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BusHaueHO OHATTA Ta 0cOOAUBOCTI 4D rpasitaljiiHoro MopeAroBaHHg. OOpPOOKyY MOro AQHUX
Ha KOPOTKUX TPOGIAsIX 3aIIPOIIOHOBAHO ITPOBOAUTHU 3a CIIiBBIAHOIIIEHHSAM 3i IIBUAKOCIIAAHUMU
sAPaMy, a Bapiallii ToAd yepes3 BIIAUB MaAOIHTEHCUBHUX Ieodi3NYHNX (paKTOPIB ypaxoByBaTH 3a

METOAUKOIO ABYAITA.

A notion and peculiarities of 4D gravity monitoring are defined. Its data processing on the
short profiles is suggested to execute by the given expressions with fast decaying cores, and
gravity fluctuations due to impact of low-intensity geophysical factors should be taken into

account by the Dvulit's techniques.

K ob0ocHoBanuio moHurtopusra. Ha ¢one
OYEBHAHOTO TAOOAABHOI'O TEXHOAOTHYECKOTI'O IIPOo-
rpecca B YCAOBHUSAX 3KOHOMUYECKOTO CIlapa Ha
KOAWUUYECTBO, METOAMKY ¥ BO3MOKHOCTH OCYIIe -
CTBA€HUS KPYITHOMACIHITAOHBIX TeO0(pU3nIeCKUX
paboT BAUSIOT ABe TeHpAeHITUuU . C OAHOU CTOPO -
HBI, BO3POCIIIas TOUHOCTh ¥ IIPON3BOAUTEABHOCTD
TPaBUMETPUYECKUX CHEMOK (3TOT METOA, IIPU IIPU-
€MAEMOM TOYHOCTH OCTAeTCsI HEAOPOTHM ITOMCKO-
BO-Pa3BEAOYHBIM pellleHreM B 001IeM KOMIIAEK-
ce reo(pu3UYECKUX NCCAEAOBAHUU BCAEACTBUE CO-
BePIIIEeHCTBOBAHUS allllapaTyphl U TOIIOT€0AE31-
yeckoro obecneuenusa — cucreM GPS). C ppyrou
CTOPOHBE], 3aMeTHO pe3Koe CHIJKeHNe o0beMa U3-
MepeHUuN.

ITepBoe MOBAEKAO 3a COO0OM HEOOXOAMMOCTD
nepecMoTpa MeTOAOB 0OpabOTKU MOAYYEeHHBIX
AAHHBIX, B YaCTHOCTU OOAee TOYHBINU yueT IIO-
npaBok byre [Brrukos, 2007]. ITocaepHee Ha do-
He HeOOXOAUMOCTU OOHAPYy KeHUs OOAee TAYOUH-
HEIX MCTOYHUKOB aHOMaAuii! BAedeT 3a coboi

' BO3MOKHOCTH METOAOB PEryASpU3AIUU B peltie-
HHU 33734 IIOCTPOEHUsI CAOJKHBIX Pa3pe30B IIPU CO-
BPEMEHHOM YPOBHE MOACABHBIX IIPEACTABACHUN O TeOo-
AOTHMYeCKOU cpeAe OAM3KU K TEXHOAOTUYECKOMY IIpe-
DeAy.
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IIepecMOTp METOAUKU M3MEPEHUHM C IIeAbIO yue-
Ta TOHKAX OCOOEHHOCTEN I'PaBUTAIJMOHHBIX aHO-
MaAuM “ManrOM KPOBBIO', T. €. 0e3 YCAOSKHEHUS Ma-
TeMaTUIeCKOTO anfapaTa, METOAVK M3MepPeHUN 1
YBeAWYEeHUs MaTePUAABHO-TEXHUUECKUX 3aTparT.
OTH 0COOEHHOCTH MOJKHO " IMOACeYL ", eCAr 3a-
AENCTBOBATh AOIIOAHUTEABHYIO IIepPEMEHHYIO —
BpeMs.

B aTOM mA@HEe MUPOBLIE " TPEHABL " Te0U3U -
YyeCcKUX HaOAIOAEHUH ITOCTEIeHHO TATOTEIOT K He-
npepbsiBHOMY 4D monutopunry [Battaglia et al.,
2008] uccaepyeMoM IAOIAAN, M3ydasi 3BOAIOITUIO
IPaBUTALIMOHHOIO IOAS 3@ BpeMs 3KCIAyaTalluu
y4acTKa AM00 Ha IPOTS>KeHNY NHTePBaAa ero pes-
KOU AMHAMU4YeCKOM akTuBu3anuu. CaepyeT IIOA-
YepKHYTh, UYTO B 3amapHoM auteparype [ Geophy-
sics, 2008] mop TepMUHOM " BapUaIlUy CUABI TS-
KeCTH'" UMEeIOT B BUAY BPEMeHHYIO Pa3HOCTE pe-
AABHBIX @HOMAAWM Ha OIPAHUYEHHbIX IIAOIIAAIX,
UCTOYHUKAMM KOTOPHIX BHICTYIIAIOT OOBEKTHI C
OBICTPOM3MEHSIEMOU TAYOMHHON AMHAMUKOM, B TO
BpeMd KaK B OTeUeCTBEHHOM AUTepaType 3a 3TUM
TIOHATHEM 3ape3epBUPOBAHEI CAAObIe KBa3UIIepU-
oprdecKue (PAYKTyalluu Ha CBEPXGAUHHBLX TIPO-
puAsIX, TepeceKaronx 0OAACTH KOHTPACTHBIX CO-
BPEMEHHBIX BEPTUKAABHBIX ABMYKEHUN OAOKOB 3eM-
HOU KOPHI.
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0. 1. AY6OBEHKO, O.A. YHEPHAA

Cama mpest MOHUTOPHHTIA y>Ke BUTaAa B BO3-
Ayxe [Aoccosckwuit, 2006]? 1 HeKOTOpHIE ee PH-
AO>KEHUSI B OIIPEAEAEHHOM CTeleHU UAAIOCTPU-
pyet pabota [IOprun, 2006]. Tem He MeHee, B
YKa3aHHBIX MCTOUHUKAX He YIIOMHHAETCs O He-
00XOAHMMO, IO HallleMy MHEeHHIO, IIOAOIIAEKE MO-
HUTOPWHIA — BapHallsaX CUABI TIXKECTU B TOM
IIOHMMaHWU, KOTOPOe B HUX 3aA0KeHO pabora-
mu I'. T. Cobakaps, U UX 3aBUCUMOCTHU OT PIAa
MaAOMHTEHCHUBHBIX TPUPOAHBIX U TEXHOTE€HHBIX
¢aKToOpOB.

