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I KPYITHEMINX 3EMIETPACEHUH ITPU CIABOM BO3AEUCTBUM
TPAIMEHTOB ATMOC®EPHOTO JABJIEHUA
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Ha ocHOBaHMH leTalIbHBIX TEOMEXaHHYECKUX MO-
fenell 3eMHOM KOPBI H JaHHbIX, IIOJTYYEHHBIX C IOMO-
IULIO CIYTHHKOBBIX HaBUI'ALMOHHBIX CHCTEM, HCCIIE-
NIOBAHO BIHsHHE KPYIHOMAcHITAGHBIX -TPAafiEeHTOB
aTMocgepHOro NaBJIE€HHs Ha IPOUecchl MOArOTOBKH
psifa KpyNHEHIINX 3eMIIETPSACEHHU, B TOM YHCIIE 3€M-
neTpsaceHus, nponsomenmero Ha Cymatpe 26 neka6-
ps 2004 r. ¢ MarauTyROR M ~9.0. ‘

METOIUKA HUCCIEIOBAHUN

Bnunsuue atMocdepHBIX IPOLECCOB Ha CeicMuYe-
CKYI0 aKTHBHOCTb Gb1710 MPOIEMOHCTPHPOBAHO KAK B
TEOPETHYECKHX pacyeTax, TaK M IpH Henocpef-
CTBEHHBIX MHCTPYMEHTANbHBIX HaGimrofennsx [1-3].
OpnHako CTpOEHHE 3eMHOM KOPBI B 9THX HCCIIENIOBa-
HHSX 160 HE KOHKPETH3HPOBANH, JTHO0 YYUTHIBAIH
TOJILKO KPYIHOMAacHITaOHYIO HEONHOPOJHOCTD THIIA
cylia—OKeaH. ' o :

B Hacrosie# paGore s aHaIK3a BIUSHAS aTMO-
cpepHOro NABJIEHMS HA HANPSKEHHOE COCTOSHUE
3eMHOI KOPBI CO3/1aHbl KOMITBIOTEPHBIE MONCIIH I
HccreayeMbIx pailoHOB. B 0CHOBY Mofiesiell OIoXKe-
HBI paclpefie/IeHus] MOBPEXAEHHOCTH 36 MHON KOPBI
no riny6unbl 100 KM, OmpefiesieHHbIE Ha YEThIPEX
yposmsix: 1-i cioit 0-20 xm; 2-# ciroit 20-40 xM; 3-i
cnoft 40-60 kM; 4-it cno#t 60-100 kM. IloBpexnen-
HOCTb NOJIYYalM HyTeM KOJHYECTBEHHOr'O aHaln3a
pacipenesieHnst pa3IOMOB ¥ JIMHEaMEHTOB [UIs U3Y-
yaeMbIX PaiOHOB Ha OCHOBE TEXHOJIOTHH 0O0paGOTKH
KOCMHYECKHX H300paKeHHi, IpeIoKeHHO! B pabo-
te [4]. C Hconb30BaHUEM 3TOH TEXHOJIOTHH TOCTPO-
eHbl TPEXMEPHDIE MOJIENH NeheKTHOCTH 3eMHOH KO-
pbl, BKJIIOYAIOIIAE TEKTOHHYECKUE PA3IOMBI pas-
HBIX PaHT'OB. ‘ K

TTOBPEXNEHHOCTS CPENBl XapaKTepU3yeTCs QyHK-
1Ee it HEOTHOPOTHOCTH g(x,), KoTopast H3MEHAeTCsA 0T 0
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no 1. dynxmus g(x,) anmpoKCHUMHPOBANACh C MIOMO-
LUIBIO CIUTaiHOB. Bece MeXaHHYeCKHE MapaMeTphl 3a-
NaBaJINCh B BUJE

T(x,) =TI - kg(x)], )

rne [1° - ogHoponHOE HavyanbHOE 3HaUEeHHE TapaMeT-
pa A1 HeHapYIIEHHOH ¢cpefibl, K < 1 — mapameTp Ma-

JIOCTH.

