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B Hactosmeit pabote anamusupyercs pusmdeckas OpHpoJa CUCTEM JTHHEAMEHTOB, PETUCTPHPYEMBIX IIPH AaBTOMATU3HPO-
BaHHOI 00pabOTKEe KOCMUYECKHX M300pakeHUH. JINHEAMEHTHI, BBIACTAEMbIE HA KOCMHYECKHX H300pAKEHUAX H HE PA3IHIU-
MBIC BH3YAJIBHO, OOBIMHO COBIAJAIOT C AWATOHAIBHON CHCTEMOM IUIAHCTAPHOH TPCIIMHOBATOCTH. ABTOMATH3HPOBAHHAS KOM-
TMBIOTEPHAS 00pab0TKa KOCMUYECKUX M300paKCHUH TO3BOJIACT BBICIHTh HE 3AMETHYIO BH3YAIBHO JIMHCHHO-TIOIOCYATYIO
CTPYKTYpY, 00YCIIOBJICHHYIO IUIAHETAPHO! TPEIHMHOBATOCTHIO U 0OPA3YIOIIEH JBE XapaKTepHbIC B3aHMOCBA3AHHBIC CHCTCMBI
JIMHEAMEHTOB — OPTOTOHAIBHYIO M THATOHAIBHYIO.

B ceiicMOOMacHBIX pernoHax OblTa OOHAPYKEHA M3MEHUMBOCTD CHCTEM JIMHEAMEHTOB, CBA3AHHAS C Ta30BO-()IFOMIHBIM
PEKIMOM IUTAHETHI W CIIOCOOHAS BBIABIIATH OCTA0ICHHBIC 30HBI 36MHOU KOPBI, YTO MOKET MCIIONB30BATHCA B KAUECTBE MPEJI-
BECTHHKA 3EMJICTPSACCHUSL.

BBenenue

OmHUM W3 MCPCICKTHBHBIX MCTOJOB MOHUTOPUHTA CCHCMOOMACHBIX TCPPUTOPUH SIBIICTCS JTHHCAMCHTHBIN
aHaN3 KOCMHUYCCKUX M300pakcHuil. M3MEHUYHBOCTE CHCTEM THHEAMCHTOB CIY)KUT XOPOIIMM IPEIBECTHHUKOM
celicMuueckux coobrtuit [1-4].

IIpu oOpaboTke KOCMUYECKUX M300paKEHMH, MONTYyYEHHBIX B CEHCMOCTIOKOHHBIX palOHAX, BBISBIISIOTCS CTa-
OWJIBHBIC CHCTEMBI JTMHEAMECHTOB, YCTOWYMBBIC B TCUECHHE MHOIHX JieT. [[poTHBOMOIOKHAS KapTHHA HAOMI0AaeTCS
Ipu KOCMUYCCKOM MOHUTOPUHIC CCHCMOAKTUBHBIX PAiOHOB. 31CCh BBISABJICHA M3MCHUMBOCTH CHCTCM JIMHCAMCH-
TOB, BBIJC/SICMBIX HA KOCMHUYCCKHUX H300PAKCHUSAX, C ICPHOIUUHOCTRIO OT MEPBHIX HeAeaun 10 Mecsues [1-4]. 9to
OTBCUACT 3aKOHOMEPHOMY H3MCHCHUIO AC(HOPMALMOHHO-HAIPSLKCHHOTO COCTOSHHS 3€MHON KOPBI B IICPHOIBI
MIOATOTOBKHU M 3aBEPIICHIS 3EMIICTPSICCHHIA.

Beicokast crabuiibHOCT (KOHCEPBATH3M) CHCTEM JTHHCAMECHTOB Ha JPEBHUX KOHCOIUAHMPOBAHHBIX ILIaTdOp-
Max M MX BBICOKAs AUHAMUYHOCTH (MOOMIBHOCTD) B MOJABIIKHBIX MMOSICAX JOKA3BIBACT PEATbHOCTD UX CYLICCTBOBA-
HHSL B PUPOJE, KOTOpast HE 00YCIOBICHA TEXHOIOTMYECKUMU OCOOCHHOCTSIMH POBEICHHUS ABTOMATH3UPOBAHHOTO
JMHCAMCHTHOTO aHATN3a KOCMHUYCCKUX n3o0pakeHuil [1-3]. dusmucckne MeXaHHU3Mbl BHIPOKCHHOCTH JTMHCAMCH-
TOB Ha 3TUX M300PAKCHHUSIX JOJKHBI OBITh CBS3AHBI C BHICOKO MOOMIBHBIMH MPOLIECCAMHE, OBICTPO PEarupyOLIIME
HA M3MCHCHHE TIOJISl HAMTPSDKCHUH B IEPUOBI TIOATOTOBKHU, COBCPLICHUS U 3aBCPIICHHUS 3eMIICTPSICCHU.

B Hacrosmeii paboTe mokasaHo, YTO U3 U3BCCTHBIX MPUPOAHBIX MPOLCCCOB MO CBOCH MOOMIBHOCTH HanOOIIEe
MOAXOJUT ra30BO-(IFOMIHBIA PEKUM ILTAHETHI, KOTOPBIH MOXET MPAKTHYCCKH MTHOBEHHO IIPOSIBUTHY OCIA0JICH-
HBIC 30HBI 3¢MHOM KOPBI (B TOM YHCIIC ¥ 30HBI TPCLUIMHOBATOCTH), 00/1a JAI0IIIE MAKCUMATbHON POHHUIIACMOCTBIO.
TemnomacconepeHoc U3 3¢MHOU KOPBI K TOBEPXHOCTH BBI3BIBACT M3MCHCHUC CIICKTPATIbHBIX XapPaKTCPHCTHK OYB,
IPYHTOB, PAaCTUTENBPHOCTH M TNPOIYCKHOW crmocoOHocTH atmocdepsl. MHTerpanbueiii addexr (cymmupoBaHue)
JaHHBIX (HAKTOPOB MPHUBOINUT K M3MEHEHHSIM TEKCTYPBI KOCMHYECKOr0 M300pakeHHUs, PAacliO3HABAEMBIM MPH 00pa-
Ootke. Peructpupyemeic mpu 3T7oM HEOONBIINE PA3THIHS U BBUSIBISICT «CKPBITHICY MOIOCUYATO-THHECHHBIC TCKCTYPHI
KOCMHUYCCKUX M300paKCHHIA (JIMHCAMCHTHI), OOYCIOBJICHHBIC M3MCHCHUCM IC(OPMAIOHHO-HAPSDKCHHOTO CO-
CTOSIHUS 3¢MHOU KOPBI U ()TFOMIHO-TA30BBIM «IbIXaHHEM» Heap [S].

