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MNPEAUC/IOBHE

OagHUM U3 MarucTpasbHbiX HanpaBleHUWH pa3sBuTH Hayk o 3emje B nociaeadue 30
JIET CTan0 BCECTOPOHHEE Uccae0BaH e OJI0KOBOH CTPYKTYPbl 3eMHOH KOpbl. XOTs OJ10KH
U MEXKOJIOKOBBIE MPaHULbl MHOTHE AECATUJIETUS M3YUAIOTCs YYEHLIMH Me0JIOMHUYECKHUX
CNeLUranbHOCTEH, «3pa 0JI0UHOCTHY» B reo(pru3uKe, TEKTOHOPU3UKE, FEOMEXaHUKE, celic-
MOJIOTUM Havaachk rnocjie ocHoBonofararowmx nybnukauuii akagemuka M.A.Caagosckoro
W ero nocnenosaresnei. 3Tu paboTsl obecneunny NoHUMaHHe TOro, YTO UMEHHO TUCKpeT-
HOCTb 3€MHOH KOPbI ONpeAensieT 3aKOHOMEPHOCTH 3apOXKAECHUA W 3BOIOUHK MHOIHUX
(u3nyeckux gsneHuil. B pesysbrare 0J0KOBbIN NOAX0A CTal KAHOUYEBbLIM NPaKTUYECKH
BO BCEX 00J1aCTAX UCCIEN0BaHUs TBEpAO 3eMIlu,

[TockosibKy «monatiuBOCTb» U NPOHULIAEMOCTb YUacTKOB, pa3ae/istomux OJoKH,
00bI4HO 3HAUMUTEILHO Bbille, Yem Y Matepuaa 0JoKoB, To HanboJiee akTUBHO U 1edop-
MaLMOHHBIE MPOLECChl, U MPOLIECCHI MAcCONepeHoca, o0ecneyrBatoLNe KU3Hb 3eMI,
NPOUCXOAAT UMEHHO B OKPECTHOCTU MEKOIOKOBbIX rpaHuu. [|BuxeHHe OJI0KOB BbI3BAHO,
MaBHbIM 00pa3oM, cujlaMu WHEPUHKU W rpaBUTALMK, TaK YTO CUJIbI, Ae(MOPMUPYIOLLIHE
HapyuweHus CNJOLHOCTH, HeoNnpeaeneHHbl U ABJIAIOTCS peakuuell cpeibl Ha ABHKEHHe.
[Tpu 2TOM O/1OKOBasi CTPYKTYypa MaccuBa FopHbIX NMOPOJ HE €CTb OKOHUATENbHBIN pe-
3yNbTaT paspyileHus TBEPAOro BELIECTBa, HO MOCTOsHHO 00HOBsIeMas cucTtema. B npo-
necce aeopMUpoBaHus KOpbl HEKOTOPbIe OJOKK KOHCOMHIUPYIOTCS B KOHITIOMEpaThl,
(hopMHUPYs HOBbIE NMOJACUCTEMBI, @ MEKONOKOBBIE MPaHUllbl «3aneuuBatoTes». Hanpotus,
CYLIECTBYIOLIME KOHITIOMEpaThl OJIOKOB MOIYT pacnajarbcsi Ha cocTaBHbie HacTu. [pu
3TOM (POPMHUPYIOTCS HOBbIE «aKTHBHbIE» MEKONOKOBBIE 30HbI. Ha pasHbIX nepapXHueckux
YPOBHAX NOAOOHBIC MPOLIECCHI MPOTEKAKT ¢ Paz/IMUHON CKOPOCTBIO U MO BO3ACHCTBH-
eM pasHbiX (PaKTOpPOB, yepnas 3HEpPruro, Kak 13 Heap 3emiu, Tak U U3 KOCMUYECKOIo
npocrpaHcTBa. Takue npoueccebl, Kak COJHEHHbIE U JIYHHbIE NPUIKBBI, HUKIOHHUYECKas
IeaTeNlbHOCTh, KonefaHusa atmocdepHOro J1aBa¢HUs Ha MOBEPXHOCTH TBepAOH 3emilu
NOCTOSIHHO MOMOJIHAKOT JABUraTe/bHbIM noTeHyvan kopsl. B paiioHax co cinadoit Tekto-
HUYeCKOW aKTHBHOCTBIO 3aMETHbIN BKJ1aa B S3HEPreTUKY AepopMaLMOHHbIX NPOLIECCOB
CpPaBHUTEIbHO HEOONbLLIOrO MacLiTaba MOXKET BHOCUTL aHTPOINOreHHas NesaTenbHOCTb,
Tak, Hanpumep, no naHHeim akaaemuka B.B. AnyuikuHa, ceiicMuyeckas 3Heprus B3pbis-
HbiX paboT B EBporneiickoii 4acTu Poccuu Ha 2-3 nopsaka npeBOCXOAHT CEHCMHUYECKYIO
IHEPIrUIO TEKTOHWYECKHUX COObITHH.

OcHoBHbIe 3aKoHbI AedopMUpoBaHUs 0IOUHOU CTPYKTYPbI 3€MHOM KOPbI 10 CUX 1OP
BO MHOIOM ABNAOTCA 3araakoil. CToNeTHs, NpoLeaIIero ¢o Bpemenu usnoxedHou [, Pei-
JIOM MMNOTE3bl O MPHYPOHEHHOCTU 3EMJICTPIICEHUM K pa3jiomam 3eMHOI KOpPbl, OKa3ajoch
HE0CTaTOMHO 1J11 TOro, 4ToOblI C(hopMHUPOBANOCH AETAJbHOE MOHWMAaHHUE 3aKoOHOMEp-



HOCTEM Nnokanuzauuu aedopmanuii B Mex010KOBbIX 30HaX. bblla nocTpoeHa B LE/IOM
HENPOTUBOPEUUBas KapTUHa npouecca Je(popmMrUpoBaHUs 3eMHOM KOpbl, 04HAKO MHOTHE
Ba/KHbIC 1€TANM OKa3aluch B 3TOH KapTHHE pasMbITbiMH WJIH BOBCE YTEPSAHHbIMU.

MOoXKHO OOHApPYXHUTH P NPUYUH TAKOro nojoxeHus ae. Bo-nepBbiX, OCHOBHbIE
00BbEKTbI UCC/IeNOBAHUI — PA3/IOMHbIE 30Hbl — HHCTPYMEHTAILHO M3Yy4Y€Hbl A0BOJIBHO
cnabo. PazpewieHust TpaauMOHHBIX reO(PU3MYECKUX METOA0B 0Ka3blBaCTCs BO MHOIMMX
cllydasX HeJoCTaTOuHO AaKe U1 OUEHKU TAKoro napameTpa, Kak MOLHOCTb pa3/ioMOB
Ha Oonblloi ryOuHe, He roBops yxe 00 UX MeXaHU4eCKUX CBOMCTBax. BO-BTOpBIX,
NpelCcTaBlCHUS O CTPOEHUW Pa3/IOMHbIX 30H U NPOTEKALWKMX TaM JehopMaliOHHbIX
npoueccax OCHoBaHbl Ha JaHHbIX, In Situ NOAYYEeHHbIX NYTEM HHBEPCHU CelcMOlorute-
CKUX JAaHHbBIX U APYTMMH HENPAMbIMH METOAMH, KaK NpaBuJlo, B NPEANOJIOKEHHH TAKUX
VIPOLIEHHH, KaK, HarnpuMmep, JuHeiHas ynpyrocTs, JMHEHHas TEopUs MOrMoLeHns u
T.J. B-TpeTbuX, OCHOBHAs 4aCTb CEMCMONOIMYECKUX JaHHBIX, KOTOPbIE JIEXaT B OCHOBE
CBeJIeHUi O CTPOCHMH KOPbI, MOJIyueHa Y3KONoJoCHbIMH AaTUMKaMHM, YTO AEaeT npak-
THYECKH HEBO3MOXKHbIM BbIsiBA€HWE MHOIMMX TOHKHUX 2(D(EKTOB, NOHUMAHUE KOTOPbIX
BECbMa BAXKHO [/ NOCTPOEHMUs aACKBaTHbIX mopeaeit nedopmanHOHHbIX MPOLECCOB.
Jluwib B nocnenHue 10—15 ner B psaae perumoHoOB Mupa CTanu pa3BopauuBaThbCs CETH
LUIMPOKONOJIOCHBIX cTaHuuWit. HakoHew, B-4eTBEpTbIX, JETANbHBIE CTPYKTYPHO-010UHbIE
MOIIeJIH, 0COOEHHO Majloro maciitada, NoCTPOEHb! 4718 OTHOCUTEbHO HEDObLLION YacTH
3€MHOI KOPbl, NOCKOJIbKY OOJIbLLUMHCTBO TEPPUTOPUI MATTOJOCTYMHbI N5 FE0J0rMHECKUX
W AeTalbHbIX reoU3nuecKuX UccaenoBaHuii. Mexay Tem, CTPYKTYpHas KOMIOHEHTa
ABASICTCS BAKHOM HEOTHEMIIEMOI HACTLIO MOJICIEH, CO31aBaACMbIX /18 ONHUCAHUS JHOObIX
NPOLECCOB, MPOUCXOASLLMX B KOpE.

[Mpegnaraemas BHUMaHWIO YyMTaTENIEd MOHOTpadus COACPKUT PE3yabTaTbl MHOIO-
NIETHUX HUCCNenoBaHWi, HanpaBAEHHbIX Ha pazpaboTKy u anpodayuuio TUCTAHLHOHHbIX
METOAOB, MPUTOAHBIX A8 CO3AaHUA CTPYKTYPHBIX MOJENEeld KOPbl Ha PasHbIX HEpapXH-
yeckux ypoBHsx. Mcrnonb3oBaHue qaHHbIX AUCTAHILIMOHHOTO 30HAMPOBAHMWS A1 aHaiu3a
CTPYKTYPbl MACCHBA FOPHBIX MOPOJ U re0JnHaAMHUYECKOH OOCTAHOBKH CTaNO BO3MOKHbBIM
W NepCrneKTUBHbIM Gnaroaaps NOBbILLIEHHIO paspeluaroei crnocoOHOCTH METOAa U aKTHUB-
HOMY BHEIAPEHUIO aBTOMATU3UpoBaHHO 00padoTKku. [1pu 2TOM OIHUM U3 «NOABOJHBIX
KaMHel» sBISETCS HEA0CTATO4HOE UCNONb30BAHUE UHTEPAKTUBHBIX METO/I0B B MpO-
uecce aewindpuposanus. [loaromy conocrasneHue pesyibTaToB aBTOMaTH3HMPOBAHHOM
00paboTKH JaHHbIX C KOMIUIEKCOM CBEIEHUH, MONYUEHHbIX APYTMMU METOAAMU, Npe-
CTaBASIETCS KpaiiHe BaXKHbIM JJis arnpoOaluy co31aBaeMblX TEXHONOIHIA.

OAHUM U3 HECOMHEHHbIX AOCTOMHCTB MOHOrpa(puu ABISETCS ONUcaHUE pe3yibTa-
TOB MPUMEHEHHs MEeTONa aBTOMAaTU3MPOBAHHOrO Neu(ppUpOBaHUs 118 TEPPUTOPHIA C
pa3/itiHOM reoaMHaMuyeckoi oOcTaHoBKOW — OT nuardopMeHHbIX obsacTel A0 celic-
MOAKTHUBHbBIX PErHOHOB M pa3HOW aHTPONOreHHON Harpy3koii. PacCMOTpeHbl y4acTKu
NPUPOAHbBIX, NPUPOIHO-TEXHOFEHHbIX CUCTEM U YpOaHU3UpOBaHHbLIX TeppuTOpuid. [lo-
Ka3aHo, 4TO NPHU UCIOIb30BAHUM METOa A palOHOB ¢ HHTEHCUBHOHW aHTPONMOreHHOH
Harpy3koi yBeJW4HWBaeTCs poJib WHTEPAKTUBHOMN cocTaBastouieid npu odpadborke mc-
XOAHBIX MaTepuaJlos.

JIMCTaHUMOHHOE 30HIMPOBaHUE NIATGOPMEHHBIX 001aCTEH, 1€ KPUCTATMUYECKUE
NOPOAb!l NOKPbLITHl MOLLHBIM OCA04HbIM YEXJIOM, SIB/ISIETCS, Ha NepBblil B3Msa, Majlo-
nHopmaruBHbIM. OQHAKO BbIMOJIHEHHbIE UCCIIEA0BAaHNUS NOKA3alH, YTO MPOTIKEHHbIE
NIMHEeaMeHTbl U IuHeaMeHTHbIe (POPMbI, BbIpakeHHbIE HA NOBEPXHOCTH, B 3HAYUTENLHO
CTENMEHU OTPAXKAIOT CTPYKTYPhI (ByHAameHTa. Kpome Toro, conocrapieHue pe3yibTaroB



AeinprupoBaHus ¢ JaHHbIMU MOP(OCTPYKTYPHOTO aHan3a U reodpusnuecknx Habmo-
JAEHUI noKaszano, 4To v OJI0KH, U MEKOJTOKOBbIE 30Hbl MOTYT ObITh YCMNELUIHO BbIACICHbI
Ha OCHOBE CTATHMCTUYECKMX XapakTepUCTHK nojel MaibliX JUuHeaMeHTOoB. Jduarpammel
YIJIOBOrO pacnpeae/ieHus MajblX TMHEAMEHTOB OTPaKatOT U3MEHEHUS naHawadTra, o0y-
CNOBJNIEHHbBIE, B TOM YUCJIE, IK30M€HHBIMU NPOLECCAMH.

JluHeameHTbl, THHEAMEHTHbIC (POPMbI, pacnpeacieH1e MJIOTHOCTEH MabIX TMHEAMEH-
TOB, YCTAHOBAEHHBIE NPH NMPOBEASHHUH Jeln(PUPOBaAHUS, OKA3bIBAKOTCA MOJE3HbIMU
MPY CO3AAHWHU CTPYKTYPHBIX MOAENEH 3MULEHTPAILHBIX 30H KPYMHLIX 3€MACTPACEHUN M
ONpPEeAENEHUN KMHEMATUKK aKTHBHBIX pa3oMoB. [locTpoeHHble B MOHOTpaduu Moaeu
MNO3BOIMAN MOHATb HEKOTOPbIE 0COOEHHOCTH Kak MpoLecca NOArOTOBKHA KPYMHOIo 3eM-
JEeTpAceHUs, Tak U a)TepLUOKOBOro npouecca. B 4aCcTHOCTH, BaKHBLIM MPEACTAB/ISETCA
CAECNAHHOE 3aK/IOUEHUE, YTO MEXKOIIOKOBBIE MPAHULIbI SIBJIIKOTCSA HE TONBKO CTPYKTYPaMH,
KOHTPOJUPYIOLLHUMU JOKANU3aLUI0 04aroB, HO U DapbepaMu, OrpaHUYHUBaKOLLIMMHA Q4aro-
Bbie 00nacTH. JJMCTaHLIMOHHOE 30HAMPOBAHUE MPEAOCTABAAET BO3ZMOKHOCTH NOCTPOE-
HUS JeTaJbHbIX CTPYKTYPHbIX MoAeNeil OOLWKUPHBLIX TEPPUTOPHIL, UTO MOXKET OKa3aThCs
peariuM (hakTopoM B MOHUMAHUM TOFO, KaK HANPS)KEHWUS, BOZHUKAIOLLIME HA FPaHu-
LaX TEKTOHWYECKUX TUIMT, HAPUMED, B 30HAX KONNU3MI, nepejatoTes B JUTocdepe Ha
0ONblIHE PACCTOAHMS, YTO U MPUBOJNT B MOAEH «TEKTOHUKH MANTY K HOPMUPOBAHHIO
BHYTPUKOHTHHEHTANLHBIX CEHCMOAKTHUBHbBIX PETMOHOB.

C TouKH 3peHUs anpodalun METOAA BAXKHBIM ABASICTCS pas3jaes MOHOrpaduu, B KOTO-
POM OMUCHIBAKOTCSA PE3YNIbTAThl MPUMEHEHHUS METOAUKHU ABTOMATH3HPOBAHHOIO Aetunppu-
POBaHuA A1 aHan13a CTPYKTYPHbIX U3MEHEHHUH, CBA3AHHbIX C BO3ACHCTBUEM MOA3ZEMHbIX
SiI€PHbIX B3PbIBOB HA UCMbITaTebHbie Naowaaku CeMunanaTMHCKOro nojauroHa. Bei-
COKasi CTEeNEHb re00ro-reoPu3nUecKoi U3yueHHOCTH TePPUTOPHI KaKk 10, TaK U Nocae
MpoBEAEHHA B3PbIBOB, Jaja BO3MOXKHOCTb JeTalIbHO MpoaHaJIH3HPOBaTh aA€KBaTHOCTh
WHTeprpeTauun pe3yabTaTtoB 00paboTku KOCMOCHUMKOB. Mcnonb3oBaHue MeTOAUKH A
TaKUX TEPPUTOPUI UMEET W BaXKHOE NpUKIagHOe 3HadeHue. [focTpoeHne moaenu no3eo-
JIWNIO NPOCAEANTL JTMHEAMEHTDI, TPACCUPYHOLLME TEXHOTEHHO MOJHOB/ISHHbIE Pa3ioMbl,
OKOHTYPHTb 30HbI MOCTB3PbIBHBLIX Ae(OopMaurii JHEBHOM MOBEPXHOCTH, PaAaHKHPOBATh
pa3pbiBHbIE HAPYLUEHUS MO CTENEHH BbIPAXKEHHOCTH B JaHAwadTe ¢ BblAEIEHHEM BEpO-
ATHBIX NYTEH pacnpocTpaHeHus paaHOHYKIHAOB ¢ NMOA3EMHbIMH BOAAMH.

B kayecTBe OAHOMO W3 HanpaB/ieHHH COBEPLUSHCTBOBAHUA METOJA NMPEACTaBIACTCA
KpaiiHe BaKHbIM MPH MOAEPHHU3ALMHY allropUT™Ma 00pabOTKU YYUTLIBATh KOJIHYECTBEHHbIE
COOTHOWeHUs pa3zpadboraHHol M.A. CagoBCKUM KOHLUENUMH UEpPApXHUUYECKONH cono-
YUHEHHOCTH 0JI0OKOB U MexON0KOBBIX rpaHul. Mepapxusa 610KOB, KOTOpas HECOMHEHHO
HAKJIaAbIBACT OTMNEYATOK Ha CTPYKTYPY MOJA JIMHEAMEHTOB, MOKET OKa3arThbCs BaXKHbIM
JOMONHUTENBHLIM (PAKTOPOM /1l YTOUHEHUS CTPYKTYPHO-0JIOKOBLIX MOAEEl.

KHura 6yaer nonesHa LWKMPOKOMY KPYry Hay4YHbIX COTPYAHUKOB U WHKEHEPOB, Crie-
LHANU3HUPYIOLLMXCA KakK B 001aCTH aBTOMaTHyecKoi 00paboTKy JaHHbIX AUCTAHLIHOHHOTO
30HAWPOBAaHHK, TaK U B HayKax o 3emJe.

JToxTop (H3MKo-MaTeMaTHUECKUX HayK,
npoceccop I. Kovapsn



BBEAEHHUE

[lpumeHeHHe METOA0B AUCTAHUMOHHOIO 30HAMPOBaHUS HaMpaB/ieHO HA aHalU3 Feo-
AWHAMUYECKOl 0OCTAHOBKH Y4acTKOB 3eMHOIi Kopbl. TpeGoBaHUs K U3YUEHHIO TEKTOHH-
Yyeckoil cTadUILHOCTH TEPPUTOPHIT BKIIKOUEHBI B HOPMATUBHbIE JOKYMEHTbI, pernaMeH-
TUpYIOLIMe BbIGOpP MJ0LIAA0K OYAYLIEro CTPOUTENLCTBA U BKCIyaraluu 0cobo oTBeT-
CTBEHHbIX COOpYKeHUH (aTOMHbIE 3JeKTPOCTAHLMH, NMOJUTOHbI 3aXOPOHEHUS ONAaCHbIX
OTXOA0B, MarucTpaibHbie TpyOONpPOBOALI U Ap.).

HewndpupoBaHie KOCMUYECKUX CHUMKOB I103BOJISIET MCClIel0oBaTh JiaHAwadTHbIiA
PHCYHOK TEPPUTOPHH, B KOTOPOM HAXOAST CBOE OTPAKEHHUE INeOJIOTMUECKUE CTPYKTY Pbl
nnatpOpPMEHHbIX U CkNaauaTbiX o0nacTei. JIMHelHble U AYrOBbIE NEMEHTbI peabeda,
NPOCICIKEHHbIE HA KOCMOCHUMKAX B BU/E TMHEAMEHTOB H JTMHEAMEHTHbIX (GOpPM, sABS-
FOTCA MHAMKATOPaMU HEOTEKTOHHYECKOH U COBPEMEHHOM akTHBH3aLMK 30H JIOKaIH3auuu
acopmauuii. BelaeneHue nuHeamMeHTOB 0aszupyeTcs Ha BU3yanbHOM M aBTOMAaTH3HPO-
BAaHHOM (KOMMbIOTEPHOM) ACIM(PUPOBAHUM JAHHBIX JUCTAHLUHOHHOTO 30HAHPOBaHUS
n UH(POPMATHBHO NMpPU reONOrMUYECKOM KapTUPOBAHMH, TEKTOHHUECKOM U CEHCMOTEKTO-
HUYECKOM PalOHUPOBAHWH, MOUCKE MOJNE3HbIX HCKOMAEMbIX, HHKEHEPHO-TEOIOMUYECKUX
M3bICKAHMUSIX.

[IpeuMyuUlecTBa aBTOMATU3MPOBAHHOTO JTMHEAMEHTHOMO aHANM3a 3aKJIHHAtOTCs B
00bEKTUBHOCTH METO/A, MOBTOPAEMOCTH PE3Y/bTAaTOB M MOJYUEHHH J0MOJIHUTEIbHOM
nHpopmaunu 00 0COOEHHOCTAX CTPOCHUS YUACTKOB 3€MHON KOPbl, HEAOCTYNMHON NpH HC-
CACA0BAHUM ApYrUMU MeTOAaMU, MIHTepripeTalus JaHHbIX aBTOMATU3UPOBAHHOMO IUHEa-
MEHTHOTO aHanu3a PErMOHOB C Pa3TUUHbIMU N€OAMHAMUYECKUMU YCAOBUAMH OCHOBAHA
HA MCMOJb30BAHUH HEMPEPbIBHO MOAMPHUUPYHOLIETrOCs nporpaMmHoro nakera LESSA
(Lineament Extraction and Stripe Statistical Analysis), pazpadotanuoro A.A. 3narononb-
ckum B [HIIIT «Asporeonorusy», HauuHas ¢ 1983 r. (nepeas nyGaukauus 1985 ) [28-31].

[Mporpamma LESSA BkawoueHa B KaueCTBE MOAYJS B IIHPOKO U3BECTHYH MEOMH-
GopMaLIHOHHYIO CUCTEMY, OPUEHTUPOBAHHYIO HA 00paboOTKy JaHHbIX AMCTAHUHOHHOIO
30HAMpoBaHug — nporpammuoe odecnevyeHne ERDAS IMAGINE (CILA). B Hacros-
iiee Bpemst LESSA siBaseTcs Hanbonee pacnpoCTpaHEHHbIM U XOPOLLO TECTHPOBAHHbBIM
MPOAYKTOM CMELUaATH3MPOBAHHOTO JMHEAMEHTHOrO aHanu3a pacTpoBbIX H300paKeHuil
[109, 110].

B naHHo#t MoHOrpaduu reoauHaMuyeckas oOCTAHOBKA YYACTKOB 3€MHOM KOPbI MC-
C/Ie/I0BAHA C MPUMEHEHUEM METO/a aBTOMATU3UPOBAHHOTO NHHEAMEHTHOMO aHa/iu3a
u noadopom napameTpo o0padoTKu UA(PPOBLIX U300OpaXKeHUli ¢ pa3nyHOl paspe-
warowei cnocodHocThio. Oaun u3 asropos (I H. MBaHUYeHKO) BbINOIHSAET reonoro-
reopM3nYEeCKY) HHTEPNPETAUMIO Pe3ybTaTOB H MHTEPAKTUBHYHO NapamMeTpu3aluio



aNropuTMOB NEPBOHAYANLHOTO nporpaMMmHoro nakera LESSA u nocneaywowmx moau-
¢pukaunit WinLESSA npakTuyecku co BpeMeHH ero co3aaHusl.

Metoauka LESSA anpoOupoBaHa B permoHax ¢ pa3iWuyHbIMH CTPYKTYPHO-
reOJJIOrMYECKHUMH YCIIOBUSAMHU. Ha pucyHKe | npeacTaBieHa cxeMa pacrnofoKeHus paio-
HOB MCCJIEIOBAHUM, r1ie ObLIO MPOBEAEHO UHTEPAKTHBHOE KOMMNBIOTEpHOE AeLUppUpO-
BaHWE KOCMMYECKHNX CHUMKOB Pa3JMYHbIX MAaclUTadOB.

CoBpemeHHas reoauHamMuyeckas 00CTaHOBKA (POPMUPYETCS HE TONBKO MOA BAHUSHUEM
9K30T€HHbBIX W 3HJOTEHHBIX MPOLECCOB, HO M AHTPOINOreHHON Harpy3KH, CONOCTaBUMON B
OTAEJIbHBIX HaudONEE OCBOSHHBIX X035 ICTBEHHOI AEATEbHOCTLIO PErHOHAX MO YPOBHIO
BO3/ICHCTBUS HA MEOIONMYECKY KO Cpeay ¢ NpupoaHbiMu (pakTopamu. [TIpumepamu npakTu-
YECKN HEH3MEHEHHbIX aHTPONOTEHHOI AeATeNbHOCTbIO NaHAwadToB aBastoTes baiikanb-
ckas pu¢proeas 30Ha M CTPYKTYpbl [opHOro AnTas. ITpupoaHO-TEXHOreHH b NaHawadT
MPEMMYLIECTBEHHO pa3BuT B npeaenax LienTpanbHoil yactu BocTouHo-EBponeickon
naargopmsl (BEIT), koTopas xapaktepusyercs HepaBHOMEPHOH OCBOEHHOCTbIO TEPPH-
Topui. K mMeHee MnoaBep:KeHHbIM aHTPOMNOreHHON Harpyske TEeppPUTOPUAM OTHOCATCH
JE€CHbIE MACCHUBBI, 3aMOBEIHUKHN U 3aKa3HUKH.

Ha cesepo-BocTouHOIll okpanHe [Iprokcko-TeppacHOro OMOCHEpPHOro 3anoBeHUKa
pacnojoxkeHa reodpusnyeckas oodcepsaropus MATIN PAH «MuxueBo», Ha 0a3e kOTopoii
NPOBOAATCA PadOThI NO U3YUEHUKO TEONOrMYECKUX CTPYKTYP U IK30M€HHbIX NPOUECCOB
B JIMHEAMEHTAX U CTATUCTUUYECKUX XapaKTEPUCTUKAX MOJeH Manbix fHHeaMeHTOB LleHT-
panbHoOW 4acTu BEIL. YHHKaNbHOCTb NMOnuroHa « MUXHEBO» 3aKNKOMAETCs B BbINONHE-
HUM IKCTIEPUMEHTANIbHBIX CEHCMUUYECKNUX HaOnoaeHnii ¢ 1954 r., B ganbHeiwem ao-
MONHEHHBIX MPOBEACHWUEM JIEKTPOMATrHUTHbIX, MOHOC(EPHbIX U THAPOre0JI0rnHeCKuX
H3MEPEHHA.

JeTanbHoe UCClIeA0BAHUE Me0JI0ro-CTPYKTYPHONH 00CTAHOBKH TEPPUTOPUH 1PEATO-
naraeT KOMMJEKCHbIN NMoAX04 K M3YUYEHUIO reo(pu3nUecKuX Mnoje, oTpaxkarowux co-
BPEMEHHbIE reouHamuyeckue npoueccbl. Ocodoe BHUMaHue B padoTe o0OcepBaropuu
yaeneHo aHalu3y CTPOeHHs MEeXKOMOKOBbBIX 30H, B TOM uucie Henuaoso-Pa3zaHckol WwoB-
HOW 30HbI, KOTOpas TpacCUpyeTcs BAOJIb A0JHHbI p. OKH, NPOTArHBAKOLIEHCS HEMHOTIO
I0’KHEe rpaHulbl MONUTOHA.

[TocTosiHHO pa3BuBaOWMiics MOCKOBCKW Meranosince, UCNbITbIBAOLWN BCE BO3-
pacTtarouiue aHTPOMOreHHbIe Harpy3KH, UMeeT MepexoAdHbli taHawadT oT NpUpoIHo-
TEXHOI'€HHOIO K TeXHOreHHoMY. [ [OJIHOCTBLIO TEXHOreHHO U3MEHEHHAas JAHEeBHas 10Bepx-
HOCTb cpopMUpOBaHa B pe3yJbTare MpoBeAeHUS MHOIOYHUCIEHHbIX KPYTHOMACLITA0HbIX
B3pbIBOB Ha muiotuaakax CemunanaTuHCKOro ucnbitTarenbHoro nonurona (CHIT).

[1pu ananu3e oMoOpHLIX YUACTKOB MPUPOAHOIO, MPUPOAHO-TEXHONEHHOIO U TEXHOMEeH-
HOI'o JlaHAWAaPTOB UCI0/1b30BAIMCH KOCMOCHUMKH ¢ Pa3iMuHON paspeLuarouieil crnocod-
HOCTBIO ¥ Niowaabio oxeara Tepputopuun (LANDSAT ¢ paspewaroieil cnmocoOHOCTBIO
20-50 m), KDOA 1000 — 8 m, IRS 19 — 5-8 M, AVNIR 2 — 3—4 m) ang pernonos Poccuu u
Kasaxcrtana. Pesynbrarsl gewnd@pupoBaHis MOATBEPKAEHbI JaHHBIMH KOHAULUMOHHbBIX
reojioro-reo(pu3nyecKkux CbemMok, NnosieBbiMu HabIAeHHIMHU M KajacTpaMu OypoBbIX
CKBaYKHH.

B ['naBe 1 npuseaeH kpatkuii 0630p OCHOBHbLIX HanpasjieHUi Ucc/ie10BaHNi, CBA3aH-
HbIX C BU3Yya/bHbIM H KOMMbIOTEPHBLIM AeludprpoBaHHEM, OMUCaAHUE CYLIECTBYHOLMX
MNpOrpaMMHbIX CPEACTB aBTOMATU3MPOBAHHOIO JIMHEAMEHTHOIO aHajn3a W pe3ybrarsl
HOBbIX TEOPETUYECKHX U MIpaKTHYEeCKUX pa3padoTok nporpamMmMmHoro nakera LESSA ana
UCCJIeI0BAH MU PA3IMYHbIX Me0AMHAMUYECKHUX 00CTaHOBOK.
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Bonpocbkl MeToanku, peanuszyemoi npu uuporoil odpadorke nzobpakeHui, pac-
cmoTpeHbl B [1aBe 2. B matemarnueckom niaHe B OCHOBE TEXHOMOTMM JIEKHUT Npeod-
pazosaHue Hough, no3sonsitoilee BbIAEAATb NPOTAXKEHHbIE AMHeamMeHThl [101, 105], u
MPUHLUNbI CTATUCTUKH YITIOBBIX HaO 0aeHUI [56, 58, 88], koTopbie HCNOMBL3YIOTCS 19
KOPPEKTHOIO ONUCAHUA NMPOCTPAHCTBEHHOrO pacnpeaeneHns MaibiX OPUEHTUPOBAHHBIX
JUHEHHBIX AMEMEHTOB U OLIEHKH JJOCTOBEPHOCTH MOAYUEHHbBIX PE3YJILTATOB. AJIFOPUTMbI
COAEPIKAT 3HAYMTEIbHOE KOMIMYECTBO NMEPEMEHHBIX MapamMeTpOB, NOITOMY NpPOrpamMmbl,
WX peanu3yrollue, HHTEPAKTUBHbBI, YTO ONpeaeseT 0co00oe BHUMaHHE, KaK K noadopy
napamMeTpoB, TAK U K KOPPEKTHON UHTEPNpPETALUUN PE3YNbTATOB. Ha KOHKPETHBIX Npak-
THYECKUX NpUMEpPax NMpoaHaJn3upPOBAHO COOTBETCTBHE JIMHEAMEHTOB MEOJIOrHUYECKUM
pas/ioMaM, TeKTOHHYECKUM TPELIMHAM K 30HaM MX CryLUeHus. IT1a npodiema akTyalibHa
KaK JiJ151 aBTOMAaTH3MPOBAHHOTO, TAK W 1S BU3YAJILHOIO IeIM(DPUPOBAHIS, B MTOCIE/IHEM
ciiydae eit nocssaLleHa o0LupHas 1uTeparypa.

Bbicokasi «3allyMIEHHOCTb? KOCMUYECKUX M300paKeHUH MHOFHMX PailOHOB JWHEHH-
HbIMH O0BbEKTAMM AHTPONOrEHHOro Xapakrepa (A0pOru, rpaHrLbl NoaeH, KaHajbl, Tpy-
OOnpoBOAbI U AP.) NPEACTABIAET MOMEXY AJS LWUPOKOrO BHEAPEHHS aBTOMATH3UPOBAH-
Horo newmdpupoBanus. [1pu none ykazaHHbix 00bekTOB MeHee 30% oT ofiueli macchi
ABTOMAaTH4ECKH AETEKTUPYEMbIX MAJIbIX JINHEAMEHTOB CTATUCTHUECKHE 3aKOHOMEPHOCTH
CTPY KTYPHO-F€00rH4eCKOi 00CTAaHOBKK JOCTATOYHO YBEPEHHO ONPEACAIOTCA NPH UC-
NOJIb30BaHUK Hanbonee yCTOHUYMBBIX K LIyMaM XapakTepUCTHK U napameTpoB o0paboTKu.
BblaeneHue Takux napaMeTpoB BbINOMHAIOCH NO3TANMHbIM CHUXKEHHEM FeHEpain3auuu
OT PErHOHAJLHOIO YPOBHS K JIOKAJILHOMY C MCMOIbL30BAHUEM KOCMUYECKUX CHUMKOB C
pasjiM4yHON paspeLuaroleid CNOCOOHOCTLIO U 0030PHOCTHIO.

B 'maBe 3 ocoboe BHUMAHUE YASACHO NMPUMEHEHHUIO AAHHbIX JUCTAHUMOHHOIO 30H-
JAUPOBaHMUA HA PErHOHAIBHOM U JIOKAJIbHOM YPOBHAX [PH HCCACA0BAHHH LEHTPaNbHOM
yactu BEIIL, B Tom uncne [1puokckoro yuactka Hennaoo-Pa3aHcKoW WOBHON 30HLI U
MPOEKTUPYEMOI NJIOLAAKKH MO CTPOUTENLCTBO Hukeropoackoii aromHoil ctaHuuun. Bol-
ABJICHUE HOBEHILUX TEKTOHHUYECKUX CTPYKTYP MPeCTaBIALT ONpeie/ieHHbIe TPYAHOCTH,
TaK Kak amIuIMTY/1bl CYMMapHbIX MOJOUEHOBbLIX U, TEM O0Jiee, COBPeMeHHbIX (MHCTPYMEH-
TallbHO (PUKCUPYEMBbIX) ABHIKEHHH, UX NIPOCTPAHCTBEHHbIE U BPEMEHHbIE MPaJHeHTh] B
npeaenax naaropMeHHbIX TEPPUTOPUNA 00bIYHO OYEHD Mallbl.

CnoxHoe coueTaHHe NPUPOAHBLIX U TEXHOIEHHbIX (hakTopoB 00yCnaBnuBaeT HeolXo-
AUMOCTb NPUMEHEHH S KOMILUIEKCHOIO MOAX0/1a K HCCeA0BaHuIo NadawadTra v ycloBHi
pa3BUTHSA OMACHBIX 3K30MEHHLIX MPOLECCOB, BKIIOYAIOLLETO BU3YalbHOE, HHTEPAKTHBHOE
aBTOMaTU3MPOBAHHOE ALLIU(PPUPOBAHUE U HA3EMHBIE M0JIEBbIE U3MEPEHNS, CBA3AHHbBIE C
3aBEPKOHA NMOMYUEHHbIX aHATUTHUYECKHX Pe3YJIbTaTOB.

B I'nase 4 na npumepax TyHkuHCKoli BeTBU baiikasibekol pudyToBOI 30HbI U paiiona
Yyiickoro semnerpsaceHus B [ opHOM AJiTae BrepBbI€ BLINMOMHEHO JSTATLHOE COMOCTaB-
JIEHUE PEe3YyJIbTaTOB KOMMbIOTEPHOTO aHalu3a JUHEAMEHTOB, JIMHEAMEHTHbIX GopM U
CTATUCTUYECKHUX MOJCH ManblX MMHEAMEHTOB UU(POBLIX M300paKeHHH HCClIeaYeMbIX
paiioHOB C COBPEMEHHbIM HanpsiKeHHbIM cocTostHueM autocdepbl. OcobeHHOCTH CTpoe-
HUS reosioro-reodu3uueckoil cpeibl ¥ 3Ha4YeHUe MOLLIHOCTH CEMCMOMeHHOro cnos Mnoj-
TBEPAKAEHbI METOIOM CEUCMUUYECKOM ToMOorpaduu.

B I'naee 5 Ha npumepe psaaa oGbekToB CeMUNanaTHHCKOrO MOJIMIOHA MPOrpaMMHbIi
naker LESSA ucnons3oBan 414 yTOYHEHUA NPOCTPAHCTBEHHOIO NOJIOKEHHS, CTPOEHMUS,
COCTOSIHUS PA3PbIBHBLIX HAPYLIEHUH W BbIAEJIEHUU 30H MOCTB3PbIBHLIX Aehopmalui,
(pUKCHPYEMbBIX Ha JAHEBHOMU NMOBEPXHOCTH. Pe3ynbTarhl JMHEAMEHTHOIO aHaau3a y4acT-



KOB MPOBEASHUS KPYyMHOMACLITAOHbIX B3PLIBOB COMACYHOTCS ¢ AAHHBbIMU IKCMEPHUMEH-
TAJIbHBIX F€ON0T0-re0(PU3NIECKMX U M APOre0JOrMYSCKMX UCCIISA0BAHKIT MO U3YUESHUIO
TEXHOTEHHO-HapyLUEHHOr0 COCTOAHMA Mmaccusa [ 104].

B0O3MOMKHOCTH MCMONB30BAHHUS AaBTOMATH3UPOBAHHOTO IMHEAMEHTHOIO aHa/n3a BeChb-
Ma BEAUKHU 1J1s AafbHENLIero COBEPLUEHCTBOBAHUS METO0B BhisSIBAECHHUS MEOMOMMUECKUX
HEOIHOPOAHOCTEH B €CTECTBEHHBIX U TEXHOTEHHO-HAPYLIEHHbIX YCa0BUsX. [Ipumenenue
KOMIBIOTEPHOH 00pabOTKH KOCMOCHUMKOB MO3BOMSET HE TONbKO BbIAEASATE TEKTOHWYE-
CKWE HapYLUIEHUs, HO U B HEKOTOPOH CTEMEHHU AeTATIU3UPOBATbL BHYTPEHHEE CTPOSHUE M
KMHEMaTUKY pa3pblBOB. MccneaoBaHue TEKCTYpbl 300paKeHUs U TMHEAMEHTOB pa3iny-
HOM MPOTSIKEHHOCTH U BbIPAKEHHOCTH aKTYalbHO MPW OPraHu3aunu U NPOBEACHN N T€OaH-
HAMHUYECKOTO YU PaanaLlMOHHONO MOHUTOPHHIA OObEKTOB NOBBILLEHHOTO PHCKa (YHACTKOB
3aXOPOHEHUSA PAAUOAKTHBHBIX OTXO0A0B, MJIOWAT0K aTOMHbIX 3AEKTPOCTAHUWH ).

Pe3ynbTaTbl aBTOMATU3MPOBAHHOIO AU (PPUPOBAHUA KOCMOCHUMKOB Psijla y4yacT-
kOB CemMHNanarnHCKOro noaMroHa ObliM KCMONbL30BaHbl MPU 3KCNEPTHONH OLEHKE reo-
PKONOMMYECKUX NOCIEACTBUI NPOBEAEHMs MOA3EMHbIX AAEPHbIX B3pbiBOB. MeToanka
BbINMOAHEHHbBIX Uccien0BaHuit oqo0peHa MexayHapoaHoit Opranusaumneil loroBopa o
BCEOOBEMITIOLIEM 3aMPELIEHUN UCTLITAHWHA SAEPHOTO OPYKUS U MOJYHUIA NOAAEPIKKY
(r. Bena, ABctpus, 2005 ).

OCHOBY KHUI'M COCTaBAAIOT CTaTbH, OMYOJHKOBAHHbBIE B HAYUYHbIX KYypHaiax, coop-
HUKaX U Tpyaax KoHdepeHuui 3a nepuoa ¢ 1986 r. no Hacrosuwee spems. O030p reosto-
rM4EeCcKoro crpoeHus U TektoHuku BEIL nccnenosanue coBpeMeHHON re0aMHaMHYECKON
AKTMBHOCTH MO JAHHbIM ABTOMATU3MPOBAHHOTO JIMHEAMEHTHOIO aHAIN3a NPeICTaBICHbI
B MOHOrpachuu «B3pbiBbl U 3emiIeTpsaceHus Ha TeppuTopui EBponeiickoii yactu Pocchmy.
Pabotbl no uenTpansHoil yactu BEIT Obinin noaaepkavsl rpantamu POOKH Ne 11-05-
00871-a, 14-05-00743-a u npeacrasneHb B [ nase 3.

Pesynbrarsl MCCIEI0BAHKIA O U3YUEHHIO B3AUMOCBA3U MEXKAY penbedoodpasyomiu-
MU TEKTOHUYECKUMHU AePOopMaLHUAMU NMPUPOIHBIX CUCTEM, MPOBEAECHHbIE C UCMONb30BA-
HUEM aBTOMaTHU3UPOBAHHOIO JTMHEAMEHTHOIO aHaan3a, U KMHEMATHKON CeliCMOreHHbIX
cTpykTyp baiikanbckoit pudroBoii 30HbI 1 Hylickoii BnaauHbl npuseaeHb! B [ase 4.

Pabora ogHoro u3 aBropoB (3.M. ['opOyHoBO#) Haa marepuanaMu, U3JIOKEHHBIMH B
[nage 5, Obis1a yacTUUHO NojaepskaHa B pamkax npoekra PH® 14-17-00719. Boinonxexa
aKTyanuzauusa JaHHbIX KOMIbIOTEPHOH 00paboTKH KOCMOCHUMKOB CeMunanaTHHCKOro
NCTILITATE/IbHOIO NOJAWIMOHA 1A W3YUYEeHHA U3MEHEHUHN COCTOAHUA Pa3pbiBHbIX HAPY LUEHHT]
Nnpy JMHAMHUYECKOM BO34EHCTBUM.

ABTOpPbI BbIpa)KatoT ry0oKyto 01arogapHOCTb 32 NOCTOSSHHOE BHUMAHKUE U NOMOLLb
npu BbINoJHeHUU paboThl akagemuky PAH B.B. Aaywkuny, a.¢.-m.H. I.I". KouapsHy,
1.(.-m.H. U.A. Canuuoil, a.¢g.-m.H. A.A. Cnuaky, K.¢.-M.H. C.b. KukuHoii; 3a ueH-
Hble 3aMevyaHus U pekoMeHjaunu A.r.-M.H. B.M. Makaposy, a.r-M.H. FO.K. LLlykuHy, 3a
MHOMOJIETHEE COTPYAHUUYECTBO U MPEJOCTaBlIeHHe pa3iuvHbIX Bepcuil nakera LESSA
K.T.H. A.A. 31aTONOJbLCKOMY, 3a MOMOULIL B ODOPMICHUHU U TEXHUYECKOH KOppeKType
nHxkenepy JILJ. T'oayHoBo#H.



ITnasa 1

NCTOPUSA PABBUTUS
METOAOB IMHEAMEHTHOI'O AHAJIN3A

C Hauana XX cToneTtus 0cod0e BHUMAHUE YIENAETCS UCCAEA0BaHUIO pebeda 3eMHOI
MOBEPXHOCTU, KOTOPbII ABASETCS HHAMKATOPOM aKTUBU3ALMHK FEOOTHYECKUX CTPYKTYP
W HOBEHLLUMUX TEKTOHUYECKUX ABUKEHUH. JJaHHble AUCTAHLMOHHOIO 30HAHPOBAHHS TIPU-
MEHSAIOTCS /1/1s1 U3YUEHUS TIPUPOAHBIX U MPUPOJHO-TEXHOTEHHbIX JlaHAwapToB. MeToa
ABTOMATU3UPOBAHHOIO TMHEAMEHTHOMO aHanM3a Hauan pasBuBarbes ¢ 80-X rogos npo-
LLIJIOrO CTONETHS OAHOBPEMEHHO € pa3padOTKONl M BHEAPEHHEM MareMaTHuyeCKuX Mpo-
rpaMm, MCMOJIb3YEMbIX MPU JAeWHUPPUPOBAHUN KOCMHYECKUX CHUMKOB. [lpnmeHeHue
KOMOBIOTEPHOI 00padOTKM KOCMOCHMMKOB MPEACTABASACT COOOM KaueCTBEHHO HOBbII
YPOBEHb UCCAEA0BaHUH, DA3UPYIOLLWICS HA JJIMTENBHO Pa3BUBABLLEMCA pPaHEe KJ1acCH-
YECKOM BH3YaJbHOM JIMHEAMEHTHOM aHalu3e.

1.1. Kaaccuyeckuu JHHeAMEHTHbBIN AHAJH3

McToKK KNaccu4ecKoro MMHeaMeHTHOro aHanusa OepyT CBOe Ha4ano OT NepBbIX npej-
CTABJIEHHUH 1 AUCKYCCUI O MpUpOJE U 3HAYEHUM JIMHEAMEHTOB MPH U3Y4YEHUU re0JI0ro-
reo)u3n4ecKoit cpelbl U CTPOTOM ONPEaECAEHUU TEPMUHOB.

B 1911 r. B. Xo00c [103] 3an0saro A0 nosBiaeHus adpodhoTo- 1 KOCMUYECKUX CHHM-
KOB BbIASH IMHEAMEHThI Ha (PU3MKO-reorpadyecKuX KapTax U Jan UM OMpeaeneHu e
B KQUECTBE MPOTAKEHHBIX JTUHENHBIX BJIEMEHTOB PUCYHKA, CBA3AHHBIX C NIYOUHHbI-
MH pasnoMamu, U OMUcal WX OCHOBHbIE CBOMCTBA, CTPYNNUPOBAB B CETH H CHUCTEMBI.
J.N. MylikeToB CBSI3bIBACT JIMHEAMEHThI MPAMOJMHEHHBIMH CENCMOANCIHKALUAMMU.
[Teproii odoOwWwaroweit kaprorpaduueckoil padoToit siBuaack Belweaiwas B 1930 roay
cxema [. lrunne «KapanHaneHbie 1uHeaMeHTbl EBpOTbY.

B 1930-e roael nosgBuanch a3poQOTOCHUMKH — NEPBblii MACCOBbIN MOTOK AWCTAHLH-
OHHOI MHpOpMaLHK, Ha HUX NIerko Ono3HaBalvCh IMHEHHbIE OOBEKThbI U UX CETH, 4acThb
W3 KOTOPbIX IBHO COOTBETCTBOBA/IA M€0JOrMYECKUM CTPYKTYpaM, B MEPBYHO OYEPEAb pas-
JOMaM W 30HaM TpeLMHOBaTOCTH. Hauanock aewmdpupoBanue a3podOTOCHUMKOB, npe-
JKA€ BCEro, B MPOU3BOACTBEHHBIX W HAYYHO-MPOU3BOACTBEHHbIX OpraHU3aumax ¢ LUeJbio
WCMOJb30BAHHUS NOAYUYEHHOH MH(OPMALIMM NTPU Fe0JI0rMYECKOM KapTHPOBAHWH, U3YYEHUH
TEKTOHMKHU W MOUCKE MONE3HbIX UCKOMaembix. TeopeTuueckne pa3pabOTKU B 3TOM Ha-



npasfieHuH cBsA3aHbl ¢ UMeHaMu P. 3onaepa, A.B. [leiise, H.C. llaukoro, dx. 1. Myau
u M. Xunna, I'H. Karrepdenbna u ap. BHeapeHue aHanusa ctaTMCTHUECKUX XapaKTepu-
CTUK NPOCTPAHCTBEHHOIO pacnpeaeeHus JUHEeaMeHTOB BUI0Ch HOBbIM HarpasjieHUEM
B MPOLECCe pa3BUTHs METOAMKH BU3YAILHOIO AelUU(PpUpoBaHus a3pohOTOCHHUMKOB,

Ha nokoMnblOTEPHOM 3Tare JMHEAMEHTHOTO aHanu3a Aelu(ppUpoBaHie Npou3Bo-
AMIOCH IKCNEPTaMHU, a cTaTuCcTUYeckas odpadoTka Benach BpyuHyto. M ecamn metoauku
craTMcTUUecKoi 00paboTku abCOAKOTHO NOBTOPSIEMbI, PE3Y/IbTaThl BU3YaIbHOIO KCNEPT-
HOTO ACLIU(PUPOBAHUS UMEIOT 3HAYUTENbHbIE PACXOKAEHHS MPU CMEHE UCTOIHUTENS.
BakHbIM pe3yabTaToM aHalin3a 3aKkOHOMEPHOCTEH OPUEHTUPOBKH JIMHEAMEHTOB, BbIAE/Is-
€MbIX Ha a3po(OTOCHUMKAX, U CBA3H ITHUX XapaKTEPUCTUK ¢ FEONOTHUYECKUM CTPOEHUEM
crana padora M.I". [onsOpaiixa. B.B. 3a0anyeea, I'.P. Mupkuna « TextoHnueckuii aHanus
MEraTpeliMHOBATOCTH — NEPCMNEKTUBHLIH METOA UCCNEA0BAHNS 3AKPITLIX TEPPUTOPUIT,
BbinonHeHHas B 1960-e roaw! [15].

B 5TOM HanpasieHWUu OblId AOCTUTHYTHI 3HAYUTENbHbIE YCMEXH, MPOC/IeKeHa CBA3b
JIMHEAMEHTOB ¢ Pa3pbIBHbIMU HAPYLUEHUSAMU U FPaHULIAMH Ie0I0rHYECKUX Tel, UCCeA0Ba-
Hbl BONPOCH! PaH/KMPOBAHHWSA TMHEAMEHTOR W MOKa3aHa npakTuieckas 3Ha4MMOCTb JIMHEa-
MEHTHOrO aHanu3a npu peLleHrH 3a1a4 reonorHueCcKoro KapTupoBaHus, MOUCKa MOME3HbIX
UCKOMAEMbIX, U3YUYEHHS OMACHBIX NPUPOIHbLIX SABIEHUN, B TOM YHCAE CEHCMUYHOCTH.

[TpakTHueckoe NpUMEeHEeHHe JIMHEAMEHTOB ONepekano TEOPETUHECKUE UCCIEA0BaH s
n pa3padoTKy MOHATHIHHOrO annapara. TepMUHbI JIMHEAMEHT» U «pazloM» 4acTo yno-
TpeOMsAIUCh KaK CHHOHUMBI, XOTS «JIMHEAMEHT» — 3TO JMEMEHT U300pakeHHusd, a «pas-
JIOM» — OIMH U3 KOMITOHEHTOB re0noro-reoQu3nyecKkoii cpeasbl.

B onpeneneHnu NOHATUA «JTUHEaMEeHT» He Obl10 eanHoodpasus. OaHu noa 3TUM Tep-
MHWHOM MOHUMAaNTH TO0Y 0 TMHUIO HA KOCMUYECKOM U300paeH U WK a3podOTOCHUMKE,
Hanpumep, bunnuire, Bonapa, apyrue — TojibKO JMHHHU 3HAYUTENbHOH NMPOTAKEHHOCTH
WM MPOTAKEHHYH COBOKYMHOCTh Hebonbwmx nuHuii (Jlarmau, Kaiizep). Paa uccaeno-
BaTeseit, Hanpumep, Xuie, 1953 . [85], noa TEpMUHOM «JTHHEAMEHT» MoapasyMeBaiu
JIMHUM NJaHeTapHOro macuitada — pasnomsl, rmasHbie Gopmb peabeda. Tax ke TpakTy-
€TCsA TepMUH «JIuHeameHT» B ['eonornueckom ciosape 1960 r.

Yaiue Bcero noa AMHEaMEHTaMH MOHUMAOT JTMHEHHbIe HEOAHOPOAHOCTH 3EMHOIT KOPbI
W UTOC(epbl pa3HOro paHra, NPOTAKEHHOCTH, MYOHHb! U BO3pacTa 3a10/KEHHS, KOTOPbIE
COOTBETCTBYHOT MPOsiBJCHHbLIM HA 36MHOM MOBEPXHOCTHU paspbiBam UITH ONMOCPEAOBAHHO
reoIOrM4eCcKUM M JaHawapTHbiM aHomanusmM [69]. Takue nuHeiHbie aHOMaNIuM MOTYT
ObITb 00YCNOBNEHbI CKPLITLIMU paznomMaMu PyHaameHTa, PraekCypHbiMU (koneHooOpas-
HbIMU M3rudamMu CIOER) U TPELMHHBIMH 30HAMH B MEPEKPbIBAIOLLUX 0CAJA04HbIX OT/IO-
JKEHUAX MAMTHOrO yexia. Ha 3eMHOH nOBepPXHOCTH JIMHEAMEHTBI BbIpaXKeHbl MpaHULIAMU
naHawaPTHBLIX 30H, CNPSIMIEHHBIMH YYacTKaMH PEYHbIX A0JAHH, OBparos, OeperoBbiX Ju-
HUil MOpeit ¥ 03ep, ycTynamu Teppac, rpeOHsMu xpeOTOoB, uenoykamu 3anajuH U XOJMOB.

[TepBble CHUMKH M3 KOCMOCA, NOABUBLIMECS B PACMOPAKEHUH [€010T0B, MPOAEMOH-
CTPUPOBAIIM HATTUYME JIMHEAMEHTOB pPasNUyHbIX Pa3MepOB U HANPaBJISHUH U KOMbLIEBbIX
CTPYKTYpP npakTuuecku noscemecTHo. B 1974 . B.A. byuw [14] BbiaeninI cUCTEMbl TPaHC-
KOHTHUHEHTAIbHbIX THHEaMeHTOB EBpa3un. Pe3ynbTaThl BbINONHEHHbIX pabOT NO3BONUIIHU
eMy aaTh 00liee onpeaeneHue TMHeaMeHTOB KaKk OPUEHTUPOBAHHbIX TIMHEHHbIX J/IeMeH-
TOB M300paKeHUs, 0TOOpAKAIOLUX HEOAHOPOAHOCTU MPUPOAHON Cpeabl.

B.1. MakapoB cocTasu nepsyto kapty JuHeameHTos Tepputopun CCCP. B nane-
HelieM ObLT ONyONMUKOBAHBI BaXKHbIE 1151 pa3BUTHA Tembl padoThl [54, 55], B KOTOPLIX,
OH OTMETHJI, YTO B HEKOTOPbIX C/IYYasiX ¢ MMHEAMEHTAMHU CBA3bIBAIOT MPEUMY LLECTBEHHO



HEOTEKTOHUYECKUE WU YHACAEA0BAHO Pa3BUBAIOLIMECS B HOBEHLIEE BpeMs pa3pbiBbl,
(pIeKCYpPHO-pa3pbIBHbIC 30HbI, 30HbI MOBBILLIEHHON TPELIMHOBATOCTH, a TAKIKE MHbIE 30HbI
aedopmaumii 1 NPOHUUAEMOCTH TUTOCHEPBI, NMPOABICHHbIE HA 3€MHON NMOBEPXHOCTH.
B.1. MakapoB ycTaHOBHJI CBsA3b JIMHEAMEHTOB C perMaTuiecKoil cucTemMoii pa3nomMos.

B 1986 r. A.I. Kau, A.W. IMoneraes u D.®. Pymsanuesa uznanu KHUry «OCHOBBI Jiu-
HEaMEeHTHOIl TeKTOHUKW» [48], rae NOMUMO ONMUCaHUs PErHOHANbHbIX JIMHEAMEHTHBIX
ceTell Obi10 BbICKa3aHO NpeanoaoKkKeHHe 0 TOM, YTO JTUHEAMEHThI ABAAKTCA NPUPOAHBIMH
WHAWKATOpaMU TUHHUI 1eTUMOCTH 3eMHOM KOpbl. [10ABUTOCKE NOHATHE «JIHHEAMEHTHbIH
aHaIu3» Kak METOA KOMIIEKCHOrO aHanu3a pasHopaHroBbiX JIMHEAMEHTOB U UX CeTeil Mo
MarepuanaM QUCTaHUMOHHOrO 30HAMpoBaHua. McenenoBanucs TMHEAMEHTBI M KOJbLE-
BbI€ CTPY KTYPbl KaK OTpaKeHHE NIaCcTUYECKUX U XpYNKUX aedopmaLlmnii B 36MHOM KOpe.

3HaYuTENbHbIM BKAAAOM B U3yUeHHe JuHeameHToB Obina nydnukauus 8 1987 . kon-
aekrtusHoit Monorpadpuu «Kocmoreonorus CCCP», B kKOTOpOii npuBeaeHa XapakTepu-
CTUKA JIMHEAMEHTOB, BblAEJEHHBIX B OTACNbHBIX PEMMOHAX U AN CTPaHbl B LeaoM. B
MOHOrpaduu, B OCHOBHOM, ONUCbIBaeTca kocMoreonoruyeckas kapra CCCP macutaba
1:2 500 000, co3nannas 8 HITO «Asporeonorus» B 1983 r.

B 1990-X roaax cloUINCL YETKHUE NPEACTABIEHUs O TOM, YTO JIMHEAMEHTbI OTpaXKa-
0T OJTOKOBYIO neMMMOCTb 3eMHOI1 Kopbl. A M. Tonetaes 000cHOBaM 3HAUUMOCTE NOHATHS
«MHEAMEHTHAa AETUMOCTb 3€MHOIT KOPbI», 10Ka3a Cy LIECTBOBAHKUE pa3HOMACIUTaOHbIX
ceTell IMHeaMeHTOB No BCeil niaHeTe, ¢Bs3ai ¢ HUMU pa3BUTHE Nre0IOrM4eCKUX npouec-
COB, PACMPOCTPAHEHUE MECTOPOIKAEHUIM MOJAE3HBIX HCKOMAEMbIX U NOKa3a, YTo JUHea-
MEHTHAas TEKTOHHKA 36MHOH KOpPbl NPEACTABAAET COO0H CTPYKTY pPHO-HH(OPMALMOHHY O
OCHOBY KapT HoBeilwen reonuHamuku [69].

B koHue 80-90-x ropax npouuioro Beka 3HauuTeabHbli MaccuB uH@opmauuu [4,
85], nonyuaemblit npu 06padoTKe NaHHbIX AMCTAHUMOHHOTO 30HAUPOBAHKS, BbI3BAT HE-
00XOAUMOCTb BHEAPEHUS KOMMbIOTEPU3ALUNUH NPH ASIUPPUPOBAHUN U HHTEPTNpETaALUH
JAHHBIX AUCTAHLMOHHOIO 30HAUPOBAHUSA, NOABUIHCHL PA0OThI, MOCBALIEHHbIC YACTHYHO
W MOJHON aBTOMAaTU3aLMuu npouecca.

B moHorpatuu «JluHeamMeHTHas 1 TeKTOHUYecKas pazapobneHHocTb» [62] HO.B. He-
YaesbiM MPeaTOKEeH CUHTETHYECKHH MOAXO, KOTOPbIH 3aKJI04aeTCcs B 4aCTUYHON aBTo-
MaTU3alMKu aHaIu3a KOCMUYECKUX CHUMKOB. OCODEHHOCTBIO 3TOH paboThl SBASIETCS Bbl-
JeNeHue BUu3yasibHbIM cnocoOOM (ToTanbHoe aeuMppupoBanue) 001bUIOr0 KOJIMYECTBA
JAUHEAMEHTOB TeKTOHUUYECKOH NMpuUpoabl, B NocAeAyIOWwEM o0pabaTbiBaeMblX KOMMbHO-
TepHbiMH MeTOZaMH. FO.B. HeyaesbiM cTaTHCTHUECKH HCCI@AYETCA CBA3b TMHEAMEHTOB
¢ pa3apOOJEHHOCTBIO 36MHOM KOPbI Ha Pa3HbIX MTYOUHHBLIX YPOBHSAX C UCNOJIb30BAHUEM
pa3BuUTOro Maremaruueckoro annapara. [lo kocmuueckum cHumkam HO.B. HeuaesbiM 1
E.A. POroskuHbIiM ¢ MOMOI111bIO CHHTETHUYECKOTO 1oAXoAa ObliIH BblAEIEHb CeHCMOaKTHUB-
HblE reosiornyeckue CTpykTypsl l'opHoro Anras [63, 64].

