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BBISIBJJEHUE AHOMAJIBHBIX U3BMEHEHWI B MOHOC®EPHBIX
ITAPAMETPAX HA OCHOBE MOJEJBHOI'O TPEICTABJIEHUSA CUT'HAJIOB
KPUTHUYECKOMN YACTOTHI foF2

DETECTION OF ANOMALOUS CHANGESIN IONOSPHERIC PARAMETERS ON
THE BASISOF MODEL PRESENTATION OF CRITICAL FREQUENCY
foF2 SIGNALS

B.B. bozoanoe, O.B. Manopuxkoea,, 10.A. Ilono3oe
Hnemumym xocmoguszuueckux ucciedosanutl u pacnpocmpanenus paouosoan /[BO PAH

In the present report a new method of complicated structure signal processing is suggested.
Signal modeling was carried out on the basis of combination of wavelet-transform methods and neural
network ones. The suggested approach is discussed in the article on the example of processing of
registered critical frequency foF2 data of Kamchatka peninsula.

B mocneaue o6l B IPOTHOCTHKE XOPOIINE Pe3yJIbTaThl OBLIM MOKAa3aHbI HA OCHOBE
TEXHOJIOTUH, OCHOBAHHBIX HA HEMPOHHBIX CeTsX. Vcnonap30BaHME HEMPOHHBIX CETEH 371€Ch
MPEIOJaracT pacCMOTPEHUE 3aJayd  I[POTHO3MPOBAHMSA KAaK  3aJaud  MOCTPOEHUS
orobpakenuss F:X ® X,, tme X - MHOXKECTBO NPEAIMIECTBYIOMHUX MOMEHTY

MIPOTrHO3UPOBAHUS COCTOSIHUN MCCIENYEMOW JTMHAMUYECKON cucTeMbl S, X - MHOXECTBO

NpOrHO3UpYeMbIX cocTosiHMi  S[3]. B KkauecTBe BXOJIHBIX CHUTHAJIOB HCIIOJB3YOTCS
BPEMEHHBIEC DPsibl. YCIEX PEIICHMs 3a7a4d ITPOTHO3UPOBAHMS PEAJIbHBIX CTATUCTUYECKUX
JaHHBIX HAa OCHOBE ATOTO METOJa 3aBUCHT OT MHOTMX (hakTopoB. [lokazaTenn kauecTBa
MOCTPOEHHOTO Ha OCHOBE HEWPOHHBIX CETe OTOOpaXkKeHHWs, BO-TIEPBHIX, BO MHOTOM
OTIPENENSAIOTCA XapaKTepHCTHKaMH oOydaromero MHoxectBa X | X . 31ech urpaer poinb
MPEJCTaBUTEIILHOCTh UMEIOIIEHCST BEIOOPKH JaHHBIX, X 3aIlIyMJICHHOCTH, a TaKXKe CI0Cco0
MOJydeHUs OOYYalolIMX BEKTOPOB M3 OOIIEr0o MacchBa HUMEIONMUXCS JaHHbIX. Jlis
MOBBIIEHUS YPPEKTUBHOCTH MPUMEHEHUSI METOJ0B HEHPOHHBIX CETeH C Iebl0 00padoTKH
CHTHAJIOB CJIOHBIX CTPYKTYp ObUI pa3pa®OTaH MOAXOJ, MPENoJIararolluii mpUMeHEHHe
METOJIOB BEHBJIET-TIPeOOpa3OBaHUs COBMECTHO C METOJaMH HelpoHHBIX ceteil. [Ipomemypa
oOy4eHHsT HEWPOHHOW CETH BBIMOJIHACTCS JJIsi KOMIIOHEHT CHUTHAJa, IMOJYYEHHBIX I10CIHe
IIPUMEHEHHUS KOHCTPYKIUU BEHBJIET-TIPe0Opa3oBaHuUsI. bazoBoe BBIPAKECHUE
anmpoKCUMUpyeMoi  (QyHKIHMM, HampuMep, JUIs JBYXCIOWHOW HEHPOHHOH ceTH ¢
MOCIIEIOBATEIHHBIMH CBSA3SIMH BBITJISITUT B 3TOM CITydae CJIETYIOIUM 00pa3oMm:
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BEUBJIET, Yb‘o’k— COOTBETCTBYIOIIUH €My BOHCTBEHHBIH, | ,j ;| — QyHKUMH aKTHBAaUUH, W; —

BecoBble Kod(pduuueHTsl. [logobHOe mpeacTaBIeHne anmpoKCUMUPYEMON (QYHKIIMH MOKET
OBITh YCIOXXHEHO KaK MyTEeM YBEJIWYCHHS YHCIIa CII0OEB, U3MEHEHHEM YHWClia HEHPOHOB B
KaX/IOM CJI0€ HEMPOHHOW CEeTH, BBEIEHUEM IMEPEKPECTHBIX U OOPATHBIX CBA3EH B CTPYKType
HEHPOHHON ceTH, Tak M 3aMEHON KOHCTPYKLIMH KpaTHOMAcCIITaOHOTO aHaim3a Ipyrou
CYIIECTBYIOIIEH KOHCTPYKIIMEH MHOTOMACIITAOHOTO MPE/ICTaBJICHUS CUrHama [2].

JlaHHBIH 1OX0M OBLIT MCIONB30BaH I 00paOOTKMA CUTHAIOB KPUTUYECKOH YacCTOTHI
foF;[1]. C y4eToM ce30HHBIX OCOOCHHOCTEH CHTHaja, ObUIO PEIIEHO MPOHM3BECTH OOy4YCHHE
CeTH OTIENBHO JUIS KaXIOro ce3oHa. M3 curnama Oblla BBIJENEHA anpOKCHMHUPYIOIIAs
KOMITOHEHTa 4-T0 MacIITa0HOTO YpPOBHS JUCKPETHOTO BeWBIET-pasnoxeHus. Jlamee ObuIO
MPOU3BEJICHO  BEWBIIET-BOCCTAHOBIICHHME  KOMIIOHEHTHI  pas3jiokeHuss  0e3  ydera
JCTATU3UPYIONIMX ~KOMIIOHEHT (OHM MpEANOoJaraluch HYJIEBBIMH), YTO TIO3BOJIHIO
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BOCCTaHOBHTH MCXOJHYIO pa3MepHOCTh curHama. Ha puc.l, B kadecTBe mpumepa, MOKa3aH
pe3yJbTaT MpeaBapuTeIbHON 00pabOTKH TaHHBIX KpuTHUecKol yactoTel fOF, 3a 2001—- 2002
I.r. Ha OCHOBE KOHCTPYKIMH BeHBiIeT-ipeoOpa3oBaHus. UYepHBIM I[BETOM IOKa3aHBI
UCXOJHBIC J[AHHBIE PETUCTPAIlMM KPUTHYECKOW YacTOTHI, CEpbIM I[BETOM TIOKa3aH
BOCCTAHOBJICHHBII CUTHAJI JAHHBIX PETUCTPAIIMM KPUTHUECKOW YacTOTHI TOCIIE MPUMEHEHHS
MpOLEAYPHl  JUCKPETHOTO  BEHBIIET-pa3iokeHus Ha 4 wMacmTaOHBIH  ypoBeHb. B
BOCCTAHOBJICHHOM KOMIIOHEHTE aMIUINTyAa KoJjeOaHWil YMEHBIIWIACH IO CPAaBHEHHIO C
WCXOJHBIMHU JITaHHBIMH, TIOCKOJIKY YacTh HWH(POpMAIMU TMepenuia B JeTATU3UPYIOIINe
KOMIIOHEHTHI Pa3JioKeHUsl U 0011asi CTPYKTYpa CUTHaIA YIIPOCTHIIACH.
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Puc.1l. YepHbIM IIBETOM IOKa3aHbl JAHHBIC PETHCTPAIlMA KPUTUYECKOH 4YacTOThl (BEepXHUil rpaduk
comepxut nanubie 3a 2001 r., HwkHu — 3a 2002 T.), CepbIM I[BETOM IOKa3aH BOCCTAHOBIICHHBIN
CUTHAJl JIAHHBIX PEruCTpallid KPUTHYECKOH YacTOTHI MOCHIE MPUMEHEHHS NPOLEAYPhl JUCKPETHOr O
BeiiBIIeT-pa3iokeHuss Ha 4 MacmTaOHblil ypoBeHb (BepxHHUil rpaduk comepxut nanubeie 3a 2001r.,
HIDKHER —3a 2002 1.).

Jlanee Obula TOCTpOCHA JBYXCIIOMHAas CeTb NPAMOM Tepefadn CHUTHama C
CHUTMOUJIAIbHBIM U JHMHEHHBIM cliosMu (puc.2). CeTb 00ydanach ¢ MOMOIIBIO aIropuTMa
JleenOepra-MapkBapara. Ha Bxonx cetu momaBaiicss BeKTop umHOM 168 orcyeroB, 4To
COOTBETCTBYET IMEPUOJY BPEMEHHU CHATHS TMOKA3aHW, PAaBHOMY OJHOW Henene. J[aHHBbIN
MHTEpPBAI BPEMEHH ObUI ONpEIENCH KCIIEPUMEHTANbHBIM IyTeM. [IpoBepka Ha TECTOBOM
MHOJKECTBE MOKa3aJia XOPOIHe Pe3ynbTaThl padOThI STOM CETH.
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Puc.2. CtpykTypa HEHpOHHO# ceTH.

Ha pwuc.3 moka3an pe3ynbrar pabOTBI CeTH, B KadeCTBE TECTOBOW BBIOOPKH
UCIIOJIb30BAITCH BOCCTAHOBJICHHBIC JIAHHBIC KPUTHYECKOI 4acTOThl 3uMHero nepuoja 1983
r., ommbka cetn coctaBuia €=0,0026. [lanee uepe3 oOyueHHYIO CeTh OBUIM MPOMYIIEHBI
UCXOJIHBIC CHTHAJbl. B 9TOM cilydae ceTh Takke IOoKa3ajla XOpOIIWe pe3yibTaThl. B
OTIEJbHBIE MOMEHTHI BpPEMEHH HAONIOAANIOCh YBEIUYCHHE OINMOKH CEeTH, KOTOpPOe
CBHJICTEICTBOBAJIO O HAJMYHU B CUTHAJIC JIOKAJBHBIX aHOMAIBHBIX 0coOeHHOCTeil. Ha puc.
4, B KayecTBe NMpUMEpa, IOKa3aHa OIMMOKa padOTHl CETH MpPHU MoJaue Ha ¢ BXOJ CUTHAA
KPUTUYECKOW 4acTOThI 3uMHero mepuoja 1972 r. ComnocraBiieHUe BBISIBICHHBIX aHOMAJIBHBIX
MOMEHTOB B CHUTHAJIE C JaHHBIMH CEHCMHYECKOTO KaTajora Mokas3ajo, 4YTO B OOJIBIIMHCTBE
CllydyaeB OHU HAONIOAIOTCA HaKaHyHE ceCMHUYeCKuX cOoObITHMH. TakuM 00pazom, Ha OCHOBE
COBMECTHOTO IIPUMEHEHUS METOJOB HEHUPOHHBIX CETEM M KOHCTPYKLMU BEUBIICT-
npeoOpa3oBaHus, ObUIa TOCTPOEHA MOJETh HOHOC(EPHOrO mapamMeTpa, IO3BOJIMBIIAS
OTIPEJCTUTh MOMEHTHI M3MEHEHHUSI CBOWCTB CHI'HAla U HICHTU(PHUIUPOBATH UX HA MOMEHT
HAJIMYUSl aHOMAJIMi, MPHYPOUYCHHBIX K MPOIEccaM MOJIrOTOBKH CHIIBHBIX CEHCMHUYECKHX
coObITHi KamuaTckoro pernona.
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Puc.3. PesynbTar paboThl CeTH MpH MoJaye Ha €€ BXOJA BOCCTAHOBJICHHBIX JaHHBIX PETUCTPAIHU
KPUTHYECKOW YacTOThl 3uMHero mnepuoaa 1983 r. mocie MPUMEHEHUs NPOLEIypPhl JUCKPETHOTO
BeHBIIET-pa3ioKeHUs] Ha 4 MacITaOHbIA ypOBEHb (UEPHBIM I[BETOM IIOKa3aH BOCCTaHOBJICHHBIH
CHTHAJl PETHCTPallMi KPUTHUYECKOM 4acTOThl 3uMHero nepuopa 1983 r., cepbiM mBeTOM MoOKa3aH
MOJICNIBbHBII CUTHAIT).
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Puc.4.0mmbka cetr mpu nojiayue Ha ee BXOJl CHTHaJla KpUTHYECKOM 4acTOThI 3uMHero nieproaa 1972 r.
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AHAJIN3 NBMEHEHU B PACHPEJIEJIEHUU BEPOSITHOCTEM
CEMCMHUYECKHUX COBBITHUH 11O I''TYBUHE HA OCHOBE BEMBJIET-
PA3JIOKEHUN

ANALYSISOF CHANGESIN DEPTH DISTRIBUTION OF PROBABILITIES OF
SEISMIC EVENTSON THE BASIS OF EXPANSION INTO WAVELETS

B.B. bozoanoe, O.B. Manopuxoea
Hnemumym xocmouszuueckux ucciedosanuil u pacnpocmpanenus paouosonn J[BO PAH

In the present paper we suggest a method of detection of high seismic periods in Kamchatka
on the data of earthquake catalogue. Data processing is based on joint application of statistical
methods of modeling and wavelet-transform construction. The suggested approach allowed to find
anomalous characteristics in possibility variations of events in depth before strong seismic earthquakes
in Kamchatka.

C uenpio pa3pabOTKH KOMIUIEKCHBIX METOJIOB BBIJICICHHSI aHOMAJIHA, PUYPOYEHHBIX
K CHJIBHBIM 3eMIIeTpsACeHHsM m-oBa KamuaTka, ObuIM 00pabOTaHBl JaHHBIE CEHCMHYECKOTO
karajora Kamuarckoro permoHa, kotopbiii Bemercs ¢ 1962 r. TlonoxeHue, TpaHUIIHI,
pa3MelieHre 0YaroB 3eMJICTPSICEHUHN B CEcMO(OKATBLHOM CIIO€, U3MEHEHHE CeHCMUYECKOM
aKTUBHOCTH 10 OOBEMY O3TOTO CIIOS M3y4alOTCs C CaMOro Hayaja HMHCTPYMEHTAJIbHBIX
ceiicMmueckux wuccnefoBannii Ha Kamuatke. B mgaHHOW paboTe 3TOT OOJBINONW MacchB
JaHHBIX HWCIOJB30BAJICSA U TOTO, YTOOBI TPU IMOMOIIM COBPEMEHHBIX aBTOMAaTHYECKUX
METOJIOB 00pabOTKH HCCIIEI0BATh CBOMCTBA CEHCMO(MOKAIBFHOTO CIIOSI M POAHAIH3HPOBAThH
M3MEHEHHs] MHTEHCUBHOCTH COOBITHMH IO BPEMEHH, MO PACHOJIOKEHUIO SIHUIEHTPOB U IO
rinyouHe. B kartamore mpUBOAATCS BpeMsi BO3HUKHOBEHHS 3€MIICTPSCEHHH, KOOPIUHATHI
SMHIIEHTPOB, TIIYOMHBI OYAroB, SHEPreTUYECKHH KiIacc. 3eMIIETPSACEHHsS] 32 KOHKPETHBIH
MepUo/I BPEMEHH W Ul BHIOPAHHOM YacTH CEHCMOAKTUBHOW 00JIaCTH 0Opa3yroT MOJHYIO
rpynmny coOBITHH, a CEHCMHUYECKHE DPEXHUMBI OIMUCHIBAIMCH B BHJE COOTBETCTBYIOLIUX
3aKOHOB pachlpejienieHusi BepostHocTer [1]. 3aTteM cpaBHUBATUCH CEHCMHYECKUE PEKUMBI
OTJENBHBIX YYaCTKOB pErruoHa 3a pa3jiyHble MEpUOabl BPEMEHH, U aHAIN3UPOBAIHCH
peanbHbIe U3MEHEHUS B 9THX PEeKUMax, IPOSBUBIINECS B JIOKATHHOW 00IACTH 32 HEKOTOPBII
nepuoj BpeMeHu. B pabore aHanu3y ObLTH MOJBEPKEHBI U3MEHEHHS YacTOT (DOPMUPOBAHHS
3eMJICTPSICEHUH, UX TepepacrpesiesieHne Mo TiyOnHe. AHaiu3 ObUI BBHITIOJHEH HAa OCHOBE
BeliBIIeT-TipeoOpa3zoBanus. B kauecTBe ucciemyeMbix obnactell Opamuch mapauieTenune/Ibl ¢

ocuosanuem Dj ~ DI =1°" 1.5° u BricoToit H=100 kM. O6paboTke ObLIM MojBepkeHbl 14

CeiCMUYECKH aKTUBHBIX BOCTOYHBIX OOJIaCTel MOTYOCTPORA, HAXOJANUXCS B HHTEpRANC
koopuHar: 1o mupote — 50°-56°, o nosrore — 157°-163°. Bbino BEIGPaHO BPEMEHHOE OKHO
DT =1 roa u c marom paBHbIM OJIHOMY IOy OCYILIECTBJISUIOCH CKOJBXKEHHE IO KaTajory
OJTHOPOJHBIX MO MPEACTaBUTEIBHOMY dSHepretuueckoMy kiaccy (K>9)  coObituid.
Pacnipenenenne BepOSTHOCTEH pacCUMTHIBAIOCH B KaXKJIOW aHATM3UPyeMOi 00JacTH, Kak B
npejenax BpeMEHHOTo OKHA, TakK U 3a Bech aHanuupyemslii mepuos ¢ 01.01.77 r. mo 31.01.97
r. C menpio MpoOBENEHHs aHajM3a BapHallMii B paclpelielieHUs X BEPOSITHOCTEH B KaKJIOM
paifoHe ans Kaxaod TayOuHBI OBUIO ONpENeNIeHO €€ CpeJHee 3HAaYeHHe I10 BCEM
aHAIM3UPYEMbIM BpPEMEHHBIM OKHAM [,. Jlajee moJlydeHHBIE PSObl pacHpeneaeHus
BEPOSATHOCTEH CEWCMUYECKUX COOBITHH 1O TiOyOMHE OBUIM TIPEACTaBICHB B BHUJC
HEMPEepPBIBHOTO  BeWBIET-TipeoOpa3oBanus. T.k. 3HadeHWS KOI(PPHUIIMEHTOB BEHBIET-
peoOpa3oBaHms XapaKTEpU3yIOT pacIpe/ielieHie YHEpruu Ipolecca 1Mo macmradam, ObLT
BBITMIOJTHEH pacyeT CyMMBbI BeHBIET-KOI()(UIIMEHTOB 1O BCEM MAacCIITaOHBIM YPOBHSIM,
XapaKTepU3YIOIIeH pacipe/ieieHHe YHEPTrUH UCCIIeIyeMOro CUTHAA 110 TTyOuHe [2].

Ha ocHoBe aHanmm3a pe3ynbTaToB 00pabOTKH BCErO MAacCHBa JIAHHBIX OBLITU BBIICTICHBI
MPU3HAKK BO3PACTAHUSI CEMCMUYECKON aKTUBHOCTH B PA3JIMYHBIX paliOHaX MOJYOCTPOBA,
KOTOpBIE TPEANISCTBOBAIM MOTOKAM CHIBHBIX CecMHUYeCKHX coObiTHii Ha Kamuatke. 3a
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aHAJM3UPYEeMbI TMepuoa ObUIM 3aperHCTPUPOBAHBI TpU HamOojiee CHIIBHBIX IOTOKA
semierpsicennii. B 1980 r. B uwerhlpex paiioHax mnpouzounuio 9 3emieTpsceHUit
sHepreruueckoro kmacca ¢ K>13. B mepuon ¢ 1992 mo 1993 r.r. B pa3HbIX paiioHax
MoJIyocTpoBa Tmpomsonuio 12 3emumerpsceHuil sHepretmueckoro kmacca K>13. HawmGonee
CHIIbHBbIE COOBITHS Tipomsornutk Ha riyoune 40 kM, nBa ¢ K=14,6 u oxHo ¢ k=14,9. Tperwi,
caMblil CHITBHBIN TIOTOK 3eMIIeTpsiceHri, Habmroasncs Ha Kamuarke B mepuos ¢ 1996 mo 1997
r.r. B 3TOT nepuo/ Ha MOIyoCTpOBE MPOU30LLI0 26 3eMIIETPSCEHHH SHEPTeTUYECKOTr0 Kilacca
k>13, cambiM CWIBHBIM U3 KOTOpbIX ObuT0 KpoHomkoe coObiTme. HakanyHe Bcex Tpex
MTOTOKOB 3€MJIETPSCEHUI Ha OCHOBE MPEIIOKEHHON METOAMKH OBLITH BBIJENICHBI aHOMAJIbHBIE
O0COOEGHHOCTH B aHATU3UPYEMBbIX palOHaX, KOTOpbIE TMPOSBISUINCH B BHAE PE3KOTO
YBEJIMYEHUSI CYMMapHBIX 3HAYeHHH BEHBIET-KOA(P(HUIIMEHTOB B OKPECTHOCTSIX pa3HBIX
riyoun. B 1990 r. B paiionax ¢ koopauHatamu 51-52 rpaa. c.m., 158,5-160 rpan. B.x.; 51-52
rpan. c.u., 160-161,5 rpax. B.x.; 53-54 rpan. c.u., 161,5-163 rpaxa. B.a.; 54-55 rpaa. c.mi.,
161,5-163 rpan. B.x.; 54-55 rpan. c.am., 163-164,5 rpaa. B.4.; 55-56 rpax. c.m., 161,5-163
rpaj. B.J. IPOUCXONT MPEBBIIICHNE CPEIHEr0 3HAYECHHUSI BEPOATHOCTH COOBITHI OoJiee ueM B
1,5 pa3. B 1996 r. B 8 paifoHax MOJIyoCcTpOBa B OKPECTHOCTH MAJBIX IIYOWH MPOUCXOJIUT
pe3Koe YBEIMUYEHUE BEPOSTHOCTH COOBITHH Oonee yem B 1,5 pa3. Dt palloHBI HMEIOT
koopauHaTel: 50-51 rpax. c.mr., 157-158,5 rpan. B.x.; 51-52 rpan. c.m., 157-158,5 rpan. B.1.;
51-52 rpax. c.am., 158,5-160 rpan. B.4.; 51-52 rpan. c.m., 160-161,5 rpax. B.1.; 52-53 rpan.
c.m., 160-161,5 rpan. B.1.; 52-53 rpan. c.mr., 161,5-163 rpax. B.1.; 54-55 rpan. c.m., 161,5
163 rpaa. B.1.; 55-56 rpaz. c.mr., 161,5-163 rpaa. B.a. Ha puc. 2, 4 nokazaHbsl pe3yabTaThl
pacuera CyMMapHBIX 3HAa4eHHH BeWBIeT-K0d()(UIIMEHTOB, pacCUMTaHHbIE B Tpeaenax
BpeMeHHbIX okOH DT =1 rox mns paiioHoB ¢ xoopamHatamu 54-55 rpax. c.m., 161,5-163
rpaa.B.a. U 51-52 rpax. c.m., 158,5-160 rpan.B.n. Taxke Ha puc. 1, 3 moka3aHbl pe3ynbTaThl
pacuera BepOsSITHOCTEH 10 ITyOMHe, pacCUMTaHHBIC JUIS 3TUX pailoHOB 3a meproy ¢ 1990r. mo
1997 r.r. U3 rpaduxoB Ha puc. 1, 3 BUAHO, YTO B CPEAHEM OOJBITMHCTBO COOBITHIA B ITUX
paifoHaXx TPOUCXOMUT Ha MalbIX IIIyOMHaX. AHaJIM3 CyMMapHBIX 3HA4YeHUH BeEHBIET-
Kod(QQHUIIMEHTOB B paiioHe C KOOpAWHATAMU: 10 mmpoTte — 54-55 rpan.; mo gonrore — 161,5-
163 rpan (puc. 2), mokas3siBaeT, yTo B 1990 . MOXXHO OTMETHUThH YBEIWYCHHUE CYMMAapHBIX
3HAYeHUH BEWBIET-KOA(PPHUIMEHTOB U HX CMelleHHe B okpecTHOCTh rryonHs! 20 kM. B 1996
I. TakkKe HaOMIOaeTcsl pe3koe yBEIMYeHHE WX 3HAYEHUH B OKPECTHOCTH MajbIX TiyOuH. B
apyrom paione (puc. 4) Taxke HaOMIOAACTCs yBEIMYCHHE CYMMAapHBIX 3HAYCHHUU BEHBIICT-
kodp¢urmentop B 1991-1992 ror. u B 1996-1997 r.r. Takum o0pa3oM, Ha OCHOBE
MPE/UIO)KEHHOW METOJIUKM OBUT  BBIMOJHEH aHanmu3 (HOPMUPOBAHHUS BEPOSITHOCTHOM
CTPYKTYpBI pPACHpeleNieHHsT CeHCMUYECKHX COOBITMH TO TIIyOMHE HakaHyHE CHIJIBHBIX
3emyleTpsicéHM Ha KamuaTke M BBIJCIECHBl IIEPUOJbl IOBBIIIEHHOW CEHCMHUYECKOU
aKTHBHOCTH.
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Puc.1. 3HaueHus BEpOSITHOCTEW COOBITUI 1O TIyOHMHE, paccuutaHHou 3a mepuox 1990-1997 r.r., s
patioHa ¢ koopaunaramu 54-55 rpan. c.., 161,5-163 rpan. B. 1.
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Puc.2. CymmapHbie 3HaueHHs BeiBIeT-KO3(D(PUIIMEHTOB, pPacCYMTAHHBIC B TpEAeIaX BPEMEHHBIX
OKOH, paBHBIX 1 rojy, Jjs palioHa ¢ koopauHaTamu 54-55 rpan. c.i., 161,5-163 rpan. B. 1.
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Puc.3. 3HaucHMs BEpOSTHOCTEH COOBITHIA 1O TIyOMHE, paccunTanHoi 3a nepuon 1990-1997 r.r., ans
patioHa ¢ koopaunaramu 51-52 rpan. c.., 158,5-160 rpan. B.1.
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Puc.4. CymmapHbie 3HAYCHUS BEHBIICT-KOA((UIIMEHTOB, PAacCUMTAHHBIC B MpENENax BPEMEHHBIX
OKOH, paBHBIX 1 rofy, jjs paiioHa ¢ koopauHaTamu 51-52 rpan. c.m., 158,5-160 rpan. B.1.

PaGota BeIONHEHAa MpU (UHAHCOBOM MOJJICPKKE MPOEKTAa MO TMPOTpamMme
[Mpesunnyma PAH  Ne 16 (Ne xontpakrta 10104-37/T1-016/041-404/240507-003) 1 mpoekTa
MHTAC 06-1000013-8823.

Cnncok Jiuteparypbl
1. Borganos B.B. BeposiTHocTHasi WHTeprpeTalysi 3aKOHa MOBTOPSIEMOCTH 3eMJIETPSICEHUI Ha
npumepe Kamuarckoro pernona // Tokn. AH. 2006. T. 408, Ne 3. C. 393-397.
2. Jlobemmwm W. Jlecsath nekmwmii mo BeiiBieram / mep. ¢ anri. — Mbkesck | HULL «PerymsapHas u
xaotnueckas quHamuka». 2001. — 464 c.
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N3YYEHUE N3MEHEHUWI TOBEPUTEJIBHBIX THTEPBAJIOB JIJISI
BEPOSITHOCTEM NNONAJTAHUSI CEUCMHUYECKHNX COBBITHM B 3AJIAHHBIE
MUHTEPBAJIbI SHEPTETUYECKOI'O KJIACCA HAKAHYHE KPYITHBIX
3EMJIETPSICEHUM

STUDY OF CHANGES OF CONFIDENCE INTERVALS FOR PROBABILITIES OF
THE HIT OF SEISMIC EVENTSIN THE GIVEN INTERVALS OF AN ENERGETIC
CLASSBEFORE STRONG EARTHQUAKES

B.B. Bozoanoe, A.B. Ilasnoe
Hnemumym xocmoguszuueckux ucciedosanutl u pacnpocmpanerus paouosoan /[BO PAH

Inthisreport an algorithm of calculation of confidence intervals for probabilities of the hit of
seismic events in the intervals of an energetic class is presented. We considered the dynamics of
changes of confidence intervals for energetic class and depth interval distribution of seismic events
before the Kronotskoe earthquake on December 5, 1997.

[Ipy TeopeTHUKO-BEPOSTHOCTHOM DPACCMOTPEHUHU Karajaora CEUCMUYECKUX COOBITHI
KKJ0€ 3eMIIETPSICEHHUE pacCMaTPUBAETCS KaK AJIEMEHTapHOE COOBITHE W, B MPOCTPAHCTBE
anemeHTapHbiX coObiTHii W [3]. Kaxkmoe eamHMuYHOE COOBITHE Wi XapaKTepU3yeTcs
CHCTEMO¥ CITyYailHbIX HEMPEPbIBHBIX BEJIIMYMH. SHEPreTHUECKHM KjaccoM K, muportoit |
nonrotoit | | rnyounoit h, Bpemenem t. Bpemss H3 CHCTeMbI CIIydallHBIX BEJIHYUH
uckimogaercs. CeHCMUYHOCTh BCETO PETHMOHA WJIHM €ro BBIOPAHHOW YaCTH paccMaTpUBAETCS
KaK TIOJIHAs Tpynmna COOBITHI W ONMHUCHIBACTCS B BHUAC PACHPENCICHHA YCIOBHBIX U
0e3yCIOBHBIX BeposTHOCTEH P, mMeromux yacToTHOe mpescTabienne. CiaydaifHpie COOBITHS
OTIPENICNISAIOTCS KaK KOMOWHAIIMK CUCTEMbI ClydaiiHbiX BenwuuH K, ,| ,h B MHOXecTBe F.
3TO MO3BOJIAET MPEACTABUTH KATAJIOT CEMCMUYECKUX COOBITHH 3a Tepro] HAOMIOIEHUH Kak
BEPOSATHOCTHOE MPOCTPaHCTBO Tpex 00bekToB {W,F,P}u naer BO3MOXKHOCTH BBIUHMCIATH

pacmpesiefieHuss BEPOSATHOCTEW JUIS Pa3IMYHBIX CIIy9alHbIX CcoObITHH. Ecimm 3akoH
pacrpe/ie/ieHUs] CUCTEMbI CITydailHbIX BEJIMYMH 3a/1aH B aHAJTUTUYCCKON (popMe MmocpeicTBOM
¢byukuuu pacnpeneneaus F(j ,l,h,K) wim ee mmornoctu f(j ,l,h,K), To mo crammapraeiM

dbopMyiaM MOXKHO HAWTH 3aKOHBI pACHpeNeleHusT OTACIbHBIX BEIWYWMH. B Hamei
MOCTaHOBKE HawnboJiee JIOTHYHBIM SIBJISIETCS OOpaTHOE MpEACTaBJICHUE 3a/1aud: TI0 3aKOHaM
pacrpesieieHus] CIy4alHbIX BEJIMYMH TOJYYUTh 3aKOH paclpelereHus cucrembl. [l
HEMPEPBIBHBIX BEITUYMH BEPOSATHOCTH TIOMAJAHUS CIYyJalHBIX COOBITHH B 3aJaHHbBIC

uHTepBabI 110 wupote O i, noarote DI j, rmyoune Dhm u o knaccy DKn BeIYuCIsIIOTCS 1O
dbopmyre:

j2 12 hy Kk
P(Dj ;,DI j,Dhy,,Bk,) = odj od ¢ah of (kj 1 ,h)dk =

i oKk
FG ! 5 NmoKn) = FG i) o101, Kne1) = PO )7 PO {[D} )" P(Ohy[D .0 )
I:)(l:)kn“:)hm’l:] j1Dji)! (1)
rae I, j, M ¥ N — WHACKCHI, COOTBETCTBYIONIUX MHTEPBAIOB CIYYaiHBIX BEJIMYHH. B 3TOM
BBIpQKCHUU TPHUHATHI oOo03HayeHus: f(j) — Oe3yclioBHas IUIOTHOCTb pacHpeeTeHHS
coObItuii B 3aBucuMoctd 0T | ; f(I|j) — mmorrocTs pacnpenenenus coGbituii mo | mpu
YCIIOBMH, YTO IIMPOTA paBHA | ; f(h|j ,|') — mJIOTHOCTH pacmpenenenus mo h mpu ycioBuH,
9TO IMHUPOTa H JOJTOTa COOTBETCTBEHHO paBHBI | u | ; f(k|| ,j ,h) — mnoTHOCTH

pacripeiesieHus 1o K mpu ycioBuH, 4TO J0Jr0Ta, IMIMPOTa U TIIyOMHA COOTBETCTBEHHO PaBHbI
[, ] u h.IlogoOHBIM 00pa30M BBIUUCISIOTCS M 0€3yCIOBHBIC 3aKOHBI paclpeeiICHUs s

Bcex ciydaiineix BenuuuH K, | ,h, a Takke pasnuuHble KOMOMHAUMU I yCIOBHBIX
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Puc.1. Pacmpenenenne BeposSTHOCTEH
MOMAaJaHus CEUCMHUYECKHX COOBITHIL B
THTEeNRATKRI Y HEeNTeTunuUecCKOro KmaccAa .

rpaduKy  pacrpeneieHuii  BEPOSTHOCTEH
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3aKOHOB  paCIpeesICHUs OT  3THX
nepeMeHHbIX. OOpaboTka Kartajora TIO
MIPUBEACHHON (opMyJsie 1aeT BOZMOKHOCTh
BBIYHCINThL  YaCTOTHI  BO3HMKHOBCHHS
CEMCMHUYECKUX COOBITHH B TOM HJIM HHOM
3aJJaHHOM WHTEpBaje H3MCHCHHUS
ciydyaiHeix BenuunH D v momydyuTh
3HAYCHUS b yHKITIT pacrnpeeneHus
KD ,D ,Dh,Dk) [1].

PaccmoTtpum pacrpeneneHust
BEPOSITHOCTEH CEHCMHUYECKHX COOBITHH,
XapaKTepU3yIoL1e nonajgaHus
CEHCMHYECKUX COOBITUH B  3a/JaHHBIC
MHTEpBAIIBI DHEPreTHYecKoro kiacca. Ha
puc.1 IIPEACTABIICHBI CTJIaKEHHBIE

CEMCMUYECKUX COOBITMH MO HMHTEpBajam

sHepreTudeckoro kiacca AK=1 HauwmHas ¢ mpeacraBuTeNbHOrO Kiacca k=9 u riyOuHbI B
uatepBane 0<h<100 3a mepuox 1.1.1962 — 31.12.2006 r.r. i BOCBMU CEHCMOAKTHBHBIX
oOacTeil, KOOPAWHATHI KOTOPBIX MPHUBEIEHBI B Ta0bmuie 1.

S A@=51° —52° c.m1., A=157° — 158,5° B.1

S Ap=53° —54° c.i1., A=160° — 161,5° B.11.

S A@=51° —52° c.i1., A=158,5° — 160° B.1

S A@=53° —54° c.i1., A=161,5° — 163° B.1.

Ss Ap=52° —53° c.n1., A=158,5° — 160° B.1

S Ap=54° —55° c.i1., A=161,5° — 163° B.1.

Sy A@=52° —53° c.m1., A=160° — 161,5° B.1.

Ss A@=54° —55° c.i1., A=163° — 164,5° B.11.

b
0f ; ;

110 S -
[ALN 5 -

o4} i L

] f-._. k
12 1 : T

Puc.2. JloBeputenbHble WHTEPBAIBI IS
BEPOSATHOCTEHW TOMaJaHus CEMCMUYECKHX
COOBITHI B HWHTEPBAJIBI JHEPreTHYECKOTO
KJacca.

Tabauua 1.

Pa3bpoc 3HaueHUi BeposATHOCTEH ISt
KQ)XJIOTO WHTEpBAJIa YHEPreTHUECKOTO Kiacca
CBSI3aH C TEM, YTO KOJMYESCTBO 3EMIICTPSICCHHIA
Pa3IMYHO JUIS KaXJI0H M3 pacCMaTpUBAEMBIX
CEHCMOAKTHBHBIX oOJacTeld ©  SBISICTCS
cinydaitHoil BenuuuHOM. COOTBETCTBEHHO U
BEPOSITHOCTh  TOMAJIaHUsI  CEHCMUYECKOTO
coObITHSI B 3a/IaHHBIN WHTEpBAJ
sHepreruueckoro kmacca AK maas  xaxmoi
obnmactu Oynmer ciydaiHOW BenwuuHOU. Jlis
paccMaTpuBaeMbIX 00JaCTe ¢ HEKOTOPOit
BEPOSITHOCTBIO 3 MOXHO  OIpPENCIHTH
uHTEpBaT |g, B KOTOPBIN MONAIyT BEPOSATHOCTH
COOBITHIA JIJII HWHTEpBaJla JHEPTrEeTUIECKOTO
knacca AK [2]. Haitném Takoe 3HaueHUe €, s

(2)

apupmMeTHIecKoe

KOTOPOTO Pqp* (DK) - p(Dk)| <eb):b :

rie  p (Dk)-
BEPOSITHOCTEN

cpenHee

CEMCMUUECKUX COOBITHIA,

MOTAIAI0IINX B MHTEPBAN dHEepreTudeckoro kiacca AK mns obnacreit S (1 <1< n), N —yucio

paccMaTpuBaeMbIX

CEMCMOAKTUBHBIX 00JIacTEN;

p(Ck) — BEpOATHOCTh IOMAJAHUS

CEMCMUYECKOTO COOBITHSI B WHTEPBAI dHEpPreThueckoro kimacca AK s ceficMOakTHBHOM

obnactu S. [epenuuiem (2) B BUE:

Plp" (DK) - &, < p(Dk) <p’ (DK) +e, )=b

3
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PaBenctBo (3) o3Hauaer, YTO C BEPOATHOCTBIO [ HEM3BECTHOE 3HAUCHHE BEPOSTHOCTH
p(DK) momaaet B IHTEPBAJ:

I =(p" (D)~ & P’ (D) +e). (4
Bynem cuutath, uTO pacmupenenenue BepostHocTe P(Dk) OMM3KO K HOPMaJIbHOMY 3aKOHY.

[Tapamerpamu 3TOro 3aKoHa OyayT MaTeMaTHYECKOe OKHJaHHE M U CPEIHEKBAIPATHIECKOE
OTKJIOHEHHE G

n
& p; (DK)
m== (5)
n
a (pi(Dk) - m)’
e . 6
— (6)
Tak xak p(Dk) pacrpemeneHo mo 3akoHy OJU3KOMY K HOpMaTbHOMY, TO
* * % 0
Plo (0 - p(Dio|<e, =27 Y- 120, @)
esg

rae F’ - HopManbHas GyHKIHUS pacipe/ieeHHs.
W3 Beipaxenus (7) MOJydrM BEIMYMHY OTKIOHEHHS OT CPEIHETO’

e, =sargF " 2P0 ®
e2 g
rae argF " - QpyHKuIMsA, 0OpaTHas HOPMAaNbHON (GYHKIMM pacupeneneHus F .
Mo>kHO 0003HAYUTH
ty =argF*aé+—b9, 9)
e2g
ToTIa
€p =S Ap. (10)

C yuérom dopmyn (4), (5), (6) u (9) rpaHHIBI TOBEPUTEIHFHBIX HHTEPBAJIOB BHIYUCIISIOTCS B
BUJIC!
I, =(m- soty; m+soty). (11)
Ha puc.2 mpexncraBieHsl JOBEpUTENIbHBIE HWHTEPBAIBI IS JOBEPUTEIHLHOM
BeposstTHOCTH  [=0.95, BbIUMCIEHHBIE 11 PACCMOTPEHHBIX BBIIIE  PACHpEICTICHHNA
BEPOSITHOCTEH CEHCMUYECKUX COOBITHIA 10 MHTEpBaJlaM Hepreruueckoro kiacca AK=1 ms
uHTepBaia riayoussl 0<h<100xkm.

PaccmoTpuM M3MEHEHHE TOBEPUTEIBHBIX MHTEPBAIOB Ul BEPOSTHOCTEH IOIAaHUS
CECMHYECKUX COOBITHI B HWHTEpBaJbl JHepretmueckoro kiacca AK=1 um B WHTEpBabI
rinyounsl Ah=1km HakanyHe KpoHoukoro 3emierpsicenns 5.12.1997 r., nus oonacrer S (1 <
I <), KOOPJMHATHI KOTOPBIX yKa3aHbl B Tabmuie 1. PaccMaTpuBaeMblii BpeMEHHOM HHTEPBA
1.1.1993 — 4.12.1997, npexamecTBoBaBIHi KpoHOIIKOMY 3eMJICTPSCEHUIO, OBLT pa3OoUT Ha
MEpPUOJbl JIUTENBHOCTBI0O B 1 roxa. Ilo Bbllle ONMMCAHHOMY aIrOpPUTMY MAJs KaXKJ0TO
UHTepBaja TiyOMHbl AN OBUIM BBIYKMCIICHBI JOBEPUTEIbHBIC WHTEPBAIBI Ul BEPOSITHOCTEH
MOTaaHus CEHCMHUYECKUX COOBITUH B HMHTEpBajbl SHeprernyeckoro kmacca AK. s
Ka)X/IOTO BPEMEHHOTO WHTepBaia Ha puc.3,4,5,6,7 mpencraBieHbl TPEXMEPHBIE AUArPaMMBI
st BenuuuHbl €, (Dh,DK), paBHOW MOJIOBMHE JOBEpPHUTENbHOTO HHTepBaia. Ha pwuc.3

MaKCHUMAaJIbHOE 3HAUYECHUE €, TMPUXOAUTCS Ha UHTepBal riayounsl 40-41 kM, Ha KOTOpOM Ha

wiomagsix S; u Sy B 1993 rony npousonum celicMuueckue coObiTus ¢ kiaccom 14,9 u 14,6
coorBercTBeHHO. Haumnas ¢ 1994 rona (puc.4) mpouCXOauT TMEpecTpoiika CEHCMUYECKOTO
peXHMa Ha pacCMaTpUBAEMBIX IUIOMIAJAX, U MaKCUMaJbHOE 3HAUEHUE €, CMEIIAeTcsl Ha
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Puc.3. Otknonenus or cpemnero &(hk)

. Puc.4. Otknonenus or cpemnero &(hKk)
TSt BEPOSITHOCTEIH nomaaaHus

N . JUIst BEPOATHOCTEN TonagaHus
CEMCMHUYECKMX COOBITHI B WHTEPBAJIbBI o .
CEMCMHUYECKUX COOBITHI B WHTEPBAJIbBI

TIyOMHE M SHEPIEIHHECKOTo Klacca 3a TIyOMHBI M SHEPreTUYECKOro Kiacca 3a
(5004 () 1.1.1993-31.12.1993 TS nepuon 1.1.1994-31.12.1994 s
noBepuTenbHOU BepositHocT 0,95. JIOBEPHTENBHOM BeposTHocTH 0,95,

Mmanble Tayounsl. B mepuon 1.1.1996 — 4.12.1997 r.r. MakCUMyM €, YCTaHABJIMBAETCS IS
uHTepBaia ryoun 5-6 km (puc. 6,7). B 5.12.1997 na rnyoune 4 km npousonuio KpoHorkoe

gelhHl gelhHl
0%, ax.
03, i 03,
0.2, i ; 02,
02 L : 0z
014 1L
0.1

0

0,

S5 e

Puc.5. Otxionenust or cpeanero (h,k) mus Puc.6. Otkionenus ot cpeanero €(h,K) mis
BEPOSATHOCTEW TONAJAHUS CEHCMHYECKUX BEPOSATHOCTEW IMOMNaJaHusl CEHCMHUYECKUX
COOBITH B  MHTEpBajbl TIyOMHBI | COOBITHI B HMHTEpBANbl TIYyOMHBI U
JHEPreTUYECKOro  Kjlacca 3a  MEPHOJ SHEPreTUYECKOro  Kjlacca 3a  MEepPHOJI
1.1.1995-31.12.1995 s nOBEpHUTEIBHOM 1.1.1996-31.12.1996 s JOBEPUTEILHOM
BepositHocTr 0,95, BepositHocTr 0,95,

3eMJIETPSICEHUE C DHEPreTUYecKuM Kiaccom K=14,9.

Takum obpasom, s oOmeit obnactTu Sy, BKIIOUaromeil B ceds Bce IUIOMAAU S
(1<i<n) MOXHO OMNpENETUTh JOBEPUTEIbHBIC MHTEPBANIBI Ul PACTIPEIICIICHHUS BEPOSTHOCTEH
CECMHYECKUX COOBITHI 10 MHTEpBAJaM 3HEPreTHUYECKOro Kiacca W TIyOMH Ha OCHOBE
COOTBETCTBYIOIIMX BEPOSITHOCTEH, BBIYMCICHHBIX JUIS KaKIOW mwiomaad S. Benuuuna
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Puc.7. Otkmonenus ot cpeanero e(h,K) mis
BEPOATHOCTEN IonaIaHus CEICMHUYECKUX
COOBITHd B WHTEpBajbl  TIAYyOWHBI H
sHepreTHyeckoro kmacca 3a mnepuoxn 1.1.1997-
4.12.1997 nys  NOBEpUTENBbHON BEPOSTHOCTH

0,95.

PaGora BmImONHEHAa TmIpH
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¢buHAHCOBOM

ITOJIOBUHEC

&(Ch¥
JIOBEPUTEIBHOTO HMHTEpBajla M MPSIMO
POIOPIMOHANBHA  JUCIEPCHH  O-.
Veennuenne €,(Chk) Ha Kakux-1moo

paBHa

uHTepBaiax TayomH Ah wm kmacca AK
CBHUJIETENILCTBYET, Kak cienyer u3 (6), o
pocTe JUCHEPCHUH JUIS BEPOSTHOCTEH,
XapaKTePU3YIOIINX MoTajaHue
CEUCMUYECKUX coObITHII B 9TH
uHTEepBaNbl. Takum 00pa3oM, U3MEHCHHE
BennuuHbl €,(CNIK) cBuaerenscTByeT 00

U3MCHCHHUN JTUHAMHWKH CEMCMUYECKOTO

pexuma obmactu Sy, Makcumym
& ([hX) rnomnajgaer B HMHTEpBAl
sHepreThdeckoro  kmacca 9-10 wu
pacIioyNiokeH B MHTEpBaJie TIyOuH 5-6kM
(puc.7). B paiioHe DOTOH TIYOHUHBI
5.12.1997 r. mnpomsounuro Kponoukoe
3eMJIETPSICEHUE.

MNOAACPIKKE IMPOCKTa II0 MIpOorpaMme

[Mpesumnyma PAH  Ne 16 (Ne kontpakra 10104-37/T1-016/041-404/240507-003).

Cnucok JMTepaTypbl

1. Boraanos B.B. BepositHocTHast HHTepIpeTays 3aKOHa TOBTOPSIEMOCTH 3eMIIETPSICEHUH Ha
npumepe Kamuarckoro pernona // JIAH. 2006. T. 408, Ne 3. C. 393-397.
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Bentuens E.C. Teopus BepositHocTel. — M. : Beicmas mkomna, 1999. — 576 c.
Konmoropos A.H. OcHoBHBIE TIOHSATHS TeOpHH BeposiTHOCcTel. — M. : Hayka, 1974. — 120 c.
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CTATUCTHYECKHE MOJIEJIN TUHAMUKA CEUCMHUYECKOM
AKTHUBHOCTH

STATISTIC MODELSOF SEISMIC ACTIVITY DYNAMICS
C.I'. Banees, B.A. @®acxymounosa
Vavsnoeckuii 2ocyoapcmeentblil mexHu4ecKuti yHugepcumem

Dynamic regression modelling (DRM-approach) methodology, methods, algorithms and the
software for processing of average characteristics of seismic activity (magnitude, depth of the centers
and quantity of earthquakes), represented as time series are considered. The DRM-approach provides
an opportunity of searching the best sets of parameters in terms of mean-square error, the analysis of
the quality of time series models on the internal, mixed and external measures, diagnostics of the
basic conditions observance of the least-squares method application. The results of the analysis of
solar-terrestrial connections are generalized at coprocessing of solar activity series (Volf's number),
position of barycenter of the Earth - Moon systems, including data on seismic activity (the World
catalogue of earthquakes in 1995-2004).

BBenenune

B noxmane paccMarpuBaroTCs INpeIBapUTENbHBIE PE3YNbTaThl aHAIM3a TII00ATHHBIX
JaHHBIX CEHCMUYECKON aKTHBHOCTH, TPEJICTABICHHBIX B BUAE BpeMeHHBIX psjoB (BP) u
00pabOTaHHBIX B paMKaX IMOJX0/1a JHMHAMHYECKOTO PerpeccCHoHHOro MojenupoBanus (JJPM-
noaxona) [1, 3].

[MenssMu ucciien0BaHUN SABIIAIOTCA. - INOJydeHHe monened BP celicMoakTHBHOCTH B
BHUJIE ONTHUMAJIbHBIX JIUHAMUYECKMX PErpeccuil Juid ONHUCAaHUS CHCTEMAaTHUKU U
IIPOrHO3UPOBAHUS; - OLICHKA CTENEHH B3aUMOCBSI3HU MEXK/Y IeIM0AKTHBHOCTBIO, MTOJIOKEHUEM
OapurieHTpa cuctemsbl 3emiisi-JIyHa U reoceiCMUYecKOi aKTHBHOCTBIO.

B paznene 1 BkpaTie paccMaTpuBarOTCs OCHOBHBIC ToJiokeHus JIPM-moaxona, B 2 —
ero mporpaMMHoe oOecrieueHue; B pazuenax 3, 4 u 5 — mpeaBapuTenbHBIE PE3YIHTATHI
00pabOTKN JECATUIIETHETO PsJia JAHHBIX MO TJIOOATBHOW T'e0CeHCMUYECKONW aKTUBHOCTH U
aHaJIM3a COJIHEYHO-3EMHBIX CBS3EH.

1. MeTo0m0/10THS1 AUHAMUYECKOT 0 PErpeCCUOHHOI0 MOJAC/INPOBAHUS

IIpn ananu3e BpPEMEHHBIX pSAJOB IIOCIEIOBATEIBHO PpEATU3YIOTCA OTalbl. —
rpaduUeckoe MpeJCTaBIeHHEe U OMHMCAaHUE MOBEICHHs BPEMEHHOTO psifa; — BBIJACICHHE U
yaJIe€HUE HECIy4alHbIX COCTaBIISAIOIIMX BPEMEHHOTO psijJia, 3aBUCAILLIMX OT BPEMEHHU: TPEH/a,
CE30HHBIX, HU3KO- MJIM BBICOKOYACTOTHBIX M IMUKINYECKUX COCTABIISIIOIIMX; — UCCIIEIOBAaHUE
CIIy4alHOM COCTAaBJISIOIIEH BPEMEHHOIO PsiJia, OCTABUIEHCS MOCIE YAAIEHUS NEPEUMCIECHHbBIX
BBIIIIE CTPYKTYpP; — TMOCTpoeHHe (Moa00p) MareMaTHYecKOW MOJENM Ha KaXJIOM ITarle,
IIPOBEpKa €€ aJleKBaTHOCTH, IMarHOCTHKA HApYILIEHUs YCIOBUM €€ MPUMEHEHHUS], aJlanTalus B
cllyyae  HEOOXOJUMOCTH, — MPOTHO3UPOBaHME OyAyIIEero  pa3BUTHS  Ipolecca,
npezacraBienHoro BP [1]. Bce atu arambl peann3oBaHbl B aBTOMAaTH3UPOBAHHON CHCTEME
JMHAMHYECKOTO perpeccuonHoro moaenupoBanus (AC JIPM).

2. [IporpammHoe obecrieyenune

[Mporpammusblii  komruieke [3] uMeer mupokuii Habop mnpoueayp U (GyHKIUIA,
HEOOXOAMMBIX JIJIsl IETabHOTO aHaym3a CBOWCTB BP, MonenupoBaHus, IpOTHO3UPOBAHUS, a
TaKKe€ JUArHOCTUKU HApyLIIEHUW YCJIOBUM INPUMEHEHHs METOJAa HAaUMEHBIIUX KBaJpaToB
(MHK) u o1ieHKH KauecTBa MOJIENIEH 10 Pa3InYHBIM KPUTCPHSIM.

B makere peann30BaH COBMECTHBIM CIIEKTPAJbHBIM aHAIW3, IPEIHA3HAYCHHBIA IS
U3Y4YCHUS B3aMMOCBSI3el MEX/1y TAPMOHHKAMH JIBYX BPEMEHHBIX PsIOB [5].
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3. Moaeju THHAMUKHI Fe0CceiicMUYEeCKOil AKTUBHOCTH

B kadecTBe WCXOAHBIX JaHHBIX OBUIM B3ATHl JaHHBIE TI0 T'eOCEHCMHUYECKON
akTMBHOCTH (TyOMHA, MarHuTyla W KOJHMYECTBO 3EMJICTPSCEHUIT), MOJYYCHHBIC W3
MupoBoro Ilentpa [amneix mno ¢usuke TtBepaoii 3emumn 3a  1995-2004 rombl
(http://www.wdch.ru/sep/dataru.hntml). [Ins dopmupoBaHuss BpeMEHHOTO psifia OHH OBLIH
YCPEIHEHBI 10 Mecsiam [4].

Mooenuposanue ceiicmuueckou akmuenocmu (2nyouna). Ha nepBom srare aHaiamnsa
TaHHBIX B pamkax JIPM-moaxona mpoBepsieMas THIOTE3a O CTAlMOHAPHOCTH psija Oblia
OTBEPrHYTa ¢ BepOATHOCTHIO 95%.

Koneunass Mopens s psaa NpelcTaBlIeHa CYMMOM KBaJpaTUYHOTO TpEHJA,
nepruoandeckoro Tperaa u punsprpa Kanmana:

X(t)=39,038+102* t - 0,008* t* +1,967Dsi néﬁ—"t+180-+ 5,435 n(;‘@—"t- 47,762+
(%]

+19 464 nQT"t +79,472+ 6,3200s n@?"t +208,152 +8,87> ngﬁ?"t +200,122
a e a a

+12,355s ng— +6, 44969+ 7,7796 née?_ +92, 47°+ 15,3228 ngﬁ—"t -37, 99@

+18,2126 0 +115, 072+ 19,2056 r +186,26- 0,947* e(t -1) +2 (t) + n(t),
13 24
e 9 e 4]

rae X(t)-naOmroneHust B MOMEHT BpeMmeHu t, e(t) - octarok, Z (t) - He3aBHUCHMBIE ClydaiiHbIC
BennuuHbl, N(t) —rayccoBckuit 6enpiii mym; CKO = 35,701, s, = 20,14,

Hcnonkzyembie st oneHkd TouHocTH mporHo3a CKO W Sa BBIYHCISUIMCH 10
bopmymnam:

CKOZE:JS‘ v+ 9)° (0= ),

k

s, =/aD k- p),

rie N — KOJIMYecTBO HaOoeHu, K —00beM KOHTPOJIbHOM BBIOOPKH, P — YUCIIO ClIaracMbIX B
Mozaenu, D=y, - fli ; mist CKO 'y, - nabmopeHus, ))/i - 3HAUYEHMs], BBIUUCISEMBIE IOCIE

onpenenenuss MHK-omieHOK; st Sy Y, — HaOiro1aeMoe 3HaYCHHE OTKIIMKA Ha UCCIIeTyeMOM

unreppaie (20% oT WCXOIHOTO), ))/i — €ro MNpOTHO3 — 3HAYEHMs], BBIYUCIISIEMBIC IO
KOMILJIEKCHOW MO 1eTTH, mocTpoeHHoi 1o 80% naHHBIX.
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Puc.1. I'paduku HaOMIOMEHUN 1 KOMILIEKCHOW MOJIEIH

Ha puc.1 cuauM 1BETOM MpecTaBieH TpadyK JaHHBIX CEHCMUYECKON aKTHBHOCTH 32
1995-2004 ro b1, KpacHBIM — rpaduk KOMIUIEKCHONH Mojenu. Ha ocu abemcce oTKIIaIpiBacTCs
BpeMs (B Mecslax); Ha OCH OpAMHAT — IITyOMHA 3eMIICTPSICCHUH (B KHIOMETPax).
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Puc.2. TIporuo3 no KOMIJIGKCHOH Mojiesu psia riayounsl 3emierpscennit (80%) na 2 roga (20%).

Ha puc.2 cuHuM 1BETOM MpecTaBieH TpadyK JaHHBIX CEHCMUYECKON aKTUBHOCTH 32
nocieqHue 2 roja HabIIOJaeMoro psja, KpacHbIM — rpaduk mporHosza. Ha ocum abcrmcc
OTKJIaJbIBacTCss BpeMms (B Mecslax); Ha OCH OpIMHAT — DIIyOMHA 3emieTpsiceHuil (B
kuomerpax). Orcuer 96 cootBercTByeT Aekadpro 2002 rona, 1ieHa aeneHus — 2 Mecsina.

Mooenuposanue ceiicmuueckoii akmusnocmu (macnumyoda). Ha mepBom stare
aHanu3a JaHHbIX B pamkax JIPM-monaxona mposepsieMas runores3a O CTallMOHAPHOCTH psija
OblIa OTBEPTHYTA C BEpOATHOCTHIO 95%.

Koneunast Mopens s psaa NpelcTaBlIeHa CYMMOM KBaJpaTUYHOTO TpEHJA,
nepuoandeckoro Tperaa u punsprpa Kanmana:

X(t)=5,678+0,006* t - 00000145 t2 +20,040787s né%"t +100,812+0,051298x
e a
SN 4172 272+ 0,0657886i N + 25,858+ 0,158056 B + 34,3480+
ed @ es5 @ el0 @

+0,091643s nae?gl—’:+ 51,5072+0,247* e(t-1) +z (t) + n(t);
e a9

CKO =0,192,s,=0,15.
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Puc.3. I'paduku HabIrOMEHUN 1 KOMILIEKCHOM MOJIEIH

Ha puc.3 cuHUM 1BETOM MpecTaBieH TpadyK JaHHBIX CEHCMUYECKON aKTUBHOCTH 32
1995-2004 ro b1, KpacHBIM — rpaduk KOMIUIEKCHON Mojenu. Ha ocu abcrimcce oTKIIaIpiBacTCs
BpeMs (B MecsIlax); Ha OCH OpJMHAT — MarHUTy/a 3emieTpsiceHuil (B Oamnax). Orcuer 5 Ha
ocu abcmrce cootBercTByeT Matro 1995 rona, riena geneHust — 5 Mecses.

Mooenuposanue ceiicmuueckoii akmugenocmu (Koauuecmeo). Ha mepBoM dtare
aHanu3a JaHHBIX B pamkax JIPM-monaxona mpoBepsieMas rUnores3a O CTallMOHAPHOCTH psila
ObLIa OTBEPrHYTA ¢ BEpOATHOCTHIO 95%.

Koneunast Mopaens s psaa NpelcTaBlIeHa CYMMOM KBaJpaTUYHOTO TpEHJA,
nepruoandeckoro Tperaa u punprpa Kanmana:
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2 a2t

+0,594156nE " i
e3

X(t)=8376- 0,0557* t +3,385*t + 256,492+ 0,27946>s e+ 268,722+
(%] e (%]

a2
$s
a2
<17

e
<6

a2
'
a2
<o

+0,628886 N2 +153 612+ 0,85496 i +103,972 + 0.570626 & + 223 862+
4] 4] 4]

+0,541026 0" + 263,642+1,2731d n@ﬁl_’: +151,68 +0,612866 N + 32, 4872+
a e a %]

+0,71137s n@‘e?s_’;H 30,0242 1,689* e(t - 1)+ (t) + n(t);
e a

CKO =1,689, s,=1,81.

Clounf -

f&?@wcvﬁfﬁ\TVWﬁ%MﬂV

S EERE

S 10 15 20 25 30 35 40 45 S0 S5 S0 65 7O 75 S0 S5 90 95 100 105 110115 120f

Puc.4. I'paduku HaOMrOMEHUN 1 KOMILIEKCHOM MOJIEIH

Ha puc.4 cuHuM 1BETOM MpeCcTaBieH TpadyK JaHHBIX CEHCMUYECKON aKTUBHOCTH 32
1995-2004 ro b1, KpacHBIM — rpaduk KOMIUIEKCHON Mojenu. Ha ocu abermcce oTKIIaqpiBacTCs
BpeMs (B Mecsiliax); Ha OCH OpJIMHAT — KOJIMYECTBO 3emierpsiceHuii. OtcueT 5 Ha ocu aberuce
cootBercTBYeT Mato 1995 rona, nmena aeneHus: — S5 MecsIeB.

4. CoBMecTHBIE XapaKTEPUCTUKHU celicCMHYeCKOM M COJIHEYHOM AaKTHUBHOCTH

Hwxke mnpencraBieH COBMECTHBIM TpapuK s XapakTepucTUK uucen Boubda u
TITyOUHBI 3eMIIeTpsiceHuit [2].

Mo walf ; Depth
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Puc.5. I'paduku nuHamuky yrcen Bonbda u ryOnHBI 3eMITeTpsICeHN

Ceoero muka aktuBHOCTH ComHIC B 3eMIIsl JOCTHTalT rae-to B nepuoa ¢ 50 mo 90
MmecsteB. Koppensitius Mexay psjgamu  gucen Bonbdpa u TiyOMHON  3eMieTpsceHuit
cocrasiser nopsika 0,3.

IIpoBeneH COBMECTHBIN CIEKTPAJIBbHBIA AHAIN3 BPEMEHHBIX PSJA0B I€0CEMCMUYECKOMN
U COJTHEYHOW aKTUBHOCTH.

Ha pucynke mpejacraBiieH KOCHEKTP BPEMEHHBIX psfoB umcen Bonbda u riayOMHBI
3eMJICTPSICEHUH; C ero TIOMOIIbIO HalJIeHbI 00IIHNe TAPMOHUKH /IS IBYX PSJIOB C TIEPHOIAMHU:
nmopsinka 10 ner, 2 roma, 1 rom, 9 wmecsueB, 7 mecsmeB u T.J. OOmue rapMOHUKH
OTIPENIENAIOTCS U3 pUC. 6a HA YacTOTaxX, Ha KOTOPBIX HAONIONAIOTCS HAMOOJBIINE 3HAYCHHS
KOCIIEKTpa.
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Puc.6. a) Kocnektp psinoB uncen Bonbha u rimyOuHbl 3emierpsicenuii, 06) Kpocc-ammurtyna psiioB
yucen Boibga u riyOuHbBI 3eMIIeTpsCeHM

Haiinensl 3HaueHHS KpPOCC-aMIUIMTYABI JUISL ATUX pAnoB. Kpocc-aMIudryga MOXKeT
UHTEPIIPETUPOBATLCA KaK Mepa KOBapualMyl MEXAY COOTBETCTBYIOIIMMHM YacTOTHBIMU
KOMIIOHEHTaMHU JIBYX pSJOB. MakcuManbHOE 3HadeHue aMruutynsl 421 monmydeHo Ha
yacrote 0,008 (mepuoa = 120 mecsiteB); u3 yero cieayer, uto Ha yactore 0,008 rapmonuku
IBYX DPSIOB MMEIOT HAMOOJBIIYI0 pa3HUIly B CBOMX 3HAUCHHsIX. MUHUMalbHas pa3HUIA
(4,93) dukcupyercs na gacrore 0,5 (mepuon 2 mecsia).

JIOTIOJIHUTEIPHO ~ HAWJIEHbl  3HA4YEHMS  KBaJpara KOTEPEHTHOCTH, KOTOPBIH
MHTEPIPETUPYETC KaK KBAApaT KOPPEISLUUU MEXKAY LUKIMYECKMMHM KOMIIOHEHTaMHU JBYX
pPSIOB  COOTBETCTBYIOIIEH 4YacTOTBHL. B pe3ynbrare aHanus3a II0Jdy4eHa CYIIECTBEHHAas
KOPPEJSIUS MEXAY UUKINYSCKAMH KOMIIOHEHTaMH JTUX psinoB (Hampumep, 0,7 s
rapMOHHMKH C TepuoJoM 1 TOf), YTO JIOTOJHHUTENIHLHO MO3BOJISIET (DPUKCUPOBATH OOIIHE
TapMOHUKHU AJIs1 ABYX PSAJOB.

JUig aHanu3a B3aMMHOTO BIIMSIHUS XapaKTEPUCTUK IPU YCIOBUM CIBUTAa BPEMEHHBIX
CEPHI1 IpYr OTHOCUTEIIBHO APYra Ha HEKOTOPBIM BPEMEHHOU IPOMEKYTOK IPUMEHSIICS METO
KpOCC-KOPPEIALHUH.

Puc.7. Cnur psina riryOMHBI 3eMIIETPSACEHHH OTHOCUTENBHO psifa yncen Bonbda Ha 2 mecsna.

[To pwuc. 7 BUIHO, YTO TPU CIABUTE psia TIIyOUHBI 3eMJICTPSCEHUN OTHOCUTEIIBHO Psijia
grcen Bonbda Ha 1 mecsan 3naueHue koddduimenTa koppemnsiuun uzmensercs ot 0,16 mo
0,128. Ilpu panbpHeWIIEM COBUre A0 2 MECSIEB IMPOUCXOJUT 3HAUUTENHHOE CHIDKEHHE
3aBUCHMOCTH MEX]TY PSIIaMHU.

[Ipy COBMECTHOM CIEKTpalIbHOM aHalu3e uucen Bombdpa W psga MarHUTyn
3eMJICTPSICCHUN TIOJMYYEHBI CIEAYIONIUE PEe3YJIbTAThl. BBISBICHBI OOIIME TapMOHHUKH C
nepuogamu mopsinka 10 mer, 1 rox, 10 mecsiteB, 7 MecsleB W T.1.; 3HAUYCHUS KBajpara
KOTEPEHTHOCTH  TOKa3bIBAIOT  CYIIECTBEHHYIO KOPPEISIIHIO MEXAY [UKIUICCKIMU
KOMIOHEHTaMH 3TuX psioB (o 0,8 mis rapMoHuku ¢ nepuoaom 1 rox).

5. CoBMeCTHbIE XaPAKTEPUCTHKHU CeliCMUYECKOH AKTHBHOCTH W KOOPIAMHAT
O0apunenTpa cucremsbl 3emisi-Jlyna

Koadduuument xoppensiiuu Mexay Stumu psigamu paseH 0,224. TTocTpoeHsl KOCIEKTP
(puc. 8a) m xBaaparypHeiii crektp (puc. 80) i TIyOMHBI 3EMIICTPSICCHUN M pajmyca-
BekTOopa OapuiueHTpa. [lo 3TUM XapakTepUCTHKaM BHJIHO, YTO JBa JAHHBIX psa MMEIOT
oOrmre rapMoHUKH ¢ iepuoamu 1 rox u 13 mecsines.

[TocTpoeHme Kpocc-aMIUTUTYAbI IPUBENIO K CISAYIOMINM pe3yabTaTaM: MaKCUMAIIbHOE
3Ha4YCHUE aMILTUTYAbI paBHO 4,129 Ha yactote 0,083 (mepuon 1 rox), munumansHoe — 0,0009
Ha yvactore 0,442 (mepuon 2,26 mecsiia), 4T0 CBHICTEIbCTBYET O 3aMETHON B3aMMOCBSI3U
MEX]ly TApMOHUKAaMU JIBYX PAJIOB € iepruosioM 1 o,



a)
Puc.8. XapakTepuCTHKH KpOCC-CIIEKTPAIILHOTO aHajlu3a pPsJAO0B CEHCMUYCECKOW AaKTHUBHOCTH WU
OapurienTpa cuctemsl 3emitsa-JIyHa: a) Kpocc-Tiepruogorpamma, 0) KOCIeKTp, B) KBAAPATYPHBIH CIIEKTP.

3HaveHMs] KBaJpaTa KOTEPEHTHOCTH B IIEJIOM TOKA3bIBAIOT CIA0YI0 CBS3b MEXIY
rapMOHHMKaMHU JBYX psioB. CyIIeCTBEHHas B3aMMOCBS3b (KOT€pPEHTHOCTh MMEET 3HAuCHHS,
ommskue k 0,8) HaOmomaeTest TONBKO VI TAPMOHUK C MEPUOJIaMU mopsiika 1 roja.

3akjaueHue

B pesynpraTe 00pabOTKH KOPOTKHX PSIOB CEHCMUYECKOW aKTUBHOCTH 3eMIIH
MOCTPOEHBI ONTUMallbHBIe TO Kputepuio muHuMyma CKO, S, Monenu, omnuchiBaromiue
JMHAMUKY CEHCMHMYECKOW aKTUBHOCTH 3a JecCATHIeTHHH mnepuoi. s psga riryOuHBI
3eMJICTPSICEHUH TOCTPOEHA KOMIUIEKCHAs MOJIeNlb, BKIJIIOYAIOIAs KBAJAPATUYHBINA TpPEH],
nosmrapmonnueckuii Tpean u ¢uisTp Kanmana ¢ CKO = 35,701 u s, = 20,14. Monenb
MarHUATYZbl TPEACTaBICHAa CyMMOW KBaJIPaTUYHOTO TPEH[A, MOJUTaPMOHHUYECKOTO TPEHIa H
¢unprpa Kammana ¢ CKO = 0,192, s, = 0,15. Mouenp koimyecTBa 3eMIETPSICEHUN
MOCTpOEHa ¢ BHYTpeHHel TouHocThio 1,689 n S, = 1,81.

ITo pe3ynbraTaMm MpeaBapUTENLHBIX HUCCIEIOBAHUIN BBISBICHBI B3aMMOCBSI3U MEXIY
reoceiiCMUYEeCKON U COJIHEYHOH aKTUBHOCTBIO M TOJIOKEHUEM OapHUIIeHTpa CHCTEMBI 3eMIIs-
Jlyna. IlocTpoeHBl  COBMECTHBIE  CIEKTpAJbHBIE  XapaKTEPUCTUKU  JTUX  PSJOB,
XapaKTepU3YIOIIHE CBSI3b MEXAYy MX TapMOHHYECKHMHU KOMIIOHEHTaMu. lIpu mpumeHeHun
MPOIETyphl KPOCC-KOPPENSIIUK JIBYX PsIOB OOHapyKuBaeTcs, uTo Bcmblku Ha ColHIle,
CyZsl IO OOIIMM TFapMOHHUKAM JUIS PSAIOB TEIHO- M T€0CEHCMUYECKO aKTUBHOCTH, TIPUBOJIST
K OTIpeETICHHBIM U3MEHEHHUSM B 3€MHBIX IPOIECcCax.
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MOJAEJIMNPOBAHUE 'EOJUHAMHNYECKHUX ITPOLHECCOB OKPAUHBI
THUXOI'O OKEAHA

MODELING OF PACIFIC GEODYNAMIC PROCESSES
A.B. Bukymml'z, I'M. Bodunqap2'3, H.B. Meﬂekecueel'z, J.P. Almauoeal, H.A. Ocunosa®

1 .
HUncmumym eynxanonoeuu u ceticmonocuu /{BO PAH,
2 . .
Kamuamckuii cocyoapcmeennuiii ynugepcumen,
3 .
Uncemumym xocmouszuueckux ucciedosanuii u pacnpocmpanenus paouosoan /[BO PAH

Modern scientists suppose that the Earth may be one whole “living” formation and all its
phenomena are closely connected. To reveal and research the peculiarities of the geodynamic
movements we made the database. It includes all known data on earthquakes and volcano eruptions of
the Earth. We used the volume of the erupted products to characterize the “energy” of eruption. Not
less than 80-90% of all eruptions and earthquakes occur within the Pacific margin. We collected new
data on earthquakes migration for this region and revealed that volcano eruptions are also apt to
migrate. It turned out that the migrational rates of the strongest earthquakes and eruptions are
comparable in series of their value rates. This fact allows suggesting that the migrational waves of
seismic and volcanic activity display the greater global geodynamic process. This process has different
“colours’ in different geophysical fields.

The data allows using the obtained space-time peculiarities of distribution for the seismic and volcanic
activity as the basis for the more general geodynamic model.

BBenenune

I'eoprHamMuUeckue mpoIecchl — MpoIecchl B 3emile, 00yCcIaBIuBalomne rTyOuHHbIE U
[IOBEPXHOCTHBIE JBMKEHMSI MacC BO BPEMEHHM M IpocTpaHcTBe. K uumciy BaxHEHIMIMX
SH/IOTEHHBIX T€OJMHAMUYECKHMX IPOLIECCOB  OTHOCITCS. 3€MIIETPSICEHMs, AaKTUBHBIN
BYJIKaHU3M, TEKTOHHYECKHE JeQopMaluy, SBISIONIMECS OCHOBHBIMH  HCTOYHUKAMHU
COBPEMEHHBIX  JBMKCHHH 3eMHOM Kopbl. Hambosee  MacmraOHBIE — MPOSBICHUS
re0IMHaMUYECKHX MTPOLIECCOB “BUIMMBIE HEBOOPYKEHHBIM IJ1a30M” JIOKAIM30BaHbI I1aBHBIM
o0pa3oM B MecTax B3aUMOJICHCTBUS TEKTOHHUYECKUX TUIUT. IMEHHO B 3THUX MecTax IUIaHETHI
MIPOUCXOJIAT KAaTaCTPO(PHUECKHE 3EMIIETPSICEHUS] M W3BEP)KEHUsS BYIKaHOB. M3BecTHO, 4YTO
TaKHe MPUPOIHBIC KAaTacTpOo(bl MPUCYIITH UMEHHO HETMHEWHBIM cucteMam [12].

MHorumMu uccienoBaTeN MU OTMEUAIoCh, YTO JJS Pa3HbIX PErMOHOB HMEET MECTO
KOPpEJSALUS MEXAy H3BEP)KEHUSIMH BYJKAaHOB U BPEMEHAMHU CUJIbHBIX 3EMJIETPSCEHUN C
TUIOLIEHTPaMH, pAaCIOJOKEHHBIMA B IIpelesax CEHCMUYECKMX IM0SICOB. OJTU JaHHbIE
YKa3pIBalOT HA TO, YTO TPUYMHBI, TMPHUBOIIIIME K HAKOIUICHHIO COpachbIBaeMbIX IPH
3eMJIETPSICEHUAX HANPSDKEHUN U K JBMIKCHUIO M3JIMBAIOLIEHCS MPU U3BEPKEHUSX BYIKAHOB
Marmbl, YYWTHIBas ITUIAHETApHBIA MacimiTad, HMMEIOT OOl TEeHEeTHYECKHH KOpPEHb.
CelicMUYHOCTh M BYJKAaHU3M YKa3blBalOT HE TOJBKO Ha IJIAHETAPHOCTh, a TAKXKE M Ha
HEJIMHEHHOCTh Te0JMHAMUYECKOTO mporiecca [6].

C 1enbio BBISIBICHUS M M3YYEHUSI 0COOCHHOCTEH TaKUX MPOILIECCOB B €JMHOM (opmare
Obula cocraBieHa 0a3a, BKJIIOYAIONIAss BCE HM3BECTHBIC JaHHBIE O 3EMIICTPACEHUSX U
U3BEPKEHUSAX BYJIKAHOB IUIAHETHl. [71e B KauecTBE “DHEPreTHMUECKON  XapaKTEPUCTUKH
M3BEP)KEHUsI OBbLIT BBHIOpaH 00BbEM HM3BEP)KEHHBIX MPOIYKTOB. C MOMOINBIO CO3aHHON Oa3bl
JAHHBIX MCCJIEA0BAIUCH IPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH pPaclpeaeiIeHUs
CEMCMHMYECKOT0 U BYJIKaHUYECKOTO MPOIIECCOB B MPE/IesIaX OKpanHbl THXOro okeaHa.

Ceticmuueckuii  npoyecc. B pesynbrare OonbIIOTO 00BEMA HCCIEIOBAHUMH,
MPOBEACHHBIX B  TMOCJIETHHE ISTh  JIECATHWIICTHH, OBUIO yOEIWUTENbHO TIOKa3aHO
cymiecTBoBaHHE (P PeKTa MUTPALIUN 0YaroB 3€MIICTPSCEHHI B IMpeNeNax BCeX CEHCMUYECKU
aKTHBHBIX TIOSICOB TUIAHETHl. MHUrpamysi Oo4yaroB 3eMJICTPSICCHHH sBIseTCs Hauboee
XapaKTepHBIM CBOHCTBOM CEHCMHUYECKOTO MPOIlecca, OTPAXKAIOIIMM €T0 BOJIHOBYIO MPHPOY.
3HaueHUsI CKOPOCTEH MUTPAIIU 3eMIIETPSICEHUI JIS)KAT B OOJBIINX Tpeeiax: 102 emlec <V
< 1 km/c [5]. AHanKM3 JAaHHBIX O MUTPAIMU 3EMIICTPSICEHHI MOKA3bIBACT: MEXIY dHEpruei
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BOJIHBI (MarHUTY/IOW MUTPUPYIOIINX 3eMJICTPSICEHHIT) U 3HAUCHUEM €€ CKOPOCTH CYIIIECTBYET
IPSIMOIIPOTIOPLIMOHANIBHAS 3aBUCUMOCTh, YTO YKa3bIBAaeT HA HEIMHEHHYIO, COJIMTOHHYIO
NpUpPOJYy TaKUX BOJH. Takue 3aBHCUMOCTH, KaK M3BECTHO, XapaKTEPHBI JJISl CYIIECTBEHHO
HEJTMHEHHBIX OJIOKOBBIX CpPeJl, K KOTOPBIM OTHOCHUTCS M Teodu3nyeckas cpena [6].

Panee omyOnuKoBaHHBIC JaHHBIE O 3HAYCHHSX CKOPOCTEH MHIpAIMU DIHUIICHTPOB
TUXOOKEAHCKUX 3EMJICTPSCCHHUH MOJYYCHBI JUIS CEHCMHUYECKUX COOBITHH MarHUTYIHOTO
muanazona M < 8,0 m cocraBmstor 250+30 km/rom = 1 cm/cex [5, 6]. ITostomy
OTIPEICTICHHBI MHTEPEC MPEJCTABISCT 3a/la4a ONPEICICHHsSI COOTBETCTBYIOIIMX CKOPOCTEH
MUTpalUi B 00JacTH OOJIbIIMX 3HauYeHWi Maruutyn M > 8. [IporHosupyemble 3HAUCHHUS
CKOPOCTEH MUTpaluii 3eMiieTpsiceHuit ¢ M > 8 Ha OCHOBaHWU JaHHBIX [6, 26] s MarHuTy
M =85, 8,71 9,0 noirxuel cooTBeTCTBOBATH 3HaYeHMIM: V=~ 550+300, 800+300 u 2000+500
KM/TOJ/1 COOTBETCTBEHHO.

Ha ocHoBanuu aHanm3a MHpOBBIX 0a3 manubiX [3, 4, 11, 13-23] Obul cocraBieH
HauOoJIee TOJHBIA CIIUCOK 3eMieTpsicenuit ¢ M > 8,4+-8,5, ¢ rmyounamu owaroB H < 100 kM,
MPOM3OIIEAIUX B TIpeaenax okpawHbl Tuxoro okeana B 1361 — 2005 r.r. Haumenbmii
npezie BpEMEHHOTO WHTEpBajia ONpEAeNseTCs MEPBBIMH 10 BPEMEHHU JIAHHBIMH O CHIIBHBIX
3eMJICTPSICCHUSX, COJCpIKAIUeCs B KaTallorax SMOHCKUX [22] W IoKHOaMepuKaHCKuX [14]
3eMJICTPSICCHUIA. HccnenoBanue MPOCTPAHCTBEHHO-BPEMEHHOTO pacnpeieneHust
TUXOOKEAHCKUX 3EMIICTPSICEHU MPOBOIMIOCH B IUIOCKOCTH C OCSMH “pacCTOSHUE BIOJb
ayru L — Bpems t”. B kadecTBe paccTOsSIHUS BIOJb Iyrd BhIOpaHa JIMHUS, COBIAAAONIAs C
OCSMU TITyOOKOBOJHBIX JKEI0O0B, METOJMKA MOCTPOCHUS KOTOpoi omucaHa B [7]. OOmas
NPOTSHKEHHOCTh TaKOM JIMHUU cocTaBiisgeT okoo 45000 km (puc.l).

o —— = S
' = =3

=

Puc.1. PacnonoxkeHue 3MUIIEHTPOB TUXOOKEAHCKUX KOPOBBIX 3emierpsiceHuit ¢ M > 8,4+8,5, 1361-
2005 r.r., N=46. )KupHbIM 11BeTOM 0003HaUEHA JIMHUS, COBIAAIOINIAs C TJTyOOKOBOIHBIMH KeI00ami,
BJIOJIb KOTOPO# B paboTe onpeaensercs paccrosHue L.

PacnionoxkeHrie 04aroB THUXOOKEAHCKUX 3E€MIIETPSCEHUM “HMHCTPYMEHTaJIbHOTO”
neproga 1897-2005 r.r. ¢ Mw>9.0 Ha poCTpaHCTBEHHO-BPEMEHHOM KapTe MPE/ICTaBICHO Ha
puc.2.
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Puc.2. IIpocTpaHcTBEHHO-BpEeMEHHAas KapTa O4aroB THXOOKEaHCKUX 3emiierpsicenuit 1897-1960 r.r. C
M > 9,0 u ompesieseHHBIE T0 HUM METOJ0M HaMMEHBINUX KBaapaToB jaBe (1,2) mpsMble JTUHEHHBIE
LEMOYKH MUTPAIIHH.
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W3 naHHBIX, TPEJICTABJICHHBIX HAa STOM PHUCYHKE BHUJIHO, YTO OSIHUIEHTPHl BCEX
3emyierpsicenuit ¢ My > 9,0 rpynmupyroTcst B mpenenax AByX NMPSIMOJUHEHHBIX “Iernovex”,
CKOPOCTH MUTpAIii BJIOJb KOTOPBIX cocTaBisitoT Vi = 700 u V, = 2700 kM/roj, B cpeHEM -
Vmsg0 = 1700£1000 xkm/roa. AHajoruyHas CUTyaluss HAOJMIOAAeTCS NMPU HAHECCHWH Ha
MIPOCTPAHCTBEHHO-BPEMEHHYIO KapTy 04aroB THXOOKEaHCKHX 3emieTpsicenuit 1897-1965 r.r.
¢ M > 8,7 u 3emnerpsacenuii 1897-1965 r.r. ¢ M > 8,5+8,6, oHn TOXe rpynmupyroTcs B
mpenenax TeX ke CaMbIX JIBYX MPSMOJMHEHHBIX Iienodek. [Ipu 3toMm, cpeaHue 3HAUCHUS
CKOPOCTEH MUTpAIMN TaKUX 3eMIJICTPSICCHUI MOYKHO MPUHSATH PABHBIMHU: JIJIS 3eMJIICTPSICEHUH
¢ M > 8,7 - Vusgz = 500+£200 xm/rox, ans 3emiuerpsicennii ¢ M > 8,5+8,6 - Vysg5:86 =
350+90 km/ro.

PaccMoTpuM TpOCTpaHCTBEHHO-BPEMEHHOE DPACIMOJOKEHHE 0YaroB THXOOKEAHCKHX
semuteTpsicennii ¢ M > 8,5 “mouncrpymenrtansHoro” mepuona 1361-1896 r.r. Pacnonoxxenue
AMUIEHTPOB 3emuteTpsicerHrii ¢ M > 8,9, mpomzomenmux 1361-1730 r.r., mpeacTaBieHo Ha
puc.3.
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Puc.3. IIpocTpaHcTBEHHO-BpEeMEHHAas KapTa O4aroB THXOOKEaHCKUX 3emiierpscenuit 1361-1896 r.r. C
M > 8,9+9,0 u onpeenieHHas Mo HUM JIMHEHHas 1ernodka (3) Murpanuu 3emierpscennii ¢ M = 8,9.

Bungno, uyto B mpenenax MPOTHO3MPYEMOTO JMana3oHa CKOPOCTEH SIMOHCKHE
semierpsicenuss 1703-1707 r.or. u 1o)kHOaMepWKaHCKMK nBoMHON Tomyok 1730 1., ¢
cymMmMmapHoO#l MarHutynoi M = 8,9 mMoryr ObITh 0OBEIMHEHBI B OJIHY JIMHEHHYIO IEMOYKY,
CKOPOCTh MHUTPAIIMH BJIOJIb KOTOPO#t cocTaBisieT Vg ~ 900£80 km/ro.

Pacrionoxkenne snuneHTpoB 3emierpscenuit 1361-1896 r.or., ¢ M > 85+8,6 Ha
MIPOCTPAaHCTBEHHO-BPEMEHHOM KapTe MpeCTaBIeHO Ha puc.4.
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Puc.4. TIpocTpaHCTBEHHO-BpEMEHHAas KapTa O4aroB THXOOKEaHCKUX 3emiierpscenuii 1361-1896 r.r. C
M > 85+8,6 u ompeneneHHble MO HAM METOIOM HAWMEHBIIHMX KBaApaTOB MATh (3-7) TpsAMEBIE
JIMHEHHBIC LEMOYKU MUTPALIHH.

BuaHO, 9TO SMHUIIEHTPHI BCEX 3EMIICTPSCEHHI TPYIITUPYIOTCS B IpeIeiax MATH Y3KHX
30H — MHIpaIlMOHHBIX 1enodek (3-7), mpu 3ToM mnenoyka (3) «oObeauHsSET» JBa
3emserpsicenuss ¢ M=8,9 u oxgno 3emuerpsiceane 1751 r. — qBOHHON TONYOK C CyMMapHOM
Marautynoir M=8,8. CkopocTh MHUTpaIuyl BJIOJIb TAKOW IEMOYKUA COCTaBISACT Vis=gg:89 =
540+110 xwm/rox. OcranbHble 4eThipe Uenoukd (4-7), OOBEIUHSIONINE SIHIECHTPHI
3emuteTpsiceHnii ¢ M>8,5+8,6, umeroT OJIM3Kue HAKJIOHBI, 3HAYEHUST KOTOPBIX COOTBETCTBYIOT
3HAUEHUsIM CKopocTei murpamuit: V7 = 115420, Vg = 158415, Vs =~ 240+10 u V4 = 247480
kM/ro1. CpeiHee 3HaUeHUEe CKOPOCTH MUTpAIlUU 3eMileTpsiceHuit ¢ M>8,5+8,6, onpeenennoe
10 9TUM JaHHBIM, cOCTaBisIeT Vysgs+s6~ 200260 km/ros.



278

Takum o00pa3oMm, TMONydeHHBIE B pPabOTe JaHHBIE O CKOPOCTSX MUTPALUU
semuerpsiceHuil V, ... ¢ M > 8,5 cBenensl B Taour. 1.
p

MarHutynHble 1Uana3oHbl Vacews KMITOR V,poens KMITOTT
M=>9,0 ~ 1700+£1000 ~ 2000+£500
M=>89 ~ 900+80 -
M=>88 ~ 540+110 -
M=>87 ~ 500£200 ~ 800+300
M=>85 ~ 230+40 ~ 550+300

Tabmuna 1. Paccuntanublie B paboTe V. U HPOTHO3HBIE V., 3HAUEHHUS CKOPOCTEH MUTpALUU
TUXOOKEAHCKHX 3eMJIETPSICEHI MAaTHUTYAHOTO Ananazona M > 8.

B 371011 jxe Tabnuiie npuBeAEHB! U IPOTHO3HBIC 3HAYECHUS CKOPOCTEN MUTPATUU V,poon,
OTpEJCTICHHbIE HAa OCHOBAaHWMW paHee MOJyYeHHbIX gaHHbIX [5, 6, 26]. Kak Buaum,
paccuMTaHHBIE W TPOTHO3HBIC 3HAYCHHSI CKOPOCTEH MUTpAlUU 3EMIICTPSCCHHH B
MarHuTymaHoM auanaszoHe 8,5 < M < 9,0 coBmagaroT, 4TO TO3BOJIIET BHOBH OIPE/ICIICHHBIC
3HAYEHUS] CKOPOCTEH MUTPALUI CYMTATH OTHOCSIIUMUCS K COJIMTOHHOMY PEIICHUIO.

Bynxanuueckuii npoyecc. CocraBneHHas Hamu 0a3za BkitouaeT 6226 uzBepxeHuii 562
BYJIKAaHOB IIaHeThl 3a mocneauue 12 teic. ser (9850 o0.n.5. — 2005 z.2.), u3 Hux 20
u3BepKeHuit 13 ByJIKaHOB SIBIISIFOTCS 1TOIBOTHBIMH [8; 24; 25)].

B kauecTBe KOJMYECTBEHHOW XapaKTEPUCTHKH BEIMYMHBI M3BEP)KEHHUS HCIOJIB30BaH
oGbeM m3BepxkenHoro Mareprana (W). Ero sHauenns msmensores B npexenax: 107° + 10M
M> [24; 25]. B pesynbTare KaIOMy H3BEp)KCHHIO B 06a3e OBLIO MPHIIHCAHO MOPSIKOBOE
gucio oT W= 1, 2,..., 7, COOTBETCTBYIOIIeE 00beMaM U3BEPIHYTOTO MaTepuaia 104'5, 106,...,
10™ A cootBercrBenHo. 110 aHANOrHH C CECMHYHOCTBIO, T/I¢ B KAYECTBE SHEPreTHUECKOI
XapaKTEepUCTUKU OdYara MCHojib3yercss MarHutyna [1], HamMu ObUIO MPEUIoKEHO B KayecTBE
“3HepreTHYecKoi” XapaKTePUCTUKH W3BEPKEHHUS HCIOJIb30BaTh OOBEM HM3BEPrHYTOTO
marepuana W.

