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Annomayus:

Camoopeanuzayus e a6711emcs YHUGEPCATbHbIM CE01l-
CmMEoM Mamepuuy, oHa Cywjecmeyem npu onpeoeseH-
HbIX GHYMPEHHUX U BHEUHUX YCAOBUSAX, U DMO He C65-
3aH0 ¢ 0cobbiM Kaaccom gewecms. Hzyuenue mopgo-
02Uy U OUHAMUKU MUSPAYUY AHOMATbHBIX 30H, C65l-
3AHHBIX C NOBBIULEHHBIMU HANPSICEHUAMU, UMEEN 0CO-
6oe 3nauenue npu ompabomke 21y60K03aANE2AIOUUX
MecmopodicOenull, OCI0IACHEHHOU OUHAMUYECKUMU 18-
JeHUAMU 8 Gude 20pHbIX yYOapos. Baoicuvim uncmpy-
MeHmoM OJ1A IMO20 U3VUeHUs AGNAIMCA 2eopusute-
cKue uccredosanus. s ONUCAHUSL 2e0N0SUYeCKOll
cpeodbl 8 8Ude MACCUBA 20PHLIX NOPOO C €20 ecme-
CMBEHHOU U MEXHO2EHHOU HeOOHOPOOHOCMbIO Clle-
dyem nonv3oeamvcs ee Oojiee A0eK8AMHbIM ONUCA-
Huem, uem SGIAEMcsi OUCKDEMHAs MOOenb cpedbl 8
8uUOe KYCOUHO-HeOOHOPOOHOU OJIOKOBOI cpedbl C GI10-
JICEHHBIMU HEOOHOPOOHOCHIAMU MEHbULE20 paHed, YeM
pasmep 0O10Ka. Oma 6lOHCEHHOCMb MOKHcem Oblmb
NPOCNeANCEHA HECKOILKO Pa3, m.e., USMEHUE MACumad
UCCNEO0BAHUsL, MbL GUOUM, UYMO HEOOHOPOOHOCHU
Menbuie2o pamea GelCMynarom menepb 6 euoe 0J10K08
0151 HeOOHOPOOHOCmell criedyroueco panea. Ilpocmoe
YcpeoHeHue usmMepsaemMvblx 2eo@usuueckux napamem-
PO MOdICEM NPUBOOUMb K UCKANCCHHBIM Npedcmasie-
HUsIM 0 cmpyKmype cpeoul u ee 36omoyuu. Hamu npo-
6eden anauz Mopgonocuu CIMpyKmypHuix 0co6eHHo-
cmetl 30H Oe3unmezpayuu neped CUIbHbIM OUHAMUYe-
ckum sgnenuem. Beedenue 6 cucmemy ompabomxu
npeonazaemoz0 KOMNIEKCHO20 NACCUBHO20 U AKMUG-
HO20 2e0qhu3ULecKo20 MOHUMOPUHSA, HAYETEHHO20 HA
u3yueHue nepexooHvblX Npoyeccos nepepacnpeoeneHus
HANPAANCEHHO-0eDOPMUPOBAHHOO U (PA30B020 COCTO-
AHUL, MOdicem CnocoOCMB08aAMsb NPeOomEPaUeHUIO
Kamacmpoguueckux OUHAMUYECKUX NPOAGIEHUL Npu
ompabomke 21y60K03a1e2AOUUX  MeCHOPOHCOCHU.
Memoovl akmueno2o 2eopuzuueckoeo MOHUMOpUHaa
00121CHYBL ObIMb HACMPOEHBL HA MOOEb UePAPXULECKOT
HeOOHOPOOHOU cpedvl. Tlocmpoensvt umepayuonmvie
aneopummul 2-D modenuposanus u unmepnpemayuu
0151 Qudparyuu 38yKa U TUHeHO NOJSAPU308AHHOL HO-
nepeuHoll ynpy2oil 60IHbl HA GKIIOYEHUU C Uepapxutie-
CKOU ynpy2o0tl CMpPYKMypou, pacnoro#CeHHol 6 J-om
cnoe N-crotinotl ynpyeaoti cpedwsl. Paccmomper ciyuail,
K020a NIOMHOCMb GKIIOUEHUSL KANCO020 PAHed CO8NaA-
daem ¢ NIOMHOCMbIO 6MeWaowezo Cios, a ynpyaue

Abstract:

