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IlpegcmaBaeno uaenom pegkorreruu b. I'. [TycmoBumeHnko

Anst mopenent Tunry Qitx'to—Harymo, siKi 3aCTOCOBYIOTB AASI OIIUCY CEMCMIiUHOI aKTUBi3allil,
HaBEAEHO IIPUKAAAU KBA3ilIepiOAMYHOI AMHAMIKU Ta ICHYBAHHS T'OMOKAIHIYHUX TPAEKTOPIH, LI0
BiAIOBipAQIOTE OIKy4MM iMITyABCaM. AASI ABOMOAOBOI 6e3Andy3iiiHOI MOAEAl OTPUMaHO AUHAMIUHY
CHUCTeMYy PiBHSHB, IO MIOB'SI3y€ aMIAITyAU IepIlol i TpeThol MoA. SK dizudHe IOsSICHEHHS SBUINA
CEeUCMIYHOro 3aTUXaHHS 3alIPOIIOHOBAHO KOHKYPEHIIIIO MOA,

This paper considers the models of the Fitzhugh—Nagumo type, used to description of seismic
activation. The examples of quasi-periodic dynamics and existence of homoclinic trajectories proper
to the travelling impulses are resulted. For a twomode nondiffusion model the dynamic system of
equations, linking amplitudes of the first and third fashions, is got. As physical explanation of the
phenomenon of seismic quiescence competition of fashions is offered.

BeepeHue. TeopeTrnuecKue MOAEAU CelicMUYe-
cko akTuBHOCTH (CA) AOASKHEI 3aKAIOYATh B cebe
TIOTEHITMAABHBIE BO3MOKHOCTH OITUCAHUST HAAEIKHO
YCTaHOBAEHHBIX B CEBICMOAOTHHY SIBAEHUH: ITUKAOB
TIOBTOPEHMS CENCMUYECKUX COOBITUY OIIpeAeAeH-
Horo paHra [CmupHOB, 2003], cyniecTBOBaHUSA
TIEPUOAOB 3aTHUIIbS TTIepes MHOTUMU KPYITHLIMUA
3eMaeTpsAceHuaMu [Wyss et al., 2004; Coboaes,
2008], pactipocTpaHenna AePOPMaIlIOHHBIX BOAH
CercMOreoAMHaMUYEeCKOU aKTUBU3AITNH — «T'€0-
HOB» [YAoMOB, 1993].

B pasBuBaeMol HaMU KOHITEMITUU TPEATOAA-
TaeTcsl, YTO CEMCMOTeHHasl CpeAa SIBASIETCS BO3-
OypAUMOM, a yepAMHeHHBle BOAHBI Murpanum CA
IIPEeACTaBASIIOT COOOM aBTOCOAUTOHEI [CIIUPTYC,
IMTycroBuTtenko, 2005; Cuuptyc, 2005; 2008].
[TpocTpaHCTBEHHO-BpEMEHHOE Pa3BUTHE CEeNCMO-
TeOAMHaMUYECKUX ITPOITECCOB HEPA3PBIBHO CBSI3aHO
C 3MeHeHVeM HallpsKeHHO-Ae(OPMIPOBAHHOTO
COCTOSTHUSI CPEABI ¥ SHEPTETHYECKOTO TIOTEHITaA]
ee CTPYKTYPHBIX 3AeMeHTOB. B 6a30BoM MopAeAn
AKTUBHOM CPEABI C BOCCTaHOBAEHMEM B KaUeCTBe
«MHTUOWTOpPA» MPEANATaeTCsI MCIIOAB30BATh CTe-
TIeHb SHEPreTUYeCKON OTKPLITOCTH CpeARl. Panee
OBINO TIOKA3aHO, UTO B IIpeHeOpeskeHnU AU Py3u-
el (ToueyHasi MOAEAb) MOYKHO BBIAEAUTD YEThIpe
«TaKTa» CEUCMUYECKOTO ITUKAQ, OAMH U3 KOTOPBIX
COOTBETCTBYEeT CECMUYEeCKOMY 3aTHUIIbIO [Crup-
Tyc, 2005]. B pabotax [CniupTyc, ITycToBUTEHKO,
2005; CrnmpTyc, 2008] mpoAeMOHCTPUPOBAHO, UTO
mopenn tuna Gurmxsro—Harymo (OXH) aast oaHO-
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MEPHOTO CAyYas CIIOCOOHBI OOBICHUTH HAOAIOAAB-
111eecsi pacileraeHre ITOTOKa CEMCMUYHOCTH Ha ABE
BETBHU IIOCAE TIOCAEAHEro KpymHoro KpeimMckoro
3eMaeTpscenusa 1927 r. (M=6,8) [[TycToBUTEHKO,
ITyctoBuTenko, 2002].

