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Abstract: Various definitions of the kinematic types of faults are reviewed. The degree of symmetry in the distribu-
tion of anomalous displacements of the ground surface is proposed as a morphological criterion for identifying the
types of faults based on geodetic observations. Local anomalies of vertical displacements identified by geodetic obser-
vations in the fault zones are analysed by types. It is revealed that 88 % of the analysed anomalies show local symmet-
rical subsidence of the ground surface near the faults. Morphologically, these anomalies correspond to the subvertical
tensile faults. Mechanisms of three types (block, dislocation, and parametric) are discussed considering the formation
of the observed displacements in the zones of activation of the tensile faults. A comparison of the calculated and ob-
served displacements of the ground surface shows that the best consistency between the theory and the observations
is achieved using the model of local parametric excitation of deformation under quasi-static regional loads and the
theory of strain nuclei (soft inclusions).
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COBPEMEHHBIE AHOMAJIbHBIE IE®@OPMAIIMH 3EMHOW IOBEPXHOCTH
B 30HAX PA3JIOMOB: CABUT WJIHU PA3/IBUT?

10. O. Ky3bMuH
HHcmumym ¢usuku 3emau um. O. I0. llimudma PAH, Mockea, Poccus

AHHoTanus: [IpuBesens! pa3nnyHble GOPMyTUPOBKH KHHEMATHYECKUX TUIOB pa3ioMoB. [Ipeasoxen Mopdosioru-
YeCKUH KpI/ITepI/Iﬁ BbIABJICHHWA TUIIOB PAa3/JIOMOB 10 reoiean4YeCKUM Ha6JIl0/IeHI/IHM, OCHOBaHHBIM Ha CTeNeHU CHUM-
METPUYHOCTHU pacrnpeaejieHUA aHOMAJIbHBIX CMeH_IEHI/Iﬁ 3eMHOU IMOBEPXHOCTH. AHanus Pa3/UYHBIX THUIIOB JIOKAJb-
HBbIX aHOMaJIMK BEePTUKAJIbBHBIX CMeH_[eHl/lﬁ 3eMHOU MMOBEPXHOCTH, NOJIYy4€HHBIX 10 reoJe3n4eCKUM Ha6JIl-OAeHl/IHM B
30Hax pasJIOMOB, IoKasasl, 4To 88 % Bcex aHOMaJ/IMH — JIOKaJbHble, CAMMETPUYHbIE OCelaHUA 3€eMHOU NOBEPXHOCTH
B OKpeCTHOCTH passioMa. Takass Mopdosiorus fedopMalMOHHbIX aHOMaJUK COOTBETCTBYET CyOBepPTHKAIbHBIM pas-
JloMaM pPa3/iBUIOBOro Tuna. PaccMoTpeHbl TpY BapuaHTa MexaHM3Ma GOPMHUPOBAHUS HAGJI0JAaeMbIX CMeEIeHUH B
30He aKTHBU3AIMU Pa3/[BUTOBBIX Pa3JIOMOB: GJIOKOBBIM, AMCIOKALUMOHHBIA W NapaMeTpuyeckuid. ComocTaBjeHUe
pacyeTHBIX U HabJIIOJeHHbIX CMellleHUH MOBEPXHOCTHU NOKa3blBaeT, YTO MAKCHUMaJIbHYI0 CXOAUMOCTb TEOPUHU U
HabJilofleHuH obecrneyrBaeT Mo/Je/b JIOKaJbHOTO TapaMeTpUUecKoro Bo36yxaeHust AedpopMaluil pyu KBasUCTaTH-

YeCKHX PErHMOHaIbHBIX HAarpy3Kax 1 ¢popMasins3Ma TeopUH AedOpMalMOHHBIX s/iep (MACKUX BKIOYEHUH).

KioueBble cioBa: paB,C[BHFOBbIﬁ pasJjomMm; C,E[BI/IFOBbIﬁ pa3yioM; aHOMaJIMM BEPTUKAJIbHbIX U TOPU30HTAJIbHBIX
CMeu.[eHPIﬁ; JIOKaJIbHadA MpocajaKa; AUCJIOKalHOHHaA MO/JieJ1b; [IapaMeTpruieCKad Mo eJlb;

a1po fepopmaiyu

1. BBEJEHHUE

B HacTofillee BpeMsi UMeeT MeCcTO HEKOTOpOe Ipo-
THUBOpPEYHE MeX/Jy CYIIeCTBYWOLUMH MpeACcTaBJAeHUs-
MU 0 MOp(dOJIOro-reHeTUYEeCKUX THUIAaX pasiOMOB U
0a30BbIMU MOHATHUSAMH MEXaHUKH pas3pylieHus. B mo-
JlaBJsOLeM GOJIBIIMHCTBE pPaboT MO CTPYKTYpPHOH
reoJIOTUU U Pa3JIOMHON TEKTOHHWKe KMHeMaTHKa JBU-
>KeHUH B Pa3JIOMHbIX 30HaX MpeJiCTaBJIeHa C/IBUTOBbI-
MU nepeMellleHUsIMU. COTyIacHO TPaAUIMOHHOM KJac-
cudUKaMU Pa3OMOB OHH, B 3aBUCUMOCTHU OT Xapak-
Tepa OTHOCUTEJbHOI'0 CMeLeHUs1 KPbIbEeB U yrJa na-
JIeHUs TIJIOCKOCTU CMEeCTHUTeJIs, AeNATCA Ha COpOoChI,
B36pOCH], HAABUTH, CABUTH U TepexoJiHble (HOpPMBbI
(cObpoco-caBUTH, CIBUTO-COPOCHI U T.I1.).

B aHr/043bIYHON JIUTEpPAType, B COOTBETCTBUH C
Teopuel pas3oMo06pa3oBaHUs AH/IEPCOHA, BbIJeJsA-
I0TCSl TPHU OCHOBHBIX THUIIA Pa3JIOMOB: copochkl (normal
faults), caBuru (strike-slip faults) u HagBuru (reverse
faults). EcTecTBeHHO, 4TO BCe MepevyuC/JeHHbIE THIIbI
pPa3JIOMOB OTHOCSITCS K YHUCTO CABUTOBBIM IepeMellie-
HUSM OOPTOB.

BMecTe ¢ TeM B MexaHUKe pa3pyLIeHUsl CyLeCcTBY-
I0OT TPU OCHOBHBIX MeXaHW3Ma TPEeNUHO06Pa30BaAHUSA
(Moabl paspylleHHs): OTPbIB, NPOJOJbHBIN CABUT U
NonepevyHbId CABUT (aHTUILIOCKas Jgedopmarus). To
€CTb, 110 CyILleCTBY, UMEIOT MECTO JiBa TUMa (MeXaHU3-
Ma) pa3pylieHus: OTPLIB U C/IBUT.
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B 1954 r. M.B. I'30BckuM [Gzovsky, 1975] GbL1a
npeajoxkeHa (QU3UKO-TeHETUYecKasi KJaccupUuKalus
paspbIBHBIX HapylIeHWM, KoTopas Ga3upoBajach Ha
JIBYX OCHOBHBIX MeXaHW3MaX pPa3pyIlIeHHs TBEPJbIX
Tes (BKJ/IIOYas reoMaTepuasbl): OTPhIBE M CKaJIbIBa-
HUU. B aTOM KiIaccudukanuy BblesieH HOBBIM KJacc
pa3/ioMOB - pa3/iBUTH, KOTOpble 06Pa3yoTCcA TpeLiu-
HaMU OTPbhIBA, BO3HUKAKIIMUMH IPH aKTUBU3AIUU
pacTAruBamUUX yCUIUU. B fasibHeleM 3TOT NOAXO/,
ob11 pa3BuT C.U. lllepmanom [Sherman, 1977; Sherman
et al, 1983], koTOpbIHA JOMOJHUJI JAaHHYIO Kjaaccudu-
KalMI0 TNyTeM y4YeTa MeCTOIOJIOKEHUS HCTOYHUKA
BO3MYI[eHUH B TUTOCOEpE.

K HacTosilleMy BpeMeHH CJI0XKUWJIAaCh CUTYallus, KO-
rja 60JBLIMHCTBO CIELHATUCTOB B 06JIaCTU pa3jioM-
HOM TEKTOHWKH JONMYCKAIOT OTPBIBHOM XapaKTep pas-
pyILIEHUSI TOPHBIX TMOPOJ, HO JJis ONHUCAHUS KUHe-
MaTHUKH CMelleHUs M0 06pa3oBaHHOMY pa3pbIBY HC-
MOJIb3YIOT B OCHOBHOM CABHUIOBOE IepeMeleHHe (C
MO3UIIMM MeXaHUKU). Pa3fBUroBBIA TUI IepeMelle-
HUSI B pa3/IOMHOM 30He NpaKTHYeCKU He paccMaTpu-
BaeTCHl.

3To BO MHOTOM 06'bSICHUMO, TaK KaK OCHOBHbIE Me-
TOJbI, KOTOPbIMH H3Yy4YaWT pPa3aoMbl (JUCTAHLHUOH-
Hble, OypeHUe, pa3BeAouyHas reopusuka), HaMHOIO
JleTye U eCTeCTBEHHee BBIABJAKT CJBUTOBBLIE Iepe-
MELeHHUsI CMEXHbIX 00beMOB cpenbl (6JI0KOB) BJ0JIb
IrpaHul] Pa3pbIBHBIX HAPYILIEHUH.



JlelcTBUTE/IBHO, JAUCTAHLMOHHBIE MeTOJAbl Hau-
6oJiee aJleKBaTHO OTPAXKAIOT FOPU3OHTAJIbHbIE C/BU-
roBble MepeMelleHUs Ha 3€MHOW NOBEPXHOCTU. BrbI-
JlelseMble 3TUMHU MeTOJaMH JIMHeaMeHThbl pasJiny-
HOTO PaHra, KakK NPaBUJIO0, OTOXKAECTBJIAIOTCA CO CABU-
ramy, XoTs IpsiMble [0Ka3aTeJlbCTBA TAKOW TPAKTOBKU
3a4acTyl OTCYTCTBYIOT. /laHHble OypeHHUs U reo-
du3nyeckor pas3BeAKH MO3BOJISAIOT 3PPEKTHBHO BbI-
SIBJISITh TOJIBKO BepTHUKaJIbHble CJBUTOBble IepeMe-
meHus1 6J10KOB GyH/IaMeHTa, Fe0JIOTUYeCKUX I'PaHuI] U
T.IL

B aTo#i cuTyauuu npejcTaBiseT 60JbIION HHTEpec
aHa/iM3 pe3y/bTaTOB MOBTOPHBIX I'eo/e3WYecKUxX Ha-
6/110JleHUll B 30HaX pPas3/iOMOB, KOTOpble SIBJSIOTCSA
NpsSAMBIMHA UHJHWKATOpPaMU COBPEMEHHOW KHHEMaTHKHU
pa3pbIBHBIX NepeMellleHUH. Huxe npejcTaB/eHbl 3M-
nvpuyeckde 0606LieHUs1 GO0JIbLUIOT0 MacCUBa MHOTO-
KPaTHbIX BbICOKOTOYHBIX Treo/le3u4ecKux HabJoge-
HUH, KOTOpble OTPa)KalOT NPOCTPaHCTBEHHO-BpPEMeH-
HYI0 CTPYKTYpY Be€PTHUKaJbHBIX U TOPU30HTAJbHBIX
JBIDKEHUM 3€MHOM NOBEPXHOCTU. JTU pe3yJbTaThl
MOTYT SIBJSITbCSl YCTOMYMBBIM WHAUKATOPOM /sl BbI-
sIBJIeHUs KMHeMaTHYecKOro THUIMa COBPeMEHHBIX aK-
THUBHBIX Pa3/JIOMOB.

2. TEPMHUHOJIOTUYECKME OCOBEHHOCTHU
K/IACCH®HUKALIUH PA3/IOMOB

B pa6oTax no TMNM3alyU pas3JoMOB CYLIeCTBEHHOE
3HayeHHe HMeeT InpodeccroHaNbHasA MNPUHAAJIEXK-
HOCTb UccaefoBaTesed. Kak npaBuso, cieliuajaucThbl B
006/1aCTH Pas3/IOMHOUW TEKTOHUKHU 0OJiblliee BHUMaHUeE
yAensoT MopdoJIoruYecKUM (KMHEMaTH4YeCcKHM) 0Co-
6eHHOCTAM Kiaaccudukaunuu. MccaenoBaTeny no Tek-
TOHOHU3UKE U reoMexaHUKe OOJIbIINI aKIeHT JleJIaloT
Ha M3y4YeHWU TeHEeTHYEeCKOH NpUHAJJIEKHOCTU pas-
JINYHBIX TUIIOB Pa3/IOMOB. B 1ies10M cieiyeT OTMETUTb,
YTO B HacToslLlee BpeMsl 0JHO3HAUHBIX ONpeJieleHuH
MOHATHUS «Pa3JIoOM» IPOCTO He CYIIeCTBYET.

Oco6eHHO OTYETJIMBO 3TO NPOSBJASAETCS NPU CpaB-
HEHUH Pa3JUYHBIX CI0BapeH, Kak 0Te4yeCTBeHHBIX, TaK
U 3apy6exHbix. B 2012 r. Boimes ¢pyHjaMeHTalIbHbIN
TPYA - TPEXTOMHbIN «['eosoruyeckuil cioBapb» [Pet-
rov, 2010-2012], KoTOopbli GblJ MOJATOTOBJIEH 60JIb-
IIMM KOJIJIEKTUBOM OTe4YeCTBEHHBIX NpejAcTaBUTeJel
aKaZleMM4eCKOW, By30BCKOW M OTpacjieBol Hayku. B
3TOM cJIoBape QUTYPUPYIOT ZiBa MOHSATHUS — «Pa3pbIB»
U «PazJioM».

«PazpnbiB (fault) - B cTpyKTypHOU reosioruu — BU[
JU3BIOHKTUBHBIX JUCJI0KALUN — NOBEPXHOCTb paspy-
IIeHUs1 MacCUBa FOPHBIX MOpoA, GUKcUpyeMasi O BU-
JIMMOMY CMeIlleHUIO CJIOEB U JIPYTHX NlepeceKaeMbIX UM
o6pazoBaHUi JU6O, IPU OTCYTCTBUM MapKepoOB CMe-
I[eHUS], 10 KOHTAKTy TEKTOHUYECKOMY TOPHBIX MOPOJ
pa3HbIX BO3pacTa U cocTaBa». TaM jke 0OTMe4yaeTcs, 4YTO
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«B MeXaHMYeCKOM OTHOILIEHWM BCe paspbIBbl MOJpas-
JleJISIIOTCS Ha [iBE KaTErOPUHU — CKOJIbI U OTPBIBBI».

B aToM ke cioBape MMeeTcsl onpejiesieHre pasJio-
Ma. «Pazsiom (fault) - kpynHasi AU3BIOHKTUBHAS AuC-
JIOKaLMsl 3eMHOM KOpbl. TEPMUH UCNOJIb3yeTCcs B CIy-
Jae, KOrJla OCTAlTCS HEeSCHBIMU MOpPGOJIOTHS, aMILIU-
TyZia U KHHEMAaTHUKa Pa3pbIBHOTO CMEIeHUS...». TaKUM
06pa3oM, U paspbIB, U pa3oM 0603HAYAIOTCA OJHUM
aHTJIOSI3bIYHBIM TepMHUHOM — “fault”.

Tam e maeTcs onpezeseHrde pa3/BUTOBBIX Pa3Jio-
MoB. «Pa3aBur (extensional fault) - o6muil TepMuH
JJ1s1 006pasyloIMXCsd U pa3BUBAIOIUXCA NMPU YYACTHUU
pacTshKeHHUsI paspblBOB WJIM TPEILUH, KPbLIbs KOTO-
PBIX YJAJATCA B IPOTHUBOIOJIOXKHbBIE CTOPOHBI, 06pa-
3ys [NOJIOCTbY.

