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BBEJIEHUE

O01IIAast XapaKTePUCTHKA PA00ThHI

B miccepranmonHOl paboTe  MBIOKEHBI  PE3YJBTaThl  JIAOOPATOPHBIX — KMCCIICIOBAHUN — BIMSHUS
MEKTPOMArHUTHOTO IO Ha 00pa3libl TOPHBIX OO, HAXOSIIMECS B HANPSDKEHHOM COCTOsHHM. [locTraHoBka
T1a0OPaTOPHBIX SKCIIEPUMEHTOB ONPEASISUIACh OHOW M3 MPOOJTIeM TeOpM3UKA — Pa3pabOTKON KOJIMYECTBEHHBIX
MoJIefIel TPUITEPHOrO BO3ACHCTBHS AJIEKTPOMATHUTHBIX TMOJIe Ha MpoTekaHue J1ehOpMAaIOHHBIX TIPOLIECCOB B
3EMHOM KOpe.

AKTYaTbHOCTD

3a mocrienHee CTONIETHE B HICCIICJOBAHKSX 3EMIICTPSICEHHI HAKOIUIEH OOIIMPHBIA Marepuai, KOTOPBIA
MPOJIOJDKAET HEMPEPHIBHO JOTIOHATHCS HOBBIMH CBEZICHHSIMHU O CTPYKTYpE CEHCMUYHOCTY U BIIMSHUN Ha HEe BCEro
MHOrooOpasust (pakTOpoB ©CTECTBEHHOM W aHTPOMONeHHOM Mpuponpbl. [IpuMeHeHHe MOAXOMIOB MEXaHUKU
pa3pyIICHNsT K OMNMCAHMIO MPOILIECCOB, NMPOUCXOMAIIMX B 3EMHOM KOpe Tepes 3eMIICTPSICEHHEM, TTO3BOJHIIO
OTPEIEITNTh, YTO 3EMIICTPSICHUE SIBISICTCS CIICJICTBUEM HAKOIUICHWS M TIOCIICIYFOIICH PeIaKCallii YIpYrux
HAIpsDKEHUH, U Ha OCHOBE JAHHBIX, MOMYYEHHBIX B JIAOOPATOPHBIX SKCIEPUMEHTAX, pa3paboTarh psii Mojeneit
[Brace, Byerlee, 1966; Scholz, 1998; Co6ones, ITornomapes, 2003; Lockner et al., 1991]. Ilepen 3emierpsicerriem
MACCHB TOPHOM TIOPOJIBI (Kak ¥ 00pa3ell, UCTIHITHIBACMBIH B JJA00PATOPHOM KCIIEPUMEHTE) HAXOIUTCS B COCTOSIHHH,
OJI3KOM K HEYCTOYMBOMY PABHOBECHIO, WITH, APYTHMH CJIOBAMH, B OKOJIOKPHTHYECKOM COCTOSIHAH. OCOOEHHOCTBIO
9TOTO COCTOSHUSL SIBJIETCA 3HAUMTENIbHOE M3MEHEeHHe JedopMaliii Mpu HeOOMBIIMX BapHallMsaX HaIpsDKEHIIS,
KOTOpBIE MOTYT BO30OYXKIAThCA TPU BO3MCHCTBUM BHENMHMX (hakTopoB. OTCIONA BBITEKAET MPUHIMITHATBHASL
BO3MOMKHOCTb TPUITEPHBIX SP(HEKTOB — TEPEXOIOB OT OJHOTO METACTaOMIBHOTO COCTOSIHHSL K JIPYroMy TOI
BIIMSIHMEM BHEIHMX BO3ACHCTBUI Jaxe HEOONBIION WHTEHCHBHOCTH, B TOM YHCIE€ BHOPOAKYCTMUECKUX W
anexTpoMarHuTHIX (OM) BozzericTeuii [Cobores, [lonomapes, 2003; Tapacos, Tapacosa, 2011; boromosos, 2010;
Novikov et al., 2017]. Ha HaryproM reodmsudeckom Macirabe B padorax [Tapacos, 1997; Chelidze et al., 2006;
TypyHtaes u z1p., 2012; CmupHOB, 3aBbsi10B, 2012 1 1p.] ¢ MCMOMBE30BAHMEM Pa3TMUHBIX TIOAXOIOB ObLT YCTAHOBIIEH
TPUTTEPHBIN A(PGHEKT IEKTPOMATHUTHOTO MOJISL: 10 KPAaTKOBPEMEHHON aKTUBM3ALMHI CEHCMIYHOCTH, BapHalisiM €€
XapaKTEPUCTHK 1 CKOPOCTH CEUCMOTEKTOHMYECKHX JiehopMariiid B riepros; M BO3ICHUCTBHIA TIPH 30HIMPOBAHMSIX
3eMHOM KOpbl C TpUMeHeHHeM MarauroruaporuHamudeckux (MITJ]) reHepaTopoB M 3MeKTpopa3BeIOYHOM
reHeparopHoii ycranoBku DPI'Y-600-2.

B mpoBeneHHBIX paHee SKCIEPUMEHTaX Ha JIADOPAaTOPHBIX 00pasliax ‘?MeKTpOTpurTepHbId Addext’
3apervCTPUPOBAH, KaK MPABUJIO, TIO YBEIMUEHUIO aKTHBHOCTH aKyCTUUECKON AMHCCHH (AD), OTpayKaroITe CKOpOCTh
TPeIMHO00pa3oBaHus TeoMarepuanoB (Onomorpadust B 0bodmeHusx [Cobones, [Toromapes, 2003; boromonoB u
1p., 2011]. Heo6xommmo MoauepKHyTh, YTO METO]T aKyCTOIMICCHOHHOTO KOHTPOJIS COCTOSIHHS MATEPHATIOB SIBIISICTCS
KOCBEHHBIM (XOTS ¥ BBICOKOTYBCTBUTEIIBLHBIM). OTHAKO B 3THX padoTax HE MPECTARIICHBI TAHHBIE 00 M3MEHEHNH
nedopmariy S B MTHULIMMPOBAHHOM JIEKTPOMArHUTHBIMU TIOJISIMU TIPOLIECCE TIEPEX0/I0B MEXKTY METacTaOMITbHBIMU
cocrosHMsSIMA. B panHmMxX skcnepuMenTtax, npoeeneHHBIX B HC PAH B maboparopuyi  MOIETMPOBAHUS
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SHEproHachIeHHpIX cperi (JIMOC), BosMOXKHOE W3MeHeHHe JedopMaliii OO0pa3lioB B TIEPHOIbI OTKIMKOB
aKTMBHOCTH AD Ha 3JIeKTpOMarHuTHOe BosfercTsye, d¢ < 10°, (mpu mx xBaswcrarmonaproM cxarnm 0.7-0.9 or
paspyieHrs)) He ObUIO 3apervCTpUpOBAHO BCIIEICTBUE HHM3KOM pPa3pellaroIiell CIOCOOHOCTH HM3MEPHTEIBHOTO
KaHaTa. B 3HAUMTeNBHOM CTEMeHM W3-3a JTOT0  3aJIepKaioch pasBUTHE (DEHOMEHOJIOTHYECKOH —MOJIEIH,
npeiokenHoin B JIMOC [Bogomolov et al., 2004]. Monenb yduThIBACT BO3HHKHOBEHHE B HAIPY)KCHHBIX
reoMarepyuaiax 30H ¢ pa3ieliecHUeM 3apsi/ioB BCJIEICTBUE TMHAMUYECKOH (yIapHOM) MOMSPU3ALIMK 110 MECTy O4aroB
AD — pacTyImx MAKPOTPEILIFH, TJIe MOT'YT JIOCTUTAThCsT OTpOMHBIC yekoperwst [Bogomolov et al., 2004; Bogomolov
et al., 2004 a]. DhdexT yaapHOi HOISIPU3AIK TOPHBIX MOpoj (TpaHKTa) ObUT OATBEPYKICH B SKCIIEPUMEHTAX,
npoBeneHHbIX B UJIIT PAH [['onuapoB, ConoBbeB, 2004]. AHOMABHOE TOIIIOMICHHUE SHEPIUM AEKTPUIECKOTO
TOJIs B 30HaX MOJIPU3AIMK HArpY)KEHHBIX T€OMAaTepUaioB MOMKET CUMTAThCS MEPBHYHBIM MEXaHU3MOM BITUSHES
OM mnons. Takoe mMoryomeHHe SHEPIUM, B KOHEYHOM CHYETe, JIODKHO MPUBOIUTH K YBEIMUCHUIO CKOPOCTH
TUTACTUYECKOM JIepOpMalTHH, a HE TOJIBKO K IPUPOCTY aKTUBHOCTH AD. C yueTOM BBIIICHU3TIOKEHHOTO, 17151 ONIUCAHUS
PeaKIMy TapaMeTPOB COCTOSIHMS Cpeibl Ha BO3MCHCTBUE BHEHIHMX OM MONed akTyalbHO IOMydeHHe HOBBIX
KOJIMYECTBEHHBIX JIAHHBIX 00 M3MEHEHHMSX KOMITIOHEHT Ae(hOopMallii HArpy>KEHHBIX T'€OMATepUalioB MPU TaKUX
BO3JICHCTBUSIX.

Ilpencrapiser MHTEpEC MOCTAHOBKA HOBOM CEpUM 3KCIEPUMEHTOB HAa HArpy)KEHHBIX 0Opasliax TI'OPHBIX
nopof] (IpEeIIoYTHTENIbHO TpaHWTa M Mpamopa Kak pedepeHTHbIX MaTepuaioB C pPaMYHbIMU - (PUBUKO-
MeXaHUYECKHMHU XapakTeprucTukamy). [ [prMeHeHre yCoBEpITIeHCTBOBAaHHBIX METO/IOB PETHCTPALIHY TPEX KOMITOHEHT
neopMariy, TIaBHOIO HANPSDKCHUSI M aKYCTHYSCKOH SMHCCHM MOMKET OOCCTICUHTh TONTydeHHe HOBOM M Ooiee
JCTATHHOM MH(POPMAIMM O PEaKIMK HarpyKEHHBIX OOpAa3lOB HA BHEIIHEE ICKTPOMArHWUTHOE BO3JeCHCTBHE. B
JVCCEPTAIH TIPUBEZICHBI PE3YIIBTAThI 3TUX SKCTIGPUMEHTOB.

Ilesb paGoThI:

VYCTaHOBUTh 3aKOHOMEPHOCTH BJIMSHUSL ONIEKTPOMArHUTHBIX TOJNIE Ha CKOpOCTh  JedopMalii 1
neeKTooOpasoBaHie B HAIPY)KEHHBIX OOpasliax MpamMopa W TPaHWTA, BbIIBUTH HOBBIE XapPAKTEPUCTHKHI
Jie(hOPMAITFIOHHBIX TIPOIIECCOB B TIPHICYTCTBUM BHEIIIHMX TIONIG HAa OCHOBE YCOBEPITICHCTBOBAHHOM CHCTEMBI
BMepeHuii AeopMali U aKyCTUUECKOM SMHCCHHL.

OCHOBHBIE 321241 HCCJICTOBAHUS

- OmauTh M pa3BUTh METOAMKU HCCIIETIOBAHMS BIMSHUS SJIEKTPOMArHUTHBIX IMOJIEH Ha Harpy)KEHHbIE
00pa3iibl TOPHBIX TIOPOJT HA OCHOBE OBICTPOICHCTBYIOITICH BHICOKOTOYHOM aBTOMATUYECKOW CHUCTEMbI M3MEPEHUIA
KOMIIOHEHT JIepOpMAaIH, HArpy3Kd U aKyCTHUECKOM 3MUCCHH, 00ECTIEUMBAIOIICH JTUTENBHYIO PETHCTPALMIO 3TUX
TIapaMeTPOB B XOJI€ FKCTIEPHIMEHTOB Ha Ipeccax;

- MHccnenoBare  KOMOMHMpPOBAaHHOE BIMSIHME AJIEKTPUUECKOTO M MAarHUTHOTO TMOfie Ha CKOpPOCTh
JehopMaIiv M aKyCTUYECKYIO SMUCCHIO 00pa3IioB MpaMopa, JIehOpMUPYEMBIX B YCIOBHSIX OTHOOCHOTO CHKAaTHS C
TIOCTOSIHHOM CKOPOCTBEO Har Py KEHHUS;

- CpaBHI/ITL peakun 06pa3u013 MpaMopa Ha BO3/ICICTBHE AJIICKTPOMArHUTHBIX ToJiei IPpH PA3HbIX PEKUMaAX
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CKaTusl (HApacTaroILero CTYIEHYATO WK C TIOCTOSHHOM CKOPOCTBIO) U C PA3HOM CTEEHBEO BOIOHACKIIIICHHSL.

- V3yunTh BIHMSHME BHEIIHETO 3JIEKTPOMATHUTHOTO TIOJIS HA JIOKAM3ALMIO e(PEKTOB 00paslioB TOPHBIX
1OpO 1M (PMKCUPOBAHHOM YPOBHE HANPSDKCHWS HA CTaIMM KIACTCPU3AMA MHKPOTPEIMH U 3apOKICHHUSI
MaKpOpa3phIBa;

Ha 3anmTy BbIHOCSTCH CJIETVIONE HAYUHbIE IOJI0KEHHS:

1. Ilpu nedopmupoBaHiy 00pa3LOB MpamMopa B PEXKHUME OJHOOCHOTO CKAaTUsl C TIOCTOSIHHOM CKOPOCTBEO
POCTa HArPy3KU MPOUCXOUT YBEIMUYEHHUE CKOPOCTH MPOZIONBHOM JiehopMaliu 1O/ BO3ACHCTBUEM 3JIEKTPUYECKOTO
Y MArHUTHOT'O TIOJIEH, HAIpaBlIeHHBIX MEPHEHINKYIISIPHO PYT APYTY U OCH CHKATHIS.

2. YBEIIMYEHHE CKOPOCTH TPOJOIbHOM JieopMaiiid 0OpaslioB Mpamopa €CTECTBEHHOM BIIOKHOCTH,
BbI3BAaHHOE BO3/ICHCTBIEM KOMOMHHPOBAHHBIX HEKTPUYECKOIO0 M MArHUTHOTO TOJel mpy Harpyskax Bbiie 0.7 ot
HaIpsDKEHUS. pa3pyLLIEHUs, B TUIIMYHBIX CIIy4asX cocTaBisieT 1.5-2 pasa v B OOJBIIMHCTBE CIIy4acB IPOUCXOAUT
CHHXPOHHO C TIPUPOCTOM aKTUBHOCTH aKyCTHUECKON SMUCCHH.

3. Ins BOMOHACKHIIIEHHBIX OOPasiOB Mpamopa, HAXOSIIMXCS B COCTOSHHM OJHOOCHOTO CXKATHS TPU
HanpspkeHWsX Bblle (.5 OT HanpspKeHWs paspylleHUs], BO3ACHCTBHE KOMOMHHPOBAaHHBIX AIEKTPUUYECKOTO U
MAarHiTHOIO TOJIEN MHULIMMPYET, KaK MpaBHiIO, CHHXPOHHOE YBEIMYEHNE CKOPOCTU MPOIOJIbHON JiehopMaliii U
AKTUBHOCTH aKyCTHYECKON SMUCCHH.

4. Jlns oOpaslioB TpaHWTA, HAXOUSIIIMXCS B COCTOSIHUM OHOOCHOTO CKATHSl MPU OKOJIOPa3pYIIAFOMIIX
HArpy3Kax B IIEPHOJ] YBEJIMUECHHS AKTUBHOCTU aKyCTHYECKOM SMHCCUH, BBI3BAHHOM BO3/IEHCTBUEM NIEKTPUUYECKOIO
TOJI, TIPOMCXOUT 3aMETHOE YMEHBIIICHHE YIIoBoro Kodduimenra (b-value) rpadukoB sHeprerryeckoro
pacnpeneneHust CUTHajioB AD.

Hayynasi_HOBHM3HA pa6OI'LI 3aKIIFOYaCTCsl B TOM, 4YTO BIICPBBIC ACTAIIBHO PACCMOTPCHO HW3MCHCHUC

CKOpOCTEH TPOJIOILHON | TIONEPEUHbIX ehopMarivii Harpy>KeHHbIX 00pa3lioB MpaMopa Mpr KOMOMHUPOBAHHOM
BO3/ICHICTBHM DJIEKTPHYECKOTO M MAarHUTHOro mnoneid. [lokazaHo, 4To, Kak MpaBWiio, W3MEHEHUsS] KOMIIOHEHT
nedopMaliii IPOUCXOSIT CHHXPOHHO MEXKIY COOOM M C OTKIMKAMH aKTHBHOCTH aKyCTUUECKOM SMHCCHM Ha
BHEIITHee BO3ZEHCTBIE. BMmecTe ¢ TeM, mpu (DKCUPOBAHHOM YPOBHE HANpPSHKEHUI OOHAPY>KEHBI CITydal PeaKiiiu
Harpy>KeHHbIX 00pa3II0B Ha KOMOWHMPOBAHHOE BO3JCHCTBHE MEKTPUUECKUX M MATHUTHBIX TIOJICH B BHIC I3MEHEHUS
ckopoct  nedopmaru  0e3  TIPUPOCTOB  akTMBHOCTM AD. BrepBble BBIIBIEHO — IMPOCTPAHCTBEHHOE
TiepepactpesiefliecHle 04aroB aKyCTUYEeCKOM SMHCCHHM TIPU BO3JCHCTBHM HMITYJIBCOB SIIEKTPHYECKOro MO Ha
00pasIlbl TPaHWUTA, UCTIHITHIBAGMbIE Ha OHOOCHOE CXKATHie TMPH TIOCTOSIHHOM Harpyske. BriepBble OOHapyKeHbI
NPUMEpPBI  CTOKPAaTHOTO ¥ Oojiee  BO3PACTAaHWS AKTHBHOCTH AKyCTHUECKOW SMHCCHM TIPH  BO3IICHCTBHHM
EKTPOMArHUTHBIX TIOJIEH Ha 00pasIibl MpamMopa B YCIIOBHSIX OHOOCHOTO CYKATHSL, TIPUYEM JUTST BOJIOHACKHIITICHHBIX
00pasIoB Bapualliy CKOPOCTH JiehOpMAI U aKTMBHOCTH aKyCTHYECKOM SMUCCHM HMMEIOT XapakTep PEe3KUX
BCIIECKOB.

IIpakTnyeckast 3SHAYMMOCTEL

Pesynbrarel uccneoBaHMT MOTYT ObITh  WCHONB30BAHBI JUTSI  pa3pabOTKM  BOIPOCOB — AKTHBHOTO
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CEMCMOBNEKTPHYECKOr0 MOHUTOPHHTA 3eMHOM KOpBI, a Taloke B PUKJIAIHBIX 33/a4aX HEpPa3pyIIAOIIEero KOHTPOII
W3/IETTNI M KOHCTPYKIIH U3 JUJICKTPUUIECKUX MATEPHATIOB — MPaMOPOB 1 TPAHUTOB — C YIETOM HOBOM MH(OpMALII
0 KOMOWHHMPOBAHHOM BO3/ICHCTBHM AJIEKTPUYECKOTO M MAarHUTHOTO TIONEH M PEakiM Ha HEro CKOPOCTH
JnedopMaliy 1 aKTHBHOCTH aKyCTHUYECKON SMUCCUH HCTIHITHIBAEMBIX MATEPUAIIOB.

LlyOosmkaiym

OCHOBHBIE pe3yJBTaThl IMCCEPTAIMH OITyOIMKOBaHbI B 11 CTaThsX B PElICH3UPYEMbBIX HAYYHBIX JKYPHAIAX,
U3 HHX 5 — B M3[aHKSIX, pekoMeHayeMbix BAK 1 nponHieKcnpoBaHHbIX B pedepatuBHbIX Oazax Web of Science u
SCOPUS, u 6 — B HayuHbIX >XypHaiax, uHaekcupyembix PUHLI. [To Teme auccepraimm Taroke OMyOIMKOBaHO 8
crareil B COOpHMKAX MaTepUaioB BCEPOCCUMCKUX M MEKTYHAPOIHBIX KOH(EPEHIMIA (2 M3IaHbI TPU TTOIICPIKKE
PODN).

JIMYHLII BKJIA aBTOPA

ABTOp TIpUHMMaT HETOCPEACTBCHHOE YdYacTHe B TIOJTOTOBKE W TIPOBEICHMM BCEX JIa0OPATOPHBIX
SKCTIEPUMEHTOB KaK OTBETCTBEHHBII UCTIONHUTEIH COOTBETCTBYIONIMX 3a/1a4 1o riaHam HAP HC PAH (2008-2012
r.) u [oczananro Ne 0155-2018-0003 8 HC PAH (2013-2017 rr.). JlpiccepTaHTOM JIMYHO BBITTOJIHEHA 00pabOTKa
JepOpMAITOHHBIX JTAHHBIX OOpAa3IOB TOPHBIX TIOPOJ M CHUTHAIOB aKyCTHHYeCKOW amuccun. Harmmcano Oomee 2/3
TEKCTA ITyOJIMKAIIHH 110 TEME JIACCEPTALIMK U ChOpMYITMPOBAHBI BHIBOJIBL.

B miccepraruio BKITIOUEHBI TAKOKE Pe3YIIbTaThI, TIOTyYCHHBIC B JTA00paTOpHK (DM3MHUECKIX OCHOB IPOYHOCTH
NHcrrTyTa MEXaHMKU CIUTOIIHBIX cpell Y pambekoro orzenenus: Poccutickoit akanemun Hayk (MMCC YpO PAH)
IpY HAay4qHOM CTXUpOBKE 10 TpoekTy PODU «Duzndeckoe MOIEIMPOBAHIE BIMSHUS ClTa00ro SMIEKTPUYECKOrO
MMl Ha TIpoLiecc paspyiieHust Mpamopay», rpant Ne 13-05-90702-mon pd Hp. ABTOp SIBISUIACH YYACTHUKOM
npoekTtoB PODU «cenenoBanve BIMSHUS IEKTPOMATHUTHBIX TIOJIEH Ha MUKPOPA3PYLIEHHUE B TE€OJIOTMUECKOM
cperie MEeToIaMH aKTHUBHOTO Te0aKyCTHIECKOTO MOHUTOPHHTA U JTA00paTOpHOTo MoziespoBaHushy (rpant PODU Ne
10-05-00231-a, 2010-2012 rr.); mpoekTta 1o rpanty [Ipesunenta PO «BrmsiHIE C1abbIX MEKTPIYECKHX TIONeH Ha
JeeKTHYIO CTPYKTYPY U TIPOLECC paspyIleHHs] MOMMKpUCTATUTMYecKHX auanekTprkoB» (MK-6741.2013.1, 2012-
2013 1r.); mpoekta mo rpaHTy Ilpesupenta PO «Pazpabotka (hM3MUECKMX OCHOB MOHHMTOPHMHIA W3MEHEHUS
HaIpsHKEHHO-1e(POPMUPOBAHHOTO COCTOSIHUSI CEHCMOAKTUBHBIX PaiOHOB 3eMHOM KOpBI 10 JAHHBIM KOMIUIEKCHBIX
CKBKMHHBIX I3Mepenniny (MK-2682.2017.5, 2017-2018 rr.).

JI0CTOBEPHOCTL _PE3YJILTATOB M _BbIBOJIOB 00€eCTICUNBACTCS  HCIIOIE30BAHUEM IoaxXo40B M MCETOIOB

UCCIIENIOBaHNsI, paHee arnpoOMpOBAHHBIX M B3aUMHO JIOMOJHSIOUIMX APYr Apyra (Mu3MepeHue aedopmaimy u
AKyCTUYECKOM 3MHCCHH), HAJSKHBIMA ITOPUTMAMH OOpaOOTKHM JTAHHBIX, COTJIACOBAHHOCTBIO PE3YJIBTATOB C
pe3yNBTaTaMy IPYTUX padoT TI0 CMEXHOM TeMaTHKe, a TAKKe BOCTIPOM3BOIMMOCTBIO PE3YJIBTAaTOB TIPH TIPOBEICHIHN
TIOBTOPHBIX HCITBITAHUM, M B 3KCIIEPUMEHTAX C UCTIONB30BAHHUEM JIPYTOro armapaTypHO-IPOrpaMMHOTO OCHAIIEHHS B
JabopaTopry (PMBMUYECKUX OCHOB TNMPOYHOCTH VHCTUTYTa MEXaHMKH CIUIOIIHBIX Cpell YpalbCKOro OTIEICHUS
Poccuiickoli akaneMun HayK.

CTpVyKTYpa ¥ 00HeM PA00ThHI




Pabora mnoxena va 202 crpanmnax, Bkimodaer B ceost 111 pucyHkos, 28 tadmmr, 267 OnoimmorpadiecKux
CCBUIOK.

Anpodauusi pa6orbl PesynbTarhl MCCIeNoBaHWN, W3IOKEHHBIE B JMCCEPTALMOHHON pabote, ObUTH

NPENICTAaRIEHBl HA MEXIYHApOIHBIX M BCEPOCCHUMCKMX HAy4dHBIX MEpOIpUSITUSX, B TOM uucrie Ha: IV
MEKIYHapoIHOM cumriosuyMe «l'eoMHaMyka BHYTPUKOHTUHEHTATHHBIX OpPOTEGHOB M | eodKororuyeckrie
nipoOrieMbDy, brrkek, 2008 r.; XIX TlerepOyprekix UTeHMSIK 1Mo MmpodsieMaM MPOYHOCTH, TIOCBSAITICHHBIX 130-71eTHio
co mus poxenust akaaemrika AH YCCP H.H. JlaBunenkosa, r. Cankr-TlerepOypr, 2010 r.; VI MexmyHapoaHOH
IKOe-ceMuHape «DH3UYecKre OCHOBBI IPOrHO3UPOBAHUS PA3PYIICHHSI TOPHBIX TIOpoy, T. CaHkT-I lerepOypr, 2010
r.; 51-off MeXTyHapomHOM KOH(EpEeHIMN «AKTyaJdbHbIC MPOOIeMbl TPOYHOCTHY, T. XapekoB, 2011 1., V
MEKIYHAPOIHOM CHMITO3MyMe K 75-mertio co must poknerus FHO.A. TparesnnkoBa «CoBpeMeHHbIE TPOOIieMbl
TEOIMHAMUKM W TEOAKOJIOTMM BHYTPUKOHTUHEHTAIBLHBIX oOporeHoB», I. bumikek, 2011 r.; VII Poccuiickoit
KoH(epeHIN «MexaHHKa MUKPOHEOTHOPOHBIX MAaTepualioB M paspyieHue», I. ExarepunOypr, 2012 r.; V
MEKITyHapOIHON KOH(EPEHIIMM MOJIOIBIX YYEHBIX U CTY/IEHTOB «COBpPEMEHHbIE TEXHUKA M TEXHOJIOTUH B HAYYHBIX
uccreniopaHmsx», T. bumkek, 2013 r.; Bropom Bcepoccriickom cemrHape-coBerianny «Iprrreprsie pheKTs! B
reocucremMax», I. Mocksa, 2013 r.; MexnyHaponHoi koHpepeHmH «lepapXUdecky OpraHU30BAHHBIE CHCTEMBI
YKUBOW M HSKHUBOW TpUpOb», T. Tomck, 2013 1.; VI MexnynapoaHoM cummnosiyme «I [poGrieMbl reoiMHaMUKy 1
T€09KOJIOTMM BHYTPHKOHTUHEHTATBHBIX OpOreHoBy, T. buikek, 2014 r.; |l Bcepoccuiickom cemuHape-coBeliaHim
«Tpurreprsie >ddekTer B reocrctemax», T. Mockga, 2015 r.; VII MexnynapomHom cummosuyme «I IpoGiembr
TEOIMHAMUKH 1 Te0AKOJIOTMH BHYTPUKOHTHHEHTATHHBIX OPOreHOBY, T. brtikek, 2017 1.

ABTOp BBIp&KAET MPU3HATENBHOCTh M OJIAroIapHOCTh HAYYHOMY PYKOBOAMTENMO A.(.-M.H. BoroMonoBy
JLM. 3a MOCTaHOBKY TeMbI PabOoThl, 00IIee PYKOBOJCTBO MCCIIEOBAHMAMU U MOPATIBHYIO TOJUIEP)KKY Ha BCEX
sranax. Mckpenne 6naromapro k.¢.-M.H. [TanTeneesa ML.A. 1 k.¢b.-M.H. 3akyrmna A.C. 32 MHOTOJIETHIOIO COBMECTHYIO
PpaboTy, KOHCTPYKTUBHBIE MPETIOAKEHHSI U TTOJIE3HBIE COBETHI MPH HAIMMCAHUH HACTOSIIIEH paboThL. Takke Bhpaxkaro
GnaronapHocts Wpextopy Hayunoii cranimm PAH a.¢.-mH. PeionHy AK. 32 BO3MOXHOCTb NPOBECTH JTAHHOE
UccIIeNIoBaHre U BHUMaHue K padote. Ocobo npusHatesbHa PoccriickoMy (hoHTy (pyHIaMEHTATBHBIX HCCIIEI0BAHHI
3a OKa3zaHWE MOIEPKKH TPAHTOM IO KOHKYPCY Hay4dHBIX IPOEKTOB, BBIIOJHSEMBIX MOJIObIMUA YYEHBIMHU O]
PYKOBOZICTBOM KaHIZIATOB M JIOKTOPOB HAyK B Hay4dHbIX opraHmsaisix Poccuiickoit ®Peneparmn. braronapro Beex
xomter u3 Hayunoit cramimm PAH, Wucturyra muHamuku reochep PAH, Mucturyra ¢usuku 3emmn PAH,
OObeMHEHHOr0 MHCTUTYTa BbIcoKHX Temreparyp PAH, Mucturyra mexanuku croommsix cpen YpO PAH u
Nucruryra Mopcekoit reonorun U reodmsiku JIBO PAH, kotopele okazamd TOMOIIs TIEHHBIMA COBETAMH T10
YITY4IIEHUEO JIUCCEPTALH.

Conepaanue padoTbl

CrpykTypa u 00béM padoTsl. Juccepranus uznoxeHna Ha 203 cTpaHMIax, BKIOYAET B ceOs

117 pucynkos, 29 Tabmui, 266 6ubarorpad@uyecKux CChbUIOK.

B nepeoit 2nase n3noxensl Hauodosee o0IIKe, KOHLIENTYaJIbHbIE TPECTABIEHHS O TPUITEPHBIX
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s dexTax B KOHTEKCTE MPOOIEMbI BHEITHUX BO3JCHCTBUI Ha CEMCMHUYHOCTh. PacCMOTpEHBI OCHOBHBIE
Marepuaibl O BIUSHUM HAa CEHMCMMYECKUH IIPOLIECC DJIEKTPOMArHUTHBIX IIOJIEM E€CTECTBEHHOM M
AQHTPOIIOTEHHON TMPHPOJBI: MArHUTHBIX Oypb (M TOJSAPHBIX CyOOypb) H 3JIEKTPOMAarHUTHBIX
30HIMPOBAHUN 3€MHOM KOPbI MOIIHBIMU HCTOYHMKAaMH TOKa. OCBELIEHBbI INOCIEIHUE PEe3yJbTaThl
71a00paTOPHBIX HCCIEAOBAaHUN TPUITEPHOro BIMsAHUS DM mosell B 3KCHEpUMEHTax Ha oOpasmax
reoMaTepuajoB C IOMOIIBI0 METOJla AaKyCTMUECKOM S3MHCCHUU, a TakKe HCCIIEJOBaHMs
AIIEKTPOIUIACTHYECKOTO U MarHUTOIUIACTHYECKOTO AP QeKTa B AUIICKTPUIESCKUX MaTepraiax.

Bo emopou 2nase omnucaHbl HCIOJB30BaHHbIE B paboTe MaTepuaibl (FOpHBIE MOPObI),
WCIIBITAaTEeNIbHBIE MAIIWHBI, anmnaparypa U IPOrpaMMHBIE KOMIUIEKChl PETHCTPalUUd aKyCTHYECKON
IMHCCUH, U3MEPEHUs AehopMalliy, a TAKKE METOIUKA IIPOBEACHHS AIEKTPOMArHUTHBIX BO3ACHCTBHIA.

Tpemovsa 2nasa BxinoyaeT B ceOs pe3yabTaThl UCCIEIOBAaHUNA KOMOMHUPOBAHHOTO BO3JCHCTBUS
ANEKTPUYECKOTO M MATHUTHOTO TOJIeH Ha BEIMYMHY AeQOopMallii U €€ CKOPOCTH, a TaKKe MapaMeTpoB
CUTHAJIOB  aKycTudyeckol smuccuu (AD) o00pa3moB Mpamopa €CTECTBEHHOH  BIIa)KHOCTH,
ne(OpPMHUPYEMBIX C TOCTOSTHHOM CKOPOCTBIO B PEKUME OJTHOOCHOTO CIKATHSL.

B uemeepmoii 2nage TpenCTaBICHBI PE3YNbTAThl IKCIEPUMEHTOB C KOMOWHHMPOBAHHBIM
BO3/ICHICTBHEM AJIEKTPUYECKOTO U MAarHUTHOTO TOJIEH, MPOBEACHHBIX Ha 00pa3iiax MpaMmopa ¢ 0codou
MOCTAaHOBKOM — Ha BOJIOHACHIIIEHHBIX O0pa3lax M B PEXKHUME MOCTOSHCTBA Harpy3ku. B riaBy
BKJIIOUEHBI PE3yJIbTAThl JIA0OPATOPHBIX FKCIIEPUMEHTOB Ha 00pa3liax IpaHUTa, POBEIECHHBIX aBTOPOM
B IHCTUTYyTE MEXaHMKH CIUIOIIHBIX CPEJI C MPUMEHEHUEM METOa JOKAUH 1e(EKTOB.

OcCHOBHBIE BBIBOJbI C(bOpMy'J'II/IpOBaHBI B KOHIIE Ka)XJ0M I'JIaBbl U B 3aKJIHOUCHUU
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I'maBa 1. AHAJM3 COCTOSIHUSI MCCJI€IOBAHUIT BJIMSIHUSL JIEKTPOMATHUTHBIX MOJel Ha
npouecc pa3pylieHus reocpes

1.1. KoHuenuusi TPUITEPHOCTH U €€ 3HAYeHHe ISl MPOo0JIeMbl IK30T€HHbIX BO3/1eiCTBUIl
Ha CeHCMMYHOCTH

3a mocienHee CTOJETHE B MCCIENIOBAHMIX 3€MIICTPACEHHI HAKOIUIEH OOLIMPHBIA MaTepHal,
KOTOPBINA MPOJIOJDKAET HEMPEPHIBHO JOIOHATHCS HOBBIMH CBEICHUSIMU O CTPYKTYpE CEHCMUYHOCTH U
BIUSHUM Ha Hee BCEro MHOrooOpasusi (akTOpOB E€CTECTBEHHONM W aHTPONOTE€HHOW MPHUPOAbI (MX
yI0OHO Ha3bIBaTh KPAaTKO BHEIIHUM BO3JCHCTBHEM, KOTOPOE IOIMOJHUTEIBHO HAJIOXKEHO Ha IMoJie
HANPSsDKEHUH B 3eMHOM Kope). CI0XKHOCTh U3YYCHHUS 3eMIIECTPSICEHUN, B TOM YHCIIE MMPOUCXOJIAIINX B
YCIIOBHUSAX BIIMSHUS SK30TCHHBIX (DAaKTOPOB, 3aKIIOYACTCd B TOM, YTO HCCIENOBATElIb HE HMEET
BO3MOXXHOCTH MPSMBIMH METOJAaMH HAaOJIIOAATh MPOLIECCHI, TPOUCXOISIINE B 04are, Mojarasch TOJIbKO
Ha UH(DOPMALINIO, TTOTYyYaeMyl0 OT ceiicMuuecKux BOJH. COrflacHO CIIOKHUBIIUMCS MPEACTABICHUSM
[CobGones, 2011; Anymkun, TypyHraes, 2015], celicMUYHOCTh 3eMJIM MPEACTABISET COOOU TpoIiece,
IPOTEKAIONIMI B HETMHEWHOMN IMCCUIIATUBHON cucTeMe ¢ HA0OpOM KBAa3UCTALIMOHAPHBIX COCTOSIHUM, B
KOTOPOM MPOSIBISIFOTCSI CBOKWCTBA KaK YIOPSAIOUEHHOCTH, TaK U Xaoca. Ilepexon cuctembl U3 OJHOTO
COCTOSIHUS B IPYroe BO3MOKEH MPH MOCTYIUICHUU WM pacxoje sHepruu. [Ipu mocryrieHnu sHepruu
W3 BHYTPCHHUX WM BHEITHUX UCTOYHUKOB B CHUCTEME MOJKET NMPOHM3OUTH MEPEXOJ U3 YCTOMUHUBOTO
coCTOsIHUS B HeYycToHYnBOe. OOpaTHBIN Nepexo/1 MPOUCXOAUT TPH AUCCUITALMU HAKOIUICHHOW B Cpejie
sHepruu. [Ipu 3emnerpsiceHnn NPOUCXOIUT OBICTPBIM cOPOC YaCTH HAKOIIICHHOW SHEPTUU BCJEICTBUE
TOT0, YTO JIUCCUIATHBHBIC MPOLECCHl MPOTEKAIOT MEIJICHHEE, YeM MPOUCXOAUT MPHUTOK SHEPTrUU B
oudaroByto obnacts [["onsaun, 2004, 2005].

[To MHOTOYHCIICHHBIM WU3MEPEHHSM, BBITIOJHEHHBIM CPEJICTBAMHU CITYTHUKOBOW KOCMUYECKOM
reoge3un (GNSS — Global Navigation Satellite Systems) OblIO yCTaHOBIEHO, YTO PETHOHBI C
MOBBIIICHHOW CEWCMUYECKOM aKTUBHOCTHIO MPEJICTaBISIIOT OO0 00IacTH HECOTJIaCOBAaHHOTO TIO
BEJIMYMHE W HAIPaBICHUIO M3MEHEHMs nepemernenuii [Teunissen, Montenbruck, 2017; Bacunenko,
[IpeitkoB, 2012]. [lnaneTapHble W peruoHAIBbHBIE 30HBI (TIOJIOCHI) KOHIIEHTPAIUU CEHCMHUYECKOM
AKTUBHOCTH COBIMAJAIOT C PA3JIOMHBIMH 30HaMH, M B psae pa0doT ObLIO MPOBEACHO KapTHPOBAaHUE
3eMHOM KOpbI Ha ceficMOreHHbIe U aceiicMudeckuxe 30HbI [Gutenberg, Richter, 1949; Zaliapin et al.,
2002; Gorshkov et al., 2005, Ilepman, 2014]. Dto mo3Boamio caenars BeiBoA [Koctpos, 1974,
Hobposonbckuid, 2009] 0 TOM, YTO 3eMIIETPSICEHHUE SIBIISIETCS CJEACTBHEM IIpoIlecca HAKOIUICHUS
HANPSDKEHUN W JIOKamu3anuu JeopMaliy, BBI3BIBAIOIIUX Pa3pblB CIUIOMIHOCTH U CIBUT MacCHBa
TOPHBIX TOPOA. 3eMIETPSACEHHUs, MPUYMHA KOTOPHIX 3aKJIIOYAeTCS B HAKOIUICHUU HAMPSKEHHMH,
00yCJIOBJICHHOM 3aMeUICHUEM MEXaHWYECKOTO JIBIKCHHS W3-32 HAIWYHS MPETSTCTBHA, HA3bIBAIOTCS
TekToHn4eckuMH [JloOpoBonbekuii, 1991]. CnenuduueckumMu IBUKEHUSIMU IIPU 3TOM MOTYT OBITh
MEJIEHHBIE JIBIDKEHUS TEKTOHMYECKHX IIJTUT, KOHTAKTHPYIOIIUX JPYyr C JPYyroM IO CHCTEME
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MOBEPXHOCTEH, TEUYEeHHWE BEIIeCTBA KOpPHl B BHUAE Kpuna U JApyrue. SBieHus marmMaTusma,
MeTamopdu3Ma U JPYTUX BUJOB TBEPAOTEIBHBIX (PA30BBIX MEPEXOIOB TAKKE MOTYT OBITH IPUUUHAMH,
BBI3BIBAIOIIMMH KOHIICHTPAIIMIO HANpsHKEHUH B ompeaeneHHoM oOnactu. Bce mnepedncicHHbIE
SBJICHUS SBJISIOTCS BECbMa MEJIEHHBIMHU, a PEaU3yIoIIeecs B 3TOM 00J1acTu 3eMJIeTpsCEHUE — pa3phbiB
— SIBJIIETCSL aKTOM Xpymnkoro paspyueHus cpeasl [['ompaun, 2004, 2005; Poakun u ap., 2009]. [Ipu
TOM CaMO3AJICYMBAHUE CPEAbl TOCIE 3eMIIETPSICEHUs! (BOCCTAHOBJIEHHE CIUIONIHOCTH) HE MEHSET
TEOMEXaHNYECKOH MPUPOJIBI CAMOTO SIBIICHUS.

[Tockonbky mporecc naehOpMUPOBAHUS Cpelbl Iepel 3eMJICTPSCEHUEM TPAIUIMOHHO
aHAIM3UPYETCS C MO3UIMI MEXaHUKH Pa3pyIICHUs, MHOI'HE COCTABIISIFOIINE 3TOTO MPOLIecca MOXKHO U
1[eJIecCO00pa3HO WCCIEA0BaTh B JIKCIEPUMEHTaX Ha HarpyxkeHHblx oOpasmax [Cobones, Kombios,
1988; Coboes, [Tonomapes, 2003; Lockner et al., 1991; Kuksenko et al., 1996; Kykcenko u ap.,
2011; Mclaskey et al., 2014; Makapos, Ilepsimkun, 2016; Cmomun u ap., 2016]. OnpexnenenHoe
CXOJICTBO B MPOSBICHHUSX XPYIKOIO pa3pylleHus U mpoieccax JedeKTooOpa3oBaHUS Ha CaMbIX
pasHbIX MacmTabax MTUH oOHapyKeHO Oiaromaps pe3yjibTaTaM MHOTOYMCIEHHBIX padot [Zhurkov et
al., 1984; Lockner et al., 1991; Kuksenko et al., 1996; 3aBbsioB, Hukutun, 1997, 1999; Ponomarev et
al., 1997; Smirnov et al., 1995; Cmupnos, ITonomapes, 2004; CmuproB u ap., 2010; Tomuaud u ap.,
2005; Berrerpens u ap., 2006; 3aBesnoB, 2005; Kykcenko u ap., 2011; damackunckas, Kagomues,
2013, 2015; McLaskey G.C. et al., 2014 u ap.]. CxoaHble YepThl MPOCICKHUBAIOTCS HA MaciTadax,
HAYMHAS C CAHTUMETPOBBIX (JIAOOpATOPHBIC FKCIIEPUMEHTHI Ha 00pa3Iiiax reoMaTepruaioB) U BIUIOTh 10
COTEH U THICAY METPOB (30HBI OYAroB 3eMJIETPSICEHUH, rie HaOIIOAINCh CUCTEMbl KHUJIOMETPOBBIX
pPa3phIBOB, BIOIH KOTOPBIX MPOUCXOIUT MepemenieHne Oonpinnx 050koB). [loguepkHeM OOLIHOCTH
IIPOLIECCOB HAKOIJIEHUS 1e()eKTOB Ha J1a0OpaTOPHOM M HaTypHOM MacliTabax: oOpa3oBaHHE TPEILUH B
Harpy>KEHHBIX 00pa3iax COMPOBOXKMAACTCS M3ITYYCHHEM YIPYTHUX BOJH (aKycTHUecKas dMUcCHUsi, AD,
[Hardy, 2003]) ¢ KBaJpaHTHBIM YTJIOBBIM pAacHpee/ieHUeM 3HAKOB BCTYIJIEHHS MPOAOJIBHBIX U
MOTIEPEYHBIX BOJH, YTO TAKXKE XapaKTePHO ISl CECMUYECKUX BOJH U3 O04ara 3eMJIeTpsICEHUSI.

3asyeraronye Ha TUIYOMHE MAcCHBBI TOPHBIX MOPOJ MOJBEPKECHBI TPEXOCHOMY CIKHUMAOIIEMY
HANPSDKEHUI0 (01>02>>03), KOTOpPO€ MOXET OBITh MPOCTPAHCTBEHHO HEOJHOPOAHBIM. B aTOM
CUTyalldd HEOOXOAMMBIM YCIOBHEM JJisi pa3pbiBa CIUIOMIHOCTH (3€MJIETPSICEHUS) SBISETCS
JIOCTaTOYHO BBICOKHH YPOBEHb IIABHOTO HATIPSKEHUSI.

B 1a0opaTopHBIX UCCIIEIOBAHMIX MTPOYHOCTH 00PA3IOB TOPHBIX MOPOJ MPEAeIbHOE 3HAYCHHE
TJIABHOTO HAIPSHKEHUS, Ha3bIBAEMOE “TIpEAeNIOM IPOYHOCTH’, OOBIYHO OIPENeNsieTCs B UCIIBITAHUSAX B

pexxume oaHoocHoro cxarus [CraBporuH, IIporocens, 1985]. Ilpu Hamuuuu GOKOBOro Mmoarnopa
(6220, o3 7&0) MOI'YT pe€ann30BaThCsI COCTOAHUSA C HaIpPsHKEHWEM TIJIaBHOIO cCxkartusg Of,

MPEBBIIIAIOIINM “TIpeiesl MPOYHOCTH . DTO OoNuckiBaeTcs nacrnoproM npoyHoctu [[emskun, 1999],
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nnu kpurepueM Kymnona-Mopa [Ilonb, 1975; Pe6enkuii, 2007]. Takum oOpa3om “nipeaen mpouyHOCTH
UMEET CMBICII HE00X0AUMOT0, HO HE JOCTATOYHOTO YCIIOBHSL.

B ompeneneHHBIX 30HaX 36MHOM KOpBI BBICOKHH YPOBEHb HAIPSKEHUNW MOXET BO3HHUKATH,
Korja Ha 0oJiee KpyMHbIX MaciTabax CKOPOCTh KpHUIla OKa3bIBaeTCS HEIOCTATOYHOM, TO €CTh MPOLIECC
penakcalu He ycrneBaeT obecrneunTh auccuranuio 3Hepruu [[ompaun, 2002, 2004]. IIpu >Tom (B
3aBHCUMOCTH OT XapaKTEPHOTO BPEMEHH) MOXET pealin30BaThCcs JIMOO MeTacTaOHIbHOE
(KBazMCTallMOHAPHOE) HANPSYKEHHOE COCTOSHUE, UJI OKOJIOKPUTUYECKAsl TUHAMUKA CUCTEMBI.

[lepen nuHamMHYECKOM MOJBUKKOM, TO €CTh HEMOCPEICTBEHHO Mepe 3eMIIETPSICEHHEM, MacCHUB
ropHOM moponbl (Kak U oOpaser] Mmpu JabopaTopHOM (PU3NYECKOM MOJEIUPOBAHUU) HAXOIUTCS B
COCTOSIHWH, OJIM3KOM K HEYCTOHYHMBOMY PAaBHOBECHIO, WM, IPYTHMMHU CIIOBaMH, B OKOJIOKPHUTUYECKOM
coctostauH, pucyHok 1.1 [Cob6ones, 2011]. HeMoHOTOHHOE TIOBeZiIcHUE O—E XapaKTEPUCTUKH BOJIHM3HU
TOYKH HEYCTOMYMBOI'O PAaBHOBECHSI COOTBETCTBYET CYILIECTBOBAHUIO Psijla METACTAOMIbHBIX COCTOSTHUN
B JMara3oHe, KOTOPbIN BblAenseTcs Ha rpadguke G—€ Ha pucyHke 1.1 a CBOMM TpeHAOM, MOYTH
napajuiebHbIM  Ocu  Aedopmanuii (BbAETEH CHHUM MPSMOYTOJIbHUKOM). OCOOEHHOCTBHIO ATOrO
quana3oHa SBJSETCS 3HAUMTEIbHOE M3MEHEHHE naedopmanuu Mpu  HEOOJBIIMX  BapHalMsIX
HanpspKeHus. Takue BapHaluu MOTYT BO30YKIAThCsl TP BO3ACHCTBHH BHEIIHUX (akTopoB. OTcrona
BBITEKACT MPUHIMIHAIBHAS BO3MOXKHOCTb TPUITEPHBIX 3(PQPEKTOB, 3aKIIOUYAIOIIUXCS B MEPEX0]e OT
OJIHOTO METacTaOUIILHOTO COCTOSHUSI K JPYroMy IIOJ BIMSHHUEM BHEIIHUX BO3JCHCTBHI Haxke
HeOoboi nHTeHCUBHOCTH [Kykcenko u ap., 1997, 2004; CobGoines, Ilonomapes, 2003; Cobones,
2011; T'ox6epr, Konocaumpia, 2010; Makapos u ap., 2007; boromonos, 2010; ABarumos u ap., 2011;
3akynuH u 1p., 2006; Kouapsn, 2016]. Ilpu 3ToM TOYka (MM HECKOIBKO TOYEK) HEYCTOHYHMBOTO
paBHOBECHSI IPOCKAKNUBAIOTCH.

