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B ckBaxkunax H03-5 u E-1, Kamuarka, 3aperucTpupoBaHbl MOHWKEHUS YPOBHA BOJBI C aMIuInTyxamu 11 u
1 cm B Teuenue Tpex Hezenb nepen Kponoukum semnerpscennem 5 nexabps 1997 r., M = 7.8. Takue noun-
JKeHHU S, BBIICJICHHBIC B THAPOTCOAMHAMUYECKUI MPEABECTHUK ATOTO 3eMJIETPSICEHHS, Pa3BUBAINCh CHHXPOH-
HO ¢ ropu3oHTanbHbIMU nepemenieHusIMu GPS-cranmuii cetu KAMNET, pacnonoxkeHHbIX Ha PacCTOSHUSIX
JIO TIEPBBIX COTEH KM OT Oyyiiero oyara. O0cyxaaercss MexaHu3M (hOpMHUPOBAHMS THIPOr€OAMHAMHYE CKOTO
MIPEIBECTHUKA C NMPHUBJICUEHUEM MOJEIH YIPYTOro CTaTHUECKU M30JUPOBAHHOIO OTKIMKA YPOBHS BOABI Ha
JeopMaliHio BOJOBMEIAIOIIUX [TOPOJL IIPU MPUIMBHBIX U IIPU OTHOCUTEILHO KPAaTKOBPEMEHHBIX OapoMeT-
PUYECKHX U CEHCMOTEKTOHMYECKHUX BO3/eHCcTBUsIX. [loKka3aHo, UTO MOHIKEHHE YPOBHS BOJBI B 00EHUX CKBa-
JKUHAX MOXKHO OOBSICHUTH HEHCKKEHHBIM OTKJIMKOM IIOPOBOT'O JIABJICHUS Ha KBAa3UYyNpPYyTylo Je(GopMaliuio
00BEMHOTO pacIIUPEeHUs BOJOBMELIAIOIINX MTOPOJ IPH PA3BUTUH MPEACEHCMUYECKUX IBM)KEHUM Ha CTaAuU
noarorosku Kponouxoro 3emnerpsicenus. I1o raHHBIM ypoBHEMEpHBIX HaONIOAEHUH, BEIMYHHBI IIpesceiic-
MHUYecKoi iepopmaiuu B paifonax ckpaxuH coctapisnu D, = (0.6P0.8)-107.

Knwuesuie cnosa: CKBa*KMHAa, BOAOBMEeHIAKOIAsA MOPOAAa, YPOBCHb BOAbI, IPUJIUBHAAA YYBCTBUTECIb-

HOCTb, )Ie(l)OpMaIll/lﬂ, oyar 3eMJICTPpSAICCHUS, NIPEIBECTHUK, KpOHOHKOC 3emMJjieTpsa-

CeHue, 1m-0oB Kamuarka.

BBEJIEHUE

YpoBHEMEpHBIE HAOMIONEHNUS B MTHE30METPHUECKUX
CKB2)XMHAX PacCMaTpPUBAIOTCS B KAU€CTBE OHOTO M3 Me-
TOJIOB KOHTPOJISI HaMpsKEHHO-Ae()OPMUPOBAHHOTO CO-
CTOSIHHSI BEPXHUX TOPU30HTOB 3€MHON KOPBI U ITOUCKA
TUAPOTCONMHAMHYECKUX TMPEABECTHUKOB 3eMIIeTpsice-
Huil. BMecTe ¢ TeMm, BOIPOCH! OlleHKH UH(OpPMaTHBHOC-
TH MeToAa U ero 3((EKTUBHOCTH B OTHOLICHUU JTUATHO-
CTUKH THAPOTEOIMHAMHYECKUX MPEIBECTHUKOB 3eMJIe-
TPSACEHUH OCTAIOTCS OTKPBITHIMU. OIpeaeseHHbIe TPY/I-
HOCTH NPU PACCMOTPEHHUH ITUX BOMPOCOB CBA3AHBI C
TEM, 4TO HAOIIoIaTeIbHbIe CKBAXKHHBI XapaKTePU3YIOTCA
pa3HOOOpa3eM TEeXHUYECKOTO CTPOCHHS, pa3InuueM
BOJIOBMELIAIONIMX MOPOJI, UX (UIBTPALIMOHHBIX U yIPY-
TUX CBOICTB, a TakKe YCIOBUAMH (DOPMHUPOBAHUS TU-
poaMHaAMHUYEcKoro pexxuma. Posib mepedncieHHbIX (ax-
TOPOB B (POPMUPOBAHUH OTKJIMKOB YPOBHS BOJbI Ha M3-
MEHEHHS HAMPSKEHHOT'O COCTOSTHUS (PIIOUTOHACHIIICH-

* [1y6nnkyeTcst B AUCKYCCHOHHOM MOPSIIKE.

HOM I'e0JIOTMYECKO Cpelibl HEMHOI'O U3y4€Ha I10 DKCIEPU-
MEHTAIILHBIM JIAHHBIM.

Bapuanuu armocdepHOro naBieHus, 3eMHbIC TIPH-
JUBBI U U3MEHEHHUsI HAIIPSHKEHHOTO COCTOSHUS T€0JI0T U~
YeCcKOW cpenabl mMpu oOpa3oBaHUM PAa3phIBOB B o4arax
MECTHBIX 3€MJIETPSICEHUI BO3JEHCTBYIOT Ha BOJOOOMEH
ME3K/ly BOJOBMEILIAIOIIEH MOPOAOH U CTBOJIOM CKBaXH-
HbI ¥ COTIPOBOXKIAIOTCS COOTBETCTBYIOIUMH OTKIMKAMH
B U3MEHEHUSIX YPOBHS BOAbL. [10 COBOKYIHOCTH OTKIIH-
KOB YPOBHsI Ha 9TH BO3JCHCTBUSA MOXKHO JAHATHOCTUPO-
BaTh HAJMYKE U NApaMeTPhl TAKUX CHEHUPUIECKUX yC-
JOBUHM I OTAENbHOW CKBaXKMHBI, KOrjaa (UiIbTpanus
BOJIbI M MHEPIUOHHOCTH BOJOOOMEHA MEXAY CTBOJIOM
CKBXMHBI M BMEILAIOIIEH MOPOJ0 HE MCKaXKaKT OT-
KIIMK YPOBHSI HA U3MEHEHHUE MTOPOBOTO JaBJICHUS MPH yTI-
pyroit nedopmarnuu [5, 8, 11, 23, 24]. Ouenka aedhopmo-
METPUYECKUX CBOUCTB OTAEIBHBIX CKBaXHUH P neopmo-
METPUYECKON UyBCTBUTEIBHOCTH YPOBHS BOJBI U IMara-
30Ha MEPUOAOB MPOSBICHUS JTUHEHHON CBSI3U MEXIY U3-
MEHEHUSMHU YPOBHS BOJBI U yIpyroil aedopmaiueii Bo-
JOBMEMIAIOMIMX MOPoA (CTaTUYECKH H30JIMPOBaHHBIE
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YCIIOBHS) — MOJKET ITPOBOIUTHCS IO Pe3yNbTaTaM aHaJIH-
3a 6apOMETPUYECKOrO U MPUIUBHOTO OTKJIUKOB YPOBHS
BOJIBI M JAHHBIX O KOCCHCMUYECKUX CKaukaX YpOBHS IIpU
MECTHBIX 3eMJieTpsiceHusX [8].

Juamna3zoH NIEepuoioB MPOSBICHHUS CTAaTHYECKHU
W30TUPOBAHHBIX YCIOBUH OIICHUBAETCS MO pe3yabTa-
TaM KpOCC-CIIEKTPaJIbHOTO aHaln3a JAaHHBIX 110 H3Me-
HECHHUSAM YPOBHS BOABI (BBIXOJHOH CHTHAN) M aTMOC-
(depHoOrO AaBneHus (BXOIHOW HIUPOKOMOIOCHBIN CHUT-
Has). XapaKTepUCTUKAMHU CBSI3M BapHalUil ypoBHS
BOABI U aTMOC(EpHOro JaBICHUS B 3aBUCHUMOCTH OT
BEJIMUMHBI IEpHOJa SIBIAIOTCS aMIIUTyAHAs Iepeaa-
ToyHas QYHKIHS U U3MEHEHHE pa3sHocTu ¢a3. Ilo mps-
MOJINHEHHOMY y4acTKy MOBEACHHS aMIUIUTYyIHOW me-
penatouHoil (yHKIIMU OT Bapuanuid aTMocgepHOro
JABJICHUS K U3MCHCHUSIM YPOBHS BOJABI OLICHUBAETCS
JMana30H MEePUOIOB IPOSBICHUS CTAaTUYCCKH U30JIHU-
POBaHHBIX YCIOBHUH AL OTACIBHOI CKBa)XMHHI [5, &,
11]. Jedopmomerpruueckass YyBCTBUTEIBHOCTh YPOB-
HSI BOJBI MOXKET OLICHUBATHCS IO BEIIMUMHE €TO MpH-
JUBHON YyBCTBUTEIBHOCTH IO COOTHOIICHHUIO aMILIH-
TyZ OTACJBHBIX IPHIMBHBIX BOIH B M3MEHEHHUSIX yPOB-
HS U COOTBETCTBYIOUIUX BEIUIMH U3MEPEHHON HIIH Te-
opetnueckoi nedopmanuu. Ilpumeps! omeHkH napa-
METPOB CTATHYECKH H30IMPOBAHHBIX YCIOBUM IS OT-
JIETbHBIX CKBXUH MpUBOJATCS B [5, 11].