Self-organization is not a universal property of matter,

it exists under certain internal and external conditions
and this is not associated with a special class of sub-

stances. The study of the morphology and dynamics of
migration of abnormal zones associated with increased
stresses is of particular importance in the development
of deep-seated deposits, complicated by dynamic phe-

nomena in the form of rock bumps. An important tool
for this study is geophysical exploration. To describe
the geological medium in the form of rock mass with its
natural and technogenic heterogeneity requires to use
its more adequate description than a discrete model of
the medium in the form of a piecewise heterogeneous
block medium with embedded heterogeneities of a

lower grade than the size of the block. This inclusion

can be traced several times, i.e. changing the scale of
the study, we see that heterogeneities of a lower grade
now appear in the form of blocks for heterogeneities of
the next grade. Simple averaging of the measured geo-
physical parameters can lead to misconceptions about
the structure of the medium and its evolution. We have
analyzed the morphology of structural features of dis-

integration zones before the strong dynamic phenome-

non. Introduction into the development system of the
proposed complex passive and active geophysical mon-

itoring aimed at studying the transient processes of re-
distribution of stress-deformed and phase states can

help to prevent catastrophic dynamic phenomena in the
development of deep-seated deposits. Active geophysi-
cal monitoring methods should be tuned to a hierar-

chical heterogeneous medium model. The authors have
built the iteration algorithms of 2-D modeling and in-
terpretation for sound diffraction and linearly polar-

ized transverse elastic wave on the inclusion with hier-
archical elastic structure located in the J-th layer of N-
layer elastic medium. The paper considers the case
when the inclusion density of each grade coincides with

the density of the host layer, and the elastic parameters
of the inclusion of each grade differ from the elastic
parameters of the host layer.
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napamempbol 6KJ1I04eHUs Kasc002o paHea omaudaromcsi
om ynpyeux napamempoe emeuiaroueco CloA.

Knrouegvie crosa: 30HbI NOGIUEHHBIX HANPANCEHUT, Key words: high stress zones, electromagnetic induc-
INEKMPOMASHUMHbLE UHOYKYUOHHbIE UCCAe008AHUS, tion studies, acoustic studies, hierarchical inclusions,
aKycmuyeckue uccied08anus, uepapxuieckue eKaoye- layered-block medium, modeling and interpretation al-
HUsl, CIOUCMO-01I0K08as cpedd, AneOpummbl MoOeu- gorithms, evaluation of rock mass instability

poeanusl U unmepnpemayuu, oyenKka Heycmoﬁlmeocmu
maccuea

Beeoenue

dopmupoBaHue CTPYKTYp IpU HEOOPATUMBIX MPOLIECCaX CBA3aHO C KAUeCTBEHHBIM CKay-
KOM MPHU JTOCTUKEHUHU MOPOTOBBIX (KPUTHUECKUX ) MapaMeTpoB. CaMoOopraHu3alius eCTh CBepX-
KPUTHYECKOE SIBJICHHUE, KOT'/1a IapaMeTPbl CUCTEMBI ITPEBOCXOAT CBOU KPUTHUECKUE 3HAUCHUSI.
Korna cucrema OTKJIOHSAETCS CUIIBHO OT COCTOSIHUSI PABHOBECHS, €€ IEPEMEHHBIE yIOBJIETBO-
PAIOT HEJTMHEHHBIM ypaBHeHUAM. HemnHetHOCTh ecTh BaykHas U 00111asi yepTa MpoIecCcoB, Po-
TEKAIOIUX BJAIN OT paBHOBecus. [Ipu 3TOM cBepXKpUTHUYECKasl OTAa4ya SHTPOIUH BO3MOKHA
JIUIIb MTPU HAJTUYUU HEOOBIYHOU, 0COO0N BHYTPEHHEH CTPYKTYphI cucTeMsl [ 1]. OTo o3Havaer,
YTO CaMOOpraHM3alUsl He SBJISETCS YHUBEPCAJIbHBIM CBOMCTBOM MAaTEpHM, OHA CYIIECTBYET
IIPU OTIPEACNICHHBIX BHYTPEHHUX M BHEIIHUX YCJIOBUAX U 3TO HE CBA3AHO C OCOOBIM KIIACCOM
BenlecTB. MTak, ecTh /1Ba Kjlacca HEOOPAaTUMBIX IIPOLIECCOB:

1) pa3pyuienre CTpyKTypbl BOJIH3U MOJIOKEHUSI PAaBHOBECHS, 3TO €CTh YHUBEPCAIHHOE
CBOMCTBO CHUCTEM TP MPOU3BOJIBHBIX YCIOBUSX;