177



Hposm.nelme JHHEAMECHTOB HA KOCMHUYECKHUX n306pamemmx
B nMe€puoa noaArOTOBKH U NMPOTEKaAaHUA SCMﬂeTpﬂceHHﬁ

B nporecce KOCMUUECKOro MOHHUTOPHHTA CCHCMOONACHBIX TCPPUTOPUI HaMK Obla OOHApy»KEHA CICAYIOoMmast
0COOCHHOCTD JTMHEAMCHTHOW TEKTOHHUKH — BBICOKAS TUHAMHYHOCTH CHCTEM JIHHCAMCHTOB, MEPUOJMYHOCTH HU3ME-
HEHUsI KOTOPBIX MPH MOATOTOBKE 3EMIICTPSICEHUH cocTaBisieT Heaean-nepsobic Mecsusl [ 1-3]. [TogoOnas muHammy-
HOCTh CHCTEM JIMHCAMCHTOB MOJTBEPIKACHA HAMU NPHU M3YYCHUH 3EMIICTPSICCHHI mocnenuux jier B Kammbopaun
(CHIA), Iepy, Typuuu, Upane, [Nakucrane u gpyrux [1-4, 6].

Ha puc.1-4, B xauecTBe MPUMEPOB, MPUBCACHBI CHCTCMBI IMHCAMCHTOB U PO3bI-IHArpaMMbl HX HAIPABICHHO-
CTH, TIOCTPOCHHBIC M0 KOCMUYCCKUM u3o0pakeHmsM (ammaparypa MODIS coyranka TERRA) 3a Heckombpko me-
CSILICB, HEACTb U AHCH 0 CHIBHBIX 3EMIICTPSICCHUI U NOCIe HUX, npousomeammx sOnu3u r. Can-bepuapauno (Ka-
mudopuus) 22 despans 2203 r. (puc.l), B r.Can-Cumeon (Kamudopuus) 22 mexabps 2003 r. (puc.2), B r.bam
(Mpan) 26 mexabps 2003 r. (puc.3) u B r.Ilapkduna (Kanudopuus) 28 centsiops 2004 r. (puc.4).

a0 g sty
22 denpans 2003 r. (M=5.2) 22 exabps 2003 r: (M=6.5)
Puc. 1. Jlunamuxa cucmem uHeameHmos Puc. 2. Jlunamuxa cucmem nuHeameHmos
npu 3eMiempsceHuu 8 paiome npu 3eMaempaceHuu 8 paiome
2.Can-Bepnapouno 22.02.20032. (M=5.2). 2.Can-Cumeon 22.12.20032. (M=6.5).
a - UCXOOHble KocMuYecKue usobpasiceHus, 6 — obpaboman- a - UCXOOHble KocMuYecKue usobpasxceHus,; 6 — obpaboman-
Hble PpazMeHmbl; 8 — cXeMbl TUHEAMEHMOG; Hble PpazMeHnbl; 6 — cxeMbl TUHEAMEHMOG,
2 — po3bI-0UAZPAMMbL HANPAGIeHHOCIY IUHEAMEHN 08 2 — po3bI-0UAZPAMMbL HANPAGIEHHOCHIU TUHEAMEHNO8

21 centabps 2004 1. 24 centaGps 2004 1. 26 centatpa 2004 1. 28 centsibps 2004 r. 1 oktaGps 2004 1. 4 oktaGps 2004 .
29 u.ms;u 2;):73 T il :m(aﬁpﬂ 2003 5 ls,Z‘gk;ép; 21);3 T ‘i‘ z;i.;;é.;»zzt;u T 2; m»!u;x 20;A L
10:55 LT 10:50 LT IO:zSZ’ETmKaﬁpn boo3 M:}'UHUE LT 09:50 LT
05:26
Puc. 3. Jlunamuxa cucmem jiuHeameHmos Puc. 4. Jlunamuka cucmem JuHeameHmos
6 nepuoo semnempscenus 6 e.bav (Hpan) 6 nepuoo semiempsaceHus 8 patiore 2.1lapxguno
26 oexabpa 2003 2. (M=6.6) 28 cenmabps 2004 2. (M=6.0)
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AHanu3 mpeacTaBICHHBIX PUCYHKOB NMOKA3BIBAET, YTO AWHAMHKA CHCTEM JIMHEAMCHTOB BO BCEX PaccMaTpu-
BacMBIX CIy4asx OJHA U Ta )ke: 3a 2-3 Mecsla 0 3¢MICTPSICCHHS KOTHYCCTBO TMHCAMCHTOB HAUMHACT IIOCTCIICHHO
YBCITHUUBATHCS, JOCTUTAss MAKCUMyMa B cpeaHeM 3a 20 JHEH 10 3eMIICTPSCCHUS, U YMCHBIIACTCS TOCIIC 3EMIICTPSI-
CCHUSI, CHIDKASICh Uepe3 2-3 Mecsana J0 UCXORHOrO (MepBOHAYaIbHOro) kKommdcectsa. Hambonee cunbHbIC M3MEHe-
HUS IPETEPIICBAIOT CEKYIIHE IO OTHOIICHUIO K INIABHBIM PA3IOMaM CHCTEMBI TPCIIUH CEBEPO-BOCTOTHOTO — FOTO-
sanaaroro (CB-H03) npoctupanusa. OHu SBIAIOTCS HAMOOICE TMHAMAYHBIMUA M MOTYT HCIIO/Ib30BATHCS B KAUCCTBE
MPCABECTHUKA 3eMCTpsiceHuid (puc.1-4).

