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PEDEPAT

BreinyckHas kBanu@ukanuoHHas pabOota mo Tteme «Meroauka aHamuza
JAHHBIX TEOMOHMTOPMHIA IIPOLECCa MOATOTOBKM CHIIBHBIX 3€MIIETPSICEHHI»
COAEPKUT 37 CTpaHUI] TEKCTOBOTO JokyMeHTa, 20 mmmoctpauuid, 10 dopmymn, 1
tabmuity, 40 ucroap30BaHHBIX HCTOYHUKOB.

I'EOMOHUTOPHUHLI", [NPEJABECTHUKIA 3EMJIETPSCEHUN,
I[TPOI'HO3 CWJIbHbIX [MPUJIMBHBIX 3EMJIETPSICEHUN,
«[TPOFTHOCTUYECKUI KJIMH», BAPULIEHTP CUCTEMbI 3EMJIS-JIYHA,
CB3b 3EMHbLIX TTPHUJIMBOB C CEMCMHMYHOCTBIO, KOCMUYECKAS
CUCTEMA GRACE.

[lens paboThl cOCTOUT B pa3pabOTKE >SJIEMEHTOB METOAMKH aHaIn3a
KOMILJIEKCA MHCTPYMEHTAJIBHBIX M PACUETHBIX JAHHBIX JIJISl TIOBBIIIEHUS TOYHOCTH
OLICHKHM IIapaMETPOB 05KUIaEMOI'0 CUIIBHOTO 3€MJIETPSICEHUS.

[Ipu BBINOJIHEHUH TaHHOM PaOOThl U3yYE€HBI OCHOBHBIE MOIXObI K OL[EHKE
apaMeTpPOB O0XKUJAEMBIX CHJIBHBIX 3E€MJIETPSACEHUM, pa3paboTaHbl 3JIEMEHTHI
METOJMKHM pacyeTa IapaMeTpPOB IMPOTHOCTUYECKOTO KJIMHA C Y4YETOM BIIMSHUSA
NOJIOKEHUsT OapuIleHTpa, paccMoTpeHa kocmuyeckas cucteMa GRACE u ocBoeH
HaBBIK  00pabOTKM  BbIIaBaeMoro e mapamerpa EWH,  BbimosHeHbI
HKCIIEPUMEHTAJIbHBIE UCCIIEI0BAHUS 1JI1 HECKOJIBKUX MPUJIMBHBIX 3€MJICTPSICEHUH,
pacKphITa B3aMMOCBSA3b 3€MHbBIX MPUIUBOB U MPUJIUBHBIX 3€MJIETPSICEHUH.

B urore, npennokeHa METOIUKa ydeTa BIUSHUS BHEUIHUX reo(pU3MUecKuX
(GakTOpoB Ha MIpOLECC MOJATOTOBKM CHJIBHOTO 3eMjeTpsiceHus ((popmupoBaHue
IIPOTHOCTHYECKOTO HJHEPreTHUYECKOro KJIMHA) € TOMOLIb aHajlW3a JaHHBIX
Ir€OMOHUTOPHHIA ISl BBIIEJIEHHON 04aroBOi, MOJIy4YEHHBIX Ha OCHOBE Pa3IM4YHOIO
WHCTPYMEHTApHUS U COOTBETCTBYIOIIMX PACUETOB.

Pesynbrarel uccnenoBaHuii OyayT MCHOJB30BaHbl B CHEUAIN3HUPOBAHHON
OpraHu3alu — HexomMmepueckoe mnapTHepcTBO «OJkojoruueckuid LleHTp

PallMOHAIILHOTO OCBOCHUS TPUPOJIHBIX PECYPCOB»



COJEPKXAHHUE

BBEJIEHUE
1 Moaenb «ITPOTHOCTHUECKOTO KITHTHA) ... evuuernennernnnenneennsennsennnaesnsenneennseenseenns I....

2 OreHKa 04aroBoil 00JIaCTH Ha OCHOBE CITyTHUKOBBIX U3MEPEHUN KOCMUYECKON

CUCTEMBI GRACE ......oiiiiiiii e 14.....
3 Y4er BIUSHUS BHEIIHUX T€OAUHAMUYCCKUX (PAKTOPOB ...cvvvvvvvnnieeeereeniiinaeenne 21
4 MeToauKa aHAM3a NPUITUBHBIX 3EMIIETPSCEHUM ..vvveeverneeeeenieeeeenieeeeenn e 27,
SAKITFOUEHUE ..ottt 34......
CIINCOK UCIHOJIb3YEMBIX UCTOYHHUKOB.........ccovviiiiiiieiiiiii e 35



BBEJAEHUE

AKTyaJbHOCTh T€MbI HccienoBaHusa. Kartactpopuueckue 3eMIeTpsiCeHUsT —
ONaCHOE IIPUPOJHOE SBJIEHUE, HEPEIKO COIPOBOXKIAIOIICECS YEIOBEUYECKUMU
KEepTBaMH W MarepuaibHbIM yiiepoom [1]. CTpeMHTENbHBIH POCT HACEICHHS
NpUOPEKHON 30HBI, pa3BUTHUE OeperoBodl MHQPACTPYKTYphl, MHTECHCUDUKAIIISI
XO3SIICTBEHHOM JESTeNbHOCTH Ha menbde (mo0biua yriaeBoIOpoAOB, MPOKIAIKa
TpyOOIPOBOIOB, IMHUMN CBSI31), BCE 3TO BEJIET K MOBHIIICHUIO YSI3BUMOCTH OEpPETroB
K MOPCKHMM KaTacTpodaM CEHCMHUECKON TMPUPOABI, CPEAH KOTOPBIX BOJIHBI
I[yHAaMH HTPAIOT 3aMETHYIO poiib [13].

HccnenoBanusi CUIIBHBIX MOJIBOJHBIX 3€MJIETPSICEHUNA M BO3HUKAIOLIKUX BOJIH
I[yHaMH aKTUBHO BEIyTCSl BO MHOTHX CTpaHaX, HauMHas ¢ cepeauHbl 20-To Beka.
HecMoTpst Ha oOmupHble HAKOIUICHHBIC 3HAHMS, pa3pabOTaHHbIE METOIUKU U
TEXHOJOTUHA TPOTHO3a U  MOPEAYyNPEXKIACHUSA, OKa3aJloCh  HEBO3MOXKHBIM
NPEAOTBPATUTh TSDKENbIE TMOCIEACTBUSI CEMCMUYECKUX KaTtacTpod MOCIeaHero
necsruierus (Cymatpa, 2004; Yumm, 2010) [18].

[TocranoBka 3amaun u kiaro4yeBas ujaes. B paborax B.I'. Cubrarynuna,
C.A. IlepetoknHa W Ap. MOKa3aHO, YTO OJWH W3 TJABHBIX MPOTHOCTUYECKUX
MIPU3HAKOB TIpoIlecca TMOATOTOBKM CHJIBHOTO 3eMJIETpsiCeHUsi — (OpMHpPOBaHUE
3aKOHOMEPHOCTHU-CTPYKTYPbl B CEHCMUYECKOM IMPOIIECCe, KOTOpasi COOTBETCTBYET
XOPOILIO M3BECTHOM CTaJWH «CEUCMHUYECKOrO 3aTHILIbS», B PE3yJbTAaTe KOTOPOU
CHIIKAETCSI DHEPTETHUUYECKUM YPOBEHb PETUCTPUPYEMBIX TEKYIIUX CEUCMHUYECKUX
COOBITHH 17151 BBIZIGJIEHHOM 04aroBoi 00J1acTH.

B sToli cTaguu npouecca Takke, COrNIaCHO KOHIIEHTPALMOHHOMY KPUTEPUIO
’KypkoBa u Jip., O] BIUSHUEM BHEIIIHETO BO3JEUCTBUS MPOUCXOIUT YKPYITHEHUE
TpemmmH W (OPMHUPYETCS TIOCKOCTh Oyaymiero pas3pbiBa. [locTpoeHHBIA 1O
GOopIIOKOBOM 00JaCTH TaK HA3BIBAEMBINH <«IHEPTETHUYECKUN TPOTHOCTHUYSCKHIMA
KIUH» (B KOOpAMHATAX MArHUTYJa-BpeMs) IaeT BO3MOXXHOCTH JIJiII OLICHKU
OCHOBHBIX TMapamMeTpoB (00JacTH, MAarHUTYyAbl W BPEMEHH) OXHUIAEMOTO

CUJIBHEMIIEr0 3€MIIETPSICEHUS.

4



Wnes HacTOSAIIEro MCCIEIOBAaHUS 3aKIIOYACTCS B TOM, YTOOBI TMPHUBJICYD
JOTIOJTHUTEIbHBIC HHCTPYMEHTAJIBHBIC JIaHHBIC HAONMIOACHUN W  Pe3yIbTaThl
pacyeToB JJisi YTOYHEHHUS YKa3aHHBIX [apaMETPOB OXHUJAEMOTO0 CHIIBHOTO
3eMJICTPSCEHUM:

- IyTE€M aHajn3a B3aMMOCBS3aHHBIX JAHHBIX, MOTYYa€MbIX OT KOCMHUYECKON
cuctembl GRACE (B.b. Kamkun u ap.);

- TIPEIBBIYUCIICHUM TIOJIOKEHUST OapuileHTpa CUCTEeMBbI «3emisi-JlyHay
OTHOCUTEJIBHO  THIOLEHTpAa H3y4yaeMOro  3emJieTpsiceHust  (HMccieoBaHUs
C.A. IlepetokuHa u p.);

- TaKX€ Ha OCHOBE aHAIN3a MPWINBHOM COCTAaBJISIIOIIEH B pamMKax
METOJIMKH, pa3paboTaHHOM B pabotax B.A. CanrteikoBa u jp.

B pa6orax B.I'. Cubrarynuna, C.A. [leperokuHa u ap. mokazaHo, 4TO MpHU
MOJITOTOBKE CHJIBHBIX CEMCMHYECKUX COOBITUH ¢ MarHuTyaou 6,0 u 6ojiee MOKHO
HaOMIOMaTh ~ yCTOWYMBO  perucrpupyemMoe  (GopMHUpOBaHUE  HU3ydaeMOM
3aKOHOMEPHOCTH B BHjJE MporHoctudeckoro kiamHa [35]. OTcioga OOBEKTHUBHO
CIIEyeT aKTyaJbHOCTh B pa3palOTKe AJIEMEHTOB METOJMKH, KOTOpask MO3BOJSET
MoJIy4aTh  YJAYYIIEHHBIE  OIGHKA  OCHOBHBIX  IApaMETPOB  OXKHUIAACMBIX
KaracTpopUYECKUX  3EMJICTPSICEHHM  HAa  OCHOBE  ydeTa  KOMIUJIEKca
JOTIOJTHUTEIHHBIX MHCTPYMEHTAJIBHBIX M PACUETHBIX JJAHHBIX, CBSI3aHHBIX OLIEHKON
BJIMSIHUSI BHEIIIHUX re0(rU3nYecKuX (PakTOpoB.

