormveckas cxema MeHTpaIbHOU yacTH BocTouno-EBpomneiickoit mumth (110 [Bogdanova,
Gorbatschev, Garetsky, 2016]) c ykazanueM Mecronofioxkenus crannuii OBN u MHV u HanpasieHnuii
OCH aHM30TponuM. / — HampasieHHe ABWXeHHs Bocrtouno-EBponeiickoil mnutsl o [Xaun, Jlomuse,
1995]; 2 — MecTononoKeHNe CTaHIIMMA, CTPEJIKYM — HAIlPaBJIEHUE OCH aHW30TpONHH (TIaBHOE Harpas-
JICHHE OCH CUMMETPUHU MaHTUITHOTO BEIIIeCTBA)

Fig. 10. A tectonic scheme (according to [Bogdanova, Gorbatschev, Garetsky, 2016]) of the central
part of the East European craton with locations of the OBN and the MHYV stations and the directions of
the axis of anisotropy. / — direction of movement of the East European craton (by [Khain, Lomize,
1995]); 2 — location of stations, arrows — direction of the axis of anisotropy
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MOXHO MpPeanoa0KHUTh, YTO, IIOCKOJIBKY 00€ CTaHIIUM HAXOIATCS BOJM3U TPaHMI CO-
YIEHEHUs1 MeralJOKOB, JBa BBISBICHHBIX B HAcTOsIIeH padoTe JOKaJIbHBIX MUHUMyMa C
o nopsaka 90° u 160°, xapakTepu3yIoT “BMOPOKEHHYIO” aHU30TPOIHUIO Pa3HbIX MErabIoKOB
M, BO3MOXKHO, 0TOOpaxaroT 3¢ (eKT acTeHOCPEpHOro MOTOKAa MAHTUHHOTO BEIIECTBA, CBSI3aH-
HOTO C HaNpaBlIEHUEM ABM)KEHUS JUTOC(EpOil IUIUTHI, KOTOPOE YCTAHOBJICHO IO JAHHBIM
GPS, T€OTEeKTOHMYECKOT0 U MajJl€OMarHUTHOro MojenupoBanus [Xauw, Jlomuze, 1995]. Ha
puc. 10 BUIHO, UTO HAMpaBJICHUE JIBIKEHUS TUTOCHEPHON IITUTHI COBMATAET C IIaBHBIM Ha-
IIPABJIEHUEM OCH CUMMETPUU MAaHTHUHHOIO BEIIECTBA.

CrnenyeT OTMETUTH, YTO (PAKTOPHI, BHI3BIBAIOIINE HATHUNE aHU30TPOMUU MOXKHO pasfe-
JUTHh Ha JBe rpynnsl. [lepBas rpymnmna — “peluKTOBbIE”, BOSHUKIIME B PE3yJbTaTe IPEBHUX
reoMHaMHYECKHUX MPOIECCOB, BTOpask — “COBPEMEHHbBIC’, BEI3BAHHBIE KOHBEKTUBHBIMH IPO-
[IeCCaMU U JBM)KEHUEM JHUTOC(epHbIX MIUT. OCHOBBIBASCH HA IMOJYYCHHBIX pE3yJbTaTax,
MO>KHO TNPEANOI0KUTh, YTO B JAaHHOM cllyyae Mbl HaOII0jaeM UHTErpaibHbId 2P eKT B3au-
MOJEHCTBHUS ATUX IPyHIT (PaKTOPOB.

Pabota BeimonHeHa npu noanepxkke Poccuiickoro gonna GpyHaaMeHTaIbHBIX UCCIENO-
Banuii (rpant Ne 17-05-01099).
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ESTIMATION OF SEISMIC AZIMUTHAL ANISOTROPY
PARAMETERS OF THE UPPER MANTLE OF THE CENTRAL
PART OF THE EAST-EUROPEAN CRATON ACCORDING
TO THE DATA OF THE “OBNINSK” AND “MIKHNEVO”
SEISMIC STATIONS

V.V. Adushkin', A.G. Goev', G.L.Kosarev?, [.A. Sanina'

! Institute of Geosphere Dynamics, Russian Academy of Sciences, Moscow, Russia
? Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia

Abstract. The results of determining the parameters of seismic anisotropy of the upper mantle of the central part
of the East-European craton are given. According to the tectonic concepts actively developing in recent decades,
the East-European craton consists of megablocks (microplates) of different age: there are three main
megablocks — Fennoscandia, Volga-Uralia and Sarmatia. The area of their triple junction is the subject of this ar-
ticle. The SKS/SKKS anisotropy method was applied. Its essence is to use SKS phases in order to obtain delay
times for the arrival of two quasi-shear waves that are formed during the trace of a shear wave through an anisot-
ropic medium and gets through it with different velocities. The result is to simulate the azimuth of the maximum
velocity axis along which “fast” quasi-shear wave trace and to get the delay time between “fast” and “slow”
waves. The technique does not allow to obtain accurate estimates of the depth of the anisotropic layer, however,
taking into account the long periods of the SKS wave and the pronounced anisotropic properties of olivine, as
the main material composing the upper mantle, it is assumed that these effects are related to the mantle proc-
esses. Authors used the data from “Obninsk” (OBN) and “Mikhnevo” (MHYV) stations that are located in the
zone of the triple junction of blocks. For Obninsk station — 1266 events were used, for Mikhnevo station — 472.
For each station, we obtained estimates of the azimuth of the maximum speed axis and the delay time of arrival
of quasi-shear waves. As a result of the study, the mantle anisotropy of the region is assessed as weak, which is
an expected result for tectonically stable platform regions (delay time 0.4 s for the OBN station and 0.2 s for the
MHV station). The direction of the maximum speed axis is strictly sub-latitude (90° for the OBN and 100° for
MHYV station), which is in accordance with the known the East-European lithospheric plate motion. For the OBN
station, two groups of events were identified, with significantly different results, structured by azimuth. For
events mainly with western azimuths of arrival of seismic waves, the solution is 90° and 0.4 s, while processing
events from the eastern direction of arrival, along with a coordinated solution, a second pronounced local extre-
mum is detected, corresponding to angles and delay time about 0.5-1.0 s. According to the results of MHV data
processing, a second local extremum was also found, corresponding to similar angles of about 160°, however,
with a shorter delay time (about 0.1-0.2 s). It can be assumed that the presence of two extremums is associated
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with the anisotropic parameters of two different megablocks, near the junction boundary of which are located the
OBN and MHV stations.

Keywords: anisotropy, seismology, tectonics, SKS/SKKS, shear waves.
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