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B ckBaxunax 103-5 u E-1, Kamuarka, 3aperucTpupoBaHbl OHIKEHHUS YPOBHS BOJBI C aMIUIMTynamu 11 u
1 cM B TeueHue Tpex Hemeab nepex Kponoukum semnerpsacenueM S nexkabps 1997 ., M = 7.8. Takue nounu-
YKCHHUS, BBIICTICHHbIE B THAPOTCOAMHAMUYECKHUN IIPEABECTHUK 3TOTO 3eMJIETPSICCHUS, Pa3BUBAIINCH CHHXPOH-
HO C TOpU30HTaNbHBIMU NepememieHussMu GPS-crannuit cetn KAMNET, pacnonoskeHHBIX Ha pacCTOSHUAX
JI0 TIEPBBIX COTEH KM OT Oyaymiero ouara. O6cyxaercsi MexaHu3M (pOpMHUPOBaHHS THIPOT€OJHHAMHYECKOTO
MIPEIBECTHHUKA C IPUBJICYCHUEM MOJAECTH YIPYTOro CTaTHYECKU M30JHMPOBAHHOTO OTKJIMKA YPOBHS BOABI Ha
nehopManyio BOZOBMEIIAIONINX MTOPOJ PH IPHUIMBHBEIX U IIPU OTHOCHUTENIBHO KPAaTKOBPEMEHHBIX OapoMeT-
PUYECKHX U CEHCMOTEKTOHMUYECKHUX Bo3/eiCcTBHUAX. I10ka3aHo, 4TO MOHIKEHHE YPOBHS BOIBI B 00CHX CKBa-
KHHAX MOKHO OOBSICHUTH HEMCKAXCHHBIM OTKIIMKOM ITOPOBOTO JABJICHHS Ha KBA3UYIPYTyIo OehOopMannio
00BEMHOTO PACIIMPEHHS BOAOBMEIIAIOMINX MOPOA MPU Pa3BUTHH MPEICEHCMUYECKUX IBHKCHUHN HAa CTaIUH
moarotoBku Kponorikoro 3emierpsiceHus. I1o qaHHBIM ypOBHEMEPHBIX HAOMIONEHHH, BETMUYNHEI IIpeceiic-
MHYECKOH fieopMany B paloHax ckBaxuH coctasisnu D = (0.6-0.8)-107.

Knroueewvie cnosa: CKBa’KMHa, BOJOBMEIaolasi mopoaa, ypoBeHb BOAbI, IPUJIUBHAA YYBCTBUTEJ/Ib-

HOCTB, Ae(hopManus, o4ar 3eMieTpsiceHUs1, NpeaBecTHUK, KpoHomkoe 3emaeTps-

cenue, nm-oB Kamuarka.

BBEJEHHWE

YpoBHEMepHbIE HAOIIONEHUS B MThE30METPUYECKHIX
CKB)KHMHAX PAaCCMAaTPUBAIOTCS B KAYE€CTBE OJHOTO M3 Me-
TOJIOB KOHTPOJISI HANPsKEHHO-1e()OPMUPOBAHHOTO CO-
CTOSIHUSI BEPXHHUX TOPU30HTOB 3€MHOW KOPBI M TIOHMCKA
TUJIPOTEOTMHAMUYECKUX TPEBECTHUKOB 3eMIIeTpsiCe-
Huil. BMecTe ¢ Tem, BONIPOCH! OIleHKH HH()OpMaTHBHOC-
TH METO/Ia U er0 d()(PEKTUBHOCTH B OTHOIICHUW JHUATHO-
CTUKH THJIPOTECOMHAMUYECKHUX MPEIABECTHUKOB 3eMIIe-
TPSICEHUH OCTAIOTCS OTKPBITHIMU. OIpelieieHHbIE TPY/-
HOCTH TIPH PACCMOTPEHHUH 3THX BOMPOCOB CBA3AHBI C
TEM, 4TO HaOIIOIaTeNIbHbIC CKBAKUHBI XapaKTePU3YIOTCS
pa3zHoOOpa3ueM TEXHUYECKOTO CTPOSHHUS, Pa3IMuueM
BOJIOBMEMIAIONIUX MOPOJI, UX (PUIBTPANMOHHBIX U YIPY-
TUX CBOWCTB, a TaKXe YCIOBUSAMH (OPMUPOBAHHUS THJI-
pPOIMHAMHUYECKOTO pexkuma. Ponb rmepednciieHHbIX (ak-
TOPOB B (D)OPMUPOBAHUU OTKJIMKOB YPOBHS BOJIBI HA M3-
MEHEHUSI HANIPSHKEHHOTO COCTOSIHHS (DIIFOMIOHACHIIIEH-

* [IyonukyeTcsl B AUCKYCCHOHHOM HOPSIIKE.

HOM Ie€0JIOTMYECKON Cpesibl HEMHOI'O M3y4eHa I10 dKCIIepU-
MEHTAJIbHBIM JIaHHBIM.

Bapuanuu armochepHoro naBieHHs, 3eMHbBIE MIPH-
JIUBBI U U3MEHEHUS HAIPSDKEHHOTO COCTOSIHUS T€0JIOTH-
YeCKOU cpenabl MpU 00pa30BaHUU Pa3pbIBOB B odarax
MECTHBIX 3€MIICTPSICEHHH BO3JEHCTBYIOT Ha BOIOOOMEH
MEX]Ty BOAOBMEINAIOMIEH OPOAOI M CTBOIOM CKBaXKH-
HBI U COITPOBOX/IAIOTCSL COOTBETCTBYIOIIUMHU OTKIHKAMHU
B U3MEHEHUSAX ypoBHS BoAbl. [10 COBOKYITHOCTH OTKJIH-
KOB YPOBHS Ha 3TH BO3ACHCTBUS MOKHO THATHOCTHPO-
BaTh HAJMYME W MApaMeTPHl TAKUX CHENU(UISCKUX yC-
JIOBUHM AN OTHAENbHOW CKBaKMHBI, KOrna (hUIbTpaLus
BOJIbl U MHEPLUOHHOCTH BOJOOOMEHA MEXKIY CTBOJIOM
CKBKMHBI M BMEIIAIOIIEH MOPOJOH HE MCKaKAIOT OT-
KJIIMK YPOBHS Ha M3MEHEHHE IIOPOBOTO ABJICHHS IPHU YII-
pyroit nedopmanuu [5, 8, 11, 23, 24]. Ouenka gedpopmo-
METPUYECKUX CBONCTB OTAEIBHBIX CKBAXXHUH — AedopmMo-
METPHUECKOH UyBCTBUTEIBHOCTH YPOBHS BOABI M AHAIIa-
30Ha MEPUOJOB MPOSBICHUS TUHEHHOMW CBS3H MEXIY U3-
MEHEHUSMH YPOBHS BOABI U YIpPYyroi nedopmarueit Bo-
JOBMEILAIOIUX TOpoJ (CTaTUYECKH H30JUPOBAHHbBIE
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YCIIOBHSI) — MOXKET MPOBOJIUTHCS 1O pe3yiibTaTaM aHalu-
3a 0apOMETPUYECKOTO U MPUIMBHOTO OTKJIMKOB YPOBHS
BOJIbI U IaHHBIX 0 KOCEHCMHUECKHUX CKauKax YpOBHS IpU
MECTHBIX 3eMIIeTpsiceHusx [8].

JlnamazoH TEpUOJOB MNPOSBICHUS CTATHUYECKH
M30JIMPOBAHHBIX YCIOBHI OLIEHWBAETCS MO pe3yibTa-
TaM KpPOCC-CIIEKTPAIbHOTO aHain3a JAHHBIX MO U3Me-
HEHHSIM YPOBHS BOIBI (BBIXOZHOH CHTHAN) M aTMOC-
(epHOTrO naBieHUs (BXOMHOW ITUPOKOIOJIOCHBIH CHT-
HaJ). XapakTepUCTUKaMU CBSI3M BapHalUil ypOBHA
BOABI U aTMOC(EpPHOro AaBJEHUS B 3aBUCUMOCTH OT
BEJIMUMHBI IEPHOJIa SBIAIOTCS aMIUIUTYJHas Iepena-
TouHast PyHKUUA U U3MEeHeHue pa3HocTH ¢da3. I1o nps-
MOJIMHEHHOMY y4acTKy MOBEIEHHS aMIUIUTYIHOU Ie-
penaroyHoil ¢yHKIMM OT Bapualluid arMocdepHOro
JaBJICHUS K U3MCHEHHUSM YPOBHS BOJIBI OIIEHHBACTCS
JIAAMa30H MMEPHOJOB MPOSBICHUS CTATUYCCKU H3O0JIH-
POBaHHBIX YCIOBUH ISl OTACIbHON CKBaXXWHHI [5, §,
11]. Jedpopmomerprueckass 4yBCTBUTEIHLHOCTh yPOB-
HS BOJIbI MOKET OIICHUBATHCSA IO BEJIUYUHE €T0 IMPHU-
JUBHOW YYBCTBUTEIHLHOCTH 10 COOTHOLICHUIO aMILIH-
Ty OTJEJbHBIX NPUINBHBIX BOJH B U3MEHEHUAX YPOB-
HS M COOTBETCTBYIOLIUX BEJIUYUH U3MEPEHHOUN UM Te-
opetuueckoil nedopmanuu. [IpuMepsl oueHkH napa-
METPOB CTaTUYECKU M30JIMPOBAHHBIX YCIOBHH IS OT-
JIeTIbHBIX CKBAXXWH MpuBOAsATcs B [5, 11].