VHTepecHO CONOCTaBUTb 3TU OlpeJieJIeHUs C aHa-
JIOTUYHBIMU MOHSITUSIMHM, KOTOpbIEe NPUBEAEHbI B 3a-
py6exHbIX ca0Bapsx W rJyoccapusx. CienyeTr cpasy
IOYEPKHYTh, YTO HallW 3apybexxHble KOJJIETH B I10-
JlaBJisolleM 60JIbIIMHCTBE CIy4aeB NPUAEePKHUBAOTCS
MMEHHO TeoMeXaHHYeCKOro acreKkTa ONHCaHWUs pas-
jsoMoB. [lpy 3TOM cyulecTByeT pa3/jiMyde B TOYKax
3peHHs eBPOINeNCKUX U aMepUKaHO0-a3UaTCKUX CHelu-
anuctoB. EBpomnelickue y4yeHble pa3zessiioT ABa MOHS-
Tua - “joint” u “fault”. B mepBom ciy4yae 3To aHajsor
Hallero onpejesieHus paszasura. Bo BTopoM - ato orm-
pellesieHWe Hallero TepMHHA «pPa3pbIB» («pasJyiom»).
JdTa JUXOTOMHSI COOTBETCTBYET TEPMHUHOJIOIUU Mex-
JIyHapOJHOW accouuanuy reoMmexaHuku [Mandl, 2005]
U NPUCYTCTBYET B HeJJaBHO ONMyOG/MKOoBaHHOM [Jocca-
puu [Peacock et al,, 2016], KOTOpbIi cOCTaBJIEH CIelU-
aJIMCTaMU MO CTPYKTYPHOH TEOJIOTMM W MOCBSILIEH
pa3/IMYHBIM oNpeJie/IeHUsIM Pa3IOMOB U IPYTUX TUIIOB
HapylIeHUuH.

B MoHorpaduu [Mandl, 2005] npuBejeHa HJLIIO-
cTpanus eBponenckoro noaxoaa (puc. 1).

OTcroga ciaenyet, yto nousaTue “fault” o3HavaeT He
MPOCTO «Pa3JioOM», 3 UMEHHO CJBUT'OBBIA TUI pa3JjioMa
B MeXaHuKe paspyueHus. HeckosbKO HHOH TOYKHU
3peHust IPUJEepPKUBAIOTCA aMepUKaHCKHe U a3UaTCKUe
uccnenoBatenu [He et al, 2003; Okada, 1985, 1992;
Yang, Davis, 1986; Singh et al, 2002; Verma et al., 2017].
OHu wucnosb3yT noHATUA “tensile faults” u “shear
faults”, 4To coOoTBeTCTByeT pa3/BUTOBbIM WU C/JBUTO-
BbIM pasjioMaM, COOTBETCTBEHHO. U B 3TOM ciyyae
OuYeBH/IHA MeXaHM4YecKasl TPAKTOBKAa THUIHM3aLUM pas-
JIOMOB. JTO BIIOJIHE 06'bSICHUMO, IOCKOJIbKY 3TH OIpe-
JleJIeHUs eCTeCTBEHHBIM 06pa3oM ONHMCHIBAIOTCA B
paMKax JAMCJOKallMOHHBIX MoOJieslell pacyeTa JIOKasb-
HOTO HanpsiKeHHO-epOpMHUPOBAHHOTO COCTOSIHMS,
BO3HHUKAIOLIEr0 B OKPECTHOCTHM AKTUBU3UPOBAHHBIX
pa3sioMoB. B 3TuX MoJesnsix OJJHO3HAYHO 3a/aeTcs
Mopdosiorus cMelleHUs: pa3/iBUT WU C/ABUT.

TakuM 06pa3oM, OUEBUJHO, UYTO aMePUKAHO-a3UaT-
CKHe HCCAe[i0BaTeN HESBHO NpPUAEPKUBAOTCH GU-
3UKO-TeHeTHUYeCcKoH KJaaccudukauuu. M.B. '30Bckuit
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(a) (6)
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Puc. 1. KuHemaTuyeckye TUIbl pa3pbIBOB: pa3jBuru (a),
CBUTOBble pa3/ioMbl (6), pacTAruBaroLiMecs CABUIOBBIE
pasJyiomsl (8).

I Fig. 1. Kinematic types of faults: tensile fault (a), shear
fault (6), dilatational shear fault (8).

NOJYEepPKUBaAJ, YTO He CAe/lyeT OTOXIECTBJATbH MOp-
dosiorndeckre U reHeTHYECKHE OCOOEHHOCTH KJIACCH-
dukanuy pa3pbIBHbIX HapyuweHui. [Ipu kiaaccuduka-
I[UU Pa3pbIBOB IOMUHUPYIOUIUM KPUTEPUEM SIBJISIETCA
KOHKPETHbIH KMHEeMaTUYeCKUH TUIl MOJIBUXKKH, a Te-
He3UC Pa3pbIBHOTO HApYUIEHUs SIBJSETCS BTOPOCTe-
neHHbIM PaKTOpOM. B 0cO6EHHOCTH 3TO KacaeTcsl TUIIA
CUJIOBBIX YCJIOBUM MHUIIMUPOBAHUSA JIBMXKEHUH MO CY-
IeCTBYIOUIMM pa3pbiBaM. CABUrOBBIE MepeMelleHUs
6OpTOB paspbhIBa, HAIPUMep, MOXKHO CO3/laTh KaK Ka-
caTeJIbHbIMU HaNpPsHKEHUSIMH, TaK U C OMOILbI0 HOP-
MaJIbHBIX HaNpsKeHUM (pacTsoKeHUs WM CKaTus).
Pa3/BUroBble cMellleHUs MOXHO OCYIIECTBJATb MpHU
pacTs»KeHUH, OPUEeHTUPOBAHHOM OpPTOTOHAJIbHO MPO-
CTUPAHHUIO Pa3pbiBa, CKATHU B HAlpaBJeHUU ero mpo-
CTUpaHUSA WU NpU U3rube (MpoJOJbLHOM WM TOIe-
peyHoM). UMEHHO 3TO 0GCTOATENBCTBO CYLIECTBEHHO
3aTpy/ZHSeT oIpejie/ieHHe BHJla HANPSHKEHHOrO Co-
CTOSIHUS TIO0 W3y4aeMbIM THUIAM TOJBWXEK GOPTOB
pa3pbIBOB.

ABTOp nmnpuAepKUBaeTcs QPUUKO-TEHETUYECKOU
K1accudUKalMd U aMepUKaHO-a3uaTCKON THUNH3aluU
pa3JioMOB, MOCKOJIbKY 3TH TMOJX0Jbl MaKCHMaJbHO
OJIM3KK K OOILIENPUHSATHIM 3J€MEeHTAPHbIM MeXaHU3-
MaM o6pazoBaHusA TpewmnH (Moxwl I, II u III) [Broek,
1986]. B aToMm ciydae Ha puc. 1, a - pa3aBur, Ui ten-
sile fault, a 6 - cABUT B «MeXaHUYECKOM» CMBbICJIE, UJIH
shear fault.

Eciu Boo6pa3uTh, 4To puc. 1 oTpakaeT «paspes»
reoJIOTUYEeCKOM Cpesibl C Pa3jioMOM, TO PU aKTUBU3a-
IIMU Pa3iIBUTOBOTO pa3JjioMa (a) BepTHUKaIbHbIE CMe-
IIeHHUs] «3eMHOM MOBEPXHOCTH» (BEpXHEro Kpas pu-
CyHKa) OyAyT HCHOBITBIBAaTb JIOKAJIbHbIE, CHMMETPHY-
Hble MPOCAJIKU B OKPECTHOCTH pasJyioMa. [Ipu akTUBHU-
3alMy CIBUTOBOro pasjoma (6) Ha «3eMHOU MOBepx-
HOCTU» COOPMHUPYIOTCS aCUMMeTpHUYHble S-06pa3Hble
BEPTHUKA/JbHbBIE CMELIEHUSI B OKPECTHOCTH, JIOKAJIU30-
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BaHHble B 00J1aCTU pasJioMa. EcTecTBeHHO, 4TO aKTH-
BU3all¥s PaCTATUBAIOLIETOCs CIBUTOBOTO passioma (8)
NpUBeJleT K CJA0XKHOM KapTUHe paclpejesieHusi Bep-
THKaJIbHbIX CMeIleHUH B IPUPa3JIOMHON OKPECTHOCTH.

Ecnu cuyuTtarth, 4TO pUC. 1 - 3TO «IJIaHOBOE» paclio-
JIO)KEHHe pa3/jioMa Ha 3eMHOH MOBEPXHOCTH, TO NPH
aKTHUBHU3AlUU pa3/BuUra (a) ropu3oHTaJbHbIE CMeIlle-
HUA B 06J1aCTH pasjioMa 6yLyT UMeTb CHMMeTPUYHbIN
xapakTep AebopManuy yAJUHEHHUS, KOTOpasi 3aTyXaeT
[0 aMIUIMTYJe C yJaJleHUeM OT pa3JioMa. AKTUBU3a-
LIMA CABUTOBOIO passioMa (6) MpUBeJeT, eCTECTBEHHO,
K 00pa30BaHHI0 aCUMMETPHUYHOrO0, S-06pasHOro pac-
npejiesieHs] TOPU30HTANIbHBIX CMEIleHUH B OKPECTHO-
CTU pasjioMa. AKTUBHU3alUA pasjioMa Tumna (8) cyuie-
CTBEHHO YCJOXXHUT KapTUHY TOPHU30HTAJbHBIX CMe-
IleHNWH, KOTopas CTaHeT KOHTPACTHO-HEOJHOPOJHOH B
NpHUPa3IOMHOMN 06J1aCTH.

[IpyBeJileHHble pacCy>KJeHUsI MOTYT MCIO0Jb30BaTh-
cl B KaueCcTBe TecCTa /JJis IpOBeJleHUs TUIIU3aLUU Co-
BpeMeHHOH JedopMalMOHHON aKTUBHOCTH Pa3J/IOMOB
Ha OCHOBe aHaJjn3a MOPQOJIOTHH JIOKATBHBIX pacnpe-
JleJleHH BepTHUKa/bHbIX U FOPU30OHTAJbHBIX CMelle-
HUN 3eMHOU NMOBEPXHOCTHU BAOJb Mpoduiel reosiesu-
YeCKUX U3MepeHUH, mepeceKkawux pa3jioMsl. B yact-
HOCTH, CHMMeTpPHUYHbIe JIOKaJbHble OCeJaHUsl B NpPU-
pasjioMHOM 006J1aCTH OJHO3HAYHO CBUJETEJbCTBYIOT
O pasABUATOBOM aKTHMBHU3aLUM pasjoMma. Hanpotus,
acCMMMETPHUYHOE, S-06pa3Hoe pacnpejieieHHe BEPTH-
KaJIbHbIX CMeLeHUN CBU/IeTeJIbCTBYEeT B M0JIb3Y CJBU-
roBOM aKTHBH3allMHM BEPTUKAJIbHOI'O pasjoMa.

3. TUIMU3ALUA AHOMAJ/IbHBIX AE®OPMALIMIA 3EMHOIA
MOBEPXHOCTH B 30HAX PA3JIOMOB 110 JAHHBIM
TEOJIE3WYECKHUX HABJIIOAEHHI

Kak u3sBecTHO, ocHOBY HH$OpMalLUMKd O MPOCTpaH-
CTBEHHO-BPEMEHHOH CTPYKType COBPEMEHHOI0 reo-
JMHAMHUYECKOT'0 COCTOSIHUSI CpeJbl COCTAaBJISIOT IO-
BTOpHbIE Teo/ie3nudeckre (HazeMHble U CTyTHUKOBBIE)
M3MepeHHUs, IPOBOAUMBIE Ha Pa3JMYHBIX MaClITa6HbIX
YPOBHSIX ONMCaHHUA NPOLECCOB: IJ106AJTbHOM, pervo-
Ha/IbHOM, 30HaJIbHOM U JIOKaJIbHOM.

UccnepoBaHus r/106a/bHBIX W perMOHaJIbHBIX
reofJMHaMHU4YeCKUX INPOLLECCOB NPOBOJATCA B OCHOB-
HOM MeToJlaMH chnyTHUKoBouU reoge3sun (['HCC,
['JTIOHACC/GPS) B paMkax U3y4yeHUs] KHHEMATHUKU JIU-
TochepHbIx MAUT. OAHAKO [IJIT OMMCAHUS TOHKOM
CTPYKTYpBHI [IPOLeCCOB B 30HAX Pa3/IOMOB HEOOX0JUMO
paccMOTpeTb OCHOBHBIEe INPOCTPAaHCTBEHHO-BpEMEH-
Hble XapaKTepPUCTUKHU ABWKEHHUU B 30HAJbHOM U JIO-
KaJIbHOM MacliTabe HabJojeHui. B HacTosiee BpeMs
HauboJiee NoJHasgd HHPOpPMaLUA MoJydyeHa N0 JaHHBIM
NOBTOPHBIX HUBEJUPOBAaHUN (BepTHKaJIbHAas KOMIIO-
HEeHTa JBWXEeHHUI). ITO 00YCJOBJEHO LeJbIM PSJIOM
npyvyrH. HuBenupHble K3MepeHHsA O6oJiee TeXHOJIO-



TUYHBI (10 CPAaBHEHUIO C HA3eMHBIMH METO/AAMU PeTH-
CTpaLUM FOPU3OHTANIBHBIX ABUKEHHUH) U BbINOJIHEHDI
c ropasfio 6oJsiblieil ToOYHOCTbIO. C APYrod CTOPOHHBI,
IpU NPOYUX PAaBHBIX YCA0BUSX, BepTUKaJIbHAsA COCTaB-
JIF01las aHOMaJbHbIX CMeIleHUH 3eMHOW NMOBEPXHO-
CTU (CBOGOAHOM OT HANPSKEHUN) 3HAYUTEJNBHO Ipe-
BbIIlIa€T FTOPU30HTAJNbHYI0 KOMIIOHEHTY.

B 3Toil cBA3U Jlaziee pacCMaTPUBAIOTCS MpeuMylile-
CTBEHHO DPe3yJbTaTbl HUBEJUPHBbIX HAOJIOJEHUH, KO-
TOpble MOJIyYeHbl Ha CIelUalbHO OpPraHU30BAHHBIX
reoJMHaMU4YeCKUX MOJUTOHAX Pa3JMYHOrO LieJeBOTo
HasHaueHus [Kuzmin, 1999, 2009, 2013, 2014a; Chu-
rikov, Kuzmin, 1998; Khisamov, Kuzmin, 2012]. B oT-
JleJIbHBIX CJy4asiX 3TU Pe3yJbTaThl ObLIU JIOMOJJHEHbI
MaTepuajlaMU HU3MepeHUs] TOPHU30HTAIbHOM KOMIO-
HEHTHI JBWKEHUMU, NOJy4eHHbIMH 110 JaHHBIM Ha3eM-
HON M CIyTHUKOBOM reopesuu [Kuzmin, 2014b, 2015,
2016, 2017].

