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AHHOTaH,I/Iﬂ. OCHOBHasi TUIIOTE3a BO3HUKHOBEHUS HpeACGﬁCMH‘IeCKHX aHOMaAU# HaIIPAaBAEHHOCTHU

re0aKyCTUIECKON SMUCCUY COCTOUT B TOM, UTO Ha 3aKAIOUUTEABHOM CTaAWM IIOATOTOBKU 3€MAETPSICEHUS
OPMUPYIOTCS IOCTOSIHHBIE HAIIPAaBAEHUS OCeHl TAABHBIX HANPSPKEHUN IIOPOoA B TOYKe HaOAIOAEHMIA.
HamnpaBaeHUsT 3THX OCE#l B CBOIO OYEPEAB OIIPEAEASIIOT IIPEVMYIIECTBEHHYIO OPMEHTAIINIO aKYCTUYECKUX
HUCTOYHUKOB. AASI IOATBEP>KAEHUS 3TOM I'UIIOTE3EI IPOU3BEAEHO MOAEAMPOBAHNE OPUEHTALIMY OCEH IAaBHBIX
HaNPS>KeHUY, OOYCAOBAEHHBIX IIPOLIECCOM IIOATOTOBKY 3eMAETPSICEHUN. PacdyeTEl OCHOBAaHBI Ha MOAEAH,
TIIOCTPOEHHOM B PaMKaXxX AMHEWHON TeOpHUM YIPYTOCTH: 3eMHasl KOpa PacCMaTPUBAETCS B BUAE OAHOPOAHOTO
U30TPOIIHOIO YIPYTOr'o IIOAYIPOCTPAHCTBA, CHAOBOE BO3AEMCTBME B OdYare TOTOBSIIETOCS 3€MAETPSICEHUST
— B BUAe KOMOUMHAIUM ABOMHBIX IIap CHUA. Y4YTeHa IOTEHNIMAAbHAsT SHEPIUs YIPYTUX AedopMaluit,
HAKOIIAEHHAS B IIPOIIECCE IIOATOTOBKY 3eMAETPsiceHUs. B paboTe MCIIOAB30BaH KaTaAOr MEXAaHWKU O4aroB
3emaerpsiceHnit «The Global Centroid-Moment-Tensor Catalogy. /3 Hero 6viAu BBIOpPaHBEI ITapaMeTpPHI
CelCMUYEeCKUX COOBITHII, NPOM3OMIEAIINX BOAM3M IoayocTpoBa Kamuarka c 1976 mo 2020 roapr. Tak
KaK OPHMEHTAIMsI aKYCTUYECKOI'O M3AYUEHUS 3aBUCHUT OT a3UMYTaAbHOT'O HAIPaBAEHUS Ha SIUIEHTPHI
3eMAETPSICEHUH, TO BCE PacCMaTPUBAeMble CEACMUYECKUE COOBITUS OBIAM DPa3sAEA€HBl Ha TPU TPYIIILI
MeTopOM K-CpepAHUX IIO IIPOCTPAHCTBEHHOMY PACIIOAOXKEHUIO MX SIUIEHTPOB. Pe3yAbTaThl MOAEAUPOBAHMS
COIIOCTaBAEHBI C 3KCIEPUMEHTAABHBIMU OIIEHKAaMM HANPAaBAEHUSI OCel I'AaBHBIX HANPSKEHUN B IIYHKTE
HabaropeHuE «Mukmxay (52,99° c. m., 158,22° B. A.). OneHKN OBIAM IOAYYEHBI paHee [0 AHOMAaAUSM
HANPaBAEHHOCTU I'€0aKyCTUYECKOM sMmuccru. IlokasaHoO, YTO MMCTOTPAMMEI PACIPEAEAEHUS HalpaBAEHUN
ocell TAAaBHBIX HANPSIKEHUN COTAACYIOTCS C PEe3yAbTaTaMM SKCIEPMMEHTAABHBIX OLEHOK AASI ABYX TPYIII
3eMAeTpsiceHul. MoapaabHBEIE MHTEPBAABL U AOKAABHBIE MAKCUMYMBI MUCTOIPAMM PACIPEAEACHUSI ITOIIAAAIOT
B AMAIIa30HBI OIIEHOK OPMEHTALIMK OCef TI'AaBHBIX HampsbkeHuin or 290° ao 320° m ot 20° apo 50°
COOTBETCTBEHHO.
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Abstract. The process of rock stress-strain state change causes acoustic radiation, which is called rock
acoustic emission or geoacoustic emission. The relation between the earthquake preparation process and
rock acoustic emission variations, which are called pre-seismic anomalies, has been stated in a number of
investigations. The general mechanism of occurrences of these anomalies is associated with the fact that
formation of a preparing earthquake source causes changes in the stress-strain state of rocks, surrounding
it. One of the kinds of anomalies, occurring at the final stage of earthquake preparation, is the appearance
of clearly expressed direction of acoustic activity. The main hypothesis of occurrence of this phenomenon
is that a preparing earthquake source impact causes formation of constant direction of principle stress axes
at an observation point. In their turn, the direction of these axes determines the primary orientation of
acoustic radiation sources. To confirm this hypothesis, axis orientations of the main stresses, determined by
the earthquake preparation process, were modeled. The estimates are based on the model constructed within
the framework of elasticity linear theory where the Earth crust is considered in the form a homogeneous
isotropic elastic half-space and the force impact at a preparing earthquake source is considered in the
form of a combination of forces double pairs. Elastic deformation potential energy, accumulated during the
earthquake preparation process, is taken into account. In the paper, we used the data from the catalog of
earthquake source mechanics «The Global Centroid-Moment-Tensor Catalog» on seismic events occurred
near Kamchatka peninsula from 1976 until 2020. As long as the acoustic radiation direction depends on
the azimuthal direction to earthquake epicenter, all the considered seismic events were divided into three
groups by the method of K-averages according to spatial locations of their epicenters. The modeling results
were compared with experimental estimates of the main stress axis directions at Mikizha observation site
(52.99° N, 158.22° E). The estimates were earlier obtained based on the geoacoustic emission directivity
anomalies. It was shown that histograms of main stress axis direction distributions agree with the results
of estimates for two groups of earthquakes. Modal intervals of distribution histograms fall within the range
of experimental estimates from 290° to 320° and from 20° to 50° accordingly.
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BBeaenne