OleHKa BEJIMYUH YIPYTUX MMapaMeTpOB BOJOBME-
IAIoNeN TOPOAbI A CTATUYECKH M30JIMPOBAHHBIX yC-
JIOBHH MOXXET MPOU3BOIUTHCSA 10 OpMyIaM TEOPUH TI0-
POYIIPYTOCTH € UCIIOJIb30BAaHUEM SKCIEPUMEHTAIBHO T10-
Jy4YeHHBIX BEJIMYUH OapoMeTpuuecko 3pdexTuBHOCTH
E, 1 npuiMBHON 4yBCTBUTENBHOCTH YPOBHSI BOJIBI 10 OT-
HOLICHUIO K IUIOMWAIHOH (A ) u 00beMHOM (A,) nedop-
ManusaM. COOTBETCTBYIOLINE BBIPAXKEHUA MPUBOAATCS B
paborax [9, 24, 26].

U3noxxeHHBII BEINIE TIOAX0J K 00pabOTKe JaHHBIX
YPOBHEMEPHBIX HAOMIOACHUI TM03BOJISET OLEHUBATh
MIPUTOJHOCTH OTAEIBHBIX CKBRXHH B KaueCcTBE IMPUPOI-
HO-TEXHUYeCKuX AepopmorpadoB Npu pa3BUTUU KBa3u-
ynpyroit nedopmanuy BOZOBMEIIAIOUIUX TOPOA B JUa-
Ma30He MepUOA0B NPOABICHHUS CTATUYECKH W30JIMPOBaH-
HBIX YCJIOBUHA NPHU OTHOCUTENBHO KPAaTKOBPEMEHHBIX
MOJIBMKKAX TI0 Pa3jioMaM M MPH aCEHCMUYCCKUX JIBHIKE-
HUSIX Ha CTaJHSIX IMOITOTOBKU 3E€MIICTPSICCHUH.

Heo0xonuMo 0TMETHUTB, YTO BOIIPOC O MEXaHU3MAaX
(hopMHUpOBaHUSA TUAPOrEOAMHAMUYECKUX MPEIBECTHHU-
KOB B M3MEHEHUSX YPOBH: BOZBI HE BIIOJIHE siceH. B mep-
BYIO OUYepellb, U3-3a HEOIPEIEIeHHOCTH MPOLIeCCOB, Pa3-
BHBAIOLUXCS B BEPXHUX FOPU3OHTAX 3€MHOU KOPHI MpU
MOJITOTOBKE OTAENBHBIX 3eMieTpsiceHuii. B [6, 16] B ka-
YECTBE OCHOBHBIX IMPOIECCOB HA CTAIMSIX MOJITOTOBKH
3eMIIETPACEHUHN paccMaTpHUBaeTCs ynpyroe nehopMupo-
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BaHUE I'€O0JIOTMYECKON Cpeibl U Pa3BUTHUE TPEILUHHOMN
JUJIATaHCHU B TOPHBIX mopoxax. OnpeaeneHne MeXaHus3-
MOB ()OPMHUPOBAHUS THAPOTCOIMHAMUYECKUX U APYTUX
BUJIOB MPEABECTHUKOB MPU CUIBHBIX 3€MJIETPSACEHUIX
Ha OCHOBE JaHHBIX HaOJIONEHUI MpencTaBiseT OAHY U3
KJIIOYEBBIX 3a7la4 B PELIEHUU MpoOJeMbl CpelHe-KpaT-
KOCPOYHOTO CeHCMUYECKOTO MPOrHo3a.

5 nexabps 1997 r. y TuxookeaHCKOTO TTOOEpexbs
KaMuaTkyn mpon30IUI0 3eMIIETPSCEHHE ¢ MAarHUTYIOMH
M = 7.8 (Kponoukoe semuerpscenue, naiee K3)
(puc. la). B Teuenne aByX CyTOK IO OCHOBHOTO TOJIYKa
BOJIM3U €r0 MHCTPYMEHTAJIHOTO AMHILEHTPA Pa3BUBAJICS
poii GOpPILIOKOB C BEIMYMHAMH HEPreTHUECKHUX KIIACCOB
K= 9.0-12.8 (M = 3.8-5.6). K3 compoBoxaanoch
MHOTOYMCIIEHHBIMH a(TeplIokamMi, OKOHTYPUBIIUMU
04aroByr o6aactb pazmepom 220x140 kM. MHCTpYMEH-
TanpHbIN dnuneHTp K3 pacnonaraicsa B ceBepo-BOCTOY-
HOW 4acTH 04aroBod 30HBI HA TiyOnHe 25-33 kM. Oygar
K3 umeer mapameTpsl, TUIUYHBIE JUJIS 3€MIIETPIICEHUN
30HBI cyOnykmu (Tadm. 1) [14].

[Tepen K3 Obutn 3aperucTpupoBaHbl pazHooOpas-
Hble IPEeJIBECTHUKH, B T. 4. nepememienuss GPS-cran-
nuit cetn KAMNET [3, 13, 20], anomanpHBIC U3MEHE-
HUS XUMHUYECKOTO COCTaBa BOJBI B TIYOOKUX CaMOM3-
TMUBAIOIMUXCS CKBaxxWHaX [18], ctabunu3amus ¢assl
NPWIMBHONH KOMIIOHEHTHI BBICOKOYACTOTHOT'O CEHCMHU-
yeckoro myma [14] u ap. [10]. B ckBaxkunax F03-5 u
E-1 Ov1num 3apeructTpupoBaHbsl OyXTOOOpa3HBIE MOHU-
JKEHHSI yPOBHEW BOJBI MPOJOKUTEIBHOCTHIO OKOJIO
Tpex Hezelb, CHHXPOHHBIE C IpelIceiCMUYeCKIUMU TIe-
pememienuamMu GPS-ctannuit (puc. 10). Amnnurtyna
MOHI)XEeHUs YPOBHS BoAbl B ckB. FO3-5 cocraBuia
11 cm, B ckB. El — 1 cm. B [5] Takue moHmkeHUs
YPOBHS pacCMaTpPHUBAIOTCS B KauecTBE TMAPOreoIuHa-
MHUYECKUX MpenBecTHUKOB K3.

B momenT K3 B ckB. F03-5 Ob11 Takxke 3aperucrpu-
pOBaH KOCEHCMUYECKHH CKavyOK MOHM)KEHUS YPOBHS C
amruutynoi 12 cum [5]. B ckBaxxkune E-1 kocelicmuuec-
KU CKauoK He mposBiisics. [IpoxoxaeHue BrIcOKoyac-
TOTHBIX ceiicMuueckux BosH oT K3 Takke compoBoxia-
JIOCh Pa3IMYHOM MOCTCEUCMUYECKON peakuueil ypos-
Hel: moHWKeHneM ypoBHs B ckB. F03-5 na 1 M [5] u no-
BblllIeHUEM ypoBHS B ckB. E-1 Ha 30 cm [4]. IToctceiic-
MUYECKHE Bapuallii YPOBHEW B 00€MX CKBaXXHHAX pa3-
BUBAJINCh B TCUCHHE TPEX MECSIICB.

B pabGore obcyxnmaercs MmexaHu3M QOpPMUPOBAHUS
ruporeognHamMuueckoro npeasectuuka K3 ¢ npusneye-
HUEM JaHHBLIX HaOmrogenuii metogoM GPS reonmesuu u
TEOPETHUECKOW MOJIENIN YIPYroro CTaTHYECKU U30JIUPO-
BAaHHOTO OTKJIMKA YPOBHS BOZABI Ha Je(OopMaIuio BOJO-
BMENIAIONINX MOPOJ MPH MPUIMBHBIX, OapoMeTpuyec-
KHX M CEHCMOTEKTOHUYECKHUX BO3ACHCTBUSX.
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XAPAKTEPUCTHUKA CKBAKWH, OUEHKA UX
JE®OPMOMETPHYECKHUX CBOMCTB, YIIPYTUX
HNAPAMETPOB BOJOBMEIIAIOIIUX IMTOPOI U
IIPEJCEMCMHUYECKON JE®OPMAIINHA

ABTOMAaTHU3UPOBaHHbBIE YPOBHEMEpHbIE HaOIIOne-
Hust Ha ckBaxkuHax F03-5 u E-1 mpoBomsitcs Kamuarc-
kuM primmanom ['eopusmueckoii ciyx661 PAH ¢ 1996 1.
[4, 5]. CunxpoHHasg perucrpaunusi Bapualuil ypOBHs
BOJIBI U aTMOC(EPHOTO JaBJICHUS MPOU3BOIUTCS Kaxble
10 MUH ¢ HCIONB30BAaHUEM IPEIHU3UOHHBIX JATYHKOB
YpOBHA M LU(POBOM perucTpupyrollei amnmaparypsl,
paspaborannoit B OKb UncturyTra dusnkn 3emnun PAH
[1] (19962001 rr.) u B OOO “Ilonuuom”, r. XabapoBCK
(2002 r. — Hacrosiee BpeMs). HyBCTBUTENIBHOCTD PErucC-
Tpauuu ypoBHS Boabl coctasiser +£0.01 cMm, armocdep-
Horo gasinenus — +0.1-0.2 rlla.

Xapakrepuctuka ckBaxxkud K03-5 u E-1, ocobenHo-
CTH YPOBEHHOTO PEKUMa, a TAKKE Pe3yIbTaThl IPUITHB-
HOTO M 0apoMeTpHUUYECKOTro aHallu3a BapHaluil ypoBHS
BOJIBI MPUBOASATCA B padorax [4, 5, 11]. B tabnune 2 na-
€TCsl X KpaTKasi CBOJKA.