Or1eHKa BeNMYNH YIPYTUX HapaMeTpPoB BOIOBME-
IIArOIIEH MOPOABI I CTaTHYECKH M30IHPOBAHHBIX yC-
JIOBUH MOXET IMPOU3BOIUTHCS IO (popMyaaM TEOpUH II0-
POYTIPYTOCTH € MCIIONB30BAaHUEM IKCIIEPUMEHTAIIBHO T10-
JYYCHHBIX BEJIMYHMH OapoMeTpuyeckoi 3 eKTHBHOCTH
E, 1 NpUIMBHOM 1yBCTBUTENLHOCTH YPOBHS BOJIBI 110 OT-
HOIIEHHUIO K IUIONIANHON (A ) n 00beMHOM (A,) nedop-
MarusM. COOTBETCTBYIOIINE BBIPAXKCHUSI TIPUBOIATCS B
paborax [9, 24, 26].

W3noxxeHHBIH BhIIIE MOAX0A K 00paboTke JaHHBIX
YPOBHEMEPHBIX HAOMIOAECHUH T0O3BONISET OLICHUBATH
MPUTOAHOCTD OTIENBHBIX CKBAKHH B KaueCTBE MPUPO.I-
HO-TEXHUUYECKHUX JeopmorpadoB Mpu pa3BUTHU KBa3U-
yhnpyroi pegopManuy BOIOBMEINAIOIUX MOPO B IHa-
Ma30HE NEPHOIOB MPOSIBICHUSI CTATUYECKH H30IHPOBAH-
HBIX YCJIOBHM IIPHU OTHOCHUTEIBHO KPATKOBPEMEHHBIX
MOABIDKKAX IO pas3iIoMaM U IpH aceHCMHUECKUX ABHKE-
HUSX Ha CTaAUSAX IOATOTOBKH 3eMIICTPSICCHUH.

Heo6xomuMo 0TMETHTH, YTO BOIIPOC O MEXaHU3MaxX
(hOpMHUPOBAHMS THIPOTCOAMHAMUYECKUX INPEIBECTHU-
KOB B U3MEHEHHIX YPOBHS BOJBI HE BIIONHE sIceH. B mep-
BYIO OY€pesib, M3-3a HEONPEIEIIEHHOCTH MPOIIECCOB, Pa3-
BHBAIOIIUXCS] B BEPXHUX TOPU30HTAX 3€MHOI KOPBI IIpU
MOJITOTOBKE OTJIENIbHBIX 3eMieTpsiceHui. B [6, 16] B ka-
YeCTBE OCHOBHBIX IIPOIECCOB Ha CTAIMSIX MOATOTOBKU
3eMJIETPSICEHHUIl paccMaTpuBaeTcs ynpyroe aeGopMupo-
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BaHME I'€OJOrMYECKON CpeAbl U pa3BUTHUE TPEILIUHHOU
JUIATAaHCUH B TOPHBIX Toponax. OnpeneneHne MexaHus3-
MOB (pOPMHUPOBAHUS TUIPOTCOMMHAMUICCKUX U JAPYTHX
BHUJIOB MPEABECTHUKOB MPU CHUIBHBIX 3eMJICTPSCCHUIX
Ha OCHOBE JTAaHHBIX HAOMIONCHUN MPEACTABISIET OHY U3
KJIIOUEBBIX 3a7lad B PELICHUH IpoOIEeMbI CpelHe-Kpat-
KOCPOYHOTO CEHCMHUYECKOro MPOTHO3a.

5 nexabps 1997 1. y THXOOKEaHCKOTO MOOEPEKbS
KamuaTku mpou3oiio 3eMiIeTpsiCeHue ¢ MarH UTyaou
M = 7.8 (Kponoukoe semierpscenue, nanee K3)
(puc. 1a). B TeueHne AByX CYTOK O OCHOBHOTO TONYKA
BOJM3H €r0 HHCTPYMEHTAJIBHOIO 3MUIICHTPa pa3BUBAJICS
Poii (OPIIOKOB C BENUIMHAMHU YHEPIeTUYECKUX KIACCOB
K = 9.0-12.8 (M = 3.8-5.6). K3 conposoxnanoch
MHOTOYHCIICHHBIMUA A TEepUIOKaMHU, OKOHTYPHBIIUMU
oyaroByto obmacth pasmepom 220x140 km. UHCTpyMEH-
TanpHBIN SnuIeHTp K3 pacnonaraics B ceBepo-BOCTOU-
HOM yacTu 04aroBo# 30HbI Ha TiryouHe 25-33 kM. Ouar
K3 umeer mapaMeTpsl, TUIIHYHBIC IS 3€MIICTPSICEHUI
30HBI cyOaykuuu (Tabmn. 1) [14].

[Tepen K3 Obli1n 3aperucTpupoBaHbl pa3HOOOpas-
HBIE€ TIPEIBECTHUKH, B T. 4. nepemenieHust GPS-craH-
nuii cetu KAMNET [3, 13, 20], anoMaibHbIC U3MCHE-
HHUSI XUMUYECKOTO COCTaBa BOABI B ITyOOKHX CaMOH3-
nuBamUIuXxca ckBaxxkuHax [18], crabunuzanus ¢assl
MPIJINBHON KOMIIOHEHTHI BBICOKOYACTOTHOTO CceiicMu-
yeckoro myma [14] u np. [10]. B ckBaxkunax KO3-5 u
E-1 Obnm 3aperucTpupoBaHbl OyXTOOOpa3HbIC MOHU-
XKEHUSI YPOBHEH BOABI MPOJOIKHUTEIBHOCTHIO OKOJIO
TpeX HeAellb, CHHXPOHHBIE C IPEICCHCMUYECKUMH TIe-
pememenusmu GPS-cranuuii (puc. 16). AmMnnuryna
MOHMKEHHUSI ypoBHS BoAbl B ckB. I03-5 cocrtaBuia
11 cm, B ckB. E1 — 1 cm. B [5] Takue moHMKeHHs
YPOBHS paccCMaTpUBAIOTCS B KaUu€CTBE I'MAPOTCOINHA-
MHYECKHUX IpeaBecTHUKOB K3.

B mMomenT K3 B ckB. KO3-5 Ob11 Taxke 3aperucTpu-
POBaH KOCEHCMHMUYECKUI CKAaYOK MOHUKEHMS YPOBHS C
amrutyaoi 12 cum [5]. B ckBaxkune E-1 koceiicmudec-
KU cKadok He mnposBisiics. [IpoxoxaeHue Bplcokodac-
TOTHBIX celicMUYecKuX BOJH oT K3 Takxke compoBoka-
JIOCh Pa3IMYHON NOCTCEHCMHUYECKOM peakuueld ypos-
Hel: moHMkeHneM ypoBHs B ckB. FO3-5 Ha 1 M [5] u mo-
BeIllieHNeM ypoBHA B ckB. E-1 Ha 30 cm [4]. [Tocrceiic-
MHUYECKHE BapHaIlMH YPOBHEH B 00eMX CKBaKMHAX pas-
BHBAJIMCh B TCUCHHUE TPEX MECSIICB.

B pabote obcyxmaeTcst MexaHU3M (OPMUPOBAHHS
THJIPOTeOIMHAMUYECKOro IpenBecTHUKa K3 ¢ nmpusieye-
HHUEM JTaHHBIX Habmomenuit metomom GPS reogesun n
TEOPETHUECKON MOACTH YIPYroro CTaTHYECKHU H30JIUPO-
BaHHOTO OTKJIMKA YPOBHS BOIBI Ha Ae(OpMAaLHIO BOJIO-
BMEIIAIOIIKX MOPOJ IpU MPHIMBHBEIX, OapoMeTpHuec-
KHX U CEHCMOTEKTOHUYECKUX BO3ICHCTBUSIX.



106

Konwinosa, Borouna

a .
KMS
62° _
C.L1.
4
cgo_| O
’ \
54° = * !
3R 2
i e 3
° 4
i (]
Os
1. o7
690 A8
500 L] | | | ] L] I L] ] L] | I L] T 1 L] I T 1
155° 160° 165° 170° B.A.
6
0
'é.'ij
40 } Che
= 30
= 4oj
>S—_ oreag
S
= 40 3 o
I 2
S 2
O 0
) igg
o 8 ol
-20
z 8]
3--80 N _
| M,j —
33
3
e
=]

CcM

YpoBeHb Bogbl, YpoBeHb BOAb,
cM :

-29104

130
-140
-150

-160 -

1 I 1
1000 1500 2000
Bpemsa B yacax oT 9.09.1997 1.3 4

XAPAKTEPUCTHUKA CKBAXKHH, OIIEHKA HX
JE®OPMOMETPAYECKHAX CBOMCTB, YIIPYIUX
ITAPAMETPOB BOJOBMEIIAIOIIMX ITOPOJ M
IPEJCEMCMHUYECKOM JE®OPMALINH

ABTOMaTH3MpPOBAHHBIC YPOBHEMEpHBIEC HaOIIOze-
Hus Ha ckBaxuHax F03-5 u E-1 mpoBomsarcs Kamuarc-
kuM Qunanom I'eodusmueckoit cnyx0e1 PAH ¢ 1996 1.
[4, 5]. CuHXxpoHHas perucTpanus BapuUalHUi ypPOBHS
BOJBI ¥ aTMOC(EPHOT0 JaBICHUSI TPOU3BOIUTCS KaXIble
10 MMH ¢ HCIIONB30BAHUEM IPELU3UOHHBIX JaTYUKOB
YPOBHSI U IU(DPOBOH perucTpuUpyromel ammaparypsl,
paspaborannoii B8 OKb Muctutyra ¢usuku 3emnu PAH
[1] (1996-2001 rr.) u 8 OO0 “ITonuHoM”, T. XabapoBcK
(2002 r. — Hacrosimiee BpeMs ). UyBCTBUTEIBHOCTh PErHcC-
Tpauuu ypoBHS Bofsl coctariseT £0.01 cMm, atmocdep-
Horo aasneHus —+0.1-0.2 rlla.