1.2. ABTOMATH3HMPOBAHHBIN JJUHEAMEHTHBIH AHAJIU3

BHeapeHue UHTEPAKTUBHOIO aBTOMATU3MPOBAHHOTO JIMHEAMEHTHOMO aHanu3a npu
W3yUYEHUU reonoro-reopu3nueckoil cpeabl HeMOCPEACTBEHHO CBA3AHO C MOABIEHUEM
CPEACTB KOMMbIOTEPHOH 00paboTku LK(ppoBLIX H300pakeHUl U conepKaTelbHON HH-
TepripeTaureii pe3yasTaToB UCCIen0BaHUi.



B pamkax aBTOMaTu3MpOBAHHOIO JUHEAMEHTHOrO aHalu3a TEPMHUH «JTHHEAMEHTY
TpakTyeTtcs fosiee WUpPOoKo. JInHeamMeHTaMu Ha3bIBalOTCs JIOOLIEN JIMHEHbIE 2JIEMEHTDI
pacTPOBOro M300paskeHUs, CBOMCTBA KOTOPLIX OMUCHIBAKOTCSA MPOLETYPOIt UX BbiEICHUS
Ha W300pakeHuu. JInHeaMeHTbl MOTYT ObITh Ma/IbIMU, NPOTAKEHHbIMH, ¢ NEepepbiBaAMHU
nnu 0€3 HUX, NPAMONUHEHHBIMU UM U30THYThIMU. OHM NOAOHPAIOTCS TaKuM 00pasom,
yToObI pe3ynbTaT Obll HHTYUTHBHO MOXO0X HA FeOMeTPUUYECKYIO0 THHHUIO, HO pacTpoBbie
W reoOMeTpHUeCcKHe (BEKTOPHbBIE) JIMHUK pasHYHbl MO CYTH. B 100OM ciyyae ux Kjaac-
cuduKaums onpenensieTcss npoueaypon nojaydyeHus JMHeaMeHTa, HalpuMep, Kak 3To
OnUcaHo B rmase 2. Takux npoueayp v peanusyrolux MX nporpaMmm A0BOJBHO MHOMO
[96, 99, 105].

Hapsay ¢ noOHATUEM JIMHEAMEHT aBTOPaAMH BBOJUTCS MOHATHE JIMHEAMEHTHbIE (POpMBbI,
KOTOpbIE NpeACTaBAAT COOOH JIUHUN JOCTOBEPHON BLITSHYTOCTH BEKTOPOB NpUBEAEH-
HOW pe3yJbTUPYIOWEH AnuHbI (0a30BOE MOHITHE YITIOBOM CTATUCTUKK) PO3-AUarpaMmm
nvuHeaMeHTOoB [41]. DTH NTMHUK TPYNMUPYIOTCA B KOMMAKTHbIE NPSMONUHEHHbIE WU TJ1aB-
HO U30THYTbIE 30HbI PA3HON LLMPUHBI U MPOTHKEHHOCTH. [TOXOKUM MOHATHEM ABASETCA
NIMHEeaMeHTHas 30Ha, KOTOpas BbIAEIAETCA HE JIMHUEH, a MON0COH, HMEIOLEH HEKOTOPYIO
IWHPHHY U BHYTPEHHIOK CTPYKTYDPY. JIMHEeaMeHThbl U n1HeaMeHTHbIe (POpMbl 00pa3ytoT
CUCTEMbI JINHEAMEHTOB — COBOKYTTHOCTb JIHHEAMEHTOB, 00beAUHIEMbIX 110 KAaKOMY-1100
MPU3HAKY WK npu3HakaM. B 4aCTHOCTH, CUCTEMbI JIMHEAMEHTOB OJTHOIO U TOTO e Ha-
npasjieHust 00beAUHAIOTCS B Pbl.

CyLiecTBeHHONU npodaeMOit TMHEAMEHTHOTO aHaiusa ABJSEeTCS CoAeprKaTe/ibHas
WHTEpNpeTallus pe3y/ibTaToB, KOTOPas CHIILHO 3aBUCHUT KakK OT NpHPOAbl U3obpaxkeHus
(KOCMMUYECKUIT CHUMOK B OMPEACACHHOM CNEKTPATLHOM AuanasoHe, uudposas MOACIb
peabeda, reopu3ryeckoe nosie U ap.), Tak U OT NOCTaBAEHHbIX PAKTUYECKHX 3a]au.

CyTb KOPPEKTHOM MHTEPNPETALUM 3aKTHOUAETCS B MASHTU(DUKAL MK TMHEHHOTO Jne-
MEHTa U300paskeHusl B TepMUHAX CTPOEHMUS reosioro-reodusnyeckoit cpeasbl. [pouenypa
NoJIy4eHUs JaHHbIX aBTOMATH3WPOBAHHOIO ACLIM(PUPOBAHUA YEPE3 HHTEPAKTHBHYIO
napaMeTpu3aluio nporpaMMm BbiJeeHUs JITHEAMEHTOB U MPOCTPAHCTBEHHOIO aHanu3a
MX pacnpeaesieHHs ABAACTCA HePa3AenbHON YacThblO HHTEPIPETALMH.

B Tabnuue | paccMarpuBatoTes npoueaypbl 00paboTKH KOCMHYECKOTO H300pakeHUs
nNpu pa3HbIX CTUIAX JTUHEAMEHTHOIO aHa/In3a,

B nepuon ¢ 1978 r. no 1986 r. Obl10 onybnnkoBaHo Heckoibko pador B CCCP u B
CLIA, nteMOHCTPUPYHOLLUX BO3MOKHOCTH KOMNBIKOTEPHOIrO pacno3HaBaHus JHHeaMeH-
ToB [18, 97, 98, 100, 102]. B 1983 roay B IlI'O «Asporeonorus» Hauara pazpadoTka
naketa nporpamMMm LESSA (Lineament Extraction and Stripe Statistical Analysis), npen-
Ha3HA4YE€HHOrO U1 MHTEPAKTUBHOMO aBTOMAaTH3HPOBAHHOTO BbIAE/IEHUS JTHHEAMEHTOB H
CTAaTHCTHYECKOrO aHanusa nosieil MasabiX JHHEAMEHTOB.

B 19861987 rr. 6b1u ony0aKMKoBaHbl padoThl ¢ y4acTUEM OJHOIO M3 aBTOPOB
(I'"H. HMBanuenko) [38, 50]. B KOTOpbIX NpPUBEAEHbI Pe3yJbTaTbl MPAKTHYECKOTO MPH-
MEHEHUS KOMTIbIOTEPHOIO AMHEAMEHTHOrO aHanM3a A5 pelleHus reoJorHuecKux 3a-
aay npu anpodauuu HavyanbHOW Bepcuu LESSA, peanu3oBaHHOM ellle Ha AUCTIeHOM
npoueccope. B 1988 roay B JleHuurpaae usagada KHura « ABTOMaru3upoBaHHbli aHaIn3
NPUPOAHLIX JIMHEAMEHTHBIX cUCTEMY [ 1] ¢ onucaHnem UCMONBL30BaHKUA NaKeTa Mmporpamm
LESSA. I'locne Bbixoaa cOopHuKa U pazpaboTku paznuyHbiX Bepcuii LESSA konuuecTBO
nyOonauKauuii o TeMe KOMIbITEPHOIO JIMHEAMEHTHOIO aHalu3a pe3ko Bo3pocno. Jaib-



Helllliee COBEPLUEHCTBOBAHUE NEPCOHANIbHBIX KOMIMbIOTEPOB CMOCOOCTBOBAIO YBEIHYE-
HHIO MaTeMaTHYECKUX METO10B 00paboTKu AMCTAHLIMOHHON MH(OPMalLIH, OTPAKEHHbIX
B nyOosnukauusx [109, 110]. Moandukauna nakera nporpamm LESSA npononxkaercs
A.A. 371aTONOJLCKHUM 10 HacTosLiero BpemeHH. JlaHHblie no anpodauuu 3Toil nporpaMmbl
W CepuH nocheaoBare/lbHbIX MOAU(UKaUUil npeacTaBaeHbl Ha BeO-calite http:/www.
lineament.ru.

Taonuya 1

CTiiau JHHEeaMeHTHOr0 aHAIH3A

[Tpouenypa 0OpabOTKM KOCMHUYECKOTO

CTHAb NMHEAMEHTHOrO aHain3a -
M300paKeHns

JlokomnbroTephblit (knaccuueckuid) [103, 85].
KoHel 60-x — Hactoswee spemsa: B.A. byul.
B.M. Makapoe, A.H. Tloseraes, M.JI. Konn.
B.I. Tpudonos. C.B. Uleaper, C.C. LLlyabu u
ap.)

JInHEaMEHTbI BbIAEAAIOTCA BHU3YANIbHO, CTATH-
CTHHUCCKHC XapaKTCpHUCTHKH NoAy4HaKT BpyH-
HY K

YacTuuHoii apToMaTu3auum
(90-¢ roaw: HO.B. HeuaeB, E.A. Poroxun,
HO.K. Ulykwun, B.I". T'utuc v ap.)

JIMHEaMEeHTBI BbIACAIHOTCA BU3YaNbHO, CTarTH-
CTHHYECKHH aHa/lH3 KOM NbHOTCPH30BAH

WurepakTuBHO# apToMaru3aunu (LESSA) Jluneavernnbi Maavie 1 APOMANCEHHbIE GbIOE-

(80-e roawi: A.A. 3narononsckuii, B.T. Akcenos.
b.B. Maakun. H.B. Koponosckuii. ["H. WpaH-
uenko. B.E. lkapun; 90-e roasi: JI.B. Muno-
cepaora; 2000-e roabi: ALINA, LINEAMENT)

ASIOMCA AGIMOMAMUSUPOCAHO MHO2ORApaAMe-
MPUYECKUMU RPOCPAMMAMU, CIIAITUCIMIUYNECKAA
0bpabomKa MAarbIx AUHEAMEHMOB KOMNBIOME-
pU30BAHA

Jluneavenmor maiwie APOMANCEHHbIE Gbige-
JAOMCA AGMOMAMUIUPOGAHO MHOcORAPAMe-
MPUHECKUMU RPOCPAMMAMU, CIIAMUCMUYeCKan
Gﬁpﬂﬁﬂﬂf!{ﬂ RPOMAMCEHHbIX TUHEAMEHNIOG NPO-
HCX 00U HOCTE UX HHHEEP(?KH?HGHG:’:I COPMUPOG-
KU U KOMABKOMEPUIOEAHA

MHOrocTy neH4aToi HHTEPAKTUBHON aBTOMATH-
saunu (WinLESSA)

(Ha pyoee XX-XXI BB.: A.A. 31aT0NONLCKHH,
["H. MBanuenko, 3.M. ['opbyHoea, B.I'. bBonayp.
B.A. Manunnukos, KO.H. Cepokypos u ap.)

JONOJHUTENBHO HCMOMBL3YIOTCA THHEAMEHTDI
W/ WK UHbIE 00BEKTbI W3 BHEWIHUX 0a3 JaHHBIX,
pe3y/ibTarhl IMHEAMEHTHOIO aHajii3a CTaHOBAT-
ca cnoamu [UC

I'MC ananuza
['eoMHpOPMaLIHOHHBIX CHCTEM (HA pyOeke X X—
XXI BB.: ERDAS, Arcinfo, ArcView)

[Ipuseuanue. KypCcHBOM BblAE/IEHbI HAMPaB/ieHHUs, aHANU3KWpPYEMbIE B 1aHHOH padoTe.

B nocnenxee pecaruaerne B POCCHU Hauanu MOSBAATLCS M APYrUe MporpaMmmbl Ju-
HEAMEHTHOIro aHasin3a — «AnuHa» [93], «Jluneament» [27], «Panua», LINEAMENTS&
COILS [73], koTopbie no cpaBHeHuto ¢ LESSA nMetoT MeHbliee npakTHYeckoe npumeHe-
Hue. B 'HIT «Aaporeodusuka» nuHeameHTHbIH aHanu3 ucnosib3yeTcs A BbiaeseHus
JINHEAMEHTOB, BbIPAKEHHBIX B adpOreo(PU3nYECKUX MarHUTHBIX NOJAAX — Mporpamma
MunuraH, cxoaHas no paay aaroputmoB ¢ LESSA, B yacTHOCTH, nocTpoeHue nporsi-
KEHHbIX THHEAMEHTOB,



B nactosuiee BpemMs HCNONb30BAHKUE IMHEAMEHTHOTO aHanusa B pamkax ['MC asns-
erca 00weit npaktuxoii. [1porpamma LESSA BkiioueHa B BUAE MO/ B aMEPUKAHCKYFO
reouHpopmanmoHHyto cuctemy ERDAS (ER_LESSA — moayas ERDAS IMAGINE).
Pabota B cpeae ERDAS no3ponser ucnonb3oBarb Oorareiiline HHTepaKTUBHbIE BO3MOK-
HOCTH 3TOH CUCTEMbl, BKAKOYAThL pe3yabTaTtbl 00padoTku B 0onee 00y TEXHONOTHIO
aHanusa.

3a BpeMsi UCNOAb30BAHUS MPOrPAMMHOr0 MAKeTa CMEHUIICA OOWMPHbIA NapK Bbi-
yucauTenbHoH TexHuku. LESSA ¢yukumnonunposana Ha PDP 11/34 u Ha cneumnanbHbiX
ycTpoiicTBax aHanuza uzoopaxenus: IS, SVIT, OKTET, DataTranslation. B HacTosiuee
Bpemsi noctyneH psan Bepcuit LESSA. AZ LESSA 3 noa DOS camas komnakTHas W
HaunbOonee oTpaboranHas Gazosas texHoaorus ¢ 1993 r. 1o 2001 r.

Bepcus WinLESSA 01 2002 v nocaeayroliue BbiMoaHEeHbl B MpuBbiYHOM Windows
uHtepdeiice. Bepcus WinLESSA 02 2004 no3BoasieT: coxpaHsaTbh rpaduieckne pesyib-
TaThbl aHAIU3a HE TOJLKO B PACTPOBOM, HO U B BEKTOPHOM (popmare; MEHATHL maciTad
aHanusa (pasmep nepBUYHLIX LUTPUXOB); HHTEPAKTUBHO pa30uBaThL U300paxeHue Ha 0J10-
KW ¥ NoJly4aTb pO3bi-MarpaMmMbl B 3TUX Ol0KaX; yAAIATh U3 PACCMOTPEHUS A€ (PEKTHBIE
Y4YacTKH U300pakeHUs (001aka, MOMEXH); CTPOUTb U30JMHUU «M07ei»; BbIMOJHATL apuQ-
METHUKY «roseit» (CKlaabiBaTh MX M BLIYUTATH); CMAryarh KpaeBoii adekT npu pacuere
pO3-AuarpaMm U UX XapakTepPUCTHK; MEHSATb NAJUTPY NCEBAOPACKPACKHU «nojeii» (Uncio
LIaroB, cnocod pacueTa LaroB); PacCHUTLIBATL OOMbLLIE XAPAKTEPUCTHK PO3-AUarpamMm
M KOHTPOAMPOBATh OOMbLIE NapaMeTpOB UX pacueTa.

Bepcus WinLESSA 2.2 2006 nonondeHa cneayrowmmiu onuuamu: BBoa LIMP B ¢op-
mate GRD ASCII, BBoa koopanuar npuasku aaa popmara RAW, BbIBOA NOAYTOHOBbLIX
pesyabraroB B popmare GRD ASCII u po3-anarpamm JTMHEAMEHTOB B TEKCTOBBII (aii.
Ho rmaBHOe U3MEHEHHE B 3TOM BEPCHH — YTOUHEHHE pacyeTa IMHEAMEHTOB H LUITPUXOB.
VYiyulueHo onpeaeieHue HanpasieHHs WTPUXOB B MOAYTOHOBOM U300paXeHHH, Crnoco0-
CTBYIOLIEE YCTOHUMBOCTH PO3 M0 LITPUXAM K MOBOPOTY H300parkeHMs NpH pacTepu3alni.

OcHoBHoe otauuue sepcu WIinLESSA 3.0 2007 cocToOUT B NOBbILUEHUH TOUHOCTH
pacyeToB: UCXOAHbIE LUTPUXH U PO3bl-AHArpaMMbl PACCUHTBLIBAIOTCS C YBEIHYEHHOM
BIIBO€ TOYHOCTBIO MO HanpasiaeHuio (11,25 rpagycos); KoppekTHee BbINOIHAETCS rpyTi-
NUpOBaHHE LITPUXOB B JIMHEAMEHTHI MO HaNpaBieHUIO U NepepacnpeaeeHue TPUXOB
no ItHeaMeHTaM.

[Tocaeanue Bepcuun WinLESSA 3.3 2010, 2012 otiMyarores psaoM yTOYHEHHH, A0-
OarJIeHK I, UCTIpaBIeHHIA.

ABTOpbI JaHHON MOHOrpad)uy UCNONb30BANK NPH PELUEHUH NMPaKTHYECKHX 3a4a4
MHOTHE W3 BbllIENEepeUnCIeHHbIX MOAUDUKALMI U HHTEPNPETUPOBAJIH NOJIyYaeMble
pe3yabTarbl AJ15 pa3juyHbIX PETHOHOB U LeJiel UCCIIeI0BaHUIA.

1.3. IlpakTH4yeckoe UCIOJAb30BAHHE
nporpaMMHoro nakera LESSA

Ha HauanbHOM 3Tane npuMeHeHus aBTOMATU3UPOBAHHOIO JIMHEAMEHTHOIO aHalu3a
NPOBOAMUJINCH CMELHATTbHBIE UCCEIOBAHUS MO COOTBETCTBUIO JTUHECAMEHTOB re010Mu-
yeckuM cTpyktypam [9, 50]. YeTaHOBAEHO HANWYKME YETKUX KOPPEenauuil MexKIy 3Hauu-
TE/bHOIH YACThIO JIMHEAMEHTOB, BbIACAEHHbIX ABTOMATHUECKH IKCTIEPTAaMHU-TE0I0ramMu, 1



PEAIbHbLIMU IE0IOrMYECKUMI PA3IOMaMK, OTMEUEHO TAKXKE YBeJInueHne HH(pOopMaLHK O
TEKTOHUYECKUX YCIIOBUSX UCCIIEIYEMBIX PETHOHOB, BbIACIEH PAJ CTPYKTYP, CYLLECTBO-
BAHUE KOTOPbIX 3aT€M MOATBEPIKACHO APYTMMH METOAAMMU.

B pesynbrare Ha npumepe LeHTpaibHoro cekropa CesepHoro Kaskasa [50] BbisBNeHbl
pa3NUYHbIE ACMEKThI MPOOAEMbI CONOCTABIEHHS OOBEKTOB ABTOMATU3MPOBAHHOTO A€ N (-
PUPOBAHHA C NAHHBLIMH I€OJIOTHUECKUX ChEMOK M BU3YAJbHOINO aHalu3a: COXpaHeHue
OOLLMX YEPT CTPYKTYPHOIO MiaHa, B3aMMHOE YTOYHEHHE PE3Y.1bTaTOB, CThIKOBKA JIMHEa-
MEHTOB COCEHUX PA3HOBPEMEHHBIX CHUMKOB, CBUAETENbCTBYOLIAA 00 ONpeaeieHHOI
YCTONYHUBOCTH PE3YJLTATOB OTHOCUTENILHO YCJIOBHH CHEMKH.

B To ke Bpems cnabas aBromaruueckas JACTEKLUs KPUBOJIMHENHHbIX YUACTKOB pas3-
JOMOB OrpaHWYMBAET MPUMEHEHUE METOJa NUHEAMEHTHOrO aHanu3a Ans BblAEACHMS
KpUBOJWHEHbIX 00bekTOB. Ha npumepe Kaszdeko-LIXHHBaTbCKOH NpAMOJHHEHHON Nu-
HEAMEHTHOM 30Hbl NOKa3aHO pa3IMyKe CTHJIEN BU3YATbHOIO reHepann3y LWero et ug-
PUPOBAHHUS U KOMITBIOTEPHOH AETEKLIMM, COXPAHAIOLLEH 0COOEHHOCTH BHYTPEHHEN CTPYK-
TYpbl pa3zaoMoB. biiM3kue pe3ynbTarbl NOAyUeHbl W 4718 00Nee TEXHOTEHHO 3allyMAEHHOI
TeppuTopuu ITaHOoHCKON BniaauHbl [9].

[MTocnenyrowas npakTuka NpMiMeHeHus aBTOMATH3UPOBAHHOrO ActiHdpUpOBaAHNS
JTMHEAMEHTOB MOKa3ana, 4TO HE CYLLIECTBYET NOJHOCTHI (POPMATU30BAHHON METOANKH
BbIAC/ICHHUS MEONOTMYECKH 3HAYUMbIX JTUHEAMEHTOB, U, KaK U B CJly4ae BH3Ya/bHOIO
AeWHPPUPOBAHHA, PE3YIbTAT 3aBUCUT OT KOMMETEHUMH dKcnepTa. OaHAKO napameTpu-
3alus, NOHUMaemMas Kak BO3MOXKHOCTb (PUKCHpOBaThL BCe mapaMeTpbl, 00ecneyuBaeT
MOBTOPAEMOCTb MPOUEAYPbl U BO3MOXKHOCTb 00M€E KOPPEKTUPOBKHU AAHHBIX APYTUMHU
IKCMEPTAMM.

UccneaoBanue reoguHaMmuueckoii 00CTaHOBKM METOAAMM aBTOMATH3UPOBAHHOTO JiW-
HEAMEHTHOro aHajiu3a OblJI0 Ha4YaTo C CeMCMOAaKTUBHbIX pailoHoB [1, 38, 39], B npeae-
nax KOTOPbIX CYLLECTBYET BOIMOXKHOCTDL 3aBEPKU Pe3yJ1bTaTOB IMHEAMEHTHOIO aHanusa
CEHCMONOTMYECKUMU JAaHHbIMH. bbina npeayioykeHa HHTEpnperauus BbITAHYTOCTH pO3-
aunarpamm (npuBeaeHHas pe3yabTUPYIOLIas A1UHA) Kak BO3MOXHOIO MHAMKATOPA 30H
aokanusauuu aedopmaumii. st psaa paiionoB CpeaHeid A3uu yCTaHOBIIGHA Lenovka
B3aMMOCBA3eH: M0J0COBbIE aHOMANHH — 30HbI JIOKaNU3auuu aeopMauuil — OpUeHTH-
poBKa BekTopa cxarus. [ [pyyem nokazaHo, 4TO Ha TEKTOHO(DHU3NYECKOM YPOBHE UHTEP-
Mperauus HeoqHO3HAYHa U 3aBUCUT OT NMpUHATOI Mozenu [46, 86, 87].

B nanbHeliiem nporpammbl LESSA u apyriue nporpamMbl aBTOMaTu3uPOBaAHHOIO Jik-
HeaAMEHTHOIO aHau3a 4715 pelleHus celiCMOTeKTOHMYECKHUX 3aay B pa3fiMuyHbIX reoauHa-
MUYECKHX 00CTaHOBKAaX MCMNOJIb30BAIUCHL pazHbiMU aBTopamiu [ 11, 46, 92], B TOM uucae 1
OJIHUM M3 aBTOPOB JaHHOU moHorpaduu [32, 34, 45]. Tak, B.I" bouayp u A.T. 3BepeB Ha
OCHOBaHWHU CBOEH MpakTUKU padboT B CECMOAKTHBHBIX palOHAX NPULLIH K BbIBOAY, YTO
«aBTOMATH3WPOBAHHbIH JIMHEAMEHTHBINA aHaIM3 KOCMMYECKUX U300pakeHuil obnaaaer
OONbLLIOH JOCTOBEPHOCTLIO, ONEPATUBHOCTLIO U 3PPEKTUBHOCTLIO 1151 Nre0AMHAMIYECKO-
ro MOHHUTOpUHra ceiicmoonacHbiX Tepputopuii» [13]. FO.H. Cepokypos 1 B./l. Kanmbi-
KOB YCNELHO UCMOJb3YIOT aBTOMAaTU3MPOBAHHbII aHaIU3 NPH NOUCKAX aaiMa30HOCHbIX
cTpykryp [77], JI.B. Munocepaosa — npu oueHke MecTopoxkaeHuii yrnepogopoaos [60].
B patore O.B. Auucumosoii u H.B. KopoHoBckoro [5] npociexeHa ¢Bsi3b AMHEaMeHTOB
LEHTPaJIbHON YacTH MOCKOBCKON CHUHEKIIN3bI HA npuMepe CpeaHepyCcCKOro aplakoreHa
¢ paznomamu dyHIaMeHTa.

Mccaenoranue reoaMHaMUM4eckoil oOCTAHOBKHM MpeanojaraeT COBMECTHOE onuca-
HHUE reoloro-recU3nyYecKoil cpeiabl, HanpsxeHud U aedopmaunii ¢ no3uuuu GJOYHO-



MEPAPXMHUECKOTO CTPOEHMUsI 3EMHOI KOpbl. B TeopeTHueckom niane KOHUEMLUS €CTECTBEH-
HOW KYCKOBATOCTH (IMCKPETHO-UEpapXxuueckas monaenb) akaaemuka M.A. CaaoBekoro
[72] nonyuuna cBoe aajibHeillee pa3BUTHE B OCHOBAX JAMHAMUKH Ae]OpMUPOBaHUS
ONOYHBIX MAaCCHUBOB, U3M0KEHHBLIX B MOHOTpaduu [52]. B aroii moHorpaduu Takxke pac-
CMATrpuBaAETCA PONb JIMHEAMEHTHBIX METOAOB (CPEAU MHOTMX APYTHX) A5 BbISIBJICHUS
0JIOYHOIO CTPOEHUS Ha pa3HbIX MACLUTAOHbLIX YPOBHAX. ONTUManbHblii MaClUTAOHbIH Liar
M3Y4YeHHA Pa3pbiBOB PA3HOIO paHra MOKET ObITb ONpeaeeH IMIUPHUYECKH COMACHO TH-
MOTE3€E €CTECTBEHHOW KYCKOBATOCTU U/WAW KAKUX-TO UHbLIX HCCAEA0BAHUM (PpaKkTaibHbIX
CBONCTB O/104YHBIX MACCHBOB.

ABTOMaTU3UPOBAHHOE ACLUIW(PPUPOBAHME UCMONB30BAHO AM1s ONPEACICHHUA AUCKPET-
HOCTH pa3MepoB reojioruvyeckux 0obekToB B padbore B.E. lllkapuna [92]. PazpbiBbl MOFyT
OTpakaTbCA B JMHEHHbIX 2JIEeMEHTAX JaHawadTa U, COOTBETCTBEHHO, NMPOCICKUBATLCS
Ha paCcTPOBbIX U300pAKEHUAX ITUX TeppUTOpUi. M3menenune macwitabHoro gakropa npu
ACWIK(PPHUPOBAHUN KAK JTMHEAMEHTOB, TaK U U30METPHUYHbBIX OOBEKTOB MOATBEPKAACT
MHGOPMATUBHOCTbL MPUMEHEHUS NOCAEL0BaATENLHOIO AeH(PPUPOBAHHSA KOCMOCHHMKOB
HECKOJIbKHX MaclITaOHbIX YPOBHEH (OT MEJIKOrO K KPYMHOMY) MpH PELLUEHUH pasHbIX
reosioruueckux 3aaad. B padorax [10, 60, 77] npusenenbl pe3ynbTaTbl HCNOAb30BAHUS
AAHHOMO MOAXOAA.

C TO4KH 3peHus aBTOMATU3MPOBAHHOIO ASLUU(pPHUPOBAHUS C/IEAYET YETKO Pa3AeisTh
npoOnemMbl N0aA0Opa CEPUU MCXOAHBIX PACTPOB Pa3IMYHOM paspeluaroiueii cnocoOHOCTH
(MacwTada) ¥ WaroBy reHepany3alnio 00AbLIOrO pacTpa A5 BU3yalu3aliu ABICHHUI
pPasHOro MacwTabHOro ypoBHs. JlaHHbIii NOAX0A MPUMEHEH aBTOpamMu fpH UCCAEA0OBAHUH
Boctouno-Esponeiickoit nnardgopms! (BEI) 1 Bxoaswux B ee coctas paitoHos [19-21,
35-37, 40—-43] u paccMoTpeH B [1aBe 3.

Ha ocHoBaHuH reos10ro-reo(usnyecKux JaHHbIX PoaHaIM3HPOBaHa B3aUMOCBA3b
mMyOMHHOIO CTpoeHus, penbeda v coBpeMeHHol reoguHaMmuku BEIT. BoisiBneHHble 3a-
KOHOMEPHOCTHU npeactasieHbl B MoHorpaduax M.UJL. Konna, B.U. Makaposa, FO.K. LLly-
kuHa, ®.H. FOpaxuna [49, 94, 95, 107]. B Hacroswueid padoTe npoaokKeHo U3yyeHue Bbl-
PaKEHHOCTH MeOJIONHYECKUX CTPYKTYP, aKTUBHbIX HA COBPEMEHHOM H HEOTEKTOHHYECKOM
JTanax, B TMHEAMEHTHOM PUCYHKE M0 pe3y/ibTataM BU3YalbHOIO U aBTOMATH3UPOBAHHOMO
AetuprupoBaHUA KOCMOCHUMKOB. JJOMONHHTEIbHOE NPUBJICUYESHHE JaHHbIX NPELU3HOH-
HbIX H3MEPEHUH TOPU30HTANBHBIX KOMITOHEHT CKOPOCTEH CMELIEHUI ONOPHbLIX NMYHKTOB
GPS-na0nonenuii [2] noareepansio COBpEMEHHYIO aKTHBHOCTh Fe0JIONMYECKUX CTPYKTYP
ueHTpanbHoii yactu BEITL.

M3yuenue cospemeHHoM reoquHamMukd BEIT umeer ocoOyto 3HaUuMMOCTL B CBA3H CO
CTPOUTENILCTBOM U AKCNNyaTauuei 00beKTOB «OBbILLIEHHOTO YPOBHS OTBETCTBEHHOCTH
B €€ npeaesax, Ho OCJOKHEHO TeM, YTO 3TO TEPPUTOPHUS UHTEHCUBHOIO TEXHOMEHHOTO
Bo3aeiicTBus. [lpexae Bcero 3to maowaaku ADC, KoTopbie Bcerja BbIOMpatOTCs IKC-
NePTHLIM pPeLieHHeM Ha OCHOBE JaHHbIX, MoJy4eHHbIX OonblwuM Habopom meTonoB [61].
Cpeau HuX, Kak nokazanu padotsl C.B. llIBapeBa, MOphOCTPYKTYPHBII ¥ THHEAMEHTHbI#
aHanu3sbl gocratouHo a¢gdextuubl [89, 90]. B atux paborax npoaemMoHCTpUpOBaHA WH-
(OpMaTUBHOCTb MPUMEHEHHUS NMHEAMEHTHOIO aHalu3a Kak BCMOMOraTeibHOro MeTo1a
NPy OUEHKE U MOHUTOPUHIE COBPEMEHHOW re0AMHaMHUUYeCKON 0OCTAaHOBKM IJIOLLAL0K
pacnoiokKeHHust OTBETCTBEHHBIX OOBEKTOB.

JIns pernoHoB ¢ Xopoluei koppensiuueit 1uHeaMeHTOB U TEKTOHWYECKUX Pa3pbiBHbIX
HapyLeH Ul (00bIUHO 3TO HEOTEKTOHUYECKH aKTUBHbIE PaiiOHbI ¢ IBHBIM Mpeod/iagaHuemM
ecTecTBeHHbIX JaHawadToB) TexHonorus LESSA nozponser:



— YTOUHATb HAJIUYHE U NONOKEHHE CUCTEM TPELLHHOBATOCTH, BbIAEIEHHbIX MPH HH-
TEepnpeTaLUuy TPAIULMOHHBIMU METOAAMU [E0I0Or0-reo(Ppu3nIeCcKuX MartepHaos,;

— NoAyYarb AOMNOAHUTEIBHYIO HH(POPMALIMIO O FEHE3UCE U KHHEMATHKE Pa3pblBHbIX
HapyLLUEHWH U COBPEMEHHOI reoiMHaMHYeCcKoi 00CTaHOBKE;

— ONpPEeAensATb HEKOTOPbIE XapaKTEPUCTUKH HANPSAKEHHOTO COCTOAHUS JIUTOC(EPBI U
BbISIBNATh JIOKATbHBIC 00JIACTH KOHUEHTPAUUM HanpsbkeHui 1 aedopmariuii, B TOM 4UCe
AJ15 CEHCMOAaKTUBHbBIX PA310MOB.

[Tpu npaBunbHOM noadope paspeluaroiieil ¢cnocoOHOCTH CHUMKOB U MapameTpos
KOMITbIOTEPHOH NMPOrpaMmbl MOKHO OLIEHHTbL CTEMEHDb YNOPSAA0HEHHOCTH TEKTOHUHECKHX
HapyLUEHWH U BbIAEIUTD 30HbI IOKanM3auuu aepopMauuii pasiMuHOro paHra.

JAucTaHUMOHHBIE METOALI MOTYT ObITh HCMONbL30BaHbI A1 NEOIKOJOrHUYECKON OLUEHKH
BJINAHHKA KPYNMHOMACLUTAOHbIX B3PbIBOB HA MPUPOAHYIO ¢peay. ABTOPbI BbIMOJHHIH KOM-
NBIOTEPHYHO U BU3yalbHY O 00paboTky KOCMOCHUMKOB CeMUNaNaTHHCKOrO HCMbITATE/b-
HOTO MOJIMTOHA Pa3HOI pa3peluarolleil CnocoOHOCTH, B Pe3yJbTaTe KOTOPOM BbIAC/ICHbI
YYacTKW TEXHOMeHHO MOAHOBIEHHbIX pa3pbiBHbIX HAPYLUEHUI U NOCTB3PbIBHbLIX Aedop-
Maumnil AHeBHOI NoBepXHOCTH. Pesynbrarhl aHau3a NoATBEP K ASHbI MoNeBbIMU padoTamu
[104]. AnanoruusHble uccaeaoBaHUs NPOBOAATCS 3a pyOexoM. Hanpumep, B nybnukaumuu
no nonuroHy Hesaaa CLUA npuBeaeHbl CXOAHBIE pE3yJbTaThl 10 ONMPEASICHHUIO Pa3sMEPOB
H3MEHEHMS COCTOAHUS MaccHBa NOPHLIX NOPOA M OKOHTYPHBAHHIO 00nacTell NOCTB3pbIB-
HbIX AeopMaLUii HA NOBEPXHOCTH METOAOM paaapHoit nutepdepometpun [108].

BuiBOAbI

BohinosiHeHHbI 0030p MCTOPHU PaA3BUTHUS KAACCHUYECKOTO M aBTOMATHU3UPOBAHHOIO
JMHEAMEHTHOIO aHANNU3a NOKa31 PaCLUMPEHHE NMPAKTHYECKUX 00/1aCTeH NX MPUMEHEHUS.
KonuuecTBo MHTEPaKTUBHBIX NAapaMeTpOB YBEIWUYMBAETCS 10 Mepe anpodauunu nporpamm
00paboTku ans u300pakeHuii pa3Horo TMna. YCTaHOBAEHb! LUMPOKHE BO3ZMOKHOCTH UC-
nosib30BaHus nporpamMmmHoro komnnaexca LESSA ans aewmndpupoBaHus KOCMOCHUMKOB
NPUMEHUTENLHO K aHATTU3Y CTPYKTYPHO-TE0NOrHUYECKUX YCNOBHIA, HAMPAKEHHOIO COCTOs -
HHS, COBPEMEHHON reoIMHAMHUUYECKOH 0OCTAHOBKH M OLIEHKH TEXHOTEHHbIX U3MEHEHHU I
TEPPUTOPHU MCCIIETOBAHUMN.

[Tpouenypa MHTepakTHBHOrO noadopa napamMeTpoB aBTOMATH3MPOBAHHOIO AcLIH(-
pHpOBaHHA AU PacTPOB pa3HON (PU3MUECKOH NMPUPOAbI, B TOM YUCJIE M 3aLLyMIECHHbIX
MOMeXaMu, NO3BONSET OTOMPATH KOJIMUYECTBEHHbIE XAPAKTEPHUCTUKH CTATUCTHUYECKUX
noneH JMHeaMeHTOB, Haubonee NOAXOAALIME AN KOHKPETHBIX 337a4 U TePPUTOPHI.



I1aBa 2

METO/IUKA UCCJIEJOBAHUMH,
PEAJIUBYEMAS ITPU IIU®POBON
OBPABOTKE U30BPA’KEHUN

[TpUMeHeHHe KOMNBbIOTEPHbIX METOAOB ACLUU(pPUPOBAHUS H300pakeH i, reodusnye-
CKMX NCEeBAOU300paKeHUH, UMPPOBLIX MOJIENEH penbeda U AaHHbIX JUAAPHBIX ChEMOK
NPy aHalu3e reoAMHaAMHUYecKoii 0OCTaHOBKH CTUMYJHPYETCA MAcCOBbIM BHEAPEHUEM
reoMHGOPMALIMOHHBIX CHCTEM A1 00padOTKH NPOCTPAHCTBEHHO NMPUBA3AHHbBIX JAHHbIX
BCEX TUMOB U TPEOYET HEMPEPLIBHOIO COBEPUIEHCTBOBAHUSA MOHATUHHOIO Maremaruye-
CKOIO ¥ METOAMHYECKOrO CONMPOBOKACHUS TaKUX padoT. B nonHol MEpe 3TO OTHOCUTCS U
K aBTOMATH3UPOBAHHOMY JIMHEAMEHTHOMY aHaJH3Y.

B HacTosllee BpeMs CYLIECTBYET MHOIO METOAMK KOMMbIOTEPHOIO TMHEAMEHTHOIO
aHaJIN3a U HECKOJTBKO KOMMEPUYECKUX MPOrpaMMHbIX MPOAYKTOB, B TOM HUC/IE B COCTaBE
reouHMOPMALHOHHBIX CHCTEM. DTH NPOrPaMMbl HACTO UCTIONB3YIOT Pa3NM4AKOLLIUECs aN-
ropuT™Mbl OOpaldOTKK U300PAKEHNA U PABHATCA CTETIEHbK) MHTEPAKTHBHOCTU. B 3TO# CB43M
COBEPLIEHHO HEOOXOAMMbIM NPEACTABIAETCS NapaMeTPU3aLus npoLeccoB aAelunuppupo-
BaHM, NMO3BOJIAIOLLAS UHTEPNPETHPOBATL PE3yNbTaThl, NOJyUYEHHbIE Npu 00padoTke u30-
OpaKeHUH, B CTAHAAPTHBIX TEPMUHAX CTPOCHUS PEAIbHON reonoro-reodu3nyeckoit Cpeasi.

Pa3BuTHE M COBEPLUEHCTBOBAHUE METOAOB MHTEPNPETALMU JAHHBIX aBTOMATHU3HPO-
BAHHOIO TMHEAMEHTHOIO aHa13a, ONTUMHU3aLMsA MapaMeTPOB HHTEPAKTUBHOIO peskuMa
HEOOXOAUMBbI N1 UCCAC0BAHUS MPUPOAHBIX M NIPUPOAHO-TEXHOMEHHbIX JlaHaadToB.

3a1aua aBTOMAaTU3UPOBAHHOTO BbISIBICHUS M aHAJIW3a JIMHEAMEHTOB paccMaTpHUBaeTCs
Pa3NUUHbIMH UCCAEA0BATEAIMU HA NpoTskeHUW nochaeaHux 30 net. IlakeT nporpamm
ABTOMATU3MPOBAHHOIO BbIACNEHUS U CTATMCTUUECKOrO aHanusa JuHeameHToB LESSA
[31, 109, 110] no3BonseT coeAUHUTb (hopManbHbiil aHaiu3 H300pakKeH s ¢ IKCNEPTHOI
OLEHKOH aelu(ppOoBLUKKA.

Bo Bcex paboTax aHanu3 u300pakKeHUss HAUMHACTCH C BbIACJICHUS LUTPUXOB — Mpsi-
MbIX YYACTKOB JIMHWUW WM FPaHULLbl MOAYTOHOBOI 00sacTH. [1pu 3TOM 00BIUHO HCMOb-
3YHOTCS METO/AbI MOJI0COBOH NpoCTpaHcTBeHHOM (puabTpauunu [29, 30]. LLUTpuxu MOXKHO
00beAUHATL MO0 B NpsiMble IMHKUHK C TOMOLULbLIO NpeodpasoBaHnii Xada, 11do B npous-
BOJIbHbIE JIMHEHHBIE CTPYKTYPbI 3@ CUET NPOCAEKUBAHUS WIH MHTEPAKTUBHbLIM MYyTEM.
ITO HaMpaBfieHUE HA3bIBAETCA BbIACIEHUEM NMPOTHKEHHBIX JMHEAMEHTOB (B MaciuTade
KOHKpeTHOro uuppoporo uzodpaxerud). [ loMmuMo BbiieAeHNs NPOTIKEHHBIX THHEAMEH-



TOB NPOU3BOAUTCA CTATUCTHUECKHUH aHATU3 LUTPUXOB B (PUKCHPOBAHHOM HJTH CKOJIb35LLEM
okHe [109, 110].

CyuiecTBeHHas MH(POPMALIHMS O TEKCTYPE, PUCYHKE M300paXKeH s 3aKN04YEeHa B OPHEH-
TaUMU MEMEHTOB. ITY HH(POPMALIUIO YI0OHO NPeACTaBAsAThL A8 BU3yallbHOrO aHanusa B
BH/IE TaK Ha3biBAEMOIl po3bl-auarpammbl. Posza-anarpamma WM npocTo pos3a — 310 QyHk-
LM B MONSIPHBIX KOOPAWHATAX /1 = 0, KOTOpas XapakTePU3YET CTENEHb BbIPAKEHHOCTH
HanpasleHUs O, @ TOUHEE LEeNOoro CeKTopa HanpasieHuin o, £ &/2, a,=e (i — 1) npui =1,
..., N, rae € — pasmep cexktopa. Paccmarpusaemblie po3bl CHMMETPUUYHBI OTHOCHTEJIBHO
nosopota Ha 180°. Briaenus Ha uzolpaxeHuu (pparmMeHTbl — «OKHa» U NOCTPOUB B KAK-
JIOM U3 HUX PO3bl, MOJKHO OLEHUTb QHATTUTUYECKU WJIM BU3YAJIbHO X BUJOM3MEHEHUS MO
H300pakeHUIO, BbISIBUTL OAHOPOAHbLIE 001aCTH. ECM po3y, NOCTPOEHHYIO B CKOMb3SLUEM
OKHE, OXapakTepHu30BaTh KAKUM-TO OJHUM MapamMeTpoM, HanpHUMeEp, BbIPAKEHHOCTHIO
ONpEeAENEeHHOr0 HaNpaBieHUsl, CTENEHBIO BLITIHYTOCTH U T.A., TO MOXKHO NOJY4HThb LU(-
POBbIE MOJIA MPU3HAKOB, KOTOPbIE TAKXKE MPEACTABIAIOT NPAaKTUUECKNI1 HHTEPEC.

Takum 0Dpa3zoM, aBTOMATH3UPOBAHHbIN TMHEAMEHTHbIN aHalnu3 COAEPKUT TPH OT-
HOCHTEbHO HE3aBUCHMbBIX MOAYJIA:

— BbIAENECHHE HA PACTPOBOM M300pPAKEHUHU MANbIX JTUHEHHBIX 00BEKTOB (OPHEHTHPO-
BaHHbIX MIEMEHTOB TEKCTYPbl U300paKEH W) UJTH LLUTPUXOB;

— CTAaTUCTHYECKHIT aHaIU3 MPOCTPAHCTBEHHOIO W YIIIOBOIO pacnpeieeHus LTPUXOB;

— MOCTPOEHHUE MPOTSKEHHBLIX B MacliTade UCCAeayeMoro 300pakeHus JIMHEHbIX
00bEKTOB, COCTABIEHHBIX U3 TAKWUX LUTPUXOB.

ANMOPUTMbI K&KA0I0 MOAYJISI UMEKOT CBOHW MHTEPAKTHBHbIE MApaMeTpbl, MOAOOP KO-
TOPbIX OCYLUECTBAETCA A5 PELUeHHs KOHKPETHBIX 3a4a4 U nNpeaonpeaesiseT MeTOAUKY
WHTEPNPETALMUH PE3YIBTATOB,

2.1. lIpHHOHUNBI BbIAEJIEHAS TEKCTYPHbIX
IEMEHTOB — MAJIBIX JIHHEAMEHTOB

[lepBbiit 3TAn NHHEAMEHTHOTO aHaNnK3a COCTOUT B BbISBIEHUH 3JIEMEHTAPHbBIX JH-
HEHHbIX EMEHTOB — WITPUXOB. [10 CpaBHEHUIO € AMHEAMEHTaMH, BbIACASEMbIMU MPH
py4HOM ACLIU(PUPOBAHUM, WITPUXKU ropas3fo Kopoue (€IHHWLbI, ACCATKN JIEMEHTOB
n3o0pakeHus) U ux Ha 2-3 nopsaka donbiue. [pu BbIACNECHHH LUTPUXOB HE MPOHCXOAUT
reHepanusauus, T.e. WTPUXH, JISKALKHE HA OJHON NPAMON U pa3Ae/ieHHbIe HEOOAbIIUM
MPOMEKYTKOM, HE OOBEIHHSAIOTCS.

[TouTH BCe M3BECTHLIE METOAbI OOHAPYKEHUS LUTPUXOB COCTOAT B aHANTH3E JIOKAJIbHbIX
Y4aCTKOB U300paXKeHUs — «OKOH» U B MOUCKE B ITUX «OKHAX» OTPE3KOB NMPAMbBIX JTUHHI
unu NpsMeix rpaduy odnacteil. [ogodueiii nouck TpedyeTes npu peLeH MHOTHMX 3a1a4
aHanu3a u300pakeHusi U MPUBOAMT K pa3paboTke MHOTOUMCIEHHbIX anropuT™MoB. Hue
NPUBEAEM UX KPATKYHO XapakTEPUCTUKY MO TPEM OCHOBHBIM rapameTpam: pa3mep UCnosib-
3YEMOFO «OKHa», MONOKEHHUE «OKHa» U CMOCco0 (POPMATIbHOTO OMUCAHUS LUTPUXA B COKHEY.

Bo-nepBbiX, OT pasMepoB «OKHa» 3aBUCUT 00BEM YUMThIBAEMOt HH(pOpMaLuu. Yem
00MbLIE KOKHOY, TeM D0Jiee u30MpaTe/IbHbIMU MOTYT ObITh AJITOPUTMbI BbIACJICHUS LUTPH-
XOB Ha (POHE LUYMOB U DO/Iee TOUHO OnpeAeseTcs ux HanpasieHue. OaHako npu 00nb-
LWUX «OKHAX» MPONyCcKatoTCs WTPUXH MAJIOFO pazMepa, HE MOMHOCTbIO UCMOJb3YETCs
paspeLuaroLas crnocoGHOCTh LUPPOBOro H300PAKEHHS.



Bo-BTOpbIX, NONOKEHNE «OKHA» MOXKET ObITh (DUKCUPOBAHHOE WM CKONb3siLiee. B
chiyyae pukcauuu n3oopaxkeHue pasOMBaeTCs Ha HENMEPEKPbIBAOIMECS OKHA», B KaX-
AOM «OKHE» MpOoBOAMTCS (MM He npoBoauTcs) WTpuXx. CoceaHne y4acTku LWTpUXa,
pacrnoNOKEeHHbIE B Pa3HbIX «OKHAX», aHANU3UPYHOTCS HE3ABUCUMO U B pa3HbIX YCNOBU-
ax. [1pn ckonb3giueM nonoKeHMN LUEHTP «OKHA» COBMELLACTCS ¢ KaKAbIM 3NEMEHTOM
n300pakeHus, U peLIeHUe MPUHMMACTCS OTHOCHMTE/bHO MPUHAAICIKHOCTH K LUTPUXY
ONpeae/IEHHOrO HaMpaBleHHUs TONLKO ATOro snemeHTa. [1py 3ToOM anropuT™Mbl aHaausa
CYLUECTBEHHO MPOLLE, HO AHAJM3UPYETCS BO MHOrO pa3 0osblie «okoH». Kpome Toro
WITPUXU «PA3MBIBAKOTCSY, T.€. MPEACTABIAOTCS UEI0H MON0COH ITEMEHTOB.

B-TpeTbux, Haudonee pacnpocTpaHeHHbI Cnocod onucaHusi UCKOMOro LTpHUXa co-
CTOUT B MOCTPOSHUU TaK HasbiBaeMoOi Macku. [Ipeanonaraercd, UTo WTPUX ACTUT HU30-
OpaxxeHUe B «OKHE» Ha TPyMrbl 3TEMEHTOB, KOTOPbIE PA3NUYAOTCS MO SPKOCTH, A B
MAcKe YKa3bIBAETCA, KAK AONKHbI PACMOAAraThCS NEMEHTbI ATUX TPYMM, €CAU B KOKHE
NPOXOAUT MpsAMas rpaHuLA UK JTUHUS ONMPEASNEHHOrO HanpaBAeHusl.

CpaBHeHue U300paXkKeHUsT B «OKHE» C 3a[laHHOM MAacKoi MpoUCXOAWT CJEAY UM
oOpa3zoM. Beluucasietcst cpeaHss spkocTb PparMeHTOB U300paxKeHusl, COOTBETCTBYHOLLMX
OHOTUIHBIM JIEMEHTAM MACKH, U OMPEASASIETCS PA3HOCTb ITUX CPEAHUX, KOTOpas Ha3bl-
BAeTCs OTKJIMKOM MAacku. AGCOMOTHAA BEMYKMHA OTKIIMKA XapaKTepU3yeT HHTErpaibHOE
CXOACTBO MAacku U U300paKeHUsl B KOKHEY.

OnucanHas onepauys NpeacTaBiIseT coOO0H COMACOBAHHYIO JUHEHHYO NMPOCTPaH-
CTBEHHYIO (pubTpanuto u3odpaskeHus u npuMeHeHa A.A. 31atononbCKUM B NPOrpamMmm-
HoMm nakete LESSA [30, 31]. TlpoussoauTtcs cBepTKa u300pakeHust ¢ KPyriibiIMU MACKamH,
CO3AAaHHbIMU 10 3TUM XapakTepucThkam. TOYHOCTb ONpeaeneHus HanpasieHUs WTpUXa
BO3pACTaeT ¢ yBEIHUEHUEM «OKHA» aHanu3a (Macku). s Bblae/ieHus WTPUXOB UCMONb-
30BaHbl KPYIUible (HACKOIBKO MO3BOJSAET pacTepusauus) Macku. VX yueno NV v pacTpoBbiii
auameTp L onpejensiercs 4MCIOM aHanu3upyeMbIX HanpasiaeHuii o, rae i =1, ..., N npu
N=180/g, 0.= (i— 1)e, L > 2/sin(e/2). Yem MeHbLLE pa3Mep CEKTOpa €, TEM TOUHEE U3MeE-
PSIOTCS HANPaB/ISHUE U IJTMHA, T.€. TEM TOUHEE PO3a OTPakaeT ¢BOHCTBA U300paKEeH U,
OOHAKO YMEHbLUEHUE € BO3MOXKHO TOIBLKO C POCTOM pa3Mepa Macku L, KOTOpbIii, B CBOO
o4epenb, ONnpeaeaseT pasMep MUHUMAAbHbBIX UccaeayeMblX cTpykTyp. Kak npaBuno,
ucnonb3yerces L =10, =225, N=8.

B kayxao# Touke u300paskeHUs CPABHUBAKOTCS OTKIAMKY HA 3TU MACKU. 3aNOMUHAETCS
3HAYEHME MAKCMMANbHOTO OTK/IMKA U OPUEHTALUS COOTBETCTBYHOLICH MACKH, KOTOpas
OfpeAe/IaeT HaNpaBieHMe LWUTPUXA, @ TOYHEE Le/Tblil CEKTOpP HarpaBICHUH.

B Wtore HeoOX0AUMO OTMETUTD, YTO B HACTOALLEE BPEMS HE CYLISCTBYET HU Haulyu-
LIErO CpPeid METOAOB BbISIBASHUS LITPUXOB, HU MPOpadOTAHHBIX peKOMEHAAUMI No uX
MCMONL30BAHUIO MO KiaccaMm 3aaad. Tak, B padore [96] pacemoTpeHo 8 anroputmMos, aei-
CTBME KOTOPbIX MOKA3aHO Ha MpuMepe 00paboTKi KOCMUYECKOrO CHUMKA BYAKAHUUYECKOrO
KOHYyca. BusyallbHO OTMEUAtOTCs pa3nuuus, OAHAKO UX CMbICIOBOE (MHTEPNPETALUOHHOE)
onucaHue orcytcTByeT. B atoil pabore 000cHOBAHO MONOXKEHUE, YTO HAUTYULLETO alro-
pUTMa BbIAENEHUS LUTPUXOB HE CYLLECTBYET WU BCE 3aBUCHT OT YCNOBUN CbEMKH, Ka4ecTBa
CHUMKA U MOCTaBNEHHOI 3aaauu. [To3ToMy B AaHHOI MoHOTpathuu npoaHanu3upoBaHa
napaMeTpu3alus TONbKO LLHPOKO PAacnpOCTPAHEHHOTO U anpoOUPOBAHHOIO NPOrPaMMHOIO
npoaykra LESSA, tem Ooniee, 4To Ha AanbHEeHIUKMX 3Tanax JIMHeaMeHTHOTO aHanu3a (cra-
TUCTUKWH U ONPee/eHUs NPOTIKEHHbIX NTMHEAMEHTOB) BAMAHUE COOCTBEHHO alnropuTma
BbIAENEHUS MANBIX LUTPHUXOB YMEHbLILACTCS, OCTABNSAS CYLLECTBEHHbIM NULLIb YUCIO Y0~
BbIX CEKTOPOB W CBSI3aHHbIN C 3TUM MUHUMA/IbHO HEOOXOAUMBIH pasMep MackHu.



JAns panbHeiwero aHanusa Heodxoaumo, 4ToObl LWUTPUXU NPEACTABAAIUCH TUHUSIMU
LIMPUHON B OAMH 21€MEHT U ¢ (PUKCUPOBAHHBIM TUNOM cBi3HOCTU. B LESSA ucnons-
3YHOTCSl BOCbMUCBSI3HbIE LUTPUXHU (YHUTBIBAKOTCS HE TONBKO COCEAHUE BEPTUKAIbHbIE U
FOPU30HTANbHbIE, HO U JUArOHAIbHbIE ANEMEHThI), COaepKalUe MeHbLLIEE 001IEe YUCI0
neMeHTOB. Kak 0TMeuanock Bbille, MONYUYEHHBI NPU CBEPTKE OTKIUK 00Pa3yeT HE JH-
HUO, & LIEJTYHO MTONTOCY, LMPHUHA KOTOPOH onpeaensieTes pasmepoM macku. Baons wrpuxa
3HAYEH WA OTKNMKA MaKCUMaJIbHbI. [Ipy CMELIEHW Y B HAMPABASHUM, EPMEH AN KYJI5SPHOM
LUTPHUXY, OTK/IUK MOCTENEHHO YMEHbLIAETCS,

HApyroe nononHutenbHoe Npeodpa3zoBaHue CBI3aHO C TEM, YTO BENMYUHA OTKIIMKA pac-
TET NPONOPLUNOHATIBHO YBETUUEHUIO KOHTPACTA U300pakeHUd, T.€. OTKIUK MOKET OKa3aTbesl
AOCTATOYHO OOJBLUMM TaM, A€ COBMNAACHUE C MACKOH Mallo, HO BEJIMK KOHTpacT. [ToaTomy
BBEEHO HOPMUPOBAHUE OTK/MKA HA BENUUMHY KOHTPACTA B OKPECTHOCTH. Tak kak Bce uc-
Mnosib3yeMbie OIHOBPEMEHHO MACKH CTPOSITCS B OQHOM «OKHE», TO, UCMOJIb3YSI B KA4YECTBE
OKPECTHOCTH 3TO «OKHO», MOJKHO MPOHOPMUPOBATH Cpa3y pe3yasTUPYHOLMI (MakcuMalib-
HbIM) OTKAMK, @ HE OTKJIMK Ha Kaxayro Macky. KoHTpact onpeaengercs no popmyne:

F

H
A=23 |f-M, e M=L5 1. (1)
% = n =

rae f, — IPKOCTh B /-0 TOYKE OKHa, 7 — YUC/IO TOUEK B «OKHe». Pesynbrar aeneHus ot-
KMHMKA Ha KOHTPACT XapaKTepu3yeT CXOACTBO H300pakKeHUs B «OKHE» ¢ MAcKoW. JT1a
BEJIMUKHA, YCOBHO Ha3BaHHas «NpAMU3HOW», HE npesbiwaeT 1. [Ipuyem 3HaueHue 1
MonyvaeTcest At UAeabHO POBHbBIX YHACTKOB MPAHMLL, KaK C PE3KHUM, TaK U C MNaBHbIM
H3MeHeHUEM sipkocTU. K LITpUuXxam OTHOCSATCS BCE TOUKH, B KOTOPbIX «MPAMU3HA» Npe-
BbILLIAST MOPOr, noadbupaemblil NOAL30BATE/IEM HHTEPAKTHBHO.

[TpeanouTeHHe MHTEPAKTUBHOMY MOA0OPY nopora rnepea ero OnpeacJeHUeM no xa-
pakTepucTUKam M300paxkeHus (Mo auana3zoHy sipKOCTel, Mo rucTorpaMme KOHTpacTa)
O0bACHSETCS TEM, UTO B 3TOM CJly4yae Mopor HE 3aBUCUT OT OOBEKTOB, HAXOAUBLUNXCS B
rpeaenax u3odpakeHus, H MOXKET ObITb UCMONBL30BaH NMpH 00padoTke coceAHUX CHUMKOB.
KpoMme Toro, MHTEPaKTUBHbLII BbIOOP «NPSIMU3HBIY A3eT AONONHUTENbHbIE BO3MOKHOCTH
IS aganTaluy aBTOMATU3MPOBAHHOrO ACLH(PUPOBAHUS K MPAKTUYECKON 3aaaye.

2.2. CTaTUCTHKA VIVIOBBIX HAD/I0AeHHH JTHHEHHbIX
3JIEMEHTOB A3POKOCMHYECKHX H300paKeHH H

Bonpocsl, CBA3aHHbIE ¢ aHAJTM30M KPYTOBbIX pacnpeaeneHui JaHHbIX, HCCIeA0BAHbI
W aaanTUpOBaHbl K cneuuguke reonormyeckux uceienoaHuii [88] eue 40 2noxu kom-
MbIOTEPHOro aewu@pupoBadus. [103ToMy OCHOBHBLIMU NPOOAEMaMU U OCODEHHOCTAMMU
dBTOMATU3UPOBAHHOTO ;I,EL!.[[»IdeH pOBaHuA ABIACTCH KOPPEKTHaA peanni3annsa MmareMaTtu-
YyeCKOro anmnapara yrnoBou CTaTUCTHKHU /14 cayuas AUCKPETHBIX (PAcTpPoBbIX) U300pa-
KeHUH, KOTOpas NOMKHA YUUTLIBATL COOTBETCTBUE NUHEHHbIX 21eMEHTOB H300pakeHUs
reonoruyeckum cTpykrypam. [1pu aBTOMaru3upoBaHHOM aHalU3e CTaTUCTUYECKHUX 3a-
KOHOMEPHOCTEI MO/ MalbiX JJMHEHHBIX 2NeMEHTOB M300PaKeHH s (LUTPUXOB) BOSHHUKAKOT
OfnpeaeneHHble TPYAHOCTH KaK MPUHLUMIHAABHOIO, TAK U BBIYMCTUTEILHOMO Xapakrepa.

[Tpu aBTOMaTu3auuu padoT kenare/lbHO UCMO/bL30BaATh TE XKE XapakTepUCTHKH, KO-
TOPLIC MPUMEHAIOTCA NPU TPAAULMOHHBIX NOKOMIBLIOTEPHLIX METOAAX MCC/ICAOBAHMS



[69]. OnHako ucnonb30BaHWe aBTOMATU3MPOBAHHBIX METOAOB JIMHEAMEHTHOIO aHaln3a
BbIsIBUJIO MPOONEMbI, HA KOTOpbIE 00palliaioch HEIOCTATOUHO BHUMAHUS MPU BU3Yallb-
HOI 00paboTKe a’po- U KOCMOCHUMKOB, K KOTOPbIM OTHOCATCA: YCTOHYUBOCTb PE3Y./b-
TaroB 00padOTKH OTHOCUTELHO MOMEX Ha UCXOAHOM H300paKeHUU U IMCKPETH3aLIUs
IITPUXOB MO HAMPABASHUAM C YYETOM HA4aJbHOH OpUEHTALMU BBOAUMOIO M300pake-
Husa [6].

