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B.C. 3axapos'

O MEXAHWU3ME TEHEPAIIMM CEICMUYECKUX «TBO3/IE»2

IMpoaHanu3MpoBaHbl MPOCTPAHCTBEHHO-BPEMEHHBIE OCOOEHHOCTH CEHCMMUYECKUX <«TBO3IEH».
HexoTtopble 13 HUX CBSI3aHBI C CHUIBHBIMM 3€MJIETPSICEHUSIMUA WUJIU C U3BEPXKEHUSIMU BYJIKAHOB, TSI
JIPYTYX HE BbISIBJIEHA SIBHASI TPUYPOUEHHOCTD MOJOXEHUS K PA3JIOMHBIM 30HaM M MTPOYUM TEKTOHM-
YeCKHUM CTPYKTypaM. B psize ciaydyaeB ycTaHOBJIEH CJIaOOBBIPAXXEHHbIM TPEH/I B TTOC/IEI0BATEIbHOCTH
ryOuHBI oyaroB. Ha ocHOBaHMM BhIYMCIIEHUS MTOKa3aTeisl XepcTa BbIsIBIeHA YCTOMYMBAs TCHACHLIMS
K TIOPSIAKOBOM TMOCIeI0BATEILHOCTY TJIYOMHBI TUIIOLICHTPOB, COCTABJISIIONINX «TBO3/b», YTO COTJIA-
CyeTcsl ¢ MOJEISIMM CAaMOOPTaHU3alUM C TIOJOXUTEIbHON 0OpaTHOM CBSI3bIO MPU B3aUMOIEHCTBUM
(oMIHBIX OTOKOB M TEKTOHUYECKHUX NedopMaluii, KOTOpble UCIMONb3YIOT /ISl OObSICHEHUS] Me-
XaHU3Ma reHepaluu 3emieTpsiceHuit. OcCOOEHHOCTU U3MEHEHUST YUCIa 3eMJIETPSICEHUI B JeHb TIPU
(bopMupoBaHNM CEMCMUUECKMX «TBO3MEI» XOPOIIIO COTTIACYIOTCS ¢ IMHAMUKOMN aKyCTHUECKON SMUCCUM
MpY MHULIMMPOBAHUU BOAOW IO pe3yJbTaTaM JJIUTENbHBIX dKCIepMMEHTOB. Hanbosnee BepoOSITHBIM
MEXaHW3M TeHepaluM CeCMUYECKUX «TBO3MEi», He CBSI3aHHBIX C CUJIbHBIMU 3€MJIETPSICEHUSIMU, —
aKTUBU3AIMS CEICMUYHOCTH TIOJ NeMCTBUEM (DIIOMIOB.

Karouesvie crosa: cyoBepTUKAIbHBIE CKOIUICHMS, TUIOICHTPHI 3eMJICTPSICEHUM, CeMCMUUECKUE
«TBO3IM», U3BEPXKEHUSI BYJIKAHOB, pa3ioMbl, (IIOUIbI, aKyCTUYeCKas IMUCCHS, TIoKazaTelb XepcTa.

We analyzed the spatial and temporal characteristics of the seismic «nails». Some of the «nails»
are associated with large earthquakes or volcanic eruptions. For a number of seismic «nails» a clear
relationship with the fault zones and other tectonic structures isn’t revealed. In some cases, poorly
expressed trends in the sequence of the foci depth are detected. The Hurst exponent values indicate
the persistent behavior in the sequence of the earthquake’s depths. This result agrees with models of
self-organization with a positive feedback loop in the interaction of fluid flow and tectonic deforma-
tion to explain the mechanism of earthquakes. Features of change in the number of earthquakes per
day in the formation of seismic «nails» are in good agreement with the dynamics of acoustic emission
in initiating by water as a result of long experiments. The most likely mechanism for the generation of

seismic «nails», not related to large earthquakes is the activation of seismicity by fluids.
Key words: subvertical clusters of earthquake hypocenters, seismic «nails», volcanoes, faults, fluids,

acoustic emission, Hurst exponent.

Beenenne. CyOBepTHKAbHEIE, M30METPUYHEIE B IJIaHE,
KOPOTKOXMBYILIME ceiicMO(OKaIbHbBIE CTPYKTYPhI OBLIU
ooHapyxensl B.H. BagkoBckuMm [BagkoBckuii, 1996,
2012] npu uccaemoBaHUM MIPOCTPAHCTBEHHOT'O pacipee-
JICHUS TUIIOLICHTPOB 3eMJIETPsICEHUI B pailoHe SImoHCKuxX
OCTPOBOB 1 Ha3BaHbl UM CEHCMMYECKMMU <«TBO3ISIMU».
bbUIO yCTaHOBIIEHO, YTO OHM COCTOST IVIABHBIM 00pa3oM
U3 0YaroB cJIaOBIX 3eMIIETPSICEHUI ¢ MarHutymoi (M)
2—3, BepTUKAJIBHBIN pasMep «IBO3IsT» cocTaBiseT oT 10
10 50 kM, rryonHa o0pa3oBaHUs He TIpeBocxoauT 90 K,
SMULIEHTPAIbHAS TPOEKLNS «TBO3ISI» MMEET AUaMETP
2—10 kM. BepxHsist 4acTh «rBO3/s1» MOXKET BBIXOAUTH UIIN
He BBIXOIUTH Ha MTOBEPXHOCTH 3€MJIM.

B Hammx uccienoBaHUsIX, pe3yabTaTbl KOTOPBIX U3-
JIOXXeHBI B cTaTthe [3axapoB u ap., 2013], nmpu aHanuse
Pa3HbIX KaTaJIOTOB 3€MJIETPSICEHUI BBISIBJICHBI CEAICMUYE-
CKUe «T'BO3IW» B pa3HBIX paitfoHax MUpa (TUXOOKEaHCKOe
nobepexbe CeBepHoit AMepuku, Kamuartka, AnoHckue
0-Ba, 0. CynaBecu). O01IMEe 0COOEHHOCTH BCeX OOHApPY-
JKEHHBIX CEICMUYECKMX «I'BO3Jei» — MX CyOBepTUKAIb-
Hasl KOH(Urypauus 1 HeOoJIbllIoe BpeMsl (OpMUPOBAHUS
(ot 10 mHeit mo 2 MecsueB). 3HaAUUTEIbHAs 4YacTh U3

PacCMOTPEHHBIX CeCMOMPOKAIBHBIX CTPYKTYP MPUYPO-
YyeHa K 30HaM CYOOYKIIMU: OHU PAcIloiOXEeHbI B palioHe
BYJIKAHWUYECKOW AYTU, Iepea Ayroi WM 3a HEH, a TaKKe
B paiioHe xkenoba. Ha puc. 1 B KauecTBe nmpumepa Io-
Ka3aHbl JBa CEMCMUYECKUX «TBO3MIsT», 00pa30BaBILIMXCS
J0XHee 0. XOHCIO B ceHTs10pe—Hos16pe 1990 r. ITepBoIii
pacrioioxeH mepen kemobom Hankait (33,2° c.ui.,
138,6° B.1.), Tmyouna ouyaroB 30—80 kM. B Hauase ero
bopMmupoBaHMsS MPOU3OILIO 3eMieTpsiceHre ¢ M = 6,6
(rmy6ouna 60 kM), a 3ateM ¢ M = 6,0 (rnyouHa 42 Km),
ocTajJbHbIe cOOBITUSI — ¢ M<5. Bropoit «rBo3ab» pac-
MOJIOKEH 3a BYJKAHMYECKON AYroi 30HbI CYOAYKLIUU
W3y-bouwuH (33,7° c.u1., 139,4° B.1.) ¥ COCTOUT U3 OYaroB
C/1a0bIX 3eMJIETPSICEHUIA.