B orcyrcTBUM BHEUIHUX (TPUITEPHBIX) BO3ACHCTBUN [UIMTEIBHOCTH HAXOXIEHHS CpeAbl B
COCTOSTHUM METacTaOMJIBHOIO paBHOBECHS MOXET OBbIThb CKOJIb YyrogHo jonroil. Ilepexon
paspylIEHUIO MPOUCXOIUT, KOTAa H300paXkaromas TOYKAa COCTOSHHUS MPOXOAUT JHUAara3oH
MeTacTabUIbHOCTH (IIpaBas TPaHUIA JMAana3oHa, BbIEJICHHOTO CHHUM NPSIMOYTOJIBHKOM, Ha PUCYHKE
1.1 a). Kpyrusna cmaga O—€ XapakTepUCTUKM (TaJeHHe HaNpsDKEHUs) M JJIUTEIBbHOCTh
HEYCTOMYMBOCTH (BpeMsi OT MAaKCUMyMa HaNpsOKeHHs A0 TMOABMIKKH) ONPEIEINSIOTCS KECTKOCTBIO
Harpyaromieil ciucTeMsl. B aHHOM cilydae kecTKOCTh K BhIpakaeTcs uepes 3aBUCHMOCTD MajeHHUs
yewmus AF npu meycroitumBocTH, oTHecenHo# k 3Hauenmio nedopmaruu D: k=AF/D [Co6ones,
2011]. B 1abGopaTopHBIX HCIBITAHUAX B JKECTKOH MammHe (3Hauennme K Bemmko [CTaBporus,
[Tpotocens, 1985]) narpyska Ha oOpa3el] yMeHbIIAeTCs 110 Mepe yBeludeHus aegopmanuu (pa3BUTHs
HEYCTOMYMBOCTH) M MAaKpOpaspylleHHe MOXKET He COCTOAThcA. B cilydae HeGompmmx BemmuuH K

BEJIMYMHA YJIENbHOM YNpYyro sHEpruM, HAKOIJICHHOM B oOpaslie Ha Ipeaesie MpOYHOCTH, OyneT
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CpaBHMMa MJIM OOJIbIIE€ PHEPIUU pPEIAKCALUU Cpebl NMpH JedopMallMyd U pa3pylIeHUU B IpoLecce
pa3BUTUS HEYCTOMYMBOCTU. B «MArKHMX)» HarpyXamwIlUX CUCTEMAaX pa3pyLUIEHHE MPOUCXOAUT
MTHOBEHHO Beiieq 3a mpexaesiom npounoctu [CraBporun, Tapacos, 2001; Dudley et al., 2016]. B
YCIOBHAX JIAOOPATOPUH JKECTKOCTh MCIIBITaTEIbHOTO 000pyI0BaHUS U3BECTHA, B PealbHOMN reocpee
(3eMHOI1 KOpe) )KECTKOCTh KOHTAKTOB re00JIOKOB OLICHHBaeTCs Oojiee Ci0XHbIMU MeToaaMu [KouapsH,
2013, 2016]. Hanmnurie kOHEUHOTO MHTEpBaJIa BPEMEHH, B TEUEHNUE KOTOPOIO UMEET MECTO JIOKaJIbHAs
HEYCTOMYNBOCTb, JAE€T BO3MOYKHOCTb 110 KOCBEHHBIM IPU3HAKaM HA0I0AaTh CEHCMUYECKUI ITpoLiecc B

OKpPECTHOCTH O4dara BIIJIOTH O0 camMou ,HHHaMquCKOﬁ IIOABMKKH (3CMHeTp$IC€HI/I$I).

a 0 1

1 & 1 &
Oonactb HEYyCTOHYMBOIO
PaBHOBECHS 1 .
0.99 — 0.98—
l JluHamudeckast | |
Q TOJIBHIKKA
= 0.98 | 0.96
=
o -
=
5 Jogb
5 0.97 0/
= |
0.96 — 0.92—
095 09 ] T ] T [ T I T ]
Hedopmanms, € 09 092 094 09 098 1t

Pucynok 1.1 — MetactaOuinbHBIE COCTOSIHUS W Pa3BUTHE MEXaHWYECKOH HEYCTOWYHBOCTH, COTIACHO

[Cobones, 2011]: a — peonornveckas KpuBasi U cxema OJIOKOBOI'O CTPOCHMS CEHCMOAKTUBHOIO paiioHa, 0 —
cXeMa paszie/icHUs MaTeprajia Ha 00JIaCTH HeyCTOMUMBOM U ycToHuMBOM aedopmanmuu. O1, G2 — HANPSKCHUS B
cocennux 6mokax 1 m 2, {1 — MoMeHT BpemeHum, mpu KOTOPOM YpOBEeHb HampsKeHuit B Grmokax 1 u 2
HEJI0CTAaTOueH /IS Pa3sBUTHS HEYCTOHuMBOH eopmaimu B 06oux 6710kax, {2 — MoMeHT BpeMeHu, npu KoTopom

B Onoke 1 pa3BuBaercst HeycTolunBas aedopmanus €1, a B COCEAHEM OJIOKE 2 YPOBEHb HANPSHKEHHUH €111 HU30K

JUISL €€ peaTu3alliy.

Kak yxe ynoMmsiHyTO BbIlIE, TPUTTEpHBIE 3(PPEKTHI (Tepexoabl) MOTYT ObITh BBI3BAHBI CAMBIMU
pa3HbIMH (akTopaMu, B TOM UHCJIE IEPEMEHHBIMU (U3NYECKUMHU MOIsAMH. [l BO3MyIIeHMH
HanpsbkeHuss mopsaka 0.1-0.001 or xapakTepHbIX 3HAUEHHH TIJIABHOTO HAIpPsDKEHHUS MOJ00HBIE
addekts xopomo uzBectHbl [CoboneB u ap., 1991, 1993; Cobones, [lonomapes, 2003; KouapsH,
2010, 2016; Kouapsia u ap., 2013]. B paborax [Kykcenko u ap., 1997, 2004; Mup3oeB u ap., 1991;
Bboromonos u np., 2001; Mansirun, 2000; Kapaames, 2009] nokazaHo, 4To posib TAKUX TPUTTEPOB MpHU
OTIpeNIeIEHHBIX YCIOBUAX MOTYT UIpaTh BUOPOAKYCTUUYECKHE BO3AEHCTBHS, Jaxke KOTJa OHU CO3JAl0T
BechbMa Majble BO3MYIIEHMs HampsbkeHms MeHee 10° oT XapakrepHbIX 3HaueHmii TIIaBHOTO
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HanpspkeHus. BosnmelcTBus smekTpoMarHuTHRIX (OM) mosieli Ha Harpy>KeHHbIC TeoMaTepuaibl, PU
KOTOPBIX BO3MYVILEHHUS HAMpsDKCHUS eHle MEHbIIe, 4YeM B Ccllydae BHOPOAKYCTHYECKOTO
ctuMmynupoBanus (o ouenkam [boromonos, 2010, 2010 a]), Tak:ke MOTYT NPUBOJUTH K U3MEHEHUSIM
pexuma nedopmMupoBaHusl W BBICBOOOXIeHUs >Hepruu [TapacoB u nap., 2001; Tarasov, Tarasova,
2004; AsarumoB u gp., 2011; 3akynun u gp., 2006; CmupnHoB, 3aBbssioB, 2012; ABarumos,
3etirapuuk, 2016; Bogomolov et al., 2004; Zakupin et al., 2009, 2012 a]. Ipyrum npumMepoM BbICOKOH
YYBCTBUTEIHLHOCTH COCTOSIHUS JIE()EKTHON CTPYKTYPBHI AUAJICKTPUKOB (TeOMaTepraioB) K BHEIIHUM U
BHYTPEHHUM 3JIEKTPOMArHUTHBIM HOJISIM MOXKHO CUMTaTh MarHuToruiactuyeckue a¢dekrsl [['onoBuH,
2004; byuauenko, 2014; Anemmur u ap., 2016, 2017; Molotskii, 2000, Molotskii, Fleurov, 2000],
Ha0JI0JaeMble HA MUKPOCTPYKTYPHOM ypoBHE (ABMx)eHue auciokaiuit). CorinacHo 063opy [I'onoBuH,
2004], Takue 3¢dexTsl 00ycIOBICHH HEPAaBHOBECHOCTHIO, H3HAYAILHO CYLIECTBYIOIICH B KpHCTaIIe
WM IPUOOPETEHHOM KaKuM-JIH0O0 CIIOCOOOM U MOJIMTUTHIBAEMOI U3BHE.

Ha narypHom reodusundeckoMm macmrade TpUTTepHbIi 3¢ (HEKT AMeKTPOMarHuTHOTO MO ObLI
YCTAHOBJICH 10 KPaTKOBPEMEHHOM aKTHBAllMU ceicMuunoctu [Tarasov, Tarasova, 2004; Chelidze et
al., 2006], nubo Bapmanusm ee xapaktepuctuk [Tapacos, Tapacosa, 2011; CMupHOB, 3aBbSIIOB,
2012]. Crout ocobo oTrmeTuTh, 4TO B pabore [Tapacos, Tapacosa, 2011], craBmieii IoruyecKum
3aBepIIeHHEeM OOJBIIOr0 ILHUKIA HCCIEIOBAHUN 3THUX aBTOPOB, OOHAPY)KEHO H3MEHEHUE CKOPOCTU
CEMCMOTEKTOHMYECKUX JIeOpPMALUii B IEPHO/ SJICKTPOMArHUTHBIX BO3ICHCTBHIA MPH 30HIUPOBAHUIX
C mpuMEHeHHeM reodu3ndeckux MarauroruapoauHamudeckux (MI'J]) reHeparopoB, a Takxke
MPOBEJICHA OLIEHKA pelaKCallii HANpsDKEHUH MO0 MECTy TaKuX 30HAMpOBaHHM. B skcrnepumeHTax Ha
oOpa3iax ‘“aneKTpoTpUrrepHbiii 3¢ deKkT” 3aperucTpUpoBaH, Kak MPaBUJIO, 1O YBEIUUYEHUIO
AKTUBHOCTH AaKyCTUYECKOM 5MMCCHH, OTpaXkalolled CKOPOCTh TPELIMHOOOpPa30BaHUS B TOPHBIX
noponax (6mbmmorpadus B 0600menusx [Cobones, [lonomapes, 2003; boromonoB u ap., 2011].
OnHako B >TMX paboTax HE NPEACTaBIEHbI JaHHbIE 00 yBenuueHuu Aedopmanuu OE B IIpolecce
MEPEeX0/IOB  MEXIYy METacTa0WIbHBIMU COCTOSHUSMH, HWHHUIIMUPOBAHHBIX DIIEKTPOMArHUTHBIMU
noisimu. Cornacuo [Bogomolov, Zakupin, 2008; Boposckuii u mp., 2011] B 3kcnepuMeHTax TpU
3a/laHHOM KBa3HCTAllMOHAPHOM CKaTuu 00pa3uoB (mpu Harpyske 0.7-0.9 ot pa3pylieHus) BO3SMOXKHOE
YKOpOYeHHE 00paslioB B MEPUOABl OTKIMKOB aKTUBHOCTH AD Ha DM BoszneiictBue O6bu10 Menee 0.1
MKM, YTO HHXKE pa3peliaromieil criocOOHOCTH U3MEPUTENBHOTO KaHana. COOTBETCTBYIOIIEE H3MEHEHUE
nedopmaruu O€ < 10° He 6bITIO 3aperncTpUpoBaHO, M BCTAET BONPOC O NPHUMEHHMOCTH CXEMBI

nepexoqoB (pucyHok 1.1 a) B cimydae BO3JAEHCTBMIA DJIEKTPOMarHUTHBIX mosieil. OTcCro/la BBITEKAeT

OJlHA W3 3aJlad HacTOsIICH Da6OTBI — OKCIICPUMCHTAJIBHOEC HCCIICAOBAHUEC BapI/IaHI/Iﬁ CKOpPOCTH

I[e(bOpMaL[I/II/I 06pa311013 TOpHBIX TMOPOA, HCIBITBIBACMBIX B YCIOBUAX OIJHOOCHOTO CXAaTHA C

MMOCTOSIHHOM CKOPOCTBIO HAI'PYIKCHUA U BO3JCHCTBUS BHEIIHUX QJICKTPOMArHuTHBIX MOJICH.
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B 3aBepmienne pazgena mepeuncnaum, ciaeays [[ompawn, 2002, 2004], ocHOBHBIE (aKTOPHI,
KOTOpBIE OIPEAETSAIOT JECTPYKTUBHBIE IIPOLECCHl B CEHCMOAKTHUBHBIX 30HaX, B TOM 4YHCIIE
MOJIBEPKEHHBIX 9K30T€HHBIM BO3JEHCTBUAM. DTO cieaytomue (Gakropbl: 1) HEOTHOPOIHOCTH CPEabl
0 MEXaHWYECKUM CBOMCTBaM; 2) CKOpOCTh Aedopmanuu; 3) HEOJHOPOAHOCTb CPEbl IO CKOPOCTU
KpHIIa, YTO OIpeesieT aKKyMYJISTOPhI (KOHIIEHTPATOPhl) HAPsDKEHUH; 4) Jokanu3anus nedopmannii
U IOSIBJICHUE IOSICOB IUIACTUYHOCTH; S5) IMPOLIECC NEPEKOHLIEHTpAlMU HAINPSDKEHUM B pe3yibTare
neukeHust 6mokoB [[ompauu, 2002, 2004]. Kpome mepedncieHHOTO, BaXKHYIO POJb HTpacT Cama
CTPYKTypa 30H pa3JIOMOB, TaK Kak HMEHHO BOJIM3M pAa3JOMOB, UX COWICHEHUMH, MepeceueHuit
HaOMOIal0TCs HanboJiee CUIIbHBbIE KOHIEHTPATOphl HampsbkeHUH. PaccMOTpuM reoMexaHHUYecKyro
CUTYallMI0, KOIZla B OJHOM H3 COCEJICTBYIOIIMX OJIOKOB pa3BUBAETCS JIOKAIbHAs HEYCTONYMBOCTH

nedopmarmu, pucynok 1.1 6 [CoGone, 2011]. Pa3BuTue HEYCTOMYMBOCTH B OJHOM U3

COCEJCTBYIOIIUX 0JIOKOB BO3MOXKHO IIPH JOCTHKEHUU CleAyoUMX ycnoBuid. [lycth HanpsikeHust 01 B
6110ke 1 B HEKOTOPBI MOMEHT BpemeHu 11 Obutn paBHBI 96% OT MaKCHMaIbHO BO3MOXKHOTO YpOBHs. B
JaJbHENIIEM TIPU POCTE HANPSDKEHWH MX YPOBEHb B MOMEHT BpeMeHH [p CTAaHOBHUTCS JOCTATOYHBIM
JUI pa3BUTUSl B NPUPA3phIBHON oOjactu HeycroiumBoul aedopmaryu €1. [lpu stom mpomcxomut
OJIHOBPEMEHHOE MaJIeHHE YpOBHs HampspkeHus O1 B Onoke 1. Ilpu ycnoBuu, Korga Mmeer MecTO

XPYIKOE pa3pylleHHUEe, MpU JaJbHEUIIEM YCKOPEHHM AepopManuu €1 HaOMIOAAETCd U yCUJICHHE
CeMCMUYECKON aKTUBHOCTH. B 3aBHCHMOCTH OT HampsDKEHHH B OJIOKE 2, SBISIONIMMCS CMEKHBIM K

NepBoOMYy 6HOKy, MOJKCT Pa3BUTLCA TOT HIIA WHOH CI_[eHapI/Iﬁ nepexoaa oT CcTaOMIILHOTO COCTOSIHHS K

HEyCTOMUMBOCTH. B mepBoM citydae mpennosioxkum, 4YTo B COCETHEM OJI0Ke 2 YpOBEHb HANPSLKEHUN 02

B MOMeHT BpeMerH {1 coctaisin 95%. Poct HanpsukeHnit BHyTpH 6J0KOB 1 1 2 K MOMeHTY BpeMenHu 1
HEJOCTaTOYEH ISl Pa3BUTHS HEYCTOWYMBOCTU B Oioke 2. IIpu 3TOM HEOOXOJMMO YUUTHIBaTh, YTO
MoJi/iepKaHue mpoliecca HEYCTOMUMBOM tepopmaliiu B mMpupaszioMHOM 30He Os10ka 1 TpedyeT pacxoma

HAKOILJICHHOM HOTGHHI/IaﬂBHOﬁ SHEPTrUH, KpOME 3TOr0 NMAACHUEC HANIPSXKCHUS O1 NPUBCACT K IMaACHUIO

HanpsDKeHUs: B coceqHUX Onokax. Tam Oyzaer HaOmoIaThCsl yBEIMUEHHE CKOPOCTH AedopMalu €2 U
ocnalneHne ceHCMMUYECKOW akTHUBHOCTH. TakuMm oOpa3oMm, NpHU Ppa3BUTUM HEYCTOWYMBOCTH
CelCMOaKTUBHAs 30Ha BO BPEMEHHU pa3JeNsiaeTcs Ha JBe O00JIAaCTH C pa3HOW TeoMEeXaHUYEeCKOM
cutyanuei. B atux o6mactax mo-pazHomy OyayT mpoTekaTh aehOopMalMOHHBIE U, KaK CIIEACTBHE,
CEHCMUYECKHE NPOLECCHI.

B Onoke 1 Oynmer HabmiojaTbes ceiCMHUYECKash aKTHBM3AllUs, a B OKPYKAIOMIMX OJIOKax —
ceficMpuueckoe 3aTuiibe. KOHKpPETHBIM CHEHapuil pPa3BUTHS HEYCTOMYMBOCTH 3aBUCUT U OT

PacCMOTPEHHON HEOJHOPOAHOCTH CEMCMOAKTHBHOMN 30HBI MO HANPSKEHUSIM, U OT HEOJHOPOJAHOCTH

cpelbl MO yOpyruM MoayisMm, koHkpeTHbIM PT-ycnosusm (P — naBnenme, T — Temmeparypa) u
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(GIIOUAOHACBHIIIEHHOCTH, a TakXke OT 3()PEeKTUBHOCTH MPOLECCOB IUCCUMALMU SHEPTHH B Pa3HBIX
6mokax. Ho pe3kuii KOHTpacT B pEOJIOTHH COCECTBYIOMIMX OJIOKOB M BBICOKHI IPaJHEHT HANpPSKEHUH
0CTaeTCsl OCHOBHBIM (DAKTOPOM B Pa3BUTHUU HEYCTOWUUBOCTH.

CaMo MeTacTaOMIIbHOE COCTOSIHME O4aroBOM 30HBI 3aBHCHUT OT IIEJIOTO psAja (aKkTOpoB, TAKUX
KaK TEKyIIUH YpOBEHb TPEIIMHOOOpa30BaHMs, TUHAMUKA HANpPSDKEHUH BO BPEMEHH, OIpeiaelsemast
TEMIIOM BHEIIHEH (r100anbHOil) qedopManuu ¥ ypOBHEM BO3MOXKHBIX BHEIIHUX BO3JICHCTBUH, POIb
KOTOPBIX B aKTHUBaIuu 3emierpscenus yBenunumBaercs [Keilis-Borok, 1990; Sornette and Sammis,
1995; Varnes, 1989]. Yanie Bcero posib BHENIHUX BO3JCHCTBUI CYILIECTBEHHA B CUTYyallMU, KOT/1a peUb
UAET O 30HaX MPEUMYIIECTBEHHOI'O CXKATUs, JUIsI KOTOPBIX XapaKTepHa HU3Kas CKOPOCTbh BHEIIHEH
nedopMaIuu, B OTIUYHE OT 30H PACTSHKEHHS ¢ O0IbIMMH cKopocTsiMu aedopmaruu [ onbaun, 2002,
2004; Ilonomapes, 2008]. onoaHUTENbHBIMH (DAaKTOPAMH, SIBISIOIIMMHUCS MPUUYMHAMH IOJIBOJIA
SHEPruu K MOTCHIMAILHOMY OYary M CIyXallUM{ MOTCHIHMAIbHBIMU TPUITEPAMHU CEHCMHUYECKON
AKTUBM3AIlMM B OYaroBOW 30HE MOTYT OBITh KaK €CTECTBEHHbIC NPUPOIHBIC SBICHHS, TaK U
AHTPOIIOTeHHBIE Tporecchl. K ecTeCTBEHHBIM MPUPOAHBIM TMPOILIECCAM OTHOCSTCS TJ100adbHbIE
SBJICHHS TUIAHETAPHOTO MaciiTaba, Takhe Kak JIyHHBIE U COJIHEUHBIC MPUIMBBI, U3MEHEHHE CKOPOCTH
BpallleHus1 3eMIid, COOCTBEHHBIE KojieObaHus 3emMiid, HOHOC(hEpHbIe BOZMYIIEHHUS U MarHUTHBIE OYypH, a
TaK)Ke MPOLECCHl PETHOHAILHOTO MaciTada — rnepenajibl aTMOChEPHOro JaBICHUS, IUKIOHBI, a TAKXKe
camu 3emuietpsicenuss |[Huxomae, 1994, Ilpupoxmsbie..., 2000]. AHTpomoreHHbIMH (aKTOpaMu
SIBJISIFOTCSL TIPOLIECCHI, BBI3BAHHBIC JIESITEIIbHOCTHIO YEIOBEKA — MOA3EMHBIC SIICPHBIC B3PBIBBI, 3aKaUKa
100 OTKayKa KUIKOCTH (WM Ta3a) U3 CKBAXXUH, U3MEHEHHUE YPOBHS BOJOXPAHMIHUIL (COPOCH BOJIBI)
¥ MOII[HBIE BUOPO- U DJIEKTPOMATrHUTHBIE BO3JCHCTBHS TIPU 30HIUPOBAHUSLX 3eMHOU KOpBI [Mup30eB 1
np., 2009, 2010; Tapacos, Tapacosa, 2016; EmanoB u ap., 2014; CelicMUYHOCTH TIPU TOPHBIX paboTax,
2002; Doornhof et al., 2006; White et al., 2005; Anymkusn, Typyaraes, 2015].

B pabGore [[ompaun, 2004] otmeueHo, uro “kodduIMEHT mMONe3HOro aeHCTBUS”,
MOHMMAeMbIil KaKk KOI(PQPUIMEHT MpeoOpa3oBaHUs DHEPTHUH B YIPYTryro AedopMaIuio Cpeabl, A
TaKMX OJK30TE€HHBIX (DAKTOPOB, KaK MCKYCCTBEHHbIE HWCTOYHMKH CEUCMHYECKUX KOJeOaHui
(TpOMBIIIIEHHBIE U CEHCMOPa3BEIOUHBIE B3PHIBHI, SIACPHBIE UCTIBITAHUS ) TIOCTUTACT JIUIITb HECKOJIBKUX
mpoleHToB. Manas BelMYMHA BHOCUMOW TaKUMHU UCTOYHUKAMHU SHEPTHH SIBISETCS HOCTATOYHOU IS
TOT0, YTOOBI HEKOTOPBINA OJIOK Cpeibl, HAXOASIIUNACSA B METaCTAOMILHOM COCTOSHUM C KPUTHUECKUM
YPOBHEM SHEPIruM, Hauajd BBIIEIATh W30BITOUHYIO DHEPTHIO B BHJE CEHCMHUUYECKHX KojeOaHumil. Tak
KaK DHEpPrusl JIOMOJIHUTEIhHBIX HCTOYHHUKOB BO3JCHCTBYET Ha BECh 00BEeM OJIOKa, TO DHEPrus
pacxoayeTcsi HEMOCPEeICTBEHHO Ha TMOATOTOBKY (BO30YXIEHHE) CEHCMHUYECKOro COOBITHSA. OTa
DHEPrus BBIJCNAETCS HE TOJIBKO B BHJE TEIJIOTHI, HO TaKXE PacXoAyeTcs Ha JuHaMoMmeTaMopdu3m
(TBepmoTeNnbHBIE (pa30BBIE MEPEXOJbl, TUAPATANNS W JETHApaTalis), U Ha MEPEeYyNaKoBKY CHUCTEMBI

6mokoB [lompaun, 2004]. Bce 3TO compoBOXIaeTcsi HEKOTOPHIMHU JIOKaJbHBIMU BO3MYILEHUSMU
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HAIMpsOKCHUSA, HAJIOKCHUEC KOTOPLIX Ha obacta ¢ HGYCTOP’I‘{HBBIM PaBHOBECHMEM Ha AuarpaMmme O-€

(pucynok 1.1 a) MOXKeT HHUIIMMPOBATH B HUX POCT AehOpMaIIHH.

[IpencraBneHHsle B 3TOM pazzieie MaTepuaiibl YKa3bplBalOT HAa HAJIWYUE MNPEINOCBUIOK, IpPU
KOTOPBIX MOJKET 3apaboTaTh MeXaHW3M BO30YXKICHHS OTKIMKAa CEHCMHUYECKON AaKTUBHOCTH Ha
pa3MyHble SK30T€HHBIC BO3JEHCTBUS, B TOM YHCJIE 3JIEKTPOMAarHUTHBIE TIOJIs, TE€HEPUPYEMbIe
MOIIHBIMH ~ UCTOYHMKaMH. C MO3MLIMHA  KOHUENIMU TPUITEPHOCTH U  TpeAcTaBleHUuil 00
SHEPTrOHACHIIICHHON, ‘““KMBOW~ Teocpe/e MoJA00HbIC BapHallid JIOKAJIbHONH CEHCMHYHOCTH OTPAKAIOT
3aKOHOMEPHOCTH TPOIECCOB ACCTPYKIMH B TeOCpelle U HE SBISIOTCS SK30THUECKUMHU IMPUMEpaMH,
BBIMIAIAIONIUMU U3 OOINEH KapTUHBI MOATOTOBKM TEKTOHUYECKUX 3eMIIeTpsiceHHi. B ciienyromem
pasziene paccMaTpUBAIOTCS IMPUMEpPbl HU3MEHEHUH CEHCMMYHOCTM B PETHOHax IPOBEACHUS
30HIMPOBAaHUN 3E€MHOW KOpPbl MMIYJIbCHBIMHU HCTOYHHUKAMHU 3JIEKTPOMArHUTHBIX IMOJEH, a TaKxke

BapHaIiy CEHCMUYECKON aKTUBHOCTH B TIEPUOJIBI TPOXOXKICHHS B aTMOC(HEpe MarHUTHBIX Oypb.

1.2. OcHOBHBIE MPEJACTABJEHUA 0 BJAUAHUHU 3JIeKTPOMATHUTHBIX MoJIell HA celicMUuYecKui
npouecc

OnektpoMarautHoe (OM) Bo3aeiicTBHE 3aMETHO BbLaeiseTcss Ha (OHE IPYrMX BHEUTHUX
(akTOpOB TEM, YTO OKa3bIBAET CYIICCTBEHHOE BIHUSHHUE HA CKOPOCTh M3MEHEHMS HANpPsLKCHUN U
nedopMaluii B reocpesie, B TO BpeMs KaK aMIUTUTYJa 3TUX HANPsHKCHWH (BbI3BaHHBIX DM mojem)
MeHsIeTCS He3HaunTenbHOo. B paborax [boromonos u ap., 2011; Tapacos, Tapacosa, 2011; Tapacos,
TapacoBa, 2016] oOpameHo BHMMaHHWE HA TO, YTO CKOPOCTh HW3MCHEHHUS HANPSHKCHUH IPU
MPOXOXKACHUH (PPOHTOB DIEKTPHUUECKUX HUMITYJIHCOB MOXKET OBITh TOTO K€ MOPSJIKA WM BBIIIE, YeM
IIPU YUCTO MEXAaHUYECKUX BO3MYILEHUSAX (BUOpALMK, B3PHIBBI, SIBJICHHUS HAa KOHTaKTaxX OJIOKOB U T.II.).
Ha otnmenpHBIX yyacTKax WJIM CETMEHTAaX pa3iOMOB MOIIHOCTH 3JIEKTPOMArHUTHBIX BO3ACHCTBUUN
MOKET TPUOMKATBCS K OLEHKAM MOIIHOCTH Je(OpPMAIMOHHBIX MPOIECCOB (MPOU3BENEHUS
XapaKkTEpHOr0 HAMNPSHKEHHWs Ha IUIOIIAJb KOHTAaKTa M Ha CPEJHIO CKOPOCTh OTHOCUTEIBHOTO
nepeMenieHus 0JI0KOB).

B nepaBuux paborax [Cobomnes, 2010; Cobones, [Tonomapes, 2011] B kauecTBE BTOPUYHOTO
MHUIUUPYIOMIETo (aKkTopa paccMaTpuBajoCh MOCTYIUJICHHE BOJBI B 00beM cioucToro obpasma. Ilpu
ATOM PEaKIus MPOSBIISETCS MOBBIIICHHEM aKTUBHOCTH aKyCTHUECKOH aMuccuu (AD) ¢ MOCIeayOmuM
3aTHIIBEM, TTOCIIE KOTOPOTO MPOUCXOJUT MaKpopazpylieHne. Bo3MOXHO, B yCIOBUSX 3€MHOW KOPBI
MEXaHU3M BHEIIHETO DSJIEKTPOBO3JICUCTBHS OIPEACIACTCS IMOCTYIUICHHEM BOJBI B odar (pasiiom)
[Gabrielov, Keilis-Borok, 1983; Co6ones, 2014; Gavrilov et al., 2013; ITantenees, ['aBpmiios, 2015;
Panteleev, Gavrilov, 2015; TaBpunoB u np., 2014; Taspunos, IlanteneeB, 2016]. B paborax
[boromonoB u np., 2011; CeraeBa u gp., 2011] Obu1 mpemoxxkeH crenupuUecKuil MeXaHH3M

B036Y)KI[€HI/I$I KoneOanuii IIpyu KOMMYTallMM MOIIHBIX HWMITYJIBCOB TOKaA, HCIIOJIB3YCMBIX IIPHU
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3JIEKTPO30HAMPOBAHUSX CpPEAbl M KOHIIEHTPUPYIOIIMXCS B KUIAKHUX IPOBOJHHMKAX-KaHaiax. OTOT
MEXaHU3M TaKX€ MOKET BHOCUTD BKJIAJ B JIOKAJIbHBIC BO3MYIIICHUS HAMIPSKEHUSI.

B nmanmHOM pa3znene W3NIOKEHBI HanbOoJiee CYIIECTBEHHBIC MPEICTABICHHS O B3aHMMOCBSI3H
MEXAYy CEUCMHYECKHM IIPOLECCOM M JJIEKTPOMAarHUTHBIMM NOJSAMH, ONHUpArOUIMecs Ha
COBOKYMHOCTbh HAaTYpHBIX HAaOJIIOJEHUM M MOJIEBBIX MCHBITAHUM B pa3HBIX YacTax cBeTa. YacTb
pasjelia MoCBsIIeHa HATYPHBIM HAOJIOJCHUAM B3aUMOCBS3U €CTECTBEHHBIX I'€O3JIEKTPUUECKUX U
FEOMArHUTHBIX SBJICHUN ¢ CEMCMUUYHOCTHIO 3emMiiu. B OCHOBHOM, 3TO MaTepuabl UCCIEI0BaHUN
MOCJICACTBUMA aHOMaJbHBIX MarHUTHBIX Oyph [CoOones, Ilonomapes, 2003; CoGomner, 2014].
30HIUPOBAHUS C MPUMEHEHUEM MCKYCCTBEHHBIX HCTOYHUKOB 3JIEKTPOMAarHUTHBIX IOJIEH,
HayaThle B KOHILIe XX BeKa, SBJISIOTCS I€JCHANPAaBICHHBIM BO3/I€IICTBMEM Ha 3€MHYIO KOPY, OHU
CBITpAIM POJb SApa, CTEPXKHS, BOKPYT KOTOPOro cQopMupoBaiach KOHIEMIUS pPa3psaKH

M30BITOUHBIX HAMPSIKEHUM B reocpelie, akTyalbHas U B HacTosee BpeMs [Coiues, 2008].

1.2.1. B3anMocCBA3b CeICMMYHOCTH M (pr3nUecKHUX MpoueccoB B cucreme CosiHue-3emiis

B nanHOM pa3znene mpencTaBlieHbl HanbOoOJee CyHIECTBEHHBIC PEe3yJIbTaThl O B3aHUMOCBSI3H
MEXJy 3JIEKTPOMarHUTHbIMU (OM) mojsmMu M BapualUsMH CEHCMMYHOCTH, ONHUpPAIOIIHMECS Ha
COBOKYMHOCTbh HAaTYPHBIX HaOIIOJACHUN MOCIEACTBUN COJHEYHBIX BCIBIIIEK: MArHUTHBIX Oyph U
IpYTHX.

MHOro4YrcACHHBIMA HCCiIeqoBanusamMu (0030p, Hampumep, B [Surkov, Hayakawa, 2014])
OTMEYEHO, YTO MarHUuTocdepa 3eMin mpeacTaBseT co00i cBOCOOPa3HYIO IUIOMIAIKY ISl IIPOTEKAHUS
TaKUX IPOLECCOB, KaK N'€OMarHuTHas aKTUBHOCTb, T€OMarHuTHas Oyps u cy00yps, MOpPOKAAeMBIX
COJTHEYHON AaKTHBHOCTBIO, KOTOpas TakXe OINpeAessieT M COCTOSHHE MOHOC(hepbl — TiIo0albHOE
pacripeiefieHue WOHU3alMK W ee Bo3mylieHuil [AdpaiimoBuy, [lepeBamoBa, 2006]. Comneuynas
aKTUBHOCTh B aTrMocdepe SBISETCS NPUYMHONW TaKuX IUHAMUYECKHMX SIBJICHMM KakK LHMKJIOHBI U
AQHTULMKJIOHBI, Tal(yHbl, WTOpMbI U Tak pganee [Orypmos, 2009]. MHoxecTBO Hcciel0BaHUN
MOATBEPKIAI0T HAJTMYUE CBSA3HM MEKIY COJIHEYHON aKTHBHOCTBIO U F€OAMHAMUUYECKUMU MIPOLIECCaMU B
mutochepe. PaccMOoTpuM dacTh M3 HHUX, TNOCBAILIEHHBIX CBS3SM CEHCMHYECKOro Ipolecca u
AIIEKTPOMAarHUTHBIX IOJIEH, BBI3BIBAEMBIX T'€OMarHUTHBIMU OypsiMu U cyOoOypsmu. B pabotax
[CoboneB u mp., 2001; 3akpxenckas, Cobones, 2002, 2004] moapoOHO HCCIEAOBATNCH PETUOHBI
KaBka3za, Kazaxcrana n Kuprusuu ¢ BbICOKON CEMCMHMUYECKON aKTMBHOCTBIO Ha IIPEAMET KOPPEIALUU
3eMJIETPSACEHUIN C MAarHUTHBIMU OypsiIMU (CpeiHEN U BHICOKOM MHTEHCUBHOCTH) C BHE3AITHBIM HAYAJIOM.
B mpouecce conHEYHBIX BCIBIINIEK BO3HHMKAET BBIOPOC MOTOKOB 3apsKEHHBIX YaCTHUL, KOTOpBIE

BBI3BIBAIOT CHJIBHOE CKAaTHE MarHUTOC(epsl 3eMId, PU 3TOM MPOUCXOANUT 3HAUUTEIBHOE (HA COTHU —
enuHUnBl Thicsd HT) nmoHmxenne H-koMIOHEHTHI (rOpPU30HTANBHON) I€OMArHMTHOTO MO 3eMIIM

[CoGoner u ap., 2001]. JIauTeIbHOCTh MarHUTHON OYpH BapbHPYETCS MO BPEMEHH OT HECKOJBKHX
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HYaCOB 0 HECKOJBKHX ,Z[Heﬁ " nmoapasacisdaeTCsa Ha HECKOJIBKO (1)331 BHE3aIlTHOC Hadalio, HAYaJIbHYIO,

rnaBHyto (a3sl 1 pazy BoccranoBieHus [Surkov, Hayakawa, 2014]. BaezanHoe Hauyano, SSC (SSC —
storm sudden commencement), XapaKTepH3yeTcs 3HAYMTENBHBIM MOBBINIEHMEM 3Ha4eHus H-

KOMITOHEHTBI T€OMarHUTHOTO 1osis. [locie 4ero mpoucxoauT nepexo K HaualubHOM (a3e — UCXOTHOU
TOYKE CHUJIBHOIO yMeHbIIeHHs H-koMroHeHTbl. CaMm Nepuoj YMEHbBIIEHUS Ha3bIBAETCS TIJIaBHOMN
dazoii, cMensomeiics (a3oil BOCCTaHOBIEHHUS 3HaueHUs H-KOMIOHEHTHI A0 YpPOBHS 1O Hadaja
MarautHoU Oypu [CoboneB u ap., 2001].

Pe3ynbrarhl aHanm3a BAMSIHUS MarHUTHBIX Oyph Ha cedicMuvHOCTh ([CoboneB u ap., 2001])
IIPOJEMOHCTPUPOBAIM KaK YBEPEHHYIO aKTHBU3ALMIO 3€MIIETPSCEHUIN B MHTEpBase 2-7 CYTOK IOCIIE
BHe3anmHoro Hadana Oypu (15 coOwitmii g0 O6ypu u 31 — mocnme Oypu), TaK W IPOTHUBOIIOIOKHBII
3 dexT — yMEeHBIIIEHUE KOJIMYECTBA 3eMIICTPSICEHH 1Tocie Oypu (27 coOwithii 10 Oypu u 20 — mocie
Oypu). Takum oOpazom, st uccneayemoro pernoHa Kazaxcrana u Kuprusuu mosgyueHa mMo3aumdHast
KapTHHA pachpenesieHus] pailOHOB C TOJIOKUTEIBHBIM U OTPHUIATENbHBIM 3(dekramMmu BO3AEHCTBHUS
MarHUTHbIX Oypb Ha MpupocT ceiicMuuHOCTH. OLIEHKHM CyMMapHOW SHEpryu, 3aKadyaHHOM BCeMU
M3ydeHHBIMH OYypsAMH 3a paccMaTpuBaeMblii mepuoz, naroT 3Hadenwe 102 JIx. BrimenuBmiascs
cyMMapHas celicMuueckas >Heprus coctapiaser 1012 JIx. YumTeiBas ko>(hdHIMEHTH CeiicMUYECKOi
3G (HEeKTUBHOCTH, KOIPPUIIMEHTH TPEeoOpa3OBaHUN MEXaHHMYECKOH JHEPruu B OIJICKTPHUSCKYIO
(mbe30dPPexT, cercMOoINEeKTpUIecKuii A(PGEeKT u JOpyrue) aBTOPBl NPUXOAAT K BBIBOAY, YTO
HaOM01aeMoe BO3JCHCTBHE MArHUTHBIX Oypb Ha CEWMHUYHOCTh HOCUT TPUITEPHBIH XapakTep
[CoboneB u ap., 2001]. Ha cpaBHumo menbiueil tepputopun CeepHoro TsiHb-lllaHs mo maHHBIM
cericmonorndyeckol cetu KNET, oxBarbiBaromied TEppUTOPUIO BHIIKEKCKOTO I'eé0JMHAMHYECKOTO
nosmrona Hayunoii craniuu PAH Obumn monydensl cxoaHbie pe3ynbrarhl [CerueBa u ap., 2010].
[ToBbimienne cpennexBagpatudeckoro otkiaoHeHus (CKO) ceiicMuyeckoro nryma MpoMCXOJUT HE BO
BpEeMsl COJIHEYHOM BCHBIIIKHM, a Ha CIEAYIOUIME CYTKH IOC/Ie Hee, T.e. B MEepHUoj, B OOJIbIIMHCTBE
CIIy4aeB COBIAJAIOIIMN C HayaloM MarHUTHbIX Oypb [CerueBa u np., 2010, 2011]. Kpome storo
BeiziensgeTcs eme oauH npupoct CKO ceiicmornryma (607ee BEICOKOAMIUTUTY/IHBIN) Ha 4-7 CYTKH MOCTe
CONTHEYHOM BcIbIKU. [Ipruem Gonbias 4acTh OTKIMKOB HAa COJIHEYHBIE BCIBIIIKA U MarHUTHBIE OypH
MPUXOJUTCS Ha 3UMHUI MepHo, Korja Habmoaaercs 6onee cuibHbIN pazdpoc CKO ceiicmuueckoro
mryma (1o CpaBHEHUIO ¢ JeTHUM niepuosiom) [CerueBa u ap., 2011].

s pernona Kaskaza [3akpskeBckas, CoOoneB, 2002] moiydeHbl aHalIOTHYHbIE 3(PQPEKTHI
MOJIOKUTEIHHOTO W OTPHUIATEFHOTO BIWSHUS MarHUTHBIX Oypb, HO ¢ 0OoJjee JOJITOBPEMEHHBIM

nocneneiicteueM. boiee TOro, Nmpu pasfeleHMH KaTajora 3eMIETPSICEHHH II0 SHEPreTHYECKUM
knaccam, K, ma 2 BwiGopku ¢ 7< K <8 u K >8 Brusneno cnegyromee. Jlo 1980 roma (xorma

OTMEYaJICS POCT CEHCMHYHOCTU IO PErHoHY) MOJOXKHUTEIbHbIM 3(PQeKT ObLT JOCTUTHYT 3a CueT
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3eMJICTPSICEHUN BBICOKMX KiaccoB (pucyHok 1.2). OrtpunarenpHbii 3¢ dekT Habmomancs 3a cYeT
coOBITHI 0O0Jee HU3KMX KJIACCOB BHE 3aBHCHMOCTH OT XapaKTepa CEHCMHUYECKOW aKTUBHOCTH (Kak 10
1980 r. mpu ee yBenuueHuu, Tak u nocie 1980 r. npu ee ymeHbIIEHUH, pUCYHOK 1.2).

Ni Pucynok 1.2 — HopmupoBaHHbIE Ha YpOBEHBb
' @) JOJITOBPEMEHHOI'O  IIyMa 3HA4Y€HUSA  Pa3HOCTHU
MEXIOY CyMMapHbIM YHUCIOM 3CMHCTp5{CCHI/Iﬁ
ok sHepretuyeckux kmaccoB 7< K <€ u K >8 B

aKTUBHOM HWHTepBaie mnocie 92 Oypp u B

=
&
3 MaCcCUBHOM  HHTCpPBAJIC JIsI  BCCTO  pPCruoHa
{

Kagkaza: a — 3a BpemenHnoit nepuoj 1963-1979 rr.;

2
1

(6) 0 — 3a BpemenHou nepuoy 1980-1990 rr. coriacHo

1+ [3akpxeBckas, Cobones, 2002].
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OO6o0mienne pe3yabTaTOB HCCICIOBAHUNA MAarHUTHBIX Oyph Ha CEHCMHYHOCTH pPAa3HBIX
celicMHUYecKr aKTUBHBIX oOsacteir Poccum B 2004-2008 rr. mokasayio, 4TO MaKCUMAaJbHBIH 3(P(dEKT
(40%) 6bu1 momyueHn B 2004 roxy [I[lomoBa u ap., 2011], mocneayroiue rojbl XapaKTePU3YIOTCS
CHU)KEHHEM F€OMarHUTHOM akTUBHOCTH. OOHapyKEHO HAJIMYNE KOPPENSLUN MEX1y HHTEHCUBHOCTBIO
MarHuTHBIX Oyph (OHa MaKCHUMaJibHa BOJIM3M MAarHUTHBIX IMOJIOCOB) U YCHJICHHEM CEMCMHUYHOCTH (Ha
Konbckom nonyoctpose u B Skytuu (nopsinka 55% cinyuae)). Beiagsunyras apropamu [[lomnosa u ap.,
2011] rumore3a O HaIMYMM CBSI3M MAarHUTHBIX Oypb M MHKpOCEHCMHYECKONH aKTUBHOCTH
NOATBEpANIIAcCh 111 TOMCKOTO MCCIeA0BaTENbCKOr0 MOJIUTOHA. AMIUIUTYIa MUKPOCEHCM BO3pacTaeT
¢ HeOonpIION 3aaepxkKkoil (or 1 mo 3 cyrok) mocie Havana Oypu M pacUIMpSETcs CIEKTpaibHBIN
nuana3oH (OHOBBIX KosiebaHMi B 2-4 pa3za MO0 CpPaBHEHHUIO C THUIIOBBIM YPOBHEM 3a CYTKM JI0 Hayaia
Oypu.

B 30He cocpenoroueHHoil ceificmuuHoctT Bpanua B Kapnatax (PymbiHHS) aBTOpamu
[baxmyToB u mp., 2007] ObutM wWcchenoBaHBI MENKO(POKYCHBIE (KOpPOBBIE) M TIyOOKO(OKYCHBIE
(BepxHEMaHTHUIiHbIE) 3emileTpsiceHus B nepuoj cyoOypb. Cyo0ypu OTIMYAIOTCS OT MarHUTHBIX Oypb
JIOKaJIbHBIM XapaKTepOM MPOTEKaHHs U OXBATHIBAIOT B OCHOBHOM HOYHBIE YaCTH MOJISIPHBIX 00JIaCTEH.

Onu MMPOUCXOOAT KaK Ha OTHOCHUTCIIBHO CHOKOMHOM «(I)OHOBOM» YPOBHC MAarouTHOIO IOJIA, TaK U BO

BpeMs MArHUTHBIX Oypb. OTmedeHo, uro Gomee 90% semnerpscenuii ¢ 9< K <I1 (Tumuunsle
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COOBITHS) CBS3aHBI CO CPEAHEIIMPOTHBIM TPOSBICHUEM OKOJOTIOJYHOUHBIX MOJISIPHBIX CyOOyph U UX

HHEPTreTUYECKUE KIIACChl JIMHEHHO 3aBUCIT OT aMIUIUTYIbl cyOoOyph, pucyHok 1.3 [baxmyToB u ap.,

2007]. Jluanason u3MeHeHuii rnasHoro rpaguenta (AH — makcumanbHbIil nepenaj ropuzoHTanbHOM

H-xomnonenTsl MaruuTHOrO MO B IEpuo cy606ypH), IOCIE KOTOPOTO HPOUCXOAUIO OONBIIMHCTBO
3eMJICTPSICEHUN (BHE 3aBHCHMOCTH OT TNIyOMHBI ouara), coctaBiaser 50-90 wTn, omgHako s
BEPXHEMaHTUIHBIX OH HecKoibKo mupe. [lokasana mpsMas JuHEHHas 3aBUCUMOCTb JIMTEIBHOCTH
OKOJIOTIOJTYHOYHOU MOJISIPHOW CyOOypH M TIyOWMHBI CEHCMHYECKOTro o4ara ¥ oOpaTHas 3aBUCHMOCTh

MEXy BpEMEHEM 3aJIep’KKHU Tocie Hadana cyo0ypu.

n, % AH,uTn Pucynok 1.3 —  IlpeumymecTBeHHOE
40 - 1100 pacrpenenenue sHepreTuueckoro kimacca K
35r rIyO0OKO(OKYCHBIX 3emierpsiceHmii 3a 1988-
0 % 1996 . uw ceme c amrututynoir  H-
i COCTABJSIIOIIEM B  MakCUMyME  Pa3BHUTHs
20+ 80 .
50) | NOJISIPHON Ccy0Oypu, coriacHo [BaxmyTroB u
L -
15 (/ (5 ap., 2007]. B ckoOkax — KOJIMYECTBO COOBITHIA.
10+ (7)) 170
0 ﬂ 1 1 1 1 ﬂ 1 1 Ll == 1 = |60
8 9 10 11 12 13 14 15 16

Jlis 2TON ke mMepexOoAHOW 30HBI COCPENOTOYEHHOH cedicMuuHocTH (Bpanua, Pymbiams)
aBropamu [Moldovan et al., 2012] ObuM WccEIOBaHBI F€OMAarHUTHBIE AHOMAIWU (CTYIIEHYATOrO

(kopoTkornepuoanbie) U V-00pa3Horo BuAa (JUIMHHONEPUOJNHBIE)), CBSA3aHHBIE C YBEJIMYECHUEM
MHJeKca IUIaHeTapHOH reomarHuTHOM aktvBHOCTH Kp. IIposeMOHCTPHPOBAHO, YTO CTYHEHYATOro
BM/Ia AHOMAJIUM BBI3BaHbl M3MEHEHMEM aMILIUTYbl BEKTOpPA MHAYKIUM MarHuTHoro mons B, a V-
oOpasHble — opueHTanueil Bektopa B. Bee oTMeuenHbIe aHOMaIHK IPEIIECTBOBAIN 3€MIIETPACEHHAM
(c momenTHOM MarauTymoit My > 3.5), 64% u3 Hux compoBoxnanuck 3emuerpsacenusmu ¢ My > 4.0.
Hecmotpss Ha TO, 49TO HAOMIONAEMble YBEIUYEHUS TEOMAarHUTHOW AaKTUBHOCTH OBUIM BBI3BAHBI
conueunbiMu Benbimkamu ¢ Ky > 20, aBTopbl 0TMEUaIOT, 4TO HET MPAMOTO ABHOTO CBUJIETENBCTBA O
TPUTTEPHOM BO30YKICHUHU CEHCMUYHOCTH MarHUTHBIMU aHoManusivu [ Moldovan et al., 2012].

B TO e camoe Bpems, NpW YBEIWYCHWH MacImiTada 0 TUTAHETApPHOTO W PACCMOTPEHHUHU
semneTpscennii ¢ Marmutygamu M >7.5 He nano CTaTMCTMYECKH 3HAYMMOTO MOITBEPKIEHHSA O
TPUTTEPHOH pPOJNM COJHEYHBIX BCHBIIIEK W TEOMArHUTHBIX BapHallMii B HHUIUHPOBAHUU
semuetpsicenuit [Love, Thomas, 2013]. OmgHako B 3TOM e UCCIIEOBAHUH TPOJICMOHCTPUPOBAHO, YTO

nocje CuiIbHOM MarHUTHOM Oypu B Hos10pe 1960 roma Habmoganach uyepeaa U3 Tpex 3eMJIETPSICeHUN ¢
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M > 7.5 B Teuenue roga (cpeauss yacrora noseiaeHus semuerpsacenuii ¢ M > 7.5 Beipocna ¢ 0.28 1o

MarHuTHOH Oypu 10 3.38 mocime Hee). IlomoOHbIii pesynsTar HaOmomamu [Anagnostopoulos,

Papandreou, 2012]: MakCHMyM CKOPOCTH COJIHEYHOI'O BETpa M M€OMArHUTHON AKTHBHOCTH COBIIAN C

BO3HUKHOBeHHEM 6 3emuerpscenuii ¢ M > 6.8 3a mecan 10 CymMaTpo-AHIaMaHCKOTO 3eMJIETPSCEHUS

(M =9.3) 26 nexabps 2004 .

Kak npomomkenue uccienopannii B padore [3akpxkenckasi, Cobomnes, 2004], Obuta BBIIBUHYTA
TMIIOTE3a, 4YTO BHE3alHble Havyajga MarHuTHBIX Oyph (SSC) MOXKHO CUMTATh BHEIIHUMH
Mpe/IBECTHUKAMU 3eMiIeTpsiceHil. TepMUHOM «BHEIIHUE MPEABECTHUKNY (110 Kilaccupukanuu [30ToB
u gap., 2013]) yka3plBalOT Ha pPAcMONOKEHHME HCTOYHUKOB MAarHUTHBIX  BO3MYLICHM,
NPEIIECTBYIONIMX CEHCMUYECKHMM COOBITHAM, BO BHEMIHUX Teocepax (B uoHOChepe U
maruutocdepe). BHyTpeHHMMH NpeIBECTHUKAMU CUYUTAIOTCS HWCTOYHUKU B 3eMHOU Kope. Takke
BBIJICTISIIOTCSL CMEUIaHHbIE MPEABECTHUKH, MEPBUYHBbIE MCTOUYHUKH (B Marnurocdepe u muoHochepe)
KOTOpBIX HE CBSI3aHBbl C 3E€MJICTPSACEHUSIMHU, BO30YXIalOT BTOPUYHBIE MCTOYHUKH B 3EMHON KOpE.
['unoreTnyeckuii MEXaHU3M TaKOTO BO30OYKIEHHUS — U3MEHEHHUE AJIEKTPONPOBOIHOCTU TOPHBIX HOPOJ
B Ipollecce MOJArOTOBKU ceiicMudeckoro coOwiTusi [3akpixkenckas, Cobone, 2004]. Hccrnenoanue
M30JIMPOBAHHBIX CIOHTAHHO BO30YXKIaeMbIX MAarHUTHBIX HUMIYJIbCOB, Ha3biBaeMbix BMP (Big
Magnetic Pulses), Ha BBICOKOIIMPOTHOW oOcepBaropun «MUPHEII» MPOJEMOHCTPHUPOBATIO
MOBBIIICHHE CEUCMHYHOCTH TIOCNIE WX MPOXoxaeHus [3oTtoB u np., 2013]. OnmHako, CIOXKHOCTH
COCTOUT B TOM, YTO TOKa HE TMPEJCTaBISAETCS BO3MOXKHBIM pazaenutb BMP or BHemHux u
BHYTPEHHUX HCTOUYHUKOB.