2) BO3HUKHOBEHHE CTPYKTYpP BJAIH OT MOJOKEHUS PaBHOBECHS IIPU YCIOBHIX, YTO CH-
cTeMa OTKphITa U 00J1a/1aeT HEJIMHEHHOW BHYTPEHHEW JTUHAMUKOM, a €€ BHEIIHUE TTapaMeTphl
UMEIOT CBepXKpuTudeckue 3HayeHus. M. IIpuroxun ux Ha3Bajg JUCCUIIATUBHBIMU CTPYKTY-
pamu [2]. M3yuenue MopQosoTuu U AMHAMUKA MUTPALIMH STUX 30H UMEET 0CO00€ 3HAUCHHE
npu oTpaboTKe I1yO0K03aJIeralluX MECTOPOKACHUM, OCIIO)KHEHHON JUHAMHUYECKUMH SIBJIE-
HUSMH B BUJIE TOPHBIX y/IapoB. BaXHBIM MHCTPYMEHTOM JIJIsl 3TOTO U3YUECHUS SBIISIIOTCS T€O0-
dbuznueckue uccneaopanus. Kak mokasano B [3], 1715 ONMCaHUS T€OJIOTMUYECKOM Cpe/ibl B BUIE
MaccHBa FOPHBIX MTOPOJ C €r0 €CTECTBEHHOM M TEXHOT€HHOM HEOTHOPOAHOCTBIO CIEAYET M0JIb-
30BaThcs ee Oosiee aeKBaTHBIM ONKMCAHUEM, YeM SIBIISICTCS IUCKPETHAs MOJIEb Cpeibl B BUJIE
KYCOYHO-HEO/IHOPOJAHON OJIOKOBOW Cpelbl € BIOXKEHHBIMH HEOJHOPOJHOCTSIMH MEHBIIETO
paHra, ueM pasmep O1oka. ITa BIOKEHHOCTh MOXKET OBbITh MPOCIeKeHa HECKOIBKO pa3, T.€.,
W3MEHUB MAacIITad UCCIIeA0OBaHUS, MBI BUIUM, YTO HEOJHOPOAHOCTH MEHBIIIETO PAHTa BBHICTY-
HaroT Terneph B BUjIe OJI0KOB [T HEOAHOPOAHOCTEH cienyromero panra. IIpocroe ycpenHenue
HU3MEPSIEMBIX T€OPU3NUECKUX MTApaMETPOB MOKET TPUBOJIUTH K UCKAKEHHBIM MIPEICTABIICHUSIM
0 CTPYKTYp€ Cpebl U €€ 3BOIoUuH [3].

OnHoit U3 GpyHIaMEHTABHBIX MPOOJIEM TOPHOTO Jiea, TPAAUIIMOHHO OTHOCSAIIUXCS K
npo0biieMaM TeOMEXaHUKH, SBISETCS pa3padoTKa TEOPETUYECKUX U IKCHEPUMEHTANIbHBIX Me-
TOJIOB U3YUYEHHUsI CTPOCHHSI U COCTOSIHUSI MAaCCUBOB FOPHBIX MTOPOJI C 1I€JIbI0 IPOTHO3a U PEJOT-
BpallleHus1 KaTacTpo(UIeCKUX SBICHUHN MpU 0TpabOTKE MECTOPOXKACHUN. JTa mpobiema yc-
JIO’KHSIETCS] TEM, YTO MAaCCUB TOPHBIX MTOPOJ] HAXOIUTCS MO/ MPSMBIM UM KOCBEHHBIM TEXHO-
TE€HHBIM BO3/IECTBUEM, YTO MPUBOJIUT K CYILIECTBEHHON HECTAIMOHAPHOCTHU KaK CTPOEHHUS, TAK
u coctosiHus MaccuBa [4]. [Ipu BeaeHHM TOpHBIX pabOT B BHICOKOHAMPSIKEHHBIX MAacCHBaX
CKaJIbHBIX MOPOJ MPOSBISETCS TEXHOTCHHASI CEHCMUYHOCTb, BOTIPOCAM MIPOTHO3a U Mpoduiak-
TUKHU KOTOPOM yZAENseTCs MHOTO BHUMAHHUS BO BCEX CTpaHaX C Pa3BUTON rOpHOA00bIBAIOIIEH
MIPOMBILUIEHHOCThIO. BaxkHast poiib 3/1€Ch MPUHAMIICKUT KPATKOCPOUYHOMY MPOTHO3Y, METO-
JTUKa BBIZICJIEHUSI KPUTEPHUEB JJISl HETO BCE ellle ABJIAETCS MPoOIeMOi KaK B TOPHOM Jelie, TaK
u B ceiicmonoruu [5]. B pamkax mkomnst UI'JI CO PAH gocTurayTsl BaKHbIE PE3yabTaThl 110
M3YYEHUIO COCTOSIHHSI MAacCHMBa TOPHBIX MOPOJ B paMKax HEIMHEHHOW TeoMeXaHuKH [6] ¢ uc-
MOJIb30BaHNUEM T'e0(U3NYECKUX METOA0B, 00IaJal0IINX Pa3peIlaronield ClioCOOHOCThIO BBISIB-
JICHUS 3apOKICHUS U paciiajia CaMOOPTaHU3YIOMIUXCS CTPYKTYD [7].
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Teopus, memoObl uccied08anusl.

B pabore [7] mpoBeneHbI HccIeI0BaHus, HAIISICHHBIE Ha pa3pabOTKy KPUTEPUEB MPO-
CTPaHCTBEHHO-BPEMEHHOT0 KOMIUIEKCHOI'O aKTUBHOTO M MACCUBHOTO CEHCMMUYECKOTO U 3JIEK-
TPOMarHUTHOT'O MOHUTOPHUHTA JIJISl IPEIOTBPALLECHUS Pa3pYIIUTEIbHBIX TUHAMUYECKHX SIBJIC-
HUII HAa OCHOBE NIECTUJICTHUX JaHHBIX CEMCMOJIOTHYECKOTO MOHHUTOpHHIA, MPOBOANMOIO
city»0011 TOPHBIX yapoB Ha TamITarol5CKOM MOA3EMHOM PYAHHUKE, U ITOJIYYEHHOTO OIbITA UC-
nosib3oBaHus paspaborannoit B UI'd YpO PAH cucrembl MHAYKIHOHHOTO 3J1€KTPOMArHuT-
HOTr'0 NPOCTPaHCTBCHHO-BPEMCHHOI'O MOHUTOPHHTA HA MAaCCUBAX PA3JIMYHOI'O BCUIICCTBCHHOI'O
COCTaBa JI0 U I0CJIE MACCOBBIX B3PHIBOB.
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Puc. 1 — I'eoanekrpudeckuii paspes mo rnpoduiio opt 4, rop. -210,
CeBepo-3amnaJHbIi y9acToK. a — 6 aBrycra, 6 — 8§ aBrycra 2007 r., vactota 10,15 xI'm1.