ITporecc n3MeHeHNsT HaPSIKEHHO-AePOPMUAPOBAHHOI'O COCTOSIHYSI TOPHEIX IPHBOAUT
K BO3HUKHOBEHUIO aKyCTUYECKOTO K3AYUEHUs, KOTOPOE Ha3bIBAETCS AKYCTUIECKON
SMUCCHEN FOPHBIX IIOPOA UAY PE0AKYCTUIECKOM sMuccreil. VICTOUHNKY 3TOrO U3AY IEHUST
IMEIOT AWCAOKAIWOHHYIO IPUPOAY ¥ MOLYT OBITH OOYCAOBAEHBI ympyrumu [1],
IIAACTUYECKUMY (2| MAK TPAaHYAMPOBAHHBEIMY CBOMCTBAMU CPEAH! [3].

B psine mccaepoBaHui [4—6| ycTaHOBAEHA CBSI3b MEXKAY IIPOIECCOM IIOATOTOBKU
3eMAETPSICEHUM U BapHaIWSIMU aKyCTUYECKOM 3MUCCAM TOPHBIX IIOPOA, KOTOPHIE
B 3TOM CAydYae Ha3bIBAIOT IIPEACEHCMUYECKUMU aHOMAAUSMHI I'€0aKyCTUIECKOR
sMmuccuu. OO6mu#i MexXaHU3M BO3HUKHOBEHUS 3STUX aHOMAAWNE CBSI3aH C TeM,
4yTO (OPMUPOBAHUWE OdYara TOTOBSIIETOCS 3EMAETPSICEHUS BBI3BIBAET W3MEHEHUE
HAIIPSIPKEHHO-A(POPMUPOBAHHOTO COCTOSHUS IIOPOA, OKPYIKAIOIIUX €To.

OpHEM U3 BHAOB aHOMAAWM, IIPOSIBASIIOIIAXCS HA 3aKAIOYUTEABHON CTaAUU
IIOATOTOBKK  3EMAETPSICEHUHN, SBASETCSI  BO3HUKHOBEHVE SPKO  BBIPA’KEHHBIX
HAIIPABAEHUN aKyCTUYeCKO¥ axTwBHOCTH [7|. OCHOBHAs TruIOTe3a BO3HUKHOBEHUS
9TOT'0 SIBAEHUS 3aKAIOYAETCS B TOM, YTO BAUSHUE O4ara I'OTOBSIIETOCT 3€MAETPSICEHUST
IIPUBOAUT K (POPMUPOBAHUIO IIOCTOSHHOI'O HAIIPABAEHUS OCEM TAABHBIX HAIIPSPKEHUN
B Touke HabamopeHuit. HampaBaeHUMsT 3TUX OCell B CBOIO OYEPEAL OIPEAEASIIOT
IPENMYIIECTBEHHYIO OPUEHTAIIAI0 UCTOYHNKOB aKyCTUIECKOTO U3AYIEHUS.

B HacTosme#l paboTe AASI NOATBEP)KAEHUS BBIABHHYTOH TI'MIIOTE3BI IIPOM3BEAEHO
MaTeMaTHYeCKOe MOAEAWPOBAHWE HANPAaBAEHUS OCE#l TAABHBIX  HAIPSDKEHUH,
BO3HUKAIOIINX B TOPHBIX IOPOAAX IIPY IIOATOTOBKE 3€MAETPSICEHNH BOAU3H IIOAYOCTPOBA
KamuaTka. Pe3yabTaThl MOAEAMPOBAHUS COIOCTABAEHBI C 9KCIEPUMEHTAABHBIMU
OlEHKAaMU HAIPAaBAEHWSI OCel T[AABHBIX HANPSDKEHWN 1[I0 AQHHEIM aHOMAAWH
HaIPaBAEHHOCTM aKyCTUYECKOH SMUCCHM TOPHBIX IIOPOA B IIYHKTe HaOAIOAEHU
«Murmwxay (52,99° c. m., 158,22° B. a.) [8].

