BECTHUK KPAYHI. HAYKH O 3EMJIE. 2013. Ne 2. BbII1YCK Ne 22

YK 550.832.9:556.34.042

O BOBMOXKHOCTHU ITIOJIYYEHUA OLHEHOK YIIPYI'UX IIAPAMETPOB
BOJOBMEIIAIOHINX TTIOPO/ 110 JAHHBIM YPOBHEMEPHBIX
HABJIIOAEHUUA B IITBESOMETPUNYECKUNX CKBAKNHAX

© 2013 C.B. boaguna, I'.'H. KonsLioBa

Kamuamcxuii puauan Teogpuzuuecoii cayncovt PAH, I[lemponasaosck-Kamuamcxuii, 683006,
e-mail: boldina@emsd.ru; gala@emsd.ru

PaccmarpuBatoTcs criocoGbl 00pabOTKY TaHHBIX YPOBHEMEPHBIX HAOTIOACHU I B CKBaXK MHAX JITS TTOJTY-
YEHHUS OLIEHOK YIPYTUX MapaMeTPOB BOMOBMEIAIOIIMX TTOPOI ¢ UCIIOJIb30BaHUEM BEJIMYUH GapoMme-
TpUUYeCKOM 3(PHEKTUBHOCTH U IMTPUJIMBHOM Y BCTBUTEIBHOCTH YPOBHS BOIBI. YCIIOBHEM B TIPUMEHEHUH
paccMaTpUBaeMOro METOA SIBJISIETCS HaIMYUe CTATUYECKY N30 TMPOBAHHOTO OTKJIMKA YPOBHS BOIBI B
CKBaXXMHE B AMAITa30HE YaCOBBIX ITEPUOIOB. TaKoi OTKJIMK YPOBHS BOIBI MOXKET MPOSIBIISITHCS B THa-
MTa30He ITePUOIOB Yachl — MEPBBIC IECITKH CYTOK B CKBaXXMHAX, BCKPBIBAIOIIMX HATTOPHBIC MOA3EMHBIC
BOIBI 6€3 Ta3a B OTHOCUTEIBHO CIa00NPOBOISIIIINX BOIOBMEIIAIONMIMX TOPOIAX Ha NIyOMHAX MOPSIIKa
MTEPBBIX COTEH METPOB 1 60J1ee. [IJIsT TAKMX CKBAXK MTH MOXKHO ITOJTY YU Th BEIMIMHBI CCKMMAeMOCTH CKeJleTa
mopoabl ¥ KoadduimenTa CKEMIITOHA ¢ KCTIOJb30BaHUEM HOPMYJT TCOPUU TTOPOYIIPYTocTH. [1pr aTOM
OIICHKM BEJMYMH MOPUCTOCTH U YIEIBbHON YIIPYTroil eMKOCTH BOMOBMEIIAIOIINX TTOPOI OYIyT UMETh
MPUOITU3UTEIbHBIN XapaKTep.

Karwoueguie crosa: ckeadcuna, ypogeHs 600vl, bapomempuieckas 3¢phexmusHocmo, NPUAUGHAS YYECBU-

MeaAbHOCMb, CHCUMACMOCMb.

BBEJIEHUE

YpoBHeMepHbIe HAOIIOAEHUS B Ibe30METPU-
YeCKMX CKBa>KMHaX, PaCOJIOXEHHBIX B CEICMOaK-
TUBHBIX pETUOHAX, pacCMaTpUBaIOTCI KaK UH(Op-
MaTUBHBI KOMIOHEHT CUCTEMbI reo(PU3nYeCcKOro
MOHUTOPMHIA, HAllpaBJEHHOrO Ha oOHapyXeHue
MPU3HAKOB aKTMBU3ALIMM COBPEMEHHBIX €0 IMHa-
MMWYECKHX MPOIIECCOB, B TOM YUCJIE MOATOTOBKU
CUJIbHBIX 3eMJeTpsiceHn . Iicrosib30BaHUE YpPOBHE-
MEPHBIX TaHHBIX B yKa3aHHBIX LI€JISIX OCHOBBIBAETCS
Ha NpeACTaBICHUU O TOM, YTO TUAPOAMHAMUYE-
CKMI pexXMM MOA3eMHOU ruapocdeprl SIBASETCS
JOCTAaTOYHO YYBCTBUTEJbHBIM K U3BMEHEHUSIM
Hanps>XeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS BO-
JIOBMEIIAIOLINX TTOPOJ TTPU CEMCMOTEKTOHUYECKUX
BO3JIeHCTBUAX. BMeCTe ¢ TEM, OITBIT yPOBHEMEPH bIX
HaOJII0JEH U1 TOKA3bIBAET CYIIIECTBEHHY O HEPABHO-
3HAYHOCTb OTAEIbHBIX CKBaXKMH MO UX CHOCOOHOCTU
OoTpaxaTb B UBMEHEHUSIX YPOBHS BOIbI CUTHAJIbI
COBPEMEHHOW TreOJMHAMUYECKON AaKTUBHOCTU
(KomstoBa, 2009).

Ecnu ckBaxkrHa BCKpbIBaeT OMHOPOIHEIE C1a00-
MPOHUILIAEMbI€ BOAOBMEILIAIOIINE TOPOIbI, B KOTOPBIX
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TeYEHUEM BOIBI MOXHO MpeHeOpeub B HEKOTOPOM
Iuarna3oHe MeproaoB, TO Bapyallui YPOBHS BOIBI
B TaKOU CKBaxKMHE MOTYT 0€3 CYIIeCTBEHHBIX UC-
KaXXeHW# oTpaxaThb B COOTBETCTBYIOIIEM A1alia30He
MEePpUOI0B U3MEHEHU S TTOPOBOTO AABJICHUS NPU
neopMUPOBAaHUY BOAOBMENIAIOIUX Topo. B aTom
cllyyae peakliuMsi YpOBHS BOJbI Ha Jedopmalinio
OymeT onpenesAThbCs YIPYyTUMU IapaMeTpaMu KOH-
TPOJMPYEMOI'O0 CKBAXKMHOM TUIAPOTreOJOrnIeCKOro
roapas3aeaeHus.

B xayecTBe OCHOBHBIX YIPYTUX MapaMeTpOB
BOJOBMEIIAIOIIMX MOPOJ MOXHO paccMaTpuBaTh
(Rojstaczer, Agnew, 1989):

— CKMMaeMOCTh MUHEPATBLHOTO CKEJIETa IMTOPOIbI
B YCJIOBUSIX OTTOKA BOIBI (IPEHUPOBAHHBIE YCIOBH )
B, XapaKTepu3yOL1LYI0 CHOCOOHOCTb TOPHOU OPO/IbI
U3MEHSIThCSA B 0ObEMeE IO AeHiCTBUEM M3MEHSTIONIE-
rocs BCECTOPOHHETO HaMpsKeHU S ;

- koaddpuuuent CkemnroHa B, mokassiBalo-
WA D00 CYMMapHOTO HaIpsIKEHUS B CKeJIeTe
BOJOBMEIIAIOIIEH TOPOIbI, TepeAalolIYyIOCs Ha BOLY
B YCJIOBUSIX ITOJTHOTO 3aTIOJTHEH ST TOPOBO-TPEIIMH-
HOTO IIPOCTPAHCTBA;

— VAEIBbHYIO YIIPYTYIO EMKOCTD S, PABHYIO U3-
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O BOSMOXKHOCTHU MOJYYEHU A OLLEHOK

MEHEHUIO 00beMa BOIbl, OTHECEHHOMY K 00beMY
BOJOBMeEIIAOIIE TTOPOABI, MPU ENAMHUYHOM MU3-
MEHEHUMU HaIopa;

— MOPUCTOCTH ¢, BHIPAXKAIOIIYIO OTHOIIEHUE
00beMa BCeX IMMyCTOT (IIOP U TPEIMH) K 00IIeMy 00b-
€My BOJOBMeEIIAIONIEN MOPOAbI B AOJASIX €AMHULIBI
WUJIU TIPOLIEHTAX.