Yenosubie 06o3Hauenms: M (’) =MoxLox10?, rie Mo— K03 ()HUIKENT, HA KOTOPHIH JOMHOXKAETCS MOMEHT

JNEKTPUYECKON TOKOBOU JIMHUH, IKBUBAJIICHTHOM ITO MOJIFO BIMSHUIO 30HBI T€03JICKTPUIECKOH HEOTHOPOIHOCTH,
KOTOPBIH MPOTOPIHOHATIEH OTHOILICHUIO PA3HOCTH ITPOBOAMMOCTEN BO BMEIIAIOIIEH Cpejie U BO BKIIOYSHUH K
MIPOBOIMMOCTH BO BMeIaroleil cpeze; Lo — AJIrHA TOKOBOM JIMHUH, COIIPOTHBIICHNE BMEILAIONIEr0 pa3pesa
npuBeaeHo B Om.M. [To BepTHKamy npuBeACHBI 3HAYCHHUS B M (A0COTIOTHBIX OTMETKaX ), TI0 TOPU3OHTAIH —
JUTMHA BBIPaOOTKH B MHUKeTax (TK) U METpax
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Puc. 2 — I'eoanekrpudeckuii pazpe3 mo npoduiaio opt 3, rop. -210,
Cesepo-3anaaHelid ygacTok, 7 aBrycra 2007 r., yacrora 5,08 kl'm.
YcnoBHBIE 0003HaUCHHS TE JKe, 9YTO Ha puc. 1

Hamu npoBenien ananu3 Mop¢oJIOoTHH CTPYKTYPHBIX 0COOEHHOCTEH 30H Je3MHTETPALlH
nepes CUIbHBIM IMHAMUYECKUM siBieHUEM. [Ipu mpoBeieHNN 04epeTHOTO IIUKJIIA 3JIEKTpoMar-
HUTHBIX HaOroeHnid Ha TamraroiasckoMm pynauke B aBrycte 2007 r. 9 aBrycra mpou3ories
TOPHBIN ynap ¢ sHeprueit IgE=6,9 B 11en1Kke, pacnoiIoKEeHHOM B CTBOpe opTa 3 Ha ypoBHE 16
M HUXe TTouBbI Topu3oHnTa -280 ( puc. 1 a, 6; puc. 2).

3a Tpoe CyTOK JI0 TOpPHOT0 yJapa B opTax 3, 4 (cM. puc. 1, 2) B reoasiIeKTpHUecKux paspe-
3ax MOYBBI OOHAPYKUBAIOTCA CyOBEPTUKAIBHBIE TUCKPETHBIE CTPYKTYPHI, B KOTOPBIE 00bEIH-
HUJICH 30HBI IE3UHTETPAllUU. DTH CTPYKTYPbI IPOSIBUIIMCH B PE30HAHCHOM PEXXHMME Ha Pa3HbIX
4acTOTaxX U TOJbKO Ha OJTHOM 4acTOTE JUIsl KaXKJI0TO U3 OPTOB. DTO K€ SBJIEHUE Mbl OOHAPYKHU-
BaJIM paHee 3a OOHM CyTKH Ha maxrte EctionnHckas u CYbPe maxra 15 [8]. IlosBnenue atux
CTPYKTYp CYOBEpTHKAIBHOW MOP(OIOTHH — MPEABECTHUK CUILHOTO TUHAMUYECKOTO SBIICHHS,
OJIHAKO JIJIsl OTIPE/ICIEHUsI MECTa U MarHUTY/bl COOBITUSI HEOOXO0AUMO UMETh HH(OPMALIHIO O
COCTOSTHUM MacCHBOB OPTOB U IIPUHA]IEKHOCTH K COOTBETCTBYIOILIIUM paHram o0 yCcTOMUnBO-
CTH MacCHBa, KaK 3TO OBLIO cliesaHo B padoTte [9].

