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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTh TeMbl. B TOpHOM Jiefie BEIMYMHA U paclpe/iesICeHUE HapsHKeHHO-
nedopmupoBanHoro coctossaus (H/IC) maccrBa ropHBIX MOPOJT OTHOCUTCSI K OCHOBOIIO-
nararomuM (akTopaM, OMPEACIISIONIUM 3aKOHOMEPHOCTH Pa3BUTHUS T'€OMEXaHHUYECKHUX
MPOIIECCOB, TAKUX KaK r€OJMHAMHYECKHUE SIBIICHUS, CIBIKEHUE U TIe(POpMHUpPOBAHUE TOP-
HBIX TOPOJ] M 3€MHOM TIOBEPXHOCTH B OOJACTH BIUSHUS Pa3pabOTKH MECTOPOKICHUS.
[IposiBjieHUsT TOPHOTO JABJICHUS B JUHAMUYECKOW (OpME BBI3BIBAIOTCA KOMIUICKCHBIM
BJIMSTHUEM LIETIOTO Psijia MPUPOJHBIX U TEXHOTEHHBIX (PaKTOPOB, CPEIU KOTOPHIX B pa3HOU
CTENEHU MPUCYTCTBYIOT KaK CIIOCOOCTBYIOIIKE, TaK U Jokanu3ytoume. [IpeBanupytomiee
BJIMSIHUE HEOJIaronpusITHBIX (PaKTOPOB BBI3BIBAET TOPHBIE YJAPhl, TOJTUYKH U JIPYTUE T€0-
JTUHAMUYECKUE MTPOSIBICHHUS.

N3BecTHO, YTO B TEKTOHMYECKH U CEUCMHUUYECKH AaKTUBHBIX paioHax AsTai-
CastHCKO# CKJTaTyaToi TOPHOUM 00JIacTH BEAETCS pa3paboTKa psa KPYIMHBIX KEIC30PY/I-
HbIX MecTopoxaeHui: Tamraronsckoro, [lleperemickoro, Kasckoro, Teiickoro, Ab6a3uH-
ckoro u ap. [Ipu ropHbeix paboTax BO3HUKAIOT KaTacTpo(UUEeCKHUe CEMCMUYECKUE U JTU-
HaMHYECKUE SIBJIEHUA B (GOpME TEXHOTCHHBIX 3EMJIETPSICEHUN, YAapOB TOPHO-
TEKTOHUYECKOTO TUIA, 0OpyIIEHUsI OOJIBIIUX Macc TOpHBIX Mopoj. KpymHbie mnposiBie-
HUSI TOPHOTO JABJICHUS B JUHAMHUYECKON (hopMe MEepUOoANYECKU WM CIIOHTAHHO MPOHC-
xo1aT Ha pynHukax ['opnoii Lllopun n Xakacuu, B yrojibHbIX maxrtax KemepoBckoi 00-
nactu. Cutyanusi ycyryOJsercs TeM, 4To 10 Mepe pa3padOTKH MECTOPOXKICHHUMN yBEIH-
YUBaeTCs IIyOMHA JOOBIUM TOJIE3HBIX HMCKOIMAEMbIX M, KaK CIIEJICTBUE, YBEIMYMBACTCS
rOpHOE JaBJICHHE B MeCTax MpoBeaeHus paboT. Kpome Toro, B HEKOTOPHIX TOPHOPYIHBIX
MPEANPUATUSIX OTPaOOTKA PYAHBIX 3alaCOB OCYIIECTBISETCS MO PEKaMH U JPYTUMHU BO-
JOEMaMHU, YTO MPUBOJUT K CO3[JaHHUIO B MACCUBE 30H, OMACHBIX U MO M3MEHEHHIO THIIPO-
r€0JIOTUYECKON CUTYalIUH.

OcBoeHue TIIyOOKHUX TOPU30HTOB OOOCTPUIIO MPOOIEMY MPOTHO3a U MPEIOTBpallle-
HUSI TOPHBIX yAapOB, HAHOCSIIUX 3HAYUTENBHBIM MaTepUalbHbIA YIIEepO MPOMBIILICH-
HBIM TPEANPUSATUHAM U OOBEKTaM, HAXOASIIMMCS B 30HAX BJIMSHUS OYUCTHBIX MPO-
cTtpaHcTB. OTpaboTKa MECTOPOXKACHHM BEAETCS B PErHMOHaX C BBICOKOW MJIOTHOCTBIO
HACEJICHUS, C Pa3BUTON MPOMBIIICHHOCTHIO U B 30HAX UHTEHCUBHOTO Pa3BUTHS TypHU3Ma.
B cBs3u ¢ 3TUM 1151 YCIEITHOTO Pa3BUTHSI TOPHOMPOMBIIIUIEHHBIX KOMILIEKCOB Cubupu
BEChMa Ba)KHBIM SIBJISIETCSI COXPAHEHUE CIUIOIIHOCTH 3€MHOM MOBEPXHOCTH, HEIOMYIIle-
HUE €€ 3HAYUTEIBHBIX JAeopMaliuii, MpeaynpekIcHUE MOSBICHUS JUHAMHUYECKH OMac-
HBIX 30H U OTPaHUYEHUE BIMSHUA YK€ UMEIOIINXCS OYaroB BO3HUKHOBEHHS CEHCMHUYE-
CKHX U TUHAMUYECKUX SBJICHUMN.

[To nanabpiM Anraii - Casituckoro ¢gummana ['eodusnueckoit ciyx6s1 CO PAH 3a mo-
cineaHue 15 neT BO3poCciao KOJMYECTBO M€OAMHAMUYECKUX TMPOSIBICHUN MO MEpE YBEIH-
YeHUsl B pailoHax pa3pabOTKU U JOOBIUM TMOJE3HBIX MCKOMAEMbIX. ITO 00CTOSATEIHCTBO
BJIEYET 3a COOOM CYIIECTBEHHbIE YKOHOMHUUYECKHE 3aTpaThl HA BOCCTAHOBJICHHE IIAXT U
TEXHUKH, a TAKXKE YEJIOBEUYECKUE KEPTBbI. B OoJbIieil Mepe TeoIMHaMUYECKHUE TTPOSIBIIC-
HUsI 00YCIIOBJIEHBI TEXHOTEHHON CEHCMUYHOCTBIO, TaK KaK B IIaXTaX W Ha pa3pesax IMpo-
M3BOST MAacCOBBIC TEXHOJIOTHYECKHE B3PbBIBBI ¢ 3apsiioM 10 300 TOHH B3PBIBUATOTO Be-
mectBa. KpyrnHble TEXHOJIOTHYECKUE B3PBIBBI MO OOPYIIEHUIO PYAHBIX OJOKOB Ha JKelle-
30pYAHBIX MECTOPOXKICHUSIX TAKKE COMPOBOKIAAIOTCS MOIIHBIMUA JUHAMUYECKUMHU SIBJIE-
HUSIMU. B3pBIBBI BBI3BIBAIOT MHAYLIMPOBAHHYIO U TPUTTEPHYIO CEMCMUYHOCTh B 30HAX OT-
paboOTKM MOJIE3HBIX UCKOoNaeMbIX. Tak, Hampumep, B 2017 romy 1o JaHHBIM TOTO e (u-



4

mnana ['eopusuueckoit cimyx0b61 CO PAH na tepputopun Kemeposckoit obnactu 3a 11
MecsieB npouzonuio 8349 celicMuyeckux COOBITHMH, B TOM 4YHCIE MPOU3BENEHO 7264
pOMbINUIEHHBIX B3pbIBa. [Io cpaBHeHuto ¢ 2016 rogom 3to Ha 1080 celicMuyeckux co-
ObITHI OOJBIIE, a KOJTMYECTBO MPOMBIIIJICHHBIX B3PHIBOB yBEIHMUIIIOCH HAa 489. Ha Ta-
TaroJIbCKOM MECTOPOKJIECHUN JUHAMUYECKass aKTUBHOCTh MAacCCHMBA M3MEHSJIACH CIEAYIO-
M oopazom: 2016 roay -2694, B 2017 roxy — 3352 u B 2018 rony — 1869 cobwituit 1-9
KJ1acca.

B nocnennee BpeMsi B CBSI3U ¢ YBEITUUEHUEM TTyOUHBI 10OBIUU PYbI JaKE MEHBIITNE
[0 MOIIHOCTH TEXHOJOTHYECKHE B3PBIBHI MOTYT UMETh HEOJIArONPHUATHBIE MOCIEACTBUS
3a c4eT BHICBOOOXK/ICHHSI HAKOIIJICHHOM B TOPOJHOM MAacCUBE dHEPruu. JJis UCKITI0ueHus
ATUX SIBIIGHUW M, KaK CJEACTBUE, TpaBMaTh3Ma U YEIOBEUYECKUX KEPTB HEOOXOIUM
HAJICKHBII MPOTHO3 TOPHO-TEOJOTHYECKUX U F€OMEXAaHWYECKUX YCJIOBUUN BEIEHUS TOp-
HBIX paboT, pa3paboTKa HOBBIX METOJOB M CITIOCOOOB OTPaOOTKH PYIHBIX MECTOPOXKIEC-
HHM, CHAKAIOIINX PUCK T€OJUHAMUYECKUX SIBJICHUMN.

B Hacrosiiiee BpeMsi OJTHUM U3 MEPCIEKTUBHBIX METOJOB MOHUTOPUHIA U KOHTPOJIS
m3menennit HJIC ropHoro maccuBa U mporHo3a reoiMHaMUYeCKUX COOBITHI, B TOM YK C-
Jie B IIAXTHOM IOJIE PYAHUKOB, SBIISIIOTCS METOJbl, OCHOBAHHBIE Ha MEXAaHOAJIEKTpHYE-
ckux npeoOpazoBanuax (MOII) B ropasix mopoaax, 0ETOHAX U APYTUX AUIIEKTPUUECKUX
cTpykrypax. [Ipm MexaHO3JIeKTpUYEeCKUX MpeoOpa3zoBaHUSAX MapaMeTPbl BO3HUKAIOIINUX
AJIEKTPOMAarHuTHBIX cUrHaioB (OMC) M XapakTepUCTHKH 3JEKTPOMAarHUTHON 3MHCCHUU
(BMD) necyT uHpopMaIMIO O MpoIeccax 00pa3oBaHUs IECTPYKTUBHBIX 30H U 00 U3Me-
Hennn HJIC B maxTtHOM nosie. 1 31€Ch rIaBHBIM SBISETCS, C OJHOW CTOPOHBI, TOHUMa-
HUe (PU3MUECKUX MPOLECCOB, NPUBOASIINX K BO3HUKHOBEHHIO AJIEKTPOMArHUTHBIX CHUT-
HaJIOB, BBIABJIICHHE 3aKOHOMEPHOCTEH Bapuanuii napametrpoB OMC u XapaKTepHUCTHK
OMD npu uzmenenusx HJIC u oOpasiioB, u MmaccuBa ropHbix mopoj. C apyroit CTOpOHBI,
BAKHBIM SIBJISIETCSl anmapaTypHasi OCHAILIEHHOCTh pa3padaThIBA€MbIX METOAOB, KOTOpAs
MOMOKET O0ECHEeYUTh BBISIBICHUE AMIUIUTYAHO-YACTOTHBIX M aMILIUTYIHO-BPEMEHHBIX
cesa3er nsmenenuss H/IC ropusIx nopon ¢ uameHeHnsamu napamerpoB OMC u xapakre-
puctuk MO npu MOII B nopognom maccue. KpoMe TOro, npu co3aHnu MOJEBBIX all-
MapaTHO-MPOrPaMMHBIX KOMILJIEKCOB HEOOXOAMMO YUYHUTHIBATH BO3MOXHOCTb HCIIOIb30-
BaHusl peructparopoB IMC B KauecTBe MEPBUYHOTO CETEBOIO0 00OpyAOBaHUsA cOopa U
npeaBapuTesbHOM 00paboTKku MHPOpMAIMU 00 M3MEHEHMSIX MapaMEeTPOB U XapaKTepH-
cTUK OMD ropHBIX OPOA IS IEPEauy Ha YJAJIEHHBIM KOMIIBIOTEP AUCIIETYEPA.

HauasnoMm pa®oT no co3aaHuio 37eKTPOMarHuTHBIX METOI0B MOHUTOPUHTA U KPaTKO-
CPOYHOTO MPOTrHO3a Te0IMHAMUYECKUX cOoObITUH Mo nmapamerpam OMC u xapaKTepucTu-
KaM OMD ropHbIX NOPOJ MOCIYKHWJIA UCCIEI0BAaHUS COTPYIHMKOB TOMCKOIO MOJIUTEX-
Huyeckoro yuusepcuteta (TIIY) mox pykoBoactBoMm mpodeccopa A.A. BopoObeBa, B ToM
YHUCJIE U aBTOpa ATOW nuccepranuu. PaboTel mo uccnenoBanuio U npuMmeHenno MOII
TaK)Ke BBITIOJIHAJIUCH B BEAYIIMX YHUBEPCUTETAX U akaJeMU4YecKux MHCTUTyTax Poccuu,
takux kak: Mucrutyt ropnoro nena CO PAH (HoBocubupck); Uncturyt @usuku 3emiu
PAH; UnctutyT npobiem xomiuiekcHoro ocBoenus Heap PAH (Mocksa); MHCTUTYT MO-
HUTOpUHTa KimMatudeckux u skosorudeckux cucteM CO PAH (Tomck); Kyz0acckuii u
HoBocubupckuit rOCyapCTBEHHBIE TEXHUYECKHUE YHUBEPCUTETHI; Hayuno-
HCCJIE0OBATEILCKUM MHCTUTYT TOPHOM IN€OMEXaHUKU U MapKIIEUAepcKoro aena — Mex-
otpacieBoil HayuHblil neHTp BHUMMU (r. Cankr-IletepOypr) u np.



WccnenoBanus mokasanm, 9To mapaMeTpsl U xapaktepuctuku MOII 3aBucar ot ¢u-
3UYECKUX CBOMCTB JUAIEKTPUUYECKUX MATEPHUAIOB U TOPHBIX NOPOJ, OT UX N€HETUYECKO-
ro THMAa U CTPYKTYPHO-TEKCTYPHBIX ocobeHHocTed. [ToaTomy pa3paboTka METOIOB MO-
Hutopunra uaMenennii HJIC ropHbIX mopoj U KpaTkOCPOYHOIO IIPOTHO3a Pa3BUTHUS T'€O-
JUHAMUYECKUX COOBITUH MO MMapaMeTpaM 3JEKTPOMArHUTHBIX CUTHAJIOB U XapaKTepH-
CTUKaM 3JIEKTPOMAarHUTHOW 3MHUCCUU SBIISETCS aKTyaJIbHOW U TPeOyeT AETaJIbHOrO H3Y-
YEHUS.

esu padoTnIi:

1. Pa3paboTka pu3n4eCKUX OCHOB AIEKTPOMArHUTHOTO METOJa KOHTPOJIS MOATOTOBKU U
Pa3BUTHS Pa3pylICHUs TOPHBIX MOPOJ MO MapaMeTpaM AJIEKTPOMArHUTHBIX CUTHAJIOB U
XapaKTEPUCTUKAM DIEKTPOMATHUTHOW SMHUCCHH.

2. Pa3zpaboTka MeToAa ¥ Cpe/ICTB MOHUTOPUHTA PA3BUTHS T€OAMHAMUYECKUX COOBITUI 110
[IapaMeTpaM JIEKTPOMATHUTHBIX CUTHAJIOB M XapaKTEPUCTUKAM DJIEKTPOMAarHUTHOU
OMHUCCHUH TOPHBIX ITOPOL.

Hnest paboTbl COCTOUT B CO3AaHUM KOMILIEKCHOTO METO/Ia MOHUTOPHUHIA U ITPOTHO-
3a pa3BUTHUS ACCTPYKTHMBHBIX 30H M I€OJMHAMUYECKHUX SIBICHUU II0 IapaMeTpaM dJeK-
TPOMArHUTHBIX CUTHAJIOB M XapaKTEPUCTUKAM 3JIEKTPOMArHUTHON 3MHCCUHU TOPHBIX MO-
poL.

3agaum uccie0BaHUI:

1. PazpaGoTtars npuOoOpbl U CpeACTBA MOHMTOPHUHIA JUIsl HUCCIEIOBAaHUM MapaMmeTpoB
AJIEKTPOMAarHUTHBIX CUTHAJIOB U XapaKTEPUCTHUK NIEKTPOMArHUTHOW 3MHCCUH T'€TEPOTCH-
HBIX MaTE€pUaJiOB U TOPHBIX MOPOJ: B JIAOOPATOPHBIX YCIOBUAX MPU aKyCTHUYECKOM BO3-
Oy>KI€HUH U OJHOOCHOM CXaTWH, B TOM YHUCJE MPHU MPUIOKEHUHU 3IEKTPUUECKUX HIIN
MarHUTHBIX TOJEH; B HATYPHBIX YCJIOBHSX IIAXThl TalITaroibCKoro pyaHUKa MOpH BO3-
Oy>KI€HUH B3PbIBOM MAacCUBAa TOPHBIX TOPO.

2. Ha ocHOBaHMM Ta0OPaTOPHBIX U HATYPHBIX UCCIEAOBAHNN C MPUMEHEHUEM CO3/TaHHBIX
PErUCTPATOPOB AJIEKTPOMArHUTHOM M aKyCTHYECKOM AMHUCCHM pa3zpaboTaTh METOH IJIs
MOHHUTOPUHTA U KOHTPOJISI Pa3BUTUA AECTPYKTUBHBIX 30H U T€OJMHAMUYECKUX IPOLEC-
COB IO MTAPaMETPaM U XAPAKTEPUCTUKAM 3JIEKTPOMATHUTHOW SMHCCUU MACCUBA TOPHBIX
MTOPO/I.

3. MaremMaTH4ecKd CMOAETUPOBATh W IKCIEPUMEHTATBHO OMPEACITUTh aMIUTUTYIHO-
YaCTOTHBIE MTAPAMETPBI JIEKTPOMAarHUTHBIX CUTHAJIOB IIPU IE€TEPMUHUPOBAHHOM aAKyCTH-
YEeCKOM BO3JIEHCTBUU Ha 00pa3lbl C Pa3IMUHbIMU CTPYKTYPHBIMH OCOOCHHOCTSIMH, JJIEK-
TPUYECKUMH, CETHETORNEKTPUUECKUMH U MAarHUTHBIMH CBOMCTBAMH, MPHU MOJISIPU3ALUU
00pa3oB U NPUIIOKEHUH IEKTPUUECKOTO U MarHUTHOTO TOJIeH, a Takke 00pa3lioB, KOH-
TaKTHUPYIOUIUX C COJIEBBIMH BOAHBIMHA PACTBOPAMH.

4. DKCIIEpUMEHTAIILHO BBISIBUTH 3aKOHOMEPHBIE CBSI3U aMIUTUTYIHO-YaCTOTHBIX IMapaMeT-
POB JIEKTPOMArHUTHBIX CUTHAJIOB U XapaKTEPUCTHK IEKTPOMArHUTHON SMUCCUHU 00pa3-
LIOB TOPHBIX MOPOJ HA Pa3HBIX dTanax MOATOTOBKU M PAa3BUTHS pa3pyLIEHUs] OTHOOCHBIM
CHKATUEM.

5. Pazpaborarh crnocoObl BbIsiBIeHUS Hanbonee 3((HEKTUBHBIX MECT YCTAHOBKU NpPHOO-
POB 3JIEKTPOMAarHUTHOTO MOHUTOPUHIA T€OJUHAMUYECKON OOCTAaHOBKM B HaTypHBIX
YCHOBUSX IIAXTHOTO IMOJS PYIHUKOB.

6. Pa3zpaboTtarb (h€eHOMEHOJIOTHI0O BO3HUKHOBEHMSI M PA3BUTUS N€OJMHAMUYECKHUX SIBIIE-
HUN B MaccHBaX TOPHBIX MOPOJ MPH B3PBIBHBIX BO3AEHCTBUAX. /{1151 yero ycTaHOBUTH 3a-
KOHOMEpHBIE CBA3M W3MEHEHUN HAaNpsKEHHO-Ae(POPMUPOBAHHOIO COCTOSIHUS TOPHBIX



MOPOJI C AMIUIUTYITHO-4aCTOTHBIMH NTaPAMETPAMHU JIEKTPOMArHUTHBIX CUTHAJIOB M XapaK-
TEPUCTUKAMH DJIEKTPOMArHUTHOM 3MHUCCHHM NOPOAHOro mMaccuBa. Ha ocHoOBaHMM mMOITy-
YEHHBIX 3aKOHOMEPHOCTEW ONpEeNeNUTh Iuana3oHbl HanOonee 3PQPEKTUBHBIX YacCTOT
OMC s MOHUTOpPUHTA O0pa30BaHUsl U Pa3BUTHS T'€OAMHAMUYECKUX TMPOSABICHUN pa3-
JUYHOTO XapakTepa.

Metoabl uccie0BaHuIi: MaTeMaTHueckoe U ¢pusznyeckoe moaenupoBanue MOII B
TETEPOreHHBIX IHUAJIEKTPUUYECKUX CTPYKTYpPax; METOJ MU3MEPEHHUs 3apsAla Ha KOHTAaKTax
MHUHEPAJIOB HAa TOBEPXHOCTU O0OpPA3I0B FOPHBIX MOPOJ; U3MEPEHUS TOKOB IOJISIPU3ALINY;
U3MEPEHMSI CHIIbI M iepopMaliK PU HAarpy>KEHUU 00pa3lioB FOPHBIX NOPOJT; CIIEKTPallb-
HbI aHayIU3 aHanoroBbix OMC ¢ KCIOJIB30BAHUEM IPOLEAYPBI OBICTPOro npeoOpa3oBa-
Hus Dypbe, a TAKKE pacdyeT MATEMaTHYECKOTO OKUIAHUS U TUCIIEPCUU aMILIATyA OMDO;
ANEKTPUYECKUE U MHIYKIHMOHHBIE METOJbI U3MEPEHUS XAPAKTEPUCTUK JJIEKTPOMAarHUT-
HOM AMUCCHH MPH U3MEHEHUU HaNpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS TOPHBIX IO-
pOJI, B TOM YKCJIE B HATYPHBIX YCIOBHUSAX IIAXThl TallITaroJbCKOro pyIHUKa; METO/bI Ibe-
303JIEKTPUYECKOr0 U YAAPHOIO aKyCTHYECKOTO BO30YKIEeHHsI 00pa3lioB IOPHBIX MOPO/I;
BO30YX/I€HHE U3MEHEHUI HANPSKEHHO-AE(POPMUPOBAHHOTO COCTOSIHUS TTOPOJAHOTO Mac-
CUBa U N€OIMHAMUYECKUX NPOSBICHUN B HATYPHBIX YCIOBHUSX IIAXThl TamiTaroyibckoro
pynnuka B3pbiBamu 30-300 TOHH B3phIBYATOTO BELIECTBA; METOABI U3MEPEHUS AKYyCTHYE-
CKHUX CHTHAJIOB C TIOMOLIBIO NTbE303JIEKTPUUECKUX MTpeoOpa3zoBarenell B 1a00paTOPHbIX U
HaTypHBIX YCJIOBUSX; JAHHbIE U3MEPEHUN CEHCMHUYECKOW aKTUBHOCTU INAXTHOTO IOJIS
Tamrraroiasckoro pyaHuka; METo HHPPAKpPaCHON paJuoMeTpUH; METOJ KOHTPOJIS OTIIE-
JYIIMBAHUS MUKPOYACTHI] IPY PA3BUTHM Pa3pyLICHUS TOPHBIX IMOPOJ; MATEMATHYECKOE
MOJIETUPOBAHUE OOHAPYKEHUS MPEABECTHUKOB PAa3pYLICHUs TOPHBIX IOPOJI C UCHOIb30-
BaHUEM BPEMEHHBIX PsIOB; JUIICH3HMOHHBIC Tporpammbl Mathcad u Origin Lab.

OcHOBHBIC HAYYHBIE I10JI0JKEHHUS, 3all[HII[aeMbI¢ ABTOPOM:

1. Peructpatopsl 3J1€KTPOMATHUTHBIX U aKyCTUYECKUX CHUTHAJIOB JJisi paboThl B abopa-
TOPHBIX U IIAXTHBIX YCIOBUAX MOJ3EMHBIX PYAHUKOB, B TOM YHCJIE€ B MHPOPMATMOHHON
CUCTEME MOHUTOPHUHTIA PA3BUTHUS T€OJUHAMUYECKUX COOBITUH.

2. Ompenensroiniee BIUSHUE AIEKTPOPUINISCKUX CBOWUCTB, CTPYKTYPHOTO CTPOEHUS U
BJIQYKHOCTH TOPHBIX MOPOJ Ha aMIUIUTYAHO-YACTOTHBIE MAPAMETPhl AIEKTPOMATrHUTHBIX
CUTHAJIOB ITPH JIFOOOM THUIIE MEXaHUYECKOTO BO3ACHCTBUS.

3. Kontponb ¢popmMupoBaHus v HAIMYHUS 30HBI IECTPYKIIMHA TOPHBIX MOPOJ] OCYIIIECTBIISI-
€TCS N0 AMIUIMUTYAHO-YaCTOTHBIM INapaMeTpaM 3JEKTPOMArHUTHBIX CUTHAJIOB U IO Xa-
PAKTEpUCTUKAM JIEKTPOMArHUTHONW SMUCCHUU.

4. Pa3zBuTHe pa3pylieHUss MaCCMBA TOPHBIX TTOPOJI TIOCIIC B3PBIBHBIX BO3JACUCTBUI COMIPO-
BOXKIAETCSI U3MEHEHUSIMH XapaKTEPHUCTHUK 3JIEKTPOMAarHUTHOW 3MHUCCUM BO BPEMEHHU OT
CEKyHJ J0 JECATKOB 4YacOB, B 3aBUCHMOCTH OT 3HAY€HUsS HABEICHHBIX MEXAHHYECKHUX
HaIPSHKEHUI U CTPYKTYpPbl TOPHOTO MacCHUBa.

5. [elicTByrolue MEXaHUYECKUE HAMPSXKEHUSI, KOHTAKThl M TPOYHOCTh CTPYKTYPHBIX CO-
CTaBJISIOLIMX MOPOJBI OMPENEISIOT TEMIEPATYPY UHPPAKPACHOTO CBEUYECHUS B OKPECTHO-
CTSIX CKBAXKMH M OTBEPCTUM B TOpHBIX Mopojax. MHdpakpacHOoe cBeueHHE CKBAXUH U
AIEKTPOMATHUTHOE MPOGUIUPOBAHKUE SIBISIIOTCA ONTHUMAlIbHBIMM METOJaMHU BbIOOpa
HanbOosiee 3PPEKTUBHBIX MECT YCTAaHOBKH MPUOOPOB ISl AJIEKTPOMArHUTHOIO MOHMTO-
pUHTa re0IMHAMUYECKON 0OCTAaHOBKM B HATYPHBIX YCIOBUSX IIAXTHOTO MOJISL PYIHUKOB.
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6. KoMIiekCHBIN METOJ] MOHUTOPHUHTA U KOHTPOJIS Pa3BUTHS T€OUHAMUYECKHUX MPOIIEC-
COB II0 ITApaMETPaM U XaPAKTEPUCTUKAM 3JIEKTPOMATHUTHOW dMHMCCUM MACCUBA T'OPHBIX
IIOPOLI.

JloCTOBEPHOCTL HAYYHBIX Pe3yJbTATOB MOJITBEPKIACTCSI: MATEMATUYECKUM MO-
JEIMPOBAHUEM 3JIEKTPOMATHUTHBIX OTKJIMKOB CIOMCTBIX U AE(QEKTHBIX CTPYKTYp; HE0O-
XOJIUMBIM U JJOCTATOUYHBIM O0OBEMOM KCIEPUMEHTATBHBIX U3MEPEHHUIN U MTOTYUYEHHBIX 3a-
KOHOMEPHOCTEN B JIaDOPATOPHBIX, & TAKKE B HATYPHBIX YCJIOBHSX IIaxThl TamTarois-
CKOr'0 PYJIHHKA; MPUMEHEHUEM COBPEMEHHOW TEXHHKHA M METOAOB MCCIECIOBAHHS MEXa-
HODJIEKTPUYECKUX MPEeoOpa3oBaHUN B TETEPOreHHBIX JUAICKTPUUYECKUX CTPYKTYypax;
NpUMEHEHUEM KaITHMOPOBAaHHBIX COBPEMEHHBIX MPUOOPOB JIJIsi U3MEPEHUS INEKTPUUECKUX
BEJIMYMH, a TAKXKE JJICKTPUUECKUX M3MEPEHUN HEDIIEKTPUUYECKUX BEJIMYMH; MCIOJIb30Ba-
HUEM CO3JIaHHBIX aHAJIOTOBO-IIM(PPOBHIX MPOrPAMMHO-AIIAPATHBIX PETUCTPATOPOB AJICK-
TPOMArHUTHBIX W AKyCTHYECKUX CHUTHAJIOB; KOPPEKTHOCTHIO MOCTAHOBKHU 3aJad U HX
000CHOBaHHOCTH; 00pPabOTKOM SKCIIEPUMEHTANIBHBIX JAHHBIX C HMCIOJb30BAHHUEM METO-
JIOB CTaTUCTUKUA U CIEHHATBHBIX KOMIBIOTEPHBIX MPOTPAMM; MOJYYEHHEM PE3YIbTATOB,
HE MPOTHUBOpEYAIIUX (PU3UKE UCCIEAYEMBIX MPOLIECCOB.