HevickaxxeHHbI OTKJIUK YPOBHS BOMIbI B CKBa-
KKWHE Ha aedopMaluio BOJOBMELIAIOUIMX TOPOI
OrpaHUYMBaAETCS NUANAa30HOM MEPUOAOB PO B-
JICHUS CTaTUUYECKUX YCJIOBUI BOLOOOMEHA MEXIY
CTBOJIOM CKBAaXXUHBI U BOJIOBMEIIAIOIIEH MTOPOIOH,
KOrzla MOXXHO MpeHeOopeUYb BIUSIHUEM TUIPOIUHA-
MUYECKHMX MTPOLIECCOB B IMTIOTOKE MOA3EMHOMN BOABI U
WHEPLUMOHHOCTHIO BOAOOOMEHA MEX Y CKBaXXK MHOU
U BoIOBMellalleil moponoii. Takue yclaoBUS Ha-
3bIBAIOTCS CTATUYECKHM U30JIMPOBAHHBIMU U, COOT-
BETCTBEHHO, OTKJMK YPOBHS BOAbI HAa pa3jivvHbIE
reoArnHaMUYeCKUE BO3AEHCTBU S TAKXKE Ha3bIBAETCS
CTaTUYECKMU U30JMPOBAHHBIM UJU OTPAHUYEH-
HbIM (static confined response (Hsieh et al.,1987;
Rojstaczer, Agnew, 1989)).

CTraTU4eCKM U30JIMPOBAHHBIN OTKIUK YPOBHS
BOJZIbl MOXET MPOSIBJISATHCA B LIMPOKOM AUANa30HE
MEPUOAOB OT MUHYT 10 CYyTOK — JIECATKOB U COTEH
CYTOK, B 3aBUCMMOCTH OT COOTHOIIEHUS HUIIbTpa-
LIMOHHBIX U YIIPYTUX TapaMETPOB BOAOBMEILIAIOIIAX
nopoJ U Apyrux (pakTopoB, B TOM YMUCJIE CTPOCHU S
CKBaXXWHBI, CTENEHU TMAPOJIMHAMUYECKON HU30-
JIMPOBAHHOCTU KOHTPOJUPYEMOTO T'MIPOT€0JIOTU-
YeCKOTro ImoApa3aeeHu s, Haan4us CKUH-3(pdeKTa.

Pa3BuTue MeToma ypoBHEMEPHbBIX HAOMIONeHU A
IS Teo(U3nYeCcKOro MOHUTOPUHTA TIPEATIoaaraet
pa3paboTKy CIIOCOOOB KOJMYECTBEHHOM OLIEHKU
WHTEHCUBHOCTU COBPEMEHHBIX T€OAMHAMUYECKNX
MPOLIECCOB, MPOSBASIOIIMXCS B aHOMAJIbHBIX Ba-
puanmsax ypoBHS BOJbl, B YACTHOCTHU, UBMEHEHU N
00BbeMHOI AeopMallii BOAOBMEIIAIOLIUX TOPO.
s 2TOro Heo6XO0AMMO UMETh KOJMYECTBEHHBIE
OLIEHKM YMPYyTrux napameTpoB BOJOBMEIIAOIIUX
nopoj B pailoHe ckBaxXXMH. Takas 3agada, OObIYHO,
BO3HUKAET YK€ MOCJe TOro, Kak CKBa>xmuHa npooy-
peHa, onpoboBaHa M MCMOJIb3YETCs MO 11eJIEBOMY Ha-
3Ha4YeHUIO (re0(pU3NUYECKUI MOHUTOPUHT), IIO3TOMY
JUUTS €€ PELIEH U S TTOJIE3HO UMETh METO/, OTTPENEIEH U ST
YIIPYTUX NTapaMeTPOB BOJOBMELIAIOIIMX MTOpoJ 63
HapylIeHUs €CTECTBEHHOTO TMAPOANHAMUYECKOTO
peXuMa CKBaXX HBI.

B omiinumMe oT 3MMU30AMYECKOTO BO3AECHCTBUS
($akTOpOB COBpEeMEHHOI reoJMHAMNYECKOMN aK-
TUBHOCTH, NMPUJIMBHBIE U ODapOMETPUUECKUE BO3-
JNEMCTBUS BBI3BIBAIOT MOCTOSSHHBIE U3MEHEHMU
HanpsaXeHHO-I1eOPMUPOBAHHOTO COCTOSIHUS
BOJIOBMEIIAIONIUX TTOPOJ U MPOSIBJILIOTCS B 3a-
KOHOMEPHBIX OTKJIMKaX YpoBHS BoAbl (KonblioBa,
2006, 2009; Konbernosa, Boaguna, 2006; Kornblioa
u ap., 2007).

B pa6ortax (Komnbeinosa, bonnuna, 2006; Igarashi,
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Wakita, 2001; Matsumoto, Roeloffs, 2003; Roeloffs,
1998; Rojstaczer, Agnew, 1989) nmoka3zaHo, 4TO IJIs
OLICHKM YIPYTUX MapaMeTPOB BOIOBMeEIIAIOIINX
MOPOJ MOXXHO MCITOJIb30BaTh 9KCIIEPUMEHTAIbHO
oInpejaejeHHbIE BeJIMUYMHBI OapoMeTpuuecKoil a3¢-
(beXTUBHOCTY M MPUJIUBHON YYBCTBUTEIbHOCTH
YPOBHS BOABI MO JAaHHBIM YPOBHEMEPHBIX HAOJIIO-
neHuii. Ho Takoit MeTon OLleHMBAHUS YOPYTUX
nmapaMeTpoOB BOMOBMEIIAOIINX MOPOI MMEET
OrpaHUUYEHUS U HE BCEerma MOXET MPUMEHIThCS.
IToaToMy cpeau MHOroodpasus ruaIporeoJormye-
CKMX 00CTaHOBOK 1 0COOEHHOCTEN (popMUpoBaHUSI
TUAPONMHAMMYECKOr0 peXnuMa HabaomaTeIbHbIX
CKBaXXWH CJIeNYyeT ONpeAeJUTh YCIOBU S, KOTAa MO-
KeT MPUMEHSThCS METOM OLIEHUBAHUS YIIPYTUX Ia-
paMeTpoOB MO JaHHBIM YPOBHEMEPHBIX HAOTIOICHUIA.