Hna onucaHus CeTH JTMHEAMEHTOB B Me0JIOMMHECKON NMPaKTHKe NPUHATBI pa3HooOpas-
HbIE CTATUCTHUYCCKHUE XaPaKTEPUCTUKH, B OCHOBE KOTOPBIX JIEKAT BCEro TPU HE3aBUCHMbIC
M3MEPAEMbIE B CKOJIb3SLLUEM OKHE BETHUYUHbI, XapaKTEPHU3YIOLIUE THHEAMEHTbI: MJIOTHOCTD
L, opueHTUpOBKa @, cpeaHas anuHa d. OueBUAHO, YTO A/ ONpPEneseHust CpenHen AHHbI

£
HEOOXOUMO 3HAThb KOJMUYECTBO KOHUEBBIX TOUEK /7 IMHEAMEHTOB, TaK Kak d = % OnHa-

KO B nporpaMMHblii naket LESSA BkitoueHa fuLlb CTaTUCTUKA MJIOTHOCTEN U OPHEHTH-
POBOK, XOTsl B F€0JIOTMUYECKUX UCCACAOBAHUAX aHAIN3 AJIMH PaspbiBOB aKTHBHO MCTIOJb-
syercs [62]. Jleno B TOM, YTO pe3yJibTarbl, CBA3aHHbLIE C ONPEASeHUEM CPEAHUX ANUH
(KOHUEBBIX TOUYEK), HEYCTOHYMBbI OTHOCUTENIBHO (POTOMETPUYECKHX TTOMEX.

HelcTBUTENBHO, MYCTh HA HEKOTOPOM CHUMKE B pPe3y/bTare aBTOMaTH3upoOBaHHOIMo
Actigpuposadus BbiaeneHsl 1000 wTpuxoB ¢o cpeaHend AnMHoi 10 JAUCKpeTHBIX ane-
MEHTOB U300pakeHnus, T.e. 10 000 3neMeHTOB N300pakeHUst OTHECEHBI K JIMHEAMEHTaM.
JlonyCcTuM, 4TO U3-32 BHELIHUX MPUYUH, HAMPUMEDP, U3MEHEHHUSA YCNOBUI OCBEILECHUS
npu cbemke u3 10000 snemeHTOB caydalHbIM 00Pa3OM M3bATO (HE ACWHU(PUPYHOTCA)
1000 anemeHToB unun 10%. I'lpu 3TomM npousoiiaer caeayrotiee. [110THOCTE U3MEHHUT-
cs1 AuHelHo, T.e. Ha Te ke 10%. Bua posbi-anarpammel (pacnpeneneHue nyuei posbl-
AuarpaMmbl MO HanpaeieHUsAM) NMPHU cayydaitHoM n3baTuu 10% 3amepoB MPaKTHYECKH
HEe u3mMeHuTCs. OHAKO CpeAHss A/IMHA YMEHBLUHTCS OUEHb CHJIBHO, B JAHHOM Npumepe
MOYTH B ABa pasa, MOCKOAbKY MOYTH KaXKA0€ U3bATHE pasOKUBaeT €AWHbIN LTPUX Ha
Aga. [loaToMy npu aBTOMATU3HPOBAHHOM JAELU(PPUPOBAHUK PACTPOBLIX U300paKEHHI
MOKA HE UCNOJIb3YETCS AHATU3 KOHLEBBIX TOUEK U, COOTBETCTBEHHO, UTUH LITPUXOB, TaK
KaK HE3HA4YMTEe/IbHbIC U3MEHEHUS KAYeCcTBa WM YCIOBUI CHEMKU BHOCAT OONbLLIME M3~
MEHEHHUSA B KOHEUHbIH pe3yJbTarT, OLEHUTb JOCTOBEPHOCTL KOTOPOTO HE MPEACTABIACTCH
BO3MOXHbLIM. B TO ke BpeMs B BEKTOPHBLIX reOMH(OPMALHOHHBIX CUCTEMAX KOHUEBbIE
TOUYKH JINHEAMEHTOB HE BbISIBIAIOTCS U3 «€CTECTBEHHOro» N300paXKeHUs, a 3a1al0TCs 13
0a3bl JaHHbIX UM PELUEHWEM OMnepaTopa M CBs3aHbl C AJTMHAMU.

Takum obpasom, B nporpaMmHomM nakere LESSA npu cratucTHueckom noaxo/e aHa-
JAN3UPYETCA TOJIBKO OPHEHTUPOBKA LITPUXOB. [Tone OpMEeHTUPOBOK XapakTepH3yeT Ha-
JUYWE U HaNpaBlEHUE NMEpenazoB ApKOCTEH Ha MCXOAHOM M300pakeHuu. B ananusze
NPEAYCMOTPEHO MONYUYEHWE B CKOMb3ALUEM OKHE CIEAYHLUMX XapaKTEpHCTHK: L — Ccym-
MapHast AnuHa (MJIOTHOCTh). /, — NAOTHOCTL LUTPUXOB B I-TOM CEKTOPE HanpabieHUHH;

X L\
HHOTAA MCMO/b3YETCA AUCNEPCHS 10 HANpPaB/ICHUAM G- = (1’,. - W , rne N — 4uciao cek-

TOPOB (MPUHUMAET 3HauYeHue oT 2 10 N).

Haubosiee BakHbIMU XapaKTepUCTHKAMH B VIVIOBO# CTAaTUCTUKE SBIISIIOTCA MpUBE-
AeHHas pe3yabTupyrowas anuHa R v cpennuii yron o [6, 58]. BennuuHa R — 310 cymma
BEKTOPOB, HOPMHPOBAHHAS HA OOLUYHO MJOTHOCTB, (L — OPUEHTUPOBKA CYMMBI BEKTOPOB.
[TockosibKy AN TMHEAMEHTOB OMPEAEIIEHO TONBKO NPOCTUPaHuUeE, TO bl ¢ u ¢ + 180°
HE pa'B.FEMlIEﬂOTC-H (3TO (}pHEHTﬂpOB[{H UJIH OCH B Tepmm HOJTOI'MH HEKDT{prI}{ AHIMMOA3bIY-
HbIX aBTOpoB). KoadpuureHT R 0e3 cneumanbHblX npeodpasoBaHuil BbIYNCAATL HEMbL3A.



DTO HE YUHUTHIBAIOCH [IPH JOKOMIBIOTEPHBIX MOMBITKAX NEOJIOTHYECKOro NMPUMEHEHNUS
3TOro ko3 PuIHeHTa; pe3yabTar OyaeT HEYCTOHUUB OTHOCUTEILHO BbIOOpa Havana oT-
cueTa yrioB. Takue npeoOpa3zoBaHus PeKOMEHA0BaHbl B padoTe [88] 1 3aKkiro4aioTces B
MCMOJbL30BAHUH TPUTOHOMETPUUYECKUX (PYHKIIUI YABOCHHBIX 3HAYEHUH yrua.

C yuetom 3Toro B nakete LESSA Bbiuncnstores:

1

R=— VE(, sin 29,)* + X(I, cos 2¢,)? (2)
n
_Jh (ZE,-SiHZ(p,)
o= arctg {3 1 c0s 20 (3)

rJ€ @, — HarnpagJ/ieHUe I-TOro CeKTopa.

Takum obpaszom, A71st AUCKPETHOTO M300paKeHUsl MCMOJb3YHOTCA OPUEHTHPOBKH,
CrpyINUPOBAHHBIC B CEKTOPA, MUHUMAJIbHBII YIJIOBOH pazMep KOTOPBIX TECHO CBA3AH C
pazMepoM CKOMNb3ALIEr0 «OKHa», BbIASAAIOLIErO LUTPUX (MAJbli TIMHEAMEHT).

KosdpuLueHTbl R ¥ oL MPUMEHAKOTCA B FE0IOrMYECKUX MCCIIEA0BAHUAX MPU ONMCAHUH
B CKOJIB3SLLEM «OKHE» pO3bl-AHarpaMMbl: R XapaKTepU3YET €€ «BbITAHYTOCTLY (AHAana3oH
u3MeHeHus or 0 1 Kpyrnoid possl 1o 1 a71d oaHoIy4YeBoii), a o — HalpaBJIeHHe 3TOH
BLITAHYTOCTH (pHc. 2). [Ipu koadduumnente R, JOCTOBEPHO OTJIMUYHBIM OT HYJIsl, HA U30-
OpakeHU! MOYKHO TaKKe BBIACNATH JIUHUU BBITAHYTOCTH WJIH JIMHEAMEHTHbIE (POPMBI,
COeMHSIOLINE COCeIHUE BEKTOpa, MpeAcTaBlstole KoapduuueHT R.

Kpome nepeyrciIeHHbIX XapaKTePUCTHK OTIPeaesisieTcs HalpaBieHHe MaKCHMAJIbHOTO
ayya po3bl-guarpammsl. [IporpaMmHoe odecrnieuenue mo3BoJseT TakKe A1 JH00bIX Mo-
JYYeHHbIX KO3QPUIIMEeHTOB K|, OMUCHIBAOUIMX M10J1e TPELIMHOBATOCTH, BEIMUCIIATH HOBBIS
akK +..a,K,
bK +..bK,
JIMHEeAMEHTHOTrO aHanu3a Ko3dduuueHThl IoA00HOro BUA HHOTAA HCIIOJIB3YOTCS.

B crarucTike yroBeIX HaOMOAeHUH KOa(pQHLMEHT R paccMarpuBaeTcs Npy pelleHHH
BOTIPOCA O JOCTOBEPHOCTH W pa3jiM4uy FHNOTE3 PAaBHOMEPHOI'O KPYTOBOIO pacrpeaeie-

KO3(ppuLUHEHTEI BHAA: rie a, U b, — YMcJIOBble MHOKUTEIN. B mpakTuke

N

Puc. 2. [1pumepsl §-cekTOpHBIX po3-AuarpaMm, UCnonb3yemsix B LESSA



HUA U pacnpeaeneHus (GpoH Museca (KpyroBoii aHaIOr HOPMAaIbLHOTO PAaCcPeae/ICHNs]).
Yucno cnyyaeB B BoIOOpKe N (B JaHHOM Cy4ae YMCIO OPUEHTUPOBAHHBIX MUKCENEH B
CKOJIB3SLUEM «OKHE» UJU MJIIOTHOCTh OPUEHTUPOBOK) CBA3AHO CO 3HAYEHHEM KOA(PDHLLHU-
€HTa R, BbILIE KOTOPOro pO3Y MOXKHO AOCTOBEPHO CYUTATh BHITIHYTOM [88]. YnoBneTBoO-
putensHOe npubnukenue gocturaercs npu N> 15 qns a = 0,05 (¢ BeposTHOCTBIO 95%)
ua=0,01 (c BeposaTHOCTBIO 99%), B 5TOM CJiyuae KpUTHHECKOE 3HaueHue R Bapbupyer
or ¥V 3,00/N no v4,61/N COOTBETCTBEHHO.

DTa CBfA3b NO3BOIAET CTPOUTH B nporpamme LESSA «1uHUU BBITAHYTOCTHY, MO-
Jly4aeMble COeIMHEHHEM BEKTOPOB R 715l COCEAHUX JOCTOBEPHO YAJIUHEHHBIX (R BbILLE
KPUTUYECKOI0) po3-avarpamM. BelaeneHHas XxapakTepucTHKa YCTOMYMBA K LIyMaM M
UH(OPMATUBHA B CTPYKTYPHO-T€OJIOTHYECKUX MHTEPITPETALNAX /1S BbIABICHUA 0bna-
CTeil KOHUeHTpauuu aedopmaunii. B npuHuune 370 noHaTHo. Ecnn odnacts uzodpane-
HUSA (ONOK) ¢ paBHOMEPHBIM pacnpee/I€HUeM MANbIX JTUHEAMEHTOB (TPELLIMH) CXKaTb B
KaKOM-JIHOO HanpaBleHHH, TO PO3a-auarpaMmma mpuoOPETET YATUHEHUE B OPTOrTOHATIbHOM
HaMpaBlIeHWH, MPOMOPLIMOHANIBHOE CTENEHM Cxkatusi. MHTepriperaums 3Toro napamerpa
BbIMOMHEHA HUKE NMPU aHaNK3e reoJMHaMHUUYECKO OOCTAHOBKHM HA TPUMEPE KHKHOTO
¢nanra baiikanbckoii puToBoii 30HbI (B pazaene 4.1) U TEXHOMEHHO 3aUlyMIIEHHOM
Boctouno-EBporneiickoii nnardopmsl (B pazaese 3.2).

[onyuenue po3-auarpamMm YIJIOBOTO pacnpeaeaeHus MAIbIX TMHEAMEHTOB B OKPECT-
HOCTH KaXKJA0H TOUKM U300paKEHUs MO3BOMAET TAKIKE CPABHUBATH PO3bI-AHATPAMMBbI
MeX 1y coOO0l Mo pa3nUuHbIM KPUTEPUSIM U OMpPEAE/IATh 001acTu ObICTPLIX U3MEHEHUI
ITOH XapaKTEPUCTHKMU.

JOImyCTHUM, UTO LIKaJIa YIJIOB HA UCXOHOM CHUMKE paszesnieHa Ha N paBHbIX CEKTOPOB
1 HOMEP OPUEHTUPOBKH COBIAJAET C HOMEPOM CeKTOpa. OpUEHTHPOBKA, TAKMM 00pasoM,
370 NpUONMKEHHOE MpEACTaBIeHHE YIia. 3HAas OPUEHTUPOBKY, MOXKHO BOCCTAHOBHTH

— n _, 180
3HaueHue yria § ¢ owndkoii, paBHOM Amax = + N JIUCKPETHOCTH LIKaJbl YIVIOB Ha

NpakTUKe MPUCYTCTBYET BCErJa U B pesylibrare JUCKPETHOIO Xapakrepa caMoro u3o-
OpakeHUs, M KaK XapaKTepUCTHKA TOYHOCTH H3MepeHuid. BeaeacTaue ownbku, cBsa3aH-
HOM C JUCKPETHOCTBIO LLKAJIbI YITIOB, 3HAY€HUsA CTATUCTUYECKUX XapaKTEPHUCTHK B OJHOI
1 TOH K€ TOUKE CHUMKA Oy1yT pa3HbIMM IPU U3MEHEHUM HANPaBJIEHUA, OT KOTOPOro Ha-
YUHAETCS OTCYET LUKAJIBI YIVIOB, T.€. OT OPUEHTALNH U300PAKEHNS OTHOCUTEILHO LU(-
poBoOro pactpa. Biusinue 3710 olKuOKM Ha 3HAYEHUS PA3IUUYHBIX KO3Y(P(PULIMEHTOB HEOAH-
HAaKOBO.

B kauecTBe npUMeEpa pacCMOTPUM HEKOTOPOE CKOJIB3SILEE «OKHO», B KOTOPOM NpPH-
CYTCTBYIOT 4 OJIMHAKOBBIX IITPHXaA ¢ OPUEHTUPOBKamMU [, = 22,5°, B, = 67,5°, B, = 100°,
B, = 170°. Iuanazon yrnoB 0—180° pa3zdbuBaeTcs Ha yeTbIpe OAMHAKOBBIX CEKTOpA, Ha-
yuHas co 3HadeHus p = 0. B 3ToM ciiyyae ructorpamMmma OpUeHTUPOBOK OYAET BbIMISACTh
Tak, Kak nokaszaHo Ha puc. 3a. Koagduuuent R B atom ciyuae Oyaer paseH 0. Ecau
’KE AManasoH YII0OB pa3sOMTh HA 4 paBHBIX CEKTOpa, HaYMHas, Hanpumep, ¢ B = 15°, To
TUCTOrpaMMa OPUEHTHPOBOK OYAET CUIBHO OTIMYATLCA OT MEPBOTO ciyudas (puc. 30).
3HaueHue ko3puumrenta R B0 BTopom ciayuae paBHo ~0,35. Jpyrumu cioBamu, 3Haqe-
Hue ko3 duumnerta R a1 0AHOro ¥ TOro e yyacTka CHUMKA MOKET 3HAYMTENbHO W3-
MEHHMTbHCS MPHU 3aJaHHBbIX YCIOBUAX, €CIIH, HAMPUMED, U300paKeHHe NpH pacTepu3alnu
MOBEPHYTh Ha HEKOTOPBI YroJl.

CooTBeTCTBEHHO, OLIWOKA TUCTOrPAMMBI paclpeesieHus LUTPUXOB OyAeT yObIBatTh C
yBeJIMUeHHeM 111aroB KBAaHTOBaHMS 1IKalbl yIoB. MakcumanbsHas oliubka mpH pacyeTte



Puc. 3. ['McrorpaMMa pacnpeaeneHus
mTpuxoB (a—npu B=0; 0 —npu p = ] : 1
1 SD) ' ; 2 -

1 ¢ 34 1235 4%

Ko3(ppuumenta R MoKeT ObITh OUEHEHa MPHU YCIOBUM, YTO B CKOJIbL3ALIEM «OKHE», AJIA
KOTOpOTO fieNlaeTcs pacueT, HalMoaarTCsa BCEro JiBa OAMHAKOBBIX LITpHXa, paziuyaro-
Lyecs o OpUueHTUpoBKe Ha 45°. Mckomas owundka e paBHa [6]:

_ 180°

e=‘R(&=O)—R(A— QN)

— L( |\f(5in 2B, + sin 2PB,)* + (cos 2B, + cos 2B,)" —

— V(sin 2B, + sin 2(B, + A)* + (cos 2B, + cos 2(B, + A)*|. (4)

[ToacTap/ss 3HaUYEHUS, MOTYYUM BblpaykeHHe OLMOKH Kod(puieHTa R kak GyHKLMIO
BEJIMYMHBI Luara A:

ez%‘l—m’l—sinZM. (5)

BuaHo, 4T0 omroKa OBICTPO YMEHBIIASTCS PH YMEHBLIEHHH 11Iara YIJIOBOI'O KBaHTO-
BaHUS U 3aBUCHUT OT pa3MePOB CKOJIb3SIIEr0 «OKHAY», B ITpeesiaX KOTOPOIo BbIAESIIOTCS
IITPUXH.

Crnenyer oCTaHOBUTHLCS Ha MmpodieMe pasmepa U (pOpMbl CKOJIB3ALLEIO «OKHAY, 3a-
JABaeMOoro /1A BEIMUCIEHHUS CTAaTHCTHYECKUX MapaMeTpoB. AIPHOPHO SACHO, YTO pasMep
CKOJIB3SIIEr0 «OKHA» OmpeeiseT TOYHOCTh U JeTalbHOCTh MOJYyYaeMbIX pe3yJibTaToB
H 3aBUCUT OT MOCTABJIEHHON reoornyeckoil 3agaun. OaHako eCcTh U HE CBA3AHHBIE C
CoAepKaHMEM 3aaa4u 00CTOATENbCTRA, ONpeAensoLIne BbIOOp pa3MepoB CKOMb3ALIErO
«OKHa», — 3TO HAJIUYUEe KpaeBoro 3(pQeKkra u npeacTaBUTeIbHOCTh BoIOOpKU. KpaeBoii
3¢ ekt (30Ha JTOKHBIX 3HaYeHU N BAOMb Kpas W300pakeHHs ) BO3pacTaeT ¢ yBeJIMYeHHEM
pasMepoB CKOJB3SILIETO «OKHA» W PaBeH IOJIOBHHE ero Auamerpa. Tak, HampuMep, Ha
TUCKpeTHBIX H300paxkeHusx 600x600 31leMeHTOB HE MMEeT CMbIC/Ia BbIOMpaTh «OKHO»
auametpom Oonee 200 371€MEHTOB, TAK Kak 3HAYUTENBHO COKpalaercs pasmep obia-
CTH MpaBUIbHBIX 3Ha4YeHUI. C Apyroi CTOPOHBI, HE CIIEAYET UCIIONB30BaTh U CIMILKOM
Manoe «OKHO», MMOCKONBKY AJI1 JOCTOBEPHOCTH Pe3yJbTaToB, OMHCHIBAIOLIMX CBONCTBA
pO3bl-AUarpaMMbl, HEOOX0AMMO, KaK MOKa3bIBaeT MpakTuka, He MmeHee 30—50 mTpuXoB,
MonajarolluX B CPeHEM B MOACUET B CKOJNb3AIIEM «OKHe». [Ipu HeobxonumocTu a1
BbIIENIeHHs TpuXa 5—10 2sieMeHTOB N300 paskeHus 3TO YCIOBUE 0OBIYHO BBITTOJIHAETCS,
HauMHasA ¢ pasMepoB CKOJIB3ALIEro «0KkHa» B 40—50 371€MeHTOB.

OneIT paGoThI CO CKOMB3AIIMMHU «OKHAMU» KBaApaTHOH hOpMbI MoKa3aal UX OrpaHu-
YSHHYIO TTPUTOJAHOCTh B THHEAMEHTHOM aHaJIM3€ M3-3a UCKYCCTBEHHOTO MPHBHECEHHUS
B pe3yJIbTaT JIMHeHHOCTH B HalpaBlieHUs X, MapaJulelibHBIX cCTOpoHaM KBajpara. bolee
MPUTOAHBIM SIBIISIETCS KPYIVIOE CKOJIB3SLLEE «OKHO», XOTS pacTPOBOe M300pakeHHe Ta-
KOrO «OKHa» (PopMUpPYETCs U3 MUKCENEH, HAaumyyluum o0pa3zomM mpuOIHKarLLIMX Kpyr
HYKHOTO pasMepa.



CrarucTnueckne Ko3(p(ULHEHTbI, KOTOPbLIE ONpEesIoT Nofe WTPUXOB (PHCYHOK
TPELMHOBATOCTH ), MOKHO YCJIOBHO pa3e/IuTh Ha JBE IPyribl:

— KOO(pPULHUEHTBI, 1151 BBIYHCIICHUA KOTOPbIX AOCTATOYHO UMETh po3y-aAuarpaMmmMy B
OKPECTHOCTH KaKA0H TOUKH NoN4,

— KOO(D(PULMEHTHI, 15 BbIYUCACHUS KOTOPLIX HAllMUHEe PO3bl-AHarpaMMbl HEAOCTa-
TOUHO.

Beie paccmarpuBasiuch KOIQGOUUNEHTBI TONBKO NEpBOil rpynnbl (yrnoeasa cTaTH-
cTuKa) (Tadn. 2), KOTOpble He XapakTepu3yHOT B3aUMHOE PacnoNokKeHHe [TPUXOB, TaK
Kak BWA pO3bl-AHarpamMmbl OKPECTHOCTH HEKOTOPOIN TOUKH HE U3MEHHTCA B Cjy4vae na-
panjefbHOro NepeHoca TPUXOB BHYTPH 3TOM OKPECTHOCTH, MPH 3TOM HE MEHSHOTCS
HU JAJIHHA, HU opueHTauns. McenenoBaHne «CTpyKTYpbl 300pakeHusn», onpeneneHHoM
TakKMM 00pa3oM, — MAJIOOCBOEHHOE HanpaB/IeHHE TMHEaMEeHTHOrO aHaan3a, HHOTAa CBO-
JfLEecs K pacCMOTPEHUIO CThIKOBOK U MEPECEUeHU.

BTopyto rpynny cTatucTH4eCKUX KO3(PPUUHMEHTOB 11e1eco00pa3HO OTHOCUTb K HHbIM
TEKCTYPHbBIM XapakTEpUCTHKAM U300paeHHa U UCCAEA0BaTh OTACAbHO, BHE TpaaullH-
OHHbIX MyTei CTATUCTUUECKOrO aHaau3a JMHEaMeHTHbIX ceTeil. B pawHoii padoTte 3ToT
BOMPOC HE paccMaTpUBaeTcs.

Tabruya 2

HuTepakTHBHbIC NapaMeTpPbl YIJIOBOH CTATHCTHKH

[MTapametpu3zaums yrnoso# cratuctiky B LESSA

MareMaTH4eCKHH CMBICT M300paxenue Untepnperauns

Pa3mep ckonb3auiero
«OKHa»

CreneHb CrNaxeHHOCTH no-
Ny 4E€HHOFO H300paKeHHS

BO3MOKHOCTL HCCNIENOBAHHA OIAHOIO
M300pakeHHd B pa3HbIX maclitadax
JeTaiu3alliu

B03MOKHOCTb JIOKAIbHbBIX
U ro0anbHBIX HOpMaH-
3aLMI paaa napameTpos

CyuiecTBEHHO NpH 3Ha4yu-
T€IbHOH TEeTEPOreHHOCTH
H300pakeHus

HAns onpenenes s 10KanbHbIX 0COOeH-
HOCTEH H300pakeHUs HUCKIUYAKTCH
rnodasibHbie 0COOEHHOCTH H300paxe-
HUS {«r100a1bHAsR HOPMAJIH3aLH)

Onpeaenenue cTaTHCTHYE-
CKOH A0CTOBEPHOCTH Y-
Yeit po3., MOCTpOeHHUE BEK-
TOPHBIX TOJICH BbITAHYTO-
CTH

[Mo3sonser BeiAEAATh «iH-
HUH BBITAHYTOCTH» H YMEHb-
LLIUTh Kpaesbie 3(hhexTst U30-
OpakeHHs (aenaerca aBToMa-
THYECKH )

B03MOKHOCTE HHTEPNPETALHUH TOABKO
CTaTHCTHYECKH JOCTOBEPHBIX PE3Y.ib-
TATOB WU3YUEeHHs OOBEKTOB THNA «JIM-
HeaMeHTHbIX (hopm»

JMcKpeTH3aums 3HaueHui
(BBIOOpP LLIKAMbI)

KauecTro BM3yanu3auuu

[Hoabop nuckperusaumnu, Haudonee
aEKBaTHOH M3YUaeMOMY SABAEHHEO

2.3. llporsizkeHHbIE OPHEHTHPOBAHHbIE BbIOOPKH
JIHHEAMEHTOB H OIrPAHUYEHHUS MeToAa

Cnenytouias BakHas npoueaypa — BbiABICHWE LWITPHXOB, TPACCHUPYHOLIUX NMPOTH-
’KE€HHbIEe NHHeaMeHTbl. [1py aBTOMaTu3MpOBaHHOM aHanK3e UHPPOBbIX H300paKeHU




OYE€Hb YAaCTO BO3ZHUKAET NMpodiema onpeaeneHus npocTbiX (Puryp, TakUx Kaxk npsamsie,
KpYrd Wiv 30auncel. Bo MHOrUX cay4dasix v B JaHHO padoTe Ucnonb3yeTcs aaropuTm
NETEKTUPOBAHUS MPaHULL B KaYeCTBe npeaBapuTenbHol o0paboTku. DTO AenaeTcs A5 no-
JYYEHUS TOUEK, HAXOAALLMXCSA HA UCKOMOW KpUBOHW B U300pakeHuH. OaHako audo 13-3a
3aLYMJIEHHOCTHU U300pakeHnsl, IMOO H3-3a HECOBEPLUEHCTBA AlNMOpPUTMAa JETEKTHPOBAHUS
rpaHyll MOTYT MOABUTLCH «MOTEPAHHBIE» TOYKM HA KPUBO#, TaK )K€ Kak W HeOOJbLIKe
OTKJIOHEHUSA OT MAealbHOW (opMbl NPAMOH, Kpyra uiu annunca. I'lo aTum npHyuHam
4acTO AOBOJBHO CAOKHO CrPYNMUPOBaTh BbIAEIEHHBIE FPAHULbI B COOTBETCTBY LN
Ha0Op NpsAMbIX, KPYTOB W DIIJIUMCOB.

HasnaueHue npeodpasosanusa Xada B TOM, UTOObI pa3pelinTb npodaeMy rpynnupos-
KM FPpaHHYHbIX TOYEK NNYTEM NPUMEHEHUS ONpeaeneHHoi npoueaypbl BelOopa k Hadopy
NnapameTpU30BaHHbLIX 00BEKTOB M300pakeHus. JIns BbiieIeHUS rEOMETPUYECKUX 00b-
€KTOB B M300pakeHUN AaBHO npumeHsercs Tpancdopmauus Xada. DTOT 10CTaTOUHO
MPOCTON anroOpuTM 3anareHToBaHd B 1962 rony v B HACTOALLIEE BPEMS HCTIONB3YETCA OUYEHb
WHPOKO, B OCHOBHOM, B MOAW(UKALMHK, W3T0KEHHOH B nyOaukauuu [101].

AHAIUZUPYIOTCA NPAMOJIMHENHbBIE «KOPUAOPLI» BCEX MOIOKEHUN W Harnpas/EHHIA,
nepecexatolue n3odpakeHue, U NOACUUTBLIBACTCSA, CKOJLKO B HUX MONAAAeT LTPUXOB
COOTBETCTBY KOLLEIO HAMPaBICHUS («BbIPAKEHHOCTbY MHEAMEHTA). YA00HEee BCEro pac-
CMaTPHUBATh MPAMYIO JIMHUIO C NTOMOLLLHO NMapaMeTPoB, U3BECTHLIX Kak » 1 0. [TapameTp
r NpeAcTaBIseT coOO AMMHY BEKTOpa OT Hayajla KOOpAUHAT A0 Onukaiuweld TOUKH Ha
NpAMOii, a 6 — yroa Mexkay 3TUM BEKTOPOM U OCbH KoopauHar. Takum o0pa3om, ypaBHe-
HHUE NIPAMO# MPEACTAaBUMO B BHJE:

_( cos[—l) ( r )
Y= Sme X T \sine (6)

r=xcos 8+ ysin®. (6a)

HIH

Kaxaoit npsamoil Ha W300paKEHUM MOKHO MOCTABHTbL B COOTBETCTBUE napy (r, 0),
KOTOpas ABASETCA YHUKaNbHOW npu ycnoBuu 6 € [0, njur € Runu 6 € [0, 2x] n » > 0.
[TrockocTs (7, 0) MHORIA Ha3bIBAETCA «NPOCTPAHCTBO Xada» Ana Habopa npsmbiX B
JABYMEPHOM cllyyae.

Ucnonb3ys noporosbie 3HaA4YEHUSA A1 COPTUPOBKU JIMHEAMEHTOB B NMPOCTPAHCTBE
Xadga (nmoporu BeIpaK€HHOCTH) B YCIIOBUSIX PEATILHOTO U300PAKEHHS HA OCHOBE MEJIKUX
WITPUXOB MOJKHO BbIACIUTb CPOPMUPOBAHHBIE TaKUM 00pa30M MPOTAIKEHHbIE JTHUHEA-
MEHTBI.

OnpeneneHHble TPYAHOCTH UCMONBL30BaHUs npeolpaszoBaHug Xada cBsizaHbl ¢ AuC-
KPETHOCTBIO B OMpeaeieHuU KoopauHar u yrioB [31]. Caeayet kOppeKTHO onpeaensTh
WHPUHY MOJ0CHI, B KOTOPOI paccMaTpuBaETCs MONOKEHHE PAaCTPOBLIX OPUEHTHPOBAH-
HbIX 00beKTOB. Jlanee cneayer NnOMHUTh, YTO B PACTPOBOM U300paKEHUH OPHEHTUPOBKH
ONMpPEAEAAOTCs C TOHHOCTBI 0 CEKTOPA, O YEM YMOMUHANOCH Bbitle. Takum o0pasom,
BO3HUKAIOT JBa MHTEPAKTUBHbIX MapaMeTpa, 3aJaBacMbIX 0 BbIMOAHEHUs TpaHchop-
MaLUMK: LWHPUHA NOJ0CKl (KOpUAOpa) MOUCKA W MepeyeHb YITOBbIX CEKTOPOB LUTPUXOB,
OTHOCUMBIX K BEIOPAaHHOMY HanpaBleHUK MOJOCH.

[Tocne BeinonHeHus TpanchopMaumu aas NPOCMOTpa U NOAOOPA UCNIONL3YIOTCS elle 2
WHTEPAKTUBHbBIX MAPAMETPA: BbIPAKEHHOCTb U HanpasiaeHue. OObIYHO pacCcMaTpUBAKOTCS
HaudOEE OTYETIMBO MPOABAEHHbIE MPOTIKEHHbIE NMHEAMEHTHI, T.€. Hauboaee 3anon-



HEHHBIE WTpHXxamMu. Kakue TMHeaMEeHTbI OTHOCHUTD K NMPOTAKEHHBIM ONPEAeISIETCA eLle
OJIHUM UHTEPAKTUBHLIM [1aPAMETPOM, NIPEAYCMOTPEHHBIM, B YACTHOCTH, B MPOrpaMMHOM
nakete LESSA (B noasx ot 001uero nMHEHHOro pasmepa U300pameHus).

[Tpu HHTEPAKTUBHOM AHAJIM3E MPOTSIKEHHBIX JTUHEAMEHTOB MOJKHO OTOOpaKaTh Onpe-
JEJICHHOE YHCJIO CaMBIX BBIPAYKEHHBIX IMHEAMEHTOB, BCE JINHEAMEHTEI C BLIPAXKEHHOCTHIO
BbILLIE HEKOTOPOro MOpora, TONAbKO JIMHEAMEHThI ONPEACNEHHOIO HAMPABIEHUS C BbIpa-
JKEHHOCTBIO BBILIE MOPOra Ujiu, HAKOHEL, KaKyr-TO UX KOMOUMHaLMIO. [To0Ck! LUTPUXOB,
KOTOPLIE NPU 3TOM BBIABIISKOTCS, COMOCTABIAOTCA C MCXOAHBIM U300paXkeHUeM 15 TOro,
4TOOBI OLICHNUTH U3 KaKUX MMEHHO OOBEKTOB CKJIaAbIBAETCS JIMHEAMEHT, HAIIPUMEP, ITPOBE-
PUTh, HE COCTOUT JIK pacCMaTpUBaeMblil OOBEKT B OCHOBHOM K3 LUTPHXOB aHTPOMOreHHOM
IpUpo/ibl. HacTO aHTPONOreHHbI€ 00BEKTHI UMEKOT OYEHb BbICOKHE MOPOIH BbIPAKEHHO-
CTH. DTOT NPU3HAK OTIIMYAET UX OT ECTECTBEHHBIX CTPYKTYP. COOTBETCTBEHHO HE BCAKUIA
CYLLECTBYIOLIMIT U JaXe BUAUMBIA B U300PAKEHUU JIMHEAMEHT JOJDKEH MPOABUTHLCH B
BU/JE MPAMOJMHEHHOMN LeNOYKH WTPUXOB. [IpUMep BbICOKOI BBIPAXKEHHOCTH CTPYKTYD
TEXHOIEHHOIO MPOUCXOKICHHUA PACCMOTPEH B pasaenax 5.2, 5.3.

Ha pucynkax 4, 5 npeacTaBieHbl MpUMepbl 00padOTKH KOCMOCHUMKA TIpuokcKoro
y4acTKa, paCcCMOTPEHHOrO B paszaene 3.3, ¢ UCIOAb30BAHHEM ITPOrPAMMHOIO NMAKeTa
LESSA. BuaHo, 4T0 KOCMOH300pasKeHUA COAEPIKAT KAK €CTECTBEHHbIE, TaK U TEXHOIeH-
Hble O0BEKTHI (10pOru, AbIMbI IIOKAPOB), IPSIMOIMHEAHBIE MPAHUIIBI KOTOPBIX OTYETJIMBO
MIPOSIBIISIFOTCS HA CXeMe paclipe/ie/IeHns MaiblX JuHeamMeHToB (puc. 4a). [locpeacTBom
anropurMa Xada BBIMOIHeHA COPTUPOBKA MPOTS/KEHHBIX €CTECTBEHHBIX INHEAMEHTOB, B
TOM YHCJIE TJIOXO0 JelM(ppUpyeMbIX BU3yalbHO (puc. 40). DTa cxema MOKeT ObITh 10I10J-
HEeHa JJaHHbIMU BU3YallbHOIO JAelIM(PUPOBAHUS H BbIAEIIEHUEM B PE3YJILTATE 3KCIIEPTHOIO
aHAIIN3a NPOTSXKEHHBIX IMHEAMEHTOB I10 CTENEH! BBIPAXKEHHOCTH B JIaHAWadTe (puc. 5).

Ba)xHO y4uTbIBaTh CYLLECTBEHHOE OTIMYME HAAEIKHOCTHU BbIAEICHUSA MPOTIKEHHBIX
JIMHEAMEHTOB OT CTATUCTUKHM LUTPUXOB. BhleneHne NiHeaMeHToB sBiaseTcs B OonbLuei
CTEMEHU HHTEPAKTUBHON MPOLIEAYPOil, a 3HAYUT 3aBUCUMON OT 3kcriepra. Ha pesyne-

Puc. 4. Cxema pacripenesieHus MalbIX JIMHEAMEHTOB, BbIAEIEHHBIX MPH aBTOMarH3upPOBAaHHOM
newnppupoBaHUU KOCMOCHHUMKA [TpHOKCKOrO yyacTKa Ha HM3KOM (@) M BbICOKOM (0) nmoporax
BbIPA)KEHHOCTH



Puc. 5. Cxema npoTAKeHHbIX TMHEAMEHTOB MO CTENEHU BbIPAKEHHOCTH.

| — ITMHeaMeHTBI BBICOKOTO [Mopora BeIPA’>KEHHOCTH. 2 — CHCTEMBI [MPOTANKCHHBIX JTHHCAMCEHTOB. 3 -
JIHHCAMCHTEIL. BU3YAlTEHO UT,HEHIH{prpDEaHBIE, 4 — Henunoso-Psa3aHckas moBHas 30Ha

TaT aBTOMAaTU3MpOBaHHON 00padOTKH KOCMOCHUMKA TaKKe BIUAOT TaKUe MapameTphbl
UCXOAHOIr0 UU(POBOro U300pakeHus, KaK paspelueHue, 30Hbl criekTpa u ap. Kaxnas
otoOpaxaeMas Liernovyka TPUXOB peallbHO MPUCYTCTBYET B U300pakeHUH H YKJIaIblBa-
eTcs B MpAMYIO JIMHUIO. KOHKpeTHOe 3HaYyeHHe BLIPAKEHHOCTH BHIMMOIO (pparMeHTa
JMHeaMeHTa MOJACYMTBIBACTCS [IPaBUILHO, HO HE sABJsAETCS OOLUEH XapaKTepHUCTHKOM
nuHeameHTa. [1o3ToMy CIOXKHO COMOCTaBNATh JIMHEAMEHThI OJIHOW BbIPAKEHHOCTH, HO
pasHOro pacrofioKeHust, a Habop JTUHEAMEHTOB, KOTOPBIN BBICBEYHUBAETCS MPU OAHOM
MOpPOre BeIPaKeHHOCTH, HENB3s CYUTATh CTATHCTHYECKH JIOCTOBEPHON XapakTepHuCTHKON
n300pakeHus B LiesioM (Tad. 3).

OTO Takke HY’KHO UMETh B BMAY, UCIOJb3Y PO3y-AUarpamMmy, pacCUMTaHHYHO He
MO BCEM IITpUXaM (CM. pasjeln 2.2), a TOJIBKO 110 TeéM, KOTOPbIe BXOAT B NMPOTAKEHHBIE
JMHEaAMEHThl OAHONH BbIpakeHHOCTH. [1ycTh B m00aNbHON po3e pasinyusa KaxyTes He
TaKUMH SPKUMH, HO OHH TTOATBEPIK/IEHbI CTATUCTUYECKU. PO3bI-aAHarpaMMbl CTAHOBSTCS
OYEHb HH(MOPMATHBHBIMU MPU UCTIOIB30BAHUN DOTBLINX MO3auK, OIHOPOAHBIX MO Kave-
CTBY KOCMOU300pakeHUI, 1 BbIICTEHUU A1 HUX OOJIbIIOrO KOJMYeCTBA MPOTIKEHHbBIX
JMHEaMEHTOB. JTOT ciIyyail paccMOTpeH NoapobHo Ha npumMepe Balikaibekoil pugToBoii
30HBI B paszaene 4.1. MHCTpyMeHTapHii, OCHOBaHHBIH Ha anroputme Xada, MOKHO npu-
MEHSTh U K APYTUM TUIAM JaHHBIX — reO(PU3UYECKUM TNOJsIM, BaTUMETPUH, LUPPOBLIM
MozaensiM penbeda, 0co6eHHO B ObICTPO pa3BUBAIOLIEMCS CEKTOPE JTHAAPHBIX CheMOK.,



Tabruya 3

NHTepakTHBHBbIC NapaMeTphl
npoLeaypsbl BblieJieHHsI NPOTAKEHHbIX JIHHEAMEHTOB

IMapamerpuszauuns anroputma Hough 8 LESSA

MaremaTHueCKHil CMbICH

U3o0pakenue

HMutepnperaunsa

3HauYEeHHUE (APKOCTh) TOUKH B
npocrpaHcTee Xada

BbipaKeHHOCTb JIHHEaMEHTa
B H300paKeHuu

CTeneHb A0CTOBEPHOCTH 00BLEK-
Ta, OTCEYEHHE LYMOB N0 Noporam
BbIPaKEHHOCTH

JonycTUMbi€ 3HAYEHUA CeK-
TOPHbIX YIJIOB LUTPHXOB, OTHO-
CHMBIX K OHOMY JIHHEAMEHTY

JlonyCcTUmbie OTK/TOHEHHA Ha-
MpaBACHUH MalblX HHEAMEH-
TOB OT HampapJieHHs MpPOTA-
JKEHHOTO JIMHEAMEHTA, UMH CO-
CTaBAAEMOTrO

AHaINU3 BHYTPEHHEH CTPYKTYPhI
KPY MHBIX JINHEAMEHTOB H J/iHHEa-
MEHTHBIX 30H

[NpenenbHas «LLIMPHHA» TUHUU
B €1HMHHUAX QHCKPETH3aUHH
(MUKCEenax) 1718 NpUMEHEHUA
anropuT™a

Buaumasa npeaenbHas wWupH-
Ha CAHHHYHOTO NPOTAKCHHO-
ro JHHCaMCHTA

IMpaeunbHBIE BRIOOp MacliTada
M OUCHKH peanbHOM LUMPHHbBI JIH-
HEaMEHTOB. B TOM UMCJE 30H Tpe-
LHHOBATOCTH

PactpoBas MuHHMaIbHAA /14~
Ha MOAOCH] BbIAEICHHA

COOTHOLLEHHE MHHUMANbHOM
JANHHBI JIHHEAMEHTA C pa3Me-
pOM aHANTH3HPYEMOrO H300pa-
KECHUA

[MpaBuibHbIH BLIOOP macwTada
H OUEHKH BO3MOKHOMN AJIMHbI H-
HEaMEHTOB

HMHTepakTHBHas Bapuailia MateMaTHYeCKUX napaMmeTpoB NO3BOJISIET HCCIIE0BATENHO
noaduparb ONTUMANLHBIC BAPHAHTBI peLlieHus 3aaa4. MeTtoauka paborsl npeaonpeaenser
HCNONB30BAHUE B HEll TEPMUHOB JIMHEAMEHTHOIO aHanu3a (tabn. 4).

Tabruya 4

OcHOBHBIE TEPMHHLI JHHECAMCHTHOI'O aHAJIH3A

Tepmuu

H300paxeHue

['eonoro-reodusnyeckas HHTEpNpeTa-
UHMA 4519 €CTECTBEHHbIX laHawagToB

MaJiblii nHHEeaMeHT

[TMKkcenu W300pakeHusa ¢ ycra-
HOBJAEHHOW OpPHEHTaLHEH

[TOBEPXHOCTHBIE NPOABICHHA TEKTOHH-
YECKHX TpE‘:LLlHH

[MpoTaxkeHHbld au- | Manbie

NUHEAMEHTbI, 00beu-

[MToBepXHOCTHBIE MPOABIEHUA PA3TOMOB

HEaMEHT HEHHbIE B JIHHUH NO &JITOPUTMY
Xada
JuneamenT Jlodasa nuHuA, B T.4. KpUBOJIH- | [TOBEPXHOCTHBIE NPOABACHUA TEKTOHU-

HeHHadA

YECKHX HapyuieHHH, B T.4. KPUBOJHHEH-
HbIX

JluneamenTthas ¢op-
Ma

JIMHHW BBITAHYTOCTH MO BEKTO-
py R po3-auarpamm

HacTo BBITAHYTHIE CrywweHUs (B T.4.
KPHBOJHWHENHHBIC) TPELWIHH H Pa3pbiBOB
OJIM3KMX HanpaBICHHI




PazinuHble CTaTUCTHYECKUE XapaKTEPUCTUKH NOJSA MANbIX U MPOTIKEHHbLIX H300pa-
JKeHHit 00naaaloT pasnnyHoON YCTOHUMBOCTBIO K KAUECTBY H300PAKEHHUS U YCIIOBUAM pac-
Tepusauuu. Hanbdonee ycroliuuBoi, X0t M HE BCHOAY ONPEACNICHHOH XapakTepucTuKoil
pacnpeneaeHus ManblX OpHEHTHPOBAHHbLIX JIEMEHTOB HA H300paKeHUH, ABIAKOTCS AMHUH
BLITAHYTOCTH po3-auarpamMm (nuHeameHTHbie GpopMbl). Ha pucyHke 6 npeacrasieHa
Onok-cxema anroputMa 00pabdOTKM KOCMHYECKMX M300paskeHUIT NPy UCMONb30BAHUH
nakera nporpamMm LESSA, koTopas npumeHeHa aBTopaMu B MHTEPAKTUBHOM peKUMe na-
paMeTpU3aLiK AT peLleHUsl KOHKPETHbBIX 3aJ1a4, CBA3aHHbIX C U3Y4EHUEM COBPEMEHHOM
reoquHamMu4eckoli 00CTaHOBKH PAa3IMYHBIX PErHOHOB (rmaBbl 3-5).

OTaenbHO cieayeT OCTAHOBUTLCS HA OTPaAHUUYCHUSIX METOAQ.

MeTon HHTEPaKTHBHOTO ABTOMATH3UPOBAHHOIO ACLM(PUPOBAHKA OCHOBAH HA COCIH-
HeHUH opManbLHOro KOMMBLIOTEPHOIO aHanusa H300pakeHus ¢ CyObeKTHBHOH OLleHKOI
IKCMEPTA U 3aBUCUT OT NapaMeTPOB MUCXOAHOro U3oOpaxeHus. OrpaHuyeHus MeToaa
BU3yalbHOTO AetinppupoBaHus U TpedOBaHUA K BbIOOPY AMCTAHLIMOHHbIX MATEPHANOB
JNOCTATOYHO MOJIHO pa3paboTaHbl U OCBELIEHbl BO MHOMMX nyonukauuax [48, 54, 77].
[ToaTomy B AaHHOM padore yaeneHo BHUMaHHe cneludpuuyeckum orpaHuueHusM, CBs-
3aHHbIM C (POpMATM30BAHHON COCTABNAAKOWIECH MHTEPAKTUBHOIO aBTOMATH3UPOBAHHOTO
AetiudpupoBaHus.

MeToabl aBTOMATH3KMPOBAHHOMO AeLin(ppUPOBaHUs UMEKOT HECKOILKO TUTMOB OTPaHu-
YEHWI1 B NpakTHYeCKoM npuMeHeHuu. [lepBoe 1 rmaBHOE OrpaHHHYEHHe 3TO BHEKOHTEKCT-
Hblil XapakTep npouenypbl aBBTOMAaTHYECKOro AeH(pUpPOBaHHs, KOrna B aHANH3HPYEMOM
n300paKeHU W BBIACIAKOTCSA JIMHEAMEHTBI Pa3IMYHON (PU3HYECKOH NMPUPOabI, BKAKOUas
TEXHOT€HHbIE O0BEKThI (1I0POru, rpaHUilbl NOJE, MPOCEKH U MHOIOE APYTOE).

Ectb ABa MeToaa ans CHATUA 3TOro orpaHudeHus. [lepBblii — 2TO ucnoNib30BaHue
CTATUCTHYECKMX METOJ0B JINHEAMEHTHOIO aHannsa, Nnpexae BCcero MeToaoB YroBOi
CTATUCTHKH Kak Oosiee yCTOHUMBLIX K cnyyaifHbiM nnomexam. Padora HauuHaeTcs ¢ npej-
BAPUTENBLHOIO HE(POPMATIBLHOTO aHaN13a U300pakeHH Ha [IPEAMET €ro 3allyMJIEHHOCTH
TE€XHOMeHHbIMW O0BEKTaMH, HCKAKOUas OOPadOTKY MHTEHCUBHO 3aL1YMJICHHbIX Y4aCTKOB
n300paskeHus. Ins npoTs:KEHHbIX JINHEAMEHTOB MOYKHO [PUMEHATb U METO/bl NOCe-
AytoLueil py4HoH COPTHUPOBKH, HO 2TO 3HAYUTENBbHO CHWXKAET 3(P(PEeKTHUBHOCTb aBTOMATH-
3UPOBAHHOTO aHallM3a, TaK 4TO JIyHLIEe HE HCMOJIb30BATh TAKON aHAIM3 AJ151 HHTEHCHBHO
XO3AWCTBEHHO OCBOCHHbBIX TEPPUTOPHH.

Beibop pasperwatowieit ¢cnocoOHOCTH H300pakeHUsl HHOTAa MOJKET CHU3UTh PUCK
HEaneKBaTHOCTH Pe3yJLTaTOB aBTOMATU3HPOBAHHOIO AeMPPUPOBaHHS HCNOIL30BAHHEM
O4YE€Hb HU3KOTO MJIH, HA0OOPOT, BLICOKOTO YPOBHS pazpetueHus. nsg ucKatoueHus onoKH
NCNobL3YHOTCS HH(poBbIe 300paxkeHus (Nos) ¢ OAHOPOAHON NPUPOAOH U300paKeHns,
HanpuMmep, uudpossie Moaenu peabeda [29, 30].

Cneaytoias rpynna orpaHM4eHui CBA3aHa ¢ TEXHUYECKUMH YCIOBHUIMH ChEMOK,
HanpuMmep, ¢ 001a4HOCTbIO. Kpome TeXHUYEeCKUX noMex (001a4HOCTb W AbIMKH) CeAYeT
YHUTBIBATH W YCIOBHA CbEMKH MO OCBELIEHHOCTH. [[JI1 CHUMKOB BLICOKOTO paspeLleHus
JUHEAMEHTbI B HAIIPABICHWU TEHEH UMEIOT ONPEACNIEHHOE NPEUMY LLIECTBO BblACJICH U,
TaK Kak Mpu BHEKOHTECTHOM Aetn(ppUPOBaAHUN TEHbL — TAKOH 7K€ peanbHblil 00bEKT H30-
OpakeHus, KaK 1 JApyrue O0beKThI.

HakoHell, CyL1eCTBYIOT OrpaHU4EHHs, CBA3aHHbIE ¢ PACTPOBLIM XapaKTePOM aHaH-
3UPYEMBIX H300paKeHWH, pazMepaMi CKOb3ALIETO KOKHA» W aNrOpUTMaMHU BblAECNEHUs
ManbIX AUHEAMEHTOB. DTH BOMPOCHI JETANbHO PacCMOTPEHbI BO MHOIMMX padoTax no
CO3AaHHIO NPOrpaMMHOro odecneyeHus Ans aBTOMaTU3MPOBAHHOIO JTHHEAMEHTHOIO



MUHMKRAQOEH XMNOIRMINO0N MiL0gedQo eWLHdOIIrE BWAXD-0I] *Q *dH ]

anHegoduHoned 30%IaRHHOLNAL HIM 20HdALNAdLY = eoHJOd]T :

1 [

Mmaxd amHdALNLdL) anmoiAduriansiea J rdAranodun amHHOHNEXHPHIIRIY

‘goxeHendn xuidanuLroHIodl dogL() ‘XM HHeY WoNHRG WHHITIAHSG 2 oHLIamg0d goleldrwisad drowaod]T ‘goreransead Woan g

Waxd xumoifdulankead aunaodioon u q
golHameaHHI drowaodn Mﬁmmﬂkuﬁmukmm SOLHAHIH ﬁ_ﬂmau XHAJIRHIIHIELD 13hIe

SOLHIWEIHKI XHWEJL XMHEOINI WEHHIrgedUeH wmed eur-sod

mhuommm.mﬁaﬁmhurumm ol FOoXHALITI HLIOHLOL'T lanoej um:uo&uoﬁ_”

mm:uﬁmamoma FOALIBRA IHHIROIIADH uozmﬂpﬁmﬂmﬂ

2
!
aHenmedu ou eiodon dogrg UMHAHLIRIILHY

HhEeE HOMNIIhHJOK0I.I €M BITOXIH “REHICHE XH BgOJIOLI H
(HHHHID AUH/E HOuHed Uil ‘HHHIuaedueH xmaiducHrere ouolh ‘daneed) goxudim godiameden dogrg

(emaxa ‘erdex ‘v dediorod) vuHaRedgoeH 0JOHTOXIH eXI0LOJTOU H (3HHegoduHoHed
‘eonJodl ‘auHegoduddpumal) Hreles HONIIhH JOIrCaI BNEOHRLION KexIsrHdiamolo§ H BeNIahHdLaN03 [ BHHIXedQocH Hodg

St
(ewaxd ‘erdex ‘Budediorlod) vuHaKedgosH
O JOHTOXIU eigoroaron ¥ (auHegodunoned ‘coniodu ‘aunesodnd pumal) nreles HOXIFRUIONOI I BATOHRLIOT]




ananusa. [1lpyMeHUTENbHO K MCNONB3YEMOMY HaMK nporpaMmHomy naketry LESSA stu
HCCAEAOBaHUA U OrpaHUYeHust npruBeaeHsl B [1, 29].

[Tpu BbIOOPE MCXOAHOrO CHUMKA, UCMOL3YEMOrO A/ aBTOMATH3WPOBAHHOIO Ae-
wnpupoBaHus, 00abLIAA POJIb OTBOAUTCA CYOBEKTHBHOMY (pakTOopy M OnpeaenseTcs
uenbto padboT. BakHbIM MpeUMy LLIECTBOM KOMIBIOTEPHBIX METOA0B NEPE BU3YATbHbIM
AeliM(ppUpoBaHUEM ABAAETCS padoTa Ha npeaene paspeiueHus pactpa (T.e. 0e3 cyon-
€KTMBHOI reHepanusauuu, npuMeHsemMon skenepTom), ukcauus napameTpoB padoTsi
NPOrpaMm Npu CHOM MOHUMAHUM BIUSIHUS 3TUX MapaMETPOB HA KOHEUYHBIN pe3y/bTar,
NOBTOPAEMOCTb PE3YJIbTATOB, MEHbLUAS 3aBUCMMOCTb OT CYObEKTUMBHbBIX B3IUISA0B JKCMEp-
TOB, CBOAHMbIX K UHTEPAKTUBHOMY noadopy napameTpos. [1pu 3TOM MHAUBUAYATBHOCTD
IKCMEPTHON OLEHKH He MUcUe3aeT, HO (popManusyercs.

[TpakTika npumeHeHus nporpammHoro kommiekca LESSA B reonoruuecknx uccne-
JOBAHUSIX MOKA3bIBAET BbICOKYHO 3(PPEKTHBHOCTE HHTEPNPETALMK PE3Y/IBTATOB HanOoNEe
YCTOWUYMBbBIX XapaKTEPUCTHK YIMOBOH CTATUCTUKH, TAKMX KaK MPUBEACHHAS PE3YJbTH-
pyrowas AnnHa R ¢ nonyvaemble Ha OCHOBE 2TOMO NMapaMeTpa «JIMHeaMeHTHbIe (POPMbI»
WKW JIMHUK BBITAHYTOCTH, KOTOPbIE HAUDOJIEe YCTOHUYMBBI K CIyYaHHOMY 3aLly MJIEHUHO.

BeIBOABI

[IpoBeacHHOE KpaTKOE pACCMOTPEHHME TEXHOIOTHU aBTOMATU3MPOBAHHOIO JIMHEa-
MEHTHOTO aHau3a KOCMOCHUMKOB MO3BOJIW/IO BbISIBUTh MPEUMYLLECTBA, CIOKHOCTU U
OXKWU/IAEMbI€ PE3YJIbTAThI MOJHOCTHIY PACTPOBONO NOAX0AA K KOMMbIOTEPHOMY Aeling-
PUPOBAHMIO IAHHBIX AMCTAHLIMOHHOIO 30HAMPOBaHUSA. YCTAHOBIEHO, YTO TaKas Xapak-
TEPUCTUKA, KaK «PUBEAEHHAs PE3YIbTUPYIOLIAsA ATHHA» UK KOS(PPHULUUEHT YANHHEHUS
pO3bi-AHarpaMmMbl, COOTBETCTBYHOLLIHH OTKIIOHEHHIO PO3bl-AHArpaMMbl OT PABHOMEPHOTO
KpYroBOro pacrnpeaeieHus, MaTeMaTH4eCK1 KOPPEKTHO MapameTpusyeTcst U HH{popma-
THBHA NPU BbIAEIEHUHU IrpaHuL 0JOKOB.

[TapameTtpusauus 1 OTOOP YCTOHYMBBLIX CTATHCTHYECKHUX XapaKTEPUCTHK NPOCTPAH-
CTBEHHOTO pacnpeaesieHus MalbiX JIMHEAMEHTOB OAHOBPEMEHHO C MHTEPAKTHBHBIM Bbl-
AEACHUEM MPOTIKEHHbIX JTIMHEAMEHTOB MO aAroput™My Xada rno3posstoT HCCIEA0BATh
CBOMCTBA Pa3IOMHBIX CETEH pa3HbIX PAHIOB M0 MX 00paszam Ha pacTpPOBbLIX H300PAKEHUSX
(nHeamenTam). [Napamerpusauus, noHumaemas kak padoTta ¢ «OKHaMH», NOpOraMu M
YPOBHAIMU JIOCTOBEPHOCTH, HAMNpaBlieHa HAa MOMYyUEHHE PE3y/IbTATOB, JNErKOAOCTYMHbIX
JJ1s1 NPOBEPKU APYTMMH HCCIEA0BATENAMM, U B TO K€ BPEMS rapaHTUPYET HANWUNE HE-
KOTOPbIX CBOHCTB U300PaKeH U, MHTEPNPETUPYEMbIX KaK OCOOEHHOCTH reo10rMYe€CKOM
Cpelbl.

AnpoOupoBaHie METOA0B MPUMEHEHUS aBTOMATH3MPOBAHHOTO IMHEAMEHTHOIO aHa-
aun3a u noadopa napamMeTpoB 00padOTKH UU(DPOBLIX H300paKEHHH OblNH HCMONb30BaAHbI
JUISL peLieHUS MPaKTHYECKHX W Hay4dHbIX 387a4 WCCJIeJ0BaHHs COBPEMEHHOH reoauHa-
MUYECKOH 00CTAHOBKH.



Ii1aBa 3

UHTEPIPETAIIUSI PE3VJIBTATOB
KOMIIBIOTEPHOTI'O JTEHIU®PUPOBAHUSI
YUYACTKOB 3EMHOU KOPBI HIEHTPAJIbHOU
YACTH BOCTOUYHO-EBPOIIEMCKOHN
MJIAT®OPMbI

JInst OUEHKHM reoAMHAMHMYECKHUX YCOBHI LEHTpalbHOW yacTi BocTouHo-EBponeii-
ckoil nnardopmbl (BEIT) Hapaay ¢ TpaaAHMLMOHHBIMU CTPYKTYPHO-I€OJOTHYECKHMH U
reoMopQonorHuecKkuMm ueeaeaoBaHuAMHU 3PQHEKTHBHBLIM METOI0M SABJIAETCS CreuHanu-
3UPOBAHHbBIIN KOMNBLIOTEPHBIA aHAM3 KOCMHUYECKHUX M300pAKEHMIT 36 MHON MOBEPXHOCTH.

Ha ocHoBe aetun(pprupoBaHUs KOCMUYECKHX CHUMKOB C pa3Hoii 0030pHOCTBIO, ecTe-
CTBEHHOI reHepanusalumeil ¥ peHTreHOCKONUYHOCTBIO MO3TANHO BbINOAHEHA HACHTU(H-
Kallisl JIMTHEAMEHTOB U IMHEAMEHTHbIX (DOPM € Pa3HOBO3PACTHLIMU M Pa3HOMTYOUHHBIMH
CTPYKTYpaMu ¥ onpeaeseHsl (ppakTaibHble CBOICTBA JIMHEAMEHTHOrO pUcyHKa. [1pu
KOMIMbIHOTEPHOI 00padOTKe yUuTeHa BbICOKas TEXHOIMEHHasi Harpys3ka Ha peruod. Ilpo-
BE/AEHA OTOpPaKOBKa TMHEAMEHTHbIX 30H, CBSI3aHHbIX C aHTPOMOINeHHOMH AeATEbHOCTBIO,
Ha OCHOBE BbIOOpA MapaMeTpoB CTATUCTUUECKUX MOJIEH JUHEAMEHTOB, YCTOHUMBbBIX K
MCKYCCTBEHHbIM LLIYMaM.