HoBu3Ha Hay4YHBIX M0JIOKEHUM.

e AMIUINTYTHO-YACTOTHBIE MapaMETPhI SJICKTPOMATHUTHBIX CUTHAJIOB U XAPAKTEPUCTHU-
KU 3JIEKTPOMAarHUuTHOW SMUCCHUU OINPENEIISIIOTCSA CTPYKTYPHBIM U TEKCTYPHBIM CTPOSCHUEM
TOPHBIX IOPOJ U UX 3apSAA0BBIM COCTOSIHUEM, BIIAJKHOCTBIO M aMIUIUTYAHO-4aCTOTHBIMU
napamMeTpamM BO30Y’KJAIOIIET0 aKyCTUYECKOT0 MMITYJbCa MPU MEXaHUYECKOM BO3JEH-
CTBUH.

e BHemHue NOCTOSHHBIE JJIEKTPUUECKUE U MAarHUTHBIE MOJISI OKa3bIBAIOT CYILIECTBEHHOE
BIIMSTHUE HA MapaMeTpbl AJIEKTPOMArHUTHOTO OTKJIMKA TOPHBIX MOPOJ MNPU UMIYJIECHOM
aKyCTUYECKOM BO30YKJICHUHU.

e DOpMUPOBAHHE U PA3BUTHE 30H JECTPYKIUU T'OPHBIX MOPOJ ONPEAEISIETCSA MO aMILIH-
TYJHO-YaCTOTHBIM IIapaMeTpaM 3JEKTPOMArHUTHBIX CUTHAJOB, a TAKXE II0 XapakKTepu-
CTHUKaM JJIEKTPOMArHUTHOW SMUCCHH.

e [lo xapakTtepuCTMKaM >JIEKTPOMAarHUTHOM 3MHUCCUH, U3MEPSEMOUW B IIAXTHOM IIOJIE
PYAHHUKA IOCJIE TEXHOJOTHUYECKUX B3PBIBOB, JOCTOBEPHO ONPEAEIIAIOTCS BPEMEHHBIE UH-
TEPBAJIBI M BBIAEIMBILASICS SHEPTUS IIPU PA3BUTHH Pa3pyLICHUS MACCHBA T'OPHBIX MOPOJ.
[Ipu »TOM pa3BUTHE pa3pylICHUI MOCJE B3PBIBHBIX BO3JIEUCTBHII OOYCIOBJIEHBI HaBe-
JCHHBIMM MEXAHMYECKHUMU HAIpPSHKECHUAMU U CTPYKTYpOW MaccuBa B paliOHE UX JEl-
CTBUSL.

e Temneparypa UHPPAKPACHOTO CBEUEHHUS CKBaXXMH, OTBEPCTHI MU KOHTAaKTOB T'OPHBIX
IOPOJ ONPENENACTCS AECUCTBYIOIIMMHA MEXaHUYECKMMU HANPSHKEHUSMH U MPOYHOCTHIO
CTPYKTYPHBIX COCTABJISIOLIMX ITOPOJBL.

e Hogerit Tun ananoro-mudpossix peructpatopoB POMC1 u POMACI, npu co3nanuu
KOTOPBIX HUCMOJb30BaH KOMIUIEKCHBIN MOAXOJI, PACHIMPSIOMINI BO3MOXKHOCTHU MPU PETHU-
CTpPaLMM DJIEKTPOMAarHUTHOM U aKyCTHYECKOM dMUCCHUM B YCIOBUSX IMOJI3EMHBIX COOPY-
KEHUH, a COBOKYITHOCTb PEIIEHUH MPHU pealii3alii TaKoro Mojxojia o0ecrneynBaeT HO-
BHU3HY PETUCTPATOPOB.

e OnekrpomarnuTtHas u UK paguomerpuueckast cxeMbl BbIOOpa MeCTa YCTAHOBKHU PEru-
CTPATOPOB AJIEKTPOMATHUTHBIX U aKyCTUUECKUX CUTHAJIOB 0OecrieunBaroT 3G eKTHBHBIN



MPUEM DJIEKTPOMArHUTHON SMHCCUU W3 30H Pa3BUTHUSA JACCTPYKTHUBHBIX U T'€OJMHAMUYE-
CKMX IIPOLIECCOB.
e Anroput™M HHPOPMAIMOHHON CHCTEMBI M CXeMa Tepeladl TaHHBIX OT PErHCTPaTOPOB
tunia POMACI Ha yaalleHHbIH KOMIBIOTEp AUCHETYEpa 00ECIEUMBAET BO3MOXKHOCTh HC-
nosb30BaHUs mapameTpoB OMC u xapakrepuctuk MO 1711 MOHUTOPUHIa U3MEHEHUM
H/IC maccuBa TOpHBIX OPOJ B pEAIbHBIX YCIOBUSAX MIAXTHOTO MOJIA PYyIHUKOB.
JInuHblii BKJIaa aBTOpa: GopMynupoBaHue Iejed U 3a1ad UCCIIeI0BaHUH, TJIaHU-
pOBaHUE BCEX BUAOB pabOT MO TeME JUCCEPTALMH; COCTABICHUE TEXHUUYECKOTO 3a/1aHus
U aaropuTMa paboThl PErUCTPATOPOB, a TAKKE aJTOPUTMOB BBOJIa-BbIBOA MH(OpMAIUH,
U ee 00pabOTKH; yyacTHE B HAIIMCAHWUU MPOrpPaMM BBOZA-BbIBOJA JTAHHBIX U3MEPEHUS U
00paboTKH MH()OPMAIIMOHHBIX JTAHHBIX; CO3JIaHUE CTEHJAA I MCCIIECJOBAaHUS MapaMeT-
POB BJIEKTPOMArHUTHBIX CUTHAJIOB TE€TEPOTE€HHBIX AUAICKTPUYECKUX MATEpPHAIIOB MPHU
AKyCTHYECKOM BO3JICWCTBHUH, & TAKXKE KOMILIEKCHOTO CTEHJA Ul MUCCIEAOBaHUA Iapa-
METPOB 3JEKTPOMATHUTHBIX CUTHAJIOB U XapaKTEPUCTUK 3IEKTPOMAarHUTHOM IMUCCHUH,
MH(}paKpacHON paAOMETPUH, OTCIOEHUS MUKPOUYACTHUL, TOKOB MMOJSPU3ALNHU, aKyCTHY €-
CKOT'O BO3JICHCTBUSI, UBMEPEHUS BEIUYUH YCUIUN U AedopMaluy MpU HArpy>KEeHUU HC-
CJI€AYEMbIX MAaTE€pPUAJIOB OJTHOOCHBIM CKATHEM WJIM CIBUTOM 1O Pa3pylLICHUS; OpraHU3a-
1M U TPOBEJICHHE JTAOOPATOPHBIX MCCIENOBAHUM JIEKTPOMArHUTHOW SMHUCCHH TOPHBIX
MOPOJI PU aKyCTUYECKOM BO30Y>KJIEHUU U OJTHOOCHOM HArpy>K€HUHU, a TAKKe U3MEPEHUMN
B HATYpPHBIX YCJOBHUSIX HA PAa3HbIX TFOPU30HTAX IIaxXThl TamTarojbCKOTO PYyJIHHUKA 0
B3pbIBHBIX Bo3aeicTBUi (10-300 TOHH B3pBHIBYUATOrO BEIIECTBA) HA MACCHUB TOPHBIX IO-
pOJ, BO BpeMs UX MPOBEACHUS U B MEPUOJ pellaKCalliy MOPOJHOTO MAacCUBa; OpraHu3a-
IIMs ¥ TIPOBEJICHUE MCCIEAOBaHUN MH(PPaKpaCHOU pajOMETPUU OTBEPCTUN B 00pasIiax,
KOHTPOJII TOKOB MOJSPU3aLMU U MIETYIIEHUS MUKPOYACTULl B 00pa3lax rOpHBIX MOPOJ
IIpU HATPY>KEHUU A0 Pa3pyLIEHUs; OpraHU3alMs U MPOBEACHHUS MHPPAKPACHOU pajino-
METPUU CKBAXXUH JI0 TEXHOJOTMYECKUX B3PHIBOB B PYJIHUKE U TMOCJIC HUX; OpTraHu3alus 1
MpoBeIeHHE 00PA0OTKM M aHAIN3a MOJYYEHHBIX PE3YyJIbTAaTOB UCCIEIOBAHMM.
IIpakTH4Yeckass HEHHOCTH PA0OTHI COCTOUT B CJIEAYIOLIEM:
1. Pa3paboTaHHbIl, U3rOTOBJIICHHBI U alpOOMPOBAHHBIA B TEUEHUE MATHAIUATUIECTHETO
Mepuo/ia UCClIeIOBaHUM MpOorpaMMHO-anmnapaTHbiid peructpatop tuna POMCI criocoben
BecTH 0€3 CMEHBI M MOMA3apsIIKU aKKyMyJisaTopa B TeueHue He meHee 180 wyacoB Hempe-
PBIBHBI MOHUTOPHUHT 3JIEKTPOMArHUTHOW U aKyCTUUYECKOM AMUCCUU B YCIOBHSX PYAHU-
KOB IPU MPOBEIAEHUM B3PBIBHBIX BO3JCHCTBUI HA MOPOJHBIM MAacCUB U B MIEPUOJ pPEJlaK-
cauuu ropsasix nopoj. Co3zmaHue perucrparopa M MNOJyYEHHBIE MPU €ro UCIOJIb30BaHUH
pe3ynbTaThl UCCeA0BaHUM n3MeHeHuss OMD u AD B 1a00paTOPHBIX U HATYPHBIX YCIIO-
BUsIX TamraroibCKOro MECTOPOKJEHUSI BHECTU CYIISCTBEHHBIN BKJaJ B pa3pabOTKy U
pa3BUTHE METO/1a MOHUTOPUHIA U KOHTPOJIS pa3BUTHUS pa3pyLICHUs] F€TEPOreHHBIX MaTe-
pHUAaJoB, a TAKXE T€OJUHAMUYECKUX COOBITUI B MOPOJIHBIX MacCHBax IO IMapaMeTpam Me-
XaHO3JIEKTPUYECKUX MPeoOpa30BaHUM.
2. Pa3zpaOoTaHHBIi, W3TOTOBJICHHBIA W alpOOMPOBAHHBIMN MPOrpaMMHO-AIApaTHBIA pe-
ructparop xapakrepuctuk OM3 POMACI no3Bosisier NpoBOAUTH B 3aJaHHOM UHTEPBa-
JIe BPEMEHH OT 8107 110 128-10° CEeKYyHJI aBTOMaTUYECKNUI aHAIU3 3aMMCAHHBIX JAHHBIX
IIyTEM pacyeTa MaTEMaTHYECKOTO OXKUAAHMS aMIIUTy X OMO u AD, a Takke nucrepcun
ammuTy, OMD. Peructparop MCHoNib30BaH MpU pa3padOTKe MpaKTHUYECKOW MHOOpMa-
1IMOHHOM cucteMbl. B nndopmarmonnoii cucreme peructparop POMACI ucnonb3yercs
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B KauecTBe Mpudopa, MpeaHa3HAaueHHOTO I cOopa, MpeABapUTEIbHON 00pabOTKU U Te-
penayu JaHHBIX HA YAAJIEHHBIA KOMIIBIOTEp AUCIIETYEPA.

3. Ha ocHOBanuu 1aboOpaTOPHBIX M HATYPHBIX UCCIEIOBAHUM M3MEHEHUN MapaMeTpOB U
xapaktepuctTuk OMO ¢ npumenennem peructparopoB POMCI u POMACI pa3pabotan
METO/1, KOTOPBIM HailIeT MPUMEHEHHE B IAXTHBIX YCIOBUAX PYJIHUKOB ISl MOHUTOPUH-
ra ¥ KOHTPOJIsSI Pa3BUTHS AECTPYKTUBHBIX 30H U F€OAMHAMUAYECKUX IPOLIECCOB.

4. BoIsiBJIEHHBIEC B MPOLECCE UCCIIEIOBAHUM 3TAIlbl Pa3pyLIEHUsI TOPHBIX MOPO/I, TTO3BOJIST
ONPENEIIATh TPOYHOCTHBIE XAPAKTEPUCTUKH CIOKHBIX HEMETAJUIMYECKUX TeTepPOrE€HHBIX
Marepuaios 1o napamerpam OMC u xapakrepuctukam OMO.

5. UccnenoBanust UK cBeueHus B OTBEPCTHSIX, B OKPECTHOCTSIX CKBaXMH M KOHTAKTOB
TOPHBIX TOPOJ 00ECTIeUUT HAZCKHOE BBISIBJICHUE HAMPSXKEHHBIX YYaCTKOB TOPHOTO Mac-
CHBa B IIIAXTHOM I10JIE€ PYIHUKOB.

Peanu3anusi padoTbl B NPOMBINLIEHHOCTH. Pe3ynbrarel paboThl BHEApPEHBI B Ta-
mrarosibeckoM ¢unnane OAO «EBpasPyna» (mpunoxenue B). Peructparopsr POMCI u
POMACI ucnonb30BavCh NPH BBIABICHUN 3AKOHOMEPHOCTEN U CBA3EU U3MEHEHHH I1a-
PaMETPOB DJIEKTPOMATHUTHBIX CHTHAJIOB BPEMEHU U XAPAKTEPUCTUK DIJIEKTPOMATHUTHON
M aKyCTHYECKOM IMUCCHU INPU MPOBEICHUH MACCOBBIX TEXHOJIOTMYECKUX B3pPHIBOB W B
MEPHUO/]I peTaKCallMi HapsHKEHHO-1e()OPMUPOBAHHOIO COCTOSIHUS MOPOJIHOIO MacCUBa B
MoA3eMHbIX BbIpaboTkax Tamrarosbckoro pyaHuka. MHppakpacHas paauoMeTpust uc-
MOJIb3YEeTCs JUIs MOMCKa Hanlosiee HaNpsKEHHBIX MECT B 30HE BEJCHUS MOATOTOBUTEb-
HBIX ¥ OYMCTHBIX pabOT B IIAXTHOM o€ TalTaroibCKoro pyaHuKa.

Anpodbanust pa6orel. OCHOBHbIE pe3yJbTaThl pabOThl JTOKJIAIbIBAINCH, 00CYXIa-
JUCh M TOJY4YWIM OJ0OpeHHMEe Ha HaydHbIX ceMmuHapax IIpoOimemMHONM HaydHO-
HCCIIEIOBATENbCKON J1Ta00OpaTOpUM AJIEKTPOHUKH, IUAJIEKTPUKOB M MOJYNPOBOJHUKOB
(ITHWJI 3dull) Tomckoro mHOJUTEXHUYECKOTO YHUBEpPCUTETa, Ha MEXIyHAPOIHBIX
KOoH(epeHIUsIX 1 cuMminosnymax: «Hekmnaccuueckas reodusuka», Capartos, 2000 r.; «Du-
3uKa TBepAoro tenay, Y crb-Kamenoropcek, Kazaxcran, 2002 r.; «KoHTposibs u peabuiu-
Tauus OoKpyxatouied cpeab», Tomck, 2002 r; «DyHIaMeHTaIbHbIE TPOOIEMBI paguo-
ANEKTPOHHOTO NpubopocTpoeHus» Mocksa, 2003 r.; «CoJIHEUHO-3€MHBIE CBSI3U U DJIEK-
TPOMAarHUTHBIE NPEIBECTHUKH 3eMIIeTpsiceHu», [lapatynka, KamuaTckuit kpait, 2004 r.;
«l'opubie Hayku PecnyOnuku Kazaxctan — utoru u mepcnektuBb», Anmatsl, 2004 r.;
«Dusznyeckas ME30MEXaHHKA U KOMITBIOTEPHOE KOHCTPYMPOBAHUIO MPU pa3padOTKe HO-
BBIX MaTepuanoBy, Tomck, 2004, 2009, 2011 r.r.; «IIpobGaeMbl u IepCEKTUBBI Pa3BUTHS
ropusix Hayk», HoBocubupck, 2004 r.; «CraHoBIEHUE U Pa3BUTHE HAYYHBIX UCCIEI0BA-
HUM B BBICIICH ITIKOJIe», mocBsmeHHon 100-meturo co aHsA poxkaeHus npodeccopa A.A.
Bopo06séra, Tomck, 2009 r.; Ha Beepoccuiickoit koHbepeHun « TekToHopu3nka u akty-
aJbHbIC BOIMPOCH HayK o 3emiie», Mocksa, 2008 r.; Ha XX MexayHapoaHOW Hay4dyHOU
mikosie umenu akagemuka C.A. Xpucrtuanosuua «JlepopmupoBanue u paspyuieHue ma-
TEepUaoB C JedeKTaMu U JUHAMUYECKUE SBJICHHUS B TOPHBIX MOPOJAX U BBIPAOOTKAaX),
Kpbiv, Anymira, 2010 r.; Ha | u [T Beepoccuiickoih HayuyHO-TIpakTHUeCcKast KOHGEpeHIUs
C MEXIYHApOJIHBIM y4acTHEM IO WHHOBAIUSAM B HepaspylaronieMm KoHtpose SibTest,
I'opro-Anratick, 2011 u 2013 r.r.; Ha Internationals Forums on Strategic Technology
(IFOST), Ulsan Republic of Korea 2003r., Tomsk, 2011 r.; na 2-oii Poccwuiicko-
Kuraiickoii HayuHOll KoH(pepeHuun «HenunHeiHble TreoMeXaHUKO-TOEAMHAMUYECKUE
MpOILIECChl IPU OTPAOOTKE MECTOPOKACHHUM MOJE3HBIX MCKOMAEMbIX Ha OOJBIIUX TITyOu-
nax», Hosocubupck, 2012 r.; ma International Conference on Environmental Science and
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Sustainable Development (ICESSD2015); na International Scientific Conference on "Ra-
diation-Thermal Effects and Processes in Inorganic Materials" Tomsk, Russia 2014 wu
2015; nma Information-measuring equipment and technologies «Scientific conference with
international participation 2016 (IME&T 2016)» Tomsk, Russia; ma IV International
Conference on Modern Technologies for Non-Destructive Testing, 2016; na 10th Interna-
tional Conference on Instrumental Methods of Analysis, IMA-2017, Greece»; na Bce-
poccUCKUX KOHGEPEHIUAX ¢ MEKIYHAPOAHBIM ydyacTueM «l'eoquHaMuKa U HanpsoKeH-
HOe cocTosiHue Heap 3emun», HoBocubupcek, 2001, 2003, 2005, 2007, 2011, 2013, 2017
r.T.

Pe3ynbpTaThl paboThl aipoOMPOBAIUCH U UCIIOIB30BAIUCH B IIaxTe Tamraroibcko-
r0 MECTOPOXKJICHHUS TPU BBIMOJHEHUHU (PyHIaMEHTaIbHBIX padoT no rpaHtam PODU: 06-
08-00693-a, 06-08-02100-» x, 10-08-02100-> kx, 11-07-00666-a u  11-07/-
98000p cubups_a, 14-08-00395-a; mo demepanbHBIM IIENEBBIM Mporpammam: «HHTe-
rpauusi» 2001, «ccnenoBanust u pa3pabOTKH 10 NPUOPUTETHBIM HAIIPaBICHUSAM pa3BH-
THSI HAYYHO-TEXHOJIorn4eckoro kommiekca Poccun Ha 2007-2013 roae» no teme «Tex-
HOJIOTHS CHIDKEHHMS PUCKAa M YMEHBIICHUS MOCIEACTBUN TEXHOTEHHBIX KaTacTpod ¢
obecnieueHueM 3(P(HEKTUBHOTO HEIPONOJIb30BaHUS M 0€30MacCHOCTH OCBOCHUSI MECTO-
POXKJICHUHN C TOBBIIICHUEM H3BJICUCHHUSI OOraToil pyJibl B YCIOBHUSAX OONBIIMX TITyOUH U
QHOMAJIbHO BBICOKOTO HAMPS)KEHHOTO COCTOSIHUSI TOPHOTO MaccuBay (mudp 3asBKU
«2011-1.5-515-062-005»); 1o I'ocynapcTBeHHOMY KOHTPAaKTy 'K No
16.515.11.5085/01.11 ot «21» oktsa6ps 2011 roga ¢ UucTuryToM TopHOoro aeira CO
PAH, Beinonnsiemoro 1o teme «lcciaenoBanusa napameTpoB 3JIEKTPOMATrHUTHBIX U AKY-
CTUYECKUX CHUTHAJIOB TPH H3MEHEHUSX HaIpsSKEHHO-Ie(POPMUPOBAHHOTO COCTOSHHUS
TOPHBIX MOPOJT U pa3pabOTKa anmaparypsl JJIsl UX MOHUTOPUHTA U TPAHCIIOPTay; MO MPo-
€KTHOM YacTh TOCYJapCTBEHHOrO 3ajlaHus B cdepe HaydHOU JAesaTeNbHOCTH Ne
5.2012.2014/K «MopaenupoBaHHEe TPOIIECCOB MEXAHOAIEKTPHUECKUX MPEOOpa3OBaHU B
JUAJIEKTPUUECKUX T€TePOTCHHBIX CTPYKTYpax M TOPHBIX MOPOAaX sl co3aaHusi uH(op-
MaIMOHHBIX TE€XHOJOTUM MOHUTOPUHTA MPOILIECCOB BOSHUKHOBEHHUS U Pa3BUTHUS JIECTPYK-
TUBHBIX 30H Y T€OJJUHAMUYECKUX SIBJICHUI.

Hyoankamuu. OCHOBHBIE MOJOXKEHUS AMCCepTaluu omyOnukoBaHbl B 105 medar-
HbIX paboTax, B TOM uucie B 37 myOJuKalusX, OMyOJIMKOBAaHHBIX B PEICH3UPYEMbBIX
HAYYHBIX )KypHalax u B 24 myOnukanusx, nHaekcupyeMbix B Scopus u Web of Science.
[TonyueHHble pe3yiabTaThl 3aKpEIUICHbl B 1 maTeHTe W 7 MpOrpaMMHBIX HNPOAYKTaxX st
OBM.

Oovem u cmpykmypa ouccepmayuu. Jluccepramus usjoxeHa Ha 398 crpaHuiax
U COCTOMT W3 BBEACHUSA, LIECTHU TJIaB, 3aKJIFOUEHUS, CIHCKA COKPAIICHUN U YCIOBHBIX
0003HaueHUH, CIOBaps TEPMUHOB, CIHUCKA MCIIOJIB3YEeMOU MPU HANTMCAHWUU JAMCCEPTALUU
nutepatypsl u3 370 HauMeHOBaHUM U npuiiokeHusd. Juccepranus coaepxut 174 pucyH-
ka u 11 Tabnuir.

KPATKOE COAEPKAHUE PABOTHBI
Bo BBeneHnu 000CHOBaHA aKTyaJdbHOCTh TEMbI JTUCCEPTAIMH, OMPEACICHBI e U
3a/lauy, MOKa3aHa Hay4yHas HOBU3HA M MPAKTUYECKas IIEHHOCTh MOJTYYEHHBIX pe3ybTa-
TOB, MPEJCTABIIECHBI anTpoOaIvs pe3yJbTaTOB MCCICIOBAHUS U OCHOBHBIE HAyYHBIE MOJIO-
YKEHUSI, BLIHOCUMBIE Ha 3aILIUTY.
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B nepBoii riaBe mpoBeeH aHANW3 W3YYEHHOCTH MEXaHU3MOB U pa3pabOTaHHBIX
MOJEJIEd TeHEpalUy AIEKTPOMATHUTHBIX CUTHAJIOB JUAJIEKTPHUYECKUMU TBEPIOTEIbHbBI-
MU MaTepuajaMd M TOPHBIMH NOPOJAAMH, MEXAHU3MOB pPa3pyLIEHUs FOPHBIX MOPOA U
CBSI3€M XapaKTEPUCTUK AKyCTUYECKOM M JJIEKTPOMArHUTHOW SMHUCCHU MPU MEXaHH4e-
CKOM BO3JICHCTBUH, YCIOBHI ()OPMUPOBAHUS TOPHOTO yAapa, HAIPaBICHUN TPUMEHEHHUS
uH(ppaKpacHON paMOMETPUU IS LeJe MOHUTOPUHTA PAa3BUTHUS JECTPYKTUBHBIX MPO-
IIECCOB B 00pa3iiax U MaCCUBAX TOPHBIX MOPOJ.

B pe3ynbpTaTe npoBeIeHHOr0 aHalin3a MOKa3aHa HEJOCTATOYHOCTh TEOPETUUECKHUX U
AKCIIEPUMEHTAJILHBIX HCCIIeIOBaHUN 111 (popMupoBaHUs (UIUYECKUX OCHOB AIIEKTPO-
MAarHMuTHOTO METOJla KOHTPOJISI U MOHHUTOPUHIA MOJATOTOBKM WM Pa3BUTHS Pa3pyLICHUS
TOPHBIX MOPOJI IO MapamMeTpaM 3JIEKTPOMArHUTHBIX CUTHAJIOB U XapaKTEPUCTUKAM DJICK-
TPOMAarHUTHOM 3MHUCCHUH; & TAKKE€ OrPaHUYEHHOCTh MPUMEHEHHUS METO/Ia U OTCYTCTBUE
MPOrPaMMHO-AMMAPATHRIX CPEICTB MOHUTOPHHTA PA3BUTHUSI T€OIUHAMHUYECKUX COOBITHIA
[0 MapaMeTpaM 3JIEKTPOMAarHUTHBIX CUTHAJIIOB U XapaKTEPHCTHKAM AJIEKTPOMAarHUTHON
AMUCCUU TOPHBIX MOPOJ C MPUBJICYCHUEM aKyCTUYECKUX U3MEPEHUN (PaKTHUYECKOTo Mpo-
XOXKJICHUS TeOIMHAMUYECKUX siBIeHuM. Mcxonsa u3 3Toro, onpeaeneHa 001acTh UCCIIEN0-
BaHMsI, IOCTABJIEHBI 33141 U ONPEJEICHBI ITyTH UX PEIICHHUS.

Bo BTOpO# r1aBe pacCMOTPEHBI TOPHO-TE€OJIOTUYECKAs U TUAPOJIOTHYECKAs XapaK-
TEPUCTUKH TamTaroiabCKOro KeIe30pyJAHOr0 MECTOPOKIEHUS, Ha KOTOPOM MPOBOIM-
JUCh HaTypHble uccienoBaHus. llpuBenensl (U3NKO-MEXaHUUYECKUE, AJNEKTPUUYECKUE U
MarHMTHbIE CBOWCTBAa TOPHBIX IMOPOJ 3TOTO MECTOPOXKACHHUSA, Ha 00pas3lax KOTOPOro
IPOBOAMIIOCH OOJIBIIMHCTBO J1A00PAaTOPHBIX IKCIIEPUMEHTOB.