Eme oqHOM pa3HOBUIHOCTBIO MarHUTHBIX UMITYJIBCOB, BBI3BIBAIOIIMX IPUPOCT CEHCMUYHOCTH,
SIBJISICTCS BHE3AIMHBINA MHUKO0Opa3HbIi MONOKHUTENbHBIH uMyibe (SI-coobitre, SI — sudden impulse),
HE COIMPOBOXJIACMBIi B JajbHEHIIEM pa3BUTHEM MAarHUTHOW Oypu (B orimume ot SSC-umyibca)
[Anymikun u ap., 2012]. Ilo nanHbIM ceiicMuuHOCcTH reogusndeckoit obcepBatopun M/IIT PAH
«MuxzeBo» (CeprnyxoBckuil pailoH MoCKOBCKOI 001acTH) HaiijieHa KOppessHOHHAas 3aBUCUMOCTh
BapHallMii CKOpPOCTH KoJieOaHMH ceiicMuueckoro (oHa OT aMIUIMTYAbl T€OMAarHUTHBIX Bapualui

(pucyHok 1.4), BeipaskeHHast GOpMyJIOii:
-0.007B
Vm = 035' {1—6 }1 [\/m] — MKM/C, (1.1),

rne Vm — cpenHekBagpaTideckas CKOpOCTh KojieOaHWi B MuKpoceiicMuueckoMm (one, B —

WHIYKIW MarHuTHOro noiist B HTn [Agymikus u nip., 2012].
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Vins MKM/C Pucynoxk 1.4 —  3aBHCHMOCTb MEXITy

OTHOCHTEILHOM aMHHHTy,I[Oﬁ BHEC3aITHOT'O

TeOMarHUTHOTO MMITyJlbca B M MakcUMaibHBIM
3HaYeHHEM BapHalUid  CpeIHEKBAJApaTHUECKOMH
CKOpOCTH KoJieOaHMIi B MUKpOceiicMuieckoM (one

Vm B muanasone yactor 0.01-0.1 T'm, cormacHo

0.1F
[Anymkua wu  gp., 2012]. T'opuzoHTanmbHBIE U
% BEPTUKANBHBIC OTPE3KH — HEOMPENCICHHOCTh B
- YCT2HOBJICHUW  3HAYCHHH  COOTBETCTBYIOIIUX
i BEJIMYMH.

0.01 : : ;
0 100 200 300

B, uTn

3apyOeHbIe  HWCCICIOBAHUS  TAaKXKE  IPEACTABICHBI  MHOTOYHCICHHBIMH  paboTamw,
OCTaHOBUMCSI Ha HEKOTOPBIX M3 HUX. BakHbIil pe3ynbrar OblT moNydeH B uccienoBaHusx [Duma,
Ruzhin, 2003], rae ycraHoBjieHa B3aUMOCBSI3b MEKAY SO-BapualMsIMH T€OMarHUTHOTO moss (Solar-
quite-time variation), a Tak)ke BEKOBBHIMHM BapHallMsIMH KU CIa00i CEHCMHYHOCTBIO Pa3HBIX PETHOHOB
IUTAHEThl. DTOT PE3yJbTaT COINIACYeTCsl, B YAaCTHOCTH, C JaHHbIMU JUIsi CHHAMCKOro IOJyOCTpOBa
[Raben et al., 2010]. Sqg-Bapuaruu IpeaACTaBISIOT COOOH CTPOTO MEPUOIUIESCKOE SBICHUE, CBA3aHHOE
C JIYHHO-COJIHEUHBIMH MPHJIMBAMU B HOHOC(Epe, U MOPOKIAeMOe MOHOCHEPHBIM HE3apsIKEHHBIM U
COJIHEYHBIM BeTpaMu, TeKymmu B MmarHutocdepe [Surkov, Hayakawa, 2014]. CoriacHo mojend,
npejcTaBieHHoit B pabore [Duma, Ruzhin, 2003], MarHuTHBIH MOMEHT, MOPOXKICHHBIN
TEJUTYPUYECKUMU TOKAMH 3€MHOM KOpPbl M MAaHTHH, B3aMMOJIEUCTBYET C TOPU3OHTAIBHOMN
KOMIIOHEHTOH Tj00anbHOro MarHutHoro mois 3emiu. Co3laBaeMblii TakuM B3aWMOJEHCTBHEM
BpalllaTeIbHBIE MOMEHT JEHCTBYET Ha HOHOC(EpPHBIE TOKH, M3-3a YEr0 BO3HUKAIOT HAOI0/aeMble
BO3MYyIlleHUsl. PacnpeneneHHble CUIbl NMPOTUBOACHCTBUSI 4Yepe3 TEOMAarHWTHOE II0JIE MEepeNaroTcs
BEIIECTBY 3emid (Ha TIyOMHAx, T SJEKTPOMPOBOIHOCTH TOCTATOYHO BEJIMKA), U MOTYT OBITh
BHEIIHUMH TPUITEPAMU CEMCMHYECKON AaKTUBHOCTU. XOTS MEXAHU3M BIMAHHUS ‘‘MAarHUTHOTO M
BpalllaTeIbHOTO MOMEHTOB” Ha Heymnpyrue nedopmanuu (CEMCMHUYHOCTB) OCTajcsi HEOOBSICHEH, B
noaTBepxkaeHue mozaenu B [Duma, Ruzhin, 2003] npoBe/ieHbI OIIEHKH SHEPTUH MOJIHOTO MarHUTHOTO
U BpalllaTeJIbHOI0 MOMEHTA JUIsl pa3HOM Iulomaau 30HbL. [lokazaHo, 4TO 3Ta SHEPrUsi COOTBETCTBYET
DHEPTrUH, BBIJACISAIONMICHCS TIPU CUIBHOM 3eMiieTpsceHuu B pernone Oumunnun — Wuaonesun (Hana
KOTOPBIM aHAIM3UPOBATIOCh HOHOC(HEpPHOE BO3MYIIEHHE M MArHUTHBIM MOMeHT). Jlng wmanoi
OKPY>KHOCTH 30HBI (paamycoM okoio 300 kM), OMOSCHIBAIOIIEH IIEHTP TOKOBOW CHCTEMBI,

reHepupyeMble TOKH ~ 6.2-10* A, co3aroT MarHUTHBIH MOMeHT paBHEIf 2-10%° A M? i BpamaTenbHbIH

moMmeHT 610! H M, paBHO3HAUHBI SHEpTHH 3eMaeTpscenuii MarauTyaoi M=4.7.
24



BmecTe ¢ Tem Henb3s HCKIIOYHATH, YTO ‘‘CHHXPOHHM3ANUA~ CIa00M CEMCMHYHOCTH U S(O-
Bapuaiuii 00ycjaoBIeHa BIUSIHUEM JPYroro GakTopa ¢ CyTOUYHOW MEPUOJUYHOCTHIO (TaKOM ke, KaK y
Sg-Bapuanmii). B padorax [Afraimovich et al., 2004; I'ox6epr, Komocuutipia, 2010] oTMeueHO, 4TO
TPUITEPHOE BIIMSHUE Ha Cla0yl0 CEHCMMYHOCTh MOI'YT OKa3blBaThb TI'PAaJUEHTHI aTMochepHoro
JlaBJIeHUs, 00JacTh JOKanu3aluu KOTopbix mnopszaka 100 kM. ['opu3oHTanbHass KOMIOHEHTa 3THX
IPaJUEHTOB JEHCTBUTEIBHO MOXKET IIE€PEaBaThCs 3€MHOM KOpe KaK CABUIOBOE BO3MylIeHHE. Takue
IPaMeHTHl MOTYT BO30YXIaThCsl IPU PAaCHPOCTPAHEHUH B arMoc(epe BHYTPEHHHX BOJIH C JJIMHON
100 kM u Oosiee, 00yCIOBICHHBIX CMEHOM CBETJIOrO0 M TEMHOI'O BPEMEHHU CYTOK (IIPOXOXKIEHUEM
conHeuyHoro TtepmunHaropa) [ComcukoB, 1991, 2011]. A B3auMOCBsA3b HEPABHOMEPHOCTH
pacnpeneneHuss CEMCMUYHOCTH IO BPEMEHHM CYTOK C COJIHEYHBIM TEPMHUHATOPOM XOPOLIO M3BECTHA
[MBanoB-Xomoaubiit u ap., 2004; CerueBa u ap., 2005; Corues u ap., 2012].

Bonbinas rpymma 3apyoexHbix pabot, Hampumep, [Telesca et al., 2008; Bleier et al., 2010;
Rabeh et al., 2010; Xu et al., 2013; Han et al., 2014] nocssieHa TeM MarHUTHBIM aHOMAIUAM (K
IpUMeEpY, YJIbTPAHU3KOYACTOTHBIM aHOMAJUSM), KOTOpbIE MO TepMHHOIOrHMH [30TOB M Ap., 2013]
OTHOCSTCS K «BHYTPEHHHUM IIPEIBECTHUKAM» 3eMileTpsiceHuil. Takue aHoMaluu CBSI3aHBI C
HOJrOTOBKOM 3€MJIETPSICEHUS, U UX UCTOUYHUKU MMEIOT BHYTPU3EMHOE IpoucxoxaeHue. CylecTByeT
HECKOJIBKO OOBSICHEHUI IPOLECCOB, B KOTOpble MOTYT OBITh BOBJIEYEHBI 3JIEKTPOMArHUTHBIE
uMnynbebl. OHa U3 HUX Oa3upyeTcsl Ha SIBICHUHM SMaHAIMK ra3oB (paoHa, OJaropoaHbBIX Tra3oB,
a’po30Jieit) nepesl 3eMIIETPSICEHUSIMU, UTO CIIY>KUT MPUYMHON M3MEHEHUS 3JIEKTPOIPOBOAHOCTH CJIOEB
3eMHOM KOpBI, UX JaTeHTHOTO HarpeBa u noHocdepHbix Bapuauuid [[lynunen u ap., 1999; Ouzounov
et al., 2007; Liu et al., 2006]. dpyras teopus [Freund, 2002] onupaercs Ha 0Opa3oBaHKHE MOABUKHBIX
3apsA0B (IBIPOK) B CTPYKTypE€ MarmMaTMyecKUX TOPHBIX MOPOJ, HHIYyLMPOBAHHBIX Harpy3KoM.
[ToBUKHBIE MOJIOXKHUTENBHBIE 3apsi/ibl CHOCOOHBI PACIIPOCTPAHSITHCS U3 30HBI MOBBIIICHHBIX 3HAYEHUN
HanpsDKeHUs (CeHCMOAKTUBHBIE 30HBI) B OKpYXKarolllee MEeHee HalpsKEHHOE MPOCTPAHCTBO, BBI3bIBAs
HEIIPephIBHOE U3NTy4YCHHE YIbTPAHU3KOYAaCTOTHBIX curHanoB [Freund, Pilors, 2012]. Dra teopus (uau
TUIIOTE3a) ONMUCHIBAET 0OpaTHBIA A((EKT MO0 OTHOIIEHUIO K BO3JAEHCTBHUIO 3JIEKTPOMAarHUTHBIX IMOJIEH
Ha reocpeny. Ho unes ee aBTopoB 0 MOSBIEHUM CBOOOJHBIX 3apsAI0B B XOJI€ TPEIIMHOOOPA30BaHUs B
TOpHBIX MOpOJax OblIa TPHHATA BO BHUMaHHe B padore [Bogomolov et al., 2004 a] mpu
uHTEepnpeTauuu >PQPekToB Bo3AekcTBUS OM mosisd Ha Harpy)KeHHble Marepuajbl. ABTOpPBI
[Bogomolov et al., 2004 a] mombITanuch cBs3aTh 3TOT 3QGEKT ¢ aHOMAIbHOHM JHCIepCHEd |
norsiouieHueM DM BOJIH B cpesie O CBOOOTHBIMU HOCUTENSAMU 3apsia (AbIpKaMu).

HeTrpuBuanbHbIil MOAXOJ, OCHOBaHHBIM HAa W3YYEHMM CEHCMHYHOCTH B IEPHUOJ 3aTMEHHUS
Connna (B OTIMYME OT YCWJIEHUS COJHEYHOW AKTUBHOCTH, IMOPOXKIAIOIIETO0 MarHuTHbIE OypH)
WCITOJTH30BAJICSI HECKOJIBKUMH TpymiamMu aBTopoB [Kossipes, 1993; AnekceeB u ap., 2006; Ilomosa u

ap., 2011; Angymxun u np., 2007]. IIpoTuBOpedMBOCTh pE3yNbTaTOB 3TUX aBTOPOB CTaBUT O]
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COMHEHHE CBSI3b CEHCMHYHOCTH C 3aTMEHMUSIMH, OJJHAKO caMa HJies YUUTBIBAET, YTO MpPH JBUKCHHUU
TEHEBOM 30HBI HA €e TpaHule B aTMocepe U noHocdepe Bo30YKIAAI0OTCS BHYTPEHHUE BOJHBI, KaK U
IIPY CMEHAaX CBETJIOr0 U TEMHOIro BpeMeHH cyTok [Comcukos, 2011].

Bosppamiasice Kk pe3yapTaTaM HCCIEIOBAHUN BapHallUd CEHCMUYHOCTH, CBS3BIBAEMBIX C
M3MEHEHHUSMHU BCHbIIIECUYHON akTUBHOCTU CoONHIIA, MOKHO OTMETHTh 0000mIeHue [IllecTomnanos u mp.,
2013], uyro mepuosaM MUHUMAJIbHON COJHEYHON AKTUBHOCTU COOTBETCTBYET C BBICOKOW CTEHEHBIO
KOppEJSIIMM  OBBIILIEHHAs CEeWCMUYECKass aKTUBHOCTb. lcciaenoBaHus BPEMEHHON 3aBUCUMOCTU
SHEPruM, BbIACTUBLICHCS TPU 3EMJIETPACEHUSAX 3a TOJ, BbISBICHB 11-7eTHHE TepuOoBbl,
0OYCJIOBJICHHBIC BHYTPEHHEH CEMCMHYECKOM AaKTUBHOCTBIO 3€MJIM, H TIEPHOJLI  MEHBIICH
JUTUTEIIbHOCTH, BhI3BaHHBIEC COTHEUHbIMU Benbliikamu [Lllecronanos, Xapun, 2004].

B nenaBueii padore [Tapacos, 2017] monydeH OpUTHHAIBHBIN PE3ylbTaT, YTO TIOOATBHAS
CEIICMHYHOCTh HECKOJIBKO YMEHbILAeTCsl mociie Bemblmek Ha ConHIEe, MpUYeM Takoe YMEHBIICHHE
HAUYMHAETCS, KOIJa BCIUIECK AJIEKTPOMArHUTHOro wu3nydeHus CoiHIAa AOCTUTraeT MarHUTochepsl
3emutu (3a 2-3 CYTOK IO MarHUTHBIX Oyph). DTOT pe3yabTaT HAXOJUTCS B OYCBHIHOM COOTBETCTBHUU C
BBIILICIIPUBEACHHBIM 0000111eHneM. YTO Kacaercs pacCMOTPEHHBIX BBILIE PE3YJIbTaTOB O IPUPOCTE
CEHCMHYHOCTH B TOM HJIM MHOM pPEruoHe uepe3 2-7 CYTOK mocie aHOMalmbHBIX SSC, TO MX MOXKHO
MHTEPIPETUPOBATh CleayomuM obpazoM. OtmeuenHoe B [TapacoB, 2017] cHmkenue rinobaibHOU
CEHCMMYHOCTH MOJ| BJIMSHUEM BCIUIECKA D3JIEKTPOMAarHUTHOro wusnydeHus ConHLa oO3Ha4aeT
KPaTKOBPEMEHHOE yMEHbBILIEHUE BbICICHUS CEHCMHYECKOW SHEpruu. OTa DSHEpPrus JI0JDKHA
BBIICTIUTHCS MO3HEE, Yepe3 KaKoe-TO BpeMsl, IpUYeM MPUPOCT PErHOHATbHON CEHCMUYHOCTH BIIOJIHE
MOXET 00eCHeUYUTh BBICBOOOXKJEHHE ‘“U30BITOYHON HHEPIUU CEHCMHYHOCTH. A MarHuTHble Oypu
(SSC), HaumHarommecsi, Korjga MOTOK 3apspKEHHBIX dvacTuil oT CoHIla AOWAET 10 MarHUTOCQeps
3emiu, Kak pa3 MOTYT CHIFpaTh poJjib TPUITEpa JJI 3TOrO Ipoliecca. ANbTepHATUBHOE OOBsSCHEHUE,
npemioxkenHoe B [['oxOepr, Komocuuubia, 2010] cBsi3pIBaeT yBENWYEHHE pPErHOHATBHOU
CEMCMUYHOCTH TOCJE€ MAarHUTHBIX Oypb C BHE3alHbIM HA4ajJOM C BO3HUKHOBEHHEM IIOCIIE€ HHX
JIOKQJIbHBIX T'PAJIMEHTOB aTMOC(EPHOTO JaBJICHUs, Mepelalluxcs B Iiy0b TBepaon 3emuu. OgHaKo
1M0/100HO€ OOBSCHEHUE CTAJIKMBAETCSI C TPYAHOCTHIO: JI0 CHUX IOp HE OOHApYyKEHbl 3HAYMMBbIE
KOPpEeJSIIMM  MEXAY HM3MEHEHHUEM CEHCMUYHOCTH M IPOXOKICHHEM LUKIOHOB, XOTS IpPU HUX
HaOJII01al0TCsl MPOCTPAHCTBEHHO-BPEMEHHbIE Bapuanuu arMocepHoro aasnenus [Cobones, 2014].

BBuny obOHapyxeHusi KOppensluuid CHJIBbHBIX Bapualuii T€OMAarHUTHOTO TMOJs (MarHUTHBIX
Ooypp, cyooyps, SSC, Sl, BMP) u ceiicmuunoctr, aBtopamm [@aitHOepr m ap., 2004] Obura
OPEANpUHATa TONBITKA OOBSICHUTH HAOMIOAAeMble KOPpENALUMU C MO3UIMU  CYLIECTBOBAHUS
POMEXYTOYHOTO MEXaHHU3Ma MpeoOpa3oBaHUsl — IeHepaliy TEIUIOBOW SHEpruu B Heapax 3emiu. B

KadyeCTBE HCTOYHHMKA TEIIIIOBOM OHEPTUU pacCMaTpUBAJICA ITOTOK BJ'IGKTPOMal"HI/ITHOI\/'I OHEpPTrUn OT

MaruuTocdepsl B ITyOb 3eMJIH, ONMCHIBAEMBI BekTopoM YMoBa-Tloiintunra, S:
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S =[E, H], (1.2),

rae £ — manpsokenHoCTE 25ekTpudeckoro mosst, H — HanmpssxeHHOCTE MArHUTHOTO MO B
AJIEKTPOMATrHUTHOU BOJTHE, BO30YKIAFOIICHCS TPH T€OMAarHUTHBIX BO3MYIIICHHSIX.

Pe3ynbrarhl mpoOBEICHHOTO MOJETUPOBAHUS TEIUIOBBIX IMOTOKOB JIJIS PA3HBIX MOJENEH Cpeibl
MIPOJEMOHCTPUPOBAIA CXOJIHYIO KapTUHY pacIlpeiesieHuss — OCHOBHAs YacThb TeIjia IOIJIOMIAeTCs
MPOBOJAIIMMHU clIosIMU. JIist TpexMepHO#l reoanekTpuueckoil monenu Tsub-lllans nokasano, 4to
pacmpeziefieHre Terla Kak Ha MOBEPXHOCTH, TaK M Ha rIyOuHax 10 60 KM SIBISETCS HEOJHOPOJIHBIM,
HauOOJIbIIIME BEJIMYMHBI TEIUIA JIOKAJIM30BaHbl B y3KMX 30HAX KOHTAKTOB IMPOBOJAIIUX CTPYKTYpP C
MeHee mnpoBoasmmmu [DaitnOepr u ap., 2004]. OnmHako pacyeThl BEIWYMH TEIUIOBOIO IOTOKA
(xoTopblli Ha 3 mOpsAIKa MEHbLIE HEOOXOAMMOIO JUis pa3orpeBa TOPHOW MOpPOABI) HE JaloT
OJIHO3HAQYHOI'0 OTBETA HAa BOMPOC O MEXAHW3ME TPUITEPHOTO BO3JCUCTBHS I€OMATHUTHBIX BapHaluil
Ha CEMICMUYHOCTb.

Jlis aHanmm3a BO3MOXHBIX MEXAHM3MOB BO30YXICHUS CEMCMUYECKUX OTKIMKOB Cpeibl Ha
BO3/ICIICTBHUE AJIEKTPOMATHUTHBIX MOJIEH, TEHEPUPYEMbIX IIPU MAarHUTHBIX OYpsIX U BHOCSIIUX B CpPely
notok dHeprud (1.2), MOTyT OBITH TOJE3HBIMH pPE3YIbTATHl JIAOOPATOPHBIX AKCIEPUMEHTOB, B
KOTOPBIX BBIIBISIFOTCS  0a3oBbie A dexTsl. OcoOblii WHTEpEC NPEICTABISIOT 3KCIEPUMEHTHI,

npoBeJicHHbIe B MHCTUTYTE Kpuctamwiorpapuu M. A.B. [llyonukoBa PAH no koMOuHHpOBaHHOMY
BO3JICUCTBHIO 3JIEKTpUuecKoro, F, m maruutHoro, B, moneil Ha 00pasibl MOHHBIX KPHCTAILIOB,
WCIIBITEIBAEMBIC HAa OJIHOOCHOE CxkaTue [YpycoBckas u ap., 2000]. beuto oOHapYyKEHO CYIIIECTBEHHOE
M3MEHEHHE CKOPOCTH Ae(GOPMAIMH TOJ1 BIUSHUEM TI0JIEN C yMEPEHHOM HANPHKEHHOCTRIO £ ~ 1 kB/M,
B < 1 Tn. Hwke B pasmene 1.3 mpuBeneHO ONMCaHHE STUX IKCIIEPUMEHTOB. B mpomoikeHue
UCCIIEIOBAaHUM 1O 3TOH TeMme B jabopaTopuu MoJenupoBaHMs sHeproHaceimeHHblx cpen HC PAH
IpOBeieH OONBIION LHMKI HCCIIe0BaHMi KOMOMHHPOBAHHOTO BO3JCHCTBHS dieKkTpuueckoro E m
MarduTHOrO B Toneil 3HAYMTENLHO MEHBINEH HANMPSHKEHHOCTH HAa CKOPOCTh jAedopMainuu |

AKYCTHYCCKYI0 OMHCCHUIO TOPHBIX IIOPOA. PCSYJ'II)TaTBI, MOJIYUYCHHBIC JIMYHO JUCCECPTAHTOM,
MMPEACTaBJIAAOTCA B I'nage 3.

B creayromeM  pasaciic MnpeACTaBJICHBI  PE3YyJIbTAThI I/ICCHCJIOBS.HI/II\/’I, IIOCBAIIICHHBIX
BOSI[GfICTBI/ISIM MOIIIHBIX TOKOBBIX HMIIYJIBCOB, CO3JaBaCMbIX HCKYCCTBECHHBIMHW HWCTOYHHKAMU
(M&FHI/ITOFI/II{pOJII/IHaMI/ILIeCKI/IMI/I reaeparopaMmu U DJICKTPOUMITYJIIECHBIMU yCTaHOBKaMI/I) Ha
JIOKaJIbHBIM PEKUM CEeNCMUYHOCTH HCKOTOPLIX PETHOHOB 3emin. BaxxHOCTH 3THX I/ICCJIC,[[OBaHI/Iﬁ

O4Y€BHAHA B CBA3HM C BBINICHU3JIOXKCHHBIM.
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1.2.2. Ceiicmuueckue 3(p(peKThbl 30HAUPOBAHUI 3eMHOI KOPbI MOIIHBIMHA MCTOYHUKAMU
TOKA

1.2.2.1. dnexmpo3zonouposanus ¢ npumeneHuem 2eoguzuueckux MI/[-cenepamopos
(YHuKabHble IKCREpUMEHMb)

[lepBrie pe3ynabTaThl JKCIEPUMEHTOB C BO3JCUCTBUAMU HA TEOCPENy AJIEKTPUUYECKUX
UMITYJIbCOB, TE€HEPUPYEMBIX IPH MyCKaX TeopU3NYecKUX MarHuroruapoguHamudeckux (ML)
reHeparopoB, Obutn mosiydensl Ha ['apmckom (Tamxukucran, [lamup) m bumkexckom (Kuprusus,
Ceepubiii Tsanbp-1llans) monmuronax B 70-80-x romax XX Beka. B 3TuxX permoHax mjisi mporsosa
3eMJIETPSACEHUN POBOAUIICS MOHUTOPHUHT 3JIEKTPONPOBOJIHOCTH 36MHON KOPBI METOAOM AHUIOIBHOIO
30HJMPOBAHUS MPU IIOMOIIM MOIIHBIX ycTaHOBOK — MI'JI-renepatopoB [BemuxoB u ap., 1975;
[Tucakun u ap., 1991]. Ha ceiicmoaktuBHoM ['apmckom nomurone MI'J[-renepatop "Ilammp-I"
pacrioznaraics B ceBepHOil yactu TaIKUKCKON Jenpeccuy Ha KaiiHO30MCKOM TOJIIIEe MOIIHOCTBIO 5-7
KM. B KkauecTBe wu3Nydaromieii aHTEHHBI HCIONB30BAICA DIEKTPUYECKHM JUIONb C Pa3HOCOM
AJIEKTPOJIOB Ha 3 KM M compoTuBieHueM 1.5 OM, KOTOpbIM ciy>kui Harpy3koid mourHoro MI'JI-
reHepatopa. Bo BpeMs 30HIuMpOBaHHA TOK B Harpyske jocturan 1.5 KA, UIMTEIbHOCTbH
anekTpoumnyiabcoB (OU) cocraBmsna 2.0-2.5 ¢, a oTAaBaemasi B 3eMJII0 SHEPrus coctasisia 6.7-8.5
M/x [Tapacos, 1997]. Beero 6si1o mpoBeneno 34 ceanca 3onaupoBanus [Cumopun u ap., 1983;
Cunopus, 2006].

B 1975-1978 rr. npu BBIIIOJIHEHUM MOHHUTOPHUHIA 3JIEKTPONPOBOJHOCTH 3E€MHOM KOpbHI Ha
["apMckOM CEHCMOAKTHMBHOM IIOJHMIOHE B KauyecTBE MOOOYHOTO pe3yibTaTa ObUIO IMOIYYEHO, YTO
o0JlydeHHEe KOpbl BBI3BAJIO 3aMETHYI0 AaKTHBH3ALUIO CEHCMHYHOCTH, KOTOpas Haubosee spKo
IPOSIBUJIACh B BEPXHEM IMSATHUKUIOMETPOBOM ciioe. HTEHCMBHOCTh BO3HUKHOBEHHUS 3€MJIETPSCEHUN
pe3ko Bo3pacTana uepe3 5-6 CyTOK IOCJ€ CEaHCOB 30HJMPOBAHHSA, a YBEIMUYEHHUE CYMMapHOM
ceiicmuueckoit sHeprun (CCD) okazalioch Ha MATh MOPSAAKOB Ooiblle »HEpruu, BHocumon MI'JI-
re"eparopom [Tapacos, 1997]. D10 oTuernuBo HabIOaeTCs Ha Tpaduke pacnpeeseHus Mo riyouHe

OTHOIIEHHUs dHepruii semnerpscennit Tamkukckoit nenpeccun Eo/Ep (rne Eq — cymmapuas sneprun

3eMIIETPSCEHHI, KOTOpble BO3HMKIM B Tedenue 30 cyrok mocie myckoB MI[I-reneparopa, Ep —
cymMMapHasi dHeprus «(HOHOBBIX» 3eMJICTPSICEHUM, Mpou3omenmux B TedeHue 30 CyTOK 0 MyCKOB
MI'I-reneparopa, pucyHok 1.5), nmpueneHHom aBtopamu [Tapacos, Tapacosa, 2016]. Ha pucyHnke
1.5 BUAHO, YTO TIOCIIE SJIEKTPOMArHUTHOTO BO3/ICUCTBHS B CJIOE€ C TIIyOWHOMN h = 0-5 kM Ha6momaercs
sHaunTensHOe mpupamerne CCD Ha 4.14-10%% Ik (1.22-10%2 JIx B cpeaHeM Ha OJHO BO3JIEHCTBHE).
Tmy6uas: N = 9-11 kM XapakTepusyroTcs ee YMEeHbIIEHHEM, a B HIDKenexkammx caosx ¢ N > 11 kv ona

MU3MEHSETCs He3HaunTenpHO. [Io AaHHBIM CKOpPOCTEM pacHpOCTPAHEHHsS] CEMCMHYECKUX BOJH M

SJICKTPOIMMPOBOAHOCTHU I'OPHLIX ITOPOJ B MpEALCIax Tamxukckoin ACIIPECCUUN BBIACIIAOTCA ABC I'PAHUIIBIL:
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nepBas Ha TIyOMHax 5-7 KM (TpaHHUIla KAaHO30MCKHMX W ME3030MCKHUX OTJIOKEHHUH), a BTOpas MpH

h=10-12 kM cootBetcTBYyeT KpoBie GyHmamenTa. Apropsl [Tapacos, Tapacosa, 2016] npeamnomnararor,

uT0 oOcoOeHHOCTH wm3MeHeHus otHomenus Eo/Ep npemompenensiorcs crpoenmem Tamkukckoit
JETPECCUU U IIEKTPOMEXaHHUSCKUMHU XapaKTePUCTHKAMU CIIAraloIIUX €€ TOPHBIX MOPOJ B OOJbIICH
CTEIEHH, HEXEIIN 00yCIaBIUBAIOTCS CKHH-3(PhEKTOM.

Hcnonb3yss reoJOrHYEecKyl0 TEPMHUHOJIOTHIO, AaBTOPBI JENal0T BBIBOJ, YTO TPUITEPHOE
QJIGKTPOMArHUTHOE  BO3JICHCTBME  TPHUBOAUT K  BO3OYXKICHUIO  KAWHO30WCKOW  TOJIIIH,
XapaKTEPU3YIOUIEHCA HU3KMMHU CKOPOCTAMHM HPOJOJBHBIX CEHCMHUYECKHX BOJIH Vp M BBICOKOH
ANIEKTPOIPOBOIHOCTRIO (BhIIeneHre CCO B Hell cocTaBisier 85% ot obmiero 3HaueHus). Y MOIOIIBBI
CIOS  ME3030MCKMX  OTJOXKEHHM, UMEIOIIUX [POMEXKYTOUHbIE 3HAYEHHS  CKOPOCTEH U
3MEKTPONPOBOJAHOCTH, JJICKTPOMArHUTHBIE HMITYJIbCHl  BBI3BIBAIOT CHIDKEHHE CEHCMHYHOCTH.
CelicMUYHOCTb KPUCTAJUTMYECKOTO (DYHJAMEHTa, 00J1a/Ial0IIEero BHICOKUMH 3HAYEHUSIMU CKOpOcTel Vp

Y HU3KOM 3JIEKTPONPOBOJHOCTHIO, HE T0/IBepriiach n3mMeHeHusm [ Tapacos, Tapacosa, 2016].

2 1 0 1 2 13 Pucynok 1.5 — 3aBucumocts oT riiyounsr Ea/Eb —

0 | OTHOLUEHUSI CYMMapHOW SHEPIHM 3eMIIETPSICEHHI
Kz I TamKuKCKON Aenpeccud, BOBHUKIINX B TeueHue 30
CYT TIOCJIE M 33 TaKkoH K€ MEepHOA OO0 OO0IydYeHHs
= ' o KOPBI 3JIEKTPOMArHUTHBIMH UMITYJIbCaAMH,
corimacHo [Tapaco, Tapacosa, 2016]. 3HaueHus

Mz
q Eo/Eb omnoxensl B norapuMudeckoM macmirabe

,,,,,,, 7 S— Mo OocH abCIUCC, MO0 OCH OpJUHAT — riIyOmHa h
) (xm). CrneBa mpenCcTaBleH TEOJOTHYECKHHA paspes
Pz Jenpeccu, riae cumBosniamu Kz, Mz u Pz nokazansl

. > OpOAbl  KAMHO30HMCKOro,  ME3030HCKOr0  H

< MaJIC0301MCKOT0 BO3pacTa COOTBETCTBCHHO.

h, KM

B ymomsHyTO#if paboTe OBIIO Takke PpaccMOTpeHO pacmpeneneHue mno miomann CCO,
BbIJIETIUBIIEHCS 1TOC)Ie 00IyUYEHHS KOPbI 3JIEKTPOMarHUTHBIMU UMITyJIbcaMu. [losryueHHbIe pe3yabTaThl
MPEACTABICHBl B BHUAE KapThl (PUCYHOK 1.6), Ha KOTOpPOM SPKO BBIICIAIOTCS JBE OOIIMPHBIE
AHOMAJIMH, XapaKTepU3yIoIuecs Ha Mopsaaok Oosiee Bbicokoil BemuunmHoi CCO. Opna u3 Hux (1)
pacroniokeHa ceBepHee [leTpoBckoro pazioMa B HEMOCPEACTBEHHOM OJIM30CTH OT BO3JCHCTBYIOIIETO
MI [I-reneparopa, a apyras (2), 6onee oOmmMpHas U MHTEHCHMBHas — B 50 KM K IOTy OT HEro,
npuypodeHa k riamyounHomy JlapBasz-Kapakyiabckomy paszioMy, LIETUKOM pacrosiarasich B Ipenenax

ero roxHoro kpouia [Tapacos, Tapacosa, 2016].
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Pucynok 1.6 — Kapra pacnpenenenus Ea/Ep — oTHOmIEHMs cymMMapHON ceHCMHMYECKOM SHEprum
3emierpsicenuii  ['apmckoro paiioHa, Bo3HMKIIMX B TedeHne 30 cyT mocie OONydYeHHS KOPEHI
ANIEKTPOMArHUTHBIMU HMMITYyJIbCAMH M 33 TaKoW K€ MEepHoJ] BPEMEHU J0 HHUX coriacHo pabote [Tapacos,
Tapacosa, 2016]. Hudppamu 1, 2 orMedeHsl obnacty anoManbHOro nossiuenus Ea/Ep mocne o6mydenus kopsr
umnyinscamu  MI'Jl-renepatopa. IIyHKTHpHOH M CIUIOIIHOW JWHUSMHM [OKa3aHbl IIyOuHHBIM JlapBas-
Kapaxynbckuii u IleTpoBckuii pa3noMel, a TOHKMM IITPUXITYHKTHPOM — BTOPOCTEIICHHBIM pa3ioM BOJIH3H OT
MCTOYHHUKA 3JIEKTPOMArHUTHOro oOiydeHuss Kopbl. [lonoxeHne caMoro MCTOYHMKA OTMEUYEHO 3BE3I0YKOM.

TOHKMMH JTUHHSIMH IOKa3aHa pe€UYHasd CETh.

®.rp. g/, PucyHok 1.7 a — Pesynprat
COBMEIIIEHUS 00IIacTel
39.0 AHOMAJILHOIO NOBEIIEHUs Eo/Ep —
- TIOCIIE M JIO AJIIEKTPOMAarHUTHOTO
a oOyuenus kopsl (1 u 2), a Taxke

MOCJIE U JI0 CEMUTIATTATHHCKHX
SIIEPHBIX B3PBIBOB (3 U 4), COrNIacHO

[Tapacos, Tapacosa, 2016].

0 ¥ B — IpUMeEPHI pactpeielIeHHsI

700 70 710 Am OCTaTOYHBIX CMEIIEHHH TociIe

ITO/IBMKKH IO JIEBOCTOPOHHEMY

CIBUTY II0 OCU OpJMHAT, U3

‘.
v v s
e

TeopeTHueckux padot [['paiisep,
1984; Barbot et al., 2009].

O003HaYeHHS TE K€, UTO U Ha

cesNNNYNY

R - o

pucyske 1.6.

Ananu3 3¢ pekTuBHOCTH (CyMMapHOW CEHCMHUYECKOW SHEPruH) TPUITEPHOTO BO3AEHCTBHS OT
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3IEKTPOMArHUTHBIX UMIyJibcoB MI'J[-renepaTopa u MoA3eMHBIX SJIEPHBIX B3PHIBOB, MPOBEACHHBIX Ha
cemunanatuHckoM nonurone [Tapacos, Tapacosa, 1995] mokaszan cnenyromee. OOiyueHHE KOpPBI
AJIEKTPOUMITYJIbCAMU BBI3bIBAET 0OJI€€ CUIbHYIO AaKTUBHM3ALMI0 CEHCMHUYHOCTH, YEM BO3JEHCTBUE
AJIEpPHBIX B3pbIBOB. Bo3nelcTBrE 311EeKTPOMAarHUTHBIMU UMITYJIbCAMH, TPOBEJICHHOE TIepe]] siAIepHbIMU
B3pbIBAaMH TOBBIMIAET 3()PEKTUBHOCTb UX TPUITEPHOTO BO3JEHCTBUS, TOrIa Kak B3PBIBBI,
NPOM3BEACHHBIC Tepel OOJNydeHHEM, CHUXKAIOT A(PQPEKTUBHOCTh TPUITEPHOTO  BO3JACHCTBUSA
AJIEKTPOMArHUTHBIX UMITYIbcOB [TapacoB, Tapacoa, 2016]. CormacHo 3Toii paboTe, pacnpeneieHue
CCD, BBIIEIMBIICICS B UCCIEAYEMOM PETHOHE B pe3ysbTare ooimydeHus: kopsl MI'J[-renepaTopom u
NENCTBUS SACPHBIX B3PHIBOB, IPOJIEMOHCTPUPOBAJIO CIOKHYIO KapTUHY. BIIESIOTCS 30HBI BBICOKOTO
3rayenus CCO mocie o0ydeHus: KOpsl UMITYJIbCaMU U B3pbIBaMHu (pucyHok 1.7 a). Ux konurypamus
HaroMuHaeT "0aboduKy", COCTOSIONIYI0 M3 JBYX '"JIENECTKOB", PacHOJI0KEHHBIX Ha Pa3HBIX KPBUIbIX
aKTUBHBIX paznomoB. Oaun u3 "nenectkoB" (1 u 2 Ha pucynke 1.7 a) mposiBasieTcs mociie 00IydeHus
KOPBI DJIEKTPOUMITYJIbCAMU, @ BTOPO — MOCJe siIepHBIX B3pbIBOB (3 U 4 Ha pucyHke 1.7 a), To ects DU
¥ B3PBIBBI BBI3BIBAIOT AaKTHBU3AIMIO Pa3HbIX reosiormdeckux cTpykryp [Tapacos, Tapacosa, 2016].
[TponemMoHCcTprpOBaHHBIC HA KapTaxX (PUCYHOK 1.7 0) moJist OCTaTOYHBIX JedopMaliiii, pacCunTaHHBIC
aBropamu s JlapBa3-Kapakynbckoro pasinoma ¢ NpUMEHEHHEM JBYX Pa3HBIX TEOPETHUYECKHX
Mojiesiel ass IeBocTopoHHero casura [I'paitzep, 1984; Barbot et al., 2009], oOHapyxuBaroT 6oJbIIOe
CXOJICTBO ¢ KOH(pHUTypanuei "1nernecTkoB" — aHOMaIuii CyMMapHOW ceiicMu4YecKoil sHepruu. B kaxaom
KpbUIE pa3ioMa B HANpaBJICHWU €ro CMEUIeHHs oOpasyeTcs oONacTh CXaTus, a B OOpaTHOM
HAIpPaBIEHUU — 00JIACTh PACTSHKEHUsI. DTH 00JIACTH CXKATHS 0 CBOEMY BUJY MOX0XH Ha "0abouky" Ha
pucyske 1.7 a.

st uccnenyemoit repputopun [lamupa aBropamu [Tapacos, 2010; Tapacos, Tapacosa, 2011]
OBLIM TIPOBEJEHBI OLEHKU celicMoTekToHnuyeckux aedopmanuii (CT/l), BbIIOJHEHHBIE MO JaHHBIM
katasiora 3emierpsicenuit KCO U®3 PAH [[lonangonyno, 1991], npousomenmux B 3Toi 061acTu 3a
36 ner ¢ npumeHenueM metoauku b.B. Kocrposa [Koctpos, 1975]. 1o paccuntanHOMY CKansipHOMY

ceiicMMYeCKOMYy MOMEHTY 3eMJleTpsceHus Bbuluucisuiuch 3HaueHus CTJl HekoTopoit obmactu ¢

00BEMOM V, TAC pCalIN30BaAJIOCH JAaHHOC CECMHYECKOE COOBITHE:

5('[):@ 2 My , (1.3),

i .
rac t - TCKYIICC BpCMA, MO — CKaJIApHBIM CCUCMUUCCKHU MOMCHT I-ro 3CMIJICTPSACCHUSA B

KaTtaJjiore, Bp€Msa BOBHHUKHOBCHHA KOTOPOIo ti St , a N — YUCJIO TaKuX SeMHeTpﬂCGHHfI, l.,t — MOAYJIb

casura, [Koctpos, 1975]. Ilonyuennsle Benuunnasl CT/l, a Takke MX CKOpOCTH IpPEACTABICHBI Ha

pucynke 1.8, cornacno [Tapacos, 2010; Tapacos, Tapacosa, 2011].
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Benmuunna BeicBoOOkaeHHOW CTJ] (pucynok 1.8 a, 6) mpeacraBisieT coOOW HEMPEPHIBHO
BO3pACTAIOIYIO JIOMAHHYIO KPUBYIO, HA KOTOPOU BBIACISIOTCS pe3KUe (M OTHOCUTEIBHO KOPOTKHE IO
BPEMEHHU) CTYNEHYATbIe MPHUPOCTHI, CMEHSIOLUUECS MPOJOJDKUTEIBHBIMU TEPUOJIAMU MEJIJIEHHOTO
IUIaBHOrO pocta. Pe3kue mnpupocTsl 0O0YCIOBIEHB BO3HUKHOBEHHMEM OTHOCHTEIBHO CHIIBHBIX
semsietpsicenuii [TapacoB, TapacoBa, 2011]. ABropsl oTMedaroT, 4TOo Ha 36-j1eTHeM Tpaduke
OTYETJMBO BBIJCISCTCS OAMH €IUHCTBEHHBIM WHTEpBal (IIUTENBHOCTHIO 3.5 T0Ja), KOTOPBINA IO
BPEMEHM COBIIAJAET C MEPUOJOM 3JIEKTPO30OHAUpPOBaHUA. B mpenenax 3Toro mepuojaa 3Ha4UTENbHOE
npupanienne CT/] nocturaercs 3a cuer O0JIBIIOr0 KOJIMYECTBA OTHOCUTEIHHO CIa0bIX 3eMJIETPSICECHUI
[Tapacos, TapacoBa, 2011]. 3ToT 3¢ (exT Kak u B Cirydae pacupeneseHuss CyMMapHOW CEHCMUYECKON
sHepruu (pucynok 1.5 u3 [Tapacos, Tapacoa, 2016]) u yBeaM4YeHHUS KOJUYECTBA 3EMIICTPSCCHUI
[Tapacos, 1997; Tapacos, 2009] Hanbosiee IpKO MPOSBISICTCS HIMEHHO B BEPXHEM ISITHKIIOMETPOBOM

CcJI0e 3eMHOM KOpbI (pucyHoK 1.8 0).

ex 108 @ Pucynok 1.8 — H3meHeHHEe CEMCMOTEKTOHUYECKUX
200 o o
/ nedopmarmii ['apmckoro paiiona Tamkukucrana (a) u
150
i il ero BepxHero (0—5 kM) cios (0), a Takke CKOPOCTH
so b nedopmaruu (1/rog) B 3ToM ciioe (B) MO JTaHHBIM
0 ' ! L [Tapacos, Tapacora, 2011]. ITo ocu abcuucc — BpeMs
©)
200 F r_/—'—’_"' (romel). BepTukanbHBIMUM ~ JHMHUAMH ~ OTMEYEHBI
150 [ 1] MOMEHTBI ~ OONydyeHHsT  KOpbl ~ 3TOH  0oOmacTu
100 _/r SJICKTPOMAriMTHBIMU UMITYJIbCaMHU.
50
0 1 1 1 1
vx 108 ®)
40
301
20
LA
0 o/
1960 1970 1980 1990
t, TOIo

[lepyoapl MenJIeHHOro IUIABHOTO pOCTa COOTBETCTBYIOT BpEMEHaM JI0 U TOcCie
AIIEKTPOBO3ACUCTBUS, a BO BpeMs oOnyueHuss HabOmomaercss peskoe mnpupamenue CT/I,
IPEeBOCXOJAIIEee 10 CBOEH BeNMYMHE TMOYTH B 2 pasza JedopMaluio, BBICBOOOXKAECHHYIO B
paccmaTpuBaeMoii obOiactu 3a ocTanbHble 32 TOoma HaOmromeHuit [Tapacos, Tapacoma, 2011].
Cxopocts CTJl BO3pacTtaer MmoyTH cpa3y K€ IMOCie Hadajla OOJy4eHHS M COXPAHSIET BBICOKHE
3HAa4YeHU 0 OKOHYAHUS NEepHOa 30HAUPOBaHU (pUCYHOK 1.8 B).

Bosee neranbHbIl BpeMEHHON aHaW3 CEHCMOTEKTOHHYECKHMX JAedopmariuii, mpoBeIeHHBbIH

aBropamu [TapacoB, TapacoBa, 2011] ¢ mpuMeHeHHEM METOAMKH KOTEPEHTHOTO CYMMHPOBaHUS
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nokasan cieayromiee (pucynok 1.9). IIpupoct CT]I nocie Hagana snekrpozonauposanus (mpu t > 0)

IporcxXoauT ropasio oeictpee, yeM o Hero (I < 0). Yeenuuenue €(t) npoucxomut ¢ 3aaepxkoi Ha 5
CYTOK TIOCJIE Haydaja 3JIEKTPOBO3JCHCTBUSA, YTO coOTjacyercs ¢ OOHApy)KEHHOW paHee 3aIep KKOi
aKTHBU3ALMK celicMUYHOCTH Tociie myckoB MI'J[-reneparopa B ['apme [Tapacos, 1997; Tapacos,
2009]. HmutenpHOCTh Tepuona ObicTporo BbeICBOOOXAeHUST CTJl cocTaBisieT IIECTh MECSIICB.
Ycpennennsie 3Hauenumss CTJl mokasanm, uro mocie BosaedcTBus DU ckopocTh aedopmaruu
BO3pocia B paccMmarpuBaemoii obnactu B 11 pas, a B ee npunoBepxHocTHOM ciioe — B 15 [Tapacos,
Tapacosa, 2011]. Haubonwmmii poct ckopoctu CTJ] ormevasncs B HeGombIon obmactu paamycom 20

KM, OKPY>KarOIICH TUITIOJIb.

£ x 108 Pucynox 1.9 - CelCMOTEKTOHHYECKHE
10 F nedopmarn  ['apMmckoro paiiona (a) m ero
BepxHero (0-5 km) cios (6) mo (t < 0) u Bo Bpems

S (t > 0) obnyuenus xopsl DU, ocpenHEHHBIE IO
yeTelpeM cepusiMm myckoB MI'J[-reneparopa,

0° — ' cormacHo [TapacoB, Tapacosa, 2011]. Ilo ocm
30 F abcuucc — BpeMmsi (CYTKH), OTCUMTBIBAEMOE OT
i Havyanma oOdy4deHHs (BEepTHUKANbHAs  JIMHUA).
2 Toukamu MIOKa3aHbI IKCTIEPUMEHTAIbHBIE
U 3HAUCHUS, IMyHKTHPOM — aIllpPOKCUMHUPYIOIIHE
0 _‘Imo 5'0 1(')0 1;0 2(')0 npsMbIe B Tipeseniax nHTepBaioB —180 <t<0wu 0

t, CyT <t<180 cyr.

Bosee oT4eTnMBO A3PPEKT MEKTPOCTUMYIUPOBAHUS CEHCMUYECKON aKTUBHOCTH NPOSBUIICS B
JPYTUX Te0J0oro-reo(pu3nueckux YCJIOBHUSX IMpPH 30HIMPOBAHMU 3E€MHOH KOpPbI OJUHOYHBIMU
NMEKTpUUYecCKUMU uMmIiynbcamu B 1983-1990 rr. ma bumkexckom nonurone [TapacoB u ap., 2001].
PaccmaTpuBaemast 00siacTh — CEBEpOTSHBIIAHBCKAs CEMCMOIreHEepUpyIolas 30Ha — OTHOCHUTCA K
HaunOoJiee celicMUYeCKH aKTUBHBIM, 3a mocieqHue 120 jer 3aech MPOM30LUIO JBa 3€MIIETPSCEHUS C
marautynoin M > 8.0 [Tapacos u ap., 2001]. Oxnako cpenHss celicMUYecKas aKTHBHOCTh (YHCIIO
COOBITHH B €IMHMILY BPEMEHU Ha €IUHMILY IJIOIIa 1) STON 30HBI 10 CPAaBHEHMIO ¢ ['apMCcKUM paiioHOM
TamxuKucTaHa CyHIECTBEHHO MEHBIIE W COCTaBIISET Ay = 0.1. Bcero 3a BpeMs
ANEKTPO30HAUPOBAHUS KOpbl ObUI0 mpoBeaeHo 113 myckoB MI'JI-reneparopa [Tpane3nukoB u ap.,
1989]. ITonoOHo ciyvaro ["'apMckoro nmonurona, Harpyskoit MI'J[-renepatopa ciy>Kui 31eKTpUIeCKUit
qunoas aymHo 4.5 kM u conportusiaenueM 0.4 Owm. [lumosp pacrnonarajics B Ipenenax CTPYKTYp
CesepHoro Tsub-11laHs, KOTOphIE MPUMBIKAIH K OCAIOYHBIM OTIOXkeHUsM Uylickoil Bmaguusel. [lpu

30HIMPOBAHUN KOpBI TOK BapbHpoBasicsi B uHTepBaie 0.28-2.8 KA, IMTEIBHOCTh HMIYJIbCOB
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cocraBimsuia 1.7-12.1 ¢, a BHeceHHass sHeprus Haxoawiach B mpexaenax 1.2-23.1 MJ/lx [Tapacos,
Tapacosa, 2011].

IlepBbie pesynbratel [Tapacos, 1997; Tapacos, 2001] mokaszanu, yto Ha 2-4 CyTKH HOCIE
3EKTPO30HAUPOBAHMS BO BCEM PETrMOHE OTMEUajoCh YBEIMUEHUE CYTOUHOIO YHCIa 3eMIIETPACEHUN
Ni, npuuem wmakcumym HaGmomancs B HOKHOW wYacTM HCCIEAyeMOro paifoHa B BEpXHEM
MATUKUIOMETPOBOM CJIoe KOpel W TpeBbiman ¢oHoBoe 3HadeHue Ha 10 CKO. Cymmapnas
ceificMuueckasl SHEprus, BbIIEJICHHAs BCEMH 3€MIICTPSCEHHUSIMH, WHUIUUPOBAHHBIMU KaXIbIM U3
IyCKOB, MpeBHIIIacT (GOHOBYIO dHepruio 3emnerpsacenuii Ha 2.03 10 JIx u smeproskmax MIJ-
YCTAaHOBKM Ha 6 MOPSJIKOB. V3MEHEHMsS] OTMEUAIOTCS TAK)KE B PACHpPEIENICHUU 3EMIIETPSICEHUN II0
SHEPIrUsM U B PACIIOIOKEHUU UX TUIIOIEHTPOB B npocTpancTse [ Tapacos, 2001].