IpuMeHneHUe NOBMOPHBIX HADAIOACHUHU B He-
KOTOPOM OOAACTU B PABUMETPUM AAS HAC CPaB-
HUTEABHO HEHOBO (€ero 3AeMeHThI IPUMEeHIANCH
B CO3A@HUHN PETHMOHAABHBIX IAOTHOCTHBIX MOAE-
Aett KaBkasa, 0 yeM yIloMHUHaeTcsd B paboTe [Ane-
Kcupse, 1989], a Takke [FOpkuna, 1978]), xoTsa
HenpepblBHBIMU BO BDEMEHU UX Ha3BaThb TPYAHO,
B TO BpeMs KaK B CeICMOMETPUHU 3TO A@BHO 00-
IeIIPUHSATO.

OTMeTHM, 4YTO IPU OPTaHU3aIUN AFOOBIX BHI-
COKOTOYHBIX U3MEPEeHUH, B KOTOPBIX CHAQ TsIKe-
CTH — OTAEAbHBIY IapaMeTp, ee U3MeHeHUe CAe-
AyeT 00s13aTeAbHO UCCAEAOBATh U YYUTHIBATh [Co-
Oakapp, 1972].

O Bapuanusx CHUABI TS)KeCTH. B pabote
[Cobakaps, 1972] BepBble B OTeUeCTBEHHOM AU-
TepaType IPOAaHAAU3UPOBAHEl PA3AHMYHBIE CO-
CTaBASIONIE BAPUATUBHON YaCTH I'PaBUTAINOH-
HOTO TIOAS 1 BEIAEAEHB! HeIIPUAUBHEBIE KBa3ulle-
puoanuyeckue Bapuanuu (KITIB) cuabl Ts>xecTu
(C aMIIAUTYAOM B IIPEAEAAX TPEXTIATUKPATHOU MO~
TPEIIHOCTU u3MepeHuit). AT UX u3MepeHul Obl-
Aa co3paHa HOBAsi METOAOAOTHUECKasl ( HEOAHO -
poAHAs MOAEAb 3eMAU KaK B (PU3UKO-XUMUYeC -
KOM, Tak U B 3HepPreTU4YeCKOM IIAaHe ) , METOAM -
veckad ( KIIB MakCHMaABHEL IPU IepECEUYeHUN
Pa3HOBO3PACTHEIX TEKTOHUUYECKUX CTPYKTYp HU
B 00AACTSIX KOHTPACTHBIX COBPEMEHHBIX BEPTHU -
KaABHBIX ABUJKEHUHN) I METPOAOTHMYecKast (HabAro-
AEHUS Ha CeTU ONTUMAaAbBHOM IMAOTHOCTHU U KOH-
uUryparum HeCKOABKAMUI IIPUOOPAMHU C BBICOKUM
KO3(pPHUITeHTOM HaAeKHOCTHU U CpaBHEHUe Tpa-
AneHTOB KIIB 1 HaOAIOA€HHBIX aHOMAaAWM) Oasa.

Camu KIIB, oueBUAHO, TeCHO CBSI3aHBI C DH-
AOTeHHBIMU IIpoIleccaMu (POPMUPOBAHUSI U pPas-
BUTHUS IAOTHOCTHBIX HEOAHOPOAHOCTEMN 3€MHOMU
KOPHI ¥ MAHTUH, XOTS He UCUYePIILIBAIOTCSI UMU.

2C. 82 — "... eCAU COBpeMeHHEIe (PH3UKO-MaTeMa-
THUYeCKUe TEOPUU CTPOAT U UCCAEAYIOT CBOU (DYHK-
IIMOHAABHBIE CBSI3U U IIOCAEAYIOIINE CMBICAOBBIE PSABL
Ha TEPPUTOPHHU IIPEUMYIIECTBEHHO NPOCMPAHCMBAQ,
TO 9KCIIEPUMEHT 30HAUPYET II0Ka ellle He IIOABAACT-
HOe Teopuu Bpemsa'".
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B xope niepepacIpepeneHns BellleCTBa BHYTPU 3eM-
AU MeHSIeTCS ee MOMEHT MHEePIIUHY, a KaK CAEACT-
BHe — POTALMOHHLIN PEXXUM U CHAA TSAKECTHU .
[Tpu sTOM nepepacIpepeAeHUN HapyllaeTcs hu-
rypa paBHOBECHS 3€MAH, YTO U3MEeHSIeT CUAY Ts-
KeCTH. B Xope M30CTaTH4eCKOTr0 BOCCTAHOBACHUS
urypel paBHOBECHS CHAQ TSI)KECTHU CHOBA MeH:-
ercd. 9Ta raMMa IpolieccoB u reHepupyet KITB
CHUABI TSKecTH 3eMAn. OOpaTrMas 4acThb IIpoliec-
COB CO3A@eT MepHOANYECKYIO YacThb BapHallui,
a HeoOpaTHMas YaCTb — HeIlePUOAUYECKYIO 9aCTh
Bapuanui, KoTopasi ¥ GOpMHUPYET CTallMOHApPHOE
IrpaBUTAIMOHHOE IIOAE€ 3€MAU (FPABUAHOMAAUMN).