ITPUMEP OBPABOTKHW TAHHBIX
YPOBHEMEPHLIX HABJIIOJEHUU
B CKBAKHWHE 103-5, KAMYATKA

PaccMoTpuM ocobeHHOCTY 00pabOTKU JaHHBIX
YPOBHEMEPHBIX HAOIIOACHM I HAa TpUMEpPe CKBaXKHU-
Hbl ckBaxkuHbl 03-5, Kamuarka (puc.l). Xapaxk-
TePUCTHUKA CKBaXXMHBI, CUCTEMBl YPOBHEMEPHBIX
HaOII0AEHU 1 1 OCHOBHBIE PE3YJIbTaThl, B TOM YHUCTIE
000CHOBaHME HAJIMUYMS CTATUYECKU M30JIUPOBAH-
HOTO OTKJIMKA YPOBH S BOJBI B IMaIIa30He MePHOI0B
yachl — CYTKU M OMKUCAHUE 3aperMCTPUPOBAHHBIX
BapualMii yPOBHS BOIBI B CBS3M C CUJIBHBIMU 3EM-
JIETPSICEHUSIMU, IPpUBOISITCS B paboTax (KorkblioBa,
2006, 2009; Komwinosa, bonauna, 2006).

B Bapmanusix ypoBHsI BOABI BBIAEISAETCS HU3KO-
YacTOTHAasl KOMIOHEHTA (TpeH[d) U BhICOKOYACTOT-
Hble KOMIIOHEHTHI, O0YCJIOBJICHHbBIE, B OCHOBHOM,
3¢MHOIIPUJIMBHBIM BO3ICHACTBUEM U MEPEMEHHOM
OapoMeTpUUYECKOM HArpy3koiu (puc. 2a, BTopoii
rpaguk cBepxy).
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Puc. 1. Cxema pacnonoxeHus ckBaxnHbl F03-5.
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BOJIAMHA, KOITbIJIOBA

M3MeHeHM s MOBEpPXHOCTHOM OapoMeTpUUYECKOM
Harpy3ku 4 MPUJIUBB B TBEPAON 3eMiie SIBIISIOTCS
MOCTOSSHHO OEMCTBYIOIIMMU CUTHaJaMU, U3-
MEHSIIONIMMU HaNpskKeHHO-Ie(hOPMUPOBAHHOE
COCTOSIHME BOTOBMEIIAIOIIMX TTOPOI. DTU CUTHAJIBI
WMEIOT CYIIeCTBEHHBIC pa3inuusd. M3MeHeHus at-
MocdepHOro maBJleHUs, TaK Xe, KaK U U3MEHEHU S
YPOBHS BOIBI, TIPEACTABISIOT IIMPOKOMOJIOCHBIE
CHUT'HAJIbl, aMIUIUTYIbl KOTOPBIX YBEIMUUBAIOTCS
C yBeJIMUEHVEeM Teproaa Bapualuii B iuana3oHe oT
MUHYT 0 MECSALIEB-JIET.

PesynbraTel Kpocc-CIleKTpaJbHOrO aHaaKu3a
CpeIHEeYacOBbIX BapMalliil YPOBHS BOIABI M aTMOC-
¢depHoro naBneHus (puc. 26) NOKa3bIBAIOT, YTO
B IMAaIla30He IePUOIOB OT 2 10 6 4 HabaogaeTcs
yBeJIMUYeHHEe 0APOMETPUYECKOIO OTKJIMKA YPOBHS
BOJIBI OT HYJIEBBIX 3HAYEHUN MO MAKCUMAJbHOU
BeJMYUHBI. B nunamasone nepuonos 6-100 u Ga-
POMETPUYECKUIN OTKJIMK YPOBHS IMOCTOSHHBIA U
XapaKTepU3YeTCHd BEJIMUYMHONM aMILJIMTYIHOM Iepe-
natoyHoit pyHkuuu 0.39 cm/rlla, KOTOPYIO MOXHO
MNPUHSTH B KauecTBe OapoMeTpruuecKoit appekTuB-
HOCTM Bapualliii ypOBHS BOObI B cKBaxkuHe KO3-5.

PasHocTh (ha3 Mexx 1y U3MEHEHUSIMU YPOBHSI BOIBI
aTMoc(epHOro TaBJIeHH S B 1MAIa30He TOCTOSTHHOTO
3HAUYEHUSI aMIIJIMTYAHON TepenaTouHOi (PyHKIIMU
coctasisieT -180°. DTo yKasplBaeT Ha NPOSIBICHUE
HEMCKaXXeHHOT 0 6apoOMeTPHUUYECKOT0 OTKJIMKA YPOB-
Hd Boabl B ckB. K03-5 B 1nama3oHe nepruoaos ot 6 U
JIO TIEPBBIX I€CATKOB CYTOK.

[Ipu yBe1MyeHU Y MepUOAOB Bapualluii ypOBH S
u atMocdepHoro naBjeHus oT 20 cyTok u Goliee
MPOUCXOAUT YMEHbIIIEHUE aMIIJIMTYIHON mepe-
narouHoit pynkuuu ot 0.4 go 0.3 cm/rlla u meHee.
B aTOM nmnama3oHe MepuomoB TaKXkKe MPOUCXOIUT
yMEHbIIIEHVe BeJIMUMHBI KBaJgpaTa MOAYJIS CIIEKTpa
KOT€pEeHTHOCTHU Bapualiil ypoBHS 1 aTMOC(HEPHOTO
naBjeHus1 ot 0.8 1o 0.2 u cylecTBEHHOE OTKJIOHEH e
pasHocTH ¢a3 ot BeanunHbI -180° (Kombinosa, 2009).
DT0 00YCIOBJIEHO UCKAXEeHUEM 0apoOMeTPHUIECKOTO
OTKJIMKa YpPOBHS BoIbl B ckB. H03-5 Ha mepuogax
6o0mee 20 cyT 3a cUeT TeUEHMS BOABLI B BOOOBMeEIIA-
IOIIMX MOpoAax U TMAPOIMHAMUYECKOTO BIUSHUS
MPOIIECCOB B 00JIACTU MUTAHUS U pa3rpy3KH BOMIO-
HOCHOU CUCTEMBI.

B oTnu4ue oT IKMPOKOIIOJIOCHOTO OapoMeTpu-
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Puc. 2. CpenHevyacoBble JaHHbBIE CHHXPOHHBIX U3MEPEHU 1 yPOBH S BOABI U aTMOCGhEpHOro AaBjieHust Ha ckB. FO3-5,
Kamuarka (centsiopp 2010-mapt 2011 rr.) B CONOCTaBJACHUU ¢ U3MEHEHHUEM TEOPETUUYECKON AeopMaluui BOAO-
BMENIAIOIIUX MOPOJ (@) U pe3yabTaThl KPOCC-CMEKTPaJIbHOIO aHaJiu3a Bapualuii ypoBHS BOAbI U aTMOC(EPHOro
naBjieHUs (6) (CIIeKTpbl MOLIIHOCTY Bapualuii ypoBHs Boabl (1): yuepHast TMHUSA — HaOJOIEHHbBIE TaHHbIE, cepas -
HUS1 — JaHHbIE MOoce KOMITeHcaluu 6apoBapualinii mo aaroputmy (JlrooymuH, 1993)) u atMmocdhepHoro naBiaeHus
(2) B nnama3zone mepuomnoB 6-30 4 (). [1osSICHEHU S CM. B TEKCTE.
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O BOSMOXHOCTHU MOJYYEHHW A OLIEHOK