Xapaxktepuctuka ckBaxkuH FO3-5 u E-1, ocobenno-
CTH YPOBEHHOTO PEKHMa, a TAKXKE Pe3yJIbTaThl PHINB-
HOro U 0apOMETPUUYECKOr0 aHaIM3a BapUallMi ypOBHS
BOJIbI IPUBOJIATCS B pabotax [4, 5, 11]. B tabnume 2 na-
eTcs UX KpaTKasi CBOIKA.

Ckeaoscuna FO3-5 KOHTPONUpPYET HAMOPHBIC Tpe-
CHBIC ITO/I3€MHBIC BOJBI B TPEUIMHOBATHIX AJEBPOIUTAX
MO3IHEMEJIOBOr0 BO3pacTa. [[jIsi ypoOBEHHOro pekuma
CKBa)KHHBI XapaKTepHBI TOI0Basi CE30HHOCTh, PEaKIHs Ha
BECCHHEE TasiHUE CHETa U BBINAACHHE OOMIBHBIX KHJIKIX
ocazkoB. Takue 0COOCHHOCTH peXMMa CKBaKHHBI, a TaK-
e HU3Kas MHHEPANIU3aIHsl BOJBI IIOKA3bIBAIOT, YTO KOHT-
posupyeMble BOJOBMEINAIONINE IOPOABI HAXOISITCS B
30HE aKTHBHOTO BOnoOOMeHa. B M3MEHEHHAX ypOBHS
BOJIBI MIPOSIBIISIFOTCS YETKO BBIPA)KCHHBIE 3€MHONPHIIUB-
HbIe 1 OapoMeTprdecKkue Bapuanuu [5]. Benmuunsl 6apo-
MeTpuyeckoi o dextnBHOCTH E, ¥ IpUITMBHOM YyBCTBH-

Puc. 1. Cxema pacnonoxenus ckBaxun K03-5 u E-1, GPS
crannuii cetu KAMNET, snunientpoB KpoHoiikoro 3em-
nerpsiceHus, ero Gop- u aprepiiokos (a).

I — snunentp KpoHonkoro 3emiueTpsacerusi; 2 — 3SNULEHTP “Mel-
JIGHHOTO 3emueTpsicenus”’, My=7.7, npeamecrBoBaBuero Kpo-
HOLKOMY 3emieTpsceruto [3, 20]; 3 — snuueHTpsl GOPIIOKOB C
3 mo 5 nexabps 1997 r.; 4 — snuneHTps! adTepuUIokoB ¢ 5 1o 12
nekadbps 1997 r.; 5 — nuarpamma mexanuzma CMT Kponoukoro
3eMIICTPSICCHUS; 6 — AUarpaMMa MEXaHu3Ma ‘“MeIJICHHOIO 3eM-
nerpsicenus”, mo [3, 20]; 7 — GPS-cranuuu BKI, ES1, KBG,
KLU, TIG, MA1, PETP; 8 — ckBaXXHHBI.

W3menenus ypoBHelt Boasl B ckBakuHax 103-5, E-1 u cme-
uienust GPS-craniuit Ha craauu nmoarotosku K3 (mokasa-
HO cTpeinkoii) (0).

N — cmenienue B HampasieHuu 10-C, E — cmemenune B Hanpas-
nenun 3-B. Onopuas cranuust PETP. ['opu3oHTanbHBIMH IMyHK-
TUPHBIMHU JIMHUSAMHU MOKA3aHO BPEMs INPOABICHUA THAPOTCOAM-
HaAaMHUYE€CKOTO MPEABECTHUKA B U3MCHCHUAX ypOBHei’I BOJBI.



107

O mexanusme zudpozeoduHamuqecmzo npedeecmHuKa KpOHOL{KOZO 3emjaempAacerus

AN ‘N L1L~LTS £
T /e . i L ) c LLIS ‘ocC Vec
SITO/ErT O ero I'c “ODH-"0S W MPAL cC 7 [T8ST  80'¢S cocl
"HO—N
€8I HITHIT0Q080 z :
- ~ ‘N i LY9—CT9 . - 081
910°0/TT0°0 100 000 eN - MPAL 6¢C <59 87 8CT  9TES -
‘00-1D
O : CITEN N : 008-01¢ : " 0L
191°0/LOT°0 60 S'L g W qiurodaare ! 008 [V8ST  LT°¢S €Ol
O/ VY BT TI/IWO 4 1A0/_ W grrodorr W ‘TreadorHn v Biigh) .
AIOOHTIOINI IO AT L/ i / 9rod N W “B9I0A 0 ®
,mSSB s&o,z, ' LLOOHAMIIP e L0 21000 UINOIRIINT SHIIOW AN ‘qrogod MEHEQE. 0 Tedr ,GECHM_,“ME
o gexoohudiowodeq -ogodiorogy T X -oroq A | weemmoAT 1 . e
-ondodaYy = [g1eHIrdoo Y]
*HIDKREM) XIIHIIRLeroirgeH enLdndaryedey 7 enurrge |,
i _ i €9 4! 001 SOCTIL6
0el—¢¢ 0'1- PF89 011- : ‘ e . . S - : ~
I ) o €6 6L 434 09¢ iy L'L  0¢ 08791 0Tss OMOTITLO® el
— .. L6~ 89 6¢ LTT1
- - PFSL 0cI- . i N .. . - . . : :
el vL- £C [ 0T¢ £¢ 8L ¢ SETII ¥9¥S  /SOTIL6 e
. . 22 |IBEZS |IBREES|IBRI|I=EQ = Z = &
<01 °a o Uy S017a oW 122|522 5EEEEE |25 SEE |2
g o JELES ‘ceormd | ceormwa | E2 (EZ - [EF22 (22 |FE¢ | 28% | 8§
ononed 4 1[91rod KHA0d A ononed 9rrod ¥Ha0d A m =B m m S m du = m 25 N 0L I ur-.s M 2 2
a gumewdoalr | wunomewenm | miewdodor | nmmoHowem | — E = = = (o= 0W m Al “H £ £ g
BEHINOIQO B ATUTITIING KEHWIIQ0 eY AINITTING ¢ = = ~ m E I3 = m
rod kHgod A yunended exnrondaniedey . 1oAred 23 . 1od
eIeho Mdiowede] | 91eHUTdooY

"HIDKREN) XIIHIId.LeroirgeH dJHoned 4 nunendoday HoMIIhHIWIUIITIAI U -0 HOH
-INJ900 BMHINIO M ‘[T ‘€] on ‘(£ 1) UMHRKUAY XUMIIhHNIUIITIAI INMHROLIU WOHhIhOL WOHOIHAYD ‘(£)) MMHIIBALIIrNIE WOMNOHOd)] 0 JIHHRBY! ' BIIUIrQR],



108

Konwinosa, Borouna

Taonuua 3. [TapamMeTpbl BOAOBMEI[AIIHX OPOA, BCKPHITHIX HAOIIOAATEJbHBIMH CKBAXKMHAMU.

CkBakuHa BCKphITast|  JpeHupoBaHHas Moayms | Koagpunuent Vaensnas |Ilopucrocts| VYmpyras
MOUIHOCTh C)KHUMAaeMOCTb CKeJleTa |  CIBUTA CkemnroHa yIpyras 0 BOJOOTAAYA
BOZOBMEIIAIOLIIX oposI f, G, ITa-10" B eMKOCTb S, S
nopon 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°

TEJIHLHOCTH TI0 OTHOIICHHIO K TEOPETHUECKOH 00bEMHOM
nebopmaruu pesepsyapa A, IPUBOIATCA B TaOI. 2.

C ucnonb30BaHUEM KPOCC-CHEKTPATIBHOTO aHaJIH-
3a 4aCOBBIX BapHallUi YPOBHS U aTMOC(EpHOTrO JaBie-
HUS OBIJIO YCTAHOBJICHO, YTO IOCTOSSHHOE 3HAYCHHE aM-
IJIUTYIHOM mepeaaTouHoll (YHKIUHM OT Bapualuit
aTMoc(epHOro ITaBIeHUS K H3MECHEHHUSAM YPOBHS BOIBI
¢uKcupyeTcs B AUana3oHe MEPUOIOB OT MEPBBIX YacOB
JI0 TIEPBBIX JIECATKOB CYTOK (mpu pasHoctu ¢a3 180°).
OTO MO3BOMSIET HPUHATH TUIIOTE3y O CTATUYECKH H30-
JINPOBAHHBIX YCIOBUSAX B CUCTEME “‘CKBa’kKMHA — BOJO-
BMeEIIaoIas noposa” B COOTBETCTBYIOIIEM JHANa30HE
MEPUOJOB U OICHUTh BEIUYMHY OapoMeTpruuecKoi d¢-
¢exrusnoctu E, =-0.39 cm/rlla, xapakrepusyouryro
HEHUCK)KEHHBI OapOMETPHUYECKUN OTKIHUK YpPOBHS
Bomwl [5, 8, 11].

C ucnonb30BaHUEM Pe3yIbTaTOB MPHIUBHOIO aHa-
nu3a Bapuauui ypoBHs Bozabl 1o nporpamMMe ETERNA
3.0, mpuBeneHHBIX B [5, 8, 11], olleHEHBI BETUYMHBI MTPU-
JIUBHBIX YyBCTBUTENBHOCTEH YPOBHS IO OTHOIICHUIO K
TeopeTHdecKuM TomaaHoi (A = 0.107 + 0.005 cm/107%)
1 o0bemMHo# (A, = 0.161+0.008 cM/10°) nedpopmanusam.
[IpunuBHBIE YyBCTBUTEIBHOCTH OLIEHUBAJIUCH 110 BEJIU-
guHaM K03(p(HUIIMEHTOB THHEHHON 3aBUCHMOCTH aMILIH-
Ty IPUINBHBIX BOJH B U3MCHEHUSIX YPOBHS OT COOTBET-
CTBYIOIIUX BEJIMYMH TeopeTudeckoi nedopmaruu. Tou-
HOCTH oreHoK A (£0.005 cm/107) u A (+0.008 cM/107%)
OIIPEAEISIOTCS HEKOTOPBIM Pa3IndMeM BEJIHMYUH aMIUIH-
TYOHBIX (PaKTOPOB AJISl OTACIBHBIX BOJIH CyTOYHOH U IIO-
JyCyTOYHOM TPyl B U3MEHEHHUSIX YPOBHSI BOIBI 11O OTHO-
IICHHI0O K TEOPETUYECKOH TPHINBHONW JedopMariuu
(Tabm. 2 B [5]).