Pusnmyeckasi TOCTAHOBKA 3a1a9M

HanpasneHHocTb reoakycTn4eckom amuccun. B IIporecce  TeHepaluu
aKYCTUYECKOTO M3AYUEHUS TOPHLIMU IIOPOAAMM IIPeObA3AAIOT CABUTOBLIE UCTOYHUKU.
OTO CBS3aHO C TeEM, UYTO IIPOYHOCTH IIOPOA, IIO OTHOIIEHWIO K KacCaTeAbHBIM
HaUpPsDKEHUSIM MEHBINlEe, YeM K CXaTuio. [IpemMyInecTBeHHasT OpPHEHTAIWSI TaKUX
HNCTOYHHNKOB OIIPEAEASAETCA HaAIIPABACHUEM MaKCHMAABHBIX KaCaTEABHBIX H&HpH)KeHI/IfI,
OPMEHTUPOBAHHEIX B OCHOBHOM IIOA yraoM 45° K ocum Hamboabuiero cxarusi [9, 10].
[Ipp >TOM MaKCHMYMBI IIPOAOABHBEIX aKYCTUYECKUX KOAeDaHMP COOTBETCTBYIOT
HaNIPaBAEHUSM, IEPIEHAUKYASIPHBIM 3TON OCH AASI BOAHBI C’KATUSI M COBIIAAAOIIUM C
Hell AAS BOAHBI Pa3psiKeHusi. AmarpaMMbl HallPaBAECHHOCTH aKyCTUYECKUX KOAebaHmi
CABUT'OBBEIX UCTOYHUKOB CXE€MaTUYHO IIPEACTaBAEHBI Ha puc. 1.

[Top BAMSIHMEM oOdara TOTOBSIIETOCS 3EMAETPSICEHUST OyAeT BO3HUKATL OOABIITIOE
KOAWYECTBO OAMHAKOBO OPUEHTUPOBAHHLIX MCTOYHNKOB aKYCTUIECKOTI'0 U3AYUEHHUSI. DTO
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(a) (b)

Puc. 1. AmarpaMMBl HAIPaBAEHHOCTH IPOAOABHBIX (a) u momepeussrx  (b)
aKyCTMYEeCKUX KOAeDaHMif CABUIOBBEIX MCTOYHMKOB. CTpeaKaMm IIOKas3aHa
OCb HaMbOABIIIETO CIKATHS.
[Figure 1. Directivity diagrams of longitudinal (a) and transverse (b) acoustic
oscillations of shear sources. Arrows indicate the strongest compression axis. |

00YCAOBAEHO BOSHUKHOBEHUEM IIOCTOSIHHOI'O HAIIPABAEHUSI OCEM TAABHBIX HAMPSIKEHUR
B TOYKe HAOAIOAEHUI.

Tak,  HampuMep, MOPOBEAGHHBIX  aHAAWM3  AHOMAaAUN  HAIPaBAEHHOCTH
re0aKyCTUYECKOM  SMUCCUM,  3apPErUCTPUPOBAHHOM B  IOyHKTE  HaOAIOAEHUS
«Murwmwxay (52,99° c¢. m., 158,22° B. A.) Ha moayocTpoBe KamuaTka B

2008 — 2012 rr., IOKa3aA CAEAYIOIINE PE3YABTATEL [8].

180°

Puc. 2. OmeHKa OpUeHTaluy OCU MaKCUMAaAbHOTO CXKATUS IEpPea 74 3eMAETPSICEHUSIMU
B mepuoa, 2008 — 2012 rr., T — 00AaCTh OPMEHTAIMHM OCHU CXXaTus (a).
OpueHTanusi TEKTOHWYECKUX HaIpsKeHU# y 1mobepexbss Kamuarky,

— HampaBAeHUe ocell ropusoHTarbHOro cxxarus (b) [8].

[Figure 2. Estimate of the compression axis orientation before 74 earthquakes within
the period 2008—2012 (a), T — the compression axis orientation region.
Orientation of tectonic stresses near the Kamchatka peninsula,

— direction of horizontal compression axes (b) [8].]
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MarcuMyMBl aKYCTHYECKOX AKTWBHOCTU PETUCTPUPOBAAUCH C HAIIPaBAEHUN
bam3kux K 40° m 220°, HECKOABKO peXke — C HampaBAeHu# 140° m Goaee MIMPOKOTO
AmamasoHa 300° — 340°. Ha ocmHoBaHWM 3THX AAQHHBIX OBIAM IIOAYYEHBI OIIEHKHU
HaIlpaBAEHUSI OCe¥ TAABHBIX HaUps>KeHU. AWana3oH HaIpaBAEHUS OCEHl I'AaBHBIX
HaNPsSKEHUN W3MEHSACHS B MHTepBaae yraoB 110° — 140° co cpepHUM 3HAYeHUEM B
125° (puc. 2a). [ToaydeHHBIH YCPEAHEHHEI PE3YABTAT OIEHKYU OPUEHTAIMK OCH COBIIAA
C reHepaAbHBIM HAIIPAaBAEHUEM AENCTBUS TEKTOHUYECKUX HAIIPSKEHUN y I0OepeXbs
IO>xuo#t KamuaTku (puc. 2b).

Mopenb ovara 3emnerpsceHusa. Ogar  TEKTOHUYECKOTO  3EMAETPSICEHUS
IIPeACTaBASIET COOOM pPa3pBIB CIIAOIIHOCTM MaTepuaAa 3€MAU, KOTOPBIA BO3HUKAET
op, AEHCTBMEM YIPYTUX CABUTOBBIX HAIPSIKEHWM, HAKOIAEHHBIX B IIpollecce
TEKTOHUYECKON Aedopmanuu. B MOMEHT 3eMAETPSCEHUS IIPOUCXOAUT IIOAHOE WUAU
JaCTUYHOE CHSITHE HAaKOIIASHHBIX HAIPSKeHU# B ero ouare. COOTBETCTBYIOMUM odary
TEKTOHUYECKOTO 3EMAETPSICEHUS PA3PBLIB SIBASETCS Pa3pPhIBOM CKOABXKEHUS, TO €CTh
B3aUMHOe IIepeMellleHre ero 6eperoB II0 HOPMaAM K IIOBEPXHOCTM pa3pEIBA PaBHO
HyAI0. AaHHOE OIpeAeNeHUEe TEeKTOHWYECKOTO 3eMAETPSICEHUsI OBIA0 ChOPMYAUPOBAHO
B. B. KocTpoBeIM 1 OCHOBaHO Ha Teopuu yupyroi otaauu ['. @. Peiiaa, KoTopasi TAacur,
YTO TEKTOHUYECKOE 3EMAETPSICEHUE COCTOUT B IIPEBPAIEHUM YaCTU BBICBOOOAUBIIEHCS
VIOPYTOf IOTEHIWAABHON SHEPTUY B KUHETUYECKYIO SHEPTUIO CEMCMUIECKAX BOAH.