YEeCKOr'0 BO3JEUCTBUS, IIPUIIUBHOE BO3IACUCTBUE
B M3MEHEHMIX YPOBHS BOIBI XapaKTepu3yeTcs
OrpaHMYEHHBIM HAOOPOM JIOKAJIbHBIX MUKOB
B CIIEKTPE MOILIHOCTY BapUalil ypOBHS BOIbI, CO-
OTBETCTBYIOIIMX OTIACIbHBIM BOJHAM MPUIUBHOTO
rpaBUTALIMOHHOIO MoTeH11ana (puc. 26, rpaduxk 1).
B criekTpe MOIITHOCTY Bapualiiili ypOBHSI BOIbI BbI-
JOEeJSI0TCS MUKW, COOTBETCTBYIOIIME TTPUINBHBIM
BoaHaMm S K, (12 u), M, (1242 4), P,S, (23.93 u) nu
O, (25.82 4). B cniekTpe cpenHe4acoBbIX BapuaLuii
aTMocdepHOro TaBJIeHUS B pacCMaTpYBaeMOM 1A~
na3oHe nepruonos (6-30 4) BBIAEISIIOTCS TOJIBKO ABa
MHUKa — POBHO CYTOYHBIN (24 4) U MOJYCYyTOYHBII
(12 4) (puc. 26, rpadux 2), KOTOpbIe OOYCIOBJICHHI,
IJ1aBHBIM 00pa30oM, CYTOUHOUN MEPUOANYHOCTHIO
METEOPOJIOTUYECKUX TTPOLIECCOB B aTMOcdepe.
Pe3ynbraThl NpuJIMBHOrO aHAIN3a psiaa CpeaHe-
YaCOBBIX 3HAYCHU I YPOBHS BOIbI, OUMILEHHBIX OT
BIAMSHUS GapoBapualnii, TOKa3bIBAIOT HAJIUYUE
B MU3MEHEHMSIX YPOBHS He TOJILKO YeThIpeX HauboJiee
MOILHBIX BOJIH, HO U Gosiee c1abbiX BOMH Q, u N,
KOTOpPBIC OMPEACNSIOTCS MPU OTHOIIEHUU CUTHAJ/
mwyM < 10 (taba. 1). BeauynHB aMIJIUTYIHBIX
(akTOpOB MJI MATH BBIAEICHHBIX MPUJIMBHBIX
BOJIH (BoaHa P S, He paccmarpuBaeTcsa u3-3a
CUJIBHOM 3aIIyMJEHHOCTU KOMIIOHEHT Bapualluii
YPOBHS BOIBI C IEPUOIAMU OJIU3KUM K CYTOUHOMY
MepUoYy), OLIEHEHHBIE 10 OTHOIIEHUIO K TEOPETHU-
YeCcKOM MJIOoILIagHOu medopMalui, COCTABISIOT
0.090-0.142 cm/10-, B cpemHem, 0.115 cm/10-*
PerpeccuonHas cBSI3b MeXIY MPUIMBHBIMU
aMIUIUTydaMU1 B U3MeHeHUsIX ypoBHs Boabl (H) u
nomanHoi nedopmauueii (D) (puc. 3) onuckiBaeT-
csa ypaBHeHneM H = 0.104D + 0.034 ripu BetuuuHe
ko3 dunmnenta koppensiiuu R = 0.93. Koapduuu-
eHT perpeccuoHHoro ypasHenus 0.104 cm/10- MmoxeT

paccMaTprBaThCs B KAYECTBE XapaKTePHOM BETUUM-
HBI TIPUJMBHONW YYBCTBUTEIBHOCTU YPOBHS BOIBI
B IMAMa30He CYTOYHBIX U MOJIYCYTOUHBIX TTPUIHUB-
HBIX BOJIH. DTY BEJIMYMHY TaKKe MOXHO MCITOJIb30-
BaTh B KaUeCTBE XapaKTePUCTUKU OTKJIUKA YPOBHS
BOJIbI HA U3BMEHEHME neopMalli BOTOBMEILAIONINX
nopoj (aedopmMoMeTpuyecKas 4YyBCTBUTEIbHOCTD
YPOBHSI BOIIbI) B IMAIIa30HEe IIEPUOAOB OT 6 4 10 TIep-
BBIX JIECSITKOB CYTOK B COOTBETCTBUU C Pe3yJbTaTaMu
KPOCC-CIEKTPaJbHOTO aHaIM3a Bapualluii YpOBHS
BOIBI M aTMOCGEPHOTO NaBJIECHU .

BAPOMETPUYECKAA
N IJEOOPMOMETPUYECKAA
YYBCTBUTEJBHOCTDb YPOBH A BO/1bl

bapomempuueckas uyscmeumensbHoCmsv ypoGHS
600bl XapaKTepu3yeT OTKJINK CUCTEMBbI «CKBaxKM-
Ha — BOJOBMellalolas mopojga» Ha MepeMeH-
HY10 BEpTUKaJIbHYIO Harpy3ky Ha 3€pKajo BOJbI
B CKBaXXMHE M Ha BOJOBMEILIAIONIYIO ITOPOY Yepe3
NePEKPHIBAIOLIYIO TOJILY BCIEACTBUE Bapualui
aTMOC(hEPHOro AaBJEHUS U SABJSETCS 4YaCTOTHO-
3aBUCUMOA.

Awnamna3oH NepuoaoB MPOSBAEHUS CTaTUYECKU
U30JIMPOBAHHOTO OTKJIMKA YPOBHS BOIbI MOXET
OLIEHMBATbCS MO pe3yJIbTaTaM KpOCC-CIEeKTPaJIbHOTO
aHaJIM3a JaHHbBIX 110 U3MEHEH U SIM YPOBH S BOAbI (BbI-
XOIHOI CUTHaJ) U aTMOC(epHOro gaBlieHUs (BXOMI-
HOM IIMPOKOMNOJOCHBINM CUTHAJT). XapaKTepUCTUKa-
MU CBSI3U UBMEHEHU I YPOBH I BOJbI U aTMOC(EPHOTO
JaBJIEHU S ABJISIIOTCS KBAaApaT MOAYJIsI CLIEKTpa Kore-
PEHTHOCTHU, aMIUIMTYyHas epeaaToyHas PyHKIU
U U3MEHEHUE pa3HOCTU (a3 B 3aBUCUMOCTU OT
BeJIUYUHBI ITeproa (puc. 26). [To npsaMonHetHOMY
Y4YaCTKY MOBEACHUS aMILJIMTYAHON MepeaaTouHOn

Ta6auna 1. Pe3ynbraThl NpUJIMBHOIO aHAJIKM3a YaCOBBIX Bapualuil ypoBHS BoAbl B cKB. F03-5 mo mporpamme
ETERNA 3.0 (Wenzel, 1994), nepuoa HaGatoneHuit 23.09.2010-23.03.2011 rr.

