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NMPEANCIIOBUE

Kaxngylo Hememo 1o dYerBepram TIpymnma 3KCIEPTOB-
uccnenoBareneit OOmEero coBera Mo MPOTHO3Y 3EMIICTPSACCHUN cOOMpaeTcs
B MHcTuTyTE BysnkaHonoruu u ceiicmornoruu JIBO PAH nns o6cysxnenus n
OILIGHKH TeKyIllel celicMUuecKoil U ByJlKaHH4ecKoil omacHocTy Ha Kamuat-
K€ U B MUpE C UCIOJb30BAaHHEM MHPOBBIX M TEKYLIMX JaHHBIX HaOmoje-
HUA. B 3Toil Tpynme BBIAETSIOTCS JBOE HEYTOMHMBIX  YUYEHBIX
1. 1.-M. H. ['asmmaa Hukonaesna Kombmosa u k. r.-M. H. CBemiiana Bacwiis-
eBHa bonmanaa. OHE yke OoJiee UeTBEpTH BEKa CaMOOTBEPKEHHO paboTaroT
10 U3YYCHHUIO THUIPOTCOANHAMUIECKUX MPEIBECTHUKOB 3€MIICTPSICEHUH IO
JTAHHBIM CKBa)XHHHBIX YpOBHEMEpHBIX HaOmromeHwuid. OHU TIyO0OKO yOex-
JICHBI, YTO HaCTaHET BPEMs, KOT/Ia 10 TaKUM HaOIIOJCHUSIM MOKHO Oyner
npeayraiaTh KaracTpopuyeckoe 3eMIeTpsceHrne U 00 3ToM ynacrtes 3abia-
TOBPEMEHHO TpeIynpeanThb xuteneii Kamuarku.

PaccMOTpUM KpaTKo HEKOTOpBIE YCIOBHS, HEOOXOIMMBIC JUIS J0C-
TUKEHUS YKa3aHHOMU BBIIIIE LEJIH.

B nepByto ouepens, HEOOXOAMMO BBISBICHHE MEXaHU3Ma I'eHepaliu
BOCITPOHM3BO/IMMBIX aHOMAJIbHBIX M3MEHEHHH (IIIOMIHOTO JaBJICHUS, MPEa-
LIECTBYIOIIUX CHJIbHEHIINM 3emieTpsicenusiM. Kazamock Obl, yTO OcHamie-
HUE celiCMOaKkTUBHOH Tepputopun cetaMu GPS craHuuii U nmoBTOpSIOLIUE-
Csl CITyTHHKOBBIE PajiapHble CKaHWPOBAHUS TOBEPXHOCTH 3€MJIM JIOJDKHBI
oOecrieuynBaTh HaJICXKHYIO on-line WHpOpMANUIO TI0 TeoxehOPMAITHOHHOMY
TIOJTIO ¥ TIOKA3aTh (B COOTBETCTBHHU C TEOPHEH CTATUUECKH M30JIMPOBAHHON
MIOPOYIPYTOCTH) 30HBI T€O(IIONAHBIX aHOMAJIMH Ha TPaHMIaX TEKTOHHYE-
ckux mut. Ho B peanpHOCTH HabIromaeTcst HECKOJIBKO MHAs KapTuUHA. 3a-
Kauka OTpabOTaHHBIX (IIIOWAOB, >XKUIKUX TMPOMBIIUICHHBIX OTXO/JOB B
CIIIA mpuBenn K TeHEpalud CeHCMHYHOCTH M MOBBIMICHHIO ceificMooriac-
HOCTH B paHee aceiiCMHYHBIX BOCTOYHBIX IITATaX /O YPOBHS aKTHBHOCTU
pasinoma CaH-AHzApeac (IBaXKIsl 3eMIIETPSICEHUS HA 3TOM DPas3lioMe pas3py-
maym 1. Can-®Ppanmucko). CtpoutenbcTBO KpynHeix ['D9C U BomOXpaHU-
i B Kutae compoBoXIanock 3eMIIETPSICCHUSIME C MarHUTYIoi 10 8 u
MHOTOYHMCIICHHBIMH JXEPTBAMHU CpeI HaceleHus. TakuM oOpazom, mapa-
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Ilpeoducnosue

IUrMa TOPOYNPYTOCTH IOJDKHA OBITH TOTIOJIHEHA MapagurMoi reodirou-
JTOMEXaHUKH, B KOTOPOH KJII0UeBasi POJib B aKTHBU3ALUHU PAa3JIOMOB W T'eHE-
panuu 3eMIICTPSACCHUN TIPUHAIICKHUT (HIFOHIAM.

Jns dhopMynupoBaHHsS BTOPOTO YCIOBHS, PAaCCMOTPHUM CKBAXHHY
E-1, pacnonokeHHy10 y IOro-3amnajHoro HOJHOXKbsl ByjikaHa Kopskckuil.
YnauHoli HaXOAKOH aBTOPOB MOHOTpaUH SBISETCS HCIIONB30BAaHHE CKO-
POCTH MU3MEHEHHUsSI YPOBHS BOJBI B KauecTBE MHAMKATOPAa aKTHMBHOCTH BYJI-
kaHa. Ha Mo B3I, YPOBEHb B 3TOH CKBa)XUHE OTPAXKAET CTEIECHb ra3o-
HACBIIIEHUS CTOJI0A BOJBI B HEHl 3a CUCT TEPMOTCHHOW I'CHEpaldyd METaHa
NIPY MHXXEKLUH MarMbl B CTpyKTypy Kopsikckoro Bynkana. Takum oOpazom,
aHallu3 MHOro(a3HoW reoGUIbTpaIuy SIBJISETCS €IIe OJHUM aKTYyaIbHBIM
paCcoIMpEeHUEM IMapaJurMbl rUApPpOTCOANHAMUYCCKUX I/ICCHGHOBaHHﬁ B Ha-
MIPaBJICHUU TIPOTHO3a 3eMJICTPSICEHUI U aKTHBHOCTH BYJIKAHOB.

B-TpeTpux, oTMeTHM, UTO IS HAONIONEHUH B CBSI3U C MPOTHO30M
3eMJICTPSCEHUI OOBIYHO HCITONB3YIOTCS HEMPOAYKTUBHBIE (C HU3KOH Tpo-
HUIIAEMOCTHIO) WM aBapUHHBIC CKBAXXHHBI. JTO OTPaHWYMBACT IOCTYI K
aHaNN3y reoQIIONIOMEXaHUKH aKTUBHEBIX Pa3IoMOB. [103TOMy akTyalbHBIM
SIBIISICTCSA MCIIOJIb30BAHNE MH(PPACTPYKTYPHI U CKBAKUH HEIPOIIOIb30BaTE-
JIel TPOYKTUBHBIX re0(IIIOUIHBIX pe3epByapoB (reoTepMalbHbIX, YIIIEBO-
JIOPOJTHBIX), (OPMHUPYIOUIMXCS B 30HAX AKTHUBHBIX Pa3jOMOB TIyOOKOIrO
3aJI0KEHUSA M MarMaTH4ecKoro (pakuHra B paifoHax AEUCTBYIOUINX BYJKa-
HOB.

B-uerBepThIX, HEOOXOAUMO BCIOMHHUTH O Teif3epax, Kak 00 yHH-
KaJbHBIX MPUPOIHBIX 00BEKTaX Pasrpy3KUd BBICOKOTEMIECPATYPHBIX THAPO-
TepM, PabOTAIOIINX B PEKUME MUKIHICCKOTO YIIIEBOIOPOIHOTO Ta3Mu(Ta B
paiioHaX aKTMBHOTO KHCJIOrO BYJIKaHM3Ma. PaHee cumTanock, 4To reisep
Old Faithfull Calistoga, dyskumonupyromuii B MemmoycronckoM Hammo-
HaJIbHOM IapKe B CTBOJIE HEHCIIONIb3yeMOl ckBaknHbl Napa Valley moxer
OBITH MCIIONIB30BAH Ul NPOTHO3a CHIIBHBIX 3eMileTpsiceHuid. B wactHOCTH,
nepen 3emuerpsiceaueM Loma Prieta B 1989 r 6put0 3admKkcupoBaHo yBe-
JUYCHHE WHTepBaNa Mexay wu3Bepkenusmu IBE (interval between
eruptions) ¢ 90 muH g0 150 MuH. PaccTosiHEe OT 3MUTIIEHTPA 3eMIICTPSICCHUS
o Teiizepa coctarisuio 250 kM. AHaJIOTHYHAS TpefceicMuIecKast peaKIust
Habmomanmace | aBrycra 1975 1. mepex 3emierpsiceruem Oroville ¢
Mw =6.1. Takum 00pa3zoM, SBISETCS AKTyaJbHBIM BBISICHCHHE YCIOBHUI
NPOHMKHOBeHMs1 MarmMaTniyeckoro CO, B MaJOriIyOWHHBIE THAPOTEPMATb-
HBIE pe3epByaphl ¢ MOCIETYIONMM B3PHIBOM, KOTIa JIaBJICHHE Tra30BoOi (a-
351 IPEBHIMIAET BEC U IPOYHOCTH MTEPEKPHIBAIOIIIX TOPHBIX IIOPOJI BEPXHETO
Bojoymopa. ['maporepmanbHBIi B3peIB B AnoHmm Ha Byikane Ontake,
YHECIIHUN XKU3HU 57 4eNOBEK, NpeABapsiICcs NPUTOKA Ia3a MoJ BYJIKAaHOM B
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TeUeHWe NecATH JieT. [103ToOMy HCCIIeIOBaHHWS W MOHUTOPHHT TEH3epOB,
HECOMHEHHO, SIBJIAIOTCS TAK)K€ MPUOPUTETHON 3a/1auei.

B 3axioueHue OTMETHM, YTO 3KCIIEPUMEHTAJIbHBIM M HaydHBIM 3a-
JieJ, KOTOPBIN MPEACTaBJIeH B IMpejiaraeéMoil BHUMAHUIO YHWTaTeIe MOHO-
rpadun T'.H. Komsutosoii u C.B. Bommunoit «'MJIPOTEOCEMCMUYE-
CKHE BAPUALIMM YPOBHS BOJbl B CKBAXKMTHAX KAMYATKHW»
SIBIIICTCS XOPOIIUM (PYHAAMEHTOM JIJIsl AJBHEHINIEr0o Hay4YHOTO MpPOpPhIBA
o MpoOJIeMe KCIOB30BAHUS THIPOrCOAMHAMUYCCKUX JaHHBIX JJIS TIPO-
THO3a 3eMJIETPSICEHUI U BYJKAHUYECKON aKTMBHOCTH, a aBTOpaM MOHOTIpa-
(uu KeIar YCHEIHOro MPOJOIKEHHS UCCICIOBAHUMN I YIacTHsI B Opra-
HHU3AaLHMU TAKOI'0 HAYYHOI'O IIPOPLIBa.

Omeemcmeennblii pedakmop, 00KMop 2e01.—MuH. HAYK,
npogpeccop, enaenviii Hayunwvii compyonux HBuC /[BO PAH
Kuproxun Anexceii Braoumuposuu
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YpoBHEMepHBIE HAOJIOJNCHNS B NbE30METPUUECKUX CKBAXKU-
Hax C LEJbI0 TI0MCKa IMPOre0ANHAMUYECKUX MPEJIBECTHUKOB 3eMIIETpsICe-
HUH SIBIISIIOTCSL OJTHMM M3 NIPHOPUTETHBIX HANpPaBJCHUI HCCIEAO0BaHUI 10
npoOiieMe CeHCMUYECKOro MPOrHO3a, U OHM TPAIULHMOHHO BKJIIOYAIOTCS B
CUCTEMBl TeO(U3NUECKOT0 MOHHMTOPHHIA CEHCMOAKTHBHBIX pETHOHOB.
Bonpioii Bkag B pasBUTHE METOAOJIOTMH TaKHX HCCIIEAOBAaHUI BHECIH
yuensre u3 MuctutyTa dmsukn 3emmmm PAH (W.I'. Kuccur), BCETUUHT'EO
(I'.C. Bapransn, I'.B. KymukoB), CaxaaMHCKOTO KOMIDIEKCHOTO HAydHO-
uccnegoBatensckoro uHctuTyTa JJBHI] AH CCCP 1 1p.

Pesynbratel ypoBHemepHbIX HabOmromenuit 70-80-x rr. XX Beka B
ceiicMoakTHBHEIX paiioHax OwpBoiero CCCP u Mupa mpeIcTaBIeHE B psjie
myOJMKanuii, B KOTOPBIX co00manoch 00 0OHapyKEHUH THAPOTe0JMHAMHU-
YCCKHUX MPCABECTHUKOB 3eMHeTpHCCHHI>i B UBMCHCHHUAX YPOBHS BOABI. Bwme-
CTE C TeM, CeHCMONPOTrHOCTHYECKast HHPOPMATUBHOCTD TaKHX d(PPEKTOB HE
OIICHUBAJIACh. JTO OBUIO O0YCIOBICHO OOBCKTHBHBIMHM HEIOCTATKAMH HC-
MOJIb3YEMBIX JTaHHBIX HAOJIOJICHUH, KOTOpBIE MMENM, B OCHOBHOM, (par-
MEHTapHbIi, HecucTeMaTH4yeckuil xapakrep. Kpome atoro, B To Bpems He
OBUIO B JIOCTAaTOYHOM CTENEeHW pa3paboTaHO HAayvyHOE OOOCHOBAHHE METO-
JMYECKUX BOIPOCOB INPOBEICHUS HaOMOAeHUH M 00paboTKH ypoOBHEMeEp-
HBIX JAHHBIX AJISl BBISBICHUS THIPOTCOAMHAMUYECKHX IIPE/IBECTHHKOB;
TEOPETHYECKHE TIOJIOKEHUS 00 MX (OPMUPOBAHUH UMEIH NPEUMYIIECTBEH-
HO THIIOTETHYECKUH XapaKTep W OCHOBBIBAJIHCH Ha OOIIMX MPEACTABICHUSIX
0 CBSI3M M3MEHEHWH HaNpspKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS BOJOHA-
CBINICHHBIX TOPHBIX MOPOJ U PEKHUMa IMOJA3EMHBIX BOI. Ilo JaHHBIM, IIPEa-
cTaBJeHHBIM B pabote [Roeloffs, 1996], ne menee 80-90% sddexToB B mos-
3€MHBIX BOJaX, KOTOPBIC INEPBOHAYAIBHO OTHOCHUJIIMCH K INPCABECTHUKAM,
BITOCTICICTBUY OBLIM MPU3HAHBI MPOSBICHUSIMH BO3JEHCTBHSA OPyTruX (hax-
TOPOB, B YaCTHOCTH, OCAJIKOB, JIN0O apTedakramu. [ToaToMy Bompoc o goc-
TOBEPHOCTH THAPOTEOJUHAMUYIECCKUX IMPEABECTHUKOB, UX OCOOCHHOCTAX H
MacmTabax IMpPOSIBICHUS B 3aBHCUMOCTH OT IapaMeTPOB 3EMIICTPSICEHHH,
SIBIISIETCSI OTKPBITHIM JI0 HACTOSIIIIETO BPEMEHH.
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®DaxTOp BIUSHHUA CEHCMHYHOCTH HA PEXHUM ITOJ3EMHBIX BOJ, pac-
CMaTpUBAEMbIl KaK COBOKYITHOCTH OTAEIBHBIX 3€MIIETPSACEHUH M TIpoIiec-
COB X TIOATOTOBKH, BO3JEHCTBYET HA TOA3EMHBIE BOJBI 33 CUET U3MEHEHUS
HaTPSHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS BOJOBMEIIAONINX TOPHBIX
moposi. CoOCTBEHHO 3eMIIeTpSCEHNE, BKIFOUaloiee 00pa3oBaHIe pa3phiBa U
U3IyYCHHE YNPYIHX CEHCMUYECKHX BOJH, UMEET MaIyl0 IMPOIOIDKUTEIb-
HOCTh (CEKYHIBI-MUHYTHI-ICCITKH MUHYT). [IpH 3TOM MPOUCXOIAT U3MEHE-
HHE CTaTUYECKOTO HAINPSXKEHHOTO COCTOSHHUS CPEAbl B OKPECTHOCTSIX ovara
U AUHaAMHUYCCKast ,He(l)OpMaLIl/Iﬂ HaCbIIICHHBIX T'OPHBIX IIOPOJ, COIIPOBOXK-
JIaloIIKecs KO- U MOCTCEHCMUYECKUMHU U3MEHEHUSIMU B PEKUME MO3EMHOMU
rugpocoepsl. 1o coBpeMEHHBIM TNPEICTABICHHUSM IPOLIECC HOATOTOBKU
CHJILHOTO 3€MJICTPSICEHHsI Pa3BUBACTCS UINTEIBHOE BPEMsl, COCTaBIISIONIEE
MECSIIBI-TOIBI-ICCATIIICTHS, H MOXET COMPOBOKAATHCSI U3MEHCHHUEM YIIPY-
TOTO COCTOSIHUSI HACBHIIICHHBIX TOPHBIX ITOPOJ, Pa3BUTHEM B HUX TPCIIUH-
HOW IMJIATaHCHUH, a TaKKe MUTparueil M (pa30BEIMH U3MEHCHUSAMHU MOPOBBIX
¢rou0B, TIepepacIpeeicHHeM WX JaBJICHUSA. JTH IPOLECCHl COTPOBOXK-
JAIOTCA M3MECHEHUSIMH THAPOINHAMHICCKUX U (PH3UKO-XUMHUYECKUX ITapa-
METPOB PEeKUMa CKBAXKHH, KOTOPBIE MOTYT HaJle)KHO (PUKCHPOBATHCS TOJb-
KO TIPH IIPOBEACHUH CIICIHATN3UPOBAHHBIX HAOIIOICHUH.

Heo0xoanMbIM 3TaroM pa3BUTHsI METOJIa YPOBHEMEPHBIX HaOItoz1e-
HUU B HeJIAX MporHo3a SGMHeTpﬂCGHI/Iﬁ ABJIACTCA JOCTOBEPHAA JUArHOCTHUKaA
H3MEHEHU N YPOBHA BOJbI IOA BIUAHUEM IMPOICCCOB IMMOJATOTOBKU U pEaJIN-
3aLUH 3EMIICTPSACCHUN WIH 2udpoceocelicMuieckux eapuayuii ¢ 0THO3HAY-
HBIM OTIpe/ICIICHUEM MX (DOPMBI, aMILUTUTYABI ¥ TPOIOJKATEIEHOCTH Pa3BH-
THs. B 3TOM ciydae ruaporeoceicMIYeCKUe BapHallii YPOBHS BOJIBI MOTYT
CITY’)KUTH TOKA3aTEeISIMU e(POPMOMETPUICCKON TYBCTBUTEIHHOCTH HAOIIFO-
JATETbHBIX CKBAXHH. OHU TaKXKe SBISIOTCS ¢IWHCTBCHHBIMH JIOCTYITHBIMH
JUI M3YYCHHUS TPOSBICHUSAMH CIEIUPUUSCKUX THAPOTCOAHMHAMHYECKUX
MPOIIECCOB B PEATBHBIX CHCTEMAaX «CKBa)KMHA — BOJOBMEIIAIONIAS TOPOIay
0T BO3/IeCTBHEM (paKTOPOB CEHCMUIHOCTH. MaTeMaTHIeCKOe MOICTHPO-
BaHHE JOCTOBEPHO BBIABICHHBIX THAPOTCOCEHCMHUYICCKUX BapHaIlid C yde-
TOM (UIBTPAIMOHHBIX M YIPYTHUX MapaMeTpOB BOJOBMEMIAIONINX HOPO,
TEXHUYECKOTO CTPOEHUS CKBAKUHBI, 3 (HeKTa HHEPITMOHHOCTH BOJJOOOMEHA
MEXIy CTBOJIOM CKBa)XHHBI M BOJOBMEIIAIONINMHY OPOJAAMH SBIIETCS Of-
HUM 3 HanOomee 3(QHEKTUBHBIX CITOCOOOB OMMCAHUS TaKUX (HIIOWI0IUHA-
MHYECKHX IIPOIIECCOB B CpeJie CEHCMOAKTUBHBIX PETMOHOB Ha CTaIHsIX I10]1-
TOTOBKH W PEaTn3alui CHIBHBIX 3¢MIICTPSCCHHUIA.

AKTyalbHBIMH HAYYHBIMH 3aJa4aMH Pa3BUTHS METO/a YpOBHEMEp-
HBIX HaOJIIO/ICHUH Ha COBPEMEHHOM OJTalle, XapaKTepU3yHoLeMcsl BHeIpe-
HHEM IU(POBBIX aBTOMATU3UPOBAHHBIX CPEJICTB PETUCTPAILMH YPOBHS BO-
JbI, ABJISIOTCA:
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— YCTaHOBJICHHE 3aKOHOMEPHOCTEH W OCOOEHHOCTEH MPOSIBICHUS
THIPOTEOCEHCMIYECKUX BapHaIliil YPOBHS BOJBI, B MIEPBYIO O4Yepenb, THA-
POTeOANHAMHYECKIX HPEABECTHUKOB, B 3aBUCHMOCTH OT MapaMeTpPOB 3eM-
JETPSICCHUHN ¥ JIOKAIBHBIX THIAPOTEOJOTHYECKIX YCIOBHI;

— pa3paboTKa METOOJIOTHH TIOCTPOCHUS MOJIENICH pa3IIHBIX THIIOB
THIPOTEOCEHCMITUECKIX BapHalUii YpOBHS BOIBI B PEANBHBIX CHCTEMAax
«CKBaXMHA — BOJOBMEINAIOIAs MOPOJa» MOJA BIMSHUEM CEHCMHYECKHX
(axTopoB;

— CO37aHKHE CIOCOOOB OLIEHKH Ae(OPMOMETPUYECKHX CBOWCTB OT-
JIeNIbHBIX HaOJI0aTeIbHBIX CKBXXUH M MH()OPMATUBHOCTH TUIIPOTeOMHA-
MUYECKUX MPEJBECTHUKOB JUJIsl TPOTHO3a 3eMIICTPSACCHUH.

OCHOBY peLIeHUs 3TUX 3aJlau COCTABISIOT CHCTeMaTH3anus u 0000-
IICHHE NaHHBIX MHOTOJICTHHX CICIHAJIIM3UPOBAHHBIX YPOBHEMEPHBIX Ha-
OIF0ICHAH B IIBE30METPHUECKUX CKBAXKHHAX B CEHICMOAKTHBHBIX PETHOHAX.

Ha KamuaTke ypoBHEMepHBIC HaOMIOCHHS C ENBI0 MTOUCKA THAPO-
reoIMHaMUYECKUX NPEABECTHUKOB 3€MJIETPACEHUN mpoBomsaTcs ¢ 1978 r.
B 1978-1986 rr. Unctutyrom Bynkanonoruu JABHI[ AH CCCP u Kamuat-
CKOHM OIBITHO-METOJMUYeCcKol cedicMmonoruueckoir maptueir (KOMCII)
8 ckBaxuH B paifone T. IlerponaBioBcka-KamuaTtckoro u moc. IlayxeTtka
6511 000pYyIOBAaHBI MTOTIJIABKOBBIMHU CAMOIIMCIIAMH YPOBHS BOAbI «Bannaii»
u I'P-38 ¢ HenenbHBIM YacOBBIM 3aBOJIOM U 3alMCHhIO BapHallUi YPOBHS Ha
Oymary. Ha ckBakMHax Tak)ke NPOBOJIWIIACH PErHCTpaLusl aTMOC(HEpHOTro
JIaBJIeHUs ¢ TIOMOIIbI0 OaporpadoB M eKeHeJAeNbHBIM KOHTPOJb TITyOHHBI
YPOBHSI BOJBI THAPOTCOIOTHYCCKON XJIOMyIIKo#. TOYHOCTh peructpamnuu
ypoBHst coctaBsia +1.0-0.5 cMm, atmocheproro maeimenus — 1 rIla. B pe-
3yJbTaTe OBLIM MOJIYYEHBI HENPEPHIBHBIC HENIEIbHBIC 3aIIMCH YPOBHS BOJIBI
MO PsSiAy CKBAXKUH, HO NPUHATAs NEPUOJAUYHOCTb NPEJCTaBICHUS YpOBHE-
MEpHBIX JaHHBIX COCTaBIsNa OJUH pa3 B CyTKU. CyTOUHBIE JaHHBIE ypPOB-
HeMepHbIX HaOmoneHuit Ha ckBakuHax HUC-1 u E-1 ¢ 1982 mno mepsyro
nmosioBUHY 1993 TT. 0myOIMKOBaHEI B €KeKBapTalbHBIX bromerensx Kam-
YaTCKOTO TTOJIUTOHA IO MIPOTHO3Y 3EMIICTPSICEHUI U M3BEPKEHUN BYITKAHOB.

C HCcToNIb30BaHUEM TaKOH YIPOIICHHON METOAMKH OBUIH TTOYyYEHBI
BPEMEHHBIE PSAABI CYTOYHBIX M3MEHEHUH YPOBHS BOABI, B KOTOPHIX (PUKCH-
POBAINCH CE30HHBIC W O0apOMETPUUECKHE BapHallui, TEXHOTEHHBIC d(dek-
THI 3KCIUTyaTauy [1ayXeTcKoro MecTOpOXIeHUS TepMalbHBIX BOXI. [ mapo-
reocelicCMU4ecKue BapHallMd B CBA3W C CHIbHBIMU (M, > 6.6) ObuH
BEISIBIICHBI PETPOCHIEKTHBHO TOJBKO B M3MEHEHHSIX YPOBHS BOIBI B CKBAXKH-
He E-1 [Konsirosa, 2001].

HoBrrit 3Tam pa3BuTHs ypOBHEMEPHBIX HaOJIONEHUI CBS3aH C pea-
nuzanuedt denepanbHOM 11€J€BON MPOTpaMMBbl Pa3BUTHA CEHCMOJIOTHYE-
ckux HabOmromeHmnit u mporHo3a 3emierpsicenuit (OLII «Pa3sutne ®CCH B
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1995-2000 rr.»). HabmroneHus Ha CKBa)KWHaX ObUTA BKJIIOYCHBI B TIEPEUCHD
KOMIUIEKCHBIX HaOJIOACHUH, HaNpaBICHHBIX Ha OOECHEeueHHE IPOTHO3a
CHIIBHBIX 3emiteTpsiceHnii Kamdarku. B Tabmiwie oTpakeHbl OCHOBHBIE Me-
POTIPUATHS TIO PA3BUTHIO HAOIIONATEIBPHONW CETH M METOJHUKH 00pabOTKH
JTAaHHBIX YPOBHEMEpHBIX HaOmoaeHnit B 1987-2011 rr.

B 1996-1997 rr. ckBaxkunsl E-1 u FO3-5 6puti 000py0BaHbI CHCTE-
MaMH IU(GPOBOM pervucTpalii YpOBHS BOJBI M aTMOC(EPHOTO JaBIECHHS C
HNepUOINYHOCTEI0 10 MMH M HaKOIJICHHEM JaHHBIX Ha TBEPAOTEIbHYIO Ia-
MATh [Barecma, Konwinosa u dp., 1999; Konwvinosa, 2001, 2006; Konvinosa,
Jhobywun u dp., 2000, 1997]. B stux padorax mpunuman ydactue MHcTu-
TyT ¢uzuku 3emun PAH, npenoctaBuBiInil Ba KOMIUIEKTa anlapaTypsl B
coctaBe qu((pepeHInaNbHBIX JaTYMKOB JIABICHHUS C YaCTOTHBIM BBIXOJIOM
JA, 1Y u reopuzugeckoro m3meputenbHoro npudopa 'NII-3.

[Tpumenenne cucteMsl IH(GPOBOI PETHCTPAIIMN YPOBHSA BOIBI U aT-
MOC(EpHOTO [JaBleHUS O00ECIeYnBaAJI0O YyBCTBUTEIBHOCTh PETHCTPALMN
u3MeHeHu! ypoBHs Boasl £0.2 cMm, atMocheproro nasmenus — +0.1 rlla.

B 2000-2001 rr. cucrema HaOmoneHnii Ha ckBaxxknuax E-1 u 103-5
ObUTa MOJIEPHU3MPOBAHA ITyTEM 3aMEHbl TEXHHUYECKH yCTapeBILIeH ammapa-
TYpBI YHUBEPCAIbHBIM perucrparopoM Kenp-A2 ¢ ynbTpa3ByKOBBIM JaTUH-
KOM YpOBHS BOJIbI M JaT4rkoM atmocdepHoro aasieHus (OOO IlomuHoM,
r. XabapoBck). IlpuMeHeHue 53TOH ammapaTyphl MOBBICHJIO TOYHOCTb
HU3MEepeHui Bapuanuii ypoBHs Boxsl 10 £0.1 cM, atMocdepHOTO TaBICHUS -
10.1 rlla.

OO0ecrieueHne HEMPEPHIBHBIX HaOMOAeHW Ha ckBakuHax E-1 u
1H03-5 ¢ 1996 no 2010 rr. ocymiecTBISIIOCh TPYNION reoU3nYecKux Ha-
omonennit KO ®UILL EI'C PAH. OcHoBHo#f 00beM paboT mo obopynosa-
HHIO CKBaXWH W 10 MPOBENCHHIO  HAONIONEHHH  BBIMOJIHEH
A.A. CmupaoBBIM. CO0p 1 00paboTKa YpOBHEMEPHBIX MaHHBIX HPOBOIH-
mick B naboparopun reopusnueckux uccnenosannii K@ OUI[ EI'C PAH
noJ pykoBoactsoM A.r.-M.H. [.H. KomnbuioBoil.

B 2005-2006 rr. na uyerslpex ckBaxknHax OAO Kamuarreonorus
TaKKe OB OPraHM30BaHBI U(POBEIE YpOBHEMEPHBIE HAOIIOICHNUS C Iie-
puoanmyHocThio 10 MUH ¢ ucmonb3oBaHueM cucteMbl Kemp A2 (panee ¢
2001 r. peructpaiys ypoBHS BOABI M aTMOC(HEPHOTO AaBJICHUS HAa CKBAXH-
Hax OAO Kamuatreosaorusi oCcymecTBIsUIach ¢ MEPUOIUIHOCTHIO OJTHO H3-
MEpEeHHeE B 4ac).

VYBenmuueHne MOTOKAa IAHHBIX, MOCTYMAIONMX C HaOMIOAaTeTbHBIX
CKB&)XHH, TpeOOBAJIO CO3/IaHHs aBTOMATH3MPOBAHHBIX CPeJICTB cOopa, 00-
paboTku m aHanm3a NaHHBIX HaOmomenwid. B 2002 r. B mpakTmky pabot
K® ®UIL EI'C PAH BHeapeHb! porpaMMHbIe CpeICTBa HHPOPMAIIMOHHOMN
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Beeoenue

cuctembl POLYGON, peanu3oBaHHONW B paMKax apXHUTEKTYphl KIWEHT-
cepsep Ha 6aze CYBJ] MySQL u mpenHasHaueHHOH 1 oOecredeHus! aB-
TOMAaTH3MPOBAHHOTO TOTIOJHEHUS LEHTPAIN30BAHHON 0a3bl JIaHHBIX KOM-
IJICKCHBIX Teo()U3MUECKNX HaAOIOIEHUH, UX XpaHeHUs, 00pabOTKH H Ore-
patuBHOTO aHanm3a [Konwinosa, Heanos u op., 2009; Konwirosa, Jlamuinos
u dp., 2003]. B cocrae IC POLYGON Bxoaut nporpamma DIAGNOS,
npeAHa3Ha4YeHHas Uil BU3yalu3aluu, oOpabOTKM M aHallu3a BPEMEHHBIX
psnoB naHHBIX HaOmonenuit [barecma, Konvinosa u op., 1999; Konwinosa,
Heanos u op., 2009; Konwvinosa, Jlameinos u op., 2003]. B mporpammy us-
TErpUpOBaH aJTOPUTM KOMIICHCAIIMU BIUSHUS (PAKTOPOB-IOMEX Ha H3Me-
HEHMd Uccienayemoro psa [Jlrooywun, 1993], ¢ ncnoiabp3oBaHHEM KOTOPOTO
OCYIIECTBIISIETCS] KOMIIEHCalUs bapoBapualyii B U3BMEHEHHSIX YPOBHS BOJIBI.

B pesymnbrate Habmogenuit B 1997-2010 rr. ObUIH 3aperucTpUpOBa-
HBl pa3HOOOpa3Hble I'MIPOreOCEHCMUYECKHE BapHalud YPOBHS BOABI IPU
CHJIbHBIX MECTHBIX 3€MJIETPACCHHUAX, BKIIOYAs MX THAPOT€OIUHAMIUECKHE
MIPEABECTHUKH, a TAKKe 3(PPEKTHI OT MPOXOKACHHUS CEHCMUUECKUX BOJH OT
CWIbHEHMIIMX YyJaleHHbIX 3emierpsiceHuil. B ckBaxune E-1, pacnosnoxen-
HoOil B 10 kM oT BynkaHa KopsikCkuid, NposIBISUINCH U3MEHEHUS! YPOBHS BO-
JIbl B CBSI3U C ero (pearo-MarMaTHIeCKuM HU3BEPKEHUEM M IPEIIIECTBYIO-
el CeCMUYECKON aKTUBU3aLUEH.

B mepBoif wactu MoHOTpauM NPUBOJUTCA ONHCAHUE THIAPOTEo-
ceiicMUYecKUX BapHalUil YpOBHS BOIBI, 3apETUCTPUPOBAHHBIX B HAOMIOA-
TenpHBIX ckBaknHax K® OUI] EI'C PAH (E-1 u F03-5) u OAO Kamuar-
reoyorust (1303, 1306, 1309 u 1311), gaercs uxX THIU3AIUSA, pacCMaTPHBa-
I0TCS. OCOOCHHOCTH X TNPOSIBJIICHHS! B 3aBUCHMOCTH OT ITapaMeTPOB 3eMJle-
TPSACCHUH, JIOKAIBHBIX I'€0JIOrO-THIPOTeOJIOTHUECKUX YCIOBUH M TEXHUYE-
CKOT'O CTPOEHHUSI CKBAXKHH.

Bo BrOpoit yacTn MoHOTrpaduM paccMaTpHBAIOTCS TEOPETHUECKHE
OCHOBBI ()OPMUPOBAHUS PA3IMYHBIX THUIOB I'MIPOre0CCHCMUIECKUX BapHa-
A B CHCTEMaxX «CKBa)KMHA — BOJOBMEIIAONIAs MOPOJa» W IMPUBOIITCS
HIPUMEpPBI UX MOAEIUPOBAHUS C UCIOIb30BAHUEM JAHHBIX HAOIOACHHH.
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rMABA | rMAPOrEOCEUCMUYECKUE
1 BAPUALIMN YPOBHA BOAbI
B CKBAXUHAX

CellCMHUUHOCTB, KaK COBOKYMHOCTb OTAENBHBIX 3eMIIETpsce-
HHUH ¥ TPOLIECCOB MX IOJIrOTOBKH, IPEJICTABISET YHIOT€HHBII T'e0JMHAMH-
yeckuil pakrop (HOpMHPOBaHUS pexHMa IMOA3EMHBIX BOJ M BO3IEHCTBYET
Ha TOA3EMHBIE BOJBI 32 CUCT U3MEHEHHUS HANPSUKCHHO-AE(OPMHUPOBAHHOTO
COCTOSIHUSL (QIIIOWAOHACKHIIIEHHON Treojorudeckoil cpensl [Kosanesckuil,
1973; Kuccun, 1982, 1993; [Tunnexkep u op., 1985; I'puy, 1986]. [Ipomomn-
KHUTEITPHOCTh OTAENBHBIX 3EMIIETPSCEHUI COCTaBIISICT CEKYHABI-MHHYTHI.
Ho nx BO3HHMKHOBEHHIO MPENNIeCTBYET JIUTENbHAS TOATOTOBKA [Coboes,
1993; I'onvoun, 2004, 2005; u Op.], KOTOpast MOKET COMPOBOXKIAATHCS YIIPY-
roit neopmaryeii BOJOBMENIAONIMX IOPOJI, Pa3BUTHEM B HUX TPEIIUHHON
JIMJIATAaHCUU; MUrpaLyei, pa30BbIMUA H3MEHEHUSIMU U IiepepaciipeielieHueM
JIaBJICHUS] TTOPOBBIX (DIIIOMIOB. DTH TPOLECCHl CONPOBOXKAAIOTCS Bapua-
LUUSIMU THAPOJMHAMUYECKUX MapaMeTPOB IMOJ3EMHBIX BOJ U MOTYT OBITh
JIMarHOCTUPOBAHbI NPU NPOBEJCHUM PEKUMHBIX HAOJIOJCHUN HA CKBAaXKH-
HaX. ['MIporeosornyeckuii MeToJ MOHHTOPHHIa 3eMHOW KOpbl [Kuccuw,
1982, 1993], paspadorannsiii B MacTuTyTe Qumsuku 3emmm PAH, u meton
MoHHTOpHHTa THaporeoaedopmarmonsoro moist 3emmn (I'Td-mons), pas-
pabotannsiii B0 BCETUHI'EO [Bapmanan, Kynukos, 1982], 6a3upyrorcs
Ha YyBCTBUTEIBHOCTH IOJ3EMHOM rHApocdepsl K M3MEHEHUSIM HalpsDKeH-
HO-71e()OPMHUPOBAHHOTO COCTOSHHS HACBIIIEHHBIX TOPHBIX MTOPO/I.
B 70-90-x rr. XX Beka ObUIM 0OHapyKEHBI pa3HOOOpa3HbIC N3MEHe-
HUS B PEXMME TOJI3EMHBIX BOJ TOJ] BIUSHUEM 3eMIETpACeHul [Botimos u
op., 1972; bapcykos u op., 1979, Baxuma, 1984; u op.]. Ilo Bpemenu mnpo-
SBJICHNS OTHOCUTEIHHO MOMEHTA 3€MIICTPSCCHHS OHHU Pa3JIeNsiIiCh Ha 2uo-
pozeonoauyecKue npedgecmHUKU — N3MEHECHUS B PEXHUME TTOJ3EMHBIX BOJ
Ha CTAIMsIX HOATOTOBKH 3€MIICTPSICEHHUH, N N3MEHEHHS B MOJI3EMHBIX BOJaX
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1.1. Habmooamenvhas cemo

BO BpeMsI M TIOCTIE 3eMIIETPACEHHH (KOCEHCMHUUECKHe W TIOCTCEHCMUYECKHe
s dextnr) [Kuccun, 1982; [unnexep u op., 1985]. Cpenu ruaporeosiornye-
CKHX TIPEIBECTHUKOB OBLIHM BBIACICHBI 2u0po2e0duHamuyecKue npeosecm-
HUKU, TIPOSIBITIOIINECS B M3MEHEHUSIX THAPOIWHAMHYECKHX ITapaMeTpoB
HNCTOYHMKOB M CKBaXXHH — YPOBHEW BOJIBI, TaBJICHNUS, IEOUTOB.

YrmyOneHHOE WCCIENOBaHWE BIHSHUS CEHCMHUYHOCTH Ha PEKHM
MOJI3EMHBIX BOJ| HANPaBJIEHO Ha pa3BUTHE THAPOTEOJIOTMYECKOTO0 METO]a,
Kak dJIeMEHTa Te0()M3NIECKOr0 MOHUTOPUHra CEHCMOAKTUBHBIX PETHOHOB,
a TaKKe Ha pelieHue 3a1a4u d(QQPEKTUBHOIO UCIOIB30BaHMS THAPOre0sIo-
IMYECKUX MPEJIBECTHUKOB JUIsi TIPOrHO3MPOBaHMs 3emiieTpsiceHnid. Kitoue-
BYIO POJIb B PEIICHUH ITHX 33/1a4 UMEIOT JJaHHbIE MHOTOJIETHUX CIELUaJIH-
3MPOBAaHHBIX HAOJIOJIEHUI Ha CKBa)XMHAX B CEWCMOAKTHBHBIX paioOHaX.
[onaTne «crenManM3UPOBAHHBIC HAOIOJACHUA» BKIIOYACT: HETPEPHIB-
HOCTh W W3BECTHYIO TOYHOCTH PETHCTPALUU MapaMEeTPOB IOA3EMHBIX BOI;
MIPUMEHEHHAE METOA0B 00paOOTKH BPEMEHHBIX PSAIOB JAHHBIX HAOIOICHIH,
BKITIOYAMOIINX y4YeT W KOMIICHCAIMIO (PaKTOPOB-TIOMEX — aTMOC(EpPHOTO
JTABJICHUS, TIPUIABOB, OCAIKOB, MPOLIECCOB BOAHOTO MUTAHUS, TEXHOTCHHO-
TO BO3ICHCTBUSA W Jp.; aHAU3 BO3JCHCTBUS 3eMIICTPSACCHUI Ha M3MCHEHUS
pErUCTPpUPYEMBIX IApaMETPOB C  BBIJECJICHHEM XapakTepHBIX THIIOB
THIPOre0CeHCMUYECKIX BapHalllii, COOTBETCTBYIOIMX (hakTopaM ceiicMu-
YEeCKOro BO3JCUCTBUSI — MPOLIECCaM IMOJTrOTOBKH 3eMJIeTpsiceHHui, 00pa3o-
BaHMs Pa3pbIBOB B 0Yarax M pacnpoCTpaHEeHUs cefiCMUUECKHUX BOJH [Konbi-
n06a, 2005].

1.1 | HABNIOOATENBHASA CETb

Ha puc. 1.1 npuBoauTCcs cxema pacroioXeHHs IIeCTH CKBa-
KHH, B KOTOPBIX NPOBOIWINCEH 10-MUHYTHBIC HAONIOICHUS 32 M3MEHEHHSI-
MH YpOBHS BOABI W aTMOC(EpHOTO NaBICHUS W OBUIN 3aperuCTPHUPOBAHBI
pasnuyYHBIE THITBI THApPOTEOCEHCMHUYECKHX Bapuanuid. B Tabn. 1.1 gama
THIPOTEOJIOTHYCCKAsT M TCXHUYCCKAs XapaKTCPUCTHKA HAOIIOIAaTEIBHBIX
CKBa)XHMH. BoJIonpoBOIMMOCTH BOJOBMEUIAOMINX Opo 7' OlleHUuBajiIach Mo
JTAHHBIM OTKAuYeK U SKCIPECC-HAIMBOB B CKBAKUHBI.
Kak crnenyer u3 Ta0:1. 1.1, HaOMOMATEIBHBIC CKBAXKUHBI PA3THYAIOT-
s TI0 KOHCTPYKLMH, JINTOJIOTUYECKOMY COCTaBy U (DMIIbTPALIMOHHBIM CBOM-
CTBaM BOJIOBMEHIAMONIUX MOPOJa. Bce CKBaXKMHBI BCKPBIBAIOT HAIOPHBIC
mo3eMHbIe BOABL. [ISTh CKBa)KMH BCKPHIBAIOT BOJOBMEIIAIOIINE TTOPOJIEI,
coleprKame Cla0OMHUHEpAIM30BaHHBIE TOA3EMHBIE BOABL. IlopoBo-
TPEIMHHBIA (O] B TOPOJaX, BCKPHITHIX CKBaKUHOM E-1, comepxut Bo-
Iy ¥ Ta3 METaHOBO-a30THOTO COCTABA.
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Puc. 1.1

CxeMBbI pacoNoKeHust CKBaXXUH (A4) n ux crpoenue (b): cepbIM IBETOM
BEIJICTIEHB! O0JIACTH CBSI3M CTBOJIOB CKBAXKHMH C BOJJOBMEIIAIONINMH I10-
pOJaMu; BepPTHKAIEHBIE CTPEIIKH 0003HAYAIOT ITOJI0KEHNUE YPOBHS BOIBI
B CKBa)XMHAX. 3Be3JlaMM IOKa3aHbl SIUIEHTpPBI 3emieTpscenuil Kpo-
Houkoro 05.12.1997 r. u Omoropckoro 20.04.2006 r.
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1.1.1. MeToauka o6paboTkmn AaHHbIX

PexxuM mo3eMHBIX BOA MTOIBEPKEH M3MEHEHUSIM BCIICICTBUE
BO3/IEIICTBUSI KOMIUIEKCA IK30TCHHBIX M AHIAOTeHHBIX (pakTopos. Ilo Tumy
BO3ICHUCTBUS PSKUMOOOPa3yommx (HakToOpoB Ha MOA3EMHBIE BOIBI HaOIIIO-
JlaeMble M3MEHEHUS TOJIPa3/IeIsIIoTCsl Ha JiBe IPYINbL: 1) CBA3aHHBIE C H3-
MEHEHHEM KOJIMYECTBA M KaueCTBa IOA3EMHBIX BOJ B pe3yjbTaTe UX ecTe-
CTBEHHOT'O M MCKYCCTBEHHOT'O TIHMTAaHUS WJIM PACXOJOBaHUS (THAPOJIMHAMH-
4yeckue); 2) CBS3aHHBIE C W3MEHEHHEM HalpsDKEHHO-Ae(OPMHUPOBAHHOTO
COCTOSIHUSL BOJOBMeNIAOMKX Mopoa (reomuHamuyeckue) [Koesanescxutl,
1973; OcHoBbI ruaposorui..., 1983]. I'mapomereoposornieckie GpakTopsl
(BBIIaIeHNE OCA/IKOB, TasHUE CHETa W JIp.) PEryIHPYIOT HHOWUIBTPANOH-
HOE ITUTaHKE MOJ3EMHBIX BOJI M 10 THITYy BO3AECHCTBUS OTHOCATCSA K TMIPO-
quHaMudecknM. CeHCMHUYHOCTh M JIPyTHe T'eOJANHAMUYECKHE MPOLECCHI,
NPWINBHBIE CHJBI MEXIUIAHETHOTO B3aMMOJCHCTBHS, OKEaHWYECKas Ha-
Tpy3Ka, BapHaIK aTMOC(HEPHOTO JaBICHU, HArpy304HbIi 3(h(HEeKT 0canKoB
U IpyrHe Harpy3Kd Ha KPOBJIO BOJOHOCHOTO IUIACTa OKa3bIBAIOT T€0UHA-
MHUECKOE BO3/ICHCTBUE Ha HATIOPHBIC IOA3EMHBIE BOJIBI.

JlaHHbIE YpOBHEMEpHBIX HAOJIOJICHUH HPEICTABISIOT BPEMEHHBIE
psinbl. X 06paboTka CBOAMTCS K OpraHu3aiuu cOopa, XpaHeHHs, IOIOJIHe-
HUSI U TIPENICTABJICHHs JTaHHBIX HAOJIIOACHHH C MPUMEHEHHEM KOMIIbIOTEp-
HBIX CPEJCTB U K BBIJIEJICHUIO MOJIE3HBIX CUTHAJIOB Ha (hoHe nomex. B kave-
CTBE IIOJIC3HBIX CHUTHAJIOB PAacCMaTPUBAIOTCS THAPOTreoceiicCMUYEcKHe Ba-
puarun ypoBHs Bogsl. B K@ OUIL EI'C PAH cbop, xpaHeHne u BU3yalu-
3aIisl yPOBHEMEPHBIX MaHHBIX OCYIIECTBIISICTCS C HCIIOJNB30BAHHUEM HH-
¢dopmarmonnoit cucremsl POLYGON B cocraBe 0a3wl JaHHBIX HaOIIOZIE-
wuit (Bl) u mporpaMMHBIX CpeICTB IS MOMONHEHHs U Beaenus bJl, oOpa-
OOTKH W TpapuUECKOro MpeICcTaBleHUs AaHHBIX [Konwiiosa, Heanos, Ka-
cumosa, 2009; Konwvinosa, Jlamvinos, [lanmwoxun, 2003].

I'uaporeoceiicMuueckre BapHaly MPEICTABISIOT CUTHAJIBI B U3Me-
HEHUSIX BPEMEHHBIX PAJOB YPOBHS BOJbI, BBI3BAHHBIC OTAEJIBHBIMHM, IIpeE-
UMYIIECTBEHHO CHIBHBIME (M, >5), 3emnerpsacenuamu. [loaromy ananus
N3MEHEHHH YPOBHS BOJBI MPOBOIWICS BO BPEMEHHBIX OKHAaX JJIMHOW OT
CYTOK /IO TIEPBBIX JIET, BKIFOUAIOIINX ONPEICICHHOE 3eMIIETPSICEHHE.

BaXHBIM NPUHINNOM IIPU BBIIEICHUN T'MIPOTEOCEHCMUYIECKUX Ba-
pHanuii ypoBHS BOIBI SBIAETCSA WHAMBUAYAIbHBIH NMOIXOX K 00paboTKe
KaXXIOTO BPEMEHHOTO psAga. ITO OOBSICHAETCS 0COOEHHOCTIMH (HOPMHUPO-
BaHMA THUAPOAMHAMHYECKOTO PEXHMMa Ka)KJOH CKBRXHHBI B MHOTOJIETHEM
pas3pe3e BCIEICTBUE Pa3Inyus JIOKATBHBIX PEXUMOOOPa3yIOMNX YCIOBHUH,
a TaKKe OCOOEHHOCTSIMM M3MEHEHHS! YPOBHS IIOJ BJIMSHHEM KOMILIEKCa
pexxrMoo0pasytomux GpakropoB. Bo3MOXKHOCTb BbIJIENEHUS] THIPOreoceiic-
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MHYECKHX BapHaIli Taxke OMpeesieTcs CTENEHBIO 3alTyMICHHOCTH Bpe-
MEHHBIX PS/IOB BCIEACTBHE BO3ACUCTBHUS HecelcMHYecKnX (HaKTopoB, a
TaKXXe YyBCTBUTEIFHOCTHIO M HHTEPBAIOM PETUCTPAIH YPOBHA BOALL. [Ipn
MIPOBEACHUH YPOBHEMEPHBIX HAOIIONEHUH ¢ IepHOANIHOCTRIO 10 MUH BO3-
MOJKHOCTH JIJIS1 BBIJICJICHUS CUTHAJIOB CEHCMUYECKOTO BO3JICHCTBHS B BBICO-
KOYaCTOTHOH OOJIACTH CYIISCTBEHHO PACHIMPSIOTCS, MO CPABHEHHUIO C JaH-
HBIMH PETHCTPalUY B AUAIa30HE OT CYTOK JI0 OJHOTO Yaca.

B kauecTBe momex paccMaTpHBalOTCS M3MEHEHUs YPOBHS BOJBI, BBI-
3BaHHbIe (pakTOpaMu HeCcEHCMUUECKOM NPUPOABI, OHU YCIOBHO Pa3JIeistoT-
Csl HA JJIMHHONEPHO/AHbIE (MHOTOJIETHUH TPEHJI, CE30HHOCTh) U HA OTHOCH-
TEJILHO KOPOTKOIEpHOIHbIe (OapomeTpuueckue Bapuanuu, 3(dexTsl oca-
KOB, IIPHJIMBHBIE BapHaluu U Jp.). OTCYTCTBUE TEXHOTCHHOTO BIMSHHUS HA
peXUM HAOIIOATEIBHBIX CKBKUH MO3BOJIIET PAaCCMaTPHUBATH TOJIBKO €cC-
TECTBCHHBIC MOMEX000pa3yromnie (GakTopbl. Bo3meiicTBre SHAOTEHHBIX H
SK30TCHHBIX  (PaKTOPOB HAa  COCTOSHHE  CHCTEMBl  «CKBa)kKHHA —
BOJOBMEIIAIOMIAS TIOPO/Ia» BEI3BIBACT COOTBETCTBYIOIINE OTKIMKU (CUTHA-
JBI) B M3MEHEHHSAX YPOBHs Bojabl. Hambonee 3HAUMMBIMH OTKJIMKAMH He-
celicMUYIEeCKOH MTPUPOIBI COMPOBOKAACTCS OAPOMETPUIECKOE U MPIIUBHOE
BO3/IeiicTBYE, a TaKOKe HArpy304HbIid 3Q(eKT OT BbINaieHHsI OCAIKOB.

