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OBILIAA XAPAKTEPUCTUKA PABOTDI

AKTYyaJIbHOCTb padoThl.

B nocnemnue pecstuieTuss OONbIIOE BHUMAHUE YICISETCS KOMIUIEKCHOMY
U3YYEHUIO TUIaT(POPMEHHBIX TEPPUTOPUNA. ApXaHTelbcKasi 00J1acTh, pacloIOKEeHHas Ha
ceBepe Pycckoii mmthl BocrouHo-EBpomneiickoli miatdopmbl, SIBISETCS XOPOITUM
MOJIMTOHOM I anpoOaiuu W pa3pabOTKA Pa3IUYHBIX CEUCMUYECKUX METOJMK.
['eopusnueckue 3amgauu, paccMaTpuBaeMble B AMCCEPTAIIMOHHOW paboTe, CBSA3aHBI C
YpEe3BBIYAHO BaKHOW TPOOIEMONW — OCBOCHHS HOBBIX MECTOPOXKICHUU ITOJIE3HBIX
uckonaeMbix Ha Tepputopun Ceepa Pycckoil mutel. Hannunme animMa3oHOCHBIX,
OOKCUTOBBIX W JPYrUX MECTOPOXKIACHUN TMOJE3HBIX MCKOMAEMbIX Ha TEPPUTOPUU
ApXaHrenbCcKol 007acTH, KaK YacTH 3TOM TEPPUTOPHH, MOBBIIIAET AKTYaJIbHOCTh
IIPOBENICHUSI HCCIIEOBAHUM U 1A€T MPAKTUYECKYIO0 3HAYMMOCTh padoTe.

Tepputopust CeBepa Pyccold muTBl HCCIEAOBaHA Pa3IUYHBIMU TE€OJIOTO-
reo(pu3nMUECKUMU METOJaMH, B TOM uucie, U ceiicMopasBenkoid. Ho mopasnsrommii
00BeM paboT ObUT COCPETOTOUYEH B MECTaX, MEPCHEKTUBHBIX HA HOBbIE MECTOPOXKICHUS
yIIEBOAOPOAOB M anMas3oB. Kak cieacTtsue, MHOTME TIEOJIOTMYECKUE  KapThl
coryacyroTcss Apyr ¢ ApyroM B oOmeM Iuiade. [Ipum 3TOM, 3agacTyro, Ha HHX
OTMEYAIOTCSl PA3JIMYHBIE TMOJIOKEHUS TPAaHUI] CTPYKTYPHBIX 3JIEMEHTOB, Pa3JIOMHBIX
HapyIIEeHUH U Jake Ha3BaHuA. B cBoo ouepenb, 1ocToBepHas UHPOpMAIUs O CTPOCHUHU
36MHOW KOPBI MCIIOJB3YETCSd BO MHOTMX 3aJadyax NPaKTUYECKOM AeATEeNbHOCTH. B
YAaCTHOCTH, IIPM AaHAJIU3€ pPEe3YyJbTAaTOB CEMCMUYECKOTO MOHUTOPHHIA C LEJBIO
MPOTHO3UPOBAHUSI TMPUPOJHBIX W TEXHOTEHHBIX KaTacTpod ¢ YMEHBIIECHUS HX
MTOCJIEACTBUM.

Ha ceropgnsmuuii aeHb ApxaHrenbckas ainMa3oHocHas mnpoBuHuug (AAII)
ABJISIETCA  BTOpoM mocne Skytum teppuropuern Poccumiickonn ®enepanuu
pa3BeJaHHBIMU 3aMacaMu KOPEHHBIX MECTOpOXKIeHU anma3oB. Ha teppuropun AAII,
KpOMe JBYX KOPEHHBIX MeCTOpoXkaeHui anmMa3oB (uMm. M.B. JlomonocoBa u um. B.B.
['puba), uzBectHo okosio 90 TpyOOK M CHUIUJIOB IIEJIOYHBIX YJIBTPAOCHOBHBIX MOPOJ
[ onosun H.H., 2004].

Oco0eHHOCThIO 3ajeranusi KUMOepIuToBbIX TpyOok AAII siBnsieTcs mepekphITHE
ToJIcThIM ciioeM (10 100 M) pBIXJIBIX OTJIOXKEHUM (mecok, rimHa). [myOouHa 3anmeraHus
OCHOBHOTO Tena TpyOok mopsiaka 600 m. Pasmepsl mpuMmepHO Takue: BHHU3Y, Y
ocHoBanus, 100 M, HaBepxy 300 M — popma B BuJie mepeBepHYTOro Konyca [ Munauies,
1984]. OcHoBHBIMH (haKTOpaMH, CHIDKAIOUIUMH 3((HEKTUBHOCTh MOUCKA KOPEHHBIX
MeCTOpOXKaeHUN anmMaszoB B npenenax AAIL ssisrorcesa [Krnounuxos, 2003; Kymunos,
Yucmosa, 2004]:

- HAJIMYKE CIUIOLIHOIO MOKPOBa NEPEKPHIBAIOIIMX MOPOJA NEPEMEHHOW MOIIHOCTH
(ueTBepTUUHBIE OOpPa30BaHUS U MAJIC030MCKUE OTIIOKEHUS);

- BBICOKas  JIATOJNOTO-(parpaiibHasi ~ M3MEHYMBOCTH W HEOJHOPOJHOCTh
MEPEKPBIBAIONIEH TOJIIM KakK IO JaTrepaid, TaKk M 1O BEPTUKAIU, OCOOEHHO, 5TO
KacaeTcsl YETBEPTHUYHBIX OCA/IKOB;

- 3HAUWTENbHBIE  Bapualud  (PU3MYECKUX  CBOWCTB, BMEHIAIONIUX U
MEPEKPHIBAIOIINX AUATPEMBI, IOPOI;



- cnmabasi KOHTPACTHOCTh B (PU3MYECKUX TOJISIX KUMOEPIUTOBBIX TEIT;

- HECOBEpIIEHCTBO METOAMK OOpaOOTKM W HUHTEpPHpETAlMH Teo(hU3nIeCKuX
MaTepHayioB MPHU MOUCKAX, C1a00 BHIPAKAIONINXCS B aHOMAJIbHBIX (PU3NYECKUX TOJISIX,
KUMOEPIUTOBBIX TEJI;

— 3po3ust Hanbosiee HAMarHUYEHHOM KpaTepHOU YacTu TpyOoK;

— BO3MOYHBIE MaJIbI€ pa3MepPbl TPYOOK;

— HaJIM4re 0ObEKTOB «IIOMEX);

— BEPOATHOCTh NPOIMYyCKa CHA0bIX MArHUTHBIX AaHOMAIMM, Jaxe NpH
BBICOKOTOYHOM MAarHUTOPA3BEIKE;

— MPAKTUYECKOE OTCYTCTBUE OINPEICICHHBIX MapaMeTPOB, CBOMCTBEHHBIX UMEHHO
TpyOKaM B3pHhIBa.

[lepeuncrnennbie BbIe (HAKTBI TOBOPSIT O HEOOXOJAMMOCTH TOTIOJHUTEIHLHOTO
n3yueHusi 3eMHOl kopel CeBepa Pycckoil miuthl. PernieHue naHHOW 3aauMl MyTeM
JOTIOJTHUTENBHBIX Te0JIOro-reopu3nyeckux paboT He Bcerga 3(PGEeKTUBHO. DTOMY
CIIOCOOCTBYIOT ~ Haju4We  OOMIMPHONW  TPYAHOJOCTYITHOW  TEPPUTOPUH,  UYTO
00yCJIaBJIMBAET, B CBOIO OUY€pE/lb, BHICOKHUE 3aTPaThl Ha MPOBEJCHUE TOI00HBIX padoT.
Cnenyer OTMETHTh W TakOW METOAUYECKUU (HaKTOp, KaK CIIONKHOCTh BBIJCICHUS
BEPTUKAJIbHBIX 3ariay0JeHHBIX TEJ MO JaHHBIM OOJBITMHCTBA TPATUIIMOHHBIX METOJIOB.
BepTukaibHbIMU TeNaMH B JIaHHOM ClIly4ae SBJISIIOTCS TPAHUIBI CTPYKTYPHBIX
AJIEMEHTOB, pa3JIOMHbIE HapylIeHUss U TPyOKu B3pbIBa. [l JOMOJHUTEIHHOTO
uccnenoBanusi tepputopun CeBepa Pycckod MauThl 11€1€c000pa3HO MCHOJIb30BaTh
0oJiee NEIIeBbIE METOJUKH, MO3BOJISIONIME MOJy4aTh HEOOXOAUMYIO HH(POPMAIUIO C
MUHHUMAaJIbLHBIMU 3aTpaTaMHu.

B nmnocnennee Bpemsi, OONbIIIOE BHUMAHHE YAEISETCS IMACCUBHBIM METOJaM
UCCIICIOBAHUSI 3€MHOM KOPBI, CPEId KOTOPHIX OTMETHUM METOJIbI, UCIIOIB3YIOIIHE B
Ka4yeCTBE MOJIE3HOr0 CUTHAJIa MUKpocelicMudeckue Koiebanus. OTHOCUTENIBHO MPOCTas
U JIeIlIeBasl peaau3aiusi METOJ0B, OCHOBAaHHBIX HA aHAJIM3€ MUKpOCEICM, 00yClIoBIeHA
MOCTOSIHHBIM HaJIMYHUeM 30HIupyeMoro curnana [Huxonaes, 1997; 'opbamukos u op.,
2006, FOoaxun u op., 2008; [Janunos, 2011].

Cpenu CylIeCTBYIOIIMX METOJOB BBIAEIUM METOJ MHKPOCEHCMUUYECKOTO
30HJIUPOBaHMS, IpeIoKeHHbIH A.A. ["'opbatukoBeIM [[ opbamuxos, 2006]. Yka3aHHBIH
MeTo 00JIaZIaeT PSAOM BaKHBIX MPEUMYIIECTB. AHAIN3 MPOCTPAHCTBEHHBIX BapHaIluil
aAMIUTUTYTHO-YAaCTOTHBIX XapaKTEPUCTUK MUKPOCEHWCM TMO3BOJIIET JOCTUTHYTH OoJjee
BBICOKOT'O TPOCTPAHCTBEHHOTO pa3pelICHUsi, YeM MHOTHE METOJIbl CEeUCMUYECKOU
toMorpadguu. Kpome TOro, aBTOHOMHOCTh W MajJoOra0apuTHOCTh COBPEMEHHBIX
KOMIUIEKTOB CEHCMUUYECKUX CTaHIMH OO0YyCIaBIMBAIOT BO3MOXHOCTh pealu3aluu
METO/Ia Ha TPYIHOJOCTYIHBIX U PAHUMBIX TEPPUTOPHUSIX, B TOM YUCIIC APKTUUECKUX.

MeTtoa MUKPOCEMCMUYECKOT0 30HAMPOBAHUS ObLI YCHENIHO OMPOOOBaH Ha psje
re0JIOTHYECKUX OOBEKTOB B PA3IUYHBIX YacTAX 3eMHOro mapa [/ opbamuxos, u Op,
2007, 2008, a,s,2, 2009, Gorbatikov et al., 2013], st CEBEpHBIX TEPPUTOPUIA TTOJOOHOMH
anpoOaIuu He TPOBOAMIOCH.

B cuny ykazaHHBIX NPUYHMH, HAyaTble MCCIEAOBAHUSA MO HU3YUYEHUIO CTPYKTYpbI
36MHOW KOpPhI U TIOMCKy TpPyOOK B3phlBA C  HCIOJB30BAHHEM  METOJa
MHUKPOCENCMUYECKOT0 30HIUPOBAHHUSI, BECbMA AKTYaJIbHBI.
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Henb auccepTAIMOHHON PadOTBI — ONPEACIUTh BO3MOXHOCTH METOJa
MUKpPOCEHCMUYECKOTO  30HAMPOBAHUSA IO HCCIENOBaHUIO TPyOOK B3phIBA U
CyOBEpTUKAIBHBIX CTPYKTYp 3eMHOM Kopbl Ha CeBepe Pycckoil MiauThl U ceBepHOU
OKOHEYHOCTH Ienbda bapeniiera mops.