M. B. AyOKoBBEIM [AyOKOB, 2011] oTMedeHa Kop-
PeAsiIis KPYITHOMACIITaOHBIX ITAOTHOCTHBIX He-
OAHOPOAHOCTEM MaHTHUM U IPUAMBHBIX ITapaMeT-
POB 3eMAY, XapaKTepPHU3UPYIOUINX ee IIPUANBHOE
Aedopmuposanue. CaMu IPUAUBHEIE ITapaMeTPHI
(Tak Ha3bIBaeMble uncAa AsgBa u llIupa) HaXOAAT-
Cs1 Ha OCHOBE pacdeTa pPeAaKCallMOHHBIX aMIIAK-
TyA TPABUIIOTEHIIMAAA Ha IOBEPXHOCTU 3eMAU
U ee gApa. B cBs3mM ¢ 3TUM BO3MOKHO HaArWdMe
kpocckoppeasnnu KI'TB 1 ynoMsaHYTEIX AMHaMU-
YEeCKUX ITapaMeTPOB 3eMAH, UTO TPeOyeT OTAEAD-
HOTO U3y4YeHUsI.

HeB3upas Ha cAaOyr0 MHTEHCUBHOCTD, aHOMa-
Anm KI'IB CHABI T)KECTH BBIABASIIOTCS BIIOAHE YBe-
PEHHO BCAEACTBHE OCOOEHHOCTEN ITIOBEAECHUS Bpe-
MeHHOM KpuBoM KI'IB u TecHOM 00paTHO IPOIIOp-
IIMOHAABHOM KOPPEASIIIUN C KPUBLIMI BEPTHUKAAD-
HBIX ABUJKEHUM 3eMHOU KOpHL. [TocaepH!OIO cun-
taroT [ Cobakapb, 1972] caepcTBHEM OOUITHOCTH
NIPOIIECCOB B BEPXHEM MaHTHUM, BAMSIONINX Ha
KTIB u BepTHKarbHEBIE ABIDKeHMs. CyMMapHas Be-
anunHa KIB gBageTcsa cyMMOM CyTIepIIO3UIlui Ba-
pHanui Pa3AUYHOTO IIPOUCXOKAEHMS, 3HaKQ, Ie-
pHOAQ M aMIIAUTYABI. DTa CyMMapHasi aMIIAUTY -
AQ B KOHEUHOM HUTOTe U OIPeAeAsIeT 3BOAIOIUIO
TPaBUTAIIMOHHOTO IIOAST 3€MAHU, BBI3BAHHYIO 3BO-
AIOTIVIEM HEOAHOPOAHOCTEN ee KOPhl U BepxXHeU
MaHTHU.

BBUAY cKa3aHHOTO, BapHalliM CUABL TSIKECTH
cAepyeT YUUTEIBATE B MHTEPIIPETAIUN Pe3yAbTa-
TOB 4D rpaBUMeTpUM — C LEABIO BBEAEHUS COOT-
BETCTBYIOIIUX ITONIPABOK B I'PABUTAIIMOHHEIE CHEM-
KU Pa3HBIX AET, B AOATOBPEMEHHYIO IIPeIU3H1OoH-
HYIO TOIIOCBEMKY, YTOUHEHUSI PEOAOTHUU UCCAEAY-
eMOro y4acTKa U Ap.

OcHoBa MoHUTOpHUHra. OIpepeArM OCHOB-
Hble TOHATHA. Ha3oBeM rpaBumayuoHHbIM MOHU-
MOPUHIOM PSIA NepuoguuecKu IOBTOPSEMBIX B
PEearbHOM BPEMEHU HenpepblBHbIX Ha IIPOTI Ke-
HUU (DUKCUPOBAHHOI'O BPEMEHHOT'O OTpe3Ka (pPHUC.
1) MUKpOrpaBUMETPUYECKUX U3MEPEHUN I'PABU-
TAIJMOHHOTO ITOASI 1 0OPabOTKY €ro AQHHBIX C yue-
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OF OCOBEHHOCTAX 4D TPABUTALJHOHHOTI'O MOHUTOPUHIA TEOAOTMYECKOH CPEABI
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Puc. 1. 11-pAHeBHBIN pSIA U3MEPEHUN CUABI TSIKECTH:
a — 0e3 unrbTpanuu, 6 — ¢ IOAOCOBOM (DUABTPA-
nyuer U B — C IOIPABKOM 3a IPUAUBHBIN 3(PeKT.

TOM BAUAHUA OKPY KaIOIel Cpepbl U chephl Ipu-
MEHEHUs.

BeanunHa BpeMEHHOI'O OTPE3Ka 3aBUCHUT OT Ka-
yeCTBa U3MEPEHUN, Mephl HEOIIPEACACHHOCTH pe-
3YABTATOB HAOAIOACHUM, AMHAMUKHU (aMIIAUTYABL
U YaCTOTHI) TTOAS.

Pu3ruecKor OCHOBOM IPaBUMETPHUYECKOTO MO-
HUTOPHUHTA ABASETCSA HellpePhIBHAS CBA3b AUHA-
MMKU I'PaBUTALIMOHHOTO IIOASI ¥ TapaMeTPOB Cpe-
ABl — VHAYAALMAM CAHTUMETPOBOI'O AUANla30Ha
COOTBETCTBYIOT BapUalluM CUABI TSIXKECTHU B He -
ckoAbKO Ml an. Ecam pedhbopManiss AHEBHOI'O PEAB-
eta OIIpepAeAeHHOTO YU4acTKa €CTh IIPSIMBIM CAEA-
CTBHEM IIPUTIOBEPXHOCTHOI'O PACIIPEAESAEHUSA MACC,
TPaBUTAIIMOHHBIM MOHUTOPUHT MOKHO IIPUMEHSITh
MASI HICCAEAOBAHUS PA3YTIAOTHEHUS U (DPAIOMAHO-
T'o pe’KUMa 3TOTO y4acCTKa.

ITpocTpaHCcTBEHHOE pacpeAeAreHre Bapyalui
BePTUKAALHOM IMPOU3BOAHOM V, MOTeHIIMaAa CH-
ABI TSIPKECTH NPAMO KOppeAupyem C IAOIIAAHBIM
pacnpepeAeHUEeM IAOTHOCTEN, @ BpeMeHHBIe Ba-
pranun V, 9eTKO ONPEAEASTIOT BePTUKAALHEIE Ba-
pHAIUU HACHIeHUS (DAIOMAOB.