Pannee psgom aBtopos [2; 9; 10] ObIJI0 OTMEUEHO, YTO HanOOJIee aKTUBHBIM PAOHOM
3eMHOTO IIIapa sIBJIsIeTCs OkpanHa Tuxoro okeana. 3a mocnennue 12 Teic. JeT B mpenenax
OoKpauHbl u3Beprasioch 364 (61%) Bynkana u N = 5353 (86 %) wu3BepkeHuit. M3 HUX
npousonuio 155 uzBepkenuit 81 Bynkana ¢ W > 5 (86 %) u n = 55 uzeepocenuti N = 41
BynkaHa ¢ W > 6 (95 %).

Kaxk " 3eMJIETPSICEHNH, WCCIIEI0BAaHUSA MPOCTPAaHCTBEHHO-BPEMEHHBIX
3aKOHOMEPHOCTEH W3BEP)KEHUH TPOBOJMUINCH Ha IUIOCKOCTH C¢ ocsimMu L — t. OOmas
NPOTSHDKEHHOCTh  ByNKaHW4eckod nuHMHM L cocraBuma 45400 kM, OHa NpOTAHYyJach OT
Bynkana baxn Aiineny (Anrapkruka) 1o Jecenceon (FOxubie llernanackue ocTposa).

Jnist uccrieioBaHusl MUTpAIH B%/nKaHquCKoﬁ aKTUBHOCTH ObUIM BBIOpaHBI HanboJiee
cunbEbIe m3Bepkerms ¢ W > 6 (> 10 %), npowncurenmme B npenenax oxpamssr THXOTO
OKeaHa 3a mocjenHue 12 Teic. JeT; KOJMYECTBO TaKUX M3BEPKEHHMH cOoCTaBuUiO 55. Bwiio
OTMEYEHO, YTO JOCTAaTOYHO CHJIbHBIE W3BEP)KEHUS pacIpeesieHbl HEPaBHOMEpPHO, U
BBIJICJIIOTCS JIBA TPOJOJDKHUTEIBHBIX IEpHOJa HHU3KOM BYJKaHHMYECKOW aKkTWBHOCTH. B
pesyibTare, Ui BBISIBIGHUS ~ TPOCTPAHCTBEHHO-BPEMEHHBIX  3aKOHOMEPHOCTEH
pacripenieieHus] BYIKAaHHYECKOW aKTUBHOCTH OBIT BBIOpAaH JIOCTaTOYHO OJHOPOIHBIA IO
aKTUBHOCTH BpeMeHHOU nHTepBai 250 0.1.9. — 2005 2.2., B mpeenax KOTOPOro OTMeueHo 25
u3Bep)keHuit 22 synkaHos ¢ W > 6.

Uzsepxenns ¢ W>6 (N = 19, n = 21) B nepuon ¢ 250 0.n.5. — 1932 2.2. umerot
TEHJICHIMIO TPYIIHUPOBAThCs B mpezenax y3kux obnacteir (N; = 1+7, puc. 6). BoieneHHbie
00J1aCTH UMEIOT MPUMEPHO OJIMHAKOBBIE HAKIIOHBI, PA3/IEIEHBI PYT OT APYyra MpOTsSKEHHBIMU
“ImycThIMH” KOPHUIOpAMHU U CICIYIOT JAPYr 3a JAPYyroM dYepe3 ONM3KHE IO UIUTEITHHOCTH
UHTEepBaNbl BpeMeHH. OrpenenieHHble METOJIOM HAMMEHBIIMX KBaJpaTOB IMapaMeTphI
aNMpOKCHMUPOBAHHBIX OTPE3KaMU MPSMBIX JIMHUHN IETI0YEK WM3BEP)KCHUH, 3aKIIOYCHHBIX B
mpenenax Takux y3KMX o0iacTeid, mpuBeqeHbl B TabOn. 2. JlaHHBIE, TpUBEACHHBIC B Ta0I. 2,
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[IOKa3bIBAIOT, YTO M 3HAYEHMS] HAKIIOHOB MUTPALMOHHBIX JUHUHI “a” M MHTEpBaJIbl BPEMEH
Mexty HUMU AT Onu3ku Mexay co0oif; mpu 3ToM “pa3zbpoc” 3naueHuil He npeBbimaet 30%.
[TomydeHHble JaHHBIE MOTYT pacCMaTpPHBATbCS KaK CUJIBHBIH apryMeHT B TIOJB3Y
TPYNIUPOBAHUS M3BEPKCHUN BIOJb BBHISBICHHBIX HAMHU TPSMOJMHEWHBIX MUTPAITHMOHHBIX
TUHUNA. PaBHBIE HAKIIOHBI MUTPALMOHHBIX JIMHUHM U OMU3KHE BPEMEHHBIE WHTEPBAIBI MEXKITY
HUMH (puc. 6) TIO3BOJISIOT MPEIIOJIOKUT, YTO MPOCTPAHCTBECHHO-BPEMEHHOE PACIIpe/ieIICHHE
u3BepkeHuit B 250 0.1.5. — 1932 2.2., COOTBETCTBYET THUIIOTE3€ MHUTPAIIMH, COTJIACHO KOTOPOI
M3Bep)KeHUs BylKaHoB ¢ W > 6 MUTPHPYIOT BJIOJb OKpAaUHBI OKeaHa co ckopocthio V = 100 +

40 xkmlz00.
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Puc.6. Pacionoxxenne Tuxookeanckux ByiakanoB (N = 25) u ux uzBepxenuii (N = 22) ¢ W > 6 B 250
n.H93. — 1991 rr. p = 1-7 — HOMepa JIMHUH, ONpEAeTIeHHBIX METOJOM HaMMEHBIIUX KBaJIpaTOB U
BEJIMYMHBI CPEAHEKBApATHUECKUX OTKIOHeHHH. [IITpuxoBKoii 0603HaueHa “niporHo3Has” o01acTh.

p k a, kM/Tox T, ron AT, rox AL, kM
1 3 77 310 308 24179
2 3 69 400 401 27777
3| 3 49 284 193 17900
4 | 3 112 220 291 23491
51| 2 112 250 371 28087
6 | 2 220 148 224 32616
7 5 97 352 32835
105 + 37 280 + 64 298 + 62

Tabnuua 2. [TapaMerpsl NpSAMOIHHEHHBIX IIeTOYeK MUTpaluy u3BepkeHuit ¢ W > 6, mpeacTaBlieHHBIX

Ha puc. 6.
[Tpumedanue: P— NOPSAKOBBIA HOMEp 00J1acTH Ha pUc. 6; K — KOIM4ecTBO N3BEPKEHU, TIOMaIat0IInX

B Tpeaeibl o0jacTv; a — 3HaveHue “yriia HakioHa' oOmactu; T — MPOAOKUTEIBLHOCTh OJHOM
MUTpanroOHHOW o0nactd; AT — HWHTepBajd BpPEMEHHM MEXIy MHUTPAalMOHHBIMH oOnacTsmu, AL —
MPOTSHKEHHOCTh MUTPAI[MOHHON 00JIaCTH.

Jnst mpoBepku chopMyTHMpOBAHHONH HaMHU THIOTE3bl MHUTPALUU OBUIH PACCUNUTAHBI
nmapaMeTpsl CIEAYIOIEH y3KOW 00JIaCTH MHUTPAIUN, KOTOPAst TIOCIIE TIOCESIHEH MEeTIOYKH P =
7 (Tabn. 2, puc. 6) 1oJDKHA BKIIOYATH B ce0sl CIEMYIOIINE U3BEpKEeHUS BylkaHOB ¢ W > 6: AT
= 300 * 60 zem, a = 100 + 40 xkm/e00. IIporHo3Has 00JaCTh MUTPALIUH, MPEICTABIICHA Ha
pucC. 6 3aITPUXOBAHHON 00MAaCThIO. BUIHO, YTO M3 YeThIpex MmocieaHux u3Bepxenut ¢ W >
6, mpomsomenmmx B 1815 — 1991 ce., Tpu mnomamalT B TpeeNbl  “TPOTHO3ZHON
MUTPAIMOHHOM 00sacT” . ITO MO3BOJISET ¢ BeposATHOCTHIO He MeHee 0,7 — 0,8 npunaATh Hamry
THIOTE3y O MUTPAIMU BYJIKAHUYECKUX M3BepkeHuit ¢ W > 6 B1osib okpanHbl Tuxoro okeaHa
B 250 0.#.5. —1991 c.c. B HanpaBnenuu ot Hosoii 3enanaun k KOxHON AMepuke.

BrIBOBI

ITony4deHsl HOBBIE JaHHBIE O MUTpaluu 3emieTpsceHui. [IokazaHo, 4TO U3BEPKEHUS
BYJIKAHOB MMEIOT TEHJCHIIMIO0 MUTPHUPOBATH. DTO MOATBEPKIAECT paHEE BHICKA3aHHYIO UJIEI0 O
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TOM, 4YTO CEHMCMMYHOCTb M BYJIKAaHHU3M, pPAacCMAaTPUBAEMbIE KaK IIPOLIECCHI IUIAHETAPHOTO
Macitaba, B3aUMOCBsi3aHbL. CKOPOCTHM MHIpalii HauOoJiee CHIIBHBIX 3eMJICTPSICCHHN H
U3BEPKEHUI M0 NOPSAJKY BETUUMHBI OKa3aJIMCh COM3MEPUMBI. DTO MO3BOJISIET IPEIOJIOKHUTS,
YTO BOJIHBl MWIpalMU CEHCMHUYECKOM M  BYJIKAHMYECKONM AKTUBHOCTH  SBIIIOTCS
NPOSIBIICHUSMH 00Jiee OOIIEro IeoIMHAMUYECKOro (HeIMHEIHOr0) TIaHeTapHOTO MpoIllecca,
MMEIOIIETO «pa3HbIe [IBETa» B PA3INYHBIX T€O(PU3NIECKUX TOJISX.

Crnucok JIMTepaTypbl

=

AmnanbeB B.I1., [Toranor A./l. Umxenepras reoiorusi. — M. : Beicias mkona, 2002. — 511 c.

2. bonmapuyk B.I'. OcHoBbl reomopdomornu. — M. : TocymapctBeHHoe y4eOHOE
nearoruieckoe N3AaTebcTBo MUHHCTepCcTBa npocBerieHus: PCOCP. 1949. — 320 c.

3. Bukymua A.B., Kum U.Y. Kypuno-Kamuarckue zemmnerpsicenusi. JlanHble HaOMOICHUI.
1911-1952 r.r. — M. : MI1/Ib, 1983. - 82 c.

4. Buxynua A.B., Kum U.Y. Kypuno-Kamuarckue 3emnerpsicenus. JlaHHble HaOmoeHUI.
1953-1961 r.r. — M. : MI1/Ib, 1983. — 84 c.

5. Bukymua A.B. Murpaius v OCHHUISIHHA CEHCMUYECKON aKTUBHOCTH M BOJIHOBBIC JIBUKCHHUS
3emHOil Kopbl // TIpoGnembl reomMHaMHKH W TpOrHo3a 3emierpsicenuii. | Poccuiicko-
Anouckuii cemunap. Xabaposck. 26-29 centsiops, 2000. — Xa6aposck : UTul' /IBO PAH,
2001. C. 205-224.

6. Bukymuna A.B. ®usuka BomHOBOrO ceficmudeckoro nporecca. — [1.-K. : KI'TTY, 2003. — 150 c.

7. Bukynun A.B., Bomgumnuap I''M. Cnekrp sHeprum mortoka ceiicmudnoctu // Marepuaisi
©KEroJHOW KOH(EpEHIIUH, TOCBAIICHHOW nHIO Bynkanonora. — [1.-K. : UBuC JIBO PAH,
2005. C. 167-174.

8. T'ymenko W.U. N3Bepxenns BynkaHoB mupa. — M. | Hayka, 1979. — 339 c.

9. Koponosckuit H.B. u Slkymosa A.®. OcHoBbI reonoruu. — M. : Beicas mkona, 1991. —431
C.

10. Jlomusze M.I". Bynkanudeckoe KoJibllo THXOro okeaHa: ero mpouuioe, Hacrosinee u Oyayiiee
[ COX. 1999. Ne 9. C. 59-66.

11. Hosplii kaTasor cuibHBIX 3emierpsicenuii Ha Tepputopun CCCP ¢ apeBHeiimmx BpeMEH 10
1975 . — M. : Hayka, 1977. — 536 c.

12. IMymaposckuii FO.M. I'eonornueckoe BbIpaKeHHE HEIMHEHHBIX Ie0MHAMHYECKIX MPOIECCOB
Il Teorexronnka. — M. : Hayka, 1998. Ne 1. C. 3-14.

13. Comnosnér C.JI., I'o Y.H. Karayior mynamu Ha 3amnajHoM mnoOepexbe Tuxoro okeaHa. — M. :
Hayka, 1974. — 309 c.

14. Conoswés C.JI., I'o U.H. Karanor mynamu Ha BocTrouyHOM mobepexxbe Truxoro okeana. — M. :
Hayxka, 1975. — 203 c.

15. Catalogue of Major Earthquakes which occurred in and near Japan (1926-1956) // Seismol.
Bull. Japan Meteorolog. Agency. Suppl.1. Tokyo. 1958. —91 p.

16. Catalogue of Major Earthquakes which occurred in and near Japan (1957-1962) // Seismol.
Bull. Japan Meteorolog. Agency. Suppl.2. Tokyo. 1966. —47 p.

17. Catalogue of Major Earthquakes which occurred in and near Japan (1963-1967) // Seismol.
Bull. Japan Meteorolog. Agency. Suppl.3. Tokyo. 1968. —61 p.

18. Centennial Earthquake Catalog: (http://earthquake.usgs.gov/research/data/centennial .php)

19. Duda S. J., Secular seismic energy release circum-pacific belt // Tectonophysics. 1965. 2 (5).
P. 409-452.

20. Duda S. J. Global earthquakes 1903-1985. Hamburg F.R.Germany: NEIC. 1992. — 183 p.

21. 1SC: (http://www.isc.ac.uk/Bulletin/rectang.htm).

22. IMA: (http://www.jma.go.jp/jma/index.html).

23. NEIC: (http://neic.usgs.gov/neis/epic/epicalobal .html).

24. Simkin T. & Siebert L. Volcanoes of the world (catalogue). Published in association with the
Smithsonian Institution. 1993. — 350 p.

25. Smithsonian Institution — Global Volcanism Program_ Worldwide Holocene Volcano and
Eruption Information (http://www.volcano.si.edu ).

26. Vikulin A.V. Earth Rotation, Elasticity and Geodynamics: Earthquake wave Rotary Model //

Earthquake Source Asymmetry, Structural Media and Rotation Effects. Berlin, New York:

Springer. 2006. P. 273-289.



http://earthquake.usgs.gov/research/data/centennial.php
http://www.isc.ac.uk/Bulletin/rectang.htm
http://www.jma.go.jp/jma/index.html)
http://neic.usgs.gov/neis/epic/epicglobal.html
http://www.volcano.si.edu

281

MODIFICATION OF CONDUCTANCE DUE TO THE ACCELERATION
OF THE IONOSPHERIC MEDIUM

MOIUBGUKAIIUSA TPOBOIVUMOCTH B HU3KOIMUPOTHOM
NOHOC®EPE, OBYCJIOBJIEHHASA YCKOPEHHUEM IIVIA3MbI

V.V. Denisenko™?, H.K. Biernat®, S.S. Zamay"

! nstitute of Computational Modelling RAS SB,
Sberian Federal University, Krasnoyarsk,
3Space Research Institute, Austrian Academy of Sciences, Graz, Austria

[IpemioxkeH HOBBIA METOA OLCHKM BJIMSHHS ITOHJCPOMOTOPHBIX CHJI Ha TIJI00aJIbHOE
pacnpezeleHnue IeKTPUYECKUX MoJiel U TOKoB B HoHochepe 3emin. [lenepceHoBCKas 1 XOTOBCKast
MPOBOJMMOCTH MOAMGDUIMPYIOTCS Ul yueTra BIHMSHHS YCKOPEHHs MPOBOJISILIEH CpPElbl C TOKAMH.
IToka3aHo, 4TO TOKH B clioe F, CylIecTBeHHO yMEHBIIAIOTCS, €CIIM HMPOLECCHl IIATCS HECKOIbKO
gacoB. DPPeKT 0COOCHHO Ba)KEH IS HOUYHOW HU3KOIIMPOTHOW HOHOChepsl. (s KoamuecTBEHHOTro
aHanm3a Hddexra ucnonp3oBaHa MeXIyHapoqHas CIpaBoYHas Mopaenb HoHocdepsl. Ota
SMIIMPHUYECKAsT MOJIEIb JaeT 00JacTh ¢ BHICOKOM KayJIMHIOBCKOH MPOBOAMMOCTBIO HE TOJIBKO B CIIOE

E ., nou B cnoe F, HouHoil HOHOChEpBI. AHanU3UpyeMblil 3QGEKT yMeHbIIAeT IIPOBOAUMOCTD B CIIO€

F,Ha mnopsiiok, 4To nenaer NPOBOAMMOCTh Oimke K HAONIOZAEMBIM COOTHOLICHUSIM MEXKIY
AIEKTPUUESCKUMH TOJISIMU U TOKAMH Ha T€OMarHUTHOM 2KBaTope.

1. Introduction

The ionosphere is usually considered as a conductor with a given conductivity
distribution when global electric fields and currents are simulated. Considering the high
conductivity in the direction of the magnetic field, a two-dimensional approach is appropriate.
The magnetic field lines are equipotentials and the ionospheric conductor may be represented
by Pedersen and Hall conductances which are equal to integrals along magnetic field lines of
the corresponding local conductivities s ,,s |, [7].

If the conductor is moving, then Ohm's law is valid in the moving frame of reference.
An additional term appears in the laboratory frame of reference that is proportional to the
velocity. This kind of electric field generator is subject of the dynamo theory. The motion of
the medium is mainly defined by neutra winds and it is slightly disturbed by the
ponderomotive force in E region of the ionosphere since the density is large there. So, this
conductor moves in the magnetic field and works as a magnetohydrodynamical generator. In
contragt to the E region, the medium in the F region is guided by ponderomotive force that
corresponds to a division of the ionosphere into dynamo and motor regions [8].

Here, we analyze the motion of the conducting medium, whose appearance is due to
the electric and magnetic fields, and estimate how the electric current is changed due to its
influence. This gives a quantitative description of the ionospherical region in that dynamo is
changed by motor.

The concept of defining some effective conductivity which represents a moving
conducting medium is not new. It is done by [1] under the assumption of a steady-state
motion. But periods of unsteady state processes are often not short. The model [2] represents
a modification of the Pedersen conductivity for an electric field which is harmonic in time.
Our approach differs mainly in that an unsteady process is regarded as a relaxation to a new
steady state after a moment when the electric field is changed. We add an analysis of
integrated conductivities which is important for large scale electric fields.
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2. The Conductor Motion . .
Let us consider a homogmmus conductor which moves in magnetic B and electric E
fields. Let us split vectors E into field-aligned components E, parallel to the magnetic field

and the normal components I'En . The Ohm's law isvalid in the rest frame of reference,

i =sf 1)
Jn=SeE',-s,[E, B]/B (2
E',=E, +[4," B, ©)

where ] is the current density, quantities s ,,s ;, s, are the Pedersen, Hall and field-aligned

conductivities, U is the conductor velocity, r is the mass density. We use Sl units. In the
case of interest, the electric field and velocity are normal to the magnetic field. The equation
of motion is,
do, .r.r

" =[},” B, 4
ot [J," B (4)
If the process under analysis coverstime t,, it is natural to define an average values

of the conductivities, which can be calculated on the base of the solution for the problem (1-3)
with zero velocity at the moment t,, asit isdonein [5],

r

<SP>:SP,:_(1' exp(-tO/t)), <s, >:SHeXp(-t0/t ) (5)

0
3. Empirical M odel of the Main lonospheric Parameters

Our calculations are based on the following empirical models: The International
Reference 2001 (IRI), the Mass Spectrometer Incoherent Scatter 1990 E (MSISE), the
International Geomagnetic Reference Field 1945-2010 (IGRF-10). We used Fortran software
of these models from the web page of NASA's Space Physics Data Facility [10].

The concentration of the main ions O",0;,NO", and electrons, as well as their
temperatures, we define by IRI. To include the height region of 80-100 km we choose the
model [4] among those included to IRI. All other alternativesinside IRI are solved as a choice
of standard versions. The main neutral gases N,,O,,0 concentrations, we define by the
MSISE model [9]. The model IRl demonstrates the convergence of electron, ions and neutrals
temperatures, when the height decreases to 120 km. This permits to define a common
temperature. We use the MSISE model to define the temperature below 120 km because it can
not be done by IRI. We calculate the collision rates of the electrons and ions in accordance
with [3] and [11]. Then the components of the conductivity tensor by usual formulae e.g. [8].

Typical space distributions of the values of the parameter t in dependance of of the
period of acceleration t, are presented in [5] as well as modified values of Pedersen and Hall
conductivities. Here we concentrate on the modification of their integrals along magnetic field
lines, which are refereed to as Pedersen and Hall conductances S;,S,, .

4. M odification of the lonospheric Conductance

In the previous section, the conductances S,,S,, are defined for a magnetic field line.
We identify a field line by the height h of its position above some point with given
geomagnetic coordinates. The conductances S,,S,, as functions of h are shown in Fig. 1 a,
b, respectively. Midnight values above the point with geomagnetic coordinates
g =90°,j =180° are presented at a taken moment of universal time. Fig. 1 ¢ presents the
midnight Cowling conductance S. =(S2 +S%)/S,, which is important for theories of

equatorial electrojets. Since the height distributionsof s , and s , differ from each other, S,
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is not equal to the integral of the local Cowling conductivity s . =(s2+s}/)/s, which is
sometimes used instead of S.. .
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Fig.1. The height distributions of the conductances S;,S,,,S. . Midnight values above geomagnetic
equator. The curves 1 present the original S;,S,,,S. and the curves 2, 3, 4 correspond to the

processes with t, =1/3,1, 3 hours. The ordinate h is the height at which the magnetic field line
crosses the geomagnetic equator.

The curves marked with number 1 present the original S,,S,,,S. and the curves 2, 3,
4 correspond to the processes with t, =1/3,1,3 hours. As it is seen in Fig. 1 al three

conductances decrease significantly in the night-side ionosphere. The effect under
consideration in fact cancels the second conducting layer, the conductance of which for the
short-term processes is larger than the conductance of the layer below 160 km. Since the
Pedersen conductance below 160 km is small, its 30 times decrease above 200 km is very
important.

Fig. 2 shows the difference between night conductances for short-term and long-term
processes. We use a logarithmic scale for the conductances in units of Siemens. The values of
S to neighboring contours differ 3/10 times which is approximately twice. Conductance
distributions at the base surface near the geomagnetic equator are presented. The abscissa is
the geomagnetic longitude j , and the ordinate is the height at which the magnetic field line
crosses the base surface. Only the night half of the geomagnetic equator is presented. The left
and the right panels of Fig. 2 present S.,S,,,S. for short-term and long-term process of
t, =3 hours.

Fig. 2 shows that the conductances decrease one order of magnitude above 180 km in
the whole night-side low-latitude ionosphere for 3 hours long processes as compared to the
short-term ones. Thisisalso shownin Fig. 1.
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Fig.2. Conductance distributions above the night half of the geomagnetic equator. Left panels show
conductances for a short-term process. Right panels show conductances for a long-term process, for

which modifications of the conductivities are done for t, =3 hours. Pands a, b are for log,; S;,
pandsc, darefor log,, S,, , panelse f arefor log,, S.. , where conductances in S units are used. The

color scale is common for al panels. Common color is used for S<1S and the contours S<1S are
not plotted.

The main result of the analyzed acceleration is that for the long-term processes, the
night-side height distributions of the conductances become similar to the day-side ones with
30 times less scale, as it takes place in the middle-latitude ionosphere. This is precisely the
property which is used practically in all models of the low-latitude ionospheric conductance.
Fig. 2 shows that this is wrong for the short-term processes, but indeed, the analyzed
acceleration of the medium permits to ignore the conductance of the higher layer for the long-
term processes.
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It is also important to note that the conductances in the night-side low-latitude
ionosphere are much larger than it can be expected if one extrapolates their properties from
the middle-latitudes to low latitudes.

We can summarize the results of the section as the expectation of essential
modifications of the model electric fields and currents in the low-latitude ionosphere
compared to the models which use less detailed conductivity models than IRI gives. Our
models [6] are among the latter.

For the long-term processes the modification of the traditional models may be
moderate because on one hand the IRI-2001 model gives the second night-side layer of high
conductance, and on the other hand, the acceleration of the medium reduces current in such a
layer.

5. Discussion

The proposed modification of the local conductivity according to formulae (5) is based
on the assumption (4) that no force but the ponderomotive one accelerates the medium. The
ponderomotive force above the geomagnetic equator may be vertical as well as horizontal.
The vertical movement of the ionospheric medium can break pressure balance stronger than
the horizontal movement. In spite of that, such a motion due to an Eastern or Western electric
field is often observed above the geomagnetic equator as the fountain effect or super-fountain
effect during storm time [12]. Pressure and friction are supposed to be unchanged in our
model. Conversely, the original local conductivities s ,,s, remain unchanged if the
ponderomotive force is negligible. The adequateness of one of these opposite assumptions can
be proved only in the frame of a more general model, because of the fact that pressure and
other parameters may be changed as a result of the motion.

If we have only the simplified model of the ionosphere that is a global conductor with
given conductivity and velocity distributions, it is useful to calculate the electric fields and
currentstwice, for given s ,,s , and for effective <s , >, <s , >. If the results are different,
a qualitative analysis of acceleration is needed. In special cases, this supports one of the
alternatives. For example, a considerable reduction of the effective conductivity in the F,
layer must be always done. In general, a quantitative simulation of the motion is necessary.

Conclusions

The IRl model gives the second high conductance layer in the night-side low-latitude
ionosphere in addition to the main conductor in the E layer. It reduces the electric field and
equatorial electrojets, but intensifies the night-side currents in the F, layer during short-term
events. These currents occupy the regions which are much wider than those of the equatorial
electrojets. The local conductivity is to be reduced with formulae (5) to take into account the
influence of the ponderomotive force. The corresponding acceleration of the conducting
medium reduces the currents in the F, layer. The effect is a maximum in low-latitude night-

side ionosphere.
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IMPUMEHEHMWE KOHHEINIWU CITIUPAJIBHOCTHU JJIAA U3YUEHUSA
TPOIIMYECKOI'O HUKJIOI'EHE3A

APPLICATION OF THE CONCEPTION OF HELICITY FOR INVESTIGATION OF
TROPICAL CYCLOGENESIS

H.C. Epoxunl, I'.B. Jlesuna?

1 .
HUncmumym xocmuueckux uccieoosanuti PAH

2

Uncmumym mexanuxu cnaownsix cped YpO PAH

The paper concerns investigations of generating properties of helical convective atmospheric
turbulence, which may result in a large-scale helical-vortex instability thereby contributing to tropical
cyclogenesis. The main goal is to identify a way of how this may be responsible for the threshold of
large-scale vortex instability in order to allow for it in numerical meteorological models for
forecasting of weather. As a possible mechanism we consider the mechanism of turbulent vortex
dynamo. According to modern physics small-scale helical turbulence has a number of special features
and under certain conditions is capable of intensifying and sustaining large-scale vortex disturbances
by means of energy transfer from small scalesto large ones. The non-zero mean helicity of convection
can arise in the in-homogeneous atmosphere. As theoretical and humerical investigations show there
exists a threshold for the large-scale helical-vortex instability resulted from the vortex dynamo effect.
The main averaged result of the vortex dynamo-effect is a generation of the positive feedback between
horizontal and vertical circulations in aforming of large-scale vortex structure. A numerical approach
is proposed for the diagnosis of helical-vortex instability in investigations of tropical cyclogenesis by
means of regional atmaospheric modeling systems.

1. MoaenupoBaHue TPONHYECKOTO IIMKJIOTeHe3a

Hacrosimas paboTa BBINIOJHEHAa B paMKaxX MCCIEIOBATENbCKONH MPOTrpaMMbl  TIO
TEOPETHUECKOMY M OKCIIEPUMEHTAIBHOMY MOJICIMPOBAHUIO (PU3HUECKMX MEXaHU3MOB,
JICUCTBYIOIIMX Ha CTAQAWM  3aPOKICHHUS TPONMYECKUX IMKIOHOB, W  HM3YYEHHUIO
KJIMMAaTOJIOTHYECKUX YCIOBUH B aTMoc(epe u okeaHe, OJaronpusTCTBYIOIIUX TPOITUIECKOMY
IUKJIOTeHe3y. B CcoBpeMeHHbIX uccienoBaHusx (cMm., Hampumep, [6, 9]) cramgmio
TPOMUYECKOTO IMKIJIOTeHE3a TPAKTYIOT Kak MepexoJ OT HayaJbHOTO TPOMHUYECKOTO
BO3MYIICHHUS, TPEACTABIAIONIETO €000 CITa0OMHTEHCHUBHBIH BUXPh CHHOINTHYECKOTO
Macmtaba ¢ MaKCHMaJbHOW 3aBUXPEHHOCTBIO B CpeaHell Tpomocdepe, K TPOMHUECKOH
JCTPEeCCHd — MEe30MacIITa0HOMY BHXPIO JIOCTATOYHOW WHTEHCHBHOCTH (CO cpemHei
CKOPOCTBIO BeTpa 10 17 M/C), CKOHIIEHTPUPOBAHHOMY BOJIM3H MOCTUIIAIONICH TOBEPXHOCTH
U UMeIeMy Terioe sapo. Kpome Toro, Xopomo H3BECTHO, YTO HE BCAKOE TPOMUYECKOE
BO3MYIICHUE WJIM TPOIMUYECKas IETpeccusi pa3BUBACTCA B BUXPb YparaHHOW CHIBL. JTO
MOXXET O3HayaTh CYIIECTBOBAHHE TIOPOTOB TEHEPALMU BUXPEBOW HEYCTOWYMBOCTH,
COOTBETCTBYIOIIUX PA3JIMYHBIM d3TanaM (OPMHPOBAHUS 3aPOXKAAIOMIETOCS TPOMHYECKOTO
nukioHa. [losToMy BakHeimiel 3amaueil siBiseTcss u3ydeHue (akToOpoB, ACUCTBYIOIIMX Ha
PaHHUX CTaIUsX SBOJIOIMH TPOTHMYECKOTO IMKIOHA, C IENBI0 ONPENEeNTUTh T€ W3 HHUX,
KOTOPBIE MOTYT MTPUBECTH K (POPMHUPOBAHUIO YparaHa.

OnmHuM M3 BO3MOXHBIX MEXaHM3MOB TEHEpaIli KPYIMHOMAcCIITaOHOH BUXPEBOMH
HEYCTOMYMBOCTH SIBJISIETCSl TypOyJICHTHOE BUXpeBoe AuHAMO [3, 4], OCHOBaHHOE Ha OCOOBIX
TeHEPAlMOHHBIX CBOWCTBAX MeJIKoMacTaOHOW crnupaibHOW TypOyiaeHTHocTH. CoriacHo
TEOPETUYECKON THIOTe3¢ O TypOYJIEHTHOM BuXpeBoM muHamo [3, 4] menkomaciitaOHas
cnupayibHas TypOYJIEHTHOCTh TIPH HEKOTOPHIX YCIOBHSX CIIOCOOHAa YCHIUBATh U
MOJICP)KUBATh KPYITHOMACIITAOHBIE BUXPEBBIE BO3MYIICHUS IYyTEM IE€PEHOCA DHEPTUU U3
MEJNKHX MaciTaboB B KpynHble. [lpu gefictBuM 53TOoro MexaHu3Mma BO30YXKICHHE
KPYIMTHOMACIITA0OHOH BUXPEBOH HEYCTOHYMBOCTH MPOUCXOIUT TOPOTOBBIM OOpa3oM, dTO
MOKa3aHO TEOPETUYECKU U TIOTBEPHKICHO YHCICHHBIMH UCCIIEIOBAHUSIMH MOJIEIIH BUXPEBOTO
muHamo [7, 8]. OCHOBHBIM OCpPEIHEHHBIM PE3YJbTaTOM M TJIABHBIM HPU3HAKOM JCHCTBHS
BHUXPEBOTO JUHaMO-3((eKTa SBISIETCS CO3JaHUE TOJIOKUTEITHHONH OOpAaTHOW CBSI3U MEXIY
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Cexyusa 5 «Bauanue celicmuueckoil akmueHocmu Ha ammocgepHoie
npoueccwol u puzuka npedeecmHUKO8 3eMAemPACEHUIL»

IMPOBEPKA I'MIIOTE3bI O JIOKAJIBHOCTH HAPYHIEHUSA CYTOYHOT' O XOJA
IMOJIHOI'O 2JIEKTPOHHOT' O COAEPKAHUSA ITEPEJ] BEMJIETPACEHUAMUAU

VERIFICATION OF THE HYPOTHESISON LOCALITY IN DEVIATIONS OF DAILY
VALUESOF TOTAL ELECTRON CONTENT BEFORE EARTHQUAKES

2 JI. A([)paﬁmoeuql, 2.U. Acmatj)beeal, H.C. I'agpunwk 1, H.B. Kusembes®

1 .
HUnemumym conneuno-zemnoui pusuxu CO PAH

2 y

Hncemumym xocmouzuueckux ucciedosanuil u pacnpocmpanerus paouosoan /[BO PAH

A number of papers have reported about deviations of daily values of the maximum electron
concentration of the ionospheric F2 layer and/or total electron content (TEC) in the vicinity of an
earthquake' s epicenter within some days prior to the main shock. Owing to the importance of this
problem, a question of locality of those effects is arising. It is necessary to distinguish clearly the
ionosphere changes caused by processes of earthquakes preparation and global changes of the atmosphere
ionization as a whole, due to variations of solar EUV radiation within wide range of time periods. We
have devel oped a method that is based on calculations of the mean TEC value for selected region. In this
paper the effect of TEC increasing before strong earthquakes is analyzed. It is shown that in a number of
cases the effect of TEC increasing before strong earthquakes might be a reflection of global increasing of
the ionization at a positive phase of 27-day TEC variations.

1. BBenenue

Nonochepusie 3¢ dexThl, Tak WM HHAYE CBSI3aHHBIE C CEHCMHYECKON aKTUBHOCTBHIO,
BBI3BIBAIOT TIOBBIIIEHHBI WHTEPEC MHOTHX HCCIENoBaTeNeld yXe B TEUeHHE HECKOJIbKUX
necsatkoB Jyer [3, 8, 12]. B mocnemHee Bpemsi pa3BUTHE MOHUTOPHHTA HMOHOC(EPHBIX
MIPEBECTHUKOB 3E€MJICTPSICCHUI CBSI3BIBACTCS C HCIOJB30BAaHUEM CHUTHAJIOB TJI00ATBHBIX
HaBUTAIlMOHHBIX CUCTEM GPS-T'nonacc-GALILEO, MTO3BOJISIFOIIMX OTIpEeAETUTh
MPOCTPAHCTBEHHOE pacIpeeieHUue U TUHAMUKY MOJHOTO AiekTpoHHoro coaepxkanus (I19C) B
noHocepe. 10 00YCIOBICHO LEIBIM PSJIOM MPEUMYIIECTB 110 CPAaBHEHHUIO C KIACCHYECKUMU
panuoGU3NUECKUMHU CpPEACTBAMHU 30HIUPOBAHUS HOHOC(HEpHl — HEMPEepPBIBHOCTh, BBICOKOE
MPOCTPAaHCTBEHHO-BPEMEHHOE pa3pelieHne M TI00aJbHOCTh MOHHUTOPHHTA HOHOC(EPHBIX
BO3MYIICHUN PA3IMYHON MPUPOIBI, a TaKKe IKOHOMUYHOCTH, 00YCIOBIIEHHAS HCIIOJIb30BAaHHEM
YK€ CYIIECTBYIONIEH KOCMUYECKOH 1 Ha3eMHON HH(PACTPYKTYphl HABUTALIMOHHBIX CUCTEM.

UccnenoBanust [4-11] mocesimenbl moucky aHomanuii [19C, cONpsbKEHHBIX €
TOTOBSIITUMUCS  3€MJIETPSICEHUSIMH, Ha (OHE «CTMOKOWHOW» WoHOCchepsl. OmnucaHHbIE B
yKa3aHHBIX paboTax aHOMAJIMU HOCAT JIOKAJbHBIN XapaKTep, JUIATCS HECKOJIBKO YacOB B TEUCHHE
Nepro/ia, JOCTUTAIOMIETO 5-6 MHEel, U MOSBISIOTCS B TeUSHHE YKa3aHHOTO TIepHoJia B OJHO U TO
’Ke MECTHOE BpeMsl.

OcCHOBBIBasICh Ha aHaNM3e rII00aTbHBIX MOHOC(hepHBIX KapT [19C, aBTOphl padoTH! [5]
MOKA3aJId, YTO 32 HECKOJIBKO CYTOK JI0 3eMJIETPSICEHHUS] B HOHOC(Eepe HaunHAET (HOPMUPOBATHCS
00J1acTh TOJIOKUTENBHBIX BO3MYIICHHBIX 3HAYCHWH, NMPUYEM HE 00s3aTeIbHO TOYHO Haj
BEPTUKAJIHHON MPOEKIMEN AMHILIeHTpa. BennynHa Bo3MyIeHHOCTH MOXeT Jocturarh 85-95% ot
HEBO3MYIIEHHBIX 3HaueHuid. [IpocTpancTBeHHbIe pazmepbl anomanuu focturatoT 1000 kM 1o
mmpore u 6osee 4000 kM 1o rosroTe.

[To manubiM padoter [10] s psua 3emiieTpsicenuit Ha o. TaliBanb ¢ MmarauTynoit M>6.0
MHTCHCUBHOCTh HMOHOCQepHbIX mnpenBecTHUKOB [I9C cocraBmsimta 10 u Gomee TECU
(oGmenpuusitas exuania mmepenus 11C TECU, pasuas 10 M), npu sTom varme Bcero oHu
JIETEeKTUPOBAINCH B BeuepHee Bpems (18-22 LT). [InesHas anomanus [19C Habironanack nepe
semuierpsiceaneM B Typrmu 12 HosiOps 1999 r. (M~7.5) 3a cyTku 10 Ti1aBHOTO COOBITHS, IPU
aToM aHeBHoe yBenuueHue [19C cocrasmino ~10 TECU [11].
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B pab6ote [6] mo nmanubiM GPS HaGmioneHuii mpoBeaeH aHanu3 Bapuanuii [19C mus
semierpsicenus: B Kanmununrpazne 21 centsiops 2004 r. B Bapuanusix [19C 3a cyTKu 70 TI1aBHOTO
TOYKa ObUTa OoOHapykeHa HMOHOc(hepHas «aHOMATHSA» B BUAC CHEIU(PUICCKOTO TOBBIIICHUS
ypoBHs [19C B paiione Oymymiero 3emieTpsiceHUs. AHaIN3 aHOMAJMH IMOKa3all, YTO IO PSIY
MPU3HAKOB — JIOKAIBHOCTD, pa3Mepbl 30HBI MPOSIBICHHS, XapaKTepHOE BPEMs CYILIECTBOBAHUS —
€€ MOXXHO acCOUMMPOBaTh C TMPEIBECTHUKAMU CEUCMHYECKOW aKTUBHOCTH. Pe3ynpTarsl
MCCIIEIOBAaHUS TPOJIEMOHCTPUPOBAIIM, YTO TPU JIOCTATOYHO OJArONPHUSATHBIX Te0(PH3UIECKUX
YCIIOBHSIX CECMO-HOHOC(HEPHBIE MPEIBECTHUKH MOTYT OBITh BBIJICTICHBI JaXKe JUISI HECHIIBHOTO
3eMJICTPSICEHUSI.

B pabGore [7] paccmaTpuBaeTcs THIOT€3a O BO3HUKHOBEHMH B HOHOC(hepe
MaKpOMacIITaOHBIX MJIa3MEHHBIX CTYIIEHHH, TOPU30HTAIBHBIE pa3Mepbl KOTOPBIX JOCTUTAIOT 4
TBIC. KM, TIpeBbITieHne HaJ hoHoM — 15-30%. Takue HEOTHOPOHOCTH BO3HHUKAIOT B oOyiactu F2
Ha BbICOTE IIaBHOrO Makcumyma 3a 10-15 u nmo katactpoduueckux zemuerpsicenuit (M>6) B
OKPECTHOCTSIX DJIHLEHTPA, 3aTeM IEePEeMEIIaloTCs TOPH30HTAIBHO TMPUMEPHO BJOJb JyrH
OO0JIBIIIOTO KpyTa MO/ pa3IMYHBIMU a3UMYyTaMH C OKOJIO3BYKOBOM CKOPOCTBIO HAa PACCTOSHUS 10
15 ThIC. KM.

B pa6otax [4-11] BeIACASAIOTCS CACIYIONHE OCHOBHBIC OCOOCHHOCTH BapHaIliil 3HAUCHHIA
I13C, accomuupyemble C TPEIBECTHUKAMU 3eMIeTpsiceHHil: 1) mposBICHHE CcelicMo-
HOHOCHEPHBIX APPEKTOB HAOTIOIACTCS B CPEHEM 3a JJBOC-TPOE CYTOK JI0 TJIABHOTO TOJIYKA; 2)
NPEABECTHUKU UMEIOT BUJI JIOKAILHOTO YBEJIMYCHUSI JIEKTPOHHON KOHIICHTPAIMH; 3) MAKCUMYM
BO3MYIIICHHON 00JacTH pPACHOJIOKEH B HEMOCPEACTBEHHOW OJIM30CTH OT SMULEHTPAIHLHOTO
paiiona; 4) IpoCTPaHCTBEHHBIH MacIITad — HECKOJIIBKO THICSY KHJIOMETPOB 10 JIOJITOTE U OKOJIO
1000 kM mo mUpoTe; 5) aMIUIUTyda BO3MYIIEHHs IOCTHraeT 3HadeHus B cpemHem 40-60%
OTHOCHTEIIHOTO (DOHOBOTO YPOBHSI.

OnHako B IUTHPYEMBIX BBIIIE pabOTax OTCYTCTBYET JOKa3aTeNbCTBO CTATUCTHUYECKON
3HaYMMOCTH OOHApPYXEHHBIX MPEIBECTHUKOB C YU4ETOM pealbHON TouHOCTH m3MepeHuit [13C
(e ayume 20-30% [13]), a Takke aHanM3 MOJAOOHBIX AHOMAJH, HUKAK HE CBS3aHHBIX C
MOJTOTOBKOM  3eMIIETpsICeHHM. B  CBA3M ¢ BaXHOCTBIO 3TOW TPOOIEMBI BO3HUKAET
HEO0OXO0IMMOCTh MPOBEPKH THUIIOTE3bI O JIOKATHLHOCTH HapylieHus cyrouHoro xoaa [19C mepen
3eMJIeTpsiceHneM. B HacTosmeM Jokiane Mbl IpeaaraéM MeTo T TAKOH TPOBEPKH.

2. MeTtogn NMPOBEPKHU N'MNOTE3bI 0 JIOKAJBHOCTH AaHOMAJINU

B 2005 r. 8 UC3® CO PAH O6b1 BrepBble NMPEIOKEH HOBBIM MOJIXOJ K PEIICHHIO
npoOJeMBbl  COJTHEYHO-3€MHBIX CBSI3€M IyTeM OMNpenieNeHusi TJI00AIbHOTO 3JIEKTPOHHOTO
conepxkanus (I'9C), paBHOTO MOJHOMY KOJIMYECTBY JIEKTPOHOB B OKOJO3EMHOM KOCMHYECKOM
MPOCTPAHCTBE, OTPaHUYEHHOM BbICOTOW opOuTHI MC3 panmonaBuranmnoHHoil cucremsl GPS
(oxomo 20200 xm) [1]. IIpeumyiecTBOM TaKOro MOAXOJa SIBJISETCS TO, YTO JIOKaJbHbBIC
O0COOEHHOCTH  XapaKTePUCTUK  HOHOC(HEpbl  HUBEIUPYIOTCS, B  HUTOT€  BBIABISIOTCA
3aKOHOMEPHOCTH, XapaKTEePU3YIOIIHE JUHAMUKY III00aTHHOTO SJIEKTPOHHOTO COJIEPIKAHHMS.

OcHoBHas uzesl MPeAIOKEHHOTO HaMH Croco0a MPOBEPKU 3aKITIOYASTCS B CIEIYIOIIEM.
MoHOTOHHBIN pocT (WM craa) MakcuManbHOro 3HadeHus [19C B TeueHHe HECKOJBbKHX IHEH
MOXeET OBITh CBSI3aH HE C JIOKAJbHBIMU U3MEHEHHUSIMH, & POCTOM (WM CIMagoM) riio0aibHOTO
COJIepKaHUs DIEKTPOHOB, OOYCIOBJIEHHOTO COOTBETCTBYIOIIMMHU H3MEHEHHUSMH IMOTOKa YD
uanyuenns Comnma. B [1, 2] ycranosneHo, uro mis ['DC xapakrepusl cuibhble (10 30%)
CE30HHBIEC BApHAIIUU C MAKCUMYMOM B TIEPUO/IBI PABHOACHCTBHSI, OJTHAKO MEPUOJT ITUX BapHallui
MHOTO 00JbIIe JUTUTENbHOCTH aHoManui [19C, Tak 4To UX MOYKHO HE IPUHUMATh BO BHUMaHHE.

B To ke BpeMsi OTHOCHUTENbHAS aMILTUTY1a 27-THeBHBIX Bapranuii ymeHbInaeTcs ¢ 8% B
NEepUOIbl POCTa M Claja COJHEYHOW AaKTHBHOCTH 10 2% B TMEpHOA MaKCUMyMa, 4YTO
COOTBETCTBYET IUHAMHUKE aKTHBHBIX 0OpazoBanumii Ha CosiHile B TedeHue ll-rmeTHero mukia
aktuBHOCTH [1, 2]. IIprBencHHBIC BBINIE OLIEHKU MOJYYEHBI MpH CriiaxuBaHuu psaoB [IC c
BpeMeHHbIM OKHOM 10 nHeii; oTHOCHTEeNbHAas aMIUTUTyHa 27-THEBHBIX BapHallUH HCXOIHBIX
psamoB I'DC MoxeT nocturaTh BechbMa 3HauuMoil BeiamumHbl +15-20% [2]. B abGcomroTHBIX
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BenmuuHax [19C npu cpeanem yposue 20 TECU 510 o3navaer nzmenenue [19C B npenenax ot
12 no 28 TECU, uro cpaBHMMO ¢ oOHapyxeHHbIMH B [4-11] anomamusmu [1D9C. Ilpu stom
JTITUTENBHOCTh (a3bl 27-mHeBHON Bapuanuu [DC ¢ MakCUMalbHBIM 3HAYEHHUEM IMPOU3BOIHOM
IM13C Toro xe mopsinka (oxono 7-10 nmHeid), 4TO W JAIUTENBHOCTh OOCYXIaeMbix B [4-11]
anomanuit I19C.

B nacrosimeit pabote Mbl mcmosbzyeM KoHuenuio ['DC mist mpoBEepKH THIOTE3Bl O
JIOKaTbHOCTH OOHapyXeHHBIX aHomanuii [I9C, ¢ TeM OTIMYMEM, YTO BMECTO pAacCUETOB
rJI00aBHOTO  DIIEKTPOHHOTO COJIEp)KaHUsl Oojee yHOOHBIM TIPENCTABIISETCS BBIYUCICHHE
CpemHero i BeIOpaHHoTro pernoHa 3HadeHus [19C.

Meron ocHoBaH Ha wucnosib3oBanuu GIM-kapt [13], BBIUHCISEMBIX MO JAHHBIM
MEXKIYHApOaHOH cetn npueMHuKoB GPS B Heckonbkix HayuHbiX 1eHTpax (JPL, CIIIA; CODE,
[Iseiiniapus, u ap.). [IpoctpancTBenHslii nuamna3on kapt GIM B crangaptaom dopmare IONEX
+180° o monrore u +90° mo mmpoTte; pasmep meMeHTapHoi sueiiku GIM — 5° mo monrore u
2.5° mo mupore; obmiee komuuectBo siueek GIM Nma = 5184. Jiis kak10T0 MOMEHTa BPEMEHH C
JIByX4acCOBBIM ~BpeMEHHBIM paspemeHneM u3  (QaimoB |ONEX wu3BecTHBl 3HaYeHHSA
BeptukansHoro [19C ljj, Toe MHOEKCH i, | yKa3bIBalOT HAa KOOPIMHATHI (IIMPOTY M JIOJITOTY)
sraeiiku GIM.

Cpennee 3nauenue [19C <I(f)> mo Bcemy 3eMHOMY IIapy WM BBIOPAHHOMY PErHOHY
BBIUMCIIAETCS myTeM cymmupoBanus 1o BceM N sueiikam GIM 3nauennii [19C

<1>=g41,/N (1)

3. [IpumepsbI 3eMiieTpsiCeHU

3.1. PaccMoTpuM B KadecTBE MEPBOTO MpHUMEpa JOKAJIbHYIO 3aBHCHMOCTb CPEIHETO
sraueHus [19C nepen 3emnerpscernem 25 centsops 2003 r. Bomu3u o. Xokkaiijgo B SnoHun ¢
marautynoi M=8.3. Jlokanbusie 3HaueHus <|(t)> nmoxyueHsl myreM ycpeaHeHHs Ha TEPPUTOPUU
32-38°N; 130-140°E B unTepBane Bpemenu 3a 10 mueit mo m 10 e mociie 3eMIeTpsCeHUs
(puc.1B; MOMEHT TJIAaBHOTO TOJTYKA OTMEUEH BEPTHUKAIBHOM CTpenkoii). KpyxkoM Ha maHeiu B)
OTMEUCHO <«QHOMallbHOE» ([0 CPaBHEHHIO C TPEABIAYIIMMH  JHSIMH) TIOBBIIICHUEC
MakcumanbHoro 3Hauenus [19C 3a 2-3 gHs g0 3emserpsicenus. IToT 3ddekr aBropsl [9]
UHTEPIIPETUPYIOT KaK BO3MOXKHBIA TIPEIBECTHUK 3emiieTpsiceHus. B [5] oTmeden Taxoke
0OJIBIIION MPOCTPAHCTBEHHBIH MacITabd oOHapy)eHHOH «anomamum» (10 2000 km).

25 conTaGpa 2003 r, 21 cenTHopa 1999 .
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Bapuanuii [I19C mo m mocne 3emierpsiceHust 25
cenTsops 2003 T.
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[IpoBepum, siBisieTcs M JaHHAs <«aHOMalUs» cyroyHoro xona I1DC peicTBUTENHHO
JOKAbHOM, T.e. CBSA3aHHOW C PETHOHOM OyIymIero 3emierpsiceHus. TexHoJorus pacuera
cpemHero mo BceMy 3eMHoMy miapy 3HaueHuss [IDC <I(t)> maeT BO3MOXHOCTH CpPaBHHTH
JIOKaJTbHBbIE M3MEHEHUS C IMHAMHUKOH TII00aIbHOTO JIEKTPOHHOTO conep:kanus. Ha puc. la sta
3aBHCUMOCTh HaHeceHa st Bcero 2003 r., a Ha puc. 16, B — s ananuzupyemoro 20-1HEBHOTO
UHTEpBaja BpeMeHH (TOJICTBIC Cepble KPUBHIE).

CpaBHeHHe JIOKaJBHOM M Tiio0anbHO# 3aBucuMoctedt <I(t)> mo3BossieT yCOMHUTBCS B
JIOKaJIBHOCTH OOHapyxeHHoW «aHoManmuu» [1DC. OOHapyxeHHbIH B [5] addekt yBenudeHus
MakcumanbsHoro 3HaueHus [19C mepen 3emnerpsicenuem 25.09.03 r. MoxeT OBITH OTpasKEHHEM
r7100aIbHOTO YBETMYEHUSI HOHU3AIMH Ha TIOJIOKUTENbHON (haze 27-mHeBHO# Bapuarmu [13C.

D¢ heKTUBHOCTH POBEICHHON MPOBEPKH OCHOBAHA HA BBHICOKOW TOYHOCTH BBIYHCIICHUS
cpeaHero mo Bcemy 3eMHoMy Imapy <I(t)> - nyume 0.5 TECU mo cpaBHeHHIO CO cpemHEel 1Mo
tepputopun ~ 5 TECU.

3.2. B xadecTBe BTOpOTrO IMpHMEpa PACCMOTPUM JIOKAJIBHYIO 3aBUCHMOCTH CPEIHETO
sHadeHus: [19C nepen zemnerpsicenueM 21 centsops 1999 r. ma o. TaiiBaHbp ¢ MarHuTynaou
M=7.3. Jlokanbubie 3HaueHus <I(t)> momydensr myrem ycpenHenus Ha teppuropun 20-26°N;
118-124°E B untepBane Bpemenu 3a 10 el 10 m 9 nmHei mocne 3emuerpsiceHus (puc.2B;
MOMEHT TJIaBHOTO TOJIYKA OTMEUCH BEPTHUKAIBbHOUM cTpenkoi). Ha puc. 2a 3Ta 3aBUCHMOCTH
Ha”eceHa st Bcero 1999 r., a Ha puc. 26, B — ans ananusupyemoro 20-1HEBHOTO WHTEpBaia
BpeMeHH (TOJICTBIE cepbie KPUBBIC; COOTBETCTBYIONIAs Mikaina [19C HaneceHa cnpasa). Kpyxkom
Ha MaHelM B) OTMEYEHO «aHOMalibHOE» (0 CPAaBHEHWIO C MPEABIIYIIMMH JHSMH) MOBBIIICHUAE
MakcumansHoro 3HadeHus [19C 3a 2-3 qHs 10 3eMIIeTpsCeHHs .

U B 3TOM Cciydae cpaBHEHUE JIOKABHOHN U rito0ankHOM 3aBucumocteit <I(f)> mo3somser
YCOMHHUTBCS B JIOKAJILHOCTH 0OHapyxeHHoU «anoManuu» [19C. Oonapyxennsiii B [10] adpdexr
yBenuueHus: MakcumansHoro 3Hadenus [19C nepen 3emnerpscenuem 21.09.1999 r. Mmoxet ObITH
OTpaXCHHEM TJIOOATHHOTO YBEIMUYEHUS HMOHU3AIMUA Ha TOJOXUTENbHON (aze 27-aHeBHOMH
Bapuanuu [19C.

3.3. AHAJOTUYHBIN BBIBOJI MOXHO C/€NaTh NPU CPaBHEHUH TIIOOATHHON M JIOKAJIHHOMN
3aBucuMocTu cpearero 3HaueHus [19C u oTHOCcHTENnbHO 3emuerpsicenust 12 nosiops 1999 r. B
Typuuu ¢ maraurynoii M=7.5. Jlokanbubie 3HaueHus <l(f)> momydeHsl myTeM ycpeqHEHUs Ha
tepputopun 36-44°N; 24-36°E B wunTepBane Bpemenu 3a 10 nmueit no m 10 mHe#t mocie
3emiieTpsiceHusi (prc.3B; MOMEHT TJIAaBHOTO TOJYKAa OTMEYECH BEPTHKAIBHON CTpPENKOi).
KpyxkoM Ha maHenu B) OTMEYCHO «QHOMaJbHOE» (IO CPAaBHEHHIO C TPEIBIIYIIUMH JTHSIMH)
MOBBIIeHNE MakcuManbHoTo 3HaueHus [19C 3a 2-3 qHst 10 3eMIIeTpsSICeHuSI.

3.4. PaccmoTpum Tenepb 3emuerpscenue 26 nexabpst 2004 r. Bommsu o. Cymatpa c
marautynon 9.0. JlokansHbie 3HaueHus <l(t)> moaydeHsl myrem ycpeaHeHus Ha teppuropuu O-
10°N; 95-105°E B unTepBaiie Bpemenu 3a 10 mueii 1o u 10 nHeii mocie 3emnerpsicenus (puc.4B;
MOMEHT TJIaBHOTO TOJTYKA OTMEYEH BEPTUKAIBHOW CTPEIIKOH).
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Puc.3. To ke, 4To Ha puc.l, HO 11 3eMIIETPACEHUs Pucd. To e, wuro ma puc.l, Ho nis
12 Hosi6pst 1999 . semuerpsicerus 26 nexadps 2004 r.

AHanmu3 JaHHBIX pHc.4 HE TMO3BOJIAET CIeNaTh 3aKIIOYEHHE O KaKOW-IMOO 3HAYMMOMN
cBsizu Bapuammii [19C BOMM3M SHUIEHTpa € TMPEACTOANIUM 3E€MJIETPSICEHHEM, MOCKOJIBKY
YBEJIMYCHUE aMIUTUTY/bI CyTO4YHbIX KoseOanuit [1DC B peruone (Puc.46, B, TOHKHE KPUBHIC)
(aKTHUECKH MOBTOPSET TUHAMUKY COOTBETCTBYIOIIMX KojeOaHmii cpeanero 3Hadenus [19C no
Bcemy 3eMHOMY tiapy (Puc.46, B, TOJCTBIC cepbie KPUBHIE).

Takum oOpa3om, cpaBHEHHE TIIOOATBHBIX U JIOKATBHBIX 3aBucuMocteir [19C mus Bcex
aHATM3UPYEeMbIX  COOBITHI, TpOBEAEHHOE B  HacTosmedl  pabore, TMOKaszaio, YTO
3aperucTpUpoBaHHbIC B cepur myonukanuii [4-11] «anomamum» [19C MoryT ObITh BBI3BAaHBI HE
CTOJIBKO  YCWJIEHHEM CEHCMHYECKOW aKTUBHOCTH IE€pEel  3EMJIETPACEHHUEM, CKOJIBKO
W3MCHECHHUSIMH TJI00ATbHOW MOHU3AINH, CBsI3aHHOW ¢ nquHamukod Y@ wsnydenns: ConHna. Jlis
TOTO, YTOOBI pa3feinTh OTHOCHTEIBHBIM BKJIAJ O3TUX mpormeccoB B wu3MeHeHus [19C,
HEOO0XOIUMBI JIONOJTHUTEIBHBIE NCCIICTOBAHUS.

[IpennokeHHbli HaMM TMOJXOJ MOYXHO MCIIOJNb30BaTh BO BCEX CHUTYyalMsX, KOI/a
oOHapyXEeHHbIE «OTKJIOHEHHUS OT HOPMBI» HOHOC(HEPHBIX MAapaMEeTPOB CBSI3BIBAIOT HE TOJBKO C
3eMJICTPSICEHUSIMH, HO W C JPYTMMHU JIOKQJIBHBIMU COOBITHSIMHA THIIA YparaHoB, Tai(yHOB,
MOTOAHBIX AaHOMAJIMI M @HTPOTIOT€HHBIX BO3JEHCTBUM.

Pabora BeimosiHeHna mpu nojyiepxkke rpantoB POOU N 06-05-39026, 07-05-00127, a
takke uaTerpanponnoro rpaara CO PAH-/IBO PAH-HAH VYkpaunsr N 3.24.

Crnucok JIMTepaTypbl

1. AdpaiimoBuu I.J1., Acradnea D.U., XKuserbe U.B. ComHeuHast akTHBHOCTh U TJI00aJIbHOE
anekTponHoe coaepkanne // Jlokmaapr Akagemuu Hayk. 2006. T.409. Ne3. C.399-402.

2. DI Adpaiimosuy, D.U. Acradbera, 1.B. XKuserbes, 10.B. SciokeBud. 27-1HEBHbIC BapHAIUU
rJ100aTbHOTO AJIEKTPOHHOTO COJIEpXKaHUsT BO BpeMsi 23-T0 IMKJIA COJHEYHOH aKTUBHOCTH (B
HACTOsIIEeM COOPHUKE JTOKIIAJIOB).

3. Toxbepr M.b., MoprynoB B.A., IToxorenos O.A. CeiicModnekTpoMarauTHeie siBieHns. 1988.
M.: Hayka. — 174 c.



363

4. 3axapenkoBa W.E. Mcnonp3oBanme u3mepeHuil curnanoB cucrembl GPS mis oOHapyKeHHs
MOHOC(EepHBIX TMPEIBECTHUKOB 3emuieTpsiceHuil // ABTOpedepar auccepTanuyd Ha COMCKAaHUE
yUYeHOH cTereHu KaHnauaaTa Guznko-maremarnieckux Hayk. Kammnaunarpazn. 2007. C. 20.

5. 3axapenkoBa W.E., lllarumyparos U.U., JlaroBckuit A.®. Moandukaiust HOHOCQEPHI B IEPUOT
MOATOTOBKM 3EMJICTPSICCHUI 10 JaHHBIM CIyTHHKOBOH cucrembl GPS /[ Tpymer XXI
Bcepoccuiickoii HayuHol koH(pepeHIun “ Pacnipoctpanenue paguoronn”. 2005. T.1. C. 194-198.

6. 3axapenkoBa W.E., lllarumyparos W.U., Jlaroeckuit A.®., Kpankosckuii A. HccienoBanue
HOHOC(EPHBIX TPEABECTHUKOB Ui 3emiierpscenuit kimacca M~5.0 // DiexTpoHHBIH KypHAT
«Uccnenosano B Poccun». 2006. T. 39. C. 1047-1055.

7. Kammnma IO.K., Cepreenko H.II. [IBmxymmecs yeaWHEHHbIE MaKpPOHEOAHOPOTHOCTH,
BO3HHUKAIOIKE B MOHOC(Epe 3a HECKOIBKO YacoB JI0 KaTacTpoduueckux 3emierpsiceHuit //
Hoxnanet Akagemun Hayk. 2002. T.387. Nel. C.105-107.

8. Ilymuuen C.A., Jlerenvka A.J., 3enenosa T.U. 3aBucuMocTh celicMo-MOHOC(EPHBIX Bapualuii B
MaKCHMYyMe CJI0si OT MecTHOro Bpemenu // ['eomarnerusm u asponomus. 1998. T. 38. Ne 3.

9. LiudY., ChenY.l., ChuoY.J, Tsai H.F. Variations of ionospheric total electron content during
the Chi-Chi earthquake // Geophys. Res. Lett. 2001. V. 28. Ne 7. P. 1383-1386.

10. Liu JY., Chuo Y.J, Shan S.J., Tsai Y.B., Chen Y.l., Pulinets S.A., Yu S.B. Pre-earthquake
ionospheric anomalies registered by continuous GPS TEC measurements // Ann. Geophys. 2004.
V. 22. P. 1585-1593.

11. Oraevsky V.N., Ruzhin Y.Y., Shagimuratov I.I. Anomalies of ionospheric TEC above Turkey
before two strong earthquakes at 1999 // Proceed. 15th Wroclaw EMC Symposium. 2000.

12. Pulinets S.A. Seismic activity as a source of the ionospheric variability // Adv. Space Res. 1998.
V. 22. Ne 6. P. 903-906.

13. Schaer S., Gurtner W. IONEX: The IONosphere Map EXchange Format Version 1 // Proceedings
of the IGS AC Workshop, Darmstadt, Germany, February 9-11. 1998. P. 307-320.

SPECTRAL FREQUENCY ENVELOPESRELATED TO VLF/ELF EMISSIONS
OBSERVED BY ICE EXPERIMENT ON BOARD THE DEMETER
MICRO-SATELLITE
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B nokmage omumcana BO3MOXHasi CBSI3b MeXIy celicMuueckumu coObitmamMu 1 OHY u KHY
W3IYYEHUSIMH Ha OCHOBE SKCIEPUMEHTAIBHBIX JaHHBIX ¢ MukpocnyTHuka DEMETER wuHcTHTYTa
‘Instrument Capteur Electriqueé (ICE). Msl mpruMeHsieM TaK Ha3bIBAEMBIH CIEKTPAIbHBIA METOI,
KOTOPBIA TIO3BOJIIET M3MEPSATh M PacCUUTHIBATh cremeHb aktuBHOcTH OHY/KHY, HabmiogaeMbix BO
BpeMsi KaXXJI0i TOyTPaeKTOPHH MHUKPO CIyTHUKa. Ml onpeznessem koddurment naaekca OHU/KHY,
KOTOpBI YKa3blBa€T AKTUBHOCTH OCHOBHBIX HAaONIOA€MBIX KOMITOHEHT, T.€. INUISIIAX U XOPOBBIX
u3nydeHuil. Hamm pesynbTaTbl MCHONB3YIOTCS MAJS paclo3HaHus, pasfeleHus W KiIaccHu(pHuKaluu
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OHY/KHY wmznyduenwii mo 3amucsam skcrepumenta DEMETER/ICE. Mur ob6cyxmaeM TpeHMyIIecTBa
3TOr0 METO/Ia ¥ BO3MOYKHOCTH CBSI3U €r0 ¢ CEHCMUYECKUMU COOBITUSMU.

1. Introduction

It is well know since several decades that electromagnetic effects, like the electric and
magnetic perturbations, are caused by natural geophysical activity such as earthquakes and
volcanic eruptions. It includes. electromagnetic emissions in a large frequency range,
perturbations of ionospheric layers, anomalies on the records of VLF transmitter signals, and
night airglow observations (Parrot, 1996). Such phenomena, called seismo-electromagnetic
phenomena, can be considered as short term precursors because they occur between few hours
and/or days before the shock. Two papers published by Gokhberg et a. (1982) and Warwick et
al. (1982) advanced the investigation of the seismo-electromagnetic effects. Authors reported
earthquakes events which were accidentally recorded by experiments not devoted to this study.
Also they detailed observations of various parameters measured in the atmosphere or in the
ionosphere in relation with seismic activity. There are many hypotheses on the generation
mechanism of these seismo-electromagnetic perturbations which can be found in the following
recent review papers. Hayakawa and Molchanov (2002), Pulinets and Boyarchuk (2004), and
Meloni et al. (2004). Since the beginning of the 21st century three satellites were launched:
COMPASS-1, (Russia, December 2001), QuakeSat, (USA, June 2003), and DEMETER,
(France, June 2004). These space missions were mainly devoted to investigate the precursors
emissions related to seismo-electromagnetic effects.

In this paper we report on ELF/VLF emissions observed by the ‘Instrument Capteur
Electrique’ (ICE) experiment onboard the DEMETER micro-satellite. We apply the so-called
‘spectral method’ which allows to quantify and to estimate the VLF/ELF activity level observed
during each half-orbit of the micro-satellite. We discuss the advantage of such a method and the
means to link it to the occurrence of seismic events.

2. ICE experiment onboard DEM ETER micro-satellite

The main objective of the ICE experiment is to detect and characterize the
electromagnetic perturbations in the ionosphere that are associated with seismic activity. As a
secondary objective, this instrument also aims at characterizing the electromagnetic effects that
can be generated by tropospheric storms in the ionosphere. In addition, this experiment provides
real time observations that can be of use for space weather purposes. The objective of the ICE
instrument on DEMETER s thus to perform a continuous survey of the DC and AC electric
fields over a wide frequency range and with a high sensitivity in order to search for possible
electrogtatic and/or electromagnetic waves in the ionosphere that might be induced by seismic
activity. The instrument and the onboard data processing have been designed to provide an
optimum set of data in the various frequency ranges, emphasizing full characterization of the 3
components of the waves at frequencies below 1 kHz and single axis waveform transmission and
spectrum measurements at higher frequencies (Berthelier et al., 2006).

f -

Fig.1: Position of the |CE sensors on the spacecraft
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The ICE experiment consists of 4 spherical sensors with embedded pre-amplifier
electronics mounted on the ends of 4 booms or antenna “arms’ and associated electronics,
included in the BANT module, to fulfill the onboard signal processing requirements. When
measuring the potential difference between two of these sensors, | CE operates as a double probe
instrument in which the component of the electric field is determined along the axis defined by
the two sensors. Any pair of sensors among the four can be used for this objective which enables
the 3 components of the DC and AC vector electric field to be obtained. Four frequency ranges
have been defined, DC / ULF [0-15 Hz], ELF [15 Hz-1 kHZz], VLF [15 Hz-17.4 kHz] and HF
[10 kHz-3.175 MHZz]. Depending on the frequency range and on the spacecraft and | CE modes of
operation, the datathat are stored in the mass memory can be the waveform of the signal obtained
from either the voltage difference between two sensors or that measured by a single sensor and
the spacecraft potential, and/or the power spectra of the signal obtained from the voltage
difference between two sensors.

The 4 sensors, labeled S1, S2, S3 and $4 in Figure 1, are spherical aluminum electrodes
60 mm in diameter each mounted at the end of a 4 meter deployable boom. Due to the remote
position of the sensors with respect to the spacecraft body, electromagnetic interferences
generated by the spacecraft subsystems or other payload instruments are significantly reduced.
Finally, the orientation of the 4 booms have also been chosen so that the 3 components of the
electric fields that can be obtained from the voltage differences between individual sensors, as
indicated below, are close to athree axis orthogonal configuration. The sensors are coated with a
thin layer of carbon filled epoxy in order to minimize the variations of the surface potential over
the surface and improve the quality of DC electric field measurements. The spherical shell of
each sensor includes a small electronics board consisting of a unity gain preamplifier and a
polarization current source.

3. Spectral method applied to ELF/VLF observations

We attempt in our analysis to apply the spectral method to classify the different
components observed on the dynamic spectrum recorded by DEMETER/ICE experiment. Such
method was used to separate Jovian decametric radio emissions recorded by ground based
stations (Boudjada and Genova, 1991; Boudjada et a., 1995). Several components were
classified using basically the instantaneous frequency bandwidth of the emission combined to the
frequency and time resolutions of the receiver.

Figure 2 shows a dynamic spectrum of the ELF/VLF radiation recorded on 24™ Nov.
2004 by the ICE experiment where the time (in hours) and the frequency (in Hz) are indicated by
the horizontal and vertical axes, respectively. For our study we have used only one of the electric
field components. In the nominal configuration this is the E12 component, but a tele-command
order allows one of the 2 other components, E34 or E13, to be selected. The power spectrum is
computed with frequency and temporal resolutions that depend on the spacecraft and | CE modes
of operaion. In the burst mode the power spectrum is stored with a 19.53 Hz frequency
resolution and averaged over 2.048 s.

CE WF speclrum £1Z 2004/11/24 Orbit: 02104 0
1800 - ~RH-1030
N "
1.8 I 114
> b-1253
3.
o B-1365
o 0 W g : i o
UTLT 02:47:36/12:01 02:56:19/10:44 03:05:03/10:20 03:13:46/10:01 03:22:30/09:31
Lang. 7214 41.1M 1025 2125 52 48
138.46 11691 108.80 101.88 92.04

Fig.2: Dynamic spectrum recorded by the ICE experiment onboard DEMETER micro-satellite.
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The intensity is indicated by color level where the strongest (red) and lowest (bleu) signal
level are of about 10™° and 10™ pv? HZ™, respectively. We proceed to a classification of the
ELF/VLF emissions taken into considerations their corresponding spectral shapes: (a) continuum
and not structured (Type-1), (b) radiations with positive (Type-2) or negative (Type-3) frequency
drift rates, and (c) bursty emissions without frequency drift rates (Type-4). Considering a given
spectral shape we store the following parameters: (a) time of the beginning and the ending of the
emissions, (b) minimum and maximum frequencies, and (c) intensity level (uV2.Hz-1, or
mV2.Hz-1). Also the corresponding satellite positions like (a) local time (LT in hour and
minutes), and (b) latitude and longitude satellite positions. We apply this method to the two
earthquakes observed in 2004 in the Adriatic region. The first event has a magnitude of 5.30 and
was observed on 24™ Nov. 2004 (22:59 UT) at a latitude of 45.66°N and longitude of 10.64°E.
The second seismic event occurred one day later at 06:21 UT, magnitude 5.20, and a latitude of
43.24°N and a longitude of 15.58°E. Afterwards we consider frequency occurrence for all
observed components (T}:pe 1, Type 2, Type 3 and Type 4) for two periods:

« 239 24™ 25M Nov. 2004 which is close the Adriatic events

« 039,04"™, 05" Nov. 2004 which is about three weeks before the Adriatic events

The main propose is to combine the ELF/VLF frequency occurrences before and close to
the Adriatic seismic events. It appears clearly from Figure 3 that the frequency occurrence seems
to be similar. It is not possible to conclude concerning a possible shift in frequency between the
two periods taking into consideration the ELF/VLF selected types.

Fig.3: Frequency occurrence histograms associated to ELF/VLF components
observed during two periods: (a) 23", 24™ , 25" Nov. 2004 (two upper panels) and
(b) 03, 04™, 05™ Nov. 2004 (two lower panels)

4. Conclusion

We apply the spectral method to the ELF/VLF emissions recorded by the ICE experiment
onboard the DEMETER micro-satellite. We consider different types of emissions which are
classified taking into considerations the corresponding shapes on the dynamic spectrum. In the
case of the two Adriatic seismic events, we analyze the frequency occurrences for two given
periods. It turns out that: (a) the same features are observed before and close to the seismic events
and (b) their corresponding frequency occurrences are identical.
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O BO3MYLEHUAX foF2 B CPEQHELULMPOTHOMN NOHOC®EPE
NEPEQ CUNNbHBIMUA 3EMIETPACEHUAMU

foF2 DISTURBANCES IN MIDDLE LATITUDE IONOSPHERE
BEFORE STRONG EARTHQUAKES

E.B. JIunepoecxaﬂl, M. Happoz, B.B. Bozoanoé’, K.B. Meﬁcmep4,
M.B. Pookun®, B.A. JIunepoecxuﬁl

1HHcmumym Gusuxu 3emau PAH,
| P.C.E/CN.RS, 45071 Opaean, Opanyus,
3HHcmumym KOCMOGhU3UUeCKUX Uccied08anuli u pacnpocmpanenus paouosonn [BO PAH,
4Acmp0qbu3uuecz<uﬁ uncmumym, Ilomcoam, I epmanus,
°T. eoguzuueckuit [{enmp PAH

Within the last years in a series of works the deflection of character of ionospheric foF2
frequency from its median values during earthquake preparation has been studied in connection to the
problem of earthquake prognosis. It has been found out that the modification of foF2 does not take place
before all earthquakes. Thus it was interesting to carry out statistical investigations and to pick out a part
of events which have been accompanied by noticeable anomaly variations in the F-region.

In this work the statistical investigations of ionospheric effects before strong earthquakes are
carried out by the use of data from 4 Japanese stations of vertical sounding. The statistical analysis of the
variations of the averaged diurnal frequency of the maximum ionospheric electron density foF2 is
performed in connection to the occurrence of some tens of earthquakes with magnitudes M > 6.0, depths
h < 80 km and distances from the vertical sounding station R < 1000 km. It is shown that, on the average,
foF2 decreases a few days before the earthquakes. The decrease amounts in average to about 5 % a day of
the shock.

BBenenune

B psge paGoT TpOBOAMIMCH MCCIEAOBAHUS TOBEIACHUS XapaKTEPUCTUK MOHOC(HEpPHI B
CBSI3W C TMOATOTOBKOW 3emyerpsicennii. Monocdepnbrit crmoit F camblii auHaMu4yHBIA U3
PETYISPHBIX CJOEB, OH OOJiee BCETrO0 MOJBEPKEH H3MEHEHHSM, CBSI3aHHBIM C Pa3IMYHBIMH
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NpUYMHAMH, a KpUTHYecKas 4vactora cios fOF2 sBnsercs omHuM W3 Haubojee peryispHO
U3MEpsAeMbIX TapaMeTpoB TpH BepTHKadbHOM 3oHaupoBanuu (B3). 3Ta yvacTtoTa
COOTBETCTBYET NIia3MeHHOM YacToTe MakCMMyma NiIoTHOCTU MOHM3aL MK noHocdepsbl. B
psize paboT pa3HbIe aBTOPBI IIPOBOIMIIN TIOMCK BapUallMii CPETHECYTOUHBIX XapakTepuctuk foF2,
KOTOpbIe MOTJIM OBl OBITh MPEJABECTHUKAMH JOCTAaTOYHO CHJIBHBIX 3emuieTpsicenuit [1, 7, 9].
OnHaKo BOMpPOC OKa3ajcs CIOXKHEE W CPEeIHEeCYTOuYHble Xapaktepuctuku fOF2, mo-umumomy,
3aMETHO M3MEHSIOTCS TOJBKO MPHU OYEHb CHJIBHBIX 3eMiIeTpsceHHsx. [Ipu 3TOM OBUIO HESCHO,
HAuMHAs C KAaKUX MArHHUTYJ 3EMIICTPSCEHUH MOXXHO OXHIaTh  3aMETHBIX H3MCHCHUI B
CpeIHEeCYTOUHBIX XapakTtepuctukax fOF2 mepen 3emmerpscenusmu. AHaANM3 Bapuauum
YCPETHEHHBIX 110 PA3IMYHBIM YacTsSM CyTOK 3HaveHun foF2 c menpro moucka mpeaBecTHUKOB
3eMJICTPSICCHUI ObUT MpoBeJeH B psge pador. B padotax [1, 6, 8, 9, 3] Obuto 0OHapyx)eHO
ymenbiieane fOF2 3a cyrku-aBoe 1o 3emnerpsicenuit ¢ M>6. C npyroit croponsl, B padote [7]
oTMeueHo yBenuueHne fOF2 mepen HECKONBKMMHU OYCHb CHIIBHBIME 3eMieTpsiceHusmu. [lanee
CTaTUCTUYECKoe UccrnefoBaHWe YMEeHbLUEHUS TocienoiyaeHHbIx 3HadeHui fOF2 mepen
TailBAHbCKUMH 3EMIICTPSICCHUSIMH ¢ MarHutynamu M>5 nposegeHo B [5)].

B nacrosimeit paboTe mpoBeneH CTAaTUCTUYECKUH aHAM3 BapHaldil CpPeJHECYTOUHBIX
foF2 BO BpeMeHHOI OKpPEeCTHOCTM * /B HENENH JI0 U TMOCNe STMOHCKUX 3eMIICTPSCCHHH C
marautygamu  M>6.0. llens paboTel — BBIACHUTH BOMPOC, IS KaKOW JOJNU COOBITHHA
MPOCICKUBAIOTCS 3aMETHbIE MOAM(DUKAIIMK  CPEIHECYTOYHBIX 3Ha4YeHuil fOF2 B cBs3u c
3emiieTpsiceHusmMu. [Ns aHanusa Obinv ncnonb3oBaHbl YacoBble AaHHble 3a 1957-1990
10 4 NOHOC(EPHBIM CTAHIIUSM.

MeToa aHanu3a

Jns ananmza fOF2 no u mocie 3emiieTpsiCeHUil B HacTosmield paboTe pacCMOTPEHBI
SMOHCKHE 3eMJICTpsiCeHUst ¢ Marmutygamu M > 6.0, rnybuHon ovara h < 80 km u
pacCToAHNAMIN OT INMUEHTpPa OO0 CTaHUUN BEPTUKASIbHOIro 3oHAMPOBaHUA R <1000 Kkm.
Nonochepusie nannbie B3saTel B MHTEPHETe http://www.rl.ac.uk.wdccl/datahtml ( cranmmm
«Bakkanaii» (¢=45.2°N, A =141.4°E, 1957-1988 rr., «Axuta» (¢=39.4°N, A =140.1°E, 1957-
1988 rr, «Tokmo» (Kokyoymxku) (9=35.7°N, A =139.5°E, 1957-1990 rr.) u «SImaraBa»
(p=31.1°N, A =130.4°E, 1957-1988 rr.). 3a pacCMOTpPECHHbIE MHTEpPBAJIBI BPEMEHH B PaJHyce
R<1000 kM OT Ka)KJ0¥ CTaHIIUH MMPOU3OIIIO0 HECKOIBKO JECATKOB 3EMIICTPSICEHHIA.

¢lFD , , , B xome kputnueckoit wactotsl fOF2
e | HAaOIIOIAETCS  CUJIbHAs —CYTOYHAs |
\ CEe30HHas 3aBUCUMOCTb, KPOME TOTO, 3T
102 / X 1 4acToTa 3aBUCUT OT (ha3bl 27-IHEBHBIX
s - lf \ / \.L 1 COJTHEUHBIX CYTOK W (ha3el 1l-metHero
a ] COJIHEUHOrO 1ukia. B  HacTosmen
A \\ / | paboTe aHAIM3HPOBAIUCH cpenHe-
fi- \// | CYTOUYHBIC 3HAYCHHS <f0F2>
7.5

: ; : s HHBIN X foF 7
T3 % 4 5 & 7 8 & 101712 HEC Ceso on (foFy) , momysenmwrii

Puc.l. Ce30HHBII X0i CpeHeCyTOdYHbIX 3Hauenuii 1O JAHHBIM cTaHIuM Tokmo ycpeme-
<fOF2> HHEM TI0 BCEMYy aHaJIU3UPYEeMOMY
WHTEpBay, MpeACTaBicH Ha puc. 1.

Ha peanpHbIld CE30HHBIM XOJ HAKJIAJAbIBAIOTCS BapUAllMM, BBI3BAaHHBIE H3MEHEHHUEM
COJIHEYHON AaKTHBHOCTH B CBSI3W ¢ 27 JIHEBHBIMHU COJHEUHBIMH CYTKaMH. OJTH Bapualliu
OCOOCHHO 3aMETHBI B TOJbI, OJIM3KME K TogaM MakcuMyma 11 JeTHero IMKJIa COJIHEYHOU
aKTUBHOCTH. UTOOBI YMEHBIIIUTH BIIUSHUE TJIOOATHHBIX ()aKTOPOB, B pabOTe paccMaTpPUBAIOTCS
CPaBHUTEIBHO KOPOTKHE MHTEPBAJIBI BPEMEHU BO BPEMEHHOW OKPECTHOCTH 3EMJICTPSICEHUN U
MpU aHAIW3€ MPUHUMAIOTCS BO BHUMAHHUE TOJIBKO JIHM, KOTJAa COJHEYHAash aKTUBHOCTh HE
CIIMIIKOM BeJHKa. BO3MYIIEHUS T'€OMAarHUTHOTO TIOJIS TAaK)Ke BIHUSIOT Ha moBeaeHue fOF2,
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MO3TOMY TIPU MCCIIEJIOBAHUU MOHOCHEPHBIX YPPEKTOB 3eMIICTPSACEHHI OTOMPAIUCH TOJIBKO Te
CYTKH, TIPH KOTOPbIX T'€OMarHUTHBIC BO3MYIICHUS TaKKe ObUIM HE CIUIIKOM OoJbiue. Exnnoit
TOYKH 3pEHHsI TI0 TOMY BOIIPOCY HeT. B maHHO# paboTe mpy HANOKEHUH 10X OBUIA HAIOKEHBI
OTpPaHUYEHHUS — TPUHUMAJKNCh B PACCMOTPEHHE TOJBKO ITHH, B KOTOpble HHJIEKC Boibpa
menbmie 100 u  XKp < 30, mpu Takux OrpaHWUYEHUSX 00Jiee IMOJOBHHBI BCEX HMEIOIIMXCS
JTaHHBIX MOXKET OBITh HCIOJIB30BAHO IS aHAIIN3A.

JInst kakaoro 3emierpsiceHust paccMarpuBaiics uHrepsai (-13, +13) cyTok 10 u nocie coObITHS,

3HAYCHUS <f0F2>i 3a Kaxjple cyrku (i) HOpMHpOBAIMCh Ha CpelHEE 3a BECh HHTEpPBAI

<fOF2>tot o - B pesymbrare Obu1 moyydeH psn u3 27 Oe3pasmepHbix BennunH (B %0)
<fOF2>i - <fOF2>

< fOF2>total

IMPUHUMAJIOCh BO BHUMAHHUEC, TOJIBKO €CJIM UMCIIMCh B HAJIMYHUU JAHHBIC HC MCHCC UCM 34 14 Z[Hefl
u3 27. OT™MeTuM, 9TO H3-3a TOTO, YTO HHTEPBAIBI JIO U MOCJE COOBITHS JIOCTATOYHO KOPOTKUE U
OJIMHAKOBBIE — 110 13 aHel, BinusgHue ce30HHOoro xoxa foF2 CPaBHUTEIILHO HEBEIUKO.

Jlamee Oblma TpoBeleHA MpOIEaypa HAIOKEHHS JMOX Jisi 27 JHEBHBIX HWHTEPBAJIOB B
OKPECTHOCTH 3EMIICTPSICEHUI i BCEX PACCMOTPEHHBIX 3EMJICTPSCEHUH, W TakuM 00pazom

DF(i) = total 100% TUTA KaXI0TO0 3eMJIETPSICEHMS. 3eMIIeTpsICEHUE
p p

noJryueHsl cpepnue BenuuuHbl DF (1) 3a KakIbpli JIeHb. AHAJIOTUYHBIC UCCIICIOBAHUS Bapyalnil

fOF2 mis cuIBHBIX 3eMIIETpSICEHUI OBLIM TPOBEACHBI MO MarepualaM JAPYTUX SIOHCKHUX
cranuuii — Akura, Bakkanaii u SImaraBel. Ha pucynke 2 mpeacTaBieHbl pe3ylbTaThl aHAIN3A.

[MTonyueHHbIEe B pe3ynabTare HaoxeHus dnox ¢Gynkuuu DF (i) mpuBeneHbl Ha COOTBETCTBYIOIINX

PUCYHKAX I KOKJIOUW cTaHimu. TakuM 00pa3oM, Ha BCEX CTAHIUSAX HAOIMIOAAEeTCS YMEHBIIICHHE
fOF2 Bo BpeMeHHO#1 OKPECTHOCTH 3a HECKOJIBKO CYTOK JIO U CYTKH-JIBOE IOCIIC 3eMIICTPSICCHUIA.
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b 1IIZI CYTHA
Puc.2. DF (I) — Pe3ynbprar HasoXeHus 310X AJI1 HOPMUPOBAHHBIX foF2. IIpu ananu3e npuHUMAaIKUCh BO

BHUMaHHE 3€MIIETPACEHUs C MarHuTyaammn M > 6.0, paccTtossHMaMM OT anuueHTpa Ao ctaHuum B3
R < 1000 km 1 rny6uHon oyvara h < 80 km.
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& F) S . Mcnonb3oBaHbl AaHHble cTaHuun B3
% Toimo «Tokno» (40 cobbitun), «Akuta» (53
1ok * . cobbiTna), «BakkaHan» (48 cobbiTnin) n

«Amarasa» (12 cobbiTun).
I:l——: -— 5t s CTaHUUU Tokwuo ObL1a
.. ' ' v, HCCIEA0BaHA 3aBUCUMOCTb  YMEHBIICHUS
A . e - foF2 or cesona. Uucno 3emierpsiceHuil B

OKpPCCTHOCTU CTaHIUH, HUCIOJIb30BAHHBIX

20 IpU HAJIO)KEHWU SII0X, B 3aBUCHMOCTH OT
A Mecslla CcoOBITHS IOKa3aHO Ha pHc.3
. (pomOukn). Koopaunara pomOuka mo ocu Y
1 2 3 4 65 86 7T 8 9 1011 12MEC 0 ——
orkionenuss (¢ %) DF(0) B 1eHs
Puc.3. DF(0) (6 %) B nenb 3emierpsicenus 3emJIeTpsiceHus. M3 pHCyHKa BHJHO, YTO
B 3aBHCHMOCTH OT MECSII[a COOBITHSL. DF (0) ot ce3oHa He 3aBUCHT.

O0cyxaenne pe3yJbTaTOB U BHIBO/bI

B pabore nccnenoBansr noHOChepHBbIE d3PPekTh O0ee yeMm it 150 cumpHBIX 3eMIeTpsceHuit ¢
M>6 B SImoHMU. DIUIIEHTPBI 3eMIICTPSICEHHI B OCHOBHOM HaXOJWIUCh B MOpe (cM. puc. 4).

500N . . .

45 | . -

40 | 1

35 | L I

30 L Eﬁgmarasa * . .
# o

130 135 140 145 150 155°E

Puc.4. Kapra pacrnonoxenus 3emiuerpsiceHuii. UepHble Kpy>KKH MTOKa3bIBaIOT

sruienTpbl coObituid, mis kotopeix B (0) mens DF (0) <O, cBerisie — s

xoropeix DF (0) >0.

IToka3aHo, 4TO 3a HEIEIIo
0 COOBITMS HAYMHAETCS
poIece YMEHBIIICHUS
foF2, OTHOCHUTEIBHBIN
MUHUMYM HaOIIt0JaeTcs B
JEHD 3eMJICTPSICCHUH,
[MOHIYKEHHOE  3HAa4YeHUE
COXpaHsieTcss JCHb — JBa

ocie COOBITHA. B
CpeHEM aMILINTyaa
ITIOHMKCHUA MOIKET

nocturate  5%. Ilpnm
aHaJn3e MCIO0JIb30BAINCH
TOJIBKO CYTKH co
CIIOKOMHBIMH rejavore-
OMAarHUTBIMH  YCJIOBHSIMH
— 2Kp <30 ” u uHaekc
Bonbda W<100.

BbIsicHUB, YTO B CpeJHEM B JIeHb CHJIBHBIX 3emiieTpsicenuit fOF2 ymenbiaercs, ObLIO
WHTEPECHO MPOAHAIM3UPOBATH BOMPOC. JUIA KAaKOW JIOJIM CHJIbHBIX 3€MIIETPSICEHUNA W3
PAacCMOTPEHHOHW COBOKYITHOCTH MMEET MECTO YMEHBIICHHE, a Ui Kakoi MO — Hao0opoT,
yBenuuenue. Ciydam OTCYTCTBUSL Kakoro-nmubo »sddexra He paccMarpuBaiuch. Jlis

KauCCTBCHHOTO PCUICHUA 3TOTO BOIIPOCa ObliIa cOCTaBJIEHA T216JII/IIIa.
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B Cp€AHEM IO BCEM CTAaHLOUAM IJid BCEX

Tabmnura. . b
ACCMOTPEHHBIX  3EMIIETPSACEHUH D KT
Pe3ynbTaTel o craHuMsAM p p 0 p ©
umeer wMecto B /0% ciydaeB. BaxHo
Craunus VYMeHbllIeHHE | YBEIMUEHUE b fOFD
OTMETHUTH, YTO I(PPEKT YMEHBIIICHUS HE
foF2 B(0)nens | fOF2 B(0)neHn ’ %IM
> HaOmomaerca a1 30% oOYeHb CHIIBHBIX
Bakkanaii | 30 18 N
3eMJIeTpsiCeHU. UeM XapaKTepu3yIOTCsS 3TH
Axura 37 16 o .
30% 3emuleTpsiCeHH, HE HWMEIOIIHUE 3TOTO
Toxwno 31 9 " .
npenBecTHuka? Bompoc  ClokHBIH,  ero
SImaraBsa 10 2
petieHre — B Oy TyIieM.