OOBEKT ucchaenoBaHusl — KOMIUICKCHBIE JaHHbIC HAOTIOMEHUN H3y4YaeMbIX
MPUPOTHBIX TIPOIIECCOB.

[Ipenmet ucciienoBaHus — aAITOPUTMBI aHAJIM3a JJAHHBIX HAOJIIOJICHU.

Ilens paboTbl cocTOUT pa3pabOTKE SIEMEHTOB METOAMKMA aHan3a
KOMITJIEKCAa WHCTPYMECHTAIBHBIX M PACUYCTHBIX JAHHBIX JIJIS TIOBBIMICHUS TOYHOCTH
OIICHKH TIapaMETPOB 0KHUIaEMOT'0 CUIILHOTO 3eMJICTPSICEHUSI.

JIJist TOCTHKEHUST YKa3aHHOM TIeJTH B pab0Te PEeIaroTcs CAeAyIONne 3a/1auu:

1. H3yuuThb OCHOBHBIC IOAXOABI K OIIGHKE IapaMeTPOB OXKHIACMBIX

CHJIBHBIX 3€MJICTPSICEHUH JJIs1 BBIJICJICHHON 04aroBoil 00JIaCTH.



2.  OOocHOBaTb BO3MOXXHOCTM TNPUMEHEHHUS JaHHBIX, M[OJIYYaeMbIX
kocmuueckoir cuctemoir GRACE B Buge mapamerpa EWH, s pemenus
MPOTHOCTUYECKUX  3aJa4  T€OMOHHUTOPUMHIa  CWIBHEWIIUX  IMOJABOJHBIX
3eMJIETPACEHUM.

3.  Iloka3arh JOMOJHUTENbHBIE BO3MOKHOCTH NMPUMEHEHUS KOHUEMIUU
OapulieHTpa g a”Haiu3a (OPIIOKOBOrO IMpoIecca MOJATOTOBKH CHUIIBHOTO
3eMJIETPSICEHUSI.

4.  Tloka3arb, 4TO 007aCTh BOBHUKHOBEHHUS MPWJIUBHBIX 3E€MJIETPICCHUIM
KOPpPEIUPYET ¢ KOMIJIEKCOM YKa3aHHBIX BbIIIE JAHHBIX.

Ha »sT0il ocHOBe chopmynupoBaTh 3JIEMEHTHI METOJWKH y4e€Ta BIIMSHUS
BHEUIHUX TEOJMHAMUYECKMX (AKTOB JJii YTOUYHEHHUS OLCHOK OCHOBHBIX
apamMeTpoB  OKHUJAEMOIO CHJIBHOTO 3€MJIETPSICEHUST B paMKax MOJENHU
«IPOTHOCTUYECKUN KIIMH.

Metoael pabotel. B paboTe NMpUMEHSIOTCS Takue OOLICHAYYHBIE METOMbI
UCCJIEI0BAHUS, KaK HAaOJII0IEHUE, U3MEPEHHE, ONMCAHUE, CPABHEHUE U HEKOTOPbIE
Apyrue Uil aHajiu3a KOMIUIEKCA COOTBETCTBYIOIIMX HWHCTPYMEHTAIBHBIX U

paCUYCTHBIX JAaHHBIX.



1 Moaeab «IIpOrHOCTHYECKOT0 KIUHAY

B pamkax BemonHenus OakamaBpckoil pabotel (B HII «3I POIIPy,
mupektop B.I'. CulraTynuH), OCBOEHBI METOJIMYECKHE U aJTOPUTMHUYECKUE
CPEIICTBA U MOCTPOEHBI COOTBETCTBYIOLIME MOJEIN «IIPOTHOCTUYECKHUX KIMHOB
JUISl CUITBHEUINNX MTOABOAHBIX (IlyHAMUTeHHBIX) 3emiieTpscenuit (2004-2011 rr.).

B kadectBe Mojenu JUisi ONMMCaHUs IMpollecca MOATOTOBKU CHIIBHOTO
3eMJIETPSICEHUST B COOTBETCTBMM C JaHHBIMH CEHCMHUYECKOIO MOHUTOpPHUHIA
NPUHATHL KOHIIEMIIMM O Pa3BUTUU CeHCMUYECKOro rmporecca ((opuiokoB) u
BO3HMKHOBEHUHU ONPENEIECHHON CTPYKTYPbl MPOTHOCTUYECKOTO KIMHA — BBICOKO
HPHEPreTUYECKUE CEHCMUYECKHE COOBITHS 3aTyXalT, a KOJUYECTBO HU3KO
HHEPreTUUECKUX CEHCMHUECKUX COOBITUI BO3PACTAaET 10 MOMEHTA BOSHUKHOBEHUS
OCHOBHOTO CHJIbHEHIIIEro 3emieTpsicenus [17].

JlaHHBIE ~ MOJENM  «IPOTHOCTHMYECKUX  KJIMHOB»  IMPOCTPOEHBI IS
CHWIBHEMIINX 3€MIIETPSCEHU HAa OCHOBE MHMPOBBIX KaTajOrOB 3EMIJIETPSICEHUH C
ITOMOLIBIO porpamMmel ArcMap u3 cemencTsa npoayKkToB rnoj Mmapkou ArcGIS.

Takum 00pa3om, OAHONW W3 OCHOBHBIX IMPOTHOCTHYECKUX OCOOCHHOCTEU
ABygeTcsl (POpMUPOBAHUE 3aKOHOMEPHOCTM B CEMCMHUYECKOM IMPOIECCE, YTO
COOTBETCTBYET HM3BECTHOMY JTally «CEHCMHMYECKOrO 3aTHIIbs», IPU KOTOPOM
PHEPreTUYECKU YpPOBEHb CEHCMUYECKUX COOBITHM, 3aperuCTPUPOBAHHBIX B
NPOTHOCTUYECKOM peruoHe, ymeHsbimaercs [23]. Cramus  dopMupoBaHuUs
3aKOHOMEPHOCTH B CEMCMHYECKOM IIPOLIECCE COOTBETCTBYET BPEMEHHOMY
WHTEpBaIy BblAENICHUs B (pa30BOM MpocTpaHCTBE (HOKAIBbHON 001acTH HEKOTOPOU

110,100J1aCTH, CXOAIICHCS K INTIOCKOCTH OYAYIIEro pa3pbiBa (PUCYHOK 1).

(MomeHT 3emaeTpsiceHust)
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Pucynok 1 — CxemaTnueckoe NOCTpOEHNE IPOrHOCTUYECKOT0 KJIMHA
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[IepBbIli mpu3HAK 3aKIKOYAETCS B TOM, YTO JHEPrus HakomieHus Enwu
BO3pACTaeT C OJHOBPEMEHHBIM pPa3psoM HaNpPsHKEHHUH, KOTOpPbIE (PHUKCHPYIOTCS
yepe3 MaKCUMaJbHble 3HAUYC€HUsS BeNW4YuH (dHeprus paspsga Epwx) 3a maHHbIM
MHTEPBAJl BPEMEHH.

BTtopoii mpu3Hak — yepe3 HEKOTOPOE BpeMs [0 ALY NPUYHH, HATIPUMED, U3-
3a pedopmal CTPYKTYpbl TPEIIUH Ha (POHE MPOJIOJHKAIOIIETOCS YBEIWYEHUS
sHeprun Exnx (HakomieHUs HaNpsHKEHUs), MPOUCXOAUT PErYJIIPHOE YMEHBIICHUE
SHEPTUU pa3ps HanpsHKeHUun Epn.

Tpernii NmpHU3HAK 3aKIOYACTCSI B TOM, YTO NPU AOCTHKECHUH DHEPIUU
akTMBauuu Ec, mpym KOTOpOM HampspDKEHWE HAKOIUICHWsI dHepruu Ewn paBHO
sHepruu paspsnaa Epr, HakomUleHHas NOTEHUMAIbHAs SHEPTUS pa3psKaeTcs U
HHEPreTUYECKUil 0aJaHC B F€OJIOTMYECKON Cpefie pe3KO BOCCTAHABIMBAETCS B BUJIE
3emiieTpsicenus. B aToMm ciyuae, yem Bhilie ypoBeHb EC (9HEprusi akTUBAIIMH ), TEM
OoJbIlle BEJIMYMHA OCHOBHOTO CEWCMHUYECKOro coObiTUi. B pesynbprate B
CEICMUYECKOM IPOLIEcCe HAOMI0AAETCsl 3aKOHOMEPHOCTb.

3nauenue EC MokeT 3aBUCETh OT MHOTUX (PAaKTOPOB: YPOBHSI HAKOILJICHHOM
DHEPIruM, TEOJIOTMYECKUX U TreoU3nueckux TmapaMeTpoB (PoKaabHON 30HBI,
CBOMCTB cpenbl U T. 1. [IpogomxuTenbHOCTh (OPMUPOBAHMS 3aKOHOMEPHOCTH B
CEHCMUYECKOM MPOLIECCE OINPENEISIETCS] YPOBHEM BHEIIHUX BO3NCUCTBUM —
HAaKayKa DSHEPTMM B HMCTOYHUK CO CTOPOHBI TEKTOHWYECKHX TIPOILECCOB U
0COOEHHOCTH CTPYKTYpHI (hOKabHOM 30HBI. CTaaus MOJATOTOBKU U (hOPMHUPOBAHUS
3aKOHOMEPHOCTEW B CEUCMUYECKOM MPOLIECCE MOKET 3aHATh OT 2-3 MECSIEB 10
2-3 ner [18].

IIpr MOATrOTOBKE CHIIBHBIX CEHCMHUYECKHUX COOBITHH C BenmuuHOW 6,0 u
0oJiee MOKHO HA0JIIOIaTh YCTOMYHUBO pErucTpupyemMoe GopMUpOBaHHE ONMMCAHHON
BBIIIIE  3aKOHOMEpPHOCTH. OTcCiola OO0BEKTUBHO CIIEAyeT HEOoOXOIUMOCTh
KOHTPOJIMPOBATh CIA00IHEPTETHUECCKUE COOBITHS B (POKATBHBIX OOJACTIX MyTeM

YIJIOTHEHUSI HA0JII0JaTeIbHON CETH BOKPYT MOTEHIIMAIBHOTO HCcTOuHMKA [19)].