Kak m3BecTHO, MaTeMaTUYeCKUMHU OOpa3aMu
Oerymux BOAH B 0a30BOM ITPEACTaBACHUHU SIBAS-
IOTCSI TTPeAeAbHBIEe ITUKABI AAST BOAHOBBIX TpeH-
HOB Y TOMOKAMHWYECKHNE TPAeKTOPUU AAST BOAH-
UMITYABCOB [ XOAOAHUOK U AP., 1991; Bepe3oBckasg,
Kapes, 1999]. YeapuHeHHBIEe BOAHBI U BOAHOBEIE
1yTH (CIMpasbHBIE BOAHBI B ABYMEPHOM CAYyYae)
— TUMHWYHAs KapTUHA AT SKCIIePUMEeHTAaABHBIX
U TeOpeTUYeCKUX MCCAEAOBAHUMN BO30YAUMOU
cpean! [Tyson, Keener,1988; Cross, Honenberg,
1993]. B 3KOAOTHUM TPENHBI ¥ UMIYABCH UMEIOT
ocoboe 3HaYeHNE, TaK KaK COOTBETCTBYIOIIE UM
PEKMMBI MTHTEPIPETUPYIOTCS KaK ATHA BLICOKOHN
TIOTYASIITMOHHOU MAOTHOCTH — «AMHaMUYECKUe
naTtTepHbl» [Bepe3oBckag, Kapes, 1999]. OtoT
HaOAIOAQEMBIT AT MHOTUX 9KOCUCTEM (peHOMeH
“MeeT aHaAOT B CEICMOAOTHU: BOAHBI CECMOTE0-
AMHaAMMUYeCKOM aKTUBU3AIUM [ YAOMOB U Ap., 2000].
3aMeTHuM, UTO B IOCAEAHEN paboTe pa3HOHATIPaB-
AeHHBIe TPEHABI Ha HEKOTOPBIX TPOPUASIX (0CO-
6enno Kunp — KaBka3s) co3Aat0T KBa3UIIEPUOAM-
YeCKue OCITUASTIAN CeCMUYEeCKOM aKTUBU3aITUHN
BHYTPU IPOCTPAHCTBEHHO-BPEMEHHBIX KaHAAOB.

B panHOM paboTe NPUMEHUTEABHO K KOHKpeT-
HBIM MoaeAsM Turta GXH mokasaHbl TpUMepPHI
KBa3UIIEPUOANIECKON AUHAMHUKH U CYIIECTBO-
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BaHUId TOMOKAUHUYECKUX TpaekTopui. Takxke
IPUMEHUTEABHO K 3TUM MOAEASIM BO30yAUMOU
CPeABl MCCAEAYIOTCS (PU3UIECKUE TTPEATIOCHIA-
K1 BO3HUKHOBeHUS 3(deKTa celcMruuecKoro
3aTHUIIBS.

ITpuMepsl BOAHOBBIX TPEHHOB U YEAUHEHHBIX
BOAH B MoAeAsix Tuna @XH. YpaBHeHUS MOAEAT
peaknua—AUdy3ua UMEIOT BUA,

u, = f(u,v)+ 8Viu,

v, =g(u,v). (1)
3A€ECh NIPeATIoAaraeTcs, 4To Audys3nen BTOpou
IIepeMeHHOU MOJKHO IIpeHeOpeyYb.

B IprAOKeHUU K ONMCAHUIO CEUCMUYECKON
AKTUBHOCTHU ¥ — MapaMeTpP, OTPa’KaloIInM CencC-
MHYECKYIO «TeMIepaTypy» Ha OIpeAeAeHHOM
MaclITabHOM (3HepreTUYeCKOM) YPOBHE, V Xa-
PaKTepus3yeT CTelleHb 9HEPTeTHIeCKON OTKPHITO-
CTH VAV HEKOHCOAMAUPOBAHHOCTH XapPaKTePHOI'O
Oa0Ka cpepbl [CriupTyc, 2008].

Byaem paccmarpuBaTh ABe Mopean Tria OXH:

f(u,v)zau—u3/3—v,
g(u,v)=e(u—y+p),
F () =u(u—1)(c—u) v+ p,
g(uv)=¢e(u-y).

(1a)

(16)

Hccarepyem cHauara BOZMOKHOCTD IIEPUOAHU-
yeckux Koarebauunt CA B mopeau OXH (1), (1a).
[MapameTp &, ONIPEAEASIONINHI COOTHOIIIEHUE Bpe-
MEHHBIX MacCIITabOB MMOAEH u, v, BEIOEpeM Kak
YIPaBASIOUINH, OCTAABHBIE CIUTAIOTCS (PUKCHU-
POBaHHEBEIMU, Oe3 ylepba AAS OOIHOCTHU IIOAO-
>KUM a=1. HeTpyAHO BUAETH, 9TO YUCAO OCOOBIX
TOUYEK OIIPEAEASIETCST BEIl|eCTBEHHBIMU KOPHIMU
KyOm4ecKoro moanHoMa. OrpaHuInuMCs CAyIaeM
E€AMHCTBEHHOMI 0COO0M TOUKY (1, V(). Hanpumep,
ecam y=0,5, KOOpAUHATEI OCOOOM TOYKU OYAYT

(m_%)z/s .

[MokaskeM C ITOMOIITHIO YUCAEHHBIX PACIEeTOB CY-
II[ECTBOBAHE ITPEACABHBIX IITKAOB B OKPECTHOCTH
COCTOSTHUSI PABHOBECHST, BOBHUKAIOIIIVX B PE3YALTaTe
cyOKpuTHYecKoM oudypkanuu Xormda.