TMapameTpH30BaHHbIE TONOOHBIM 06pa3oM MeXa-
HUYECKHME CBOMCTBA 3€MHOH KODbl YUUTBIBANH INpH
pacyeTe HANPSDKECHHI, BbI3BAHHBIX TEKTOHIYECKIMH
TpOLleCCaMU Ha FPaHHIaX H3y4aeMbIx 06beMoB. [l
OLIEHKH 3TUX HANPSIKEHHH HCTIONB30BaHbI MOJENH
B3aMMHOTI'0 JIBIDKEHHs TEKTOHHUECKMX IUTHT, IOy YeH-
HbIE 10 IAHHBIM COBPEMEHHBIX METONIOB KOCMHEYECKOH
reopesmn GPS, SLR, VLBI, CKOMGHHHAPOBAHHBIM B pe-
amizanun ITRF2005 MexnyHapogHOi 3eMHOM CHCTe-
MBI OTHOCUMOCTH. JleTabHOE pactpefie/leH e Morpa-
HUYHBIX HAIpsCKEHMH MONyYald M3 CONOCTABJICHUS
YKa3aHHBIX TEKTOHMYECKHX MOJeNell C PernoHalb-
HeIMH Habmiopenuamn GPS TaM, rie OHH NpOBOIH-
JHCE [5, 6]. ' :

Ha ocHoBe mpUBeieHHBIX HCXONHBIX apaMeTPOB
OlLICHUBAJIH TJIaBHOE PerHoHajIbHOE cxkaTue. Bropoe
rjaBHOE HANpPSIKEHUE ONMpEEIANA YCIOBHSIMU CTEC-
HEHHOTO CXaTus. PacyeTs] BbINOJHEHEI C IIOMOIIBIO
nporpammuoro kofpa FLACP, peammsyromero. sis-
HYI0O KOHEYHO-Pa3HOCTHYIO CXeMy pelleHHs 3ajiay
MeXaHHKH CIVIOIIHBIX Cpef.

PE3YJILTATBI NICCIE[IOBAHUN

. B xauecTBe npuMepa paccMoTpuM CyMaTpaHCKoe
3eMJIETpsCeHHe ¢ MarHUTyfoi M = 9.0, npousoen-
mee 26 neka6ps 2004 r. B mpefenax PUIANNAHCKOR
H 30HICKOM OCTPOBHBIX JIYT B JMHULEHTPE C KOOPIH-
Haramd 3.3°N, 96.0°E, koTopoe NOpOAMIO THUIaHT-
ckoe 1nyHamu. ITapaMeTp MOBPEXEHHOCTH. GBLI 110-
Ny4eH B pe3ynbTaTe KOJMYECTBEHHOH 06paboTKH
pacrpefielIeHAs. pa3JIOMOB M JIHHEaMEHTOB JIS M3y~
yaeMoro paftoHa MHAMACKOro oKeaHa, 3aK/II04YEeHHO-
ro B mpefenax 20.0°S-20.0°N u 65.0°E~125.0°E, uTo
COOTBETCTBYET NPSIMOYTONBLHON 06JIaCTH ¢ pa3Mepa-
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MH 6649.5 x 4595.5 km?. [laHHbIE KOCMHYECKOM Teo-
le3UH TIO3BOJISIIA OPHEHTHPOBATH TINIABHOE PETHO-
HanbHOE CKaThe mop yraom 12° k mepunuany [5, 6].

[Mocnepyrouye pacueTs! IPOBOJMIIK B iBa JTarna.
CHauana paccuMThIBadH HaydallbHOE HAINpsKEHHOE
COCTOSIHHE OTHOPORHOIO Napaiiesenunena nop aei-
CTBHEM CHJI COGCTBEHHOIO Beca. 3aTeM ClIoi Harpy-
KaJIM peruoHaIbHbIMH HANIPSKEHUSAMH M pacCUUThI-
BaJId HaMPSKEHHO-Ne(hOPMUPOBAHHOE COCTOSIHUE.

PacueTs! noka3anu, 4To MaTepHal HaXORUJICA Ha
npenesie MPOYHOCTH B psifie 30H TOJBKO B 3-M U 4-M
cnosix (rmybunsl 40—100 kM). IlpuueM OHM NpPUMBI-
KaJld K 04ary uccnenyemoro semnerpsaceHus. imen-
HO B 3TOM MecTe B 4-M cioe (rny6unnl 60—100 kM),
MOCTUTaJI0 MAKCHMYMa pacipefe/IcHHe IMIaBHbIX Ka-
caTenbHbIX HanpsokeHud (puc. 1).