OnHako TOYHOCTH OLEHKH OINpEAENsieTCs] HE TOJIBKO BBISIBIEHHBIMU
3aKOHOMEPHOCTSIMU B CTPYKTYpE DJHEPreTHYECKHX IMPOLECCOB, HO U
JIOCTOBEPHOCTBIO UCXO/IHBIX JIAHHBIX:

* SHEPreTHYECKHUI MPOLECC TOKEH COAECPkKATh BEIUYHHBI OJTHOM MPHUPOJIbI
U HE COJIepPKaTh 3HAYUTEIIbHBIX MIPOMEKYTKOB BPEMEHHU;

* 3HAYEHHUS B AHAJU3UPYEMOM IPOLECCE MOJKHBI OBbITh PaBHBIMU M HE
JOJKHBI COJIEP)KATh CHCTEMAaTHICCKUX NCKaKeHUH [17].

Hcxons w3 UW3BECTHBIX SBJICHUM CaMOOpPraHM3allid  CEMCMHYECKHUX
MPOIIECCOB, 00JIACTh OLIEHKA MECTOIOJOXKEHUSI Oyaylero coObITUs JOJKHA ObITh
3HaUUTENbHO (B 2-5 pa3) Oonpmie, Yem pa3Mmep (QoOKyca KOHKPETHOTO
cericmmueckoro cooObitust  [20]. Ontumm3anusi pa3MepoB 30HBI  TOJATOTOBKH
3eMJICTPSICEHUN  JIOCTUTAETCsl  MyTEM  MOCJEAOBATEIbHOIO  CKaHUPOBAHUS
SMUIEHTPAIBHOIO TOJA JO0 IMOJIYYEHHUS  CTAOMIIBHOTO  JHEPreTHYECKOTO
BpeMeHHoro psija [21].

[Ipouenypa aHanu3a COCTOUT B ONPEAECICHHON MOCIEI0BATENBHOCTH:

* CKaHUPOBAHUE IPOTHOCTUYECKOW 00acTu (KaTajaor 3eMIIETPSCEHUi) C
MH()OPMAIIMOHHOW STYEHKON — 30HOM € paiyCcOM, COOTBETCTBYIOIIMM OKHIaeMON
BeJIMYMHE COObITHI (Tabnuma 1);

* IOCTPOEHUE CEMCMUYECKUX ITPOLIECCOB B KOOPANHATAX «BEIMYUHA-BPEMSI»

JUTS KaoKJ10 nH(OpMaIMOHHOU stuciiku [36].

Tabmuua 1 — CooTBeTcTBHE HHPOPMALMOHHOMN SYEHKH 0’KUAEMOM BETMUUHBI CEHCMUYECKOTO

COOBITUA
M=5,0 R =100 km
M=6,0 R =200 km
M=17,0 R =300 xm
M =380 R =400 xm
M~=9,0 R = 500 xm




Ocoboe 3HaueHue nJi1 HAJEKHOCTH TMPOrHO3a MMEET BBIJACICHUE
MIPOTHOCTHYECKOTO «IHEPTETUUECKOTo» KinHA. Ha mpakTuke 11 3eMieTpsceHui
¢ M<S5,0 sHepreTuueckuii KJIMH B IBHOM BHUJIE TTOKa3aH JOBOJILHO penko (B 25-30%
cinyyaeB). Korna 3HaueHre MarHuTy bl yBenuuuBaercs 10 6,0 + 7,0, BeposiTHOCTh
HPOSIBICHHS (M, CIIEI0OBATEIbHO, MICHTU(DHKAIIMA SHEPIeTHUYCCKOr0 KJIWHA Kak
IMPOTHOCTHYECKOTO  IPU3HAKa  IMOATOTOBKHM  CHJIBHOTO  3EMJICTPSICCHHS)
yBEIIMYUBAETCS IpuMepHoO 10 50-70% ciyuaes [22].

[TocTpoeHre TMPOTHOCTHYECKOTO SHEPIeTHYCCKOTO KIWHA IPOUCXOJUT IIO0

ClIeyroInel oOIIeH aIropuTMHYECKOMN cxeme (PUCYHOK 2).

Brigenenune
b opIoKoB
Onpenenenue
BpPEMEHU
MMOATOTOBKHU
3eMJIETPSICEHUS

ITocTpoeHue
KJIMHA

Pucynox 2 — O0mast anropuTMHUYECKasi CXeMa MOCTPOSHHSI TPOrHOCTUYECKOTO

SHEPTCTUYCCKOTO KJIMHA Ha OCHOBC aHAJIM3a JAHHBIX TCOMOHUTOPUHTA IJIA BI)II[CJ'ICHHOI\/JI

04aroBoM 00JacTH

DEeHOMEHOJIOTUYECKUE  MOJENM  Mpolecca  MOATOTOBKM  CHUJIBHBIX
3eMJICTPSICEHUN OBbUIM TOCTPOCHBI 3emuerpscenust 13 Hos6ps 1993 1. Ha
Kamuarke; mist 3emnerpsicenus 27 despans 2010 r. (Yunm); aist 3emiieTpsiceHust

26 nexadps 2004 r. (Cymatpa).
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AHanu3 Aa”HHBIX 0 3emJieTpsiceHum 13 Hos0psa 1993 r (Kamuartka). B
JTAHHOM TIOCTPOEHUU B3AT AJTUTENbHBIN BpEMEHHOU MPOMEXYTOK (POPIIOKOBOTO U
aTepIoKOBOro npouecca. M3 nocTpoeHus: BUIHO, YTO KAPTHHA SHEPIETUYECKOTO

IIPOTHOCTUYECKOTO KIIMHA BeChMa HeueTKas (pPUCYHOK 4).

[SET I R N -]

[~

PI/ICYHOK 4 — OTO6pa)KeHI/Ie JaHHBIX 34 BCCh I/ICCJ'Ie,I[yeMHﬁ IMPOMCEIKYTOK BPEMCHU IJIsI ITOMCKa
IIPOrHOCTUYCCKOI'O KJIMHA (Ha IoCJIICAOBATCIbHOCTH (1)OpI_HOKOB) AJI1 N3y49a€MOro CUJIbHOI'o

IyHaMHUTeHHOTO 3emiieTpsceHus 13 nostopst 1993 ., rae M — mikana eAMHUAL MarHUTY/IbI

Ecam cokpaTuTh BPEMEHHOW HWHTEPBAJ, TO BO3HUKAECT 4YETKAs XapaKTepHas

KapTHHA MPOTHOCTUYECKOTO SHEPreTHYCCKOT0 KIMHA (PUCYHOK 5).
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Pucynok 5 — ®opmupoBanue Harbosiee ONTUMaIbHOTO BPEMEHHOT'O HHTEpBaa s
OTOOpaKEHHS MPOTHOCTUYECKOTO KJIIMHA (Ha MOCJIeI0BaTEILHOCTH (HOPIIOKOB) U3Yy4aeMOTO

CHJIBHOTO IlyHaMUT'€HHOT0 3emiieTpsacerus 13 HosiOps 1993 r., rie M — mikania MarHuTy bl

Ynaniickoe 3emJierpsicenue 27 ¢espaasa 2010 r. HM3yuaerca Taxxke
CHJIbHEHIIIEe IIyHAMUTCHHOE 3eMJIETPsICEHHE (PUCYHOK 6), KOTOPOE MPOU3OIILIO B Y
oeperoB Ummm 27 deBpans 2010 1. XapakTepuszyeTcsi Cepueil TOJIYKOB C
MaKCUMaJIbHOW BETUYMHOW MarHUTynabl 8,8. AQTepiioku (MOBTOPHBIE TOJYKH),

BKJItOUas BenuunHy 8,0, ormeuanuch 28 deBpans u 1 mapra 2010 1.
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Pucynok 6 — Kapra MecTOnosoxeHuss OCHOBHOTO CEHCMUYECKOTO COOBITHS, OPIIOKOB U

aTEePIIOKOB YMIIMICKOTO IIyHAMHUTEHHOTO 3emiterpsicerus 27 ¢espans 2010 r.

Kak BumgHO wu3 pucyHka 7, 4YeTKas KapTHHaA TMpolecca MPOsBICHUM
dopiokoB HabmOMaeTCa I YMIMHCKOTO I[yHAMHUT€HHOTO 3EMJICTPSICCHHUSI.
[TocTpoeHre TpOrHOCTUYECKOrO0 AHEPTETUYECKOTO KIMHA JIJIsl 3TOTO CHIJIBHEUILIErO

3eMJICTPSICEHUS HE CO3/1aBaJI0 TPYTHOCTEH.

Chile, 2010 Feb 27, M8.8

Time(day)

Pucynox 7 — [IporHocTHYECKUI SHEPTETUUECKUI KITUH JJISI CUJIBHOTO IIYyHAMUTEHHOTO

semuterpsicenns 27 despanst 2010 r. (Ynn)

Karacrpopuueckoe 3emierpsicenne B paiione Cymarpsl. [Ipoenen
aHaJIU3 TIOCIIEI0BAaTEILHOCTH (POPIIOKOB B 0UAaroBoi 00JacTH KaTaCTPOPUIECKOTO
MOBOJTHOTO 3emuieTpsicenus B parione Cymatpel 26 nexabps 2004 r. CoriacHo
auarpaMme  pa3BUTHsL  (OPIIOKOBOTO TMpolecca B KOOpPAWHATAX — «BpPEMs-

Maraurtyaa» 1nmoCcTtpocH COOTBCTCTBYIOHII/Iﬁ ((HpOI‘HOCTI/I‘-IeCKI/Iﬁ KIIMH» (pI/ICYHOI( 8)
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Pucynok 8 — [Ipornoctudeckuii sJHEPTeTUIECKUI KIIUH JJIs1 KaTacTPO(UIECKOTO

I[yHAMHTEHHOTO 3emiieTpsicerust 26 nexadpst 2004 r. (Cymatpa)

[IpuBeneHHbIE TPUMEPHI MOCTPOCHHBIX MPOTHOCTUYECKUX HHEPreTUYECKHUX
KJIMHOB JIJI1 CWJIBHEWIIMX 3€MJIETPSICEHUM 3a mocieaHue 14 ner moka3blBaroT, B
YaCTHOCTH, YTO BPEMEHHOM Napamerp I OLEHKA MOMEHTAa BO3HUKHOBEHHS
0KUJAEMOTO 3€MJIETPSCEHUS BO3MOXHO OIPEACNATh C XOPOIIEH TOYHOCTh H

3a0J1arOBPEMEHHOCTBIO.
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2 OueHka 04aroBoii 00,1aCTH Ha OCHOBE CIIYyTHUKOBBIX H3MepPeHuid

rocmuueckoin cucreMbl GRACE

N3BecTHO, YTO ABMKEHUSI TEKTOHUYECKUX TUIUT, MOJI3EMHBIX MAaCC, BIIUSIOT
Ha TPABUTAIMOHHOE TOJ€ HaJg OJOTUM JaHAapToOM, KOTOPOE MOXKHO
3apeructpupoBatb ¢ nomomplo cnyTHuka GRACE. CpaBHuMBasgs HW3MEHEHUE
IPaBUTAIIMOHHOTO TIOJISI HAJl CEeHCMHUYECKOW O0O0JIACThI0 B TE€OJUHAMUYECKU
OTHOCHUTEJIBHO CIIOKOMHOE BpeMsi M BO BpPEMs BBICOKOW CEUCMHUYECKOU
AKTUBHOCTHU, MOYKHO ONPEACINTh, €CTh JIN 3aKOHOMEPHOCTh B UX U3MEHEHUSIX. A
TaK)k€ MOXKHO paccMaTpuBaTh AaHOMaJIbHOE WM3MEHEHUE TI'PABUTAIMOHHOTO
MOTEHIMAlIa HaJl CECUCMUYECKA AaKTHBHOM 30HOW B KayeCTBE IPEIBECTHUKA
3eMJIETPSICEHUS.