Hcmoab3ys ansars & =x—ct, MOJKHO AAST ABVIKY-
IIIEHCSI CO CKOPOCTHIO ¢ CUCTEMBI OTCUETA ITOAYIUTE
OOBIKHOBEHHOe pAud(pepeHIInarbHOE YpaBHEHUE
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(OAY) TpeTbero nopsinka:

_Sy—1+u2

u" — Au" u'+Fu)/(cd)=0, (2

rae
A=gy[/c—c/3,

F(u)=s(%u3 +(1—y)u+[3j.

CTaHAQPTHBIM CIIOCOOOM ypaBHeHHUe (2) MOXKHO
[IPEACTaBUTH B BUAe cucTeMEl Tpex OAY nepso-
ro IIOpsAKa:

!
u'=z,

,_
21 =2,

zl(ay—1+u2) F(u)
5 S

CucreMa (3) umeeT cTalluoOHapHbBIE pelleHus
BuAA (1, 0,0), TAE 1y — KOpeHb ypaBHenus F(u)=0.
HetpyaHo BupeTh, uTo ipu ¥ = 0,5 1 <0 KOopeHb
ugy > 0 ypaBHeHUs u3/6 +u /2 + B =0 06yaeT epuH-
CTBEHHBIM.

PaccMoTpuM AMHeapu3aIuio CUCTeMHI (3) BOAU-
34 HTOTO CTallMOHapHOTro cocTosHusA. Ob6o3Havas
i =u—1uy, TIOAydaeM

(©)

I
zy = Az, +

F(if) =817(L72/6+u012/2+q2),
zy = qyil+qz; + Azy + ...,

rAe MHOTOTOYME COOTBETCTBYeT HEeAUHEWHBIM
YAeHAaM,

ey —1+ug
Q=<
e}
‘h:”g/ _E’
Uy
_&
q3 S

MarTpurtia AuHeapuzaluu G mpeodpa3oBaHHOMU
CHUCTEMBI yPaBHEHUN B OKPECTHOCTH COOTBETCTBY-
IOIIer 0coOO0M TOYKU MeeT BUA,

0O 1 o
G=|0 0 1
9 q 4

M3BecTHO, 4TO KaueCTBEHHOE NTOBeAeHue Pa3o-
BBIX TpaeKTopu# cucteMel OAY 3aBUCUT OT UH-
BapHAHTOB, BEIPAKAIOIINXCS Yepe3 COOCTBEHHBIE
3HaueHusa MaTpunbl G. [TocaepAHTIEe HAXOAATCS U3
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XAPAaKTepuCTU4IeCKOIro YpaBHEHUA
Det(G-AE)=1"—AA> —qh—gq;=0.  (4)

Bbudypkanuu Xomnda cCOOTBETCTBYET CAy4Yal,
KOTAa Ilapa KOMILAEKCHO-COIIPSIPKEHHBIX COOCTBEH-
HBIX 3HaUY€eHUM CTAHOBSATCS YMCTO MHUMBIMY, IIPU
3TOM Ay = 4, 7»2'3 =+ Ki. OTcropa

—q3
=—, 5
q o %)
q=-K*. (6)

W3 ycaroBus (5) MOKHO IIOAYYUTH KBappaTHOE
YPaBHEHHE AT HAXOJKACHHS IIapaMeTpa € :

e? +2¢ Zu
3
YucheHHBIE PACYeThEI TIOKA3BIBAIOT, YTO AAA OTUX
3HAYEHUN £ AQKE IIPU HEBBIIIOAHECHUH YCAOBY: (6),
HO MAABIX ¢4 > 0 B HEKOTOPOM OKPECTHOCTH TOYKHU
Uy TIPOMCXOAAT KBA3UIIEPHOAMYECKHIE KOACOAHNST
u (puc. 1, 2). B npoekunu Ha (pa30ByO IAOCKOCTh
u, u' TIPOSIBASIETCS JKeCTKasl TIOTepPsl YCTOUIMBO-
CTH, CBSI3aHHA4 C CyOKPUTUYECKOU OUdypKaiu-
et Xondga. TpaekTopuu BOAM3U 0COOOU TOUKU
IIAOTHBIE, OAM3KMeE K 3aMKHYTHIM. BEIYHCAEHHEIE
MASI paCUETHBIX (DAa30BBIX KPUBBIX OAHOCTOPOHHUE
cuexrtpsl Oypoe (puc. 1, 6, 2, 6) COOTBETCTBYIOT
KBa3UTrapMOHMYECKUM curHaraM. C pocToM CKOpO-
CTH ¢ pacTeT aMIAUTYAQ KOAeOAHWM 1, MaKCUMYMBI
CIIEKTPOB CMEMIAIOTCS B 0OAACTh HU3KUX 4aCTOT.
ByaeM cunTaTh ¢ CKOPOCTBIO PACIIPOCTPAHEHUS
reoHa [YAaomoB, 1993], c npoxoskaeHueM KOTOPOTO
B OIIPEAEAEHHOM perrnoHe cBa3aHbl Bapuaruu CA.
Torpa mpuBepAeHHBIE BHIIIE pacyeThl AOMyCKa-
IOT CAEAYIOIMYIO (PU3UIECKYIO UHTEPIPETAIHIO.
Haunboaee ObICTPO pacKaumBaeTcs ceicMruyecKas
«TeMIiepaTypa» IIpy IMeIOIeMCs 3HaUUTEABHOM
HaYaAbHOM OTKAOHEHUM OT CTAIlMOHApPHOTO CO-
cTogHUA. boable KoreOaHUA ¥ OTBeUYaroT 00-
Aee BBICOKOCKOPOCTHBIM BO3MYIIEHUSM U 3a-
XBATBIBAIOT OOAEe KPYITHBIE MaCIITaObl CPEAHI.
Ha KagecTBeHHOM ypOBHE — 3TO AOCTATOYHO
HpaBAOHOAO6HBIe 1 OCMBICA€HHBIE PEe3yABTATHI.
PaszyMmeeTcs, B paMKax rpyooro npuOAUKeHUS
OAHOPOAHOM CpeAbl TPYAHO PACCUYUTHIBATH BHI-
CBETUTH KaKue-An00 0CO00 TOHKUE AETAaAM, OHU
MOTYT IIPOSIBUTHCST TOABKO IIPH YUeTe aA€KBaTHBIX
PEaABHOCTH Ha9aAbHO-KPAEBBIX YCAOBUM.
CymecTtBoBaHMe OeryInX UMITyABCOB B CUCTe-
Max peakua—AUPy3usa B3BECTHO AOCTATOYHO
paBHO [Tyson, Keener,1988; Cross, Honenberg,
1993]. Anst mopenert ®XH Ttumna (1), (16) Mmo>xHO
IIpUBECTU HEKOTOPhI€ PE3YAbTATHI U3 CTATHU