Jna uccnenosanus ueHtpanbHoil yactu BEIT u MockoBckoro pervoHa Ha peruo-
HaJ1bHOM YPOBHE W ME30Y POBHE UCMONb30BAHA KOMIbIOTEPHAst 00padoTKa HYepHO-0enbIX
KOCMHYECKHX CHUMKOB cuctembl LANDSAT ¢ paspewatoiieil cnocoOHOCTbIO 50 M.
Hns u3yueHuss ocoOeHHOCTel CTPOeHUsl U reoAIMHaMHUUYECKOW aKTUBHOCTH Ha Npumepe
[1puokckoro yuactka Henuaoso-Paszanckoii wosHoii 3oubl (HPLU3) 1 npoekTupyemoii
NJoWAaaKy pacnoioxkeHus Huxeropoackoh aromHoi anekrpocraHunu (HADC) na no-
KaJIbHOM YPOBHE MPUBJIEYEHbI pe3y/ibTaTbl BU3YAJILHOIO U aBTOMATH3UPOBAHHOIO Je-
winppupoBaHus YepHO-0ebIX KOCMHUYECKHUX u300paxkeHnit cucteMbl IRS 19 1 AVNIR 2
C paspelleHueM B repBble MeTpbl. (g cneuranu3ipoBaHHOro aetuudpupoatus 10Mol-
HUTEJIbHO MCIO0J1b30BaHbl KOCMOCHUMKH OimKHEro MHgpakpacHoro guanasoHa, Handosnee
MOJHO OTpaXKaIOLLKE dMeMEeHTbI laHawadra, cBi3aHHble ¢ UX 00BOAHEeHHOCTbIO. Cpas-
HUTE/bHbIH aHanu3 KOCMOCHUMKOB C pa3Hoil paspeluatouleil cnocoOHOCTLIO NO3BOJINI
AETAIbHO UCCNEeA0BaTh NMapareHe3uc U uepapxuyecKyro COnogUMHEHHOCTb CTPYKTYP,
mMyOHHY 3all0KEeHUA re0JJOrMUYECKUX Tell.



3.1. I'e01010-CTPYKTYpPHBbIE OCOOEHHOCTH MJIATHOPMBI

Paiion uccnenoBaHuii pacnonoxkeH B ueHTpaibHOi yactu BEIT mexay 53° c.u. u
587 c.w., 34°B.A. 1 42° B.A. (puc. 7). [MyOHHHOE CTPOEHKHE HEOAHOPOAHO, MOLLHOCTD
3eMHON Kopbl usmensietrcs ot 40 10 50 kv [95]. B ceBepo-BOCTOUHOH H KOrO-BOCTOUYHOM
YacTaX pernoHa BblJesieHbl JJOKalbHble MAKCUMYMbl IyOMH 3ajieraHus NOBepXHOCTH
MoxopoBu4HYa U3OMETPUUHOI (POPMBI, HECKONBLKO YAJIMHEHHbIE B CYOMEPHANHOHAIBHOM
HanpasiaeHUU. Mexay HUMU NPOCAEKHUBAETCA MOAHATHE MOBEPXHOCTH MOXOpOBHYHYA
(puc. 8).

3emHas kopa BoctouHo-EBponeiickoii niargopmsel Xapaktepu3yeTcs YeTKOW TeKTo-
HUUYECKOWH ABYXAPYCHOCTbIO. HUXKHUI CTPYKTYpPHBIN 3TaX — KpUcTaanvueckuili pyHaa-
MEHT — MPEeACTABNALT CO00I reTeporeHHo-010K0BOE 00pa30BaHKe, OCIOKHEHHOE paHHe-
NpoTepO30iCcKOll MEKOMOKOBOH CKJ1AAUATOCTLIO M PETMOHATLHBIMU PA3IOMaMH MpeUMy-
LIECTBEHHO COPOCOBOrO TUNA, rje 4acTU4YHO B pudee chopMUPOBATUCH ABJIAKOTE€HBI.
[yOuHa 3aneraHus MOBEpPXHOCTH KPUCTANIMYECKOrNO hyHAAMEHTA B CEBEPO-BOCTOUHOM
HanpasieHuu Bo3pactaer otT 0,3 KM 40 1,7 KM, B peenax aBlakoreHoB no JaHHbiM Oy-
peHus mMy0OKUX ckBakuH aocTuraet 4 km (puc. 7). Haubonee pe3kue nepenaapl rmyOuH
(hyHIaMEHTa TArOTEHOT K pasioMam, OrpaHUyMBaKOLIMM MO NMPOCTUPAHUIO aBMAKOTEHbI, U K
BHYTPEHHHUM MONEPEUHBIM pazjioMaM, pasIesistolMM aBIaKOreHbl HA FOPCThl U rpadeHbl.

B cTpoeHHuU BepXHEro CTpPYKTYPHOro 3Ta)ka — MJUTHOIO 0CaJouHoro yexna fnpu-
HUMaKT Y4acTHE BEPXHENPOTEPO30MCKUE, BEPXHENANE030iCKHE (1€BOHCKME, KaAMEH-
HOYrO/bHbIE) U ME30-KalHO30MHCKHE OTIOKEHUA. BepXHenpoTepo30iCKHe TePPUreHHO-
ocaaouHble 00pazoBaHus, pacnpoCTpaHEeHHbIE B MOAOLLBE 0CAA0UHOI0 Yex/ia, nNpeacTas-
JIeHbI TIeCUaHUKaMH, KOHIVIoMeparaMi, apru/IJIiTaMmu | aprujuyiunTonoao0HbIMK IIHHAMMU,
Ha pa3sMbITOl NOBEPXHOCTH BEPXHEMPOTEPO3IOHCKHUX OTAOKEHUN 3a/1€raeT TEPPHUTIEHHO-
kapOOHaTHas TOJILLA NOPOJ AEBOHA, CAOKEHHAs NECKaMH, aneBpUTaMi, NecHaHUuKamH,
JONOMUTOBbLIMU MEPTEIAMMU.

[1o nanHeiM Oypenus CeprnyXx0OBCKON CKBaXKHMHbI, B NOPOJAX CPEAHEro A€BOHA B WH-
tepanax 1003-1029 M v 1032-1052 M BbIAENEHBI NMAYKW KAMEHHOMN COH ¢ TOHKUMH
MPOCAOAMH A0JOMKTA U aHrKMapuTa. Bblle npeMMyLlecTBEHHOE pacnpoCcTpaHeHHe no-
JIYHAKOT W3BECTHAKH 10JOMUTHU3UPOBAHHbIE, IMMHUCTbIC, HEPABHOMEPHO TPEILIMHOBAThHIE,
KaBepHO3HbIE C MHOIOUUCEHHOH (hayHOU. B OT/I0)KeHHsX BEpXHEro JeBOHA B MHTepBasle
207-242 M BCKpbIThI 3ai1eku runca. OTIokeHUs HUKHEro kapooHa npeacTaBieHbl 40-
JTOMHUTaMH, U3BECTHAKAMH, MEPIEIAMH € MPOCIOAMHU YITIEH, MUHUCTBIX CTAHUEB U [TTHH;
CPEOHEr0 — MPEUMYLLIECTBEHHO U3BECTHIKAMH U JOJOMUTAMHU C MPOCNOSAMH TJIHH.

Me3zo3olickue 00pazoBaHis NMPeACTaBIEHb] MECYAHO-MTUHUCTHIMU OTJIIOKEHUAMU FOPbI
M HWXKHEro Mena, 3ajieratoliuMi TPAHCIPECCUBHO € HECOMIacMeM Ha 3pOAHPOBAHHOMN
MOBEPXHOCTH KAMEHHOY FOJIbHbIX MOPO/, U BbIASAAIOTCS B BUE OCTAHLUOB HA BOAOpa3ae-
nax. C noBepXHOCTH NMOBCEMECTHO paclpOCTPaHEHbl YETBEPTHUYHbIE NECYAHO-TPaBUITHO-
CIMHUCTbIE OT0KEHHUS.

OcaouHblil UeX0a MOLHOCTbBIO OT MepBbIX COTEH MeTPOB A0 NepBbIX KHIOMETPOB B
aBjlaKkoreHax ruawleoopastHo obnekaer pasapo0sneHHblil NyOHHHBIMU pasiioMamu QyH-
JaMeHT. Peonoruyeckue CBOMCTBA OCAA0UHLIX MOPO NPEOTNPEALSOT «PacCceuBaHUE
MeK0I0KOBBIX MpaHull (pyHAAMEHTA B YEXJIE B BUJE MIMKATHBHBIX (DOPM U 30H CryLLUEHUs
TpelMHOBaToCTUH. B ocagouHoM vexie npocieskeHbl JJOKanbHbie CTPYKTYPHbIE (GOpPMbI
(MOAHSITHA, BNIAAHHbI, (h1eKCYpbI), BbisiBIEHHbIE 10 NMOJAOLIBE U KPOBJIE OCHOBHBIX MapKu-
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Puc. 7. Crpoenne kpuctanauueckoro pynaamenta BEIT [68] u pacnonoskeHHe mMpoTAKEHHBIX
JIMHEAMEHTOB M JIMHEAMEHTHBIX (hOpM.

1, 2 — cOpocer: 1 — masHeIe, 2 — BTOPOCTENEHHBLIE; 3 — pa3ioMbl pasHOTO NOpsaka; 4 — NPOTAIKCHHBIC
JTUHEAMEHTHI; 5 — NMuHeaMeHTHble popMbl; 6 — reodusndeckne ctaHuuu: OBN — «O0HuHCK». MHV —
«MuxHeBO» (30ech U Ha puc. 8. 9)

PYIOLIUX ¢JIoeB (MUXaiJIOBCKHI U CTELIEBCKUH TOPU30HTEI HUJKHEro KapOoHa, BepeicKHid

TOPU30HT cpelHero kapOoHa). B psae ciaydaeB NJMKaTMBHbIE CTPYKTYpPbl OCAAOYHOIO
yexJsa NpuypoueHbl K rpaHHIaM aBlIaKOTeHOB U X CTYMEHSIM. 3HaUYUTETbHOE H3MEHEHHE

MOIIIHOCTH MOBCEMECTHO PACMPOCTPAHEHHBIX BEPEHCKUX OTIOKEHUH (32 MCKITIOYEHUEM
JOJIMH 3PO3HOHHOTO Pa3MbIBa) MO3BOMAET AOCTATOUYHO HAAEKHO OKOHTYPHUTH BMAJHHBbI,
MPUYPOUYEHHBIE K 30HAM Pa3pbIBHBIX HAPYLUEHHI.



Boctouno-EBponeiickas nnardopmMa xapaktepu3yeTcst HaTMuUeEM CepUU MyOHMHHbBIX
Pa3/iOMOB KOPOBO-MAHTHIHOIO 3a10KeHHA, pasOUBalOLIMX (yHAAMEHT Ha OT/AC/IbHbIC ap-
XeHckne MerabiiokH WM MUKPOKOHTHHEHTHI [ 12]. PaccmarpuBaembie rpaHuLibl, BEPOSTHO,
MOKHO COOTHOCHTBL KakK ¢ 30HAMW MOBBILLUEHHON TPELUUHOBATOCTH U, COOTBETCTBEHHO,
MPOHULAEMOCTU B CNYHAE COUIEHEHUS ONOKOB C KOHTPACTHBIMUM CKOPOCTHbIMH Napame-
Tpamu CEMCMHUYECKUX BOJTH, MPEACTABIAIOUIMMHU CODOM CBOCOOPA3HBIE 30HbI 3aTy XaHHsl
(MOrNOUIEHUS ) CUTHANA, TaK U C «3aJ€YE€HHbIMIUY» YYacTKaMH B Cllyvae MjiaBHOro u3me-
HEHWS XapakTepUCTHK reonoruueckoi cpeast [S1].

Ha ypoBHe gyHaameHTa wrkHas U ceBepHasi HaCcTu TEPPUTOPUM UCCIEA0BAHMIT pa3iiu-
YAKOTCH CTPYKTYPHBIMU nnaHamu (puc. 7). CyOMepuanoHanbHble Pa3fnoMbl, MPOTArMBato-
LLMECS Yepe3 BCH TEPPUTOPHIO, CEKYT PA3HOOPUEHTUPOBAHHbIE MYOUHHbIE CTPYKTYPbl,
pa30uBast UX Ha OTAENbHbIE OJIOKU, CMELIEHHBLIE OTHOCUTENILHO APYT ApYra.

B ceepHOii yacTu TeppuTOpUM pacnosiokenbl TBepckoit U PoctoBcknii rpadeHsl,
KOTOpPbIE MPOCTHPAIOTCA ¢ KOro-3anaja Ha ceBepo-BocToK. [karckuit rpadbex u INoamo-
CKOBHbIH aBfakOreH UMET cyOLIMpoTHOE npocTtupanue (puc. 7), INMaveamckuii — KOB-
C3. PaccMarpuBaeMble aBIaKOreHbl pa3/ie/ieHbl CEPUEl BBICTYNOB U rOpcToB. B oKHOM
4acTh TEPPUTOPHUH HA CEBEPO-BOCTOUHOM CKJIOHE BOPOHEKCKOrO MaccuBa OTCYTCTBYHOT
pu(TOreHHblE CTPYKTYPbl, HO BBLACAAKOTCS MYOMHHbIE Pa3iOMbl KOr0-BOCTOUHOIO —
CEBEpO-3arnajHoro NpoCcTHpaHus, COOTBETCTBY KL ME HanpasieHuto [layenmMckoro aena-
koreHa. [lauenMckuiil aBiakoreH npeacTapaseT co0O0l NOrPaHUYHY IO CTPYKTYPY MEKAY
Capmarueil u Bonro-¥Ypanueil B 0TiM4Ke OT paCCMOTPEHHOI BbILLE CEPHUU aBNAKOTEHOB,
MONOKEHHE KOTOPbIX KOHTPOIMPYETCA KaNCAOHCKUM CTPYKTYPHbIM MaaHoM banTuickoro
meradnoka.

ABNAKOTeHbl XapakTepU3YHOTCS «KJIABULIHBIMY CTPOEHUEM. BJIOKH — «KITaBULUWY
paccMarpuBaeMblX OTpULATENbHBLIX CTPYKTYP pasjiuyatoTces no ¢gopme, HakJIOHY no-
BEPXHOCTH PyHAAMEHTA U OTHOCUTENIbHOMY MpeBbIlIeHU10. [lepudepuiinas yacts Ioa-
MOCKOBHOIO aBJlakOreHa MMeeT HAaMMEHbLIYIO MyOUHY 3ajieraHus NoBepXHOCTH (hyH-
nameHTa 1o 1,6 kM, couneHaercs ¢ [lauenMCKUM aBnakoreHoM W npeacrasiseT odwui
O/I0K, OCJIOXKHEHHbLIH CUCTEMON pa3pbIBHBLIX HapylleHUll ceBepo-ceBepo-3anaiHoro u
cyOMeEpUAHOHANTLHOIO HaNpaBieHUil.

Han oCHOBHbIMM INYOMHHbBIMU CTPYKTYpaMu, npeacrasieHHbiMu CpeaHe-Pycckum
u [loaMocKOBHBLIM aBnakoreHamu, [xarckum rpadeHom, Obina chopmupoBaHa Mockos-
CKasi CMHEKJIM3a, BbINOJHEHHAas TepPUreHHO-KapOOHATHLIMU NMOpPOAaMK Naneo30HCcKoro
W ME3030#CKOr0 BO3PacTOB, ClaratolMuMH NAUTHBIN YeXxon naat@opMsl.

K BoOpoHEeKCKOMY KpUCTAIAMYECKOMY MACcCUBY NnpuypoueHa BopoHexckas aHTe-
KJi13a, OTJIHYAloLIAACs YMEHbLUEHUEM MOLHOCTH ocaaodHoro yexsia. CeBepHbIil CKNOH
BopoHexckoil aHTeK/IM3bl B npejaesax paioHa uccrneaoBaHuil npeacraeied TynbcKoH
MOHOKJIMHaNbIO. BOCTOUHbIN CkOH BopoHekckoi aHTeK/In3bl o0pamMisieT [lauenMckuii
aBJIAKOIeH, OTASNAIOLLMI ee 0T Boiro-YpaibCkoil aHTEK/IU3bI.

Oco0eHHOCTU MYOUHHOTO CTPOEHHUS (hyHAaMeHTa MpoeunpyroTcs Ha AHEBHYIO MO-
BEPXHOCTbL Yepe3 0CaJ04HbIA 4eX0/l, KOHTPOJUPYSA OCHOBY JlaHAWLA(PTHOrO PUCYHKA.
Haubosiee nosiHo MOPGOCTPYKTYpHbIH MaH chopMUPOBAH HAa HEOTEKTOHHUECKOM 3Tane
pa3sBUTHS TEPPHUTOPHUH.

HeoTekToHuka pernoHa TECHO CBfizaHa ¢ UCTOpUel (popMUpOBaHUS TIYOUHHBIX
CTPYKTYP. KOTOpbI€ MPOSBIAIOTCA B COBPEMEHHOM MOP(OCTPYKTYPHOM T[J1aHe B BHIE
YHAc/eA0BaHHbIX, YACTUUHO YHACEJOBAHHbIX U MHBEPCUOHHBLIX (hopM. B HEOTEKTOHHUe-
CKOM OTHOLUeHUH K ueHTpaibHOH yacTu BEIT taroreetr Okcko-MockoBckas, 10CTaTOYHO



LIMpOKasi, AENpPecCHOHHas nojioca. Ha cesepe OHa COMps)KeHa €O CTO/Mb K€ LUMPOKUM
CmoneHcko-JIMUTPOBCKO-BeTnyKCKMM TpaHcnaarOpMEeHHbIM LM POTHLIM HEOTEKTOHH-
YECKUM BAJIOM, @ Ha KTe ¢ YCTONUMBO pa3BUBAOLLMMCS APEBHUM CBOAOM BopoHexc Kol
aHTeKau3bl. PaccmarpuBaemas 1enpeccHOHHAs Nonoca O4eHb NOAOr0 CHUXKAETC B BOC-
TOUHOM HanpasleHur u packpbiBaeTcs K Okcko-J[oHCKOMY MEPUAHOHAIBHOMY NPOrHay.
Huskue rpaanedTsl Ni1aTGOpMEHHBIX JMCIOKALMHA 3aTPYAHSAIOT aHan13 HEOTEKTOHHYE-
CKOro pa3BuTHs TeppuTopuH [8].

3.2. Bbipa:keHHOCTb INIYOMHHBIX CTPYKTYP IJIAT(OPMbI
B JIHHEAMEHTHOM PHCYHKE H CTATHCTHYECKHUX 105X
MAJIBIX JIHMHEAMEHTOB

B pesynbrare MHTEPaKTUBHONO aBTOMATH3UPOBAHHOTO ACLIHPPUPOBAHHA KOCMO-
cHumkoB cucteMbl LANDSAT no nporpamme «LESSA» [109, 110] B npeaenax teppu-
TOPUH UCCIAEAOBAHUI BLIAEIAIOTCS MAJIbI€ JIMHEAMEHTbI, KOTOPbIE UCMONBL3YIOTCS A4
MOCTPOCHHUsI MPOTAKEHHBIX JTMHEAMEHTOB, JIMHEAMEHTHLIX (POPM, MO MIOTHOCTH H
pO3-AMarpamMm MajibiX JMHEaMeHTOB. [10 H3MEHEHHIO MPEeUMY LLIECTBEHHON OPUEHTHPOBKH
n (popm po3-auarpamMMm BbiACNEHbI «KOJIbLIEBLIE» 00pa3oBaHus. CTaTHCTUHECKUI aHanu3
MaJibIX JIMHEAMEHTOR U MOJIOXKEHUE JIMHEAMEHTHbIX (hOPM NMOATBEPIKAAIOT CTPYKTYPHYIO
AUCKPETHOCTb TEPPUTOPUM, BLIPAKEHHOCTb PErHOHAIbHBIX ONOKOB U MEKDTOKOBbBIX 30H
B tanawadte [19] (puc. 7).

Ha cxemax, cOCTaBAEHHbIX HA OCHOBE COMOCTABACHUA CTATUCTUYECKON NAOTHOCTH
MOJsi MajbiX JIMHEAMEHTOB C MYOUHOH 3aneradus noeepxHocTu Moxoposruuya, npocie-
YKUBAKOTCA 001aCTH ¢ Pa3aUUYHON MAOTHOCTBIO MAJTbIX JIMHEAMEHTOB, COOTBETCTBY FOLLHE
pa3HOM MOLLUHOCTH 3eMHOI KOpbl (puc. §8). BbICOKasA NAOTHOCTL ManbiX JIMHEAMEHTOB
MApKUPYET NOJIOKEHHUE ABYX 00sacTei ry0oKoro 3ajeraius noepxHoctu Moxoposu-
yuya, OMMCaHHbIX BbiLlE B pazzaesne 3.1, YTo, BO3MOXKHO, CBA3AHO ¢ PasBUTHEM HOBEHLUMX
HEJNOKaNU30BaHHbIX aedopmaunii. CneayeT OTMETHUTh, YTO MOJ PacCMaTpUBaEMbIMU
obnactamu rmyOduHa nogepxHoctu MoxopoBuunua aocturaer 50 km [95]. I'lo Hanpasne-
HUIO K IpaHuliaM caMbiX MyOOKHX YYACTKOB MPOCASIKEHbI BbICOKOIPAAMEHTHbIE 30HbI
W3MEHEHHS MIOTHOCTH ManbiX TMHEAMEHTOB.

'nyOuHHBIE CTPYKTYPbI BbIPAXKAKOTCS B M0/ MJIOTHOCTH MafbiX JIMHEaMeHTOB. [1o-
rpeOeHHbIE aBMAKOTeHbl OTJIMUYAKOTCA HEOAHOPOAHBIM PacnpeaeieHHEM MTOTHOCTH MabiX
AVHEAMEHTOB. 3HAYUMOE YBEIUUYEHHE MJOTHOCTH MPOCICKEHO B HAUDO0Iee ONYLIIEHHbIX
Onokax Teepckoro u [Mauenmckoro aBnakoreHoB, MOHUIKEHUE MNJIOTHOCTH NMPUYPOUYEHO K
BBLICTYNAM MOBEPXHOCTH KpUCTALIMYeCcKkoro gynaamenta. [xarcko-Ceprues-TTocaackuii
aBAAKOTEH XapaKTepPH3yeTCs HU3KOM MIOTHOCTBIO MabIX JITMHEAMEHTOR, [10AMOCKOBH biii
aBNAKOreH MX 3HAYUMbIMH BEAHUYMHAMM.

BbicoKorpagueHTHbIE U3MEHEeHHUA MJIOTHOCTH MaJIbIX JIMHEAMEHTOB [IPHYPOUEHBI K
30HaM PacCcesHHbIX JUCJOKaUKUi, pa3BUTHIM B OCAJOYHOM yexiie Haja norpedbeHHbIMH
paziomamu yHaameHTa. Ha OTAeNbHbIX Y4acTKaxX BbICOKOTPAAUEHTHbIE H3MEHEHHUS
NJIOTHOCTH MaJlblX JIMHEAMEHTOB, BEPOATHO, COOTBETCTBYHOT 30HAM JIMKATUBHbIX JAUC-
nokauui Haa rnyooko norpedeHHbIMU peruoHaJbHbIMK pasioMamMiu (hyHaamedTa. B none
NNOTHOCTH MallbIX JTMHEAMEHTOB BbICTYMbI (PYHAAMEHTA MPOABAAIOTCA MOHHKEHHbIMH
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Puc. 8. Pacrnipenenenne mioTHOCTH MalbIX JIMHEAMEHTOB M MOIIHOCTH 3eMHOM Kopsl BEIT [95].

1, 2 — rpanuuipl 610K0B: 1 — OCHOBHEIE, 2 — BTOPOCTENEHHBIC, 3 — M30IMHUH NIyOUHBI 3aIeTaHus 1o-
BepXHOCTH MOXOpOBHUMUYA, KM

3HAUEHUSIMA B OTJIMYUE OT OTPULATE/IBHBIX CTPYKTYP, B NIpeesiax KOTOPbIX YCTAHOBIIEHO
MOBBILLIEHUE JIOTHOCTH MaJibIX JIMHEAMEHTOB (puc. 8).

B npeaenax ueHtpansHoii yactu BEI BbiaeneHb! cepuu TMHeaMEeHTHBIX 30H, TEHETH-
YECKH CBSI3aHHBIE C MEPBUYHON JACMUMOCTBIO 38MHOH KOPbI U Pa3JIMYHBIMU INTyOMHHBI-
MM, HEOTEKTOHHYECKUMH U KOCMUYECKUMHU (POTALMOHHBIMK) npoueccamu. OCHOBHBIE
NMHeaMeHTbl opueHTUpoBaHbl no HarpasieHusM HO3-CB u KOB-C3, cybiupoTHbie H
cyOMepuauOoHalbHbIe UMEIOT MOoAUMHEHHOe 3HaueHue. [Ipu oOpaboTke po3-auarpaMm
MPOCIICKEHBI JOMHUHUPYIOLIIHE HANTPABJICHUA JIMHUIT BRITAHYTOCTH pO3-IHarpaMm — JIK-



HeaMeHTHbIe (DOPMbI, KOTOPLIE TPYNMUPYHOTCH B KOMMNAKTHLIE MPSIMOJIMHENHbIE UK
MJaBHO U30TrHY ThIE JIMHEAMEHTHbIE 30Hb] PA3HON LLKUPUHBLI U TPOTIKEHHOCTH (CM. puc. 7).

COBOKYNMHOCTb IMHEAMEHTOB U IMHEAMEHTHbIX (JOPM OTpakaeT napareHe3uc CTpyK-
TYP Pa3OMHBIX 30H W ONPEASASET 30Hbl UX AMHAMUYECKOrO BAUsHUS. [1peanonoxkuresb-
HO JIMHEaMEHTHbIE JOPMbl COOTBETCTBYHOT HEKOTOPBLIM 00pa3oM MpOsIBIEHHOW Ha Mo-
BEPXHOCTU BELLECTBEHHO-CTPYKTYPHOI. PEONOrMUECKON U reopu3nUecKoil aHM30TPONUH
CBOICTB reONIOTMUECKON CPEbl, @ TAKKE MIIMKAaTUBHbIM Aedopmanusim [21].

B o0sacTu nepeceveHust pasHOOPUEHTUPOBAHHBLIX NPOTAKEHHbLIX JTUHEAMEHTOB NpPO-
UCXOAUT U3MEHEHUE CTPYKTYPHOIO NjaHa JUHeaMeHTHbIX (opm. Hanpumep, B palioHe
r. Mocksel u . Kanyru, B 30Hax cOnpspKEHUs CyOAMAaroHalbHbIX MPOTSHKEHHBIX JUHEea-
MEHTOB YCTAHOBMEH KaK pa3BOPOT, TaK U LEHTPOOESIKHbIN PUCY HOK TUHEAMEHTHbIX hopM.
Haubonee nporsxeHHas MockBoperko-Pazanckas arnHeameHTHas 30Ha KOB-C3 nanpas-
nenus [54, 55], cocTosiwas U3 cepuun cyonapaaienbHbiX JMHEAMEHTOB, COMPOBOKAAETCS
CTYLLIEHUEM U U3MEHEHUEM NMPOCTUPAHUS TUHEAMEHTHBIX (hOpM.

['paHuLibl U1 BHYTPEHHEE CTPOCHUE MOrpPeOEHHbIX aBIaKOr€HOB MPOCAEKUBAKOTCS B
AUMHEaMEeHTaXx, JUHEaMEHTHbIX (popmax U pacnpeaeeHuu NMIOTHOCTH TUHEAMEHTOB (CM.
puc. 7, 8). YcTaHOBnIEHA pa3Has HAChILIEHHOCTh ABIAKON€HOB JIMHEAMEHTHbLIMHK (opma-
MU, HAMpaBleHUE KOTOPBIX B3aMMOCBSI3aHO C MPOCTUPAHUEM OTPULIATE/IBHBIX CTPYKTYP.
OpTOroHanbHOE NOJMKEHUE NUHEAMEHTHLIX (POPM MO OTHOLUEHUKO K MPOCTHPAHUIO
NOrpedEeHHbIX aBAAKOreHOB MOAUEPKUBAET NONEPEUHYH) CEMMEHTALMID OTPULIATE/bHBIX
CTPYKTYD.

[‘naBHbIe cOpOCHI, OrpaHuyKBaroLMe TBEpCKOii aBnakoreH, U €ro LEHTPanbLHas 4acTs,
OTKAPTUPOBAHHLIE MO ME0NI0r0-re0PU3NUECKUM AaAHHbIM, COMPOBOKAAKOTCS CryLLIEHUEM
AUHEaMEHTHbLIX (opM, COBNAAAIOLIMM C MPOCTUPAHUEM pacecMaTpUBaeMOil rayOUHHON
cTPYKTYpbl. CepepHas cyOLIMpPOTHAS 30Ha MPOTHKEHHbIX TUHEAMEHTOB SIBISIETCS CKBO3-
HbIM PErHOHAJIbHBIM JIMHEAMEHTOM W TPACCHPYeTCA BAOIbL CEBEPHON rpaHu bl TBEPCKOTO
aBJIAKOreHa U KoKHOro cknoHa Kawupckoro Beictyna. [10a00HYHO BbIp@KEHHOCTh Ty-
OMHHBIX CTPYKTYP B NaHAWAPTHOM PUCYHKE MOXXHO MHTEPNPETUPOBATh KaK UX Te0u-
HAMUYECKYH aKTUBHOCTb.

Bnonbs npoctupanus [10AMOCKOBHOMO aBnakoreHa cTeneHb CryueHus AMHeaMeHTHbIX
(hopm BO3pacTaeT C 3anaja Ha BOCTOK U OKOHTYPHUBAET 00NacTh yBeIUueHus ryOuHsbl 3a-
AEraHusl KpUCTANAMYECKOro pyHaamMeHTa B npeaenax AHuia apnakoreHa. MockBoperko-
PisaHCKUH MPOTSHKEHHbIH TUHEAMEHT MAPKUPYET TPaHULY MEXAY NMPUMOAHATLIM U OMYy-
lieHHbIM Onokamu [10AMOCKOBHOMO aBnakoreHa, npoeuupyeMyr Ha JHEeBHYH MOBEPX-
HOCTb.

Han IMlauenMckum aBaakoreHOM OPUEHTHPOBKA JMHEAMEHTHbIX (opm ceBepo-
BOCTOUHAs, BKPECT €ro OCHOBHOIO NPOCTUpaHus, noauyepkruBatoias 0,10K0BO-KJIaBULLIHOE
CTPOEHUE paccMaTpuBaemMoil TuHeliHON oTpuuarensHoi cTpykTypbl [22, 40]. K Haubonee
ONYLIEHHbIM 0710KaM NPUYPOUEHO CTYLIEHUE JTMHeaMeHTHbIX (popm. 3anajaHoe OTBETBIE-
nue [Tauenmckoro apnakoreHa orpaHuueHo 3apaiicko-Cepaodckoit cuctemMoil paznomos,
BbIPAKEHHOH HA THEBHOH MOBEPXHOCTH B BUAE BU3YAJIbHO OTAEN(PUPOBAHHbLIX MPOTS-
JKEHHBIX TMHEAMEHTOR, COOTBETCTBYHOLIIMX NOAOKeHUO [1puokekoro yuyactka Henuaoro-
Ps3anckoil woBHo# 30ubl (HPLU3). Hanuuue HPUI3 noareepkaeHO crylieHuem au-
HEAMEHTHBIX (JOPM U MOBLILLUEHHUEM NOJI NAOTHOCTU B BOCTOUHOM Hanpapl€HUH BAO/b
30HbI. [1py aBTOMaTH3MpPOBaHHOM AelndpUpoOBaHUM KPYMHOMACLWTA0OHOIO KOCMOCHMMKA
[Tpuokckoro yuyactka HPL3 npocaexeHo ero ciokHoOe BHYTPEHHEee CTPOEHHE, KOTOPOE
NETAILHO PaccMOTPEHO B paszene 3.3.



JluneameHTHbIE POPMBI MEPEXOAHBIX CTPYKTYP HaCTUUHO COXPAHSIIOT OPHEHTUPOBKY
COMPSKEHHbIX C HUMU NOAMKHUTENbHBIX U OTpULEATENBHbLIX POPM penbeda NOBEPXHOCTH
KpucTananyeckoro gyHaamedta. Hanpumep, Bbliep»KUBaETCs CEBEPO-BOCTOUHASA OPHEH-
tupoBka Ha KonomeHckux Banax, rpaHnyamux ¢ [lauenmekum aBnakoreHom, 4to Koc-
BEHHO YKa3blBaeT Ha CXO/JCTBO re0JMHAMUUYECKOr0 peXuma JABYX pasHOpPOAHbLIX ONOKOB.

B npeaenax BopoHeKCcKoro MaccuBa aMHEaMEHTHbIE (POPMbI TPACCHPYHOT 30HbI APEB-
HUX paspbIBHbLIX HapyLleHWH. Ha OTAENbHbIX YUaCTKaX BblIEJEHHbIE MPOTIHKEHHbIE U HE-
AMEHTBLI U IMHEAMEHTHbIE (JOPMbI MTPHYPOUEHBI pazaoMaMm PyHaaMEHTa U NPEACTABISIOT
CBOEr0 poja MOBEPXHOCTHbIH Ciea norpeOeHHsbIX CTPYKTYp (puc. 7). JloceBckas 30Ha
Ha/IBUrOBOTO THUMA BbIPA/KEHA B NMOJE MAJbIX JUHEAMEHTOB CTYLLIEHUAMU TUHEAMEHTHbIX
dopM, pacnosOKeHHbIMU BKPECT NPOCTUPAHUS PACCMaTPHBAEMOI 30HbI.

[TpoTsKeHHbBIE NUHEAMEHTSI U JIMHEAMEHTHBIE (PopMbl BopoHekckoro maccusa cno-
COOCTBYIOT BbIAEACHUIO CTPY KTYPHOM 30HAJIbHOCTH, KOTOPast BbISB/EHA U B M10J€ NA0T-
HOCTH MajbIX JrHeaMmeHTOB. [lepudepuss BopoHekckoro maccuBa XapakTepusyeTes
YBEAUYEHHEM MOLUHOCTH 0CAJ04YHOro Yyexsja U YMEHbLIEHUEM 3HaYeHU MJIOTHOCTH
MaJlbiX JIMHEAMEHTOB B OTJIMYME OT LEHTPANbLHON YacTy, B peaesax KOTopoi Ha ¢oxe
MaJIOMOLIIHOI'O 0CaA04HOMO Y€XJ1a U BbIXOAA KPUCTANIUYECKOro by HAaMeHTa Ha MOBEPX-
HOCTb YCTAHOB/IEHO YBEJAUYEHUE MapaMeTPOB MJOTHOCTH (CM. puc. 8).

[Ipn aHanuze u3MeHeHUN NpeUuMyLEeCTBEHHOW OPUEHTUPOBKU U (OpMbI PO3-
AuarpaMm B NoJsie MalibiX TMHEAMEHTOB ObliN BbISIBNEHbI CBOE0OpasHbie GopMbl B BUAE
KOJIbLIEBBIX 00Pa30BaHUil, KOTOPbLIE TATOTEKOT K KIKOYEBbIM Y4acTKaM AUCKOPAAHTHOrO
COOTHOLLUEHHS Pa3HOBO3PACTHLIX CTPYKTYPHbLIX MaaHOB. OHU NpUYpOUEHbI K Mepece-
YEHU 30H JAMHAMMYECKOrO BAMSHUS MyOMHHBIX Pa3/OMOB, K y4acTKaM HW3MEHEHUs
OPHEHTUPOBKU PErUOHANbHBIX Pa3/IOMOB M MOBbILLIEHUS MHTEHCUBHOCTH MJIMKATUBHbIX
nedopmanuit ocanoyHoro yexna (puc. 9).

B 30He nepeceueHus: cyOLUUPOTHON TUHEAMEHTHO 30HbI, TPACCUPYIOLLEN MONOKe-
Hue [ Ipuokckoro yuyactka HPLL3, ¢ MockBopeuko-Psa3aHCKUM NPOTSHKEHHbIM TMHEaMEH-
TOM BbIEASETCS KONbLEBast CTPYKTYPA, NOAYEPKHYTAsA CrYLIEHUEM AMHEaMEHTHbIX (POpM
W MakCMMYMOM M0J4 MJIOTHOCTH MabIX JIMHeamMeHTOB. [lonoxkeHne paccmarpueaemMoi
CTPYKTYPbI Ha YPOBHE 0CaA0UHOIO yexia KOHTpoaupyeTes (paekcypooOpasHbIM nepe-
ruOom B kpaeBoil yactu Ps3ano-Caparosckoro npornda, no noBepxHOCTU (pyHIaMeHTa
OHa TITOTEET K NEePUKIUHANTBHOMY 3amblkanuto [lauenMckoro aBnakoreHa.

HO>KHas KonbLEBas CTPYKTYpPa HAXOAUTCS B MECTE NEPECEUEHUsl CHCTEM NPOTIHKEHHBIX
JqHHeamMeHToB cyOmepuanoHansHoro u 3-K03 — B-CB nanpaenenuii, xapakrepusyercs
CTYLUCHUEM JUHEAMEHTHBIX (JOPM U MAKCHMYMOM CTATUCTHUECKUX XaPaKTePUCTUK MO
[IOTHOCTH MalbIX TMHEeameHTOB. [lo0keHue 0KHON KOABbLIEBOHN CTPYKTYphI B OCaa0u-
HOM uexJie COBMAaJAaeT ¢ CUCTEMOM JIMHEMHbIX CKJIaA0K BOCTOYHOIO CKJIOHA BOPOHEKCKOi
AQHTEKJIN3bI, @ HA YPOBHE KPUCTAIAMYECKOTO (PyHOAAMEHTA C LEHTPanbLHON YacThro Jloces-
CKO# WOBHOI 30HBI. CeBepHee paccMOTPEHHON KOMbLIEBOH CTPYKTYpPbl 0OTMEUaeTcst ¢aado
BbipakeHHOe 00pa3oBaHue, NpUypoUeHHoe K JIoCeBCKO# LWOBHOI 30He.

Cneayer OTMETUTb, YTO MO/ «KOJAbLEBBIMU» CTPYKTYPamMH, PacrnofOKeHHbIMU Haj
NePUKINHAIbHBIM 3ambikaHueMm [ lauenmckoro apjiakoreHa v UeHTpanbHOH YacThio Jio-
CEBCKOI WOBHOMH 30HbI ry0uHa noBepxHocTH Moxoposruuuua BospacTaet 10 50 km.

Baonb BOCTOUHON rpaHuubl TEPPUTOPUM B COBPEMEHHOM MON€ HANPSHKEHUH 0CO-
0oe noaoxeHue 3aHumaeT Okcko-LIHMHCKas cuctema BanioB U nporudoB. Jta cuctema
Tpaccupyercs cyOMepuauOHaabHON 30HON NMPOTAYKEHHBIX JTUHEAMEHTOB U CTYLIEHUEM
JTMHEAMEHTHBIX (POPM, BBITSHYTBIX O NMPOCTHPAHUIO CTPYKTYPbl. B 30He nepeceuexus



Puc. 9. Cxema pacnonomeHu1s npoTsHKeHHBIX JTMHEAMEHTOB U IMHEAMEHTHBIX (POPM LIEHTPaNbHOM
yacti BEII.

1, 2 — rpanuiisl 6;10K0B: 1 — OCHOBHBIE, 2 — BTOPOCTENEHHBIC: 3, 4 — IMHEAMEHThI, BLLACIICHHBIE TIO pe-
3yasraram aeiu@pupoBanus: 3 — BU3YaILHOIO, 4 — ABTOMATU3UPOBAHHOTO, 5 — IMHEAMEHTHEIE (DOPMBbI;
6 — «KONbUEBLIE» 00pa30BaAHUS

CyOMepUANOHAIBHO OPUEHTUPOBAHHBIX MPOTSKEHHBIX JTUHEAMEHTOB ¢ MOCKBOPELIKO-
Pg3aHCKMM THHEAMEHTOM TIPOCIEIKEHO «KOMBLEBOE» 00pa3z0BaHHE, KOTOPOE COTTPOBOKAA-
€TCA NOBbILLIEHUEM NJIOTHOCTU JIMHEAMEHTOB. Y3en CDI’IPH}KEHHH Ha }’pDBHB 0CaaO4yHOIro
yexJsia NMpuypoveH K 30He nepeceveHus Oxcko-LIHMHCKOrO Bana ¢ ceBepo-BOCTOUHOM
rpanuieit Ps3ano-CaparoBckoro nporufa, Ha ypoBHE (PpyHAAMEHTA OH MEHETHYECKHU
CBsI3aH ¢ cousieHeHneM CacoBckoro rpadena ¢ [TauenMckuM aBr1akoreHoM.

Hapsiny ¢ yeTko BbIpak€HHOM KOJIbLIEBOI CTPYKTYPO, MIPHUYPOYEHHOM K [IEPECEUEHHIO
¢ MockBopelko-Psi3aHCKUM THHEAMEHTOM, CEBEpHee MPOCIIeKEeHO MEHee CTPYKTYpHUpo-
BaHHOE KOJIbLIEBOE 00pa30BaHUe, TArOTEROIIEE K [TepecedyeHUI0 ATOH 30HbI MPOTSKeHHBIMH



pPa3HOOPUEHTUPOBAHHLIMU JUHEaMeHTaMu. BepoaTHo, Hanuuue noaoOHbIX (popmu-
pYHOLMXCS 00pa30BaHUil CBUAETEILCTBYET O HEOTEKTOHHMYECKOH aKTUBH3ALUK CTPYKTYP
¢byHnameHTa — JloceBCKON WOBHOM 30HbI M CacoBCKOro rpadeHa.

Ha ocHOBe aHanusa AaHHbIX AMCTAHUMOHHOIO 30HAMPOBAHUA LEHTPaJbHON YacTH
BETI, xapakrepu3yrolmnxcs BbICOKOM reHepanu3aunein i peHTIeHOCKOMMYHOCThIO, Mpo-
CJIEKEHO COOTBETCTBUE MEKAY MyOMHON MOBEPXHOCTU MOXOpoBUUMYA U MJIOTHOCTBIO
JMHEAMEHTOB, Bblae/eHbl ONOKH (DYHIAMEHTA, MPEACTABAEHHbIE CIYLUEHHAMHU AHHea-
MEHTHbIX (opM. MexkOI0KOBBIE 30HbI, pu(elickue aBnakoreHbl, MyOUHHbIE PErHOHAb-
HbIE PA3JIOMbl TPACCHUPYHOTCS HA MOBEPXHOCTU B BUJIE JIMHEAMEHTHBIX 30H (CM. puc. 7).
JIMcKkopaaHTHOE COOTHOLLIEHHE Pa3HOBO3PACTHBIX CTPYKTYPHbBIX MIAHOB M MEPHKIUHASb-
HOE 3aMbIKaHWE aBJIAKOI€HOB BbIpakaeTcs B BUAE KObLEBbIX 00pasoBaHuii, npeacras-
NeHHbIX auddepeHurauueit po3-auarpaMmm JUHEAMEHTOB.

3.3. XapakrepucTuka MOpPPOCTPYKTYPHBIX 0JI0KOB
U MesKOJI0KOBBIX 30H B paiioHe pacnojoKeHHs:

I PO «Muxueso»

[‘eonoro-reomopdonoruyeckoe cTpoeHue pailoHa pacnonokeHus reopusnyeckoil 0o-
cepsaropun Mucturyra nuHamuku reochep PAH «MuxHeBo» Xapakrepu3yercst Halu4uuem
aByx OsokoB. CeBepHbii npuypoueH K MockBopeLKO-OKCKOH aKKyMYJIATHBHOH paBHUHE,
KOKHBIA — K 3EDI{CKDM}/ SPO3HMOHHOMY IJATO, 0J10KH pa3acl/icHbI MeKOT0KOBOI cucTeMOIi
paznomoB — HenuaoBo-Ps3zanckoil wosHo#H 30H0W (HPLL3) (eM. puc. 5), BA0JIb KOTOPO#
pacnojoxeHbl gonuHa p. Oku. O0wumii aHanu3 06,10KOBO-UepPapXHUECKOro CTPOEHUS Tep-
PHUTOPHUU HCCAEI0BAHUN U JeTaIbHOE U3YyUeHWe OCOOEHHOCTeH BHYTPEHHEro CTPOeHHs
H KHHCMATUKH HPHDKC[{DFD yYHaclTKa HPILI3 BbinmonHeHbl HAa OCHOBE dBTOMdATH3HPOBaH-
HOIO U BU3YyalbHOro AeluudprpoBaHns kocmocHuMKa [IRS 19 ¢ paspelwueHnem 68 m.

3.3.1. I'eonozo-2eomophonozuueckoe cmpoerue
paiiona pabom

[Tonoxenue [Npuokckoro yuactka HPIL3, pasaenstowiero ceBepHblii U KKHBIH O10KH,
COOTBETCTBYET Ha rmyouHe 3apaiicko-Cepaodbckoii cucTeMe pa3ioMOB KOPOBOIO 3aJio-
JKEHUS, ABMAIOWMXCA 3anafHbIM 0TBeTBAeHHMEM [laueamckoro asnakoreHa. [1puokckii
YHaCTOK TPaHCPErHoHanbHON ryOMHHOH cTpykTypbl (HenauaoBo-Psa3aHcKol LWOBHOIA
30HbI) MPUYPOUEH K CYOLUMPOTHOMY OTpe3KY A0AMHbLI p. OkM K BOCTOKY OT . Cepnyxosa.
Ha npoTsskeHMM ANUTENBHOM UCTOPUH MEONOrMUECKOTr0 Pa3sBUTHS NapareHe3uc CTPYKTYP,
(hOPMUPYIOLLKUX 30HY MMYOUHHOTO pasioMa, MEHsAN CBOK MOPGHOKUHETHKY. HoBelituas
aKTHBHOCTbL [TpHOKCKOro yyacTka 00ycnoBaeHa CTPYKTYPHbIMU OCOOEHHOCTAMHU Donee
JAPEBHUX TaXeH: (PYHAAMEHTA U NAICO30MCKOro yexna 1 Ux peakyuei Ha COBPEMEHHOE
MoJjie Hanps>KeHH .

[To pesyabTaram reosoro-reou3n4eckoro U3yUueHusa rmyoOuHHOro crpoeHus Moc-
KOBCKOH CUHeknu3bl [68] ycTaHOBNEHO, 4TO NOA CYOLIUMPOTHBLIM OTPE3KOM AONHUHbI
p. Oku B pyHaameHTe GUKCUPYETCS PazoM, KWHHEMATHYECKU ONPEAETIECHHBIH Kak B30pOC



WIH HAQABUL. DTOMY K€ pas3jioMy COOTBETCTBYET W CTYIEHb B MPaBUTALUOHHOM MOIE,
YTO MPEANONAraeT yyacTue 3Toil 30Hbl B AuddepeHunanny BepTUKAIbHBIX ABMKEHUI
M30CTAaTHYECKOrO Xapakrepa. ApXxeu-npoTepo30iCcKuil BO3pACT 3a10KEHUSA CTPYKTYPbI B
KaueCTBE HaJBHMTIa COBMAAAET C MEPHOAOM (POPMHUPOBAHUS KPUCTATIMYECKOTO (DYHAaMEH-
Ta MIaTOPMbI, €€ AKTUBHOCTH MOATBEPXKACHA aMIIJIMTYA0H HaaBura okosio 80 m [67]. B
pudelickoe Bpems pa3ioM OKa3blBAETCS B MOJIE pacTATMBAKOLLMX HanpskeHuit gopmu-
pyrouerocs [aueamckoro aBnakoreHa, onpeaensaoIero KHHEMATUKY AU3bIOHKTHBA Kak
cOpPOCO-CABUIOBY O, KOTOPAsi COXPAHAETCS A0 HACTOSLLErO BPEMEHH.

Pasznuumne reonoro-TeKTOHUYECKOro MIaHa MOBEPXHOCTH (pyHaameHTa [IpHoKCcKoro
yuactka HPLL3, nposiBI€eHHOro B M3MEHEHUHN XapaKTepa aHOMAJIMM MAarHUTHOIO 1o,
YCTaHOBJEHHOTO MO pe3ynbTaTtaM a’poMarHMTHON cbemkd macuitabda 1:100 000, noxa-
TBEPIKIAAET JOKeMOPHIICKMIT BO3PACT 3a/I0KEHHUS MEXOTOKOBOI CHCTEMBI pa3ioMoB. HOx-
Hee paccMaTpyuBaeMOro y4acTKa BblJIe/IeHa CEBEPO-BOCTOYHAS OPUEHTHPOBKA [TIyOUHHBIX
CTPYKTYP, CeBEpHee — CyOLIHPOTHAs, COMNIACYIOLIACS ¢ OCHOBHBIM CTPYKTYPHBIM [1JTAHOM
BEIT (puc. 10). OcoO0eHHOCTH BHYTPEHHEIO CTPOCHUs paccMaTrpuBaeMoil Mex0moko-
BOI1 30HBI MMPOSIBISIKOTCA B BUE LIEMOUYKA MTOJIOKUTEIbHBIX U OTPULATEIbHBIX aHOMAITHIA
MarHMTHOIO MOMNsA. AHAINW3 aHOMAJIMH MarHWTHOI'O T0JIsA [I03BOJIAET CJlieJ1aTh Npe/iBapH-
TENbHBIN BBIBOJ O KHHEMATHKE pa3jioMa, KOTOPbIi ABIAETCA MPABOCTOPOHHUM CIBUTOM.

Ha ypoBHe miUTHOrO yexsa pailoH UCClieI0BaHU COOTBETCTBYET paiioHy TyJbckoil
MOHOKJIHHAIU MOCKOBCKOW CUHEKITN3bI. 3ajieraHue ocaJouHbIX MOPo MperuMyLleCTBEH-

- f
______ H30NWHNMK wepea 10 nT
M 5000 0 5000 1000015000M $ v as wrhwy WIOMMHAM Yepes S0 nT
(metres) WsonuHuy vepea 200 nT
s S i maonuana Q nT

Puc. 10. ®parmMeHT KapThl aHOMaNHii MarHUTHOTO nous [68]



HO MOHOK/IMHALHOE, COOTBETCTBRYHOLLEE CEBEPO-BOCTOUHOMY HAKIIOHY KPHCTALIIMHECKO-
ro yHaamenta. CtparurpauyeckuMu penepamu, Haudonee 10CTYNMHBIMU MPU Oy peHuH,
SIBJSIOTCA OTJIOKEHHUS KAMEHHOYTOMBHOIO BO3PAacTa, NPEeACTaBIEHHbIE U3BECTHAKAMU C
MPOCAOAMU JOAOMHTA U Meprensd. B yacTHOCTH, MO NOAOLLBE aNEKCHHCKOTO NOPU30HTA
HU)KHEro kapOoHa ONpeae/seTesl YKAOH CJIOEB, U3MEHAWMHCA N0 NPOCTUPAHUKD OT
0,6-0,9 no 2,3 m/xm [67].

TekToHuueckas akTMBHOCTL [Ipuokckoro yuactka HPLL3 B ocagounom 4vexne noa-
TBEPIKACHA HATUYHEM JIOKATbHBIX CTPYKTYPHBIX (DOPM B MAPKUPYIOLMX CI0SX (B BUAE
(ieKCyp WK BbIKJIMHUBAHUS OTAEJILHbIX CTpATUrpa)uyecKuX FOPHU30OHTOB), 3ajerato-
MX C YIJIOBbIM HECOMMACHEM Ha MOACTUIAKMX nopoaax. Bo3pact oCHOBHOTO 3Tana
aedopmaurii B 3Toi 30He nocnekapOoHoBbIii. [1o ropckoMy penepy Ha 3anagHom naHre
[Tpuokckoro yyactka HPILL3 roskHbIH O0PT noaHAT npuMepHO Ha 40 M, npocnexeHa pas-
HHMLA BbICOTHOTO MOJIOJKEHUSI MEJTIOBbIX OT/IOKEHHH,

AHanus penbeda J0MTMHHOIO KOMMIEKCa (Cy11eCTBOBAHNUE MOrPEeOCHHbIX 3PO3HOHHbIX
BPE30B, UEPEAOBAHUE LIOKOMbHBIX W AKKYMYIATHBHbIX HAANONMEHHbIX Teppac) cBuae-
TELCTBYET O CJIOKHOM BHYTPEHHEM CTPOEHUHN Pa3IoOMHON 30HbI B Mpejesax 0caaouHoro
yexJia, pacCeUBaroLIETO JIOKAIN30BaHHbIe ABWXKEeHUs U aedopmauuu GpyHaamenta. Co-
BpeMeHHasa aonuHa p. Oku npuypoUeHa K pasauyHbIM y4acTKaM APEBHUX 3PO3MOHHBIX
Bpe30B. [1paBbiii 0OPT A0KMHbI XapaKTEPU3YETCsA KPYTbIM YCTYMOM, JIEBbIi — HAJIUUHEM
HaanoimMeHHbiX Teppac [80]. 3oHa aMHamuueckoro BausiHug [puokckoro yyactka HPLL3
LWWPHUHOM A0 2-2,5 KM NPOCTPAHCTBEHHO COBMNAAAET C KPYMHOH CyOLIMpOTHON N0:KOUHOIA
CTOKa Ta/jbiX JIEAHUKOBbLIX BOA JJHENMPOBCKOro OJie/ICHEHNU .

Me:x0n0KOBas 30HA HA HOBEHLLIEM 3Tane okasaja 00nbLIOE BIMAHUE HA POPMUPOBA-
HWE KU pa3BUTHE perbeda v faHalagTa cCeBEpHOro U KHoro 0J10koB (puc. 11) [20, 35,
37,79, 80]. B roxHOoM Onoke, ucnbIThiBatoLLIEM ciiaboe onepekatoiuee noaHstue (1-2 mm/
roa), npeodnagaroT AHaroHaabHble pasioMbl perMaTHYECKOW CHCTEeMbl (POTALUHOHHOTO
reHe3nca), NoABePXKEHHbIE CABUIOBLIM AepopMaunaM BAOb UX TpocTUpanus. KOxKHbli
0JI0K NpUypoUeH K 3a0KCKOMY 3PO3HOHHO-ICHYIALHOHHOMY [MJ1aTO ¢ MAaKCUMalbHbIMH
BbICOTHbIMH OTMeTKaMu 231-238 M, npeobiagaHueM BOJHUCTO-YBANUCTOrO pelibeda
W pellieTyaToro pUcyHka ruipoceT. B reonornyeckomM OTHOLUEHHUH KOXKHBIH Meradnok
pacrofoKeH Ha CeBEPHOM CK/IoHe BopoHekckoro meracsoaa.

CesepHblil 050K TAroTeeT K MockBopeuko-OKCKOH c¢1abOBOJIHUCTON BOAHO-
JEHHKOBOH aKKyMYJIATUBHOH paBHUHE C JAPEBOBUAHBIM PHCYHKOM T'HAPOCETH, OTHO-
csawieiica Kk KOXHoB-CepnyXoBCKOH OTHOCUTEILHO ONYLIEHHOH 30He, ¢ adCONIOTHBIMH
BbicoTamu 180—-183 M. B ero npeaenax npeumyLiecTBEHHO pa3BUTa OPTOrOHaJIbHas
CUCTEMA Pa3pPbIBHBIX HAPYLUIGHUH MO OTHOLLIEHUIO K 30HE NMYOMHHOIO pasioMa.

B cBoto ouepeib, ceBepHblil M 0yKHBIH 010KK noapazaenstorces Ha OJ0KH MeHee 3Ha-
YUMOTO HEPApXHUUYECKOI0 YPOBHA, pasjelieHHble MEXOMOKOBBIMU IpaHULAMH, YCTaHOB-
JE€HHBIMH 10 KPOBJIE OCHOBHbIX MAPKHPYIOLIUX FOPU30HTOB B 0CAA0YHOM YEXJ€ U Bbl-
PaXKeHHbIMH B COBPEMEHHOM MOP(OCTPYKTYPHOM IJIaHe.

3.3.2. JluneameHmHbIl AHATU3 YHACMKA UCCACO0BAHUITI
B OCHOBY XdpaKTCPHCTHKH MeKOTOKOBBIX 30H U Merab/ioKOB NMOMOKEHO BbIACACHHE

BbIPDAKEHHBIX B peJibee TMHEaMEHTOB, CBHAETEILCTBY FOLLUMX O BO3MOKHOM aKTHBH3aLHH
TEKTOHUYECKUX CTPYKTYp Ha HOBelillem 3Tane, u MopdocTpyKTYpHbIX obnacTei, rpa-
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Pue. 11. Kocmocaumox [Tpuokckoro yyactka u BHyTpeHHee ctpoenue HPLL3, BeipakeHHOE B
1oJie TUHEaMEeHTOB (KpacHbIe LUTPUXH)

HULIBI KOTOPBIX OMPEACIEeHBI IO PE3YIbTATaAM CTATUCTUHECKOrO aHAJIN3a MAJlbIX JIMHEea-
MEHTOB, BbIACIEHHbIX aBTOMaTH4YECKHU (TTporpaMMHblil naket LESSA). JlononHUTENbHO
MPOTAKEHHbIEC JIMHEAMEHTbI YCTAHOBIIEHbI C MCMOJB30BAHUEM PE3Y/IbTATOB BU3YalbHOMO
neunpprupoBaHuS.

B npouecce 00padoTku kocmocHuMEKa IRS 19 ¢ pasperuennem 6—8 M noCTpoeHO nosie
MaJibIX pa3HOOPUEHTUPOBAHHBIX JIMHEAMEHTOB, COOTBETCTBY IOLLIUX HA MECTHOCTH JIMHEH-
HbIM 371eMeHTaM penbeda AauHoi 60—100 m (cMm. puc. 4a). ITonyyeHHbIH TMHEaMEHTHbIH
PUCYHOK CTPYKTYpUpOBaH. Pa3Hblil MOPOr BEIPAXKEHHOCTH MPOTAAKEHHbBIX JIMHEAMEHTHBIX
30H, COCTaBJIEHHBIX U3 MalbIX JTHHEAMEHTOB, ONpeaesideT COOTBETCTBYIOLIHI Hepap-
XUYeCKHUH ypoBeHb CTPYKTYp. Haubosiee BHICOKUI paHr XapaKTepu3yeT cyOLUHPOTHYIO
JIMHEAMEHTHYIO 30HY (cM. puc. 5, 11). Cnenyrowuii, boee HU3KUH nepapxuyeckuii ypo-
BEHb [IPEeACTaBIECH MPOTSKeHHBIMH THHeaMeHTaMu FOB-C3 npoctupanus. ConpsKeHHbIE
¢ HUMH JiHeaMeHTHl [03-CB npocTHpaHusd BbiAeNeHbl BU3YAJbHO M0 COBPEMEHHOM
ruapoceTd. [1oa00HbIH THHEaMEHTHBIH PUCYHOK HE NMPOTUBOPEUUT cyOMepHIHOHAlb-
HOMY HalpaBlIeHUIO CKATU, KOTOPOE XapaKTepHO [ MoJjs HanpsbkeHu BoctouHo-
Esponeiickoii maardopmel (cMm. puc. 5).

Ha crnemyroluem 3Tarne aBTOMaTu3upoBaHHONH 00pabOTKH KOCMOCHUMKA MOCTPOEHbI
noJis MIOTHOCTH ManbIX TMHeaMeHToB cyoupoTHoro U C3-FKOB npoctupanus. Hccneao-



BAHHME MOJId NIOTHOCTH MallblX JIMHEAMCHTOB TTO3BOJIMIIO OHPEH,BHHTB OﬂﬂﬁeHHOC’]‘H BHY-
TPeHHEro 0J10KOBO-KNaBULLHOTO cTpoeHus [Ipuokckoro ydactka Hennaoso-PsasaHckoii
woBHOI 30Hbl (HPLL3) (puc. 12, 13).

