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OO6cyxnaroTcs akTyajbHble TpooJieMbl hOPMUPOBAHUS MEIJICHHBIX Ae(OPMAaIMOHHBIX BOJIH U MX B3aUMO-
CBSI3U C COBPEMEHHBIMU TeoIMHaAMUYeCcKUMHU (AedopManimoHHbIMI) Tipolieccamu. [1okazaHo, 4To TepMUH
“nuddys3ust HanpsKkeHUi (cMelleHui, nepopMaliuii)” onpenesieH HEKOPPEKTHO € MO3ULIMU (DU3UKU SIB-
JIeHU#i mepeHoca, T.K. Tipu auddy3un TpoUCXOAUT TEPEeHOC MAaCChl, a BOJTHOBBIE MPOLECCHl TTEPEHOCT
sHepruto. OTMeUaeTcsi, YTO CYIIECTBYIOIINE MOIE/IN, OTUChIBalolIne “auddy3nio HaNpsKeHUit”, pelia-
IOTCSI C TIOMOIIBIO MaTeMaTHYeCKOTO hopMain3Ma TEOPUHU TETLIONTPOBOIHOCTH, KOTOPAsi TOCTPOEHA Ha SIB-
JIeHUU nepeHoca 3Hepruu. OO60CHOBBIBAETCSI HECOCTOSITEIbHOCTh IIPUMEHEHUSI TepMUHA “BOJIHA” K TIPO-
neccaM “mudy3un HanpssKeHW”, TOCKOJIBKY B KJIACCHISCKOM CMBICJIE BOJTHOBBIE IIPOIIECCHI OIMCHIBA-
IOT He3aTyxawuiue KojiebaHusl, paclpOCTPAHSIOIINECS B OMHOPOIHOM Cpefie ¢ TTOCTOSIHHOM CKOPOCTBIO.
IIpoueccrl, onuckBapmme “mud@y3nio HanpsokeHUi”, ¢GOpMHUPYIOT CIUIBHO 3aTyXalolde KoJjieOaHus,
KOTOPbI€ PACITPOCTPAHSIIOTCSI CO CKOPOCThIO, CYIIECTBEHHO YMEHbIIIAIOIIEHCsl co BpeMeHeM. B KkauecTBe
MeXaHU3Ma, COOTBETCTBYIOIIETO KAHOHUYECKMM BOJIHOBBIM TIPEICTaBICHUSIM, MTPEIIOXKEHA MOJIeJIb aBTO-
BOJIHOBBIX Ie(pOPMAIIMOHHBIX TTPOLIECCOB, KOTOPbIE OCYIIECTBIISIOT 3cTadeTy U nocjeaoBaTebHbIi nepe3a-
nmyck naedOopMallMOHHOM aKTUBHOCTU OT pa3jioMa K pa3jioMy WM OT OIHOTO aKTUBM3WPOBAHHOTO CErMEHTAa
pasioma K apyromy. O6cyKaarTcst mpobdjieMHble BOITPOCHI MASHTU(MUKAIIMY MEUIEHHBIX Ae(DOpMallMOHHBIX
BOJIH U MpejiararoTcss peKOMEeHAALMH 110 TTIOCTPOSHUIO CeTU HaOII0AaTeIbHbBIX MTYHKTOB JJISI HATYPHbBIX W3-
MEpPEeHUi1 MPOCTPAaHCTBEHHO-BPEMEHHOI MUTpaliuu 1ehopMalvii 3eMHOM 1moBepxHOCTU. OOOCHOBBIBAETCSI
YTBEPXKIEHUE, YTO CYIIECTBOBAaHNE MEJIEHHBIX Ae(OPMALIMOHHBIX BOJIH HE OOBSICHSIET BECh HAOTI0JaeMbIit
MPOCTPAHCTBEHHO—BPEMEHHOI CITIEKTP COBPEMEHHBIX IBVMKEHU 3¢ MHOI TTOBEPXHOCTH.

Karouesbie caoea: MmemyieHHbIE ne¢hOpMalMOHHBIE BOIHBI, UG Gy31sT HAIIPSDKEHUM, aBTOBOJIHOBEIE ITPO-

ECChI, MEXKPAa3JIOMHbBIC BOJIHBI, OTKPBITHIC AMHAMUNWYECCKNE CUCTEMDBI.
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BBEAJEHUWE

ITpoGyieMa pacripocTpaHeHUsT HATIPSDKEHUI U Ae-
dopmaluii B 3eMHOI Kope uMeeT 50-JIeTHIOI UCTO-
pUIO, €CIIU OTCUMTHIBATh €€ HAYaJlo OT IMMOHEPCKOit
crarbu Dnb3accepa [Elsasser, 1969]. Dra pabora mo-
JIy4yajia Ha3BaHHue “Momeib Dab3accepa”. OmHaKo aB-
TOp JaHHOM pabOTHI CYNTAET, YTO HEOOXOIMMO WC-
MOJb30BaTh MOHSTHE “MeXxaHu3M Dib3accepa”, T.K.
MOJ MOJEJIbIO OOBIYHO MOAPA3yMEBAETCSI TEOMETPUS
3a7a4d, PeosoTus cpeabl, (popMa U UHTEHCUBHOCTD
MPUKJIaabIBaeMOro Bo3myieHus. C 3TOi TOYKHM 3pe-
HUS MEXaHU3M Dib3accepa — 3TO B3aUMOMACHCTBUE
VIIPYTOI Cpeabl ¢ BI3KMM ocHOoBaHMEM. COOCTBEHHO,
WMEHHO 3TO U MPUBOAUT Yepe3 YpaBHEHUE PaBHOBE-
CUsl K YPaBHEHUIO B HATIPSKEHUSIX VI CMEIIEHUSIX
[MyxamenueB u ap., 2008], KoTopble pacIpocTpaHsI-
IOTCSI TI0 TIPOCTPAHCTBY IIO TMpaBuUJaM pelleHuit
ypaBHEHMI mNapabonaudeckoro Ttuma (auddys3uu,
TEIUIOIIPOBOIHOCTH).

TaknMm oOpa3om 3Ta IpobiieMa He SIBISIETCS HO-
BOIi, HO aKTyaJIbHOCTb €€ MPOSIBJISIETCS B “TIepUOAU-
yeCcKoM”’ ITIOSIBJICHUH HOBEIX CTaTeil M “BOJIHOBOMY
WX PACIPOCTPAHEHMIO Ha Pa3JIMIHBIC aCTIEKTHI TeO-
JIUHAMUWYECKUX MPOLIECCOB MyTeM BepuduKalu oa-
30BBIX TTOJIOXKEHMI MexaHn3Ma Diib3accepa.

JlaneHeiee IpUIoKeHNE MexaHn3Ma DJb3accepa
K Pa3IMYHbIM MOJEJSIM PacIpOCTPaHEHMST Hampsike-
HUIA KacajloCh VICHOJIb30BAHUSI PA3IMUHON PEOJIOTUMN,
0000IIEHNIO Ha TPEXMEPHYIO 3a1ady, BapbUpOBaHUE
¢opMbI, XxapakTepa U BpeMEHHOI1 CTPYKTYPbl UCXOTHO-
ro UMITyJIbca U T.1I. bosiee Toro, cTaim pa3BUBaTLCS MO-
JIeJIn B KOTOPBIX HCITOJNB3YIOTCS IMPEACTABICHUS O
BpalllalolIuXcsl OJI0KaxX, COJMTOHHBLIX pEIISHUSIX,
B3aMMOJENCTBUSIX pa3IOMOB U (POPMUPOBAHUU aB-
TOBOJIHOBBIX IIPOLIECCOB U T.I1. DTU MOJIEIN Tpeiia-
raloTcsl IS ONUMCAHUS MEIJICHHBIX MUTPALMOHHBIX
(“BOTHOBBIX”’) IIPOLIECCOB, HO C MEXaHU3MOM DJIb-
3accepa HalpsMylo OHU He cBs3aHbl. OOMMPHBINA 1
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MMOAPOOHEKIN 0030p Ha 3Ty TeMy IIPOBEACH HEIaBHO
B.T". beikoBbeIM [BrikOB, 2018], uTO M30aBIIsIET aBTOpa
9TOM CTaThbU OT HEOOXOIMMOCTHU YBEJIMUEHUSI 00beMa
CCBLJIOK.

Kak nmpaBuiio, BXOmTHBIMY SMIIMPUYECKIMM T1apa-
MeTpaMu sl (POPMYIMPOBKU ITUX MOJEJICIA SIBJISI-
I0TCSl TaHHBIE O MPOCTPAHCTBEHHO-BPEMEHHON MU-
rpauy CeMcMMYECKNX W JedOpMalMOHHBIX IIPO-
neccoB. I[Ipu 3ToM, B moaaBisIoOlIeM OOJIBIIMHCTBE
cJlydaeB UCMHOIb3YIOTCS JAHHBIE O MUTPALIUU 3eMJIe-
TPSICEHUM.

K Hacrosiiiemy BpeMeHM CcHOPMUPOBAIOCH /1Ba
OCHOBHBIX HamnpaBJICHUSI TPUMEHEHUS TIPENCTABIIC-
HUI 0 MEJIEHHBIX BOJIHAX JJIsl aHAJIM3a MUTPALIMOH-
HBIX MpoleccoB. B paMkax mepBOro HarpaBJIEHUS
nrddy3usa HanpsKeHU (MeIJIeHHas: BOJIHA) IIPUBO-
IIUT K ITOCJIeNOBATEeJIbHOM AKTUBU3ALMU CECMUYE-
CKUX WU nedopMallMOHHBIX TpoleccoB. OaHaKO
BO3MOXEH M NPYrod MEXaHW3M, KOTrAa IMepruoanuye-
cKasl aKTUBU3allUsI CECMUYHOCTU UK aedopMaiinii
B pa3JioMax OCYIIECTBIISIET MOCJIENOBATENbHbBINA, 3C-
TadeTHBIN 3aITyCK aKTUBHOCTU 32 CYET TPUTTEPHOTO
B3aMMOJIEAICTBUSI OYAroOBBIX M PA3JIOMHBIX 30H.
B sTOM Cciiyyae mpoucXoguT pacopoCTpaHEHUE aKTU-
BU3allMM CceMcCMUUYeCKUX Wian AechopMallMOHHBIX
MPOLIECCOB, KOTOPOE HaMNpsMyl0 He OOYCJIOBJIECHO
muddy3ueit HanpsokeHuii. OmHAKO Ui BHEIIHETO
HaOmonarensi oba BapuaHTa Pa3BUTUSL TTPOLIECCOB
OyIyT TIPOSIBISITBCS B BUAE PaCIIPOCTPAHSIIONIUXCS
IO TIPOCTPAHCTBY BOJIH celicMUYeCcKOi win aecop-
MallMOHHOW aKTUBHOCTH.

Heob6xonnMo oTMeTUTD, YTO HUCCIIeI0OBAHMS, IIPO-
BOAMMBIE€ B paMKaxX 000X BApHaHTOB ONMCAHUS MU~
rPallMOHHEBIX MIPOLIECCOB, HUKOTrIA He MPEeTEeHI10BaIU
Ha MOJHOE W €IMHCTBEHHOE OIMCAaHME BCEro CIEK-
Tpa HaOJII0JaeMBbIX SIBJICHUI B CEIICMOJIOTUU U T€OTM -
Hamyke. OHU OBUIM HAIIpaBJICHBI, B IEPBYIO OYe-
penb, Ha 00bsICHEHME caMOro (haKTa CyILLIeCTBOBAHUS
MIPOCTPAHCTBEHHO-BPEMEHHOM MUTIpaluyd IMpolec-
COB CO CKOPOCTSIMU, KOTOpble Ha 6—7 MOpPSIIKOB
MEHBIIIE, YeM CKOPOCTHU PaCIIPOCTPAaHEHUS CEMCMU-
YeCKUX BOJIH.