ITo ¢popmynam Teopuu MOPOYIPYTrOCTH C UCIOIb-
30BaHHMEM OLICHEHHBIX BenuunH B, n A  Oblin paccun-
TaHBl BEJINYHUHBI YIPYTHX I1apaMeTpPOB BOJOBMEIIAIO-
IIUX TOPOJ U TOPUCTOCTH ¢ I CTATHUYECKU H3OIHPO-
BaHHBIX YCIOBUHM B CHCTEME ‘“‘CKBa)KMHa — BOJOBMeEIIIA-
IoIas mopoaa’”: CKMUMaeMOCTh CKeJIeTa MOpoasl 3, Mo-
nynb cnura G, kodgdumnuent Ckemnrona B, ynenpHas
ynpyras eMmkocth S = pg(B+¢B,), rae p — miotHOCTH
Bozbl, 1000 kr/M*; g — ycKOpeHHe CBOOOIHOrO MaJaeHHs,
9.8 M/c*; B, — CKMMAEMOCTh MOI3EMHOM BOJIBI.

ITpu pacuerax mapamerpoB B Tadm. 3 mis cks. F03-5
MPUHUMAIIOCh, YTO BENUYMHA C)KUMAEMOCTH TIOA3EMHOM
BOJIBI IIPH €€ OOBIYHBIX TEMIIEpaTypax M JaBICHUSIX COOT-
BETCTBYeT 3HadeHuto B =4.4-10"" I1a” [17], a cxumae-
MOCTh TBEpHOH (has3pl CKelleTa MOPOABI COOTBETCTBYET
cxumaemocTy kpapua B = 0.3-10" [Ta™ [26]. B Ta6u. 3
TaKXe IPUBOIAUTCS pacyeTHOE 3HAUCHHE YIIPYToi BOIOOT-
Jauu BojoBMemamux nopon S = S -d, tae d — cymmap-
Hasl MOIIIHOCTh 30H BOAONPHUTOKA, paBHas 100 m.

[Tomyuennsie onienku B u G (tabn. 3) 6aU3KU K UX
BEJIMYMHAM JJIsI TIECYaHMKOB, 110 IAHHBIM JIA00PaTOPHBIX
UCOBITaHUH 00pa3ioB mopon: B = (7.7-12.5)-10" ITa,
G =(0.6-1.3)-10" ITa [26]. DTo MOKa3BIBAET, UTO YIPY-
rMe CBOMCTBa BOJOBMEIIAIOIIWX MOPOX, BCKPBITHIX
ckB. F03-5, ABNAIOTCS XapaKTEPHBIMHU JUISI BOJOHACHI-
IICHHBIX TUIOTHBIX MECYaHUCTHIX HOPO.

BomonpoBoguMocTs BOZOBMEIIAOUIUX IOPOJ
T = 7.8 M*/cyT paccUUTHIBAIACH TI0 JAHHBIM OTKAYKH C
HCIONB30BaHUEM MOJIENH JINHEHHOTO CTOKa AJIST Halop-
HOTO, M30TPOIHOT0, HEOTPAaHUUYECHHOTO pe3epByapa [15].

B pab6orax [2, 9] nmpuBoasSTCS pe3yabTaThl MOACTH-
POBaHMSI peakuy ypoBHS BoAsl B ckB. F03-5 Ha mepuo-
JMYECKHE U3MECHEHHS [TOPOBOTO JIABJICHUS C YUETOM ITa-
paMmeTpoB pesepByapa S, T U TeoMeTpUIecKUX pa3MepoB
CKBA)XHMHBI C HCIIOJIb30BAHUEM MAaTEeMAaTHUECKOH MOIENIN
[21]. Pe3ynbTaThl MOIENUPOBAaHUS MTOKA3AJIH, YTO Ha Ie-
pHoIax yachkl-TIEpBbIE ACCATKH CYTOK HE OXKUIACTCS MC-
Ka)XCHHE aMIUTUTYAHOTO COOTHOIICHHUS MEXIY Bapua-
LUSMH YPOBHS BOJIBI B CKBa)KHHE M U3MEHEHUSIMH [TOPO-
BOTO JIABJICHUS. DTO MO3BOJISIET UCIIONB30BATH CPETHIOI0
BEIHMYHMHY aMIUIUTYIHOTO COOTHOUICHHSI MEXIY CyTOU-
HBIMH H TIOJyCYTOYHBIMH KOMIOHEHTaMH IPHIIMBHBIX
Bapualuil ypoBHS BOJBI U COOTBETCTBYIOIIMMHU BEJIHYH-
HaMHi 00BbEeMHOH JedopMalnuu B Ka4eCTBE HOPMHUPYIO-
miero ko3 guiuenTa s OIEeHKH CeHCMOTEeKTOHHYEC-
KO iepopManiiy BOZOBMEIIAIOIINX IIOPOJT BO BCEM JIHara-
30HE TNEPHOAOB IPOSIBICHUS CTATMUYECKH HM30JIMPOBAH-
HBIX YCIIOBHH 10 opmye:

D, =-Ah/A,, (D
rae D, — oobemuas nedopmarus B 10°: “+” coorser-
CTBYET PACTSKEHMIO, “‘—“ — COOTBETCTBYET CxKaTHiO; Ah —
H3MEHEHHUE YPOBHS BOIABI B CM: “+” COOTBETCTBYET IO-

BBILIIEHUIO YPOBHS BOABI, “‘—“ COOTBETCTBYET IOHUIKE-
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Puc. 2. 3aBUCUMOCTH BBIICICHHBIX AMITJIUTY/] IPMIMBHBIX
BOJH CYTOYHOM M MOJYCYTOUHOW TpyNnNI B U3MEHEHHUAX
ypoBHst BoAbl B ckBaxkune 103-5 (Hy) ot Teopernueckux
BEJIMYHH NIPUIMBHON 00beMHOI nedopmaru D;.

! — nmpunUBHBIE BOJHBI, 2 — TPEHJ JUHCHHONH 3aBUCHUMOCTH aM-
IUTUTY/ MPUIMBHBIX BOJH B M3MEHCHHUIX YPOBHS BOJBI OT COOT-
BETCTBYIOIIUX TEOPETHUYCCKUX BEIUYUH MPUIUBHOW OOBEMHOMU
nedopManuy NpU 3HaAYEHUHM KOd(DPHLIMEHTa KOPpPEIsInuu
K=0.98; 3 — 95 % noBepuTeIbHBINA HHTEPBAJ AJIs INHCHHOW 3aBU-
CHMOCTH TPWIMBHBIX aMIUTUTYJ B U3MEHCHHUSIX YPOBHS BOIBI OT
BEJIMYMH 00BeMHOW nedpopManuu; 4 — aMIUIMTyAQ TpenceicMu-
YECKOro MOHM)KEHHS YpoBHsS Boabl B ckB. F03-5 mepen Kponor-
KHUM 3€MJIETPSACEHUEM C y4€TOM JuHEHHON cBsa3u Hy u Dy.

HUKO YPOBHS BOJIbI; A, — IPUIIMBHAS YYBCTBUTEILHOCTD
YPOBHS BOJIBI, OTIpeesieMasi 0 HAKJIOHY 3aBUCHMOCTH
aMITIUTY]] CyTOYHBIX M HOMYCyTOYHBIX IIPHIMBHBIX BOJIH B
HU3MEHECHHAX YPOBHS BOJABI OT COOTBETCTBYIOIIMX BEIIH-
YHH TEOpPEeTHUYECKoi 00beMHOM Aedopmanuu (puc. 2) [5].

[TponomKUTENBHOCTD PAa3BUTHSI THAPOTCOANHAMU -
YecKoro npeaBecTHUka K3 B M3MeHEHUSIX YpOBHS BOJBI
B ckB. FO3-5 mpuMepHO COOTBETCTBYET MO MEPUOLY
BEpPXHEH I'paHULIE CTATUUYECKU U30JUPOBAaHHBIX YCIOBUN
B CHCTEMe “‘CKBa)KMHa — BOJIOBMeIaroIas mopoga”. B
3TOM Cllydae OIeHKa JehopMaIliil pacuInpeHus pesep-
Byapa Ha cTaguu mnoaroroBku K3  coctammser
D, = (68+4)-10” (puc. 2, Tabn. 1). DTa BenUUHHA OTHO-
cutTest kK uHTepBany riyouH 310-800 m (B cpemHem
500 m). TounocTs oneHku +4-10° ompemensiercs pa3iu-
YHeM BEIMYUH aMIUIUTYIHBIX (DaKTOPOB JUIS OTAENBHBIX
MPUIUBHBIX BOJIH CYTOYHOW M HOIYCYTOUHOW Tpymn B
U3MEHEHUSAX YpPOBHS BOABI. AMIUIUTYIHBIC (DaKTOPHI
paccuutsiBanuchk 1o nporpamme ETERNA 3.0 ¢ ucnons-
30BaHUEM Mojenu npuimHoro noreHuara CTED [27].