B Tperneii ri1aBe NpoBeIcH aHAIN3 PUMEHSIEMBIX METOJOB U aIlllapaTypbl HCCIIe-
JOBAaHUS 3JEKTPOMAarHUTHOM 3MHCCHUM TOPHBIX HOPOJ B JAOOPATOPHBIX M HATYPHBIX
ycnoBusix. Onucan pazpaObOTaHHBIN CTEHA AJISl UCCIIEI0OBAaHUS JIEKTPOMArHUTHOW aKTHB-
HOCTH 0Opa3lOB TOPHBIX HOPOJ IMPU AKYCTHUYECKOM BO30YKIECHHH, JJI ONPEACICHUS
CKOPOCTHU 3BYyKa U €ro 3aTyXaHHUs B UCCIENYEMbIX TBEPAOTEIbHBIX MaTepuanax. [lokasza-
HBbI [TbE€303JIEKTPUUYECKUN U yIAPHBII CIIOCOOBI JETEPMUHUPOBAHHOIO BO30YKIECHUS aKy-
CTUYECKUX MMIYJIBCOB, a TAKKE UCIOJIb3YEMbIE CXEMBI 3JIEKTPOMAarHUTHOTO MPUEMHHKA
1 ycunutens momHoctu. Onucan co3gaHHbIi Ha 0a3e apToMaTu3upoBaHHOTO npecca UII
500 crena mist KOMIIEKCHBIX MCCIIEAOBAHUN TapaMeTPOB AJIEKTPOMArHUTHBIX CHUTHAJIOB
Y XapaKTEPUCTHUK 3JIEKTPOMATHUTHON AMUCCUU MPU Pa3BUTHH MpOLEcca pa3pylieHus 00-
pa3LoB TOPHBIX MOPOJ Kak MpU JUHEHHOM HArpy»KeHWH, Tak W Ipu cryneHyatoMm. Ha
CTEHJI€ BO3MOXHO M3MEpPEHUE NTapaMeTPOB CUIIOBOTO HArpyXeHUs U Aeopmaruu oopas-
1oB, nmapametpoB OMC u AC, a Takke XapakTepucTuk DMD, TOKOB MOJIApU3alUU, UH-
(dpaxpacHoe CBEYEHHE M pa3MEpPOB CYOMHKPOHHBIX YACTHUI] IPU Pa3BUTHH JAECTPYKTHB-
HBIX 30H B oOpasluax [0 pa3pyllarouiux 3HaueHui HarpyxeHus. llpuBeneH BuOpaumoH-
HBIII METOJ W MapaMeTpbl IPUMEHSIEMOM armapaTypbl JUIsl U3MEPEHHUsI TOBEPXHOCTHOTO
3apsAza Ha o0pa3uax reTeporeHHbIX AUAIIEKTPUYECKUX MaTepuanoB. OmucaH cocTaB pas-
pabOTaHHOTO aBTOHOMHOTO MPOTrPaMMHO-aNNapaTHOrO0 KOMIUIEKCHOTO perucrparopa
AIIEKTPOMATHUTHBIX U aKyCcTHUecKuX cUrHaiioB POMCI, eMKOCTHBIX, HHAYKIIMOHHBIX U
MbE303JIEKTPUUYECKUX JTaTYUKOB, UCIOJIb3YEMbIX B peructparope. OyHKIHOHAIbHAS CXe-
Ma peructpatopa POMCI npuBenena Ha pucynke 1. Pabora perucrpaTopa OCHOBaHa Ha
MPUHIUIIAX MPeoOpa3OBAHMS HEPTUHU DJIEKTPOMArHUTHBIX CUTHAJIOB MOCPEJICTBOM E€M-
KOCTHOTO WJIM MHAYKIIMOHHOT'O JATYMKOB B aHAJIOTOBBIE CUTHAJIBI C MOCIEAYIOIINM YCHU-
JeHreM, oun(pOBKOM, YCpeIHEHUEM B yCTaHOBJICHHBIN MPOMEXYTOK BPEMEHH M 3arlo-
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MUHaHHEM KOHEUYHBIX JAHHBIX HA BCTPOCHHOM HOCHUTENE MaMATH. Takas ke 1mocjiaenoBa-
TEJIBHOCTh OlEpaluil NpeyCMOTPEHA IPU PECUCTPALMH aKyCTUYECKUX CUTHAJIOB C Ibe-
303JIEKTPUYECKOr0 anepHOJUYECKOT0 MPUEMHUKA. B nanpHelmieM, ¢ MOMOIIBIO IpPO-
rpaMMbl BBOJa-BbIBO/IA, MH(OpMalus nepenaBaiack Ha [1K ams rpaduueckoro moctpoe-

Pucynok 1 — ®@yHKIHMOHaIbHAs CXeMa pEru-
CTpaTopa DJJEKTPOMAarHUTHBIX M aKyCTHYe-
ckux curnamoB POMCI: JIEIT; u JAEIl; — em-
koctHele patuuku; JAWIl n JUII; — uaayk-
nuoHHble natuuku; All — mbe3osnekTpuue-
ckuil akyctuueckuil naruuk; IT1-TI5 — yHm-
(GUIUpPOBaHHbIE COTJACYIOLIUE YCHJIMTEIH
toka; AY1 u AY2 — nuddepennmanbubie
yeunurenu; @1 — @5 — gyacToTHbIE QUIBTPHI;
V1 — V5 — aMnauTyaHble yCpeIHSIONINE CXe-
Mbl; U1 — U5 —mHaukaTopel Ha OucIuiee pe-
rucrtpatopa; 3Y — 3allOMHUHAIOUIEE yCTPOM-
ctBO; C — cuerunk; UC — unrtepdeiic cBssu; [
— nuctuteit; K — knaBuatypa; U — G110k peanb-
Horo BpemenH; [IK — mepcoHabHBIA KOMITb-
1otep; BA — 6nok akkymynsitopos; CIT — cra-
ounuzarop nutanus; bII — G10k s 3apsaku
aKKyMyJiITOpoB ot cetu 220 B
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P vt hipp)
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Pl Ly | w2 v3 | | v4 | | s
L
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: ! ! i ! ]
3V KOMITAPATOP
: ’
= w
; — C
{  MIKPOKOHTPOJLIEP
S R N
Hue || o || x || = BA [T CO

K BII

HUS U aHaiu3a. B mpueMHOM TpakTe aBTo-
HOMHOTO peructparopa POMCI no snektpu-
YEeCKOM M MarHUTHOM COCTaBJISIIOLIUM DJIEK-
TPOMArHUTHBIX CHUTHAJIOB peaju30BaHa JU(-
depeHmanpHas cxema JUIA  [OAABJICHUS
ANIEKTPOMATHUTHBIX TMOMeX. UyBCTBUTENb-
HOCTh MPUHUMAIOIINX TPAKTOB perucrparopa
coctapnsia 10° B s OMC n 510° B T
umnyinbcHbIX AC B nHTepBasie yacTtoT (1-100)
kI’ mpu yacrore nuckperuszanuu 200 kl'o. B
npudope MpeaycCMOTPEHa BO3MOXKHOCTH IO-
aydeHus: nHGOpMalMKM B MOJIOCaX ¢ J0OpOT-
HOCTBIO HE Ooiyiee 8 Ha BBIAEICHHBIX LIECH-
TpanpHbIX yacTorax 2, 15 m 100 xI'm, a Taxxe
U3MEPEHHE MHTEHCHUBHOCTH HMMITYJIbCHOTO
notoka OMC. s yMEHBIICHHS] KOJIMYECTBA
JNaHHbIX u3Mepenuidi POMCI1 npou3BoauT ux
ycpennenue 3a 1 wim 5 c. M3MepuTenbHbIi
komiuieke POMCI uMmeer ynoBIETBOPUTEIb-
HbIE BECOBbIE M TabapUTHBIE XapaKTEPUCTH-
ku. Ooumit Bec xkomiuiekca POMCI1 cocras-
nst0T He Oonee 12 kr. Bpems paGoTel peru-
CTpaTopa B aBTOHOMHOM pexuMe 0€3 3aMEeHbI
WIM TOJ3apSIIKU aKKyMYJISITOPOB COCTaBIISET
He MeHee 78 uvacoB. IIpenycMorpena 3amena
0JIOKa MUTaHWA. 3alluTa OT MbUIM M BIAXK-
Hoctu He xyxe [P53. Ha perucrparop
POMCI nosydeH oavH MAaTEHT U ABa CBUJE-
TeIbCTBA HAa NpPOrpaMMHOE oOecnedeHue, a
Takke 3osoTtas Menainb CuOupckon spMapku
«I"eo-Cubups 2005» (r. HoBocubupck).

Ha 6a3e ombITHBIX paboT Mo u3Mepe-
Huto OMD ¢ nmomompio POMCI1 B mabopa-
TOPHBIX W HATYPHBIX YCJIOBHUSX IIaXThl 0
TEXHOJIOTUYECKUX B3PHIBOB MAcCCHMBA TOPHBIX
MOpPOJ, BO BpEMsi UX IIPOBEICHUS U B MIEPUO]L
penakcanuu HJIC maccuBa pa3paboTtaH aBTO-
HOMHBIM  IIPOTPAMMHO-ANNAPAaTHBIA  KOM-
wiekec POMACI (pucyHok 2) asnst u3MepeHust
napametpoB OMC u xapakrepuctuk OMDO ¢
MOBBIIIEHHON YYBCTBUTEJIBHOCTHIO U JETaAIIH-
3UPYEMBIM YaCTOTHBIM CHEKTPOM, C BO3MOX-
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HOCTBIO TIepeiaur HHPOpPMAIUU Ha YAAJICHHBIH KOMITEIOTED. UyBCTBUTEIBHOCTH IO BXO-
ny BHGKTpOMaFHI/ITHOFO KaHaJa cocTaBsIa He Meree 2:107° B a aKyCTHYECKOIO — HE Me-

L S
o ~————_WwiaRS485 = >
~ ]l 1
RS-232/ r
padu4ecrni
RS:485 MK
]|RSv.’f!2 ][ﬂwannonwu
- /f\ WHHE
/\ AY rd \l\ Konurpomnep
ARYyCTHYECKWI < A .| nomesoBaTembCKOTO
: mHTepdeiica
FRHA & ATOISAMTS256
ﬁ E Napanaenssan
I —a WHHE
3 e
) Analog Devices 3
3nekTpoMarHKTHBI | N/
Kawan AY) KoHTponnep cHcTeMl
Weis POY < | oBecneuenus nutanus
/
W
RS-232
sB ][ sB
u w
ceemHas | ] . | cbemHas
flash namate 1| VDrive [= flash namate 2

Pucynok 2 — CtpykTypHas Ol0OK-cxeMa aBTOHOMHOTO
aMIUTUTYJHO-4YaCTOTHOTO PETHCTPaTOpa 3JIEKTpoMar-
HUTHBIX U aKycTHueckux curiaioB POMACI.

PerHcrpamm H aHaAIOT 0BAA

obpaboTtka E/H-curaana w

PerncTpanysa 0 aHANOT0BaA
0bpaboTKa aKyCcTHIeCcKor o

CHTHATAa

N
AITITL !
¥ AITII2
IIpeneapurenkHas
Gvbepuzamia
!

Brimenenne cHrHATA

h 4

npAMOYT OVIBHBEIM OFHOM

i

CyeT HMITVILECOR
H PACHEeT FHEPTHH

Bapenmeanie CHrHAIA
OKOHHOH (vHEIHE

!

BIId

Mart. oxxmpanie

I

CTIEpCHs

v

Vepennemie

!

Y

Pucynok 3 — Anroputm paboTsl MaTeMaTHYeCcKoro 011o-

Ka perucTparo

dUTIn-Nam ATE

Bydepuzama amick Bo

&

!

3amice o (UEI-naMaTE

pa POMACI

nee 50-10° B. Bxox kaHana perucrpa-
un OMC muddepeHnnanbHblid, a ero
JTUHAMUYECKUI JTMarna30H HaXOJIUTCS B
uaTepBaige 60 nb mis gacror (1-100)
kIl 1. MakcumanbHOE BXOJHOE HAaIpsi-
KEHUE Ha EKTPOMArHUTHBIX KaHallaX
peructparopa — 0,5 B. Beruucnenue
yepes 1 k['q cra ammuutyn OMC mipo-
U3BOJUTCS 3a JIUCKPETHO YCTaHaBIIH-
BaeMmsble mepros! (8—128)-107 ¢. Bpe-
Ms 3anicyu MHGOPMAlUA HAa CMEHHBIN
HocuTenp wid Ha yaaineHHoMm [IK 3a
KQXKJIbIA MEePUO/ BBIYMCICHUS aMILIH-
TyAHBIX crieKTpoB DMC nmpousBoauTCA
B Teuenne 107 c. Bpems paGotet PO-
MACI1 co BCTpOECHHBIM OJIOKOM aKKy-
MYJIATOPOB cocTasisieT 70 4acos, a OT
CETU IMEPEMEHHOTO TOKa PETHCTPaTop
ocymectBisier uzmepenuss OMC u AC
B HENPEPHIBHOM PEXUME JI0 3arOJIHE-
HUSI CMEHHOTO Hocutensi namstu. Hc-
MOJIb3yeMble NJisi pabOThl AJIEKTpOMar-
HUTHBIE U aKyCTUUYECKUE JTaTYUKH Ta-
Kue ke, kak 1 g1 POMCI1. Mcnomnne-
Hue POMACI u naryukoB oOecrieuu-
BaeT TbUIE- W BJIAro3allMIIeHHOCTh
IP64.Ha pucynke 3 mpeacTaBieH airo-
pPUTM pabOTHI MaTeMaTUYECKOTo OJIOKa
peructparopa. BbIXOAHBIMU JaHHBIMU
SBJISIFOTCST MAaT€MaTHYE€CKOE OXUIAHUE
U KBaJpaT CPEIHEKBAIPATUYHOTO OT-
kioHennss (CKO) ammiutyn croek-
TPaJbHBIX COCTAaBIISIIOIINUX, PacCyu-
TaHHbIE Ha BHIOOPKE KOHEUHOM JJTUHBI,
conepkameid N BbIOOpOK. ITO MO3BO-
JSIeT YMEHBIIUTh BBIXOJIHON 00beM
JIAHHBIX U3MEPEHUSI MO CPABHEHUIO C
ucxomubiM B 10-N/4 pa3. YMeHbinenue
B 10 pa3 oOyciioBieHo mnpeodpa3oBa-
HUEM CHUTHaJIa B YaCTOTHYIO 00JacTh U
BBIJIEJIEHUEM HEOOXOAUMOU II0JIOCHI
gactotr 1-100 xI'u. Yucno 4 olycios-

neHo 50% HaJIOXKEHUEM M yABOEHHEM YaCTOTHO — BPEMEHHOIO MOTOKA IyTEM pacueTa
MaTeMaTHYeCKOro oxuaaHus, a Takxke kpajapata CKO cnekTpajabHBIX COCTAaBISIOLIUX



14

curHasia. Ha pucynkax 4 mpuBeneHa UTOTOBasi CXeMa MCIOIb3yeMbIX B pPaboTe TEOpeTH-
YECKUX M AKCIMEPUMEHTAIBHBIX METOAOB. JTH METOABl MPUMEHSUIUCH JJISI OTPEACICHUS
AKyCTHYECKHUX M MPOYHOCTHBIX CBOMCTB 00pA3IOB TOPHBIX MOPOJI, a TAKXKE JIJISi BHISBIIE-
HUSI TIPUPOJIBI M 3aKOHOMEPHOCTEH MEXaHO3JEKTpUuuecKkux mnpeoOpazoBanuii (MOII) B

Cumosoe

ropHbeIX mnopojax. Kpome TOoro, stu

T warpyenne 5 METO/Ibl ObLIM HampaBJICHbl HA BBISIB-
MOZIETHPOBAHHE mpecce: Maremamiwecxoe | JICHUE CBSA3EH aMILIATYIHO-YaCTOTHBIX
CIIOHCTOCTH H OIHOOCHOE MOZEMHPOBAHIE
KOHTAKTOB BOZHBIX csxaTue  CABHT. pactpoctparers | 11ApAMETpoB OMC M XapaKTEpUCTHK
PacTBOPOE COMeil ¢ Metomz AKYCTHYCCKHX
ropHsnIr xorTponE vyt OMD ¢ mnapamerpamMu HMIYJIbCHOTO
Toponeay MEXAHIHCCKIX aKyCTUYECKOTO BO30YXKJICHUS U C pa3-
Hal'[pml\‘EHHIr{“Ir{
MeToms! reHepamin Actopaau MaremaTHueckoe BATHEM DPaspymcHu:A Mpu OAHOOCHOM
H IpHeMa MOTCIHPOBAHHC CXKaTHuH WK CABUTOBOM HarpyX€HHH.
ARVCTHUECKHX OMC B CIIOMCTBIX 1
VLGOS neeKTHBIX Ha pucynke 5 mnpencrasiena
- " X CIPYKTypax
i CXE€Ma METOJIOB, HCHOJIb3YEMBIX JJIsi
Meroms: Meton HCCIICIOBAHUSI MEXaHOJJICKTPUUECKUX
2 ™ OIIpEOcICcHHA ~
oo snexrpovarmrmoii | IP€OOPA30BAHUI B MAacCHBE TOPHBIX
 OBPA3ELI AKTHBHOCTH MOPOJ B IIAXTHBIX YCIOBUSX, & TAKKE
Y S——— ereporermadt JUIS. BBISIBJICHUS CBs3ed ¢ celicMuue-
3apAN0E Ha | mpsnexTpuuccrmit e Meton
HoBepxHOCTH m?;m, sdbpaxpacofi CKMMU TPOSIBIICHUSIMU U HHPpaKpac-
mf:}f;ﬁf;os PAAHONCTPHI HOHU paIHOMETPHUECH.
T 0 3 rnaBe npu
akuMm o0pa3om, B -
Tﬁf{i’;"f{fﬁ;ﬁf;ifﬁ i Meron mveperns | BEJEH IIPAKTUYECKU TIOJHBIM  KOM-
CYOMHKPOHHEIX
B TBEPIBIX J -
i ; actar IJIEKC pa3pabOTaHHBIX CHEIUATU3UPO
X Meroms: ) BaHHBIX YHUBEPCAIBHBIX CTCHIOB, ME-
IMCKTIPHICCROC | osby=menma n Marmmmee moze. | ronuk u peructparopoB POMCI1 u
TIOJE. PETHCTPALIHH BSMC I{PLHYKLIHOHHBIH
Exoctroft ueton setox POMACI ¢ nporpaMMHBIM oOecrieue-

HHAEM W TNPEIBAPUTEIIBHON AMIUIUTY -
HO-4YaCTOTHOW 0OpabOTKOW JTaHHBIX
m3mepenud OMC, pUMEHSIEMBIX TIPU
uccinenoBanusax napamerpos OMC wu
XapakTepuCTUK OMOD TOpHBIX NOPOA.
Hcnonb30Baiuch Takxke nerpodusnye-
CKO€ ONMCaHHe 00pa3lOB FOPHBIX MOPOA, JAHHBIE O I€O0JIOTMUYECKOM CTPOCHHUU MacCHBa,
MOJIy4YEHHBIE TIPU Pa3BEAOYHOM OYpEHUU M CXeMbl TOPU30HTOB TalTaroabCKoro pyIHu-
Ka.

Pucynox 4 — IIpuMensiembie METOMBI JJIS KCCIICIOBAHUS
CBOMCTB U AIIEKTPOMAarHUTHON IMHCCUU 0Opa3IoB Top-
HBIX MTOPOJI U T€TEPOTCHHBIX IUICKTPUUECKUX MaTEPH-
aloB TpPH aKyCTUYECKOM BO3OYXKICHHH M CHUJIOBOM
Harpy>K€HUH1

[TpubOpsl U CTEH[IBI YCIEIIHO MCIOJIBb30BAINCH JIJISi UCCIEAOBAHMS TTApaMEeTPOB U
XapaKTEPUCTHUK JIEKTPOMATHUTHON M AKYCTHYECKOW AYMHUCCUNA TOPHBIX NOPOJI, JJISI BbISB-
JICHUS UX CBSI3€H, B TOM YMCJIE IPU BHEUIHEM JAETEPMHUHUPOBAHHOM aKyCTUYECKHUM BO3-
Oy>KJIeHHEeM, a TakKe JJIsl BBISBJICHUS] TTapaMETPOB M XapakTepucTuk DOMD Ha sramax
Pa3BUTHUS pa3pyILICHUs B JaOOPATOPHBIX SKCIIEPUMEHTaX U B HATYPHBIX YCIOBUSAX Tari-
TaroJbCKOro JKeJIE30pyAHOTO MECTOPOKACHUSI.

B yerBepTO# ri1aBe MPUBEACHBI PE3YJIbTAThl TEOPETUUECKUX U DKCIIEPUMEHTAIb-
HBIX HMCCJIEOBAaHUN AJIEKTPOMArHUTHOM SMHUCCHUU MOJICTBHBIX OOpa3IOB T'€TEPOreHHBIX
JTUAJIEKTPUUECKUX CTPYKTYpP U TOPHBIX MOPOA. DTH UCCIEIOBAHUS SBJSUITUCH 00OCHOBA-
HUEM JJIsI pa3pabOTKu U MPUMEHEHUS METOJIOB MOHUTOPUHTA U KPATKOCPOUHOT'O MPOTHO-
32 U3MEHEHHI HaIpsHKEeHHO-1e()OPMUPOBAHHOTO COCTOSIHUSI TOPHBIX MOPOJT B €CTECTBEH-
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HOM HX 3aJIETAaHUH II0 NapaMeTpaM 3JIEKTPOMATHUTHBIX CHUTHAJIOB M XapaKTEPUCTHUKAM
ANEKTPOMAarHUTHOM SMUCCHM.

['opHbIe OPOABI ATO CIOXKHBIE TETEPOTEHHBIE 00pa30BaHMs, B KOTOPBIX BCEra nMe-
I0TCS1 00BEMHBIE JE(PEKThl Pa3TMYHOTO COJACPKAHUS U CTPYKTYPBI: Ta30BbIE, )KUKOCTHBIE,
TBEPJOTENIbHBIE UM UX OOUTHOCTH. [Ipu pa3BUTHH pa3pylIeHUs] TOPHBIX TOPOJ MOSBIISIOT-
Csl IOTIOJIHUTEIIbHBIE MPOTSHKEHHBIE HAPYLIEHUS B BUAE MUKpoTpenvH. [Ipu npopactanumn
TPEIIUH YacTh BBICBOOOJUBIICHCS SHEPTUU TMEPEXOAUT B IHEPIHIO0 AKYCTUYECKOTO HM-
yJIbCa, MAapaMeTPbl KOTOPOTO OIpese-
TexHONOrHYECKHE JLIFOTCA pa3MEpaM U CKOPOCTBIO pac-
(lg"’f‘;‘i"ég‘;”;ﬁ‘g‘& KpbITUsl Takoro jaedekra. Pacmpoctpa-
OUHCTHEIE paboTE HSSCh IO TOPHOM MOPOJE WU APYIOMY
Asyormocsne ammi:;;;?;};mm TBEPAOMY TEIy, aKyCTHIECKHE MMIYITb-
MeToms! npodumposarms | ChI B3AMMOJEHCTBYIOT C HMMEKOLIUMUCS
I~ e WA BHOBb BO3HUKIIMMH JAcPEKTaMU.
PesynpraToM Takoro BO3AEHUCTBHS B JU-
Merox cefiemmaeciir JACKIPOVATHTIGC | 5 JeKTPUYECKUX ~MaTepHanax, KaKdMH
et MACCIHB mmﬁii%l\ﬂc ABJISIFOTCS B CBOEM OOJIBIIMHCTBE TOp-
TOPHBIX TTOPOA Hbl€ MOPOAbI, BO3HUKAIOT KOJEOAHMS

v 3apsAIOB WJIM JBOMHBIX AJIEKTPHUYECKUX
neKTpoMeTpHUECKHiL €Ion

\ETOZ KORTpOTA migppaxpacolt CJIOEB Ha OOpTax TPENINH, Ha TPaHUIlaX
pammove ™ BKJIFOUCHUH M OJIOKOB, Ha TpaHHIAX
paszena cpei U IOpoJ WM Ha JPYTUX
PR MOJIAPU30BAHHBIX CTPYKTypaxX TOPHBIX
MeTom, nopoz. Bo3Hukiue konebaHus compo-
crpocnte, cxerst BOXKIAIOTCSL TEHEpaluel dleKTpomar-
TOPH3OHTOB MIaXTHI HUTHBIX curHajioB. IloaTomy nmns pas-
pabOTKM METO/la MOHUTOPUHIA U Kpart-
Pucynok 5 — IlpumensiemMbie MeTOBI 11 McciaeqoBanus KOCPOYHOIO IMPOTHO3a TICOAMHAMMYC-
3JIEKTPOMArHUTHOM 3MUCCHH TOPHBIX MOPOJ TIPU M3Me- CKMX COOBITUM Ba)KHBIM SIBIISIIUCH HC-
HCHUAX HaprDKeHHO-HG(i)OpMHpOBaHHOFO COCTOAHUA ClIeIOBaHUA HapaMeTpOB u XapaKTepH_
TIOpPOAHOTO MaccHBa CTUK JIEKTPOMAarHUTHOM SMHUCCHH TOp-
HBIX TIOPOJI PY UMITYIIbCHOM aKyCTHYECKOM BO3IE€UCTBUU. B Hauane riasbl 4 npuBEIEHBI
JaHHbIE U3MEPEHHI pachpeeneHns 3apsa0B Ha TOBEPXHOCTH 00pa3loB TOPHBIX MOPOA
CHUEHUTOBOI'0 CKapHa, U3BECTHSAKA, MarHETUTOBOM pyAbl U3 TamTaroibCKOro MECTOPOK-
JI€HUS U HAa IOBEPXHOCTH KAJIBIIUTOBOTO CTAJIAKTUTA, B3SITOTO B KAUECTBE CPABHUTEIBHO-

ro oopasma. [lorpemHocTs n3Mepenus 3apsana cocrasisiia 15%.

Ha pucynke 60 moka3zaHo, YTO BEJMYMHA 3apsa HAXOIUTCS HAa MHUHEPAIbHBIX
BKJIIOUEHUSAX TOPHOM MOPOABI, MMEIOLIUX HauOosblIee YAEIbHOE COMPOTHUBICHUEM.
[IprueM Takume MakCHUMaJbHbBIE 3HAYEHHS 3apsa BO3HHMKAIOT KaK B FOPHBIX MOPOJAX C
BBICOKUM Y/ICJIbHBIM CONPOTUBIEHUEM, UMEIOIIUM HHU3KOOMHBIE BKJIIOYEHUS, TaK U Ha
BBICOKOOMHBIX BKJIIOYEHHSIX, UMEIOMNX HU3KOOMHOE OKPYKEHHE MUHEpaJaMH, COIEp-
xKamumucs B oopasue. M3mepeHnsi moOBEpXHOCTHOTO paclpeeeHHs 3apsia Ha CTalak-
TUTE C 3AJICUCHHOW TPEUIMHON MOATBEPAMIIA 3TOT BBIBOJ, TAK KaK COINPOTUBIICHUE 3aJIe-
YEHHOM TPEIIMHBI HA YETHIPE MOPAJIKA HIKE, YEM OCHOBHOM MaTepHal, U3 KOTOPOTo Co-
CTOMUT CTaJaKTHUT.




16

MaremaTuueckoe MOAeIUpoOBaHUE U3MeHeHU napameTpoB OMC npu pa3HbIX am-
IUIUTYIaX aKyCTUYECKOTO BO3MIEUCTBHS Ha ACHEKTHYIO CTPYKTYPY C MOCTOSTHHBIM 3apsi-
JIOM TI0Ka3aj0, 4TO B pe3yjibTaTe aKyCTOAICKTPUYECKUX MPeoOpa3oBaHM Ha ABOWHBIX
AIEKTPUUYECKUX CJIOSIX MPOUCXOJIUT MEPEU3TyUYCHUE SHEPIUU BO3JEHCTBYIOMINX aKyCTH-
YECKUX UMITYJILCOB B SHEPTHUIO 3JIEKTPOMArHUTHBIX OTKIUKOB. [Ipu 3TOM M3MEeHEHUE am-
Ty a6l OMC TUHEIHO 3aBUCUT OT BEITUYHMHBI 3apsaa Ha oOKIaakax nedexra u OT Be-
JUYUHBI BO30YXKIAIOMIET0 aKyCTUYECKOTO UMITYJIbCA MPU MOCTOSTHHOM 3apsiIOBOM COCTO-
suuu aedexra. Ha npumepe o0pas3ioB KajibluTa (PUCYHOK 6B) SKCIIEPUMEHTAIBHO MOKa-
3aHO, YTO DJIEKTPU3ALMS OTIIMYAIOIIUXCS TI0 pa3Mepy CTYKTYPHBIX 3JIE€MEHTOB MPUBOJIUT
K YBEJIMUEHHUIO TOBEPXHOCTHOM MJIOTHOCTH 3apsia C YMEHBIIIEHUEM Pa3MEpPOB CTPYKTYP-
HBIX 3J1eMeHTOB. O011asi MOTPENIHOCTh U3MEPEeHUs 3apsaaa u amiutyasl IMC cocTaBis-
na 9%.

a

-1,893 E-7

Amax, OTH.€II.

4-1.463 E-7

EpeMA, MHH

Pucynok 6 — [Ipumep pacrpeneneHust 3apsiaa Ha MOBEPXHOCTH oOpasua Ne2 MarHeTUTOBOHM pyrda C
BKJIFOUCHHUSIMU CKapHa U KaubluTa (a2 — GoTorpadus moBepxHOCTH 00pasia, 6 — H30JIMHUK pacipesie-
JIEHUS 3apsja M0 MOBEPXHOCTH o0Opaslia B KyJOHAaX) U 3aKOHOMEPHOCTH M3MEHEHUs MaKCHUMaJIbHON
aMIUTUTY/bl 3JIEKTPOMArHUTHOIO CUTHaja (B) MPU aKyCTHUYECKOM BO30YXJAEHUU 3JIEKTPHU30BAHHBIX
00pa31oB KalblIUTa B IMPOLECCE pPelIaKCcalllK 3apsa uyepe3 Kaxable 3 MuHyThl (1 — Mpamop KpymnHo-
KPUCTATMYCCKHIA, 2 — MPaMOp MENKOKPUCTAIUTHYECKHH, 3 — CTANAKTHT).

[TonoOHyI0 3aBUCHMMOCTh MMEET M BpPEMs pelakcaldyd MOBEPXHOCTHOTO 3apsiia.
[Ipu 3TOM aMImIIMTYyAa ANEKTPOMAarHUTHOTO OTKJIMKA HA BHEIIHEE aKyCTUUYECKOE BO30YK-
J€HHE U3 KPYMHOKPHUCTAJUIMYECKOTO 00paslia BBILIE, YEM y MEIKOKPHUCTAJUINYECKOTO.
Takune 3aKOHOMEPHOCTH U3MEHEHUS aMILUTUTYAbl DMC 3aBUCAT OT BEJIMYUHBI AUOJIBHO-
IO MOMEHTa CTPYKTYPHBIX 3JE€MEHTOB. DTHUM K€ 0OCTOSTEIIbCTBOM OOYCIIOBJIEHBI U OT-
JUYHS AMIUTATYAHO-YaCTOTHBIX CIeKTpoB OMC 00pa3ioB Mpamopa. DKCIEPUMEHTATb-
HBIE UCCJIEAOBAHUS [TOKA3AJIH, YTO JJIEKTPUUECKUE U MATHUTHBIE CBOMCTBA TOPHBIX MTOPOJ
Y MUHEPAJIbHBIX BKIIFOUEHUN B HUX OKa3bIBAIOT CYIIECTBEHHOE BJIMSHUE HA AMIUIUTY/IHO-
yacTOTHBIE napaMeTpbl OMC npu aKyCTHYECKHX BO3AEUCTBUAX. [Ipn 3TOM aMIUIATYZbI
OMC HapacTarOT NpU YBEIMYEHUH TNPUIIOKEHHBIX ITOCTOSHHBIX JJIEKTPUYECKUX WIIN
MAarHATHBIX TOJIEW. DKCIIEPUMEHTAJIBHO JIMHEMHOCTh JJIEKTPOMAarHUTHOTO OTKJIMKAa Ha
BO30Y)X/IEHHE aKyCTMYECKHUM HMITYJbCOM B MHUKPOCEKYHJHOM JIHMAla30HE MPOBEPSIIACH
JI0 HANPSKEHHOCTEU JJIEKTPUYECKOTO TOJIA 2.5:10° B/m. [Ipu snekTpuszanmu BMEIIAO-
IIMX MAarHETUTOBYIO PYAY BBICOKOOMHBIX 00Opa3liOB FOPHBIX MOPOJ, HAPUMEpP CHUEHUTA,
B AMIUIMTYJIHO-YAaCTOTHBIX CIIEKTPax HPOSBIAIOTCA HU3KOYAaCTOTHBIE COCTABJIAIOLLKE.
ITokazaHo Takxke, YTO U3MEHEHUSI aMILTUTYAbl DMC 3aBUCAT OT COJIEpKAHUS MArHETUTA
B 0oOpasuax pyabl U MOTUMHSIETCS SBJICHUIO ruUcTepe3uca. Ha pucyHke /a mpuBeneHBI
3aKOHOMEPHOCTH U3MEHEHUS! MaKCUMAaJIbHON aMIUTATYAbI JIEKTPOMArHUTHBIX OTKJIMKOB
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HAa UACHTUYHOE HUMITYyJIbCHOE AaKyCTUYeCKOoe BO30ykaeHune oOpasloB C pa3HbIM
COJepKaHWEM MAarHeTUTa OT HAMArHMYEHHOCTH B TIOCTOSHHOM MAarHHTHOM IIOJIE,
cosznaBaemMoro HeoauM-heppym-6opoBbiM (NdFeB) marauTom.