HccnenoBanue 6apoMETPHYECKOrO OTKIIMKA YPOBHS BOJIbI IPOBOJIH-
JIOCh C MCTIOJIb30BaHHEM KPOCC-CIIEKTPAILHOTO aHaIM3a YaCOBbBIX BapHalUii
ypoBHA u atMocepHoro nasieHus [Konsinosa, 2006; Konwvinosa, bopmo-
mosg, 2004; Konovirosa, Kynuxos, Tumogees, 2007 u op.]. OCHOBHOI Xapak-
TEPUCTUKON 0apOMETPHUYCCKOTO OTKJIMKA YPOBHS BOJBI SBIISICTCS BETHYUHA
OapomeTrpudeckoil dPPeKTHBHOCTH Ep,, paBHas OTHOIICHHWIO aMILTHTY.IBI
N3MEHEHHH YPOBHS BOJbl AH K COOTBETCTBYIOLIEMY W3MEHEHHMIO aTMO-
chepHoro nasnenust AP: Ey,=AHy/AP, rne y— o0beMHBIH Bec Quironna
[OcHoBBI THApONOTHH. .., 1983]. TIpuMep oIeHKH TTapaMeTpoB GapoMeTpHh-
YEeCKOT0 OTKJIMKA YPOBHS BOJBI CM. pa3zaen 2.1.1.2.

[TpunuBHOI aHaMM3 JaHHBIX YPOBHEMEPHBIX HAOIIOACHWH IPOBO-
muicst o nporpamme ETERNA 3.0 [Wenzel, 1994] ¢ omnpenenenuem am-
IUTATYTHBIX (PaKTOPOB /ISl OTJCIBHBIX BOJH, U cABHTra (a3 MEXIy OTACIb-
HBIMHM BOJIHAMH B M3MEHEHHUSX YPOBHS BOJBI M COOTBETCTBYIOLIMMH KOM-
MOHEHTaM{ TPHJIMBHOTO T'PaBUTAIIMOHHOTO noreHuuana. [Ipumep npusims-
HOTO aHaJIu3a Bapualui ypoBHS BOABI cM. paszzen 2.1.1.3.

JlonroBpeMeHHbIE M3MEHEHUS! YPOBHS BOABI (TPEHJ, CE30HHOCTD)
OOBIYHO CBSI3aHBI C MPOLIECCAMH BOJHOTO MUTAHUS M Nepelladyd Haropa u3
o0sacTeil muTaHus B palloH CKBaKUHBI. Takue U3MEHEHHs YIUTHIBAINCH Ha
OCHOBE pe3yJIbTaTOB N3YYCHUS TOJIOBBIX (CE30HHBIX) H3MECHEHUH YPOBHS
BOJBI B OTHCIBHBIX CKBKMHAX 0 JAHHBIM MHOTOJICTHHX HAaOIOJCHUI
[Konwinosa, 2001, 2006; Konwiiosa, Cuzosa, 2010].
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Hwmxe paccMmarpuBaeTcs MeToauka oOpabOTKH JaHHBIX ypOBHEMEp-
HbIX HAaOMIOACHWHA IS BBIACICHHS THAPOTEOCEHCMHUYECKUX BapHaIllil
YPOBHS BOJBI C YUETOM MOCTOSHHO JEHCTBYIOMMKX (hPaKTOpPOB OapoMeTpuye-
CKOH M NPUJIMBHON Harpy3Ku, OCaJKOB U CE30HHOCTH.

BBenem 0003HaueHMST BPEMEHHBIX PSIOB, KOTOPBIE XapaKTEPU3YIOT
pasimunble cuTHANEI (puc. 1.2): A(t) — BpeMeHHOHW pA M3MEHEHHH aTMo-
cepHoro nasnenus;; U() — BpeMeHHOU psii M3MEHEHHH YPOBHS BOJIBI B
ckBaxuHe; Uy(?) — BpEMEHHOH psiJi N3MEHEHUH ypOBHS BOJBI C KOMIIEHCH-
poBaHHBIMU OapoBapuauusmMu; Uy(?) — BpeMeHHOU psii GapoMeTpHUYecKuX
Bapuanuii ypoBHs Bobl; Uy () — BpeMEHHOH psili HU3KOYAaCTOTHOI'O TPEH/A
B M3MEHEHHUSX YPOBHS BOIbI; Upy(?) — BPEMEHHOM psiJi BBICOKOYACTOTHOU
COCTaBIISIIOLIEH Bapuanuii ypoBHSI BOJbI, COJIEp KAl NMPUIMBHBIE Bapua-
MM W IOyM Pa3IHMYHOTO NPOUCXOXKICHUS. Mekay BpEMEHHBIMH PSIOaMu
BBITIONHSIOTCST cooTHOMEHUS: Uy () = U(t) - Ui(t) u Up(t) = Uy(t) - Up(2).

Komrmiencamus 6apoBapuanuii pOBOJUTCS Ha OCHOBE OIICHKH KOM-
IUIEKCHOM TepenaTouHoi (YHKIMK OT BapHalldii aTMOC(EpPHOTO IaBICHUS
K N3MECHEHHMAM YPOBHS BOJABI B CKOJIB3SIIEM BPEMEHHOM OKHE [J/T06yuiun,
1993]. Ui(t) ompenensercs kak cpemaHee 3HadeHue Uj(?) B CKOJB3SIIEM
BPEMEHHOM OKHE C 33JJaHHBIM IlIaroM 10 BpeMeHH. Pazmep okHa ycpeaHe-
HUSI IPUHAMAETCSI TAKMM, 4TOOBI OCYILECTBIISIIOCH MOJABICHUE 3EMHOIPH-
JIMBHBIX BapHalMi (JUana3oH UX MEepHoa0B cocTaiseT 12-27 4) u He mpo-
UCXOJMJIO UCKaKeHHe OoJiee HU3KOYACTOTHBIX BapHalui ypoBHa. Hampu-
Mep, IPU UHTEpBaJle PErHCTpPalMU YpOBHsS BOJIBI U aTMOC(EPHOTro NaBie-
HUSI, PABHBIM OJJHOMY 4acy, OILICHKa TPEHJa NMPOU3BOIUTCS B CKOJIB3AIIEM
BpEMEHHOM OKHe IMHON 48 4 ¢ maroM 1 4. IIpu 3TOM Tekylee 3HaUeHHE
Ui(t) OTHOCHIIOCH Ha TPaBbIil Kpail BPEMEHHOTO OKHA IIJIS JUArHOCTHKH
MIPEABECTHUKOBBIX CHUTHAJIOB, HE 3aTYIICBAHHBIX BO3MOXKHBIMU KO- M TOCT-
ceficmuaeckumu dpdexramu.

Homyuennste psamsl Uy(?), U(t), Uy, ACIONB3YIOTCS OIS BRIACTICHAS
THIPOr€0CEHCMUYECKUX BapHaliii YPOBHS BOJIbI, BEI3BAHHBIX OTJEIbHBIMU
3emueTpsiceHusiMu. Hanbosee clio)XHbIM MOMEHTOM B aHaiu3e psnoB Uy(t)
SIBIISIETCSI BBIJICTICHUE CHTHAJIOB N3MEHEHUS HarpspKeHHO-
J1e(OpMUPOBAHHOTO COCTOSHHS BOJIOBMEIAIOIINX TIOPOJI U3 CUTHAJIOB BOJI-
HOTO NMHUTAaHUSI U (OPMHUPOBAHUS 'MIPOCTATUYECKOTO HAINOPA IOA3EMHBIX
BOJI, T. K. IIOCIEJHHE, KaK IPaBHJIO, UMEIOT XapakTep IJIUTENBHBIX Tepe-
XOJHBIX TPOIECCOB. B 3aBuCHMOCTH OT yCIOBHil 3aneraHusi BOJOBMEIIA0-
XX TOPOA, UX M30JIMPOBAHHOCTH CIAO0OTPOHMIAEMON TOJIIEH M THAPAB-
JIMYECKOH CBSI3M C TPYHTOBBIMH BOJAMH, JPYTHMHU BOJIOHOCHBIMH TOPH30H-
TaMH B 00JacTAMU (OPMHUPOBAHUS HATIOPA U PA3TPY3KH, 3P (PEKTH BOIHOTO
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Puc. 1.2. Pesynbrarbl 00paOOTKH CpEIHEYACOBBIX JAHHBIX YPOBHEMEPHBIX Ha-
Omonennii Ha ckBaxkuHe F03-5 ¢ 26 mas mo 6 Hoa6ps 2003 r. [oscHe-
HHS CM. TEKCT
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nUTaHusd ¥ (OPMHUPOBAaHMA THAPOCTATHUECKOTO HANOpa B HM3MEHEHUSX
TPEH/Ia YPOBHS MOTYT OBITh Pa3IMYHBIMU — OT MX MPAKTHIECKOTO OTCYTCT-
BUSI IO OYEHB JUINTEIBHBIX U AMIUIUTYIHBIX BapHaLnil.

Kak npaBuiio, I3MEHEHNE TaBJICHHS OA3EMHBIX BOJI KOHTPOJIMPYET-
Cs1 Ce30HHOCTBIO MOCTYIUICHUS! HHQUIBTPAMOHHBIX BOA B 00JACTIX NMUTa-
HUSI 1 PEXHMOM BBITIAJICHAS XKUAKUX 0cagkoB. [loaToMy IaHHBIE O peKHMe
BBINA/ICHUsI aTMOC(EPHBIX OCAJKOB, KaK TEKYIIUX, TAaK U 32 MHOTOJETHHH
TIEpUO, SBIISTIOTCS HEOOXOAMMBIM JIEMEHTOM YPOBHEMEPHBIX HAOIIOACHUN
n 00paboTKK AaHHbIX. [IprMepsl BbIIEICHHS OTHOCUTENIBHO JOJITOBPEMEH-
HBIX THU/IPOTEOCEHCMHUYECKUX BapUalnil ypOBHS BOJIBI U COOTBETCTBYIOLINE
npueMbl 00pabOTKM YpOBHEMEPHBIX NaHHBIX MpPUBOJATCA B [Konwsiiosa,
2006; Konvinosa, Cuzosa, 2010; Konsiriosa, Cmonuna, 2010].

OTKJIMK ypOBHsI BOABI Ha BBINAJICHHE OCAJKOB MOXKET 3ara3lbIBaTh
110 BPEMEHHU, KOTOPOE 3aBHCUT OT MOIIHOCTH ¥ NMPOHHUIIAEMOCTH NEPEKPHI-
BAIOIIEH TOJIIH, & TAKXKE OT PACCTOSHHA 00JIACTH MUTaHMS MOA3EMHBIX BOJ
JI0 CKBXXWHBI. []0TIOTHEHNE MOA3EMHBIX BOJ (MX NMHUTaHWE) WHULUHPYETCS
TIOCJIE BBINAACHUS OIMPEACICHHOTO MOPOTrOBOTO KOJIMYECTBA OCAAKOB. Jlo-
TIOJTHUTEIBHO K 3aIla3/bIBalOIIEMy IOJABEMY YPOBHS, BBHI3BAHHOMY IOBBI-
LIEHHEM JaBJeHHs B O0JAaCTH MUTAHUS, OJHOBPEMEHHO C BBINAJACHHEM
0CaJIKOB MOJXKET HOSBISATHCS KPATKOBPEMEHHOE MOBBIIICHHE YPOBHS, CBS-
3aHHOE C YBEJIMUCHHEM JaBJICHUS Ha IEPEKPHIBAIOLIME TIOPOJIBI HEMOCPe/-
CTBEHHO B paiioHe CKBaxHHbI [Konwinosa, 2001, 2006]. IlogpsemMbl ypOBHS
BOJIBI C aMIUTUTYAaMHU 1-2 cM peryisipHo HabIomaroTcs B CKBaknHax Kam-
YaTKH BO BPEMs BBIMAJCHUS OOMIBHBIX (> 15-20 MM/cyT) TBEpABIX U KUA-
KHX OCa/IKOB.

VYpoBuu Boabl B ckBaknHax }03-5 u E-1 cinabo pearupyror Ha BbI-
NaJICHHE JKUJIKUX OCAJKOB. DTO YKa3bIBae€T HAa XOPOLIYIO M30JISIIHIO BOJO-
BMEIIAIONIUX MOPOA ¥ Ha CPABHHUTEJIFHO OOJBLIYIO YIAIEHHOCTh oOiacTel
IUTAaHHUS TOA3EMHBIX BOA. Takue ONaronmpusTHBIC YCIOBHS IIO3BOJISIOT
MPOBOAUTH JUATHOCTUKY THIPOTE0CCHCMHYECKUX BapHALMH YPOBHS BOJBI
B TEUECHHUE BCETO BPEMEHHU HAOIIOCHUI.

AHannu3 BBICOKOYACTOTHON COCTABILIIOIICH B HM3MEHEHHSIX YPOBHS
BOJIbI HAaNpAaBIICH HA BBIJCJICHNEC NHTCPBAJIOB BPEMEHH, B TEUCHHE KOTOPBIX
HaOronaeTcs yBeNMYeHHe aMIUIUTYIbl BapHanuil psuoB Uy, (GHUKCHpYO-
IIMX KOPOTKOIEPHOAHBIE H3MEHEHUs IOPOBOT'O JaBJICHUs, HE CBSI3aHHBIE C
MUTAaHUEM BOJOBMEINAIOIINX MOPOJ WM TEXHUIECKUMH NPUIUHAMH. Y Be-
JMYEHUE AMIUTUTYABl BBHICOKOYACTOTHBIX BapHallMi ypOBHS HaOuomaeTcs
IIPU KOCEHCMHUYECKNX CKaukaxX YpPOBHS M APYruX 3(¢eKTax pe3Koro n3Mme-
HEHUS HaNpsDKEHO-Ae()OPMHUPOBAHHOTO COCTOSHHS BOJOBMEIIAIOIINX I10-
PO, HaNpHUMep, MPH MPOXO0KICHUN HU3KOYaCTOTHBIX MOBEPXHOCTHBIX BOJH
OT CHJIbHBIX yJAJICHHBIX 3€MJICTPSICCHUM.
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Hioke mpUBOIUTCS OMUCAHHE BBISBICHHBIX TMAPOre0CEHCMUYECKUX
Bapuanuii ypoBHs BOJ(bl HA OCHOBE NMPUMEHEHHS MPECTABICHHON METOH-
K# 00pa0OTKH TaHHBIX YPOBHEMEPHBIX HAOIIOICHUH.

1.2. OMUCAHME U TUMU3ALUA
M’MAPOrEOCENCMUYECKUX
BAPUALIUM YPOBHA BOObI

Onucanue THAPOTreOCEHCMUYCCKIX BapHUAIMi YPOBHS BOJIBI B
ckBaxknHax KamdaTtku mano B pabotax [Konwliosa u dp., 2000, 2007; Ko-
nwinosa, 2001, 2006; Konwvirosa, Cmonuna, 2008; u op.]. Hmwxe npencras-
JICHA WX KpaTKas XapaKTePUCTHKA.

1.2.1. Bapuauuun ypoBHs Boabl B ckBaxkuHe H03-5

IMo nannbiM HaOmopeHud B 1997-2004 rr. B HM3MEHEHHAX
YPOBHS BOJBI OOHApy»EHBI T'MIPOr€OCEHCMUYECKHE Bapuallu B CBSA3H C
JIEBITHIO 3eMieTpsiceHnsiMU (Tabi. 1.2). DTH Bapuauuu pasjiessioTcs Ha
YeThIpe THIIA C y4eTOM (DaKTOPOB CeHCMUYECKOro Bo3JeUcTBus [Konsirosa,
2006].

Tun I — rugporeoaunamuyeckuii npensectHuk KpoHoukoro semie-
tpsicenus 05.12.1997 r. (Kponorkoe 3emietpsicenne, naitee K3) (puc. 1.1).
[epen K3 nabmromanocs 0yxTooOpa3HOE TOHIKEHIE YPOBHS BOIBI B CKBa-
xuHe FO3-5 MporomKUTENEHOCTHIO OKOJIO TPEX HEJEIb, CHHXPOHHOE C I0-
HIDKeHUeM ypoBHS B ckBaxkuHe E-1 (puc. 1.3). [loHmkenune ypoBHe# B 06e-
X CKBaXXMHAX MPHUMEPHO COBMAJaeT MO BPEMEHM C IMpeIceHCcMUYecKUMU
nepememeHusiMu  GPS-cranmmit Kamuarckoil cetu, npencTaBiIsSIOIIMMU
nposiBJIieHuE  Je(OpMAallMOHHOTO TPEJIBECTHUKA 3TOTO  3eMIICTPSCCHUS
[Gordeev et al., 2001]. AMIITUTY]a TOHUKCHUS YPOBHS BOJBI B CKBOKUHE
F03-5 coctaBuna 11 cMm, B ckBaxkune E-1 — 1 cM.

Tun II — kocelicMu4ecKre CKauKd YPOBHsI BOJbI BCIICJICTBUE H3MeE-
HEHUSI CTaTHYECKOT0 HAINPSHKEHHOTO COCTOSHUS BOJIOBMEINAIOIINX IOPOJ
npu 00pa3oBaHUM Pa3pbIBOB B ovarax semuerpsiceHuid. [Ipn Bo3HMKHOBe-
HUM [IECTH MECTHBIX 3eMIIeTpsceHud (Tadi. 1.2) HaOmogammch CKadkd B
W3MEHEHHH YPOBHS BOJBI BO BpeMs 10-MHHYTHOTO WHTEpBaja, B TCUCHHE
KOTOpPOTO TpouCXoauio 3emiuerpscenHue (puc. 1.4). B dgerbpex ciydasx
YPOBEHb MOHIKAJCS, B ABYX CIydasX — MOBBIMAJICS. AMIUIUTYIBI CKaYKOB
Ah coctaBismu 12.0-0.25 cm. HampaBiieHue CKadkoB ONPEACISIeTCs Xapak-
TepoM OOBEeMHOW nedhopManuu BOJOBMEIIAIOMNX MOPOJA: TOHIKEHUE
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Inasa. 1. ['uopozeocelicmuueckue eapuayuil ypogHs 600bl 6 CKEAHCUHAX

S BUALUHIEN —,  :9MHEhIWH]]
0°¢ Al 0528 06 - 0€ 8L°S6 0€¢ £6:86:00 9CCIY0
ST0 II OLT 6P el 5% YL 091 YL'E€S Y1:€5:80 02e0r0
0c Al 0L91 €8 - LT X341 8L'1Y 90:06:61 §T60¢€0
€0 II 0€e 69 Lyl 061 yE091 0¢€'sS 10:80:CC 9190€0
90 II 0¢l 9P 0°€l S9 90°091 1€€s 16:61-:60 02C100
L1 11 S91 0L (4! L cL6S1 €6'1¢ 48541 80€066
0°1- II ovI 69 8¢l 1€ LE09T 18°C¢ 0-¥€:60 109086
001~ 111

0cI- I 1143 8L (9 01 667291 ¥9°¥S 16:9C11 SOCIL6
0TI- I

o 19708 ¥KHE0dA W

. yuunended Y g Uk 00:WI:hh

yv “ s wr . TTWNLI

o], ouHEOLOYed ‘W Y . AIehO € B
19709 KHE0dA qonqrred H ‘redl gwadg
puuneudes exurondonedey -1HOIOLHM | ‘[a1eHUrdood]
11 H00Z-L661 € S-SOI OHIDKEDID g 1970d KHI0dA KHHOHOWEH OUIIEedeIdd ‘KHHOOKAIOIWOg — "Z'T BNHIQR],

I''H. Konwsinosa, C.B. Bonouna

26
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Puc. 1.3. U3menenus ypoBHeil Boapbl B ckBaxkunax 103-5, E-1 u cmenienus GPS-
craniuii [Gordeev et al., 2001] Ha cTaguu moarotoBku KpoHorkoro
semuerpscenust 05.12.97 r., M,, = 7.8 (moka3zano crpenxoii): BKI, ESI,
KBG, KLU, TIG, MA1 — GPS-cranuun Kamuarckoii cetu; N — cMmerne-
nue B Hanpasneruu F0-C, E — cmemenne B Hanpasiennn 3-B. [opu3on-
TaIbHBIMH MTYHKTUPHBIMH CTPEIKaMH MOKa3aHO BPEMsl MPOSIBICHHS TH-
POTe0IMHAMHUYECKOTO TIPEIBECTHHKA B N3MECHEHHUSIX YPOBHEH BOJIBI
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Puc. 1.4. KocelicMuieckne CKaukM B M3MEHEHHH YPOBHS BOJBI B CKBaXKHHE
103-5 B MOMeHTEHI IecTH 3emieTpsiceHui (tabm. 1.2)
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YPOBHS BOABI (PUKCUPYET NePOPMALNIO PACIINPEHNS, TIOBBIIIICHAE YPOBHS
— C)KaTHe.

[TapameTpbl 3emiIeTpsACEHH, COMPOBOKAAIONTUXCS KOCEMCMUYECKHU-
MU CKauKaMH YypOBHS, ONHUCHIBAIOTCS 3aBUCUMOCTbIO M, > 0.004R + 5.6
(puc. 1.5). B [horouna, Konwinosa, 2008; Konwirosa, Cmebnos u op., 2010]
Ha mpuMepe ckBakuHBI KO3-5 mokazaHO, YTO MO JAaHHBIM YPOBHEMEPHBIX
HaOJIOICHUIT MOYKHO TOTy4aTh TOUCYHYIO OIICHKY 00BeMHOH KoceiicMude-
ckoit nedopmarmn. B cioygae K3 Bennumnaa oObeMHON nedopmarmu pac-
IIMPEHUS COCTABIISIIA 1.55-10° [Konvinosa, Cmebnos u op., 2010].

Tun I — yuTenbHOe MOCTCECMUUECKOe TOHUKEHHE YPOBHS BOJBI
nociie K3 mpogonxkanocs B TedeHue 3.5 MecsLEeB ¢ aMILTUTY 101 okoi1o 1 M.
3areM B Te4eHHUE JBYX JET HaOJIOJAIIOCH €r0 BO3BPAICHHE K MPEKHEMY
noyoxeHuto (puc. 1.6).

8.0 -

Maruutyaa, M,
o o o ~ I~
o o 3] o o
a1 I 1 5 1

o
o
M

4.5

0

MnoueHTpanbHoOe paccTosHue, R, Km

Puc. 1.5. Pacnpenenenue 3emnerpsicenuii ¢ My, > 4.5, mpou30IIEANINX BO BpeMs
HaOmoaenuit Ha ckBakuae F03-5 B 1997-2004 rr., B 3aBUCHMOCTH OT
UX TapaMeTpPOB: MArHUTYABl M, W THUIIOLEHTPAIBLHOTO PACCTOSHUS
R, xm: 1 — 3eMileTpsiceHHs], COIPOBOXKAABIIHNECS KOCEHCMUYECKUMHU
CKauKaMH YpOBHS BOABI (Tabi. 1.2); 2 — 3eMiIeTpsiceHnsI, B CBSI3H C KO-
TOPBIMH KOCEHCMHYECKHe CKauK{ YPOBHS BOJBI HE 3apETHCTPHPOBaA-
HBI. [IyHKTHpHAs TUHUS OTPAaHUYUBACT 00IACTh 3eMIIETPSICEHUH ¢ ma-
pameTpamu, COOTBETCTBYIOLUIMMU 3aBUCUMOCTU M,, > 0.004R + 5.6
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Puc. 1.6. JlonrospeMeHHbIE U3MEHEHHs YPOBHs BoAbl B ckBaxkuHe HO3-5 mocie
Kponoukoro 3emnerpsicenuss 05.12.1997 r., M,=7.8, R=316 km
(TI0Ka3aHO CTPENKOM): @ — U3MEHEHUs YPOBHS BOABI 10 JAHHBIM PErH-
CTpaluu; 6 — BbIJIEICHHbBIE TO0Basi CE30HHOCTh U JIMHEWHBIH TPEH[;
6 — OCTaTKM B U3MEHEHHUSIX YPOBHS BOABI MOCIE yJaJeHHs TOJ0BOM ce-
30HHOCTH ¥ TpeHa. | — ¢da3a noHmkeHns ypoBHs Bojsl, I — da3sa Boc-
CTaHOBIICHUS YPOBHS BOJBL

Takoit >QQeKT B M3MEHEHHUSIX YPOBHS BOABI OTPakaeT IOCIEI0Ba-
TEJIBHOE TIa[ICHUE W BOCCTAHOBIICHHE JABJICHUS MMOJ3EMHBIX BOI. B [horou-
Ha, Konvinosa, 2008, 2008a] mokazaHo, 4To HanboJice BEPOSTHBHIM MeXa-
HU3MOM ITOHIXCHHUS TOPOBOT'O JABJICHUS B OKPECTHOCTSIX CKBAXKUH SIBIISCT-
Csl JIOKAJIbHOC TMOBBINICHUE MPOHUIIAEMOCTH BOJIOBMEIIAOINUX OPOA HPH
CEHCMUYECKHUX COTPSCCHHUSX.

30 I''H. Konwsinosa, C.B. Bonouna



1.2. Onucanue u munuzayus 2uOPO2EOCeUCMUYECKUX 8apuayuil ypoeHs 600bl

Tun [V — xoneGanust ypoBHS BOABI IIPH MPOXOXKICHUN ITOBEPXHOCT-
HBIX CEHCMHYECKUX BOJIH OT CHIbHEMIINX YJaJIEHHBIX 3eMieTpsiceHuid. Ha
puc. 1.7 npuBoaUTCA 3amMCh BapHannii ypoBHS BOABI BO BpeMs Cymarpa-
AHpamaHckoro 3emierpsiceHus, My, = 9.0, R = 8250 kM, B CONTOCTaBICHUH C
3alIUChI0 BEPTUKAIBHBIX CMENIEHUH Ha celicMocTaHuuu [lerpomaBioBck
(PET), pacronoskennoit B 20 km ot ckBaxunbl FO3-5. Ceiicmudeckne BOJI-
HBI peructpupoBaiuch 6osnee 50-tu MuH: ¢ 1 4 10 MuH 10 mpumepHO 2 U.
AMIIUTY1a BEPTUKAIBHOTO CMelleHus: gocturana 2 cM [Konwinosa, boa-
ouna, 2007].

YpoBeHbL BoAbLl, CM

CwmeweHue, kaHan LHZ, m

2512 | 26.12

Puc. 1.7. W3menenust ypoBHs Bonsl B ckBakuHe F03-5 Bo Bpems Cymarpa-
Annamanckoro 3emiuerpscenus 26.12.2004 r., M,, = 9.0, R = 8250 km,
B COIIOCTAaBJICHUM C 3alMChIO CMElIeHMH Ha kaHaie LHZ, celicmo-
cranius llerpomasnosck (PET). Crpenkamu yka3aHel BapHaLUH
YpPOBHS BOJBI BO BpeMs BeTyruieHus P, S u L-Bonx
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Berymnenus P-sosta (01 1 10 mus 09 ¢) 1 S-Bosa (01 9 20 muH 49 ¢)
COIPOBOXKIATIKUCH KOJICOAHUSMHU YPOBHS BOABI C aMmIuiuTyaoi mo 0.5 cm.
Berymnenne L-Bomu (01 4 32 MuH 57 ¢) CONMpOBOXAAIOCH W3MEHEHHUSAMHU
YPOBHS BOIIbI C aMIUTUTYIOW HE MeHee 5 CM, 3aTeM B TCUCHHE MPHUMEPHO
JICBSITH Y4aCOB HAOJIOJAIMCH 3aTyXarollie KoueOaHus YPOBHS C aMILTUTY-
mamu  0.5-0.2 cm. OTHOIIEHHE MAaKCHUMaJIbHON aMIUIMTYIBl W3MEHEHHHA
YPOBHsI BOJIBI B CKBAXHHE K MaKCHMAaJbHOMY CMCIICHHIO MOBEPXHOCTH
3eMJIM BO BpeMsl IPOXOKIeHHsI L-BOJIH COCTaBIISLIO HE MeHee 2.5.

1.2.2. Bapuvauuun ypoBHA BoAbl B CKBaXXuHe E-1

IMo manubpiM HaOmoncHuit B 1987-1998 rr. B M3MEHCHUSAX
YpOBHSI BOABI B CKBaknHE E-1 BBISBIEHBI MOCTCEHCMHUYECKHE BapHaluu B
CBSI3U C TPUHAIATHIO 3eMJIeTpscCeHUsAMHU ¢ My, = 5.8-7.8 Ha THIIONEHTpAb-
HBIX paccTosHUSIX R = 100-320 kM.

[octceiicMuieckne M3MEHEHUS MPOSBILSIINCH B IDIABHBIX ITOBBIIIC-
HUSX YPOBHS BOZBI C aMIDIUTyAaMHu 3.7-29.8 cM M HpPOJOHKHUTENEHOCTHIO
9-90 cyT mpu xapakTepHbIX 3HadeHUsIX 45-60 cyT Aisi 3eMJIEeTpsSCEeHUui C
My~T (puc. 1.8). Ilepen 3emMueTpsICeHUIMA HAOIIOAATIOCH IPEUMYIIIECTBEH-
HOE MOHIKeHNE YpOoBHs BOAbL. [Ipu 3TOM mepes ceMblo Hanbosee CHIIbHBI-
MU 3€MIIETPACCHUAMU MOHIDKEHHE YPOBHSI BOJABI MPOUCXOJUIO C IOBBI-
IIEHHOHW CKOPOCTHIO, cocTaBistoniei < -0.07 cm/cyT. Takue MOHWKEHUS B
[Konwvinosa, 2001] BblaeneHbl B TUAPOTCOJUHAMUYECKUN IPeIBECTHHUK
CWJIbHBIX MECTHBIX 3eMJIeTpsceHuit ¢ My, > 5.5 (cM. pasgen 1.3).

Ha puc. 1.9 npuBogutcs auarpamma, Ha KOTOPOH B KOOpAMHATAaX
Ks—1gR, tne Ks — 3HEpreTHYECKHA KJIACC 3eMJICTPSICEHUH, TIOKa3aHbI CO-
obitust ¢ Ks > 11.0 B panuyce 450 km ot ckBakunsl E-1. 3xeck xe npuso-
JIUTCS] 3aBUCHUMOCTb, OTHMCBIBAIOIIAS HIKHIOIO TPAHUILy 00JIaCTH 3eMIIETpSI-
CEHHIA, CONIPOBOKIAIONINXCS THIPOTEOCEHCMIYECKUMH BapHAIIUSIMH YpPOB-
Hs Bogsl: K= 3.391gR + 6.22 (wmu My, = 2.511gR + 0.6).

C cepenunnl 2006 o nexadpb 2009 IT. B CKBOXXHWHE PETUCTPUPOBAII-
Cs BOCXOASANINHA TPEH/ MOBHIIIEHHUSI YPOBHS BOJIBI C aHOMAJIFHO BBICOKOH
ckopoctbio (puc. 1.10). IToseimenne ypoBHS Hadamoch 3a 1.9 roga mo Ha-
yana post 3eMieTpsceHUi (Kgyu = 8.3) B mpezaenax cyOMepuIHOHaIbHON
30HBI, BKJIIOUAlOIEH MOCTpodky ByinkaHa Kopskckuid, u 3a 2.5 roga no
ycuieHus: ero (pymMapoJjbHOW akTHBHOCTH. [loBbllIeHHE YpOBHS BOZIBI 3a-
KOHUYMJIOCH IPUMEPHO OJHOBPEMEHHO C OKOHUAHHEM POs 3eMJIETPSICEHUN U
(yMapobpHOW aKTHBU3AaLMHU BYJIKaHA. [IpoAoIIKUTENIBHOCTE aHOMAIIBHOTO
MOBBIIIEHUS YPOBHS BOJBI C aMIUTUTYA0H 1.22 M cocTaBmiia 0koio 3.5 net.

32 I''H. Konwsinosa, C.B. Bonouna
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Puc. 1.8. I'paduku mectn Hambolee CHIBHBIX IMOCTCEHCMUYECKHX HW3MCHCHHUI

YpOBHSI BOJBI B ckBaxkuHEe E-1: a — mo nanHbIM HaOmonexuit 1987-
1994 rr.; 6 — mo panubM HaOmoaeHuid B 1996-1998 rr. Ilpencrasie-
HbI ()parMeHTHl HOPMUPOBAHHBIX CPEJHECYTOUHBIX BPEMEHHBIX PAIOB,
OUMILEHHBIX OT OapoBapuanuii, BKmovaomux 30 cyT 10 3emierpsce-
Hus 1 120 cyT mocne 3emieTpsiceHus. BepTukanbHas THHUS MOKa3bl-
BaeT MOMEHTHI 3eMJICTPSICEHUIT
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Inasa. 1. I'uopoeeoceticmuueckue sapuayuil yposHs 800bl 8 CKEANCUHAX

Puc. 1.9.

Jlnarpamma, MokasbIBaromias 3aBUICHMOCTb H3MEHEHUH yPOBHS BOJIBI B
ckBaxkuHe E-1 OT BEeIMYIMHBI 3HEPTeTUYECKOTO KIJIACCa 3eMIIETPSICEHUI
K u runoneHtpansHoro paccrosHus R, kM. Kpecrukamu noka3aHbl
3eMJICTPSICEHUSI, COIPOBOXKAABIIHNECS IIPEl- U IMOCTCEHCMHYECKIMH
BapHaIMsIMH YPOBHS BOJBI (HOMepa 3emierpsiceHuil 1o [Konwinosa,
2001]). Pombamu noka3zansr 3emierpsicenus 1987-1998 rr. ¢ Kg>11.0
B paguyce 10 450 kM oT ckBaxkuHbI E-1, KOTOpbIE HE COMPOBOKAANUCH
HN3MEHEHUSIMU YPOBHS BOJIBIL.
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1.2. Onucanue u munuzayus 2uOPO2EOCeUCMUYECKUX 8apuayuil ypoeHs 600bl

-2550
-2570)
-2580
-2610)
-2630)
-2650
-2670
-2690

YpoBeHb, tM

OTMEYaNCcR Nenen B wreide

b a

—— |

e
ol

|
g
|
|
[
|

il

|
|
|
|
|
|
o

7]
' JHepreTUYECKMiA Knacc
3IeMNeTPACEHNIA
W o M~ 0 WD

1000
800

wr./mec
N o
S o o
S © o

|
|
|
|
|
|
|
|
| 6
|

|

W

LA -

(=]

|
|
|
|
|
|
|
|
—_ - —— FI__ -

Yucno zemneTpaceHmn

2005 2006 2007 2008 2009 2010

Puc. 1.10.

W3menenue ypoBHs Boxbl B ckBaxuHe E-1 B 2005-2010 rr. B comoc-
TaBJICHUM C Pa3BUTUEM CEHCMHYHOCTH U Napora3zoBod aKTUBHOCTU
BynkaHa Kopsikckwil: a — M3MEHEHHsI YPOBHS BOJBI 110 JaHHBIM ITH(D-
POBBIX U PYYHBIX M3MEPEHUH (MIPUBOIATCS B TIyOMHAX YPOBHS BOJBI
HIDKE OTOJIOBKA CKBa)KMHBI); TOPH30HTAIbHOW JHMHMEH IOKa3aH HH-
TepBaJl BPEMEHH ()PeaTHUECKOro M3BEP)KEHMs; O — 3eMIICTPSICEHUs ¢
BEIMYMHAMHU SHEpreTudeckux kinaccoB Kg = 3.1-8.3 B paiioHe BynkaHa
Kopsxckuil; B — cymMMapHOe 3a Mecsl] KOJMYECTBO 3EMIICTPSCEHUIL
(mmdppamu  0003HAYCHBI MAKCHMYMBI CEHCMHYECKOH aKTHBHOCTH:
1 — mapt 2008 r., 2 — okT26ps 2008 1., 3 — anpens 2009 r., 4 — aBryCcT
2009 r.)
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Inasa. 1. I'uopoeeoceticmuueckue sapuayuil yposHs 800bl 8 CKEANCUHAX

1.2.3.

Bapuauvwl YPOBHA BOAbI B CBA3N C

On HTOPCKNUM 3eMIneTpsAaAcCeHunemMm

20.04.2006 r., M,,

=7.6

Bo Bpemst OrOTOPCKOro 3eMIICTPSICCHUST YPOBHEMEPHBIC Ha-
OJIFOJICHHsT TIPOBOJVIINCH HA IISCTH CKBAXKMHAX, PACIIOJIOKEHHBIX HA pac-
crostHIsIX 750-1150 xM ot smumentpa (puc. 1.1). B maTu ckBaxkuHax 3ape-
THECTPUPOBAaHBl TIOCTCEWCMHUYECKHE BapHanuu ypoBHS Boael (puc. 1.11).

M=T6 23:27
R=T48 m'
1
|
23:40
2020 Cra. 1309 2560 :
-533 MoHumeHne ypoBHA Bogs! Ha T cm ’ 23:2 |
B Tedenne 6.5 yacos M=7.6 |
R=1037 kM |
5 5 ba:50 3 255.5 :
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- |
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o 537 g |
|
s 22540 :
538 |
Cxe. 035 |
539 253.5 MNoBbiwesne ypoBHA Boabl Ha 1.8 cm :
B Teqedmne 0.5 vaca |
1
J
234 04 14 24 34y 4y 5y 6By 194 214 234 1y 3y 54
2004 21.04 20.04 21.04
M=TE
-1197.0 R=1150 km
23412 1975 23:27
25413 -1198.0
s 311985
py 23414 | --1199.0
= b 4
i |&1199.5
823415 1812000
|8
z y | £12005
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g | 12010
L | SH2015
\ 1 2020 Cxa. 1311
23418 Cke. 1303 - : CraukooDPaIHOe NOBLIWEHHE \
k | Noswiwenne yposna soaw Ha 0.35 cm \: 2025 YpoBHA Bogb! "".0'3 CM BO ApeMA
o Tevenne 20 MM .1203.0 NPOXOXOAEHHA CEHCMHYECKHX BONK \
00 20 40 00 20 40 00 20 40 00 20 40 00 14y 164 184 204 229 0y 2y 4y
4 g Y oy it 20.04 21.04
Puc. 1.11. Bapuanuu ypoBHs Boabl B ckBaxuHax 1309, FO3-5, 1303 u 1311 B
cBs3u ¢ OMIOTOPCKUM 3eMIeTpsceHreM (o AaHHBIM 10-MUHYTHOH pe-
THCTPALIN)
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1.2. Onucanue u munuzayus 2uOPO2EOCeUCMUYECKUX 8apuayuil ypoeHs 600bl

Bo3snelicTBue ceiicMUYeCKHX BOJIH OT 3TOTO 3€MIIETPACEHHS! COMPO-
BOJK/IAJIOCh, B OCHOBHOM, OCTATOYHBIMH CMEIICHHUSMH YPOBHS BOABL: IO-
HIDKEHHEM B HamOosee ONMM3KHMX K AMHIEHTPY ckBakmHax 1306, 1309 n
MIOBEIIIIEHUEM B Ooltee ynaneHHBIX ckBaknHax 1303 u F03-5. Takue Bapua-
MM YPOBHS OOBSICHSIIOTCSA KPATKOBPEMEHHBIM U3MECHEHHEM JABJICHUS IO/~
3eMHOI1 BOABI pH JepopManuyl BOZOBMEMIAIOIINX ITOPOJI, BEI3BAHHOM MPO-
XOXJIeHHEeM celcMuueckux BoJH [Konwiiosa, Cmonuna, 2008, 2008a].
HawnGonee BeposSTHBIM MEXaHU3MOM BapHallUi TaBICHUS SIBISETCS JIOKAJIb-
HOC HU3MCHCHHUC MPOHUIACMOCTU BOJOBMCIIAIOIINX TOPOJ U, BO3MOXKHO,
(UIBTPALIMOHHBIX CBSI3€il B CUCTEME «CKBa)KMHA — BOJOBMELIAIONIAs [I0PO-
Jay. XapakTep H3MEHEHUs YPOBHS BOJbI (€r0 MOBBIIICHUE WIN TIOHIDKEHUE)
MOTJIO OBITh CBSI3aHO C Pa3JIMUUEM JIOKAJIbHBIX THAPOTe0JOrMYECKUX YCIIOo-
BUIl M OCOOCHHOCTSAMHU CEHCMHYECKHX CHTHAJIOB B PalOHaX CKBaXXWH, B
YAaCTHOCTH, C MX aMIUIUTYJHO-4aCTOTHBIM COCTaBOM. [IpomoimknuTenbHOCTh
N3MEHEHHH YPOBHS BOJBI COCTAaBIIUIA OT YacOB-MHUHYT 10 2-4 CyT, aMIIIH-
Tyzbl He npeBbimami 10 cm.

B mepuon, npemmectByronuii OJIIOTOPCKOMY 3EMIIETPSICCHHUIO, B
ckBaxxuHax H03-5, 1303 u E-1 BeigeneHbl aHOMalbHBIE BapHaldUd YPOBHS
BOJIbI, mposiBisiBiiMecs: ¢ 1 depans mo 2 mapra u ¢ 17 mo 20 ampens
2006 r. [Konwsiiosa, Cmonuna, 2010].

1.2.4. Bapunauun ypoBHs BoAbl Npu BO3AeNCTBUMN
CeNCMMUYECKUX BOSH OT CUNTbHENLMX
yAaneHHbIX 3eMJIeTPACEHUN

B ckBaxunax Kamuatku (puc. 1.1) 3apeructpupoBansl u3Me-
HEHUS YPOBHS BOJIBI B CBSI3M C JIECATHIO cHIbHeHIMMH (M, > 7.6) 3emite-
TPSICEHUSIMH, NPOU3OIIEAINIUMH B CEBEpO-3alagHON U 3amagHoil 4YacTsx
TuxookeaHckoro ceifcMudeckoro mnosica Ha paccrosHusx g0 8900 xkm
(tabm. 1.3). Kparkas xapakrepucTiKa BapHallii ypOBHS B CBSI3H C 3eMile-
Tpsacerusmu Ne 1-5 npuBoaurcs Beinie. Onucanue 3pGeKToB MPOXOXKACHHUS
ceiicMriecknx BoiH OT 3emierpsicenuit 2006-2007 rr. (Ne 6-10, Tabm. 1.3)
npuBoautcs B [Konwinosa, Iunecuna u op., 2007; Konwinosa, Cmonuna,
2008, 2008a, 20086]. N3yyenne Takmx 3((eKToB HANpaBICHO Ha COBEp-
IIEHCTBOBAHUE TEOPHH 3EMIICTPSICEHHH M MX BO3ACHCTBUS Ha I'€OJIOTHYE-
CKYyI0 Cpelly, B YaCTHOCTH, Ha COCTOSHHE IIOJ3€MHBIX BOJ, a TaKXkKe Ha
000CHOBaHME TEXHUYECKUX TPeOOBaHHUH K 000pPYIOBaHHIO, TPUMEHIEMOMY
IIPU IPOBEICHUH CHEIMATU3UPOBAHHBIX YPOBHEMEPHBIX HAOMIOICHUH.
B pesynbrate 3emiuetpsacenus Cumymupcekoe-1 HabIogaIiuch u3Me-
HEHMs ypOBHA BOJBI B cKkBaknHax 1303 (moBbimeHue Ha 1.6 cM B TeueHHe
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40 mun), FO3-5 (konebanus u OCTATOYHOE MOBBIIIEHUE HA 6.5 CM B TEUCHHE
7 1), 1309 (xonmebaHus ¢ aMIDIUTYA0H 10 2.2 CM B T€YCHHE OJHOTO Jaca).

Ha puc. 1.12 npencraBieHsl Bapuanuy ypoOBHS BOJBI B IISITH CKBa-
KHWHAX B CBS3M ¢ 3emierpsiceHneM Cumymmpckoe-2. B ckBaxknuax 1303,
1309, 103-5, 1311 mposBusuics KojeOaHUS ypOBHS BOIBL. B ckBakmHax
1306 u KO3-5 3aperucTpupoBaHBI OCTATOYHBIE CMeIIeHHsT YpoBHS. Ciemyer
OTMETHTH, 4TO B ckBakuHe 1303 xapakrep M3MEHEHUI! ypOBHSA BOABI IpHU
IByX CHUMYIIMPCKHX 3€MIIETPSICEHHUAX OTJIMYAICS: NPU MEPBOM 3eMIICTPSI-
CCHHUHU Ha6.]llO[laJ'IOCb TMOBBIIICHUE YPOBHA BOAbI, BO BTOPOM — IPOSABJIAJICA
KOJIeOaTEbHBIN PEKUM.

Taommma 1.3.  [lanuele o0  cwibHeWmux  3emuerpscenusx  1997-2007 rr.
(M, 2 7.6), BBI3BaBIINX U3MEHEHUs YPOBHS BOJBI B HAOIIOJaTEIIb-
HBIX CKBakuHax Kamuarku

OIHIEeHT-
No | Hassanue senie- Tara Bpemsa | Koopmuaatsr, pajbHOE
B oyare rpan M, | paccros-
n/m TPSACEHHS IT.MM. L. )
44 MM HUE,
C.III. B.1. R, xm
1 KpoHorkoe 97.12.05 | 11:27 | 54.64 | 162.55 | 7.8 | 310-320
2 Xoxkkaiackoe 03.09.25 | 19:50 | 41.78 | 143.91 | 8.3 1670
3 Cymatpa- 04.12.26 | 00:59 | 3.30 | 95.78 |9.0| 8270
AngaMaHckoe
4 | Cymampauekoe- | 5 o350 | 1600 | 2.07 | 97.01 |87| 8290
adrepirox
5 OnroTopckoe 06.04.20 | 23:25 | 61.06 | 167.58 | 7.6 | 750-1150
6 Cumymupcekoe-1 | 06.11.15 | 11:14 46.62 | 153.22 | 8.3 | 720-1120
7 Cumymupcekoe-2 | 07.01.13 4:23 46.26 | 154.45 | 8.2 | 740-1140
8 | ComomonoBsl 0-Ba | 07.04.01 | 20:40 8.48 156.98 | 8.1 | 6810-7170
9 CymarpaHckoe 07.09.12 | 11:10 4.52 11.37 | 8.4 | 8620-8860
10 Cymarpanckoe | 07.09.12 | 23:49 2.7 100.7 | 7.9 | 8500-8720

Bo Bpems npoxokaeHusl cCeiCMHYECKUX BOJIH OT 3€MJIETPSICEHUS B
paiione COJIOMOHOBBIX 0-BOB Ha0JIIOANNCh OJAMHOYHBIE CKAa4YKH ITOBBIIIE-
HUS ypoBHS BoAbI B ckBakuHax FO3-5 1 1309 6e3 0cTaToOuHOTO CMEIICHHS.

IIpu nByx 3emnerpsacenusx 12 cenrsops 2007 r. B paiione o-Ba Cy-
MaTpa 3apeTUCTPHPOBAHBI KojeOaHus ypoBHS B ckBaxuHax 1309 u F03-5 u
OCTaTOYHOE MOHMXEHHE B cKBakuHe 1303.
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B cBi3u C 3emierpsceHneM Cumymmpckoe-2 (mo panHbIM  10-

MHHYTHOM perucTparun)
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Inasa. 1. ['uopozeocelicmuueckue eapuayuil ypogHs 600bl 8 CKEAHCUHAX

Bapunannu ypoBHS BOIBI IPH MPOXOKACHANA CEHCMIYECKUX BOJH OT
CHIIbHEWIINX 3eMieTpsicenuii B [Konsinosa, Cmoauna, 2008] pasaeneHsl Ha
JIBA XapaKTepHBIX THUMA: | — BEIHY)XICHHBIE U CBOOOIHBIE KOJeOaHMs C OC-
TATOYHBIM CMEUICHWEM WIN 0e3 Hero, 2 — MOHIKEHHE WM TOBBHIIICHHUE
YPOBHSI TIOCIIE TPOXOXKICHUS CEHCMHYECKHX BOJH C TOCIEAYIOIMIMM BOC-
cTaHoBieHHeM. llepBeI TWUT BapHanuil MpOSBISUICS B cKkBakmHax 1309,
103-5 u 1303 npu 3emnerpsicenusix ¢ M, = 7.9-9.0 na paccrosiHusix 820-
8860 kM. KonebaHusi ypoBHS BOJBI BOSHHKAIOT BCICICTBUE IPOXOKIACHUS
MIOBEPXHOCTHBIX BOJH IPH ONTUMAJIbHOM COOTHOIIEHHH BOIOIPOBOISIINX
CBOHCTB BOJJOBMEIIAIOLIUX MTOPOJ U KOHCTPYKIIMU CKBAXKHHBI.

B [Konwinosa, Bonouna, 2007; Cooper et.al., 1965] Takue xoneba-
HUSI OOBSICHSAIOTCS PE30HAHCHBIM (P (EKTOM yCHIICHHSI BapHallMU TOPOBOTO
JTABJICHUS B CHCTEME «CKBa)KIMHA — BOJOBMEIIAIONIAS TIOPOIa» MPH MPOXO-
KJIEHUH BOJIH C IIEPHOJAMH, COOTBETCTBYIOUIMMH PE30HAHCHOHM dHacToTe
CKBaXHHBI, KOTOpas 00paTHO MPOTOPLIHOHANBHA JIIMHE BOJHON KOJOHHBL
Pe3onancHBIE 9acTOTHI IJIs1 KaM4yaTcKuX ckBaxxuH 10 [Cooper et al., 1965]
cocrasmsiror 0.13-0.40 ¢’ u COOTBETCTBYIOT MEPHOJAaM CEHCMUYECKUX BOJIH
15.7-48 c.

CMellieHre YpOBHS BOJBI 1OCJIE POXOXKICHUSI CEHCMUYECKUX BOJIH
(TOHM)KEHHME WM TIOBBHINICHUE) MPOSBISUIOCH B ckBaxkuHax 103-5, 1306,
1303 u 1309 npu 3emnetpscenusix ¢ M, =7.6-8.3 na paccrosnusax 310-
990 kM.

Taxue ekt 00ycIIOBICHB BUOPAlMOHHBIM BO3AEHCTBUEM OTHO-
CHUTENTFHO BBICOKOYACTOTHBIX CEHCMHYECKMX BOJH Ha (UIBTPAMOHHBIC
CBOMCTBA BOJOBMEMIAONINX MOPOJ 32 CUCT U3MEHEHHS UX KOJUICKTOPCKHX
CBOMCTB (IIyCTOTHOCTH W MPOHHUIIAEMOCTH) U BIUSHHEM MOCIECTHIX Ha TPO-
necc (GMIBTpanuy ¥ TepepacipenesieHne aBIeHIs MOI3eMHBIX Boa. Baxk-
HYI0 POJb B TaKWX SBJICHUSIX MOXKET WIPaTh BPEMEHHOE OOpa3oBaHHE
(UIBTPAIMOHHBIX HEOTHOPOTHOCTEH P UMITYyJILCHOM BO3JICHCTBHHU YIIPY-
I'MX CeHCMHMYECKHX BOJIH Ha BOJIOHACBIICHHBIC TOPHBIEC MOPOALI. Jlokanb-
HO€ HM3MCHCHHUEC HUX q)HJ'lepaLlI/IOHH])IX CBOMCTB MOXKET MMPpOUCXOAUTH TPU
pa3pyuicHUU TBEPABIX TMCPEMBIYEK B ITYCTOTHOM IIPOCTPAHCTBE MPU T'UA-
PAaBIMYECKOM yaape; IpU B3MYUYUBAHUU TOHKOTO OCajJKa B TPELIMHAX U
YBEJIMYEHUH UX IyCTOTHOCTH; MPU 00pa3oBaHUM MHKPOTHIPOPa3pPHIBOB B
BOJIOBMEIIAFOIINX [TOPOAAX.

B skcmepuMeHTax IO BO3JCHCTBUIO MOIIHBIX BHOPAITMOHHBIX HC-
TOYHUKOB HA THE30METPUYCCKHE CKBAXKWHBI IMOKA3aHO, YTO OCTAaTOYHBIC
CMEIIleHNsT YPOBHS BOIBI Pa3BHBAIOTCS TOJBKO IPH TEHEPAIUH YIPYTHX
BOJIH B OTPEACICHHBIX YaCTOTHBIX JWAamna3oHaX (MepBbIe AecsATKH [1r), xa-
PaKTepHBIX U TOW WIIM WHOH CKBaXXUHHI [hapabanos u dp., 1988]. Otim
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TaKKEe MOXXHO OOBSICHHTH HE IOBCEMECTHOE U HE3aKOHOMEPHOEC TMPOABIIC-
HHE OCTATOYHBIX CMEIISHHI YPOBH: BOJBI B HA0JII0IaTEIbHBIX CKBA)KUHAX.