B Hacrosiiee Bpemsi BocTpeOOBaHbl TEOPETHUECKUE PEe3YNIbTaThl 10 MOJECIUPOBAHUIO
3JIEKTPOMAarHUTHOTO U CEMCMHMYECKOTO TOJIs B CIOMCTON Cpeie ¢ BKIIOUYEHHUSIMH Hepapxuye-
CKOH cTpyKTypbl. ITocTpoeHbI anropuTMbl MOJIETMPOBAHUS B 3JIEKTPOMArHUTHOM Cllydae JUIst
3D HeogHOpPOAHOCTH, B celicMuyeckoM ciydae ais 2D neonnopoanoctu [10 — 11]. Tloka3zano,
YTO C YBEJIMUYEHUEM CTETIEHU HEPAPXUUHOCTU CPEeJibl YBEIMUMUBAETCS CTETIEHb TPOCTPAHCTBEH-
HOW HEJIMHEWHOCTH PacIpElENICHHUs COCTABIIOIINX CEMCMUYECKOTO M 3JIEKTPOMAarHUTHOIO
T0JIs, YTO COOTBETCTBYET IPOBEJCHHBIM JI€TAIbHBIM MOHUTOPUHIOBBIM SKCIIEPUMEHTAM B y1a-
poonacHeIX maxTtax Tamraronsckoro pyanuka u CYBPa. IloctpoenHas Teopust poaeMoH-
CTpUpOBaJia, KaK YCIOXHIETCS MPOLECC KOMIUIEKCUPOBAaHUSI METO0OB, HCIIONb3YIOIIUX dJIeK-
TPOMAarHUTHOE U CECMHUECKOE TOJIE ISl U3YYEHUS OTKIMKA CPEJIbl C UEPApPXUUECKON CTPYK-
Typoi. Ota mpolsiemMa Hepa3pbIBHO CBsA3aHa C POPMYIMPOBKON U PEIICHHEM O0OpaTHOU 3a/1auu
JUIsL pacpOCTPAHEHUS 3JIEKTPOMAarHUTHOIO M CEHCMUYECKOTO TOJIEH B TaKUX CIOKHBIX Cpe-
nax. B paborax [12, 13] paccMoTpeHa mpo0iieMa IMOCTPOSHHS aJITOPUTMa PelieHUsT 00paTHOH
3a[]aud C UCIOJIb30BAHUEM YPaBHEHUS T€OpETHUYECKOW oOpaTHOU 3amaun g 2D ypaBHEHUs
I'enpmrombiia. Beimucanbl sSiBHbIE YpaBHEHHS TEOPETUUYECKON 0OpaTHOM 3a1adyu I CIydacB
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paccestHust 3nexkrpoMarauTHoro nois (E u H nonspuzanun) u paccesHust TMHEWHO NOJSPU30-
BAHHOU yNpyroi BOJHBI B CJIOMCTOM MPOBOJIAIIECH U YIPYTOil Cpeie ¢ HepapXuyecKuM MpoBO-
JAIIMM WM yIIPYTUM BKJIIOUEHUEM, SIBIISIFOIIMECS OCHOBOM OINpEZENEHUsI KOHTYPOB HECOOC-
HBIX BKJIFOUEHMH 1-ro paHra uepapxudeckoil crpykTypbl. O4eBHIHO, UTO IIPHU PELIEHUN 00paT-
HOW 3a/1a41 B Ka4€CTBE NCXOIHBIX JJAHHBIX MOHUTOPUHTA HEOOXO0AUMO HCIIONIb30BATh CHCTEMBI
HaOJII0IEHNUs, HACTPOCHHBIE Ha MCCIIEJOBAaHUE MepapXUUecKol CTPYKTypsl cpensl. C apyroi
CTOPOHBI, UM CIIO’KHEE Cpe/ia, TEM KaXK10€ BOJTHOBOE I0JIE IPUBHOCUT CBOIO HH(OPMAIUIO O
€€ BHYTPEHHEH CTPYKTYpE, I0O3TOMY MHTEPIIPETALNIO CEHCMUYECKOIO U 3IEKTPOMarHuTHOTO
10JIs1 HEOOXOIMMO BECTH pa3/iesbHO, HE CMEIINBAas 3TU 0a3bl TaHHBIX.

Mooenuposanue ougparyuu 36yKa Ha 08YMePHOLL
AHOMANILHO HANPAICEHHOU HEOOHOPOOHOCHU UePAPXUYECKO20 MUNd,
pacnonodcenHol 8 N-cotinoll ynpyeoti cpeoe

B pa6ore [14] onucan anroput™ MoaeIMpoOBaHUs AUPPAKIIUU 3ByKa HAa IBYMEPHOM YIIPY-
rOM HEpPAPXUYECKOM BKJIIOUYECHHUH, PACIIOJIOKEHHOM B J-OM cjo€ N-CIOWHOW Cpexsl.