AMIUTUTYIA TTOIIATHON AMTIUTUTYTHBII
Bosnna, nedopmannu, D, AMILIATY I OTHollIeHue (akTop, Ma3oBbIif CABUT,
o YPOBHSI BOIBI, Y
Mepuo, 4 en.-10 oM CUTHAJI/IIIyM cm/10 rpaj.
Q,,26.87 2.10 0.30 13.5 0.14210.001 153.25+0.10
0,,25.82 10.97 1.33 60.0 0.12110.001 154.19+0.02
M, 24.83 0.86 0.09 4.1 0.105%0.003 174.81£0.18
PS,,23.93 15.43 1.18 53.2 0.076%0.001 161.260.01
J,,23.10 0.86 0.11 5.1 0.130%0.004 149.82+0.25
00,2231 0.47 0.06 2.5 0.11740.006 154.77£0.35
2N,, 12.87 0.31 0.04 7.6 0.139£0.009 152.924+0.55
N,, 12.66 1.95 0.22 38.9 0.114%0.002 154.44+0.11
M,, 12.42 10.18 0.92 161.7 0.0911+0.001 161.12£0.02
L, 12.19 0.29 0.02 3.2 0.06410.016 170.33£0.93
S,K,, 12.00 4.74 0.50 86.8 0.105%0.001 169.66+0.04
M, 8.28 0.04 0.01 3.2 0.256+0.077 -179.1314.42

[MprmeyaHue: MOTYXUPHBIM IIPUGTOM BBIIEICHBI MPUJIMBHBIC BOJTHBI B U3BMEHEHUSIX YPOBHSI BOIBI, OTIPEICe/ICH-
HbIC TP OTHOINEHUHU CUTHAI/IIyM >10 1 UCITOIb3yeMbIe TIPU OLICHKE CPeIHEH BETUYMHBI MPUINBHON YyBCTBU-

TEJIBbHOCTU CKBAXMWHbI.
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Puc. 3. CooTHollIeHME MEX/1Y BbIACICHHBIMU aMIUIMUTYIaMU TIPUJIMBHBIX BOJIH B U3BMEHEHUSIX YPOBHS BOJbI B CKB.
K03-5 (H) 1 cooTBeTCTBYIOIIMMU TEOPETUUECKUMU BEIMYMHAMU TUIowaaHoi nedopmanuu (D): / — npuanBHbIe

BOJIHBLI.

¢GyHKLIMM OT Bapualuil aTMOC(hEPHOIro AaBJICHUS
K U3MEHEHUSM YPOBHS BOIBI MOXET OLICHUBAThCS
IMAaIa30H MePUOIOB MPOSBICHMS CTATUYECKU U30-
JIMPOBAHHOT'O OTKJIMKA YPOBHS BOIBI IJIS1 OTACIBLHOMN
ckBaxuubl (Konsinosa, 2006, 2009; Kormsinosa,
Boaguna, 2006; KonsutoBa u ap., 2007; Igarashi,
Wakita, 2001; Roeloffs, 1998) u cooTBeTCTBYyO1Ias
BeJIMYMHa 6apoMeTpuueckKoil a(p(HeKTUBHOCTU
(«static confined barometric efficiency»)

E = -dh /dh,, (1)

rae dh —6apoMeTpUYECKOE UBMEHEHUE YPOBHS
Bobl, cM; dh, — M3MeHeHHEe aTMOC(HEPHOTO AaBie-
Hug, rlla (bonmguna, Komwinosa, 2006; Igarashi,
Wakita, 2001; Rojstaczer, Agnew, 1989). 3Hak MuHyc
B ¢popmyJie (1) o603HaYaeT, YTO YPOBEHD BOIBI B OT-
KPBITOM CKBaXkMHE IMOHUXKAETCS MPU MOBBILIEHU U
aTMOC(epHOTro JaBICHUSI.

Hdng cTaTUYeCcKU M30JMPOBAHHBIX YCIOBUM
BBINOJNHAETCA cooTHOoweHue E = -(1-a), rae
o — OTHOIIEHHWE M3MEHEHUH MOPOBOTO JaBJICHUS
B BOIOBMeIIIAIONIEH MOpoe K UBMEHEHUSIM YPOBH S
BOABI B CKBaXXMHe UM 3(HEeKTUBHOCTD Iepeaadyu
MOBEPXHOCTHOI HArpy3Ku Ha KOHTPOJIHpPYEeMbIe
CKBaxXMHOI BomoBMellalouue mopoanl («surface
loading efficiency») (Rojstaczer, Agnew, 1989). g
ckB. }03-5 Bennuunna o = 0.61 cMm/rlla.

OnbIT ypOBHEMEPHBIX HAOIIOACHU I TTOKA3bIBa-
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€T, YTO CTATUYECKHU U30JIUPOBAHHBII OTKIUK YPOB-
HsI Ha YaCOBBIX — CYTOYHBIX MEPUOIAX TIPOSIBISIETCS
B CKBaXXMHAaX, BCKPHIBAIOIIMX HA IJTyOMHAX HE MEHee
MepBbIX COTEH METPOB HAIIOPHBIE CIA0OMUHEPATIN30-
BaHHBIE ITOA3eMHbIE BOIIBI 0€3 ra3a B BOIOBMEIIAIOIINX
MOPOJAX C OTHOCUTENIbHO HU3KUMU BOJIOIIPOBOISI-
IIMMU CBOMCTBAMMU, XapaKTEPUIYIOLIUMUCS BeJIU-
yuHaMu BomomnpoBoguMoctu T = 0.05-50 m?/cyT
(KomnelnoBa u np., 2007; Igarashi, Wakita, 2001;
Matsumoto, Roeloffs, 2003). B Takux ckBaxXuHax
MOXET MPOUCXOAUTH UCKAXEeHUE OTKJINKA YPOBHS
BOJIBI HA U3MEHEHU S TIOPOBOTO NaBJICHU S BCJICACTBUE
MHEPLUMNOHHOCTH BOJOOOMEHA MEXX 1Y CKBaXK MHOU U
BOIOBMEIAIONIEH OPOAOK B 1ANa30HE IIEPUOAOB
CeKYHIBI-MUHYTHI-TIepBbIe Yackl. Ha 6onbmnx mne-
puomax UCKaXkeHUe OTKJIMKA YPOBHS BOABI MOXKET
MPOUCXOIUTH U3-3a NUCCUTIALIUY YIIPYTUX UMITYJIb-
COB MOPOBOTO IaBJIEHU S TeYSHEM BObI.

®daxkTop MHEPLMOHHOCTU BOAOOOMEHA MEXIY
BOJOBMEIAIONIEH TTOPOAOK M CTBOJIOM CKBA>KMHbI
Ha MaJIbIX MNepHUOoJaX HEOOXOAMMO YUUTHIBATD OIS
Kaxaoi HabJaomaTelbHOU CKBaxXUHBI. B cooT-
BeTcTBUU ¢ Moaenbio (bongnna, Kombiiosa, 2006;
Hsieh et al., 1987), nposiBieHue pakTopa MHEPLU-
OHHOCTH OIIpeNeseTcs CTPOeHUEeM CKBaXXUHBI U
(GUABTpallMOHHBEIMU CBOIICTBaMU Iopoa. BaxHyro
pOJIb B 3TOM IIpoliecce UTpaeT MPOHUIIAEMOCTh ITPU-
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(UIBTPOBOI 30HBHI, T. K. IPU €€ IIOHUXKEHU U (PAaKTOP
MHEPLUOHHOCTU ycuauBaeTcsa. Takum obpa3oMm,
YyeM BbILIE MTPOHULIAEMOCTh MPUGUIBTPOBOM 30HBI
1 60J1b11IE BOAOTIPOBOJUMOCTD, a TAKXKE YEM MEHbIIIE
JUaMETP CTBOJIA CKBAXXMHBI U MEHBIIIE MAacCa BOJbI
B €€ CTBOJIE, TEM Ha MEHbILIMX MEPUOJIAX Baprualluid
TMOPOBOTO AABJIEHU S CAEAYET OXKUAATh KCKAXAIOIIee
BIMSIHUE MHEPIIMOHHOCTU BogooOoMeHa. CoOTBeT-
CTBEHHO, T0JI0ca MPOIMYCKaHUS I TPOSIBIEHUS
CTaTUYECKHW M30JMPOBAHHOIO OTKJIMKA YPOBHSA
BOJbI Ha JedopMaliMio BOJOBMEIIAIOMIUX TOPO
OyIeT pacIIUpsThCI B 00JIaCTh MaJIbIX IEPUOAOB.