TaxuMm obpazomM, AedopManuy, BO3HUKAIOIIVE IIPU IIOATOTOBKE 3EMAETPSICEHUS,
0OyCAOBAEHBI IIpUpalleHVeM IIOTEHIMAAbHON 3Heprueit yupyrux aAedopmanuit AW,
BBI3BAHHBIM IIPOIIECCOM IIOATOTOBKM 3EMAETPSICEHUS. OTa 3HEPrus Ooabllle, dUeM
BBICBOOOAMBINIASICA celicMuydecKkass sHeprus E. Beawuwna 1, paBHasi OTHOINIEHUIO 3TUX
IHEPrU#, oupepeAsieT 3GMPEKTUBHOCTb CHSITUS IIOTEHIVAABHOW 3HEPIUU YIPYTUX
Aedopmaruit u HaseiBaeTcst KITA 3eMaeTpsiceHus

E

B MexaHuKe CIAOIIHBIX Cp€a, IIPOoIEeCC IIOTEPHU YCTOfI"—IPIBOCTH CpEABLI M3Yy4Ya€TCA

n

IIpY HEM3MEHHBIX CBOMCTBAX MaTepHand CPeABl X 6e3 HapyIIeHWsI ero CIIAOIIHOCTH.
B paMKax 3TuX OrpaHMYEHU ONKCAThH OYar 3eMAETPSICEHUSI MOXKHO Yepe3 HEKOTOPYIO
CHCTEMY CHUA, PACIPEAEAECHHYIO 110 IIOBEPXHOCTH Pa3phIBa. AAS OIMCAHUS IPOU3BOABLHO
OPMEHTUPOBAHHOTO pa3phblBa CMEIIEHWN B M30TPOIHON CpPEAE HCIOAB3YIOT CUCTEMY,
COCTOSIIIYIO M3 AEBSATH Iap ABOMHBIX cua [11]. Takas cumcTeMa, CXeMaTHYECKH
n306pakeHHasI Ha PUC. 3, COOTBETCTBYET MOAEAY OYara 3eMAETPSICEHNUSI B BUAE ABONHOTO
AUIOAsI. [lapa ABOMHBIX CHA C MOMEHTAMHU SIBASIETCS MUHUMAaAbHO-HEOOXOAUMOIM
CHCTEMOM CUA AASI IIOCTPOEHUST SKBUBAAEHTHOI'O MCTOYHUKA.

[IpmHATO CYUTATH, YTO (POHOBBIX Ae(POPMAIMOHHEBIM IIPOIIECC, IPOTEKAIOIIUN B
3eMHOMI KOpe, OIpaHMdYeH CBEPXY OTHOCHTEABHBIME AedopMarusMu mopsiaka 1073,
Takoil IIOPSIAOK COOTBETCTBYET IPUAWBHBEIM AeOpMallXsiM, BEI3BAHHBIM B IIEPBYIO
ouepeab BAusHuEM AyHBEI u CoaHma. [losToMy B aAaabHeHmeM OyaeM CUXTAThb
AedopMaIuy IOBLIMIEHHBIMY, €CAY OHU IIPEBBIMIAIOT 3TOT IIOPOT. TaK KaK PErucTpaIlns
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Puc. 3. AeBATH map CUA, HEOOXOAMMBIX AASI IIOAYYEHUS CUAOBOTO SKBUBAAEHTA IIPU
IIPOM3BOABHO OPUEHTUPOBAHHOM Pa3pPHIBE CMEINEHUN B CPEAE.
[Figure 3. Nine pairs of forces required to obtain a force equivalent for an arbitrarily
oriented displacement gap in the medium.|

Te0aKyCTUYECKOI'0 W3AYUEHUSI IIPOM3BOAUTCS Y IIOBEPXHOCTM 3€MHOM KODPHI, TO
OTPaHUYMMCSI PACCMOTPEHVEM HATPSIKEHUH u pedbopMariuit AHEBHOM IIOBEPXHOCTH.

MaTreMmaTrudeckasa IIOCTAHOBKA 3aa4U

VYpaBHeHNS U rpaHU4Hble ycnoBusi. PaccMoTpuM 3eMHYIO KOPY B BHUAE YIPYTOI'O
OAHOPOAHOT'O M3O0TPOIHOTO IIOAYIpPOCTpaHCTBa. [loBepeHME TaKoOM CpeAbl MOXKHO

OIIXCATh IIPpU IIOMOIIY CHCTEMBL AI/ICIDCI)epeHLII/IaABHBIX ypaBHeHI/If;I Nawme:

KU 55 + 0“” H)L‘j,ji+xi - O> 1= 132)3> (2)
TA€ U — KOMIIOHEHTHEI BEKTOpa IIEPEMEINEHUS, A, Ko3pduimeHTs Jame,
X{ — KOMIIOHEHTBHI BEKTOpPAa MAaCCOBBIX CHA; MHAEKCAMU IIOCAE 3aIIsiTOM 0003HAYEHO

AP DEPEHIIIPOBAHNIE 10 COOTBETCTBYIOMIUM IIPOCTPAHCTBEHHEIM KOOPAUHATAM.