TakuM 06pa3oM, ¢ NIOMOIIBIO KOMIIBKOTEPHOI MO-
nenu ObLIM BbifIENIEHbl 9HEPTOHACHIIIEHHEBIE U BbICO-
KOHANpsDKeHHbIE MecTa 3eMHOM KOpbI, KOTOpbIE
COBMaNM C 3MUIEHTPOM paccMaTpuBaeMoro Cymar-
PaHCKOTO 3eMNETPSICEHMSI.

Hanee n3yuanu AedcTBHE aTMOCQEPHOTO AaBie-
HHUS Ha TIOBPEKNEHHYIO 3eMHYIO KOpY. [1pn 3TOM 6BI-
JI0 BaXKHO MOHSATH, NPUOIMXKaIach 1 3eMHast Kopa K
npefeny MpOYHOCTH MM OTAANsiach OT HETO B pe-
3ynbTaTe naBieHus. [Ing 3TOro mccnefoBalH pac-
npeneneHye napaMerpa R, KOTOPbI XapaKTepU3yeT
OTKJIOHEHHE HANPSXKEHHOT'O COCTOSHUSA OT €r0 MOJIO0-
SKeHHsS] OTHOCHTEINIBHO Tpefiena npodyHocTy. Ecnu na-
pameTp R < 0, TO 3eMHasg Kopa OTHalAeTCsa OT Ipe-
[EJLHOrO COCTOSHHUS, a pu R > 0 npubnuxkaercs K
HeMy.

CnepyeT OTMETUTD, YTO O BapHuauusix atMocdep-
HOFrO aBJIeHUs HaJ| CeHCMUYECKH aKTHBHBIM PEruo-
HOM MOXHO CYAUTh TH60 MO pe3ynbTaTaM HeNocpen-
CTBEHHBIX HabmIOAeHnH 3TOro napameTpa, Mubo 1o
KOCBEHHBIM HM3MEpPEHHUSIM Bapualuil HOHOC(EPHOH
MJIOTHOCTH. XOPOIIO N3BECTHBI UCCIIETOBAHUS, B KO-
TOPBIX YCTAHOBJIEHA JOCTATOYHO YeTKasi Koppens-
M MEeXIy CHHXPOHHBIMHM BapHaLUsIMH YCpPEJHEH-
HBIX BETMYHH MPU3EMHOTO [aBICHUSA M HOHM3ALUU
cnost F nonocdepst [7]. TloaToMy npn OTCYTCTBUH
HEeTMOCpeACTBEHHbIX HaONIoeHUH BapHaliil IpU3eM-
HOTO JIaBJIEHUS] MOXKHO BOCIIONb30BaTLCS pe3ynbTa-
TaMM U3MEPEHUH NMONHOTO 3NEKTPOHHOrO cofiepka-
Hus (total electron content, TEC) nonocgepsi, nomny-
YeHHbIMM Ha OCHOBe 00pabOTKH pagHOCHIHAIOB
HABUTAIIMOHHBIX cucTeM cnyTHuKoB GPS unu I'JIO-
HACC.

Ha puc. 2 npencraBnenbl pe3yabTaThl BEHBIET-
ananuia sapuauuit TEC (¢ 350-ro nmo 365-# fexs) B
nvanaszoHe nepuofoB T ~ 2-5 cyT (BepTHKalbHas
OCb) Ha OCHOBaHHMHM MaHHBLIX 10 Ha3zeMHLIX CTaHLIMH
cnyTHHKOBOHM cucteMbl GPS, pacnosnoxeHHbIX B 0bna-
ct ucciienyemoro CyMaTpaHCKOTO 3eMIIETPSICEHHUs]
(cM. puc. 3). Kaxk cnepyer u3 puc. 2, BO BpeMsl nocnef-
Hnx 10 gHelt mepen maroil 3emnerpsceHus (362-i
lieHb) MakCHMallbHAsi ”HTEHCUBHOCTL 3TUX BapHalMH
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Puc. 1 PacnipenienieHue rnaBHbIX KacaTebHbIX HaNpsKe-
Huit B cioe 4 (rny6unst 60-100 kM),

oTMeueHa Ha craHumsx Samp, Ntus, Bako, Coco, 651u-
Kalmx K anulieHTpy (puc. 3) u ropa3po cnabee Ha
craniun Dgar. Ha 6onee ynaneHHbIX CTaHLIMSAX BapH-
ainu TEC npaxktuyeckn orcyTersoBanu. I1pu aToM
MarHUTHasE aKTUBHOCTH 3a BeChb HCCIENYeMblfl Mpo-
MEXYTOK BPEMEHH (C cepeuHbl Hos0ps 1o ekabpb)
Ob171a HEBBICOKOH (IpU CpeaHEM 3HAYEHUH HMHJIEKCa
r€OMAarHUTHOM aKTHBHOCTH K, < 2 ¥ MAaKCHMAaJbHOM
K,<4).