0
Gy, (M, M") — Qynkuus MCTOUHMKA CEHCMUYECKOIO MOJIs, Kpaesas 3a1aya Juis KOTOPO#H

2 2 y
chopmymuposana B padote [14];k;,; =@ (S, /(A ;) — BoTHOBOE YHCIO IS IPONOTBLHOM
BOJIHBI, B IPUBEJIEHHOM BBIPOKEHUH WUHIIEKC ji 0003HAYAET TPUHAIJIEKHOCTH CBOMCTB CPEJIBI

BHYTPU HEOJHOPOJIHOCTHU, ja — BHE HEOJHOPOAHOCTH, A — MOCTOsIHHAA JIaMd; ¢ — TJIOTHOCTH
Cpeabl, ® — KpyroBas 4acToTa, u= grad () — BEKTOP CMEILECHUN; (pO — IIOTCHIIMAJI HOPMAJIBHOT'O

o o 0 0
CCUCMHUYCCKOTO IIOJIA B CIIOMCTOU CpCAC B OTCYTCTBUC HCOAHOPOIHOCTH: (le. = (Pja . E}’IIGM

CUYUTATh, YTO IJIOTHOCTb UEPAPXUUYECKOTO BKIIFOUCHHUS JIJIsl BCEX PAHTOB / M BMEIIAIOIIETO CII0SI
OJIMHAKOBBI, & YIIPYTUe NapaMeTpbl UEPAPXUUECKOTO BKIIOUYCHHUS JJIs1 BCEX PAHTOB OTINYAIOTCS
OT YNPYTUX NapamMeTpoB BMELIAIONIEH Cpe/lbl, TOTJa cucTeMa ypaBHeHUH (3) mepenumiercs B
CJIEJIyIOIIEM BUJIE:

(ki = ki)
% Sjgl(pl (M)Gg, ;(M, M )dry, + ), (M°)=¢,(M°),M° €S,
3)
Jil (kljll

0_(M—)2nlf§|‘(f?l (M)GSPJ(MM )dt,, +(P11(M) @, (M )M()%SCI

O0o03HaueHus Te Ke, UTO U JIJIsl CUCTEMbI ypaBHeHU (1).

Mooenuposanue ougparyuu ynpyeoi nonepeyHou 0.J1Hbl
HA AHOMANbHO HANPANCEHHOU HeOOHOPOOHOCMU UEPAPXUYECKO20 MUNA,
pacnonoxcenHol 8 N-clotiHoU ynpyeotl cpeode

AHanornyHo (3) BBINMMCHIBAETCA TAKOW e MPOIECC I MOJACIUPOBAHUS PacpoCTpaHe-
HUS YyIPYTOW MONEPEYHOU BOJIHEI B /N-CIIOMHOM Cpelie ¢ ABYMEPHOU UEPAPXUUECKOU CTPYKTY-
poit IPOM3BOJILHON MOP(OJIOTUM CEYEHUST C UCTIOJIb30BAHUEM MHTETPATbHBIX COOTHOIICHUH,
BBHIMICAHHBIX B pabdote [14].

(k3 —ks;) Mo
# .”uxl(M)GSs,j (M’MO)dTM + ;ug(lfl) (MO) +
e W i
(Mg —Hj) oGy
2 I gy (M) —2L de =u (M °),M° € S,,,

Hju2m  a
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k
H f”u (( ]\Zlﬂl)27'czj) Hluxl(M)GSS, SM MOy +ul (MO +
SCl

(,"Lja Mjil)
w(M°)2n

4)
f u, (M ) ’jdc_ u, (M )MOEScza

0 . .
rae GSS, j (M,M") — pynxuus uctoynuka celicMHUECKOTro MO pacCMaTpUBAEMO 3a1auu,
OHa coBmaaaeT ¢ pyHkuuen ['puHa, BeIucanHo# B padoTte [ 15] aiist cOOTBETCTBYIOMIEH 3a1a4H;
5 ﬂl =o' (c /(W) Wy # 1L, — BOJNHOBOE YHCIIO JUTS NIONEPEdHOl BONHBL G ;; =G, ;

W — nocTosinHas JIama; ux— cocTaBisiomas BeKTopa cMenienuii; / = 1...L— HoMmep uepapxuye-

0 . . o
CKOI'O YpPOBHH, ux]— CoCTaBJArOIIasd BEKTOpa CMCIICHHU CCUCMHUYCCKOI'O IIOJA B CIOHUCTOMU

0
cpeie B OTCYTCTBHME HEOJHOPOAHOCTH HPEIbIAYIIEro panra, ecmu /= 2...L Uy = U, ),

0 0
eciu [=1, Uy = U, |, 4TO COBIAZAET C COOTBETCTBYIOLIUM BBIPAXKEHHEM JIJIsl HOPMAJIbHOTO

noJisi B pabore [15]. CnexyeT OTMETHTD, YTO CTPYKTYpa ypaBHEHHUI (4) cOBMagaeT ¢ OOIIMM
clly4aeM, Korja uepapxuyeckas HEOAHOPOJHOCTh UMEET HE TOJIbKO yIpyrue rnapamerpsl, OT-
JIMYHBIE OT IApaMETPOB BMEILAIOIIEH Cpellbl, HO U IUIOTHOCTHBIE IIapaMETPhl HAa BCEX paHrax
OTJIMYAIOTCSI OT IJIOTHOCTHBIX MapaMeTpOB BMeELIAoUIero ciaos. OTiinyue 3Tol 3a7auu 3aKIIo-
4aeTcsl TOJBKO B 3HAYEHUAX BOJIHOBOTO unciia. Takum o6pa3zom, 6osiee UyBCTBUTENIBHBIM K 00-
JIaCTH YNPYTUX HEOAHOPOJHOCTEN B MACCHUBE SIBJISIETCS] OTKIIMK CPEJIbl, CBA3aHHBIN C IPOJ0JIb-
HOW BOJIHOM. DTO CllelyeT yYUTBIBATH IIPU OLIEHKE COCTOSIHMS CIO0XKHO OPraHU30BAHHOM Ieo-
JIOTUYECKON CpPEIbI.