CymiecTBYIOT pa3iuyHble B3MJIAA6l Ha (PU3MUECKHE MEXaHU3MbI, KOTOpBIE MOTYT
00BsCHATh HaOdromaeMeie Mojudukaruu B xoxe fOF2 1o w mocnme 3emierpscenuii. B
MoHorpadusx [8, 16] oOcyxaanuch Be TMIIOTE3bI CBSI3U B CHCTeMe «IuTocdepa-atMochepa-
noHocdepa» TpHU TMOATOTOBKE 3emiieTpsceHuit. OpHa W3 THIOTE3 — «AJIEKTPOMArHUTHAs»,
COTJIACHO KOTOPO# aHOMaJbHBIE MPOLECCH B JUTOC(hEpe mepea 3eMIIETPSICEHUIMU TIepealoTCs
gepe3 atMocdepy B MOHOC(hEPY MOCPEICTBOM IJICKTPOMArHUTHBIX mojei. Jlpyras rumoresza —
«aKyCTHKO-TPaBUTALMOHHAS», B KOTOPOH MpeIoaraeTcs, 4To reHeprupyeMbie B atMochepe Hazl
00JTaCThIO TOATOTOBKU 3€MIIETPSICEHUI aKyCTHKO-TPAaBUTAIMOHHBIE BOJIHBI PAaCHpPOCTPAHSIOTCS
gyepe3 arMocdepy Mo 04eHb MaJIbIM YIJIOM K 3eMHOU IMOBEPXHOCTH U, I0XOJIs 0 HOHOC(EPHBIX
BBICOT JOCTaTOYHO JaJieK0O MO TOPWU3OHTAIM OT OIHUIEHTPOB OYIyIIUX 3eMIIETPICEHHH,
OPUBOAAT K BO3MYIIEHUIO HOHOC(Ephl Ojaromapsi CTOJKHOBEHHSM HOHOB C HEHTpalamu.
Onnako pa6oTsl [2, 6, 7, 4, 10] cBUAETENBCTBYIOT B M0JIB3Y «3JICKTPOMArHUTHOTO» MEXaHHU3Ma.

CornacHO  «OIEKTPOMAarHUTHOMY» MEXaHHU3MY JHUTOC(HEPHO-HOHOCHEPHOU  CBSI3U
NpUHUMANAch THUMOTE3a, 4YTO CHUcTeMa «3eMisi-HoHOC(epa» MOXKET OBITb MOJIETHHO
npeAcTaBieHa  CPEepHUUecKUM  KOHIEHCATOPOM,  Pa3sHOCTh  MOTEHIMAJIOB  KOTOPOTO
MOJIEP’KUBAETCS TPO30BOM aKTHUBHOCTHIO. [10]1 IelicTBHEM AJIEKTPUIECKOTO TOJIsl B aTMOcdepe
CO3/1aeTCs HANPABJICHHBIA K 36MHON TIOBEPXHOCTH TOK NMPOBOAMMOCTHU. 32 HECKOJIBKO CYTOK 0
3eMJICTPSICEHUsI BEPOSITHBI BHIOPOCHI B aTMOc(epy pasoHa, KOTOpble MPUBOJAAT K YCHUIICHHUIO
nporecca HOHU3AIUKN B aTMOC(epe M K YBETUUYECHUIO IPOBOIUMOCTH MPU3EMHOM atMochepsl 1
BeprukaibHOro Toka [10]. CoOTBETCTBEHHO, TOK B HWXXHEH HOHOC]Epe TakkKe BO3pacTaer,
YCUJIMBAETCS HATPEB W TOBBIIACTCS TeMIIepaTypa 3JIeKTpoHOB B E-oGmactu. Jlanee paboraer
MEXaHU3M TPAHCISIIUH MEKTPHUECKUX BO3MYIICHUH U3 E-00macTi B HKHIOIO yacTh F-obmactu
U Jajiee BBIIIE BJOJb CHJIOBBIX JIMHUN T€OMAarHUTHOTO TOJIs. B pe3ynbraTe MMeeT MecTo Harpes
u i (Hy3MOHHOE pacIIbIBaHHE HEOTHOPOTHOCTEN, M YMEHbIIEHHE MAaKCUMYMa IJIOTHOCTHU CIIOS
F2 3a HeckoJIbKO JTHEH JI0 U TOCIIe OYSHb CHIIBHBIX 3€MJICTPSICEHHIA.

B pamkax apyroi rumoresbl, <«dJ€KTPOTPAaBUTALMOHHON», TOT K€ IPOLECC HarpeBa U
pacryIbIBaHUs MaKCUMyMa MOJKET TPOUCXOAMUTH 3a CUET MPUXOAANINX OT 3eMJIM aKyCTHKO-
I'PaBUTAIIMOHHBIX BOJH. ABTOPBI HACTOSIIEH pabOTHI CKIOHSIOTCS B MOJB3Y <«AIEKTPHUECKOTO»
MeXaHu3Ma Ui OOBSICHEHHsT MHTEHCHU(HUKAIMKA HOHOC]EpHBIX 3(P(PeKToB, pacCMOTPEHHBIX B
3TOi paboTte. Becbma BeposTHO, YTO pealbHO B TPUPOJE paboTaloT 00a MeXaHW3Ma, HUX
OTHOCHTEIIbHBIE POJIX €IlIe MaJI0 N3YYCHBI.
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CTATUCTHUYECKHA AHAJIA3 BO3SMYIIIEHUHA OKOJIONOJIY IEHHON
KPUTHUYECKOMN YACTOTHI foE HOHOC®EPHI B CBSI3H C
3EMJIETPSICEHUSIMHA T1IO MATEPHUAJIAM CTAHIIMA «TAIIKEHT» U
«IMETPOIABJIOBCK-KAMYATCKH»

STATISTICAL ANALYSIS OF PERTURBATIONS OF IONOSPHERE MIDDLE-DAY
CRITICAL FREQUENCY foE IN CONNECTION WITH EARTHQUAKESON THE
DATA OF “TASHKENT” AND “PETROPAVLOVSK-KAMCHATSKIY” STATIONS

E.B. JIunepoecxa;zl, B.B. Bozdanoez, B.A. JIunepoecxuﬁl,
O.A. Hoxomefwel, A.C. Cummal, A.B. Oﬂm[)up033

1
Hnemumym ¢uzuxu 3emau PAH,
2 y
Hncmumym xocmouzuueckux ucciedosanuii u pacnpocmpatenus paouosonn J{BO PAH,
3 o
Quzuueckuiil haxyromem MI'Y um. M.B. Jlomonocosa

lonospheric precursors of earthquakes have been investigated during the last 25 years. On the first
stage the night ionosphere was analyzed, because it seemsthat it is difficult to separate seismoionospheric
effects on the background of direct solar effects. Within the last years serious efforts were made mostly to
find day-time ionosphere disturbances caused by earthquake preparation.

The analysis of such disturbances in the day-time regular E-layer, which maximal ionization
density is characterized by critical frequency foE, is carried out in the work. It is pointed out that foE
increased a day before an earthquake in the Middle Asia with magnitude M>5. The statistical reliability
of the effect is more than 99%. The dependence of the effect on magnitude, distance from the epicenter to
the vertical sounding station and depth of the hypocenter is analyzed. Data of more than 300 earthquakes
in the vicinity of «Tashkent» vertical sounding station and of more than 30 events in the vicinity of
“Petropavlovsk-Kamchatsky» are used in the analysis.

BBenenune

Kputrnyeckyio gactory fOE perymsipHOro ciost E peiko aHATH3UPOBAIH C [EJIbI0 TIOUCKA
cericMonoHochepHbIX dpdekroB. OmHako, B padote [4] ormeuanock yBenudenue fOE 3a cyrTku-
aBoe J10 HeckoJbKuX (mopsiaka 20) CHITbHBIX 3eMJICTPSICCHUH.

Yacrora fOE B mepByto ouepens 3aBUCUT OT moJiokeHus COJTHIIA HaJl TOPU30HTOM, M, KOHEYHO,
OT YPOBHSI COJHEYHON AKTHBHOCTH. JTa YAacTOTa TAaKXKe CIab0 3aBHCHT OT BO3MYIICHHIA
TEOMArHUTHOTO MOJIS, OT BJIEKTPUYECKUX BO3MYIIECHHH, PACTIPOCTPAHSIONIMXCS CBEpXy, u3 F-
005acT, OT BO3MYIICHUH DICKTPUUECKON M aKyCTHYECKON MPUPOJIBI, PACIPOCTPAHSIONIMXCS
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CHU3Y, W3 HeUTpanmbHOU atMochepsl. [IpocnexuBaercs BiIusHUEe MeTe0(aKTOPOB Ha 00sacTh F
u Ha yactoty fOE [3]. TloaToMy MOXHO OXHIaTh, YTO JJIEKTPUUYCCKHE W aKyCTHUYCCKUC WU
aKyCTHUKO-TPABUTAIIMOHHBIE BO3MYILEHUS, BO3HMKAIOUINE B HIDKHEH arMmocdepe B mporecce
MOJITOTOBKHM 3€MJICTPSICCHUH, HaWIyT OTKIMK B Bapualusax 4yactotel fOE. OmHako, MOCKOJNBKY
yactota fOE BecbMa ycToW4MBa K BHEIIHMM BO3ACHCTBHUSM 10 CPaBHEHUIO C JAPYTUMHU
4acTOTaMH, U €€ BapuaIliK OT pacueTHON BEIMYMHBI, BHI3BAHHBIE BO3MYIICHUSIMHU HE COJIHEYHOM
MIPUPOIBI, COCTABIISIOT TIOPSAKA MPOIEHTa, OHA CUYUTAIAch C1a00 YyBCTBUTEILHOM K Mpoleccam
MOJATOTOBKH 3emierpsicennii. Llens Hacrtosmiei paboThl — JOKa3aTh CTATUCTHYECKH HAIWYHE
BO3JICHCTBUS MPOIIECCOB MOJrOTOBKY 3eMJIeTpsicCeHU Ha Bapuaiiu fOE 3a HECckoJIbKO CyTOK /10
3eMJICTPSICEHUH M OTIPEAETIUTh, IPU KaKUX YCIOBUAX AP (PEKT HAOII01aeTCsl.

Metoa ucciienoBaHus

B pabote 6buM MccnenoBaHbl HOHOChEpHBIE Y(D(HEKTHI 3eMIIETPSICEHUI ¢ MarHUTYIaMH
M>5, paccrosausiMu ot cranimu B3 o snunerTpoB R<1000 kM, u rimyOuHoii ogara H<70 kM B
Cpenneit Asum — crannus «Tamkent» (¢=41.3°c.mr., A =69.6°B.1., 1964-1996 rr.), U Ha
Kamuarke — cranius «[lerpomnaBnoBck-Kamuarckuii» (o= 53.0°c.m1., A = 158.7°B.1., 1968-1995
IT.) Ha OCHOBE MpeacTaBieHHbIX B MuTepHere http://www.rl.ac.uk.wdccl/data.html gacoBbix
JTAHHBIX.

O6nacts E noHochepsl pacmosiokeHa Ha BbicoTax h=90, 140 kM, TUIOTHOCTh HOHU3AIUH
cocrasisier NE10° cm™ sirem 1 Ha JBa-TPH MOPsIIKa MeHbIle HOublo [1]. OcHOBHBIC HOHBI B E-
ob6mactu — 310 Op" m NO. Kpurnueckas yacrora fOE mueBHOro crmos E B o6mux ueprax
MOAYUHSETCS. TEOPUHU MPOCTOTO cios, pasBuroii YUenmenom emié B 30x romax 20 Beka. Takum
obpazoM, B xoje fOE nmpucyrcTByroT CyTOUHas M Ce30HHAsI 3aBUCHMOCTH, a TAK)KE 3aBUCHMOCTH
ot 11-netHero u 27-IHEBHOTO COJMHEUHBIX MUKIOB. Cyrounblit xo1 fOE mo nmanubiM craniu B3

«TamkeHT» nipeacTasiieH Ha Puc. 1.
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Puc.1. Cyrounsiii xon foE. Puc.2. Ce3ounbiit X011 fOEgsy.

s uccnenoBanusi ceiicMonoHochepHBIX 3(DPEeKTOB B HACTOAMEH paboTe OBUIO BBEIOpaHO
naeBHoe Bpemst ¢ 10 no 17 u LT, xorma creneHb MOHU3AIMHM HOHOC(HEPHl MakCHUMalbHA, H
3aBHCUMOCTh OT BPEMEHH CYTOK B 3TH 4Yachl HE OYEHb CHJIbHAs MO CPABHEHHUIO C JPYTrUM
BpeMeHeM cyTok. Jlns aHanu3a ObUIO MpoBeneHo ycpenHeHue fOE mo BeIOpaHHOMY MHTEpBay
BpeMeHH. Cuntanoch, uTo 3HaueHHE fOEgy 3a JeHb ompemeneHo, eciu M3 8 BO3MOXKHBIX
YaCOBBIX 3HAYCHUI WMMEIOTCS B Hamuuuu Ooiyiee mosioBuHbI ( Oojee 4 3Hauenwmii). Ha Puc. 2
Hpe/cTaBiIeH ce30HHbIH X0 fOEqsy.
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B xome fOEgy oOdYeHb 3aMeTHBI Bapuanuy,
CBsI3aHHBIE C 27-JHEBHBIM COJHEYHBIM ITHKIIOM
(Puc.3). Taxum o0pazom, BbIJICJICHUE
mutocdepHo-noHochepHsx 3pdexToB Ha (oHe
TAKOTO CE30HHOTO XOJa SIBJISETCS CIOXKHOU
3agaueil.  UYTOOBI  HCKIIOUYUTH  CE30HHYIO
3aBUCUMOCTh, W3 Tekymiero 3HaueHus fOEgqy
BBIUMTACTCA  3HAYCHWE  OTOH  BEIHYMHBI,
yepenHenHoe o 15 qusam — (¢ —7 mo  +7) s
KaXJI0TO THST: AE(i)=fOEgay(i)-fTOE15aays(i)-
KopoTkuii uMHTEpBan ycpeaHeHUs BBIOpaH IS
YMEHBUICHHUS BIUSHUS 27-THEBHOTO COJHEYHOTO
nukia. [locne moydeHust pa3sHULBI TEKYIIETO U
CE30HHOTO 3HAYECHHs OTOPACHIBAEM OTKIIOHEHUS,
nmo ab6comroTHON BemmuuHe Oospine 0.2 MI'm.
Uucno Takux OTKIOHEHHM COCTaBJISET MOPSAIKA
1% Bcero maccuBa ganHbIX (84 nus u3 6425 no
naHHBIM cTaHimK «TarmkeHT»). Bonbinas yacts
OOJNBIINX OTKJIIOHEHWH CBsi3aHA C CHIBHBIMH
T€OMarHUTHBIMH M COJIHEUHBIMU BO3MYIICHUSMH,

€CTh BCIUIECKH, BbI3BAHHBIE HEMOHATHBIMUA
npuarHaMu. MbI U30aBisIeMCsT OT HHX, YTOOBI
JUIE  KaXJIOTO  JHS  TOYHEE  OMPEACIUTh

cpenHekBanpaTuyHoe otkioHenue AE(i) mo 15
nasm. Jlanee AE(I) Hopmmpyercss Ha €€ ke

CpeIHEeKBapaTHYHOE OTKIIOHEHHe. B  pe3ynprare moJsiydaercs, 4YTO KaXJIbld JICHb
AHAIM3UPYEMOTO HWHTEpBaja XapaKTepH3yeTcs 3HAYCHHWEM HOpMHpOBaHHOW (yHkumu E(i)=
AE()a(4E()).

HNonocheprbie APQPEKThI 3eMIIETPSICEHUNM NPUXOIUTCS HCKaTh Ha (OHE COJHEYHBIX U
T€OMarHUTHBIX BO3MYIIEHUH, MO3TOMY JIJIS aHaJM3a HCIIOJIB30BAIUCH TOJBKO T€ CYTKH, MPHU
KOTOPBIX COJHEYHBIE W TC€OMAarHWTHBIE BO3MYILIEHHUs ObUIM HE CIMIIKOM Oombinue. EmuHOMN
TOYKH 3PEHHUS [0 3TOMY BOTIPOCY HET. B maHHO# paboTe UCKITIOYaINCh U3 pACCMOTPEHUS JIHU C
grcnamu Bombda W>150.

E .
a1 Kak u3BecTHO, MOHOC(HEPHBIE BO3MYIIECHHS MOTYT
? MIPOJIOJKATHCS CYTKH nocie CHJIbHBIX
D0 e : /\-w;f"- reOMAarHUTHBIX BO3MYILICHHH, MO3TOMY
\ / \ UCKITIOYAITNCh JHH, Koraa 2Kp > 35, u cnenyromue
0 5 'ﬁr"\\- CyTKH — T.e. Kak T[IOJIOXKHUTEIbHAS, TaK |
\ / oTpHIaTenbHas a3kl MArHUTHOTO BO3MYIICHUS
-1.05 \ Ha puc. 4 npuBenen cesonnsiii xox E(i) mo
. JTaHHBIM CTaHIIMU «TamkeHT» nocJje
-0.1 s 4 . 8 10 Months orOpaceiBanusi OoTKIOHeHHU cBbime 0.2 Ml u

Puc.4. Ce30HHBIN X0 BEIWYUHEI E.

COJIHCYHO- U MAaroHuTHO BO3MYIICHHBIX HHefI.
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Puc.5. Pesynprar HamoxkeHHs] 3MOX JUIS  «GUMHUX»
3emieTpsiceHuid, 267 COOBITHS.
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Puc.6. PesynbTaT HaNOXKEHHMS ONOX JUIS  ICTHUX»
semuerpsicennii, 80 COOBITHIA.

IIpoBenem IIPEABAPUTEIILHYIO
OpOLEAYPY  HAJOXKEHHS  JMOX IO
uHTEepBaly BpeMeHu (-7, ...+7) CyTOK
s 3emuerpscenuit ¢ M>5.0 h<80
R<2000 M, wuCHoOnmB3ys JIaHHBIC
CTaHLUU «TamkeHT, MIOJTYy4YUM
dyaxmmo E(i). Jlng 3emuerpsceHnii,
MPOM30MICANINX 3UMOM (C CeHTSIOps 10
amnpenb) HAOJIONACTCS  YBEIUYCHUEC
E(i) B (-1) u (0) nuu (puc. 6, xupHas
nuHus). OTMETHM, YTO TIPU HAJIOKEHUU
AMOX B CPETHEM JUIsl KaXKIOTO JHS (115
—5) wn (+1) umerorcs ganubIe s 267
COOBITHH. [ Tpuxosoii JUHUEN
MIOKa3aH JIOBEPUTEIIbHBIH 95%
UHTEPBaJ, TOJyYCHHBIH C MOMOIIBIO
METO/Ia MOJCIHUPOBAHUS CIYYaitHOTO
nporecca. (cMm. JlumepoBckas u jp.,
HACTOSIIUKA COOPHHUK, C...), TOHKas
CILIOIIHAS JINHUS — CPEJTHEE 3HAUCHHE.
B (-1) ness 3nauenme E(-1)
NpPEBBIIIACT  YKa3aHHBIH  YPOBEHb
3HaunUMOCTH. B »T0T ngOenr mis 154
coObITHI HaOmronaercs yBenndenue E,
u 1 114 — ymeHbuieHue.

JList 3eMIIeTpsICeHUH, IPOU3OLIEAIINX B
JetHUe Mecsbl (puc. 6), yBenudeHus
E() mepen s3emmeTpsceHHAMH He
HaOmomaercs. B (-1) nenp E(-1)
Oonblie cpemaHero 3HadeHwst s 43
3eMJICTPSICCHUI, W MEHBIIE CPEIHETO
3Ha4YeHus 1715t 37 COOBITHH.
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Puc.9. 3aBucumocts  E(-1) oT riryOHHBI 04ara.

Paccmotpum 3aBucumocts E(i) B (-1)
neHb oT Maruutyasl (Puc.7). YKupnas
JMHUS TIOKa3bIBACT CpelHee 3HAYCHUE
E(-2) s 3eMmueTpsceHHit ¢
MarHutygamMa M,  JexanMd B
COOTBETCTBYIOIIEM JMamna3oHe. BuiHo,
YTO €  yBEJIMYCHUEM  MAarHUTY/bI
HabmroaeTcs 0oJiee CUIIBPHOE YBETMUECHUE
E(-1), u, cnenosarenbho, u fOE 3a cyrku
nepel TOTYKOM.
Paccmotpum 3aBucumocts  E(-1) ot
paccrosiHust o onuientpa  (Puc.8).
KupHast 7nMHHS TIOKA3bIBAET CpEIHEE
sHavenne E(-1) ams semieTpsceHuii ¢
PacCTOSTHUSIMHU R, nexamumu B
COOTBETCTBYIOIIEM JMamna3oHe. BuiHo,
yro yBenuuenue  E(-1) HaOmomaercs
TOJIBKO JUISl 3EMJICTPSICCHUI B JTMAra3oHe
paccrostanii 400<R<1600 km.
Paccmotpum 3aBucumocts  E(-1) ot
rnyounsl ouara (cMm. puc. 9). XKupnas
JMHUS TIOKa3bIBACT CpeIHee 3HAYCHUE
E(-1) ans semuerpscenuii ¢ rirybuHaMu

h, nexamyMu B COOTBETCTBYIOIIEM
auanasone. BugHo, uto yBenuuenue E(-

1) wuaGmomaercs TOJILKO  JUIs
3emuterpsicennit ¢ h<60 kwm.

Tenepp  paccMOTpUM  BPEMEHHYIO
okpectHOCTh  (-7....+7) CcyToK s

3eMJICTPSICCHUN B OKPECTHOCTH CTaHIIMU
«TamkenT» c M>5.0, h<60kmMm,
400<R<1600 kM mpu ycnosmsx: W<150,
2Kp<35. Ilpm  HamOXKEHUH  BHOX
MOJy4aeM CTaTUCTUYECKH JIOCTOBEPHOE
(ma  99%  ypoBHE  3HAYMMOCTH)
nosbimenue E(i) ma (-1) zews (puc 10,
neBas manenb). llTpuxoBoW ymHHEH
nmokasan joBepurenbHbi 99% uHTEpBa,
MIOJY4YEHHBI €  IIOMOIIBKD  METOJa
MOJICTUPOBAHMS CIIy4allHOTO TIpoIecca.
TOHKas CIUIONIHAS JIMHHA — CpeJHee
3HAYCHHE.

Hcnone3ys nansble craHuuu «llerpomnasioBck-KamuaTckuii», npoBeaeM aHaJIOTMYHOE

HUCCICJOBAaHUC,

IIpH TEX KE YCIOBUAX M OIPAHHUYCHUAX:

M>5.0, 1600>R>400, h<60,

paccMaTpUBAIOTCS 3UMHHUE MECSLBI, T€ K€ OrPaHUYCHUs HA BapHUALlMM N€OMAarHUTHOIO TOJS U
conHeyHOW akTuBHOCTH. Ha puc. 10, mpaBasi maHenb, IPUBEJCH PE3YNIbTaT HAIOKEHUS DIIOX,

MPU HAJIOXKEHUH DTOX JAHHBIE UMEIHCHh i 28 3eMIIeTpsICeHUI. YBennueHus

E(i) mepen

3eMJICTPSICCHUSIME ~ HE HaOJroaeTcsi, Ha00OpOT, MMEETCsS TEHICHIUS K YMEHBIICHHIO Tepe]]
3emuieTpsiceHusiMu. M XoTs 310 ymeHbiieHue B (-3) JeHb CTaTUCTHYECKU jJ0ocToBepHO Ha 95%
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YPOBHC 3HaAa4YUMOCTH, OBLIO OBl MPEKACBPEMCHHO JACJ1aTh BbIBOIbI (¢} HaJcXKHOM
ceiicMonoHOc(hepHOM A deKTe.
ErT T T T T [T T
.4
! 02
a.3p-d |
02| 1 Y . =
0.1 0 ] VO, O SN S [ W ’}/” ........ I — i
oF —
; 0.4 | Rl
0 | | s s -
a7 | i 4 i i 06 i - i i
' 5 4 2 0 2 4 B day 5 4 2 0 2 4 6 days

Puc.10. Pe3ynbTar HaNOKEHUS 3MOX I «GHMHUX» 3emietpscennii, M>5.0, h<60km, 400<R<1600 &M,

craHusg «TamkeHT»,
(cnena).

O0cyxaenne pe3yJbTaTOB U BbIBO/IbI.

WTak, mojy4eHo, 4to Mo JaHHBIM CTAHIIUH «TaIllKeHT» «GUMHHUE» 3eMJICTPSCCHHS JAI0T
yBenuueHne fOE 3a jgeHb 10 COOBITHS, ISl WICTHUX»  3EMIICTPSCCHUI YBEIMYCHUE HE
Habmromaercst. D dexT uMeeT MecTo s 3eMJIeTpsiceHui ¢ MarHutynamu M>5 u riyOuHOM
ouara h<60 xwm, Ha paccrosausax  400<R<1600 kM oT »snwuIeHTpa a0 craHmud B3.
Craructuyeckasi JOCTOBEpHOCTh TOBbIMIeHUsT TpeBbimaer 99%. J[lnsg 3emuerpsceHuil B
okpectHocTH cTaHimu «[lerponaBnoBck-Kamuarckuii» yBenndenuss fOE He HaOnromaercs,
HA000pOT, eCTh TeHICHIIUS K yMeHbIneHuto fOE 3a 3-4 cyTok nmepen 3emieTpsceHUsIMH.
OOHapyxeHHBIE 3aKOHOMEPHOCTH MO3BOJISIIOT C/IEaTh BBIBOJ, YTO B MOHOC(Epe HaJl CTaHIHEH
«Tamkent» yBennuenne fOE mpoucxomur 3a cuet akyCTHKO-TpaBUTAMOHHBIX BOJH (AI'B).
DTH BOJHBI JOCTHTalOT E-007acT noHOChEphl Ha OOJBIINX pacCcTOSHUAX OT snuieHTpa (400-
1600 kM [2]), npu muccumaiuun AI'B B E-00iacTH MPOMCXOJUT HArPEB, a MPH IMOBBIIICHUU
TeMIeparypbl Kodh(GUIIMEHT PeKOMOMHAIINN, KOTOPhIM B E-001acTu 3aBUCHUT OT TeMIepaTypsl
MPOMOPIUOHAIIEHO T?, rne p<1 [5], ymenbiaercs, 1, CIeI0BATEIbHO, IUIOTHOCTh HOHH3AIMH
yBenuuuBaercs. AI'B moryt npoiitu yepe3 crpatocdepy TOIBKO MPH 3alafHbIX CTPaToCHEepHBIX
BETpaX, a HMEHHO TaKWe BeTpbl mpeolianaloT B 3uMHHE Mecsanpl [3]. 3emuerpsiceHus
IIPOUCXOJAT B OKpECTHOCTH TalikeHTa — 1, No-BUAMMOMY, HaJ ycThiHEN U ropamu AI'B moryt
reHepupoBarbes. OONMaCTH MOATOTOBKHM — 3eMIIETpsICEHUH B OKpecTHOCTH «[leTpomaBinoBcka-
Kamyarckoro» HaxosTCsl B MOPE, M MEXaHU3M ceilicMoroHochepHoil cBsi3u Haj KamuaTkoi, mo-
BUJIUMOMY, Cc reHepauneil AI'B He cBs3aH.

Crnucok JIMTepaTypbl
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2. Bpronemwm b. E., Hamranamze A. A. ®usuka nonocdepsl. — M.: Hayka, 1988. —527 ¢

3. Janmnos A.Jl., Kasumuposckuii 3.C., Bepracosa I'.B., Xauuksn I'.5I. Mereoponornueckue
addexrsl B noochepe. —JI.: T'uapomereonsaar. 1987. 271 c.

4. Weanos-Xomoausii I'.C., Yepronpyn B.E. [lucranimonnsiii oTkiauk cios E woHocheps Ha

cuibHbIe 3emuierpsicerus// B ¢6. "KpaTtkocpouHblil mporno3 katactpo@uuecKix 3eMIIeTPsICCHHIA
C TMOMOIIbIO PaguOpU3MUSCKUX HA3EeMHO—KOCMHUYECKUX MeTonoB". M.. OM®3 PAH, 1998.
C. 152-155.

5. Hukone M. Asponomus. — M.: Mup, 1964. — 278 c.

144 cobwitus, (crpara), cranmms <«IlerpomarnoBck-Kamuarckuii», 28 coObituii,
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CTATUCTHYECKHIA AHAJIA3 BO3SMYIIIEHUN KPUTHUYECKOM YACTOTHI foF2
HOHOC®EPBI 3A HECKOJIBKO CYTOK 10 U ITOCJIE 3EMJIETPSICEHUH 110
MATEPHAJIAM CTAHIUW «ITETPOMMABJIOBCK-KAMYATCKHWH» U «TOKHO»

STATISTICAL ANALYSISOF IONOSPHERIC CRITICAL FREQUENCY foF2
DISTURBANCES A FEW DAYSBEFORE AND AFTER EARTHQUAKES ON THE
DATA OF “PETROPAVLOVSK-KAMCHATSKIY” AND “TOKYQO” STATIONS

E.B. JIunepoecxaﬂl, B.B. Bozdauoez, M.B. PO()KuH3, K.-B. Meﬁcmep4,
A.C. Cununa', 0.B. Malwpukocza2

1HHcmumym Gusuru 3emau PAH,
2HHcmumym KOCMOGhU3UUeCKUX Uccied08anuli u pacnpocmpanerus paouosonn [BO PAH,
r eoghuzuueckuii Llenmp PAH,
*Aempodusuueckuii unemumym, Homedam, epmanus

The statistical analysis of critical frequency foF2 averaged over middle-day hours — from 11 till
17 h LT — is carried out. Disturbances of foF2 in connection to earthquakes are distinguished on the
background of seasonal, geomagnetic, 11-years and 27-days Solar variations. The normalized values F,
obtained by subtracting season run, obtained as mean value on (-7...+7) days interval, from foF2 and
dividing the result on its standard deviation are used in analysis. Days with high Solar (Wolf
number>100) and geomagnetic (XKp>30) disturbances are excluded from the analysis. Events with
magnitude M>5, distance from the station R<500 km and depth h<70 km are analyzed. The superimposed
method is used to the F time dependence, and it is obtained that F increases 3+5 days before earthquakes
and then decreases a day — two before the shock. The decreased values of F remained two-tree days after
earthquakes with M>5.5. The effect depends on magnitude of an earthquake. For the events with M>5.5
the reliability of the effect is more than 95%. Data of more than 80 earthquakes in the vicinity of
Petropavlovsk-Kamchatsky and of more than 200 earthquakes in the vicinity of Tokyo are used in the
analysis and anal ogous results are obtained.

BBenenune

B navane 1980-x romoB mo pe3ynbpraTtam aHaju3a HaOMIOIeHHH HOHOC(hEPhI Ha CTAHIIHIX
BEPTUKAJIHHOTO 30HIUPOBAHUS B CEHCMOAKTHBHBIX paiioHax CpemHeld A3uu ObLIO BBICKa3aHO
NPEAIOJIOKEHUE, YTO KpUTHUYecKas dactota fOF2, cooTBeTCTBYyIOIAs TIA3MEHHOW YacTOTE B
MakCUMyMe cios F, MOKeT oka3aThCsl JOCTATOYHO YYBCTBUTEIBHOW K MPOIIECCY MOIArOTOBKH
semiuerpsicenuiit [5, 2, 3, 4, 11, 9]. Dra wuumes TpeOoBasia MPOBEPKH U MPAKTHUECKOTO
NMPUMEHEHHsI, YYUTHIBAsI HAIWYKHE OOJIBIIOTO KOJMYECTBA HEMPEPHIBHO IEHCTBYIONIUNX CTAaHIIUN
BEPTUKAJIHHOTO 30HIUPOBAHHUS HOHOC(EPHI, PACIOJOKEHHBIX B Pa3IMYHBIX TOYKAX HaIIen
TUTAaHETHI, B TOM YHCIIE H B CEICMOAKTHBHBIX PErHOHAX.

AHanu3 pe3ylibTaToOB HCCIeNoBaHUs ToBeAeHHs fOF2 B HOYHBIX YCIOBHUSIX IO
HECKOJIBKUM CTaHIMSIM JUTS psifia 3eMiIeTpsceHui mopsiaka aecsitka ¢ M>4.5 [9, 8] mpusen k
BBIBOAY O Hanumuuu d3(QeKTa TMOBBIIICHUS CcpeaHero Ho4yHoro ypoBHsS fOF2 mepen
3eMJICTPSICEHUSIMU 32 HECKOJIBKO JHEH 110 coObIThs. B OONBIIMHCTBE CiIydaeB B TEPHOJIBI
MOJITOTOBKH 3€MIIETPACEHHH 3a 2-3 CyT 0 MOMEHTa TOJYKa B IIMPOKOW 00JacTH MOHOCHEPHI
+10° o mmpore u +100° 10 ONTOTE B HOYHBIX YCIOBHSX B MATHHTOCIOKOMHOE W YMEPEHHO
BO3MYILIEHHOE BpeMsi MPOUCXOIHUT cpeaHee yBennuenue fOF2. C apyroit ctopoHbl, OTMEYaeTcs
OTHOCHUTENbHBIH MUHUMYM fOF2 Haj snuieHTpanbHON 00NACTBIO 32 OJHH CYTKH JIO COOBITHS.
3aMeTuM, U4TO B IUTHPOBAHHBIX paboTax peus nuia o 3emierpsiceHusx B Cpenneir Asun. [lanee,
yBenuuenne fOF2 mepen HECKOJIBKMMHU OYCHb CHIIBHBIMH 3€MJICTPSCEHHSMH OBbLJIO OTMEUCHO B
pabotax [16, 1, 7]. OnHako B psje ciiydaeB MpPeABECTHUKOBBIN 3 dekT He HaOIIOAaICs.

C npyroii cTroponsl, B padotax [12, 15, 18, 19] oTmMeuanoch yMEHbIICHHE KPUTHUYCCKON
yacToThl fOF2 niepen HeCKOIBPKUMH OYeHb CHITbHBIME 3eMiteTpsicenssmu(M>6). Cratuctuyeckue
uccienoBanus ymeHbienus fOF2 B mocienonyneHHbIe Yackl epe 3emieTpsiceHusimu ¢ M>5 Ha
TaiiBane ObuTH MpoBezieHbI B pabore [13]. B aroit pabore ObLIO MOKAa3aHO, YTO YMEHBIICHHE
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npoucxomut B umHTepBaie 12.00-18.00 LT 3a O0-5 mueit mepen 3eMIIETPSCEHHSIMH U MOXKET
WHOT/1a JocTUTraTh 25%.

Lenp HacTosimieil pabOThl — MPOBECTH CTATUCTHUYECKHH aHanmu3 3(d(dexra yBeTUdeHUs
win ymenblieHus foF2 3a 3-5 cyrok 10 3eMieTpsceHuid, ONpeAeInuTh, MPU KaKMX MarHUTYyIaxX U
PaCCTOSIHUSAX JI0 SMHUIEHTPA 3PPEKT UMEET MECTO.

Metoa ucciienoBaHus

B mHacrosmieir pabGotre Obu uHccienoBaHbl HMOHOC(eEpHBbIE A(PPEKTh  CHUIBHBIX
3eMJIeTpsiCeHU# ¢ MarHutynamu M>5, paccrostausamu ot ctanuuu B3 o smunertpo R<500 km,
u riyounoit ovara h<70 km B Snonmm — cranums «KokyOymxu» (Tokwuo) (¢=35.7°c.m1., A
=139.5%8.1., 1957-1990 rr.), u Ha Kamuarke — cranuus «[lerponasnoBck-KamuaTckuii» (¢ =
53.0°%.m., A =158.7°8.1., 1968-1995 rr.) Ha OCHOBe mpeACTaBICHHBIX B  VHTepHeTe
http://www.rl.ac.uk.wdccl/data.html nanHBIX.

JueHas F-o6macte noHocdepsr hopMupyeTcs mpu BO3ICHCTBUN COTHEYHOTO MU3ITydCHHUS
Ha HeWTpanpHyI0 atMochepy B uHTepBasne uH BoiH 14-80 HM M CBs3aHa, B OCHOBHOM, C
nonn3anueil komrnoHeHT atMochepsl O m Np. BpicoTa M IUIOTHOCTH TJIABHOTO MaKCHMyMa
3aBHCAT OT KOHKYPEHIIMM TIPOIIECCOB HWOHHU3AIMM 3a CYET COJIHEYHOTO W3JIYYeHUs H
pexomOuHanmu. [l uccienoBanus ceiicMonoHochepHbIX 3G PEeKTOB B HACTOSIIEH paboTe OBLIO
BBEIOpaHo nHeBHOe BpeMs ¢ 11 ngo 169 LT, korma cremeHb WOHM3aNMH HOHOChHEPHI
MakCHUMallbHa, C OJHOH CTOPOHBI, a C JPYrod CTOPOHBI, CHJIILHO HOHHM30BaHHBIE 00JACTH
PAacIoNoKEeHbl ONMKE K 36MHOM MOBEPXHOCTH, Y€M B JAPYroe BpeMs CYTOK. YCpeIHEHHas 3a
yKa3aHHOE BBIIIE JHEBHOE BpeMs 4dacToTa fOFZga CIOXHO 3aBUCHT OT CE30HA, MMEET JBa
MaKCHMyMa — BECHOH M OCEHBIO, U [BA MUHUMYyMa — 3UMOH 1 sieToM. Ce30HHBIN X071 fOF24s 1O
TaHHBIM cTaHuu «Tokuo» 3a 1957-1990 rr. npencrasnex Ha puc.l.
Kpome toro, B xone fOF24, npocmarpuBarorcs
o e ' ' Bapualuu BSI3aHHBI 27-THEeBHBIM

pHaly,  CBA3aHHbIE  C THe

MHz conHeuHbIM 1UKIOM (Puc.2). Takum oOpa3zom,

11
BbIJICJICHUE TUTOC(hEpHO-UOHOC(HEPHBIX
3hdekToB Ha (HOHE TAKOTO CE30HHOTO XOJa
10 N SIBIISIETCS CJIOKHOM 3aaueii.
/ , YToOBl UCKITFOUUTH CE30HHYIO 3aBUCUMOCTD, M3
i .
g 5, Tekymero 3HayeHUst fOF24a  BBIUHMTaETCS
. b
¢ A "
' ™, / '
. ;
L.

yepenHenHoe no 15 masim — (c =7 mo  +7)
ISl KQXK/IOTO JIHS 3HAUYCHHUE 3TOW BEITUUUHBL
. . Af(1)= fOF24ay (1)- fOF2150ays(1). OT™MeTnM, uTo

&

L 2 . . : P KOPOTKHI WHTEpPBAJl YCPEAHCHHS BBIOpAH JUIsS
Puc.1. Ce3onnslii xo1 fOF2qq,. YMEHBIIECHUS BIIASIHUSA 27-THEBHOTO
cosHeyHoro  mukna. Ilocie — momyueHus

faFz, ' \‘ | Pa3HUIBI TEKYIIETO W CE30HHOTO 3HAYCHUS
MHz p, oTOpachkiBaeM OTKJIOHEHUS, TIO aOCOJIFOTHOM
"o ' | \ il BenuurHe Oosbimre 2 Ml Ywumcno Ttakux
||, kY ’ | 1 OTKJIOHEHUI cocrtaBisier mopsinka 1% Bcero

10.0 |"|||I'I | \ ||q'|' | I. ’ILI || | MaccuBa JaHHBIX. VX OoJbIIas 4acTh CBs3aHa
a0 l"l { i |'|| |I‘ ‘ | ‘ f Ll, |’||| ”I'IJ C CHJIbHEIMH TC€OMArHUTHBEIMH U COJHEUHBIMU

' I||'||I|I ‘Illl.- |‘ || I'. L ] BO3MYIIEHUSAMH, €CTh BCIUJIECKH, BBI3BAHHBIE

2 | |||' u 5 |II || | ) HETOHSATHBIMU TIpUYMHAMH. Mbl u30aBisieMcs
7.4 | II| ‘ I = OT HHUX, YTOOBI JUI1 KaXKIOro JHS TOYHEE
6.0 i | OTIPENICTUTh CPEIHEKBAIPATUUHOE OTKIOHEHHE
v o o0 130 days Af(i) mo 15 musm. Jlanee Af(i) Hopmupyercst Ha
Puc.2.®parmenT xona fOF2yq, cTpenkn e¢ JKe CpeHEKBAIPATHIHOE OTKIOHCHHC. B
YKa3bIBAIOT BCILIECKH, BhI3BaHHBIE 27- pesyiabTare mojiy4ae€Tcs, 4To KaXXIbI C€Hb

JTHEBHBIMU COJIHEYHBIMU BapUaLUsSIMU. aHATU3UPYEMOTO MHTEPBAja XapaKTEPU3YyeTCs
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3HaueHneM HopmupoBanHoW QyHkuuu F(i)= Af(i)/o(41(i)).

Nonocheprbie d3PPeKThI 3eMIETPSICEHUN TPUXOTUTCS HUCKATh HAa (POHE COJTHEYHBIX H
T€OMAarHUTHBIX BO3MYIIEHHH, TOATOMY TMpH HCCIeNoBaHUM  3(PQPEKTOB 3eMIICTPSCECHHIA
paccMaTpUBAIKCh TOJIKO T€ CYTKH, MPU KOTOPBIX COJIHEYHbIE M T€OMAarHUTHBIC BO3MYIICHHS
OBUTH HE CITUIIIKOM OoJibIiie. EMMHOM TOYKM 3peHus Mo 3TOMY BOTIPOCY HeT. B maHHOU pabore
UCKITIOYAIIUCH U3 paccMoTpenus quu ¢ ynuciamu Bonbda W>100. Kak u3BectHO, HOHOC(hEpHBIE
BO3MYIICHHUST MOTYT MPOJOJDKATHCS CYTKH TIOCTE CHUJIBHBIX T'€OMarHUTHBIX BO3MYILEHHH,
MO3TOMY UCKJIFOYAINCh JHH, Korjaa 2Kp > 30, u cienyromue CyTKH.

Ha puc 3. mpuBeneH xon
HOPMHUPOBAHHON BEJTMYNHBI

3t F, BBIYHM CIICHHBIN o
2t . JAHHBIM CTAHIHUUA <«TOKHO»
1k 3a 32 rona.
all [Tepeiins ot wuccienoBaHus
foF2 x wuccnemoBanuio F
-1 BCE  XKe HOJHOCTBIO
-2} ' ' M30aBUTHCS OT CE30HHOTO
a3l X0Za HE YAaJ0Ch, OJHAKO
Terneph CE30HHBIA XOJI
41958 1968 1978 ' 1988 BHOCHUT cla0blii BKJIAg B
xox F.

Puc.3. Xon HopMupoBanHOii BennunHbl F («Tokno0»).

Ha puc. 4 u puc.5 npuBenens! ce3oHHbINH Xon (yHKuu F ans «Tokno» u «llerpomaBnoBcka-
KamuaTckoro». [Ipsimas mTpuxoBasi IMHUS [TOKA3bIBAET CPEAHETO/I0BbIE 3HAUCHUS

F F

02-

i
\ -
\_/\\ 01-
' _ -
2 4 58

0.1
0.03¢
]
-0.05¢ *
=01
-0.15¢

0
0.1 - -
3 10 Month T2 & € & 10 Monh
Puc.4. Ce3onnslii xon F mo nanueiM Puc.5. Ce3zounsiii xon F mo naHHbIM cTaHLUU
CTaHLIMU <T OKHO». «[lIerponarnoBck-KamyaTckuii».

MakcuManabHOE 3HAaYeHHE BEIMYHHBI ce30HHOTO Xona coctaBisgeT 0.15 mns «Tokuo», u
0.30 mns IlerpomnamnoBcka. 3ameTum, uto Juisi «[leTpormaBioBcka» OYCHb BEIHMKA aMIUIATY/A
ce3oHHOro xoma F s mapra u okts0ps, (cm. Puc. 5) B nannoi#t pabote Hac MHTEpECYIOT
OCHOBHBIE 3aKOHOMEPHOCTH 3(P(EKTOB, CBSI3AHHBIX C CEHCMHYECKON aKTUBHOCTBIO, MOITOMY
UCKITIOYaeM W3 aHaju3a JaHHele F 32 MapT u okTs0pp mo cranuuu «lleTpomaBioBCK-
Kamuarckuin».

IIpu aHanu3e cHauyana paccMaTpuBaeM 3eMIIETPSICEHMS C MarHutygamu M>5.5,
paccTosHUSIMU OT dnuieHTpa 10 crannun R<500 kM u riryounamu odara h<70 k.

[MpoBenem mpoueaypy HaloxeHus 3mox i F mo uaTepBany Bpemenn (-15, ...+15)
CYTOK T10 JIAHHBIM Ka3KJI0H CTAHINH, U JUTA KaX/0i cTanruu B3 momydaem ¢pynkmuo F .
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JUist 3eMIIETpSICEHHM B OKPECTHOCTH

F ' : ; ; «Tokmo»  (Puc.6)  nHabmomaercs
0.2 : :

L=, ' -
e e ;

yBennmueHne F (KupHas IMHHS) Ha
(-6) — (-2) muu, npuuem B nuu (-4, -
3) Bermumua F mpesprmaer  95%

—emEE——ame R

mesn+2 std

0 JOBEPUTEIIbHBIH UHTEpBaJ

- (mrpuxoBass  suHuUs).  CrutomrHas
-0 TOHKas JIMHUA — CpPEIHEE 3HA4YCHUE
0.2 : : 7 F. Jns coGeITHII B OKpPECTHOCTH
03 e _ir_'ﬂ;:?_@p_—_%_il‘:gj _____ . «Tokno» ymeHbllIeHUE F  mocne

3eMIIETPACEHUI ToKe 3Hauumo. [lpu

i i HaJIOXKEHUU 3MOX JaHHBIC IS
g 10 days KQKJIOTO JIHA HUMEIUCh B CPEIHEM
17t 67 coObITHIA.

= -

Uhs a0 s

Puc.6. Pe3ynbTaT Haj0XKEeHUS 310X 110 JJAHHBIM

cranimu «Tokuo», 67 semierpsicennii, M>5.5, JUis 3eMIETPACEHHH B OKPECTHOCTH
R<500 kM, h<70 km. «[IerponasioBcka-Kamuarckoro»

_ (Puc.7) HabmonaeTcs yBenndeHne F

= ' : ! ! mis Ha (-5) — (-3) aneit. IIpu 3ToM B

: : mau (-4, -3) F mnpesbmmaer 95%

i JNOBEpPUTENbHBIA  HMHTEepBal.  [lpm

HAJIO)KCHUM  OIOX  J@HHBIE  JUI

0.2 Ka@XJ0T0 JHS HMMEIUCh B CPEOHEM

st 24 coOBITHI.

o JIOBEpUTENIbHBIA WHTEPBAJI BBIUUCIIA-

ercst METOJI0M MOJCIIMPOBAHUS

I T A A7 Y1 pononore pacnpenerenn ¢

5 ; mean-2 st IIOMOIIIBI0  CIY4alHOIO Ipolecca.

-—-«-~---;H.w---*;h-«.a-_1———--~~+j~-..-——-; ***** - [Ipenmonaraem, 4YTO 3€MJIETPACEHUS

-D.:}I 5 _1'0 '5 0 f') 1ID days pacrpeneaeHsl paBHOMEPHO o

uHTepBaTy HabmoaeHuss. C MOMOIIBIO

reHeparopa CIy4allHbIX YHCEN BbI-

OupaeM JHU BHUPTYAIbHBIX COOBITHIA,

UX YHCJIO PaBHO YHCIY peaJbHBIX

3emyerpsiceHuid. [IpoBoMM mpoueaypy HAJIOKEHHUs 30X JUIsl BUPTYAJIBHBIX 3€MIIETPSCCHHNA
TOYHO TaK K€ KaK JUIs PealbHbIX 3eMIICTPsICCHUI. Takux cepuil MOKeT ObITh HECKOJIBKO THICSY.
[TockoNbKY TaHHBIE C MPOITYCKaMH, OCTABIISIEM ISl aHAJIN3a TOJIBKO T€ Pe3yIbTaThl MPOIIETyPHI
HAJIOXKEHUS ST0X, ISl KOTOPBIX YKCJIO JHEH ¢ MMEIONUMHUCS B HAIWYUU JAHHBIMU OTIMYACTCS
OT peaJbHOro uuciia JHed He Oosee yeM Ha 20% (Hanpumep, it «TOKHO» YHCIIO THEW MOXKET
cocraByaTh 67+13 , mis «IlerpomaBnoBcka-Kamuarckoro» — 24+5). Takux OCTaBJICHHBIX IS
aHaIM3a CepUd JOJKHO OBbITh HecKoJbko coteH. [ns kaxmoro mus ot (-15) mo (+15)
MOJIydEHHBIE MO0 HECKOJBKHM COTHSIM CEpHil pe3yibTaThl HAJIOXKEHHUS JI0X PACHpEeeNeHbl B
COOTBETCTBUU C HOPMAJIbHBIM 3aKOHOM. [t Takux cepwuii st kaxaoro s ot (-15) no (+15)
MOJICYUTHIBAEM CPEJHEE U CPETHEKBAAPATUYHOE OTKIOHEHHE. UHcno cepuil JOKHO OBITH Tak
BEJIMKO, YTOOBI CpeHee M CPEAHEKBAIPAaTUYHOE HE MEHSUIOCHh NMPHU YBEITMUYEHUH YHCIA CEpPHil.
CpenHee 3HaueHHWE Ha PUCYHKAaX MPEACTABICHO TOHKOM CIUIONIHOW IWHUEH, cpemHee + 2

Puc.7. Pe3ynbTaT HaJ0XKEHUS 310X 110 JJAHHBIM
crauiun «llerponasnoBck-KamuaTckuii»,
24 3emnerpsicennst, M>5.5, R<500 kM, h<70 kM.

CPeIHEKBAIPATUIHBIX, YTO O3HaudaeT 95% ypoBeHb 3HAYMMOCTH, MPEJCTABICHO MITPHUXOBOM
JIMHUEH.

Jiis nanbHeHIero ucclieIoBanus CUIbHBIX ¢ M>5.5, HO Oosee maneknx 3eMIIeTPSICeHUI
¢ 500<R<1000 km wuHTepBaibl (-7,+7) AHEH BO BPEMEHHOW OKPECTHOCTH COOBITHII ¢ M>5.5 1
R<500 kM wucKIIFOYEHBI, YTOOBI MCKIIFOUUTH BIUSHUE TPOIECCOB MOATOTOBKH 00Jiee CHIIBHBIX
semierpsicennit. s 3emnerpscenuit S00<R<1000 kM B okpectHoctH Tokno HeOOJbIIOE
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yBenmueHue F mepen 3emmerpsiceHUsIMU HAOMIOaeTCs, HO OHO HE3HAYMMO CTaTHCTHYECKU. B
okpectHoCcTH «[leTpomaBnoBcka-KaM4aTckoro» 4uciio Takux 3emierpsicenuit mopsiaka 10, daro
HEIOCTATOYHO JJIsl aHAJIHN3a.

UToOB!I BBIICUTE YUCTHIN dDDEKT IS

F : 5 5 Oomee  cmabbIX  3eMIICTPSACEHUH,
0.2 uHtepBanel  (-7,+7)  nHe#l BO
Emean +5 atd BPEMEHHON OKPECTHOCTH  CHJIBHBIX

I At et P coberTnii ¢ M>55 R<1000 xm

HCKITFOUEHBI U3 PACCMOTPEHUSI.
Teneps mnepeigeM K HCCIECIOBAHUIO
3¢ heKToB Oonee CITa0BIX
3emyerpsicenuii:  5.0<M<5.5 pu
R<500 kM. Oxazayioch, 4TO BpeMeHa

03 . . . HaOIrI0IeHUS MaKCHUMaJIbHOTO

i § § yBenuuenuss F  pasnuuarorcs i

-0.4 ' : «Tokuno» U «[IerponaBiaoBCcKa-
%5 40 5 0 5 10 gays P
Kamuatckoro» (puc. 8, 9).

Puc. 8. Pe3ynbTar HanmoxeHus 310X MO JaHHBIM Hus  3emnerpsicennit  5.0<M<5.5 B

cranuuu «Tokno», 129 semnerpscenuit, 5.0<M<5.5, OoKpecTHOCTH «TOKHO» HaOroIaeTcs

R<500 1M, h<70xm. 3HaunMbIi dddekr yBenmuuenus F

, , 3a 5 THeH 0 3eMIIETPACEHUs.
. rnear+2 std JIns  Tak¥X ~ 3eMIETPSACCHHH B
'""'--'""--..,_...,":",-""""‘--'""1--...-‘"-_"'E----'-""'-

: : OKPECTHOCTH «[IerpomnaBioBcKa-

|

Kamuarckoro» YBEJINYCHHUE F
HaOmoaercss  Ha (-2) JeHb, HO OHO
HE3HAYNMOE. Onnako cienyer
OTMETUTh,  YTO  YHCIO  TaKUX
3eMJIETPSCEHU B OKpPECTHOCTHU
«[IeTponaBiIOBCKa» HEBEIUKO.

VMenbmenne F  mocie  cobBITHS
CTaTHCTUYECKH He3Haunmmo Ha 95%

R LD meanstd
03‘“'" - il : YPOBHE 3HAYUMOCTH.
s 48 -5 ) 5 10 gays Takum 00pa3oM, IIOKa3aHO, YTO

HaOmoaaercs ypenuuenue foF2 3a 3-
5 cyr mo 3emnerpsicenuit ¢ M>5.0.
Jns 3emnerpsicenuit ¢ M>5.5 raioke
MPOCMATPUBAETCS  YMEHBIICHHE 32
JICHb-JIBA JI0 COOBITHSI.

Puc.9. PesynbTaT HasmoXKeHHS SI0X 110 JIAHHBIM
craniuu «llerponasnoBck-Kamuarckuii», 44
semuterpsicenns, 5.0<M<5.5, R<500 km, h<70 km.

O0cyxaenne pe3yJbTaTOB U BHIBO/bI

Wraxk, mony4eHo, uto 3a 3-6 cyrok a0 3emierpsicennii ¢ M>5.5 B cpennem Habnromaercs
3ameTHOE yBenmueHue fOF2, a 3aTeM mMeeTcsi TEHACHIMS K YMEHBIICHUIO 3TOTO Mapamerpa K
MOMEHTY 3emuerpsicenns. s 3emuerpscenuii ¢ marautynamu 5.0<M<5.5 Taxxe Habmogaercs
cHavaia yBenudeHue fOF2, a 3areM yMeHbIlIeHHE K MOMEHTY 3eMJICTPSICEHHS, HO XapaKTepPHbIC
BpeMeHa yBenmueHus fOF2 MeHbIe. DTH pe3ynbTaThl TPEOYIOT YCIOKHEHHYIO HHTEPIPETAIHIO
3¢ heKTOoB.

B Hacrosimiee BpeMsi IMEIOTCSL JIBE OCHOBHBIX TMIIOTE3bI CBS3U B CHCTEME «IUTOC(hepa-
atMocdepa-rnoHochepa», u3loKeHHbie B MOHOTrpadusx [8, 16], Ha OCHOBE KOTOPHIX MOXHO
00BSCHATH HaONMOAaeMble MOMHKaNUK B Xoe fOF2 110 1 mocie 3eMieTpsceHui.

OnmHa W3 THUNOTE3 — «AKYCTHKO-TPAaBUTAIIMOHHAS», B COOTBETCTBUM C KOTOPOH B
atMocdepe Hax OONacThIO  TOJTOTOBKH  3€MJICTPSICEHUH  TEHEPHPYIOTCS  aKyCTHKO-
IpaBUTAIIMOHHBIE BOJHBI, KOTOpbIE Jajee paclpoCTPaHSIOTCA uepe3 arMochepy BBepX IMOA
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MaJbIM YIJIOM K 3€MHON TOBEPXHOCTH. DTHU BOJIHBI JOXOJSAT 1O HOHOC(HEPHBIX BBICOT
JOCTaTOYHO AAJIEKO MO TOPH3OHTAIM OT SMHUIEHTPOB OYAYIIMX 3€MIIETPSICEHUH W MPHUBOIAT K
BO3MYILIEHHIO HOHOC(EPHI Oiaroiapsi CTOJIKHOBEHUSM UOHOB ¢ HelTpanamu [14]. B pesynbrate
MPOUCXOTUT TPOIleCC HarpeBa HOHOC(HEpPHOW IIa3Mbl, PACIIBIBAHUS HEOTHOPOIHOCTEH H
YMEHBIICHHE MaKCUMyMa IUIOTHOCTH cnos F2. WuTtepnperamust Ha OCHOBE  aKyCTHKO-
I'PaBUTAIIMOHHON TUIOTE3bI BPS JM MOXKET OBITh MCIOJB30BaHA, TaK KaK paccMaTpHUBAEMBIN
addekt HabmomaeTcs Ha paccTosHUIX 10 500 kM.

Jlpyrasi THIOTE€3a — <OIEKTPOMAarHUTHAs», COTJIACHO KOTOpPOH cucreMa <« 3emiis-
HoHOC(Eepa» MOXKET OBITh MOJENBHO TpEACTaBieHa CHEPUIECKUM KOHAECHCATOPOM, Pa3HOCTb
MOTEHIMAJIOB KOTOPOTO TIOJJIEPKUBAETCS T'PO30BOM AKTUBHOCTHIO. 3a HECKOJIBKO CYTOK 0
3eMJICTPSICCHUH  BEPOSATHBI MYNbCAIIMM  BBHIOPOCOB pajioHa B aTMocdepy, NPUBOAAILINE K
HECTAIMOHAPHBIM MpOIleccaM MOHM3ALMU M K YBEIMYEHHUIO NMPOBOJMMOCTH U BEPTHKAIHHOTO
toka B atmocdepe [10, 20, 17]. CooTBETCTBEHHO, BEPTUKAIBHBIA TOK B HUXKHEH HMOHOC(hepe
TaKKe BO3pAcTaeT, M TOBBIMIACTCS TeMIepaTypa JIeKTpOoHOB B FE-oOmactu. IloBbimeHue
TeMIepaTypbl Janee MPUBOJUT K YMEHbIIEHHIO Ko3(duImenTa pekoMOHau, KOTopsiid B E-
0GIIACTH 3aBHCHT OT TEMIIEPAaTyphl MPONOPIHOHATEHO T/, rme A<l W, COOTBETCTBEHHO,
YBEITMYCHUIO KOHIIEHTPALUHU 3apsHKEHHBIX YacTHIl. Takum 0o0pa3oM, MPOUCXOAMT yBETHUCHHE
TUTOTHOCTH 3apsDKEHHBIX 4acTHIl B E-obnmactu. [1pu TpaHcnsauuu BO3MYIIEHUH TUIOTHOCTH U3 E-
o0acTH B HIDKHIOIO 4YacTh F-o0nactu m nanee BBEpX BHOJb CHIJIOBBIX JIMHUNA T€OMarHUTHOTO
MOJISE TIPOMCXOJUT Harpes, ycuieHue aAuddy3noHHOTO pacIIbIBaHUS HEOJIHOPOJTHOCTEH, H,
COOTBETCTBEHHO, YMEHbBIIIEHHE MaKCHMyMa IUIOTHOCTH ciiosi F2 3a cyTku-IBoe 110 M Tocie
CHJIBHBIX 3€MJICTPSICEHHIA.

Jlns untepniperanuu dpdexra ypenudenus foF2 3a 3-5 nueil mepen 3eMieTpsACCHUSIMU
oOpaTuM BHHUMAaHHE Ha JPYroil BOZMOKHBIM KOHKYPUPYIOIIUH mpotiecc. MOKHO MPEATONOKHUTb,
gyto B F-o0mactu 3a 3-5 mHeit, mo-BuauMomMy, Ipeo0iaaeT HeCTAIIMOHAPHBIN MPOIIece MobeMa
BBEPX HEHTpaATbHONW KOMIIOHEHTHI a)3a CYET OT/ACNBHBIX aKyCTHUYECKUX UMITYJIBCOB, WIYIIHX
CHH3Y, 0)3a CYET BO3MYIICHHUI JJEKTPHYECKOTO TOJS M MPOBOAMMOCTH B arMocdepe. DTo
BEJIET K AMH30/IaM TOJbeMa IJIa3Mbl BBEPX, K YMEHBIIEHUIO PEKOMOWHAIINH U, COOTBETCTBEHHO,
yBenuueHuto fOF2, T.e. IIIOTHOCTH MIa3Mbl B MakcuMyMe ciiosi. [Ipu atom Harpe, muddysust u
pacripiBaHue MakcuMyMma ciosi F2 menee cymectBenHsl. Jlanee, 3a ABa-Tpu AHA 1O MOMEHTa
3eMJIETPSICEHUS U TIOCIJIe HeTo, Ha000pOT, MpeodIIiaaeT MpoIecc HarpeBa EKTPOHOB IJIa3Mbl F-
001acTH, YCHIIUBAIOTCS peKoMOuHaIms u auddys3usi, BeAylnIre K paciuIbIBaHUI0 MaKCUMyMa U
ymenbItenuto foF2.

3aMeTuM, UYTO TMpEUIOKEHHasi TUIMOTe3a CHUMAeT IMPOTUBOPEUMS MEXay paboTamu,
YTBEPIXKAABIIMMH, YTO TJIABHBIN 3pQekT — 310 yBenuueHue fOF2 mepen 3emieTpsceHHsMH, U
paboTaMu, yTBepKIaBIIMMH, YTO TJIABHBINA 3(PPeKT — 3TO yMeHbIeHue. B pasnndHbIX cirydasx
peo0aIaloT pa3Hbie MPOIECChl U Pa3HbIC WICHBI B YPAaBHCHHUHU JJIS TUIOTHOCTHU TU1a3Mmbl [6]. B
KaX/J0H KOHKPETHOM CHTyallil pe3ylIbTUPYIOMHI dS(GQEeKT omnpenensercss He TOJbKO
IepeaaBacMoOM SHEprueH, BeAyllel K HarpeBy, HO M OPHEHTAlMEd M BEIUYUMHOW CpPEIHETO
AIIEKTPUYECKOTO T0JIsl, CKOPOCTHIO HArPEBa IJIa3Mbl U €€ KOHBEKIMH U3 00JIACTH MOBBIIIEHHOTO
TaBIICHHSI, CHCTEMOU BETPOB ¥ OJIM30CTHIO 30HAUPYEMON 00IACTH K HCTOYHHUKY BO3MYIIICHUSI.
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IOPEKT KPATKOBPEMEHHOTI'O YCUJIEHUS UHTEHCUBHOCTHU
IYJIbCAIIUA SJJIEMEHTOB TEOMATHUATHOTI'O TOJIA 13 THBAPS 2007 TOJA

EFFECT OF SHORT-TERM INTENSITY AMPLIFICATION
OF GEOMAGNETIC FIELD ELEMENT PULSATIONS ON JANUARY 13, 2007

U .H. IToooenvckuii, A.U. Iloooenvckui

Hnemumym xocmoguszuueckux ucciedosanutl u pacnpocmpanerus paouosonn J[BO PAH

In the given report the effect of short-term amplification of intensity of pulsations of geomagnetic
field elements on the records of analog and digital magnetic variation stations (MVS) at night on January,
13, 2007 is considered. AMVS and DMVS records of “Magadan”, “Paratunka’, “Zabaikalskoe” and
“Novaosibirsk” geomagnetic observatories are used. Possible reasons of the considered phenomenon are
analyzed.

B nanHOM cooOmiennn paccmaTpuBaeTcs «d(pdeKkT KpaTKOBPEMEHHOTO YCHIICHUS
WHTCHCUBHOCTH IIYJIbCAIIMA DJIEMEHTOB T'€OMarHUTHOTO TMOJIS» Ha 3alHUCSIX AaHaJOTOBBIX
(matunkn boOpoBa) MarHMUTOBapHalMOHHBIX cTaHIui HOYblo 13 sHBaps 2007 roxma. [lpwm
paccMOTPEHNH MarHUTOrpaMMBl aHAJIOTOBOW MarHUTOBApUAIMOHHOW CTaHIMH 00CEepBAaTOPUHU
“Maraman” 3a 13 saBapst 2007 roa Halle BHUMaHUE TIPUBJICKIIO aHOMATTLHOE KPaTKOBPEMEHHOE
(B Teuenue 15 MHUHYT) yCHUJICHWE MHTECHCHBHOCTH MYJIbCAI[MH BCEX 3JIEMEHTOB (KOMIIOHEHT)
re€OMarHUTHOTO TOJIS Ha (JOHE CIIOKOWHOTO CYTOYHOTO X0/1a, PE/ICTaBIEHHOE Ha PUCYHKE 1.

MATAJLAH 13 smsapa 2007 1,
0, E

h

: J 6 q

i
o
: e

A

: =
=

Puc.1. Marautorpamma (BeIOOpKa) 3alMCH BapUalnii SIEMEHTOB T€OMarHUTHOT'O TOJISL.

bbln 3amaH Bompoc — KakoBa IMPHUYMHA 3TOrO sBJIEHUS. PaccMmaTrpuBanuch HECKOJIBKO
BO3MOXKHBIX MIPHYUH: BO3ACHCTBHE OOJIBIINX MAarHUTHBIX Macc (IIpoe3l aBTO-MOTO TPAHCIIOPTA),
MeXaHMYeCKoe BO3ACHCTBHE HAa (YHJAMEHT MOCTaMEHTa C JAaTYMKaMHM, pealbHOE HM3MEHEHHE
IapaMeTpoB F€OMarHUTHOTO MoJid. IlepBas npuynHa oTnana nocjae aHajliu3a CHETrOBOTO MOKPOBa
BOJIM3M BapHAllMOHHOTO MarHUTHOTO MaBWJIbOHA. BTopas mpuyrHa moxaszanack 0osee pearbHOMH,
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T.K. MEXaHUYECKOE BO3ACHCTBUE Ha (yHAAMEHT MOCTaMEHTa IaTYNKOB BO3MOKHO, HAallpUMeED, B
ciyyae cuiibHOro MectHoro (100-150km) 3emiteTpsiceHusl.

BoOpoBckHe MaT4MKK MO CBOEMY CTPOCHHIO, 1O CYTH, SBIISIOTCS ceilicMorpadamu -
crcTeMa KBapIeBOTO MOJBECa BEChMa YyBCTBUTEIbHA K MEXaHUYECKUM KoJieOaHmsiM. BeposTHo,
B Maragan mnpuma cuibHas TOBEPXHOCTHAs BOJIHA, KOTOpas W BbI3Bala KOJEOaHHS
YYBCTBUTEIBHON CUCTEMBI JATYMKOB AHAJIOTOBOM cepuu. T.e. BOBMOKEH HE AJIEKTPOMATrHUTHBIM,
a 4yucTo celicMuueckuid >(PpQeKT KpaTKOBPEMEHHOTO YCHIJIEHHS MHTEHCHBHOCTH ITyJIbCALIUi
AJIEMEHTOB TeOMarHuTHOro nojsi. OOpamieHne K 0aHKy JaHHBIX CEHCMUYECKHUX COOBITHH aano
OTPHILIATENIHBIA OTBET Ha  TOJOOHYIO BO3MOKHOCTH B YKa3aHHOE BpEMs, OJHAKO OBLJIO
OTMEYEHO CHIIbHOE jaanekoe 3emierpsicenne. 13 ssuBaps 2007 rona B 04 waca 23 mun 21,16 cex
no ['puHBHYY B TOM k€ 04aroBoil 00JIACTH K BOCTOKY OT I0)KHOM "acTu Kypuiibckoit rpsiapl, rae
15 nHos10pst 2006 r. ciyuriioch kpymHeiiiee mo marautyae (M=8.3) 3emieTpsiceHue, MpOU30IILI0
elme OJHO 3eMIIeTpsiceHHe ¢ Marautygod M=8.2. I3-3a OTHOCHUTENBHO HETIyOOKOTO
pacnionoxenusi runonenrpa (riayouHa okosio 10km) ceiicMuueckuii 3GQGEKT B DIHUICHTPE
npeBbicist 11 GammoB.  ['eorpaduueckre KOOpAWHATHI €r0 AMHIEHTPA, IO JaHHBIM
I'eodusmueckoit cimyx0bs1 PAH, 46.24° ceBepHoii mupoThl u 154.52° BOCTOYHOW IOJITOTHI.
I'mybuna rumonieaTpa 10kM. D10 3eMieTpsiceHue onrymanochk oT Kamyarku 1o Snonnu, mo Bcem
Kypunsckum octpoBam: B CeBepo-Kypmibcke — cumoir 5-6, B Kypunbscke — 4-5, B
[TerponaBnoBcke — 3-4, B KOxHO-Kypmibcke n Manokypuiibcke — 3 Oamia, o 12-6amipHOu
mrkane MCK-64.

Ha puc. 2 mpencraBneHsl (parMeHTHl 3amucedl ¢ IUQPPOBBIX CEHCMOCTaHIIMN
[TerponarnoBck-Kamuarckuit, Maranan, Aptu (HoBocuOupck).

P

BB - 8445106 13-01-2887 PET BHZ

P

G4r2aBl - AdedSiAb 120128687 MA2 BHE

Bdi20i 06 - B3 2RiAR 13-61-2807 ARL BHZAO

Puc.2. ®parmentsl 3amuceii ¢ nudpoBbix ceficMocranimii [lerponasnosck-Kamuatckuii, Maranan, Aptu
(HoBocuOupck).

PaccrostHue ot smuIeHTpa JaHHOTO 3eMyeTpsiceHus 1o Maragana okosio 1600km, mpu
CKOPOCTH TIOBEPXHOCTHOHM CEHCMUYECKOW BOJIHBI 3-4 KM/C TMOJydaeM O0XKHIaeMOe BpEeMs
npuxoJa BOJHBI M0 Maragana npumepHo 6,5-8,5 mMunyr. Ananmorumuno ans XabapoBcka 3TO
BpeMsi coctaBuT 6-8 muuyT (0konmo 1500km), mis I1.-Kamuarckoro 3,5-4,5 munyThl (0OKOJIO
870km), mis HoocubOupcka 19-27 munyt (okoso 4900xkm). Mcxoas w3 mpeacTaBieHHBIX Ha
puc.2 pparMeHTOB 3amuceil BpeMs MpHXoJa CeHCMHUYECKOW BOJHBI Ul Marajana cocTaBisieT
7,2 munytel, ans [1.-Kamuatckoro — 4 munytel, ans HoocubOupcka — 20,6 wmunythl. T.e.
NpUOJIM3UTENBHBIA pacyeT U pealibHbIe 3allCH CeHCMOTpaMM Jar0T OJIM3KHE 3HAUCHUSI.
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Jlns nanpHEWINero aHanu3a Ha pHC. 3 MpeACTaBIeHB (parMeHThl 3amuceid H-
KOMIIOHCHTBI I'€COMAarHuTHOIO IIOJIA JJIA  aHaJOI'OBBIX MarouToBapualiuOHHBIX CTaHIII/II\/JI
«Maraman», «[laparynka» (I1.-Kamuarckmii), «XabapoBck» (3abaiikanbckoe) u «Kiroum»
(HoBocubupck).

H-xonmromenTA
Maragau
. . : ; : : ;
04:00 04:30 05:00 UT
1”' l I II-Fanraa T eKIm
Jabalmans cKoe
W
H i
Horocubupek
04:00 04:30 05:00 UT

Puc.3. ®parMentsl 3amucell aHAJTOTOBBIX MarHUTOBApUAIIMOHHBIX cTaHUUi «Maragan», «[lapatynka»
(IT.-Kamuarckwuii), «XabapoBck» (3abaiikanbckoe) u «Kioun» (HoBocnOupcek).

W3 paccMOTpeHuUst 3TUX MaTepHajoB BUIHO, YTO «3(p(eKT KpaTKOBPEMEHHOTO yCHUIICHUS
WHTEHCHBHOCTH MYJILCAIUN JIEMEHTOB MarHUTHOTO TOJISI» Ha MarHUTOBaPUAIIMOHHOW CTAHIIMU
«Maraan» 3apeructpupoBan B 04:28, na crannuu «[laparynka» (I1.-Kamuatckuii) B 04:24, Ha
cranimu <3abaiikanbckoe» (XabapoBck) B 04:22, Ha cranumu «Kimoun» (HoBocuOupck) B
04:46 UT. IlonyueHHBIC pe3ylbTaThl MpEACTaBIeHBI B Tabmuie 1 W CHIBHO PACXONATCS TIO
BPEMEHH C pacuyeTaMH U pe3yJbTaTaMu 3alUCH celicMorpamMm (T.e. CO BPEMEHEM pPErucTpaiuu
3eMJICTPSICCHUS B ITyHKTaX HAOIIOICHUS).

Tabnuna 1.
Bpewms perucrpanuu: Maranan [1.-Kamyarckuit XabapoBck HoBocubupck
Ha ceiicmorpamme 044 30,55m 044 27,35m ~ 044 30m 044 44m
Ha marautorpamme 044 28m 044 24m 044 22m 044 46m

IIpuBsizka BpeMEHN Ha aHAJIOTOBBIX MarHUTOBAPUALIMOHHBIX CTAHIMAX OCYIIECTBIISETCS
C TOYHOCTHIO O 1 cek W He OOBICHAET MPUYMHY TAKOTO OOJBIIOrO pa3pbiBa JaHHBIX
peructparuu. Kak BumHO U3 Tabmuipl 1 u pucyHka 3, MOXKHO OOBSCHUTH HEKOTOPYIO Pa3HUILY
JTAHHBIX PEruCTpPaluu CcelcMOoTpaMMbl M MarHuTorpamMmbl isi HoBocuOupcka, T.K. Ha
MOJYYEHHON MarHUTOTpaMMe TPYIHO (B CHIIy MaJIOCTH) TOYHO OTOXJIECTBUTH Haudasio 3ddexra
YCWJIEHMSI MHTEHCUBHOCTH ITyibcanuil H-kommnoHeHTsl MarHutHOoro mnoiiss. Ho He ynmaercs
OOBSICHUTH, TIOYEMY Ul BCEX JPYTMX MarHUTOBAPHALMOHHBIX CTaHIMHA >PQeKT ycuieHus
MyJAbCAllMii HACTYyMaeT paHbllle, YeM B  ITYHKTHl HAONIOJEHHUH MPHIET CeHCMHYEcKas BOJHA.
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[Mpuuem pasuuna (3ddext HabmomaeTes panbiie) coctapiser oT 2,55 munyT s Maraiana 10
8 munyrt mist Xabaposcka (I1.-Kamuarckuit — 3,35m).

Hamo oTrmeTuTh, 4UTO pETPOCHEKTHUBHBIA IMOUCK  AHAJIOTUYHBIX  BO3JACHCTBUUI
CeMCMUYECKUX SIBJICHUH Ha TMOBEJCHHE 3JIEMEHTOB T'€OMAarHUTHOTO TOJSl HE NIl Pe3yJabTaToB.
Hekortopbie 3emuerpsiceHuss (Kak MECTHbIC, TaKk W CHJIbHBIC JalbHHE) COTPOBOKIAIOTCS
3pQPEeKTOM U3MEHEHHs TapaMeTpOB 3alMCH TEOMarHWTHOTO TOJs, HO TOpas3o MeHee
MHTCHCUBHBIM M B JUIMTENHOCTBIO 70 S MHHYT, TOTJla KaKk B pPacCMaTpHBAaeMOM Ciydae
yKa3aHHBIN mepuo] coctabisier 15-22 munytel (Maranan). O0Opaimiaer Ha ce0s BHUMAaHUE U TOT
¢axT, uTo »pdexT cunpHee BrIpakeH st MarajgaHa, 3aTeM 1o HUCXoasmIen st XabapoBcka u
coBceM Mano i Il.-Kamuarckoro, XoTs MOCIEIHMM HAaXOAWTCS HA CaMOM KOPOTKOM
pacCcTOSIHUM OT DJMHIEHTpa 3emieTpsceHus. JlaHHOe 3eMIleTpsCeHHe COMPOBOXKIAIOCH
MHOJKECTBEHHBIMU a(TepIIOKaMH, KOTOPBIE PErHcTpUpoBaiuch Kaxzaple 15-30 MuUHYT, HO HH
OJIVH W3 HUX HE JaJl OTKJIMKA HAa MarHUTorpamme, kak u 3emiuerpsicenus 13.01.07 B Xabaposcke
(3emuterpsicenne cuiIoi B mATh OayutoB npouszonuio B 9.38 mectHoro Bpemenu (2.38 Mck) B TOUKe
¢ koopauHatamu 136,89 BocrouHoW nonrotsl u 51,12 ceBepHOi MmMPOTH, Ha TIAyOMHE 25
kuomerpoB) u 15.01.07 B SAAinonuu (ero Mmaruutyna cocraBuia 5,7 mo mkaie Puxrepa), 12.01.07
Ha tore Kypunbckux octpoBoB (06:36 LT ¢ marautymoit 5 no mkane Puxrepa), 16.01.07 B I1.-
Kamuarckom (04:36, B 40xkm ot m.I'anansr Enu3oBckoro paifoHa ¢ snuieHTpoM Ha riyoune 280
KM ¢ koopauHaTamu 53,6° c.ur., 157,03° B.4. ¢ marauTyno0it 4,2). JlaHHbIi epedeHb OJIM3KHX 110
7aTe 3eMJICTPSCEHHI TPUBEACH JUIA TI0Ka3a TOro, YTO JTAHHOE 3eMJIETPSICEHHE HOCHIIO KaKOW-TO
0COOBII XapakTep M KaK TO MOBJIHIO Ha XapaKTEPUCTUKU aHAIOTOBBIX MAarHUTOBApUAIIMOHHBIX
JaTYMKOB, BBI3BAB HA HHUX 3alMCh, KOTOPYID MOXHO pacueHuTh Kak <«PQeKT
KPaTKOBPEMEHHOTO YCUJICHUSI MHTEHCUBHOCTH ITYJbCAIMHA SJIEMEHTOB T€OMAarHUTHOTO TOJISI.

HHTepecHO TOCMOTpEeTh M Ha 3amucu IU(POBOH MarHWTOBAPHUAIMOHHON CTaHIIUU
(IMBC-6), naTumkud KOTOpOHM cClellaHbl Ha OCHOBE JaT4MKOB BoOpoBa, T.e. JUIsl HUX TOXKE
CTIpaBEIMBO YTBEPKJICHHE, YTO OHH SBIISIIOTCS OTIIMYHBIME ceficMoaTunkamu. Ha pucynke 4 u
5 TmoOKa3aHbl TOCTPOCHHBIE TIO HHM(PPOBBHIM JaHHBIM 3allICH  BapHalUil 3JEMEHTOB
reomarauTHoro noJist 13 sHBaps 2007 rona 3a nepuon ¢ 04:20:00 mo 05:00:00 UT, Ha KOTOPBIX
TaKXKe XOpomlo BUACH <«A(P(PEKT KPaTKOBPEMEHHOTO YCWJICHWS WHTEHCHUBHOCTHU ITYJIbCAIIHIi».
[Tpuyem ©Hayamo HEOONBIIOTO YCHJICHHS HHTEHCHUBHOCTH Mynbcanmii Ha 3armucu [IMBC
HaunHaercs npumepHo B 04:28, coBmagaer ¢ JaHHBIMH aHAJOTOBOW MarHUTOBAPHALMOHHOM
CTaHIIMM M COOTBETCTBYET peructpanmu «mpenukra» (P) Ha celicMorpamMme CTaHIIUU
«Maranan». 3arem mnpumepHo B 04:30:30 wnHabOmromaercs Hayallo CHIBHOTO —YCHUJICHHS
WHTEHCUBHOCTH 3TUX MYJIbCAIlNil, KOTOPOE COBIAJAET TI0 BPEMEHH C JAHHBIMU CEHCMOTPaMMBI O

0
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4:59:37

-10 +

-15 4

-20 4

-25 4

Puc.4.BoccranoBiiennas 3anuch Bapuanuii H-kommoHneHTsl reomarautHoro mons 13.01.07 r., [IMBC,
Maranan.
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Puc.5.BoccranoBiiennas 3anvch Bapuanmii Z-koMroHeHThl reomarHuTaoro mnomnst 13.01.07 r., IIMBC,
Maranan.

perucTpanuu 3emierpsicenus. Ha MarautorpaMmax Ipyrux nupoBbIX MarHUTOBAaPUAIIHOHHBIX
CTaHIIMIi, OCHOBAHHBIX Ha MCIOJIb30BaHUU (eppo30HI0BBIX AaTunKOB (MarauTomMerpsl DCR-04-
01 u FRG-601G), e naOmomancs momoOHBIH <«3ddEKT KpaTKOBPEMEHHOTO YCHIICHHS
WHTEHCUBHOCTH MYJIbCAIMHA JIEMEHTOB T€OMAarHUTHOTO TTOJISI.

Takum 00pa3oM CTAaHOBUTCS OYEBUAHBIM, YTO JAHHBIA 3((PEKT BBI3BaH CEHCMHUECKUM
BO3/ICWICTBMEM Ha UYBCTBHUTENbHBIC JaTYMKH BApUOMETPOB M HE HMEET OTHOUICHHS K
M3MEHEHHIO WHTEHCUBHOCTHU MYJIbCAIMH JIIEMEHTOB T€OMarHuTHOTo moiisi. OcTraercs BONMpOoC —
MOYEMy PEaKlvsl BapHAlMOHHBIX JaTYMKOB MPU JAHHOM 3EMJIETPSICEHUH HOCHUT OTHOCHUTEIILHO
CWIBHBIN U JIONTOBPEMEHHBIN XapakTep? Bo3MOXHO, MPUYMHA KPOETCS B CAMOM XapakTepe U
0COOEHHOCTSIX ATOTO 3eMIIETPACEHUS. 3/1eCh CIeyeT 0OpaTUThCS 32 IOMOIIBIO K CIEIMAIACTAM.

Pemennst mexanu3ma ouara 3emuerpsiceanss 13.01.2007 r., paccuuTaHHBIE O METOTY
TeH3opa MoMeHTa B HarmonansHoM nientpe nadopmanuu o 3emiuerpsceHusx CILHA (NEIC) u no
METOJy TeH30pa MoMeHTa meHTpouna B [apeapuckom nentpe CIHA (HARVARD),
CBHU/IETENILCTBYIOT, UTO B O0OMX CIIyYasX IO JaHHBIM pa3HBIX LIEHTPOB THII JBM)KCHUS B Ooyare
3eMJICTPSICCHUSI OJIMHAKOB — cOpoc (C KOMIIOHEHTaMH CJBUTa). Bmecte ¢ TeM uMeErOTCS
pazmuuaus. CornmacHo NEIC nBmkeHre B oyare BO3HUKIIO TIOJT ICHCTBUEM OJIM3KUX 110 BETUIHHE
HaNpsOHKCHUN COKAaTHSl U PACTSHKEHUS, OPUEHTHPOBAHHBIX B HampaBlieHHH Ha ceBep. CoriacHo
HARVARD nBuxeHue B ouyare BO3HHUKIO IOJ JIEHCTBUEM IPEBAIMPOBAHMS HaNpPsHKEHUI
pacTsHKeHHs, OpPUEHTHPOBAHHBIX Ha FOT0-BOCTOK. JIJis pemieHus 3Toi 3a1a4u, BO3MOXKHO, Oyer
MOJIE3HBIM AHAJIW3 CEHCMHUYECKMX W MarHMTOBAPHAIIMOHHBIX MaTepUAIOB aHAJIOTHYHOTO
CWJIBHOTO 3€MJIETPSICEHUS, KOTOPOE MPOU3OIILIO B 3TOM ke Mecte 15 HosiOpst 2006 r.
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KOMIIVIEKCHOE IMATHOCTUPOBAHUE NPEABECTHUKOB
SEMJUIETPACEHHUU HA OCHOBE I'EJIMO-TEO®PU3NYECKHUX JAHHBIX
JUCTAHIIMOHHOTI'O 30HAUPOBAHUA

COMPLEX DIAGNOSIS OF EARTHQUAKE PRECURSORS ON THE BASIS OF
HELIO-GEOPHYSICAL DATA OF REMOTE SENSING

A.A. Pomanos, A.A. Pomanos, C.B. Tpycos

@I'VII Poccutickuti HAy4HO-UCCIe008amMeNbCKULL UHCIMUMYM KOCMUYECKO20
npuboOpoCcmpoeHts.

In the frameworks of the research the main principle of the earthquake precursors complex
diagnose and its revealing in the “atmosphere-lithosphere’ system by means of the remote sensing data is
given. The cross corrdations and dependencies of the major geophysical media parameters are studied
and the items of the precursor phenomenon diagnose are illustrated.

BBenenune

B nocnenHue necAatuieTus ¢ pasBUTHEM METOAOB JUCTAaHIMOHHOIO 30HIUPOBAHUS
3emMan ObUT 3apeTUCTPUPOBAH psAA  (PU3HUECKUX SBJICHUH, NPEUMYIIECTBEHHO HW3MEHEHHS
XAPAaKTEPUCTUK JJIEKTPOMATHUTHBIX II0JIEH B OKOJIO36MHOM KOCMMYECKOM IIPOCTPAHCTBE,
IIPUYPOYEHHBIE [0 BPEMEHM M MECTY MPOSBICHUS K KPYIHBIM 3€MIIETPSCEHUSIM, YTO JAAET
OCHOBaHHME MPE/IoIaraTb HATMYUE CBSI3M MEXIY dTUMU siBICHUAMU. Cpey OA0OHBIX SIBICHUN
MOJKHO BBIIENUTH HOHOC(hEpHBIE d3PQeKThl B cnosx E u F,, n3nmydeHnne HU3KUX 4acTOT, OTOKH
3apsKEHHBIX YaCTHLL.

B coorBerctBum ¢ [6, 1] B wuoHOchepe MOXKHO 3aperMcTpUpPOBATh AaKyCTHKO-
rpaBUTalOHHbIC BOJHBI (AI'B), MCTOYHMKOM KOTOPBIX SIBISIFOTCS COJIHEYHAs aKTHBHOCTB,
MOIIIHBIE IUKJIOHBI, TPO30BbIE pa3psbl U HEKOTOpBIE JIPYrHe SIBICHUSI B HWKHEW U cpenHel
atmocdepe. K tomy ke, cymectByer MHeHHe, uTo AI'B Moryr renepupoBarbesi Jaxe mepen
CEepPbE3HBIMH 3EMIICTPSICEHUSIMHU, KaK MPEABECTHHUK JaHHON KatacTpodsi [2].

[Tockonpky B arMocdepe IUIOTHOCTh SKCHOHEHIIMAIBHO YMEHBIIAETCS C BBICOTOH,
ammutyna AI'B MoOKeT cepbhe3HO BO3pacTH K BEPXHHM CIIOSIM aTtMoc(epsl M BBI3BATh
CYIIECTBEHHBIC aHOMAJIUU B PACHpEIeNICHNH HEHTPAIBbHBIX U 3apsDKEHHBIX YacTHUI] B HOHOChepe.
AHaNoru4yHble BO3MYILEHHUS MOTYT TAaKKE€ BO3HUKHYTh B BEPTHKAIbHOM pacHpelleleHUN
TEMIIepPaTypbl HaJl IOBEPXHOCTHBIM HCTOYHUKOM BO3MYyIICHUS [3].

AHanmm3 pe3ynbTaTOB UCCIEIOBAaHUI MOTHOTO YIEKTPOHHOTO COAEP)KaHUS HOHOC(EPHI B
CEHCMOOIIACHBIX PErHOHaX, MPOBEICHHBIX POCCUICKUMU [7] u 3apyOexHbIMU ydeHbiMU [8, 9],
MOKa3bIBAET YMEHBIIICHNE MaKCUMAIBHOTO 3HAYEHUS MTOJIHOTO HJIEKTPOHHOTO COJIEpKAHMS 3a 2-
4 cyTOK /10 IPEI0IaraéMoro 3eMJeTpsICEHUS.

[Ipu B3auMoneicTBHM C CceHCMOTeHHBIM u3NydeHneM Ha dactorax 0.1-10 I'm wu3
paaMalMOHHOTO Tosica 3eMJIM TPOUCXOIUT BBIOPOC 3apshKeHHBIX wactull [4]. Peructpupys
BBIOPOCBI YaCTHII B MarHUTOC(epe, a TaKkKe aHAIM3HUPYS DSHEPreTHYeCKOe M BPEMEHHOE
pacupeneneHue 4YacTWll B 3apETHCTPUPOBAHHBIX BCIUIECKAX MOXHO OLEHUTH IapaMeTphl
IPAYIIEro CeHCMOIOTHYecKoro coobitus [4].

CylecTBYIOT UCCIEIOBaHUsI Ha OCHOBE JAaHHBIX, MOJIYYEHHBIX C METEOPOJOTrHYECKHX
CIIYTHMKOB 3€MJIM, TOKa3bIBAIONINE HAMYME AaHOMAIbHBIX OOJAuHBIX CTPYKTYp, a TaKkKe
reoTepMalibHbIx aHoMmanmuii (2°-5°) Ha moepxHoctu 3emuu [10, 11, 5, 12] npeamiecTBYOMMUX
CWJIBHBIM M pa3pyIIUTEIbHBIM 3€MIIETPSICEHUSIM.