YCTaHOBJIEHO, YTO HEKOTOPBIE M3 CEMCMMYECKUX
«TBO3/IEi1» CBSI3aHBI C U3BEPKEHMSIMU BYJIKAHOB (TIpe/lie-
CTBYIOT U CJICAYIOT 32 HUMM), a TAKXKE C TUAPOTEPMAIbHOM
IesSITeTbHOCTRIO. JIJIST HEKOTOPBIX «I'BO3MCH» CUJIbHOE
(M>5) zemneTpsiceHEe MOXET BHICTYIIaTh MHUILIMATOPOM
(bopMupoBaHUs, a HEKOTOpHIE COAEPXKAT TaKHUE 3eM-
JIETPSICEHUSI B CBOeM «Teye». I psiaa celicMUYecKuX
«TBO3/Iei1» HE BBISIBJICHA SIBHAS TIPUYPOYCHHOCTh UX T10-

! MockoBcKmit TocyrapcTBeHHbII YHUBepcuTeT uMeHn M.B. JIoMOHOCOBa, reoornueckuii hakyibTeT, Kadeapa ANHAMUYECKON Ieoso-

TUU, IOLEHT, KaHA. du3s.-mar. H.; e-mail: vszakharov@yandex.ru

2 PaGoTa BHIMONHEHA npu duHaHcoBoi noaaepxke PODU (rpant Nel13-05-01033).
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Puc. 1. Ceiicmuueckue «rBo3au» 1oxHee 0. XOHCI0, oOpa- 9 [
30BaBlINECA B CEHTAOpe—HOA0pe 1990 r.: @ — monoxenne M e o _. -
«TBO3JIEi», paiiOH BbIIEJIEH IIPSMOYTOJIBHUKOM, 6 — 3D-Buz R T R A, TR

«rBo3zeit». TTokazaHbl TakXke SMULIEHTPATbHAS MPOEKLIMS

0YaroB, MOJIOXEHUE BYJKAHOB (TPEYrOJIbHUKM), TPAHUIIBI

WInT (TuHuK). YepHble KPYXKKU — 3eMJICTPsICEHUsT ¢ M>6,
Oesible KPYXKHU — 3eMieTpsiceHust ¢ M<6

JIOXKEHUS K pa3IOMHBIM 30HaM U JIPYTUM TEeKTOHUYECKUM
cTpykrypaMm. B psime paGor [Bagkosckuii, 1996, 2012;
IIeBuenko u ap., 2011; 3axapos u ap., 2013] BeickazaHO
MPEAIOJIOKEHNE, YTO B 3TOM CJydae MX obpa3oBaHUeE
CBSI3aHO C IBMXKeHueM (uiionaoB. B cratbe mpomoinke-
HO HU3JIOXKEHHE pe3yJbTaTOB MccliefoBaHUI [3axapoB U
ap., 2013] mo u3y4yeHu10 CBOMCTB 1 XapaKTePUCTUK ITUX
MHTEPECHBIX CeiCMO(OKAIBHBIX CTPYKTYD.

Llenb cTaThy — aHaAIM3 MPOCTPAHCTBEHHO-BPEMEH-
HBIX OCOOEHHOCTEN CEMCMUUECKUX «T'BO3ICIH», UX CBSI3U
C TEKTOHUKOW M TEOAWHAMUKOW IJISI BBHISIBICHUS BO3-
MOXKHBIX MEXaHU3MOB UX T€HEepaIuu.

Marepuaabl ¥ MeToAbl ucciaenoanusd. Ilpu aHa-
nm3e ucnonb3oBaHbl Kataaor NEIC PDE (http://
earthquake.usgs.gov/regional/neic/) 3a 1973—2011 rr.,
Karajor SIMOHCKOro METeOpOJOTrHYecKOTO areHTCTBA
(Japan Meteorological Agency, JMA), katanoru FOxHo-
Kamugopnuiickoro (Southern California Earthquake Data
Center, SCEDC, http://www.data.scec.org) u CeBepo-
Kanudopuuiickoro (Northern California Earthquake
Data Center, NCEDC, http://quake.geo.berkeley.edu)
eHTpoB 3a 1967—2010 rr., karanor Kamuarckoro u-
nuana I'eopusnueckoii ciyxx6s1 PAH (http://data.emsd.
iks.ru) 3a 1962—2011 Tr.

JI1st uccaenoBaHUiA OOJIBIIYIO POJIb UTPAeT TOYHOCTD
orpeaesieHUs KOOpAMHAT 3eMJIETPSICEHUI, TTOCKOJIbKY
paccMaTpuBaeTCsl TOHKasl CTPYKTypa ceiicMuyHocTH. I1o-
TPELIHOCTD onpeaeneHus: koopauHat B Katanore PDE u B
KamuaTtckom katasore cocrasisgeT 5—10 kM, B JTToHCKOM
katanore JMA — <1 kM, B KanmupOpHUIACKHX KaTajlorax
SCEDC u NCEDC — <3 kM (B OOJBIIMHCTBE CIy4ya-
eB <1 kM). OTMETUM, YTO B KaTaJlorax HMCIIOJIb3yIOTCS
pa3Hble BUIBI MATHUTYII, TTO3TOMY B KaXXIIOM CJIy4yae MbI
yKa3bIBaeM €€ THUII.