B pabote [13] paccmoTpeHa nmpobiema NOCTPOCHUS aJlrOpUTMa pelIeHus: o0paTHoOi 3a-
Jlaud C WCIIOJIb30BaHUEM YpPaBHEHHUS TEOPETHUECKOW oOpaTHOW 3amaun s 2-D ypaBHEeHUs
['enpmrombua. [lomyyeHo siBHOE ypaBHEHHME TEOpETHUYECKON OOpaTHOW 3ajauu I CIIydaeB
paccesHus JIMHEWHO NOJIIPU30BAHHON YIIPYTOW BOJIHBI B CJIOMCTON YIIPYI'OM CpPEZE ¢ UepapXu-
YECKUM YIPYT'HM BKJIFOUEHUEM, IIJIOTHOCTH KOTOPOTO I BCEX PAHTOB PAaBHA INIOTHOCTH BMe-
niaromiero ciosi. [locTpoeH UTepallMoOHHBIN aIrOPUTM OIpENEIeHHs] KOHTYPOB HECOOCHBIX
BKJIIOYEHUH A-TO paHra B MepapXHUeCKOW CTPYKType € MOCIIeA0BaTeIbHBIM HCIIOJIb30BaHHEM
pelieHns npsMOil 3ajjaur BBIYMCIEHUS ynpyroro nois k-1 panra. C yBelMU€HUEM CTENEHU
UEPAPXUUHOCTH CTPYKTYpPBI CPEIbl YBEIUUYHUBAETCSA CTENEHb MIPOCTPAHCTBEHHON HEIMHENHO-
CTH pacIpeieJIeHHs COCTABISIOLINX CEHCMUYECKOTO OIS, UTO MpeIoiaraeT UCKII0UEeHHE Me-
TOJIOB JINHEApU3alluy 337a4l IPU CO3JaHUU METOJI0B MHTEpIIpeTaluy. JTa npodieMa Hepas-
PBIBHO CBsI3aHa C pellieHneM oOpaTHOM 3a/1auu JUid paclpOCTPaHEHUsI CEHCMUYECKOTO MOJIs B
TaKUX CJIIOKHBIX CpellaX C UCIOJIb30BaHUEM SIBHBIX YpaBHEHMH TEOPETHUECKOW oOpaTHOM 3a-
naud. BriepBbie BBIMMCAHO ypaBHEHUE IS ONIPEIEIeHHs TOBEPXHOCTH aHOMAJIbHO HAIIPSKEH-
HOTO BKJIFOYEHHUS B UEPAPXUUECKOM CIOUCTO-0JI0KOBOM Cpe/ie Mo JaHHBIM aKyCTHYECKOro MO-
HUTOpUHTa. Ha mpakTuKe ¢ NCIOIb30BaHUEM 3TOT0 AITOPUTMa MBI MOKEM I10 IAaHHBIM aKyCTH-
4eCKOr0 MOHUTOPHHTIA JIOKAJIN30BaTh 00JIaCTh BO3MOXKHOT'O O04yara TOpHOro yzaapa JInbo roro-
BAILETOCS 3€MJIETPSICEHUS M OLIEHUTh CTETIEHb aHOMAJIbHBIX YIPYIMX HapPSKEHUH.