B »To0i1 cBa31u, mosgiBienue crarbn b.M. buprepa
“CoBpeMeHHBbIC IBUXKEHUSI 36MHOM MOBEPXHOCTU U
pacnupoCTpaHEHUE HAIIPSDKEHUIA B BEPXHER yIIPyTroun
Kope”, B KOTOPOU yTBepxKaaeTcs, YTo nuddy3us Ha-
MNpsDKEHU, (OpMUpPYET BeCh CIIEKTP HAOII0IaeMBbIX
METOJaMM Ha3eMHOM U CIT[yTHUKOBOM T'e€0Ae3Ul BEp-
TUKAJBbHBIX YU TOPU3OHTAIBHBIX CMEILECHUNA 3€MHOI
MOBEPXHOCTH, SIBJISIETCS KpailHe AUCKYCCUOHHON U
TpeOyeT AeTaabHOro KoMMeHTapus. [lockonbKy mpe-
MET IUCKYCCHU TIPEIACTABISIET COO0M MHOTrogakTop-
HOE sIBJIEHUE, TO B JaHHOII padoTe MmpeamnpuHsTa Mo-
MBbITKA JeTaIbHOTO aHaM3a HaubOojiee KOHIEHTyalb-
HBIX aCTIEKTOB SIBJICHUS ITPOCTPAaHCTBEHHO-BPEMEHHOM
MUTpPALM COBPEMEHHBIX T€OAMHAMUYECKUX IIPOLIEC-
COB U, B IIEPBYIO oYepedb, MeIJIeHHBIX AeopMal-
OHHBIX BOJIH.

OU3NUKA 3EMIIM  Ne 4 2020

B o10i cBA3M, HUXXKE paccMaTpuBaeTcs mpoodsema
GOpPMYIMPOBKU TaKMX MOHSITUM, KaK “MeIJIEHHbIC Je-
¢opmalIMOHHbIEe BOJIHBI”, “nucdy3us HampsKeHUin”,
“IIpoCcTpaHCTBEHHO-BpeMeHHass MUTpauust nedop-
MallMOHHBIX U celicMuYecKux IpoieccoB”. Kpome
TOro, OOCYXHaloTcsi MNpo0JaeMbl UASHTUDUKALINU
MEIJIEHHBIX BOJHOBBIX J1e(DOPMAILIMOHHBIX TPOIIEC-
COB, KOTOpBIE TIOJy4Y€HBbI 10 pe3yJbTaTaM HaOI0ae-
HU1 32 CMEIIIEHUSIMY 3eMHOM TTOBEPXHOCTH.

ITPOCTPAHCTBEHHO-BPEMEHHAA
MUTPALIUA JEPOPMALIMOHHBIX
IMPOLLECCOB: J1NDPY3H1A,
BOJIHA NJIN ABTOBOJIHA?

B xaHoHuueckoii pabore Dib3accepa [Elsasser,
1969] monmyyeHO omHOMepHoe ypaBHeHUe (1) mis
BOJIHbI TOPU3OHTAJIbHBIX CMEILIEHUM (u;) BepxHei
YacTu CUCTeMBI “IuTocdepa—acTeHocdepa” Impu ro-
PY30HTAJILHOM BO3AEWCTBUM HA Kpai yIpyrou Iuim-
Thl BO3MYIIIEHUS B (hOpMe CMEIIEeHUs, HaNPsKEeHUs
WA CKOPOCTHU TEPEMEILIEHUIA:

2
Ay _ g9t (1)
ot ox;
e 2G . .
rne:o. = ——— Hh; G — Monysib CABUTa; | — BSI3-
n(1+v)

KOCTb; V — KoadduiimeHT [lyaccona; H, A — Toniiu-
Ha JTuTocepnl 1 acTeHOC(hephl COOTBETCTBEHHO.

®opmyny (1) MOXKHO 3amMcaTh U B HAIIPSDKEHUSIX
[MyxamenueB u ap., 2008]:

2
9, _ 490, )
ot ox;
®opmynsl (1), (2) mo cBoeit MareMaTU4YeCKOI
CTPYKTYpe UIEHTUYHBI (hopMyJiaM, OMUCHIBAIOIIAM
sIBJAeHUST 1Udbhy3un 1 TenaonpoBogHocTu. Buaumo
II03TOMY, HaunHas ¢ paboTsl [Bott, Dean, 1973], aB-
JIeHUE pacIpOCTpaHEHUS] HaMNpPsSXKEHUN MNOIydnsio
omnpeaesieHue “auddy3uss HaOpsLKEHU”, Kak 3TO
clielyeT U3 caMOro Ha3BaHUS CTaThU.

Takasa aHajlorus MeXIy MeXaHWYEeCKUMMU U Tell-
JIOBBIMM IIpolleccaMM OTMedajlaCh paHee HEOIHO-
KpaTtHo. Hanpumep, B 0mHOI U3 CBOUX IIEPBBIX CTa-
Teii “O @apaneeBbIX CHJIOBBIX JMHUAX”, HaAIlMCaH-
Hoit elie B cryaeH4Yeckue roabl, JIx.K. Makcsemn
nucai: “3aKoHbI TEIJIOIPOBOTHOCTH B OMHOPOMTHBIX
cpenax KaxyTcs Ha IepBblil B3Iign B (U3MYECKOM
OTHOIIIEHNH KaK HeJIb3s1 00Jjiee OTIMYHBIMU OT 3aKO-
HOB nputskeHus. CioBo “cuia” 9y>Kao0 3TO HayKe.
HecMoTps Ha 3TO, Mbl HaXOOMM, YTO MaTeMaTUye-
CKM€ 3aKOHBI CTALIMOHAPHOIO IBVXKEHMS TEILIA B OJI-
HOPOIHBIX TejlaX TOXIASCTBEHHBI IO (hOpMe € 3aKO-
HaMU NPUTSDKEHU. 3aMeHsIsT LEHTP IPUTSLKEHUS
WCTOYHUKOM TeIljla, YCKOpSIolliee ACCTBUE TTPUTSI-
JKEHUS — TeIIJIOBBIM MOTOKOM, T'PABUTALIMOHHbII MO~
TEHLMAJI — TeMIepaTypoii, Mbl IIpeoOpa3yeM peliie-
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HYe€ 3aJa4U O MPUTSIKEHUU B pellleHUEe COOTBETCTBY-
IOIIMX 3aAa4 o TerutonpoBoaHoctu” [The scientific
papers ..., 1890].

HMcnonb3ys aTy aHaJIOTM10, MOXHO MOJIy4YaTh pas3-
JIMYHbIE BApUAHTHI pellieHus1 ypaBHeHuit (1), (2), mo-
CKOJIBKY B TEOPUH TETJIOMPOBOJIHOCTU 3a MOYTH /1Ba
BeKa CBOETO pa3BUTUS HAKOIJIEHO OTPOMHOE KOJIUYe-
CTBO PElLIEHHbIX 3aJa4 aHATUTUYECKUMU U YMCJIEH-
HbeIMU MeTogamu [Carslaw, Jaeger, 1959]. UMeHHO Ta-
KOI TIOIXOJ MCITOJIb30Bajicsl B cTtaThe [Bott, Dean,
1973], Koraa ajisl peiieHus 3anadyu o Audy3uu mne-
pUMOINYECKUX KOJIeOaHWIl HaNpspKeHU MCMoJb30Ba-
JIOCh U3BECTHOE PELIEHUE 3a[1a4 TEIIONPOBOIHOCTH.
AHaJIOTMYHBIM 00pa3oM, MpHU ONnucaHuU Iudy3un
HaIPSDKEHU M, UCTIOJIb30BAJIOCh U3BECTHOE pELlIeHUE
3a7a4d TEIJIONPOBOJHOCTU W B U3BECTHOU KHUre
[Turcotte, Shubert, 2002].

HMHTEepecHO OTMETUTH, YTO, Ha3bIBasl SIBJICHUE
pacnpocTpaHeHUs HanpspkeHUid augdy3ueii, MHO-
e MCCleNoBaTelIu MPU MOCTPOSHUU KOHKPETHBIX
pellIeHnii 3aJa4l UCTOIb3YIOT METOAbI TEOPUM TeTl-
JjonpoBogHOCTU. OmHAaKO U3 (PU3UKU TBEPIOro Teja
U3BECTHO, UYTO JUMDY3USI U TETLUIONPOBOJHOCTh OT-
HOCSTCS K SIBJIeHUsSIM nepeHoca [Bird et al., 1965] u
ONMUCHIBAIOT pa3iMuHble pusnueckue sgpiaeHus. Co-
[JIACHO 3TUM IMPEACTABICHUSIM TEIJIOMPOBOIHOCTD
0o0ycCJIOBJIEHA TTIEPEHOCOM DHEPTUH, INPPy3UsI mepe-
HOCOM MaccChl, a, HalpuMep, BI3KOCTb — MEPEeHOCOM
UMIyJIbCa.

IIpu pacnpocTpaHeHUM HAIPSDKEHU Wi Je-
¢dopMalmii B 3eMHOI KOpe Macca He IIEPEHOCHUTCS, a
nepeHocutcs 3Heprud. Ilostomy TepmuH “muddy-
31s1 HATIPSDKEHUI” ¢ (pU3MUEeCKOi TOUKM 3pEHUSI SIB-
JISIETCSI HEKOPPEKTHBIM. B Teopuu TeIUIONpOBOIHO-
CTH IIMPOKO MCIIOJIB3YIOTCS TIPEACTABIICHUS O “Ter-
JIOBBIX BOJIHAX”, KOTOpPble MPUMEHUTEIBHO K 3eMJie
ONUCHIBAIOT pacHpOCTpaHEeHUE, HapUMeEp, CYTOY-
HBIX WU TOOOBBIX KOJICOAHWI TeMIIepaTypbl 36MHOM
nmoBepxHocTtu [Carslaw, Jaeger, 1959; JIrnikoB, bep-
KOBckUii, 1974]. OnHako U 3TO olpeneyieHue B CTPO-
TOM CMBbICJIE C(DOPMYIUPOBAHO HEKOPPEKTHO.

Bun ypaBHeHuUit nmepeHoca omnpenensieTcs Ghum-
YECKUM MEXaHU3MOM W TEMHU ITPEOITOIOXKEHUSIMHU,
KOTOpbIE TIPUHUMAIOTCS IJIsI €r0 MaTeMaTU4eCcKoro
ornucaHusi. OCHOBHbIE BHUIbl TMepeHOCa BHEPruu
OIMUCBIBAIOTCS YPAaBHEHUSIMU TUIEPOOJIUYECKOTO U
rmapa6onuuyeckoro tumna [Kurant, Gilbert, 1965]. Tu-
MAYHBIM SIBJICHUEM, OIMMCHIBAEMBIM TUIEpPOOINYEC-
CKAM YpPaBHEHWEM, SBIISIETCS PacHpOCTPAHECHUE
VIIPYTUX KOJICOAHU B OMHOPOAHOI, HETTOABUXKHOM
cpene, HalpuMep, pacpoCTPaHEHUST YIIPYTUX BOJH.
OHO B OTHOMEPHOM cJlydyae UMeeT BUJL:

2 2
M=oy 3)

o 2
rIe: 4 — aMIUIMTyAa KoJebaHuii; v- — KBaJgpaT CKO-
POCTH pacIpoCTpaHeHUsI KOJeOaHMIA.

Kak BugHo u3 (3), 3TO0 ypaBHEHHE, B OTJINYHME OT
(1), (2) uHBapMaHTHO I10 OTHOIIIEHUS K 3HAKY £, T.€.
OHO OMNMUCHIBAeT OOpPAaTUMBIM IIPOLIECC IMepeHoca
SHEPIruM Bo BpeMeHU. YpaBHeHUs (1), (2) ABasgioTcs
napaboOJMYESCKUMU U OMNUCHLIBAIOT HeOoOpaTHUMBbIC
MPOLECCHI.