OmnepaTHUBHBIH KOCMHYCCKHIA MOHUTOPHHT, OpraHu30BaHHbI Hamu B Kanudopauu B mepuosa ¢ vros mo ok-
Ts10ps 2004 r., BRISIBUI eie 6osiee KOPOTKONICPHOIUICCKUE H3MCHEHUSI CUCTEM JinHeaMeHToB [4, 6]. Ha puc.4 npu-
BCICHBI KOCMUYECKHE M300pakeHus, nomy4deHHsle co cimyTHuka TERRA (ammaparypa MODIS) u pesynasraTsr ux
aBTOMATH3UPOBAHHOTO JTMHCAMCHTHOTO aHAIM3a JJIS JHEH, MPEAMICCTBYIOMIX CHIBHOMY 3EMIICTPSCCHUIO B paii-
oHe r.Ilapkdunz, cocrossrmemycs 28 centsOps 2004 r. (Marauryga 6.0), 1 Ha JHU ITOCTIC HETO.

Hamrame mogo6HOM 3aKOHOMEPHONW NEPHOAUIHOCTH B M3MECHCHUN CTEIICHH BHIPA’KCHHOCTH JTMHEAMCHTOB Ha
KOCMHYCCKUX M300paKECHISIX, MOATBEPIKACHHON B PA3IHYHBIX CEHCMHYCCKUX PAMOHAX, MO3BOISICT YTBEPXKIATh,
YTO aHAJIHM3 COBPEMEHHON JUHAMMKH TMHEAMEHTHBIX CHCTEM IO KOCMHYECKUM JAHHBIM MOJXKET SIBJISTHCS Ba’KHBIM
JUTSL OLICHKU CCHCMMYICCKOM OMAaCHOCTH.

Kax BuaHO M3 mpHBEACHHBIX NPUMEPOB, HAHOOICE YCTKO BBISBISICTCS JUATOHAIBHAS CHCTCMA JIMHCAMCHTOB,
HO CTCIICHb €€ BBIPAKCHHOCTH (KOJIMYCCTBO CKBO3HBIX JTHMHCAMCHTOB) JOCTATOYHO CHJIBHO Bapwpupyercs. Cosep-
HICHHO OYEBHIHO, YTO IOJOOHBIC BEICOKOMOOMIBHEIC (CBEPX KOPOTKOMEPUOAMYICCKIEC) N3MCHCHHS TMHEAMECHTOB,
BBIJCTICHHBIX 110 KOCMUYECKUM H300pakKeHUSIM, HE MOTYT ObITh 3a()MKCHPOBAHBI B NaHAmMA(TaX, r€OTOrHYecKHX
CTPYKTYPax M TOPHBIX Hopoiax. be3yciaoBHO, JaHHEIM BBIBOJ HE OTHOCHTCS TAKKE M K OBICTPBIM CEHCMHYIECCKUM
MOABIKKAM, TaK KaK OHH CTPOTO JIOKAIU30BAHBEI BO BPEMEHHU.

IIpoananmsupyeM GU3HIECKYIO MPUPOAY THHEAMEHTOB.

dusnyeckasi npupoaa JUHEAMEHTOB

CHcTeMBl IMHEAMEHTOB OYE€Hb JUHAMIYHBI. JTO JOKA3BIBACTCS KaK PE3yIbTaTAMUA ABTOMATU3HPOBAHHOTO JTU-
HCAMCHTHOTO aHA/IM3a KOCMHUYCCKUX M300pakCHUI ceiicMmuueckux obmacreit [1-4, 6], Tak U reome3ndeckuMu Ha-
OMroACHISIMY B TIPeAeax miatopM U MOJBIDKHBIX HOSICOB [7, 8].

Ilo mauuBIM paboTh! [7] B pa3mOMHBIX 30HAX 3EMHOM KOPBI, KaKk Ha miat@opMax, Tak U B MOABIDKHBIX MOsCaxX
HAOMIOAAFOTCSI OYCHD AKTHBHBIC aHOMAJTbHBIC BBICOKOAMIUTATYIHBIC ACPOPMALIMOHHBIC MPOLECCHl CO CKOPOCTIMHU
JBIDKEHHMI TIOBEPXHOCTH CBBiIIe 50 MM/Toj, To ecth mopsiaka 10 — 107 B rox. OHE KOPOTKOMEPUOAUUHEL (OT TIEp-
BBIX MECSLICB IO MEPBBIX JIET), MPOCTPAHCTBCHHO JOKAIU30BAaHBI (OT MEPBBIX COTEH METPOB JO MEPBBIX KHUJIOMET-
POB) K 00IAAAOT MYIbCALMOHHON H/MITH 3HAKONICPEMEHHON HampasJieHHOCTBIO. [Ipu sToM medopmanmu Ha miat-
(hopMax 3HAYMTEIFHO MHTCHCUBHEE AcopMannii CCHCMOreHEPHPYIOIIUX Pa3pPhIBHBIX HapymeHui. Y aumb B rie-
PHOI IOATOTOBKH 3EMJICTPSICCHUI B MTOCICAHUX PE3KO BO3PACTACT HHTCHCUBHOCTD AchopMariuii.

CyecTByIOMmME MOJCTH TIYOMHHOM I€OAMHAMUKHA HE CIIOCOOHBI OOBSICHUTH HAOTIOMAOIIMIACS TPOCTPAHCT-
BECHHO-BPCMCHHOM CIICKTP COBPEMEHHBIX ABYIKCHHMIA 3¢MHOW KOPBI M OCOOCHHO BO3HUKHOBCHHE HMHTCHCHUBHBIX
JBYDKCHUH B 30HaX IJIaT(OPMCHHBIX pasioMoB. BeimonHeHHbIe B pabote [7] smmuprdeckue 0600meHus O3BOIH-
JH aBTOPY CHENATh BBIBOJ O TOM, YTO B KAYECTBE MCTOYHHKOB AKTHBHOCTH 30H Pa3IOMOB JOJDKHBI BBICTYIATh
MPOLIECCHI, MPOTEKAIOIIUE BHYTPH CAMUX PA3JIOMHBIX 30H.