Kocmuueckas cucrema GRACE (Gravity Recovery and Climate
Experiment)- coBMeCTHBIH MPOSKT AMEPUKAHCKOTO HAI[MOHAILHOTO YITPABIICHHS
M0 a’pOHABTUKE M UCCIENOBaHUIO KocMuyeckoro mnpocTtpanctBa (NASA) u
Hemenkoro a’poKOCMHYECKOro IIEHTpa IojieTa HeMelkod apwanmm «Luft-und
Raumfahrt» (DLR) [26]

Jevictyromass B Hacrosiniee Bpemsi cucrema GRACE cocrout mu3 aByx
OJIMHAKOBBIX CIYTHUKOB «Tom» m «/[xepu», 3amymennbix 17 maprta 2002 r. ¢
kocMoapoma Ilnecenx (Poccus). CiyTHUKH HaXOAATCS Ha PaAcCTOSIHUM OKoJo 220
KM JIpyr OT Jpyra, 4ToObl TOAJAEpPKUBATh Takoe paszjeieHrue, OpOUTaJIbHbIC
MaHEBPBI HCOOXOAMMBI KaX<IbIe OJUH WK 1Ba Mecsna [31].

['maBHBIE 1IETTM peanu3yeMoro MpoeKTa: U3ydeHUEe Bapualliii rpaBUTAIlUU U
1J100aJbHOT0 TPABUTALIMOHHOTO TOJIsi 3€MJIM C BBICOKUM pa3pelieHueM; U3ydeHue
BPEMEHHON HM3MEHYMBOCTU TOBEPXHOCTHBIX W TPYHTOBBIX BOJ; OMNpEIEICHUE
HKBUIIOTEHIIMAIBHOM (T€OMadbHOM) BBICOTHI, KOTOpAasl SIBJISICTCS HaWOOJIBITUM
HMCTOYHUKOM OIIMOOK JIJIsi CYIIECTBYIONIUX MPOTPpaMM adbTUMETPUu MUpPOBOTO
OKe€aHa; WCCJeJI0BaHne pedpakIMOHHBIX SBJICHHA B HOHOChepe u Tpomochepy
CUTHAJIOB ¢ wucrnonb3oBanueM GPS-usmepenuii. Ha OCHOBE JI€TAIBHOTO

ompenenenus [19C [25].
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[Ipu nmpomere Hajg aHOMAIUSMU TPABUTALUA PACCTOSHHUE  MEXKIY
CIIyTHUKaMHU H3MEHSETCS, TIOCKOJIbKY CIIyTHHKHU 00JIee WIH MEHEee MPUOIIKAIOTCS
k 3emie. Hanpumep, eciiv CiyTHUK JBUXKETCS BIIEPEN U BbIIE 00JacTH ¢ OoJee
CWIbHBIM TPABUTAIMOHHBIM IIOJIEM, A3TO TOBIHMSIET Ha ero opouty. W »9T10
paccTosiHUE, KOTOPOE OTPa)XKaeT M3MEHEHUE CHJIbl MPUTSHKEHUS M0 JaHHOMY
y4acTKy 3€MHOM IMOBEPXHOCTH, MOXKET ObITh H3MepeHo. CIYyTHHUKH OCHAIICHBI
CBY nanbHOMepamu ¢ ToUHOCTBHIO 10-6 M. KapTa rpaBUTalilMOHHOTO MOJs 3eMJn
Obu1a coOpana o pesyiabTaram padorsl GRACE [30).

Hauaeie GRACE COP mnpexacrabiiensl Ha BeO-caiite [31]. Ccbuika s
JOCTyIa K apXWBYy JaHHBIX HAXOMWUTCA Ha Bkiaake «Jloctym k manHbIM / ftp».
Uto6s! HaiiTn manHbie Ha GRACE SC, mocne nepexona Ha ftp-cepBep Tpebdyercs
IPOUTH MyTh OT coaepxkumoro Kk «Coxnepsxanue / allData / tellus / L3 / ocean_mass
/ RLO5».

OtoT cauT ftp comepkutr HHPOPMALMIO OT PaA3JIUYHBIX CITYTHUKOB
JTUCTAHITMOHHOTO 30HIUPOBaHMS, cpean KoTopbix ecth cuctema GRACE. Caiir
COJIEPKUT TPU THUMA JAHHBIX: TEKCT (* .txt), oOmryro obmryto Gopmy nanubix (*
.nc), bopmat obmeHa rpadukoii (* .gif).

Hannsie o cucteme cnyTHUKOB GRACE mpeacraBieHbl HA TPEX YpOBHSX.
Ha TpeTrbem ypoBHE naHHBIE MPEACTaBISAIOT coOoi Tpu 1eHTpa 0O6padotku CSR
(IlenTp xocMuueckux uccienaoBanuii B Texacckom yHuBepcurtetre, Octun), GPZ
(GeoforschungsZentrum Potsdam), JPL (JlaGopaTopusi peakTHBHOTO TBUKEHUSA).

CornacHo wuH(popMmaruu ¢ caita [32], naHHBIe 00pabaTHIBAIOTCS TIO-
pa3HOMY, TaK KakK CYIIECTBYET OOJbIlIas Bepcus ux pemeHnid. OaHako, HECMOTPS
Ha pa3HbIe TOJXOJbI, PACUYCTHHIC 3HAYCHMSI MPAKTUYCCKH OJMHAKOBBI, MpPUUYEM
pasHMIA JISKUT B Tpenesax ommoOok pacdera. [IockoapKy pasHWIIa B JaHHBIX
MeXIy 00pabaThIBAIOIUMHU IIEHTPAMH HEBEIIMKa, JJIS MOCIeAyIomed 00paboTKu
JAHHBIX TpaBUTAIMKU BeIOpaH 1ieHTp CSR.

JlanHple, TmonydeHHble ¢ cadta [38], coxepkatr wuHpOpMaNHIO O

rpaBUTAlIMOHHOM MoJie 3emiu B eaqunuiiax EWH (3kBuUBasieHTHBIN YPOBEHb BOJIbI).
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Paznmuuus B exxeMeCSIYHBIX 3HAUCHUSIX BBI3BAHBI TIEpepacIpeiesieHneM Macc.
BONbIIMHCTBO THUIIOB MAacCcOBOTO  TMepepaclpeiefieHUus] XOPOIIO  H3BECTHBI
(HampuMep, TMEPEeHOChl Macchl BO3[yXa, NPWIHUBBI), MOITOMY HUX MOXKHO
CMOJICIMPOBATh U YAAIUTh U3 u3MepeHuid. CreoBaTeabHO, OCTATOUHBIE Pa3TuIHs
MpEANnojaraloTcsi IMOcCjie HUCKIIOUEHUS M3BECTHBIX A(M(PEKTOB, BBI3BAHHBIX
nepepacnpeieieHUeM BOJIbI.

[Tapamerp EWH (3kBHBaNIeHTHBI YPOBEHBb BOJbI) MOKA3bIBAET, KaK BOIY
CIIeyeT paclpeieiarTh, YTOObl CO3[aTh Pa3HUILy MEXKIY Pa3HOCTSIMHU Teouja B
mecan. g pacuera EWH wu3 rpaButanmoHHoro mnodisi ympyras aedopmanus
3eMJId MOJICIIUPYETCSl U3 Harpy3ku BogHoro ciios. @opmynsl aiusa pacuera EWH
npeJCTaBICHbBI HUXE [27].

OO6meit  ¢GopMOl  YHUCIEHHO-AaHAIUTUYECKOTO  OMHCAHUS  CTPYKTYPHI
I'PaBUTAIIMOHHOTO TOJII HEOECHOTO TeJa SBJISIETCS Pa3sIOKEHUE TPaBUTALMOHHOTO
noteHuana N (0, ¢) Ha psa chepruueckux QyHKIIHMA:

N(8,9) = a ¥ Thieo Pim (€08 8) (Cim cOS(M@) + Siy sin(mep)), (1)

riae {Cim, Sm} — COBOKYIMHOCTBIO FapMOHUYECKHX K03 duimeHToB psia (1),
MPECTABIIAIONTUE COO0M MOJIENTb IPAaBUTAILIMOHHOTO TOJIS 3€MJIH;

a — dKBAaTOpHUaJIbHBIN paauyc 3emiin (&= 6378 kM);

0, ¢ — TreomneHTpuUecKkue cdepudecKkue KOOpAWHATHI, 37ech IMoja 0
MOHUMAETCS  JIOMOJIHGHWE J0 Teorpaudeckoil MUPOTH, a TMoa ¢ —
reorpadudeckas J101roTa;

Cim, Sm — 06e3pa3MepHbIe TapMOHUYECKHE KOA(D(PHUITMESHTHI reonoTeHIINAaa,
SIBJISTFOIITECS] CTOKCOBBIMH TTOCTOSTHHBIMH,

Pm (co9)) — mnpucoenuuénHble monMHOMBI JlexkaHapa, 3amaloTcs B

CJICAYIOIIEM BUJIE:

(I-m)! (1—x2)% dat+m

(+m)! 21 dxlm

Pin(x) = (2 = 6mo) (2L + 1) (x? = 1)t (2)

B 3amaue Takxe BBOAUTCS TOHSATHE TOHKOIO CJIOS, TAE MPOCTOM CIIOU

MPENCTaBIAET COOOW Maccy m, paclpefesICHHYI0 Ha TOBEPXHOCTH G B BHUJC
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O0eckoHeYHO TOHKOTO ciosi. [lycTs h — paccTosiHne Mexay IByMsl OUu€Hb OJIM3KUMU
MOBEPXHOCTSIMUA G U G ~. Torga 3ieMeHT o0beMa, 3aKIIOYEHHBIA MEXAY ITUMHU
MIOBEPXHOCTSAMH M 3aIIOJHEHHBINA Maccamu, OyaeT paBeH dt = h-do [6].