Bbienenne aHOMAaNbHBIX XapaKTEPUCTHK CpelIbl HE pemaer mnpodieMy IOoucKa
IIPEABECTHUKOBBIX SIBJICHUN. J[0 HACTOSIIETO BPEMEHM AJIs CEMCMOOIIAaCHBIX pernoHoB Poccnn u
B YaCTHOCTH Uil peruoHa J[lanpHero BocToka HE NPOBOAMIIOCH CIEHUAIU3UPOBAHHBIX
MCCIIEIOBAaHUH, LENhI0 KOTOPHIX OBUIO OBl CO3/IaHME METOJUK WM HACTPOMKa alropuTMOB
JUarHOCTUPOBAHUS TPEABECTHUKOB 3E€MJIETPSCEHUN B pPa3HBIX Cpelax U MX KOMIUIEKCHOTO
aHanmm3a. [l IMarHOCTHPOBAHMS MPEIBECTHUKOBBIX SBICHHH B HOHOC(hEpe HEOOXOIMMO
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NpoBeCTH COOp JIOTIOJIHUTENBHBIX T'eTUOre0PHU3NIECKUX MapameTpoB (MHICKC COJHEYHOMH
akTUBHOCTH — MHIeKC 10.7, KopoHanbHast akTHBHOCTH COJIHIA, MHJIEKCHl MATHUTHOM aKTUBHOCTH
D« 1 Kp), aHaIN3 KOTOPBIX MO3BOJIUT YMEHBIIUTH BEPOSTHOCTH OCYIIECTBICHHS OIIMOOYHOTO
JMar”osa.

B kauecTBe NOMOJIHHUTENHHOTO MCTOYHMKA MH(POPMALIMH, a TAKKe B LEISIX MPOBEIACHUS
PETPOCIEKTUBHBIX HCCICJOBAHUN KOPPEISLIMOHHBIX CBS3€H MEXKIAY MpPEABECTHUKOBBIMU
SABIICHUSIMA A3 IMYHOM TpUPOABI OyIeT OCYHIECTBISTHCS CcOOp CeHCMOMETPHUYECKOM
MHGOPMAIIUK O TTPOU3OIIEAIINX 3EMIICTPICEHUSIX.

Takum o00pa3oM, HEOOXOJUMO IPOBECTH SKCIEPHUMEHT, OCHOBHON LEJNBI0 KOTOPOTO
CTaHET JKCIIEPUMEHTAIBHOE TOATBEPKACHUS MPUHIUIIOB KOMIIJIEKCHOIO aBTOMaTU3HPOBAHHOTO

JMArHOCTHPOBAHUS MPEABECTHUKOB 3€MJICTPSICEHHUI ¢ MCIOJIb30BaHWEM OOpa3IOB aIaparyphl,
paboTaroieil Mo JaHHBIM OTEUECTBEHHBIX M 3apYOECKHBIX KOCMUYECKUX HABHUTAIMOHHBIX
cucteM. B pamkax »JKclepuMeHTa, B JIOTIOJHEHHE K HOHOC(EPHBIM MPOSIBICHUSIM
Tr€OTeKTOHMYECKOW aKTUBHOCTH, HEOOXOIUMO PACcCMOTPETh aHOMAJIbHBIE WU3MEHEHHS (POHOBBIX
XapaKTePUCTHK HIDKHEH arMocdepbl, reo(GU3MUecKux XapaKTePUCTHK ITUTOC(Ephbl, a TakKe
aHOMAJIMH HEKOTOPBIX TAapaMETPOB COJTHEYHOW AaKTHUBHOCTH. BBISBIIEHHUE KOPPEISIIHOHHBIX
CBsI3eH MEXIYy 3apervMCTPUPOBAHHBIMU aHOMAIUAMHU (MPEIBECTHUKAMU 3EMJICTPSICCHUH) U
pEAUTbHBIMU CEHCMUYECKHUMH COOBITUSIMH B PETHOHE, a TAaKKe UX KIACCU(PUKAIUS, TTO3BOJIUT
chopMupoBaTh 0a3y JaHHBIX MPU3HAKOB MPEIBECTHUKOB 3EMIICTPSICEHHM, CO3/1aB BIOCIIECICTBUN
KOMIUIEKCHYIO MOJIENIb MTPEIBECTHUKA 3eMJICTPSICEHUS ISl pETMOHA UCCIIEIOBAHMS.

B kauecTBe MecTta TpoOBeIEHUsS JKCIEPUMEHTA CIEAyeT BBIOPATh JaTbHEBOCTOUYHBIN
pernoH P®, mOCKONBKY 3TO OJHMH W3 CAMBIX CEMCMOAKTUBHBIX pernoHOB Poccun. Ilo maHHbIM
Karasora 3emiierpsicenuit LlentpanbHoit OmnbiTHO-Meromuueckoit Dkcneaunuu  ['C PAH 3a
nocnennue 12 mer B paiione CaxanmuHa mpoumsonuio Oosee 110 3emuerpsiceHui, THIIOLEHTP
KOTOPBIX HaxXoJuJicsi Ha rinyonHe MeHee 40 KM U MHTEHCHUBHOCThH TpeBbimania 3 Oayna. M3 Hux
40 vMenu MHTEHCUBHOCTB 5 0aiioB u Oosee (puc.l).

e

=U

40 '

Ak

AHESHTTY 1HI ¥’ n' AETAHITY Thil* A EEHIT 144

Puc. 1. Pacnpenenecuue 3emnerpsicennii B Caxanunckoit oonactu B nepuon 1994-2006 r.r.
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Iesm u 3aa4M IKCNIEPUMEHTA

B 1esnoM skcriepuMEHT HampaBlIeH HA CO3/IaHUE U aJlalTali0 METOAMK U aJlfOPUTMOB
aBTOMAaTU3UPOBAHHOTO JIMAarHOCTUPOBAHUS IPEIBECTHUKOB 3E€MIIETPACEHUH IOCPEACTBOM
anmaparypsl, paboTaroIel Mo JaHHBIM POCCHICKHUX U 3apyOEKHBIX HAaBUTALIMOHHBIX CHCTEM, a
TaKKe CHEeIUAIN3UPOBAHHBIX HCKYCCTBEHHBIX CITyTHUKOB 3EMIIH.

OCHOBHBIMH LEJSIMU SKCIIEPUMEHTA SIBIISIOTCA:

IKCIIEPUMEHTAIILHOE TOATBEPKICHUE B CEeWCMOaKkTHBHOM peruoHe (0. CaxaiuH wu

NPWIETAlONINe 30HbI) HAYYHBIX MPHHIUIIOB KOMIUIEKCHOTO JMArHo3a MpeJIBECTHUKOB

3eMJICTPSICEHUI, METOIUK M aJIrOpUTMOB cOOpa, OOpabOTKM M paclpoCTpaHEHHS

MOHHUTOPUHTOBON WH(OpPMAIINK, OCHOBAHHOW Ha JJAHHBIX CYIIECTBYIOIIUX POCCUHCKUX H

3apyoexxHpix MC3 HaBUTAMOHHOTO, METEOPOJIOTUYECKOTO U MPUPOIHOPECYPCHOTO

Ha3HAYEHUS, a TAKKE TeIHOTe0pU3NIECKUX JaHHBIX;

CO3/IaHM€ PErHOHAIBFHOTO MPOTOTUIIA ABTOMATH3MPOBAHHOW CHCTEMBI HAOIIOIACHUS

MOHOC(EpPHBIX  MPEIBECTHUKOB  3EMJICTPSACEHMH 1O  JAHHBIM  CIYTHHKOBBIX

HAaBUTALMOHHBIX CHCTEM B  KOMIUIEKCE C JaHHBIMH  J1e()OPMOMETPUUYECKHUX,

CEMCMOJIOTUYECKUX U TeTHOTre0(hU3NIECKUX U3MEPEHU.

JInst TOCTMIKEHHUsSI TIOCTABJICHHBIX LIEeld B XOA€ IKCIIEPUMEHTA JOJKHBI OBITh PEIICHBI
CIIEyIOUE 3aJauu:

pa3BepThIBaHHE B CceiicMOaKTUBHOM peruoHe (0. CaxaiuH ¥ TNpUIErarollue 30HBI)

CIIEIMATM3UPOBAHHOTO 000pynoBaHus (YHUBEpcaibHas TOMOrpaduyecKkas YCTAaHOBKA B

r. lOxHo-Caxanmuuck u mnpuemauk [JIOHACC/GPS B 1. HOxHo-CaxaquHCK # T.

HeBenbck) u moanepkka (YHKIIMOHHUPOBAHUS YK€ pa3BEpHYTOW TOMOTrpapruecKoi

nenouku (Hormuku — [Toponaiick — FOxuo-CaxanuHck);

cOOp KOMIUIEKCHBIX TeIMOre0(pU3MIecKX XapaKTePUCTUK CHUCTEMBI «rennocdepa —

atMocepa —nmurocdepa» Uil OCYIIECTBICHUS JIHATHOCTHPOBAHUS TIPEIBECTHUKOB
3emuieTpsiceHnid Ha Ttepputopun CaxamuHCKOW oOiiacté J{anhbHEeBOCTOYHOTO pEruoHa

Poccun B cOOTBETCTBHH € TPOrpaMMOM UCCIIEIOBAHUN;

OCYILIECTBJICHUE KOMIUIEKCHOIO HCCJIEIOBAaHUS IOJYYEHHBIX HKCIEPHUMEHTAIbHBIX

XapaKTepUCTUK  CHCTEMBI  «rennocgepa-atMocdepa-murochepa» ©  BBIACICHHE

AHOMAJIN, COOTBETCTBYIOIINX CEMCMUYECKON aKTUBHOCTH;

aJlanTanus CyIIeCTBYIOIUX U pa3paboTKa CIIeUAIM3UPOBAHHBIX METOIUK U allTOPUTMOB

00pabOTKM JaHHBIX O COCTOSIHUM CPEJIBI;

MPOBEICHUE aHAIN3a, CUCTEMATH3aIMU U KIIAaCCH(PHUKAIINN TOTYIEHHBIX Pe3yIbTaTOB,

CO3JaHME€ METOAMKH JAMArHOCTUPOBAHUS IPEABECTHUKOB 3EMJIETPSCEHUM Ha OCHOBE

KOMIIJISKCHOTO ~ aHaJlu3a ¥ COBMECTHOW 00paboTku  aTMocdepHOo-HOHOChEepHO-

MarHuToc(hepHbIX JaHHBIX C CEWCMOMETpHUYECKOoW uWHpopMamumel, a TaKke 0a3bl

QJIITOPUTMOB MPEBECTHUKOBBIX SBJICHUN;

OIIEHKa MH(POPMATUBHOCTH CYIIECTBYIOIINX M3MEPHUTEIBHBIX CPEICTB KOCMUYECKOTO H

Ha3zeMHOro Oa3upoBaHus, (OPMUPOBAHHE TPEOOBAHUI K MEPCIIEKTUBHBIM TEXHUYECKHM

CpeAcTBaM, a TakXke pa3padoTKa MPEIIOKEHHH 1O CO3JAaHHI0 PETMOHAIBHON CHUCTEMBI

KOMIIJIEKCHOTO MOHUTOPUHIA IPEIBECTHUKOB 3EMJIETPSCEHUI.

CxeMa KOMILIEKCHOTO IKCIIEPUMEHTA

B paMkax AaHHOTO 3KCHEpUMEHTa IPEAINOaracTcsi MCHOJIb30BAHUE HCKIFOUUTEIBHO
METOJIOB M CPEJICTB JUCTAHIIMOHHOTO 30HIUPOBAHUS Cpe/Abl, OCHOBAHHBIX, B TOM 4YHCIIE, Ha
SKCIUTyaTalli 00pa3oB anmaparypsl, paboTaroIel Mo JaHHBIM OTEUECTBEHHBIX U 3apyOeKHBIX
KOCMUYECKUX HaBUTAIMOHHBIX CHUCTEM, CIELUAIU3UPOBAHHBIX CIIYTHUKOB MCCJIEI0BaHUS
MOHOC(EpHI, a TaKKe C UCIOJIH30BAHMEM CYIIECTBYIOUIMX PECYPCHBIX M METEOPOJIOTHYECKUX
KOCMHUYECKHUX aIllapaTos.
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Jlnst HaOmiofeHus: 3a CEeWCMO-MOHOC(EPHBIMU MPEIBECTHUKAMHU 3EMIICTPSCEHHH, B
paMKax SKCHepuMeHTa OyNeT OCYIIECTBISATHCS HEMPEPBIBHBIM TOMOTpadudecknii MOHHUTOPUHT
COCTOSIHUSI HOHOC(EPHI.

Jnst  perucrpanuy JAUMHAMUKA W3MEHEHHs TMapaMeTpoB HOHOchEepsl HEoOX0IUMO
00ecreynTh MaKCHMAJIBHO BO3MOJKHYIO 4acTOTY (UKcauii ee coctosHus. HeoOxoammMo uMeThb
YBEpEHHOCTh B TOM, YTO HHUKAaKHE TNPEJABECTHUKOBHIE BapUaIlMM COCTOSHHS HOHOC(HEphl He
OCTaJINCh HE3aperuCTPUPOBaHHBIMU. Elle oqHUM TpeOoBaHMEM /sl 00ecTIedeHnsT KayeCTBEHHOM
¢bukcanuu cocTosHUS HOHOC(hEpHl ABIsIeTCs BpeMs 30HAMpoBaHus. Ilockoybky nmoHOchepa —
IMHAMUYHO WM3MEHSIOMIAsCS cpela, TO K Hed MPUMEHUMBI TPUHIMIB (QoTorpadupoBaHUS
JTMHAMUYHBIX 00BeKTOB. TO €CTh, UeM KOpOUYe SKCIO3HIIMS, TEM BhIIIE KAYeCTBO U JIOCTOBEpHEE
oToOpaxeHue. BBITIONHEHUIO ATOTO TpeOOBaHUS MPU PATUOTOMOTpAPUU TAKKE CHOCOOCTBYET
MCTIOJIb30BAHNE CUTHAJIOB CO CITYTHUKOB HAaBUTALMOHHBIX HU3KOOPOUTAIBHBIX CHCTEM, KOTOPbIE
UMEIOT JIOCTATOYHO OOJIBIINE YIIIOBBIE CKOPOCTH 4°/MUH. DTHM YCIOBHSM HauOoJiee OTBEYAIOT
HU3KOOPOHUTAIbHBIC HABUTAIIMOHHBIC clIyTHUKH cucTeM «l{ukana/Tlapyc» n «TpaH3UT» KOTOpBIE
JBUTAIOTCS 110 opOuTe BhicoToM okoio 1000 kM, neproa obpamienust cocrapisier 104 MuH.

Mecra pacrnoyio’)KeHUsl CTaHLIMM IpuemMa CHCTEMbl MOHUTOPHMHIA  HA TEPPUTOPUU
CECMUYECKH AaKTHBHOTO PETMOHA JIOJKHBI OBITh BBIOPAHBI C Y4ETOM MPEUMYIECTBEHHBIX
HAINpaBJICHUH MPOJICTOB CHYTHUKOB. HakimoHeHus opout crnyrHukoB cucteM «l{ukana/Tlapyc»
cocTaBisioT 83° M0 OTHOIICHUIO K DKBATOPY, Ul CIYTHUKOB CHCTEMBI «paH3UT» 3Ta BEIMYMHA
cooTBercTByeT 90°.

[TocKONBKY HMCTOYHUKOM aKyCTO-TPaBHTALMOHHBIX BOJIH B HMOHOC(epe 3emiii MOTyT
ObITh HE TOJIBKO IMOTEHIMAIbHBIC 3eMJICTPSICEHHs, HO M JIPyrue BO3MyIeHHs (CoHeuHas
aKTHBHOCTh, CWJIbHBIC IIMKJIOHBI W Tpo3bl B HWXKHEH armocdepe M TMp.) HEOOXOIUMO
OCYIIIECTBIISITH COOP JIOTIOJHUTEIBHON WHGPOpPMAIMK O TMPEIBECTHUKAX 3eMieTpsceHuit. Jlis
ydeTa BIUSHHS COJIHEYHON aKTUBHOCTU M BBIICJICHHUS CHUTHATYp €€ IMPOSIBICHUS HEO0OXOAUMO
MIPEUMYIIECTBEHHO UCIOIB30BATh TOJIHKO HOUHBIE U3MEPEHUS COCTOSIHUS HOHOChepbl. C npyroi
CTOPOHBI, JaHHBIE 00 WHAEKCE COJHEYHOW aKTUBHOCTH W T€OMAarHUTHOM COCTOSIHUM 3eMIIH
MO3BOJISIT MUHMMM3UPOBATh BEPOSITHOCTH ONPEACICHUS JIOKHOM CUTHATypbl NpPEIBECTHHKA
3eMJIeTpsiCeHus1 B HoHOChepe.

JIOTIOTHUTENBHBIM ~ UCTOYHHKOM HMH(POpPMAIUH 00 HOHOC(HEPHBIX MPEIBECTHUKAX
3eMJICTPSICEHUH, B COBOKYITHOCTH C JTAHHBIMHU T'eO(PH3MUECKUX HAOIIOJICHUA, MOXKET SBISATHCS
UHGOPMAIIHS O MTOJTHOM JIEKTPOHHOM COAEPIKaHUH.

AHOMasbHBIE O00NAUHBIE CTPYKTYpHI, MOSIBISIONIMECS HAJ PEruoHOM, B KOTOPOM
MPOUCXOJUT  TOJATOTOBKA  3€MJIETPSICEHMsI,  SIBJISIIOTCS ~ aKTyaJlbHOM  Pa3HOBUAHOCTBIO
MIPEBECTHUKOBBIX SIBJICHUH B CHJIYy MPHUPOJTHBIX M KIMMAaTHYECKUX OCOOCHHOCTEH pernonHa
Hanpnero Boctoka Poccuu.

[ToBbllIeHHast TeoJMHAMUYECKas AaKTHMBHOCTb, BBIP@KEHHAs B HWHTEHCU(HKAINN
OTHOCHUTEIIFHOTO TiepeMemeHnst U jaedopManuu OJOKOB 3€MHOM KOpBI, TakKXKe SBISETCS
KOCBEHHbIM IPU3HAKOM TOJArOTOBKM MOTEHLIMAIBHOIO 3EMJIETPSACEHUS, KOTOPYIO MOYXHO
pPEeTUCTpUPOBATH TOCPEJACTBOM NPHUEMHON  ammapaTypbl TJIOOAIBHBIX  HABUTAITMOHHBIX
CITYTHMKOBBIX cHcTeM. CXeMa MPOBEJCHUs SKCTIEPUMEHTAIBHBIX paboT MpeicTaBlIeHa Ha puc. 2.

JUis  OCyIIECTBIEHHMS HCCIEIOBAaHMII B paMKaX KOMIUIEKCHOTO 3KCIIEpUMEHTa
IUIAHUPYETCS  y4acTUe CHEIUAJINCTOB IIMPOKOTO  CHEKTpa OpraHu3aluil  pa3inyuHBIX
munaucTepcTB U BegoMcTB: OI'YIT «PHUU KII», U3MHUPAH, MUDU, OTI'VIT «HIIO [IM»,
BHUU I'O YC, NP3 PAH u ap.

O:xunaemMmble PE3yJbTAaThbl IKCIICPUMEHTA

B pesynprare mpoBeneHUS OKCIEPUMEHTAIBHBIX pabOT OXHAAETCA MOJyYeHHE
CJIEYIOIINX OCHOBHBIX PE3YJIbTAaTOB!

0a3a JaHHBIX TPEJIBECTHUKOBBIX SIBICHHA B PETHOHE WCCIENOBAHUS IO JaHHBIM

KOMIIJIEKCHOTO 3KCIIEPUMEHTA;
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METOJIKa JTUAarHOCTUPOBAHUS MPEIBECTHUKOB 3eMIIETPSICEHUH Ha OCHOBE KOMIUIEKCHOM
00paboTKK COOMPAEMBIX JAHHBIX M 0a3bl JAHHBIX AHOMAJILHBIX SBJICHHA;

UCXOJIHBIE JaHHBIE Ha pa3pabOTKy MEPCHEKTUBHBIX OOPTOBBIX CPEACTB H3MEPEHHS
XapaKTePUCTUK MPEIBECTHUKOB 3€MIJIETPSICEHUI Ha CYIIECTBYIOIIMX M MEPCHEKTHBHBIX
KOCMUYECKHUX amnapaTax, B NepByio odepeab Ha crnyTHukax cuctemsl ['JIOHACC, a
TaKKe Ha3eMHBIX KOMIUIEKCOB cOOpa, OOpaOOTKM M PACHpPOCTPAHEHHS TOIYUYEeHHBIX
TaHHBIX;

MPOJEMOHCTPHUPOBAHA TOYHOCTH OIPENEICHUSI B3aUMHOTO PACIIONIOXKEHUS TOYEK
re0JMHAMUYECKOTO TMOJIMTOHA C JJIMHAMHU 0a3 JI0 HECKOJBKUX JECATKOB KHIOMETPOB Ha
ypoBHE 1 MM.
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Puc.2 ®yHknmoHanbpHas cxemMa 3KCIePUMEHTaIbHBIX padoT.

OcCHOBBIBasICh Ha KOMIIJIEKCHOM AaHAJIU3€ IOJIyYEHHBIX JKCIEPUMEHTAIbHBIX JIAHHBIX,
OyayTr pa3paboTaHbl TPEIJIOKEHHS IO CO3JAHUI0O W PA3BUTHIO CHCTEMBl KOMILIEKCHBIX
HaOJIOIEHUI TPEBECTHUKOB 3€MJIETPSICEHUI C HCIOJIb30BaHMEM KOCMUYECKHUX CPENICTB, Kak
COCTaBHOW YACTH CHCTEMBI CEHCMOJIOTMYECKUX HAOJIONEHU W TPOTHO3a 3eMJIETPSICEHUI
Poccniickoit denepanun.
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XAPAKTEPUCTUKHU F-PACCEAAHUA HA HOHOTI'PAMMAX BHEIIHET'O
3O0HANPOBAHUSA UC3 UHTEPKOCMOC-19

CHSRACTERISTICS OF F-SPREAD ON THE TOPSIDE IONOGRAMM OF
INTERKOSM OS-19 SATELLITE

B.A. Tenecun, A.T. Kapnaues

Hncmumym 3emnozo maznemusma, uoHocghepsl U pacnpoCcmpanenus paouogoin
um. H.B. Ihwrosea PAH

The F-spread phenomenon observing on the topside ionogramms of Interkosmos-19 satellite has
been investigated. The different types of F-spread associated with the irregularities located at different
atitudes of the topside ionosphere are classified. The 3 main types and some additional types associated
with the large-scale irregularities of negative and positive sign were detected. Global distribution of
occurrence probability (P) of the F-spread in the both hemispheres, for al local times, summer and winter
solstices, for the high solar activity in 1979-1981 was built. The longitudinal, latitudinal, diurnal and
seasonal variations in the F-spread occurrence probability were investigated. Our analysis shows that the
longitudinal variations in P in the first approximation anticorrelate with the NmF2 variations, both in
winter and in summer conditions. The latitudinal variations in P have more difference in the 60-90°E and
270-300°E longitudinal sectors. In diurnal variations of the F-spread occurrence probability the daytime,
evening and nighttime peaks were revealed. The comparison between topside sounding data and ground
based sounding data has been carried out. It is shown that at all the latitudes P in the topside ionosphere
is greater than that in the bottom side. The reasons of the revealed F-spread occurrence probability
variations are discussed.

BBenenune

SIBnenne F-paccesHMss Ha HOHOrpaMMax HA3e€MHOTO 30HAMPOBAHUS HM3Yy4allOCh
HEOJIHOKPATHO, KaK IKCIIEPUMEHTAIBHBIMU CPEICTBAMHU, TaK M TEOPETHYECKU (CM., HAIpUMED,
0030p [2] u cceuiku B HeM). Ha wWoHOrpamMmax BHEIIHErO 30HIUpOBaHHsS F-paccesHue
HaOJNIOJIaeTCsl eIle dYallle, 4YeM Ha Ha3eMHBIX, 4YTO, YYHTBIBAas CIEIU(PHUKY CIHYyTHHKOBBIX
HaAOJIOJICHUH, CHIILHO 3aTPyAHSET UX 00paboTky. IloaTomy mcciiejoBaHMe 3TOTO SIBJICHHS BO
BHEIIHEH HOHOC(epe MpeICTaBIseTCs BAXXHBIM, KaKk ¢ (U3NYECKOH, TaK M C METOJHYECKOU
Toukn 3peHus. llposiBnenusi F-paccesHust Bo BHemHedl wHoHOc(epe HccienoBaHbl cinado,
CYILIECTBYET BCEro HECKOJBKO paboT mo JaHHbIM cryTHHKOB Alouette (cm., Hampumep, [4]) u
Hurepkocmoc-19 [3], U TOJBKO, MO-BUAMMOMY, OJHO HCCleAOBaHME MO JaHHbIM |1SS-b [5].
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OrpomHbIii MaccuB JaHHBIX cnyTHuka WHTepkocmoc-19 (MK-19) mno3Boasier mpoBecTH
noJHOMacITabHoe uccnenoBanue F-paccesHus Bo BHeIIHEH HoHOchepe.

1. OkcnepuMeHTAILHBbIE JaHHbIE

Cnyrauk MK-19 paGotan B akTHBHOM pexume ¢ mapta 1979 r. mo ¢eBpanp 1981 r.
HoHorpamMMbl BHEIIHETO 30HMPOBAHUS (PUKCUPOBAIHMCH KaK B aHAJIOTOBOM, TaK U B HU(POBOM
BUJIC. AHAJIOTOBBIE MOHOTPAMMBI COJIEPKAT IMOJIHYI0 WH(POpPMAIHIO O BHEIIHEH HoHOochepe, HO
OHHU TPHUHUMAIIICh B PEATbHOM BPEMEHH TOJBKO HAa Ha3eMHBIX IyHKTaX B MOCKBe, AnaTtuTax,
Hopunbcke n Ha KybGe. Ha puc.l mpuBeneH mpumep aHajioroBoil MOHOTPaMMBI XOPOIIETO
Ka4yecTBa, MOJydeHHON mpu 30HAupoBaHnH Hal MockBoi 25 mapra 1980 r. Ilo ocu aGcumec
NpUBEJeHa YacToTa 30HAMpoBaHWs B MI'I, mo ocu opauHaTt 3(deKkTuBHOE paccTOSHHE OT
CIIyTHUKAa B COTHSIX KWJIOMETpOB (MakcumalibHOe paccrosiHue paBnsuioch 2000 k). Ha puc.l
OTMEYEHBl OCHOBHBIE XApPAKTEPUCTHKH HWOHOTPAMMBl BHEUIHETO 30HIMPOBAHMS.  CIET
00bIkHOBeHHOH (O-trace) n HeoObIKHOBEHHOH (X-trace) BoJHBI, KpUTHYECKHE YacTOThl F2 ciost
(foF2 u fxF2), otpakenus ot 3emin, pe3oHaHChl rHpodyacToThl (Fy), 1 yactoTel oTceuku Z, O u
X mox (fz, fn u fX cooTBercTBeHHO). O0a Cile/]a YETKO BBIACISIOTCS, KPUTUYSCKHE YaCTOTHI
OTIPENIENAIOTCS COBEPIIEHHO TOYHO, IOMEXH U F-paccesHue MmoaHOCThI0 OTCYTCTBYIOT.

HoHorpaMMbl XOpOIIET0 KadecTBa PEerUCTpHpoBaiunch npumepHo B 40% ciyuaeB, Ha
OCTaJIbHBIX HOHOTPaMMax CJIebl ObLIIM Pa3MBITHIMHU, TU(QY3HBIMH, UHOTIA IO TaKOW CTEICHH,
9YTO CTAaHOBHMJIMCH He oOpabaThiBaeMbiMH. Ha puc.2 mnpuBeAeHB MpPUMEPHl HOHOTPaMM,
MOJIy4EHHBIX B 00JIaCTH TJIABHOTO HOHOC(HEPHOTO MpoBaia. BepxHss nOHOrpaMMa MoJTydeHa Ha

1980 O3 (25 4AF 05 13 MOOKEA 052
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Puc.1. Ananorosas nonorpamma MK-19, monydyennas 25.03.1980 r. nag MockBoid.

skBaTopuansHoi creHke ['MII. Ha Heil ¢ukcupyroTcsi IOTOTHUTENbHBIE cJenbl Ha OOJbIIei
TaTbHOCTH, 4YeM OCHOBHBIC, YTO CBHJCTEIbCTBYET O HAJMYUU KPYITHOMACIITAOHOM
HeomHOpoaHOCTH ciosi  F2. TlosiBleHWe JOTIOJNHUTENBHBIX OTPAKEHWH, KaK IpaBUIIo,
IpeIecTByeT mnosiBieHnto F-paccessaus. JlelicTBUTENBHO, NPU NPUOIMKEHUH K MUHUMYMY
I'UII, cnenpl OTpaKEHWM CTAHOBATCS IIMPOKMMHU U PA3MBITBIMH BCJEJICTBUE CHIIBHOTO F-
paccesHus. HukHss HMOHOrpaMMma, IIOJIy4eHHass B MHUHUMYyME IIPOBaJa YXKE IOJHOCTBIO
maddysnas, cienpl He pa3feNsIOTCS, XOTS KPUTHYECKHE YacTOThl ciost F2 eme MokHO
OIPEIECIIUTD.

[{udpoBsie HOHOTPAMMBI MOTJIM (PUKCHPOBATHCS BJOJIb BCEH OpOMTHI CIYTHHKA, HO, K
COYKAJIEHUIO, M3-32 MaJIoro 00beMa OOPTOBOM MaMATH OHU CHIIBHO TEPsUTH B MH()OPMATUBHOCTH.
Onnako ocHoBHOW MaccuB naHHBIX WK-19 cocraBisioT 1mudpoBbie HOHOTPAMMBI, MMO3TOMY
XapaKTepUCTUKN F-paccesHuss HcclaeloBaIuCh, B OCHOBHOM, Ha OCHOBE aHalIM3a JTHX
HOHOTpaMM.
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Puc.2. Monorpammer MK-19, 3apeructprpoBanHbie B 001aCTH IPOBAIA.

2. Knaccupuxauus Tunos F-paccesinus

PaccesHue B 00macTM TJaBHOTO HMOHOC(EPHOrO TMpoBaja CBS3aHO CO CIOXKHOU
CTPYKTYypo#l cybaBpopansHOil noHochepsl. Ha puc.3 cneBa mpuBeneH paspe3 HOHOCHEpPH B
o0JyiacTu TIpoBaja U 0003HAUCHBI BO3MOXHBIC ITYyTH pacipocTpaneHus paauoBons [1]. Cnenst 3
1 5 GopMUPYIOT «HOpMaNIbHYIO» HOHOTpaMMy. Crenbl 1 1 2 00pa3yroT JONOTHUTENBHBIH, OoJiee
VIaJNeHHBIA Clell HIKe KPUTHUYECKOW dYacToThl, a cien 4 Beime Kputudeckod ciost F2. Ha
BBICOKHMX IIUPOTAaX CIIYTHUK OBICTPO TMEpeceKaeT CHJIOBBIE TPYOKHM C TIOHWKEHHOW WIIH
MOBBIIIEHHOW KOHIICHTpAlMel MIa3Mbl, TOSTOMY BeCbMa BEPOSITEH 3aXBaT M PacIpOCTpaHEHHE
BOJIHBI B BoJHOBOJe [4] — puc.d. CurHanel 1 w 2, 3ajep)KaHHbIE B BOJIHOBOJAX, OYAyT
(bopMUpPOBATh PACCESTHHBII JOMOTHUTENBHBIA ClIe, 3aep>KaHHbId OTHOCUTENTFHOTO OCHOBHOTO,
4yro M HaOmonmaercs Ha puc.3. B urore, noHorpamma, MojydeHHass B HOHOC(EpPHOM IpoBaje,
MOJKET UMETh OUYEHb CIIOKHBIN, TM((Y3HBIN B, KaK HA pHC.2.

I
-:'%I:
L
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Puc.3. Cxema oOpa3oBanust F-paccesiHusi B 00J1aCTH ITpoBasia.
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Puc.4. Cxema oOpazoBanus F-paccesHrst Ha BRICOKMX ITUPOTaX.

Ha puc.5 BBepXy nokaszan tun paccestHus F1, mpu koTopom MMeeT MeCTo 3HauuTeIbHoE F-
paccessHUe Ha ydacTKe ciesia BOJIM3H BBICOTHI CITyTHHKA. DTOT THI paccesiHusl HaOIIIoJaeTcsl Ha
BBICOKMX IUpoTax. B cepeaune puc.5 nmokasan F2 tun paccestHus, Korjaa paccessHHOE 00JaKo
TOYEK HaOJIoaeTcs Ha CpeAHeM ydacTke ciena. Hamboree 4acTo STOT THII MPOSBISETCS Ha
yMepeHHO cpenHux mupoTtax. CHauana Gopmupyercs cnaboe paccesHHOE 00JaKO TOYEK HIDKE
OCHOBHOTO CJIe/ia, a 3aTeM WHTEHCHBHOE OOJIaKO BBIIIE OCHOBHOTO cJie/la, KOTOPOEe SKpaHHPYET
BCE, YTO HIKE, TIOCKOJBKY Ha KaKJOW 4acToTe (PMKCHPOBAIOCH BCErO 3 OTPaKEHHsI. DTOT THII
paccesiHus TaKKe, MO-BUANMOMY, CBSI3aH C BOJHOBOJHBIM pacripoctpaneHueM [4]. CiyTHUK Tpu
ATOM HAaXOJUTCS BHYTPU BOJHOBO/IA, KOTOPBIN PacIiOJIOKEH 10 00€ CTOPOHBI OT IKBATOPA.
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Puc.5. Tunsl paccesaus: F1 (BBepxy), F2 (B cepenune) u F3 (BHu3y).

Haxowern, camplii pacnpocTpaHeHHBI TUI paccestHus F3 mpencraBieH Ha puc.S BHU3Y.
OH XapakTepHu3yeTcsi HATMYUEM CHIIBHOTO PACCEesTHHS BOJIM3M KPUTHUYECKOW 4acTOTHI ciosi F2.
OTOT TUIl BCTPEYAETCs Ha BCEX LIMPOTAX, OH COOTBETCTBYET YACTOTHOMY PACCESIHUIO, KOTOPOE
94acTO HAOJOAAeTCsl Ha HA3eMHBIX HOHOTpaMMax. DTOT THIT PACCESTHUS SABIISIETCS OCHOBHBIM M Ha
MOHOTPaMMax BHEIIHErO 30HJMPOBAHUsA, IIOTOMY HMMEHHO OH SBIISIETCS TJIABHOW LEJIBIO
CTaTUCTUYECKOTO UCCIIEA0BAHUS, IIPOBEIECHHOIO HUXKE.

3. CraTucTHYecKUii aHAJIN3 XapaKkTepucTHK F-paccesinust

I'nmoGanbHOE pacnpenencHue BeposTHOCTH P mosiBnenus F-paccesHus ObLJIO MOCTPOEHO
Ha ocHOoBe aHaym3a 30.000 mudpoBBIX HOHOTPAMM ISl 3SMMHETO COJTHIIECTOSHUS. Bee naHHbIe

T,"l:l L L | L L 1 L L L
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(MY LAT

]
180
Honrota, mag

Puc.6. 'nobansHoe pacnpenenenre F3 Tuma paccessHUs Ui TOMOTYHOUHBIX YACOB MECTHOTO BPEMECHHU B
YCIIOBHSIX JIEKaOPHCKOTO COTHIIECTOSIHUSI.

OTHOCATCS K  YCIIOBHsIM  BbICOKOM  conHeuHod aktuBHoctH  (F10.7~200), 3umHemy
conruecrostanio (1.5 mecsna 1o u nocie 22 nexkadbps 1979 r. u 1980 r.), CHOKOWHBIM YCIIOBHUSIM
(Kp £ 3). Jaunsie MK-19 paBHOMEPHO 0XBATHIBAIOT BCE JOJITOTHI U ITUPOTHI 000UX MOIYIIAPHi,
YTO TO3BOJISIET TIOCTPOUTH TI00aNBHOE pacnpeeneHne P s BCeX 4aCOB MECTHOTO BPEMEHH.
Ha puc.6 mist npuMepa mpuBeACHO pacmpesencHue P yis TOTOIyHOYHbBIX yenoBuit (21-
24 LT). F-paccesHue ropasio CHIIbHEE B 3UMHEM MOJYIIAPUH, TJ€ dJICKTPOHHAS KOHIICHTPAIIHSI
HIke. Ha kapTe MOXHO BBIJIENUTH JiBa HanOOJee XapaKTePHBIX JOJATOTHBIX cekropa: 180-210°E
u 270-330°E, rne »nekTpoHHas KOHLEHTpAIMs TMOYTH Ha BCEX INMHPOTaX OOOWX IMONyIIapui
COOTBETCTBEHHO MOHW)KEHA M TOBBIIICHA, a BEIMYMHA P, HA000pOT, yBeIMUEHa U YMEHBIIICHA.
OOBIYHO cuUMTaeTCs, YTO Jake HOYbI0 Ha CpeAHMX ImpoTrax F-paccesnue cmaboe, moisromy
IIMPOTHBIE KPUBBIE P, TOCTPOEHHBIE TI0 HA3€MHBIM JAHHBIM, Ha 3TUX MIHUPOTaX UIyT BOTU3U
Hyns (cm., Hampumep, [6]). Ilo manneiMm HMuTepkocmoc-19 Benmmumna P Ha mmpore 40°
cocraBisieT okoJo 0.3 maxe B onroraom cextope 60-90° u nocturaer ~0.85 Ha mosrore ~180°.
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4. CyTO‘leIe U JOJTOTHBIC Bapuallu BEPOATHOCTH F-paccemmﬂ

Ha puc.7 npuBenensl cyrounsie Bapuaiuu fOF2 u BepostHocTH nosiBiienus: F-paccesiaus

st puKcupoBaHHOM MHBapuaHTHOW mupoThl 50° ILAT ceBeprHoro momymapus. LITpuxoBoii
KPUBOW Ha pUC.7 BHU3Y /ISl CPAaBHEHHsI NMPUBEICHBI BapHAllUK BEIMYUHBI P, BbIICICHHBIC IS
Toro sxe camoro mepuona 1979-1980 r. mo JaHHBIM HA3eMHOTO 30HAMPOBAHUS JJIsI CTAHIMH
Mocksa (51° ILAT). BumgHo, 4T0 CyTOYHBIC BapHalli¥ BEIMYMHBI P B HIDKHEW M BEpXHEH
noHocdepe UMEIT TOJOOHBIN XapakTep, HO BEPOSITHOCTh MOSIBIICHHs F-paccestHus Ha BBICOTaX
BbIIIE Makcumyma ciosi F2 ropasmo Beime. CnemoBaTenbHO, HEOTHOPOTHOCTH BEpXHEH
noHOC(EpHI ropa3zo cuibHEe, YeM HIDKHeH noHocgepsl. M3 puc.7 BUIHO Takke, YTO CYTOYHBIE
Bapuaimuu fOF2 u P B mepBoM NpuOIMKEHUN aHTHKOPPEITUPYIOT, T.€., yeM MeHbine fOF2, tem
cwibHee F-paccessHuun, U HA00OPOT.
Ha puc.8 mis npumepa npuBeneHbl NOAroTHbIE Bapuaiuu fOF2 u P Juis OKOJOMOTYHOUYHBIX
YacoB, BbIJICNICHHBIC B T0Joce cpequux mupot (40-50°) ceBepHOro W I0KHOTO IOJYIIAPHH.
DNeKTpOHHAsT KOHIIEHTPALUS MCIIBITHIBACT CHIIBHBIE BApHAIMU C JOJITOTOM, XapaKTep KOTOPHIX
3aBUCHT KaK OT IOJIyIIApHs, TaK U OT ce30Ha (cM., Hampumep, [7]). BumHo, 4To noarotHbie
Bapuarmu P u fOF2, Tak >xe Kak M CyYTOYHbIC Bapuallld, B TEPBOM MPUOIMKCHUN
AHTUKOPPEJUPYIOT.

foF2, MI'y, P

foF2, My 12— 40-50°N P
16 — i K ;
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06 — Mocksa — 60

0.4 — — 40

0.2 — — 20

0 \\\\\\‘\\\‘\—\\\\\\\\ 0
0 4 8 12 16 20 24
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HonroTa

Puc.7. Cyrounsie Bapuaruu foF2 u P Puc.8. Jonrotueie Bapuaruu fOF2

st 50° ILAT ceBepHOro nosyruapusi B (Touku u annpokcumanus) u P

CpaBHEHUHU C JaHHBIMH CT. MOcKBa (urpuxoBbie kpussbie) wist 40-50° N u

(51° ILAT). 40-50° S B HOYHBIX YCIIOBHSIX.

3akiro4eHue

Pesynmpratel anHammza OOJIBIIOTO MaccWBa JaHHBIX CIyTHHKa MHTepkocMoc-19
MIOKAa3bIBAIOT, YTO ATH JAHHbBIE MO3BOJISIOT IPOBOJUTH BCECTOPOHHEE MCCIEI0BaHKE sBJIeHUS F-
paccesiHMsl A YCIOBUM BBICOKOM COJHEYHOM aKTUBHOCTH. (OCHOBHBIM IPEUMYIIECTBOM
cnmyrHuka MHTepkocMoc-19 mepex BceMu APYIrMMH aHAIOTHYHBIMH CITyTHUKAMH  SIBJISETCS
r7100aIbHOCTh TIOJYYEHHOW C €ro MOMOIIBI0 MHpOpMAIMKA. DTO JAET BO3MOXKHOCTH JIETAILHO
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HU3YUUTH 0COOEHHOCTH XapaKTCPpUCTUK OTOr'0 ABJICHHA Ha BCEX AOJIOoTax W MHpPOTax, T.C. B
pa3HBIX 00JaCTAX HOHOC(EPHI.
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PE3YJbTATHI HABJIIOJIEHU 3A BAPHAIIUSAMHA ECTECTBEHHOT' O
JEKTPOMATHUTHOT O ITOJISI 3EMJIM B FOXKHOM AKYTHAU

OBSERVATION RESULTSOF THE EARTH NATURAL ELECTROMAGNETIC
FIELD VARIATIONSIN SOUTH YAKUTIA

CB. T, pw[)umeukol, H.H. T puﬁl, B.M. Hukumun', B.A. Myﬂﬂa}zpocf2

1 .
Texnuueckuti uncmumym (¢unuan) Axymcrkoeo eocydapcmeennozo yHusepcumema,
2 .
Hnemumym xocmoguzuueckux uccaedosanuti u asponomuu CO PAH

We present the basic results of 20 years observations of the natural electromagnetic field of the
Earth (EME-NEFE). The variations have been analyzed in connection with the seismicity of South

Yakutia.
Mecto HaOmioneHus. PailoH wuccienoBaHUIl OXBaTbIBAET 3alaJHyl0 4YacTh HOXKHOU

OKpauHbl AngaHckoro mmra CuOHpckoil minaTGopMbl M CONPSHKEHHYIO C HHUM CEBEPHYIO
OKpamHy  [O3JHEapXeicKo-paHHenpoTepo3oiickoit ~ CTaHOBOM  CKJIAQ4aTOM  CHCTEMBI,

paznenennbix CtanoBbM (1t KOxHO-Asnanckum) mBoMm (pasiomom) (pucyHok 1).
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Puc.1. CtpykTypHO - TEKTOHHYECKasi KapTa Teppuropun OxHoi AxyTun
1—xaiiHo30lcKre BriaauHbl; 2-3 — Cudupcekas miardopma: 2-UyiapMaHCKHUH NPeAropHbIN porud, 3-
KPHCTAJUTHYECKHE KOMIUIEKCHI AJIIaHcKoro mmta. bioku (1udps! B kpyxkkax): 1-3BepeBckuii, 2-Cyramckuid; 4-12 —
CraHoBasi cKIag4aTasi cucremMa: 4-Me3030lCKIE TepPUTeHHO-BYIIKAHOT'€HHBIE BIIAINHBI; 5-Me3030cKue
rpaHuThl; 6-9 — PanHenporepo3oiickue o0pa3oBaHus — 6-TpaHUTOMIBI, /-THOPUTHI M TOHAINTHI, 8-raboponp!, 9-
Tykypunrpckuii Mmeramopguuecknii komiuiekce, 10-12 —ITo3nHeapxelickuii oopazoBanust: 10-pacciioeHHbIE
rabOponp! 1 aHOpTO3UTHI, 11-omHOpOaHEIE Tab0ponpl, 12-CraHoBoM MeTaMopdHuiYeckuii KomIuieke. biokn
(udpst B kpyxkax): 3-Hmwxue-Jlapounckuii, 4-Bepxuee-I'umtorickuii; 5-Bepxue-Tumnronckuii, 13 — CraHuuu
Habmonenust OMU; 14-xpaeBoii moB Cnubupckoii minarhopmsl; 15-cucTeMbl TI1aBHBIX Pa3phIBHBIX HAPYLICHHUH
(OykBBI B KBaJipaTax, YepHbIMH CTPEIKAMH MMOKA3aHbI HATIPABJICHUS CMELICHHUS MO IIOCKOCTSIM pasnomoB): FOSI-
OxHo0-Skyrckuii, I'p-I'oposisixckuii, Bp-bepkakurckuii, C-Ct-Ceepo-Cranosoit, FO-Ct-1OxHo-Cranosoii; 16-

Hajaeury; 17-npouune pasiaomsr; 18-Amypo-Skyrckas aBroTpacca.

B mpenmenax pailoHa IIMPOKO PaCIpPOCTPAHEHBI IPOAYKTBI ME3030MCKOW TEKTOHO-
MarMaTH4eCKON aKTHBH3AIMH, 00pa3yIoIIHe HECKOJBKO MPOTSHKEHHBIX MOSICOB, MapalIeIbHBIX
apyr apyry u  CraHoBOMy IIBY, KOTOpbI€ HAKJIAJbIBAIOTCS HAa  TE€TEPOTCHHBIN
panHenokeMOpuiickuii ¢pyHmameHT. OHU TIPEJICTABICHBI MOSCOM TPAHOJHOPUTOBEIX 0OATOIUTOB
CranoBoro xpedta, KOxHO-AJIaHCKON CHCTEMOM BIIaIUH, BHIMOJHEHHBIX MOITHBIMH (710 5 kM)
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YIJICHOCHBIMHU TOJIIAMU KOPbI 1 HCOKOMaA, CY6IIIGJ'IOLIHI)IMI/I " ICJIOYHBIMH BYJIIKAHHUYCCKUMHU U
UHTPY3UBHBIMH o0pazoBaHUAMHA TPHACOBO-PAHHEMEIOBOTO BO3pAcTa, IIUPOKO
pacpoCTpaHEHHBIMU Ha IOKHOM OKpaWHe AJJAHCKOTO IUTa. ODTH 30HBI B COBOKYITHOCTH
COOTBETCTBYIOT aKTUBHOW KOHTHHEHTAJIBHOW OKpanHe Me3030MCKOro Bo3pacta [4].

Wzmepenus, anamm3. [lepBele  WMHCTpyMEHTaJbHBIE  HAOMIOACHUS  BapHalUl
aneKTpoMarHuTHeIX smuccuii (OMU) B FOxHo# SAxyrrm Obun mpoBeneHs! B 1987-1991 rr. B
CBSI3M C 3aJauyeil M3y4yeHUs TMPEIBECTHUKOB 3EMIICTPSACEHWH © TOMCKa Haunboiee
WH(POPMATUBHBIX U3 HUX.

Ipomsomesree 3emuerpsicenne 29.04.89r. ¢ osmeprueit E=10'"°° JIx mossommmo
YCTAaHOBHUTH B3aMMOCBSI3b MEXKIy aHOMAaJIbHBIMH CYTOYHBIMH BapuauusMa OMU  nu
semuerpsicenusimu [2,3] (Puc.2).

et
Puc.2. U3meHeHue HampsxKeH-

Hocth OMMU B mepuos CHIBHBIX
3eMJICTPSICEHUN  ampelie — Mae
‘ | 1989 r. CrpenkamMu OTMEYEHBI
[ |\ | l| MOMEHTBI TJaBHOTO coObITHS 20
' | | U ampenst 1989 r. u ero CUIBHBIX
| ‘ | {| agrepriokoB 25 u 28 ampens, a
| (! takke 7 n 17 mas. DurypHsle
|\' H ‘ '/‘ L J || CKOOKH YKa3bIBAIOT Ha
2 v --Jx. R Bo3mymieHuss OMMU, 3adukcu-
pOBaHHBIE nepen STHUMH

M AT COOBITHSAMU.

.

[
v

AMNPENb
10 13 20 28 30 5 10 15 20 19801

Ha ocHoOBaHMM JaHHBIX W3MEPEHHMU ObUI cIeNaH MPeIBAapPUTENbHBIH BBIBOA O TOM, YTO
YBEIMYECHUE aMIUIATY/Ibl CUTHAJIOB JIEKTPOMArHUTHON MPHUPOJIBI UX TPYIIIUPOBAHNE B TCUCHHE
HECKOJIBKUX CYTOK BBICTYIIAeT B POJIM KPaTKOCPOYHOTO MPEABECTHUKA BPEMEHHU 3EMIICTPSCCHUS
C TIOTPENIHOCTHIO OTpEeNIeHUsT COOBITHS * 2 CyToK 0Oe3 yKa3aHusi Ha XapaKTep CaMoro
3eMJICTPSICCHUS: MArHUTY/IbI, DHEPIEeTUYECKOTO KJIacca, HHTEHCUBHOCTH M MeCTa COObITHS [2].

Henocrarkom untepnperanuu marepuaioB 1989 r. [2,3] ObuI0 OTCYTCTBUE ETATH3AUH
aHOMAJIBHBIX TPOSBICHUH B CYTOYHBIX Bapuauusx. IIpu paccMoTpeHMH pHCyHKa 2 BHIHO, YTO
nepBas cepus aHOMaJMil Mpowu3ollia OOmed TpyNmou, 3aTeM OCHOBHOe coObiTHe. [lepBbrii
aprepimok (BTopas cTpeika Ha puc.2) He oTMedeH aHomanusmMu OMMU. Tperwit adrepriok
COIMPOBOXKIACTCSI aHOMAIUSAME (BTOpasi Cepusi), OHAKO JIETATBHOE PACCMOTPEHHE MOKAa3bIBAET,
YTO BHYTPH CEpPHHM HMeEeTCs ImepuoJ 3athmibs (HopMmanbHbll ¢oH). [locie adreprioka
BBIJICJICHHAS] TPEThSI CEPUsi HE OXBAaTHIBACT JBYXCYTOUHBIC aHOMaJbHbIC MpOsBICHHUS (puC.2).
AHanornyHas KapTHUHA TPOSIBISETCS M TEpell YeTBEPTHIM a(TEepIIOKOM: BBIJCICHHAS CEpHS
(ueTBEpTas ckoOKa puc.2) mpenBapseTcs Cepueii aHOMaJMii CyTOYHOTO Xo1a 0e3 CeHCMHUYECKOTO
coObITHs. Bee 3TH paccyx/ieHus: ObLTH OCTABIICHBI 32 PAMKaMH WHTEPIPETAIIMOHHBIX cxeM [2,3],
T.K. K OCHOBHOMY TIOJIO’KEHUIO BO3pakeHU He Oblno: anomanuu DOMU mis IOxHo# SAkyTtnn, B
YCIIOBUSIX ~ COBPEMEHHOM  aKTMBHOM  TI€0JIOTO-TEKTOHMYECKOM  CTPYKTYpBI,  SBISIOTCS
HEOOXOMMBIM MPU3HAKOM BO3MOKHOTO TOBBIIICHHS CEHCMMUYECKON aKTMBHOCTH. BeposTHOCTD
HACTYIUICHHSI COOBITHS OIICHUBAJIACH V4, HIH 75%.

Bozo6HoBiienne pabdotr mo peructparmu OMU B 2005 1. MO3BOJIAIO TMOATBEPIHTH
OCHOBHBIE TIOJIOKEHUSI M peKoMeHnanuu, noidydeHneie B 1989 r. 3a aByxnerHuit mepuon
HaOroenuit anmaparypoit MI'P-1 [7] npowusonuio 2 3emnerpsicenust 10.11.05 u 3-13.03.07 ¢
sueprueii 6omee 10" Jk. B 0GOMX CTydasx HMENH MECTO aHOMAIBHBIC CYTOUHBIC BAPHALIIH
OMU (puc.3-6).

WnmocTpupoBaHHbIe JaHHBIE Ha TpaguKax HE HOPMHUPOBAHBI U MPEICTABISIOT COOOMH
NEpBUYHBIC JaHHBIE, CIIIAKCHHBIE IO MATHYACOBBIM HHTepBasiaM 30-TH CYTOYHBIX CEpH
HaOmoaenuit B r. Hepronrpu (puc.3-5) u ycpeHEHHBIE C MMOJIy4acOBBIM OKHOM 7/-MH JJHEBHBIC
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cepui (puc. 6). Biusaue armochepukoB Ha ypoBeHb DMU B nanHO# paboTe HE aHATHU3UPYETCH,
XOTsl 1Mo rpadukam aOCONIOTHBIX MHTEHCHBHOCTEW (puc.3-5) mpocieKuBaeTcsl MPaKTUYeCKU
JIMHEIHAs 3aBUCUMOCTh WX BIMsHUS (Criam) Ha oOmuuid cyrounslid xon MU (oceHb-3uMa).

Al ceHTAGpE 2005
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Puc.3. BpemenHas v koopArHATHAS Pa3BePTKH aHOMAIHH : -
[xfx) 1000 200
OMMU B centsope 2005 T. Ly
I'eopnznueckuii myHkT 1. HeproHrpH.
TpexkaHanpHas anmapatrypa MI'P-1[4].
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OMMU B 0KT$I6pC 2005 . P MY BOCTOE-2 3N 38,
I'eopnznueckuii myHkT T. HeproHrpH.
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Puc.5. BpemenHas v koopArHATHAS Pa3BePTKH aHOMAIIHH 0o : : ,
OMMU B HOs10pe 2005 1. 0o 20,0 400 50,0
I'eopnznueckuii myHkT T. HeproHrpH. FEHRYT BDCTO-33 A

TpexxananbHas annaparypa MI'P-1[4].
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i Puc.6. Bapumanmu OMU —
ENDII3 B IMYHKTE
HaOmonenuii ¢. Menrpa (cm.
Gk puc.l) ¢ 20.02.2007 r. mno
15.03.2007 r. B mepuon
1500 | 3eMJICTPSICEHUSL C DHEPrueil B
ouare E = 10"® Ik
e Ipencranensr anomanuu OMU,
OCpEeTHEHHbIE mno 30-tu
MUHYTHBIM nHTepBazam, ¢ 0"30"
500 4 M no 06" LT mecTtHOrO BpEMEHH, 3a
M I H MEepUoJ, MHUHHUMAIBHOTO YPOBHSI
oo . , . , MPOMBIIUICHHBIX TTOMEX.
20,02 22,02 24.02 26.02 23.02 3nece ¥ Ha puCYHKax  3-5
Jara, 2007 CTpeNKaMHu OTMEYEHbI OCHOBHBIC
celiCMHYeCKUE COOBITHSI.
A0 Beprukanpnplii  Macmrtab  —
KOJIM4YeCTBO uMIynbcoB 3a 30
MUHYT.
UyBCTBUTENBFHOCT KaHAJIOB U
Mopor cpabaTbIBaHHs 32 BpEMs
2 H3MEpEHHUil He U3MEHSIIUCh.
[TpaBas yacts pucyHkoB 3-5 -
COTIOCTaBJIEHUE BapHalUii
b M ,!'IP KOMIIOHEHT MArHUTHBIX
i . ; "““" ; . cocrasisromux OMHU CHO u B3
01.0% 02-02 .03 0.0 05.03 0F 07 0703 OpHUEHTALIHIA.
Jama, 2007 .
180,00
w0,
0.0 o L . o ! L e e
08.03 09.03 10.03 1o 1203 1303 14,03 15.02
JDara, 07

Yro nabmogaercs?

- TpexkpaTHOE MpPEBHIIEHHE aMIUIMTYAbI CUTHalla B TEYCHHE S-TH CYTOK B CEHTSOpe
2007 T. OTHOCHUTEIHHO CpEeIHEAPH(PMETHUECKOTO YPOBHS CHUTHAla C OTACITBHBIM BCILIECKOM
17.09 (puc.3). B 3axmounTenbHO# cTallmoHapHOU (ase 3eMIIeTpsICeHUE OTCYTCTBYET.

- HesHnauuTenbHbIC CpeHECTATHCTHYECKHE (DIIYKTyalluy aMILUTUTY 1 B OKTsI0pe (puc. 4).

- CHmxeHue (Ce30HHOE) HOpMalbHOTO ypoBHs DOMU 1o 15 uMIyabcoB B MakCHMyMe
Bapuarii u ot 5 10 10 xparroro mpesbierust ypoBHs ¢ 03.03 mo 10.03. ¢ mocnemyronum
CEHCMHUYECKUM CONPOBOXKACHUEM C 3HEpruen E = 10%° JIx Ha criajie uHTeHCcuBHOCTH DMU.

- Ha ¢one xBasuBoanoBoro mporecca (puc.6) B deBpase 2007 1. BBIACIAIOTCS
aHOMAaJIbHBIC aMIUTUTY/IBI C BBIXOJIOM B HOpMaibHOE ToJie kK 01.03. 6e3 celicMU4YecKoro coOBITHSI.

- Pe3koe Bo3pacTaHume aMIUIMTYABl H, NPAKTUYECKH, OHKCIIOHEHIMAJIBHBIN crag ¢
TOCITE/YIOIIAM 3eMyieTpsiceHneM ¢ sueprueii E = 10" I (puc. 6).
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Bosmoknas unTepnperanms. [Ipy pa3nudHbIX MeTonax (PU3HUYECKOTo HKCIEPHUMEHTa
1989 r. (amanoromas 3ammch ypoBHs HampsbkeHHocthn OMU Ha KCII-4 npu mnomormn
CEJICKTUBHOTO BOJIbTMETpa U KpyroBoit anTeHHb) 1 2005-2007 r.r. (umdpoBasi perucrpanus
KosimdecTBa UMIy;abcoB DMU-ENDII3) BeinenstoTes o0mme 3aKOHOMEPHOCTH:

- KQKJIOMY 3HAaUUMOMY CEHCMHUYECKOMY COOBITHIO TIPEALIECTBYET aHOMAaJbHOE
M3MEHEHHUE CYTOYHBIX Bapuanuii DMU,

- IPUCYTCTBYIOT aHOMAJINHU, HE COMPOBOKIAIOLIUECS MTOCIETYIOIUM 3EMJIIETPICEHUEM;

- TIepen 3eMIIeTpSACEHHEeM B TeueHHe 1-3-X CYTOK BBIJIENSAETCS MEPHUOJ CTallMOHAPHOTO
pacrpeiefieHus aMIUIUTy ] curaanoB DMU.

@aKkTUYECKH 3TO O3HAYaeT, YTO TPYII aHOMAJIBHBIX CUTHaTOB OMMU Oousbline, dem
3eMJICTPSICEHUH, M, CJIENOBATEIbHO, NMPU HATUYMU SBHBIX TPEJABECTHUKOB 3EMIIETPSICEHUH,
HEBO3MOXXHOCTh JIETEPMHHHUPOBAHHOTO TPOTHO3a cOOBITHH. OjaHaKo, ecinu paccMaTpuBaTh
celicMUYecKuil mporecc B OJI0KOBOM cpefie [5], ToO MOKHO TPEANoIoKUTE, YTo aHoManuu DMU
JOJDKHBI TIPOSIBIISITBCSL IBAXKABI. B TEPHUOJ KOHCOJHMIAIMH OJOKOB Ha HAYaIbHOW CTaJuH
dbopmMupoBaHHS OdYara 3eMIJIETPSICEHUS W B TEPHOJ Pa3pYIICHUS KOHCOJIUAAIMOHHOW 30HBI.
YuuTeiBasg AaHHBIE O HAOIIOAEHUSX HAKIOHOB B mepuo]l FOKHO-SKyTCKOTO 3eMIeTpsiceHHs
(puc.7), MOXHO 3aKJIIOYHUTH, YTO MPOIECC HAKOIUICHHS JHEPruH ynpyrux aedopmanuii u
mporecc pasrpy3Kd  Cpelsl HE CHMMETPUYHBI  OTHOCHTEIBHO TJIABHOTO  COOBITHS.
CnenoBartenbHO, TIEPBBIE MPEIBECTHUKNA OYIyT PETHCTPUPOBATHCS 33/0JITO JI0 3EMIIETPSCCHUS
(BpeMsi TpeaBECTHHKA MPOMOPIIMOHAIBHO CKOPOCTH HAKOIUICHWs YNpyrux aedopmarmii), a
MOBTOPHBIE aHOMAJIMK MOTYT TPOSIBUTHCS YKE TTOCIIE COOBITHS, T.K. U3BMEPEHHUS IPOBOIATCS HE B
ouare, a Ha ero nepudepun. Hampumep, rpaguk aHOMAaJIbHBIX HAKJIOHOB (pHc.7) MOKa3bIBaeT,
9T0 B MOMEHT FOkHO-SIKyTCKOTO 3emJyeTpsiceHusi, IeGOpPMAlMOHHBIM TpPOIECC B IyHKTE
perucrpaiuu (oxoio 70 KM OT oyara) MpoJ0JIKAJICSA B BHJIE HAKOIUICHHS YIPYrux Aedopmarimii
(MONOKUTENBHBIN HAKIOH) M TOJIBKO IMOCJIE HEKOTOPOrO BPEMEHH HadalCs HEeCTAllMOHAPHBIH
IIPOLIECC CHATHUS HAIPSIKECHUM.

s Onekmo-CTaHOBOM 30HBI MOJIY4Y€HA OLIEHKA NEpHUoJia PeakCallMOHHBIX IMPOLECCOB
Ha OCHOBE aHajM3a 3HAYMMBIX CEHCMHYECKUX COOBITHI [6]. AHaIMTHYECKH 3aBUCHMOCTb
MOJKET OBITh IPE/ICTABJICHA B BUJIE!

K- Ko
T=10 15 , 5

rae BenmuunHa T B cyTkax, Ko = 12.63.

Jlnst 3emuieTpsceHuil ¢ sHepreTuueckumMu kinaccamu K=12.9, 13.3, 13.7 u 14.8 nepuos
penaKcaloOHHBIX TPOILECCOB, paccuuTaHHble 1Mo Gopmyne (1), OyayT paBHBI COOTBETCTBEHHO
1.5, 2.8, 5.2, 28 cyToK, 4TO JaeT BO3MOXHOCTh OICHUTh BPEMEHHOW MHTEpBai (MaKCHMAJIbHO
BO3MOXKHBII) TposiBleHUs1 npeaBecTHUKOB. [l 3emuerpsicenust 10.11.2005 Bpemst jaeiicTBus
peBeCTHUKOB 21 neHsb.

B paborte [1] moka3aHo, 4TO Jaxke MpH TpaHCHOPMAIMH BCEH SHEPTUU 3eMIICTPICEHHUS C
E=10?* 5pr B 5IeKTPOMATHHTHYIO SHEPIHIO HampsokeHHOCTh DMU Gymer MeHbire (GOHOBOW
cocraBisronieil.  CrnenoBaTeNbHO, PErHCTPUPYEMBIE aHOMAIUHU  SIBISIOTCS  CIIEACTBHUEM
MIPUTIOBEPXHOCTHOTO  B3aUMOJICHCTBHS OJIOKOB 3€MHOM KOpPBI MPH HMX OTHOCHTEIHHOM
NepeMeIIeHud BOJIM3M IMyHKTAa HAONIONEHHS W OMNPENeNsioTcss (U3UYECKUMHU CBOWCTBAMH
TOPHBIX TOPOJI, BEIIECTBEHHBIM COCTABOM, XapakTepOM JBWXKEHHS IO pasziomy. Pasmep
obnmactu, dopmupyromeii anomanuu  OMU, OTOTHUTENFHO 3aBUCUT OT  3aTyXaHHS
ANIEKTPOMArHUTHOM BOJHBI, PACIIPOCTPAHSIOIIEHCS HAJl TPOBO/ISIIEH cpeoit (pa3ioMom).

Takum oOpaszom, anomanuu DMU, Beienenusie B 1989 r. (cMm. puc.2), MoryT OBITH
Pa3JI0KEHBI TI0 COCTABJISIFOIIMM: adTepIIOKy 28 Masi COOTBETCTBYET JIBE TPYIIIBI aHOMATUH ¢ 27
ampesns o 3 mMast; adTepIoKy 7 Masi — iBe Tpymiiel anomanuii ¢ 4 mo 11 mast; agrepmoxy 17 mast
— ¢ 12 no 25 mast. [ocnexnnit nukn anomanuii ¢ 20 mo 25 mast (puc.2) He BbIIENICH B OTICIBHYIO
rpymmy, T.K. IOCJe 3TUX aHOMAaJIM He TPOU30IILIO 3eMIIeTpsCeH s, a uctopuuecku B 1992-1993
r. I. TpapuK MPEACTABISUICS UMEHHO B JaHHOM Buje [2, 3]. XapakTep M3MEHEHHUS CYTOYHBIX
anomamuit OMU B 2005 u 2007 rogax anamoruueH Bapuanusm 1989 r. OHako 3/1eCh MOSBHIIACH
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JIOTIOJIHUTE IbHAS HHpOpMAIHS: Tepe]] 3emieTpsiceHreM (puc.5) cooTHomeHus Ga3 MaKCUMYyMOB
Bapuanuii komrnoHeHT B3 u CHO HampaBieHusi cTaHOBUTCS Oojiee perynsipHbIMH. B mepuon,
OXBAaTBHIBAIOIINIA peTaKCAlMOHHBIE TpOoIecchl, Koddumuent koppemsuun Bo3poc Ha 10% mo
OTHOIIIEHHUIO K MpeasiayineMy nepuoay. Eciu B centsope (puc.4) HaOIr01a10Ch 3amna3biBaHue
(a3 MakCUMyMOB OJTHOH KOMIIOHEHTBI OTHOCHUTENILHO JApyroi (metiu Ha puc. 4), To B MapTte
HaOMoaeTCsl JIMHEHHAsT 3aBHUCHMOCTh AaMIUTUTY/A JBYX KOMIIOHEHT. JSIBIsSeTCS JIM 3TO
JOTIOJTHUTEIBHBIM CBUJIETEIHCTBOM CEHCMOTEKTOHUYECKOTO MPOUCXOKACHUST aHOManuii OMU

MOKaXXyT MOCIIENYIONINE HAOIIOICHNS.
Puc.7. Ocratounbsie HakimoHbl B mepuoj HOxHo-fkyTckoro 3emmerpsicenust B amnpene 1989 r. u ero
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IHK 0T Hadana 1959r.

a(TepIIOKOB
CrpenkaMu OTMEYeHB! aTEepIIOKH, Iepesl KOTopbiMH Habmonamiuck aHomanuu OMU. Ludpser — sHeprernyecknit
KJIACC 3eMJIETPSICEHUI.
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HOHOC®EPHOE ITPOSABJIEHUE BO3JIEMCTBUS ®POHTA ATB OT
3EMJIETPSICEHA B BOCTOYHO-CUBUPCKOM PETUTOHE

IONOSPHERIC MANIFESTATION OF THE AGW FRONT INFLUENCE FROM
EARTHQUAKESIN THE EAST-SIBERIAN REGION

JJ]. ®ununnoe, A.E. Cmenanoe, B.@. Cmupnos
Hnemumym xocmouzuueckux uccaedosanuti u asporomuu CO PAH

On the measurement data of foF2 by DPS-4 digital ionozond the comparison of beginning
moments of earthquakes with the critical frequency time variation was carried out for Yakutsk and
Zhigansk ionospheric stations for the years 2003-2005. Color division of vertical and oblique
radioreflection traces on DPS-4 ionograms considerably simplifies their interpretation and processing and
makes the performed comparisons correct enough.

Under the influence of the acoustic-gravitational wave (AGW) front from epicenters of
earthquake clear foF2 increases appear in the daily course of foF2 values. Triangulation measurements of
AGW front propagation time in Yakutsk and Zhigansk give the estimation of AGW front propagation
velocity, it is about 350 nvs.

By the method of epoch superposition it is shown that for eastern and southern directions
normalized average foF2 values are less before earthquakes than after event.

O BO3/EHCTBUU 3eMIICTPSCCHHUH W B3PHIBOB Ha 3EMHYI0 HOHOC(HEpPY HM3BECTHO JIABHO
[manpumep 1, 3]. ABTOpBI CUMTAIOT, YTO (PPOHT AKYCTHKO-TPABHTAIMOHHBIX BOJIH OT OYaroB
3eMJIETPSICCHUI MOKET ObITh HCTOYHMKOM MOHOC(EPHBIX BO3MYIIeHHH. B mocieanee Bpems 3ta
TeMa CTAHOBHUTCSI BHOBb aKTYaJbHOM.

Ha puc.l npuBenena kapra paccMaTpUBaeMOTO pPETHOHAa ¢ OOO3HAYEHHEM OYaroB
3eMJICTPSICCHUI. BBIIENSAIOTCS, MO OTHOIICHUIO CTAHIMK HAONIOJCHUS, FOXKHBIE M BOCTOYHBIC
rpynnsl odaroB. Hamu Obimm paccMotpensl Oonee 20 ciydaeB 3emuterpsicenuii Ha CeBepo—
Boctoke Poccun mno kartamory LJOMD 3a 2003-2004 r.r. u 21 cmyuait B 2005 r. Metogom
HAJIOXKECHUS IMOX MPOBEJCHO COMOCTABICHUE MOMEHTOB Hayall 3eMJICTPSICEHUI Ha PacCTOSHUU
1o 1200 kM. ot Slkyrcka ¢ BpeMeHHBIM X0;0M fOF2 M0 JaHHBIM M3MEpPEHHI Ha JUTH30HIaX
DPS-4 B fkyrcke (62N, 129.7E) u Xurancke (68N, 123.5E). [Ipunbop DPS-4 umMeeT BBICOKYIO
YYBCTBUTEIBHOCTh, XOPOILEE YaCTOTHOE pa3JelieHHe M BO3MOXXHOCTH IIBETOBOTO pa3ZeieHHS
BEPTUKAIBHBIX U HAKIIOHHBIX OTpasKeHHH. JIMCKPETHOCTh YacTOTHOTO Miara (OrmoKa u3MepeHu
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0,05 MI'1. D10 MO3BOJSET YBEPEHHO CHUMATh C MOHOTPAaMM 3HAu€HHs] KpUTHUECKUX 4acToT F-
cinost (fOF2) m pmemaer JAOCTaTOYHO KOPPEKTHBIMU M3MEPEHHS BEPTHKAIBHBIX HOHOC(HEPHBIX
napamMeTpoB B ychoBusx auddy3HocTH W MOHOChEpHBIX Bo3MymIeHHWH. [lo moHOrpamMmam
cTpositcsi BhicoTHBIE mpoduiar Ne u paccunthiBaetcs napamerp fOF2p- kpuTHueckas dacToTta
cnost F mo monenu IRI. Ha puc.2 npuBeneHsl BpeMeHHbIe X012 3HaueHui TOF2 HaOmro1eHHbBIX B
SIxyrcke 3a 2003 u 3a 2004r. B Slkyrcke u JKuraHcke ¢ COOTBETCTBYIOUIUMH MM 3HAUYECHUSMHU
foF2pn (foF2pn=foF2p+A, T.e. HOpMHUPOBaH TaK, YTO CpeaHEe MO BhIOOpKe 3HaueHue fOF2
paBHO cpenHemy fOF2pn), ycpeIHEHHBIE METOJIOM HAJIOKEHHUS SMO0X OTHOCHTENILHO Hadala
semnerpsicennit. 2003 r.: Skyrck-10cmydaes, 2004r: Sxyrck-15, XKuranck-13.

OcHOBHasi 0COOCHHOCTh PUCYHKA B TOM, 4T0 3Ha4eHus fOF2 o Havana 3emierpsiceHuit B

Bpesermmie xomn cpepn; wrermii o2
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CpeIHEM HWXE HUX 3HAa4eHMH Tmocie Hayaja. TeM caMblM MOJATBEP)KJIAIOTCS BBIBOBI,
noJiyueHHbIe B [2, 4] 00 oTpHIIaTeIbHBIX BOBMYIICHUSIX MIepel HA4aaoM 3eMIICTPSICEHUIA.

W3 puc.2 BuaHO, 4TO BpeMeHHble Bapuaiuu xoia fOF2 B Slkyrcke m JKurancke mo
3eMJIETPSICEHUS] COBIQJAIOT, a IMOCIe Hadala 3eMJIETPACEHMS KOPPENSIHMOHHAS (YHKIUS
cpenHuX BpeMeHHbIX X0/0B fOF2 flkyrcka m YKuraHcka mMmeeT MakCHMyM Ipu ciBure Ha 15
MUHYT.



461

20057, Thpewermof o1 THeRHEMN SHaveHT
JensTa folF 2 s WeEHes HanparmEHii
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Ha puc. 3 mpuBeeHbl BpeMeHHbIC X0/1a JHEBHbBIX 3HaueHuit AfoF2=foF2-foF2pn 3a 2005
r. o Skyrcky u JKurancky, KpoMe OTMEUYEHHOTO BbIIIE (haKTa MOBBIMICHHUS HOHU3AIMU TOCTe
3eMIIeTpsICCHUs1, Ha BpeMeHHOM Xojie AfOF2 B SIkyTcke BUIEH CYIIECTBEHHBIH TOJIOKUTEITBHBIN
BeIieck noHu3anuu depe3 30 MUHYT mocie Havana 3emuierpsicenmid. J{ns YKurancka Ha ¢one
noibeMa nonu3sanmu Berieck AfoF2 npoucxoaut uepe3 45 MUHYT OT Havana.

[Tockonbky ocHOBHast Macca ovaroB 3emuterpsicernii B 2005 . pacmonoxkena Ha IOre,
MOJKHO, MCIONB3ys METOJ TPHAHTYIALNHU, MO TOJYyYeHHOMY BPEMEHHOMY CIBUTY OIEHHTH
CKOPOCTh PacmpoCTpaHEHUs Bo3MymIaromero ¢ponra. Pasnmma paccrossHUil oT “cpemHero”
ouara jio SIkyrcka u JKurancka, pasaas 330 kM, gaet ckopocth 360 m/cek.

MO’HO TPEATOIOKUTh, YTO HOHOC(EPHBIN OTKIMK HA TMPUXOJ BO3MYILIAIOIIETO (PpOHTA
AT'B oT 3emiieTpsiceHuii Oy/JIeT MPOSBIATHCS B BUJIE TIOJI0KHUTEIBHBIX Bo3MyIleHuid xoaa foF2 ¢
BPEMEHHBIM CABHIOM, 3aBUCSIIUM OT PACIIOJIOKEHHUS CTAHIIUI OTHOCUTEIBHO OYara.

JletabHOE pacCcMOTpeHHE CyTOUHBIX X0/0B fOF2 mokassiBaer, uro HOHOChEpHBIi
OTKJIMK OT Bo3JeiicTBusl pponta AI'B Habmromaercss B BUae HEOOIBIIOTO, HO BCErla 3aMETHOTO
Bcruiecka yBenuuenus fOF2. Hampumep, Ha puc.4 mokasaHbel CyTOYHbIE X01a 3Ha4eHuit fOF2 B
SIkyrcke u XKurancke 3a 11.10.2004 r.

3emuerpsicenue npousonuio B 17,23 UT (crpenka Ha puc. 4) Ha paccrosiaun 184 kM Ha
BOCTOK OT SIkyTcka. Ecnu mpuHATB, YTO yaapHasi BOJHA paclpoCTpaHseTcss co ckopocTeio 20
kM/MuUHYTY, a BbicoTy HoHOChepbl 300 kM, TO pacueTHoe BpeMs nBikeHHs ¢ponta AI'B mo
3eHuTa Skyrcka Oyzaer paBHO 18 munyTt. OHO yKJIa/JbIBaeTCsi B MHTEPBAI BPEMEHHU 7-22 MUHYTHI,
B TEYEHHE KOTOPOro Mpou3onuio Habmromaemoe yBenuuenue fOF2. B JKurancke 3amerHoe
Bo3MmyieHne xona fOF2 Obuto B mHTepBasie 28-33 MHHYT mociie 3emieTpsiceHus. PaccrosiHue
3eHUTa CTaHIMU OT ouyara 760 kM. DPOHT JOKEH MPOUTH 3TO paccTosHue 3a 38 MuHyTH. Ho
HYXXHO YY€CTh, YTO CTAHIIMU PACIIONIATalOTCs 3a IyIa3MoInay3oi, rie nonocdepa Ha Bbicote 300
KM HE coBpamaercs ¢ 3emuiedl, 1 (pOHT yaapHOH BOJIHBI JIBUKETCS B Cpeje, MOJ KOTOPOM
Bpamaercsa 3emusi. 3HauuT, PpoHT AI'B ouaroB Ha BocToke OT CTaHIIMM M CTAHIMS JBUKYTCS
HaBCTpedy, TOrJa OIICHOYHOE pacdyeTHOoe BpeMs paBHOe 30 MUHYT BXOJHMT B HaOIIOdaeMBIH
BPEMEHHOW MHTEPBAIL.

C atux no3unmii 66Ut paccMoTpensl 24 3emuerpsicerns 3a 2003-2004 r. 1. Tonbko B 5
cllydasiX BCIUIECKM HWOHM3AllMM, TPUHATBIE B KauecTBe HMOHOC(EpPHOrO OTKIMKA Ha
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3eMJICTPSICEHHUsSI, HE COOTBETCTBYIOT TPUBEICHHOW METOJMKE pacdyeTa BPEMEHH MPOXOXKICHHS
(bpoHTa yIapHO# BOJHBI co cKOpocThio 20 KM/cek.

Obcyxaenne

W3 BbINIe M3JI0KEHHOTO ClieAyeT (akT, YTO OTHOCUTENbHbIC 3HaueHus fOF2 o
3eMJICTPSICEHUsI MEHbINE, YeM Tocie Hero. dusndeckuM OOBSCHEHHEM 3TOMY MOXKET OBITh
TeHepalys B 30HE ouara 3eMJICTPSICEHHUS] TAaKOTO 3JIEKTPHUYECKOTO I0JIs, KOTOPOE YMEHBIIIAeT
MOHM3ALMIO HaJ MMYHKTaMH HaOItOJIeHHsI. BBIKITIOUeHne TeHepaTopa B MOMEHT 3eMJICTPSCEHUS
JOJDKHO YBEJTMYUTH HOHHU3AIHIO.

U3 paccmotpennsix B 2003-2004 r.r. 24 ciydaeB 6osnbiias 9acTh (15) OblL1a ¢ BOCTOYHBIX
HanpasieHuid, a B 2005 r. B3aThl I0XHBIE HampasieHus, modtomy B 2005 r. oTuyernmBO
nposiisiercs npuxol AI'B B SIkyrck u JKuranck.

Bo3moxxubel Tpu mytu pacnpocTtpaHeHus AI'B oT ouaroB 3emuerpsiceHHs] 10 3€HHTA
nyHKTa HaOmoneHust noHocheps! Ha BeicoTe 300 KM:

1. 3emnas ceiicMuueckass BOJHa N0 IMyHKTa HaOmiopeHuss — AI'B BepTHKaibHO BBEPX [0
HMOHOCQEPHI.

2. AT'B BepTHKaJIbHO BBEPX /10 HOHOC(HEPHI — BJIOJIb HOHOC(HEPHI 10 3eHUTA CTAHIIHH.

3. [Ipsamoii mya AI'B oT ouara 3emieTpsiceHus 710 3¢HUTa HOHOC(EPHI HaJl TOUKONH U3MEPEHUSI.

B cnywasx pacnpocTpaHeHHs Ha 3HAUYMTENbHBIE PACCTOSHUS MEPBBIH IYTh MOXHO
UCKJTIOYUTH, MMOCKOJIBKY 3€MHasi BOJHA O4Y€Hb ObICTPO 3aTyxaeT. [|Jis BTOPOTO M TPETHETO IyTH
MIPOBEICHO CPAaBHEHHE PACUETHBIX M M3MEPEHHBIX 3HAYEHUH BPEMEHH pacrpoCTpaHeHus GpoHTa
AI'B or 10%HbIX ouaroB 70 SIkyrcka. Pe3ynbrarsl 1aHel Ha puc. 4.

BuaHo, yTO M3MepeHHbIe 3HAYCHUs OYeHb OJM3KM K 3HAYCHHSIM BPEMEH, PACCUUTAHHBIM IPH
ckopoctu amwkenus pporra AI'B pasnoit 330 m/cek.

Bpend pacipocTpasHeHiE QpoHTa AR oT
BB CUIATCE SCMICTpAC cHI g0 SeyTera
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PACCTOAHHE

JluHus BpeMeHH JIJIsl BTOPOTO MYTH, paccyrTaHHas pu ckopoctu gponrta 600 m/cek [4],
pacrionaraercsi CyIeCcTBEHHO HW)KE€ M3MEPEHHOTO auamna3oHa BpeMeH. llo-BuamMomy, MOYKHO
HOpUHSATH CKOpocTh (porTa AI'B, paBHoi 330-360 m/cek.

B Tabnuie npuBeneHsl S caydaeB, Korja U3MEPEHHOE BpeMsl paclpOCTpaHEHus Ha 5-7
MUHYT OOJIBIIIE PAacCUYETHBIX NMPH BOCTOYHOM PACIOJIOKEHHH OYaroB, a 3TO HE COTJacyercs ¢
BBIOpaHHO# MeTorKoi. Bo3aMokHO, uTO BhIOpaHHBIC Beruieckd fOF2 BhI3BaHBI MpUYMHAMH HE
CBSI3aHHBIMU C 3emiieTpsiceHusiMu. C Apyroil CTOPOHBI HYKEH y4eT HOHOC(EpPHBIX BETPOB,
MOCKOJIBKY B CyOaBpOpabHOW HOHOC(Epe CKOpocTh BeTpa MoxkeT gocturath 1000 m/cex.
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W3 BBILIEU3I0KEHHOTO CIEAYET:

1. Honocdepnsiit oTkiMK Ha Bo3aelcTBue AI'B ot 3emuerpscenuii mposiBisercss B cioe F B
BHJIE BCIUIECKOB HMOHU3amuu co 3HaueHusMu oT 0.1 MI'm mo 1 MI'm Bcerma yBepeHHO
BBIJICJISIONIUXCS. HA BPEMEHHOM XO/JI€ HOHU3AIINH.

2. Jlns coydasi pacmpoCTpaHeHUs 10 MPSMOU CKopocTh yaapHoro ¢pponta AI'B paBna 330-360
KM/ CeK.

3. Ilpu pacuerax BpemeHu pacrpoctpaneHust AI'B B noHocdepe BHICOKHX MIMPOT HA OOJIbIINE
paccTosiHUS He0OX0 UM y4eT COBpAIEHUs HOHOC(HEPHI C 3EMIICH.
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NCCIEAOBAHUE KHHEMATHYECKUX U IUHAMHUYECKUX ITAPAMETPOB
OSMAHAIIUHA TOAIIOYBEHHOI'O PATOHA B TIEPHOI AKTUBU3AIIAHN
CEMCMHNYHOCTHU KAMYATKHU B ABI'YCTE 2006 r.

INVESTIGATION OF KINEMATIC AND DYNAMIC PARAMETERS OF
UNDERGROUND RADON EMANATIONS DURING SEISMIC ACTIVATION
IN KAMCHATKA IN AUGUST 2006

I1.11. (Dupcmosl’z, EA. Houomapeel’3 , H.B. ‘Iepnesal, PU. Haposuk1

1 .
Uncmumym xocmoghusuneckux ucciedosanuii u pacnpocmparnerusi paouosonn /[BO PAH,
2 ?
Uncmumym eynxanonozuu u ceticmonoeuu /[BO PAH,
3 y
Uncmumym conneuno-zemnon puzuxu CO PAH

We considered the reaction of underground radon field on weak seismisity activation in
Kamchatka in August 2006, when three earthquakes with the energy classK > 13 (M > 5.8) took placein
the North-Eastern part of Kurilo-Kamchatskaya arc within the period August 17-24 after two-month
calm. Seismisity activation was preceded by the increase of underground gas mass transfer in friable
deposits at all observation sites of underground radon monitoring station network. Radon flow density at
“Ingtitute” site increased by 30 % with simultaneous decrease of permeability index of friable deposit part
by 4 times (6x10™ — 2.7x10™ m?) in the area of registration site, which testifies reconstruction of the
local stress field and compressive deformation prevalence.

HccnenoBanus MOAMOYBEHHOTO pajioHa H
pasioHa, pacTBOPEHHOTO B TMOA3EMHBIX BOJAAX, C
[ENbI0  TIOMCKOB  TPEIBECTHUKOB  CHIIBHBIX
3eMJIETpSICEHUT BeayTcs, HaunHas ¢ 60" romos
pouuIoro croynetusi. [lepcrneKTUBHOCTH 3TOTO
MeTo/1a TIoKa3aHa B 0030pHBIX paborax [1, 4, 10].

B paiione Ilerpomnasiosck - Kamuarckoro
reoJJMHaMu4eckoro mommrona B 1997 - 2001 r.r.
Obula co3[JaHa CeTh IYHKTOB MOHHUTOPWHTA
MIOJIMOYBEHHOTO panoHa, pacroiokeHue
koTopeix B 2006 r. mokazano Ha puc.l [6, 7].
OnopHelif  NMyHKT  HaxoAWTCd B  paiioHe
[Maparynckoit reotepmanbhoii cucremsl (ITPT) B
nonuHe pyubsi KOpkuHO, a ocTanbHbIE MyHKTHI
pacroynararorcss B Pa3IMYHBIX T€OCTPYKTYPHBIX
AIIEMEHTAaX IMOJIUTOHA.

Puc.1. Cxema pacroyiokeHusl TyHKTOB MOHHTOPUHTA
MOANOYBEHHOIO  pajgoHa Ha  llerpomaBioBcK-
Kamuarckom reogunamuuyeckoM monurone. IIPT —
[Taparynka, UHC — WUuactutyt, HJIU — HansraeBo.

158.00 160.00 162.00

OCOOEHHOCTBIO IPUMEHIEMON METOJMKH SIBJISIETCS PETUCTpaIis MoaNnoYyBeHHOTo RN B
JBYX Pa3HOTIYOOKMX TOYKax (OJMH W JBa MeTpa) 30HBI adpainuu. B omopHom mynkre [TPT
perucTpaiys OCyIIECTBISACTCS KaK B 30HE aj’panuu (OJJMH METP OT MOBEPXHOCTH 3eMi - T. 1),
TaKk W BOJMM3M 30HBI IMOJHOTO BiaroHaceimeHus (3 merpa — T. 2). IlyHKTBI OCHAIECHBI
COBPEMEHHBIMU aBTOHOMHBIMHU (70 IBYX MecsieB) paguomerpamu “‘PEBAP”, B koTOphiX B
Ka4eCTBE JTATYMKOB MCIOJB3YIOTCS ra30pa3psIHbIe CYCTYNKU D—H3ITydeHus: MPOAYKTOB pacnaia
panona tuna CTC6, ¢ HaKOIJIEHWEM JAaHHBIX HAa TBEPAOTEIbHYIO MaMATh U MOCIEIYIOIUM UX
BBIBOJIOM Ha KoMmbioTep. Kpome Toro, Ha nByx crannusx [laparynka (ITPT) u Uacturyr (MHC)
pEerucTpupyercssi KOHIEHTpAIMsl pajoHa C MOBEPXHOCTH TPYHTa, a Takke arMocdepHoe
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JaBlieHHE W Temreparypa. YactoTa QUCKpeTH3alMy BCeX HAOIIOaeMBIX MTapaMeTpPOB B MyHKTE
IIPT, Hanbraeso (HJIU) cocrassier 2.0 uac™.

[Mynkr MHC na 6a3ze cxBaxuubl HUC-1 (rmyouna 350 M) pacnosaraercs psjaoM co
3nanueM HMuctutyra BynkaHosiorun u cericmosnioruu JIBO PAH. CkBaxkuHa pacmojiokeHa B
npenenax [leTponaBioBCKOro ropcra B pailoHe MOTPEOCHHOMN JEMPECcCHH, TTEPEKPHITON TOMIICH
MO3/THEIUICHCTOIIEHOBBIX BYJIKaHOTEHHBIX OCAI0OUHBIX OTI0kKeHnH. CKBaXMHA 00ca)keHa Ha BCIO
rIIyOMHY CTaJbHBIMHU TpyOamHu, a B mHTepBasie 265-295 M yctaHoBieH mieneBoi puinbTp. Boaa
rUIpoKapOOHaTHAs!, HATPUEBO-KaIbIIUEBAs.

El-:;urhl.vlrxunh".t Puc. 2. Cxema pa3menienus 1aTaukoB B ckBaxkune HUC-
TRyOL Hea ik i
weanswiscn| L. | — Tasopaspsabbie cdetunku D—wzmydenws; |l —
kel natuuku temrneparypel; |1l — matuuku paenenus; |V —

AaTYUK YTJICKHUCJIOTO rasa.

B Hactosimiee Bpemss Ha riyoune 16 M B
CTBOJIE  CKB@KMHBI  HAXOJUTCS  TEXHOTCHHAs
«poOka». Haa OrojoBKOM CKBa)XHHBI COOPYXKEH
mo3eMHbIil  OyHkep pasmepom 2 272 M, Haj
KOTOPHIM Ha TOBEPXHOCTH 3E€MJIM YCTaHOBJICH
MeTaJuindeckuii  koHTelHep. [lom3eMHbIil  OyHKep
gyepe3 KOHTEHHEp U CUCTEMY TPYO BEHTHUIIMPYETCS 3a
CUET €CTECTBEHHOM KOHBEKIMHU Bo3ayxa (puc. 2). C
LENIbI0 U3YYeHHsSI OCOOCHHOCTEH MaccolepeHoca pajoHa B MOA3EMHOM OyHKEpE yCTaHOBIIEHO
4eThIpe Tra3opa3psaHbIX cuerynka. Jlarumku B mom3emHoM OyHkepe HUC-1 pasmenieHs
creayromuM oopasom (puc. 2): 1) B CTBOJIC CKBaXXHHBI Ha TiIyOuHEe 2.5 M OT Kpast OroJIoBKa; 2) B
30HE aj’palud Ha TIyOMHE OJHOr0 MeTpa OT ToJia; 3) B HAKOIHUTEIBHOH EMKOCTH,
YCTaHOBJICHHOH Ha 110J1y; 4) B BO3/IyXe MOJI3eMHOTO OyHKepa.