[Ipu Oonee neTalbHOM aHaNU3€ C HUCHOJB30BaHMEM ceiicmMuueckoro karajgora H.H.
MuxaiinoBoit [Muxaitnosa, 1990] 3a nepuog 1975-1996 rr., Bxmovaronuii 14115 3emnerpsicenuit 4-
15 xmaccoB, aBTopamu ObUTO BhIsABICHO cienytomiee [Tapacos, 2010; Tapacos, Tapacora, 2011]. B
obnactu CeBepHoro Tsub-lllans, orpannueHHol paauycoM 130 KM BOKpPYT H3JIyYarOIIEro TUTIOJS
MI [I-reneparopa, B mepuoj OOTy4yeHHUS KOpbI BEIWYMHA CEHCMOTEKTOHMYECKHX aedopmanuii
BO3pacTaeT HAMHOIo ObIcTpee, 4eM 10 M mociie odiydenus (pucyHok 1.10). YBenuueHnue ckopoctu
CT/l nabmomaercst TOJbKO vepe3 1.5 roma mocie Havyajna 30HIUPOBAHMS W COBIAAAET IO BPEMEHHU C
PE3KUM MOBBILLIEHUEM CYMMapHOM BHOCUMOM B cpeny sHepruu B cepenune 1985 r. (pucynok 1.10 a).
ABtopbl [TapacoB, 1997] O0OBACHAIOT NOJMYYEHHBIH pE3yNbTAaT HaJUMYUEM MPEUMYIIECTBEHHO
o0racTteil, aneKuxX OT HEYCTOMYHBOTO COCTOSHUS, peau3alns 3eMIETPSICEHUI B KOTOPBIX BO3MOXKHA
JUIIb TpPU pPE3KOM YBEJIWYEHHHM OJHepruum oOnydeHus. B 3Toil cBA3M 1ONOJHUTENBHO Oblia
paccMoOTpeHa CUTyallus B 3aBEIOMO HamlpsyKEHHOW 00JacTH, OKPY)KAIOILEH AMUIEHTP 3eMIIETPSICEHUS
¢ M=6.3, xotopoe npousommto 24.01.87 B 390 xm ot aunons MI'JI-reneparopa (pucyHok 1.10 B).
Brmutote 10 camoro Hawama 3oHgupoBaHuii BennuumHa CTJI pacTeT MeII€HHO, YTO MOXET OBITh
CBA3aHO C CEHCMMYECKMM 3aTHIIBEM IIE€pEel YKa3aHHBIM 3€MJIETPSACEHHMEM. 3aTO C MOMEHTa
AIIEKTPOBO3ACUCTBUS HAOMIOAAETCS POCT AedopMaliuii, mpuyeM UX BeJIHMYMHA B CyMME B TPU pasa
npessbimaet 3HaueHus CT/] B aToil obmactu 3a BeCh mepuo;] HaOIIOIEHUH 10 U TIOCIIe 30HAUPOBAHMS.
3a 6 mecsueB 1o cericMuyeckoro coObrtust 24.01.87 r. ormeuaercs makcumyMm CT/I, koTophlii MOkeT
SBIISATBCS cieacTBreM (opinokoBoro npoiecca [Tapacos, Tapacosa, 2011].

Pe3ynbTathl pacuera celiCMOTEKTOHMUYECKOH JedopMaIiuu, MOIydeHHbIE TIPU TaK HAa3bIBAEMBIX
«TOPSIYMX» TMyCKaxX, KOTOPhIE YIYUTHIBAIUCH aBTopamu [Tapaco, Tapacosa, 2011], Obutr 10TIOTHEHBI
OLICHKaMH CyMMAapHOI 3HEpPruu BCeX 30HIUPYIOMIMX IMYCKOB, BKJIOYas «XOJoJaHbIe» [boromonoB u
ap., 2011]. Iloxn «xomomHbiMu» nyckamu aBTopbl [boromosoB u ap., 2011] nmoapasymesaror

IIPOBOJUBIINECS B IITATHOM PEXHUME pa3psijibl CTapTOBON KOHeHcaTopHOW Oatapen MI'Jl-reneparopa
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0e3 moJuKHUra TOIJIMBA, «HA (POHE» KOTOPBIX MPOBOJMWINCE «TropsuHe Mycku». Kak BUaHO U3 rpaduxa
Ha pucyHke 1.10 r mpu npuBeneHNH CyMMapHOW 3HEPTUU UMIYJIbCOB (M3 paboTsl [boromonos u ap.,

2011]) k Tomy xe Macmraly BpemeHu, 4to u rpaduk CTJl u3 pucyHok 1.10 6, oGe 3aBuUCHMOCTH

HAMHOTO JIy4Ille CKOPPEIUPOBAHBI, YeM 3aBUCUMOCTH E€s1D M Emrj n3 pucynok 1.10 a u 6.
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Pucynoxk 1.10 — BpemeHHble 3aBUCUMOCTH: a —
eXKEeMeCIYHOH CyMMapHOW »JHEpPruH OOIydeHwUs,
cornacHo [Tapacos, Tapacosa, 2011]; 6 — u3MeHeHUs

celiCMOTEeKTOHNYEeCKHX nedopMariii B oOmacTh

MI'I-reneparopa B bumkeke; B — uamenenus CT/] B

6.0 TaKoM ke 00JIaCTH BOKPYT JMUIIEHTPA 3eMIIETPSICEHUS

24.01.1987, Mw = 6.3, r — rpapux CT/] u3 pucyHka 6

401

50t W DHEPrus BceX 30HAMPYIOUNIMX WMIYJIbCOB (U
. | , . rOpsSYMX U XOJNOAHBIX MYCKOB) corjacHo [boromosnon

?975 1980 1985 1990 1995 u gap., 2011]. BepTuxkanpbHbiMH JHHHSIMH (a-B)

1, ron o
OTMCYCHBI MOMCHTbBI O6J'Iy‘-ICHI/ISI KOpel B pPanoOHC

buikeka, CTpenkoi — BpeMs 3TOr0 3€MIIETPSCEHHUS.

ABtopbl [boromono u ap., 2011] cuuTaroT, 4TO 3TO MOXKET CBUAETEIHCTBOBATH O BKJAjE
UMIIYJIbCOB MpPH «XOJOAHBIX» MYCKax B YCWJIEHHE ClIa0OH CEHCMHYHOCTH U corjacyercs C
pe3ysibTaTaMH 30HIMPOBAHMS IPU HUCHOJIb30BAHUU KOHAEHCATOPHO-TUPUCTOPHON ycTaHOBKU DPI'Y-
600-2, 0 KoTOpbIX MOKAET peub B pazuene 1.2.2.2.

Cpenusis  CKOPOCTh CEHCMOTEKTOHWYECKOM Jaedopmanvii o0JacTH, okpyxaromedn MI /-
reHeparTop, B Nepuo/Jl 3JIEKTPOBO3ACHCTBUSA B 2.3 pa3a BbIllIe aHAJIOTHYHON CKOPOCTH /10 BO3/IEHCTBUS
(pucynok 1.10 6). A BOT B 0o6macti mMoAroToBku 3emuerpsacenus ¢ My = 6.3 oTHomenue ckopocTeii

JI0 ¥l BO BpeMsI 30HAMPOBaHMs gocTuraeT 10, 9To XopoIio 3aMeTHO Ha kapTe Ha pucyHke 1.11. B 6omnee
4yeM TOJIOBHHE oO0JacTel Mmocie 3JeKTPO30HAUpOBaHUs HaOmromaercs yBenumueHnue ckopoctu CT/I,
OCOOCHHO B 30HE, MpWIEKAIIeW K OJMHIEHTPY YKa3aHHOTO 3eMIeTpsceHus. B mpemenax »Toi
AHOMAJIMHM CKOPOCTH AedopMaIvii BO BpPeMs DJIEKTPOBO3ICUCTBHS yBEIIMUMUBAIOTCSA Ha 2-3 MOpsaKa

[Tapacos, Tapacosa, 2011].
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Pucynok 1.11 — OrHomenne ckopocteit

CTJI Cesepnoro Tsanp-1llans 3a nepron ot

Ha4dajia O6J'Iy‘leHI/ISI KOPBI J0

semunerpsicerust 24.01.87 r. ¢ Mw=6.3 u 3a

Bce BpeMs HaOmogeHWi 10 Havana

o0yuenus, cornacao [Tapacos, Tapacona,

2011]. 3Be3mouka — ITOJIO’KEHHE ITHITOJIS,

KPY)KOK — OIHIEHTP 3eMJIETPSCEHUS,

IIYHKTHP — 3Ha4YuMas 00J1aCTh aHOMAJIHH.

ITo ocsm — mmpora (¢) U goarora (A) B

rpamycax.

O06o0miast pe3ynabTaTbl OLEHKHM CEHCMOTEKTOHMYECKMX JAedopMaiuif, paccuuTaHHBIX IS
obnacreid ['apmckoro u BUIIKEKCKOro MOJUIOHOB, MOKHO OTMETHUTH cienyromee. [Ipupoct CT/,
WHULMAPOBAHHBIM  3ekTpoBo3aeicTeueM ot  MI'Jl-reneparopa  okasaics  COIIOCTaBUM  C

,I[e(l)OpMaL[I/IHMI/I KOPBI, KOTOPBIC COIMPOBOXKAAIOT ITPOUCCC ITOATIOTOBKH CHJIBHBIX SGMHeTpﬂceHHﬁ.

1.2.2.2. Dkcnepumenmanvusle 30H0uposanus na buuwikekckom zeoounamuyueckom noauzone
C UCNOJIb306AHUEM MOUIHO20 IJIEKMPOUMNYIbCHOZ0 UCHOYHUKA

HccnenoBanus BO3AEHCTBUS ANEKTPUUYECKUX UMIIYJIBCOB Ha T'€ocCpey ObUIM MPOAOJIKEHbI Ha
buikekckom nonurone ¢ npuMeneHueM smecto MI'J[-reneparopa qpyroro MomHOro KICTOYHHUKA TOKa
— 3JIeKTpOopa3BeoyHol reneparopuoi ycranoBku (OPI'Y-600-2, nanee mpocto DPI'Y). B mratHom
peXHuMe 3Ta YCTAaHOBKA HCHOJIB3YETCS JIsi MOHUTOPUHIA 3JIEKTPUUYECKOTO CONMPOTUBIICHUS 3€MHOI
kopbl [Bombixun u gp., 1993]. B 2000-2005 rr. ObUIM NpPOBEAECHBI CEPUU BJIEKTPOMArHUTHBIX
30HIUPOBAHUYN (JIOMOTHUTENHFHO K IITaTHBIM), MPH KOTOPBIX ycTaHoBKa OPI'Y pabotama B
SKCHEPUMEHTAIBHOM  PEXHUME, TEeHEepUPYysd OJHOMOJSPHBIE MMIYJIbChl TOKa, HWMHUTHUPYIOIINE
Boznericteue ~ MI'Jl-renepatopa [CerueB u  ap., 2008]. OOcrosiTenbcTBa  MPOBEICHUS
AKCIIEPUMEHTAJIbHBIX 30HAUPOBAHUIN, TEXHUYECKUE YCIOBUS U MapaMeTphl UMITYJIbCOB TOKA JI€TaIbHO
omucanbl B padore [CorueB u np., 2008] u 0606menuu [boromonos u ap., 2011] u He nmpuBoASTCS B
naHHON auccepTamui. OTMETHM TONBKO, YTO BKJIA[ SHEPrHH B reocpemy (mopsmka 108 JIx 3a
HECKOJIbKO YacoB) IpPU TAaKOM pEXKHUME 30HIMPOBAHUS OBLI CONOCTaBUM C BHEprued ciadboro
ceiicMHUYeCKOro COOBITHS.

B pabotax [boromonos u ap., 2006, 2011; CerueB u ap., 2008, 2010], mOCBAILIEHHBIX UTOTaM
SKCIIEPUMEHTA, aHATN3MPOBAJICA KaTaJIoT 3eMIIETPACEHHI dHepreTuueckux Kkimaccos 6.5 < K < 10.5 3a
1998-2006 rr. Ha TeppuTOpHH, OXBaThIBaeMoil ndpoBoii ceficmmueckoit cetbto KNET [CrrueBa u ap.,

2011]. Drta Teppuropusi, NMoay4yuBIlas Ha3BaHUe bulllkekckoro reoanHammuueckoro nojurona, BI'TI,
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[CerueB u ap., 2008; boromonoB u ap., 2011], cyIecTBeHHO MEHBIIE MO CPABHEHHUIO C 00JIACThIO,
aHaTM3UpyeMoil B IUTUpOBaHHbBIX paHee paborax H.T. TapacoBa. OgHako BBUIY Hanmuuus HanOolee
IIOJIHBIX M BBICOKOKAYECTBEHHBIX CEMCMHYECKHUX JAHHBIX HMMEHHO i teppuropun bBITI,
okoHTypeHnHo# ctaniusamu cetd KNET, Ha Heli 6p110 chokycupoBano BauManue asropos u3 HC PAH
[CerueB u np., 2008, 2010]. Pe3ynbTaThl pacuera KyMyJATHUBHBIX PACHPEICICHUI CYTOYHOIO 4HuCia
3eMJICTPSICCHUH TPOJEMOHTPUPOBAIHN TPHPOCT CIA00H CEHCMUYHOCTH (BCEX paccMaTpHBAEMBIX
KJIACCOB) C TUIIOBOM 3aJ€pXKKOM 7-8 CyTOK IOCIIE 3JE€KTPOBO3JEHCTBUS, HAIIPUMEp, ITOKAa3aHHbIE Ha
pucynke 1.12. nsa cobbrtuii kmaccos 8.5 < K < 9.5 mpupocT MX CyTOYHOrO YMCIa MPEBBICKI

¢donoBEI ypoBeHb Oosiee yeM Ha 2 CKO. CToip KOHTPACTHBIA MPUPOCT HE OBUT OTMEUEH B MEPHUO/T

30HMpPOBaHuM ¢ npuMeHeHueM MI'J[-renepatopos.

Bce SS
Knacchbl

20 -10

Pucynok 1.12 — KymynsaTuBHBIE paclpeneneHns CyTOYHOTO KOJINYecTBa CEHCMUUECKAX COOBITHH IS
TEPPUTOPUH BHUIIKEKCKOTO TeoqMHaAMHYECKOro MmonuroHa cormacHo [CerueB u ap., 2010]. IlyaxTipom (IuHHS
1) moka3aHo cpegHee 3HAYeHHWE, HalmeHHoe Mo mepBbM 17 cytkam mo OB (1), cpemHekBampatwdHOe

OTKJIOHEHHE OT Hero (JTMHHA 2) U OTKIOHEeHUE OT cpepnero 3Hadenns Ha 2 CKO (ymHus 3).

[Io npansbiM [CerueB u gp., 2010; boromomos, 2013], 31€KTpO30HAMPOBAHUE BHOCHUT
U3MEHEHHUsI B PEXUM celicMoTekToHndeckux nedopmauuii teppuropun BITI. Otmedeno, uro Ha
3anaaHoi yactu BI'TI mocne anexktpo3onnupoBanuit cnuroBoil pexkum CTJl meHsieTcs Ha pexuM
TpaHcnpeccuu. B 1enom mo Bcel TEPPUTOPHUM JIOKAIM3aLUs CEHCMUUYECKOW aKTUBHOCTH B TOJABI J10
MPOBEJCHUS DJIEKTPO30HAUPOBAHUSI TPUYpPOUYEHA K OONACTH CXKaThus, a B MEpPHOJ BO3JIEHCTBUS
HaOmroaeTcss ee cMelieHue B 30HY TpaHcrpeccuu [CerueB u ap., 2010]. 3ona sokamuzaruu
CEHCMUYECKHX 0YaroB, pacCMaTPUBAEMbIX KaK OTKJIMKH Ha DJJIEKTPOBO3JICUCTBUE, OKPYKaeT
MUTAIOIMNN 3JIEKTPUUECKUI AUMOIb, HAaXOAAIIUKCs B €€ LeHTpe [ABaruMoB u Ap., 2005; CeiueB u ap.,
2008]. BOmu3u Aumonsi 3HAYUTENBHBIM BKJIAJ B CEHCMHUYECKHUH OTKIMK JalOT 3EeMIIETPSCEHUS,
TUTIOIIEHTPHI KOTOPBIX MPUYPOUYCHBI K PA3JIOMHBIM U CEHCMOTEHEPUPYIOIINM 30HaM (HAXOSAITUMCS B
OKOJIOKPUTHYECKOM cOCTOstHMK) [ABarumoB u ap., 2005; boromonos u ap., 2006; Matcharashvili et
al., 2015].

B npyroit pabore [CmupHOB, 3aBbsioB, 2012] Obul mpoBeneH aHAJINW3 HAKOIUIEHHBIX
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ceficMuuecknx naHHbIX Tepputopun CeBepHoro Tsub-lllans 3a 1967-2008 rr. ¢ menpro Oosee
nerajgbHOro u3ydeHust s¢ddekra snexkrpoBosaerictBuss MI'Jl-reneparopa u ycranoBku DPI'Y Ha
36MHYI0 KOpY IO Habopy paHee HEHU3Y4YEHHBIX JIPYIMMH aBTOpaMHM CTAaTUCTHUYECKHUX IapaMeTpOB.
PaccmaTpuBanuce Bapualuu: HakJIOHA rpaduka MOBTOPSAEMOCTH, (paKTalbHON (KOPPEISIHOHHOI)
pa3MEpHOCTH MHOXKECTBA MMILIEHTPOB 3€MJIETPACEHUH, napameTrpa (| — 3aBUCHUMOCTH JJINTEIbHOCTH
UKJIA pa3pylmieHUs OT pa3Mepa odara 3eMIICTPSICEHHS, PACCTOSHUSA OT CEPEeIUHBbl AMIONS 0
OapuIleHTpa «00JIaKa» CEWCMHYHOCTH, pajuyca Tupanuu (aucnepcusi «obiaka»). Pe3ynbTaThl ObLTH
MOJTyYEHBI IS HIMHAPUIECKOH obsacTu pagumycoM 150 KM BOKPYT MHUTAIOLIETO TUTIONS U TITyOHMHOMN
1o 6 kM. Ilokazano, uro nis uaTepBasioB 30HAUpoBaHKi 1983-1990 rr. u 2000-2005 rr. mpoucxoauT
npuOIKeHne OapuIleHTpa «o0J1aKay 3eMIIETPACEHUN K JIEKTPUUECKOMY TUION0. JlaHHbIe HakIoHA
rpa¢uka TOBTOPSEMOCTH, (PpaKTAIbHOW pasMEpHOCTH H mapaMeTpa ( He BBIIBHIM YETKUX
KOppeJSIMM, CBSA3aHHBIX C 3JEKTpOBO3JeHCTBUEM. il yTOYHEHHS XapaKTEPUCTUK BIIMSHUSA
JJIEKTPO30HANPOBAHUN Ha JIOKAJIbHYIO CceficMU4HOCTh aBTOopamMu [CmupHOB, 3aBbsuioB, 2012]
JETAIbHO PACCMOTPEHBI JaHHBIE MO0 KaXI0MY OTIIEIbHOMY aKkTy 30HAUpoBaHus. [lokazaHo, yto yroiu
HaKJIOHa TrpaduKa TOBTOPSEMOCTH CYIIECTBEHHO YBEIMUYUBACTCA HETOCPEIACTBEHHO B TIEPHOJ
30HIMPOBAHUsA, TIIOCJAE Yero IIOCTENEeHHO B TeueHue 35 wyacoB cHmkaercs (pucyHok 1.13).
AHaJOTHUYHbIE BBIBOJBI CAENAHbI IJs ceiicMuueckor akTUBHOCTH. OTMeueH 3 deKT mocneaeicTpus,
BBIPQXKAIOMIMICS B HAJIWYUH JIOKATHHOIO MaKCHUMyMa YIJla HakJOHa rpaduka MOBTOPSEMOCTH Ha
TPETbU CYTKHM IOCJE 30HJUPOBAHUS C MOCIEAYIOLIMM MEIJIEHHBIM (4-5 CYTOK) CHM)KEHUEM €ro
BenuuuHbl (pucyHok 1.13). Dto corjacyercss ¢ pe3ynbTaTaMu, JEMOHCTPUPYIOIIMMHU JIOKaJIbHBIN
MaKCHMyM Ha TPeThU CYTKH CEHMCMHMUYECKON aKTMBHOCTH mocie 3oHaupoBanus MI'J[-reHeparopom,
OTHECEHHOU K ()OHOBOI aKTUBHOCTH /10 00Iy4YeHUs [ ABarumoB u ap., 2005].
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CepuaibHOe BpeMsi, CYT.
Pucynok 1.13 — Bapuanuun HakioHa rpaduka MOBTOPSEMOCTH JI0 (OTpHUIIATENbHBIE 3HAUYCHHSI BPEMEHH)
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U 1ocie (IONOKUTEIbHbIE 3HAUYEHUs BPEMEHHM) 30HIUPOBAaHUM, pacCUUTaHHBIC II0 JAHHBIM CEPHUAIBHOTO
Karazora, cornacHo [CMupHOB, 3aBbsainos, 2012]. )KupHbIMU BepTUKaIbHBIMH JMHHUAMHU TOKa3aHbl AHANa30HbI
MEXIY OLEHKaMU HaKJIOHA rpauKa MOBTOPSIEMOCTH O HELEH3YPHPOBAaHHON U IEH3YPUPOBAHHOW BBIOOPKE
3eMJIETPSACEHUM; TOUYKaMH IOKa3aHbl CEPEeIUHBI ATUX MAMANa30HOB, CIUIOUIHAS JMHUS — HX CIJIa)KCHHBIE

3HAUCHU, TOHKNEC BEPTUKAIBHBIC OTPE3KU — CTATUCTHUICCKUEC NOTPEIIHOCTH OLICHOK I'PAHUIL] AUAITa30HOB.

[TocnenoBarenbHOCT, HWHTEPBAJIOB MEXAY 3EMICTPACCHHUSIMHU, 3apErUCTPUPOBAHHBIMU B
nepuoa 1983-1996 rr. Ha bUIIKEKCKOM reoAMHAMUYECKOM IOJIMTOHE, Obljla UCCieoBaHa B paboTax
[Chelidze, Matcharashvili, 2003, 2007; Chelidze et al., 2006; Matcharashvili et al., 2015] ¢
MPUMEHEHUEM HEeTTMHEHHBIX alropuTMOB (ha30BOT0 moprpera, |IFS-Merona u peKyppeHTHOro aHaIn3a,
oueHku suTpormu lllenHoHa, a Takxke nmpeoOpa3oBaHus BelBieT- U [ mipbepra-Xyanra. [lonyueHHsie
JIAHHBIE CBUJETEIICTBYIOT O TOM, YTO BPEMEHHOE PAaCIHpPECIICHHE JOKAIbHBIX 3EMIJICTPACEHHUM BO
BpeMsl DJIEKTPO3OHIMPOBAHUS CTAHOBHUTCS 0oyiee pPErylspHbIM, KOPPESIHMOHHAs Pa3MEPHOCTh
WHTEPBAJIOB MEXAY 3eMIIETpsCEHUsIMH YyObiBaeT B Oonee, yem 2 pa3a. B mepuoasl BpemeHH,
CJIEAYIOIIME TOCTEe SJEKTPO30OHAMPOBAHUM, AMHAMHKA 3E€MJIETPSICEHUN MPUOOpETaeT XapaKTepHBIE
yepThl HeynopsioueHHocTH u xaoca [Chelidze, Matcharashvili, 2003, 2007; Chelidze et al., 2006;
Matcharashvili et al., 2015].

[TpumeHeHre MeTOAa HeNMuHeHHOM nuHaMuku (Metox I'paccoeprepa-IIpokauuna [Grassberger,
Procaccia, 1983]) mist OlleHKH MOBEICHHS CIIOKHBIX TUHAMHYECKUX CHUCTEM, K KOTOPBIM OTHOCHTCSI
3eMHasi Kopa, mo3Boyiiio aBropam [TypyHTaes u ap., 2012] Ha 6a3e 3THX k€ CEHCMHYECKHUX JTaHHBIX
BI'Tl monyuuTs cnepyromue pe3yabTaThl. B Mepuoabl 3MEeKTPO30HAUPOBAHUN U (paKTalbHas
pPa3MEpHOCTh aTTPAKTOpa M pa3Mep IMPOCTPAHCTBA BIIOXKEHUS YMEHBUIAIOTCA [0 CPAaBHEHHUIO C
MepuoIaMi JI0 BO3JEHCTBUS, YTO CBHUACTEILCTBYET 00 YHMOPSIOYCHUH CEHCMHUYECKOTO pEeXHMa U

nepexo/ie HampsHKEHHOTO COCTOSTHUS Teocpeibl B 0osiee ycToitunBoe (pUcyHoK 1.14).

dpakranbHast pa3MepHOCTb aTTPaKTOpa Pucynok 1.14 — 3aBucumoctb
T4 (paxTanbEHOM Pa3MepHOCTH
6 m B &
- aTTpakTopa OT  pa3MepHOCTH
5T . * BJIO’KCHHOT'O ¢azoBoro
X |
4 P * MPOCTPAHCTBA, TOCTPOSHHAS IS
3 $ BBIOOPOK CBOOOHBIX oT
o ¢ 1994-1999 PO, A
2F | m 2000—2005 OCOOCHHOCTEH TI0 JaHHBIM O
1 - ceiicMuuHOCTH B paiione BITI
: : : : : : cormacio [TypyHTaeB u mp.,
0 2 4 6 8 10 12
Pa3zmMepHOCTb BII0OXXKEHHOTO (ha30BOTO IMPOCTPAHCTBA 2012].

Baxxapim JOMMOJIHEHUEM KO BCEM pPACCMOTPEHHBIM TpydaM II0 J3JICKTPOMAarHUuTHOMY

3oHAMpoBaHMuI0 3eMHOU Kopbl BI'TI sBnsrorcst pe3ynpTaTsl padot [ABarumoB u ap., 2005, 2016]. B
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nepBoil 3 HUX [ABarumoB u ap., 2005] mans ucciaeayeMol TeppUTOpUHM OBUTA PACCUMTAHBI IOJIE
IUIOTHOCTH TOKa M CTPYKTypa TEIUIOBBIX IIOTOKOB, CO3[JaBacMbIX IIPH 3JIEKTPO30OHIHPOBAHUU.
[Tokazano, uyTto Ha rIyOuHe 5 KM HaOMIONAeTCI MAaKCUMYM aMIUTUTYABI IUIOTHOCTH TOKa BOJU3U
MCTOYHMKA (UIoNs) paBHbIA |=8-10° A/M?, a Ipu yJaleHHuH OT Hero IJIOTHOCTh TOKA YOBIBAaeT 10
BennuuHbI opsiaka 10% ot makcumyma nist tiryoun 10-15 xm (pucysok 1.15). CtpykTypa TerioBoro
MOTOKAa OTpa)kaeT CXOXKUE TEHJCHIMU: MaKCUMyM COCTPEIOTOYEH BONM3M numoig (mopsaka
HECKOJIbKUX €ro JUIMH) Ha TiyOuHax 0-5 kM, /Ui ocTajabHOUW 001acTH TEIJIOBOW MOTOK HE3HAUUTENECH
[ABarumoB u ap., 2005]. Bo BTOpo#i ynomsiHyTO# padore [ABarumMoB u np., 2016] mpoBeaeHa orieHKa
MIOPOT'OBOTO YPOBHS PHEPTUU AIIEKTPOMArHUTHOTO BO3AEHCTBHS Ay, HEOOXOIUMOr0 ISl pealn3anun
BbI3BaHHOI ceficMuuHocTH. [IpogemMoHcTpupoBana 0OpaTHO MPOMOPLHOHANbHASL 3aBUCUMOCTh MEXIY
SHEprueil BHEIIHEro BO3ICHCTBUS, BEIMYMHA KOTOPOW CIOCOOHA BBI3BATH TpUTITEepHBbIE dD(EKThI, U

YPOBHEM CEMCMHUYECKON aKTUBHOCTU CPeAbl (COCTOSSHUEM SHEPTOHACHIIIICHHOCTH CPEIbI).
Pucynox 1.15 - PacmpeneneHue IUIOTHOCTH
ANIEKTPHYECKOTO TOKA Ha TIYyOMHAX 5 KM COTJIacHO

[ABarumoB u ap., 2005].

82 84 86 88 90 92
KM

—0.008—-0.006 —0.004—0.002 0
J, AM?

B kauecTBe mNpPOMEXKYTOYHOrOo HUTOra pabOT MO 3JIEKTPOMAarHUTHOMY BO3JEHCTBUIO Ha
CEHCMMYHOCTb MOXHO paccMaTpuBaTh HECKOJBKO IATEHTOB, NojydeHHBIX TapacossiM H.T. n
TapacoBoif H.B. Onun 13 Hux Ha3biBaeTcs «Croco0 CHATUS YIPYTHUX HANPsDKEHUM B 3eMHOM Kope A7
MpeOTBpaLeHs] KaTacTpopuueckux 3emierpsceHuit» [Crnocod cHatus..., 2010]. CymHocTs 3TOro
M300peTeHHsT 3aKIII0YaeTcs B Clenyromux dSrtanax. 1) Pa3Oumenue wucciemyemMoil celCMOAKTHBHOM
TEPPUTOPUU HA KBAJApATHBIE SUEHKH, B KaXKJIOM M3 KOTOPBIX NPOU3BOIATCS H3MEPEHHUS
ceiicMoTeKTOHNYeCcKnX jaedopmanmii, paccuuThiBaeTcsi cpeanee (dpoHOBOe) 3HaueHUe. 2)
VYcranaBnuBaeTcs Kak MUHUMYM OJMH H3JTy4aTeslb AJIEKTPOMArHUTHBIX HMMITYJIbCOB, MPU MOMOILU

KOTOpPOTO MPOUCXOIUT 00JydeHUE KOphl HCCienyeMol Tepputopuu. B mepuon oOnydeHHs] Takxke
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n3mepsitorest 3HaueHus:t CTJ] B kaxmoit siueiike. B Tex sueiikax, rae oOHapyEHBI IMOBBIIIICHHBIS
ypoBau otHomeHuit CT/] Bo Bpems oOnydenus k ¢ponoBeiM CTJl, mpeBbILIalONINe CpeaHee MO BCEM
sYeiiKaM, TPOBOSAT AONOJHHUTENbHbIE o0mydenus. [1o pesynbratam usmepenus CT/] 3a Bech nmepuos
00Jy4eHHs IPEINoJIaraeTcs OUEHUTh YPOBEHb «CHSATHIX)» (OTPENaKCUPOBAHHBIX AJIEKTPOUMITYIIHCAMH )
HanpspkeHud. OKuJaeMblii aBTOpaMU pe3yJbTaT — MOBbIIIeHHE 3((EKTUBHOCTH CHATHUS YIPYTHX
HaNpsDKCHUH B 3€MHON KOpe, CHMKEHHE HeOJarompusaTHOTO BO3JCHCTBUS Ha OKPYXKAIOLIYIO Cpery

[Crioco0 cHsiTHs..., 2010].

1.2.2.3. Bo3Mo:xHbIe MEXaHU3MbI BJUSIHUS IJIEKTPO30HAUPOBAHUIA HA CEHCMUYHOCTh

Hecmotps Ha cylecTBEHHBIN MPOrpece B UCCIEI0BAHUSAX BO3ACHCTBUIN 31€KTPO30OHAUPOBAHUIMA
Ha CEMCMHYHOCTb, OCTAETCS JMCKYCCHOHHBIM BOMPOC O KIIOYEBBIX MEXaHHW3Max MpeoOpazoBaHUs
SHEPTUU DJIEKTPOMATHUTHOTO TIOJISI B MEPBUYHBIC MOABUKKH, KOTOPHIC, MMO-BUIUMOMY, UTPAIOT POJb
TpurrepoB. Ha maHHbII MOMEHT OOJBUIMHCTBO YYEHBIX CKIIOHSETCS B IMOJIb3Y MPEUMYIIECTBEHHOU
POJU AIEKTPOKUHETHYECKUX 3((EKTOB, YCHIMBAIOIIMUX MOCTYIUIEHHE BOJABl Ha KOHTAaKTHPYIOIIHE
MOBEPXHOCTH Treo0sokoB Wi K ycrhsam Tpemud [Gabrielov, Keilis-Borok, 1983; Co6ones, 2014;
Gauvrilov et al., 2013; ITanTenees, ["aBpuios, 2015; Panteleev, Gavrilov, 2015; I"aBpuiios u ap., 2014;
["aBpunos, Ilantenees, 2016]. B cuny sddexra Pebunaepa 310 JOMKHO MPUBOAUTH K HEKOTOPOMY
CHI)KCHHIO TPOYHOCTHU, M, KaK CIIEJCTBHE, K ceiCMUYeCKUM MOoABMkKaM. OaHako Ha (UIBTPALUIO
BOJIBI MOTYT OKa3bIBaTh BIIMSHUE W JAPYrue (PaKTOphl, W OCTACTCS HEMOHATHBIM, MOYEMY IPOIECC
HAKOIUICHUS  CCHCMOTEKTOHMYECKMX  jgedopmammii  CTOIh  YYyBCTBHUTEIEH  HMEHHO K
AIEKTPO30HIUPOBAHUSAM.

[TonpiTKa OOBSACHUTH CHEUU(UKY Cllydas AJIEKTPO30HAUPOBAHUNA C MPUMEHEHHUEM MOIIHBIX
uctoyHukoB Toka (MI'Jl-reneparopamu u yctpoiictBamu tuna DPI'Y) Obuta npeanpunsara B paborte
[CorueB u np., 2008]. O6paiieHO BHUMaHKE, YTO 3€MHas Kopa o0ydaeTcsi UMITYJIbCAMU C KPYThIMU
dbpoHTaMu, HapaCTaHHWE U CMaJl TOKa MPOUCXOIUT pe3ko. [ToCKONbKY AIEKTpUYECKU TOK B reocpesie
MEPEHOCHUTCSI HOHAMM, TO MTPOLIECCHI ANEKTPOKUHETUKH 3aBEIOMO HECTallMOHAPHBI. [Ipu npoxoxaeHnn
(GPOHTOB HMITYJIBCOB TOKa MPOUCXOIAT PE3KUE, MO MepKaM JJIEKTPOKUHETHYECKUX 3P (HEKTOB,
W3MEHEHUSI CHJIBI DJIEKTPOOCMOCA KUIAKON (a3l B TPEIIMHOBATO-TIOPUCTOM CKEJIETE T€OCPEIbl, UTO
PaBHOCWJIBHO THApPOYyJapaM Ha MHUKPOYPOBHE. YIIPyrue BOJIHBI, HCXOJSIIME U3 KUAKOCTH U
pacupoCTpaHsOIIMECs] MO TBEPAOMY CKEJIETy, MOTYT BBI3bIBATH B HEM pa3BUTHE TpPEIIMH, a
CJIEIOBATENIbHO, U BBICBOOOK/IEHNE HAKOTUICHHBIX HampsbkeHuil [CeraeB u ap., 2008]. BrickazanHbie
aBTOpPaMH TIPEIOIOKEHUS B MOCIEIYIONIEM OBLIN pacIIMPeHbl U 0000IICHBI B KAaHAJTIOBON MOJIETH
[boromonos, 2010; CerueBa u ap., 2011]. Dta Moaens Takke ONMUPAETCS HA TO, YTO 30HAMPYIOLIUE
AIIEKTPOUMITYJIHCHl UMEIOT BBICOKYIO KPYTH3HY (DpPOHTOB HapacTaHus U yObIBAHUSA, U3-32 YETO MOTYT

pean3oBaThCs JBa BUJA dJeKTpoMexaHnueckux 3¢ dextoB. [lepBbiii oTHOCHUTCS K (OPMHUPOBAHUIO
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TOKOBOTO KaHajlla MpH HApaCTaHMM CUJIbl TOKAa B HUMIYJIbCE 3a CYET CXJIONBIBAHUS ITy3bIpei
HACBIIIEHHOTO0 Tapa, KOTOpbIE UIPAIOT POJb pa3lenuTeNel OTAENbHBIX TIOJIOCTEH KaHama ¢
MPOBOSILIEH KUJIKOCTBIO. BTOPOI NMPOTHBOMOJIOKEH MEPBOMY — MPOUCXOIUT Pa3pblB MPOBOISIICH
KUJKOCTH B KaHaJle 3a cueT 00pa3oBaHus My3bIps MpH crafaromieM GpoHTe uMilylibea Toka. U ToT u
JIpYroi Mmpoliecc MPUBOJUT K BBIHYXJACHHOMY JBHKCHHIO TPAHUIIBI KUAKOCTU C Iy3bIpEM, a 3TO
BBI3BIBACT BO30YXKJICHHE 3BYKOBBIX KoyieOaHuil (rumapoynmapos, BuOpamuii) [boromonos, 2010].
VYuurteiBasg TO, YTO 3€MHas KOpa UMEET OJIOUHO-UEPAPXUUECKYIO CTPYKTYPY M 00JaaeT CBOMCTBOM
camonionoous (dpakransHocT) [CanoBckuii, 1979; CamoBckuii u ap., 1982] u MynbTHUhpaKTaIbHOCTH
[CanoBckuii, ITucapenko, 1991; CraxoBckuit, 2007] MOXHO HPOBECTH Napalielib ¢ BO3MOMKHBIMHU
MeXaHM3MaMH TPELMHO0Opa30BaHusl Ha MUKPOYpoBHE. JlnHaMudeckoe (0T rapoyaapa) pa3pylieHue
BBI3BIBACT KOPPEIUPOBAHHOE (OPMUPOBAHME TMEPBUYHBIX Je(EKTOB HAHOCTPYKTYPHOTO YpPOBHS
[[llepbakoB u np., 2013]. Ha oOpa3max rpaHuTa II0Ka3aHO, 4YTO CTAaJHUs KOPPEIUPOBAHHOTO
HAKOIUIeHUs Je(EeKTOB COXpaHseTcs M Ha MHUKPOCTPYKTYPHBIM ypoBHe. Ha Makpockonmmueckom
ypOBHE (OTKOJIBbI, MAarMCTPAJIbHBIE TPEUIMHBI) CAMOOPTAaHU3AIUS TPU PA3PYIICHUH WA OTCYTCTBYET
WIH SIBJSICTCS HE3HAYUTEIHHOU MPU CPABHUTEIHLHO MAJIOM KOJIMYECTBE KPYITHBIX KIIACTEPOB Je()EKTOB
[[Llep6akoB u mp. 2013].

B ycnoBusix, korga eme HE TOJHOCTBIO PEHIEH BONPOC O MeEXaHM3MaxX BO3ACHCTBUS
DIIEKTPO3OHIMPOBAHUA HA CEHCMHUYHOCTh, W C YyYETOM CBOWCTB CamMONOJOOHMS T€OCpeabl
MIPEJICTABIISIFOT HHTEPEC JTA00paTOPHBIC IKCIIEPUMEHTHI HAa HArPY)KCHHBIX 00pa3iiax TopHBIX mopoia. B
9TUX OKCIEPUMEHTax C Bo3aelcTBUeM OM monsg Ha mnporecc nedopMalud U pa3pylIeHUs
reoMaTepHanoB BHEIIHUE (PaKTOPHI JIETKO BOCTIPOU3BOAATCS, OHU MOAU(PHUIIMPYIOT KOTUYECTBEHHbBIE, a
HE KAueCTBEHHBIC XapaKTEPUCTHKU: CKOPOCTh OCEBOM U TMOMEpedHor aedopmariii, HHTCHCUBHOCTh
TPEHIMHOOOpa30BaHus  (aKTUBHOCTh  aKyCTHYECKOW  smuccuu). [logoOHBIE  AKCIIEPUMEHTHI
nposoaunuck B O3 PAH, OBT PAH u HC PAH B xonne 90-x rooB 1 B Havajie Hallero Beka. B
HauOoJIbIIeH CTENEeHN ObUT UCCIeI0BAaH BOMPOC O BIUSHUU SJICKTPOMArHUTHBIX TMOJIeH HA HAKOIUICHHE
nedexToB ((akTHUUeCKH, HEYNPYTYI0 COCTaBIAIONIYI0 JaepopMalui) MO JaHHBIM aKyCTHYECKOM
AMHUCCHM 00pa3L0B TOpHBIX Nopoa. Hanbosee BaxxHble pe3yabTaThl 3TUX pabOT 0OCYKAAIOTCS HUXKE B

paznene 1.3.

1.3. UccnenoBanusi TpurrepHoro Biausinuss OM mosedl B JKCIepMMeHTax Ha o0pasmax
reoMaTepuajIoB

B YCIOBUAX OPraHU3allMOHHO-TCXHHUYCCKUX W J3KOHOMHYCCKHX Sany)IHeHI/Iﬁ B pe€ajin3ainnuun
HATYpHBIX DSKCIIEPUMEHTOB Ul HCCIIEIOBAaHUI 3JIEKTPOMarHUTHOTO BIIMSHUSA Ha CEHCMUYECKHE
npolecchl B 3eMHOU Kope (Bcero ObUIO CO3/1aHO JiBa IOJIMTOHA, MepHoj 3KcrepuMmeHToB ¢ MI'/I-

reneparopamu U OPI'Y coctaBmisin Oosnee 5 j€T) CymIeCTBEHHBIN BKJIAJ B TMOCTPOSHUE AJCKBATHBIX
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bU3HYEeCKUX MOJENIed MOXET BHECTH JIa0OpaTOpPHOE MOJECIMpPOBaHKME Ha oOpasmax TOPHBIX MOPOI.
OOUIHOCTH SIBICHU, TPOUCXOSAIINX HA pa3HBIX MAcCIITAOHBIX YPOBHSX, MO3BOJISET B JIAOOPATOPHBIX
9KCHEPUMEHTAX MOJIydyaTh HOBYIO MH(POPMALMIO O HpoIeccax, MPOUCXOIAIUX B TIyOMHAX 3E€MHOMN
kopsl [CmupHoB, [lonomapes, 2004]. JITabopaTopHOE MOJEIUPOBAHUE OTKPHIBAET BO3MOKHOCTH IS
Oonee TIyOOKOrO M3Y4YEHHMs] MEXAaHHU3MOB TpeoOpa3oBaHUS AJIEKTPOMArHUTHOM JHEPruM B
U3Iy4aeMylo JeQeKTaMHu CTPYKTYpPbI SHEPTHIO YHPYTHX BOJIH. DTO BO3MOXKHO 3a CYET Bapuallil B
HMIMPOKHX TpeaesiaX CBOWCTB MOJIENIEH, ClIOCOOOB M MapaMeTpOB BO3ACUCTBUI M CXeM HarpyKeHUs,
MOJICJIUPYIOIIMX T€ WM MHBbIE HaTypHbIe ycioBus. [locraHoBKa 1a00PAaTOPHBIX 3KCHEPUMEHTOB IS
WCCJIEIOBAHMS TPUTTEPHOTO BIUSHUSA 3JIEKTPOMArHUTHBIX MMOJIeH Ha Ae(OPMUPOBAHUE U Pa3pyIlECHUE
Harpy>KeHHBIX OOpa3IOB TOPHBIX IMOPOJ BKIIOYAJAa OTPAOOTAHHBIC IMOAXOJbl HCHBITAHHS TOPHBIX
MIOPOJ] Ha PEOJIOTHUECKUX Mpeccax, OPraHnu3aluio JOMOJHUTEIBHBIX AIEKTPOMArHUTHBIX BO3EHCTBUI
C KOHTPOJIEM HX MapaMeTpOB, PETUCTPAILMIO JAHHBIX M HAOOP CTATHCTUKHU MO CEPUSM OJHOTUITHBIX

OKCIICPUMCHTOB.

1.3.1. Biausinue 3JIeKTPOMArHUTHBIX MOJIel HA AKYCTHYECKYI0 IMUCCHIO 00pa310B rOPHBIX
nopon

1.3.1.1. AKycmuueckasn smuccusn KaKk Memoo 2e0hpu3uuecKux uccied06anuil

Havano pabGor mo naGopaTopHOMY MOJAETUpPOBaHUI0 Teoduznyeckux 3PEPEeKToB ObLIO
nojoxeno B 30-40-x rogax XX Beka. O6ept u [roBans [Obert, Duvall, 1942] u3 AmepukaHckoro
OI0pO TOpHBIX paboT OOHAPYKWIM H3IYyYEHHE AaKyCTHUYECKHMX BOJIH TOPHBIMH TOPOJaMH,
HaXOJAUIMMHUCSA B HAIPsDKEHHOM COCTOSHMM, TO3K€ 3TO SIBJIEHHE ObUIO HA3BaHO aKyCTUYECKOMH
smuccueit (AD). [locnenyromume paboOThl NPEUMYIIECTBEHHO OTHOCHIMCH K IPAKTHYECKOMY
NPUMEHEHHI0 aKyCTOOMHUCCHOHHOTO METOJa JIJIsi OIIEHKH CTaOMJIBHOCTH HANpPSHKEHHBIX YYaCTKOB
TOPHBIX BBIPAOOTOK. W NHIIF HEMHOTOYMCIIEHHBIE WCCIICAOBAaHUS OBUIM TIOCBSIIEHBI IMpoOieMe
NPOTHO3a 3eMIICTPSICEHHI W MexaHuke paspymenus [Ishimoto, lida, 1939; Suzuki, 1953, 1955].
OfHMMH U3 THOHEPCKUX HCCIEIOBAaHMM MOXHO CUMTATh paboOTHI SAMOHCKOro ydyeHoro [Mogi, 1962,
1962 a], B KOTOpBIX OBLIO MPOBEJEHO KAYECTBEHHOE COMOCTaBICHUE KAPTUH pa3pyLIEHUSI TOMOTE€HHBIX
U TETePOTCHHBIX Cpell, MOJyYSHHBIX B JaOOpPATOPHBIX YCIOBHSX, C IPOCTPAHCTBEHHO-BPEMEHHBIM
pacripesielieHieM IIaBHOTO CeMCMUYECKOro ouara 1 ero adrepuokoB. B atux pabotax ceiicMuyeckoe
COOBITHE pACCMaTPUBAJIOCH C TO3ULIMHU XPYIIKOTO pa3pylIeHHs B TONIIE 3eMHOI KOophl. B 3aBucumocTH
OT CTETICHU T'eTEPOreHHOCTH MaTepHaja, a TaKKe PacoiOKeHUs W (HOPMBI HCTOYHHMKA HANPSHKEHUS
MEHSITOCh pactpezielieHne aQTepIIoKOB OTHOCHTENBHO TIaBHOTO ovara. [IpooOpazom ¢gopmupoBaHus
pa3pbIBOB Ha J1aOOPaTOPHOM MaclTade CUMTAIUCH aKThI (COOBITHSI) BOSHUKHOBEHHS WM YITMHEHUS
MHUKPOTPEIIMH, PETUCTPUPYEMbIE METOJO0M aKyCTUYECKOM SMHUCCHU. 3HAYUTEIbHBIA BKIAA B

METOJIUKY SKCIEPUMEHTOB MO perucrpanuuu AD U ee MHTEPHpPETalud B CBA3M C MOJEIHMPOBAHUEM
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CEHCMHYECKOT0 TMpollecca BHECEH KilaccuueckuMmu padotamu Bunorpamosa C.Jl. [Bunorpamos u np.,
1975; Bunorpanos, 1989]. B onHO#l U3 HUX NIPOAEMOHCTPUPOBAHA CYIIECTBEHHAs pPOJIb YCIOBUN Ha
Oeperax TpeUIMHbI (HAIMYHE WA OTCYTCTBHE HEOIHOPOJHOCTEH) B (OPMHUPOBAHUHU H3IIy4aeMOIO
CEHCMOaKyCTHYECKOr0 CUTHana (ero coekrtp, ceiicMuuyeckuii MOMEHT W MarHutyzaa) [Vinogradov,
1978].

B pabotax [Ohnaka, Mogi, 1981, 1982; Scholz, 1968 u np.] Oputa TPOAEMOHCTPUPOBAHA
CTaJIUIHOCTh Je(POPMHUPOBAHUS TOPHBIX MOPOJ MO JAHHBIM O POCTE€ AKTHBHOCTH aKyCTHYECKOMH

SMHCCHH, a TAaKXe ee YaCTOTHBIM XapakTepucTukaM. OOHAPYKeHa 3aKOHOMEPHOCTh yMeHbIIeHus -

value (yrna HakJOHa aMILTUTYIHOTO PACIPEIC/ICHUS CUTHATIOB AD) MpH YBEIHUCHUH HAPSIKCHUS U
npuOIMKEHUH 00pa3lioB K pa3pylIeHUI0. AKYCTHYECKasi SMUCCHS, BHICTYIIAOIAS B POJIM UHIUKATOpA
nedexrooOpa3oBaHusi (HEYCTOWYMBOCTH), MOXKET TaK)KE CIYKUTh M CBOCOOpPa3HBIM pBhIUATOM —
crocoOboM ympaBlieHUsT J1e(OPMAMOHHBIM PEXHUMOM IPU TOMOIIU CO3JaHUS OOpaTHOW CBSI3U —
MOJIICp)KaHUsT TTOCTOSTHHOTO ypoBHsI akTUBHOCTH AD [Lockner et al., 1991; Smirnov et al., 1995;
Kuksenko et al., 2005]. IIpu Takoii MoCTaHOBKE SKCIEPHUMEHTOB pa3pylicHHEe 00pa3IoB MPOUCXOIMUT
M0 JIBYXCTaJuHHOMY MeXxaHu3My ¢ (opmupoBaHuem ojnHoro ouara paspymenusi [Kuksenko et al.,
1996]. B mpomomkeHnn yka3zaHHBIX pabort, aBropamu [Kykcenko m np., 2011 a] Obur mpoBeneH
CPaBHHUTEIBHBIA aHATN3 Pa3BUTUS E(HEKTHON CTPYKTYpPhI B Pa3IMYHBIX YCIOBUAX ACPOPMUPOBAHUS
0o0pa3IoB rpaHHTa (CXKATHE CyXOoro oOpaslia, BOJOHACHIIIEHHOTO M CKOJIEKEHHE 110 TOTOBOMY
paziomy).

XapakTepHOil 0COOCHHOCTHIO MEPEUHCIECHHBIX PabOT SABISETCS JETalbHOE M3YUYEHUE Mpoliecca
nedopMUpOBaHUsS O0Opa3IOB TOPHBIX IOPOJ TPH EAMHCTBEHHOM YIIPABISIONIEM IapamMeTpe —
MEXaHHUYECKON Harpy3Ke — B IOCTAHOBKE YKCIIEPHUMEHTOB, KaK C TIPOCTHIM OJTHOOCHBIM CXKaTHEM, TaK U

B CJIydae CIIOKHOTO HAIPSHKEHHOTO COCTOSIHUS TIPY HEPaBEHCTBE TVIAaBHBIX HANpPSHKEHUH O1 > G2 = O3.