B nmpuBefeHHbIX Ny6JUKALUAX MO KCCAEJ0BAHUIO
NPOCTPAaHCTBEHHO-BPEMEHHOU CTPYKTYpbl COBpEMEH-
HbIX JlepOpMaLMOHHBIX MPOLECCOB B 30HAX Pa3JioMOB
CoJlepaKaTCSA CIeIyIol1e IMIIUPHUYECKUe 06001IeHHS.

e CylLleCcTBYIOT YCTOWYHBbIE THUIBI JIOKAJIbHBIX aHO-
MaJIUl B BePTHUKaJbHBIX JABMKEHUAX 3€eMHON MOBepx-
HOCTH B 30HaX pasJioMoB (puc. 2). [Ipu 3ToM ropusoH-
TajibHble pa3Mepbl (L) y-aHoMmanuit cocrtaBasoT 0.1-
2.0 kM, S-aHoManu#t - 5-10 kM, a S-aHomaauil - 10-
30 kM. CooTHOLIEHUSI MEXAY aMILIMTYyA0u (Ah) u npo-
TSXKEHHOCTBIO (L) AJ1s KaXK/JI0ro THUMA aHOMasIUM CBf-
3aHbl Yepe3 MaclITabHbli Ko3pdunuueHT m=10-6 (ecau
aMIUINTyZa BbIpakeHa B MWJJIMMeTpax, TO ILIMpPUHA
aHOMaJIMU B KUJIOMETpax).

e OCHOBHbIE MPOCTPAHCTBEHHO-BPEMEHHbIE XapaK-
TEPUCTUKU aHOMaJbHBIX ABUKEHUW HJIEHTUYHbI KaK
JUI1 CEeMICMOAKTHBHBIX, TaK U JJI aCeCMUYHBIX pas-
JIOMHBIX 30H. [IpM 3TOM MUHTEHCHUBHOCTH AedopMariu-
OHHOTO Mpoliecca B pa3jioMaxX aCEiCMUYHbBIX PETHOHOB
BbIIIIE, YEM B CEMCMOAKTUBHBIX.

e YcTaHOBJIEHHbIe TUIbl aHOMaJbHbIX JBUKEHUM
HaXOJsATCS B OMNpe/ieJIeHHOM COOTBETCTBUMU C pPETUo-
HaJIbHBIMU TUIIAMU HaNPS>KEHHOTO COCTOSIHUSL 3eMHOMU
KOphbl. B palioHax mpeAropHbIX U MeXTOPHBIX MPOTHU-
60B (06/1aCTH CKUMAKOLUX HaNpsKEeHUH) JOMHUHUPY-
I0T f-aHOMasiuy, a B puPTOBBIX 06J1acTsX (30HBI pac-
TsHKeHUH ) peo6J1aZjaloT y-aHOMaJKH.

OTMeueHHble 3aKOHOMEPHOCTH 6bLIN CHOPMYJIUPO-
BaHbl B KOHILle XX Beka. 3a mpoliejiiue roJbl 6bLI
HaKOILJIEH JIONOJIHUTEJNbHbINM MaTepuas IO BbIsIBJIEH-
HbIM B 30HaX pa3joMOB AedpopMalMOHHBIM aHOMaJU-
aM. EcTecTBeHHO, 4YTO mNoAaBJjswllee 6GOJBUIMHCTBO
3TUX J[AAaHHBIX OBLJIO MOJYYEHO [0 MaTepuajaM Io-
BTOPHOI'0 HUBEJIMPOBAHUS BJ0Jb TpodUield, KOTopbie
nepecekajyd NMpupasjioMHble y4yacTKU. CyllecTBEHHbIN
BKJIaJl B OOIIYI0 KOJUJIEKIHUIO JepOPMAIMOHHBIX aHO-
MaJIM{ BHECJU pe3yJibTaThl, MOJIydeHHblE HA Te0JUHa-
MUYECKUX MOJUT0HAX, KOTOpble ObIJIN CO3JjaHbl HA Me-
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CTOPOXK/JeHUAX HePTHU U rasa U B MOJA3€MHBIX XpaHU-
Juuax rasa. Tak, K HacTosiLleMy BpeMeHHU HaZeXHO
BbIsIBJIeHO 2037 «IpHUpa3/IOMHBIX» aHOMaJIMH BepTH-
KaJIbHBIX CMellleHUI 3eMHOM 0BEPXHOCTH Pa3/IMYHOI0
Tuna. Okasajaoch, YTO NMOJABJIAKILEE KOJIUIECTBO aHO-
MaJIMi MpeACcTaBJeHO JIOKAJbHbIMH CUMMETPUYHBIMU
(KkBa3MCMMMETPHUYHBLIMU) NPOCAIKAMHU 3€EMHOU MOBEPX-
HOCTH B 30HaX pa3J/IOMOB, TO €CTb aHOMaJIMSIMHU THIIA Y.
HaumeHee pacrnpocTpaHeHHbBIMU THINAMH aHOMaJIUN
OKa3aJIUCh JIOKaJbHbIe cMellleHus Tumna S (puc. 3).

TakuM 06pa3oM, aHOMaJIMU Y TUIA HabJII0AATCA B
NOJAaBJAAKILEM OOJBIIMHCTBE CJydaeB. Eciu ucnosib-
30BaThb ONMHUCAHHbIE BhIIIE KPUTEPUU THUNHU3ALUHU pas-
JIOMOB, TO 3TH aHOMAaJIMU SIBHBIM 06pa30M OTHOCATCS K
pasjioMaM, B KOTOPbIX aKTUBU3WPYIOTCH JIOKaJbHble
pas3/BUrOBble CMellleHUs1 60pPTOB. ITO, B CBOIO 0Yepe/b,
NPHUBOAUT K JIOKAJIbHBIM CUMMETPUYHBIM OCEJaHUSIM
3eMHOM NMOBEPXHOCTHU B OKPECTHOCTH pasyioMOB. AHO-
MaJIUM BePTUKaJbHbIX CMelLleHUH 3eMHOW NOBEPXHO-
CTH THUIIA S, KOTOPble MOTJIA Obl OBITh CBA3aHbI C AKTH-
BU3alMeld cGpPOCOBOM, B3OGPOCOBOW WJIM HAJABHUTOBOM
KOMIIOHEHTBI CMellleHUH MO0 pasJjioMy, HabJ/0[anTcs
KpaliHe peaKo.

[loBceMeCTHBIN XapaKTep MPOsBJEHUsS 3TOTO THUIIA
aHOMaJIUM AeMOHCTPUPYEeTCs Ha pUc. 4, rje B OJUHA-
KOBOM MacluTabe npejcTaBjeHbl pUMepbl y-aHOMa-
JIAY [I/151 pa3/IMYHbIX DETHOHOB.

[IprMedaTesbHO TO, YTO MOPQOIOTHUS U UHTEHCHUB-
HOCTb aHOMaJIMHM NpPaKTUYeCKU UJEeHTHUYHbl KaK [AJs
CelCMOAKTUBHBIX, TaK U JJs aCeACMUYHBIX PETMOHOB.
BoJjiee Toro, eciu cpaBHUBAaTb CKOPOCTH OTHOCHUTEJIb-
HbIX JedopManri, TO OHU OKAXYTCS AaKe HECKOJIbKO
Bblllle Y acCelICMHUYHbIX pa3/ioMoB. [Ipu feTasbHOM pac-
CMOTpPEHUH BHWJHO, YTO HEKOTOpble aHOMaJuH, Ha-
npumep B [lepMmckom [lpuypasnbe u llpearopuom /Jlare-
cTaHe, 06/IaZIAI0T 6GoJiee CI0XKHOU Mopdosorueit. Co-
3/laeTcd BIeYaTJieHUe, YTO MPOUCXOAUT 3ddeKT
«CMelllMBaHUsA» (HaJOXeHHUs) JIBYX COCEJHUX aHOMa-
quil. B pa6orte [Kuzmin, 2015] aToT Bompoc 6bL1 fe-
TaJbHO PAacCMOTPEH U BBeJEHO IOHSTHE «CMellaH-
HOH» aHOMaJIMK, KOTopas 06ycJIoBJIeHa Cyleplo3nuLiu-
el cMelleHU# OT JABYX GJIM3KO PacCHOJIO)KEHHBIX pas-
JioMoB. TaM e npuBeZieHbl pe3yJibTaTbl MaTeMaTHYe-
CKOI'0 MOJIeJINPOBaHUsl MOJIsI BEPTUKAJbHBIX CMellle-
HUH B YCJOBUAX aKTUBU3ALUM CUCTeMbl GJM3KO pac-
NOJIOKEHHBIX Pa3JIOMOB U ONpeJle/leHO «IOPOr0BOe
paccTosiHUe», IPU KOTOPOM NpPeKpallaeTcsi B3aUMHOE
BJMsIHME pa3/iOMOB (aHOMaJMi) Apyr Ha Apyra. Ux
Heo6X0JMMO YYUTBIBaTh KakK NpH NJIaHUPOBAHUU CU-
cTeM reofieGOpMallMOHHbIX HAbJIIOleHUH B 30HaxX pas-
JIOMOB, TaK U NPU UHTEPIpeTaLUu pe3yJbTaTOB Ha-
OJII0 e HU .

CiefyeT OTMETHUTh, YTO aHOMAJMU THUIIA Y NPOSB-
JISIIOTCS BCIOAY, TZle eCTh BbICOKOTOUYHbIE HAGII04eHUS
C paccTosiHUEM MexJy penepaMu He Gojiee 1 KM.
[Ipu aTom Mopdosoruueckre 0COGEHHOCTU aHOMaTUM
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Tunbl aHomanui CoOTHOLLEHME NPU3HAKOB MpakTnyeckme NnpMmMepbl aHoManui
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I Puc. 2. OcCHOBHbIE THIIbl aHOMAaJIbHOT'O HU3MeHEeHH S COBpEMEHHBbIX ,Z[BI/I)KGHI/II‘/JI 3eMHOM IOBEPXHOCTHU B IpeJesiax 30H pasJio-
MOB.

I Fig. 2. Main types of anomalous changes in the recent ground surface displacements within fault zones.

(dbopma, amnIMTYa, WIMPUHA) NPAKTUYECKH He 3aBU-
CAT OT reorpapuyecKux, KIMMaTHYECKUX U TPYHTOBBIX
YCJOBUM TeX y4acTKOB 3eMHOM NOBEPXHOCTH, Ha KO-
TOpBbIX 3adUKCUPOBAHbl METPOJIOTMYECKH 3HAYUMble
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aHoMaJiuu cMellleHUH. OHM HAEHTUYHBI Kak [Jis
ckanbHbIX nopop Konergarckoro u KaBkasckoro pe-
TMOHOB, TaK U AJ51 60JOTUCTBIX U MYCTBIHHBIX TePpPU-
Topuit besnopyccuy, 3anmaguou Cubupu u Kazaxcrana.



B kayecTBe spKOro NpyMMepa Ha puc. 5 MpejcTaBIe-
Hbl pe3yJbTaTbl BbICOKOTOYHOTO HHUBEJHMPOBAHUS B
npejesax TOPHOTO CeMCMOAKTUBHOrO yyacTka llen-
TpasbHoro Asb6opua (CeBepHbiii Hpan), koTopbie
ony6JIMKOBaHbI COBCEM HelaBHO [Saberi et al, 2017].

Ha pucyHke oT4eT/IMBO BUJHO, YTO aHOMaJIUS THIIA
¥, KOTOpasi mnpyuypoueHa K passiomy Kandovan, nocsiezo-
BaTeJIbHO Pa3BUBAETCS BO BPEMEHU U JIOCTUTAET Besu-
YUHBbI OcefaHus B 115 MM 3a mepuoj, BpeMeHU Mexzay
NepBbIM LUKJIOM H3MepeHus B 1992 r. u nociegHUM
pukiaoM B 2014 r. Ecin oneHMBaTh CpelHEroJl0BYIO
CKOPOCTb OTHOCUTEJbHOH JedopManuu wusruba Imo
dopmyne ©6=2Ah/L, rae Ah ecThb aMIIMTY/1a aHOMAJTHH,
a L - ee mupuHa [Kuzmin, 2016], To ee Bea1u4rHa 6yaeT
paBHa 6°10-5 B rog. [Ipu aToM PpoHOBBIE 3HAUYEHUST CKO-
pocTteil (B «OJIOKOBOW» 4YacTH MPOPUJIA) COCTABJSIOT
BeJIMYUHBI nopsaaka 10-7 - 5-10-8 B roa. [logo6HoE co-
OTHOLIIEHHE CKOPOCTEeN OTHOCUTEJbHBIX JAedopMaiui,
KOrJla aHOMaJibHble 3HayeHWsl, U3MepeHHblE B HEIO-
CpeACTBEHHOM OKPECTHOCTH Pa3JioOMOB, Ha JiBa-TpH MO-
psiiKa BbILIE, YeM CKOPOCTH JAepOpMHUPOBaHUS B «6JI0-
KOBOM» 4YacTH, HEOJHOKPATHO OTMeYaJioch B paboTax
aBtopa [Kuzmin, 1999, 2013, 2014a, 2017; Kuzmin, Chu-
rikov, 1999].

Jlpyroil MHTepecHbIN pe3y/abTaT, KOTOPbIA TaKXe
OBl MOJIYYEH B CaMOe MocJjeHee BpeMsl, OTHOCUTCS K
JleTaJIbHbIM [TIOBTOPHBIM HabJIIOAEHUSM 33 BepTHKAJIb-
HBIMU U TOPU30HTA/IbHBIMU CMEILEHUSIMH 3€eMHOMU I0-
BEPXHOCTH Ha 3KCILIyaTupyeMoM CTenHOBCKOM MOJ-
3eMHOM xpaHuule rasa ([1XT'), pacnosioxkeHHOM B €B-
poneiickoit yactu Poccuu [Kuzmin, 2016, 2017]. Heo6-
X04UMO OTMeTUTh, 4TO [IXT" aBsdeTca 3aMmedyaTe/IbHBIM
TECTOBbIM OO'bEKTOM /IS aHA/IM3a U UHTepHpeTaluu
pe3y/ibTaTOB reoJWHAMUYECKOTO MOHUTOpHUHTra. /s
3TUX 0OG'bEKTOB XOPOLIO M3BECTHA Te0JIOTUYecKasl Mo-
JleJb ¥ aMIJIUTY /A HUKJINYEeCKON Harpy3KH.

[IpoBo/ist MOBTOpPHBIE reo/le3ndecKre HabM/eHu s,
MOXKHO ONpefensATh AeGOopMallMOHHYI0 PeaKLUI0 3eM-
HOM MOBEPXHOCTH Ha W3MeHEeHHe IIJIaCTOBOTO JiaBJie-
Hus. Cnenuduka skcrnayartanuu [IXI coctouT B TOM,
YTO B KaYeCcTBe re0JIOrHYecKoro 06'beKTa UCIO0JIb3yeT-
csl INO0 BOJIOHOCHBIM IJIACT, TU6GO UCTOILEHHOE Tra3o-
BOe MeCTOpOX/JeHHue. B oceHHe-3UMHHe MecsAlbl Ipo-
HCXOJUT OTOOp ra3a, a B BeCEHHe-JIeTHUE — 3aKayKa.
CTporuii KOHTpPOJIb FTePMETUYHOCTH U 0O'bEMOB 3aKa-
YMBAEMOr0 U OTOHMPaeMoOro rasa o6ecrnevynuBaeT BBICO-
KYH0 M3y4YE€HHOCTb OCHOBHbIX NnapametpoB [IXI: reo-
MEeTPUYECKUX Pa3MepPOB U KOHQUTYpaAIMU OOGBEKT],
dU3HUYEeCKUX CBOMCTB FOPHBIX IOPO/], aMIJIUTY /bl LIUK-
JINYECKOTO U3MEeHEeHMUSsI NJIaCTOBOTO JlaBJIEHUS.