Kpome TOro, B CTBOJI CKBaXHHBI Ha TIYyOMHY OJMH METp OINYLIEH IaT4yuK s
pEerucTpaIy KOHIEHTPAIMH YTIEKUCIOTo Ta3a. B Ha3eMHOM KOHTEWHEpe YyCTaHOBIIEHBI TaTUMK
TEeMIepaTypbl U JaT4YUK aTMOC(HEpHOTo [aBJICHHUS, a B MOA3EMHOM OyHKepe TpH JaTuuKa
TeMIepaTypbl U JaTYUK AaBlieHUs. Perucrpamnus Bcex mapaMeTpoB OCYIIECTBISETCS C TTIOMOIIBIO
IByX wu3MepurenbHbix npubopoB ALMEMO 2390-8 u ALMEMO 2590-9 ¢ wactoroii
muckpermsarun 6.0 wac™.

ITo oneparuBHbIM nanHbIM Kamuarckoro ¢mmana ['eopusndeckoit cy:x6s1 PAH mocne
IByXMecsYHOTO ceiicmuueckoro 3artumibs 17 m 20 mrons 2006 roma y OeperoB Kamuarku
MPOM30MIIO JIBA 3eMIIETPSICEHUS C JIOKAThbHONW MarHutygo M = 5.9 u M = 5.8. Ouaru 3tux
3eMJIETPSICCHUI pacronaranuchk Ha ceBepe (55.54° c.mr) u Ha tore (49.6° c.mi.) moiyocTpoBa
Kamuarka, Ha yganenun okxosio 390 KM OT myHKTa perucrpanuu. B paiione roxxHoi Kamuatku
(51.19° c.mr.) 24 aprycra Ha ynanenun 190 xm ot mynkra [IPT mpowusomnnio camoe CHIbHOE
3emyierpsicenne ¢ M = 6.2, a 1-2 cenTs0ps npouwia cepus 3eMIIeTpsiceHuid Ha rore KpoHomkoro
U B ABAYMHCKOM 3allMBaX. OIMHUIEHTP CaMOr0 CHJIBHOTO TOJNYKa ¢ MarHuTtymoi M = 5.6
pacriomarancss B 110 kM oT myHkra peructpauuu. OXXUBJIEHHE CEHCMHYHOCTH Ha BCeH
MPOTsHKEHHOCTH ceBepHoro duranra Kypuno-Kamdarckoil OCTpOBHOW Iyrd JaeT OCHOBaHWE
IpearnosaraTb yBeJIHMUEHHE CKOPOCTH ABIKEHUS THUXOOKEaHCKOH TUIUTHI, YTO MOTJIO TIPUBECTH K
MEPECTPOIKE PETMOHATIBLHOTO TOJIS HATIPSHKSHUH.

PaccMoTpuM  COOTHOIIEHHMSI ~ KMHEMAaTHYECKMX M JUHAMHUYECKHX  I1apaMeTpoB
KOHIIeHTpanuu RN B moarmo4YBeHHOM BO3/AyXe Ha MyHKTaX CETH PaZOHOBOIO MOHHUTOPHHTA 32
aToT nepuoa. Ha puc. 3 mokazana quHamuka o0beMHoN aktuBHOCTH RN (OA RnN) Ha craHmmsx
HJIY, ITPT, MHC, pacmoyiokeHne KOTOphIX mokazano Ha puc. 1. Kak BunHo Ha puc.3 ¢ 12 mo 24
aBrycTa HAOIIOJACTCsI XOPOIIO BhIpaKeHHAss aHoMmanus B KoHIeHTparusx CO2 u RN B myHKTE
WNHC, kotopas cirabo npocnexuBaercs U B mynkrax HJIY u [TPT.

§-1 a-0 m-IIT |-IV
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e _ _ C  uenmpl0  BBHIEIEHHUS
| ' ' aHOMaJIMM B NYHKTax HIY U TPT
ObLT TOCTPOCH arperupoBaHHbIN
CHTHAJ 10 MeToJuKe [2]. Ha puc. 4
B arperupoBaHHOM  CHUTHaJe
JTaHHast AHOMAJTHSI XOPOIIIO
BBIJICIISCTCS.

IR o T B O i, B

Puc. 3. lunamuka OA Rn Ha myHKTax
perucTpanuu MoAarno4YBeHHoro RN B
asrycre 2006 r.

JnutensHOCTE  aHOMAJIMK
cocraBisger okono 12 cyrok,
npuYeM  TOsBICHHWE ee  Ha
CTAHIMAX NPT U UHC MPOHUCXOJIUT
MO3KEe TMOYTH HAa CYTKH TI03Ke
OTHOCHUTEIBHO  CTaHIMH  HIY,
pacnonoxxenHoi Ha 30 kM Onrke K
BBIXOJIy CEHCMO(OKAIBHOTO CIOS
Ha JHEBHYIO IOBEPXHOCTb, 4YTO
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KOCBEHHO YKa3bIBacT Ha
T HaIIpaBJIICHUEC mpoiecca,
& OTBETCTBEHHOI'O 3a aHOMaJlMd B
s o9 s e 218 s arear
nosie Rn.

Kak BumHO Ha pHC. 5S¢ B MoJ3eMHOM OYHKEpE PETUCTPUPYIOTCS HYETKO BBIPA)KEHHBIC
CyTOYHBIE KoJieOaHUs aTMochepHOro mamieHus ¢ aMrmuTymaoid oxosio 10 rlla. Ilpwuem
MaKCUMyM B CYTOUHBIX KOJICOAHHSX COCTABJISIONIMX Treora3a MPHUXOIUTCS Ha OKPECTHOCTH
MaKCHMyMa CKOPOCTH HW3MEHEHUsl atMmocdepHoro naeieHus (puc. 56). DT cyTouHbIe
KosiebaHus OOYCIIOBIIEHBI OCOOCHHOCTSAMH KOHCTPYKIIMHM HaOMrofaTensHOro MyHKTa. Harpes
METaJUIMYECKOTO KOHTEHHepa Haja OyHKEpOM JHEM U €ro OXJaKICHHWE HOYBI0 C TepernaioMm
temreparypbl 10 15°C co3maer cyrouHble KOJICOAHHS JABICHHS 32 CYET KOHBEKI[MOHHBIX
notokoB. CyrouHble KoJeOaHWs HaBIEHHs IS JAHHOTO IMyHKTAa MOYXHO paccMaTpUBaTh Kak
30H/IMPYIOIINNA CHUTHAN, a IBOJIOIMA OTKIMKAa KOHIEHTpamuu RN Ha 3TH KoieOaHus MOXKET
CIIy’KUTb XapaKTEPUCTUKON COCTOSHUS I€OCPE/Ibl B JAHHOW TOUKE.

Ecmu paccMmarpuBaTh phIXJbIE OTJIOKEHHSI KaK TIOPUCTYIO OJHOMEPHYIO Cpemdy,
3aMOJJHEHHYIO TIOJIIIOYBEHHBIM BO3JYyXOM (reora3oM), TO CKOPOCTh TOTOKa IOJIOYBEHHOTO
BO3/1yXa mouuHsiercs 3akony Japcwu [4]:

V=-K/n" TP/1z, (@D}
rae. K — ko3pPUIUEeHT MPOHHUIIAEMOCTH PBIXJIBIX OTJIOXKEHHWH, 4 — JUHAMUYECKas BSI3KOCTb
Bo31yxa, P/f1z — rpaaueHT naBieHus B MOAMOYBEHHOM BO3ayxe, mpu yciaosuu § P << Py, rae P
— arMocdepHOe JaBJeHHE Ha
JTHEBHOM ITOBEPXHOCTH.

in

I'\le‘lﬁﬁ L ,Ih' = f M Puc. 4. ArperupoBaHHBII CHUTHAI,
; vv "J\w W{ . w‘\h . MTOCTPOCHHBIN 0 JJAHHBIM ITYHKTOB
& N \ \ | TIPT u HJTY (4 kanana).
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Ecmm  Teneps IepenTH
TOJIBKO K OJHOM COCTaBJISIOLIEH
reoraza — pajOHy © TIPUHATH
JOTYILIEHUE, YTO W30JMHUU PaBHOU
KOHIIeHTpaiuu RN B rpyHTE
KBa3UIIOCTOSIHHBI, TO TIOJy4aeTrcs,
9TO  Bapualmuu  aTtMOC(EPHOTO
JABJICHUS WTPAIOT POJIb Hacoca, Bce
BpeMsl «IIOJKa4YMBaromiero» RN B
atMocepy H3  30HBI  a’paluu
MOIITHOCTRIO h.

I'mybuna ITOM 30HBI
cocraBut ~ U" 7, rie U — ckopocTh
MOJAMOYBEHHOTO  BO31yXa, 7 —
MOCTOSIHHAST ~ BPEMEHH  pacrmaja
pajoHa. AMIUTMTyJa  Bapualuu
TUIOTHOCTH paJioHa Ha TIyOWHE Z B
exp(-koz) pa3 wmeHbmie, Yem Ha
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- e aTMOC(EPHOTO J1aBJICHUS.

Hirsed 2o 30HEw M- AR A 14-Faai 0B Fa-Ani A

2006 .
Puc.5. a — Temmniepatypa u armocdepHoe

JIABJICHUE B HA3EMHOM KOHTEHHEpPE M TOJA3EMHOM OYyHKepe; 6 — CKOPOCTh M3MEHEHHUs aTMOoc(hepHOro
nasienns u kourentpaius COy; 6 — OTQUIBTPOBaHHBIE KpUBbIe KOHIeHTpaiuu pagona ([1d 0.03 —
0.05 mmki/gyac) B nmynkre MHC (30Ha a’panuu ¥ MOBEPXHOCTB), CABUT Uil MAaKCHMyMa KOPPEISIUU
MEKIY 3TUMH KPUBBIMH B MATHCYTOYHBIX HHTEPBAJaX M MIOTHOCTH MMOTOKA PAJ0HA.

[Tpuyem Bapuanuu INIOTHOCTH PajioHA BHI3BAHBI HE pa30aBlieHHEM paJloHa aTMOC(HEPHBIM
BO3JyXOM, a 3ala3JplBalONMM 10 (a3e BO3MYIIEHHWEM JIABJICHUS Te0rasa, BBI3BAHHBIM
M3MEHEHHEM [aBJICHUS Ha BXOJE€ B MOPUCTYIO cpexy. O4eBHIHO, cABUT (ha3bl 3aBUCHUT, MPH
MPOYMX PABHBIX YCIOBHAX, OT INIYOMHBI YCTAaHOBKH AaT4ynka. [1o caBury ¢as Mexay curHaJamMu
pPa3sHECEHHBIX IO TIyOMHE IaTYMKOB MOKHO OLIEHUTHh BEIMUYMHY Kodddumnmenrta [lapcu s
JaHHOTO TPYHTA.

[ToxaskeM, 4TO ITOT CIBHUT IO BPEMEHH KOHTPOJIMPYETCS BENUYMHON Ko3dduimenta K,
roJiarasi, 9To KpHBbIe KOHIIEHTpaIHii RN Ha pa3HbIX r1yOWHAX HAXOAATCS B OJTMHAKOBOM (hasze:

Wt — kozo = Wiz — Koz
nonyanm ko= W(tz — t1)/(z2—z1). Hockomnsky ko= (W2D)*?= (wiw/KC?'? to0:
K= (vwe)[(z - z)/(t—t)]? . )
3nech 1 M Zp - TIyOMHA 3aJI0’KEHUS JaTYUKOB, to- t1 = Dt — (a3oBbIil cIBUT B CYyTOYHOM
X0/I€ KPUBBIX KOHIIEHTPAIIUU PaZoHa.

C menpio uCCNEIOBaHUS KOPPEISIMOHHBIX 3aBUCHMOCTEH KOHIIEHTpauuu RN B 30HE
a’pallid M Ha TOBEPXHOCTH OblIa oOcCyllecTBIeHa (WIBTpPAMs TOJOCOBBIM (UIBTPOM C
rpaHnyHbIMH dactoTamu f1,,=0.03 u f,,, =0.05 muxn/uac, 94T0 MO3BONMIIO BBIAEIHTH CYTOUHYIO
rapmoHuKy (puc.56, BepxHue kpuBbie). [lomck MakcuMmyma KodQQuUIMEHTa KOPPEISIuU
MPOBOJIMIICS ISl TISITUCYTOYHBIX MHTEPBAIOB W OTHOCWJICS K KOHIly MHTepBajia. Kak BHIHO Ha
puc. 5, 3HaueHHWe caBUTa MaKCMMyMa Koppensiuu 3akimodeHo B mpenenax 80-180 mwun. Ilo
dopmyne (1) Berumcmsuics  kodbdunmeHt Jlapcw, KOTOPBIH 3aKil0O4eH B Mpejaeax

6" 10™- 2.7 10" »*, npuueM Kkak BUAHO Ha puC. 4 HauMeHblee 3HaueHHe KOO HUIMEHTA
Jlapcu npuxoAauTcs Ha MEPHUO]T AKTUBU3ALMU CEHCMHUYHOCTH.
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B pabore [8], Ha OCHOBaHHMM YHCJICHHBIX PacyeTOB C HCIOJIb30BaHUEM AU(D(HY3UMOHHO-
KOHBEKTHBHOTO ypaBHEHHS IEPEeHOCa pPajJoHa IMOKAa3aHO, YTO BEJIWYHMHA IUIOTHOCTH IOTOKA
pamona (ITIIP) ¢ moBepxHOCTH 3eMiid Oo0Jiee YYyBCTBUTEIbHA K H3MEHCHUIO HAMPSKCHHO-
1e(hOpMHPOBAHHOTO COCTOSHHSI T€OCPEbl YeM BEIMYMHA O0OBEMHOW akTHBHOCTH pagoHa (OA
Rn) B moano4YBeHHOM BO3JyXe, YTO MPOWLIIOCTPUPOBAHO HA OCHOBAHHMH JIAHHBIX, TOJYUYSHHBIX
Ha [lerpomnaBioBck - KaM4yaTrckoM reo JuHaMHUECKOM MOJIUTOHE [ 7].

Kitaccuueckas Teopusi paccMaTpUBaeT MacCONEPEHOC PaJioHa B PBIXJIBIX OTJIOKCHHUAX KaK
HEKUH yCTaHOBUBIIUHCS U((HY3MOHHO-KOHBEKTUBHBIM TIPOIIECC, KOTOPBIA OIMMUCHIBACTCS
CIIEAYIOLIIUM YPaBHEHUEM [3]:

p IR p ARy dRY e v 3

dt dx dx
rie RN — KoHIeHTpamus pajoHa B eIMHHMIE 00beMa MOpoBoro mpocTpadcta, Ku/em3; h -
HNOPHUCTOCTh TOpHOU Toposl; D — koadpduument muddysuu, cm /c; | - mocrosiHHas pacnana
SMaHaImii, ¢, V — CKOPOCTh KOHBEKTHBHOTO II€peHOCa, cM/C; Q:w CKOPOCTh

BBIIETICHHsS SMAHAIHMT B [IOPOBOE MPOCTPAHCTBO B eauHuIe oObema cpemsr, Kux/cm®, Ra —

3
KOJIMYECTBO paJivsi B IOPOJE, T; I - IWIOTHOCTb TOPOJIBI, T/CM ; @ — KO3 HUIIMEHT SMaHUPOBAHUSI.
KpaeBbiMu ycnoBusimu ypaBaenus (3) OyayT:

1.z=0,N(0,t)=0

2.t=0,N@z,0) =N, 4
3.2® -¥,N(zt)=N,
3nech N¥ 2%- (doHOBasi KOHLEHTpAIMs paJioHa B TOYKE perucrpauuu. TodHoe

peuieHue ypaBHeHus (3) ¢ KpaeBbIMH YCIOBHAMH (4) MOXET OBITh IMOJIyYEHO OIEPAIMOHHBIM
MeToI0M (MHTEerpalibHBIM peoOpa3oBanuemM Jlarmaca).

JInst BBIYMCIICHHWS TUIOTHOCTH IIOTOKAa HA TOBEPXHOCTH METOJIOM HPUOIMIKESHHOTO
COOTBETCTBUS MEXIY TOYHBIMH ¥ HW3MEPEHHBIMH KOHIICHTPAIMSAMH pajoHa TPUMEHEH
aITOPUTM, KOTOPBI OCHOBBIBaeTCS Ha Teopeme JloamMenss M WCHOJIb3YyeT IPHHIUII
CyIepro3uiuu peuieHus. KoHIeHTpainuss B TOYKe Z B MOMEHT BpeMeHH fyv ompeaensercs
BKJIAJIOM OTJEJIbHBIX KOMIIOHEHT, Ha KXy M3 KOTOPBIX BO3JIEHCTBYET COOTBETCTBYIOIIAS

a® NOCTOSIHHASL ~€IMHUYHAs IUIOTHOCTh IOTOKA BHUJA!

(t) i0,t<0
/¢ ! Tl' t>0
|
= |
[-7] . /;/' I Puc.6. Anmnpokcumariysi IJIOTHOCTH q(t) MOTOKa pajoHa
1 I Tu
% /‘i/ 1 i| IIOCTOSAHHBIMH 3JIEMCHTAMMU.
' 1
] i 1
[
AR ! [T10THOCTH ITOTOKA Ha MOBEPXHOCTH
Y Y Teos iy '  QIIPOKCHMHUPYETCs CTYIIEHYaTOU €MHUYHOU
wioTHocThio  (puc. 6). Ha wuHTepBagax BpeMeHH
l,,05,...,] |, ncmomp3yroTcsi 3HaYeHHs IUIOTHOCTH MOTOKa B MOMeHTHI Bpemenu: ot O o |,
- 2 M-=
2 2 2

orl, no |,, otl,, , 1o t,, KoTopere 06o3HaUNUM 0}, 0,,...,, , TOTJA PEIICHUE peaTn3yeTcs B

BUJIC CYNEPIO3HMIUKN 3JIEMEHTAPHBIX OJOKOB MOJeNbHOW 3amaun (1) /Uit  COOTBETCTBYIOIIMX
MHTEPBAJIOB BPEMEHHU.

Vcnonp3ys BBIIIE OMHMCAaHHBIM IMOAXOJ, ObUIa paccyMTaHa IUIOTHOCTH TMOTOKa RN ¢
MOBEPXHOCTH Ha OCHOBaHMM m3MepeHuid OA RN Ha MOBEpXHOCTH W B 30HE asparuu (puc. 4s,
HIDKEAS kpuBas). B nepuon celicmuueckoit akruBu3anuu [1T1P Bo3pocna B 1.6 pasa ¢ 0.25 no 0.4
Mbx/m”.
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B nenomM aHanu3 AMHaMUYECKUX M KHHEMATUYECKHUX MapaMeTPOB KOHIIEHTPAIIUU PaoHa
Ha ceTu MyHKTOB B aBrycre 2006 r. mo3BOJIsIeT TOBOPUTH, YTO B iepro ¢12 o 24 aBrycra nepen
3emJyieTpsiceHneM ¢ M = 6.2 HaOmogaeTcst cxkaTue TOPHBIX MOPOJ, YTO MPUBOAUT K YBEIMUCHUIO
TUTOTHOCTH MOTOKA C MOBEPXHOCTH UM YMEHBUICHHIO KOA(PPHUIMEHTAa MPOHUIIAEMOCTH B PBIXJIBIX
OTIIOXKEHUAX. M3MOXKEeHHass MeToIMKa 00pabOTKM JaHHBIX PETUCTPAIlMN KOHIICHTPALMU paJloHa
Ha JIByX YpPOBHSX TIO3BOJISIET OCYIIECTBISTH MOHHTOPUHI 33 H3MEHEHHEM HampsHKeHHO-
neopMHUpPOBaHHOTO COCTOSIHUS reocpensl Ha IlerponaBioBck-KaM4aTckoM reoAnHaMHYECKOM
MIOJIUTOHE.
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OPTAHM3AIIUSI PABOT IO MOHHUTOPUHT'Y CEMCMHUYECKON
AKTUBHOCTH U ITPOTHO3Y 3EMJIETPSICEHUIA HA KAMUYATKE

MONITORING OF SEISMIC ACTIVITY AND EARTHQUAKES PREDICTION
IN KAMCHATKA

B.H. Yeopos
Kamuamcxuii punuan I'eogpuzuueckoii cuyscovr PAH

In the given report we present monitoring system for seismic activity and earthquakes prediction
in Kamchatka. Monitoring is based on seismic and geophysical observational networks. Methods and
techniques for earthquakes prediction, used by Kamchatkan Branch of Russian Expert Counsil of
Earthquake Prediction are presented. On the basis of these methods complex assessment of seismic
hazard for Kamchatka is devel oped.

B Poccun MOHMTOPHMHI ONACHBIX IHJIOT€HHBIX IPOIECCOB OCYILECTBISETCS B paMKax
denepanbHON CHCTEMBI CEHCMOJIOTHYECKHX HAONIONEHW ¥ TporHo3a 3emierpsiceHuid. [lon
CHCTEMOW MOHHUTOPUHTA TOHMMAaeTCsl HWH(POPMAIMOHHAS CHUCTEMa, BKIIOYAIOUIasl BeJCHUE
Habro1eHNi, 00pabOTKy M aHAIN3 TaHHBIX, IIPOTHO3 UCCIIEAYEMBIX SBICHHM.

Kamuarka n KoMaHIOpCcKHE OCTpOBAa OTHOCATCSA K PETMOHAM MUPA, II€ CEMCMUYHOCTD,
OMACHOCTh LIYyHAMH U BYJIKAaHUYECKas aKTUBHOCTb JOCTUTAlOT HAaWBBICIIEH MHTEHCHBHOCTH Ha
Hamieil TuaHere. B cpemHem 3emierpsiceHus ¢ MarHutyaoi 7.0 W BBIIIE MPOUCXOIAT Ha
Kamuarke kaxasie Tpu roga. Ha Kamuatke 29 neiicTByromux ByJIKaHOB, Cpen KOTOPBIX BYJIKaH
KiroueBckoit (4750 M) — camblii BbICOKHMH jeiicTByrommii Bynkan EBpasum. EsxeromHo
MIPOUCXOJIUT HECKOJIbKO M3BEP)KEHUH, MEIIOBbIe BHIOPOCHI KOTOPBHIX YIrPOXKAIOT OE30MacCHOCTH
II0JIETOB B ceBEpHOM yacTu Tuxoro okeaHa, B ToM uncie Ha aBuarpaccax mexay CIIA, Poccueit
u Snonueit. Ilo ypoBHIO yrpo3sl nmpupoanbix karactpo¢d Kamuatka, Hapsny ¢ Kypuibckumun
OCTpOBaMH, SIBJISIETCS OJHOM W3 Haumbonee omacHBIX Teppuropuil Poccum. Her Hukakmx
COMHEHHMH B TOM, YTO NMpPUPOIHBIE KartacTpodsl Ha Kamyarke OyayT BO3HHMKAaTh M BIpenb. B
ommokaiimme 3-5 ner Ha Kamyarke CHIIbHOE 3eMIIETPSICEHHE ¢ MHTEHCUBHOCTBIO COTPSICEHUH 7
0a/uIoB U 0oJiee 0KHUIAETCS C BEpOSTHOCTHIO OoJiee 50%.

OcHoBHo# 3amaueii  Kamuarckoro ¢ummana ['eopusuueckoit cimyx0bsr PAH (KO I'C
PAH) siBnsiercsi oOecrieyeHHEe B PEXHME pEabHOTO BPEMEHH CEHCMHYECKOTO MOHHUTOPWHTA
Kamuarckoro pervoHa, B TOM 4YHCIE JIEHCTBYIOIIMX BYJIKAaHOB, Y4acTHE B CEHCMHYECKOM
Monutopunre Poccum m mupa. OCHOBHas IeTb MOHUTOPHMHTA - WH(POPMHUPOBAHUE OPraHOB
rocygapctBeHHo# Biactu 1 MUC o ceilicMHUYecKOil OMAaCHOCTH M BYJIKAHUYECKOW aKTUBHOCTHU
peruoHa.

Ha pucynke 1 npuBeneHa (GyHKIMOHAIBHAS CXeMa OpraHu3aliy paboT Mo MOHUTOPUHTY
CEHCMUYECKON M BYJIKaHWYECKOM aKTMBHOCTH Kamyarku.

Cucrema MOHUTOpPHHIAa CEWCMHUYECKOM M BYJKAaHMYECKOM akTWBHOCTM KamuaTku
BKJrouaet B ce0s: (1) cetu ceficMuyeckux craHiuil; (2) TeXHUYECKUE M MPOTrPaMMHBIC CPEICTBA
cOopa, 00pabOTKM M XpaHEHHs IAHHBIX, KaHalbl CBs3M; (3) METOqUUYECKHE W TPOTPAMMHEIC
cpeactBa OOpabOTKM CEHCMHYECKHMX CHUTHAJIOB B ABTOMAaTHYECKOM W aBTOMATH3MPOBAHHOM
pexumax; (4) oleHKy celicMUYecKOi 0OCTaHOBKH IO PsAY IMapaMeTpoB Ha 0a3e OmepaTHBHOTO
Katajiora 3emuietpsicenuit; (5) Bu3yalbHbIe W BHICO HAONIOACHHS 3a JACHCTBYIOIIMMH
BynakaHamu; (6) OLIEHKY COCTOSHHS JCHCTBYIOIIMX BYJIKAHOB IO KOMIUIEKCY THCTAHIIMOHHBIX
MeTOJI0B, (7) SKCHEPTHYIO OIEHKY TEKYIIEro COCTOSHHS CCHCMHUYECKOH M BYJIKAHHYCCKOM
OIIACHOCTH.

Cucrema ornepaTMBHOIO KOHTpoJid celicMu4yHOCTM KamuaTku OCHOBBIBaeTCs Ha
pamroTtenemerpuueckux ceiicmuueckux craniusx (PTCC) [7]. Uudopmanus o ceficMUUecKux
CUTHaJIaX M0 paJMOKaHay OCTYMAaeT Ha IpUEeMHbIE LIEHTpHI B I'. [lerponaBinoscke-Kamuarckom,
r. Kitounn n m. KoseipeBck B peanbHOM MmacmTabe BpeMmeHH. OleHka mapameTpoB HamOosee
cuiabHbIX 3emuerpsiceHuii  Kamuatkm (M>4.0) mnpou3BomuTcs B aBTOMAaTHYECKOM H
aBTOMATH3UPOBAaHHOM pexnmax. Cucrema 00pabOTKH CeilicMOJIOTHYECKO wuH(popMalu B
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3aBHCHMOCTH OT BPEMCHH BBIXOJHBIX JAHHBIX HMeeT Tpu ypoBHs: (1) cmyxba CpPOUHBIX
noHecenuii (3anepxkka 20-30 muH.); (2) onmepaTuBHas oOpaboTka (3aaepkka 10 24 yacos); (3)
okoHYarenbHas (cBogHas) oOpaboTtka (3agepkka 1 rox). Ha 3akmrounTensHOM — 3Tare
dopmupyercsi  OaHK ~ CEWCMOJIOTUYECKOM  MHPOpPMAlLWU, KOTOPHIM  JIOCTYyIIEH  BCEM
3aMHTEPECOBAHHBIM MCCIICIOBATENSIM Yepe3 ceTh Internet.

s F3C, MHC,
T Kamaarcuoe oraeneid: POCCHRGKONG MENepTHong CUBeTA no TaodtrnHackA
a NPOrHoay =SMNETRPACEHHH , OUEHKE CEHCMHYMECHOM QNECHOCTH U MCKR enywtia 'aH,
o THIPHTOEMANE43A
: k' HHHCTRBL A

A A

BYIWAHOMONMACELA

s
" PRATApuA (::' KamuaTckan

MereruaHTE roynna
E BIpENRTE <J:| peanisomaniz |y CUgHES TesyL el OuaHka TEKYILEA
o HE | BYTKEHWHECKRA CRACMAIECROH
I Towa, upHTp LIV) 1RSI W R BKTHEHOGTH T AHDEKN
{ CNek8HWA 23 {}:I Hmpmlﬁﬂ B
BYNKIHNYECEHN A
OO HEMM

= MHC. MeomMamecin cmekba
o DnepeTuenea obpafomxe e | PAH. GasamiHoamA dannen MG
I PaH, NpaocTaesmant
T MpuenHblA vaHTR elaTponEEnbBcKs =l A ———
$ T 1 7 1 T {1 1 |dwouw
= E MpUEMHLIR LsHTE «KRRMH MyHKTLI MpWEMH LI UEHTE 3 KSLPEne o
I w
= WO £ ¥ renefiiarr ek &+
a HEGMHOEHHR — -1 -3
Q
o
T | PapunraneamsTpHUSCKME CREACMHYBCKIA CTAHLH | - -2 #" -4
=5

Puc.1. bnok-cxema opraHuzanuu padoT IO MOHUTOPUHTY CEHCMHYECKOW M BYJKAHUYECKOH aKTHBHOCTH
Kamyatku. 1 — motoku uHpopmanuu, 2 — onepaTHBHbIE COOOIICHUS O CEHCMHYECKOW aKTHBHOCTH
KamuaTku; 3 — cooOmieHusi 00 aKTHBHOCTH KaMYaTCKUX BYJIKAHOB B IIENIAX oOecreueHus: 0e301acHOCTH
aBua-mojgeroB B CeBepo-3amagHoM cekTope Tuxoro okeana; 4 — DOKCHEPTHBIE 3aKIIOYEHHS O
CECMHMYECKON M BYJKAHWYECKOM OIMACHOCTH Ha OCHOBE KOMIUIEKCHOM OLIEHKH CEHCMHUYECKON U
BYJIKAHMUYECKOW akTHBHOCTH KaMuaTckoro permosa.

B ocHoBe Bcex pabor mo cOopy, oOpabOTKE M XpaHEHUIO CEHCMOJIOTHYECKOW W
reopu3nyeckoit HHGOPMALIUH JISKUT KopropaTuBHas KommbioTepHas cetb KO I'C PAH [7]. To
KOMIBIOTEPHON CETH OpraHM30BaHa HEMpPEpBIBHAs Mepenadya HHPOPMALUU O 3eMIICTPSCEHHSX C
YAQICHHBIX CEMCMUYECKUX CTAaHIUN paHOTEIeMETPUYECKON ceTu. Kpome celcMosIornaeckoin
uHpOpMaIUK, CeTh O0ecreunBaeT mepeAaadyy HU3KOCKOPOCTHBIX BHUIEO MOTOKOB C CHUCTEM
BHJICOHAOIOICHUS 3a BYJIKaHAMU, pacrojoxeHHbIX B T. Kirroun u 1. KoseipeBck. Pa3paboTka u
BHEJPEHHE OPUTHHAIBHBIX METOAMYECKHX M MPOTPAMMHBIX CPEJICTB 00pabOTKH CEHCMHUECKUX
CUTHAJIOB TIO3BOJIWJIM CO3/1aTh CUCTEMY KOHTPOJS CEHCMHUYHOCTHM B PETUOHE B pPEXKUME
peaJIbHOTO BpeMeHHU. BKiloueHHe KOpIopaTHBHOM KOMIIBIOTEpHOM ceT B Internet mamno
BO3MOKHOCTh OOMeHa wuHpOpMaIeii Ha BceX YpPOBHSAX O0e3 OTpaHWYEHHs KOJIMYECTBA
[I0JIb30BATEIEH.

Orenka celicMUYecKoil 00CTaHOBKHM B paifoHe KaMyaTku Mpon3BOAUTCS MO IMapaMeTpam,
XapaKTePU3YIOIIUM COCTOSIHHE CEHCMHUYHOCTH. ceiicMuueckass akTuBHOCTH AlQ0; HakioH
rpaduka MOBTOPSEMOCTH § TTapaMeTpbl, ONpeIeNIeMbIe 10 MPOTHOCTHYECKUM MeToankam RTL
U Z-TecT; BapHalliy IJIOIIAId CeHCMOTeHHBIX pa3pbiBoB DS; dopiokosas kinactepusarst [13].

MOHMTOPHUHI COCTOSIHUSI BYJIKAHOB BEIETCS AMCTAHIIMOHHBIMH METOJaMHU Ha OCHOBE
CECMHYECKUX, BU3YAIbHBIX, BHJCO- HAONIOJCHWN W aHaJIM3a CIYTHUKOBBIX CHHUMKOB [16].
VYCcTaHOBIIEHHBIE M BKJIIOYEHHBIE B KOPIOPATUBHYIO KOMIIBIOTEPHYIO CETh BHAEOKaMEphl
MO3BOJISIOT HAOJIO/IaTh B pEalbHOM BPEMEHH 3a COCTosiHueM BynkaHoB [llusenyd, KiroueBckoii
u be3pimsHHbIN. MHDOpMAaIHs 0 TeKyIeM COCTOSHUM KOHTPOJIMPYEMBIX BYJIKAHOB, MOJTydeHHAs
Ha OCHOBE pe3yJbTaTOB OIEPATUBHOW OOpabOTKH CEHCMHUYECKUX JaHHBIX, PAaCMO3HABaHHS
¢u3nYecKUX SBJICHUH Ha KOHTPOJMPYEMBIX BYJIKaHAaX C HCIOJNB30BaHWEM  0a3bl 3HAHWUH
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U3BEpKEHUH, exenaHeBHO pa3memaercs Ha crpanune K@ I'C PAH B Internet. Yepes
Kamuarckyro  rpynmy  pearumpoBanus Ha  Byinkanudeckue — usBepkenuss  (KVERT,
http://www.kscnet.ru/ivs/kvert/index.html, [8]) nadpopmanust o cocrosiHun BynkanoB KamuaTku
nepeaaeTcss BO BCe KpYyNHEHIINe aBUAKOMIIAHWW MHUpa W pacmpocTpaHsercs B Poccum uepes
@enepanbayo ABuaronnyio CiyxOy. B pamkax HaydHO-TEXHHYECKOTO COTPYIHHYECTBA C
Bynkanonorndyeckoii OOcepBaropueit Yuuepcutera imrata Ajsicka (CIHA), Ilentpamu
Cnexenus 3a [TemoBeiMu O6nakamu B Tokuo (Snonust) u Aukopumpke (CILIA) Benetcs oOMeH
uHpopmanmeir o cocrosHuM ByikaHoB Kamuarku, Ceepubix Kypun u  Amsicku s
oOecrieyeHns 6e30MaCHOCTH MOJIETOB B CEBEPHON YacTH THXOTo OKeaHa.

Kamuarckue cetn ceiicmuueckux u reopusmiyeckux Habmogenuit K@ I'C PAH
001ajaf0T TOCTaTOYHOW OCHAIIEHHOCTBIO JUISi OCYIECTBIICHUS HETPEPHIBHOTO KOMILIEKCHOTO
MOHHUTOPHUHTA T€OMHAMHYECKUX MPOIIECCOB, MPOTEKAOIINX B peruoHe. VccnenoBanus BeayTCs
Ha OCHOBE IIPUMEHEHHUSI COBPEMEHHBIX IEPEIOBBIX TEXHOJOTHIA:

- MUQPOBOI PETUCTPAIIMH CEHCMUYECKIX CUTHAJIOB U TAPaMETPOB reoPH3NIeCKIX TOJIEH;

- IIUPOKOTIOJIOCHBIX IU(PPOBBIX CEHCMUYECKUX CTAHIIUNA;

- TeJIEKOMMYHHUKAIIHOHHBIX CUCTEM Ha 0a3e CITyTHUKOBBIX M KaOeJbHBIX KAHAJIOB CBSI3H;
CUCTEeMBI CITyTHHKOBOW HaBuraruu GPS;
KOMIIBIOTEPHO 00paboTKu MH(OPMAINK B peKUMe, OJM3KOM K pealbHOMY BPEMEHH,
CHMMKOB CO CITYTHHUKOB, HCIIOJIb3YEMBbIX ISl TUCTAaHIIMOHHOTO 30HMPOBAHUS 3EMIIH.
[TpuMeHeHre HOBBIX TEXHOJIOTHI 00ecreunBaeT uccie0BaTeneld HOBBIMU YHUKAIbHBIMU
JTaHHBIMH, YTO TIO3BOJIAET TOJYYUTh HOBBIE TEOPETHYECKHE PE3YJIbTaThl, COOTBETCTBYIOIINE
IMHAMUKE Pa3BUTUS HAYKH.

ITo cocrostauto Ha kxonery 2006 r. KamyaTckue ceTH ceCMHUYECKHX M Teo(pru3muecKux
HaOJIOIEHUI BKITIOUAIOT B ce0sI:

- Kamuyarckyio permoHaipbHylO CeTh CEHCMHUYECKHX CTaHIui, oO0bemuHsomyo 11
CTaI[MOHAPHBIX IU(PPOBBIX CEUCMOCTaHIMHA, 32 paauoTeIeMETPHUECKUX ceicMocTanimi (13
Hux 20 cTaHUMH Ha aKTHBHBIX BYJIKaHaX), CecMOCTaHIUIO «[IeTpOMaBIOBCK» - OMOPHYIO
craniuio I'eousmueckoii cimyx6s1 PAH na JlankHem BocToke, BXOISIIYI0 B MHPOBYIO CETh
HaOMIOJICHU#, UeHTpbl cbopa celicMoMmerpuyeckoit uHpopmanuu  ([TetpomaBioBckwid,
Ko3ssipeBckuit u Kimtoueckoit mpuemusie 1ieHTpsl PTCC);

- ceThb MpUOOPOB PETUCTPAIIMH CHIIBHBIX IBMKEHUI (16 cTaHImii);

- CeTh IMJPOTCOXUMHUUECKUX HAOIIOIeHNH (12 BOJOITYHKTOB);

- IYHKTBI THIPOJMHAMHYECKUX HAOIIOCHUH (2 CKBaKUHBI);

- cerb GPS HaOmonennii KamNet (17 mocTosIHHBIX ITYHKTOB);

- MYHKTBI U3MEPEHHS dJCKTPOTEIUTYPHUYCCKUX MOTSHIIMANOB (4 cucTeMbI pouiei);

- IYHKTBI PETHCTPAIMH CEHCMHYECKUX IIYMOB (2 CTaHIMH);

- YHKTBl TEOMAarHUTHBIX HaOmoaeHui (3 TPEXKOMIIOHEHTHBIX HWHIYKIIMOHHBIX
MarHUTOMETpa);

- KOMIUIEKCHYIO reou3nuecKyto oocepBaroputo «KapbsIMIiHa;

- TYHKT OKCHEPUMEHTAJBHBIX Ta30JMHAMUYECKUX HAOMIONEHU W HEHTPOHHOTO
MOHHUTOPHHTA,

- TYHKTHl BUAEO HaONIOJCHWH 3a akTHBHBIMU BynkaHamu [llusemyd, KiroueBckoi,
be3biMsHHBIN, ABaYMHCKUH (B 3KCIIEPUMEHTAIILHOM PEIKUME).

B coorBerctBun ¢ IlonoxenueM o0 POCCHMHCKOM 3KCHEPTHOM COBETE IO MPOTHO3Y
3eMJICTPSICEHUH, OIICHKE CEHCMHMUYECKOW OMAacCHOCTH W PHUCKA, YTBEP)KICHHOTO COBMECTHBIM
pemienneM Poccuiickoit Akamemun Hayk m MUYC Poccum 15 mapra 2003 r., Kamuarckoe
otnenenne depepasbHOTO IEHTpPa MPOTHO3UpPOBaHUS 3emieTpsicenuii B ¢eBpaie 2006 rona
ObUIO pEOpPraHN30BaHO M TPOJOJDKAET CBOIO paboTy B KauecTtBe Kamuarckoro ¢uimana
Poccwuiickoro skcrieptroro coBera (K® POC).

OcHoBrast ¢ynknus K® POC — omepaTuBHas OlleHKa CEHCMUYECKOW OITACHOCTH,
MPOTHO3 3EMJIETPSICEHUI U U3BEPKEHUI BYJIKAHOB, BO3MOXKHBIX MOCIJIEICTBUN UX BO3JACHCTBUM.
Ha »Tom »Tame MOHMTOpPUHTa MPOU3BOIUTCS KOMIUIEKcHpoBaHue 6osee 20 METO0B MPOTHO3a
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[6]. B mHactosimiee Bpemss B pabore K® POC mnpuHMMaOT yd4acTHe IIECTh Hay4HO-
UCCIICIOBATEILCKUX OPraHU3allHii:

- Kamuarckuii ¢pumuan I'eopusuueckoit cimyxost PAH (KO I'C PAH);

- Uuctutyr Bynkanonoruu u ceiicmosiorun IBO PAH (MBuC IBO PAH);

- MHCTUTYT KOCMOGM3WYECKHX HCCICNOBaHUN M pacmpocTpaHeHus paaunoBosH JBO
PAH (MKHUP IBO PAH);

- ®I'VII "Kamuatreosiorus";

- Uuctutyr ¢pusuku 3emmu PAH (M®3 PAH, Mocksa);

- Omsuko-texuudeckuit ”HCTUTYT PAH (OTU PAH, Cankr-IlerepOypr).

Kpome TOro, paccmarpuBarOTCsS MPOTHOCTHYECKHE OIICHKH, CJICTaHHBIC YaCTHBIMU
JIMIIAMH.

C 2006 r. B pabore POC perynsipHO ydacTByeT mpeacTaBUTeNb LleHTpa MOHUTOpHHTA U
MPOTHO3UpOBaHMs upe3BbruaitHbix cutyaruii I'Y MUC mo Kamuarckoit obnactu. Ilpu orenke
CEMCMHYECKON OMACHOCTH PAcCMATPUBAIOTCS CIIEAYIONIHME OCHOBHBIC METOJIBI HAOIIOJICHUN 3a
NPEJBECTHUKAMHU CHJIBHBIX 3EMIICTPSCCHUH (B CKOOKAax yKa3aHbl aBTOPBI 3aKIIOYCHUH O
CeCMHYECKOM OTIACHOCTH):

CEUCMOJIOTUYECKUE

- BapHaIlMK KPYTH3HBI CIaja OruOarolei KoJIbl C1adbIXx MECTHBIX 3eMieTpsiceHuil (A.A.
I'yces, 1.P. Abybakupos, K& PAH, UBuC JIBO PAH) [1, 22];

- ainroput™M M6 - KOMIUIEKCHOE WCIIOJB30BaHUE OOJBINONW COBOKYITHOCTH Pa3IMYHBIX
cericmosiornueckux mapametpos (B.A. [llupokos, UBuC JIBO PAH) [21];

- obHapyxeHue ceiicMuueckux 3aruimii merogamu RTL u Z-tect (I'.A. Co6one, UD3
PAH; H.M.KpaBuenko, B.A. Canreiko, K& I'C PAH) [14, 18, 23];

- mapamerp TAU (Bapmamuu OTHOLICHUS CKOpocTel ceiicMuueckux BosH Vp/Vy),
naHHble moJist Hanpspkenui, (JI.b. Cnasuna, OM®3 PAH) [17].;

- MOHHUTOPHHT CJBHMIOBBIX HANPSHKCHUH 10 a3MMYTAIbHBIM BapHalUsM OTHOIICHHUS
ckopocteit ceiicmuyeckux BoiH (M.A. 'aparam, O®3 PAH) [5]

- MPOTHO3 MAarHUTYJbl U BPEMEHH 3eMIICTpsICEHUs] MeToIoM «KpuTHYeckoe yCKOpeHHe
ceiicmuunoctu (KYC)» (I'.A. Cobosie, UD3 PAH);

- BPEMCHHBIC W3MCHEHHS CPEJHHUX 3HAYCHUH BPEMCHHBIX HMHTEPBAIOB MEKIY
celicMHYeCKUMU cOOBITUSIMU U UX K03 dunment Bapuanuu (H.I'. Tomumun, ®TU PAH) [19];

reousnyecKne

- CKBR)XMHHBIC THJPOTCOIMHAMUYECCKUE MPEJABECTHUKA — BapuallMd YPOBHS BOJBI B
ckBaxuH (I".H. Konsiiosa, K@ I'C PAH) [9];

- T'unporeonedopmanmonnsiii (I'TJ]) MOHMTOPHMHI — THIPOTEOJOTHYECKU IDPeEeKT
Bapransna-Kymukosa (H.H. Cmonuna, ®I'YII "Kamuarreonorus™) [3];

- aHanu3 atMochepHo-noHOChEepHBIX mpoleccoB (cBoaHoe 3akioueHue, MKUP JIBO
PAH) [2];

- BapHallMi TapaMETPOB BBICOKOYACTOTHOTO CEHCMHYECKOTO IIIyMa, CBS3aHHBIE C
U3MEHEHUEM MPUWIMBHOW YyBCTBUTEIBHOCTU CPEJIbI MEpei CHIIbHBIMU 3emierpsiceHusiMu (B.A.
Cantsikos, F0.A.Kyraenko, K& I'C PAH) [12, 15];

- Bapwuaiuu MekTporesntypuueckoro nons (F0.®. Mopos, UBuC JIBO PAH) [11];

- CKBOXHHHBIE  TC0aKyCTHYCCKHE  HM3MEpCHUS, U3MEPEHHS  DJICKTPUYECKOU
cocTaBJsifoleld anekTpoMarHutHoro moJis 3emiuu B CHY-amamazoHe 4YacTOT € MOMOIIBIO
MOJI3€MHOW aHTEHHBI; MOHUTOPHHI M3MEHEHUI IUIOTHOCTH BOABI B ckBaxkuHe (B.A. ['aBpuIios,
10.B. Mopo3osa, UBuC JIBO PAH) [4];

FEOXUMUYECKUI

- BapHaIlMl XMMHYECKOTO COCTaBa BOJBI B CKBakMHaX M ucTtoyHukax (FO.M. Xartkesuy,
I'.B. Psounun, KO I'C PAH) [20];

LEOIC3NYECKUN

- usmenenus nonoxenus: GPS mynkros (B.E. Jleun, K I'C PAH) [10];

ACTPOHOMUYECKUN
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- pacyer CHJIOBOTO BO3JEHCTBHS HAa KOHKPETHYIO TEPPUTOPHUIO TIO JaHHBIM JBH)KCHUS
o0bekToB CostHeuHO# cuctembl (A. 5. JIe3quHbII, YaCTHOE JIHIIO).

3acemanuss K® POC mnpoBomsTcs exeHenenbHO. 3akKIIOUeHUs O CEeUCMHYECKON u
BYJIKAHHUYECKOH omacHocTH mepenatorcss B POC, O6mactHyro u ['opojckyto aqMUHUCTPAITHIO,
I'maBHoe Ympasnenne MUC Poccun mo Kamuarckoit obnactu, I'eodusmnueckyto cinyx0y PAH;
neHtp "Antuctuxus’ MUYC PO®; ympaenenne @®Cb mo Kamuarckoit oGmactu. Ilepenaua
3aKIIIOYEHUH B CPEICTBA MAaCCOBOM MH(OpMaIum ocymiecTBisiercs yepes npecc-uentp 'Y MUC
no Kamuarckoit ob6macru.

ExxenHeBHO MH(pOpMaNUs 0 MPOUCHISAIINX B PETHOHE 3eMJIETPSICEHUSAX U O COCTOSIHHU
ByJKaHOB pa3meriaercs Ha cepBepe KO I'C PAH (http://femsd.iks.ru) 8 urepuere:

http://data.emsd.iks.ru/regquake/ - kapra oSnuIEHTPOB 3emierpsceHuii Kamyartkwy,
Cesepnbix Kypunbckux n KomaHaopcKux oCTpoBOB,;

http://data.emsd.iks.ru/klyguake/index.ntm — kapra SHHIEHTPOB 3eMIICTPSICEHHIA
CeBepHOI1 rpynIbl BYJIKAHOB;
http://data.emsd.iks.ru/avhquake/index.ntm — kapTa SHUIIEHTPOB 3EMIICTPSCCHUI

ABaunHCcK0-KOopsKCKO#l rpynibl BYJIKAHOB;

http: //emsd.iks.ru/~ssl/monitoring/main.ntm — wHpOpMaIWsi 0 COCTOSHMHM AKTHBHBIX
ByJakaHOB Kamuatkwu.

KamuaTka sBnsieTcs HEHHEHIIMM HCCIIEIOBATENBCKAM IMOJIMTOHOM C BBICOKMM YPOBHEM
COBPEMEHHOM  TEKTOHMYECKOM  AKTUBHOCTH,  OIPEACISIOIMMNM €€  CEHCMUYHOCTh U
BYJKAHUYECKYIO0 AKTUBHOCTb. B CBSI3M C 3TUM B PErHOHE CYIIECTBYET MOCTOSIHHAs yrposa
BO3HUKHOBEHMSI YPE3BBIYAWHBIX CHUTYallMd NOPUPOJHOIO M MPUPOAHO-TEXHOTECHHOrO, 4YTO
TpeOyeT BBIPAOOTKH Mep IO CHIDKEHHUIO PUCKA KaTacTpo() Ha OCHOBE COBPEMEHHBIX HAYUHBIX
pa3paboToK, B TOM YHCIIE COBEPIIICHCTBOBAHUE TIOTYICHHSI KOMIUIEKCHOM OIIEHKH CeHCMUYECKOM
Y BYJKAHUYECKOM onacHocTH Juisi KamyaTckoro pervosa.
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CEMCMMYECKASI AKTUBHOCTD 3EMJIM U ITPOIIECCHI
B MEXILIAHETHOM CPEJE

SEISMIC ACTIVITY OF THE EARTH AND PROCESSESIN THE
INTERPLANETARY ENVIRONMENT

U .II. Illecmonanos, E.II. Xapun
Teoghuzuueckuii Llenmp PAH

Data about seismic energy of the Earth in comparison to the parameters of the interplanetary
environment are analyzed.

Dependence of the number of earthquakes with M> 5,5 from their longitudes and dependence of
the number of vectors of an interplanetary magnetic field B from azimuth direction ¢ in solar ecliptic
(SE) coordinate system with step 10° (change of a corner from 0 10360°) was investigated. It is shown,
that between the curves reflecting these dependences, there is a big similarity. Each of them has two
maxima. Thefirst, the greatest, is observed near to the longitude 135°, the second — 285°.

Correation between dependence of the number of earthquakes on their latitudes and dependence
of the number of vectors of an interplanetary magnetic field B from latitude directions of a corner 6
(change of a corner from-90° up to 90°) is also observed.

Dependence of the number of earthquakes with M> 5,5 from their latitudes and dependence of
the sizes of vectors of an interplanetary magnetic field from latitude directions 6 (perpendicular planes
ecliptic), with step 1° was also studied.

BekoBble HUKJIBI CeHCMAYECKOH AKTHBHOCTH 3eMJIH

Hacrosias pabota siBisieTcss mpojoJpkeHueM padot [5, 6], B KOTOpPBIX HCCIeI0BaNIach
CBSI3b M@Ky CEHCMHYHOCTBHIO 3€MJTH U COJTHEYHOU aKTUBHOCTBIO.

B HuX npoaHaM3UpOBaHbBI JAHHBIE O CEUCMUYECKOW DHEPTHH, BBIJICTUBIICICS U3 04aroB
3eMJIeTpSICCHU Ha BceM 3eMHOM mape 3a mepuon ¢ 1680 mo 2004r, B COMOCTaBICHUU C
IUKJIAMH COJIHEYHOM aKTUBHOCTM M TE€OMarHUTHBIMH BO3MYIIEHUAMH. B ocCHOBe »THX
WCCIICIOBAHUH JIGKUT MPEICTABICHHE O CEHCMUYHOCTH KaK O YacTH €IWHOTO (DU3MYECKOro
npoiiecca B cucteme “Coinnue-3emis . [lokazaHo, 4To ceiicMUYeCKUEe SIBICHUS ONPEICIISIOTCS
MpolleccaMy KaK 3€MHOTO, TaK U COJTHEUHOTO MPOUCXOKACHHUS.

AHanu3upysi 1aHHbIE 34 MPEJCTaBICHHBI BPEMEHHON MHTEPBA MOXHO OTMETHTH, YTO
cymectByer mpuMmepHOo 100-meTHHWI MK COJIHEYHOW AKTHMBHOCTH M CEHCMHYHOCTH 3EMIIH,
KOTOPBI HE COBCEM COBIanaeT ¢ KaineHmapueiM ctosietueM. [lepuon ¢ 1890-e mo 1990-e ross
0KAa3aJICd BEKOBBIM LHUKJIOM CEHCMHUYECKOW AKTUBHOCTH. [To mepe pa3BuUTHA BEKOBOTO
[MKJIa, B KOTOPOM TIOCTEIIEHHO YBEJIMYUBACTCS COJHEYHAs aKTUBHOCTh, MPOSBISAETCA
OTpHUIIATENbHAS KOPPEJSIUS MEXIYy COJTHEUHOU U celicMrYecKasi akTUBHOCTBIO.

OTMeTHM, YTO CTOJICTHUH IUKII COTHEYHOW M CEHCMUYECKOW aKTUBHOCTH Pa30OHMBacTCS
Ha 3 mepuojaa mpuMepHo 1o 33 roja, JIUTEIBHOCTh KaXIOr0 M3 KOTOPHIX B CBOIO OYEpEb
cocTaBisieT Tpu 11-leTHUX HMKIA COMHEYHOW aKTUBHOCTU. MHUHUMAaIbHBIE 3HAUYEHHUS MEPBOTO
nepuo/ia HabIIoJaMCh B IBAIIIATHIX TOJaX, BTOPOTO — B KOHIIE MATHAECATHIX TOJ[aX, TPEThEro —
BO BTOPO#1 IMOJIOBHHE BOCBMUECATHIX TOJI0B. Hanbomee cHITbHBIC 3eMIICTPSICEHHSI IIPOUCXOJISAT B
Hayajie BEKOBOT'O [IUKJIA.

B neBsHOCTBIX rojax HpOIUIOr0 BEKa HACTYMHJ HOBBIM BEKOBOW LMK, B Hayajie
KOTOPOTO, Ha TMPOTSDKEHWH HECKOJBKUX JIECSATKOB JIeT, OyIeT OTMeYaThCsl CHIIbHAs
CEHCMUYECKAs! aKTUBHOCTb.

JIMCKPETHOCTh CTPYKTYPHI reo(pu3nueckoi cpeabl

Ha puc.1 nokazana 3aBUCMMOCTb 3HaYEHUH MIUPOT SMHUIIEHTPOB 3€MIIETPICEHHU C pa3IHIYHBIMU
MarHUTyJaMy OT IyOMHBI SMHUIEHTPOB 3eMiieTpsicenuit 3a nepuoy 1900-2004r. [7]. U3 puc.
BUJIHO, UTO 111 M>5, 5 BBIZETSAIOTCS OT/ACIbHBIE HHTEPBANIBI ITyOHH, Ha KOTOPBIX HanboJee
94aCTO MPOUCXOAT 3eMiieTpsiceHusl. OTMETHUM, UYTO 3TU MHTEPBAJIBI TNIyOHMH COXPAHSIOTCS U IpU
YBEJTMYEHUU MAarHUTY]I 3eMJIETPSICEHUH.
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Puc.1
W3 puc.l Takxke BUIHO, YTO HA ITHX K€ MHTEPBAJIAX IIYOWH IIUPE TUAa30H reorpaduvaecKmx

KoOpAMHAT 3emierpsicenuit. [Ipu aToM, HartpuMep, 1S 3eMIIeTpsceHni ¢ M>7,6 BBIAETSAIOTCS

riyounsr 10, 25, 33, 60 kM., T.e. Ha TUX TIIyOMHAX HAONIOJAeTCS HAWOOJIbIIEE KOJIMYECTBO
3eMJICTPSICCHUM; HAa O3THUX e TIIyOMHAX aHAJIOTMYHbIe OCOOCHHOCTH HAONIOMAOTCS W IS

, HO YHCJIO MX B 3TOM CIIydae ropaszio OoJblie.

36MJ’ICTp$ICCHHI>i C MCHBIIMMU MarHuTyaaMun
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Puc.2

Ha puc.2 mokazana 3aBHCHMOCTh YHMCIIA 3€MIICTPSCEHHMI ¢ MarHuTygamu M>6,2 ot
TIIyOMHBI SMULIEHTPOB 3eMJIETPSICCHUH .

KpuBast moctpoena mnst rnybun c marom lkm. M3 puc. BuaHO, uTO HamboJibiiee
KOJIMYECTBO 3EMJICTPSICEHHI TPOUCXOTUT HA TITyOMHAX B HECKOJIBKO JIECATKOB KM. BuiHO Takxe,
4TO Ha (POHE HEMPEPHIBHOIO WM3MEHEHHs YHUCIIa 3eMJIETPSICEHUH B 3aBHCHMOCTH OT TIIyOMHBI
YHCIIO 3eMJICTPSICEHUN PE3KO BO3pAcTaeT Ha OINpeNeNIeHHBIX TIyOWHAaX, T.e. HaOIIOAaloTCs
JUCKPETHBbIE YPOBHU 3HAUEHUU 3eMIIETpsiCeHUH. Yame BCero 3eMIIeTpsICeHUs IIPOUCXOAAT Ha
riryonnax 10, 33, 40 u panee uepe3 10km Bmote g0 rayoun 250 km. M3 BeIieckazaHHOTO
MOJKHO CJIeNIaTh BBIBOJI, UTO CYIIECTBYET JHCKPETHOCTh YPOBHEH 3€MHOTO BEILECTBA, KOTOPAs
CKa3bIBAETCSl Ha PACTPEACICHUU YHCIA, IIUPOT U JOJTOT 3eMJICTPSCEHHH B 3aBHCUMOCTU OT
TITyOMHBI UX SMUALEHTPOB.

PaccmoTpuM IMHAMUKY pacripeesieHus 3eMIISTPSCEHHI BO BPEMEHH B 3aBHCHMOCTHU OT
rIyOUHBI WX SMUICHTPOB. Kak yxke ormedanocsk, meproa ¢ 1890 mo 1990 r. oxazancs BEKOBBIM
IIUKJIOM CeCMUYECKOI aKTUBHOCTH, KOTOPBIN pa3OuBaeTcs Ha 3 epro/ia MpuMepHo 1o 33 roja,
B KaXJIOM U3 KOTOPBIX B CBOIO OYE€peab MOXKHO BBIIENUTH TpH 1l-I€THUX LHKIA COJHEYHOM
aKTHBHOCTH.

Ha puc.3A nokaszansl BpeMEHHBIEC BapUaIH TITyOUH SMUIIEHTPOB 3eMIIETPSICEHUH 3a

nepuos; 1900-2004 r.Jlanubie yepenasumch 3a 1 roa. BumgHo, uto B mepuoa 1900-1959 r.
3eMJICTPSICEHUS TPOMCXOAMIN Harie Bcero Ha riayomae or 100 km m Beimie. 3aTeMm, HauWHas
npumepHo ¢ 1960 r., rimyOouHa snuieHTpoB yMeHbmanachk U ¢ Hadana 90-x romoB XX croyetus
BHOBB CTaJla yBEJIMYUBATHCS. YBEIMUEHUE TITyOUHBI SMULIEHTPOB 3eMiieTpsiceHuil ¢ Havana 90-x
roJoB XX CTOJIETHS CBS3aHO C HACTYIJICHHEM HOBOTO BEKOBOTO ITMKIIA.
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Puc.3

Ha puc. 3 moka3aHbl Takke BpPEeMEHHBIC BapHAllMU DHEPTUU BCEX 3EMIIETPSICEHMH,
KOTOpBIE HAOJIIONAINCh HA OTHENbHBIX TNTyOMHAX, Kak Ha JUCKPETHBIX YPOBHSX, TaK M MEXIY
HUMH. BuaHo, yto Ha MeHbmuX TioyOmHax, 70 50 KM, 3eMIIETpSICEHUs TPOUCXOAMIH B
ocHOBHOM HaumHas ¢ 1960r., 1. € B 3-M nepuoie BEKOBOTO IHKJIA, KOTa TIIyOMHA STHUIIEHTPOB
3eMJIETPSACEHUI YMEHBIIAJIACK.

Jlo 1960r. 3emieTpsiceHUs MTPOUCXOAMIN B OCHOBHOM B BBIJICJICHHBIX CIIOSIX, T. €. HA
JMCKPETHBIX YpPOBHSX, Ha TiayomHax ot 60 kv u Beime. Ha puc. 3 moka3zaHbl HEKOTOpHIE
MIPUMEPHI TAKOTO PacIpeeTICHUs 3eMIIETPSICEHUH.

Bce onucanHoe BbIIIE MOXXHO OOBSICHUTH CIIEIYIOIIUM 00pa3oM.

Ctpyktypa reodpusndeckoii cpemsl [1-4] mo celicMOJOrHYEeCKUM JaHHBIM COCTOWT W3
OTIENBHBIX OJIOKOB, 3JEMEHTOB, pa3Mepbl KOTOPBIX COCTABIISIOT OT HECKOJIBKUX JIO COTEH
KAJIOMETpOB. Takasi CTpyKTypa HEIOCTOSIHHA, OHa JuHaMu4HA. CelicMUuecKasi akTUBHOCTh Ha
rpaHuIax OJIOKOB M BHYTPH MX HeoauWHakoBa. Hamboiee akTHBHBI TPaHHIBI THX OJIOKOB.
MOHO OTMETUTHh JAWHAMHUKY aKTUBHOCTH 3THX OJIOKOB Ha MPOTSHKEHHMHM BEKOBOTO IMKiIA. B
Hayaje BEKOBOTO IMKJA HanOoJiee aKTUBHBI I'PAaHUIIBI OJIOKOB Ha TiyouHe oT 60 kM U BIIIE.
[TocTeneHHO MPOUCXOAUT TepepacHpeesieHne YHEPruH Kak BHYTpPH OJIOKOB, Tak M Tepenava
SHEPTUM B BEPXHHUE CJOUM 3EMHOTO BEIIECTBA, KOTOPHIE AKTHBH3UpYIOTCS B 3-U 33-meTHHIA
MEpUO/I BEKOBOTO IHKJIA. TakuM 00pa3oM, CYIIECTBYIOT BBIJICIIEHHBIE CIIOM 3€MHOTO BEIIECTBA,
KOTOPBIE MMEIOT TOBBIIEHHYIO CEHCMHYECKYIO aKTUBHOCTb.

CBsi3b celicMUYeCKOH aKTHMBHOCTH 3eMJIH C NMPOIECCAMH B MEKIJIAHETHOM cpeje

PaCCMOTpI/IM B3aMMOCB3b mpoueccoB B MCXKINIIAHCTHOM IMPOCTPAHCTBC C

CEHCMUYHOCTBIO 3EMIIN.
Ha puc.4 A nokazaHa 3aBUCUMOCTb UHCIIA 3€MIIETPSICEHUN ¢ MarHuTygamu M>55 ot ux

JOJITOT. 3Z[€CI) ’Ke TI0Ka3aHa 3aBUCHUMOCTh YHCJa 3HAUCHUM BCKTOPA MCKIJIAHETHOTO
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360

MarHUTHOTO TMOJS B  COJIHEYHO —
SKJIMNTHYECKON CHCTEME KOOpAMHAT OT
a3MMYTaJbHOTO HAIpaBleHUs yria B ¢
(m3menerne yrma or O 10360° B
mwiockoctd  sknmntrke) (puc.dB) ¢
marom 30°[8].

BugHo, 4YTO MEXAy OSTHMH
KPUBBIMU HUMEETCSl OOJIBIIIOE CXOJICTBO,
oHM ToJ00HBI. Kaxmas u3 HUX MMeeT
nBa MakcuMyma. [lepBbiif, HAUOOIIBITIHIA,
Habroaercs npu gonrore 135% Bropoit
— mpn pomrore 285°. Ha puc. 4C
MOKa3aHa 3aBUCHUMOCTh qucna
3eMIIeTpsiceHU ¢ MarHuTynamu M>55
OT MX IIUPOT. 3/ecCh XK€ I[0Ka3aHa
3aBUCUMOCTD yucia 3HAYECHUU
IIMPOTHOTO  HANpaBJIEHUS  BEKTOpa
MEXIUIAHETHOTO MAarHUTHOIO II0Ji1 B
COJIHEYHO — DKIUITUYECKON cucreme
KOOpIMHAT OT yria B (u3MeHeHue
yrma or -90 1090° B mmockoctH
sxmanrake) (puc. 4D) ¢ marom 10°.
Bungno, 4rto o00e KpHBBIE HMEIOT
MaKkCHMyM Tipi mupote mpumepro 0C.
Kpusas 3aBUCUMOCTH yucia
36MIIETPACEHUM OT IIHPOTBI HMMEET
BTOPOHi MaKCHMyM IpH mmmpore 35°.
AHaNOTrMYHBII MakKCUMyM Ha KpHUBOM
yucia 3HA4YECHU LIUPOTHOTO
HaIPaBJIEHUS BEKTOPA MEKIUIAHETHOTO
MarHUTHOTO TIOJIsl He HaOIr01aeTcsl.

PaccmoTtpum B3aMMOCBSI3b
IIPOLIECCOB B MEXKIUIAHETHOM
MPOCTPAHCTBE C  CEHCMHYHOCTBHIO

3emnn Oonee monpoObHo. Ha pucd.
noka3aHa 3aBUCHMOCTh qucIa
3HAQYEHHWH BEKTOpAa MEKIUIAHETHOTO
MAarHUTHOTO Mojis B or yrina B ¢
(monrota oJIs), pHucHA, "
3aBUCHMOCTb YHUCIIA 3eMJICTPSICEHHH OT
UX JOJTOT Jjisl pasnuuHbix riyoun (O-
15, 16-100, 101-700km), puc5B-
pucaD.

Bunno, 4TO XapakTep
pachpeienieHus YuciIa 3eMIICTPSICCHUH
OT JIONTOTHI JUISl yKa3aHHBIX TIIyOMH
COBIIQIaeT c AHAJIOTMYHBIM
pachpesieNieHueM ISl MeKIIAHETHOTO
OJISI.

Ha  puc. 6  mokasaHa
3aBUCHMOCTH YMCIIa 3HAYCHU I BEKTOpa
MEKIUIAHETHOTO MarHUTHOTO TOJIsl B
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oT ymia B6 (IWIMPOTHOTO HAMpPAaBICHUS MEKIUIAHETHOIO MArHUTHOTO TOJS) M YHCla
3eMJIETPSICCHUH OT MX IIUPOT, Mpoucxoaamux Ha rryounax (0-15, 16-100, 101-700km), prc.6B-
puc6 D. W3 puc. BUIHO, YTO CXOJCTBO MEXKIY KPUBBIMH, OTPAKAIOMIMMHU 3TH 3aBHCUMOCTH,

BBITIOJIHAIOTCS  JIISL  3eMJICTPSICEHHUH,

4000 MPOUCXOJIIMMX Ha rinyomHax 16-
3000 100xkM, TS 3eMJICTPSICCHHUIA,
Z 2000 - MIPOUCXOIAIINX Ha rIyOuHax
1008 R 601ee100KM 3TO CXOICTBO YaCTHYHOE.

Mexnay KpUBBIMH, OTpa)KarolUMHU
3aBUCHMOCTD YHUCJIa 3HAYEHUN BEKTOpa
MEKIUIAHETHOTO MAarHuTHOro noJisa B

-90 -60 -30 0 30 60 90
MarHuTtHoe none, B, wupoTta 1963-2004

oT yriaa B, u 3aBHCHMOCThH YHCIA
~ 36MIIETPACEHU  OT  UX  LIUPOT,
npoucxoamux Ha riayouHax 0-15 kwm,
nojodne  OTCYTCTBYET. Otcrona
MOXXHO CZeNaTh BBIBOJ. BBICOKAs
KOppEIALus CEUCMUYECKOU
- aKTUBHOCTH  C  TIpollecCaMH B
MEXIIAHETHOW  cpene,  KOTOpbIE
OTIPENEIISFOTCSA COJIHEYHOU

AKTUBHOCTBIO, HMEET MECTO A
3eMIIETPSACEHUM, MPOUCXOJAIIUNX Ha
rryOuHax Oonee 10-15 KM.
MexaHu3MBbI reHepanuu
3EMJICTPSCEHUM, MPOUCXOASAUIME Ha
rryOuHax MeHee 10-15 KM,
ONIPEAEIISAIOTCS APYTUMH ITPOLIECCAMU.

1200 ; ‘

-90 -60 -30 0 30 60 90

WnpoTa 3emneTtpsiceHnn, 1963-2004, M>5,5
Puc.6

BrIBOBI

1. CymecTByeT IMCKPETHOCTH YPOBHEW Te0(H3NUECKON Cpe/Ibl, KOTOpasi CKa3bIBAETCS Ha
pacripenieieHul 4Hcia, MHUPOT W JO0JTOT 3EeMIIETPSCEHHH B 3aBUCUMOCTH OT TIYOWHBI HUX
snuIreHTpoB. Hamboniee xapaktepHbie pazMepbl 00koB 10kM BmioTh 10 TiryOuHBI 250 KM.
['my6>xe uX pazMepsl yBEITHYUBAIOTCS.

2. B mpenenax BEKOBOTO IMKJIA TPOMCXOIMT IOCTETIEHHAs Mepefaya HaKOTUICHHON
SHEpruu U3 Ooyiee TIyOOKHX CJIOEB 3EMHOIO BEIIECTBA B BEPXHUE CIIOHM, KOTOpBIE
aKTUBU3UPYIOTCS B 3-i1 33-J1eTHUI nepro1 BeKOBOTO Iukia. Hambonee xapakTepHbIe pa3Mephl
6moxoB 10 kM BrutoTh A0 Tiyounsl 250 kM. ['y0ske ux pa3mMepsl yBETHUUBAIOTCS.

3. CymiecTByeT BBICOKas KOPPESIHS CEHCMHUYECKOM aKTHBHOCTH C MpoIleccaMu B
MEXIIAHETHOW Cpefie, KOTOPhIE OIMPEJENIOTCS COJTHEYHON aKTHBHOCTHIO. Hambomnee 3ameTHa
OHa  JUIS 3eMJICTPSICEHUM, MPOUCXOMANMMX Ha TiyomHax Oosee 10-15 kM. MexaHuU3MBI
TeHepaluu 3eMIICTPSCEHHH, Tpoucxoasmue Ha TiyomHax Menee 10-15 kM, ompepenstorcs
JIPYTUMH TIPOLIECCAMH.

Crnucok JiMTepaTypbl

=
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METOJIUKA ITPOTHO3A CUJIBHBIX 3EMJIETPSICEHUI C MATHUTYJIOM
M > 7.6 1 OLIEHKA EE 9®®EKTUBHOCTMU JIJIsI PA3JIMYHBIX PETUOHOB 3EMJIA

APPROACH TO FORECASTING M>7.6 STRONG EARTHQUAKESAND ITS
EFFECTIVENESSIN DIFFERENT REGIONS OF THE EARTH

B.A. llIupoxoel, HO.K. Cepaqbumoc:a2

1 .
Uncmumym eynxanonoeuu u ceticmonocuu /{BO PAH,
2 g .

Kamuamcxuii punuan I'eogpusuueckoii cuyscovr PAH

Studying phase distribution (F;) of lunar tide with a period of T,=18.6 yr. and that for the Hale
solar cycle (F,) at T, = 22 yr. for 1737 — 2007 earthquakes we suggest a new approach to a long-period
forecasting for the strongest earthquakes occurring in different regions of the Earth. Two-dimensional
phase plane (Fi1, F,) revealed statistically significant seismically unsafe windows and a short critical
phase interval of about one and a half year in the Hale cycle epoch of minimum.

Based on this approach we present the long-term forecast to the M>M,, earthquakes in the next 20
years for various regions of the Earth. Retrospective data showed that 89% of the analyzed number of
earthquakes agrees with the forecast. As an example, we show seismically unsafe intervals for the
earthquakes at focal depth up to 100 km: Japan (M¢=7.9): X.2007 — 111.2010; VI11.2024 — X.2028; the
Kurile Islands (M=7.6): V.2012 — V.2015; Kamchatka (M=7.6): X1.2014 — VI1.2017yrs.

In the given unsafe interval (2006) for the Pacific seismic belt, the Hale cycle from X.2006
through 1.2008 yrs. suggested up to six M > 7.6 strong earthquakes. In complete agreement with the
forecast, there were three M = 8.1 — 8.3 earthquakes that occurred in Kuriles in November 2006, and in
Kuriles and Solomon Islands in January and April 2007.

Effectiveness | of the long-term forecasts made on retrospective data exceeds from 2 to 5.9 times
(Aleutian Islands and Kamchatka, respectively) the effectiveness of the random earthquake forecasting

(|0:1).

HccnenoBanus MOCIEAHUX AECATUICTUH TTOKA3bIBAIOT, YTO M3y4YEeHHE €0 IMHAMHYECKIX
MPOIIECCOB M BBISICHEHHE WX MPHYUHHON OOYCIOBIECHHOCTH HEBO3MOXKHO 03 ydera posu
KOCMHUYECKUX (aKTOPOB, TJIABHBIMH U3 KOTOPBIX [UI XapaKTEPHOIO BPEMEHH, MeHee
HECKOJIBKUX JIECATUIICTUH, SBIAIOTCS TpaBUTAIMOHHBIE 1o B cucteme Connue—3emisi—/IyHa, a
TaKXe COJIHEYHAsi aKTUBHOCTb. [Ipemnonokenne o ToM, 4To TEeKTOHUYECKHE MPOLIECCHl BBI3BAHBI,
B KOHEYHOM CYeTe, KOCMHMYECKHMH TPUYMHAMH, HEOJHOKPATHO BBICKA3BIBAIM TE€OJIOTH H
reousuku. Hanbonee Xopomio n3y4eHo BIUSHHE Ha CEHCMHYHOCTh MPUIMBHOTO BO3JICHCTBHSA
rpaBuTaiiioHHBIX mojned Jlynsr u Connna u 1l-netHed cosmHeyHo puTMuku. OAHAKO CBS3b
3eMJICTPSICCHUH ¢ 22-JICTHUM COJIHEYHBIM IIMKJIOM HCCIIEI0BANACh JIMIIb B 0JTHOM padote [1]. B
0030pHOI#t paboTe [8], MOCBAIICHHOW BBISICHEHUIO POJIM KOCMUYECKHX (PAKTOPOB B T€OTEKTOHHKE,
JIeTIaeTCsl BBIBO/I, YTO TEKTOHUYECKHUE TPOLIECCH MPEACTABISIOT cO00i pe3yabTar AeHCTBUS IBYX
Ooyiee WM MEHee PaBHOIEHHBIX ()aKTOPOB — BHYTPEHHEH 3BOIONMU 3€MJIM U KOCMHYECKHX
Bo3zeiictBuii. B pabGore [14] Ha oOcHOBe mmTepaTypHOro o0030pa clelaHa TIOTbITKA B
CXEMAaTUYEeCKOM BHJIE CHHTE3HpPOBATh MPEJACTABICHUS MHOTOYUCIICHHBIX HCCIIeA0BaTeNeil o
MEXaHU3ME CBSI3M MEXAY pa3IMYHBIMH KOCMHUYECKUMH (HaKTOpaMH, CEHCMHYECKUMH H
BYJIKaHUYECKUM TPOIIECCAMH C YIETOM IMPOMEKYTOUYHBIX 3BE€HBEB 3TOH B3aMMOCBSI3H.
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W3BecTHO, YTO CHEKTPhl KOCMHYECKHX (DaKTOPOB IPEICTABJICHBI IIUPOKUM HAOOpPOM
CTPOTO TIEPHUOJMUECKUX U KBAZUIIEPUOAUYECKHX KOMIOHEHT. C TOYKM 3pEHHUs JIOJITOCPOYHOTO
MPOTHO3a2 BPEMEHH BO3HUKHOBEHHSI CHJIBHBIX 3E€MIICTPSICEHMH M M3BEPKCHUH BYJIKAaHOB
MPEJCTaBIseT HWHTEPEC HM3YyYEHHE YYAaCTKOB CIIEKTpa B HMHTEpBaJie TEPHOJIOB OT TojAa 0
HECKOJIBKUX JIECATKOB JIET. DTOMY MHTEpBaIy COOTBETCTBYIOT 1l-netwsis, 22-nerusisi u 80-90-
JICTHSISL TICPHOIMYHOCTH COJIHEUHOH akTHBHOCTH [4]. He MeHee M3BECTEH W JIyHHBIH NPWIUB C
nepuogom T=18.613 r., CBA3aHHBIN C TOJTONEPUOJHUECKIM BPAIIEHUEM Y3JI0B IYHHOW OpOUTHI.
BbIsiBiieHHE CTaTUCTMYECKH 3HAUYMMBIX (PAa30BBIX HWHTEPBAIOB sl HawOoJliee CHUIIBHBIX
3eMJICTPSICEHUH NP HAIMYMHU JIOCTATOYHO JUTMTENBHBIX PSIOB HAOMIOACHUH TaeT BO3MOKHOCTD
OCYIIECTBIIATh UX JIOJTOCPOYHBIH mporHo3 [3, 6, 9-13, 15, 16 u ap.]. HoBusHa Hactosiiei
paboTHI CBsi3aHa, BO-TIEPBBIX, C TEM, UTO BIIEPBBIC JJISI BPEMEHHBIX PSAOB JUTUTEIBHOCTBIO OoJiee
CTa JIET WCCIEAYETCS CBSI3b CHJIBHBIX 3E€MIICTPSACCHHN C 22-JITHUM COJIHEYHBIM ILIUKJIIOM, BO-
BTOPBIX, Ha OCHOBE pa3padOTaHHON METOJMKH TIPOBENIEH COBMECTHBIM aHaIN3 CBS3H
3eMJICTPSICCHUN Pa3IMYHBIX PETHOHOB 3emuid ¢ 19-eTHUM JIyHHBIM U 22-JIeTHUM XDHITOBCKUM
IIUKIIOM CMEHBI MOJIIPHOCTH BEIYLIUX T'PYII COTHEYHBIX MATeH. OCHOBHAS LIEJb MCCIIeIOBAHUS
COCTOUT B COCTABJICHUH JIOJITOCPOYHOTO TMPOTHO3a HAanboJIee CHIIbHBIX 3€MIICTPSCEHHUH U OLIEHKE
ero 3(h(heKTUBHOCTH /ISl pa3IMYHBIX PETHOHOB THXOOKEaHCKOTO CEHCMHUYECKOTO TOsCa.

Hcxoonvie Oannvie u ucnonibvzyemvie napamempol

B pabore wuccnemyercs 3aBUCHMOCTh paclpelelieHus] MOMEHTOB BO3HHUKHOBEHUS
HanboJiee CHIIBHBIX 3eMJIETPSICEHUI B CEMHU perHoHax THXOOKEaHCKOTO CEHCMHUYECKOro mosica
oT (a3pl IBYX AONTONEPHOAMUYECKHX IUKIOB. MPHIMBHOTO JIyHHOTO ¢ mepuojaom T1=18.613
rojia M COJIHEYHOTO XdSHIOBCKOTO CO CPEJHHM 3a IOCIEAHHE TPHU BEKa 3HAYCHHEM IEpHoia
T,=21.8 roma. JImuTensHOCTh JYHHOTO IUKIa Ti1 B COBPEMEHHYIO 3I0XY MPAKTUYCCKH HE
Mmensiercs. Ilpu pacdere ¢aspl JIYHHOTO IHKIJIA YCIOBHO MPHUHATO, YTO €€ HYJIEBbIE 3HAYCHHS
COOTBETCTBYIOT  3IOXaM MaKCHUMAaJIbHOTO
ckionenus Jlyns [14]. B omimune OT JIyHHOTO
[UKIA, JUIATEIBHOCTh TaK Ha3bIBAEMOro 22-
JIETHErO0  COJIHEYHOTrO  XOHJIOBCKOTO  IMKJIA
HEPEryIIPHO MEHSIETCS B JIOBOJIBHO HIMPOKHX
npenenax.  [lepBele  TpeAnoyioKeHUs O
CYIIIECTBOBAaHUM 22-JICTHETO IUKIIA COJTHEUHBIX
maTeH ObUIM clenaHbl B KOoHIE 19-ro Beka
Bonwsdom, HO e nocie oTkpeitus B 1913 r.
XOUIIOM  3aKOHA  M3MEHEHHs  IOJISIPHOCTH
MarHUTHBIX XapaKTePUCTUK Counnna,
peaTbHOCTh BBIJCNIECHHS 3TOTO LUKJIA MOJIy4YHIIa
HaJIe)KHOE (u3rueckoe 00ocHOBaHuE [4].

JnutenbHOCTh  XOWUJIOBCKUX — ITUKIIOB
XapaKTepu3yercs OOJBIICH yCTONYHUBOCTHIO,
ecli 3a WX Hayajuo OpaTh a3kl MUHUMYMOB
yeTHbIX 11-meTHUX 1MKIOB [4], 4TO HamMu H
CIeNaHO TpU JANbHEHIIUX pacueTax. DMOXH

Puc.l. Cxema PacCIIOIOKECHUSA UCCIIEAYEMbBIX MI/IHI/IMyMOB IIUKJIOB Xaﬁﬂa B3ATHl 10 JaHHBIM
perI/IOHOB TI/IXOOKeaHCKOFO CeﬁCMquCKOFO (ftD//ftD nqdc noaa. qov/S'I' P/SOLA R DATA/S
nosica: | — Kamuartka, || — Kypunbckue UNSPOT NUMBERS/). Tl yo6eTBa
octpona, Il — SAnonus, IV — Aneyrckue

nanbHeHIe paboTel  XOMIOBCKMM  IUKIIAM
HaMU MPUCBOEHBI NMOPsiikoBbie HoMepa NeNe 1,
2, 3,4, ..., 14, saunHasg ¢ LUKIA, HAYaBIIETOCS
B omoxy 1723.5 r. Oyepennas smoxa MUHUMyMa
14-ro nwmkna Xoina JOJDKHA TPEANONIOKUTENFHO HACTYNHTH BO BTOpoM momyroauu 2007 r.
(http://sidc.oma.be/html/sidc_graphics.html.).

octposa, V — dwmnnuHckre octposa, VI —o.
Hosas 'Bunes, VIl — o-Ba Hosbie ['eOpupr.
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[MpuBenem maHHBIE 00 WCIIOH30BABIIMXCS KaTaloraXx 3eMIIETPSICEHUN Ui CeMU
pernoHoB TuxookeaHCckoro ceiicmuueckoro mnosica: Kamuarka, Kypunbckue octpoBa, AnonHus,
Aneyrckue octpoBa, OumunmuHCcKHe ocTpoBa, 0. HoBas ['Bunes u o-Ba Hosbie ['eOpunsr. s
BCEX pEruoHOB, Kpome KamuaTku, BBIOOpKa 3eMIICTPSICEHWI MPOBOMIIACE M3 KaTalora
Significant Worldwide Earthquakes (NOAA), koTopslii comepxkut coobiTus ¢ 2150 r. 10 H.3. 10
1994 r. Beibopku gomnosHsuinch coositusiMu u3 katagora USGS/NEIC (PDE), Bkirouaroriero
cooeituss ¢ 1973 1. mo Hacrosmee Bpems (http:/neic.usgs.gov/neis/epic/epic_rect.html).

[Ipennonaraercs, uro 3a nocienuue 130 neT kataaor SBISeTCS JOCTATOYHO HPEACTABUTEILHBIM
JUISL BCEX PErHOHOB JUIs COOBITHI ¢ MarHuTynoit M > 7.5. Pernonsl npencrabiieHs! Ha puc.l.

Jlji1 KaM4yaTCKOT0 pervoHa 3a OCHOBY B3SIT KaTaJlOT CHJIbHBIX 3emieTpsiceHuil Kamuatku
B IIIKaJIe MOMEHTHBIX MaruutyJ ¢ 1737 rona no gaHubeM [5, 7]. Kartanor Brimodaer 25 coObITHI
[17]. Inst Bcex ceMu perMoHOB 00IIee YHCIIO aHATM3UPOBABIINXCS 3eMIICTPSICEHHI paBHO 175.

Memoouka ananuza OaHHBIX U pe3yibmamaol

JInist BBISIBJICHUS CBSI3M 3€MJICTPSICEHUI ¢ KocMHuueckuMu (akropamu B [17] mpemiokena
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~
©
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asbl 22-neTHero XannoBCckoro yukna
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0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

(hasbl 19-neTHero NyHHOro Lukna

Puc.2.  PacmpeneneHne — KaM4aTCKUX — 3eMJICTPSICCHUH B
3aBHCUMOCTH OT (a3 JTyHHOTrO M XOHIIOBCKOTO HUKIIOB 32 MEPHUOJ
1737-2007 r.r. CBetiible KPY>KKH COOTBETCTBYIOT 3eMJIETPACEHHIM
¢ M = 7.5, yepHbie KpyKKu — coObITUsIM ¢ M > 7.6. HaknoHHbIMH
JUHUASMHU TI0Ka3aHbl (ha30BbIe TPAeKTOPWUH, HOMEpa KOTOPBIX
WJEHTUYHBI HOMepaM X3UIOBCKUX HUKIIOB. XKUpHOM MyHKTHPHON
JIMHUEW TOKa3aH rurnotrerndeckuil XoumoBckuid mukn Ne 14. [{ns
coObITHI ¢ M > 7.6 onnHapHOW MITPUXOBKOW BBIJIENIEHBI "' OMacHbIE
¢azoBble okHa'", COOTBETCTBYIOIINE pernoHaIbHOMY
CEIUCMUYECKOMY OTKJIMKY, JBOMHOW IUTPUXOBKOW  BBIAEIEH
"omacHbIi" (pa30BBIN HHTEPBA, COOTBETCTBYIOUINH TIAHETAPHOMY
celicMIUecKOMY OTKIHKY. [losicHeH sl B TEKCTe.

METOJMKa, OCHOBaHHas  Ha
cienyromeM. Bo-mepBsIx, A
KaXJI0TO 3eMJIETPSICEHUS
PacCUUTHIBAIOTCS 3HAYECHUS
¢a3er @1 mynHOTO MpHIMBa T1 1
¢da3zer @, XoOUIOBCKOTO MUKIIA
T>. Bo-BTOpPBIX, HA ABYMEPHOU
dazoBoit minockoctu (D1, D»)
cTpositcs (pa30BbIE TPACKTOPHUH,
C UENbI0 TPUBA3KH K HHUM
CEMCMUUECKUX COOBITHIA,
0003HAYEHHBIX HAMU B BHIE

kpyxkkoB (puc. 2, 3). B-
TPEThHX, HCCIIETYIOTCS
0COOEHHOCTH JBYMEpPHOTO
pacnpeneneHust MOMEHTOB

BO3HUKHOBCHHUA SGMHeTpHCCHI/Iﬁ
Ha (azoBoii twiockoctH (P,

D,). Oxapaxkrepuzyem
METOJMYECKU  TOAXOJ  Ha
npuMepe Kamuartku.

Pacripenencuame 25
3emierpsacennii Kamuatku Ha
dazoBoit miockoctu (D1, D»)
MPUBEJICHO Ha pUC. 2. 371ECh Ke
B BHJE  TNPAMBIX  JIHHUH
MIPOBE/ICHBI ¢azoBbie
TPaeKTOPHH, HOMEpa KOTOPBIX
COOTBETCTBYIOT HOMepaM 22-
JIETHUX IIUKJIOB. Kaxnas
TPaeKTOpHsS  HA4YMHACTCS  C
HyNeBOH ¢a3bl nmukia Xodiia u
3aKaHYMBAETCSA HYJIEeBOU (hazoit
CIIEAYIOIMIETO  TI0  BpPEMEHH
mukna. 3a 280 mpeapiaymiux
TeT dazoBas TUIOCKOCTh
3aroJiHeHa TPaeKTOPUIMHU
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MOYTH paBHOMEpHO. B 3TOM cioydae MOXKHO TPEANONIOXKUTE, YTO TIPH CIy4ailHOM
BO3HUKHOBEHUHU 3EMJICTPSCEHHI OHHU pacrpenenarcss Ha (a3oBOH IJIOCKOCTH JIOCTaTOYHO
paBHOMepHO. Jlanee aHanu3 pacrpenencHus Ha (a3oBoit miockoctu (D1, D) mpoBoAUTCS MO
"Metony da3zoBsix Tpackropuit" (M®DT), Gonee nonHO onrcanHoMy B [17].

Kak 6b110 moka3ano panee [6, 15, 18], Haubosiee CHiIbHbIC KAMYATCKHAE 3eMJICTPSICEHUS C
M > 7.6, SnHIEHTPBl KOTOPBIX PacIojoXeHbl iokHee 57.0° c.ai., mpuypoyYeHbl K JABYM Y3KUM
uHTepBaiaM ¢a3 myHHoro mpuiuBa 18.613 r. ¢ AMUTETHHOCTHIO (PA30BBIX MHTEPBAJIOB OKOJIO
JBYX JIeT. DTO OTUETIMBO BUIHO Ha puC. 2, Te Bce 14 cobbitmii ¢ M > 7.6, 0003HaYCHHBIS
YEepPHBIMH KPY)KKaMH, MPOU30ILIH B IBYX (azoBbix okHax (@1 = 0.12-0.24 u ®; = 0.47-0.58)
mmTenbHOCThI0 2.23 1 2.05 rona. ['unore3a 0 paBHOMEPHOCTH paCIpeIeIICHHS 3eMIICTPSICCHUIM
B TIpefesiax JYHHOTO LUKJIa MO OMHOMHAIBLHOMY KPHUTEPHUIO OTBEPraeTcs C YPOBHEM JOBEPHS
oonee 0.99 [2]. 3emserpsicenuss ¢ M = 7.5, 00o3HaueHHBIC CBETIBIMU KPY)KKaMH, 3TOU
CTAaTHCTUYECKU 3HAYMMOW 3aKOHOMEPHOCTH He moauuHsroTcs. C ypoBHeM noBepus Ooiee 0.95
OTBEpraeTcs TaKKe THUIOTe3a O PAaBHOMEPHOM pacmpeieieHun coobitnii ¢ M > 7.6 o ¢azam
XoitnoBckoro nukia. 12 semnerpsicennii u3 14 npuypodens! k uaTepBaiy daz @, = 0.31-0.73.