Hpyroe, npuHUIMIIAAIBHOE, OTIMYUE YPaBHEHUI
TUIIepOOINIECKOTO TUIIA OT yYpaBHEHUI ITapadom-
YeCKOTr0 TUIIA 3aKJII0YaeTCs B TOM, YTO B OTHOPOIHOM
cpele pacnpocTpaHeHUe YIIPYTUX BOJH HE COMTPOBOXK-
JaeTcs nuccurnanueii aHeprun. Ml amrmryna Kojieba-
HUIi, 1 BeJIUYMHA CKOPOCTHM MX pPacIpOCTpaHEHUS
OCTaIOTCsI MOCTOSIHHLIMM BO BpeMeHu. C JIpyroii cTo-
POHBI, pacIpoCTpaHeHNE, HAIIPUMED, TEILUIOBBIX BOJIH,
COIPOBOXOAETCS CWIbHOW AUCCUNALMEN SHEPruu.
ITosToMy M aMIUIUTya KojieOaHUIA TeMIlepaTyphl, 1
CKOPOCTb HMX pacHpOCTpaHEHMs YMEHBIIAIOTCSI CO
BpeMeHEeM. DTO OTHOCHUTCS K JIOOBIM JIMHEWHBIM
ypaBHEHUSIM IapaboIMYeCKOTO THUIIA.

MMeHHO mo3ToMy B OOJBIIIMHCTBE padOT MO UC-
CJIEIOBAaHUIO BOJHOBBIX ITPOIIECCOB MMEHHO OTCYT-
CTBUE TUCCUTIAIINY SHEPTUU B ypaBHEHUH (3) cuMTaeT-
Csl KAHOHUYECKUM MPU3HAKOM OIpeie/ICHUSI BOJHBI, a
ypaBHeHMs Tulia (3) Ha3bIBAIOTCS BOJHOBBIMU. Ha-
npumMep, B padote [JIsikoB, bepkosckmnii, 1974] temn-
JIOBbIE BOJIHBI OTHECEHBI K SIBJICHUSIM IPOCTpaH-
CTBEHHO-BPEMEHHOI MUTpaIlM TEIIOBBIX KoJieba-
HUIA, a HE K BOJHAM B CTporoM cwmeicie. [loaromy,
KOIJa paclpocTpaHeHUEe MEIJICHHBIX aedopMaiu-
OHHBIX BO3MYIICHUI, ONUCBIBAEMOE JIWHEWHBIMHI
mapaboIMIecKUMN YpaBHEHUSIMHM, Ha3bIBAIOT BOJI-
HaMM, TO 3TO HE COBCEM KOPPEKTHO C (PU3UYECKOM
TOYKH 3PEHMSI, TaK KaK B 3TOM CJIydae IPUCYTCTBYET
MUCCUTIAIINS SHEePTUH.

Heob6xonnuMo OTMETHUTD, YTO B HEKOTOPBIX TEILJIO-
BBIX IIpolieccax, KOTJa pacrpocTpaHeHue Teria po-
HWCXOAUT B HEOIHOPOMHOU cpelie ¢ JTOKaJIbHBIMU
UCTOYHUKAMU, KOTOpble OOYCJIOBJIEHBI, HAIpU-
Mep, Ga30BbIMU TEpEeXoJaMu WM XUMMUUYECKUMU
MpeBpaleHusIMU, MOTYT BO3HMKATb TEIJIOBbIE
BOJIHBI C TOCTOSIHHOM CKOPOCTBIO pacHpocTpaHe-
HUS. DTO SBISIETCS TUIOBBIM CLIEHAPUEM Pa3BUTHUS
MHOTUX (DU3NYECKUX, XUMUYECKUX U Ouojaoruye-
CKMX MPOLIECCOB B BO30YyIUMBbBIX cpenax. B atom ciy-
yae HEOOXOAMMO UCIIO0JIb30BaTh HEJIMHEHHbIE Mapa-
0oiuuyecKde WU TUIepOOJUYEeCcKUe YpaBHEHUS
[Mumenko u ap., 2010]. DT ypaBHEeHUs OIIUCHIBAIOT
HEJIMHEWHbIE CPebl C JOKAIbHBIMU MCTOYHUKAMU,
KOTOpbIe 00eCIeunBalOT MOCTOSIHHYIO 3HEpreTuye-
CKYIO TIOJIMMMTKY CO CTOPOHBI OKpYXKalolllei cpeabl 1
GOpMUPYIOT He3aTyxalollre KojeoaHus1 (aBTOKOJIe-
0aHUsI) U BOJHBI (aBTOBOJIHBI) [BacuiabeB u mp.,
1987]. TToaToMy, ¢ (pr3nMYeCKOU TOUYKU 3peHMsI, aBTO-
BOJIHOBBIE MPOLIECCHI SIBJISIIOTCS BOJTHAMU B CTPOTOM
CMBICJIE 3TOrO CJIOBa, HO PACcIpOCTPaHSIIOTCS B Cpele,
CIOCOOHOI K BO30YXKIEHUIO MATTbIMU BO3IEHCTBUSIMMU.

Takum obpa3oM, MedjieHHbIe TedOopMalliOHHbBIE
BOJIHBI, ONIChIBaeMbIe ypaBHeHUsIMU Tutia (1), (2), B
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cTporoM (pM3UKO-MaTeMAaTUYECKOM CMBICIIE HE SIB-
JISIIOTCSI BOJITHAMM M HE OTHOCSITCS K IIpolieccaM Iepe-
Hoca BemiectBa — nud@ysnun. Kak nmpaBuiio, muccie-
JIOBaTeJI OTHOCSIT K BOJITHOBOMY IIPOLIECCY JIIOOBIE
BO3MYIIIEHUSI, KOTOPbIE PACIIPOCTPAHSIOTCSI B TIPO-
CTPAaHCTBE WM MHTYUTHUBHO O0O0O3HAYalOT MUIPALIAIO
9TUX Bo3MmylleHn nuddy3ueii. B pesyabraTe 3TOrO,
oJ, orpeAesieHrueM “BoJIHA” TTIOHMMAIOTCS BCE pac-
MPOCTPAHSIOLIMECSI TI0 MPOCTPAHCTBY ITPOLIECCHI,
KOTOpPBIE MOTYT U HE SIBJISITHCS BOJTHAMHY B YKa3aHHOM
BBIIIE CMbIC/IE. IMEHHO Takue MpeAcTaBICHUST UC-
MmoJib3ytoTcs B 063ope [ brikos, 2018], rune onpenene-
HUE “BOJIHBI II03aMMCTBOBAHO 13 U3BECTHOM KHUTHU
Hx. Yuzema [Whitham, 1974].

ITo MHeHMIO aBTOpa 3TUX CTPOK, JJISI TOTO, YTOOBI
ONpeae/INTh MOHSTHUE “BOJHA”, HAIpUMEp, IIPUMe-
HUTENIbHO K IPOCTPAHCTBEHHO-BPEMEHHOI MUTrpa-
o aeopMalMOHHBIX KOJIeOaHUN HEOOXOIMMO,
4TOOBI B UCCJIEAYEMOM IIPOlIECCE OMHOBPEMEHHO CO-
GII0IANINCH IBA YCIIOBUSI: PACIIPOCTPAHEHUE STUX KO-
JIebaHU B TIPOCTPAHCTBE U IMOCTOSHCTBO CKOPOCTU
HX PacIIPOCTPpaHEHUSI BO BpEMEHU.

TUIIbl MEJJIEHHBIX TE®@OPMALIMOHHbIX
BOJIH 1 HABJIFOJAEMbBIN CITEKTP
ABMXEHWM 3EMHOMUN ITOBEPXHOCTHU

Ilpy aHanu3e MOPOCTPAaHCTBEHHO-BPEMEHHOM
CTPYKTYPbl COBPEMEHHBIX TeOAMHAMMYECKUX IpO-
1IECCOB OOBIYHO CUMTAETCS, YTO OHU TTOAPa3AesIOT-
cs Ha 4 MacIITaOHBIX YPOBHS: IIOOAIbHBIC, PETHO-
HaJbHble, 30HaJbHbIE U JOKajbHble [Ky3pMUH,
2019a]. IMon ryobajibHBIMU MpolieccaMU TOHUMAET-
Csl KWHEMATHKa OCHOBHBIX TUTOC(EPHBIX TJIUT, JTyH-
HO-COJIHEUHBbIe TPWIMBHbBIE AeopMaliuy 1 KUHEeMa-
TUYECKUE CIIEICTBUSI HEPABHOMEPHOCTU BpallleHUsI
3eman. PermonanbHbIe nedopManny MPOUCXOAsT B
MecTax B3aUMOAEMUCTBUS (KOJUIM3UU, CYODYKIIUU
u ap.) wiut. [lon 30HaNbHBIMUA TTOHUMAKOTCSI 00JIa-
CTU MOJITOTOBKY CUJIbHBIX 3€MJIETPSICEHU I U aKTUBU -
3allMM BYJKaHOB. JIoKaJlbHbIE TIPOLIECCHI, B TIEPBYIO
oyepesb, OOyCIOBIEHbI COBPEMEHHOM aecdopmaliv-
OHHOIl aKTUBHOCTBHIO Pa3jioMOB. BaXXHO OTMETUTb,
YTO MepeyncaeHHbIe fe(pOpMalIMOHHbBIE SBICHUS OT-
HOCSTCS K TIPUPOAHBIM mpolieccaM. OaHaKO 30HaJb-
HbIE U JIOKaJbHbIE AehOopMallu MOTYT ObITb UHIY-
LIMPOBaHbl TEXHOTCHHBIMU (hakTopamMu, Harpumep,
pa3pabotkoit Mecropoxnmenuii [KyspmuH, 2016;
2018a; 20190].

Bo BBeneHuun oTMedasaoch, YTO CYIIECTBYIOT IBa
MexaHW3Ma CBSI3U MeJIEHHBIX BOJIH ¢ HabJItogaeMoi
IIPOCTPAaHCTBEHHO-BPEMEHHOM MUTrpanueil aedop-
MallMOHHBIX M CeICMNUYECKMX MPOIeCCOB. B riepBom
cliyyae, MeJIeHHas1 BOJIHa oOpa3yeTcsl HE3aBUCHUMO
OT CEMCMOAKTHUBHBIX 30H Y PACIHOJIOXKEHUSI aKTUB-
HBIX pa3JIOMOB, HO, IIPOXOMAs Yepe3 3TH 30HBI, OHA
dopMUpyeT aHOMaJbHbIE T€OAMHAMUYECKUE IIPO-
mecchl. B aToM cityyae akTUBHBIE 30HBI CaMU I10 cebe
HE B3aMMOICHCTBYIOT. DTO B3aMMOIICMCTBUE CO3/Ia-
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eTCs Yepe3 paclpocTpaHEHNUE B IIPOCTPAHCTBE ME-
JIEHHOI BOJIHBI fiepopMaliiii (HanpsiKeHUM, cMere-
HUIA).

Btopoii MexaHnM3M COCTOUT B TOM, YTO O0JacCTh
aHOMaJIbHOI Jaedopmalu, HarpuMep, B 30He pas-
JIoMa ¢ Te4eHHMEM BpeMEHH YBEJIMUYMBAET CBOIM TOpU-
30HTAJIBHBIA pa3Mep, JOCTUTAET COCETHETO pa3jioMa,
KOTOPBI HAXOAUTCS B METACTAOMIbHOM COCTOSTHUM U
CMOCOOEH K aKTMBU3ALIMU, UHIYLIMPOBAHHON MajbIM
BO3IeicTBHEM. Teneph yke Ha 3TOM pasjioMe (hOpMHU-
pyeTcst 001acTh aHOMaJIbHOM nedopmMaliiu, KoTopas
pacimpsieTcsl M JOCTUTAET CJCAYIOIIEro, COCEIHEro
paznoMa. TakmM oGpa3oMm, IIPOMCXOIUT 3cTadera n
nepenavya ae(opMaOHHON aKTUBHOCTU OT OJHOTO
pasiioMma K apyroMmy. B aToMm ciydyae, MemIeHHas Oe-
¢opMalIOHHasE BOJIHA — 3TO pe3yJIbTaT MOCea0Ba-
TEJIbHOTO, TPUTITEPHOIO B3aMMOACHCTBUSI COCEIHUX
Pa3JIOMHBIX 30H. AHAJIOTUYHBIM 00pa30M ITPOUCXOIUT
nepegaya akKTUBHOCTU MEXIY aKTUBU3MPOBAHHBIMU
dparMeHTaMu BHYTPU pa3IoOMHOIT 30HbI. OOpa3yloTcs
JIBa TUIIa MeIJICHHBIX Ie(POPMAaILIMOHHBIX BOJIH: “MeEX-
pasznoMHass” 1 “BHyTpHpa3JIOMHasI”.