ArnmapaTHast OCHOBa MOHUTOPUHTA CPeAbl IIPeA-
CTaBAseT COOOM COBMECTHBIE KPYITHOMACIIITaOHBIE
U3MepeHYsI IPEBLIIIeHNH peabeda 1o AaHHBEIM GPS
1 a0COAIOTHBIX 3HQUEHUU CUABI TAKECTU (COTHU
CTAIlMOHAPHBIX TIYHKTOB Ha COTHU KMZ2). 3HaUM-
TEABHO AellleBAe OOXOAUTCS I'PaBUMETPUS C OT-
HOCUTEABHBIM YUeTOM CHABI TSDKECTH, HO el IPHU-
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CyWIM cepbe3Hble OTPaHNYEeHUs] — IIPUBSA3KA K
OTIOPHOM CeTHU M HeOOXOAUMOCTb CUHXPOHHOTO
yuera " cnor3aHus Hyasa'" . TeM He MeHee, B Ha -
IINX YCAOBUSAX UMEHHO TaKue U3MepeHUs IIpUu
HapAEsKAIeM MEeTOANYECKOM oOeclieyeHNH uMe-
IOT HauOOABIIYIO IIepCIeKTUBY . Ha HEKOTOPEBIX
y4acTKaxX BO3MOJKHO IIPUMEHSTh HellpepPLIBHBIE
U3MEepPEeHUsI CUABI TSIKECTH B CKBaKUHAX, TPeob-
AaAQIolIMe B paspellaronieil CioCOOHOCTU Ha3eM-
HYIO CBEMKY OAaropaps OOAbIIEU OAU3OCTHU K UC-
TOYHUKAM M YCTPAHEHUIO IIPUIIOBEPXHOCTHBIX BAU-
SHAN. AN KOMIIEHCAIIUU BAUSHUSA TEMIIEePaTyPhl
U APYTHUX BHENIHUX (paKTOPOB MCIIOAB3YIOT HEKO-
TOpBle HaPaOOTKU U3 alllapaTypHOM 6a3bl MOP-
CKOU TPaBUMETPUH.

O BbIA€AEHHHU CAAOOro curHaaa. B meaom,
B UCCAEAOBAHUAX, IOCBAIIEHHBIX 4D rpaBUMOHU-
TopuHry [Geophysics, 2008], oTMeueHa aMIIAUTY -
Aa curHaisa B pAmana3oHe oT 20 mI'aa [Williams-
Jones et al., 2008] po 80 mI'an [Gettings et al.,
2008]. B rpaHuniax AeMCTBYIOIINX ByAKAQHOB aM-
IIAUTYAQ CUTHaAA Bo3pacTaeT A0 300—600 mIan,
a B IIpepeAax BOAHBIX OaccelHOoB ~ 200—250 mI'aa
[Davis et al., 2008] ipu HeAUHEMHOM y4YeTe "CIIOA-
3aHud HyAd". BCcAeACTBHE TOBTOPSAEMOCTH U3Me-
peHul, PUKCUPYIOLel HEBI3KY 3HAUEeHUU CUABI
TSIKECTH B TOUKe HaOAIOA€HUM, MOJKHO OIJ€HUTh
TOYHOCTB OIIPEAEAEHMSI IIOAe3HOTO CUTHAAA Ha Bpe-
MEHHOM OTpe3Ke.

C 1meAblo BEIAEAEHUs CAAa00TO CUTHaAa Ha (po-
He IIOMeX B IPaBUMETPUU HPUMEHSIOT METOABI
KOPPEASITUOHHOTO aHaAW3a U BHIYMCAEHUE He-
KOTOPBIX COCTABASIONIUX 'PAAVEHTOB II0 IIPSIMBIM
M3MEPEHUSIM CHABI TSIKECTH® . ABTODEL [Battaglia
et al., 2008] BBIAEASIOT IOAE3HBIN CUTHAA ITyTEM
pacueTa pa3HOCTHOM aHOMaAuUu Ag,; = Ag,, —
—Yh, —Aggqes —Ag, TA€ A — Pa3HOCTb MEX-
AY ABYMS COCEAHUMU OTCUETaMU BO BpeMeHH,
y = —308,6 m['ar /M — momipaBKa B CBOOOAHOM
BO3AyXe, h, — BePTUKAAbHOE CMellleHHe (OTHO-
CUTeABHOE ITOAHATHEe—OIIyCKaHue), Ag jof — aHO-
Manusa Byre pedpopmanuu (BKAGA OT U3MEHEHUs
o0BbeMa 13-3a CKaTUS CpeAbl BOKPYT UCTOYHMKA,
YTO ITOAPa3yMeBaeT CMellleHHe IIAOTHOCTHBIX I'pa-
HHI] B HEOAHOPOAHOM cpeae); Ag,, = 2nGp,, @00, =
= 42¢0 , — BAMAHMe IPYHTOBEIX BOA (AelcTBIe
ruApoTepMaAbHOro hakropa). Kpome Toro, uc-
TIOAB3YeTCS IPUBSA3KA K He3aBUCHUMBIM HaOAIOAe-

3TouHo Tak ke, Kak B MOPCKOI1 rPpaBUMeTPHYEC-
KOM CHeMKe IIPUMEHSIOT BLIUNCACHNE BePTUKAABHEIX
U TOPU30HTAABHBIX TPAAHEHTOB CUABI TSDKECTH U UX
KOMITAEKCHYIO UHTEPIPETaINO. DTa METOAVKA MHTEP-
mpeTanuyu onpo6oBaHa Ha MOPCKUX He(Tera3oBhIX
crpykrypax [FOprus, 2006].
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HUSIM Ha KOHTPOABHOM ITYHKTE, PACIIOAOKEHHOM
BOAM3U UCCAEAYEMOTO YUaCTKa.