[IycTe moaympocTpaHCTBO 3aHuMaeT obaacTb X3 < 0. Toraa moBepXHOCTH 3eMAU
3apaeTcsi ypaBHeHWeM X3 = (0. OTa IIOBEPXHOCTH CBOOOAHA OT HAUPSIKEHUN B
HaIIpaBAEHUU OCU X3, CAEAOBATEABHO Ha X3 = 0 33AaHbI I'PaHUYHEIE YCAOBUS BHAA!

0311x3=0 = 032/x3=0 = 033/x;—0 = 0. (3)

Hanpsikenusi, co3paBaeMble 09aroM T'OTOBSIIIETOCS 3EMAETPSICEHUSI, CTPEMSITCS K
HYAIO Ha O€CKOHEYHOCTH:

lim 0ij =

lim 0ij =
X1 —t00

Xy —+o00

lim Oijj = 0. (4)

X3——00
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KOMIIOHEHTHI BEKTOPA MACCOBBIX CUA X, COOTBETCTBYIOIINE CUCTEME, N300Pa KeHHOM
Ha puC. 3, BEIPA>KaIOTCSI CAEAYIOIINM obpasoM:

0d(x—&) .
Xi:pija—&) i=1,2,3, (5)
)
TA€ Pij — MHTEHCHBHOCTb COOTBETCTBYIOIIEH maphl cua; d(Xx — &) — AeAbTa-GyHKIUS,

(&1,€&7,&3) — TOUKA IPUNOYKEHUST CUCTEMBL CHA.

AHanuTtunyeckoe pewenne. Anst 3apaum (2) ¢ rpaHwYHBIME ycaoBusiMu (3) u (4)
U3BeCTHEl (yHKIUM ['prHa, HoAydueHHBIE P. MuHAAWHBIM. AAS €AMHUYHON CHABI,
IIPUAOKEHHOM! K Touke (&7,£),E3) yIPyroro moAyIpoCTPaHCTBa X HAIPaBAEHHON BAOAD
ocu x3, bysxius ['pura g3 (x) umeeT BuA:

)

3 (x1—&1) [(Xs—&s)+(3—4V)(X3—€3)+4(1—V)(1—2V)+6X3£3

9= T6mu(1—v) 3 3 T2(T2 —x3—&3) ™

3. (=&) 1(x3—&)  (3—4v)(x3—£&3)
92_167m(1—v)[ 5 3 i
4(1—=v)(1=2v)  6x3&3(x3+&3)
T2(T2 —x3 —&3) * 3 ]’ (6)
3 1 (3—4v)  5—12v+8v?  (x3—&3)?
9= Tempu(1—v) [ I + o) * 3 *
n (3—4v)(x3 +3<§3)2—2X353])
b
rae v — Koadpdumnuent [lyaccona, a v u 13:
r =/ 00— D2 (2 — £2)2 + (x3 — £3)2, -

T = \/(M — &)+ (xa—&2)2 + (x3 + &3)2

Oyuruusa ['pura g1(x) AAS €AMHWYHOM CHABI, HaIlpaBAEHHOM BAOAB OCH X,
BBIPA’KAETCSI B BUAE:

1 1 3—4v 1 (a—&)%  B—4v)(x—&)
91_167m(1—v){ T +r2+ T3 + 3 *
4(1—V)(1—2V)[T§—(X1—61)2—T2(X3+£3)]}
ra(ry—x3—&3)2 ’
] (X1—€1)(Xz—5z){l B3—4v) 6x3& 4(1—v)(1-2v)
92 lemu(1—v) 3 rg ra(ry—x3—&3)20

3
T ]

(8)

- Dot s ) (Bodvbe—g) 400 -2v)
B Tem(i—v)l 3 T2(r2—x3— £3)
ox3&3(x3 + 53)]
5 )
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BBuay cumMmeTpmuHOCTH 3apauy, GyHKIZES [‘puHa gz(x), COOTBETCTBYIOIAS
AENCTBUIO E€AVHWYHOM CHUABI BAOABL OCH X), MOXXeT OBITH IIOAyYEHa U3 QPYHKIUU
g1 (x) 3ameHO# ocelt X1 u X). PyHKIUK ['pruHA, OTBEYAONINE AEHCTBUIO ABOWHEBIX CHA,
MOTyT BEITH HOAyUeHEl AunddeperupoBanreM byHKITA g'(X) HO IPOCTPAaHCTBEHHEIM
KOOpPAMHATaAM, TO €CTb B BUAE agi(x)/ 0X; [12]. IIpz i =j moAyYmMM pelleHue AASI AP
ABOMHEIX CHUA, HAIIPAaBAEHHBIX BAOAL COOTBETCTBYIOLIEW OCH, IPH 1 # j — AAS Iaphl
ABOMHBIX CHA, HallPaBAEHHBIX BAOAB OCK 1 C MOMEHTOM OTHOCHATEABHO OCK C HOMEPOM,
OTAWYHBIM OT 1,j.