B o6J1acTu 60JIbIINX ITIEPUOAOB, COCTABIISIOIINX
CYTKU-IECSATKHM CYTOK U 00JIe€, UCKAXKEHUE U TTIOJTHOE
BBIPOXJEHNE CTATUYECKU U30JIMPOBAHHOIO OTKJI-
Ka YpOBHS BOAbl 00YCJIOBJIEHO BO3I€MCTBUEM Ha pe-
KM CKBaXkMH KOMTIJIEKCA €CTECTBEHHbIX (DAKTOPOB,
CBSI3aHHBIX C TEUEHUEM BOJbI M BIUSHUEM YCIOBU M
NUTAHWUS Y pa3rpy3Ku B 30HE TMAPOAMHAMUYECKOTO
BausgHUA. OlieHKa BepXHel I'paHUIbl AMana3oHa
TMEPUOJOB MPOSIBJICHUS CTATUYECKN M30JUPOBAH-
HOTO OTKJIMKA yPOBHS BOABI MOXET IMTPOBOAUTHLCS 1O
YMEHbBIIEHUIO BEJIMUMH KBaJpaTa MOAYJISl CIIEKTpa
KOT€pEeHTHOCTU U aMIIJIMTYJHOUN MepeaaToOuYHOn
(yHK1IMU OT Bapualinit aTMOC(HEpHOTO AaBJAEHUS K
u3MeHeHusIM ypoBHs Boabl (KonbiaoBa u ap., 2007).

Hepopmomempuueckasn 4uyecmeumensbHoCcms
YPOBHSA 6006l MOXET OLICHUBATBLCS MO BEJIUUYMHE
€ro MpUJMBHON YYBCTBUTEJIBHOCTU, TO €CTh IO
COOTHOILIEHUIO aMIUIMTY/l OTAEJIbHBIX MPUJIMBHBIX
BOJIH B U3BMEHEHUSIX YPOBHS U COOTBETCTBYIOIINX
BEJIMYMH U3MEPEHHOU MJIU TeopeTuUecKou nedop-
mauuu (Komernosa, 2006; Konsiosa u ap., 2007).
BaxkHBIM yCI0BHEM /171 3TOTO SIBJISIETCI OTCYTCTBUE
BJIMSTHU S UHEPLIIMOHHOCTU BOJOOOMEHA B JMAIIa30HE
CYTOUHBIX Y TTOJYCYyTOYHBIX NPUJIUBHBIX TIEPUOIOB
(Hsieh et al.,1987). Hanpumep, nisa ckB. F03-5 no
pe3yJbTaTaM KpOCC-CIIEKTPaJbHOrO aHaJIMU3a ya-
COBBIX BapuallMii YpOoBHS BOJbl U aTMOC(HEPHOTO
JIaBJIEHU S UCKaXXalolllee BJIUSHUE UHEPLIUOHHOCTH
BOAOOOMEHA Ha OapOMETPUYECKU I OTKIMK MPOSIB-
JisieTcs Ha mepuoaax MeHee 6 1 (puc. 26) (bonouHa,
Kormstosa, 2006). [Tostomy ais ckB. K03-5 MOXXHO
WCIIOJIb30BaTh OLIEHEHHY1O0 BEJIUUYUHY MPUJIUBHON
4yBCTBUTEJILHOCTU YPOBHA Boabl A (puc. 3) B Ka-
yecTBe 1e(POPMOMETPUYECKON UYBCTBUTEIBHOCTU
BO BCEM [1MaIla30He MPOSBIECHUS CTaTUYECKU U30-
JIMPOBAHHOT'O OTKJIMKA YPOBHS.

OTKJIMK YPOBHS BOABI HA MPUJIMBHOE BO3AEH-
CTBUE XapaKTepU3YyeTCd BEIUYMHAMU Uy BCTBUTE b-
HOCTHU YPOBHS$ BOMBI IO OTHOLIEHUIO K 00BEMHON
npunuBHOi nedopmauuu A = -dh /e nam mno or-
HOLLEHUIO K IJIONIAaHO’ IIPUINBHON nedopmManuu
A= -dht/al, rae dh — aMIuIMTyaa NPUIMBHBIX W3-
MEHEHU U YPOBHS BObI, € — 00bEMHAs MPUJIMBHAS
nedopmanus, e e = g + sy+ &, [I€ & N & — IOpU-
30HTaJbHbIE KOMIIOHEHTHI MPUJIUBHOU nedopma-
UMM, & — BEPTUKAJIbHAS KOMIIOHEHTA NPUIMBHOI
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neopManny; g = g + ¢ — IUIOLIAAHAs IPUIMBHAS
nedopmanus, (Konernosa, bonauna, 2006; Igarashi,
Wakita, 2001; Rojstaczer, Agnew, 1989).

Bennuunnbt dh onpenensiorcs no cpeaHeyaco-
BBIM TAHHBIM YPOBHEMEPHBIX HAOIIONEHU T TN HOMN
He MeHee OHOro Mecslla IMyTeM MPUMEeHEHU I TIpU-
JIMBHOTO aHaju3a W OoNpeleeHus aMIUIUTYI OT-
IeJbHBIX IPUIUBHBIX BOJH. [Ipumep onpeneaeHus
AMIUIMTYI IPUJIMBHBIX BOJIH B U3MEHEH U SIX YPOBHSI
BOIbI M COOTBETCTBYIOIIMX aMIIIUTYIHBIX (haKTOPOB
110 OTHOIIEHUIO K TeOpeTUUYeCcKol AedopMaluu mo
nporpaMme npunuHoro aHanuza ETERNA 3.0
(Wenzel, 1994) npuBonutcs B TaoI. 1.

Panee B pabotax (Igarashi, Wakita, 1991;
Matsumoto, Roeloffs, 2003; Roeloffs, 1998; Rojstaczer,
1988a; Rojstaczer, Agnew, 1989) nmpennaranoch
HCITOJIb30BaTh B KAY€CTBE BEJIMYUHBI TPUIUBHON
YyBCTBUTEJIbHOCTH YPOBHS BOIbI aMILIUTYMIHBIMN
(daxTop, onpeneeHHbl 11g BoaHbl M,. Takoii
MOIXOMA NPEACTaBISIETCS HE BIIOJIHE OMpaBIaHHBIM
13-32 HEKOTOPOTO OTJUYM S BETUIUH aMILIATYIHBIX
(hakTOpPOB M1 Pa3IUYHBIX TPUIMBHBIX BOJH U UX
CYTOUHBIX U MOJYCYTOYHBIX TPy (Ta0I. 1).