OCHOBHBIMH 32Ja4aMH HCCJIEIOBAHUSA ABJISIOTCH:

ONPENIEIINUTD npeaen IPUMEHUMOCTH MeToaa MUKPOCEUCMUYECKOTO
30HJUPOBAHMS, 00YCIOBICHHBIA HECTAOMIBHOCTHIO MUKPOCEHCMUYECKUX KOJIEOAHUH;

pa3paboTaTth TporpamMMmHoe oOecrieueHue s o0paboTKM MHUKPOCEHCMUYECKHUX
KOeOaHuii;

IPOBECTU DKCHEPUMEHTAIbHYIO ampoOalfio MeToAa MHKPOCEHCMHYECKOTO
30HAMPOBAHUS HAa TakKUX OOBEKTaX, KaK CTPYKTYpPHBIE OJIIEMEHTHI, pPAa3JIOMHBIC
HapyleHuss U TpyOKM B3pbiBa B mpenenax teppuropuu Cesepa Pycckoil mimTel U
CEBEPHOI OKOHEYHOCTH 11enb(a bapeniiea mops;

OTIPEJIEIUTh OCOOCHHOCTH TPOSBIICHUS PA3JIMYHBIX T'€OJOTUYECKUX OOBEKTOB IO
JAHHBIM METOJIa MUKPOCEHCMUYECKOTO 30HAUPOBAHMS;

II0OKa3aTb ~ BO3MOYKHOCTb  MCIIOJIb30BAaHMSI ~ METOJAa  MHKPOCEHMCMHYECKOTO
30HAUPOBAHMS ISl BBIABJICHMS JIOKAJIbHBIX YYAacCTKOB, NMOTEHLHMAIBHO CBS3aHHBIX C
TpyOKaMu B3pbIBa

II0OKa3aTb ~ BO3MOJKHOCTb  MCIIOJIb30BaHMS ~ METOJAa  MHKPOCEHMCMHYECKOTO
30HAMPOBAHMS JIJIs1 YTOUHEHUSI THPOPMAIIUHU O CTPOCHUH 3€MHOM KOPBI.

HayuyHasi HOBU3HA M IPAKTHYECKASl 3HAYMMOCTh. MeTOl MUKPOCEHCMUYECKOTO
30HMPOBAHMS BIIEPBBIE pacCMAaTPUBAIICA KaK MHCTPYMEHT UCCIIEIOBAHUS TEPPUTOPUI
CeBepa Pycckoil miauThl M ceBepHOMl OkOHeuHOcTH mienb(pa bapenuea mops. B
JUCCEPTALIMOHHOM  paboTe ompeleraeH Kpyr BOIPOCOB, pEIIAEMbIX METOJIOM
MUKpPOCEHCMUYECKOTO 30HAUPOBAHMS, CBA3AHHBIX C YTOYHEHUEM CTPOEHUS 3E€MHOM
KOpBI uccaeayeMoi Tepputopuu. [lokasaHsl mpuMepsl pelieHns] TaHHbIX 3aa4.

B nmuccepranuonHo#l paboTe ucciieJoBaHa TOYHOCTh ONPEAEICHUs CIIEKTPaIbHbIX
aMIUIMTYJ ¥ OTHOCUTEJIBHOW WHTEHCUBHOCTH MHUKPOCEHCM NIPU  HAKOIUIEHUH
MUKpPOCEHCMHYECKOIO CHUTHajla 3a pa3iu4Hble Iepuoabl BpeMeHH. llomydeHHbIE
pe3yabTaThl MO3BOJIMIN 00jee OOOCHOBAHHO HHTEPIPETHUPOBATH BBIIEISEMbIE 30HBI
MHTCHCU(PHUKAUU KaK CKOPOCTHBIE HEOTHOPOJIHOCTH F€0JIOTUYECKON CPEeJIbl.

[Toka3aHbl BO3MOXHOCTH METOJIa MHMKPOCEMCMHYECKOTO 30HAMPOBAHUS IPHU
UCCIIEJOBaHUM TPYOOK B3pbIBa APXaHI€JIbCKON aJIMa30HOCHOW MPOBUHIUHN U CTPOCHUS
3eMHOU Kopbl CeBepa Pycckoil miMThl U ceBEpHOM OKOHEYHOCTH Ienb(a bapeHiena
MODS.

B nauccepranmonHoit pabote ObLIM HCCIEeNOBaHbl TpPyOKu B3pbiBa M.B.
JlomonocoBa wu Ilmonepckas 3omorunkoro, C10 Henokckoro u YwmaBuHCkas
Nxmoszepckoro moneir AAIL Takke npoBefeHbl padbOThl Ha «IOKHON» MarHUTHOMN
aHOMAJIUU.

B pabore npoBeaeHO yTOYHEHHME [IIyOMHHOro  crpoeHusi  OHexXCKo-
Kannanakmickoro pudta, Apxanrenbckoro u Kapenbckoro BBICTYIOB, JIenTyKOHCKOTO
pudrta, ToBckoro BeicTyma, Kepemko-Ilunexxckoro pudra. A Takxke HCCIeNOBaH
JIOKAJIBHBIA Y9aCcTOK Ha ocTpoBe 3emMist Anekcanapsl apx. 3emuis Opanna-Nocuda.



Jlnst  omepatuBHOW  00pabOTKM TOJNEBOrO Marepuaia Obul  pa3paboTaH
nporpammubiil koMiuieke DAK [[Ilonos, /[lanunos, Heanosa, 2011], 10O3BONSIONIUNA
oOpabarbiBaTh 3amucu MUKpocehHcM. (OCOOEHHOCTBIO JTaHHOTO  IPOrPAMMHOTO
oOecrieueHuss B Hcnoib3oBaHuM o6mei ¢ WSG (mporpaMMHBIA  KOMILIEKC JUIs
00pabOTKM CEeHCMUYECKUX 3amucei) 0a3bl JaHHBIX, YTO 3HAYUTEIBHO OOJErdaer u
YCKOPSIET pabOTy ¢ MUKpOCEHCMUYECKUMH 3anucsiMu. [IporpaMMHbBINH KOMILIEKC ObLI
UCIIOJIb30BAH MPHU HCCIIEIOBAHUU 3€MHON KOpbI DIbOpyca U €ro MpeAropbs METOI0M
MHUKPOCEHCMUYECKOTO 30HMPOBAHUSI, UYTO MOATBEPKAACTCS aKTOM O BHeapeHun No
125/307 ot 24.02.12, BeiganusiM B KBI'Y uM. X.M. bepbekona.

[lonyueHHble pe3yJabTaThl MOTYT OBITh HWCIOJB30BaHbl JJISI  TOBBIINICHUS
3¢ (dEeKTUBHOCTH 30HIMPOBaHUA 3eMHOM Kopbl CeBepa Pycckoil muiuThl M ceBepHOU
OKOHEYHOCTH 1ienbda bapeHiiera Mmopsi.

OOOCHOBaHHOCTh PE3YJIbTATOB ONPEIEISETCS HCIOJIb30BAHUEM KalTHMOpPOBAHHOM
anmnaparypbl, MOATBEPXKIACTCS CTATUCTUYECKUM aHAIUM30M U  IMOBTOPSAEMOCTBIO
pe3yJbTAaTOB U 3KCIIEPUMEHTATBHBIMU UCCIEAOBAHUSIMMU.

JlnuHbpll  BKJAJ ~ aBTOpa 3aKJIIOYAeTCsl B MOCTAHOBKE W IPOBEACHUU
HKCIIEPUMEHTOB, O00pa0OTKE TOJYYEHHBIX JAHHBIX U aHAIM3€ IOJYYECHHBIX
pe3ynbTaToB. ABTOPOM MpEIOKEHA METOJMKAa aHallh3a CTAOMJIBHOCTH MHKPOCEHCM,
pe3yJbTaThl KOTOPOW BBIHOCATCSI HA 3allIUTY. ABTOp NMPUHUMAT y4acTHUE B YCTAHOBKE
cTauMoHapHOM ceiicmuueckoi ctaHuuu ZFI (o. Anekcanapsl apx. 3emust @panua-
Hocuda), 1aHHbIE KOTOPOU HUCIOIB30BAIUCH IJIs aHAJIN3a CTAOMIIBHOCTH MUKPOCEHCM.
B paborte mo co3maHuI0 NPOrpaMMHOTO KOMILIEKCA BBIIOJHEHHOTO C COaBTOpaMH,
aBTOp y4acTBOBAJI Ha ATalax: pa3pabOTKU MPUHIMIUAIBLHON CTPYKTYpPHI, OTJIAJIKU U
TECTUPOBAHUS HA PEaTbHbIX IAHHBIX.

3ammiaemMble MOJI0/KEHUSA:

1. To4HOCTH OMpPEACNICHUS] CIEKTPAIbHBIX AaMIUIUTYJl U OTHOCUTEIbHOU
WHTEHCUBHOCTH MHUKpPOCEHCM c1ab0 3aBHCHT OT NMyHKTa HAOJIOJCHUS U MOXET OBbITh
MOBBIIIEHA MYTEM HAKOIUIEHWS CUTHajda A0 4 4YacoB, MPU ONTUMAIBHOM MEPHOJIE
HakomieHus: 1.5 yaca, MO3BOJIIONIMM OMNPENENIATh OTHOCUTEIbHYI0O WHTEHCUBHOCTH
MuKpoceicM ¢ TouHocThio 1 nb ansa wacror 0.5 — 1.5 T'u u 2 ab - nns gacrot 1.5-8 T'm.
Kak crnencrBue, COOTBETCTBYIOUIMMH 3HAUYEHUSIMHU OMPENENAETCS IIar IO IIKaie
WHTEHCUBHOCTH.

2. TpyOku B3pbIBa ApXaHTeIbCKOW aTMa30HOCHOW TTPOBHUHIIMH MPOSBISIOTCS
M0 JJAHHBIM METOJIa MUKPOCEHUCMUYECKOT0 30HAMPOBAHUS B BHUE JAehHOPMUPOBAHHOTO
KOHYCOOOpa3HOTO TeJia, MePEeBEPHYTOr0 BeplInHON BHU3. [Ipu 3TOM MeToa MO3BOJSET
JIOCTATOYHO  HAJIEKHO BBIACISITH M TMPOCICKUBATH  PYJAOBMEIIAIONINE  30HBI
TEKTOHUYECKUX HApYyIICHUH B BEHACKOM IIOKOJE€ M YTOYHSATH MapameTpbl TPYOOK.
[TouckoBas riryOMHHOCTB COCTABIISET MOpsiaAKa 1-2 KM.

3. [To paHHBIM MeETOJAa MHMKpPOCEMCMHUYECKOro 30HAMpoBaHud Ha CeBepe
Pycckoit mamThl M ceBepHOM OKOHEUHOCTH Ienb(a bapeHrieBa Mopsi ITOCTATOYHO
YBEPEHHO MPOSIBISIOTCS XapaKTEPHbIE CTPYKTYpPbl BEpXHEN 4acTH 3eMHOU KOpHI (10 15
KM), B TOM 4YHCJIe: CyOBEpTHUKAIbHBIE TPAHUIBI CTPYKTYPHBIX JJIEMEHTOB, Pa3JIOMHBIE
HapyILIeHUs Pa3IMuyHOTO XapaKkTepa.



AnpobGanus pe3yJbTaToB auccepranuu. OCHOBHBIE IMOJIOKEHUS AHMCCEPTALUN
JOKJIa/IbIBATIUCH U 00CY>KIANTMCh HA CIEAYIOIUX KOH(pEpEHIUX:

[Iareie Hayunslie ureHus mamsatu FO.I1. bynamesuua «['eonunamuka. ['myOuHHOE
ctpoenue. TeroBoe mone 3emnu. HWHTeprperanusi TreoQU3UYECKUX — MOJEH.
ExarepunOypr, 2009; MexayHapOaHbI CUMIO3UYM «IKOJOTUS APKTHYECKUX U
MPUAPKTUYECKUX  TeppuTopui». Apxanrensck, 2010; XVI  MexnyHapoaHas
koH(pepenuus «CTpykTypa, CBOMCTBA, JWHAMUKA M MHHEpPAreHus JUTOCHEPHI
BocTtouno-EBporneiickoit mnatgopmey. Boponex, 2010; XII Ypansckas Moi0aeKHAS
HayyHas mkona 1o reodusuke. Ilepmpb, 2011; MexaynapogHas koHdepeHUIUs
«Pa3ButHe akageMuyeckor Hayku Ha poauHe M.B. JlomonocoBay». Apxanrensck, 2011;
IV  MexnaynapoaHas MoOJoOAeXHass HaydHas KoHpepeHmms «Oxomorus 2011».
Apxanrenbck, 2011; XIII Ypanbckas mononexHas Hay4dHasl IIKOJA MO TeO(pHU3UKE.
ExarepuHOypr; OKOJOTHST M TE0JIOTHYECKME HW3MEHEHHS B OKpYXKAIOIIEH cpene
CeBepHBIX  PETrMOHOB. ApXaHTeIbCK, 2012; HeBsitass ~ MexayHapoaHas
ceiicmosiornueckasi 1mkoyia «CoBpeMEHHBbIE METOJbl O0OpabOTKHM M HHTEpIIpETaIlluu
CEHCMOJIOTHUECKUX AaHHbIX», EpeBan, 2014; V MexayHapoaHas MOJIOAC)KHAsI Hay4YHas
KoHpepeH1us «IKkoaorus-2015y.