Ckeaorcuna FO3-5 KOHTpoONUpyeT HamopHbIE Mpe-
CHBIC MOJI36MHBIC BOJIBI B TPEUIUHOBATHIX AJEBPOIUTAX
MO3HEMENIOBOTO BO3pacTa. [ ypoBEeHHOro pexuma
CKBa)XMHBI XapaKTEPHBI TOI0BAs CE30HHOCTD, PEaKIis Ha
BeCEHHee TasHHUE CHEra W BbINaJeHUe OOMIBHBIX HKHUIKUX
ocankoB. Takne 0COOCHHOCTH PEXUMa CKBAKHHBI, a TaK-
ke HM3Kas MUHepalu3alus BOAbl HOKA3bIBAIOT, YTO KOHT-
ponMpyeMble BOAOBMEIIAIOIINE ITOPOIBI HAXOMITCS B
30HE aKTHUBHOIO BOJOOOMEHa. B M3MEHEHHusAX YpoBHS
BOJIBI MPOSIBIISIIOTCSL YETKO BBIPaKCHHBIC 3€MHOIIPHUIIHB-
HbIe U OapoMeTrpuueckue Bapuanyu [5]. Bemuunner 6apo-
MeTpuueckoi dpdexruroct E, v NpuiMBHOM YyBCTBH-

Puc. 1. Cxema pacnonoxenus ckBaxut K03-5 u E-1, GPS
cranuuii cetu KAMNET, snuuentpoB Kponoukoro 3em-
JMeTpsceHus, ero Gop- U adpTepIIOKOB (a).

I —snunentp KpoHouxkoro 3emiueTpsceHus; 2 — SIULEHTP “Mea-
JIEHHOTO 3emieTpsicerus”, M,,=7.7, nmpenmectBoBapmero Kpo-
HOIIKOMY 3emiieTpscenuio [3, 20]; 3 — smuuIeHTPhI POPIIOKOB €
3 mo 5 nexadps 1997 r.; 4 — snuneHTpHI adpTepIIOKoB ¢ 5 1o 12
nekabps 1997 r.; 5 — nuarpamma mexanuzma CMT Kporotkoro
3eMIIETPSICeHHs; 6 — AMarpaMMa MeXaHH3Ma “MeJJICHHOTO 3eM-
nerpsicenus”, no [3, 20]; 7 — GPS-cranun BKI, ES1, KBG,
KLU, TIG, MA1, PETP; 8 — ckBaXKUHBEL.

W3menenus ypoBHel Boasl B ckBaknHax F03-5, E-1 u cme-
meHuss GPS-crannmit Ha ctaguu moarotoBku K3 (mokasza-
HO cTpenkoit) (0).

N — cmemenne B HanpaBinennu l0-C, E — cMmemenne B Hampas-
nenuu 3-B. OnopHas cranuus PETP. 'opusoHTansHeIMU yHK-

THUPHBIMH JIMHUAMHU ITIOKa3aHO BpPEMS NPOABICHUA TUAPOTrCOaN-
HaMHU4€CKOro NpeABECTHUKA B UBMCHCHUAX ypOBHCﬁ BOJBI.
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Tadauna 3. [lapaMeTpsl BOAOBMEIIAIIUX MOPOA, BCKPBITHIX HAOMIOIATeILHBIMU CKBAKHHAMU.

CKBa)kMHa BCKpBITast JpennpoBaHHas Monyns | Koaddumuent Vaensnasa  |Ilopucrocts| Vmpyras
MOIIIHOCTb C)KMMaeMOCTb CKeJleTa | CIBHIa CkeMmnToHa ympyras ) BOJIOOTAAYA
BOJIOBMEILAIOIIHX oposl 3, G, ITa-10" B €MKOCTb S, S
nopox d, M Ma'-10™" m'107
103-5/100 12.5 1.34 0.67 16.9 0.11 16.9-10°
E-1/22 7.59 0.79 0.044+0.17 29.0 0.05 58107
1303/200 7.37 0.81 0.64 9.81 0.06 19.6:10°

TEIBHOCTH 10 OTHONICHUIO K TEOPETUICCKOH 00BeMHON
nedopmanumn pesepByapa A, IPUBOAATCS B TabL. 2.

C ucnonb30BaHUEM KpPOCC-CHEKTPaIbHOIO aHaIH-
32 4acOBBIX Bapualuil YpOBHS U aTMOC(EpHOTO JaBie-
HUA OBUIO YCTAHOBIICHO, YTO MOCTOSHHOE 3HAYEHHE aM-
IUIATYAHON TepeaaTOYHOr (QYHKIWM OT BapHAIUH
aTMOC(hepHOTO JABJICHHUS K H3MEHECHUSM YPOBHS BOJIBI
(ukcupyeTcs B IuManazoHe MepUoJOB OT MEPBBIX YaCOB
JIO TIEPBBIX JIECSATKOB CyTOK (mpu paszHocTu a3 180°).
DTO MO3BONSET MPUHATH TUIIOTE3Y O CTATHYESCKH H30-
JUPOBAHHBIX YCIOBUIX B CUCTEME “‘CKBa)KMHa — BOJIO-
BMeIaionas nopoja” B COOTBETCTBYIOIIEM JUaNa30He
MEPUOJOB U OIICHUTh BEIIMYMHY OapOMEeTpHUYECKOH (-
¢pexrusnoctn E, =-0.39 cm/rlla, xapakrepusyrouiyo
HEHCKa)XEHHBI OapoMeTpUUECKU OTKIMK YPOBHSA
BomwlI [5, 8, 11].

C ucmoyb30BaHUEM Pe3y/IbTaTOB MPHIMBHOTO aHa-
Tu3a Bapuanuii ypoBHs Bozabl 1o nporpamme ETERNA
3.0, mpuBeneHHbBIX B [5, 8, 11], olleHEeHBI BETMYUHBI MTPU-
JUBHBIX YYBCTBUTEIHHOCTEH YPOBHS IO OTHOIICHUIO K
TeopeTHyecKuM momaaHoi (A = 0.107 = 0.005 cm/107)
u 00bemHoi (A, = 0.161+0.008 cM/10”°) nedopmarmsm.
[IpuinBHBIE YyBCTBUTENBHOCTH OLICHUBAJIUCH IO BEJH-
guHAM KO3((UIIMEHTOB JTHHEWHON 3aBUCHMOCTH aMILTH-
Tyl IPUJIMBHBIX BOJIH B M3MEHEHHSX YPOBHS OT COOTBET-
CTBYIOLIMX BEJIMYMH TeopeThueckor aedopmauuu. Tou-
HocTH oneHoK A (£0.005 cM/10°) m A, (£0.008 cm/107%)
OTIPENICISAIOTCS. HEKOTOPBHIM Pa3IUYMeM BEIMYNH aMILIH-
TYIHBIX ()aKTOPOB ISl OTJEIBHBIX BOJH CYTOYHOM U TIO-
JYCYTOYHOH TPyl B U3MEHEHUSIX YPOBHS BOJIBI 110 OTHO-
LIEHUI0O K TEOPEeTHYECKOW MPUIMBHOW JedopManuu
(tabm. 2 B [5]).

[To popmyrnam Teopun MOPOYNPYrOCTH C UCIONb-
30BaHUEM OLIEHEHHBIX BenuuuH E, u A  Obutn paccyu-
TaHbl BEJIMYHUHBI YNIPYTUX MapaMeTpoB BOJIOBMeEIIAI0-
[IMX TTOPOJ U TIOPUCTOCTH ¢ JIJISL CTATUICCKU U30JIUPO-
BaHHBIX YCJIOBUH B cCHCTEME “‘CKBaXMHA — BOJOBMeEIIIA-
omas nopoja’: CKMMaeMOCTh CKeJleTa OpoJsl 3, Mo-
nynb cnpura G, koaddunuent Ckemnrona B, yaenbHas
ynpyras eMkoctb S_= pg(B+¢f,), rae p — mIOTHOCTH
Bogel, 1000 kr/M*; g — yCKOpeHHre CBOOOIHOIO IaeHHs,
9.8 M/c*; B, — CKUMAEMOCTh MOA3EMHOH BOJIBL.

I1pu pacuerax mapameTpoB B Tabm. 3 s cks. F03-5
MIPUHAMAJIOCH, YTO BEJIMYMHA CKUMAEMOCTH TMOA3EMHON
BOJIbI IIPU €€ OOBIUHBIX TEMIIepaTypax U JaBICHUAX COOT-
BeTCTByeT 3HaueHuio B =4.4-10"° IIa™' [17], a cxumae-
MOCTb TBepIOW (ha3bl CKelleTa MOPOIbI COOTBETCTBYET
cxumaeMocTH kapia 3 = 0.3-107° Ia™* [26]. B Ta6mn. 3
TaKXKe NPUBOAUTCS pacdeTHOE 3HaYeHUE YIpyroi BOZOOT-
Jladqd BOJOBMEIIAIOINX TOPOJ S = Ss-d, rne d — cymmap-
Hasi MOIIIHOCTH 30H BOIONpPHUTOKA, paBHast 100 m.