OnpenenvM M3MEHEHHE TTOBEPXHOCTHOMW IUIOTHOCTH (T. €. Macca / o0bem),
AG, KaK U3BMEHEHHE pacCTOsTHUSL Ap dyepes 3TOT CIIOoi:

a(8,9) = [ Ap(r,0,p)dr 3)

VYpaBuenue (3) omnMchiBaeT BIMSHUE Te€OWJAa Ha TIpaBUTALMOHHOE
MPUTSHKEHUE TTOBEPXHOCTHOM Macchl. DTa MOBEPXHOCTHASI Macca Tak)Ke BIMSIET Ha

dbopmy HIKenexalien 3emimn.

fGm) o 2 [ 05(0,0) * Pncos0) (1) (20D sing dody, (4

Sim - ATapgpe(21+1) sin(m,¢)
TIE Pavecpemsn) — 3917 KI/M>.
Jlns yopoineHus: pe3ysbtatoB (GopMyinbsl (3), B 0ojiee KOMIAKTHOM BUJIE,
BBIPA3UM M3MEHEHHUE MOBEPXHOCTHOM MJIOTHOCTH (AG), Kak:
A0(9» (,0) = apy Z;X;O Z£n=0 le(COSQ) (Aélmcos(m, (P) +
AS"_Im sin(m, <p)), (5)
rae: pw— 1000 xr/m3.
UtoObI OnpeAenTh, KaKas TOJIIUHA CII0S1 BOJbI TpeOyeTcsl, 4TOObI TOKa3aTh
pPa3HUIly B 3HAYEHUAX MOJEIM OT U3MEPEHHBIX 3HAYCHUM, ACIUTCS HU3MEHEHUE

HOBerHOCTHOﬁ IINTIOTHOCTH HaA IINIOTHOCTBH BOJBI.

EWH = Ao/ pw
{Clm} _ 3pw 1tk Ay (6)
Slm Pave 21+1 ASAlm !
Cim = Mm_ﬂ{Aclm} (7)
§lm 3pw 1+k; (AS),
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Hcnone3ys hopmyinbl 7 u S mosrydaem:
£o(0,p) = 2222 32, 5 By (cos6)

+AS;,,,sin(m, ¢)) (8)

2l+1
1+k;

* (ACy,, cos(m, @) +

HOHy‘{aCM HN3MCHCHUC IINIOTHOCTH MACCBI ITIOBCPXHOCTU OT U3MECHECHUMN AC|m,

u ASim — ko3(pdurmenTs reouga. AHAIOTHYHO, UCTIONB3Ys (6) u (1) momydaem

[39]:

3apyw woo 1+k
P2 512 0 Do Pum (€056) 5+ (ACimcos(mep) +

+AS,,sin(me)) (9)

AN(6,p) =

UtoOBl BU3yaIM3UPOBATH MPEIBAPUTEIHHO COOpaHHYIO0 MH(OpMaIuio, oHa
JOJDKHA OBITh TpeABapuTeNbHO 00paborana. Ilockonabky HCXOAHBIN (ailn
COJIEPKUT MHGPOPMAIMIO O TPABUTAIIMOHHOM II0JI€ Ha BCEW TEPPUTOPUHU 3E€MIH,
CHayajla HEoOXOJIUMO H30aBUTHCA OT HEHYXKHBIX JaHHBIX, COOMpas CETKY C
MOMOIIIBI0 HHCTPYMEHTOB Surfer.

UtoObl yBUAETh MOJHYIO TPABUTAIMOHHYIO KAPTHUHY HaJl CEMCMHYECKOM
00JacThi0, HEOOXOAMMO TPOUTH OOMIMPHYIO O0O0JacTh BOKPYT SIHUIIEHTpa
3eMJIETPSACEHUs, 10 KpaiHeil mepe +/- 20 rpagycos mo mmpote u goirore. [loce,
AT TaHHBIE MOXKHO TIPEJICTABIIATh Pa3IMYHbIM 00pa3om npu romortnu 10O Surfer.

Jlns omuicaHus U BBHIOOpa CHIBHOTO 3€MIIETPSICEHHS MCMOJb30Banach Oaza
nanHeix USGS [38]. B aT0i#i cTaThe W3ydaroTcs BapHalMy TPaBUTAIIMOHHOTO TOJIS
B 36MJICTPSCCHUSIX C BEIMYMHOM Oosiee 6, KOTOpas MPOU30IIIa BO BpeMs padOThI
cuctemel GRACE.

Ceiicmuueckoe  coObITHE, BONMM3M  MOOEpexbs  Yuiu, MPOU3OILIO
27.02.201Q. BenuunHa 3TOTO 3eMIETpPsACEHHsS cocTaBmwia 8,8 Oamna. B mepsoit
qacTh pabOTHI MpPUBEEHA OYaroBas 00JacTh 3TOTO 3emieTpsceHus. PaccMoTpum
TPaBUTAIIMOHHYIO KapTUHY HaJ OYaroBOW OOJIACTBIO 3TOTO 3€MIICTPSICEHUS,
KoTopasi nipejicTaBiieHa Ha pucyHke 9 (Kpacnomekos K.B.).

Ha pucynke 9 mokazaHo, Kak Ha CTBIKE JBYX MPOTHBOMOJIOKHBIX
TPaBUTAIIMOHHBIX aHOMaJMil o0pa3zyercst u3rud (pespans 2010 r.), coBmagaromuit

10 HAIMIPaBJICHUIO C U30CEUCTaMU CEHCMHUYECKOTO COOBITHSI.
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PaccMoTpuM  rpaBUTallMOHHYIO  KAapTHHY HA  OYaroBOM  0OO0JacTH
katactpouyeckoro 3emierpsiceaus B paitoHe Cymatper (26.12.2004.). Kak
BUAHO U3 pucyHka 10, 3a 1Ba Mecsa 10 CEHCMHYECKOTO COOBITHS, Ha TpaHHIIC
00J1aCTH HAYMHAIOT TOSBISTHCS TPABUTAIMOHHBIC aHOMAJIUH, ITPOTUBOIIOJIOKHBIC
3HAYeHUs, KOTOpBIE COXPAHSIOTCS OO0 KaTacTpo(UYECKOro CEeWCMUYECKOTO
coObiTus. Tak jxe cxoxkas TpaBHTallMOHHAs KapThHa HaOmoAanach W Ha

CIEIYIOMNNA MeCALl MOCHe 3TOr0 KaTtacTpO(UYECKOT0 CEMCMHUYECKOTO COOBITHS

(K.B. KpacHomiekoB).

Sosparn_2010 wur',,lzow

EWH, cm
AL anwane

235 240 245 260 255 260 265 270

735 240 245 250 255 260 265 270

PR

Pucynok 9 — I'paBuTaninoHHBIE aHOMAJIMU HaJl 04aroBOi 00JIACTBIO CHITBHOTO

yuuiickoro 3emuerpsicenus (27 despass 2010 r.)

Honbpe_2004 1

258

20 1%

10

&
r
=80
N

10

-15 -10

A

75 85 105 115 7% 85 95 105 115

Pucynoxk 10 — I'paBuTanIiOHHBIE aHOMAJIMK HAJT 09aroBOM 001aCThIO0 KaTacTPO(hUIECKOTOo

3emuteTpsicenust B paiione Cymatpsi (26.12.2004 1.)
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Takum o6pa3oMm, mo HUQPPOBEIM KapTam yCTaHOBJIEHO, YTO (HOPLIOKOBHIE
30HBl M3Y4YaeMbIX KaTaCTPOPUUECKUX 3eMIICTPSICCHUI HAaXOIWINCh Ha TPaHHIIC

MOJIOXKUTEIBHON 1 OTpHHaTCHBHOﬁ I'paBUTAIUOHHBIX aHOMaJIMH.
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3 Y4er BIUsIHUSI BHEIIHUX T€0JUHAMUYECKUX (PAKTOPOB

OcCHOBHBIC TIOHATHS KOHIEMIUK OapUIIEHTPAa OCHOBBIBAIOTCS HA JIAHHBIX O
COBPEMEHHOW MOJIe]N BHYTpeHHEH cTpykTyphl 3emiuun. CornacHo bymieny (1978),
3eMyIsl COCTOMT M3 TBEpPJOM 000J04KU (KOpbl, MaHTUU) ¢ Maccou 4,1x1027 T,
OKpY’)Karolenl >KUJIKUM BHEITHUN cepAaeyHuk (Macca mopsaka 1,8x1027 1),
KOTOPBIH SBIISCTCS paciljIaBJICHHBIM BelnecTBoM [12].

Cucrema Connine—3emiisi—JIyHa MoxeT ObITh CBeJeHA K 3ajadye ABYX Tell,
€CIM U3 Hee H30JupoBaTh mojacucTemMy 3emiii-JIyHa, paccMmarpuBaemyro Kak
eauHoe 11e5ioe. BeposTHO, 3TO OCHOBHAsl MpUYMHA JJI BBEJICHHUS B aCTPOHOMUIO
uaen o ToM, uto 3emissa W JlyHa, ABUTrasch IO OKOJIOCOJHEUHOW OpOuTeE,
BpaIIalOTCs BOKPYT OOIEro IEHTpa MHEPLUU, TaK HA3BIBAEMOIO «OapHUIICHTpa»
[3].

XOpoIIO U3BECTHO, YTO MPWJIMBBI BbI3BAHBI M3MEHSAIOLIIMMHUCS BO BPEMEHU
rpaBuTalMOHHbIMA criiaMu JIyHbl u ConHIa, KOTOpbIE NEUCTBYIOT HAa 3€MHOM
mape W TMOKPBIBAIOT BOJBI MOPEM M OKEAHOB. 3€MJIA B IEJIOM JIBUXKETCS C
YCKOPEHHEM OTHOCUTEIBHO WHEPIHAIBHONW (TEIMOIEHTPUYECKON) CHCTEMBI
orcueta (pucyHok 12). DTo yCKOpPEHHE CO37aeTCs TIJIaBHBIM  00pa3om
IpPaBUTALIMOHHBIM TpUTsKeHHEM 3eMiii K COJHIly U B ropa3/lo MEHbIIEH CTENEHU
npuTsbkeHueM K JIyHe (a Takxke KO BCeM JpyruM HEOECHBIM TeaMm).