B utore mpuHLMIIMAIBHOE pa3iuyue 3TUX MeXa-
HU3MOB 3aKJIIOYAETCS B TOM, B IIEPBOM CJIydae CEMCMMU-
yeckue (WM neopMaliMOHHbBIC) IIPOLIECCHI SIBIISTIOTCS
MapKepamMy MeUICHHOM BOJIHbI, 2 BO BTOPOM, BOJTHO-
BYIO Ilepeiadyy aKTMBHOCTH CO3JAIOT CAMU aKTHBHbIE
(aHOMAaJIbHBIC) 30HBI.

B cooTBeTcTBMU C KiaccubuKanuei, mpemioxXeH-
Hoii B 0030pe B.I'. BrikoBa [brikos, 2018], Momenu,
OIMMCHIBAIOIIIME BOJHBI MEPBOrO TUIIA, MOAPA3AEIsi-
1I0TCsl Ha 3 rpynmnbl: 1) BI3KOYIpyrue U ynpyrora-
cTUyeckue; 2) MoJesiu, OCHOBaHHbIE HA ypaBHEHUU
sin-I'opmoHa; 3) aBTOBOJIHOBBIE MonaeaW. Monpenu
MepBOI TPYIINbI HE MOTYT OIMCHIBATh paCIIpPOCTpaHe-
HYE MeIJIEHHBIX NedOpMallMOHHBIX BOJIH B peajb-
HBIX Pa3JIOMHO-0JIOKOBBIX cpenax. B Moaensx BTo-
PO TPYIINbI yIAeTCsl YIUTHIBATh BpalllaTeIbHYI0 K1~
HEMaTHKY OJIOKOB M OMKMCHIBATh MeIJIEHHbIE BOJHBI,
co3JaBaeMble MpPU CKOJbXEHUU OJIOKOB BAOJb pa3-
JIOMOB. Y4YeT MOCTOSTHHOTO TPUTOKA 3HEPTUU, BO3-
HUKAIOIIEro TpU CTallMOHApHOM acTeHochepHOM
MOTOKE MpPU MOJABUXKE JUTOChEPHI O acTeHochepe,
KOTOPbBIIA KOMIIEHCUPYET BSIZKYIO TUCCUIIALINIO, TT03-
BOJISIET MOJy4YaTh aBTOBOJIHOBbIE peIIeHUs 3aladyu
[Nikolaevsky, 1983].

B xoHuentyanbHoit padorte [brikoB, 2019] moka-
3aHO, YTO MpPU COUYETAHUU OMNPeNeICeHHbIX YCIOBUIA
MOJIEJIA CKOJIEXKEHUS OJIOKOB BIOJb Pa3ioMOB [bbI-
KoB, 2000], MOryT BO3HUKATh PEIICHUSI, OIMChIBae-
Mble MOJEJISIMU BCEX TpeX MEPEeYUCIEHHbBIX BbIIle
TPYIIIL.

Bosspamasicek K cratbe b.U. buprepa, B KoTopoit
paccMaTpuBaeTcsl paclpoCTpaHeHUe HaIpSKeHUI B
BEpXHE yIpyrom Kope, CJIeAyeT OTMETUTb, YTO
MpeaIoKeHHasT MOJEJIb OTHOCUTCSI K MOAENSIM Tep-
BOTO TUMA W OIMCHIBAET TUIMUYHYIO JIBYXCJIOHHYIO
BSI3KOYIIPYTY10 MoJeb. PaccMoTpeHo pelieHue 3a-
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JIa49y O PacIpOCTPAaHEHNM CMEIICHNN 1 HAaIIPSIKeHUIA
B TOHKOM YIIPYro# IiaCTUHE, KOTOPasi pacrojioXeHa
Ha BSI3KOM HOJIYIIPOCTPAaHCTBE ¢ peonorueii Hpioro-
Ha. DTa paboTa SIBISIETCS Pa3BUTHUEM MPEIBIIYIIETO
ucciaenoBaHus aBropa [ buprep, 1989]. Paznuuue 3a-
KJIIOYaeTCs B TOM, YTO B OoJjice paHHEU paboTe uc-
MOJIb30BAJIACh BSI3KOE IOJYIIPOCTPAHCTBO C PEOJIO-
ruei AHmpans.

HauGomnbliyto OUCKYCCUMOHHOCTD BBI3BIBAET BHI-
BOJ CTaTbM, II€ YTBEPKIAETCS, YTO IIPEAIOKEeHHAas
MoOJieJIb OMUCHIBAET Bce HAOJIOMaeMble B COBPEMEH-
HOM reoqHaAMUKE OBVKEHUS C IJIUTEIBHOCTBIO IIPO-
eccoB okoito 103 JleT 1 MeHee: OT M30CTaTUUECKUX
MOAHSTUI 10 BOZBHUKHOBEHUS TI0CIEI0BATEIbHOCTHU
3eMJIETPSICEHUI Ha pa3ioMax u AecdopMalinii, UHIy-
LPOBAaHHBIX TEXHOTEHHBIMU BO3AeicTBUIMU. B Ka-
YeCTBE HA4yaJIbHOIO BO3MYIIEHUS MCIIOJIb3YETCS TO-
YeyHOe cCMellleHUe (BepTUKAIbLHOE WM TOPU30HTAIb-
HOE), KOTOpOoe oIpeneisaercsa O pyHkuueni Jlupaka.
DTO YCIOBUE MCITONB3YETCS IS TOTO, YTOOBI MAKCH -
MaJIbHO OCJIa0UTh CYIIECTBYIOIIEee B JIMHEMHBIX Ma-
paboJIMIECKIX YPaBHEHMSX CIJIBHOE 3aTyXaH1e CKOPO-
CTU pPaCIpOCTpaHEHUsI HAIIPSDKEHWII CO BPEMEHEM.
Kpome Toro, mist ucnoyib30BaHUsT TPUOIVKEHUST TOH-
KOM IUIACTUHBI TOJIIMHA 3€MHOII KOpPHI IIPUHSTA
10 kM. DTH yCIIOBUS, KOTOPBIE MMEIOT MaJIo OOIIETOo C
pPEaIbLHOCTBIO, €CTECTBEHHBIM 00pa3oM IPUBOIST K
HEeCTeCTBEHHBIM pe3yJIbTaTaM.

Hanpumep, misi OOBbSICHEHUSI M30CTATUYECKMUX
JIBVKEHUI, KaK JeTaJbHO IOKa3aHO B W3BECTHOM
cratbe [Paulson et al., 2005], rnmyOmHa 3ajieraHuUs
acTeHocdepsbl (TOJIIMHA YIOPYrol KOpbl) AOJKHA
uMeTh BeJanuuHy S50 KM 1 6osiee. TOJIBKO B 3TOM ClIy-
yae BO3MOXHO YCTEIIHO MOIEIUPOBaTh U3BECTHbHIE
MOCT-TJsLIMou30cTaTudeckue spieHus. Ilpumene-
HUe mnpemioxeHHoil Bb.M. buprepom momenu mjis
OIMMCAaHUsI MUTpALlMU 3EeMJIETPSICEHUI OYEeHb CIIOp-
Ho. B 3Toli Monenu MOoCTOSSHCTBO CKOPOCTHA MUTpa-
Uy HanpsokeHW (50—60 KM B TOI) TOCTHTaeTCs Ha
O4YeHb OoJIbIINX BpeMeHax. Eciu ucroib3oBaTh KO-
HEYHbIE, a He 6ECKOHEYHO MaJlble MJIOIIAAKU TPUJIO-
JKEHUsI HaYaJIbHBIX CMEILEHU I, TO OKaXKeTCsI, YTO Te-
puonabl a1eopMallMOHHON aKTUBU3ALMU Pa3IOMOB
JIOJDKHO WUCYUCIISITBCS HECKOJIBKMMM COTHSIMU WU
JlaxKe ThICSTYaMU JIET, YTO TPOTUBOPEUUT pe3yibTaTaM
MpsIMbIX Teoae3nyeckux HabmwoaeHuil [Ky3bmuH,
2013; 2016; 2017; 2019a]. DTo TMpoTUBOpPEUNE OTHO-
CUTCS U K TEXHOTEHHBIM Je(hOopMallMOHHBIM ITpo1lec-
caM, oOyCJIOBJIEHHBIM, HallpuMep, pa3pabOTKOl Me-
cropoxaeHuiit HedTu u raza [Kyssmun, 20196].

Takum obpaszom, npemnoxeHHass b.M. buprepom
MOJIEJIb PACIIPOCTPAHEHUSI HANPSIKEHUM B BEpXHE
VIIPYroii KOpe OTHOCHUTCS K HW3BECTHOMY Kjaccy
JIBYXCJIOMHBIX BSI3KOYIIPYTUX MOJAEJE, KOTOpbIe
OMNMUCHIBAIOT MEIJICHHYIO MUTpaluio aedopMaliuii.
OHa coBepllIeHHO He CIIOcCOOHA OOBSICHUTH BECh Ha-
OJIrogaeMBblil CIIEKTP COBPEMEHHBIX OBVDKCHUI 3eM-
HOI TMOBEPXHOCTU M TMPEACTABISIET METOIUYECKUIA

WHTEPEC, KOTOPBIII MOXHO HCIIONB30BaTh ST He-
MOHCTpAlIM BO3MOXKHOCTEM MTpUMeHEeHMSsT peodpa-
3oBaHmii Jlamaca u ®@ypee mist pemreHust audoe-
PEeHIIMAJILHBIX YPaBHEHUI MapaboIMIeCcKOTO TUIIA.

Crenyetr oTMETUTb, YTO BCE TepeurcIeHHbIE Bbl-
11Ie MOJIEJIU XOPOIIIO ONMUCHIBAIOT PACIIPOCTPAHEHUE
“BHYTpUPA3TOMHBIX” nedopMallMOHHbIX BOJH. Of-
HakKo (popMHpOBaHME “MeXpa3IOMHBIX” BOJH, KO-
TOpbI€ OBLIU TOJYUYEHBI M0 pe3yJibTaTaM IeTalbHbIX
reone3ndyeckux HadmoaeHuit [Kysemun, 1989; 2012;
2014], onu ommceiBaTh He MOTYT. bosee Toro, cyie-
CTBYIOLLIME MOJIEJIU, KOTOPbI€ OMUCHIBAIOT BO3HUK-
HOBEeHME MeJJICHHBIX Je(hOpMaIlMOHHBIX BOJIH B pa3-
JIOMHBIX 30HaX paccCMaTpUBaIOT, B MEPBYIO OUYEPEb,
CKOJIbXXE€HIME OOPTOB Pa3jioOMOB (CIBUIOBYIO Aedop-
Maluio).

B paGorax aBropa [Kysemun, 1989; 2015; 2016;
2018a; 6; 20196] Ha GOJBLIIOM 3MIMPUYECKOM MaTe-
puasie, TOJYyYEeHHOM B Pa3jIMUYHbIX PETMOHAX MUpa,
MoKa3aHoO, 4TO, HAIlpUMeEpP, BepTUKAJIbHbIC CMellle-
HUS B pa3JIOMHbBIX 30HaX O0YCJIOBJI€Hbl aKTUBU3ALIM -
el pa3IBUTOBBIX ABMDKeHUI (tensile movements). Dto
MPOSIBIISIETCS B (hopMe JTOKaTBbHBIX OCEeTaHU 3eMHOM
IMOBEPXHOCTH B 30HaX pa3jioMoB. CIBUTOBbIE CMEIlIE-
HUS BCTpPEYaloTCs OUeHb PEJKO.