B Ta61. 1 Takxke NpUBOIUTCS BEIMYMHA KOCeHcMHU-
yeckoit epopmaruu D, = (75+4)-10°, nony4ennas mo
(1) ¢ ucnonp30BaHUEM AMITIUTYABI TOHUKEHUS YPOBHS
Boxsl Ah = -12 cm B MomeHT K3. Bennuunna xoceiicMu-
yeckoil nedopmaruu npu K3 mo ypoBHEMEepHBIM aH-
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HBIM XOPOILO COINIACyeTCs IO aMIIUTYAe (B Ipenenax
OJTHOTO TOPsIJIKa BETUYHMH) U 10 3HAKYy (pacuIiupeHue) ¢
pe3yapTaTaMu pacdyeTa 0ObeMHOW KOCEHCMHUYECKOW Jie-
(opmariy B paifoHe CKBaKUHBI 10 MOZIEIH JIUCIIOKAIIOH-
HOTO MCTOYHUKA B OHOPOJHOM YIPYTOM ITOIYIIPOCTPaH-
CTBE C MapaMeTpaMu ouara U3 MeKAyHapOIHOro KaTao-
ra CMT [12].

Ckeaoicuna E-1 BCKpBIBaeT HallOPHBIE COIOHOBA-
ThIe OA3EMHBIE BOJIBI B Ty(pax HEOreHOBOI'O BO3PACTa,
HaxoJsIKecs: B THAPOANHAMUYECKON 30HE 3aTPyAHEH-
HOro BomooOMeHa. Ha 3arpynHeHHbIe yCIOBUS BOI000-
MEHa YKa3bIBalOT OCOOCHHOCTH YPOBEHHOTO peKHUMa
CKBA)XHMHBI, B YaCTHOCTH, OTCYTCTBHE T'OOBOI CE30HHO-
CTH B U3MEHEHUX YPOBHS, a TAK)KE XMMHUUYECKHH COCTaB
BOABI (Tabma. 2). BogonpoBoauMoCTh BOMOBMEIIAOIINX
nopox T = 0.005 M*/cyT OLleHMBAIACh 1O JaHHBIM HAJIH-
Ba B CKBaKuHY B 1991 1. [4].

B cocraBe nmog3zeMHOIl BOIBI PHCYTCTBYET a3 Me-
TaHOBO-a30THOTO cocTaBa. Hanuuue rasza mpuBOIUT K
YBEJIMUCHHUIO CKUMAEMOCTH ITOPOBOTO (MIFOMIA IO CPaB-
HEHHIO C OOBIYHOM BOmOM. M3-3a 3TOro CBOMCTBA CHUCTE-
MBI “‘CKBa)KMHa — BOJIOBM EIIAOIIAsI TOPOIa’ CTAHOBATCS
PE3KO OTIIMYHBIMU OT CBOMCTB CKBAa)KHH, BCKPHIBAIOIINX
0oOBIUHBIE cTabOMHHEpanu30BaHHBIE BOIBI Oe3 rasa. B
ckB. E-1 3T0 mposiBiiieTcss B OTCYTCTBUM PEaKIUU ypOB-
HS BOJBI Ha 3€MHbBIC TPUJIMBHI U B €ro cIaboil peakiuu
Ha U3MeHeHus1 aTMochepHoro nasieHus [4]. Bennunna
OGapomeTpuyeckoil 3p(HEKTUBHOCTH B TMANa30HE TepHO-
JIOB OT JBYX CYTOK JO JECSATKOB CYTOK COCTaBIISICT
E,=-0.01 cm/rlIla [4, 8, 11]. Takue ocobeHHOCTH ypO-
BEHHOTO pexuMa CKB. E-1 He M03BOIAI0T OLIEHUTD YIIpY-
THe mapaMeTpsl U HOPUCTOCTh BOJOBMENIAIOIINX TOPOJ
C HCIOJNB30BAaHUEM BEIHUYUH OapoMeTpuueckoil a¢dek-
TUBHOCTH E, 1 IPUITMBHON 4yBCTBUTEILHOCTH A 110 Me-
TOZMKE, TPUMEHEHHOH K ckB. }03-5.

C yueroM MOBECHUS aMIIUTYIHON YaCTOTHOM Iie-
penatoyHoil (YHKIUHM OT U3MEHEHUH aTMoc(epHOro
JaBJICHUS K U3MECHEHUSAM ypOBHS Bozb! [4, 8] u obcra-
HOBKH 3aCTOMHBIX YCIOBHH (hOPMHUPOBAHUS THIPOTCOIN-
HaMHYECKOro pexuma Juisi ckB. E-1 mpuHuManace rumno-
Te3a O CTaTHUECKU M30JIMPOBAHHBIX YCIOBUSAX B CHCTEME
“CKBaXKMHA — BOJIOBMEIIAIOIIAs 1MOopojaa” B Juara3oHe
MIEPUONIOB OT IBYX CYTOK JO AECITKOB—COTEH CYTOK. B
TaKoOM cllyyae MpUMEHEHHEe GOopMyN TEOpUHU MOPOYIIpY-
TOCTH JUIs OIIeHKH napameTpoB G — Momyist caBura u B —
ko3¢ punmenta CkeMIITOHA BO3MOXKHO MPH HATHYUU
JaHHBIX O BEJIMUYHMHAX J1e(h)OpMOMETPUIECKOI TyBCTBU-
TENBHOCTH YPOBHS BOMBI (A, A ) M BENMYNHAX CKUMA-
€MOCTEeH CKeJieTa BOJIOBMeEIIArIIel mopoasl B, TBep-
no¥ ¢asel ckenera  u noposoro ¢uronpa B. s
onpenencHUs BEIUYMHBI B MoOryt ucmons3oBaThCs
¢bopmynsl [9, 22, 24]:
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B = (pgA B)/[1+pgA (B—B)] (2)
B = (B-B)/(B-B)+B+B], (3)
B=pgB A, 4)

rae ¢ — mopucTocTh pesepsyapa; B, =0.3-10"" Ila™
(xBapir).

ITopucrocts ¢ mpuHIManack paBHoi He 6omee 0.06
10 AHAJIOTUH C BEJIMYMHON MOPHCTOCTH Ty(Or€HHO-0Ca-
JIOYHBIX HEOT€HOBBIX OTIIOKEHHUH, BCKPBITHIX CKB. 1303
(OAO “Kamuatreonorus”) B AuamazoHe rmyouH 517-
717 M (cpennsist miyouHa 617 M). XapaKTepHUCTHKA CKB.
1303 mpuBomutcs B Tabn. 2. OHa pacnonoxeHa Ha pac-
ctostHUU 17 KM K roro-3amany ot ckB. E-1. Habmonenus
Ha ckB. 1303 nposonsres ¢ 2002 .

Hns ckB. 1303, Tak xe kak u s ckB. F03-5, mo
pe3yabTaraM Kpocc-CIeKTpajJbHOI'0 aHalW3a Bapua-
IUH ypOBHS BOABI U aTMOC(EpHOro AaBICHUS OBLIN
JTUarHOCTHPOBAHBI CTATUYECKH H30IHPOBAHHBIC yCIIO-
BHUS B AMANa30HE MEPHOJOB YacChl—IEpBbIC ACCATKHU
CyTOK, OIICHEHBI MapaMeTpsl 0apOMETPHUUYECKOro M
MPIJIMBHOTO OTKJIMKOB YPOBHS BogeI [11], a Takke mo-
PUCTOCTh, YyNpyrue U (QHUIBTPALOHHBIC NMapaMeTPhl
BOJOBMeINaImuX mopoxa (taba. 3). CyuiecTBeHHBIM
ornuuueM ckBaxuH 1303 u F03-5 ot ckB. E-1 sBnser-
Cq OTCYTCTBHME ra3a B COCTaB€ IOJ3EMHOH BOIBI U
¢bopMHUpOBaHHNE €€ THAPOIUHAMHYECKOTO pexXuMma B
YCIIOBUSAX aKTHUBHOTO BOJOOOMEHA.

Hns Tpyboil omeHkH nedopMOMETpHUECKO UyB-
CTBUTEJIBHOCTU YPOBHS B ckB. E-1 ncnone3oBanuch gaH-
HBIE TI0 TPOSIBJICHHUIO THAPOTeOINHAMUYECKOTO IIPEABECT-
Huka K3 (puc. 16). I[Ipu 3ToM nonaranock, 4To BETHYHUHBI
npeaceiicMudeckor aedopmanuu OB IPUMEPHO OJIH-
HaKOBBIMU B pailoHaX 00enx HaOIIOMATETIbHBIX CKBAKUH
Ah o JAoss = Ab /AL . AMIUTATY/IBI IOHMKEHHS YPOB-
Heri Ah cocraBuiu B ckB. FO3-5 11 cm, B ckB. E-1 — 1 cMm
(puc. 10). Orcrona BenuunHa 1ehOPMOMETPHUUECKOM TyB-
CTBUTENILHOCTH YPOBHS BOJIBI B CKB. E-1 10 OTHOIIEHUIO K
TEOPETHIECKOH 00bEMHON NedopManun A, COCTABIAET
npumepro 0.015 cm/107, a o OTHOIICHHUIO K TeOpeTHYec-
Koit mtomtaHoi redopmanu A = 0.010 cm/107 (ipu Be-
nmunHe ko3¢ duruenta [lyaccona v = 0.25).