IMyoaukamuu. [lo Teme muccepranmoHHo paboTsl omybyukoBaHo 30 paboT, B
TOM 4mucJie 7 cTateil B KypHaiax u3 cnucka BAK.

UccnenoBanust mpoBoguwinchk B pamkax tem HUP mabGoparopun ¢ Ne roc.
peructpanuu 0120.0952768 u Ne 0410-2014-0031, I'oc. konTpakToB Ne 14.740.11.0195
u Ne 8331,rpanTa IIpesunenta MK — 6178.2012.5.

O0bem u crpykrypa padortbl. luccepranus COCTOMT W3 BBeACHHUs, 6 rias, 61
pUCYHKOB, 3 Tabmui, 3akiatodeHus. O0veM pabotel 181 crpanuua, Oubamorpadus
BKJItO4aeT 172 HauMeHOBaHMUSL.

B nepBoii riaBe npoBesieH 0030p reosoro-reo(u3nyeckux CBEJASHUM O CTPOSHUHU
3eMHOM Kopbl CeBepa Pycckoi IIMTHI, aKTUBHBIX CEMCMHYECKMX METOJIOB U METOJI0B
ceiicmuyeckoit Tomorpaduu. B riaBe 060cHOBaH BHIOOP METOZa MUKPOCEHCMUYECKOTO
sougupoBanus (MM3). PaccMmoTrpensl ¢u3ndeckue sIBJICHHUS, Ha KOTOPBIX OCHOBAaH
METOJl U METOAMUYECKHE OCOOCHHOCTH €T0 peah3alli.

Bo BTopoii TnaBe TPEACTABICHO OINHUCAHHWE, WCIOJb30BAaHHON B padore,
anmapartypsl U mporpamMmmHoro komriekca DAK.

Tperbsi THaBa TOCBSAIIEHA HCCIEAOBAHUIO BPEMEHHOW  HECTAOMJIBHOCTH
MUKpoceicM. B paboTe paccunTaHbl TOYHOCTh ONPENEIEHUsI CIEKTPATIbHBIX aMILUIUTY/]
U TOYHOCTb OTHOCUTEIbHOM MHTEHCUBHOCTH B 3aBUCHMOCTH OT IMEPUOJAa HAKOIUICHUS
MUKpPOCEHCM B Pa3IMYHBIX MYHKTaX pacCMaTpUBAEMOMN TEPPUTOPHUHU.

YerBepras 171aBa NOCBSLIEHA U3YUYEHUIO CTPYKTYPHBIX OCOOCHHOCTEW MPOSBICHUS
TpyOOK B3pblBa ApXaHTeNbCKOW aJIMa30HOCHOW MpOBUMHLMU MO AaHHbIM MM3. B
NEepBOM YacTH TJaBbl OMHUCAHBl TeO(PU3NYECKHUE NPEANOChUIKM W TMPAKTHUKA TOHMCKa
TpyOOK B3pbIBa. BO BTOPOIf 4acTH T1aBbl 00CYKIAIOTCA pe3ybTaThl MOJIEBHIX PabOT Ha
TpyOkax M.B. JlomonocoBa u Iluonepckass 3omorunkoro, C10 Henokckoro u
Uunsuuckas IMoxkmosepckoro moseid AAII, a Takke Ha «IOXHOW» MarHUTHOM
aHOMAJIUH.



B nsToil rylaBe paccMmaTpuBarOTCA BONPOCHl OpuMeHuMocTH MM3  mis
HCCIIEOBAHUSI CTPYKTYpHBIX 3JeMeHTOB (CeBepa Pycckodl mMuThl MO pe3yiabTaTram
UCCJIEIOBAHUM BJIOJIb YEThIpeX Mpoduieil, pacrosioKeHHbIX B mpenenax Kapenbckoro
BbicTyna, OHexcko-Kanpanakumickoro pudta, ApxaHreinbckoro BeicTyma, Keperko-
[Tunexckuii pudta, ToBckoro BeicTyma u Jlenrykonckoro pudra.

[IlecTas ri1aBa MOCBAIIEHA SKCIEPUMEHTAIIBHOW MPOBEPKE NMpuUMeHUMocTH MM3
Ha CEBEpHOM OKOoHeyHocTu Ienbda bapeHneBa wmops, Ha HOpUMEpPE OCTPOBa
Anexkcannper apxunenara 3emus @panna-Hocuda. B mecToii rimaBe B mepBoil dacTu
JaH KpaTkuid 0030p U3BECTHOM 1O MyONMKAaIMsIM TeoJoro-reopusnueckoin
uHbOpMaIlK O HccaeayeMoMy 00beKkTy. Bo BTOpoil YacTu TlaBbl IPEICTaBICHBI
PE3yNbTATHl IKCIIEPUMEHTAIBHBIX PadoOT.

OcCHOBHBIE BBIBOJIbI CPOPMYIMPOBAHBI B KOHLE KaKJ0M IJ1aBbl U B 3aKJIIOYEHUU.

ABTOp BbIpaXkaeT TiTyOOKyIO0 OJIar01lapHOCTb CBOEMY HAay4YHOMY PYKOBOJHTEIIO,
KaHauaaty  (U3UMKO-MaTEMAaTUYECKUX  HayK, JoUeHTy Banentune VIBaHOBHE
®panHiy30Boii. ABTOp OnaroJapurT 3a IEHHbIE KOHCYJIbTAIMU M IJIOJOTBOPHYIO
JTUCKYCCHIO KaHIuAaTa (uU3MKO-MaTeMaTuueckux Hayk [opbatukoBa Anzpes
BennamuuoBuua. OcoO€HHYIO MNpPU3HATEIBHOCTh 3a COBMECTHYIO paboTy Han
IporpaMMHBIM obOecrieueHueM aBTop BelpaxkaeT [lomoBy JImutputo Brnaaumuposuuy.
[Ipu3HaTENBEHOCTH aBTOP aApECyeT WIeHy-KoppecnoHaeHTy PAH, nmokropy reos.-MuH.
HaykK, npodeccopy Pennkcy Hukonaesuuy KOnaxuny, a Takke WieHy-KOPPECTIOHACHTY
PAH, nokropy ¢usuko-maremarnueckux Hayk HukosaeBy Anekcero BceBonogoBuuy.
3a TBOpuUeckoe OOLIEHWE U JMCKYCCHUM IO OTAEJIBbHBIM BOIpOCaM padOThl aBTOP
IpU3HaTeseH coTpyaHukam jJadbopatopuu cericmonorun ®I'bYH OUIIKUA PAH k.T.H.
I"'H. Anronosckol, a.¢.-m.H. H.K. Kanycras., k.¢.-m.H. E.B. [llaxoBoii, k.T.H. A.H.
Mopo3soBy, k.r-m.H. H.B. BaranoBoii, k.r-m.H. U.M. bacakunon, corpyauukam NP3
PAH n.¢.-m.H. uneny-koppecnonaenty PAH, npodeccopy PAH A.JI. CoOucesuuy,
n.1.H., npodeccopy JI.E. Cobucesnuy, a.¢.-m.H., npodeccopy A.J[. 3aBbsuioBy, K.d.-
M.H. P.A. JKoctkoBy, a Takxke corpyguuky HUITI ITHUI'PU, k.r.-m.H. B.B.
TperbsiueHko. 3a IeHHbIE 3aMeuaHus aBTop Omaronaput a.1.-M.H. B.1. Makaposa, 1.1.-
m.H. FO.I'. Kyrunoma, k.p.-m.H. FO.K. [lonmomaniieBa. 3a coBMecTHYIO pabOTy U
BCECTOPOHHIOIO  moMonls aBtop Omaromaput J.E. TopnoBa, coTrpyaHukoB
['eoduszuueckoit ciyx661 PAH 51.B. Koneunyro, A.C. Aaucumona, E.B. IBanony.

COLAEPXAHUE PABOTDI

B raaBe 1 pana oOmas XapaKTEpHCTHKA T'E€OJIOTHYECKOTO CTPOCHHS CeBepa
Pycckoit miautsl Boctouno-EBponeiickoil minatdopmsbl: r1yOMHHOE CTPOEHUE, OCHOBHBIE
pe3yabTaThl CEUCMHUYECKUX MCCIENOBAHMKW. B 4YacTHOCTH, JaHa XapakTEpUCTUKA
benomopckoro, Konbckoro u  Kapenbckoro — mera®iiokoB,  ApXaHTeIbCKOU
aIMa30HOCHOM TpoBUHIINHU [Makapos, 1996, FOodaxun u op., 2003; Kymunos, Yucmosa,
2004], ommcaHbl OCHOBHBIE XapaKTEPUCTUKA MUKPOCEHCMHUYECKOTO TOJs KoJIeOaHui
[Poikynos, 1967, Bunnux, 1968; bam, 1980; Bonnefoy-Claudet, 2006] ocHoBHBIE
HANlpaBJICHUS, HCHOJB3YIOIMHE MHUKPOCEHCMBI KakK 30HIUPYIOUIUN CHUTHAI
[[lopbamuxos u op., 2008,0]. B rmaBe mnpuBemeH KpaTKHii 0030p aKTHBHBIX
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CEHCMHUECKHUX METOJIOB M METOJIOB CeCMUYECKOU ToMorpaduu [ ypsuy, 3namenckuil,
1990; Huxonaes, 1997; Anoeckas, 1997]. B riaBe 000CHOBaH BBIOOp MeTOIa
MUKpoceicMuyeckoro 3oHaupoBanust (MM3). Paccmotpensl Gpusnueckue siBJIeHUS, Ha
KOTOPBIX OCHOBAH METOJI U METOJAMYECKHE OCOOEHHOCTH €r0 pealn3alluu.

['eonoruyeckas cpefa Ha TEPPUTOPUU APXAHTEIbCKON 00JIACTU MMEET CIO0KHOE
CTpoeHue. 3eMHas Kopa pasapoOsieHa Ha OTHelIbHbie OJIOKM C pa3IduYHBIMU
CKOPOCTHBIMU CBOWCTBaMH, B €€ BEpXHEH 4YacTu TMpeodsaaeT BepTUKAIbHAS
JIeNUMOCTh. B Teomormueckoit cpene HaOMIOJaeTCsT WM3MEHYHMBOCTH CKOPOCTHBIX
HEOJHOPOJHOCTEN CpeApl M BapualuMid HX B NPOCTPAHCTBE M BO BpPEMEHM. Takue
BapHallMM XapaKTepHbl Kak JUid KPYMHOMACIITaOHBIX, TaK M JUIS JIOKAJIbHBIX
HEOJHOPOJHOCTEN KOPBI U MAHTHH.

AKTHUBHBIE  CEWCMHUYECKHE METOABl M  METOJAbl TOMOrpaduu  XOpPOIIO
3apeKoMeH10Baiu cedsi. Ho akTuBHBIE ceiicMUYecKrne METOAbI JOCTATOYHO TPYIOEMKHE
Opyu MX pealu3allid U HalleJeHbl B OCHOBHOM Ha CYOTOpPU30HTAJbHBIE T'PAHUIIBL.
MeTtoasl ToMorpaduu, NPEeUMyIIECTBEHHO, aHAIU3UPYIOT CUTHAJ BOJIHBI OT y/IaJ€HHbBIX
UCTOYHHUKOB, YTO 3aTPYyIHSAET UCCIIEAOBAHNE JTOKAJIBHBIX OOBEKTOB.

TakuMm 00pazoMm, i NOBbIIIEHUS 3(PPEKTUBHOCTU T€0PU3NUECKUX UCCIIEIOBAHUN
TpeOyeTcss METOJl MPOCTOM B pealn3allid, HAalEJICHHOW MPEUMYIIECTBEHHO Ha
CyOBEpTUKaJIbHBIE  HEOJHOPOJHOCTH U XapaKTePU3YIOLIMMCS  MHHUMAJIbHBIM
BMEUIATEILCTBOM B OKpPY:KaoIlylo cpeny. JlaHHbIM TpeOOBaHUSAM COOTBETCTBYET METO
MUKpOCEHCMUYECKOT0 30H1upoBanus (MM3).