B Hacroglee BpeMst CyllIecTByeT eIMHCTBEHHAs
BO3MOXKHOCTb OOBSICHEHHUSI CYIIECTBOBAHUS “MeEX-
pa3IOMHBIX” BOJH. DTO MEXaHU3M aBTOBOJIHOBOM
MUTpaluu 1ehOpMALMOHHONM aKTUBHOCTU OT OTHO-
ro pasjioma K IpyroMy pasjioMy U Tak aajiee. B padore
[KysbmuH, 2012] npeacrtaBieHa (peHOMeHOoJoruue-
cKasi MoJeiab (DOPMUPOBAHUSI aBTOBOJIHOBEIX Iedop-
MAalIMOHHBIX MIPOIIECCOB B 30HAX Pa3/IOMOB, B KOTOPOI1
cpena IpeAcTaBlieHa B BuAe Habopa 3JIeMEHTOB — pa3-
JIOMHBIX 30H, CITOCOOHBIX K ITapaMeTPUIECKOMY BO3-
OyXXIeHUI0O MajabiMU BosneicTBUsIMU. I[lomoOHBIC
IIPOLIECCHI XOPOIIO M3YyYeHbI B TCOPUM BO30YIMMBIX
cpen. OTOeNbHBIN 3JIEMEHT BO30YIUMOM Cpeabl MO-
KET HaXOAUTHCS B OIHOM U3 TPeX MPUHLIMITUATIBHO
Pa3IMYHBIX COCTOSIHUIA — ITOKOsI, BO30YKACHUS U pe-
dpakTepHOCTU. B OTCYTCTBME BHEIIHUX BO3OEMCTBUIA
COXpaHSETCSI COCTOsIHUE IToKosl. IlyTeM BHEIIHEro
BO3ICHCTBUSI 3JIEMEHT IIEPEXOAUT B BO30OYXICHHOE
(aHOMaNbHOE) COCTOSTHHE. JIOCTUTHYB MaKCUMyMa
AKTUBHOCTH, 3JIEMEHT IEPEXOIUT B COCTOSIHUE pe-
¢GpakTepHOCTH, B KOTOPOM OH SIBJISICTCSI HEBO30YI1-
MbIM. 3aTeM MPOLEeCC MTOBTOPSIETCS.

IIpu BO3OYXAeHMU (MHAYLPOBAHUM) Pa3IOM-
HOM 30HBI B €€ OKPECTHOCTH (DOPMUPYETCSI 30HA aHO-
MaJIbHOTO, JIOKAJIbHOIO HampspKeHHO-Ae(hOpMUPO-
BaHHOI'O COCTOSIHMSI, KOTOpPOE€ YBEJIMYMBAET CBOU
pa3Mephbl BO BpEMEHU 110 MEpPe pOCTa aHOMAaJILHBIX
cMelleHU Ha pasiiome. IIpyunHaMu akKTUBU3ALUU
pazjioMa MOTYT OBITh DHIOTCHHBIE, K30I€HHEIE U
TexHoreHHbIe Bo3aeiicTBus [Kysemun, 20196]. B ka-
yecTBe 0a30BOI XapaKTePUCTUKU MOIEIU BBOAUTCS
panuyc 1epopMallMOHHOI aKTUBHOCTH pa3jioma — R.
B naHHOM citydae 3TOT paguycC ONpeaesieTCsl pa3me-
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pamu obracTtu 1, Kotopast GopMUpyeTcst IPU BO30YK-
JIEHUU U “TIepUOJIOM XU3HN~ aHOMaJIbHOTO IIPOLIeC-
ca, KOTOpOe OMpenesisieTCss UHTEPBAJIOM BPEMEHEM 7,
MEXIy HadajaoM BO30YXIEeHUs Pa3IOMHOI 30HBLI U
MOMEHTOM, KOTJa MpOoILecC AOCTUraeT MaKCHUMallb-
HOro pa3BuTus. EcTecTBEeHHO, 4YTO BeaMuyMHa R
OIpeNesieTCs] UCKITIOUNTETbHO HaOII0gaeMbIMU Ma-
pameTrpamMu — | 1 7, B TIOJIHOM COOTBETCTBUM C TPeOO-
BaHUSIMUM, NPEIbIBIAIEMBIMUA K (heHOMEHOJIOTNYe-
CKUM MOJEJISIM.

Ecnu B mpoMexXyTKe MeXKIy HadyajloM U 3aBepliie-
HUEM aHOMAJILHOI'O IIPOTEeKaHWUS IIpoliecca Ha Of-
HOM M3 Pa3jIOMOB, II0JIE CMEILIEHMI MOXET PacIIpo-
CTpaHSAThLCS, 3aXBaThIBasI BCE OOJIBIIIYIO YACTh 36 MHOM
IMOBEPXHOCTU, Ha HeKoTopoe paccrosiHue 1. Torma,

eciu P(/)dl — BepOATHOCTB NepeMeLIeHNs Ha pac-

CTOsIHME, Jiexalee Mmexny / ul + dl, 3a enTMHUILY Bpe-
MEHM, U3MEPSICMOMY B MepUOOaX aKTUBU3AIINK pa3-

JIOMHOM 30HBI 7, TO:

R= |- “)

e /> = J: lzP(l) dl. Tlycrte majiee qJUHAMMKa pocTa

aHOMaJIBHOTO CMEIICHUA B 30HE pa3jioMa JIOKaJIbHO
OIMMCBIBACTCS YPAaBHCHUEM:

4U _ F(u,x). )

dt
®dopmyna (5) ecTh TOKAJIBHBIN 3aKOH POCTa CMe-
IIEHW B OKPECTHOCTU PA3JIOMHOM 30HBI, XapakKTe-
pu3yloluii MHTEHCUBHOCTh JIe(pOpMallMOHHOIO
npouecca. Torma, paccMaTpuBasi OTHOMEPHBIN CITy-
yaii, MpupalleHue CMELIEHNS 3a BpeMs Of B HEKOTO-
poii TouKe (X) 3a cUET JIOKAILHOTO POCTa Ha pa3jioMe
1 MUTPALIMK IO IPOCTPaHCTBY, B pabore [Ky3pmuH,
2012] momyyeHO OMHOMEPHOE HEJIWMHENHOE ypaBHE-
HMe ITapaboInMYecKoro Tuna s “nudoy3uu cMele-

99,

HHUM :

oU _ ,0°U
—=D=—=+F(U,x), 6
ot ox’ ( ) ©
r_FR
rae — = — = D — ko3 punueHT “auddy3um cme-

a
99 =99

meHuii”. TepmuH “auddysusi cMemeHuii” B3ST B
KaBbIYKU B COOTBETCTBUU C TEMU 3aMeYaHUSIMU 110
MOBOJY SIBJICHUIA TIepeHOoca, KOTOPbIE ObLIN OTMEYe-
HBI BBIIIIE.

VYpaBHeHue (6) erko o600I1aTh Ha Cay4ail IByX
nepeMeHHbIX. ETo MOXXHO 3amucarth B BUIE:

oU °U U

U p|lY Yy F(U,x,y) =

o~ Plae To )t Ux) )
=DU + F(U,x,y).
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B nmanHoM ciyyae: D=—, a A

omneparop Jlammaca.

Crenyer 3aMeTUTh, 4TO opMyJisl (6) u (7) j1erko
0000111aI0TCSI ¥ Ha cIydail HeIMHEeMHO! “muddy3un
HanpsokeHuii”. B aToM ciryyae, ncmonb3ys 3akoH ['y-
Ka MOXHO B yKa3aHHBIX (popMyJsaxX, 3aMEHUTb CMe-
IIEHUSI HAOpsDKeHUsSIMUA, He MEHsISI UX CTPYKTYpHL.
AHaJJOTUYHBINA pe3ybTaT OTMEUeH B pabore [Myxa-
MenueB u ap., 2008] misa ypaBHEHUS JUHEHHON
“mudpPy3nn cMelreHnin” .

st perienust ypaBHeHU (6) HEOOXOAUMO 3a1aTh
dynkumio F (U, x) JTOKaJIbHOTO POCTAa aHOMAaJIbHBIX
cMelIeHn Ha pasznoMe. Kak rmokaspIBaeT IpakTHKa
00paboTKM OOJIBIIOI0 MacCHUBa reoAe3uYecKrX JaH-
HBIX 1 aHaJIl3a BpeMEHHOM CTPYKTYPhl aHOMAaJIbHBIX
nedopMalMOHHBIX IIPOIIECCOB B PAa3/IOMHBIX 30HAX,
TUIIOBasi KpUBasi BDeMEHHOTO X0J1a CMEIIEHU COOT-
BETCTBYET XOPOIIIO M3yYeHHBIM IIPOIIeCcaM B cpemax
¢ HacheimeHueM. Kak mpaBuio, OHM OIMCHIBAIOTCS
TUNepooINUYEeCKUMU KPUBBIMU (HampuMep, TUmep-
0OJIMYECKNM TAaHT€HCOM B TEOPUM HaMarHUYCHUS
¢eppoMarHeTMKOB WJIM 3adadax pacIpOCTpaHEHUS
wiameHn) [@penkensb, 1948; 3enbnoBud u ap., 1980].

Tak, HanpuMmep, KpuBasi CMEIIEHUI 3eMHOM MO-
BEPXHOCTHU B MOJABJSIONIEM OOJBIIMHCTBE CJIy4aes,
XOPOIIIO OIMHUCHIBAETCS M3BECTHOU JIOTUCTUYECKON
GYHKLMEIH:

i1,
maxUOe
Uy + U™ 1)’
max O(e )
rae: U max — MaKCHMaJIbHasl aMIUIMTyda CMCH.[GHI/Iﬁ
3eMHOM IIOBEPXHOCTHU B 30HC pa3jioMa, 1OCTUTHYTasA

3a NIEprUoLa ta CymeCTBOBaHMA aHOMAJIbHOI'O ITPpOLEC-

ca nedopmupoBaHus; U, — BeIMUYNHA CMEIIEHUS B
HavaJbHBIN TTepuo 3apoxXIeHUs aHoMaIuu. B aTom
cllydae 3aKOH JIOKAJILHOTO POCTa CMEIeHU I TTOBEPX-
HOCTHU B pa3JIOMHOI 30He OyIeT UMEeTh BUI:

U

U(U,t)= (8)

Fﬂﬂ:%%:?l—fl. )

VYpasHenus tumna (6) u (7) SBISIOTCS aHAJIOTaMU
U3BECTHOTO KBa3WJIMHEMHOro ypaBHEHUs Tapaboiu-
YeCKOTo TUIIa, KOTOPOE UCIIOIb30BAJIOCH LIS aHAIU3a
pacnpocTpaHeHusl nonyJsinuii B ouosyoruu [Koamo-
ropoB u Ap., 1937]. B aT0i1 paboTe mokazaHo, YTO pe-
1eHue ypasHeHuit (6) u (7) B ciiydyae, KOraa 3aKOH JIO-
KaJTbHOTO POCTa COOTBETCTBYET JIOTUCTUYECKOMY ypaB-
HeHu1o (9), onpeaesisieT CylliecCTBOBaHUE OETYIINX BOJTH

U (x + Vt), npuueM co BpemeHeM V' — V= 2,/ DF'(0),
a hopma BoITHBI orvchIBaeTcst dynkiwmeit U (x), asnsiio-
LIEICA pELLIEHNEM YPABHEHUSL:
V" vy dU" . FUY 0
dx> D dx D

(10)
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C I'PaHNYHbBIMHA YCJIOBI/IHMI/II
U’ (=e0) = 0; U’ (+00) = Upyy (11)

ITpu aTom B pabote [ Konmoropos u ap., 1937] no-
Ka3aHO, YTO MMEET MECTO CXOOUMOCTh K 3TOMY pe-
IMIEHWIO JUIST TOCTAaTOYHO IITUPOKOIo Kjiacca Havyalb-

HBIX pacrpeaeaeHUun U(x,O), Harpumep, s CTy-
TIEHbKMU:

0 x<0
x>0

B pa6ote [Ky3pmuH, 2012] mokazaHo, 4To:
V(t):2./F'(O)D—% 1

_D 1

F'(0)z
W3 (13) BunHo, uto V;, crpemurcsik ¥V, = 2/ F'(0) D —
MUHUMAJILHOM CKOPOCTH PACIIPOCTPAHEHUS BOJIHEI.