OnpeaeneHHBIE YAYUIIIEHUS CAAOOTO CUTHaAA
Ha (poHe ITOMeX MOJKHO IIOAYYUTH U IIyTEM CTa-
TUCTUYECKON (PUABTPAIIAY BAUSHUSA TEMIIEPATyP-
HBIX (DAYKTYAIIUM C IOMOIIBbIO AATOPUTMOB C He-
yeTKOM Aoruko [Ando, Carbone, 2004]. Ecau He
XBaTaeT AMUHBI PsIAQ HAOAIOAEHUN , UCIIOAB3YIOT
IIOAMHOMHUAABHYIO alllIPOKCUMAIIUIO HU3KOTO II0-
psiaka [Bonvalot et al., 1998] c cooTBeTCTBYyIOMIEN
"KaAnOpoBKOM" OpsiAKa TOAMHOMAa. Kpome Toro,
HCIIOAB3YIOT CpaBHEHUE pe3yAbTaTa (PUABTpAIIN
C AQHHBIMHY, TIOAYYEHHBIMU C OAM3KOPACIIOAOKEH-
HOTO KOHTPOABHOTO IIyHKTa OT y4acTKa HaOATo -
AECHUU.

[TpuMeuaTeABHO, YTO KaK U B CAydae U3Mepe-
auti KI1B cuast Tss5rkecTt, MHOTHE aBTOpPHI [Geo-
physics, 2008 ] oTMeuaroT KOPPEASAIIUIO CAAOOTO
CUTHaAA C BEPTUKAABHBIMU TOABUKKAMHU U, IIPEA-
IIoAarasi pa3HOYaCTOTHOCTh HAIIPSI>KEHHOCTH ITOASI
CHUABI TSPKECTH M Bapualluy IoMeX, IPUMeHSIOT
MM YCHUAEHVIST TIOAE3HOTO CUTHAAA YaCTOTHYIO (PUABT-
paruio. AHAAOTHIO MOJKHO YCMOTPETE OIIATh JKe B
MOPCKOU rpaBuMeTpun. Ha paBHUHHEIX y4acTKax
CUTHAA UMeeT MAAbIM 'PAAUEHT, ¥ TAKOU ITIOAXOA,,
IO HallleMy MHEeHUIO, Mar03(deKTUBeH. B TakoMm
CcAydae He0OOXOAMMO YUUTHIBATH BAMSHUE ITOMEeX
WHBIMM METOAAMU — HU3MeHeHUeM reoMeTpuH ce-
TH HAaOAIOAEHUM, BDEMEHHOU (PUABTPAIIUEeN, BbI-
YHCAEHMEeM IIPOM3BOAHBIX U T. 1. [Cobakaps, 1972].

O MeTOAMKE MOHHUTOPHUHrA. BrickaykeM He-
KOTOpBIe COOOpa>keHus1 00 OpraHU3aluy MOHU -
TOpHUHTA. Ero MeTOAMYECKYIO CTOPOHY , BUAUMO
11eAeco00pa3HO OCHOBBIBATE Ha AOCTHOKeHMsIX [Co-
Oakapp, 1972], a udyueHne METPOAOTUYECKUX HIO-
QHCOB — Ha IpuMepe TeOANHAMNUYeCKOI'o IIOAU-
rOHa C TOTOBOM MHPPACTPYKTYPOU U OA30U reo-
PpU3nIeCcKUX U3MepeHu (HampruMep, OAHOTO 13
HCIIOAB30BAHHBIX B UCCAEAOBaAHMAX [ABYAIT, 1999]).
Tak, AAT MOHUTOPUHTA YCAOBHOTO MECTOPOIKAEL-
HUS He0OXOAUMaA CeTh AETAABHOU PIAOBOU CHEM-
ku Macmrada 1 : 10 000 Ha poBHOM noauroHe 10 x
x 10 KM2 110 CTaHAAPTHOM METOAMKE C MUHUMY -
MOM OIIOPHBIX TyHKTOB. CoraacHo pabote [['pa-
BHUpa3BeakKa ..., 1990, c. 106], 21 npodunas (o 20
Touek ¢ maroM 50 M) ¢ KoHTporeM 30 % oT 00-
11Iero KOAMYEeCTBa PSIAOBBIX TO4eK (CBhIIIe 13 ThIC.
IIYHKTOB U3MepeHni). OpraHusalys IOAUroHa 1
HaOAIOAEHUS Ha YKa3aHHOU CETH 3a Mecsl] 000uU-
AyTca IpubamsuTeAbHO B 100 TBIC. I'pH. 6e3 yye-
Ta CTOMMOCTH ¥ aMOPTHU3AIIUM allllapaTyphl U APY-
X HAaKAQAHBIX PACXOAOB.

HepocTaTok MHMPACTPYKTYPBL 1 OO0OPYAOBAHUA
YBEAWYUT 3aTPaThl Ha OPraHM3aIui0 MOHUTOPUH-
TOBOTO ITIOAVITOHA Ha HEOIIPEAEAEHHYIO CTOMMOCTD.
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Hcnoab3oBaHue U(pPPOBON PETUCTPALIUN IIO3BO-
AWT 3a CYET YIIPOIIEHUs CXeMbI CHeMOK OOONTH He-
KOTOpHBIe TPYAHOCTH B HAaUaAbHBIX 3TallaX CheM-
KU U YCKOPUTE CO3AaHMe IN(PPOBOM MOAEAU 00B-
eKTa. Berxop 13 (hMHAHCOBOTEXHOAOTMYECKOTO TY-
NIMKa — COTPYAHUYECTBO PA3HBIX UHCTUTYTOB C
COBMECTHBIM HCIIOAB30BaHNEM UHCTPYMEHTApHs,
IIepCOHAaAd, METOAWK ¥ OOIIVM IIA@HOM HCCAEAO-
BAHUM Ha 00IIleM OOBeKTe (3TUM ITyTeM UHTEIPU-
pOBaHHOTO MOHUTOPHUHTA (collaborative gravity net-
work) MAYT MHOTHe 3allaAHble KOMIIAHUMN) .