OLIEHKA CBA3U YIIPYTUX TAPAMETPOB
BOAOBMEIIAOLINX
[MOPOA 1 BEIMYMHE 1A

B pa6orax (KomsiioBa, bonguna, 2006; Konbr-
JnoBau ap., 2007; Igarashi, Wakita, 2001; Matsumoto,
Roeloffs, 2003; Roeloffs, 1998; Rojstaczer, 1988a)
naHo onucanue 20-THU Mbe30METPUUECKUX CKBaXKH
B celicMOaKTHBHBIX paitoHax Poccuu, JAnoHun un
CIIA, B KOTOpPBIX IPOBOAUIUCHL YPOBHEMEPHEIE
HaboaeHus (Tad. 2). CKBaxK MHbBI BCKPLIBAIOT Ha-
MOPHBIE TIPECHBIE MMOA3eMHBIE BOALI HAa INTYOMHAX OT
50 mo 860 M. BogosMelnaroiye Mopoasl MpeacTaB-
JIEHBI 0CaJlOYHBIMHU, BYJIKAHOT€HHO-0CATOYHBIMU
¥ MarMaTM4ecKMMM noponaMu. [lo 3akioueHnIO
aBTopoB (Kombinosa, boaguna, 2006; Konbliosa
u ap., 2007; Igarashi, Wakita, 2001; Matsumoto,
Roeloffs, 2003; Roeloffs, 1998; Rojstaczer, 1988a) Bce
3TU CKBaXXUHBI XapaKTepU3yIOTCS HaJIMIUEM CTa-
THUYECKU M30JIMPOBAHHOTO OTKJMKA YPOBHS BOIBI
Ha 60apoMeTpuUYecKoe U MPUIUBHOE BO3ACHCTBUE
B AMaIia30He MEePUOIOB YaChI-CYTKU.

st aTUX CKBaXXKUH C UCIOJIb30BaHUEM KPOCC-
CIIEKTpaJbHOTO aHaJiM3a YaCOBBIX BapHallui
YPOBHS U aTMOC(EpPHOT0 NaBAEeHU S OIpeaeIsIINCh
BEJIUYUHBI OapoMeTpudeckoil 3(p(peKTUBHOCTU
(E, = 0.12-0.80 cm/rlla) n BeIMYMHBI IJIOLIATHOM
MPUIUBHON YYBCTBUTEJIbHOCTU YPOBHS BOIBI
(A;=0.010-0.143 m/1077) (Taba. 2).

BripaxkeHus1, oMUCHIBAIONINE CBSA3b YIIPYTUX
napameTpos B, B, S, u ¢ u sKcnepuMeHTaaIbHO
omnpeaenasieMblX BEJIMYUH OapoMeTpuUecKoil 3d-
bexTtuBHOCTY E, M NIPUIUBHOM 4yBCTBUTENLHOCTH
YPOBHSI BOMIbI A TpUBOAATCA B paborax (Komnbiiosa,
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Bonnuna, 2006; Igarashi, Wakita, 2001; Matsumoto,
Roeloffs, 2003; Roeloffs, 1998; Rojstaczer, Agnew,
1989):

B=1[(1- E)/EJIG/2ogAl +v) -BJ. ()

rae B, — CXMMAeMOCThb TBEPAOH (a3bl CKEIETa
BOJOBMeEIIAOIIEH MOPOAbl, v — KOIGDULIMEHT
ITyaccoHa nj1s1 yc10BU OTTOKA BOAKI (IpEeHUPOBaH-
HBIE YCIIOBMS), p — MJIOTHOCTb MOPOBOTO (IIIonIa,
g — yCKOpeHHe CBOOOIHOTO MaaeH s,

B = (pgAPB)/I1 + pgAg(B - B)I; 3
Ss= pg(B + o8y, )
rze B,— CKMMaeMOCTb MOPOBOTo (irona;

¢ =1[(B - B)(L - B)I/[B(B- BI- &)

ITpu mocTpoenun rpapukos (puc. 4-7) uc-
MOJIb30BaJIach TAOJMYHAS BEIMYMHA CXKUMAEMOCTHU
noposoro ¢monaa p, =4.4-10"° [1a"! (xononHas rnpe-
CHasl Boja 6e3 ra3a ¢ TJIoTHOCTBIO p = 1.0-103 k1/M?)
U BeJIMUYMHA YCKOPEHU S CUJIBI TSIXKeCTH g = 9.8 M/c2.
Benuuunna koadpuumenra Ilyaccona ajis yciaoBuit
OTTOKa BOABI (IpeHUPOBAHHEIE YCIOBUSI) IPUHUMA-
Jlack paBHOM v = 0.25; c;KMMaeMOCThb TBepIOii (hasbl
CKeJleTa ITopOoabl MPUHUMAIACh paBHOM CKMMaeMO-
crtu kBapua B, = 0.3-10"° [Ta"! (Roeloffs, 1998).

Ha puc. 4 mokazaHo, UTO CXKMMaeMOCTb CKeJieTa
MOPOJIbI YMEHBIIAETCS IPU pOcTe BeIUMYUH A u E .
C yueToM AMana3oHOB U3MeHeHUs BeuuuH E n A
JUISI peaJIbHBIX CKBaXXKMH (Ta0J1. 2), HanboJsiee Xxapak-
TepHbIe 3HaUeHUS B cocTaBasgioT 7-10-12-2-10-1° [Ta-'.

Bennuuna kosdppunnenta CKeMNTOHA MO-
xeT n3MeHsaThes oT 0.22 mo 0.9 1 3aKOHOMEpPHO
YMEHbLIAETCA C yBeanvyeHueM E, u He3HauuTea1bHo
YBEJIMYMBACTCS C POCTOM Ag (puc. 5). B Gobiueit
CTeIeHU BeJnunHa B cBs3aHa ¢ Be1nM4nHOM 6apo-
MeTpuYecKoii apektuBHocTH E,.

BennuyuHa yaeabHOR yIIpyTroii eMKOCTH IJIABHO
yMeHblIaeTcs ¢ ypenndyenuem E, u A, (puc. 6). Bme-
CTE C TEM, IIPU OLEHKE BEIMYMHBI S; HEOOXOAUMO
YUYUTBHIBATH CJICAYIONINE OUEBUIHBIE OTpaHUYCHMSI.
S, MoxeT uamMeHAThea ot 1.5:10° mo 10* M mpu
A,=0.01 M/107m E, = 0.12-0.80 cm/rI1a;

S¢=310°-3-10° M mpu A; = 0.03 m/107

n E, = 0.12-0.80 cm/rlla;

S¢=3.5-107-9-10m" mpu Ay = 0.08 m/107

n E, = 0.12-0.80 cm/rlla;

S¢=5.5-108-7-10-° M mpu A, = 0.1 m/107

nE, =0.12-0.79 cm/rlla;

S;=107-510° M mpu Ay = 0.13 m/107

nE, =0.12-0.73 cm/rlla;

S¢=1.5-108-3-10-° M mpu A, = 0.18 m/107

u E, = 0.12-0.66 cm/rl1a.