TI'eoppusuueckuti xypnar Ne 2, T. 33, 2011

0.8 ] K i'| |II

i,

-
— T
—
—r
—
B
——
_
——
—
——

0,6 ’

1] ol 11 Ll HWE 25 MY I
ol

A
0,14

0,03
0,02 i \
i1,
0 :

0,04 £Tn

0,03
0,0z

0,01

0,01
0,02

=0, 013

-0 : : :
M 0,5 0,7 0,8 o

Puc. 1. KBasunepuopudeckue Kore6anus u (@), OAHOCTOPOHHKE
criekTpsl Oypre (6), ha30BLIN HOPTPET B IAOCKOCTH U, t' (B) ANST
cHucTeMBI (3) B OKPECTHOCTH OCOOOM TOYKU BOAM3YM OMypKaruu
Xomnda. 3nauenus napamerpos: y=0,5; B=-0,4; 6=0,05; c=3.

[Champneys et al., 2007]. B 3T01 paboTe IpUHs-
TBL TaKWe 3HAUYEeHUs IIapaMeTpOB:

6=5,0; a=0,1; y=10; €¢=0,01, (7

IIpX BapUalUuy CKOPOCTU BOAHHI § (OTAMYAETCS
3HAKOM OT ¢) 1 napameTpa p. [lochepHnt umeeT
PeryAITUBHYIO (PYHKIIUIO. AAs MeMOpaH B Ouo-
pr3UKe — 3TO BeAMYNHA IIPUAOKEHHOI'O CTUMY-
AUPYIOLIEro TOKA. B IPUAOKEHNN K CEICMOAOI MY,
BEPOSTHO, MOJKHO aCCOIIMUPOBATH NapaMeTp p
CO CpepHEeU CKOPOCTHIO Ae(popMalluu B peTUOHE,
onpepeasioleii yposeHb CA.

[TpoBepeHHOE HCCAEAOBAHKE ITIOKA3aA0, UTO
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Puc. 2. To ke, uTo 1 Ha puc. 1. 3HaueHus napaMmeTpos, 6=0,2,
c=10.

YeAMHEHHbIe UMIYABCHI A€KAT B llapaMeTpude-
CKOU IAOCKOCTH Ha C-00pa3HOU KPUBOU CAEBaA
oT U-obOpasHou Kpusol Oudypkranuu Xonda
(puc. 3, a) [Champneys et al., 2007]. [Tpu sTom
U3 ABYX Pa3AWUYHBIX CKOPOCTEN BOAH TOABKO UM-
MIyABCHI Ha BEpXHeH, ObICTPOU BeTBU C-KPUBOU
ABASIOTCS yCTOMYUBBIMU. [ IpocTeiIas roMOKAR-
HHU4YecKasg opOuTa BOAM3M HUJKHEro KOHIla «ba-
HaHa» (puc. 3, 6) MOKeT TpaHCHOPMUPOBATLCA B
Oonee CAOKHBIE (POPMEL.

TakuMm oOpaszoMm, arg Mopenret OXH Tuma
(1), (16) cymecTBYIOT (IPX MaABIX 3HAUYEHUSIX
rapamMeTpa p) yCTOMYUBBIe Oerylie UMIIYAbCHI,
IIpHUYeM CKOPOCTD UX § = Spy,(P) PacTeT ¢ pocToM
P DO OIIPEAEAEHHOTO IIPEeAeAa.