Merton peanusyercs B MPEANOI0KEHUH, YTO BKJIAJ B BEPTUKAIbHYIO KOMIIOHEHTY
MUKpoceicMuyeckoro nojigs B amanazone oT 0.03 I'm mo 1.5 I'm obGecneunBaercs B
OonplIel Mepe (PyHIaMEHTAIbHBIMU MOJAMH BOJIHBI Pajess U 4acTUYHO OOBEMHBIMU
BOJIHaMU. B CBOI ouepenb npu B3auMOACUCTBUM (DyHIAAMEHTAJIbHOW MOJIbI BOJIHBI
Parest ¢ HU3KOCKOPOCTHOM HEOJHOPOJHOCTHIO Ha 3€MHOW MOBEPXHOCTH HAOIIOAAETCS
YBEJIMYECHHE MHTEHCUBHOCTH KOJIeOaHUH, MPU B3aUMOJICUCTBUH C BBICOKOCKOPOCTHOM
HEOJHOPOJHOCTBIO — yMeHblIeHue. C 1eNb0 yCTPaHEeHHsI BIUSHUS BPEMEHHOIO TPEHIA
WHTEHCUBHOCTh MHMKPOCEMCM PacCUUTHIBAETCS OTHOCUTEIBHO OINOPHOM CTaHUUU IIO

dbopmyiie:

P
— fi,
I = 20lg -5~
i
I'ne Ir; — oTHOcUTENbHAs MHTEHCHMBHOCTh MuKpocedicM; f — amammsupyemas
4acToTa; | - MYHKT 3aMEpPOB MHKPOCEHCM; Apl. u Af; - CHEKTPAIbHBIE AMILIATY/IbI

3alMCcel TEpPEIBMKHOW W OIMOPHOM CTaHUMM COOTBETCTBEHHO. sl onpeneneHus
CTAaTUCTUYECKU YCTOWYMBOTO CIEKTpa B KaXKIOM ITYHKTE HAOIIOJCHUS TPOU3BOIUTCS
HaKOIJICHUE CuTHaja B TedyeHue 1.5 wacoB. Ilo pe3ympraraM MaTeMaTHYECKOTO
MOJICTUPOBaHUSI ObUIO TMOKAa3aHO, YTO BOJIHBI HawOoJiee KOHTPACTHO pearupyer Ha
HEOJHOPOJIHOCTH, 3ajieraronue Ha riayoune mpumepHo 0.4 oT mnuHBI BOJHBL Tak
30HIUpYyeMast TITyOMHa pacCUUThIBAaeTCA 10 hopMyIie
H(f) = 0.4Vx(N/f

rae H(f) — sonaupyemas riyouna; Vgy(f) - ckopocTs (yHIaMEHTaIbHON BOJIHBI

Panes Ha wacrore f.



PesynpTaTom 00pabOTKH TaHHBIX IO METOIY MUKPOCEHCMUYECKOTO 30HIUPOBAHUS
ABJISIETCA ~ AMArpaMma paclpeiesieHUs OTHOCUTEIbHOM MHTEHCUBHOCTH MHUKPOCEHCM
(Iy;) Bmonp mpodwis U 1o NIyOWHEe. 30HBI MOHMKEHHBIX 3HAYCHHWH [; OTpa)karoT
BBICOKOCKOPOCTHBIE 30HBI, 30HbI TOBBIIIEHHBIX 3HAYEHUH [j; - HU3KOCKOPOCTHBIE 30HBI
[['opbamukos, [{ykanos, 2011].

CormacHo pe3yJbTaTaM MaTeMaTHYeCKOro MoJeiaupoBanus [/ opbamuxos,
Llyxanos, 20111 MM3 mno3BoisieT BBLIETATH 00BEKTHI ¢ pazmepamu okojio 0.07 ot
TIIyOMHBI UX 3aJIETaHMsl C pa3pellarolield CioCOOHOCTRIO MO TOPU30HTANH puMepHO 0.6
oT riayOuHsl 3aneranusi. C yueTom Toro, 4to TpyOku B3pbiBa AAII nepekphIThl ClI0eEM B
50-100 M, MM3 no3BoJisieT BBIIETATh TPYOKH ¢ TOPU3OHTAIBHBIM pa3MepoM Oosiee 7 M
U UCCIIEIOBATh TIyOMHHOE CTPOCHHE TEJ C TOPU3OHTANILHBIMU pa3zmepamu 6omee 30-60
M. Tak Kak pa3BeJaHHble TPyOKH HMMEIOT pa3Mmepbl Oojee 50 M, a MPOMBIILIEHHO
anmazoHocHbie — 400-600 M [ yoaiuioyaun, 2001, Kymunos, Yucmosa, 2004; Cmoenuii,
Kopomxkos, 2010], MM3 npumenuM 11t norucka Tpyook AAIL

[[Tar 3aMepoB MOKET BBIOMpPATHCS, HCXOMAsI M3 TOrO, YTO HauOOIbIIas
JIOCTOBEPHOCTh MCCIICIOBAaHUN JIOCTUTaeTCs TMpPU YCJIOBUM TOMaJaHUs B 30HY
paspeiieHuss 3-5 MyHKTOB 3aMepoB. Takum oOpazom, ISl MaKCUMaJbHOTO KauyecTBa
JIAHHBIX IIar MEXAY MYHKTaAMH 3aMepoOB JOJDKEH cocTaBisiTh 10-30 m. B ciywasx,
KOT/Ia 3aBEIOMO W3BECTHBI pa3Mepbl HCCIEAYEMOro OOBEKTa, Iar MOXET OBbITh
YBEIINYEH.

B kauectBe HemoctatkoB MM3 MOXKHO OTMETUTh HHU3KYIO pa3peliarolryto
CIIOCOOHOCTH MO BEPTUKAIU U HEOOXOAUMOCTH UCIIOJIb30BaHUS AUCTIEPCUOHHON KPUBOM
da3oBoii CKOPOCTH OCHOBHOW MOjBI BOJIH Penest mna onpenenenus riiyoud. B mmane
nposenenus pa6or mo MM3 nHa CeBepe Pycckoil miauThl, Ha JaHHBIA MOMEHT,
OTKPBITBIM BOIIPOCOM SIBJIIETCSL BO3MOXHOCTb NpuMeHeHuss MM3 Ha Tepputopuun
BOJIHBIX aKBATOPHIA.

[Ipn stom MM3 no3BoJisier:

- UCTI0JIb30BaTh (JOHOBBIE MUKPOCEUCMBI B KAUE€CTBE 30HAUPYIOIIETO CUTHANA;

- TPOU3BOJUTHL HM3Y4YEHUE TEOJOTUYECKOM Cpelbl Ha TIIyOMHAX OT HECKOJBbKUX
METPOB JI0 I€CSATKOB KUJIOMETPOB,;

- TIOJTyYaTh pa3pe3bl ¢ MpHEMIIEMBIM paspemnieHueM (o ropusonTtanu 0,6, a mo
BepTUKAIHM | rIyOMHA OT TJIyOMHBI 3aJIeraHus pa3peliaeMbiX HEOTHOPOTHOCTEH);

- ONpEAeNaTh IEHTPhl OOBEKTOB C pa3MepaMd, MEHBIIUMHU  pa3pelIaronie
CITOCOOHOCTH METO/Ia;

- OMpeNeNsITh CyOBEpTUKAIbHBIC TPAHUIBI OOBEKTOB C JMHEHHBIMH pa3Mepami,
CPaBHUMBIMH C TITyOMHOM MX 3aJIeTaHUS.

IIpencraBnsgercs, onTUMaibHOU 111 MM3, BO3MOKHOCTh KOMIUIEKCUPOBAHUS €TI0
C METOJIaMH, MO3BOJISIIOIIMMHU OIPEIEsATh TOPU3OHTAIBHBIE TPAHUIIBI U CKOPOCTHBIE
paszpe3bl. MM3 MOXKeT OMOMHATh U YTOYHATH HH(POPMAIIHIO, MTOJYYSHHYIO 10 JIaHHBIM
ceiicmotoMorpaduu u ceiicmopaseaku. [Ipumenenne MM3 Ha peKOTHOCIITUPOBOYHOM
JTare TMO3BOJIUT ONEPATUBHO IMOJy4YaTh aMpUOPHYIO HHQOpMAIUI0 00 HCCIeAyeMOM
o0bekTe U OoJiee YBEPEHHO IUIAaHUPOBATh KOMILJIEKC OCHOBHBIX  T'€0JIOTO-
reousnyeckux padoT.
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B riaBe 2 npeacTaBieHO ONMKMCAHUE UCIIONBb3YEMOM CeCMUYECKOM anmaparypbl U
UCIOJIb3yEMOT0 MPOTPAMMHOI0 00ECTIEUEeHHUS.

[Ipu ampobanuu MM3 sl TE€OJOTMYECKUX OCOOEHHOCTEH ApXaHreiabCKOn
oOnacTu UCIOJIb30BANIAChH cericMuyeckast anmaparypa C  pa3lIMYHBIMU
XapakTepucTukamu. 1o BenocumeTpbl Gupmbr Guralp, Anrmus (CMG-40T, CMG-
6TD; CMG-3ESP) u masTHukH oTeuecTBeHHOTO mpousBojcTBa (CM3-KB, CM3-OC).
B kaudectBe peructparopoB — GSR-24 (IlIseiimapus) u URGA, KbC (Poccus).
Haunbonee ymoOHBIM BapwaHTOM TIpU TPOBEICHWW HccienoBannii MM3  sBisiroTCs
natunku CMG-6TD c¢ BcTpoeHHsIM peructpatopoM. lMcmonab3oBaHue KOMILIEKTa-
peructpatop UGRA ¢ wMastaumkamun CM3-KB sBisieTcsi HETUIOXMM  BapHaHTOM,
MUHYCaMHU SIBJISIFOTCSL TPYAHOCTH TpaHcroptupoBkn CM3-KB u Gonee nmutenbHoOe
BpeMs Ha UX YCTaHOBKY.

Jlnst 00paboTKK JaHHBIX OBLT co3faH mporpammHblid komiuieke DAK [[lonos, u
op., 2013]. TlpuuuHOi CcO34aHMS JAHHOTO MPOTPAMMHOIO KOMILIEKCA IMOCITYKHIIO
IPAKTUYECKOE OTCYTCTBHE CIELUUAIM3UPOBAHHOTO MPOrpaMMHOrO MpPOAYKTa JJis
00paboTKH 3amuceil MUKPOCEHCM MO METOAY MUKPOCEMCMHUYECKOTO 30HANpoBaHUs. B
CBSI3U C HEOOXOJMMOCTBIO Pa3HOCTOPOHHEH OOpabOTKH OOJBIIMX OOBEMOB JIAHHBIX
ObLJI0O OpraHu30BaHO B3auMojeiicTBue mnporpaMmmbl DAK ¢ 0azoif  gaHHBIX
IpOrPaMMHOTO KOMILIeKca 00paboTku cericmudeckux gaHHeix WSG  [Kpacunos,
Totieuna, 2005].