Puc. 12. Cxema pacrnonoxeHHs
O6r1okoB W MeKOMOKOBEIX 30H [Tpu-
okckoro yuyactka HPIL3 u npm-
Nerarouux TeppUTOpUii Ha (oHe
CXEMbI MJIOTHOCTH MAJIbIX JIMHEA-
MEHTOB CYOLIMPOTHOH OpHEHTAa-
uud. 1 — rpaHulbl OJTIOKOB

Puc. 13. Cxema pacnofioKeHMs
OnokoB W MEKOAOKOBBIX 30H [1pu-
okckoro yyactka HPII3 u npm-
nerarwimuxX TePpPUTOpUil Ha doHe
CXeMBbI MJIOTHOCTH MAaJIBIX JIHHEA-
meHToB FOB-C3 opuenrauuu. 1 —
rpaHULibl OJIOKOB
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HauOonee npeactaBuTenbHbIM NTPU MOP(OCTPYKTYPHOM aHANN3E ABAETCS MOJE
NJOTHOCTH MAJbIX JTMHEAMEHTOB CYOLLUMPOTHOIO HAMPAaBAeHUs, B KOTOPOM MPOCJICIKEHO
yepeaoBaHle YETKOBUAHBIX NAOTHOCTHBIX TIMHEAMEHTHBLIX MAKCHMYMOB U MUHHUMYMOB,
CBUAETENLCTBYIOUIEE O BHYTPEHHEH AuddepeHumnanmy BepTHKAIbHbIX ABMAKESHHH. Mak-
CHUMYMbI MJIOTHOCTHbIX XAaPAKTEPUCTUK MAPKUPYIOT NPUNOAHAThIE ONOKU, MUHUMYMbI
— ONYLEHHbIC. BbIABIEHHbIC 3AKOHOMEPHOCTH MOATBEPKACHBI Pe3yabTaTaMu reoMop-
Gonoruueckoro kapTuposaHus. Baosib 40JMHbI HA MECTHOCTH OTMEUEHO YepeaOBaHUE
YUYACTKOB LIOKOJIBHBIX M AKKYMYJATUBHBIX MOWM U NMEepBOA HAANMOHMEHHON TEppacsl.
[TonoOHoe mo3anuHOe YepeaoBaHUE MAKCMMYMOB U MMHUMYMOB MJIOTHOCTU MO MpoO-
CTHPAHHUIO XapaKTEPHO AMsl CABUIOBbIX 30H. YeTKOBUAHOCTL CTPOEHUS LLIOBHON 30HbI
BbIACNSETCSA U HA KapTe MarHMTHOro noss (cMm. puc. 10).

B none nnotHoctu nuneamentoB KOB-CB HanpaBnenus HabnoaaeTca MUHUMaNbHas
MJIOTHOCTb CYOLUMPOTHBIX JIMHEAMEHTOB N0 A0nuHe p. Oku. MakcumanbHas nioTHOCTD
MasibiX JrHeamMeHToB FOB-C3 npocTHpaHusa TpacCupyeTes BA0Jb A0JHHbBI JIEBOTO MpPH-
Toka p. Oku — p. Hapbt, opuenTuposattoii ¢ FOB Ha C3.

Ha ocHOBe CpaBHUTENLHOMO aHanau3a MJOTHOCTU MallbIX JIMHEAMEHTOB, ONpe/ieeH-
HO# B cybumpoTHoM (cm. puc. 12) u FOB-C3 (cm. puc. 13) HanpaBneHusAx, U reonoro-
reoMOpQONOrHYECKUX AaHHbIX NMOATBEPKACHO OIOKOBOE CTPOCHHE paioHa Hccaea0Ba-
Huil. Cesepuee [puokckoro yuactka HPLLU3 otmeuaroTes 0o/1ee BbICOKUE 3HAUEHUst Mo
nnoTHOCTH cyOwwupoTHoro u KO3-CB HanpaBieHuit No cpaBHEHUIO € OXKHbIM Merabno-
KOM. [10-BMAMMOMY, 3TO CBSI3aHO C MEHbLLIEH MOLIHOCTHIO W CIIOPAAMYECKUM Pacnpo-
CTPAHEHUEM TI€CHAHO-TVIMHHUCTHRIX ME3030HCKUX oTnokeHui cepepHee HPLL3, a Takke
C MOBbILUEHHOW WHTEHCHBHOCTBIO IK30ME€HHbIX MPOLECCOB, B HACTHOCTH C Pa3BUTHEM
COBPEMEHHOrO0 H NorpedeHHoro kapera U cy(pdPpo3uoHHbIX GopM.

PaccmarpuiBaemble Majibie OIOKU pa3inyaroTcs N0 WHTEHCHBHOCTH MJIOTHOCTH JiH-
HEAMEHTOB B Pa3HbIX CEKTOpAX, YTO KOCBEHHO CBHJETENLCTBYET 00 aKTUBU3AaLUU 30H
TPELLMHOBATOCTH COOTBETCTBYIOLIEH OPHEHTUPOBKU. BONbLIMHCTBO MexkOI0KOBBIX 30H
HauOoee OTUYETIMBO MPOCASKUBAIOTCA B MOJE MJIOTHOCTH MallbiX NHHeameHTOoB FOB-
C3 HanpasiieHus ¥ IPUYPOYEHbI K MPafleHTHbIM 30HaM. B cyOLlHpOTHOM noJie ManbiX
NUHEAaMEHTOB rpaHulibl OJIOKOB HE BblpaKeHbl. MakCMMalIbHbIE MJIOTHOCTH JINHEAMEHTOB
3TOrO HANPAaBNEHWsA B OCHOBHOM MPUYPOUEHb] K BHYTPEHHUM HacTam OnokoB. Takoe pac-
npeaeneHue 1MHeaMeHTOB XOPOLLO cornacyercs ¢ OpHeHTHPOBKOH Ocell COBPEMEHHOT0
MOJIsi HANPSAKEHUII.

['eoauHamuueckas akTUBHOCTb HEKOTOPbLIX MEXKOMOKOBBIX 30H 3aBepeHa AAaHHbIMH
WHCTPYMEHTANbHbIX HA0MKOASHUI 3a IMaHAUMAMHU pajloHa U MUKPOCEHCMUYHOCTBIO [ 78,
106]. B yacTHoCcTH, B npeaenax JokanbHbIX 0J10k0B MocKkBOpeuko-OKCKOH paBHHHBI
cojepxaHue pagoHa, onpeaeneHnoe B 2001-2004 rr., B nOYBEHHOM CJi0€ BapbHpPYET OT
500 no 1700 Bx/m’. a B 610Kkax 3a0KCKOrO MJaTo 3HAYEHHUS CYLLUECTBEHHO HuKe OoT 100
10 300 Be/m’ (puc. 14).

Jnsa 1etanbHOro W3ydyeHusi BHYTPEHHEN CTPYKTYpPbI pa3ioMHON 30HbI [1pHOKCKOMO
yuactka HPLL3 u onpeaenenus npupoabl U BbIPa)KEHHOCTH JIMHEAMEHTOB B (hopMax
peabeda BbIOpaH TECTOBbLIN Y4acTOK B BOCTOYHOH 4YacTH paloHa UcCaeaoBaHUi, KOTO-
pbiii XapakTepU3yeTCs MMHUMANbHLIM MeaHApUpoBaHueM pycia p. Oku. AHanu3 nu-
HEaAMEHTHOrO MOoJs 3TOro yyacTka NnpoBeieH Ha 0osee BLICOKOM YPOBHE COPTHUPOBKH
MasiblX JIMHEaMEHTOB. BblaeneHHbIE 30HbI IMHEAMEHTOB HeOObLIOH MPOTAKEHHOCTH
npeacTabieHbl B MOPMOCTPYKTYPHOM MJiaHe cepueil MalbiX THHEeaMeHTOB, CyOLIHMPOTHO
OPHEHTHPOBAHHbIX U MPUYPOUEHHBIX K reoMOPdOJOrHYECKUM eMEHTaM, TaKM Kak
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Puc. 14. Cxema cTpoeHus TeppuTopud, npuieraromeit k HPII13 [79].

| —Ilpuokckuii ywacrok HPILI3; 2. 3 — rpanuiist 6510k0B: 2 — OCHOBHbBIE, 3 — BTOPOCTEIIEHHbIE, 4 — ITYyHKT
pPEruCTpaluy COAEPIKaHH PaIOHa

YCTYIIbl U OPOBKH Teppac, CrpsAMIeHHbIE 31eMEeHTbI THAPOCeTH, MUKpOpesibed MoHMBI,
neperudp! CKJIOHOB (CM. pHc. 11). 30Ha TUHAMUYECKOrO BIHAHUA [IyOMHHOIO pasjioMa
MPOCIIEKUBAETCSA B ITpeeIaX CeBEpHOI0O U KXKHOIO MeradJIoOKOB B BUE OTAEIBbHBIX ITPO-
TAKEHHBIX MMapajlie/ibHbIX MOJIOC MalblX JUHEaMeHTOB. B 00macTi BIUAHUSA KPYITHOM
NPOTAKEHHON CUCTEMBI IMHEAMEHTOB TPACCUPYIOTCA OMNEPAOLIME pa3IoMBbl, pacnoJo-
»KeHHBIE TI0Z YITIOM K Ipoctupanuo HPIL3.

HccnenoBanue MCX0QHOTO JTMHEaME@HTHOTO NoJid (cM. puc. 4, 5) 1 nociieayrouias 3Kc-
MepTHas PEKOHCTPYKLMS JIMHEAMEHTHOrO 1oJis paitoHa pacnonoxeHus [' @O «MuxHeBoy,
COCTaBJIEHHAS MO PE3yJIbTATaM BHU3YAJbHOIO W MHTEPAKTHBHOIO aBTOMATU3MPOBAHHOIO
aeuinpupoBaHUs KOCMOCHUMKA (cM. puc. 11-13), nmoaTeepxkaeHbl reoMopdonoruye-
CKUM aHAlIU30M U reoioro-reousnyeckumMu qaHHbIMU. CyOLIUpOTHAs JTMHEaMeHTHas
30Ha BBICOKOIO paHra, BBbIIAS/ICHHAA BJOJIb JOJIUHHOINO Komiuiekca p. Oku, ripeacraB-
JIEHHAss COBOKYMHOCTLIO KOPOTKUX M MPOTAKEHHBIX JIMHEAMEHTOB, KOHTPOIIUPYETCH Ha
ryoune 3apaiicko-Cep1o0ckoii CMCTEMOM pa3ioMOB KOPOBOTO 3aJI0KEHHA.

JIuHeamMeHTHBIM PUCYHOK YUYacTKa HMCCIIEOBAHUI CTPYKTYPHUPOBAaH B COBPEMEHHOM
[10JIe HAMPsKEHUIH, Xapakrepu3yrIUMcs CyOMepHIuOHANIBHLIM cxaTHeM. OCcOOeHHOCTH
BHYTPEHHEro CTpOeHuUs OlIOKOB U MeKOJIOKOBBIX 30H pa3jIMUHBIX HepapXHuecKHX ypoBHEH
BLIPKAIOTCA B CTATUCTUYECKUX NapamMeTpax Molieii riIoTHOCTH MaJlbIX JTMHeaMeHToR. [ Ipu-



oKckuit yuacrok HPLL3, umerowinii k1aBUHO-010KOBOE CTPOEHUE, KWHHEMATUHECKH SIB-
NAETCS NPAaBOCTOPOHHUM CABUIOM, C(POPMHUPOBAHHBIM MPH CYOMEPUIHOHAIBHOM CKATHH.

[Npuokckuit yaactox HPLL3 asnserca mexO10Kk0BONH rpaHuueit mexay reomopgo-
aoruyeckumu odbnactamu (reodaokamu) — ¢1ad0 NOAHUMAKOLIUMCS CO CKOPOCTHIO |-
2 MM/roa 3a0KCKHM 3PO3UOHHBLIM JIEHYAALMOHHBIM MJ1aTO U OTHOCUTENBHO CTAOMABHOM
(cnabo onyckatoueiica) MockBoperko-OKCKOIl akKyMYNSTUBHONH PaBHUHOM, KOTOpbIE
pasnuyatroTcs B CTPOEHWH nons nuHeameHToB [80].

3.4. OueHka reoqUHAMHYECKHX YCJIOBUH OJIMKHEH 30HbI
NpoeKTHPYEeMOH MIomAAKU cTpouTeabeTBa HADC

Boicokas nHdopMatuBHOCTb U I3PPEKTHBHOCTL MPUMEHEHHS MPOrPAMMHOI0 NaxKeTa
LESSA K ananusy cinoxkHbIX reoIMHaMHYeCKUX YCIOBUH NPOAEMOHCTPHPOBAHA Ha NPH-
mepe OnukHel 30-KM 30HBI POEKTHPYEMOI MIIOLEAAKHK MO CTPOMTENLCTBO 00BbEKTA
MOBbILIEHHOIO pucka — Huskeropoackoi aromHoil anektpoctanuuu (HADC), pacnono-
KEHHON Ha npaeodepexbe p. Oxu B 1Oro-zanaaHoi yactu Huxeropoackoi odnactu.
DTOT PaiioH ABIACTCA NEPEXOAHON CTYNEHbIO Mexay TTpHBOIIKCKOH BO3BBILUEHHOCTBIO U
Oxcko-JIoHCKOH HH3MEHHOCTBIO. ['eoMOpdosornyecku OH npeacTasaseT codoi noaoro-
XOJMUCTY O BOJHO-JI€IHHKOBY O PABHUHY, PACUJEHEHHYIO N0AUHONH p. OKu 1 ee npu-
TOKOB, B Mpe/iesiaXx KOTOPOH pacnpocTpaHeHbl NorpedeHHbIe U COBPEMEHHBIE KapCTOBO-
cy(ppo3noHHbIE (hopmbl penbeda.

3.4.1. Kpamkuit 0030p 2e0102u4eCK020 CmpoeHus

B reonornueckom OTHOLIEHUM KCCJEN0BAHHbIM PErMOH COOTBETCTBYET CEBEPO-
3anaaHoi nepudeprun TOKMOBCKOro cBOAA, BXOAALWETO B cocTaB Bonro-Ypanbckoii aH-
TEeKU3bl. B ¢cTPYKTYPHOM MJ1aHe ero (PyHaaMeHTa Au3bIOHKTUBHbIE HAPYLIEHUS HE Bbl-
siBlieHbl. PaccTosHWEe 10 OTKAPTUPOBAHHBIX Pa3pPbIBHLIX HAPYLUEHHI, PacnONOKEHHbIX
Ha toro-3anaze, B npeaenax Okcko-LIHMHCKOro Bana u Ha ceBepe, B 30He CYOLIMPOTHOIO
[OpPLKOBCKOIO TEKTOHHYECKOIO LBA, cocTapsieT nopsaka 25-80 km. TToaToMy Ha AaHHOM
yuacTke 00ee noaApOOHO PacCMOTPEHbI OCOOEHHOCTH CTPOEHUS MJIMKATUBHBIX JHCJIOKA-
LUl TepPUTreHHO-KaPOOHATHOM TOMLH 0CAA0UYHbIX OTIKEHUIA.

[Mopoabl 0caaeuHOro yexiia B OCHOBHOM 3ajeratrot cyoropusoHTanbHo. [lnukaruBHbie
H3rnObl CI0EB MPOCAEKEHDI MO NOJOLLBE MAPKUPYIOLLIETO TaTAPCKOrO NOPH30HTA BEPX-
Hell nepmu, NepeKkpPeIBatOLLETO CUABHO IPOIHPOBAHHBIE M 3aKAPCTOBAHHBIE KA3aHCKUE H
CAKMapPCKHe OTIIOKEHUS BEPXHEH U HHIKHEH NEPMH.

B npenenax TokMoBcKoOro ceoaa pacnonokeHbl CyOLInpoTHOE PeUIbKOBCKOE NOAHATHE
u banananHckas agenpeccus. K oceBoi yactu 3Tol aenpeccuu npuypodyeHa norpedeHHas
noquHa INpa-Oku. CornacoBaHue CTPYKTYPHBIX MIAHOB FOPCKMX M MEJTOBBLIX OT/IOKEH Ui,
3aJleratolMX Ha PasMbITON MOBEPXHOCTH NEPMCKUX MOPOJ, C penbe(oM MOBEPXHOCTH
najeo30icKOro OCHOBAHUA CBUAETENLCTBYET O NOCTME3030HCKUX TEKTOHUYECKUX [IBU-
KEHUAX.

HeTBEpPTHUHBIE OTJIOKEHHS PACPOCTPAHEHbI NOBCEMECTHO H AOCTHUTAIOT MOLLHOCTH
55 m B aosiuHe p. Oku 1 ee npuToKOB. HikHe-cpeaHeueTBepTHYHbIE OTJIOKEHUS Pa3BUTHI



B ApeBHeil fonuHe p. npa-Oxku. CpeaHeueTBepTHYHBIE OCaA0UHbIEe 00pa3oOBaHus npe-
CTaBJIEHbl MOPEHHBIMH, (PTHOBHOMALHATIBHBIMH, AJLTHOBHANTbHO-(UTFOBUOMIS LIHAIbHBIMM
OTJOKEHUAMU W CJIOKEHDBI BANYHHBIMU CYTIMHKAMKH U MeCKaMi MOWHOCTBIO 10 30 M.
Cpe/iHe-BepXHEUETBEPTHUHBIE OTIIMKEHNUS COCTOAT U3 CYIIMHKOB MOLHOCTHIO 8—12 M,
NOKPbIBAIOLMX BOAOPA3AL/bHBIE NPOCTPAHCTBA. BepXHeueTBEPTHUHBIE a/lJIFOBUANIbHbIE
OTJOXKEHHA CIAratdT HWIKHKUE HaanolmeHHbie Teppack p. Oxku BeicoToit 14 u 24 m. Co-
BPEMEHHbIE 0CaAKH NOWMbI M PYCAa XapakTepU3YHOTCA U3MEHUYMBOCTBIO JIHTOJOTHYECKOrO
cocTasa (CyIIMHKH, cyNecH, Neckn, rpaBUiHO-rajiedHbie OTNOKEHHSA) 1 HEBbIIEPAKaHHOM
MOUIHOCTBHO.

OcHoBHBbIE 4epThl penbeda OTPaKaT BO3ACHCTBUE IK30MEHHbIX (PAKTOPOB, NpeiKae
BCErO OIEZIEHEHUI ¥ BOJHOH 3PO3WH HA MCXOJHbIH, BEPOATHO, ABYXAPYCHbIA ciado-
anpdepeHunpoBaHHbIi paBHUHHbIN penbed, chopmupoBaHHblil B niunoueHe. Penved
npeacTaBaseT cobOl coueTaHue CPEAHEUETBEPTUUHBIX 3PO3HOHHO-AKKYMYIIATUBHOM,
BOAHOJIEAHHKOBOH aKKyMYAsTHBHON-1EHYAaLMOHHON paBHUH W (UIHOBUAIbHO-aKKyMYy-
JATUBHOTO JIOTMHHOTO KoMIuiekea p. Oku. AOCOMOTHBIE OTMETKH KoneOmoTes o1 70 M B
aonuse p. Oxu 1o 140-145 m Ha Boopazaenax, Takum odpaszom, pa3max BbiCOT J0CTUra-
eT 75 M. Ha He3HauuTe/bHBIX NO MOLIAAH YHacTKax Haudosee BICOKUX BO0OPA3AE/ioB
COXPaHWJIHUCH PETHKThI MUTHOLEHOBOH AE€HYAALHOHHOW MOBEPXHOCTH.

B paiioHe pasBuTBl KapcTOBble M CY((po3uoHHbIE npoueccel. KapcTtooOpa3oBaHue
BbI3BAHO PAcTBOPEHHEM MOA3EMHBIMU BOAAMM TMMCOB M @HTHAPUTOB caKMapcKoro-
Ka3aHCKOIO sPyCOB, 3aeratoiinx Ha myouHax 15-65 M, UMEIOLWKUX YKIOH Ha CeBep, B
HanpasieHHH MOCKOBCKOM CHHEKTH3bI. MOWHOCTE KapeTyOWMUXC OTIONKEHUH DoJiee
90 m. Kapcrytowme nopoabl nepekpbiThl MUHAMH YPIKYMCKOIO FOPU30HTA U YeTBEp-
THYHbIMKH OTIOKEHHUAMH. T10 cBOMM O0COOEHHOCTAM 3TO NOKPBIThIN Cy/b(aTHbIN KapcT.
KapcToBbie (popMbl BbIpaKeHbl B penbe(e B BUAE MHOMOYUCIEHHBIX BOPOHOK MyOHHOM
10-30 m 1 quametrpom 30—70 M, KApCTOBBIX O3eP U MPOCAEKHBAIOTCS MPH HCUE3HOBEHHUH
HeOONbLLIUX PeK B KAPCTOBLIX MYCTOTAX MJIK PE3KOr0 CHHUXKEHUS pacXxoaoB pek. M3 apyrux
OMacHbIX 3K30reHHbIX ABICHUH cneayer oTMeTUTh Cy(hdO3MOHHBIE BOPOHKH M ONOI3HU
no dopram A0JuHBI p. OKH.

B HacTosiuiee Bpems OaMxHsIA 30Ha npoekTupyemoi nnowaaku HADC — 3710 nocra-
TOYHO cTaOWJIbHass TEPPUTOPUSA, KOTOpas XapakTepu3yeTcs ¢J1adbiMM U YMEPEHHBIMU
OTHOCUTENbHBIMU MOAHATHAMU CO CKOPOCTAMM BEPTHUKABbHBIX cMeleHuil 1-2 Mm/roa,
CMEHUBLUUMH NPELIECTBYOLME HEOreHOBbIe canadble onyckanus. IIpumeHeHne Kom-
naeKca MeTO0B, BKIHOUAOLEr0 reoMop(oaoruyeckie HCCae 0BaHus U HHTEPAKTHBH bii
aBTOMaTH3WPOBAHHbIH aHa/IM3, NO3BOJIMJIO OTKAPTUPOBATL 3J1IEMEHTapPHbIE MOP(OCTPY K-
TYpPHbIE OJIOKH, pa3/iMuHbie N0 Xapakrepy penbeda U 4eTBEPTHYHOrO NOKPOBa U He3Ha-
YUTENIbHO OTVIMHAKOLMECS MO MHTEHCUBHOCTH HEOTEKTOHHYECKUX JBHIKEH Hil.

3.4.2. Pesynomamol OUCMAHUUOHHO20 OCiUPpUPOSAHUA

B OCHOBY HEOTEKTOHHMUECKOTO PaiOHUPOBAHUS MOJOKEHO BbIACIEHHUE BbIPAKEHHBIX
B penbe(de NMHEaMeHTOB, BO3MOXKHO, aKTHBHbIX HAa HOBELUEM JTane pa3BUTHA TEKTO-
HUYECKUX CTPYKTYP, U MOPPOCTPYKTYPHBIX oOnacTel, rpaHuLbl KOTOPLIX OnpeaeneHsbl
Mo pe3yabTaraM CTAaTUCTHYECKOTO aHau3a MaJlbiX [TMHEAMEHTOB, BbIASASHHBIX MPU aB-
TOMATU3UPOBAHHOM AeIM(PpUpoBaHud. JJONOAHUTENBHO HEOTEKTOHUYECKHUE DIEMEHTHI
YCTAHOBJICHBI C HCNOB30BaHMEM BH3yanbHOro aewndpupoBanus (puc. 15).



Puc. 15. Cxema CTpoeHHA TEPPUTOPUH MPOESKTHPYEMOro cTpontenbcTtsa HADC.

1, 2 — npoTsKeHHbIE THHEAMEHTBI, BEUIEICHHBIE 110 pe3ybTataM AelH(pHpoBaHusa: 1 — aBTOMaTU3HU-
pOBaHHOIO, 2 — BU3Ya/IbHOI'O

JIuHENMHBIE CTPYKTYPbI (JINHEAMEHTBI) B 3TOM HEOTEKTOHMUYECKH CIIOKOMHOM paiione
OpPeacTaBIAOT COO0I TaK HA3bIBAEMbIE CTPYKTYPHbIE JIMHUMY, KOTOPbIE, MO-BHAUMOMY,
NpUYpPOUEHBI K 0C/Ia0N€HHbIM 30HaM, MPOSIBASKOLIUMCA B BUJE YYAaCTKOB CI'YLUEHHUS Tpe-
IIMH U MUKPOCMELLIEHUIT B NOpoAax yexsia. Takue 30Hbl BbIPAKAIOTCS B JaHaadrax, Mu-
KpO- U Me30pebede U, COOTBETCTBEHHO, PUKCHUPYHOTCA HA KOCMHUUECKUX U300PAKEHHUAX.

B npenenax TeppuTOpHU HCCIEI0BAHUI OCHOBY JTHHEAMEHTHOIO PUCYHKA COCTaBJIsA-
K0T XOPOLIO BbIPaXKEHHbIE JMHEAMeHTh! 0T ceBepHoro jo C-C3 npoctupanus u Oonee
CIIOKHBbIE JTUHeaMeHTHBIE 30HBI (JI3) cydmmpoTHoro nnu B-CB npoctupanus. YacTte
30H JTUHEaMEHTOB COJIEPIKUT JIyTOBbIE JIEMEHTBI, TPACCHPYIOLIHE MT0JI0KEHHE TOJOTHX
M3ru0O0B Maraeo30HCKUX MOPO, B YACTHOCTH, (DIEKCYP, OCJIOKHAIOIINX CEBEPHBIH CKIIOH
PruibkoBckoro nogHsaTHs. CyOLnpoTHbIE TUHEAMEHTHbBIE 30HbI COBIAIal0T B pacCMaTpH-
BaeMOM paiioHe C HallpaBlIeHHEM OCHOBHBIX JOJHH U cybnapanielbHbl 0CeBbIM JTHHUAM
HauOoJiee BBICOKHX BoJopasienoB (puc. 15).

CkBo3Has NMMHeameHTHasA 30Ha Harnpasinenus KO-FOB — C-C3, pacnonoxeHHas K Boc-
TOKY OT ruomaaku ASC, Xxopoluo BeipakeHa B pelibede — B ee rpeesax JJ0KaIu30BaHbl
YYACTKM aKTUBU3ALHUH 3K30reHHBIX [TPOLIECCOB, HAPUMED, pa3BUTHE KapCTOBBIX (opM.



[lonoxxeHne ykasaHHOI 30HBI TAK)KE MTOATBEPIK/ACHO JAHHBIMU PaHee MPOBEASHHOIO reo-
JIOTMYECKOr0 KapTUPOBAHUSA TEPPUTOPUM UCCIIEA0BAHNI. JIMHEAMEHTHAs 30HA YETKO Mpo-
clieyKuBaeTcs Ha npaBodepexne p. Oku. Ha 1eBoM Oepery npoc/ieknBatoTes OTACIbHbIC
(¢parmenTsl (J131) (puc. 16). BeiaeneHHbIN npyu aBTOMAaTU3MPOBAHHOM ASLLIMPPUPOBAHUH
nuHeameHT HO3-CB npoctupanus, cOCTaBIsOWNN ¢ HUIM AXHAMUYECKYIO Tapy, ¢iado
BBIPAYKEH B COBPEMEHHOM NaHAAa(TE U, 10-BUAUMOMY, HMEET PErMaTHUeCKuii rEHE3HC.

BrhisBieHHEe HOBEHILIMX TEKTOHMYECKUX CTPYKTYP B npeaenax niaar(GopMeHHbIX Tep-
PUTOPHIT IPEACTABIAET ONpeAeIeHHbIe TPYAHOCTH. [IprunHA COCTOUT B TOM, YTO am-
MUIMTYABI CYMMApPHbIX HOBEHLIMX, TOJIOLUEHOBBIX U, TEM 0D0JIee, COBPEMEHHBIX ABWIKEHHIA
B Mpeaenax Takux TEPPUTOPUil 0OBIYHO OUEHb Manbl. TakKe HE3HAYUTEIbHbI MTPOCTPaH-
CTBEHHbBIE U BPEMEHHbBIE MPAAMEHTHI U3MEHEHUH ITUX aMIJIUTYA, CKOPOCTEH ABHKEHUH
M JPYyrUX XapaKTEPUCTUK MeQJIOrMYECKOro CTPOSHUS], KOTOPBIE OTPAKAKOT HEOTEKTOHH-
yeckue gedopmannn 3eMHOI Kopbl. [Ipy TakuX 0COOEHHOCTAX pa3BUTHA TEKTOHUYECKUX
CTPYKTYp H Aedopmanuii npu hopMHpOBaHHH pelibeda OCHOBHBIM (PAKTOPOM CTAHOBHUTCS

] (2] > (] 3 4 5

Puc. 16. Cxema HEOTEKTOHMYECKOH aKTUBHOCTH MOP(OCTPYKTYPHBIX OJJOKOB TEPPUTOPHU MPO-
ekTupyemoro crpourensctea HADC.

| — rpanuibl MOPROCTPYKTYPHbIX 010KOB (A — akTuBHbBIE, C — cTabulibHBIE) U 30H (D3 — 3pO3UOHHAA,

JI3 — nuHeameHTHas); 2. 3 — NpOTSKEHHBIC JIMHEAMEHTHI, BbIJICJICHHBIC 110 pe3ylibTaraM Actin@pu-

poBaHusi: 2 — aBTOMAaru3MPOBAHHOIO, 3 — BU3ya/lbHOIO; 4 — 30HA KapceTa; 5 — AMUILEHTPHI JIOKaJIbHBIX
MHKPOCEACMHUYECKHUX COOBITUM



7K30reHHbli. Penbed u cBA3aHHbIN C HUM NTMHEAMEHTHbIM PUCYHOK NO3BOJISIET U3Y4aTh
HOBEHLLIWE CTPYKTYPbl B YCI0BUAX AeuLMTA CTpAaTUIPaPHUECKHUX PENEpoB.

B kauecTBe BeAyulero kputepus MopdhocTpyKTYypHOro 0J0KOBOIO palioHUpOBaHNS
NCTIONb30BAHA CTENEHb NPOCTPAHCTBEHHONW ANMPGHEPEHUNPOBAHHOCTH PO3-AHarpamm.
HMcenegoBaHue uxX CTaTUCTUUYECKUX XAPAKTEPUCTUK, BEKTOPOB U JIMHWUIA BbITAHYTOCTH,
CXOACTBO COCEAHUX PO3-AMArpamm v ap. CNOCOOCTBYHOT HACHTU(PUKALIMH OPUEHTHPOBKH
M PaCKpbITHA TPELLMHOBATOCTH MOPOA, CBA3AHHOM € BHEPrUEH W XapaKTepoOM OCHOBHbIX
3K30TE€HHbIX MPOLECCOB.

Haubonee Bo3BbilIeHHAs HacTh NpaBoOepekbs p. OKU ¢ MAKCMMallbHBIMH BbICOTAMM
A0 145 M crokeHa KOPEHHbIMH CUIbHO PACUJICHEHHBIMUA MOPOAAMH TaTapCcKoro sipyca,
Ha KOTOPbIX 3a1€ratT MepeMbITbie MOPEHHbIE, (PIIOBUOTASILNALHBIE H TTOKPOBHbIE OT-
NOJKEHUSI CPEIHEUETBEPTHUHOTO BO3pacTa. B ee npenenax BbiACNEHbI ABA NPUNOAHATHIX
cnaboakTUBHBLIX MOPhOCTPYKTYpHBIX Onoka (Al u A2) (puc. 16), rpaHueit Mexay KoTo-
PbIMH CJYKUT AonuHa p. boneiuas KyTpa, Bblaensemas B caMOCTOATENbHYHO BbITAHYTYHO
B HO3-CB HanpaB/eHWH CNOKHO MOCTPOEHHY ) JTMHEAMEHTHY0 30HY (J132) (cm. puc. 16).

T OA0KU UMEHOT MOBBILIEHHOE 3HaUYeHUe AuddepeHumnalmumn po3-auarpamm Mabix
JAMHEAMEHTOB U OTIMYAlOTCA OBICTPOit CMEHOI 00JIMKa (COOTHOLUEHUA Ny4eil pasHbIX
HanpasiaeHuil) (puc. 17), CBA3AHHON ¢ MOBBILUCHHOI PAacyIeHEHHOCTHIO peabeda u pe-
LETHYATBLIM PUCYHKOM OBPa)KHO-0alIO4HON ceTH, 00YCAOBIEHHbIM OTHOCHTEILHO NpH-
MOAHATLIM AONOKEHHEM DJIOKOB.

B npeaenax paccmarpuaembix 00k0B Al u A2 3po3us npeodnagaet Haad akKyMyJisi-
LKeii, nepenazibl BbICOT JOCTUTAKOT 75 M, MPOCIEKEHO V-00pa3HOe MonepeyHoe CeUeHune
PYYbEB U OBParoB, 00AbLIOE KOJMYECTBO PACTYLUMX OBPAroB € KPYyTONaatoLMMK Tallb-
Beramu. OTMEUaOTCS 10CTATOYHO HHTEHCUBHbIE KAPCTOBbIE MPOLECCHI, MPOSIBASHOLLUECS
B HAJIMYUU «CJIeNbIX» A0JAUH U «BUCAYMX» OBparoB. KapcToBble npoBaibl U 3anaivHbl, B
OCHOBHOM, MPUYPOUYEHbI K BLICOKOTPAAHEHTHbIM 30HaM CMEHbl OPUEHTALUKUN JIMHeaMeH-
TOB, OrpaHHYHBaIOLLUM OJI0K.

B pazaenstouieit 271 G/10KH JTUHEAMEHTHOH 30HE U3MEHUYHBOCThL PO3-AHarpaMm He-
3HAYUTENbHA, 4TO 00YCJIOBIEHO OAHOTUIHON opueHTauuneli popm pesibeda BAoAbL pyciia
p. bonbwas Kytpa (J132) (puc. 17). I'paHuua Mexxay HEOTEKTOHWUYECKW aKTHUBHBIMU W
PACHONOKEHHBIMU  KoKHEe cTaOUNbHLIMU MOPGOCTPYKTYpaMu MPOXOAMUT MO BbICOKO-
rpagueHTHON 30He H3MEHYMBOCTH pO3-AMarpaMM MajblX JUHEAMEHTOB. Takad ke 3a-
KOHOMEpPHOCTb Obljla oTMeveHa paHee a3 paitona JIADC [33].

HOxHee HaxoauTcst nojoras (gaoBMormsLMaibHas 3aHApoBas paBHUHA, cilabopac-
YieHeHHas peuHol v oBpaxcHO-0anouHoM ceTbio. ADCONKOTHBLIE OTMETKH BOAOPA31E/OB
coctaBnsaoT 120—130 M. PUCYHOK rUapoceTH ApeBOBUIHLIN, rnepenaibl BbLICOT 4OCTHTa-
10T 60 M. OT/I0KEHHs B OCHOBHOM [1€CUaHble, CBA3aHHbIE C TAIbIMH BOAaMU JOHCKOIO
neaHuka. Penbed nonoro-yBaiucTbill ¢ LIMPOKUMU MEXKIY PEUbIMHU. DK30reHHbie POpMbI
30/10BOr0, KapcToBoro ¥ cyddo3noHHoOro reHesuca. bonblioe KoanuecTBo 0O0M0T CBH-
AETENLCTBYET O ONM3KOM 3aJleraHuM K MOBEPXHOCTH 3€pKana MpyHTOBLIX BoA. M3meH-
YMBOCTb pPO3-AMarpaMm U3-3a MEHbLLUEH MIOTHOCTH PEYHO M OBpakHO-0aN04HOM ceTH
HWXE, YeM B BbilleonUcaHHbIX Onokax Al U A2. Dta ctabunbHasa cnado onyckaloLascs
TePPUTOPUSA ¢ NpeodialaHueM aKKyMYJIATUBHbBIX NPOLECCOB COCTONT M3 OTALNbHbLIX MOP-
(pocTpyKTYpHbBIX 0510k0B — C 1-C8. I'paHuubl Mexcay ONloKaMu MPOXOAST MO JIMHEAMeHTam
W pazieny U3MEHYUBOCTH OPUEHTALUUU PO3-AUArpaMmM.

JlosuHa p. OKH poCTUpaETCs ¢ FOro-3anaza Ha ceBepo-BocTok. LilnpuHa pycna 300-
500 m, makcumaibHas rayouHa 12 m, ykion 0,1-0,12 M/km. JIHuLIEe 10AUHbBI BKJIKOYAET



Puc. 17. Cxema MopdoCcTpyKTYpHOro pailOHUPOBAHUS TEPPUTOPUH MPOEKTHPYEMOTO CTPOUTE b=
crea HASC.

Yenosublie 0003HaueHUs cM. puc. 16

MeaHIpUpyIoLIee pyclio, HU3KYIO U BBICOKYIO MOIIMY, 4acTo 3a00JI04€HHYIO ¢ OOBIIUM
KOJIUYECTBOM CTapHYHBIX 03€p U NIPUPYCJIOBLIX BaloB. Ll1pokoe miolagHoe pa3BUTHE
1 XOpOolLLas COXPaHHOCTh TEPpac XapakTepHa AJ11 OTHOCUTEJIBHO €/1a00 ONyCKarOIHUXCs
HEOTEKTOHHYECKUX OJTOKOB, KOHTPOIUPYIOLIUX [1010KeHHe JoIUHBI p. Oku U npa-OkH.

HonuHHBIH KOMILUTEKC p. OKH KOHTPOJIUPYETCsL CIIOKHOMNOCTPOEHHON JIMHEaMeHT-
HO#l 30HOM, KOTOPYH OTIIMYaeT OOuUJIMEe JTUHEAMEHTOB, CBA3aHHBIX C IPO3HOHHO-
AKKYMYJIATUBHBIM (UIFOBUANILHBIM pelibedoM, 0COOEHHO ¢ MEaHAPHUPYIOLIUMH PyCIIO-
BbIMU (popmaMu. Ha cxeme otiuuust pos-auarpaMm (001acte 1) JONUHHBINA KOMILIEKC
TpaccUpyeTcs BbICOKON N3MEHUHBOCTBIO YIVIOBBIX XapaKTepUCTUK MaJlbIX JIHHEAMEHTOB.
CoOTBETCTBHE MEKY PUCYHKOM MeaHAp, CTapHL U MepeceKaroliX JI0JIUHY MONepeYHbIX
JINHEaMEHTOB SIBIIAETCS [IPU3HAKOM MX I0JIOLIEHOBOI aKTHBHOCTH,

Paznuuust cTpyKTypHO-MOP(OIOrHyeckuX XapakTepucTUK pailoHa McclieloBaHuI,
BbISIBIEHHBIE B MPOTSIKEHHBIX JIMHEAMEHTax U JTMHeaMeHTHbIX opMax, KOCBEHHO CBU-
AETENBbCTBYIOT O CJ1a0bIX HEOTEKTOHUYECKUX JBIKEHUSIX. OOLIHH pUCYHOK JITHEAMEHTOB
COMIACyeTCsl ¢ PeruoHaNbHON MOAETBI CYyOMEPUINOHAIBHONO HaNpaBieHKs BEKTOpa
MIaBHBIX CKUMAOLIUX HaNpskeHW. [10 Xapakrepy yCTaHOBIEHHBIX U MPearnolaracMblx



HEOTEKTOHMYECKUX Ae(POPMALMI pacCMaTPUBAEMblit PAliOH HE SBISIETCS AHOMA/bHBIM.
JlokanbHbIe MOAS HANPSKEHUMN, CBA3aHHbIC C 00pa30BAHMEM COBPEMEHHbIX MOPhOCTPYK-
TYP ¥ IMHEAMEHTOB, HE3HAYUTENBHO OTMYALOTCS OT PErMOHATIBHOTO MONS HAMPSIKEHHUI.
[TonoOHOE COOTHOLLEHUE XapaKTEPHO A CTabUIbHBLIX TeppUTOpUid, cnado auddepeH-
LUMPOBAHHBIX Ha ONOKH.

Ha ocHOBe nuHEAMEHTHOro aHanu3a U MOpOCTPYKTYPHOTO paiioOHHpPOBaHUS Tep-
PHTOPUH MCCIEA0BaHA reoAMHaMHyeckas 00CTaHOBKa OHKHEH 30HbI MPOESKTHPYEMOM
naowaakd HADC u BbiaeneHbl OJI0KY ¢ MPU3HAKAMHU HEOTEKTOHWUYECKOH aKTHBU3ALUM,
BbIPAKEHHbIX B 10J1€ JIMHEAMEHTOB.

['e0AMHAMWYECKHM aKTUBHBIE 30HbI TPACCUPYHOTCS MPOTAKEHHBIMH THHEAMEHTAMH
H CONMPOBOMXKAAKTCA MHTEHCH(PUKALUMEN DK30reHHbIX NPOLECCOB HA HEOTEKTOHHYECKOM
JTane pazBuTHA paioHa UCCIIE0BAHHIA.

B wactHocTH, BONM3K npoekTrpyeMoil ctpouTeibHOM miuowagku HADC npocnexena
NPUYPOUEHHOCTb KapCTOBbIX (POPM K JTMHEAMEHTAM M OCOOEHHO K UX MEPEeCeUYEHHUM,
Hanbosee ApKO BbIpAKEHHAsl B 30HE BAMUAHWS CKBO3HOro MakposuHeamenta KOB-C3
NPOCTUPAHUS, ONUCAHHOIO BbIle. IMEHHO K 30HE AUHAMUYECKOTO BIMAHUS MOCHE/HErO
NPUYPOUEHbI CENCMUYECKHE LUYMbl TEKTOHHUYECKOrO WKW 00BalbHO-KapCTOBOrO Mpo-
HCXOXKICHHUA, 3aperucTpupoBaHHbie manoaneptypHoii rpynnoi AN PAH B npeaenax
npoekTupyemoii niowanku (puc. 16).

3.5. AHAJIM3 reoJHHAMHYECKOH 00CTAHOBKH
MOCKOBCKOIo MeramnoJaaca

MockoBckas arnoMepauus B npeaenax €€ COBPEMEHHbBIX I'PaHULL BKIKOUYaeT B ceds
«cTapyto MoCKBY», NpUcOoeJHHEHHbIE K HEH YUacTKH, paHee npuHaanexasuiue Moc-
KOBCKO# 0G1acT 1 paitoHbl MOCKOBCKOM 001acTH. ArjloMepalus Xapaktepu3syercs pas-
HO#1, HO BBICOKOIi CTENEeHbI TEXHOTEHHOW U3MEHEHHOCTH JaHawadTra, ¥ npeacTapnsier
co00# eauHbli ypOaHU3upoBaHHbIH MOCKOBCKUN perMoH. ABTOMaTH3UPOBaHHOE Je-
i ppupoBaHue TeppuTopud MOCKOBCKOTO Meranosjiuca ¢ ofnTuMHU3aldei napamMeTpos
WHTEPAKTUBHOIO pexuma no3poausio dosee guddepeHupoBaHHO UCCielOBaTL BiANsSHUE
AHTPOMOTeHHON Harpy3ku Ha (GopmMUpPOBAHUE COBPEMEHHOMO MPUPOAHO-TEXHOMEHHOMO
nadjwadra.

3.5.1. Ilpupoonsie u npupoOHoO-mexHo2eHHbIE YC106UA
i npoueccol

Ha npoTtsizkeHHn ANTUTENBHOMO BpEMEHW aHTPOINOreHHOIo OCBOeHUs Tepputopun Mo-
CKOBCKOIQ perioHa ecTeCTBEHHbII JaHAWadT noaBepres 3HaYuTe/1bHbIM H3MEHEHHAM.
CTpyKTYPHO-reo/IoOrHyecKkue u reoAMHaMMyecKue yCrnoBHa ABAAIOTCS ONpeaestoLnMH
M KOHTPOJUPYIOT GopmMUpOBaHUE MPUPOJAHO-TEXHOITEHHOM cpeabl. Oco0eHHOCTH reo-
JIOTMYECKOro CTPOEHUA M ruaporeojoruieckoil o0cTaHOBKH pernoHa o0yCl10B/IEHbI €0
pacnojoxkeHuem B ueHTpaibHOW yactd BEII Ha toro-zanaaHom Kpbule MOCKOBCKOI
CHHEKJTHU3bI.



[7nyOuHHBIE CTPYKTYpPBbl KPHCTAIINYECKOrO (PyHIAMEHTA PA3IMUHOTO NMPOCTHPAHUS
yepe3 0CaA04HbIM YeX0 HAXOASAT CBOE Bblpak€HUE B penbede U MpOoCneKUBaKOTCA B
PErMOHAJIBHOM JIMHEAMEHTHOM pUcyHKe [45] (puc. 18). B npenenax peruoHa Bblaesis-
HOTCS pasnoMel ¢cyoummpotHoro, C3-KOB u FOB-C3 npoctupanuii. B ocagouHoM vexne
rmyOUHHBIE Pa3ioMbl KpucTtasmnueckoro gpynnamenTa (IlaBnoso-Ilocanckuii, Pamen-
CKUii) TPAHCIUPYOTCS Yepe3 30HbI JJoKaTn3auun aedopmauuii B BUAE CKAAA0K, (rIekcyp,
CTYLUEHMS TPELLUHOBATOCTH MOPOA.

BaxxHyHO CTPYKTYPOOOPa3yOLLYIO pOiib HA MPOTKEHUH BCEH HCTOPUM M0/ I0rMUECKO-
ro pasButus peruora urpaet [lasnoso-Ilocaackuit pasiaom, KOTOPBIA SABIAECTCS CEBEPHOU
rpaHuuei [TogMockoBHOrO aBnakoreHa. Ha ypoBHe NMOBEPXHOCTH KPUCTAIIMYECKOTO
¢yHaamenTa ammmtyaa [Tasnoeo-ITocanckoro copoca B paspese pocturaet 0,8 km B
paiione TennoctaHckoro rpabena, Haudosee norpyeHHoro 6ysoxka IToaMoCKOBHOTO
aBJIAKOTE€HA.

B ocamouyHOM 4exJie 110 KpoBJie BEpeHCKOro ropu3oHTa cpeiHero kapooHna Han [ laBnoso-
[Tocanckum cOPOCOM MPOCIEKEHO 3a0OKEHNE HHBEPCUOHHON CTpYKTYphI B BUAe KonomeH-
CKOIl hieKCYpHOM 30HBI C TOAHATHIM IOJKHBIM KpbLToM. [lepenan BbicOT cocTaBmsieT 20 M.
JaneHeiiliee pazBUTHE 3TOH perioHaNbHON 30HBI POMCXOIUT B Mpolecce hopMupoBa-
HUS IOKOPCKOrO 3pO3UOHHOr0 penseda B Bujae [ maBHOM MOCKOBCKO#M Najie010MUHbI.
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Puc. 18. CoBmeneHHbIil M71aH THHEaMEeHTHBIX GOpM U CTPYKTYP KpUCTaLTHYeckoro ¢gyH1aMeHTa
MOCKOBCKOro pervona [68].

1-2 — NpOTSHKEHHBIE THHEAMEHTBI, BhIASIEHHBIE 10 JaHHBIM Jeudpuporanna: 1 — aBTOMaTrH3MpoOBaH-

HOTO; 2 — pyYHOrO; 3 — THHeaMeHTHbIe (GopMBI; 4—5 — rpaHuLIbl; 4 — CTPYKTYP KpHCTaIHdeckoro (pyHaa-

MeHTa: 5 — reoMopdonornueckux odnacreii: | — CMmoneHcko-MockoBckas paBHHHA, 11 — MockBopeLKko-
Oxckas paBuuna, 111 — Meiepckass HH3MEHHOCTb



MUuBepcusa paccMarpuBaeMoi CTPYKTYPbl NPOAONKANACH C NO3AHErO Mesa 0 PAHHETO
HEOMJICHCTOLIEHA ¥ NpUBeEa K 00pa30BaHUIO Ha Koro-3anaae MockBbl TenaoCcTaHCKOI
BO3BbILLEHHOCTH. Ha ceBepHOM Kpblie (eKCypHOI 30HbI pa3BUTHE reHemieHa Obuio
OCJIOYKHEHO A0NSAHUKOBON J0anHOM [Tpa-Mockbl. CoBpeMeHHas peuHas CeTh YaCTUUYHO
yHacaeaosana A0NeAHUKOBYIO.

PasHoobpasue peabeda MoCKOBCKOI arnomMepaliiu CBsA3aHO ¢ pacnoNOKEeHHEM €€ Ha
MECTE COYJIEHEHMS TPeX JAJIMTENbHO pa3BUBaAlOLLUXCS reomopdonornyeckux odnacrei,
KOTOpblE pazauuaroTcs no Mopgonoruueckum u mopdoMeTpuueckum npusHakam. Cesep-
Has U CEBEpO-3ana/iHasl 4aCTH MEranoauca pacrnoyiKeHbl B peaenax KKHOM nepudepnu
CMoneHcko-MOCKOBCKON aKKyMYJISITUBHO-3PO3MOHHON paBHUHBI. ADCOMKOTHBIE BbICOTHI
NOBEPXHOCTHU MeHsOTCs oT 155 M a0 185 M. PaBHuHa cliokeHa NeAHUKOBBIMU U BOJHO-
AEAHUKOBBIMU OTIOKEHUSIMU. Penbe crnakeHHbl noJ0ro-BonHUCTLIH. B 3anaauHax
pacnpocTpaHeHbl OONOTHbIE OTIOKEHUSL.

3anajHas, roro-zanajHas v KKHas 4actu ropoAaCKoii armoMepaumi, BKIKUas BHOBb
NPUCOEAUHEHHbIE TEPPUTOPUH, HaxX0aaTCs B npeaenax MockBopeuko-OKCkoi noJoro-
BOJIHMCTOH aKKyMYJITUBHO-3PO3MOHHOM paBHUHbI. DOpMuUpoBaHHue penbeda 3TOH paBHH-
Hbl CBA3AHO ¢ AEHCTBHEM JIEAHUKA MOCKOBCKOTO Bo3pacTa. B npeaenax KolbLEBOH JOPOTH
HaXOAMTCA Haubonee BbICOKass 4acTb MOCKBOpEUKO-OKCKON paBHUHbI — 3PO3HOHHO-
TeKTOHHYecKasi TenaocTaHckas BO3BbILLIEHHOCTh, CHJIbHO pacyjieHeHHas ryOoko Bpe-
3aHHOW OBPakKHO-0aNn04YHON U peuHOM ceThblo. ADCONIOTHbIE OTMETKH BOAOPA3IL/IOB
aocTuratot 255 m. CmoneHcko-MockoBekas 1 MockBopeLko-Okekas reomopdosoruyec-
K€ 001aCTH UCTbITbIBAKOT OTHOCUTENbHOE HEOTEKTOHMYECKOE MOAHATHE,

BocTtouHyro yacTe MoCKBbI 3aHUMaeT Mewepckas 03epHO-I€AHUKOBAas 3aHApoBas
HU3MEHHAas paBHMHA ¢ adCONOTHLIMU oTMeTKaMu OT 140 no 160 M, KoTOpas xapakre-
pU3YeTCs MJI0CKUM pesibeoM ¢ LUIMPOKUMH HEryOOKUMHU J0KOHMHAMHK CTOKA U OTHOCH-
TeJIbHbIM HEOTEKTOHUYECKHUM OMYyCKaHHUEM.

['panuubl Mexay reomopgoioruyeckumMu obnacTaMy NpoxoaaT no aojluHam p. Mo-
CKBbI U p. Ay3bl. JONMUHHBIH KOMIUIEKC NPEACTABNAEH 3 YPOBHAMHU HaANMOHMEHHbIX Teppac,
NPUYpPOUYEHHbIX, B OCHOBHOM, K JIeBOMY Oepery, NoiMoil ¥ MeaHAPHPYIOLLUM PYCIIOM.
JonuHa p. MockBbl acUMMETpUUHA, ¢ Oornee KpyTbiM npaBbiM OopToM. [loliMa uHTeH-
CHBHO MEpeniaHupoBaHa, YaCTUUHO MOACHINAaHa, MOATONIEHA, Ha OTAS/IbHbIX yyYacTKax
peka orpaHuyeHa HabepeKHbIMH,

B TeueHue AnUTENLHOTO OCBOEHUS TEPPUTOPHU €CTECTBEHHbIN penbed 1 ocanouHas
TOJILLLA MpETeprieNih 3HaYUTEIbHbIE U3MeHeHUs. B MecTax HauboJbLIero aHTpOnOreHHOro
BO3ACHCTBHSA B LIEHTPaAIbHOW YaCTH Meranoiauca peiabe( MOXKHO CUUTATb MOJHOCTHIO TeX-
HOT€HHbIM. HepaBHOMEPHOCTL OCBOEHHUA U 3aCTPOIKU TEPPUTOPHUH, HHTEHCHBHOE rpa-
AOCTPOUTEJILCTBO, NPOKJIaAKa HHIKEHEPHLIX KOMMYHUKAUKH U AOPOXKHO-TPAHCNOPTHBIX
ceTell NpuBena K HUBEJIMPOBAHWIO MECTHOCTH U (POPMUPOBAHMIO MOLLIHOTO CJ10st TEXHO-
F€HHbIX OTIIOKEHUH, XapaKTepu3yLLHUXCA HEOAHOPOAHbBIM CTPOEHHEM H COCTaBOM U Bbl-
COKO# ckopocTbto Hakorienus 10 10 em/ron [61]. MOLLUHOCTL TEXHOMEeHHbIX 00pa3oBaHHUii
n3mensiercs ot 2—4 M g0 20-30 m, nokaibHO yBennuKuBasich 10 40—-60 M B cennuTedHbIX
LEHTPaNbHbIX palloHax, Ha yyacTKax 3acbllKW OBParoB, pyubeB, KAPLEPOB, CBAJIOK.

B npeaenax MOCKOBCKOIo peruoHa noTeHMajibHO OMAaCHbIE 3K30MeHHbIE NMPOUECCHI
MOTYT ObiTb 00YCIIOBNEHbI Kak NMPUPOAHLIMH, TaK U TEXHOTeHHBbIMU (hakTopamMu. Kpome
TOrO, BbIACAAETCA OT/E/IbHAA rpynna npUpoJAHO-TEXHOTEHHbIX MPOLECcCOB, BOBHUKHOBE-
HHUE U pa3BUTHE KOTOPLIX 3aBUCUT OT AaHTPOMOTEHHOM Harpy3Kku Ha OKPY>KatoLLyIO cpeay.
K npupoaHbiM 3K30reHHbIM MpoueccaM, Haudosiee OnacHbIM ¢ TOUKH 3peHHus hyHKUHO-



HUPOBAHUs MEranonuca, OTHoOCATCS Kapcet, cy(pgosus, onona3Hu, oBpaxHas, OokoBas u
perpeccuBHas 3po3us, NOATOMIEHHUE K 3aD00Ia4nBaHKeE.

bonbLuas yacte ONON3HEH NpUypoyYeHa K KPYThIM MOAMbIBAEMBIM CKJIOHAM NPaBoro
BbLICOKOTO D0pTa A0JHHbLI P. MOCKBBI M COCPEIOTOYEHA NMPEUMYILLIECTBEHHO B paiioHe Bo-
poObeBbix rop, Konomenckom n @unun-KyHuepo. KapcToBble npouecchl Ha TEPPUTOPHH
MockBbI CBfi3aHbl C MOLLHO# TosLLE# (0onee 300 M) kapOOHATHBIX MOPOJ KAMEHHOYO/b-
HOTO BO3pacTa, 3ajeratolleil Ha ryOrHe OT HECKOIbKHUX AECATKOB METPOB NOA NecHaHo-
MUHHUCTOM TOJLLEH Me30-KalHO30HCKNX OTJIOKEHHH. braronpuaTHeie ycinoBus i pac-
MPOCTPAaHEHUs! COBPEMEHHOTO KapCTa NPOCAEKUBAKOTCS B Npeaeaax A0auHbI p. MOCKBbI
Ha YYaCTKax, KOTOPbIE YHACNEA0BAHHO Pa3BUBAIOTCS HAJl 30HAMHU COBMELUEHHS IOOPCKUX
W 1oneAHHKOBbIX A0nUH. [1prpoaHoe 3adonaunBaHue, CBA3aHHOE C OCOOEHHOCTAMU CTpOE-
HUA B (POpPMUPOBaHUS NaHALLIAdTA, MPEUMYIIECTBEHHO Pa3BUTO B npeaeiax Metlepekoi
HU3MEHHOCTH, AOAUHHOIO KoMnaekca p. MOCKBbI M €€ OCHOBHbBIX MPUTOKOB.

TexHoreHHble PAKTOPbI IPU ONPEALNEHHbIX YCIOBUAX MOTYT HHULMUPOBATH Pa3BH-
THE ONACHbIX 9K30reHHbIX npoueccoB. Hanbonee noasep:keHa TeXHONEHHOMY BIUSAHUKO
BEPXHSS YacTh OTIOXKEHUI A0 myOouH nopsaaka 10-20 m, B npeaenax KoTopoi nponsso-
JUTCS OCHOBHOIH KOMITIEKC NIOLWAAHBIX MOA3EMHbIX padoOT, CBA3AHHBIX C BO3BEACHHEM
COOPYKEHHH W MPOKJaAKOH KOMMYHUKaLKH. MU3MEHUHBOCTL JIMTOMOMHYECKOrO COCTA-
BA BEPXHEH 4acTu paspesa 00yCliaBlIUBACT HEPABHOMEPHOCTb NPOSABIEHUA NPHUPOAHO-
TEXHOMEHHbIX MPOLECCoB (0ceaaHue, NOATOMNIEHHE, 00pa30BaHNWE arpeCCUBHBIX CpeA,
CBA3AHHbIX C YTEUKAMH W3 KOMMYHAJIbHBIX CETEH U ap.).

AHTPOMOreHHOE BO3ACHCTBME HA TEXHOIEHHO HAPYLUEHHYHK CpeAy CnocoOCTBYET
YaCTUYHOI TpaHcopmauuu NMPUPOAHBIX reou3nyecKkux nojen (TemneparypHoro,
INEKTPOMArHUTHOTO, MUKPOCEHCMHUUYECKOTO U JIP.), KOTOPbIE NMPOSABIAKOTCS C Pa3anyuHOMI
WHTEHCHUBHOCTLIO B paifoHaX, pa3inyarolUXcs CTeneHbio reoMHaMHUYeCcKoi aKkTHBHO-
CTH W YPOBHEM aHTPOMOreHHo# Harpysku. Pacrionokenue meranonuca B 10KHOH 4acTH
MOCKOBCKOW CHHEKJIN3bI, XapaKTepH3yIOLWENCs AMNTEbHOW UCTOPHUEN re0sIOrMYeCcKoro
pa3sBUTUS U Pa3HbIMK CTPYKTYPHBIMH MIIaHAMU pa3HOBO3PACTHBIX NOPHU3OHTOB OCaa0u-
HOMO Yexnia W yHaameHTa, B 30He coulieHeHHus Tpex reomopdosiornyeckux obnacreli
onpenenser ClIoKHYH reoAHHaMUYeCKyo 00CTaHOBKY, NOJABEPKEHHY IO HHTEHCHBHOMY
BO3ACHCTBUIO @HTPOIMOreHHbIX (aKTOpOB.

3.5.2. Xapakmepucmuka noaa 1uHeameHmos

PacwivpeHue rpaHull Meranoiauca U yBeJlMueHUue TEXHOTEHHON Harpys3ku Ha OKpy-
JKAKOLLY IO Cpeay aKTyalu3upyeT HeoOX0AMMOCTb aHalk3a N'eoiMHaMU4eCKoil 00CTaHOBKH
MOCKOBCKOIO peruoHa COBpeMEHHbIMHY MeTOAaMU, BKITHOUYAKOLIUMHY aBTOMATH3UPOBAHHOE
JewmppupoBare KOCMUYECKUMX CHUMKOB. PaHee oueHka HEOTEeKTOHUYECKOH aKTUBHOCTH
TeppuTopri MOCKBBI M MpuUeraolnX paioHOB NMPOBOJAUNACH KI1aCCHYECKMMHU MeToaa-
MW — Ie0J10ro-reopuanyeckumMu, reoMophoaoruyecKuMH, TONOreoAe3H4ECKUMU U a3po-
KOCMHUYEeCKUMH (BU3yanbHoe aewwndpuposanue) (I.E. LLlyposckuii, A.M. MOCKBHTHH,
b.M. HauswiuH. B.H. Ocunos, B.1. Makapog, H.B. Makaposa).

Jns BeiaeneHus JaHAlapTHLIX HHAHKATOPOB NPHPOAHO-TEXHOTeHHON cpellbl Mera-
nofuca npu MOpQPOCTPYKTYPHOM M IE€OJAMHAMUYECKOM pailOHUPOBAHUM LEHTPabHOI
yactu BEIT Obina nposejieHa komnbloTepHas oOpaboTka kocmocHuMKka LANDSAT ¢
paszpeluatoriedi cnocodHocTbio 30—50 M, BbicOKOI reHepanu3aumeit n od3opHocThio. [pu



UHTEPAKTHBHOM aHAINU3€ MMOJIsI MAJIBIX JIMHEAMEHTOB MOCTPOSHBI MPOTAKEHHBIE JTHHEA-
MEHTBI U ONPEAEICHB] UX CTaTUCTHYECKUE XaPAKTEPUCTUKH — IMJIOTHOCTH W BBITAHYTOCTh
po3-auarpamm (JIMHEaAMEHTHbIE (POPMBbI).