B o6pa3stie pyasr NeO comepxkutcs mo oosemy 74% marneruta, B oOpasiie Nel —
54%, B obpasme Ne3 — 0.23%, a B oOpasie ckapHa - 0%. OpueHTanusi MarHUTHBIX JTUTIO-
Jeil MarHeThTa 0e3 BHEUIHETO0 aKyCTHYECKOTO BO3CHCTBUS COXPAHSETCS JIMTEILHOE
BpeMsa. Ha pucynke 70 mpuBeneHBI M3MEHEHHS aMIUTUTYABI AJIEKTPOMArHUTHBIX CHUTHA-
JIOB TMpPH aKyCTHYECKOM BO3JCHCTBUM OT BPEMEHHU BBIIEPKKU MOCTEe HaMarHUYMBAaHUS
oOpa3lia MarHeTUTOBOM pPyABl MpPH PaBHBIX YCIOBHUAX HamMarHuuuBaHusi. BosneiicTBue
aKyCTUYECKMMHU WMITYJIbCAMU MPUBOJUT OPUEHTAIMIO MAarHUTHBIX TUIOJEH B TIEpBOHA-
YaJbHOE COCTOSIHUE JI0 HAMarHUYMBaHUSI.
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Hanpmwxennoers MarauTHOTO mona I, 3 Bpemsa, u
Pucynox 7 — 3akOHOMEpHOCTM HW3MEHEHMs MaKCUMalbHOM ammiautyasl OMC Ha UMIYIbCHOE

aKyCTHYeCKOe BO30YKIE€HHE 00pa3lioB ¢ Pa3HbIM COJECPKAHUEM MarHETUTa B MOCTOSTHHOM MarHUTHOM
I10JIC (a); HU3MCHCHHUSA aMIUIUTYJbl 3JICKTPOMAI'HUTHBIX CHUIHAJIOB OT BPEMCHU IIPU PABHBIX YCIIOBUAX
HaMaron4uBaHU S

Kpome ci10xHON CTPyKTyphbl TOPHBIE TIOPOJIbI 00JAAA0OT U CIOXKHBIM TEKCTYPHBIM
ctpoeHueM. [103TOMy Ba)KHBIM SIBJISIJIOCH BBISIBJICHUE BIIMSIHHUSI TEKCTYPhl Ha IapaMeTphbl
OMC Ha npumepe cIouCThIX 00pa3loB. MaremMaTnueckoe MOJEIMPOBAHNE aKyCTOAJIEK-
TPUYECKUX MPeoOpPa30BaAHUI B CIOMCTHIX TBEPAOTENBHBIX MaTepuaax, a Tak)ke MareMa-
THYECKOE MOJEIUPOBAHUE M3MEHEHUHN IMapaMeTPOB JJIEKTPOMArHUTHBIX OTKJIMKOB MPH
MMITYJIbCHOM JE€TEPMUHUPOBAHHOM aKyCTHYECKOM BO3JIEUCTBHUU BBIIBUIIO 3aKOHOMEPHO-
CTH IPeoOpa30oBaHusl HA JBOMHBIX ANEKTPUUECKUX CIIOSX SHEPIHUH BO30YKIAIOLIMX aKy-
CTUYECKUX UMITYJIbCOB B JHEPTHUIO JIEKTPOMArHUTHBIX OTKIMKOB. KpoMe Toro, mokasana
CBSI3b AMIUIMTYIHO-YAaCTOTHBIX IMMAPAMETPOB I'€HEPUPYEMBIX DJIEKTPOMATHUTHBIX CHTHA-
JIOB C 3apsilIOBBIM COCTOSIHUEM CIIOUCTBIX CTPYKTYP M XapaKTEPUCTUKAMH JIETEPMUHUPO-
BAHHBIX aKyCTHYECKUX BO3AcHCTBUU. [Ipn MOmenMpoBaHMH YUYUTHIBAIOCH, YTO Hadallb-
HBIE YCJIOBUS SIBJISIFOTCS HYJIEBBIMU, TaK KaK CUCTEMA 1O BBEICHHS BO3MYILECHUS HAXOIU-
nachk B nokoe. [Ipu pemennn auddepeHnaibHOro ypaBHEHUs UCIIONIb30BaJICs YUCIICH-
HeIii MeTon Pynre — KyTTa 4-r0 mopsiika B mporpaMmmHo-uHTerpaibHoit cpene MathCAD-
13. Pe3ynbrarom penieHus SBISUINCh AMIUTUTYIHO-YaCTOTHBIE CIIEKTPhl M3MEHEHUN 3apsi-
na q(t) u Toka cMmereHus i(t) (pucyHok 8). dusnueckoe MOACIUPOBAHUE BIUSHUSA CIIOH-
croctd Ha mapaMmerpsl OMC mpu aKyCTHYECKOM JE€TEPMUHHUPOBAHHOM BO3JIECHCTBUN
OCYILIECTBIISITIOCh HA JIBYXCIIOMHBIX M TPEXCIOWHBIX MOJIENAX, a TAKXKE HA MPUPOITHOMU
MHOTOCJIOWHOW CHCTEME Ha MPHUMEPE MOJOCYATOrO CEPIICHTUHUTA. J[ByXCIOMHBIE CUCTE-
MBI MOJICJIMPOBAIMCH Ha OCHOBE OJMHAKOBBIX OOpa3IlOB CHEHHWTAa WU KBapia. B Tpex-
CJIOMHBIX CHCTEMaX MCIOJb30BAINCH TE K€ KBapILIEBble 00PA3Ilbl C aKyCTUUECKUM HMIIe-
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naHcoM Z, = 15.6:10° kr/mM*c [0 HAMpPaBICHHIO PACIPOCTPAHEHHS AKYCTHYECKOTO HM-
My/bca M TPOCIOMKN B BHae momuMerHiMerakpiiara (IIMMA) Tommmnoit 1.7-10° w,
2.3:10° M 1 4.3-10° M, umeromux aKyCTHYECKMH MMIIENAHC Z,,, = 3.2:10° KF/MZ'C, CHIIH-
KaTHOT'O CTEKJIa TOIIINHOMN 2.1-10%° mu AMIICJAHCOM Z,,, = 14,2- 10° KF/C‘MZ, a TaKxe Me-

1w Tonmmuoi 0.5-10° M ¢ mMmenancom Zn =42 108 kr/c M2
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Pucynok 8 — PaccunTaHHbIE aMIUIMTYIHO-4AaCTOTHBIE cleKTpsl: a - 3apana J(t) ; 6 - Toka cmemenns

i(t)

N3mepenus IMC npou3BOIUIOCh JATYUKOM JUAMETPOM 1,5:10° m. JlaTuuk peru-
crpauun OMC nepememancs BIOJIb OCH MOJEIBHBIX U HNPUPOIHBIX CIOUCTBIX CHUCTEM.
AKyCTHYECKUI KOHTAKT OCYLIECTBIBIICS MUHEPAIBHBIM MacyioM. Ha koHTakTe nByX onu-
HAKOBBIX OOpa3LOB CHEHUTA WM KBapla B JABYXCIOHHBIX cHcTeMmax ammuiatryga OMC
BO3pacTaeT B 2-3 pasa.

Ha xaxnoi m3 rpaHeil KpUCTAJLUIOB KBAapLa WJIM CUEHHUTA IMPOXOIAIIUMN aKyCTHYE-
ckuii umyibe (AC) Bo30yXaaet nepeMeHHoe 3eKTpudeckoe nose. Cyneprno3uius 3TUX
IIOJIEW M MIPUBOIUT K M3MEHEHUAM aMIUIMTYyAbl DOMC. Pe3ynbTaTsl MIPOBEACHHOTO JKCIIE-
PUMEHTa C KOHTAKTOM JIBYX KPHCTAJIJIOB KBaplia U FOPHOM IOPOJbl CHEHUTA YKA3BIBAIOT
Ha MEXaHW3M, KOTOpBI Ha TpaHUIaX MPOKUIKOB B MPUPOIHBIX 00pa3liax U B HATYPHBIX
YCJIOBHSIX Ha KOHTAaKTaX FOPHBIX MOPOJ ONpEAEISIET Bo3pacTanue aMIuntyasl OMC.

B MopaenbHOM TpexciioiiHoM cucteme ¢ pociioiikoit u3 IIMMA akycTtuueckuii M-
neAaHc KBapla moutu B 5 pa3 Oosblie yeMm y oprerexiia. Ha pucynke 9a npuBeneHsl u3-
MEHEHHUs] MakCUMaJIbHON aMImmuTyasl OMC npu aKkycTUYeCKOM BO30Y>KICHUH MOJEIb-
HOM CUCTEMBI KBapleB co BcraBkor n3 [IMMA TommuHoN 1.7-10° m. [lorpemHocTs n3-
MepeHust aMimuTy 1 OMC 1 aKkyCTHUECKOro UMITyJibca BO30Y X AeHUS He npeBbimana 2%.
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Pucynok 9 — M3Menenuss mMakcuMmanbHON aMrmmuTyasl DMC mpu akyCTHUECKOM BO30YKIEHUU CUCTE-
MbI KBapieB: a — ¢ [IMMA tonmuHoK 1.7-107 M; O — CO CTEKJIOM TOJIIHHON 2.1-10° M; B — C MEJIbIO
TouHoH 0.5 103 M

Hauano KOOpAHWHAT I10 OCH a6CLII/ICC COOTBCTCTBYCT ITOJIOKCHUIO TOYCHHBIX IIPH-
HUMAIOMMUX INIACTHHOK J3JICKTPOMAIHUTHOI'O JaT4MKa OT ITOBCPXHOCTH 06pa3ua, acpes
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KOTOPYIO BBOJWJICS aKyCcTHueckuil ummyinbsc. Ha pucynke 9a BuaHO, 4yTO 32 BCTaBKOH U3
[IMMA ammutyna OMC ymeHbiaercsi. 9T0 XOpOUIO COTIacyeTcs ¢ pe3ysibTaTaMUu MO-
JENbHBIX PACYETOB HM3MEHEHMS MEXaHHUYECKHUX KOJIeOaHW 1O M TOCIEe BCTaBKU M3
[IMMA. Ilocne crnost [IMMA B cniekTpe npeodaagaroT HU3KOYaCTOTHBIE COCTABISIONTNE
cnektpa OMC u AC. Ha pucynke 96 mokasaHbl U3MEHEHUSI MAaKCUMAIBHON aMILTUTY/IbI
OMC u3 TpexXCIOMHON CUCTEMBI CO BCTABKON MEXIy KpUCTaLIaMU KBaplia U3 CUJIMKAT-
HOT'O CTEKJIa, aKyCTHYECKHI UMIIe]aHC KOTOPOTo Z., 0JIM30K K Z, kBapua. Ha pucynke 98
IPUBEJICHBI JaHHbIE U3MEHEHU N aMIUIUTY 16l DMC U3 TaKkoil )K€ CUCTEMBI CO BCTAaBKOM U3
OTOXKEHHOW MEIU C aKyCTUYECKHUM HMIIEAAHCOM Zp, KOTOPBIM NPUMEPHO B 3 pasa
OoJIBIIE Z,.

Jns onipeneneHus BAUSHUS HA aMIUIUTYAHbIE TapameTpbl DMC Koarm4ecTBa ClIoeB
B TOPHBIX MOpoAax ObUIM MPOBEIEHBI SKCIIEPUMEHTANILHBIE MCCIEOBaHUS Ha o0pa3iax
CEPIEHTHHHUTA, UMEIOIINX IOJIOCYATYI0 TEKCTYpy M3 XPHU30THII-acOecTa M CEpIEHTHHA.
TONIIHMHBI cI0eB XpH3oTHiI-achecta cocrapmsia (1-1.5)-10° M, a cioeB ceprnentiHa — (2-
4)10° . Musnepan xpu30Tuia-acOecTa UMeIl MONePEeYHO-BOJIOKHUCTBIA TUIT PACIIONOXKe-
HUS BOJIOKOH, NP KOTOPOM BOJIOKHA HAMPABJIEHBI 10 HOPMAJIH K MJIOCKOCTH ciod. Jliu-
TEJILHOCTh UMITYJIbCa aKyCTUUECKOTO BO30YXKIEHUS COCTABIIsIA 10%¢. [Ipu 3TOM cniegyet
OTMETHUTb, YTO CEPIIEHTUHUT, B CHJIy XOPOLIEH AJIEKTpHU3aluHu, 00JadaeT BHICOKUMH aM-
mwmTygamMu OMC npu akyCTUYECKOM BO3AecTBUU. Tak B HMcclieyeMoM o0paslie Mak-
cuMalibHble aMIUTyAsl OMC gocturanu 3Hadenuii 5 B. 910 B 4-5 pa3 MeHbIle, 4eM U3
aHAJIOTUYHOIO I10 pa3MepaM KPUCTAIUIMYECKOIO KBapIia.

JInst OATBEP)KIEHUST IPEAINOIOKEHNS O CYIIECTBEHHOM BIIMSHHMM I10JIOCYATOU
CTPYKTYphl oOpa3la cepneHTHHHUTa Ha mapameTpbl OMC uccnenoBaluch B TaKOM ke
reoMeTpun 00paslbl XpU30TUII - acOecTa U ceprieHTuHa. M3MepeHus nokasaiu, 4yTo aM-
wmryaa OMC u3 o0pa3LoB XpU30TUII - acOecTa U CEpIEHTHHA Ha MOPSI0K MEHbIIE YeM
13 CEpIICHTUHUTA, a €€ BeauuuHa He npessimaeT 3HaueHu 0.2 B. B cnektpe OMC npe-
00J1aJaf0T HU3KKE YaCTOThI, HO OCHOBHBIE TOJIOCHI 4acToT B paiione (20-40) kI'u u (40-
60) kI'u coxpanstorcs. [lonocuatasi TeKCTypa CEpIEHTUHUTA MPUBOAMUT K TOSBICHUIO
PA3HOCTH 3apsAI0BOTO COCTOSIHMS HA TPAHULIAX MUHEPAJIOB, U MPU aKyCTUYECKOM BO3/€i-
CTBUU pe3Ko Bo3zpactaeT amruiuryaa OMC. Takue nameHenus aMmnTyasl OMC BbI3Ba-
HbI CO3JaHMEM MHO>KECTBEHHBIX JBOMHBIX 3JEKTPUUYECKUX CJIOEB Ha T'PaHUIIAX MUHEpa-
JIOB CEpIEHTHHA U XpU30TUI - acOecta. Ha pucynke 10 mpuBeaeHbl M3MEHEHUSI MaKCH-
ManbHON amMIuuTyibl OMC npHu yMEHBIIEHUH KOJIMYECTBA CIIOEB XPU3OTHII - acOecTa U
cepneHTrHa. CBOIl BKJaJ B BEIWYMHY aMIUIUTYJbl DMC BHOCHT NPOCTHUPAHUE CIIOEB
KOHTaKTUPYIOLUIMX MHUHEpPAIOB M OPUEHTAIMs CIOMCTOCTU XPHU30TUJ - acOecTa OTHOCH-
TEJIbHO aKyCTHMYECKOTO B030yxkaeHus. [lonrBepikieHueM BIMSIHMS CIOUCTOM TEKCTYpHI
Ha ammuutyry OMC npu akyCTHYeCKOM BO30YKICHHUM IMOJIY4YE€HO MpU AaTbHEHIINX HC-
CJIEIOBaHMSIX Ha 00paslie MoJ0CYaToro CepreHTUHUTA. B mpoiecce skcepuMeHTa 4acTb
CJIOEB TOCJEN0BATENBbHO YOUpanach, MPOU3BOAMIOCH BO30YK/IEHUE aKyCTUYECKUM HM-
MyJIbCOM C OJMHAKOBBIMH mapameTpamu. 3anuch IMC oCymiecTBIsIach Y OJHOM U TOU
e OOKOBOUM MoOBepXHOCTH oOpa3na. [Ipu ucciaegoBaHUM MHOTOCIOMHOTO 00pasiia cep-
MEHTUHUTA ObLI MOJYYEeH €llle OAWH BaXHbIA pe3ysibTar. Peructpupyembie B 3KCHEpH-
MEHTax 3JIEKTPOMarHUTHbIE U aKyCTUYECKHUE CUTHAJIbI UMENU BHUJ] 3aTyXalolIux Kojiebda-
TEJIBHBIX MPOLIECCOB. B CBSI3U ¢ 3TUM, HHTEpHpPETALUS PE3YIbTATOB U3MEPEHUN MPOU3BO-
JIUIach MO KoJjiebaTellbHOMY MexaHu3My. [Ipu peanusanuu 3Toro MexaHm3ma OCHOBHBIE
YacCTOTHI IOJKHBI ONPEAENATHCS TUHEMHBIMH Pa3MEPAMHU MEXaHUYECKHUX OCLIMILISTOPOB.
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Pucynok 10 — M3MeHeHUs MaKCUMaJIbHOW aMIUTMTY/BI (2) U CIIEKTpaIbHOTO pacnpeneieHus (0) 3iek-
TPOMAarHUTHBIX CUTHAJIOB U3 I10JIOCYATOI'O CEPIEHTUHUTA [IPU YMEHBIIEHUH KOJIMYECTBA CIOEB XPHU30-
THiI-acOecTa Ipy JETEPMUHUPOBAHHOM aKyCTUYECKOM BO30VKIECHUN

B o0pa3iax mosocyaToro CEprneHTUHUTA TAKUMHU OCHUJUIATOpPaMU CIy>KaT pa3Me-
pBI 00pasiia, TOJIIIMHA CIIOEB XPU30TUI - acOecTa UM CEpIICHTUHA U TpeluH. Marema-
TUYECKHE PAaCcUeThl U MPOBEACHHBIC HSKCIIEPUMEHTHI Ha 00pa3Iax MmojocyaToro CEpreHTU-
HHUTA U CIIOMCTOrO AJIEBPOJIMTA MOATBEPIWINA MPEANOIOKEHHUS O BKIAJAE BO3ZHUKAIOIINX
OMEHUN B YACTOTHBIM CHEKTP AJIEKTPOMATHUTHBIX OTKJIMKOB CJIOUCTBIX TOPHBIX MOPOI.
[Tpu sTOM HAOOp YACTOT MOXKET OMPEAEIATHCS KaK pa3zMepaMu CTPYKTYPHO-TEKCTYPHBIX
HEOJIHOPOJHOCTEM, TaK M PA3HOCTHIO CKOPOCTEN aKyCTHUECKUX UMITYJIbCOB B HUX.

B BeIpaboTkax Tamraroibckoro pyJaHuKa HaOJr0AaeTcsi 0OBOJHEHHOCTh U MOBBI-
IIEHHAs! BJIKHOCTh 10JIa U OOPTOB HEKOTOPHIX BHIPAOOTOK U 3a00€B. DKCIIEPUMEHTATb-
HOE MOJICJIMPOBAHUE MOKA3aHO, YTO MPHU aKyCTUYECKOM BO30YKI€HUH KOHTAKTa BBICOKO-
OMHOW T'OPHOM MOPOJABI HA IIPUMEPE CUCTEMBI «MUKPOAUOPUT — MUHEPAJIN30BaHHAs BO-
na» reHepupyembie OMC UMEIOT MmapameTpbl, U3MEHSIOMINUECS C YBEITMYEHUEM KOHIICH-
tpauuu NaCl B auctuimmpoBaHHO#M Boje. DTH U3MEHEHHS HOCAT JIBOMCTBEHHBIA Xapak-
Tep. Tak, ¢ OIHOW CTOPOHBI, AMIUIMTYIHO-4aCTOTHBIE MapameTpbl OMC onpenenstorcs
yIIETBHBIM 3JICKTPUYSCKHM COMPOTHBICHHEM BoaHoro pactBopa NaCl, uro nmpuBoauT K
YMEHBIICHUIO AMIUIMTYAbl C YBEIWYCHUEM KOHUEHTpauuu coiu. C apyroil CTOPOHBI,
yBenmueHue koHreHtparuu NaCl B cojeBoM pacTBope NPHBOIUT K PACIIUPECHUIO Ya-
crotHoro cnekrtpa OMC. C NOBBIIIEHHEM KOHIIEHTPALMM KOHTAKTUPYIOIIETO pacTBOpa
NaCl nosiBisFoTCS BBICOKOYACTOTHBIE TIOJIOCHI C JIMHEHHO BO3PACTAIONIUMHU aMILIATY 1a-
M. [lokazaHO TakKe BIMSHUE BEIWYHUHBI MPUIIOKEHHOTO AJIEKTPUUYECKOTO MOJIsl HA Ta-
pametpbl OMC H3 CHCTEMBI «MUKPOJIMOPUT — MUHEpaAIU30BaHHas BoAa». [Ipu Bo3pacra-
HHH HAIPSDKEHHOCTH dJIeKTprueckoro moist ot 10° B/M 1o 2.5-10° B/M mporopuroHais-
HO yBenn4uBaeTcs aMmuTyasl OMC 1 ero OCHOBHBIX CIEKTPATIbHBIX MOJIOC.

B mporecce niccnenoBanuii ObLIN BBISBICHBI TaK)Ke 3aKOHOMEPHOCTH M3MEHEHUM
napameTpoB OMC peanbHBIX 00pa3I0B TOPHBIX MOPOJT MIPH AKYCTHIECKOM BO30YKIECHUU.
['opHbIE TOPOABI B pYTHUKAX U LIAXTAX IPU U3MEHECHUHN HANIPSHKEHHOTO COCTOSIHUS B pe-
3yJbTaTe MOOBIYM TMOJIE3HBIX MCKOMAEMBbIX BCETJa HaxOHSITCS B BO30YKJICHHOM W He-
YCTOWUYHMBOM COCTOSIHUU. 1103TOMY MOpOJIHBIE MAacCCHUBBI CTPEMSATCS 3aHATH dHEPrETHYE-
CKH BBIFOJIHOE TIOJIoKeHHe. [Ipy 3TOM MPOUCXOIAT TPEHIMHOOOpAa30BaHUE U CMEIICHUS
MAacC TOPHBIX TMOPOJ, KOTOPBIE COMPOBOXKAAIOTCA aKyCTUUYECKUMHU WUMIYJIbCAMH PAa3HOMU
JUTUTEJIBHOCTU M 4acTOThl. B3anmMoaeiCcTBUE aKyCTUYECKUX CUTHAJIOB C JJBOMHBIMU 3JICK-
TPUYECKUMU CJIOSIMU Ha KOHTAKTax J€(PEKTOB, CJIOEB U OJIOKOB M COMPOBONKIAACTCS DIICK-
TPOMarHUTHBIMU CUTHaJIaMu. [loaToMy mipu pa3paboTKe METOJO0B U CPEJICTB MOHUTOPHUH-
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ra U3MEHEHUs HamlpsHKEHHO-Ie(POPMUPOBAHHOTO COCTOSIHUS MAacCHMBa U KPATKOCPOYHOTO
MPOTHO3a PAa3BUTHUSl T€OJMHAMUYECKMX COOBITUH MO MapaMeTrpamM U XapaKTepHCTHKaM
AIIEKTPOMArHUTHOW SMUCCHH HEOOXOIMMBI 3HAHMSI OCHOBHBIX 3aKOHOMEPHOCTEH H3Me-
HEHUS 3TUX MapaMeTPOB U XapaKTEPUCTUK MPU aKyCTUYECKOM BO3ACHCTBUU HA PeabHbIC
ropasle mopoabl. Ilpu ucciaenoBanusx Ha oOpasiax HEOOXOJUMO YUYHUTHIBATH HEOJHO-
POJHOCTH TOPHBIX MOPOJ, SBIAIOIMIKECSA UX (yHIaMEHTaIbHBIM CBOMCTBOM. K HUM OTHO-
CSITCSA KaK HEOJHOPOJHOCTH COCTaBa MOpOJ B mpeaenax oOpasiia, pa3ivyue B XUMHUYE-
CKOM M MHUHEpaJbHOM COCTaBe, B (popMe U pa3Mepax 3€peH, a TakKe HEOJHOPOIHOCTH B
BU/JIC BKJIIOYEHH, IOP U MUKPOTPEIIMH, TaK U HEOJHOPOIHOCTU PEaIbHBIX KPUCTAJUIOB B
BUJIE 1e(DEKTOB KPUCTAIUIMUECKON pemieTku. B peaibHbIX 00pasiiax ropHbIX MOPO Jaxe
M3TOTOBJICHHBIX U3 OJHOTO KEpHA COJEPKATCA BCE MEPEUHCIICHHbBIE BBIIIE HEOAHOPOIHO-
CTH, KOTOpBIE SIBISIOTCS JIMOO CaMU MCTOYHMKAMHU 3apsiioB, TMOO MECTaMU KOHIIEHTpa-
1uu 3apsnoB. [Ipu akycTryeckoM KojieOaHUU 3apsiioB AIIEKTPUUYECKOE TOJIe BOKPYT HUX
MU3MEHSETCS B COOTBETCTBUE C 3TUM BO3JEHCTBHEM U MPOUCXOIUT MEPEXO0] MEXaHHUYeE-
CKOM PHEPTUU B 3NEKTPOMATHUTHYIO.

Jlns cpaBHEeHUs1 ObUTH BBIOpaHBI 00pasibl Tpymmsl ckapHoB (S1, S2, S3), numero-
XX BBICOKOE YAECIBHOE JICKTPUUECKOE CONMPOTUBIICHUE P B TIPEETIAX 10%-10* Om'm,
o0pa3ibl rpymibel MarHeTutoBoi pyasl (M1, M2, M3, M4) ¢ yaensHbBIM COTPOTHUBIICHH-
em 10-10° Omm. Pa3smepsr 00pasnoB ObUTM OJMHAKOBBIMH: JHAMETDP COCTABJISLI
(42ﬂ:1)°10'3 M, a JUIMHA BJIOJb OCH LWJIUHAPA COOTBETCTBOBAsA (80ﬂ:2)-10'3 M. Konnue-
CTBO MarHeTHUTa B KaxxaoM oOpa3le npuseaeHo B Tabmuue 1.

Tabimua 1 — XapakrepucTuku 00pa3oB CKapHa U MAarHETUTOBOW PY/IbI

Oo6pasubl | IlpenenbHas VY nenpHOE 211€K- Vaenenbiii | ConepxaHue AMiuTyaa
IMPOYHOCTbD, TPHUICCKOC COIIPO- BCC, Marba€TurTa, 3MC Ha 94aCToO-
Prper, KH TUBJICHUE, o, 10° kr/m® % Te 65 xl'1, B
p, OM'M
Ckapnul
S1 188 4.5-10° 2.9 0 135-10
S2 234 5.1-10° 3.1 0 40-107
S3 320 4.8-10° 2.8 0 8-:10”
Pyoa
M1 234 16 3.4 11.7+1 800-10°
M2 193 17 3.4 11.7+1 350-10°
M3 317 19 3.7 18.9+1 12-10°
M4 258 21 3.8 21.05+1 3-10°

B sTo0ii e Tabnuile npeacraBieHa NpeaelbHas MPOYHOCTh UCCIIEyeMbIX 00pa3-
LIOB MPYU OJJHOOCHOM C)KAaTHH. B pe3ysbrare 3KCIepUMEHTaIbHBIX MCCIIEIOBAHUN YCTa-
HOBJICHO MOHWKeHHe aMmmuTyasl OMC ckapHa B 2.5 pa3a npu U3MEHEHUU JJIUTEIbHO-
CTH aKyCTHYECKOTO HMIyibca Bo3OyxaeHns 5:10° ¢ mo 10° c. DKcrmepuMeHTATBHO
YCTaHOBJIEHA CBS3b MPEAEIBHON MPOYHOCTH AUDIEKTPUUECKUX TOPHBIX MOPOJ C AMIUIM-
tynoi OMC. Tak Ha oOpasliax CKapHa, UMEIOMUX OJU3KUI MHHEpPaJbHBI COCTaB,
HaOIOAAaeTCsl YBEJIMYEHUE MAKCUMAJIbHBIX aMIUTUTY]l CHEKTPaIbHBIX COCTaBIISIOIIMX
OMC npu yMEHbIIEHUH UX TPEIeTbHON MPOYHOCTH. DTO OOCTOSTENBCTBO YKA3bIBAECT HA
BIIMSIHUE PAa3MEPOB BKIIOYEHUN U CIIOEB, @ TAKXKE HAJIMYUE TPEIIUH B OCIIA0JIEHHBIX MO
MIPOYHOCTH 00pa3lax, Ha FPAHKUIIAX KOTOPBIX UMEIOTCSA JBOMHBIE SJIEKTPUUECKUE CIIOU.
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250+ 3a CYeT KOJIMYECTBA M IPOTIKEH-
1— ] HOCTH JBOMHBIX 3JIEKTPUYECKHX CIIOEB B
2007 Pa3HBIX MO MPOYHOCTH JAUDICKTPHUCCKUX
S TOPHBIX MOpOAax JaXe OJHOr0 MHHE-
| palbHOrO COCTaBa 3TH HEOJHOPOJHOCTH
100- CIIOCOOCTBYIOT MEPEXO0/ly MEXaHUYECKOU
SHEPTUU B DHEPIHUIO JIEKTPOMArHUTHOTO
50 MoJiA W, COOTBETCTBEHHO, B JHEPIHUIO
21 e [ s | E7]1s o fio]  22exTpoMarmuTHbIX  OTKIMKOB Ha aKy-

0 cTudeckoe BoznerctBue. [lokazaHo, yTo
Pucynok 11 — MaxkcumanbHble aMIUIMTYIbl 3Jiek- YBCIMYCHHUC YACIBHOI'O 3JICKTPHUYCCKOTO
TPOMArHuTHBIX CHUITHaJIOB IIpU ACTCPMUHHPOBAH- COHpOTI/IBHeHI/Iﬂ Ha 10% HpI/IBOI[I/IT K
HOM aKyCTHUYCCKOM BO36Y)‘I’(I[6HI/II/I TOPHBIX ITOPOA: CHUKEHUIO aMHJ-H/ITYIH)I CHCKTpaJIBHBIX
1 - CKapH OIIMJ0TOBBIN; 2 - CKapH OSIHAOT- COCTABJISFOITIX SMC [IOYTH B 4 pa3a.