BenuuuHbl ynpyroil BogooTnadu pesepsyapa S u
CKMMAEMOCTH TOJA3E€MHOM BOBI B, OLEHUBATHUCH 110
pe3yapTaTaM MOJIEIHUPOBAHUS BOCCTAHOBICHHS YPOB-
HS BOJBI IOCJIE CIYyCKa JaTYMKa aKyCTHYECKOH IMUC-
cuu B cTBOJ ckBaxuHbl 11 mapra 2009 r. (puc. 3).
Cryck gaTuymKa CONMPOBOXKIANCS IMOBBIIICHHEM YPOBHS
BOZBI Ha 13 cM ¢ mocnenyronieit ero crabuiIn3anuei B
TeueHue 44 cyt. Jlanaele 10-MUHYTHBIX 3aMEpOB BO
BpeMsl CTaOMIM3alUHU YPOBHS BOJBI CPAaBHUBAIUCH C
STAJOHHBIMH KPHUBBIMHU IOHM)KEHHS YPOBHS IpPH 3a-
JaHHBIX BEJIMYMHAX BOJONpoBoAuMOCTH T u ympyroi
BOZIOOTIAYH S, MOTyYEHHBIMHU U3 PELICHUS YpaBHEHUS

Konwinosa, Borouna

2814

T=0.002 m’/cyT; $=5.8-10"

T=0.004 m/cyT; $=2:10"

T=0.004 m’/cyT; $=5.8-10°

T=0.005 m’/cyT; S=5.8:10°

T=0.007 m’/cyT; $=5.8-10"

28.00 : : T ; )
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Bpemsa cTabunusayun ypoBHS BOAbI, CYT.
Puc. 3. Crabunuzauus ypoBHs Boasl B ckBaxkune E-1 moc-
JIE CIIyCKa JaT4yuKa aKyCTH‘IeCKOﬁ OMHUCCHUHU B €€ CTBOIJI.
KupHoii muHMEN MoKa3aHO M3MEHEHUE YPOBHS BOJHBI MO JNaH-
HBIM 10—MHHyTHBIX H3MepeHHI>’I, TOHKHUMH JIMHHUAMHU ITOKA3aHbI
PaCYCTHBIC MOHUXKCHUA YPOBHA BOABI IIPU Pa3JIAUYHBIX BEIUYH-
Hax BogonpoBoaumoctu T u ynpyroit emMmxoctu S.

HECTAIMOHAPHON (QUIBTpalMU IS COBEPIICHHOU
CKBQ)XUHBI 110 CTETICHU M XapaKTepy BCKPBITUSI HAIOP-
HOT'O OHOPOJHOTO, U30TPOITHOTO ¥ HEOTPAHMUEHHOTO
0 MPOTSHKEHHOCTH pe3epByapa [15]. Bennunna cxuma-
eMoCTH ckenieTa mopoasl 3 = 7.37-10 Ila!, momyuen-
Has g ckBaxkuHbl 1303, ucmonap3oBajachk B Ka4yeCTBE
Ha4aJbHOTO MPUOJKEHHS TIPU OlEHKE BETUYHHBI YIIPY-
rol BOJOOTAAYM BOJIOBMEIIAIOUINX MOPOJ, BCKPBITHIX
ckB. E-1.

ITo pesynpraTaM MomenupoBaHUs HamboiIee Mpu-
€MJIEMOU BEIIMYMHOMN CKUMAEMOCTH IOA3EMHON BOJIBI
npu Bomornposogumoctu T=0.004 M%/cyT u ynpyroi Bo-
noornade S = 5.8-10° (puc. 3) sBnsercs B, = 4.4-107 ITa™.
Takas Bennuuna B Ha MOPANOK OONbILE, YEM CKUMAE-
MOCTb OOBIYHOM BOJBI, U yKa3bIBACT Ha HEOONBIIOE CO-
Jep’kaHue CBOOOIHOTO Tra3a B IOPOBO-TPEIIMHHOM IIPO-
CTpaHCTBE BOAOBMeEIAIOIEH mopoasl. Bennuuna cxu-
MaeMOCTH CKeneTa mopoasl [ (Tabn. 3) momydeHa u3
popmynbr S=d[pg(B+0B,)], rae d — momHOCTL pe3epBya-
pa, paBHas 22 M.

C ucnonszoBanuem (2) senmuunHa B = 0.07; mo (3)
B =0.17; o (4) B =0.044. Takum obpazom, 1o (2) — (4)
MOJIy4YeHa OlICHKa BEJIMYMHBI B B nuamazoHe 3HayeHUU
0.04-0.17, B cpequem 0.09.

BenmunHa Momysst caBura ompeznesnsiach mo ¢op-
myie [9, 22, 24]:

G=3/2[(1-2v)/B(1+Vv)], %)
rae v — kodpdunment Ilyaccona ans ApeHUpPOBaAHHBIX
yenoBuii (v = 0.25).

[Ipu cpaBHEHUH yIPyruX MapamMeTpoB BOIOBMeEIIa-
ommx nopoxa s ckBaxkuH E-1 m 1303, cinoxeHHBIX
OIIMHAKOBBIMH IOPOAAMH — Ty(aMU HEOT€HOBOTO BO3pa-
CTa, BUIHO, YTO BEJIMYUHBI CXKUMAEMOCTH CKEJIeTa Iopo-
16l B 1 Monyns casura G pasiI4aioTcesl He3HAUYUTEIBHO
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(tabm. 3). IIpu sToM HabmomaeTcst OONbIIOE pazIuyue B
Benn4YMHaX K03 ¢dunrenta CKeMITOHA, XapaKTepH3yIO-
IIETO CBS3b OOIIETO HANPSIKEHUS B CKEJIETE U MIOPOBOTO
nasneHus: B = -3p/c, rae o — cymMMa IIIaBHBIX Harpsike-
Huit 6 = 1/3(s, +s,+s.)), 1 p — nopoBoe nasienue [25].
st BogoBMemammux nopos ckB. E-1 nmomydeHsl Bech-
Ma Huskue ero 3HadeHus (B = 0.044—0.17), moka3piBaro-
mue cnabyro mepemady oOmiero HampspKeHUS B TOPOJE
Ha noposoe naBieHue. Huzkue Benuunnsl B xoporo co-
IJIaCyIOTCSl ¢ JAHHBIMH O cJ1a00il YyBCTBUTEIHHOCTH
ypOBHS BOAHI B CKB. E-1 x ynpyrum nedopmariusm Bogo-
BMEIIAIOIIEH MOPO/IBI, BEI3BAHHBIM 0apOMETPUYECKUMH,
NPUIUBHBIMA M KOCEHCMHUYECKUMH BO3JACHCTBUSIMU.
Hawubomnee BeposSsTHON MPUYMHON ATOTO SBISETCS MOBBI-
IIEHHAs] C)KUMAeMOCTh MOJ3EMHOM BOIBI 3a CUET IpHU-
CYTCTBHS ra3a B €€ COCTaBe.

Jns olleHKH BeNMMYMHBI IpeaceiicMuueckon ne-
¢dopmarun B paiioHe ckB. E-1 ncnons3oBanacsk Gpopmyna
CBSI3M M3MEHEHHUs JaBJIEHUS MOA3EMHON BOABI Ap H
o0beMHOI nedopmanun Ag A CTAaTHYECKU H30IHPO-
BaHHBIX ycioBuii [23]:

Ap= -(2GB/3)[(1+v )/(1-2v )]Ae. (6)

Taxast CBsI3p Ompenensercs: yIpyruMu mapamerpa-
MU pe3epByapa: ko3¢ unuentom [lyaccona s Hempe-
HUPOBAHHBIX YCIOBUH (MpuHUMaIock v, = (0.3), Momyrem
cneura G u ko3¢ purnmentom Cxkemntona B (Tadm. 3).

[Tomnarasi, 9TO aMITUTYAA THAPOTCOIMHAMHYCCKOTO
npensectHuka K3 B m3MeHeHHMsX ypoBHs Boxbl Ah =
-1 cM MOTHOCTBIO OmpeenseTcs MOHUKEHHEM TIOPOBOTO
JIABJICHUSI, MOKHO 3aIlUCaTh

Ag = -(pgAh)/(2/3GB[(1+v )/(1-2v )]). (7

Onenku nepopmanuy 00bEMHOTO PACIIUPEHHUS B
paiione ckB. E-1 Ha ctaguu moarotosku K3 cocrapmsior:

Ag = (0.33-1.3)-107,

Ag = 0.8-107.

JHuamnason BenuunH Ae = (0.33—1.3)-107 onpenens-
€TCsl, B OCHOBHOM, TMAIla30HOM OIICHOK BEIMYUHBI KO-
s dunmenta CkemnroHa 1o (2)—(4), KOTopbie pazauda-
FOTCS] IPUMEPHO B YETHIpE pa3a. ITO CBUICTENbCTBYET O
NpUONU3UTEIBHOM, OICHOYHOM XapaKTepe BEITMYHHBI
npejceiicMuuecko edopMaliui BOJOBMEIIAIOIINX T10-
pox B paiione ckB. E-1.

PE3YJBTATHI TEOJE3NYECKUAX U3MEPEHHUM,
1o [3, 20]

Co Bropo#i monoBuHbl 1996 1. Ha Kamuatke meii-
ctByer cetb GPS-cranmuit KAMNET B coctaBe aeBstu
MMYHKTOB MOCTOSIHHBIX n3MepeHuit. [lo pesynpraTam pe-
ructpanuu nepememennii GPS-cranumii onpeneneHs
CpPEeIHETOIOBBIC CKOPOCTH CMELICHHS 3eMHOW TTOBEpXHO-
CTH B NyHKTaxX HaONIOJCHHH, KOTOPBIE COCTABIAIOT OT
MEpBBIX MM/TOA A0 MEPBBIX AecATKOB MM/rox. Habmona-
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Puc. 4. HaGnroneHHble aMILTUTYABI TPEICEHCMUYECKUX
JIBUXeHUHU niepe]; KpoHOLKUM 3eMIIeTpSICEHIEM U Pe3yib-
TaThl UX MHBEPCUU JJIS CiIy4das YMCTOTO CIABHUTOBOTO HC-
TOYHHUKaA 00IIero Buaa, mo [3, 20].

Hcrounuk pacmnonaraics B oonactu (GoOpmokoB (MokazaHbl Ma-
JICHPKMMHU YEepHBIMU 3Be3gaMu) Ha rryouHe 30 kM. benas 3Be3-
Ja 03HaYaeT MPHUHATOE MOJOKEHHE PEKOHCTPYHPOBAHHOTO TO-
YEUHOrO HCTOYHHMKA; PSIOM MOKa3aH ero MexaHu3m odyara. Keaj-
patamu nokazanbsl GPS-cranuuu BKI, ES1, KBG, KLU, TIG,
MAI1, PETP — onopnas craHuus.