B obmeMm caydae, permeHus AAS CMEIIEHUN B YIPYIOM IIOAYIPOCTPAHCTBE MO’KHO
IIOAYYUTD IpX oMoty popMyAsl Boabreppa [13]:

wilx) = | silElof(Exm d, (9)
pX
rae si(§) — cmemeHwe Ha IOBEPXHOCTM PaspEIBa X, Tj — KOMIIOHEHTHI EAMHUYHOTO

BEKTOpPA HOPMAaAX K IIOBEPXHOCTH X.

Y4YuTBIBasi, YTO HAIPSIXEHUsSI MOI'YT OBITH BBIpa’KeHBI depe3 AedopMalluy B
COOTBETCTBUM C 3aKOHOM ['yka, dopmynra BoabTeppa AAsT CAydYass OAHOPOAHOM U
U30TPOIIHOR CpeAbl MOKET OBITH 3alICaHa B BUAE:

gy (%, &) gy (%, &)

uk(X) = J |:|J(S-pnq + Sqnp) +A3knk6-pq a—((_'q dr = Jm-pqa—&q dZ, (10)

z

TAE Mypq = W(SpNg + Sqnp) + Asgnydpq — TEH3OP MAOTHOCTM CefCMUIECKOTO
MOMeHTa [11], KOTOPEI# OTpa’kaeT MEXaHUKY Odara 3eMAETPSICEHUS.

TakuM 0bpa3oM, B CAy4Yae TOYEYHOI'O MCTOYHWKA, PEIleHNe IIOCTAaBAEHHON 3aAadu
MOJKET OBITH HAWAEHO B CAEAYIOIIEM BUAE:

. (1)

W (x) =mpq

dopumyaa (11) 6yaeT uCTIOAB30BaHA B AAABHENIIEM KaK OCHOBHAS IIPY MOAEAMPOBAHUN.
[TocKOABKY CBSI3b MEXAY KOMIIOHEHTaMU T€H30pa AepopMaIun &ij ¥ MOTEHIMAABHOR
SHeprueir ynpyrux aAedopmaruii E KBappaTWYHA, TO MHOBBIMIAIOMINNA KO3(DDUIIUEHT,
TIO3BOASIIOIIAY PACCUUTATh HAIPSIKEHHO-AE(DOPMUPOBAHHOE COCTOSIHME 3€MHOM KOPHI

0,5

IIp1 IIOAT'OTOBKE 3E€EMACTPSACCHUSA, 6YA6M IIOAAT'aTh PaBHBIM T) yAO6HI:>If;I, @

TOYKM 3DPEHUS BHIYMCAEHW, BapWaHT OIEHKM 3TOro Ko3ddummenTa 6BIA AdH
1. I1. NobpoBoabckuM [15]:
n — 100,26Mw—3,93) (12)

A€ MW — MOMEHTHAasI Mal'HUTyAd 3€EMACTPSICEHUSA.

Pe3y.J'II)Ta,TI)I MOJeJIMpOoBaHNUA

NcxopHble  paHHble. AAST  MOAEAWPOBAHMS W3 KaTanAOra MEXaHWKHM OdYaroB
semaerpsiceruit «The Global Centroid-Moment-Tensor Catalogy [14] 6v1ra oTobpara
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nHpOpMamusi 060 BCEX 3EMAETPSCEHUSX, IIPOM3OUIEAIINX BOAM3K IIOAYOCTPOBA
Kamuarka ¢ 1976 r. mo 2020 r. B YacTHOCTM WMCIOAB30BAANCHL AAHHBIE O AATE
U BpPEMEHUW 3EMAETPSICEHUS, KOOPAMHATAX OSIMUIEHTPa, TIAyOMHE TIHUIIOIEHTPA,
MarHUTYAE 3€MAETPSICEHUSI, TEH30Pe IIAOTHOCTU CEMCMMYECKOTO MOMEHTA, CKaAIPHOM
ceficMuIecKOM MOMeHTe. KOOpAMHATHI SIUIEHTPOB 3€MAETPSCEHMN HAXOAMAKCL B
AMalasoHe IUpPOT oT 49° c. m. A0 60° c. II. ¥ AMama3’oHe AOATOT OT 149° B. A. A0
170° B. p. Bcero Bribopka copeprxkana N = 877 3eMAETPsICEHUH.

PesyabTaThl HabAIOAEHUT ITOKA3BIBAIOT, YTO OPUEHTAIINS AKYCTUIECKOI'0 U3AYIEHUS
3aBUCUT OT a3UMYTaAbHOTO HallPaBAEHUS Ha SIUIEHTPHl 3eMAeTpsiceruit [7]. IlosTomy
BCE PACCMATPHBAEMBIE 3EMAETPSICEHMSI OBIAKM Pa3sAEAEHBI Ha TPU KAACTEPA METOAOM
K-CpeaHUX 10 IPOCTPAHCTBEHHOMY PACIOAOKEHUIO WX SIUIEHTPOB (puC. 4a).

(b)

o

60° N

[ ]
100 200 400 600 km

200 400 60|0 km

155°E 60'e 15 E  1TOF 155° 60’e s E  1OF
Puc. 4. Bce N = 877 3emnaeTpsiceHnii, paspeAeHHBIE Ha  KAACTEPHI  IIO
IIPOCTPAHCTBEHHOMY PACIOAOXKEHNIO WX OSHOUIEHTPOB: @ — KaacTep Ne 1,

® — xnacrep Ne 2, @ — xaacrep Ne 3 (a). 3eMaeTpsiceHUsi, KOTOPHIE IIO
pe3yAbTaTaM MOAEAWPOBAHUS MOTAM BEI3BATH IIOBBIMIEHHBIE AedopManuu B
IyHKTe HabatopeHus «Mukmxay — Hll (b).
[Figure 4. All N = 877 earthquakes divided into clusters with respect to spatial
locations of their epicenters: @ — cluster Ne 1, @ — cluster Ne 2, @ — cluster Ne 3.
Earthquakes which, according to modeling results, could cause deformation
intensification at Mikizha observation site — Il (b).]