ChaepyeT OTMETUTD, UTO IIPpUMeHeHNe KAACCH-
YeCKOU CXeMBI U3MEPEHUN Ha PEryAspHOU CeTH
IIYHKTOB U ITIOCAEAYIOIIUN lepepacyeT 3HaUYeHUU
110 U3BECTHOMY MHTerpaAy [lyaccoHa IpuropHo
MASI PeTMOHAABHBIX MccaepoBaHUuM [Davis et al.,
2008], HO B AOKAABHBIX YCAOBUSX, IA€ Uallle BCe-
r'O IPUMEHSIOT PaBUMOHUTOPUHT [ BoaoTHOBA,
2007], mMeeT psp HEAOCTATKOB [AyOoBeHKO, 2002].
K ToMy >Xe, nHOTAQ IIO PSIAY IPUYUH, OpTaHU3a-
Vs PeryAIPHOM CEeTH HEBO3MOJXKHQ, a IlepecyeT
U3 HEPETYyASIDHOU CeTU Ha PEryAspHYIO SIBASIET-
cs 3apadelnt 6oAee CAOXKHOTO MOPsipAKa, ueM 00 -
paTHOe BOCCTAaHOBAEHNE CTPOEHMUSI CPEABI IO AQH-
HBIM U3MEPEHUH.

Peltenue o6paTHBIX 3aAa4 I'PaBUMETPUN C AQH-
HBIMU B IICEBAOPETYASIPHBIX CETSX C IIpUMEHe -
HUEM MOAEAer CpeAbl TUMa “0eCKOHEeUHbBIN IIPo-
(UAB" IPUBOAUT K ITOSIBAEHUIO IINOXO OOYCAOB -
AE€HHBIX CUCTEM AMHENHBIX YPaBHEHUHW, TeHEePU-
pyoimux 0eccopeprRaTeAbHble pe3yAbTaTH. BBU-
Ay 9TOTO U MCXOAS M3 IIPEeUMYIeCTBEHHO KpaT-
KOU AAWHBI peaAbHBIX ITpoduael, 1eaecoobpa-
3€H aAbTEPHATUBHBIN IIOAXOA,.

AAd MHTepIIpeTalii U3MepeHn Ha KOPOTKUX
IPOPUAIX IPEeAAOKeHa CUCTeMa AMHENHBIX UH-
TErPAABHBIX YPABHEHUHN C OBICTPO YOBIBAIOIIIMMU
sgapaMu [Aybosenko, 2002]:

s;+1<x>=v<x>-ﬁx
x_}; Sy (8) COShnz(gi_(:)) _ld&+sz(x),
Syen () =v(x) - 2@:()6) x
X_]; Sy (€) tgh“z(;'(j)) _ld&+S;(x),
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Co(x) =85 (x)+ g (x)=v(x),

Co(x)=57 (x)+Sg (x), n=0,c.

C y4eToM 3TOT0, METOAMKA, U3AOKEHHAas B pa-
oote [BoaroTHOBa, 2007], ocTaeTcsa AeliCTBEHHOU
B OIIPEAEAEHHBIX YCAOBUAX (PETUOHAABHBINU (DOH
— TOAMHOM 1-¥ CTelleHU; U3BECTHBI NAOMHOC -
mu U NOAOKEHUS TPaHUI, TATOTeIOIMIUX TeA Ha
IIOBEPXHOCTH; 3TU TeAd OAU3KM UAM UMEIOT 00-
Ixe KOHTAKTHI). OHAa, B YaCTHOCTHU, IIPEAIIOAA-
raeT IIOCTpOeHUe IPOCTPAHCTBEHHOM IIAOTHOCT-
HOM MOAEAM CPEABI B TPH 3Talla: pa3peAeHue aHo-
MaAUM OT TATOTEIOIIUX TEeA U OlpeAeAeHme 3¢ -
¢hexmuBHbIX TAYOUH UX 3aA€TaHUSA U KBA3UIIAOT-
HOCTH (HyA€BOe IPUOAMIKEHUE), OIIpepAeAeHHe UC-
MUHHbIX TAYOUH U IAOTHOCTEU TeA II0 PEIIeHUI0
TIAOCKOM 0OpaTHOM 3apAauM (TIepBoOe IMTPUOAMIKEHME)
U OKOHUaTeAbHOe pelreHue B cpepae ADG-3D.

ABTOpPOM IIpepAaraeTcss B MeTOAMKe [BoaoT-
HOBa, 2007] UCIIOAB30BATh NIPOTPAMMHBIY KOMII-
Aekc [CtapocTeHKO U Ap., 2004], pa3paboTaHHBIN
Ha OCHOBe paboThI [CTapocTeHKO, /AerocTaeBa, 1998],
U TOADOPKY IIPOTPaMM, IIOAYUYEHHYIO B HCCAEAO-
BaHuu [AyboBeHko, 2002].

K nHTepnipeTanuu AaHHBIX. Lleabio MOHU-
TOPUHTA SIBASIETCSI OIleHKa I'AYOUHBI K UCTOYHU -
Ky QHOMaAUU ¥ U3MeHeHUsA 0O'beMa 110 AQHHBIM
AeopMaruu peabeda, KOTopble TPeOYIOT 3HAHUS
NIPUIIOBEPXHOCTHOTO PacIpejAeAeHUs Macc (IIo
AQHHBIM rpaBuMeTpud) . AedpopMaliuy 3eMHOM 10
BEPXHOCTH IIOAYYAIOT 110 AQHHBIM CITyTHUKOBOU
reopesuu GPS, umeromux psa IpeuMylIecTs Iie-
peA TPAAUILIMOHHBIMYU I'e0AE3UYeCKUMU METOAQ -
mu* . TTpUTIOBEepXHOCTHEIE HEOAHOPOAHOCTH CTPO-
€HUS CpeABl (KapCThl, IINABYHBI, 30HBI OOBOAHE-
HUSA U Pa3yIAOTHEHHUS), CAOKHAs CTPYKTypa IIAO-
IIaAY (CKAQAYATOCTD, COATHOKYTIOABHAS TEKTOHU-
K@, Pa3AOMBEI), PAKTOPHI IIOTAOIIEHUS [IOAE3HOI'O
CHTHaAA (TeMIlepaTypa, UHCTPYMEHTAAbHbBIE BAU-
STHWSI) OTPAHUYUBAIOT 3(P(HEKTUBHOCTE MOHUTOPHH-
ra, He CHM)Kasd ero IPAaKTUYeCKOIro 3HaUYeHUs.