AnroputMm o6paboTku nanHeix o MM3 B nporpamme DAK mpeacrasisier coboii
TMOKYIO LIETIOYKY JEHCTBUM, HAacTpamBaemyr oOpaboTuumkoM. CTpykTypa 0OpabOTKu
JTAHHBIX TpEJCTaBlIeHa Ha cxeme (puc. 1), TOe TOHKMMH CTpEJIKaMH YKa3aHbI
allbTepHATUBHBIC WK HEOOs3aTeNbHbIE mark B anroputMe. OCHOBY 00pabOTKH JaHHBIX
1o MM3 cocTaBisleT pacdyeT OTHOCUTENBHON HHTEHCUBHOCTH MUKPOCENCM IO TaHHBIM
NepeIBKHON U ONOpHOM cTaHIi. TpeOyemyro BEIMYMHY MOKHO PacCUUTATh MO JIBYM
anroput™am. [lepBelIii, coraacHo metoauke [/ opbamukos u op., 2008,2], mpousBoIUT
HOPMHUPOBAHUE [JaHHBIX I[IEPEABVMIKHOW CTAaHUMM HAa JaHHbIE ONOpPHOW. Brtopou
aNroput™M OOpabOTKM JAaHHBIX HMCKIIOYaeT M3 Mpolecca oO0pabOTKH HOPMUPOBAHUE
crauiuit [[Tonos u op., 2013]. D10 mo3BosiseT 00pabOTAaTh JaHHBIE B Ciiydae cOOs
(moTepu MaHHBIX) BO BpEMs HOPMHUPOBAHMSI CTAHIIHM.
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3anucein Mukpoceincm B 6asy -[BblpaBHMBane BOMHOBbIX (hOpM ]

[aHHbIX | \‘

[CGMBKa CTaHUMiA ] [Pacqer CMEKTPOB MO ]

KoHBepTaumsa nonesbix ]

oTAenbHbIM OTpeskam 3anucen

O6paborka pe3ynsTatoB [OTGpaKOBKa [AaHHbIX ]—> Kaww
CYMMWPOBAHWSI CMEKTPOB LaHHbBIX

« [CyMMleosaHme CMeKTpoB ]

(Pacqer OTHOCUTENbHON MHTEHCUBHOCTU OTHOCUTENbHO

N OnopHon Toukm
k 8 CTaHLlVIM npocuns

BbiunTaHue MocTpoeHue
Pacuer pacnpenenenus cpeaHero no pa3pesos B MC
OTHOCUTENbHON UHTEHCUBHOCTU yacTore cucTeMax

Pucynok 1 — Ctpykrypa o6pabdotku nanubix mo MM3 B DAK (I1onos, u op, 2013)

B nporpammuom komruteke DAK peanmzoBan psia npouenyp [[lonos u op., 2013].
[Tpouenypa «orudanus» Mo3BOJSIET BBIAECTUTH Y3KOIMOJOCHBIE MUKU U3 00LIero Habopa
3HaueHUl B criekTpe. Vcnonbp3oBaHue Nporeaypbl «yCpeIHEHUs» HA000POT UCKIIIOUAET
NUKOBBIE 3HAYEHHE U IMPHUBOJIUT CpEIHEE 3HAu€HUE JUIsl MOJIOCHl YacTOT B CHEKTpE.
[Tpoueaypa BelpaBHUBaHUS BOJHOBBIX (JOPM CBOAUT K MUHUMYMY CMEIICHUS HYJIEBOTO
YpOBHSL KojeOaHuMW MasATHUKA. VIcronb3oBaHHE pas3IMYHBIX MPOLEAYp IO3BOJSET
noso0parh HamOoJiee ONTUMAJBHBIN Ha0Op mapaMmeTpoB s oOpaboTku. DyHKIUs
KALIMPOBAHUS 3alIOMUHAET PE3yJIbTaThl OTOPAKOBKH U MO3BOJISIET UX UCHOJIb30BaTh MpU
Ipyrux mnapaMmerpax oOcyera cHekTpoB. IIporpaMMHBII KOMIUIEKC IO3BOJISIET
MPOU3BOAUTH OOPAOOTKY MPH HCHOJIB30BAHWU HECKOJBKUX MEPEABIKHBIX CTaHITHI.
Masbie cucteMHble TpeOOBaHMSI MO3BOJISIOT UcoNb30BaTh DAK kak B 1a00OpaTOpHBIX,
TaK ¥ B TIOJIEBBIX YCIOBHSIX.

Ha  cerogusiminuii  neHp  mporpammubiii  kommuiekc  DAK  gBasercs
CaMOCTOSITENIbHBIM, ~ MHOTO(QYHKIIMOHATBHBIM  HMHCTPYMEHTOM,  IO3BOJISIFOIIUM
oOpalaThIBaTh JaHHBIE, MOJyUYEHHBIE METOJOM MHUKPOCEHCMUYECKOT0 30HIMPOBAHUS.
JlakonnuHblil HHTEp(dEC TporpaMmbl, B CBOIO O4Yepeqb, CYIIECTBEHHO OOJerdaer
npouecc obpadotku. Hannume anbTepHATUBHOTO ajlropuUTMa pacuyeTa, BO3MOXKHOCTH
00pabOTKHU CHEKTPOB U BbIPAaBHUBAHUS BOJIHOBBIX (DOPM MO3BOJISET MOBBICUTH KAUECTBO
WHTEPIPETUPYEMOT0 MaTepuaia, MpH 3TOM MporpamMmHubiii komruiekc DAK moxer
JIETKO JOMOJIHATHCS U BUAOU3MEHATHCS B CBA3HM C €M0 MHOTOYPOBHEBON OpraHHU3aIHeH.

I'n1aBa 3 mocBsIIeHa BOIPOCY TOYHOCTH OMPEEIICHUS CIIEKTPAIbHBIX aMILTUTYl U
OTHOCHUTEJIbHOW MHTEHCUBHOCTU MUKPOCEHCM Ha TePPUTOPUM ApXaHTEIbCKON 00JacTh
NIpU HAKOIUJICHUH CUTHajia. J[aHHbIe paOOThl BaXHBI B BUAY TOTO, YTO OTHOCHTEIIbHAS
WHTCHCUBHOCTh SIBIACTCA WH(GOPMATUBHBIM MapaMeTpOM, OIPEACTsIEMOM B METOC
MUKpPOCEHCMUYECKOT0 30HaupoBaHus. [Ipu 3ToM paHee ompenesnsics TOJIbKO MEPHO
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CTallMOHAPHOCTA MHKPOCEUCM, KOTOPBIM, B NOAABIAIONIEH 4YacTH MCCIECAYEMBIX
TEPPUTOPHIL, cocTaBisI 1.5 yaca, HO B HEKOTOPBIX MTyHKTaxX AOCTUTANI U 4 4acoB.

Jns aHanuza TPUBICKATNCH 3allUCH CTAIIMOHAPHBIX CEHCMUYECKUX CTaHIUN
Apxanrenbckoi ceiicmuueckoil cetu: 3emiss @panna-Hocuda (ZFI), Tamuna (TMC),
Kmumorckas (KLM). Ha 3ammcsax cranmuii BeiOupanock nmo 30 OTpe3koB 3amucei
JUIUTENIbHOCThIO Ooisiee 4 yacoB. [lpu 3TOM K BBIOpaHHBIM JIaHHBIM TPEIbABISLIACH
TpeOOBaHMS HX PEruCTpallid TpHU IITaTHOW pabdoTe ammapaTypbl U OTCYTCTBHUS
BUJIMMBIX IITyMOBBIX BO3JACHCTBMH Ha BOJHOBBIE (OPMBI B  TOJABIISIIOIICH
MPOJIOJDKATEIRHOCTH 3anmuch. [lo BBIOpaHHBIM OTpEe3KaM BEPTHUKAIBHBIX KaHAJIOB
PaCCUUTHIBAIUCh CPEIHUE 3HAYEHUS AaMIUIMTYJIHBIX CIEKTPOB B OMNpPEIEICHHBIX
JMara3oHax 4acToT B 5 MUHYTHBIX OKHaXx. /(s aHanmm3a paccMaTpUBaIUCh PE3yJIbTaThl
M0 HAaKOIUICHUAM CUTHAJIOB AnuTeNnbHOCThIO B 30, 60, 90 u 240 MunHyT.

Jns KakJoro oTpe3ka HAaKOIUJICHUS PACCUUTHIBAIOCH €r0 CpE/HEEe 3HAYCHUE U
CpeIIHEKBaJpaTuuecKasi MOrPEIIHOCTh, MO KOTOPHIM OILIEHMBAJIACh OTHOCHUTEIIbHAS
MOTPEIIHOCTh JJISI KaKIOr0 paccCMaTpUBaeMOro OTpe3Ka 3amucu. B nuccepTaimoHHOMN
paboTe TMOKa3aHO, YTO aOCOJIOTHAs MOTPEUIHOCTh OINPEACICHUs] OTHOCUTEIbHOU
MHTEHCUBHOCTU MHKPOCEHCM MPSIMO MPONOPIUOHATIBHA OTHOCUTEIBHON MOTPEIIHOCTH
ONPEICIICHNS CIEKTPATIBHOW aMIUIUTY/IbI.

[To pe3ynbpTaTam NpPOBEACHHBIX PaOOT BBIABJICHO, YTO HaW0OJIEE ONMTHUMAIbHBIM
aBIgeTCsl mepuoj; HaOmogaeHus B TtedeHue 90 munyt. [lpu Hakorsenuu curxaiza 90
munyT [Danilov, 2017]:

- musa gactoT 0.5-1.5 I'm TOYHOCTH OmpeeneHusl OTHOCUTEILHON WHTEHCUBHOCTH
omm3ka x 1 nb;

- Ha yactoTtax 1.5-8.5 't morpemHocTh Meree 2 a1b misa crannmii KLM, ZFI;

- HauOoJbIas MOrPEIIHOCTh HaOmoaaeTcss no gaHHbiM ctaniuu TMC o 8 nb.
JanHblii pakT, BO3MOXKHO, CBSI3aH C OCOOCHHOCTSIMH JI€JIOBOM aKTUBHOCTH B IYHKTE
yctaHoBKM ctaninu TMC.

ToyHoCTH OmNpeneneHus OTHOCUTEIBHOM HWHTEHCUBHOCTM MHUKPOCEHMCM MOYKHO
NMOBBICUTH HA 15-40 % myTem yBennueHuUs: JIIUTEIbHOCTH U3MepeHuit 10 240 MUHYT.

OCHOBBIBasICh Ha pe3yJIbTaTaX MaTEeMaTHYECKOTO MOeIupoBaHus [/ opbamukos,
L{yxkanos, 2011] MuHUMANBHBIA TpagueHT B 1 1b COOTBETCTBYET rpagMeHTy CKOPOCTEH
nonepeunbix BoiaH 10-15 %. Takum oOpa3om, mnpuBeACHHBIC BbIIIE (HAKTHI
CBHJICTEIILCTBYIOT O BOBMOXKHOCTH HcIoib3oBanuss MM3 [Danilov, 2017].

B riase 4 MPOJICMOHCTPUPOBAHA  BO3MOKHOCTh MCIIOJIb30BaHUS
MUKPOCEHCMUYECKUX KoJieOaHWM JUIsi TOMCKAa M HW3yYeHHs TPyOOK B3pbIBa
ApxaHrenbckor anmma3zoHocHo# npoBuHIMU (AAII). PaccMorpensl reodusnyeckue
MPEANOCHUIKH U IPU3HAKU TPYOOK B3pbIBA KaK 00BEKTOB MOUCKA.

AAIIl cocTtouT u3 mnATH KUMOEPIMTOBBIX mojied: 3onotuikoe, KemuHckoe,
Bepxotunckoe, UuaBuncko-Ixmosepckoe, Henokckoe [Epemenxo, Hewnaxos, 2002].
Bce nponyktuBHBIE TPyOKH B3pbIBa PACIONIOKEHBI Ha TeppuTopuu 3uMHero bepera
ApxaHrenscKkoi 00JacTu.

[To BennunMHE pa3BeJaHHBIX 3aMacoB ApXaHreabCcKas aiIMa30HOCHAs MPOBUHIUS
(AAIT) saBnsierca BTopoi B Poccuu. Ho Ha naHHBIE MOMEHT OTMEYAaEeTCs pe3Koe
CHIDKeHHE 3P (HEKTUBHOCTH IMMOMCKOBBIX pabot [ Cmoenuii, Kopomkos, 2010].
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XapakTepHoil yepToll TpyOOK B3pbIBa SIBISIETCS MX CTPOCHHE B (opMe KOHYCA,
oOpallleHHOro BepimuHOW BHU3 [Munawes, 1984]. Kpome Toro, TpyOKH HMEIOT
JIOCTAaTOYHO Majble pa3Mepbl Mo ropu3zoHTaidu (oT 50 M 10 1 KM) M TEpPEeKPHITHI
MOIITHBIM CJIO€M 0CaToYHBIX oTioKeHui (50 m -100 m) [/ y6atioyaun, 2001; Kymunos,
Yucmosa, 2004], 4T0 CyIIECTBEHHO 3aTPYIHAET UX MOUCK. Takke CIeqyeT YUYUTHIBATh
U TO, 4yTo 4YacTh Tepputopuil AAIl pacmonaraercsa B mpenenax 3aroBEIHUKOB, YTO
3aTPYJHSAET TEXHOTCHHYIO NeATeNbHOCTh. Kak cnenctBue, sl MOMCKAa U Pa3BEAKU
TpyOOK B3pbIBa I€J€CO00pa3HO HCIOJIB30BaTh METOABI MPOCThIE B peau3alii,
HalleJICHHbIC Ha BBIJICTICHUE CyOBEpTHUKAITBHBIX HEOHOPOTHOCTEH,
XapakTepU3yrolmecss MUHUMAJIbHBIM BMENIATEILCTBOM B  OKPYXKAIOIIYI0 Cpe.y.
JlaHHBIM TpeOOBaHUSM COOTBETCTBYET METOJ MHUKPOCEHMCMHUYECKOTO 30HIUPOBAHUS
(MM3) [I'opbamukos u op., 2008].