1.2.5. O 3aBMCMMOCTU NOCTCENCMUYECKUX
M3MEeHEHUN YPOBHA BoAbl OT
aMnAUTyAHO-4aCcTOTHOro
cocTaBa CeMCMUYECKNX BOJTH U
rmaporeonorn4eckux ycrnosum

ITo nanabIM HaOMOaeHU Ha ckBaxuHe [03-5 BoIgeneHbl ue-
TBIPE THIIA BApHALIMH YPOBHS BOJIBI TIPH BO3/I€HICTBUH OBEPXHOCTHBIX BOJH
OT CHJIbHEHIMX 3emueTpsiceHuit (Tabmn. 1.3): 1 — BEIHYX/IEHHBIE U CBOOO/-
HBlE KOJEOAaHUs YPOBHSI C KPaTKOBPEMEHHBIM OCTATOYHBIM MOBBILIEHHEM
npu Xokkainckom, Cymarpa-AxamamanckoM (puc. 1.7), Cumymmpckom-1,
Cumymmpckom-2 (puc. 1.12) u CymarpanckoMm-1 3eMJIeTpsCeHUsX; 2 — BbI-
HY)KJICHHBIE W CBOOOIHBIE KojJeOaHWs ypoBHSA Bomwl npu adrepmoke Cy-
MaTpa-AHgamMaHckoro 1 CyMaTpaHCKOM-2 3eMIIETPSCEHHAX; 3 — mocTceiic-
MHYECKOE TOBBIIICHHE YPOBHS Boabl mpu OmotopckoM (puc. 1.11) u Cei-
YyaHbCKOM 3EMJIETPACCHUSX; 4 — IIUTEIBLHOE MOCTCEHCMUUECKOE MOHIKE-
Hue ypoBHS Bojbl nipu KpoHotukom 3emnerpsicenun (puc. 1.6) [Konwirosa,
Cmonuna, 2008].

B [fOwxko, 2008, 2008a] paccMOTpeHa 3aBUCHUMOCTBH MPOSBICHHS
pa3YHBIX TUIIOB Bapuauuii ypoBHs BOJbI B ckBaxuHe F03-5 ot ammum-
TYJHO-4aCTOTHOTO COCTaBa CEHCMHYECKUX CUTHAJIOB, 3apETUCTPUPOBAHHBIX
Ha c/ctT. PET mpu 3emierpscenusx ¢ M, = 7.6-9.0. IIpu 3TOM mcmoib30Ba-
ek 3amucH 10-TH 3eMIeTpsceHni, 3aperucTpUPOBAHHBIE MIMPOKOIOIOC-
ueiMu kaHasiamu BH (E, N, Z) anmaparypst IRIS Ha c/ct. PET.

N3y4yeHne n3MeHEHHs 9acTOThl CEHCMUYECKOT0 CHT'HAIA BO BPEMEHU
BBIMIOJHAJIOCh IYTEM IPOIYCKAaHWsA CHTHAla dYepe3 Habop IIO0JI0OCOBBIX
(GMIBTPOB U BEIYUCIIEHHS €ro Orudaromeil B KaKIOH MoJIoce 4acToT. 3aTeM
omnpenesiack MakCUMalbHas aMIUIMTY[a CHTHANa M JUara3oH 4acToT ee
IIPOSABJICHUS Ul CKOPOCTEH, CMELICHUH M yCKOpeHui rpyHra. Ilo moiry-
YEHHBIM JIaHHBIM ITOCTPOEHBI AMArpaMMbl, JIEMOHCTPUPYIOLIHE COOTHOILIE-
HHE aMIUIUTYJ MaKCUMaJbHBIX (a3 KojeOaHWil TpyHTa M YacTOTHOTO CO-
cTaBa CUTHAJIOB OT paccMaTpuBaeMbIX 3emiieTpsicenuii (puc. 1.13) ¢ yuetom
BBIJICJICHHBIX THIIOB Bapualuii ypoBHs BoJibl B ckBaxkuHe 103-5.

ITo pe3ymbraTaM COMOCTaBIEHHS aMIUIMTYZHO-4aCTOTHOTO COCTaBa
JBIDKCHUH TPYHTa C BapHAIMAMH YPOBHS BOJBI BBIJCICHBI TPH TPYIIIIBI
CUJIbHEHIINX 3eMIICTPSICEHHH, COMPOBOXKIABIINXCS PA3IMYHBIMUA THIIAMHU
OTKIJINKOB YpOBHs BoOHI B ckBakuHe KO3-5 (puc. 1.13).
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1.2. Onucanue u munuzayus 2uOPO2EOCeUCMUYECKUX 8apuayuil ypoeHs 600bl

Ileprass rpymma 3emnetpsicennit (I, puc. 1.13) ¢ M, =7.9-9.0,
R =800-8300 xm xapaxrepuzyeTcs KoJeOaHUsIMH YPOBHS BOJBI C €ro OcTa-
TOYHBIM TOBHIIEHHEM. Bo BTopyto rpymmy (II) BeimemeHsl coObiThs ¢
My, =7.9-8.6 u R =8300-8500 kM, mpu KOTOPHIX HAOJIIOIATHCH BBIHYXICH-
Hble U CBOOOMHBIE KOJIeOaHWSIMH YpOBHs Bonbl. Tpetpto rpymmy (III) co-
CTaBJIAIOT 3emiieTpsiceHust ¢ M, = 7.6-7.9 u R = 300-5000 kM, KOTOpBIE CO-
MIPOBOXKIAJIMCH MOCTCEHCMUYECKHM IOBBIIIEHUEM (IIOHM)KEHHEM) YPOBHS
BOJbI Oe3 IMposiBIIeHHs1 KosebarenbHoro pexxnma. Hambonee uerkas 3aBu-
CHUMOCTb MPOSIBJICHHS PA3JIMYHBIX THIIOB BapUAIMiA YPOBHS BOJIBI OT aMILIH-
TYIHO-9aCTOTHOTO COCTaBa MaKCHMAJbHBIX (a3 KojeOaHWil TpyHTa OOHa-
pYyXKHUBaeTCs A1 BEPTUKAIBHBIX cMeleHui (puc. 1.13B).

[TpuBeneHHbIE NaHHBIE MO3BOJISIOT BBLACIHUTH JIBE OCHOBHBIC TEH-
JIEHIIAH, OTNPEIeIIIoNe 0COOCHHOCTH BapHalnuii YPOBHS BOJBI B CKBAaXKITHE
103-5 B 3aBHCHMOCTH OT aMILTUTYAHO-YaCTOTHOTO COCTaBa MaKCHMaTbHBIX
¢a3 xonmebanuii rpyHTa: 1 — HU3KOYACTOTHBIE W OTHOCHUTEIHFHO HH3KOAM-
IUTHTYTHBIE CEHICMUYEeCKHE CUTHAIBI COIIPOBOKIAIOTCS KOIEOaHUSIMH YPOB-
HS BOJIBI; TIPH YBEJIMUEHUH aMIUTHTYIbI CUTHAIA Ha KOJIeOaTeIbHbIH pekuM
MOTYT HaKIJIQABIBaThCS KPATKOBPEMEHHBIC IOBHIIICHUS YPOBHS BOMBI; 2 —
OTHOCHTEJIFHO BBICOKOYACTOTHBIE CEHCMUUECKHE CUTHAIIBI COIIPOBOMKIAIOT-
Csl TIOBBIIICHUSAMHU YPOBHS BOJBI, NPU YBEIMYCHUH AMIUIMTYIbI CHTHAJa
MOTYT HPOSIBIISITHCS JUTUTEIbHBIE OCTATOUHBIE MMOHMKEHHSI YPOBHS (HaIpH-
Mep, B pe3yiabTare Hamboyiee CHIbHOTO KpoOHOLKOro 3emierpsiceHus,
puc. 1.6).

Kak crenyer u3 tabn. 1.1 HaOmomaTenbHBIE CKBaKUHBI Pa3IHYaroT-
Cs 10 KOHCTPYKILHUH, JIUTOJOTHYSCKOMY COCTaBY W IO JIOKAJbHBIM THIPO-
reojoruueckum yciousiM. Ha puc. 1.14 npuBoasitcs auarpamMmsl, MOKa3bl-
BalolMe OCOOCHHOCTH TIPOSIBICHHUS THIAPOTCOCCHCMHYCCKUX BapHalUi
YPOBHSI BOJABI B PAa3JIMYHBIX CKBKHHAX IPH CHIIBHEHIINX 3eMJICTPSICCHUSIX
B 3aBUCHMOCTH OT COOTHOIICHUS BEIIMYHH MAarHUTYIBI M, U SIHUIEHTPAIb-
HOTO pacctosiHus R. B u3MeHeHusIX ypoBHs BoJibl B ckBakuHe FO3-5 B cBs-
3 C CHJIBHEHIIMMH 3E€MJICTPSICEHUSIMH PETHCTPUPOBAIHUCH 3aTyXaIoIIne
KoJieOaHHsl TpU HPOXOXKJIEHUH TOBEPXHOCTHBIX CEHCMHYECKHX BOJIH
U KPaTKOBPEMCHHBIC OCTATOYHBIC MOBBIMICHUS (HAIPUMEP, MOCIE MPOX0K-
JIeHnH celicMuieckux BoJiH oT OmoTopckoro 3emerpsicenus). [Ipu 3emie-
TpaceHusix ¢ M, =8.1-8.3 na paccrosuusax 800-1700 km Habmomanoch
HaJIO)KEHUE KOJeOATETHPHOTO PEeXMMa M KPATKOBPEMEHHOTO ITOBBIIICHUS
ypoBHs Bomsl (puc. 1.14). XapakTepHBIMH OCOOCHHOCTSIMH CKBa)KHHBI
F03-5, BckprIBatomeld HaMOPHBIE HPECHBIE MOJ3EMHBIE BOMBI, SBISIOTCS:
HAJIMYAE CTATUYECKH M3OJHPOBAHHOTO OTKIMKA YPOBHSI Ha TEPHOIAX
MUHYTHI-TIEPBBIE NTeCATKH CYTOK [Konsiiosa, 2006]; Oompmmas minHA
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Puc. 1.14.

3aBUCUMOCTD MPOSABJICHHUS PA3IMYHBIX TUIIOB BapHaLUil yPOBHS BOJBI
B CKBO)XHMHAX OT MapaMeTpoB 3emiieTpsicenuil: 1 — Kponouxkoe 3emie-
TpsiceHHe (IOCJIEIOBATENbHOE MPOSBICHHE THIPOIUHAMHYECKOTO
MPEJBECTHHKA, KOCEHCMHUYECKOTO CKayKa M JUIUTEIBHOTO TOCTCEHC-
MHUYECKOTO MOHIKEHHS W MOCIEAYIOIET0 BOCCTAHOBICHHS YPOBHS B
ckBakuHe H03-5; mocienoBaTeabHOE MPOSBICHHE THAPOTEOIHMHAMH-
YECKOTO MPEJIBECTHUKA M MOCTCEHCMUYECKOTO MOBHIIMICHUS YPOBHS B
ckBaxkuHe E-1); 2 — OmoTtopckoe 3emiieTpsiceHue (KpaTKOBPEMEHHOE
MOBBIIIICHNE YPOBHS BOABI B ckBaxkuHe H03-5 U MOHIKEHHE YPOBHS B
ckBaxuHe 1309); 3 — konebaTenpHBIA pexXuM; 4 — OTCYTCTBUE BapHa-
LU YpOBHA BOJBI; 5 — OCTaTOYHOE MOHIDKEHHE; 6 — OCTaTOYHOE MO-
BBILIICHUE
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OTKPBITOTO CTBOJIA, CBSA3BIBAIOIIETO CKBAXIHY M BOJOBMEIIAIOIINE TOPOIBI
(490 M), cpenHre 3HAYEHHS BOJIOTPOBOJAMOCTH BOJOBMEMIAIONINX TOPOJT
(T ="7.8 M°/cyT).

B xauectBe amanoroB ckBaxkuHbl FHO3-5 MoryT paccmarpuBatbes
ckBaxkunbl 1309 m 1303 (puc. 1.1, Tab6m. 1.1). g 3TUX CKBaXHH TaKKe
YCTaHOBIIEH CTaTHYECKU HM30JIMPOBAHHBIN OTKJIHK YPOBHS BOJABI Ha BapHa-
UM aTMOC(EepPHOro JaBICHUS W 3eMHbIC TPWIHBHI [Konwliosa, Kynukos,
Tumogbees, 2007] u 3aperucCTpUpPOBaHbl CUTHAJIBI NIPH MPOXOXKICHUH Celic-
MHYECKHX BOJIH OT CHJIBHCUIIMX YHAJCHHBIX 3eMiieTpsiceHuil [Konwlrosa,
Cmonuna, 2008].

B ckBaxune 1309 HaOmronanoch OCTaTOYHOE MOHW)KEHHE YPOBHS
Bozbl ¢ ammuTynoil 10 cm mocne ONOTOPCKOTO 3eMIIETPSICEHUS M 3aTy-
Xarorue KolebaHus ypOBHS IIPH 3eMileTpsAceHusX ¢ M, = 7.9-8.4 Ha pac-
crostHISIX R = 1120-8860 kM. )11 CUTHAIIOB, 3apETHCTPUPOBAHHBIX B CKBa-
xuHe 1303, Gonee XxapakTepHBI OCTATOYHBIE CMEIIEHHs YPOBHS BOIBI (IT0-
BBIIIICHUS U TIOHIKEHUS) 0€3 MPOSBICHUS KOJICOATEIILHOTO PeKUMa.

Takue 0COOEHHOCTH B pEakIMd YPOBHS BOABI Ha IPOXOXKICHHE
CeHiCMUYECKNX BOJH OIPENENSIOTCS, ITO-BHINMOMY, Pa3IMdieM BOJOIPO-
BOJISIIIUX CBOMCTB BOJOBMEIIAOIIUX mopoA. st ckBaxuubl 1309 Benuyu-
Ha T'="75 m*/cyr, ans ckpaxuusl 1303 — T'= 0.32 m*/cyT.

B ckBaxxune E-1, BckpriBaroliel BOJIOBMEIIAIONINE TOPOJBI C IBYX-
(ha3HBIM TIOPOBO-TPEIIMHHBIM (IFoHIOM (CIa0OMHHEPATH30BaHHAS BOJA U
ra3 METaHOBO-a30THOTO COCTaBa) U C HU3KMMHU BOJOIPOBOISIIUME CBOUCT-
Bamu (7= 0.005 M*/cyT) HPOXOKICHHE MOBEPXHOCTHBIX CEHCMHUYECKIX
BOJIH OT yJaJIEHHBIX CHJIBHEWIIHNX 3EeMJIETPSICEHHH HE COMPOBOXKIAIOCH
BapHalusIMu ypoBHS Boxsl (puc. 1.14). Uckimrouenne cocrasisier Kporot-
KOE€ 3eMJITpSICEHHE, ITO0Ciie KOTOPOTO YPOBEHb IUIABHO TIIOBBIMIAJNCS Ha
30 cM B Tedenue Tpex mecsmeB (puc. 1.80). Takoe MOBBIIIEHHE YPOBHS TO-
Ka3bIBaeT YBEIMYCHHE HAIOpa B CHCTEME «CKBaXKIHA — BOJIOBMEIIAIOIIAS
MOpoJIa» TPHU BO3ACHCTBUU OTHOCHUTEIHHO BBICOKOYACTOTHBIX CelcMmYe-
CKUX BOJIH. B kauecTBe Hanboyiee BEpOSITHOIO MEXaHM3MAa YBEIMUYCHHS Ha-
nopa B [Konwinosa, 2001] paccmaTpuBaeTcst epexo pacCTBOPEHHOTO rasa B
CcBOOOJIHOE COCTOSTHHE TPU CEHCMHYECKHX COTPsCCHMsX. Eciau mpeamoso-
HTh, YTO MOBBIIICHIE YPOBHS BOJBI MOCIIE 3eMJICTPSICCHUI MPOUCXOINT, B
OCHOBHOM, 3a CYET IMOCTYIUICHHUS MY3bIPHKOB ra3a B BOJHYIO KOJOHHY B
CTBOJIC CKBaXHHBI M COOTBETCTBYIOIIETO IMOHIKCHUS IUIOTHOCTH (hIromma
(TIp¥ TOCTOSTHCTBE BOJIHOM MACCHI B CTBOJIC CKBa)KHHBI), TO MOYKHO OIICHUTH
HW3MEHEeHHE TUIOTHOCTH (IIFora, 00heM M CKOPOCTh MOCTYIUICHNMS Ta3a. [Ipu
BBICOTE BOJHOM KOJIOHHBI B CTBOJIE CKBaXKMHBI H = 635 M U paguyce CKBa-
xkuubl ¥ =0.11 M Macca Boabl B CTBOJIe cocTaBisieT m = 24126.2 xr npu
IUIOTHOCTH BOZBI 0 CEHCMHYECKOro cotpsicenns p= 1000 kr/m’. O6bem
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Bobl ¥ B (hOHOBBIX ycioBusix cocraBisier 24.13 m’. Tlocne KpoHorkoro
3eMJICTPSICEHUS MOBBIIEHUE YpoBHs coctaBmwio 30 cm (Ah =30 cm), U 00b-
€M BOJIBI B CTBOJIE CKBKHHBI YBEeIHUHICS 10 Vi = 24.14 M ,T.e.Ha 0.01 M
110 CPABHEHHIO C TIEPBOHAYAIbHOMN BennunHOM. [lomaras, 4To BCsl BennynHa
pupameHns oobeMa BOJIBI B CTBOJIE CKBaKHWHBI 00YCIIOBIICHA YMEHBIICHH-
€M e¢ IUIOTHOCTH, MOXHO OLICHUTh IUIOTHOCTH BOJBI O B DKCTPEMAalbHON
CTaAMM TOCTCEMCMHYECKON aHOMaluM IO COOTHOWEeHHo Vo=V py,
1 =999.4 kr/m’. OTCIOa IOCTCEHCMHYECKOE MOBBIIICHUE YPOBHS B CKBA-
xknue E-1 Ha 0.3 M MOXHO OOBSICHHUTH TMOHIKEHHEM INIOTHOCTH BOJBI B
BojiHOM KosoHHE Ha 0.06%, 10 CpaBHEHUIO ¢ ee MePBOHAYAIFHON TTOTHO-
cTeio. Ecnm mpenmonoxuTe, 9TO yBenwdeHHe o0beMa BOABI B CKBaXKIHE
MIPOUCXOIUIIO UCKIIFOUUTENFHO 33 CUYET TOCTYIUICHUS ITy3BIPHKOB Tra3a B €e
CTBOJ W TpeHEOpeYh 3aBHCUMOCTHIO CKUMAEMOCTH ra3a OT JABJICHUS, TO
MOJTy4aeTcs, 9TO Uil 00BsACHeHUs mocTceiicmuueckoro 3¢dekra Kponor-
KOTO 3eMIICTPSICCHHUS, HEOOXOIMMO B CPEIHEM TOCTyIIIeHHe 0koto 100 cM’
rasa B cyrku: (V1-7)/90 cyr = 1.11-10* m*/cyr mmm 111 em’/cyr.

Takast runore3a (OPMHUPOBAHUS MOCTCEHCMUYECKOTO TMOBBINICHHS
ypOBHS BOJBI B cKBakuHE E-1 mpenmnonaraer, 4To mocTyIicHHE CBOOOIHO-
r0 ra3a B CTBOJ IMPOHMCXOJUT OTHOCHTEIHLHO PAaBHOMEPHO. JTO CIEIyeT U3
wiaBHOM (hopMbI TOCTCeiicMuueckoit anomanuu (puc. 1.80). Ilpu sToM
OobInas 4acTh MMOCTYIHMBIIETO CBOOOIHOTO Ta3a OCTASTCS B CTBOJIE CKBa-
KHUHBI. B KadecTBe MexaHW3Ma 3aJepKKH Ta30BBIX IY3BIPEKOB B CTBOJIE
CKB2XMHBI MOXXHO TIPEOIOIO0XKHTh UX «aICOPOINI0» Ha METaUTMYECKON
oOcamHOI TpyOe, a Tarke Imepexo]] CBOOOTHOTO ra3a B pacCTBOPEHHOE CO-
crosiHUe U 00patHO. [lo-BUINMOMY, peanbHBIA MEeXaHW3M (OPMHPOBAHUS
MOCTCEHCMUYECKOTO TIOBBIIIEHHS YPOBHSI BOJbI B CKkBakuMHe E-1 Oosee
CHOX(HbIﬁ, IO CPaBHCHUIO C paCCMOTPEHHBLIM, HO JId €T0 IPOACHCHUA HE-
00X0/IMMa MOCTAaHOBKA CICIHUATBHOTO IKCICPHUMEHTA MO PErHCTPAIldU Ta-
30BOT'O COCTaBa B CTBOJIE CKBaXKHHBI U 110 U3MEPEHUIO €ro 00beMa.

B nernmy0Ooxux ckBaxkunax 1306 u 1311, BCKpBIBAIOIMX MOJA3EMHBIE
BOJIbI B UCTBCPTUYHBIX OTJIOKCHUAX C BBICOKMMU BOAOIIPOBOAAIINMU CBOIi-
ctBamu (7317 = 165 MZ/CyT, T1306 = 1451 MZ/CYT) CHTHaJbl OT CHIbHEHIINX
YAaJCHHBIX 3eMIICTPSACEHHUI MPOSBIINCE BechMa ciabo. B cimygae OmioTtop-
CKOTO 3eMJIETPSCEHHs 3apETHUCTPHPOBAHO OCTATOYHOE TOHIDKEHHE YPOBHS
BoABI B ckBaxnHe 1306 ¢ aMIumMTyIoi 2 cM B T€YEHHE JBYX CYTOK. Bo3z-
MOJKHO, 3TO OBUIO CBSI3aHO C PE3KUM YIy4IIeHHEM (QHIbTPAIIMOHHBIX
CBOMCTB BOJIOBMEIIAIOIINX ITOPOJ HEMOCPEACTBEHHO B pailoHE CKBa)KHUHBI.
MOHO TaKXe MPEINON0KHUTh, YTO MPOXOKICHHE CCHCMHUYCCKUX BOJIH OT
9TOTO 3eMIICTPSICCHUS CIIOCOOCTBOBANIO OYHINECHUIO KOPOTKOTO JBIPYATOrO
(GUIbTPa OT MENKOAMCHEPCHBIX (PaKUUi U YIYUIICHUIO TMIPaBINYECKOM
CBSI3M CKBYXHMHBI U BOJIOBMEIIIAOIIHIX TTOPOI.
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AHanu3 Bapualuid ypoBHS BOJbI B CKBakMHaxX KaMuaTku B CBS3U C
CHITBHEHIITNMHE 3eMJICTPSICEHUSIMH TTO3BOJISIET CAETATh CIEAYIONIHE BEIBOIBI.

1. B W3MeHEHHSX ypOBHA BOJBI B CKBa)XMHAX, BCKPHIBAIOIIUX Ha
riTyOMHaxX B TIEPBBIE COTHH METPOB BYJIKAaHOT€HHO-0CAT0YHEIE TIOPOIBI HEO-
TEHOBOT'O BO3pacTa W TEPPUTeHHBIE OPOIBI MEIOBOTO BO3PACTa, C UCIOb-
30BaHHEM IHQpoBoii ammapatypsl Keap A2 MOTYT permcTpupoBaThCS CHT-
HAJIBI CEHCMUYHOCTH PA3JIMYHBIX THIIOB: THIPOTCOJAWHAMHYCCKUE MPE/-
BECTHHKH, KOCCHCMUYECKHUE CKAYKH M IMOCTCEHCMHYCCKUE M3MCHEHUS TPU
MECTHBIX 3eMJICTPSICCHUSX, 8 TAKXKE BapUAIlMX YPOBHS HPHU MPOXOKICHUU
MOBEPXHOCTHBIX CEHCMHYECKUX BOJH OT CHJIBHCHIIIMX YIAJCHHBIX 3€MJIC-
TpsAICEHUM.

2. OCOOCHHOCTH CHUTHAJIOB MPOXOXKACHUS MOBEPXHOCTHBIX BOJH OT
YAaJCHHBIX CUJIBHEUIINX 3eMIICTPSICCHUN B M3MEHEHUSX YPOBHS BOJBI OTI-
PENeNSTIOTCS. TEXHUIECKUMH XapaKTePUCTHKaMU CKBaXHH M JIOKAIbHBIMA
THIPOTEOIOTHIECKUMH YCIOBHSIMH (COCTaB TOPOBOTO (HIIFOMIA, BOAOIIPO-
BOJIAIINE CBOWCTBa BOJOBMEMAOMNX mopox). KomeGanus ypoBHS BOIBI
HAOIOMAl0TCS B CKBAKMHAX, BCKPHIBAIOIINX BOJAOBMEIIAIOIINE TOPOIBI CO
CpPEeIHVMH BETUYWHAMH BOJONIPOBOAUMOCTH T (€IMHUIIBI-IECATKI M*/cyT)
U HE CojeprKallue ra3 B cocTaBe MOpoBoro (uronaa. B Takux cKBakMHAX
CBsI3b C BOJIOBMEIIAONIUMHE MTOPOJIaMHU 00ECIICUNBACTCS Yepe3 JOCTATOYHO
«UTHHHYIOY» (JIECSITKHU-TICPBhIC COTHU M) HEe 00CaKEHHYIO YaCTh CTBOJIA.

3. s obecrnieueHHs: NETaabHOTO U3ydeHHs KoJcOaHHH YPOBHS BO-
ITbI, KOCCHCMUYECKUX CKAYKOB M BO3MOKHBIX KPATKOCPOUHBIX TPEABECTHH-
KOB 3EMIICTPSICCHUH HEOOXOTUMO COBEPIICHCTBOBAHNE TEXHWICCKHUX YCIIO-
BUH TIPOBEJCHAS YPOBHEMEPHBIX HAOIMIOACHNH B CKBaXMHAX, B YaCTHOCTH,
obecrieueHre CEeKYHAHBIX CHHXPOHHBIX W3MEPEHUI YPOBHA U aTMOC(hEpHO-
T'O IaBJICHUS.

1.3 OLEHKA MTHOPOPMATUBHOCTHU
rmaPOreOAMHAMMUYECKHNX
NMPEABECTHUKOB

ITo pe3ynbrataM ypoBHeMepHBIX HaOmoneHuit 1987-2011 rr.
THIPOTEOIMHAMUYECKIH TPEABECTHIK OOHApY)XeH B CHHXPOHHBIX ITOHH-
KEHHAX YpOBHS BOABI B ckBaxuHax E-1 u F03-5 mepen Kpononkum 3emie-
TpsiceaueM (puc. 1.3) [Konwsirosa, 2001, 2008, 2009]. DToT mpeaBecTHUK
obwsicasercs B [Konwvinosa, borouna, 2010] kBasmymnpyroi medopmarmeit
paciIupeHusl BOJOBMEIIAONIUX MMOPOJ MPH Pa3BUTHUU MPEUMYIICCTBEHHO
acelCMUYECKUX MpeceCMUYECKUX IBIDKeHUH B oOnactu odara K3, 3a-
¢ukcupoBanHbIX MeTo oM GPS-reonesnu [Gordeev et al., 2001].
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AHOMaJIbHbIC U3MEHEHHUsI YPOBHS BOJBI B ckBaxkmHax FO3-5, 1303 u
E-1 Opmn Takke oOHapyskeHBI B ampesne 2006 T. B epHo, MPeaecTBYo-
it OnroTopckoMy 3emiteTpsiceHnro [Konwiniosa, Cmoauna, 2010]. Bmecte
C TeM, OJHO3HAYHOE YTBEPKACHHE O CBS3H (WIIM OTCYTCTBHH TaKOH CBSI3H)
BBISIBIICHHBIX aHOMAJMHA C IIPOIECCOM IMOATOTOBKH OIFOTOPCKOTO 3emIie-
TPSICEHUS TPEACTABISICTCS TPEKICBPEMEHHBIM, B TIEPBYIO OYepenb, M3-3a
OoubIIoi ymaneHHOCTH obyacTu ouara 3toro 3emierpscerus (1030 km).
HawuGonee BeposTHOW NMPUYMHOIN aHOMaJIbHBIX M3MEHEHUI YPOBHS BOJIBI B
TpEeX CKBaXXHHax SABJIAKOTCS JIOKAJIbHBbIC HU3MCHCHUA Halps>KEHHO-
J1e(OpMUPOBAHHOTO COCTOSHHS BOJOBMEIIAIONIMX TIOPOJ BCIEJICTBHE aK-
TUBHM3ALMH I'€0JMHaMHUYECKHUX MPOLIECCOB Ha INpuJeramoneM ydactke Kam-
4yaTckoi ceficModokanbHOil 30HbI. CBS3b BO BPEMEHH MEXAY TaKOW aKTH-
BH3amueil u moarotoBkoi OmoTopckoro 3emierpsiceHus B KopsikckoM Ha-
TOpbE MOKET OBITh 0OYCIIOBJICHA TUIAHETAPHBIM IIPOLIECCOM U TpeOyeT Ipo-
BEpKH Ha OOINBIIEM (paKTHISCKOM MaTepHale.

B ckBaxmne E-1 rumporeonmHaMHYecKHid TPEABECTHUK B Qopme
YBEJIMYCHUST CKOPOCTH TIOHIKCHHS YPOBHS BOJBI IEPE] 3€MIICTPSCCHHEM
pPEerucTpupyeTcsi OTHOCUTENbHO peryisipHo [Konwinosa, 2001, 2008]. Ha
puc. 1.15 mpuBoaMTCS IPUMEP TAKOTO TPEIBECTHUKA MEPE/] 3eMIICTPSICEHH-
eMm 10 maprta 2007 1., My, = 6.1.

JIJIst OLIEHKM CTaTUCTUYECKOW 3HAYMMOCTH NPEIBECTHUKA €ro HeoO-
X01uMo (hOpMaIM30BaTh, OLEHUTHh €r0 IMapamMeTpbl M MapaMeTphbl CONps-
KEHHBIX CeHCMUYECKHX cOOBITHH. B KauecTBe mpenBecTHHKA paccMaTpH-
BaJIOCH TIOHMXXEHHE YPOBHS BOJBI CO CKOpocThio < -0.07 cM/cyT B TeueHHe
5cyr u Ooxnee. Eciin Bo Bpems pa3BUTHsI NPEIBECTHHKA WIH IOCIE €ro
OKOHYaHMsA B TeueHHe He Ooinee 30 CyT MPOUCXOMMIO 3eMIICTPSICEHHE C
M,, > 5 Ha paccrostHuu R < 350 KM, TO OHO COMOCTABISUIOCH C JAHHBIM IIPO-
SIBIICHUEM TIpe/IBeCTHHKA. [lapaMeTpaMu peaBeCTHUKA SBISIOTCS €0 Ipo-
JOJDKHATENBHOCTE 17, 3a01aroBpeMEHHOCTE 1a; dKCTpeMasbHas aMILTUTYAA
A, paBHasE MaKCUMaJbHOM CKOPOCTH TOHMKEHHS YPOBHS BOMBI; BpeMs IIPO-
SIBIICHUST SKCTPEMAaJbHON aMIUTUTYABI IO 3eMJICTPSCEHHS 15 W BpeMs OT
OKOHYAHUS TpeBecTHHKA 10 3emierpsicenus d1 = Ta-Tn (puc. 1.15).

B [Konoiiosa, 2001] BeImoHEHa PETPOCIICKTUBHAS OlcHKA 3D dek-
TUBHOCTH TPOTHOCTHYECKOTO MpH3HAKa — MOHMKEHUE YPOBHS BOJBI C I10-
BBIIEHHOH ckopocThio (< -0.07 cM/cyT) mo meronmuke [[yces, 1974] mo
JaHHeIM HaOmogenuii 3a 1987-1997 rr. Iloka3aHo, YTO HCIIOJIE30BAHHE
9TOr0 NPE€ABCCTHUKA MOXKET YIYUIINUTh IPOrHO3UPOBAHUC 3eMﬂ6Tp§ICCHHﬁ C
M, > 5.5 B 1.8 pa3a o cpaBHEHHIO CO CIIyJailHBIM yTabIBAHHEM IIPH BEPO-
STHOCTH BO3HHKHOBEHHMSI 3€MJICTPSICEHHMI B KOHIIE NPOTHO3MPYEMOT'O HH-
tepBania P=m/n=0.58 (7/12), rne n — oOmiee YUCIO MPOU3OMICIIINX
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Puc. 1.15.  IIposiBneHHe T'MAPOTreOAMHAMUYECKOTO MPEIBECTHUKA B M3MEHEHUSIX
ypoBHA Boabl B ckBaxkuHe E-1 mepen zemunerpsicenuem 10 mapra
2007 r. ¥ mapameTpsl IpeABECTHHKA: TH — IPOAOJLKUTEIBHOCTS,
Ta — 3a0maroBpeMeHHOCTh, A — IKCTpeMallbHasl aMILTUTYaa, T3 — Bpe-
M OT HPOSIBICHUS SKCTPEMalbHOW aMILUTUTYIBI JO 3eMIIETPSICEHHS,
dT — BpeMs OT OKOHYAHHS NPEABECTHHKA N0 3eMieTpsiceHus. [opu-
30HTAJIBHOM MYHKTUPHOM JIMHUEN MMOKA3aHO MOPOrOBOE 3HAYEHUE CKO-
pocTy moHMKeHust ypoBHs Bozbl -0.07 cm/cyT

3eMJICTPSICEHUI, M — YHCIIO0 3EMIICTPSACCHHIA, ITIepe]l KOTOPHIMHU TPEIBECTHUK
nposiBisics. [Ipu MporHO3UpoOBaHWU 3emileTpsiceHuit ¢ My, > 6.6 3ddek-
TUBHOCTh MPEIBECTHUKA BO3pacrtaeT 10 /= 2.7 mpu BEPOSATHOCTH BO3HHK-
HOBeHUs 3emuieTpsiceruii P = 0.86 (6/7).

B [Komsutosa, 2008a, KonsiioBa, 2009] BeImoHEHa otieHKa 3P dek-
TUBHOCTH 3TOTO BHJA TMPOr€OANHAMHUYECKOTO MPEABECTHUKA JUIS TIEPHO-
na Habmromenuit 1996-2007 1. B Tedenme storo BpemeHu mpowmsonuio 20
3emierpsicenuil ¢ My, >5.0 u R <350 xm. Ilepen ueTblpHAALATBHIO 3EMIIE-
TPSCEHUSMH MTPOSIBISUICS NPEABECTHUK B H3MEHEHHSX YPOBHS BOJBI B
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ckBaxnHe E-1 (BeamumHa BEpOSTHOCTH CBS3HM MPEABECTHHKA M 3€MIIETPSI-
ceamii P =14/20=0.70). Ilapamerpsl mnpeaBecTHHKa: Tn = 6-48 cyr,
Ta =6-57 cyt, A=-0.07—-0.20 cm/cyT, T5=2-43 cyt, dT=-15—-27 cyT.
BemmunHa 3¢ (eKTHBHOCTH TpEIBECTHHKA PACCUMTHIBANACH 10 (GOpMyIe
1= (m/n)/(df), rne m — 9ucno ceHCMUYECKUX COOBITHH, Iepe] KOTOPBIMH
MIPOSIBISUICS TIPEIBECTHUK; 7 — OOIee YHCIO CEUCMHYECKHUX COOBITHIA,
T — CyMMapHOE BpeMs MpPOSBICHUS NPEABECTHUKA, ¢ — oOIlee BpeMs Ha-
Omoennii. BenmunHa / IOKa3bpIBaeT pa3iudane MEeXKAY OTHOIICHUSIMY m/n U
7/t. Eciin 3 exTrBHOCTD [ > 1, TO TaKOW MPEIBECTHUK SBISCTCS MOJIC3HBIM
JUTSA TIPOTHO3A.

D PeKTUBHOCTD THIPOTCOTMHAMUYSCKOTO TPEABECTHUKA B U3MEHE-
HUSX YPOBHS BOJBI B ckBaxknHe E-1 coctaBisieT /= 3.2 u NOKa3bIBaeT, 4TO
9TOT MPEJBECTHUK SIBISCTCS TOJE3HBIM M MOXET HCIIOJIB30BAThCS JUIS TIPO-
rHo3a 3emuerpsiceHuil. C 2002 r. mo HacTosiliee BpeMsi Ha OCHOBE 3TOTO
MPEBECTHUKA PEryJSPHO TPEAOCTABISAIOTCS 3aKIFOUCHUS O BO3MOKHOCTH
BO3HHUKHOBEHUS CHIIBHBIX 3eMileTpsiceHuii B Kamuarckom pernone B Kam-
yarckuil ¢unuan PoccHIICKOro 3KCHEPTHOrO COBETA IO MPOTHO3Y 3eMJIC-
TPSICEHUH, OLICHKE CEICMMUYECKOM ONACHOCTU U PUCKA.

1.4. | BeiBOABI K rnaBe 1

1. l'uaporeoceiicMuyecke Bapualluyd ypOBHsS BOJBI BbLIEIE-
HBl B CKBa)XMHAX, KOHTPOJIMPYIOLIUX HAIOpPHBIE NPECHBIE U MUHEPAJIBHBIE
MOJ3€MHBIE BOJBI, PACIIPOCTPAHEHHBIE B BYJIKaHOI'€HHO-OCAJOYHBIX U Tep-
PUTEHHBIX OTJIOKEHHSIX MO3JAHEMENIOBOrO U HEOTeHOBOrO Bo3pacTa. Bius-
HUE CEHCMUYHOCTU HE BBISBICHO B M3MEHEHMSIX YPOBHS BOJBI B CKBaXH-
Hax, BCKpPBIBAIOIINX Oe3HANOpHBIE M ClIA0OHANIOPHBIE MOJ3EMHBIE BOJABI B
PBIXIIBIX YETBEPTHUIHBIX OTIOKCHHAX.

B 3aBHCHMOCTH OT COOTHOIICHUS BEIMIWH MATHUTYABI My, W THIIO-
LIEHTPAJILHOTO PACCTOSIHUSI 3eMJIETPICEHUH R THIIporeoceicMHYecKUe Ba-
pPHALTH MOTYT COCTOSATH M3 HECKOJNBKHX YacTeW: Mpeid-, KO U MOCTCeHCMHU-
YEeCKHX, KaXK/Ias U3 KOTOPHIX OMPEAEIIeTCS Pa3InIHBIMHA (paKTOpaMu ceiic-
MHYECKOTO BO3JIEHCTBUSI.

I'unporeoquHaMuyeckue MPEIBECTHUKU MPOSBISIOTCS MpeUMylie-
CTBEHHO B CBSI3U C HanOoJiee CHIBHBIMH MECTHBIMU CEHCMHYECKUMH COOBI-
TUSIMH, XapaKTEpU3YIOUIMMUCS BEeIMYMHOW oTHOwmeHus M,/IgR > 3.1
(M, = 6.6-7.8, R=90-320 km). D deKThl BIUIHUSI CCHCMUYHOCTH B PEXHU-
M€ OT/EJIbHBIX CKB)XMH MMEIOT WHIMBHIyalbHbIE OCOOEHHOCTH NpOSBIIE-
HHUS B 3aBHCHMOCTH OT COCTaBa, BO3PAacTa, (PMIBTPAIMOHHBIX CBOWCTB BO-
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1.4. Bvigoowl k 2nase 1

OBMEMIAIONINX TOPOJA, XHWMHYECKOTO ¥ Ta30BOTO COCTaBa IIOPOBO-
TPEIMHHBIX (IIOUIOB.

2. O6HapyXeHBI THAPOTCOANHAMHIYCCKUE IIPEABECTHUKH H PETPO-
CIEKTHBHO OIEHEHA MX CEHCMOIIPOrHOCTHYECKast MHPOPMAaTHBHOCTb:

— TUAPOTEOMHAMHUYECKUI TPEABECTHUK B (hOpME YBEIHUYCHHUS CKO-
pOCTH TIOHIDKEHHSI YPOBHS BOIBI B CkBakmHe E-1 B TedeHme CyTOK-
JIECSITKOB CYTOK Tepell 3eMJICTPICCHUsIMH ¢ My, >S5 Ha pacCTOSHHUAX 0
350 km (P =10.70-0.86, I = 1.8-3.2);

— OyxT000pa3HOE MOHMKEHIE YPOBHS BOJBI B IBYX CKBa)XXWHAX B Te-
yeHue Tpex Henenb nepen Kponoukum semserpsicenuem, M, = 7.8, cun-
XPOHHOE C Pa3BUTHEM aCCHCMHYCCKUX JBMKCHUI B 00JIACTH OYara Mo JaH-
HBIM HaOIIOAeHUI Ha kaMuaTcKkoi cetu GPS-crannuii.

3. Hambomnee xapakTepHBIMH THIIAMU THAPOTEOCCHCMHUYECKUX Ba-
pHuanuii IpU MECTHBIX 3eMIICTPSICEHUSX SBISIOTCS:

— KOCEHCMHUYECKHE CKauYKH MOHIKEHHS U TTOBBIIICHUS YPOBHS BOJBI
B TIIE30METPUYECKUX CKBAKMHAX IPH OOpa30BaHUH Pa3pbIBOB B OYarax
MECTHBIX 3eMJIeTpsiceHuil ¢ M, > 6.0, mpeacTaBisionIe KBa3HyNpPyTui
OTKJIMK CHCTEMBI «CKBaXXMHA — BOJIOBMEIIAIOIIA TIOPOJa» Ha pa3BHTHE KO-
celficMu4ecKoi neopmariy;

— pa3HOOOpa3HbIe MOCTCEHCMUYECKAE W3MEHCHHsS IIPH TMPOXOXKIe-
HUM CEHCMHYCCKUX BOJIH.

OtnenbHbIH THIT 3()(EKTOB CEHCMUYHOCTH TPEJICTABIISIIOT BapUAIlMH
YPOBHS BOJIBI B IThe30METPUUCCKUX CKBAXXKHUHAX B PE3YJIbTATE MPOXOKIACHUSA
MIOBEPXHOCTHBIX CEHCMHUYECKHX BOJIH OT CHJIBHEHIIMX 3€MIETPSCEHUM C
M, > 7.6 Ha pacCTOSHUAX 110 8.5 THIC. KM.

4. Ha nmpumepe ckBaxxunbl KO3-5 moka3aHo, 9TO pa3inyue KO- U
MTOCTCEHCMUYECKUX CHUTHAJIOB B M3MEHEHHUSAX YPOBHS BOJIBI TIPH MIPOXOKIE-
HUU CEHCMUYECKUX BOJIH OT CHUJIBHEHMIIUX 3€MIIETPACEHUN OIpelnessieTcs
rmapaMeTpaMi MaKCHMANBHBIX (a3 KoeOaHuit rpyHTa. s 3TOl CKBaKUHBI
MPOCJICKEHBI OCHOBHBIC TCHCHIIUH, OMPEICISAIONINEe OCOOCHHOCTH BapHa-
UMA ypOBHS BOJABI B 3aBHCHUMOCTH OT aMIUIMTYIHO-4aCTOTHOTO COCTaBa
CEeHCMUYECKNX CUTHAJIOB: | — HU3KOYACTOTHBIE U OTHOCUTENILHO HH3KOaM-
TJINTY AHBIC CEHUCMUYECKHE CUTHAJIBI COIIPOBOXKAAIOTCA KOHe6aHI/I§IMI/l YpOB-
Hs BOJbI; IPpU YBEJIWYCHNUNU aMIUIUTY/Ibl CUT'HAJIa Ha KOJIe6aTeJ'leLIl7[ PEKUM
MOT'YT HaKJIaAbIBAaTHCA KPATKOBPEMEHHBIEC OCTATOYHBIC MOBBIIICHNUA YPOBHA
BOJBI, 2 — OTHOCHTENBHO BBICOKOYACTOTHBIE CEHCMHUYECKHE CUTHAIBI CO-
MIPOBOKAAIOTCS OCTATOUYHBIMH TTOBBIIIICHUSIMHI YPOBHS BOJIBI;, TIPU YBEJIHYC-
HUM aMIDIATYOBl CHUTHAJa MOTYT MPOSBIATHCSA JIIUTEIHHBIC OCTATOYHBIC
MTOHMKCHUSL.

5. OOHapyXeHO CYIIECTBCHHOE Pa3iIMdUe B MPOSBICHUSX THIPOTEO-
TUHAMAYECKHUX IPEIBECTHUKOB Ha CTAIUSAX MOATOTOBKA MECTHBIX 3eMIle-
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Tpsicenuit (M,, = 5.5-7, R<350 kM) B CKBaKHMHAX, BCKPBHIBAIOIINX HAIIOPHbIE
MIPECHBIE TTOJ[3¢MHBIE BOABI B BOAOBMEIIAIOIINX ITOPOJAX CO CPETHUMH BO-
JIOTIPOBOANTUME cBoricTBaMu (ckB. FO3-5) u MuHepanbHBIE Ta30HACKHIIICH-
HBIE TIOA3EMHBIE BOJBI C HHU3KMMH BOJONPOBOASAIINMH CBOMCTBAMHU
(ckB. E-1).

B ckBaxune K03-5 nmpenBecTHUKH MEpe]] TAKIMHU 3eMIICTPSICEHUSIMU
He ObuTM 0OHapykeHbl. B ckBaxune E-1 mepes TakuMu 3eMIIETPSICCHUSIMU B
70-86% ciyuaeB MpOSABISUICS NMPEABECTHUK B MOHMKEHUSX YPOBHS BOJBI C
MOBBIIIEHHOH CKOpOCThIO. JIuib B ciaydae cuibHelmero Kponorkoro 3em-
JIeTpsICeHUs] HAaOJII01aJI0Ch OJTHOBPEMEHHOE TPOSIBIIEHHE THIPOTe0IMHAMH-
YECKOro INpeJBECTHHKA B 00EMX CKBa)KMHAaX, CHHXPOHHOT'O 110 BPEMEHHU C
aHoManbHeIMHU niepemenieHuaMu GPS-crannuit Kamuatckoit cetu.
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rmABA | MOOEJIMPOBAHUE 3®®PEKTOB
2 CEMCMMUYHOCTU B CUCTEME
«CKBAXWHA — BOOOBMELLAIOLLASA
NnOPOOA»: TEOPETUYECKUE
OCHOBbI U NPUMEPDI

®opMHpOBaHNE Pa3IMYHBIX THIIOB THIPOTEOCEHCMHYECKUX
BapHWaluii ypoBHS BOJBI B HaOJIONATENFHONH CKBAXKHHE OIpPEHEISICTCS:
1 — dakTopamMu celicMHYECKOTO BO3JCHCTBUS, 2 — 3aKOHOMEPHOCTSMH ITO-
BEJICHUS IOPHUCTHIX YNPYTUX (OIFOMIOHACHIIICHHBIX TOPHBIX MOPOJ TpH
W3MEHEHHH MX HaIpsDKEHHO-Ie(hOPMUPOBAHHOTO COCTOSIHHS, 3 — CBOMUCT-
BaMHU CHCTEMBI «CKBa)KMHA — BOJIOBMECIIAIONIAS MOPOJIa», BKIHOYAIOIIIMHU
yhnpyrue ¥ (UIBTPAlMOHHBIC MapamMeTpbl BOJAOBMEINAIOIIMX IMOPOJI, CTe-
MEHb MX W30JIMPOBAHHOCTH OT aTMOC(EPBI U TPYHTOBBIX MOA3EMHBIX BOJ, a
TaKXKe TeOMETPHUECKUe pa3Mepbl CKBaxuHbl [Konwsirosa, 2001, 2005,
2005a, 200506; bonourna, Konvinosa, 2006, 2008, 2008a; u dp.]. Ilostomy
paspabotka mMojesnell (OpMHUPOBAHUS PA3IMYHBIX TUIIOB THAPOreoceiicMu-
YeCKHX BapHalii B CHCTEMaxX «CKBA)KMHA — BOJOBMEIIAIOMIAS ITTOPOIAY,
OCHOBBIBAIOIINXCS HA TAHHBIX HAOJIONEHUH, SBISCTCS BaXKHBIM 3TalioM
pa3BUTHs HAYIHBIX MPEACTABICHUN O Crenu(pUKe (QIONI0AMHAMIYECKUX
MIPOIIECCOB B Cpesie CeHCMOAKTUBHBIX perHOHOB. C MCIONBb30BaHIEM TaKHIX
MoJeNieif MOTYT PeHIaThCsl BOMPOCH MOBBIICHUS d(PPEKTHBHOCTH HUCTIONb-
30BaHMSA YPOBHEMEPHBIX JaHHBIX B 33[a4aX Te0(pH3MIeCKOr0 MOHHTOPHHTA
CeIICMOAKTHBHBIX PETHOHOB, B YACTHOCTU, OHM IMO3BOJISIIOT OICHHUBATH JIC-
(dbopMoMeTpUUeCKHE U CEHCMOMPOrHOCTUYECKUE CBOMCTBA OTACIBHBIX Ha-
OJTI0/TaTETbHBIX CKBAYKHH.

HauGonee GnaronpusiTHeIE yCIOBHsI Ui OOHApYKEHUsI CEHCMOTEK-
TOHMYECKOH aedopMaliiid BOJOBMEHIAIOIINX IOPOJ 0 YPOBHEMEPHBIM
JMAHHBIM XapaKTEePHBI A TIyOOKMX CKBaXKMH, BCKPBIBAIOIIMX HAMOPHBIC
MOJ3EMHBIC BOJBI, H30JIMPOBAaHHBIC CITA0OMPOHUIAEMBIMU TOJIIAMH OT
BIIMSIHASL BBIIIC- U HIDKEIIC)KAIINX BOJOHOCHBIX TOPU3OHTOB. B Takux ciry-
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Yasix MOYKCT HaOII0IaThCs HEAPECHUPOBAHHBIA CTATHYCCKH M30IMPOBAHHBIN
OTKJIMK YPOBHSI BOJIbl Ha 3€MHbIC MPHJIMBBI, BApHALH aTMOC(HEPHOro naB-
JICHUS ¥ CEHICMOTEKTOHHYECKYIO JieopMallrio B IIUPOKOM YaCTOTHOM JiHa-
nma3one [Rojstaczer, 1988; Rojstaczer, Agnew, 1989; Roeloffs, 1988; Iga-
rashi, Wakita, 1991]. Ha Kam4atke k TakuM 00OBEKTaM OTHOCSATCS CKBaXH-
uel F03-5, E-1, 1303 u 1309 [Konwsirosa, borouna, 2006; Konwsirosa, 2006].

2.1. CTATUYECKU U30JIMPOBAHHbIU
OTKJTIUK YPOBHA BOAbl HA
M3MEHEHUA HAMPAXXEHHO-
AJEPOPMUPOBAHHOIO COCTOAHUA
BOAOOBMELLAKOLWKUX NOPOO

Hwke naHo M3JI0KEHHE TEOPUHM MOPOYNPYrOCTH IMPUMEHH-
TEJILHO K CKBa)XMHAM, B KOTOPBIX IMPOSBISETCS CTATUYECKH HM30JMPOBAH-
HBII OTKJIMK YPOBHS BOJBI HA M3MEHEHUSI HATPSHKEHHO-AE()OPMHUPOBAHHOTO
COCTOSTHHSI BOJIOBMEINAIOIINX MOPOA TIOJ BIMSHUEM Bapuanui atMmocdep-
HOTO JIaBJICHHUS, 3eMHBIX IPHJINBOB M CEHCMOTEKTOHNYECKOH nedopmanni.

Ha mpumepe ckBaxunsl FO3-5 paccMmaTpuBaroTcs pe3ynbTaTsl Oapo-
METPHYECKOTO U NMPHUIMBHOTO aHAIN3a CHHXPOHHBIX YacOBBIX 3alliceil Ba-
puarii ypoBHS M atMoc(epHoro nasineHus. C HCIOIb30BaHUEM OLICHEH-
HBIX BEJIMYUH OapoMeTpuuecKod 3(PEKTUBHOCTH WM NPHIMBHOW YyBCTBH-
TEJILHOCTH YPOBHSI BOJIBI PAaCCUMTAaHbl yNpPYyrHe IapaMeTpbl U MOPHCTOCTb
BOJIOBMEIIAIOIIUX MOPOJ.