OcobeHHOCTH penbeda BhILIEONUCAaHHBIX reoMopdonornyeckux odnacteii npocne-
’K€Hbl B PUCYHKE JINHEAMEHTOB, B I10J1€ MJIOTHOCTH JIHHEAMEHTOB U OPUEHTUPOBAHUHU
po3-guarpamm (puc. 19). [one mI0THOCTH MANTBIX TMHEAMEHTOB OTPaXKAeT PA3IUUHYIO
CTEMEHb TEXHONEHHON HArpy3Ku Ha OKPY KaroLLyto cpeay. KoHLeHTpuyeckas 30HalIbHOCTh
noJis MJIOTHOCTH, COOTBETCTBYKOLLAA KOHTYpaM Maranojiuca ¢ YMEHbLIEHUEM MIOTHOCTH
MaJiblX TUHEAMEHTOB OT LIEHTPA K NepUpEeprun COrmacyeTcs ¢ CeTMTeOHON OCBOSHHOCTBIO
cpeasl. Bnepbie 310 ObLIO OTMEUEHO aBTOpaMu Ahs TeppuTtopun CeMUnanaTuHCKOro
nonauroxHa [104].

["eomopoaoruueckue 00JacTH BbIpakeHbl B pUCYHKE JTUHeaMeHTOB. CMOJIEHCKO-
MockoBCKass BO3BBILUEHHOCTh XapPaKTEPU3YETCs CEPUel NMHMH NPEeuMyLIeCTBEHHOM
BRITAHYTOCTH po3-auarpamm FO3-CB nanpaBneHus. Mewepcekass HU3MEHHAs paBHUHA
NpeACTaBlieHa B THHEAMEHTHOM PUCYHKE MYYKOM PacXOASILIMUXCS U3 LIEHTPa JIUHWH BbI-
TAHYTOCTH po3-auarpamMm cyowmupornoro u C3-lOB nanpasnennii (cm. puc. 18).

B npeaerax MockBopenko-OKCKOlH paBHHUHBI TMHEAMEHTHBIE (JOPMBI TPOSBIEHLI HE-
paBHOMEpHO. B roro-3anaaHoi yacT MEralonmca BbLIEAeTCS CepHs CyOnapafiensHbIX
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1 kasa nAoTHOCTH MajibiX JIMHCAMCHTOR

max mirn

Puc. 19. Cxema nonst MmioTHOCTH MAJIBIX JIMHEAMEHTOB U CTPYKTYP KpHCTaJIMYeckoro hyHaaMmeHTa
TeppUTOPHH MOCKOBCKOTO perHoHa.

Yenosuele 0003HaUeHUs CM. puc. 18



auHeameHTHbIX (opm HO3-CB u cyOwupotHoro npoctupanuii. [1peanonoxuTensHo,
MOCAEAHWUE MAPKUPYIOT HAMPABICHHE CEPUM EIHUKOBBIX H BOJHO-TCAHUKOBBIX Ipsa
BPEMEHU MOCKOBCKOro oneneHeHus. Ha TennocTaHckoil BO3BbILUEHHOCTH TMHEAMEHTHbBIC
(pOpMbI OTCYTCTBYHOT, HO B [10/1€ MJOTHOCTH BO3BbILLICHHOCTb BbIPAKEHA MAKCHMAJTbHbIMH
3HAYEHUSIMH, YTO, BEPOSATHO, CBA3AHO ¢ OONBLUUM KOJTMYECTBOM Pa3HOOPHUEHTHPOBAHHbIX
JMHEAMEHTOB.

[‘panuubl reomopdonoruieckiux 00nacTei TpaccHpyroTCa MPOTAKEHHbIMH JHHEa-
MEHTaMH W cyOnapannenbHbIMU UM JTUHUAMHU NPEUMYLLECTBEHHOM! BLITAHYTOCTH PO3-
AuarpamMm mMalibiX JINHEAMEHTOB (TuHeaMeHTHbIMU (hopMamu). B CTpYKType NTMHEAMEHT-
HOro nonas wskHas rpaHuud CMoneHcko-MOCKOBCKOI BO3BBILUEHHOCTH MOAYEPKHYTA
ABYMS MPOTAKEHHbIMK cyOnapainenbHbiMu auHeameHTaMu H03-CB npocTtHpaHus, KoTo-
pble CONPOBOXKAAKOTCS JIMHEAMEHTHBIMU (popmamu. B pesbede npocTupanie paccmarpu-
BaeMOIi 30HbI CyOnapanienbHO OPUEHTUPOBKE OCHOBHbIX rpsia CMosieHCKkO-MOCKOBCKOT
BO3BbILUEHHOCTH U COBMAJAET C MPOCTUPAHUEM PA3TOMOB, OrpaHuyuBatoLnx Cpeane-
pycckuii—Ikarcko-Ceprues-Ilocaackuii aBnakoreH. B pucyHke TuHEAMEHTHbIX (HopM
[1aBnoBo-ITocaackuii pasnom npeactasaeH cepueii cydnapanienbHbiX JUHHI BbITSIHYTO-
CTH pO3-aUarpamm, COBMNaJaoLLMX Ha 3amnaje HOBOro MEranoiiuca ¢ ero CyOLupoOTHbIM
npoctupanuem, B npeaenax MKAJL - ¢ HO3-CB.

B reoarHamMuueckom OTHOLIEHUH HA TeppuTOpHK MOCKBbI BblaeeHbl MoCKBOpeLIKas
n JInxobopckas reonMHaMHYECKH aKTHBHbIE 30HbI, KOTOPbIE ABJIAOTCH MPaHHLIAMU MEKTY
MOP(hOCTPYKTYpaMu, pasiuyatOLlUMUACA COBPEMEHHONH U HEOTEKTOHUYECKOHW AKTUBHO-
cTbtO [55]. MocCKBOpeLKas reQIMHAMMYECKU AKTUBHAA 30HA COBMAJACT C JOJUHOMN p.
MocKBbI W BXOAUT B cocTaB MockBopeuko-PsizaHckoii nuHeameHTHOl 30Hb1 C3-H0B npo-
cTHpaHua. MoCKBOpelLKas akTHBHAsg 30Ha pa3aenseT paloHbl ¢ pa3HOi MHTEHCHUBHOCTbIO
COBPEMEHHbBIX ABHKEHWI U pasHbie reomopdonoryueckue odnacru.

MockBopelKas npoTskeHHas JuHeamenTHas 30Ha HOB-C3 npoctupanus npocne-
)KUBAETCS B CTPYKTYPHOM PUCYHKE TMHEAMEHTOB B CEBEPO-BOCTOUHOIN 4ACTH Merarno-
JKca Mpu aBTOMATU3MPOBAHHOM AelliUPPUPOBAHUM 1 ONpPEaeNieHa KaK re0aMHAMUYeCKH
akTiBHas MockBOpeuKkas 30Ha [54]. 30Ha ee NIMHAMWUYECKOI0 BJAHAHUSA (DparMeHTapHO
cOBMajaeT ¢ rpaHuueil reomopdonornueckux paiioHoB MelepckOil HU3IMEHHOCTHU U
Oxcko-MockBopelikoit paBHuHbL. [lepecedeHue npoTsHKeHHbIX JUHEAMEHTHbIX 30H Ha-
XOAUTCA B MEsKAypeube p. Ay3bl v p. MockBbl. CoBpeMeHHOe pycno p. Ay3bl 1yroodpasHo
orndaer ¢ BOCTOKA NPEANOIOKUTENbHO KOIbLEBYIO CTPYKTYPY, CHOPMUPOBAHHYIO HAl
30HOI nepeceyeHus MPOTAKEHHbIX IMHEAMEHTOB.

K nonunnomy komnnekcy p. JluxoGopka npuypodeHa reoquHaMH4ecK akTuBHas 30Ha
cyOwmrpoTHOro npoctupanus — Jluxobopckas, KOTOpas BbiaeneHa B npenenax 0nHok reo-
MOp(oI0rHyecKoil 061acTu 1 ABASETCS CTPYKTYPOH NOAYUHEHHOTO PaHIra OTHOCHTENbHO
MocKBOpeUKOH 30HbI. [ e0quHaAMHUYECKH AKTHBHbLIE 30HbI XapakTEPU3YHOTCS MOBLILLEHHOH
TPELMHOBATOCTHIO, (PIHOUI0- U ra30NPOHULIAEMOCTBLIO NTOPHBIX MOPO, AHOMANTUSMHU Te0-
(pU3MUECKHX NONEH, B TOM YHCJIe NOBbILIEHHBIMI KOHUEHTPALUUIMU pagoHa.

[1o naHHBIM 3aMepoB, BbiMONHEHHbIX coTpyaHukamu UI™D PAH nHa tepputopuun Mo-
CKBbI, [101€ MPUPOJHOrO paaOHa HEOAHOPOAHO [55]. HekoTopoe noBbIlIeHne NIOTHOCTH
MOTOKa OTMEYAaeTcs kak BAOMb JIMXO0OpCKOW reoauHaMUueckud akKTUBHOW 30HbI, TaK W
COMPANKEHO C TMHeaMeHTHO# 30HOI FOB-C3 npoctupanus, onepstotueit JTuxodopekyto, a
TAKKE [PUYPOUEHO K AonuHe p. MOCKBBI ¥ pady €€ NPUTOKOB. BEpOATHO, 3TO CBA3AHO C M0-
BbILIEHHbIM CONEPIKAHUEM [TIMHUCTbBIX OTIIOKEH U, BbIMOJHAIOWMX APEBHHUE U COBPEMEH-
HbIE 3PO3HOHHBIE BPE3bl, MPUYPOUEHHbIE K 30HAM NOBbILIEHHON TPEWWHOBATOCTH NOPOA.



HOsxHas cyOwupoTHas 30Ha MOBLILLEHHbIX 3HAYEHUI MIOTHOCTH PAL0HA MPOTATHBa-
€TCA OT BEPXOBLERB COBPEMEHHOI p. OUYakoBKM BAOJb A0TUHBI p. YepTaHOBKH 1 ['OpoaHHN.
71 PopMbl penbeda ABNAKTCSA YHACIEA0BAHHBIMU M TPACCUPYIOT NOJOKEHUE NOHOPCKON
UepraHoBCKOl A0aMHBI, KOTOpas pacnonaraercsa Haa KonomeHckoi (pnekcypoit, npo-
CNEXKEHHOI M0 KPOBIIE BEPEMCKOTrO rOPU30OHTA CPEAHET0 KapOOoHa, chOpMUPOBaAHHON HaA
[TaBnoso-ITocaackum rmyOuHHbBIM paznoMomM (pyHaameHTa.

B pesynbTaTte NpoBeAEHHbIX PErHOHANbHbIX HCCEA0BaHNH OblIO YCTAHOBIEHO, 4TO
MoJIe TJIOTHOCTH MAJIbIX JIHHEAMEHTOB UH(POPMATHUBHO MPHU AHAM3€ TEXHOrEHHOMN Ha-
rPY3KH B YCIOBUAX ropoackoii arnoMepauru. [IpoTaKeHHbIe TMHEAMEHTbI MAPKHPYHOT
rpaHuLbl pasnuyHbIX reomopdonoruyeckux odaacTe, TMHeaMeHTHbIe POPMbI COOTBET-
CTBYIOT PUPOAHO-TEXHOTEHHOMY AaHAWAPTY U XapakTePH3Y 0T BHYTPEHHEE CTPOCHHE

MOPPOCTPYKTYP.

BriBoabl

ConocraBfieHue noJisi MAOTHOCTU MalbiX TUHEAMEHTOB, NMHEAMEHTHbIX (OpM K
MPOTAKEHHbIX TMHEAMEHTOB € AaHHBIMU FE0J0r0-re0U3UUECKOr0 KapTUPOBAHUA MOJ-
TBEPKAACT ACNHMOCTb 36MHON KOPbI LEHTpanbHON YacTu BocrouHo-EBponelickoii naar-
¢opmbl. [TpocaexeHHas CBsA3b NAPaMETPOB CTATUCTUUECKUX MOEH MasbIX TMHEAMEHTOB
1 OOKOBOro CTPOEHUS 3€MHOM KOpbI Ha pa3HbIX HEPAPXHUUECKUX YPOBHIX MO3BONUIA
NPOCIEANHTb CTPYKTYPbl Pa3HOTO MOPAAKA U YTOYHUTb NMONOKEHUE UX MPAHHL] HA YPOBHE
noBepxHOCTH MoxopoBuunya 1 KpucTaidauueckoro dbyHaamenta. OTMEHEHO, YTO HA
BLICOKOM ME€PapXU4ECKOM YPOBHE JIOKAIbHbIE MAKCUMYMbI MJIOTHOCTH NPUYPOHEHBI K
Haubonee My»ooKNUM yyacTkam MOBEPXHOCTH MOXOpOBHUMYA.

COBOKYMHOCTB MPOTAKEHHbIX JIMHEAMEHTOB W JIMHEAMEHTHbIX JOPM COOTBETCTBYET
rpaH1Lam aB/lakOreHOB, OCIOKHAOLUHMX MOBEPXHOCTb KPUCTAIIIMYECKOrO (PyHAaMEHTa, M
MexK0I0KOBbIM 30HaM. MHTepripeTalms pesynbTaToB KOMIbHOTEPHOTO ACLIM(pPUPOBAHUS
Hanpas/ieHa Ha AeTanu3au 0 BHYTPEHHENH CTPYKTYPbl pa3spbiBHbIX HAPYLLIEHH.

Ha ocHOBe aHann3a NUHEAMEHTHOIO PUCYHKA U MaparcHe3uca JUHCAMEHTOB U JIM-
HEAMEHTHbIX (POPM Ha PErMOHATIBHOM, ME30- U JIOKAJIbHOM YPOBHSIX OffpeaeNieHbl perno-
HanbHas W IoKajbHas COCTABMAOLINE COBPEMEHHOIO NMOJA HANPsKEHU, BAUSIOLIME HA
CTENEeHb Nre0AMHAMHYECKOH aKTMBHOCTH paccMaTpHBaeMbIiX OOKOB H MEKOIOKOBbIX 30H
paiioHoB pacnonoxkenus ['GO «MuxHeBo» n dnukHell 30HbI nuowaakn HADC.

U3meHeHus po3-auarpaMm, 00yCI0BIEHHbIE aKTUBU3aLUEN IK30M€HHBIX POLECCOB,
crnocoOCTBYHOT AU pepeHuHaun MOpGPOCTPYKTYPHbIX OJOKOB U MEKOMOKOBbBIX 30H Ha
ME30- U JIOKAILHOM YPOBHSAX [0 CTEMEeHH HEOTEKTOHMYECKOH akTUBHOCTH. Ha ocHoBe
CPABHUTEILHOIO aHATU3a CMEHBI OCHOBHbIX HAMPABACHUI PO3-AMarpavMm BAEPBbIC BbleC-
NEHBI «KONbLUEBbIC» 00pa30BaHUA, TAMOTEIOLUME K KITHOYEBbLIM Y4aCTKaM AMCKOPAAHTHOMO
COOTHOLLEHHSA Pa3HOBO3PACTHLIX CTPYKTYPHbIX IJ1AHOB.

AHTPONOreHHas 3allyMJIEHHOCTb, KOTOpas OUEHUBAETCA MPU aBTOMATH3MPOBAHHOM
ACLWU(PPUPOBAHUU MPUPOAHBIX JAHAWAPTOB Kak MomMexa, MOXeT ObITb MPHMEHEHa Ha
MeNIKOMacLlTadHOM YpOBHE, B yC/l0BHAX MOCKOBCKOW ropoaCckoit arnoMepaunu, ans
aHanuza CTEeNeHU TEXHONEHHON Harpy3K1 Ha OKPYKarLLY K Cpeay.



I1aBa 4

FTEOJUHAMUKA CEUCMOTEHHBIX CTPYKTYP
B CEUCMHUYECKHX NOSICAX 1O JAHHBIM
JUCTAHIIMOHHOT O 30HINPOBAHUS

CelcMOaKTUBHbIE perMOHbl — TYHKHMHCKas BETBb baiikanbekoi pu(ToBoii 30Hb1 (bP3)
u Yyiickas BnaaumHa ['opHoro Antas xapakTepu3yroTcs Xopotluei aelnppupyeMoCcTbio
KOCMWUYECKHX CHUMKOB MPH HU3KOH 3alLyMIEHHOCTH H300paKeHH i TEXHOTeHHbIMH 00b-
€KTaMH, a TaKKe BbICOKOH CENCMHUYECKON U reoIorMyeckoi u3ydeHHocTslo. Mecnenosa-
HUE HaNPAXKEHHOro cocTosHUA bP3 npoBeneHo He3aBUCUMbIMYI METOAAMH JINHEAMEHTHO-
ro ¥ CelCMOre0a0ruyecKoro aHaau3oB. XopoLas cX0anMOCTb 0AYUYEHHbIX PE3YIbTAaTOB
CBUAETENLCTBYET 00 HH(DOPMATHBHOCTH aBTOMATU3MPOBAHHOIO TMHEAMEHTHOIO aHain3a
NPpH PEKOHCTPYKLUMUHK Moneil Hanps:keHuid. [1o Mepe anpodaumu nporpaMMHOroO nakera
LESSA meToa koMnbIOTEPHOrO AelinPpUpoOBaHUS MOXKET ObITh PEKOMEHI0BAH /IS MPHU-
MEHEHHs B MEHEE U3YUEHHbIX CEHCMOMEHHbIX PaiiOHaX C HE3HAYUTEIbHOH TEXHONEHHOIH
Harpy3Kou.

4.1. AHA/IM3 HANIPAKEHHOI'0 COCTOSIHHS K0KHOTO (Ppj1aHra
bankaabcKoH pu(pTOBOH 30HbI

Celicmuueckuii npouecc B balkabCkoi pudTOBOM 30HE KOHTPOJIUPYETCS aKTUBHOCTBIO
Bcero aHcam®Giad pazHopaHroBbix pa3ioMos [16]. OcobeHHOCTH JIOKAIbHOTO Nos Hanps-
JKEHWH W ero CBA3b ¢ PErMoHalbHBLIM ONPEAENAIOTCA TEKTOHHUYECKUM PeKUMOM TEPPUTO-
pun. s nOHUMaHUs NpoUeccOB BHYTPUKOHTHHEHTAIbHOIO pudproreHe3a bP3 Hapsaay ¢
TPaAWLMOHHBIMH CEHCMOTe0I0TMYEeCKUMHW JAHHBIMH UCTIOJIL30BAHBI PE3VJILTAThl MpoOBe-
NEHHOTO MHTEPAKTHBHOIO aBTOMATU3HPOBAHHOTO AelIU(pPUPOBaHHUs JIMHEAMEHTHOIl ceTH
TYHKMHCKOH BranHbl, TECHO B3aUMOCBA3aHHON C pa3/IOMHON CeTbIO KKHOMH BeTBH bP3.

4.1.1. Celicmozeonozu4eckas uy4eHHOCMy peUOHA

baiikanbckas pudrosas 3oHa nporarusaercsa Ha 2500 km u3 Cesepo-3anagHoii MoH-
rOJMK HEpe3 ropHblie coopyxeHus rora Boctounoit Cubupu 10 HoxkHol AkyTnu. EanHas



cucTeMa pUPTOBLIX CTPYKTYP BKIKOUAET 03EPHBIE M CYXOA0JIbHbIE MEKIOPHbIE BNAJAHHBI,
pacrnosoKeHHbIe OJ1HA 3a APYTroi UK KYIHCO00pa3HO U MMEHOLLNE MOP(pOIOrHYeCKUE 1
FeHETUYECKHUE Pa3anyuus, YTO NMO3BOJSAET BbIAEAATh B 3TOM pU(TOBOI 30HE LEHTPAIBHYHO
(baiikanbCKy0) 4acThb, a TaK:Ke HOro-3anajHblii U CeBEPO-BOCTOUHBIN (hraHry.

K 00mmnm uepram bP3, cornacHo konuenuuu H.A. @nopeHcoa, oTHeceHbl MOp(do-
AOTUYECKAsk BbIPAKEHHOCTb PU(TOBBIX CTPYKTY P, HHTEHCUBHbIIT HEOTE€H-UETBEPTUUYH bl
BYJIKAHWU3M (HbIHE MOYTH yracLumnii), 3HaUUTENbHbIE reO(PU3HHECKUE AHOMATIUH, BKIHOUAs
MAHTUHHbIE, BbICOKAA CEHCMUYHOCTb W Jpyrue npu3Hakn Hoeliliell TekToHuKH. [1o
npeacraeaenusam JLI1. 3onenwaiina, bP3 sBnasieTcsa ceBepo-3anagHoii rpaHuueii Amyp-
CKOI CYOMIUTbI U OAHOBPEMEHHO BXOJUT B BOCTOUHO-A3MATCKOE «ropsiuee noyie» — 0o-
NacTb NOBbILLEHHOTO TEMIOBOrO MOTOKA, MAHTHIMHBIX AaHOMAIMI1 U MON0A0r0 Da3anbTOBO-
ro Bynkanusma. [oguepkHeM 1BOMCTBEHHbIN NPUHLMI BbIACASHHSA 3THX 30H: AMYypcKas
MJINTA ONPEAEIAETCS M0 ABUKEHUAM BEPXHEH, )KECTKON HacTu JUTOChEpSl, a «ropauece
nosie» — Mo COCTOAHUIO MAHTUHU M TETJIOBOMY MOTOKY. OTCHOAa NPOUCTEKAET BO3MOXK-
HOCTb (popMupoBaHusa bP3 cornacHo ABYM OCHOBHBIM MeXaHu3MaM pud)TUHra — nac-
CUBHOMY MNpPHU PACXOKACHUH MJIUT UK CYONIUT U AKTUBHOMY NMPH NOABEME MAHTHIHbIX
AUANUPOB. DTH PEXKUMbBI CYLLECTBEHHO PA3IHUYALOTCA MO HAMPSIKEHHOMY COCTOSHHIO
3€MHO#I KOPbI U CTUIIIO pa3ioM0o00pa3oBaHud. PazymeeTcs, BO3SMOXKHA U MHTEPPEPeHLUS
ITUX pekuMoB [57, 76, 91].

TyHkuHckas BetBb BP3 orpanuuena ¢ cesepa xpedTom TyHKMHCKWE TONbLbI, C Ora —
Xamap-/labaHoM u npejacTaBiaeHa pacnonoKEeHHbIMU LLWPOTHO OTAEbHbIMH BHYTPEHHH-
MH BIQANUHAMU, pa3e/ICeHHbIMU MEXKBMNAAMHHBIMU nepeMbliukamu (puc. 20). [lepeMbliuku
npopesanbl goauHaMmu p. Mpkyt u p. MUxe-¥YXryHb, 00beAMHAKOLWNMH BCE KOTIOBHUHbI B
OJIHY CUCTEMY.

Kak ans Bcex pudros baiikanbckoii pudyroBoii cuctemsi Uit TYHKHHCKON BeTBH Xa-
paKTepHa JIMHelHas BbITAHYTOCTb HEOTEKTOHHUYECKHUX CTPYKTYP, BCE [TIABHBIE 3JIEMEHThI
KOTOPbIX (pU(TOBbIE J0OIUHbLI, TOPCThI, rpabeHbl, BNaaiuHbl) BblpakeHbl B peibede H
NpUYpOUEHbl K CBOJOBOMY MOJHATHIO Hal acTeHOC(hepHbIM BbICTYNOM. Hanuuue aHo-
MasbHbIX TEMNJ0BbIX NOTOKOB, MMAPOTEPMAlIbHAS ACATE/IbHOCTb H NPOsABASHUs 0aszalib-
TOBOIO BYJKaHH3Ma BMECTe ¢ COBPEMEHHOMH BbICOKOH CECMUYHOCTBIO XapaKTepH3yIoT
npaktuuecky Bce pupTbl bP3. 3eMHas kopa Ha OONbLUIMX yHacTKax BAOIb OCH pU(PTOBOI
30HbI HAXOAWUTCA ceivac WK HaXoAU1ach 3HAYUTENbHYIO YacThb MJIMOUEH-YETBEPTUUHOM
3M0XH B 00CTaHOBKE pacTsxeHusd. Cxarue pacnpocTpaHeHo JIOKaJibHO K 2MHU30AHYECKH.
TynkuHckuil pudT oOnaagaet Bcemu 3TUMHU Npu3Hakamu [16, 44, 76, 84].

CaoeoOpaszue TyHKMHCKO# BETBU NMPUAAIOT HACBILUEHHOCTb MEKYBNaAUHHBIMU NiEpe-
MblUKaMH, a TakKe NMpU3HaKu COBPEMEHHON reoIMHaAMHYECKOH aKTUBHOCTH ¢ OOJIbLINUM,
yem y apyrux pudros BP3, yuactuem ¢aBHMIroB v B30POCOB, 4TO OTpaxkaeTcs B Xapak-
Tepe COBpeMeHHOW celicMuuHoCTH. CucTema BNajauH BbICOKOCEHCMHYHA, OTMEUEHBI
9-0annbHble 3eMAETPACEHUS MO UHCTPYMEHTAIbHbLIM Ha0nwaeHusM U 10-Tn OannbHbie
no naneoceicMOoAUCTOKaUAM.

HedopMauMOHHbIH peKUM Ha MO031HEYEeTBEPTHYHOM 3Tane pa3sBUTHA TYHKHHCKOI]
CHCTEMbI BMaJgWH OMNpeenseTcss HeoAHO3HauHO. BbIBOMbI, CAeaHHbIe MO pe3yfbraram
CTPYKTYPHO-Ie0JIOrM4eCKUX UCCAEA0BaHUM [53 ] (pPEKOHCTPYKLUMSA NOJIei TEKTOHUYECKUX
HanpsYKeHUH Mo JaHHbIM O TPELHMHOBATOCTH), pa3AnuyHbl U CBOAATCA K ABYM Thnam. B
NepBOM cliyuae npeodiagatolum cHuTaeTcs pexum casura co cxaruem C-CB nanpas-
JIEHHUs; BO BTOPOM — Ha Bcex 3Tanax pasButus TynkuHckoil wactu bP3, Bknroyas co-
BpeMeHHbIH, npeobiiagaer kocoe pacTaxkeHue (JomuHupytowas C3 ocb pacTaKEHUs



npu CB ocwu ¢cxkarusd), a aeopma-
LUK CKATUA OTPAXKAKT JHLIb
JIOKaNlbHbIE KPAaTKOBPEMEHHBIE
BapuaLWH HaNpsKEeHHOro Co-
cTosiHHS. [Ipu 3TOM A1 OLEHKH
COBPEMEHHOIO IOJIST HAIPSDKEHU
ucnosb3oBanack MHGopmauus o
(oKanbHbIX MEXaHU3Max 3eM-
NETPACEHUI.

Onpeneneno [53, 59], uto
npeodnagatoum aedopmaiu-
OHHBIM PEXUMOM 3€MHOI KOPBI
Ha MO3JHEYETBEPTHYHOM 3Ta-
Me pa3sBUTHUA ABIAETCS CABUT CO
ckarueM. Jledbopmauuu cxarus
NpUYpPOYEHBI K rpaHuLiaM OJIOKOB
M K CEBEpPHOMY I'OPHOMY oOpam-
JIEHHIO, a e(popMaLlHi pacTsKe-
HUS XapaKTepHbI AJi1 BHYTPEHHHUX
yacTeil BIaguH, OCTAKOLIUXCS B
«TeKTOHHYECKON TEHW» [1PH JIEBO-
CZIBUTOBOM I1€PEMELLEHHH 110 CyO-
UPOTHBLIM pasiomam. [lo ceiic-
MOJIOTHYECKHM JaHHBIM CUCTEMBI
[MIaBHBIX HaIPsXKEeHUH B ouarax
3eMJIeTpACEHUH, JOKalu3ylo-
MXCs BO BMaJMHax, yaille Bce-
ro npelacTaBlIeHbl COYeTaHUsIMH
Onu3ropusoHTanbHoro C3 pacTta-
JKE€HUS ¢ HAKJIOHHBIM WUJIA OJU3-
BEPTUKAJIbHBIM C3KAaTHEM, B TO
BpeMsl KaK Ha rpaHuIax OJ0KOB U
B npezienax XpeOToB JOMUHUPYHOT
ONU3BEPTHKANIBHOE PACTSKEHHE U
onmu3ropusoHTalbHOe CB cxkarne.
B 1ieniom, onpeaensioiyo poib B
HanpsKeHHO-1e(POpMHUPOBAHHOM
COCTOSIHUU 3EMHOIl KOpBI Ucce-
OYeMOTro paiioHa HIparoT CABHIH.

PacueT mapamMeTpoB celcMo-
TEKTOHUYECKUX JedopMalMii
(CTH) (HanpaBIeHHOCTb, WH-
TEHCHUBHOCTH U opMa TeH30pa)
OCYLLECTBIISJICS HA 3TOM y4acT-
K€ PU(PTOBOI 30HBI B KPYTrOBBIX
MEePEKPLIBAOLIUXCS 00NacTaAX
paauycom 80 kM (puc. 21).
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Puc. 20. Cxema pa3ioMHO-0JIOKOBOI'O CTPOEHHS 3eMHOI Kopbl TyHKHHCKOIH BnaauHel bP3 1 ee ropHoro odpamieHus.
1, 2 — pa3nomel 10CTOBEPHLIE () U npeanonaraeMsele (0): 1 — pernonansheie, 2 — nOKaNLHLIC; 3 — COpOCHI (a), cBury (0), B30pOCH! (B); 4 — MONOKECHUE 30HLI

; 5 — HampaBJIeHHE U YION MaJeHus pa3ioma; 6 — BaauHel (a) U BeIX0AH (pyHaaMeHTa (0) [91]

COBHIOBOH JECTPYKLIHHA
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Puc. 21. Crepeorpammel cpeaHero okaabHOro Mexanusma (Bua M HanpaeaeHHocTs CTII) roro-

3anajanoro ¢aaHra bP3 B npoekuun BepxHeit noaycdeps [59] (cTpenkamMu nokazaHa HanpaBJieH-

HOCTb Mpeodaaaarlero pexuMa ceicMo-TEKTOHHYECKOTo Ae(OpPMHUPOBAHHA PETMOHAIBLHOTO M

JIOKaJILHOTO YpoBHEeH; N — KonmMuecTBO OKaJIbHBIX MEXAaHH3MOB, K — Mepa cXo/cTBa HHAWBHIY -
AJBHOTO M CPEAHErO MEXAHU3MORB)

MolHOCTh ceiicMOreHHOro ¢lios MpUHUManach paBHoii 20 kM. Pe3ybrarsl mokasam,
YTO BOCTOUHOE okOHYaHHe TyHKHHCKOM cucTeMbl BraauH U paiioH FHOxHoro Baiikana
HAXOJATCS B PEIKUME CEBEPO-3aNaqHOrO CyOrOPU30HTAIBLHOIO YAJMHEHUS CO CABUIOM,
3anaaHee TyHkH mpeo0iaaatoT ¢ABUIOBbIE AehopMaLid U YCUIWBAETCA PO/ib CEBEPO-
BOCTOUYHOIO ¢katusi. B pailoHe OCTaIbHBIX BNIaAWH JOMHUHMPYET Aedopmauus cyOoropm-
30HTAJILHOTO YKOpOUeHUs co ¢aBuroM. KOrkHee 03. XyOcyryn B paiioHe ¢ TOHWKEHHOM
CeliCMUYECKOI aKTUBHOCTBIO NpeodnanaeT aeopMaLrs yKOPOUEHHS.

Takum oOpasom, B pesysbrare pacueta CTI oTueTanBo Oblna 00603HaueHa obnacTe
nepexosia ot CTpPYKTYp pactsokeHust bP3 k cTpykTypam permoHaibHOro coxkatuss MoHro-
MK 1 MOKA3aHO, YTO 0o01Ias TeHACHLMS PEXKUMA CEHCMOTEKTOHUYECKOTO Aedopmupo-
BAHUS ITOrO PaiioHa CBOAUTCA K CABUTY C YCTOHYUBBIM CYOrOpU30HTAIbHBIM CEBEPO-
BOCTOYHBLIM CHKATHEM.

Hannele GPS reoge3ud noOATBEpsK1al0T HAJIMYKME WHTEHCUBHBIX ABWXKEHUH [75] H
3HAYUTENIbHOE pa3linyue BEKTOPOB cKopocTeil nepeMeleHnii Cudupekoi minargopmel 1
bP3, 4To cBA3aHO C MPOXOAKAEHUEM 3/1€Ch IPaHUIlbl CYOrTUT (AMypckol n CuOHpCKoii).



BeprukanbHble ABUKEHUS W3ydanuck 3aeck B 1980-e roabl MeTOA0M MOBTOPHOIO HUBE-
JUPOBAHMS W TakKe Oblla OTMEUEHA UX 3HAYMTENbHAs HHTEHCUBHOCTD HA 0T0-3anagHOM
(bnanre 30HbI (16 mm/TON).

OnpeneneHHas ynopsa104eHHOCTb 00LLENO CTPYKTYPHOTo iiaHa bP3, no Bceit BeposT-
HOCTU, OOBSCHASTCS CYLLUECTBEHHBIM BIUSHUEM PA3/I0OMHOI TEKTOHUKH, UMEKOLIEH pas-
HOMacLITaOHbIe YPOBHHU U pa3nyHblil Bo3pacT 3anokenus [91]. Kpynueiitme pasnomMubie
30HbI (MYOWHHbBIE Pa3a0Mbl) OrpaHUUKUBAIOT Ps OIOKOB, B COBOKYMHOCTH ONPEAENNOLLUX
MaBHbIE 0COOEHHOCTH re0JIOMMUYECKOro CTPOSHMSA KOXKHOM YacTu BocTouHoit Cubupu.

BHyTpeHHsis cTpyKTypa O10KOB OC/IOKHEHA MHOTOUMCIIEHHBIMHM Pa3ioMaMi peruo-
HAJILHOTO W JIOKalbHOTrO ypoBHEH. PasnomMbl pudyToBO# 30HBI UMEKOT B OCHOBHOM CB Ha-
npasaeHue (45-60°), pexe C3 (310-320°), npr 3TOM Cpeau NMOCAEAHHUX YACTb OTHOCHUTCH
K KATErOPHU CKPBITLIX HAPYLUEHHWH, 4acTb NPOSBIsSETCs (pparMeHTapHo.

PudroBeie BnaauHbl OrpaHu4eHbl peruoHanbHeiMU paznomamiu (Ipumopckuii, TyH-
KUHCKHH U Ap.), UX aKTUBHOCTbL Haubonee ApKO BbipakeHa B KaliHO30€ (MHOraa B ro-
JoueHe). B G0NbLIMHCTBE CyyaeB OHKM MPOABIAKOTCA B BUAE COPOCOBLIX UK cOpOCO-
CABUTIOBbIX cMeleHui. CBUroBasi KOMIMOHEHTa HandosIee YETKO NMPOSBIAECTCS B KOH-
Tponupyrowux Bnaaunel pasnomax 03 u CB ¢uanros bP3. CyOwmnpoTHbie casurn B
npejaesiax BnainH JeBOCTOPOHHUE, CyOMEpUAHOHANIbHbBIE — MPABOCTOPOHHMUE.

Pa3niombl, KOHTPOIUPYHOLLHE CENCMHYECKHI MPOLECC, UMEKOT pas/iuyHblit BO3pacT 3a-
NOKEHUS, AaKTUBH3ALUMMU U XapaKTEPHU3YKOTCS COBPEMEHHON MHTEHCHBHOCTBH JIBUKEHHIA.
Ha ceiicmuueckue coObITHS BAUSIIOT MHOTHE NapameTpbl pa3/ioMOB (AJIMHA, KHHEMAaTUKA
W aMIINTYIa CMELEHUH 1 T.A.), KOTOPbIE, OHAKO, HE MOTYT UIPaTh ONpEaCAfOeH ponu
B CEHCMUYECKOM MPOLIECCE B LIETOM.

JIns NOMCKOB 3aKOHOMEPHOCTEN CTPYKTYPHOI OpraH13alin CEHCMHUYECKOro npouecca
B CeHCMHYECKUX 10Scax UCIOMb30BaHbl NMPEACTaBlIeHUs O AeCTPYKTHBHbIX 30HaX JIMHTO-
c(epbl, HHTErPUPYIOLLKHX PA3HOPAHTOBbIE PA3JIOMbI, XapakTepusyloluecs pasHooOpas-
HbIMW MPU3HAKAMU COBPEMEHHON akTUBHOCTH [3, 91]. JlecTpyKTUBHbIE 30HbI JIMTOC(hEPHI
(puc. 21, 22) aBnsAtorcsa 0ofiee BLICOKHUM TaKCOHOM HepapXUyeCKol CTPYKTYPbI pa3ioMOB
aurocdepbl N0 OTHOLUCHHIO K €€ reHepanbHbIM (yOUHHBIM) W APYI'HM PasHOBHAHOCTAM
pa3pbiBOB.

B npeaenax aecTpyKTUBHOI 30HbI CEMCMUYECKHUI NTPOLIECC NPOTEKAET HEPABHOMEPHO
B MMPOCTPAHCTBE U BO BpeMeHu. [lepuoanyeckas (MassTHHKOBas ) MMIpalus o4yaroB CHJib-
HbIX CeCMUYECKUX COOBITHIH XOPOLWO (PUKCUPYETCs BAO/b OCH ACCTPYKTHBHON 30HbI.
[Tpeobnapatolee konmyecTBo donee cabblX COOBITUH KOHLUEHTpUpYETCs B 00nacTiax
JAMHAMUYECKOMO BIUAHUSA Pa3HOPAHIOBbIX pa3ioMOB. [Tpy 3TOM MHOTMOUMCIIEHHBIE pa3HO-
paHroBbie rpyniibl NreoJJOrHUeCcKH 3aKapTUPOBAHHBIX pa3pbIBOB OCTAKOTCA aceHCMUUHBIMY
B rpaHMLiax 0HOH celicMUueckoit 06nacTH.

4.1.2. Pesyromamost KoOMRbIOMEPHO20 Oeuiupuposanua
MO3AUKU KOCMOCHUMKO8 PezUoHd

Jns TyHkuHCKoH BeTBU pUQTa OblN BbINMOIHEH aBTOMATH3WPOBAHHbIH THHEAMEHTHbII
aHaIM3 MO3auKH KOCMOCHUMKOB o TexHoiornu LESSA. TexHorenHoe 3alllyMIICHHE U5
3TOrO perMoHa BapbUPYET OT YMEPEHHOIO 10 He3HAUUTEIbHOrO. [TposBieHe pa3pbiBHBIX
Aedopmannii Ha KOCMHUECKHX CHUMKaX 0ObACHAETCS TEM, UTO MPOLECChl, MPOMCXOAsLLIHE
Ha pa3HbIX MYOUHHBIX YPOBHAX JUTOC]EpLI, BO3AEHCTBYIOT Ha BblLUE/EKaLLHE C/IOM,



nepeaasas TEMIOBOM, (IHOHIHO-Ta30BbIH MTOTOKM U MEXaHUYECKUE AedopMaLuu, npeao-
npeaenss 0COOEHHOCTH reoNorHu4eCKoro CTPOSHUs 0CaA0YHbIX 1IOpoA U NaHawadTa.

CuuTaercs, 4To B peibede NTUHEaMEHTbl BbIPAKAOTCA 3aKOHOMEPHO OPUEHTHPO-
BaAHHBIMH 30HAaMU, 00pa30BaHHBIMH MPAMOIMHEHHBIMH IPAHULAMH FOPHBIX XpeOTOB U
Kpsizkell, 0eperoB 03ep U KpyIHbIX OONOT, CIPAMJICHHBIMU YYACTKAMU PEUHBIX U JIEAHH-
KOBBIX AOIMH, LUEMOYKaMH MPOCAA0K Pa3NM4yHOro reHesuca u Ap. B BbICOKOAKTHBHOM
Baiikanbckoit pudToBO# 30HE OOMBLIMHCTBO JHHEAMEHTOB TEKTOHHYECKHU Npeaonpee-
JIEHO KaK B Mpejenax 0cal0uHOro 4ex/a BnajuH, TaKk U B BBIXOAAX KOHCOJUWAMPOBAHHOTO
dyHpameHTa B OopTax pu(h)TOBLIX BIAAWH.

HIkana mioTHOCTH MaILIX JIHHEAMEHTORB

max min

Puc. 22. CxeMbl aBTOMAaTU3UPOBAHHOTO AeMIU(PUPOBAHUS TIPOTAKEHHBIX JIMHEAMEHTOB U JINHHH
BBITAHYTOCTH pO3-AMarpamMm (a) v MJI0THOCTH MasbIX inHeamMeHTOB (0) TyHkuHckoilt BnaauHbl bP3
CYOLIMPOTHOrO Mpoctupanna TyHKHMHCKON BraguHbl bP3.

1 — ryOUHHBIE Pa31OMBI; 2 — MPOTSHKEHHBIE TMHEAMEHTBI; 3 — THHHH BBITSHYTOCTH PO3-IHarpamm (-
HeaMEHTHBIC opmBbl): 4 — TUHHK, OPTOrOHAILHEIE TIMHUAM BBITAHYTOCTH; 5 — CBOJHAA JJIS TEPPUTOPHH
MCCAeI0BAHUS po3a-auarpaMma; 6 — BHYTPEHHME BNAAMHBL, 7 — 3MHLEHTPbI CUIBHBIX 3eMIIETPACEH U



Ha pucynke 22a nokasaHbl pe3y/bTaTbl aBBTOMATU3UPOBAHHOIO ACLIM(PUPOBAHNS HAK-
OoJiee BBIPAKEHHBIX JIMHEAMEHTOB. BuaHO npeobnaganue npoTSKEHHbIX TMHEAMEHTOB
CYOLUIMPOTHOrO MPOCTUPAHHUS, BXOAALLMX B CABUIOBYIO 30HY AECTPYKLMH, YCTAHOBJIEH-
HYI NeOJIOTHYECKUMHU U celicMoornyeckumu merogamu [91]. Xopowas aewmdpu-
PYEMOCTb MPOTSKEHHBIX TUHEAMEHTOB, MAPKUPYIOLIUX OCHOBHBIE HAIpaB/eHUs pUQ-
TOT€HHBIX PA3JIOMOB, CBA3dHA C UX PACKPBITOCTBIO U MPOPAOOTAHHOCTBIO OCHOBHBIMHU
3PO3UOHHBIMH (POPMAMHU.

Ha 31oii ke cxeme nokasaHa CBOJAHAs VISl TEPPUTOPUH UCCIIE0BAHUS po3a-auarpamMmma
MPOTSKEHHBIX JIMHEAMEHTOB, BbIJICIIEHHBIX MPU ABTOMATU3UPOBAHHOM ACLIU(DPUPOBAHN.
Buzaen camblii O0NbLIONH 1y4, NPEACTABISAIOLINI CHCTEMY JIMHEAMEHTOB CYOLUHMPOTHOM
30HbI AECTPYKLIHUHU (KOHTUHEHTANBbHOIO «TpaHchOpMHOro» paznoma). Bropoii no Bennuu-
HE JIVU BBITSHYT B HANpaBJieHUd MAKCHMAJIbHBIX CKMMAKOLUX YCUIW (TO €CTh TPELLUH-
Hbl€ 30HBI B YCIIOBUAX pacTsokeHus). TpeTui J1yd, BEPOATHO, NMPEACTABIIAET CONMPAKEH-
HYIO CUCTEMY CKOJOB. Takas nHTeprpeTalns CBOJAHON pO3bl-AMarpaMMbl, OTpaskaroLuas
OCHOBHbI€ HAlpaB/I€HUSA OCEH HaANpPAKEHUH, HAXOAUTCSA B XOPOIIEM COOTBETCTBUM C
TekToHO(H3nYeckoii moaensio GopmupoBanus bP3, pazpaborannoii A. lllemenpoii Ha
OCHOBE 3KCIIEPUMEHTOB ¢ MOAEJIbBHBIMH MaTepraiamu (puc. 23).

Ha pucyHke 220 nokasassl Te ke MpOTKEHHbIE IMHeaMeHThl Ha (poHe aBToMaTHye-
CKH TMOJIYYEHHOM! KapThl INIOTHOCTU MAJIbIX IMHEAMEHTOB CYOILUUPOTHOIO MPOCTUPAHMA.
Bri00p noss NI0THOCTH MalbIX THHEAMEHTOB CYOLIMPOTHOTO HanpaBIeHus 00y CIOBIEH
perioHaJbHBIM paclpelelleHHeM CHJI, KOHTPOIUpYOmUX GOpMHpOBaHUE PUPTOBBIX
cTpyKTYp. [IpociexeHo TAroTeHue SNULEHTPOB 3eMIIETPACEHUH K CTyILEHHI0 MaKCH-
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Puc. 23. PacnonoxkeHue CTPYKTYp IepBOro nopsaka U ceiicMuuHocts bP3. Ha Bpeske — Teo-
peTHYECKass CXeMa IMABHLIX ASCTPYKTHBHBIX 30H U HX KHHEMAaTHKa, OTpe30K AB cooTBeTCTBYET
TyHKHHCKOH 30HE AecTpyKUuu, no [111]



MYMOB IUIOTHOCTH JIMHEAMEHTOB 3TOr0 HamnpasieHus. B 3anaanoit yactn TyHKHHCKOTO
prdTa BIAHA HACBILEHHOCTH IMHEAMEHTAMK MEKBMAAUHHBIX TIEPEMbIYEK.

Ha pricyHke 24 npeacTasiieHa MHTEPNPETALMS 3JEMEHTOB HAMPSIKEHHOIO COCTOSIHUSA
MO reONOrnYeCKUM AaHHbIM, MpoBeaeHHas B MIHcTuTyTe 3emHOi kopbl CHOMpCKOro OTAe-
nenust Poccuiickoli akanemun Hayk (Mpkyrck) no metony ['yiuenko [23, 24]. Ha pucyHke
25 upeHTUdUKALNS CTPYKTYPHO-reonorndeckux ycaoeuii TyHknHckol BnaguHel BP3 BeI-
NOJIHEHA Ha OCHOBE aBTOMATU3MPOBAHHOTrO AclunpprupoBanus (TexHonorus LESSA). [1pu
aHanM3€e 3HAYMMBbIX YAJIMHEHHH pO3-AuarpaMM MaibiX JTUHEAMEHTOB BBIAENEHBI THHUU
BBITSIHYTOCTH (JINHEAMEHTHbIE (POPMBI) U OPTOrOHAbHBIE K HUM HanpasieHns. Jluauu
BBITSHY TOCTH PO3-AHarpaMM COOTBETCTBYHOT HAIIPABIEHHIO OCEH CxKaTHsA, OPTOrOHANBbHbIE
MM HalpaBlneHus COBNAAAOT C TOPU3OHTAIIbHBIMH OCSIMH PACTAKEHHS.
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Puc. 24. TpaeKTOpHH IJTaBHBIX HOPMATBHBIX HATIPSUKEHHH PacTKEHUA M CKaTHA Ha CXeME paslioOMHO-
OMoOKOBOro CTpoeHus 3eMHOI Kopbl Ty HKMHCKOH Bniamuuel bP3 [91].

1, 2 — HopMmalbHBIE HaNpsAkeHUA: 1 — pacTamkeHus, 2 — ¢xkaTud: 3 — pas3iaoMsl, 4 — BIaAWHBI (4) U BbI-
xo/el pynaamenra (0)

0 10 20 30xm

Puc. 25. Cxema nuneameHTHBIX GopMm Tynkunckoi Bnaniae BP3.
YcrnoBHble 0003HAYEHHS CM. PHC. 22



BuaHo, uTo HanpasneHus: TPAeKTOPUI PACTSKEHNUS, MOJYUYEHHBIE Pa3IMYHbIMU METO-
AaMH NMHEAMEHTHOIO aHaiu3a (cM. puc. 22 1 25), oueHb ONK3KH MEXKAY Co00il 1 Haxo-
ASATCA B COOTBETCTBUHU € NpeodnafatoLiim HanpaBieHHEeM TEKTOHUYECKHUX aedopmaLnii,
ONpeAENEHHbIM MO CEHCMONIOrHYECKUM AaHHbIM (CM. puc. 21 u 24).

Jnst KOHTPOJST pe3yNbTaToB UCCIEA0BAHIIA MOCTPOEHHE PO3-AUarpaMM MPoOBOAHIOCH
C UCMONb30BAHUEM «OKOH» pasHOro ocpeaHeHus — B 64, 128 u 192 nukceneii. I'lpu pas-
JUYHBbIX NapaMeTpax «OKOH» TEKTOHO(U3UYEeCKas KapThuHa Oblna OAUHAKOBOIA.

[ToaTBepIKAEHO MPEANONOKEHHE O CABUTOBON AECTPYKUHUU KAK OCHOBHOM MEXaHU3ME
PasiOMHOTO CTPYKTYpooOpa3oBaHus Ha yKHOM ¢nanre bP3 u noaunHeHHOM, BEpOAT-
HO, HEyCTOMYHUBOM BO BPEMEHU PEIKUME CHKATUA-PACTAKEHUA. DNU30Abl PACTAKEHUA
CONPOBOXKAATUCH BYJKAHU3MOM, a CokaThs — (popMUpoBaHKieM B30pOCOB B 0OpamiIeHUH
TyHkuHCKOlN BnaauHbl. JipeBHUN CTPYKTYPHBIN NnaH TEPPUTOPUM Urpan MacCHUBHYIO
po/b B KaAlHO30MCKOE BpeMst ¢ HaCTHYHOM peakTHBaLMENd Pa3iOMOB B MOJE€ HANPHKEHUH
Ha rpaHyiue Cubupckoi u Amypckoit cydonnur.

ConocTaBieHUe pe3ynbTaroB, MONYHEHHbIX HE3ABUCUMbIMU METOAAMU (HA3eMHbIE
HaOMOACHUSA U U3MEPEHUA TPELIMHOBATOCTH, CEHCMONOrM4eCcKue HabmoaeHusl, aBTo-
MATH3UPOBAHHbLINH THHEAMEHTHbIN aHAIN3 KOCMUYECKHX CHUMKOB, TEKTOHO(PH3UUYECKOE
MOAENHMPOBAHKE), MOKA3bIBACT HX XOPOLUYHO COMMAaCOBAHHOCTb U, COOTBETCTBEHHO, MpH-
MEHUMOCTb aBTOMATU3UPOBAHHOTO TMHEAMEHTHOTO aHan13a fnpu UCCAE0BAHUAX HaMpsi-
)KEHHOTO COCTOSHUSA HEOTEKTOHUYECKU aKTUBHBIX PErHOHOB U BEpU(MKALIMKU FEOANHAMMU-
yecknx moaeneil. TexHonorust LESSA mokeT ObITh HCMONb30BaHA Kak MpeaBapHTebHbIi
ObICTpbIil METOA aHaNK3a HANPAKEHHOTO COCTOSIHUS YHACTKOB 3€MHOM KOpBbI.

4.2. UccneaoBaHue CEHCMOreHHbIX CTPYKTYP
I'opHoro Anras

AHau3 akTHBHOCTU CENCMOreHEpUpYIOLLNUX CTPYKTYp AnTaiickoro (Hyickoro) sem-
NETPACEHUS 3aKTHOHANICS B COBMECTHOM M3YHYEHHUHU MPOCTPAHCTBEHHOMO pacnpeaeneHus
CKOPOCTHbIX HEOAHOPOAHOCTEl HA rnyOUHE, MONYUYEHHbBIX METOAOM CEHCMUYECKON TOMO-
rpaduu [71, 73, 74] n penbedoodpasyrownx TeKTOHHYECKUX aedopmanuii, onpeneneH-
HbIX MO JAaHHBIM reOMOP(OJOrHHECKOTO aHanu3a U pe3yasTaram 00padoTku KOCMHUYe-
CKUX CHUMKOB. [1pu uccneaoBannu 30461 AnTtaiickoro (HyHckoro) semnetpsaceHns Oblnu
BBIACNEHBI CEMCMOrEHHBIE CTPYKTYPbl, HA KOTOPbLIX MOC/E OCHOBHOIO 3eMIIETPACEHU
COXPaHUJIUCh AOCTATOUHO BbICOKHE OCTATOYHbIE HANPSKEHUA, MOATBEPIKAECHHbIE aHO-
MasIbHO BBICOKOI apTEPLIOKOBON aKTUBHOCTLIO.

4.2.1. CeticMomeKmMOHUKA 0442060 30HbI
Hyuckozo 3emaempacenus

OnuueHTpanbHas 3oHa Yyiickoro zemnerpsacerus (27.09.03), conpoBoxaasiuerocs
MHOTOYMCIEHHbIMU adTepLIOKaMU, paCcnoNokKeHa B KKHOI yactu Pycckoro Antas, B
paiioHe couneHeHus MopdocTpyKkTypHbiX 010k0B CeBepo-Yyiickoro xpedTa, HYyiickoii 1
Kypaiickoli MEXrOpHBIX BMaauH U pasaensatolero ux Yarad-Y3yHCKOro npunoaHaToro
onoka. [pouecc NOAroTOBKY KpYMHOTO CEHCMUYECKOTO COOBITUS SBSETCS PE3YJIbTATOM
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Puc. 26. CxeMa TeppUTOPHH MCCIEAOBAHUM C 3MTMLEHTpamMu adTepokos [25].

1-3 — oyaru semaerpsaceHuid: 1 — 27.09.2013 11:33:24.08 M 7.3; 2 —27.09.2013 18:52:51.07 M 6.7,
3—01.10.2013 01:03:25.40 M 7.0

nBUKeHUs B o0nactu ropaszao 6osee oOLIMPHOM, YeM 30HA Ovara, mpuYeM camMo SBIIeHHE
HEYCTOHYUBOCTH TpOsBIseTcs JokaabHO [17, 66]. [IoaTtoMy ObL1a paccMOTpeHa TeppH-
Topus Anrae-CassHCKOMH ckinaayaroil odsactu (puc. 26).

DTO ropHas cucrema Inajeo30iCcKoro Bo3pacrta, NeHelJIeHU3MpoBaHHasA B N03QHEM
Me3030e — paHHeM KaifHo30e, npeBpalleHa HeoreH-4eTBEpPTUUHLIMI AedopMalusaMy B
CIIOKHO MTOCTPOEHHYI0 FOpHYIO 0051acTh ¢ BBICOKOH AuddepeHunaneii MOpPOCTPYKTYp
110 TeMIaM U aMIUTUTYIaM. 3Ta ropHas 0bJacTb c(hopMUpPOBATIACH B pe3yJIbTATe peaKIUH
najae030MCKOM KOHTHHEHTAJIbHOM JIuTOC(Eephl Ha JaB/ieHue MHI0CTaHCKOro 1oKeMOpuii-
CKOI0 KparoHa Ipu ero konnusuu ¢ Espasueii [65].

JIutocdepa koMreHCHpyeT cOMMKeHHe TUUT obpa3oBaHHeM 30H JIOKaJIM3aluH IJ1a-
CTHYECKUX AehopMaluii U CIBUFOBOIO CKOTBKEHHS, COMTPOBOKAAOLMXCS YTONIIEHHUEM
KOHTUHEHTAILHON KOpbl. OCHOBHBIMH CTPYKTYpaMi KalHO30MCKOH TEKTOHUKH SIBIISIFOTCS]
ONOKH M pa3oMbl, KOTOpbIE UX pa3aenstoT. COBpEMEHHBII penbed) 3€MHOI NOBEPXHOCTH
B 3HAYNUTEIbHO cTeneHn chopMUpPOBANCA 3a CHET HEOTEKTOHMYECKUX NPOLIECCOB, SHAO-
reHHas COCTaBIAIOLIAS IBHO NMpeodsiaiaeT Hal IK30TeHHOM, U 00€ OHM TECHO CBSI3aHbI C
CEHCMUYHOCTBHO.

AMINUTYAbl MOAHATUNA JTOHEOr€HOBOH MOBEPXHOCTH BbIPABHUBAHUS 3a HEOrEH-
YeTBEPTHUUHOE BpeMs BO BnaauHax cocTabasitoT 1000-1500 m. Yaran-Y3yHckuit 6nok



B FO-KO3 uacTtu noausat Ha 1500-2000 m, a Ha ocTanbHOl TeppuTopuu — Ha 2000-2500
M, TO €CTb CYLLECTBYeT HakjIOH Onoka Ha HO-KO3. BbicTpblii pOCT rOpHbIX COOPYIKEHHUI
AnTast NpOAOMKAETCS B FOJIOLEHE U COMPOBOMKAAETCA BbICOKOKM CEHCMUYHOCTBIO. Ouaru
3EMJISTPSICEHUH UMEIOT TEHACHLIMIO FPYNMUPOBATLCS B/10Jb aKTUBHBIX Pa3jioMOB, pa3-
JASASIOLMX HEOTEKTOHWHYECKUE OIOKU ¢ pa3MYHbIMUA Temnamu ABMKeHUH. BbopToBbie
pa3jioMbl BNAJAWH U MCKBNAJUHHBIE NMEPEMbIYKHU XaPAKTEPU3YIOTCS HAUOONEE BbICOKOH
celcMUUHOCTBIO. TloaaBnstollee KONMYECTBO 3eMIETPSCEHMI peruoHa, skirovas Yyii-
CKOE, MPUYPOUYEHbI K MEKONOKOBBIM pa3pbiBHbIM 30HaM.

MopdocTpyktypHas auddepeHuuaumus ropHoil 001acTu NPOrpecCUBHO HAPACTALT
W BbIPAKAETCA B pesibe(pe coueTaHueM XpeOTOB U BNAHUH, NPUYEM PA3BUTHE 30H JIOKa-
JW3auMK nuacTuyeckux aedopmaluii NPOrpeccMBHO COKPALLAET MIIOLAAH MEKTOPHbIX
BNAJAWH, Pa3pyLuasl UX KPaeBble YaCTU. DTHU NMPOLIECChl HADTHOIAOTCS B OKPAUHHbBIX YacTsIX
Kypaiickoii u Hyiickoil BnaauH.

CeiicMoreHHas 00CTaHOBKA perMoHa 00YCO0BIEHA COUeTAHUEM PA3NOMOB Pa3sAUUHbIX
mMopdokuHeMaTHueckux THNoB. CelcMOaKTUBHbIN pa3nom, pazaenstowuii Kypalickyro
BnaauHy 1 Cerepo-Yyiickuii xpebeT, npuypodeH k nogHoxkbo Ceepo-Yyiickoro xpedTa
¢ NA0CKOCTHIO naaenus Ha HO3. Oukcupyemas reoMopdonoruueckumMu 1 reoioru4ecKku-
MU METOAAaMU CUCTEeMa HauboJIee NMPOTAKEHHBIX AKTUBHBIX Pa3iOMOB UMEET MJIAHOBbII
PUCYHOK, CBUAETE/bCTBY HOLLMIA O NMPEUMY LIECTBEHHO CABUIOBOM XAPAKTEPE AUCIOKALMN,
[1pn onpeaeneHnu KMHEMATUKU o4aroBoro pasnoma Yyiickoro semnerpacerus C3-KOB
MPOCTUPAHUsS MO TUMY MEXaAHU3MOB O4aroB 0onee nNoNOBUHbI COOLITUI B 30HE aKTUBH3A-
LU OCHOBHOIO CEHCMOreHHOro pasnoma pailoHa Uy nckoro 3emneTpsiceHus COCTaBJAKT
caBuru (52% ot obuero yucna codbiTuii), 35% npuxoantes Ha B3Opocsl, 13% — Ha
cOpocbl. Cpeau caBUros npeobiagatoT MpPaBoCTOPOHHUE.

Ha koHuax pa3/iOMHOM 30HbI H B OlEPAIOLLMX IMaBHbIN pas/ioOM CTPYKTypax Mnpociexe-
HO U3MEHeHHe Buaa oKanbHbIX MEXaHU3MOB, MPeACTaBJeHHbLIX B30pocamMu 1 B30Opoco-
CABUraMu, pexxe cOpoCco-caBUraMu, pa3BMBaOLLMMUCS OJIHOBPEMEHHO C MJaCTUYECKUMHU
nedopmaunamu [ 16, 25, 26].

[1pu onpenenennyd KMHEMATUKH 04aroBoro pasioma Yyiickoro semnerpsacenus C3-
FOB npocTupaHus no TUNy MexaHu3MoB o4aros 0oJiee NMoJIOBUHbI COOLITHI B 30HE aKTH-
BM3allMM OCHOBHOIO CEHCMOIeHHOT0 pasyioMa paiioHa Yyickoro seMieTpsaceHus cocTas-
0T caBUrH (52% ot oblero ynucna coobiThil), 35% npuxoaurcsa Ha B3Opocsl, 13% — Ha
copocbl. Cpeau ci1BuroB npeodaagatoT rnpaBoctopoHuue [16, 25].