Pasmep ouara 3emuieTpsiceHUs 3IeCh HE YYUTHIBA-
€TCsI, OH CYMTAETCSI TOUKON C COOTBETCTBYIOIIMMU TIPO-

10 BMY, reonorus, Ne 5

O M<6 @ M=6

CTPAaHCTBEHHBIMU KOOpAMHATAMM W MAarHMTYIOW. DTO
OIpaBIaHO TEM, YTO, BO-TIEPBBIX, B 3aa4l MCCICIOBAHUIA
He BXOAWIO U3yYeHME TPOIIECCOB B OUYare, a BO-BTOPBIX,
CEeMICMUYECKUE «TBO3IM» COCTOSIT IJIABHBIM OOpa3oM M3
c1abbIX 3eMJIETPSICEHMI, pa3Mep 0YaroB KOTOPBIX HE3Ha-
yutenaeH. Tak, ajs 3emieTpsceHuii ¢ M = 5 (1ocTaTouyHO
PeAKUX B CTPYKTYpE «TBO3JICii») MPOTSKEHHOCTh oUara He
npeBocxoaut 4 kM [Kacaxapa, 1985], mis 6onee cnadbix
COOBITHIT OHA eIlle MEHBIIIe M HAXOAUTCS B MpeaeIax mo-
TPEIIHOCTH OTpeAeIeHNs] KOOPIUHAT.

JI1st uccaegoBaHusI XapaKTepUuCTUK (popMUpPOBaHUS
CeMCMUYECKUX <«TBO3MAEH» OMpeAessuIuCh TPEHIBI BO
BPEMEHHOM MOC/Ie0BaTeIbHOCTH TJIYyOMHBI 09aroB, pac-
MpeeeHre Yuciaa COObITUI BO BpeMEHU M MOKa3aTeNlb
Xepcra [JIykk u ap., 1996; Turcotte, 1997]. 3HauyeHus
rmokasatessi XepcTa MO3BOJISIIOT OTJIMYUTh BPEMEHHBIE
3aBUCHMMOCTH, O0JIaJarolie YCTOMUMBOM TEeHIACHIIUEH
(TlepcucTeHTHOCTBIO) TIpu H>0,5, OT TeX, KOTOphIe XapaK-
TEpU3YIOTCS €€ OTCYTCTBUEM (aHTUIIEPCUCTEHTHOCTHIO)
npu H<0,5.

BbisiBlieHHe TPEHIOB B MOCJIETOBATEIbHOCTH TJIyOUHBI
ouaroB 3emjerpsacenuil. B npenbiaymux pabotax [Ban-
KoBckuit, 1996, 2012; 3axapos u ap., 2013] ormeyaocs,
YTO aHAJIM3 BPEMEHHBIX TTOCIeI0BATEIbHOCTE! TTyOMHBI
0YaroB JUISI BCEX MCCAEAOBAHHBIX CEeMCMOMOKAIBHBIX
CTPYKTYp HE TTO3BOJISIET BBIACINTH KaKNEe-JIMOO TPEHIBI
W3MEHEHUs TIIyOMHBI COOBITHMII C TEUeHUWEM BpPEMEHU.
Hamu mpoBeneHa Oosiee meTajbHasi paboTa IO MOUCKY
JIMHEWHBIX TPEHIOB BO BCEX 3TUX IMOCEIOBATEIbHOCTSIX.
ITpuMepbl TaKuX OLIEHOK IJIST CEHCMUYECKUX «IBO3ACH»,
BBISIBJIEHHBIX I0JKHEe 0. XOHCI0 1 Ha 0. XOKKalI0, mpei-
CTaBJIEeHbI Ha puc. 2.

PesynabraThl MOKa3bIBalOT, 4YTO JJIs OOJBIIMHCTBA
MOCJIEAOBATEIBHOCTEN 3HAYCHUSI HAKJIOHA JIMHEMHOU
perpeccum ONMM3KM K HymM0. 3HaueHus KoadduimeHTa
KOPPEJSIMNA TIPU allPOKCUMAIIMKA Be3[e 3HAUYMTETbHO
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Puc. 2. BpeMeHHE4s TOC/IenoBaTeIbHOCTh 3HAYCHUI TTyOMHBI 0YaroB 3eMJICTPSICCHMIA TIPU (DOPMUPOBAHMM «TBO3MsI»: @ — IOXHee 0. XOHCIO
(ceHTs1I6pb—HOSI0PB 1990), 6 — Ha o. Xokkaino (sHBapb—MapT 1989). [Nokasansl Takke TpeHIb! () U 95%-il moBepUTEbHBIN MHTEpBaT (2).
YepHble KPYXKKU — 3eMIieTpsiceHusT ¢ M>6, Gerble Kpy>KKu — 3emiieTpsiceHust ¢ M<6

<0,5 (xak mipaBuiio 0,1—0,2), a ctaHgapTHBIE OLIMOKY TT0-
JY4eHHBIX 3HAUEHWI HAKJIOHA TT0 aOCOIOTHOMN BeJTMUMHE
COIOCTABMMBI C CAMWUMU 3HAYEHUSIMH (MJTU TaXKe TTPEBOC-
XOIAT MX). DTO B OCHOBHOM TTOATBEp:KIaeT CACTaHHBIN
paHee BBIBOJ 00 OTCYTCTBUU SIBHBIX TPeHIOB. OIHAKO TSI
HECKOJIBKMX CEICMUYECKIX «TBO3MEM» 3HAYEHMS HAKJIIOHA
3aMETHO OTJIMYAIOTCS OT HYJISA. B yacTHOCTH, «TrBO3IM»,
00pa3oBaBIIMeCsT TTOC/Ie Havyala M3BePXKEeHW BYJIKAHOB
Komo n KapeiMcKuii, IMEIOT TOBOJIBLHO 3aMETHBIN TPEHT
HapacTaHWsI TIIYOMHBI COOBITHI. BO3MOXHO, 3TO CBSI3aHO
C TIpolieccaMy, COMTPOBOXKIAIOINMI U3BepskeHusT. MHTe-
PECHO, YTO TIPU 3TOM IJISI «TBO3MST», TIPEAIIeCTBYIOLIETO
n3BepxkeHuto ByjakaHa CB. Enena (Kackaaust), HarmpoTuB,
c1a00 BBIIEIIIETCS TPEH]I K YMEHBIIIEHUIO TTyOWHEI, 4TO,
BO3MOXHO, CBSI3aHO C TeHepalyell CeiCMUYHOCTH TIpU
MOTHATUN MarMbl M peau3alfieil MeXxaHn3Ma, OICaH-
Horo B cratbe [Kilburn, 2003].