[onyuyennsie ouenku B u G (Tadmn. 3) OMU3KM K UX
BEJIMYMHAM ISl IECYaHUKOB, 110 JaHHBIM J1a00PaTOPHBIX
UCHBITaHUH 00pasnos mopox: B = (7.7-12.5)-10-" TTa™!,
G =(0.6-1.3)-10'° TTa [26]. DT0 mOKa3BIBACT, YTO YIIPY-
rUe CBOWMCTBa BOJOBMEMIAIONIUX IOPOJ, BCKPBITHIX
ckB. FO3-5, sBustoTCcs XapaKTEpHBIMH [T BOJOHACHI-
IICHHBIX MJIOTHBIX TMECYaHUCTHIX TOPO/I.

BononpoBoguMoCTs BOAOBMEIIAIONIUX TOPOA
T = 7.8 M%/CyT paccuuThIBANACH 11O JAHHBIM OTKAYKHU C
HCIOJIb30BaHUEM MOJICIH JIMHEWHOTO CTOKA IS HAIop-
HOTO, U30TPOITHOTO, HEOTPAHUYEHHOTO pe3epByapa [15].

B paborax [2, 9] npuBoasiTCs pe3yabTaTbl MOAEIHU-
pOBaHHUs peakluu ypoBHs BoAbl B ckB. KO3-5 Ha mepuo-
JIM4YecKre N3MEHEHHs MOPOBOTO JIaBJICHUS C yYETOM Ma-
pameTpoB pe3epByapa S, T u reoMeTpuyecKkux pazMepoB
CKB2)KUHBI C UCIIONIB30BAaHUEM MaTeMaTHYEeCKON MOIenH
[21]. Pe3ynbTaThl MOAENUpPOBaHM [TOKa3ajiy, YTO Ha Ie-
pHOIax Yachl-TIEPBBIC IECATKH CYTOK HE OXKHJIACTCSI UC-
KaKEHHE aMIUTUTYJHOTO COOTHOIICHUS MEXIy Bapua-
[USMHU YPOBHS BOJIBI B CKBOXXHHE M U3MEHEHUSMH IIOPO-
BOTO JaBJI€HHs. DTO MO3BOJSET UCIIONB30BAaTh CPETHIOIO
BEJIMYMHY aMIUIMTYIHOTO COOTHOLIECHHS MEXAY CyTOd-
HBIMH M TOJYCYTOUYHBIMH KOMIIOHEHTaMH NPUIUBHBIX
BapHalMi ypOBHS BOJBI M COOTBETCTBYIOIIMMU BEJIUYH-
HaMu 00beMHOH nedopMaly B KauecTBE HOPMHUPYIO-
mero ko3dgduuuenta 1jig OUEeHKH CEHCMOTEKTOHHUYEC-
KOH JiepopMaliiii BOIOBMEIIAIOIIHNX MTOPOJ] BO BCEM JIMara-
30HE TIEPUOJIOB MPOSBICHUS CTATUYCCKH H30JUPOBAH-
HBIX YCJIOBUH 1O dopmyre:

D, =-Ah/A,, (1)
rae Dt — obwemuast gedopmanus B 10°: “+” coorBer-
CTBYET PACTSHKEHUIO, “—*“ — COOTBETCTBYET CKaTHIO; Ah —
HU3MEHEHHUE YPOBHS BOABI B CM: “+” COOTBETCTBYET IIO-
BBIIICHUIO YPOBHS BOABI, “—“ COOTBETCTBYET MOHHXKE-
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Puc. 2. 3aBuCUMOCTD BBIJICICHHBIX AMILTUTYA TPUITHBHBIX
BOJIH CYTOYHOH M IOJIyCYTOUYHOH TPYNII B M3MEHEHUSIX
ypoBHs Boasl B ckBaxkuHe F03-5 (Hy) ot Teopernyecknx
BEJIMYHMH MPUINBHON 00beMHON nedopmaruu Dy.

1 — IpUTHBHBIE BOJHBI; 2 — TPEH]| TMHEHHON 3aBUCHMOCTH aM-
IUTMTY TPUIMBHBIX BOJH B U3MEHEHUSIX YPOBHS BOABI OT COOT-
BETCTBYIOIINX TEOPETUIECKUX BEINIHH NPUIUBHON 00BEMHOIT
gedopManuy OpH 3HAYCHUH KOdPPUIHEHTa KOPpEenInuu
K=0.98; 3 — 95 % noBepuTeabHbIA HHTEPBAJI U151 TUHEHHOM 3aBH-
CHMOCTH TPWJINBHBIX aMILIUTY B H3MEHCHHUAX YPOBHS BOIBI OT
BEIHMYUH 00BEeMHOI JedopMaruy; 4 — aMIIMTya IpeacencMu-
YeCKOro MOHMXKEHHUs YpoBHA Boabl B ckB. K03-5 nepen Kponou-
KUM 3eMJIETPSCEHUEM C y4eToM JIMHeHHoH cBsizu H; u Dy.

HHUIO YPOBHS BOJBI, A, — IPUJIMBHAs 9yBCTBUTEIBHOCTD
YPOBHS BOJIBI, ONpeiessieMas 0 HaKJIOHY 3aBUCHMOCTH
aAMILTUTY CYTOYHBIX U MOJIYCYTOYHBIX IPUJINBHBIX BOJH B
M3MEHEHUSIX YPOBHS BOJBI OT COOTBETCTBYIOIIHUX BEJIH-
YHH TEOpeTUIecKoi 00beMHOM aedopmanun (puc. 2) [5].

[IpoaomKUTEIHPHOCTD Pa3BUTUS THIPOTEOAMHAMH-
yeckoro npeasectHruka K3 B U3MEHEHUSIX YPOBHS BOIBI
B ckB. KO3-5 mpumepHO COOTBETCTBYET IO MNEPUOAY
BEpXHEW T'paHUIIe CTATUYCCKU W30JIMPOBAHHBIX YCIOBUN
B CHUCTEME ‘“CKBaXMHA — BoJOBMemIatolnas moponaa”. B
3TOM cllydae OlleHKa Jedopmanuu paciiupeHus pesep-
Byapa Ha cramuu noarotoBku K3 cocraBuser
D, = (68+4)-10” (puc. 2, Tabn. 1). DTa BenMUMHA OTHO-
cutcs k wHTepBany rnyoun 310-800 M (B cpemHem
500 m). Tounocts oueHku +4-107 onpexnessiercs: pasiu-
YheM BeJMYMH aMIUIMTYIHBIX (DaKTOPOB Ui OTAEIbHBIX
MPUWIMBHBIX BOJH CYTOYHOM W MONYCYTOYHOH rpynn B
W3MCHECHHSIX YPOBHSA BOJABI. AMIUIHTYIHBIE (DAKTOPHI
paccuutsiBasuch 1o nporpamme ETERNA 3.0 ¢ ucnons-
30BaHMEM MoJeNH npuiuBHoro notenuuaita CTED [27].

B tabn. 1 taxke npuBOIUTCS BEIMYUHA KOCEHCMU-
geckoi nepopmanuu D = (75+4)-107, nonyyennas mo
(1) c ucnonp30BaHUEM aMIUIUTYABI IOHWKEHUS YPOBHS
Boabsl Ah = -12 cM B moMmeHT K3. Bennunna kocelicMu-
geckoit nedopmanun npu K3 mo ypoBHEMepHBIM JaH-
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HBIM XOPOIIIO COTJIACYeTCs MO aMIUTATYyAe (B Mpeenax
OJHOTO TOPSAKa BEJIMYMH) U 10 3HAKY (paclIupeHue) ¢
pesyabraTaMu pacuera OObeMHOH KOCEHCMHYECKOH Jie-
(hopmanuu B paiioHe CKBRKMHBI 110 MOJEIH JHCIOKALHOH-
HOTO MCTOYHHKA B OJHOPOJAHOM YTIPYTOM MOJYTIPOCTPaH-
CTBE C MapaMeTpaMy ouara U3 MeXAYHApOIHOIO KaTallo-
ra CMT [12].

Ckeaorcuna E-1 BCKpbIBaeT HallOpPHBIE COJIOHOBA-
ThI€ MMOJ3EMHBIC BOJIBI B Ty()ax HEOTEHOBOTO BO3pacTa,
HAXOJISAIIUECS B THAPOAMHAMHYECKON 30HE 3aTpyIHCH-
HOTO BogooOMeHa. Ha 3arpynHeHHbIe ycioBUsS BOJ00O-
MEHa YKa3blBalOT OCOOCHHOCTH YPOBEHHOT'O DPEKHMa
CKBa)XHHBI, B YaCTHOCTH, OTCYTCTBHE TOJIOBOM CE30HHO-
CTH B U3MEHEHUAX YPOBHS, a TAK)KE XUMUYECKHI COCTaB
BOJBI (Tabi. 2). BogonpoBoguMOCTh BOIIOBMENIAOIINX
nopoxn T = 0.005 M?/cyT orieHHBaIACh O TAHHBIM HAJIH-
Ba B CKBaxuHy B 1991 r. [4].