C wucrmonp30BaHMEM MaTeMaTudeckoir mozenu [Hsieh et al., 1987]
MOCTPOEHA MOJIENIb MHEPIIMOHHOCTH BOJOOOMEHa B CHUCTEME «CKBa)KUHA —
BOJIOBMEIAIONIas IMOpPOAa» TP TapMOHMYECKUX BapHALUAX I[TOPOBOTO
JaBIICHUSI.

[TpuBoAsTCS OIEHKH BENIMYMH KOCEHCMHUYecKoH nedopManui BOJIO-
BMEIIAIONIUX MOPOJ MPH LMIECTH KaMYaTCKUX 3EMIICTPSICEHUSIX U IIpeaceiic-
MHUYECKOH nedopMaly Ha cTaJuH MOAroTOBKH KpoHOLKOro 3emierpsce-
HUSI 110 IAHHBIM YPOBHEMEPHBIX HAOJII0AEHHH.

IToka3aHo, YTO BEIUYMHBI U Xapaktep aedopMaliu B palioHe CKBa-
xuHbl FO3-5 M0 ypOBHEMEPHBIM JaHHBIM COTJIACYIOTCSI C TEOPETUUECKHUMU
BEIMYMHAMHU KOceHcMuueckor nedopManuy, MOJYYeHHBIMH IO MOJEIH
MPOTSHKEHHOTO TUCIOKAIIMOHHOTO CTOYHHKA B YIPYIOM IHOJYIIPOCTPAHCT-
Be [Okada, 1985].
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2.1. Cmamuuecku U301UpOBAHHBIN OMKIUK YPOBHS 800bl HA USMEHEHUS
HANpAACeHHO-0ehOPMUPOBAHHO20 COCTNOAHUS B000BMEWAIOUUX NOPOO

2.1.1. OueHKa nopoynpyrux napameTpoB
BOAOBMeLLaloWmMxX nopoa u MUHEPLMOHHOIo
achekTa BOAOOOMEHA

WuTepnperanus JaHHBIX YPOBHEMCEPHBIX HAONIOACHUH st
OIICHKH U3MCHEHUH HAIPSHKCHHO-IE(POPMHUPOBAHHOTO COCTOSIHUS T€OJIOTH-
YeCcKOH cpefpl MpeanoaraeT HaJludue ABYX BHIOB MAaTeMaTHIECKUX MOJIe-
JIeH: MOJIENH, OMHICHIBAIOIIEH PEeakIiio MTOPOBOTO JaBICHNS Ha W3MEHEHHE
HaTPSHKCHHO-Ie(POPMHUPOBAHHOTO COCTOSHHS MUHEPAIBFHOTO CKelleTa Top-
HOW TIOPOJBI, ¥ MOJIENH, OIHCHIBAIONIEH PEaKIUI0 YPOBHS BOJBI B CKBAXKH-
HE Ha M3MEHEHHUe opoBoro naBieHus [Roeloffs, 1988]. Takue momenun pas-
pabaTHIBAIOTCS Ha OCHOBE TEOPUHU MOPOYIPYTOCTH, U3IOKCHUE KOTOPOWM
naHo B pabortax [Biot, 1941; Rice, Cleary, 1976; Kumpel, 1991; Nur,
Byerlee, 1971]. IlpumMepbl NPUIOKEHHUS TCOPUH JIJIsl OMUCAHUS [TOBEICHHUS
CHUCTEMbI «CKBa)KHMHA — BOJIOBMEIIAIOIIAS [MOPOJIA» TMPH U3MCHCHUSAX Ha-
MPSHKEHHO-E(OPMHUPOBAHHOTO COCTOSIHUSL BOJOBMEIAIOIIUX OPOJ], BbI-
3BaHHBIX 3CMHBIMH IPWIHBAMH, aTMOC(HEPHOW HArpy3KOH, KPUIIOBBIMU
TIOJIBMYKKAMH TI0 Pa3iIoMy U CEHCMUYECKHMH BO3ACHCTBUSIMH ITPUBOASITCS B
[Fapabanos, 1984; Bapabanos u op., 1988; Cooper et al., 1965; Hsieh et
al., 1987; Igarashi, Wakita, 1991; Quilty, Roeloffs, 1991; Roeloffs, 1989,
1996, 1998; Rojstaczer, 1988; Rojstaczer, Agnew, 1989].

2.1.1.1. Teopust nopoynpyrocTu ons CraTuyeckm
M30NNPOBaHHbIX CUCTEM
«CKBaXuHa — BogoBMeLllaloLasa nopoga»

B ocHOBe mpuMeHEHHsI TEOpPHH MOPOYHPYTOCTH IS HHTEp-
IpeTalyy yPOBHEMEPHBIX TaHHBIX JIEKHUT HPEACTAaBICHHE O BOJOBMEIIA0-
IIMX MOpOoJiaX Kak 00 OTHOCHUTEIHHO M30JIMPOBAHHBIX MPOTSHKEHHBIX BOJO-
HACBHIIIEHHBIX CIOSX (TIacTax) TOPHBIX IOPOJA, CIOKEHHBIX HMOPHCTHIMU
YIPYTMMH MaTepuallaMH CO CBA3aHHOM CTPYKTYpOl Op M TPEIIMH.

Ha pucynke 2.1 mperncraBicHa MOIETh CHCTEMBI «CKBa)KHHA —
BOJIOBMEIIAIONIAS ITOPO/Iay, BKIFOUYAIONIAs HEOTPAHUYCHHBIA 110 TOPH30H-
TaIH W30JHPOBAHHBIA CIIOW BOJOHACHIMICHHBIX MPOHHUIIAEMBIX MTOPUCTHIX
MOPOJI, MIEPEKPBITHIX CBEPXY M CHHU3Y HEMPOHUIIAEMBIM MOpoJaMu. Bricora
cTos0a BOJBI, IIOJHAMAIOIIETOCS BEIIIE KPOBIH BOJOHOCHOTO CIIOS, TIOJTHO-
CTBIO ypPaBHOBEIINBAET AABJICHHE BOABI B IIOPOBOM IPOCTPAHCTBE TOPHOMN
mopo 5! (IopoBoe IaBieHne). Taxkue MpupoaHbIe 0OBEKTH MIPH JOMTYIICHUN
UX OJHOPOJHOCTH W M30TPOITHOCTH MOTYT OBITH ONHCAHBI OTPAHUYCHHBIM
HabopoM Qusudeckux (MOpoynpyrux) napamerpos [Biot, 1956; Biot, Willis,
1957; Rice, Cleary, 1976; Rojstaczer, Agnew, 1989; Kumpel, 1991; u op.].
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Puc. 2.1. Mopesnp BOZOHOCHO# CHCTEMbI (H30IMPOBAaHHBIHN CIION)

JluneiiHas Teopusi MOPOYNPYTrOCTH BKJIIOYAET CUCTEMY YpaBHEHU,
CBSI3BIBAIOIIMX M3MEHEHUs JeopManny U HaNpsDKEHUS! B CKEJIETE TTIOPOJIbI
C MOPOBBIM JIaBJIICHHEM C y4ETOM C)KMMAaeMOCTH CKeJeTa M YIpyroro usme-
HeHus o0beMa XuakocTH. ba3oBoe ypaBHEHME CBA3M HANPSKEHHH o5 U
nedopmanmii &; B TBEPAOH MaTpHIE C IOPOBBIM JaBIeHHEM (GIIIONIa p A
MaJIbIX Jie(OopMaliii JIMHEHHBIX U N30TPOIHBIX YIPYTUX Cpell MPU U30Tep-
MUYECKUX YCIIOBUAX JlaeTcd Kak [Biot, 1941, 1962]:

o = &b + 2G&; - op;, (2.1)
rne & — ooveMHas aeopmarys, & — kodpduireHT 3GpGHEKTUBHOTO HAIpSI-
xenns buo, & — cumBon Kponekepa (mpu i =j, =1, mpu i #j, §;=0),
A=EV[(1+v)(1-2v)] u G = E/2(1+V)] — koaddummenTs Jlame, rne E — Mo-
nyms FOHra u v— xoa¢durment [lyaccona.

C ucnonb3oBanueM ypasHenus (2.1) B [Rice, Cleary, 1976] npuso-
JIUTCSI CHUCTEMa YpaBHEHUH, CBSI3BIBAIOLINX M3MEHEHUs Jie()OpMalvy U Ha-
NPsDKEHHSI B CKEJIETE TIOPOJIbI C TOPOBBIM JABJIEHHEM C YYETOM CXKHMaeMo-
CTH CKeJIeTa ¥ YIPYroro M3MEHEeHHUs! 00beMa KUIAKOCTH. DTa CHCTEMa ypaB-
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HEHUI MCIHOJB3YyeTCss JJIsi ONUCAHHS MOJEIH BOIOHOCHOH CHCTEMbI
(puc. 2.1). B xagecTBe OCHOBHBIX KOHCTAHT 3TUX YPaBHEHHH NPUHHMAIOT-
cs: Monynb capura G, IPEHUPOBAaHHBIN V U HEIPCHUPOBAHHEIN V, KO3(]-
¢urnments! [lyaccona, koadduimeHT mopoBoro maBieHUS (KOd(hGUIHESHT
CkemMnTOHAa) B ¥ TbE30TIPOBOAHOCTH C.
VYpaBHeHue CBs3U eOpMalMU-HANPSDKEHNUS C TOPOBBIM JIABIICHHEM
JUTsl TIOPOYTIPYTO# Cpeibl BBIPAXKAETCS KaK:
26e, =0y —— 08,42V 5 (2.2)
1+v 1+v)1+v,)B
rae o= 1/3(oy;+ 05,1 033) — CyMMa TJIaBHBIX HANPSDKEHUH;
— ko3¢ ¢unment buo o
a = [3(v-»MBA-2v)(1+Vv)]; (2:3)
— ko3 dummenT CkeMnToHa B, BEIpa)KEHHBIN W3 OTHOIICHUS MEXIY
CYMMO# TJIaBHBIX HANPSDKCHUN O W MOPOBBIM JABICHUEM p IUIS HEAPCHHU-

POBaHHBIX YCIOBHH (B YCIOBHSAX OTCYTCTBHUS OTTOKA )XUIKOCTH) [Skempton,
1954]:

p =-Bol3; 2.4)
—Monynb casura G:
2Ge = -3/B[(1-v,)/(1+v,)]p. (2.5)
— YpaBHEHUs CBSI3HM HAINPSDKEHUI M MOPOBOTO JABJICHUS B MPHUCYTCT-
BUU TMIOTOKOB JXKUIKOCTH (APCHUPOBaHHbBIC YCIIOBUs) [Rice, Cleary, 1976]:
o= Np, (2.6)
rae N = [2a(1-2v))/[3(1-v)] — k03D PHUIHEHT CBSA3M HANPSKEHUH H TIOPOBO-
TO JaBJCHHS Ui JAPCHUPOBAHHBIX YCJIOBHH (B YCIOBUSAX OTTOKA YKHJKO-
CTH), U
kV?p = S.op/ot, (2.7)
rae k — xkoapdunuent ¢unprpanuu, a S, = S(1-NB) — ynenpHas ynpyras
€MKOCTh BOJIOBMEIIAFOIICH TOPOJIBI;
— MBE30MPOBOIHOCTH C:
ek B (1-v)A-2v)(1+v,) , (2.8)
3pA+v)A—-v )V, —V)
rae S =[3(1-2V)]/[2G(1+V)] — cxuMaeMOCTh CKeneTa ISl JPEHUPOBAHHBIX
YCIIOBHUI.
[Ipenensl uaMeHeHus napaMmeTpoB v, v, u B: v<v, <0.5;0 <B <1.
Peakiust ypoBHSI BOJBI B CKBOKMHE HA U3MCHEHHUS aTMOC(EPHOTO
JTABJICHUS XapaKTepU3yeTCs] BETMIMHON OapoMeTprdeckoil 3 (heKTHBHOCTH
E,. TpaguumoHHO TpPWHUMAETCS, YTO OapoMeTpHudecKas Harpy3ka paBHA
BEePTUKAJbHON KOMIOHEHTE HampspkeHus. [Ipum 3TOM H3MEHEHHS aTMo-
chepHOTO NaBIIeHWS BO3ICHWCTBYIOT Ha BOJOBMENIAIOIINE ITTOPOABI depes
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KPOBJIIO, HE BbI3bIBasl JIATEPANIbHBIX BapuallMil JABICHUS, a TAKKe HA OT-
KPBITYIO TIOBEPXHOCTh BOJIbI B CKBa)KHHE. B 3TOM ciiydae IUIOIIAJAHON Je-
(dopmarmeli BMEAIUX Mopo npeHedperaercs (& = &, = 0), u Benu-
YMHA BEPTUKAIBHOIO HAMPSDKEHHS NMPUHUMAETCSl PaBHOW HM3MEHEHHIO aT-
Moc(hEpHOTO JaBJICHUS Ha KPOBJIE BOJOBMENIAIOIMNX TOpo [Jacob, 1940]:
033 = Db, (2.9

rle p, — U3MEHEHHe 0apoOMETPUYECKOro AaBJieHUsl (IOJO0KUTEIbHOE IS
CXKaTHS).

OTa MozeNb HeaIn3upoBaHa, TaK KaK B PEAbHBIX YCIOBHUSIX H3Me-
HEHHs aTMOC(EPHOTO JABJICHUS MOTYT BBI3BIBATh TOPH30HTAIBHBIC Je(Op-
MaIiH, KOTOPBIC BJIMSAIOT HA KBAa3HCTATHYCCKHUI HM30JMPOBAHHBINA OTKIHK
nopoBoro aaeneHus. [loatomy B [Rojstaczer, Agnew, 1989] npunsro:

& = H€33, (210)
rae BenuunHa H MOeT ObITh paBHOU 100 0 (TpajAUuIMOHHOE NOMYIIEHHE,
Hanpumep, B [Van der Kamp, Gale, 1983]), mu6o 1 (B ciyyae ympyroro
mosynpocTpanctsa [Rojstaczer, Agnew, 1989]).

Kpome 3Toro, KOHTPOJIUPYEMbIC CKBaXKWHOMW IUIACTHI BOJIOBMEIIA0-
IKUX MOpOJ OOBIYHO OoJiee WIIM MEHee HECOBEPILICHHO H30JMpOBaHbl. B
[Rojstaczer, 1988] mokazaHo, 9TO MO M3MECHEHUSIM OapOMETPHUIECKOTO OT-
KJIMKa B 3aBHCUMOCTH OT YaCTOTHI MOKHO OIICHUTH CTEINICHb H30JISALUH Ta-
KUX IUIACTOB MEPEKPHIBAIOLIMMH MMOPOJAMH OT BIHSHUS H3MEHEHUH YPOBHS
BOJIbl B MIEPBOM OT MOBEPXHOCTH 3€MJIM BOJOHOCHOM ropu3oHTte. [Ipu oc-
nabneHun 0apoMETPUYECKOro OTKIMKAa B O0JIACTH CYTOYHBIX II€PHOJIOB
NpeAIoJaraeTcss HaIMuue BePTUKAIBLHOTO T0TOKA Yepe3 MepPEeKPBIBAIOIIYI0
TOJIILY W BJIHMSHUC BapUalMi YPOBHS TPYHTOBBIX BOJ HA M3MCHEHUS MOPO-
BOTO JaBJICHHS B KOHTPOJIMPYEMOM BOJIOHACHIIIICHHOM CJIO€.

C ucnonp3oBaHueM 3aBHCHMOCTH (2.10) BMecTe ¢ BhIpaKEHHUEM AJIS
033 B (2.9) u ypaBuenwuii (2.4) u (2.2) B [Van der Kamp, Gale, 1983] npuso-
JIUTCSI BRIpaXKeHHE [T KOG GHUIMEHTA HATPY)KEHHS ¥, PABHOTO OTHOIICHHIO
MEXly U3MEHCHHEM MOPOBOTO JABJICHUS U MOBEPXHOCTHONW HArpy3Koi Ba-
puanuii atMocepHOTo aBICHUS:

_p _BA+H)1+v,) @.11)
py 3-0-H)v,]

Orcrona
E,=1-y (2.12)
amis H=1:
E,=1-n, (2.13)
rae
n = [2B(1+v,)]/3. (2.14)
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OTKIMK ypOBHS BOABI Ha 3€MHBIC MPWIIMBEI ONPENENIACTCS CYMMOM
KOMITOHEHT 00BbEeMHOHN AedopMaluu & = &1 +&y+&33, 3aBUCUMOCTD MEXIY
KOTOPO# M TIOPOBBIM JaBJICHHEM p TIOIy4eHa B [Rojstaczer, Agnew, 1989] ¢
HCTIONBb30BaHueM ypaBHeHHH (2.4) u (2.2):

&=-B,p/B, (2.15)
rie [, — HeIpeHUpOBaHHasl CKMMAEMOCTh TBEPOH (a3bl ckenera (Ipu yc-
JIOBUH ITOCTOSTHCTBA Macchl (piona):

B.=p(-Ba). (2.16)

OTCro/1a 9yBCTBUTENHFHOCTS YPOBHS BOJBI IT0 OTHOIIEHHIO K 00BEM-
HOW TPWJINBHOW eopManuy BOZOBMEIIAONINX ITOPOJ TSI KBa3UCTaTHIC-
CKHX W30JINPOBAHHBIX YCIOBHUH, aeTCs KaK

A, = Ahls = B/(pgf,). (2.17)

[To maHHBIM CHHXPOHHBIX HAOJIOACHWH 32 BapHAIMSIMH YPOBHS BO-
IIBI ¥ aTMOC(HEPHOTO JTaBJICHHUS OIIEHUBAIOTCS ITapaMeTp 0apoMeTpHIecKOro
OTKJIMKa ypoBHS Bojbl E, (cm/rIla) m mapamerp OTKIMKa ypOBHSI BOABI HA
3emubIe putuBbl A, (cM/10”). TIpy IPHHATHIX OrpaHHYCHUSX, H3 CHCTEMbI
ypaBHeHHH (2.2)-(2.8) mosy4eHbl BBIpaXXCHUS JUIS OIMCAHUSI CTaTHYECKU
N30JIMPOBAHHBIX CHCTEM «CKBa)KMHA — BOJOBMEIIAIOIIAS [OPO/A» MPH H3-
MEHEHHH HalpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHHS BOJIOBMEIIAIOIINX
MOPOJ W KOJIMYECTBEHHOW OLICHKHM MX YNPYTUX MapaMeTpoB: JPEHHPOBaH-
HOHW C)KUMaeMocCTH ckeneta [, moayis cusura G, koadduimenra noposoro
nmaBineHus (ko3ddumuent CkemMnToHa) B, yAeIpHON ynpyroi eMKOCTH S; U
nopuctoct ¢. COOTBETCTBYIOLIME BBIPAXKEHHS NMPUBOIITCS B psiie pador,
Hampumep, [Igarashi, Wakita, 1991; Roeloffs, 1988, 1996, 1998; Rojstaczer,
1988; Rojstaczer, Agnew, 1989; Van der Kamp, Gale, 1983]:

ﬁzl—Eb[ 3 —ﬂu]’ (2.18)
E, \2pg4,(1+v)

rae f3, — HeIpEeHHPOBAHHAS CHKMMaeMOCTh TBEpAOW (asbl ckenera, p —
IUIOTHOCTh BOZBI, & — YCKOPEHHE CBOOOIHOIO MaueHus, A, — NpUIMBHASA
'-IyBCTBHTeHBHOCTB YPOBHA BOABI IO OTHOIICHUIO K HHOH.[&I[HOI‘/’I l[e(i)opMa—

wnn 4, = [(1-2v)B1/[pg(1-v.) A = [(1-2v,)/(1-v,)4,.

B = pgApI[1+pgA( BB (2.19)
G = [3(1-2v))/[2p6(1+v)], (2.20)
Ss = pg(B+9pB), (2.21)
rae f;— cxxumaeMocTsb Qaronna.
¢=[(B-B)A-B)[B(B-B)]- (2.22)
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2.1.1.2. OueHka napameTpoB 6apomMeTpUYeCcKoro
OTKNMKa YPOBHSA BOAbI

B kagectBe mpumepa paccMOoTpuM ckBaxkumHy HO3-5
(Tabmn. 1.1, puc. 2.2) rmy6unoi 800 M. CTBOJI CKBaXHHBI 00CaXXeH METAJIIIH-
YecKoi KoJoHHON no rmyOomHsl 310 M. B mnTepBane rmybun 0-62 M mua-
MeTp 00cagKu cocTaBiisieT 245 MM, a B quanazoHe 62-310 M muamerp 00-
canku — 168 mm. Hmxe 1o 3abos1 obcanka orcyrcrByer. MHTepBai riyouH
310-800 m mpezcTaBiseT ApeHy, 4epe3 KOTOPYIO CTBOJI CKBa)KUHBI CBSA3aH C
BOJIOBMCIIAIOIIAMHU TIOPOJAMH, TPEACTABICHHBIMU HEPAaBHOMEPHBIMHU 10
BOJIOOOIIIBHOCTH  Ty(oaleBpouTaMi ¥ (DUIUTUTOBUIHBIMH  CIIAHIIAMHA
MO3/IHEMeNIOBOro Bo3pacTta. CyMMapHasi MOIIHOCTh 30H BOJONPHTOKA XO-
JIOTHBIX MPECHBIX MMOJ3EMHBIX BOI, MPHUYPOUYSHHBIX K MPOCIOSIM TPEIIHHO-
BaThIX aJEBPOJIUTOB, cocTaBisieT 100 M. YpoBeHb BOIbI B CKBAKUHE HaXo-
nutcst B 0.5-1 M HMKE IOBEPXHOCTH 3EMIIH.

[lo nmaHHBIM OTKA4KW YACTHHBIM NeOWT CKBaXHHBI () COCTaBHII
0.00148 m’/c TIPU TIOHMXXEHUH YpOBHS BoJbI s = 17.55 M. OnieHKa Benw4un-
HBI K03 durrenta Bogonpopogumoct I = kd (k — xoapdumment Gumbt-
pauuu B 3akoHe Jlapcu), d — BCKpBITas MOIIHOCTH BOJOBMEMIAIOIINX I10-
POJ) MpOBOAMIACH HA OCHOBE YpaBHEHHUs J{IOIIOM 10 MOJEIH JIMHEHHOTro
CTOKa Uil HeorpaHudeHHoro miacta [Cuwndanosckui, 2005; [llecmaxos,
1973, 1985; OcHoB®I.. ., 1983]:

-9 LM, (2.23)
2aT

W
rae A — sMmupudeckuil KodhUIMeHT, paBHbIi ~ 0.7; 7, — pamuyc CKBaXH-
HBI B 00JIACTH CBS3M C BOJOBMemaroImuMu moponamu (r,=0.084 m). Bemu-
4yiHa d IPUHUMAIACh PABHOW CyMMapHOW MOIIHOCTU 30H BOJIOIIPHTOKOB B
TpemmHOBaThIX anepomurax (100 m). ITo (2.23) Bemmuuna 7= 9-10" m7/c.
Orcrona Benmunna k = 9-107 m/c.

JIyis olleHKH TapamMeTpoB 0APOMETPUYECKOTO U IMPUIMBHOTO OTKIIU-
KOB ypOBHS BOJBI B ckBaknHe FO3-5 mcmomnp3oBaics (parMeHT cpenHeda-
COBBIX JIAaHHBIX HaOmomeHuH ¢ 26.05.2003 mo 5.11.2003 rr. (puc. 1.2).

bapomempuueckasa s¢pgexmuenocms E, OUECHUBAIACh METOIOM
KpOCC-CIIEKTPaJIbHOTO aHAIM3a 0 aMIUIMTYTHON MepeaaToYHOr (yHKIHNN
(AII®) ot Bapmanuii aTMOC(GEpHOTO AABICHHUS K N3MEHEHISIM YPOBHS BOZBI
B COOTBETCTBHH C METOAMKON 0OpabOTKH ypOBHEMEPHBIX MaHHBIX, TPEA-
cTaBJIeHHOH B pa3zaene 1.1.1.

N
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Puc. 2.2. Crpoenue ckBaxkunbl F03-5 u reonormueckunii paspes

AII® xapakTepu3yeT n3MeHeHHe 6apoOMeTPUIecKOi 3 (HEeKTHBHOCTH
B 3aBHCHMOCTH OT mepuona Bapwarumit. s ckBaxwuusr FO3-5 (puc. 2.3)
HAOJIOTaeTCsl YBEIMYCHUE BEIMYHHBI £, B IHANIa30HE MEPUOJIOB OT 2 10 6 4
ot 0.2 mo 0.39 cm/rlla. Ha mepuone 6 94 HOCTUTAaeTCs] MaKCUMAIIbHAS BEIIH-
gnHa Ej, = 0.39 cm/rIla, koTOpast ocraeTcs MOCTOSHHON Ha MEpPHOAax 0
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CYTOK-TIEPBBIX JECATKOB CYTOK. Pa3sHOCTH (ha3 MexIy BapuarysMu ypOBHS
BOJBI U atMochepHoro nasieHus cocrariseT 180°+10° Bo BceM paccmart-
pUBacMOM AMAaNa30HEe MEPHOA0B. JTO YKa3hIBACT HA XOPOIUIYIO HM30JIAIHIO
BOJIOBMEIIAIOIMINX TTOPOJ MEPEKPHIBAIOIINMH MOPOJAMH W Ha OTCYTCTBHE
BEPTUKAJBHBIX IEPETOKOB MOI3EMHBIX BOJ, MCKaXKAIOIINX OapoMeTpHdye-
CKUHt OTKIMK. PocT 6apoMeTpruuecKkoro OTKINKa YPOBHS BOJBI Ha IEPHOIAX
2-6 94 00ycTIOBJICH, B OCHOBHOM, HHEPIUOHHBIM 3(h(h)eKTOM TEUCHHS BOAHI B
CKBaXHHY M U3 CKBA)KUHBIL.

0.5
04 4
8 031
s
o 0.2 1
0.1 4
O L] L] IIIIIII L] L IIIIIII L] L] LI
1 10 100
Mepuoapl, Yyackl
Puc. 2.3. AMIIIATYAHAs nepenaToyHas GYHKOUS OT BapHaIUil aTMOC(EpHOTro
JTaBJICHUS K M3MEHEHMSIM YPOBHS BOABI B ckBakune 103-5
2.1.1.3. OueHKa napameTpoB NPUNMBHOrO OTKNUKa

YPOBHA BOAbI

OreHKa MapaMeTpoB IMPIIMBHOTO OTKIMKA YPOBHSA BOIBI —
aMIUTUTYZ, aMIUIATYJHBIX (PaKTOpOB (SKBHBAJCHTHBIX BENMUWHAM A, WIN
A,), pazHoctH (a3 Mexay (azoil NpUIMBHON BOJIHEI B M3MEHEHUSIX YPOBHS
U cOOTBeTCTByIOUIEeH (ha30i NMPWIMBHOTO MOTEHIHMAJA, MMPOU3BOAMIACH C
ucnonb3oBanreM nporpaMmmel ETERNA 3.0 [Wenzel, 1994]. Ha pucynke
2.4a mpUBOAMTCS NEPHOJOTpaMMa BapHallMii ypOBHS BOJBI B CKBaXKHHE
103-5 B auanazone nepuonoB 11-27 4. B u3sMeHeHUs X ypoBHs BOJBI yBe-
PEHHO BBIACNAIOTCS MHUKU ¢ amruutyaamu 1.4-0.2 cM, COOTBETCTBYIOLIUE
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BoitHaM M,, N,, Oy, Q; 1 HepacwJIeHEHHBIM BOJHaM S,, Ky, u P, S| [Menb-
xuop, 1965].

Pesynbratsl npunuenozo ananusza (Tabm. 2.1) BKIIOYAIOT OIEHKY aM-
IUINTY/L TIPUIMBHBIX BOJIH B M3MEHEHUSX YPOBHS M aMIUIMTYAHBIX (akTo-
POB, paBHBIX OTHOLICHHIO AMIUTHTY] NPHUJIMBHBIX BOJH B H3MCHEHHSX
YPOBHS BOJIbI K COOTBETCTBYIOIUM BEINYNHAM TEOPETUIECKON ILIOLIAHOM
nedopmanmu Ay; pasHoctd a3 Mexay Gpa3zaMu NPUIMBHBIX BOJH B M3MEHE-
HUSIX YPOBHS M COOTBETCTBYIOIIMMHU (Da3aMM INPHWIMBHOTO IOTEHIMANIA.
BennunHb! MpUIMBHBIX ITapaMeTpoB 10 Haubosee MolHoi BoaHe PS; (ee
NepHO/ COCTaBIsICT 24 4) He YYMTHIBAINCH M3-32 3alIyMJICHHOCTH BapHua-
LU YPOBHSI BOJIBI JIeHCTBHEM METEO(haKTOPOB Ha CYTOYHOM IIEPHOJIE.

Tadmuma 2.1.  Pe3ynbraTsl NPWIIMBHOTO aHaNW3a BapHAlWil ypOBHSA BOIBI B
ckBaxxune F03-5 no nporpamme ETERNA 3.0 (xupHbIM HIpudTOM
BBIZICTIEHBI BOJHBI B M3MEHEHHSAX YPOBHS BOJIBI, OIpEJEICHHbIC
IIPY OTHOIICHUH CUTHA/IIYM >10)
AmmmuTyzaa | Ammmryna N
o AMITUTY THBIN
TUIOIIAAHOM YPOBHS Cur- o
Bonna (axTop ®daz3oBeIii COBUT,
nedopmarn BOJIBI, Hayn/ /107 roa
D, H, IyM pan
en.-10” cM
Q: 2.10 0.32 13.2 0.150+0.003 -167.62+0.18
0, 10.97 1.30 54.5 | 0.118+0.0005 | -173.61+0.03
M, 0.86 0.16 6.5 0.179+0.006 179.28+0.37
PS, 15.43 1.09 45.7 | 0.070£0.0004 | 176.77£0.025
Iy 0.86 0.081 34 0.094+0.008 169.92+0.45
00, 0.47 0.069 2.9 0.146+0.010 -176.98+0.55
2N, 0.31 0.039 43 0.125+0.021 135.77£1.23
N, 1.95 0.27 29.9 0.139+0.004 -163.83+0.22
M, 10.18 0.89 98.8 | 0.088+0.0007 | -159.53+0.04
L, 0.29 0.031 35 0.109+0.020 -51.88+1.14
SK» 4.74 0.52 57.3 0.109+0.001 | -140.48+0.081
M, 0.04 0.011 4.9 0.245+0.147 -115.34+8.42
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OrnpeneneHne mapaMmeTpoB ISl MATH BOJIH, BBIJICICHHBIX MO YPOB-
HEMEpHBIM JaHHBIM TIPH OTHOUICHWH CHUTHA/ITyM He MeHee 10, sBisercs
JIOCTATOYHO HAJCKHBIM. J[Mama3oH W3MEHEHHS aMIUTUTYAHBIX (aKTOpPOB
s aux cocrasisteT 0.088-0.150 cm/ 107

Paznmmuust B BenmmuuHax A, U1 OTIEIBHBIX BOJH MOTYT OBITH BBI3Ba-
HbI OCOOCHHOCTSIMH (POPMHUPOBAHHUS MPWIMBHOTO OTKIMKA B PA3TAIHBIX
YACTOTHBIX JIMAIAa30HAX, a TAKXKE HUCKAKCHUSIMH MPUIMBHBIX aMILTUTY B
M3MEHEHUSAX YPOBHS BOJBI IPHU BO3JECUCTBUU OKEAHUYECKOrO MPUIIMBA, B
KOTOPOM TPHUCYTCTBYIOT BOJHBI, UMEIOIIUE TAKUE XKE MEPUOJIbl, HO OTIH-
yaroruecs 1o (dase.

Ha pucynke 2.40 mMpUBOAMTCS COOTHOIICHUE MEKAY aMILTUTYIaMH
MPWINBHBIX BOJH B M3MEHEHUSIX YpOBHS BOABI H, CM U TEOPETUUYECKHUMH
aMIUTUTYIaMH{ TDIOMagHoi aedopmanun D, 10 1o MOJIEIH TIPUITUBHOTO
notermmana CTED [Wenzel, 1994]. HaGmonaercst TecHast TMHEHHAs CBS3b
MEXIy 3TUMH BEIMYMHAMH, KOTOpasi ¢ OIeHKOH 95%-ro0 moBepuTENB-HOTO
WHTEpBaJIa UMEET BUJI:

H=(0.09610.004)D + (0.083+0.247).

Hanuuune casura TuHEHHONW 3aBUCUMOCTH OTHOCUTENIBHO HYJIS ITOKa-
3BIBACT, YTO OIICHEHHBIC AMIUIMTYIBl MPHUIMBHBIX BOJH B H3MEHEHIIX
YPOBHSI BOJIBI MOTJIM OBITh 3aBBIIICHBI puMepHO Ha 0.09 cM, 4TO, BEpOST-
HO, OIPEJECIIAETC CPpeAHEe aMIUIMTYAOM CllydalHBIX LIYMOBBIX BapUaluil
ypoBHs BoAbl. Hak/IOH NMHENHON 3aBHCUMOCTH, CBSI3BIBAIOLICH BBIIEJICH-
HBIC aMHJ’II/ITy[lbI le/lﬂl/lBHbIX I/ISMCHCHI/Iﬁ ypOBHSI nu COOTBeTCTBleIHHX BC-
JUYUH IUI0MAagHOH nedopmannu, coctarisier ~0.096 cm/ 10”°. Dra Beauun-
Ha MPENCTABIsCTCS HauboJiee MPUEMIIEMOW B KauyeCTBE XapaKTEPHCTUKU
IPUINBHON 4yBCTBUTENBHOCTU YpOBHS A, i ckBaxuHsl FO3-5 mo oTHO-
ICHUIO K IDIOMQJHON aedopMai BO BCEM IHAala3oHE MPUIMBHBIX Tie-
PHOJIOB.

2.1.1.4. OnpepeneHne ynpyrux cBOMCTB U NOPUCTOCTHU
BOoAOBMeLLaloLWunX nopoa

OreHKa MOPOYIPYTUX MapaMeTPOB BOAOBMEIIAONINX TOPOL
JUTA KBa3UCTATUIECKUAX M3OJIMPOBAHHBIX YCIOBHH MpoBoamiack mo (2.18)-
(2.22) c ucnonb30BaHUEM OLICHEHHBIX BeIUUuH Ej U Aj.

CkBaxkuna 03-5 yMMeeT NMOCTOSHHBIA OapOMETPHYECKUH OTKIHMK U
pasHocTh da3 180° Mexay BapuanusaMu ypoBHA U aTMOC(HEPHOTO TaBICHUS
Ha mepuojsax Ooiee 6 4 (puc. 2.3). B cyrouHoM amana3oHe Bapuaiui Oc-
nabneHue 6apoMeTpUYECKOro OTKIIMKA He HaOII0JaeTcsl, YTO yKa3bIBaeT Ha
XOPOIILYIO H30JIALHUI0 BOJOBMEIIAOIIUX TIOPOJ OT BIUSHUSA TPYHTOBBIX BOJ
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AMNUTYAa U3MEHEHUN

, AMMANTYAA U3MEHEHNH

H

184 M,
1.6
1.4
- 1.2

P,S,

-
1

0.8 S.K
0.6

0.4

YPOBHA BOAbI, CM

P
[\*]
|

-
o N

YPOBHA BOAObI, CM
© 2 o = =2 -
2o ow N B

o
[

o

0 5 10 15
D, aechopmauus, 10°

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Mepuoakl, yackl

Puc. 2.4.

103-5:

XapakTepucTHKa TNPHIMBHOTO OTKJIMKA YPOBHS BOABI B CKBa)KHUHE
a — MepuojJorpaMMa Bapualdi ypoBHS BOJBI B JAMAINa3oHE Iie-

puonoB 11-27 4; 6 — 3aBUCUMOCTD BBIJICTICHHBIX MPHINBHBIX aMIUTATY/T
B M3MEHECHUAX YPOBHS BOJBI OT BEIUYUH TEOPETUUECKON NMPUIMBHON
nedopmarmu (1abmn. 2.2): 1 — npuIMBHBIE BOJHEL, 2 — TPEHA JMHEHHON
3aBUCHMOCTH, 3 — UHTEepBaJ JIMHEITHON 3aBUCHMOCTH Tpu 95% noBepu-

TEJIbHOHN BEPOSITHOCTH
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U Ha OTCYTCTBHE 3HAYMMBIX BEPTHKAJIBHBIX MEPETOKOB HYepe3 IEePEeKpHI-
Bafornyto kposimo. [Tostomy Bemmumua Ej, = 0.39 cm/rIla sBnsercs npex-
CTaBUTEBHON CTaTHMYECKH HM30JMPOBAHHON Oapomerpuieckor 3¢ eKkTHB-
HOCTBIO JIJISl 3TOU CKBaXKHHBI [ Konsinosa, Borouna, 2006a; Forouna, Konwi-
n06a, 2006].

B nmamaszoHe moyCyTOYHBIX W CyTOYHBIX IPHIINBHBIX TIEPHOOB OC-
nabneHue 6apoMeTPUIECKOro OTKIMKA He HaOxrogaercs. ITo yKa3bIBaeT Ha
HaJIMYhe B 3TOM JMala3oHe NEepHOI0B HEHMCKa)KEHHOTO OTKIIMKA MOPOBOTO
JIaBJICHUS HA TIPUJIMBHYIO Ae()OPMALIHIO M0 YPOBHEMEPHBIM JJAHHBIM.

Tak Kak BeJMYMHA HEAPCHUPOBAHHON CXKMMAEMOCTH TBEPAOH (a3bl
ckernera [, He M3BeCTHA, TO npuHNUMasa f, =0, mo dopmymnam (2.18)-(2.22)
MOYKHO TIOJIyYMTh BEPXHHUE IPEJIEIIbl IPEHUPOBAHHOW CXKUMAEMOCTH CKeJle-
Ta [3, IOPHCTOCTH ¢, YAENBHON yNPYroil eMKOCTH S, M HIDKHHE MpPEeIeIbl
koa(¢punrenra Ckemnrona B u moayns capura G Juis BOJOBMEIIAIOIINX
MOPO/I, BCKPBITBIX CkBaxkuHOM F03-5.

B pacuerax NpUHUMAaNHCH CIEAYIOUINE BEIMYUHBI: CKUMAeMOCTb
KUJIKOCTH fr= 4410 IMa™”, mnotHOCTH BOBI p= 1.0-10% kr/v’, ycKope-
HHUE CHIIBI TshKecTH g = 9.8 M/c%, mpernpoBanHblii Kodpduuuent [Tyaccona
v=0.25 u HenpeHnupoBaHHblii koadduruent Ilyaccona v, = 0.3. Pesynbra-
THI pacdeTa MpeIcTaBIeHbl B TabmuIe 2.2a.

Eciu npuHAT BEMTUYNHY CKIMAaEeMOCTH TBEPAOH (a3bl cKkeeTa paB-
HOIl BEIMYMHE HEIPEHHUPOBAHHOM CikuMaeMocT kBapia 3, = 0.3-107'" [Ta™!
[Roeloffs, 1998; Igarashi, Wakita, 1991], To MOXHO TOJXY4YHTH TPHUOIU3HU-
TENbHBIE OLEHKH MOPUCTOCTH M YIPYTHX MapaMeTPOB BOJIOBMEIIAFOIINX
mopoy (taba. 2.20).

OIIeHOYHBIH XapaKTep IMOJYYEeHHBIX BEJMYUH CIEIyeT, HalpHMep,
13 HEKOTOPOT'O pa3NIMuusl BEJIWYMH MapaMeTPOB, ONpPEACISIEMBIX IS pas-
JUYHBIX TIPIIUBHBIX BOJH. OHAKO, CPaBHEHHE TIOYICHHBIX Ben4unH [, G,
B, S; 1 ¢ ¢ BeTMYMHAMHU TOPOYNPYTHX MAPaMeTPOB IJIS TTOPOA, BCKPBITHIX
CKBR)KMHAMHU-aHAJIOI'aMH, YKa3bIBaeT Ha UX IPUMEPHOE COOTBETCTBHE.

Kpome atoro, cpaBHeHHE MOTY4YEHHBIX BEJIMYHH C JaHHBIMHU IETPO-
(U3UYeCKUX HCCIEJOBAaHUN TOPOJI, NMPEACTABJICHHBIX IMPEUMYILECTBEHHO
NeCYaHUKaMH, M PacueToB, BBHINOJHEHHBIX aBTOpaMHu pabotel [Van der
Kamp, Gale, 1983], noka3slBaeT, yTO BEIMYHHBI YIPYTHUX IapaMeTpoOB H
MTOPUCTOCTH M3 Ta0II. 2.20 coriacyroTcs ¢ JaHHbIM u3 [Van der Kamp, Gale,
1983].
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2.1.1.5. OueHka nHepumoHHoro 3adgpdekra
BOOOOOMEHa MeXay CTBOJIOM CKBaXXUHbI U
BOAOBMeLLalLWMMKU Nnopogamm

W3menenne KopoBoi aeopMail I1Moj BJIUSHHEM 3EMHBIX
MPWINBOB M CEHCMOTEKTOHNYECKUX IIPOIECCOB BBI3BIBACT BapHalUH JaB-
JICHUs! IOJ3EMHBIX BOJI, KOTOPBIE MOTYT HPOSBISITECS B M3MEHEHUSIX YPOB-
Hell BOJbI B INbE30METPHYECKUX CKBakuMHaxX. OTcrosa ciemyeT BO3MOXK-
HOCTH MCIIOJIb30BaHMS BapHallil YPOBHS BOABI JJIsi KOHTPOJISI KOPOBOIt Jie-
¢dopmanuu. Bmecte ¢ TeM, onpeseseHHbIe CIIOXKHOCTH BBIJCICHUS CHTHA-
JIOB KOpOBOW aedopMalii W3 BapHaldil YPOBHS BOJIBI BO3HHKAIOT M3-32
HCKa)XEHUS! OTKIMKAa MOPOBOrO JIABJICHMSI 3a CUET BOJOOOMEHA MEXIy
CKBOXUHOHN U MOJA3EMHBIMU BOJaMU BO BCKPBLITBIX NOpOAax. HOSTOM}/ JJIs1
OLIEHKH CEHCMOTEKTOHWYECKOH AeOopMaly MO YpOBHEMEPHBIM JTaHHBIM
HEOOXOANMO yIHUTHIBATh 3G HEKT HHEPIIMOHHOCTH BOJJOOOMEHA /IS KaXK 10U
HaOMI0IaTeIbHOM CKBA)KUHBI.

B m301mmMpoBaHHOM CJ10€ MOA3EMHBIX BOA AJISI JIIOOOTO NEpUOIHIE-
CKOTO (CeHCMHYECKOTO, MPUIMBHOTO) BO3MYIICHUS MOPOBOTO TaBICHUS C
aMIUIATYI0H py, Ha IOCTATOYHO IJTMHHBIX MEPHOJAX, TAKUX, YTOOBI BpeMe-
HEeM, HEOOXOJMMBIM JUIsi TEUYEHHs BOABI B CTBOJ M W3 CTBOJA CKBAYKHHBI,
MOYHO OBLIO NpeHeOpeyb, YPOBEHb BOJIBI B CKBAXKUHE Xy OTCJIEKHMBACT Ha-
IOp B BOJIOBMENIAIONINX OPOax /iy Kak

X9 = po/Pg = ho, (2.24)
TJIe 0 — TUIOTHOCTB JKUKOCTH, U g — TPaBUTAILIMOHHOE YCKOPEHHE.

Ecnu paccmarpuBaTh CUTyalMIO C MEPUOAMYECKH M3MEHSIOIIUMCS
MOPOBBIM J]aBJICHUEM B IIMPOKOM JHMana3oHe MepHOJIOB, TO Ha JIOCTATOYHO
KOPOTKMX MEpHO/aX CYIIECTBEHHBIM SIBJISIETCS BpeMsi, HEOOXOJIMMOE JUIst
TEYEHHs BOABI B CTBOJ M U3 CTBOJNA CKBaXWHBI. Ha Takmx mepmopax mHUKO-
BOE M3MEHEHHE yPOBHS BOABI OyIeT MeHbIe, 4eM 1o (2.24), u Oyzner 3a-
Ma3/16IBaTh 110 OTHOIIEHHIO K MUKy Hamopa /y. COOTHOLIEHHE MEXIY YPOB-
HEM BOJIbl B CKBKMHE U HAIIOPOM BBIPAXKACTCS Uepe3 MOHIKECHUE HATIopa §
(puc. 2.5). B aToM citydae aMIDIMTYIHOE COOTHOIIEHHE (COOTHOIICHNE Me-
KAY aMIUIMTYJOM M3MEHEHUH YPOBHS BOJbI B CKBaXMHE U aMIUIUTYIOM
W3MEHEHHs] THPOCTaTHYECKOr0 Haropa B Iuiacte) onpeaensercs kak [Coo-
per et al., 1965; Hsieh et al., 1987; Roeloffs, 1988]

A = xy/hy, (2.25)
a (ha30BBII CIBUT OIIPECIIACTCS KaK
n = arg(xy/hy). (2.26)
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“""'FQﬁ'““ f:f er b e s

Puc. 2.5. Cxema (OpMHUPOBaHUs OTKIIMKA YPOBHSI BOJABI B CKBOKHHE HAa TapMo-
HUYECKHE BapHallid [OPOBOTO MABACHHS B H30JMPOBAHHBIX BOJO-
BMEIAIOIINX [OPOJaX: 7 — FOPH30HTAIBHOE PACCTOSHHE OT LICHTpa
CKBa)XHHBI, 7, — PaIHyC CKBO)XHHBI B 00JaCTH €€ CBS3H C BOJOBME-
IAFOIIUMH TIOPOJIAMH, ¥, — PAJANYC CKBOXHMHBI B 00JACTH, I'Ie IPOUC-
XOIAT KoJeOaHHs ypOBHs BOJBI, /I — H3MEHEHHE THAPOCTATHYECKOTO
HAITopa, § — MOHIKEHHUE HAopa (II0JI0KUTEIFHOE HAPABICHNE BHU3),
X — U3MEHEHHE YPOBHSI BOJIBI

OmnpezneneHne 3aBUCHMOCTH TTapaMeTpoB 4 M 77 OT IepHoAa BapHua-
Uil OPOBOTO JABJICHHS C YY4E€TOM CBOMCTB BOJOBMEHIAIOIIUX MOPOJ] U
TCOMETPUH CKBAKHHBI XapaKTEPU3yeT CTCIIEHb HHEPIIMOHHOCTH BOJI0O0OME-
HAa MEXy CKBOXKUHOU M BOJOBMEIIAIOIIAMHU ITOPOIaMHU.

B [Llecmaxos, 1973, 1979; OcHoBsl..., 1983] npencraBneHo mud-
(epeHIanbHOe YPaBHEHUE PA3BUTHsI BOPOHKH JICTIPECCHH MPH MOHUKCHUN
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YPOBHS BOABI B CKBaXHHE B YCIOBHIX IUIOCKO-paJHANBHON (MIBTpaLny,
BO3HHUKAIOIIEH B HAIOPHOM HM30TPOITHOM W HEOTPAHWYEHHOM IUIACTE BOJIO-
HACBHIIIEHHBIX TOPHBIX MOPOJ BCIEACTBHE BOJZOOOMEHA MEXITY CKBaKHHON
1 BOJIOBMEIIAIOIIMMH ITopoaamu (puc. 2.5).
872s+ 10s S Os 0> (227)
o’ ror T ot
rZie s — MOHKCHNE HaTopa, S — yrnpyras eMKOCTh miacta, 1 — ko3¢ durru-
€HT BOJIOTIPOBOJIUMOCTH, # — TOPU30HTAIIEHOE PACCTOSHIE OT IIEHTPa CKBa-
JKHHBI.

Il'apMoHnueckue KojeOaHUsl Harmopa W YPOBHS BOJABI B CKBaXKHHE

OIMCHIBAIOTCS YPAaBHEHUSMHU

h = hpexp(iax), (2.28)

x = xpexp(iax), (2.29)
rje & — U3MEeHeHHe THAPOCTATHYECKOTO HAINopa MOJ3EMHBIX BOJ, /g — KOM-
IUIEKCHAsl aMIUINTY/1a M3MEHEHUH THAPOCTaTHYECKOTO HAropa, X — CMelle-
HHE YPOBHS BOJIbI OT CTATHYECKOT'O ITOJIOXKEHUS, Xy — KOMIUICKCHAS aMILIH-
Ty[a CMeIICHHs YpOBHs Bomsl, i = (-1)"%, t — Bpems, @ = 27/7 — dacrora
BOJIHBI, 7— IIEPHUOJT BOIHEI.

Ha ocnoBe ananmurnueckoro peureHus ypasHenus (2.27) B [Cooper
et al, 1965] npuBoANTCS BBIP@KEHHE VIS AMIUIMTYJHOTO COOTHOIICHMS
MeX]Ty BapHaIisIMHA YPOBHS BOABI M HAllOPOM Ha TIEPHOAAX CEHCMHYECKIX
BOJIH (E€IMHUIBI-IECATKH ceKyHn). B pabore [Hsieh et al., 1987] mpuBoast-
¢l BRIP@XCHUS U aMIDIUTYIHOTO COOTHOMICHHS M (pa30BOTO cIBHra B 00-
Jlee HA3KOYAaCTOTHOM JAHalla30He MEepHOJO0B, BKIIOYAONIEM OapoMeTprye-
CKHe W TIPHIUBHBIE KoeOaHmsa. B o0omx cirydasx MpWHHMAJIOCH, YTO Tie-
PHOIMYECKOE BO3MYIICHHE THAPOCTaTUYIECKOTO HAMopa MOIA3EMHBIX BOJ
BbI3BIBACT TCUCHUE BOAbI MEKIY CKBA)KMHOU U BOJOBMEIIAOIIUMHA T10PO-
JIAMH C PacxoJioM

0 = . ox/ot = iaxymr S exp(iar), (2.30)
TJIE ¥ — PAJNyC CKBXXHHBI B 00JIACTH, TI€ MPOMCXOAAT KoJieOaHHsl YPOBHS
BOJIBI.

DTOT pacxoJl BOJBI BHI3BIBACT IOHMW)KEHHE HAropa S (MOJ0XKUTENb-
HOE HallpaBJIeHHE BHHU3), KOTOPOE HAKJIA/IbIBACTCs Ha BapHallMK ITOPOBOTO
nmasieHus (puc. 2.5). [Ipu oTCYTCTBHH MHEPIMOHHOTO 3¢ (eKTa H3MEHEHHE
YPOBHSI BOABI M THAPOCTATHYECKOTO HATIOPA CBA3aHO OTHOUICHHUEM:

x = h-s,, (2.31)
Tzie §,, — TOHIDKEHHE YPOBHS BOJBI B CKB)KHHE BCIICACTBHE MEPUOIIMIECKO-
ro pacxoja BoJsl 0 MEXIy CKBaKHHOHN M BOJIOBMEIIAOIINMH ITOPOIaMH.