Pacnipenenenue coOwiTuii ¢ M > 7.6 Ha (a30BOM IIOCKOCTH SIBIISIETCS HEPABHOMEPHBIM
(puc.2). Beigensirorest [Be 001aCTH TIepecedeHus 0JTHOM akTUBHOM (ha3bl XOHIIOBCKOTO ITUKIIA C
JBYMSI aKTHBHBIMU (pa3aMH JTYHHOTO IMKJIAa. DTH JjBa "OMacHBIX OKHA" 3alITpUXOBaHbL. [ nmoresa
O PaBHOMEPHOM pacIpeleeHnn coObITui ¢ M > 7.6 Ha ($a30BOM TIIOCKOCTH OTBEPraercs C
ypoBHeM noBepust 6onee 0.99. Takum oOpa3om, Ut KaMYaTCKUX 3eMieTpsiceHnii ¢ M > 7.6 3a
noutrt 300 ner HaOMrONEHWH CeWCMUYECKUH OTKIMK Ha M3MEHEeHHs (a3 IBYX KOCMHUYECKUX
PUTMOB OKa3aJICs B OTNPENICIIEHHOM CMBICTIE IE€TEPMUHHPOBAHHBIM. Pacu€Thl MOKa3bIBAIOT, YTO B
"OmacHbIX OKHaX" BEPOSTHOCTh BOSHHUKHOBEHHS 3eMJICTPSCEHHI Ha 2 MOpsIKA BBIIIE, YEM BHE
3THUX OKOH.

006 " onacnout” ¢paze yukna Xziina ona Tuxookeanckozo celucmuueckozo nosaca

IIpu ananu3e Bceil COBOKYIIHOCTH JIAHHBIX JUIS UCCIEAYEMBIX PETHOHOB THXOOKEaHCKOTO
CeiCMUYECKOTO Tosica OOHApYKEHO, YTO B OKPECTHOCTH MHUHMMYMOB 22-JIETHHX ILHMKIOB B
¢azoBom oxHe Py = 0.90-1.0-0.10, ciMMETPpUYHOM OTHOCHUTEIHHO AIIOX MUHUMYMOB, C YPOBHEM
nosepust 6osiee 0.95 BeIAEsIETCS CTATHCTUYECKN 3HAYMMBIN (DazoBbiid nHTEpBan @, = 0.95-0.01
JUTMTEHHOCTRIO B cpefHeM 16 mecsmeB. B aTom y3kom "omacHoM" MHTEpBale, 3aHMMAOIIEM
okoso 33% oOmieit Turomamu paccMarpuBaeMoro (a3oBoro OkHa, oTMeueHO 24 "TiIaBHBIX"
semierpsicennii w3 33. K "rmaBHBIM"  COOBITHSIM OyfeM OTHOCHUTH 3€MIIETPSICEHHS
COOTBETCTBYIOLIMX MAarHMTYJ, 1O KOTOPHIM BBIAETSIOTCA "omacHble OKHA". D(h(HeKTUBHOCTH
IIPOTHO3a  3E€MIJICTPSICEHUM  JUIA  BBIACIECHHOrO  XOWUJIOBCKOIO  MHTEPBAJa  COCTAaBIIACT
1=(24/33)/0.33 = 2.2.

B pabote [17] caenan BBIBOJ, YTO BBISBICHHBIN d(PPEKT UMEET IUIAHETAPHYIO PUPOY,
MO3TOMY B YKa3aHHOM WHTEpBaJie 3HAYUMO IIOBBIIIEHA BEPOSITHOCTh BO3HUKHOBEHHS
3emyerpsiceHuiit M >7.6 B TuxookeaHCckoM ceiicMuueckoM mosice. Eciu mpuHATH, YTO 3M0Xa
MUHUMYMa CJIEIyIOIEro IMKJIa HavyHeTcss B cepenuHe BToporo mnomyroaus 2007 r.
(http://sidc.oma.be/html/sidc_graphics.html.), To B uaTepBane oktsi0ps 2006—suBaps 2008 rT. B
TuxookeaHCKOM TOsIce MOXKHO ObLIO 0XUIaTh 2-6 3emuerpsicernii ¢ M >7.6. B cooTBeTcTBHU CO
cnenannoi B 2006 r. onenkoit [17], mpousoruu 3emitetpsicenust ¢ M=8.1 - 8.3 B Hostope 2006 u
suBape 2007 r.r. Ha Kypunbckux octpoBax u B anpesnie 2007 r. Ha COJJOMOHOBBIX OCTPOBAX.

Paccuntaem 3¢ ¢exTHBHOCTH | MpemIokeHHOW METOAMKH MPOTHO3a JUISl KaKIOro W3
CEMH PErHOHOB IO PETPOCIIEKTHBHBIM JaHHBIM. Benmmumna | paBHa otHOmeHUIO 10T (Drpor)
COOTBETCTBYIOIINX MPOTHO3Y "TaBHBIX " 3eMuieTpsiceHUi (Nppor) OT MX obrero xoimgectsa N
no7e (Somac) TUIOMAAM "OMacHBIX" OKOH M "omacHbIX' (ha30BBIX MHTEPBAIOB B IUKJIEC XOdiia
OTHOCHUTEINIBHO MPHUHATOM 3a eqUHUILY 00mIei miomanu ¢aszosoro kBaapata (1, ©y). Mcxoausie
JaHHBIE 11 OlleHOK | mpuBeneHsl B Tabmuue 1. CoryacHo pacueraM, BeIUUHHA Dppor MEHSETCS
ot 78% (o-Ba Hossre I'eopusr) 1o 100% (Kamuatka). Bemmunna | = Diyypor/ Sonac MeHsteTCS OT 2.0
(Aneyrckue o-Ba) no 5.9 (Kamuarka).
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Ha ocHoBe puc. 2 u 3 10OCTaTOYHO MPOCTO JMATHOCTUPYIOTCS WHTEPBAIBI BPEMEHH,
COOTBETCTBYIOIIME TpaccaMm MPOXOXKIeHUS (PAa3oBBIX TpaeKTOpHil depe3 "omacHbie" OKHA U
¢a3oBbie MHTEpBaJIBL. ECIU MPUHATH, YTO 3M0Xa MHUHHMYyMa CIEAYIOMIETO LUKIAa HAaYHETCS B
cepenure BToporo mosryroaus 2007 ., a mmurensHOCTh mukina Xouna Neld cocrasut ~21 ron
(cpennee 3nauenuwe 3a mocieanue 100 5eT), MOXKHO paccyMTaTh BPEMEHHBIC WHTEPBAJbI, B
KOTOPBIX OXHJIAIOTCS "TJIaBHBIE" 3€MIIETPACEHUS IS KaXJIO0TO peruoHa. Bo3MoxHBIE OIIMOKH
oTpeneNieHusl TpaHull "onacHbIX" MHTEpBaJOB BpeMeHH B 80% ciryuaeB He MPEBBICAT IIECTh
MecsleB. [loirocpouyHslii MPOTrHO3 BpPEMEHM BO3HUKHOBEHHUS 'TJABHBIX 3€MIIETPSICEHMH B
KaxaoM u3 pernoHoB Ha nepuoa 2007- 2027 r.r. npencrasned B Tabmuue 2. Ilocne Toro, kak
CTaHET W3BECTHO peajlbHOE BpeMsi DJIOXHM MUHMUMyMa XdiioBckoro mukiaa Ne 14,
MIPOTHOCTUYECKHE OIICHKH JIOJDKHBI OBITh CKOPPEKTHPOBaHbl. Ha OCHOBaHMM JaHHBIX TaOIHIIbI 2
crexyer, uro B Omwkaiiimme 20 et B paccMaTprBaeMbIX PErmoHax UIMTENBHOCTH “OMacHBIX"
MHTEPBAIOB B DPA3JIMYHBIX permoHax Mensercs oT 3.6 ner ans Kamuatku no 8.8 mer s
OUITUIIIUHCKUX OCTPOBOB.

a
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Puc.3. Pacnipenenenue celicMuueckux cOOBITHH B 3aBUCHMOCTH OT (pa3 TyHHOTO U XOHIOBCKOTO IIHKJIOB!
a) s AnmeyTckux ocTpoBoB 3a mepuo 1849 - 2006 rr.; 6) mis Kypribckux ocTpoBoB 3a meproa 1780 —
2007 rr.; 6) wis Snonun 3a nepuon 1894 - 2006 rr.; ¢) wis OuIMNIUHCKUX OCTPOBOB 3a nepuoxa 1897-
2002 rr.; 0) mist 0. Hosast I'Bunest 3a mepuoa 1899-2004 rr.; e) mist o-8oB Hossie I'eOpuinl 3a miepro
1900-2002 rr. Ceerible KpyXKH - coObiTHsi ¢ M = 7.5, TemMHbIe KpyKKH — coObiTust ¢ M > 7.6 (s
Snonun M > 7.9, nns Owmunmua M > 7.8). HakinoHHBIME JIMHUSIME TIOKa3aHbI (a30Bbie TPACKTOPHH,
HOMepa KOTOPBbIX HWJASHTUYHBI HOMEpaM Xd3WUJIOBCKMX HUKIOB. JKUpHOW MyHKTHPHOM JIMHHEW MOKazaH
runorerndeckuii Xainopckuit muka Ne 14. Jlns coOwituii ¢ M > 7.6 oguHapHON IITPUXOBKOM BBIICICHBI
"omacHbele (a3oBble OKHA", COOTBETCTBYIOIINE PErHOHAJbHOMY CEHCMHUYECKOMY OTKJIHKY, JABOWHOH
IITPUXOBKOM  BBIJIEIECH  "omacHbIM"  (a30BbI  WHTEpBaJ, COOTBETCTBYIOUIMM  IUIAHETAPHOMY
celicMIUecKOMY OTKIHKY. [losicHeH sl B TEKCTe.

Tabmuna 1. Ouenka >pQpeKTHBHOCTH | TMPOrHO3a 3eMIIETpsICeHUN 1Mo "MeToay (ha30BbIX
TPaeKTOPUM" JUIsl CEMU PETUOHOB THUXOOKEAHCKOTO CEHCMUYECKOTO Tosica

XapakTepucTruKa BHIOOPKH Yncno [Tnomans
3eMJIETPSCEHUI Yucmo | CrporHosu- OEESII:I;IIX OddexTuBHOCTH
Peruon [Tepuon 3eMIIETPS- | POBAHHBIX (bazosbIx MIPOTHO3a,
Marnntyna | nabmonernii, | cenmit, N | sewnerpsi- | = =" | 1=(N/N)/Sonae
TOJIbI CeHHﬁ, N]_ Spo ’
nac

Kamuatka Mw> 7.6 1737-2006 14 14 0.17 29
Kypuscxne M >7.6 1780-2006 20 19 0.35 2.7
0CTpOBa
Snonus M>79 1894-2006 20 17 0.28 3.0
Aneyrcie M>76 | 1849-2006 21 18 0.43 20
0CTpOBa
Oummmimckne |\ g 1897-2002 17 16 0.35 2.7
0CTpOBa
o. Hosaz M >76 1899-2004 14 12 0.22 3.9
I'Bunes
o-Ba Hosble M>76 1900-2002 18 14 0.25 31
I'eOpuap
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Tabmuua 2. JIonrocpoyHblii MPOTHO3 BPEMEHU M MAarHUTYAbI 3€MJIETPSICEHUH IS CeMH
pernoHoB THXoOKeaHCKOTo ceificMuueckoro nosica Ha Oommkaimue 20 ner (01.2007 — 12.2026

r.r.)
ITapamerpsl Iporuosa
Pernon
Marnutyna I'ny6una, kM | BpemenHoii nHTepBa
Aneyresai, Kyputscxien M=76
yrexue, Syp (SInomus - M > 7.9), 0-100 1.2007 —1.2008
@dununmuHckue ocTposa, 0. HoBas
(Oununmunb - M > 7.8)
I'sunes, o-Ba Hobie 'eOpu s
KamyaTka Mw=>7.6 0-100 | XI.2014 -VI11.2017
Kypunsckue octpoBa M=>7.6 0-100 | V.2012-V.2015
X.2007 —111.2010;
Snonus M=>79 0-100 VI1.2024 — X.2028
X11.2012 —1V.2014;
AJleyTcKHe 0CTpOBa M>7.6 0-100 XI11.2020 — V11.2023
11.2008 — V111.2011;
OUIKITTUHCKUE OCTPOBA M>78 0-100 | VII.2015-X.2017;
1X.2026 — X.2028
VI111.2011 —X.2012;
0. Hoas I'Bunes M>7.6 0-100 111.2020 — V1112022
0-Ba HoBeie ['eOpuabt M>7.6 0-100 | VI.2014-V.2018

[Mpumeuanue. B nepuon X11.2006 —1.2008 rr. oxugaercs ot ABYX 10 mect 3emierpsicenuii. Ha Kamuarke
BEPOSATHOCTH BOSHUKHOBEHHS 3€MJIETPSCEHUI B 3TOT IIEPHOJ] IPAKTUIECKH PaBHA HYJIIO.
[Tporuo3 cocrasiieH B MPEANIOIOKEHHUH, YTO 3TI0Xa MUHIMYyMa ouepenHoro nukiia Xoina Ne 14 coorBercTByeT
cepenune Bropoii nomoBuHb! 2007 1. Eciin 9Ta olleHKa M3MEHHUTCS, IPOrHO3 OYyJeT CKOPPEKTHPOBaH.

Buwvieoowr

Pazpaborana MeToaMKa IOJTOCPOYHOTO TPOTHO3Aa 3EMIIETPSICEHWH, OCHOBaHHAas Ha
COBMECTHOM aHAJIM3€ BIMSHUS HA CEHMCMUYHOCTb 22-JETHHUX COJIHEYHBIX IUKIOB Xdiia H
JTyHHOTO TipuiuBa ¢ epuojiom 18.613 r. mo manHeM HabmoaeHMIT 3a 1737 — 2006 ..

Jnst ceMu pernoHOB THXOOKEaHCKOTO CEWCMHYECKOTO Tosica JTaH MPOTHO3 CHIIBHBIX
3emyieTpsicenuii ¢ M>7.6 na nepuoy 2007-2016 r.r., u caenaHbl OLEHKH ero 3(deKkTHBHOCTH TIO

PETPOCIICKTHUBHBIM JaAHHBIM.

Pabora BeimonHena B pamkax rpanta IBO PAH 06 111 A—08-336.

Crnucok JiMTepaTypbl

Bapnsesa T.B., Mopozosa A.JL., [lynoskun M.U. Brnusiane kocMudecknx (akTopoB Ha pa3BUTHE
semierpscennit // ['eopusmueckue MeTOIbl HCCIENOBaHM 3emMian W Heap. Matepuansl
MexyHapoJHOH HaydHO-TTPAKTUYECKOW KOH(EPEHIIMU MOJOIBIX YUYEHBIX M CHEIHAIMCTOB
"T'eopuzuxa-99", Canxr-IlerepOypr, 9-12 HosOps 1999 r. M. 2000. C. 8-19.

Bonbmer JI.H., CmupaoB H.B. Tabmuiel MmatemaTudeckoit cratuctuku. — M.: Hayka, 1965. —
464 c.

Bysesnu A.B. ComHeuHast akTHBHOCTh U ceicMuuHocTh Ha Kamuartke // Coopuuk mokiamos |11
MEXKTyHapOHOW KoH(pepeHIuH "COIHEYHO-3EMHbBIC CBSA3U U JICKTPOMATHUTHBIC MPEIBECTHUKU
semietpsicennii”, . [lapatynka, 16-21 aBrycra 2004 r. (http://www.kcs.iks.ru/ikir).

Butnnckuii FO.W. LIUKITUYHOCT M IPOTHO3BI COTHEUHOM akTuBHOCTH. — JI.: 1973. — 257 c.

I'yceB A.A. Cxema oudaroBbIX 30H CHJIBHBIX 3emileTpsiceHuit KamuyaTky 3a WHCTpyMEHTaJbHBIN
nepuon // KomruiekcHbie celicMONIOTHUeCKHe W Treopu3uyecKkue uccienaoBanus KamuaTku.
[Nerponasnosck-Kamuarckuii. 2004. C. 75-80.

I'yceB A.A., Tleryxun A.I'. O BO3MOXHON CHHXPOHM3ALMHN CHUJIBHBIX 3€MIIETPSICEHUN JIYHHBIM
18.6-7eTHUM HHUKIIOM, €ro JOIMIMHU U KpatHbiMu // Bynkanosorus u ceiicmomorus. 1997. Ne 3. C.
64-79.



http://www.kcs.iks.ru/ikir

10.

11.

12.

13.

14.

15.

16.

17.

18.

489

I'yce A.A., ymununa JI.C. IloBTOpsieMOCTh CHIIBHBIX 3emiieTpsaceHuil KamuaTky B mikane
MOMeHTHbIX MarHuTy[ // @usnka 3emin. 2004. Ne 3. C. 34-42.

Kponorkun I1.H. Bo3amokHast poib kocMu4eckux (hakTopoB B reoTektoHuke // I'eoTekToHHKa.
1970. Ne 2. C. 30-76.

Jlamakun B.B. O neproanunoctu 6aiikanbckux 3emnerpsicenuit // JJAH CCCP. 1966. T. 170. Ne
2.C. 210-213.

Cepagpumona FO0.K. O cBs3u cwisHbix (My > 7.5) 3emnerpsicennii KaM4aTKH ¢ CONHEUHOM
akTuBHOCTBIO // T'eopmsmueckuit mMonutopuHr Kamuatku. Matepuanibl Hay4HO-TEXHHUYECKON
koH(pepenumu 17-18 suBaps 2006 r., 1. IlerpomaBnoBck-Kamuarckuii. IlerpomnaBioBck-
Kamuarckuii: "Otruck”, 2006. C. 171-177.

Corrunckuii A.J[. O 3aBucHMMOCTH TJI00aIbHONH M PErMOHALHONW CEHCMUYHOCTH 3eMJTH OT (ha3bl
11-neruero mukna conueunoit aktuBHoctH // Jlokia. AH CCCP. 1982. T. 265. Ne 6. C. 1350-1353.
Coituackmii A.Jl. O CBSI3M 3eMJIETPSCEHUH C COJHEYHOH akTHBHOCTHIO // dusmnka 3emiu. 1989.
Ne 2. C. 13-30.

Coituackmii A.JI. O CBsI3M 3eMJIETPSCEHUH C COJHEYHOH aKTHBHOCTHIO // Dusmnka 3emiu. 1991.
Ne 3. C. 110-112.

upokoB B.A. BausiHne kocMuyecknx (aKTOPOB Ha TeOIMHAMHYECKYIO OOCTaHOBKY U ee
JIONITOCPOUHBI MPOTHO3 VISl CEBEpPO-3amaHOl 4acTh THXOOKEAHCKOW TEKTOHHYECKOW 30HbBI //
Bynkanusm u reonunamuka. — M.: Hayka, 1977. C. 103-115.

upokoB B.A. Brnusaue 19-merHero JIyHHOro MpWIMBA Ha BO3HUKHOBEHHE OOJBIINX
KaMUYaTCKUX M3BEPXKEHHI M 3eMJICTPSCEHUI M MX JONTOoCpouHblii mporuo3 // I'eonoruyeckue u
reodusnueckue naHHbie 0 bonbmomM Tpenmpnaom TonbaunackoMm u3Bep:kenun 1975-1976 rr. —
M.: Hayka, 1978. C. 164-170.

[IupoxkoB B.A. OnelT KpaTKOCPOYHOIO MPOTHO3a BPEMEHH, MecTa W CHUJIBl KaM4aTCKHX
3emuietpsiceanii 1996-2000 rr. ¢ marautynoii M = 6-7.8 1o KOMIUIEKCY CEHCMONIOTHYECKUX
nanHbiXx // Teomunamuka u ByikanusMm Kypuino-Kamuatckoilt ocTpoBOAYKHOH CHCTEMBbI. —
[erpomnasnorck-Kamuarckumii. 2001. C. 95-116.

upokos B.A, Cepadumona H0.K. O cBszu 19-netHero nyHHOro u 22-I€THEr0 COJIHEYHOT'O
LMKJIOB C CHUJIbHBIMU 3€MJIETPSACEHHUSIMU W JOITOCPOUHBIM CEMCMHYECKHUUA MPOTHO3 UISI CEBEPO-
3amaHoi yactu Tuxookeanckoro nosica // Becrank KPAYHII. Hayku o 3emite. 2006. No2. Boim.
Ne8. C. 120-133.

upokos B.A., IllupoxoBa H.B. O mpobiemax celcCMHUYECKOro pHUCKa W KpPaTKOCPOUHOTO

NpOrHo3a CHIbHbIX 3emierpsicennii Kamuartku // Bonpocs reorpadun Kamuatku. 2005. Ne 11. C.
44-55.



385

CYTOUYHAS 3ABUCAMOCTH BO3SMYIIEHU B CIIOPAJIMYECKOM CJIOE Es
NOHOC®EPBHI B CBA3HU C BEEMJUIETPACEHUAMUN 110 MATEPUAJIAM
CTAHIIAM BEPTUKAJIBHOI' O 30HIAPOBAHUS «IIETPOIMABJIOBCK-
KAMYATCKHH» U «<KOKYBYHXH» (TOKHO)

DIURNAL DEPENDANCE OF PERTURBATIONSIN SPORADIC ESLAYER OF THE
IONOSPHERE IN CONNECTION WITH EARTHQUAKES ON THE DATA OF
“PETROPAVLOVSK-KAMCHATSKIY” AND “KOKUBUNJI” (TOKYO) VERTICAL
SOUNDING STATIONS

E.B. JIunepoecxaﬂl, B.B. Bozdauoez, M.B. PO()KuH?’,I( -B. Meﬁcmep4,
H.9. Bacunvesa ', A.B. Onughupoes >

1
Hnemumym ¢uzuru 3emau PAH,
2 y
Uncmumym xocmouzuueckux ucciedosanuii u pacnpocmpatenus paouosonn J{BO PAH,
3 .
Teoguzuueckuii [Jenmp PAH,
4 .
Acmpoghuzuueckuti uncmumym, Ilomcoam, I'epmanus
5 o
D3uueckuti paxyromem MI'Y um. M.B. Jlomonocosa

Turbulization in the sporadic Es layer is analyzed in connection to earthquakes. The foEs
frequency does not characterize the maximal ionization density of the layer, as critical frequencies of
regular layers, but characterizes small-scale (tens of meters) irregularities of plasma density in Es-layer.
The maximal ionization density of Es- layer is proportional to (fbEs)?, where fbEs is the characteristic
frequency of semi - transparency of Es- layer. The analysis shows that at sunset and sunrise hours three
days before earthquakes the coefficient of semi - transparency Q=(foEs-fbEs)/fbEs, which characterizes
small scale turbulization in E-region, increases. Analogous results are obtained using the data of
«Petropavliovsk_Kamchatsky» and «Tokyos.vertical sounding stations

Es-spread occurrence, which characterizes large-scale (hundred of meters) turbulization in E-
region, is analyzed using the 15-minutes data of «Petropaviovsk_Kamchatsky». The analysis shows that
Es-spread occurrence increases in the pre-midnight hours three days before earthquakes.

BBenenune

K Hacrosimemy BpeMEHH DKCIIEPUMEHTAJIBbHO YCTaHOBJICHO, YTO 3a HECKOJIBKO JHEH JI0
3eMJICTPSICCHUH Ha pa3HBIX BBICOTAX, M, COOTBETCTBEHHO, B PAa3HBIX 00JACTAX HOHOCHEPHI
HAOJIIOMAIOTCS  BO3BMYIIEHHS, KOTOpbIE MOXKHO CBfi3aTh C MpOIECCaMH  MOJATOTOBKH
3emyieTpsiceHnit. OKka3anock, 4To ceiicMOMOHOC(EpHBIE BO3MYIIEHUSI ¢ OOJbIIEH BEPOSTHOCTHIO
BO3HUKAIOT B OIIPE/IEIICHHOE BpeMs CyTOK. J[JIsl BBISIBJICHUS MEXaHU3MOB CEHCMOMOHOC(HEPHOM
CBSI3M  OCOOEHHO BAaXXHO  KOMIUIEKCHOE  HCCIEIOBAaHME  OJHOBPEMEHHBIX  BapHalUl
AIIEKTPOMATrHUTHBIX, HOHOC(EPHBIX U JAPYruxX mapameTrpoB. Cpean MOHOC(HEPHBIX MapaMeTpoB,
U3y4aBIIUXCS B CBSI3U C 3EMIICTPSICEHHUSIMH, €CTh PEryisipHbie, Takue kak foF2, foE, a ectb
napaMeTphl, XapaKTepU3YIOIue HeperylsipHble TypOyJIeHTHbIe mporecchl. K Takum oTHOCATCH,
B uwacTtHOCTH, F-pacccesnue, ES paccesnne wu Tak Ha3siBaeMblii  Kod(DdUIIHEHT
MIOJIYIIPO3PAYHOCTH CIIOPATUYECKOTO CIIOS.

Heckonpko AecaTuineTnii Tomy Hazaj] uccieloBaHHe TYpOYIEHTHBIX d(PQEKTOB B CBS3U C
MpoIeccaMu  MOATOTOBKH 3EMIIETPSICEHHI CYHMTAIOCh OYEHb OOJBINON JK30THKOW, HO B
mociieIHue ropl  okaszanoch [6, 10, 12, 13], uro unoHochepHas TypOyIeHTHOCTh U3MECHSETCS B
CBSI3U C TpoIleccaMH TOATOTOBKU 3eMileTpsiceHuil. B 3Toii pabote MBI 0OpaTHMCs K aHAIU3Y
TypOyneHTHOCTH B ES-crnoe B mepBylo odepenp MO JaHHBIM CTAaHIUH BEPTHUKAIBHOTO
souaupoBanus  (B3)  «IlerpomaBioBck—KaMuarckuii», CpaBHHBas 3TH  pe3yJbTaThl C
pe3yibTaTaMy, MOJIYYEHHBIMU Ha CTAHUUU «TOKHO.

Metoa ucciienoBaHus

B mactosmmeit pabote ObUTH HcCIeTOBaHBI MOHOC(EpHBIE A(P(HEKTH 3eMICTPSICEHUN C
MCTIOJIb30BAHMEM YAaCOBBIX JAHHBIX CTAHIMH BEPTHKAIBLHOTO 30HAMPOBaHUS <« KOKYyOyHXKH»
(Tokwmo) (¢=35.7°c.u1., A =139.5°8.11., 1957-1990 rr.), cranuuu «IlerponasnoBck-KamuaTckuii»
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(p= 53.0°cam.,, A = 158.7°B.1., 1968-1995 r1r.), mNpencTaBICHHBIX B WutepHere
http://www.rl.ac.uk.wdccl/data.html u 15 MuHYTHBIX AaHHBIX cTanuu  «lleTpomaBIOBCK-
Kamuarckuii» 3a neraue mecsisl 2004 rona.

Haubonee 6mm3ka k 3emiie E- 06macte noHOC(hEphI, MOITOMY HCCIeIOBaHUSIM YPPEKTOB
MOJITOTOBKH B E—001acTi OBbLIO MOCBAIICHO HeMaino padoT (2, 11, 16). B nHeBHBIX yCIOBUSAX Ha
BbicoTax E—o0mactu nonochepst (0T 90 1o 130 kM HaJl MOBEPXHOCTHIO 3EMJTH) CYIIIECTBYIOT KaK
PeryIspHBINA ci10i E, Tak U HeperysipHble 00pa30BaHMs, HA3bIBAEMbIE CIIOPATNIECKUMU CIIOSIMH
Es. B HOYHOE BpeMs IJIOTHOCTh MOHU3ALMU PETYISIPHOTO €O F, Kak MpaBWJIO, OYEHb Malia,
CIIe OT HETO0 Ha MOHOTpaMMax OTCYTCTBYET, M JIOCTYITHBI JUTSI H3yYEHHUS TOJIBKO CIOPaJIuYecKue
ciou ES.

Cnopaanyeckue cion ES — 3TO o0iaka MOBBIIICHHON HOHU3AIUK OJMHOOOpa3HOM
¢dopmsl, Bo3auKaromue Ha Beicotax 90, 140 kM, nmeromue 00bIIre pa3Mepsl 0 TOPU30HTAIHN U
MaJible 10 BEPTUKAJIH, COCTOSIIUE, KaK MPaBUIIO, M3 JOJITOKHBYIIMX METANTUYECKUX HOHOB.
OOpa3oBaHHe CHOPAIMYECKUX CIOEB OOBIYHO CBSI3BIBAIOT C siBIICHHEM BeTpoBoro cisura (1,
18).). CoriacHo 3TOW MOJIE/IM OHU 00pa3yrOTCsA Ha TaKUX BBICOTAX, TJIE JIOKAJIbHBIC 30HAIbHBIC
BETPbI MEHSIIOT HAMPAaBJIEHUE C 3aMaJIHOTO Ha BOCTOYHOE. 3apsDKEHHBIC YaCTHUIIBI * CTOHSIOTCS
10 HANpaBJICHUIO K TOYKE, B KOTOPOW CKOPOCTh BETpa paBHA HYIIO, H B pe3yabTaTe oOpa3yercs
Es-cnoii. PacrinpiBanue clioeB MPOMCXONT, B OCHOBHOM, Onarojapsi aMOumnossipHoit quddysuu,
a Take u TypOynenTHol nuddysuu, eciim nMeeT MecTo TypOyIu3aus HOHOCHEPHOU MITa3MBI.

ITo MOpSAKY BENWYMHBI MAKCHMATbHAS KOHIEHTpalms B ES-cmosx mocruraer 10°-
10° M, mpu STOM MX ropH3OHTANBHEIA pasmep Bapbupyer ot 100 10 200 kM. ITmOTHOCTH
vonmsammn B E-o6mactu cocrapisier NE10® cm™ fHeM  Ha [Ba-TpH MOPSIIKA MEHBIIE HOUBIO.

Tommuua cioeB (TO eCTh XapaKTepHBIH pa3Mep OONACTH TMOBBIIIEHHOW MOHU3AIMH TI0
BEPTUKAIIU) MOXXET MU3MEHSATHCS OT HECKOJBKHX COTEH METPOB JO HECKOJIbKUX KHIOMETPOB.
Ecnu criopaauyeckuil €0 COCTOUT U3 JIOJTOKUBYIIMX METAUIMYECKUX MOHOB, TO BPEMS €ro
pacIyIbIBaHus IPU HAJTHYUH TOJBKO aMOMIIONIIpHON auddy3un cocTaBiseT NecATKA 4acoB. 3a
3TO BpeMs CIIOM MOXET CMECTHUTBhCS I0 TOPHU3OHTAIM 3a CYET HEHUTpPAIbHBIX BETPOB Ha
HECKOJIBKO COTeH KHJIOoMeTpoB. OHAa M3 OCHOBHBIX XapaKTEPHBIX YaCTOT, OMPENEIIeMbIX IO
MOHOTpaMMe TIPU BEPTUKAIBHOM 30HMPOBaHKH, —4acTOTa 3KkpanupoBanus fbES, kak nmpuHsaTO B
HACTOsIIIee BPEMs, COOTBETCTBYET MAaKCHMAJIbHOW TUIOTHOCTH WOHM3AIMU B CIIOPAJHYECKOM
cioe, TES~(Nma) ™. Ipyroii xapakrepHbiil mapamerp clos, OmpesesseMblil 0 HOHOrPaMMaM,
¥ vacrota foES, mpu koTOpO#i 0¥t mepecTaeT ObITh OTPAKAIONIUM JJIsi OOBIKHOBEHHOMN BOJIHBI.
Kak BBIICHMIIOCH, 9Ta XapaKTepHas 4acTOTa JOCTaTOYHO CHJIBHO 3aBHUCHT OT XapaKTEPHCTUK
CTaHIIMU BEPTUKAJIBHOTO 30HIMPOBAHMS, OT YPOBHS IMOTJIOIIEHUS DPATMOBOJH W OT TOHKOU
CTPYKTYPBI JJISKTPOHHOW KOHIEHTpaluu ES-ciost (msTHa M OCTpoBa MOHHM3ALUH, PACCIOCHHS)
[17], u omnpenensercs TypOyJIEHTHOCTBIO IUIa3Mbl criopaaudekoro ciosi [5]. Cnopaauyeckue
CIIOM YacTO MMEIOT TOHKYIO CTPYKTYpy MO TOPH30HTAJIM M BEPTUKAIH. MeIKoMacHTaOHYyrO
TypOyNIH3alMI0 MOXHO XapaKTepu30BaTh AUara3oHoM mosynpo3padnoctu (foEs-fbEs). B pabore
[4] otmeuanuch ciyuau, korja 3a 2-5 munyt fOES meHsocs Ha 1-2 MHz. [lnis oObsicHeHUs
TakuX OBICTPBIX H3MEHEHWIl B YINOMSHYTOH paboTe OBLIO CAETaHO MPEAno0KEeHUEe, YTO
MeJKoMacIuTabHasi HU3KOYacTOTHAS TypOyNn3alusi BBI3BIBACTCS aKyCTUYECKUMHU HMMITYJIbCAMH,
PacrpoCTPaHSIONIMMHUCS OT TIOBEPXHOCTH 3EMITH JI0 BEICOT HOHOC(EPHI.

Ha puc. 1 mpeacraBien cyTouHblii xoa koddduumeHTa monynpospaduHoctu Q=(foEs-
foEs)/fbEs mo manHbIM craHmuu «Tokuo» mpu Bbicokoi (uHAekc Boabdha W>70) u Hu3KOM
(uunexkc Bombpa W<70) conmHeyHOW aKTHBHOCTH. 3a pacCMOTPEHHBIC TOJABI MEIUaHHOE
3Ha4YeHue nHaekca Bonega cocraBmsuio nopsaka 70. [lpu yBenmu4eHUN COTHEUHOW aKTMBHOCTH
KOA(QQUIMEHT TOIYNPO3PaYHOCTH CJIETKa YMEHBIIAETCs, MO-BHAUMOMY, H3-3a TOBBIIICHHS
TeMIepaTypbl HEHTpaJoB, YTO, MO-BHIMMOMY, XapaKTEpU3yeT YMEHBIIEHHE WHTEHCHUBHOCTH
MEJIKOMACIITAaOHBIX TYpPOYJIEHTHBIX JBWKEHHH B CIOPAIMYECKOM CIJIo€. DTa 3aBUCHMOCTD
3HAYUTENBHO cllabee CyTOYHOM.

Ha puc. 2 npezacrasieH cyro4Hblii xon koddduuueHTa noiymnpo3payHoctd Q 1o



http://www.rl.ac.uk.wdcc1/data.html

387

0.1

1 1 1 1 I:'I'I N . . .
e B O LT 12 15 1§ 21 24 3 6 hoursLT

Puc.1. Cyrounblii X04 KodpdUIMEHTA Py 2, CyTtouHbIit X0 kod(dureHTa
oMynpo3pauHocTH Q mpH BHICOKOH (CrurowHast NOoMynpo3payHocT Q MpH BBICOKOH (CIUTOIIHAS
NMHMS) M HU3KOH  (IYHKTHp) — CONHEYHON JUHUS) W HHU3KOH  (MyHKTHpP) MAarHUTHOM
AKTHBHOCTH BO3MYIIEHHOCTH.

naHHbIM cTaHiuu «Tokuno» mpu Beicokod (XZKp>18) m Huskoit (2Kp<18) reomarHuTHOM
aKTHBHOCTH. 3a pacCCMOTpPEHHBIE T0/1bI MennaHHoe 3HaueHne 2Kp cocrasisuio nopsiaka 18. Ipu
uccneoBaHuM 3()(HEeKTOB BIUSHHUS TEOMAarHUTHBIX BapHalMii  CyTKaMH C BO3MYILEHHOMW
noHocdepoii cuntanuch cytku ¢ 2Kp>18 wu cyTku mocie — BpeMs OTpUIATEIbHOH (a3bl
T€OMarHuTHOM OypH, KOTOpas, Kak MpaBHJIO, HACTYyMaeT Yepe3 CYTKU-Yachl MOBBIMIEHHUS Kp-
uHaekca. M3 puc.2 BUIHO, 9TO KOA(D(GUIIMEHT MOIYNMPO3pavyHOCTH CIIETKAa YMEHBINAEeTCS B
MarHUTHO-BO3MYILEHHOE BPEMH.

XapaKTeprCTUKOW KPYITHOMACIITAOHOW (COTHHM METpOB) TypOyJIHM3alluy CIIOPaANIECKUX
cnoéB ES ™oxno cumrate Egpaccesnue, kotopoe mposiBisiercs Kak Jau(@y3HOCTS,
pacIyIbIBYaTOCTh  Cliea  CHopaaudeckoro ciosi Es Ha  MOHOTpaMMax — BEpTHKAJILHOTO
3oHaupoBanus. [IposBnenne Es-spread mmeer 3ameTHbI MakcHMyM B MuHHMyMe 1l-neTHero
COJIHEYHOTO LIMKJIA, mpudeM HaOmomaercs ES-pread, kak npaBuiio, npu HEOONBIIMX 3HAYCHUSIX
IUIOTHOCTH criopaaudeckoro ciosi ES. B muHUMYymMe comneunoro mwmkia ES-spread wuarie
HaOmronaeTcst npu 3HaueHusx fhES<(2.5+3) MI'1, ogHako, B MAKCHMyME COJIHEYHOTO ITMKiIa ES-
Spread damie HaOmromaercss mpu Oojiee HU3KUX 3HAYCHUSIX TUIOTHOCTH CIIOPAJUYECKOTO CIOS
fbEs<(1.5+2) MI'. Pacmpoctpanena rumote3a, utro ES-Spread BwI3bIBacTCs aKyCTHYECKHUMH
UMITYJIbCaMH, paclpoCTpaHsonmMucs B armocdepe; [7, 18]. B rogpl conHeuyHOro Makcumyma
aKyCTUYECKHUE HMITYJIbChl CHIIbHEE TMOTJIONIAIOTCS, TMO-BHAUMOMY, DPEIKO JTOCTUTAIOT BBICOT
HnoHOC(heEphI, TPHYEM MOTYT TypOyJIH30BaTh TOJBKO MEHEE IJIOTHBIC CIIOpandecKue ciou [9)].

Wtak, MOXHO TmoJjlaraTth, 4YTO Kak MeJKOMacmTaOHas, TaKk M KpyHmHOMaciiTaOHas

Typ6me3auH51 BBIBBIBAIOTCA AKYCTHYCCKUMH HUMITYJIbCAMH, pacrnpoCTpaHAOIUMUCA B
aTtMocepe.

B mnHacrosimelt paboTe B CBSI3M C 3€MIIETPSCEHUSIMH HCCIENYIOTCS CYTOYHBIH XOJ
Kod(dunreHTa MOJTYIIPO3PavyHOCTH Q, XapaKTEePHU3YIOIIETO MEJIKOMaCIITaOH Y10

TypOyJICHTHOCTh, ¥ CYTOYHBIM XOJ| YMcia HaOmroaeHud ES-paccesHus, XapakTepH3yrOIIEro
KPYIMTHOMACIITa0HYIO TYpOYJIEHTHOCTb.

OObIYHO  TPU  HCCIEAOBAHUM  CEHCMOHMOHOC(HEpPHBIX  A(PQPEKTOB  BBIOMPAIOT
HEBO3MYIIICHHBIE (CIa00BO3MYIIIEHHBIE) JHU, a OCTAJbHbIC MCKIIOYAIOT. B Hamield pabote MbI
anammsupyem Tospko mHH ¢ W<100 m 2Kp<35, Takum 00pa3oM, HMCKIIIOYAETCs W3 aHAIN3a
HEMHOTUM MEHBIIIE TIOJIOBHHBI BCEX JTHEH.

ABTOpBI HCXOAWJHM W3 TPEANOJIOKEHHs, YTO celcMonoHOchepHbie APQPEKTH B
CTIOPaIUIecKOM cioe £ MOTYT OBITh BBI3BaHBI aKyCTUYECKUMHU BOJHAMH C TIEPUOIaMHU JI0 S MUH.
Pagnyc o06nacti TOArOTOBKM 3EMIIETPSICEHUS. MOXKHO OIEHHUTh, HCXOAsS u3  (opMyIbl
Ho6poBosisckoro [8]: pammyc ob6mactm mnoaroToBkH Rys,~€Xp(M), rme M- wmarmutyna
3eMJICTPSICEHUSI. U3 reOMETPHUECKIX cooOpaskeHu i crabbie BO3MYIICHHUS,
pacrpocTpaHsIoNIfecs 0T TOBEPXHOCTH 3€MIIM, MOTYT BbI3BaTh M3MEHEHUS B HOHOCHEpe, eciu
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pasmep 00JacTH TOJATOTOBKH TMOPSAKA PACCTOSHHSA OT MOBEPXHOCTH 3emun 1o E oOmacTH, T.e.
H~0=2R, cienoBaTenbHO, MarHUTYIbl 3€MIICTPSICCHUI JOJDKHBI MpeBbimiath M=4. Ha BbicoTe
MOHOC(Ephl aMIUTUTY/Ia aKyCTHYECKHX BO3MYILEHHUH, PACIPOCTPAHSIOMUXCS OT IMOBEPXHOCTH
3emin, OyJZeT MakCUMAalbHOW TMPH WX BEPTHKAIBHOM pacrpocTpaHeHuu. Mcxons u3 3toro,
aBTOpBl TpEAJIaraloT pacCMaTpHBAaTh 3EMIIETPACEHHs, 00JacTH TOJATOTOBKH KOTOPBIX
PacroJIOKEHbl HE CIMIIKOM JIaJeKO OT CTaHLMU BEPTUKAIBHOTO 30HIMPOBAHHUS, PACCTOSTHUE OT
cTaHIMu 10 3nureHTpa R - Ry,5,<100 kM. PaccmarpuBamuch TOJIbKO KOPOBBIE 3€MIIETPSICEHUS C
riyounoi h<40 k.

Panee B pabote [3] mo 15-MHHYTHBIM JaHHBIM cTaHiuu JlymianGe ObLIO MOJIYYEHO, YTO
BEPOSATHOCTH HaOMoJeHus1 Es-paccestaust yBenmuuBaeTcs 3a 1-3 cyTok mepen M30JUpOBAaHHBIMH
BO BPEMEHHU 3eMieTpsceHussMu ¢ M>4.5 no cpaBHEHMIO C MPEIIIECTBYIOIIMMHU TPEMS JHSAMH,
YTO XapaKTepu3yeT YBEIWYCHHE MHTEHCHBHOCTH KPYMHOMACIITAOHBIX TypOyJIEHTHBIX
JBH>KEHUW B CIIOPATUYECKOM CJIIOE.

B mHacrosmieit pabore mo maHHbIM cTaHmuu llerpomaBioBck-Kamuarckuit  Taxoke
HaOmoaanocey ypennmuenne Espaccessaus B (-2,-1,0) cyrku nepen 3emuerpsiceHusiMu ¢ M>4 1o
CPaBHEHHIO C OCTAIBHBIMH CYTKaMH, KOTOpbIe CYMTANNUCh (poHOBBIMH. 3a Maif-aBryct 2004 roxa
YHCIIO TaKuX JHeH coctaBuio 54 (13 120 paccMOTPEHHBIX).

Jlamee  MOACUMTHIBAIOCH  YHCIIO

15 . : 9
N ,’L - HaOmonennii Egpaccesnus 3a wHTEpBan
Sy r L
' { ‘-,I i Bpemenu ¢ 20 no 3uac LT ans kaxmoro u3
Ao MOMEHTOB H3MepeHmii (Kaxapie 15 MuH)
|.‘| v 1 ()
10- P - OTIENBHO JUTA «CENUCMOAKTUBHOTO

BpeMeHn», T.e. B (-2, -1, 0) cyrku u s
«poHnoBOro BpemeHH». Takoill TOIXOA
i IMMO3BOJIMJI BBIACHHUTB, B KAKOC BpPEMs CYTOK
o T Jarie HaOro1aeTCs Espaccesnue,
/ CBSI3aHHOE C TMPOIIECCAMH  ITOJTOTOBKH
3emueTpsiceHuit. bpuio nomy4eno, 4ro (-2, -
5 . . 1, 0) cyrku mepes 3eMIETPSACCHUSIMUA C 22

20 22 3 24 1 2 3 4 LT [0 24 vac LT wumeercs OTYETIUBBII

Puc.3. Uwcno wHaOmonmenuit  ES-paccesHus B MakcuMyMm Hucna HabnoaeHni Es-
3aBHCHMOCTH ~ OT  JIOKaIbHOrO  Bpemenn s PACCEAHNA (cm. Puc.3).
«CeifCMOaKTHBHBIX» CYTOK (cmiommHas aumuus), u ATaK, ke TepeJ] CPaBHUTEIEHO cIrabbIMK
«(hOHOBBIX» CYTOK (IITPUXOBAsI JTMHUS). (M>4), no 6nmskumu (R-exp(M))<100 km

K craHimu B3 3emierpsceHUsIMH YUCIO HaOmoAeHWi ES-paccesHus yBenmuumBaeTcs B
MPEANOYHOYHBIC YaCHI.

OnHako MpH MCCIEOBAHUH Bapualuid Kod3(duimenTa noaynpo3payHOCTH BBISICHIIIOCH,
4TO TOJNBKO NpPH MarHutyae 3emerpsiceHus M>5 HaOmomaercs Bo3jeicTBHE IPOLECCOB
MOJITOTOBKHM 3eMJIeTpsiceHuid. [IpoBojs mpoleaypy HaTOKEHHs 310X Ui K03()(HUIMEHTOB
MOJYIPO3padyHoCTH, noxydaeM uisi omu3kux (R-exp(M))<100 kM KOpOBBIX 3€MIIETPSCEHHH C
M>5 yBenuuenne k03 UIMeHTa MOIYIPO3PAYHOCTH B BOCXOJIHBIC U 3aKaTHBIC Yachl (CM. pHLC.
3). «CeiicMOakTUBHBIMI» Takxke cuutanuch (-2, -1, 0) cyrkm. UYacekl Bocxoga W 3akara
paznuuarotcs 1t «Tokno» u «lleTpomnaBIoBcKa» u3-3a pa3HUIbl reorpaGuIecKux mupoT.

[lpn HamoXeHWW OSMOX OBUIM HCIOJIL30BAHBI JAHHBIC IS HECKOJBKHUX JIECSITKOB
3eMJIETPSACEHUM, HO IIOCKOJIBbKY CIIOPAAUYECKUM CIIOW CYIIECTBYET Naj€KO HE BCErJa, 4YucCio
pCaNbHBIX 3HAYCHUH JUIS KaXKJIOTO Yaca, MUCIOJIb30BAHHOE MPH HAJOXKECHUH SM0X, COCTABIISLIO
nopsiika 20, 9TO HEAOCTATOYHO JUIS TOJYYCHHsS CTaTUCTUYECKH JIOCTOBEPHOTO PE3yibTara.
[TosTOMY MOJTy4EeHHBIN Pe3yIbTaT MOKHO CUUTATh TOJIBKO MPEIBAPUTEILHBIM.
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Puc. 3 Pesynprarhl naioxcnng 2nox s kodddunuenta nomynpodpaunocta Q. CruomHas JTUHUS —
«cericMoakTuBHbIC» (-2,-1,0) 1HH, MyHKTHP — QOHOBBIC JTHHU.

BoiBoabI U 00CyK/IeHHE Pe3yJILTATOB.

HccnenoBanne MenkomacmrTabHoi TypOynmusammu B ES  cinoe  (kosdduuument
noJyrnpo3padHoct ES- cios), nmokasano e€ mHTeHCH(HUKALMIO B Yachl Bocxoia 1 3akata CoJHIa
3a 1-3 cyrok mo 3emuerpsicenuit ¢ M>5. Xapakreprslii MacmTad HEOTHOPOJHOCTH COCTABIISICT
JECATKUA METPOB.

UccnenoBanne  kpynmHomaciutaOHou — TypOynuzammu  (ES-paccesHme), mokasaio
yBEJIMUYCHUE Ycia HabmroieHuid ES-paccesinus B npeanonyHodnbie 9acel (¢ 22 10 24 LT) 3a 1-3
CYTOK Tiepes 3eMiieTpsiceHus MU ¢ M>4. XapakTepHblii MaciiTad HEOJHOPOJHOCTH COCTABIISET
COTHHU METPOB.

Bce paccmoTtpenHbie 3emiieTpsiceHus OblIM HerayOokuMH, T.e. h<40 kM, U HaXOIUITUCH
Ha pacCcTOSHMAX R MeHpIHNX, 4YeM paguyc o6jacTh MOAroToBKH 10 J[oOpoBOIBCKOMY
Riosp~exp(M) mrroc 100 km.

HyxHO mom4epkHyTh, 4YTO H 4YHCIO HaOmoAeHuid ES-paccesnus, W BennduHa
Kod(pHIIMEeHTa TOIYNPO3PAYHOCTH YMEHBIIAIOTCS B TOJbI BBHICOKOH COJHEYHON aKTUBHOCTH.
OTO MOXHO CBSi3aTb C YCWICHHOW AUCCUMALMEN aKyCTUYEeCKUX BO3MYIICHUN B HarpeToi
atMocdepe B roap! 11-J1eTHEro COJTHEYHOTO MaCKCUMyMa.

BepositHOocTh mOsiBIeHUS] ES-paccesHusi yMeHbIIAeTCs C TOBBIMICHHEM TEMIIEPaTyphl
aTMocgepbl 3HAYUTENTHHO CHIIbHEE, YeM KOA(P(OHUIIMEHT MOTYIPO3payHOCTH B HECKOJIBKO pa3 Mmpu
U3MEHEHUHM OT MUHMMyMa K MakcumMymy ll-netHero cosiHeyHoro nukia. (Jlumeposckas u jp.,
2000). A B HacTOsIIEH paboTe MOJIy4eHO, YTO CPEAHUE KOIPPUIIMEHTHI IOIYIIPO3PAYHOCTH TIPU
BBICOKOM M HU3KOW COJTHEUHOW aKTUBHOCTH pazinuyarorcs Ha ~10% .

Takum o00pazoMm, BeposATHOCTh HaOmroneHus ES-paccesHus cuiabHee 3aBUCHT OT
TeMIepaTypbl, YeM KOA(PQHUIMEHT Moryrpo3padHocTu ES-cnos; Ha ES paccesHue BIUSIOT naxe
cnabpie 3emierpsicenus (M>4), a Ha KO3(PPHUIHMEHT MOJYIPO3PAYHOCTH — TOJBKO Oosiee
chIbHBIE, ¢ M>b.

Uro e MOXeT SBIATbCA NPUYMHON yBenuueHus ES-paccesnus n kxoddduimenrta
MIOJTIIPO3PAYHOCTH TIEPe]T 3eMIIETPSICEHUSIMH ?

BpemenHoit unTepBan nepe; noiayHoubto (¢ 22 1o 24 yac LT), Obu1 BeIsIBIICH B paboTax
[14, 15], B KOTOpbIX B CBS3U ¢ 3emieTpsceHusMU M3yvanocb ULF Bapuaimy MarHuTHOTO
nosis B jguamazone (0.05-0.2 I'Tl). MoHO MpearnosioKuTh, YTO yBeduueHHe ES-paccesHus
nepes; 3eMJIETPSICEHUSIMU BBI3BAHO YBEITUYEHHEM AKTUBHOCTH AaKYCTHMYECKHX HMITYJIBCOB, C
yactoTaMu, MeHbIuMH WK nopsiaka 0.05 ', (T.e. ¢ nepuogamum oT 20 C U O HECKOSbKUX
MWHYT), KOTOpblE PacnpoCTpaHaTCA OT 06nacT NOArOTOBKM 3eMNETPSICEHNIN BBEPX U
AOXOAAT A0 MOHOCKEPHbIX BbICOT. Bo3MoxHO, 4TO M akycTHueckue ummyiabcol, 1 ULF
BapHalliy MAarHUTHOTO TOJIS BBI3BAHBI OJTHUMH U TEMU K€ IPUIHHAMH.

B 3akaTHbIe 1 BOCXO/HBIE Yachl HACTYIAET BPEMsl YCUJICHHUS HEPABHOBECHBIX MPOIIECCOB,
pa3BHUTHS HEYCTOWYHMBOCTEH B MOHOC(HEPHOH TuTa3mMe. BO3MOXKHO, UTO B CBSI3U C BO3JCHCTBHEM
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MIPOIIECCOB TIOJITOTOBKH 3eMIIETPSICEHHI KO(D(DUIIMEHT MOJIyIIPO3PAYHOCTH CHIIbHEE U3MEHSETCS
MMEHHO B 3TO BpPEeMSs CyTOK IMPU U3MEHEHUH YCIOBUN TUHAMUYECKOTO PAaBHOBECHS.
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IJIEKTPUYECKHE TIOJISA U THOPAKPACHOE U3JTYYEHHUE
B ADPO30JIbHBIX OBJIAKAX ITEPE/I 3BEMJIETPACEHUAMHN

ELECTRICAL FIELDS AND INFRARED EMISSION IN AEROSOL CLOUDS
BEFORE EARTHQUAKES

B.A. JIunepoecxuﬁl, B.B. Muxaﬁmmz, b.M. llleeuoe3, P.M. Ymapxodofcaee4,
B.B. Bozdauoe3, K.-B. Meiicmep 5

1HHcmumym Gusuxu 3emau PAH,
2®3uueckuil Gaxyremem MI'Y um. M.B. Jlomonocosa,
3HHcmumym KOCMOGhU3UUeCKUX UCCIe008aHUll U pacnpocmpanerus paouosonn [BO PAH,
‘HUHUAD MIY um. M.B. Jlomonocosa,

5 o
Acmpoghuzuueckuti uncmumym, Ilomcoam, I epmanus

A mode of generation of non-stationary bay-formed variations of local eectric fields in the
atmosphere is analyzed in the work. These variations with characteristic time scales of 1-60 min were
observed above faults a few tens of hours before earthquakes in a number of experiments, carried out in
Kamchatka in particular. In the model, the presence of aerosols, upstreaming air flows and increased
ionization velocity, caused by radon emanation, are proposed.

The local electric field bay-formed variations should cause to the local pulses of electrical
currents and non-equilibrium infrared emissions 0.7-70 mkm and local pulses of magnetic fields.
Anomalies of equilibrium infrared emission above seismoactive fault regions in the night conditions
before earthquakes were observed over and over again with low-altitude satellites, and the observations
allowed to make a conclusion that the temperature of the region of earthquake preparation increased by a
few degrees. But it seems likely that nobody observed local pulses of non-equilibrium infrared emissions
with the duration of 10-60 min and modification of infrared spectra in night conditions in connection to
earthquakes. So it would be interesting to carry out special on-ground observations of night atmosphere
infrared emission and electrical and magnetic quasi static fields in a few near-fault points in seismoactive
regions. To understand the physical mechanism of the phenomenon it is necessary to carry out
simultaneous routine vertical sounding of ionosphere.

BBenenune

1. B TeyeHme HECKOJBKUX TOCIECIHUX JCCATWICTHH pa3sHBIMH ABTOPCKUMH
KOJUICKTHBAMHA OTMEUAJIOCh TIOSIBJICHWE CBETOBBIX SBJICHHA M aHOMAJBHBIX BapHaIHi
AIIEKTPUYECKOTO TOJS B TPU3EMHON arMocdepe mepea 3emieTpsiceHusIMH. B uacTHOCTH,
CBETOBBIC SIBJICHUS HAONIONAINCH TEepe]l TAlIKeHTCKUM 3emuierpsceHueM 1966 r. Pesymbratsl,
nonyueHnbie 10 1980 r., cymmupoBansl B kHure [18]. CormacHO MCTOPUYECKUM UCTOYHHKAM,
BCIIBIIIKA CBETAa W JIPYTME CBETOBBIC SIBICHHS B TEUYCHHWE THICAUYENICTHH HEOJHOKPATHO
HaOIIOIaTMCh B HOYHBIX YCJOBHSIX TEpEN pa3pyIIUTENbHBIMH 3eMieTpsiceHusMu. [Ipocra u
€CTeCTBEHHAa ObLIa MBICIb O TOM, YTOOBI HCIIONB30BAaTh CBETOBBIC SIBICHHS B KadecTBE
NPEJBECTHUKOB  3€MJICTPSCEHHH, HO  BBIICHWIOCH, 4YTO CBETOBBIE SBJICHHUA TIEepel
3eMJICTPSICCHUSIME OBIBAIOT Jajieko He Bcerna [24]. [lo McTOpruecKMM HMCTOYHHUKAM BCIIBIIIKA
ceeta Habmomanucek nocneaaue 2000 ner mepen 3emierpscenusmu ¢ M>6 B oqHOM citydae u3
20 3a 5-6 gueit no 3emuerpsicenuii. Takum 0Opa3oM, CBETOBEIE SIBIICHUS HEJB3sl HCIIOJIB30BATh B
KauyecTBe TMpeIBECTHUKA 3emuerpsiceHuii. Mccnemoars Bembimku uHpakpacHoro (MK)
HEPaBHOBECHOTO M3JIyYCHHS B CBSI3U C MpoOIEMOIl MPOrHO3a 3eMIJIETPSICEHUH, MO-BHAUMOMY,
HUKTO elle He TNbITalcs. MOXHO MpeanoiIokuTh, YTO €CIU DIIEKTPUYECKHE IO Tepen
3eMJICTPSICEHUSIMU HEJIOCTaTOYHO BEJIMKUA JUIS BO3HUKHOBEHHUS CBETOBBIX BCIIBIIIEK, TO
BEPOSATHO, YTO OTH MOJNA OyayT JOCTAaTOYHBIMH sl BO30OyXIeHHs HepaBHoBecHoro WMK-
U3ITY4YEHUSI.

B Hacrosmieit paboTe aHamM3UPYeTCS]  BO3MOKHBINM HECTAIlMOHAPHBIA MOJCITBHBIHN
IpoIecc TEeHEpalul W HCYE3HOBEHUS JIOKAIHHOTO BEPTUKAIBHOTO 3JIEKTPHUECKOTO TOJS B
aTMocdepe B HaJ[pa3IOMHOM 30HE 32 HECKOJIBKO JTHEH Tepe1 3eMIICTPSCEHUSIMH TPH TOSBICHUH
B armocdepe pamoHa JIUTOCHEPHOTO TMPOUCXOXKICHHS, MPUCYTCTBUU a’pO30JeH M HaIMYUH
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BEPTUKAIbHBIX MOTOKOB BO3/AyXa. DJIEKTPUYECKHE IOJISI MOTYT NMPUBOAUTH KaK K BCILIECKaM
JDKOYJIeBa HAarpeBa dJIEKTPOHOB M MOHOB, TaK M K BCIUIECKAM HEPaBHOBECHOTO MH(PaKpacHOTO
M3IYYEHHUs, KOTOPOE B HOYHBIX YCIOBHUSAX MOXKET HaOmonmaThcst B atMocdepe. Takoe siBieHue

MOXXET OBITb yCIOBHO Ha3BaHO <«atMmochepHbiM MK-cusHmeM» — mpeaBeCTHUKOM
3eMJIETPSCECHHUS.
2. DjeKkTpuYecKHe TMOJs Tepel 3eMJeTPsiCCHUSIMH B aTMocepe — NpUYMHA

JIOKAJILHOT0 HH(PPAKPACHOT0 U3JIYUYEeHHUS

DKCIepUMEHTATbHOE HCCIIeIOBAaHWE BO3MYILIEHHH KBAa3HUIOCTOSHHOTO JJIEKTPUYECKOTO
MOJIE B CBS3U C 3EMIICTPSICEHUSIMH MPOBOJIUTCS yXe Heckoabko aecsatunerwit [10, 12, 14, 25,
27,]. BBIACHEHO, YTO TPOJOJDKUTEIbHBIC AHOMAIHMU JIICKTPUYECKOTO IMOJS BO3HUKAIOT 3a
NEepBBIE 4Yachl, NECATKM MHUHYT 10 3emjerpsiceHus Ha paccrossauax g0 200-250 kM ot
SIHIIEHTPOB.

Takue BO3MYIIEHHS 3JEKTPUYECKOTO TOJS OOBIYHO OOBSCHSAINCH YBEITUYECHUEM
MPOBOJIMMOCTH BO3/yXa Tepen 3eMJIETPSCEHHUSMU 3a CYeT BbIOpocoB pamoHa. OjHAKO
OTMEYaJ0oCh, YTO JIOKAJBHBIM YBEJIWYEHHUEM IPOBOJMMOCTH BO3HHUKHOBEHHE AIIEKTPUYECKOTO
1oJ1s1 00paTHOM MOJSIPHOCTH 00BACHUTH Henb3st [10].

Bapuanuu mpoBOJAMMOCTH U 3JIEKTPHUECKOTO TOJSI CBSI3aHBI C BapHUAILMSIMH TUIOTHOCTH
asposoJsieil B atmocdepe. Ilpu npoGiieHNH, B3aMMHOM TPEHUHM YacTUI[ M MPHUTSDKEHHH MaJIbIX
MOHOB K HMM BO3HHMKA€T MPOCTPAHCTBEHHBIM AJIEKTpUYEeCKHid 3apsin. He ckoMrmeHcHpoBaHHBIE
3apsi/Ibl TBUIEBBIX O0JIAKOB MPHU MBUIEBBIX OYPSX MOTYT BBI3BaTh ITPO30BbIC SBJICHUS [2, 26, 27].

D¢ddexTsl Takoro posia HAOMIOAATNCH U AHAM3UPOBAINCH, B YaCTHOCTH, B MacIITA0HOM
skcriepumente  «MACCA» [2]. Ecim mno kakuM-muOO TIpUYMHAM TIBUTh  CTAHOBHTCS
pPaIMOaKTUBHOM, TO YBETMYMBACTCS TUIOTHOCTH 3apsHKEHHBIX YACTHIl KaXKJOTO 3HAKa, BIUSHUE
a’po3oJiell Ha aTMOc(epHOE IIMEKTPHUUECKOE MOJIE YCUITHBAETCSI.

B HOYHBIX YCIOBHSX, KOTJa TeMmIleparypa HpPH3EMHOTO BO3AyXa IOHMXKAeTcs, a
OTHOCHTEINIbHASl BJIAXKHOCTh YBEJIMYMBAETCS, JIOCTAaTOYHO BEPOSATEH IMPOIECC KOHIACHCAIHH
BOJSHOTO TIapa Ha 3apsDKEHHBIX a’po30JsIX M JalbHEWIIed  3apsakd KPYHMHBIX adpo30Jei
MIPEUMYIIIECTBEHHO OTPHIIATENIbHO, a Menkux mnojoxutensHo [20]. INosiBieHue B armocdepe
OOJIBIINX OTPHUIIATENBHBIX 3apsiOB, Ha BBICOTE OoJiee JecsATKa METPOB, MPUBOIALINX K
MOSIBIICHUIO DJIEKTPUYECKOTO TOJIE 00paTHOM MOJIIPHOCTH, MOKET ObITh HHTEPIPETHPOBAHO HA
OCHOBE MEXaHU3Ma 00pa30BaHMUs KBa3UAUIOJIEH — (hpEHKEIEBCKIX reHepaTropos [21].

OTMmeTHM, YTO OYEeHb HMHTEPECHOE W TIOJIe3HOe O0OOINCHHWEe W aHAINU3 Pe3yJIbTaToOB
HAOJTIOIEHUST aHOMAINMK HANPSHKEHHOCTH AJIEKTPUUYECKOTO TOJII U TUIOTHOCTH BEPTHKAIBLHOTO
ANMEKTPUUECKOTO TOKa cojaepxkarcs B padore [13], rne mpeanonaraiock, 4To perucTprupyeMble
BO3MYIICHUS KBAa3UIMOCTOSHHOTO BEPTHKAJIBHOTO  OJJEKTPHUYECKOTO TOJS MOTYT  OBITh
MHTETPaTbHBIM 3¢ (dexkToM moroka umiyiabcoB OMU. [lpu 3ToM ObUIO BBIAEICHO JBa THIIA
AHOMAJIMM JIEKTPUYECKOTO IOJIS.

Ilepsvii mun anomanuu E 3akiarodaeTcs B yMEHBIICHUH OT 3HAUCHHN, XapaKTEPHBIX IS
yCIOBUH Xopolmeil wim OJNM3KOM K HHM TIOTOJBI, JI0 HEKOTOpOro 3HadeHus EmMin u
MOCJEYIONEM YBEIHMYCHUH TPUMEPHO JO MpexHero ypoBHs. [Ipum stom 3HaueHwme Emin
CTaHOBHUTCS YacCTO OTPHUIATEIbHBIM, T.€. IPOUCXOAUT U3MEHEHHUE 3HaKa E. JITUTeTbHOCTh TaKOH
anomanmuu 00b19HO 0.3-4 4. Bmopoii mun anomanuu E npencraBnser 0ObIYHO MakKeT KoieOaHUH
C HEKOTOPBIM HAOOPOM YacTOT, BO3HUKAIOIINI BHE3AIMHO HA (HOHE HOPMAJILHOTO MIJIH OJIM3KOTO K
HeMy aTMoc(epHOro AIeKTpudeckoro mojist. JlmrenbHoCTh Beero Bo3mymieHus oT 0.2 mo 3-4 4,
a BUJIUMBIN TIepHOJ KoJeOaHWii HaXOJUTCs B Mpeenax OT MepBhIX CeKyHA A0 1,5-2 4, mpuuem
aMIUTUTY/Ia MOKET MPEBBIIIATH ()OH B HECKOJIBKO Pa3.

Psin mpuBeneHHBIX HAOMIOACHUH MOKa3al, YTO TMPEIBECTHUKAMH 3€MIJIETPSICEHUN MOTYT
TaKXKe SBIATHCA MOAM(DUKALUU a’pO30JBHBIX XapaKTEPUCTHK MPHU3EMHOTO CIOSI aTMOCQEpPHI,
KOTOPBIC CYIIECTBEHHO H3MEHSIOTCS 32 HECKOJIBKO YacOB JI0 MOMEHTa 3emuieTpsicenust [1, 6].

WuTepecHass MOJenb, KOTOpas OOBSACHSIET TeHEepalHio aHOMAJIBHOTO HIEKTPUYECKOTO
0JIs B TIPU3eMHOM atMocdepe mepe/] 3eMIeTPSICeHUIMU  Oblila TIpe/yIokeHa B padote [26]. Dta
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MOJIENIb YUYUTBHIBAET IOSBJICHUE MCTOYHUKOB HMOHM3ALMU TIPU BBIJECICHUU paZoHA U3 3EMHOMN
KOpbl M HaJIM4yue I[pollecca TUAPOTALMM  — TPUTSKEHUS MOJIEKYN BOJABI K TOJIBKO
00pa3oBaBIIMMCS HWOHaM, MOHHBIM KJIacTepaM, MPEeIOXPaHSIONINM 3apsHKCHHbIE YacTUIBI OT
PEKOMOHMHAIIHY.

B paborax [11, 17, 22,] mnpuBencHbl pe3yibTaThl COBPEMEHHO MOCTABICHHOTO
SKCHEPUMEHTa MO M3MEPEHHIO BapUalMil BEPTUKAIBHOIO 3JEKTPUUECKOIO TOJS B CBS3U C
3eMJIeTpsICCHUsIMU. [lepBelii BaXHBIH pe3yabTar paboT: aHOMAIUS B CYTOYHOM XOJe
HAIpsDKEHHOCTH  KBAa3UIIOCTOSIHHHOTO — BEPTUKAJIbHOTO  AJIEKTPUYECKOrO  TOJs  Mepen
3eMJICTPSICEHUSIMU TIPOSIBIISIETC B BUAE OyXTOOOpa3HBIX BapHalWi, dYamie MOHKEHHH
Pa3NUYHON JUIUTENBHOCTH WU TIYOWHBI. AHOMAJIMHM AJIEKTPHUUYECKOTO TOJS 70 M Cpasy Hocie
3emyieTpsiceHnit Ha 1-2 mopsiaka MpeBBIAIOT cpenHue (OHOBBIE 3HAUEHUS. BTOpoil BakHBIH
pe3yibTat, MOJy4eHHBIH B TOM e LUKJe uccienoBaHuii Ha Kamuarke: HamOoliee BeposSITHOE
snadenue 0yxt cocrasisier 100-300 B/m, a mmurensroctu anoManuu 40-60 mus. [Tpu 3TO0M OBLIT
MOTYEPKHYT MO3aUYHBII XapaKTep MPOIECCOB B TUTOCHEpE.

3. Moae/b 1 HeKOTOpble OLIEHKH

PaccmorpuMm crieayromyto mMojens. [lycts B «HavaabHbId MOMeHT» t=0 B atmocdepe
3a7aHO 001aKko a’po3oiel B GopMme «ONMHA» JBYX COPTOB, «KPYHMHBIX» U «MEIKHX>» YaCTHIL
pasmepoM R u . [ImoTHOCTH KpynmHBIX a’po3oiied N, IIOTHOCTh MeTKUX a’po3otielt N.

L4

- & - F - + + ] Puc.1l. I'pybas cxema pasjeneHus
i 3apsI0B B a3PO30JILHOM OOJIaKe JUist
-+ - + - - + - |+ MOMEHTa BpPEMEHH, KOIja yiKe
o+ o+ _+ |+ E BO3HUKJIO  DJICKTPUYECKOE  MOJIE.
| | KpynHble dacTuibl — OMyCKarOTCs
- 4+ - 4+ - - 4+ -1+ BHHU3 C JOCTaTOYHO  OOJBIION
CKOPOCTbIO, MPHUBOJIS K

- - - ] MOJIIpU3aIK o0JaKa.

JlommyctuM, B 3TO 001aK0 a’3po3oJieid B HayanbHbI MOoMeHT t=0 mo0aBiisieTcss HOHU3ATOP
palloH, MPOUCXOAUT HOHHU3AIMS, TPH STOM KPYIHBIE a3PO30JIM 3apsKAIOTCS MPEHMYIIECTBEHHO
orpunarenbHo [16], a Menkue — MmosoXKHUTENbHO. Hampumep, mpumeM, 4To paguyc KPYIHBIX
gacturl R=20 mkMm, a menkux — ry =1 mxm. [Ipeamnonoxum manee, 9To ObICTpast HOHU3ALUS U
JOTIOTHUTENBHAS 3apsi/iKa adp0o30JIeH MpoIia 1 npekpaTuiachk. KpymHsie 4acTHIbI, 3apsHKeHHBIE
OTPHIIATENILHO, OIYCKaIOTCs ObICTpee M MMEIOT OTHOCHUTENIbHYIO CKOpOCTh U., HampaBlIeHHYIO
BHHU3, a MEJKHE MPAKTHYECKH MOKosTcs. Cxemarnyeckas KapTWHA TpecTaBieHa Ha puc. 1.
OnwucanHas cuctemMa —3T0 «()PEHKETEBCKUIT» TEHEPATOP JIOKAILHOTO AJIEKTPUYECKOTO TOJIS.

Takyro cucTeMy MOKHO YIPOIIEHHO pacCMaTpuBaTh KaK <«IUIOCKMM KOHAEHcaTtop». B
ATOM clly4yae

e oZfe o AMInGS,vE)

€0 U.
1€ Zp — XapaKTepHbIN pa3Mep CIBMra IO BEPTUKAIHU, Xo U Yo — XapaKTepHbIE pa3Mephl
oOiaka 1Mo ropu3oHTANH. TakuM 00pa3oMm, — «BpeMs CYIIECTBOBAHHUS» MaKCHMAJIbHOTO TIOJIS
OTIpeNIeNIeTCS MUHUMAJIBHBIM pa3MepoM o0Jiaka B IiockocT XY .
BbIpazuM HanpsHKeHHOCTH SJICKTPUIECKOTO TIOJIS Yepe3 3apsil.

_Zors . Q  _Seff _Qy
€ €oXYo € o
Ecnu ke paccMOTpeTh ciydaid, Korja B HadaJlbHBIH MOMEHT O0Jako ObUIO 3aJaHO B
dopme mapa, To 3Ta TEOMETPHS JaeT MeHbIee B 4 pa3a MaKCUMaJIbHOE 3HAUYEHUE 1MoJist Ex, HO TO
JKE caMoO¢€ 110 HOpSIZ[Ky BCIIMUUHEI.

E.
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Bo Bcex ciywasx amIuiUTyIa BCIUIECKA BEPTHUKAIBHOTO JIOKAJTBHOTO AJIEKTPUYECKOTO
noJisi B arMocdepe MExXIy 3apsJaMu  OTPENeNseTCs CPeIHEH «IIOBEPXHOCTHONY» IUIOTHOCTHIO
MOJIOKUTENBHOTO 3apsina Q+/S=oe, IpUUeM B BepXHEi yacTi 00Jaka 3apsijl MOJOKUTEIBHBIH, a
B HWKHEW — OTPULIATEIIbHBIM.

AHanu3 ciy4aeB pa3iMYHON TreoMeTprH oO0Jiaka OIpPaBIbIBACT IPOBEJCHUE OIICHOK
ANEKTPUUECKOTO TI0JIs, He KOHKPETH3HUPYSI TEOMETPUIO PACIIOIOKEHHUS adPO30JIei U TEOMETPHUIO
ux voHu3anuu. [Ipu 3TOM «BpeMs CyYIIECTBOBAHUSA» MAKCHUMAILHOTO 3JICKTPHYECKOTO OIS
OTpENeISIeTCS] MUHHMAIBHBIM  TOPU30HTAIBHBIM  pa3MepoM oOOJlaka ©  OTHOCHTEIILHOM
BEPTUKAILHON CKOPOCTHIO MEJIKHX U KPYITHBIX a3p030JICH.

[MTockouibKy yOBIBaHHE DJICKTPHUYECKOTO TMOJIs 0€3 MO Iep KaHusI AIEKTPOABIKYIICH CHITBI
nponopiuoHanbHO €XpP(-t/z), To BO Bcex ciaydasx <«BpeMs CYIIECTBOBAHHS» JIOKAJILHOTO
ANEKTPUUECKOTO TOJISI HE MOXKET OBITh OOJIBINIE, YeM B HECKOJIBKO Pa3 BPEMEHH MaKCBEIUIOBCKOM
penakcanuu T~ 10 MHH. A 0 TOro MOMEHTa, KOTJa CO3/aBIIeecs MOJe YMEHBIIUTCS Ha
MOPSIJIOK, TPOWAET HECKOJBKO HWHTEPBAJIOB MAaKCBEIUIOBCKOTO BPEMEHH pejakcalu. MOoXHO
IpeAroJiaraTb, YT0 MaKCUMaJIbHOE BPEMs CYLICCTBOBAHHUS JJICKTPHUUECKOTO TOJISI, KOTJa OHO
emre gocratouHo Benuko — 40-60 muH, B atMocdepe 6e3 MOBBIIIEHHONW TUIOTHOCTH a3p030Jiei 1
JOTIOJTHUTEIbHOW HOHM3aIMK. [IpyU HecTalMOHAPHBIX BCIUIECKaX B OOJIACTH T'CHEPAIMH I0JIe
yMEHbIIAeTCs Ha 2-3 MOpsAKa OT MAKCUMAIILHOTO 3HAYCHHUSI, YTO BIIOJIHE U3MEPSEMO U TOPa3o
0OJIBIIIE CPETHETO MEKTPUYECKOTO IMOJIs. A MaKCHMAaIbHOE 3HAYEHHE IO OIICHKAM COCTaBJISIET
10° B/m. Eciit 0671aCTh reHepali JOCTATOYHO BETHKA, H HAXOIUTCS OT 00IACTH H3MEPEHHS Ha
PacCTOSIHUM BCETO B HECKOJIBKO pa3 0OJIbIIe, 4eM pa3Mep 00Jaka, MOKHO HAOIIOIaTh aHOMAITHIO
AIIEKTPUYECKOTO TIOJISI 3aMETHO BBINIE cpelHel B BuAe OyxThl HTenbHOCThIO 40-60 MuH.
Ecnu ycnoXHHTh MOJENb M y4eCTh €lIe W IPOIECC MPOJODKCHUS MOHH3ALWHU, TO pealbHas
MIPOJIOJKUTEILHOCTh aHOMAIIUU Oy/IeT OOJIBIIIE.

Hmes B BUIy MOJIETb JABYX «3apsHKEHHBIX IUIACTHH KOHICHCATOPA» MOYKHO MPEJCTABUTh
ypaBHEHUE ISl MAKCUMAJIbHOTO AJICKTPUYECKOTO TOJISi B BUJIE

TE n
X =U. I'.,_(t)- | eff (Na,n—,ne)E*

0
rie 8 — HeKui reoMeTpuyeckuii kodpuuueHT nopsaka 1, oH paBeH equHHIIE IS HI€ATbHOTO
KOHJICHCATOP, Aef — A((EKTHBHAS MPOBOIUMOCTh. MAaKCBEIJIOBCKOE BpEMsl pelaKcalid B
atMochepe OOBIYHO OICHMBACTCS Kak To= &ollo, TAe Ao — CpemHss MPOBOJAUMOCTH IPH
OTCYTCTBHH a3pPO30JIEH.

[lepBbIii wiieH Y4YUTHIBAET YBEIUYEHHUE TIOJIA TPH JaTbHEHIIEM TIpaBUTAIIHOHHOM
pa3ereHnu 3apsiioB, BTOPO — YMEHBIIICHHE U3-3a AIEKTPOIIPOBOHOCTH.

W3BecTHO, YTO Hanmuuue a’po3osieid B arMocdepe, 0COOEHHO KPYIHBIX, MPUBOJIUT K
YMEHBILICHHIO TMPOBOJMMOCTH B atmocdepe [8], Tak Kak HOHBI, O0OECICYMBAOIINE
MPOBOJIUMOCTh,  NPHCOEAMHSIOTCS K a3po3oisiM. C Jpyroil CTOpOHBI, JOMOJHHUTEIbHAS
MOHM3ALIUs, CBSA3aHHAS C TMOSIBICHUEM DPAJOHA, JOJDKHA NMPUBOAUTH, HA00OPOT, K YBEINYECHHUIO
npoBoguMocTd. Jlns ycrmoBuit KamuaTku TpoBOAMMOCTH TO OOJBIIEH dYacTH CKopee
YMEHBIIAETCSl Ha MOPSAOK, U 3TO COOTBETCTBYET HAONIONAEMBIM XapaKTEPHBIM BpeMeHaM OyXT
AIIEKTPUYECKOTO TOJIS TIepe]T 3eMIIETPSICEHUSIMH.

MoryT OBITH IpyTH€ CHTYalluH, KOT/Ia pEeKOMOWHAIIMS 3apsi/IOB MMPOUCXOIUT MEJJICHHEE,
yeM oObryHO. Hampumep, ecnu 00acTh MOBBIIIEHHOW MOHU3AIMH OKPY)KEHa CO BCEX CTOPOH
a’pO30JIbHBIM CIIOEM C YMEHBIIEHHON MPOBOJUMOCTBIO. Tak WTo peanbHa CHUTyalus, KOTAa
BpeMsl CYIIECTBOBAaHHUS 3apsHKEHHOro oOjaka OoJbIlle B HECKOJNBKO pa3, YeM CpeaHee
MaKCBEJIOBCKOE BpeMsI peJlakcallii B OKpYKaroliei armocdepe.

W3BectHO, uro mpoOoii B arMocdepe HACTymaeT, KOTJIa DHEprusi, HaOupaemas
AIIEKTPOHOM B «CpEIHEM» IMOCTOSHHOM DJIEKTPUYECKOM I0JIe JJOCTAaTOYHA Ui MOHU3AINH
Wo~QEoLs, e sHeprus monmzaruu Wo~15 OB, HanpsHKEHHOCTH MPOOOWHOTO AIIEKTPUIECKOTO
o Eg ~3-10° B/M, Lt —cpennsist yinHa ¢cBOOOHOTO Mpobera.

JUJIs DIEKTPUYIECKOTO TIOJIS JIF000H HAMIPSHKEHHOCTH, MEHBIIICH, YeM MPoOoiTHOe, SHEPT U,

ae
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HaOMpaeMasi B MOCTOSIHHOM ToJie mopsiika sHepruu kBanta UK-msnydenus QEL~W~hc/A, rme
A — JUTMHA BOJIHBI KBaHTA CBETAa B MHTEPECYIOIIEH Hac MHPpaKpacHOI 007IacTH CIeKTpa.

JInst u3mydenust Ha «kpacHou» rpanuie (A1=0.7 mxm) W, =1.75 3B, a cooTBeTcTBYy!OIICE
SIEKTPHYCCKOE TT0JIE JOJDKHO ObITh mopsika E,=3.5-10° B/wm.

Hns UK-u3nydeHuss ¢ UIMHOW BOJHBI An=24 MKM, OOJbIIe Ha TONTOpa TMOPSIKA
Wir=0.052 DB, a COOTBETCTBYIOLIEE HIEKTPHUCCKOE IOJIE TOIDKHO ObITh mopsiaka En=1,1-10%
B/m.

3aMeTuM, 4TO OOBIYHO TOBOPST O HAOOpe PHEPTUU B AIIEKTPUUYECKOM IIOJIe Ha JUTHHE
cBoOotHOTO TIpobera. OqHaKo, peaitbHO, JUIMHA CBOOOIHOTO Mpodera 4acTHll UMeeT (PyHKIHIO
pacripeniesieHus1, ¥ BEJIMKa J0JIsI YaCTHUIl, IMEIOIUX CBOOOIHBIN MPOOeT, HalpuMep, B HECKOJIBKO
pa3 Oousbire. OTCI0Z]a U TOSBIISETCS OYEHBb Ipy0asi OllEHKA BCIIJIECKOB AJIEKTPHUECKOTO TOJIS
~10° B/M 1 OKHIaHHS BO3HHKHOBEHHS JOKAIBHBIX MO3AHYHO pacmosioskeHHbIX obnacreit WK-
usnyuenus. [lpemiaras B atoit padore nzydenue MK-cnekrpo oT 0.7 MKM 10 24 MKM B CBSI3H C
3eMJICTPSICEHUSIMU, MOKHO TPEIMOJIOKHUTE, YTO DIIEKTPUYECKHE TIOJS B 00JACTAX M3ITyYEeHUs
nomkHbl GbiTe ~10° B/M, a B mpusemuom cinoe  200:500 B/m. DTH oreHKH TpyOBI U TPeGyIOT
JKCIIEPUMEHTAIILHOM ITPOBEPKH.

4. Obcyxnenue

4.1. EcTecTBEHHO, 4YTO a’pO30JIbHBIE CTPYKTYpbl arMocdepsl pa3sHOOOpa3HbI M Kak
IpPaBWIO, HEOAHOPOIHBI, UYTO BEAET K PE3KUM HEOJHOPOJHOCTSIM <«(HPEHKEIEBCKHX>»
aneKTpudeckux noiieil. CpenHee 3IEKTpUYecKoe moJie OyAeT T0CTaTOYHO MHTEHCUBHBIM TOJIBKO
ISt JOCTAaTOYHO «TOJICTBIX» IO BEPTHKAIHM O0JIAKOB, T.€. 00IIas KapTHHA JIEKTPOCTATHYECKOTO
HOJISL OIpesieNseTcs B aTMoc(epe «HMHTETrpaIbHBIMU» 3apsilaMH JIOCTaTOYHO OOJIBIIOro 00IIaka,
U €My COOTBETCTBYET MHTETpajibHasl 10 BBICOTE Pa3sHOCTh MOTEHUIHMANIOB. JIOKambHAs CTPYKTypa
AIIEKTPUYECKOT0 MOTEHIMa a B aTMocdepe Moauduiupyercs. A mpoOoil U BCIUIECKH CBEYCHHS
HaOJIOIAI0TCS TaM, TJIe BOSHUKAET JIOKAIBHBIA MAKCUMYM T10JIsl. MOTYT MOSIBIISTBCS CBETSIIIUECS
o0J1aka, «TOKOBBIE€ BCIIBIIIKK», BBI3BAHHBIE HECTALIMOHAPHBIMHU JIOKATBHBIMHU 3JIEKTPUYECKUMHU
MOJIIMU. BCTIBIIIKY 3IIEKTPUYECKOTO TOJISt MPUBEAYT K BCIIBIIIKAM WH(PPAKPACHOTO U3ITyUeHUS, a
TAKXKe K BCIIECKAM DJIEKTPUUYECKOTO IOJI HA 3€MJI€ MPOJOIKUTEIbHOCTBIO HECKOIBKO CEKYH]
[10].

ABTOpBI IOJIAralOT, YTO H3y4yaeMmble Ipouecchl BO3HMKHOBeHMs OJIC M reHepauuu
OyXTOOOpa3HBIX JIOKAJTBHBIX JJEKTPUYECKUX TOJICH M TOKOBBIX CHCTEM pPa3IMYHBI B Pa3HBIX
CeiCMOAKTHBHBIX 30HAaX. MOTYyT OBITh pa3HbIe a’pO30JbHBIE CHUCTEMBI, M COOTBETCTBEHHO,
pasHbIe XapaKTepPHBIE JITUTEIHLHOCTH OYXTOOOPA3HBIX BCILIECKOB JIEKTPUIECKOTO MOJIsi. MOKHO
MIPEIOJI0KHTh, YTO Ha CyIIe BOJIM3M MOps, B YaCTHOCTH, Ha KaMyartke, r/ie JOCTaTOYHO BBICOKA
BJIQ)KHOCTh B BEUEPHEE U HOYHOE BPEMSI, UMEET MECTO MPOLIECC KOHJIEHCAI[MHU BOJISHOTO Iapa Ha
MHUHEPAIBHBIX a3p030isiX. COOTBETCTBEHHO T — BPEMsI MaKCBEJUIOBCKON peslakcanuyu OoJIbIle
OOBIYHOTO CPETHET0 BPEMEHH MaKCBEIUIOBCKOM penakcaiui. MOoKHO MPenoiokKUTh (a OTOM |
NPOBEPHUTH B CHEHUAIBHON padoTe), YTo BAAIM OT MOps, HampuMmep, B CpeaHedl A3uu win Ha
CesepHom KaBkaze BeposATHBI Oojiee KpaTKOBPEMEHHBIE BCIUIECKU dJIeKTprueckoro mois u MK-
M3IYYEHUs TIpU ero atMochepHoil «ppeHKeIeBCKO» TeHEpaLlny.

4.2. B Hacrosimiee BpeMsi MPOBOAMTCSA HcCienoBaHus paBHoBecHoro WK-uzmydenus
36MHOM MMOBEPXHOCTH C UCIOJIb30BAHUEM CIIyTHUKOB.

B pabGortax [4, 28] Ha OCHOBe W3MEpPEHHI CO CIYTHHKOB H3Yy4aJIUCh aHOMAJIHH
MHQPPAKPACHOTO M3JIYUYEHHUS 3EMHOW IMOBEPXHOCTH, XapaKTEPHU3YIOIIME TEIJIOBBIE aHOMAIUH,
cBsizaHHBIEe C 3emierpsiceHusMu B Smommm u Kwurae. bbuio oOHapyxeHO Hamuuue
ITOJIOKUTEIIBHBIX TEINIOBBIX AHOMAJIMK, ACCOLMMPOBAHHBIX C CUCTEMAaMH Pa3JIOMOB B 3€MHOM
KOpe.

IIpy uCIONB30BaHMM JAHHBIX O BapHalMAX HOYHOM TeMIEpaTrypsl Ha 3€MHOM
nosepxaoctu ot MODIS (Moderate Resolution Imaging Spectra Radiometer), mosydeHHbIX Ha
oopry cnyrauka National Aeronautical space Agency Terra Satellite, u cpaBHeHMH HX C
JTaHHBIMH TI0 M3JIYYCHUIO 3EMHOW MOBEpXHOCTH [23] Oblla HalJeHa KOPPEISIUS MEXIy
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aTMOC(epHBIMU JTMHAMHUYECKMMHU TIPOI[ECCAMH W TIpOLIECCaMH B TBEPAOW 3eMiie Iepes
semerpsiceanem  26.01.2001 B Bhyj Gujard B 3anamHoit Mumuu M=7.7. 3a 5-6 nneit mepen
3eMIIETPSCCHNEM OOHApY)KEHO YBEIWYeHHEe TeMIieparypbl Ha 3-4 rpagyca C Ha pacCTOSTHUU He
6omee 200 kM ot snurieHTpa. OTMETUM, YTO MPH UCCIEIOBAHUH Ha CITyTHUKaX OOHApYKUBAIOT
AQHOMAJIMH TEMIIEPATyPhl, & HE AIEKTPUUICCKUX TOJICH .

4.3. Bce u3aMepsIBIIMECS B CBS3H C 3eMJIETPSICEHUSMU B TIOCIIEHHUE TOIbI IIEKTPUIECKHE
MOJIE PErMCTPUPOBAIKMCH BOMW3M MOBepxHOcTH 3emiu [5, 7, 10, 13, 15, 17, 18]. U »stm
U3MEPEHUsT MNPHUBENM K BBIBOJY, 4YTO IIepel 3EMIICTPACEHUSAMHU INOSBISIOTCA BapUalUA
IEKTPUYECKOTO MOJISA B JUAINA30HE JUIUTEIBHOCTEH OT HMITYJIbCOB-<MWIMCEKYHIHUKOB» 0
qacoBbIX OyxT. [loduTH BO BCeX MCCNENOBAHUAX HM3MEpPEHHs MPAKTHYECKH BCE OJHOTOYEYHEIE,
XOTSl B psae paboT u ObUT CAETaH BBIBOJ O MO3aWYHOCTH TPOSIBICHUS DIEKTPUUYECKUX TOJEH
CEHCMUYECKOW mpupoabl. B mmreparype mnoka HET HHMKAaKOM CTAaTUCTHUYECKH 3HA4YMMOU
uHPOpMAIIMA O XapaKTePHBIX MPOCTPAHCTBEHHBIX MAacITabax TMOSBICHUS OSTHUX MoJiek!
W3mepennst XapakTepHBIX BEPTHKAIBHBIX U TOPU30HTAIBHBIX MACIITA00B 3TUX TOJIEH TaKkKe He
IIPOBOIHIINCE.