B cocraBe moazeMHO# BOABI MPUCYTCTBYET ra3 Me-
TaHOBO-a30THOTO cocTaBa. Hamwmume rasa mpuBOOUT K
YBEITMYEHUIO CKUMAEMOCTH IOPOBOro (hironjia mo cpas-
HEHUIO ¢ 00BIYHOU BOMOM. 3-3a DTOrO CBOMCTBA CUCTE-
MBI “‘CKBa)KMHA — BOJIOBMEIAIOIIAs TOpoJia” CTaHOBATCA
PE3KO OTIIMYHBIMU OT CBOMCTB CKBa)KMH, BCKPBIBAIOLIINX
0oObI4YHbIE cabOMUHEpaIu30BaHHbBIE BOIbI Oe3 raza. B
ckB. E-1 310 mposiBisieTcs B OTCYyTCTBUU PEAKIMH yPOB-
HS BOJBI HA 3€MHBIC IIPHUIIMBEL U B €ro ci1aboil peaknnu
Ha M3MEHEHHs aTMOoc(epHOro napieHus [4]. Benuunna
OapomMeTrpuueckor 3QPEKTHBHOCTH B THANIA30HE TIEPUO-
JIOB OT JABYX CYTOK JO IECATKOB CYTOK COCTAaBIISET
E, =-0.01 cm/rIla [4, 8, 11]. Takue ocobeHHOCTH YpO-
BEHHOI'0 pekuma cKB. E-1 He [103BOJISAIOT OLEHUTH YIpY-
TUe MapaMeTpbl U MOPUCTOCTh BOJOBMEIIAIONINX TTOPOJT
C HCIIOJIb30BAHUEM BENUYMH Oapomerpuyeckoi 3ddex-
TUBHOCTU E, M IPUIIMBHOI 1yBCTBUTEIBHOCTH A 110 Me-
TOJIUKE, IPUMEHEHHOU K CKB. FO3-5.

C ydeTroMm moBeI€HHS aMIUIUTYAHOW YaCTOTHOM Iie-
penarouyHoil (QyHKIUM OT WU3MEHEHHH aTMOC(EpHOTO
JaBJICHUS K U3MCHEHHUSIM YPOBHS BOAHI [4, 8] m oOcTa-
HOBKH 3aCTOMHBIX YCIOBHH (POPMUPOBAHUS THIPOTEOAN-
HaMHU4ecKOro pexkuma i ckB. E-1 npuHuManace rumo-
T€3a 0 CTaTUYECKH U30JIMPOBAHHBIX YCIOBHUSIX B CUCTEME
“CKBakMHa — BOJIOBMeIIAloIas mopoja” B IuUanazoHe
MEPUOJOB OT ABYX CYTOK JIO JECATKOB—COTEH CyTOK. B
TaKoOM Cily4ae MpUMeHeHHe (opMys TeopuH Mopoymnpy-
TOCTH Ui OLIEHKM napameTpoB G — Moayist casura u B —
kod¢p¢punuenTa CKeMIITOHa BO3MOXHO TPH HAJTUIUHU
JIAaHHBIX O BEJIUYHHAX Je(POPMOMETPHUECKONH UyBCTBH-
TEJILHOCTU YPOBHS BOABI (A, A ) ¥ BEITMYUHAX CKHUMA-
e€MOCTeH cKelieTa BOJOBMENIAIONIEH TOPOMABI B, TBEp-
noii ¢asel ckenera B u nmoposoro ¢uronna B. Jlus
OTIpeNleNIcHus] BEJIWYMHBI B MOTYT HCIONIB30BaTHCS
dhopmymnst [9, 22, 24]:
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B = (pgA B)/[1+pgA (B-B)] (2
B = (B-B)I(B-B)+PB+B], (3)
B=pgB A, 4)

rae ¢ — mopuctocTh pesepsyapa; B =0.3-10"° Ila’
(xBapm).

[Mopucrocts ¢ npuHuManack paBHoi He 6omnee 0.06
M0 aHAJIOTHH C BEJIMYMHON MOPUCTOCTU Ty(hOTSHHO-OCA-
JIOYHBIX HEOTCHOBBIX OTJIOXKEHUM, BCKPBITHIX CKB. 1303
(OAO “Kamuarreonorus™) B nuamnazoHe riayouH 517-
717 M (cpenuss niryouna 617 m). XapakTepucTrka CKB.
1303 npuBoguTcs B Tabn. 2. OHa pacmoiokeHa Ha pac-
crossauu 17 kM K roro-3amany ot ckB. E-1. Habmionenus
Ha ckB. 1303 mpoBogstcs ¢ 2002 .

Jns ckB. 1303, Ttak xe kak u mis ckB. FO3-5, mo
pe3yiabTaTaM KpOCC-CHEKTPaJbHOTO aHaliu3a Bapua-
LHUH ypOBHS BOABI U aTMOC(EPHOTO JaBiieHUs OBLIH
JINarHOCTUPOBAHBI CTATHYCCKH H30JMPOBAHHBIC yCIIO-
BHUS B JMala3oHe MEePHOJ0B YacChbl—INEepPBBIE NECATKU
CYTOK, OIIGHEHBl NapaMeTphl 0apOMETPUYECKOTO U
MPUIIMBHOTO OTKIUKOB ypOBHs BOIEI [11], a Takxke 1mo-
PUCTOCTB, yIpyrue W (QHIBTPAIMOHHBIC TapaMeTphl
BojoBMemarmux nopoxa (tadmn. 3). CymecTBeHHBIM
omimmuneM ckBaxuH 1303 u FO3-5 ot ckB. E-1 saBmser-
Cd OTCYTCTBHE ra3a B COCTaBe IOJ3EMHOW BOIBI U
(dbopMupoBaHUE €€ THAPOJUHAMUYECKOTO PEeXUMa B
YCJIOBHUSAX aKTUBHOTO BOJOOOMEHA.

Jns rpyOoli oneHku nepopMOMETpUYECKON HyB-
CTBUTENBHOCTH YPOBHA B CKB. E-1 ncronp3oBaincey naH-
HBI€ TI0 POSABJICHUIO THAPOTEOIUHAMUYECKOTO MPEaABECT-
auka K3 (puc. 16). [Ipu 3TOM nonaranock, 9To BEIHINHEI
npenceiicMuueckoil nedopmanuu ObUTM IPUMEPHO OIU-
HAKOBBIMH B paiioHaX 00cHX HaOIIONATEeIbHBIX CKBAKHH
Ah, o JA o, s = Ahp /AL AMIUTATY/IBL TIOHVDKEHUS. YPOB-
ueit Ah cocraBumm B ckB. F03-5 11 cm, B ckB. E-1 — 1 cm
(puc. 16). Otctona BenuurHa Ae(GOpMOMETPHYECKOMN dyB-
CTBHTEJILHOCTH YPOBHS BOJIbI B CKB. E-1 10 oTHOImEHHUIO K
TEOPETHYECKOH 00BEMHOM JeopMaiuu A, COCTABIAET
npumepro 0.015 cm/107, a 1o OTHOIICHHUIO K TEOpeTHYeC-
KO IIomaiHoi nedopMarim AS =0.010 cm/10” (tipu Be-
mranHe ko3¢ durmenta [lyaccona v = 0.25).

Benuuuzbl ynpyroil Bogootiauu pesepByapa S u
CKMMAEMOCTH IOA3€MHON BOJBI 3, OLIEHMBAIUCH 110
pe3yinbTaTaM MOJICITHPOBAHUS BOCCTAHOBICHHS YPOB-
Hs BOJBI MOCJIE CIYCKa JaTYMKa aKyCTHYECKOW dMHC-
cuu B cTBOJ ckBaxuHbl 11 mapra 2009 r. (puc. 3).
Cryck gaTdyuka COIPOBOXAANCS MOBBIIIEHUEM YPOBHS
BOJBI Ha 13 cM ¢ mocnenyronieit ero cradunuszanuen B
tedenue 44 cyrt. Jlanasie 10-MUHYTHBIX 3aMEpPOB BO
BpeMs cTaOWUIIM3aluu YPOBHS BOJBI CPABHUBAIUCH C
3TaJOHHBIMU KPHUBBIMU NMOHM)KEHUS YPOBHS IpHU 3a-
JAHHBIX BEJIMYMHAX BoJgoNpoBoguMocTH T M ympyroi
BOJOOTAAYH S, MOJYYEeHHBIMH U3 PELICHUS YpaBHEHUS

Konwinosa, borouna
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Puc. 3. Crabunuzamnus ypoBHS BOIbI B ckBakuHE E-1 moc-

JIe CITyCKa aTYNKa aKyCTHYCCKON YMUCCUU B €€ CTBOJI.

)KHpHOfI JIMHUENA ITOKa3aHO M3MEHEHUE YpOBHA BOABI IO JaH-

HBIM IO-MI/IHyTHLIX H3MepeHHﬁ, TOHKHWMHU JIUHUAMHU IMOKa3aHbI

pacdyeTHbIE IOHUKEHUS YPOBHS BOABI IPU PA3IUYHBIX BEJIUYU-
HaX BOAONPOBOAMMOCTU T M ympyroit eMKoCTH S.

HECTAIIMOHAPHOW (UIBTPAIIUU JJIs COBEPIICHHOU
CKBQ)XUHBI IO CTCIICHH U XapaKTePy BCKPBITUS HAIOP-
HOTO OJHOPOJHOTO, U30TPOITHOTO M HEOTPAHUYCHHOTO
0 MPOTSDKEHHOCTH pe3epByapa [15]. Benmnuuna cxxnma-
emMocTu ckenera mopoasl = 7.37-10°!! Tla’!, momyden-
Has s ckBaxkuHbl 1303, mcmonp30Bajgach B KauecTBE
HAYaIbHOTO MPUOIIKEHUS TIPU OIICHKE BEITMYUHBI YIIPY-
rofl BONOOTIA4YM BOAOBMEIIAIONINX IOPOJ, BCKPBITHIX
ckB. E-1.