Kpome TOro, MOHUTOPUHT 0G'BEKTOB, KOTOpbIE Jie-
bGOpMUPYIOTCS MepUOJUYECKUMH Harpy3Kamu, Mo3Bo-
JIsieT NMePeXoAUTh OT MpoUeAypbl HabawdeHUs K Mpo-
nenype usmeperus. Kak HM3BecTHO, HAGAIOJEHUST He
SIBJISIIOTCSL U3MEPEHUSIMU B CTPOTOM CMbICJIE 3TOTO I10-
HSTHS, TaK KaK «IoJeBasi» cneldrKa HajaraeT orpa-

Geodynamics & Tectonophysics 2018 Volume 9 Issue 3 Pages 967-987

9 % 3%
R
|
W
[ K]

88 %

Puc. 3. 'icrorpaMMa KOJIMYECTBEHHOTO pacrpeiesieHusl
aHoMasui: 1 -y,2 -, 3-S.

Fig. 3. Histogram of the quantitative distribution of anoma-
lies:1-y,2-,3-S.

HUYEHUs], KOTOpble HE CBOMCTBEHHBI CTPOTUM Jlabopa-
TOPHBIM MeToZaM. MOHUTOPUHIOBble U3MEPEHUS He
BOCIIPOU3BO/MMBI, TOCKOJIbKY MOBTOPUTH UX B TEX JKE
YCJ0BUSX yKe He BO3MOXHO. B ciydae, korjia MOHUTO-
PUHT NPOU3BOAUTCS HA MepUOAHYEcKH (ABa pasa B
roji) U3MeHSIEeMCS 06beKTe, a MOBTOPHbIE ITUKJIbI
MPOUCXOAAT CTPOr0 B OJIHU M Te Ke KJIMMaTU4YeCKHue
Ce30Hbl, HAbBJII0/|eHHSI CTAaHOBSITCS MaKCUMaJIbHO MpPU-
OJIMKEHHBIMU K MPOIielype U3MepeHUsl.

Hixe npuBeieHbI pe3yJibTaThl YeThIpeX [IUKJIOB M0-
BTOpPHBIX HUBeJUPHBIX U THCC HabJ01eHUH, KOTOpble
npoBeZieHbl Ha CtenHoBckoM [IXT, Mo ceTu coBMelleH-
HbIX MYyHKTOB, COCPEAOTOYEHHBIX B 30HAX pPa3/IOMOB.
[Ipu 3TOM Ba’KHO UMETH B BUJIy CJieAyIoliee MPUHIUITH-
aJlbHOe O0OCTOSITENbCTBO. MOHUTOpPUHTOBass UHGOpPMa-
[[Ms, KaK NPaBUJIO, OTOOpPaXKaeTcs B JABYX BapUaHTaX:
3BOJIIJMOHHOM W MyJbCallMOHHOM. B mepBOoM BapuaH-
Te BCe WM3MEHEHUsl CMELIeHUW 3eMHOU MOBEpPXHOCTH
ONpeJlesISIIOTC BbIUUTAHUEM TEKYIIMX BEJUYUH U3
3HaueHUM, MOJyYeHHbIX IPU IEPBOM HaOJI0[E€HUH, T.€.
- 2-1, 3-1, 4-1 u T.A. B 3TOM c/iyyae Npoc/ieKuBaeTCs
BpeMeHHAs JJUHaMUKa (3BOJIIOLUS) NOBeJeHUs] 3eMHOU
MOBEPXHOCTH, KOTJAA KaxJas 3I0Xa XapaKTepusyeT
CMellleHUs], HaKOIJIeHHble K JJ]aHHOMY MOMEHTY BpeMe-
HU. Bo BTOpOM BapuaHTe HCHOJIb3YKTCA Pa3sHOCTH
MeXJy CMeXHbIMU 3snoxamu - 2-1, 3-2, 4-3 u 1.4. B
3TOM CJIyyae UMeeTCs] BO3MOKHOCTb BBISBJATDH MEPUO-
Jlbl BOBHUKHOBEHUS MyJibCAaLUMK [BWXKEHUW U ompeje-
JIATh JJIUTEJbHOCTb NPOTEKAaHUs aHOMaJbHOrO Mpo-
necca. /Iy aHasM3a LUK/JIAYECKHX MPOLEeCCOB IeJIeco-
0obpa3Hee UCIOJIb30BaTh My/JbCallUOHHbIE KPUBBIE, M0-
CKOJIbKY UMEHHO OHH IO03BOJISIIOT BBISBJAATH 3HAKOIe-
PEMEHHYIO0 COCTABJAKUIYIO ABUXKEHUU, IOITOMY pHUC. 6
MOCTPOEH UMEHHO TaKUM 06pa3oM.

HuBenvpHble HabMOAEHUS TOBTOPSIOTCA B Cpej-
HeM depe3 0.5 roga. UHTepBaa mexzay 2 U 1-M HabJ10-
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COBPEMEHHBIX BEPTHKAJIbHBIX ,Z[BI/I}KGHI/II‘;I; 4 - CKBaXXHHBI.

Fig. 4. Examples of the local anomalies of recent vertical displacements of the ground surface in different regions. 1 - fault
zones; 2 - zones of anomalous vertical displacements; 3 — amplitudes of recent vertical displacements; 4 - wells.
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Fig. 5. Height difference of the benchmarks during four measurement periods. The error bar is equivalent to 1 X SD. The
photo (bottom) shows the Kandovan fault near benchmark station APAQ1049.

JleHHEeM COOTBETCTBYeT OTGOpY rasa, 0o3TOMy OOLUH
X0/ KPUBOHM IOKa3blBaeT MPOCAZKy B LEHTpPaJbHOHN
4yacTy raszoxpanuiauvua. Illepuosn mexzay 3-2 cooTBeT-
CTBYET HEUTpaJIbHOMY IEepHOJly, KOT/ia OTOOp 3aBep-
IIWJICS, 3 UHTEHCUBHOM 3aKayKW elle HeT. B aToT ne-
pHo/J, cpefiHee CMellleHWe M0 MPOUII0 CTPEMHUTCS K
HyJIEBbIM 3HaueHUsM. W, HakoHel, B nepuoj 4-3 npo-
WCXOJIUT 3aKauyKa rasa, UYTo NPUBOAUT K NOJbEMY 3eM-
HOM MOBEPXHOCTHU B IIeHTPaJbHON YacTU MpoduJis.

OueHKa OTHOCUTEJIbHBIX JlebopMaluil BAOIb BCETO
npodusas («bpoHOBasi» KOMIIOHEHTA) IOKasajaa, YTO
3HaKoIlepeMeHHble OTHOCUTE/IbHbIe NedopMalUu U3-
ru6a 3eMHOM moBepxHOCTHU paBHbI 1.3-10-¢ Kak B me-
puoj oT60pa, TaK U B IepUo/| 3aKayKU. BesnunHa oT-
HOCHUTeJIbHBIX JlebopMaliii B 30HaxX pas3/ioMoB (pere-
pa Ne 50, 45 u 29) uaMmeHsieTcs B UHTepBaJe oT 2:10-5
Jo 8.7-10-5. TakuM 06pa3oM, pa3iOMHbIe 30HbI YCHUJIU-
BAalOT LUKJAUYECKHEe AedopMaluy MpPU 3KCIUIyaTaluu
N0/[3eMHOI0 ra30XpaHuUJINIIA NOUYTH Ha 1.5 nopsaka.

AHanu3 J0KaJbHBIX aHOMaJUW BepTUKaJbHbBIX
CMeleHUI B OKPEeCTHOCTHU pa3/IOMHBIX 30H MOKa3bIBa-
eT, YTO MMEIT MeCTO KaK KaHOHWYecKue no ¢opme
y-aHOMaJIUH, TaK U S-aHOMaJIuH, KOTopble 06ycJI0BIIe-
Hbl JIOKAJbHbIMU CABUTOBBIMU NepeMelleHUssMU pas-
HOr0 3HaKa. JTO XapaKTepHO AJi MpaBOro KpanHero
pasJjioMa, IpUYeM, ec/iM B epuoJ, 0TO6opa B mpejeax
3TOTO pasjioMa MPOUCXOJUT MOHOTOHHOE JIOKaJbHOE
oceJlaHUe, TO B HeUTpa/ibHbIM mNepuoa MopdoJiorus
aHOMAaJIMU YCJIOXKHSIeTCs, a B IepuoJ, 3aKaukKd rasa
dbopmupyeTcs TUIMYHAA S-aHOMAJTHSI.

CyuiecTByeT ellle 0JlHa 0CO6GEHHOCTb B MOpP$OJIOTUH
y-aHOMaJ/Iui, KOTopas XapaKTepHa [/l MHOTHUX HedTe-
ra3oBbIX 00'beKTOB. MHOrla Ha MO/ 3eMHBIX XPaHUJIU-
11axX ra3a U HePTSAHBIX MECTOPOXK/EHUSAX HAOJIIOAAI0T-
cd JIOKaJIbHble OCeJlaHus], KOTOpble OCJOXHAITCA Ie-
peMeHOM 3HaKa B KOHLEBBIX y4yacTKax aHoMaaul. Tu-
NAYHBIA IPUMED — 3TO Y-aHOMaJIUA Ha KpalHeM JIeBOM
pasJioMe B epuoj Mexay 2 v 1-M LUKJIOM U3MepeHHUi.
BuzaHo, yTo 06a BepxXHUX Kpasi aHOMaJHUHU HECKOJIbKO
NPUNOAHATHI HaJ, «QOHOBBIM» ypoBHeM. [IpoucxoauT
VHBEPCHA 3HaKa MPU BbIX0OJle aHOMAJIbHBIX CMeLleHUN
M3 006J1aCTU JIOKAJbHOrO MHUHHUMyMa. Takylo pasHo-
BUJHOCTb )y-aHOMaJIMM yMeCTHO Ha3BaTb «UHBepC-
HOM», B OTJINYME OT KMOHOTOHHOM», THTUYHOU GOPMBbI
aHOMaJIMH [iJIsi BTOPOTro cjleBa pasJjioMa.

Ha rasoBbIX MeCTOpOX/JeHMsX, Tfe JAoOblYa rasa
IPOUCXOJHUT 3a CYET MOHOTOHHOIO NaJleHUd IIJIACTOBO-
ro JaBJeHHs], OTMEYAIOTCd B OCHOBHOM MOHOTOHHBIE
aHOMAJIMM BEPTUKAJNbHbIX cMelleHUH. Ha HedTsaHBIX
MeCTOPOX/JEeHUsAX, I'Ae [ MHTeHCHMPUKaluK Najalo-
el 7o06bIYM IPOU3BOAUTCA 3aKayKa BOABI B IJIACT, 3a-
YacTyl0 perMCTPUPYIOTCA MHBEPCHBbIE aHOMaJINH.

4. MEXAHM3M ®OPMUPOBAHHA COBPEMEHHOM
PA3/IBUTOBOM AKTUBHU3ALIMH PA3JIOMOB

[[J'[H YCTaHOBJIEHUA aJ€KBATHOIO ME€XaHHW3Ma (l)Op-

MHUpOBaHUS AedOpPMAlMOHHONW aKTHUBHU3ALMU pPasJo-
MOB HeO6XOZMMO COINOCTaBJIEHHE Pe3y/bTaTOB I0Jie-
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Fig. 6. Comparison between the geodetic leveling (dots) and GPS (arrows) observation data along the profile. The fault
zones identified from the geological and geophysical data are marked by dashed lines.

BbIX HaOJIIOJeHWH aHOMaJIbHbIX CMelleHWH 3eMHOH
MOBEPXHOCTH C AHAJOTHUYHBIMH XapaKTEePUCTHUKAMH,
KOTOpbIE CJIEAYIOT U3 Pa3paboTaHHBIX aHAJTUTHIECKUX
U YUCJIEHHBIX Mojesed GOPMUPOBAHUSA JIOKAJBHOTO
HanpsKeHHO-/epOPMUPOBAHHOT'0 COCTOSIHUS PA3JIOM-
HbIX 30H. B pa6ote [Kuzmin, 1999] npuBeseH o6mup-
HbI 0030p AHAJUTHUYECKHUX U YHUCJIEHHBIX MOJeJieH,
KOTOPBIM ObLJI JIOMOJHEH COBPEMEHHBIMU MyGJIUKAIU-
MU (10 2017 1. BKJIIOUYUTEJBHO).
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Bce u3BecTHble K HAcTOsIlleMYy BpeMeHHU MOJiesNu
MO>KHO JJOCTaTO4YHO YeTKO Pa3bUTh HA TPU IPYIIIBIL.

1. biokoBble MOJe/H, B KOTOPBIX 33JalTCsS pas-
JBUTOBble WJM CABUTOBble MepeMellleHUsT OGJO0KOB
byHiaMeHTa, co3/alollhe CMelleHHUs IO0BEPXHOCTH
CIJIOIIHOTO OCaZloYHOTO YexJa, PAClOJIOKEHHOro Ha
byHgaMeHTe. Pa3sioM siBasieTcsl pas3fenUTeNbHON Mo-
BEPXHOCTBIO, BJJ0JIb U MONEPEK KOTOPOH OCYLIECTBIIS-
I0TCA CMellleHUs] MexAy JAByMs O6JsiokaMu. B aToMm



CMBICJIE TUI aHOMAJIMM CMelLeHUs NOBEePXHOCTH MOoJI-
HOCTBIO OIlpesiesISeTCsl BHEILHUMU, «pETHOHATbHBIMU»
KMHeMaTU4eCKUMH YCJI0BUSIMU JABUXKEHUN 6JIOKOB.

2. luciokallMOHHble MOJeJId Pa3/ioMOB, KOrja 3a-
JIAal0TCA CKAuKH JIOKa/JIbHBIX CMellleHUH BHyTpHU 6ecKo-
HEYHO TOHKOM 06J1aCTH pasJyioMa, KOTopbie GOpMUpPY-
I0T pacnpejiejieHue CMelleHUH 3eMHOU MOBEPXHOCTHU.
J3TOo TUNUYHAA 33/]la4a C «BHYTPEHHUMU» UCTOYHHKA-
MH, KOTOpasi He 3aBHUCHUT OT XapaKTepa «peruoHajib-
HbIX» YCJOBHH, a LIeJIMKOM ONpeJessieTcsl pa3fBUro-
BbIM WJIM CABUTOBBIM XapaKTepOM CKayKa CMelleHUH
Ha pasphblBe.

3. MlapaMeTpuueckre MOJeH Pa3jiOMOB, KOTOpbIe
XapaKTepU3ylTCsl TeM, UTO 30HA pa3/jioMa IpeJCcTaB-
JisieT coboil 06J1acTh (BK/IOYEHHE) C MOHUKEHHBIMHU
MeXaHUYeCKMMU (KeCTKOCTHBIMM) XapaKTepHUCTHKa-
MU. B 3TOM ciyvae jioKasibHble pa3JABUTOBBIE MO BUXK-
KU GOpPTOB B 30He pasyioMa GOPMHUPYIOTCS 33 CYET
yMeHbllleHUs1 06beMHoro moayJs (K) B o6cTraHoBKe
«peruoHaJbHOr0», MOCTOSSHHOTO pacTArMBAIOILEro
FOPU30OHTA/JILHOrO HanpsbkeHUs. CABUTOBbIEe cMelle-
HUS B 30He pasJjioMa MPOUCXOJSAT NPU CHUXKEHUHU MO-
AyJas caBura (L) B o6CTaHOBKE MOCTOSIHHBIX «PEruo-
HaJIbHbIX» HaNpsKeHUH (HOpMasbHBIX U KacaTeJib-
HBIX) JIIDGOT0 3HAKa.

Janee npuBOJATCA pe3yabTaThl CPAaBHUTEJIBHOTO
aHa/M3a CyLeCTBYIOUIMX MOJeJlell MMEHHO JJis TeX
c/ly4aeB, KOrja B pa3/IOMHON 30He (MOJeJbHOM aHa-
Jlore pasjioMa) NMPOUCXOAUT pas3[BUroBasi MOJBHXKKA
60pTOB, NOCKOJIBKY [JOMHUHHUPYIOIIUM THUIIOM HabJio-
JleHHbIX aHOMaJIM¥ COBPEMEHHBIX CMeIllleHUH 3eMHOU
[OBEPXHOCTH SIBJISIIOTCS] aHOMaJIMM THIIA Y.