MeTon MUKPOCEHCMHUYECKOTO 30HIMPOBAHUS OMPOOOBAH Ha YETHIpEX TPyOKax
B3pbIBa: TpyOka uM. M.B. JlomoHocoBa wu IlumoHepckas (BXOIAT B COCTaB
mecropoxaeHuss uMm. M.B. JlomonocoBa), Uuasunckas (YunBuacko-Hxmo3epckoro
nosisi) 1 C10 (Henokckoro nosst). [lpu moucke TpyOOK B3pbiBa TJIaBHBIMU OObEKTaAMU-
MIOMEXaMHU SIBJISIFOTCS MTPUIIOBEPXHOCTHBIE HEOJAHOPOAHOCTH M JIOKHBIE MAarHHUTHBIC
anomanuu [Kymunos, Yucmoesa, 2004]. UToObl NpoBepuTh, KaK JIaHHBIE OOBEKTHI
BIIUSIIOT Ha PE3yJIbTaThl METOAA, ObUIM OOCIEOBaHbI: JIO)KHAs MarHUTHasT aHOMAaJHs
(G23 u ceBepHbIil 00pT TpyOKH JIOMOHOCOBA, TPUMBIKAIOIIUHN K MaJICOI0THHE.

[lo pe3ynbTaTam npoBeAEHHBIX pabOT (pUC. 2) MOKa3aHO, YTO MO JTAHHBIM METOJa
MUKPOCEHCMUYECKOTO 30HAUPOBAHUS TPYOKH B3pbIBA MPOSBIAIOTCA KaK B BHUJIE
BBICOKOCKOPOCTHBIX, TaK M B BHJE HHU3KOCKOPOCTHBIX HeoJHOpoaHOocTel. Takke
BCTpeYaroTcsl OJIOKH TpyOOK, OiM3KHE MO CBOMM CBOWCTBaM K BMemarwuen cpeae. Ho
BO BCEX Cly4asx TpPyOKM NposBWIMCh B (opMme 1eOpMUPOBAHHOIO KOHyca Ha
rinyouHax 110 2 kM [Kucenes u op., 2016, @panyysosa, Janunos, 2016].

Bo BMmemiaromieit cpene tpyook JlomonocoBa, Yumsuuckas u C10 (puc. 2)
YBEPEHHO MPOSBUWINCH KOHTPOJIMPYIOIIUE WX Pa3JIOMHble HapymieHus. OTCyTCTBHE
Pa3JIOMHBIX HapyIIeHUW Ha mpoduiie, nepecekaronieM Tpyoky Ilnonepckas (puc. 10),
OOBSCHSAETCS TeM, YTO MpOQIb HAMpaBIICH MapauIeIbHO Pa3jIOMHBIM HAPYIICHUSIM,
OTMEUEHHBIM B pabote [Cmoenuti, Kopomkos, 2010]. U3 npenctaBieHHBIX TaHHBIX
MOXHO CJieJIaThb BBIBOJ O TOM, 4yTo MM3 mno3BoJSIET BBIACIATH M KapTUPOBATh
PYIOBMENIAOIINE PA3IOMBI.
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Pucynok 2 - Pe3ynbTarhl 00pabOTKH TAaHHBIX BJIOJIb MPOGUIICH MepeceKaronux TpPyOKH B3pbIBa:
a — Jlomonocoga; 6 — Ilnonepckas; B,r — C10; 1 — YuaBunckas; 1 — rpanuna TpyOok U (a3 BHEIPEHUS
110 TaHHBIM Oypenus [Beporcax u Op., 1987]; 2 — BoiAessieMble aHOMAJINH.

Takxe W3 BceX MPEICTABICHHBIX MATEPUATIOB BHAHO, YTO MO JaHHBIM MM3
NPOSIBIISIIOTCS pa3inyHble OJOKH TpyOOK. JlaHHBIN (haKT yKas3bIBa€T Ha TO, YTO METOJ
NOTEHIMAIBHO TMEPCHEKTUBEH I JETalbHOrO0 HM3yudeHus TpyOok. B uactHOcTH, Ha
npumepe Tpyoxu C10 BumHO, 4TO €€ 3amajaHas CTOpoHa cpe3aHa Ha riayomHax 70-150
M., B TO BpeMsl KaK BOCTOYHAas CTOpOHa TPYOKH MPUOJIMKACTCS K MOBEPXHOCTU MEHeEe
yeMm Ha 70 M. OueBHIHO, YTO AaHHAS UH(OPMALIUS MOXKET OBITH MOJIE3HA HE TOJIBKO MPHU
JIOU3YYEHUH OOBEKTOB, HO M TPU ONPEICICHUU IYHKTOB OypeHHs 3aBEpOYHBIX
CKBQ)KHH.

Jlo)kxHple MarHMTHblE aHOMAJIWMU M MpPHUMBIKAIOIIME K TpyOKam B3pbIBa
IPUIIOBEPXHOCTHBIE HEOJAHOPOIHOCTHU SIBIISIFOTCS OCHOBHBIMU OOBEKTAaMHU - MOMEXaMHU
JUIsi  OOJIBLIMHCTBA TPUMEHSIEMBIX METOJOB TMOMCKa TpyOok. B Buay BbICOKOU
paspemaroneil  CrnmocoOOHOCTH MO TOPU3OHTAIA M CIHOCOOHOCTH JIOKAJTU30BHIBATH
pa3iMyHble HEOJHOPOAHOCTH METOJ, MHUKPOCEHCMHUYECKOTO 30HIUPOBAHUS MEHEe
3aBUCUM OT MOJA0OHBIX TlomeX. IIpoBelneHHbIE SKCHEpPUMEHTAIbHbIE PaOOThI
NOATBEPJIMIIN TaHHOE Ipenonoxenue. Tak, moJ J0KHON aHOManuel ObLJIO BBIJEICHO
HU3KOCKOPOCTHOE TEJI0 B MPUINOBEPXHOCTHOW wyacTu. TpyOouyHOro Tena B paiioHe
JI0O)KHOM MarHUTHOM aHOMaJiuu He oToOpaswiock. CeBepHbIN 00pT TpyOKH JIoMOHOCOBA
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oTtoOpasuics Ha AaHHBIX MM3 yBepeHHO W XOpOILIO COTJIACOBAICS C JIAaHHBIMH
OypeHusl.

C 1enbio MpOBEPKU JOCTOBEPHOCTH AECTANBHON KAPTHUHBI, TOJYYEHHOU MO TaHHBIM
MM3, ObLI0 MPOU3BENECHO COMOCTaBIEHUE pe3yabTaToB MM3 ¢ U3BECTHBIMU I'€0JIOTO-
reou3nyeckuMu JlaHHbIMU. B Buay Toro, uro MM3 oTpaxkaer pacmnpenencHue
bu3nUecKkux MapaMeTpoB B Cpelie, CIPaBEJIMBO MPOBECTU CPaBHEHUE pPE3yIbTaTOB
MM3 c¢ ¢usnueckumu wmojaensiMu. s TpyOOK B3pbIBa MECTOPOXKIACHUS UM.
JloMoHOCOBa W3BECTHBI CKOpocTHas [Kymunos, Yucmosa, 2004] wm ¢usuko-
reojioruueckas Mmoaenu [Iyoauoyanun, 2001]. Ha pucyHke 6 moka3aHO COITOCTaBIICHUE
pe3ynpTatoB MM3 co CKOpPOCTHOW MoOJenbi0 TpyOKH B3pbIBa, I/€ HaOMOgaeTcs
npuemiiemMoe cornacue. llpu 3TOM 1O HMHTEHCHBHOCTH MHKpPOCEHCM B TpyOke
BBIJICIISIFOTCS. PA3JIMYHBIE 30HBI C PABHBIMH 3HAYEHHUSIMU CKOPOCTEN MPOJOJIBHBIX BOJIH.
MOoOXHO TpEeANoNOXKUTh, YTO TpyOKa B LEHTPAJbHOM dYacTH UMeEET Haubomee
KOHCOJIMJIMPOBAHHBIM XapaKTep, YTO OTpaKaeTcsi B BHUJAEC HU3KOMHTEHCHUBHON 30HBI
(BBICOKOCKOPOCTHOM 30HBI) Ha Tiyounax ot 100 mo 300 M 1o JaHHBIM TEPBOTO
npopuns. Haubonee pasapoOneHHass yacTh TPYOKHM B3pbIBa, B CBOIO OYEpEb,
IpUypOYEHa K 3amaJHOMy OOPTY TPyOKH.
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Vpd, Vmz, Vup — ciiou BeHa: MaayHCKU, ME3€HCKHN, YCThITMHEKCKUT
Pucynok 3 — I'myOuHHBIE pa3pe3bl OTHOCHTEIBHON HHTEHCUBHOCTH MHKPOCEHCMHYECKOTO OIS BIOJIb
npoduiielt, nepecekarnmx Tpyoky B3peiBa uM. M.B. JlomoHOCOBa, ¢ HaloXeHHEM CKOPOCTHOM
MoOJIeJN TpyOKH B3pbIBa

[Ipu comoctaBiaeHun pe3yapbTaToB MM3 ¢ (GUBHKO-T€OTOTHYECKON MOJEIbI0
[[v6auioyrnun, 2001] taxke ObLIM BbIACICHBI BCe Tpu Osoka TpyOku. Bepxuuil cioit
nposiBiisiercss Ha rayomHax ot 100 mo 200 M B BHIE BBICOKOCKOPOCTHOTO CJIOSI Ha
nepBoM Ipoduiie U B BUJI€ HU3KOCKOPOCTHOIO ¢JIosl Ha BTopoM npoduiie. Ha rimyOunax
oosmee 200 M OTHEnIbHBIE CJIOW TPYOKHU BBIIEIACTCS IO JaHHBIM TOJBKO IEPBOTO
npoduiis. [Ipu 3ToM Hanbosiee HU3KOCKOPOCTHAS YacTh TPYOKH BBIJEISIETCS C 3amnaja,
YTO COTJIACYETCsI C TaHHBIMU (PU3UKO-TE€0JIOTMYECKON MOJEIH.

bonee mnonHOE coBHajeHUE pe3yJbTaTOB MEPBOrO0 MNpPOPUIs U HU3BECTHBIX
bu3nuecKkux Mojienel MOXHO OOBICHUTD TEM, YTO MEPBbIN MPOPUIb TPOXOIUT OJIU3KO
K KOpHIO TpyOKM W naeT Hanbosiee MOJIHYI0 HHGOPMAIMIO O CTPOCHHH TPYOKH WM.
JlomonocoBa.
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Ha pucynke 4 mo0OKa3aHO HAJOXXEHUE TpPaHUL, BBIICIECHHBIX IO JaHHBIM
reodNIeKTprudecKux uccienopanuii [Cmoenutl, Kopomros, 2010], Ha pe3yabTatl MM3.
Crnegyer OTMETUTh COBIAJICHHE 30HBI MOBBIIICHHON MPOBOJAMMOCTHA BHYTPU TPYOKH C
30HOM TMOBBIINICHHBIX 3HAYEHUH WHTEHCUBHOCTH MHUKPOCEHCM B 3alajJHOM YacTH
TpyOku. C 3amajga oT TpyOKM 30HA Pa3rpy3Kd MUHEPAIM30BAHHBIX BOJ, BbIJICICHHAS
AIIEKTPOPA3BEIKOM, XapaKTepU3yeTCs TMOBBIIICHHBIMU 3HAYEHUSIMU OTHOCHUTEIILHOMN
WHTEHCUBHOCTH  MukpocericM.  [locnmegnee,  ckopee  Bcero,  OOYCIIOBIIEHO
pa3apoOSeHHBIM  CTPOEGHHMEM  30HBI  pasrpy3Kd  MHHEPATM30BAHHBIX  BOJI.
HenocpencTBeHHO MOJ 30HOM pa3rpy3Kd MUHEPAIM30BaHHBIX BOJ BBINYKJIAs 4YacTb
HwKHero cios (riyouna 100-200Mm) omnmcbiBaeTcs BEpPXHEW YaCThbIO KOHTPACTHBIX
BBICOKOMHTEHCUBHBIX 30H. M3 4ero MOXHO MpEIIOJIOKUTh, YTO BBIITYKJIas YacTh
HIWKHErO0 CJ0d  OOYCJIOBJIEHA TMOJHATHUEM, CONPOBOXKIAIOIIMMCS  Pa3JIOMHBIMU
npoueccamu. BepTukanbHble KOHTPACTHBIE HU3KOCKOPOCTHBIE 30HBI, MPOCIIEKUBAIOTCS
no Tiayoun Oonee yemM 2 KM. BeposTHO, KOHTpacTHble 30HBI OOYCIIOBIICHBI
TEKTOHWYECKMMH HapYLIECHUSMH, BBINOJHSAIOMMMU POJb IMOABOMSIIINX KaHAJIOB IS
30HBI pa3rpy3Ky MUHEpPAIU30BaHHbBIX BOJ. Takum o0Opa3oM, fanHbie MM3 cornacyrorcs
C pe3yibTaTaMHu 3JIEKTPOPA3BEIKU W JONOJHAIOT WX KapTUPOBAHHWEM ITOABOISAIINX
KaHaJIOB TPYOKHU B3pbIBa U 30H PAa3rPy3KU MUHEPATU30BAHHBIX BO/I.
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Pucynok 4 — ['myOuHHBIE pa3pe3bl OTHOCUTEIBHON HHTEHCUBHOCTH MUKPOCEMCMUYECKOTO 11011 BAOJb
npoduiielt, nepecekarnmx Tpyoky B3peisa uM. M.B. JlomonocoBa riy6unoit 1o 400 M, ¢
HAJIO’)KEHUEM TPaHUII BBIICIICHHBIX 110 JaHHBIM 3JIeKTpopa3Beaku [Cmoenui, Kopomkos, 2010]

[IpencraBieHHble pe3yabTaThl IMOKa3bIBAIOT, 4T0 MM3 oTpaxkaeT aeTalbHYyIO
CTPYKTYpY TpYOKH B3pbiBa M BMELIAIOLIEH CpElbl, IONOJIHAET MPUMEHSIOMIMECS Ha
MPaKTUKE re0(pU3NIEeCKUE METOIBI.