OTMeTHM, UTO JUTS OOJIBIIMHCTBA «TBO3MCH» (4 U3 6),
PACITOJIOKEHHBIX B paifoHe BYJIKaHWYECKUX AYT, KPUTe-
puii CThIofeHTa £>2, YTO TOBOPUT O JOCTOBEPHOCTH BHI-
SIBJIGHHBIX TpeHA0B (p = 0,95), HecCMOTpsI Ha HU3KKE 3HA-
YeHHUS KO3 hUIMeHTa Koppessuu. [Tt ABYX OCTaTbHBIX
«TBO37ei» >1,6 M TOCTOBEPHOCTH BEIIEJIEHHEBIX TPEHIOB
p=10,9. YkazaHHoe, 110 MHEHUIO aBTOPa, CBUIETEILCTBYET
0 CBS3M DTUX CEMCMUYECKUX «TBO3JEI» C BEPTUKAILHBIM
JIBUXXEeHMeM BelllecTBa (¢onabl, paciiaB). OgHako pas-
HOHAITIPaBJIEHHOCTD BBISIBIEHHBIX TPEHIOB HYXIAETCS B
00BsIcCHeHWH. 1OCTOBEPHEI TaKXKe TPEHIbI, BEISIBICHHbBIE
IUTS psiga «TBo3neii» B KammpopHuu, a Takke U psiga
IPYTHX, HEe CBA3AHHBIX C M3BEPKEHUSIMU, HATTPUMep TSI
«TBO3Ieii», TIpeICTaBIeHHBIX Ha pHC. 2.

AHajm3 XepcTa H BhISBJIEHHE YCTONYMBBIX T€HICHIMIA.
AHamm3 XepcTa ITO3BOJISIET BBEIIBUTH HEKOTOPBIE CKPBI-
ThIe 3aKOHOMEPHOCTH BpPEMEHHEBIX ITOCIIeq0BaTEIbHO-
CTell TIIyOMHBI oyaroB. 3HaUeHUs TToKa3aTenss Xepcra H
OIpeAeISIIN IJIS TIOPSIIKOBOM ITOCTemOBaTeIbHOCTH
IYOWHBI TUTIOLIEHTPOB, COCTABISIONINX CeCMMYECKHE
«TBO3IW». YCTAaHOBIIEHO, YTO 3HaYeHUs H HOCTOBEPHO
npepbimaoT 0,5 n HaxomaTca B amamaszoHe 0,57—0,69.

ITpu aToM ommoxu onpenesiennst H He npeBocxonsr 0,05,
KO3 PULIMEHT KOppeNsIIny TIpU JIMHEWHON perpeccuun
He MeHble 0,98, kputepuit CThloJeHTa yKa3bIlBaeT Ha
BBICOKYIO IOCTOBEPHOCTb almmpoKcuMain. Kak ckazaHo
BBIIIIE, TaKWe 3HaYeHUST H 03HAYalOT HaJIMYKe YCTONYM-
BOW TEHIEHIIMH B 3TUX ITOCJIEIOBATEILHOCTSIX.

M3meHeHnne yucIa 3eMieTpsceHuii B IeHb npu dop-
MHPOBAHHM CeiCMHYECKHX «rBo3leit». B xome mccieno-
BaHWS BBISIBIIEHO, YTO XapaKTep pacIipeleicHHsT Jrciia
3eMJIETPSICEHNI B IeHb pa3IndaeTcs IS CeMCMUIECKUX
«TBO3MIEiT», CBI3aHHBIX C M3BEPKEHUSIMU, CUITBHBIMU 3€M-
JIETPSICEHUSIMU W HEe CBSI3aHHBIX C 3TUMU COOBITHSIMH.

Ha puc. 3, a mpexacraBieHO pacrpeieiieHHe BO
BpEeMEHU 4YWcJia COOBITUII B JeHb Tpu (OPMUPOBAHUU
CeICMUYECKOTO «TBO3Ms», CIEOYIONEro 3a CUJIBHBIM
KapsimckuMm 3emietpsicenueM 1.01.1996 (M = 7). Takas
KapTWHA TUTIMYHA U «TBO37ei», B Havasle (hOpMUPO-
BaHUS KOTOPBIX MPOUCXOIAT CVWIIbHBIE COOBITUS: IJIST
«rBO3/s» 1oxkHee 0. XoHcto B 1990 r., cienyrolero 3a
3emieTpsicenrieM (M = 6,6) (puc. 3, 6); I «rBO3Is Ha
o. Kanpsik B 1999 r. (M = 6,8) u B paiione Mupo (Kamu-
dopuust) B 1998 r. (M = 5). [lo-BUAMMOMY, 3TU «I'BO3IU»
MPEACTABISIOT CO0O0I apTepITIOKOBBIN MPOIIECC CHITBHBIX
3eMJIETPSICEHHH, IJTSI HUX HAOIOJaeTCsT CTETIeHHOM criaj
YHciIa COOBITHI, KOTOPBIN OMMUCHIBAeTCST 3aKOHOM OMOpH
[Kanamori, Brodsky, 2004].

i celiCMMYECKUX «TBO3Iei», B Hadajae (GpopMu-
pOBaHUS KOTOPHIX HE OBLIO CHJIBHOTO 3eMJIETPSICEHMS,
BUJI pacripeeIeHNs Yrcia COOBITUIA B IeHb BO BpeMeHH!
npyroii. Ha puic. 4, a mokazaHo M3MeHeHWEe YUcia 3eM-
JIeTpsiceHUi B IeHb B MapTe—arnpene 1983 r. npu ¢popmu-
pOBaHUM «TBO3Is» Ha 0. XokkKaligo [BagkoBckmii, 2012;
3axapoB u np., 2013]. AHaim3 3TOro pacripelejieHus: He
MO3BOJISIET BBHIIEIUTH €IWHBIN CTETNIEHHON crajm 4Jrcia
3eMITETPSICEHUIA BO BpeMEHH. AHAJIOTUIHBIE 3aBHCUMOCTH
Ha0mogaoTcs 1S «rBo3as» B 1998 1. B palioHe Kajabaephl
Jlonr Bennu (KanudopHust) (puc. 4, 6) 1 MHOTUX APYTHUX.
OGpaiaer Ha ceOsT BHUMaHE HATNYKE IPOMEKYTOUHBIX
MaKCMMYMOB B 3THX paclpeneieHnsX. Bo3HUKHOBeHMe
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Puc. 3. M3MeHeHMe BO BpeMeHM YMCIa 3eMJIETPSICEHUI B JeHb MPU (HOPMMPOBAHUU CEHCMUUECKOTO <«TBO3Is», CJACAYIOIIETO 32 CUJIbHBIM
3eMJICTPSICEHUEM: @ — B «TBO3/Ie», cienytoineM 3a Kapbimckum 3emetpsicenneM 01.01.1996 ¢ M = 7; 6 — B «rBo3ae» 10XHee 0. XOHCIO B
ceHTsiOpe—Hos10pe 1990, cnenyroiieM 3a 3emierpsiceHuem 24.09.1990 ¢ M = 6,6
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Puc. 4. Vi3aMeHeHWe BO BpeMeHM YMCIIa 3eMJIETPSICCHUI B JeHb MPpU (GOPMUPOBAHUM CEMCMUYECKUX <«TBO3MEU», HE CBS3aHHBIX C CHJIBHBIMU
3eMJIETPSICEHUSIMU: @ — Ha 0. XoKKaiao B 1989 r., 6 — B paitoHe kanbaeps! Jlonr Besun (Kanudopuust) B 1990 r.