5. 3akaouyenue

Kak mpexacraBisercss  aBTOpaM, TEPCIEKTUBHO  TPOBEJICHHE  HH(PAKPACHOTO
CKaHMPOBaHUs aTMOc(hepsl Ha BBICOTAX JI0 HECKOJBKHX KMJIOMETPOB M BBIIIE NMPH JOCTATOYHO
xopoued moroae, Ha KamuaTke, B CEMCMOAKTUBHOW 30HE. Takke HYKHO MPOJOJIKATH
HETOCPE/ICTBCHHBIE M3MEPEHUs JJeKTpudeckoro nois E, Toka | ¥ MPOBOAMMOCTH, TpPUYEM
MHOTOTOYEYHEIE.

B cBsi3M ¢ 9TUM MHTEpECHBI M BaXKHBI Pa0OTHI MO MPEIBAPUTEIILHOMY JIa00OPaTOPHOMY
n3yuyenuro K- cnexrpos, mmanupyemsie B HUMAD MI'Y.

3aMeTuM, UYTO  HM3y4YeHHE HWH(PAKPACHBIX CHEKTPOB CBEYEHUs  aTtMocdepsl Uis
HEPAaBHOBECHOTO W3IYYEHHUS, IO-BHIMMOMY, €II€ HE HCIIOJB30BANIOCh C MEIbI0 MOMCKA
MIPEABECTHUKA 3EMIIETPSICCHUN.

B HUUSAD MI'Y npennosnaraercst IpoBECTH pa3pabOTKy M BBHIOOP ONTHYECKOH CXEMBI
HaOJro/IeHUs Ha J1abOpaTOPHO yCTaHOBKE, MMUTHUPYIOIIEH HAaTypHBIE YCIOBHS, C 3alUTON OT
(OHOBBIX JAaO0OPATOPHBIX (DU3MUECKHUX TOJIEH, PETUCTPHUPYIOIMIEH BCILIECKH WH(OPAKPACHOTO
M3IYYEeHUSI B DJIEKTPUYECKOM II0JI€ B YCIOBHUSAX JOMOJHUTEIHHON MOHM3ALMU U TPU HATHYUH
aspososieil. Tarke mpennoiaraeTcs IMPOBECTH ONTHMAJIbHBIH BBIOOP (OTONPUEMHUKOB C
HYXHBIMU CIIEKTPAJIbHBIMU XapaKTEPUCTHKAMH, TOJI00p (HOTOCTUMYIHPYEMBIX JIFOMUHO(DOPOB
IUISL PETUCTPalliy BCOBIIIEK c1a00il MHTEHCHBHOCTHU. 3/1eCh CIeyeT MOI4epKHYTh, yTo B MI'Y B
1965 r. Obu1  co3man ckanumpyromuid cnekrpomerp CK®-1 mns unbpakpacHOl o6macTw
¢donoBeIx u3nyueHuit (mpemuss um. H.M.Basumoma, 1965 r.,), a taxxke paspabortan Qypbe-
cnekrpomerp IFS66 V/S B muamazone or 0.3 1m0 3 MKM, auMana3oH KOTOPOTO YACTHYHO
COOTBETCTBYET MH(ppakpacHo# obmactu criekrpa [9, 3, 19].

Eme pa3 moguepkHeM, YTO XOTS MEXaHW3MOB BO3HHMKHOBEHHS 3JIEKTPHUYECKOTO TOJS B
NPU3EeMHOI aTMocepe HECKOIBKO: aTMOC(hepHble MEXaHW3MBI, JTUTOC(HEpPHbIE MEXaHHU3MBI C
oOpa3oBaHMEM TpPEUIMH, OJHAKO BCE 3TH MEXaHU3MBI JOJDKHBI MPHUBOAMTH K BCIUIECKAM
HepaBHOBeCHOr0 MK- u3iydeHusi, COBOKYITHOCTh HW3MEPEHHM KOTOPOro B CEHUCMOAKTHBHBIX
30HAaX W TMOCIEAYIONINA aHaJIn3, MOKHO HAJEsThCs, MPHUBENET K MOJE3HBIM MPOTHOCTUYECKHM
pesynbraram. il MpakTHUECKUX IeJie MPOrHo3a, KOHEYHO, HY)KHBI HENPEPHIBHBIE H3MEPEHUS
Ha Kamuarke, HyxeH xo1 Bo Bpemenu UK-u3nydyenns.

WTak, npencTaBiseTcsi WHTEPECHBIM MPOEKT, B KOTOPOM

I Obima OBl pa3paboTaHa W TIIOCTaBJIEHA ammaparypa Uil aHajiu3a WHQpPaKpacHBIX
CIIEKTPOB NP KPYrOBOM CKaHMPOBAHUH aTMOC(hephl B CEHCMOAKTUBHBIX 30HaX.

I Op110 OB HEOOXOOMMO TPOBECTH Ja0OPATOPHOE MOAETHPOBaHHE HH(PAKPACHBIX
CIIEKTPOB B COOTBETCTBYIONIHX MIEKTPHUEcKHX momsix ot 2x107 1o 10° B/m.

| 66110 OBI MHTEPECHO MPOBECTH MEPBHIE MPEIBAPUTENbHBIC HaOMoAeHNs Ha KamMuaTke

Opnnako, U TaKuX padoOT Hy)KHa KOOTIEpALUsl YCHIINH HECKOJIBKMX HAyYHBIX T'PYIIIL.
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CEMCMODJEKTPOMATHUTHBIE CUTHAJIBI, ITPEJIIECTBYIOIIUAE
SEMUIETPACEHUSAM HA KAMYATKE

SEISMOELECTROMAGNETIC SIGNALSBEFORE EARTHQUAKESIN
KAMCHATKA

IO.M. Muxaiinos

Hncmumym 3emno2o maznemusma, uoHocghepol u pacnpoCcCmpanenus paouogoin
um. H.B. Ihwrosea PAH

Results of the analysis of occurrence times of earthquake precursors in a quasistatic electric field
of the surface atmosphere in Kamchatka peninsula [5] are described. For sequence of earthquakes in
March 1992 harmonics of horizontal component of Earth magnetic field were found, their periods
coincided with aftershock periods. Ve ocity of precursor propagation is in the range from 0.87 to 1.8 ms™.
The same values were received from the analysis of variation of ionospheric F2- and E-layers by
calculation on the base of logarithmic relation between appearance time of moderate-term EQ precursors
and different distances from epicenter.

OnHoit U3 MepBBIX MyOaUKaui OblIa paboTa, B KOTOPOH aHAIM3UPOBAIACH 3aBHCUMOCTh
BPEMECHH TOSIBJICHUSI TIPEIBECTHUKOB 3emiierpsiceHusi (3T) OoT 3MUIIEHTPaIbHOTO PaCCTOSIHUS
[4]. Tlo naHHBIM MHOTOYHCJICHHBIX M Pa3HOPOJHBIX HaONoAeHWH mpeaBecTHUKOB 3T ObLia
nonyueHa smmupuueckas dopmyna Ig(TR) = 0,72XM - 1), rne T - Bpemss HaOmoJeHUS
NpeBECTHUKA B CyTKax; R — paccrosiaue ot Oyaymero snumertpa 3T 10 Touku HaOMIOICHHS B
kM; M - maramryga 3T. B Toif ke pabGore ObUIO BBIZCNIEHO JBa Kiacca IMPEIBECTHUKOB!
JOJATOCPOYHBIX U KPaTKOCPOYHBIX. BrimenpuBeneHnas Gopmyina okaszaigach CIPaBEUTUBON IS
NEpPBBIX, Ui BTOPBIX )K€ 3aBUCUMOCTh ObUTa OoJiee CIOKHOW, W HE YIAIOCh TMOJIYYUTh
MOXOASIIEH anpPOKCUMHPYIOIIEH (hYyHKIIUH.

[Tone3ysick pe3ynbTaTaMHu HAOMIOACHUN AIIEKTPOCTaTHYECKOTo mois Ha Kamuatke, rae
ObUTO OOHapy)XeHO ToJ00Me BpeMeHHOW (OPMBI TMPEABECTHUKOB, HaM YIalloCh OIEHUTH
CKOPOCTh PacHpoCTpaHEHUsl MPEIBECTHUKOB, KOTOpas OKa3ajach paBHOM ~1 mc?, [Tonpo6HO
UCCIeysl MHTEPBAJI HAOMIOCHUH TOPU30HTAIBHON KOMIIOHEHTHI 3¢€MHOTO MarHMTHOTO TOJIS B
NepUOJ] CUIBHBIX CEpUHHBIX 3emieTpsicenit (Mapt 1992) Ham ynanoch oOHapyxuth B H-
KOMIIOHEHTE TI0JII TapMOHMKH, COOTBETCTBYIOIIME Mepuoay adrepimokoB. Llempio paboThl
ABIISICTCS M3y4eHHE (PU3MUECKOW MPUPOABI AIEKTPOMArHUTHBIX MPOIIECCOB, MPEANIECTBYIONINX
3T.
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Puc.1. VI3MeHeHHs KBa3UCTATUYECKOr0 AIeKTpHYecKoro mois E; mo n3amepenusim na Kamuartke B
MIePHOJIbI TIOATOTOBKH U pa3BUTHs 3emiierpsicennit 19 centsopst 1999 . (a) u 6 mapra 1992 1. (6). A
AC- mpeamnonaraemMple MPEIBECTHUKH 3eMIISTPSCEHUH.

[MpencraBneHbl  pe3ynbTaThl — aHaNIW3a  NpeABECTHHKOB  3emuierpscenuit  (3T),
HaOJIIOIaeMBIX B pa3HbIe MEPHOIbl B KBA3UCTATUYECKOM JJIEKTPHUECKOM TI0JI€ B MPU3EMHOU
atmocdepe Ha Kamuatke B UKUP JIBO PAH (moc. [Taparynka, ] = 52°58.30N; | = 158°14.9€).
B kagecTBe WiITIOCTpallM TOSIBJICHUS TpenBecTHUKOB mepen 3T Ha puc.l mpuBeneHsl IBa
ciryyasi.

B nepuon, npemmectBoBaBmuii 3T 6 mapra 1992 r. ¢ marautynoit M=6.1 u snuneHTpOoM
B ABaumHckoM 3anuBe Ha riayouHe 30 kM Ha paccrossHuM 130 KM OT MyHKTa pPEeTUCTpaIiH,
HaOJTI01a10Ch OYXTOOOpa3HOEe MOHMKEHUE KBAa3MCTaTHUYeCKOro mosst BeiauuuHoi 10 —300 B/m
(Puc.16). AHanorM4yHOE TOHMKCHUE BEJIWYHMHBI KBAa3HCTATUYECKOTO 3JICKTPHYESCKOTO OIS
Habmonanocek takxke nepex 3T 18 centsops 1999 r. ¢ marnutynoit M=6.0 u snuueHTpOM Ha
riyoure 60 kM Ha paccrosuuu 190 kM ot myHkTa perucrpanuu (Puc.la). ObOpamiaer Ha ceOs
BHUMaHHE I10I00Me BPEMEHHBIX (OPM TPEIABECTHUKOB, OJHAKO Bpems ymnpexiaeHus 3T
HECKOJIBKO pa3NIMYHO: B TepBoM ciydae - 10 1, Bo BTopoM - 29 4. [lomaras, 4ro pa3HOCTB
BPEMEH 3aBUCHUT OT CKOPOCTH PaCIpOCTpaHEeHuUs NpeaBecTHHKa, HaxoauM ee: V = 0.87 m/c [5].

PaccmotpuM monpoOHee puc.l u mnpoaHaau3upyeM CceiicMUYecKyl0 OOCTaHOBKY Ha
Kamyarke B Hauane mapra 1992 r. OroT nepuona xapakrepuzoBaics nByms cepusmu 3T: 2 u 5
mapta (Tabi.1, B koTopoii naHHbIe mpuBeaeHs! o katanory NEIC).

Tabmuna 1.
3emnerpsicenns BOim3u n-oBa KamuaTka a mapre 1992 r.

Howmep Hara Bpewms, UT j .°N | °E D,km | Mp
1 02 12:29:39.59 | 52.92 | 159.89 38 6.9
2 02 12:49:18.08 | 52.92 | 159.75 33 4.6
3 02 14:07:59.57 | 52.83 | 159.88 34 6.0
4 04 08:44:50.13 | 53.09 | 159.87 33 4.9
5 05 14:39:10.25 | 52.90 | 159.62 45 6.4
6 05 15:14:33.23 | 52.86 | 159.50 33 4.7
7 05 16:01:44.27 | 54.12 | 157.73 33 4.4
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O0e cepum COCTOSUIM M3 OJHOTO TJIABHOTO TOJIYKA

(M=69 u M=6.4) u nByx

aprepmiokoB. ['myOmHa ovaroB Oblla MPUOIU3HTEIHHO OJWHAKOBOW - B mpenenax 3715 kwm.
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THXHHA OKEAH

1

157 158 159 10 161

Puc.2. PacnonoxeHne o4aroB 3emJIeTpsCEHUH,
npuBeAcHHBIX B TaOn.l. TpeyrompHHUK — MyHKT

perucTpaunum.

MeTOJMKa O0OpabOTKH.

AHomanus KBa3MCTaTUYECKOTO
AIIEKTPUYECKOTO TOJIs, TPEAIIeCTBOBABINAS
3T, nabmoganace 5 mapra B 3.39 UT, a camo
3T mpouszonwio B 14:39 UT. Xots 3T 2 mapra
10 WHTEHCUBHOCTHM OBLIO CHJIBbHEE, 4eM 5
MapTa, HEOJIarONpHsITHBIC
METEOPOJIOTUYECKHE YCIOBHSI, MMO-BUIMMOMY,
HE TIO3BOJMJIM BBIIENUTH €ro 3pQexrT B
BapHaLUsIX KBa3HCTATHYECKOTO
anekTpuyeckoro mois. Ha puc.2 mpueneHa
KapTa ABauMHCKOTO 3aJKMBa, Ha KOTOPOM
Ha"eceHsl sruieHTpsl 3T. OOparaer Ha cebs
BHUMaHHE TOT (aKkT, YTO NPAKTUYECKH U3
oJtHOTO ouara B 0oeux cepusax 3T adrepioku
CIIEZIOBAIM C HHTEPBAJIOM MOPSAKA MOJTydaca.

Hawmn caenaHa HOIBITKA
MpoaHaIU3UPOBATh 3aIuCcH
TOPU3OHTAIILHOM KOMITOHEHTEI

MAarHmTHOTI'O ITIOJIA AJIsA CT.HeTpOHaBJIOBCK'
Kamuarckuit. Ha  puc.3  mokazana

W3 wucxomHoit cyrouHo# Bapuanmu (kpuBas 1) HCKITIOYAIOCh

CpelHeCyTOYHOE 3HaueHHe (KpuBas 2) M METOJOM MEPHOJOTPAMM C TMPSAMOYTOJIbHBIM

BPEMECHHBIM  «OKHOM»  OIICHUBAJICS  CIIEKTp
MOIIIHOCTH KPUBOH 2, TOTIOJTHEHHOW HYJISIMH JIO
2048 touek, HeOOXOIMMBIX JUIS MCIIOJIB30BAHUS
anroputMa BII®. DT1oT cmocod aHaIOrHYeH
paHee HCMOJIb30BAHHOMY METOJAY JUISl OIECHKH
CIEKTpa  MOIIHOCTH  CYTOYHBIX  BapHallHid
KBa3HUCTATUYECKOTO DJICKTPHUYECKOTO 1moJist [2] u

aTMOC(epHBIX OHY-paanonrymoB [3].
PesynbpTupyromuii CIIEKTp  IIOKa3aH  Ha
¢parmente 4 pucynka. Ha ¢parmenre 5 nBe
CTIEKTpaJIbHbIC TIOJIOCHI BbI/ICJICHBI B

3aBUCHMOCTH OT NepuooB T, mpuueMm crpasa
MOKa3aH CIEKTpP JaHHBIX, OTQHIHTPOBAHHBIX B
nosioce 0,1-36 MmuH. BpemeHHBIC BapHaIiiu 3TUX
CIIEKTPAIBHBIX COCTABISIOIINX, MOJY4YCHHBIC
obOparueiM BII® u npuBeneHnpie Ha pparmeHTe
3, TpeACTaBIAIOT COOOH KOPOTKOIEPHOIHBIE
KoJIeOaHusl, TpencTaBistomue uHrepec. s
OLICHKH CIEKTpa MOIIHOCTH STHX KOJICOaHHI
UCIIOJIb30BAH ~ METOJ  MOAU(HUIIMPOBAHHBIX
nepuogorpaMMm Yaurda [6], B KOTOpoM HCXOTHAS
CYTOYHasl Bapuanusi pa3OMBaeTcs Ha KOPOTKUE
WUHTEpBAJbl BBEJACHHEM BPEMEHHOTO «OKHa»
Xanna U(t) = A(1—cos2pt/Ti) mpu O £t £ T,.
YrtoObl yMEHBIIUTH JUCIIEPCHIO OIICHKU CIIEKTPA,
UCIIOJIb3YETCS TPHEM BBIUUCICHUST BBIOOPOUYHBIX
CIIEKTPOB Ha TEPEKPBIBAIOIIUXCS Ha TIOJIOBHHY
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Puc.3. Meronrka criekTpajibHOrO aHaIM3a
MardiuTHBIX JaHHBIX.

KOPOTKHX OTpe3Kax HCXOJHOM peanu3anuu. Jlajgee OLEHHMBAETCS CPEOHUM CIEKTP HCXOIAHOU
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peaiM3allMM IMyTEM YCPEIHEHHUS CIEKTPOB Ha 3TUX KOPOTKUX HHTEpBanax. [[nurenpHOCTH
KOPOTKHX HMHTEpBAJIOB BbIOpaHa paBHOM T;=6 u. KonmuecTBOo MHTEpBAJOB YCpEIHEHHS IpH
oOrmiel JUTMTENPHOCTH MCXOJHOM peanu3anuu B 24 4 paBHO 7. [lya yBenMueHUs! TUCKPETHOCTH
10 YaCTOTE MUCXOJIHbIE ITaHHBIE JIOTIOJIHUINCH HYJIAMHU. [Ipumep pe3yabTUPYIOLIEro CrilakeHHOTO
CIeKTpa MOUTHOCTH B moJsioce nepuoaoB 0,1-36 MuH mpuBeneH Ha mpaBoM (parmente 5 puc.l
KUPHOU JINHUEH.

Pesynprarel ananmsza nganHbix 3a nepuox 1-10 mapra 1992 mpencraBnenst Ha puc.4.
CnpaBa mpuBejieHa 10 BEPTUKAIM CHU3Y BBepX Iukaina Bpemenu (UT) i 3TOro MHTEpBala.
['opuzoHTaNBHBIMU JTHHUAMEU yka3aHbl 3T ¢ marHutymoit M>5 (mkana BHu3y). OOpariaimor Ha
ce6st Banmanue TpurieTsl U aymietsl 3T 3.03.92 u 6.03.92. CneBa Ha TOPU30OHTATBHOMN IIIKAJIE
NPUBEICHBl CHEKTphl H-KOMIIOHEHTH MAarHUTHOTO TIOJA JUisi cTaHmuu [leTpomaBioBCK-
Kamyarckuii B uHTEpBasie neproaos ot 6 10 40 muH. OOparaer Ha ceOsi BHUMaHHE TapMOHHKA C
neprooM 35 MHH, KOTOpasi HanboJiee IPKO BhIpaKEHA B T€ THH, KOT1a TPOUCcXouT 3T uitu uiu
pearupyer Ha Hero C 3ama3JplBaHueM. Mallblii WHTEpBal JaHHBIX HE TO3BOJISET JOCTATOYHO
KOPPEKTHO OIIEHUTH 3TO 3ala3/bIBaHue, HO, 110 TPEIBAPUTEIBHBIM OLIEHKAaM, OHO COOTBETCTBYET
CKOpOCTH Imc™.

B pabGote [1] cnenana mombITKA ONpENeNCHUs BapHalUil MapaMeTpoB HOHOCQHEPHBIX
HTJ'IZ ru-1 Matponaenoeck- Kamuarcend 19920 C‘HoeB F2 u ES B TCUCHHC 7 Z[Heﬁ Hepeﬂ 3T
2645 —| PaccmarpuBanuce 3T ¢ mMarautynod >6 B

7 Mm Tuxom OKeaHe BOH3H Anonumn.
o Hcnosib30Baiuch 4acoBble JIaHHBIC CTAHIMH

2E+5 —| I [ I |

KokyOynmxu mis 40 3T ¢ snumeHTpamMu Ha
] paccrostann R<1000 kM, mns xotopeix 3T
- BEeIMYMHA  CKOPOCTH  PaclpoCTpaHEHHS

2E+5 —

us 03 — CpeIHECPOYHBIX MIPEIBECTHUKOB TaéT
2645 3HauYeHHe 3 Km/4ac, YTO COBMAgaeT C
1 . BBILICTIPUBEIEHHO M OIICHKOH st

ANEKTPOCTATHYECKUX MOJie. B 3akmtoueHne
chopMynupyeM OCHOBHBIE BBIBO/IBI

u]
2E+5 —

Oe 03

: - OIIGHKH CKOpocTH TmpenBecTHUKOB 3T B
— AIIEKTPOCTATUYECKOM TOJIE M CPETHECPOUHBIX
] MPEIBECTHUKOB B  CIOSX F2 u Es B
noHocepe  maror  ONM3KUE — 3HAYCHUS

il mma Z CKOPOCTH pacnpoCcTpaHeHus, YTO

u]
2E+5 —

u]
2E+5 ] | | | I

2645 1 I T I CBHJIETENILCTBYET 00 00meM MeXaHu3Me HuX
1 o BO3HUKHOBECHUS,;

0 E o

2648 -Tipy HAOJMIOJICHUN TIOCTICIOBATEIBHBIX CepUit

] nz2n3 3T B TOPU3OHTAIILHOM KOMIIOHEHTE

e T BARER MarHuTHOTO TOJIE 3eMJIM OOHApyKUBAIOTCS
2 48M  rQPMOHUKHM, COOTBETCTBYIOIIHUE  TEPUOIY
0 | | | : aprepmoxoB. Jlyis paiioHa ABaYHHCKOTO
o 10 P a0 ap T=1T, mam 3amuBa B Mapre 1992r. stm  mepuojs
Puc.4. TTocienoBaTelbHOCTh CIIEKTPOB MOLIHOCTH paBusmuch ~0,2-0,4 gaca.

o103

FOpHSOHTaHLHOﬁ KOMIIOHCHTBI MAariHuTHOTI'O I10JISI B
3aBUCUMOCTHU OT mepuojaa. Crpasa — cepus
3eMJICTDSICEHUM.

Astop Omaromapen O.B.Kamyctunoil 3a momornps B 00pab0TKe MaHHBIX M MOATOTOBKY
PYKOIIHCH.
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SJEKTPUYECKHUE U DJIEKTPOMATHUTHBIE ITPOIECCHI B IPU3EMHOM
ATMOC®EPE INEPE/I BEMJIETPACEHUSAMU HA KAMYATKE

ELECTRIC AND ELECTROMAGNETIC PROCESSESIN THE NEAR GROUND AIR
BEFORE EARTHQUAKESIN KAMCHATKA

F0.M. Muxaiinoe*, I A. Muxaiinosa®, O.B. I(anycmunal, I'U. /lpyscun o) Cmupnocf2

1
Hucmumym 3emMHo20 MacHemusma, UOHOCGepbl U pacnpocmpaHeHus paouo8OIH UM.
H.B.Ilywuxosa PAH

2 y
Hncemumym xocmouszuueckux ucciedosanuil u pacnpocmpanenus paouosonn /[BO PAH

Simultaneous records of diurnal variations in quasi-static electric field in the near-Earth
atmosphere, fluxes of discrete electromagnetic pulses in the VLF band, source azimuths, narrowband
filter output emission intensity at the frequencies of 4.65 and 5.3 kHz, and time forms and spectra of VLF
pulses have been analyzed. The anomalous behavior of these parameters in October, 2002 and August,
2004 with different time delay was accompanied by earthquakes near the southeastern coast of
Kamchatka at distances of 250--400 km from the registration points. Based on the results of a fine
spectral-temporal analysis of the broadband records of VLF signals, it has been indicated for the first time
that discrete electromagnetic pulses observed in anomal ous fluxes before earthquakes were the signals of
local thunderstorm processes.

MHOTroJIeTHHE UCCIIEOBAaHMSI aHOMAIBHBIX AP(PEKTOB B BapHALUAX KBA3UCTATUYECKOTO
IEKTPUYECKOTO IOJISI B IPU3EMHOU  Ez Biu
aTMocepe TMOKa3ad, dYTO OHH
MPOSIBISIFOTCS TIPEUMYIIIECTBEHHO B
BHJIe OyXTOOOPAa3HOTO TOHIKEHUS
HaNpsHKEHHOCTH, a B BapHAlMAX
€CTeCTBEHHOTO DJIEKTPOMAarHUTHOTO o0
nosnst B KHY- 1 OHY-nnanazonax —
Kak B W3MEHEHUH WHTEHCHBHOCTH,
TaKk ¥ B BO3pacTaHUU TOTOKOB
JOUCKpEeTHBIX MMOynscoB [1, 2, 3]. |,
Xotst mpupoay otux dhdexron
CBSI3BIBAIOT C M3MEHEHUEM
HaNPsHKEHHO-/1€()OPMHUPOBAHHOTO
COCTOSIHUSI BepxXHEH nuTochepsl B 500
pe3yibpTare  MOATOTOBKM  oOuara
3EMJIETPSACEHUH, MEXAHU3M
aHOMAIMK  ITHX  TEeO(PU3UIECKUX
SABJICHUM JO CHX IIOp HE SCEH.
OueBUIHO TOJIBKO, YTO HAONIOICHUS
OTHX SIBICHUH CIEAYyeT MPOBOAUTH
HE TOJBKO HEMPEPbIBHO, HO U
KOMIUIEKCHO. Vcxons u3 3Toro yxe
B TEUCHHE MHOTHX JIeT, HaYMHAs C
1991 r., B paiione IlaparyHckoit
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158°14,9€) WNucturyrom Oxabps 2002
N Puc.1l. Cyrounsie Bapnanuu Ez-koMmoHeHTHI

KOCMO(U3HUYECKUX HUCCIICIOBAaHUN U .

ACIIDOCTDAHCHIS ATHOBOLH KBA3MCTATHYECKOTO 3JIEKTPHIECKOrO OIS B TIPH3EMHOMN
pI/IKIFIP p BO PAH pal atMocepe Kamuatku B okTs10pe 2002 r. Ctpenkamu
( ) H BeHyTCH YKa3aHbl MOMCHTbI 3CMHeTpHCCHHﬁ.
peryssipHbie LeJIeHANIpaBJICHHbIE

HaGJIIOZICHI/ISI IOUPOKOTO KOMILICKCA
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reou3MUecKux mapaMeTpoB. B maHHON paboTe BHITIONHEH aHAJIW3 OJHOBPEMEHHBIX 3arucei
CYTOUYHBIX BapHalMii KBa3HUCTATHYECKOTO OSJIEKTPUYECKOTO TOJs B MNpU3EMHOM atmocdepe,
MOTOKA JUCKPETHBIX DSJEKTPOMArHUTHBIX HUMIYIbcoB B OHY-mmanasone, asuMyToB UX
MCTOYHHUKOB, HHTEHCUBHOCTH M3Ty4E€HUI Ha BBIXOJIE Y3KOMOJOCHBIX (PHIBTPOB HA YacToTax 4,65
u 5,3 kl'1, a Takke BpeMeHHBIX GopM U aMIUIUTYIHBIX crieKTpoB OHY-ummynscoB B OKTSOpe
2002 r. u asrycre 2004 r. AHOMaNMU B TOBEACHUU OTHUX TAPAMETPOB C PaA3THUYHBIM
3ama3pIBaHUEM TI0 BPEMEHH CONPOBOXKAAIHCH 3EMIIETPSICEHUSIMH Ha FOT0-BOCTOYHOM

Ez, Bik nobepexkpbe T-oBa Kamyarka Ha

1 a paccrostausax 250-400 kM OT IyHKTOB

10600
02.10.2002 03 10 2002 \ perucTparuii. Habmomaembie

500 —

Iy R . N | Y ¥ I
o4 sjl-ﬁ J ,‘("»,r-"" J FIW Ilr' M AHOMAJIbHBIE BapHaIuu
500 R
000 ] H HATPSKEHHOCTH 3JIEKTPHYECKOTO
1500 noJis, Kak BHJHO Ha puc.l, umeror

L S ] ' r | XapaKTepHbIE  OCOOCHHOCTH  TpH
200 - IPO30BOM aKTUBHOCTH B TIPU3EMHOMN
150 aTMocdepe. OnHOBpEMEHHO C
ﬁ_ perucTpamnyei AIEKTPUIECKOro TOJIs
R e AL AV - BEIUCh HAOIIOJCHUS WHTECHCHUBHOCTH
Sy Tpar ) g 1 OHY-wu3ny4enus Ha yactore 5,3 kI,

ST a TaKKe ONPEICTINCh  a3UMYTHI
HUCTOYHHUKOB JTMCKPETHBIX
AJIEKTPOMArHUTHBIX ~ UMITYJBCOB  C
nomotbio OHY-nenenraropa. Kpome
L a3UMYTOB, IO 3aMUCsAM TeJIeHraTopa

270
130

Y e AT v ‘_‘e = -:i!"f'" -

" Tat Ty - P

_ TRaNC ; . - ONpPENEIsUIC  NOTOK  JOUCKPETHBIX
0 T 1 T T

f & 12 15 0 & 1% 1B UT, 4 CUTHAJIOB B OJJTHY MUHYTY. OKa3aJIOCB,
Puc.2. Cyrounsle Bapuauuu Ez-koMIoHeHTHI 4TO B MOMEHT IIEPBOTO
AIIEKTPUUECKOTO oIS (a), TOTOKA AUCKPETHBIX CKa4K000pa3HOTO TMOHKEHUS
AIEKTPOMArHUTHBIX UMITyIbcoB (N umn/mun) (0), BEJTMUMHBI Ez-xoMnioHEeHTHI
A3MMYTOB HCTOYHHKOB 3THUX UMITYJILCOB B BﬂeKTqueCKOFO OIS Ha6J_HOZIaJIC5I
psSIMOYTOJIbHOM crcTeMe koopauHaT 02-03 okTsops (B). HHTEHCHBHEIH BCILIECK HOTOKA
JIIACKPETHBIX 3JIEKTPOMATrHUTHBIX

CHUTHAJIOB. JITUTETBHOCTh ATOTO BCIIECKA 3HAYUTENBHO KOpPOYE JUTUTENBHOCTH aHOMAJIUU
aneKTpuyeckoro moisi. Ha puc.2 B kadecTBe MIUTIOCTPAIlMM MPHUBEACHBI. CYTOYHBIE BapHalllH
ANMEKTPUUECKOTO TOJIst 32 2-3 oKTsA0ps (@); motok mMmyinbcoB N umn/mMuH (6) W a3UMyThl HX
MCTOYHHKOB B IIPSIMOYTOJIBHBIX KoopanuHatax (6). Ha puc.2 ¢ BepTuKaibHbIC TMHUN B HHTEPBAJIC
Bpemenn 09-15 UT Bo BceM jmama3oHe a3UMyTOB YKa3bIBAIOT HA JIOKAIBHBIN («HA TOJOBOW»)
MCTOYHUK MHTEHCHBHOTO MOTOKAa MMITYJIbCOB. CTpenkoil Ha pUCYHKE yKa3aH MOMEHT BPEMEHH
3T.

[MocnenoBaTenbHOCTh CYTOYHBIX Bapuanuii uncia N uMI/MHH Ui BCeX aHOMAabHBIX
coOBITHI B Bapualusx Ez-koMmoHeHTHI, yka3zaHHBIX Ha puc.l, mpuBenena Ha puc.3. AHanu3
ATOTO PUCYHKA B CpPaBHEHHHM C puC.l MOKa3bIBaeT, YTO B HAYAIbHBI MOMEHT NOHWKeHus: Ez no
BEJIMYMHBI, TTpeBbimatoniei Muayc 500 B/M, oiHOBpeMeHHO HAONIOaeTCsl MHTEHCUBHBIN MOTOK
JIMCKPETHBIX UMMYNbcoB. Omepexxenue mo BpemeHHM MomeHTa 3T cocraBisier BEIMYUHY OT
oxHOTO J10 25 4. [Ipu MeHbIei BennurHe ckauka Ez-kommonenTs (5, 15, 18 okTsa0ps Ha puc.2)
YCUJICHHE MOTOKAa MMITYJIbCHBIX CHUTHAJIOB HE HAOIIOAANOCh. 3/1€Ch K€ Ha HI)KHEM (pparmeHTe
puc.3 noka3an cyrounsiid xon N umn/mun 29-30 aBrycra 2004 r., KOTr/ia Takke HaOIHOAAICST
3 QEKT yCHIIeHUs MOTOKA TUCKPETHBIX CUTHAJIOB, HO 00Jiee MPOI0KUTENLHBIN 110 BPEMEHH TI0
CpaBHCHHIO ¢ siBJcHHsIME B OkTsiOpe 2002r. J[muTensHOCTh BCeX HAOMIOAAEMBIX aHOMAITAN
COCTaBiIsIeT BeMMYUHY OoT 1 MuH 70 3 4, YTO CYIIECTBEHHO KOpOYe JIUTEIBHOCTH 3(peKTa
AHOMAJIBHOTO YCHJICHHS TOTOKOB MMIIYJIbCOB, 3aperHCTPHPOBAHHBIX Ha KamuaTtke B OKTSOpe
2002r. B0 BpeMsi TPOITUYECKHX IMKIOHOB B CEBEPO-3aalHOM peruone Tuxoro okeaHa [4].
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HJISI HU3YUCHUSA BPEMCHHBIX

N, uMr/MH GbopM U CHEKTPOB JTUCKPETHBIX
02.10.02 03.10.02 HUMITYJIbCOB, COCTaBJIAIOIIUX
aHOMAaJIbHbIC MOTOKH, ObLTH

e R aaa LILI'I HCIOJIL30BAaHbI JOTIOJIHUTEIIbHBIC

04.10.02 51000 LIMPOKOIIOJIOCHBIE 3aIIUCH B M0JI0CE

50 |'| “I ﬁ gactot 20-20 000 I'm (AHY-2ME)
0 TR pt bt A P B noc. JleBast ABaua Ha pacCTOSHUU
100 okosio 100 kM ot o6c¢. IMaparyHka,
50 08-}TQ-02 091002 rue BEJETCA perucrpanus
0 m T WY i, S P RS PP KBa3MCTaTHYECKOTO
100 0 0 1 AJIEKTPUYECKOTO TOJIst "
50 4 102 16.10.02 AJEKTPONPOBOJHOCTENH, A TaKXKe
R s RRR AR it i YCTaHOBJIEH OHq-HeJIeHFaTO}B.
5 Kpome mupoKonosoCHbIX 3aluce,
17.10.02 18.10.02 OZTHOBPEMEHHO MIPOBOJUIIACH

3alMiCH B Y3KOIOJIOCHBIX KaHallax
Ha ugacrote 4,65 k['11 B moc. JleBas
Asauya u Ha ugacrtote 5,3 k['11 B 00c.
Kapeimmmiaa Ha paccrosauu 20 kM
no ob6c. Ilaparynka. Ha puc.4

150

100 20.10.02

19.10.02

50 241002 NPUBEICHB  PE3yNbTaThl  ITHX
0] KOMILJICKCHBIX HaOJII0ICHU
1000 3 o T 0 HecKoNbKuX mapamerpoB 29 u 30
500 281002 29.10.02 aBrycra 2004 . nepen 3T 30
E J|. T aBrycra. Kak BuaHo Ha puc.4a, Ha
%go-""'|""'""'""I"""""I""'I""'I BBIXOJIC HTHPOKOIOJOCHOTO KaHalia
150 - 29.08.04 30.08.04 1 yBenuueHne  moroka g0 50
50 - umi/mMuH nipu GoHOBOM ypoBHE 20
0- UMIT/MUH TIOCTEIIEHHO HaYalioch B

0 6 12 18 0 6 12 1g UTu
Puc.3. CyrouHoe pachpenencHie TOTOKOB JIUCKPETHBIX
QJICKTPOMAriuTHBIX UMITYJIBCOB B OKPECCTHOCTAX aHOMAJIbHBIX
W3MEHEHUH DIIEKTPUYECKOT0 MOJIsl, MPUBEACHHBIX Ha pHC.2.
HunkHuil (parMeHT MoKasblBaeT cyrounoe pacmpenenenme N dacrore 53 kI'n (puc.40)
umn/mun 29-30 aBrycra 2004 . COOTBETCTBYET HE3HAUYUTEIBLHOE

BO3pacTaHue MHTEHCUBHOCTH.
[TooOHbIH 3¢ dekT ObLT 3aperucTpupoBa 1 Ha yactote 4,65 kI'11 (prc.46). MOMEHT MakCUMyMa
N coBmamaer ¢ HayaJloM MEPBOTO OTPHUIIATENIFHOTO CKayka 3JeKTpuyeckoro mouns (puc.4e) u
cy1a0bIM TIOJIOKUTEIBHBIM CKAYKOM BJICKTPONPOBOAHOCTH (puc.40) | + ¢ mocieayronmm pocTom
OTPHILIATEIILHOW AIIEKTPONPOBOTHOCTH Jake cmycTss 6-9 W mocne CHIIBHBIX —BapUalui
AIIEKTPUYECKOTO TMOoJIsA. JJIMTENbHOCTh AHOMAJIMK TOTOKA JUCKPETHBIX HMITYIBCOB OJIM3KO
COBIIAJAET C JITUTEIHHOCTHIO IEPBOM OTPUIIATEIBHON OYXTHI MOHMKEHHS SIEKTPHUECKOTO TIOJIS.
Benen 3a oroit OyxToil HaOMIONAIOTCS 3HAYMTENbHbIE Bapualuu EZ-KOMIOHEHTHI MO,
COIPOBOKJAEMbIE CUIILHBIMHU BapUAIMsIMA OTPHUIATEIBHON JIEKTPOTPOBOAHOCTH JIAKe CITYCTS
HECKOJIBKO YacOB TIOCJIE€ CHIIBHBIX BapHAIMNA JIEKTPUIECKOTO TIOJIS.
bell BBINIONIHEH  TOHKUM  CIIEKTPAJIBHO-BPEMEHHOM  aHalIM3  OJHOMMHYTHBIX
IIUPOKOTIONOCHBIX 3amuceit nmpubdopa AHUY-2ME ¢ auckperHocThio 1mo BpemeHu 20 MKC B
pasubie qHu aBrycra 2004 r. (K coxanenuro, B oktsi6pe 2002 r. 3ammcu 3toro mpubopa
OTCyTCTBOBaM). MeTos aHam3a nokaszaH Ha puc.5 Ha npumepe aHomanuu N umn/mua B 06.00
UT 29 asrycra. Ha BepxHem ¢parmeHte (¢) NpHBEICHa CIEKTpOrpaMMa CHTHAJOB B
3aBHCUMOCTH OT BpeMeHH B auanazoHe yactoT 20-20000 ['m. CremeHb MOYEpHEHUS CIEIOB
MPONOPIMOHAIFHA HHTEHCHUBHOCTH CIIEKTPAJIbHBIX KOMIIOHEHT BO BCEM JHara3oHe JacToT. Ha

05 UT ™ gocTHriio MakCHUMaJIbHOMN
pemmuuHbl 200 umn/mue B 06 UT.
OToMy MOMEHTY BpEeMEHH Ha
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Puc.4. CyrodHoe pacnpeiesieHre MOTOKa JUCKPETHBIX

SJICKTPOMAriuTHBIX UMITYJIbCOB Ha BbBIXOAC HIMPOKOIIOJIOCHOI'O

kanaia OHY-nienenraropa (a), OTKIMKa QUIBTPOB HA YACTOTE
5,3 kI'tt B 06¢. Kapeimmmna (6), Ha gactote 4,65 k11 B moc.

JleBast ABaua (B), a Taxke EZ-KOMIMOHEHTBI KBa3MCTATHYECKOTO

anekTpudeckoro nojst (r) u snekrporpoBoanHocted (I +u | )
(m) 29 u 30 aBrvera 2004 .

crenytomeM  ¢pparmente  (6)
MoKa3aHa TMOCJIEI0BATEIbHOCTD
UMITYJIbCOB B WHTEpBaJIe
Bpemenn 300 mc, HmKe (6) — B
uHTepBanie Bpemenn 10  wmc.
Puc.5¢ MIOKa3bIBACT
MOCIIEIOBATEILHOCTh  KOPOTKUX
UMITYJIbCOB JUTUTENTEHOCTBIO
nopsiaka 100 — 400 wmkc ¢

HAJIO)KEHHBIMU 6oiee
BBICOKOYACTOTHBIMH, HO
clabbIMM [0  WHTEHCHBHOCTHU
UMITYJIbCaMHU. Ha puc.se
[IpUBEACH CIIEKTD Dypre
BpeMeHHoU peanu3anyu B 10 mc
(puc.56) c HIUPOKUM

MaKCUMyMOM Ha yactoTax 1 — 4
k[l ¢ IpaKTHYECKN MOCTOSTHHBIM
YPOBHEM CHEKTpaIbHOU
IUIOTHOCTH Ha 4acTOTax BhbIIC 6
kl'n. B kauecTBe KOHTPOJBLHOIO
npuMepa paccMOTpeH (hparMeHT
22 asrycra 2004 r. B 02 UT,
KOTJ]a Ha CIEKTPOTrpaMMe ObLIH
BBIJICJICHBI TMaYKH WHTCHCHBHBIX
UMIYJIbCOB, TOJOOHBIE CITy4daro
29 asrycra B 06 UT. Ha puc.6
BOCIIpOU3BEIeHA HoClea0Ba-
TEJNBHOCTD pe3yNbTaToB
o0paboTku 93TOoro  (parmeHra
3aIuUCH. CpaBHeHue IBYX
PUCYHKOB TOKa3bIBAET CIEAYIO-
mee:. JUIMTENBHOCTh  BCIUIECKA
IUCKPETHBIX ~ MMITYJIbCOB 22
aBrycra (puc.66) 6osee yem B 20
pa3 xopoue Bcriecka 29 aBrycra
(puc.56); B mocnea0BaTeIbHOCTH
UMIYIbCOB  Ha  puc.6 ¢
OTYETJINBO BHJHBI HMITYJIbCHBIC

CHTHAJIBI, U 1O (opMe M TO JUIMTEIBHOCTH aHAJIOTUYHBIE aTMOC(eprKaM OT HCTOYHHKOB,
yIAJICHHBIX Ha paccTosiHus mopsiaka u 6onee 1000 kM, a ux crekTp (prc.Ge) nMeeT XxapakTepHbIi
MaKCHUMYM JUIsl TAKOTO TUIA aTMOC(heprukoB. Moaymsiys CrieKTpa Ha 3TOM (pparMeHTe BhI3BaHA
HAJIO)KEHUEM KOPOTKHX aTMoc(hepukoB. JleTanpHBIH aHaNM3 WHAMBUIYAIBHBIX HMITYJIbCOB
MOKa3bIBACT, YTO OHHU BKIIOYAIOT B ce0s M3BECTHBIC CTAaJMHM MOJIHUEBBIX pa3psnaoB [6].
[TotoOHBIE OUMOISIPHBIE UMITYIIBCHI OOPATHBIX yIApPOB MOJIHUH OT OJIMKHHX T'p03 HAOIIOAAIHNCh
taroke Ha paccrostausx 1o 300 kM oT uctouHuka [5]).
AHanu3 Bceil COBOKYITHOCTH JaHHBIX HabOmroneHuit B okTsi0pe 2002 r. u aBrycre 2004 r.
M0Ka3aj CIeyrolee:
- HaJIM4Me aHOMAJIbHBIX BapHalldil BEIMYMHBI SIEKTPHUECKOTO TIOJIS, XapaKTePHBIX JUIS
I'pO30BOI aKTUBHOCTHU B TIPU3EMHOM aTMocdepe;
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- npu ocla0JeHWUH BEIMYMHBI 3JeKTpudeckoro moiisi Hmwke wmuHyc 500 B/m
OJTHOBPEMEHHO HaOIIOAAJIOCh YCHUIICHUE TMTOTOKOB JIUCKPETHBIX JEKTPOMATrHUTHBIX HMITYJIbCOB.
HNannsle OHY-nienenraropa yka3blBaly Ha JOKAJIbHBIM HCTOYHUK 3TUX UMITYJIbCOB,;

- HAJIMYUE aHOMAJbHBIX BapHallMil BEJIWYMHBI AIEKTPUUYECKOTO MOJIS, XapaKTEPHBIX IS

I'pO30BOI aKTUBHOCTHU B TIPU3EMHOM aTMocdepe;

fary 29 BBrYCT 2008 U500 UT o

R

1] 1
5] 1poIzER,
15

10 =
0s

o.o

L L L L L I Y I
o so0m 10000 15000 20000 Iy

Puc.5. Criekrporpamma 3J1eKTpOMarHUTHBIX
manydenuit B mosoce yacror 20-20 000 ' B
MaKCHUMyMe MOTOKa qucKpeTHbIX curHainoB B 06.00
UT 29 aBrycra (a), TMHaMHKa BO BpEMEHH
BbIOOpOYHOTO (hparMenTa myra B maciutadax 0-300
Mmc (0) u 0-10 mc (B) COOTBETCTBEHHO, a TAKKE

criektp Pypee dhparmenTa murenbHocThi0 10 Mc (T).

2 3 i H ] T g a i0 tmc

- TpU OCIAa0JICHUU BEITUYUHBI
aNIeKTpUYecKoro moss Hmwke muHyc 500
B/m OJTHOBPEMEHHO Ha0Jr0110Ch
yCUJICHHE MTOTOKOB JIMCKPETHBIX
ANIEKTPOMArHUTHBIX HMMITYJIbCOB. JlaHHBIC
OHY-nenenratopa YKa3bIBaJIH Ha
JIOKAJIBbHBIA HMCTOYHUK JTUX HMMITYJIbCOB,;
CKa4K00Opa3HbIC W3MEHCHUS
OTPHULATEIBHOM 51 MOJIOKUTENBHON
AIIEKTPONPOBOTHOCTEH, XapaKTePHBIX MPHU
AHOMAJIBHBIX BapHallUsAX SJIEKTPHUECKOTO
TOJIS;

- Ha BBIXOJIE Y3KOMOJOCHBIX
KaHAJIOB HAONI0JAIOCh HE3HAYUTEIHHOE
10 CPaBHEHHWIO C MOTOKAaMH JHUCKPETHBIX
CHTHAJIOB YCHJICHHE WHTEHCUBHOCTH,

- BpEMEHHBbIC (OPMBI M CHEKTPBHI

JMCKPETHBIX ANEKTPOMArHUTHBIX
CHTHAJOB B  AQHOMAJBHBIX  MOTOKAaX
10100HBI COOTBETCTBYIOIINM
XapaKTepUCTUKaM  CHTHAJOB  BOJH3M

MOJIHUEBBIX Pa3psa0B.
- AQHOMaJIMM B TOBEACHUM ITHUX

[apaMeTpoB C pa3IMYHBIM
3aras/ibIBaHueEM [0 BpPEMEHU
CONPOBOXKIAIUCh  3EMJIETPACEHUSMU Yy

I0r0-BOCTOYHOTO Mo0epexbs Kamuatkw.
Takum o6pa3oM, MO pe3yibTaTaMm
OPSMBIX W KOCBEHHBIX KOMILUICKCHBIX
HaOJIOJICHUI Pa3IMYHBIX T€O(PHU3HMUCCKUX
napamMeTpoB BIEPBbIC IOKAa3aHO, YTO B
oktsiope 2002 v wum asrycre 2004 .
JIMCKPETHBIE ANEKTPOMAarHUTHBIC
UMITYJIbCHI B aHOMAJIBHBIX MMOTOKAX Mepe]]
3eMJICTPSICCHUSIMH  SIBIISUTUCh  CHTHAJIaMU
JIOKAJIBHBIX TPO30BBIX MPOIIECCOB.
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Pabota Beimonnena npu noanepxkke POOU (rpant Ne 02-05-79066 u 04-05-65100).
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NCCIEAOBAHUE BEPTUKAJIBHOTI'O 3JIEKTPUYECKOI'O I10JISA B 3EMJIE
C IEJBIO ITIPOTHO3A 3EMJIETPICEHUI

RESEARCH OF VERTICAL ELECTRIC FIELD OF THE EARTH FOR
EARTHQUAKES PREDICTION

10.®. Mopos, T.A. Mopos3
HUncmumym eynxanonoeuu u ceticmonozcuu /{BO PAH

The vertical component of the Earth’s electric field contains prominent information about the
medium’s geoelectric heterogeneity. This component equals zero in the horizontal-homogeneous media.
In heterogeneous media it differs from zero. It gives an opportunity to use it to control the behavior of
geodl ectric heterogeneity of the medium that characterizes geodynamic processes. Electric tipper is going
to be used for that. It represents a transmission function between vertical and horizontal components of
electric field in the frequent-time area.

Electric tipper has been aready studied at the Lake Baikal where seismic activity is really high. An
observational net has been made around the lake. Holes up to 100m deep are used to measure the vertical
component. The horizontal components of the field are registered in the directions of the geoelectric
heterogeneity medium’s axes. The discontinuity of measures is 10sec. Based on the el ectrotelluric field
monitoring time rows of the electric tipper were made. In their behavior anomalous changes which
precede earthquakes with K>12 are expressed on the epicentric distances up to 300km. Anomalous
effects appear 9-30 days before the earthquakes. It's likely that the effects appear due to the changes or
emerge of dectric heterogeneity of the media because of tectonic violations, their watering, water
mineralization and some other reasons which precede serious earthquakes.

B reodusnueckux Mosx, MCIOJB3YEMbIX JUIS M3YYeHHS Te0JIMHAMHUYECKUX IMPOIECCOB,
BAXHOE MECTO 3aHMMAET »JJIEKTPOMAarHUTHOE I0Ji€ 3€MJIM, CBSI3aHHOE C BHEIIHUMU
(nonocepHbiM,  MarHuTOCEpHBIM) M BHYTPHU3EMHBIMH  HCTOYHHKAMH. BHemiHue
ANEKTPUUECKHE TOKM HMHAYHUPYIOT B 3emiie Marautoteiurypudeckoe (MT) mone pazmuuHOi
94acTOTHl U MHTEHCUBHOCTH. Habmromass Ha 3eMHOU MOBEPXHOCTH COCTABIISIONIME STOTO MOJIS,
MOYXHO KOHTPOJIMPOBaTh BO BpPEMEHH H3MEHEHHE 3JIEKTPOIPOBOIHOCTH JHUTOC(HEpPHl Ha
Pa3NIUYHBIX TITyOMHAX

BaxHBIM SIBJISETCS HE TOJIBKO PEruCTpalys BapUaluil TOPU30HTAIBHBIX COCTABIISIOIINX
ANEKTPUYECKOTO TOJII Ha 36MHOM MOBEPXHOCTH, HO M €r0 BEPTUKAIBHON COCTABJIAIONIIEH B
CKBa)XMHAX. DTO JaeT BO3MOKHOCTb MOJYYUTh JIOCTATOYHO MOJHYIO HHPOPMAIIHIO O TTOBEICHUH
AJIEKTPUYECKOT0 TOJs 3eMJIM B MPOCTPAHCTBE M BO BPEMEHM M €0 BO3MOKHOM CBSI3U C
reoJMHAMUYECKUMU TporieccaMu. K HacToseMy BpeMEeHH HaKOIJIeH OOJbIION 00BbeM Takou
uHpopmanuu Ha 03. baiikan B m.m. Y3yp u Teipran. Ha ocHOBe 3THMX AaHHBIX PacCMOTPEHBI
pe3yJbTaThl U3YUEHHUS AIEKTPUUECKOTO OIS 3EMIIH.

Metoanka Hab/10AeHN
[Tynkt Y3yp HaxoauTcst Ha ocTpoBe ONBXOH, a MyHKT THIpraH Ha 3amaJHOM MOOepexbe
03. baiikan (puc.l).

567

Puc.1. Cxema pacroynoxeHus MyHKTOB
HAaOJIIOJICHHUI 3JICKTPUIECKOTO OIS
3emiu; 1-yHKTHI HAOJIFOICHMI
ANIEKTPUYECKOTO OIS,

52 \lb.praH. /‘7 / //"“’ ' / A 2-00cepBaToOpyy T€OMAarHUTHOTO TIOJIS;
) MpKymc H o Srxany Huma H ) -
% p 7Af j(,:g)i/nal-‘/-)/da P </ /
96" / Yol )
N - 7/
/ e
08 0@ T8 P

—— s KM
l:| 1 lIl 2 0 100 200 300 400
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Paccrosinue mexay HuMu 0kosio 115 kM. ITyHKTBI MOHMTOpPWHTA AIIEKTPUYECKOTO TMOJIS
BBIOpaHbI TI0 JTAHHBIM TPEABAPUTEIBHBIX HAOMIOeHN. BaxkHO OBIJIO, 4TOOBI Ha HUX HE OBLIO
TEXHUYECKUX TIOMEX W TEOdJIEKTpUYeCKas cpela sBIsUIach pe3ko HeogHopomaHoi. [lo
pesyibTataM  IEepBOHAYANbHBIX  HAONIONEHWH  OmpeneNneHbl  HampaBlIEHUS  OCel
T€ODJIEKTPUYECKOW HEOJAHOPOJHOCTH cpenbl. OHM  OPHEHTHPOBAaHBI BJOJb UM BKpECT
npocThpanus OeperoBbix JUHUK ocTtpoBa OnbxoH u o3epa baiikan. Ilo »TMM HampaBieHHSAM
OpPHEHTHPOBaHbI H3MEPUTENbHBIC THHUH (pUC.2).

¢}

6
L Puc.2.Cxema pacmonoxeHus
M3MEPUTEbHBIX JIMHUI B TIII.
V3yp (a) u Teipran (0).

Hudpamu 0003HaYEHBI
HOMeEpa 3JIEKTPOOB.
BeprukanbHblii  KaHaJI B
LEHTpE YCTaHOBKH.

Macmirab npuBeneH IS

100 m
HU3MCPUTCIIBHBIX JIMHUMN

I
JlnuHa OCHOBHBIX aumoJie B . Teipram u Y3yp - 240 m u 250 m (01, 02, 03, 04),
nonosuuTeabHBIX - 120 M u 125 M (05, 06, 07, 08), cooTBeTcTBeHHO. B KauecTBe 3a3eMiIcHHIA
WCIIOJb30BaHbl  CBHHIIOBBIC JJIGKTPOJIBI, OMylleHHble Ha riyonny 4 wm. Hapsay c
TOPU30HTAIBHBIMA KOMIIOHEHTAMHU 3JICKTPUYECKOTO IMOJII Ha 000MX MYHKTAaX OCYIIECTBISCTCS
pEeTUCTpaIsl BEPTHKAILHOW KOMIIOHEHTHI B CKB@KWHAX, 3aTAMIIOHUPOBAHHBIX TJIHHOM.
I'mybuna CKBAXKUH 44 m.

1 _IReP,limPY 1Pl

08 08
ReP

06 06
ImP

Puc.3. YacToTHbIE KpUBBIE TAPaMeTPOB
3JIEKTPUUYECKOr0 THUIIIEPA. a-MOLYJIU

o oy I BEIIECTBEHHBIX u MHHUMBIX
” f‘ﬁﬂ =1 & SJEKTPUYECKUX  CTPEIoK M HX
O T T T O T,
0 W o0 100 0 a3MMyTHI, 0-HOpMa u daza
DIIEKTPUYECKOrO BEKTOPA; B-MOAYIb
o Avaa. o | Ba MaKCHUMAJILHOM KOMITOHEHTEI
120 mp O oa, DIIEKTPUYECKOrO TUIITIEPA U €€ a3UMYT.
& E D .
0 0 ﬁ““‘»tﬂ'
60 ReP -0
120 -60
180 T T ] -0 4 T T 1
10 10 1000 10000 10 100 1000 10000

Jimuaa BepTukanbHbIX aumnosieid 40 m. Perumcrpamusi Bapuaruii 3JIEKTPUIECKOTO TOJIS
MPOM3BOJIMTCS COBpEMEHHOU simoHckoi amnmaparypoit (DATAMARK) B 1mmdpoBom BuIe,
muckpetHocThio 10 c¢. Kpome storo Ha ynmameHHBIX obOcepBaropusx ODHXalyk u IlaTpoHBI
PETHCTPUPYIOTCS KOMIIOHEHTHI TeomaramutHoro momnst H, D um Z B mmdpoBom BuIE ¢
auckpetHocThio 1 MuH (puc.l). MTHTEeHCHMBHOCTB DIEKTPOTEIUTYpHUYESCKUX Bapuanuii B 1. Thipran
B 20 pa3 BbIIE, YeM B M. Y3yp, YTO CBS3aHO C PA3TUYHBIM I'€OJIOTHYECKHM CTpOCHHEM. Takxke
ciexyer oOpaTUTh BHHMMaHHE, 4YTO B OOOMX MYHKTaX  HMHTEHCHBHOCTh BEPTHKAIBLHOTO
AIIEKTPUYECKOTO TOJS 3aMETHO BBIIIE TOPHU3OHTAIBHOTO. JTO Kak OyAeT TMOKa3aHO HUXKe,
CBSI3aHO C BJIMSIHUEM T'€0JIEKTPUUECKON HEOTHOPOJIHOCTH CPEJIbI.

I/IHTepnpeTauml AAHHBIX MOHUTOPHUHI'A 3JICKTPOTENTYPUIECCKOIO IMOJIsA

B ocCHOBe 2JIEKTPOTEITYPUYECKUX HCCIEJOBAHUN JIEKUT JIOIYIIECHUE, YTO NEPBUYHOE
I10JIE MOKHO IPEJCTaBUTH I0JIEM IIJIOCKOM BOJIHBI, HOPMAJIBHO MAJAIOIIEH HA TPAHUILY 3€MIIs-
Bo3ayx [1,2]. B pamkax 3TOro mnpuOMIKEHHS B TOPU3OHTAILHO-OJHOPOJHBIX Cpelax
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KoMIloHeHTa E; paBHa Hymo. B cpepax, copepkamux reos’yieKTpuueckre HEOJHOPOIHOCTH,

KoMHoHeHTa E; oTnudHa oT Hynss. MOHUTOPUHT BEpTHKAIBHON M TOPU30HTAIBHBIX KOMIIOHEHT
AIIEKTPUYECKOTO TOJIS TaeT HH(GOPMAIIHIO O T€OEKTPUYECKIX HEOJHOPOHOCTSX CPEIBI.

[Tlo anamormu c TeoMarHUTHOM ToneM [2,6,7,9] CBs3p MeXIy BEpTHUKAIBHOH U
TOPU30HTAIBHBIME COCTABIISIOIUMU AJIEKTPOTEIUTYPHUECKOTO IO B YacTOTHOHW 00acTH
MO>KHO TIPEJICTaBUTh B CIEAYIONIEM BHUJIE:

U

E,=PE

Top ’
Y
e P=[c,c,]
E,=P,E.+PE,, rtme E E, E, — COCTaBIMIOLIME SIEKTPUIECKOTO M0JI, P B
KOMIIOHEHTBI MaTPHIIBI, 3aBUCAIIME OT YaCTOTHI, PACIPEIEIEHHs dIEKTPOIIPOBOJHOCTH B 3eMIle

1 OPUCHTAUH KOOPAUHATHBIX oceH.
V]
ManI/IIIy P MBI HazoBeM QJICKTPUYCCKHUM THIIIICPOM, IIO0 AHAJIOTHU C MAarHuTHBIM

tunmepom (tipper), BBeaenusiM K. Bozodpdom [8]. Kak u MarHuTHBINA THIIIED, 3JIEKTPHYCCKUN
TUMIEp TMpeACTaBIsseT co0OW MaTpHIly ONPOKHIBIBAHHS, Tpeodpasys TOPU30HTAIBHYIO

COCTAaBJIAIOILYIO B BEPTUKAIBHYIO.
U
WuBapuanTsl MaTpullbl P 3anmceiBatoTcs B ClIeIylOIIEM BU/JIE!

C={C,’+ 7, p= |Cf+|c,[)  rre a

Kak u wmarnutHeidi tunmep [2,6,7,9], anmeKTpUUYECKHid THINEp MOXHO H300pa3uTh
rpadpuueckd B BUJE TMOJISIPHOM JWarpamMMbl, BEIIECTBEHHBIX M MHHUMBIX CTpEJIOK,

QJICKTPUYCCKOT'O BCKTOPA.

- HOpMa MaTpUIBbI.

YpaBHEHHE 2JIEKTPUUYECKOM MOJISIPHON AUarpaMMbl UMEET BUL!

c,() = \/sz cos’a + C, sin’a + 2ReC,,C,, sina xcosa ,
IJie TOPU30HTAJIbHAS YepTa 03HAYAET KOMIUIEKCHYIO COTIPSHKEHHOCTb.

[MonsipHast quarpaMmma MpeACTaBiIsgeT COO0H CHMMETPUYHBIN OBaJl UIIH JIBYXJICTIECTKOBYIO
KPUBYIO C B3aUMHO TMEPIEHANKYISIPHBIMU TJIaBHBIMH OCSIMH. B BymMepHOU Moaenn oHa MMeeT
BUJ] BOCBMEPKH C JICTIECTKAMHM, BBITSHYTBIMH B HAaIlpPaBICHUH TEPIEHIUKYIIPHOM K OCH
OJTHOPOJHOCTH cpenbl. Takke BBIMIAIUT JUarpaMMa B OCECUMMETPUYHON Mozaenu. B sTom
cllydyae JIETIECTKU BBITSHYTHI B paIMAIbHOM HaIlpaBJICHUU.

DJNEeKTPUYECKUI THIIEpP MOXKET OBITh MPEACTaBIE€H B BHJE BEIIECTBEHHOW W MHUMOM
CTpEJIOK:

ReP=ReP, I, +ReP, I,

ImP =ReP, I, +ImP, 1,

Bekrtop ReR xapakTepusyeT BIHMSHHE aKTUBHBIX M30BITOUHBIX TOKOB, HAXOJSAIIMXCS B (aze C
TOPU30HTAIBHBIM JJIEKTPUYECKHM TMojieM. Bekrop IMR  oTpakaer BIMsSHHE pEaKTHBHBIX
M30BITOYHBIX TOKOB, (Da3a KOTOPBHIX OTIHMYAETCS OT (pa3bl TOPU3OHTAIHHOTO AIIEKTPUIECKOTO
noJist Ha P /2. B iByMepHO# MOJIeH BEIIECTBEHHBIC U MHUMBIE CTPEIIKU KOJUTMHEAPHBI.

[To anamoruu ¢ MarHUTOBAPUALIMOHHBIM BEKTOPOM [3], DIEKTPUUESCKHUN THIIIIEP MOKHO
n300pa3uTh B BHJIE AJIEKTPHUECKOTO BEKTOpa V, HAMpaBIEHHOTO IO OOJBIIOW OCH 3IUIHIICA
MOJIIPU3ALMN  KBA3HUIIOTIEPEYHOTO TOPU30HTAIBHOTO JJIEKTPHUECKOTO TOJNsI M HMMEIOIIETo

BEIMYUHY PaBHYIO ||é1| da3a BEKTOpa ONpeAeseTcsl Kak apryMEeHT UHBapuaHTa P.

HE— —_ 2 2
j margC=arg,C, +C,".
Onektpuueckas (a3a He 3aBUCUT OT HAMPABJICHHS KOOPAWHATHBIX oceil. OHa oTpaxaer

BKJIQ/I aKTUBHBIX U PEaKTUBHBIX TOKOB. IIpu | Omuskom k O mwnmm p , B E; npeoOnamaer BkiIan



412

aKTHBHBIX TOKOB, a NPH NMPUOMIDKEHNH] K P /2 - BKJIAJ PEaKTUBHBIX TOKOB. DJIEKTPUUECKHUE

MOJIAPHBIC AUAarpamMmbl, BCHICCTBCHHBIC W MHUMBIC CTPCIIKH, BHCKTpI/I‘IeCKI/Iﬁ BCKTOP
XapaKTepU3YIOT T€0ICKTPHUYECKYIO HEOJHOPOIHOCTD CPEIbI.

OOpatuMcst K SKCTIEpPUMEHTAILHBIM JJAHHBIM B 1. ThIpras, Tie MBI pacroJyiaraeM Oosee
JJIAHHBIM BPCMCHHBIM PAI0OM BepTHKaJ’IBHOﬁ U TOPHU3OHTAJIBHBIX KOMIIOHCHT JJICKTPUYCCKOTO
noyst. 3nmeck Habmogenwst ocymectBiasiorcss ¢ 2003 roma. s monydeHWs THIIepa
ucnonb3oBana mporpamma [5]. C ee nomompio onpeenensl komnonenTsl Tunnepa C,, C,,

BemectBeHHble (ReC) u Muumble ctpenku (IMC), snekrpuyeckuit BekTop V, MOJSpHBIC
nuarpammsl P (a)

B Hauame paccMOTpUM YacCTOTHBIE XapaKTEPUCTHKH dIIeKTpudeckoro Ttummepa. OHu
MOJIy4eHbI TIO0 JITAaHHBIM TPEXMECSYHOW HEMPEPBIBHOM PETUCTPallMN DJIEKTPUYECKOTO TOJS C
miuckperHocTeio 10 ¢. Ha puc.3a,0,B mpencTaBlieHbl YacCTOTHBIC KPUBBIC BEUICCTBCHHBIX W
MHUMBIX cTpeniok (ReC u ImC) anekrpuyeckoro Bektopa (V) ¥ MaKCUMaJIbHOH KOMITOHEHTBI
turnmepa (maxP,, ).

OOpaTuMcsi K BEIIECTBEHHBIM U MHUMBIM cTpenikaMm (puc.3a). Moaynb BellecTBEeHHOU
CTPENIKM BO3PACTaeT C YBEIMYCHHEM IepUoJia BapHallUil, YTO CBUICTEIBCTBYET 00 yBEINYCHUH
BKJIaJla aKTUBHBIX TOKOB B BEPTHKAIBHYIO JJICKTPUYECKYIHO KOMIIOHEHTY. MHHMasi CTpeika B
00JIaCTH HHU3KHX YaCTOT B HECKOJIBKO pa3 MEHbIIE BEIIECTBEHHON. DTO XapaKTepU3yeT CIIaOblii
BKJIa/I PEaKTHBHBIX TOKOB B BEPTHKaJIbHYIO KOMHOHeHTy. Jlumpb Ha mepumomax 100 wu 800 c
BBIpOKEHbI MakcuMyMbl IMC, oTpakarolye HE3HAYUTEIbHBIH BKIAJl PEAKTHBHBIX TOKOB.
BemecTBeHHBIE 1 MHUMBIC CTPEIIKH KOJUTMHEApHbI B muana3zoHe nepruoaoB ot 20 mo 1000 ¢, uto
XapaKTepU3yeT JBYMEPHO-HEOTHOPOJHBIA TeOIEKTpUUecKuii pazpe3. OHU OpHEHTHPOBAHEI
MOTIEPEeK IIyOMHHOTO pa3iioMa B paiione 1. Teipran. (puc.l). Ilpu yBenuuenun nepuoos (1000
— 10000 c¢) cTpenKkH CTaHOBSTCS OPTOTOHAIBHBIMH, 4YTO OTPAXKAET TPEXMEPHOCTh
reosyiekTpuyeckoi cpeapl. Ciemyer orMeTuth, uto Ha nepuoae 1000 ¢ cmabo BBIpakeHHOMY

MaKCUMyMy KpHBOM |Req OTBE€YAaCT MHMHUMYM KpHBOM |Imq. Ha »stom xe mnepuone

NPOHMCXOJUT W3MCHEHHE a3UMYTOB MHHUMOHM CTpenkd. MOXKHO mpearnojaraTb, 4Yro B
JJIMHHOIIEPHOJHOM JMana3oHe Ha IOBEJCHHE CTPEIOK CKOpEe BCEro OKa3bIBAIOT BIIMSHUE
CEBEPHBIC U I0KHBIC (IaHTH PUGTOBOM 30HBI, 32 CUET KOTOPBIX HEOJAHOPOTHOCTh OTIIMYACTCS OT
JIBYMEpPHOW. DTO OTpakaeTcsi B TMOBEICHUM CTPENOK, KOTOPbIE CTAHOBATCS IIOYTH
OpPTOTOHAIBHBIMH, YTO XapPaKTEPHO ISl IIPOBOISIIMX 30H CIOXKHOM (DOPMBI.

OOpaTuMcsi K 4aCTOTHOM XapaKTepUCTUKE dJieKTpuueckoro BekTopa (puc.30). Hopma
BekTOpa mMeeT MakcumyMm Ha mepuogax 500 - 1000 c. Ha stux mepmonax ¢asza BekTopa
NpUOIIDKACTCS K HYIIO, YTO OTpakaeT Mpeo0Ialarolvil BKIIa]] aKTUBHBIX TOKOB, HACKIIIAFOIIHX
MPOBOJISIIYIO 30HY.

YacroTHas KpuBas maX|sz| (puc.4B) moroOHa KpUBOI |Req . 910 00YyCIIOBJICHO TEM, YTO

OCHOBHOM BKJIaZl B BCPTHUKAJIBHOC BJICKTPUUYCCKOC IMOJIC NAIOT AKTHBHBIC 3JICKTPUUCCKHUEC TOKH.
AzumyT max|CZX| B quana3one nepuooB ot 20 1o 1000 ¢ mo4Tn He MEHSETCS U paBeH OKOJIO

130°, t.e. Bkpect mpoctupanus pasnoma. Ha mepronax Gomxee 1000 ¢ a3uMyT yMEHBIIAETCS 10
80°, uT0 0GYCIOBICHO TPEXMEPHOI HEOJHOPOHOCTHIO CPE/IBL.

[MpencraBneHne O BIMSHUM TE€OJICKTPUYCCKUX HEOJHOPOJHOCTEH Ha pa3IMYHBIX
NepuoJax AT TaKKe JIICKTPUYECKUE IMOJISIpHBIE auarpaMmbl. Ha HHX Xopomio BuUIHA
CXOJIMMOCTh JIETIECTKOB B Havajge KoopamHar Ha mnepuomgax oT 50 mo 1000 c. Dro
CBHJICTEIILCTBYET O JBYXMEPHOCTH TEOJIEKTpUYecKoi cpempl. OCH JICTIECTKOB HAlpaBIICHBI
BKpECT MPOCTHpaHus pa3ioma. Pacxoaumocts 3tux jenectkoB Ha nepuone 7200 ¢ yka3piBaeT Ha
BIIMSIHME TPEXMEPHBIX HeonHoponHocTei. [Ipu yBenmnuenun nepuoga ot 50 mo 7200 asumyt
ymenbimaercs Ha 30°.

PaccMOTprM 4acTOTHBIE XapaKTEPUCTHKH DIICKTPUYECKOTO TUIIIEpA U UX U3MEHEHHE BO

BpeMeHu. KOMIIOHEHTHI TUIITIepa onpeenieHbl u3 cootHomenus: E, = P, E,+ P, E .
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TouHOCTH OMpe/IeIeHUs] KOMIIOHEHT THUIIIEPa 3aBUCHT OT JUTMHBI BPEMEHHOTO MHTEpBaJia
Y KOTEPEHTHOCTH MEX]y BEPTHKAJIHbHON ¥ TOPH30HTAIBHBIMU COCTABJISIFOLIMMH DIICKTPHUYECKOTO
noJist. [ToaToMy mpenBapuTeIbHO BHIOPAHBI ONTHMAIBHBIE YCIOBUS, TIPH KOTOPBIX KOMIIOHEHTHI
THUIIEpa ONMPEICISIOTCS YCTONYMBO B AMATIa30HE MEPUOJIOB OT TIEPBBIX MUHYT JIO TMIEPBBIX YaCOB.
AHanM3 Mmokaszall, 4To MpU PErucTpanuy ¢ AUCKpeTHOCThI0 10 ¢ BpeMEeHHO# MHTEepBall JOJDKEH
ObITh HE MeHee 3 CYTOK, a KorepeHTHocTh He MeHee 0.8. [ 06paboTku co3nana crienuanbHas
nporpaMma, TO3BOJISIONIAs W3 TOCTYMAIOIIEr0 MacchBa HUQPPOBBIX JaHHBIX (OPMHPOBATH
BPEMEHHBIC MHTEPBAJIBI HEOOXOAMMOM [UIMHBI U ONPEICISTh KOMIIOHEHThI THIIIEpa B IIHPOKOM
JMana3oHe MepuoJioB. B pesynbrare 00paOOTKH JaHHBIX TOJYYEHBI BpPEMEHHBIC PSIbI
napamerpoB tumepa Ha nepuogax oT /0 ¢ qo 12000c. CpaBHUTENbHBIN aHATN3 BPEMEHHBIX
PSIOB B YKa3aHHOM JIMAITa30HE MEPHOJIOB TIOKA3bIBACT, YTO aHOMAJIbHbIC U3MCHEHHS THITIIEpa B
CBSI3U C 3EMIJICTPSCEHHMSIMH BBIpaXXEHBI Oojiee KOHTpacTHO Ha mepuoaax 100-1000 c. ma Gonee
JUTMHHBIX TIEpHOJaX aHOMalbHble BO3MYyIIeHHs 3aTyxatoT. Ha mepumonme 12000 ¢ onm
NPaKTHYECKH Y€ He BbIpakeHbl. COMOCTaBlICHHE BPEMEHHBIX PSIOB MOJYJS BEIIECCTBEHHOMN
CTPEJTIKH, HOPMBI U MOJYJISI MaKCUMAJIbHOH KOMIIOHEHTBI THUIIEPa CBHICTEIBCTBYET, YTO OHU
JaKe B JIETAISIX MOJOOHBI MEXTy CO00M. DTO 0OYCIIOBIEHO TE€M, UTO Cpejia SBIISIETCS OJIM3KOM K
JBYMEPHO-HEOTHOPOIHOH U OCHOBHOHM BKJIAJ B BEPTUKAIbHYIO KOMIIOHEHTY BHOCST aKTUBHBIC
ANMEKTPUUECKHE TOKH, 32 CYET KOTOPBIX BEIISCTBEHHAsh YacTh THUIIEpa MOYTH Ha MOPSIOK
00JIbIIIE MHUMOH.

Ha puc.4 mMbl B KauecTBe puMepa MPUBEITU MOJYJIM BEIIECTBEHHBIX U MHUMBIX CTPEIIOK
Ha nepuosie 330 ¢ 3a Bpemsi Habmoaenuit ¢ 01.08.2003 r. mo 06.02.2006 r. BpemenHsbie psiibl
yKa3aHHBIX TApaMETPOB COIMOCTABJICHBI C MOMEHTaMH CHIBHBIX 3emiierpsicenuii ¢ K>12.4,
MPOUCIIEAIINX 332 PACCMATPUBAEMbIN MEPHO]] HAa SMHUIEHTPATIBHBIX paccTostHuax 10 300 km. B

rpagpukax |Req BUJHBI AaHOMAaJbHBIE WM3MEHEHHUS, KOTOphle MOTYT OBITH CBSI3aHBI C

3eMJICTPSICCHUSIMA.  OJTH ~ aHOMAJIMKM  TPOSBISIOTCA  cienyrommM — obpasom.  [lepen
3emyeTpsiceHusiMu ¢ K>12.4 Bo BpeMeHHBIX psiax yKa3aHHBIX IapameTpax Bbaensercs 1,5 —
MECSIUHBI HWHTEpBal C yBEIMUEHHOW paucriepcueii. B ero wHauame wusmensiercs ¢aza
ANIEKTpUYECKOro BekTopa. 3a 9 cyrok mepen obommu 3emierpsicenusimu ¢ K=12 u K=12.4

mapameTpel |Re(,||E|, max BO3pacTalOT B HECKOJbKO pa3. Takoit »¢pdexr oOHa eH
P P P p PYyxX

BriepBble. Takke cienyeT oOpaTuTh BHUMaHNE Ha M3MEHEHUE MapameTpa |Req B KOHIIE MapTa.

Ero moxnO yBsizath ¢ 3emserpscenusiMu K=11, Ho sTa pabota TpedyeT cHenMaIbHBIX

HCCJIEIOBAaHUI U BBIXOJUT 3a PAMKHA HACTOSIIEN CTATHH.

|ReP |
4

-

Puc.4. Tpaduxu momymeit

z % g BCIICCTBCHHBIX W MHHUMBIX
- ;E %ﬁ % . SIEKTPUYECKUX CTPEJIOK Ha
o %% = nepuoae 330 ¢ B m. Tripran.
4 : : : : : : [Tepuon HaOJIIOIEHHIA:

oma3  01.08.2003-06.02.06 rr. Ha
BPEMEHHOM OCH I[OKa3aHbl
MOMEHTBI 3EMIIETPSICEHUN C
; 7 K>12 na »snuieHTpanbHbIX
o i rora paccrosiausix (L) mo
100 200 300 cyrin "3 360 kM.

T K=124 T
K=12
L =290 km L=170 km

26.05.04 r. 21.03.051.

KakoBa npuposa BBISBIEHHBIX aHOMAaJbHBIX W3MeHeHui? [lo-BuauMoMy, Ha TIOBECHHE
THUIIEPAa MOTYT BIHUATH JIOKAJIbHBIE TI'€OICKTPUUYECKHE HEOJHOPOJHOCTH BEPXHHUX YaCTEH
36MHOM KOpBI, BBI3BIBAIOLIME TaJIbBAHUYECKUE AHOMAJIMU 3JeKTpuuyeckoro mnouss. OnHoil u3
TaKUX HEOJHOPOJHOCTEH MOMKET OKA3aThCs PA3IOM CEBEPO-BOCTOYHOIO IIPOCTUPAHUSA B PaOHE
. Teipran. IIpy reogHaMHUYeCKHX NpPOLECCAX, CBA3AHHBIX C IOATOTOBKOM 3EMIIETPSCEHMS,
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BO3MOXHO HU3MCHCHHEC CTCIICHH O6BOZ[H€HHOCTI/I U MHUHCpaIU3allui BOJ B 30HC pasjioMa, 4To
MOXKCT COOTBCTCTBCHHO MHM3MCHHTL BKJIA[l AKTUBHBIX TOKOB B BCPTUKAJIbHYIO KOMIIOHCHTY
QJICKTPUYCCKOTO I10JIA.

BrIBOBI

MOHUTOPHUHI BEPTUKAIBHONW M TOPU3OHTAIBHOM COCTABIISIOLIMX JJIEKTPUYECKOIO IO
3eMJIM B YacTOTHO-BPEMEHHOW 00jacTé Ma€T BO3MOXKHOCTh TOJYYUTh HH(OpMAIUIO O
COCTOSIHMM TI'€OJIOTMYECKOM Cpelbl B CBSI3M C NEOJMHAMUYECKMMHU IIpolieccaMu B balikanbCkon
pudtoBoit 3oHe. [lis wu3BNeYeHHs OSTOW wuHbOpMAIMK Tpeaiaractces (MO0 aHAJOTHH  C
TC€OMAarHUTHBIM TOJIEM) BBECTH OJJICKTPUYECKHI THIIIEP, CBSA3BIBAIOIIMN BEPTUKAIBHYIO H
TOPU30HTAJIBHBIE  COCTABIIAIOIIME  BJEKTPOTEUIypUUYEeCKOro moss. Tunmep — oTpaxkaer
pacnpeieieHue 3JIeKTPUYECKUX TOKOB B pallOHE TI'€O3IEKTPUUYECKON HEOJAHOPOIHOCTH.
[IpencraBienue Tummepa B BHJAE BEUIECTBEHHBIX M MHUMBIX JJIEKTPUYECKUX CTPEIIOK U
AJIEKTPUYECKOTO BEKTOPA MO3BOJISIET OLEHUTh XapaKTep I'€0EKTPUIECKON HEOJHOPOJHOCTU U
BKJIaJ]  AKTUBHBIX M  pPEAKTHMBHBIX  TOKOB B  BEPTUKAJIbHYI0  COCTABJISIOILYIO
ANIEKTPOTEILTYprUdecKoro noisi. OcoOeHHO WH(POPMATUBHBIM SIBISIETCS DJICKTPUYECKUN THIIIED
IIPU U3YYEHUH TPEXMEPHBIX I€0JIEKTPUUECKUX HEOJHOPOTHOCTEH.

MonuTopusr snekrpuueckoro tunmepa ¢ 2003 mo 2005 rr. BeimonneH B 1. Teipras. Ilo
JAHHBIM YacCTOTHO-BPEMEHHOI'O0 aHaJIM3a BBISBJICHBI aHOMAJbHbIE W3MEHEHHUs B IapaMeTrpax
anekrpudeckoro tummepa Ha nepuogax oT 100 mo 1000c, xoTopble MOTYT OBITH CBSI3aHBI C
semierpsicenusimu ¢ K = 12 uw K = 124, AHOManuu TpOSBISAIOTCS B  YBEJIWYCHUU
BEIIECTBEHHOTO THIINEpPa B HECKOJBKO pa3 MpUMEpHO 3a 9 cyrok o 3emierpsicenus. OHH
BBI3BaHbl I1E€PEPACHPE/ICIICHUEM AaKTHUBHBIX JJIEKTPUUYECKUX TOKOB B palioHE pas3ioma, Ie
BO3MOYHBI U3MEHEHUS YPOBHS U MUHEPAJIN3ALMU BOJ IIEPE]T 3EMIIETPSICEHUEM.
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CBS3b CENCMHUYECKHX IMTPOIIECCOB C TAU®GYHAMHU

CONNECTION OF SEISMIC PROCESSESWITH TYPHOONS
JI.U. Mopo3osa
Hncmumym xomnaekcnozo ananuza pecuoHanibhwvix npoonem J{BO PAH

In contrast to previous works, we used online cloud cover images transmitted every one hour
from geostationary meteorological satellite, in addition to surface weather chart, to locate a typhoon in the
Pacific Ocean. Interposition of the seismic centers and typhoons at different stages of its development in
space images is shown. The space images of cloud cover provide a more precise and vivid idea of the
typhoon s position relative to seismic sources. Earthquakes occurred within the first two days from the
moment of typhoon passage near epicenter. An analysis of the spatiotemporal interrelation of seismicity
and typhoons demonstrated that, in the initial period of two days (including the moment of the typhoo's
passage), 80% of earthquakes (from a total of 59) occurred near the typhoon track in four days. All
disastrous earthquakes (M>=6.0) occurred in the initial two days.

[Tomumo aTtMocepHBIX MPOIECCOB, COOTBETCTBYIOMIMX KPUTEPUIO KATACTPOPHUECKUX,
Tali(pyHBI MHOT/Ia COMPOBOXKAAIOTCS 3eMIIeTpsiceHHUsIMH. [IpeacTaBisier MHTEpeC UCTIOIb30BaHe
BHEIIHETO N0 OTHOIICHHWIO K 3€MHOM KOpe BO3JEHCTBUS — BapHaluii aTMOC(HEpPHOTO JaBICHHUS,
0OyCIIOBIICHHBIX MpOXOXkAeHHeM Taiiyna. Peructpupyemass BIOJb TpaekTopuu TaipyHa
CEMCMUYHOCTh CBHJIETENBCTBYET OO0 OTKIMKE BEPXHUX CJIOEB 3E€MHOW KOpPBHl Ha BHEIIHEE
BO3/CHCTBHE. B JaHHOM HCCIEJOBAHUU IIPEACTOSIO OSMIIMPUYECKH OIPENEIUTh BpeMs
3ara3bIBaHUsl CEUCMUYECKOTO COOBITHS MO OTHOIIECHHIO K MOMEHTY MPOXOXKIEHUs TailpyHa, a
TaKkKe BIMAHUE TaipyHa Ha SHepruro 3emuerpsceHus. B Poccunm nsyueHmem MexaHu3Ma
BO3JICHCTBUE Ta(PyHOB Ha celicMUIHOCTh 3aHuManuch A.Jl. Certuackuit, M.U. Spomesuy, C.H.
Hetpeba [6,8,5]. A.JI. ChITHHCKMM  OBLJIO YCTAHOBJIGHO, YTO CHJIbHBIC 3CEMIICTPSCCHHS
MIPOUCXOJIAT BO BPEMsI TUTaHETAPHBIX BO3MYILEHUI aTMOC(heEphl, SJHEPTUsi KOTOPBIX MPEBOCXOIUT
SHEPTHUIO 3eMileTpsiceHuil. TeopeTnyeckue McciaeOBaHus BIUSHUS Beca cToj0a atMocdeps! Ha
TEKTOHMYECKYIO TUIUTy mpoBed B ['epmanuu Visher S[9]. B pabore A.A.Jlrwo0yimmna [3] ObL10
MOKa3aHo, 4YTO “NMPOCTPAHCTBEHHBIM paanyc Koppeisimuud 0apooOpa3oBaHMil C TEPUOJIOM
HECKOJIBKO CYTOK M 3€MHOM KOPBI COCTABJISIET COTHH KUJIOMETPOB. /[ mynbpcanuii ¢ nepuoiaMu
nopsaka 10 4 m HmKe paauyc KOppensuuu OapoBapHaliii MOXKET CTaTh COM3MEPHMBIM C
XapaKTEePHBIM pa3MepoM OJIOKOB 3eMHOU KOPBI~ .

TaiipyHbl W3MEHSIOT HANpPSHKEHHWs BHYTPH CIIOEB 3€MHOM KOpBI, MOTYIIUE OBITH
NPUYMHOM /ISl pa3pbiBa HEYCTOWYHMBBIX 30H B CEHCMHUYECKUX 00nacTsx. MI3MeHeHus JaBleHUS
HaJl BOJHOM IIOBEPXHOCTBIO IIEPEAAOTCA B 3E€MHYI0 KOpPY IIOCPEICTBOM BHYTPEHHHX
rpaBUTAIMOHHBIX BOJH [1]. DHeprus TaiiyHa sIBISCTCS TOMOJHUTEIBHON K TEKTOHUYECKOMN
MOTEHIIMAIFHOH DHEPTrUH, a CHIbHBIE BapHalMl aTMOC(EpPHOTO JaBJICHUS SBISIOTCS
3¢ GEKTUBHBIMU TPUTTEPAMU B CEHCMHUUYECKU HEYCTOMYMBEBIX 00IACTSIX.

[Tepememiasich, TaiiyHBI BBI3BIBAIOT CYIIECTBEHHBIE H3MEHEHUS TEPMOJIUHAMUYECKON
CTPYKTYpBI OKeaHa, o0pa3ys Tak Ha3bIBaeMbIi TepMudeckui cnea. Mamynupyemas taidyHoM
[I0JI0Ca OXJIAXKICHHOM BOABI HAa IIOBEPXHOCTH OKEaHa SBISAETCA IPUYMHOM, MO KOTOPOU
cleAyromuid TalipyH OTKIOHSETCS OT TPASKTOPHH HpeAblaymero. Temmeparypa MOBEpXHOCTH
BOJIBI JUTSL 3aPOK/ICHHS M CYIIECTBOBAHKS Taii(pyHa JOImKHA ObITh BhIme +26° C.

B otnuume ot paboT mMpeaIIecTBEHHUKOB, JUIS OMPENENICHUsS TOJIOKEHUs Tal(yHa B
Tuxom oOkeaHe NMOMHMMO NPHU3EMHBIX KapT MOTOJbl HCIOJIB30BAJIUCH OINEPaTHUBHBIE CHUMKHU
00JJAYHOCTH C TEOCTAlMOHAPHBIX METEOPOJIOTHMYECKHX CITYTHHKOB. KocMHUYECKHe CHUMKH
MO3BOJISIIOT ~ KOCBEHHO  OIPENENUTh TOPU3OHTANBHBIM  MacmrTad o00JacTé  MPUPOJIHOU
KaTacTpo(bl, B3aMMOPACIIOJIOKEHUE TalyHa ¥ SIHUIEHTPOB 3EMIIETPSICEHUH B €ro 30HE,
oOecrieurBasi 0XBaT KapTHHBI B 1[EJIOM Ha OOMIMPHOM TpocTpaHcTBe. OmnpenesneHne NoJ0KEeHHS
TaiipyHOB B mpocTpaHcTBe 1o cHUMKaM (10 10 B cyTku) OoJiee TOUHO, YeM Ha TPU3EMHOM KapTe
norofbl (coctaBnsieMoil 4 pasa), YTO OYEHb BAXHO JUIS OMPEACICHUS IMOCICI0BATSIBHOCTH
3eMJICTPSICEHUSI U MOMEHTa TPOXOXKACHUS Tai(pyHa HA/I SIHIIEHTPOM.
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HccnenoBanace TeppuTopus CceBepo-3amagHol yacTu Tuxoro okeaHa u BocrouHou
Asnn, ot 120 no 170° B.JI., oT OununnuHckux ocTpoBoB 0 Kamuarku. MakcumanbHOE YUCIIO
BBIXOJIOB Tal(hyHOB ocymiecTBisiercs Ha Kypuibckue 0-Ba, 4MCIIO BBIXOZOB Ha [Ipumopckwii
Kpall CyIIeCTBEHHO MEHbIIIE, HEBEJIUKO YHUCIIO BbIX00B Ha CaxanuH u ror KamuaTku, U coBceM
HE3HAYUTEIBHOE YHCIIO BBIXOJI0OB MTPUXOUTCS Ha FOTO-BOCTOK XabapoBCKOTO Kpasi.

s kaxnoro u3 13 paccmotpenHsix mepuooB ¢ taidpynamu 3a 2003 u 2004 rr. Obutn
IIOCTPOEHBI TPACKTOPUHU MX JIBUKEHUS, HAUMHAs OT MecTa 3apok/ieHus1 B OUINNIMHCKOM Mope
no 3amomHeHus. K Kamuarke Bpimuto 6 TaiidpyHoB, 4 mepeMemiainch BJIOJIb BOCTOYHOTO
nmobepexkbst 0. XOHCK W Jlajee Ha BOCTOK, JIBa 3alOJHWIMCH BOMM3u 0. TaiiBaHb, OJIUH B
IIpumopse.