B pa6ote [Battaglia et al., 2008; Davis et al.,
2008] He yuTeHa 0cOOEHHOCTh BapHuallui rpaBU-
TAITMOHHOTO IIOAS: KOA€OAHUSI BEAWYUHEI eT0 IIPO-
HU3BOAHBIX 3aBUCAT OT (PAYKTyallAil MAAOMHTEH-
CUBHBIX Te0(pU3nIYeCcKUX (PaKTOPOB (@AHOMAAbHBIX
aTMOC(EepPHBIX Macc (pUc. 2), CHErOBBLIX Macc,
YPOBHS I'PYHTOBBIX BOA,, A€CUCTOCTU W U3MEHe -
HUM peabeda (puc. 3) BCAEACTBUE TeXHOTeHHOMU

4 HeszaBucuMocTs oT BpeMeHU CYTOK, IIOTOABL, aBTO-
MATHKQ, HEIIPEPBIBHOCTD, IIOAHOTQ, HAAEKHAA ITPUBsA3-
Ka K CceTH.
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Puc. 2. VI3aMeHeHUe IpaBUIOAT 3allaAHOW YKpPaAWHBI
BCAEACTBUE IIepeMelleHUsT aTMOCEPHBIX Macc [ABY-
Ait, 1999].

AesITeAbHOCTH [ABYAIT, 1999]. YuuTEIBaTEH 3TH (-
(heKTHI MOJKHO IIyTeM BHECEHUSI COOTBETCTBYIO-
IIUX TTONTPABOK IIPU PEIIeHNH ITPSIMBIX 3aAa4 I'pa-
BUMETPUH Ha NCCAEAYEMBIX TEPPUTOPUSX (IIPEA-
IIOAAraeTcsl, YTO BCAEACTBHE AMAMTEABHOI'O MOHU-
TOPUHTIa y4acTKa IPUOAU3UTEABHO U3BECTHO €ro
CTpO€HMe).

K npumepy, BAugHNe IPUTSOKEeHNUS aTMocdep-
HBIX MacC B ILI€HTPAaAbHOU c(epruuecKom 30He
(cdepuueckast Tparerust 1°X 1°) BOKpyT myHKTa
HaOAIOA€HUH Ha BEAWYMHY I'PaBUTALIMOHHOTO I10-
Ast omipepensieT popmyaa [ AByait, 1999] dgy =
= 0,269AP , rAe AP — aHOMaAus aTMOCqepHO-

Puc. 3. ViaMeHeHUs1 TpaBUNOASL 3allapAHON YKpauHbI
BCAEACTBHE IlepeMelleHUsI MacC B Hepapax [ABYAIT,
1999].
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IO AABAEHUSI; BAWSIHIIE CHETOBBIX MAacC B TOM JKe
I[eHTPAABHOM 30He PaBHO dgg = — 21 fo, rAe G
— IIAOTHOCThH CHera; BAUSIHHE YPOBHS I'PYHTO -
BBIX BOA Ha Bapualnuu Ag yduTeIBaeT (DOPMyAd
dg = 2m foh, tae h — aMIAUTYAQ KOAeOAHUST YPOB-
HS BOA,; Y, HAKOHeI, TeEXHOT€HHOe U3MeHeHNe Penb-
ecpa — coorHortenue d0g =y - Ah/ L, tAe Ah —
IIPeBHIIIEHNEe MEeKAY IIyHKTaMU Ha OAIOAEHUN 3a
1 rop, L — paccTosHue MeXAy NYHKTaMU.

HeoGocHoBaHHOE yIIPOIIIeHNEe aHAAUTAYECKUAX
MOAEeAEeM CPEABI C LIEABIO CHUYKEHUS HEOAHO3HAU-
HOCTHU UCTOAKOBAHUSI BO MHOTHUX CAYYAsIX SIBAS-
€TCsI IPUYUHOM HEeBEePHBIX PE3YABTATOB BLIUNC -
AEHMU TeOMeTPUU UCTOYHUKOB, BEDTUKAABHOTO 1
AQTEPAABHOT'O PaCIIpPeAeAeHNsI IAOTHOCTHBIX He-
OAHOPOAHOCTEM, OCOOEHHO B CAyYasiX, KOTAQ Cpe-
@ BOKPYT @HOMaAbHOTO HCTOYHMKA AAAeKa OT TIPeA:
IIOAOSKEHUN 00 OAHOPOAHOCTH. HapeskKHOe KOAn-
yeCTBeHHOE UCTOAKOBAHUE AMHAMHUKHU Macc, Ha-
IIpyUMep B MOHUTOPUHTE MECTOPOKAEHUM yTAe -
BOAOPOAOB, ITIOAYYAIOT IIPU U3BECMHOU reomems-
pulU TATOTEIOIIUX TeA (II0 AQHHBIM CECMOPAa3BeA-
K{) ¥ KOMIIAeKCHOU MHTEePIIPETAIIUU ITOAST CHUABI
TSKECTH U AepopManuil peabeda.