Bo3HUKHOBeHHNE CElICMUYECKOT0 3aTHIIbS B
ABYXMOAOBOI Mmopeau Tuna ®XH. CelicmMuue-
CKO€e 3aTHIllbe — 3TO aHOMaAbHOe CHUYKeHUe
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Puc. 3. BudypkanroHHbIe KPUBBIE AT OETYIIIUX BOAH CUCTEMBI
ypaBuenuti (1), (16) c napamerpamu (7) (a) ¥ TOMOKAMHIYECKAST
opbura prsi p~0,06, s=0,894386, cCOOTBETCTBYIOIIAI OAUHOUHOMY
uMnyabcy (0) [Champneys et al., 2007].

CA B HEKOTOPOM MPOCTPAHCTBEHHO-BPEMEHHOMN
00AACTH B IEPHUOA, TPEAIIECTBYIONTUN CUABHOMY
3eMAeTPsICeHUTO0. V13 MHOTOUYMCAEHHBIX NCCAEAO-
BaHMM, MOCBSAIIEHHBIX 3TOM TeMAaTUKe, IPUBEAEM
ABE UAAIOCTPAIHU.

B paborte [Wyss et al., 2004] noka3aHa peanrb-
HOCTBb 3(peKTa aHOMAABHOTO 3aTHUIIbS IIePeA
ABYMSI KPYITHBIMH 3€MAETPSICEHUSIMU Ha OCTPOBE
CaxaaunH. AOCTOBEPHOCTH BLIBOAOB HE BBI3LIBAET
COMHEHUH, ITIOCKOABKY OHa IIOATBEPIKAEHA He3a-
BUCUMBIMU MeToAaMu: RTL v Z-KapTUpPOBaHUEM.
3aTulllbe HAOAIOAAAOCE B OOOMX CAyYasX OKOAO
2,5 AeT B 00OAACTIX TTOPSIAKA COTHU KUAOMETPOB.
Ha puc. 4 oT4eTAUBO BUAHO CHUKEHHE CeUCMUY-
HocTH ntepep HedreropckuMm 3emaerpsacenueM 27
Mmas 1995r. ¢ M, =7,6.

[Mepep 3emaeTpsicenuem ¢ M, = 6,4 8 uiOHs
2008 r. B 3anmapHou 'pernuin, ecan OpaTh EPUOA
B IISITh MECSIIEB [0 CPABHEHUIO C IIPEAIIECTBYIO-
UM AeCITUAeTHEeM B MaciiTabe Bcen ['pernuy,
HabAIOAAAACh pe3kas akTuBusanus CA B pAuarna-
30He Maruutyp M = 2,8+4,0 (puc. 5, a). Opnako
ITPU PAaCCMOTPEHUN CPAaBHUTEABHO MaAOTO TIOA-
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Puc. 4. Hucao 3emaerpsicenuti B Touke (142,9°F, 52,85°N) —
cepepurHe adTeplIoKoBou obractu Hedreropckoro raas-
Horo ToAuka 04.1995. Bce coOBITHSI paCIOAOKEHEl B KpyTe C
IIEHTPOM B 3TOM TOUKE U YAOBAETBOPSIIOT CAEAYIOIIUM YCAO-
BUAM: K 8,0, H < 80 KM, 3IUIlEHTPAaABHOE PACCTOSHUE

L >
min —
PSRk = 2= 400 kM, (—1;< T, . = 2t5=2T0pa [Wyss et al., 2004].

max

pEerrvoHa, CoAep Kalllero o4ar 3eMAETPSICeHUs, B
9TOM K€ OKPECTHOCTH MarHuTyA y7Ke HAaAWIIO CTIaA,
(puc. 5, 6), T. e. mposiBAsIeTCsT 3PP EKT cericMuye-
ckoro 3artuibs [Chouliaras, 2009]. AaHHEI TpU-
Mep ITOKa3bIBaeT Ba’KHOCTb AOKAAU3aITUHN OOAACTH
HUCCAeAyeMOro (peHOMeHa.

CpeAr BO3MOKHBIX IPUYUH CEMCMUUYECKOTO
3aTUIIBA (PUTYPUPYIOT MOBBIIIEHNE IPOYHOCTHA
CpeAbl, U3MeHeHNe HAlPSIPKeHHOT'O COCTOSTHUS B
oyare BCAEACTBHE PA3BUTHs HEYCTOMUYUBOU Ae-
dopmanum, n3MeHeHne TeH30Ppa TEKTOHNYECKUX
HAIPsKEHUH M3-3a KpUIla Ha Pa3AoMe, IIEPEXOoA,
OKpYy’KaloIeH odar CpeAbl B KBa3UIIAACTUIECKOe
coctossuue [Coboaes, 2008]. ITo 3ameuanuio
I'. A. CoboaeBa «K HaCTOAIeMy BpeMeHHU (pusu-
YyeCcKue IPUYNHEBL, 00YCAABAMBAIONIVIE STBACHUS

200
150 rilﬁ
100 %
a0
1 ) 3 1 5 6 A
&

Puc. 5. 'pachuku roA0BOTrO X0AQ CEUCMUYHOCTH (HEKYMYASITHB-
HbIe) KaK (PyHKIIMU MarHUTYABI AAST ABYX ITEPUOAOB BPEMeEHN:
a— pnd Beelt I'peruu (34°—42°N, 19°—29°F), 6 — niopperuoHa
(37°—39°N, 20°—23,5°E); 1 —nepuop c 1998 o 2008 rt., 2— 3a
stk Mecsues 2008 r. [Chouliaras, 2009].
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CENCMMYECKOTO 3aTHIITBS ... 0OCYKAQIOTCS TOABKO
Ha ypoBHe runote3» [Wyss et al., 2004].