[IpoBenenHble pabOTHI TMOKa3ald, 4YTO TPYOKH B3pbIBa ApXaHreIbCKON
aJIMa30HOCHOW MPOBUHUMM MPOSIBIKOTCS MO JaHHBIM METOJA MHUKPOCEHCMHUYECKOTO
30HAMPOBaHUS B BHJE Je(OPMHUPOBAHHOTO KOHYCOOOpA3HOTO Tela, MEPEBEPHYTOro
BepIINHOM BHU3. [[aHHBIE, MOMydyaeMbie ¢ TOMOIIbi0 MM3, MOryT OBITh UCTIOIH30BaHbI
JUIsl yTOYHEHUS! TIIyOMHHOTO CTpoeHusi TpyOook B3pbiBa AAIl u, B yacTHOCTH, AJid
OIpe/IeNICHHUs MyHKTOB 3aBepoyHOro Oypenus. [Ipu 3ToM MeTox1 MO3BOISIET JOCTATOYHO
HAJIe)KHO BBIACIATH M IPOCJIEKUBATH PYAOBMEMIAIOIIME 30HBI TEKTOHUYECKUX
HapylLIEeHUH B BEHJICKOM 110KoJ€e. [lonckoBas TiryOMHHOCTh COCTaBIISIET Hopsaka 1-2 kM.
[Ipu sToM MM3 mno3BosisieT ompeAensaTh OTCYTCTBUE TpyOOYHOTO Teja B pailoHe
JIO)KHBIX aHOMaJIMN U HUCCIAEAOBaTh TPYOKH, MPUMBIKAIONINE K MPUIOBEPXHOCTHBIM
HEOJHOPOIHOCTSIM.

B ruaBe 5 npencrtaBieHbl pe3yibTaThl MCCIEAOBAHUS OCOOCHHOCTEW yTOYHEHUS
cTpoeHus 3eMHOM Kopbl CeBepa Pycckod IUIMTBI 1O JaHHBIM  METOJA
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MUKpPOCEHCMHUYECKOIO 30HAUPOBaHUs. lcciaenoBaHus MPOXOAWIM BIOJb YETBIPEX
npoduneit Kauna-Bopsoropsl, [TanoBo-Camonen, Camoaen ManunoBka u I'puba-Mxma
[®Ppanyyzoea, u op., 2013; Danilov, 2017]. 1x o61mas npoTsKeHHOCTh cocTaBiseT 250
kM. Becero npoduiu Bxirovarot B ce6st 104 myHKTa 3aMEepOB MUKPOCEICM.

[Tpoduns Ksaupa—Bop3oropsl npoxoaut no OHexkckoMmy rpabeny u OHEXKCKO-
BaxxckoMy nOAHATHIO.

Pa3pe3 3eMHoii kKopbl 710 TryouH 10 kM (puc. 5) MOKHO pa3leNuTh Ha psijl OJIOKOB,
KOTOPBIE COIVIACYIOTCA C JAHHBIMH O CTPOCHHMM TEOJOTHMYECKOM cpeabl. Takke
oOpaimaer Ha ce0s BHUMaHHE YepeJOBaHHE B HEM JIOBOJIBHO Y3KHUX BEPTUKAIBHBIX
10J10Cc—010K0B. M3MEHUMBOCTh MHTEHCHUBHOCTH MHUKPOCEHCM B TMPUIOBEPXHOCTHOM
clioe He 0OHapYKUBAET JOCTATOUHO OMPEACIEHHOTO COOTBETCTBHS ¢ OoJiee TITyOOKUMU
onmokamu [Dpanyyzosa, u op., 2013].

OHexcko-Baxckoe nogHAaTHe

OHexckuit |'O
rpabex Myabtorckas AHp03epcKkui Bopaoropckui r
Cesep CTyneHb Gnok 6”°KN0
’ = NMYHKTOB
1 6 11 16 21 26 M3Mg;eHMﬁ
s ‘I.
= 3 -
B | '
s 6 E ’ | ’
O » I
5 - Acidal
]
e - . - Bl .
0 50

4 60
PaccTtosHue Boonb I'IpO(bVIﬂSI, KM

-._,_2 ................... 5 '10 —5 0 5 10

=SB Lk |
s HEENT

OTHOCUTENbHAA MHTEHCUBHOCTbL, AB

— i B, 0 e 4

—_———3

1- 5 — pazmomsr: 1-3 — pazfensionme CTPYKTYpsl COOTBETCTBEHHO 1, 2, 3 mopsiaka, 4 — cOpoco-CABUTOBOTO XapakTepa, 5 —
TIpeATIoaraeMble JOIT0XXKHUBYIIHE, PYAOKOHTPOIHPYIOLIHE; 6 — rpaHNIa KPUCTAIUIMIECKOTO (yHIaMeHTa
(Otuer..., 2009).

Pucynox 5. - ['myOuHHBIE pa3pe3bl OTHOCUTEIbHONH HHTEHCHBHOCTH MUKPOCEHCMUYECKOTO OIS BAOJIB IPOGHIISL
Ksnpna-Bop3orops! [@panity3osa u ap., 2013]

B cBia3u ¢ BBIIIICCKAa3aHHbIM, BO3HHMKACT BOIIPOC O FJ'IYGI/IHHOCTI/I OJIOKOB U
cryniene OHeXCKO—BaXCKOro TMOAHATHS: OHHM MOTYT OBITh HCKIIOUUTEIHHO
MPUTNIOBEPXHOCTHBIMUA U HE UMETh TNIYOMHHBIX KOpHEH. bosee onmpenenénnoit sBisieTcs

rpaHMIla MEXIY dTUM NoaHsITHEM U OHEXCKUM rpabeHoM. [@panyyszosa u op., 2013].
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ApXaHrenbCKU BbICTYM I OHexcko-
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a — npoduis [TanoBo-Camonen; 6 — mpoduins Camoaen-ManuHoBKa; | — rpaHuIla MOBEPXHOCTH
pudeiickux oTnoxenuit [Pesyromamot ..., 2004];2 — rpaHuiia KpUCTAIUTMYECKOTO GyHIaMEHTa
[Pezynomamut ..., 2004]; 3 - rpanuna kpucrauinaeckoro pyHaamenra [ Texmonuueckas kapma ...,
2010]; 4 — rnyOuHHast rpaHuIla ApXaHTeIbcKoro BeicTyna u OHexcko-Kanmanakimickoro; 5 — myHKTBI
3aMEepOoB.

Pucynok 6 — I'myOuHHBINA pa3pe3 pacnpeeIeHH OTHOCUTEIIEHON HHTEHCUBHOCTH MUKPOCEHCM

[Danilov, 2017]

[Tpodgunb [lanoBo-Camozpen mnpoxXoausl MO FOKHOMY Kparo ApXaHTelbCKOro
BBICTYTIA M CEBEPO-BOCTOUHOMY Kpato Onexcko-Kanmamakmickoro pudta (OHEXCKOTO
rpabena). [Ipopuns Camonen-ManvHoBKa siBisieTcs pojokeHueM npodus [Tamoso-
Camonen u mepecekaeT IEHTPAIbHYI0 W I0KHYI0 dacth OHexcko-KaHgamakimckoro
pudTa U BBHIXOAUT B ceBepHbI 00pT Kapenbckoro BeicTyma. PesymbTaThl 00paboTKH
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noka3anbl Ha pucyHke 6. Ilpu oOpaboTtke mpuBnekanucy ganubie ['C3 mo mpoduiio
«Pyoun» [Kocmiouenko u op., 2004].

N3 pucyHka 6 BHIHO, YTO M3BECTHBIM I'PAaHUIIAM B 3€MHOW KOpPE COOTBETCTBYIOT
OIlpENeICHHbIE ~ 30HBI ~ OTHOCHUTENBHOW  HMHTEHCHUBHOCTH  MHKpoceiicM. B
KPUCTANTNYECKOM (DyHIAMEHTE BBIACISACTCS HU3KOCKOPOCTHOM OJIOK ¢ KOHTpacToM 3-5
nb, coorBercTByOmUil OHexcko-Kannanakmickomy pudry. B nentpe nanHoro 6ioxa
BBIJICJISIETCS] CEPHsl BEPTHKAIBHBIX 30H C KOHTpacToM Oonee 15 nb, cooTBeTcTBYyIOMmUX
pasziomy casura [Danilov, 2017].

[Mpoduns I'puba —Mxxma mepecekaer Jlemrykonckuii pudrt, ToBckuil BBICTYI,
Kepenko-Ilunexckuit pupT u BBIXOOZUT B ApxaHrenbckuil BbicTyn. Ha maHHbIe
00pa0OTKHU BBIHECEHBI M3BECTHBIE Teodu3nueckue qanHbie. Ha pucynke 7 Habnromaercs
corjacue reosoro-reopu3ndeckoi nHpopMaIuu 30H OTHOCUTEILHOW HWHTCHCHBHOCTH
mukpoceiicM. [1o qanueiM MM3 BbiziensieTCsl HU3KOCKOPOCTHOM OJIOK C KOHTPACcTOM 3-5
b coorBercTBytommii Jlemykonckomy pudry. Hambonee KOHTpacTHO NposBUIIACH
riTyOMHHAs 4acTh HEOTEKTOHUYECKOTO pa3ioMa.