BreipaxeHns U1 TEpUOJUYECKOTO0 TOHIDKEHUS YPOBHS BOJABI B
CKBa)XMHE, aMIUTUTYTHOIO COOTHOIIEHHS M ()a30BOro CIBHUra C y4eTOM BO-
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JIOTIPOBOAMMOCTH, YIPYTHX CBOMCTB BOJOBMELIAIONIMX [TOPOJ U Pa3MEpOB
CTBOJIa CKBOKHHBI, UMEIOT BUT [Hsieh et. al., 1987]:

Sy =~ C;);i {[yKer(ay )+ gy Kei(ay )]
—ilgy Ker(ay, ) —yKei(ay, )]} exp(iot), (2.32)

rae
By = —[Ker (ay )+ Keiy (o )]
"2 2oy [Ken? (g )+ Keif (aty )]
—[Ker(ay )—Kei(ay )]

2" ey [Keri? (e )+ Keif' (ayy )]
¢ JeHCTBUTENBHOW M MHUMOM yacTsamu ¢yHKiui KenbBuHa HyseBoro mo-
panka Ker(ay), Kei(ay) m mepBoro mopsnka Keri(awy), Kei(ow), a
ay = r(aS/T)"? — 6e3pasmepHast (GYHKIHS 4aCTOTHI, BBIPKCHHAS 4epe3
napameTpsl BOZOHOCHOTO Iiacta S u 7' M pajuyc CKBRXUHBI B 00JIacTH ee
CBSI3U C BOAOBMELIAIOIINMH OPOAAMH 7'

A = xy/hy = (E+iF)' = (E*+iF?)"”, (2.33)

n = arg(xy/hg) = -tan” (F/E), (2.34)

[//:

rae
E = 1-Syl yKer(aw)+ pwKei(aw)],
F = Bul vKer(ay)-duKei( )],

afy= ar.’/2T — GespasmepHast (yHKIHS 9aCTOThI, BEIPAKCHHAS 9epe3 KO-
3¢ GUIMEeHT BOAONIPOBOAMMOCTH T U panyc CKBaXXMHBI B 00J1aCTH Koyeba-
HUIl ypOBHSI BOJBI 7.

IIpuBeneHHbIE BbIIIE BBIPAXKEHUS CBSI3BIBAIOT UCKAKEHUE AMILIHUTY-
JIbl I3MEHEHUSI YPOBHSI BOJBI U (Da30BOTO CABUra IO OTHOIICHUIO K IEPHO-
JIMYECKUM M3MEHEHHSIM ITOPOBOTO JABJICHUS IIPU BEIMYMHAX KO3 UImeH-
Ta BOAOMPOBOIUMOCTH T M YNPYrodl eMKOCTH S IUTacTa BOJAOBMELIAIOMINX
MOPOJ C YUYETOM T€OMETPHUECKHX PA3MEPOB CKBAKUHBI.

Ouenka unepyuonnozo Iphekma 600006mena mexncoy ckearcu-
Hoii F03-5 u 60doemewjarouumu nopooamu TPOBOIIIIACH C HCIIONB30BA-
HHUEM OLICHEHHBIX BeUYHH Ej, U A; M paCCUNTaHHBIX TaPaMETPOB BCKPBITHIX
MOPOJI — APCHUPOBAHHOHN CKUMAEMOCTH [, YIEINbHON yIIPYrol €eMKOCTH S; 1
mopuctocta ¢ (Tadm. 2.20).

Benuuuna ynpyroit eMKOCTH BOJOBMELIAIOIIUX ITOPOJ OLEHUBATIACh
1o opmyie

S =84, (2.35)

rne d — cyMMapHasi MOIIHOCTb 30H BOJIOIIPHTOKA.

st ckBaxkunbl FO3-5 npuauManock d = 100 M. Otcrona BenuyuHa S
cocramser 21.4-10°. Tlpu paguycax ckBaxuusl 7,=0.084M u
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7.=0.123 M, cyMMapHO# MOIIHOCTH 30H BojomnpuToka d = 100 M u 3aman-
HBIX BeMMUMHAX Kod(hduuuenta Guisrpamun k ot 2-10” 10 2:10° m/c 1o-
JlydaeM oleHKy ans napamerpa T/r.” = 1.3:10°-1.3-107 ¢,

ITo maHHBIM OTKAaYKK BEJIUYMHA T/rc2 nns ckBakuHbl KO3-5 cocras-
nsier 6-107 ¢! Dra BenMuMHA HAXOZMTCH B COOTBETCTBYIOILIEM JAMAIa3oHe
3HAYCHNH, MOIYYCHHBIX MO TMPHINBHOMY U 0apOMETPUYECKOMY OTKIHKAM
ypoBHs Bombl. ['paduku amrumtyaHoro cootHomernus A (2.33) u crusura
da3 7 (2.34) npu pasnmuunbX 3HaueHusX I'or, u Sr,’/r. IS CKBaKHHBI
103-5 npencrasnens! Ha pucyHke 2.6.

TIpH COOTBETCTBYIOMNX 3HAYCHUAX & Hin T/7.”, Ha TIepHOIAX CeKyH-
IIBI-MUHYTHl Bapuallid YPOBHS BOABI B CKBaXKWHE IO OTHOUICHHUIO K H3Me-
HEHHSIM Hamopa II0J00HBI HU3KOYaCTOTHOMY (WIIBTPY C MaJIbIMH BEIHYH-
HaMH aMIUTUTYZHOTO cooTHOIIEeHNS A (< 0.2). C yBenudeHneM MepruoioB B
Jramna3zoHe mpuMepHo oT 30 MHH 10 9YacoB HAOIIOJaeTCsI POCT BETUIHHBI A
C JIOCTHXEHHEM MaKCHUMalbHOTO 3HaueHus (4 = 1), Ipu KOTOPOM HHEPIH-
OHHBII YPPEKT BOAOOOMEHA MEXKIY CKBAXKHHOM U BOJOBMEIIAOIIUMHU I0-
pollaMy MPAKTUYECKH HE BIUACT HA CBSI3b MEKIY U3MCHECHUSMH HAIopa U
BapHaIUSIMH YPOBHSI BOJIBI.

B [honouna, Konvinosa, 2006] moka3aHo COOTBETCTBHE MEXAY TE€O-
PETHYECKMMHU OIICHKAMH MaKCHMAJBHBIX IEPUOJIOB MpOosiBieHUs 3ddekra
WHEPIIMOHHOCTH BOJOOOMEHa W TOBEIEHHEM aMIUIHTYTHON MepeaaTOdHON
(GYHKIUN OT Bapwamuii aTMOC(EPHOTO JaBICHHUS K M3MEHEHHSIMH YPOBHS
Bozbl. [{nst ckBaxkunsl O3-5 goctmxeHue BenUUuHbl A = 1 MpOUCXOAUT HA
nepuojie ~6 4. [Ipu 3TOM TeopeTUUECKUi TePHO ] MPUMEPHO COOTBETCTBYET
MUHUMaJdbHOMY Tepuony crabmmmamuu AIID (puc. 2.3). D10 yka3siBaeT
Ha OTPENIEICHHYI0 CBSA3b YAaCTOTHOH 3aBHCHMOCTH 0apOMETPHIECKOTO OT-
KITMKa YPOBHS B 00JIaCTH MAJIBIX TIEPHOAOB C IMapaMeTpaMy HHEPIIHOHHOCTH
BO/I00OMEHA MEXIy CKBaXXMHOM M BojoBMemaromei moponoil. Ha mepuo-
JlaX, COOTBETCTBYIONIMX CYTOYHBIM M MOJYCYTOUHBIM MPUIMBHBIM BO3/CH-
CTBUsIM, BeMYUHA 4 paBHa |, T. €. B 9TOM JHana30He UCKa)KEHHE OTKIIMKA
YPOBHSI BOJIBI HA H3MCHEHHUE MIOPOBOTO JAABJICHUS HE 0XKUIAETCS.

®a30BEIi CIBUT 77 HA MANBIX Tepronax (7< 1 MuH.) JocTuraeT -75°.
Ha npwimBHBIX meproaax cABUT (a3 MEXKIY BapUallUsIMH HAIOpa U H3Me-
HEHWSMH YpOBHS BoAsl B ckBaxknHe HO3-5 cocraBmsieT ams BomH M, = 4°,
0O, = 3° (puc. 2.60).

B nmanazone mpHIMBHBIX TEPUOAOB T~ 12-27 4 BeTUYMHA aMIUIA-
TYIHOTO COOTHOUICHUS st ckBaxuHbl F03-5 4 = xy/h) ~ 1 npu BenmmanHax
napamerpa T7/r.” > 10% (prc. 2.6a), a Teoperndeckoe (ha30BOE 3aria3IbiBa-
HHE 77 He mpeBsImaeT 5° (puc. 2.60). [y nepnogoB MpUINBHBEIX BOJH M,
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Puc. 2.6. Tpaduku U3MEHEHUI aMIUTUTYJHOTO COOTHOLICHHs (a) U (ha30BOro 3amasipiBaHus (0) MEXAYy U3MEHEHHSIMH YPOBHS

2,2
w/rc

BOJIBI B CKBakiHe F03-5 1 HAIIOPOM NPH Pa3IHYHBIX 3HAYCHHSX T7/7.° U St
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(r=12.424) u Oy (7=25.82 u) mapamerp T7/r;’ CUCTEMATHUECKH OOJIbIIIE
200 (mapamerp T7/r.” mist Bomubl M, paBen 268 u mist Bonubl O; — 557)
(puc. 2.6).

[TpuBeneHHas 3aBUCHUMOCTb AMIUIMTYIHOTO COOTHOIIEHHS MEXIY
BapHalUsIMH YPOBHS BOIBI W HW3MEHEHHSMHU IOPOBOTO JABJICHUS CIIY)KHUT
KOCBCHHBIM TOATBEP)KICHUEM IPABIIFHOCTH OLIEHOK MOPOYIPYTHX Iapa-
METPOB BCKPBITOTO CKBKHHOW BOJOBMEINAIOMIMX MOPOJ Ha MEpUOIaX OT
TIEPBBIX YaCOB JI0 TIEPBBIX JIECSATKOB CYTOK (Tabi. 2.20).

Jns cTaTdecKu M30MMPOBAaHHBIX YCIOBHH B CHCTEME «CKBaKHMHA —
BOJOBM EIIaIOIas nmopoaa» npuHUMacTCa JIMHEWHAs 3aBUCHUMOCTb U3MEHE-
HUI OPOBOTO AaBleHUS Ap OT M3MEHEHHs 00BeMHOH nedopmarmu BOJIO-
BMematonx mopoxa Ae [Roeloffs, 1988]:

Ap = -2GBA)[(1+v)/(1-2v)]Ae. (2.36)

Ecmm B (2.36) mojacTaBUTh BENMYUHBI TEOPETHUECKON NMPUIMBHON
nedopmaru st BonH M, (10.18-10°) u O, (10.97-10°), a Takske BbIuHC-
JeHHble BenuuuHbl Koddduimenta CkemnroHa B, moxayns casura G
(Tabxn. 2.20) ¥ NPUHATYIO BEIMYMHY HEAPEHUPOBAHHOTO KO3 (HLMEHTa
ITyaccona v, = 0.3, TO MO’KHO OIICHHUTH OXKUIAEMBIC TEOPETUICCKHE aMILIH-
TyIBl TPWIMBHBIX BapHalWil MOPOBOTO NaBieHUS Ap 0e3 MCKakeHUs 3a
CYET MHEPIIMOHHOTO 3¢ deKTa BoJooOMEHa.

IlepeBox BenmumH Ap B SKBHBAJCHTHBIC AMIUIUTYIBl W3MEHEHHUS
ypoBHS BoAbI A/ TIOKa3bIBaeT, 9To B ckBakuHe KO3-5 mims BoiHBI M, 0XH-
JlaeTcs TeopeTudeckas aMIuTyaa n3MeHenus yposss 0.49 cm, O, — 0.8 cm.
Pacuernbie BenunuuHbl 1o (2.36) mns ckBaxunsl F03-5 menbiie nHa 0.4-
0.5 cM COOTBETCTBYIOLINX aMIUTUTY]I, TOJYYEHHBIX U3 IPUIMBHOIO aHAIN3a
(tabm. 2.1). T. e. pa3nuuue B OLEHKAaX TEOPETUUYECKUX AMIUTUTY] M aMIUIU-
TyIl, MOJNyYCHHBIX M3 MPUJIMBHOTO aHAJIN3a 3KCIICPUMCHTAIBHBIX JTaHHBIX,
cocraBisaeT nopsaaka 50%.

He Oomee ompenencHHOW SBISETCS W MPaBHIBHOCTH COOTBETCTBHSA
MEXIy TeopeTHyeckuM (ha30BBIM CABHIOM 77 (MeHee 6 °) M BeIMYMHAMU
pasHOCTH (a3 MEXAYy pacUeTHBHIM 3E€MHBIM IPIIUBOM M H3MEHEHHSIMHU
YPOBHS BOABI B CKBaKMHE. B cilydae BCKpPBITHS CKBaXHHOW OTHOCHUTEIHHO
M30JINPOBAaHHOHN TOJIIIHM BOJOBMEIIAIOMINX ITOPOJI, TIPH OTCYTCTBUU HHEp-
IUOHHOTO 3(¢¢ekTa BogooOMeHa m 0e3 ydera OKECaHWYECKOW Harpy3KH,
pasHocTh (a3 Mexy NPUIMBHOM BOJHOW M W3MEHEHHEM YPOBHS BOJIBI
nIoipkHa cocTaBiITh 180 ©. OTcroma MOXKHO OIEHHTH (pa3oBoe 3ama3/bIBa-
HHE YPOBHS BOIBI B CKBa)KMHE U XOPOIIO BBIAEIsIEMBIX BoIH — O (6 ©),
M, (20°) (tabm. 2.1).

[TomyyernHoe HecooTBeTCTBHE (Ha30BOIO CABWTA I BOJIHBI M, Ha
16 °, ckopee Bcero, CBA3aHO C HEJIOYYETOM BIIHMSIHHS OKCAHHMYECKOTO TPH-
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JMBa Ha W3MCHEHHE YPOBHS BOABl B CKBakmHe FO3-5, pacmoioxeHHOH
npuMepHO B 15 kM oT mobepexns Tuxoro okeana. boyiee TOUHbBIE OIEHKH
mapaMeTpoB BOJOBMEMIAIOIINX MOPOJ W TIOCTPOCHHUE aICKBATHOW MOIENH
OTKJIMKA YPOBHS BOJBI Ha M3MEHEHHE MX HANPSKEHHO-Ie(POPMHPOBAHHOTO
COCTOSIHUSI MOTYT OBITh TIOJIYYEHBI IIPH KOMIUICKCHPOBAHUN YPOBHEMEPHBIX
u aepopMoMeTprUecKIX HaOMIOACHUI Ha STOW CKBaXXHHE C YUETOM OKea-
HUYECKOTO MPUJIMBHOTO BO3JICHCTBUSI.

2.1.2. OueHka npea- U KocencMmu4eckom
Aedopmaumuv No AaHHbLIM
YPOBHEeMepHbIX HabnoaeHun

OO0pazoBaHue pa3pblBOB B OuYarax CHJBHBIX 3€MJIETPSCEHUI
COMPOBOXKJAETCS H3MEHEHHEM CTaTUYECKOTO0 HANpPsHKEHHOIO COCTOSIHUS
BOJIOBMEIAIOIIUX MOPOJA HA PACCTOSHUSIX J0 JECATKOB-TIIEPBBIX COTEH KM.
Tako#t aQdekr mnposBisieTcss B KOCEHCMHYECKHX CKaykax IOBBILICHUS U
MOHUKEHUS. YPOBHSI BOJBI B CKBaXKMHAX, KOTOPBIE PETUCTPUPYIOTCS B Tede-
HHE CEKYHJ-IECSTKOB CEKyHJ MOocyie 00pa3oBaHMs pa3pbiBa M (PUKCUPYIOT
pEaKknuio MOPOBOTO [aBICHMS HAa yIpyroe aehOpMHPOBAHHE BOJOBME-
maronx mopox (puc. 1.4). B pabore [Wakita, 1975] moka3zaHo, 9TO pac-
InpeJesieHre Mo IUTOMAaN 30H KOCEHCMHUUYECKOTO CHKATHS U PACIIMPEHUS H,
COOTBETCTBEHHO, 30H NPOSBJICHUS CKAYKOB IOBBIIIEHHS M MOHMKECHUS
YPOBHSI BOJ B CKBaKMHAX, ONPEAEIAETCS, B OCHOBHOM, MEXaHH3MOM O4Yara
3eMIICTPSICEHUS. AMIUINTY/IBI KOCEHCMHYECKHX CKAadyKOB YPOBHSI OOBIYHO
COCTaBIIAIOT AECATHIC H0JIU-TIEPBBIE AECATKHU CM.

IIposiBiieHHE KOCEHCMUYECKUX CKAYKOB, a TAKXKE HAJIWYUE IIPUIIUB-
HBIX Bapualii ypoBHsS BOJBl B HaONIOJATElIbHOM CKBakKMHE, MOTYT pac-
CMaTpHBaThCsl B Ka4eCTBe IoKa3areleil ee 1eopMOMETpHYECKOi YyBCTBH-
TEJILHOCTU U MH(OPMATUBHOCTU NPHU AMATHOCTHKE CEHCMOTEKTOHMYECKUX
CUTHANOB, B T. 4. THAPOTEOIMHAMUYECKUX TPEABECTHUKOB 3eMJICTPSICCHUI
[Kuccun, 1993; Roeloffs, 1988; Konwvirosa, 2009].

Heo0xoanMbIM ycIIOBHEM 3aIMCH KOCEHCMHYECKHX CKAuKOB SIBIISA-
€TCsI TUCKPETHOCTh PETUCTPAIH YPOBHS BoIBI He Oonee 10-15 munyT. [Ipn
perucTpanyuy ypoBHs ¢ OoJblIel JUCKPETHOCTBIO (HampuMmep, | 1) Kocelic-
MUYECKUE CKaUYKH HE BBIABISIOTCS M3-3a UX OTHOCHUTEIbHO MAaJIbIX aMILIH-
Tyl U KOPOTKUX JUTUTEIBHOCTEH Pa3BUTHS, MM K€ UX MAaCKUPOBKH 3a CUET
HaJIOKEHUsI 0ojiee MIMTENBHBIX U aMIUINTYIHBIX 3()(EKTOB MPOXOKICHUS
ceficMUYeCKHX BOJIH, CBSI3aHHBIX, B OCHOBHOM, C N3MEHEHHEM BOJOIPOHH-
I[a€MBIX CBOMCTB CHCTEMBI «CKBa)KMHA — BOJAOBMEINAIOMIAs Topoaay. Takum
00pa3oM, MpakTHYECKOe BBIICTICHNE KOCEHCMHYECKHX CKAYKOB B M3MEHE-
HUSIX YPOBHS BOZbI OCIIOXKHAETCS. OJTM3KUM TI0 BPEMEHH BO3/IEHCTBHEM IBYX
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(haKTOpOB CEHCMUYHOCTH HAa COCTOSIHHE BOAOBMELIAIOMINX ITOPOJI: N3MCHE-
HHEM HX CTaTHYECKOTO HAIIPSHKEHHOTO COCTOSHHMS NpH 00pa3oBaHMU ceifc-
MOTEHHOTO pa3pblBa M X JUHAMHUYECKOH AedopMaliy Ipu MPOXOKACHUN
ceficMuueckux BOJIH. [I03TOMY Hpu HENOCTATOYHON 4YACTOTE H3MEPEHUI
YPOBHSI MOTYT OBITH CIEIaHBI HEBEPHBIC BBIBOJBI B OICHKAX AMIUIUTYH H
BPEMEHHM TIPOSIBJICHHUS KOCCHCMHYECKHX CKAa4YKOB M, COOTBETCTBEHHO, HX
CBSI3M C ITapaMeTPaMH 0YaroB 3eMIICTPSICEHUH.

B cnyyae IMarHOCTHKM CTaTHYECKH H30JIMPOBAHHOTO OTKIIMKA
YPOBHS BOJIbl B CKBXMHE B HEKOTOPOM JMala3oHe MEpUOJIOB, Ha KOTOPBIX
BJIMSIHUE ITPOIIECCOB TEYEHHUS MOJ3EMHBIX BOJ M MHEPILMOHHOCTH BOJ000-
MEHa SIBJISIETCSl HECYILIECTBEHHBIM, BEIWYMHA NPUIMBHON YyBCTBUTEIBHO-
CTH CTPOTO OIPEJEIsIeTCs] YIPYrUMHU MapamMeTpamMH BOJIOBMEIIAIOIINX T10-
poxn [Rojstaczer, Agnew, 1989]. B TakoMm ciy4ae ¢ HUCIIOJIb30BAHUEM OLE-
HEHHBIX MapaMETPOB MPIIIMBHOTO OTKJINKA YPOBHS BOIBI MOXHO ITOJIyIHTh
BEJINYMHY €r0 NPHIMBHOW YyBCTBUTEIHLHOCTH MO OTHOLICHHIO K TEOPETH-
geckoit o0beMHON nedopmanuu (2.17), KOTopas MOKET IPUMEHATHCS IS
OLIEHKH KoceiicMuueckoil pedopmaiii B pailoHE CKBaXXMHBI B KauecTBE
HOpMHupYomero kodhdurmenta [Roeloffs, 1988; Rojstaczer, 1988; Konvi-
n06a, 2006; Konwvinosa u op., 2008].

CienyeT OTMETUTb, YTO NMPUJIMBHBIE BapHallMM U KOCEHCMHYECKHE
CKauK{ HE PErMCTPUPYIOTCS B M3MEHEHUSIX YPOBHSI BOJIBI B CKBRXKHUHAX, JUIS
KOTOPBIX XapaKTepHO CHIbHOE MCKa)KEHHE KBA3HYIPYroro OTKJIMKa CHCTE-
MBI «CKBa)KMHA — BOJIOBMEIIAIONIAs [OPOAa» Ha CEUCMOTEKTOHHYECKYIO
nedopMannio 3a CYeT TEUCHHs BOJBI. JTO HAOIMIOAAeTCs, Hampumep, B
CKB)XMHAX, BCKPBIBAIOLUIMX TPYHTOBBIC BOJABI IIEPBOTO OT ITOBEPXHOCTH
BOJIOHOCHOTO TOPU30HTA CO CBOOOJIHOIM HMOBEPXHOCTHIO. Takue CKBaKMHBI
HE MOTYT HCIIOJb30BaThCs ISl KOJIMYECTBEHHOW OIEHKH CEHCMOTEKTOHH-
yeckoi aedopmarmu. OTcloma ciieayer, YyTo HaJe)KHas perucrpanusi Ko-
CEHCMHYECKHUX CKAUKOB SIBJISICTCS Ba)KHBIM ITOKa3aTesieM Je(OopMOMETprYe-
CKOW YyBCTBUTEIBHOCTH HAOITIOJATENbHBIX CKBA)KUH, UCIIOJIB3YEMBIX IS
reo(pU3n4ecKOro MOHUTOPHHTA U TIOMCKa IIPEIBECTHIKOB 3€MIICTPSCCHUI.

2.1.2.1. OueHka Kocencmuyeckon gecopmaumm
npu obpasoBaHMM pa3pbiBa B ovare
3emMneTpsaceHus

B 1997-2004 rr. B W3MEHEHHAX YPOBHS BOABI B CKBa)KHHE
HO3-5 3apeructpupoBaHbl MECTh KOCCHCMUYECKUX CKAYKOB C aMILTUTYAaMU
0.25-12.0 cM BoO Bpems 3emiieTpsiceHuid ¢ My, = 6.2-7.8, mpou3omenmux Ha
paccrosamsx R =128-316 kM 10 WHCTPYMEHTAJIBHBIX THIIOICHTPOB
(puc. 2.7, tabmn. 2.3). Cxkauku YpOBHS PErHCTPHPOBAINCH, B OCHOBHOM, B
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2.1. Cmamuuecku U301UpOBAHHBIN OMKIUK YPOBHS 800bl HA USMEHEHUS
HANPAAHCEHHO-0eDOPMUPOBANHO20 COCTOSAHUSL B000BMEUAIOUIUX NOPOO

TedeHne 10-MHHYTHOTO HMHTEpBasia, BKIIOYAIONIET0 MOMEHT 3eMIETpsCE-
HUSL. B geTeIpex ciydasx HaOJI0AanoCch MOHIDKCHNE YPOBHS BOABI, B IBYX
caydasx — ero moBsimenne [Konwinosa, 2006; Konsinosa u op., 2010].
MakcumanpHasi aMIUIUTYAa KOCEHCMHYIECKOTO CKadKa MOHIKEHHS YPOBHS
BoIbl (Al =-12 cm) Habmoganace B cBs3M ¢ KpOHOIKMM 3eMileTpsiceHHEM
05.12.1997 r., My, = 7.8 (Ne 1 B Tabu. 2.3 u Ha puc. 2.7).

Ha puc. 2.8a npencrasner npumep |0-MHHYTHBIX TaHHBIX PETHUCT-
panuM ypoBHS BOJBI M aTMoc(epHOro nasieHust B nepuox Kpownorkoro
3emuleTpsiceHust. BUIHO, 4TO KOceHCMUYECKH CKa4OK TIOHMKEHUs YPOBHS
¢ ammmutynoit Ah =-12 cm (1 Ha puc. 2.86) CHIBHO MacKHpyeTcs: 6apoMeT-
pHYECKUMHU, TIPHIMBHBIMU BapHalMsIMHU YPOBHS, a TaKXKe Pa3BUTHEM IOCT-
celfilcMUYeCKOro MOHMKEHUS, IOCIEJOBaBLIETO HEMOCPEICTBEHHO IIOCIE
CKayKa.

Ha puc. 2.86 npuBoauTcs (parMeHT CpeaHEYacoBBIX JAHHBIX Ha-
OJtoieHHH, KOTOPBI UCIOIB30BAJICS JUISl OLIEHKH IIapaMeTpPOB MPUIMBHOTO
OTKJIMKa YpOBHs BoAbl. B Teuenue Bpemenu ¢ 26.05 mo 5.11.2003r. B
N3MEHEHHSAX YPOBHS IIPOSIBIISUIUCH TOJIBKO OapOMETPHIECKUE U MPHUIUBHBIC
Bapuanuy, Ce30HHBIN TPEH], a TakKe cyadas peakiys Ha BITaJCHUE 0Cal-
koB. KocelicMuueckne CKauyky WM JpYrue BapHaldM YPOBHS BOABI, BBI-
3BaHHbIC 3eMJICTPSICEHHUSAMH, B TEUCHHE 3TOTO IIEPHOIA HE MPOSBIISIINCE.

BapomeTrprdeckuii OTKIMK yPOBHS BOJBI OLIEHUBAIICS TI0 TIOBEICHUIO
aMIUTUTYJHOM nepenaroyHoil QyHKIUHM OT BapHaluii atMoc(epHOro naB-
JICHUA K M3MEHEHHsM YpOoBHs (pHc. 2.3) M XapaKTepu3yeTcs MOCTOSHHOU
BeJIMYMHOM Oapomerpuueckoit apdekrusuoct £, = 0.39 cm/rIla [Konwiio-
6a, 2006; Konvinosa, bonduna, 2006]. OueHka napameTrpoB NPHIMBHOTO
OTKJIMKa YPOBHSI BOJIbI 10 OTHOLICHUIO K TEOPETHYECKOH OOBEMHOW Je-
(opmaryn (aMIUTUTY T IPIIUBHBIX BOJIH, aMIUIUTYAHBIX (DAKTOPOB, PABHBIX
OTHOIICHHUIO BBIACICHHBIX AaMIUIUTYZ OTICIbHBIX BOJH B HM3MEHEHHUIX
YPOBHS BOJBI K COOTBETCTBYIOIINM BEITMYMHAM TEOPETHUECKONH OOBEMHOU
nedopmannu; pasHOCTH (pa3 MeXIy (Ga3amMu MPITUBHBIX BOJIH B H3MEHEHH-
SIX YPOBHS M COOTBETCTBYIOIIMMH (ha3aMM MPIJIMBHOTO TOTEHIMANA) IIPO-
Boamiack ¢ ucrnonb3oBaHueM mnporpaMMmbl ETERNA 3.0 [Wenzel, 1994].
Pe3ynbraThl aHanM3a NpeCcTaBiIeHs! B Tadiuue 2.4.

BennunHbl aMIUIMTYAHBIX (aKTOPOB ISl BBIAEIEHHBIX 8-MH BOJIH
cyTo4yHOU M moaycyTtouHoi rpynn (Q;, Oy, My, Ji, 2Ny, No, My, S;K5) Ha-
xozates B auanasone 0.138-0.216 cm/10”. Ha HekoTOpOe BIHSHHE OKEaHH-
YEeCKOro MPHJINBA, B YACTHOCTH, YKa3bIBAIOT 3HAUCHHS PA3HOCTH (a3 MEXIy
NPWINBHBIMU BapHalUsIMHA YPOBHSI BOJIBI U COOTBETCTBYIOIIMMH KOMITOHEH-
TaMH TEOPETHUECKOTO 3€MHOTO TPHIIMBA, COCTaBIstomue -154 °+-179 °, u
OTIIMYAIOIINECS B CPETHEM OT «HaeansHOroy 3HadeHus (-180°) na 10°.

T'uopoeeoceiicmuueckue sapuayuu yposHs 600bl 6 ckeaxcunax Kavuamxu 77



Inasa 2. Mooenuposanue 3¢hghexmos ceticmuynocmu 8 cumeme
'ereadicuna-eodoemewarowas nopooa' Teopemuueckue 0CHOB8bI U NPUMEDDL

KUHOOKALIOLWOE 9Irool HUHOdOWEN ¢ U (MOMHUL HOHAUINHAL HoHIreNuL1dod IqHRERNOL HMHOOKALOIINOE I9LHOWONW)
UUHOOKALIOIWOE OF UMHIdOWEN @] OUIMIOIRhOIINE ‘KHE0dA MUHOdOWEM XITHIAHUW-()T BAOWOH HMHOXOILLO OLreMIT HOH
-qrreLHoendod o[ ‘9-] UMHAOKd1oIWaE KWade og orqHHegodHdIonIadeE ‘BHEOAA IDTREMD QMNOORHINOUAI0N — 9 (V) UUH
-00Bd1oINIE | N SONEUHBXON IINWedIenl — ¢ 1 /66] Bdoedor ¢ ol ¢ o BMHOOKA1orWaE otodnonody] aoxomdoLde
gdinonuie — ¢ ‘uuHOOKdIonwoe 1adiHommue — | :Mo1ko xiddadon wexomdoide ou §/ ="y “I1,.661°C1°SO BUHID
-BdIormoe 010MIIOHOdY BIBRO U (€'7 'Irgel) 9-T UMHAOKALOLWOE 0dIHONUIIE ‘G-EO) IIHIDKRENO KMHYXOLIoLoed BWoX)

)7 "oug

wrHodoweH XiTHLAHHW-0 | edowop 19oAeds “oa
0E 0z 0L 0 oLl 891 F9L 091 951 €5k 8L
- 092 | U U S U W T ST T U T N TN NN N U NN T ar
- 192 L
- 292 =
- 9lE
- 8LE
— ,CS
ull 1144
- Z61- B
<
.m L
- 061 ]
@ L
LegL- o
-00Z- - 95 E
m -
-86L- T - m
[z} e
LogL- = B 2
- ovz- i s
L ppz-
- Zve- — .09
- ovz- -
- 891~
oL s
091~
a51- e
ovi-
9 [ e _ V9

I''H. Konwsinosa, C.B. Bonouna

78



Obl HA UBMEHEHUs.

KU MSOﬂupOSaHHblﬁ OMKIJIUK YPOBHS 60

2.1. Cmamuuec

HANpAACeHHO-0ehopMUPOBAHHO20 COCTNOAHUS B000BMEWAIOUUX NOPOO

KHUHOIIOW) MULOOMOOLI UMhOL HOHIOdD OX G-£O] I9HIDKREMO L0 JUHEOLoORd 0OHIIredIHOMIONNI - o, :dMHBhIWHA]]
S0- ¥'0+9°1- 06 143 91¢ S0 691 9 1€ | 9L°091 | ¥L'€ES | €580 | 0TEO¥0 | 9
60 v 0F6'l 191- [43 €Cl €0 8¢T¢ 69 | 06l | ¥€091 | 0€°SS | 80-CT | 9190¢0 | S
¥0- S0+8°¢- LL 69 0ce 90 8¢CI 9 S9 | 90°09T | 1€€S | 0T:60 | 0TTIOO | ¥
[R3% 8'0F9°01 101 8¢C (444 L1 o1 0L L CL6ST | €6'1S | 9TTI | 80£066 | €
&% L0F€9 8L C 01¢ 0°1- orI 69 1€ | LEO9T | 18CS | vE:S0 | 109086 | €
) _ . 00T . . . .
Sl V+SL vL €C 0¢ 0cI- ol¢ 8L Y4 €091 0¥S | LTIT | SOTIL6 | 1
7
. a 'q eanad wmﬁ%
OIH ‘sHgodA | wpxud | -ced e
-hOLOU HI00X
INENEBD -rou | MLOOXM
O0IOHO -00III . WX Y _
NI QUH -00III wWo ‘yy | g o "o
-HTey KUH QUHE
-0onMmo | -orged | BHH ‘1arod
-OLOUI -edur -orooed WY WI:kh
-H000X -IIEH | -orren kHg0dA . /I
ULOYON -oodu -Q0H | , BHUQ QIehO € | WIWWII |
oIl (ORI BXREMO ‘W N
on LAWuee AL -qrred -Au | wadg AR g
01 P -LHOI
§EO] MHIEEIO 190Ared1 “otnI red
onoyed & kuln ‘eleno 19diowede ‘la1eHUrdoo
-ewdodor KexoohuN 1 Xl
-0H3003 KBHWO10()

unrendoar HONOORHINOKNI0M BXHIIIO U XBIBhO
g yoxxugarou [9droweden ‘G-gO] QOHIKEBED g 19708 EHI0dA XBIRENO XIMOOhHWONOO0N U XEKUHIOKAIOINOE O SI9HHR]]

e’ eIHIrgR I,

79

T'udpoeeoceiicmuueckue sapuayuu yposHs 600bl 6 ckeaxcunax Kamuamxu



Inasa 2. Mooenuposanue s¢hpexmos ceticmuunocmu 8 cumeme

‘exeancuna-eoooemewarowas nopooa”: Teopemuueckue 0CHOBbL U NPUMEPbL

ATmocdiepHoe
paenenwe, rMa

Hoabpe Oexabps AnBape

ATtmocthepHoe
naenexue, rMa

[
| |
[ |
| |
T T
| |
| |
| |
|

i, .nl“.

MIOHB nHonL asrycr centaGps  OKTAGPL HOABPE

|
|
|
T
|
|
|
|
|
|
]

Puc. 2.8.

JlaHHbIe HAOMIONEHWH 3a BapHAIMSIMH ypPOBHS BOABI M aTMOC(EPHOTO
naBieHus Ha ckBaxxuHe FO3-5 B commocTaBieHnH ¢ CyTOUYHBIME CyMMaMHU
ocaikoB: @ — jAaHHble 10-MuHyTHOH peructpammu ¢ 17.11.1997r. mo
8.01.1998 1. BO Bpems KpoHorkoro 3eminerpsiceHust (IOKa3aHO YEpHOI
CTpeJIKOit); 6 — CpeJHeYacoBbIe JJaHHbIC HAOMIOACHUH 32 aTMOC(EpHBIM
JIaBJI€HHEM U ypoBHEM Bojbl 26.05 - 05.11.2003 r.
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2.1. Cmamuuecku U301UpOBAHHBIN OMKIUK YPOBHS 800bl HA USMEHEHUS
HANPAAHCEHHO-0eDOPMUPOBANHO20 COCTOSAHUSL B000BMEUAIOUIUX NOPOO

Tabuauna 2.4.  Pe3ynpTaTsl NPUIMBHOIO aHalIM3a BapHalUi ypoOBHS BOIBl B
ckBaxuHe lO03-5 mo mporpamme ETERNA 3.0 [Wenzel, 1994]
(>KUPHBIM IIPUGTOM BBIAEIEHBI BOJHBI, TAPAMETPHI KOTOPHIX OI-
PEenessIoTCs P OTHOIICHHH CUrHaj/urym >10)
AmmmnTyzna | AMmiatyna
Bomxa 00BbeMHOI YPOBHS | o Ammutynaenii | Da3oBblii
(neprop, ) nedopmarm BOJIBI ym (bamog CJIBMIT,
’ Dy, Hi, em/10° rpaj.
en.-10” cM
Q,,(26.87) 1.40 0.276 36 0.19740.005 |-166+ 2
0,(25.82) 7.31 1.338 174 0.183+0.001 |-166+ 0.3
M, (24.83) 0.57 0.102 13 0.178+0.013 |-168+ 4
P;S,(23.93) 10.28 1.161 151 0.113+£0.001 |-170+£0.4
J1(23.10) 0.57 0.094 12 0.163+0.013 [-179+4
00,,(22.31) 0.31 0.053 7 0.169+0.024 |-174£8
2N, (12.87) 0.21 0.045 13 0.216+£0.017 |-177+4
N, (12.66) 1.30 0.220 64 0.170+£0.003 |-177+1
M, (12.42) 6.78 0.940 272 0.138+0.001 |-172+0.2
L,(12.19) 0.19 0.028 8 0.147+0.018 |-168+7
S,K,(12.00) 3.16 0.457 132 0.145+0.001 |-154+0.4
M; (8.28) 0.03 0.008 3 0.273+£0.086 |-138 £18

Ha puc. 2.9a npuBoguTcs nuHEiHasE 3aBUCUMOCTD BBIJIEJICHHBIX aM-

IUTUTYJ NPWIMBHBIX BOJIH B UBMEHEHUSX YPOBHS BOJABI H;, CM OT TEOpETH-
4eCKHMX aMILTHTY] 06beMHoil aedopmaru D;, 10™ 0 Moens IpUIHBHOTO
noreHimana CTED [Wenzel, 1994]. HabOnronaeTcs TecHas JIMHCHHAs CBS3b
MEXAY 3TUMHU BEJIMYUHAMU, KOTOpas ¢ OUeHKOH 95% noBepUTENbHOTO UH-
TepBajia UMEET BUJ

H;=(0.161£0.008)D; + (0.004£0.068).

Haknon nuHelHOW 3aBHCHMOCTH, CBSI3BIBAIOLICH BbIIEICHHBIE aM-
IUTATYIB TIPFJIUBHBIX M3MEHEHUH YPOBHS M COOTBETCTBYIOIINE BETHUNHBI
o6bemHol nedopmanuu, coctasiser ~0.161 cm/10”. Dta Benuumna npes-
CTaBIISIETCSI HAMOOJIee MPUEMIIEMON B KaueCTBE XapPaKTEPUCTHKH IPHIIHB-
HOW YyBCTBUTEIBFHOCTH YPOBHS BOABI A, ans ckBaxuHbl FO3-5 BO BceM
Uara3oHe MPUINBHBIX EPHOJIOB.
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Puc. 2.9.

3aBUCHMOCTD BBIZIECTIECHHBIX MPUIMBHBIX aMIUIUTY[ B U3MEHEHHSAX YPOB-
HsI BOJBI H| OT TEOPETUUECKUX BEIUYUH NMPUINBHON 00beMHOIT nedop-
Mauuu D; (Tabun. 2.4): | — npuwiuBHbBIE BOJHBI, 2 — TPEH/ JIMHEHHOH 3a-
BHCHMOCTH aMIUTUTY/] IIPHINBHBIX BOJH B M3MEHEHHSAX YPOBHS BOJBI OT
COOTBETCTBYIOIINX BEJIMYMH NPWINBHONH OOBEMHOI aedopmaruu mpu
3HayeHun kodddurmenta koppemsiuuu K =0.98; 3 — 95% noseputens-
HBIIl MHTEpBal IS JMHEWHOH 3aBHCHMOCTH BBIACJICHHBIX NPHIMBHBIX
aMIUTUTYJ B M3MEHEHUSX YPOBHS BOABI OT BEIMYMH TEOPETHYECKOM
OpUIMBHON nedopmManuu; 4 — aMIUIUTYIbl KOCEHCMHYECKHX CKauKOB
BO BpeMsi 3eMIleTpsiceHnil (HoMepa COOTBETCTBYIOT HOMEPaM 3eMIIETpPS-
ceHu# mo Tabu. 2.3) ¥ Auana3oHbl OLEHOK KocelcMuueckoi aedopma-
mun (a); 6 — oleHKa KoceHcMuueckoi medopmanuu npu Kponomkom
3emiierpscerHu (Ne 1 B Tabum. 2.3) ¢ yueTom nuHeHHOM cBsizu Hiu Dy
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2.1. Cmamuuecku U301UpOBAHHBIN OMKIUK YPOBHS 800bl HA USMEHEHUS
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W3 npennonoxeHuss 0 JUHEMHOM XapaKTepe CBA3M MEX]y Bapua-
IUSMH YPOBHS BOABI M 00BEMHOI ieopmanyeii BOZOBMEIAONINX TOPOJ B
IuanasoHe He MeHee Tpex mopsiakos (107°-1077) MoxkHO oneHHBATH ceiicMo-
TEKTOHUYECKYIO Je(hOpMaIHio 10 aMIUIUTY/AaM H3MEHEHUS YPOBHS BOJBI B
Uara3oHe TEepHOI0B IMPOSBICHUS CTATHYECKH H30JIMPOBAHHOTO OTKIHMKA
o opmyre:

D, =-Ah/A,, (2.37)
rae D) — obbemuast nedopmarus B equaunax 10”: mogoKuTeIbHOE 3HAYC-
HHE COOTBETCTBYET PacUIMPEHHI0, OTPULIATEIEHOE 3HAYEHUE COOTBETCTBYET
CXKaTuio; Ah — aMIUTUTYIa M3MEHEHHUS! YPOBHS BOJBI B CM: TIOJIOKHUTEIIFHOE
3HAUYEHHE COOTBETCTBYET IMOBBHIMICHUIO YPOBHS BOJIBI, OTPULATEIILHOE 3HA-
YEeHHE COOTBETCTBYET IMOHMW)KEHHIO YPOBHS BOJBL, A, — 00ObEMHAs PHIIHUB-
HAsl UYBCTBHTENHHOCTb YPOBHs BOBI B cM/107.

TouHOCTb perucTpanyu Bapuanuil ypoBHs BoAbl B ckBakuHe FO3-5
cocrapmser 0.1 cM, mostomy mpu Bemmumbe A,=0.161 cm/10” mosxHO
OKHIaTh 3aMETHBIE U3MEHEHHUS YPOBHS BOIBI IIPU 0OBEMHOH IedopManin
BOJIOBMEIIAKONIMX [TOPOJ] ¢ AMILIATYIAMH He MeHee MepBbIX exunuil-107.

OrneHka KocelicMUIecKkoi fedopManuu B pailoHe ckBakuHbl FO3-5 ¢
yaetoM 95% OBEpUTETHHOTO WHTEPBAJA 3aBHCHMOCTH IPUBOIUTCS Ha
pucynke 2.9a mns maru 3emuetpsiceHnid (Ne 2-6, tabm. 2.3). Ha puc. 2.96
MIpeJCTaBICHAa COOTBETCTBYIOMIAs OLeHKa It KpoHOLIKOTO 3eMIIeTpsCeHus
(Ne 1, Ta6m. 2.3).

2.1.2.2. MprMepbl OLLleHKU KOCEeNCMUYECKon
Aedopmaumm no mogenu gUcrnoKauum

B pabote [Konwinosa u dp., 2010] npuBeaeHsb! Ui BCeX Iec-
TH 3eMJICTpsICeHUH (Tadu. 2.3) oleHKH 00beMHON KocelicMuueckoit aedop-
Mallii B OKPECTHOCTH CKBaXWHbI F03-5 1o Monenu AuCIOKalK B OJHO-
POZHOM YNPYroM H30TPOITHOM MOJYIPOCTPAHCTBE. B pacdeTax mcmonb3o-
Bayachk mporpamma Y. Okada muist BEIYMCIIEHUS CMETICHUN W HATPSDKCHUH B
OJHOPOIHOM IIOJYHPOCTPAHCTBE BCJICACTBHE OJIHOPOMHOH ITOJIBHXKKH IO
3arTyOJICHHOMY Pa3pblBy NPSIMOYroyibHOW (GopMbl. VICXOMHBIMU TaHHBIMH
IUISL TIPOTPAaMMBI SIBIISIOTCS:: T€OMETPHs pa3pbiBa (pa3Mepsl, OpUCHTALHS,
rIyOuHA), BEJMYMHA W HANPABICHUE ITOJBHKKH IO Pa3pbIBY, OTHOLICHHE
YIPYTrUX MOAYJEH cpenbl. B pesyibraTte pacueToB MOJy4eHBI TPEXMEPHBIC
nojis jAeopManuy IMOJYNPOCTPAHCTBA B BHAE paclpeleieHUs] BEKTOpa
CMCIICHUA U €TI0 MPOCTPAHCTBECHHBIX YaCTHBIX IMTPOU3BOAHBIX.
Jliist onpeienieHus apamMeTpoB MOJBIKEK B 04arax MCHOJIb30BAIHCH
JlaHHBIe MeXTyHaponHoro karajmora CMT: azumyT NpOCTHpaHUS U Yroj
naJieHnsl IIOCKOCTH pa3pbiBa, HANpPABICHUE MOABHXKKH IO paspbiBY, CKa-
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JApHBIA celicMudeckuii MomeHT. Kpome »atoro, m3 karamora NEIC
(http://neic.usgs.gov/neis/epic/epic_rect.html) Opamice MOMEHTHBIE Maruu-
TyIBI 3emieTpsceHnid My, st cooprtnii 1-3 m 5. MOMEHTHBIE MarHUTYIBI
coObITHit 4 1 5, nns koTophix B katanore NEIC npuBoasTcs TOJIBKO MarHu-
TYIBI M}, OIICHUBAINCH U3 3aBUCHUMOCTH MEXAY my U M, 1o [ yces, Menob-
nuxosa, 1990].

Pasmepsnl ouara: anuHa L 1o mpOCTHpaHUIO U mupuHa W o mane-
HUIO, OIICHUBAJIMCH U3 MarHUTY bl My, 1o hopmynam [PusHuuernxo, 1976]:

gL = 0.440M,,-1.289 (2.38)
1gW=0.401M,,-1.448 (2.39)

Bennunna noasuxku 1o paspbiBy U onpenensiiach U3 CKaIspHOTO
ceifcMudyeckoro MomeHra M:

U=MySu (2.40)
rae S = LW — momaap paspseiBa, (4 — MOAYJb CABUra YIPYroi cpeasl.

KoopauHaThl U ri1yOMHBI UCTOYHUKOB IS COOBITHI 2-6 3a/1aBaIHCh
mo [aHHBIM KaM4aTtckoro permoHaJbHOTO KaTajiora 3eMIICTPSCeHHIN
(http://data.emsd.iks.ru/dbquaketxt min/ index r.htm#tops). Onpexnenenne
THITOTICHTPOB KaMYaTCKUX 3EMIICTPSCCHUN 1O NAaHHBIM JOCTAaTOYHO IUIOT-
HOMl Kamuarckoll permoHasbHOW CETH CEMCMHUYECKUX CTAHLUHN SBISETCS
OoJtee Ha/IGXKHBIM, TI0 CPAaBHEHHIO C MX OTPEACICHUAMHI B MEXTyHAPOIHBIX
Kartajorax 3emierpsiceHnid. Hampumep, paziawdus B OMpPEIeNICHISIX THIIO-
LEHTPOB 3eMileTpsiceHui 2-6 B Tabmuue 2.3 mo KamuaTckomy pernonans-
HOMY KaTayory u no karagory CMT gocTuraroT nepBbIX A€CITKOB KM. Jliist
HauOoJee KPyIHOI'0 U3 BCEX paccMaTpUBaeMbIX 3eMileTpsicennit — KpoHou-
koro (Ne 1, tabum. 2.3), mojoxeHHe M IUIONIAJIb Pa3pbiBa YTOYHSUIUCH IO
o0naky a)TepIIOKOB MEPBBIX CYTOK TAKXKE 110 ONPEACICHUSIM PErHOHalb-
Hoii cetu [Jleguna, ['yces u dp., 2003].

OTHOCHUTEIbHOE HM3MECHEHHE Oo0beMa [, OLEHHBAIOCh KaK CyMMa
JMarOHAJIBHBIX KOMIIOHEHT TEH30pa NedopMainy, KOTopas, B CBOIO Oye-
pelb, IPEICTaBIsAeTCA B BUIC AUBEPTEHIINH BEKTOpA CMEIICHUS U:

D, = div u = Ou,/0Ox+0u,/0y+0u./0z, (2.41)
TJie IPOCTPAHCTBEHHBIE YAaCTHBIC NMPOMU3BOJIHBIE BEKTOPA ¥ BBIYHCIIINCEH C
MTOMOIIBIO YKa3aHHOM BhImIe mporpamMmsl Y. Okada.

BcenencrBue HesHaumTenbHOCTH Bapuamuii divu B oObeme, BMe-
IIaloIIeM CKBaXuHy (He Oonee 1%), B kauecTBe KodddHIMEeHTa OTHOCH-
TEJILHOr0 00BEMHOT0 pacUIMpeHHsi NpUHUMaNIOCh 3HaueHue div u# Ha cpel-
Heil riryonHe ckBakuHbl 500 M. [losyumBIIMEecs] TOpU30HTANBHBIE pactpe-
JenieHnst 00beMHOM KocelcMuueckol nedopmanny Ha 3TOH IiyOuHE mpH
3emieTpsiceHusix 1-3 mpencrasieHsl Ha pucyHke 2.10a, a mpu 3emierpsice-
HUsX 4-6 mpencrtaBneHsl Ha pucyHke 2.100. CpaBHeHHe yKa3aHHBIX Ha
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puc. 2.10 BenmuuH nedopManuu B paiioHe ckBaxuHbl K03-5 ¢ maHHBIMEH
YpOBHEMEPHBIX HaOIIOIEHUI TPHUBEICHO B Tabmmme 2.3.

Cpasnenue eenuuyun Dy u D, u 603mosxncuvle omuodKu ux onpede-
Jnenua. JIg TISTH 3eMIIETPSCEHUH U3 MECTH 0 000MM METOoJaM IMOJydIeHO
COOTBETCTBHE OIICHOK KOCeHCMIUYecKor aedopMaliii 1Mo 3HaKy W IO aM-
IUITYJe B Mpelenax OJHOTO Mopsiaka BenudnH (Tadi. 2.3). Hcxmouyenne
coctapisieT 3emieTpsacenue 01.06.1998 r., ans KOTOPOro OLEHKHU KOceHc-
MHUYECKOH JlehopMalii UMEIOT MPOTHBOIOIOKHEIN 3HAK: PACHIUPECHUE MO
JTAHHBIM YPOBHEMEPHBIX HAOIOACHUH U CKaTHE TI0 MOJICIN AUCIOKAIuu. B
ClIydae JTOro 3eMJICTPSCEHMs CKBa)KMHA MOMAJaeT B 30HY PE3KUX JaTe-
paNIbHBIX BapHaluii 1e)opMaliy € IEPEX0A0M OT PACIIHPEHUS K CKATHIO.

ITomoOHbIe 30HBI Ha puc. 2.10 XapaKTepU3yIOTCs CI'YIICHUEM H30JIH-
Huil. HesHaunTenpHOE M3MEHEHNE BXOAHBIX AHHBIX (MOJIOKCHUE U OpUECH-
TaIusl pa3pbiBa) NIPUBOIUT K 3HAYUTEIHHBIM W3MEHEHHSM B PE3yIBTHPYIO-
mei onenke D,, BIUIOTh 0 CMEHBI 3Haka. Tak Mpu HEOOIBIIOM OTKJIOHE-
HUM yTia majgenns 1 odara 3emuerpsacenus 01.06.1998 r. (27° smecro 22°
mo CMT) momyuaercss BHOJHE IMPHEMIIEMOE COTJIACOBAHWE BEIMYHWHBI U
3Haka nepopmaruu (pacumpenne): D;=6.3-107 mo koceiicMuueckomy
CKauKy ypoBHA BoJbl U D, =7.3-10"9 no Monenu AUCIOKAIIMOHHOTO UCTOY-
uuka. [lorpemHocts onpenenenus yria mageans B CMT cocraBisieT oco-
OEHHO 3aMETHYI0 OTHOCHTEIbHYIO BEITMYMHY NMPHU HEOONBIIHMX 3HAYCHISIX
CaMoro yria, 4To XapakTepHO Il MEKIUIUTOBBIX CYOMYKIIMOHHBIX 3eMJIC-
TpsiceHuil BOMu3u xenoba. CyIeCTBEHHO BIUSACT HA TOYHOCTh U Psiji YIPO-
IICHUH, 3aJI0)KCHHBIX B CAMOW MOJEIH PaBHOMEPHOM MOIBIIKKH MO Pa3phi-
BY B OJTHOPOJIHOM IOJyIpOCTpaHcTBe. Ha GONbIIMX pacCTOSHUSX OT odara
3aMETHO TMPOSBJICHUE CHEPUYHOCTH M CIIOMCTOCTH, a BOJNU3U KPYIHBIX
celicMUYEeCKHX COOBITHHA CO 3HAYUTEIBHOM IPOTSHKEHHOCTBIO O0YaroBOH
30HB (Hampumep, mnpu Kponomkom 3emierpsiceHuun Ne 1, Tabm. 2.3,
puc. 2.7) MOXeT CKa3bIBaTHCS HEPAaBHOMEPHOCTH TTOABIKKH.