CEMCMMYECKUX «TBO3JIEW» — TMPOLIECC 3aTyXaOIUi, HO,
MMO-BUAWMOMY, OTJIMYAOIINIACS OT 3aTyXaHHs apTepiIo-
KOB CUJIbHBIX 3eMJICTPSICCHUIA.

g ceficMMYIeCKUX «TBO3IEH», CBA3aHHBIX C W3-
Bep>KeHMEM BYJKaHa, pacrpelecHre Yucia COOBITHI
10 THSM HOCHUT HEePEeTYJISIPHBIN XapaKTep, OMHAKO TaKXKe
MOKHO BBIICJTUTH TIPOMEKYTOUHBIN MakcuMyM. [1pumep
TaKOM 3aBUCHMOCTHU IJISI «TBO3MIS», CBSI3aHHOTO C W3-
BepxxeHueM BysikaHa CB. Enena B 1980 r., nipeacraBieH
Ha puc. 5.

JavHHONEeproaHbIe 3emieTpacenns. B ceificMonoruu
¥ BYJIKAHOJIOTUM YCTAHOBIIEHO, YTO aKTUBHYIO POJIb B Te-
Hepallny TaK Ha3bIBaeMBbIX JJTMHHOTIEPHOAHBIX (HIM3KOYa-
CTOTHBIX) 3eMJIETPsICEHUI UrpatoT duronasl [openbuuk,
Cropueyc, 2001]. JymmHHONIEpUOAHBIN XapaKTep COOBITHIA
OOBIYHO OTpenmessIeTcs] Ha OCHOBAHWUU CIIEKTPATbLHOTO
aHajM3a CeMcCMUYECKUX 3arMceid, OHAKO B pacropsike-
HUU aBTOpa TaKuX 3amuceil HeT. KocBeHHO ero MOXHO
TakKXe BBISIBUTD TT0 COOTHOIIICHWIO MAarHUTYIbI TT0 00b-
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Puc. 5. U3meHeHue yucia 3eMyeTpsiceHUId B IeHb NTpU (HOpMUpPOBa-

HUW CEMCMUYECKOTO «TBO3MIsI», CBS3aHHOTO C M3BEPKECHUEM BYJIKaHa

Cg. Enennl B 1980 r. TpeyrojbHUK — Hayajo KaTacTpohuyeckoro
usBepxenust 18.05.1980 r.
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€MHBIM BOJIHAM #Mj, U MOMEHTHOW MarHuTyael M,,. OT-
HouleHue m,/M,, xapakTepu3yeT OTHOCUTEIbHBII BKJIaz
BBICOKO- ¥ HU3KOYACTOTHOTO CEMCMMUYECKOTO U3JTy4yeHUS,
TaK KaK MarHUTYZa 1, ONPEAEIAETCS TPEUMYLLECTBEHHO
MO BBICOKOYACTOTHBIM CEUCMUYECKUM KoJieOaHUSIM, a
M, — 110 HU3KOYaCTOTHOM COCTaBJIAIOLIEH CECMUYECKO-
ro uznydeHus [Kanamori, 1983]. IToHv>kKeHHbIE 3HAYEHUST
5TOr0 OTHOLLUEHUSI CBUIETEIbCTBYIOT O JJIMHHOIEPUOI-
HOM XapakTepe 3eMJIETPSICEHUM.

K coxanenuio, TOJIbKO JIJ11 HEKOTOPBIX U3 pACCMOT-
PEHHBIX aBTOPOM 3€MJIETPSICEHUIA, MPUHALJIEXAIIUX K
CEICMUYECKUM <«TBO3ASIM», B KaTajorax €cThb JaHHbIE
O pa3HbIX BUAAX MarHuTyabl. Tak, IS CeHCMUUYECKOTO
«TBO31s», COOPMUPOBABIIETOCS B palioHe AJIEYyTCKUX
octpoBoB B 2010 r., ISt OMHOTO COOBITUSI OTHOILLIEHUE
my/M,, = 5,2/5,6, 4TO yKa3bIBaeT Ha €ro [UIMHHOIEPH-
OIHBIA XapakTep.

Pe3ynbraThl HcclieioBanuii 1 uX o0cyxkaenne. B pa-
6ote [BagkoBckuii, 2012] Ha oCHOBe aHaIM3a MapKOB-
CKMX CBOICTB moOcCJea0oBaTeIbHOCTEel IJTyOMH OYaroB B
«TBO3[Ie» CIEIaH BbIBOA, YTO (DOPMUPOBAHUE <«TBO3MS»
MPOUCXOJAUT Cpa3y BO BCEM MHTEpBaje IIyOMHBI U HE
HabJIo1aeTCs MPEANOYTUTEIbHOTO HAlPaBIEHUS €ro po-
CTa BBEpX WM BHU3. JleTalbHbIN aHAIU3, TIPOBEASHHBIN
ABTOPOM, MO3BOJISIET YTOUHUTh 3TU BBIBObI. BBISIBIEHBI
cj1abble, HO IOCTAaTOYHO JOCTOBEPHBIE TPEHIbI BO MHO-
TMX PACCMOTPEHHBIX MOCJIEN0BATENBLHOCTSX. Pe3yabTarhl
orpeAesieHrs TapaMeTpa XepcTa yKa3blBalOT HA HAJTUUKE
YCTOMYMBOI TeHACHIUU (IIEPCUCTEHTHOCTU) B TOPSI-
KOBOM TOCJIEA0BATEIbHOCTU TJIYOMHBI TUITOLEHTPOB,
COCTaBJISIIOIIMX «TBO3/Ib». DTa IMOCIEI0BAaTEIbHOCTb HE
cllydyaiiHa, OH 00JamaeT OIpeAeCHHON CTeNeHblo Ne-
TEPMUHM3Ma U CBOETO pojia MaMsThIO.

ITamsaTh npoliecca MPOSBISETCS B TOM, UTO TEKYLIEE
COCTOSIHME OOYCJIOBJIEHO BEJIMYMHAMMU YIIPABJISIONIAX
TMEepeMEHHBIX (XapaKTepUCTUK) He TOJBKO B TEKYIIUI
MOMEHT BpEMEHM, HO W B Tpeablaylie MoMeHThl. Ha-
JINYME TIaMSITUA B IPUPOIHBIX mpoleccax (3ddeKkT XepcTa)
OOBSICHSIETCSI HAJIMYMeM CTeIleHHOI peakcauuu. [TamsaTs
BO3HMKAET, KOT/Ia peaKlvsi CUCTEMbI Ha BHELITHEE BO3JEN-
CTBME HE MTHOBEHHA, a UMEET BUJI TIEPEXOIHOTO Tpoliecca,
pacTSIHyTOro BO BpeMeHU. B 3TOM ciyyae npoucxoaut
WHTEerpUpoBaHue (HaKarulMBaHWe) BO3NACMCTBUS, SBIISIO-
LIEerocs MpUYMHOM uaMeHenuii [JIykk u ap., 1996].