C TaiipyHOM CBS3BIBAINCH TOJBKO SMHIIEHTPHI, OKAa3aBIINECs BOJIM3U €ro TPAEKTOPUH Ha
pPacCTOSIHUH, COIIOCTABUMOM C €ro pasMepaMu. [IpHYMHHO-CIEACTBEHHOE COOTBETCTBHUE
MOJIOKEHHSI TailyHa M OOYCIOBIEHHOTO MM 3€MIIETPSCEHHS YCTaHABIMBAJIOCh C YYETOM
TpaHuI] JUTOCHEPHBIX TUIUT. PacCMOTpEHO pa3BUTHE CEHCMHUYECKHX MPOIECCOB B PETHOHE B
3aBHCUMOCTH OT TPACKTOPHM JBWKEHHUs TalipyHa — €ro B3aWMOJICHCTBHE C OKEAHHMYECKOU
TUTATOM.

Ha navanpHBIX cTagusx pa3BUTHs TaildyHa, KOTAAa €ro 00JayHOE IMoJie MPEeACTaBISET
co6oit kommakTHbIH BUXph auameTpoM 300 — 700 kM ¢ “riazom Oypu” B IIEHTpE, 3eMJIETPSICEHUS
HAUYMHAIMCH YK€ Yepe3 HECKOJIbKO YacoB IOCIIE €ro MOSBJICHUS, Ha Tepudepur 001aqyHOro
noJisi. BuxpeBast cTpykTypa 0071a4HOCTH aCCOLMHUPYETCS C OONBITUMH CKOPOCTSIMH BETpa B 30HE
TaiipyHa ¥ MaKCUMaJbHON KWHETHUYECKOW sHeprueil. JBmxenue taiipyna Hajg OUIMNIHHCKOM
IUIUTOM BBI3BIBAET 3E€MJIETPSACEHHUS, KaK HAa CaMOM IUIMTE, TaK M Ha €€ TpaHHulax. ITo
MOJITBEPXK/AAaET TPOIUTUPOBAaHHBIE BbIIIe BbBOABI A.A. JlioOymmuHa O TPOCTPAHCTBEHHOM
paauyce KOppensiquu CEHCMUYHOCTH U JIaBJICHUS.

Taiigpyn “Chaba’ (25 aBrycra — 1 cenTséps

- }? )r, 2004 r.) 3anonumics B OxotckoMm Mope (puc. 1).

/ MuHUMaIbHOE JaBjieHHE B TaiiyHe COCTaBUIIO

e ( \ i 910 rlla — camoe HHU3KOE JaBIIEHHE M3 BCEX

~ . __ mpoHecmmxcs TaiidyHOB; B pernoHe Kypunbckux
/ octpoBoB - 979 rlla. Ilpu nBwkeHun TaiidyHa

HaJl OUIMNIMHCKON IUIMTOW B €€ CEBEPHOM 4acTH
orMeuanuch Touku (1adn.l). D10 00BICHsAETCS
CIIOCOOHOCTBIO 0OJiee TOHKOH OKEaHHYeCKOH
mutochepbl K BHYTPUIUIUTHBIM JAedopMarusm,
YTO HAIJIO TMOJATBEP)KIACHWE B HAOIIOJCHUSAX B
Wumniickom u AtiantuueckoM okeaHe (mo [7]).
[Tpu nepeceueHnn TailyHOM 3amagHON TPAHUIIBI
wmtel Ha Komannmopckux octpoBax 29.08 u Ha
ceBepe Kypuibckux 0-oB 30.08 (BOMM3M rpaHUIlbl
AUTOC(EPHBIX TIUIUT) OBLIM 3apErUCTPUPOBAHEI
3emileTpsiceHUsl. FIX BO3MOKHON PUYNUHON MOTJIO
ObITh TepeMeleHue TaipyHa ¢ OUIMIIUHCKON
IJIMTBl Ha EBPasuiickyl0 M CBS3aHHOE C 3THUM
pacrpocTpaHeHHe HampsOKEHHUS  BJIOJIb TPAHHIIBI
TUTUTHI Ha CEBEPO-BOCTOK K 3IMUIEHTpaMm. YacTb
Tpaekropun  TaiyHa (mam  SInoHckuUMH
CTPOBaMH) MPOXOJHJIA MMAPAICTBHO TpaHUIIC
Puc. 1. Tpaexropus Taitpyna Chaba(matsr TIAT. 3EMJICTPACEHMS HA TPaHMIE  TUIMT
HOJIOKEHUS HeHTpa) u smunentpsr  OTMeuanuck 1.09 y Boctounoro 6epera o. XoHCIO
semseTpsiceHnii  (Toukun). J[BoitHO#M JsmHMeH — (HA CIEAYIOIIUME CYTKH TIOCIE TPOXOXKICHUS
TOKARAHRI TRAHWTIRS TTTUT. taiipyHa) 1 Ha 0. Prokro (cmycTst J1BO€ CyTOK).
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Cnaboe 3emierpsiceHue K ory ot o.Xokkaino 2.09 mpou3omio CmycTss CYyTKH IOCHE Tpo-
X0k JIeHUs Taif(hyHa HAJl SIMUIIEHTPOM.

Tabmuua 1

3emnerpsicenus Taidyna Chaba

date [GMT] lat lon depth | mb region name

2004/08/26 11:38:06 | 28.03N | 139.45E | 503 | 4.5 | BONIN ISLANDS, JAPAN REGION

2004/08/27 10:06:43 | 45.08N | 142.25E | 276 | 4.1 | HOKKAIDO, JAPAN REGION

2004/08/28 18:24:08 | 32.02N | 141.45E | 42 | 4.6 | 1ZU ISLANDS, JAPAN REGION

2004/08/29 00:55:06 | 55.41N | 166.25E | 19 | 4.7 | KOMANDORSKIYE OSTROVA

2004/08/30 12:23:25 | 49.52N | 157.29e | 35 | 5.7 | EAST OF THE KURIL ISLANDS

2004/08/30 23:22:15 | 24.39N | 121.61E| 75 | 4.6 | TAIWAN

2004/09/01 02:49:28 | 36.94N | 141.61E| 35 |5.7 | NEAR THE EAST COAST OF
HONSHU

2004/09/01 14:10:21 | 28.80N | 129.96E | 56 | 4.5 | RYUKYU ISLANDS, JAPAN

2004/09/02 22:01:21 | 42.45N | 142.75E | 60 | 4.3 | HOKKAIDO, JAPAN REGION

Taiigyn Meari (22 cenrsiops — 1 okrsiopsa 2004 r) nomren a0 tora Kypuibckoii rpsipt
(puc. 2). Munumanbhoe gasneaue coctaBuio 920 rlla, Bomu3u Kypuibckoit rpsast 990 rila. B
nepuo ABKeHus TaifpyHa mo Oumunmuackoit mmrte 23.09 OblIi 3aperucTpupoBaHbl TOTUKA Y
ee rpanuibl 23.09 u k rory ot 0. Xokkaitno 22.09 (tabun. 2). CeiicMuueckre cOOBITHS ITUX JHEH
Ha Kypunax u Kamuarke mpoucxoannu Ha (oHe 3amaanoro nukiona. [lepeceuenue taiipyHom
rpaHuibl QUIMIITHHCKOHN TUIMTHI COTIPOBOKIATIOCH 3eMIIETPSICEHUSIMHI Ha CEBEepe TUINTHI M Ha €
rpaHUIlaX Ha BOCTOKe M 3amazae. [lpu aBmwkeHuM TaiipyHa Hax SIMOHCKMMH OCTpOBaMH

MEARI

MA-0M

Puc.2. Cxema Tpaexropwuii Taiihpyno Meari u
Ma-On u sHIeHTPEI 3eMIIETPICEHHIA.

3eMJIETPSICEHUS TaM HE OTMEYaJNCh.

Taii¢pyn Ma-On (3 - 10 oxTs0ps)
(puc. 2). Ilpu nBwxeHuu TaniyHa Hax
QOUINNIMUHCKOW  TJIMTOM  MOYTH  BCE
3eMJIETPSICEHUS OTMEYaJINCh BJI0JIb
rpaHULIbI EBpoasnarckoit u
TuxookeaHCKOH IUIUT — OT 0. TaWBaHb 0
n-ea Kamuarka (tabnm. 2). bmmusko
pacIOJIOKEHHbIE Ha O. XOHCK O4Yaru
MOTJIM  OBITh OOYCIIOBIIEHBI KaK JSTUM
TaiipyHoM, Tak W mpoxoxaeHuem 6.10
3alaJHOr0 LMKJIOHA. J[OMOJHUTEIBHYIO
HEYCTOMYMBOCTb 3JE€Chb 3€MHOM  KOpe
CO3/IaeT YroJj cowieHeHus Tpex rmimt. /.10
3eMJIETPSACEHHS] Ha OCTpPOBaxX XOKKAUI0 U
XOHCI0O OTMEUaluCh MpU JaBICHUHU B
taitpyne - 953 rlla, B mepuon ero

MAaKCHMaJIbHOU SHEPreTUYECKON
AKTUBHOCTH.
Mo:xHo JOITYCTHUTB, qTO0

yAaJIeHHble 3emileTpsceHuss Kamuatku u
KypunbCckoi Tpsapl SBISAIOTCS  pe3yilb-
TaTOM BO3/IEHCTBUS TEKTOHUUECKUX BOJIH,
MOPOXKICHHBIX TaiipyHom Ha tore [7].
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Tabnuma 2
3emuerpsicenus Taipyna Meari

date [GMT] lon lon | depth | mb region name
2004/09/22 | 11:03:52 | 41.41 | 141.32 | 111.4 | 5.0 | HOKKAIDO, JAPAN REGION
2004/09/23 | 01:05:26 | 25.08 | 127.19 | 50.6 | 4.8 | RYUKYU ISLANDS, JAPAN
2004/09/23 | 01:55:26 | 25.04 | 127.06 | 39.1 | 5.3 | RYUKYU ISLANDS, JAPAN
2004/09/23 | 12:14:57 | 44.51 | 14854 | 60.5 | 4.3 | KURIL ISLANDS
2004/09/23 | 22:30:06 | 55.6 | 159.97 | 199.4 | 4.3 | KAMCHATKA PENINSULA
2004/09/25 | 01:15:3 | 23.93 | 141.81 | 171.0 | 4.3 | JAPAN REGION
2004/09/26 | 21:38:0 | 32.06 | 142.01 | 27.9 | 4.3 | IZU ISLANDS, JAPAN
2004/09/28 | 05:33:58 | 32.39 | 141.29 | 52.4 | 4.6 | IZU ISLANDS, JAPAN REGION

Tabnuna 3
3emnerpsicenus Taiipyna Ma-On

date [GMT] lon lon | depth | mb region name

2004/10/02 | 15:22:15| 27.92 | 127.70 | 78.7 | 5.1 | RYUKYU ISLANDS, JAPAN

2004/10/02 | 23:00:20 | 33.42 | 136.73 | 85 | 4.7 | NEAR S. COAST OF HONSHU

2004/10/03 | 23:41:25 | 41.93 | 142.40 | 88.2 | 4.7 | HOKKAIDO, JAPAN

2004/10/04 | 23:33:51 | 35.87 | 136.28 | 10.0 | 44 | WESTERN HONSHU

2004/10/05 | 00:24:32 | 29.75 | 138.74 | 415.3 | 4.1 | IZU ISLANDS, JAPAN

2004/10/05 | 00:04:41 | 43.61 | 151.09 | 67.4 | 4.5 | EAST OF KURIL ISLANDS

2004/10/05 | 22:10:04 | 24.83 | 125.14 | 80.9 | 45| RYUKYU ISL., JAPAN

2004/10/06 | 14:40:39 | 35.88 | 139.96 | 61.9 | 5.8 | NEAR S. COAST OF HONSHU

2004/10/06 | 14:40:39 | 35.88 | 139.96 | 61.9 | 5.8 | NEAR S. COAST OF HONSHU

NPMOC goa=-—9 201 Taﬁ(])yﬂ NOCk'Ten (21-27102004)
firm N ~ sanonHWiIcH Haj OUIUIIMHCKOW IUIMTOU
(puc. 3). Ha cHuMKe, 3ameyaTiieBIIEM
HAYaJIbHYIO CTaJUI0 TaiyHa, TOKa3aHa €ro
TPAEKTOPHUS U AMHUIEHTPHI MTOPOKICHHBIX UM
semyerpsicenuid. Ilpu nBwkenuun Taiidyna
. HaJ| TUIMTOM OTMEYEHBbI TOJYKH Ha TPAHMIIS
wTel 21 u 22.10. BOnu3u rpaHuiibl IIUTHI
y B r. Humrata 27.10 moBTOpHO MPOU3OIILIO
CHJIbHOE 3emileTpsiceHue, panee -23.10
#11. oTMedyaBlIeecs B CBA3U C IIPOXOXKACHUEM
¢ Taiipyna Tokage (Ha CHUMKe €ro LEHTp
8 pacnonaraeTcst y BOCTOYHOTO TOOEPEXbs 0.
XOHCI0), B SIMOHCKUX CPEICTBAX MacCOBOU
uH(pOpMAIMKA HAa3BAHHOTO TPUYUHOW 3TOTO
KaTacTpouueckoro 3emuerpsiceHus: [4].
TaitpyHn, mpoxons Ha  MHHUMAIBHOM
pacCTOSIHUM OT DJIHULEHTPA, BHOBBH OKa3all
TPUITEPHOE BO3JCHCTBUE Ha TEKTOHHUYECKHE
HaNpsDKeHHUs B 00JIaCTH ovYara Mmpu J0BOJIEHO
BBICOKOM JaByieHuH B TaiipyHe (1006 rlla).
Ouar Ha ceBepe mnThl 28.10 BO3HUK CIyCTS
CYTKH TIOCNie TpOXOKIeHus TanpyHa. Bo
BpeMs JIBUKEHUS TaiipyHa HaJ
OUIUNIUHCKON TUTUTON 3eMJIETPSACEHHS IMTPOUCXOIAT KaK Ha CaMOM IUINTE, TaK U HA €€ TPaHHUIIE,
npuyeM, Ha TPaHuIe 3HAYUTEIHHO Yallle.

Puc.3.Tpaexropus taiipyna Nock-Ten u
SMUILIEHTPHI 3eMJIETPSICEHU
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Tabmuma 4
3emnerpsicenus Taidyna Nock-Ten

date [GMT] lon lon | depth | mb region name

2004/10/21 10:09:21 | 28.70N | 129.46E | 100.9 | 4.8 | RYUKYU ISLANDS, JAPAN

2004/10/22 13:44:17 | 25.00N | 128.02E | 43.3 | 4.9 | RYUKYU ISLANDS, JAPAN

2004/10/27 01:40:50 | 37.26N | 138.86E | 15.7 | 6.0 | NEAR WEST COAST OF HONSHU

2004/10/28 04:54:29 | 29.60N | 140.51E | 124.6 | 4.7 | IZU ISLANDS, JAPAN

I[lo A.Jl. CpiTUHCKOMY, HEOOXOJUMBIM YCIOBHEM BO3HUKHOBEHHUSI CHJIBHOTO
3eMJICTPSICEHUsSI SIBIIIETCSL OOJbIIAs CKOPOCTh CMEHIeHHs TaldyHa, COMPOBOMKAAIOUIASICS
3HAYUTEIBHON CKOPOCTHIO MAJEHUS JABJICHUS B TE€UEHHE CYTOK. OTH YCIOBHS BBITOIHSIHNCH
IpU TPOXOXKJIEHHH cymnepraiipyna «Masmm» Han Snonckum Mmopem 12.09.2003 r, xorma
naBieHre B HeM MeHsiock oT 965 mo 980 rlla. C HUM MpOM30LUIO TPU 3EMIIETPSCEHHS B
TeueHue 5 yacoB M= 4.2- 4.4. Opnako MemjeHHOe cMmemieHue Taidyna Han KamuaTkoid
12.08.2003 r ¢ ngasnenuem 990 rlla He MOMKHO OBUIO 3aKOHYMTHCS 3EMIIETPSICEHHEM, TEM HE
MEHee, OHO ocymecTBuwioch ¢ M=5.1. B apyrom ciydae - MeIEHHOE CMEIICHHE 37€eCh
3amaJHOr0 IMKJIOHA C BBICOKMM jaBieHueM B mentpe (1004 rlla) 12.09.2003 r, Taxke
COTIPOBOXKIAIOCH TOJTYKOM M= 4.4,

B MoMeHTBI 3emiteTpsiceHnii Ha SIMOHCKUX 0-BaxX JaBiieHue B Tai(yHax cocraBisuio 910 -
995 rlla, a na Kamuarke, B yxe 3anonsstonmxcs taiipynax 980 —1010 rlla. TaiipyHs! ¢ HU3KUM
nasienneM 945-970 rlla conpoBoxnanuck 3emierpsiceHussMu M = 4.2 — 8.1, Ha BBICOKOM TI0JIe
JIaBJICHUS 3EMJICTPSCCHHSI MMENTN 3HAUYeHUs1 MarHuTy mernee 5.0 .

Ha ocHoBe (eHOMEHOJOTMYEeCKOW CBSA3M 3EMIICTPSICEHUH ¢ IMPOXOXKAEHHEM TaidyHa
YCTQHOBJIEHO BpEMs 3ala3[bIBaHUSl CEHMCMUYECKOTO COOBITHS TO OTHOIIEHHI0 K MOMEHTY
NPOXOXKJICHHs Tal(yHa, a TakkKe BIUSHHE TailyHAa HA DHEPTUIO 3emieTpsiceHus. i1 OleHKH
BPEMEHU OTKJIMKA JUTOCHEephl Ha KOJeOaHUs aTMOC(EpPHOrO JaBJiEHHUs, OOYCIOBJICHHBIC
TaiiyHOM, MOJCUMTHIBATIOCH YHUCIO 3EMIIETPSACCHMH CHadaja B MEPHOJ 10 JBYX CYTOK C
MOMEHTA €ro TPOXOXJEHUS BOJNM3M ouara, 3aTeéM CIIYCTS €Ile Takoe Xe Bpems. AHaIu3
MPOCTPAHCTBEHHO - BPEMEHHOH CBS3M CEHCMHYHOCTH M Tai(yHOB MOKa3al, YTO B TEPBBIH
JBYXJTHEBHBIA TEPHUOJ TPOXOXKACHUS TaiipyHa BOMM3HM ero Tpaektopuu mpousonuio 80%
3eMIIETPSICCHUI OT WX oOmiero koiuuectBa (59); yYHUTHIBAIMCH TOJBKO THUIOILEHTPHI Ha
rinyounax Menee 80 kM (Ta0:1.5). Eciiu Obl TalihyHBI HE OKa3bIBAIM TPUTTEPHOTO BO3CHCTBHS HA
CeliCMUYeCKHe TMPOIECChl, KOJMYECTBO 3eMJIETPSICEHHH B 000MX CTOJOIAX ObUIO OBl
onuHakoBbIM. U3 13 Taiihynos 46% compoBoxknanuck 3emierpscenusmu M=> 6.0.

Bo3MoxHO, 4TO U3MEHEHHE HAIPaBJICHUS JBIKEHUs Tali(hyHOB (C ceBepo-3amaHoro Ha
CEBEpPO-BOCTOYHOE) HaJl TPAHUICH IUIUT MPOUCXOTUT IMOJ BIHUSHUEM Treo(DU3NUYSCKUX MOJIeiH
mutocepbl, a He B pe3ylbTaTe pa3Indyus TEPMOJMHAMHYECKHX CBOMCTB TOJCTHIIAIONICH
IMOBCPXHOCTHU HA I'PaHULIC CyIIa-OKCAaH, KaK ITPUHATO CHUTATD.

[TomyueHHbIE CBA3M PE3KOTO0 HM3MEHEHHs aTMOC(HEPHOro IaBIEHUS C MOCIEAYHOIUM
3eMJIETPSICEHUEM MO3BOJIIOT PACCMATPUBATh 3eMJIETPACEHUE HE TOJIBKO KaK I'€0JIOTHYECKOe, HO
U KaK aTMOc(epHOe SBJICHHE.
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Tabmuna 5
CelicMMYHOCTH B TIEPHOABI Tall(hyHOB
Konnuectso
ITepuonast 3eMJIETPSICEHUM NHurepBan
TaiipyHOB 3a MepBbIE | 3a BTOPBIE MarHuTyj
IBOE CYTOK
8-12.08.2003 4 2 4.4-5.0
17-20.08 3 0 4.7-5.5
30.08-2.09 2 0 5.2-5.4
10-15.09 3 2 4.2-5.3
20-25.9 1 1 4.2-8.1
10-12.11 4 1 4.4-6.4
29.06-5.07.2004 9 2 3.9-5.1
26.08-2.09 4 1 4.1-5.7
5-9.09 3 2 4.3-7.2
23-30.09 2 0 4.3-5.3
4-10.10 2 0 4.1-6.5
14-22.10 8 0 4.2-6.7
22-27.10 2 1 4.3-6.0
47(80%) 12 (20%)
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IMOJIOCHI IOMEX HA CITYTHUKOBBIX CHUMKAX KAK KPATKOCPOYHBIE
MPEJABECTHUKHA 3EMJIETPSICEHUI

STRIPSOF IMAGE DISTORTIONSON SATELLITEIMAGESAS SHORT-TERM
EARTHQUAKE PRECURSORS

JI.U. Mopo3osa
HUncmumym xomniekcnozo ananuza pecuoHanbuvix npoonem J{BO PAH

The space-time relation between the epicenters of earthquakes position and strips of image
distortions on scanner satellite meteorological images was empirically investigated. The expediency of
usage of such images in the short-term seismicity forecast is pointed out.

B IlenTtpe npuema u 06pabOTKHM CITYTHUKOBOHM HH()OPMAIIUK CHUMKH CO 3HAYUTEIbHBIMU
UCKQKEHUSMHU H300pakeHUs] OTOPaKOBBIBAUCH. VICKaKEHUs TNPEACTABIAIOT COOOM IOJIOCHI,
IIMPOTHO MepeceKarolie CHUMOK (cM. puc.). [IpocmarpuBas Takie CHUMKH, 51 OOHApYXKHJIa, YTO
MOJIOCHI TIPOXOJAT BOJNM3H SMHUILEHTpa B OMIKANIINN K 3eMIIETPSICEHHUI0 MOMEHT BPEMEHH, J0
WJIH TIOCTIE HETO.

Merteoponornyeckue CcnyTHHKH pabotator B YKB numamasone. DneKTpoMarHuTHOE
M3TYYeHHUE W3 Pa3jOMOB, YCHJIMBAIOIIEECS B MEPUOJ MOATOTOBKH 3E€MIIETPSICEHUS, YXYAILIaeT
YCTIOBHSI TIPOXOKJCHHS PAJAMOBOIH B BOJHOBOJE 3eMisi — HOHOcdepa, Hapymias padoTy
npuOOPOB HA CITyTHUKE BCJEICTBHE YETO YaCTh MepeaaBacMoil MMH BU3yalbHON MH(OpMaIum
(cHuMKa) HCKaxaeTcs.

ComnocTaBiieHle BpEMEHHBIX U MTPOCTPAHCTBEHHBIX ITAPAMETPOB CHIIbHBIX 3eMJIETPSICCHUI
C aBHUAIMOHHBIMU TPOMCIIECTBUSMH TIOKa3ajlo, YTO HauOOJIbIIEe YHUCIIO aBUAIIMOHHBIX
KaTacTpo MPUXOAUTCS HA JICHb, MIPE/IIECCTBYIONINIA CHIIBHOMY 3eMieTpsceruto [1].

AHOManbHO OOJNIBIIME 3HAYEHUS DJICKTPOMATHUTHOW SHEPIMU BBIBOAAT U3 CTPOS
HABUTALMOHHBIE TPUOOPHI CAMOJIETOB, TPACCHI KOTOPBIX OOBIYHO MPOXOJAT HA BBICOTE 10 12 kM.
Jlnst ceicMUUECKUX TPOIECCOB XapaKTepHA JWCCUMANNS HEPTUU Ha BBICOKMX YacTOTaX; OHA
HapylIaeT YCJOBHS pacIpOCTpaHEHHs paauoBONIH B arMocdepe. CHIyTHUKM TepelaroT
uapopmanuo B YKB nmamazone B LleHTp mpuema u o0OpaboTKH, rae OoHA Tpeobdpasyercs B
CHMMKH MOBEPXHOCTU M 001auHbIX ToJsieit 3emuu. [Ipu mposere Haj ceCMHYECKHMM 0YaroM Ha
HUX BO3HUKAeT HCKaXEHHE H300pakeHHs, OOyCJOBIEHHOE paauonoMexamu. Ha cHHMKe
oOpasyeTcs AByMepHasi T0JI0ca, OTpaXKaroas TpeXMEPHBIH Mporece B 3eMHOM kope. [Tockonbky
CHUMKH CKaHEpHbBIE, TO €CTb H300paKeHHWE COCTOUT M3 OTJIEIBHBIX IO0JOC — HCKaKECHHE
pacrpocTpaHsieTcsl Ha BCIO IIMPUHY CHHUMKA, JIOJITOTA SMHUIIEHTPAa OCTAeTCs HEM3BECTHOM -
reorpapuuecKoe MOJIOKEHUE SMHUIIEHTPA OINPENENeTCs] TONBKO MUPOTOH MeCTHOCTH. Tem He
MeHee, MOJIOKEHHUE T0JIOC Ha CHUMKE MTO3BOJISIET BIIOJHE OTPEACTICHHO CBSA3aTh KAXKIYIO MOJIOCY
¢ OMM3NIeKALTIM SMUICHTPOM. DTa aHOMAJIHSI OTHOCUTCS K MTPEIBECTHUKAM B IIIMPOKOM CMBICIIE!
OHa HE MO3BOJIET yKa3aTb MECTO OyAYIIEro SMUILEHTPA 3EMIIETPSCEHHS] — TOJBKO IITUPOTY
pEeruoHa u BpeMsi.

YepenoBaHue JIMHEHHBIX OOJAUYHBIX AHOMAIMH W TOJIOC PAIMONOMEX HaOII0AIOCh
nepen katactpoduueckumu 3emiuerpscenusmMu B Maguu  29.09. 1993 r. u Kurae 1.12. 1993 r.
[3], B SAAnonun (Ko6e) 17.01. 1994 r. u na Caxanune (Hedreropck) 28.05.1995 r. [4], cTporo
Yyepe3 SMIHICHTP TMPOXOJWiIa TMOJioca paauolIyMoB mepen 3emuerpsceHneM M = 8.1 ¢
SMHUIEHTPOM K Ty oT 0. Xokkaiiyio [5], mepen Kopsikckum 3emierpscennem 21 anpens 2006 r.
[2].

B BbeIOOpKY 3emieTpsiceHmii Tmepuosna C aprycra mo Hosiopp 2003 1. BomumM
3eMJIeTpsICeHUsT THXOOKEaHCKOTO pETHOHa, COMPOBOXKIAIOIIMECS IOMEXaMH Ha CHUMKAX;
UCXOJHOHM MH(OpMaIneil SBISUTUCh CTYTHUKOBBIC CHUMKHU C HCKa)KEHUEM n300paxxeHus (Tadi.).
CHumku co ciyTHHKOB cucteMbl NOAA mpUHUMATUCH O CEMH pa3 B CYTKH B XabapoBCKOM
CIIyTHUKOBOM ILIEHTPE, JJaHHBIC M0 3eMIICTPSICEHUSIM MOJTyueHbI o MHTepHety [7].
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Tabnuna

[TapaMeTpsI MOJIOC HCKAXKEHUS M300paKEHUST HA CHUMKE
Y MarHuTyJla 3eMJIETPSCEHUM

Hata Bpewms Paccrositnue IlosBienue MaruuTtyna
MOJIOCKI JI0 MIOJIOCHI
SMHULIEHTPA OTHOCHUTEIIHLHO
(k™) TOJUKA
(wac/mun)
CHUMKa
09.08. 2003 08: 48 825 74. 57 51
10.08 03: 20 60 56: 25 51
08: 01 60 27 41 51
11.08 0 41: 17 4.6
21: 55 0 47: 33 4.0
12.08 07: 39 105 4: 06 51
0 17: 40 4.6
31.08 22: 23 450 -0: 26 4.4
07: 10 250 2:10 4.7
10: 30 150 -1:11 4.7
0 1: 08 4.4
12.09 21.01 75 -29: 40 4.2
0 -34: 40 4.4
75 -30: 34 4.4
13.09 02: 01 300 -16: 41 4.4
20: 36 0 -63: 13 4.4
0 -68: 15 4.2
22.09 03: 38 0 88:12
08: 11 0 83:29 8.1
20: 24 0 71.26
30.09 20: 36 150 -11: 46 4.8
20.10 21: 07 0 56: 00 4.2
23.10 09: 22 150 -4:22 4.2
30.10 22:10 375 2:56 6.8
31.10 07: 53 0 -6:47 6.8
09: 37 6e3 3T
6e3 3T
12.11 20: 48 0 11: 38 6.4

B pabGote [6] oTMeueHbl aHOMaJbHBIC SBJICHUS B MPOXOXKICHUHA PATUOBOJIH B
KOPOTKOBOJTHOBOM JMalla30HE YacTOT B HOYHBIE Yachl Ha PACCTOSHHUSX B TEPBBIE COTHH
KAJIOMETPOB 328 HECKOJBKO CYTOK JIO 3eMJICTpsICEHHA. Panuonrymsl, 00yCIOBIHMBAONINE TIOJIOCHI
MCK)XEHUS N300pakeHUsI Ha CHIMKAaX, OTMEYAINCh HE TOJILKO HOYBIO, HO U JHeM. [losoc Ob11o
0oJIbIIIe, YEM CECMUYECKUX COOBITHIA, MOCKOIBKY MOJIOCHI MOSBIISUTUCH JI0 M TIOCJIE TOJYKA U HE
€IMHOXK/IBI, KpOME TOTO, OHM OTMEYaduch U 0e3 perucrpupyemoi ceiicMuunoctu. lllupuna
M0JIOC Ha MECTHOCTH cocTaBisia oT 15 no 900 km. B Tabmuie mepuos BpeMEeHH TMOSBICHHS
MI0JIOC, BO3HHKIIUX TIOCTE 3EeMJIETPSICEHHUs, JaH cO 3HaKoM MHHYC. [lomockl HcKaxeHHs
n300pakeHus1 PUKCUPOBAITUCH HA CHUMKaX HE paHee, 4YeM 3a JJBO€ CYTOK JIO TOJ3€MHOTO TOJTYKa
U HE TI03JIHEEe TAKOTO K€ MEePHo/ia MOCie HEero; Yalle HHTepBaJl BPEMEHH COCTaBIISUI HECKOIBKO
9acoB.

Paccrosinue ot snuueHTpa 10 Kpas MOJOCHl HA CHUMKE XapaKTepHU3yeT TECHOTY CBSI3U
CECMUYECKOTO TIpollecca ¢ MOMEHTOM HapyIIeHHs YCIOBHU MPOXOXKICHUS DPaJHOCHUTHAIA
BOMM3M oyara. M3 27 cioydaeB BO3SHMKHOBEHHS TOJOC Ha 21 CHUMKE BO BpeMsi CEHCMHYECKUX
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cobpituit 23 monocel (79.3%) oTMeuyanMch B HEMOCPEACTBEHHOW ONM30CTH OT oOvara, Ha
paccrossauu He Oosiee 150 km; B 48.3 % ouar HaxoAWJICs TMMOJ| MOJOCOW WM Ha €€ TpaHUIIE.
3a011aroBpeMEHHOCTh TIOSIBJICHHUS TIOJIOC Tepe]] TOJNYKOM, KaK M MX TIOCIEACHCTBUE, Kak
NpaBUJIO, HE OoJiee IBYX CyTOK. Kak M3BecTHO, 3TOT MEepHO]] BpEMEHU COOTBETCTBYET Haubosee
WHTEHCUBHOM (haze 1ehopMUpOBAHHS 36MHOM KOPHI.

B kauectBe Kimrouya K TaONuIle MPUBOAUTCS ONMCAHWE aHalW3a cHUMKa Ha puc.l. Ha
caumke llaBrycra mosnoca toxHee KamuaTtku, mpemmectBoBasia Tomuky M = 5.1 12.08 B
OnM3JIekKaIeM JIMULEHTPE, MoJIoca Yepe3 0. XOKKaWI0 COMpPOBOXKAANACH 3€MIIETPSICEHUEM Ha
fore octpoBa M = 4.6 13.08, tperbs mosoca Ha ceBepe 0. XOHCIO HE CBSI3aHA C KOHKPETHBIM
0Yarom; BO3MOKHO, OHa 00YCIIOBJIEHA CEHCMUYECKAM MIPOIIECCOM Ha 0. XOKKaio.

NOAA. 15 Tarrn: 3o 27253 109,00, 060141y, Ha caumke 12.09 B 10 4 30 mun (Tabin.) mosoca
yepe3 KamMuaTky BO3HHMKIIA B TPOMEKYTKE MEXKIY IBYMS
TOJIYKAMH, TIO9TOMY HHTEpBAJIBI €€ TOSBJICHUS Hal
OyAymuM o0dYarom IOClie TEpPBOTO M TMEepel BTOPHIM
TOJTYKAMHU HEOJJMHAKOBBIC U C PAa3HBIM 3HaKOM (MuHYyC 1
gy 11 muH u wioc 1 u 8 MuUH, COOTBETCTBEHHO). J[Be
MOJIOCKI ~ WCKaXKeHHs  depe3 0. XOHCIO, OJHA
3aukcupoBanHas Ha cHUMKe 30.10 B 22 4 10 MmuH 32 2 4
56 wmuH g0 3emuerpscenns 31.10 M=6.8 u B
ocobennoctu japyras (31.10 B 7 4 53 MuH), BO3HHUKIIIAs
cmycts 6 4 47 MUH TIOCIIe HETO MPOCTPAHCTBEHHO OBLITH
TECHO CBSI3aHBI C SIUIICHTPOM
(375 1 0 kM, COOTBETCTBEHHO).

[epen 3emnerpsicenneM Ha 0. XoHncio 12.11.2003 r.
Ha CHHMMKe, moyryueHHoOM 3a 11 u 38 muH 10 TONuKa,
OTMEUANTUCh TPU TOJOCH paauomrymMoB (oaHa uepe3
SMUIEHTP) Ha mpoctpancTBe B 1375 kM Kk ceBepy OT
ouara.

Ecim  Ha cHuMke HaOmomaercs — mojoca
panuoIIyMoOB, a 3eMJIETPSICCHHE €IIe HE MPOU30ILIO, TO
HE TMO03/]Hee JBYX CYTOK B CEHCMOOIACHOM pETHOHE
BOJIM3H TIOJIOCHI ¢ BEepOSTHOCTBIO 94% criemyer 0Xuaathb
3emyerpsicenne. HMHpopManmoHHas 3HAYUMMOCTh  TI0JIOC
W30GpaXeHus HA  CHHMKE, Ha CIIyTHHKOBBIX CHHMKAX 3emian, 0OYCIOBIECHHBIX
TIPE/IIECTBYIONINE 3EMIETPACEHUSM CEMCMUYECKUMHU TPOIECCaMU, 3aKII0YaeTCsl B BO3ZMOXK-
BOJIM3H FOTO-BOCTOYHOTO II0GEPEKbs HOCTH MX HMCIIOJIb30BAaHMS B KAYECTBE ONEPATUBHOTO
Kamyatku 1 Ha 0. X0KKai10. MIPEABECTHUKA 3EMIIETPSCCHUM.

OnuIeHTPsl 0003HAYEHBI TOYKAMHU.

Puc.l. Tlomocel UCKaKeHUs

HOAA-16 VITOH 13457 220903
DVECHID

Puc.2. Tlonocel pammonomex Ha cauMkax 22.09 2003 r. yepe3 snuneHTp 3emierpsiceans M = 8.1 y
I0KHOTO MoOepexbst 0. XoHcto 25 centsiops 2003 r.
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®OPMHUPOBAHUE NOHOC®EPHBIX ITPEJIBECTHUKOB 3EMJIETPSICEHUM
IJIEKTPUYECKHUM ITOJIEM

FORMATION OF IONOSPHERIC EARHQUAKE PRECURSORS
BY ELECTRIC FIELD

A.A. Hamzaﬂadsel, M.B. Knumeukoz, B.B. I(Jzumeuko?’, HE. 3axapem<oea3

1 . . .
Mypmanckutl 20cy0apcmeeHHblll MmexXHUYecKutl YyHugepcument,
2 . . .
Kanununepaockuii 2ocyoapcmeentblii mexHuyeckutl yHugepcument,
3
3anaonoe Omoenenue U3SMUPAH

A physical mechanism has been proposed for the forming of areas of increased or decreased total
electron content (TEC) in the ionosphere as observed by the measurements of the GPS signal delays
before strong earthquakes. The main cause of these TEC disturbances is the vertical plasma transport
under the action of the zonal electric field directed eastward in cases of the positive TEC disturbances at
midlatitudes and in cases of deepening of the F2-region equatorial anomaly minimum. The spatial
potential pattern for such electric field was proposed. For the eastward electric field existence at the near-
epicentral region it is necessary, that the positive electric charges were located at the western boundary of
this region, and the negative charges at the eastern boundary. To investigate an efficiency of the proposed
mechanism the numerical model calculations were performed. The ionosphere reaction to the action of
the electric field created by such configuration of dectric charges was calculated. The numerical
calculation results revealed an excellent agreement with the TEC observations before strong earthquakes
at mid- and low latitudes.

[Torckn MOHOC(HEPHBIX MPEIBECTHUKOB 3€MIIETPSCEHHI BEAYTCS B TEUEHHE MOCIETHUX
nByx necstuiietTnid (cMm. ccpuiku B padote [3]. Llupokoe npuMeHeHHe Ui HCCISIOBAaHUS
noHocepHbIX A(P(HEKTOB CEHCMUYECKONW AaKTHBHOCTH HAIJIO WCIOJIH30BAHUE CHCTEMBI
ciyrHukoB GPS u cetn npréMHUKOB paJloOCHTHAIOB 3TUX cnyTHHKOB [11; 17]. C momoripo
M3MEPEHUN BPEMEHHBIX 3aJIep)KEK ITHX CHUTHAJIOB MOXKHO OCYIIECTBIATH KapTupoBanue TEC u
M3y4aTh €r0 BPEMEHHYIO BOJIOIHIO.


http://www.ceme.gsras.ru
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02 UT 24.09.2003 B pabortax [3; 17] moka3zaHo, YTO Ui CHJIBHBIX
= ‘ CpemHemHpOTHRIX 3emierpsicennii 3¢dexter B TEC umeer
BUJ JIOKQIBHOTO YBEIMUYCHHS DJICKTPOHHOW KOHIICHTPAIUH,
KoTopoe Habmomaercs 3a 2-3 CYTOK 10 3eMIICTPSICECHHUS,
OpUYeM  MaKCHMyM  BO3MYILIEHHH  pacmojiokeH B
HETOCPE/ICTBEHHOW OJIM30CTH OT AMHIEHTPAIBHOTO paioHa.
OO6yacTh 3aHMMaeT HECKOJIKO THICSY KHJIOMETPOB TIO
nonrore u okono 1000 kM mo mmmpore. Ilo wmepe
OpUOMIDKEHHST K Havyaly 3eMJICTPACEHHS  aMILTUTYyIa
Bo3MmytneHus yBennuuBaercs 10 40-100% oTHOCHTENBHO
¢onoBoro ypoBHs. 3a 10-30 wac. mo 3emueTpsicCeHUS

40

307

20

105 115 125 135 145 155

Puc.1. JIEKTPOHHAS KOHLIEHTPALXs HAJ[ SIIULIEHTPAIbHBIM PAOHOM

yMeHblllaeTcs. Bemmuwna  "orpurmarensHoro”  3ddexra
Moxer nocturatb —30% OTHOCHTEIBHO HEBO3MYILIEHHBIX 3HaueHWi [8]. B cmokoitHbix
TCOMAarHUTHBIX YCIOBUSIX CMEHa 3Haka CeHCMO-MOHOCHEPHOTO BO3MYILIEHHS MOXET
TPaKTOBATHCS KaK CHTHAJ MPHOJIMKAIOIIEr0Cs 3eMIICTPSICCHUS.

Ha puc.l mnoka3zaHo xapaktepHoe BosMmymienne 7FEC, HabOmomaBmieecs Mepen
cpenHemrpoTHBIM 3emierpsiceHreM 25 centsiops 2003 r. B SAAnonuu [3].

[lepen CHIBHBIMH TPUIKBATOPHATIBHBIMU 3EMJICTPICEHHSIMH MX MPEIBECTHUKAMU
SIBJISIFOTCS YrITyOJICHHE U pacIIUpeHHe MUHHUMYyMa 3JIEKTPOHHON KOHIICHTPAIMH HA/l MATHUTHBIM
IKBaTOpOM B JHEBHOE BpeMs U cMelleHue rpedHert anomammu [9; 2; 17]. Ha puc.2 nokazaHna
CeliCMOTeHHasl HYKBaTOpHalbHas aHoMaiusi (YepHbIE KPYXKKH) B HOHOchepe 3a JIeHb [0
semietpsicelnsi B Ummm 12.04.1963 no nanubiM crnytHuka Alouette-2. Jlpyrumu JTUHHAMU
nokazanel Bapuanuu fOF2 B HeBo3MylleHHOe Bpems (o W mocie 3emierpscenus). EQ —

noJIoKeHue dmuieHTpa (16).
W — —

s . f.ﬁ dusnueckas MHTCPIIPCTALIUA ¢dbopmupoBaHus
: iR
A - 1] 5
; { i ft,_,\.hi.' *, HMOHOC(HEPHBIX MPEIBECTHUKOB 3eMJICTPICEHUN MpPEIIOKECHA
¥ im .J % B paborax [10; 15] wu Gasupyerca ma rTumoTese o
L1 - — —
t “‘f; - . - CEiCMOT€HHOM DJICKTPHYECKOM T0JIe aMIUTUTYI0N OT €JHHHUI]
|
] ! 1o necatkoB MB/m (12). B mosib3y 3T0#t TMIIOTE3BI TOBOPST
~ ieranoses | MATHUTHAS CONPSDKEHHOCTh MOHOC(HEPHBIX MPEIBECTHHKOB
B I I I I [14] u ynomsuyTeie 3 dekThl B 3KBATOPHUATIBHON aHOMATHH
21l in El [} il an €0
[9; 17].
Puc.2. B pabGote [6] Obu1 mpoBenéH aHaIM3 BO3MOYKHBIX

¢du3nvyeckux MexaHu3MoB (popmupoBaHus Bo3mymeHnit TEC
C XapaKTEePHBIMU ISl TMPEIBECTHUKOB MPOCTPAHCTBEHHO- BPEMEHHBIMH MacmTabamMu M ObLIO
BBICKA3aHO IMPEIINOJIOKECHUE, YTO TIIABHOW MPUYMHON BO3HUKHOBEHHS 00JIACTEH MOBBIIICHHOTO
(mormxkenHoro) TEC B moHOchepe, HAONIOIAEMBIX C UCIIOJB30BAaHHEM H3MEPCHUI 3alepiKeK
curHaioB criyTHUKOB GPS mepen CHIbHBIMU 3emiieTpsiceHUsIMU [3], sBJISETCS BEpTUKAIbHBIHN
nepeHoc Iuia3Mbel F2-o0mact moHOochepsl BBepX (BHU3) TMOJ JACHCTBHEM BOCTOYHOTO
(3amagHOrO0) MEKTPHUUESCKOTO MOJIS.

B cpemHux mmpoTax BEpTHKaJIbHAs COCTABIISIONIAS OJIEKTPOMArHUTHOTO Jpeiida,
co3ziaBaeMasi BOCTOYHBIM IOJIEM W HalpaBJIeHHAas BBEPX, IPUBOIUT K yBennueHU0 NnF2 3a cuér
nepeHoca Iia3Mbl Ha OOJIBIME BBICOTHI C MEHBIIEH CKOPOCThIO moteph [1]. 3amamHoe moie
BBI3bIBACT OTpUIATENbHBIN dPPekT B NpnF2. B HM3KHX MmIHMpOTax yCHJIEHHWE BOCTOYHOTO IOJIS
yrIIyOJIsieT poBall HaJl MATHUTHBIM 3KBaTOPOM B LIIMPOTHOM XOJI€ AJICKTPOHHOW KOHIICHTPAIMU
3a cuét ycuneHus GpoHTaH-3PdeKTa.

JInst  CylecTBOBaHHMS BOCTOYHOTO JJIEKTPUYECKOTO TMOJIi B  OKOJOAMHIEHTPATBHOM
obnmactu HeoOXOoaWMMO, 4YTOOBI Ha 3amaJHON TpaHUIE ITOW o0JacTH OBUIM PACIIOJIOKECHBI
MOJIOKUTEITLHBIC AIEKTPUIECKHIE 3apsi/ibl, @ Ha BOCTOYHOM — OTPHUIIATEIIbHBIC.

JInst IPOBEPKH BBICKA3aHHOW TUIOTE3bI M BBIACHEHUS d(P(HEKTHBHOCTH MPEUIOKESHHOTO
MEXaHHW3Ma B JIAaHHOW pa0oTe BBINOJHEHBI MOJEIBHBIC PACUEThl peakiuu HOHOChephl Ha
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JEWCTBUE AIIEKTPHUYECKOTO TOJIS, CO3/1aBAEMOT0 TaKOM KOH(UTypaluen 3aps0B B OKPECTHOCTH
SIUIEHTpAa 3€MIIETPSICEHMSI JJI  CIy4aeB CPEAHEIIMPOTHBIX U MPUIKBATOPHAIBHBIX
3EMJIETPSACCHU M.

Pacuétel MpOBOAMIMCH C KCHOJB30BAHWEM TJIO0ATBHOW yucIeHHON Monenu [13, 7],
MOJU(HUIMPOBAHHON B YaCTH PELICHUS YPaBHEHUS Ul DJICKTPHUYECKOTrO TOTeHIwmaia [4, 5] .
AHanmm3 pe3yabTaToB MOJEIBHBIX pacu€TOB MPOBOAMIICS Ha OCHOBE COMOCTABJICHUS TII00ATBHBIX
KapT  pacmpeleNieHUs]  pa3iMyHbIX  HMOHOC(HEepHBIX  MapaMeTpoB,  TOJYyYeHHBIX  0e3
JIOTIOJTHUTENIBHBIX U C JOMOJHUTENbHBIMY, MPEANOI0KUTEIIBHO CEHCMOT€HHBIMH, HCTOUHUKAMHU
AJIEKTPUYECKOTO OIS,

3a HEBO3MYILEHHOE COCTOSIHME MPHUHIT MAarHUTHO-CIIOKOWHBIM JI€Hb BECEHHETO
PaBHOJEHCTBHS ITPU HU3KOW COJIHEUHOW aKTUBHOCTH. BO3MYIIEHHOE COCTOSIHUE, PEABAPSIOIIECE
CHJIbHOE 3EMJIETPSICEHUE, MOJIEIMPOBAIOCh BKJIIOYEHHUEM JOIMOJHUTENbHBIX HCTOUYHUKOB
AJIEKTPUYECKOTO MOJIS.

OTH HCTOYHMKH BKIIOYATUCh M HE HW3MEHSUIMCh B TedeHHe 24 4YacoB B BHJE
JOTIOJTHUTEIIBHBIX TIOJIOKUTEIBHBIX M OTPHUIATENBHBIX MOTEHHUAIOB B 5 KB (B ciyuae
HU3KOIHMPOTHOTO McToyHnka) u 10 kB (B ciydae cpeHEMMpPOTHOrO UCTOYHKKA) Ha 3aMaJ HON U
BOCTOYHOM TpaHMIAX OKOJOAMHIEHTPAIBHBIX 001acTeil, COOTBETCTBEHHO. JlOMOIHHUTENbHBIE
MOTEHIMANBl JIOOABISIINCH B MOJICNUPYIONIEE ypaBHEHHME [UIsi pacyeTra TJI00aJbHOTro
pacripeniesieHusl TOTEHIMala CIIOKOWHOTO MarHUTOC(EPHOTO W JUHAMO II0JIA, KOTOpPOEe 3aTeM
UHTErPUPOBAJIIOCH C YYETOM 3THX JOTOJIHUTEIbHBIX HCTOUHHUKOB.

L

beutn  paccMoTpeHbl 2 OKOJIOSIHIICHTPAIBHBIC
@ obnactu pasmepamu 10° mo mumpore m 30° mo mosrore ¢
. £ SMUIEHTPAMHU B TOYKAX C MAarHUTHBIMHU KoopauHatamu (@ =
. i3 45°, A = 90°) — Pum u (® = -15°, A = 210°) — Banumo. O1u
2 ' pa3Mepbl MpPUMEPHO COOTBETCTBYIOT pa3Mmepam oOiacTei
5 20 NOBBIIICHHBIX 3HaYeHnid TEC, 0OHapyKeHHBIX B [3)].

Ha puc.3 mnokazana wucnojb3yeMass B MOJEIBHBIX

e pacqéTax réoMarouTHasgd KOOpAWHATHAsA PAa3HOCTHAA CETKaA U

Meoraniu-nan LHpa~=3

&
-

OTMEUEHBI TEMHBIMU M CBETIBIMH KPYXKaMH Y3JIbI, B

b i n o o0 w0 50 6 s | KOTOPBIX 33J1aBATHCh JIOMOJTHUTENIBHBIE MOJOKUTENBHBIE U
e OTpHUIIATENbHBIE TOTEHIIMAJIBI, COOTBETCTBEHHO.

Puc.3. Paccunrannbie rio0anbHbIe pacripeieNieHus

MOTCHIHAIA U BCKTOPOB JJICKTPUYCCKOI'O IOJIA IMOKa3aHbl B

TEOMAarHUTHBIX KOOPIMHATAX HA pUC. 4 U 5 JUIs Clly4aeB MPUIKBATOPHAIBHOTO (ClieBa BBEPXY) H
cpemHemupoTHOro (crmpaBa BBEpXy) MCTOYHMKOB. BHU3y Ui CpaBHEHHS IOKa3aHBbI
pacmpesiesieHus: COOTBETCTBYIONUX MapaMeTpoB 0e3 JOMOJIHUTEIBHBIX UCTOYHUKOB. YEpHBIMHU
KPY)KKaMI/I OTMCYCHBI ITOJIOKCHUA BHHIIGHTpOB 36MJI€Tp$IC€HPIﬁ, KPY)KKOM C TO‘-IKOﬁ OTMCUYCHO
MOJIOKEHHE TT0JICOJTHEYHOM TOUKH.

MoTeHuunan anekTpuyeckoro nons, kB 06:00 UT MoTeHuunan anekTpuyeckoro nons, kB 10:00 UT

et

eomarHuTHas WmpoTa
eomarHuTHas wupora

T
60

leomarHuTHas gonrota leomarHuTHas gonrota
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MoTeHumnan anekTpuyeckoro nons, kB 06:00 UT
i L

| L

N3 prucyHKOB BUJHBI
oOmacTu BOCTOYHOTO
AIIEKTPUIECKOTO TIOJSI HAJ
MPEANOaraeMbIMH  JITH-
LEHTPaMHU Oymymmx
3EMJIETPSACEHU I u
MAarHUTHO-CONPSIKEHHBIE C

HUMH obnactu B
leomarHuTHas gonrota leomarHuTHas gonrota

eomarHuTHas Wwupora
o

P S T
T

eomarHuTHas wupora

A L e e ot s e
30 60 90 120 150 180 210 240 270 300 330 360

Puc.4. IMPOTUBOIIOJIOKHBIX  ITOJIY-

Iapusx. BennunHbl
JOTIOJTHUTEIIBHBIX TOJIEH 3aMETHO TPEBOCXOJAT HEBO3MYIIEHHBIC 3HAUCHHS KaKk B Cllydae
MPUAIKBA-TOPHATBHOTO UcTouHKKA (ycuieHue noiisi B Banumo ot 0.2 MB/m o 2-3.5 MB/wm), Tak u
B CJIydae CpeIHCIIMPOTHOTO UCTOYHMKA (Bo3pacTanue moJist B Pume ot ~1 MB/M 10 ~3-9 MB/m),
0CTaBasACh, OJHAKO, CYIIECTBEHHO MEHBIIUMH CIHOKOWHBIX BBICOKOIIUPOTHBIX AJIEKTPUUYCCKUX
noJieit MarautochepHoro npoucxoxaeHus (~15-25 mB/m, cm. puc.5).

Ha puc. 6 u 7 moka3aHbl pacCUMTaHHBIC TJIOOAIBHBIC PACIPENCIICHHS KPUTUYCCKUX
vyactoT fOF2 u TEC nipu JONOJHUTENBHBIX CPEITHEIIMPOTHBIX (BBEPXY) U MPUIKBATOPHATIBHBIX
(mocpeauHE) UCTOYHHUKAX M B X OTCYTCTBHE (BHU3Y) /it MoMeHTOB Bpemenu 03 UT, 08 UT u
23 UT. B 03 UT cpenHemmpoTHBIA WCTOYHUK HAXOJUTCS HAa HOYHOM CTOpOHE, a
SKBaTOpHaNbHBIH Ha paHeBHOW. B 08 UT cpenHemmpoTHBIM MCTOYHMK HAaXOTUTCA Ha
OCBEIIEHHOW YTpEeHHEH CTOpPOHE, a SKBATOPHUAILHBIA Ha OCBEIIEHHOW BeuepHel cTopoHe. B 23
UT cpeaHemnpoTHBIH HCTOYHUK HAXOAUTCS HA HOYHOM CTOPOHE, a SKBaTOPHAJIBbHBIA B PAHHEM
YTPEHHEM CEKTOpE.

JleficTBHE MPHUIKBATOPUAILHOTO UCTOYHHUKA YCHJIMBAET SKBATOPUAIBHYIO aHOMaUi0 F2-
CIIOSI B OKOJIOAMHUIICHTPAIBHON 00nacTH, yriyonsst MuaumyM fOF2 Haj sxBaTopoM M OTOIBHUTrast
rpeOHI aHOMAJIMK OT IKBATOPA K CPEJHUM IIUpOTaM. Takoe MOBEJCHUE MOTHOCTBIO COTIaCcyeTCst
c HaOmroneHussMu cryTHuka Alouette-2 3a nenp no 3emuerpsicenns B Ywim 12.04.1963 (cwm.
puc.2).
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Puc.5.
¢l IIocClIE BocxoJa H

COXPAHSIOTCS IMOCTe 3ax0ja. BennunHa 31eKTPUYECKOTO TOJIs CPEJHEIIUPOTHOTO MCTOYHUKA
noJrydaeTcs 6onbinei, a 3pdexTsl cadee, 4eM B HU3KHUX IIHPOTAX.
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[Monyuennsie B MosienibHBIX pacuérax 3¢dekrsl B fOF2 u TEC B OKOJIOMHUIIEHTPATBHBIX
001acTsAX, BBI3BAHHBIE MOJICIBHBIMUA CEWCMOTEHHBIMH HCTOYHHKAMH DIIEKTPUYECKOTO TIOJIS,
OUeHb TIOXOXKM Ha OKCIEpUMEHTaIbHO HaOmronaBmmecs dGQGEKTsl Mepel CHIbHBIMU
3eMJICTPSICCHUSIMU B HU3KUX U CPEOHHX IIHPOTaxX. DTO YKa3blBaeT Ha MPABUIIBHBIN BBHIOOD
JOTIOJTHUTEBHBIX MOTEHIMAJIOB. Bapbupys MX pacrlojioXeHWe M BEJTHMYUHY, MOXKHO JTOOUTHCS
OO0JIBIIIETO CXOJCTBA C HAOIOJAEMBIMH HOHOC(HEPHBIMU MPEIBECTHUKAMH 3€MJIETPSICCHUH .
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KOCMHYECKHAN MOHUTOPHAHI TIOTOKOB HU3KOHEPT MYHBIX
3JEKTPOHOB C IEJBIO ITIPOTHO3A 3EMJIETPACEHUI

SPACE MONITORING OF LOW ENERGY ELECTRON FLUXES
WITH THE PURPOSE OF EARTHQUAKE FORECAST

B.M. Ilankoe, OJI. Baiicoepe, E.H. E¢nanoe, A.A. I'ycee, B.H. Cmupnos,
I'U. Ilyzaueea, H.C. Epoxun

Hncmumym xocmuueckux uccareoosanuti PAH

We give a detailed analysis of early performed space experiments directed to the search of
earthquake precursors by satellite equipment. New suggestions of the space experiments devoted to
global space monitoring of low energy electron fluxes at the satellite orbit with the purpose of elaboration
of earthquake forecasting modern methods are described.

BBenenune

Onnoit u3 HanboJiee BaXKHBIX MPOOJIEM COBPEMEHHOW reo(M3uKH sBISETCS mpodiemMa
IIPOTHO3a 3eMJIETPACEHUN. TpaguiMOHHBIA CEHCMHUYECKU MOHMTOPHUHI, CYILIECTBYIOIIMM yXe
oxoso 150 ser, noka He MpHUBEN K BEIPAOOTKE METOJIOB JIOCTOBEPHOTO IIPOTHO3a 3€MIIETPSICCHUI.
B To e Bpems pa3BUTHE KOCMHYECKOW T€O(H3UKH, UCHOJB3YIOMIEH KOCMHYECKUE armapaThl
(KA) mns uicceoBaHus pa3HOOOPa3HBIX MPUPOIHBIX SBJICHUI B aTMOC(epe U Ha MOBEPXHOCTH
3emun (LlyHaMH, NIUKIOHBI, MOJIHHHU, 3€MJICTPSCEHHUsS, W JIP.), OTKPBIBAIOT MEPCIICKTUBY IS
Moucka B OMmKHEM KocMmoce ¢u3ndeckux 3((EeKTOB, CIOCOOHBIX  CIYKUTh HAaJCKHBIMH



431

NpeJBECTHUKaMU 3emieTpsicennii. HazemHuble oOcepBaTopuu, Kak Obl OHH XOPOIIO HU OBUIH
OCHAIIICHBI, JAIOT JHIIb JIOKAJbHYI0 HWH(POPMALMIO, TOTJa Kak CITyTHHUKOBBIE METOIbI
obecrieunsin OBl TI00aTBHBIN 0030 M BBIABICHHE BCEX CEHCMOAKTHUBHBIX 30H, a TAK)KE PETHOHA
BO3MO>KHOTO KPYITHOTO 3€MJIETPSICEHUSI.

Bonee nBamgmatu ner ToMy Haszax MO JaHHBIM cHyTHHKa MHTepkocmoc-19" Obun
oOHapyxeH 3(h(PeKT pe3Koro Bo3pacTaHUsI MHTCHCUBHOCTH HU3KOYACTOTHBIX AJIEKTPOMArHUTHBIX
U3IYYeHUH B BepxXHEH HOHOChepe Haa 30HOM TOTOBSIIETOCS W 3aT€M IPOUCXOJSIIETO
3eMIIeTpsiCCHUsT ¢ aMmIumTynoi 5 OamnoB u Bemue [5, 3]. Ilosienue BCIiecKoB
IIMPOKOIOJIOCHOTO  AJIEKTPOMArHUTHOTO HU3KOYACTOTHOTO W3IYYEHHUS HaJ SIUICHTPaAMH
KPYITHBIX 3€MJICTPSCEHHH 32 HECKOJIBKO YacOB JI0 COOBITHS OBLIT MOATBEPKIACH HAOIIOACHUSIMH U
Ha Jpyrux KocMudyeckux ammaparax [1, 6-8, 10-12]. Hampumep, Ha KA "Kocmoc-1809"
JETeKTUPOBAINCH AIIEKTPOMAarHuTHble curHanbl ¢ yactoramu 140 Hz u 450 Hz nocne M6+
3emserpsicenus: B Criurake, Apmenusi, B 1989 rojy, mpuuem 3TH CUTHAIBI PETUCTPUPOBAIUCH B
TEYEHUE BCETO0 BPEMEHU TPOXOXKIACHUS CITyTHHKOM OO0JIacTH pa3MepamMu * 6° MmMUpOTH H
JOJITOTHI OT AMHIEHTPA 3emiieTpsicenus [13].

JlaHHBIE, TIONYYEHHBIE C POCCHICKHX M 3apyOEXKHBIX CITYTHUKOB, MO3BOJISIOT CHENaTh
BBIBOJI O TOM, YTO CEHCMOMOHOC(EpPHBIE DJIEKTPOMArHUTHBIE IIYMBbl B IITUPOKOM JHaNa3oH
gactoT oT 0.1 I'm mo 20 k['11 anmuTenbHOE BpeMsi MPHUCYTCTBYIOT B OOJACTH HAJ| SIUIIEHTPOM
TOTOBSIIIIETOCST 3€MJICTPSICEHUSI, YTO B MPHHIMIE, MOTJIO OBl OBITH MOJOXEHO B OCHOBY
pa3paboOTKKU MPOTHO3a CEHCMOCOOBITHI. YCTaHOBJICHO, YTO HIMPOTHAs MPOTSHKEHHOCTH 30HBI
pEerHuCTpaIyy BCIUIECKOB COCTABIISET * 3 , a JIOJITOTHAas * 600, TO €CTh BCIUIECKH HAOIIONAOTCS
B BHUJE «IIYMOBOTO TOSCa», BBITSHYTOTO BIOJIb T€OMAarHUTHOW IIUPOTHI SnumeHTtpa. [lo
3eMJICTPSICEHUsI HAOMIOMAeTCs] KaK MAarHWTHas, TaK W JJIEKTPHUYECKash KOMIIOHEHTHI TIOJIS
IIYMOBBIX U3JTY4CHHI; TIOCIIE 3eMJICTPSICEHHS TIPpeodiiaiacT dIeKTpruecKas cocTapisitomas [4,9].

K mnHacrosimemMy BpeMeHM BO3HUKJIA W pa3BUBACTCAd HOBAs HayyHas IUCHUIUIMHA
«CEHCMORIIEKTPOMArHEeTU3M», 3aHMMAIOUIAsICS AaHAJIM30M CBSI3M MOIIHBIX CEHCMHUYECKHX
COOBITHH C NEKTPOMArHUTHBIM H3IydeHneM. [Ipeamnomnaraercs, 4To nmpu paszjaoMe TOPHBIX MOPOJT
B omuieHtpe 3emuerpsicenus (cm. Puc.l), B palioHe IUIOMIAZbI0O HECKOJIBKO JIECATKOB
KHJIOMETPOB, Ha TiayOmHax 5-80 kM BO3HHMKAOT akyctudeckwe BoiaHel B YHY m KHY
muana3oHax. OHHM MPOHMKAIOT depe3 armochepy B moHochepy (100-200 kM), rie mpUBOIAT K
MOSIBJICHUIO 3JIEKTPOMArHUTHBIX BOJIH, KOTOpPBIE 3aTEM PaCIpPOCTPAHSIOTCS BJAOJb CHIIOBBIX
JMHUN TeOMarHUTHOTO TOJIsE (M3MEHsS TIPU 3TOM XapaKTePHCTUKHU 3aXBAUYCHHOM pajualvu) Ha
BBICOTHl OpPOUT CIYTHHKOB (400-1000 &™), Tme W MOTYT OBITh 3apErHCTPHPOBAHbBI
COOTBETCTBYMOIIEH ammaparypoil. OgHaKo KpailHe OTrpaHHYEHHBIH OO0BEM, HMEIoIIeicsS B
HACTOsIIee BpeMs SKCIEPUMEHTAIbHON MH(OPMAIMK, HE TO3BOJSET YCTAHOBUTH MEXaHH3MBI
HaOJI0TaeMBIX BCILJIECKOB AJIEKTPOMArHUTHBIX M3JIYUYEHHH M pa3paboTaTh JIETalbHYIO TEOPHIO
SIBIICHHS.

Earth
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Puc.1. Cuenapuii pactpocTpaHeHHsl CEHCMORICKTPOMArHUTHBIX BOJIH.
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B wuccnemoBaHMX CEWCMOZIEKTPOMAarHETU3Ma W pa3pabOTKE METOJIOB CIyTHHKOBOTO
CEMCMUYECKOT0 MOHUTOPUHIA YYACTBYIOT IPAKTUYECKU BCE CTPaHbI, TI€ MPOUCXOJAT CHIIbHBIE
pa3pymuTenbHble 3emierpsicenusi, a uMeHHO: Poccust, SAnonus, Coenunennsie Lltarer, Uuaus,
TaiiBanb, Kutait, Utamus (cM. caiit: www.ntsomz.ru/news/news kosmog/vittori_8 feb 2005),
Mekcuka (cM. caitt: www.ntsomz.ru/news/news kosm ogearth 8 jan 2005) u ®paniwsi.

1. CoyTHMKOBBIE JKCHEPHUMEHTHI IO Ppa3padoTKe MeTOAOB INPOTrHO3UPOBAHUS
3eMJIeTPSACEHU I

B Hacrosimee Bpemsi BBITIOJNHSETCS HECKOJBKO CITYTHHKOBBIX JKCIIEPHUMEHTOB, IIENBIO
KOTOPBIX SIBJISIETCS] MCCIIEIOBAaHHE CBSI3M AJIEKTPOMATrHUTHBIX U3IyYCHUHN C 3eMIIeTpsiceHUsIMU. B
YAaCTHOCTH Ha 0OPTy aMepHKaHCKoro MukpocmytHuka "Quakesat”, 3amymennoro 30 urons 2003
¢ kocmoipoMa Ilnecenk pakeroHocurenem "PokoT", ycTaHOBIIEHa anmapaTypa Jjsl perucTpaluu
KHY/OHY u3znyuenuii, acCOMMUPOBAHHBIX C 3eMIICTPSICCHUCM.

[TepBasi BO3MOXHOCTh MPOBEpUTH TexHosoruio "Quakesat" mpencraBuiack 22 nexadps
2003, xorma mpu mpoin€rax Hax paiionom r.Can Cumeon, KamudopHus, crnyTHUK Hadai
peructpupoBath KHY curaansl, acCOMUpOBaHHbIE BIOCIECICTBUH C MPOUCIIEAIINM TaM Yepes3
mecsi 6.5 6anpHbIM 3emiieTpsicenueM. dpaniry3ckuii cryruk "Aureol-3" taxke peructpupoBai
KHUY, npoxoist HaJi akTHBHBIMU CEHCMHUYECKUMU 30HamMu [11].

29 urons 2005 r. ¢ baiikonypa pakeroii-HocutTeneM "JlHemp" OBLI 3amylieH emé oJuH
¢paniy3ckuii mukpocnyTauk "Demeter” (Detection of Electro-Magnetic Emissions Transmitted
from Earthquake Regions), mis  u3yd4eHuss HMOHOC(EPHBIX BO3MYINCHHI,  CBSI3aHHBIX C
€CTECTBEHHBIMH I'e0()U3NYECKUMHU SIBJICHUSAMH, TAKUMHU KaK 3eMIICTPSCEHHs, IlyHaMH U JIp. U, B
O0COOEHHOCTH, JJISI HWCCIICIOBAaHUS  DIIEKTPOMArHUTHBIX  3()(PEKTOB, MpeaIIecTBYIOMINX
3eMJIETPSICEHHUIO, M UX TporHo3a. Bec cryTHuka 125 kr.

B paMkax coBMECTHOTO MpoeKTa MeXAy ABTOHOMHBIM HammoHambHBIM MeKCHKaHCKUM
VYuusepcuteroM (UNAM) 1 MOCKOBCKMM TOCY/IapCTBEHHBIM YHUBEPCUTETOM MPEAIOJIAracTcs
zamyck B 2008-2009 r.r. 10-tu KWIOTPaMMOBOTO CIIyTHHKAa C amnmaparypod Juis
MIPOTHO3UPOBAHMS 3EMJIETPSICEHHUS IO KOHIEHTpaluuu HoHochepHOTO pagoHa. B mporpammy
UCCIIEIOBAaHUI BXOAMT TaKXkKe H3MEpEeHHEe KOHIEHTpAIMH 3JEKTPOHOB B HOHOchepe u
HAOJIIOIEHUS 32 XapaKTEPUCTUKAMHU SJIEKTPOMArHUTHBIX TOJEH, JIMHAMHUKAa KOTOPBIX MOXET

CBUACTCIBCTBOBATH 0 CKOpOM 3CMIICTPSICCHUU. (CNews.ru
http://www.ntsomz.ru/news/news _cosmosearth 28_jan_2005)
Ha ocHOBe ManbiX CHOYTHUKOB B N3MHWUPAHe co3naércs KOMILIEKCHAs

MHOTO(YHKIIMOHAJIbHAS TEOKOCMUYECKasi cucreMa 'Bymkan" i IpOTHO3a M MOHUTOPHUHTA
NPUPOJHBIX M TEXHOTEHHBIX KartacTpod. CHcremMa NO3BOJHMT OCYHIECTBIATH TJI0OANBHOE
HaOroleHNe 3a TOBEPXHOCTHIO, arMochepoil u wuoHochepoit 3emian U OOHAPYKUBATh
AJIEKTPOMarHUTHBIE IIPEIBECTHUKU  3E€MJICTPSACEHUM, TMpeAcKa3blBaTh KOOPAMHATBHI HX
SMHIIEHTPOB M BpeMs Hadana karactpod. /laHHas cucrema co3maercs B paMmkax (eaeparbHOu
KOCMHYECKOM mporpamMmmbl Poccuu. 3akazumkoMm siBisieTcsi PocaBuakocMoc, a TOJIOBHBIM
ucnoJyHuTeneM kocMuyeckoro cermenta — HUM snekrpomexanuku. Ha U3MUPAH Bo3noxeno
HAayYHOE PYKOBOJICTBO IPOEKTOM, pa3paboTKa W HM3rOTOBIeHHE NpuOopoB. Oxumaercs, 4To
crcreMa OOECIIeYUT KPAaTKOCPOYHBIH, CPeTHECPOUYHBIH M JIOJTOCPOYHBIH MPOTHO3 CTHXHIHBIX
OencTBUI 15 CITYXKO MO Ype3BBIYaHBIM CUTYallMsIM B Poccuu 1 Ipyrux crpanax Mupa.
Cucrema BKITIO4aeT B ceOsi:
- TpynmupoBKy Manbsix KA, pa3meniaeMbix Ha KpyroBeix opourtax ¢ Beicotamu (400-500) kM u
(900-1100) k™, HakIOHEHHEM 82°;
- KOMIUIEKC Ha3eMHBIX reo(u3nuecKkux oOcepBaTOpHii M CTaHIUMN INpuemMa u 00padoTKH
uH(pOpMaINH;
- CUTYallMOHHBII 1eHTpa Ha O6aze [[YII U3SMIMPAHa.
Cucrtema cozmaércss B HECKOJIbKO d3TaroB. IlepBbiM u3 Hux Obut 3amyck B 2003 r.
MukpocnyTHuka «Komrmac-2», pazpadoranaoro 8 USMHUPAHe coBmectHO ¢ ['ocynapcTBeHHBIM
paketHbIM 1eHTpoM Kb uM. akagemuka B.I1.MaxkeeBa". K cokalieHHMIo, Hu3-3a TEXHHUYECKUX


http://www.ntsomz.ru/news/news_kosmos/vittori_8_feb_2005)
http://www.ntsomz.ru/news/news_kosm
http://www.ntsomz.ru/news/news_cosmos/earth_28_jan_2005

433

HETOJIaI0K SKCIIEPUMEHT He Jajl pe3yapTaroB. Cleayromue CIyTHUKH IIJIAaHUPYETCS 3aIlyCcKaTh ¢
nomotbio PH 2Pokot? nmm 2Ctpena? no nsa uin tpu KA ogHoBpemenHo. HuskoopOutanpHas
rpynmupoBka Oynmer coctosith w3 12 KA mo Tpu B Kakaoi OpOUTAIBHON TUIOCKOCTH.
BricokoopOuTanbHas rpynmnupoBka Oyaer coctoare u3 mecth KA mo tpu KA B aByx
TUTOCKOCTSIX.

2. JkcnepuMeHTAIbHAS METOAUKA MOHHMTOPUHIA 3eMJIEeTPSICEHUI U3 KocMoca
2.1. MOHUTOPHHT IJIEKTPOMATHUTHBIX MPOIeCCOB B HOHOC(epe u marHutocdepe

MOHUTOPUHT TIPEABECTHUKOB 3EMIIETPACEHHH M3 KOCMOCAa BKIIIOYAEeT HaOIIOACHUE
IEJIOTO psiZia ANEKTPOMArHuTHBIX 3¢ (ekToB B noHOChepe u MarHuTochepe 3eMiti, TaKuxX Kak:
AIIEKTPOMArHUTHBIE  BOJIHBI HHM3KOW YacTOTHI, claOble (QIyKTyallid TE€OMarHUTHOTO TIOJIS
(perucrpupyemMsbie, HaprUMep, MArHUTOMETPOM Ha OOpTYy KocMHdeckoro ammapata "Quakesat"),
KOHLIEHTpalus ANIEKTPOHOB B HWOHOc(hepe, TUHAMHMKA TIOTOKOB SHEPIHMYHBIX YaCTHUIL
panuanuoHHBIX MosicoB 3emid. HeoOX0oAMMO OTMETHTh, YTO CHYTHHKOBBIE HCCIIEIOBAHHS
MOHOC(EpPHBIX (OHOBBIX DJIEKTPOMATHUTHBIX H3TYyYeHHH B 3BYKOBOM JIMAIa30HE YacTOT
IIPOBOJISITCS B HAILIEH CTPAHE MHOTHUE T'OJIbI.

Jliig vccnenoBaHus TUCKPETHBIX CUTHAJIOB U JIETAIbHOTO U3YYEHUS CIIEKTpa IIYMOBBIX U
KBa3UIIYMOBBIX H3JIy4EHUN NPHUMEHSIIOTCS IIMPOKOIOJIOCHBIE MpueMHUKU. Kak mpaBuio, 3tu
MIPUEMHUKHU HUCIOJIB3YIOTCS COBMECTHO C aHATM3aTOPaMHM CIIEKTPa, JAAIONIMMH HHPOpPMALUIO 00
aOCOJIIOTHOW WHTEHCUBHOCTM M TIPOCTPAHCTBEHHOM pACHpPEACTICHUHM  YacTOT HW3IyYEeHUH.
OnHako, MpUMEHEHHe MOI0OHBIX METOIOB B TEUEHHE YXKE JIBYX JACCATHIICTHH IMOKa HE MPHUBETIO K
CYIIECTBEHHOMY VIYUIIICHHIO CHUTYallHH C BBIPAOOTKOW METOJIOB MPOTHO3a CEHCMUYECKOMH
omacHocTH. Takas cuTyarusi oOycjoBlieHa B OCHOBHOM TPYAHOCTBIO MAECHTH(HUKAINA WUMEHHO
CECMODNIEKTPOMArHUTHBIX ~ JOCTAaTOYHO  CJAOBIX CHTHAIOB Ha (OHE  HMMEIOMIEerocs
KOJIOCCAJTbHOTO MHOTOO0OpPa3Hsi AJIEKTPOMArHUTHBIX BCIUIECKOB, 00YCIIOBIIEHHBIX, B YaCTHOCTH,
JTMHAMUKOH MarHuTochepsl.

2.2. NccaenoBanue CBA3M AUHAMHMKH NMOTOKOB HU3KOIHEPIHYHBIX 3JIEKTPOHOB B
Marsurocgepe ¢ ceiicMu4ecKOH aKTUBHOCTBHIO

B oTinume OT OMUCAaHHOTO BBINIE METOJA, JJISl TOMCKAa CEHMCMOXIEKTPOMAarHUTHBIX
3pQeKToB, MBI TpelaraéM HCHOJB30BaTh HAOMIOJCHME 3a TOTOKAMH JOCTaTOYHO
Hu3kodHepruvHbix (0.1-20) k9B anextponoB. Kak Obuto mokazano lO.Ianbnepunsiv [2] Ha
OCHOBE JaHHBIX ciyTHHKA "Opeon-3", 32 HECKOJLKO YacoB JI0 HAayaJia 3eMJICTPSICCHUS HAJ| €To
AMUIEHTPOM HAOJIOIAIOTCS OTHOBPEMEHHBIC BCIUIECKH MHTEHCUBHOCTH HU3KkouacToTHBIX ( 0.01-
20 ) k' u3nyueHudi | MOTOKOB 3JeKTpoHOB ¢ 3Heprusivu E > 40 k3B u E > 100 x3B. Ora
OJTHOBPEMEHHOCTb OOBSCHSETCSI TEM, YTO JIIEKTPOMArHWUTHBIE H3TYYEHUS €CTECTBEHHOTO W
MCKYCCTBEHHOTO TIPOMCXOXKJIEHUS. B3auMoJIeicTBYst ¢ anektponsl PII3 u monochepHbIME
MEeKTpOoHaMK  (YCKOpPEHHE DIEKTPOCTATUYECKUM TIOJIEM BOJIHBI M PAcCcesHHEe MAarHUTHON
KOMIIOHEHTO#), YCKOPSIIOT WX, BBI3bIBas M3MEHEHHsI MX CIEKTPOB, a TAKXKE PAaCCEHBAIOT HX,
M3MEHSSl MX MHUTY-YIJIIOBOE paCIpesielieHne, 4To, B CBOIO OYepellb, MPUBOJIUT K BBICHITAHHUIM
AIIEKTPOHOB.

Takum oOpa3om, GyHKOHS paclpelesieHdus DIIEKTPOHOB MOXKET UrpaTh  poJib
CBOEOOPA3HOrO JIETEKTOpa 3JIEKTPOMArHUTHOTO H3iIydeHHs. Ero mpeummymiecTBoM SBISETCS
Oousibiiee (MO CPaBHEHHIO C JJIEKTPOMArHUTHBIM HM3JIYYCHHUEM) BpPEMsl KU3HU 3aXBaYCHHBIX
3IIEKTPOHOB, MO3BOJISIONIEE B TEUEHHE HEKOTOPOTO BPEMEHH COXPAHATh B UX IHEPTEeTHYECKOM H
MUATY-YTJIOBOM  PACTIPENECIICHUSIX 'OTHEYAaTOK  B3aMMOJIEUCTBUS C  DAJIEKTPOMArHUTHBIM
U3Iy4YeHueM. BcnencTBue 3TOro BapHalWM IMOTOKOB HHU3KOIHEPTHUYHBIX AJIEKTPOHOB MOTYT
0oJiee HaIEKHO IETEKTHPOBATHCS M CIYKUTH 2(P(PEKTUBHBIM MTPETBECTHUKOM 3EMIICTPSICEHHHA.

Jlnst  u3ydeHus CBA3AHHOM C CEMCMOAKTUBHOCTBIO JUHAMHUKHU PACIpPEICIICHUN
HU3KOOHEPIUYHBbIX IEKTPOHOB, IIPEUIaraeTcs MCHOJb30BaTh JBAa  AJIEKTPOCTATUYECKHUX
cnektpomerpa — mnpubopel 2KAMEPA-32 wu 2ACD-E? ¢ CcHIBHO OTIUYAOIIUMUCS

TeOMETPUYECKUMHU (PaKTOpaMH, C IeNbI0 00eCIIeYnTh MaKCUMAaJIbHBIN JUHAMUYECKUN JHUana3oH
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M3MEpPEHUH  TOTOKOB  OJIEKTPOHOB, JTO  HEOOXOJMMO  BCIEACTBHE  CYHIECTBYIOIIEH
HEOTIPENICICHHOCTH B BEJIMYMHE IMOTOKOB M  YIJIOBBIX  pACIpEACICHUN  DIIEKTPOHOB,
ACCOIIMMPOBAHHBIX C 3EMJIETPSICEHUSIMHU.

[MIpubop KAMEPA-D  mo3BosisieT U3MEPSATh DHEPreTHUECKUE pachpeiesieHus B
muanaszone sHepruii (0.01-15) k3B ¢ g0cTaToyHO BBICOKOH TOYHOCTBHIO 70 7%, W YIJIOBBIC
pacrpejieieHus B TEIECHOM yriie 2P ¢ pasperinenueM 10 5°° 5° nmpu BEICOKO CKOPOCTH OIpoca,
YTO HEOOXOIMMO JUIS TOJYYSHHs PAacIpeleleHuil 3a KOpOTKoe (HECKOJBKO CEKyHH) BpeMs
HaxoxaeHus KA Hax smuneHTpoM coObiTHs. ['eomerpudueckwii ¢aktop mpubdopa B 340°
cMPCTep OCTATOUEH JUTS PErHCTPALNH HIEKTPOHOB, BBICHIMAIONINXCS H3 PaIHAIMOHHBIX TOSCOB,
nocruraonmx uarencusroctd ~ (10°-10%) (emPcrep ¢) ' B Makcumyme mosica, u ~ (10°-10°)
(CMZCTep c)'1 y IOJHOKHS CHJIOBBIX JIMHUM B I/IOHOC(%)epe. Taxum 006pazom, CKOPOCTh CYETa MPH
peructpauun Beichimannii coctasut (10°-10°) cex™™.  ITogoGHbIe XapaKTEPUCTHKH MPHOOpa
SBIISIFOTCS] YHUKAIBHBIMH, HE UMEIOIIMMHU aHAJIOTOB CPEIM almapaTrypsl, yKe YCTAaHOBICHHON Ha
2LEO? nnst oOHapyXEHHS CBS3H C 3€MIIETPSICEHUSIMH.

[Tpubop 2ACI-E? peructpupyer MOTOKH SJIEKTPOHOB MPUMEPHO B TOM K€ JMANa30HE
srepruit  (0.1-20) k3B u ¢ suepreruueckum paspemienuem 0.5 k3B. [Ipu stom ero yrioBoe
paspelieHre CYIIEeCTBEHHO HWXKe, 4YeM Y Tpeablayliero mnpubopa (perucTpupyrorcs Bce
ANIEKTPOHBI TOTAJaone B KoHyc Mexay 35° m 65°). OmHako NpeuMylecTBoM mpudopa
SIBIISIETCS GOITBIION reomerprdecknii paxrop (100 cm? cTep.), MO3BOISIONIHIT 3aPErHCTPHPOBATH
Jake OYEeHb HEOOJbIINE TOTOKH JJIEKTPOHOB, CBSI3aHHBIE C CEHCMOAKTUBHOCTBIO H
“HeBumuMble”  cnekTpomerpoM 2ACD-E? BcnencTBHe ero HeOONBIIOTO TE€OMETPHYECKOTO
¢axTopa. [Ipeamnomnaraercs, 4To TaKUM 00pa3oM MPUOOPHI CIIOCOOHBI 3aPETHCTPHPOBATH TIOTOKU
AJIEKTPOHOB  BBICBHIMIAIOMIMXCS IO BO3JICHCTBHEM  HH3KOYACTOTHOTO  HM3JIyYEHHUS Kak
€CTECTBEHHOT'0, TaK U MCKYCCTBEHHOTO MPOMCXOKIACHUS M/MIM PE30HAHCHO YCKOPEHHBIE 3TUM
n3nydyeHueM. Hareld 3amaueii siBnsieTcs yCTAaHOBUTh HAJMUUE CBSI3M MEXKJIy TOSIBICHUEM TaKUX
MIOTOKOB M MOUIHBIMH 3emiieTpsceHusiMH. [lo cpaBHEHHMIO C TPUOOPaMH, PETHCTPHUPYIOLUIMMH
HETOCPEJICTBEHHO AJIEKTPOMArHUTHOE U3JIydeHHe, TpUOop, PEruCTPUPYIONINA YaCTHIIBI, UMEET
MPEUMYILECTBO TOCKOJIbKY "BHJAWUT' SHULEHTP 3€MIICTPSACEHMs, HaXOJSCh HE TOJBKO
HETOCPEICTBEHHO HAaJ] HUM, HO M Ha COCEJHHX MEpHAMaHaX K BOCTOKY OT SIUIICHTpA, Kyaa
apeidyroT ekTpoHbl co ckopocThio Vp = 0.136 LE rpan/cek (E — sneprus snekrpona B MaB).
Hanpumep, moTok 7-K3B 3JIEKTPOHOB, BO3HHKIIMN HaJ SMUIEHTPOM 3eMIICTpsCEHHs, Oyaer
HaOmomaThes depe3 1,5 yaca Ha MepuanaHe, OTCTOSIIEM OT MEpHIMaHa dMUIeHTpa Ha +15°, u
yepe3 3 yaca Ha Mepuauane +30° u T.1. JIuHeiHas 3aBHCUMOCTb CKOPOCTH Jpeiida dJeKTPOHOB
OT UX SHEPTUH B MPUHIUIIE TTO3BOJISIET OMPENEIUTh Mepuanan Mo UX TeHepalny, T.e. MepUIuaH
sMHIeHTpa coObiTus. Hampumep, AonroTel MepuauaHoB, nepecekaembix 2LEC? mpu nByx
nocienoBarenbHbBIXx 0bopotax KA, cocrasmsitor Mi u Mi+15° npu nepuone B 90 mun. Torma
ckopoctu npeiida Vi u Vo 351eKTpoHOB, BOSHUKIINX Ha Mepuauane Mo U perucTpupyeMbIX Ipu
JIBYX TOCJIEIOBAaTeIbHBIX  IPOXOXKICHUSAX, CBS3aHbl OYEBUIHBIM COOTHOIIeHUeM: (M -
Mo)INV1=(M1+15°- Mo)/V2 — 90 mumn, ©3 KOTOPOTO OJHO3HAYHO OMPEACSACTCS IIMPOTA COOBITHS
Mo. DT10oT 3(h(heKT MOTHOCTHIO aHATOTHYEH HAOII0IaeMOMY Ha reoctanoHapHbeix KA sBIeHHIo
JHMCTIEPCHBIX CTPYKTYP, MCIIOJIB3YEMOTO ISl OTIPE/ICICHUsI MEeCTa M BPEMEHHN MH)KEKIIUU YaCTHII.
[TockoybKy peanbHBIC pacHpeleieHuss OTIUYHBI OT MOHO3HepreTudeckux, To Vi u Vo Oyayr
COOTBETCTBOBATH MUHUMAJIBHBIM SHEPTHSIM PETUCTPUPYEMBIX CIIEKTPOB.

JIOTIOTHUTENBHO K 3TOMY, IO HOMepy L 00o0si0ukn, Ha KOTOpO#i OblIa 3apeTrUCTPUPOBaAHA
0CcOOEHHOCTh B (YHKIMH paclpenesieHNH, BO3MOXKHO ONpEAEICHUE IIMPOTHI SIUICHTPA.
EcrecTBeHHO, uTO mMOmOOHAs METOJIMKA JOJDKHA OBITH TNPOMOJEIMPOBAHA MAaTEMATHYECKH
(mampumep, orpe/IeICHbI JMHUHM PABHOTO TOJISI HA 3aJaHHBIX L-00050uKkax Ha BeicoTe KA u T.11.)
¢ Y4€TOM peanbHBIX (HOPM TeHEPUPYEMBIX CIIEKTPOB U MPOBEPEHA HA COOBITHSIX, MPOU30IIEIIINX
BO BpeMs (YyHKIMOHUpOBaHHS TPUOOPOB Ha opOuTe. DTOT TpUMEP JTEMOHCTPUPYET
BO3MOKHOCTh ~ HCIIOJIb30BaHUSI  BapHaluil AIIEKTPOHHOW  TOMYNSIUH sl  TPOTHO3a
3emyieTpsiceHnii. OCHOBHas e 3ajjaya MpeiaraeMoro SKCIepUMeHTa 3aKIII04aeTcsi COOCTBEHHO
B BBIBJICHUM T€X BapHallMii IMOTOKOB AJIEKTPOHOB, KOTOPBIE MOTYT OBITH MPHUTOJHBI JUIS
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mporHo3a. B HacTosimee BpeMs MpoBe/ieHa MPopadoTKa U 0OOCHOBAHKE TMPUHITUTIOB PAOOTHI U
OCHOBHBIX XapaKTEPUCTHK MPHUOOPOB Il OMMCAHHOTO BBIIIE COBPEMEHHOTO KOCMHYECKOTO
HKCTIEPUMEHTA, CPOKOB UX W3TOTOBIICHHS.

Heo0xo1MMo moa4epKkHyTh, YTO TaKHe BBICOKOTOUHBIE MpuOOpsl, kak 2KAMEPA-32, u
2ACD-E? BnepBbie npemiaratorcs Ui mogo0HbIx uccnenoBanuii. [Ipudop 2KAMEPA-3? 6yzner
ucnosb3oBaH Takke B 3kcnepuMente 'PE3OHAHC" mno wu3ydeHuio B3auMoOAEHCTBUSA
AHTPOTIOTEHHOTO JIEKTPOMArHUTHOTO M3JIy4eHHs ¢ Tuta3Moil. Kak mokasbIBaeT OmbIT, pelieHue
npoOsieMbl BBISBJICHUS TPEIBECTHUKOB 3E€MIIETPSCEHHI OKa3bIBAE€TCS BEChbMa  CIIOXKHBIM.
[Ipumenenne pans €€ pemIeHUsT COBPEMEHHBIX, paHee HEHCIOIb30BaHHBIX, METOJOB H
OKCTIEPUMEHTAIBHON amnmaparypbl, OINWCAHHBIX BBIIIE, C YYETOM HAKOIUIGHHBIX JIaHHBIX
HAOJIOIEHUI TIO3BOJIUT CYIIECTBEHHO NPOJBHHYTHCS B HAIIeM IMOHUMAaHUU MEXaHH3MOB
CeMCMODJIEKTPOMArHeTU3Ma 1 TPEICKA3aHUs 3EMIIETPSICCHU.
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