U (x,0) = (12)

U

max

(13)

Tak kak B ypaBHeHu# (9) F'(0) = l, TO [JIS1 OLIEHKU
7

a
CKOPOCTH pacHpocTpaHeHUs neOpMallMOHHBIX aB-
TOBOJTH MOJIYYUM:

2
Vozz\P:zJE
t, 2t,

YuuteiBas (4) u3 (14) noaydaeTcst OKOHYATEIbHAS
dopMmyna WISt OLIEHKM CKOPOCTH, 3allMCaHHas B Ha-
OJII0HaeMBbIX BEJIMUYMHAX:

2
Vo =21 =2l
2w,

B dopmyne (15) [ — 310 paccTosiHue MEXIy pas3-
JIOMHBIMM 30HaMHU, B KOTOPBIX HAOIIOIAIOTCS aHO-
MajbHbIe AedopMallui 3eMHOM MOBEPXHOCTH, WU
paccTosiHre MEeXy aKTUBU3MPOBAHHBIMY CETMEHTA-

MU BHYTPU Pa3OMHBIX 30H, a f, — JUIUTEIbHOCTh
pa3BUTUsI aHOMAaJIbHOTO Mpoliecca. Tak Kak 3Hauye-
Hue [ BapbupyeT B Iipeaeax ot 3—4 KM (paccTosiHue
MEXIYy aKTUBU3UPOBAHHBIMU CETMEHTAMM pas3jioMa)
1o 20—40 kM (paccTosTHUE MEXIy pa3ioMaMM), a TU-
MAYHAs JIATEIbHOCTh Pa3BUTUS aHOMAJIUIA U3MEHSI-
ercsg ot 0.5 roga 1o 2 n1eT, To CKOPOCTH aBTOBOJTHOBBIX
nedopManmii, paccuuTaHHble 1o popmyie (15), me-
HSTIOTCSI B AUara3oHe ot 4 1o 60 KM/To/, 4To coracy-
eTcsl ¢ HabIoJaeMbIMU 3HAYEHUSIMU.

IpennoxeHHass Mojefb IO3BOJISIET OOBSICHUTH
XapaKTepHble pa3inyuMvs B BEJIUUYMHAX CKOPOCTEN
“MexXpasIOMHBIX” M “TIpUpa3IOMHBIX BOJIH”. AHa-
JIU3 TUIONIAAHOTO paclpelnesieHuss aHOMaIuil st
INpunsarckoit Bnanunasel [ Ky3emuH, 2012; 2014] moka-
3BIBACT, YTO PACCTOSIHUS MEXKIY Pa3JIOMHBIMU 30HA-
MU Y aKTMBU3MPOBAHHBIMU (parMeHTamMu BHYTPU
3TUX 30H CYIIIECTBEHHO oTiauyatorcsi. Eciu BBecTu B
paccMOTpeHUE PacCTOSTHUE MEXIy aKTUBU3UPOBAH-
HBIMM pa3fioMaMU /; U pacCTOSTHUE MEXy aKTUBU3U -
pOBaHHbIMU (hparMeHTaMM B Mpeaesax ONHOU pas-

(14)

(15)

JIOMHO 30HBI /;, TO OTHOIIIEHWE MEXIY HUMU OyIeT
MPUOJIM3UTETLHO COOTBETCTBOBATD //, = 2—3.

YuursiBasi, YTo R = \/L_ TO 32 OJTHO U TO XK€ BpeMsl
ta

¢dopMuUpoBaHUS aHOMAJIUU f, CKOpocThb Auddy3nu
CMEIleHU MeXay pasjiomMamMu OyaeT B 2—3 pasa
0oJIblIIe, YeM MeXay (dparMeHTaMUd BHYTPU Pa3IOM-
HOM 30HBI. Pe3ynbTaToM 3TOTO OYIeT pasInune MEeXKIy
CKOPOCTSIMU “MEXPa3JIOMHON” U “BHYTpUPA3IOM-
HO” nedopMallMOHHBIX BOJIH.

Kpome Toro, mpenjioxeHHass ¢peHOMEHOJIOTYe-
cKast MOIEJIb MOXKET OBITh MCITOJIb30BaHAa U JIJIsl aHAJIM -
3a IPOCTPAHCTBEHHO-BPEMEHHOM MUTPALIMU 3eMJIe-
TpsiceHuii. B aToM cirygae / OyaeT npencrasisiTh COOO0i
JIMHEUWHBII pa3Mep 001aCTU ITOATOTOBKY 3eMJICTPsICE-
HWS, {, — IUINTEJLHOCTH TTPOliecca MOATOTOBKH.

Tak, Hanpumep, B pabdote [/0OpOBOJIBCKMIA,
2009] mpuBeneHbI KOJIMYECTBEHHBIE OLIEHKM 3TUX
mapaMeTpOB B 3aBUCHUMOCTU OT SHEPIrMM IOTOBSIILE-
rocs 3emieTpsiceHus. B aToM ciydyae MOXKHO BBISIB-
JIEHHbIE IIPOCTPAaHCTBEHHO-BPEMEHHBIE CBSI3U ME3K-
Iy 3eMJIETPSICEHUSIMU TOITOJTHUTEIBHO IIPOBEPSITH HA
JIOCTOBEPHOCTbD ITYTeM OLIEHKM pa3MepoB 00JIacTHU U
BpPEMEHHU IIOJITOTOBKM, a 3aTeéM BBOIUTh B pacCMOT-
peHMe paguyc CEMCMUYECKOM aKTUBHOCTHU Pa3jIoOM-
HOM 30HbI UJIM €€ aKTUBU3MPOBAHHbBIX (PparMeHTOB.

Kak oTtmeuasioch Bblllle, TEpMUH BOJIHA MOXKET
MPUMEHSITLCS K MpOoLieccaM paclpoOCTPaHEHUsT aHO-
MaJbHBIX CMEILEHUI (HampsiKeHUi) B TOM cilyyae,
KOTr/Ia aMIIUTyAa KoJie0aHU i U CKOPOCTb UX pacIipo-
CTpaHEHMsI HE UBMEHSIOTCS B T€UEHUE IJIUTEIHbHOTO
MHTepBajia BpeMEeHU. ABTOBOJIHBI — 3TO IIPOLIECCHI
pacrpocTpaHeHUsl MO MPOCTPAHCTBY aBTOKoOJeOa-
HU, KOTOpbIE 10 CBOEMY OMNPEAECIEHUIO SBISIOTCS
He3aTyxatomumu [Andronov, Chaikin, 1949]. B naH-
HOM cJjlyyae aBTOKOJiIeOaHUsI CMEIeHUI 3eMHOM TT0-
BEPXHOCTU B 30HE pa3jioMa MOCTOSSHHO MCIIOJb3YIOT
9HEPIUIO0 OKpyxXalolleit cpenbl. B oTHOIEHUU CKO-
pPOCTH aBTOBOJIH CUTyalllsl HECKOJIBKO CJIOXXHee. 3a
00J1b1110#1 TPOMEXKYTOK BPEMEHU CKOPOCTh aBTOBOJIH
MMeeT IOoCTOosiHHY10 BeauyuHy. Ho ypaBHeHue (7),
XOTSI SIBJISIETCSI HEJIMHEeWHBIM, HO BCE-TaKM 3TO YpaB-
HeHUe MapaboInyecKoro Tuma. A J1js 3TUX ypaBHe-
HUI CKOPOCTh JIOJKHA YMEHBIIAThCSl ¢ TeUeHUEM
BpeMeHHU. [IJ1s1 TMHEHHBIX MapaboInuecKuX ypaBHe-
HU 3Ta CKOPOCTh YMEHbIIIAETCSI CO BPEMEHEM OYEHb
obIicTpo. 11 HeIMHEMHOro MapadoJInYecKoro ypaB-
HEHUS CUTyalus paaruKalbHO MEHSETCS.

B ypaBHeHuu (13) Bropoe ciaraemMoe OIMChIBaeT
3aTyXaHUe CKOPOCTU CO BpeMeHeM. MOoXHO Tpeod-
pa3oBaTh 3TO YpaBHEHMWE, €CJIU BBIPA3UTh TEKyllee
BpeMs t B eIMHUIIAX “BPEMEHU XXKU3HU aHOMAJIUU” 7,

Kak f = nt,, a F'(0) 1 D BeIpa3uTh B HaOIIONAEMBIX
BesimurHax / u t,. Kpome Toro, BpeMsi MOXXHO BbIpa-
3UTh U B J0JAX mepuoma aBToBOJHBI 7. Craemyer
MMETh BBUIY, YTO MEPUOJ BOJTHBI CMEIIECHUI — 3TO
BPEMEHHOM MTPOMEXKYTOK MEXKAY ABYMs ITOC/IEeNOBa-
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TeJIbHBIMU DKCTpeMyMaMU. 3a epuo ¢, aHOMaJlbHOe
CMEILIEHUE TOCTUTAET COCEHETO pa3iomMa. 3aTeM He-
00XooMMO BpeMsi, YTOObI copMUpOBaICS MaKCH-
MYM aHOMAJIMU CMEINIEHUI Ha 3ToM pasiiome. Eciu
rnoJiaraTb, YTO JJIUTEJbHOCTb (POPMUPOBAHUS aHO-
Majuii Ha oOOUX pasjioMax OAMHAKOBBI, TO TEPUOI

BoJiHbl 7' = 2¢,. Torna:

manid
Vi)=V,|1-—|=V,|1
() 0 4nt 0

a

(16)

Ecnu ckopocTh u3MepsiTh B KM/Tod, To u3 (16)

BUIIHO, YTO NPU TUIIMYHOM 3HA4eHUU (7,) PaBHOM
0.6 roma, BTOpOE cimaraeMoe B (16) OydmeT MeHbIIE
nepsoro B 10 pa3. TakuM 06pa3oM, yxe Ha MHTepBaJie
BPEMEHU, PAaBHOM IMEPUONY aBTOBOJIHBI, 3aTyXaHUS
CKOPOCTH MPAKTUYECKU HE TTPOUCXOIUT, €CJIN YUUThI-
BaTb, UTO peajbHasi TOYHOCTb ONpeaeeH s BETUIn-
HbI CKOPOCTE M0 HATYPHBIM JAHHBIM COCTaBJISIET Je-
CSITKU TIPOLIEHTOB. B TakoM ciiyyae, aBTOBOJTHOBBIE
MPOLEeCcChl AEWCTBUTEIbHO OTHOCSATCS K BOJHOBBIM
SIBJICHUSIM, TOCKOJIbKY 3aTyXaHUE€ CKOPOCTU pacIpo-
CTpaHEHUsI aBTOKOJIEOAHU MO MPOCTPAHCTBY OYEHb
OBbICTPO HCUE3aeT.

OnHaKo CYIIECTBYET OJHO NPUHLIMITUATBHOE pa3-
JInyve JMHEMHBIX BOJIH W aBTOBOJH. Ecim cpena
OIMUCBLIBAETCS TUHEMHBIMU YpaBHEHUSIMU, IJISI pac-
MMPOCTPAHSIONIVXCS B Heil BOJIH CIIpaBeIJIUB MPUH-
LIUT CYTIEPIIO3ULIMU: ITPY BCTpeUe IBYX BOJH HAOJIIO-
JaeTcsl TIPOCTOE HAJOXEHUE X aMITJIUTY U CBSI3aH-
HOE C 3TUM SIBJIeHNe nHTepdepeHInn. B otmune ot
3TOTO TIPU CTOJKHOBEHUM JIBYX BOJH B BO30YyIMMOit
cpele MMPOUCXOIUT VX MOJTHOE B3aMHOE TTOrallleHue
(aHHUTWJIALMS ). DTO CBOMCTBO aBTOBOJIH JIETKO MO-
HSIThb, BCIIOMHMB, YTO UX TUIUYHBIM IIPUMEPOM SIB-
JIIeTCsT BOJTHA TOPEHUS B Cpelie C BOCCTAHOBIIEHHUEM.
JBe BOJIHBI TOPEHUSI HE MOTYT MPOMTHU APYT CKBO3b
JpyTa U TaCHYT MpU BcTpeye. JIIb oauH Mpu3HaK —
IUdpaKus — IPUCYIL OMHOBPEMEHHO 00ONM TUTIAM
BoiH. Kak 1 B ontuke, mojoxeHue (ppoHTa BOTHEI
BO30YXIIEHUS B CIACAYIOLIUI MOMEHT BpeMEHU MO-
XKET ObITh MOCTPOEHO TT0 MpuHLMNY [foiireHca.