Ouar Yyiickoro 3emnerpsaceHust MarHuTyaoi 7.3, 3aperucTpupoBaHHoOro 27 ceHTa0ps
2003 r. B 11:33, nokanu3oBaH B npeaenax CelCMOaAKTUBHOINO pa3fioMa, NpuypouyeHHOro
K 30He cousieHeHusd CeBepo-Hyiickoro xpedra ¢ YaraH-Y3yHCKHUM OJIOKOM (CM. pHC. 26).
Obnacth a@TepIOKOBOM aKTUBHOCTH pacnpoCcTpaHeHa NpeuMyLIeCTBEHHO BIO/Ib pas-
JI0Ma, NMPUYPOYEHHOTO K KKHOM KpaeBoi yactu Kypaiickoil BnaguHbl, ONEPSAIOLIUM U
COMPOBOXKIAIOUUM €0 AU3bIOHKTUBHBIM JeopMaLlusiM U MJIMKATUBHLIM CTPYKTYpaMm.

J1Ba HauOonee 3HauuMbIX adrepluoka, npousoweawue 27 ceHtadpsa 2003 r. B 18:52
MarHuTyaon 6.7 u 1 okrsiops 2003 1. B 01:03 marnutyaoii 7.0, pacnojioxeHbl B npeaenax
OCHOBHOIO ceiicMoakTUBHOTO pazfioma. KuHemaTuka paccMarpuBaeMoro pasjioma, ycra-
HOBJIGHHAas 110 MeXaHU3MaM O4aroB U NapareHe3ucy CTPYKTYP, ONPEAEAeTCs KaK Npasbiii
CABUI B LEHTpA/ILHOI YacTl, NpuypoueHHO Kk Kypaiickoii BnaauHe, U Kak B30poCco-cABUr
B NNEPUKIIMHAIbHBIX YACTAX Pa3iOMHOM 30HBI.

Kypaiickuii paznoM orpaHuyuBaeT ¢ ceBepa YyicKyo BNaguHy U NpocneKnBaeTcs
B/IONIb 0NWHbI peknd Yya u npearopbsam Kypaiickoro xpedra. ['panuua mexay Kypaii-



ckuM XpeOtom u Hyiickoli BnaiMHOI npeacTapieHa cepueii cydnapanienbHbix B30poco-
CIOBHUIOBBIX Pa3JTOMOB, MO KOTOPBLIM MPOMCXOAUT HaaBuranue Kypalickoro xpebrta Ha
Yyiickyro BnaguHy (puc. 26) [65].

Yaran-Y3yHckuii paznom tpaccupyetces Baoib KO3-CB rpanunbl Uyiickoit BnaauHbl v
Yarax-Y3yHCKkoro 0,10ka, KOTOPbIid UCTIBITBIBAT BOCXOISINE IBUKEHUS, HAUMHAS C TIO3/1-
HEro KaHo30s. B yCcnoBUsIX pernoOHaNIbHOrO MOJs HANPSKEHWS, XapaKTePU3YOLLErocs
cxatvem B CB-HO3 HanpasieHuu co ¢caBuroM [74], Yaran-Y3yHckuii 610K B HACTOALLEE
BpeMsl, BEPOSITHO, UCIbITLIBAET MOBOPOT NPOTUB 4acoBOi cTpenku [14]. B cpeanem Tte-
yeHnu pexu Yys B Kypaiickoil Bnaaune u B 3anaanoii yactu Yylckoil BaauHbl HaIMUKE
MHOTOYUCJICHHBIX NMaNneoCenCcMOAMCIOKALMI CBUAETENbCTBYET O CEHCMUYECKONH aKTHB-
HOCTH TEPPUTOPHUM B FEOJIOrHYECKOM npoLiom [65, 70, 71].

CeiicMuueckas aKkTUBHOCTb, OCOO€HHOCTH CTPOEHHS M JIOKAJIM3aLUs TMIIOUEHTPOB
3eMIIETPSICEHUI OnpeaesitoTCs NYOMHHBIMHA IIPOLECCaMU, ITPOUCXOASAILMMHA B [Ipe/esax
3eMHO#1 KOpbl. JlaHHBIE celicMMYecKoil ToMorpadgpui UCIOAb30BaHbl 4715 MOCTPOEHUA
CKOPOCTHO CTPYKTYpPbI peruoHa Ha riyOouHy oosee 25 kM 10 karacTpoduueckoro Yyii-
cKoro 3emierpsaceHus (aBryct—okraopsb 2002 r., suBaps—Mapt 2003 1) u mociie (OKTI0phb
2004 1) [74]. Best 06s1acTh MO IUIOCKOCTH pa3duTa Ha 01oku pasmepom S0x50 KM B cOOT-
BETCTBHUM C perMOHaNBHBIM MPOCTHPAHUEM OCHOBHBIX CTPYKTYp Pycckoro Anras.

O0nacTh NpeuMyLIECTBEeHHOMN a(TepILOKOBOI aKTUBHOCTH Mocie Yyiickoro zemie-
TpsiceHUs opueHTUpoBaHa B C3-KOB HampaBieHHH M TATOTEET K rpaHHULaM OIOKOB, pas-

a 6

cnom -5 ~ 3 kM cno# 3 - 8 km cnow -5 - 3 km cnoin 3 - 8 km
87°30 88°30 8730 88°30 87'30 88°30 8730 ~ 88°30 dVpiNp

i 0.65
0.55
0.45
0.35
0.25
0.15
0.05
-0.05
-0.15
-0.25
-0.35
-0.45
-0.55
-0.65

g5y

cnon 19-25 kM

49°30

Puc. 27. 3nayenue anomanui ckopocteit P-BONH B CHCTEME KOOPAMHAT, OPUEHTHPOBAHHOMH MO
yrnoM 40° OTHOCHTENIBHO Hamnpap/IeHUs MepHIHaHa.

a — 10 Yylickoro semierpscenus (27.09.2003); 0 — noce 3eMIeTpaAceHHs



JUYAOLLMXCA CKOPOCTHLIMU aHOMaNUAMHU A0 ryOuHbl 8 kM. B cnoe 19-25 km pa3Huua
B CKOPOCTHbIX aHOMaIUAX Mexay Onokamu nocie Yyiickoro semaeTpsiceHus HE npo-
CIIeXKMBAETCS, YTO NPEANONOKUTETLHO CBUAETENLCTBYET O CTAOUABHOCTH HANIPAKEHHOTO
COCTOAHUSA B 3TOM clioe (puc. 27),

[To paHHbIM ceifcmuueckoit Tomorpaduu, 10 Hylckoro semnetpscerus (27.09.2003 r)
30Ha YyryH-Y3yHCKOTO pa3noMa He BbIpaKeHa B CKOPOCTHBIX aHOMAIHUSIX B BEPXHEM CJ10€
10 rybunsl 3 kM. [Tocae karactpoduueckoro codbiTua nposisuaach audpbepeHunauus
ONOKOB ¢ paznUUHbIMU CKOPOCTHBIMU XapakTepUCTHKaMKU Ha myOMHe A0 3 KM BAOJb
Yaran-Y3yHckoro paznoma. K ceBepo-3anaay pacnosokeH 010k ¢ MEHbLIEH CKOPOCTLIO,
a K HOro-BOCTOKY — ¢ Oosblueil. Ha rnyOune 8-19 kM 3HaK CKOpPOCTHBIX aHOMaIHil Me-
HAETCA Ha NPOTHBOMONOKHbIHA, FOr0-BOCTOUHbIN OJOK MMEET MEHbLUYIO AHOMAJIbHYH)
CKOPOCTb 110 CPABHEHUIO € CEBEPO-3anaAHbIM. ITH pasnyus TPaCCUPYIOTCS Ha MyOnHY
BIUIOTH 10 €105 19-25 KM ¥ CBUACTENLCTBYIOT O COXPAHEHUM CEHCMUYECKOH aKTUBHO-
cth Tepputopuu. Ha npotsxenuun 2004-2009 rr. Bnoab 3T0# CTPYKTYPbI MPOC/IEKEHA
cepua semaerpacennid [7, 25]. [locneanee 3eMaeTpsaceHHe ¢ 04aroM, JOKaJIM30BaHHbIM B
npeaenax 3moro celiCMOreHHOro pasyioma, 3apeructTprposano 6 anpens 2014 marHutynoi
4.6 [www.ceme.gras.ru].

B 2005 r. oaHum 13 arropoB (I"H. MBaHueHKo) ObIIO BbICKA3aHO MPEANOIOKEHNE
00 akTUBHOCTH YaraH-¥Y3yHckoro pasnoma [73, 74]. [1lpy MOHUTOPHHTIE CEHCMHUYHOCTH
B NOCJSAYIOUME ro/ibl B 3TOW 30HE Oblja 3a()MKCHPOBAHA NOBBILICHHAsA celicMuyecKas
aKTUBHOCTD [ 7, 25]. MAEHTUYHOCTb pacnpeaeeHns aHOMalbHbIX CKOPOCTER 10 M NOcCie
Yyiickoro 3emnetpsiceHus B cioe 19-25 km (puc. 27) KOCBEHHO MO3BOJISIET ONPEAC/IUTD
MOLLLHOCTb CEICMOTeHHOro ¢ios B npeaenax [opuoro Anras.

4.2.2. AemomamuzuposaHHblil TUHEAMEHMHbIIT AHATU3

[fo pesynbraram uccieaoBaHus TYOMHHOINO CTPOEHHUS CEUCMOTEHHBIX CTPYKTYP
Bbl/I€AE€HbI /1Ba K/HOUEBbIX YHacTKa, MHPOPMATUBHBIX AJ151 UCCJIe10BaHus o0nacTu noaro-
TOBKY W peanu3alnu celHcMHUUuecKoro npouecca. PalioH cesepo-3anaanoii yactu Yyiickoi
BNajJHHbl, OrpaHuyeHHbIi ¢ ceBepa Kypalickum xpebTom u ¢ 3anaga Yaran-Y3yHcKkHum
onokoM (puc. 28), npeactasisieT co0oi napareHe3uc CeiiCMOreHHbIX CTPYKTYP, aKTHB-
HbIX Ha HEOTEKTOHWUYECKOM W COBPEMEHHOM 3Tanax. PaioH couneHeHus 1oro-BoCTOHHOI
yacTy Kypaiickoi BnaauHbl B Ceepo-Uylckoro xpedTa XapakTepusyeTcs HaluyHem
CEMCMOreHHOro pasjoma (puc. 29), B10Jb KOTOPOIro JIOKaJIW30BaHbl 04arl OCHOBHbIX
a(prepiokoB Hylickoro seMaeTpsceHms.

Jns BbIOpaHHbIX YYACTKOB BbIMOJIHEHO HHTEPAKTUBHOE KOMMNBIOTEPHOE AelUdpHpO-
BaHHe ABYX KocMHUeckUX cHUMKOB KDA-1000 ¢ pa3petuaroieii crnocoOHOCTLIO 5—8 M,
pasmep cueHbl 80x80 kM, cbemka nposoaunack B 1980—-1981 rr. IlpocnexenHsie cu-
CTEMbI NPOTAKEHHBIX JTMHEAMEHTOB BbICOKOIO MEPAPXMUECKOr0 YPOBHA UCIMOJIb30BaHbl
1151 aHAJIU3a CTPYKTYPbl CEHCMOMEHHbIX pa3ioMoB. J[ONONIHUTENBLHO PacCCMOTPEHO MoAe
MJIOTHOCTU MaJblX JUHeameHTOB 3-C3 npocTUpaHUs U Mojfe CYMMapHO#H MJAOTHOCTH
MaJlbIX JIMHEaMeHTOB cyOwupoTHoi U C3 opHeHTauuu At OUEHKH reoJrHaMUYecKoit
00CTaHOBKM paiioHa pacnosokeHua Haran-Y3yHckoro 0aoka.

Ha cHuMmke (cMm. puc. 28) xopouio BuaHa Yyickas aenpeccus, Harad-Y3yHckuil ropct
u Kypaiickuii xpebet. Ha rpanuunue Yyiickoii Bnaauubl u Yaran-Y3yHCKOro NpunoaHsITOro
Onoka oTyeTauBO aewudpupyerca nuHeameHnTHas 30Ha HO3-CB npoctupanus anvHoii



Puc. 28. Cxema aBTOMaTH3M-
poBaHHOro AeHPUPOBAHH
paiioHa coulleHeHHs Yaran-
YayHckoro 0noka u Yylckoil
BNaAUHBL.

1 — NpOTAKEHHBIE JTMHEAMEH=-
Thl, 2 — 00nacTs apTepuIoKoB
AnTalicKkoro 3eMAETPACEHHS

Puc. 29. Cxema BHyTpeHHEro

CTPOEHHA CEHCMOreHHOMo pas-

JI0Ma, BBIPAKEHHOrO B T0OJIE
JTHHEAMEHTOB.

1. 2 — npoOTHKEHHBIC JIMHECAMEH-

THI, BBIAEIEHHBIE MO pe3ynbTa-

TaMm aewmdpupopanus: 1 — ae-

TOMAarH3UPOBAHHOTO, 2 — BHU3Y-
ANBLHOTO



oKk0j10 30 KM, KOTOpas 4aCTUYHO COBMAAAET C JOJIMHOI pekn Yaran-Y3yH, HMEET CJ0K-
HOE CTPOEHME U COCTOMT U3 pAjla cyOnapanienbHbIX pa3pbiBOB 00n€€ HU3KOro uepap-
XMUECKOro ypoBHsA. XapakTtep rpaHulbl HaraH-Y3yHckoro Onoka ¢ Hyiickoi BnaauHOI
MOYKHO ONpEACANTDb Kak caBUN. BocTouHee, B npeaenax HUyickoi BnaauHbl TPaCCHPYHOTCS
BEEPOPACXOAALLMECS JIMHEAMEHTBI, MPAKTHUYECKH, HE BbIPAXKEHHbIE B penbede 1 nepe-
KPbITbIE MOLLHOM TOJLLEH 0CaaKOB. Takoil pUCyHOK TMHEAMEHTOB COOTBETCTBYET CABUTY
co copocoBoii cocTapastoeit. [oaobHoe coueTaHue BblaeIeHHbIX cyOnapanienbHbiX 1
BECPOPACXOASALLUNXCH CHCTEM MPOTAKEHHbIX JTMHEAMEHTOB., CBA3AHHBIX CO CJIOXKHO MO-
CTPOEHHOIT CUCTEMOH pa3nOMOB, BEPOATHO, 00YCII0BNEHO BpalleHHeM HaraH-Y3yHCKoro
0J10Ka NPOTUB 4aCOBOH CTPENIKU. ITH JTMHEAMEHTHbIE CUCTEMBI B FEO/IOTHYECKOM TMIIAHE,
NPEANONOKUTENbHO, TPAHCIUPYIOT MYOHHHbIE Pa3iOMbl, KOTOPbIE MPOCAEKEHDI B BUAE
rPaJUEeHTHON 30HLI aHOMaNUH CKOPOCTEH Mo AaHHbIM celicmoTomorpaduu nocne Yyii-
CKOIO 3emieTpsceHus (cMm. puc. 27).

Bnonbs ceBepHoii rpanuubl Yylickoid BnaauHbl ¢ Kypailickum XpedTOM BbieieHa
CyOLUMPOTHAs JIMHEAMEHTHAs 30HA, CBA3aHHAs ¢ ryOMHHBIM Pa3ioMOM, K KOTOPOMY
npuypoueHa gonuHa p. Hys. ['paHuua mexay Harad-YsyHckum Onokom v Kypalickum
XpedTOM npeacTasieHa CJa0KHONOCTPOEHHOI cepueii CyOLUNPOTHBIX TMHEAMEHTOB, KOTO-
pas conposoxkaaeTca onepaolumu JuHeamerntamu C3-10B npoctupanus. Boiaenexntas
JIMHEAMEHTHas 30Ha TPacCUPYeT KKHYHO BeTBb Kypaiickoro rmy0ouHHoro pasnoma. [lpo-
CTPAHCTBEHHbIN aHanu3 JTMHEHHBIX 3JIEMEHTOB MO3BOJSAET ONPEACHUTL MOPPOKUHETH-
yeckuit Tun Kypaiickoro paznoma kak cIBUTrOBO-HaABUroBbIii. B 3anaaHoll ero uacTtu,
B paiione couneHenus Kypaiickoro xpe6ta ¢ HaraH-¥Y3yHckuM On10koM npeobaagaet
HaABMIOBas COCTABIANOLLAS, MPABOCABUIOBas COCTABIAKLIAA JOMUHUPYET B Npeaenax
YHyiickoi BnaguHbl.

JIns nonuManug mexanusMa GopMupoBaHus o4aroBoii 3oHbl Yyickoro semnerpsice-
HUS MPOBEAECH aHAINW3 pacrpeeseHus nIoTHocTel MablX aMHeameHToB 3-C3 (puc. 30a),
cymMapHoro cyowupotrHoro U C3 npoctupanuii (puc. 300). Hanpasaenue noas nnot-
HOCTH, onpeaesneHHoro B 3-C3 cextope, MoYTH OPTOrOHAILHO BEKTOPY MakCHMalbHOIO
CKaTHsi PErMOHAbHOIO NoJis HanpskeHul. O0LWas MmIOTHOCTL MallblX JIMHEaMEeHTOB
HeBeNKKa, HO NoJie MJIOTHOCTEN XOPOLO CTPYKTYPHPOBAHO B NpocTpaHcTBe. OTAeNbHbIE
MakKCUMMYMbl CBsi3aHbl C MPOTAKEHHbIMU JIMHEHHBIMU 30HAMU, YACTh KOTOPbIX BXOAWT B
CTpYKTYpY Kypaiickoro paznoMa (cucTteMa sLle/JIOHUPOBaAHHbLIX NMHHeameHToB 3-C3 npo-
crrpanus) (cM. puc. 30a).

XOpoLlo BUAHA pa3HHULA MJOTHOCTEN TPELLIMHOBATOCTH 3TOTO HANpasJieHWs B npeae-
nax Yyickoil BnaauHbl, 3aM0JHEHHONW PbIXJIbIMU Ocaakamu, U Yaran-Y3yHCKOro npu-
noaHaToro onoka. [lpuuem Had/mogaeTcs nosBbillieHHas NIOTHOCTL TpewrH 3-C3 npo-
cTUpanus B npegenax Yaran-Y3yHckoro 6sioka Ha rpaHuue ¢ Yyickoii BrajiuHoM, yTo,
No-BUAMMOMY, OOYCIIOBJIEHO MOBOPOTOM OJIOKA B 3TOM HalpaBlieHHH H PACKPBITHEM
COOTBETCTBYOLMX TpelirH. Haubonee HHTEHCUBHbIE JIOKAJIbHbIE MAKCUMYMbl MJ10THO-
CTH CBA3aHbI C 30HAMU COTIPSKEHUSA UNTU TIepeceueHus pas3ioMOB — JH3bIOHKTHBHbLIMH
y3aaMH.

[Ipu crarucTuyeckoli 06paboTke MIOTHOCTEH ManbIX TMHEaMeHTOB Obljla moaoOpaHa
KOMOUWHAaU WA HanpaBIeHWH CyOLnMpoTHOM U C3 opueHTaluu (cM. puc. 300), MI0OTHOCTH
KOTOPbIX B HaUOObLUElH CTeneHH CTPYKTYpHUpOBaHbl. MakcuMalbHas CTPYKTYPHPOBaH-
HOCTb MOJIA [IOTHOCTEN JIMHEAMEHTOB 3TUX HANpaB/JeHUH, paclONIOKEHHbIX IPUMEPHO
OPTOrOHAbHO OTHOCHTELHO OCH ITIABHOTO C3KaTHA perMoHanbHONO NoJs HanpsaKeHNH,
npeaonpeaesieHa akTuBU3aLUre Ha HEOTEKTOHUYeCKoM 3tane YaraH-Y3yHckoro 0noka,



HIkana mIoTHOCTH MaJIbIX JIHHEAMEHTOB

max

min

Puc. 30. Cxems! noneii niot-
HOCTH MaJbIX JIHHEAMEHTOB
Yyiickoi BnaavHbI.

a—3-C3 opueHTauuu; 6 — CyM-
mMapHo#i cyOmumporHoi u C3
OpUEHTALNH.
| — IPOTSKEHHBIE TMHEAMEHTEI,
2 — obnactb adrepuiokoB Aj-
TAHCKOTO 3eMJIETPSACEHH



Kypaiickoro xpedta u Uylickoi BnaauHbl. ['paHnLbl CEHCMOreHHBIX CTPYKTYP, BbIPasKeH-
HbI€ MAKCUMaJbHbIMU 3HAYEHUSMH MOJS NIOTHOCTH, MOTYT ObITb UAECHTU(ULIMPOBAHbBI
Kak ryOUHHbIE pa3ioMbl B OCHOBHOM B30POCOBOI U CABUIO-B30POCOBOI KMHEMATUKH.

[Tpu pewmppupoBaHiK BTOPOTO KAKUEBOTO yyacTka (CM. pHC. 29), NpuypoOvYeHHOro
K oOnactu couneneHus Cerepo-Yyiickoro xpedTa ¢ woro-3anaaHoi yactbio Kypaickoi
BNajlHbl, OTYETIMBO BUAHA CAOKHOMOCTPOEHHAs nuHeameHTHas 30Ha C3-HOB npoctu-
paHus, UMEeroLLas 1y roodpasHyo B riaHe GopMy H XapakTepHble OneparoLLHe TnHeaMeH-
Tobl. B reonornyeckomM naaHe BblACNEHHAs MMHEAMEHTHAs 30Ha COBNAAAET ¢ MyOMHHBIM
CENCMOTEHHBbIM Pa310MOM, TEKTOHUUYECKAS, B TOM YUCJIE COBPEMEHHAsE AKTUBHOCTb KOTO-
pPOTO MOATBEPXKAAETCS MPUYPOUEHHOCTBIO K HEMY 3MULEHTPOB HE TOJBKO 3€MJIETPACEHHI
H MHOTMOYMCIEHHbIX a(TEPLLIOKOB, HO U Male0CeHCMOAUCTOKALIMA.

[MapareHesuc TMHEaMEHTOB MO3BONIAET ONPEAENSAThL ACCOLMUPYEMbII C HUMU pa3fioM
Kak npasslii caBur. Mopdoaoruuyeckuii pucCyHOK OCHOBHOIO CEHCMOTEHEPHPY FOLLETO
JNU3bIOHKTHBA COBNAAAET ¢ BblLACNEHHbIM E.A. POrokKuHBIM pazioMoM, Onpeie/ieHHbIM
KaK BbIXOA 04AaroBOW 30HbI HA MOBEPXHOCTL [71].

[TockonbKy CHUMKM ObLTH caenanbl 3a 20 net 10 3eMAeTpICEHUs B NEPUO/ celcMmue-
CKOIMO 3aTHLLibs, TO, COOTBETCTBEHHO, Y/KE TOTAa CEMCMOrEHHbIE CTPYKTYPbl HAXOAWUINCH
B PEKMME HAKOTUIEHU HanpsikeHui. [1pu conocTaBneHuu BbIACIEHHbIX TUHEAMEHTHBIX
30H, 001aCTH pacnpeaeneHus apTepLIOKOB, CBA3aHHbIX ¢ OCHOBHbIMH 3€MJIETPACCHUSIMHU,
W JaHHbIMH CEMCMHUYECKOH TOMOrpauu OblIO OTMEUEHO, YTO OYaru 3eMJIETPACCHUH
Pacnoio’KeHbl Ha rpaHuuax OJOKOB ¢ KOHTPACTHLIMU XapaKTEPUCTUKAMH aHOMaJIHi
ckopocTeii [82, 83].

Takum 00pa3zom, NpOUCXOASILME B PETMOHE 3EMIIETPACEHUS MPUYPOUEHbI K CTPYKTY-
paMm, onpeaesisoliUM NPorpeccupyrolly o aInddepeHunalio HeOTEKTOHUYECKUX 010~
koB. B nocieaytwolume roabl ypoBeHb celicMuueckoi akTHBHOCTH adTepLUIOKOB crnaaas
kpaiine meaneHHo [7]. Ilpu Tom, yto cnadbie 3eMaeTpaceH s NpoAoKatOT OKOHTY PUBATh
ovar, 3aMeTHO WX CMellleHue Ha onepsitowme cTpykTypbl. Tak, B 2004-2007 rr. [7, 25]
aKTUBU3UpOBanach BbiaeneHHas cTpykrypa KO3-CB npoctupanus, otaensiouias Harau-
VY3yHckuil 6nok or Yyiickoii BnaauHel, o Kotopoi paHee oaHuM u3 asropos (I H. HMBah-
YeHKO) Oblnla caefiaHa NporHo3Has oueHKa CEHCMHUYECKOM akTUBHOCTH [74].

BuIiBOABI

CoueraHue MEeTO/I0B U3YUEHUS CEICMUUECKOH aKTUBHOCTH 3€MHO KOPbI HA MTyOHHE ¢
WHCTPYMEHTANbHbIM MACCOBbIM AHATM30M M0 IMHEAMEHTOB Ha noBepXHOCTH (LESSA)
NO3BOJAET YCTAHOBUTb CBA3b CEICMOTreHHOro U MOpPQoreHHoro neopmMupoBaHUa JUTOC-
(depbl U MPOBECTH TEKTOHOPUINUYECKOE MOACTHUPOBAHUE MCOAMHAMUYECKOH CHTYaLHH,
OTBETCTBEHHOH 38 BOZHUKHOBEHHUE CEHCMOrEHHbIX 30H HA OCHOBE CEHCMOIOrMYECKHUX,
MOP(POTEKTOHHUYECKUX U M€OJIOTHYECKUX JAaHHbIX.

[To pe3yabTaTaM NpoOBEACHHbIX HCCAEAOBAHUI HA MpUMepax NpUpoAHbIX NaHawadToB
CENCMOAKTUBHbBIX PErHOHOR pasHoro tuna ( TyHkuHckoi BeTBu bP3, AnTas) ycraHosne-
HO, YTO NMPOTAXKEHHbIC NUHEAMEHTbI U JIMHEAMEHTHbIE (POPMbI (JIMHUN BLITAHYTOCTH),
BbIACJICHHbIE N0 TexHonoruu LESSA, xapakTepu3ytoT reoaMHaMHuecKyo 00CTaHOBKY
pasiIMuHbIX PErMOHOB, MOJI TEKTOHUYECKUX HaMpsAKeHUil, 0COOEHHOCTH CTPOCHHUS U,
WHOIAA, KWHEMATUKY pa3HOpPaHIrOBbIX AU3bIOHKTHBOB.



CoBnaaeHue pe3yabTaToB, MOJYUYEHHbIX HE3aBUCHUMbBIMU METOAAMM, O3HAYAET, UTO
B CEHCMWUUYECKH aKTUBHOM pervoHe TexHonoruss LESSA moxer ObiTh McCnonb3oBa-
Ha ans BepuUKaLMK reOQHHAMUYECKUX MOaSNeH pernoHa Hapsay CO CTPYKTYpHO-
reONIOrMUECKUMHU U CEHCMONOMHUYECKHMH MCCNEA0BAHUAMHU HAIMPSOIKEHHONO COCTOSHHUS.
[lpoBeaeHHOE aBTOMATH3UPOBAHHOE ASLIN(PPUPOBAHUE THHEAMEHTOB MO KOCMOCHHUMKAM
NnoKa3ano, 4YTO aKTUBHbIC MEXKONIOKOBbLIE 30HbI ABAAIOTCA HE TONbKO CTPYKTYpaMH, KOH-
TPOAUPY FOLLMMH JTIOKANTH3ALH IO OHAr0OB, HO U DapbepaMu, OrpaHHYHBAOLMMHU O4ArOBbIE
oOnactu. OgHAKO pe3yabTaTbl ABTOMATU3UPOBAHHOIO JIMHEAMEHTHOIO aHanu3a Tpedy T
WHAWMBUAYANbHOW WHTEPNPETALMK A1 KaXKA0r0 pailoHa COBMECTHO C APYTUMH HUMEHO-
IMMHUCS AaHHBIMHM (Hale BCero celicMOIOrnuecKuMHu).



I1aBa S

OIIEHKA BO3MOKXHBIX NIOCJEJACTBUUI
BO3IENCTBUS KPYIIHOMACIUITABHbBIX
B3PBIBOB HA I'EOQJIOT'O-TEO®U3NYECKYIO
CPEY

KpynHoMaciuTaOHble TEXHOMEHHbIE BO3ACUCTBUS PA3IMYHOIO THMA BbI3bIBAIOT HEOO-
paTUMble U3MEHEHUS re0Noro-reou3nUecKoii cpeabl, KOTOPbIC CASAYET YUHUTbLIBATHL NPH
OCBOECHHUM W IKCMJyarauudu MOA3EMHOr0 NpocTpaHcTsa TeppuTtopun. s paspadoTku
METOAMUKH BbIAENEHMS YHACTKOB C TEXHOTEHHO U3MEHEHHbIM J1aHAAdTOM HCMOAL30Ba-
Hbl AAHHBIE TUCTAHUMOHHOTO 30HAUPOBAHKS, O0PadOTAHHbBIE C MOMOLLBLIO BU3YanbHOIO
1 UHTEPAKTHBHOIO KOMIbIOTEPHOTO Aelln(pprUpOBaHUs C MPHBIEUEHHEM NTPOrPAMMHOIO
nakera LESSA.

B kauecTBe TeCTOBbIX OOBEKTOB BbIOpaHbl ABE UCIbITATENbHbIE MIOLAAKH, Pacnono-
YKEHHbIE HA TeppuTOprr CeMUNanaTMHCKOrO UCTbITATENbHOrO NOAMIOHA. AHanu3 TeXHO-
FEHHOUN HArpys3KH, CBA3aHHOW C NPOBEASHUEM NMOA3EMHBIX SAePHbIX B3pbiBOB ([14B) B ne-
puoa ¢ 1962 r. no 1989 r, ana nnowanku «JlereneH» BbINOJIHEH HA OCHOBE KOCMOCHUMKA
LANDSAT c paspewatouieii cnocoOHOCTbO 20—-30 M, And y4acTKOB, pacoONOKEHHbIX
B npeaenax nnowanku «bananan», — no kocMocHUMKaM [RS BbiCOKOro paszpetueHus
(6 meTpoB). JaHHbIH MOAX0A MO3BONAMA OUEHUTHL NPOCTPAHCTBEHHOE pacnpeaeneHne
NOCTB3PbIBHLIX AedopMaLMil HA CpeAHEM U KPYMHOM MacLUTaOHbIX YPOBHSX.

Ha ocHOBe NOCTPOEHHUA MOoJeH MIOTHOCTH TIMHEAMEHTOB U MPOTAYKEHHbIX JIMHEAMEH-
TOB pa3HbiX HAMPaBJEHUI YTOUHEHbI CTPYKTYPHO-T€OJIONMYECKHE YCITOBUS UCTIbITATENb-
HbIX NJIOLLIAA0K, OKOHTYPEHbl 30HbI MOCTB3PbIBHLIX Ac(hopMaLuii AHEBHONH MOBEPXHOCTH,
MPOCEKEHbl NHHEAMEHTbI, TPACCHPYFOLNE TEXHOMEHHO NOAHOBICHHbIE Pa3IOMbl, KOTO-
pbl€ MOFYT pacCMarpuBaTbCA B KQUECTBE BEPOATHbLIX NYyTEH MUIpaLMi PaiUOHYKAUAOB
C MOA3EMHbIMH BOAAMH.

S.1. I'eosiornveckoe cTpoeHHe paioHAa UCC/IeJOBAHUN

OcHoBHas 3anaua (MnM LUeNb) BLINONHEHHbLIX MCCIEA0BAHMUI 3aKilouanach B Bbiae-
JIEHUH CTPYKTYPHBIX 30H, aKTHBH3NPOBAHHbIX B COBPEMEHHOM [10JI€ HAMPSIKEHHN B pe-



3YJIBTATE TEXHOTEHHOTO BO3ACHCTBYS, CBA3AHHOTO C MPOBEICHUEM KPYHOMACIITAOHBIX
B3pbIBOB. B KauecTBe OnoOpHbIX 0OBEKTOB BbIOpaHbl YHACTKH, PACMONOKEHHbIE B peaeax
nnowanok erenen u banarnan CemunanaTiHCKOro ucneitatesibHoro noaurona (CHIT).

CemunanatuHCKUi NOJIUIOH HAXOOUTCS HA ceBepo-BoCcTOKe Kaszaxcrana, B 30He cou-
JIEHEHUS JBYX CKIAA4aTbIX CUCTEM, PA3AENEHHbIX peruonanbHbiM Kanda-YuHruszckum
pasnoMoM. B 10)KHOIH 4acTH pacnpocTpaHeHbl kateaonuabl Yunrus-TapOararaiickoro
MEraHTUKITHHOPHS, B CEBEPHON — repurHu bl UpThilu-3aiicaHCKOr0 MEraCHHKITMHOPUS
(puc. 31). B reosiornueckom paspese npeuMyLUECTBEHHOE PA3BUTHE UMEIOT 1BA CTPYKTYP-
HBIX JTaXa: NAJICO30HCKUil 1 KallHO30MCKUI. B IeHTpe TeppuTOpHn, B peaesax nyodoko
OIYLUEHHOM rpabeH-CUHKIUHAIN, OrPAHUYEHHO PACMPOCTPAHEHbI OTIOKEHH ME30301.

BaxkHyto posib B reoJlOri4ecKkoM pasBUTUH pernoHa urpaet Kanda-UuHrusckuii pas-
JIOM JPEBHETO (IONANIE030HCKOr0) 3aJI0KEHUSI, AKTUBHO PA3BUBAIOLLIAIACS B MOCJEAYIOLINE
3MOXHU CKJIankooOpazoBaHus. 3oHa BaugHuA Kanba-UuHrusckoro pasioma, ABIAIOLIAACH
rpaHuleil pasesia KajieJOHCKOM U NepUUHCKOM CKJIamyaThiX CUCTEM, COCTOUT U3 CEPUH
YewlryiyarblX HaJBUIOB € KOr0-3araHbIM HAK/IOHOM [LUI0CKOCTH cMecTuTes. [Ipeobianaro-
wee C3 HanpaBleHHe OCHOBHBIX JIU3BOHKTUBOB COOTBETCTBYET 3TANy pa3BUTHSA PErHOHA
B obcraHoBke CB cxatus [47]. B npenenax CUIT yctaHoBIeHO MHOro(asHOE BHEAPEHHE
MHTPY3UBHBIX KOMILJIEKCOB, pa3HOOOpa3HbIX 110 COCTaBY, TPACCHUPYIOIUX CUCTEMY pas-
PBIBHBIX HApyLIEHHUI, cyOnapalienbHbiX perioHanbHoMy Kanda-HuHrnsckomy pasinomy.

a s

Puc. 31. Cxema TeKTOHH4ECKOTO paiioHupoBaHUs CEeMUNATATUHCKOTO UCMBITATEIBHOTO MOMNUTIOHA
[26].

| — kanemoHUABL; 2 — repUMHUBL; 3 — UCTIBITATENbHAS TUTOAAKA, 5 — THAPOCETH



MHTpy3uBHbIA Maccus JleresieH oOpa3oBaH Ha 3aBepLUatOLleif CTaauH akTHBH3aUMH
BepXHenaieo3oiickoro marmatusMa. Penbed maccuBa chpopMupoBaH A€HYAALUMOHHBIMU
npoueccamu 1 3pO3HOHHBIMU Bpe3aMU, MOAYEPKHYBLUUMH TPELUHHOBATOCTb MHTPY3HB-
HOM0 MacCHBa W XapakTep ero pasApoONeHHOCTH pa3pbIBHLIMHM HapyLlueHHsIMU. Hapsay
C LUMPOKUMU NPOopadOTaHHbIMU AOJUHAMHU C KOPLITOOOOPA3HBIM JIOXKEM PA3BUTbI KAHLO-
HOOOpa3HbIe ¢ KPYThIMU CKJAOHAMU. Menkue pacnaaku oOpbiBatoTes B 00ee KpyHbIE C
rnybuHoii Bpesa ot 20-30 ao 150-200 m.

[TepBoHauanbHO mMaccuB JlereneH MMen HU3KOropHbIi penbed ¢ adCOMHOTHLIMU OT-
meTkamu o1 600 no 1100 m, ManoocBOEHHbII XO34iCTBEHHOIT AesTenbHOCTLIO. [1poBeae-
Hue [14B B ropu3oHTanbHbIX FOPHbIX BbIPa0OTKAX — LUITONbHSIX, MPOHAEHHBIX B Npeaenax
00nacTH pacnpoCTPaHeHUs NPaKTHYECKHU 0€3BOAHbIX MOPOA, B LEIOM, CNOCOOCTBOBANO
«CTAPEHUID» MECTHOCTH, BbIPAXKEHHOMY B U3MEHEHUU pelbeda U UHTEHCHPUKALUH
pa3BUTHA AEHYNALUWOHHO-TPABUTALMOHHbBIX MPOLECCOB. 3HAYUTEIBHO YMEHbLINIOCH
KOJIMYECTBO CKaJibHbIX rpedHeil, OOpbIBOB U BbICTYNOB. 3a()UKCUPOBAHO YBEIHUECHUE
NJOWAAECH pacnpoOCTPAHEHUS CYLIECTBYOIIMX bIOOBO-LIEOEHHCThIX OChINEN y noa-
HOXKMH KPYThIX CKIOHOB M (DJOPMUPOBAHUE HOBLIX OCHINENH U NPOBATLHBLIX BOPOHOK HaJ
anuueHTpamu 5B (puc. 32).

UHTpy3KuBHBIN MaccuB JlereneH ClOkKeH NMPEeUMYLLUECTBEHHO KPYMHO3EPHUCTbIMU
ANACKMTOBbIMU rpaHuTaMu. B niaHe umeer (popMy BbITIHYTOrO Tena, Ha ryOounHe, no
rpaBUMETPUUYECKUM JAaHHbIM, (popma ero rpudoruaHas. C 3anana maccuB oOpamieH
NEBOHCKHM BYJKAHUYECKHM NOSICOM, C BOCTOKA — TOJLLEH NUnapuToBbIX nopdupos
U 0a3anbTOBBIX MOPPUPHUTOB BEPXHEKAMEHHOY FOJbHOTO-HHUKHENIEPMCKOrO BO3pacTa.
KOHTaKT MHTPY3MBHOIO MaccHBa ¢ BMELIAKOLLUMU NMOPOAAMU TEKTOHO-MarMaTHYECKHH,
HEePOBHbIH, HO YETKO BbIpPaKEHHbIH ¢ MaJeHUeM OT MOJO0roro A0 KpyToro K fiepu-
dhepun.

CocTosiHHE BOAOpa3Ae/IbHbIX MOBEPXHOCTEH U MaccHBa onpeaenser NpoCcTpaHCTBEH-
HYIO CTPYKTYPY UH(PUIBTPALMOHHBIX MPOUECCOB U COOTHOLIEHWE MOBEPXHOCTHOIO M
noa3emMHoro ¢tokoB. [loa3eMHbie BOAbI TPELIUHHO-MIACTOBONO THNA, MPHYPOUESHHbIE
K 30Ham 3K30I'€HHOI'0 BbIBETPUBAHUS [MOPOA, NPOCIEKUBAKOTCS BOJb BbINOJOKEHHBIX
CKJIOHOB BOAOPA3ALIOB W UMEIOT paJnualibHbli XapakTep NoToka, COBMaaaolLunii ¢ yKkio-
HOM caeB ¥ pacnajkoB. [logzemHbie BOAbI TPELIMHHO-XKWIBHOIO THUMA Pa3BUThl B 30HAX
BIIUSAHHA pa3pbiBHBIX HapYLeHWH. [TopoBo-nyacToBble BOAbI TOKAIBHO pacnpoOCTPaHEHbI
B PbIXJIbIX OTJIOKEHUAX, BbITOMHAOLMX A0IMHbI PY4bEB.

CkanbHble NOPOAbLl B BEPXHEH YacTH MHTEHCUBHO BbIBETpebie (10 myouH 30-50 m),
TpeuHoBarbie. C NOBEPXHOCTH MACCUB MECTAMMU J1ALLE000PA3HO NEPEKPbIT MATIOMOLLI-
HbIM UYEXJIOM PbIXJIbIX OTJIOKEHHUH pa3IMYHOr0 COCTaBa U reHe3uca CpeIHeYeTBepTUHHOIO-
COBpPEMEHHOI0 Bo3pacTa. B OTAe/bHbIX pacnajkax MOLWHOCTb PbIXJI0I0 OKPOBa, criopa-
AUYECKH MOACTUIIaEMOro IMKHaMK HeoreHa, gocturaet 10—15 M. B ueHTpanbHOl yacTH
MacCHBa MOpO/Abl KPOBIHU MOJHOCTbIO 3pOAHpOBaHbl. Hannuue cepiu TEKTOHUYECKUX
0OpbIBOB M YCTYNOB KOCBEHHO CBUJIETE/ILCTBYET O TOM, YTO UHTPY3UBHbIH MaccuB, Ha-
YU HAas C M031HEerepUHHCKOr0 BpEMEHHU, UCIbITAN MOAHOBIICHHE.

Ce30HHbIE BOAOMNPOSABIEHUS B KPOBNE W CTEHKAX FOPHBLIX BbIPAOOTOK 00YCIOBIEHb
HHpUIbTpaLMei arMoc@epHbiX 0CAAKOB U TallbIX BOA M0 30HAM Pa3pbIBHbLIX HAPYLUEHUH,
AUTONOrHYECKUM KOHTAKTaM, yyacTKam HaBeleHHOMN TpelUHOBATOCTH, UMEIOLLIUM Heno-
CPEACTBEHHYIO CBA3b C NOBEPXHOCTHIO. [ [OCTOAHHbBIE BOONPOABIEHHUS B BUAE CTPYHHOIO
BbICAUYWBAHUA Pa3IMYHON UHTEHCHBHOCTH B LUTOJLHAX 00YCIOBIEHbI THAPOre0IOrH4ecKH
aKTHBHbIMU Pa3pbiBHbIMUA HApPY LUIEHUSAMM.
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Puc. 32. Cxema npoTaKeHHBIX ITMHEAMEHTOR, BbIJIeJIEHHBIX Ha OCHOBE MapamMeTpa Mopora Bbi-
pakeHHOCTH anropuTma Xada, B nmpeaenax maccupa JereneH.

1-3 — TMHEeaMEHTHl pa3TUYHBIX TIOPOTOB BEIPAKEHHOCTH, BBIIAEIEHHBIE IPU aBTOMAaTH3UPOBAHHOM

netndpupoBaHnm: 1 — BEICOKOTO, 2 — CpeiHero, 3 — HU3KOro: 4 — TuHeaMeHTsl, OT/1en pHpOBAaHHLIE

BU3YQJILHO: 5 — IMHEAMEHTBL, BBIICISHHLIE [10 TEOJIOMMYECKUAM JAHHBIM; 6 — TEXHOTCHHBIE OCBIIHU ¢ MPO-

BA/IbHBIMU NOHWKEHUAMH; 7, 8 — KOHTYpbI: 7 — UHTPY3UBHOIO MaccHpa, 8 — MI0IAAKH; 9 — LITONBHH €
MOCTOSHHBIMM BOJONPOABIEHUSAMH; 10 — ruapoceTsb

[IpenBapuTtenbHblii MOPMOCTPYKTYPHBINM AHAIM3 UCTIBITATEILHON MIOLAAKH MO3BO-
JSeT NpOoCieaUTh NOCNeA0BATENbLHOCTh 3aJ10KEHUA Pa3PbIBHBIX HAPYLUEHUI OCHOBHBIX
HarpasieHuil. K OTHOCUTENEHO paHHUM pa3yioMaM, CHHXPOHHBIM € FEPLITHCKON 3M0X0H
CKJIaIYaTOCTH, OTHECEHBI JH3BIOHKTUBEI C3 IIPOCTUPAHUA U OPTOTOHAJILHO COIIPSKEeH-




Hbie ¢ HUMU pa3fiombl CB HanpaBiaenus. K yka3zaHHOU cuCTeMe pa3pblBOB TATOTEET J0-
JAWHA pyubs Y3yHOynak oOuuei npOTSEHHOCTbIO OKOMO 15 KM ¢ ANMHON pacnajgkoB
A0 3-5 kM. B cocraBe 3anonHuTens AU3bIOHKTHBOB PAHHEro 3ai0keHus npeodnaasaeTt
[MUHKA TPEHUS C APECBOH U LIIEOHEM MATEPUHCKUX MOPO/1, KOCBEHHO MOATBEPIK/AAOLLAs
XPpYNKO-MJaCTHUHbIM XapakTep aedopMaly MacCcUBa.

[TpoucxokaeHue Oonee NO3AHUX pa3pbIBHbIX HAPYUIEHHI — painanbHbIX, CONPOBO-
JKAAEMbIX CepUer KacaTelbHbIX IU3BHOHKTUBOB, Pa3BUTbLIX MO fnepudepun maccusa M
cyOnapanienbHbiX 30He KOHTAKTa, BEPOSATHO, CBA3AHO C «KYMOJIbHOIl pasrpy3Kkoit» UHTPY-
3UM M PA3BUTUEM IPABUTALMOHHO-3PO3UOHHBLIX NPOUECCOB. 3aNONHUTENb AN3BOHKTH-
BOB MPEHMYILECTBEHHO CYNECYaHO-CYMUHUCTLIN. [IpocnekeHHas cucrema paauaibHO-
KOHUEHTPUYECKMX Pa3NOMOB BbICTYMAET B KAYECTBE OCHOBHbBIX APEH, CITOCOOCTBY KOLLMX
pasrpy3ke noaA3eMHbIX BOJ.

[Tocaeayrouee GOpMUPOBAHHE CUCTEM MPOTAKEHHBIX PA3I0MOB ANHHOMN Oonee 10 km
CYOLLIUPOTHOTO NMPOCTUPAHMSA, MPOCIEHKEHHBIX U BO BMELIAKOLIEH TOMLIE MOPO/, CeKYLIUX
00Jiee ApeBHUE AM3BIOHKTHBbI, MPEANONOKUTEIbHO, 00YCI0BAEHO NMPABOCTOPOHHUMH
C/IBUramMu B yCI0BUSIX CkaTus. K 3TUM pasziomam npuypoUeHs! JHLLL HERTYyOOKHE N0XOH-
Hbl B CKJ10HAaX. B 30H€E BIMSAHUS CyOLIMPOTHLIX AU3bIOHKTUBOB MOPOAbI KATAKIA3UPOBAHbI,
OpeK4YMpOBaHbl, CHJILHO TPELUMHOBATHIE. BbiieeHHbIE pa3noMbi ABASIOTCA THAPOreoo-
FMYECKH aKTHBHBIMH, 0APPAKUPYHOLUMMH NMOA3EMHBIN MOTOK.

Yyactku nposeaeHus [15B Ha tepputopun CHII crenyer oTHOCHTH K KaTteropuu
MOTEHLUMANBLHO ONACHBIX 00bEKTOB. Haae:HOCTL KOHCEpBALMU PAIHOHYKIUMAOB B I'1-
NoueHTpaibHOMH 30He [1AB HanpaMyto 3aBUCUT OT COCTOSHUSI TEXHOFEHHO-H3MEHEHHOIA
Cpe/Abl, BbIpaKEHHON HA JHEBHOI MOBEPXHOCTH B BUJE 30H MOCTB3PbIBHbIX Ae(hOpMaLIKii.
B kauectBe npumepa adpdeKTHBHOCTU anpodauuu nporpamMmHoro nakera LESSA npu
aHalin3e HeraruBHbIX NOCJISACTBHIA KpynHomaciuTabHOro Bo3ieicTBust Ha reojoruye-
CKY10 cpeay BbiOpaHbl ABa 00beKTa, pacrosoKeHHbIe Ha nioluaake bananaH.

B npenenax yuyacTkoB pa3BHUTa ajlJIFOBUABLHO-TIPOIIOBHAIbHAS PaBHMHA NOJIONOHA-
KNOHEHHAas Ha ceBepo-BOCTOK ¢ YKIoHoM 0,001-0,002. JlonuHa peku HaraH ¢ 4e€TKO Bbl-
PaKeHHbIMH MOUMOH ¥ NEepBOH HAANOHMEHHOH TeppacOoi pacipocTpaHeHa B0Jib KOKHOM
rpaHuubl MIOWAAKy bananad. B reonoruueckoMm CTpOeHUN TEPPUTOPHN HCCIIEAOBAHUH
MPUHUMAIOT Y4acTUE BYJKaHOI€HHO-OCAA04YHbIEe U METAMOP(U30BAHHbIE OT/IOKEHHUS
kapOoHa. [lopoabl cKalbHOTO hyHIaMEHTa HHTEHCHBHO AUCIOLMPOBAHbBI, TOBCEMECTHO
MPOPBaHbI HHTPY3UBHLIMU OOPA30BaAHMAMHK BEPXHENAIE030MCKOro Bo3pacta. HepoBHOCTH
CKaJIbLHOTO OCHOBaHMA BLITIOJHEHBI [NIMHAMU HEONeHa, MepeKPbITEIMU C MOBEPXHOCTH
CpeAHe- U BEPXHEUYETBEPTUYHbIMU 00pa30BaHUAMU.

[1o naHHbIM OypeHuda, reopU3nUEeCKUX UCCIeJ0BaHKH, MPOBEASCHHbIX B CKBaKMHAX,
U N0 NPOQUIIAM OTKAPTHPOBAHBI OCHOBHbIE Pa3pblBHBIE HAPYLUEHHs, COIIPOBOKAAEMbIE,
KaK npaBu10, pa3Ho00pa3HbIMU MO (hopMaM 1 COCTABY UHTPY3UBHBLIMU 00Pa30BaAHUSMMU
(MaccuBaMH, KU1aMU, NNacToBbIMKU Aalikamu). ['lo BpeMeHn popMuUpOBaHHS AU3bIOH-
kTuBbl C3 Hanpas/eHUd Oonee ApeBHHUE. PaspbiBHbIE HapYLUEHUA BbipaKeHbl 30HAMM
OpeKUMpPOBaAHUSA, CMATHS, pacclaHUueBaHus, MHTEHCUBHONH TPELHHOBATOCTLIO NOPO/,
pa3BUTHEM BTOPUUHBIX MPOLECCOB — OPOTOBUKOBAHUEM, OKBapLEBaHUEM, KapOOHAaTH-
3aumen.

[Ton3zemMHble BOJIbI TPELWHHHOINO U TPELWHWHHO-KUIBHOIO TUNA NPUYPOUEHbl, COOTBET-
CTBEHHO, K 30HaM 3K30I€HHOI'0 BbIBETPUBAHMA W Pa3pbiBHbIM HAPYLUEHHAM [1aJ1€030H-
ckoro (yHaaMeHTa. [ pyHTOBbIE BOAbI CMIOPAIHYECKHN Pa3BUTLI B PLIXJIOH TOJLLE Me30-
KaliHO30MCKUX oOpazopaHuii. O0nacTb NMUTAHUA TANOTEET K HAMOONEe BO3BbILLIEHHOM



OOHaKEHHO# YacTn MEJIKOCONQUHMKA, o0pamistowero rowanxky bananax ¢ wora, pexe —
K rnﬂp{}reoﬂoruqecr{nm COKHaM». ,HBH}KEHHE: MOA3CMHBIX BOJ HPOHCXO,[II-1T ﬂpEHM}’-
LIECTBEHHO B CEBEPO-BOCTOUHOM HarpasfieHuu co cpeaHum ykiaoHom a0 0,001-0,003.
JIuTonoro-(auuanbHas HEOAHOPOAHOCTL pa3pe3a W HANWUYME Pa3PbIBHbIX HAPYLLECHHI
KOHTPOMUPYHOT HEPABHOMEPHY K BOAOMPOHHLAEMOCTE MOopoA. [ 1o gaHHBIM CKBaXKHMHHOI
paCXOQGhieTpMi1 YCTaAHOBJICHO 3HKDHOM'EPHUB CHHUIKCHUC 06B0,HHE’H HOCTH TpELHHHGB&TOFU
MaccuBa ¢ rMyOUuHOI.

[penBapuTtenibHOE 0000LUEHHE PE3YILTATOB IEONOrO-reohu3n4eCcKnX U riAporeono-
rMYECKUX UCCNEA0BAHUN, BBINOAHEHHbIX Ha psaae oobekToB CHUIT 10 1 mocae nposeneHus
KpYMHOMACLUTAOHbIX B3PbIBOB B CKBAXKMHAX M LUTONbHAX, CBHACTEILCTBYET O HANUUYKH
Y4acTKOB HeoOpaTtumMoro AeopmMupoBaHUs MAacCHBa HE TONbLKO B O/IMIKHEH 30HE, HO U
Ha 3MULUEHTPANbHLIX PacCTOSTHUAX CBbILE | KM. AHH30TPOMHOCTb CPE/ibl, OCIOKHEH-
Hasg HANWYUEM UHTPY3UBHbIX 00pPA30BAHUN U Pa3pbiBHbIX HAPYLIEHUI, OPUEHTHPOBKA
OCHOBHbIX M€OJOTMYECKUX CTPYKTY P Npeaonpeaenstor hopmy 1 pazMep 30H OCTaTOUHbIX
aedopmalnii B nnaHe npu rnpoBeeHUH KpynHoMacliTadHbIX B3pbiBOB. JIOKa/IbHbIE 30HbI
MOCTB3PbIBHbLIX AehopMaluil MaccuBa, cou3MeprMbie ¢ POPMUPYIOLLHMUCS B 3MULECH-
Tpe, TArOTEIOT K yUaCTKaM, TEKTOHUYECKH OCIa0AEHHbIM AW3bIOHKTHBAMHU, AHTOIOMO-
cTparurpapuuecKMMH KOHTAKTaMU U TEXHOTEHHO HApYLUEHHbIM paHee MpPOBEACHHbIMH
IKCNEPHUMEHTAMM.

[MosTOpHOE 0OCNea0BaHUE FOPHBLIX BbIPAOOTOK, NpoBeaeHne reodr3nUecKux pa-
00T M pacxoAOMETpUM B CKBAKMHAX MOATBEPKAAET HATUUYNE UHTEPBAOB TEXHONEHHO-
HapY LIEHHbIX TOPHbIX MOPOA, KOTOPble PUKCHPYHOTCS B UBMEHEHWH 3HAUCHHH MPaHHYHbBIX
CKOPOCTEH, OCHOBHbIX UHTEPBAIOB H HHTEHCHBHOCH BOAOMPHUTOKOB,

[IpoBoAMMbBIE peMeaHalUMOHHBIE MEPOTNPHUATHS, CBA3AHHbIE C 3aKPLITHEM IMOPHBIX Bbl-
paldOoTOK, B OTAEJbLHBIX CyYasX OKasajluch MalodpekTHBHBIMU. B HacTos11ee Bpems ¥
3a0eTOH MPOBaHHbIX NTOPTAJIOB pAdd LITOJICH, BCKPLIBAIOUIHX M'HAPOTCOJOIMYECKH aKTHB-
Hbl€ pa3pbiBHbIE HApYLUEHUs, (PUKCUPYETCS MOCTOSHHbIH BOAOMPUTOK, & TAK)Ke MOBbILIEH-
Hble KOHLEHTPaUUHU PAIUOHYKIHAOB. B CNOKUBLINXCA YCNOBUAX aHAU3 0CODEHHOCTeH
(OpMHPOBaHHA 30H TEXHOIEHHOM pasrpy3kH MOA3EMHLIX BOA, CBA3aHHbLIX ¢ 00J1aCThIO
F’MAPOIrcOAHHaMHUYCCKOIO BJIMAHHA PaHEC MPOBECHHBIX [ B, BCCbMa dKTYaJICH.

5.2. BoigejieHue 30H NpeuMylIeCTBEHHOH OPHEHTALIUH
JUHEAMEHTOB B MACCHBE NOPHbIX MOPO

Ha npumepe maccupa JlereneH npoBeaeH AeTalbHbIIA NMHEaMEeHTHbI adaaus. [1po-
CJIEIKEHbI ATanbl 3T0KEeHUS, (POPMUPOBAHUSA U NPOCTPAHCTBEHHOIO pacnpeaeieHus pas-
PbIBHbIX HapyLUEHU I, TPACCHPYEMbIX JINHEAMEHTAMHU, C YUETOM UCTOPHU MEO0rHYECKOTO
pasBUTUA WHTPY3UBHOIO MaccuMBa U MOCHEACTBUI TeXHOreHHoro Boszaeicteus [14B.
BoicoKkasi CTeNeHb U3YUEHHOCTH TEPPUTOPHUU, CBA3AHHAS ¢ NMPOXOAKON U AOKYMEHTALH-
€l MHOTOUYUC/IEHHBIX FOPU30HTAIbHbLIX FOPHbIX BbIPADOTOK — LUTOJIEH, BbIMTOJIHEHHEM
KPYMHOMACIUTA0HOMO re0N0rHYeCKoro KapTUpoOBaHUs OTACIbHLIX YUACTKOB, O3BOINUIIA
NPOBECTU COMOCTABAEHUE TIHHEAMEHTOB C Pa3pbiBHbIMW Hapy LUEHUAMM.

Crnenyer OTMETUTL HEPABHOMEPHOCTL TEXHOMEHHbIX U3MEHEHUI MaccuBa JlereseH.
[Mnowanka Jlerenex, B npeaenax KOTOpOil NPOBOAMAUCH KPYMTHOMACIUTAOHbIE B3PbIBbI,
3aHMMACT LUEHTPANIbHYKO U KOKHYIO YacTu Tepputopuu (cm. puc. 32). B npeaenax cesep-



HOM 4aCTH MacCHBa COXPaHEH NMPUPOAHbIIT HEHApYLLUeHHbIH naHawadT. Takoe coueranne
NaHAWA(TOB UCMONB30BAHO M1 CPABHEHUS CTATUCTUYECKHX XapaKTEPHCTHUK Moseil
MJIOTHOCTH JMHEAMEHTOB pa3iMUHbIX HanpasleHU B €CTECTBEHHbIX U TEXHOTEHHO-
HAPYLUEHHbIX YCIOBHUSIX.

Beicokas cTeneHb aewnprupyeMOCTH MHTPY3MBHOTO MaccuBa 00y CIOBIEHA TEM, UTO
rPaHUTONA Kak einHas MOpQOCTPYKTYpa BblACIAETCA Ha (poHe BMeLLAroLLKX 3D (]y31BHO-
0CaA04YHbIX Nopoa. PaccmarpuBaeMblii MaccuB npeacTaBaseT co0ON 2PO3HOHHO-
pPacuU€HEHHOE KYNOJOBUAHOE NMOAHATHE C YETKO BbIPAXKEHHBIM OOKOBBIM CTPOSHHUEM.
B cBsi3u ¢ OTCYTCTBMEM Ha BOAOPA3AENAX PbIXJIbIX OTIA0KEHUI U X MATOH MOLLUHOCTBIO
B JOJIHHAX PYYbEB HA KOCMOCHUMKE YETKO MPOCASHKUBAKOTCS THHEAMEHTbI Pa3HbIX Ha-
npaslieHUH NO psay NPsAMbIX U KOCBEHHbIX MPU3HAKOB: HENPOTAKEHHBIX YCTYNOB, JiH-
HEHMHO BBITAHYThIX BOAOPA3/IENIOB, 3PO3UOHHBIX BPE30B, CAEB, PACMA/IKOB, CIPAMIICHHbIX
Y4acTKOB pycest. HacTb TMHEAMEHTOB MOKET ObITh MASHTU(PULHPOBAHA KAK Pa3pbIBHbIE
Hapy LLUEHHsL.

HAns ananuza reonoro-CTpyKTypHbIX YCAOBUN TEPPUTOPUH U PAHKUPOBAHNS AU3b-
FOHKTMBOB MO HANMPAaBIEHUSIM U CTEMEHW BbIPAXKEHHOCTHU B NaHaliapTe BbIMOJHEHO BU-
3yallbHOE U MHTEPAKTHBHOE KOMMBIOTEPHOE AeLM(pupoBaHUE. JINHEAMEHTbI BbiAENEHbI
Ha paszHbiX MOpPOrax BbIPAKEHHOCTH — BbICOKOM, CPEAHEM M HU3KOM (CM. puc. 32). Pac-
cMaTpUBacMblii MapameTp COMOCTaBUM C UEPAPXUUECKOH COMOAUUHEHHOCTLIO AU3BIOH-
KTUBHbIX CTPYKTYP.