€Mble CMEIIEHUS COOTBETCTBYIOT MOJAETH CYORyKITMU
Tuxookeancko muthl mon Kamuarky [13].

B cBsa3u ¢ K3 mo maHHBIM HaONIONEHUN HA CETH
GPS-crannumit 3aperucTprUpoOBaHbl Mpef-, KO- U MOCTCEHC-
MHYECKHE TOPH30HTAIBHBIC eOpMaIiy Ha paCCTOSHU-
SIX IO COT€H KM OT anuieHTpa [3, 13, 20]. B Teuenne 15—
20 cyrok o K3 perucrpupoBanuchk nepeMerienus Onu-
JKAWUIIKUX K Oo4ary CTaHIUU C 3aMETHBIMH aMIUTUTYIaMHU
(puc. 4), Beiienennpie aBTopamu [3, 13, 20] B nedopma-
MOHHBIN MpeNBECTHUK 3TOro coObiTHs. [lepemenieHus
GPS-cTannuit npoucxXoauin CHHXPOHHO C Pa3BUTHEM
TUAPOTCOIMHAMHYECKOTO IPEABECTHUKA B U3MECHEHHSIX
YPOBHS BOZBI B IBYX CKBaXHHax (pHc. 10).

B [3, 20] mpencraBneHsl pe3ynbraThl MOJCTHUPOBA-
HHUs cTaTH4yeckoro nepememtenuss GPS-crannuit ot To-
YEYHOTO CIBUTOBOTO MCTOYHHKA OOIIEro BUAA B YIpPY-
IOM IIONYIpPOCTPaHCTBE Ha cTaauu mnoarorosku K3
(puc. 4). belno moka3aHo, YTO MOMEHTHAsl MarHUTyJa
CIBUIOBOIO0 HMCTOYHHKA COCTaBJISLJIA MW =7.7, a ero
HOPMaJIM30BaHHBIN TEH30p OINHM30K K TBOHHOMY JHIIONIO
(puc. 4, Tabn. 1). Takue npencericMuyecKue IBIKEHUS
aBTophl [3, 20] OOBSICHSIOT pa3BUTHUEM ‘‘MEJICHHOTO
3eMJIETPSICEHHUS”, PACHIONOKEHHOTO IPUMEPHO B LICHTPE
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(hOpIIOKOBOTO POsi y CEBEPO-BOCTOUHOTO Kpasi ouara K3
(puc. la, 4). Ilo pesynbraTaM MOICIHPOBAHUS TaKXKE
CZIeaH BBIBOJ O MPEHMYIIECTBEHHO YIIPYTOM XapaKTepe
HaOJIIOacMbIX ABMIKCHUH 0e3 MPHU3HAKOB JHJIaTaHCHUOH-
HOH COCTaBJISIOIIEH.

Crnemyer OTMETHTh, YTO BhIMIONHEHHas B [3, 20]
OIIEHKA TIOJIHOTO CEHCMUYECKOr0O MOMEHTA, CBA3aHHOTO
¢ cyMMapHbIMU TiepemenieHussMu GPS-cranmmii ¢ 15 Ho-
siOpst Mo 25 naexadbpst 1997 I, COOTBETCTBYeT MOMEHTH O
maruutyne M, = 8. Ilpu sToM rnaBubii BKnag (~45—
50 %) nman mocTcelcMUYeCKUi CUTHAI; KOCEHCMHYECKOe
JBUKEHUE COCTaBIsuI0 okono 35—40 %, Ha npenceicMu-
YecKuil curHai npuxomutcs He 6omee 10-20 %.

OBCYXJIEHUE PE3YJBbTATOB U BbIBO/IbI

O cuHXpoHHOM NPOABNEHUU 2e00e3UUeCcK020 U 2UO-
poceodunamuueckozo npeogecmuuxog K3. Ha puc. 16
MIPUBOJIUTCSI COMOCTaBleHue nepemeniennd GPS-cran-
uuit orHocutenbHO craniuu PETP u nu3Menenuii ypoBHs
Boasl B ckBaxknHax E-1 u }03-5 B Teuenue 2.5 Mec. 10
K3. [penceiicmudeckue aedopMaiia, 0COOEHHO SPKO
MPOSBUBIINECA B MEPEMEIIEHUIX OMMKAUIIUX K DIIH-
uentpy crannuid KLU, ES1 u KBG, Bo3nuxiu 3a 1-0.5
Mec. JI0 3eMJICTPSICEHUSI M OTPpakalli MPEAIIeCTBYIOIINE
ATOMY 3eMJIETPACEHHUIO TPEUMYIIECTBEHHO acecMuyec-
KH€ JIBUKECHHsSI B 00JIACTH odara.

[Tpumepno 3a Tpu Hemenu 1o K3 Bo BpeMs pa3Bu-
TUSI IPEACEHCMUYECKUX IBUKEHUN B UIBMEHEHHUSIX YPOB-
HEl BOABI B BYX CKBa)kKMHaX, yAaJleHHBIX Ha 320 kM oT
SIUIIEHTPA, 3aPETUCTPUPOBAHBI OyXTOOOpa3HbIE MOHHU-
xeHus (puc. 16), BeIIENEHHBIC B THIPOreOqMHAMHIYEC-
KU TpeaBeCTHUK 3TOro coObiTusA. B pabore [4] Takue
BapHaliy YPOBHS BOJABI OOBSACHSIOTCS KBa3UYyIPyToOn Jie-
dbopmanmeil pacurMpeHHs BOIOBMEINAIONINX IOPOJ
BCJIEJICTBHE Pa3BUTHUSI MPEACEHCMUUECKUX ABUKEHUN B
obnacTu oyara.

Takum 00pa3oM, CHHXPOHHOE MPOSBICHUE TPE-
ceiicMuueckux nepemenieHnd GPS-cranmuii Kamyarc-
KO CEeTH M THUIPOTCONMHAMHYECKOTO MPEABECTHUKA B
U3MEHEHUAX ypoBHEH Bomwl B ckB. }03-5 u E-1 Moxer
paccMaTpuBaThCsl B KAUECTBE TIOKA3ATENS CBS3H ITUX SIB-
nenuit (puc. 10).

O mounocmu oyeHox 8enUdUH NPedcelucMU4ecKoll
depopmayuu no yposHemepHviM OaHHbIM. [ CKB.
103-5 npumeHnsiack MoJieNIb YIPYyToro OTKIMKA YPOBHS
BOJIbI HA 00BEMHYIO JIe(hOPMAIIHIO BOTOBMEIIAIOIINX T10-
pOA B AMamna3oHE MEPUOIOB MPOSBICHUS CTATUUYECKH
H30JIMPOBAaHHBIX YCIOBUM B CUCTEME “‘CKBa)KMHA — pe-
3epByap”’. Takas Mojenb MONTBEPKAACTCS Pe3yabTaTaMu
0apoOMETpUUECKOr0 ¥ MPUIIMBHOTO aHAJW3a Bapualuit
YPOBHS BOJIbI, COTJIACOBAHHOCTBIO OIEHOK KOCEHCMH-
yeckod JedopManiu M0 yPOBHEMEPHBIM JTaHHBIM U 10

Konwinosa, Borouna

MOJZICTIH IPOTSKEHHOT'O MCTOYHHKA B OHOPOIHOM YIIPY-
TOM TONyIpocTpancTBe [12], a Takke mpaBaooa00HbI-
MU OIICHKaMH{ BEJIMYMH YIPYTHUX IapaMeTpoB BOJOBME-
marImux nopox. IlostoMy noHmkeHue ypoBHs BOIBI B
ckB. F03-5 mepen K3 BmonHe MOIIIO COOTBETCTBOBATH
HEHCKa)KEHHOW yMpPYyroil peakuuu MOpPOBOTO JaBIEHUS
Ha IpenceiicMIYecKyto 1edopMannio pacupeHus Bo-
JOBMEUIAIOIINX MOPOI.

[To amnnuTyne MOHM)KEHUS YPOBHS BOABI U BEJIU-
YMHE €T0 NPUINBHON 1yBCTBUTENBHOCTH A, 110 (1) ompe-
Jie7ieHa BEJIMYMHA MpeficeicMIueckoit 00beMHOil nedop-
MallM¥ BOJIOBMEIAIOIUX TOpoa B paiione ckB. HO3-5
D, = (0.68+0.04)-107~0.7-107. TounocTs Benu4uHsl D,
OTIpe/ieNseTCs], B MEPBYIO OYepe/ib, TOYHOCTHIO BEIHYHU-
HBI IIPUJIMBHON 4yBCTBUTENBLHOCTH YPOBHSA BOMIBI A, KO-
TOpasi OLICHUBAJIACH IO OTHOIIEHHIO K TCOPETHUECKON
MPUIIMBHOM AedopMaliui B paifoHe CKBOXKUHBI 110 MOJIe-
nu npuiauBHOro nedopmuposanus 3emian CTED [27].
o sxciepuMeHTaIBHBIM JaHHBIM H3BECTHO, YTO B MIPU-
OpeXHBIX pailoHaxX pasIm4re MeXIy TCOPETHISCKUMHU U
(haKTHYECKUMH BEIUYMHAMH NPUINBHON nedopMaluu
MOXET JIOCTUTaTh HEPBBIX JECSITKOB MPOIECHTOB BCIIEH-
CTBUE BIMSHUS OKCAHMUECKOW HArpy3Kd M JIOKAJIbHBIX
HEOJHOPOIHOCTEH CTPOEHUS 3eMHOH KOpHI.