MopgenupoBaHnsi HanpaBaeHUsI OcCel rNaBHbIX Hanps>XeHu. AAsT KasXAO0TO
3EMAETPSICEHUSI U3 BBIOOPKM OBIAO IIPOU3BEAEHO MOAEAVPOBAHUSI HAIPSIKEHHO-
AePOPMUPOBAHHOTO COCTOSIHMSI 3€EMHOM KOPBI, BO3HUKAIOIIEE IIPU €r0 IIOATOTOBKE.

Paccuuransr aecbopmariuu

1
Emax = ﬂo-maxa (13)
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TAE Omax — Mmax{|o; —o03|,|02 — 03],|07 — 03|} — MakcuMaAbHOE KacaTeABLHOE HAIPSIKEHUE,
a 01,07,03 — I'\aBHBIE 3HAUYEHUS TEH30Pa HAIPSPKEHUH.

B pesyabraTe 6BIAM OTOOpPaHBEI TOABKO Te 3EMAETPSICEHUS, KOTOPHLIE BBEI3LIBAIOT
IIOBBIIIIEHHEBIE  IIpPeAcelicMmYeckue  AeOpMaIMOHHBIE  BO3MYINEHUS B  IIYHKTE
HabatoaeHut «Mukwxay (puc. 4b). Bcero Takux 3semaeTpsiceHuit 6bIn0 169,
boAbIllasi YaCTh M3 HUX IIPUHAAAEXKAT KAacTepy Ne 2. Aanee AAS Ka*XKAOro
3EMAETPSICEHUSI B TOYKE, COOTBETCTBYIOIIEH INIYHKTY HAOAIOA€HUN, BBIYUCAEHBI
CcOOCTBEHHBIE BEKTOPHI TE€H30Pa HAIPSKEHUN, OUPEAEASIONINE HAIIPABAEHUS T'MAABHBIX
oceii. OcChb MaKCUMaABHOTO C’KaTWsI COHAIIpaBA€HA C TAABHOM OCBIO TeEH30pa
HaIpPsIXKEHU, COOTBETCTBYIOIIEN MaKCUMAABHOMY U3 3Ha4YeHul |01/, |03|. ['mcTorpaMmMer
pacIpeAeNeHNsT HAIIPAaBAEHUSI 9TOY OCH IIPEACTaBAEHBI Ha puc. 5. lIBeT rucrorpaMMbl
COOTBETCTBYET KAaCTepy 3eMAeTpsiceHmii. CepeIM Ha TuUCTOrpaMMax obo3HadueHa
06AaCTh OPUEHTALMK OCK MAKCUMAABHOI'O CXKATUS B IYHKTe HabaopeHu#t «Mukmxay
II0 Pe3yAbTaTaM aHAAM3a aHOMAAUY HAIIPABAEHHOCTH I'€0aKyCTUIECKON SMUCCUU.

(a (b (c
3300 0 3o 300 0 3o 3300 2 30°
300° la /0 60° 300° 60° 300° 60°

2,

270° L 190° 270° 4 190° 270° 90°

Puc. 5. ['mcTorpaMMbl pacupeAeAeHUsT HAIPABAEHUN OCHM MAaKCHMAABHOTO COKATHUS
B IyHKTe HabatopeHui «MUOKU>XKay [OpPU IIOATOTOBKE 3EMAETPSICEHUA U3
rnracTepoB Ne 1 (a), Ne 2 (b), Ne 3 (c) mo pe3yabTaTaM MOAEAMPOBAHUS,
1 — obaacTb OpHUEHTAIIMK OCY MaKCUMAABLHOI'O COKATUSI II0 PE3YAbTaTaM
aHaAM3a AaHOMAaAUY HAIIPAaBAEHHOCTH I'€0aKyCTUIECKON SMUCCUU.

[Figure 5. Distribution histograms of main stress axis direction angles at Mikizha
observation site during preparation of the earthquakes from the clusters Ne 1 (a),
Ne 2 (b), Ne 3 (c) according to the modeling results,

[ — orientation region of the compression axis according to the analysis
results of geoacoustic emission directivity anomalies.