[lo pe3ynprataM MomenupoBaHUs Haubolee MpH-
eMJIEMOI BEJIMYMHOM COKMMAEMOCTH ITOA3EMHOM BOJBI
npu BoponpoBoauMoctu T=0.004 mM%*/cyT u ynpyroi Bo-
nootiade S = 5.8-107 (puc. 3) asnserca B, = 4.4-10° [Ta™.
Taxas BenuuuHa B, Ha NOPAMOK OOJbIIE, YEM CXKUMAE-
MOCTbh OOBIYHOW BOJIBI, ¥ YKa3bIBaeT Ha HEOOJBIIOE CO-
nepaHue CBOOOJHOTO Ta3a B IOPOBO-TPEIIMHHOM IPO-
CTpaHCTBE BOAOBMeNIatoNmel moponasl. Bennunna cxu-
MaeMOCTH ckeyneTa mopoasl 3 (tabn. 3) momydena w3
popmynsr S=d[pg(B+¢p,)], rne d — MomHOCTH pesepnya-
pa, paBHas 22 M.

C ucnonp3oBanueM (2) Benuuuna B = 0.07; mo (3)
B =10.17; mo (4) B = 0.044. Takum ob6pazom, o (2) — (4)
MOJy4eHa OLICHKA BEJIMYUHBI B B Ananma3zoHe 3HadueHUi
0.04-0.17, B cpequem 0.09.

Bennuwna Momyns casura ompeneisuiack mo ¢op-
myne [9, 22, 24]:

G=3/2[(1-2v)/B(1+V)], 5)
rae v — kodpduuuent [lyaccoHa st TpeHUPOBaHHBIX
yenoswid (v = 0.25).

[Ipu cpaBHEHHH YyIIPYTHX MapaMeTPOB BOIOBMEIIA-
omux mopon s ckBaxkuH E-1 uw 1303, ciokeHHBIX
OJIMHAKOBBIMH MOPOJIaMH — Ty(paMHu HEOT€HOBOTO BO3pa-
CTa, BUIHO, YTO BEIMYMHBI CKUMAEMOCTH CKEJIeTa IOpo-
Iel B 1 Moxynst casura G pasnuvaroTcs He3HAYHTEIHHO
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(tabm. 3). Ilpu sToM HaOmomaeTcst OOJBINOE Pa3IUUHE B
BelanunHax kodpdunuenta CkeMNTOHA, XapaKTepHU3YIO-
IIETO CBsI3b OOIIETO HANPSKEHUS B CKEJIeTe M MOPOBOTO
nasienus: B = -3p/c, rie ¢ — cymMa INIaBHBIX HampsbKe-
Huii 6 = 1/3(s, +s,,+s,,), 1 p — MopoBoe naBnenue [25].
Jns BogoBMeniaromux nopon ckB. E-1 nony4yeHs! Bech-
Ma Huzkue ero 3HaueHus (B = 0.044-0.17), noka3siBaro-
e ciabyro nepenady oOLIETo HAaNpsDKEHUS B MOpPoJe
Ha 1nopoBoe nasieHue. Huskue Bennuunsl B xopouio co-
IJIACYIOTCSl C JaHHBIMH O cJaboW YyBCTBUTEIBbHOCTHU
ypOBHS BOABI B CKB. E-1 k ynpyrum nedopmanusm Bogo-
BMEIIAIOLIEH MOPO/bl, BHI3BAHHBIM 0apOMETPUUECKUMHU,
OPWINBHBIMA W KOCEHCMHUYECKHMH BO3JICHCTBHUSIMHU.
Haubonee BeposATHOW MPUYMHON ITOTO SBISAETCSA MOBHI-
[ICHHAS CKUMAaeMOCTh IMOJ3EMHOM BOJBI 33 CYET IPH-
CYTCTBHSI r'a3a B €€ COCTaBe.

JJs OlleHKM BEIWYMHBI MpeacehcMUYECKON me-
(opmarnmu B paiione ckB. E-1 ncnosnp3oBanacek Gopmyna
CBA3M H3MEHEHMs JaBJICHHUS MOA3EMHOW BOAbl Ap u
00bpeMHOM medopmanum Ae ISl CTATUIECKU H30JIMPO-
BaHHBIX ycioBuii [23]:

Ap= -(2GB/3)[(1+v )/(1-2v )]Ae. )

Taxkas cBsI3b ompenesseTcs: yIpyruMu napaMmerpa-
MU pesepByapa: kodddumuentom Ilyaccona ais Hempe-
HUPOBAHHBIX YCIOBUH (mpuHUMAaock v, = 0.3), Momxynem
cneura G n xoadpunuentom Cremnrona B (tadm. 3).

[onaras, 4To aMIUIATYIA THIPOTCOTUHAMHYECKOTO
npensectHrka K3 B m3MeHEHHAX ypoBHS Bomsl Ah =
-1 cM MoJNIHOCTBIO OMpeaeNsaeTcs HOHWKEHUEM TOPOBOTO
JIABJICHUS, MOXKHO 3aITHCaTh

Ag = -(pgAh)/(2/3GB[(1+v )/(1-2v)]). @)

Ouenkn aedopManud 00bEMHOIO PACITUPECHUS B
patione ckB. E-1 Ha cranuu nmoaroroBku K3 cocraBisior:

Ag =(0.33-1.3)-107,

Ag = 0.8-107.

HMuanason Benunuud Ag = (0.33-1.3)-107 onpexnens-
€TCsl, B OCHOBHOM, JIMAITa30HOM OIICHOK BEIIMYHHBI KO-
a¢¢punuenta Cxkemnrona o (2)—(4), kKoTopele pa3nuya-
IOTCSl IPUMEPHO B YETHIpE pa3a. ITO CBHIACTEILCTBYET O
MPUOTU3ZUTEIFHOM, OLIEHOYHOM XapaKTepe BeJIUYUHBI
npejceiicMuueckoi JedopMali BOJOBMEIIAOIINX T10-
pon B paiione ckB. E-1.

PE3VJIBTATHI TEOJIE3NYECKHNX N3MEPEHMUIA,
T10 [3, 20]

Co BtOpo# nonoBuHbl 1996 1. Ha Kamuarke neii-
ctByer ceth GPS-crannuit KAMNET B cocraBe neBstu
MTyHKTOB TIOCTOSIHHBIX m3MepeHui. [1o pesynbraram pe-
ructpanuu nepemernennit GPS-cranmuii onpeneneHbl
CpEHEr0/I0BbIE CKOPOCTH CMEIICHHS 36MHOM MTOBEPXHO-
CTH B MyHKTaX HAOJIOJICHHUI, KOTOPHIE COCTABISIOT OT
MEPBBIX MM/TOJT JIO TIEPBBIX JAeCATKOB MM/ro. Habmrona-
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Puc. 4. HaGmroqeHHBIE aMIDTUTYABI IpenceiicMuaecKux
NBYKEHU M Tiepe]] KpoHOIIKUM 3eMIIETPSICEHUEM U Pe3yib-
TaThl UX UHBEPCUM JJISl Cllydash YUCTOTO CIABUTOBOIO HC-
TOYHHUKA obmiero Buaa, mo [3, 20].

Hcrounuk pacrnonaraics B o6iactu GopuiokoB (MOKa3aHbl Ma-
JICHbKUMH YEPHBIMH 3Be31aMu) Ha rryoune 30 kM. benas 3Be3-
Jla 03HAYaeT MPHUHATOE MOJIOKEHUE PEKOHCTPYHPOBAHHOTO TO-
YEYHOIr0 HCTOYHHUKA; PAIOM IIOKa3aH ero MexaHu3Mm odara. Keaj-
paramu nokazansl GPS-crannuu BKI, ES1, KBG, KLU, TIG,
MAI1, PETP — onopHas craHuus.

eMbIC CMCIIECHUS COOTBETCTBYIOT MOJIETH CYOIyKIIUU
Tuxookeanckoit mutel noa Kamuarky [13].

B cBs3u ¢ K3 o ganHeIiM HaOIrogeHHWil Ha CeTH
GPS-cTannmii 3aperucTpupoBansl Npea-, Ko- U ocrceiic-
MUYECKHE TOPU30HTaJbHbIE JeopMalui Ha PacCTOSHU-
SIX 10 COTeH KM oT snunenTpa [3, 13, 20]. B reuenne 15—
20 cyrok g0 K3 peructpupoBaiuchk nepemMerieHus Ou-
JKAUIIMX K 04ary CTaHIUU C 3aMETHBIMH aMIUTATYIaMH
(puc. 4), Beigenennsle apropamu [3, 13, 20] B nedopma-
[UOHHBIN MPEABECTHUK ATOTO cOOBITHsA. [lepeMenieHus
GPS-cTraHuuil MPOUCXOAUIN CHHXPOHHO C Pa3BUTHEM
THUAPOTCOMHAMUYCCKOTO MPEABECTHIUKA B H3MEHEHUAX
YPOBHS BOJIBI B JIBYX CKBaKuHaX (puc. 10).

B [3, 20] npencraBneHsl pe3yiabTaThl MOAEIUPOBA-
HUs crarudeckoro nepememenus: GPS-crtanumii ot To-
YEYHOT'0 CABUTOBOIO MCTOYHHMKA OOILIEro BUIa B yHpy-
TOM TIOJIYIPOCTPAHCTBE Ha cTaauu NoAroroBku K3
(puc. 4). Beulo mMoka3zaHo, YTO MOMEHTHAasT MarHHUTY/a
CIBMIOBOTO MCTOYHHMKa cocrasiasiua My =7.7, a ero
HOPMAaJIM30BaHHBIN TEH30p ONHM30K K JBOMHOMY IHIIOJNIO
(puc. 4, Tabn. 1). Takne npenceiicMuIecKue TBUKCHUS
aBTopbl [3, 20] OOBACHAIOT pa3BUTHEM ‘‘MEIJIEHHOTO
3eMJIETPACEHNUA”, PACIIOJIOKEHHOIO IIPUMEPHO B LIEHTPE
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(hopIIOKOBOTO POSI Y CEBEPO-BOCTOYHOTO Kpasi ovara K3
(puc. la, 4). Ilo pe3ynpraram MOIETUPOBAHUS TaKXKe
c/IeTiaH BBIBOJI O IPEUMYIICCTBECHHO YIIPYIOM XapakTepe
HaOI0aeMBbIX IBM)KEHUH 0€3 MPU3HAKOB JHJIATAHCHOH-
HOMW cOoCTaBJIAIOIIEH.