Mopaeas BO30yAUMOM CPeAB!, ITpepraras HeKo-
TOPOEe «COKpAIlleHHOe ONMMCaHNe» HAITPS KeHHO-
Ae(opMHUPOBAHHOTO COCTOSTHUSI CECMOTE€HHOU
CpeABI, AOAKHA Ha CBOEM SI3BIKe BBIPaskaTh CYIII-
HOCTH (PM3UYECKUX ITPOIECCOB, BEAYIINX K d-
(heKTy BOZHUKHOBEHUSI CEUCMUYECKOTO 3aTHIIIbS.
[MpucTynas K peaAn3aIiiuy 9TOTO IIAGHA, 3aITUIIEeM
mopens OXH (1), (1a) 6e3 pnddysunm (Toueunas
KMHETHKA) B BUAE KBa3UAUHENHOU cucTteMbl OAY
BTOPOTO TTOPSIAKA!

1 .. .

—2u+u=F(u,u), (8)
@

rae F— HeauHerHas QyHKIYS, ) — COOCTBEHHAsT

YacTOTa HEAMHEWHOT'O OCITUAASATOPA.

3Aech
wﬁ =¢(1-ya),
F(uii) = kyti = keytir® + by — v, )

k, =(a—sy)0)62, ky =y,

ks =ya(1—y)_l/3, o, =B(1—ay)71.

B opAHOMepHOM CAyUYae pacCMaTpUBaeTCs Kpae-
Bad 3apava Ha orpeske [0, L] ¢ ychoBuamu Au-
pHUXAe Ha ero KOHIAX, TaK YTO pellleHrue MOKHO
NIPeACTaBUTH B BHAe psipa Oypbe 1o KOCUHYCaM C
BOAHOBBIMU YHCAAMHU, KPAaTHLIMU k = /L.

VI3BeCTHO, YTO B CHUCTEMAX, COAep KallluX KyOu-
YeCKYI0 HeAUHENMHOCTh, Hanboaee 3(P(PeKTUBHEI-
MU SIBASIOTCS B3aUMOAENUCTBUSA MEKAY BOAHAMU
C cooTHOIIIeHneM mepruopoB 1:3 [Bacuawves u Ap.,
1987]. Takoro >xe mopsiaka OTHOIIIEHNE pa3MepoB
CMEe’KHBIX IT0 KPYITHOCTH OAOKOB B MepapXUuecKu
YIOPSIAOUYEHHOU OAOKOBOU cpepe [CapOBCKUM,
[Mucapenko, 1991]. ITosaToMy AAST ABYXMOAOBOM
Mopean Turia @ XH Mo>KHO CTPOUTb AMHAMIUECKYIO
CHUCTeMY yPaBHEHMH, CBI3bIBAIOIIYIO AMIIAUTYABI
epBoHu (4;) u TpeTbell (4;) Moa. Ha sToMm myTm
WITeM pellleHne B BUAE

u = Acos ¥ (4 coskr+ Ay cos3kr) (10)
rae dasza ¥ = oyt + ¢ . AASI IOAYyUEHNS YKOPOYeH-
HBIX yPaBHEHUU UCIIOAB3yeTCsa MeToA Ban aep Toasa
[PabunoBuMY, Tpyberkos, 2000].
IMoacTaBuB BeIpaskeHue (10) B ypaBHeHuUe (8),
AASI A€BOM YaCTHU €T0 IIOAYUUM
1. 244, sin ¥
—i+ty=———""——¢
COO CO()

0s kr —
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B. B. CIIMPTYC

244, sin'¥
@

cos3kr+0(p2), (11)

TAe
max [F(u,u)
—

AAs pacueTa MpaBOM 4YacTU ypaBHeHUs (8)
IIPUMEHSTIOTCS CAEAYIOIIE TOKAECTBa!

u:

1+ cos2kr
2
= Al T-'-

+A4, Ay (cos 2kr + cos 4kr) + 4 % '

(A, cos kr + Ay cos 3kr)2

=A13 3coskr+cos3kr+
4
coskr+2cos3kr+cos§krJr
4
+3A1A32 ZCoskr+cos45kr+cos7krJr
3cos3kr +cos9kr
2 .

(A4 cos kr + Ay cos 3kr)3

+34% 4,

3
+4;

BeIuncAsig BEIpaSKEHNE i’ B dyHKIUM F, TOAydaeM

tiu® = (Dj coskr+ Dy cos 3kr ) (B, + B, cos 2kr +

+B, cos 4kr + B cos 6kr) .
3Aech
D =4 (cos ‘I’Al -, sin V4, ) ,
Dy=4 (cos WA, — o, sin P4, ) |
AL+ 45 A
B, = A*cos’ ¥ 1 —3 | B, :71+A1A3,

A2
B, = 445, 36=73.