Obcyrcoenue pe3yrbmamos u 3aKnodenue

Comnocrasnsis Beipaskenus (1) u (2), (3) u (4), MBI MOXKEM CIENaTh CIEAYIOIIUE BHIBOJIBI.
[Tpu mocTpoeHHH KOMILJIEKCHOW CeHCMO-IpaBUTALlMOHHON MoJienu 0e3 ydyeTa aHOMallbHOTO
BIIUSHUS HAMPSHKEHHO-1e(DOPMHPOBAHHOTO COCTOSHUSI BHYTPH BKJIFOUEHHUS aHAIU3 aHOMAllb-
HOTO aKyCTH4ecKOTo d(h(dekra ¢ NCIOIh30BaHNEM JITAaHHBIX O PACIPOCTPAHEHHUU TPOIOJIEHON
BOJIHBI TIOKA3bIBAET, YTO OH SIBIISIETCS 0OJIee UyBCTBUTENBHBIM €IIe U K (hOpMe BKIIFOUEHUS 110
CPaBHEHHUIO C aKyCTHYECKUM 3(PPEKTOM O pacrpoCTpaHSHUH ToTnepeyHoi BoIHbL. OMHAKO U3
ATHUX BBIPAKEHUH CIIEAYET, UTO BIMSHUEM BO BMEIIAIOIIEH cpesie yIIPYruX MapaMeTpoB B Ceii-
CMHYECKOW MOJIETIN TIpeHeOperaTh Hellb3s, T. K. OHH BJIHSIOT IIPH HHTEPIPETAINN HA 3HAYCHUS
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MCKOMBIX aHOMAJIbHBIX IJIOTHOCTEH. Eciu 3TH 3Ha4eHMsI UCTI0Ib30BaTh ITPU IOCTPOEHUH IIJI0T-
HOCTHOH T'paBUTAIIMOHHOM MOJENH, TO 3TU 3HAYEHHs IUIOTHOCTH HEe OyAyT OoTpakaTh Belle-
CTBEHHBII COCTAB aHAIM3UPYEMOH cpelbl. [Ipy nocTpoeHnn aHOMaJIBHO HAIIPSKEHHOM reome-
XaHUYeCKOM Mmozenu Oe3 ydeTa aHOMAbHOTO BIIMSHUSA IUIOTHOCTHBIX HEOAHOPOJHOCTEH
BHYTPH BKJIIOUEHHS aHAJIN3 aHOMAJIBHOTO aKyCTHYECKOT0 3P eKTa ¢ HCIOIb30BaHUEM JAaHHBIX
0 pacHpoCTpaHEHUU MOIEPEYHOM BOIHBI MOKA3bIBAET, YTO OH SIBIIsIETCS O0Jiee YyBCTBUTEIb-
HBIM eIlle ¥ K opMe BKIIIOUEHUS 110 CPAaBHEHHIO C aKyCTUYECKUM PPEKTOM O pacrpocTpaHe-
HUU TPOJOJIbHON BOJIHBI. OJIHAKO U3 3TUX BBIPAXKEHUH CIIEAYET, YTO BIMSHUEM BO BMEILAO-
el cpeae TNIOTHOCTHBIX MapaMeTPOB B CEMCMUYECKON MOJIENN peHedperaTh Hellb3s, U OHU
BJIMSIOT NIPY MHTEPIIPETALIMM Ha 3HAYEHUS] HCKOMBIX aHOMAJIbHBIX YIPYIMX [apaMeTpOB, Bbl-
3BIBAIOIINX aHOMAJIbHOE HAIIPSYKEHHOE COCTOsIHME. ECin 3TH 3HaYeHus UCII0NIb30BaTh IIPH I10-
CTPOCHUHU T€OMEXAaHMUECKOW MOJIEIH, TO 3TU 3HAYCHHUS YIPYTUX MMapaMeTpoB HE OyAyT OTpa-
JKaTh HaIIPSHKEHHOE COCTOSIHUE aHaIM3upyeMoil cpenbl. 1loka3aHo, 4yTo ¢ yBenuyeHueM cre-
IIEHU UEPAPXUYHOCTHU CPEbl YBEINYUBAETCS CTEIIEHb IPOCTPAHCTBEHHOM HEJIMHEMHOCTH pac-
MIPEEIICHUs COCTABIIAIOIINX CEMCMUYECKOT0 U AJIEKTPOMATrHUTHOTI'O MOJISI, YTO COOTBETCTBYET
IIPOBEJCHHBIM JI€TaIbHBIM MOHUTOPUHIOBBIM SKCIIEPUMEHTAaM B y/1apOONacHbIX maxrax Ta-
mraroiabckoro pyaHuka u CYbPa. [ToctpoenHas Teopust IpoieMOHCTPUPOBAJIA, KAK YCIIOXKHS-
€TCsl POLECC KOMITJIEKCUPOBAHUS METO/I0B, UCIOIb3YIOIIKX 3JIEKTPOMArHUTHOE U celicMuue-
CKOE€ T0JIC 1711 U3yYEHUS OTKIIMKA CPE/Ibl C MEPAPXUUECKOM CTPYKTYpoil. DTa mpobiema Hepas-
PBIBHO CBsi3aHa ¢ (hOPMYIMPOBKOI U peleHneM 00paTHOM 3a1a4uu AJ1sl pacTipOCTPaHEHHS DIIEK-
TPOMArHUTHOTO ¥ CEMCMHYECKOTO IOJICH B TaKUX CIOXKHBIX cpefax. B padore [12] paccMoT-
peHa mpobiiemMa MoCTPOSHUS AITOPUTMA PEIIeHUsT 00paTHON 3a7auyl C UCIOJIB30BAHUEM ypaB-
HEHUS TeopeTH4ecKkor oOpaTHoi 3aauun it 2D ypaBHenus ['enbmromnbia. C mOMOIIBIO T€O-
puu peuieHus: 00paTHOM 3a1a4i MOXKHO IPOCIEINTh MUTPALIMIO 30H aHOMAJIbHBIX HAaIpsikKe-
HUU, UX YBEIMYECHHUE UM YMEHBIICHHUE 3@ CUET UUKINYECKUX B3PbIBHBIX BO3JACHCTBUI IIPH OT-
paboTKe MaccuBa, a TAaKXKe OLIEHUTh BO3MOXKHBIN PUCK BHICOKOIHEPIreTUUECKUX IMHAMUYECKUX
SBJICHUI B MacCHUBE.
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