BoisiBieHHBIE 0COOEHHOCTU (hOPMUPOBAHUS CEMCMU-
YECKHUX «T'BO3JI€» MOTYT MOMOYb B IMIOUCKE MEXAHU3MOB
nx redepauun. B paborax [Bamkosckuii, 1996, 2012;
IleBuenko u ap., 2011; 3axapos u ap., 2013] nokazaHo,
YTO yKa3aHHbIE OCOOCHHOCTH (F€OMETpUs M CKOPOCTb
(opmupoBaHMsT) TPOSIBIIEHUST CEMCMUYECKUX «TBO3IEH»
MO3BOJISIIOT BbICKA3aThb MPEAMNOJOXEHUE O BO3MOXHOU
ponu daoUIOB B mpolecce UX obpazoBaHus. B srom
caydyae 3(p(eKT maMsATH MOXeT ObITh BbI3BAaH pejakca-
LUEN BSA3KOM XKMAKOCTU B IOPUCTON cpene, KOoTopas
XapakTepHa JJi1s OOJIbILIMHCTBA 3a/1a4 HECTALIMOHAPHOM 1
HelIuHeiHoM ¢punbTpauuu. B kauecTBe anbTepHATUBHOTO
00BSICHEHMS paccMaTpUBaIach peiakcalysi HAaKOTUIEHHBIX
HaIps>KEHUI Ha pa3jioMax B BUAE CEPUM CIA0bIX 3eMJIe-

TpsiceHuii. [Ipy 3TOM MOBEPXHOCTHbBIE MPOSIBICHUS ITUX
pas3joMOB MOTYT OTCYTCTBOBaTb, OCOOEHHO €CJIM YYECTb
HEOOJIBIIYI0O MarHUTYLy OOJIBIIMHCTBA 3EMJIETPSICEHUI,
COCTaBJISIIOIINX CEMCMUYECKUE «TBO3IN».

IIpencraBnsieTcs, YTO HET HEOOXOAMMOCTH MIPOTUBO-
MOCTaBJISITh 3TU MexaHu3Mbl. COBpeMeHHbIE MpeaACcTaB-
JIEHUST O pojv (PIIOMAOB B TeHepaluy 3eMIIeTPSICEHUI
MO3BOJISIOT paccMaTpuBaThb MX KaK €AWHBIA MEXaHU3M.
B pabore [Kuccun, 2009] omumcaH MexaHM3M CaMOOp-
raHMW3allMM C IIOJIOXXKUTEJIbHOI OO0paTHOI CBSI3bIO MpPU
B3aUMOJENCTBUM (DJIIOMIHBIX TOTOKOB U TEKTOHUYECKUX
nedopMalvii 1is1 OObSICHEHUSI MEXaHM3Ma TeHepaluu
zemieTpsiceHuid. [Ipemiaraercs cienyronas MOesb: MO
BO3JEWCTBUEM (DIIIOMIOB CHUXKAETCS MPOYHOCTh MOPOJT
(TIpeskze Bcero caABUToBasi). TO IMIPOMCXOINUT KaK 3a CUET
MEXaHUYECKMX, TaK U (PU3UKO-XUMUUYECKUX I(PEPEKTOB.
B nocnegHeM ciaydae BaxKHEHIIYIO0 pojib urpaet 3pdekr
PebuHmepa — ancopOLIMOHHOE CHMXXEHHE MPOYHOCTU
[Peounnep, Llykun, 1972]. BcraencTBue MOHMXKEHMS
MPOYHOCTU AaKTUBU3UPYIOTCS TEKTOHUYECKME TTOABUXKH,
YTO B CBOIO OYepelb CIIOCOOCTBYET AOMOJIHUTEIBHOMY
BKCTparupoBaHuio (gaouaoB. B pesyinbTaTe MOABUKEK
BBIJEJISETCS TEIUIO Y MTOBBILIAETCS TeMIlepaTypa, 4To Mpu-
BOIUT K elle OoJIblleMy YCUJICHUIO MeTaMOop(puIecKoi
JeruapaTaluvy nopo. BeiaeneHre BOAbl U MOBBILIEHUE
(rouIHOTO maBAEHUS COMPOBOXIAIOTCS CHUXEHUEM
3 OEKTUBHOIO HAMpPSKEHUS, YTO CO3IaeT YCAOBUS IS
JaJIbHEMIIero pa3BUTUSI CABUTOBBLIX AedopMmauuii. I1pu
5TOM OTMEUAETCS, UYTO ONMMUCAHHBIE TTPOLIECCHI BO3MOXHBI
U B U3HAYaAJIbHO CYXUX MOpoaaX, €cjiv 1o P—T-yclIoBUsIM
BBbIIEJIEHME BOJbI TPU pEeAKUUAX AETUApaTallii MOXET
TMPOUCXOJINUTh HETTOCPEICTBEHHO B 30HE CIIBUTA.

Takum obpaszom, cortacHo padore [Kuccun, 2009],
TECHBIE CBSI3M TEKTOHUYECKUX TPOLIECCOB U (PIIOMIHBIX
TMOTOKOB OMPEJESIOTCS MEXaHU3MOM CaMOOPTaHU3AlIUH,
KOTOpBIN peanu3yeTcsl 3a CYeT «B3aMMHOIO BO30YXIe-
HUS»: QIIOUIHBIE TTOTOKA AKTUBU3UPYIOT TEKTOHUYE-
CKME TPOLIECCHI, a TOCAEAHUE MPUBOIAAT K YCUJIEHUIO
Murpauuu QJIOUI0B, MPUYEM WHULIMUPYIOLIUM MOXET
OBITh KaXnblii U3 3TUX (pakTopoB. [Ipu 3TOM «...3a-
poxXaeHue CyOBEepTUKAIBLHOIO 3JeMeHTa (BIIoUIHOMN
CUCTEMBI OOYCJIOBJIEHO HaJIW4MeM OCJa0JeHHOM 30HHI,
KoTopasi o6pa3oBajach Moj AEWCTBMEM PACTATHUBAIOLINX
WIA COBUIOBBIX HampskeHMN W aedopmaumii. Takas
ocjiabjieHHas 30Ha <...> MOXET CJIY>KMTb KaHaJIOM BOC-
XOJIIe MUTpAlUM TJIYOMHHBIX (DIIOMAOB U 00J1aCThIO
pas3BuTusg noaBuxek» [Kuccun, 2009, c. 95].