OTcropa, TpeHebperasi rapMOHUKaMU KpoMe
IIePBOU U TPeTbeU, MOKHO HAUTH, YTO

iu* = G, cos kr + G, cos 3kr ,
F =(k D, - k,G, + k3B, ) coskr +

+(k\Dy =k, Gy + kyBy ) cos 3kr — oy,

rAe
G, =D, (B, +B,/2)+D;(B, +B,/2),
G; =D; (Bo +Bs/2)+D1 (Bz +B4/2) '
3
B = Z(Al3 + A 44244 ),
62

RY 2 3
Bs_Z(Al F647 44343 ).

Takum 06pa3oM, pe3yAbTaT IOACTAHOBKH BEI-
paxeHnud (10) B ypaBHeHuUe (11) MO>XKHO 3anucarh
B BUAE

244, sin¥
[le1 — kG, + kB, +¢jcoskr +
@0 (12)
2A4; sin'¥
+(le3 —kyGy + k3 By +¢Jcos 3kr=a,.
g

YMHOKUM paree 00e yacTu ypaBHeHUs (12)
Ha sin ¥ 1 ycpepHUM 10 BpeMeHU. Toraa HeTpyA-
HO HOAYYUTH UCKOMYIO CUCTEMY aMIAUTYAHBIX
YPaBHEHUU:

a—gy 1

A =4 [T—g(Af +34, 4y + 442 )) :

; a-gy 103 2 3
A =A3T—§(Al 4 A+ 4.

(13)

Aerko ybepAnuThCs, 9YTO IIpU g =a — gy > 0 cucreMa
MMeeT YeThIpe COCTOSTHUSI PABHOBECHST, KOTOPHIEe
SIBASTIOTCSI YCTOWUYMBBIMU Y3AaMU, IIPUYEM TPHA
13 HUX PACIOAOKEHBI B He(pU3N4eCKOM 00AaCTH
(puc. 6). ABa yCTOMYUBEBIX y3Aa PACIIOAOSKEHEI Ha
0CH A3, DAAUIIC AP +34,45 + 447 = 4q BMecTe C 3TOI
OCBIO IIPEACTABASIIOT AB€ BETBU M30KAMHEI IIEPBO-
ro ypaBHeHus (13). Ha nepeceueHuu saaurica
U30KAMHOM BTOPOI'O YpaBHEHUs (KPUBasi TPETHEro
TIOPSIAKA) HAXOASITCS ABA ADYTHX YCTOMYMBBIX Y3A4.
Kaxk BUAHO 13 pHUC. 6, YacTh Pa30BLIX TPAEKTOPUY
n3 (pusmdeckon ooractu 4 > 0, 43 > 0 3aKaHIu-

A,
Bz

T
i i

FAWALQY

'\i---F""vl-n- i
it0
R Al et
I

il

Puc. 6. ®a30BbIH IOPTPET CUCTEMBI aMIIAUTYAHBIX YPaBHEHHUH
(12): 1 — ABe U30KAMHEI IePBOTO YPaBHEHNUs, 2 — U30KAUHA
BTOPOTO ypaBHeHUs, 3 — pacyeTHbIe (Da30BbIe TPAEKTOPHUH.
3Be3A0YKaMH OTMeUeHB] yCTOMUNBEIE Y3ABL [ToAe HarTpaBAeHM
MIOAYYEHO C moMoibio nporpaMmmbel PPLANEG.

TI'eogusuueckuti xyprnaa Ne 2, T. 33, 2011



OCOBEHHOCTH AMHAMUKHU CEUCMUYECKOH AKTUBHOCTH B MOAEASX...

BAETCS B yCTOMYMBOM y3A€ Ha OCH A3, ApyTast XKe
4acCTb YXOAUT B He(pU3MUECKYI0 00AACTB, IIepe-
cekast ocb A3 = 0.

TakuM 06pa3oM, ABYXUaCTOTHBIU PEKUM AN
AQHHOTO HEAVHEWHOTO OCIIUAASITOPA He yCTaHaB-
AUBAETCS, @ UMEeeT MeCTO KOHKYPEHIIUSI MOA, T. €.
OAHA M3 MOA TIOAABASIET APYTYIO. « BbIKUBaHmEe»
TOM MAM MHOU MOABI OITPEAEASIETCST HaYaAbHBIMA
3HaueHusIMu. [Topn00HBIN 3(p(PEKT N3BECTEH KakK B

CHHCOK ANTEpaTyphI

Bepesosckass ®@. C., Kapees I'. I1. Budypkanuu 6ery-
WX BOAH B ITOMYASIITUOHHBIX MOAEASIX C TAKCHCOM
// Ycuexu ¢us. Hayk. — 1999. — 169. — Ne 9. —
C.1011—1024.

BacuabeB B. A., Pomanosckulti FO. M., Axno B. I. ABTOBOA-
HOBBIe IIpoIjecckl. — Mocksa: Hayka, 1987. — 240 c.