Cnenyer oTMeTHTB, YTO BbIMONHEeHHas B [3, 20]
OIICHKA IOJIHOTO CeHCMHUYECKOTO MOMEHTA, CBA3aHHOTO
¢ cymmapHsiMu niepemerieansiMu GPS-cranmuii ¢ 15 Ho-
s10pst mo 25 nmexadps 1997 1., cooTBETCTBYeT MOMEHTHOM
marautyne M, = 8. Ilpu sToM rmaBHbIA BKuajy (~45—
50 %) manm nocTceicCMUYECKUH CUTHAN; KOCEHCMHUYECKOE
JIBIKEHUE cOCTaBisuIo okoino 35-40 %, nHa npenceiicmu-
4yeCcKuil curHan npuxonutcs He o6onee 10-20 %.

OBCYXJIEHHUE PE3YJIBTATOB U BBIBOJbI

O CUHXPOHHOM NPOSIBNIEHUU 2€00e3UYECKO20 U 2UO-
poceoounamuueckozo npedsecmuuxos K3. Ha puc. 16
TPUBOAUTCS colocTaBieHue nepememnennii GPS-cran-
uuit orHocutenbHO crannuu PETP u nuamenenuit ypoBHs
Boabl B ckBaxkuHax E-1 u FO3-5 B Teuenue 2.5 Mec. 10
K3. IIpenceiicMuueckue aedopMalnun, 0COOEHHO SPKO
MPOSIBUBIINECS B MEPEMEIICHUSX ONMKANIIMX K AIHU-
unentpy craniuiit KLU, ES1 u KBG, Bo3aukmm 3a 1-0.5
MEC. JI0 3eMIICTPSICEHUS U OTPaKaJld MPEIIECTBYIOIINE
3TOMY 3eMJIETPACECHUIO MPEUMYILECTBEHHO aceiicMudec-
KHUe IBIDKCHHUSA B 00JIACTH odYara.

[Mpumepno 3a Tpu Heaenu g0 K3 Bo Bpemst pa3Bu-
TUS TIPEJCEHCMUYECKUX JIBIDKEHUN B U3MEHEHUSX YPOB-
HEW BOIBI B ABYX CKBa)XMHaX, ygaJeHHBIX Ha 320 KM OT
SIHUIIEHTPA, 3aPETHUCTPUPOBAHBI OyXTOOOpa3HbIE TTOHU-
)eHus (puc. 10), BbIIETIEHHBIC B THAPOTEOINHAMHUYEC-
KU TIpEeABECTHUK ATOTO coObITHS. B pabore [4] Takue
BapHaIlii YPOBHS BOJIBI OOBSICHIAIOTCS KBa3HyIIPYroi Jie-
dopmanueid pacHIpeHHss BOJOBMEMIAOIINX TMOPOJ
BCIIEJICTBHE PA3BUTHUSA MPEACEHCMUUECKUX JABUKEHUN B
o0yacTu oyara.

Takum 006pa3oM, CHHXPOHHOE MPOSIBICHUE TPE-
ceiicmuyeckux nepemenieHnd GPS-cranmuit Kamuarc-
KOW CETH M THUJPOTeOIMHAMUYECKOTO MPE/IBECTHUKA B
U3MEHEHUSIX ypoBHel Bonbl B ckB. FO3-5 u E-1 moxer
paccMarpuBaThCs B KAY€CTBE MOKA3ATEINsI CBSA3H ITUX SIB-
nenwuii (puc. 10).

O mouyHocmu OYeHOK BelUtUH NPedCcelicCMUecKoll
Odepopmayuu no yposnemepHviM OaHubiM. JIIS CKB.
103-5 npumensnace MOziEIb yIpyroro OTKJIMKAa ypOBHS
BOJIbI HA O0BEMHYIO JTe(popMaIMio BOIOBMEMIAFOIIHNX TTO-
pOIl B AMAama3oHe MEPHOJOB IMPOSBICHUS CTaTUYCCKU
HM30JIUPOBAHHBIX YCIOBUH B CHCTEME “‘CKBa)KMHA — pe-
3epByap”. Takas Mozienb NOATBEP)KIAETCS pe3ynbTaTaMU
0apoMeTpHYECKOTO Y MPWIMBHOIO aHaIW3a Bapwalui
YPOBHS BOJIbI, COTJIACOBAHHOCTBIO OIEHOK KOCEHCMHU-
yecKor JeopManuu Mo ypoBHEMEPHBIM JTaHHBIM H 110

Konwinosa, borouna

MOJIENTN MPOTSHKEHHOTO HCTOYHHKA B OJHOPOIHOM YIIPY-
roM modyrpocTpancTse [12], a Takke nmpaBIonog00HbI-
MU OIIEHKaMHU BEJIWYWH YIPYTUX IMapaMeTpoOB BOIOBMeE-
maromux nopof. IlosTtoMy nmoHmxeHue ypoBHS BOJBI B
ckB. 03-5 nmepen K3 BmoxHe MOIio cCOOTBETCTBOBATH
HEUCKa)KEHHOH ynpyroil peakuuy MOPOBOTO JAaBJIECHUA
Ha TIpeJceHCMUYECKYI0 Ae(OpMaIlnI0 PaCIIUPEHUsS BO-
JOBMELIAIOIINX MTOPO.

Mo ammnTyne MOHMW)KEHUST YPOBHS BOABI U BENHU-
YMHE €T0 IPUIMBHOM YyBCTBUTENLHOCTH A, 110 (1) onpe-
JiefieHa BeJIMUMHA IMpeacericMuueckoil 00beMHON nedop-
Malliyd BOJOBMENIAIONIMX MOpoj B paifone ckB. KO3-5
D, = (0.68+0.04)-107~0.7-107. TounocTh Benu4uHbl D,
OTIpEJICNIACTCS, B MIEPBYIO OYePe/lb, TOUHOCTHIO BEIINYH-
HbI TIPUJIMBHOW YYBCTBUTENILHOCTH YPOBHS BOJIbI A, KO-
TOpasi OIICHUBAIACH [0 OTHONIEHUIO K TEOPETHYECKOU
MpUJINBHOU nedopMaiu B pailoHe CKBa)KUHBI 10 MOJE-
mu npunuHoro nedopmupoanus 3emun CTED [27].
[To sxciepuMeHTaIbHBIM TaHHBIM U3BECTHO, YTO B MPH-
OpeXHBIX paiioHaX pa3iIUuue MEXIYy TCOPETUICCKUMH U
(aKTHYEeCKUMHU BEITMYMHAMH MPIJIMBHOU AeopMalun
MOJXET JIOCTUTATh MEPBBIX JIECITKOB MPOIEHTOB BCJIE-
CTBHE BIIUSHUA OKEAHHMYECKOM Harpy3Kd U JIOKaJbHBIX
HEOJHOPOIHOCTEH CTPOCHHS 36MHOU KOPBI.

JLyist IpOBEPKH TIOJTYYEHHON BEIMYMHBI D, BHITIOIHEH
pacyet o0vemMHOI nedopmaru Ag 1o (7) ¢ ucnonb3oBa-
HUEM BEJIMYMH MMOHKEHUS ypoBHS Boabl Ah =-0.11 m, G
u B u3 tabn. 3 u v = 0.3. B oTom ciydae BenuurHa
00beMHOH TpenceiicMuIecKo aedopManuy Ha CTaAUN
noxroroBku K3 cocrasiser Ae = 0.6-107. biuskue 3Haude-
Hust D 1 Ag yKa3bIBaroT Ha IPABUIIBHOCTh OLEHEHHBIX YII-
PYTUX IapaMeTpoB pe3epByapa U Ha BHYTPEHHIOIO COIJia-
COBAaHHOCTH MCIOJIB3yeMON monenu s ckB. FO3-5.