IpaHaTOBBI; 3 — CKapH C BKIIOYEHHUS NUPUTA U Tl 0GPAsIOB MATHETHTOBOI _
MarLerura; 4 — CKapH IpaHaT-MarHETUTOBBIM; 5 — 1 pasi pyA pa-

CHeHHT; 6 — MuKpocHeHNHT; 7 — MeTamopduueckuii MOH ~3aBUCHMOCTH  aMILTATYJIBI ~ CIEK-
craHer; 8 — IMOPUTOBBI mopduput; 9 — markeTu- TPAJBHBIX cocTaBisAromux OMC ot mpe-
ToBas pyna; 10 — MarneTMTOBas pyna ¢ TPEIMHOW, JEIBHOW MPOYHOCTU HE BBISABIEHO. Ma-
3aJIeYeHHOH KBapLeM JIO€ YIEIBbHOE JJIEKTPUYECKOE CONPOTHB-
JIEHWE MAarHeTUTOBOM pyJbl CYLIECTBEHHO IIOHWKAET HAKOIUICHUE 3apsAN0B Ha JBOWHBIX
ANEKTPUUECKUX CIIOSIX, YTO U NPUBOJUT K CHIKEHHIO amrumtyasl OMC B pyne. Ha pu-
cyHke 11 mokaszaHo, YTO aMIUIMTYAHbIE HapaMeTpbl U3IYy4aeMbIX 3JEKTPOMArHUTHBIX
CUTHAJIOB HAXOJATCSA B HEIOCPEICTBEHHOM CBS3U C YAEIbHBIM JJIEKTPUYECKUM COIIPO-
THUBJICHUEM TOPHBIX ITOPOJA. Majoe yaeiapHOe 3JIEKTPUYECKOE CONPOTUBICHUE MAarHeTH-
TOBOM PYIBI CYLIECTBEHHO IIOHWKAET HAKOIUICHUE 3apsI0B Ha JIBOMHBIX IEKTPUUYECKUX
CJIOSIX, YTO U MPUBOAUT K CHMXeHUI0 aMiuuTyasl OMC B pyzae. [lpu s3tom B oOpasie
MarHeTuToBou pyasl ¢ 10% conepxannem kBapua nouty B 10 pa3 mOBBIIAETCS aMILIIUTY-
na OMC. Kpome toro, ananu3 napamerpoB IMC nokazai, 4To IpUCYTCTBUE B 00pa3nax
BMEIIAKOMIUX JUNIEKTPUYECKUX MOPOJ BHICOKOIIPOBOMSIIETO MUHEpPAJIa MATHETUTA TIPU-
BOJIMT K CHM>KEHHIO aMILTUTYAbI B 1,5-2 pa3a. OTa cBs3b 00yCIOBIEHA TIIaBHBIM 00pa3oM
CTPYKTYPHO-TEKCTYPHBIM CTPOEHUEM MOpOAbl. Ecam Mexkay BBICOKONPOBOASIIMMU MHU-
HEpajlaMH, TAKUMH KaK MAarHeTUT, B MOPOAE C BBICOKUM YAEIBbHBIM JJIEKTPUUECKUM CO-
IIPOTUBJICHUEM HET HENOCPEICTBEHHBIX KOHTAKTOB, U OHU HAaXOAATCA B HEU B BUIE U30-
JMPOBAHHBIX IPYyTr OT Apyra BKIKOYEHUH, TO IIPOBOIAILINE BKIIOYECHHS HE OKa3bIBAIOT 3a-
METHOT'O BJIMSIHUS Ha CONPOTHBIIEHHE NOpoabl U napaMmeTpbl OMC naxe npu O4eHb BbI-
COKOM WX KOHIIEHTpaluu. B nanpHeiinemM B paboTe MpUBEACHBI PE3yJIbTaThl UCCIEI0BA-
HUN M3MEHEHHs MapaMeTpOB U XapaKTEPUCTUK 3JIEKTPOMArHUTHOM SMHUCCUM 00pa3lioB
TOPHBIX ITOPOJ IPU HATPYKEHUU OJHOOCHBIM CXKaTHUEM 10 paspylueHus. M3secTHo, 4To
MIPOLIECC PA3PYLIEHUs TBEPABIX TEJ, B TOM YK CJIE TOPHBIX OPOJ, XapaKTEpU3yeTCs Oonpe-
JEJICHHOW BPEMEHHOM NPOJOJDKUTEIIBHOCTBIO U MOATAIHBIM pa3BuTheM. [IockoibKy pe-
anbHbIe 00pa3lbl TOPHBIX MOPOJ COCTOSIT U3 CTPYKTYPHBIX AJIIEMEHTOB M MHUHEPAJIOB,
MMEIOIIMX Pa3Hyl0 MPOYHOCTh, TO U AedopMaiusi NPy MEXAaHUYECKOM BO3ACHCTBUU OY-
JeT HeoaHopoaHoH. HeogHopoaHocTs nedopMaiiuy U pazHas NPOYHOCTb CTPYKTYPHBIX
AJIEMEHTOB YK€ HAa HAa4aJIbHOM JTale MEXaHMYECKOTIO HArpy»E€HHWsl MPUBOJIUT K MOBpE-
KICHUSM HauMEHee NMPOYHBIX MHHEpAJOB B 00beMe ropHoil mopojsl. Kpome Toro, mo-
BPEXKJIEHUS B BUJI€ MUKPOTPELIMH MOTYT 00pa30BhIBAaThCS TAaKXKE Ha KOHTAKTaX MHHEpa-

1504 —l
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JIOB U TOPHBIX MOPOJ], HA TPaHUIAX U30JIMPOBAHHBIX BKIIOYEHUH U 1op. [lockonbKy BO3-
HUKAIOIIME BHYTPEHHUE HAMNpPsKEHUS dYepe3 MEXaHODJIEKTPHUUECKHE NpPeoOpa3oBaHMUs
00yCIaBIMBAIOT 3JEKTPOMArHUTHYIO SMUCCHUIO, TO 3TO TaKXke BJIEUET MPOCTPAHCTBEHHOE
U BPEMEHHOE pacCIpe/IesICHUE AJIEKTPOMATHUTHBIX MPEABECTHUKOB. B pesynbrate mnpu
1e(pOPMUPOBAHNN H3MEHSAIOTCS MapaMeTpbl PETUCTPUPYEMBIX 3JEKTPOMArHUTHBIX CHT-
HajoB. Takue n3mMeHeHuss DMD ciyKaT NPOTHOCTUYECKUMHU NPHU3HAKAMH BO3HUKHOBE-
HUS U Pa3BUTHUS JECTPYKTUBHBIX 30H B MaTepuainax. [Ipu npoBeaeHnn uccieaoBaHul HC-
MOJIB30BAIMCH 00pa3Ilbl BMEILAIOIIEH TOPHOUM MOpo bl TamTaroiabCKOro xeiae30pyaHoro
MECTOPOXKICHMSI, TPEICTABICHHbICE CHEHUTAMH, CKApHAMU M JUOPUTAMHU, OOpa3Ibl
KBaplicojeprKaliero nuadasa, a Takke o0pasibl pyJbl ¢ pa3HbIM COJEP)KAHUEM MarHeTHu-
ta. Ha pucynke 12 npuBeneHa ocuusuiorpaMmma nu3mMeHeHus: ammutyast OMC B mporiec-
ce€ OJIHOOCHOTO CxkaTHsl Auada3a. B kauecTBe mpueMHUKA UCTIOIB30BAIM €MKOCTHBIN J1aT-
guk. CKOpPOCTh HapacTaHus ckumaronmx ycuauit coctasisiia (0,30 + 0,03) kH/c. Ha pu-
CYHKE BHJIHO, YTO Ha MPOTSHKEHUHM BCETO IUKJIA CXaTUs M3MeHsercs ammntyaa OMC,
MIPUYEM B 3aBUCUMOCTH OT 3Tara Harpy>K€HUs MPOUCXOIUT JHO0 YBEITUUEHUN aMILIUTY-
Ibl, 1MO0 ee ymeHbuieHue. Hapsany ¢ aMIuMTy 0l U3MEHSETCS M 4acToTa CIeJOBaHUs
OMC. Ananu3 aMIUIMTYAHO-YAaCTOTHBIX IMAPAMETPOB AJIEKTPOMArHUTHBIX CHUTHAJIOB HA
3HauuMbIx yacTtoTax 100 xI'm, 300 xI'm u 800 xI'1y Bo Bcem guana3one uaMmenenuss HJIC
oOpa3la Mokasajia, YTO MaKCUMAaJbHbIE aMIUIMUTYJbl BHIOPAHHBIX YacTOT Pa3jIU4Hbl IPH
HapacTaHUU OTHOCUTEJIbHOW Harpy3KHu.

OtHocuTenbHAs HarpyskKa, 3anuceiBaemMas Kak P/P,,.), — 9TO OTHOIIEHHE TEKYILEH
Harpysku P k npenenbHoi Py, Ipu KOTOpol oOpasel paspymaercs. Ha pucynkax 13a,0
100+ MOKAa3aHbl W3MEHEHUS MaKCH-

' MaJbHBIX aMIUIUTY]] BHIOPaHHBIX

| YaCTOTHBIX IOJIOC OT HApPACTAHUS

0] | et l”W oTHOmeHUs  P/P,,.,,.  AHamu3
=30 AIEKTPOMAarHuTHOM SMUCCUHU
-100 1 Py OAHOOCHOM CXaTuU 00pa3-
150 OB TOPHBIX TMOPOJ TO3BOJIHII
0 25 50 75 100 125 150 175 200 225 OMNPEIENIUTH 3aKOHOMEpPHBIE M3-
Harpyska, kH MEHEHUI aMILIMTYJHO-

Pucynok 12 — OcuunnorpaMMa M3MEHEHHs aMIUIMTYAbI iek- YaCTOTHBIX I1apaMETPOB CHUTHaA-
TPOMAarHMTHOI'O CHTHaJIa B IIPOLIECCE OJHOOCHOTO CXKATHA HO0 joB. JDTH U3MEHEHUSA XapaKTepu-
pa3pyleHHs Ha MpuMepe oOpaslia KBaplcoiepxaliero quadasa 3yIOT Tanbl YIIOTHEHHs, (op-
MUpPOBAHUS O4Yara pa3pylleHUs, MPEALIECTBYIOIINE Pa3pYyLICHUI0 U HENOCPEICTBEHHOE
paszpywmenue. B crekrpe OMC Bcerna mMeroTcsl 4aCTOTHBIE IOJIOCHI XapaKTEPHbIE IS
pa3HBIX ATANOB MMOATOTOBKU U Pa3BUTHUS pa3pylIeHUs 00pa3lioB, CBSI3aHHBIX C pa3Mepamu
oOpa3yromuxcst TpemnH. Ha pucynke 14 mpuBeneHbl TUIHYHbIE U3MEHEHUS YCPEIHEH-
HBIX 3a OfHYy cekyHay amrutyg OMC B untepBaie vactoT (1-100) k"1, 3apeructpupo-
BaHHbIC TIpU Je(hOPMUPOBAHUM 00pa3lia BMEIAOUIEH TOpHON MOPOAbl CKapHa (PUCYHOK
14a) Ha pa3HbIX dTanax (GOPMUPOBAHMS O0YAroB pa3pyLICHUs W MPeaIecTBYIOMEro (Gak-
TUYECKOMY ero paspyuienuto. Ha pucynke 146 npuBeneHbl U3MEHEHUsI YCPEHEHHBIX 32
TAKOE € BpeMs Ha 3Tamnax pa3Butus paspymenus aMmntya IMC pynast ¢ 55% conep-
KAHUEM KaJlbIlUTa B MUHTEpPBAJEC YaCTOT C JOOPOTHOCTHIO HEe Oosiee 8 U C LEHTPAIbHOM
yactoroi 100 xI'u. Ha HavansHOM 53Tame (opMHpOBaHUs Ovara paspylleHHs 4acToTa

50
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PI/ICYHOK 13 — HM3MmeHeHUs MaKCHUMaJIbHBIX AMIINIMTYZ 4aCTOT-
HBIX ITOJIOC SJICKTPOMArHUTHBIX CHIHAJIOB ITPU HapaCTaHUH OT-

HOCHUTEJIBHOM Harpy3ku oOpasma auadasa: a — 100 xI'm u 300
k[, 6 — 800 x['x

OMC Oonee BbicOoKas (pucy-
HOK 15a), yem Ha 3Tamne npen-
IIECTBYIOIIETO  Pa3pyLICHUIO
obOpasna (pucyHok 150).
Taxum o6pa3oMm, aHamus
3JIEKTPOMArHUTHOM  3MHUCCHH
Py OJHOOCHOM CXKaTHH 00-
pa3loB TOPHBIX MOPOJ, MO3BO-
JWJT ONPENEIUTh 3aKOHOMEp-
HbI€ M3MEHEHUs aMILTUTYIHO-
YaCTOTHBIX I1apaMETPOB CHUT-
HAJIOB, CBS3aHHBIX C JTalaMH
yIUIOTHEHUsA, (HopMupoBaHUs

ouara paspylleHHs], MPEALIECTBYIOIINE PA3pPYIIEHUIO U HENOCPEACTBEHHOE pa3pyLICHUE.
B cniektpe OMC Bcerjia UMEOTCA YaCTOTHBIE MOJOCHl XapaKTePHBIE JUIsl PA3HBIX 3TANoB
MOATOTOBKY M Pa3BUTHS pa3pylICHHs] 00pa3loB, CBSI3aHHBIX C pa3MepaMu 00pa3yrOIINX-

Csl TPELUH.
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Pucynok 14 — VI3meHeHNe yCpeTHEHHBIX 32 OJJHY CEKYHAY aMIUIUTYl 3JIEKTPOMArHUTHOW SYMHUCCHH 00-
pasiia BMeniaroIel moposl B mupokoi momoce 4actoT (1-100) k' (a) u o6pasua pyasl ¢ 55% coaep-

YKaHWEM KaJIbIINTa B MOJI0Ce ¢ IeHTpaitbHoi yactoToi 100 kI'11 (6).

Kpome Toro, Ha Bcex sTamax u3-3a OJIM30CTH BO3ZHUKAIOLIMX TPELIMH WIN H3-32
CTPYKTYPHO-TEKCTYPHBIX OCOOEHHOCTEW TOpHOM MOPOJAbI BO3MOXHO IMOSBJICHUE CUTHA-

JI0B, OOYCJIOBJIEHHBIX Oue-
HueM. [lpu npubnmkeHnn K
paspyimieHno obpasma Bce-
rj1a TPOUCXOIUT CMEIICHUE
CIIEKTPAIBHBIX COCTaBJISIO-
IMHUX B 00JaCTh HU3KHUX 4Ya-
CTOT M BO3pacTaHHE aMILIH-
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Pucynok 15 — TunuuHble OCHUIIOTPAMMBbI 3JIEKTPOMAarHUTHBIX CHUT-
HAJIOB, 3apPErHMCTPUPOBAHHBIEC HA 3Tanax JeOpMHUPOBaHUS 00pa3LIOB
BMeIaromei ropaoit mopoxsl: a - 0,54P,,,,, GopmupoBanus odara
paspymenus; 6 - 0,82P,,;,, 3Tan NpeaIIeCTBYIOIINN pa3pyIICHUIO.

TyAbl CICKTPAJIBHBIX ITOJIOC

OMC. Ilony4yeHHble 3aKo-
HOMEpPHOCTHU U3MEHEHUs
aAMIUTATYTHO-4YaCTOTHBIX
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napametrpoB OMC u xapakTepucTuk MO TOpHBIX MOPOJ MOTYT ObITh YCIEIIHO UCHIOJb-
30BaHbI JIJI1 MOHUTOPHHIAa U KPATKOCPOYHOTO MPOTHO3a Pa3BUTHS JECTPYKTHUBHBIX 30H U
re0JIMHaMUYECKUX COOBITHI B OPOAHBIX MaccuBax. [lapameTpbl aMIIuTyAbl, YaCTOTHO-
ro CIEKTpa, MHTEHCUBHOCTH UMITYJIbCHOTI'O MOTOKA 3JIEKTPOMArHUTHBIX CUTHAJIOB, HECYT
MH(POPMALIMIO O XapaKTEPUCTUKAX BO3ACHCTBYIOIIMX Ha Te€TEPOTreHHbIE MaTepUasbl aKy-
CTHUECKHUX MMITYJIbCAX U, KaK CIEACTBHE, HECYT MH(OPMALIUIO O TPOIeccax MOArOTOBKU
U pa3BUTHS pa3pylleHUs 3TUX martepuanoB. [uamazon ammumtyn OMC, uzimydaembix
TOPHBIMH TIOpOJaMH TamTarojibCKOro pyAHUKa MPU HMITYJIBCHOM aKyCTHYECKOM BO3-
NEUCTBUH, JISKUT B MHTEPBAJIE OT MEPBBIX JECATKOB MUKPOBOJBT IO €IWHUI] BOJBT, Ya-
CTOTHBIN CIIEKTP — B MHTEPBAJIC OT €UHUII T'ePIl 10 SAUHUI] Merarepil, Ho HauboJiee 3Ha-
YUMBIMH SBJSIOTCS 4acTOThl 1+80 Kl '11, KOTOpbIE OonpeaenstoTcs 0J109YHOCTHIO TOPOTHOTO
MaccuBa. M3MeHEeHne MHTEHCUBHOCTH MUMITYJIBCHOTO NOoToka OMC NOMKHO XapakTepHu-
30BaTh Pa3BUTHE MPOLECCOB MOATOTOBKH pa3pyUIEHUsI TOPHBIX MOPOJ WU IPYTUX reTe-
pPOTEHHBIX MaTepuanoB. Hajno Takke yduThIBaTh, 4YTO HAMOOJBIINE IO AMILTUTY/IC CUTHA-
Jbl C YAaCTOTaMH, HaXOASAIIMMHCS B MErareploBOM JUana3oHE, CBA3aHBI C pa3psIHbIM
MeXaHu3MOM renepamnuu OMC B pacTylnX TPEIINHAX.

B mpouecce uccienoBaHus pa3pylieHUus: 00pa3loB TOPHBIX MOPOJ YCTaHOBJIEHA
CBA3b TOKOB MOJSIPU3aLlMA M XapaKTEPUCTHK 3JEKTPOMArHUTHOM sMuccuu. llokazaHo,
YTO XAPAKTEPUCTUKU OMD CyIIECTBEHHO 3aBHUCAT OT NPOBOJUMOCTH TOPHOM IOPOJBI.
[IpucyrcTBUE B 00pa3Liax TOPHOM MOPOJIbl MUHEPATIOB C HU3KUM Y/AEIbHBIM COIIPOTUBIIE-
HUEM OKa3bIBAaeT CYILECTBEHHOE BIMSIHHME Ha I(P(PEKTUBHOCTb MEXAHONIEKTPUUYECKUX
npeoOpa3oBaHuil U, COOTBETCTBEHHO, IPUBOJAUT K CHIDKEHUIO aMILTUTyAsl OMD. Tloka-
3aHO, YTO aMIUIUTYJa U MHTEHCHUBHOCTb OMDO NHAIEKTPUUECKUX BMEIIAOIMIMX TOPHBIX
IIOPOJ, © MarHETUTOBOW PY/bI NP HATPYKEHWHU OJHOOCHBIM CKAaTHEM KOPPEIHUPYIOT C
TOKaMH IOJISIPU3ALMU Ha BCEX 3TAlaX BO3ZHUKHOBEHUS JACCTPYKTHBHBIX 30H M MX Pa3BU-
THA, BKJIOYas U 3Tan yrloTHeHus. [Iporneccsl n3MeHeHus: 3HaKa MOJISIpU3alMOHHBIX TO-
KOB B MarHETUTOBOW PYJE, BEPOSATHO, OOYCIOBJIECHBI COBOKYITHBIM BIMSIHUEM BO3HUKAIO-
IIET0 JEKTPUUYECKOTO MOJIS 33 CUET POCTA TPEILIMH, IBHKEHHS AUCIOKALMN U TOYEUHBIX
ne(eKTOB U U3MEHEHUEM HAIPaBJICHUN OPUEHTAIMM MAarHUTHBIX UTIOJIEH.

N3BeCTHO, YTO B MPOIIECCE PA3BUTHS JECTPYKTUBHBIX 30H B 00pa3lax ropHbIX Mo-
POl MPOUCXOIUT dMUCCHUSI MUKPOYACTHI], KOTOPbIE MEPEHOCAT 3apsl U MOTYT y4acTBO-
BaTh B I€HEpALMU AJIEKTPOMATHUTHBIX CUTHANOB. C MOMOILBIO CHEKTPOMETpPA TBEPIO-
TenbHBIX MUKpouyacTull APS 3321 mapamiensHo ¢ OMD 0b110 U3MEPEHO KOJIUYECTBO OT-
CIIOMBIINXCS YacTHIl pasmepoM oT 5-10° 1o 20-10°° M, sMuTHpyeMBIX B TIporiecce OIHO-
OCHOI'O C)KaTUsl WM CIIBUra. DKCIEPUMEHTAIBHBIE UCCIIEIOBAHNS [TOKA3aJIM, YTO OCHOB-
Hasl Macca 4acTHUll MOSIBJISIETCS] HAKaHYHE U B MOMEHT pa3pyllieHus oopasua. B Toxe Bpe-
Msl DJIEKTPOMAarHuTHas SMHUCCHS MOSBISIETCS Ha BCEX dTanax HarpyxeHus. Takum oOpa-
30M, 3KCIIEPUMEHTAIBHO MTOKa3aHO, YTO MPHU Pa3BUTHH JECTPYKTHBHBIX 30H IMPOUCXOIUT
AMUCCHUS OTCIOUBIIMXCA MHUKPOUYACTHUI, KOTOPbIE MOTYT Y4aCTBOBAaTh B T€HEPAIUU AJICK-
TPOMAarHUTHBIX CUTHAJIOB HAa CTA/IUAX MPEIUIECTBYIOUIUX MPOPACTAHUIO TPEIIMH U B MO-
MEHT pa3pyllieHus 00pa3oB TOPHBIX MOPOJ, a, CIEAOBATENIBHO, IPU TaKUX e MPoLeccax
U B ITOPOJHOM MACCHBE.

Jlns vcciienoBaHusl U3MEHEHUN HaNpsHKEHHO-Ie(hOPMUPOBAHHOTO COCTOSIHUS TOP-
HBIX TIOPOJ U3MEpSAJIOCh MH(paKpacHOe CBeYEeHHE TOpHBIX mopoj. IlpeaBapurtenbHbie
UcClIeIoBaHusl Mokazainu 3(pPEKTUBHOCTh KMCMOJB30BAHUS 3TOr0 METOJa ISl MOUCKA
MecT ¢ noselieHHbIM HJIC y4acTKOB MOPOIHOTO MAaccuBa. JTO BBIPAXKAETCs B yBEJU-



26

YEHUH TEMIIEPATYPbl B OKPECTHOCTAX KOHTPOJBHBIX HIJIM PA3rpy304YHBIX CKBaXuH. [Ipu
IIPOBEJICHUH MCCIENOBAHUM HCXOAWIM M3 TOro, 4yro 3a MK cBedeHme CKBaKMH OTBET-
CTBEHHBI (PU3HUECKUE MPOLECCHI, MPOTEKAOIIUE B TOPHBIX MOPOAAX MPU U3MEHEHUU HX
HJIC. OGpa3iupl U3roTaBIMBaINCh U3 TOPHBIX MOPOA TalTaroibCKOro MECTOPOKACHUS
¢ pasmepamu B auamerpe 42-10° v u gmumoit 80-10° M. MccnenoBamucs oGpasis cu-
CHUTA U JKEJIe3HOUN pyAbl C pa3HBIM COAECpKaHHEM MarHeTuTa. B mccinemyemsix oOpas-
1aX CO3aBaJICA MCKYCCTBEHHBIH aedekT B BHae otBepcTHs auamerpoM 7-10° m. Ockb
OTBEPCTHS paclojaraiach NOCEpPEeIUHE MPONOJIbHON yacTh 0oOpa3na M umena MnpoTs-
JKEHHOCTb 25-10™° M. O6pasIsl MOABEPrauCh OXHOOCHOMY CABHIOBOMY HATPYKCHHIO
Ha creHae ¢ npeccom MII-500. /Ins 3anucu tepMorpamm B 1a0OpaTOPHBIX YCIOBUAX
ucnoisb3oBaica teroBu3zop NEC TH9100. B skcnepuMeHTax OCYILIECTBISIACH HeE-
IpepbIBHAS 3allUCh pa3BUTHUA pa3pyuieHus oopasua u ero UK nsnyuenue B nuanazone
8-14 mxm. IIpomomxurenbHOCTh cheMka — 200 cexkyHa. UyBCTBUTEIBHOCTD TETLIOBH-
30pa cocTaisuia He menee 0,04° C. Jlng npumepa Ha pucyHke 16 mokasaHbsl H3MEHEHHS
UK cBeuenus B 00pa3iie MarHeTUTOBOM Py/Ibl C BKIIFOUEHUSAMH KaJbIUTA.

[TonmyyeHHble B 1a0OpPaTOPHBIX MOJEIBHBIX AKCIIEPUMEHTAX Pe3yibTaThl U3MeEpe-
HUW MTOKA3bIBAIOT 3aBUCUMOCTh MK CBEUEHMS OTBEPCTHS M €r0 OKPECTHOCTEN OT JTAIlOB
IIOATOTOBKU M pa3BuTus paspyumeHus. llepseii nnanazon MK cBedeHns cOOTBETCTBYET
30HE YIUIOTHEHUA 00pa3la, a iBa NOCIEAYIOMNX JUana30Ha U3MEHSIOIUXCS TEMIIEPaTyp
XapaKTepU3yIOT 3Tallbl 00pa30BaHUE 30H JIECTPYKLUU B 0OpasLe.
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Pucynok 16 — M3menenus UK cBeuenns B 00pasiie MAarHeTUTOBOM PY/BI C BKIIFOUSHHUSIMU KaJIbIIUTA: A —
n3MmeHeHne MK cBeueHus kpas M LIEHTpa OTBEPCTHUs; O — CBEYEHHE OTBEPCTUS MPU OJHOOCHOM Harpy-
KE€HHNU CABUI'OM

[Tpudem nepBbIii U3 HUX 00YCIIOBIIEH 00pa30BaHUEM TPEIIUH B KAJIBIIUTE, KOTOPHIN
xapakrepusyercs moayJsiem lOHra £ = 20-10° ITa, a BTOPOI 00yCJIOBJIEH 00pa3oBaHUEM
TPELIMH B MarHeTuTe, y KOToporo £ = (120-140)-10° Ia. YeTBepThIi KE AUAIA30H Xa-
paKTepU3yeT ATal 00pa30BaHUE U pa3BUTHE TPEHIUH OTpbhIBa. [10100HBIE 3aKOHOMEPHO-
CTH HAOJIOMAIOTCA U TPU U3MEPEHUU AJICKTPOMArHUTHOM SMHUCCUU B JHMANa30HE YacTOT
ot 1.0 1o 100.0 k't B mporiecce HArpyKeHus 10 pa3pylIaroldXx 3HA4YeHU 00pasIioB
MAarHeTUTOBOM PYIbl M BMEMIAIOIIUX MOPOA. PacCMOTpEeHBI BO3MOXKHBIE MEXAHU3MbI MO~
BEACHUSI DHEPTUU JIJI pa30rPEBA TOPHBIX MTOPOJ B OKPECTHOCTSIX OTBEPCTUM: TEPMOYIIPY-
ruil 3dexT, CBSI3aHHBIN ¢ yNpyruMu AeGopManusMH; BBICBOOOXKICHHUE DHEPTUU TPHU
PACKpBITUH TPELIUH U HE UCIIOJB3YIOLIEHCS HA JabHENIIEE UX PA3BUTHE; CBEUCHUE Ha-
HOYAaCTHL, OTCIAUBAIOIIMNXCS OT ITOPOABI IIPU CUIIOBOM HATPYKECHUMU.
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B pesynbrare mccnenoBaHHWil YCTAHOBJIEHO, YTO MH(PAKpPaCHOE CBEUEHUE OTBEP-
CTHI 0TOOpakaeT Mpoliecc MOATOTOBKH Pa3pyIICHUsS TOPHBIX MOPOJ U €ro CBEpILICHHE.
OcHoOBBIBasiICh Ha 3TOM, MOXHO 3¢ hekTruBHO ucnoyib3oBaTh UK Tepmorpaduro s ompe-
JICJIEHUS ATANOB pa3pylIeHuss 00pa3oB TOPHBIX MOPOJ U JAPYTUX TBEPAOTEIbHBIX MaTe-
pHAJIOB, B TOM YHUCJE CO CI0KHOW CTPYKTYpOHU. B CIIOMCTBIX M NEpEMENIaHHBIX BYX U
00Jiee KOMIOHEHTHBIX TBEPAOTEIBHBIX MaTepHaiaxX MOSABIAETCS BO3MOXKHOCTH BBISIBIIC-
HUS OPOTOBBIX 3HAYECHHUUN AECTPYKIUU COCTABISIOIIMNX KOMIIOHEHT MPH HAJOKEHUU pas3-
JUYHBIX TUIMOB cuiioBoi Harpy3ku. Kpome Toro, MK Tepmorpaduio MOXKHO yCHENHo
OPUMEHSTH JIJIs1 BBISIBIICHUSI HAIIPSKEHHBIX YYaCTKOB MAacCUBa ropHbIX nopoa. [lomyden-
HbIE B YETBEPTOU IJ1aBE€ PE3YyJbTAaThl UCCIEAOBAHUS SIBJISIOTCA OCHOBOM JJISI IOCTPOEHUS
(heHOMEHOJIOTMYECKOM CXEeMbl TeHEepallud U OIpeesICHUs MapaMeTPOB AJIEKTPOMArHUT-
HBIX CUTHAJIOB, a TAaKXke JJisi co3fgaHusi MH(GOPMAIIMOHHONW CUCTEMbl MOHUTOpPUHIA MpU
BO3HUKHOBEHUH JACCTPYKTUBHBIX 30H M PAa3BUTUU Pa3pyLICHUS TOPHBIX OPOJ B MPOLEC-
ce namenenus ux H/IC no napamerpam u xapakrepuctukam OMD.