IycmoBumenko b. I'., [IlycmoBumenko A. A. Murpanus
04YaroB 3eMAeTpsiceHult YepHOMOPCKOTO permuoHa //
Marepuansl 5 CeBaCTONOABCKOTO Me>KAyHap. ceMu-
Hapa «DyHAaAMeHTaAbHBIe U IIPUKAGAHBIE IIPOOAEMBI
MOHUTOPHHTA U NIPOTHO3a IPUPOAHLIX, TeXHOTeH-
HBIX ¥ COIIMAAbHBIX KaTacTpod». — CeBaCTOIIOAD,
2002. — C. 69—70.

Pabunosuu M. U., TpybeukoB A. M. BBepeHUE B TEOPUIO
KoAebaHUM 1 BoAH. — Mocksa: Hayka, 2000. — 560 c.

Cagosckuli M. A., TTucapenko B. @. CelicMuuecKui
npoiiecc B 6A0KOBOM cpepe. — MockBa: Hayka,
1991. — 96 c.

CmuprosB B. b. O1jeHKa AMUTEABHOCTU IIUKAA pas3py-
IIeHUusT AUTOCEPH! 3eMAN 10 AQHHLIM KaTaAOT'oOB
3emaerpsicennit // Ousuka 3eman. — 2003. — Ne 10.
—C. 13—32.

CoboaeB I'. A. CelicMOAOTHYECKHE OCOOEHHOCTH TIOA-
TOTOBKH ABYX CHUABHBIX 3eMAeTpsicenutt // Ousuka
3emau. — 2008. — Ne 11. — C. 20—30.

Cnupmyc B. b. ViccaepoBaHue reOCOAUTOHOB B KPBIMCKO-
YepHOMOPCKOM pPEeruoHe B MOAEAsix Tuna Ourii-
xbr0—Harymo // Teodus. xxypH. — 2008. — 30, Ne 5.
— C.91—-100.

Cnupmyc B. b. CBg3b 3BOAIOIIUN CECMUYECKOM aKTUB-
HOCTH C KWHETUKOU 9HEPTOHACKIIIIEHHOCTH CEUCMO-
aKTUBHOU cpepbl // Teodus. xypH. — 2005. — 27,
Ne 3. — C. 512—519.

TI'eogu3suueckuti xyprnaa Ne 2, T. 33, 2011

TEOPETUIECKON IKOAOTUH, TaK U B PAAMOIAEKTPO-
HHMKe: AByXKOHTYPHBIN aBTOTeHePaTop CIIoCoOeH
B 3aBUCHUMOCTHU OT TTapaMeTpoB paboTaThk B pe-
>KUMe TeHepalluum OAHOM UAU ABYX Mop [Pabu-
HoBHUY, Tpybenkos, 2000]. [TpeacTaBageTcs, 4TO
KOHKYPEHITUIO MOA MOJKHO CUUTATH (PU3UIECKUM
00BsICHEHWEM BO3HUKHOBEHUS CEUCMUIECKOTO
3a@THUIIBSI B paCCMaTpUBaeMOU MOAEAU BO30yAU-
MOM CPEABL.

Cnupmyc B. b., [IycmoBumenko b. I. OniicaHue sBA€HUS
MUTPAIUN CeMCMUYECKON aKTUBHOCTH B PaMKax
MoAeAer BO36yAUMBIX cpep // Aoka. HAH YkpauHsl.
—2005. — Ne 3. — C. 120—124.

YaomoB B. 1. BoaHBI ceicMOTeOAMHAMUYECKOM aKTUBU-
31U U AOATOCPOYHBIN POTHO3 36MAETPSICeHUT //
DOusuka 3eman. — 1993, — Ne 4. — C. 43—53.

Yaomos B. U., AanuroBa T. 1., Megsegesa H. C., I1o-
AsikoBa T. I1. O cericMOTeOAHAMUKE AMHEeaMeHT-
HBIX CTPYKTyp ropHoro oopamaenusgs CKudcko-
Typanckoi nantel // @usuka 3eman. — 2006. —
Ne 7. — C. 17—33.

Xoarogruok M., Kauu A., Kybuuek M., Mapex M. MeTopabt
aHaAM3a HeAMHEeMHBIX AMHAMHUYECKUX MOACACH, —
MockBa: Mwup, 1991. — 368 c.

Champneys A. R., Kirk V., Knobloch E., Oldeman B. E.,
Sneyd J. When Shil'nikov meets Hopf in excitable
systems // Siam J. on Appl. Dynamical Systems. —
2007. — 6. —P. 663—693.

Chouliaras G. Seismicity anomalies prior to 8 June 2008,
M,=6,4 earthquake in Western Greece // Natural
Hazards and Earth System Sciences. — 2009. — 9.
— P. 327—335.

Cross M. C., Honenberg P. C. Pattern formation outside
of equilibrium // Rev. Mod. Phys. — 1993. — 65. —
P.851—1112.

Tyson J. J., Keener J. P. Singular perturbation theory
of traveling waves in excitable media (a review) //
Physica D. — 1988. — 32. — P. 327—361.

Wyss M., Sobolev G., Clippard D. Seismic quiescence
precursors to two M7 earthquakes on Sakhalin Island,
measured by two methods // Earth Planets Space. —
2004. — 56. — P. 725—740.

63