Bemmunnaa npencelicMuueckoit neopMannu B pai-
one ckB. E1 Ag ~ 0.8-107 coracyeTcst Mo MOpsAKY BENH-
YHH C OIICHKOH s paliona ckB. F03-5 (CKkBaKUHBI pactio-
JIOXKeHBI Ha pacctosHuM 11 kM apyr ot apyra). Bmecte ¢
TEM, Ta BEIMYMHA UMEET OIICHOYHBIN XapakTep, T. K. IPH
€€ TOJY4YeHUM 3aKIajbIBaJiC PAd IPaBIONOAO00HBIX
MIPEATONIOKEHH, B YaCTHOCTH, O BEIMYMHAX ITOPHUCTOCTH
BOJOBMELIAIONIMX TIOPOA, CXHUMAaEeMOCTEeH CcKenera H
TBepIOi (a3bl cKeleTa, BEIIMYMHAX JPESHUPOBAHHOTO H
HeZlpeHupoBaHHOTO Kod(duuuentos Ilyaccona. Mcmnomnb-
30BaHHME MOJICIIUPOBAHMS OTKJIMKA YPOBHS Ha €ro UCKYC-
CTBEHHOE BO3MYIIEHHE — CIYCK JIaTUMKa aKyCTUYECKOH
SMHCCHH B CTBOJI CKB2YKHHBI — TIO3BOJIHJIO MTOJYYUTh TIPH-
ONMM3UTENIbHYIO OLIEHKY BEJIMYMHBI C)KMMAeMOCTH IIOJ-
3emHOM Bozbl B. IIpencraBienHble METOMYECKHE TIPH-
€MBbl IEMOHCTPUPYIOT BO3MOXHOCTD IOJYYEHHUS! OLIEHOK
npejceiicMuIeckoil nedopMalii He TOJNBKO MO JaHHBIM
HaOmrofeHni Ha ckB. E-1, HO U Ha JOPYrux MOMOOHBIX
CKBa)KWHAX, KOHTPOJHUPYIOIIUX Ta30CoepKaIlue BOJO-
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BMEIIAOIIIe TTOPOIBI, B U3MEHEHHIX YPOBHS B KOTOPBIX
HE MPOABJISIOTCS NPUIMBHbBIE BapHallUy.

C ucnonszoBanueM (opmyinsl (7) 1 OLEHEHHBIX
napaMeTpoB BOJOBMEMIAIONINX HOpox (Tadi. 3) momydeH
IUana3oH BENMYUH Ae(hOPMOMETPUUECKOH YYyBCTBH-
TEJBHOCTU YpOBHs Bojbl B ckB. E-1 A = 0.007-0.030
cm/107, B cpenrem — 0.016 cm/107.

B 3axmrouenue cienyer OTMETHTh, YTO B THIPOIeo-
XUMHYECKOM PEXUME YEThIpeX MTyOOKHX CaMOW3ITHBAO-
LIUXCS CKBAXXUH NPEIBECTHUKU B (popMe aHOMAJIbHBIX
M3MEHEHUI XMMHUYECKOTO COCTaBa BOJBI MPOSBIISINCH B
TedyeHue HecKonbkux Mecsues nepex K3 [7, 18, 19]. Orto
YKa3bIBAaeT Ha MPEIIECTBYIOLIEE 3TOMY 3€MIIETPSICEHUIO
CYLIECTBEHHOE M3MEHEHHE YCIOBUN CMELIMBAaHUS KOH-
TPACTHBIX 10 XUMHUUYECKOMY COCTaBY IMOA3EMHBIX BOJ B
MUTAIOUINX BOZOHOCHBIX cucTemax. Kak yka3plBaoCh B
[6, 7], Takue NposIBIEHUS TUAPOrE€OXUMHUECKUX NpeN-
BECTHUKOB MOIJIM OBITh CBA3aHBI C AJIUTEIBHOU (Mecs-
ITb1) HBOJIIOIMECH MPHUITOBEPXHOCTHON 30HBI TPEIIMHHOMN
JUIaTaHCUM B BOAOBMELIAIOLIMX IOpPOJaxX B MpoIecce
nonrotoBku K3. [Ipu 3ToM aHOMajbHbBIE TIEpeMEIICHUS
GPS-crannuii Ha 3TOM CTagUM MOATOTOBKU 3eMIIETpsICe-
HUS HE PETUCTPUPOBAIUCH.

ITpumep K3 noka3seiBaer, 4To Ha CTaZAUU €r0 MOJATO-
TOBKH MPOSBILUIUCH J[Ba THIIA MPOLIECCOB B FE0JIOTHYeC-
KOM cpesie B KOHTHHEHTANBHBIX paiioHax Kamyarku — oT-
HOCUTEJBHO JJIUTENbHOE pa3BUTHE TPEIIMHHOHN nuia-
TaHCHUH B TOPHBIX MOpOJIaX U 0oJiee KPaTKOBPEMEHHOE,
MOpsAKa TEPBBIX AECATKOB CYyTOK, MX KBa3HyIIpyroe je-
(opmupoBanme. [Ipy 3TOM THIPOTCOXUMUYECKUN PEXKUM
CaMOHU3JIMBAIOIINXCS CKBAXHUH SBIAETCSA Oojiee HyB-
CTBHTEJIBHBIM K MEPBOMY M3 YKa3aHHBIX MPOIIECCOB, a
THUAPOTEOIUHAMUYECKUI PEXUM Mbe30METPUUECKUX CKBa-
JKWH, BCKPBIBAIOIIMX HATIOPHBIC MO3EMHBIC BOBI, Oolee
YYBCTBHUTENEH KO BTOPOMY MPOLIECCY, KOTOPbINA pa3BUBAJICS
Ha OTHOCHUTENBHO KPAaTKOCPOYHOM cTafuy moAroToBku K3.

[Ipumep K3 Takke moka3piBaeT HEOOXOAMMOCTH
KOMILICKCHPOBAHUS Pa3lIUYHBIX BHUJIOB HAOIIONECHUH,
OpHUEHTHUPOBAHHBIX Ha JHMAarHOCTUKY MPEABECTHUKOB
CUJIBHBIX 3EMIICTPICEHUHN, 0O0YCIOBICHHBIX Pa3InunueM
JBYX BO3MOXKHBIX IPOLIECCOB, Pa3BUBAIOIINXCA Ha Cpel-
HE-KPaTKOCPOYHBIX CTaJHSIX MX MOJATOTOBKH.

BJIATOJAPHOCTH

ABTOpPBI BBIpaXaroT OJIarogapHOCTh aHOHUMHBIM
peLEeH3eHTaM 3a BHUMATEJIbHOE O3HAKOMJIEHUE C PYKO-
IIUCBIO CTAThbU U LICHHBIC 3aMEYaHMsl, HallpaBICHHbBIE Ha
€€ ylydllIeHUE.

Ilo MHEHHIO OJHOIO U3 PELIEH3EHTOB, IPUMEHEHHE
TEOPUH MOPOYIPYTOCTH I OLIEHOK YIPYTHX IIapaMeT-
POB U IOPUCTOCTH BOAOBMEIAIONIMX IIOPOJ, @ TAKKE KO-
JUYECTBEHHBIE OLEHKM BEJIMYUH IpelcelcMUuecKon

113

00beMHOM nedopMmany Ha CTaAWK MOATOTOBKH Kpo-
HOIIKOTO 3€MJIETPSICEHUS SIBIISIOTCSI HE BIIOJIHE 000CHO-
BaHHBIMH TPU JUIMTEIBHBIX THAPOTCOIMHAMHYCCKUX
mporeccax, COMPOBOXKIAIOMINXCS YIPYrodl HEyCTaHO-
BUBIIeHcs uipTpanueii. BMecte ¢ TeM, pereH3eHTOM
HE MPUBOIITCS KPUTEPUU ONPEICICHUsT YKa3aHHON MM
BEPXHEH I'paHUIBI IPUMEHUMOCTH TEOPHHU MOPOYIPYro-
ctu (1 cyr). B HacTosmieit pabore [1s onpeneneHust Bep-
XHEU TPaHUIBI CTATUYCCKH U30JUPOBAHHBIX YCIOBUI B
CUCTeMe “‘CKBa)KMHA — BOIOBMEIIAIONIAs TIopona” U, Co-
OTBETCTBCHHO, IPUMEHUMOCTH TEOPUHU IMOPOYIPYTOCTH
JUTS HaOJMIOJCHHBIX N3MEHEHUH YPOBHS BOABI B CKBAXKH-
Hax FO3-5 u E-1 ucnonp3ytorcs pe3yapTaTbl KPOCC-CIIEK-
TPAJIBHOTO aHAIIM3a BapUaIdil ypOBHS BOIABI U aTMOC-
(epHoro nasnenus. Ilpu 3ToM Bapmanun aTMoC(hepHOTo
JABJICHUS PAacCMATPHUBAIOTCS B KadyeCTBE IPHPOTHOTO
30H/IMPYIONIETO CUTHATIA COCTOSHUSI CUCTEMBI “‘CKBaXKHU-
Ha — BOJOBMEIIAoNIasi mopoAa” B HIMPOKOM JHATa30HE
MIEPUOTOB — OT YacOB JIO COTEH CYTOK.
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Pexomenoosana x neuamu b.B. Jlesunvim

G.N. Kopylova, S.V. Boldina

On the mechanism of a hydrogeodynamic precursor of the Kronotsky earthquake,
December 5, 1997, M = 7.8

Fall of water table with amplitudes 11 and 1 cm were registered in the wells UZ-5 and E-1, Kamchatka, within
three weeks before the 5™ December, 1997 Kronotsky earthquake, M =7.8. Such decreases of water level
defined as hydrogeodynamic precursor of the earthquake, developed synchronously with horizontal displacements
of'the GPS-stations located at intervals up to the first hundreds km from the future seismic focus. The mechanism
of the formation of the hydrogeodynamic Kronotsky earthquake precursor is discussed with application of the
model of the elastic response of water level to the seismotectonic deformation of water-bearing rocks. It was
shown that the fall of water table in both wells can be explained by undistorted response of pore pressure to a
quasi-elastic volume deformation of the water-bearing rocks as a result of pre-seismic movements at the stage
of the Kronotsky earthquake preparation. From the level meter observations in the areas of the wells, the
estimated values of pre-seismic expansion of the water-bearing rocks are D = (0.6-0.8) 107

Keywords: Kronotsky earthquake, well, water-bearing rock, water table, tidal sensitivity, deformation,

seismic focus, precursor.