B ruaBe S npencTtaBiieHbl pe3yJabTAThl IKCIEPUMEHTAIBHBIX UCCICTOBAHUN JIICK-
TPOMAarHUTHOM dMHMCCUM MAaCCUBA TOPHBIX MOPOJ B maxTe TamTarojbCKOro MECTOPOK-
JeHUsl. DTH UCCIEIO0BAaHUS BaXKHBI JUIsl pa3pabOTKH METO/1a MOHUTOPUHIA U KPATKOCPOU-
Horo nporao3a uzmeHenud H/IC ropHsIx mopoa B €CTECTBEHHOM MX 3aneranuu. llepso-
HayaJibHO HEOOXOJIMMO OBbUIO CMOJENHPOBaTh MHTEHCUBHBbIE n3MeHeHust HJIC, cpaBHu-
MBI€ I10 DHEPTUU C ONACHBIMU I'€OJIMHAMUYECKUMU IIPOSBICHUAMHU, U UCCIEAOBATh IIa-
paMeTphl U XapaKTEPUCTUKU DJIEKTPOMATHUTHOW dMHUCCUU IIOPOJHOIO MAacCHUBa 0 U I10-
ciie 3TUX coObITUH. Mcroib30BaTh B Ka4€CTBE MOJIEIBHBIX €CTECTBEHHbBIE I€0IMHAMUYe-
CKHUE SIBJICHMSI HE LIeJIECO00Pa3HO, TaK KaK OHM JIO CBEPILEHHUS COOBITHUS HE OIpPEIEIICHBI
HU BO BPEMEHHU, HU B IIPOCTPAHCTBE U MOTYT UMETh pa30poc B ECATKU U COTHH KHIIO-
METpPOB, a 10 BPEMEHU MEPHUOJ] MPOSIBICHUS COOBITUI MOXET JOCTUraTh FOJWYHBIX 3HAa-
yeHnd. MozennpoBanre BOSHUKHOBEHUS M Pa3BUTHS JECTPYKTHUBHBIX 30H JI0 MPOSBIIE-
HUSI TE€OAMHAMHUYECKUX SIBJICHHM B MaCCUBE FOPHBIX MOPOJ BO3MOYKHO B YCJIOBHSX LIAXT
IIPY BO3AECHCTBUSX B3pbIBAMU. B 3TOM cilydae pa3BuTHE NE€CTPYKTUBHBIX MPOLIECCOB CKa-
TO BO BPEMEHM U OINPEIEIEHO MPOCTPAHCTBOM IIaxThl. KpoMme TOTO, B IIAXTHBIX yCIOBU-
SIX Ha OOJIBIIUX TTyOMHAX UCKIIIOYAETCS BIUSIHUE aTMOC(EPHOTO dJIeKTpUuuecTBa. TeXHO-
JIOTUYECKHUE B3PBIBBI OT JIECATKOB Kujorpamm 10 300 TOHH MPOBOAMIUCH MpH A0ObIUE
pynbl Ha TamTaroinbCKoM kene3opyaHoM mectopoxkaeHuu (r. Tamraron, KemepoBckas
0011.) Ha rryouHax (520-800) m. [Ipu 3TOM BO3HHMKAIOT I€OAMHAMHYECKUE COOBITHS C
JHEpPrueu 1o 10° JIx, B TOM 4uciie ¥ TopHbI€ yaapsl. [IpudyemM nposiBiieHus: reoauHamMuye-
CKUX COOBITUH MOTYT HMPOMCXOAMTH Cpa3y MOC]E TEXHOJOTMYECKUX B3PHIBOB, a TaKKe
yepes3 onpeesieHHbIH MPOMEXYTOK BpEMEHH, YTO OCOOEHHO OMAacHO MpPU BEIACHUH padoT
B IaxTe. /J[MHaMHKa MacCuBa MOXET NPOSBIATHCS MPU MAJBIX TEXHOJOTHMYECKUX B3PBI-
BaX, SBIAIOIIMXCS CIIYCKOBBIM DJJIEMEHTOM IIPU OIPEACIICHHBIX YCIOBHUSIX HAKOIUICHHUS
SHEPTrUU B MacCUBE, U MPHU BEJECHUU OUYHUCTHBIX padoT B Ipolecce 100b1YM pyasl. B cBs3u
C OTUM BCE€ HWKE NPUBEICHHBIE MCCIECAOBAHMS SJIEKTPOMATHUTHOM 3MHCCUU IPOBOIU-
JUCh B OCHOBHOM B IIaxTe TalTaroJbCKOro MECTOPOKAECHUS, CIOKEHHOTO MPOYHBIMU
TOPHBIMH ITOPOAAMMU.

B pesynbrare uccienoBanuii 0b10 ycTaHoBieHo, yTo u3meHeHuss HJIC maccuBa
TOPHBIX MOPOJ BCJIEACTBUE MEXAHORJIEKTPUUECKUX MPeoOpa3oBaHUM BCErJia COMPOBOX-
JNAKOTCSl UMITYJIbCHBIMH 3JIEKTPOMAarHUTHBIMU CUTHAJIAMHU U DJIEKTPOMArHUTHOW 3MHUCCHU-
eit. [Ipu 3ToM mapameTpsl U XxapakTepucTuku OMD onpenenstoTcss MEXaHUYECKUMHU, JTH-
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ANEKTPUYECKUMHU U MarHUTHBIMH CBOMCTBAMM TOPHBIX MOPOJ, a TAKXKE 3aBUCAT OT SHEP-
I'MH COOBITUSI HA BCEX ATalax €ro pa3BuUTHs. bbUIO yCTaHOBIEHO, UTO aTMOC(hEpPHOE IIEK-
TPUYECTBO HE OKA3bIBAET BIMSHUS HAa CYTOUYHBIM XOJ 3JEKTPOMArHUTHOW 3MUCCHUU Mac-
CUBa FOPHBIX MOPOJ B pyAHBIX MaxTax riayonHou 6osiee 300 meTpos. 11t yBepeHHOTo U
HagexHoro mpruema OMC mepBoHAYAIBHO pa3padaThIBAMCh METOIBI ONPEICIICHUSI MECT
yctaHoBkH peructpatopoB tuna POMCI1 u POMACI (rnasa 3

CHavasia ObUI UCIOJIB30BAH METOJ 3JIEKTPOMArHUTHOTO NMPOQPUINPOBAHUSA, KOTO-
pBIN paHbLIE NPUMEHSUICS Ha JTHEBHOM NOBEPXHOCTH 3€MJIM M OCHOBBIBAJICS HA U3MEpe-
HUU JIOKAJIbHBIX MOCTOSIHHBIX 3JIEKTPUYECKUX IOJIeH B TOpHBIX nopojaax. HaGmrogeHus
M3MEHEHUN HMHTEHCUBHOCTH OMD B peXMME 3JIEKTPOMAarHuTHOTO MNpO(UIMPOBaHUS
IPOBOJAMIIMCH HA MPOTSKEHUH IIECTH JIET IO OJHOMY pa3y B IoJ B OPTE 2 TOPU30HTA MHU-
Hyc 210 Ha roybune 660 METpOB OT JHEBHOW IMOBEPXHOCTH. MecTo mpoduimpoBaHus
ObUIO BBIOPAHO UCXOAS U3 TOTO, YTO C 3TOTO TOPU30HTA B TamTaroibCcKOM pyIHHKE
HayaJld MPOSIBIATHCSA TOPHBIE ynapbl 00JIbIION MHTEHCHBHOCTH. llenbro mpoduimpoBa-
HUsA ObUIO BBISIBICHHE MECT M YCIOBUU HAWOOJBIIEH 3JIEKTPOMAarHUTHOW aKTUBHOCTU B
IaxXTHOM Tmosie TamTaroibCKoro MecTopoxkaeHus. MccienoBaHusi MmokasaiH, YTO IMpe-
MMYIIECTBEHHON 3MHUCCHOHHOM 3JIEKTPOMAarHUTHOW CIIOCOOHOCTBIO 00J1aal0T KOHTAKThI
TOPHBIX MOPOJI Ha 3aJICYEHHBIX JTallKaX M TPEIIMHAX MEHBIIEro pa3Mepa. ITO COrIacyeT-
Csl ¢ pe3yJbTaTaMu JIAOOPATOPHBIX UCCIACAOBAHUM IBOMHBIX, TPOUHBIX U MHOXECTBEHHBIX
CJIIOUCTBIX CUCTEM, NPUBEIACHHBIX B IaBe 4. M3-3a u3sMeHeHusa napameTpoB OMDO BO
BPEMEHH OTKJIOHEHMSI YCPEAHEHHBIX 3a OJIHY ceKyHAy aMIuTyn OMC npu npodunupo-
BaHMM Haxojuiack B npezaenax 20%. PacnpocTpaneHue HapyleHuid B 30Hy IIPOBEICHMUS
B3PBIBHBIX U OYMCTHBIX pabOT MMO3BOJIMIIO 3PPEKTUBHO U3ydaTh pa3BUTHE re0IMHAMUYe-
ckux  coObiTui. Takum  o0Opa3oM, MOHUTOPHUHI  W3MEHEHHS  HaIpsHKEHHO-
1e(pOPMUPOBAHHOTO COCTOSIHUSL MACCHUBOB I10 IMapaMeTpaM M XapaKTEpUCTUKaM 3JIEKTPO-
MarHUTHOM 3MHUCCHUU HamOOoJee MPEeaNOYTUTEILHO BECTH Ha JailKaX W KOHTaKTax MOpo/,
MMEIOIIMX BBIXOJl Ha PAa3JIOMBbI, 30HbI CMEUIEHUSI U CMSATHS, a TAKXKE B MECTa MPOBEACHUS
TEXHOJIOTHYECKUX B3PHIBOB.

B kauecTBe emie 0JHOrO METOJa JJisl BBISBJICHMS HAIPSKEHHBIX MECT B MAacCUBE
oObLna puBiedeHa MK paguomeTpusi CKBaXXUH M MX OJU3IEkKAIIMX OKpecTHOCTEH. B ria-
Be 4 npuenensl u3MeHeHns MK cBeueHus: OTBEPCTUN U UX OKPECTHOCTEMN NMPU PA3BUTHH
paspylieHusi 00pa3oB FOPHBIX MOPOJ. DTO ABJICHHE TAKXKE, KAK M AJIEKTPOMArHUTHOE
npoUIMpOBaHUE, MCIOJB30BAJIOCh MPU BHIOOPE MECT YCTAHOBKHU 3JIEKTPOMArHUTHBIX
peructpatopoB tuna POMCI1 u POMACI nns monutopunra nsmenenuii HJIC maccuBa
TOPHBIX MOPOJ MO MapaMeTrpaMm U xapakrtepuctukam OMD. 3amepnl temneparypsl MK
CBEUCHHMS IOBEPXHOCTH, KOHTAKTOB TOPHBIX MOPOJ, @ TAaKXKE B CKBAKMHAX Pa3HOIO
Ha3Ha4YeHMs MPOBOAUIHU ¢ Mcnoab3oBanueM TeroBu3opa IRISYS IRI 4010B B nquana-
3one qumH BonH (8—14)-10° m. TTopor ero TemmeparypHOii 4yBCTBUTEIBHOCTH COCTAB-
astt ve menee 0.15° C. TerutoBu3zop obecrieunBai U3MEPEHHE TEMITEPATYPhl OT MUHYC
10°C o mumroc 250°C. Ha pucynke 17 nokazano MK cBeuenune pa3rpy304HbIX CKBaKUH U
ux okpectHocTedl B opTe 11 ropuzonra munyc 350 (rmyouna 800 m) TamraroybCKoro
pyIlHUKa, a Takke npuBeaeH cHUMOK MK cBeueHus B CKBaXKMHE Ha IyOuMHE OKoyio 12
M, ipoOypeHHol Ooznee 30 nHeit mepea chbemkoil. [lo maHHBIM aHanM3a cocTaBa Kep-
HOB, MCCJIEIOBAaHHBIX paHee Mpu OypeHUH, Ha 3TON MIyOMHE HaXOAUTCS KOHTAKT Mar-
HETUTOBOU pyJbl U claHLleB. MHOTOKpATHbBIE MCCIIEIOBAHUS MTOKA3aJIM, YTO MOBBIIICH-
Hasl TeMIiepaTypa CBEYEHHE CKBa)KMH BCErJa HalJI0/ajJoch B MECTax MacCUBa T'OPHBIX



29

MOPOJ], HaXOAAIIMXCS MOJ Harpy3KoW, BbI3BAHHOW TEXHOJIOTMYECKMMH B3pPBIBAMH, OCO-
OCHHOCTSIMHU OTPabOTKU PYJHOTO TeJa, IPU MPOXOJKE OPTOB U IITPEKOB, BOIMU3H 30H 00-
pYLIEHHUs, CABUKEHUS U T. 1.

18.9°C 2718°C

15.6°C 19.7°C

Pucynok 17 — UHdpakpacHoe cBeueHHE TOBEPXHOCTH 32005 C pa3rpy30UHbIMH CKBOXKUHAMU JHAMET-
pom 105:10° m opta 11 ropuzonta munyc 350 (rmyouna 800 m) TamTaronbckoro pyaHUKa MOCIE BbI-
JIepKKH B TeueHune 7 cyTok mocie Oypenus (a); UK cBeyeHne KOHTaKTa MarHeTUTOBOM PYZIBI U CIIaH-
I[eB B CKBaXWHE Ha riyouHe 12 M (0)

Takum oOpa3zom, HH(PpPAKpACHOE CBEYEHUE CKBAXKMH OTOOpPAXKaeT MPOLeCcC MOIAro-
TOBKH pa3pylICHUs B ONPEACICHHOM HaIPsKEHHO-1€(OPMUPOBAHHOM 00BEME MOPOTHO-
ro maccuBa. OCHOBBIBasACh Ha 3TOM, MOKHO 3(dexTuBHO Hcnoiab3oBath MK Tepmorpa-
¢uro, HapsAAy C PIEKTPOMArHUTHBIM NPO(UIUPOBAHUEM [JIs1 ONIPENEIIEHUS MECT C BBICO-
kuM 3HaueHneMm HJ/IC maccuBa ropHbIX nopos. BeIsIBIEHHE y4aCTKOB IMOPOJHOTO MAaCCH-
Ba C MOMOMUIBIO 3JIEKTPOMArHUTHOTO NpodruinpoBanus i UK panunomerpun CKBaKuH U
UX OKPECTHOCTEH, Haxoasmuxcs B oBbiIeHHOM HJ/IC, mO3BONMT CyIIECTBEHHO CHU3UTh
KOJIMYECTBO HCIIOJIB3YEMBIX PETUCTPATOPOB 3JIEKTPOMAarHUTHBIX CUTHAJIOB U IOBBICUT
3 PEKTUBHOCTD MPOTHO3a PA3BUTHS U MIPOSBIICHUS T'€OJUHAMHYCCKUX COOBITHIA.

B nanpheiimem nis oTpabOTKM MeTOJa MOHUTOPUHIA M MPOrHO3a T€0JAMHaMUYe-
CKHX IPOSIBJICHUN B PYIHHUKE MPEICTABIEHbI PE3ybTaThl UCCIEAOBAHUI U3MEHEHUS Xa-
paktepucTuk OMD 110 NpOBEAEHUS MAaCCOBBIX WM TEXHOJOTUYECKHUX B3PBIBOB, B MOMEHT
B3pbIBA U B MEPHUOJ PEIaKCAlMU MMOPOJHOrO0 MACCHBa IOCJE B3PBIBHOTO BO3JIEWCTBUA.
Kaxk noka3zanu nabopaTopHble U HaTypHbIE UCCIEI0BaHUs (PU3UUECKON OCHOBOW MCHOJIb-
30BaHMS AJIEKTPOMArHUTHOTO METOJA JJIi MOHUTOPUHTa OOpa30BAaHMS AECTPYKTHUBHBIX
30H U pa3BUTUS T€OJMHAMHYECKUX COOBITHI SIBISIOTCS 3aKOHOMEPHOCTH W3MEHEHHUS
HHEPreTUYECKHUX, aMIUTUTYIHO-4ACTOTHBIX, BPEMEHHBIX U APYIHX MApaMeTPOB 3JIEKTPO-
MarHUTHBIX CUTHAJIOB B 3aBUCUMOCTU OT HJIC ropHbIX mopoa 1 ux (pu3nyeckux CBOMCTB.
B maxTte TamraroibCKoro MeCTOpPOKIEHUSI B XOJI€ AKCIEIUUMOHHBIX paboT Oonee 50
pa3 ObUTH TIPOBENICHBI YETHIPEX U MATUCYTOUHBIE M3Mepenus OMD u AD. Ha pucynke 18
MPUBEJACH TUIHMYHBIM MPUMEP 3aliCd U3MEHCHUN MapaMeTpoOB 3JEKTPOMArHUTHOU U
aKyCTHUYECKON AMHUCCHII BO BPEMEHM Ha Pa3IMyHbIX KaHaiax peructparopa POMCI B
maxTHoM Tosie Tamrarosnbckoro pyaauka (MB — moMeHT B3pbiBa, ['Y — ropHsIit yaap).
Ha 5 xananax HaOIr0ar0TCS OTJIMYUS XapakTepucTUK DMD. B OTHOCUTENBHBIX €IUHH-
[[aX ITOKa3aHbl BPEMEHHbIE U3MEHEHMSI XapAKTEPHUCTHUK 3JIEKTPOMATHUTHON SMHUCCUU B
MoJIocax ¢ UEHTpabHbIMU yacToTamu 2, 15, 100 k[’ u B mmpoxoit monoce vactoT (1-
100) x['1, a Tak’ke UHTEHCUBHOCTbH (CYET) UMITYJILCHOTO MOTOKa DMD MaccuBa TOpPHBIX
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NOpOJ ¥ U3MEHEHHS XapaKTEPUCTHUK aKy-
CTUYECKOU 3Muccuu. Bpems ycpennenus
JAHHBIX MOHUTOpUHTAa OMD u AD B pe-
TUCTPATOPE YCTAHABIMBAJIOCH S C.

Takas pa3HHMIIa BO BpEMEHHOM XO-
ne OMD oO0ycioBieHa HW3MEHEHUEM
CIEKTpa M aMIUTUTYJIbl 3JIEKTPOMAarHUT-
HBIX CUTHAJIOB W3 MaccuBa mnopoa. [lo-
NOOHBIE K€ OTJIMYUSL XapaKTEPUCTUK
OMD Habmoganuch U TPU  Pa3BUTHH
paspylieHusi 00pas3IoB rOPHBIX OPOJ Ha
npecce. Ha pucynke 19 npusencHbr 48
5 YacOBbIE H3MEHEHUSI HMHTEHCUBHOCTHU
UMITYJIbCHOTO ToToka OMD B pyzae 10
IPOBEICHUSI TEXHOJOTMYECKOTO B3pbIBa

— 11— 7——7—r—  0JiIoKa Nell Mexay ropu3oHTaMu MHUHYC
= 210 m muuyc 280c 3apsankout BB 285
TOHH, BO BpEMsS €ro OCYLIECTBICHUS
(MB) u B mepuoj penakcauuyd Hamnps-
KEHHOT'O COCTOSIHMSI MacCUBa C IPOXOK-
nenueM ropuoro ynapa (I'Y) c sneprueit
1.1-10% i yepes MAThACCAT CeKyH] Io-

MB IV
%0 -

60 4

Cuetr

i 4 h k

180 4

90 4

A3

200
160

1-100 xTm,

120

100 xT1g
(]
[

15T
E & B
}— (] 1

e | cine B3pbiBa. Ha pucyHke 0OTOOpa)keHbI
11 12 13 14 15 16 17 18 10 20 21 22 21 24 TPAKTHYCCKH BCE BO3MOXKHBIC H3MEHE-
Bpewms, uac HUSI XapakTepUCTUK OMD), CBS3aHHBIE C

Pucynok 18 — Tunu4sbIi npuMep 3amucud B OTHO-
CUTENbHBIX €IMHULAX W3MEHEHUN I1apaMeTpoB
JJIEKTPOMArHAUTHOM M aKyCTHYECKOW HSMHUCCUN BO

BapuanusmMu HJIC maccuBa. [lo naHHbIM
TamrarojisCckoil CEHCMUYECKON CTaHIINU
TOpHBIN yaap ObLT ONpe/esieH Ha ITyOruHe

BPEMEHM Ha pA3IMYHBIX KaHajaxX perucrparopa
POMCI B maxtHOM mosie Tamraronbckoro pyaHu-
Ka

MuHYC 690 METPOB OT NHEBHOM NOBEPX-
HOCTU W MO TOPU3OHTAIM B IOrO-
3amajJlHOM HampaiieHuu B 50 mMerpax oT
B3pbIBa B FO3 HanpaBnenuun. Pa3BepTka BO BpeMEHH U3MEHEHUSI THTEHCUBHOCTH MTOTOKA
OMC 1o UHIYKIIMOHHOM COCTaBIISAIONICH MOKa3ana, 4TO BO30YKIECHHOE COCTOSTHUSI Mac-
CHBa IOCJIE TOPHOrO yAapa MpoA0JKajloCh B TEUEHHE 4 MUHYT C MOCJIEAYIOIINM €€ CHU-
KEHUEM JI0 3HAY€HUN MHTEHCUBHOCTH OMDO mepen B3pbiBOM. llocie Takoil 4aCTUYHOM
peJlaKkcal MEXaHUYECKUX HAMNPSKEHUN B MAaCCUBE CTAJIO MPOSBILITECS HOBOE Hapacra-
Hue Bo3Oyxaenuss HJIC, koTopoe COMpoBOXIanoCh MOIYyTOPAYACOBBHIM IOBBIIICHHEM
CPEAHEro ypOBHS MHTEHCUBHOCTH OMD. AHaN3 X0Ja MHTEHCUBHOCTH DOMD mokasain,
YTO BpEMSI HAXOXKJICHHSI MacCMBa B TAKOM COCTOSIHUM MPOJIOJKAIOCh OKOJIO 17 4acos, ¢
BO3BpaToM B TeueHue vaca coctostHuss HJIC Ha HOBBIN ypoBeHb. Bo30yxkaeHuss MexaHu-
YECKUX HAMpsHKEHUN TAaKOro BUJA XapaKTEPHBI MPHU CABUKEHUU OOJBIIMX MAacC MOPOIbI
[0 aKTUBHBIM pasjioMaM B MaccuBe TalTarojibCKoro pyaHuka. TakuM o06pa3oM, B Mpo-
1[ecCe MCCIeOBAaHUM XapaKTepuCcTUK OMD ObUIO BBISBIIEHO 3 OCHOBHBIX BPEMEHHBIX
npoueccoB usMenenuss H/IC MaccuBa nocne B3pbIBa, KOTOPBIE MPOXOAST B TEUEHUE Ce-
KYHJl, MUHYT U 4acOB.



31

h
Ln
(=1
(=]
=)

.
oh
(=}
(=}

i
!

("3 ]

(=3

(=}
L

[g=]

(=3

=
L

i
\
B
;

.

L L;, TN

'V 12:05:16

—

=]

(=]
I
-

—
(=2

[=

[=] [=
az
—n

. MB

0 4 8§ 12 16 20 24 4 8 12 16 20 24 12:04:26 12:06:51 12:09:16
Bpewms, uac Bpewms, ya:MM:ce
Pucynok 19 — VM3MeHEHHS! HHTEHCUBHOCTH MMITYJIbCHOTO ITOTOKA 3JICKTPOMAarHUTHON 3MHCCHHU: 4 - B
TedeHue 48 4acoB 10 TEXHOJIOTUYECKOTo B3pbiBa O10ka Nell mexy ropusontamu Munyc 210 u Munyc
280, Bo Bpems ero ocyinectsicHus (MB); 6 — B mepro1 peltakcauy HalpsHKeHHOTO COCTOSTHUS MacCH-

Ba C MPOXOoXkaeHneM ropaoro yaapa (I'Y).

HuaTeHcHBHOCTE OMD, OTH.CI.
HHaTEeHCHBHOCTE DMD, OTH.CII.

B mpouecce u3MepeHus XapakTepucTUk OMD OlLIEHHBAIUCh HHQPOPMAIIMOHHBIC
BO3MOYKHOCTH JIByX THIIOB JAaTYMKOB JUJISI PETUCTPALMU €MKOCTHOM W MHIYKIIMOHHOM CO-
CTaBIIIOIIMX NIEKTPOMATHUTHOTO NOJIA B epuo auHamudeckoro nsmenenns H/IC mac-
CUBa FOPHBIX MOPOA. BblIO yCTaHOBIIEHO, YTO MHAYKIMOHHBIE TaTYMKU Hauboiee 3 dek-
THUBHBI IIpU perucrpanud MO U3 pyasl WU NOPOJ, UMEIOIINX BKIFOUEHUS MarHETUTO-
BOI pynbl. EMKOCTHBIE TaTYMKK MOXKHO IMIPUMEHSAThH Ha JIFOOBIX yYacTKaX IIAXTHOTO IO,
TaK KaK MarHeTUTOBAas py/la BCEINA MMEET BKJIIOYEHHUS MOPOJ C BBICOKHM YAEIBHBIM CO-
IIPOTUBJICHUEM.

Ha pucynke 20 npencrasieHa emie ojHa XapakTepHas 3anuch OMD, cBsizaHHas ¢
Bapuanusamu H/IC maccuBa mocie TEXHOJIOIMYECKOro B3pbiBa. Macca 3aJI05KEHHOTO TS
B3pbiBa BB cocraBmsiia 200 toHH. [Ipuboper POMCI ¢ MHAYKIMOHHBIMH JAaTYUKAMH
YCTaHABJIMBAJIUCh HA ropu3oHTa MUHYC 210 B opre 2. /laTyuku 1u1si NU3MEPEHNN XapaKTe-
puctuk OMD u AD pa3memand B MECTE KOHTAaKTa MOPOJHOIO0 MacCHBa C JAAWKOM, MPoO-
cTUparonieiics B o0nactb B3pbiBa. PerucrpupoBanuch AaHHbIE MO BceM 6 KaHajaMm C
YCPEAHEHUEM JTaHHBIX 34 5 CEKyHJ: MHTEHCHUBHOCTh IoTOKa DOMC; akycTHYECKast IMUC-
cust; ammntyaa OMD Ha mmpokoi nosjoce yactoT (1-100) kI'u; ammutyast MO B mo-
Jocax ¢ HeHTpanbHbiMu yactotamu 2, 15 n 100 xI'. PerncrpupoBanuck naHHbIE 110 BCEM
6 KaHajgaM C YCPEJHEHHUEM JIaHHBIX 3a 5 CeKyHJ: MHTEHCUBHOCTh oToka DOMC; akycTH-

800 YCCKasd SMHCCHUA; aMILIUTY-

+— Bspss BB na OMD Ha mupoko# mo-

aoce yactotr (1-100) xI'm;

500 Bpewms cobbrrms 22:22:42 AMILTIMTYAbI OMD B moijo-
N Dueprua 8.9 -10* Ik

Paccroanune oo POMCI - 151 m cax ¢ I_[eHTpaHI)HI)IMI/I qa-

croramu 2, 15 u 100 xI1I.

HurencueHocTs IM3I, OTH.E@.