B uenom pusmdeckyro mpupoay BOSHUKHOBCHHUS HHTCHCUBHBIX Ac(opManuii B pa3IOMHBIX 30HAX IUIATPOPM U
MOJBYDKHBIX MOSICOB (KaK B CEHCMHYECKUX, TAK M aCEHCMHYECKHX HUX YIaCTKaX) MOXKHO MPEACTABUTH CIICAYIOIINM
obpasom [7, 8]. ['conoruyeckas cpena HAXOAUTCS B 0OCTAHOBKE BHCUIHMX W BHYTPCHHUX (PHIOTCHHBIC U K30TCH-
HBIC), KBa3UCTATHUCCKUX (TJI00ATBHBIC M PETHOHAIBHBIC MO HANPSDKCHUH) U AMHAMUYCCKUX (TPUIIMBBI, HEPaB-
HOMCPHOCTH BpAIUEHHUS 3EMITH, MPOLIECCHI MOATOTOBKH 3EMIICTPSICEHUH, CEHCMHYECKUE BOIHBI, TCXHOTCHHBIC TPO-
LECCHl U T.A.) HAarpy3o0Kk. KpoMe Toro, B pa3noMHbIX 30HaX, OCOOCHHO 0CAJOYHBIX OACCEUHOB, MOCTOSHHO MPHUCYT-
CTBYET M MEpPEpacpeensieTcss JUHAMAYESCKA OCHOBHAS M XUMHYECKH arpecCHBHAsI (PIIIOMIHAS CHCTEMA.
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BzanmozeiicTBie 1 COBMECTHOE BIMSHHUE BCEX 3THX (haKTOPOB PEaan3yeTcs, B IEPBYIO OUepeb, B YCIOBUSX
MOBBIIIEHHON KOHLICHTPALMU Ae()EKTOB CPEABI, TO €CTh B 30HAX PA3IOMOB C HEYCTOHYMBBIMU MEXaHHMYECCKUMH Xa-
PaKTEPUCTHKAMHM, MOCPEACTBOM KPATKOBPEMEHHBIX (DIyKTyalMi »KECTKOCTHBIX XapaKTEPUCTHK TOPHBIX IOPOJ B
JOKAIbHBIX 00BEMaxX. JTO MPUBOAUT K BO3HUKHOBCHHUIO MHTCHCHUBHBIX AC(OpMAIIM B Pa3NOMHBIX 30HAX, a, Clic-
JOBATCIBHO, BEIPAKCHUIO MX B JaHAMADTHBIX (MHUKpOIaHIIIA(THEIX) MPU3HAKAX, MPOSBIIOIINXCS Ha KOCMITYC-
CKUX U300PaKCHUSX B BHJC THHCAMCHTOB.

Ha ocHOBe aHAMUTHYCCKUX M YUCICHHBIX MOJCICH, CBSI3BIBAIOIIIX XapaKTCPUCTUKN MHTCHCUBHBIX ActopMa-
Uil pa3IOMHBIX 30H, HAOMIOAACMBIX HA MOBEPXHOCTH 3EMIIH, C MAapaMETPaMU HCTOYHHKOB Ha IIyOMHE, MOXHO
OLICHUTb paclpeeIcHIe aHOMAIbHBIX HAIPsDKCHUI U Aedopmanuii o riyOuHE U OMPEACTUTh MECTOMOI0KEHNE
HCTOYHHUKOB aHOMaJHi (001acTeil MOBBIICHHOH TPEUIMHOBATOCTH) BHYTPH PAa3IOMHBIX 30H.

C ucnonp30BaHMEM TEXHONOTHHA PEIICHUs] OOPATHBIX 3324 COBPEMEHHOM re0JMHAMMKU Pa3lIOMOB MOYKHO OIl-
PEAenuTh AUATa30HbI ITyOHH, pa3Mepsl, GopMy U CTENICHb Pas3ynpodeHHs 001acTell GopMUPOBaHHUS MHTCHCUBHBIX
aepopmannii. COBMECTHBII aHAIN3 3THX PE3YyIbTATOB C TEOANHAMHUYECKOH M TEOIOro-reou3nIecKoi 00CTaHOB-
KOM psiia peTHOHOB, MTPOBEACHHBIN B paboTax [7, 8], mokasan, 4To NCTOUHHUKH 3TUX AcOpMAaIHii 3a/IeraroT B Jua-
MA30HE ITyOMH OT MEPBBIX ACCATKOB MCTPOB IO MEPBBIX KMIOMETPOB, HMCIOT (B ccueHUM) GopMy ATHHHBIX, CyO-
BCPTHKAIBHO OPHUCHTHPOBAHHBIX NMPSIMOYTOIBHHUKOB, MPUYPOUCHHBIX K 30HAM 3aJCTaHMsS (DIIFOMIOHACHIINCHHBIX,
TPELIMHOBATHIX Mopoa. Panee Gim3kue BBIBOABI ObLTH cAcIaHbl B pabote [5], B kOTOpo MOKa3aHO, YTO JTMHEAMCH-
THI, TPACCHPYIOIIHIC 30HBI MTOBBIIICHHOW HAPYIICHHOCTH, J¢()OpMIPOBAHHOCTH WX Pa3IpOOICHHOCTH 3¢MHOI KO-
PBI, MOTYT OTPakKaTh MOABOISINIE KAHAIBI PA3IMIHBIX (DIIOMIOB U PACTBOPOB.