CrnenyeT Takke NOAYEPKHYTh OTJIMYME aBTOBOJH
OT YEAWHEHHBIX BOJH (COJIMTOHOB) B HEJMHEMHBIX
KOHCEPBAaTUBHLIX cpemaXx. B IIpOTUBOMOJIOXKHOCTH
aBTOBOJIHAM CKOPOCTb, (hOpMa 1 aMILIMTYIa COJIUTO-
HOB 3aBUCST HE TOJBKO OT ITapaMeTPOB CPEeJibl, HO U
OT yCJIOBMI X 00pa3oBaHusl. B ogHOIT 1 TOM Xe cpe-
JIe MOXXHO CO3HaTh COJIMTOHBI, IBMKYILIMECS C pa3-
HBIMU CKOPOCTSIMU U UMEIOIIME PAa3HYIO aMIUTUTYIY.
CoJMTOHBI — CWJILHO HeNIMHEHbIe OOBEKTHI, U TP
WX CTOJIKHOBEHUM MPUHIIUII CYIIE€PIIO3UIIMY HE BbI-
noiaHsieTcst. CBOMCTBOM aHHUTUJISILIUY COJTUTOHBI HE
00J1a1a10T. DTO HE OTHOCUTCS K CJIBHO HETUHEITHO-
MYy OOBEKTY, KOTOPBI MOJIYdWJI Ha3BaHUE “aBTOCO-
gqutoH” [KepHep, Ocumnon, 1991]. ABTOCOJUTOHBI
SIBJISIIOTCSI YEMMHEHHBIMM BOJIHAMM, HO, B OTJIMYHE
OT COJIUTOHOB, IPU CTOJKHOBEHUSIX OHU aHHUTWIV-
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PYIOT IOCKOJIBKY SIBJISTIOTCSI OCOOBIM THUIIOM aBTOBOJI-
HOBBIX TIPOLIECCOB.

INpennoxeHHass (peHOMEHOJIOTUYECKAsT MOICIb
XOPOIIIO OITMCHIBAET KaK “MeKpa3IOMHBIC” BOJHBI,
TaK U BOJIHBI, KOTOPbIe BO3HUKAIOT BHYTPU Pa3IOM-
HBIX 30H Y MEPeIaloTCsl OT OJJHOTO aKTUBU3MPOBAH-
HOTO CerMeHTa pasjioMa K Apyromy. [dambHeiiiiee
pa3BUTHE 3TOM MOJAEIU JTOJIKHO ITPOUCXOIUTH B Ha-
MpaBJICHUU YTOUHEHUSI TeX KPUTUYECKUX BEINIUH
CMellleHU (HampspKeHUi), KOTOpBIE 3allyCKaloT
(MHOYLIMPYIOT) aKTUBHOCTh paszjioma. st 3Toro He-
00XOOMMO YYUTHIBAaTh B3aMMOACHCTBHE MOJICii aHO-
MaJbHBIX AedopMalnuii Mexxay pasnoMamu. Hampu-
Mep, 3a7a4a 0 MUHUMAaJIbHOM PaCCTOSTHUU MEXIY CO-
CeTHMMHU pasjioMaMH, KOrja OHU (PyHKIIMOHUPYIOT
U30JINPOBAHHO (B3aMMOJIEICTBUE OTCYTCTBYET) pac-
cMoTpeHa B padote [Ky3smuH, 2015].

MNPOBJIEMA UAEHTUPUKALIUN
MEMJIEHHBIX JEP@OPMALIMOHHLIX BOJIH

IIpo6ieMa naneHTUDUKALIMN MEAIEHHBIX nedop-
MAallMOHHBIX BOJIH SIBJISIETCSI OY€Hb aKTyaJIbHOM, TTO-
CKOJIbKY MHdOpMalMsi O XapaKTepUCTUKAX ITUX
BOJIH (CKOPOCTb, JUTMHA BOJIHBI U T.[.) ONpeaeisieTcs
U3 ASMITMPUYECKUX JAHHBIX C UCTIOJIb30BAaHUEM U H-
CTBEHHOTO YCJIOBUSI — HalWuyue TOXIECTBEHHBIX
aHOMaJIM CMEIIeHUM (HaKJIOHOB, nedopmanuii),
U3MEPEHHBIX B MMYHKTaxX HAOIIOEeHU I, pACIIOJIOXKEeH-
HBIX Ha Pa3JIMYHBIX PACCTOSTHUSIX APYT oT apyra. Omn-
HAKO BO3MOXHBI CUTyalluM, KOrda KaxKAblid U3 Ha-
OToIaTeIbHBIX MYHKTOB MM 00CEepBAaTOPUl MOXKET
3aperucTpMpoBaTh BHEIIHE TOXOXUE JIOKaJIbHbIE
MPOLIECChI, KOTOPbIE MOTYT OBITh U HE CBSI3aHbI €M -
HbIM BOJTHOBBIM MPOLIECCOM.

Eciu, HanmpuMep, B ypaBHeHUH (6) KO3 GUILTUESHT
muddysun D = 0, T.e. UMEIOTCS Pa3JIOMHbIE 30HbBI C
AHOMAaJIbHBIMU CMEIIEHUSIMU, HO MEXIY KOTOPBIMU
OTCYTCTBYET B3auMogeiicrsue. Torma BMecTo (6) 1mo-
JlydaeTcsl ypaBHEHUE:

oU
—=F(U). 17
o~ F) (17)
Eciu riepeiiTit K BOJIHOBOM repeMenHoi & = x + Vi, To:
Ydu _ p ). (18)

d§

Mcrionb3yst aist HarJsiAHOCTU JTJOTMCTUYECKUIA 3a-

KOH JIOKaJIbHOT'O pocTa cMelleHu i (9) 1 rmoaras, Ha-
npumep, uto U(0) = U, /2, ToydaeTcs:

Umax . (19)

_x+

U(x,t)=
1+exp

T
Ho takas “niceBnoBoJiHa” BO3MOXKHa JIUILb TOT/IA,

KOTI/Ia 3aJJaHO COOTBETCTBYIOIIEE HAYaJlbHOE paciipe-
nenenue (= 0):
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U (x,0) = L

(20)
1+exp -x
fy
Hanpumep, yxe mist HadaJabHOTO pacipeaeieHus
THUTIIA CTYIIEHBKH “TICEBIOBOJIHBI” HE OyIeT, TaK Kak B
TeX TOYKax, Ille HavyaJlbHOE CMeIIcHNUE ObUIO HYJIE-
BbIM, OHAa HYJIEBBIM U OCTaHeTcd. MHTepecHO, 4YTO
yeM OoJjiee pacTSIHYTO HadajbHOE pachnpelesieHue,
TeM OoJIbllIeil OyIeT CKOpOCTh “mIceBIoBOIHEL”. Ta-
KMM 00pa3oM, HECMOTPS Ha OTCYTCTBUE B3aUMOIEN -
CTBUSI MEXIY pa3IOMHBIMM 30HAMU CTOPOHHEMY Ha-
OropaTeio OymeT Ka3aThCsl, YTO IO IIPOCTPAHCTBY
pacnpocTpaHseTcs peajbHasl BOJIHA.

JomnycTuM, 4TO UMEIOTCS JABE Pa3IOMHBIEC 30HBI.
B MOMeHT BpeMeHU ¢, B TIepBOit pa3IOMHOIT 30HE Ha-
YMHAETCS MPOLECC aHOMAIBLHOTO POCTa CMEIeHUIA.
B Gosee nmo3aHUIt MOMEHT #, BO BTOPOI pa3jiOMHOM
30HE TaKK€ HAaYMHAETCsl aHOMAaJIbHBII pOCT CMEIIIe-
HUI1, HO OTpaXKaloI1ii JIOKAIbHbIE ITPOLIECChI, OTHO-
csIIMecs] UCKIIIOYUTEIBHO K CBOMCTBAM peXrma Je-
dopMUpOBaHUSI UMEHHO 3TOI 30HBI. B 3TOM cityyae,
ypaBHeHwue (17), He SIBASISICH IO CYTU BOJTHOBBIM, 10~
IMycKaeT “BOJIHOBOE” pellleHHEe TOJBKO IT0CJIe Tepe-
X0Jia K BOJITHOBBIM IIEpPEMEHHBIM.

HabGmromaTenb, KOTOPBIN ITBITACTCS CBSI3aTh IBa
He3asucumblx TPoLiecca — aHOMaJlbHbIE nedopMalnm
B IICPBOM M BO BTOPOIi pa3IOMHOI 30HaX, (paKTHU4e-
CKY OCYIIECTBJISIET MBICJIEHHBIA MEepexol K BOJHO-
BBIM NIepeMEHHBIM. Pa3HOCTb MexXny 1, U f; TIpeacTaB-
JISIETCS HAOIOMATENI0 KaK BpeMsi, KOTOPOE HYXKHO
3aTPaTUTh BOJIHE, PACIIPOCTPAHSIOUIEICSI CO CKOPO-
CTbIO V, 4TOOBI MPOUTHU paccTosiHUE L MEXAy NBYMSI
pa3OMHBIMU 30HaMU. 3amnuchiBasi pa3HOCTb Bpe-
M€H, Kak: At =, — t;, = t, — L/V MOXHO JierKo yoe-
JIUTHCS, 4TO V — 3T0 (paszoBast ckopocTh. B peanbHO-
CTU MEXIy HadyaJoM aHOMaJlbHBIX AedopMalivii B
MEPBON Y BO BTOPOM PA3TOMHBIX 30HAX OTCYTCTBYET
3aKOHOMEpHAasi B3aMMOCBSI3b, HO KE€JIaHUE CBI3aTh
JIBA HE3aBUCHUMBIX SIBJICHUSI, KOTOpbie (POpMaJIbHO
CABUHYTHI MO ¢ha3e, MPUBOAUT K CTPEMIICHUIO Olle-
HUTb CKOPOCTh V Kaxyleics 1in “riceBIOBOJHBI .

Tak, Hampumep, B padore [ Kasahara, 1981] ripsimo
CKa3aHo, YTO CKOPOCTU MUTPAllUU aHOMAaJIbHbBIX Je-
dopMalmii 3eMHOI TTOBEPXHOCTU OIpPEAETCHBbI
mo (a3oBBIM COBHIaM MeXIy cTaHuusamu...”. Ilo-
CKOJIBKY CTaHIIMI OBIJIO BCEro 5 M OHU JOCTATOYHO
JTaJIEKO OTCTOSUTA APYT OT Apyra (IecsITKU KM), TO OT-
BETUTh OJHO3HAYHO peajibHas 3TO BOJIHA WU “TICEeB-
JIOBOJIHA” KpaiiHe 3aTpyAHUTEIbHO. AHaJIOTUYHbIE
pe3yJbTaThl IToay4deHbl B padote [Ishii et al., 1983], Ho
no 11 medpopmomMeTpmyeckuM craHuusIM. W1 B 3100t
paboTe MCCIeqOBAIMCh (Pa30Bble CMEIICHUST MEXKITY
MaKCUMyMaMM CIBUTOBO#l nedopmaliiu, KOTOpbie
PEeTUCTPUPOBATIUCH Ha KaXIIOU 13 HaOtonaTeIbHbIX
CTaHLIMN.