Z AHaIN3 JaHHBIX PErucrpa-
4007 [[MA TI0Ka3aj, 4TO KOJIMYe-
] CTBO M AaMIUIUTY/Abl BBICO-
st KOYaCTOTHBIX CHTHAJIOB TO-

T T T T T T T T T

CJIC TCXHOJIOTHYCCKOTO
12 13 14 15 16 17 18 19 20 21 22 23 24

Pucyox 20 — VI3MCHEHWS HHTGHCHBHOCTH OJIEKTPOMATHWTHOH YMEHBIIAKOTCA. JTO 00cTOs-
OMHCCHH B IIEPUOJ] PEIaKCallMi TOPHOIO MacCuBa IIOCIE MPoBeAe- TEJIBCTBO TOBOPUT O CHUKE-
HUS TEXHOJIOTMYECKOTO B3pbIBa MEKAY ropu3oHTamMu MUHYC 140 ¥  pyum koamyecTBa BHOBB 00O-

muave 210 B 6rioke (4-5) Pa30BAHHBIX TPELIMH B Mac-
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crBe pasMepoM He Gonee (5-7)-107 M wmn miomansio 1o 510 m°. Hapacranue ammm-
Tya OMD oTMEHaIoCh TOJABKO B IMOJIOCAX C LEHTPaIbHbIMU yacToTamu 15 u 2 xI'n, 4ro
YKa3bIBa€T Ha POCT TPEUIMH JJIMHOW O OJHOrO METPa WM MMEKUIUX IJIOMAab OTPbIBA
70 OAHOTO KBajapaTHoro merpa. Ha pucynke 20 BblfeneH mpuMep HapacTalomnuX HU3Me-
HEHHUI MHTEHCUBHOCTU DMD B T€UEHUM OJHOTO Yaca, pe3Kui craj KOTOPOU MpOou30IIes
MIOCJIE TEKTOHUYECKOTO TOJMYKA YETBEPTOrO IHEPreTUYECKOTO Kiacca. DTO yKa3bIBAET Ha
TO, YTO MOHUTOPHUHT MOATOTOBKU U PA3BUTHSI T€OAMHAMUYECKUX COOBITHI BO3MOXKEH MPHU
BBIIIIE YKa3aHHOM yCTaHOBKE peructpupytoieit OMD annaparypsl. Habnrogarores takke
cily4yau, Korja mociie TexHojormyeckoro B3poiBa H/IC maccuBa B paifoHe oOpyiieHUs
«MSITKOY» PEIaKCUPYET B BUJE TOIYKOB. DTO 3aBUCUT OT MHOTUX (PaKTOPOB, KAK TEXHOJIO-
TUYECKHX, TAK U TOPHO-TE€OJIOTUUECKUX.
Kak noka3an KOMIUIEKCHBIN aHaJIN3 3JIEKTPOMATHUTHOW U aKyCTUYECKOM AMHUCCHIA,
a TakKe JAaHHBIX HaOmMroaeHUM TamTarojabCKoi CeHCMHUYSCKON CTaHIIMU, MEJICHHBIC H3-
MeHeHus: DOMD He uMenu OOBEKTHBHBIX (PU3UUECKHX OOBSICHEHMH, TaK Kak cedcMuye-
CKasl CTaHLMS HE (PUKCHUpOBAJIa CYIIECTBEHHBIX I'€OJUHAMUYECKHX MPOSBICHHUA B 3TOT
nepuoJl BpeMeHu. J1Jid BhIABICHHS IPUYMH TaKUX U3MEHEHUI XapaKTepucTuk OMD Obu1o
MIPOBEICHO (PU3NYECKOE MOJECIUPOBAHNUE BO30YKIEHUS JIEKTPOMArHUTHBIX CUTHAJIOB B
MAaCCHUBE T'OPHBIX IOPOJ C UCIOJIb30BAHUEM CHENUAIBHOIO YAAPHOTO MHEBMATUYECKOTO
yCTpOHCTBa pa3pa60TaHHoro B I/IHCTI/ITyTe ropHoro aena CO PAH. Ha pucynke 21 npu-
BEJCHbl (PparMeHThl H3Me-
pEHHIl  aMIUIUTYyA  JABYX
CIIEKTPAJIbHBIX COCTABJISIO-
mmux OMD, 3aperucTpupo-
BaHHeie POMACI npu ce-
puu ynapoB B TeueHue 60 u
453 i | i 430 cexynna. MccnenoBanus
' g‘ POBOJAMIINCH HA TOPU3OHTE
%«mmm" J i “‘ ‘"""4”‘ 9’”&'}‘;‘4‘)"'/ Sl *aﬂ iy mumEyc 350 (rryGuna 800 M)
~ B opre 8. Ha sTOoM mocnen-
HEM [0 TJIyOMHE TOPU30HTE
U Ha BBIIE MPOCTUPAIO-
IEMCSl TOPU30HTE MUHYC
280 (rmybuna 730 M) B mie-
pUoA  TIPOBEIEHHUs JKCIIe-
PUMEHTAJIBHBIX W3MEpPEHUN
OypoBBIC,  OYHCTHBIE |
CTpPOUTENbHBIE PAOOTHI HE
BBINOJHSUINCH. Hcrionb3ye-
MO€ B DKCIIEPUMEHTE ITHEB-
s MaTHYECKOE yIAapHOE
12900:01 ' 12:0'2:10 12: 04 18 ' 12:0'6:27 ' 12:0'8:36 yCTpOﬁCTBO pasBUBAJIO
Boema. ad:MAice YCHUIIUEC OKOJIO 90 I[)K C 4a-
croroi 1 I't. Yapsl mpous-

| (] {1111
30001 L[4 HHEHEH T a

3000

2000 1

Ammuryaa OMD.otH.ca.

0
11:45:00 11:45:30 11:46:00 11:46:30 11:47:00
Bpema, waivnice

4000 | |

3000 -

2000 1

Amnauryaa OMD.otH.ea.

1000 4

|

i ﬂ‘-*%ﬁ‘f".‘.’ﬁ“““lfﬁ*"“i‘?*-&?;

ek

Pucynok 21 — VI3MeHeHHsT aMIUTUTY/Ibl CIIEKTPATbHBIX COCTABIISIFO- ’
mmx DM rOpHBIX MOpOJ Ha BHIOPAHHBIX YaCTOTAax NpH Bosaeii- BOAWIH cepuitHo. Kommde-
CTBHMHM TepBOi cepun ynapoB B TeueHue 60 c(a) m 430 ¢ (6): 1 —1 CTBO yZapOB YyBEIHMYUBAIU

kl'; 2 — 13 k' oT cepuu K cepuun. U3mepe-
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HUS NPOBOAMIIOCH C YCpeIHEHHEM aMIUIUTY bl OMC paBHBIM 32 MUITUCEKYHA. AKYCTH-
YEeCKUE CUTHAJBI B BHJI€ UMITYJIbCHOTO BO3JEUCTBUSA UMEIH KOJIOKOJI000pa3Hyto Gopmy.
IIpn npoBeneHUM SKCIEPUMEHTOB BBISBIICHA BA)KHAs 3aKOHOMEPHOCTb. Kak BUIHO W3
pucyHkoB 21 B Hauanme cepuu yJIapoB aMIUIMTYJa BO30YKIa€MbIX 3JIEKTPOMAarHUTHBIX
CUTHAJIOB BO3PAaCTAET MO 3aKOHY OJIM3KOMY K JINHEWMHOMY. 3aT€M MPOUCXOAUT yMEHbIIIE-
HUE ycpeaHeHHON ammnTyasl OMC 10 oNpeneneHHoro 3Ha4eHusl U IEPKUTCS Ha BCEM
BPEMEHHOM JMalla30He MOCIEAYIOINX YAApOB B CEPUU. DTO CBA3AHO C PE30OHAHCHBIMU
SBJICHUSIMU, OOYCIIOBJIEHHBIMHU pa3MepamMu OJIOKOB, TPEIIMH, IIUPUHON TpaHUIl paszena,
YIJIOM HAaKJIOHA AJEKTPUYECKOrO MM MAarHUTHOTO JUIOJEN N0 OTHOUIEHUIO K HalpaBiie-
HUIO NAJAr0IIe aKyCTUYECKON BOJIHBI, 4 TAKXKE C YCTAHOBUBIIMMUCS CO BPEMEHEM BBbI-
HYXJCHHbIMU KoJieOaHusiMU. ClieyeT 3aMeTUTh, YTO MOCKOJBbKY BO30YKIaloIUE aKy-
CTUYECKUE UMITYJIbCHI OJIM3KU MO aMIUTUTY/IE, TO U YCTAHOBUBIIUECS BBIHYXKICHHBIE KO-
nebaHusa o0beMa TOPHBIX MOPOJ Takke OyIayT OJMM3KH Mo aMIuiuTynae. B pesynbrare moj
JCHUCTBHEM STHX BBIHYXICHHBIX KOJEOAHWUN MPOUCXOAAT aKyCTHKO-3JIECKTPOMArHUTHBIC
npeoOpa30BaHUs Ha TPAHULIAX MUHEPAJIOB M CJIOEB, HA TPEUIMHAX WM Ha KOHTAKTax pas-
JIMYHBIX MUHEPAIBbHBIX BKIIOUYECHUHN, U TEHEPUPYIOTCS JJIEKTPOMArHUTHBIE OTKIIMKH TOp-
HBIX ITOpoJ. [Iprdem B HayanbHBINA NEPUOJ BPEMEHH, B COOTBETCTBHE C U3MEHEHUEM aM-
IUTUTY/Ibl YCTAHOBUBIIHUXCS BBIHYXJACHHBIX KOJIECOAHU, 3JIEKTPOMArHUTHBIE CUTHAJIBI OY-
OyT UMETh 00Jiee BBICOKYIO aMIUIMTYAY C MOCIEIYIOIIMM MOHHMKEHHEM €€ 10 OmpeJie-
JIEHHOT'O YPOBHS.

MopnenbHbIE SKCIIEPUMEHTHI, NTOKA3aBIINE YMEHBIICHHE aMIUIUTY bl OMDO oT no-
CJIEIYIOIIKX YJAapOB, PABHBIX 110 PHEPIHH MEPBOHAYATIBHBIM, TO3BOJIUIN OOBSICHUTD SIB-
JICHHE IUIABHOTO U3MEHEHUS [1apaMETPOB DJIEKTPOMArHUTHON SMUCCHHU I10CIIE HEKOTOPBIX
MOIIIHBIX TEXHOJIOTMYECKUX B3pbIBOB. Hamo 3aMeTuTh, 4TO TakHe M3MEHEHHUS XOJa aM-
IIMTYApl OMD B mEepHoJ pejlakcalMi MOPOJHOIO MAacCHBa IOCIE TEXHOJIOTMYECKUX
B3PBIBOB OOJIBIIION MOIIHOCTH BCTPEYAIOTCS HE yacTo. Ha pUCyHKe Kpome IMJIaBHBIX H3-
MEHEHUHN HaOJIOJal0TCs U MUKOBbIE U3MeHeHus OMD. DTo yka3bIBaeT Ha TO, UTO MOCJIE
B3pbIBA IIPOUCXOAUT MEIJIEHHOE CABMKEHHE MACCHUBA TOPHBIX ITOPOJ C Pa3HOW CKOpO-
cThio U ¢ nepepacnpeneneaueM HJIC o pazmomaM U ApYruM MIOCKOCTSIM CKOJIBXKCHUS.
Takue NUKOBBIE 3HAYEHUS aMILIUTYA OMO IpOSBISAIOTCA U NPU PA3BUTHU JECTPYKTUB-
HBIX 30H B HAIIPSDKEHHBIX MECTaX MACCUBA TOPHBIX NOpoA. CIBHKEHUE MacCUBA TOPHBIX
MOPOJ] COMPOBOXK/IAETCA MHOKECTBEHHBIMU MEXaHUYECKMMHU CKOJIaMH, TPEIIMHOO0pa30-
BaHHWEM U, COOTBETCTBEHHO, aKyCTHYECKOM dMHUCCUEN. B pe3ysibTate COBOKYITHOCTH Tpe-
HUS OPOJHBIX MacC U TPEIIMHOOOpa30BaHUs MpHU MEPEMEIICHNH, a TaKKe BO3ACUCTBUSA
BO3HUKAIOIMX aKyCTUYECKUX CUTHAJIOB HA JABOMHBIE DJIIEKTPUUYECKHUE CIIOM, BCErAa IpHU-
CYTCTBYIOIIMX B TOPHBIX NOPOAAX, NOSIBISIOTCS 3JE€KTPOMATHUTHBIE OTKIIMKH, aMILIATY-
J1a KOTOPBIX U3MEHAETCs IUIABHO Ha OINPEAEICHHOM YPOBHE 3HAYE€HHWU B COOTBETCTBHE C
SHEPruel MeXaHW4YeCKOro BO3JeHCcTBUA. Ha 3TO yKa3bIBalOT M pe3yiabTaThl (PU3UYECKOTO
MOJEIUPOBAHUS MPU BO3AEHCTBUM HA MACCUB HU3KOJPHEPreTUYECKUMU yaapamu. Moje-
JUpOBaHHE B J1a0OPATOPHBIX YCIOBUSX M3MEHEHUs napameTpoB OMC mpu TpeHuu mo-
BEPXHOCTEN IOJIEBOTO IIMaTa W rpaHUTa C €CTECTBEHHOW HIEPOXOBATOCTHIO, MMEOIINX
pa3Hylo TBEpJIOCTH Mo ImKaie Mooca (6 u 7, COOTBETCTBEHHO), MOKa3aJI0 TAKYIO ke 3aK0-
HOMEPHOCTb BO3PACTaHUS U CIIa/1a 10 ONPEIEICHHOTO YPOBHA 3HAYEHU aMIIUTy s OMDO.,

Takum 00pazoM, XapaKTEPUCTHUKU SIIEKTPOMArHUTHOM HSMUCCUHU, BO3HUKAIOIIEH
BCJIE/ICTBUE MEXAHOZJIEKTPUUYECKUX MPeoOpa3oBaHUl B TOPHBIX MOPOJAX, OTOOpa)aroT
m3meHenust HJIC noponnoro maccuBa. M3 pe3ynbTaroB MCCIENOBAHUN CIEAYET, YTO IO
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AMIUIMTYIHO-4aCTOTHBIM MapaMeTpaM 3JEKTPOMATHUTHBIX CHTHAJOB TOPHBIX IOPOA
MOXKHO CYIWThb O Pa3BUTUHU TPEUIMHOOOPA30BaHMS U, COOTBETCTBEHHO, O Pa3BUTUU Jie-
CTPYKTHBHBIX 30H U JUHAMHUKE MaccuBa. M3MepeHnsI HHTEHCUBHOCTH M aMIUTMTYAbl OMO
TOPHBIX MOPOJ B YCJIOBHSX INAXT U PYIHHUKOB ITO3BOJIAT ONPEAEIATh peajbHble BpEeMEHa
MOJTOTOBKH T€OJMHAMHUYECKUX COOBITHI M MX MPOSBICHHS, a TAKKE BBISBISATH OCOOCH-
HocTu nepepacnpenenenuss HJIC maccuBa, B TOM 4YHCIIE M €M0 MENJIEHHOE CJIBH)KECHHUE.
3HaHUe 3TUX 0COOECHHOCTEH MO3BOJUT MPABWIBHO U YPPEKTUBHO OCYIIECTBIATH YIIPaB-
JIEHUEM Pa3rPy3KOl MacCUBa TOPHBIX MOPO/I.

B cBsA3M ¢ TEM, YTO KOJIMYECTBO OCAJKOB M BIAXHOCTh B IIaxTe TamTarojibCKOTro
MECTOPOKJICHHS B TEUCHHE T'0J1a BAPbUPYETCS B COOTBETCTBUE C MOTOAHBIMU YCIOBUSIMH,
IPOBOJAMIINCH CIIEIUAJIbHBIE UCCIECAOBAHUS CE30HHBIX U3MEHEHUI XapaKTEPUCTUK DMO.
Bech nepuoa uccnenoBanuii Obul pa3OUT Ha YeThIpe ce30Ha (BECHA, JIETO, OCEHb, 3UMa).
Pabotsl mpoBogunuce: ¢ 23.04.2014 mo 29.04.2014; ¢ 16.06.2015 mo 25.06.2015; c
26.08.2015 1o 03.09.2015 u ¢ 08.12.2015 mo 16.12.2015. B pe3ynbTaTe 3TUX HCCIEAOBA-
HUM OBUIO BBISBIIEHO, YTO HA XAPAKTEPUCTUKU DMD BIAKHOCTHBIA PEXUM B IIAXTHOM
M0JIE PYyIHUKA OKAa3bIBAET BIIMSHHUE B OOJBIIECH CTENEHHU MO 3JIEKTPUUYECKON COCTABIISIO-
1€l 3JIEKTPOMArHUTHOIO TOJISI U B MEHBIIEH CTENEHU Ha MOKAa3aHUs MO0 MHIYKIIMOHHOU
COCTaBIIIOLIEH.

AHanu3 u3MepsAeMbIX B pa3HbIe EPUOJIbI TOJA XaPaAKTEPUCTHK 3JIEKTPOMArHU THOM
U aKyCTHYECKOW 3MMCCHHM TOPHBIX MOPOJ, CIEKTPAIbHBIX napameTpoB OMC, naHHBIX
ceiicMruecKkux HaOIIOACHHM 10 U BO BpeMsl IPOBEICHUS TEXHOJIOTMUECKUX B3PBIBOB, IIPU
penakcanuy MOpoAHOr0 MAacCUBa IOCJIE B3pPbIBA MTOKA3aJl UX YCTOMYMBYIO CBS3b C M3Me-
Henusimu HJIC nopoaHoro maccuBa. Y craHOBIIEHA KOppessanusa (HakKTHUECKOTO MPOXOxK-
J€HHs] T€0IMHAMUYECKUX COOBITHI MO JAHHBIM aKyCTUYECKHUX M CEMCMUYECKUX HaOIIo-
JCHUI B TIEpUOJ IEpepaclpeIesieHus] HalpsyKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS Mac-
CHBA Y BO3pACTaHUs aMIUIUTYIbl DOMDO.

B pabote npeacTaBieHbl pe3ysbTaThl AETAIBHBIX HCCIEIOBAaHUMN CBSA3EH mapaMmeT-
POB U XapPAKTEPUCTUK AJIEKTPOMArHUTHOM AMHUCCUU C CEHCMHUYECKUMH HAOIIOACHUSMU.
[IpoBeneHHsIl pacuer Koppensauuu 1o [Iupcony nokasan, 4ro: KOppesanus Mex1y Kiac-
COM TMPOM3OIIEIIIET0 MOCIE B3pbIBa COOBITUS M MHTEHCUBHOCThIO DMO cocraBuia -
0.96, a ¢ ammutynamu OMD Ha yacrotax (1-100) k"1, 100 xI'u u 2 xI'p — 093; koppe-
UM MEXAY KIAcCOM MPOM3OLIEANIEr0 MOCJIE B3pbIBA COOBITUS M MHTEHCHUBHOCTHIO
akyctudeckoit smuccun — 0.89. B xauecTBe mpumepa Ha pucyHke 22 NMpuBEIEH KIacc U
BpEeMS T€OIMHAMUYECKUX COOBITUI MPOU3OILIEIINX TOCIE MACCOBOTO TEXHOJIOTHYECKOTO
B3pbIBa Osoka 12 mexay ropusontamu mMunyc 280 u munyc 350. [To manHBIM ceiicmo-
CTaHIIMU B TIEpBbIC 5-6 MUHYT BOJM3HM MeCTa B3phbiBa 0J0Ka MacCHMBa MPOUCXOIUT OOJIb-
110€ KOJIMYECTBO COOBITHIA. 3aTeM UX KOJMYECTBO YMEHbIaeTcs, a B 16 yacoB 17 MUHYT
42 cexkyHnabl Mexay ropuzontamu MuHyc 280 u munyc 350 Ha paccrosHuu okosio 100
METPOB OT MECTa MPOU3BEIEHHOIO B3pPbIBA MPOUCXOJIUT CEHCMUYECKOE COOBITUE C DHEP-
rueit 3.98:10° Hx. Orot Tomuok cuuzmin HJIC MaccuBa M, COOTBETCTBEHHO, YMEHBILIHII
KOJIMYECTBO ceilicMuueckux nposiBieHuil. Ha pucynke 23a oToOpakeHa crieKTporpamma
AIEKTPOMATHUTHON 3MHCCHHM B YacTOTHOM auanaszone (1-100) xI'1, momydeHHas peru-
ctpatopoM POMACI nocine B3pwiBa 05 depans 2017 roga B nepuoa ¢ 12 gaco 1o 21
yaca no KemepoBckomy BpeMeHH, a Ha pucyHke 230 U3 3TOM CIEKTpOrpaMMBbl BbIJIEIEHbI
ammuTyasl OM3 Ha dactotax 3 m 13 xl'n. Ha pucynke BUIHO, 4TO MOCJ€ B3pbIBa
Ha0JII0/IaeTCsl BBICOKAsi aKTUBHOCTh DOMD Ha HU3KOM 4acTOTe, YTO COOTBETCTBYET oOpa-
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30BaHMIO TPEIIUH MPOTSHKEHHOCTHIO OKOJI0 MeTpa. [lepen reommHaMudecKuM COOBITHEM
Ha0JIF0a1ach MOBBIIMICHHAsS aKTUBHOCTE DMD Ha yactorax u 3 Kl'1p m 13 k['1, 4TO TOBO-
pUT 00 YCHJIGHHOM TPENMHOOOPa30BaHUU Pa3HOU JJIMHBI. MOMEHT COOBITHS C SHEPTUEH
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Pucynoxk 22— PacnpeneneHrne BO BpeMEHU T'€OIMHAMHYECKUX CO-
OBITHI M MX KJIacca MOCe MAacCOBOTO TEXHOJIOTMYECKOIO B3pbIBa
05 depais 2017 roga
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Pucynok 23 — Cnekrporpamma OMD B yacToTHOM 1uanazone (1-
100) xI'im mocne TexHomoruyeckoro B3peiBa 05 ¢espans 2017 ro-
na (a); pacmpeleneHue aMIuIMTya OMD B 3TOT K€ MPOMEKYTOK
BpeMeHHU Ha BhIOpaHHBIX yacToTax 3 k' u 13 kI (0)

BceM yactoraM. Kak mokaszaHo
Ha PUCYHKax OOJbIIast aMILIHU-
Tyna OMD nHabmonanacs ¢ 16
yacoB 42 MuHyTy 1o 16 yacos
59 munyt. [lo naHHBIM Ccel-
CMHYECKOU cTaHuuu «Tamra-
roJ» 3TH aMIUIATYJBl MOTYT
OBITh TPHUBSA3aHbI K TOJYKAM
CO 3HAYUTEJIIBHO MEHbIIEH
sHepruen 125 JIx m 65 JIx.
[ToBblillIeHHAS aMILTUTyAa
OMD oOycnoBieHa Oonee
OJIU3KUM PpPACCTOSHUEM T€O0-
JTUHAMUYECKUX COOBITUH 0
PETUCTPATOPOB U JUATPAMMOMN
HaIpaBJICHHOCTH TPUHUMALO-
IIMX JATYHUKOB.

Takum oGpazom, poBe-
JICHHbIE HATypHBbIE MCCIEA0-
BaHMs TOKa3aJM, 4YTO OOBEK-
TUBHO  CYIIECTBYET  CBS3b
MEXy CEHCMUYECKUMH COOBI-
TUSIMU B IIAXTHOM MOJIE PYy/-
HUKA, DJEKTPOMATHUTHOU U
aKyCTHUYECKOM SMHUCCUEU TOp-
HBIX MOPOJ KaKk HaKaHyHE CO-
ObITHUS, TAK U B MOMEHT Bpe-
MEHU €ro npoxoxiacHus. bo-
jJlee  TOro, CCUCMHUUYCCKHE
HaOJII0JICHUS HE OTCJICKUBAIOT
MPOIECChI, KOTOPbIE MOTYT
MPOUCXOJIUTh € HEOOJIBIION
SHEPTUEd B IIPOLIECCE PEJaK-
callid TOPOJHOIO0 MAacCHBa.
[Ipu mpoBeaE€HNY MOHUTOPHUH-
ra BBIABIICHO, 4YTO BCE CEM-
CMUYECKHE COOBITHS 3aIuca-
Hbl peructpatopom PEMACI
M0 WMHTEHCUBHOCTH DJIEKTPO-
MAarHUTHOM M aKyCTHYECKOMU
AMHUCCUH. B palioHe 1maxTHoro
MoJIsl, TJ€ MPOBOAMIICS MOHH-
TOPUHI,  3apErHCTPUPOBAHBI



36

u3MeneHus: OMC, koTopbie CcBsi3aHbl C (POPMUPOBAHUEM JAECTPYKTUBHBIX 30H B UCCIEIO0-
BaHHBIX ydacTkax. [IpoBeneHHbIE HAaTypHBIE MCCIEIOBAHUS MOKAa3ajiH, YTO BHIOPAHHBIM
NP MPOEKTUPOBAHUU PETUCTpaTopoB nuamnazoH yactoT oT 1.0 go 100 k' qyist MmonuTO-
puHra 00pa30BaHUsA NECTPYKTUBHBIX 30H W PA3BUTHUA TE€OJAMHAMUYECKUX COOBITHI B
[IAXTHOM T10JI€ PyJHUKA C MPOYHBIMH U YIIPYTUMH TOPHBIMHU TIOPOJIaMU SIBJISIETCSI HAanO0-
nee UHPOPMATUBHBIM U TOCTATOYHBIM.

B riiaBa 6 mpencTaBiieH BapuaHT KOMIUIEKCHOM CUCTEMbI MOHUTOPHHIA U KPaTKO-
cpoyHoro nporuosa usmeHenuin H/IC mMaccuBa ropHbIX IOPOJ IO IapaMeTpam U Xapak-
TEPUCTUKAM JJIEKTPOMAarHUTHOM M aKyCTHYECKOM sMuccuid, Bkimrodas MK nuarHoctuky.
OCHOBOM JIs 3TOM CUCTEMBI SIBUIKMCH IIPUBEICHHBIC B IIEPBBIX IISTH TIIaBAX JUCCEPTALUU
TEeOpeTUUECKHe, 1a00paTOpHble U HATYpHBIE IKCIEpUMEHTalIbHbIE HccaenoBanus. [Ipen-
BapUTEIbHO ObUIa pa3paboTaHa 000OIEHHAs CXeMa MEXAaHOAJIEKTPUYECKUX Mpeoldpa3o-
BaHMI B TOPHBIX MOpPOAAX Ha 3Talax MOJTOTOBKH pa3pylleHHs. BO3HMKHOBEHHE 3J€K-
TPOMAarHUTHBIX CUTHAJIOB MTPOUCXOAMT MO CIAEAYIOIIMM MEXaHU3MaM: MpPHU MEPEHOCe 3a-
psila B yCThE TPELIUH C JO3BYKOBBIMU CKOPOCTSAMM; IPU U3MEHEHUHU JUIOJIBHOIO MOMEH-
Ta JABOMHBIX 3JIEKTPUUYECKUX CIIOEB MOJ JACHCTBUEM aKyCTHUYECKUX HMMIYJIbCOB Ha KOH-
TaKTax MUHEPaJIOB WU BEIIECTB, HA OOpPTaxX TpPEeUIuH, AePEKTOB U OJOKOB; MPU B3aUMO-
JEHUCTBUN aKyCTHYECKUX UMITYJIbCOB C CETHETOSIEKTPUKAMHU U MUHEPATU30BAHHOM KU I~
KOCTBbIO0. HacTOTHBIE M aMIUIMTYJHBIE MMapaMeTpbl BO3HUKarOMMX OMC ompenenstorces
pa3MepaMu TPEIIMH U 1e(PEeKTOB, a TaKKe OJIOYHOCTHIO MAacCUBa, CTENIEHbIO MUHEPATIU3a-
WU KUJKOCTH, aKyCTUYECKHMMH M CETHETOZJIEKTPUYECKHMH CBOMCTBAMU MUHEPAIOB U
BELIECTB, BXO/SIIMX B TOPHYIO MOPOAY, €€ CTPYKTYPHO-TEKCTYPHBIMH OCOOCHHOCTSIMH.
OTnnunrensHO 4epToil Bo3HHMKaromux OMC B MaccuBe TOPHBIX IOPOJ SIBISETCS UX
CYLIECTBEHHO MOBBIIIEHHbI HU3KOYACTOTHBIN CIIEKTP, PErUCTPUPYEMBI IpuOopaMu B
auanazone ot 1.0 no 5.0 kI'u. Hano orMeTuTs, yTo mnpouecc oOpa3zoBaHUs 1€CTPYKTHUB-
HBIX 30H 3aBHCHUT OT CTPYKTYphl OJIOKOB B 00pa3nax M MacCMBE TOpHBIX mopon. B
MEPBYIO OYepe/lb MPHU MOBBIIICHUHN AABICHUS CXKATHS WM APYroro TUMa Harpy3okK Tpe-
IIMHOOOpPAa30BaHME HAYMHAETCSA B MEHEE MPOYHBIX MUHEpaIaxX U TOPHBIX Mmopoaax. Jlanb-
Hellee MOBBIILICHUE HArpy3Kd MPUBOJIUT K MPOLECCY TPEeIMHOOOpa3oBaHMs U B Ooee
MPOYHBIX CTPYKTYPHBIX cocTaBisitomux. [loaTomMy mpoliecc pa3BUTHS 1€CTPYKTUBHOMN
30HBI B TOPHBIX MOPOJIaX MOXKET ObITh PACTSHYTHIM BO BPEMEHH, MPOJOJKUTEILHOCTD
KOTOPOT'O 3aBUCHUT OT CKOPOCTH Harpye€HUsi U MPOYHOCTH CTPYKTYPHBIX COCTaBIISIOIINX
TOpPHBIE MIOPOJIBI.