B cBsi3u ¢ 3THUM 00MK JIMHEAMEHTOB, BBISBISIEMBIX HA KOCMHYECKHX M300PaXKEHUSX, SIBISIETCS T€HEpaIn3o-
BAHHBIM OTPaKCHHEM Ha 3¢MHOI MOBEPXHOCTH Kak AchopManuii, Tak ¥ (GIFOUAHOTO pexKUMa MPHUIIOBEPXHOCTHBIX

4acTe 3¢MHON KOPBI.

duznyecKkre MeXaHU3MbI NMpoABJICHHUSA JIMHCAMEHTOB
HAa KOCMHYECKHX n306pa>lcem«mx

ITpupony nMHCAMEHTOB, MPOSBILIIOMIMXCS HA KOCMUYCCKUX HM300PAKCHUSAX, OOBITHO CBS3BIBAIOT C OTpPaXKe-
HUCM Ha 3¢MHOW IMOBCPXHOCTH PA3HOTTYOHMHHBIX BHIVMBIX M CKPBITHIX Pa3IoMOB 3¢MHOHU Kkopel [9]. B Hanbomee
IIPOCTOM BapHAHTE, KOTAA Pa3phIBHOC HAPYIICHUC JOCTUTACT 3€MHOHM MOBEPXHOCTH, JIMHHS Pa3IoMa BH3YAIbHO
JemnpUpyeTcst HA KOCMHYECKOM M300pasKeHUH B BH/E SIBHO BBIPAKEHHOIO JTMHEAMEHTA, HHTCHCHUBHOCTH U YeT-
KOCTb IPOSIBIICHHUS KOTOPOTO CBS3aHA C KOHTPACTHOCTBIO JBIDKCHHU IO JTHHUU pasnoma. IHTEHCHBHOCTD THHEA-
MEHTHOTO MPOSIBJICHHS Pa3ioMa 3aBUCHUT TAKXKE OT YIJIa HAK/IOHA MOBEPXHOCTH PA3IOMa; CAUHUYHBIC THHEAMEHTHI
WY yY3KUE TMHEAMEHTHBIE 30HBI IIPU BEPTUKAIBHOM IOJOKEHHH Pa3IoMa, a TONOXKEHUH, TIPH KOTOPOM B TIpHpa3-
JOMHOW YacTH (BONM3H MOBEPXHOCTU CMECTHTEIS) BO3HHKACT Iielas cCpusl (30Ha) COMYTCTBYIOUIMX Pa3phIBOB
(TpeuuH).

Ecau pasnom He mocTHract moBepXHOCTH, 3aTyXasl HA TOW WJIM MHOU TITyOHHE, Cro MOBEPXHOCTHOC BBIPAYKCHUC
MPEACTABIICT COOOM HEKYIO 30HY PACCCIHHBIX (TPCIMMHHBIX) aedopMmanuii, KOTOPHIC BU3YaTIbHO BBLACISIOTCS HA
KOCMHUYCCKHX H300paKCHUSIX B BUAC Y3KUX MM JOCTATOYHO ITMPOKUX JTHHCAMCHTOB B 3aBHCHMOCTH OT MOITHOCTH
MEPEKPBIBAIOIIETO €r0 OCAJOYHOrO YeXia (YEM MOIIHOCTH OOJBINE, TEM JIMHEAMEHT INUPE) U OT HHTCHCHBHOCTU
JBYDKEHHH 110 CKPBITOMY Pa3jiioMy (deM OOMbIie HHTCHCUBHOCTD, TEM IINPE 30HA TPELIMH U JTHHEAMEHT).

JInHeaMeHTBI, BU3YalIbHO PETHCTPUPYEMBIC HA KOCMHUYCCKUX M300Pa’KCHUSIX, MOTYT OTPakaTh Yepe3 BTOPHY-
HBIC HHIUKATOPBI HE TONBKO (YOPMBI AUCIOKALIMOHHOTO MPOMCXOXKACHHUS (Pa3phIBbl, TPELINHBI, CKIAAKH), HO U HE-
KOTOPBIC TUHUHM (30HBI, TIOJI0CHI) MTOBBILICHHOTO HJIM TTOHMKCHHOTO HATPSKEHHOTO COCTOSTHHS KOPHI [9].

JIuHeaMeHTH! U JIMHEAMEHTHBIC 30HBI SBJIAIOTCA 30HAMM (KaHAJIAMHU) MOBBIMICHHOH MPOHMLAEMOCTH 3EMHOMN
kopbl. OHH CITy>KaT MPOBOSIIMMH IyTSIMH PACTBOPOB U ra3oB, Kak MPaBHIIO, OONCe BEICOKOTEMIICPATYPHBIMH IO
CPaBHCHUIO C IMOBEPXHOCTBIO 3CMJIM MJIM MOPCKOTo AHA. JlaHHOE 00CTOSTEIBECTBO HEPEAKO MPUBOJANT K YHUKATIb-
HBIM COBPEMECHHBIM SIBJICHUSM H MPOLIECCAM: MTPOTAMBAHUE MPOTSHKCHHBIX Y3KHUX 30H, BOSHUKHOBEHUE 30H ApodIie-
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HH JbJA, K KOTOPBIM, HanpuMep, Ha balikane oObIYHO MPUypOYEHBI HEPIHYbH TYHKH NPONAPHBAHMS, AlBE/IMHT,
JUHEHHOCTH 00J1a4HOr0 MOKpOBa U Ap. [S].

CrercHp BUIUMOCTH CHCTEM JHHCAMCHTOB Ha KOCMHMYCCKUX H300pa)KCHUSX BO MHOTOM 3aBHCHT OT Hamps-
JKEHHO-AE()OPMALIMOHHOTO COCTOSHUS 3eMHOM Kopbl. Kak Hamu [1-4, 6], Tak u ApyruMH HCCICAOBATEISIMH, Ha-
npumep [5, 9], ycTaHOBICHO, YTO OPUEHTUPOBKA IUHEAMEHTOB B IIPOCTPAHCTBE U UX FeoJUHAMMYECKas peaausa-
LS JOCTATOYHO TECHO B3aMMOCBSI3aHBI: JUarOHANbHbIC TMHEAMEHTHl 00pa3yloT IMPEUMYLIECTBEHHO 30HBI CKaJIbl-
BaHMs, OPTOTOHAIBHBIC — 30HBI CKATHS (IIMPOTHBIC) M PacTsLKEHUS (MepuanoHanbHbie). [ToaToMy ocobeHHOCTH
(u3M4IeCcKOil MPUPOABI THHEAMEHTOB, BBLACMSEMBIX Ha KOCMHYECKMX H300PaKEHUSX, CBS3aHBI MPEKIE BCETO
HUMEHHO C STHMHU OCOOCHHOCTSIMH IOJS HANPSDKCHUH, 00YCIOBIMBAOIINX XapakTep AcdopMaruil U MpoHULIAEMO-
CTH 36MHOU KODBI.