[lepBbIMU OSKCIIEpUMEHTAMH, B KOTOPHIX TOMHUMO CXXHMAIOIIEH Harpy3Kd OBLJIO MPUMEHEHO
JOTIOTHUTENIbHOE BO3JEHCTBUE, OBUIM JKCHEPUMEHThl C BUOpAlUMSMU W YOPYTUMH HMITYJIbCAMU
(ymapamu) [CamoBckuii u np., 1981; Mupzoes u ap., 1991; Cobones, [Tonomapes, 2003; KykceHko,
2003]. bbul0 MPOAEMOHCTPUPOBAHO CTUMYJIUPYIOLIEE BIUSHUE STUX BO3MYILIEHUH Ha MPUPOCT

nedopMaluy 1 aKyCTUYECKYIO SMUCCHIO.

1.3.1.2. HccaenoBanue 3J1eKTPOMATHUTHBIX BO31eHCTBHH Ha 00pa3lax reoMaTepuajioB ¢
NOMOIIbLI0O METO/1a AKYCTHYECKOI IMUCCHH

[lepBbie pe3ynbTaThl UCCIEIOBAHMS HIEKTPOMArHUTHOTO BIMSIHHUS HA aKyCTHUECKYIO SMUCCHUIO
MOJIeJIbHBIX 00pa310B ObLIM MOy4YeHbI B Teoduznueckoil oocepBaropun “bopox” UHctutyTra husmku
3emin PAH Ha cepBoympaBisieMoM mpecce — anekrporuapasinudeckoit cucreme INOVA [Cobornes,
[TonomapeB, 2003]. DxcrnepuMEHTHI BBINOJIHEHBl Ha 0Opa3lax, MPUTOTOBICHHBIX M3 OETOHa C
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MIPUMECKIO KBapIeBOTO recka («ITbE302JIEKTPHUECKHUX))) " rnaba3oBOTO mecka

(«HETIbEe30’IEKTPUUYECKHIX»), KOTOpPBIE MOJBEPraluch AC(POPMUPOBAHUIO B YCIOBUSX JBYXOCHOTO

CXKaTHUs TIPH MMOCTOSSTHHOM OOKOBOM CXKMMAIOIIEM YCHJIMH (G1 > G2 = O3), OCHOBHas (BEpTHKaJIbHAs)

HATPY3Ka M3MEHSUIACH C TIOCTOSIHHOM CKOPOCTBIO, 0becredrnBas ckopocTh aeopmammn € =1.2 108 ¢,
B tedeHune 3amaHHOrO NMpoMexyrka BpeMEHH Ha oOpaszel] JelcTBOBAJIO MEPEMEHHOE JIEKTPUYECKOe
nojue. HecMoTpst Ha To, yTO npupalieHue (OTKIMK) Yuciia curHagoB AD HarpyxaeMblx 00pa3LoB pu
BO30YXJeHHH ee DM moseM cocTaBuIO Mopsaka 1% OT HCXOTHOTO YPOBHS IO BO3JCHCTBUS (PUCYHOK
1.16), oOHapy>keHHasl TEHJEHIMsl YBEJIIMUYEHUS aKyCTUYECKOM aKTUBHOCTH OKa3ajlach CTaTUCTUYECKH
sHaunmont [Coboes, [Tonomapes, 2003].

Pucynok 1.16 — M3MeHeHUe aKyCTHYECKOM
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OTHOCHUTENBHOE U3MEHEHUE

Heckonbko mo3nHee OONBLIONW LMK HCCIEAOBAHUM MO 3TOM TeMaTHKe ObLI HpPOBEIEH B
Hayunoii cranuuu PAH Ha oOpasnmax ropHbeIX HOpOJA € PA3IUYHBIMU (DU3MKO-XUMUYECKUMHU U
pPEOoJIOTHYECKUMHU CBOMCTBaMHU (0030p Bcex pe3ynbTaroB B [boromonos u ap., 2011]). C yuerom Toro,
YTO TPUITEPHBIH 3((EKT 3IEKTPOUMIYIbCOB ObUI JIOCTOBEPHO YCTAHOBJIEH Ui JIOKAJbHOMN
CEICMMYHOCTH BHIIKEKCKOro reoJMHaMHUYECKOro MOJIUIOHA, B KaU€CTBE MATEPHAJIOB ISl UCIIBITAHUN
ObLIM BBIOpAaHBl TOpHBIE MOPOJBI, 3ajJerarouie B 00JacTU NPOBEIACHHS 3JIEKTPOMArHUTHBIX
30HaupoBaHui. CHEeKTp M3Y4YEHHBIX MaTepUalOB JIOCTATOYHO IIMPOK: KaK MCKYCCTBEHHbIE (OETOH,
KepaMHKa), TaK W TOPHbIE IOPOAbI MarMaTHYecKoro (IpaHHUTbI, TPAHOAUOPUTHI, TabOpo) u
METaMOpP(UYECKOTO TPOUCXOXKJIEHHUS (KBapLMT), a Takke ocaJouHblx mnopoxa (ramut). Crout
OTMETHUTh, YTO JIJIsi Cepuil 0Opa3IoB T'paHHWTa, TabOpO, MpamMopa M T.I., U3TOTOBJIEHHBIX W3 TMOPO

OJHUX H TEX XKC MeCTOpO)K}IeHPIf/’I, AOCTHUTACTCA Jydllasd BOCHPOHU3BOJUMOCTE XapaKTCPUCTHKHU

HarpyxeHusi (O—€ XapakKTepHCTUKU) Npu oxHOoocHOM cxaTuu [Kykcenko, 1986] mo cpaBHeHuio ¢
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UCKYCCTBEHHBIMM MaTepuanaMu (LIEMEHTHO-TIECYaHble cMecH). Takas BOCIPOM3BOIMMOCTb IIpH
OJMHAKOBBIX PEKUMax Harpy)K€HUsl BakHa ISl BBIABICHUSI PEaKIUU Cpelbl Ha JOMNOJIHUTEIbHBIE
BO3JICUCTBUS (B TOM 4YHCIIC 3JIEKTPOUMITYJIbCHI) Ha ()OHE THIMYHOTO IMOBEACHHS aKTUBHOCTH AD u
ne(hOpMaIIIOHHBIX TTAPAMETPOB.

Haunbosnbiiee BHMMaHKe ObLIO ylIeNIEHO 00pa3laM MarMaTUYeCKUX TOPHBIX MOPOJ, JUIs KOTOPBIX
uccienoBad 3(pdeKT 37IeKTPOUyBCTBUTENFHOCTH MaTEPHAIOB B 3aBHCUMOCTH OT BEJIMYMHBI CKUMAIOIIETO
HaMpsDKEHHUST U TIapaMeTpoB MCTOYHUKOB DM moneil. Ha oOpasmax rpaHuToB, TpaHOAMOPUTOB B rabopo
ObUIO IPOAEMOHCTPUPOBAHO, YTO AKTUBHOCTh AD, 00ycIIOBIE€HHas Bo3zeiicTBIEM DM nouis, NposBiseTcs
IPY 3HAYEHUSIX OCEBOI0 CXKUMarollero HampsbkeHus Bbime 0.7 ot paspymenus [3akynuH u ap., 2006,
2006 a; Bogomolov, Zakupin, 2008]. ABTOpsI OTMEYAIOT, YTO HAYAIO 3JIEKTPOMArHUTHHIX 3(PdexToB
COBMAZaeT C TMEpPexoJ0M K IWIaTAaHCHMOHHOW cramuu JaedopmupoBaHus. Bapuamum ycpeaHeHHOU
aKTUBHOCTH AD TNpH BHEIIHMX BO3JACHCTBUSAX OTYETJIMBO BBIACSUINCH BH3YaJbHO Ha BPEMEHHBIX
rpapukax (pucyHok 1.17), a ¢ DpUMEHEHHEM CTAaTHCTUYECKOIO aHalu3a BPEMEHHBIX psJIOB

CTUMYIUP YOI 3P PEKT dJIEKTPOUMITYIILCOB CTajl OecCriopHbIM [3akyruH u jap., 2006; boromosos u ap.,
2011].

ON’ 1/c a) 2.OI_QI, 1/c 6) 2.5|_§I, 1/c B)

1.6 1.6 2.0r

1.2r 1.2+ 15+

0.8- 0.8r 1.0r

0.4 N 0.4 0.5

% 2 7 6 8 10 % 27 6 810 % 27 6 8 10

t,10°c
Pucynok 1.17 — AxtuBHocTh AD cyxoro oOpasiia TpaHOAMOpHUTa MPH Harpy3kax: a — 38 T (86% ot
paspyuienus); 6 — 40 T (91% ot paspyuienus); B — 42 T (95% ot paspyiieHus), corjiacHO [3aKynuH u Jp.,
2006]. Bo3zgeiictBme BO BCeX Ciydasx — HMIOYIbChl [5-54 ¢ ammmrymour 55 B, wactoroit 2 kI,

JUIMTENHLHOCTERIO 20 MKC.

[Ipu nanpHelieM U3y4yeHUN TPUITEPHBIX AMEKTpoMarHuTHBIX 3pdexto B OUBT PAH Obun
MIOJIyYEHBl OLIEHKH BHOCHUMOM 3JIEKTPOBO3JEHCTBUEM DHEPTUH U DHEPTUU, U3ITy4aeMON aKyCTUYECKUM
CUTHAJIOM [ABarumoB u 1p., 2006]. YcTaHoBiI€HO, 4TO JUIsl 0Opa3LOB ABYOKHCH LIMPKOHHUS CPEIHSSA
SHeprusi, HeoOXonuWMas Hjsi TeHepaluu OJHOro AD curHajia N0 Mepe YBEIMUYEHUs Harpys3Ku
YMEHbILIAETCS Ha TPU MOpSAKAa BEIUYMHBI, a KOI(D(UIIEHT aKyCTORJIEKTPUUYECKOW CBSI3U paBeH
Km»=2.85 102 [ABarumoB u mp., 2006]. s GeTOHHBIX 00OPA3OB C BKIIOUEHHSAMH KOPYHAA WK

KepaMH4eCKON KpPOIIKM W3 JABYOKHCH LHUPKOHUS OBLI paccuMTaH MUHHUMAJbHBIA YPOBEHb 3HEPTUU
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TPUITEPHOTO BO3ACUCTBUSA €fr, KOTOPBIM HEJIMHEWHO 3aBUCUT OT HAKOIUIEHHOM ITOTEHLHAIBHON
sueprun I1, coorBerctyromeit yposusim narpyskam Kp or 0.3 no 1.0 (Kp — otHOWIEHHME Tekymieit

Harpy3ku K paspymapomieil, pucyHok 1.18). ITomyuennoe cootnomenne Ky=€y/Il cocrasmio

BenmuuHy mopsaka 107 — 108 ama o6pasmoB ¢ pasmMUHBIME MeXaHO(GH3HYECKUMH CBOHCTBAMH

[ABarumoB u ap., 2008, 2011].
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Pucynok 1.18 — Pacnpenenenus coorHomenus Ky B 3aBHCHMOCTH OT kp 00 HaHHBIM MOJEIbHBIX

o0pasios 2-1, 2-3, coryacHo [ABarumMoB u ap., 2011].

Ha pucynke 1.18 a, B mITOM TMKIE HATPYXKCHHUS TIPEJCTABICHO YMEHBIICHHE
9HEPrOHACKHIIIEHHOCTH MOJICIFHOTO 00pasiia, BEI3BAHHOE BBHICBOOOKICHHEM HAKOIUICHHOW SHEPTUU B
BUJe AD CUTHAJIOB B pe3ylbTare JOMOIHUTEIHHOTO Bo3jaelcTBUs DM momnsa. Takum oOpazom, ObLIO
apryMEHTHUPOBAHO, YTO BHEIIHEE IJIEKTPOBO3/eicTBHE sBIsETCS d(PPEKTUBHBIM WHCTPYMEHTOM ISt
CHIDKEHHS CTPYKTYPHBIX HANPSDKEHMH TONBKO Ha KOHEYHOM dTame JuHehHoro pacnpenenenus Ky
(pucynok 1.18 6) [ABarumos u ap., 2011].

YHoMsiHyTbIE paHee pe3yabTaTbl CTUMYJIHPOBAHUS JBM)KCHUS JUCIOKAIMHd B IIEJIOYHO-
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TAJIONAHBIX KpHCTaUlaX TPU COBMECTHOM JI€HCTBUU JJIEKTPUYECKOTO M MAarHUTHOTO TOJeH,
MOJIy4deHHBIE aBTOpaMu [AJibIIUIl U 11p., 1998; Ypycosckas, 2000] noGyamim cotpyaaukos HC PAH
NPOBECTU MOAOOHBIN 3KCIIEPUMEHT Ha oOpasiiax rpanuta Yacrepiu (CIIA) [Zakupin et al., 2009].
M cTo4HMKOM MarHMTHOTO TOJIsl BMECTO MarHuTa, Kak B paborax [Anbmuil u 1p., 1998; Ypycosckas,
2000], ciyxuna Karylmika WHIYKTUBHOCTH, Ha KOTOPYIO MOAABAJIUCh SJICKTPUYECKHE HMITYJIbCHI.

DIEKTPUYECKOE TOJIE CO3/1aBaJIOCh MPU MOMOIIIH JIEKTPOIOB, MPIKATHIX K OOKOBBIM I'PaHsIM 00pasiia,

TaK 4YTO HaAIIPaBJICHHUA BCEKTOpAa HWHAYKIIMKM MArHuTHOI'O IIOJIA B N BCKTOpa HAIPSAKCHHOCTHU

snekTpudeckoro nons E Obum nepnenamkynspuel apyr apyry. Takoil Bui BO3NeHCTBHS aBTOPHI
Ha3BaJId TEPMUHOM «CKpelieHHbie» OM nons. [Ipu Harpyske 0.85 oT pa3pyiieHus aBTOPbl NPOBEITU
CpPaBHEHHME OTKJIMKOB Ha 3TOT BHJ JJIEKTPOMArHUTHOTO BO3JCHCTBUS M TECTOBYID MEXaHUYECKYIO
npurpysky, pasuyio (4 102 or mpunoxensoro ycuius, pucyHok 1.19 a). OTKIMK aKyCTHYECKOM
SMHUCCHUM Ha 3JIEKTPOMAarHUTHOE BO3AEHMCTBHE OKa3ajics OoJbllle [0 aMIUIMTYAE OTKIMKa AD Ha
TECTOBYIO PUTPY3KY. A JUIMTEIHHOCTh OTKIUKaA Obuta B 14.7 paza 6onbine (ObLI0 3aperucTpUpPOBAHO
nocieaeicTeue DM mossi), YeM B Ciydae OTKIMKAa Ha MEXaHUUYecKyro mpurpysky [Zakupin et al.,
2009]. Ananu3 aMIUIUTY[ 3apEeTUCTPUPOBAHHBIX CUTHAIOB AD TOKa3all, YTO B ClIy4ae aKTHBU3AIMHU
AD npu  MexaHMYecKoM  mpurpyske U OM  BO3JEHCTBUHM  COOTHOILEHUE  YCIOBHO
«KPYITHOAMILTUTYJIHBIX» U «CIA00aMIUITUTYAHBIX» CHUTHAJOB OBLIO MPAKTUYECKH paBHBIM. OmHAKO
CIajJ akTUBHOCTU AD MOC/€ OTKIMKA Ha 3JEKTPOMArHUTHOE BO3JEHCTBUE XAPAKTEPU3YETCA PE3KUM

YMEHBIIICHHEM KOJIMUECTBA «CIa0bIX» CUTHAIOB MpaKkTu4ecku a0 Hyss [Zakupin et al., 2009].

N, 1/ 2 | 8N, 1/ 6)
6 | i
] N] ‘
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-‘""“M 304 Hbbidd \,ﬁwﬂ“ £, 10
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0 24 4.8 7.2 0 2.4 4.8 7.2

Pucynok 1.19 — BpemeHHBIE 3aBUCUMOCTH aKTUBHOCTH AD: a — aKTUBHOCTb BCEX 3apETHCTPUPOBAHHBIX

CHUI'HAJIOB, 0 — aKTUBHOCTU CHTHAJIOB «CJ'Ia603MHJ'II/ITyILHBIX» (qepHaﬂ KpuBaid, Nl) U «KPYIHOAMIUIUTYAHBIX)

(cepast xpuBas, Nz) coriacHo [Zakupin et al., 2009]. Cepas TuHUS CHU3Y — UHTEPBAJl BO3JCHCTBHS, CTPEIIKA U

OykBa P — MmexaHW4uecKas Ipurpy3Ka.

1.3.1.3. Cnyyau nocmanoéxku IKCHEPUMEHMA C 6030€lUCMEUEM PA3AUUHBIX UCHIOYHUKOG
INEKMPOMAZHUMHO20 NONA

B psge oskcnepuMeHTOB i TPHOMMIKEHUS YCIOBUM HarpyXeHuss oOpasloB Mpamopa
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€CTECTBEHHOM BJIAYKHOCTH Ha PHIYAKHBIX Mpeccax K HaTYpHBIM (MEAJIECHHOMY POCTY HAIpsDKEHUs TPU
MOJArOTOBKE Oyara 3eMJIETpsICEHUs) Bo3JelcTBUE DM mojieM NMpoBOAMIIOCH B NEPHOJ HapacTarolen
Harpy3ku [Zakupin et al., 2012 a; Zakupin et al., 2012 6].

Hcnonws3oBanuchk  pa3auyHble  UCTOYHHUKM  BO3JCHCTBUSA:  JJEKTPUYECKHE  HMITYJIbCHI
KOHJCHCATOPHOTO pa3psAHMKA C KPYThIM (DPOHTOM HapacTaHHsl HaNpsOKEHUS mopsiaka 1 MKC u
amumtynoit 800 B; mmmynbesl reHepaTopa ['5-54 ¢ kpyTu3HO# (poHTa HapacTaHUs UMITYJIbCOB HE
oosee 0.15 mke, ammmutynoi 45-50 B u yacroroit 3 kI'1; MarHuTHOE MOJIE, CO3aBAEMOE KaTYIIKOMN
MHIYKTUBHOCTH ¢ MHAYKIKEH nopsaka ~ 0.004 Tin y ocu katymku. [lokazano, 4to kak peajin3anus mo
OTJIEIbHOCTU BO3/eHCTBUS OM MOl OT TOrO WM MHOTO MCTOYHHUKA, TAK U KOMOMHALIUS HECKOJIBKHUX
HMCTOYHHKOB BBI3BIBAECT CYIICCTBEHHBIE M3MEHEHHUS B aKyCTHUUECKOM SMMCCHH, a TaKXKE OCEBOM M

nornepeyHoi nedopmanyu (pucynok 1.20).

Pucynoxk 1.20 a — smenenus nedopmaruu

g.10°
T 7 o0pasia MpaMopa B TIOIEPEUYHBIX CKATHIO
~ :—6 HarpaBleHusIX (X-KOMIOHEHTH U Y -
L iAF
T 5 KOMIIOHEHTHI AehopMalum) OT Hayaa
E 4 Harpy>KeHus U 10 pa3pymeHus, 6 —
E E_ 3 aKTUBHOCTH AD (BBIpe3Ka BOIU3U
4__ 5_2 paspymienus), cornacuo [Zakupin et al.,
o , 2012a].
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B skcnepumentax [Jlammuu u ap., 2016] uccnegoBaioch YCWICHHE aKTUBHOCTH AD mpH
MPOXOXKACHUU DIIEKTPUIECKOTO TOKA uepe3 (IIIONI0HACHIIICHHBIE 00pa3Ilbl IeCUaHUKa B TIOCTAHOBKE
C TalbBaHWYECKOW CBS3BIO DIIEKTPOJOB C oOpa3ioM. B mepuoapl MPOXOXKIACHHS TOKAa TaKke
MPOUCXOAMIIO 3HAYMMOE YBEIHYEeHHE O0BheMHON medopmanumu o0pas3ioB. IlomydeHHBIE OIEHKH

TemneparypHoro HarpeBa mnopsiaka 70°C mo3BoJgwIM cAenaTh BBIBOJ, YTO aKyCTOAIMHCCHOHHAs
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aKTHBM3AllMs BbI3BaHA TEMIIEpAaTypHBIM paciiMpeHueM ¢Giaouga B Mopax M TpeuuHax oOpasua
[JlanmuH u ap., 2016]. B mocTtaHoBKe C 3JIEKTPOCTATUYECKHM IIOJIEM, CO3/1aBAEMbIM Pa3HOCTHIO
NOTEHLIMAJIOB Ha JIEKTPOJax, NMPU OTCYTCTBUU TaJIbBAHUYECKOM CBSI3U AJIEKTPOJOB C 00pa3LoM He

Ha6n10/:[anocr, YCUIICHU S aKYCTquCKOﬁ OMHUCCHH.

1.3.2. UccaenoBanue TpUITEPHBIX 3(PPEKTOB 3JIEeKTPOMATHUTHBIX 10JIell HA YCTAHOBKAX -
ciaiaepax

PaccMoTpeHHBIE BBIIIE HSKCHEPUMEHTAJbHBIE pPE3yJIbTaThl 0a3sUpPOBAIUCH HA KOHIECIIHH
MeXaHHM3Ma 3eMJIETPSICEHUs] KaK aKTa pa3pylIeHUs CIUIOIIHOM HEHApYIIEHHOW Cpeabl BCIE/ICTBUE
HAKOIUICHUS HAaNpsOKeHUM M Jokanu3anuu aedopmanuu. OpHako, Hapsay € STOM KOHIeNIuen
CYIIECTBYET MOJENb HEYCTOWYMBOrO CKoybxkeHus1, “stick-slip” [CobGoneB, 1993; Scholz, 1998].
Hauano ee pa3Butusa nmpunuiock Ha 60-e roga XX Beka napawieabHo C “00beMHON” MuIaTaHTHO-
muddy3HOi Mozenpio ovara, mpemaoxenHoi tem ke aBTopoM (Ch.H. Scholz). Mogens “stick-slip”
0a3upoBajach Ha YHPOIIEHHOM MPEICTABICHUU, YTO OYar 3eMIICTPSCEHHUS SBIAETCS PE3yIbTaTOM
HEYCTOMYMBOH MOABIDKKU IO MOBEPXHOCTSAM JBYX KOHTaKTHUpyromux 0mokoB [Brace, Byerlee, 1966;
Scholz, 1998]. OTa Mozens NpUHUMAET BO BHUMAHUE CIIOKHBIN XapaKTep 3aBUCUMOCTU BHYTPEHHETO
TPEHHsI OT CKOPOCTH M IMapamMeTpPOB COCTOSIHHS MOBEPXHOCTEH, BKIIOYAIONIIUN MHTEpPBal CHIKEHUS
TPEHHsI TIPU POCTE CKOPOCTH OTHOCUTENIBHOIO IepemerieHus 0J0koB. B mabopaTopHBIX yCIOBHIX
Monenb “‘stick-slip” peanm3yercs TpH TOMOIIM CIEHUATBHBIX MPYKUHHO-OJTOYHBIX YCTAHOBOK —
CIIaliIepOB, — UMUTUPYIOLIUX [IPEPHIBUCTOE CKOJIbXKEHUE 110 paszyiomy [KouapsH, HoBukos, 2015].

B pa6orax [Chelidze et al., 2002, 2004; Chelidze, Lursmanashvili, 2003] omnucansI
HKCHEPUMEHTHI 0 BO3JEHCTBUIO 3JEKTPOMArHUTHOIO TOJI Ha MPOCKaIb3bIBAHUE KOHTAKTUPYIOLIUX
0;10k0B. OCOOCHHO HAIJISIIEH SKCIIEPUMEHT C TIPOCTEUIITUM CJIaiIEpOM — COCKaIb3bIBAHUE OJHOTO U3
OJIOKOB 10 HAKJIOHHOM TIOCKOCTH JPYroro 0JI0Ka, CTUMYJIMPOBAHHOE YJIEKTPUYECKIMU UMITYIIbCAMHU
[Chelidze et al., 2002]. B xadecTBe MarepuaioB OJOKOB (BEpXHHUM, COCKAIb3BIBAIOIINN U HUKHUIHMA,
OTIOPHBIN) aBTOPHl HCHOJB30BAIM CTEKNO, Oa3anbT, jabpamopuT u rpanut. OOa Onoka ObLIH
BBITTOJIHEHBI M3 OJHOTO Martepuana. [losydeHbl KpUTHYECKHE 3HAYEHHUS yIja HaKJIOHA OIOPHOM
MIOBEPXHOCTH JIJISl pealTu3allii COCKAJb3bIBaHUs BEpXHEro Oyoka. [Ipn yMeHbIIEHWH yria HakJIOHA
ornopHoro Osoka Ha 0.1-2° OTHOCHTENBHO KPUTHYECKOTO 3HAYEHUS OBIJIO OOHApPYXEHO, 4YTO
BO3/CHUCTBUE AJIEKTPOUMIIYJIBCOB AaMIUIMTYJIOW HECKOJIbKO BOIbT Ha MWIIMMETp HHHULHMHPYET
CKOJIbJKeHUE (IMOJBHMIKKY) BEpXHEro OJioka B ciydyae, Korja HampaieHue OM mojs mapaiienbHO
MTOBEPXHOCTU CKOJIBXKEHUA. B cilyyae nmeprneHIuKyIsspHON OpUEHTAlMK BEKTOpa HanpsDKEHHOCTH DM
HOJIST U TUIOCKOCTH CKOJIBXKEHHUs, DM mojie MpensTCTBYeT pealu3alii MOABMKKH. MexaHnuecKui
HKBUBAJIEHT 3JIEKTPUYECKOTO BO3ACHUCTBUS, BBI3BIBAIOLIETO MOJBIXXKY, B 3TOM SKCHEPUMEHTE paBeH

cuiie B 0.2 H. BeposTHOCTh YHUCTO CITy4allHOM MOJBHKKHA BO BPEMS SJIEKTPOBO3/ICUCTBUS OLICHUBAJIACH
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kak 0.07 [Chelidze et al., 2002]. YuutsiBast ToT hakr, 4ro BiausHre DM 1o ObUTO 3ahUKCUPOBAHO U
Ha Marepuasiax, He 00JaJarlKX Mbe303JIeKTpuieckumMu cBoiictBamu, aBropsl [Chelidze et al., 2002,
2004] mpuxXOmAT K MHEHHIO, YTO IHE30IJICKTPUYCCKUN AP(PEKT He SBISETCS ONPEACISIONUM
MeXaHU3MOM JeicTBUs DM Mosisl, a OCHOBHYIO POJIb UTPAIOT MOHIEPOMOTOPHBIE CHIIBI.

B nmpyroit nocranoske [Chelidze, Lursmanashvili, 2003; Chelidze et al., 2016] npu TsiroBom
BOJIOUCHHH BEPXHEro OJOKa IO HEMOABWKHOMY OIMOPHOMY OJIOKY Obul OOHapykeH 3(QexT
CHHXPOHH3AIMA MHUKPOIIO/IBIKEK ¢ MMITyJbcaMu DM 1oJjsi, HOpMaJIbHO HAaNpPaBICHHOTO IIOCKOCTH
ckonbkeHuss. OOHapyKeHHYI0 B 3TUX paboTax CHMHXPOHHU3ALMIO MHTEPBAJIOB MPEUMYIIECTBEHHOIO
BO3HUKHOBEHHUS AD ¢ aMIUIUTYI0N HANPsHYKEHHOCTHU 3JIEKTPUUECKOIO MOJII MOKHO paccMaTpUBaTh Kak
PasHOBUIHOCTH (0HY U3 MOJ) 3 dekra snekTpocTumynnpoBanus aedopmariun. Cornacuo [Chelidze,
Lursmanashvili, 2003; Chelidze et al., 2003], mis 3TOH pa3HOBHIHOCTH PEAKLUUH CpPelbl (B JTaHHOM
CIIy4ae CUCTEMbl KOHTAKTUPYIOIIMX Te) Ha 3JIEKTPOBO3CHCTBIE HE OTMEUYEH MPUPOCT OOIIEro vyucia
coObITHIT AD MO CPaBHEHHUIO CO CIIydaeM OTCYTCTBHS MOJIS; IPOUCXOAUT JIUIIb IepepacupeieieHue BO
BpEMEHH, “MOAYISAIUS MOTOKA COOBITUH.

PesynmpTaThl NIHMTHUPOBAaHHBIX pPAa0OT MOINIM OBl  CBHUIETEIHCTBOBATH 00 YMEHBIICHUU
Kod(uIMeHTa BHYTPEHHEr0 TPEHHsS W/WIM CIEIUICHUS, TaK Kak HaOJroJaeMble MOJABIKKH Ha
KOHTaKTaX YKa3bIBAaIOT Ha HapyiieHue kputepus Kynona-Mopa npu 351eKTpoBO3ACHCTBUU B YCIOBHIX
HEM3MEHHOCTH MEXaHWYECKOTO HANpsHKEHUs, AEUCTBYIONIETO 10 HOPMAJIM K TIOBEPXHOCTH KOHTAKTa
[Chelidze et al., 2004; Novikov et al., 2017; Kouapsx, Hosukos, 2015; Kouapss u ap., 2015].

B pab6ore [Novilov et al., 2017] ma cnaiizepe ObLla MOATBEPXKAEHA BO3MOKHOCTH
WHUIIUHUPOBAHUS MAaKpOMOJBIKKM OJIOKa HMIYJIbCAMH TOKa, MPOTEKAIOIIEr0 BJOJb MOJAEIHHOMN
pasznomMHoi 30HBI (pucyHok 1.21). Pe3kas monBmxkka Onoka Oblla 3aperucTpupoBaHa B 0OJacTu
CYOKpUTHYECKOTO COCTOSIHUSI CHCTEMBI CO CABUIOBbIMM HampspkeHusMu 0.98-0.99 ot makcumywma.
OnpejieieH MUHMMAJIBHBIH HEOOXOMMMBIN ypOBEHb MIOTHOCTH TOKA BO3EHCTBHSA, paBHBIA 20 A/M?

s peanusanuu moasrxku [Novikov et al., 2017].
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[Ipu npyroit mocraHOBKe 3KCIepuMeHTOB B pabortax [Mugele et al., 2005; Arakawa et al.,
2003; Petrenko, 1994, 2003; Petrenko, Whitworth, 2002] 06bu10 BBISIBICHO 3HAYMTEIBHOES BO3PACTAHUE
CHEIUICHUS TPYIIUXCS MOBEPXHOCTEN C HAIMIIIIIUM CHETOM (KaruIsIMU BOJIbI) B IPUCYTCTBUU DM MoOIs.
C pocToM HamNpsHXKEHHOCTH AJIEKTPUYECKOTO TOJS (MPOMOPIHHOHANBHO HAMPSKEHUI0  MEXAY
ANIEKTPOJIaMU) KaIlJId BOJbI YJIMHSIOTCA W PACTEKAIOTCSA BIOJb AJIEKTPOJOB — HAOIIOZAeTCs
yBEJIMYCHHUE CMAaYyMBAaCMOCTH IOBEPXHOCTH (dsekTpocMaunBaemocts) [Mugele et al., 2005]. Ilpu
UCIOJIb30BAaHUU B KayeCcTBE HEMOJBMKHOW IOJUIOKKHU JbJa U o0pas3lia M3 HeprKaBerolleld cTajiu B
KaueCcTBE MOABMKHOTO CKOJIB3SIIET0 OJ0Ka TAKXKE MPOU3OIILIO YBETUYCHHE CHUIIbl TPEHUS-CLETIICHUS
B cHCTeMe OJIOK-TIOJJIOKKA IO/ JICWCTBUEM IMOCTOSHHOTO U TIEPEMEHHOTO HAaNPSOKEHUS aMIUTUTYI0N
1o 12 kB (pucynok 1.22 u3 [Arakawa et al., 2003]). Diekrprueckoe Mojie CTUMYIUPYET 3al0THEHNE
KpHUCTAJUITAMH JIbJia TPOCTPAHCTBA y TpaHUIBI paszmena Metan\iea, (GopMHpYs «MOCTHKH» |
«repenielikny. [locTOSIHHOE Toje BBI3BIBACT AJIEKTPONIU3 JibJIa C BBHICBOOOXKIEHHEM KHCIOpOoAa Ha
aHoJle M BOJIOpoJia Ha Karoze. ['a3000pa3Hble KUCIOPO U BOAOPOJ COOMPAIOTCS B MEXIPAHUYHBIE
My3bIPbKH, HapyIIAIONIUME IEJIOCTHOCTh TPAHUYHOTO CJIOS, YTO HECKOJBKO OCJIa0JseT CHIIY TPEHHS-
cuerutenust [Arakawa et al., 2003]. DkcneprMeHT ¢ OCaXIeHHEM Karejab BOJbl Ha OXJIAXKICHHYIO
CETUaTYIO MOJAJOXKKY U3 ATIOMHUHHUS, 9aCTh KOTOPO# Obliia MOJAKII0OUEHA K UCTOYHHUKY DIIEKTPHIECKOTO
HoJIsl HANpsbKeHHOCThIO 2.8 KB/cM, BhIsBIII 3G deKT mpoTuBoeticTBrs ocaxaeHuto [Petrenko, 2003].
W3mepeHunii akycTMUeCKOHM SMHUCCHMM B 3TUX paboTax HE MNPOBOAWIOCH. Pasznmuune pe3ynbTaToB
OTHOCUTEIIHO 3HAaKa U3MEHEHHUS CIETUICHUS MOXET OBITh 00YCIIOBIIEHO 0OJiee CIOXKHBIM XapaKTepOM
MOBEPXHOCTHBIX SBJICHHUN MO CPaBHEHHIO C AePOPMAIMOHHBIMH MPOIECCAMH B CIUIOIIHOW cpefe, a
Tak)Ke 3aBHCHUMOCTBIO OT TAaKHUX MapaMeTPOB OKPYXKAIOIIECH CPeJIbl, KaKk TeMIIEpaTypa, BIKHOCTD H JIp.

Takum o00pazoM, HCCIEOBaHUS BIHMSHHUS DJICKTPUUCCKUX HMITYJIILCOB Ha TpeHUe (CIEeIJIeHuE)
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KOHTaKTUPYIOUIMX IMOBEPXHOCTEH HMeeT CBOM OcoOeHHOcTH. MX mpoBeneHuE MOMKET CUHUTAThCS
CaMOCTOSITeNIbHON 3aj1aueil (Kak 1 JajgbHEHIINe SKCIIEPUMEHTHI Ha IIeTbHBIX 00pa3iax, OTHOCSIIUECS K

o0cyxaaemMoi Teme).

10

F 1 Pucynok 1.22 — 3anuch cuitel
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1.3.3. ®usnyeckne OCHOBbI peaKUMH Heynpyroi aedpopmMamuM reoMaTepuaoB Ha
BO3eHCTBHE 3JIEKTPOMATHUTHBIX IOJIei

1.3.3.1. dnexmponnacmuueckuii 3¢pghpexm

N3BecTHO, 4TO (DM3HKO-MEXaHUUECKHUE CBOMCTBA TBEPHABIX TEJ OMPEACNSIOTCA YINPYTUMHU U
HEYIPYTUMHU TPOLIECCaMU, MPOTEKAIONIMMH Ha Pa3IHMYHBIX CTPYKTYPHO-HEPAPXUUYECKHX YPOBHIX:
aTOMapHOM, JMCIOKALMOHHOM, ME30CTPYKTYpPHOM M MAaKpOCKOMHWYEeCKOM. PaccMOTpeHHBIe BbIIIE
3P PEKTH AIEKTPOMArHUTHOTO BO3OYKACHUS CEHCMHUYECKHMX U aKyCTOOMHCCHOHHBIX CHTHAJIOB
MPOSBIISIIOTCA Ha MAaCHITAOHBIX YPOBHSIX JBYMEPHBIX (IUCIIOKAllMU) M TPEXMEPHBIX CTPYKTYPHBIX
nedeKkToB (IBOMHMKH, 3¢pHA, I'paHHIbl 3epeH, mukporpermubl) [Hardy, 2003]. Bmecte ¢ Tem, ¢
YU4ETOM JIBYXCTaauiiHOW Mopaenu paspymeHus TBepabix ten [Kuksenko, 1996] u HemaBHHX
AKCIIEPUMEHTANIbHBIX ~ pe3ynbratoB  [[lamackuuckas, Kamomues, 2015], MOXHO 0XHAATH
MepPBOHAYANILHOM pean3alny EeKTPOMEXaHHUECKUX U MAarHUTOMEXaHUYECKHX sIBICHUN U 3¢ PeKToB
HA CaMbIX HHU3KHUX CTPYKTYpHO-MAacCHITaOHBIX YPOBHSX — MOJIEKYJSpHBIX. K anexkTpoMexaHnuecKkum
SIBIICHUSIM OTHOCSITCS TIPEKIE BCETO YBEIWYCHHE MOHHOM MPOBOAMMOCTU B IMPOLECCE MIACTUYECKOMN
nedopmaruu (3hdext dpronan-XapTiiv) u MOSIBICHUE 3JIEKTPUICCKOTO TTOTCHIIMANA HA TIOBEPXHOCTH
nedopMUpyeMbIX 00pa3lioB MPH OTCYTCTBUU BHEIIHETO 3ekTpudeckoro nois (3dgdext CrenaHnoa).
JetanbHblil 0030p paHHUX pabOT, MOCBSIIEHHBIX ATUM 3¢ deKTaM B IIET0YHO-TAIOMIHBIX KPUCTAJIIAX
npejcrasicH B [YpycoBckas, 1968; Tanynuna, bemosepora, 1988; Aaronson, Sanday, 1995].

[MoasmwkHOCT Aucnokanuii B kpuctaiwiax NaCl u HEKOTOPBIX MENKO3EpPHUCTBIX KepaMHKax
(MgO, Al,O3 u ZrO), HOMEIEeHHbIX B eKTpHUeCKUe Mo HanpskeHHOcThIo E ~ 102-10% kB/m B
IMIMPOKOM JIHaria3oHe TeMrepaTyp (0T KOMHATHBIX IO TEMIEpaTyp TUIABICHUS) UCCIIEA0BAIACh B Psilie
cpaBHHTeNbHO HemaBHUX paboT X. Konpana [Conrad, 2000, 2002]. TIpu KOMHATHBIX TeMmIeparypax
JieTajbHbIE UCCIIEOBAHNUS AIIEKTPOIUIACTHYHOCTH IIEJIOUYHO-TAIONTHBIX KPUCTAJUIOB ObUIN IPOBE/IEHBI
B pabotax 3yeBa JI.b. (0000menHbIx B [3yeB, 1990; 3yes, danunos, 2013]). HezaBucumo apyr ot
Jpyra 5TH aBTOPBI BBISBHIIM, YTO NPH KOMHATHBIX TEMIIEpaTypax Uil YBEIHYCHHS MOOMILHOCTH

mucinokanuii B moHHbIX Kpuctauax (NaCl, LiF u ap.) HeoOXoauMo NpWIIOKEHHE TOJeH ¢
HanpsokeHHOcThIo E  ~ 10%-10* kB/m. HaGmromeHus CyIIECTBEHHOTO YBEIMUYEHHS CKOPOCTH
nedopMaluu Mpu MEHBIINX Ha MOPSAI0K 3HAUCHUSIX E ~ 100 xB/™m (B paborax [Conrad, 2000, 2002])
OOBSICHSIETCS YCWJIGHHEM TIOMEpPEUHOr0 CKOJBKEHHs BUHTOBBIX nuciokanuid. [lpu Temmepatypax
BBIIIE TOJIOBUHBI Temmieparyphl mwiasnenus (1T > 0.5 Ty = 400 C°) nocrarouno npusoxenus nonei E
< 30 kB/M a5 pocta ckopoctH aedopMaruy BCIEACTBHE ABWKEHUS rpaHuIll 3epeH B kpuctamuiax NaCl
W YMEHBIIEHUS JHEPruu aKkTuBanuu IudQy3un aHMOHOB uepe3 pemeTKky. B ToM ke nuama3oHe
temnepatyp u Hanpsokennocteit mons (T > 0.5 Ty, E < 30 xB/m), B okenpax MgO, Al,Osz u ZrO;

OTMEYEHO O0paTUMOe YCKOpeHHe aedopmaliui, BBI3BAHHOE YBEITUUYCHHUEM CKOPOCTH CKOJIBKECHHS
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TPaHHMIl 3epeH, ymnpaBisieMbM auddy3uell KaTHOHOB He 4yepe3 PEHIeTKY, a CKBO3b I'PaHHMIIBI 3e€peH
[Conrad, 2000, 2002]. IMoxyueHHbIE PE3yNbTAThl IMO3BOJIIN BBLICIUTH ONPEACISIFONINA MEXaHH3M
ANIEKTPOTIACTHYECKOTO d(hdexTa — yMEHBIICHHE JJICKTPOXUMUYECKOTrO TOTEHIMaia obaka

3apsUKEHHBIX BakaHCHi BOm3H rpanwui 3epen [Conrad, 2002], KOTOPBI MOKHO OIPEICTUTh:

*

0
Mo = Uy + Zae(Di - O-Qa - Za €P,, (1-3),
rac @a == E dSCa a IU:; — SHCKTPOXI/IMI/I‘ICCKI/II\/’I MNOTCHIMAJI MOHHBIX KOMIIOHECHTOB (O, ,Ug —

XUMHUYECKMI TOTEHIMad B HOPMAIbHOM COCTOSHUM, Z, — BaJleHTHOCTb 3aps)KEHHOTO HOHA, € —
amIuTyaa 3apsga uoHa B Kymonax, @i, (a — JOKaJbHble BHYTPEHHMM M BHEIIHUHN

3JIEKTPONOTEHIHANBI, G — NIPHIOKEHHOE MeXaHWueckoe Hampskenue, (), — aToMHbIi 06beM, s —
HIMPUHA 3apsDKeHHOro obsiaka. IIpu 3TOM 3JEKTpHYECKOe TMOJie HE M3MEHSeT MeXaHWu3Ma
nehopMHpOBaHKsI, a CHHXKAET DJICKTPOXMMHYECKUIA MOTEHIMANT O0JaKka 3apsDKCHHBIX BaKaHCHUH Y
IpaHUIl 3ePCH, YCUIIMBas TUTacTHUECKy0 aedopmanmto [Conrad, 2002].

CTOUT yIOMSIHYTh, YTO JICKTPOIUIACTHYCCKUN dPPEKT OoJiee IeTAILHO M3YdalCsi B MeTaIax
[Conrad, 2002; Beridze et al., 2015]. B ciiyuae MeTasuioB, TJe HMEIOTCS CBOOOIHBIC 3JIEKTPOHbI, BKIIAT
B 3JICKTPOIUIACTUYHOCTh BHOCHUTCS TAK)KE CIICAYIONMMH MeXaHu3MaMu. [Ipy TEerIoBOM pacceMBaHUU
JNICKTPOHOB  (JIOKaNbHBIA JIKOyJIeB HarpeB), IPOUCXOTUT OCTA0JICHME XHUMHUYCCKHX CBS3CH.
HampaBneHHOE JBIKEHHE SJICKTPOHOB (AJICKTPOHHBIA BETEp) BO3IACHUCTBYET HA IMCIOKAIIMOHHBIC
JMHUM M CO3/aeT ONpe/esieHHOe naaBieHre. Kpome TOro, 3JeKTpUYECKHH TOK CO3MaeT H30BITOK
3JIEKTPOHOB, KOTOPHIC YMCHBIIIAIOT CHITy CICIUICHHUs BaJCHTHOTo MOHA W 3nekrpona [Conrad, 2002;
Beridze et al., 2015]. Eme oamH MexaHusM otMmeueH B pabore [[lanwioB u ap., 2010] —
SIIEKTPUUYCCKUI TOTCHIIMAN, MOJaBaeMblii Ha oOpasiel Al u Zr npu UX MUKPOUHIECHTHPOBAHUU MU
BO3HUKAIOIIUN BCIIEJCTBUE MPHCOCIMHEHHON Macchl M3 JPYroro MeETajula, BBI3bIBACT Tepe3apsil
JIBOMHOTO CIIOS Ha IMOBEPXHOCTH oOpasua. BcieacTBue 3TOro MpoMCXOAWT W3MEHEHHE IJIOTHOCTH
MMOBEPXHOCTHOM PHEPTUHU, KOTOPOE 00YCIaBIMBACT 3apOXKICHUE PA3IMYHBIX JTE(DEKTOB U IIIACTUYECKUX
CIIBUTOB, OMPEICISIONINX TaKAE MEXaHHMYCCKHE XapaKTePUCTHKA KaK MHKPOTBEPIOCTh U CKOPOCTh
nonsydecty [[lanumnos u ap., 2010].

Hapsimy ¢ paccMOTpeHHBIM TOAXOJOM K OOBSICHEHHIO SJEKTPOIIACTUYECKOro 3¢ ¢exTa,
cymectByer Teopus [Molotskii, 2000], koTopas paccMaTprBaeT 3JICKTPOIUIACTHYCCKHI dPPEKT Kak
pe3yJbTaT JSWCTBHSI MAarHUTHOTO TOJIs, «HABEICHHOTO» IMPOTEKAMONINM 3JIEKTPHYCCKAM TOKOM.
[IpenmonaraeMplii TAKMM 00pa30M MEXaHH3M AJICKTPOIUIACTHYHOCTH JIGKHUT B TUIOCKOCTH CITHHOBBIX
addexros, [Molotskii, 2000], poib KOTOPHIX MOAPOOHO OYAET pacCMOTpEHA HMXKE MPU O0OCYKACHUH
MarHUTOIUIACTUYECKOTO 3P QeKTa. YUUTHIBAsI, YTO BEIMYMHA HABEJACHHOTO TOKOM MAarHUTHOTO MOJIS

MaKCUMaJibHa Ha MOBEPXHOCTHU IMPOBOAHHKA, TAKKC KaK M AJIMHA CBO6OHHBIX CETMCHTOB )II/ICJ'IOKaHI/Iﬁ
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(paccTosiHuE MEXay CTOIIOpPaMU) MaKCHMajbHa Ha MOBEPXHOCTH, TO MarHUTHOE MOJI€ YBEIMUMUBAET UX
JUIMHY, OTKPEIUIsAs TeM CaMbIM JUCIOKAlMU OT IMOBEPXHOCTHBIX CTOMOPOB. TeM caMbIM, MOKHO
IPOBECTU OLIEHKH BKJIaJa MAarHUTOCTUMYJIMPOBAHHBIX CIIMHOBBIX 3(()EKTOB B 3IEKTPOILIACTUYHOCTD
kpucrtauios [Molotskii, 2000].

B »skcnepumentax, mnpoBeneHHbix B OTU umm. Hodde, mokazaHo, 4To a1 HEKOTOPHIX
JTURJICKTPUYECKUX MAaTepUaioB, HE O0OJaJaloUIMX IhE303JIEKTPHUECKUMH CBOMCTBaMHU (CTEKJIO,
MpaMmop), MEXAHORJIEKTPUUYECKHE U DJIEKTPOMEXAHUYECKHE B3aUMOCBSI3UM IMPOSBISIIOTCS KAk
penakcanusa anekrpudeckoro mnois [Kykcenko u np., 1997]. Ilpu sTOM macThyeckue CBOMCTBA
BbIpaXXEHbl KpaiiHe cnabo. bwuio oTrMedyeHo, 4To (Qu3Myeckas MNpUpoAa HOCUTENEH 3apsja,
BBI3BIBAIOIIMX PEIAKCALIMIO AIEKTPUYECKOTO TOJIS, OJIHA U Ta K€ U HE 3aBUCHUT OT TOTO, MEXAHUYECKH
Harpyxaiau oOpasel WM TOAaBajl Ha HEro 3JekTpuueckuid motenuuan |[Kykcenko m np., 1997;
Kykcenko, Maxmynos, 2004]. Ilo skcniepuMeHTalIbHBIM JTaHHBIM ObLIa MPOBEJEHA OICHKA SHEPTruu
aKTUBAllUM JIBIDKEHUS HocuTened 3apsnoB. [lomyuennoe 3nauenue ~ 0.1 3B xapaktepHo amns
IIPUMECHBIX MOHOB — OCHOBHBIX MCTOYHUKOB 3JIEKTPOIPOBOAHOCTH B TOpHBIX nopojax [Kykcenko u
ap., 1997].

JlanpHele ucciaeoBaHUS B O3TOM HAMpAaBICHHHM I[IOKA3ald, YTO CYIIECTBYET JIHHEWHAs
3aBHCHUMOCTh 3JIEKTPHUYECKOTO TMOTEHIMANa, BbI3BAHHOTO MEXAaHUYECKOW HArpy3Koil, OT BEIHYUHBI
Harpy3ku. [lpu mogaue Ha oOpazeny OM 1ot MEHSIETCSl YTroJl HAKJIOHA ATOH 3aBHCHMOCTH B CTOPOHY
YBEJIMUEHUS WJIM yMEHbIIEHUS (BCIEACTBUE COBNAJACHUS WM HECOBHAACHUS IOJIIPHOCTEN

cootBercTBeHHO) [Kykcenko, Maxmymnos, 2004]. Oto mno3Bonuino (opMaabHO BBECTH IOHATHE
SIIEKT : 0% = Apn/AP — 7
POMEXaHMYECKOIO0 MOAYJISI MaTepuana: Pm/AP, rne Om — 2NEKTpUYECKUIN MTOTEHLIHA,
BBI3BAHHBIA MeXaHMueckod Harpyskod, P — marpyska. Takum o6pa3oM, aGCONFOTHBIE 3HAYEHMS
sIeKTpoMexanndeckoro  monyias 0% (B/Ila) 3aBuCAT OT XapakTEPHCTHK PETUCTPUPYIOIIETO
000pyI0BaHKs ¥ YCIOBHI SKCTIEpUMENTa, a BemmunHa 0%, onenennas no rpaduky s paboTsl mopsika

0.05. A 1O OTHOCHTEIHLHOMY HM3MEHEHHIO MOAyIs 0 MOXKHO OLEHWTH BIMSAHME MEXaHHYECKOI

HAarpy3km Ha MCXAHOJ3JICKTPOIIOJISIPU3AIlUIO IIPpU O,[[HOBpeMeHHOI\/'I QJICKTPONOJIApU3aluu MaTepuraia,

[Kykcenko, Maxmynos, 2004].