IIpy 3TOM BaXXHO OTMETUTb, YTO B3aUMOIECHCTBUE
(p1IOMIHBIX TTOTOKOB U TEKTOHUUYECKOTO e(hOPMUPOBAHUS
HOCUT BbIPAXXEHHbIA HEJTMHEHHBIN XapakTep, IPUYEM He-
JIMHEMHOCTD OIPEAEISCTCS MPEXIE BCETO UMEHHO BO3MIEH -
cTtBUeM (ouaoB. s HeTMHERHBIX CUCTEM XapaKTepHa
CUJIbHAS1 3aBUCUMOCTb MTOBEJIEHUS OT ITapaMeTPOB CUCTEMBI
(Hanpumep, ot P—T-ycnosuii). Ecau mapameTpsl cpebl
B HEJIMHEMHBIX CUCTEMAaX OCTUTAlOT HEKOTOPBIX KPUTH-
YeCKUX 3HAYEHUM, MOTYT MPOUCXOJUTb OUYE€Hb OBICTpHIC
M3MEHEHUSI M IIepecTpoiiku B cucreme. HenuHeliHas
MOJIOXUTENIbHAS 00paTHasl CBSI3b PUBOAUT K CaMOYCKO-
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psolIeMycsl JaBUHOOOpa3HOMY pa3BUTHUIO Mpoliecca
[[Ipuroxun, Crenrepc, 1986]. [logo6HOe cBepXOBICTPOE
HapacTaHW€ MPOLIECCOB B TEYEHUE OTPAHUUYEHHOIO MpO-
MEXYTKa BPEMEHU B OTKPBITBIX HEJIMHEMHBIX CTPYKTYpax
MOJIyYWsIO Ha3BaHUE pexurma ¢ obocTtpeHueM [KHsizesa,
Kypmiomos, 2002]. B Hacrosiiiee BpeMsl TaKoil MOIXO.
MpPUMEHSIETCS U OOBbSICHEHUS OBICTPBIX TEKTOHUYECKUX
SIBJICHUIA, B YaCTHOCTU 3emieTpsiceHuii. OCoOeHHO 3TO
KacaeTcsl 3eMJIETPSICEHUM, BbI3BAHHBIX TaK Ha3bIBA€MbIM
TPUTTEPHBIM (CITYyCKOBBIM) MexaHU3MoM. [1ogoOHbI ke
MEXaHMU3M, 10 MHEHMIO aBTOPa, MOXKET PeaTU30BbIBATHCS
MpU FeHepalnuy CENCMUUECKUX «TBO3IEe» — TMTOCTYIUICHUE
(ronna B ocaabaeHHYIO 30HY ITPU JOCTHKEHUM €T0 KOH-
LIEHTPALIMW WY IaBJIEHUS KPUTUYECKUX 3HAUYEHUI MOXET
CIIPOBOLIMPOBATh 3€MJIETPSICEHUE WM OBICTPBIM KacKai
3eMJIETPSICEHUI «T'BO3IEBOI» KOH(UTYPALIVH.

B cratbe [I'ydpenbn, 2012] BbICKazaHO OJIM3KOE
MO CMBICTY TIPEIINOJIOXEHWE 00 WHUIIMMPOBAHUM Ka-
KYLIUXCH «TJIyOOKO(OKYCHBIX pa3pblBOB» U OBICTpPON
«TBO3/IEBO» CEMCMMYHOCTU IOTOKAMU BOIOPOAA: «...
HauboJsiee aKTUBHOE B3aUMOAEUCTBUE CO CPENOil MOXET
OBITb CBSI3aHO C BOCXOSIIMMU ITOTOKAMM BOJOPOA U YXKe
MOATOTOBJIEHHBIMU OCOOEHHOCTSIMM CTPYKTYpbI». [Ipen-
MOJIaraeTcs, YTO BbILLIE TpaHULIbI MOXO 30HA «IBO3IS»
HaxOJIUTCs HAa HaYaJIbHOM CTaauy o0pa3zoBaHUs OyayIuei

Pa3pbIBHOM CTPYKTYPHI 32 CUET B3AMMOIACUCTBUS CPEIbI C
JIOKQJIM30BAaHHBIM BOCXOISIIMM MOTOKOM BOIOPOJA.
bnauska K TmpuBeIeHHBIM BbILIE (QIIOUIOMETAMOP-
(buyeckas Momenb celicMOTEKTOreHe3a, MpemIoKeHHas
M.B. PoaxunsiM [Poaxus, 2006]. CorsiacHO 3Toi MOAeu,
MpeBpallleHusT B IUTOChepe, KOTOPhIe COMPOBOXIAIOTCS
CHIDKEHUEM TIPOYHOCTH, MPOUCXOAIT TMPU KaTaJuTHye-
CKOM BO3IEMCTBUU TJIyOMHHOTO BOIHOTrO (hyronaa, mpu
3TOM BaXXKHYIO POJib UTPAET METACTaOMIbHOE COCTOSTHUE
(monna, pacripeneseHHOro Mo TpaHUIlaM 3epeH.

IIpencraBisiercss, 4TO TaKMe MOAEIU XOPOIIO 00b-
SICHSTIOT OCOOEHHOCTU CEMCMUUYECKUX «TBO3IEi» KaK BO
BpPEMEHHU, TaK M B IIPOCTPAHCTRBE.

ITpuBeaeHHbIE BhIlIE COOOPAKEHUST O POIU (QIIOUIOB
MOJKPETUIEHBI U pe3yIbTaTaMu JJabopaTOPHBIX IKCIIEPH -
meHTOB. B pabotax [CoboneB u np., 2010; Cobones, I1o-
HoMmapeB, 2011] paccMoTpeHa IMHAMUKA aKyCTHUUeCKOM
SMUCCUM TIPU MHULIMMPOBAHUU BOIOMW IO pe3ysbTaTaM
JUTUTETBHBIX OKCIEPUMEHTOB. BiIuBaHUS HEOOJIBIIOTO
(<0,1% ot obbemMa MoOeNN) KOJMYeCTBa BOIBI MPHUBO-
IWIY K aKTUBU3ALMKU aKyCTUYECKON 9MUCCUU, KOTopast
MPOVICXOAMIIA C 3aAePKKOM BO BpeMeHM. [1o MHEHUIO aB-
TOPOB YKa3aHHBIX pabOT, UHULIMMPOBAHUE aKyCTUYECKOMN
AMMCCUM CBSI3aHO C JIOKATbHBIM CHUXKEHHUEM ITPOYHOCTU
(BeposiTHO, U3-3a 3 dekra PebuHmepa) u ypenmyeHUEM
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Puc. 6. ComnoctaBiieHue pe3ybTaTOB SKCIIEPUMEHTOB 110 aKyCTMYECKON SMUCCUU U Pa3BUTHIO CEMCMUYECKUX «TBO37EH» Bo BpemeHU. CieBa —