Taxum 0Opa3om, CTENEHb BUAMMOCTH (Pa3NUYMMOCTH) JTHHCAMCHTOB Ha KOCMHUYECKHUX M300pa)KCHISIX U (u-
3WYCCKUC MCXAHU3MBI, OTBCTCTBCHHBIC 32 WX HPOSBICHHS, 3aBHCAT, MPEXKIC BCETO, OT XapaKTepa HANpPsDKCHHO-
JeOpMHUPOBAHHOTO COCTOSIHHSI 3€MHOMH KOPBI M CBSI3aHHON C HUM IPOHMIAEMOCTBIO 36MHOM KOPBI, KOTOpPBIE 00Y-
CIIOBIIUBAIOT «(H3MOHOMHYIHOCTD) JTHHEAMEHTOB, TO €CTh BBIP&KCHHOCTh B JaHAWA(TaX U (U3MKO-XHUMHYCCKUX
CBOMCTBAxX MOBEPXHOCTU 3EMJIM, 32 CYET U3MECHCHHUS BIAXKHOCTH, TEMIIEPATYPHI, CTEIICHN OKUCICHHOCTH, BBIIIEIO-
YEHHOCTH, BBIBETPUBAEMOCTH U JPYTUX CBOUCTB IIOYBO-TPYHTOB M F'OPHBIX IIOPOA U PACTUTEIBHOTO ITOKPOBA.

Hanpspxenust, nedopMarii ¥ MpOHMUIIACMOCTb 3¢CMHOHM KOPBI TECHO CBSI3aHBI MEXIY COOOH M 3aBUCAT OT Xa-
paxTepa MOl HANPSDKCHUHM, KOTOPOE B TTI00aIBHOM TMHEAMEHTHOH TEKTOHHMKE OOYCIIOBICHO POTALIMOHHBIMH CH-
JaMH.

Yro ke mpexae BCErO BIMSCT HA CTCICHb BBIPAXKCHHOCTH JTMHEAMEHTOB HA KOCMHUYECKHX H300PKCHUSIX —
nedopmanmy WK MPOHUIAEMOCTb 3¢MHOM KOPBI, TO €CTh €€ (hIIFOMIHO-TA30BbIi PEXKUM?

Kak noxasanu reoxesudeckie 00001IEH s, BBIIIOIHEHHBIC JJTS IIaTGOPMEHHBIX CTPYKTYP U IOJABHKHBIX MOSI-
COB IO PEryISPHOM CETH HAOIIOACHHUH OIUH pa3 B HEICTIO-MECAL, AeOpMALUH B PA3TOMHBIX 30HAX KOPOTKOIE-
PHUOIUYHBI U aKTHBU3UPYIOTCS C TCM JKC MM MPOTHBOIOIOKHBIM 3HAKOM JBIIKCHUS 3¢MHOW MOBEPXHOCTH B TCUC-
HHC NICPBBIX MECALCB U NEpBbIX JIeT [7, 8]. Ha 3ToM ocHOBaHMY nemacTcst BRIBOA O TOM, YTO MPHUMHY Achopmarmit
CIICAYET UCKATh BHYTPH PA3IOMHBIX 30H, a HC BHE MX, TAK KAK HUKAKOH M3 M3BECTHBIX TCKTOHUYCCKHUX MPOLIECCOB
HE MOXET 00CCHEUNTD CTOIb MATYIO IEPHOAUTHOCTD Je()OPMAIIMOHHBIX MPOLIECCOB.

®uznueckas npUpoga JAHHOTO SIBJICHHS J0/DKHA OBITh CBSI3aHA C OYCHb BBICOKO MOOWIIBHBIM MEXaHHU3MOM,
MPAKTHYECKA MTHOBEHHO (IPHMEHHUTENBPHO K aHAIM3UPYEMOMY CIIYUar0) pearupyromuM Ha M3MEHEHHE IOl Ha-
NPSDKEHUH B IEPUOJBI TIOATOTOBKU M CBEPIIEHUS 36MIIETPSICEHHS U TIocie Hero. M3 BcexX BhIIICHA3BAHHBIX MPUUMH,
CIOCOOCTBYIOIIMX PAa3BUTHUIO AcopMalvii B 30HAX Pa3IoMOB, IO CBOCH MOOHMIBHOCTH MOAXOAUT JIUIIb (HITFOUTIHO-
rasoBBIH PCKUM, KOTOPBIA MOXKET MPAKTUYCCKH MIHOBCHHO «IIPOSIBUTBY OCIAOJICHHBIC 30HBI 3¢MHOH KOPHI (B TOM
YIICIIC ¥ 30HBI TPCIIUH), 0071aJar0IIIe MAKCUMATbHOH MPOHUIIACMOCTBIO.

OCHOBHOW MHAWKATOpP ABIDKCHUS JKUIKUAX U TA30BHIX PACTBOPOB Y IOBEPXHOCTH — M3MCHEHHE I'a30BOTO CO-
CTaBa, BIAXHOCTH U TEMIICPATYPHOTO PEXKIMA MOYBO-TPYHTOB, B KAKOI-TO MEpPE paCTUTEIBHOCTH (JIHCTHEB U TPa-
BBI), & TAKKE MPU3EMHOro ciiost arMocdeprr. YeMm BbIIIE MPOHULIAEMOCTH (TPELIMHOBATOCTD), TEM OOIIBIIE TEILIO-
MAacCONEPEHOC U3 3EMHON KOPBI K MOBEPXHOCTH, TEM OOMBIIE HAPYMIACTCS MMAPOIUHAMHYECKUN PEKUM IOI3EM-
HBIX, [PYHTOBBIX M IPHIIOBEPXHOCTHBIX KAMULIPHBIX BOJ U IMOYBCHHBIX PACTBOPOB, a CICAOBATEIBHO, TEM OOJIb-
IIIC HACHIINAIOTCS IMOYBBI M MPU3EMHBIC CIIOM aTMOC(EpBI IapaMy BOJBI, HHEPTHBIMU U IPYTUMHU razamu (TeaveMm,
BOJOPOAOM, OKCHIAMHU U AUOKCHUAAMH a30Ta U CCPHI U T.4.). DTO BHI3BIBACT U3MCHCHHC CIICKTPATIBHBIX XapaKTCpH-
CTHKH IIOYB, TPYHTOB, PACTUTEIFHOCTH U MPOITYCKAaHUE aTMOCGHEPHI AT HICKTPOMATHUTHBIX BOJTH BHIMMOTO JHa-
ra3oHa CIEKTpa.