Haubosiee pa3paboTaHHOU OGJOKOBOW MOJEJbIO
dbopMUpOBaHUA U Pa3BUTHUA Pa3BUTOBBIX Pa3jiOMOB
ABJISIeTC MOJieslb, NpeJJIoKeHHas BO BTOPOH IOJIO-
BUHE IPOLLJIOrO0 BeKa KOJIJIEKTUBOM COTPYAHHKOB
NU®3 AH CCCP mog pykxoBogactBoMm A.C. I'puropnesa
[Grigoryev et al, 1988]. B Mmomenu paccMaTpuBaeTCs
npouecc AedpOpMHUPOBAHUS CJAOUCTOrO O0CAJOYHOTO
yexJia, 06yC/I0BJIEHHbI TOPU30HTA/IbHBIMU JABUKEHU-
sIMU 6JI0KOB QyHJaMeHTa BKPEeCT MPOCTUpPaHUSA pas-
JleNdlero ux passuoMa. IlosydyeHsl 3aMKHyThIE aHa-
JINTUYECKHE pelleHUs1 [Jis HalpshKeHHO-AedopMUpo-
BaHHOI'0 COCTOSIHUS CJIOMCTOrO 4yexJa C y4eTOM Beco-
MOCTH CpeJbl.

Ha puc. 7 nokasaHo pacnpeje/ieHle BepTHKaJbHbIX
CMEeLeHUH MOBEPXHOCTH M WX FOPU3OHTAJIBHBIX Ipa-
JIMEeHTOB (HAKJIOHOB) BKPECT MPOCTHUPAHUSA BeEpPTHU-
KaJIbHOTO pa3/BUroBOro passoMa. Eciiu mosarats, 4To
JINHUA abCLUCC yKa3blBaeT HAa MeCTOIOJIOXKEHHE pas-
JIOMa, TO BUZHO, YTO B €r0 OKPECTHOCTH POPMUPYIOTCS
MaKCHMMaJIbHble OCeJlaHUsl, KOTOpble MOHOTOHHO 3aTy-
XaloT 110 06e CTOPOHBI OT JIMHUHU pasyioMa. Ha rpaduke
npeJcTaBjJeHbl HOPMHUPOBAHHBIE K TOJILMHE 0CaJ04-
HOT'O CJ10S1 CMelleHUs] U HAaKJIOHBI, @ TAKXKe PacCTOsIHUe
OT pasJsioMa. Ec/iv nepeldTH K pa3MepHBIM BeJIMYKMHAM,
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Puc. 7. PacnipesiesieHye pacyeTHBIX BepPTUKaJbHBIX CMe-
ueHUM (CrJiowlHasg JIMHUS) M HaKJIOHOB (MpepbIBUCTAs
JIMHUSA) BAOJIb NPoduIs, MepeceKarmllero pas/BUrOBbIN
pasJjioM.

Fig. 7. Distribution of the calculated vertical displacements
(solid line) and tilts (dashed line) along the profile across
the tensile fault.

TO OKaXKeTcs, YTO IIMPHHA 06JIaCTH HaAUGOJIbILIEro
OCelaHUsl COM3MepHUMa C TOJLUHON 0CaZOYHOIrO yex-
Ja. /g 6oJiee e TaIbHOTO CONOCTABJIEHUS PaCieTHBIX
Y HabJII0JIeHHBbIX 3HAaUeHUN oceJjJaHUi Ha puc. 8 moka-
3aHO CONOCTAaBJIEHWE pPe3yJIbTATOB HUBEJWPHBIX Ha-
OJII0/IeHUN Ha OJHOM U3 He(PTSHBIX MECTOPOXAEHUHN
Benopyccum.

PacdeTHble cMelleHUsI ObLIN MOJIyYeHbI AJIs peaslb-
HBIX YCJIOBHH y4acTKa HUBEJHWPHOTO NpoduJis, nepe-
cekatoulero Peunnkuii passiom B [Ipunsatckom nporube
(benopyccus). Ucnonb3oBanuch MaTepuasnsbl no Gpusu-
YeCKHMM CBOMCTBAM TOPHBIX MOPOJ, 1eTaJbHOMY CTpPO-
€HHUIO 0CaJI0OYHOTO 4YexsJa U BepPXOB (QyHJaMeHTa Co-
IJIACHO TeoJioro-reoprusudecKuM JaHHBIM. U3 puc. 8
cleflyeT CylleCTBEHHOe OTJWYHe pacyeTHbIX U Ha-
6JII0/IeHHBIX JJaHHbIX. He coBmasaeT HU MWIMpUHA aHO-
MaJIMH, HY UX aMILIUTY/a.

Kpome Toro, misa peanusanuu GJOKOBOW MOJENU
Heo6X0/IMMO, YTO6GbI BapUallMd BO BpeMeHU TOPU30H-
TaJbHBIX TepeMeleHud GJOKOB COOTBETCTBOBAJIU
BPEMEHHOMY XOJy Pa3BUTHS JIOKAJbHBIX MPUPA3IOM-
HBIX OCeJIaHWH, a UX AMILIUTY/bl GbLIA COU3MEPUMBI C
aMIUIMTYZaMy cMellleHUH 6J10koB. OZJHaKo 060011eHHe
paboT 1Mo U3y4yeHUIO AepopMalvii 3eMHON MMOBEPXHO-
CTH, MPOBEJIEHHBIX METOJAMU CIYTHUKOBOM U Ha3eM-
HOU Teo/ie3UH B PA3JIMUHBIX PerMoHax U Pa3HbIX Mpo-
CTPAHCTBEHHO-BpeMEeHHbIX MaclITabax, MoKasaso, YTo
CKOPOCTH CpeJIHEro/I0BbIX OTHOCHTEJIbHBIX JTedopma-
L1 jexat B guamnasoHe 10-8-10-° B rox 1 cs1a60 3aBU-
CAT OT 6a3bl U MPOOKUTENBHOCTH NepUo/ia HabJI0-
nenuit [Kuzmin, 2013, 2017]. B kayecTBe nmpuMepa Ha
puc. 9 nokasaHbl pe3yJbTaTbl MHOTOJIETHUX (6oJiee
40 JsieT) cBeTOJa/JILHOMEPHBIX HAOJIJEHUN 3a ropu-
30HTAJIbHBIMU CMEIeHUsIMU B/IOJIb JIBYX JUHUU. O/THa
JIMHUA NepecekaeT 30HY [lepenoBoro passoma Komer-
nara (Ne 3330). Bropas (Ne 1532) HaxoauTcs B 6J10KO-
BOM YaCTU ¥ OPHUEHTHUPOBAHA OPTOTOHAJBHO MPOCTH-

977



Yu.O. Kuzmin: Recent anomalous deformation of the ground surface in fault zones...

Ah, MM

[ ] |
1.4H 1.65H 2H X

|
0@ H

Puc. 8. Pacnpesnenenuve pacyeTHbix (1) U HabJAaeMbIX
(2) BepTUKaJbHBIX CMelLleHUN BAOJb Npoduis, nepece-
Kaloll[ero pa3/iBUr0BbIN pa3/ioM (6J10K0Bast MOJeJb).

Fig. 8. Distribution of the calculated (1) and observed (2)
vertical displacements along the profile across the tensile
fault (block model).

paHuIo pas3joMa. Homepa JIMHUH COOTBETCTBYIOT AJIH-
He 3TUX JINHUH B MeTpax.

ITU yHUKaJIbHble MO AJUTEJbHOCTH JaHHble I03-
BOJISIIOT C OYeHb OOJIbIION [JOCTOBEPHOCTHIO OIpejie-
JIATb CKOPOCTH M 3HAaKHU HAKOIJIEHHBIX CMeIlleHHUH W,
caMOe BaXKHOe, OIpeJesdaThb JO0JIOBPEMEHHYI0 CTa-
OGUJIbHOCTb XapaKTEPUCTUK JedOopMalMOHHOTO MNpo-
necca. /JlnAg BbIABJIEHUA CpeJHErofloBOM CKOpPOCTHU
CMellleHUH Obllla NpoBeJieHa WHTepBaJibHasA OLeHKa
CKOPOCTH CMeIlleHWH 3a Nepuoj, JHUHEWHOro TpeHJa
BHYTPU KaK[OTO BPEMEHHOT0 NPOMeXyTKa. 3aTeM
cpefHHe 3HA4YeHHWS TPeHJO0B CKOpPOCTed CyMMHpOBa-
JIUCh C YY€TOM 3HaKa MU3MEHEHUU AJHUHBI JUHUH (Y[I-
JIUHeHUsl, ykopodyeHus). [lo cyljecTBy, 3TO COOTBET-
CTBYeT U3BECTHOW UHTerpajibHOU TeopeMe 0 CpeJiHeM,
r7ie ”HTErpUpOBaHUe 3aMeHeHO CyMMHUPOBAaHHUEM.

Bronb avauu N2 3330 oTMevyaeTcs yKOpodeHHe Ha
BesinunHy -0.7 MM 3a BpeMs 43.5 rozxa. CpenHerojo-
Basd CKOPOCTb YKOPOYEHUs COCTaBJsAeT BeJUYUHY -
0.015 mMM/ros, a cpenHerojoBas CKOPOCTb OTHOCH-
TeJIbHBbIX AedopManuil - 4.5-10-° B roa. YkopoueHue
BAoJIb JMHUK N2 1532, koTopasi HampaBJieHa OPTOro-
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HaJbHO npoctupanuio Konetgara u snHuu [lepenoBso-
ro pasJsioma, 3a nepuoj 40 snet cocraBujo -2.1 MM.
CpenHerojioBasi CKOpoCcTb 3Toro ykopodyenus —0.052
MM /roa, uiu 3-10-8 B rof AJisl cpeJHEr0/J0BOM OTHOCH-
TeJibHOU Aedopmanuu. [Ipu 3ToM 3a yKazaHHBIA Npo-
MEXYyTOK BpEMEHU HeOJAHOKPAaTHO BO3HUKa/IU JIO-
KaJiIbHblE Y-aHOMAaJIUU NYJbCHUPYIOIET0 XapaKTepa Co
CKOPOCTSIMU BEpPTHUKaJbHBIX CMelLleHUH MopsjKa He-
CKOJIbKUX CAaHTUMETPOB B I'oJ, U CO CPeJHETOJ0BbIMU
CKOPOCTSIMU OTHOCHUTEJIbHBIX JAedopManuii mopsjaka
10-5 B rof, [Izyumov, Kuzmin, 2014; Kuzmin, 2013, 2016,
2017].

B cBs3U c 3TUM GJI0KOBasi MoZiesib GOPMHUPOBAHUSA
JIOKQJIbHBIX OCeJJaHUH 3€eMHOW NOBEPXHOCTU B 30HAX
aKTHMBHU3alUU Pa3/IBUTOBbIX Pa3JIOMOB He MOXET ObITh
MCII0JIb30BaHa B KayecTBe MeXaHu3Ma GOpPMHUPOBAHUSA
Ha0JII0/TaeMOr0 NMPOCTPAHCTBEHHO-BPEMEHHOIO CIIEK-
Tpa COBpeMEeHHBIX CMeLeHU .

JucnokaloHHbIE MOJleIM CMellleHUH 3eMHOH Mo-
BEPXHOCTU B 30HAX pPa3IOMOB pa3paboTaHbl OUYeHb Jie-
TasbHO. CylecTByeT GOJIbIION KJIAacC aHATMTHYECKUX
M YUCJIEeHHbIX MoJieJiel, KOTOpble YYUTBHIBAIOT KpU-
BU3HY 3€eMJIM, PEeOJIOTHUIO, CJIOHUCTOCTb U BECOMOCThb
BMeIaIied cpeAbl. ITU Mozeau yxe Gosee 70 set
yCIHelHO MPUMEHSIOTCH B 33/jla4yax CelcMoJI0TUU (Me-
XaHU3M O0YaroB, KOCeHCMHUYEeCKHUe U MocTcehcMuye-
CKHe ABIKEHHUs U [Ip.), 4 TaKXKe NPH aHaIu3e pe3yJib-
TaTOB re0JIe3NYECKUX HAOJ/IOIeHUH B ByJIKAHUYECKUX
ob6sactsax [Dzurisin, 2007].

B mesioM 3Tu MoJeNu JOCTAaTOYHO XOPOIIO OMHUCHI-
BAaIOT JIOKAJbHBIA XapaKTep NPUPA3/IOMHBIX CMellle-
HUU MOBEPXHOCTHU. 3aJjlaBaeMble, HAaIlpUMEpP Pa3/BUTO-
Bble, CKAUYKU CMellleHUH B pa3joMe OKa3bIBAIOTCS
BIIOJIHE COU3MEPHUMBIMU C HAGJII0JjAeMbIMU BeJMYMHA-
MU. Bosiee Toro, B paMKax AUCIOKaLlUOHHBIX MoJesel
BBISIBJIIIOTCS «MHBEpPCHbIe» GOPMbI aHOMAJIMH y-THUIA
(puc. 10).

B faHHON MoJilenu peasM30BaH TOPU30HTAJbHBIN
pa3ABUT KpaeB JUCJOKAIMKM Ha 1 M mIpu TrayOUHE
BepxHero kpas B 1 kM. Kak ciegyet u3 pucyHka 10,
npu 3arjay6JieHHUU HWKHEero Kpas JUcjoKaluu (pas-
JioMa) MIMpPHHA aHOMaJUM yBeandrBaeTcs. Oco6eHHO-
CTbIO pacnpefesieHusi BepTUKaJbHbIX CMellleHUH, Mo-
MHUMO WUHBEPCHOTO XapaKTepa, SABJSETCHA TO, YTO CO6-
CTBEHHO OCelaHue UMeeT HeGOJIbIIYI0 aMILJIUTYAY OT-
HOCHUTEJIbHO HYJIEBBIX 3HaYeHU M. VI3 0011iell BEJTMUYUHDI
aMIIUTYAbl ocefaHus (15 cM) oT ee kpaeB MoJgHATHE
CaMUX KpaeB OTHOCHUTEJIbHO HyJs1 cocTaBJisieT 75 %
(10 cmM). [logo6HOe HUKOTAA He HAbJIIAAJOCH B pe-
aJIbHbIX JAaHHBIX.

CymiecTBEHHbIM HeAO0CTAaTKOM [WCJI0KALMOHHbIX
Mo/JleJIed TAKXKe SIBJISIETCS TO, YTO Y HUX COBEPIIEHHO
OTCYTCTBYeT rOPHU30HTaIbHbIN pa3Mep (IIUpHHA) pas-
JIoMa. ITO 06CTOATENbCTBO MPAKTUYECKH JIUIIAET BO3-
MOXXHOCTH UCIOJb30BaTh JAHHbIE MO/JIE/IH TIPU OMNKCA-
HUHW B3aUMOCBSI3U JIOKaJbHBIX JedopMaluid U Bapua-
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I Puc. 9. IsMeHeHus ropu30HTa/IbHBIX CMellleHUH Bo BpeMeH! BA0JIb IMHUI Ne 3330 u Ne 1532,

I Fig. 9. Variations of horizontal displacements in time along lines No. 3330 and No. 1532.