IIpocTpaHcTBEHHO-BPEMEHHBIE  paclipefieleHust
obnacreit MakcuManbHbIX Bapuanuii TEC, cooTseT-
CTBYIOIIMX O6JIaCTSIM MOBBIILIEHHOI'O aTMOC(EPHOTrO
HaBlieHHs, BeIgBNeHHble 3a 30, 20 u 10 nHel no cedi-
CMHYECKOro cobbITHsA, pon3olueiiero 26 nekabps
2004 r., nokazanbl Ha puc. 3. Bugso, 4To B pefenax
o6mnactu ¢ koopauHatamu 20.0°S-20.0°N u 65.0°E-
125.0°E nepen paccMaTpHBaeMbIM 3eMIIETPACEHUEM
B HOHOChepe perucTpupoOBaTUCh O6NaCTH HHTEHCHB-
Heix Bapuauuii TEC. Camas 6onpliast U3 HEX Havasa
thopmupoBaThest mpubnuzurenbHo 3a 30 gHed fo
3eMJIeTpsICeHHs ¥ npocyiuecTBoBana 10 gueit. 3ateM
B TeUYeHHe 5 THEeH perucTprupoBanach BTOpast aHoMa-
s, ¥, HaKoHel, B TeyeHue 10 gHeill HemocpencTBeH-
HO nepef 3emiieTpsceHueM chOpMHUpOBanach TPEThS
aHoManbHast 06NacTh.

AHanoruutsle pacnpenenernss TEC nonyuensl
HaMHM U g cepud nocnepyromux CyMaTpaHCKHX
3eMJIeTpsiceHnit, coctosBimuxcs S u 24 urons 2005 r.
¢ MaruutynaMa M = 7.3 u M = 6.7, a Takxke nns Ila-
KHCTaHCKOro 3emierpscenust ¢ M = 7.7 8 okra6ps
2005 r. ¥ apyrux KpynHeHux 3eMIeTPsICeHUI.

AHAIJIN3 PE3YNBTATOB

JlocTaTouyHo NnoKanbHas MHTEHCH(HKaLIMS BapHa-
umnit TEC B nuana3oHe HECKOJABKUX CYTOK (JUana3oH
NUIaHEeTAPHBIX BOJH) HE MOXET COOTBETCTBOBAThL He-
NMOCPEACTBEHHOMY pPaclpOCTPAHEHHUIO 3ITHX aTMO-
chepHbIX BOJIH B HOHOC(hEpY 13-3a UX CPAaBHUTEILHO
HeOOAbIION BEpTHKAIBHON CKOPOCTH (MEHLIUE HIH
nopsinka 5 kM/fens). IToaTOMy BBIsIBJIEHHBIE Bapua-
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Puc. 3. O6nacTd aHOMAJBHBIX IPOCTPaHCTBEHHO-BPE-
MEHHBIX Bapuamm TEC, BBIABICHHBIE IO AAHHBIM
CIIyTHHKOBOH HaBATaEOHHOM cucteMel GPS 3a 30 q}{eﬁ
no 3emueTpacedus (1), 3a 20 muei (2) 'm B Teuetine”
10 gieii (3) nepeR 3eMieTpiceHAEM Aa Cyma'rpe 26 ne-
kabps 2004 r,

s OKITAOBI AKATTEMHWHN HAYK -

LMK TEC MOKHO HHTEPIPETHPOBATE KaK pe3ynbTar
BaanMonenc'anﬂ IUTAHETAPHBIX BOJIH € PacnpoCTpa-
HSIOIIMMACS B HOHOCGhepy amocq)epnmmn BHYTpeH-
HUMH BonHaMn [8] BeTpOBasx cHCTeMa ILIaHeTAPHOI
Bo.rmm Monynnpye'r NIDOHMKHOBEHHE, BHYTPEHHNX
BOJIH Ha BBICOTBI nonoccbepm B CBOIO OYepe/b, HCTOY-
HUKOM 'BHYTPEHHHX BOJI] MoxeT 6LIT]> Jm60 Gapuye-
CKOC o6pa303am1e B TIPH3EMHOU amocq)epe (Hampy-
Mep, rpaJmeH'r amooq)epnoro NaBJIEHHsI, O0YCIIOBNIEH-
HBIA TIPOXOKICHAEM aTMOC(bepHoro ‘ponta), maGo
SMHUIEHTPANbHAs 06IaCTh TOTOBSIIErocs 3eMIeTpsice-
HWA, I7le BO3MOXHA TeHepauus BHYTPEHHHMX BOJH
BCNeficTEne HHTEHCHHUKAINH lera3anun nepey cei-
CMHYeCKEM ¢o6BiTHEM [9].