TpeboBaHre MAaKCUMAABHOTO ydeTa UMeIOLI e -
Cs1 QaIIPMOPHOU MH(OPMAIIUHU O CPeAe IIpepAara-
€M OCYIIECTBASITh AByMS ITyTSIMU:

1) myTeM IIOCTPOEHU HAAAEKAIIUX MOAEAD-
HBIX IIPEACTABACHUH (3BE3AHBIE OOAACTU U3BECT-
HOM NAOTHOCTHU BHYTPU KOMIIAKTHBIX MHOJKECTB
B 6@HAXOBOM IIPOCTPAHCTBE AQHHBIX);

2) pobaBAeHUEM B PYHKIIMOHAABI TUIIA HEBA3-
KU B PETYASIPU3UPYIOIINUX AATOPUTMAaX HEKOTOPBIX
CTabuUAM3aTOPOB A (PEePEHITUANBHOTO BUAG, COO-
CTBEHHBIe (DYHKIIMU KOTOPBIX COBIIAAAIOT O COO-
CTBEHHBIMU (PYHKIIUSIMU MCXOAHBIX OIIEPATOPOB.

Ob6ocHoBaHue 1. 1 OCyllleCTBAECHO B paboTe
[AyOoBenko, 2002], a . 2 — B paboTte [HepHa4,
1999]. PenteHrie KOHKPETHBIX OOPATHBIX 38784 Me-
TOAOM PEeTYyAIPU3aLNU OCYIIECTBASIETCS IO aATO-
pUTMaM, U3A0KEeHHEBIX B paboTe [TUXOHOB U AD.,
1983] u ToAOOHBIX UM — Ha OCHOBE pPa3paboToK
[Ay06oBenko, 2002; CtapocTeHKO U Ap., 2004].

O npuMeHeHMHW MOHHUTOpPHHra. [ToBTOpSs-
eMble U3MepeHUs TPaBUTAlMOHHOTIO ITOAS IIPU-
MEHSIIOTCSI B TeOAEe3UM, CEMICMOAOTMU U BYAKa-
HOAOTHHU (KOMIIAEKCHOE OIIpeAEAeHNe TPeABECT-
HUKOB 3eMAETPSICEHUN U U3BEPIKEHNM), AAST MO-
HUTOPUHTa (PAIOMAHON AMHAMUKU BOAHBEIX Oac-
Ce’HOB (puc. 4), MECTOPOKAEHUMN U TOA3EMHBIX
XPaHUAUI, YTAEBOAOPOAOB B IIpPOllecce UX 3KC-
nAayaTtanuu. [Ipu KOppeKIuu MeTOAMKU PEe3YAb-
TaTbl MOHUTOPHHTA MO>XHO PacIpOCTPaHUThL U
Ha cepy npuMmeHeHus KIIB, ykazaHHylO B pa-
6ote [Cobakaps, 1972].
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[Tpu cpaBHEHUM AQHHBIX I'PABUMOHUTOPUH -
ra MECTOPOKAEHHUS U er0 aHAAUTHUUECKOU MOAe-
AU OOHApy’KUBaeMOe OTKAOHEeHNe HaOAIOAEHHO-
TO TIOAS OT MOAEAU AOOBIUM IBASIETCI CUTHAAOM
K A€TAaAbHOMY M3Y4eHHUIO MECTOPOSKAECHUS MEeTO-
pramu 'MIC u ceticmomeTtpuu. M3 penteHust oo -
paTHOM 3aAauy I'PaBUMETPUU 10 AQHHBIM MOHU-
TOPUHTA MOKHO BOCCTAHOBUTH 00U VIO KapTUHY
BapUanui NAOTHOCTH (CHU>KeHUe Ag o003Haua -
eT yMeHblIIIeHe 00beMa YTAEBOAOPOAOB BCAEACT-
BHe UX AOOBIUU U OITyCKaHUe ra30HeTIHOIO KOH-
TaKTa, yBeAndeHUe Ag — MOAHSTHE YPOBHS IIAA-
CTOBBIX BOA), HO HE aDCOAIOTHBIE 3HAaYEHUS IINOT-
HOCTeM.

I'paBUTALIMOHHBIN MOHUTOPHUHT Murpaiuu CO,
B MEeCTOPOJKAEHUIX YTA€BOAOPOAOB OCHOBAH Ha
CHV>KEHUU UX OOBbEeMHOM NAOTHOCTHU IIPU HarHe-
tanuu CO, B mecTropoxaenue. Tak, coraacno [Gas-
perikova, Hoversten, 2008], 0> KHOKMAOMETPOBBIH
dpout darorpa CO, BHyTPHU 20-METPOBOTO IIAA-
CcTa COAU Ha rayomse 1,9 xm B ycaoBuax 30 %
Haceienus CO, u 70 % HaCbIEeHUsI PACTBOPOM
COAU reHepHupyeT Ha IOBEPXHOCTHU T'PaBUAHOMa -
anto 10 mIMan. Pemmenue npsAmMou IpoCTPaHCTBEH-
HOM 3aAauH ¢ ToMOoIIkIo [CTapocTeHKO U Ap., 2004]
TIO3BOASIET 110 AQHHBIM MHUKPOTPaBUMETPHUYECKOTO
MOHUTOPWHTA B MIPOIlecce HarHETaHMs KUAKOC-
Tell B IOA3€MHbIe XPaHUAUIIA BBIIBUTH UX Pac-
peAeAeHre U XapakKTep MUTPAIlUM IO pacipe-
AEAEeHUIO IINOTHOCTEM.
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Puc. 4. Pa3pe3 OacceiiHa ¢ peuHBIMU YPOBHSIMHU BOABI
U COOTBETCTBYIOIINE BapHallil CHUABI TS>KECTH.
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Boablre nmepcrnekTUBLEL UMeeT pellleHue Co-
IpsI>KeHHOM 00paTHOM 3apAauU — MCTOAKOBaHME
BpEMEHHBIX BapUalluii rpaBUaHOMAaAUN, BO3HHU-
KaOLINX BCAEACTBUE U3MeHeHUs IIOAOKeHUs BO-
AOHE(TSIHOTO KOHTAKTa AMOO YPOBHSA NIAACTOBBIX
BOA B Heppax AMOO CKBa)KMHaX. ETro MO’KHO uc-
IIOAB30BAaTh KakK HEAOPOTOM CIIOCOO IpaBUTAIIY-
OHHOT'O MOHUTOPWHTA ITOA3EMHBIX 9KOCUCTEM Me-
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