HekoTopast HETOYHOCTh TaKXKe COICPIKUTCS M B ONPENEICHUU 00b-
eMHOH KocelicMudyecKol nedopMald Mo JaHHBIM YPOBHEMEPHBIX HaOI0-
neHud D;, B TEpBYIO OYepe/b, NPU OLICHUBAHWM BEIWYUHBI MPUIUBHOU
YYBCTBUTEIBHOCTH YPOBHS BOIbI A,. Kak yka3pIBajoCh BBIIIEC, BETHMYUHBI
aMIUTUTYHBIX (PAKTOPOB IO OTIEIBHBIM BOJHAM PACCUUTHIBAIKCH 10 OT-
HOIIICHHUIO K TCOPETUYECKUM BEIMYMHAM OOBEMHOM MPWIMBHOW Jedopma-
I[UH, KOTOPBIC MOT'YT OTIUYATHCS O 50% IO OTHOLICHHIO K pEalbHBIM Be-
JIUYUHAM BCJICJCTBHE HEOJHOPOJHOCTH CTPOCHHSI CPEIbl U HMCKaXKCHHUS
OKCAHUYCCKUM TIPUITHBOM.

Ha pucynke 2.11 npuBoaurcs cootHomenue Bennuud D; u D,. Ha-
Omromaercsi paBHOMEPHOE pAaCIpe/eieHne TOYEeK OTHOCHTENBHO CpemHei
JUHAW, XapaKTepu3ylomed mpsmyio 3aBucuMoctb D; u D,. Kakoe-mm6o
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3aKOHOMEPHOE CMEIICHNE TOYEK JPYT OTHOCHTENBHO Apyra He HaOmromaeT-
¢, 9TO yKa3bIBaeT HAa OTCYTCTBHE CHCTEMAaTHYECKOW OIIMOKH B Ompejaese-
HUHM KOoceHcMIUYecKor aedopmanuu mo obomM meronam. [loaTomy MOKHO
oJIaraTh, YTO UMEIOIINECS PACXOKICHUS B OIICHKax D; u D; 00yCIOBIEHBI
OmMOKaMH OLIEHUBAHMS O0BEMHBIX JeGOopManuii, MPUCYIUX 000UM METO-

Iam.
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Puc. 2.11.

CooTHOIIICHHE BEMYMH KoceiicMiyeckoli o0beMHON nedopmaruy,
MOTYyYEHHBIX MO JaHHBIM YPOBHEMEPHBIX HaOMI0OeHUH D U 10 MO-
JIeNM AMCIOKAllMOHHOTO HcTouHuKa [,. Homepa cOOTBETCTBYIOT
HOMepaM 3eMIleTpsiceHuit no tabum. 2.3
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2.1.2.3. MposiBneHne KOCenCMUYeCKUX CKa4yKkoB
YPOBHSl BOAblI B 3aBUCUMOCTU OT
napamMeTpoB 3eMIeTPSACEHUN

Ha pucynke 1.5 B koopaunarax M,, — THIIOLIEHTPaIbHOE pac-
cTOsiHHE R, KM, NPUBOAMTCS PaclpeelIeHne KaMUaTCKUX 3eMIIETPACCHUH C
M,, > 4.5, npousonieqminx 3a BpeMs HaOmroneHWd Ha ckBaxuHe FO3-5.
OcCo0eHHOCTBIO paliOHa MCCIEJOBAaHMI SBIAETCS TO, YTO CHIIBHBIE 3€MIIe-
TpsiceHus B npeenax Kamuarckoii ceficMo(oKaIbHOM 30HBI, POUCXOIAT, B
OCHOBHOM, Ha I'MITOLEHTPaIbHBIX paccTosiHUAX 100 KM u Ooiiee OT CKBaXH-
Hel. IIpu 3TOM 3eMieTpsiceHus, COMpPOBOXKAAOLINECS KOCEHCMUYEeCKHMU
CKauKaMH YPOBHSI BOJBI, SIBJISIIOTCSI HanOoJjiee CHIBHBIMH M OJM3KUMH K
CKBaXHHE.
ITapaMeTpel TakuX 3€MIICTPSACEHUH OIUCHIBAIOTCS YpaBHECHHEM
M, >0.004R + 5.6 (nuHMs, orpaHMYMBaroIias oO0JACTb 3eMIICTPSCCHHUH,
COMPOBOXKJAIOIUXCA KOCEHCMHUYECKIMM CKauKaMU YPOBHS BOJBI Ha
puc. 1.5). IMeHHO aJisl TaKMX 3eMIIETPSICEHUH MOYKET OIEHUBATHCS KOCEHC-
Muueckas aedopMarys 10 JaHHBIM YPOBHEMEPHBIX HAOIIOACHHUN HA CKBa-
xuHae F03-5. AMIomuTyael kocedicMudeckoil nedopmarui B paiioHe CKBa-
KHHBI TIPH 3eMJIETPSICEHUSX, PACIIONOKEHHbBIX HIKE JTMHUH Ha pHc. 1.5, mo-
BHIMMOMY, COCTABIIAIOT MeHee equuuix10”, T. e. Hmke aeopmomerpude-
CKOW 9yBCTBUTEILHOCTH YPOBHS BOJBI.

2.1.2.4. OCco6eHHOCTU OTKIIMKOB YPOBHSA BOAbI
npu U3MeHeHnAX atTMocepHOro AaBneHus
M Npu KocencMuyeckom gecpopmauum

Mo pe3ynbTaTaM KpoCC-CIEKTPATLHOTO aHAIN3a YaCOBBIX Ba-
pHAIHii YPOBHsI BOJIBI M aTMOC(EPHOTO IaBJICHHUSI, TPUBEJAECHHOTO B paboTax
[Konwinosa, bonouna, 2006; Konsirosa, 2006], mokazaHO HaIU4He CTATH-
YEeCKH U30JMPOBAHHOIO OTKJIMKA YPOBHS BOJBI B cKkBakuue KO3-5 Ha usme-
HEeHUE HANPSHKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHHUSI BOJOBMEIIAIOUINX I10-
PO/ B AMAra3oHe MepUoI0B OT 6 4 10 MEePBBIX JECITKOB CYTOK.

CraTu4ecKd M30JHUPOBAHHBIA OTKIMK YPOBHSI BOIBI XapaKTepH3yeT-
Csl yIIPYroi peakiuei mopoBoro JaBieHHs Ha Je(hOopMalliio BOJOBMEIIAI0-
HIUX TOPOJI, KOTOpas OIPENeNseTCs] yNIPYTHMH MapamMeTpaMu KOHTPOJIH-
PYEMBIX BOJIOBMEIAIONIUX MOPOJ M HE MCKAXKAETCsl TeUeHHWeM Boibl. [lo-
3TOMY MpPENoaranock, uro ckeaxxuua K03-5 Oynmer paboTath kak aedop-
Morpad Oe3 CYIIECTBCHHBIX WCKaXCHUH B JUANa30HE IEPUOJIOB YaChl-
MEPBBIC JICCATKH CYTOK.
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Ha Gonpmmx meprogax OTKIMK YPOBHS BOABI HAa M3MEHEHHE HAIPS-
KEHHO-TIe(OPMHUPOBAHHOTO COCTOSIHUS BOJOBMEIIAIONINX MOPOJ MOXKET
HCKaKaThCS 33 CUET MPOIECCOB (GMIBTPAMU U CE30HHOTO M3MEHEHHS TH-
pocratudeckoro Harnopa [Konwinosa, bopmomos, 2004; Konwvinosa, 2006].

Ha MeHpmmX mepromax OTKIMK YPOBHS BOJABI Ha TEPHOANICCKHC
W3MEHEHHS ITOPOBOTO JABJICHUS MOXET OCIAOIATHCS BCIEACTBHE WHEPIIH-
OHHOCTH BOJI0OOOMECHA B CHUCTEME «CKBa)KMHA — BOJOBMEIIIAOMNIAs TOPOIay
[Ponouna, Konvinosa, 2006].

IIpuMepHOE COOTBETCTBHE OIICHOK KOceicMHuYeckoi aedopmariu
10 YpOBHEMEPHBIM AAaHHBIM M IO MOJCIN AUCJIOKAIIMOHHOI'O HMCTOYHHKA
TOKa3bIBA€T, BO-NIEPBLIX, YTO aMIIJIUTYbL KOCEMCMHUYECKUX CKAaYKOB YpOB-
HSl BOJBI aJICKBATHO OTPAXKAIOT KOCEHCMHYECKYIO Je()OpMAIHI0O BOJIOBME-
IIAFOIINX TOPOJ W, BO-BTOPHIX, MOJMYYCHHBIC IO JaHHBIM HAONIOACHUH Be-
JUYUHBl aMIUTUTY TMPaKTHYeCKH HE HMCKaXXaroTCs BCIEICTBHE HMHEPIIHOH-
HOCTH BOJOOOMEHa. DTO TO3BOJIAET, B CIlydae IPOSBICHHS KocelcMmmde-
CKHAX CKAa4KOB, PacIIMPHUTH NHAIA30H IIPOSBICHHUA CTATUYCCKH H3OIUPO-
BaHHOTO OTKJIMKA YPOBHS BOABI B ckBaxknHe HO3-5 B 00macTp MambIX Tie-
PHOJIOB, COCTABIMIONIMX MHHYTHL. [IpH 3TOM HEOOXOAMMO YYHTHIBATEH pa3-
JIUYME MEXJTy MEeXaHW3MaMH BO3JCUCTBHUS MEpEeMEHHON OapoMeTpruecKoin
Harpy3ku W KocelcMudeckoi nedopmanuu BOJOBMEMIAIONINX IOPOJ Ha
HU3MCHCHUA YPOBHA BOJbI.

IIpu Bo3meiicTBUM aTMOC(EpPHOTO AABICHUS MPOMCXOIAT KBa3WIIe-
pUOINYECKOE U3MEHEHUE BEPTUKAIbHOM HAarpy3kd Ha KOHTPOJIAPYEMBIE
CKB2XHHOH BOJOBMEIIAIOIINE TOPOABI H COOTBETCTBYIOIINE BapHAI[UH I10-
poBoro naBieHus. [Ipy 3TOM ¢ YMCHBIICHHEM IIEPHUOIA aMILUTATYIbI Bapua-
Uit atMoc(epHOTo JaBICHUS W MOPOBOTO NABJICHUS MOHOTOHHO YMEHB-
matotcs. Ha Manbix nmepuonax, COCTaBJIAIOIIMX MUHYTHI-IIEPBBIE Yachl, OT-
KIUK MOPOBOTO JABJICHUSA HAa aTMOC(EPHYIO HATPY3Ky SBISCTCS OTHOCH-
TENBHO CIa0bIM, TAKXKE KaK M COOTBETCTBYIOIIAS PEAKIMsS YPOBHs BOJIBI B
CKBaXHHE BCIICIICTBHE HEHYJIEBOM MAacChl BOIBI B CTBOJIE W IIOJABJICHHUS
0apoMeTpHIECKOTO OTKIMKA WHEPIHOHHOCTBIO BOJOOOMEHA MEXIy CTBO-
JIOM CKBa)XKMHBI U BOJJOBMEIIAIONIMH TOPOJaMH.

B cxkBaxune F03-5 makcuManbHas U MOCTOSIHHAS BEJIMYMHA aMILIH-
TYyIHOU TIepeAaToOuYHOW (GYHKIMHM OT BapHalMid aTMOC(HEPHOTO TaBICHUS K
W3MEHEHHWSM YpOBHSA BOABl HaONIomaeTcs JHIIF Ha TNepHomax > 64
(puc. 2.3).

IIpu 0Opa3oBaHuM pa3pbiBa B 0Yare 3eMICTPSACCHUS MepepacIpe/e-
JICHHE HATPSKCHHO-Ie()OPMUPOBAHHOTO COCTOSHUS BOJOBMEIIAFOIIUX I10-
POJT IPOUCXOUT OBICTPO U BKITIOYAET BeCh UX 00beM. [Ipu 3TOM U3MeHeHHe
MOPOBOTO JABJICHUS MMOA3EMHBIX BOJ (€r0 YMEHBIICHHE MPU PACIIUPEHUU U
pPOCT MpPHU CKAaTUU) MTHOBEHHO JOCTUTAeT MaKCUMAaJbHOTO 3HadyeHus. B
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TaKOM Clly4ae peaklus YPOBHS BOIBI Ha HMIIYJILC HOPOBOTO JaBICHUS
IPaKTUYECKH HE MCKaXKaeTcsd MHEPLIMOHHOCTHIO BOJOOOMEHA MEXIy CKBa-
KUHOH M BOJOBMEIIAIOLIMMH [TOPOJAMH, T. K. B 9TO BpeMs BECh KOHTPOJIHU-
pPYeMBbIil CKBa)KMHOH 00BEM B3aMMOCBS3aHHBIX BOJOBMEIIAIOMINX ITOPOX
«paboTaeT» Ha MaKCUMAJIbHYIO OTJa4y WM IOrJIONIeHHe Bobl. [yt aToro
B ckBaxuHe FO3-5 nMmeroTcst GraronpusATHBIE YCIOBHS — UTMHHBIN (490 M)
OTKPBITBIH CTBOJI, CBSI3BIBAIONINI CKBRXKMHY M BOJOBMEIIAIOIINE ITOPOIBI, U
OoJbIIasi TTOBEPXHOCTH CBSI3M CTBOJIAa C BOJOBMEIIAIOIIUMH IOPOAAMHU
(258.6 M?).

2.1.2.5. OueHKa npeacencmmnyeckon gedopmaumm
BOJOBMELLAIOLWNX NOPOA Ha NpumMepe
KpoHoukoro 3emneTtpsiceHus
05.12.97 r., M,,=7.8

5 nmexabpst 1997 r. y TuxookeaHckoro nmodepexnss KamuaTku
BOMM3u KpOHOIKOTO MOIyOCTpOBa MPOM30IIIO0 3EMIIETPSICEHUE C MarHUTYy-
noit My, =7.8 (puc. 2.7a). B TeueHne IBYX CYTOK JO OCHOBHOTO TOJYKA
BOJIM3H €ro MHCTPYMEHTAIBHOTO SMHILEHTPA Pa3BUBAJCS PON (OPIIOKOB C
BenuuuHamu K¢=9.0-12.8.

K3 conpoBoxaanoch MHOTOYHCICHHBIMH adTepIIOKaMu, OKOHTY-
PHUBIIMMH 04aroByro obmacts pazmepoM 220x140 km. MHCTpyMEHTATBHBIH
snuueHTtp K3 pacnonarasics B ceBepo-BOCTOYHOM 4acTH 04aroBoil 30HBI Ha
riny6une 25-33 km. Tensop celicMnueckoro MmomeHra K3 mmeer opueHTa-
U0, THIIMYHYIO JUIS 3eMJICTPSICCHUI 30HBI CyOaykuuu (tadun. 2.5) [Jlesuna
u dp., 2003].

[Mepen K3 Obun 3aperucTpupoBaHbl pa3HOOOpa3HbIE NMPEJBECTHHKHY,
B T. 4. aHOManbHbIe Tepemenierns GPS-cranmmit (puc. 2.760) [Gordeev et
al., 2001], m3MeHEHNS XUMHUIECKOTO COCTaBa BOIBI B IBYX IIYOOKHX CaMoO-
W3JIMBAIONINXCS CKBAKMHAX, CTAOMIM3aluy (a3bl IPUIUBHON KOMIOHEHTHI
BBICOKOUYACTOTHOTO cericMudeckoro myma [Jlesuna u dp., 2003]. B mee3o-
MeTpuueckux ckBaxuHax FO3-5 u E-1, pacnonoXeHHbIX Ha PacCTOSHUSAX
~320 KM OT HMHCTPYMEHTAJBbHOTO SIHLEHTPA, OBLIM 3aperHCTPHUPOBAHBI
OyxTOOOpa3HbIe MOHIKEHUS! YPOBHEW BOABI MPOJOKHTEIBLHOCTHIO OKOJIO
TpeX HeseNb, CHHXPOHHBIE ¢ IpejceiicMudeckumu nepemenienusimu GPS-
ctanuuii. B [Konwinosa, 2006] Takue NOHWKEHUS YPOBHS BOIBI paccMaTpH-
BAaIOTCS B KAYECTBE THPOTCOIUHAMUYECKOT0 npensecTarka K3 (puc. 2.76).

ITpumepro 3a 15-20 cyt no K3 perucrpupoBaiuck nepeMenieHus
O6mmkaitmux k ogary craHiuii GPS ¢ 3aMeTHBIMH aMITUTyAaMHu, CHHXPOH-
HblE C pa3BUTHUEM THAPOr€OJMHAMHYECKOrO MPEIBECTHHUKA B M3MEHEHUSIX
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2.1. Cmamuuecku U301UpOBAHHBIN OMKIUK YPOBHS 800bl HA USMEHEHUS
HANPAAHCEHHO-0eDOPMUPOBANHO20 COCTOSAHUSL B000BMEUAIOUIUX NOPOO

YPOBHS BOJBI B IBYX CKBaknHax (puc. 2.76). B [Gordeev et al., 2001] BbI-
MIOJTHEHO MOJEIHMPOBaHUe cTaTHdeckoro mepememieHns GPS-crannmit ot
TOYEYHOTO CIBHTOBOTO HMCTOYHHKA OOIIEro BHIa B YHPYTOM IIOIYIPO-
CTpaHCTBE M TIOKa3aHO, YTO €ro MOMEHTHAas MAarHUTyAa COCTaBJUIa
My, =7.7, a ero HOpMaTU30BaHHBIK TEH30p OJIN30K K JBOWHOMY JMITOJIO
(Tabm. 2.5). Takue npeaceicMUYECKHEe NBIKEHUST OOBSICHSIOTCS Pa3BUTHEM
«MEJJICHHOTO 3eMJIETPSICEHHS», PACIOI0KEHHOTO B LEHTPE (POPIIOKOBOTO
posi y ceBepo-BocTouHOTro Kpas ouara K3 (puc. 2.7a). Ilo pesynbratam mMo-
JISIMPOBAHMSI TAKXKE CHCIAaH BBIBOJ O NMPCHMYIICCTBCHHO YIPYTOM Xapak-
Tepe HaOII0aeMbIX ABIKEHUH 0e3 NMpH3HAKOB JMIATAaHCUOHHOM cocTaBs-
JIOLIEH.

Jus ckBaxunsl FO3-5 mpuMmeHsuiach MOJENb YIPYroro OTKIIMKA
YpOBHSI BOJIBI Ha 00BEMHYIO Ae(OpPMAIIIIO BOJOBMEIIAIOIINX TIOPOI B THa-
Ma30HE TIEPHOAOB TPOSBICHUS CTATHUYECKH H30JMPOBAHHBIX YCIOBHI B
CHCTEME «CKBa)kKMHA — BOJOBMENIAfONMas mopoja». Takas MoJenb TOA-
TBEp)KAACTCS pe3yibTaTaMH 0apOMETPUYECKOTO W TIPIIMBHOTO aHAIN3a
BapHaInil YpOBHS BOJBI, COTJIACOBAHHOCTBIO OIIEHOK KOCEHCMHYECKOU Jie-
(dopmaruu O ypOBHEMEPHBIM JAaHHBIM H 10 MOJEITH HPOTSDKCHHOTO HC-
TOYHHKa B OJJHOPOJHOM YIPYIOM IoJynpoctpancTse [Konwinosa, Cmebnog
u op., 2010], a Taxke OIEHKaMHU BEIMYMH YIPYTHX MapaMeTpoB BOJOBMeE-
marommx nopoa. [loatomy moHmxkeHue ypoBHS Boabl B ckBaxkuue H03-5
nepen K3 BmosHe MOTJO COOTBETCTBOBATH YNPYToM pEeakiMu MOPOBOTO
JIaBJICHUS] Ha MpeceiicMUUecKylo JeopMalrio paclIMpeHusl BOJOBMe-
IIAFOIIUX TOPOJ.

[To aMIuIUTY e TOHKEHHS YPOBHS BOABI M BEITHYMHE €T0O MPHIIHB-
HOW YyBCTBUTEIBHOCTH A, 110 (2.37) ompenereHa BeIUUHA TIpeceiicMmye-
CKOll 00BeMHOM NehopManuy BOJAOBMEMIAIONINX MTOPOJ B paliOHE CKBaXH-
bl F03-5 Dy = (0.68+0.04)-107 ~ 0.7-10”. Tounocts Benuunusl D; ompe-
JIENISeTCs, B TIEPBYIO OYepeab, TOYHOCTHIO BEIMIUHBI IPUIHBHOW UYBCTBH-
TEIBHOCTH YPOBHS BOJBI A,, KOTOpas OLEHUBAJIACH [T0 OTHOIIECHHIO K TEO-
PETHUYECKON TPHINBHON JedopManuyd B paioOHE CKBAXKHHBI MO MOJCITH
npwimBHoro aepopmuposanus 3emun CTED [Wenzel, 1994]. Ilo skcnepu-
MEHTAJbHBIM JaHHBIM H3BECTHO, YTO B MPHOPEKHBIX paiioHaX pas3jinvue
MEXIy TECOPCTUYCCKMMHU U (PAKTHYCCKHUMH BCIMYMHAMHU TPUIMBHOW Jic-
(dopManu MOXKET JOCTHraTh MEPBBIX NECATKOB MPOLIEHTOB BCJEICTBUE
BJIMSIHUS OKEaHWYECKON Harpy3Kd M JIOKaJbHBIX HEOJHOPOJHOCTEH cTpoe-
HUSI 36MHOH KOpBI.

JI1s IpoBepKH MOTy9IeHHON BeTMYUHEI D) BRITIOJIHEH pacyeT 00beM-
HoOW nedopmanuu Ag u3 (2.36) ¢ HCIONB30BAHUEM BCIUYHMH MOHUKCHUS
ypoBHs BoJbl A =-0.11 M, G u B u3 Tabn. 2.26 u v, = 0.3. B atom cnyyae,
BEIMYMHA OOBEMHOM IpeacercCMUYIecKor nedopMalii Ha CTAIUH TOATO-
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toBku K3 cocraBmser A= 0.6-10". Bimskue 3uauenus D) u Ag yKa3bIBaroT
HA MPaBUWIBHOCTh OLIEHEHHBIX YIPYTUX IapaMeTpoB BOAOBMEIIAOIIUX IMO-
pOA M Ha BHYTPCHHIOIO COTJACOBAaHHOCTh HCIOIB3YEMOH MOJENH Ui
ckBaxuHsl 103-5.

2.2. 3®PEKTbl CEUCMUYECKUX BOJIH B
M3MEHEHUAX YPOBHA BOAbI

Bo3zaelicTBue ceicMUYECKUX BOJIH OT CHJIbHBIX YyJIaJICHHBIX
3eMJIETPSICEHUN MOXKET COMPOBOXKAATHCS 3aMETHBIMU BapHallHsIMU YPOBHEH
BOibI B ckBaxkuHax [Kataor .., 1983; Cooper et al., 1965; Konvinosa, Bon-
ouna, 2005, 2006, 2007; Konvinosa, Cmonuna, 2008, 2008a, 20086]. ITocne
AmsckuacKoro 3emuerpscerus 28.03.1964 r., M, = 8.8 komebaHus ypos-
Hell BOIBI B CKBa)KMHAX HAOIIOJANCH HA PACCTOSHUAX A0 11 ThICSY Kuio-
MeTpoB OT oyara. [IpoloJKUTENBHOCTh BapUallMidi YPOBHEHN BOJBI C aMILIH-
TyZIaMH OT MEPBBIX CAaHTUMETPOB 110 4.5 M COCTaBIISIA OT YaCOB JI0 OJHUX
cytok [Karamor .., 1983; Sterling, Smets, 1971].

HuTepecHbIM (akTOM SBISCTCS TO, YTO B OJIM3KO PaCIOJIOKECHHBIX
CKBa)XMHAX OTKJIUKU YPOBHEH BOJBI HA MPOXOXKJICHUE CEUCMUYECKUX BOIH
MOTYT CYIIECTBEHHO pa3inyaThCs MO aMIUIUTYAE U XapaKTepy BapHaIuil.
N3ydyenue Takux BapualUid YPOBHEH BOJbI IIPEICTABIISIET UHTEPEC Ul T€O-
(1)I/ISI/IKOB, CENCMOJIOTOB U TUAPOTrCOJIOTO0B, BO-IEPBLIX, C MO3UIHUU UCHOJIb-
30BaHMs CKBRXHH B KaueCTBE CBOCOOPA3HBIX NMPHUEMHUKOB CEHCMHYCCKHX
CUTHAJIOB, W, BO-BTOPBIX, /ISl OICHKH CBOWMCTB BOJOBMEIIAOIINX TIOPOJ, B
MIEPBYIO OYepeib, HX BOIOIPOBOIUMOCTH.

2.2.1. KonebaHusa ypoBHA BoAbI

Maremarnyeckas MoJeab GopMUpOBaHHs KOJIcOAaHUH ypOBHS
BOJIBl B CUCTEME «CKBa)KMHA — BOJOBMEIIAIOIIAS TIOPOJIa» MPU HPOXOXKIE-
HUM CEHCMHUYECKHX BOJIH paccMoTpeHa B pabore [Cooper et al., 1965]. B
Hell 10Ka3aHo, YTO Bapuallly YPOBHS BOJBI B CKBKHMHE TIPH ITPOXOXKICHUN
CeCMUYECKUX BOJH OOYCJIOBJIEHBI M3MEHEHHSMHU IOPOBOTO JaBJICHUS U
BEPTUKAJIBHBIMY CMCICHUSIMH TOBepxHOCTH 3eMi (puc. 2.12). B [Cooper
et al., 1965] takxke Mmoka3zaHO, YTO CTEIEHb, C KOTOPOH YpOBEHb BOIBI B
CKBa)XHHE pearrupyeT Ha COTpsICEHHE, ONPeaeIsIeTCs] He TOJBKO XapaKTepH-
CTHKaM¥ CKB2)KHHBI M CBOWCTBAMHU BOJIOBMEIAIOIIMX MOPOJ, HO U 3aBUCHT
OT BHUJIA U IEpUOJIa CECMUUECKON BOJIHBL.

94 I''H. Konwsinosa, C.B. Bonouna



2.2. Dppexmul 6030eticmaus ceucMuteckux GOJH 8 USMEHEHUSIX YPOBHS B00bl
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Puc. 2.12.

CxeMbl (OPMHUPOBAHUS OTKJIMKA YPOBHS BOABI B CKBaXKHHE HA TapMO-
HUYECKHE BapHAllMM MOPOBOTO JABICHHS B BOJOBMEIIAIOIINX
noposax (@) ¥ Ha BEepTHKAIBHBIE CMEIICHUS CUCTEMBI «CKBa)KHHA —
BOJIOBMEINAIOIIAS MOpoJay (6) MPU TNPOXOXKICHHUH CEHCMHYECKHX
BOJIH: H — BBICOTa BOJHOW KOJIOHHBI B 0OCa)KEHHOM CTBOJIE CKBaXKH-
HBI, d — MOIIHOCTb BCKPBITHIX BOAOBMENIAIOMNX MOPOJ (JUTMHHA OT-
KPBITOTO MHTEpBaJa CTBOJIA CKBaXXMHBI), z — INIyOMHa HIDKE 00Caaku
CKB&XXWHBI, 77 — TOPU30HTAIBHOE PACCTOSIHUE OT IIEHTPA CKBAXKHHBI,
s,, — I3MEHEHHE HaIropa B BOJOBMEIIAIOIIUX OPOJIax, X — M3MEHEHHE
YPOBHSI BOJBI NIPH TapMOHHYECKHX KOJEOAHUAX C aMIUIUTYHOH X,
@ — yIJoBas 4acToTa CEHCMHUYECKOW BOJHBI, ¢ — BpeMs;
pr = pe(H+z)+pgsin(wt-1) = p.+pgsin(wt-77) — BeIpaxkeHne A1 Bapua-
LU TTOPOBOTO JaBJIEHUS IIPH €r0 TApMOHHYECKUX M3MEHEHUSX C aM-
IUUTYJ0H py, p., — THAPOCTaTHUYECKass KOMIIOHEHTa IIOPOBOTO JaBJIe-
HHUS, 7] — YroJ cABUra (a3bl MEXKAY CMELICHHEM B CEHCMHUYECKON BOJI-
HE U N3MCHEHHEM ITOPOBOTO JABJICHHUS; X; — TAPMOHHIECKHE IIepeMe-
IIEHHs] MOBEPXHOCTH 3EMIIU C aMILTUTYOH a, X, — MEpeMENeH s BOA-
HOM KOJIOHHBI MPH BEPTHKANBHBIX CMELIEHHAX MOBEPXHOCTU 3EMIIH,
& — yroxn caBura (a3sl MEXIY CMENIEHHEM B CEHCMHUYECKOH BOJHE M
BEPTUKAIBHBIM IepeMelleHrneM nosepxHoctd 3emin [Cooper et al.,
1965]
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B cnyuae PeneeBckux BOJH, KOTJa X MEPHOJ PABEH PE30HAHCHOU
yacmome CKBKWHBI (),, U3MCHCHHS YPOBHS BOJbI MPAKTUYCCKH IOJIHO-
CThIO ONPEACISAIOTCS M3MCHECHUSIMH TOPOBOTO HaBICHHS p, = pghy, THe
0 — TUIOTHOCTB BOJIBI, g — YCKOPEHHE CHITBI TSKECTH, 1y — aMIUTATYyJa H3Me-
HEHMs Haropa, BbI3BaHHas JaedopMalvedl BOJOBMEUIAOIIUX MOPOJ HpPHU
MIPOXOXKICHAN CEUCMUYECKUX BOIH.

Pe3onaHcHas yacToTa @), 3aBUCHT, B OCHOBHOM, OT 3()(EeKTHBHOIM
BBICOTBI CTOJI0a BOABI B ckBaxkune H, = H+3d/8, rme H — BricOoTa cTOJIOA
BOJBI B 00Ca)KEHHOM CTBOJIE CKBaXKMHBI, d — BBICOTA CTOJI0A BOJBI B 00Jj1ac-
TH BCKPBITHIX BOJOBMemaromux nopos. s ckBaxwnsl 103-5 H =310 M,
d =490 M, a apdexTuBHAST BBICOTA cTOJIOA BOJIBI H, cocTaBisieT 494 M.

Pe3oHaHcHas yacTOTa CKBaXKUHBI OmNpesenseTces Kak o, ~ (g/H,
OTcroa MOXHO OLEHHUTH MEPHUOJBI CEHCMUYECKHX BOJH, KOTOPHIE MOTYT
BBI3BIBATh PE30OHAHCHBIA A(PQPEKT YCHICHHUS TapMOHWYIESCKIX BapHaIfid Imo-
POBOTO JIaBJICHHUS B CKBAXXHMHE MPH JIOCTATOYHO BHICOKUX BOIOMPOBOISIINX
CBOHCTBaxX mopoxa: 2 2mww,. B cnydae ckBaxunabl F03-5 kosebaTenbHbII
PEXXUM YPOBHS BOJIbI, BEI3BAHHBIN pe30HAHCHBIM 3(h(HEKTOM, MOKET BO3HH-
KaTh IPU MPOX0XKICHUH BOJIH C MepruoioM mopsiaka 40 c.

YcuneHne Bapualyii ypOBHS BOJBI B CKBaKHHE IO OTHOIUICHHUIO K
M3MCHCHHIO HAIopa JJIs Pe30HAHCHBIX YacTOT BhipaxkaceTcs mo [Cooper et
al., 1965] kak

12
)7

2 5 2 ) WA
A = Xo/ho = [1— 7;”’ Keia _M’J +(7Z‘”Keraw} ) (242)
T

4 2
Y ’g T

IJe Xy — aMIUIMTY/la U3MEHEHHS YPOBHS BOABI, /i) — aMIUTUTY/la U3MEHEHHS
Hanopa, a,, = r,(wS/T)"? — GespasmepHas HYHKIUS YACTOTHI, BHIPAKCHHAS
Yyepe3 HapaMeTpbl BOJOBMEIIAIONIMX MOPOJ M TeOMETPUYECKHE pa3Mephl
CKB&)KUHBI: 7, — PAJANYC CKBAXKUHBI B 00JIACTH €€ CBSA3M C BOJIOBMEIIAIOLIH-
MU NOpoAiaMH, S — BOJOOTIAaYa WIHM YHpyras €eMKOCTb BOJOBMEIIAIOIINX
nopon, S =Sm, T — xo3dpdunuent Bomonposoaumoctu, Kera,, Keia, —
JeHCTBUTENbHAS U MHUMas JYacTH GyHKuuy KenpBrHHA HYJIEBOTO IOPs KA.

VYcunenue KosebaHUil ypOBHS BOABI 110 OTHOLICHHIO K BEPTHKAb-
HOMY CMEIIECHHIO IOBEPXHOCTH 3eMIIH A’ BBIpaXkaeTcs KaK

, Ar*H
A =x,Ja="""e 45 (2.43)
T8
rac a— aMHHI/ITyHa CMCUICHHUA HOBerHOCTI/I 3CMJIN.
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2.2.1.1. OTKNUK ypoBHSA BoAbl B ckBaxuHe H03-5
Ha CymaTpa-AHaamMaHcKoe 3emneTpsiceHune
26.12.2004r. M,, =9

3emuerpsicenne (Tabi. 1.2, puc. 1.7) ObIIO 3aperHCTPUPOBAHO
Ha ceticMoctanmuu [letponasnosck (PET) (53.024° c. m., 158.653° B. 11.),
pacroJyio’KeHHOW Ha paccTostHuM okojio 20 kM oT ckBakuHbl FO3-5. Cetic-
MHUYECKHE BOJIHBI peructpupoBainck 6onee 50 munyt: ¢ 01 yaca 10 MunyT
J0 puMepHO 02 yacoB. AMIUIMTYAa BEPTUKAIBHOTO CMELIEHUS JOCTUTaa
2 cM (puc. 2.13) [Konwsirosa, borduna, 2007].
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Puc. 2.13. 3amuce Cymarpa-Angamanckoro 3emuerpscenust 26.12.2004 r. Ha
kanane LHZ IRIS nHa ceiicmocTaniuu IlerponaBioBck

B cnekrpe moutHocTu cMmenenuit no kanany LHZ Beiaensitotres aBa
MakcuMyMma Ha nepuogax 17-20 ¢ u npumepHo 45 ¢ (puc. 2.14a). Makcu-
MaslbHasi MOIIHOCTb CMEIIEHUI NPUXOJUTCA Ha MOBEPXHOCTHBIE BOJHBI C
neprosoM okoio 45 ¢. Ha puc. 2.146 npeacTaBieH TMHAMHUYECKHN CIIEKTP
MOIIHOCTH cMelleHuit no kanany LHZ, noctpoennslit B okHe 10 MuH c mia-
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roM 2 MuH. JIJIMHA 3aIUCH COCTABISET 365 MUHYT W BKJIIOYACT 5 MUHYT IO
BeTyIieHus P-sonH 1 360 MuHYT TIOcie BCTyIuieHUs P-BoitH.

B ciyuae ckBaxkunsl F03-5 otHomenne A/4 “Ha pe30HaHCHOM yacTo-
Te 7=44.6 ¢ npakTHiecku paBHo exunHuue (4/4’~ 1). Ecnu npunsts, 4ro
A’=A4 2>2.5, To MoxHO 10 (2.42) OUCHHUTH BOAOMPOBOJUMOCTH BOJIOBME-
AKX 1MOpoJ. [ 3TOro paccumThIBaIacCh 3aBHCHMOCTh YCWIICHHS Ba-
puanuii ypoBHS BOJBI IO OTHOMIICHHIO K M3MEHEHHIO Hamopa A = xy/hy, B
3aBUCHMOCTH OT IepHoja ceiicMuueckoil BoiHbl 7 (puc. 2.15). Ilpuanma-
JIOCh, YTO BEIWYMHA BOJOIPOBOANMOCTH T MOXKET U3MEHATHLCS B AHATIA30HE
YEeTBIPEX MOPSIKOB, a BEIWYMHA BOJOOTAAYH S MOCTOSHHA M COCTABISIET
20-10° M.

Pe3ynbTaThl MOZETMPOBAHHUS MOKA3BIBAIOT, YTO YCHIICHUE BapHAIUN
YPOBHS BOJBI IO OTHOIIEHHUIO K M3MEHEHUIO HAIOpa MOTJIO IPOU30WUTH NpH
BEJIMYMHE T/rw2 He menee 1 ¢’ Panee, Ha ocHOBe aHaM3a MPUIUBHOTO U
0apoMeTPUIECKOT0 OTKJIMKOB YPOBHS BOJbI B ckBaxkuHe FO3-5, Obuio mo-
JIy4eHO, UTO HamGojIee BEpPOATHbIC 3HAUCHHUS BETMUHHBI 1/r,” COCTABIIAIOT
e Goxee 2.8-107 ¢! [KonsLiosa, Borduna, 2007]. Onenka kodddurmenta
BOJIOIIPOBOAMMOCTU 10 JAHHBIM OTKAUKH U3 CKBAXKUHBI TAKXKe JaeT COIMOC-
taBuMyio Benmauny T/r,” = 1-107 ¢

B kauectBe aHajoruu HaONI0Ja€MBIX BapHallUil YpOBHsS BOJBI IIpU
MPOXOXKJIEHUN CEHCMUYECKUX BOJIH MOXHO paccMaTpUBaTh 3aTyXalollue
KoJieOaHMsT ypOBHS BObI, BO3HHUKAIOIINE TP MIHOBEHHOM HajmBe (0T0O-
pe) Boxbl M3 CKBakHHBI. Kak mpaBuiio, OCIMIULIIMY YPOBHSI BOJABI Ha Ha-
YaIbHBIX CTAIMAX BOCCTAHOBJIEHHS IIOCIE HKCIIPECC-HAMBA BO3HUKAIOT B
CKB@)KMHAX, BCKPBHIBAIOMINX BBICOKOIIPOBOASAIINE BOIAOBMEIIAIOIINE ITOPO-
161, Takue OCHMIUIAMK YPOBHSI BOJBI TAKXKE OOBSICHSIIOTCS MHEPIIMOHHBIM
3¢ deKTOM U eMKOCTBI0 CKBaXXUHBI [Cunoanosckuiu, 2006; Van der Kamp,
1976].

Pemenue nns Takux U3MEHEHUH YPOBHSI BOJbl B OIIBITHOM CKBAXKU-
HE, BBIBEJICHHOE U3 BOJHOBOTO YPAaBHEHUS IS 3aTyXalOUIUX KoJjieOaHU,
umeet Buf [ Van der Kamp, 1976]:

h=h, exp(—a)wkt)cos(wwm t), (2.44)
2
K=—"TCg, ln(0.79rj Sa)wja (2.45)
8T T

rjie h — U3MEHEHUs YPOBHS BOJIBI, /1) — HAYaIbHOE (MTHOBEHHOE) H3MEHEHHE
ypoBHsi BOAbI, ¢ — Bpems. COMOCTaBIICHHE TEOPETUUECKUX H3MEHEHHI
ypoBHS Boxbl 1o (2.44), (2.45) c ¢dakTnyeckum rpagukoM BpPEMEHHOTO
NpOCJIeXUBaHUs Bapyalllii ypoBHs BoJbI B ckBakuHe F03-5 nmaer Bo3mMoxk-
HOCTbH OLICHUThH BEJIWYHMHY BOJONPOBOAUMOCTH T IPH 33JaHHBIX BEIMYMHAX
BojooTnayn S (puc. 2.16).
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Puc. 2.14.  Cnektpsl MomHOCTH cMeneHuit o kaHainy LHZ Bo Bpems Cymarpa-
AHpamaHckoro  3emuslerpsiceHuss  26.12.2004r.,  ceificMocTaHIus
[leTpomaBiOBCK: @ — CHEKTP MOIIHOCTU II0 METOAY MaKCHMAaIbHOMH
suTpormu bypra; 6 — TUHAMHUYECKHi CIIEKTp, HOCTPOEHHEIH B OkHe 10
MHHYT C IIaroM 2 MHHYTHI. DJUIAIICOM BBIIEIEH YaCTOTHBII AMara3oH,
COOTBETCTBYIOIINIT MEpHOJaM IOBEPXHOCTHBIX CEHCMHYECKHX BOJIH
40-50 ¢
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Puc. 2.15. M3MeHeHHEe aMIUIUTYIHOTO COOTHOIICHHS MEKTY BapHAIMSIMH YPOBHS
BOJIBI B CKBOKMHE U M3MEHEHHUEM Haropa xy/fiy B 3aBHCIMOCTH OT I1a-
paMeTpa CHCTEeMbl «CKBAKHHA — BOJOBMEIIAIOmAs mopoxa» I/, u
nnepuoaa ceiiCMUYECKONU BOJIHBI T

OnTtuManpHOe TPUOIIDKeHHE (akTHIecKuX 10-MHUHYTHBIX IaHHBIX
perucTpanuy ypoBHS Boabl Bo Bpemst Cymarpa-AHIaMaHCKOTO 3eMIIETps-
CeHMsI K MOJICTTBHBIM I10 XapaKTepy 3aTyXaHUs aMIDTUTYABI U TIO TTPOIOIDKH-
TENBHOCTH KOJNEOaHWH YpOBHS BOJBI MTONyYEHO MPH BETMYWHE HAYAIBHOW
aMmuuTyael iy =4.2 cM, BomompoBomumoctH I'=15 MZ/C, BOJIOOTAAue
S=21.4-10". Orcroma CJIeyeT, 9TO KOJIeOATeNbHBIA PEKUM YPOBHS BOIHI B
ckBaxxuae F03-5 npu sKcHpecc-HAIUBE MOKET BOSHUKHYTh, €CITU BEJIMYHHA
BOJIOTIPOBOTUMOCTH T/rWZ cocrtapser He meHee 7.1-10% ¢,

CrnenyeT OTMETHTH CYIIECTBEHHOE PA3IMUUEe MEXKIY MEXaHH3MaMH
00pa30BaHus KOJICOAHUN YPOBHS BOBI MPH IKCIPECC-OMPOOOBAHUH CKBa-
KHUH ¥ TIPU MPOXOKICHUH CEHCMIYSCKUX BOJH. B mepBoM citydae BO30yxk-
JICHHE CHCTEMBI «CKBa)KMHA — BOJJOBMEIIAIONIAS IIOPO/Aa» BBI3BIBACTCS
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Puc. 2.16. Comnocrasienue 10-MUHYTHBIX BapHaluidi ypOBHS BOJbl B CKBaXKUHE

103-5 u Teopermyecknx Bapuanmii ypoBHS BOAHI o (2.45), (2.46):
1 — TeopeTHuecKue 3HAYCHHUs] YPOBHs BOJBI IIPU BEIMYMHE Hadallb-
HOW aMmuTynsl /)= 4.2 cM, BOZONPOBOAUMOCTH T =5 m*/c, Bomo-
otnaue = 21.4-107; 2 — HaGmoIeHHbIE 3HAYCHHUS YPOBHS BOJBI I10-
clie KOMIIeHCaluyu OapoBapualuii ¥ BHICOKOYACTOTHON (UIbTpaLun
B 4aCOBOM BpEMEHHOM OKHe. Hoylb BpEMEHHOH MIKaJlbl COOTBETCT-
BYET BCTYIUICHUIO ceficMuueckux BoaH 01 1 10 Mun

MOCTYIUICHUEM B CTBOJI CKBa)KHHBI (MJIM M3BJICUCHHEM W3 HEE) HEKOTOPOIO
KoJiuecTBa BoAbL. [1pu Bo31eHCTBMHM HU3KOYACTOTHBIX CEHCMUYECKUX BOJIH
KOJIeOaTeNbHBIA PEKUM YPOBHS MOXKET BBI3BIBATHCS YCHICHUEM B CKBaXKH-
He Bapuanuii MOpoBOro JaBJeHUS IpU JeopMalnyy BOJOBMEIIAIONINX 10-
PO, a Takke B pe3yJbTaTe BEPTHKAILHOIO IMEPEMELICHUS HOBEPXHOCTH
3eMiH (puc. 2.12).

CrnemyeTr OTMETHTH, UYTO KOJleOaHus ypoBHS B ckBaxkuHe F03-5 Bo3-
HUKAIOT TOJIFKO TIPH OYEHb CHJIBHBIX W YHAJCHHBIX 3EMIICTPSCEHISIX
(M, =8.3-9.3, R=1670-8250 kM), KOTOpbIe TEHEPHPYIOT NOBEPXHOCTHHIE
BOJIHBI C TIEPUOJAMH HE MEHee JIECSITKOB CEKYHJ M MOTYT BBI3BIBATH Pe30-
HaHCHBIA 3 (eKT yCHIeHns rapMOHHYECKUX KOJIOaHWI MOPOBOTO IaBiie-
HUS B CHCTEME «CKBaXMHA — BOJIOBMeIIaromas nopojaa» (puc. 2.12a). Ta-
Kue KojiebaHWsI ypOBHsS BOJBI HE PErMCTpUpPYIOTCS B ckBaxkuHe 103-5 B
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CiTydae BOZHUKHOBEHHS MECTHBIX 3eMJICTPSCCHUH C BETMYMHAMH MarHUTY
ot MeHee 5.0 mo 7.8. DTo 00BACHICTCS BechMa Cllab0i reHepanuei JInH-
HOTIEPHOIHBIX TTOBEPXHOCTHBIX BOJH B 0YaraXx MECTHBIX 3eMIICTPSCEHUN Ha
THITOTICHTPAJIbHBIX PACCTOSHHUAX HE 0ojee MEepBBIX COTEH KWiIomeTpoB. K
CO’KaJICHUIO, PETUCTpAIHs OUH pa3 B 10 MUH HE MO3BOJISAET TOYHO OLIEHUTH
aMIUTUTYAy H Tepuox KoiebaHuii ypoBHA BoAsl Bo Bpems Cymartpa-
AHIaMaHCKOTO 3eMJICTPSCCHUS W AHAJNIOTHYHBIX CEHCMHUYECKUX COOBITHH.
Jlyis 3TOr0 HEOOXOMUMa PETUCTpAIUs YPOBHS BOJBI C TICPHOTUYHOCTHIO HE
menee 1-10 c.

COHOCTaBﬂeHI/Ie BCJIMYMH BOAOMIPOBOAMMOCTH, MOJTYUCHHBIX IO MO-
nensm [Cooper et al., 1965] u [Van der Kamp, 1976], ¢ BenuduHaMu BOJIO-
MMPOBOAUMOCTH IO JaHHBIM OTKa4YKH, MOKAa3bIBACT, YTO [JIA O6’I>$ICHCHI/IH
KOJIe0aTeNbHOTO PEeKUMa YPOBHSA BOABl B CkBaxkmHe HO3-5 HeoOxommmo
MPUBIICKATh THIIOTE3Y O 3HAYATEIFHOM YIYYIICHHH BOJOIPOBOISAIINX
CBOWCTB BOAOBMEIAOMHUX Mopof. CorocTaBieHHE BEIMYUH BOJOIPOBO-
TUMOCTH, TIONYYCHHBIX IO HPWINBHOMY M 0apOMETPHUYECKOMY OTKIAKAM
YPOBHS BOJBI U IO JaHHBIM OTKAYKH, C BEIMYUHON BOIOTPOBOJUMOCTH,
OIICHEHHOH 10 aMIUTUTYAE HW3MCHEHHS YPOBHS BOJBI NPH IMPOXOXKICHUU
CeHCMUYECKNX BOJIH OT 3emuieTpsicerust 26.12.2004 r., moKa3bIBaeT, YTO OHH
3HauuTENbHO paznuyarotcs. [lo moxenu [Cooper et al., 1965], onuckiBaro-
e KojeOaTeNnbHBIN PEeXUM YPOBHS BOJBI 32 CYET YCHICHHS BapHaUi
TIIOPOBOI'0 AaBJICHUA B CTBOJIE CKBAXXHUHBI IIPHU MPOXOKACHUN HU3KOYACTOT-
HBIX MMOBEPXHOCTHBIX BOJIH, IMOJY4Y€HA BCJIMYUHA BOAOIIPOBOAMMOCTHU IIPH-
MepHO Ha Ba ropsiaka Gomeme (7/r,” > 1 ¢?).

Takoe pa3nuyrie B BEIUYMHAX BOJOIPOBOIMMOCTH MPH OTHOCHTEb-
HO MEIJICHHBIX U3MEHEHHUAX ITOPOBOTO AABJICHNS, BEI3BAHHBIX PIIINBHBIMA
1 6apoMeTpUIEeCKUMH BO3JICHCTBUSAMH, a TAKXKe MIPHA OTKaYKe (JaCBI-CYTKH);
u nipu 6osee OBICTPHIX BapHANKAX MOPOBOTO AABIICHUS IPU CEHCMHYECKOM
BO3ICHCTBUM (CEKYHIBI-IECATKH CEKYHNI) MOKHO OOBSICHHTH yBETHMYCHHEM
MIPOHHUIIAEMOCTH ¥ YIYUYIICHHEM (QIIBTPAIIIOHHBIX CBOICTB BOJOBME-
IIAFOIINX TOPOJ TIPH TIPOXOXKIECHHH ITOBEPXHOCTHBIX BOJH OT CHIIBHBIX
YAQJICHHBIX 3€MHeTpﬂC6HPII>i.

Ha pucynxke 2.17 npencraBieHsl pe3yibTaThl HU3NUECKOT0 MOJEIIH-
pOBaHMsI BIMSHUS CEHCMUYECKOW BUOpalMM Ha MPOHUIIAEMOCTb BOJIOHA-
CBIII[CHHBIX 00pa3IoB 0a3anibTOB, rab0OPO U M3BECTHAKOB [[lImoHnos u Op.,
2002]. B akcmepuMeHTe PEeruCTPHUPOBATUCH 00KMMAIOIIEE JaBICHUE, MO-
JIENApYIOIIee CEHCMUYECKYI0 BONHY (Prp); TIOPOBOE IaBiieHHE B oOpasie
(Pay) n dddexTrBHOE HaBieHHe B ckeneTe mopoibl (Prgpqe). HacTora oc-
murstiuid cocrasisina 0.065 ', mmmrensHOCTh Bo3aencTBus — 0.25-22 4.
Bruto oOHapykeHO, UYTO MPH BETUYMHE JaBJICHUS 00XKMMa HIDKE TIOPOBOTO
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Puc. 2.17. N3amenenue odxumaroniero (Prg), mopoBoro (Pgy) u 3¢ dexTruBHOrO
(P3¢p@) AABICHUHM NMPU NPOXOXKACHUU CEHCMHYECKOI BOJIHBI Yepes
ropayio nopoay [LlImonos u ap., 2002]: 1 — ucxoaHOe cocTosHUE
CHCTEMBI BOJIa-1I0poia; 2 — (ha3a MOBBIMICHHUS 00KUMAIOIIETO H T0-
POBOTO JIaBJICHHU W CxkaTHs o0pasna; 3 — ¢a3a MajcHUs JaBICHUs
00xmMa, pa3pyiieHrne oopasiia Mo AeHCTBUEM ITIOPOBOTO JIaBJICHUS,
4 — daza cxatus, MexaHHUYecKas quiaTaHcus obpasua; APg; — na-
JICHHE TIOPOBOTO ABJICHHS B PE3yJbTaTe HAPYIICHUS CTPYKTYPHI
obpasra mocie ceiicMudaeckoit Bubparyn

nasieHust Prp < Py mociie ceMCMHUYECKOTO BO3ACHCTBUSA MPOHUIIAEMOCTD
00pa3moB mopoj pe3ko Bo3pacTana B 1.2-3.7 pasa B pe3yibTaTe HapyIICHUS
UX CTPYKTYpHl. B (haze moHmkeHus naBiueHns 00XuMa MPOMCXOIIIIO 3armas3-
IIBIBaHUE B TIAJICHUH TIOPOBOTO JNABJICHUS Py DTO BBI3BIBAIO PE3KHHA POCT
3¢ deKTHBHOTO HaBiieHUS P5pgp B CKEJETE IOPOABI C MPEBBIMICHHEM €ro
npenena npoyroctu (¢asza 3 Ha puc. 2.17). B pesympraTe mpoOMCXOIMIN
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THIPOPA3pBIBEI U HAPYIIEHHE MCXOTHOW CTPYKTYpHI 00pasmoB. DTOT Mexa-
HU3M Ka4eCTBEHHO OOBACHSAET YBEIWYCHHE IPOHHIIAEMOCTH BOJIOBME-
IIAFONINX TOPOJ M, COOTBETCTBEHHO, BPEMEHHOE yBEIHMUYEHHE BOJOIPOBO-
TUMOCTH TIPH MIPOXOKICHUN CEHCMUYECKUX BOIH.