WurerpanbHblit 3G dexT oT nepedncicHHbIX (HaKTOpOB MPHUBOJUT K U3MEHEHHIO TEKCTYPhI KOCMHYECKOTO H30-
OpaskeHUs. DTH U3MEHEHMS MOTYT OBITh OYCHb HE3HAYMTEIbHBIMHM M HE3AMETHBIMHM JUIS YETOBEUYECKOro Iiasa, HO
JIETKO PaCIIO3HAIOTCSI COBPEMCHHBIMU MCTOAAMH 00pabOTKH, KOTOPBIC BBLACTSAIOT HEOOMBIINC PA3NIUYMs U TO3BO-
JIIFOT BBISIBUTB «CKPBITYIO) MOJIOCUATO-THHEHHYIO TEKCTYPY KOCMHYCCKUX M300paKEHUH, OOYCIOBICHHYIO H3Me-

HCHUCM IOJISI HAIIPSIYKCHUS U q)H}OI/IZ[HO-FaSOBBIM ABIXaHUCM» HEAPD Semin.
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BrionHe o4eBHAHO, YTO Aa)ce MOJOOHBIH «BBICOKOCKOPOCTHOM» IMPOLIECC HE MOXKET OOBSCHUTDH BBISBICHHBIC
MpY KOCMHUYECKOM CEHCMUYECKOM MOHUTOPUHTE CBEPXCKOPOCTHBIE BapUalMM KOCMOJIMHEAMEHTOB IPOJOJIKH-
TCIBHOCTBIO B YaChl U MCPBBIC JHU, TAK KaK PETHOHAIBHOC U TEM OoJice riao0anbHOC MOJIC HAMPSHKCHUI HE MOTYT
M3MEHSTBCS C TIOTOOHOM CKOPOCTBIO.

Kak Obl10 Cka3aHO BBIIIE MHPOJODKUTCIBHOCTh KOPOTKOIECPHOAMYCCKMX M3MCHECHUI aedopMannoHHO-
HAIPSDKCHHOTO COCTOSIHUSI TCOOTMYECKOM cpebl M 00YCIOBICHHON UM IMPOHUIIAEMOCTH 3€MHON KOPBI COCTABIISICT
OT IICPBBIX MECAICB J0 MEPBHIX JeT. B ceificMuueckux 00MacTsIx B MEPHOJ MOATOTOBKH CHJIBHBIX 3¢MIICTPSICCHHM,
Kak OBLITO YCTAaHOBJICHO HAMH B LICIIOM PSAC PETHOHOB, HAYATIO IEPECTPOUKU MO HAIPSDKCHUM U CBSI3AHHBIX C
HUM neopMannii ¥ IPOHMLIACMOCTH HAYMHACTCS 3a 2-3 Mecsua A0 HEro, Jocruras Makcumyma 3a 20 aHei 1o co-
OBbITHS. DTO MAKCHMAJIbHO MOBBIIIEHHOE HANPSHKEHHO-A(OPMALIMOHHOE COCTOSIHUE COXPAHSETCS MPUOIU3UTEILHO
B TeucHue 40 aueit (20 mHed o 3emierpsicenns u 20 mocie), a 00beM BO30YKICHHS — B TeucHHE 4-6 Mecsres (2-3
MeCsIAa J0 3eMIIETPSCEHHS B 2-3 MeCsIa MOCe).

IpennoxeHHbIi MEXaHU3M (OPMUPOBAHMS THHEAMEHTOB Ha KOCMUYECKUX M300PaKEHHUAX TO3BOIISET BIIOJIHE
MPOCTO ¥ OOBCKTHBHO OOBSCHUTH HAJIMYKMC BHICOKOYACTOTHBIX (Yachl, JHM) (QIYKTYalMid CHCTCM 3THUX JMHCAMCH-
TOB, OOHAPY)KCHHBIX B PE3YJIbTATC OCYIICCTBICHUS KOCMHYECKOTO ceHcMIYeckoro Monutopunra B Kamudopamm
(puc.4). OCHOBHOM NPHYMHON BBICOKOYACTOTHBIX (DIYKTyaIlii MOTYT SIBJLITHCS IIOTOJHBIC YCIOBHS — CHJIA BETPA,
aTMoc(epHBIC OCaAKH (B MOMCHT IJIM HAKAHYHC KOCMHYCCKOH CHEMKH), NHTCHCHBHOCTBb COJIHCYHOI paJualliy,
BJIQKHOCTH TIOYBEI U BO3AYXA.

CuibHBIN BeTEp, BBICOKAs TEMIIEPATypa BO3AyXa U MOYBBI, JOXK/b, BHICOKAS BIAKHOCTb IMOYBBI M BO3AyXa MO-
T'YT HUBEIUPOBATH BIMSHAC «IBIXAHIS» HEAP M JETAI0T AaHOMAIUY, BO3HUKAIOIINE IO JCHCTBUEM M3MCHEHHS Ha-
NPSDKCHHO-e()OPMUPOBAHHOTO COCTOSIHUS U MPOHUL[AEMOCTH T€ONIOTHMYECKOM CPEABI, MCHEE CYILIECTBCHHBIMH IO
CpPaBHEHHMIO ¢ BO3AciicTBHEM NOroaHsIX (akropos. ITosTomy oOHapyKHBacMbIC AaHOMAITMH CTAHOBSITCS MEHEE Pas-
JTMYAMBIMU Ha KOCMHYECKHX M300PAXKEHUAX, XOTS OHH U 001aJar0T OONbINOH 0030PHOCTBIO, BEICOKOH CTEMEHBIO
TEHCpaTN3aIMK U PCHTTCHOCKOMMMIHOCTBIO.