HucneHHOE MHTETPUPOBAHNE YPABHEHUI JBU>KEHUSI — METO/I, MO3BOJISIOLINAN
00ecCIeyuTh TOYHOCTh pacyeTa OCHOBHBIX 3(EMEPHUIOB, CPABHUMYIO C TOUHOCTHIO
COBPEMEHHBIX HAOIIOJICHUN. AHATUTUYECKUE TEOPUM HE CIOCOOHBI JIOCTUYb
BBICOKOW TOYHOCTH [24].

[TIpopemoHCcTpUpOBaHa JIOCTaTOYHAs TOYHOCTh BBIYMCIIUTEIBHOMN
MpOTpaMMbl, HCMOJIB3yEeMON TPU HUHTETPUPOBAHUM YPABHEHUW JIBMXKCHUS IS
coBpemerHoir monenun DE405 / LE405. DtanonHoi cucteMoi st sdeMepu
aBisieTcs  MexayHapoaHass omnopHas cuctema. Jlisi 3TOro ectb  MHOTO

PEUMYILECTB.
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HleiictByss Ha mrobom Tene, cuina Fgyn mputsokenus k ConHIy Bcernaa
HampaBiieHa K IeHTpy CojHIla, U €ro BeJIWYMHA OOpaTHO MPOIMOPLHOHAIbHA
KBajpaty pacctosiHusi 0 nentpa ConHua. Ecnu Teno HaxoauTcs HE B LIEHTPE
3emun, TO cuna Fsyn nputsxenus k ConHily, B 3aBUCUMOCTH OT NOJIOKEHUS TEa,
M Ta JKe camas uHepuuoHHas cwina Fi, Ooisbimie He OyIeT MNOJHOCTHIO
ypaBHOBEIIMBATh APYT JIpyra.

N3-3a KOHEYHBIX pa3MepOB 3eMJIM 3TU JBE CUJIbI B JHO00M TOUKe 3eMIIH HE
OyIyT TOYHO paBHBI IO BEJIMYUHE U TPOTUBOIOJIOKHBI 1O HANPABJICHHIO, 3a
UCKIItoueHueM LeHTpa 3emiid. COBMECTHOE JAEMCTBHE 3THX CHJ HA3bIBACTCS
NpUIMBOOOpA3yIoNIeH (MM MPUIIMBHOM) CHtoi [7].

Hpyrumu cioBaMu, rje yrojJHo Ha 3emiie Wik BOJIU3U 3€MIIM, MPUITUBHAS
CWJIa TMPEACTaBIseT COOONW BEKTOPHYIO pa3HHIy B CHJIE TPaBUTALUOHHOTO
npuTsbkeHus: tena K CoJIHIly B JaHHOM MECT€ M CUIly NpuTsbKkeHus K ColHily,
KOTOPYIO 3TO TeJo OyJeT YyBCTBOBATh PU pa3MEIleHHU B IEHTP 3emitu [8].

PaccMoTpuM  anropuTMUYecKO€ W IpOrpaMMHOE OO€CleYeHUe, YTOOBI
y4ecTh BJIMSIHUE TOJIOKEHUSI OapUIIEHTpa Ha THIOLIEHTP O0XKHJIae€MOTO CHUIILHOTO
3emiieTpsiceHus. YToObl y4ecTh MOJIOKEHHE OapUIIEHTpa B KaU€CTBE TPUITEPHOTO
MEXaHU3Ma MPU OLEHKE BPEMEHU BO3HUKHOBEHHUS OXHUIAAEMOIO 3E€MIICTPSICEHUS,
HEOOXOAMMO pa3paboTaTh METOJl pacuera €ero KOOpPAWHAT U PaccUUTaTh
PAcCTOSIHUS OT OApUIIEHTPA JO TUIOLIEHTPA CUIILHOTO 3€MJIETPSICEHUS.

Peanuzammss 3TOro moaxoga B CBOe  BpeMs  Oblla  BBITIOJIHEHA
C.A. IlepetokunsiM (pucynok 11). Ha pucynke 12 mokazaHa cxema pacuera
napameTpOB MOJIOKEHUSI OapULIEHTpA.

B pesynbrate AeiicTBHS TporpaMMbl MOJIYy4YaeM MapamMeTpbl IMOJ0KEHUS
OapulIeHTpa C IIaroM 3a OJHH JCHb: IIMPOTY U AOJITOTY MPOCKIUU OapHUIIeHTpa Ha
3eMHYI0 TTOBEPXHOCTh (B reorpaduyueckux KOOpAWHATAX) U TIIyOuHy OapuileHTpa
(B kM) ¢ moBepxHOCTH 3eMiu (pucyHok 13). Pe3ynmbratoMm pacuera mporpaMmbl
aBisitorcst  ctonoiel A-E  (marta, muapota, aodrora, riyouHa OapuiieHTpa ¢

MTOBEPXHOCTH 3eMJIM, PACCTOSIHUE OT IIEHTPA 3eMIIH JI0 OapHIICHTPA).
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Pucynok 12— Koopaunats! 6apunentpa: LAT mupota; LON nonrora; H rimy6una;
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Pucynox 13— Pacuér nmapamerpos Gapuriearpa B Excel
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Jlisg nanbHEWIIUX BBIYMCICHUH MEPEeBOJMM KOOPAMHATHI M3 ChEepHUUecKOin
CUCTEMBI KOOPJIWHAT B JCKapTOBY i OapurieHTpa (ctombmer J-L) m mms
BEPOSTHOTO 3eMiieTpsiceHus (cTosoibl P-R) mo dpopmymnam:

T = rsinf cosyp;
iy = rsin f sin ]
z = rcosf.

rzie [ — pacCTOsSIHUE OT IIEHTpa KOOPAWHAT, ¢ — YTOJ OT OCH X,
€ — mmpoTa.

Cdepuueckas cuctema KOOpJAMHAT IOXO0XKa Ha reorpapuueckyro CHUCTEMY
KOOpAMHAT JUISI ONPEICICHUS MECTOMONOXKECHHUSI Ha TMOBEPXHOCTH 3€MIIH, TIe
HA4yaJi0 KOOpPJMHAT COBMaJaeT C I[EHTPOM 3eMJid, I[HUpOoTa O SBIsSETCA
nomnosHeHreM 6O u paBHa o= 90 % @, a monroTa BeIYMCIsAETCS 1O Gopmydie | = ¢ —
180°,

B cronlue S Beuucisiercss paccTosiHME OT OapULEHTpa 10 THUIIOLEHTpa

BO3MOYKHOTO 3eMiieTpsiceHus mo ¢popmyse [11]:

A4, = \/(xz —x1)%+ (2 —y1)* + (22 — 21)? 9)

Otmerum pesynbratr C.A. IlepeToknHa, rae CTaTUCTUYECKH HCCIECIOBAHO
BJIUSIHUE TIOJIOKEHUSI OapULIEHTpa OTHOCUTENBHO THUIOLEHTPA HU3Y4aeMoro
CHJIbHOTO 3emJyieTpsiceHus. [lo ocu aGciuce 0TIOKEHO paccTOsIHUE OT OapUIleHTpa
70 THUIOLIEHTpA 3EMJIETPSICEHUS, MO0 OCH OpAMHAT — JECSATHUYHBIN Jorapudm
KOJIMYECTBA 3€MJIETPSICEHUI B TOJ.

CornacHo ykazaHHbIM rpaukam, MOKHO CHAENIaTh CIEAYIOIIHE BBIBOJBI O
TOM, 4TO OO0Jiee CHUJIbHBIE 3€MJIETPSICEHMS MPOUCXOJAT BCErJa Ha MUHUMAaTbHOM
paccTosiHuU OT OapulleHTpa — THIOLEHTpa 3emieTpscenus. W yuutsiBas Takxke,
YTO OAPUIICHTP KOJEOJETCS B IIMPOTHOM JHMana3oHe oT -28 110 28, 3eMIIeTpsICeHus
MarHuTyael 9.0 Ha mmporax ot -90 mo -55 m ot 55 mo 90 craTtucTuyecku

MaJIOBEpOSITHBI [9].
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B kawectBe mpumepa pacuera MOJIOKEHUs OapHIleHTpa MNpUBEAEM IJis
CUJIBHOTO I[yHAMUTEHHOTO 3emiieTpsceHus 13 Hos0ps 1993 r. oObeauHEHHBIN
rpaduk rIyOuMHBI OapUIIEHTpPa OTHOCUTEIBHO MOBEPXHOCTH 3€MJIM U TIYOUHBI
OapuIleHTpa MO OTHOIIECHUIO K KOOpJWHATaM SIUIICHTPAa, KOTOPBIA OTOOpakaeT
KapTHHY UX Koppessaiun (pucyHok 14).
e
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Pucynok 14— I'paduk KOppemnsiuu MoI0>KeHHsI THITOIICHTpa 3eMyeTpsiceHus 13 Hosops

1993 r. (Kamuartka) ¢ pacueTHbIM MOJIOKEHUEM OapuIieHTpa cucTeMbl «3emiia-JlyHay»

I[JISI YUJIUHACKOTO OYHAMHUI'CHHOI'O 3CMIICTPSACCHHUSA TaKKC IIPOHU3BCIACH

pacuer OapureHTpa 3emusi-JlyHa ©M  €ro KOppeNslUd C  TUIOLEHTPOM

3emiieTpsicenus (pucyHok 15).
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Pucynok 15— I'paduk Koppemnsiuu mojoKeHus TUIoleHTpa 3emiuerpsicenus 27 gespans 2010 r.

(Unnm) ¢ monoxkenuem OapurieHTpa «3emisd-JlyHa»
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Takum 00pa3oMm, TPEABBIYHUCICHUS TMOJIOKEHUS  OapureHTpa (Kak
OTIPEAETIEHHOTO TPUTTEPHOTO MEXaHH3Ma) MO3BOJISIIOT KOHTPOJIUPOBATH BEIUYUHY
BPEMEHHOTO TapaMeTpa OXHJIAeMOI0 CHIJIBHOTO 3EMIIETPSCEHUS B Ipolecce

IIOJITOTOBKH CHJIBHOTO 3eMJICTPSCEHUS IS BBIICJICHHON 09aroBoi oomactu [5].
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4 MeToauKa aHAJIN3a PUWINBHBIX 3eMJIeTPACEHU I

OO6cyxnenne TpoOIeMbl O BIMSHUM TMPUIMBOB HA CEHCMUYHOCTH
MPOUCXOANT JIOCTATOYHO JAaBHO, M HEMAaJo€ KOJUYECTBO HAYJYHBIX CTaTel
nocBsmaercs JganHoMmy Bompocy [10]. Tem He MeHee, HWTOTH pPaOOTHI
HeoHO3HAUHbI. ClenyeTr OTMETHTh, YTO pacCMaTpUBAEMBIH TIEPUOA BPEMEHH
CBSI3aH C OpraHu3aiueil reoMoHMTOpuHTa Ha craHimu Haumkum (Kamuartka) wu,
COOTBETCTBCHHO, IOJYYCHUEM IIEPBBIX BAXHBIX HAYYHBIX PE3YJIBTATOB B ATOU
npeaMeTHou obaactu [4].