U3MEHEHUE YuClla aKyCTUUECKUX UMITYIbcOB dN/df B CEKyHIy B OIbITEe C MHULIMUPOBAHUEM: @ — peaklvs Ha MEXaHUYeCKYIO TMOArpy3Ky; 6 — Ha

BJMBaHue BoJbl, 1o [Cobosnes u ap., 2010]; cipaBa — M3MeHEHUE YKCIa 3eMJIETPSICEHUIT B IeHb TIPU (POPMUPOBAHUYU CEHCMUUECKOTO «TBO3/ISI»:

6 — clienyloulero 3a cuibHbIM KapbIMcKUM 3emierpsiceHreM, ¢ — B paitoHe Kanbaepbl Jlonr Bemun (Kanudopuust) B 1990 r. JIunum — 3akoH
Omopu
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HanpsLKeHUH BO3JIe METAaCTaOWIBHBIX TPEIIMH, YTO He
MPOTUBOPEYUT TPUTTEPHOMY MexaHU3My. bonbiive nm-
MyJIbChl BO3HUKAIM MEXAY CJIA0BIMU COOBITUSIMM, UTO
MMEET aHAJIOTHIO C POSIMU 3emileTpsiceHuil. OTMeueHo,
YTO XapaKTep HapacTaHUs M 3aTyXaHMSl aKyCTHMUECKOM
SMMCCHUM BO BPEMEHM CYIIECTBEHHO pa3jiMyaeTcs Ipu
Pa3HBIX YCIOBUSIX 3KCIIEPUMEHTA — TOC/IE CTYTIeHYATOM
MeXaHUYeCKO MOATPY3KU U TTPU MHUIIMUPOBAHUU BJIM-
BaHUEM BOIbI. B mepBoM cityyae MpoUCXOIUT CTEIIEHHOE
3aTyxaHUe Yuciia COOBITUI BO BpeMeHU 1o 3akoHy OmMopu
(puc. 6, a). Bo BTOpOM — MHTEHCMBHOCTh aKyCTUUYECKOMN
SMUCCHUU ITPOXOIUT Yepe3 SIPKO BbIPAXKEHHBIN MaKCUMyM»
(puc. 6, 0).

3akmouenne. CoOIOCTaBUM pPe3YyabTaTbl 3TUX JKC-
TMEPUMEHTOB C pe3yJbTaTaMU MUCCIIeI0BaHUS BPEMEHHBIX
3aKOHOMEPHOCTEeM (hOPpMUPOBAHUS CEMCMUUECKUX «TBO3-
Jeii», TIOJyYEeHHBIX aBTOPOM. BpIlle mokazaHo, 4To st
«TBO3JEi», CIIEAYIOIIUX 32 CHJIBHBIMU 3eMJICTPSICEHUSIMU,
MPOVCXOAUT YMEHBIIIEHUE YMCJIa COOBITUI IO CTEIeHHO-
My 3aKoHy. Ha puc. 6, ¢ aTa 3aBUCUMOCTb [UISI «TBO3IS»,
cnenyioniero 3a KapeIMckuM 3emierpsiceHrueM 1996 1.,
nokazaHa B ABOWMHOM Jiorapu(pMUYECKOM MacliuTtade.
BuaHo, 4TO OHa XOpPOILIO COOTBETCTBYET 3aKOHY OMOpHU
U pe3yabTaTaM 9KCIIEPUMEHTOB M0 M3YYEHUIO aKyCTHYe-
CKOIT aMuccun 6e3 nobaBiaeHusT Boabl (puc. 6, a).

CIITMCOK JIMTEPATYPHI

Baokosckuii B.H. Tlpupoga M MeXaHU3M CEMCMUYECKUX
«rBo3aeit» // Tes. moki. «JIOMOHOCOBCKME uTeHUST — 1996».
M., 1996. C. 63—64.

Baokosckuii B.H. Cy0BepTHKaJIbHbIE CKOTUICHUS TUTTOLICHT-
POB 3eMJIETPSICEHNIT — celicMuueckue «rBo3au» // BectH. OH3
PAH. 2012. T. 4 (NZ1001. doi:10.2205/2012NZ000110).

Topeavuux B.U., Cmopueyc A.B. ITnybokue mIMHHOIEPU-
ofHbIe 3emiieTpsiceHust non KimoueBckum ByiakaHoMm // T'eo-
IUHaMuUKa 1 ByJKaHu3M Kypuio-KamMyaTckoit oCTpOBOIYKHOM
cuctemnl. IlerponasinoBck-Kamuarckuii: UBI'ul' IBO PAH,
2001. C. 373—379.

Tygeavd HU.JI. Teomorudyeckue ciaeacTBusi amophu3aluu
CTPYKTYpPBI TUTOCGhEPHI M BEpXHEH MaHTHU, BbI3BAHHbBIE BOIO-
ponHoii nerazanueii // l'eonnHamMuka u TeKToHOMU3MKa. 2012.
T. 3, Ne 4. C. 417—435 (d0i:10.5800/GT-2012-3-4-0083).

3axapoe B.C., Kapnenko A.HU., 3asvsioe C.II. OcobeHHO-
CTU CEMCMMUYECKUX «TBO3JEl» B PA3IMUHBIX F€OAMHAMUYECKUX
obcraHoBkax // BectH. Mock. yH-Ta. Cep. 4. I'eonorust. 2013.
Ne 1. C. 11-18.

Kuccun U.T. ®nrouasl B 3eMHOM Kope: reopu3ndecKre 1
TeKToHU4Yeckue acnekTol. M.: Hayka, 2009. 328 c.

Kacaxapa K. MexaHuka 3emierpsicennii. M.: Mup, 1985.
264 c.

Kuszesa E.H., Kypdiomos C.II. OCHOBaHMSI CUHEPTETUKU.
Pexxumbl ¢ obocTpeHueM, caMoopraHu3alus, TeMIIOMUPHI.
CII6.: Anereiisa, 2002. 418 c.

Jykk A.A., llewepesckuti A.B., Cudopun A.4., Cudopun HU.A.
Bapuanuu reopusnyeckux moijieil Kak mposiBaeHue JeTEPMMU-
HUPOBAHHOTIO Xaoca Bo (ppakranbHoii cpene. M.: OMD3 PAH,
1996. 210 c.

Ilpuconcurn U.P., Cmeneepc U. Tlopsimok u3 xaoca. M.:
IIporpecc, 1986. 432 c.

B 10O Xe BpeMs sl «rBo3aeii», He COMPOBOXIAIO-
IKUXcs B Havajge (HOpPMUPOBAHUSI CUIBHBIMM 3eMIIe-
TPSICEHUSIMU, YMCIIO COOBITUMH B J€Hb UMEET JOBOJIHLHO
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