BenuuuHa nopuctoctu ¢ no (5) U ¢ y4eToM
(2)-(4) ompenensiercsl, B OCHOBHOM, BEJIMYMHOM’
NPUIMBHON 4yBCTBUTEIbHOCTH YPOBHS BOABI Ag.
C pocrom A  ona ymenbiaercs (puc. 7). Ilpu yse-
JudyeHuu 6apoMeTpudeckoit abdexTuBHoctu E
BeJIMYMHA ¢ BechMa c1ab0 yMeHbIlIaeTcs.

CKBaXUHbI:
GD

1107

1113

1114

3023
0761

110°

3005
0746

TF

l03-5

3004

110°

1303
1309

Ll L1l

110"

1.10™

sl

110"

p il

[peHupoBaHHas CXXMMaeMocTb cKeneTa, f3, MNa”

LKT
KMK(100)
2722
KMK(500)
2721
JC
SC2
. Xaubapa

o

0.2 0.4

0.6

BapomeTtpuyeckan achcekTuBHOCTS, E,, cm/rla

Puc. 4. CBsI3p CKMMaEeMOCTH CKeJieTa BOIOBMeIIaoleil moponbl B mo dopmye (1) u BeTudnH 6apoMeTpHIECKOM
s dexTBHOCTH E, M IpMINBHOI 4yBCTBUTENLHOCTH YPOBHS BOABI A¢ Il CTATUYECKU M30JIMPOBAHHEIX YCIOBUI

B CUCTEME «CKBaXMHa — BOAOBMCEIIAKOIIadA mopoaa».
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O BOSMOXHOCTHU MOJYYEHHW A OLIEHOK
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Puc. 5. Cpasb koapduunenta CkemnrtoHa B no ¢popmyne (2) u BennuuH 6apomeTpryeckoil apdextusHoctn E, 1
MPUTMBHON YYBCTBUTENLHOCTU YPOBHS BOABI Ay LSl CTATUYECKN M30JIMPOBAHHBIX YCJIOBUIA B CCTEME «CKBaXKMHa
— BOIOBMeEIIIAIOIIIAsT TOPOIa».
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Puc. 6. CBA3b yaenbHO# ynpyroit eMKocTy Sq mo dopmyie (3) 1 BeIMInH 6apoMeTpuyecKoii apdekTusHoCTH E, 1
NPUTMBHON YyBCTBUTEILHOCTH YPOBHSA BOIABI A Ul CTATMYECKM M30JIMPOBAHHBIX YCIOBUI B CUCTEME «CKBaXMHA
— BOJOBMeEIIAIONIAsT TTIOPOIa».

BECTHUK KPAYHL. HAYKHM O 3EMIJIE. 2013. Ne 2. BBITTYCK Ne 22 193



BOJIAMHA, KOITbIJIOBA

BapomeTtpuyeckasn adpcpekTMBHOCTL, E,, cM/rTla
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Puc. 7. CBsI3b MOPUCTOCTH BOJOBMEIIAIOIINX MTOpo ¢ 1o opmysie (4) U BeJIuuuH 6apomeTpudeckoit apdekTun-
HocTH E, M MpUIMBHOI YyBCTBUTEIBHOCTH YPOBH S BOABI A ISl CTATHYECKM M30IMPOBAHHBIX YCJIOBUI B CHCTEME

«CKBaxXMHa — BOOOBMEIIAIOIIasda rmopoaa».

ITpu oueHKe ¢ Tak>XKe HEOOXOAUMO YUUTHIBATH
cienylone orpaHnyeHus. BeanuuHa ¢ He MOXeET
OLICHMBAThCA IPU HU3KOU BEJIUYUHE IMPUTUBHOMN
4yBCTBUTEJILHOCTU YPOBHA Boabl (A~ 0.01 m/107).
Eciu A= 0.03 m/107, To npu E, = 0.12-0.80 cm/
rlla BennuyrHa ¢ MOXET MPUHUMATh 3HAUCHU S
B quamnasone ot 45 1o 70%. Ipu A;= 0.08 m/107 n
E, = 0.12-0.80 cm/rlla Bentn4ymHa ¢ MOXET COCTAB-
aatb 1.5-22%. Ipu A= 0.10 M/107 n E, = 0.12-0.75
cM/rlla Ben1uynHa ¢ MOXKET U3MEHAThCI OT 1 10
15%. Ipu Ag= 0.13 M/107 u E_ = 0.12-0.65 cm/rI1a
OMaIna3oH 3HAYCHUI MOPUCTOCTU COKpalllaeTcs
(6 = 1-10%). Ecnu A;= 0.18 m/107 u E, = 0.12-0.52
cMm/rlla, To BomoBMellalolas Iopoaa XxapakTepu3ay-
€TCS MaJIBIMKM BEIMYMHAMU IIOPUCTOCTH (¢ = 1-6%).

3AKJIIOYEHHUE

Onpenenenune Benuyud E, u A o 1aHHBIM
CUHXPOHHOM perucTpaluu YpoBHS BOIBI U aTMOC-
(bepHOTrO TaBIEHNS B TbE30METPUUECKOI CKBaXKMHE
MPU YCTAHOBJIEHHBIX CTAaTUYECKU M30JIUPOBAHHBIX
YCJIOBUSIX TTIO3BOJISIET OLICHUBATH 110 popMyaam (1)-
(4) ynpyrue mapaMmeTpbl U MMOPUCTOCTb BCKPBITHIX
CKBaxXMHOM BogoBMmelnamux nopoxa. [lpu stom
Haubosiee HaaeXXHbIe OLEHKH MOXHO TMOJYYUTh
NI BEJIWYUH CXKMMaeMOCTH cKejeTa MOPOIabl U
Koa(pdunmenta CKeMNOTOHA.

194

OLeHKU YIOeJIbHOM YIIPYTOii eMKOCTU U TIOpU-
CTOCTHY BOJIOBMEIIAIONIEH MOPOJAbl MEHEE HATEXKHBI.
JI1st 3TUX TTapaMeTPOB 110 JaHHbIM 0 E, 1 A; MOXKHO
JIMIb OTIPEAEIISITh BO3MOXHBIE TUANIa30Hbl BEJIUUKH.
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POSSIBILITY TO ESTIMATE THE ELASTIC PARAMETERS OF WATER-SATURATED
ROCKS ACCORDING TO WATER-LEVEL OBSERVATIONS IN PIEZOMETRIC WELLS

S.V. Boldina, G.N. Kopylova

Kamchatka Branch of Geophysical Service of the Russian Academy of Sciences

The paper presents processing methods of data from level observations in the wells to estimate the elastic
parameters of the water-bearing rocks using the values of barometric efficiency and water level tidal sensitivity.
The application of this method is stipulated by presence of static-confined response of water level in the well
within time hourly periods. Such a water level response can appear at periods from hours to the first tens
of days in wells, which penetrate confined groundwater without gas in relatively weak conductive water-
bearing rocks at depths of a few hundred meters or deeper. For such wells we can obtain the values of rock
matrix compressibility and Scampton’s coefficient using the formulas of poroelasticity theory. In this case,
the estimations of porosity and specific storage of water-bearing rocks will be approximate.

Keywords: well, water level, barometric efficiency, tidal sensitivity, compressibility.
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