JInHeameHTbI, BbiAEIEHHbIE HA BBICOKOM MOPOTe BbIPAKEHHOCTH, COOTBETCTBYHOT
Han0oJee NPOTAKEHHbIM pa3pbiBHbIM Hapy weHUsM. OcHOBHOI nuHeameHT HOB-C3 npo-
CTMPaHHA, K KOTOPOMY NpUYpPOUEHa J0/MHA py4bs Y3yHOY1aK, MPOTArHMBAETCS YEpes BECh
WHTPY3UBHbIA MACCHB U B3aMMOCBS3aH ¢ OPTOrOHAJILHO OPHEHTHPOBAHHBIMU JIHHEAMEH-
tamu KO3-CB nanpasnenuii. B 1ookHo# yacT Oaronura Tpaccupyercs rnepeceyeHue jau-
HeameHTOB 3-C3 — B-KOB u KO3-CB nanpaenenuii. K ceBepo-3anaay oT UCMbITaTe/1bHOIA
MAOAAKHU B YCIOBHAX NPUPOAHONo faHawadTa BblaelieHa cepust pa3HOOPUEHTHPOBaH-
HbIX NMPOTAXKEHHbIX AWHeaMeHTOB. JInHeameHT C-C3 — HO-HOB npoctupanus 4yacTHYHO
TpacCHpYyeT 3anaiHyr TEKTOHO-MarMaTH4ecKylo rpaHuuy UHTPY3UMBHOIo MaccuBa M
coBnanaet ¢ MyOMHHBIM pa3iOMOM, pa3aefsAloUUM JEBOHCKHE U KAMEHHOYTO/lbHbIe
oThoxkeHus. [lpoctupaHus cyOMEPUAHOHANIBHOIO JIMHEAMEHTA, NPOC/IEKEHHOIO BAOIIb
3anagHoN rpaHHilbl KOCMOCHUMKA BO BMELLAOLIMX 3(P(PY3MBHO-0CAIOUHbIX KAMEHHOY-
FOJIbHLIX OT/IONKEHHSAX, COOTBETCTBYET OPUEHTUPOBKE PaspbIBHbIX HApYLISHHI, Xapak-
TEepHOMN 17151 KaNeJOHCKOro CTPYKTYPHOTO MJlaHa.

KosnnyecTBO IMHEAMEHTOB, BbIACIIEHHOE HA CPEAHEM M HUIKHEM NOPOraX BblpaskKeH-
HOCTH, BO3pacTaer 1o CpaBHEHHO ¢ BbiLUeONHCaHHbIMU. OOLLHI CTPYKTYPHBIA PUCYHOK
JIMHEAMEHTHOrO MoJiA coxpaHsaeTca. JononHuTeNbHbIE TMHEAMEHThI CPeAHEro nopora
BbIPAXKEHHOCTH MPOABASAIOTCA B Npeaenax ucnbitare/ibHOM niaouw@anku, imeror CB npo-
CTHpPaHWE U OPTOTOHA/IbHO PACIOJOKEHbI OTHOCUTE/IbHO JTHHeaMeHTOB C3 OpUEHTH-
POBKH.

Bo BMeluarolux nopojax B 3anaiHoi 4acTH KOCMOCHUMKa JINHEAMEHTbl HUIKHEro
nopora BbipaXeHHOCTH NMPEUMYLIECTBEHHO pa3HO OPUEHTUPOBAHbI, B BOCTOUHONH YacTH
npeobaanaloT JinHeameHTbl cyoOMepuanonaibHoro U CB npoctupanus. Bo3amoikHo, pas-
JAUYHE JINHEAMEHTHOIro pUCYHKa 00YCIIOBIEHO OCODEHHOCTAMHU penbeda, K 3anaay oT
rpaHHTOMAA pa3BUTa 3PO3MOHHAA CETh, UMEIOLLAs LEHTPOOEXKHDBIH XapakTep, K BOCTOKY
MPOCHEKUBAETCA CTYNEHYATOE NMOHWKEHUE CKIIOHOB OT HMU3KOrOpbs K ypouully. B npeae-
Jlax MHTPY3UBHOI'O MacCHBa OTMEUEHbI JIMHEAMEHTbl HU3KOro Mopora BbipaxkeHHocTH C3,



CB u ¢cyOwunpoTHOro npocTupaHus. PacnpeaeneHue TMHEaMEHTOB pa3HbiX HanpaBieHHUi
3aBUCUT OT CTPYKTYPHBIX MJIAHOB Pa3iUUHbIX 3MOX TEKTOTEHE3a W JIUTOJOTMH MOPOL.
JInHeaMEHTbI pa3HblX NOPOroB BbIPAKEHHOCTH ABAAIOTCA rpaHuLamMu MopdoCcTpyKTyp-
HbIX OJIOKOB.

1o naHHbLIM BU3yanbLHOTO Aelln(pUpPOBaHUs B NPEAENAX UHTPY3MBHOIO MaccuBa ao-
MONHUTENBLHO BbLASNEHA Cepusi CyOLINPOTHBLIX TMHEAMEHTOB. B HKHON yacTu KocMmoc-
HUMKa NpOoCeKeEHa NPOTAKEHHAs CyOLLMPOTHAS TMHEAMEHTHAs 30Ha, MPOTArMBaOLLAsCS
yepes BMELLAKOLLUE NOPOabl H FPAHUTOUA.

B pe3ynbTare COBMECTHOIO aHaIM3a AAHHbIX T€0MOTMYECKOr0 KapTUPOBAHHUS MJIOLIA-
ki JlereneH u MHTEPAaKTUBHOMO ACLIM(PUPOBAHUS KOCMOCHUMKA YCTAHOBIICHbI JIMHEa-
MeHTbI NpenmyLecTBeHHO C3 u CB npocTupaHus, TpacCupyrOLLKE pa3pbiBHbIE Hapy LLE-
HUA. P npoTsikeHHbIX IMHEAMEHTOB OTPAHUUYUBAET 00/1ACTU PACMIPOCTPAHEHUS OChINE,
chOpMUPOBAHHBIX MPU TEXHOMEHHOM BO3AEMCTBUU Ha MaccuB (cM. puc. 32). [ToaoOHbie
JUHEAMEHTbI MOTYT ObITb COOTHECEHbI C «TEXHOTEHHO-TIOAHOBIEHHbBIMIUY Pa3pbiBHbIMH
Hapy LUEHUAMM, AKTHBH3ALKA KOTOPbIX CBfA3aHa ¢ nposeaeHuem [15B.

[TnoTHOCTL Manbix AMHeaMmeHTOB C3 NpoCcTUpaHUs B MHTPY3UBHOM Maccuse, cop-
MHPOBAHHOM Ha MO3/IHErEPLUHHCKOM JTane TEKTOreHes3a, 3Ha4MTEIbHO MEHBLIE MO CpaB-
HEHUIO C TOJIEM MIOTHOCTH BMEALIKMX 3D ]y3MBHO-0CATO0UHBIX OTIOKEHUI AEBOHA
N KapOOHAa, KOTOpbi€ XapakTePH3YHOTCA BbICOKMMH 3HAYEHUAMHM Noasd naotHoctu C3
HanpaBaeHus (puc. 33). OkaliMISHOILIME TPAHUTOM NOPO/Ibl CPOPMUPOBAHBLI B KajleA0H-
CKYHO 3N0XY, XapakTepHU3y IOLYHCS CyOMEpUINOHANLHBIM NPOCTUPAHUEM PETHOHANBHbIX
AN3bHOHKTHBOB. B repuMHCKY10 3M0Xy CKIAAYaToCTH, OTMYAKLLYHCA CEBEPO-3anaAHbIM
HanpaBieHUEM OCHOBHBIX CTPYKTYP, KaneaoHuAbl Oblin nepepadboranbl. CoueTaHue
pa3finYHbIX CTPYKTYPHBIX TMJIAHOB, CBA3AHHbLIX CO CMEHOH 3M0X TeKTOreHesa, HalLlo
CBOE OTpaKeHWe Kak B cyOMepuanoHa/lbHOM, Tak U B C3 OPUEHTHPOBKE JIMHEAMEHTOB,
BbIJ€JIEHHbIX BO BMELAIOLLMX MPAHUTOU NMOpoaax.

Hu3skas nnoTHOCTbL MalibiX IHeamMeHTOB C3 npocTUpaHus B Npeaeiax UHTPY3UBHOIO
MaccuBa 00yCiIOBIeHa €ro BHEAPEHHEM Ha 3aBepLIatole CTaaul NrepLUUHCKOro TEKTore-
He3a. JInHeameHTbl C3 HanpaBieHus pacho/IoKEHbl OPTOrOHAIbLHO OCHOBHOH OCH CKaTHA
noJs HanpsoKeHul, cPopMUpPOBaHHOTO B MO3AHEM MaNe030€e ¥ COXpaHHUBLIErocs 10 Ha-
CTOALIEro BpemeHu. OparMeHTapHOe YBEJIMUYEHUE [JIOTHOCTH JIMHEAMEHTOB NMPHYPOUEHO
K 3pO3HOHHbIM Bpe3aM, pa3BUTHIM MO A0JIMHAM pek Y3yHOynak, balitnec u Kapadynak. B
H0ro-3anaHoi yacTu maccusa JleresneH, Ha ceBepo-3anaiHoM CKIIOHE CyOLIHPOTHO OpH-
€HTHPOBAHHOIO BOAOpA3AL/a MPOCHEKEHO YBEJIHUEHUE MTOTHOCTH MaslbiX JIMHEAMEHTOB
C3 npocTrpanus, 4T0 MOKET ObITb 00YCAOBIEHO YBEAHYEHUEM CY LIECTBY FOLUEH TPELLU-
HOBATOCTH B CBA3H C MpoBeAeHUEM MHOrouKcIeHHbIX [T B, Bbi3BaBnX popMHpoBaHHE
OChblIIel BOKpYI paccMaTpyuBaeMoro yqyacrka ckjioHa (em. puc. 32).

HanpoTug, NJIOTHOCTbL IMHEAMEHTOB CEBEPO-BOCTOYHOIO U CYOLLMPOTHOrO MPOCTH-
paHuil B MaccuBe BbilUE, 4eM B OKPYKalLWMUX nopoaax (puc. 34, 35). IlosblueHHas
NAOTHOCTb MaNbiX JUHeaMeHTOB CB npoctupaHus oOycClioB/ieHa HX OPTOrOHAIbLHOM
opueHTauuei otHocuTensHo C3-FOB opueHTauMu OCH pacTAKEHUA 110151 HANPKEHUH.
CrylieHue MajibiX TMHEAMEHTOB CEBEPO-BOCTOYHOIO HaNpaBleHUsl MAPKHPYET KOHTAKT
WHTPY3HUBHOIO 00pa30BaHusA U, BEPOATHO, CBA3AHO C MPABUTALMOHHbBIM pacceiaHueM no
rpaHuue rpasutouaa. LtonbHU ¢ MOCTOAHHBIMK BOAOTOKAMH pacronoKeHbl B 30HaX Mo-
BbILLEHHOMN JIOTHOCTH MajlblX JINHEAMEHTOB BHYTPH MACcCHBa U NPUYPOYEHbI K yHacTKaM
PE3KOro U3MeHeHHs Xapakrepa TPEeLUMHOBATOCTH NMOopoa, 00YCIOBIEHHOTO OIU30CThIO
MarmMaTM4yeCKOro KOHTaKTa.



Puc. 33. [Toje mjaorHoOCTH
MaJiblX JiIHHeameHTOR C3 Ha-
[paBJieHHsi MacCuBa JlereaeH.

1, 2 — KOHTYpBI: | — HHTPY3HB-
HOI'0 MaccuBa, 2 — IUIOLIAJIKH;
3 — WTOJILHKU C I[TOCTOAHHBIMH
HUﬂDllpﬂHBJlCHHHMH: 4 — Ha-
npaBjcHHE MOAA TMIOTHOCTH
MANbIX THHCAMCHTOR

Pl iy

[Hkana naoTHoCTH

CI I .
max min
LS o RN N

Puc. 34. [lone miaoTHOCTH

MaJblXx TMHeaMeHToB [03-CB

HanpasjeHus maccupa Jlere-
JIEH.

YenopHbple 0003HAYEHHS CM.
puc. 33

LIkana naoTHOCTH

max min

L/ MoK /N



Puc. 35. Tlone ninoTHOCTH

MasbIX JMHEAMEHTOR CyOILH-

POTHOM OpHEHTALlMK{ MacCUBa
Jleresnen.

VenoBHele 0003HaAUYeHHUS CM.
puc. 33

HIxana naoTHOCTH

max min
L/ Ko P

Haubonee BbICOKHE 3HAYEHHUS MOJIS MVIOTHOCTH JIMHEAMEHTOB CEBEPO-BOCTOYHOIO Ha-
MpaBleHusl YCTAHOBJIEHbI HA CEBEPO-BOCTOKE, 3a MPeAeNaMi UCTILITATETbHOM NNOLLAAKH
HereneH. JIaHHbIA y4acTOK XapaKTepuU3yeTcs: HATMYHEM Pa3HOOPHEHTHPOBAHHBIX MPO-
TSAKEHHBIX JINTHEAMEHTOB M MEJIKOCOMOYHBIM pebe(dOM, MOABEPKEHHBIM 3PO3HOHHO-
ACHYAALHOHHBIM mpoLeccaM. B ueHTpalbHOH 4acTH WHTPY3MBHONO MaccHUBa Ha (pOoHE
HU3KUX 3HAYEHUH MOJisi mIOTHOCTU MalbiX CB 1uHeaMeHTOB nmpociekeHa CKBO3HasA
CyOLIUPOTHO OPHEHTUPOBAHHAS CUCTEMA MOBLILIEHHBIX 3Ha4Y€HUI MIOTHOCTH.

B 10KHOI YacTH HHTPY3HBHOINO MacCHBa noJie MOBBIIIEHHONW NMJIOTHOCTH MaJIbIX JIH-
HEAMEHTOB CEBEPO-BOCTOYHOIO HANpaB/JeHUA KOJBbLUEBUAHON (POPMBI PUYPOUEHO K
FOKHBIM KPYTBIM CKJIOHaM KOJKHOIO MaccuBa rop JleresneH, npope3aHHbIX BEPXOBbIMH
pek Taxrakywyk v baiitnec, umeroLuX HeBbIpaOOTAHHbIN NMPOAOIbHBINA U V-00pa3HbIii
nonepedHsii npoduan. [TogoGHbIN penbed XapakTepeH A1 HEOTEKTOHHYECKH aKTHBHBIX
MOpPocTpyKTYp. [IpUypOUEHHOCTH MJIOLIAAHOTO PACTIPEACIECHUS OChINE K CKIOHAM
MOJIO/IbIX JOJUH CBU/IETENBCTBYET O TEXHOT€HHON AKTUBH3AUHUHU CHCTEM pa3spbiBHbIX
HapylleHuii CB HanpasneHusa. ®OpMUPOBAHKUE AOMOJHHUTENbHBIX 30H MOBBILLIEHHOH Tpe-
LLMHOBATOCTH, 00yCnoBlIeHHOe npoBeaeHuem [ 1B, moaTBepKaeHo cMeeHueM BBIX0A0B
POAHUKOB BHU3 T10 CKJIOHY ¢ a0COMOTHBIX 0TMETOK 0T 850 10 520-630 M, yacTUHHOM
MX MCUE3HOBEHWUHW U COKpALIEHUH OOLIEH MPOTAKEHHOCTH MOBEPXHOCTHBIX BOAOTOKOB
or 0,5 10 6,5 kM.

[110THOCTE TUHEAMEHTOB CYOLIMPOTHOIO MPOCTUPAHHS MOBBILLIEHA B TPEAEIax Bcero
MaccuBa U HauboJee 3HaYMMO BBIPAKEHA Ha rore W oro-soctoke. [logodHas BeicOkas
MUIOTHOCTb MaJIbIX JINHEAMEHTOB, MO-BHAHUMOMY, CBA3aHa ¢ UX MMO3AHUM 3aJI0KEHHEM Ha



anbNUiicKOM 3Tane TekroreHesa. Haubosiee BLICOKOE 3HAUYEHUE TUIOTHOCTU MajbixX JIM-
HEAMEHTOB YCTAHOBJIEHO B JIEBOM OOPTY JIOJIMHBI CPEAHETO TeUEeHHs PeKH Y3yHOY1akK u,
NPeanoI0KUTENbHO, CBA3AHO ¢ TEXHOrEHHO akTHBH3aLMeH CyOLIMPOTHBIX Pa3pbiBHbIX
HapyLUEeHHH.

B rookHOI 4yacTu BblAEISETCA CKBO3HASA CUCTEMA JIMHEAMEHTOB CYOIIMPOTHOMO Ha-
NpaBlieHHs, KOTOpas TPACCUPYETCS U B OKPY X AKOLIMX HHTPY3HK nopoaax (cm. puc. 32,
35). OTmeueHHas 00acTb CrylieHus CyOLUPOTHBIX IMHEAMEHTOB, TakkKe ()parMeHTapHoO
npocneskeHHasl B noje njaoTHoctH CB MHeaMeHTOB, COOTBETCTBYET HOXKHOI CHCTEME pas-
PBIBHBIX HapyuleHui. UMEHHO 3Ta cepus AU3bIOHKTHBOB, APEHUpYEMas PsaOM rOpHbIX
BbIPAGOTOK ¢ MOCTOSAHHBIMHU BOAOTOKAMMU, SBISETCS HEOTEKTOHUUYECKH U THAPOr€OI0TH-
YeCKHM aKTUBHOH M ¢cnocoOCTBYET MUIpALMK PAAHOHYKNUIOB 32 NPeE/bl UCNLITATENbHOM
naoLaaAKu JlereseH.

5.3. AHAJIH3 NOCTB3PbIBHBIX Aedopmanmii
AHEBHOH MOBEPXHOCTH

JI71s M3y4eHUs BbIPAKEHHOCTH MOCTB3PbIBHbIX Ae(opmaunii AHEBHOH MOBEPXHOCTH
niomwaiky bananad npoBoauioch aelnpprupoBaHue KOCMOCHUMKOB IRS BbicOKOro
paspelueHUst. Bbil NPUMEHEH aHanu3 MajibiX U NPOTAKEeHHbIX ITHHEAMEHTOB U COMOCTAaB-
JI€HHE UX C BBIPAKEHHbIMU B NaHadTe TEXHOreHHbIMU (hopMamu penbeda (y4acTok
pacnosoxeHus ckpaxknHbl 1388). Kpome 3TOro uccnenoBaniuch CTaTUCTUHECKUE MO
MAOTHOCTH MaJiblX JIMHEAMEHTOB (Y4acTOK pacnofoxKeHus cKkBakuHbl 1226). [TpumeHe-
HHUE Pa3/IMYHbLIX UHCTPYMEHTOB MPOrpaMMbl A1 UCCIEA0BAHUS Y4ACTKOB MPOBEAEHUS
[151B no3Bonuno Hanbonee nosHO BbIABUTb OCOOEHHOCTH NPOSIBIEHHIT TEXHOIEHHbIX
W3MEHEHHH IHEBHOW NOBEPXHOCTH.

Jins aBTOMaTM3MpOBaHHOIO ACLM(PUPOBAHHS U CTATHCTUYECKOTO aHalu3a HenpoTA-
JKEHHBIX JIMHEAMEHTOB BbIOPAH KOCMOCHUMOK y4acTKa pacnoiokeHHUs CKBaXkKUHbl 1226,
caenaHHblii B (pespasie 2002 r., BO Bpems pacnpoCTpaHEHHsI TOHKOrO CHEKHOIO NOKPOBA.
Takas cutyauus OnaronpusTHa a1 getnppupoBaHus NOCTB3PbIBHBLIX aedopmauuii no-
BEPXHOCTH, TaK KaK 1eMEHThbI H300paKeHUsl, CBA3aHHbIE C COCTOSHUEM PACTHTEbHOCTH,
3aTyLUEBaHbl, 8 MUKPO(OPMbI peibeda, MOKPbITHIE CHErOM, NOAYEPKHYTbl OTTEHKAMH
¢oToToHA. MaOMOLLHbIH CHEXHbIH NOKPOB BLICTYMAET B Ka4€CTBE WHAMKATOpA NpH
BbiII€/IEHM W JIMHEAMEHTOB, BbIPAKEHHbLIX B MUKpopeabede yuacTka (puc. 36).

CkBaxkuHa 1226 pacnonokeHa B KOro-BOCTOYHOM 4acTv niowaaku bananad CHII
B npeaenax ajlIloBUalibHO-NPOIKOBHUANIbHOM paBHUHBL. Ha yyacTke npeumyLiieCTBeHHO
pacnpoCTpaHeHbl MNIHHUCTBIE OTNOKEHHS], pa3BUTA CTENHAs PaCTUTENbHOCTb. Perynsp-
HbI€ MOMEXH (JIMHEAMEHTbI AHTPOMOTEHHOH NPUPOALI, HE cBA3aHHbIe ¢ [14B, Hanpumep,
clefibl NOKOCA TPaBbl) UCKIKOUEHbI NPU MHTEPAKTUBHON 00paboTke C UCMONb30BaHHEM
nporpammHoro nakera LESSA.

[IpenBapUTENbHO MPOBEAEHO BU3YallbHOE ACIM(PUPOBAHME KOCMOCHUMKA U MO TEK-
CTYPHBIM NPU3HAKAM OKOHTYPEHA 30Ha MAKCUMAJILHBIX H3MEHEHUI (POTOTOHA, COOTBET-
CTBYIOLIIasi 00MaCTH pa3sBUTHS NOCTB3PbIBHLIX AehopMauuii (cM. puc. 36).

[Tpu aBTOMATU3MPOBAHHOM AeWIU(PPUPOBAHUK ObLIH PAacCMOTPeHbl noje o0ueH
MAOTHOCTH MaJjbIX JUHEAMEHTOB M NOJIEe MJOTHOCTH JuHeameHToB CB HanpasnieHus,
B Npeaenax KOTOPbIX BbisiBI€Hbl KOHLEHTPUUECKME aHOMANIMKU CTATUCTUYECKUX Xapak-



Puc. 36. Cxema BH3yansHOro nemmdy-
pUpOBaHUsA KOCMOCHHMKA yyacTKa pac-
[IOJIOKEHHUS CKBaKUHBI 1226 (KOHTYp —
30HA PacIpOCTPaHEHH A MOCTB3PbIBHBIX
nedopmaumii NOBEPXHOCTH, BbIAENEH-
Has 10 TEKCTYPHBIM MPH3HAKaM )

TEPUCTUK MIOTHOCTH. B 001eM nojie miIOTHOCTH KOHLEHTPUYECKAss aHOMAJIUSA HUMEET
MHHHUMAJbHbIE 3HAYE€HUs B 3MHLIEHTPE B3pbIBA, B MMpeeNax KOTOPOro MOCTB3PBIBHAS
TPELIMHOBATOCTh MOPOA HaudoJee BhICOKA. ITO OTMEYAeTCs] MUHUMYMOM 3HAYeHUH
MJIOTHOCTH B LIEHTPe aHOMAJIMK W3-3a MaJbIX pa3MepoB HOBOOOPA30BaHHBIX pa3HOHA-
npaBieHHbIX TPELLHH N0 CPABHEHUIO ¢ pa3peluarollel crnocoOHOCTH CHUMKA (puc. 37a).
KoHueHTprpoBaHHE MAKCUMAJIBHBIX 3HAYEHUH IUTOTHOCTH MaJIbIX IHHEAMEHTOB BOKPYT
LIEHTPAJLHOIO MHUHUMYMa [1O3BOJISIET OKOHTYPHUTE 00JIACTh MOCTB3PLIBHBIX N3MEHEHHUH
IHEBHON MOBEPXHOCTH, CBA3aHHBIX ¢ npoBeacHuem [151B.

Crpoenue uentpansHoi 3ousl [IJIB B U3oTponHoii cpene nMeeT paauanbHO-KOH-
LHEHTPUYECKUI PUCYHOK, CTENeHb TEXHOMeHHONH U3MEHEHHOCTH MaccHiBa YMeHbIaeTcs
110 HaNpaBJIeHUIO OT FMIoLeHTpa K nepudepun. [Ipu ananuze oOLuero mojs mIoTHOCTH
MaJblX JMHEaMEeHTOB Ha y4acTke nposeaeHus [IAB B ckBaxune 1226 1n1oTHoOCTb JH-
HEaAMEHTOB YBE/IWUYHBAETCS OT 3NUUEHTpa K nepudepuu, Tak Kak no Mepe yaajieHus oT
SIALEHTPA B3pbIBA YMEHBIIACTCA CTENEHL €r0 BO3JAEHCTBHA Ha NEOJIOTHYECKYIO cpelly U
MPOABIISIOTCS JIOKAJIbHbIE 0COOEHHOCTH NeOJIOTMYECKOrO CTPOSHHUS! paccMaTpuBaeMoro
yqacTka. MakcuMalbHble 3Ha4eHHs [IJIOTHOCTEeH MaJlblX JIMHEaAMeHTOB MPUYPOUEHBI K
CEBEPO-BOCTOUHOMY CEKTOPY BbIAEJIEHHON 00JacTH 1 00YCIOBIEHbI aHU30TPOIUEH 30H
MOCTB3PLIBHLIX JedopMalnii IHEBHOH NMOBEPXHOCTH, CBA3aHHOMN C MOJHOBIEHHEM Tpe-
mrHOBaTOoCTH CB HanmpaBneHus.

B none nnotHocTH ManbiX nHeaMeHToB CB npocTHpaHis MakCHMallbHbIE 3HA4YEHKs
MIOTHOCTH npociexkenbl B CB HanpaBieHWH, Kak B BbIACIEHHOH 00JacTU pa3BUTHS
MOCTB3PbIBHLIX Ae(POpMaLHii, Tak U 3a ee npeaenamu (puc. 370), KOTOpbIE COMIACYHOTCS
C perHoHanbHON reoiMHAMU4ECKON 00CTaHOBKOMA.

B kauecTBe npuMepa aHanuza Bo3aelicteus [11B Ha reonoruyeckyio cpeny paccmo-
TPEH TaKXe YYacCTOK paclojioKeHUs: CKBaXUHbI 1388, XapakTepusyrouiuiics BLICOKOM
CTeNeHbIO reo10ro-reousnyeckoi U3y4yeHHOCTH MacCHBa 10 U nociie npoeaeHus [15B,
MO3BOJIMBLINAN OLEHUTE MOCTB3PBIBHBIE H3MEHEHHs B MAacCHBE U HA MOBepXHOCTH. Ha
HaYIbHOM cTaaru 00padOTKKM KOCMOCHUMKA U3 paccMOTPeHHs Oblia MCKIIFOYEHA CepUd
NPOTAXKEHHBIX TUHEAMEHTOB @HTPOMNOTEHHOIO MPOUCXKASHHSA, COOTBETCTBY HOLLMKI 10-
pore, NpOTArHBarOLLIEHC MEXKIY CKBaXKUHAMU.



Lkana nioTHOCTH MaJbIX JIHHEAMEHTOB

max min

Puc. 37. Cxema pacnono:keHus MOCTB3PHIBHBIX Ae(opMalHii MOBEPXHOCTH y4acTKa pacrono-
JKEHHUsl CKBaKHHBI 1226 B mosie MJI0THOCTEH MalibIX JIMHEAMEHTOB BCeX HanpasieHuii (a) u CB
HamnpasieHus (6)
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Puc. 38. Cxema newndpupoBaHus KOCMOCHUMKA Y4acTKa pacnosiokKeHUsa CKkBakuHbI 1388, cos-
MeLLUEeHHas ¢ KapToH MOCTB3pBIBHBIX Aeopmauuii mopepXxHocTH [104].

1—4 — nuHEaMEHTHI, BBIICNICHHBIE TPU ABTOMATU3UPOBAHHOM JetudpupoBanuu: 1, 2 — akTHBU3UPO-
BaAHHBIE B 30HAX MOCTB3pBIBHBIX Aepopmannii ot [15B B ckBaxuue (1 — 1353, 2 — 1388); 3. 4 — orpa-
HUYMBAIOLIKE PACIPOCTPAHEHUE TEXHOT€HHBIX U3MeHeHUl aedopMauuy MoBepXHOCTH Pa3IMUHOIO
MOP(OIOrHYECKOr0 THNA: 3 — €CTECTBEHHOr0, 4 — aHTPONOIEHHOTO; 5, 6 — €CTECTBEHHBIE (POPMBI
penseda: 5 — oOpeIBHCTEIE, 6 — 3aJepHOBaHHEBIE; 7, 8 — rpaHMLBl: 7 — pacnpoCTpaHeHHUs pa3HOBO-
3pacTHBIX OTIOKEHHUH, 8 — MeXIy yyacTKkaMu AedOpMHUPOBAHHOH MOBEPXHOCTH (I — HHTEHCHBHO
neopmuposanHas, Il — mecramu ocsioxkuena, I11 — npakTHYECKH HEM3MEHEHHAN); 9 — U30JIMHHM
U3MEHEHHA BBICOTHI MOBEPXHOCTH, M: 10 — KOHTYp U3MEHEeHHOH noBepXHOCTH 0T [1SIB B ckBauHe
1353: 11 — BopoHka npocenanus: 12-18 — TexHoreHHsle popMbl MUKpOpeEnbeda (BHEMACIITAOHO):
12 — BCy4yeHHBIH IPYHT €O CTEHKOM ¢phiBa (Mdpa — BRICOTA, M); 13 — BCIIy4EHHBIH IPYHT ¢ pa3phbl-
BOM crutoiHoceTH; 14 — Oyrop nyuenus, 15, 16 — npoBansuoe nouuxkenune (nudpa — rmyoduna, m); 17,
18 — Tpeunnl; 17 — nporsaenusie, 18 — u3BUAKCTLIE, 19 — CKBOXKUHB! (4 — SKCTIEPUMEHTANILHAS H €€
HoMep, O — Ha0nKoaare1bHas)



O0vext 1388 pacnonoxkeH Ha kpailHeM toro-3anaae rowanxky «bananan» CHIT B
npenenax AoauHbl peku Yarau. LieHTpanbHas yacTb yyacTka padoT npuypoUueHa K Haanoi-
MEHHOI Teppace ¢ pOBHOM, MECTAMM C/1aDOBOIHUCTON MOBEPXHOCTLIO. Ha 3anaze yuacTka
BbIZICICHA 30HA MOCTB3PbIBHLIX Ae(opMalimii, cBs3aHHas ¢ nposeneHyeM [15B B ckBaxkuHe
1353, okaszaBluas, NpeaAnoOnOKUTENLHO, BIMSHUE HA KOH(PUIYPaUHID TEXHOTEHHLIX (Gopm
penbeda Ha y4acTKe pacnonoxkeHus ckBaxkuHbl 1388. Tak, onHA U3 aKTUBU3MPOBAHHbBIX CH-
CTEM TPELUMHOBATOCTH, BbISIBNEHHAA aBTOMATH3MPOBAHHBIM ACLUM(PPUPOBAHHEM BOCTOUHEE
CKBaKHHb! 1353 Ha paccrosHuu nopsaaka 300 M, aeisieTcs 3anaaHol rpaHuuEen pacnpocTpa-
HEHHS MOCTB3PbIBHLIX AedopMaLmii OT IKCAEPUMEHTAILHON ckBaxkuHbI | 388 (puc. 38).

TexHoreHHbie hopMbl penbeda Ha yuacTKe pacnonokeHus ckBaxkuHbl 1388 npen-
CTaBAEHbI PSAOM MPOTHIKEHHBIX BANOB 1 OYrpoOB My4eHHUs, CONPOBOKAAEMbIX BOPOHKAMH
NpoceaaHus U NMPOTSIKEHHBIMU TPELLMHAMHU € U3BUIMCTLIMU ouepTaHusamu. [TpoBeaeHo
pasjesieHne TEPPUTOPUN HA 30HBI MO cTeneHu AeOPMUPOBAHUS THEBHOI MOBEPXHOCTH.

B npenenax odbekTa 1388 yCI10BHO OKOHTYPEHbI YUACTKH, OCIOKHEHHBIE MOCTB3PbIB-
HbIMU AeopmauusiMu. B anuueHTpanibHOM YacTH pa3BUTa MHTEHCUBHO Ae(HOPMUPOBAH-
Hasl, NEPEnIaHupPOBaHHAsA NOBEPXHOCTh € NMPEBbLILLIEHHEM A0 2 M OTHOCUTENLHO NEPBO-
HA4a1bHOI'O MOJIOKEHHUS U CHCTEMOM pPaananbHO pacXoasuXces TperH. B crienyroiuei
30HE BbIAE/IEHbI HEMPOTAXKEHHbIE POPMbI TEXHOMEHHOTO MUKpOpebeda, pacrnoiOKEeHHbIC
NPEUMYLUECTBEHHO KOHUEHTPUYECKH OTHOCUTENBHO 3NULUEHTPA B3pbiBa. Ha ocTanbHOI
4yacTH 00ObEKTA UCCEIOBAHWI OTMEYEHbI M3BUIIMCTBIE €IMHUYHbBIE PA3HOOPHUEHTHPOBAH-
HbIE TPELLUHBI.

Texnonoruei LESSA BbisiBneHbl npoTskeHHbIe (0k0n0 [,2—1,5 KM) 30HbI rpynmnu-
pOBaHHsi NUHEHHBIX 3NEMEHTOB U300paxkeHus CB npoctupanmus BONMM3H IMHMUEHTPOB
B3pbIBOB B CkBakMHax 1353 u 1388, conocraBumble ¢ JaHHBIMH HA3EMHbIX HAOMKOACHHIA.
[TpoTssKeHHbIE NUHEAMEHTbI 00J1a]al0T Pa3sAuiYHON BHYTPEHHEN CTPYKTYPOii, aHanus
KOTOPO# aeT AOMOJHUTENbHY O WH(POPMALIUIO O TeHE3HCE H TEXHOTEHHOM IMOJHOBICHHH
TPACCUPYEMbBIX UMW PA3PbIBHbIX HAPYLUEHHH M O BAMSIHMHM HA HUX TEXHOreHHOTO (hakTopa.
[TpoTakeHHble AMHeameHThl CB npocTHpaHus SBASKOTCA MPaHULAMH BbIAENEHHbBIX 30H
NOCTB3PbIBHbLIX JedopMaumii.

B paiione ckBakuHbl 1388 aBTOMaTM3UpOBaHHBIM JelIM(PUPOBAHUEM YCTAHOBAEHA
30Ha 3-C3 npocTHpaHus, OrpaHdyMBaloLias pacnpocTpaHeHUe akTUBU3MPOBAHHbBIX 30H
TpewnHoBatocTH CB HanpaBneHus W ABNsdioLlascsa pasaesoM odnactel ¢ pasnnyHoi
OPHEHTHUPOBKOH NOCTB3PbIBHLIX JIMHEHHbIX MUKpOhOopM penbeda (BasoB 1 OyrpoB ny-
YeHHUs, TPELUMH). YKa3aHHbIH JIMHEAMEHT 3aMETHO OTJIMYAETCs OT BbiAeNieHHbIX 30H CB
HanpaesjeHUi, YCTAHOBIEHHbIX HENOCPEACTBEHHO OKOJI0 CkBaXXKUH 1388 1 1353, no cre-
NEeHU BbIPAKEHHOCTH W BHYTPEHHEH CTPYKType, NpeacTaBleHHOH MEHbLIUM CpedHuM
pa3smMepoM COCTABIAOLMX €ro JIMHENHbIX 3/1eMeHTOB. K 3TOH CI0XKHONOCTPOEHHOMN 30He
NpUYpPOYEHO MPOBANILHOE MOHUKEHHE NMOBEPXHOCTH NMPOTAKEHHOCTHIO 10 0,4 KM U r1y-
OouHoii 10 0,2-0.,4 M, BLITAHYTOE B1ONb €€ NPOCTUPAHUA.

JinHeameHTHbII aHaNW3 AHEBHON MOBEPXHOCTH COMIACYETCH ¢ pesy/ibraraMu 3KC-
NEPUMEHTANbHbIX UCCEA0BAHNI MO U3YHEHUIO COCTOSAHNS MaccuBa 110cne MpoBeleHus
KpynHoMacwTabHoro B3pbiBa. OTMeyvaeTcs coBnaaeHue oOLLEl BLITAHYTOCTH oOnacTei
pa3BUTHA MMOCTB3PbIBHbIX Ae(OpPMALIMIA C HaNpaBieHWEM JIMHEHHbIX 30H MPYNINHPOBaHUS
HENPOTSAXKEHHbIX JIMHEHHbIX 00BLEKTOB, BblAENEHHbIX MIPU AUCTAHLHOHHOM 30HAUPOBAHUY
(cM. puc. 38).

Oco0blii nHTEpec NpeacTaBafseT TpacCHpOBaAHWE 30H TPELMHOBATOCTH, BIHUAIOLINX HA
pa3BUTHE MOCTB3PbIBHBIX Ae(hOPMALIMiA H OTBETCTBEHHbBIX 32 BOZMOKHOE pacnpocTpaHe-



HUE Opeosia painoakTHBHOrO 3arpsa3Henus [81]. [ToBepXHOCTHAS 30HANBHOCTD SIBJISETCS
KOCBCHHbIM OTPAXKCHHUEM HEOGpﬁTHM{)FO TEXHOIMCHHOIO USMCHCHHWA COCTOAHKS MaCCHBa
nocne nposeacHua [141B.

BbiBoabl

MeToarka AMCTAHUMOHHOIO 30HAMPOBAaHUS anpoOupoBaHa Ha nouaake Jlerenex
1 ABYX o0bekTax naowaakd bananan CeMnnanaTtMHCKOro UCMbITATEILHOIO NOJMMTOHA,
XapaKTePU3YIOLLMXCA BbICOKON CTEMEHBIO ME0IOr0-re0(PU3nYeCcKOi H3YUEHHOCTH TEPPH-
TOPUH U TEXHOTEHHO-U3MEHEHHbIM naHawadhToMm.

ITo pe3ynbraram COBMECTHOIO aHa/ln3a reoAMHaAMHUYEeCKOH 0OCTaHOBKH M aBTOMATH3H-
POBaHHOIO AeWU(PUPOBAHUS KOCMUUECKOIO CHUMKA MaccuBa JleresieH npoBeASHO COMo-
CTaBNEHUE NPOTIHKEHHbIX JIMHEAMEHTOB Pa3/IMYHbIX MOPOrOB BbIPAXKEHHOCTH ¢ UEpapXu-
YECKM COMOAYMHEHHBIMU PA3PbIBHbIMH HAPY LLEHUAMHU, COOTBETCTBYFOLLMMHU CTPYKTY PHbIM
niaHam pas/M4HbIX 3TarnoB TEKTOreHe3a. Ha 0CHOBE MCMOIb30BaHUs JAHHBIX AETAILHOIO
reos1oro-reoMopgoJ0ruyeckoro KapTupoBaHus paiioHa HCCIEA0BAHHI 1 KOMITBIOTEPHOI
00pabOTKK KOCMOCHUMKA BbIAENEHbI PA3PbIBHbIC HAPYLICHUSA, TEXHOMEHHO aKTHBH3U-
POBAHHbIE MPU KPYNHOMACLUITAOHOM BO3ACHCTBMH HA MHTPY3MBHbIN MaccuB JlereneH u
BMeltatorme 3dy3uBHO-ocaaouHble nopoabl. KOMNIEKCHOE M3y4eHUEe NPOTAKEHHBIX
AVNHEAMEHTOB U CTATUCTHUHECKUX MOAEH MIOTHOCTU MajbiX JIMHEAMEHTOB B npeaesiax
rOpHOro MaccuBa JlereneH no3BOMUAM OMPEAETIUTb CUCTEMbI PA3PbIBHbIX HAPYILCHHI
CYOLUHPOTHOIO M CEBEPO-BOCTOUHOIO HanpaeieHUid, KOTOpbIe MOTYT paccMaTpyBaThCS B
KaYe€CTBE BEPOSATHBIX NYTEH MUrpaLiMi PAMOHYKIUAOB C MOA3EMHbBIMHU BOJAAMMU.

JlaHHbIE MO NOCT3PbIBHbIM AS(GOpMaLUAM JHEBHOM NOBEPXHOCTH NMOC/E NPOBEASHUS
[15IB B ckBa)kuHAX, YCTAHOBNEHHbIE MPH ABTOMATH3UPOBAHHOM ACH(PPUPOBAHUU U
NOATBEPIKACHHbIE IKCIEPUMEHTANbHBIMH HCCICA0OBAHUAMM, MPUBACUEHBI A1 HACHTU(N-
Kaliu 30H HeoOpaTumoro aehopMUpOBaHUs MacCHBa NOPHBIX nopo. o pesyasraram mno-
C1E0BATENBLHOIrO paccMoTpeHus noseii oowei u CB naoTHoCTe! nMHeaMeHTOB BNEPBbIE
BbI/IC/ICHbl KOHLEHTPUYECKHE aHOMAJIUHU CTATHUECKUX XAPAKTEPUCTUK JIMHEAMEHTHOMO
PUCYHKA, KOTOPbIE COOTBETCTBYHOT 001acTAM pa3BUTHUS NOCTB3PbIBHbIX Aedopmaunii
AHEBHOMH NOBEPXHOCTH. KOMNbIOTEPHAs AETEKLMSA MIOTHOCTHBIX CTATUCTUYECKKUX Mapa-
METPOB (Y4aCTOK pacnofoKeHUs CKBaKUHbI 1226) M aeTanbHbII aHAIU3 JIHHEAMEHTHOTO
pPUCYHKa (Y4aCTOK pacnooKeHUs CKBaKMHbI |1388) no3BONSIOT BbIACIHTL OCHOBHOE
HanpaBiE€HUE MAKCHMAIbHbIX 3HAYEHUI MAOTHOCTEN MHEAMEHTOB, TPACCHPYIOLUNX
NPOCTHPAHHE TEXHOIEHHO aKTHBU3MPOBAHHBLIX AW3bHOHKTUBOB. BbiaeneHHas CB opu-
€HTALMA AKTUBU3UPOBAHHbLIX pPa3pbiBHbIX HAPYLUEHWH COMIAcyeTcs ¢ perMoHanbHoil
reoauHamMuueckoi oocrtaHoskoii CUIT.

[1poiiecc aBTOMAaTU3HPOBAHHOTO BbIACIECHHUs MPOTSKEHHbBIX TMHEAMEHTOB H CTATUCTH-
YECKHX Nosel ManbIX IMHEAMEHTOB MPUOOpPETaeT 0CO0YH0 aKTYalIbHOCTb B TEXHOMCHHO-
Hapy lweHHol obctanoBke CemMunanariHCKOro HCNbITaTebHOIO MOJIMIoHa, OCA0KHEHHOH
npoeaeHuemM [1AB. Komnbtorepnas odpaboTka marepuanoB AMCTAaHLUMOHHOTO 30HIH-
pOBaHUs COCOOCTBYET U3YHEHUIO COCTOSAHUS YYACTKOB 3€MHOH KOpPbl, OABEPKEHHbIX
PaJMOAKTUBHOMY 3arpsA3HeHHIO W TPYAHONOCTYIHBIX 1J51 BU3YaJIbHOMO Ha3eMHOro 00-
cneioBaHms.



JARTIOYEHUE

B HacTosiliiee BpeMs MPOMCXOAUT HAKOTJIEHUE PE3y/IbTaTOB MCCNeA0BaHH, CBA3aH-
HbIX C MPUMEHEHMEM aBTOMATU3UPOBAHHOIO AelUn(ppUPOBAHUS TPH U3YUEHUH e0N0r0-
reo(pusnyeckoii cpeabl. KoMnnekcHbli nMoaxoa K UHTepnperaury JaHHbIX IUCTaHLMOH-
HOIO 30HAMPOBaHHs NO3BOINJI A(PPEKTHBHO U3YUaTh YHACTKH 38MHO# KOPbl B PUPOAHbBIX
W MPUPOAHO-TEXHOMEHHBIX YCIOBHAX U OLEHUBATH COBPEMEHHYH MEOAMHAMUYECKY IO
0OCTaHOBKY.

B nanHoi padoTre BbIMOAHEHA anpodalua MHTEPAKTUBHOTO aBTOMATH3HPOBAHHOIO
aewnppuposaHus ¢ nomotlbto nporpammuoro nakera LESSA (Lineament Extraction
and Stripe Statistical Analysis) ans pelieHUs Hay4yHbIX W MPUKIAAHBbIX 334a4, B 4acT-
HOCTH TaKHX, Kak:

— UCCICAOBAHME NMPUPOAHBIX U MPHUPOAHO-TEXHOTeHHbIX JIaHALIA(]PTOB;

— aHaJIKM3 reoIMHaMM1y4eckoil 0OCTaAaHOBKM B PaziMUHbIX Ie0/I0r0-TEKTOHMYECKHX YCI0-
BUSIX;

— MPOCICKUBAHUE 3aKOHOMEPHOCTEI MOBEPXHOCTHBIX MPOABIEHUH FETEPOreHHOCTH
KpucTasiueckoro QyHaamMeHTa i 0CaA0UHOMo Yexia B pejibede ¥ COBPEMEHHOM flaH1-
wagre;

— BbIJICJICHUE YHACTKOB KOHLICHTPALMM TEKTOHUUECKUX HAaNPSKeHNi, CeiiCMUYeCKoro
H FreOAHHAMHYECKOro palOHUPOBAHUA;

— U3YUYE€HHUE COBPEMEHHONW NEOAMHAMHUYECKOH aKTUBHOCTH TEPPUTOPHUIL;

— OLCHKA BO3MOJKHbIX M€0IKONOTHYECKUX MOCAEACTBUIH TEXHOMEHHOrO BIHSHWA Ha
reoioro-reohu3nIECKYH Cpeay.

[Tporpamma LESSA oGnanaet 0onbiloil BApMAaTUBHOCTbIO MAPAMETPOB UHTEPAKTHB-
HOTO BbIACACHHUS W MPOCTPAHCTBEHHOIO aHaAM3a JUHEHHbIX ATEMEHTOB M300pakeHH,
4TO NO3BOASET NOAOHPATHL MapaMeTpbl ACTEKTHPOBaHWA O0BEKTOB B COOTBETCTBHH € NMO-
CTaB/ICHHbIMU M€ONOrO-re0(hU3NUECKUMHU 3aa4aMu, NMPUHATLIMU TEKTOHO(PHU3INUECKUMH
MOAENSAMU W CTPOTrO KOHTPOJMPOBATH MACIUTAOHBIA YPOBEHb JIMHEAMEHTHOIO aHaN3a.
[TapameTpu3auus noayuyeHUs U 0TOOPA YCTOHUMUBBLIX CTATUCTHUYECKHUX XapaKTEPHCTHK
MPOCTPAHCTBEHHOIrO pacrnpeae/eH|s MalbiX JUMHEAMEHTOB OJHOBPEMEHHO C Bblaegne-
HUEM TNPOTSXKEHHbIX IMHEAMEHTOB MO anroput™my Xaga BbINOJHEHA B CTAHAAPTHBIX
TEPMHHAX pealibHOI reonoro-reo(pu3nueckoii cpeabl. FIHTepakTuBHas napaMeTpusaums,
NOHMMaeMas kak padoTa ¢ «OKHaMmuy, NOporaMmu U ypPOBHAMH JOCTOBEPHOCTH, MO3BOALT
Mosy4arhb Pe3y ibTaThl, JETKOJOCTYMHbIE A8 MPOBEPKH APYTrMMH HCCEA0BATENAMU, H B
TO YK€ BPEMs BbIAENSATH CBOMCTBA U300PAKEHUS, MHTEPNIPETUPYEMBIE KAK OCOOEHHOCTH
reoIOruueCKoON Cpeibl.



[Ip1 aBTOMATM3UPOBAHHOM ACIU(PPUPOBAHHHM KOCMUUYECKUX U300paskeHUH pa3HOl
0030pHOCTH U pa3peluaroLieit cnoCOOHOCTH YCTAHOBIIEHO, UYTO CIOUCTO-0I0KOBOE CTpOE-
HHE 3€MHOI KOPbl OTPAXKAETCA KaK B CTPYKTYPHOM PUCYHKE NPOTAIKEHHbIX IMHEAMEHTOB,
TaK W B CTATUCTUYECKUX XapaAKTEPUCTHKAX MPOCTPAHCTBEHHOIO U OPUEHTALMOHHOIO
pacnpe/ie/ieHnsl MallblX JIMHEAMEHTOB. JIMHEaMeHTbl U IMHEaAMeHTHbIe (POPMbI Xapak-
TEPU3YOT OCOOEHHOCTH CTPOEHUS PA3JIOMHbBIX 30H, UX KMHEMATHKY W HEKOTOPbIE TEK-
TOHO(MPHU3UUECKHE XapaKTEPUCTUKH, MO3BOIAIOT NPOCIEAUTb B3aUMOCBSI3b HOBEILLIMX H
COBPEMEHHBIX Pa3pbIBHbIX H MIaCTHYECKHUX JAedopMauurii yuacTKoB 3eMHOH Kopbl. Ha
OCHOBE WHTEPNPETALUK 00Pa0OTKN LH(PPOBLIX KOCMUYECKUX CHUMKOB OMNPEAEIEHbI CO-
OTBETCTBYIOLLUE PAHTH OIIOKOB M MEXOJIOKOBBIX 30H.

Ha nprumepe BEIT nokasaHo, 4To NpoTsAKEHHbIE TMHEAMEHTBI M JIHHEAMEHTHbIE (op-
Mbl MApPKHPYHOT BblipaXK€HHbIE B peibede CTPYKTYpbl (pyHaameHTa (B T.4. pudeickue
aBJIAKOT€Hbl), TPAHCIUpPYEMbIE Uepe3 0caaOUHbIH 4eX0l. JIMHUKM BbITAHYTOCTH OCEH
po3-auarpaMm (TMHEAMEHTHbIE (POPMbI) TPACCUPYIOT MPOABIEHHYIO HA MOBEPXHOCTH
BELLICCTBEHHO-CTPYKTYPHYHO, PEONOTMUYECKYHO U r€O(IU3UUECKY O aHU30TPONKIO CBOICTB
reoJIOrMuecKoi cpeibl B COBPEMEHHOM noje HanpskeHuit. « Konbuesbie» oOpa3oBaHus
BEIT, BbineneHHbie N0 XapakTepy U3MEHEHHH PO3-aHarpaMM MallbiX TMHEAMEHTOB, TAIO-
TEKOT K NEePeCceUeHHUIM 30H MYOUHHbIX Pa3iOMOB, K yUacTKaM U3MEHEHHs OPUEHTHPOBKH
PErMOHANIBHbIX PA3J1OMOB W MOBbILWEHUA WHTEHCHMBHOCTH NJIMKATUBHBIX AepopmaLiiii
0Ca0YHOIO yexa.

B pesynbrare Mop(oCcTpyKTYpHOro aHanu3a paBHUHHLIX TEPPUTOPUIT LIEHTPAILHOMH
yactn BEIT (T1puokekuii yuactok HPLL3, npoexkTupyemas niowiaaka nog cTpoUTeib-
ctBO HADC) B ycnoBusax ci1adbIX HEOTEKTOHWYECKUX JedopmaLinii ObiI BblAENEHD
OM10KK ¥ MeK0JIOKOBbBIE 30HbI HA OCHOBE CTATUCTUUYECKHUX XapaKTePUCTUK Noneil Manbix
NUHEAMEHTOB, B YaCTHOCTH, napamerpa auddepeHuraunu po3-amarpamm H npoBeeHo
MX paH)XUPOBAHUE MO CTEMEHW COBPEMEHHOH U HEOTEKTOHHYECKOH aKTMBHOCTH. WH-
CTPYMEHTA/lbHbIE HADMIOAEHUS 3a SMAaHALUMIMU PaAOHA U MUKPOCEHCMHUUYHOCTBHIO MOA-
TBEPAUIN COBPEMEHHYIO aKTUBHOCTb PACCMOTPEHHBIX MOPOCTPYKTYP.

Pe3ynbrarbl IPOBEASHHbIX WCC/I@A0BAHHH CBMAETENILCTBYIOT O BO3MOKHOCTH NpH-
MEHEHHUSA MeTOoAa aBTOMAaTH3WPOBAHHOIO ACWHU(PPUPOBAHHUSA HE TOJILKO A NMPUPOAHbIX
W MPUPOAHO-TEXHONEHHbIX CUCTEM, HO U 4715l YpOaHU3UPOBAHHbIX TEppUTOpHii. [Tpu
MCIMOb30BaHUN MeTOJa /1A paiiOHOB ¢ HHTEHCUBHOM aHTPONOreHHON Harpy3Koii yBeu-
YKMBAETCs POJIb MHTEPAKTUBHOM cocTasstolei npu o0padoTke KOCMUYECKHX CHHMKOB,
B npeaenax HoBbIX rpaHul, MOCKOBCKOro Meramnoauca rnoj BAUSHUEM LAJTHTEABHON aH-
TPONOTEHHOU Harpy3ku popMupyeTcs crieuuPpuyeckuii NpupoaHO-TEXHOTeHHbIH j1aHA-
wadt. HeonHOPOAHOCT TEXHOMEHHOIO BO3ACHCTBUA HA CIOXKHO-CTPYKTYPUPOBAHHY IO
reoJIOrHYecKyo cpeay npeaonpeienser 0co0eHHOCTH Pa3BUTHS ONACHbLIX IK30IeHHbIX
NpoueccoB K ycaoBus popMupoBaHus reopusznveckux noneid. B npegenax ypoaunmsu-
POBAHHOH TEPPUTOPUU MPOCIIEHKEHO YBEIUUYEHHUE NJOTHOCTH MasbiX JTHHEAMEHTOB B
palHoHax, XapakTepU3yOLHUXCA NMOBbILLEHHON TEXHOMeHHON Harpy3KoH.

B ceiicmoakTiBHBIX pernoHax balikaibekoil pudrosoii 30Hbl U [opHOro Ajitas Bolje-
NIeHbl NOTEHUHUANLHO CeHCMOAKTUBHbIE CTPYKTYPbI U UCCNIEA0BaHbl HEKOTOPbIE OCOOEHHO-
CTH COBPEMEHHOIO HaMNpPANKEHHONO COCTOAHUS YYACTKOB 36MHON KOPbI HA OCHOBE aHajus3a
PUCYHKA JIMHEAMEHTOB, JIMHEAMEHTHbIX (JOPM H YITIOBbIX XapaKTePUCTUK NPOCTPAHCTBEH-
HOMO pacripeieieHns MalibiX imHeameHToB. [10 JiuHeameHTaM M JiMHeaMeHTHbIM hopmam,
YCTAHOBJIEHHBLIM KOMMBLIOTEPHLIM AeIUPPUPOBAHUEM, JaHA XapaKTepPUCTHKA CTPOESHHUS
pa3/IOMHbIX 30H W ONpeesieHa uX KHHeMaTuka. [Ipyu noCTpOeHUHN TeKTOHOPU3HYECKUX



moaenei [opHoro Antas MCNONb30BaHbl JaHHbIE ABTOMATU3UPOBAHHOTO Aetudpupo-
BaHUA W CEMCMOTOMOrpa(ui, BbIMOJHEH MPOCTPAHCTBEHHbIN NMPOrHO3 CEHCMUUYECKOrO
npouecca u onpeaeneHa rmyobuHa ceHCMOaKTUBHOMO ¢nos adpreplokoB Uy HCKOro 3em-
NETPACEHMUS.

Pesynbrarbl NMHEAMEHTHOIO aHaNIU3a MOCTB3PbIBHBIX Ac(opmaunii TEPPUTOPUH
CeMHUNasaTHHCKONO MCMbITATEIbHOMO MOMUIOHA COMMACyOTCA ¢ AaHHbIMKH HA3eMHbIX
HCCNEA0BaHUI COCTOAHKWA MaccHBa NOC/e NPOBEACHHWA MHOTOYMCIIEHHBIX KpYMHOMAC-
WTadHBIX 3KCNEPUMEHTOB. B npeaenax BuIOpaHHbIX OOBEKTOB MPOTAKEHHbIE JIHHEa-
MEHTBb! W 30HbI MOBBILLEHHBIX 3HAYEHHI MJIOTHOCTH MallblX JIHHEAMEHTOB TPACCHPYHOT
30Hbl TPELIMHOBATOCTH OMNPEALICHHON OPUEHTUPOBKH, (POPMHUPOBAHHE KOTOPbIX CBA3AHO
KaKk ¢ reoJoro-CTpyKTYPHbLIMU YCAOBUSIMH, re0aMHaAMHUYecKol 00CTaHOBKOM, Tak M ¢
TEXHOTEHHBIM BO3AEHCTBHEM HA MACCUB FOPHBIX MOpoA. HacTb U3 HUX aKTHBU3MPOBaHa
B MOJIe COBPEMEHHbIX HAMPAKEHUH W MOKET pacCMarpvBaTbCsl B KA4ECTBE BEPOSATHDIX
nyTel MUrpalnu pagvOakTHBHO 3arpss3HEHHbIX MOA3EMHbIX BOA. P NpocieKeHHbIX
JUHEAMEHTOB, COOTBETCTBYOUIMX pa3pbiBHLIM HAPYLIEHHSAM, KOHTPOJIHPYET FPaHuLLbl
pa3BUTUS NMOCTB3PLIBHbLIX Ae(OpMaLMil MOBEPXHOCTH, MPEACTABIEHHbIE TEXHOTEHHBIMU
dopmamu mukpopenseda. [na TexHoreHHOro nauawadra, odpasoBaHHOro nNpu Kpy-
HOMacCIITa0HOM BO3JEHCTBMH, YUACTKH MPOBEACHHUSA MOLLUHbIX NOA3EMHbIX B3PbIBOB Ha
CHUMKAX BbICOKOIO paspetleHust BbIAENEHb! B BUAE KOHUEHTPUUYECKUX aHOManuil pac-
npeaesieHUs MainblX JIMHEAMEHTOB.

Ha ocHOBe MHTEpTpeTalti BbIpa/KEHHOCTH MPOTAKEHHBIX TMHEAMEHTOB W JIHHEA-
MEHTHbIX (opM NnarhopMeHHbIX, CKAaauaThix U pudToBbLIX 00AACTEH NO AAHHbIM aB-
TOMaTH3MPOBAHHOIO JIMHEAMEHTHOTO aHalln3a ONpeaAeeHO COOTHOLUEHHE IHI0MEHHOM,
IK30MeHHOH U TeXHOTEHHOH COCTaBAOLWMX, BIHAIOLLHX HA GopMUpoBaHHE MOP(OCTPYK-
TYP B pasfinyHbIX re0iHHaMHUHECKHX 0OCTaHOBKaXx.

MHdopmaTuBHOCTL U MEPCNEKTHBHOCTL NMPUMEHEHUS ABTOMATU3UPOBAHHOIO JiH-
HEaMEHTHOIO aHanu3a MpoAeMOHCTPUPOBAHA Ha NpUMepax pasJinuHbiX OObEKTOB, pac-
NOJIOKEHHDBIX B Pa3HbIX Me0JIOr0-TEKTOHUYECKUX W JaHAapTHBIX yenosusx. B xoae
NPOBEASHHbIX HCCIIEA0BAHUI BbIIOIHEHA COOTBETCTBYIOWIAA KiacCH(pHKaUus BbIOPaHHbBIX
O0BEKTOB Ha MPUPOAHbLIE, MPHUPOJAHO-TEXHONEHHbIE U TEXHOMEHHbIE C YUETOM CTerNeHH
W3MEHEHHOCTH NPUPOAHOro NnaHawadra. B kauectse npumepa paiioHOB, XapaKkTepH3yio-
LIMXCA OTHOCHTELHO HEU3MEHEHHbIM JNaHAWagToM, OblIH pACCMOTPEHbI KXKHAA YacTb
baiikaabckoit pudToBoii 30HbI U Hyiickas BnagnHa Antas. K npupoaHo-TeXHOreHHbIM
nanawadTaM OTHOCUTCS LeHTpasibHas yacTs BEIT u Tepputopus MockoBckoii arnome-
pauun. TexHoreHHble nanawadTsl pacnpocTpadeHbl B npeaenax CemunanaTlHCKOTO
HCTILITATE/ILHOTO MOJUTOHA.

CucteMHbIi NOAX0A, KOTOPbIi OblI MPUMEHEH aBTOPaMH K MCCJIEA0BaAHUIO yYacTKOB
3eMHOM KOpPbl, HA PErMOHAJIBHOM, ME30- U JIOKaJIbHOM YPOBHAX, 3(P(PESKTUBEH A5 OLUEHKH
CTPYKTYPHO-Fe0JJOrMYECKUX YCIOBHH TPYAHOLOCTYNMHbLIX W HEAOCTAaTOYHO H3YUEHHbIX
palioHOB, YYacTKOB pacnoioKeHUs MOTEHLUANIbHO ONacHbIX 00bEKTOB U OTIHYAETCS
ONMepaTuBHOCTLIO W MOBTOPAEMOCTbIO pe3ysbraroB. CBOWCTBO PeHIeHOCKONMMYHOCTH,
BO3pacTaloLliee ¢ yMeHblUeHHeM paspeljatolieii cnocoOHOCTH, MO3BOJAET NPOCAeIHTb
BbIP@XKEHHOCTb MNTYOUHHbIX CTPYKTYP KPUCTAIAMUYECKOrO (byH1aMeHTa yepe3 0CcaaoUHbli
yexosl B MOpQOCTPYKTYPHOM MJaHe TeppuTopuu. HacTuuHoe nposBiaeHue ryOuHHbIX
pa3jioMOB B pa3HOBO3PACTHLIX CTPYKTYPHBIX MIaHaX W B NoJe JIMHEaMEeHTOB NOATBEPXK-
JaeT UX reoJuHaMUYecKy0 akTUBHOCTL Ha Pa3HbIX 3Tanax reoioruyeckoro pasBuTH4.
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