ITH 00CTOSATENIBCTBA HAKIIAIBIBAIOT ONMPEACICHHBIC OIPAHUYCHIS Ha OCYIICCTBICHUC KOCMUUCCKOTO CeiicMu-
yeckoro MoHuTopuHra. Hanbomnee mocToBepHBIC PEe3yNbTaThl MO ONEPATHBHOMY MPOTHO3UPOBAHMIO 3EMIICTPSICE-
HUIT JOCTUTAIOTCS B YCJIOBUSX OTCYTCTBUS CHIIBHOTO BETPA M JOKTUBOU ITOTOBI.

JlaHHBII1 BEIBOA NPUHIMITHAIBHO BAXKCH IS OPTAaHU3AINHN U IPOBEACHUS aBTOMATH3HPOBAHHOTO KOCMITICCKO-
r0 CEHCMHYECKOTO MOHHUTOPUHTA M IO3TOMY TPEOYeT NMPOBEACHUS KOMIUICKCA CIICIHAIBHBIX HCCICIOBAHUUA IO
M3YYEHHIO KOPPESILIUH CTEIICHN BBIPaXKEHHOCTH CHCTEM JIMHEAMEHTOB, BBIJCTSIEMBIX Ha KOCMHYECKUX H300paske-
HUSX, OT IOTOJHBIX YCIOBUH.

3akrouenue

BrimonHeHHbBIC HCCeq0BaHUS MPOACMOHCTPUPOBAIN HECOOXOMMOCTh CTPOTOro Pa3rpaHUUuCHUS HOHITHIH COoO-
CTBEHHO «JIMHCAMCHTBI» M «KOCMOJHMHEAMCHTBI», BBIACIICMbIC IT0 KOCMHYICCKUM H300paskeHnsIM. CoOCTBEHHO H-
HCaMCHTHI OTPAXKAIOT IIAHCTAPHYIO CCTh TTyOMHHBIX Pa3lIoOMOB M TPCIMMHOBATOCTH. OHH BBLACIIIOTCS IO T'EOI0-
THYICCKUM, TCO()U3MICCKIM, TCOXUMIUECKAM, TOTOTPAGUUCCKAM U APYTHM METKOMACIITAOHBIM KapTaM.

KocmonmaeaMeHTBI BBISBISIIOTCS [0 HHTErPAJIbHBIM reonoro-reorpadu4eckum npusHakam, oiarogaps o03op-
HOCTH, €CTECTBEHHOI TI'eHEpalu3alid W PEHTTCHOCKOMHMYHOCTH KOCMHYECKUX JAHHBIX. ABTOMAaTH3HMPOBAHHAS
KOMIIBIOTEPHAS 00paboTKa KOCMHYECKHX H300paXKCHUIH MO3BONSCT BHISBUTh HE 3aMETHYIO BHU3YallbHO JIMHCHHO-
HOJIOCYATYIO TEKCTYPY, 00YCIOBICHHYIO IIIAHETAPHOI TPEIMHOBATOCTHIO M 00pa3yIOIIeH ABE XapaKTEPHBIC B3au-
MOCBSI3aHHBIE CUCTEMBI IMHEAMEHTOB — OPTOTOHANBHYIO U JUArOHAJIBHYIO.

®uznueckas NpUpOA JHHEAMEHTOB, BBISBIIEMBIX IO KOCMHYECKUM HM300paKEHUSM, CBsS3aHA C Ta30BO-
(GMIONAHBIM PSKUMOM B OCTAONICHHBIX 30HAX IMOJNCH HaNpPsDKCHUH 36MHOH KOPBI, XapaKTCPHU3YIOIIUXCS BBICOKOH
nmpoHuIaeMocTeo. JKuakue pacTBopsl U rassl (TNIyOMHHBIC, OIM3MOBEPXHOCTHBIC, KANMILIPHBIC U ITOYBCHHBIC)
H3MEHSIIOT TEMIEPATyPy, BIAKHOCTh U Ta30BBIH COCTAB BOABL, IMOYBBI M MPU3EMHOTO CIIOS aTMOC(EPHI, UTO BBI3BI-

BAaCT UBMCHCHUS UX CIICKTPAJBbHBIX XaPaKTCPUCTHUK U TCM CaMBIM HaXOAUT CBOC OTPAXKCHUC HA KOCMHUICCKOM H30-
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Opa’keHHM B BUJIE MOSBICHHUS HA HEM JMHEHHO-NOTOCYATON TEKCType, OOBIYHO HE PA3MMYMMON BU3YalIbHO, HO
pacro3HaBacMOl KOMIIBIOTEPOM.

HeGnaronpustaeie OrogHsIe YCIOBHS (CUIBHBIA BETCpP, aTMOC(HEPHBIC OCAIKH, BHICOKAs CONHCUHAS pajua-
1) YMCHBIIAIOT CTCIICHD BBIPAXKCHHOCTH KOCMOJTMHCAMEHTOB U 3aTPYJHSIOT PCIICHUC 3a4a4 ONCPATHBHOTO KOC-
MHYCCKOTO MOHUTOPHHTA CEHCMOOMAacHHBIX TeppuTopuil. IlosToMy mis ux perreHns HeOOXOANMO MPUMEHSTH CIIC-
OUATBHBIC METOABI I HCIONB30BATh JOIMOTHUTEIBHBIC THIBI IPEABECTHUKOB 3EMIICTPSICEHUH, PETHCTPUPYEMBIX
U3 KOCMOCA U KIIACCHYCCKUMH I¢OU3MICCKIMHU METOJaMH.
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