1.3.3.2. Maznumonnacmuyueckuii 3¢pghexm

Hanwuane cTpykTypHBIX J1e(EKTOB B HEMAarHUTHBIX KPHCTAIUIAX SBIISCTCS ONMPEICSIISIONINM HE
TOJIBKO JUTSl CYIIECTBOBAHUS AJICKTPOIUIACTHYHOCTH, HO WM JUUISI MarHUTOILIACTHYECKOTO 3(dekra. B
OTIIMYHE OT «MarHUTHOTO TPO0Os», BO3HHUKAIOIIETO TAaKXKE B «CIA0BIX» MAarHUTHBIX TIOJSX B
UAcalbHBIX  HEMAarHUTHBIX  KpHUCTaslax  [PH  KPHUOTEHHBIX  TEIUEBBIX  TeMIepaTypax,

MarHuroIruiactTudeckuii 3 pexT 00s13aH CBOEMY CYLIECTBOBAHUIO MPUMECHBIM JePeKTaM B KpHCTaJLIE.
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Hauano cuctemaTnueckux MCCIeOBAaHUN B 3TOM HAIpaBIEHUH ObLIO mosioxkeHo B MHcTuTyTe
kpuctamorpadpun uMm. A.B. llly6nukoBa PAH ¢ pabotel [Anpmmn u ap., 1987], B koropoii Obu10

00Hapy)XeHO TepeMelIeHre KpaeBbix nuciokanuii B kpuctauiax NaCl mox aelicTBreM MOCTOSHHOTO
nosis ¢ unayknueit B = 0.1-1.6 T B OTCYTCTBMM MEXaHMYECKOTO HArpyKeHus. MaruutHble nons ¢ B
< 10 Ta mpu KOMHATHOW TeMIIepaType SBISIOTCS «CIAOBIMI» JJIsl HEMarHUTHBIX MaTepuasioB. boiee

CTPOTO 3TO YCJIOBUE BBINIAAUT ciieayomum obpasom: B <<KT, a ans merannos nononHuTensHo
neiicTByeT yciosue @ = Be Im<< @, , rae g — marneton bopa, B — unnykuus marauraoro mosns, k

— NOCTOsIHHAs bonbuMaHa, (0 — HMKIOTPOHHAS 4YacTtoTa, € u IM — 3apsig U Macca dJIEKTpoHa, D¢ —
4acTOTa CTOJIKHOBEHUH AJIEKTPOHA ¢ paccenBaromuMu rieHTpamu [[omoun, 2004].
B nanpHeilmux uccienoBaHMsX Ha 00pas3lax pa3iHyYHbIX IIEJIOYHO-TAJOUTHBIX KPUCTAIJIOB

(NaCl, LiF, Csl u ap.) u napamarautaeix MetauioB (Al, Zn) (0630p B [Anbmmuim u ap., 2003, 2017
Tonosun u zp., 2004]) 6bUI0 MOKa3aHO, YTO BelMYMHA Tpobera muciaokanmii | mocturaer coren
MHKPOMETPOB M JINHEHHO 3aBHCUT OT BPEMEHHM DKCIIO3MIIMHM B MArHUTHOM I10JI€, KBajpara WHIYKIMH
B, o6parnoro kopms wu3 konmenrpamuu napamarauTHOM npuMecn C (3QQEKT OTCYTCTBYET B

KpUCTAJIJIaX C JMAMAarHUTHON MPUMECHIO) U ¢JIa00 3aBHCUT OT TEMIIEPATYPHI:
*2
| =1, +k*Bt, (1.4),
rae |0 — (poHOBBIN TIpOOET, KOTOPBIN HE 3aBUCUT OT MAarHUTHOTO TOJIS U CBSI3aH C BBITPABIMBAHUEM

TIPUIIOBEPXHOCTHEIX CTOMOPOB (MoscHeHus Hike), K* — koaduuuent, ssnsrommiica (GyHKuuei

*
KOHICHTpAlUH HpHMeCCﬁZ k -~ 1/\/ C . OTMe‘leHO, qTo npo6er nuciaokanuii B MII Takke 3aBUCHUT OT

B3aHMHOM OpHUCHTAIlMU JIMHUKU AOHUCIIOKAUuU I, €€ BCKTOpa BIoprepca b U BCKTOpa MHAYKIHUU B . B

cirydae HHCHOK&HHﬁ, OPHUCHTHPOBAHHBIX ITAPAJJICIIBHO IIOJO, HpO6CF paB€H HYIHO W OOCTUTACT

MAKCHMyMa TpH TIePIICHINKY/ISPHOI OPHEHTAIINH INHHH IHCIOKALIMK U BeKTOpa B [Ambummim u mp.,
1990]. HampaBneHue nepeMerieHns JUCIOKalui HE 3aBUCUT OT CMEHBI 3HaKa MarHUTHOTO IOJISI, YTO
MO3BOJIUJIO aBTOPAM MCKJIIOUHUTH BO3MOXHOCTh OOBsCHEHUS 3¢(deKra MarHUTOMIACTUUYHOCTU
JEHCTBUEM MOHIEPOMOTOPHBIX CHJI MAarHUTHOTO IOJISI WJIM CO3/1aBAEMOT0 BUXPEBOTO AJIEKTPUUYECKOTO

I1OJIA.

MaruuTHoe 10Jle B COYETaHUM C aKTUBHBIM AedopMupoBaHueM mpu &€ = CONst (Takke Kak u

Opu O = CONst) aKkTUBU3UPYET JIOMOJHHUTENbHBIE CHUCTEMBI CKOJBXEHHS, YTO MPOSBHIOCH B
YMEHBIIEHHHU NpeJieNia TEKydecTH Oy (B 1.5 pasa), a Taxoke 3HaYCHUM HANpsUKEHUS U AeopManuy Ha

Kaxaoi craauu aedopmupoBanus [YpycoBckas u ap., 1997; Ampmmn u np., 2000]. ITogoGHble
MaKpOCKOIIMYECKHE MPOSBICHUS MAarHUTOIUIACTUYHOCTH OBLIM TaKXKe YCTAHOBJEHBI JJISI PEKHMOB
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AKTUBHOTO HarpyeHus u nonsydectu [['omoBuH, Moprynos, 1995; CmupHos u np., 2001].

Hns oObsicHeHust Habmomaemoro s¢¢exra aBTopsl [Anmpmmn u ap., 2000] mpemmararor
KMHETUYECKYI0  MOJENb,  0a3upyoLlylocsi HAa  KOHKYPEHLMH  TEPMOAKTHBALMOHHOTO U
MarHUTOCTUMYJIMPOBAHHOTO OTKPEIICHUS Sapa JUCIOKAUN OT MPUMECHBIX 3aKPEIUISIONIUX IEHTPOB,
UTPAIOLIUX POJIb CTOMOPOB, C MOCIEAYIOUIEH pelakcaluel AUCIOKAIMOHHOM CTPYKTYphl B IOJIE

BHYTPECHHUX HAIPSKECHUN:
Oy = (U /7/)+ [(kT/V)In(é/‘éo)] (1.5),

rae U — sneprus aktupamuu npu otcytetsuu nois B=0, y — akTusauuonnsiii 06beM, K — mocrosunas
Bonbumana, T — Temneparypa. Beipaxenue (1.5) no ¢popme ananornuno ypasnenuto C.H. XXypkosa

U3 KHHEeTH4eckoi KkoHuenuumu mpounocta [Zhurkov et al., 1984], mpudyem Oy comocraBisercs c
HAIPSDKEHUEM, MPH KOTOPOM YacToTa TEPMO(MIYKTyaluid MOXKET 00€CIeYHTh PEalbHYI0 CKOPOCTh
IVCIIOKAIIUM.

Bmmsuane IMPUIIOKCHHOTO MArduMTHOI'O0 IIOJIA IMPOABIACTCA BBIIIC HCKOTOPOIr0 IOPOroBOro

yposas B, xoropoe nponopuuonansno ckopocru aedopmanuu Be ~ JE , OJTHAKO aBTOPBI [ AJIBIIHUIL U

ap., 2000] ormedar0T, YTO OHO HE MOXKET OBITh MEHbIIE, YeM MHKPOCKOIMYECKHHA MOpOT

(0)

MarHuTOINIaCTUIHOCTH Bc . Takum 00Opazom, Impu XOPOIIEM COOTBETCTBHH C IKCIIEPUMEHTATHLHBIMU
KpUBBIMHU IIOPOI MAarHUTOIJIACTHUYCCKOI'O 3(1)(1)6KT21 aBTOpaMHu OIIpCACIICH B paMKax npezmo;erHoﬁ
KHHETHYSCKON MOJIEIH CJICAYIOIIUM BBIPpAKCHUCM:
5 B, é<é,

TBOEE, ése (9
riue é‘c = éofo/ TJ;X u 7 (;T;,ax =k*B(O)_2, Tg:)ax — BpeMs MarHUTOCTUMYJIHPOBAHHOTO OTKPEIUICHUS

JUCIIOKALlUU OT LIEHTPa 3aKPEIUICHHUS.

Pe3tomupys, oTMETHM, YTO caMoO 0 ce0e MarHUTHOE I0JIe U3MEHSET CTPYKTYPY U COCTOSIHHE
CHCTEMBI TUCIIOKAIM-CTONOp, TIOHMKasi BBICOTY OapbepoB, MPEO0JIeBAEMbIX JUCIOKALUIMHU, HO HE
BIIMSIET HA KOJMYECTBO Auciokauui [Ansmmn u ap., 2000; Tsanynuna u ap., 2003]. JBuxkyiein cunon
NepeMeIeH s JUCIOKAUK SBISIETCS TI0JI€ KPYITHOMACIITaOHBIX MaKPOCKOIMYECKHX BHYTPEHHHX
HaNpsODKEHUH KPHUCTaIa, a POJib MapaMarHUTHBIX IIEHTPOB IMPH 3TOM HIPAIOT 3JIEKTPOHBI, JBIPKH,
paauKaibl, SKCUTOHBI U T.11. [["onoBuH, 2004].

OOmwsicHenue HaOmomaemoro 3¢ddekra nenuHHuHra (aHmi. depinning — OTKpeIIeHHE)
JTUCIIOKAITMN OT IIEHTPA 3aKPETUIeHHs (CTOTIOpa) JIEKHUT B IMIIOCKOCTH CIMHOBHIX d(dekToB. [Ipu aTom
M0/l CTOMIOPOM aBTOPBI MOJPa3yMEBAIOT MPUMECHBIM KOMIUIEKC B SApE AUCIOKAIMH, COAepKallui

pPaduKAJIbHYIO Mapy 3JICKTPOHOB. MarauTHoe moJje U3MEHIET CIUHOBOE COCTOSHHUE M CHUMAET 3a1peT
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Ha OIpeae/eHHble dIeKTpoHHbIe mepexoasl [Molotskii, Fleurov, 2000; Anpmmm u ap., 2017].
BeneactBiue  3TOro  MPOMCXOAWT IMEPECTPOMKA CTPYKTYphI BCETO IMPUMECHOTO KOMILUICKCA C
YMEHBIICHUEM CHJIbl 3aKpervieHus (MMHHUHTA, aHTa. — PINNiNg), NpuUBOIAINEH K JEMHHHHHTY

JUCIOKalluKU I10J ﬂCﬁCTBHCM BHYTPCHHHX HaHpH)KeHI/Iﬁ B KpPHUCTAJLIC. BpeMﬂ CITMHOBOM SBOJIFOIIUH

(BpeMsl IeIMHHMHTA Tdp) B CUCTEME NIPUMECh-TUCIOKALUS BCErla J0KHO ObITh MaJo 10 CPABHEHUIO

CO BPEMEHEM Ts.1 CIIMH-PEIIETOYHOMN PEJIaKCallud CUCTEMBI (TEPMOAKTUBALMOHHOIO IIpeo1oyieHus). B
IIPOTUBHOM CIIy4yae TEPMUYECKUE OCLUIUIALNU MPUBEAYT K XaOTHU3aLUMU CIIMHOBOM CHUCTEMBI 33J0JII0
JI0 3JIEKTPOHHOTO niepexoAa [Anbiuil u ap., 2017].

Mopenb poXAEHUS CIMHOBOIO JBYX3JEKTPOHHOIO HaHopeakTtopa bydauenko A.JL
[bydauenko, 2006; MoprynoB, bydauenko, 2009] cTonKHyJach C HECOOTBETCTBUEM CIIMHOBOTO
COCTOSIHUS MAPbI CTONOP-SPO AUCIOKALNH, a TAK)KE HE MOTJIa OOBSCHUTH 3HAUUTEIILHOE YBEIIMUCHUE
CKOPOCTH JIUCJIOKALMNA IPU COBMECTHOM JIEUCTBUHU 3JIEKTPUUYECKOIO M MArHUTHOIO MOJieH (JaHHBIN
SKCIepUMEHT [ Asbiui 1 11p., 1998; Ypycosckas u ap., 2000] Oyaetr paccMOTpeH HUXKE).

[Ipemnoxennas apropamu [Anbmmn u ap., 2017] dwusuyeckas monaenb, 0OOBACHSOIIAS
KMHETUKY IPOILECCA CIIMHOBOM 3BOIIOIUH, UCXOIUT U3 NapaJOKCAIbHOCTH BIUSHUS IPUMECH KaJlbLUs
Ha MarHuroractuuHocTh KprctauioB NaCl, aroMel koToporo o0pa3ylT AWNOIMA C OTPHIATEIBHO
3apsyKEHHBIMU BaKaHCHUsIMU HaTpus. [lapamokcanbHOCTh 3aKi0UaeTCs B TOM, YTO 3TH JIUIIOJH, XOTh U
ABJISIFOTCA  MOABMXHBIMM M MHUIPUPYIOT B KpUCTaUIE KaK €AMHOE LEeJI0e, HO SBISIOTCS
JUaMarHUTHBIMU. A MMEHHO B KpUCTa/UlaX C JMAaMarHUTHBIMU IPUMECSIMH MarHHUTOIIACTUYECKUM
a3 dexT orcyrcTByeT. O4eBHIHO, YTO CYIIECTBYIOT MPUYMHBI, TI0 KOTOPOH aTOMBI U3 JUaMarHUTHBIX
npumeceii Ca?" npespamarotcst B MarautoakTuBHbie Ca’. ABToph! [Anpmmi u ap., 2017] npeanaraot
cieayroliee OObSICHEHHE: Ha Kpalo JIMITHEW IUIOCKOCTH BO3JIE sf]pa JUCIOKAallMW MO JeicTBHEM

OrPOMHOTO JIABJIEHUS HPOUCXOAUT BhITaJIKMBaHue WoHa Na® (¢ o0pa3oBaHHEM €ro OTPUIIATEILHO

3apskeHHOM BakaHcuu V), ) Ha cBoOomHOE MecTo BOMM3M moHa Ca?*. Bmmkuumit k 0Opa3oBaHHOI

Baxancun Vy, anmon Cl~ otmaer snextpon nony Ca?* ¢ 06pa3oBaHHEM MarHHTOAKTUBHOTO KaTHOHA
Ca*. Ipexmonaraercs [Ansmmmn u ap., 2017], uro nanee craBmmii HeifrpamsaeM atoM Cl° 1 coceamit

aanoH Cl” o0OpasyloT B sipe AWCIOKAlMM KOBAICHTHBIH V-eHTp — 3apspkeHHyo Mousekyiny Cl, .

Takum 0Opa3om, B sApe TUCIOKAIMH NOSBIsIeTCss MarHuToakTHBHBIA Komiuteke Ca’Cl, , coneprkammit

palMKalbHYyI0 Napy CIWHOB, MarHUTHOE IIPEBpAIlEHHEe KOTOpPOM 3aBepiuaercs peakuueir Ca™ +

Cl,=CaCl,. HoBas xoBanecHTHasg MOJIEKYyJa SABIAETCS HOBBIM IleHTpoM 3akperuieHuss CaCly,
2

BCJIEJICTBHE CBOEH HEHTPAJIbHOCTH M HEMAarHUTOAKTMBHOCTH, OHAa ropas3zio ciabee CBsi3aHa C AIpOM
JTUCIIOKALlMU, YTO OOBSCHSET SKCIEPUMEHTAJIBHO YCTAHOBJICHHBIN (DAKT 3alepKKH IepeMelieHus

JUCIIOKAIIMU TIPU MTOBTOPHOM SKCIIO3UIIUU B MATHUTHOM T0J1e [ Anbimil U ap., 2017]. B obmem ciydae
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CHUHIJICT-TPUIUICTHOE TpeoOpa3oBaHUE W €ro pPOJb B MAarHUTOILIACTHYECKOM 3 deKTe MmoapoOHO
OIMCaHBl B MpeIoKeHHOW aBropamu S-T-momenu [Molotskii, Fleurov, 1997; Molotskii, 2000;
Molotskii, Flerov, 2000].

[Tpouecc mpeBpameHust Ae(pEKTOB Ha IHMCIOKALMSIX B MAarHUTOAKTHBHBIC MPOHCXOIUT BO
MHOTHX MECTaxX IOCJICHI0BATEIbHO 110 MEXaHH3My KaCKaJHOIO OTKPEIUICHHsS — aH3MIIIHHTA (aHTIL.
unzipping) — OT aKTHBHBIX LIEHTPOB NHHHUHIA MO BCeW aiuuHe auciokanuu. CKopocTh mpodera
JIMCIIOKAIIMU OT OJIHOTO Psifia CTOIIOPOB K JIPYroMY OLIEHHBACTCS (POPMYJION:

2w

V= — 1.7
Ty4p+/ 2DC, (@7)

roe W= nact/ Ntot — BEPOATHOCTH TOTO, YTO JAHHBIN CTOIOP SBJISIETC LEHTPOM aH3UIIINHTA, Cv -
00beMHasi KOHLIEHTpAIMsl IPUMECHBIX LIEHTPOB, OTIMYAOLIASCA OT KOHIEHTPALMU KaJIbLUs TOJBKO
paMepHbIM MHOXKHUTENEM [ AJbiuil U 1p., 2017].

[Ipy KOMIBIOTEPHOM MOJETUPOBAHUU JIBHXKEHHS TUCIOKALUMKA B MAarHUTHOM II0JIE MOJYYEHO
MOJTBEPXKICHUE MPEIOKEHHONW aBTOpaMu (PU3NIECKOH MOAETH Kak 10 YMCIY EHTPOB MAarHUTHOTO
aH3WNIMHTA, TaK ¥ 10 KpuBoii npoberos aucrnokammii, Al, (pucynox 1.21) [Anemmm u ap., 2017].
BunHo, uto Ha KpuBOW NpoOeroB (TPEyroJibHUKM) HUMEIOTCS TOPU3OHTAIbHBIE YYaCTKH,
CBUJICTEJILCTBYIOIINE O HEMOABMXKHOCTH (OCTAHOBKE) AMCIOKAI[MM, YTO COOTBETCTBYET KapTHUHE
HEU3MEHHOCTH IO3UIMHU SIMKA TPaBJICHUS HA IOBEPXHOCTH, HE OXBAYEHHON BOJIHOM aH3WIIIMHIA.
Cyns no pucyHok 1.21, ymcno menTpoB amsurmuaTa (mpomopumonamsHoe Al) Taxke mepenmko,
nopsaaka 10%, 93To Takke coriacyercs C  OLIGHKaMH, NPOBEACHHBIMH aBTOpaMU IO

DKCIEPUMEHTAJIbHBIM pe3yabTaTaM [Ansiuunn u ap., 2017].

14 Pucynok 1.21 -  Hailinennele u3
o d 12 MOJIETTUPOBAHUS MOCTIeI0BaTENbHBIC
40 H
MOJIOKEHUST ~ JUCIOKAallMd TP ee
- 10
OCTaHOBKaX, TpPEOYIOIIUX  BKIIOUCHHS
g 30 e
o ] -8 °. MarHMTHOro IOjaA Ui MPOJOJDKEHUS
= g
=
) A o < BwkeHus (ieBas OCb OpAMHAT), U
3 20 H B 16 2
f' ~  OTHOCHUTENbHOE YHCJIO aKTHBHBIX IIEHTPOB,
-+
- 4
NPEO0JI0JICBAEMBIX OJIaroiapss MarHUTHOMY
10 H
1 -2 momio (TpaBas OCh OPAWHAT), COTJACHO
| | | HHHH 5 [Agpmun u ap., 2017].
0 5 10 15 20

Howmep ocranoBku

1.3.3.2.0cobennocmu coemecmnozo 6030eicmeus 31eKmpuiecko20 U MazHUMmMHo2o no.eil

B ciaydae coBMecTHOro aeiicteust snexrpudeckoro (E = 0.25-1.5 kB/M) u MarHUTHOTO TmoJiei
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(B = 0.05-0.3 Tu) kak mnpu axkTUBHOM AeGOPMHUPOBAHUM OOPA3IOB C IMOCTOSHHOM CKOPOCTBIO

nepopmamun & =const [Ypycosckas u ap., 2000], Tak U IPU OTCYTCTBMH MEXAHMYECKON HArpy3KH

[Anpiun u ap., 1998], 611 00Hapy)eH 0oJiee CUIIBbHBIM MarHUTOIIACTHYECKUH 3P (EKT B KpUCTaLiax

NaCl. B oTux OKCIEpHMEHTaX BEKTOP MHAYKIMH MAarHMTHOrO 1ojs B Obul  HampasieH

—

IEPIECHMKYIISPHO OCH HArPYKEHHS KPUCTAILIA, BEKTOP HAIPSKEHHOCTH 3JIEKTpUdeckoro moms E —
napauiensHo ocd. TakuM 00pasoM, Oblia peanM30oBaHa CHUTYyalls, B KOTOPOM MOTOK SHEPIUM OT
ucrounukoB noneii B u E, 1.e. Bekrop Vmosa-Tloitntuara S (1.2), mpoxomun uepes marepuan

UCIIBITBIBaEMOro 00pasna. belmo 0oOHapykeHO, YTO XapaKTepHOE 3HAYCHHE Ipodera JUCIOKaIuit
JIOCTUTAJI0 COTEH MUKPOH (T.€. JI0JIM MM), TaK YTO MOXHO TOBOPUTH O MAaKpOIPOSIBICHUSX BIUSHUS
B3aUMHO MEPIECHAUKYISPHBIX 3JIEKTPUUECKOTO U MAarHUTHOTO MOJIEH.

DIEeKTpUYECKOe MOJIe caMo 1Mo cebe He 00eCTIeUrBaAET OTKPEIICHUS TUCIOKAIMA OT TOUYCUHBIX
nedekToB B 00beMe KpUcTalia, HO MPUBOANUT K YBEIIMYCHHUIO HA AUCIOKAIIMU aKTUBHBIX 1leHTpoB Ca+
[Anpmmn u ap., 2017]. ABTOpHI MpeANnoIarawT, 9YT0 IPOUCXOAUT TEPMODIYKTYAITMOHHBIN TIEPECKOK
HATPHEBBIX BaKaHCHHA ¢ jumonei Ca?* V., Ha Kpail 9KCTPAIUIOCKOCTU AUCIOKALUN C OJHOBPEMEHHBIM
M3MeHeHneM 3apsana: Ca’' mpeBpamarorcs B MarHutoakTuBHble Ca'. B pe3ynbpTaTe 4ero Mmpu pocre
HANPSKEHHOCTH 11018 E SKCHOHEHIMANbHO pacTeT M YMCIO0 AKTUBHBIX IIEHTPOB AH3UIINMHIA, A
CpenHsis IJIMHA MEXIy LEHTpaMu aH3UMNNHUHTra yobiBaeT [Anbmun u np., 2017]. Benunuuna npobera
JIUCJIOKAIIMK OIHMCHIBAETCS CIIOKHOM HEIMHEHHOM 3aBUCHMOCTBIO OT IPHIIOKEHHOT0 noist E (pucynox
1.22). Tons manpsxenHocTsio E < 5 kB M7 nuneitno yBemuuuBaroT mpoGer IMCIOKANMH, a HPU
yBemuuennu 10 E < 20 kB m! 3HayeHue HOPMHPOBAHHOIO CpemHEro NpoOera JUCIOKALMil
YBeJIMUMBAETCA 110 YKCIIOHEHTe, Tocie yero npu 20 kB Mt < E < 25 kB m! nacrynaer «macsimenney,

cM. pucyHOK 1.22 u3 pabots! [Anbsmmun 1 ap., 2017].

1500 [ PucyHnoxk 1.22 - 3aBHCUMOCTD
B HOPMHPOBAaHHOTO  cpelHero  mpobera
| -
E Z JMCJIOKAIUH oT HaIPSKEHHOCTH
> = 1000 |-
32 ’E aneKkTpudeckoro moist E mpu ero Hu3kmx
- =
Ru & (a), E <5 kB M n npunamiexamux 6onee
] = so0 L
= e mMpokoMy wuHTepBany, E < 25 kB m?,
3 <
BEJIIMYMHAX, COTJacHO [AJibIIMI U AOp.,
| 1 1 | 1 2017]
0 5 0 S5 10 15 20 25
E,xBm™! E,xBm™!

B03paCTaHI/IC npnu COBMECTHOM JEHCTBMM MAarHUTHOIO H QJICKTPUYICCKOTO roJiei
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ko3 puimenToB aedopMaroHHOro ynpounenus @y asropsl [Ypycosckas u ap., 2000] cBA3bIBaOT

CO CTUMYJUPOBAHUEM POCTA MIIOTHOCTH JAUCIOKAIMA B COOTBETCTBUU C POPMYJIION:

®, ~Gby/p, (18)

rae G — moayis ciura, D — BekTop Broprepca, P — MIOTHOCT AMCIIOKALMH.

C pOCTOM HaNPSHKEHHOCTH 3JIEKTPUYECKOro 1osist E oTMeuaeTcs cHmkenue npejiena TexyuecTu
Oy U nocienyouee ero Hacwiuenue npu E > 1-1.5 kB/M (kpyrtusHa u amiuiaTysa cnaja Gy JTHMHEHHO
3aBUCAT OT BENMYMHBI B), uT0 HaOmomaercs W mpu BapbUPOBAHMH CKOPOCTH AepopMaluu &
(CKOpPOCTh M aMIUTHTY/a MaJCHUs TeM OOJIbIe, YeM HUKE & ). B OTCYTCTBHH K€ MarHWUTHOTO ITOJIS
HAOJIIOJICHUE DJICKTPHUUYCCKON CTHUMYJISIMKA MOJBMKHOCTH AMCIOKanuid B Tex ke kpucramwiax NaCl
TpebyeT ropaso Gonee crIbHbIX moneit E > 103 kB/m.

Hapsiny u co cBoiicTBaMH MarHUTOILIACTHYECKOTO 3¢ (deKTa B cydyae COBMECTHOTO JIEHCTBUS
JNEKTPUYECKOTO M MArHUTHOTO MOJed W OOBSICHEHHEM €ro MeXaHu3Ma, IS Ieliell HacTosIen
JUCCEepTAllMH IIPEJICTaBISIETCS MPUHIMINAIBHO BaXKHBIM OJIMH U3 BBIBOJIOB [ YpycoBckas u ap., 2000],
uyto BiusHue moneii B um E moxer OwiTh 0OHapyxkeHo mpocTo Mo G-& XapaKTepPUCTUKAM, WIIH
Harpy304HbIM KPUBBIM IIPH UCIIBITAHUAX HA OJTHOOCHOE CXKATHE C JINHEWHO HapacTaroLed Harpy3KOou.

Bonbmass gacte 3apyOexHBIX Pa0dOT IMOCBSIIEHA H3Y4YEeHHIO 3(PQeKTa MarHUTHOH NaMsATH
dbopmbl pa3nuyHbIX cIIaBoB (Hampumep, Ni-Mn-Ga — deppoMarHuTHEIX cruiaBoB ['eficiepa) mpu ux
MapTeHCHTHBIX mpeBpamiennsx [Kostorz, Miillner, 2005; Millner et al., 2003, 2007,
Boonyongmaneerat et al., 2007]. Dddekr cBOAUTCS K HHIYIUPOBAHHOMY MAarHMTHBIM TIOJEM
NEpEeMEIICHUIO TPAHWIl JBOHHUKOBAHUS, a TpPH CHATHU MArHUTHOTO IIOJII COXPAHSAETCS HOBOE
CTPYKTYpPHOE COCTOSIHHUE.

CrnimHOBas MpUpPOAAa MarHUTOIUIACTHYECKOro 3¢ QeKTa Hallja CBOE MOJITBEPXKICHUE TAKKE B

AKCIIEPUMEHTAX C PE30HAHCHBIM MarHUTOIIACTHYECKUM 3((HEKTOM B CKPEIIEHHBIX (110 TEPMUHOJIOTUU
ABTOPOB) MOCTOSIHHOM, B, ¥ IEpEMEHHOM, g , MArHUTHOM TOJIIX ¢ yacToTou V [["onoBuH u ap., 2004;
Anpumn u ap., 2013]. B crangapTHbIX skcnepuMenTax mpu V = 9.5 ITu u Bres = 0.3 T pe3onancHbIi
MarHuTOIUIACTHYECKUH 3((PeKT BO3HMKAI NpU MEPHEHIUKYIIPHOM PaCIlOJIOKEHHUH BEKTOPOB
uaaykun B L § v ucuesan npu B || g . B pabore [Anpumn u ap., 2013] noapo6HO u3yyeHa
AHM30TPOIHS PE30HAHCHOTO MArHUTOILIACTHYIECKOTO 3 (eKTa, KOraa MOCTOSHHBIM T0j1eM B ciyxuno

marauTHoe mone 3emmn B = Bgah ~ 0.4 10% Tn. ITocraHoBKa SKCIepuMeHTa B 9TOH paboTe

o0ecrieurBajla OpUEHTUPOBKY YacTH AMCIOKALMI MapajiebHO OJHOMY U3 pedep oOpasla u Bcerja

OpPTOrOHaJIBHO o0ouM BCKTOpPAaM MAarHuTHBIX moueii. B SKCIICPUMCHTAaX MPOBOJUIICA IUIABHBIN nepexon

or cayuas B L B x ciyuaio B || B, a Taioke u3MeHeHHME OpHEHTALIMM CAMOTO KPHCTAaylia B MOJIE
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3emin. IlokazaHO, YTO IS AUCIOKALUH, OPTOrOHANBHBIX II0cKOCTH (Bgarth, B ), HaOJIIOIAI0TCS
HAauOOJbIINE AMIUTUTYAbl PE30HAHCHBIX MHUKOB HOPMHPOBAHHBIX MPOOETOB I\ o (oTHOIICHHE

cpennero mpobera | k cpeHemMy paccTosHIIO MeXTy BceMu aucIoKanusmu 1/ \/; ). Jnst aucnokanuid,

napaielbHbIX IUIOCKOCTH MarHuTHBIX mosel (Bearth, B) PE30HAHCHBIE TUKU HMMEIOT MEHbIIUE

aMIUTMTYABl U OoJjiee MUPOKHE CHeKTpbl [Anpmui u ap., 2013]. Haubonee sipko pe3oHaHCHBIN

MarHUTOIUTACTUYCCKUH d(PPEKT MPOSBISETCS MPU OPTOTOHATBLHOW OPHEHTAIUH TOJICH Bearth L B u

IPAaKTHYECKH HcYe3aeT npu Bearth || B . Yacrora PE30HAHCOB Vygs 3aBUCUT TOJBKO OT B3aUMHOM

OPUEHTALIMH KPUCTAILIA U TI0JI1 3EMIIM, MAKCUMYM €€ yJIOBJIETBOPSIET YCIOBUIO:
max ~
Vres = g/uB BEarth / h ) g ~ 29 (1-9)
IIpu mosopoTe kpucrawia Ha yron 0 Bokpyr pe6pa, nepnenaukynspHoro Bgarth, ncxonmbiii

PE30HAHCHBIN MK pa3fiesIseTcs Ha JBa PE30HAHCA, ONMMCHIBAEMBIX (OPMYJIOH, 3aBucsAmEl or yriaa 0
[Anprun u ap., 2013]:

Vi, R U COSO,, (1.10),

rie 00 =90°-0,20,=0

Paccmotpennbie paboThl HAMISIHO JAEMOHCTPUPYIOT OUANa30H YCIOBHM, HEOOXOIMMBIX IS
peanu3aluu AJIEKTPO- M MArHUTOIUIACTUYHOCTH B Pa3jMYHBIX Martepuanax. W3BECTHBI Takxke
pPe3yNIbTAThl AKCIIEPUMEHTA, TMTPOBEICHHOTO0 B HATYPHBIX YCJIOBHSX (HAa IMOBEPXHOCTH 3€MIIH BOJIM3H
osepa bacc, Kammdopuus) nHa BamyHe, copepskaimieM MOCEMHTCKHII TIDaHHT, NPU pa3pyLICHHH
KOTOpOro OBbUIM 3aperucTpUpOBaHbl MAarHUTHBIE MYIbCAllMH, HW3MEHEHHUS JIIEKTPOIPOBOTHOCTH
BO3/yXa BOKPYr BallyHa, a TaKKe YBEIHUYCHHE TMOBEPXHOCTHBIX 3apsoB [Bleier et al., 2010].
MarauTHbIE MYJIbCAllMA W BapUaIlldd SJIEKTPOIPOBOJHOCTH TOMOOHBI paHee OOHAPYKEHHBIM B
nabopatoprom skcriepumente [Freund et al., 2006] u nipu 3emnetpsicernu [Blier et al., 2010].

Bo3MOXHOCTh OOBSICHEHHS BIUSHUS JIEKTPOMArHUTHBIX MOJIeH Ha BO3HUKHOBEHHUE Pa3phIBOB
U TIOJBMKEK Pa3HBIX MAacHITabOB: OT HCTOYHUKOB aKycTHYecKoil smuccuu (paszmen 1.3.1) mo
ceficMuueckux o4aroB (pazaen 1.2.2) ¢ TOUKu 3peHus dIEKTPOIIACTHYECKUX U MAarHUTOIIIIACTHYECKUX
b (PeKxToB ompenensieTcss CICAYIONUMU Coo0pakeHUsIMHU. J[J11 MHOTHX MaTepuayioB (psii METaJJIOB,
0eToH, ‘“TONMyXpymnKue” TOpHBIE TOPOMABI) CKOPOCTh TPEIIMHOOOPAa30BaHHUS B OIPEACICHHOM
Uarna3oHe HaNpsHKEHUH W TeMIlepaTtyp KOHTPOIUPYETCS CKOPOCTBIO TUIACTUYECKOW aedopmaruu
[Bnagumupos, 1984; Ilyapee, 1988]. st macmTaba ceMCMHUYECKHUX 0YaroB TAaK)Ke M3BECTEH MOIXO]T C
MO3UIIMK THTACTHYECKON aedopmanuu reocpenst [Pebenxuit, 2007]. B ycnmoBusax, korma CKOpOCTh

TpEMHOO0pa3oBaHus (aKTUBHOCTh AD) “perynupyercs’”’ MIacTUYECKON aedopManneit, MexaHu3Mbl
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AMEKTPOIUIACTUYHOCTH U MAarHUTOIUIACTUYHOCTH, IMO-BHAMMOMY, BHOCSAT CYIIECTBEHHBIH BKJIAJ B
BO3HUKHOBEHUE aKyCTOOMUCCHOHHBIX OTKJIMKOB Cpelpl Ha BozaeiictBue OM moneil. Tem He MeHee,
3TOT BOMPOC TpeOyeT MOMOJHHUTEIBHOTO aHali3a, O YeM MOTYT CBUICTEIbCTBOBATh PE3YJbTaThI
71a00paTOPHBIX IKCIIEPUMEHTOB, MMPOBEICHHBIX B Ja0OPATOpPUKU MOIEIMPOBAHUS SHEPTrOHACHIIIEHHBIX
cpen HC PAH Ha pa3HeiX MoOAeNnbHBIX Marepuanax. Ilpm o0000meHnn pe3ysnbTaToB ATUX
HKCIEPUMEHTOB OBUIO OOpalieHO BHUMAaHWE Ha HEKOTOPOE CXOACTBO B PEAKIMM aKTUBHOCTU AD Ha
BO3/ICHCTBUE 3JIEKTPOUMITYIHCOB C aAMIUIMTYIOW HANPSHKEHHOCTH 3JieKTpudeckoro noist 1-10 kB/m y
CaMbIX pa3IMYHBIX MaTepHaJiOB: KAMEHHOH coiu, 6eToHa, MmopoJ-rpaHuTou0B [boromosios u ap.,
2011]. Orxnuku (pupocT aBTUBHOCTH Ha 15-20 % c 3a1ep>KKOi OT COTEH JI0 ThICSAY CEKYHJ OT Hayana
BO3JICHCTBUS) HAOMIONANKMCHh TPH HANPSDKEHUSX OJHOOCHOTO ckatusi Oonbmie 70% OT ypoBHs
paspymeHust obpasua JAaHHOW moponsl. Hambosiee BBIpak€HO CXOACTBO BPEMEHHBIX 3aBHCHMOCTEH
aKTUBHOCTEH AD pa3HBIX 00paslioB, KOrJa ypoBeHb UX (POHOBOM aKTHBHOCTH 10 Bo3zeicTBus OM
nosieit ObUT IPUMEPHO ONMHAKOB. [10CKOJIBKY IMCIOKAlMOHHBIE SIBJICHHUS BEChbMa YYBCTBUTEIBHBI K
BUJy Marepuajla U €ro MOJIEKYJSIPHOM CTpyKType, HpUMEpbl CXOJHOW peakuuu AD pasHbIX
MaTepuajoB Ha 3JEKTPOUMITYJIbChI MOTYT YKa3blBaTh Ha HaJUM4ME JIPYTrUX MEXaHU3MOB, MMOMHMO
3EKTPOILUIACTUYECKOTO U MAarHUTOILIaCTUYeCKOro 3 dekTa.

OpauH U3 BO3MOXKHBIX MEXaHHU3MOB, OMKCHIBAIOIIUI B3auMoaelicTBrue DM BOJH ¢ KojeOaHUsIMU
IUIOTHOCTH BEIIeCTBa BOJU3M pacTyliel TperuHbl oocyxkaancs B [boromosos, 2010; Zakupin et al.,
2012]. KnroueBoii 4epToii 3TOro MexaHu3Ma, a, BO3MOXKHO, U JIPYTHX, SBJsETCs Bo3aelcTBue OM noss
HAa HEOJHOPOJIHOCTH WJIM CTPYKTYpPbl C BO30YKIEHHBIMU CTEHEHSIMH CBOOOJbI (Haxopsimiuecs B
MPOMEKYTOUHBIX COCTOSHUSIX MEXAY CTaTUKOW W JWHaMUKOW). Jlig nmanbHeWInero uccienoBaHUs
BIUSHUSA OM nosiell Ha HakoIIeHUe Je(EeKTOB, BKJIIOYas YTOUHEHUE POJIU JIOKAIBbHBIX BO30YXACHUH,
1eeco00pa3HO  MCIMONIb30BaTh ~ KOMOMHHUPOBAHHBIE — JJIEKTPUYECKOE W MarHUTHOE  IOJIf,
o0ecreynBaroIllMe HaNpaBIEHHOCTh BEKTOpa IOTOKAa SHEPruMHM BHYTpb oOpasua. B maboparopum
MoienrpoBaHus sHepronaceimennubix cpen HC PAH cosnan 3amen nis ucneitaHuii 00pasiioB 3TOrO
MaTepHuajia Ha phlYaKHO-TPaBUTAIIMOHHOM Tpecce ¢ BozzaeiicTBueM DM mosst [bopoBckuit u ap., 2011;
Bakynun, 2011; Zakupin et al., 2012, 2012a; Mybaccaposa, boromosnos, 2010, 2010a; My6accaposa,
3akynuH, 2013; My0baccaposa, 2014].

BriBoasbl o riaase 1

PaCCMOTpeHHBIe pe?)y.]'H)TaTBI MHOTOJICTHUX I/ICCJ'Ie,ZIOBaHI/Iﬁ SHCKTPOMaFHI/ITHOFO BIIVAHHUA Ha
CEeHCMUYECKHE TIPOIECCHl B 36MHOUM KOPE HE BBI3BIBAIOT COMHEHHH B JJOCTOBEPHOCTH HAOJIFOAaEMOTO
addekra, TeM HEe MeHee BOMpocC 0 (PU3NUECKUX MEXaHU3MaX, 00YCIaBIMBAIOIINX 3TO BIUSHUE, 10 CHX
Mop SBJSETCS JUCKYCCHOHHBIM. JTO CBSI3aHO C Te€M, 4YTO I3TOT 3(PQeKT HcclaeaoBaH JHUIIb

@eHOMeHOHOFI/IquKH, TaK KaK TCKTOHHYCCKHE MMPOUECCCHI, BBI3BIBAIOIIUEC 3EMIICTPACCHUA, OTHOCATCA K
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Ype3BbIYAITHO MEIJICHHBIM, a HENpEepbIBHbIE MHCTPYMEHTAJbHBIE CEWCMOJIOTMUECKHE HAOIIOACHUS
IIPOBOJATCS BCErO0 HECKOJIBKO JACCATWICTHN. Peanmusyromuecs 3eMIIeTpsACEHMs 3a peadalilnum
UCKJIIOUYEHUEM HE IOBTOPSAIOTCS (MX MEXaHM3M U JHEprus, a TakKe MECTO) B TEUEHHE MHTEpBaja
BPEMEHH, KOTOPBI COM3MEPHUM C JUIMTEIbHOCThIO HabmoneHuil. Takum o00pazom, U3 pe3yibTaToB
HATYpHBIX HAOMIOJCHUN Ha JAHHOM 3Tale OYeHb CIOKHO IMOJIYYUTh a/IeKBaTHbIC (YHKIMOHAJIbHBIC
3aBUCUMOCTH MEXy lTapaMeTpaMH 3JIEKTPOBO3IEHCTBUS U PEATU3yEMOTr0 3€MIIETPSICEHUSL.

bnarogapss HEKOTOPOMY CXOJCTBY, OOHApYKEHHOMY B IPOSIBICHUSX XPYIKOrO pa3pyLICHUs U
npoueccax AepeKTooO0pa3oBaHMs Ha CaMbIX pa3HbIX MaclmTabax [JIMH, OMNpPENCNICHHBbIM BKIal B
u3ydeHue (U3NYECKUX IPOLECCOB, MPOUCXOASIIMX B TIyOMHAX 3€MHON KOpBL, MOXET BHECTHU
nabopaTopHoe mojenupoBanue. bonee yem 20-71eTHUM ONBIT MCCAEAOBaHUN Ha 00pas3lax TOPHBIX
OpOJ ¥  HCKYCCTBEHHBIX  MaT€pUaJIOB  INPOJEMOHCTPUPOBAT  CYIIECTBEHHOE  BIIMSHUE
JJIEKTPOMArHUTHBIX TMOJEeW Ha TeMN HakolulieHus naedexkToB. B skcmepumeHTax Ha oOpasmax
“3NIeKTPOTPUTTEPHBIA A(PPEKT” 3aperucTpUpPOBaH, KaK MPABUJIO, MO YBEITUYCHHUIO AKTHUBHOCTHU
AKyCTHUECKOH OJMHCCHH, OTPAKAIOMIEH CKOPOCTh TPEUIMHOOOpa3oBaHUs TeoMaTrepuanioB. B

OOJIBIIMHCTBE 3TUX Pa0OT, B TOM YHCIIE PACCMOTPEHHBIX B 3TOH IJIaBe, HE MPEICTABICHBI JaHHBIE 00

YBCIMYCHNUN I[e(l)opMaHI/II/I 88 B IIpoLecCce IICPEXOOdO0B MCKAY MeTacTaOUIbHBIMU COCTOsAHUAMU,

KOTOPBII ObUI MHUIIMMPOBAH JIEKTPOMArHUTHBIMU HOJSMH. B 3TOM CBsI3M OCTalICs OTKPBITHIM BOIIPOC
0 Je(QOpMALMOHHBIX MPOSBICHUSX BIMUSIHUS DJIEKTPOMArHUTHBIX IOJIEH Ha HarpyXeHHbIE
reoMaTepuasbl.

C yyeroMm BBIIIEHU3NIOKEHHOIO, JUIsl ONMCAaHUS peaKUUHM I[apaMeTpOB COCTOSHUS Cpeibl Ha
BO3/CHCTBHE BHEHMIHUX OM 1moyiell aKkTyalbHO IOJyYeHHE HOBBIX KOJIMYECTBEHHBIX JTaHHBIX 00
U3MEHEHHUSAX KOMIIOHEHT JeQopMalii HarpyXeHHbIX IeoMaTepuaioB IpU TaKUX BO3IAEHCTBUSIX.
[IpencraBisieT HHTEpEC MOCTAaHOBKA HOBOI CEpUU SKCIIEPUMEHTOB HAa HAarpy>KEHHBIX 00pa3liax rOpHbIX
IOpOJ — MPEANOYTUTEIBHO MpaMopa Kak MaTepualla, COYETAIOIIEro CBOMCTBA IUIACTUYHOCTH U
XpYNKOTO pa3pylleHus, a Takke TIpaHMTa — pedeperHoro warepuana. Jns panbHeHIIero
WCCJIEIOBAHMSI BIIMSHUS 3JIEKTPOMAarHUTHBIX IOJIEH Ha HAKOIUIEHHE JEPEKTOB, BKIIIOYas yTOUHEHUE
POJIN JIOKAJIBHBIX BO30YXKIEHUH, 11€J1eCO00Pa3HO UCIOIb30BaTh KOMOMHUPOBAHHBIE 3JIEKTPUUECKOE U
MarHuTHOE MOJsl, 00eCHeunBarolIe HANpaBICeHHOCTh BEKTOpa IMOTOKAa PHEPTUU BHYTPb oOpasla.
[TprMeHeHNEe yCOBEPIIEHCTBOBAHHBIX METO/IOB PETUCTPALIMH TPEX KOMIIOHEHT Jie(hopMalvy, TJIaBHOTO
HaNpsDKeHUsT W aKyCTUYECKOM HSMHCCHU MOKET OOECIeUHTh IOJIyyeHHEe HOBOM HMHGOpMaIu O
peaKuu Harpy>KeHHbIX 00pa3I0B Ha BHELIHEE AJIEKTPOMArHUTHOE Bo3jeicTBHE. Pe3ynbTaThl Takux
HKCIIEPUMEHTOB, MPOBEACHHBIX COMCKATENIEM, MIPE/ICTABICHbl B TPEThEeH M YETBEPTOM I1aBaxX JaHHOU
JIMCCEePTALMOHHON PaOOTHI.

IIpencraBneHHbI  Bblle 0030p COCTOSHUSI HCCIIEOBAHMM JaeT OCHOBAaHHUS CUHUTATh

AKTYAJIbHBIMHU W HMHTCPCCHBIMU IS HAYKH TAKHEC OKCIICPUMCHTBI, HAIIPaBJICHHBIC HA_YCTAHOBJICHUC
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3aKOHOMEPHOCTEH BIIWAHUA QJICKTPOMAarHuTHHIX IoJIek Ha CKOpPOCTH ,I[e(bODMaHI/II/I n

nedekroo0pa3oBaHue B HArpyKEHHBIX 00pasmax MpaMopa ¢ T'DAHUTA, BBISBICHHUE HOBBIX

XapaKTCPUCTHK I[ed)ODMaI_[I/IOHHBIX OponccCoB B MNPHUCYTCTBUHM BHCIIHHUX MOJICE Ha OCHOBE

YCOBEPIICHCTBOBAHHON CHCTEMBI H3MEPEHHI Z[e(bODMaHI/II/I M aKYCTHYECKOM YMHCCHU.

I'naBa 2. MeToanka j1ab0paTopHOro MOAEJIMPOBAHUSA IJIEKTPOMATHUTHBIX BO3/1eCTBHI

I[HSI HUCCIICAOBaHUA BJMAHHA JJICKTPOMArHUTHOI'O BOSHCﬁCTBHﬂ Ha TIIPOYHOCTHBIC U
I[e(bOpMaHI/IOHHbIe CBOICTBa TOPHBIX IMOPOJ BaYKHEHIIIIM 3BEHOM SBIISCTCS METOJMKA IOCTAaHOBKH H
IMPOBEACHUA J'Ia60paTOpHBIX OKCIICPUMECHTOB, ONpEACIAOIas BOCIIPOU3BOJUMOCTE U JOCTOBEPHOCTH
IMOJIYYCHHBIX PE3YIbTAaTOB. MGTO,I[I/ILIGCKI/IG aCIEKThl BKJIIOYAIOT OOOCHOBAHHE BBI60pa THUIIOB
Marcpuajia Ijid HCHBITaHI/Ifl, HCIBITATCIIBHBIX MalIWH, BHJAa W PCKUMaA HArpy>KCHHsA, a TaKiKC

(dopMEpOBaHKE KOMITJIEKCA JIEKTPOMArHUTHOTO BO3/ICHCTBHSI U BRIOOP €T0 TapaMeTPOB.

2.1. OO0mas XapakTepHCTHKA IOCTAHOBKHM JKCIEPHMMEHTOB 10 MOJEJHMPOBAHHUIO
3J1eKTPOMATHUTHBIX Bo3JelicTBUil. Pexumbl nepopmupoBanus. McnbiTaTebHbIe MAIIUHBI

B nocranoBke J11000r0 3KCIIEpUMEHTa [0 MOJECIIMPOBAHUIO IPOIIEcca pa3pyLIeHHs T€0CPEbl, B
TOM YHCJIE DKCIEPUMEHTa C MOJCIMPOBAHUEM BO3JEHCTBUM AIIEKTpOMarHUTHbIX (OM) moneil Ha
ceificMHUecKHii mpoliecce, TIaBHBIM BOIIPOCOM SIBJISIETCSI BBIOOP PEKMMa HArpy>KeHHUsl UCIBITHIBAEMBIX
00pa310B TOPHBIX MOPOJ (M Kak CJIEICTBUE BBIOOP HCIBITATEIbHOW MAIIUHBI). JTO 00YCIOBIEHO
MPUHIIMIIAMU JIA0OPATOPHOTO MOJAETUPOBAHUSA: MPUOIMKEHUEM BHUAA HAIPSHKEHHOTO COCTOSIHHUS U
XapakTepa pa3pylIeHUs HCIBITHIBAEMBIX MOPOJHBIX 00pa3lloB K COCTOSIHUIO MacCHBa B peajbHOM
reocpesie B CBS3M C 3a/aueii M3y4eHHs TPOOIeMbl BBI3BAHHON CEHCMUYHOCTH.

B peanbHOi#l reodusuueckoll cpene HAMPSHKEHHOE COCTOSHHE OTIEIHHOIO0 MAacCHBa MOXKHO
ONKMCATh KaK HEPABHOMEPHOE TPEXOCHOE CKATHE MPU 3HAUYCHUSX IVIaBHBIX HANPSHKEHUN O1 > G2 > O3.

OpHako mpu MOMBITKAX peanu3aliy B Ja00paTOpUU CIOXKHOIO HANpsSKEHHOTO COCTOSHUS, Ha (oHe
KOTOPOTO  aHAJTU3UPYIOTCS JIOTOJHUTENbHBIE BO3JEMCTBUS BHEIIHUX (aKTOPOB, BO3HUKAIOT
3aTpyZIHEHUS] B WHTEPHpPETAlMUA pPe3yibTaToB. JleHCTBUTENFHO, PETUCTPHpPYEMbIE W3MEHEHHS B
CHCTEME NPU HAJMYUHM OOJBIIOTO YHCIa M3MEHSIOMUNHXCS IMapaMeTpoB (Bapualiii TpeX KOMITOHEHT
negopmanny, mapaMeTpoB aKyCTHYEeCKOH sMmuccud, AD) MOTYT BBI3BIBaTHCSI HE TOJBKO POCTOM
TJIABHOTO HANPSDKEHHsI, HO ¥ M3MEHEHHEM COOTHOIICHHWH MEXIy O1, 02, O3, a TaK)Ke BO3JICHCTBHEM
BHEIHUX moned. [Ipm »TOM mpuBs3ka peaknuyu MaTepuana oOpas3lia K BHEIIHEMY BO3JIEHCTBHIO
(aHanu3 OTKJIMKOB) TpeOyeT Habopa OOJBIION CTATHMCTUKU HKCIIEPHUMEHTOB, YTO caMoO Mo cebe
SBIISIETCS TEXHUYECKOM U OpraHU3allMOHHON MPOOIEMOH.