ﬂemyKOHCKMﬁl TOBCKMIA BbICTYN KepeuKko-lnHeXCKUn | ApxaHrenbCKui

pucoT pucT BbICTYN

1 5 ¢ 10 15 ¢20 25 3o¢ 34
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0 50 -4
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1, 2 — nonoxxeHne Pa3IOMHBIX CTPYKTYp Ha MOBEPXHOCTH 36MHON KOPBI 110 TAaHHBIM [ TeKTOHNYeCKOM
kapThl, 2010]: 1- kpymHBIE pa3noMbl COPOCHI pa3rpPaHUUMBAIONINE CTPYKTYPHBIE AIEMEHTHI; 2 — pa3iioM
aKTHUBH3MPOBAHbIE HA HEOTEKTOHUYECKOM 3Tare; 3, 4 — KpUCTAUINYECKUH (yHIaMEHT 10 JaHHBIM: 3-
reoU3nUECKUX UCCienoBaHni [Pe3ynbrathi ..., 2004]; 4 - TekToOHHYECKOU KapThl [ TeKTOHMUYECKOM KapThl,
2010]; 5 — rpanuiia B 3eMHO# Kopbl oT™MeueHHas Ha npoduie AI'AT-5 [Eropkun, 1987]; 6 —cyOBepTHKaNIbHbBIC
TPAaHHUIBI CKOPOCTHBIX 30H, BBIIETICHHBIE 110 pe3yJIbTaTaM NpuMeHeHne MM3; 7 — rpaHuUIbI BBIIETIEHHBIE 1O
naHHeM MT3 [TpetpsikoB, 1991]; 8 — HHTEHCUBHOCTH MArHUTHOT'O TOJIA
[["eonoruueckoe ctpoeHwue ... 2008]: a- moHWKEHHAs, O- CPE/IHAS, B — MTOBBIIIICHHAS.
Pucynok 7 — I'myOuHHBIHN pa3pe3 pacnpeaeneHuil OTHOCUTENbHOW HHTEHCUBHOCTH MUKPOCENHCM B/IOJIb

npouns ['puba — Mxma

[lonydyeHHble AaHHBIE COIIACYIOTCS € MMEIOUIEHCS Teosoro-reo(pu3nyecKkon
uH(popManuend M YTOYHSAIOT CTPOEHUE 3EMHOW KOpbl M OCaJo4yHOro uexia. MM3
NO3BOJIWJI  TOJYYUTh Takyl0 HMH(GOpPMAIMI0O KaK: CyOBEpPTHUKAJIbHbIE TPaHUIIbI
CTPYKTYPHBIX JJEMEHTOB M pa3jOMHble HapyiieHus. Takum oOpa3oM, I[OKa3aHa
BO3MO>KHOCTbh IIPOBEAECHUSA IETAIU3ALNNA CTPOEHHUS OCATOYHOTO YeXJia U 3€MHOU KOPBI
Ha Tepputopun CeBepa Pycckolt niuTel o nanasiM MM 3.
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I'maBa 6 mocBsleHa SKCIIEPUMEHTAIBHONW IMpoBepke mpuMeHumMoct MM3 Ha
CEBEpHOI OKOHeyHOCTH 1enbda bapeHiieBa Mops Ha mpuMepe ocTpoBa AJIEKCAHIPbI
apxurnienara 3emis ®panna-Nocuda. Pabotbl mpoBogmiMCch BAOIL JBYX Npoduiei,
HaIpaBJICHHBIX B KPECT NPOCTUpaHUs, MPOTHKEHHOCTh Npoduiiell cocraBisiia
npumMepHo 1 kM [@panyysosa, Hanunos, 2013]. CornacHo manusiM [Dibner, 1998] B
paiioHe MNPOBOAMMBIX pPabOT pacmojaraercs Aaiika ¥ pa3jiOMHOE HapyIlIeHHE, YTO
TOBOPUT O HEOJHOPOJHOCTH 3eMHOM Kophbl. I[lo mannsiM MM3 (puc. 8) BwiaensieTcs
cepus COTJIacOBAaHHBIX CTPYKTYpP, HIMEIOIIMX HAKJIOH K CeBepy Ha rimyOuHax 7o 1,5 kM.
CeBep IOr 3anapg BocTok

z 2 2 { . Ll e iAiAiAZAAlAO
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200 200
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Paccrosinue Baonb npodwuns, M PaccrosiHne saonb npodunsi, m 1

a — nepBbld Ipo¢uib; 0 — BTOpoit Ipouiib; B — IMHUS [IEPECEUCHUS pa3pe30B;
Pucynox 8 — 'myOuHHBIE pa3pe3bl OTHOCUTEIbHON MHTEHCUBHOCTH MUKPOCEHCM BI0JIb
npoduns Ha 0. Anekcanapsl apxunenara 3emisa @panna-Hocuda
[@panyysosa, Janunos, 2013].

[IpoBenennble paboTy moKazanu mnpuMeHuMoctb MM3 Ha ceBepe wmenbda
bapenuesa mops.

3akioueHue.

[IpoMBIIIUIEHHOE OCBOCHHME CEBEPHBIX TEPPUTOPUNA H  J00bIYA  TOJIE3HBIX
HCKOIAaeMbIX 00yClaBIMBAaE€T HEOOXOJUMOCTh BIIAJICHUS JOCTOBEPHOM T'€O0JIOTO-
reousnyeckort mHpopmarmeit. Tepputopun CeBepa Pycckodt miauTel W CeBEpHOUN
OKOHEeuHOCTH IMmenbda bapeHiieBa MoOps JOCTAaTOYHO OOIIMPHBIC, 3a4acTylo
TPYAHOAOCTYIIHBIE W XapaKTEPU3YIOTCS PAHUMOCTBIO 3KOJIOTrHYecKou cpenbl. [lpu
reopU3MYeCKOM HCCJICAOBAaHUU TOJOOHBIX TEPPUTOPUM Hauboyiee TMEePCIEKTUBHO
MPUBJICUEHUE TMACCUBHBIX reodu3nueckux MeTonoB. Ha  gaHHBIE ~ MOMEHT
HEpEeIIEHHBIMU BOMPOCAMH SIBJISIIOTCS: TOBBbIIIEHHE Y(P(HEKTUBHOCTH TOUCKA TPYOOK
B3pbiBa AAII, yrouHeHue riayOMHHOTO CTPOCHUS CTPYKTYPHBIX 3JIEMEHTOB, OoJjiee
TOYHAs JIOKQJIM3AIUs PAa3JIOMHBIX HapyuieHWil. PemieHue mepedncieHHbx 3a1a4

21



TpeOyeT BBICOKOW YYyBCTBUTEIBHOCTH METOJA K HAJUYHIO0 BEPTUKAIBHBIX TPaHUI] B
3eMHo  kope. IlogoOHBIM  HAOGOpoM  BO3MOXHOCTEM  00Jajaer  METo[
MUKpPOCEHCMUYECKOTO 30HAUPOBAHUA, MPeIoKeHHbIN coTpyaHukoM D3 PAH k.¢.-
M.H. A.B. T'op6aTrKoBBIM.

B mporiecce BBINOIHEHUS AMCCEPTALMOHHON palbOThl MOJYYEHBI CIEAYIOIINE
pe3yJIbTaThI:

1) TodHOCTH OIpeneneHuss CIEKTPAIbHBIX aMIUIUTYA W OTHOCUTEIbHOU
WHTEHCUBHOCTH MHUKPOCEHCM C1ab0 3aBUCHUT OT MyHKTa HAOIOIEHUS U MOXKET OBIThH
MOBBIIIIEHA TMYTEM HAKOIUICHWS CUTHajda J0 4 4YacoB, MpHU ONTUMAIBHOM IEPUOC
HakorieHus 1.5 vaca. Ilepron HakomieHus curaia B 1.5 yaca mo3BojsieT OnpeneanuTh
CIEKTPaIbHBIC AMIUIUTYABl MHUKPOCEHCMHYECKUX KOJICOAHHMA C MOTPENTHOCThIO 4-6%
(0.5-1.5Tm) m 10 - 45% (1.5-8.5 I'r), a OTHOCUTEIHLHYIO HHTCHCHBHOCTh MUKPOCEHCM ¢
ToyHOCThIO 1 1b st wactoT 0.5 — 1.5 ' u 2 ab - anst wactot 1.5-8 I'u. Kak cnencteue
[Iar rno IKajae MHTEHCUBHOCTH OIPEEIAETCS KaK 1 COOTBETCTBYIOIIMMH 3HAYEHUSIMHU.

2) PazpabotanHoe  mporpammuHoe  obecrneuenue  DAK — mosBomsier
00pabaThIBaTh 3aITMCU MUKPOCEHCM MO METOAY MUKPOCEHCMUYECKOTO 30HIUPOBAHUSI.
3) [Io pesynpTaTam HCClIEIOBAaHUS TOKa3aHO, YTO TPYOKH B3phIBa

IPOSIBILSIIOTCS 1O JAHHBIM METOJIa MUKPOCEMCMHYECKOTO 30HIMPOBAHUS KaK B BUJE
BBICOKOCKOPOCTHBIX, TaK U1 HU3KOCKOPOCTHBIX 30H. [Ipu 3TOM OTaenbHbIE OJIOKH MOTYT
UMETh CBOWCTBA, OJIM3KKME K CBOMCTBAM BMEUIAIOIIEH CPEJIbI.

4) OO1mMM npu3HAKOM TPYyOOK B3pbIBa ABIISIETCS HAIMYHUE TPYOOUHOrO Tena.
[Ipu 3TOM Ha BCcex MpuMepax yAaBajioch MPOCIEKUBATh CTPOEHUE TPYOKH 10 TiyOuH 1-
2 kM. Brigenenue rioyOMHHBIX OJIOKOB MO3BOJISIET 00JIE€ YBEPEHHO MHTEPIIPETUPOBATH
uccienyeMblil OOBEKT Kak TPYOKY B3pbIBa.

5) MeTton NO3BOJSIET AOCTATOYHO HAAEKHO BBIICIATh U MPOCIIEKHUBATH
PYJIOBMELIAIONINE 30Hbl TEKTOHUYECKUX HAPYIICHUW B BEHACKOM ILIOKOJE U YTOUHSTh
napameTpbl TpyOOK.

6) [TokazaHa BO3MOKHOCTh U3yU€HHUS BHYTPEHHETO CTPOCHUS TPYOKH B3pHIBA.

7) PesynpTaThl MeTOMa MUKPOCEHCMHUYECKOTO 30HAUPOBAHUS JIOTIOJHSIOT
JTAHHBIE DTICKTPOPA3BEIKU.

8) MeTton MUKpPOCEHCMUYECKOTO 30HAUPOBAHUS MOXKET OBITh YCIEUIHO

WCIIOJB30BaH JUIsl YTOYHEHHs] CTpPOeHUs 3eMHOM Kopbl CeBepa Pycckoil miwThl U
CeBEepHOM oOKoHeyHocTH Imenbda bapennieBa Mopsi, moucka TpyOOK B3phIBa
ApXaHTeJNIbCKOW aTMa30HOCHOM MPOBUHIIUM U JJIs1 UCCIIEIOBAHUS UX CTPOCHUS.

9) [To paHHBIM MeTOAa MHUKPOCEHCMHYECKOIO 30HIUPOBAHUS Haubosee
KOHTPACTHO  BBIACISIIOTCST  BEpPTUKaJbHbIE  30HBI.  ['OpU3OHTaNbHBIE  30HBI
MPOCJICKUBAIOTCS B ClIydae HaJIU4Usl BEPTUKAIBHOTO CMEIIEHHUS, TU00 MPU U3MEHEHUU
XapakTepa pacupeaeiieHuss OTHOCUTEIbHOM MHTEHCUBHOCTH MUKPOCENCM.

10) B kpucrammmdeckoM QpyHIaMEHTE CTPYKTYPHBIC JJIEMEHTHI OTIIMYAFOTCSI 10
CTENICHU WHTCHCU(DHUKAIMU M XapaKTepy pachpeaesieHus HEOIHOPOTHOCTEH BHYTPH
HUX. Pa3jgombl OpOSBISIIOTCS B BUJE BEPTHUKAIBHBIX KOHTPACTHBIX 30H MOBBIIICHHOM
WHTEHCUBHOCTH MUKPOCEHCM.
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11) IIpoBeneno YTOYHEHHUE rITyOUHHOTO CTPOCHMUS OHexcko-
Kanpanakmickoro, Jlemykonckoro u Kepeuko-Ilunexckoro pugrToB, a TaKxe
Apxanrenbckoro, Kapenbckoro u TOBCKOTo BBICTYIIOB.

12)  JlanbHeiimmee pa3BUTHE HA4YaThIX pabOT MOXET MPOHCXOAUTH B
HAIpaBJICHUU OINTHMAJIbHOIO KOMIUJIEKCUPOBAHUS METOJIOB HCCIIEOBaHMS 3E€MHOU
Kopbl.  llenp ~ KOMIJIEKCHpPOBAaHMS -  JONOJHMUTH  pE3yJbTaThl  METOAa
MHUKPOCEUCMHUYECKOTO 30HAMPOBAHMSI CKOPOCTHBIM pPa3pe30oM IONEPEYHBIX BOJH HU
TOPU30HTAJIBHBIMU I'PAHULIAMU UCCIIEAYEMOTO y4acTKa 3€MHOM KOPBI.

13)  Jlns mOBBIMICHHWS KadecTBa IIOJIEBOTO Marepuana TpeOyercss YIeIUTh
0c000€ BHMMaHHUE COBEPIICHCTBOBAHMIO METOJAMYECKHUX OCHOB MPOBEICHHS MOJEBBIX
pabor.

14)  TlpencramnisieTcsi MEPCIIEKTUBHONW MPOBEPKA MPAKTUIESCKON TPUMEHIUMOCTH
UCIIOJIb30BaHus 00Jiee MUPOKOro Auana3oHa 4acToT Il UCCIENOBAHNS HUKHHUX CIIOCB
36MHOI KOpbl M BEPXHUX CIIOEB OCAJ04YHOro yexja. [Ipm 3ToM BakHO HPOBOAUTH
U3y4E€HHUE 0COOCHHOCTEH MPOSIBICHUS 0OBEKTOB «IIOMEX» MPU MOUCKE TPYyOOK B3pHIBA.
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