CyTb MeTOJla TaKOBa: BO BpEMsl KaXKJIOro 3emuieTpsiceHusd tj 3HadeHus a3
[JIABHBIX BOJIH MPWJIMBHOTO IPaBUTAMOHHOTO MoTeHuuana {oi, (t,)}, rae i — tan
MPWIMBHOM BOJHBL. B yactHOCTH, paccMatpuBaroTcs BosiHbl K1 (JIyHHO-coJTHEUHAas
nexnuHanuonHas, T= 23.93 yac.), Ol (nyHnHas rnaBHas, nepuoa T= 25.82 yac.),
P1 (conmneunas rnaBuasi, T=24.07 yac.), M2 (mynnas rnaBuas, T = 12.42 ygac.), Q1
(rynHast Oonpinas smunTudeckas, T = 26.87 uac.), N2 (1ynnas Oosbinas
ammunTryeckas, T = 12.66 gac.), S2 (comueunas raBHas, T = 12.82 gac.) [15].

@®opMynbl 10 pacyery (a3 s COOTBETCTBYIONIMX TMPUJIMBHBIX BOJIH
npuBoasarcss B [14]. Co ckaHWpoBaHMEM TPOCTpPaHCTBA (CEHCMOAKTHBHEIC
00JIaCTH) MPOUCXOAUT HACHTHU(DHUKAIMS 30H, KOTOPHIC MOMAJAIOT O] KPUTEPHd
CTATUCTUYECKU 3HAYUMOM pa3HUIBI B TPYNIHUPOBAHWW MPWIMBHBIX da3 s
3eMJICTPACEHUH, TMPOXOIAIIMX 4Yepe3 JaHHbIe 30HbI W3 PaBHOMEPHOTO
pacnpenenenus. st onieHuBaHus JaHHOTO d(PeKTa MpUMEHseTCs pacipeaesieHue
Museca, koTopoe onucbiBaetcs ¢ynkiuei [40):

f(@) = exp[K * cos(¢ = @o]/[2m * Jo(K)], (10)

rae b (K) — dynakmus beccens, K — koHtenTparus, ¢ — ¢asa IpUIMBHOMI
BOJTHBI CO CPEJTHUM 3HAYCHUEM (.

[Tapamerp KOHLIEHTPALIUU K MIPEACTABISAECT co0oit Mepy
«IPEANOYTUTEIBHON OpUEHTAUN» (a3, 4To MOSICHSIETCS CIEAYIOIUM 00pazoM:
IpyU yBEIMYEHUW 3HadeHHs mapameTpa K mpoucxoauT ymeHbIIeHHe (a3zoBOTro

pa3dpoca @, B3ATOr0 M0 OTHOIICHUIO K UX CPEHEMY 3HAYCHHIO (0,[16].

27



CornacHO ONUCAaHHOMY BBILIE METOAY, CEHCMHUYECKH aKTHBHAs 0OJacTh
CKaHMPOBAHA DIUIAIICAMH. PacdyeThl MPOBOAMIIMCH KaK IO (PaKTHYECKOMY KaTajory,
TaK ¥ MO0 KaTaJoraM CIyYalHbIX 3emiieTpsceHnii. OCHOBBIBAsCh HA pe3yibTaTax
00pabOTKH peaqbHOro KaTayiora, moctpoeHa GyHKIuA Freq(N), cBs3aHHas ¢
sMnupHuecKkoi ¢yHkuuen pacnpenencHus Wrea(N) I yrciaa 3eMieTpsceHui N,
COPMHUPOBABIINX «IPWJIUBHYIO» 30HY, a IO CIyd4allHbIM KaTajJoram —
aHayiornyHast GyHkust Frang(N) [39].

®Oynkius F(n) ompenensiack kak oTHocuTesbHOE dmciao 30H N(ni > n),
CoZIepKAIMX HE MEHee N 3eMJICTPSCCHUH, HOPMHPOBAHHOE Ha O0IIee YUCIIO 30H
Nai :F(n) = N(n>n)/ Ngi.= 1 —W(n). ®ysakmus Frang(n) moctpoena mo Ngj OosbIie
1000 30H, 9TO MOTPEeOOBAIIO MHOTOKPATHOTO MMOBTOPEHHUS PACUETOB Ha Pa3TMUHBIX
CIIy4alHbIX KaTajorax.

['paduueckoe mpeacTaBIeHHe STOTO COOTHOIIEHHS B BHJIE MHOKECTBA TOYEK
¢ koopauHataMd  (Frand(N), Frea(N)) B Haubosbimel CTCIEHH OTBEYAET
NOCTaBJIEHHOU 3a7ave. Eciu smnupuyeckast GyHKIHS COOTBETCTBYET CIYYaHOMY
npoiieccy, To Tpapuk OyIeT MPencTaBiIATh COOOHM IMOCIeA0BaTENIFHOCTh TOYEK,

PacoJIoKEHHBIX BOJIU3U AraroHaiu (pucyHok 16).
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Pucynox 16— I'padmueckoe npencTaBieHNe COOTHOIICHHUS B BHJIE MHO)KECTBA TOUEK C

koopaunaTamu (Frand(N), Frea(N))
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Bovlwe na pucynxax. COOTBETCTBHE MEXAY 3HAYCHUAMH QYHKIHH Freq(N) u
byskmn Frang(N) U8 «IpUIMBHBIX» 30H, BKIOYAIOMIMX N 3eMieTpsiceHnid. Huoice
MIPUBE/ICHA ANIPOKCUMAIUs ATUX 3aBUCHUMOCTEN MO ABYM JUHHUSIM. OTMEUYEHBI
yPaBHEHHs IHMHMA U KO(p(UIHMEHTH neTepMuHanum %, Cneéa TPeACTaBIECHEI
pe3ynbTaThl PACYETOB JIJIi CEMU OCHOBHBIX MPUJIMBHBIX BOJH, cnpasa — BOJH Q1 U
M.

Ecnu 3T0 moATBEpKAAETCS CTATUCTUYECKHMMH KPUTEPUSMH COOTBETCTBUS,
TO TPU3HAHHBIC 30HBl «IPWJIUBHBIX» 3EMJETPSICEHUM CIEAYeT MpU3HATh
ciayvaitHeiMu. Eciin paccMoTpuM Bech HaOOp 30H, HAWJIEHHBIX B OJIHOM U3 CEMH
INPUWIMBHBIX BOJIH, COINIACHO Kpurepuro KommoropoBa-CMupHOBa, THIOTE3a
COOTBETCTBHS OMIIMPUYECKOIO PACHPEACIICHUS IPOU3BOJIBHO  OTKJIOHSETCH.
BusyaipHo Ha pucyHKe 16 oTMeUeHBI ABE MpsAMbIe cekiuu [29)].

JUig Kaxa0M NPUIMBHON BOJIHBI 1 1 BPEMEHHOTO MHTepBana T BBIAEISIOTCS
IPYIIBl «3JIEMEHTAPHBIX» AJUIMIICOB. 3aTEM JUISl KaXKIOW TPYIIIBI BBITOIHIETCS
CIIEAYIONIEE: PACIPEACICHUE U3 KaTalora BCEX 3EMIICTPSCEHHM, MOMANAI0IIUX B
AJUIMIICH] TPYIIIBI; BBIYMCICHHE 1-a 3JuIMIICa pacCcessHusl 3THUX 3€MIIETPSICEHHH,
KOTOpO€ 00pa3yeT «sapo» MpeIonaraéMoil aHOMaJIMK; ONpeeIeHUE MPUITUBHON
da3pl U ee mapaMeTpOB paclpeleieHus A siipa aHOMAlMU; SIAPO SIBIISETCS
aHOMAaJbHOM 30HOM, ecinu KoHmeHTparus K Oonbmie K¢ mpu 3agaHHOM ypoOBHE
sHauumoctu o = 0,01 (uam 0,05) [15].

Tpernii 3JIE€MEHT MOCTPOCHHOM METOAMKHA SIBJISJICA CTaTUCTUYECKOM
MOJICJIBIO CBSA3U MEXKIY CJ1a00il CEHCMUYHOCTBIO U MPUIIMBHBIMU MPOSIBICHUSMHU.
Cratuctryeckast MOJIEb CBA3U C1a00M CEHCMUYHOCTH U MPUIIUBHBIX MPOSIBICHUH,
noctpoeHa B.A. CanTbhIKOBBIM Ha OCHOBE MCCJIEIOBAHUNA O B3aWMOCBSI3U 3€MHBIX
MPUWINBOB U CECMUYHOCTH.

B kauyecTBe 3KCHEPHUMEHTAIBHBIX HCCIEIOBAHUN BBINOJHEHBI PacyeThl U
MOJTy4Y€Hbl COOTBETCTBYIOLINE OLIEHKH JIJIsl IPUIMBHOTO 3eMieTpsiceHus 13 HosiOps
1993r. (Kamuatka). Ilpousomenmee 13 HosiOps 1993 r. 3emmuerpsiceHue c
marautyaon My=7.0 ©=51.79°N, A=158.83°E, h=40 kM) COIPOBOXKIAIOCH

aTEpLUIOKOBOM IIOCIEN0BATENIBHOCTBIO, 110 KOTOPOH OKOHTYPEHBI €ro odar H
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001acTh, B KOTOPOH HUJET MOUCK MPUIMBHBIX aHOMANU, Kak 2-6 U 10-G smmuncel

paccestaust ahTepiIokoB (pucyHoK 17).
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Pucynok 17 — Cxema 10xH0i KaM4aTk ¢ OTMEUEHHBIMU SIHUIIEHTPAMU CHIIbHBIX

3emnerpsicennit 1992-1993 rr. u adprepmokamu 3emiterpsicenuid 13 HosOps 1993 r.

HwxHuii mopor misi HaAeKHOW PETUCTPALMU 3EMIICTPSCEHUM COCTABIISIET
Ks=8.5 gmms wuccnemyemoit oOmactu. J[as  pacdyeToB  MCHOJIB30BAIHCH
3eMJIETPSICEHUs, NpeBbIIAOMKUEe ATOT Topor. COriliacHO ONHWCAHHOMY BBIIIE
METOJY JJUIAIICHI CKAHUPOBAJIU C IMOCIEIYIOUIUM PacHpeleIeHUEM aHOMaIbHBIX
30H ¢ K > K¢, o 3nauennro o = 0,01 [14].