2.2.2. MocTcencmmnyeckoe NoHUXXeHne
YPOBHS BOAbI

BripaskeHue i HOHMKEHUST Hanopa /i B OJHOPOJHBIX, H30-
TPOMHBIX M HEOTPAaHMYCHHBIX BOJOBMEINAIOIINX MMOPOAAX BO BPEMEHH 1,
BBI3BAHHOTO BO3MYIICHHEM IOPOBOTO JIABJICHUS! B UCTOYHUKE HA PACCTOSI-
HUHM R, IMeeT BHJ YpaBHEHHUS MaTeMaTHdeckoil Teopuu nuddysmm [Kapc-
a0y, Ezep, 1964; Crank, 1975] u Mmoxet ObITh TpeacTaBieHO B auddepeH-
LHAJIBHOM BH/IE KaK

oh _ 0°h
Pl
ot OR?
e ¢ = k/S; — Ibe30mpOBOTHOCTH BOJAOBMEIIAIOIINX TTOPO/I.

OIHOMEpHOE pelICHUEe YPaBHEHUsI MaTeMaTnieckoi Teopuu audpdy-
3MU IS UACATBHON MbE30METPHUYECKON CKBAKHHBI, BCKPBIBAIOIIEH OIHO-
POJTHBIE, H30TPOIHBIC ¥ HEOTPAHUYCHHBIC BOJOBMEIAIOIINAE TOPOJIBI, MOXK-
HO TPUMCHUTH I ONKCAHUS JIUTCIBHOTO TOHW)KCHUS YPOBHS BOIBI B
ckBaxue F03-5 mocie KpoHOIKoro 3emMieTpsiceHus, alnpOKCUMUPYs Ta-
JICHHUE MOPOBOTO ABJICHUS B BOJAOBMEINAIOIIAX OPOJaX TOYCUHBIM UCTOY-
HUKOM (puc. 2.18).

st mbe30MeTpUUYecKOd CKBaXKMHbI, BCKPBIBAIOLIEH OJHOPOIHBIE,
M30TPOIIHBIE W HEOTPaHWYCHHBIC BOJOBMEIIAONINE TOPOIBI, MpeHeoperas
TPEHHEM W WHEPIHOHHOCTHIO CTOJIOA BOJBI B CTBOJIE CKBa)KUHBI, 9TO YPaB-
HEHHE OTHOCHUTEIIFHO U3MEHEHHUS YPOBHS BOJBI B CKBOKWHE X UMEET BUJ:

ox_ Ox (2.46)
ot  OR?
Pemenne 3Toro ypaBHEHHUS OTHOCUTEIHHO R TTO3BOJISIET OLIEHUTH pa-
JINYC YYBCTBUTEJIBHOCTH CKBaKMHBI K UCTOYHUKY MaJECHUS MOPOBOIO JIaB-
JIEHUS B BOJIOBMEIIAIOIINX OPOJIAX MPU FPAHUYHBIX YCIOBHSIX:
x=x9p-Ah, R=0,¢t>0,
TZIe Xy — Ha4aJbHBI YpOBEHb BOIBI B CKBaXkKWHE, Ah=Ap/pg — W3MEHEHHE
HaTopa Mpy U3MEHEHUH ITOPOBOTO AAaBICHUSA Ap, U HAYAIBHBIX YCIIOBHIX
x=x3,R>0,t=0
UMeEeT BUJL

x=x, - Ah-erfe(R/A4ct) (2.47)
rae erfc(z) = l-erf(z).
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Puc. 2.18.

Cxema (opMHPOBaHHS ITOCTCEHCMHYECKOTO MHOHIKEHHS YPOBHS
BOJbl B CKBaKUHE, BCKPHIBAIOLICH HM30JIMPOBAHHBIC BOJOBMEIAIO-
mye MOpoAbl: Xy — HadalubHbIA YPOBEHb BOABI B CKBaXKHHE,
Ah = Ap/pg — M3MeHeHne Haropa IpH U3MEHEHUH ITIOPOBOTO JaBIIe-
HUS Ap, TOe Ap —aMIUINTy[a TOHIDKEHUS MHOPOBOTO JIABJICHUS,
X — U3MEHEHHUE YpPOBHS BOABL, R — paguyc 4yBCTBUTEIBHOCTU CKBa-
KHHBI K UCTOYHUKY MaJeHHs MMOPOBOTO JIAaBJIECHHS B BOJOBMEIIAIO-
KX TTOPOJax
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2.2.2.1. MoHnxeHne ypoBHA BoAbl B ckBaxkmHe F03-5
nocne KpoHoukoro semneTpsceHus

[Monnmxenne ypoBHS Boxel B ckBaxkuHe HO03-5 B Teuenme
3.5 Mec. ¢ aMIUTUTYOH OKOJIO OJTHOTO MeTpa mocie KpoHonkoro 3emierps-
CeHMs M ero IMocIeAyIollee IBYXJIETHEe BOCCTaHOBIeHHE (puc. 1.6) orpa-
JKaeT TMPOIeCC MaJCHUS W BOCCTAHOBJICHHS IMOPOBOTO JIABJICHHS B IJIACTE
BOJIOBMENIAIOIUX Topoj. Haumbonee BepOATHBIM MPOIECCOM, BBI3BABIINM
JUTMTENILHOE TIOHIDKECHUE YPOBHS BOJBI, SBJISICTCS MAJCHUE MOPOBOTO JaB-
JICHUST B OKPECTHOCTSAX CKBA)KMHBI BCICACTBUC JIOKAILHOTO YIIYUIICHUS
(WIBTPAMOHHBIX CBOMCTB BOJOBMCHIAIOIIUX MOPOJ MPH CEHCMHUYCCKHIX
cotpsicenusix (puc. 2.18).
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Puc. 2.19. Pe3ynbraTel MOJENIMPOBAHUS TTOHIKEHHS YPOBHS BOJBI B CKBaXKMHE

103-5 mnocne Kponomkoro 3zemnerpsicenuss 5 nexabps 1997r.:
1 — 3KCHepUMEHTANbHbIC JAAHHBIE 1O MOHIKEHUIO YPOBHS BOIbI B
CKB)XHHE; 2 — TEOPETHYECKOE MOHWKEHHE YPOBHS BOIbI

Bripakenue (2.47) sBisiercst penienreM quddepeHnInaibsHoro ypas-
HeHus (2.46) U1 TOHWYKEHHS YPOBHSI BOJIBI HA PACCTOSIHMU R OT TOUEYHOTO
UCTOYHHUKA MAaJCHUS MOPOBOTO AABIEHUS U MIPUMEHSIIOCH sl MOAEIUPOBa-

106 I''H. Konwinosa, C.B. Borouna




2.3. Usmenenus yposHsa 600l 6 ckeaxcune E-1 6 céaszu
¢ akmusuzayuetl gyakana Kopsikckuil u cunvuvimu (Mw > 5) 3emnempsicenusmu

HUS TIOCTCEHCMUIECKOTO TTOHMKEHUS YPOBHS BOIBI B ckBaxkmHe 103-5 mo-
cie Kponormkoro 3emiuerpsiceHns. Pe3ypTaTsl MOJEMPOBAHHS TTOKA3EIBA-
10T, YTO yJOBJICTBOPHUTEIHFHOE COOTBETCTBHE B MOHIKEHHH YPOBHSI, KakK B
TEYECHHE TEPBBIX CYTOK, TaK W B TEUCHHE IEPBBIX MECSIEB, C TEOpETHYE-
CKO# 3aBHCHMOCTBIO MOTJIO TIPOU3OWTH TPH BEIWYHHE MTBE30TPOBOTHOCTH
c=0.42 M*c na PACCTOSTHUM OT MCTOYHHMKA IMAJeHUS TIOPOBOTO JABJICHUS
R =450 wm (puc. 2.19) [borduna, Konvinosa, 2008]. OTkioHeHus hakTuue-
CKOTO MOHIKCHHS YPOBHSI BOJIBI B TCUCHHE MEPBBIX JAECATKOB CYTOK OT pac-
YETHON 3aBUCHMOCTH, BO3MOXKHO, CBSI3aHO C HAJIOXKEHHEM JIOIIOJIHHUTEIh-
HBIX (DAaKTOPOB, CBSA3aHHBIX C BIUSHHEM BapHUAIMi TOPOBOTO JAaBIICHUS B
OTHOCHTEIJILHO YAAJCHHBIX OT CKBaXXHHBI 30HAX, T. €. C ICHCTBUEM HE OJIHO-
T'0, 2 HECKOJIBKMX MCTOYHHUKOB Pa3HOHANPABJICHHOTO M3MCHEHUS MOPOBOTO
JaBJIEHHS.

BoccranoBnerne ypoBHSI BOIBI B TEUEHHE JIBYX JIET ITOCIE JOCTHKE-
HUST MUHAMYMa (puc. 1.6) 00ycCIIOBIIEHO penakcaluell TOPOBOTO JaBICHUS
3a CYeT BHICOKOW CTaOMIBHOCTH THIPOTCOINHAMHYECKOTO PEKMMa HATIOP-
HBIX TIOJ3eMHBIX BOJ Ha riryonHax Oonee 300 m. Takast cTaOHIBHOCTH 00Y-
CJIOBJICHA OTHOCHTEIBHBIM ITOCTOSHCTBOM THIPOTCOTUHAMHYCCKHUX YCIIO-
BUIl B 00J1aCTAX MUTAHKS U PA3rPy3KH MOA3CMHBIX BOJ B MEJIOBBIX OTJIIOMKE-
HUSIX U HMX CE30HHBIMH HM3MCHCHHSIMHU. VIMEHHO THIPOTCOTUHAMUYCCKHE
YCIIOBHSL B 00JIACTSIX MUATAHHS M PA3TPY3KH 337al0T BEJIIMYMHY HATIOPa TO-
3EMHBIX BOJ] B pPaiiOHE CKBaXKUHBI. [[03TOMY IByXJIETHEE MOBBIIICHUEC YPOB-
HST BOJIBI MOYKET OTPaXKaTh MPOIECC BOCCTAHOBJICHHUS MOPOBOTO JTABJICHUS B
I1acTe B COOTBETCTBUU CO cpeliHel BennuuHoi Hanopa [Konwinosa, 2006].

2.3. M3MEHEHUA YPOBHA BOObI B
CKBAXWHE E-1 B CBA3U C AKTUBU3ALIMEN
BYJIKAHA KOPAKCKUIA U CUNbHbIMU (M25)
SEMNETPACEHUAMMU

B pasmene paccmaTpuBaroTCs OCOOCHHOCTH THIPOTEOAHHA-
MHYECKOTO peknMa ckBakuHbl E-1 B 2005-2010 rr. B cOMOCTaBICHUU C
pa3BUTHEM POs 3eMJIETpsICeHUH B paiioHe BynkaHa Kopskckuii u ero ¢pyma-
POJBHOM aKTHUBHOCTBIO, a TakXke C CYyOAYKIIMOHHBIMH TEKTOHWYECKHMH
3emuieTpsiceHussMu ¢ My, > 5.0. Tlo aMImmTyse CyMMapHOTO TOBBIIICHHS
YPOBHS BOJIbI M C YYETOM OLIEHEHHBIX YIPYT'HX ITapaMeTpOB BOJOBMeENIA0-
KX TI0POJI OLIEHEHA BeJIMYMHA AedopMali 0ObEMHOTO CXKATHsI B palioHe
ckBaxuHbl E-1 B mepuon, mpeaecTBYOMINI U COMYTCTBYIOLUIMHA celcMu-
4ecKoH 1 (hyMapoJIbHOM aKTHBU3AIMU ByJKaHa KopsKCKuid.
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PaccMaTpuBaroTCs BO3MOKHBIE MEXaHU3MBI (DOPMHPOBAHHS HCTOY-
HUKa nedopMamuu 0ObEMHOTO CXaTHsl B pailoHe CKBaXHHBI [Konwiiosa,
bonouna, 2012, 2012a].

Vcnonp3yemble TaHHBIE O ceiicMUYIecKoi U pyMapoIbHONH aKTHBHO-
cTH B paiione BynkaHa Kopskckuii momydeHs! JabopaTtopureil neciaejoBaHus
ceiicmrueckoit u Bynkanndeckoit aktusHocTH KO OUI] ET'C PAH.

2.3.1. Ocob6eHHOCTU rMgporeogMHaMmnM4ecKoro
peXuma CKBaXXUHbI

CkBaxxuHa E-1 pacrmosokeHa Ha paccTossHUU 17 KM OT Bep-
mmHE BynkaHa Kopskckwii 1 B 9 KM 0T ero mogHoxbps. OHa BCKPHIBAET B
nIuanasoHe TIyOnH 625-647 M c1ab6000BOTHEHHBIE TYy(BI aTHEHCKON cepuH
HeoreHa (tabum. 1.1, puc. 2.20). [To maHHEIM 3KCIpecc-HAINBA B CKBAKUHY B
1991 r. OIICHEHa  BOJOIPOBOJIMMOCTH BOJOBMEIIATOIINX TopoJ
T=0.005 m*/cyT.

ITo nanubIM onpoOoBaHust UHTEpBasa 625-647 M B mpornecce Oype-
HUsl CKBaXXUHBI B 1984 1. XUMHUYECKUH COCTaB MOJ3EMHOI BOJBI — XJIOPU-
HO-KapOOHATHBIH HATPHEBO-KANBIMEBBII M COOTBETCTBOBAI (hopMyIie
M, 5 (CO;*78 C122)/(Ca**56 Na'40), rae M — MuHepanm3amus BOIb! B T/,
KOHIICHTPAIlMM aHUOHOB W KATHOHOB IIPEJICTaBJICHBI B %->KBHBaJCHTAX.
Bomoponnsrii mokazatens pH = 12.4. XuMmudeckuid aHaau3 BBITIOJNHEH B
LentpamsHOlf XHMHUUECKOW Jabopartopuu MHCTHTYyTa BYIKaHOJNOTHH U
ceiicmonorun JIBO PAH.

Ilo pesympTaTaM aHaNM3a BOIHBIX IPoO, OoTOOpaHHBEIX B 1998-
2011 rr. B BepxHel 4yacTH BOJHOW KOJOHHBI B CTBOJIE CKBa)KUHBI, XUMUYE-
CKHHl COCTaB BOJBI — KapOOHATHO-THAPOKAPOOHATHO-XJIOPUIHBIA HATpPHUE-
BBIf M COOTBETCTBOBAN (hopmyie: My .15 [ClT 65-40 (CO32'+HC03') 45-33
SO4* 6-1]/(Na" 91-78 Ca*" 11-1 K 7-8), pH = 11.5-12.1. Xumnueckue ana-
JU3Bl  BOJBI  BBIMOJIHEHBI B JTAOOPAaTOPHH  THIPOCECHCMOJIOTHH
K® ®UII ET'C PAH.

B obnacTtu pacnpoctpaneHus Ty(GHOB aTHEHCKOW cepuH Ha rTyOWHAX
570-1060 M XMMHYECKHI COCTaB PaCTBOPEHHOTO B BOJE Ia3a ONpEeAeIUIC
B mponecce Oypenust B uaTepBane 910-920 m: N, — 60 06. %, CH4 — 29 00.
%, O, — 10 06. %, Ar — 0.6 06. %, CO, — 0.3 06. %, H, — 0.2 06. %, TsmKe-
asie yraesopopoast (ot C,Hy mo Ce¢Hyy) — 0.02 06. %, He — 0.006 06. %
(mannbie IleHTpanbHON XUMUYECKOW Jaboparopun MHCTHTYTa BYJIKaHOJO-
run U ceficmonoruu JIBO PAH). ns momydeHHOTO cocTaBa Tasza Xapak-
TEPHBI M30BITOYHBIC KOHIICHTPALMU METaHAa M JPYIHX YIIICBOJOPOIHBIX
ra3oB, [0 CPaBHCHHIO C PACTBOPCHHBIM B BOJIC T'a30M, HAXOAIIEMCS B PaB-
HOBECHHU C aTMOC(EPHBIM BO3IYyXOM. DTO CBUJAETCIHLCTBYET O TOM, YTO B
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paiione ckBaxuHBI E-1 B alHEHCKHX BYJIKaHHWTaX MPOUCXOAWT TCHEPAIHS
WJIN TPAHCTIOPTHPOBKA ra3a yrJIEBOJAOPOIHO-a30THOTO COCTaBaA.

B pabore [[1o30ees, 2003] ¢ ucmonp30BaHNEM JTaHHBIX TI0 Ta30BOMY
cOCTaBy TIIyOOKMX CKBaXKHUH, B T. 4. ckBaxuH E-1 u I'K-1I1, cranuums [Tuna-
4geBo (puc. 2.21) mokazaHo, 9TO B HeJpax ABaYMHCKON BYJIKAHOTEKTOHHYC-
CKOH Jempeccuyl KOHLEHTPHUPYIOTCA YIIICBOAOPOJACOAEPKALIUE Ta3bl OT
PaHHEMEJIOBOTO 10 IUIEHCTOIIEHOBOTO BO3pacTa B Mpejenax OJHUX IUIoNa-
Jieil ¥ cKBajKUH. DTO CBUAETENIBLCTBYET O JOCTATOUHOM 3aKPHITOCTH JOKaJb-
HBIX THJIPOTEOJOTMYECKUX CTPYKTYp B Helpax ABauMHCKOHM IENpPeccHd U
BO3MO>KHOCTH BEPTHUKAJIbHON MUTpAIUK ra3a.
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Puc. 2.20. Crpoenue ckBaxuHbl E-1 1 reonoruyeckuii paspes
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Puc. 2.21. Kapra paiioHa ABaYMHCKOH BYJKAaHOTEKTOHHYECKOW ICHPECCHU U e
obpamiieHus1. 1 — ICHCTBYIOLINE BYJIKAHbI; 2 — SMULEHTPBI POs 3eMIIe-
Tpsicenuil B paiioHe BynkaHa Kopskckumit 2008 —2010 rr., Kg=3.1-
8.3; 3 — myHKTHI HaOMIOACHUI 38 XUMUYECKHM COCTaBOM II0JI3€MHBIX
BOJ; 4 — HaOIOMaTeNbHEIE TEE30METPUUCCKUE CKBAXKHHBI

XapakTepHO# 0COOEHHOCTBIO €CTECTBEHHOTO TMAPOANHAMUYECKOTO
peXrUMa CKBa)KUHBI SIBIITIOTCS IIABHBIC MOBBIIICHNS U MOHKCHHS YPOBHS
BOJIBI MPOJOJDKUTEIBHOCTE 3-6 JIET ¢ aMIUIUTYaMU OT HEPBBIX JIECITKOB
cM 110 1.5 M u co cpemaumu ckopoctsimu Meree 0.1 cm/cyT (puc. 1.10). Ha
(oHE TaKUX TPEHIOB MPOSBIIIOTCS cladble 0ApOMETPUUYCCKHE BapHAIlUU
YPOBHS U THUIPOTCOCCHCMUYECKUEC BapUAIIUH, CBSI3aHHBIC C CHJIBHBIMU TEK-
TOHHMYCCKIMH 3EMJICTPSICCHUSIMH.
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Puc. 2.22. CpenHeuacoBble TaHHbIC HAOIIOIeHNIT 32 aTMOC(hEPHBIM JaBICHUEM
U ypoBHEM Bozbl, ckBaxkuHa E-1, 26.06.2003 — 01.04.2004 rr., B co-
[OCTaBJICHUH C CYTOYHBIMH OCa[KaMH. [IpeCTaBIeHbI TaKkKe H3Me-
HEHHS YPOBHS BOJIbI C KOMIICHCHPOBAaHHBIMH OapoBapHaLlHsIMU

B n3MmeHeHusx ypoBHs Boabl B ckBaxkuHe E-1, B oTinuune oT apyrux
HaOJIOIaTENbHBIX CKBAXHWH (pHUC. 2.22), HE TPOSBIAIOTCS NMPUINBHBIC Ba-
pHaIyy, a TaKkKe TOJOBbIE CE30HHBIE Bapuanuu. Takue 0COOCHHOCTH THI-
POAMHAMHUYECKOTO PEXHMMa CBSI3aHBI C TEM, YTO CKBa)KMHA KOHTPOJIUPYET
MOJI3€MHBIE BOJIBI THIPOIMHAMHUYECKOI 30HBI 3aTPYAHECHHOTO BOJAOOOMEHaA,
a TaKkXe C TeM, 4TO B COCTaBe MOA3EMHOM BOJABI B BOJOBMEIIAOLINX MOPO-
JlaX U B CTBOJIE CKBa)KUHBI COAEPIKUTCS ra3 METaHOBO-a30THOT0 cocTaBa. Ha
9TO YKa3bIBAaIOT PE3yJbTaThl XMMUYECKOTO aHaJN3a PACTBOPEHHOIO rasa,
orobpanHoro B uHTepBasie 910-920 M (cM. BbllIE), U HAJIMUWE TA30BBIX ITy-
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3BIPHKOB, CKAIUIMBAIOLINXCS HA CTEHKaX OYTBUIOK C BOAHBIMH MpoOaMu U3
ctBosia ckBaxuHbl E-1. Tlpu otOope BOAHBIX MpoO M3 CKBAKWH, BCKPHI-
BAIOIIUX MOJ3EMHBIC BOJIBI C HAIMIHEM PAaCTBOPEHHOTO ra3a, HaXO/SIIEeTo-
Cs1 B PABHOBECHH C aTMOC(EPHBIM BO3IyXOM, Ta30BbIe ITy3bIPhKH HA CTCH-
Kax OyTBIIOK HE 00pa30BBIBAIOTCS.

[IpucyrcTBuE raza B NOA3€MHOM BOJE B aIHEHCKUX BYJKAaHUTaX U B
BOJIHOI KOJIOHHE B CTBOJIE CKBaXHMHBI E-1 NMPUBOJHUT K MOBBILICHUIO CXKH-
MaeMocTH (uonaHONW (a3bl B TPEIIMHHO-TIOPOBOM MPOCTPAHCTBE BOJIO-
BMEIAIONIUX TOPOJ, NPEBBIIIAIONEH BEJIHYUHY CXKUMAEMOCTH OOBIYHON
npecHoi Boabl. [IoBBIIIEHHAs CXKMMAEMOCTh TTOA3EMHOM BOJBI MOXKET OBITh
OJIHOI M3 HamOoJiee BaXKHBIX NPUYUH OTCYTCTBUS NPUINBHBIX BapHalUil U
ociabiieHnss 6apoOMETPUUECKOTO OTKJIMKA B W3MEHEHHUSX YPOBHS BOJBI B
ckBaxune E-1 [Konwinosa, 2009].

ITo pesynpraTam 0GapOMETPHUYECKOTO aHAIM3a CPEIHEYACOBBIX Ba-
pHaIyii ypoBHS BOABI M aTMOC(EPHOTO JaBJICHUS BeJINYMHA OapomeTpuye-
CKO# 2 (eKTHBHOCTH BapHaIiii YpOBHS BOAHI B ckBakuHe E-1 B amamazo-
HE CYTOYHBIX IeproaoB BechMa Mana (E, =-0.01 cm/rIla) u mocturaer Be-
muausbl E, =-0.1 cm/rIla Ha mepuogax NECATKH-COTHH CYTOK (puc. 2.23)
[Konwinosa, 2009]. Ins cpaBHeHus, BeIMYMHBI OapoMeTprueckoii addex-
TUBHOCTHU Bapuanuil yposHsa B ckBaxkuHax 103-5 u 1303 cocrasistor -0.40
n -0.43 cm/rIla Ha mepuoaax OT MEPBBIX YACOB JO JIECATKOB-COTEH CYTOK.
CylIeCTBEHHBIM OTJIMUMEM 3THUX CKBAXUH OT CKBaxuHbI E-1 sBisercs To,
YTO OHHU PACIOJIOKEHBI B Tpe/iesiaX IOJIOKHUTEIBHBIX THAPOre0J0OrHYEeCKUX
CTPYKTYp, KOHTPOJIHUPYIOT ITOA3EMHbIEC BOJIBI B 30HE aKTUBHOTO BOJI00OMEHA
U BO BCKPBITBIX MMM BOJOBMEIIAIOMINX MOPOAAX OTCYTCTBYIOT NPH3HAKU
ra3oreHepaLuH.

2.3.2. OueHka o6bemHon aecdopmaum
BOAOBMeLLaloLWMX nopoa

JIisi OLIGHKHM BEIMYMHBI OOBEMHOTO CXKATHs BOIOBMEILNAIO-
IIMX TOPOJ B paiioHe CkBakuHBI E-1 mpu pa3BUTHM BOCXOJAINETO TPEHIA
ypoBHst 2006-2009 rr. (puc. 1.10) ucmons3oBanacs GopMyna CBI3H MEXIY
M3MEHEHHEM TIOPOBOTO JIABJICHUS Ap 1 00beMHON nedopmaruu A& is cTa-
THYECKH HM30JMPOBAHHBIX ycioBuid (2.36) [Roeloffs, 1988]. Takas cBs3b
oTpeseNsIeTcsl YIpyruMH IapaMeTpaMH BOJOBMEIIAONINX MOPO.I: KO3 hu-
mueHToM [lyaccoHa I yCIOBHHA OTCYTCTBHSI OTTOKAa BOJBI (HEOPEHHPO-
BaHHBIE YCJIOBHS) V,, MoxyjeM ciBura G u kodp¢unnentom CkemnroHa B,
MTOKA3BIBAIOIINM JOJII0 CYMMapHOTO HAaNpsDKEHUS B CKeJIeTe BOJIOBMEIIA0-
1iel Mopo/Ibl, TIePENIAIONIYIOCS Ha TOPOBEIH (utoun: B = -3p/co, rae p — nae-
JICHHE TIOPOBOTO (DIIFOKIa, 0 — CYMMapHOE HANPSKEHUE B CKEJIETE MOPOJIBL.
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Puc. 2.23. AMIUTITYTHBIE TIepeaTouHble QyHKIMK OT Bapuauui arMocdepHo-

ro JaBleHH K HM3MEHEHHsSM YPOBHS BOJbI B CKBaxuHe E-1:
a — B JIMaNa3oHe YacOBBIX BapHallMii; 6 — B THaNa30He CyTOYHBIX Ba-
puanuit
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AMITTUTY/a TTOBBIIEHUST YPOBHS BOJBI B cCkBaknHe E-1 ¢ mas 2006
no nexadbps 2009 rr. cocraBmia Ak =122 cm (puc. 1.10). Ilonaras, 4ro am-
IUINTY/Ia TIOBBIMIECHUS! YPOBHS A/ TOJTHOCTBIO ONpPEJENseTCsl MpUpalieHueM
TIOPOBOT'O JIABJICHUS, MOYKHO 3aITUCaTh:

Ae=-(pgAh)/(2/3GB[(1+v,)/(1-2v,)]), (2.48)
rze o — INIOTHOCTH BOJBI, g - YCKOpEHHE CBOOOJIHOro najaeHus. Benuunna
vV, IpHHUMaNachk paBHOH 0.3, 9TO SBIAETCS TPATUIMOHHBIM JOIMYIICHHUEM
JUIsl BOZOHOCHBIX TOPU30HTOB B BEPXHEH YacTH 36MHOMN KODBI.

B ycioBusSX OTCYTCTBHSI OTTOKA BOJBI (HEAPESHUPOBAHHBIE YCIIOBHS)
pacuer ynpyrux napameTpoB G m B MOXET NMPOBOAUTHECS IO (OopMyIaM
TEOPHUH MTOPOYIPYTOCTH C MCIIOIH30BAaHIEM BEIMYHWH IPIIINBHOW UYBCTBH-
TEIBHOCTU YPOBHS BOJBI IO OTHOLICHHIO K IUIOINAAHON Aedopmanuil Ag u
obbeMHOM nedopmaruu Ay (Tabir. 2.6), TOTYISHHBIM 110 PE3yJIbTaTaM IMpH-
JUBHOTO aHAaJHM3a YacOBBIX BapHanuii ypoBHS BOABI. COOTBETCTBYIOIIHE
BEIpayKeHUs! npuBojsTcst B [Konwinosa, borouna, 2006; Igarashi, Wakita,
1991; Roeloffs, 1998; Rojstaczer, Agnew, 1989; Van der Kamp, Gale,
1983].

B u3smeHeHusx ypoBHsS Boabl B ckBaxknHax FO3-5 u 1303 (puc. 2.22,
Tabn. 1.1), BCKPBIBAIOLIMX BOJOBMEIIAONINE TOPOABI C IPECHBIMH T1013EM-
HBIMH BOJIaMH 0O€3 IPU3HAKOB ra3oreHepanuy, puIMBHbIE H OapoMeTpHuie-
CKH€ BapHaIl{ TPOSIBIISTIOTCS TOCTATOYHO OTYETIHBO.

JIs Bcex TpeX CKBaXKHH OICHEHBI BETHMYUHBI Ej, As, Ay N BEIUIHHBI
YOPYTUX MapaMeTPOB M MOPHUCTOCTH BOAOBMEIIAIONINX TTOPOJ IS CTaTHIE-
CKH HM30JIMPOBAaHHBIX YCJIOBHUH B CHCTEME «CKBa)KIHA — BOJOBMEIAIOIIAS
nopoxaay» (tabim. 2.6).

[Tpu pacuere BenmunHbl K03 punrenra CkemnToHa B, BXOAAIIEro B
BeIpakeHue (2.48), NCTONB3YIOTCS BEIMYMHBI C)KUMAaEMOCTEH CKeJleTa Io-
poxsl B, TBepnoit a3kl ckenera B, u Gpmouna B Hmwxe npusonsarcsa ¢op-
MYJIBI JUIs onpesiesieHnst Ko duienta CkeMnToHa:

B = (pgAsp)/[1+pgAs(B-P)), (2.49)
B = (B-BYUB-L+HBHB)s (2.50)
B=pghdr, (2.51)

TZie ¢ — MOPUCTOCTh, V - KoadduuueHT [lyaccona mis ycnoBuii oTToKa BO-
Iel  (OpeHupoBaHHBIE ycioBus, v =0.25) fB,= 0.3-10" Ta' (kBapm)
[Roeloffs, 1988].

®opmyna (2.49) npuoautcs no [Igarashi, Wakita, 1991], (2.50,
2.51) — no [Rojstaczer, Agnew, 1989]. B cnydae ckpaxunsl E-1 B (2.49)-
(2.51) BXOmAT HEW3BECTHBIEC BEIMIUHBI TapaMeTpoB As, Ay, f u ¢. Kak ot-
MEYaJoCh BEIIIE, YPOBCHb BOJBI B ckBakuHe E-1 He pearupyeT Ha 3eMHbIC
npwinBbl. [losToMy nedopMoMeTpudecKkas YyBCTBUTECIBHOCTh YPOBHS,
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Inasa 2. Mooenuposanue 3¢hhexmog ceticmuynocmu 6 cumeme
‘exeacuna-eoooemewarowas nopooa”: Teopemuueckue 0CHOBbL U NPUMEPbL

HeoOXoAnMast 111 ONpENeNICHHs YNPYTHWX IapaMeTpoOB BOJOBMEINAIOIINX
MOPOJ, OLICHWBAJIACh HE MO MPWINBHON YyBCTBUTENBHOCTH YPOBHS, Kak B
ciydae ckBaxkuH FO3-5 n 1303, a mo JaHHBIM O MPOSBICHUN THAPOTEOH-
HaMU4ecKkoro mpeaBecTHuka Kponorkoro semierpsicenust 05.12.1997 r.,
My, = 7.8 (K3) B usmeHeHHsIX ypoBHs B ckBakuHax E-1 u FO3-5.

ITepen K3 mabmoganocs 0yxTo00pa3HOe NOHIKEHHE YPOBHEH BOIBI
B 00eHX CKBR)XWHAX IMPOJIOJDKUTEIBHOCTHIO OKOJIO TPEX HejeNb, CHHXPOH-
Hoe ¢ mpexacedicMuueckuMmu nepeMenieHusmMu GPS-cranmuit Kamuatckoit
cetu (puc. 1.3) [Konsinosa, 2006]. AMIIUTYJbI HOHIKEHUST YPOBHEW BOJIBI
Ah B ckBaxune E-1 u F03-5 cocrasumm -1 cm 1 -11 cM cooTBeTcTBEeHHO. B
[Konwinosa, 2006] nonaranock, 4TO TaKHUE MOHWKCHUS YPOBHEH OBLIH BBI-
3BaHbl KBa3MyIpyroi aedopmanuneil pacuMpeHusi BOJOBMEMIAIONINX TTIOPOJT
NPU Pa3BUTHH NPEHMYLIECTBEHHO aceCMUYECKHUX IBIKCHUH, TpeecT-
Byromux K3. Kpome 3Toro, mprHAMAaNoCch, YTO BEIWYHHEI TpeceiicMmude-
cKoit nehopManuy pacIpeHust ObLIM IPUMEPHO OJMHAKOBBIMHU B paifoHax
00enx CKBaXkKHH, pPacIIOIOKEHHBIX Ha pacctossauu 11 kM (puc. 2.21).

[MpnbnusurenbHas BeIWYHHA J1€POPMOMETPHUECKON UyBCTBUTEINb-
HOCTH ypoBHA B CKBakuHe E-1 momydeHa W3  ypaBHEHHS
AR935/4,/0%5 = AhEl/AVEl, e A4,/°=0.161 w/ 10'7, H  COCTaBHJIA
A =0.015w/107. Tpu Bemmunse xodddummenta Ilyaccoma v =0.25
BEJIMYHHA ASE1 cocrasster 0.010 m/107.

BennmunHb! ynpyroit BOJOOTAAYHM BOJOBMEIIAMONINX MOPOI S U CKH-
MaeMocTu (uronza fr OLEHUBANINCH MO Pe3yNbTaTaM MOJIEIMPOBAHUS BOC-
CTAaHOBJICHUS yPOBHs BOJbI B CKBaknHE E-1 mocne cmycka gaTdmka aKycTH-
yeckoit aMuccuu B ee ctBoa 11 mapra 2009 . (cM. pe3koe MOBBIIICHUE
ypoBHs Ha puc. 1.10a). Coyck faTumka CONpOBOXKAAICS HOBBIIIEHUEM YPOB-
Hi Ha 13 oM c mocnenyromieii ero crabunuzanue B teuenne 40-45 cyt.

Jannble 10-TH MUHYTHBIX 3aMEPOB BO BPEeMs CTAOMIIM3aLUKN YPOBHS
BOJIbl CPABHUBAJIMCH C ATAJIOHHBIMU KPUBBIMU ITOHWKEHHS YPOBHSI NPH 3a-
JAHHBIX BEJIMYMHAX BOJOIPOBOAMUMOCTH [ W YHpPYrod BoXOOTAAYH S
(puc. 2.24), TONyYeHHBIMH W3 pEIICHHs YpaBHEHHUS HECTallMOHAPHON
GUIbTpanMKM IS COBEPIICHHOM CKBAXHHBI II0 CTENEHH U XapakTepy
BCKPBITHSI HALIOPHOTO OJJHOPOJHOTO, M30TPOITHOTO M HEOTPAHHMYCHHOTO 110
MIPOTSDKEHHOCTH BOJOHOCHOTO 1acta [ Cundanosckuii, 2006].

ITo pesynpraTam MOAECTUPOBAHHUS HauOOJEe IPUEMIIEMON BEJIMUNHOMN
CIKHMAEMOCTH TI0I3eMHO BOIbI IIpH Bogonposogumoctu T = 0.004 M*/cyT u
ynpyroii Bomooraaue S=5.8-107 (puc.2.24) smsercs ,B,v:4.4~10'9 a.
Takas BennumHA f; Ha OPANOK OOJIBINE, YEM CKIMAaEMOCTh OOBIYHON BOJEI,
W yKa3zblBaeT Ha HEOOJIBIIOE COJEp)KaHWE CBOOONHOIrO rasa B IIOPOBO-
TPELUHHOM IIPOCTPAHCTBE BOJOBMELIAIONICH MOPOIBL.
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2.3. Usmenenus ypoeHs 600vl 6 ckeascune E-1 6 ceasu

(Mw > 5) 3emnempscenusmu
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Inasa 2. Mooenuposanue 3¢hhexmog ceticmuynocmu 6 cumeme
‘exeacuna-eoooemewarowas nopooa”: Teopemuueckue 0CHOBbL U NPUMEPbL

BennuuHa c:xuMaeMOCTH CKelleTa opozsl f (Tabi. 2.6) moiayveHa w3
dopmynsl S = d[ pg([+@0)], Tae d — MOIIHOCTH BCKPBITHIX CKBAXMHOM BOJO-
BMEIAIONIUX 1OpOJ, paBHas 22 M. BennunHa c)kmmMaeMoOCTH CKelleTa Iopo-
el f= 7.37-10"" Ta”', monyuennas mmst ckaxunsr 1303 (taGum. 2.6), wc-
M0JIb30BaAJIACh B KAYECTBE HAYAIBHOTO NPUOIMKEHUS TPH OLIEHKE BEITHYHHBI
YIIPYro# BOJIOOTIa4yu MOPOJ, BCKPHITHIX ckBaxknHe E-1. Bennunna nopucro-
CTH ¢ IpUHUMAJIACh paBHOI He Oonee 0.06 TakXKe 10 aHAJIOTHU C BETMYHHON
MMOPUCTOCTH TY(POTEHHO-0CATOYHBIX HEOTCHOBBIX OTJIOXKEHHH, BCKPBITHIX
ckBakuHO# 1303 B muamasone rayouH 517-717 m (cpenusis rmyouna 617 m).

Cnemyer  OTMETHUTS, 49TO BEIMYMHA  BOJOMPOBOJUMOCTH
T=0.004 M°/cyT XOpOLIO COTIIacyeTcs ¢ MOTydeHHOIl paree, B 1991 r., Be-
JUYUHON BOZONPOBOJMMOCTH TIO pe3yibTaTaM 0OpaOOTKH BOCCTAHOBIICHUS
YPOBHS BOJIBI ITOCTIE SKCIPECC-HAINBA.

C ucnosbs3oBanueM (2.49) Benmmunna B = 0.07; no (2.50) B=10.17; no
(2.51) B=10.044. Takum obpasom, 1o (2.49)-(2.51) noxyyeHa oneHKa BeJH-
yuHbl B B nuana3one 3HaueHuit 0.04-0.17, B cpennem, 0.09.

Mopyns casura G B (2.48) ompenemsuics 1o dopmyie
G =32[(1-2v)/f(1+V)] [Van der Kamp, Gale, 1983].

C ucnosb3oBanueM (2.48) 1 OLIEHEHHBIX YIPYTHX MapaMeTpoOB BOJO-
BMEIIAONUX 1OopoJ (Tabu. 2.6) npuOIM3UTENbHas BeJIMYMHA JeopMalun
00BEMHOTO CKaTHsI B TEUCHHE BPEMEHH aHOMAJIBHOTO TMOBBIIICHHS yYPOBHS
Bomel B 2006-2009 rr.  cocraBmia B paifoHe  ckBaXuHB  E-1
Ae=-(4.1-10°-1.5-107).

2.3.2.1. UctouHuk gedopmaumm cxartusa
BOAOBMeLLAOWMX Nnopos,

Bynkan Kopskckuii (koopamnatsl Bepummubl 53.32° c. mr.,
158.72° B. 1., BbIcoTa 3456 M) SBNISIeTCS OJAHUM M3 JBYX JEWCTBYIOIIMX
BYJKaHOB ABa4yMHCKO-KOPSKCKON Ipymmbl, PACIONOXKEHHOW B Mpeaenax
ABaUYMHCKOW BYJIKaHOTEKTOHMYECKOW pempeccuu (puc. 2.21). B 2008-
2009 rr. BynkaH KOpsSKCKHIl TPOSBISI MOBBIIIEHHYIO aKTUBHOCTH B BHUJE
YCWIICHHSI CEHCMUYHOCTH M (yMapoJbHOH Mapora3oBOd JeATebHOCTH
[Lopoees u op., 2009; Cerusepcmos, 2009; Cenroxos, Hyacouna, 2010].

Ha puc. 2.21 moka3aHbl 3IMHLIEHTPHI 3emieTpsceHui ¢ Kg=3.1-8.3,
npousoenmue B Mapre 2008 — nekadpe 2009 rr. ¥ 3aperucTpupoBaHHBIE
ceiffcmuueckumu ctanuusmu KO OUILL EI'C PAH. T'unoueHTps! 3eMuerpsi-
CeHUH pacroyiarajiuch B Iuana3oHe riayouH oT 20 KM 10 MOBEPXHOCTH 3eM-
JH, B T. 9. B HOCTpoiike BynkaHa [Cenroxos, Hyxcouna, 2010]. Bonpmas nx
9gacTe OBUIa COCPEAOTOYCHA HAa TITyOMHAX 5-9 KM M KOHIIEHTPHUPOBAJIACh B
mpenenax CyOMepuAHOHANHHON 30HBI IHHOW 11 kM W mupuHON 4-5 KM.
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2.3. Usmenenus yposHsa 600l 6 ckeaxcune E-1 6 céaszu
¢ akmusuzayuetl gyakana Kopsikckuil u cunvuvimu (Mw > 5) 3emnempsicenusmu

MakcuMyMBI CeiCMUUECKOH aKTUBHOCTH HAOJIOMANMCH B MapTe U OKTAOpe
2008 r. u B anpene u aBrycte 2009 r. B atu mecsansl npoucxoamio 600-
1000 cobprtrii ¢ Ks=3.1-8.3 mpu cpeHUX MECIIHBIX CyMMaX TaKHUX 3eM-
netpscennid ot 0 1o 130 mT. BeimenuBmmascs celicMudeckas YHEPTHUs 3eM-
JETPSICCHUH B TIpenenax cyOMepuIrnoHanIsHON 30HH (prc. 2.21) 3a mepuon ¢
mapra 2008 10 gexabps 2009 rr. cocrapmsiia 5.4-10% Ix.

[ToBrimenHast GymaposbHas aKTHBHOCTH ByJKaHa Kopskckuit mo
nmaHabeM KO OUIL ET'C PAH u MucTHTyTa BYJIIKaHOIOTHH U CEHCMOJIOTHH
JABO PAH na0mofanace B TeueHHe BpeMeHU ¢ HOs0ps 2008 r. mo aBrycr
2009r. ¥ mEepUOAMYECKH COMPOBOXKIANACh MOIIHBIMH MapOra30BbIMHU
nelidamu (puc. 2.25 a-B). B oTnensHble THH B Mapora3oBbIX BHIOpOcax u
neliax MPUCYTCTBOBANl pe3ypreHTHbIN nenei. [1o JaHHBIM TerIoBH3M-
OHHBIX HaOmoneHut [l opdees, /[posnun, 2010; posnun, [ybpoeckas,
2010] B Teuwenme 250 cyt (c koHma mekabps 2008 mo KoHen aBrycra
2009 rr.) MakcuMaIbHasl TEMIIEpaTypa Mapora3oBBIX BEIOPOCOB COCTaBIIsIA
430° C, cpennuii pacxo] meperperoro mapa — 35 kr/c. 3a Bpemsi U3BEpxKe-
HUSI MAacca MIOCTYIHBIIEro Ha IOBEPXHOCTH BOJSHOTO mapa coctasmma 10° T,
CyMMapHasi YHEprHs Haporazosoii pasrpysku — 3-10° .

IloBbilIEHUE ypOBHS BOABI B cKBakMHE E-1 u pa3zButue celicMU4HO-
cTU B pailoHe ByikaHa Kopskckuil paccMaTpuBarOTCSi HAMU Kak SIBJICHMS,
HMEIoINe TapareHeTHdeckyio cBsi3b. B [Cenusepcmos, 2009; Ceniokos,
Hyoswcouna, 2010] mokazaHo, 4TO poil 3eMIICTPSCEHHH Hadalcs B MapTe
2008 r. B ceBEpHOM CEKTOpe CyOMepHIMOHaIbHOM 30HEI (pHc. 2.21).

[Tocne oTHOCWTENBHOTO 3aTUIIbs B ampene-utone 2008 r. snuieH-
TPl CMECTHJINCh B €€ IOTo-3amajHbli CEKTOp, BKIIIOYAIOIIUII MOCTPOIKY
ByJIKaHa. B mepuoxa akTuBHOM (a3bl pymMapoibHON NESITeNbHOCTH C KOHIA
nekabpst 2008 no aBrycra 2009 rr. (puc. 2.25 a-B) 3eMIJIETPSICEHUS] TIPOUC-
XO/WJIN B TIpejiesiax Bcell CyOMEepHAMOHAIILHOM 30HBI, B T. Y. B IOCTPOWKE
BYJIKaHA. 3eMIIETPSICEHIE ¢ MaKCHUMAaIbHON BemmauHON Kg = 8.3 mpomsomi-
70 30 anpenst 2009 r. Ha ToTyOHHE 5 KM.

CymmapHas ceficMA4ecKasi SHEpTHs, BBIICINBIIASICI B TEUCHHE POS
semierpsicenuii ¢ mapra 2008 no mexadps 2009 rr., cocTaBuiaa 5.4-10° IIx,
YTO COOTBETCTBYET BEIIMYMHE YHEPreTHIecKoro kimacca Kg = 8.7 U Benn4u-
HEe MarHUTyI5I okoto 4. Ecnu ObI Besl celicMmdeckasi SHepTHsI BBIIEIHIACH
OJTHOMOMEHTHO, TO pa3Mepbl 00JacTH «yCIOBHOTO Odara» TaKoTO 3emIle-
TpsiceHust no [Pusnuuenxo, 1976] coctaBisior: JUiMHA — 2 KM, IIMPUHA —
1 kM, rmomaas — 2 KMZ.

Takue pa3Mepbl «odara» Ha MOPSJOK MEHbLIE peanbHOW obnactu
ceiicMuyeckoil akTHUBH3alMM B pailioHe BynkaHa Kopskckuil (IpumepHO
40 kM®). DTO TOKA3BIBAET, YTO CyOMEpHIMOHANBHAS 30HA KOHIIEHTDALIMH
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Inasa 2. Mooenuposanue s¢hpexmos ceticmuunocmu 8 cumeme
‘exeancuna-eoooemewarowas nopooa”: Teopemuueckue 0CHOBbL U NPUMEPbL

Puc. 2.25. H3menenne napora3oBoii aktuBHOCTH ByikaHa Kopsikckuit B 2009-
2011 rr.: a — 10 suBapst 2009 r., UHTEHCHUBHAs MaporasoBas jaes-
TenbHOCTh, poto [I.B. MenbuukoBa; 6 — 9 ampenst 2009 r., uHTEH-
CHBHAs T1apora3oBas AESATENbHOCTh C MPHCYTCTBHEM Iema, (Gorto
C.B. YmakoBa; B — 27 asrycta 2009 r., HHTEHCHBHAs TIapOra3oBast
NIeITeNbHOCTh ¢ TpHcyTcTBHeM memia, ¢orto O.A. I'mpuHOH;
r — 19.10.2009 r., mapora3oBas nestensHOCTh, poto C.B. Ymakosa;
1 —30.01.2011 r., cnokoitHoe cocrosiHue, poto A.A. Hyxnaesa.
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2.3. Usmenenus yposHsa 600l 6 ckeaxcune E-1 6 céaszu
¢ akmusuzayuetl gyakana Kopsikckuil u cunvuvimu (Mw > 5) 3emnempsicenusmu

SMUIEHTPOB 3eMIIeTpsiceHni (puc. 2.21) OKOHTYypHBaeT Ha IOBEPXHOCTH
aKTUBU3UPOBAHHYIO 00JIaCTh PAa3BUTHSA COBPEMEHHBIX TEKTOHHYECKUX IBH-
KCHHUH B BEPXHHUX TOPH30HTaX KOPH ABAUMHCKOW BYJIKAaHOTEKTOHHYECKON
JIENIPECCHH, BKIIIOYAIOLIYIO TOCTPOIKY ByJikaHa Kopskckuil.

OTHOCUTENPHO TIPHYWH (PymMaporpHON aKTHBH3alIWU ByikaHa Ko-
PSAKCKHI MMEIOTCS IBE TUIOTE3BI. lepBas rumoTe3a oOBsICHIET HaOI01ae-
MbIC CEHCMHYCCKHE M BYJIKAHMYCCKHE SIBIICHHS BHCIPCHHUEM MarMaTHye-
CKOTO BEIIECTBA B IMPEIOIaracMblil TapOra3oBbIil KOJIJIEKTOp MO/ BYJIKa-
HoM [Iopoees u dp., 2009]. TIpu 3TOM moNarasock, 4To 00JIacTh celicMuye-
CKO#l aKTUBHU3AIMH COOTBETCTBYET PACIIOJIOKCHHIO KOJUTekTopa. Ecnu mpu-
HSATH 3Ty TUIOTE3Y, TO MCTOYHUKOM aedopMaliy CKaTHs B palilOHE CKBa-
JKHUHBI SIBJIICTCS POCT (DIFOMIHOTO JABJIICHUS B KOJUICKTOPE U €ro ympyras
nepefada B palioH CKBOKWHBL. MHHHUMAIBHYIO BEIHYHWHY SHEPTHH STOTO
TPOIIECCa MOKHO OLICHHTH IO Maporasosoii pasrpyske (3-10° Jix no [pos-
nun, [yoposckas, 2010]).

B [I'opoees, Jposnun, 2010] MpUBOIUATCS COMOCTABJICHHE TIPEAIIOIIA-
raeMoro o0beMa MarMaTHYECKOro BEIIeCTBa (1.20107 M°), oBecreurBarole-
TO TEIJIOBYIO pa3rpy3Ky BYJIKaHA 3a BPeMs U3BEPKEHHS, 1 00beMa Cpelibl, B
KOTOPOM IPOXOJAWIIM 3€MJIETPICEHUs 4.5-10° M3). DT 00BEMBI pa3innya-
IOTCS Ha JIBa mopsiaka. M3 Takoro comocTaBieHus aBTOpHI [/ opoees, [[po3-
nun, 2010] mpUXOAAT K BBIBOLY O TOM, YTO BHEAPEHHE MarMaTHYECKOTO
BEIIEeCTBa HE TI03BOJISIET OOBSICHUTH Pa3BUTHE POSI 3eMIIETPSICCHUT.

Bropas rumore3a CBA3BIBACT BOZHUKHOBEHHUC POsI 3EMIICTPSCCHHUN B
paiione ByikaHa Kopskckuil ¢ reoquHaMu4eckoil o0cTaHOBKOU (HOpMUPO-
BaHUs Pa3JBUTOBOW 30HBI CyOMEpUAMOHATIBHOTO mpoctupanus [Cenugep-
cmog, 2009]. JlecTpyKTUBHBIE MPOLECCHl pa3ABUTaHUS B Mpeaenax dToil
30HBI HA HEKOTOPOM STall€ 3aTPOHYJIN MarmMonoABOAAINC MTYTHU ITOJ BYyJIKa-
HOM M CONPOBOXIAJIHNCH YCHJICHUEM (yMapoJbHOU JesiTeIbHOCTH. B aTOM
ciTydae, TTIABHOW MPUYNWHON TTOBBIIICHUST YPOBHS BOJBI SIBISIOTCS TEKTOHH-
YecKHe MPOIECChl pa3IBUTaHUs, KOTOPBIE COMPOBOXKIATUCH CKATHEM BOJIO-
BMEIIAIONINX TOPOJ B paliOHE CKBAKUHBL.