B pa6ote [bopHsikoB u mp., 2017] ucciuemyrorcs
MuUrpanuu aechopMalMOHHBIX MPOLIECCOB, KOTOPbIE

(UKCHUPOBANTNCh HECKOJBKUMH Oe(OpPMOMETPaAMU,
pACIIOJIOKeHHBIMY BHYTPU €IMHOTO TTOJA3EMHOTO CO-
opyxeHus (11TonbHU). HaGmogaemast Murpauus ne-
dopmanmii nOSHTU(UIUPYETCSI aBTOpaMU KaK MeJI-
JIeHHas1 nedopmanroHHas BojiHa. OgHAaKO ciaeayeT
OTMETHUTh, UYTO Bce “auddy3rnoHHbIe” MOAEIU, KOTO-
pBI€ IO CBOE MaTeMaTUUECKOI CTPYKTYpe COOTBET-
CTBYIOT JMHEMHOMY ypaBHEHUIO TEIUIOIPOBOIHO-
CTHU, MOTYT (h)OPMHUPOBATH TEILIOBbIE Ae(OpPMaIIUOH-
HBI€ BOJHBI, KOTOPHIE IO CBOMM XapaKTepHCTHUKAM
(m1vHa BOJIHBI, 3aTyXaHUE U JIP.) HEe OyIyT OTJIMYaTh-
csl OT 1epOpMallMOHHBIX “BOJIH”, KOTOPBIE CJIEIYIOT
n3 ypaBHeHuit (1), (2). Hampumep, ecau B ypaBHE-
HUU JJIs1 pacTIipOCTpaHEHUS “BOJIHBI CMEIICHUI”, MH-
JIYLMPOBAaHHONI IEpUOANYCCKIMU BapUallUSIMU TaB-
nenus [Bott, Dean, 1973], pemenue ypaBHeHUs (1)
IMOJIYyYE€HO C UCIOJIb30BaHUEM 3a/1a4 TEIUIOIIPOBO/I-
HOCTU C MEPUOANYECKUMU U3MEHEHUSIMU TeMIlepa-
TYpPHBI, TO 3aMEHSISI IePUOANISCKUIA ICTOYHMK TaBJIe-
HUSI TIEPUOAMYECKUM MCTOUYHUKOM TEPMOYNPYTUX
HaIpsDKeHUI, OyayT MoJy4YeHbl ypaBHEHMST paciipo-
CTpaHEHUSI TEPMOYIIPYTUX CMEIEHUN UAEHTUYHbIE
“mudpdy3nonHoit” moaenu. EcrectBeHHO, YTO aHa-
JIOTUYHBIC YpaBHEHUS IJIsI PaCpOCTPAHEHUSI CMe-
IIEHWI MOXHO ITOJIyYUTb M3 PEIICHHBIX 3a1ad TeO-
PUM TEIIONPOBOTHOCTU JISI CKAYKOB MJIM OOMHOY-
HBIX UMITYJILCOB TeMIlepaTyphl. [ToaToMy ajs Toro,
yTOoOBI HabOmIOmaeMble B pabore [bopHskoB u ap.,
2017] addexTsl 0OfHO3HAYHO CYMTATh MEIJIEHHBIMU
neopMallMOHHBIMUA BOJIHAMU, HEOOXOAMMO TIla-
TEJIbHO MPOBOAUTH CEJICKIINIO JaHHBIX U UCKIIOYaTh
MepUOAUYECKIE 1M UMITYJbCHbBIE TEPMOYNpPYyTHUE Ie-
¢dopmalimm, HarpuMep, UCIOJb3ysl U3BECTHBIE TO/I-
xomsl B pabote [BenZion, Allam, 2013].

st oObeKTMBHOM WMASHTU(hUKAIIMKM BOJHOBBIX
MPOIIECCOB HEOOXOAMMBI CIIeLIaIbHbIE TPEOOBaHMS
KaK K CUCTeME OpraHu3alliy HaOJIOASHUIA, TaK U K
MeTonaM o0pabOTKU 1 aHamM3a JaHHbIX. ClleXXeHure 3a
pPa3BUTUEM MEJICHHBIX Je(OpPMaIlMOHHBIX BOJH BO3-
MOXHO TOJIBKO B TOM CJIydae, KOriga MCIIOJIb3YIOTCS
creuMajJibHble CHUCTeMBl HAOIIONEHUII C IOBBIIIECH-
HOM I'yCTOTOM M OOJBIITUM KOJIUYSCTBOM ITyHKTOB U3~
MepeHuii. ToJIbKO B 3TOM cjlydae BO3MOXHO OTCJIE-
XKUBaHNE OCOOEHHOCTE (hOpMHPOBAHMUSI U MUIpPa-
oy 1eopMalMOHHBIX QPOHTOB.

SAKIIIOYEHHME

HMmeromasics K HacCTosIIeMy BpeMeHU SMIUpuie-
cKast MH(popMalus o IIPOCTPaHCTBEHHO-BPEMEHHOIM
MUTpauuu JaehOopMaMOHHBIX MIPOLECCOB (MeIIeH-
HBIX Je(hOopMallMOHHBIX BOJIH) HE CIOCOOHA OOBSIC-
HUTH BEChb CIEKTP HAOII0AAaeMBIX IBUKCHUM 36 MHOM
MOBEPXHOCTU PAa3IMYHBIX MacIuTaboB. BolbIinH-
CTBO U3BECTHBIX T€OIMHAMMNYECKUX ITPOLIECCOB, TIPO-
HUCXOISIINX 3a IIEPUO MHCTPYMEHTAJIbHBIX HAOJII0IE -
HUIA, CYIIECTBYIOT aBTOHOMHO U HE PaCIIPOCTPAHSIOT
aHOMaJTbHBIE Je(popMai Ha OOJIBIIINE PACCTOSTHMS.
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C apyroii CTOPOHBI, CKJIaIBIBACTCS BIIeYaTICHUE,
YyTO HaOIOHaeMble JeopMallMOHHBIC TIPOLISCCHI SIB-
JISTIOTCSI  UICTOYHUKOM (OPMHUPOBAHUS TIPOCTPaH-
CTBEHHO-BPEMEHHOI MUTPALIUK CMEIeHU (HaTIpsi-
XKeHUl, nedpopmMaliuii), HO TOJBKO B T€X CIydasix, KO-
raa [jist 3TOTO CYIISCTBYIOT OIpeAeICHHbIE YCIOBUSL.
DTH YCIOBUS CBI3aHbI C COUeTAHUEM OTpeaeIeHHBIX
dU3NYECKUX XapaKTePUCTUK Pa3IOMHBIX 30H, KUHE-
MaTHKM CMEIICHU OJI0KOB, TUIUT U T.1. [ToaToMy cy-
IIECTBOBAHUE MeIJIEHHBIX Ae(OpMaAlIMOHHBIX BOJIH
YCIIEIITHO OOHApy>XUBAeTCSI B MOAEISX, HO TPYIHO
UICHTUPULIMPYETCS B IIPUPOIHBIX YCIIOBUSIX.

Kaxk oTMeueHOo BbIllle, 4aCTO UCCIIEN0BATE]IM CaMU
“opMUpyIOT” TIPOCTPAHCTBEHHO-BPEMEHHYIO MU-
rpaluio aHOMaJIbHBIX AedopMannii, Korma uaeHTU-
¢unupyoT ($a3oBble CABUTU BO BpeMEHM 3a(pUKCH-
POBaHHBIX CMeIleHu (Jedopmalinii, HAKJIOHOB)
3eMHOI TTOBEPXHOCTU, 3apEeTUCTPUPOBAHHBIX B pa3-
HECEHHBIX B IIPOCTPAHCTBE ITyHKTaxX HAaOJIOHCHUIA.
DTH aHoMaJIbHbIC Ae(POpPMAIIMU MOTYT IIPONCXOINTH
JIMOO HE3aBUCUMO ApPYT OT Apyra, JIM6o hpopMupo-
BaThCS MUTPALMOHHBIMY MpPOLIECCAMM 3K30TEeHHOI
IpuponIsl (TepMOyIIpyTue aedopMannuy 3eMHOM MO~
BEPXHOCTH).

st manbHeIero pa3BUuTUSI HAaTyPHBIX UCCIEHO0-
BaHMII MEIJICHHBIX Ie(POpPMAIlMOHHBLIX BOJH, IIO
MHEHUIO aBTOpa, HeOOXOAMMO UCIIOJb30BaTh B Kaue-
CTBE U3MEPUTEIbHBIX CUCTEM Ha3eMHBIC IeoIe3ude-
CKre HAOJIONEHUS C MOBBIIICHHON ITPOCTPAHCTBEH-
HO-BPEMEHHOI AeTaIbHOCThIO, OOJIBIIIOE KOJTNYECTBO
HAKJIOHOMEPHBIX 1 Ae(hOpMOMETPUYECKIX ODCepBa-
TOPUIL C HENPEPHLIBHOM perucrpalyeit, a Takxke Ty-
CThle ceTy nepMaHeHTHbIX MyHKTOB ' HCC Habmone-
HUIi B MaciTadbe BpeMeHU OJIM3KOM K pPeaJlbHOMY C
00513aTeIbHOM METPOJIOTUYECKOM CEeNeKIINMU H3Me-
puUTeJIbHOM MHMOpMaII1, KaK 9TO IPUHSITO B 00cep-
BaTOPCKMX CUCTEMAaX HeNPePhIBHBIX HAOIIOACHUIA.

[MpuHIMTIHATBEHO BaXKHO COOJIIONATH TPEOOBAHUS
K PAcCCTOSTHUIO MEXIy MYHKTaMU U3MEpeHUil. DTu
pacCTOSIHUSI JOJKHBI C OAHON CTOPOHBI, COOTBET-
CTBOBATh IUTMHAM Ie(hOpMaIlMOHHBIX BOJIH, a C Ipy-
roi, obecrieynBaTh BO3MOXKHOCTD JETAJILHOM (pUKCca-
11U popmbl BoJIHOBOTO (ppoHTa. [TpocTpaHCcTBEHHBI
pa3Mep U3MEepUTETbHBIX CeTell MODKEeH 00eCTieYnBaTh
pPErMCTpaInio HECKOJIBKUX JUTMH BOJIH JUISI TOTO, YTO-
Obl OLICHUWBATh 3aTyXaHue AehOpMallMOHHBIX BOJIH.
TonbKO B 3TOM clTydae BO3MOXKXHO IPOBECTH CeJIeK-
IIUI0 TIPOCTPAHCTBEHHO-BPEMEHHOM MUTpAILIUU Jie-
¢dopMalIMOHHBIX TIpolieccoB “nuddy3uoHHOI”, co-
JINTOHHOM M aBTOBOJIHOBOM MPUPOIIBL.

Kpome 3TOTO, BaxkHOM ITPOOIEMOI CTAaHOBUTCS
dopMUpoBaHUE eAUHON TEPMUHOJIOTMUYECKON OCHO-
BBI, KOTOpasi IOJDKHA 0a3MpoBaThcsl Ha (pyHIaMeH-
TaJIbHbIX NPUHLUIAX COBPEMEHHOM HEJMHENHHOoMN
¢GU3UKNU KOHJIEHCHUPOBAHHOTO COCTOSIHUSI U TEOPUU
caMOOpraHMU3allii OTKPBITHIX OUHAMUYECKUX CHU-
CTEM.
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Recent Geodynamics and Slow Deformation Waves

Yu. O. Kuzmin*
Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, 123242 Russia
*e-mail: kuzmin@ifz.ru

Topical problems of the formation of slow deformation waves and their connection with recent geodynamic
(deformational) processes are discussed. It is shown that the term “diffusion of stresses (displacements,
strains)” is ill defined from the standpoint of physics of transfer phenomena because in the case of diffusion,
mass transfer takes place, whereas the wave processes transfer energy. It is noted that the existing models de-
scribing the “diffusion of stresses” are solved based on the mathematical formalism of heat conduction theory
which relies on the phenomenon of energy transfer. It is demonstrated that applying the term “wave” to the
“stress diffusion” processes is untenable because in the classical sense, wave processes describe undamped
(sustained, continuous) oscillations propagating in a homogeneous medium at constant velocity. The pro-
cesses describing the “diffusion of stresses” form strongly damped oscillations whose propagation velocity
substantially decreases with time. As a mechanism corresponding to the wave canonical concepts, a model of
autowave deformation processes is proposed that implement the relay-race transfer and successive re-initia-
tion of deformation activity from a fault to a fault or from one activated segment of a fault to another segment.
Problematic issues of identifying the slow deformation waves are discussed, and the recommendations are
proposed for constructing a network of observation points for the in situ measurements of spatiotemporal mi-
gration of the Earth’s surface deformations. It is substantiated that the existence of slow deformation waves
does not explain the entire observed spatiotemporal spectrum of recent movements of the Earth’s surface.

Keywords: slow deformation waves, stress diffusion, autowave processes, interfault waves, open dynamic systems
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