B paiione ouara 3emmerpsicenus 13 Hosiops 1993 r. M, = 7.0 cymecTByrOT
30HBI, B TMpeaerax KOTOPBIX BpeMs BO3HUKHOBeHHS cladbix (K>8.5)
3eMJIETPSICEHUI COOTBETCTBYET OMNpEIEICHHBIM (a3aM 3eMHBIX NPUIMBOB Ha
IPOTSKEHUH HECKOJIBKHUX JIET Mepe/i OCHOBHBIM COOBITHEM.

PasmMep 30H comoctaBuM ¢ pasMmepamu ouara. OTKIMK claboit
CECMUYHOCTH Ha BJIMSIHME Pa3HbIX NPWIMBHBIX BOJH HE oauHakoB. Bomuber Ol,

M2, N2 nposiBistiroTcst Hanbotee sipko (prucyHok 18).
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Pucynox 18— AnomanbHbIe 30HBI ¢ KOHIIEHTpalueld K > Kcr 0 ypOBHIO 3HAYMMOCTH a =

0.01 st NpUIMBHBIX BOJH

Tun BoiHBIL, AJ1s1 KOTOPOHM MOJIy4eHa aHOMaJIbHasl 30HA, YKa3bIBAETCS PSAIOM
C JJUIAIICOM. 3HAYEHUE BPEMEHHOIro MHTEpBasia T B rojgax moka3aHo Ha KaKIOM
pucynke. OCOOEHHO HMHTEHCHMBHO aHOMAJIMM OTMEYArOTCsA MJII HWHTEPBAJIOB
BpeMeHu T B quamnaszoHe 2-6 JeT, mpu HaOMIOJCHUU TPEBBIIICHUA KOHIICHTPAIIUU
K = 1, T.e. pacnpeneneHue He TOJbKO CTATUCTUUECKH 3HAYMMO, HO M BEChMa
sbdextuBHo: mpu K = 1 y Oonblueld 4acT NPUBEIEHHBIX 3€MIIETPSACEHUN
HaOJsro1aeTcs nonananue as B cexrop okoo /2 [20].

[Ipu yBenuueHnuu 3HaueHus | mapaMeTp KOHUEHTpauu K najgaert, npu 3Tom
OCTaBasACh CTATUCTHUECKU 3HAUMMBbIM. JlaHHBIA 3((EeKT MOXKHO CBsI3aTh C
JNEUCTBUTEIBLHOCTBIO (DOHOBOTO pexkuMa MPUIMBHOTO BO3JCHCTBUSA (XOTh OH H
MPOSIBIISAECTCS B C1a00M BBIPAXKEHHOCTH) Ha CEHCMUYHOCTh B OTJEIBHBIX OJIOKaxX
Cpelbl U C MOCIEACTBUSIMHU CYILIECTBOBAaHUS SPKOrO, HO KPaTKOBPEMEHHOTO (B

TEUEHUE HECKOJbKUX JieT) d(]dexra TPUIMBHBIX AHOMAIUN, KOTOpHIE
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MMPOABJIAIOTCA B

(pucyHok 19).
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OONBIINX HMHTEPBAJIOB BPEMEHH

Pucynok 19 — I'paduku 3aBucuMocTH KOHLIEHTpaluu K oT BeTu4rHbI BpeMEHHOTO OKHA
T nnsa anomanuit (1), momyuennsix 171st BOIH O1 v N2, OTMEUYEHBI KpUTHUECKUE 3HAYCHUS

koHueHtpanuu Kermo yposHaio 3nauumoctu a=0.01 (2) u a=0.05 (3)

IIpuBoasTCs pe3ynbTaThl IPUMEHEHHUS HA Pa3HbIX BPEMEHHBIX MHTEPBAJIAX
(40 net u 3 rona) MeTOJa BBIJIEIEHUS POCTPAHCTBEHHBIX 30H, B KOTOPBIX ciabdas
CECMHYHOCTh KOppelnHpyeT ¢ 3eMHbIMH mpwiuBamu [29]. IlokazaHo, 4YTO

Pa3JINYHBIC ITPUIIMBHBIC BOJIHBI IIPOABIAIOTCA HCPABHOMCPHO.

£+ - — -~

Q,+M,

15 158 180 182 4

Pucynok 20 — TD'padukm aHOMAaJIBHBIX JJUTHIICOB, TOJMYYEHHBIX I BOJIH Q1+Mo.

OtmeudeHbl KpuTHYeckue 3HaueHus KoHueHtpanuu Ker mo yposHio 3HaunmocTt 0=0.01 (2) u

a=0.05 (3)
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[Tokazano, uro B paitone 3emuerpsicenust 13 HosOps 1993 r. Mw = 7,0
CYIIECTBYIOT 30HBI, B Mpe/eNiaX KOTOPHIX BpeMsi BO3HUKHOBEHHs cnadbix (K>8,5)
3eMJIETPSICEHUN COOTBETCTBYET HEKOTOPHIM (pazaM 3eMHBIX MPUJIMBOB B TEUCHUE
HECKOJIbKHX JIET /10 TJIABHOrO coObITHA. PazMep 30H COMOCTaBMM C pa3MepoM
uctouHrnka [28]. Pe3ysibTarhl MOATBEPKAAIOT MPEANOIOKEHUE O IMEePEMEHHOM
XapaKTepe BIMSAHUS MPUITUBOB Ha C1a0yI0 CEHCMUYHOCTD.

Takum o00pazomM, B WTOTe TMPOBEACHHBIX HWCCIEIOBAHUM, MpeIaraeM
METOAMKY Yy4eTa BIUSHUS BHEIIHUX reopu3nueckux (akToOpoB Ha TNpoliecc
NOATOTOBKM  CHJIBHOTO  3€MJIETPACEHHMsT C  TOMOIIb  aHalIW3a  JaHHBIX
T€OMOHUTOPHHIA, MOJTYYEHHBIX Pa3IMYHbIM WHCTPYMEHTapUEM u
COOTBETCTBYIOIIUX PACYETOB, B CIEAYIOLIEM BH/JIE.

1.Ilonaraem, 4TO yKa3aHHbIE 30HBI MPWJIMBHBIX 3E€MJIETPSICEHUH MOXKHO
KOHTPOJIMPOBaTh C IIOMOINBIO, ONMCAaHHOM BBIIIE, KOCMUYECKON CHCTEMOU
GRACE

2.Kak mokazaHo BbIIIe, ciilabas CEHCMHUYHOCTH B CBOIO OYEPEab MOXKET
ABJSITECA «HWHAMKATOPOM» Haudalla Mpolecca IMOJATOTOBKA HOBOTO CHUJIBHOTO
3eMJICTPSICEHUS JJIs M3y4aeMOl CEHCMOaKTUBHOM oOmactu [2].

3.KoHTponb  ceficMMYECKOrO  peXuMa  TMO3BOJIIET  CBOEBPEMEHHO
OOHapYy>XUTh 37€Ch (HOPMHUPOBAHNE XAPAKTEPHOU MPEIBECTHUKOBOM CTPYKTYPHI —
INPOTHOCTHUYECKOTO  KJIMHA, MO XapaKTEPUCTHKAM KOTOPOIO  OLEHUBAIOTCS
napameTpbl 0KUJAEMOTO CUIIBHOTO 3€MJIETPSICEHUS.

4. ITpenBbIYUCIICHUS MOJIOKEHUSA OapuneHTpa (o porpamMmme
C.A. IlepeToknHa) OTHOCUTENIBHO BBIJICICHHOW OYaroBoil 00JIaCTH TO3BOJISIOT
KOHTPOJIUPOBATh BPEMEHHOW MMapaMeTp H3ydyaeMoro mpoiecca (CBOeOOpa3HbIi
TPUITEPHBIA  MEXaHW3M), @  MAarHuUTyJa  OLIGHMBAeTCs  Ha  OCHOBE
(E€HOMEHOIOrMYECKO MOJIETH «IHEPTeTUYECKOro KIMHAY, KOTopas pa3paboTaHa

B.I'. Cubratynussim.
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3AKJIIOYEHUE

1. H3ydeHbl OCHOBHBIC MOAXOAbl K OLIEHKE MapaMeTPOB O0XKHUIAEMBIX
CUJIBHBIX 3E€MJIETPSICEHUI HA OCHOBE MOJIEIH «IHEPTreTUYECKUN MPOTHOCTUYECKUI
KJIMH» JIJIS BBIJICJICHHOW 09aroBOM 00JIaCTH.

2.  Ilokazanbl psii BO3MOXKHOCTEM NPUMEHEHHS JaHHBIX, MOJIY4YaeMBbIX
kocmuueckon cucremoi GRACE B Bume napamerpa EWH, nmns pemenus
MPOTHOCTUYECKUX  33Ja4  IEOMOHHMTOPMHIA  CWJIBHEHIIUX  IOJIBOJHBIX
3EMJIETPSACEHUM.

3.  Tloka3aHbBl MOMOJHUTEIBHBIE BO3MOYKHOCTH NMPUMEHEHHUS KOHIICIIIIUN
OapunieHTpa g aHaiu3a (HOPIIOKOBOrO IMpolecca MOATOTOBKM CHUIIBHOTO
3eMJICTPSACEHUSI, KAK TPUTEPHOTI'O MEXAHU3MA.

4.  Iloka3aHo, 4TO 00JIACTh BOSHUKHOBEHUSI MPUJIMBHBIX 3€MIICTPSICEHUN
KOPpPENUPYET ¢ KOMIUIEKCOM YKa3aHHBIX BBIIIE JIAHHBIX U MOKET OBITh MPEIMETOM
JUISL TIOUCKA JIOTIOJIHUTENBHBIX KOPPEIALUH.

B utore, npensioxkeHa METOAMKA y4eTa BJIUSHUSA BHEIIHUX re0(U3UYECKUX
(bakTOpoB Ha TpPOLIECC TMOJATOTOBKH CHIIBHOTO 3emiieTpsiceHusi (dhopmupoBaHue
MPOTHOCTUYECKOTO DHEPreTUUECKOTO0 KJIWHA) € TIOMOIIb aHaiu3a JdaHHBIX
F€OMOHUTOPUHTA I BBIJCIIEHHOM OYaroBOM, IIOJYYEHHBIX Pa3JIMYHBIM

MHCTPYMEHTAPUEM U COOTBETCTBYIOIIUX PACUETOB.
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