WA pa3/IMYHbIX reoPpusrnyecKux (MarHUTHBIX, IPaBU-
TalMOHHBIX U [Ip.) U TEOXMMHUUYECKHX (IMaHalL MU ra30B
U ap.) napaMmeTpoB. KpoMme 3atoro, Tun (S, y) ¥ aMmiu-
TyJia aHOMaJIbHbIX CMeILeHUU 3eMHON NMOBEPXHOCTU B
pa3JIOMHON 30He He 3aBUCAT OT XapaKTepa U UHTEH-
CUBHOCTH «PErHOHaAJIbHBIX» YCJIOBUH, B KOTOPBIX pas-
BUBAETCs JIOKaJbHadA aHoMaaud. OHaKo Bblllle OTMe-
4YaJioCh, YTO aHaAJU3 OGLUIMPHOr0 MacCUBa JAaHHBIX Bbl-
sIBUJI 3aBUCUMOCTb THIIa IPUPA3JIOMHBIX aHOMaJIUH OT
XapakTepa peruoHa/bHbIX Te0JUHAMHUYeCKHUX PeXH-
MOB. 3TH 0OCTOATENbCTBA CYLeCTBEHHO OIpaHHUYMBa-
0T BO3MOHOCTH HCIIOJIb30BaHUS [JUCIO0KALMOHHBIX
MoJiesiell B KauecTBe NpUeMJeMOro MexaHusma ¢op-
MHPOBaHUA Y-aHOMaJIUH.

[lapameTpuyeckass MoJie/ib pa3paboTaHa aBTOPOM U
NOCJIeIOBAaTENIbHO U3JI0XKeHa B paboTe [Kuzmin, 1999].
OHa B M3BECTHOM CTeneHU 0600611aeT 6JOKOBYIO U JiUC-
JIOKaLIMOHHYIO MOJieJIY, YYUTbIBasd NMpHUCYLIMe UM Orpa-
Hu4deHUs. Kak U B 6JIOKOBOM MO/JIe/¥, OHA UMEET «Peru-
OHaJIbHble» (BHeLIHHE) YCa0BUS (POPMHUPOBAHUS JIO-
KaJIbHBIX, COOTBETCTBYIOLMX U3MepPeHUsM, aHoManuil. C
JPYroil CTOPOHBI, KaK M JUCIOKaLMOHHAsA, IapaMeTpH-
yeckasi Mo/ZieJib CIOCOOGHA ONMUCHIBATh JIOKAJbHbIE aHO-
MaJ/Iu{, HO JJIs1 KOHEYHOU IMUPHUHBI Pa3JIOMHOW 30HBI.
JdTa Mozesb 6a3UpyeTcsa Ha psijie SMIMPUYECKUX U MO-
JleJIbHBIX 0000LeHNH, KOTOpble JOCTaTOYHO YBEPEHHO
BXOJSAT B NIOBCEJHEBHYIO CUCTEMY B3IJISIIOB Ha IpoLec-
cbl GOPMUPOBAHUSI U Pa3BUTUS Pa3/IOMOB, BKJIIOYas UX
COBPeMEeHHYI0 iepOpPMaLlMOHHYI0 aKTUBHOCTb.

Bo-nepBhIX, aBTOp pasje/isieT NpeAcTaBIeHUs Tek-
ToHOu3nuecko 1mkosbl C.H. llepmana [Sherman,
1977; Sherman et al., 1983; Seminsky, 2003, 2014; u dp.]
0 TOM, 4YTO pasJoOMBbl CJeAyeT paccMaTpUBaTb Kak
cnenrpUUECKHE TeoJIOTUYECKHe Tesla, HEeKHH 06beM
3eMHOM KOpbl, HWMEWIIUNA aHOMaJbHOE CTPOEeHHEe U
IOBBILIEHHYI0 TPeIMHOBATOCTb, BOSHUKILIUKI B pe3yJb-
TaTe JIMHEHHOH JeCTPYKLUHU CpeJpl, I03TOMY B JJAaHHOH
paboTe TakHe MOHATHSA, KaK «Pa3jioM», «pa3ioMHast 30-
Ha», «30Ha pa3pbIBHBIX HapyLUIEHUI», «30HA MOBbILIEH-

HOHW TPEIMHOBATOCTUY», IPU KOJUYECTBEHHbBIX OLIEHKaX
paccMaTpUBAlOTCSI B KauecTBE CHHOHUMOB. [JIlaBHBIM
3/leCb ABJSETCA TO, YTO 30HA pA3/0MA ecmb 061acmey,
emeuwjarwast nopodsl ¢ AHOMANLHLIMU (PUBUKO-MEXAHU-
YecKUMU, 2e0/1020-2e0pusuveckuMu, Gaoudo-2eoxumuye-
cKuMU U dpyaumu Xxapakmepucmukamu. B aTom ciyyae
30Hbl pa3/IOMOB €CTEeCTBEHHbIM 00pa3oM SBJSITCS
KOHIIEHTPAaTOpPaMH COBPEMEHHOr0 aHOMAJIbHOrO Ha-
Npsi>KeHHO-Z1epOPMUPOBAHHOTO COCTOSIHUS, a CJeJ0-
BaTeJIbHO, U 6a30BbIM 0O'bEKTOM M3y4YEHUs COBPEMEH-
HbIX Fe0IMHAaMUYeCKHX NIPOLLECCOB.

Bo-BTOpbIX, aHa/IMW3 XapakTepa JAedOpMHpPOBaHHUSA
Pa3JIOMHbBIX 30H COBMECTHO C Te0JJMHAMHUYECKON U me-
TpodUusnuyecKo 06CTAHOBKOW HCCIeAyeMbIX pervo-
HOB N03BOJIWJ CHOPMYJIUPOBATh MexaHU3M GOpPMHUpPO-
BaHUSl aHOMaJIMU BEPTHUKAJbHBIX CMEILEHUW TUla Yy
KaK NposiBJIeHHe aKTUBU3allMU TPeLUH OTphbIBa Bep-
THUKaJbHON OpHEHTallMU U JIOKAJbHbIX MPOCA/AO0K BbI-
miesieXxallel TOJIY MOPoJ, B 06CTaHOBKE KBAa3UCTATH-
YeCcKOro CyO6ropu3oHTaJbHOTO PacTSKeHUs. ITOT Me-
XaHU3M BO MHOTOM KOpPPECHOHJAUPYETCS C MpescTaB-
seHusaMu B.H. HukosiaeBCcKOro, u3sJjioxXeHHbIMU B He-
CKOJIbKUX MyO6JHKALMAX 0 BHYTPEHHEW peoJioruye-
CKOW CTPYKType pa3/ioMHbIxX 30H [Nikolaevsky, 2010]. B
3THUX paboTax MOKa3aHO, YTO pPa3BUTHE pa3OMOB B
BEPXHUX CJIOSX KOPbl 0XapaKTEPHU30BaHO CJeAYI0IIUM
o6pa3oM. /o ypoBHS TJIyGUHBI 2-3 KM BBIJEJSAETCS
006J1aCTh C MPEUMYILECTBEHHbIM PAa3BUTUEM XPYIKHX
TpeluuH OTpbiBa BEPTUKaJbHOU opueHTauuu. Hunke
(mpuMepHoO g0 ray6uHbl 8-10 KM) UMeeTcs1 00J1aCTh, B
KOTOPOM pa3BUTO XPYIKOe pas3pylleHHe CKOJIOBOIO
(caBuroBoro) Ttumna. /[lajee Ha TrJyOHMHAX NOpsAKa
10-15 KM NOpPOUCXOAMUT JIOKaJM3alUs TpeluHooOpa-
30BaHHUS B CyGropuU30HTAJIBHYIO M0JIOCY, CBSI3aHHYIO C
JIUJIaTAaHCUOHHBIMU JedopMarusamu. Kak mnokaszanu
MHOTOYUCTEHHbIE pellleHUs1 06paTHBIX 33jlady COBpe-
MeHHOU reoJMHaMUKU pa3jioMOB, UMEHHO B JAuamna-
30He I'JIyOUH OT MEePBBIX COTEH METPOB [0 EePBbIX KHU-
JIOMeTPOB GOPMUPYIOTCA UCTOUHHUKH Y-aHOMAJIUH.
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JleJib).

Fig. 10. Distribution of the calculated vertical and horizontal displacements (red and blue lines, respectively) along the pro-
file across the tensile fault (dislocation models with different depths of the source of strain).

W HakoHel, Bbllle 0TMEYAJIOCh, YTO 110 OTHOLIEHHIO
K JJIMTEJbHOCTH NPOTEKaHUs JIOKaJIbHBIX AedopMarui
BHeIlIHee, perMOHa/IbHOe Harpy>KeHue HOCUT KBa3UCTa-
TUYEeCKUH XapakTep, T.e. sIBJseTCsd (GUKCUPOBAHHBIM.
KpoMe Toro, eciu 3asaBaTh Ha rpaHulie NOCTOSHHbIE
nepeMelleHus, TO 3TO O3Ha4yaeT, YTO 3eMJis ABJSAETCA
JNebopMallMOHHONW MallIMHON, COOTBETCTBYIOIIEN KECT-
KOW cxeMe Harpy>KeHusl, UCIO0JIb3yeMOW NP 3KCIepu-
MeHTax Ha 06pasuax ropHbIX Mopo/;. OJHAKO NPU TaKOM
XapaKTepe Harpy:KeHusl JO/DKHA COXPAaHUTLCS IOJIHAs
yHac/1eJ0BAaHHOCTD JIBU>KEHUH 3eMHOM IIOBEPXHOCTH OT
JIBIDKeHUH 6/10k0B dyHAaMeHTa. B felicTBUTE/IBHOCTH
’Ke, B IOJABJSAOLEM OOJIBIIMHCTBE CJAy4YaeB JIOKaJb-
Hble TeoJJMHaMUYecKHe aHOMa/IUM He HacJeAylT HU
aJleKBaTHble CABUTOBble NepeMelleHHs] CMEKHbBIX 00b-
€MOB KOHCOJIMJJMPOBAHHOW 4acTH KOpPBI 110 30HAM pas-
JIOMOB, HU $opMy KpoBJaHu dyHaameHTa [Kuzmin, 1999,
2008]. Bce 3TO CBUAETENLCTBYET B MOJb3y MSTKOH
CXeMbl PervOHaJ/IbHOTO Harpy:KeHus, T.e. 0O0CTaHOBKHU
KBa3UCTaTHU4ecKoro, GUKCUPOBAHHOI'O0 HaNPSKEHHOTO
coctogHusA. KpoMe Toro, Kak ciefyeT U3 OCHOB Mexa-
HUKU AeOopMHUPYeMbIX CpeJi, HAKOIJIEHUE 3HEPTUU [IpU
MATKOM CIOCOOe Harpy:KeHusl NPOMCXOJUT B 06J1aCTH
HEeOJJHOPOJHOCTEH, NMEIOLMX MOHWKEHHbBIE KECTKOCT-
Hble XapaKTepPUCTUKU OTHOCHUTEJIbHO >KECTKOCTHU BMe-
maroiei cpe/ibl.

HasBaHue «mapameTpuyeckass MOJe/b» O3HAyaerT,
YTO B €e OCHOBE JIE)KUT MEeXaHHU3M NapaMeTpUiecKoro

980

BO30Y>K/IeHUsI CUCTEMbI «Pa3/IOMHas 30HA - BMeIlalo-
mas cpefa». U3 ¢U3MKU XOpOIIO M3BECTHO, UYTO JIIO-
Oyl CHCTeMy BBIBECTHU M3 COCTOSIHHSI pPaBHOBECHS
(BO36YUTb CUCTEMY) MOXKHO JJBOSIKUM 06pa3oM: JIM6O
IIOCPE/ICTBOM BHEIIHEro CUJIOBOIO BO3JEWCTBHUS Ha
CUCTEMY B LeJIOM, JIUOO NMyTeM BO3MYILEHUH BHYT-
PEHHUX NapaMeTpPOB CHUCTEMBI, NPeJBAPUTENbHO Ha-
Ipy’KeHHOH U3BHe.

[IpuMeHUTENBHO K Mpo6JjieMaM COBPEMEHHOU reo-
JIMHAMUKH Pa3JIOMOB 3HepreTHKa HpoLecca BBITJS-
JUT CJelyIoIUM o6pa3oM. PervoHasbHble CUJIbI (Ha-
NpsKeHUs), HaX0JsChb B peXXMMe KBa3UCTaTUYeCKOTro
Harpy»kKeHusi, IPOU3BOAAT paboTy HA JIOKAJIbHBIX Ile-
peMeleHusax (pepopmaiusax), o6ycJ0BJIeHHBIX BapHU-
alMsaMU BO BpEMEHU BHYTPEHHUX NapaMeTPOB Cpesbl
B JIOKQJIN30BaHHbBIX PpparMeHTax pas/iOMHbIX 30H, IO-
3TOMYy NPUYMHOW BO3HUKHOBEHMS aHOMaJbHBIX Je-
dopmManuii B OKPEeCTHOCTH DPa3JIOMOB SIBJISETCS JIO-
KaJIbHOE, 1oJ4yac Majioe BO3/eHCTBUEe, KOTOpOe IO03-
BOJISIET OTHOCHUTb BO3HHUKalOLIMe aHOMaJIMU K KaTero-
pUHM mapaMeTPUYEeCKH HHAYLHUPOBAHHBIX MPOLECCOB.
[lox BHYyTpEHHUMHU NapaMeTpaMH CpeJbl CIeAyeT IOo-
HHUMaTb TaKHe XapaKTEePUCTUKH, KaK >KeCTKOCTb,
IJIOTHOCTb, TPEHHUE, MPOHHULIAEMOCTb, MOPUCTOCTb U
T.J.

KosnyecTBeHHOM OCHOBOM JJaHHOUW MOJE/U CAYKUT
Teopus AePpopMallMOHHbIX siAep (BK/IOYEHUH), pacio-
JIOXKEHHBIX BO BHYTPEHHHUX y4acCTKax TBEPJAOro TeJa,



KoTopas 6bly1a pa3paboTaHa AJs pelleHUs 3aaa4y ¢u-
3MKH HEOJHOPOJAHBIX CpeJi U MeXaHHWKH KOMIIO3ULU-
OHHbIX MaTepuasioB. HauboJiee o6061am0111el paboTON
B 3TOM HalpaBJeHUU siBJsAeTcd cTaTbs [Mindlin, Cheng,
1950]. CnenyeT nog4yepKHYTh, YTO NPUMEHHUTENBHO K
reopusrKe psAJOM HCCAelOBaTesied yxKe ObLIA HC-
N0JIb30BaHbI MPEJICTABJEHHS 0 pa3jioMaxX KaK O BKJIIO-
YeHHUSIX B yIPyToe NoJynpoCTPaHCTBO.

[lo-BUuAMMOMY, epBOH MyOJIMKaLHUEd HA 3Ty TEMY
caefyeT cYydTaThb paboTy [Sezava, 1929], B koTOpou
ObLIM TOJIyYeHbl aHAJUTUYECKUE BbIpaXKeHUs [Jf
HAKJIOHOB U AedopManui MOBEPXHOCTU yIPYTroro mo-
JIyIPOCTPAaHCTBA B OKPECTHOCTH JAedOpMalMOHHOTO
BKJIIOYeHUs (06J1acTb Cpejibl, coieprKalasi aHOMaJlb-
Hyto fedopmanuto). W.II. lobpoBosbckuil [Dobrovol’-
sky, 2009] noay4yusn GopMy.ay s CMellleHUH CBOOOI-
HON NMOBEPXHOCTH NPHU OLEHKE aHOMaJbHbIX Aedop-
MalUi KakK IpeJBeCTHUKOB 3emJjieTpsiceHuil. C.M. Mo-
JojneHckuil [Molodensky, 1984] wucnonb3oBajl 3TH
NpeACTaBJeHUsA [Jis OLleHKU BJIUSHUS Pa3/iOMOB KakK
MSTKUX BKJIIOUEHUH Ha aMIIUTY bl 3eMHONPUJIMBHBIX
JebopMalui U HAKJIOHOB.