JlanpHeilliee pa3BUTUE METOAA MOHMTOPMHIA M KPAaTKOCPOYHOIO IPOTHO3A BO3-
HUKHOBEHUS IECTPYKTUBHBIX 30H M F€OJJUHAMUYECKHX COOBITUN OBUIO CBSI3aHO C CO37a-
HUEM MakeTa eauHoi uHbopMaImoHHon cuctemsl s quarnoctuku HJ{C maccuBa rop-
HBIX MOPOJ B IIaxTe TamTaroiabckoro MECTOPOKIACHHS B peaJbHOM MaciiTabe BpeMEeHHU.
ANTOpUTM 3alliCH W Tepenadd JaHHbIX u3Mmepenuil napamerpoB OMC u AC crnenyro-
umii. Pa3pabotannslii nmporpammHo-anmnapatHbii peructpatop POMACI, kak nepBuu-
HBII peructparop, odecneunBaer npueM gaHHbeix napamerpoB OMC u AC. B npouecce
MPOrpaMMHOr0 aBTOMATUYECKOI0 MX aHaiu3a, (OpMUPOBAHUE JAHHBIX B BUJE MaTeMa-
TUYECKOTO OXKUIAHUS U JIUCIIEPCUU aMIUTUTY] 3JIEKTPOMArHUTHBIX CUTHAJIOB 32 MHTEP-
BaJIbI BPEMEHH B YCTaHABIMBACMbIX orepatopoM mpenenax ot 8-10° no 128:10° cekys-
Ibl. AMIUINTY/J]a aKyCTHYECKUX CUTHAJIOB YCPEIHSETCA 3a BPEMS 128107 cekyHzsl. [Ipu
stoM aanHble 0 OMC dhopmupyrorcs B uatepBaiie 4yactoT (1 — 100) xI't ¢ mpomexyT-
kamu B 1 xI'm. [lepen ycTaHOBKOM €MKOCTHBIX WJIM MHAYKIIMOHHBIX JATYUKOB OMPEIEsi-
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€TCSl CTPYKTYpa FOPHBIX NOPOJ, HAJUYHUE 3AJIEYEHHBIX TPEIIUH U JA€K, a TAKKE MPUCYT-
CTBUE CKBAKHH. DJIEKTPOMATHUTHBIM NMPOQYUINPOBAHUEM HIIH, IPH HATUYUHN CKBAXKUH, C
nomouisio MK pagmoMerpun BBISBISUIMCH Hanbosiee HampsHKEHHbIE YYaCTKHM MacCHBa
ropHbIX MOpoJ. [I0CKOIBKY KOHTPOJIb BCEr0 MIAaXTHOTO MOJIS 3aTPYAHUTENECH U3-3a HE0O-
XOJMMOCTH HMETh OOJIbIIOE KOJIMYECTBO PETUCTPATOPOB, TO IMPEMJIAracTcsi BECTH
Habmoaenust nsmenennit HJIC Tonbko BOKpPYT B3phIBAEMOTO MM OTpabaThiBaeMOro 6J1o-
KOB FOpHBIX MOpoJI. KonruecTBo perucTpaTopoB B 3TOM CIIy4ae MOKET ObITh OTPAHUYEHO
TpeMsi, YEThIPbMsI WJIM TATHIO MpubopaMu. Tpu npubopa pacnosiaralorcs B IIaXTe MO T'o-
PU3OHTY BOKPYT pa3pabaTbiBaeMOro OJOKa TOPHBIX MOPOJA, KOTOPBIA HAXOAUTCS HIKE
B3pbIBa. UeTBEPTHI MPUOOP MOMEIIAETCS Ha BBINIENEKAIIEM TOPU30HTE MaXThl. [1aThIi
npuOop AJIT KOHTPOJS MOXKET pacrojiaraThbCsi Ha HIDKEJIekKaIIeM TOPU30HTE OT MEPBBIX
Tpex. Takoe pacnoyiokeHre perucTpaTopoB MO3BOJISET KATUOPOBATH 2JIEKTPOMArHUTHBIE
Y aKyCTHUYECKHE UMITYJIbCHI 110 HEPTHMH TEXHOJIOTMYECKOTO B3pbiBa. [IpakTnueckue u3-
MEpPEHHMs TOKAa3alH, YTO B LEAX COXPAHCHHsS PETUCTPATOPOB M YBEPEHHOIO IIpHUEMA
OMD onTtuManbHOE PAaCcCTOSTHUE O MECTa B3pbIBAa HE JOJKHO ObITh Osmxke 40 MeTpoB,
HO He npebimath 150-200 MeTpoB. B nanbHeleM Ha BEIOpaHHBIX YacTOTaX Pe3yJibTa-
ThI TIPEABAPUTEIBLHON 00pabOTKH MEepeAaroTcs Mo TPAHCIOPTHBIM y3JIaM CETH UH(pOpMa-
unoHHoM cuctembl Ha IIK mucneruepa. [Io nmaHHBIM MOHHUTOPHUHIa MaTEMaTHYECKOTO
OXXKHJIaHUS U JUCTIEPCUU aMIUTUTY] DMD Ha BBIOpaHHBIX YaCTOTaX AUCHETYEP CICAUT 3a
pa3BUTHEM JTUHAMHUKU KOHTPOJIUPYEMOTO YYacTKa MacCHUBa TOPHBIX MOpoJ. Takum obpa-
30M, YK€ Ha CTaJUU NpeJBapUTEIbHON 00paOOTKU JaHHBIX MOHUTOPUHIA APaMETPOB U
XapaKTEPUCTHK JIEKTPOMAarHUTHOW 3MUCCHH TOPHBIX MOPOJ MOYKHO CYIUTh O Pa3BUTHU
JECTPYKTUBHBIX 30H U I€0IMHaMUYECKUX NposiBieHui. PazpaboTka u npuMeHeHue B mo-
CJIEYIOIIEM CIEUAIBbHBIX TPUAHTYJISIHUOHHBIX [TPOrpaMM 00€CTIEYUT KOHTPOIb SHEPTUU
Y MECTa Pa3BUBAIOIIMXCS I'€0IMHAMUYECKUX COOBITHI B IIAXTE.

[Ipu TecTupoBaHMM MakeTa €IMHON MH(DOPMAMOHHOW CUCTEMBI ISl AUATHOCTUKH
H/IC maccuBa TOpHBIX MOPOJA B MIaXTe TamTaroJbCKOr0 MECTOPOXKACHHUS B PEabHOM
MacmTabe BpPEMEHHM HUCHBITHIBAIM Mepenady AaHHBIX MO MPOBOAHOW M OeCHpOBOIHON
cBs3u. [lo cpaBHEHMIO ¢ TIepeaadeli JaHHBIX MO MpoBoAaM uyepe3 uHTepdeiic RS-485 nc-
MOJIb30BAHUE PAIMOKAHAJIA OKA3aJIOCh HAMMEHEE DHEPreTUYECKM M (PUHAHCOBO 3aTpart-
HOil. Takas ceTp HauOosiee mpucrnocabiMBacMas K HU3MEHEHUSM MECT MPOBEICHHUS
B3PBIBHBIX M OYMCTHBIX paboT. [ mepenayu JaHHBIX HA AMCIETYEPCKUN MYJIbT WIH B
0aHK JIaHHBIX T10 paJIMOKaHATy MCTOJIb30Baan Moayu Tuna ATZB-X-233-USB.

[TpenmyIiecTBOM TakOro MOAXOJa SIBISIETCS BO3MOXKHOCTh peaju3aluu Ha Oaze
paauornepeaouX MOIYJIEH KaK TOMOJOTMU CETH TOYKa-TOYKa, 3BE€3/1a, TAaK M TOMOJIO-
i Mesh, mpu KOTOPBIX KaKIbIH M3 MPUEMOIICPEIArOIInX MOIYJICH MOXET BBICTYNATh B
KAauyeCTBE PETPAHCIATOPA JJII HECKOJIBKHX MOJYJIEW B 30HE NpUEMA, PUYEM CaMU 3TU
MOJYJIM MOTYT HE UMETh HEMOCPEACTBEHHOM CBSI3U. JTO IMO3BOJISET, B IEPCIIEKTUBE, 1a-
e TpU HEOOJNBIION AAIBHOCTH YBEPEHHOr'O NMpPUEMa MEXKIY JIBYMS MOIYJSMHU B CETH
(200 — 500 meTpoB) B paMKax camMOOpraHu3yrolnencss mesh-cetu, odecneunBaTh MIAPO-
KyI0O 30HY HOKpPBITHS. XOTS B OTIEIBHBIX CIydasxX MNPSIMOIMHEHHOCTh BBIPAOOTOK,
HarpuMep Ha TamTarojbCKOM pyIHHUKE, MOKET HOCcTUraTh 3HadyeHuii 10 500 m. Paccros-
HUE JI0 UCTIETYEPCKOM CITY>KObI HA MIOBEPXHOCTH COCTABJISIET (3—5)-103 M. HenuHeitHoCTh
MPOXOJIOK MOTPEOyeT HECKOJBKO OOJBIIEro KOJIMYecTBa mpuemornepeaaTuukos. [1o pe-
3yJbTaTaM TECTUPOBAHUS B IIAXTHBIX YCIOBUAX TalITaroibCKOrO MECTOPOXKIECHUS MOX-
HO CKa3aTh, YTO BBIOOP TOr0 MUIM MHOTO crioco0a mepeaadr HHGOPMAIlUA ONPEASIsaeTCs
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KOHKPETHBIMU YCIIOBUSMH CHAOKEHUS SHEPTHer HHQPOPMAIMOHHON CETH, T'eOJIOTHYe-
CKOM 00CTaHOBKOM B Py/THUKE M TEXHOJIOTHEH TOOBIYU TIOJIE3HOTO HCKOTTAEMOTO.

B kadecTtBe mpumepa B AUCCEpTAIMH MPEACTABICHA MaTeMaTHIECKass MOJENb 00-
HAPYKECHUSI MIPEABECTHUKOB Pa3pYILICHUSI TOPHBIX MOPOJ HA ATAIE MPUHATUS PEIICHUN
JIUCTIETYEPOM C MCIIOJIB30BAHUEM BPEMEHHBIX PSJIOB MAPAMETPOB 3JIEKTPOMATHUTHBIX
curHajgoB. MojienupoBaHue MPOBOAMIOCH C YUYETOM pa3padOTaHHBIX MO/ PYKOBOJCTBOM
akagemuka PAH A.Jl. I'Bummanu B I'eousnueckom nienrpe PAH HOBBIX MeTOMOB U ai-
TOPUTMOB OOHAPYKEHUS TMPEIBECTHUKOB T'€OJIMHAMUYCCKHUX SIBJICHUN IO BPEMEHHBIM
psanam. Ilopsmok oOHapy>KeHHS TPEABECTHUKOB T'€OJIMHAMUYECKOTO COOBITHS HMEET
ompeesieHHbIe dTanbl. Ha mepBoM 3Tane mpou3Boauiics BEIOOP 0a3UCHBIX GYyHKIUN U a-
pa3MeTKa U3MEepSIeMOro BpeMeHHOTo psga OMD (pucyHok 24). Ilpu 3ToM HCITOIB30BalI-
Csl QJITOPUTM ¢-pa3METKH, OCHOBAHHBINA Ha MpoIeaype IpeoOpa3oBaHus BPEMEHHOTO Psi-
Ja B CHMBOJIBHYIO TociienoBareiabHOCTh Symbolic Aggregate approXimation (SAX).
[Tocie ocyiiecTBICHNS Pa3METOK TPOU3BOANIMN ITPOLEAYPY PEIUICHUS YPABHECHUM.
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Pucynok 24 — ba3ucHble GyHKINU U a-pa3METKH (a) U pUMeEp O-pa3MeTKH BPEMEHHOTO psja j1abo-
paTopHbIX U3MepeHnit OMD 00pa31ioB rOPHBIX MOPOJT MPU OJJHOOCHOM CXKATUH J10 pa3pyuieHus (0)

Kpome Toro, onieHuBavch U ObUIM UCTIOIH30BAHBI 3aKOHOMEPHOCTH U TPU3HAKH,
KOTOpbI€ YKa3bIBaJIM Ha MPEABECTHUKU (HOpMHUpPOBaHUE ouara paspyiieHus. [IpousBoau-
nack f - pa3MeTka. TakuMM MpHU3HAKaMU SIBJISUTUCH MUMIYJIbCHBIE U3MEHEHUS CpEeIHEH
aMIUIUTY A6l DMD 1 yBEIUUYEHHUE YACTOTHI CICAOBAHUS PE3KUX U3MEHEHUW aMILIUTYIbI
OMD. bbin pazpaboTaH anroputM 0OHApPYKEHUS MPEABECTHUKOB pa3pyleHns o0pa3loB
ropHbix mopoa. IlapaMeTpsl mnpeaBeCTHUKA 3alUCHIBAIUCh B BUJE HAOOPOB METOK
M={ml, m2, m3,m4} (pucyHok 24a) u Tak najiee. B pe3ynprare pericHUS CHUCTEMBI
YpaBHEHUH OIEHUBAIUCH 3HAYCHUS (PYHKIIMH, XapaKTEPU3YIOIIUE MPUHAJICKHOCTh CO-
OTBETCTBYIOIIETO ydyacTKa BPEMEHHOIO psija K npeaBecTHUKaMm (pucyHok 240). Pabora
anropuTMa OOHApPYKEHUS! MPEIBECTHUKOB Pa3pyIICHUS TECTHPOBAJIACh MEPBOHAYATHHO
Ha BPEMEHHBIX psIax amrumtyd DMO, MOMydeHHBIX MPHU pa3pyIICHUU J1a0OpaTOPHBIX
oOpasioB TamTaroiabCKOrO0 MECTOPOXKJICHHUS, a 3aTeM Ha BPEMEHHBIX PSJIaX aMIUIUTY]
OMD, nonyyeHHbIX IPU U3MEPEHUSX B IIaxTe TamTaroibCKoil, BKIFOYAIOIIUX MAaCCOBBIM
TEXHOJIOTMUECKHUI B3PBIB U «TOPHBINA ynap». Takum oOpazoM, pa3pabOTaHHBINA aJTOPUTM
MO3BOJIMJ BBISIBJISITH BO BPEMEHHBIX PsiiaX M3MEpeHHd amruiutyn OMD ocoOeHHOCTH,
XapaKTepHBIE JJIs 3Tana, IPeAIIECTBYIONIETO pa3pylIeHUI0 TOpHBIX topoa. Kpome Toro,
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JaHHBIN aJITOPUTM MOXKET OBITh YCIEIIHO MCIIONb30BaH B COCTaBE MPOrPaMMHOTO obec-
nevYeHus NH(HOPMALMOHHON CUCTEMBI.
OCHOBHBIE BBIBO/IbI

1. Co3aHbl KOMIUIEKCHBIE METO/bl MOHUTOPHUHIAa U MPOTHO3a Pa3BUTHS JAECTPYK-
TUBHBIX 30H U F€OJAMHAMUYECKUX SIBJICHUH 110 MapaMeTpaM JIEKTPOMArHUTHBIX CUTHAJIOB
Y XapaKTEPUCTUKAM JIEKTPOMArHUTHOW 3MUCCUU TOPHBIX IOPOJI, B TOM YHUCJIE C UCIOJIb-
30BaHUEM aKycTrnueckux MetoaoB U UK pannomerpun.

2. PazpaboTtanbl mpuOOpbl U CpeCcTBAa MOHUTOPUHTA JJIsI UCCIIEIOBAHUN MapaMeT-
POB JIEKTPOMAarHUTHBIX CUTHAJIOB U XaPAKTEPUCTUK AJIEKTPOMATHUTHOM 3MUCCHUM IeTe-
POTEHHBIX MaTepUaiOB U TOPHBIX MOPOJ: B JaOOPATOPHBIX YCIOBHUSIX MPHU aAKYCTUYECKOM
BO30YXJICHUHU U OTHOOCHOM CKaTHH, B TOM YKCIIE MPU MPUITIOKEHUU IEKTPUUECCKUX WU
MAarHUTHBIX TIOJIEW; @ B HATYPHBIX YCIIOBUSX IIAXThl HEMPEPbIBHO 10 170 yacoB npu BO3-
Oy>KZI€HIH B3PHIBOM MacCHBa TOPHBIX MOPOJI, B TOM YHCIIE A0 B3pPbIBA, BO BPEMS €r0 Mpo-
BEJICHMS U B IIEPUOJI PEIAKCALNN MEXAHUYECKUX HAPSKEHUN B IOPOTHOM MACCHBE.

3. Ha ocHOBaHMM TeOpeTHUYECKUX, JTAOOPATOPHBIX W HATYPHBIX HCCIEAOBAHUN C
IIPUMEHEHUEM CO3JAaHHBIX IPOIPAMMHO-ANIIAPAaTHBIX PETUCTPATOPOB JIEKTPOMArHUTHON
n akycruueckoi smuccuidi POMC1 u POMACI pa3pabotan MeTon i MOHUTOPUHTA U
KOHTPOJISL Pa3BUTHUSA JECTPYKTUBHBIX 30H U T€OJJMHAMUYECKHUX IPOLECCOB I10 MTapaMeTpam
Y XapaKTEpHUCTHKAM 3JIEKTPOMArHUTHOM SMHUCCHHM MAacCCHBA TOPHBIX MOPOJ, a TAKXKE Ma-
KeT HH(OPMALMOHHON CUCTEMbI TAKOTO MOHUTOPHUHTA.

4. MatemaTH4eCKOe MOJENUpOBaHHE M3MEHEeHUN mnapamerpoB OMC mpH pa3HbIX
aMIUIATYy1aX aKyCTUYECKOTO BO3/AECUCTBUA Ha AEPEKTHYIO CTPYKTYPY C HOCTOSHHBIM 3a-
PSAI0OM TOKa3allo, YTO B PE3YJIbTATE aKyCTOINEKTPUUECKUX PEoOpa3oBaHUi Ha JTBOMHBIX
JIEKTPUYECKUX CIOSX IIPOUCXOIUT MEPEU3TYUYCHUE DHEPIUU BO3IACHCTBYIOIIUX aKyCTH-
YECKUX UMILYJIBCOB B DHEPTUIO JIEKTPOMArHUTHBIX OTKJIMKOB. TakKe YCTaHOBIJIEHO, YTO
aMIUTATYAHO-YAaCTOTHBIE MAPAMETPBI M3JyYaeMbIX JJIEKTPOMATHUTHBIX CUTHAJIIOB HAaXO-
IATCS B HEMOCPEACTBEHHOW CBA3U C XapaKTEPUCTUKAMHU JETEPMUHUPOBAHHBIX aKyCTHYE-
CKHX BO3JICHCTBHIA, 3apsJI0BBIM COCTOSIHUEM J€(EKTOB U CTPYKTYPHBIX 3JIEMEHTOB.

5. MareMaTu4ecKkd CMOJEIMPOBAH U IKCIEPUMEHTANIBHO OINpPEAENIEH CHEKTP aM-
IJIMTYAHO-YAaCTOTHBIN MTapaMeTPOB IEKTPOMATHUTHBIX CUTHAJIOB IIPU IETEPMHUHUPOBAH-
HOM aKyCTHYECKOM BO3/ICHCTBUHU HAa 00pa3llbl C PA3IMUYHBIMU CTPYKTYPHBIMU OCOOEHHO-
CTSIMH, DJIEKTPUYECKUMHU, CETHETOAIEKTPUUECKMMHA U MATHUTHBIMU CBOWCTBaMU, IPH T10-
JsIpU3aK 00pas3oB U MPUIIOKEHUH 3IEKTPUUECKOT0 M MarHUTHOTO MOJIEH, a TaKxke 00-
pa3loB, KOHTAKTUPYIOLIUX C COJIEBBIMU BOJHBIMUA PACTBOPAMH.

6. [Tapamerper OMC uccnenyemMplx MaTEpPHAIOB U XapaKTEPUCTUKU BO3JIEUCTBY-
IOLIET0 aKyCTHYECKOr0 MMITYJIbCa HaXOASTCS B HEMOCPEACTBEHHOM CBSI3U. DTO 00CTOS-
TEJICTBO YKA3bIBAET HA TO, YTO T'€HEPUPYEMBIE IIPU POCTE TPEIIMH AKYCTUYECKUE UM-
MyJbChl YYacCTBYIOT B (pOpMHUpPOBAaHUH YacTOTHOTO criekTpa DMC Kak mpu pa3BUTHH pas3-
pylieHust o0pa3loB, Tak U Ipu GOPMHUPOBAHUU IECTPYKTUBHBIX 30H B MACCUBaX FOPHBIX
nopoa. Ha ¢opmupoBaHre 4aCTOTHOTO CHEKTpa OKa3bIBAaeT BIMSHUS PE30HAHCHBIA Xa-
pakTep KojiebaHUil BKIIOYEHUH U CIIOEB B TOPHOU MOPOJIE, a TAKKE OMEHUE M3-3a CII0XKe-
HUSA OJIM3KUX YaCTOT aKyCTHUYECKHX HMMITYJIbCOB, BO3HUKAIOUIUX MPU OTPAKEHUH OT
CTPYKTYPHO BKJIFOUEHUN.

7. Ha npumepe MOJENbHBIX CIOUCTBIX CUCTEM, a TAK)KE EPEMEHHO-CIIOMCTOM Top-
HOM NOPOJIbl CEPIIEHTUHUT U MUHEPAJIOB, U3 KOTOPBIX COCTOUT €r0 CIOUCTAsl CTPYKTypa
(cepneHTHH M XpU30TUII — acOecT), MOKa3aHO BIUSHUE KOJIMYECTBA CJIOEB HA aMIUTUTYAY
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OMC. CyniecTBEeHHOE BO3PACTAHUE aMIUIMTYbl B CEPIIEHTUHNUTE, HECOMHEHHO, BBI3BAHO
NPUCYTCTBUEM OOJIBIIOTO KOJIMYECTBA JABOMWHBIX 3JIEKTPHUUECKHUX CIIOEB HA TpaHUIAX MO-
J0CYaTBIX YepeOBaHNN MUHEPAJIOB CEPIEHTUHA U XPU30TUI — acOecTa. DTOT PakT mo-
TBEPKAAIOT M M3MEPEHHUS 3apsiIOBOIO COCTOSIHMS TMOBEPXHOCTH CEPHEHTHUHUTA, U
yMeHblIeHne aMIuTy el OMC npu paBHOM aKyCTHUYECKOM BO3JEMCTBUM NOCIIE yaalie-
HUS YacTH CJIOEB.

8. DKCIIEpUMEHTAIBHO BBIABIEHBl 3aKOHOMEPHBIE CBSI3U aMIUIUTYIHO-YaCTOTHBIX
[IapaMETPOB AICKTPOMArHUTHBIX CUTHAJIOB U XapAaKTEPUCTUK NIEKTPOMArHUTHOM 3MUC-
cuM 00pa3LioB TOPHBIX MOPOJ Ha Pa3HbIX dTanax MNOATOTOBKU M Pa3BUTHUS pa3pyLICHUS
OJTHOOCHBIM CYKaTHEM.

9. DKCHepUMEHTAIBHO MMOKA3aHO, YTO MPH PAa3BUTHHU JAECTPYKTUBHBIX 30H IPOUC-
XOJUT 3MMCCHUSI MUKPOYACTHUL, KOTOPbIE MOTYT y4acTBOBaTh B I'€HEPALMM AJIEKTPOMATr-
HUTHBIX CHTHAJOB Ha CTaAMSIX MPEIUIECTBYIOIIMX MPOPACTAHHUIO TPEIIMH U B MOMEHT
pa3pylieHnsi 00pa3oB rOPHBIX MOPOJI, a, CIEAOBATEIBHO, PU TAKUX K€ MPOLIECCaX U B
MOPOJHOM MacCHBE.

10. Xapakrepuctuku HHOPAKPACHOTO CBEUEHHUSI OTBEPCTHI WIIM CKBAKUH M3MEHS-
IOTCSI B COOTBETCTBHUE C IpOLIECCaMH MOATOTOBKH pa3pylleHus o0pa3lioB MM MacCUBa
TOPHBIX TIOPOJ, HAXOMSIIMXCA B MEHSIOMIEMCS WM JACHCTBYIOIIEM HAampsKEHHO-
ne(hopMUPOBAaHHOM COCTOSHHH. OCHOBBIBASICh HA 3TOM, MOXHO 3(P(PEKTUBHO HCIIONB30-
Bath MK Tepmorpaduro, Hapsiny ¢ 3J€KTPOMarHUTHBIM NMPOQUINPOBAHUEM, ISl OMpeie-
nenust mect ¢ BeicoknM HJIC maccuBa ropHbIX IOpPOJ, a TAaKK€ BBIIBIATH MECTa yCTa-
HOBKH PErMCTPAaTOPOB 3JE€KTPOMATHUTHBIX CUTHAJIOB.

11. PazpaboraHa (eHOMEHOJOTHS BO3HUKHOBEHHS M Pa3BUTHUS T€OAMHAMUYE-
CKHX SIBJICHMI B MacCHBaxX I'OPHBIX ITOPOJ IIPH B3PBIBHBIX BO3AeHCTBUAX. It yero ycra-
HOBJICHBI 3aKOHOMEPHBIE CBSI3U U3MEHEHUN HaNpsKEHHO-AE(POPMUPOBAHHOTO COCTOSIHUS
TOPHBIX MOPOJ C AMIUIUTYAHO-YACTOTHBIMU NapamMeTpaMH 3JIEKTPOMArHUTHBIX CUTHAJIOB
U XapaKTEPUCTUKAMU AJIEKTPOMAarHUTHOW 3MHUCCHM MOPOJHOTO MaccuBa. Ha ocHoBaHuu
MOJTYYEHHBIX 3aKOHOMEPHOCTEH OIpeesieHbI Ihana3oHbl Hanbosee 3 (HEKTUBHBIX YaCTOT
JUIs MOHUTOPUHTA 00pa30BaHUsl U Pa3BUTHsI F€OJUHAMUYECKHUX MPOSBICHUNA Pa3IMYHOIO
XapakTepa.

12. BBISBICHO TpU OCHOBHBIX BPEMEHHBIX IMPOLIECCOB M3MEHEHUS aMILTUTYIbI
OMD nocie B3pbIBa, KOTOPHIE NPOXOAAT B TEYEHUE CEKYH, MUHYT U 4acoB. CeKyHIHbIE
WU3MEHEHUS CBSA3aHbI CO B3PBIBHBIM BO3JICHCTBUEM HA MACCHUB, IPOXOXKIEHUEM «TOPHOTO
yzapay, CKOJIOB, TOJTYKOB U JIpyTMMH ObIcTpon3MeHstomumucs n3menenusamu HJIC mac-
cuBa. MUHYyTHBIE U3MEHEHUS MMapaMeTpoB OMD CBs3aHbI C PEIAKCALMOHHBIMU MPOLEC-
cam HJIC maccuBa nocie «ropHbIX yJapoB» WJIU B3pBIBOB ¢ Majoil sHeprueil. Kpome To-
ro, penakcauust HAC mMoxeT mpoaoikarbes B TEUEHUE HECKOJIBKUX 4acoB, 00YCIOBIICH-
Has MEJICHHBIM CJIBM)KEHHE MacCHBa MOPHBIX MOPOJ C Pa3HOW CKOPOCTBHIO 0 pa3jioMam
U APYTUM IUIOCKOCTSIM CKOJIBKEHUS.

13. Pe3ynbraThl UCClENOBaHUA MU COBMECTHOI'O aHAJIM3a AJIEKTPOMArHUTHOU U
aKyCTUYECKON dMHCCHH TOPHBIX MOPOJ, CIIEKTPAIBbHBIX MMapaMeTPOB 3JIEKTPOMATrHUTHBIX
CUTHAJIOB, JAHHBIX CECMUYECKUX HAOIIOICHUN 1O TEXHOJIOTMYECKUX B3PHIBOB, B MIEPHO/]
UX MPOBECHUS U MPU pelakcallii MOPOAHOTO MacCHBa B pa3Hble BpeMeHa rojia nokas3a-
JIM CBSA3b U3MEHEHHUI HANpPSKEHHO-1€(POPMUPOBAHHOTO COCTOSHUS MOPOJHOTO MAacCcHUBa,
XapaKTEPUCTHK U ITapaMeTpoB MO ropHsIX MOPO/I.
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14. Ha ocHOBE NpPOBEIEHHBIX HMCCIECIOBAaHMN B IIAXTHOM Iosie TamrarojbCKoro
MECTOPOXKIEHHS pa3pabOTaH aJrOPUTM M CXEMa IPOBEJCHHUS MOHUTOPUHIA U KPaTKO-
CPOYHOTO IMPOTHO3a M3MEHEHUHN HaNpsHKEHHO-Ie(hOPMUPOBAHHOTO COCTOSHUS MacCHBa
TOPHBIX IOPOJ IO MTAPAMETPAM U XAPAKTEPUCTUKAM DJICKTPOMATHUTHOU M AKyCTHYECKON
HYMUCCHH, BKIIIOUasi HHPPAKPACHOE CBEUCHNE CKBAYKUH.

15. Co3naH ¥ anpoOMpOBaH B MAXTHBIX YCIOBUAX TalTarojbCKOro MeCTOpOXKie-
HUsl MakeT MHGOPMAIIMOHHON CUCTEMBI JIJIsl TIepe/lay ITAHHBIX OT perucrparopa Ha yjaa-
JICHHBIN KOMITbIOTEP. B KayecTBe MepBUYHOTO NMPUEMHUKA UH(POpMAIUK 00 3JIeKTpomMar-
HUTHBIX U aKyCTHYECKHX CUTHAJaX MAacCHBa TOPHBIX MOPOJ MCIOJIb30BaH MPOTPAMMHO-
anmapatHbii peructpatop POMACI.

Cnucoxk 0CHOBHBIX padoT, OIy0JMKOBAaHHbIE ABTOPOM 110 TeMe JUCCEePTALMHU:
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3. becnanabko A.A. Hepaspyiaroomumii 31eKTpOMarHuTHRIA METOJI KOHTPOJIsS Kaue-
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