Bmecte ¢ Tem, mist oOpas3IoB TOPHBIX MOPOJ MCIBITAHWE HA OJHOOCHOE CXKATHE SBISETCS

CaMbIM IIPOCTBIM B TEXHUYECKOW peanun3alu U Hanbosiee paclpoCTpaHEHHBIM pexxuMoM. [Ipu Takux
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UCIBITAHUSAX BHECEHHME B SKCIIEPUMEHT JOMOJHUTENHbHOTO (hakTopa B BHAE BO3nedcTBUS DM mons
MOXET OBITh IPOBEACHO MPOCTHIMH CPEICTBAMM, M CYLIECTBEHHO YIPOIIAIOTCS 3aJa4d  Kak
0oOHapyXEeHHs IPU3HAKOB PEAKIMU reoMarepraloB Ha DM 1oiie, Tak U BBISBICHMS KOJUYECTBEHHBIX
XapaKTEPUCTUK WK OCOOCHHOCTEH 1e(hOpMallMOHHBIX U aKYCTOIMUCCHOHHBIX OTKIHKOB.

[IpyxuHHBIC YCTAaHOBKHM (Hampumep, wucnojb3oBaHHas B [CamoBckuit u ap., 1981]), u
cepBoympasisieMbie Tpecca (dnmekrporuapapnudeckas cucreMa INOVA, [CobGones, Ilonomapes,
2003]), a Takxke ycTaHOBKa JJINTENbHBIX MCNbITAaHUM KoHcTpykuuu CraBporuHa A.H. [CraBporus,
[Tpotocens, 1985]) ucnosnp30BanMCh B MEPBBIX IKCIIEPUMEHTAX MO0 MOACIMPOBAHUIO BIUSHHUS BUOPO-
U DJIEKTPOBO3JIEHCTBUI Ha 00pa3lbl reTepOreHHbIX MarepuanoB. Kaxias u3 ynmoMsHyThIX YCTaHOBOK
MMEET CBOM OTPaHUYEHUS: BO3MOKHOCTh IIPOBEIACHUS SKCIIEPUMEHTOB TOJIBKO IIPU KBa3UIIOCTOSIHHOM
YPOBHE Harpy3KkH, a TakXe MaJeHue HaIpspKeHUs Ha oOpas3lax BCIIEACTBUE MPOAOJIbHON (BAOJIL OCU
ckarug) nedopManuu MOCIEIHUX, OCOOCHHO MPH BHEIIHUX BO3JEHCTBUSX, KOTOPbIE WHUIUHUPYIOT
oOpa3oBanue MUKpoTpeuinH. Emie 0HO orpaHnYeHHne B CEPBOYMPABISEMBIX MPECCaX — ATO BBICOKHIA
YpOBEHb IIyMa IpHU HApallMBAaHUM HArpy3kd I[pU IOMOIIM TUAPOLMIMHApPA U, CIIEIOBATEIbHO,
HEOCYIIECTBUMOCTh PETUCTPAIIMH aKyCTHUECKOTO M3IydeHHs B 00pasile B MpoIecce Harpy»KeHus, 4To
HE T03BOJISICT CYAUTH O IIEIOCTHON KapTHHE Mpolecca 1eGopMUpPOBAHHUS.

[IpuMeHeHne WCIBITaTEIbHBIX MAIIMH C TPAaBUTALMOHHO-PHIYAKHOM CHCTEMOW SIBISIETCS
OTHUM W3 pEIIEHHUH, KOTOPOE pacIIUpseT BO3MOKHOCTH H3YUEHHs HpPOIEecCcOoB ae(GopMUpOBaHUS
TOPHBIX MOPOJ C perucTpauuei akycruieckon smuccuu. 1o cpaBHEHHUIO ¢ MPYKUHHBIMH IIpeccaMu
pPBIYQKHBIE YCTAHOBKM OO0JNaNal0T HEOCIOPUMBIM TMPEUMYIIECTBOM — HEU3MEHHOCTBIO YPOBHS
Harpy3ku Ipu oceBoid JedopMmanuy oO0pa3lioB U BO3MOKHOCTBIO NMPOBOAMTH 3KCIIEPUMEHTHI B JBYX
peXuMax — NpH IMOCTOSHHOM (KBa3sUION3ydecTb) M Hapacraroueil Harpyske. OTMETHM, 4YTO
UCIIOJIb30BAaHUE YCTAHOBOK C pBIYAKHOM CHCTEMOH B JKCHEPUMEHTax IO MOJAEIUPOBAHUIO
AJIEKTPOMarHUTHOIO M BUOPAIMOHHOTO BIHMSHHUA Ha MOJENbHbIE HarpyKeHHbIE OOpa3lbl yxke
MoKa3ajo cBoo 3¢ hekTuBHOCTH [ ABarumoB, 2006, 2008].

B Hacrosimell quccepTallMOHHON paboTe€ HCIOJIb30BAJach pbIUYaKHAs YCTAHOBKA JUIS
CTaTMYECKUX U JMHAMUYECKUX MCIBITAHUM MaTepHajioB B YCIOBHSIX OAHOOCHOTO CXaTWsl, KOTOpas
OTBEYAET BCEM METOJUYECKUM U TEXHOJIOTMUYECKHM YCIIOBUSM IIPOBEIEHUS DKCIIEPUMEHTOB C
perucrpanmend aKyCTU4eCKOTr0 H3Jy4eHHMs B HCHBITHIBAEMBIX MOJENBHBIX oOpasuax [Peryaxhasd...,
2012]. ®otorpadus pblyaKHON YCTAHOBKU M CXeMa MpUBe/IeHbI Ha pucyHke 2.1 u 2.2.

CunoBast 4acTh YCTAaHOBKH BBIIIOJIHEHA B BHJIE CUCTEMBI TPEX PHIYAroB 7, mepeaaroleil ycuime
OT TOYEYHOI Macchl 8 (Tpy3a, BHIOJIHEHHOTO B BUJAE pe3epByapa JUIsd >KUIKOCTH), MPUIIOKEHHON K
KpaifHeMy phlyary Ha NepBBbIi pblyar, T.0. Harpy3ka 4epe3 CHJIOBOM HITOK 6 mepenaeTcst obpasiy 3,
YCTaHOBJICHHOMY MEXJy HaBWIbHOM mnaTtoil 4 u BepxHed TtpaBepcodt 2 (pucynku 2.1 u 2.2).

H3MeHeHne ycuausl IpOMCXOAMT 3a CUET MOCTYIUJIEHHSI C OIIPEEIEHHON CKOPOCThIO BOJIBI B pe3epByap
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MIPU TIOMOIIY TPEIM3NOHHON KamleIbHOW CHCTEMBI PETYJWPOBKH IMOJAYHM KUIKOCTU. [IprmeHeHue
PBIUQKHON CHCTEMBI, COCTOSIIICH U3 TPEX PhIYaroB, MO3BOJSET JOCTUTATh Ha oOpasie ycuius 1o 300
kH.

B pbryakHOl yCTaHOBKE MPU OCEBOM YKOPOUEHUHU 00pa3iia JaBUIbHAS IMITa 4 U CUIIOBOM IITOK
6 1o NEeHCTBHEM T'PaBUTAIMOHHON CHJIBI IMOJHUMAIOTCS BCIIeN 3a 00pasIoM, YTO BJIEYET 3a COOOM
U3MEHEHHUE TOJIOKCHHUSI CHCTEMbI PhIYaroB M TaKUM OOpa3oM COXPAHSETCS MOCTOSHCTBO HArpy3KH C
BBICOKOM TOYHOCTHIO B TEUEHHUE JUIMTEIIbHBIX HUCIBITAHUH, B TOM 4YHCJIE€ M HKCIEPUMEHTOB Ha
noyisydecThb. JlaHHas ycTaHOBKa MO3BOJISET IPOBOIUTH OSCITYMHBIC UCIIBITAHUS MOJICIBHBIX 00pa3IioB
B JIBYX PEXKHMax: C YBEIMYHMBAIOUIEHCS C IOCTOSIHHOW CKOPOCTHIO HArpy3KoW, BapbUpyeMOW B
MIMPOKUX TPEeNax, U MPH MOCTOSIHHOM YPOBHE Harpy3ku, (UKcaius KOTOPOH BO3MOXKHA B OO0
MOMGCHT HCITBITAHHS.

Pucynok 2.1 — OOmwmii BUA phl9axxHON
ycraHoBku [BopoBckmii u ap., 2011;
Zakupin et al.,, 2012, 2012 a]. 1 —
ONOpHBIE  CTOMKHM; 2 —  BEPXHII
TpaBepca; 3 — oOpaser TOPHOI MOPOIBL,
YCTaHOBJICHHBIN ISl UCHBbITaHUM; 4 —

JaBWiIbHAas TisiTa Ha  chepuyeckoM

NN BN

IapHupe co BCTPOCHHBIM

JMHAMOMETPOM; 5 — HWXKHSS TpaBepca;

~

6 — cuIoBOH MmMTOK; 7 — cHcTeMa Tpex
pbIdaroB; 8 — pesepByap /sl HATCKaHHsI

KUAKOCTH (BOABI); 9 — cuitoBasi pama.
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Pucynok 2.2 — IlpuHnunuanbHas cXeMa pbIYaKHOW YCTAaHOBKM ISl CTaTMYECKUX M JAMHAMHUYECKHX
UCIBITAHUI MaTepUaliOB B YCJOBHSIX OJHOOCHOTO CKaTusi coryacHo [Peruaxnas..., 2012]: a) dpoHTanbHas
MPOCKIHS yCTAaHOBKU; 0) BHUI COOKY; B) BEPTHKAJbHBIH pa3pe3 HacTH PHIYaKHOW yCTAaHOBKH, T€ MOKa3aHO
COCJIMHEHHE phlYara U CHJIOBOTO IITOKA. Y CIIOBHBIE 0003HaueHHs: | — OMOpHBIE CTOWKU; 2 — BEpXHsIsl TPaBepcCa;
3 — oOpaser TopHOH OPO/IBI, YCTAHOBICHHBIN IJIs1 HCIIBITAHNH; 4 — NaBUJIbHAS T15ITa HAa CHEPUIECKOM HIaApHHUPE
CO BCTPOEHHBIM JTWHAMOMETPOM; 5 — HWXKHSAA TpaBepca; 6 — CHIIOBOM IITOK; 7 — cHUCTeMa TPeX phluaros; 8§ —

pesepByap Ul HaTeKaHHs KUIKOCTH (BOIb1); 9 — cuiioBast pama; 10 — orpaHu4uTeNN X014,

XKecTkoCcTh  HCHBITATEIBHOM  YCTAHOBKHM  ONMCBHIBAETCS  CleNylomed  KaauOpOBOYHOM
XapaKTEePUCTUKON, OIMMUCHIBAIOIIEH BEIMYMHY HPOJOJILHOTO YKOPOUYEHMs oOpa3la Npu H3MEHEHUHU
yeunus (pucyHok 2.3). BennumHa 3 ¢eKTHBHOIN KECTKOCTH PBHIYaKHOM YCTaHOBKM COCTaBisieT 74
kH/MM, 4TO TIO3BOJIIET IPOBOAUTH UCHBITAHUS HA 00pa3liax BCeX TUIOB FOPHBIX MOPOJ, A KOTOPBIX
3¢ ¢dexTuBHas KECTKOCTb, ompezensemas MoayiaeM FOHra M IUIOMAABIO MOMEPEYHOIo CeYeHUs
o0Opa3la, Ha HECKOJbKO IOPSIKOB TMPEBBINIAET KECTKOCTh YCTaHOBKM (Moxaynu IOHra mms

MarMaTH4eCKUX ¥ MEeTaMOp(pUIECKHX TOPHBIX TOPOJ MMeIOT mopsaaok 10* MITa).
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127Al Mm Pucynox 2.3 — 3aBHCHMOCTH BEJIHYMHBI

IIPOJIOJIBHOIO YKOPOUYEHHUS OT CO3[aBaeMOro
.
0.8 A 3 PBIYaKHOU YCTaHOBKOM YCUIIHSL.
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Tunuunas npuarpamMma HampsOKeHUSA-IE(POpPMAIlMM TOPHBIX MOPOA B OKCIEPUMEHTaX Ha
onHoocHoe cxarue [CraBporun, Tapacos, 2001] npencraBiena Ha pucynke 2.4. O6macTb ynpyrux

nedopManuii B Havajge aUarpaMMbl OINUCBHIBACTCS JIMHCWHONW 3aBHCHMOCTBIO, HAKJIOH KOTOPOH
onpezensercs moxyieM ynpyroctu IOnra, E (pucynok 2.4). Ilpu npeBblnieHny npeaena yupyrocty
Oy HauyuMHaeTcsi 00JacTh HEOOpAaTUMBIX JeOopMaIHid, MPOJOIDKAIONIAACS /10 MpeJiesia MPOYHOCTH Off,

KOTOPBII paBeH MakCUMyMy Harpyskd. llocie mocTmkeHHss MakCUMyMma HampspKeHHsl HAOMoaeTcst

o0JacTh 3ampeaesbHOro AeOpMUPOBAHUS, KOTOPAs 3aBEPILIACTCS MPEIEeIOM OCTATOYHOM MPOYHOCTH
Co. B 210l obnactu kpuBas n1eopMHUpPOBAHMS YaCTO UIET MO MPSIMON JIMHUU JTUOO MO JTUHHUH, OYEHb
OJIM3KOM K MPSAMOM, TAHIEHC yIJla HAKJIOHa KoTopoii, M, HasbiBaeTcs MoxyieM cnaga (pPUCYHOK 2.4).
B MoMeHT gocTukeHus npejiena OCTaTOYHOM IPOYHOCTH O MOJTHOCTBIO YTPAYMBAETCS CLEIUICHUE Ha
TUIOCKOCTH CIIBUTa M 00pasell B 3TOM cllydae JIeTKO pa3AelisieTcs o ITOM MII0CKOCTH Ha YacTu. JIuHus,
Kacarolasicsi TOYKU Ipejiena MPOoYHOCTU Of, MPOXOASIIas MO YIJIoM, TAHI€HC KOTOPOTo 0003HaueH
MB, xapakTepu3yeT KeCTKOCTh MCIBITATENBHON MaMHbL. EC/IM )KeCTKOCTh MalllMHbI TAKOBA, KaK 3TO
nokasano Ha cxeme npu M>MB, To B 3TOM cilydae MoJTy4uTh HUCTIAAAONMINM yIACTOK JUarpaMMbl He
ylaercs, TaK Kak IO JOCTIKEHUU TIpeleia MPOYHOCTH pas3pylieHue oOpas3la HauMHaeTCs |
3aBepuraercs 3a cder ympyroit sHeprum llg, 3amacennoii B mammue (pucynok 2.4 [CraBporus,

Tapacos, 2001]). DkcnepumenTanbpHbie ycTaHOBKH, umeromuecs B HC PAH, Bkimtodas peryakHyro

YCTAHOBKY, OTHOCATCS K PAAY “MATKHX UCIBITATCILHBIX MAIlIMH U BCE HCCIICAOBaHUA NPOBCACHBI HA
y4acTke BOCXOJISIIEH BETBU Harpy>X€Husa A0 IIpeacia NpOYHOCTH Of, IpU KOTOPOM IIPOUCXOAUT

paspyliieHne o0pasIos.
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O, Pucynokx 2.4. IlomHas muarpamMma «HaIpsDKCHHE-

):[C(I)OpMaLII/ISI» npu OJAHOOCHOM CiKAaTUMU TOPHBIX

[\ '\ B nopoja, corimacHo [CraBporun, Tapacos, 2001].

G, 7 O6o3HaueHus: Gy — Mpeen yIpyrocTH, G — Mpeaet
G}' ! 77 MPOYHOCTH, GO — MpPeleNl OCTATOYHOW TPOYHOCTH,
e1'! — mHeoGpatmmas medopmarms 10 mpexena

IPOYHOCTH, €1° — ymnpyras aeOpMamus 10 mpeaena
y Il i npodHOCTH, €° — HeobpatiMas aedopMarms 3a

npenemoM mpounoctd; [lo — pabora HeobpaTumoit

nedopMaru Ha npepeie mpoudoctH, 11y — pabora

T N 3 yIpyrux nedopManuii Ha npejene npodHocT, 113 —
pabota HeoOpaTUMBIX JIehopMaliii B 3ampeeIbHOM
obnacrty; [Ix — pabora nedopmanuu u paspyuieHus,
TpeOyroIas moBoia yIpyrol 3HEPTHH, 3alIaCeHHOM

B MalIWHC.

Kak 6bulo oTMedueHo B rinaBe 1, o0iacTh HEYCTOMUMBOIO pPaBHOBECHS, XapaKTepuUzyemas
HEOJHOPOAHBIM PACHpPEACICHHEM MPOYHOCTH M HANPSDKEHHOTO COCTOSHHS, SIBIISICTCSI HEOOXOIUMBIM
YCIOBHEM /ISl peali3allii TPUITEPHBIX A(P(EKTOB pa3uyHONW NPUPOABI 3a CYET NPUTOKA U
quccunanuu sHeprud. IIpumeHuTenbHO K mpobiiemMe pa3palOTKM OCHOB JJIsl TEXHOJIOIMYECKOIo
KOHTPOJISI CeHCMMUYECKHX IMPOLIECCOB 3TOM (ha3e MOKHO CONOCTAaBUTh Pa3pyLICHHE CPeibl BO BpeMs
CaMoro 3eMJIETPSCEHHUs, KOTJa IPEBEHTUBHBIE BO3JCHCTBUS ISl pa3psiAKU N30bITOYHBIX HAIPSHKEHUN
yKe 3amo3aanu. B cBs3u ¢ 3TuM Hac mHTepecyeT yyacTok AB, Ha KOTOpOM Marepuan HaXxOIUTCS B
o0nacTu HeNMHEWHOTo NeOpMUPOBAHUS, BOJM3M MOPOTra YCTOMUMBOCTH, I/I€ MOTYT IpPOSBISATHCS
tpurrepasie >pdexTtsl. IMenHo B uHTepBaie AB MaTepuan npu onpeneneHHbIX H3MEHEHMSX B
yCIOBUAX /1€(hOPMUPOBAHUS MOXKET BECTH Ce0sl cCaMbIM Pa3IM4HbIM 00pa3oM. TakuMu M3MEHEHUsIMU
MOTYT OBITh BHEUTHHE BO3MYIIEHHUSI, CO3aBaeMble Pa3IMNYHBIMU (PU3HMUECKUMHU MOJISIMHU.

[IpouHocTHBIE U AePOpPMALIIOHHBIE XapaKTEPUCTUKU MOPOJ] 3aBUCSIT OT CKOPOCTU HarpyKEeHHUS
U OT JJUTEIbHOCTH UX HAXOXJEHUS MOJ Harpy3KoH (3KCIepuMeHThl Ha moi3ydects) [[IpoyHOCTS...,
1979]. Ilpu 3TOM MOTYT peaan30BaThCs paziIvuHble (PU3UKO-XUMHUECKUE MPOLECCHI, ONpeAestoIue
MEXaHM3MBbl BO3JEHCTBUS Ha Cpely 3JIEKTPOMAarHUTHOrO TOJs. Bo-mepBbIX, NMPOHHMKHOBEHHE B
pacKpbIBAIOLIUECS TOJ] Harpy3Kol MHUKpOAE(PEKThl MapoB BOJbI U MOJIEKYJ JPYIMX MOBEPXHOCTHO-
AKTUBHBIX BEILECTB (KUCIOT, IE0Yei) COMPOBOKIACTCS PACKIMHUBAHUEM CTEHOK MUKPOAE()EKTOB 1
CHIDKEHHEM SHEpruy MOJIEKYJSIPHBIX CBsi3eil Ha KOHType MHKpoaedekroB. Bropoil mpuumHoil (B
HauOOoJbIIEeH CTENEHN 3TO OTHOCUTCS K MOPOJaM TJIMHUCTOIO COCTaBa) MOXKET ObITh MepeTeKaHue u

OT’)KUM TOPOBOM BOJbI, MPUYEM BIMSHHE (QUIBTPALIMOHHBIX SBJICHUM Ha MPOYHOCTHBIE CBOMCTBA
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MOXXET OBbITh HeoJHO3HAuHBIM [[IpouHOCTH..., 1979]. BeneacTBue OBICTPOTO MPHIIOKEHUST HATPY3KH
BO3HUKAET M30BITOYHOE MOPOBOE JABJICHHE, pa3rpykKaroliee ckeleT mopoasl. C TedeHHeM BpPEeMEHU
BJIara OTWIBTPOBBIBACTCS U MOPOBOE JABIICHUE TIA/IACT, YTO BHI3BIBACT POCT CPEAHETO HAMPSIKEHUS B
ckenere. C Ipyroii CTOPOHBI, IPU OBICTPOM HArPY>KEHHH B 30HAX CIIBUTA HAOJIIO/IAETCsl pa3phbIXJICHUE
U MaJaeT MOpoBOE JaBJICHHE, MOBBIIIAIOINIEE MPOYHOCTH MopoAbl. Co BpeMeHEM MOpPOBOE AaBIICHUE
BOCCTaHABIIMBAETCS M MPOYHOCTD MOPOJIbI CHIXKACTCS.

Ha pucynke 2.5 mpuBeIeHbI XapaKTepHBIC 71l TOPHBIX MOPOa Tpaduku 1ehopMHUPOBAHHS TIPH
HEKOTOPOW KOHKPETHOM CKOpocTH HarpykeHus (1) u mpu OECKOHEYHO MEUICHHOM HarpyXeHuu (2)
cornacHo [[IpounocTb..., 1979]. Toukm A, B, C, D — xapakTepHble COCTOSHHUS TPH OBICTPOM
HArpy>KEHUHU, TPH JIUTCILHON MOJ3Y4eCTH, MPH pelaKCaliy HampsbKeHUW B oOpasle B clydae

"MArKOM" MaIIMHBI, IPU pelaKcalluy HANPSKEHUH B MallIMHE KOHEYHON HEHYJIEBOW KECTKOCTH.

(@) Pucynok 2.5 — I'padukn nedopmupoBaHusi mpu
I ovicTpoM (kpuBast 1) U OECKOHEYHO MEIEHHOM
HarpyxeHuu (kpuBas 2), cornacHo [[IpodHOCTS...,
] E— 1979].
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N3BectHo [['onpaun, 2004], yTo pacnpeneneHre HANpsSHKEHUH B SHEPrOHACBIIEHHON cpeje
3aBHCUT HE€ TOJIBKO OT HEOJHOPOAHOCTH Cpelbl MO YHNPYI'MM MOAYNISM, HO U OT 3((EeKTUBHOCTH
IIPOLIECCOB IMCCUTIAIIMHU YHEPTHH B pa3HbIX ydacTkax (0y0kax) cpeabl. ABTOp JOMYCKAeT, YTO UMEHHO
HECIIOCOOHOCTh K BBICOKOM CKOpPOCTH KpHIIa ONpPENENseT BOSHUKHOBEHHME BBICOKUX HANpsKEHUH B
ONpENIETICHHBIX YacTAX AKTUBU3UPOBAHHOW 30HBL. B 3TOH CBSI3M NOCTOSHHBIA TNPUTOK SHEPTUU
BCJIEJICTBUE MEXAaHMUYECKOTO0 HAarpy)kKeHUsi C HEKOTOpOil (OTIIMYHOM OT HyJsl) CKOPOCTBIO MOKET
MOJJICPKUBATh HEYCTOMYMUBOCTH COCTOSIHHSI HEKOTOPBIX 00BeMOB (dacrteil) oOpasma, maBast
BO3MOXKHOCTh peaJM3aluu TpUrrepHbix 3@dekxron. [Ipu mocraHoBKe SKCIIEPUMEHTA C HEMPEPHIBHBIM
Harpy’>KeHHeM C OTHOCHUTEJIbHO HEBBICOKOH ckopocThio (0.5 H/c) ycrnoBue nmpubamkeHus: COCTOSHUS
oOpa3iia K TeKTOHWYECKUM YCIOBUSM B TITyOMHAX 36MHOW KOPBI BBIMIOJIHSETCS JIyUIlle, YeM B PaHHHUX
skcnepumentax [Bogomolov et al., 2004; 3akynmuu u ap., 2006, Bogomolov, Zakupin, 2008;
boromonoB u ap., 2011], mpoBeneHHbIX Ha oOpa3lax € pPE3KUM CTYNEHYaTbIM HarpyXeHuem u

BLII[Cp)KI(OfI o6pa3ua JJIUTCIIBHOC BpCMs (HCCKOHLKO I-IElCOB) B COCTOAHUHU KBA3UIIOJI3YYCCTHU.
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OtnenpHOM (000COOIEHHOI) METOAMYECKOW COCTAaBJISIONMICH HACTOSIIIEH TUCCEepPTAIMOHHOU
paboThI sIBIsETCS MPOBEepKa, OyIeT 1 BOCIPOU3BOAUTHCs paHee oOHapyxeHHBIH B HC PAH s¢dexr
OTKJIMKA CKOPOCTH TpeHMHOOOpa3oBaHusl (akTUBHOCTH AD) Ha BO3ICHCTBHE SIEKTPUYCCKHX
umnyinbcoB [3akymuu u ap., 2006, 2006 a; Bogomolov et al., 2004] B apyroii mocTaHOBKE
9KCIIEPUMEHTA, HECKOJBKO OTIMYAIOLIEIHCS OT LIUTUPOBAHHBIX paboT. Takasi mpoBepka UMeeT BaXKHOE
METOJOJIOTUYECKOE 3HAYCHHWE C TOYKM 3PEHHUs NPUHIMIA PAHIOMHM3ALUU — HOBBIE 3(PPEKTHI
(pusmueckue 3aKOHBI) MOTYT CYHMTAThCS TOJHOCTBIO JOCTOBEPHBIMH, €CIM OHH YCTOHUYMBBHI K
HEKOTOPBIM H3MEHEHUSM I[apaMeTpoB TIOCTAHOBKM JKCIIepUMeHTa. B Hebonmpmmx mpenenax
Mou(pUKaIKs TapaMeTpOB MOXET ObITh MPOU3BOJBHOM, OTCIOAa — PaHIOMH3aIUs, JOMOIHSIOMIAs
pacrnpoCTpaHEHHbIE KPUTEPUHU CTATUCTHUECKON JOCTOBEPHOCTHU [UIsl BBIOOPOK, IOJYUYEHHBIX IpU
OIHMX M Tex xKe ycioBuax. IIpuHuunmy paHgoMu3alMM BIOJHE COOTBETCTBYET IIOCTaHOBKA
9KCIIEPUMEHTOB Ha 00pasliax TOpHBIX MOpoj] B MHCTUTYTe MEXaHUKHU CIUIONMIHBIX cpell Y palbCKOro
ornenenust Poccuiickoit akagemun Hayk (MMCC VYpO PAH) B ycnoBusx, MakCHMalbHO
npuOIKeHHBIX K padotam aBTopoB u3 HC PAH (0630p pesynbratoB B pazzaene 1.3 wim [boromonos
u gp., 2011]). Okcnepumentst B MMCC VYpO PAH Ha ycraHoBKe ¢ paclIMpEHHBIMU
JTUArHOCTHYECKUMH BO3MOXKHOCTSIMH (IO CPaBHEHHMIO C paHee MPOBEACHHBIMU OSKCIIEPUMEHTAMH)
MPEIOCTaBUIN HOBYIO HH(POPMAIMI0 O CBOWCTBAX aKyCTOPMHUCCHOHHBIX OTKJIMKOB Harpy>KEHHBIX
MOJIENIBHBIX 00pa3llOB HA AJIEKTPOMArHUTHOE Bo3jeicTBue. Pasznen 4.3 mocBsiieH pe3yapTaTaM 3THX
HKCIIEPUMEHTOB, a HIKE JaHO OMMCAHWE MCIBITATEIbHOIO 000pYAOBaHUs Jab0paTopuu (pU3MUecKUx
ocnoB npoynoctu UMCC YpO PAH, ¢ noMo1ipi0 KOTOPOro MPOBEIEHBI YIIOMSHYTHIE SKCIIEPUMEHTHI.

3amaya 3TUX HCCIENOBaHUI Ipenornpeennia BbIOOp YCIOBUIM HMCHBITAaHUM: SKCHEPUMEHTBI
IIPOBEJCHBI B YCIOBUAX OJHOOCHOTO CXKAaTHS MPH MOCTOSTHHOM YpOBHE Harpy3ku (KBa3uIOJ3Y4eCTb)
Ha rujpaBiauueckoM npecce OMA, Uranusa (pucynok 2.6). Ilpecc OMA yKOMIJIEKTOBaH PYYHBIM
IPUBOJIOM U MO3BOJSET pa3BuBarh ycuiue cxkatus 10 500 kH. B maboparopuu ¢uznyeckux ocHOB
npouoctu  UMCC VYpO PAH «koHcTpykius 1mpecca Oblla OCHAIIEHA JIOTOJHUTEIbHBIMU
cTabuau3aTopaMu JaBJeHUS ISl MPEIOTBPALICHUS MaJeHUs] YCUIUS MpU MPOAOJIbHON JedopMannn
o0Opa31oB. MakcuManbHOE MaJeHUe YCUIIUS B MPOLECCE MCHBITAHUN MPH 3TOM COCTaBWIIO He Ooliee
4% OT NOCTUTHYTOW BEJIMYMHBI, YTO 3HAUYUTEIBHO HUKE BEJIMYMHBI NAJACHUS YCUIINS I NPYKUHHBIX

npecco tuna YJIU [CraBporus, [Ipotocens, 1985].
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Pucynox 2.6 — BHemHu#i BHI THAPABIAICCKOTO
npecca OMA cornacHo [My6accaposa u ap., 2014]. 1
— oOpazel; TOpHOW TOPOABI, 2 — OMOpHas mATa Ha
cepuieckom IapHupe co BCTPOCHHBIM
TEH30PE3UCTUBHBIM JaTYUKOM, 3 — NaBUiIbHAS TsTa, 4

— KOpITyC mpecca.

B nponecce HarpykeHus 3HaueHUs ycuiaus ¢ yactotoi 1 'y peructpupoBaiuch mpu moMouu
CUJIOM3MEPUTEIIBHOTO KOMIUIEKCA, BKJIKYAIOIIEIO CHUJIO- M BECOU3MEPUTENBHBIN LWINHIPUYECKUN
TeH30pe3ucTuBHbIN gatunk K-C-183-47-C3 u BecoBOM 371E€KTPOHHBIN N3MEpUTENbHBINA 070K (BeCOBON
tepmuHan) KCKS52 (mpousBoactBo «Ypansecy), a Takke CHEIMaIbHOE MPOrpaMMHOE oOecreueHue.
[IpuHnun paboThl LUIMHAPUYECKUX TEH30PE3UCTHUBHBIX JAaTYMKOB OCHOBaH Ha IpeoOpa30BaHUU
MEXaHUYeCKOM JedopMalnuy Npu CKaTHM B MPOMOPLUOHAIBHBIA AJIEKTpUUYECKUil curHai. JlaTuuku
3apeKoMeHJ0Banu celsi Onarojaps HaJleKHOCTH pabOThl M CTAaOMJIBHOCTH TOKa3aHUHA B LIMPOKOM
nuana3zoHe pabouux yciaoBui. J[nanazoH n3aMepeHuil Harpy30K MIMHAPUYECKUX AATYUKOB: OT 1 T 10
100 1. XapakTepuCTHKU TEH30PE3UCTUBHBIX JaTYUKOB IpUBEIEHBI B Tabnuie 2.1.

Ta6J11/1ua 2.1 — Texundeckue XapPaKTCPUCTHKU TCH30PC3UCTUBHBIX JATUUKOB.

Pabounii ko3ppunment nepeaayn (PKII) 2.85 MmB/B
Knacc Tounoctu (mo 'OCT 30129) C3

Bun npeobpazyemoii cuisl Cxatne
Yuciio moBepoYHBIX HHTEPBAIOB 3000
Hauansnbiii ko3¢ dunuent nepenauu (HKII) 2.5 % ot PKII
BxonHoe conpoTuBneHue 1450 + 50 Om
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BI)IXOI[HOG COIIPOTHUBJICHUC

1400 + 50m

COHpOTI/IBHeHI/IC H30JIAIUN

>5000 MOm

JlnamazoH pabodmx TeMIepaTyp

ot -30 mo +50 °C

Homyctumas neperpyska B TedyeHue He 6osee | yaca

125 % ot HIIN

Pazpymatoias neperpyska 200% ot HITN
Pexomennyemoe Hanps>KEHUE MUTaHUS oT 5 1012 B
MaxkcumanbHOE HaNpsiKEHWE MUTAHUS 15B

Crenens 3amutsl (o 'OCT 14254) IP 68

Martepuan Kopmyca JaT4uKa

.HCI‘I/IpOBaHHaﬂ CTaJlb

9J'IGKTpI/I‘l€CKI/If/'I CUTrHaJl ¢ TCH30PE3UCTUBHOI'O JaTYuKa PpEruCTpUPYyETCAa BECOBLIM TEPMHUHAIIOM

KCKS52 nns  nmanmpHeimero anaioro-mu@poBoro mpeodOpa3oBaHUs,

00pabOTKH H WHIUKAINH

pe3ynbTaTa B3BelIMBaHUS. Vcmosb3yeMblii BeCOBOM TepMHHAN 001aJaeT BBICOKOM TOYHOCTHIO

U3MEPEHUH, BBICOKOW CKOPOCTHIO OOpabOTKM CHUTHala C TEH30JaTYMKOB M IperyCMaTpUBaeT

(bHKC&HI/IIO MAaKCUMAJIbHOTO HU3MCPCHHOI'O 3HAYCHHA (TCXHI/I‘IGCKI/IC XApPaKTECPUCTUKU ITPUBCIACHBI B

tabnuie 2.2).

Tabmuna 2.2 — TexHn4ecKne XapaKTepUCTUKN BECOBOTO TEPMHUHAIA.

Yactora AL 120 T'n
Paspsanocts AL 24 out
UyBCTBUTEIHFHOCTD 0.6 MxB/men

Jlmara3oH BXOJJHOT'O CHTHAIa

ot -40 mo 40 MB

Cxema HOIKIIFOYEHHS TEH30JaTurKa

4-x, 6-TipoBOHAS

KonunuectBo MNOJKIFOYaCMBbIX TCH30JaTYHUKOB

1o 8 mt. mo 350 Om

Wnrepdeiic csizu ¢ [TIK

RS232

Tun uHANKAaTOPOB

CBETOIUOIHBIE

Pexomennyemoe
TIOAKTFOYCHHUS )

paccrosiHue bio) TEH30aTYNKOB (cxema

1o 50 M (4-poBogHAN);
1o 100 M (6-ipoBOTHAS)

Hanpspkenue mutaHusi OT ceTH MEPEMEHHOro TOoKa, npu yactote 50
(£1) I';m

or 187 10 242 B

[ToTpebnsiemast MOIITHOCTh o 6 Bt

HanpskeHue nuTanus TEH301aTYMKa 5B

JuckpeTHbIe BBIXOIBI 2 mt. (AC: 7 A/250 B, DC: 12 A/120
B)

VYcnoBus 3KCIUTyaTalyu: ot —20°C go +50°C

- IMara3oH pabouux TeMIepaTyp 95%

- OTHOCHUTEJIbHAS BJIAYXKHOCTH (HE 0oJiee)

Marepuan kopiryca MeTaJl

Crenenb 3alIAThI, 0OeceynBaeMasi 000JI0UKOM IP 65

["abapuTtHBIe pa3Mepsl 170x100%75 mm

Macca 1.8 xr

Tumn MoHTaka IIATOBOM

I[aﬂee OI.IH(I)pOBaHHLIC SHAYCHUA YCWIIHA 3allHCbhIBAIOTCA

KOMITBIOTEPA B aBTOMAaTUYCCKOM PCKHUME.

2.2. MoaeanHble MCTOYHUKH

INEKTPOMATrHUTHBIX

Ha XE€CTKUM ITHCK NEpCOHAIILHOT O

noJiei. Opranuszanus

3JIEKTPOMATHUTHBIX BO3eHCTBUH Ha HATPYKeHHbIe 00pa31bl TOPHBIX IOPO/

KOM6I/IHI/IpOBaHHOC BO3JICHCTBHE QJICKTPUYCCKOTO W MArHuTHOI'O HOJ'IGfI, HCIIOJIL3YEMOC B
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KayecTBE MCTOYHHKA BO30YXKICHHSI aKyCTOOMUCCHOHHOW aKTUBHOCTH HEKOTOPBIX 0Opa3lloB TOPHBIX
nopon [Zakupin et al., 2009, 2012, 2012 a] u rracTHYecKoi AeopMaIuu MIETOYHO-TATOUIHBIX
KpucTaioB [Anpmmn u Ap., 1998; Vpycosckas, 2000], yxe mokaszano cBoW 3()PEKTUBHOCTD.
[ToaTBepkIEHHEM 3TOTO MOXXET OBITh YNMOMSHYTHIH B pasnene 1.3.1 makpoaddexT Bo3pacTaHus
IUTACTUYHOCTHU IIEIOYHO-TAJIOUIHBIX KPUCTAUIOB MO/ BJIMSHHEM UMEHHO TaKOro BHJA BO3JEHCTBUS
[YpycoBckasi, 2000] B comocTaBiIeHHH C TPOSBICHHSIMH Ha MEHBIIMX MacmTabax BO3JCUCTBUS
OJIHOTO JIMIIb 3JIEKTPUYECKOTO MOJS C TOM K€ HANPSIKEHHOCTBIO M IMPU TEX KE MEXaHUYECKUX
Harpyskax. IlokasareapHO Takke, 4ro B skcrmepuMentax [Zakupin et al., 2009, 2012, 2012 a]
XapaKkTEepHOE BpeMs 3aJICPKKHU OTKIMKOB AD Ha BO3JIEHCTBHE CKPEIIEHHBIX MoJIel (0KoJIo 15 MHUHYT)
OBLJIO MEHBIIIE 10 CPABHEHHUIO CO CIy4aeM OTKIMKOB HA HMITYJIbCHI AyekTpudeckoro mois (15-30
MHUHYT). DTO J1aJO OCHOBAHUS JIJIsi MPUMEHEHUS] KOMOMHUPOBAHHBIX 3JIEKTPUUYECKOTO M MAarHUTHOTO
nojie B OKCIEPUMEHTAX, NPEACTaBISIEMbIX B HacTosAmledl pabore. [nga peanuzanuu TakKoro
YCIIO’)KHEHHOTO THIA BO3JEUCTBUS OBLI M3TOTOBJICH CIEIUATbHBIA KOMIUIEKC, B KOTOPBI BXOIST
TeHEPATOPBI JJICKTPHUSCKUX HMMITYJIHCOB, KATYIIKa WHAYKTUBHOCTH, T'PAa(QHUTOBBIC SJEKTPOILI U
CHHXPOHH3UPYIOIIEE YCTPOWCTBO, TO3BOJISIIOIIEE PETYIHPOBATH CMEIIeHHE (a3 MMITYJIECOB 000X
TeHEepaTOPOB JIPYT OTHOCUTEIHHO Apyra (pUcCyHOK 2.7 0).

B kauecTBe HCTOYHHMKA  JNEKTPUYECKUX  HUMIYJIbCOB  HCIIOJIB30BAJICS  TE€HEPATOP
MPSIMOYTOJIBHBIX UMIYJbCOB ['5-54, kotophie mopaBaiuch Ha TpadUTOBBIE 3JIEKTPOIBI (pazMepom
20%25 mMMm), TUIOTHO TpUJIETAIONINE K OOKOBBIM IpaHsM oOpasua (pucyHok 2.7 a). KonrponupoBanuch
CIeyIoIIue TapaMeTpbl UMIYJIbCOB TeHepaTopa [5-54: ¢dopma uUMNyIbCOB — MPSMOYTOJIbHBIC
OJIHOTIONSIpHBIE, HampspkeHue — 45-50 B, wactora — 3 kl'n, maurensHOCTh MMMynbca — 110 MKc,
CKBaKHOCTb — 75%. I'eneparop ['5-54 no3Bosnser popMUpOBaTH UMITYJIBCHI C «KPYTBIMU» (DPOHTAMH,
JUTUTEIBHOCTh TIepenHero u 3amHero ¢pontoB — He Oosee 0.15 mxc. B pazmene 1.2.2.3. Obuio
oOpallleH0 BHUMaHHE, YTO B HATYPHBIX YCIOBHUSX 3€MHAas Kopa oOIydanach UMIYIbCAaMH C KPYTHIMU
dbpoHTaMU HapacTaHUs, KOTOPbIE MO3BOJIAIOT PEATU30BAThCA TUHAMUYECKHM 3(QeKTaM COrIacHO
kaHasioBoi Mojenu [boromornos, 2010; CerueBa u ap., 2011; boromosnos, 2012]. C yderom 3TOTO B
1a00paTOPHBIX IKCIIEPUMEHTaX OOecreunBaiach JOCTaTOYHAs KpyTH3HA ()POHTA HApacTaHHS TOKa.
Bpems ycraHoBneHusi Toka 06010 0koj0 0.1 MKC, HAPSHDKEHHOCTH AJIEKTPUYECKOTO TOJS MPU I3TOM
cocTaBuna nopsaka 5-10% B/u.

HNcTouHrKOM MarHWUTHOTO TIONS CHY)KHJIa KaTyIlKa WHIYKTUBHOCTH, COINPOTHBIICHUE W
WHAYKTUBHOCTh KoTopoil mpu wyactore 1 k[ paBubl 4.6 Om u 4.6 mI'H. [nga Bo3OyxIeHus
MarHUTHOTO TOJISI HA KaTYIIKY MOJaBaIluCh CUHYCOUIANIbHBIE JIEKTPUUECKUE UMITYJIbCHI C TeHEpaTopa

['3-33, wnanpsbkenue cocraBmsio 20 B, wacrora — 6 kl'u. WHAyKnus MarHUTHOTO —TOJS,
B0O30YKIaEMOr0 KaTYLIKOH, MO oLeHKaMm cocTaBisia B ~ 0.004 Tn y ocu KaTymku, UMEHHO HpH

TAaKOM 3HAUYCHUH MHAYKIIUU ObLIH TOJIYYCHBI ICPBBIC PE3YJILTATBI HA TPAHUTC VacTeme, OIIMCAaHHBIC B
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pazaene 1.3.1.2.

Bce sKkcnepuMeHTHI, OMHMCaHHBIE B JHCCEPTAMOHHONW padoTe, MPOBENEHBI MO OAHOH cXeme
PacroI0XKEHUS IEKTPOJIOB U MAarHUTHOM KaTylIKHU Ha oOpasue (pucyHok 2.7 a). CxeMa uCIbITaHUs
00pa3LoB B YCIOBUAX OJHOOCHOTO CXaTus Obula OJHOTHITHOM Ul BCeX cepHilHbIX oOpasuoB. Ilocne
YCTAaHOBKM o00paslla Ha pbIYaKHOM IIpecce IPOMCXOOWJI 3allyCK BCEX CHCTEM PpPErucTpanuu
(aKkyCTHUYECKOW SMUCCHH M KOMITIOHEHT Jie()OpMallum), 3aTeM cje/loBajla HadyalbHas Harpy3ka oOpasia
Ha 25-30 xH, yto B cpeanem cocrapisiio nopsaka 30% oT paspymiaroniei Harpy3Ku JJisg BCei cepuu
o0pa3uoB. HarpyxeHue oCymiecTBISIIOCh B CBA3M ¢ OCOOEHHOCTBIO pabOThl PhIUYAXKHON YCTAHOBKU U
TE€M O00CTOSTENbCTBOM, YTO Ha y4yacTKe MaylblX HampspkeHuil (1o 30%) akyctuueckas 3MHCCHUS
00pa3noB cinabo BhIpakeHa BCIEACTBHE TAaK HA3bIBAEMOT'O0 aKyCTOIMHUCCHOHHOTO 3(dexra mamsaru
ropubix nopon (3ddexra Kaitzepa) [JIaBpo u np., 2004]. DTO CBONCTBO — HEBOCIPOU3BOJIUMOCTD
aKyCTUYECKON 3MUCCUM TOPHBIX TMOPOA NPH HAMPSDKEHUSX, MEHBIINX MaKCUMalbHO JOCTUTHYTOTO
paHee 3HaAueHMs U pe3KOe BO3pacTaHWE AaKTUBHOCTH AD 1pU MPEBBILIEHHHM 3TOr0 paHee
«3allOMHEHHOT0» 3HaueHus [JlaBpoB u ap., 2004]. YuurbiBas OLEHKM TEKTOHMYECKHUX HAIPSHKEHUH,
MOKHO CYHTaTh, 4TO 10 HampspkeHud mopsinka 30-40 MIla orkimku 00pa3noB mMpamopa Ha OM
BO3CHCTBUE B aKyCTHYECKOH »smuccuu U jAedopMalM MajJOBEpOSATHBI, 4YTO II03BOJIIET HE

paccMaTpuBaTh I[aHHbIﬁ Auaria3oH HaHpH)KeHI/Iﬁ.

1z l l iCmTHe E(t). kB/M
pd _ p -
T R et
Bl ;’ﬁ;/\i \ :} H(t), A/m i i i
| e N AN
2 I\l Y
’ ] — ——t
—_——————— e L oy B X : I \/ : |
- ]
// @l\ .
40 MM ’@4/ - - W(t)_ [E XH]
Y a) 0)

Pucynok 2.7 — Cxema sKcnepuMeHTa C BO3JEHCTBHEM KOMOMHHMPOBAaHHBIX OM rosielt corjiacHo
[bopoBckmit u ap., 2011]: a — reomeTpus: HampaBiIeHHE CXKUMAIOMIETO YCWINA (BEPTHKAIBHOE),
anekrpudeckoro E u marautaoro H nosneit, 1 — 3eKTpoibl, 2 — TOYKH PETHCTPAIMH KOMIIOHEHT JieOpMAaIInH,
3 — matunk AD, 4 — KaTylIKa HHAYKTUBHOCTH; O — CHHXPOHHU3AIMSI IEPUOINIECKUX DIIEKTPUIECKUX UMITYIIbCOB

(I'5-54) c umnynbcamu rereparopa ['3-33, Harpy»Karomero MarHuTHyIO KaTyIky.

ITocne mepBoHauanbHOro Harpyxkenus no 25-30 kH Harpy3ka Ha oOpasie H3MEHsUIach C
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MMOCTOSTHHOM CKOPOCTBIO MJisi Bcel cepum dkcrnepumerToB 0.5 H/c. YuuteiBas mpuHIUI T0m00WMS,
Takas CKOPOCTb NPMPOCTA HATPY3KH (CKOPOCTH AehopMaliy Ipy 9TOM cocTapiseT nopsaka 102-103
MKM/C) OJM3Ka CKOpPOCTH TEpeMEIICHHUS OTICIbHBIX TOYCK B 3€MHOM Kope mopsaka | cm/ron
[['30BcKkmit, 1975]. C y4eToM OLIEHOK MPOYHOCTH 00pa3IioB, BPeMs BCETO MCIIBITAHUS C HENTPEPHIBHBIM
nedopmupoBanreM cocTtaBisiiio 60-90 wacoB. KomMOMHUpOBaHHOE BO3JEHCTBHE JJICKTPHUCCKUM U
MarHUTHBIM TOJISIMU OCYILECTBIISIIOCH MEPUOANUYECKH B TEUEHUE BCETO BPEMEHH SKCIIEPUMEHTA Yepe3
paBHble HHTepBajibl Harpy3ku 7.85 kH (paBHble uHTEpBanbl BpeMeHM OKojo 4 uacoB). Cxema
M3MEHEHHUs Harpy3KH U IMPOBEJCHUS CEaHCOB 3JIEKTPOMAarHUTHOTO BO3/ICHCTBUS MMOKa3aHa HA PUCYHKE
2.8. nurenbHOCTh CEaHCOB BO3JAeHcTBUS Oblla BblOpaHa | wyac. AHaidM3 HAKOIICHHOTO
OKCIEPUMEHTAIBHOTO MaTepuana [3akymuH u ap., 2006, 2006 a; Zakupin et al., 2012, 2012 a]
MOKA3aJl, YTO TaKas JITUTEILHOCTh MIEKTPOMArHUTHOTO BO3JACHCTBHS onTUMaibHa. Takum obpa3zom, B
3aBHCHUMOCTH OT Ipejesia MPOYHOCTH KaXKAOro oOpaslia B CpeJHEM B XOJI€ OJHOTO IKCIEPUMEHTa

ObLT0 peanu3oBaHo oT 5 10 10 ceancoB DM Bo31eHCTBUS.

1F, kH Pucynok 2.8 — Cxema ucCHbITaHUHA
F | paspylieHue
asp | cece o
k=R ceccia Ne N 00pa3loB B YCIOBUSX OJHOOCHOTO
CKATUsl C MOCTOSHHBIM  POCTOM
wepenn i Harpy3Kd ¥ CCaHCaMHU BO3JCHCTBHS
Saar )
| Ceoomii 2 OM 1noist, OTMEYEHHBIMH YEPHBIMH
AF=7.85 KH‘ [PSIMOYTOJIbHUKAMH CHH3Y.
Ceceus Ne |
F~30 kH|
i=l..N
0 At=1 yac 7, 4acel
[Tpurpyska

Jns oOpasuoB B mukie wucneitanniit B8 UMCC YpO PAH wucnonb3oBanach cxema
AJIEKTPOMAarHUTHOTO BO3EHCTBUS MPHU MOCTOSHHOM YPOBHE Harpys3Ku, UCIOJIb3yeMasl B MPEAbLAYIINX
uccnenoBanuax [3akynuH u ap., 2006, 2006 a; My6accaposa, boromonos, 2010, 2010 a]. B xone
HKCIEPUMEHTOB 3HAUEHHE CHKUMAIOLIEH Harpy3ku H3MEHSUIOCh IUCKpeTHO (cTymeHuato). [locne
Harpy>keHusi npoucxoiwia (¢ukcauus BbIOpaHHOIO 3HAYEHUS HArpy3Ku, Janee KaKIbli
HKCIIEPUMEHTAJIbHBIA CEaHC COCTOST U3 CIEAYIOLIUX TPEX MHTEPBAJIOB JUIMTEIbHOCThIO | yac: Bpems
OKMJAaHUS TOCJIE HArpyXeHHsl, NP KOTOPOM IPOMCXOAMJIA pEeJaKcalus INEPEeXOJHBIX MPOLECCOB,
BpeMsl BO3JCHCTBHS JJIEKTPOMArHUTHBIX TMOJEH W TOCIEAHMH MHTEpBal — perucTpanus 0Oe3
BO3JICUCTBUS (PUCYHOK 2.9).

Br160p Takoit cxeMbl 00yCIOBIIEH, PEXk/Ie BCEro, XapaKTepOM paclpeiesieHus: akTUBHOCTH AD

MMocCJIC CTYIICHYATOro IIpupocCTa MEXaHHU4YECKOM Harpys3kKu (cnaz[ aKTHBHOCTH AD Cpa3y 1mocCjie
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HaArpy’>KeHUs1 COOTBETCTBYeT 3akoHy Omopm mms adrepmokos [Utsu, 1961; Utsu et al., 1995]) u

cneun(uKoi BeIACTICHUS OTKIMKOB AD Ha 3JIEKTPOMAarHUTHOE BO3/ICHCTBHE.