BmecTe ¢ TeM B 3TUX paboTax He yAaloCh NMOCTPO-
UTb 06UKA dopMasu3M, KOTOPbI Obl MO3BOJISAJI He
TOJIBKO MOJY4YaTh BbIPAXKEHUS JJis OLlEHKU JIOKAJIbHO-
ro NoJisi CMellleHUH NOBEPXHOCTU B OKPECTHOCTU pas-
JIOMOB KaK BKJIIDOUEHUN C MOHMKEHHOU KECTKOCThIO,
HO Y yBSI3bIBaTh UX C AUCIOKALLUOHHBIMH MOJIE/ISIMU B
paMKax equHoro mnoaxoja. B Monorpaduu [Kuzmin,
1999] Ha OCHOBAHUM TeopeMbl B3AUMHOCTU PabOT AJIsI
cpefibl C AUCTOPCUEN U C UCNOJIb30BAaHWEM ammnapaTa
¢yHknuil 'pvHa yJasoch MOJAYYHUTh BbIPAaXKEHUE [AJIs
CMell[eHUH yIpyroro MOJIyIPOCTPAHCTBA, IJle UCTOY-
HUKOM JIOKaJIbHbIX aHOMaJIMil MOTYT ObITh BapUalUH
YKeCTKOCTH, CKayKH CMeleHHNs, U3MEHEHUSI IOPOYNPY-
rUX MapaMeTpoB U JP.

Cepbe3Has npobJsieMa AJs MOJAYyYeHUSI 3aMKHYTHIX
aHaJUTUYeCKUX GOpMyJ AJs1 pacyeTa HaMpsKeHHO-
JepOpPMHUPOBAHHOTO COCTOSIHMSI 3aKJ/IKYAeTCsl B He-
06X0ZJUMOCTH TPOBEJEHUS HECJOXHBIX, HO TPOMO3/-
KHUX U YTOMUTEJbHbIX BbIUUCJIEHUU. ITOro B Cylle-
CTBEHHOW Mepe y/laJ0Ch U30eXaThb I0ocje ob6Hapyxe-
HUS TaK Ha3blBaeMoO# rpaBuedOpMallMOHHON aHaJIo-
run. OHa 3aKJIIYaeTCs B TOM, YTO BBIpAQXKEHUE AJIsA
BEPTUKAJILHOTO TPaJldeHTa rPaBUTALMOHHOTO MOTEH-
nyaia (g) Kak HoTeHIMasa OT eJUHUYHOU MacChl U
BbIpaXKeHHe JJIs1 BEpTUKAJIbHOIO TPaJiUeHTa MOTEHLH-
asa cMmelleHul (BepTukajbHoe cMmelnieHue U) kak mo-
TeHI[Majla OT eJUHUYHON CUJIbI TeOMETPUYECKH HJIEH-
THUYHBI.

dopmyna jia pacyeTa BEPTHUKAJIbHBIX CMeIleHHUH
OT HEOJHOPOJHOCTH (BKJIIOUEHUSI) MPOU3BOJIbHOU
bopMbI UMeeT BU/I:

((1-2v)- Zdxdyd
Us ==, = (1)
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rJe @ - OTHOCHUTEJbHOE M3MeHeHHe 06beMHOr0 MO-
JAyaAs; o - pervoHajbHOe HamnpsskeHue; R =
= /x?%+ y? + z?%; u u v - MOAyJIb CABUTA U KO3 PUIHU-
enT [lyaccoHa, COOTBETCTBEHHO.

dopMysia /A U3MEHEHHs YCKOPEHHUs CBOOGOZHOIO
najleHUs UMeeT BUJL:

ng = —fop [If, =2, (2)

rje f - rpaBUTalMOHHAA NOCTOSAHHAsA, a 6p — U3MeHe-
HUeE MJIOTHOCTH.

CpaBHeHue BoIpakeHu# (1) u (2) nmoka3bIBaeT, YTO
X MOXHO NpeJCTaBUTb B BUJeEe NPOU3BEJEHUs [BYX
comHokutenen: OxI, rae @ — dU3NUECKUN COMHOXKH-
TeJlb, ONUCHIBAIOIUN UHTEHCUBHOCTb AedopMarioH-
HOM WJIUM TPaBUTALLMOHHOM aHOMAJIUY, a I’ — TeoMeTpHu-
YeCKUH, OMHUCBHIBAIOUIMKA HPOCTPAHCTBEHHYI KOHU-
rypaiuio JedopMalMOHHOM WM TpPaBUTAIMOHHON
aHOMa/IMd B 3aBHUCHMOCTH OT QOpPMbl BKJ/IOYEHU:A
(aHoMaJsieo6pasyrolero Tesa).

YuuTbiBasi HAWJIEHHYIO aHAJIOTHUIO U MCIOJIb3ys W3-
BECTHble B TeOPUM TIPaBUTALMOHHOTO IOTeHIMaJaa
BBIDQ)KEHUA /[JI1 TeOMeTpPHUYeCKOTO COMHOXKUTeJd,
MOXKHO TOJIYYUTb AHAJWTHYECKHE BBIPAXKEHUS [AJIs
cMellleHUN U Jedopmanuil CBO6GOJHON MOBEPXHOCTHU
yIpYyroro MHOJYNPOCTPAHCTBA, COJepKalllero o6beM-
Hble BKJ/IOYeHHUs pasJMYHON KOHQUrypaluu, BHYTPU
KOTOPBbIX U3MEHSIIOTCS BHYTPEHHHE HapaMeTphl
(>kecTKOCTHBIE WU AepopMallMOHHBIE)

Ha puc. 11 npeacraB/jieHbl MOJie/ibHble pacnpe/e-
JIEHUs1 BEPTUKAJIbHBIX U TOPU30HTAJNbHBIX CMeIlleHU!
NOBEPXHOCTU B NPOJHUIbHOM BapuaHTe (HO AJs1 Tpex-
MepHBIX 33/1a4) /sl BKJIOUYEeHUH pa3/IMuHOMN NMpaBUJib-
HOU GOpPMBL.

JJI1  CpaBHUTeJIbHOTO aHa/M3a paclpefieseHus
CMelLleHUH 3eMHOW TMOBEPXHOCTHU OT pPasIMYHbIX
BKJIIDUeHUH Ha puc. 11 mpejcraBieHbl KpUBbIe, IO-
CTpOEHHbIE B €[JUHOM BEePTUKa/JIbHOM U TOPHU30HTAJIb-
HOM Macutabe. /ljig MoJeabHBIX aHaIoroB (cdepsi,
GECKOHEYHOTO W OTPAaHUYEHHOTO IUJIHWHJAPOB) TIJy-
OMHBI 3aj7eraHydsl LEeHTPOB BKJIKYeHUU (9 kM), pa-
Auychbl (3 KM), OTHOCHTe/IbHble U3MEeHeHUsl MoJyJiel
(=0.03), peruoHanbHOoe HanpsikeHue (0=100 MIla) u
»KeCTKOCTb BMeLjawei cpegnl (¢=10* MIla) saBisioT-
Csl OIMHAKOBBIMH.

Kak BuaHO U3 pucyHka 11, TpeM pa3/inuHbIM BUJIaM
BKJIIDUEHUH (aHAJIOTOB MCTOYHUKOB aHOMaJHH THUIA
peruoHaIbHOTO U3ruba) COOTBETCTBYIOT pa3/IM4YHbIE
YPOBHHU aMILIUTY/, U XapaKTep 3aTyXaHUsl KPUBBIX, KaK
JJIs1 BepTUKAJIbHBIX, TaK U /I TOPU30HTAJIbHBIX CMe-
IleHW NoBepxXHOCTU. [IpuMedaTesbHO TO, 4YTO pac-
npejiefieHde CMelleHUH [JIsi OTPaHUYeHHOro IMJIMH-
Zipa (Mpy COOTHOLIEHUM TOPU3OHTAJbBHBIX U BepTH-
KaJIbHbIX pa3MepoB Kak 4:1) 3aHMMaeT NpPOMeXxy-
TOYHOE TOJIOKEHUE Mexay chepoill U GeCKOHEYHbIM
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I Puc. 11. Pacnpesesnenue pacyeTHbIX BEPTHUKAJIbHBIX (KpacHasl JIMHHS) U TOPU3OHTANIbHBIX (CUHSS JIMHUS) CMeLleHUuN
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BJI0JIb TpOdUIIS, IepeceKalollero BKIYEeHNUs pa3TudHONd GOpMBI.

I Fig. 11. Distribution of the calculated vertical and horizontal displacements (red and blue lines, respectively) along the pro-

file across the inclusions of different shapes (strain nuclei model).




IUJIUHAPOM, KOTOpble CJeAyeT paccMaTpUBaTh Kak
npejesbHble BADUAHTEI.

AHaJjiorM4YHble pe3yJibTaThl MOJYy4YEHbl U [/ JBYX
Pa3/IMYHbIX THUIIOB NPU3M: BEPTUKAIbHON U TOPU30H-
TaJbHOU. /lJI OLIEHOK HCNOJIb30BaHbl Te Ke, YTO U
Bblllle, 3HaUeHUs1 g, o u . lllupuHa U [AJMHa BepTHU-
KaJbHOW mpusmbl paBHbl 0.25 m 1.60 kM, cooTBeT-
CTBEHHO. ¥ TOPU30HTAJbHON MPU3Mbl HA0GOPOT: IIU-
puHa paBHa 1.6 kM, a juinHa - 0.25 kM. [ny6uHa 3ane-
raHus LIeHTpa BKJIIOUEHUS B 060UX CIy4yasix COCTaBUJIA
1 kM.

U3 rpadukoB pacnpejiesieHuss BepTUKAJIbHbBIX U TO-
PU30HTAJIbHBIX CMEIIEHUNW BUJHO, UTO UMEET MeCTO
NPUHLUUNHAIbHO pa3/IMYHbIA XapaKTep 3aTyXaHu#d
aMIUINTYJ, AJf BEepTUKaJbHOM M TOPU3OHTAJbHOU
npusmbl. /I BEpTUKaJIbHOW NpuU3Mbl (aHaJOr pas-
JIOMHOW 30HBI) pacnpejieieHue BepTUKaJbHbIX CMe-
IleHU} TOBEPXHOCTHU UMEET PKO BbIpa)KeHHBIN MUKO-
06pa3HbIN XapaKTep, KOTOPbIM HEOJHOKPATHO OTMe-
Yasici B JAHHBIX MOJIEBbIX HAOJIOJEHUN U SIBJSETCS
«KaHOHUYECKHM 06pasoM» y-aHOMaJIuH. Moje/bHbIH
aHaJIoT pa3JIOMHOW 30HbI B popMe TOpU30HTATBHOU
NpPU3MBl XOpPOLIO ANNPOKCUMMHUPYET TOPU30HTAJBHO
3a/lerawIluy maacT. ITOT BapUaHT UCNOJIb3yeTCs OJIs
OLIEHOK BJIMSIHUS pexuMa pa3paboTku HedTerazoHoc-
HbIX TOPHU30HTOB Ha JedpopMaluu 3eMHOU MOBEPXHO-
CTHU.

TakuM o06pas3oM, B KauecTBe aJleKBAaTHOTO Mexa-
HU3Ma GOPMUPOBAHUS aHOMAJIMK Y-TUIIA HEOOXO0JUMO
WCII0JIb30BaTh NMapaMeTPUYECKY0 MOJiesb, TOCKOJbKY
B paMKax 3TOH MoJiesy, UCNoJib3ys dopMaiu3M je-
dbopMalMOHHBIX s/ep (BK/IOYEHUI), MOXXHO OIMUCHI-
BaTbh GOpMHUpPOBaHUE KaK MOHOTOHHBIX, TAK U UHBEpPC-
HbIX aHOMaJIMH ocelaHUH.

5. OBCYXEHME PE3YJIbTATOB

[IpuBeieHHble 3MIUPUYECKHE JaHHbIE NO3BOJIAIOT
NOJIYYUThb JOCTAaTOYHO YBEpPEHHBIH OTBET Ha BOIPOC,
NOCTaBJIEHHbIN B 3arojoBke craTbd. OJAHAKO aBTOpY
npeJCTaBageTCcs yMeCTHBIM IPUBECTH PAJ, KOMMeHTa-
pHeB, KOTOpble HECKOJIBKO BBIXOJAT 3a PaMKHU IIpOBe-
JleHHOT'0 UCcC/eJOBaHUsl.

CTosb HH3Kas CpeJlHErojfoBasl CKOPOCTb OTHOCH-
TeJIbHBIX JepopMalidii Ha ypoBHe 10-8-10-9 B roj cBU-
JleTeJIbCTBYeT O TOM, UYTO CpeJHerofoBasg CKOPOCTb
V3MeHeHUs PeruOHaJIbHbIX HaNpsKeHWH KpalHe Ma-
Ja. Eciu mosaraTth, 4TO CKOpOCThb AedopMaunuil Jiu-
HelHO MNpPONOpLHOHAJbHA CKOPOCTH IPUJIOKEHHBIX
Hanps»KeHUH, TO NPU TUINHUYHBIX 3HAYEHUAX KEeCTKO-
CTU CpeAbl Bapualdd BO BpeMeHM peruoHaJbHbIX
HanpspKeHUH OyAyT COCTaBJATb BeJUYMHBbI NOpAJKa
10-100 ITa B rox usau 0.1-1.0 m6ap (0.1-1.0 at™) B rog,
JTO yAUBUTEJNbHBIA pe3yJbTaT, €CJAU Yy4ecTb, 4YTO
OIleHKU CKopocTel aedopMalnui MoJydeHbl 1O pe-
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3yJbTaTaM reojie3ndecKux HabGJIIAEHUH B CeHCMOaK-
THUBHBIX pETHOHAX.

Cnabasi mpeACTaBUTENbHOCTh JIOKAJIbHBIX CABUTO-
BbIX CMellleHUWH B pasJjioMax, N0 KpaillHel Mepe 1o
Ha6JIIOAEHUSIM 33 BEPTUKAJbHBIMU JIBUKEHUSIMHU 3€M-
HOM NMOBEPXHOCTH, SIBJSETCS HEKUM JJUCCOHAHCOM JJIs1
60JIBLIOT0 KOJIMYeCTBa UCC/IEe0BAaHUH, I'/le B KaUeCTBe
OCHOBHOT'O MexaHM3Ma COBpPeMEHHOW aKTUBU3aluU
Pas3J/IoMOB BBICTYNAIOT HUCKJIOYHUTENbHO CABUTOBBIE (C
MO3UIIMI MEXaHUKU) TlepeMellleHUs1 60PTOB.

3To BO MHOI'OM MOHSITHO, KOT/la U3y4aloTCsl Koceil-
CMHUYecKHe W HocTcelicMuieckre aedopManuy B oda-
rOBbIX 30HAaX CHUJIbHBIX 3€eMJIETPSICEHUN WM HCCIeny-
IOTCSL PEXUMbBI CABUTOBOTO CKOJIbXKEHHUS 0 Pa3IoMy
Ha MOJIeJIbHOM W HAaTYPHOM yPOBHSIX ONHCAaHHUS NpoO-
ueccoB [Kocharyan, 2016]. Ho cymiecTByeT U elije oJHa
NpPHUYMHA, KOTOPYI0 aBTOP PUCKHET Ha3BaTb METO/0-
JIOTUYECKOM.