Kaxk BuAHO u3 puc. b, pe3yAbTaThEl MOAEAUPOBAHUSA OCEW M'ABHBIX HAIPSIPKEHUN IIPU
IIOATOTOBKE 3eMAETpsiceHuit u3 KaacTepoB Ne 1 m Ne 2 mamboaee coraacyrooTcs
C 9KCIEPUMEHTAABHBIMK  OIl€HKaMu. MOAAABHBEIA  MHTEPBAA  THCTOTPAMMBI
AAS  3eMAeTpsiceHu#t m3 KaacTepa Ne 1 wmmeer rpammmel ot 300° ao 315° m
IIOAHOCTBIO IIOKPHIBAETCS HMHTEPBAAOM SKCIEPUMEHTAABHONW OIIEHKW HAIPaBAEHUS
OCH MaKCUMaAbHOTO cCkaTusi (puc. 5a). I'paHWIIBI MOAAABHOTO HMHTEPBAAA AASI
3eMAETPSICEHUY M3 KAacTepa N° 2 AWML YaCTHUYHO IOKPHIBAIOTCS 3TUM HHTEPBAAOM.
KpoMe »3TOro mOpHUCYTCTBYIOT AOKAAbHBIE MAKCHUMYMBI 3HAUEHUH TI'MCTOI'PAMMBI
pacupeaenenus B obaactu or 30° A0 75°, KOTOPBIE IEPIEHAMKYASIPHBEI HAITPABAEHUIO
OCM MAKCUMAaABHOTO CXKaTHUsI, I[OAYYEHHOMY B PE3YABTATE 3SKCIEPUMEHTANABHON
ormeHku (pumc. 5b). HampaBaeHusi ocu, IOAYYEHHBIE B DPE3YAbTATe MOAEAMPOBAHUSI
HaIIPSPKEHHO-A€(POPMUPOBAHHOTO  COCTOSHMSI 3€MHOM KOPBI IIPU  IIOATOTOBKE
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3EMAETPSICEHUY U3 KaacTepa Ne 3, IIAOXO COTAACYIOTCH C SKCIEPUMEHTAABHLIMUI
omeHkaMmu (puc. 5¢). OTo MOXXeT OBITH CBSI3aHO C TEM, 9YTO IIPU OIEHKE OCH
MaKCHMAABHOT'O CXKATHS II0 aHOMAAUSIM HAIIPAaBAEHHOCTH T'€OaKyCTUYIECKON SMUCCHH,
3eMAETPSICEHUST U3 9TOTO PErMOHA He PACCMAaTPUBAAUCE [8].

3akJrroueHue

[Ipou3sBeAEHO MOAEAMPOBAHUS HAIIPABAEHUSI OCENl T'AABHBIX HANIPSDKEHUN TOPHBIX
IIOPOA, IIPK IIOATOTOBKE 3EMAETPSICEHUN AAST IIOATBEPIKAECHUS TUIIOTE3LI BOSHUKHOBEHMS
aHOMAaAW# HAIIPaBAEHHOCTH T'€0AKYCTUYUECKON SMUCCHM. OTa TUIIOTE3a 3aKAIOYAETCS
B TOM, YTO BAUSHFE OdYara TOTOBSIIETOCS 3EMAETPSICEHUS NIPUBOAUT K 0Opa30BaHUIO
IIOCTOSTHHOT'O HAIIPAaBAEHUSI OCEM TAABHBIX HAIIPSIKEHUN B TOYKE HAOAIOACHUN.

B pabote ucnoab3oBaHa MOAEAD, pa3dpaboTarHHasi paHee B paMKaxX AUHENHON Teopuu
yupyroctz [16]. 3eMasl paccMOTpeHa B BHAE OAHOPOAHOI'O WM30TPOIHOIO YIPYTOr'o
IIOAYIPOCTPAHCTBA, OdYar TOTOBSIIETOCST 3EMAETPSICEHUS — B BUAE KOMOMHAIIMU
ABOMHBIX IIap CHA. B MOAEAM TaK)Xe V4YTeHAa I[IOTEHIMAAbHASI SHEPTHUsl VIPYTUX
Aedopmariuii, HaKOIAEHHAsI B IIPOIIECCE ITIOATOTOBKY 3€MAETPSICEHUSI.

B pamkax sTo#l MOAEAM PACCYWTAHBLI OPMEHTAIIMK OCEN T'AABHBIX HAIIPSIKEHUN B
IyHKTe HabalopeHuyt «Mukwu>xay. VICIIOAB30BaHBI AAHHBIE M3 KaTaAOla MeEXaHUKU
ogaroB 3eMmaerpsiceruit «The Global Centroid-Moment-Tensor Catalogy o
CEMCMUYECKUX COOBITHSIX, IIPOM3OIIEAINX BOAM3U ImoAyocTpoBa KamuaTka ¢ 1976
1o 2020 roanl. Bece paccMmaTpuBaeMble 3eMAETPSICEHUS OBIAY Pa3AEAEHEL HA TPU IPYIIILL
IO IPOCTPAHCTBEHHOMY PACIIOAOKEHUIO UX SIUIEHTPOB.

[IokazaHO, YTO THUCTOTPAMMBI PACIPEAEACHUS HANIPABAEHUN OCe#l T'AaBHBIX
HAIIPSIKEHUA COTAACYIOTCS C PE3YAbTAaTaMU KCIEPUMEHTAABHBEIX OIIEHOK AAS ABYX
Tpynm 3eMAeTpsiceHnit. MopaabHBIE MHTEPBAALL U AOKAABHBIE MAKCUMYMBI TECTOIPAMM
PacCIpeAENEHNST IIONIAAAIOT B AMAIIA30HBI OIIEHOK OPUEHTAIMK OCEW MaKCHMAABLHOTO
cxxatus oT 290° po 320° u oT 20° Ao 50° COOTBETCTBEHHO.

AanbHeliliee HampaBA€HHE paboThl CBsSI3aHO C OOnee AETAABHEIM aHAAW3OM
PE3YyABTAaTOB MOAEAMPOBAHUS ¥ COIOCTABAEHWM UX C AAHHBIME HaOAIOAEHUI.
HeobxopmMoO TprMeEHEHNE CTATUCTUYECKUX KPUTEPUEB AASI CPABHEHUS PACIpPEAEACHUN
YTAOBBIX HAaOAIOAEHWH, a TaK>Ke UCIIOAB30BAHUE TOYEYHBIX U NHTEPBAABHBIX OIIEHOK UX
IIapaMeTpOB.
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