Mg oTHaeM IpearnoYTeHne BTOPOU TUIOTE3e, T. €. MICTOYHUKOM Jie-
(dopMaruu OBUTH TEKTOHHYECKHE HATPSHKCHUS PACTSHKCHHS B Tpeaerax
cyOMepUAHOHATHHOM 30HBI, KOTOPBIC Pa3BUBAINCH KakK /0, TAK U BO BpeMs
CceiiCMUYECKON aKTUBU3AIMU B paiiOHE ByJKaHA W YCWICHHs ero Qyma-
pONBHOM NesATenbHOCTH. Bhinenupiiascs celicMuuecKkas dHEpTus B Ipeze-
max cyOMepUANOHAIBHON 30HEI (0.5-10° JI’)x) MPHMEPHO COIOCTABHMA C
SHEprHel Mapora3oBOil pasrpy3Ku (3-10° ). Tlomarasi, 9TO BBIACIMBIIAS-
csl celicMHYecKasi YDHEPTUsl COCTaBJIsieT He 0oJiee MEPBBIX MPOICHTOB OT 00-
e SHEPruM TEKTOHHYCCKUX JBH)KCHUH, CTAHOBHUTCS OYEBUIHBIM, YTO
MMCHHO TaKHE JIBWKCHHUS SBIISIOTCS TJIABHBIM UCTOYHUKOM JedopMalivu

Tuopoeeoceiicmuneckue sapuayuu yposHs 600bl 6 ckeaxcunax Kavuamru 121



Inasa 2. Mooenuposanue 3¢hhexmog ceticmuynocmu 6 cumeme
‘exeacuna-eoooemewarowas nopooa”: Teopemuueckue 0CHOBbL U NPUMEPbL

CXaTHsI BOJIOBMENIAIONINX TIOPOJ B paiioHe CKBaXWHBI E-1. AHaIOTHYHBIN
BBIBOJ] O TPEHMYIIIECTBEHHOW CBSI3M CEMCMHUYHOCTH B TIpEleNax CyOMepH-
JNIUOHALHOW 30HBI ¢ TEKTOHHMYECKUMHU IPOIIECCAaMU TaKXe TPUBOINTCS B
[Iopoees, [lposnun, 2010; Cenusepcmos, 2009; Centoxos, Hyscouna,
2010].

2.3.3. OCo0eHHOCTH NPOSIBJICHUSI
THAPOTe0IMHAMUYECKOT0 NPeIBeCTHHKA
B NEPUO/ BYJIKAHNYECKOIl AKTHBU3AIHH

Ha pwuc. 2.26 npencraBieH rpaguk CyTOYHOH CKOPOCTH W3-
MEHEHHs ypOBHs B CKBaXkHHe E-1 B comocTaBieHnn ¢ pasBUTHEM CEHCMUY-
HOCTH B paiioHe ByJikaHa KOpSIKCKHUIT U CHJIBHBIMU TEKTOHHYECKHMU 3eMIIe-
TpsceHusamHu (Tabin. 2.7) 3a nepuox ¢ Mas 2005 no nexkadbps 2010 rr.

[To TexHWYeCKUM MpUYMHAM TPpadUK CYTOUHBIX CKOPOCTEH M3MeHe-

HUSI YPOBHSI COCTOUT M3 YeThIpeX (parMeHTOB, JUIsl Ka’KAOTO M3 KOTOPBIX
MOYKHO OBUIO KOPPEKTHO BBINOJHHUTH KOMIIEHCAIIHIO OapOMETPUYECKUX Ba-
puanuii B U3MEHEHUSX ypoBHS Bonbl. [lyHKTHpHON nuHUEl Ha puc. 2.26a
MOKa3aHO 3HaueHHe CKOpPOCTH, paBHOE 0 cM/cyT. COOTBETCTBEHHO, BETHIH-
HBl CKOPOCTH, PAacIIOJI0KEHHbBIC BBIIIE ITyHKTUPHOHN JMHHM, MTOKA3bIBAIOT
TIOBBIIIIEHUE YPOBHSI, HIKE JIMHUH — IOHIKCHUE YPOBHSL.
VYcroiiunBoe mnoBwilIeHHE ypoBHS Hayanock ¢ 20 mas 2006 r. Oty naty
MOXHO paccMaTpHBaTh KakK Hadayo 3((EKTHBHOTO MPOSBICHUS HCTOYHHUKA
nedopmanuy 0OBEMHOTO CKaThsl B paifoHe CKBa)XKMHBI. MakcuMmaibHbIE
ckopocTu moBbitieHus: ypoBHst (0 0.15-0.20 cM/cyT) HaONMOIANIKCH B TeYe-
Hue nioHs-1ekadps 2007 T. ¥ npeecTBOBAIN Hayaly posi 3eMIIeTpsICeHUI
B Mapte 2008 r. (cM. puc. 2.260).

B Teuenue ceficMuueckol akTUBU3AllMK U U3BEpKeHUs ByikaHa Ko-
PSIKCKHMI CKOPOCTH TIOBBIIIEHHs ypoBHs Obliin Menblie (0.05-0.12 cm/cyr) u
MEHSJTUCh He3HAUUTENbHO. B Tabi. 2.7 mpeacTaBIeHbl BCE 3eMIICTPSICEHHS C
M, > 5.0, mponsomenmire ¢ mast 2005 o gexadps 2010 rr. Ha paccToSHUU
110 350 KM OT CKBa)XMHBL. 3eMJICTPSICEHHUS, HHTEPBAJl BPEMEHH MEXIy KOTO-
PBIMH COCTaBJISUI MEHEE OJHOTO MECSIA, OOBEIUHSINCH B OJHO CEHCMMIe-
ckoe cobObrtue. Ilpn cpaBHeHNM Bapuanuii CKOPOCTH M3MEHEHUS! YPOBHS C
MOMEHTaMH CEHCMHUYECKUX COOBITHH (TaOJl. 2.7) THIPOreoTuHAMUIECKII
MIPEJBECTHUK MPOSBILUICA Nepe] 3eMiuerpsicenusmu ¢ My, = 5.0-6.5 B 2005-
2006 u B nepsoii nonosune 2007 rr. Co BTopoit nososunsl 2007 r. 1 B Te-
YeHUe MOCIEeAYIOIUX 2.5 1eT THAPOreoAMHAMHUECKUI MPEeIBECTHUK Mepes
TaKUMH COOBITMSIMH HE TNPOSBISICA. OTO YyKa3blBaeT Ha CHW)KEHHE
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2.3. H3menenus ypoers 600vl 6 ckeadicute E-1 6 ceasu

¢ akmusuzayuetl gyaxkana Kopsaxckuil u cunvnoimu (Mw > 5) semnempsacenuamu
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Puc. 2.26. Bapuanuu yposHs Boas! ckBaxkuHe E-1 B 2005-2010 rr. B conocras-

JIEHUH C pPa3BUTHEM CEHCMHYHOCTU B paiioHe ByikaHa Kopskckuil u
CHJIBHBIMH 3€MJIETPSICEHHAMH: a — CyTOYHas CKOPOCTb W3MEHEHHs
YPOBHSI BOZBI C KOMIICHCHPOBaHHBIMH OapoBapHalMsAMU (KUPHOI
JHUHUEH T0Ka3aHO OCPEJHEHHE CPEAHECYTOUYHBIX IAaHHBIX B OKHE
15 cyr); 6 — 3emmerpsceHust B paiioHe BynkaHa Kopskckuil c
Kg>4.0; B — cpenHecyTouHast CKOPOCTb M3MEHEHHUS] YPOBHS BOJBI,
KOPPEKTHPOBAaHHAs 3a CYET CPEIHEH CKOPOCTH TpeHJa B TEUCHHE
COOTBETCTBYIOIIEr0 (hparMeHTa (CephIMH TOPH3OHTAIGHBIMU JIH-
HUSAMH 0003HAa4YeHBI BpeMeHa NPOSBICHUS THAPOTCOANHAMHIECKOTO
MpeIBECTHUKA); I' — 3emierpaceHus ¢ M, > 5.0 Ha paccTosHUH
R <350 kM oT ckBakHHBL: IEppamMu 0003HAYCHHBIM HOMEpa ceic-
MHYECKHX COOBITHI B COOTBETCTBHUH C Tadi. 2.7.
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Tadmmma 2.7.  3emuerpsicenns ¢ My, > 5.0 Ha paccrostHum R < 350 kM OT CcKBa-
skuubl E-1, mait 2005-2010 rr.
R e e I
YEeCKOTo CEeHHS, YA, KHH fTace, CKBa)KUHBI, | B U3MEHEHHMAX
coObITus” | II.MM.IT My K R, km ’ YPOBHSI BOJIBI
1 08.06.05 5.0 12.6 329 -
2 26.07.05 5.8 133 131 +
3 26.11.05 5.2 12.7 125 +
31.07.06 5.0 12.9 219
4 24.08.06 6.5 143 276 +
01.09.06 5.7 12.9 110
5 10.03.07 5.8 143 326 +
6 30.05.07 6.4 13.6 204 +
7 17.11.07 5.0 12.8 110 -
01.03.08 54 12.9 134
s 06.03.08 5.5 13.1 270 -
9 24.07.08 6.2 14.0 276 -
10 18.09.08 5.9 12.7 167 -
11 14.01.09 5.4 12.5 147 H.J.
12 11.06.09 5.2 12.5 134 H.J.
13 13.03.10 5.2 12.1 139 +
30.07.10 6.3 14.1 152
30.07.10 5.4 12.6 153
1 15.08.10 5.5 12.9 145 +
21.08.10 5.2 12.6 296
12.11.10 5.0 12.4 259
P 16.11.10 5.4 133 185 +
IIpumeuanue: * — B celicMuYecKre COOBITHS OOBEIMHEHBI 3eMIIETPSACEHUS,

MPOMCXOAALINE IOCIEAOBATEIbHO Ha HHTEpBale BPEMEHH [0
OJTHOTO MecAla; - — MPEIBECTHUK B U3MEHEHUSIX YPOBHS BOJBI
HE BBIABJICH; + — MPEIBECTHUK B M3MEHEHUSAX YPOBHS BOJIBI BbI-
SIBJICH; H.JA. — JaHHbBIE TI0 U3MEHEHUSM YpPOBHS BOJBI OTCYTCTBY-
IOT 10 TEXHUYECKUM MTPUUUHAM.
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2.3. Usmenenus yposHsa 600l 6 ckeaxcune E-1 6 céaszu
¢ akmusuzayuetl gyakana Kopsikckuil u cunvuvimu (Mw > 5) 3emnempsicenusmu

qyBCTBUTEIBHOCTH CKBa)XMHBI K IPOIECCAaM MOATOTOBKH CHIIBHBIX TEKTO-
HUYECKHX 3EMIICTPSICEHUH BO BpeMsl NEHCTBHS HCTOYHMKA AedopMaryn
00BEMHOTO CXKATHS.

C staBaps 2010 r. HaOIFOAATIOCH 3aKOHOMEPHOE YMEHBIIIEHHE CYTOU-
HOW CKOPOCTH IIOBBIIICHUS ypoBHA Boabl. B ¢eBpane 2010 r. mmrensHOE
MOBBIIIEHUE YPOBHS BOJBI CMEHHJIOCH Ha €ro NMOHM)KEHHE. DTO yKa3bIBaJIO
Ha OKOHYaHWE JAEHCTBUS UCTOYHHMKA OOBEMHOIO CXKaTHs B pailoHEe CKBaXH-
HBI, KOTOPOE COIPOBOXKIANIOCH CTaOWIN3anueil TUIpOIUHAMHYECKOTO pe-
xuma. B 2010 r. ruaporeoiiHaMHYECKUil MPEABECTHUK ObLIT 3a)MKCUPOBaH
nepen BCEeMHM Tpemsi ceilicMuueckuMu coObitusimu (13-15 B Tadm. 2.7,
puc. 2.26B).

2.3.4. OueHka npeacencmuyeckon aecgpopmauyum
BOAOBMeELLAOLMX NOpoa Ha cTaaumn
noarotoBku KpoHoukoro semneTpsiceHus

[Mpumepno 3a Tpu Hexenu 1o K3 Bo Bpems pa3BuTHs Tpel-
CeMCMUYECKHX ABMXEHUH B M3MEHEHUSIX YPOBHEH BOABI B JIBYX CKBa)KHHAX,
ymaneHHBIX Ha 320 KM OT SIHIEHTPA, 3aperHCTPUPOBAHBI OYXTOOOpa3HBIE
noHvokeHus (puc. 1.3, 2.76), BoIfeeHHBIC B THIPOTEOIMHAMUYECKUHA Tpe/I-
BecTHHK 3Toro cobObitua [KomemioBa, 2006]. B pabote [Konwirosa, 2001;
Konwinosa, Bonouna, 2012] Takue BapHaluyl YPOBHS BOABI OOBICHSIIOTCS
KBa3Wymnpyrol aedopMareil pacmpeHusi BOAOBMEIIAIOINX MOPO BCIEA-
CTBHE Pa3BUTHS NMPEICEHCMUYECKIX IBIDKCHHI B 00J1aCTH OJara.

Takum 00pa3oM, CHHXPOHHOE NPOSBICHHE MPEICCUCMHYECKUX TIe-
pemenenuit craniuii GPS Kamuarckoil cet u ruiporeoarnHaMHYECcKOro
IpeJBECTHUKA B M3MEHEHHUSX ypoBHeH Boabl B ckBaxkuHax l03-5 m E-1
(puc. 1.3, 2.70) MoxeT paccMaTpUBaThCs B KauyeCTBE IOKa3aTels CBSI3U
9THUX siBNIeHUH (cM. pazaen 2.1.2.5).

B [Konwinosa, 2009] moka3zaHo, 9TO OLCHKA AEPOPMOMETPHUCCKUX
CBOMNCTB OT/IENBHBIX CKBaKUH MOXKET IPOBOJMTLCS 10 Pe3yIbTaTaM aHAIH-
3a 0apOMETPUUYECKOTO M NMPHUIMBHOTO OTKJIMKA YPOBHS BOJBL. Takxke IMoKa-
3aHO, uTo ckBakuHBI F03-5 u E-1 cymecTBeHHO oTim4atoTces mo aedopmo-
MeTpudeckuM cBoricTBam. [Ipu aToMm B ckBaknue FO3-5 mpeobnamaer ynpy-
TMH MEXaHU3M YyBCTBUTEIHHOCTH YPOBHS K M3MEHEHHSIM CEHCMOTEKTOHH-
4yeckol aeopManiy B Auana3oHe NepHOJ0B OT MUHYT 0 IEPBbIX JECST-
KoB cyTok. /Ui ckBakuHBl E-1 mpeamonaraeTcst MOBBIIIGHHAS YYBCTBH-
TENbHOCTh YPOBHS K YBEIMYCHHIO €MKOCTH BOJOBMELIAIOIIUX IOPOJ Ha
CTamusAX MOATOTOBKH 3eMieTpsiceHuil. [Ipu 3ToM OTCYyTCTBHE YyBCTBHUTEIb-
HOCTH YPOBHS 1O YNPYroMy MEXaHH3My NpH NPUIMBHBIX U KOcehcMH4e-
CKUX naedopManugax BOJOBMEUIAIOIIUX MOPOJX OOBSICHIETCS IMOBHIIEHHON
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C)KMMAaEMOCTBIO MOPOBOTrO (hIronzAa, B KOTOPOM TPHCYTCTBYET CBOOOMHBIN
ras.

C wucrnonms3oBaareM ¢opmyisl (2.48) W OICHEHHBIX 110 METOAWKE,
TpeCcTaBIeHHON B pazjgene 2.3.2, mapaMeTpoB BOJOBMEMIAIONINX ITOPOJ
(Tabm. 2.6) monydeH AWANa30H BEMUYWH Ie(POPMOMETPHUYECKOW UyBCTBH-
TEIBHOCTU YPOBHS BOAHI B ckBaknHe E-1 4, =0.007-0.030 cm/ 10'9, B Ccpen-
nem, 0.016 cm/10”.

[MonyueHHsIi Uana3oH BEJIMYHMH IpeACceCMUYecKor nedopManun
00BbEMHOT0 pacuIMpeHus B paiioHe cKBaKMHBI E-1 Ha cTaguy MOATOTOBKU
K3 cocraBmsier: Ae=(0.33-1.3)-107. Bemnunma Agy = 0.8:107 xopomro
cornacyercs o NOPsiAKY BEIMYHH C OLIEHKOH 171t palioHa ckBaxkuHsl F03-5
(CKBa)XMHBI PAaCHOJIOKEHBI Ha paccTostHuU 11 kM npyr ot npyra). Bmecre ¢
TEM, 3Ta BEJIMYMHA UMEET IPHOJIM3UTENbHBIN, OLICHOYHBIH XapakTep, T. K.
IIPU € TIOJTyYEHUH 3aKJIaJbIBAIICS PsIZ IPABIONOIOOHBIX MPEATION0KEHHH,
B YaCTHOCTH, O BEIMYMHE MOPHCTOCTH BOJOBMEIIAIONINX ITOPOJ, CKHMAac-
MOCTEH cKelleTa M TBepIoi (a3bl CKelera, BeImdnHax kod¢¢ummenta [1y-
accona. Mcronp30BaHHE MOJETHPOBAHMS OTKIMKA YPOBHS Ha €T0 HCKYCCT-
BEHHOEC BO3MYIIEHHE — CIYCK JaTYMKa aKyCTHYECKOHW 3MHCCHH B CTBOJI
CKB&)XMHBI, IMTO3BOJIWJIO TOJNYYUTh NPHOIN3UTENBHYIO OLEHKY BEINYHMHBI
CIKMMAEMOCTH TIOJ3eMHOM BObI S IIpencTaBIeHHbIe METOAUYECKHE TIPHE-
MBI IEMOHCTPUPYIOT BO3MOXKHOCTh HOJIyYCHHUS OLIEHOK MPEACcCeHCMUIECKOn
nedopManyy He TOJBKO MO JAaHHBIM HaOIIoAeHNH Ha ckBaxkuHe E-1, HO u
Ha JAPYIMX NOAOOHBIX CKBa)KMHAX, KOHTPOJIMPYIOUIMX TIa30CojepKaline
BOJIOBMEIIAIOIIHE ITOPOJbI, U B M3MEHEHUSIX YPOBHSI KOTOPBIX HE MPOSBIS-
I0TCS IPUJIMBHBIE BapHALIUH.

2.4, | BoiBoab! k rnase 2

C ucronb30BaHNEM TEOPETUIECKUX MOAENEH TOBEJCHNUS CHC-
TEMBl «CKBA)KMHA — BOJOBMEINAIOIIAs] MOPOAa» MpPU Pa3IMYHBIX BHAAX
CEHCMHYECKOTO BO3JIEHCTBHSA M MaTEMAaTHUECKOTO MOAEIMPOBAHUS 3apETH-
CTPUPOBAHHBIX B ckBakuHe FO3-5 deTrIpex TUMOB THAPOre0oCcedCMUYECKHIX
BapHaluil ypoBHA BOJABI PACCMOTPEHBI THAPOTCOIUHAMUYECKUX MPOLECCHI
uX (GOPMHUPOBAHUSL.
IToxa3aHo, 4TO MOJENb CTATUYECKHU U30JIMPOBAHHOTO OTKIIMKA YpPOB-
HS BOJBI Ha KBa3sHyNpyroe M3MEHEHHE HaNpsHKEHHO-1e()OPMHPOBAHHOTO
COCTOSAAHMA BOAOBMCHIAIOMIUX MOPOA MOXKET MPUMCHATHCA JIA OMUCAHUA
KOCEHCMHUYECKMX CKaYKOB U MPEICCHCMUUECKUX BapUalluii ypOBHS BOJIbI HA
CTaJU{ TIOJTOTOBKH CHJIBHOTO 3€MIJIETPSCEHHS NPH Pa3BUTHH aceHcMHdIe-
CKHUX JIBI)KEHHH B 001acTH OymyIiero ovara.

126 I'.H. Konvinosa, C.B. Borouna



Boi600vl k 2nase 2

(6-£01 1aHmKEO ddonndil BH) ULOOHRUWOKYO godoided unalonareod udi «erodoll KeIoIeImoONEorod — BHIXKBENO»
OWOLOMO g 1908 ¥HE0dA uuended XIIOORMNONA002I0dIHI HOLOTOW XMMOOhHIOLOHOWOH(] KHHO0d1001 BNOX))

Lec ud

u "y evodon

{ ENTTSTIETTRTISN T

SR

|
T

MU R

3

o

(9/1) aunamsmions sourismuny

i (TS TIRR T HTRITE ]
X

| evodon e

oo ennd

vl e wdn |
I TR ETTREETER
RS TRIE RISV TRV TRARTH

RIVRTETTRET N

noesanad e

AN

K

TETTAL:
enirene 1 snaod]
Hunendes XHMIIRHIKOID
~oaxdvier xrnnesodudy

-nades an Tnavogy

XHMILHIENALEIW Q.XL_._M.—

TTHIDERENM) BHHod LD
u vodon xumoemanaoron

era(pde cronmonndann eMHAIO

sodaweden worans o v TANOOOT0H

vodou XHIOIEMINGoro8
aodaweden xuniddus n
xrunonnedeand exuang

T'uopoeeoceiicmuueckue sapuayuu yposHs 600vl 6 ckeaxcunax Kamuamxu 127



Inasa 2. Mooenuposanue 3¢hhexmog ceticmuynocmu 6 cumeme
‘exeacuna-eoooemewarowas nopooa”: Teopemuueckue 0CHOBbL U NPUMEPbL

Jnsa ommcanus KoiebaTeNMpHOTO PeKUMa YPOBHS BOIBI B CKBaKHHE
IIPU TIPOXOKICHUN MOBEPXHOCTHBIX CEHCMHYECKHX BOJH MOXET HpHUBJIE-
katecs Moaens [Cooper et al., 1965)]. JlomoNHUTEIBHBIMEA YCIOBHAMH IS
9TOTO SBJSIETCS BCKPHITHE CKBKHHON HAIIOPHBIX MPECHBIX ITOI3EMHBIX BOJT
CO CpPEeTHMMH BOJOIPOBOISAIINMH CBOHCTBAMHU M OTCYTCTBHEM Tra30reHepa-
LUU B KOHTPOJIMPYEMOW BOJOHOCHOM cucteme. IIpu 3TOM CBSI3b CKBA’KHHBI
C BOJOBMEIIAIOIINMH TOPOJIaMH J0JDKHA 0OECIIeYnBaThCsl Yepe3 JIMHHYIO
(coTHH METPOB) He 00CaXKEHHYIO YacTh CTBOJIA.

Mopens TOYEUHOro yAaJeHHOT0 MCTOYHMKA TaJeHHs Hamopa B BO-
JIOHOCHOM IIJIacTe MOXET MPUMEHSTHCS AJIS OMUCAHUS AJTUTEIHHOTO MOCT-
celficMUYeCKOro MOHIKEHUSI YPOBHS BOJIBI MTOCTIE CUIBHOTO 3€MJICTPSCEHHUS,
COTMPOBOXKJAIONIETOCSI MHTEHCUBHBIM ~ BBICOKOYACTOTHBIM — M3ITydeHHEM
CeliCMUYEeCKHX BOJH U OIIYTHMBIMH COTPSICECHISMH.

Ha npumepe ckBaxkunbl FO3-5, B KOTOpOW 3aperucTpupOBaHbl pas3-
JUYHBIC THIIBI THAPOTEOCEHCMITYECKIX BapHalldil YPOBHSAM BOJIBI, ITOKa3aHa
MPUHIUIHATbHAS BO3MOXKHOCTh TIOCTPOCHHUS UX (HEHOMEHOJIOTHYCCKIX
MoJieNeil MPUMEHHUTENBHO K peallbHOl ckBaxkuHe (puc. 2.27). s moctpoe-
HUS TaKUX MOJeNiell HeOOXOJMMO OICHHBATh YIPyTHe u (QUIbTPAlHOHHBIC
CBOMCTBA BOJIOBMEUIAIONIUX IOPOJ, MapaMeTpbl MHEPLHOHHOCTH BOJI000-
MeHa B CHCTEME «CKBa)XMHA — BOJIOBMEIIAIONIAsl MTOPOJay, OLIEHUBATh Ha-
JUYUE W TapaMeTpbl CTATUYECKH H30JMPOBAHHOTO OTKJIMKA YPOBHS BOJIBI
Ha W3MEHEHHs HamNpsHKeHHO-Ie()OPMUPOBAHHOTO COCTOSIHMSA IOPOA MpH
6apoMeTpUIECKUX, IPUIMBHBIX U CEHCMOTEKTOHHYECKUX BO3ICHCTBUIX.

MHOTrOIeTHII MOHHUTOPHHT BapHalldil YpOBHS BOJBI NOKa3all YHH-
KaJbHYIO YyYBCTBUTEIHHOCTh THAPOTUHAMUYICCKOTO PEKIMAa CKBaKUHBI E-1
MO OTHOLIEHMIO K MPOLECCaM NOATOTOBKHU 3€MIIETPSACEHH, BOSHUKAIOIUX B
pesynbpTare noaasura THXOokeaHCKOH okeaHMuyeckod miuuThl nox Oxoro-
MOPCKYIO IIUTY KOHTHHEHTAJIBHOIO THUIA, U K TEKTOHUYECKUM IIpoLeccaM
B HeApax ABauMHCKOM BYJIKAaHOTEKTOHMUYECKOW MHENPECCUU, COIMPOBOXK-
JAlOIINXCA aKTUBU3alMEel KOPOBOM CEMCMHYHOCTH M BYJIKAHUYECKOW Jes-
TenbHOCTU. Ha mpumepe 3Toi CkBakKMHBI TIOKa3aHO, YTO, MO0 KpalHel mepe,
JIBAa BHIa COBPEMEHHBIX I'€OJUHAMHUYECKHX IPOIECCOB: | — MOATOTOBKA H
peanu3anys CIIBHBIX TEKTOHHYECKHX 3EMIICTPSCEHHH M 2 — JIOKaJIbHBIC
IBIDKCHUS B TIpefesiaXx KOHTHHEHTANbHOW KOPBI, COIMPOBOKAAIONIHECS
CEeHCMUYECKON M BYJIKAHMYECKON aKTHBM3ALMEH, MOI'YyT «HAKJIaJbIBAaThCSI»
JIpyT Ha Apyra U BBI3BIBATH MEPEKPHIBAIOILUE APYT APYra OTKINKU B U3Me-
HEHUAX YPOBHS BOJBI.

Ha npumepe ckBaxunsl E-1 BrmepBble NpoAEeMOHCTPHpPOBaHA BO3-
MOXHOCTh OLIEHKM OOBEMHOW JIe(opMalMy BOJOBMEINAIOIIUX ITOPOA TI0
JITAaHHBIM YPOBHEMEPHBIX HAOIOJJCHUH B YCIOBUSX OTCYTCTBUS IIPHIIMBHOTO
OTKJIMKA YPOBHS BOJBI.
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3AKINIOYEHUE

IIpencraBnennsle Matepuansl MHOroneTHux (1997-2010 rr.)
YPOBHEMEPHBIX HaONIOAEHUH B CKBaXMHax KamMuaTKu C MCIIOJIB30BaHHEM
aBTOMAaTH3UPOBAHHBIX CPEICTB CUHXPOHHOW PETUCTpAallMU YPOBHS BOIBI U
aTMoc(epHOro [aBieHUs] C NMEPUOAMYHOCTHIO 5-10 MUHYT yOenuTesbHO
MIOKa3bIBAIOT, YTO MCHOJIb3YeMbIE TEXHOJIOTUU cOopa N 0OpabOTKH JAaHHBIX
MPEACTABISIIOT JIOCTATOYHO HAIEXKHBIH CIOCcO0 JTUAarHOCTUKU Pa3IMYHBIX
TUIIOB THIPOTeOCEHCMHIECKUX BapHalldid ypOBHS BOJIBI — THIPOTEOIHHA-
MHUYECKHX MPEIBECTHUKOB, KOCEHCMHUUECKIX CKaYKOB M MTOCTCEHCMUYECKIX
HU3MEHEHUH.

C ucnosip30BaHMEM MONYYCHHBIX JAaHHBIX BIIEPBBIC JTAaHO CHCTEMa-
THYECKOE OIMCAHWE THJIPOTCOCCHCMHIECKNX BapHaldil B H3MEHCHHAX
YPOBHS BOJBI, MIPOSIBISAIONINXCS B CBSI3U C CHJIBHBIMU MECTHBIMM U YIaJIeH-
HBIMU cunbHelmumu (M, > 7.6) 3emnerpsiceHusiMu. B 3aBucumocTH OT
COOTHOIIEHUS BEIMYUH MarHUTYAbI U TUIOLEHTPAIBLHOIO PACCTOSIHUS 3€M-
JIEeTpsICeHUH TUAporeoceiicMuyeckre Bapualuil B U3MEHEHUSX YPOBHSA MO-
TYT COCTOSITh U3 MpeJ-, KO- U MOCTCEHCMUYECKHX YacTell, Kaxaas u3 KoTo-
PBIX OIIpeAeNsIeTCs Pa3IMYHbIMU (PaKTOPaMU CEHCMUYECKOTO BO3ACHCTBUSL.

Ha mpumepe ckBaxwmn Kamuatky ampoOmpoBaHa MeTomauKka oOpa-
OOTKM M MHTEPIpPETAIMd MHOTOJETHHUX JaHHBIX YPOBHEMEPHBIX HaOroze-
HUM, HamnpaBli€HHass Ha BBIAEIEHHE TUAPOreOCCHCMUUECKUX BapHUaluil
YPOBHSI BOABI U pa3pabOTKy MX MOJEICH, OMHCHIBAIOIINX THIPOTEOHHA-
MHUYECKHE MPOIECcCh MX (OpMUpPOBaHUS MPH PA3NUYHBIX (aKTopax ceifc-
MHUYECKOTO BO3/ICHCTBUSL.

K Takum dakropam oTHOCSTCS:

— oOpa3zoBaHME pa3phBIBOB B Oouarax 3eMJETpsICEHUI U mepepacmpe-
JICJIEHUM CTaTHYECKOT0 HANpsDKEHHOTO COCTOSIHMSA BOJOBMEMIAIONINX IO-
pox;

— IMHAMHYecKas nedopmanus BOJOBMEIIAONIUX OPOJI, U3MEHEHHS
MIOPOBOTO JIaBIEHUS MOJ3EMHBIX BOJ M COTPSCEHMS CTBOJA CKBAXXHMHBI MIPU
MIPOXOX/ICHUH CEHCMUYECKHX BOJIH;
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Baknrouenue

— pa3BHUTHE KBa3UyNpyToil nedopmManuy BOJOBMEUIAIONIUX MOPO 1
WX IUJIATaHCUH C YBEIMYCHHEM 00BbeMa TPEUMHHO-IOPOBOTO IPOCTPAHCT-
Ba Ha CTaIUSAX MOJITOTOBKH CHIIBHBIX 3€MJICTPSICEHUH.

Bo3znetictBre (hakTOpOB CEMCMUYHOCTH Ha PEXHUM HAOIIOAATeITbHBIX
CKB2XMH MMEET MHINBHIyaJbHBIC OCOOCHHOCTH B 3aBHCHMOCTH OT Tapa-
METPOB 3EMIICTPACEHHH, JIOKAJIhHBIX THAPOTCONOTHIECKUX YCIOBHH U
CTPOEHHUSI CKBAXHH, ONPENENIONNX XapaKTepHble 3aKOHOMEPHOCTU IIpo-
SIBICHUSI THPOT€OCEeHCMIUECKUX BapHalliii B U3MEHEHUSAX YPOBHS BOJBI.
IIpencelicMuueckue ruAporeocecMuuecKue BapHaluy (THAPOreoIorude-
CKHE TPEIBECTHUKH) IPOSBIISIOTCS B OCHOBHOM B CBSI3U C Han0oJiee CHJIb-
HBIMHA CEUCMUYECKUMU COOBITHAMHU C BCJINMYHMHAMHU OTHOILIICHUSA
M, /1gR >3.1 (M,, = 6.6-7.8, R =90-320 km).

Ha npumepe ckBakuusl H03-5 maHo ommcaHme THIPOTEOIHHAMMYE-
CKHX IIPOIIECCOB B CHCTEME «CKBa)KMHA — BOAOBMEINAIOMIAS MOPOa» TpH
BO3ICHWCTBUH BCEX TPEX yKa3aHHBIX BhIIE (hakTopoB ceiicMuaHocTH. [lpn
9TOM YYHTHIBAINCH OIICHEHHBIC YIpPYyrue W (UIBTPAlHOHHBIC HapaMeTpHI
BOJIOBMEIIAIOIINX TTOPOJ], TEOMETPHUYECKIE Pa3MePhl CKBAKWHBI; BBHITIOHSI-
JIOCh MaTeMaTH4eCKOe MOICTHPOBAHHE WHEPIMOHHOTO 3(¢exra BOm000-
MeHa ¥ Pa3INYHBIX THIOB T'MIPOre0CeHCMUUECKUX BapHaluil ypOBHS BOJBI
Ha OCHOBC COBPEMCHHLIX TCOPCTUYCCKUX MOﬂeﬂeﬁ TUAPOTrCOANMHAMNYCCKUX
MIPOIIECCOB B CUCTEME «CKBAXKMHA — BOJIOBMEIIAIOIIAS TIOPOAAY.

IToxa3zaHo, 4TO KOCEMCMHMUYECKHUE CKAUKH YPOBHSI BOJIbI IIPU MECTHBIX
CUJIbHBIX 3EMIJICTPACCHUAX U FI/I,HpOFeOZlI/IHaMI/ILIeCKI/Iﬁ MpCABECTHUK NEPEC
KponoukuMm 3emierpsicenueM (B (opMe IMOHIKCHHUS YPOBHS BOJABI B TEUE-
HHUE TpeX HEeAeNb) MPEICTABIIOT KBa3HYNPYTHil CTATHYECKU M30IIUPOBaH-
HBIA OTKIMK TOPOBOTO NABJICHUS HAa KOCCHCMHYECKYIO W TIpejaceiicMmde-
CKyI0 AedopMariro BOJOBMEMIAOIINX IOPOJI B JWANa30HE MEPUOIOB OT
MEPBBIX MHHYT JO MEPBBIX JECATKOB CYTOK. TakoW OTKIHMK ypOBHS BOJIBI
YIpaBiIsIeTCsl, B OCHOBHOM, YIIPYTHMHU ITapaMeTpaMi BOJAOBMEIIAIOINX IT0-
poa. Hpoueccm TCYCHHA BOJbI B TAKUX ClIydasAaX HEC UMCIOT CYIIECTBEHHOI'O
3HAUYCHUS U UMHU MOXHO npeHe6peq1> B Auamnas’oHe MEpHUOJ0B MPOABICHUA
CTaTUYCCKHU H30JIMPOBAHHOI'O OTKJIMKA YPOBHS BOIHI, KOTOpLIﬁ onpeaciisa-
€TCs HKCIIEPUMEHTAIBHO 0 pe3yibTaTaM 0apoMETPUYECKOTO M INPUIUBHO-
IO aHajK3a BapHallMil YPOBHS BOABI M MOJCIUPOBAHUS WHEPIIUOHHOTO (-
(exTa BOTooOMeHa M1y CKBRKUHOM U BOJOBMEIIAIOIINMH HOPOJIAMH.

Bmecrte ¢ Tem, mpomecchl TECYCHUs BOABI M THIPOJAWHAMHYCCKOTO
B3aUMO/ICHCTBUS MEXKAY MOJ3EMHBIMH BOJaMU U CTBOJIOM CKB)KHHBI HMe-
10T CYIIECTBEHHOE 3Hau€HHE NpH (OPMHUPOBAHMM Pa3HOOOPA3HBIX THUIIOB
MOCTCEHCMUYECKHUX BapUallMii ypOBHs, BBI3BAHHBIX IPOXOXKJICHHEM ceiic-
MHUUYECKUX BOJH. OCOOEHHOCTH BapHalMii YPOBHS BOJBI B TakKUX CIIydasx
ONpPENENAOTCS CTPOEHHEM CKBa)KHMHBI, BOJOMPOBOISIIMMHU CBOIicTBaMu
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BOJIOBMEIAIONINX IIOPOJ, COCTABOM MOPOBOTO (IIIOMIA, a TAKXKE aMILIH-
TyJHO-4aCTOTHBIM COCTaBOM MAaKCHMaJbHBIX (Da3 IBM)KEHUH TPyHTa.

ITo maHHBIM O KOCEHCMHYECKHX CKAadKaX YPOBHS BOJBI B CKBAXKHIHE
103-5 n BenmunHe 00BEMHOW NPHUIMBHOW YYBCTBHTENHHOCTH YPOBHS BBI-
TIOJTHEHBI KOJIMYECTBEHHBIE OIIEHKH OOBEMHOW KocelcMuieckoil medopma-
LM TIPU LIECTH MECTHBIX 3EMIICTPACCHUAX. XOPOIIEe COOTBETCTBHE BEIH-
YMH ¥ 3HaKa KOceHCMUYecKod aedopMali B paliOHE CKBaKHHBI IO JIaH-
HBIM YPOBHEMEPHBIX HaOJIOJCHUH C pe3ysbTaTaMH pacuyeToB IO MOJEIU
JUCIIOKALIMOHHOIO0 UCTOYHUKA B OJHOPOJHOM YIPYIrOM IOJYIIPOCTPAHCTBE
TMOKa3bIBA€T, YTO MO YPOBHEMCPHLIM JaHHBIM BO3MOXHa TOYCYHAsA OLCHKA
00BEMHO# KOCEHCMUYECKOI Ie(hopManii BOAOBMEINAOIINX TOPOI.

B 3o0ne 5-6 GayutbHBIX coTpsicenuit ot KpoHolkoro 3emierpsiceHus,
My, =7.8, R=310 kM HOCIeI0BaTEILHO MPOSBIUINCH THIPOTEOIHHAMIYE-
CKHH TIPEeIBECTHUK, KOCEMCMUYECKUN CKa4YOK MOPOBOTO AABJICHUS W JJIU-
TEJILHOE MTOCTCEHCMUYECKOE TIOHMKEHHE YPOBHS BOJBI.

[To maHHBIM HaONIOJEHUN B IIECTH CKBaKWHAX KamdyaTkm paccMmort-
PEHBI OCHOBHBIE 3aKOHOMEPHOCTH MPOSIBICHUS THIPOT€OCEHCMHUYIECKUX
BapHaluil YpOBHS BOJABI B CBS3H ¢ cHibHeHmuME (M, = 7.6-9.0, R = 750-
8800 kM) 3emierpsicenusiMu. IIpoxokaeHne NOBEPXHOCTHBIX celicMuue-
CKUX BOJIH OT yJaJICHHBIX CHJIBHEHIINX 3eMJICTPSICEHUIH MOXKET COIPOBOXK-
JIaTHCSl TIOJIOKUTEIBHBIMU U OTPULATEILHBIMI OCTATOYHBIMH CMEILICHUSIMH
YPOBHS BOJBI WM €ro KoJeOaHHWSMH C OCTaTOYHBIM CMEIICHHEM WM 0e3
Hero. OcoOeHHOCTH BapualMii YPOBHS BOJbI B KOHKPETHOM CKBa)XHHE OII-
pemeNIoTC €€ CTPOCHHEM (TEXHHYECKHM CIIOCOOOM OOECTIeUeHHS CBS3H
CKBaXIHBI C BOJOBMEIIAIONIMMHA MOPOJAMH, IITHHON (MIBTPa, dPPEKTHB-
HOW BBICOTOH BOJHOI KOJIOHHBI), THAPOTEOIOTHICCKIMH YCIOBUSAMH (BO-
JIONIPOBOAMMOCTBIO BOJOBMEIIAIONINX TOPOJ, HAJIMYHEM Ta3oBoil (a3l B
COCTaBE MOPOBO-TPEUIMHHOTO (IIIONIa), MAarHUTYIOH M YAAJIEHHOCTBIO
3eMJICTPSICEHHS, a TAKXKE aMIUTUTYHO-4aCTOTHBIM COCTAaBOM MaKCHMallb-
HBIX (ha3 JBIKEHUH IPYyHTA.

Ha npumepe ckBaxunsl E-1 moka3zaHo, 4TO OTCYTCTBHE MPUIMBHBIX
Bapuanuii ypoBHS HE SIBIISIETCS IOKa3arelieM HHM3KOH WH(OpMaTHBHOCTH
CKBaXUHBI. [IprMedaTerbHBIMU 0COOCHHOCTSIMHU CKBakuHbI E-1, 1o cpas-
HEHUIO C IPYTUMU HAOI0IaTENbHBIMU CKBOXKUHAMU B paiioHE ABaYMHCKOM
BYJIKAHO-TEKTOHHYECKOH nenpeccuu (puc. 2.21), ABISAIOTCA 3aCTOMHBIE yC-
JIOBUS BOI0OOMEHA B KOHTPOJIHMPYEMOM TOJIIE BOJOBMEIIAIONINX MTOPOJ U
OUYCHBb Majas X BOAOIPOBOJMMOCTb, & TAKXKE IOBBIIICHHAs C)KUMAaeMOCTh
MIOI3€MHOM BOJIBI M3-3a NMPUCYTCTBUS Ta3a B €€ COCTaBe M HU3Kasl BEJIMYMHA
ko3(¢punuenta Cxemnrona (B = 0.04-0.17).

OO6napyxeHo, uyTo ckBaxnHa E-1, oOmamaromas HU3KUMH J1eopMo-
METPHYECKUMH CBOICTBAMH M B KOTOPOH OTCYTCTBYIOT NPHJIMBHbIC BapHa-
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UM yPOBHSI, SABJISICTCA MHYOPMATUBHBIM OOBEKTOM JUIS TOMCKA THAPOTEO-
JTMHAMHUYECKUX MPEIBECTHUKOB CIIIBHBIX KaMYaTCKHX 3emieTrpsicenuil. I1o
JTAHHBIM MHOTOJIETHUX HaOJIIOZEHUH OICHEHa CEeHCMONPOTHOCTHYECKAS
nH()OPMATUBHOCTH THIPOTCOANMHAMUIECKOTO MPEABECTHHUKA, MPOSBIIIONIC-
TOCSl B YBEITMUCHUH CKOPOCTH TOHMKEHHS YPOBHS BOJIBI IEpE]] 3eMIIETPS-
ceHusMu ¢ My, > 5 u ¢ M, > 6.6 Ha paccrostHusX 10 350 kM. DddexTus-
HOCTH TIpeiBecTHHKA 110 [/ yces, 1974] coctaBuser /= 1.8-3.2 mpu BeposT-
HOCTH ero cBsi3U ¢ 3emureTpsceHussMu p = 0.70-0.86. IloxydeHHple OneHKH
MOKAa3bIBAIOT, YTO ATOT MPEJBECTHUK MOXET UCIOIb30BATHCS B KOMILIEKCE
C APYIUMHU CEHCMONPOTrHOCTUYECKUMH JAHHBIMH [T CPETHECPOUHOTO IIPO-
THO3a BPEMEHHU CHJIBHBIX KaM4YaTCKUX 3emierpsiceHuil. Ha ocHoBe sToro
npeasecTHuka ¢ 2002 r. ocymiecTBISIETCS OLIEHKA ONAaCHOCTH BO3HUKHOBE-
HUSI CHJIBHBIX 3eMileTpsiceHnii Ha KamuaTke ¢ BbIauei peryssipHbIX co00-
mennit B KamuaTckuii ¢puman Poccuiickoro SKCIepTHOTO COBETa IO IPO-
rHo3y 3emierpscenuii (KO POC).

C 20 mas 2006 mo nexabps 2009 rr. B ckBaxkune E-1 mpomcxoammo
MIOCTETICHHOE TOBBIIIEHHE YPOBHS BOABI BCIEACTBHE Pa3BUTHS aedopma-
A 00BEMHOTO CKaTHsl BOJOBMEMIAIONINX MOPOJ M POCTA ITOPOBOTO IaB-
JICHUsI, TIPE/IIIECTBOBABIINX M COIYTCTBOBABIIMX CEHCMHUYECKOH M (yma-
poJIbHOM akTHBH3alMU ByiakaHa Kopsikckuil. B kauecTBe Hanbonee BeposiT-
HOTO HCTOYHHKA JieOpMalMU CKATHsI BOJOBMEINAIOIINX MOPOJ paccMat-
PHMBAIOTCSI TEKTOHMYECKHE HANpsDKEHMs, CBS3aHHbIE C (OPMHUPOBAHUEM
cyOMepHANOHATIBFHOM Pa3IBUTOBOM 30HBI B 3MHOH KOpE B paifOHE ByJIKaHA
Kopsikckuii B cootBeTcTBUM ¢ [Cenusepcmos, 2009]. PocT TeKTOHUYECKUX
HanpspkeHuit ¢ Mapta 2008 T. compoBOXKIaNCsA aKTUBU3AIMEH CEHCMUYHO-
CTH B TIpeleiax MpOTsDKEHHOW cyOMepuIauoHambHOU 30HBEI (puc. 2.21) u
¢dpeaTueckuM m3BepxKeHUEM (puc. 2.25 a-B). ATBTEpHATUBHBIA MEXaHU3M
(OpMHPOBaHUS NCTOYHHKA 0OOBEMHOTO CXKATHS 33 CUET pocTa (IIFOMIHOTO
JIaBJICHNS] B TPEAIIOJAaraéMoOM Mapora3oBOM KOJUIEKTOPE IMOJ| BYJIKAHOM
Kopsikckuii mpesicTaBisieTcss MEHee BEPOSITHBIM.

Jlnst Gonee ompesieNieHHBIX BBIBOJOB O MPUPOJIE UCTOYHMKA aedop-
MaIuH OBIII0 OBI MOJIE3HO PACCMOTPETh MEXAHN3MBI 09aroB 3eMJICTPSICCHUI
B paiioHe ByJsikaHa KOpsKCKHUI, a TaK)Ke BBIIIOJIHUTh KOMIIEKCHOE MOJIEIIH-
pOBaHME Pa3BUTHSA TEKTOHOMAarMaTH4ecKOro IIPolecca C y4eTOM IAaHHBIX
YPOBHEMEPHBIX HAOIOJCHUH, CXEMAaTHU3alUU T'HAPOTeOANHAMUYECKHX YC-
JIOBUWA B Helpax ABauyMHCKOM BYJIKAHOTEKTOHUYECKOW AENpPEecCHH, IHHA-
MUKHU Pa3BUTHSA CEHCMHUYHOCTH, TEMJIOBOM M MacCOBOH pasrpy3KH 3a CUET
(byMapoJIbHON 1eSTENbHOCTH.

JleTanbHOe U3y4yeHHEe CKOPOCTH BOCXOMSIIETO TPEHa B U3MEHEHHUAX
ypOBHS BOoAbl B ckBaknHe E-1 mokasaino, 4ro ¢aza MakcuMaibHOro pocrta
JIaBJICHUS] TIOJ3EMHBIX BOJ Habirojanach ¢ MIOHS 1o aekabps 2007 r. u

132 I'.H. Konvinosa, C.B. Borouna



Baknrouenue

MIPEIIECTBOBAAa HAdaldy pOsl 3eMIICTPSACCHHWHA B Tpenenax cyOoMepuano-
HaJbHOMU 30HBL. BO BpeMs post 3eMJIETPsICEHUN U BYJIKAHUUECKOTO U3BEpIAKE-
HUS POCT (IIIOMIHOTO IaBIICHHS MPOJOIDKAJICS C MEHbIIel ckopocTsio. B
staBape 2010 1. pocT maBiIeHus IpeKpaTmwica. JTO yKa3blBaeT Ha IpeKparie-
HHUE WM 3HAYUTEIBHOE OCIa0lIeHHe TEeKTOHOMAarMaTHYECKUX IMPOIECCOB B
BEPXHHUX TFOPU30HTaX KOpPbl ABAaUMHCKOW BYJIKaHOTEKTOHHUYECKOW Aemnpec-
cui (paiioH BynkaHa Kopsxkckwuif).

BenencrBue nedcTBHST MCTOYHMKA OOBEMHOTO CKaThsi BOJOBMeE-
LIAIOMIMX [TOPOJ M POCTa JABJICHUS MOJ3EMHBIX BOJ HaOJII0JaJI0Ch HOHH-
EHHE YyBCTBUTEIBLHOCTH T'MJIPOAMHAMHUYECKOIO pexXHUMa CKBaKuHBI E-1 k
mpolieccaM MOJrOTOBKM TEKTOHMUYECKUX 3EMIICTPSCEHMH B Ipejenax MpH-
nerarouiero ¢parmenra Kamuarckoii ceiicMookaibHOM 30HBI ¢ CEPEIUHBI
2007 mo 2009 rr., T. €. B TeueHue 2.5 Jer.

[To ammMTyAe NOBBIIEHHS YPOBHS BOAbI B ckBaxkuHe E-1 ¢ 20 mas
2006 mo pexabpp 2009 IT. pocT HaBIeHHWS ITOJ3EMHBIX BOJl COCTABIUI
Ap =12.2 xlla unmu 0.12 6ap. C y4eToM OIEHEHHBIX YNPYTUX MapameTpoB
BOJIOBMEIAIOIINX ITOPOJI AWAMA30H BEIHMYNH IedopMauyd 00bEeMHOTO CxKa-
THS B pallOHE CKBKHMHBI COCTABISET A&= <(4.1-10°-1.5-107). [Ipusenen-
HBbI€ BEIMYMHBI A& UMEIOT OLIEHOUHBIA XapakTep, T. K. IpU UX HNOIYYEHUU
HCTIONB30BANCh Pl TUIOTETHYECKUX MPEATIONIOKEHNH, B YaCTHOCTH, O
MIPUMEPHOM paBEHCTBE BENWYNH O0BEMHOM NMedopmanny B paiiOHaX CKBa-
xkuH 103-5 n E-1 Ha cragum moarotoBku KpoHOIKOTO 3eMIiIeTpsiceHUs, O
MIPUMEPHOM COOTBETCTBHH BEITMUNH IMOPUCTOCTH ¢) M COKIMAEMOCTH CKeleTa
BoJlOBMelaronerd nopoas! S B ckBaxunax 1303 u E-1 u apyrue. Ha npu-
Mepe ckBaKUHBI E-1 BIepBbIe MPOIEMOHCTPHPOBAHA BO3MOKHOCTh OIIEHKH
00beMHOI edopManuy BOJIOBMEIIAIONIUX MTOPOJI 10 JAaHHBIM ypOBHEMEp-
HBIX HaOJIOJCHUI B YCJIOBUSIX OTCYTCTBHS NPWJIMBHOTO OTKJIMKA YPOBHS
BOJIBL.

JlanpHeilmee uccnenoBaHHE THIPOreOCEHCMHUECKUX — BapHaluil
YPOBHS BOABI B CKBaXXMHAX IPEAINOJIAracT COBEPUICHCTBOBAHUE CHCTEMBI
HaOmoneHui Ui obecrieueHns: JOCTOBEPHOH MHPOPMAIMU 1O aMILIUTY-
HO-9aCTOTHOMY COCTaBy KOJIeOaHWI{, pa3BUTHIO KOCCHCMHUYECKHX CKAYKOB
1 BO3MOJKHBIX KPaTKOCPOYHBIX NMPEIBECTHUKOB 3eMJIETPSICEHUH B W3MEHE-
HUSX YpOBHSA BOABI. 7T STOr0 HEOOXOAMMO MPOBOIUTH PETHUCTPALUIO
YPOBHS BOJBI M aTMOC(EPHOTO HABICHHS HE pEXe OJHOTO M3MEPECHHS B
CeKyHIy WJIH 4aie. AJBTepHATHBHBIM CIIOCOOOM PETHCTPALdU BBICOKOYAC-
TOTHBIX BapHAIM YPOBHS BOJBI SIBIISCTCA JKAYIIAN PEKUM, KOTIa yUaIeH-
HBIE U3MEPEHUS OCYLIECTBIISIOTCS TOJBKO MPU KOJIEOAHUSX YPOBHSI BOJBI C
aMIUIMTYZOH BBIILIE 3aJaHHOM.
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