Boipawmuiica ¢pannysckuit pusuk I1. Kropu, koto-
poMy mnpuHajaaexaT ¢(yHJaMeHTaJbHble HCCJeI0Ba-
HUS B 06JIaCTM CUMMETPHUM NPHUPOLHBIX IMPOLECCOB,
TaK 0XapaKTepHU30BaJ OCHOBHOUW MPUHIUII Pa3BUTHUS
npupofpbl: «/JluccuMMeTpusi TBOPUT siBjeHHe». [lpu-
MEHHUTEJIbHO K SIBJEHUSIM JlepopMal Uil TBEPABIX, XKUJ-
KHX U ra3000pa3HbIX TeJ 3TOT NPUHIIUMI HEOJAHOKpAT-
HO MO/JYepKUBaJ B CBOUX MHOTOYHCJEHHBIX paboTax
W3BECTHBIN CIEUAJUCT B 06J1acTU peoJsioruu M. Peit-
Hep. Hanpumep, B ciy4ae rugpocratuyeckoro (coepu-
YeCKU-CUMMETPUYHOr0) CXKaTUs U TOCJAeAYyIOLIero
CHSITUS Harpy3KH IapyUKU U3 CTaJIH, JIACTUJIMHA WU
BOJbl OYAYT BeCcTH cebsi OJMHAKOBO [Reiner, 1960].
OHu Bce GyAyT ynpy20 BOCCTAaHABJIMBATbH CBOM 06bEM
nocje cHATUA Harpysku! Peosiornyeckoe pasiuyue
MeXy 3THMH LIapUKaMU BO3HUKHET TOJIbKO IOCJE
NPUJI0KEHUS K HUM CIABUTOBBIX YCUJIUN WU Jedop-
Mauuid ¢opmousmeneHus (caBura). Takum o6paszom,
CUMMeTpUUYHble 06beMHble JedopMalliu He Ompeje-
JS0T siBjeHUe. OHU He MOTYT BbISIBUTHb (UJAEHTHU-
LIMPOBaTh), KaKas cpeja nojaBeprJach JepopMupoBa-
HUIO: yIpyras, IJiacTU4Hasd Wiad xujkasd. C aTod ne-
JIbI0O HE00XO0JIUMO HCI0JIb30BaTh AedopManuio ¢op-
MOU3MEHEHUs [J yCTaHOBJEHHUS PEOJIOTUYECKOro
COCTOSIHUS CPEJbI.

B 3TOM ciiyyae c/BUTOBbIM MexaHU3M GpopMUPOBa-
HUS JIOKaJTIbHBIX AedopManuil sBiaseTca 6ojee Mpej-
NOYTUTEJbHbIM. UMEHHO MO3TOMY aHOMa/MU TUMNA S
SIBJISIIOTCS HECMMMETPHUYHBIMU. Torja 3akoHOMepeH
cieayroi Bompoc. Kak OTHOCHTBbCSA K HaJeXHO
YCTaHOBJIEHHBIM $paKTaM, YTO JJOMUHUPYIOUIUM TUIIOM
COBpPEMEHHbIX JIOKAJbHbIX CMeELeHWH 3eMHOH Io-
BEPXHOCTU B 30HAxX pas/IOMOB SIBJISIOTCA CUMMETPHUY-
Hble y-aHOMa/IMU? BeJb 3TH aHOMaJIMH, HECOMHEHHO,
SIBJISIIOTCSL OTPpaKEHUEM 0O6beMHBbIX, 4 He CJBUTOBBIX
nedopmanuii.

Kypbe3HoCTb 3TOro BONpOCa 3aK/IKYaeTcsl B TOM,
4YyTo B MexaHUKe Aedopmupyemsbix cpen [Timoshenko,
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Goodier, 1970] neBuaTOpbl HANpPSXKeHUH U JedopMa-
Ui He BBI3BIBAKOT M3MeHeHHe oObeMa JehopMuUpye-
MOr0 TeJsa, MO3TOMY YTBEPXKAAETCS, YTO, TEH30pbl-
JleBUATOPbl ONMCHIBAIOT TOJILKO fIBJeHHe (GOpMOous-
MeHEeHUsl, KOTOpOe OTOXJEeCTBJAeTCH CO CABUTOBOU
nedbopmanuei. Cieo0BaTe/bHO, yY-aHOMAJIUU €CTh OT-
paxxeHUe 06beMHbIX JedopMalui, a S-aHOMa/UU CBS-
3aHblI ¢ fedopManusaiMu GopMOU3IMEHEHHUS.

OaHaKo MpHU OAHOOCHOM pPACTs>KEHUU YIPYTroro Te-
Jla Ky6uueckoil ¢popMbl IpousoiieT usamMmeHeHue ¢op-
Mbl Ky6a. OH cTaHeT mapasiesnenunegoM. Ho ofHo-
BpEMEHHO NPOU30HJEeT U yBeJuMYeHHe NepBOHaYaslb-
Horo o6bema. OueBUAHO, UTO POpPMOU3IMEHEHUE CO-
NPOBOX/IaeTCsA U3MeHeHHeM 00'beMa U He 00513aTeJlb-
HO OIpe/iesisieT TOJIbKO CABUTOBYIO ledopMalUIo.

Ecnu BepHyTbCA K Ipo6/ieMaM reoJUHAaMUKH U 00-
paTUTbCA K U3BeCTHOMY y4eOHUKY [Turcotte, Shubert,
2002], To AaHHOE HAMpS)KeHHOE COCTOSIHUE SIBJSETCH
JleBUATOPOM H, cjefioBaTesbHO, AedopManus dpopmo-
M3MeHeHUsl ABJAeTCS CJBUroBoi. /JlelcTBUTENBHO,
IpU UCHO0JIb30BAaHUU TEPMHUHOJIOTUHM 3TOTO y4eOHHUKA
(uuTaThl B3ATHl B KaBBbIYKH) TOPU3OHTAJILHOE HOP-
MaJIbHOe HalpshKeHHe OyJleT COCTOATb U3 «TEKTOHU-
4eCcKo# J106aBKU» ACxx U INTOCTAaTUYECKOTO JlaBJIeHUs
pgy, KOTOpOe sBJseTCs rujpocratudeckuMm. Torpa
«TeKTOHUYecKass Jj06aBKa sBJsETCS JeBUAaTOPHBIM
HalpsKeHUeM»:

Aoyy = oyx — PgY- (3)

Ecau moJsiaraTh, YTO YKa3aHHbIA BbIle MO/ EJbHbIN
KyOUK BBINOJIHEH M3 TOPHOM MOPOJbI U PACIOJIOXKEH
Ha rJyOUHaX, rJie IeUCTBYeT JUTOCTATUYECKOe JiaBJie-
HUe U TOPU30HTAJbHOE TEKTOHUYECKOE PACTSKEHHUeE,
TO yBeJIMUeHHe 060'beMHOU JlepopMal i BO BpEMEHH, C
y4eTOM CTAlMOHAPHOCTH JIMTOCTAaTUYECKHUX HArpysok
(6pgy=0), 6yaeT BbI3bIBATHCA BPEMEHHOUN Bapualuei
FOPU30OHTAJILHOTO  JIEBUATOPHOTO  PACTSKEHUsI U
Hao60pOT.

Kaxyuiasica Kypbe3HOCTb CUTYalluud CHUMAETCs, ec-
JIU YYUTBHIBATh, YTO BblJleJIeHHe U3 TEH30pOB Hampd-
KeHUU U JepopMalivil yacTel, COOTBETCTBYIOLIUX BCe-
CTOPOHHEMY PACTSDKEHHIO MM CKATHI0, HE O3Ha4yaeT
MIOJTHOTO BbIJIeJIEHUSI BCEX KOMIIOHEHT, OTHOCSALIUXCS K
00beMHbIM 3bdekTaM. B TeH3opax-jeBUaTOpax je-
dbopManuil HapsAy C KOMIOHEHTAMH CJBUTOBBIX Jie-
dbopmanuil cojepkarcs AUaroHajJbHble KOMIOHEHTHI,
KOTOpble HENOCPEeJCTBEHHO CBfA3aHbI C JIMHEWHBIMU
JepopMalUsAMH, MO3TOMY JAeBHATOPbI B IEJIOM OIH-
CbIBAIOT He TOJIbKO 3¢deKThI c/BUra, a JebopMalus
dbopMou3MeHeHUsI He SIBJSIETCS OJHO3HAYHBIM OTpa-
*KeHHEeM CABUTOBbIX Aedopmauuit [Kuzmin, 2014b]

OTcoa ciefyeT, 9YTO MeXaHU3M (GOPMUPOBAHUSA
y-aHOMa/IUi 00yCJ/IOBJIEH TOPU30HTAJIbHBIM JleBUa-
TOPHBIM pacTshkeHUeM (YAJUHEHHEM) JIOKAJbHOU 30-
Hbl pa3JjioMa, HaxXo/AIIerocs B IoJie CTAllMOHAPHOTO,
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perruoHabHOTO pacTshkeHUd. Te JloKalbHblE aHOMa-
JINU BEPTHUKa/IbHBIX CMellleHUH, KOTOpble HAaGI04al0T-
Csl B YCJOBHUSX 9KCIJIyaTalMU MOJ3EMHbBIX XpaHUJIMIL
rasa, BbI3bIBAlOTCS aHAJOTMYHbIMU NPHUYMHAMH, IIO-
CKOJIbKY TNpeBbIlIeHHMe 3aKaYWBAaeMOro [aBJIEeHUS BO
bIIOU0HACKILEHHBIX Pa3/jioMax HaJ, THAPOCTaTH4e-
CKUM GOpMUPYET JIOKAJbHYI JIeBUATOPHYW Jedop-
MalUIo YAJIMHEHNUs BKpeCcT IPOCTUPaHUs pa3JioMa.
TakuMm 06pa3oM, sIBJ€HHE JIOKaJbHbBIX Pa3JBUIOB
BHYTPH aKTUBU3UPOBAHHbBIX $parMeHTOB Pa3/IOMHbIX
30H, NpUBOJsILee K JIOKaJbHbIM NPOCaJKaM 3eMHOMU
NIOBEPXHOCTH, ONpeJiesigeTcs HaJU4UeM JIeBUaTOPHbIX
JedopManuii B MOJTHOM COOTBETCTBUH C MPUHLUIIOM
[1. Kropu. luccummeTpueil B JaHHOM CJy4yae CJIYKUT
OTKJIOHEHUe (JeBUalUsi) aHOoMasleo6pasymwllel Je-
dopManuy, KoTopas «TBOPHUT fIBJIeHHE», OT chepH-
4eCKHU-CUMMETPHUYHOro (I1apoBOro) HaMpsiKeHHO-Ze-
$OpMUPOBAHHOIO COCTOSIHUSA CPELbI.

6. 3AK/JIIOYEHUE

[IpoBefieHHbIE HcClefO0BaHUA yOeqUTeNbHO TMOKa-
3bIBAIOT, YTO TPAJUIMOHHbBIE NIPEACTABJIEHUS O JOMHU-
HUpPYIOIIEH pOJIM CABUTOBBIX JAedopManuil mpu co-
BpPEMEHHON aHOMaJbHOW aKTHBU3allUHd pa3JiOMOB He
NOATBEPXKJAITCI MHOTOYUCJAEHHBIMU Teo/ie3n4ecKu-
MU JaHHbIMU. [lo KpalHell Mepe 3TO [0Ka3aHO Ha
IpUMepe BEPTHUKAJbHBIX CMEIleHUN 3eMHOU MOBepX-
HOoCTU. MaTepuasibl HabJIOJeHUN 32 FTOPU3OHTAIbHOU
KOMIIOHEHTOM NPUPA3JOMHBIX CMellleHUH KpailHe
CKyZAHBIL. [IpakTUYecKH OTCYTCTBYIOT LieJleHallpaBJieH-
Hble UCCJIeIOBAHUS FOPU30HTAIbHBIX JABMXKEHUN 3eM-
HOM MOBEPXHOCTH JIOKAJbHBIMHU (C pPacCTOSHUSAMU
MeX/ly MyHKTaMU NMopsiZiKa NepBbIX COTEH METPOB) CH-
CTeMaMU reo/ie3anyecKkrx HabuwaeHul. [IpuBeeHHbIe
Ha puc. 6 JaHHbIe JIoKaibHbIX cucteM 'HCC Habt01€e-
HUH B 30HAX pPa3J/IOMOB SIBJSIIOTCS CKOpee UCKJIIYEHU-
eM u3 npaBuii. OLHAKO AaxKe [ 3TUX JAaHHBIX He yJa-
JIOCh BBISIBUTh Ha/IMYKWE FOPU30HTAIbHBIX CABUTOBBIX
nepeMellleHU 3eMHOU MOBEPXHOCTU B 30HAX pasJio-
MOB.

EcTecTBEHHO, YTO UCKJIIOUEHHE COCTABJISIIOT KOCEH-
CMUYECKHEe U MOCTCeHCMUYECKHE JIBUXKEHUSI B 04aro-
BbIX 30HaX MPOU3OILIEAIINX 3eMJIETPSICEHHUM, HO 3TO
y»Ke COBCeM Jpyrast UCTOpUsl. 3eMaeTpsiCeEHUE — 3TO MO
CYyTH CBOEH ecTb peasiM3alusi HAKOIJIEHHBIX Kaca-
TeJIbHbIX HaMpPSKEeHUU, T03TOMY U pealu3yrTCs OHU
NpeUMYIIeCTBEHHO MOCPEJCTBOM CABUTOBBIX Jedop-
MalM.

MHoro4uc/ieHHble JaHHblEe O CKOPOCTSIX CpeJHero-
JIOBbIX JlebopMaliii, MOJIyYeHHbIE MO AJUTENbHBIM
psjaaM HabJIIoJleHUNW B pas3/IMYHBbIX PeruoHax MHUDPa,
NPaKTUYECKU OJHO3HAYHO YKa3bIBAKOT HA TO, YTO AJIs
00'bSICHEHUSI JIOKAJbHBIX aHOMaJul JedopManuil B
30HaX pas3/JIOMOB JOJOKHBI HMCHOJIb30BAaThCS MOJENIH



C «BHYTPEHHUMH» HCTOYHHUKAMHU. [JleHCTBUTEJIBHO,
CKOpPOCTH OTHOCUTEJIbHBIX AedopMalMid Ha YpOBHe
10-8-10-° B roj, Ha pOHE KOTOPhIX BOSHUKAIOT aHOMa-
Jauu co ckopoctamu 10-5-10-4 B rof, He MOTYT ABJIATh-
C NPUYMHON aKTUBMU3aLMU JIOKAJIbHBIX, IPHUPA3JIOM-
HBIX AedopManui.

OGIIUPHBIN KJAcC THIATEAbHO pa3paboTaHHbBIX AUC-
JIOKalIMOHHBIX MoOJesiell He I03BOJIeT HUX HCIO0JIb30-
BaTb B KayecTBe a/leKBaTHOI0 MexaHM3Ma GOpMHUpOBa-
HUs HabJ110/jaeMbIX aHOMaJIMK. [J1aBHBIN reHeTUYeCKUH
HeJOCTAaTOK 3THUX MoJeseld — OTCyTCTBUE TOJILHUHBI
pasjoMa - NPUBOAUT K TOMY, YTO MOPQOJOruss Mo-
JleJIbHBIX KPUBBIX aHOMAJ/IbHBIX CMeLleHU! NPUHLHUIIN-
aJIbHO He COOTBETCTBYET HabJIl0JaeMbIM JJaHHbIM.

B kayecTBe HauboJsiee NpUeMJIEMOro MeXaHU3Ma
npeJjaraeTcs HCIO0JIb30BaTb MOJeJlb C BKJIIOYEHHEM
(HEOAHOPOAHOCTBIO), HAXOAALIMMCS B [10JIe KBa3HUCTa-
TUYECKOT0 HarpykeHusl. Paspa6oTaHHbIM B 3TOM Ha-
NpaBJleHUH MaTeMaTHUYeCKUH (popMasi3M I03BOJISIET
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