- Ha puc. 4 noka3aHo pacCYMTaHHOE pacrpepeie-
HYe NapaMeTpa. RsB .Cyyae IPEANonaraeMoro ne-
CTBHUSA TpeTBeI/I aHQManbsHOH o6nacTH (puc. 3), acco-
[UUpYEMO# B MOJIENH C TPAIlCHTOM aTMOC(HEPHOTO
naeneHus1.. IIpn pacuere yuuThIBalld, YTO MEpeaaya
RaBIIEHUS Ha 3€MHYIO KOPY OCYLIECTBIISETCSA TOJLKO
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. Pre. 4. Pacnpenenenne napaMeTpa R ‘ans anomanun 3

© ..p cnoe 1 (0-20 kM) (BBEpXY) H B croe 4 (80-100 kM)
. (BHH3Y).

Ha y4acTKax, He 3aHsThIX OKeaHoM. MakcuManbHoe
3HauyeHHe M30LITOYHOrO TABJIEHHS COCTAaBISAET HE
6onee 1% oT cpennero atmocdepHoro. M3 ananusa
pHC. 4 BUIHO, YTO B 30HE AHOMAJIMH JIaBIEHUS BEPX-
Huit cnoit 1 (0-20 kM) oTAanseTcs OT Ipenena npoy-
HOCTH, TOTAA KaK ray6xe, B cnosx 2,3 v 0COOEHHO B
cnoe 4, mpubmmxaeTtes K 3ToMy Tpeneny. Crefosa-
TeTBHO, H3OLITOYHOE ABTIEHAE IPUOIIXKAET 3TH 30HbI
K TIpEieNTy TIPOYHOCTH M, TAKMM 06Pa30M, MOXKET Bbl-
3BATb TPUATTEpHBIH 3HEKT. AHAIOTHHHO feACTBYIOT
niepBast ¥ BTOpast aHOMANBHBIE 06IaCTH (PHC. 3).
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. CleftyeT OTMETHUTb, YTO 10 Mepe MPUOMIDKEHUS K

‘ MOMEHTY. 3eMJIETPSICEHNs OGNacTH 3eMHOH KOphl B

OYaroBoit 30H€ MOTYT HaXOIHUTHCA CKOJb YTOTHO
6IM3KO K Tpefieny IPOYHOCTH.

TakuM.06pa3oM, HECMOTpPS Ha TO, YTO TEKTOHH-

‘yeckie ' 3eMAETPIACCHHA M KPYNHOMacIITabHbIe H3-

MeHeHI aTMOCEPHOTO HaBfeHus PA3BUBAIOTCS 1O
CBOMM COGCTBEHHBIM 3aKOHaM, HaUMHas C HEKOTOPO-
ro’ MOMEHTa BPEMEHHM MX B3auMHas OOYCIOBJIEH-

‘HOCTH (B paMKax paccMaTpHBAEMOTO MPUOIHKEHHS)

BEChbMa BEPOATHA. © -

BrimonueHHbI B JaHHOH paboTe aHAIN3 IPHBOIHMT
K BBIBOJTY, YTO MOJEIMPOBaHKe GIM3KOrO K peanbHO-
MY HarnpssKeHHO-Ie()OPMUPOBAHHOTO COCTOAHUSA 3EM-
HOM KOpBI ¥ €ro BapHalyii B pe3y/bTaTe HeGOBIIMX
BHELIHNX BO3AeHCTBII TIO3BOMSET NETANBHO HCCIIER0-
BaTE céficMoonackbie 30HbE, TIpH 3TOM perucrpanms
papwaimit aTMoc)ePHOTO fAaBNEeHNs # OOIIEro aMex-
TPOHHOTO, COTEPaHNAs HOHOC(IEPE MOXET HrpaTh
BaXHYIO POIb 1t MOHHTOPHHTA TOTOBSAMIMXCS Cel-
CMHUECKUX COOBITHI.
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