JLyist TIPOBEPKH MOJTy4EHHON BEIMYKMHBI D BBINOTHEH
pacuer oobeMHOl nedopmannu Ag 1o (7) ¢ UCHonb30Ba-
HHEM BEJIMYMH MOHMKeHHsI ypoBHs Boabl Ah=-0.11 m, G
u B u3 tabn. 3 u v = 0.3. B atom cinyyae Bennuuna
o0beMHOI TpeaceiicMuueckol aedopmManuy Ha CTaxuu
nonroroBku K3 cocrasnsier Ag = 0.6-107. bruskue 3Hade-
Hus D, 1 Ag yKasbIBaroT Ha MPaBUIIBHOCTH OLIEHEHHBIX YII-
PYr'HX IapaMeTpoB pe3epByapa U Ha BHYTPECHHIOIO COIJIa-
COBaHHOCTH MCIOMIB3yeMoil Momenu s ckB. FO3-5.

Bennunna mpencericMuueckoit qedopMariui B pai-
oHe ckB. E1 Ae = 0.8-107 cormnacyercsi o HOPSIIKY BeJH-
YHH C OIICHKOH 1711 paifoHa ckB. FO3-5 (ckBa>kuHBI pacmo-
JIOKEHBI Ha paccTossHuU 11 kM apyr ot apyra). Bmecte ¢
TEeM, 3Ta BEJIMYMHA MMECT OLICHOUHBIN Xapakrep, T. K. IpU
ec MONYyYCHHH 3aKJIAIbIBAICA PSR MPaBIONOTOOHBIX
MPEATONIOKEHHUH, B YACTHOCTH, O BEJIMUMHAX TTOPUCTOCTH
BOJIOBMEIIAIOMINX TIOPOX, CXKMMAaeMOCTeH CKelleTa u
TBepHoil (as3sl ckenera, BEAIMUYMHAX JPEHHUPOBAHHOIO U
HeJpeHHpoBaHHOro ko3¢ purmenTos [lyaccona. Mcmons-
30BaHUE MOJICIMPOBAHUS OTKJIMKA YPOBHS Ha €ro UCKYyC-
CTBCHHOC BO3MYILIEHHE — CITYCK JaTYMKa aKyCTHYECKOMH
SMHCCHH B CTBOJI CKBKUHBI — [TO3BOJIMJIO MONYIHUTh TIPU-
ONMM3UTEIBHYIO OICHKY BEIHYMHBI CXMMAEMOCTH IIOA-
3eMHOM Bozbl 3. IIpencTaBieHHble METOAMYECKHE TIPU-
eMBI IEMOHCTPHPYIOT BO3MOXKHOCTh ITOTYYEHHUS OIL[CHOK
MpeAceiicMUYecKoi AeopMalui He TONBKO 1O JaHHBIM
HaOmroneHuit Ha ckB. E-1, HO M Ha ApPyrux MmogoOHBIX
CKBa)XMHAX, KOHTPOIMPYIOIIHNX Ta30COonepIKaIIie BOIO-
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BMEIIAIOIINE MTOPOBI, B U3MEHEHUAX YPOBHS B KOTOPBIX
HE TPOSIBIISIOTCS MPUIMBHBIC BAPHALIUH.

C ucnonbs3zoBanueMm ¢opmynbl (7) B OICHEHHBIX
rapamMeTpoB BOIOBMENIAIOIINX Mooy (Tadi. 3) monydeH
IUana3oH BENIUYUH [e(hOPMOMETPUUICCKOH YYyBCTBHU-
TENBHOCTH YpoBHS Boxbl B ckB. E-1 A = 0.007-0.030
cM/10%, B cpemtem — 0.016 cm/107,

B 3axittoueHue ciegyer OTMETUTbh, YTO B THPOTEo-
XMUMHYECKOM PEKHME YeThIpeX MIyOOKHX CaMOH3IHBaIO-
IIUXCSl CKBRXUH MPEABECTHUKU B (hOpMe aHOMAJIBHBIX
HU3MEHEHHH XUMHYECKOTO COCTaBa BOABI MPOSBISLIUCH B
Te4eHHe HecKonmbkux Mecsanes nepen K3 [7, 18, 19]. Dto
yKa3bIBaeT Ha MPEALIECTBYIOIEE ITOMY 3eMIIETPSICEHUIO
CYIIECTBECHHOE H3MEHEHHUE YCIOBUHM CMEIINBAHUS KOH-
TPACTHBIX 10 XUMHUYECKOMY COCTaBY IOA3EMHBIX BOJ B
MUTAIOMKX BOJOHOCHBIX cucTeMax. Kak yka3pIBanoch B
[6, 7], Takue MPOSBIECHUSA THAPOTCOXUMHUYECKUX TPE-
BECTHHKOB MOTJIM OBITH CBSI3aHBI C JUIUTEIBHON (Mecs-
I[bI) BOMIONMEH MPUIIOBEPXHOCTHON 30HBI TPEUTMHHOMN
JIIaTaHCHH B BOAOBMEIIAIONINX IOpOJIax B Ipolecce
nonrotoBku K3. [Ipu 3ToM aHOManbHBIE NTEPEMEIICHU S
GPS-crannuit Ha 3TOM CTa MK OATOTOBKU 3eMIIETpsCe-
HUS HE PETHCTPUPOBAIHCE.

ITpumep K3 nmokasbpIBaeT, 4To Ha CTaANUU €T0 IMOAT0-
TOBKHM TIPOSIBIISUIMCH 1B THIIA IPOLIECCOB B TCOJIOTHYEC-
KOH cpelie B KOHTUHEHTaIbHBIX palioHax KamuaTku — o1-
HOCHUTEIBHO JUITMUTEIHHOE Pa3BUTHE TPEIIMHHON AHIIa-
TaHCHH B TOPHBIX MOpoAax M Ooiee KpaTKOBpPEeMEHHOeE,
MOpSAAKa MEPBBIX NECATKOB CYTOK, MX KBa3HYyIpyroe Je-
¢dbopmupoBanue. [Ipy 3TOM THAPOrCOXUMUYECKHIA PEKUM
CaMOUBJIMBAIONINXCA CKBa)XKMH SIBIsICTCS Ooiee 4yB-
CTBUTEIBHBIM K IIEPBOMY U3 yYKa3aHHBIX IPOIECCOB, a
TUAPOT€OMHAMUYECKUI PSKUM IbE30METPUUYECCKIX CKBa-
WH, BCKPBIBAIOIINX HAIIOpPHBIC OA3EMHBIE BOMBI, Ooree
YyBCTBUTENEH KO BTOPOMY IIPOLIECCY, KOTOPBIi pa3BUBAICS
Ha OTHOCUTEJIFHO KPAaTKOCPOYHOW cTaauu NoaroroBku K3.

IMpumep K3 taxxe mokaspiBaeT HEOOXOAMMOCTH
KOMIIJICKCUPOBAaHHS PA3IMYHBIX BHUJIOB HaOIIONEHUH,
OPHEHTUPOBAHHBIX HA JHAarHOCTUKY IPEABECTHHKOB
CUJIBHBIX 3eMJICTPACEHUN, 00yCIOBICHHBIX Pa3NuuneM
JIByX BO3MOXKHBIX IPOIIECCOB, Pa3BUBAIOIINXCS HA CPEA-
HE-KPaTKOCPOYHBIX CTAMSIX UX MOATOTOBKH.

BJIATOJAPHOCTHU

ABTOpBI BBIPAXaKT OJIaroJapHOCTh aHOHUMHBIM
pEelLEeH3eHTaM 32 BHUMATEIbHOE O3HAKOMJIEHHUE C PyKO-
MHCHIO CTAThU U LICHHBIE 3aMEUaHUs, HalpaBJICHHbIE HA
ee yJay4llIeHHe.

[To MHEHHIO OAHOTO U3 PEIIEH3EHTOB, IPUMEHEHHE
TEOpPUH MOPOYNPYTOCTH AJIsl OLIEHOK YNPYTUX Mapamer-
POB ¥ IOPUCTOCTH BOJOBMEILAIOIINX ITOPOJ, & TAKKE KO-
JINYECTBEHHBIE OLEHKU BEIUYUH IMpeaceicMUuIecKoi
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00beMHOHN medopManuu Ha cTajaud MOATOTOBKH Kpo-
HOLIKOTO 3eMJICTPSACEHUS SIBISIOTCS HE BIIOJTHE 000CHO-
BaHHBIMU IIPpU UIATCIBbHBIX THUAPOTCOAUHAMHNYCCKUX
Ipoueccax, COINPOBOXKIAIOLIUXCS YNPYrod HeEycTaHO-
BUBIIEHCs QuisTpanueil. BMecre ¢ TeM, pelieH3eHTOM
HE IIPUBOJATCA KPUTEPUH OINPENEICHUS YKa3aHHOU UM
BEpXHEH I'PaHUIIBI IPUMEHUMOCTH TEOPUHU I1OPOYIPYTO-
cti (1 cyT). B HacTosmelt pabote i onpeneeHus Bep-
XHEH TpaHUIbI CTATUIECKH U30JIMPOBAHHBIX yCJIOBI/Iﬁ B
CHUCTEeME “‘CKBa)KMHa — BOJIOBMeNIaromIas mopoaa” U, co-
OTBETCTBEHHO, IPUMEHUMOCTH TEOPUH IMOPOYIPYTrOCTH
JUIA HaGJIIOlIeHHI)IX HM3MEHEHU M YPOBHA BOJbI B CKBAXH-
Hax }03-5 u E-1 ucnonb3yroTcst pe3yasTaThl KPOCCc-CIIeK-
TPaJIbHOTO aHalIN3a Bapualuid YpOBHS BOABI U aTMOC-
¢epHoro nasnenus. [Ipu 3Tom Bapuanuu atMmochepHoro
JIaBJICHUSI PacCMaTpPUBAIOTCS B Kau€CTBE MPHUPOIHOTO
30HIUPYIOILETO CUTHAJIA COCTOSTHUSI CUCTEMBI “‘CKBaXKH-
Ha — BOJIOBMEIIAIONIAs MOpoaa” B IIMPOKOM JTHANa30HE
IIEPUOJIOB — OT YACOB JI0 COTEH CYTOK.
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Pexomenooesana 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
ofthe 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.