F. kH Pucynok 2.9 — Cxema ucnsITaHui
pasp| ? paspyLueHue
00pa3sIos B YCIIOBHUSAX
ceccus Ne N
OJIHOOCHOT'O CXKaTHA npu
MIOCTOSIHHOM YPOBHE Harpy3ku U
| ceaHcaMu Bo3JercTBHS OM 10
CCCM i A >
OTMEUECHHBIMHU YepHbIMU
cecens Nei+2 | || MPSIMOYTOJIbHUKAMU CHU3Y.
_ ceccus Ne i+1 :
AF I L]
ceccna Neif | : ! MK |
O | L | (. i=1..N -
At=1 yac t, 4acol
[Tpurpyska

B orauuMe OT 3KCHEpPUMEHTOB, IIPOBEIACHHBIX CO CJOXKHBIM BHJOM BO3ACHCTBUS
(xkomOuHupoBanHbie DM mosns), B ucnbiranusx B UMCC YpO PAH 0Obuto peann3oBaHo BO3ACHCTBHE
ANEKTPUYECKUMHU HUMITYJIbCaMU MOCPEICTBOM UX MOJa4M Ha TpadUTOBBIC SIEKTPOABI, TAKXKE IMIOTHO
3aKperyIeHHbIe Ha OOKOBBIX TpaHsIX 00pa3ioB (pucyHok 2.23 B pazaene 2.4.3). B kauecTBe HCTOUHUKA
AIIEKTPUYECKUX HMITYJIbCOB HCIIOJIB30BAJICS TE€HEpPATOp CUTHAJIOB Ipou3BosibHOM (opmbel AKUII-
3407/1A. TlapameTpsl SJIEKTPUYECKHX HMIYIbCOB INPH ATOM COCTaBIsUIH: Hampspkernne — 90 B,
gacrota — 2.5 kl'u, mmurensHocts — 100 MKe, ckBaxkHOCTH — 75%; dopma — OTHOMOMISIPHBIE

MPpAMOYT'OJIbHBIC UMITYJIbChI MOJIOKUTEILHON MOJIIPHOCTH.

2.3. CucreMbl M MeTOAMKA U3MepeHnii fepopMannii U CKUMAIOLIe HATPy3KH

B cooTBercTBUM ¢ 3amauamMu skcniepuMeHTaNbHBIX uccneaoBanuii, B HC PAH 6wi1 pazpaboran
Y BHEJPEH almapaTypHO-IPOIPaMMHBIM KOMIUIEKC JUIsl NPELU3HOHHBIX H3MEPEHUN HAarpy3ku U
negopmanuu 00pa3loB rOPHBIX MOPO/I.

[Ipu paGoTe Ha mpeccax OCHOBOIOJIATAIOUINM SIBJISIETCS CTAOMJIBHOCTD 3aJJaHUSI HATPY3KH, JJIs
Yero HeoOX0JAMMO M3MEPEHHE YCUJIMS CXKaTUSl C BBICOKMM paspemieHneM. OOecreunBaromvii Takue
U3MEpEeHUs TMHAMOMETp pa3MeIleH 01 TaBUIbHOM MATOMH, Kak onucaHo B pasnene 2.1 (pucynku 2.1,
2.2). I[Ipunuun paboThl TUHAMOMETpAa OCHOBAaH HA M3MEPEHUH MpOoruda >kecTKOW ynpyroi MeMOpaHshl,
BO3HHUKAIOIIETO MOJ JEHCTBUEM IMPHIOKEHHON MEXaHMYECKOM CUJIbL, IPU MOMOIIM MHAYKLIHOHHOTO
JIaTYMKA JIMHEHHBIX MEepEeMEIICHNH (JTMHEHHbBIX auddepeHnuansHbix Tpanchopmaropos LVDT, Linear
Variable Differential Transducers). Hike npeictaBieH npuHIUI paO0OThl HHIYKIIMOHHBIX JIaTYMKOB.

Hccnenyemblii oOpa3zer] ycTaHaBIMBAaeTCs MEXAy MeMOpaHOH TUHaMOMeTpa U BEpXHEH TpaBepcoil.
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NHnykTuBHAs KaTyllKa JaTdydKa JIMHEWHBIX [EPEMEIICHUH paclojio)keHa B HWXKHEW Orope
UCTIBITATENbHON KOHCTPYKIMU. CepleyHMK aT4MKa KECTKO CBsi3aH ¢ MeMOpaHoi. Korna memOpana
nporubaercss mojJ JACHCTBHEM HAarpy3Kd, H3MEHSETCS IOJOXEHHE CepACYHMKAa BHYTPU JaTYUKa.
CootBeTcTBeHHO u3MeHsAeTcs auddepeHnaibHoe 3JIEKTPUUYECKOe HAIpPsHKEHHE, CHHUMAaeMoe CO
BTOPUYHBIX OOMOTOK MHAYKTUBHOTO TpaHchopMaTopa AaTyuKa.

Hcnonp3ys BeIpaKeHHs U3 MEXaHHUKH Aedopmupyemoro tBepaoro tena [PadorHos, 1988] mis
pacuera mporuba ynpyrod MeMOpaHbl MOKHO TOJTYYUTh, YTO 3aBHCHMOCThH MPOTrHOa MEeMOpaHBI OT
MPWIOKEHHOTO YCUJIHMS SIBISICTCS JIMHEWHOM. biaromapst 5ToMy MOXHO MOCTaBUTh B COOTBETCTBHE
cuJie, IeUCTBYIOIIEH Ha MeMOpaHy, TMHEHHOE TIepeMeIleHHe (BeIMYMHY MPOruda 3Toil MeMOpaHsbl).

KanubpoBka nuHamomeTpa, BCTPOEHHOIO B KOHCTPYKLMIO PhIYAXHOIO mpecca (pucyHOK 2.1)
NPOM3BOJIUTCS JIBa pa3a B TOJA NPU OIMHAKOBBIX YCIOBHUAX (IIPU TOCTOSHCTBE TEMIIEPATyphl U
BJIQXKHOCTH) B momeimieHnd. KannOpoBodHasi XapaKTepUCTHKa ATOr0 JUHAMOMETpa IIOKa3aHa Ha
pucynke 2.10, rae BUIHO, YTO HA HA4YaJIbHOM y4YacTKE XapaKTePUCTUKU HAOIIOAAETCs HETMHEHHOCTD.
JUIs  MCKITIOYEHHUsT TOTPEITHOCTH B ONEHKE YCWIHs, JEHCTBYIONIET0O Ha o0pasel, Harpyska

paccuMThIBaeTCs IO JBYM TepexoaHbiM xapakrepuctukam: ot 0 mo 40 xH xosddumment

npeodpazoBaHus k™1 =97.58 H/B, a B auamasone ot 40 kH 1o 290 kH — K2 = 145 H/B.

UB Pucynok 2.10 — KanubpoBouHasi xapaKTepUCTHKa
*xk *x
1.2 / muramometpa. K 1 m K2 — kosdduuments
r npeoOpasoBanus s JBYX IMANa30HOB HArpy3Ku,
el " OTMEYEHHBIX ANMPOKCHMAIMOHHBIMA JIHHUAMH €
I/ kw_v Kk *k
_# mommuckio K 1 u K 2 cooTBeTcTBEHHO.
0.4+ /_/
y i~
T T T

0 40 80 120 160 7 gy 200

Hapsiny ¢ npenu3moHHBIM HW3MEpPEHHEM YCHIIMS CXKATHS B TEYCHHE BCEX HKCIEPUMEHTOB
MIPOBOIMIIACH PETHCTPALIHS MPOJOIBHON U ABYX MOMEPEYHBIX KOMIIOHEHT edopMany 00pa3ioB Mpu
nomomu natuukoB LVDT. IlpomonbHas pedopmarus ompenensiack yKOpoueHHeM pabodero
IPOCTPAHCTBA MEX/y BEpXHEH TpaBepcoil M HUKHEH JaBHJIBHOU MATOM, B KOTOPOM YCTaHABJIMBAETCS
obpazen. M3mepenue momepeyHsx nedopManuii MpOBOJMIOCH B TOYKAX — IIEHTPaX OOKOBBIX TpaHen
obpasma (otmedeHsl nudpoii 2 Ha pucysake 2.7).

[Tpuniun aevictBus aarunkoB LVDT ocHoBaH Ha sIBIEHUM 3JIEKTPOMArHUTHOM MHIyKIMU. VX
BBIXOJITHOE HANPSHKEHHUE MPOMOPIIMOHAIBEHO MOJIOKEHHIO TIEPEMEIAIOIErocsi MarHUTHOTO CepJIeuHUKa
(pucynok 2.11). IlepBuunasi 0OMOTKa BO30YK/1a€TCSl HCTOUHUKOM IEPEMEHHOI0 HAMPSKEHUSI, HABOS

Ipu 3TOM BO BTOPHUYHBIX 00MOTKax HAIpsOKCHUS, KOTOPBIC MCHAKOTCA C U3MCHCHUCEM ITOJIOXKCHUA
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MarHUTHOTO CEepACYHUKA BHYTpU cOOpkU. BTOpruHble 0OMOTKHM HaMaThIBAIOTCS BCTPEYHO, U KOTIa
CEpJICYHUK HAXOJUTCS B IIEHTPE, HAMPSDKEHHUS HA 0OMOTKAX PaBHBI 110 BEITUYUHE U TPOTHBOIIOIOKHBI
10 3HAKY, a BBIXOJHOE PE3YJbTUPYIOLIEE HAIIPsHKEHUE paBHO HY0. Korna cepaeuyHuk cMemaercs oT
LEHTpa, HaMpsHKEeHHEe BO BTOPHUYHOM OOMOTKE, B CTOPOHY KOTOPOH OH CMelIaercs, Bo3pacTtaer. B
pe3ynbTaTe BbIXOJIHOE MU depeHIraTIbHOe HaMpsHKEHUEe U3MEHSAETCS JIMHEWHO B 3aBUCHUMOCTH OT

II0JIO’KEHUS cepliedHHKa (pUCYHOK 2.11).

Pucynox 2.11 — CxeMa MHAYKIIMOHHOTO AaTYMKA

Cepreunnk Bropuunas
oOMOTKa nauHenHbIx nepementenunit (LVDT).
[TepBuunas f ' .
o0MoTKa &

Kopnyc paruuka LVDT

CepneyHuKk cHaOXXEH M3HYTPHU Pe3b0Oid, YTOOBI OOJIErYUTh KPEIUIEHHE HEMArHUTHOTO IITOKA
(BBITIOJIHEHHOTO M3 KampoJoHa), KOTOPHIi B CBOIO oOdYepedb KacaeTcss OOKOBOM rpaHu oOpaslia,
nepeMenieHrne KoTopod Oynmer wusMepsaThes. Kopmyc u3 HepkaBewllei craiu oOecredrnBaeT
DIIEKTPOMArHUTHOE W DJEKTPOCTATHYECKOE HKPAaHUPOBAHHE. OTH JATYMKH  OOECIeUMBAIOT
BBICOKOTOYHBIC M3MEPEHHs BO BCEM JHANa30HE U3MEPEHUH, 001a1al0T BEICOKOH YyBCTBUTEIHHOCTHIO
U paspeuieHueM. B Hacrosmeil paboTte /Ui 3KCIepUMEHTOB Hcnosb30Banuchk natuuku LVDT dupmsr
Lucas Shaevitz tpex tumoB: MHR 005, MHR 010 u MHR 050, o6nanaromiie CieayrOnamMm
JMara3oHaMH PErUCTPUPYEMBIX JUHEHHBIX mepememenuii: +0.13 mm, +£0.25 mm u +1.27 MM
cootBeTcTBeHHO [Pallas-Areny, Webster, 1991; Schmidt, 2016].

CursHansl ¢ JaT4YMKOB JAe(opManuy M Harpy3Kd MOCTYMAIOT Ha BXOJ AHAJIOrOBOro OjoKa
npeoOpa3oBaHusl U YCWJIEHUS CUTHAJIOB, COCTOSIIErO M3 LIECTH HACHTHYHBIX IO CBOEH CTPYKType

kaHayioB. CTPyKTypa OJHOTO KaHajia IpeicTaBlieHa Ha pucyHke 2.12.
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Pucynox 2.12 — Crpykrypa

MynsTumetp

I HU3MCPUTCIBHOI'O KaHajia

Omoka mpeoOpa3oBaHUS |

YCWJIICHHUA CUTHAJIOB JATYMKOB

a
> . $HY banancupoBka
— | (_xci\mr \| barrepropra ~ \ ﬁgﬁ:g::gg;? HYJIEBOTO LVDT
= (| peobpa _l/ 6 mopaIKa _l/ ' 3HAUCHUS :
= »  30BaHUsA £-0.25 I'n CMEILEHHSE ——
2
I [ J'r ________

Ha BXOJ

AL

OcranoBuMcs moApoOHEe Ha MpHUHIMIE pPaOOThl Oyoka mpeoOpazoBaHUs, TEXHUUYECKHE
napaMeTpbl KOTOpOro mpejacraBieHsl B Tabmuie 2.3. [lepBuunas oOMOTKa JaTdnMka BO30YXKmaeTcs
NEPEMEHHBIM HAlNpsHKeHUEM CHHYycouAanbHOUW (opmbr ¢ wactoroit 25 kI m ammmrynoi 3 B,
BbIpabaThiBaeMbIM  cXeMol mpeoOpa3zoBanHus. Yacrtora BO30YXKACHHS MEPBUYHONH OOMOTKHU
OTpeeNsaeTcss BpeMsI3aJaollMMU PE3UCTOPOM M KOHJIEHCATOpOM B cxeme. Ha BbIBogax BTOpUYHOU
0OMOTKHM BO3HHUKAET MHAYLIMPOBAHHOE HAIPSKEHUE, aMITUTY/1a KOTOPOTO 3aBUCUT OT PACIOJIOKCHUS
MarHUTHOTO CEpJICYHUKA BHYTPH OOMOTOK. DTO HaIpsDKEHUE MOJAETCS Ha CXeMmy IpeoOpa3oBaHMs,
re MOCPEACTBOM crielHanbHo Mukpocxembl [Rahim, 1988] mpoucxomutr ero aeMomyssius
(IBYXIOIYHEpUOAHOE BHIIpAMIICHUE). BoIpsiMiieHHOE HANpsKEHHE MOCTYIAeT Ha CIEAYIONINA y3el
CXEMBI, MPEACTaBICHHBIN PUIBTPOM HU3KUX YacTOT barrepBopTa 6-ro nmopsiaka ¢ yactoroi cpesa 0.25
[, co3mannbii 10 cxeme ¢ oOpaTHOM cBsi3bio [[koHcoH, 1983; I'yraukos, 1988]. Uactora cpesa
BbIOpaHa corjacHo Teopeme HaiikBucra-lllenHOoHa W3 pacueTa TOro, 4TO YacTOTa JAUCKPETU3ALUU
coctapnsieT 1 ['u. BeIxogHOW CUTHAN ¢ MUKPOCXEMBI MPEOOPa30BaHUs UMEET MOCTOSIHHOE CMEIECHUE
+5 B (Hon0BMHA OMOPHOTO HAMpPSKEHMs), a MOcie y3aa (UIbTpAlMM CUTHAJI WHBEPTUPYETCS, U
CMEIIEHUE CTAaHOBUTCS paBHBIM (-5 B). Jlns KoMIleHcalluM STOTO HANPSHKEHHS TMPETyCMOTPEH
CIELMATbHBIN y3€J, B KOTOPOM CHUTHaj IMOCTYNMAaeT Ha BXOJ CyMMaTopa, TAE€ CKIAJIbIBAETCSA C
MOCTOSTHHBIM CTAOMIIbHBIM HAMPsDKEHUEM OT UCTOYHUKA CTAOUIIFHOTO HAIIPSHKCHHUS.

Tabnuma 2.3 — Texnuueckue napaMmeTpsl 6J10Kka IpeoOpa3OBaHus U YCUIICHHUS.

KonnuecTBo u3MepUTEIHHBIX KAHAJIOB 6
[Tooca mporryckaHnus W3M. KaHAJIOB 10 YpoBHIO MuHyc 3 1b, I'1l 0.25
JnanaszoH BEIXOAHBIX HANpsKeHUH, B +2.5
Jwnana3oH nzMepsieMpIxX JeopMaruii, MKM 02000
Jmana3oH u3MepsieMbIX yCUIINH CKaTHSI, T 0+60
HanpshkeHue nuTaHust OT HICTOYHUKA CTA0MIM3MPOBAHHOTO HAIPsDKeHMs, B +12
MakcruManbHbIN TOK oTpednenns (+12B), A 0.4
MakcuManbHbIi TOK iotpednenus (-12B), A. 0.3

HpOI/I3BOI[I/ITCJ'ICM npeaAyCMOTpPCHO, 4YTO KOTrJa CCPACUYHUK JaTUMKa HAXOAUTCA B LCHTPC

KaTylIKd, TO BBIXOJHOC HAIIPS)KCHUC PpPAaBHO HYJIIO, TaKHUM o6pa30M, HaIpsDKCHUE Ha BbIXOC
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U3MeHseTcs B 00e cTopoHbl OT Hyas. s ynobctBa u3mepeHus aedopMaliuy MPH HCIBITAaHUSIX
TOPHBIX TOPOJI TUATIA30H BBIXOIHBIX HAIMPsDKCHUN OBLIT CMEIIEH Ha MOJIOBUHY IIKAJBI, YTOOBI KpaifHee
MOJIOKEHUE CePJICYHHUKA COOTBETCTBOBAIO HYJICBOMY 3HAUCHHIO HAMPSIKCHHS HA BbIXOJAE. BBIX0IHOM
Kackan npeacTtaBieH Mukpocxemoir AD845JN mms cormacoBaHust ¢ HU3KOOMHBIM —BXOJIHBIM
COINPOTUBIIEHUEM, KPOME TOTO, TAaHHBIM KacKaJ BBHIIOIHSACT (DYHKIUIO YCUIUTENS ¢ KO3 PUIIeHTaMU
yewnenusi: 22 u 1.95 paza s usmMepeHus: Harpy3kd U JedopMaud COOTBETCTBEHHO (CM. TaOIUIy
2.3). Hanpspkenus, moyrydaemMble ¢ KaHaJIOB OJI0Ka MPeoOpa3oBaHMs W YCUIJICHUSI CHUTHAJIOB TATYUKOB
LVDT mnocrymaror Ha Bxonx aHanoro-nmdposoro mpeodpazosarens (ALl JIA-M124 USB, rue
MPOUCXOIUT MX ouupoBka, M 3amuch B ABoudyHOM ¢opmate B O3Y KoMmmbloTepa B 33JaHHOM

IIPOMEXYTKE BpEMEHU (PUCYHOK 2.13).

Jarane | Pucynok 2.13 — CrpykrypHas cxema
LVDT
Taras perucTpauuu JehopMaIMOHHBIX
VDT [
brox nmapaMeTpoB 00pas3IOB TOPHBIX MTOPO/I.

Jlarumx npeoOpasoBaHmsi| J\

LVDT U YCHIICHHUS AT K
Tlarank CHUTHAJIOB JIA-N24USB

LVDT JaTYUKOB | ——

, LVDT
JaTtaux

LVDT -
Jlarauk _

LVDT o

B TecToBBIX 3KCmeprUMeHTax OBUTH ONMPOOOBAaHBI TEPHOIBI 0 CEMHU CYTOK HENPEPBIBHOM
3anucu. CTaOWIBHOCTh NHTAHHUS OOECIeYMBATACh TEM, YTO PETUCTPAaTOp OBUT TOAKIIOUEH K
HHEPrOHE3aBHUCUMOMY HOYTOYKY, YTO CIY)KUJIO CTPaXOBKOW Ha cCilydail BBIKJIIOYEHHUS MM cOOs B
nojaye d3JIEKTPO3HEpruu. YmobcTtBo paboThl ¢ mporpaMMHbBIME cpenctBamu  JIA-U24 USB
obecrieunBaeTcsl COXpaHEHUEM 3alMCaHHBIX JaHHBIX B 000 MOMEHT BpeMeHH [ Bueninee...].

Hnst onpeneneHust KodQPHUIMEHTOB MPeoOpa30BaHMsl W3MEPUTENBHBIX KaHAJIOB C JaTYHKaAMH
MHRO005, MHRO010 u MHRO050 Obun mpoBedeHBI TECTOBbIE KANMOPOBOYHBIE HCIIBITAHUS.
Koadduuuent mnpeoOpa3oBanusi omnpenensuics MpU HEMOCPEIACTBEHHOM M3MEPEHMH BBIXOJHOTO
HaNpsOKCHUST B 3aBUCHMOCTH OT CMEIICHHS CEpJCYHHWKA BHYTPH KAaTYyIIKH, KOTOPOE HE3aBUCHMO
onpenensuiock ¢ momompblo Mukpomerpa MK-25-2. Mukpomerp MK-25-2 mnpennaznaueH s
u3MepeHuit geranei pasmepom ot 0 go 25 mm, neHa xaeneHus kKoroporo pasHa 0.01 mm, a
MOTPEIIHOCTh U3MEpEeHUi cocTaBisieT He Oonee +4 MkM. KanuOpoBouHBIE KpHUBBIE UIS KaXJI0TO
JlaTYMKa MPEJCTABIICHBI HA pUCYHKE 2.14.

JI1st cTaTUCTUYECKOM TOCTOBEPHOCTH KO3 (UIIMEHTOB MpeoOpa3oBaHus KaTHOPOBKa KaXI0TO
JaT4MKa MPOBOAMIIACH TPHU pa3a, Pe3yJbTaThl MPEACTAaBIEHbl Ha pucyHke 2.15, 2.16, 2.17. Cpennee
3HaYeHHue KodppuIHeHTa npeodpazoBaHus 10 TpeM KaTuOpoBOYHBIM KpuBbIM Ui natunka MHROO5,

C TIOMOIIBI0 KOTOPOTO PEruCcCTpUpoOBaiach momepeyHas nedopmaiius B HaIpaBICHHH ocH X, paBHA
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152 B/mM, cpemnee cmemenue cocrtaBisger 29.8 MB (pucynok 2.15). ITlorpemHocTb OIEHKH

kod(durmenta npeobpazosanus mo Tpem wu3MepeHmaM Adi = @i/@mean He mnpessmmaer 0.7%,

MOTPEIIHOCTH cMeleHus paBHbI 4%, 9% 1 5% nsa Kaxa0ro u3MepeHHsi COOTBETCTBEHHO.

2597 U,B

MHR 050

——— MHR 005

—4&—— WHR 010

I T

2 5 47 MM >

Pucynok 2.14. KanubpoBounsie xapaktepuctuku qaraukos LVDT.
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Pucynok 2.15 — KanuOpoBo4HBIE XapaKTEpPUCTHKH

JlaTYMKa MHRO005 Uil Tpex  HU3MEPEHMH

COOTBECTCTBEHHO (a, 0, B). UepHbIe TOUKH (KBaapaTHl)
— UW3MEpEHHblE 3HA4YCHHS, CHHHE NpsAMBIE —
anMpOKCUMALMOHHBIE NPSAMBIE IO 3TUM TOYKaM,
KpacHbIe omnOoK

TPECYTrOJIbHUKHU - 3HA4YCHUA

anmnpoKcUMaluu (HeBs3Ka). dopmysl
anMpPOKCUMAIMOHHBIX MPSIMBIX:

a) y =-0.029+1.512-x,a=1.512

0) y =-0.033+1.529-x, a=1.529

B) y = -0.028+1.527'x, a = 1.527

Perucrpanust mpomonbHO (oceBoi) AedopManuu MpOBOAMIACH IPH TOMOIIM JaTyhKa

MHRO050 ¢ nanbonpmmM nuamazoHoMm u3MepeHus +1.27 mm. CpemnHee 3HadeHHe Kod(PUIIMECHTA
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npeoOpa3oBaHMsl MO TPEeM KaimuOpOBOYHBIM KpuBBIM cocTaBuio 0.46 B/Mm, cpegHee cMmemieHue

cocrasiisieT 6.7 MB (pucynok 2.16). IlorpemHnocts ouneHkr ko3 duimenta npeodpazoBaHus M0 TPEM

n3MepenusM Aaj = ail@mean HE npesbimaet 0.4%.

a 0
UB ) AUMB ,,  UwB ) AUMB_ |,
2.0 2.0
1.5 15
1.0 1.0-
0.5- 0.5
0.0 0.0-
IS B s s e e e et (U L L B S s S e e A
0 1 2 3 4 0 1 2 3 4
l_, MM l, MM
B) Pucynok 2.16 — KanuOpoBouHble XapaKTEepUCTHKU
_[], B AU, MB_12.5 matanka  MHRO050 mms  Tpex — u3MepeHuit
2,0{ i ;]0.0 cooTBecTcTBeHHO (a, ©, B). CHHHE TOYKH
N : B 7.5 (kBagpaTel) — U3MEpPEHHbIE 3HAUEHUs, CHHHE
1.57 " 2 B 5.0 TpsMbIC — aNIPOKCUMAIIMOHHBIE MPSIMBIC MO 3TUM
2 A -
1.04 o %:‘ Fog - 2.5 TOYKaM, KpacHbIC TpPEYrOJILHUKH — 3HAYCHUS
. i A A =
+ A A Pty : 0.0 anmpoKCHUMAaITMOHHBIX OIINOOK (HeBsI3Ka).
j r L
D - DOpMyITBI AIIMPOKCHMAITMOHHBIX TTPSIMBIX
0.5 K L e 2.5 dopmy P P
B O_ A —-5.0 a) y =-0.0038+0.462-x, a = 0.462
B o s e s B A L 6) y = -0.016+0.465°x, a = 0.465
0 ! 2 2 4[ B) Yy =-0.001+0.464-x, a = 0.464
, MM

Kanubposka parunka MHRO010, wucnons3oBaBmierocst st usMepeHus nedopManuu B
HanpaBJIeHUu ocu Y, ocyulecTBsulach ABaxkAbl (pucyHok 2.17). Koadoumuent npeoOpasoBaHus
coctaBua 0.91 B/mMm, cpennee cMerienue coctaBisger 50 MB. IlorpemHocts oneHku ko3¢ ¢uienTa
npeobpasosanus Adj = ai/@mean He mpesbimaer 0.04%, MakcHMMaibHAs TMOTPENIHOCTh CMEIIEHHS
paBHa 2%.

Takum oOpa3zoMm, Ui KaHaloB H3MepeHHs aedopMmaruii ObUTM TOJIY4YEHBI JIMHEHHbIE

3aBUCHMOCTH CO CIEAYIOIMME KOd(bUIMeHTaMu Ipeobpasosanus: 11 narankos MHR050: Kz = 2.1

mkm/B, mis MHRO10: Ky = 1.1 mxm/B u MHRO005: Kx

0.66 mxm/B. KamubGpoBouHas

xapaktepucTtuka natavka LVDT, BcTpoeHHOro B JuHaAMOMETp, Oblia MpHUBEIEHA paHee Ha PUCYHKE

2.10.
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Pucynok 2.17 — KanubpoBounsle xapaktepuctuku patunka MHROI0 ans nByx w3mepeHuit
coorBecTcTBeHHO (a, 0). Po3oBble TOukM (KBaipaThl) — HW3MEPCHHBIC 3HAUCHHS, CUHHE MpsSMble —

anMnpOKCUMAIIMOHHBIE MPAMBIE MO 3THM TOYKaM, KpacHble TPEYrOJIbHUKHA — 3HAYCHHUS ampOKCUMALMOHHBIX
omnboK (HeBs3ka). DOopMyJbl ammpoOKCUMALMOHHBIX OpsMbix: a) ¥ = 0.051+091-x, a = 091; 6) y =

0.05+0.91-x, a = 0.91.

2.4. PerucTpanus aKkycTH4ecKoOil IMHCCHHU

2.4.1. MeToauKa perucTpaly aKyCTH4eCKOi SMUCCHHU B OTHOKAHAJIbHOM PeKUMe

B cooTBeTcTBUM € LI€NIbIO UCCIAEA0OBAHUS OCHOBHOM LIUKII 3KCIEPUMEHTOB, TpoBeieHHbIX B HC
PAH, Bkirouan omnpeaeneHUe peakUUud B CUTHAJAX aKyCTHMUECKOM SMHUCCUU IpU BO3AECHCTBUU
AJIEKTPOMAarHUTHOTO TOJS, Hapsily € perucrpanuei aepopmMalMOHHBIX XapaKTepUCTHK. Jljist 3Toro
Obul pa3paboTaH W peaqu30BaH aNNapaTHO-NPOIPAMMHBIA KOMIUIEKC Ui IIHPOKOMOJIOCHOM
perucTpanuy akyCTH4ecKOi SMUCCHH, pabOTarOIUi B OJHOKAaHAJIbHOM PEXHUME.

Kaxk 6b110 oT™MeueHo B pasnene 1.3.1.1, akycTuueckasi SJMUCCHUSI TIPEJICTABIISIET COOOM SIBIICHHE
U3ITy4eHUs] YOPYTMX BOJIH, BO3HMKAIOUIEE B pE3y/lbTaTe HEOOPATUMBIX HJIM YaCTUYHO OOPATUMBIX
U3MEHEHUH CTPYKTYpBl TBEPJBIX TEN MO BIMSHUEM BHEIIHUX M BHYTPEHHUX (PAKTOPOB pasiIU4YHOMN
dusmueckoit mpupossr [Hardy, 2003; Lockner et al., 1991; Kuksenko et al., 1996; Bunorpaaos u p.,
1975; Bunorpanos, 1989]. Curnasnsl akycTHYECKOH AIMHCCUU TPEACTABISIIOT cO00H MOTOK ClTy4alHbIX
UMIYJIbCHBIX I[yIOB YIPYTHX KoJIeOaHMI TOBEPXHOCTH HCCienyeMoro ooOpasua. AKycThyeckas
sMHCCcHs TpU  ehOpMHpPOBAHMM U  pa3pylIeHHMH TIeOMaTepUualioB MOXKET ObIThb  YCIOBHO
KJaccu(uIUpoBaHa Ha 2 TUIA — JUCKPETHYIO M HempepbiBHYI. K nuckperHoit oTHOcuTcs AD,
CUTHAJIBl KOTOPOM COCTOSAT M3 OTHEJIBHO Pa3IM4YMMbIX HMITYJIbCOB, KOTJAa BpeMs MEXIY IBYyMS
"cpabaTpiBaHUSIMH" HCTOYHHMKA OyneT Oobllle BPEMEHHM YCTAHOBJIEHMS MEPEXOJHBIX IPOLIECCOB B
uccieayeMom Marepuaie. HempeposiBHOI jke Ha3bIBaeTCss AD, CUTHAIBI KOTOPOU MPEICTABIISIOT CO00i

HCIIPEPBIBHOC BOJIHOBOC IIOJIC HUJIM PETUCTPUPYROTCA KaK €JIMHBIMN HerepBIBHBIfI CUTHAJI IIYMOBOTI'O
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tuna. llo auama3soHy wu3MepeHHs] CUTHAJIOB (M, COOTBETCTBEHHO, MPHUJIOKEHUSM) IepBUYHBIC
npeoOpaszoBarenin AD kimaccuuuupylor no 4 tumnam: HuskodactoTHele (20 xI'm — 100 xI'1),
crangaptaoro tuna (100 xI'm — 400 xI'w), BeicokowactoTHble (>400 K['1) ¥ MPOKOIOIOCHEIE.
BoNbIIMHCTBO TaTYMKOB SIBISIFOTCSl TaTYMKAMU PE30HAHCHOTO THIIA, KPOME HIMPOKOMOJOCHBIX, U B
OCHOBHOM HCITIOJIB3YIOTCA B TE€X CIydasiX, KOI/la MPEeJCTaBIAIOT HHTEPEC TaKUE MapaMeTphbl CUTHAJIOB,
KaK aMIUINTYyZa, BpeMsl NPHUOBITHS CUTHAla M €ro 3HEPIUs, HO HE CIEKTPAJIbHBIE XapaKTEPUCTUKU
curHanoB AD. CHekTp U AUHAMMYECKUN JUAla30H CUTHAJIOB aKyCTUYECKOW SMHUCCHM TOPHBIX IOPOJ
OUYEHb IIUPOKHU, TOITOMY JIJISl UX PETUCTPALUU HEOOXOIUMO MPUMEHSTH HIMPOKOMOJIOCHBIE TaTYUKU U
MaJIOIIYMSIIUE U3MEPUTEIbHbIEC YCUITUTEIH.

Curnaner AD peructpupoBanuchk natunkamu SE-2MEG-P nmpousBoactea xommanmu DECI,
CHIA, pacnonaraeMbIMH Ha HUCCIEAyeMOM 00pasile, B yacToTHOM auanazone ot 200 k[ no 2 MTI'm.
Br160p MIUPOKOMONOCHBIX JATYUKOB OBLT OOYCJIOBIEH T€M, YTO B TOPHBIX MOPOAAX MPUCYTCTBYIOT
nedeKThl pa3HbIX MAacIITa0OB, a 3HAYUT H3JIyuaeMble aKyCTOOMHCCHOHHBIE CUTHANBI JOJDKHBI OBITH
KaK BBICOKOYACTOTHBIMH, TaK M HHM3KOYaCTOTHBIMH. Kpome 3TOro, orpaHMueHHE HUKHEW TpaHHIIBI
yactoTHOro auamazoHa Ha 200 k[’ oOecreymyio OTCYTCTBHE CUTHAJIOB, BBI3BAHHBIX PE30HAHCOM,
CBSI3aHHOM C JIMHEWHBIMH pa3MepaMH HCIbIThIBaeMbIX 00pa3noB (40-60 kI'n). Jatuuku SE-2MEG-P
MPEJICTABISIIOT CO0O0M HIMPOKOMOJIOCHBIE MHHHMATIOPHBIE IHE303JEKTPUUYECKUE MpeodpazoBaTelu,
KOTOpBIE TEPEBOJAAT I10JIE HOPMAJbHBIX [JaBICHUM INpu KojeOaHUSAX IIOBEpXHOCTHM oOpasua B
AEKTPUYECKUI CUTHAIL

ArnmaparHas 4acTh KOMIUIEKCA MO3BOJISIET MTPOBOAUTH PETUCTPAIIMIO CUTHANIOB, MOCTYIAOLIUX
OT JaTuuka AD, U BKIIIOYAET B ce0sl CIEeUaNbHO CIIPOEKTUPOBAHHBIE MTPEABAPUTENIBHBIN YCHIINTENb U
0JIOK CHHXpPOHM3ALlMH, BBINIOJHAIOMNNA (QYHKUIMIO OCHOBHOIO YCHJIUTENS M  IOPOrOBOTO
JucKkpuMuHaTtopa. CxemMa aKyCTOSMUCCHOHHOM CHUCTEMBbl PETMCTpAllUM IpEJACTaBieHa Ha PUCYHKE
2.18. IlpenBapuTenbHble YCHWJINTENN BBIIOIHEHbI B BHJIE OTIENbHBIX YCTPOWCTB M JJIS CHU)KEHUS
BIMSIHUS BHEIIHUX IIOMEX pa3MEMIAloTCsl B HEMOCPEICTBEHHON ONM30CTH OT MEpPBHYHBIX
npeoOpasoBareneid. IlpeaBapurenbHble YCHWIMTEIN MpeIHA3HAYEHBl ISl YCUJIEHUS CHUTHaJla OT
JATYUKOB AD U COIIaCOBaHMS BHICOKOOMHOT'O BBIXOJHOTO CONPOTHUBIICHUS AATYUKOB C HU3KOOMHBIM
BXOJIHBIM COIPOTHUBJIEHUEM OJOKa CHHXPOHHU3ALUMU Ui IepeJadyd HEUCKa)KeHHOro CUTHajla 10
Ka0eso Ha OONbIINE PACCTOSHUS MPH MAaKCUMAJIbHO BO3MOYKHOM COOTHOILIEHUH YPOBHSI CUTHAJI/IIyM
Ha BbIXO0Jie penycunutens. Pa3nuyaror 2 Buga npeayCcuinTesneil — BHEITHUE U BCTPOCHHbBIE B JATYUKU
AD. Hcnonbs3oBaHue BHEWIHUX Ipenycunuteneil Oosee 3pPeKTUBHO Kak ¢ TOUKM 3peHUs yno0cTBa
NPUMEHEHHs JaTYMKOB MEHBIIUX Pa3MepoB, TaK M C MO3MIMU KOMOMHHPOBAHHUS MPELYCHIUTENS C
pasIMYHBIMM ~ TUIIAMM  JAaTYMKOB. BHemHue mnpenycuiauTenn Takxke OBIBAlOT 2-X  THUIIOB:
npelHa3HayYeHHbIe 171 pabOThl KaK C OJHOMOJSIPHBIMHM JaTYMKaMM, Tak U ¢ JuddepeHIHaTbHbIMU.

[IpeumymectBa  nuddepeHIUaNbHBIX — NPEAyCHWINTENeH  MPOSIBISIIOTCS B 3allUTe  OT
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3JICKTPOMArHUTHBIX HABOJIOK U TOKA B 3a3e€MJISIONIEM KOHTYpE, OJIHAKO OHU 3HAYUTEIBHO JOpoxe. B
HKCIIEPUMEHTAX UCIOIb30BAICS BHEIIHUN MPEIYCHIINTENh, TI0JI0CA MPOITYCKAHUS KOTOPOTO B 00J1acTH
BBICOKMX YacTOT MOBTOPSIET YaCTOTHBIN JMara3oH mnpeodpazosareneit (2 MI'w), a B 061acTu HU3KHUX
yacToT orpanudeHa 80 kI, 4ro obecreunBaeT MOAABJICHHE HEMPEPHIBHBIX MOMEX MPOMBIIIIECHHOTO
npoucxoxaeHus yactoroit 50 ' u ux rapMoHUK.

JaneHeiliee ycwieHne u QUIbTpanus CUTHaIA AD MPOUCXOAUT B OJIOKE CHHXPOHH3AIWH,
KOX(P(UIIMEHT YCHWIIEHUs KaHaia BCTpOeHHOro ycwiutens paBeH 100, a mosioca mMpomycKaHUs
coctapisgeT 80 kI’ — 2.5 MI'. Curnan, npuxoasiuil OT OCHOBHOTO YCHUJIUTEIISI U MPEBBIIIAIOIINAN 110
aMIUTUTYJIC HEKOTOPBIM IOPOT, YCTAHABIMBAEMBIH OMEPATOPOM, IIOAACTCS HA aMIUIUTYIHBIN
JTUCKPUMHUHATOP, KOTOPBIA BBIIACT MUMIYJIBC, 3aITyCKAIONIMK 3alliCh BOJHOBOW (DOPMBI CHTHAJIA B

AL

bC
Z /
Oobpazey e
i +@ Al Hepconanvuolii
USB 3000 <:> Komnbromep
- e
& 3anyck

Pucynok 2.18 — Cxema wusmepurenpbHoro tpakta AD. ]| — gatyumk akycthyeckod smuccuu, ITY —
npenBapuTenbHbI  yemnutens, bC — Omok cuHXpoHm3ammu, WY — wm3mepuTenbHbId ycunuredb, AJl —

AMIUTUTYAHBIA AUCKPUMUHATOP.

Takum 00pa3zom, perucTpaiusi CUTHaIOB AD OCYIIECTBISETCS B JKAYIIEM pexuMe. 3amyck
CUCTEMBI PErMCTpPalUi MPOUCXOIUT ABTOMAaTUUYECKH IIPU YCIOBUU MPEBBILICHUs aMIUIMTY/bl CUTHAJIA
3apaHee yCTaHOBJIEHHOI'O IOPOra IMCKpPUMHUHATOpa U B T€UEHHE UHTEpBaja BPEMEHH, ONPEEIsIeMOro
oobemoM Oydepa mnamsaru ALl u mnepuogom nmuckperwsanuu curHajgoB. Ilepen Havamom
DKCIEPUMEHTA 3aJaeTCsi TMOpPOr aMIUIMTYAHOIO JAMCKPUMHHATOpA, OLICHMBAETCS YCTOMYHMBOCTH
cpabaThIBaHMUs CHUCTEMbI 3allyCKa U €€ HEYYyBCTBHTEIBHOCTh K IIyMaM M HaBOJKAM OT KOMILJIEKca
AIIEKTPOMAarHUTHOro Bo3aeicTBUsA. Jlanee curHamsl AD ouu@poBbIBatOTCS OBICTPOJAEHCTBYIOIUM 8-
kaHaiabHBIM OnokoM ALl USB 3000 (paspsnnocts 14 Out, makcumanbHass vactora 3 MI'm) u
3alMCHIBAIOTCA HA JKECTKUM JUCK IEPCOHAIBHOIO KOMIIBIOTEpAa B aBTOMAaTHYECKOM pexume. B
OTJIMYHUE OT MPOTrPaAMMHOIO 00ECHeueHHsl, UCIOIb3yEMOr0 BEYIIMMHU MUPOBBIMU MPOU3BOAUTEISIMU
AD ob6opynoBanms, pa3paOOTaHHBIA HAOOpP MPOTPaAaMMHBIX CPEICTB PETHCTPAIUA aKYCTHYECKOM
smuccnd, ucnonbdyemsli B HC PAH, He mo3BoJsieT BBIYMCIIATH MApaMeTphl CUTHAIOB AD B pexuMe
peasibHOTO BpeMeHHM. OJHAaKO OH HMMEET psJ NPEUMYILECTB, K IMPUMEPY, AAET BO3MOXKHOCTh

ONPCACIIATL U (I)I/IKCI/IPOBaTB €IMHBIA BOJIHOBOM nmponecc, HE nmoJABepras €ro p336I/ICHI/IIO Ha OTACIBHBIC
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KaCKaJbl UMITYJILCOB (pUCYHOK 2.19).

Jns mpeaBapUTENbHONH 00paboTKM coOpaHHON HHGOPMAIMM HCHOJB3YeTCsl IMporpamma
IPOCMOTPa U KOPPEKTUPOBKH MOJTYYEHHOTO HAOOpa CUTHAIOB, MO3BOJISIONIAs IIPOBOAUTH OTOPAKOBKY
JIOXKHBIX CUTHAJIOB, KOTOPbIE MOTYT «HABOJIUTHCS» OT UCTOYHHKOB 3JIEKTPOMArHUTHBIX BO3IEHCTBUIL.
KpureprieM 0oTOpakoBKHM SBJISIETCS MHOI'O MEHbIIAs JUIMTENbHOCTh TAKUX CUTHAJIOB, (aKTHUYECKU
NPECTaBISIOMNX COOON YeAWHEHHBIH HMMIYJIbC, a TaKXKE Y3KOIMOJIOCHBIM CHEKTp WJIHM, HAIpOTHB,
CHeKTp, Onm3kuit k Oenomy mymy. Takum 00pa3oMm, B JallbHEWIEH 00pabOTKe MPHU MOCTPOCHHUH

Fpa(bI/IKOB aKTHBHOCTH AD HOI[O6HBI€ JIOKHBIC CUT'HAJIbI HE YUYW TBIBAKOTCA.

Single hit-cascade
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Pucynok 2.19 — AkceneporpaMmma eiHOTO KOIIe0aTeIbHOTO MpoIiecca (aKyCTHIECKOH SMUCCHH).

Jl5is BBIYMCIIEHUS] aKTUBHOCTH AD, oTpakaroleil ckopocTh aedekToobpazoBaHus MaTepuania,
pa3paboraHa mnporpaMMa IakeTHOW o00paboTkn W (HopMUPOBaHHS €IWHOTO BPEMEHHOTO psjia
AKTUBHOCTH TIO BCEH CEpHM JaHHBIX, TMOJYUYEHHBIX C OJHOro obOpasma [boOposckuii, 2004]. s
TIOCTPOEHMS] aKTMBHOCTH BHAYaje BHIUMCISETCA KpuBas Hakortenus cobbrtmit AD N(1), 3a Becs
Mepuol U3MEPEHUN. AKTUBHOCTH MTOTOKA CUTHATIOB AD BBIUUCISAETCA KaK YHCIICHHAs] TPOU3BOAHAS OT
dynxmmu N(t). Tocne nuddepeHnmpoBanus K BpeMEHHOMY psLy AKTHBHOCTH AD MpUMEHSETCS

npoocaypa Crila)kuBaHus IIPU HOMOIIH CKOJIB3AIICTO OKHa Jlammaca ¢ HaCcTpanBa€MbIM pPA3MEPOM

OKHa.

2.4.2. MeToanKka Bbl/IeJIEHHS AKYCTOIMHCCHOHHBIX OTKJINKOB 00pa310B rOPHBIX MOPOJ HA
3JIEKTPOMATrHUTHOE BO3/1eiicTBHE

WuTepnperanys 3KCIEPUMEHTAIBHBIX JAQHHBIX MPOBOJMJIACH HA OCHOBE aHalM3a IpaduKoB
BPEMEHHOM 3aBUCHMOCTH aKTUBHOCTH AD, MO KOTOPBIM YCTAaHABIMBAJIOCh HAJIMYUE WIIM OTCYTCTBUE
BapHalMii, CBUJIETEIbCTBYIOIINX O PEaKUUu (WU, APYTUMHU CIOBaMHU, OTKIMKaxX AD) HarpyXeHHOIro
o0Opa3lia Ha BHEIIHee BO3JAEHCTBHE. DTa peakiusi OObIYHO BBIpAXKAETCS B MPUPOCTE yCPEIHEHHOMH

aKTHBHOCTH AD IIOClIe BKIIIOYCHHS MCTOYHHKA QJICKTPOMArHUTHOI'O II0JId, MPEBLIIAOMICTO 110
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aMIUIMTYyJle BEOMYMHY 307, rae G — cpelHEKBAaJpaTMYeCKOE OTKIOHEHME AaKTUBHOCTH AD,

orpezenseMoe MO HEKOTOpOMY (OHOBOMY YpPOBHIO [0 BKJIIOYEHMS] HWCTOYHMKA BO3JeHCTBUA. B
YCIIOBUSX OAHOOCHOTO C)KaTUsl IPU yBEIMYEHUM HANpPsDKEHUH B oOpasiie pocT yucia coObltuii AD
IPOUCXOAUT JIMHEWHO C HEKOTOPOM CKOPOCTbIO IPU IMPEBBIIEHUM MaKCUMaJbHOI'O paHee
JocTurHyroro HampsbkeHus (pucyHok 2.20 a) [JlaBpos, Llkypartauk, 2005]. IlpomsBognyro oT
HAKOIUICHHS CUTHAIOB AD TakKe MOXXHO allllPOKCUMHUPOBATh JIMHEWHOH 3aBHCHUMOCTBIO (PHUCYHOK
2.20 6). Otcroga cneayer, 4YTo Ipu OOHAPY)KCHUHU OTKJIMKA CPEbl Ha BO3JICHCTBHE B aKTUBHOCTH AD
MOKHO BOCIOJIb30BaThcsl omnbIToM aBTOpoB [CoOoisieB, Ilonomapes, 2003]: mpoBecTu BBIYMTAHHE
nuHeHHoro TpeHaa (pucyHok 2.21) u pganmee paccUMTaThb BEIUYMHY CPEIHEKBAIPATHUYECKOTO
oTkJIoHeHHs. Ha pucynke 2.21 nmponuIIoCTpupoBaHa METOAMKA BIJCICHUS OTKIMKOB aKTUBHOCTH AD
Ha BO3/ICHMCTBHE AIEKTPOMArHUTHOTO MOJIS HAa TpuMepe o0pasiia Mpamopa. UepHas KpuBas Ha pUCYHKE

2.21 6 — aKTUBHOCTb CUTHAJIOB AD, 3aperucTpupoBaHHasi B SKCIIEPUMEHTE.
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Pucynok 2.20 a — CxemaTrueckn 00001eHHbIe rpaduKy 3aBUCUMOCTel yrciaa AD or aedopmanuu B
MepBOM (LITPUXITYHKTHPHAS JTUHUA) U BTOPOM (CIUTOIIHAS JTUHU) IIUKIax HarpyxkeHus [JlaBpos, LlIkypaTHuK,
2005]; 6 — 3aBUCHMMOCTh aKTUBHOCTH AD OT BpeMEHH TNpH JIMHEHHOM pOCTe HArpy3kKu M ee JHHeHHas

anmpokcuManys (depHasi mpsmasi).
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[-viit ceanc 2-oii ceanc  3-uii cearc Pucynok 2.21 — Meroauka OOHApYKEHUS

1
025N, ¢ |
| o OTKJINKOB aKTHBHOCTHM AD. YepHas kpuBas —
| |
|
0.20+ w aKTUBHOCTb CUTHaJIOB AD, 3aperucTpupoBaHHas
|
h |
0.15- ! B 9KCIIEPUMEHTE. KpacupiMu ~ nuHUSAMH
n |
0.10 ! 0003HAaYCHBl  aNMPOKCHUMAIMOHHBIE  TpsSMbIE
1 aKTUBHOCTH JO KaXJIOr0 M3 TpPEX CEaHCOB
O'Osi -0.08 Bo3aeiicTBus. KpacHoll, cuHel, mnypiypHOH
: KpUBOM TpEACTaBIEHbl AaKTHUBHOCTH AD ¢
—0.04 .
B BBIYETOM JIMHEHHOTO TPEH/a, PACCUUTAHHOTO IO
-0 AaKTUBHOCTH A0 KaKIOIO CeaHCa BO3ACHCTBHUAL
i I TpuXnyHKTUPHBIE JIMHUAU u cepble
—~0.04

MPAMOYTOJIbHUKH CHU3Y — CEAHChI BO3JICHCTBHSI.

JIns onpeneneHus IMHEHHOTO TPEH Ia HCTIOIB30BAJICS TPOMEXYTOK BPEMEHH OKOJIO TPEX 4acoB
70 Hayaja ceaHca BO3ACUCTBUS (pUCYHOK 2.21 KpacHble NTUHMHM HA BEpXHEM TpaduKe Ui Tpex
HHTCPBAJIOB BpeMeHI/I). 3areM IMPOUCXOJUJIO BBIYMTAHUEC TPCHOA AJId KaXJ0ro nepruoga 10 U BO BpEMs
BO3JCHCTBUS — KpacHas, CHHSA M IypHOypHas KpHBBIE, JUIS KOTOPBIX  ONPEAEISIIOCH

CPEIHEKBAPATHYECKOE OTKJIOHEHHE GF. TIpeBbllIeHNe aKTUBHOCTBIO BO BpeMs ceaHca (M3 KOTOpOii

BBIWIN JIMHCWHBIA TPEHJ /10 BO3JICUCTBUS) 3HAYCHUS 30* ONpeaesuIo OTKJIMK Ha BozjaeiicTBue. Kak
BUJHO M3 pHUCyHKa 2.21 (HwkHMHM TpaduK) B IEPBOM CEAaHCE BO3JACHCTBUS OTKJIMK TPYAHO
UACHTU(PUIINPOBATh, @ BO BTOPOM M TPEThEM CEaHCE OTKIMKM Ha BO3ACHCTBHUE Y€ 3HAUYUTEIHHO
IPEBBILIAIOT M0 AMIUIMTYJIE TOPOr OOHAPY)KEHUsS, U UX MOSBIECHHE MOXKHO CUHUTATh JTOCTOBEPHBIM.
[Tpu 3TOM MOJ OTKJIMKaMHM aKTUBHOCTH AD MOJpPa3yMEBAIUCH JIMIIb BapHallM¥ aKyCTO3MHCCUOHHOU
AKTUBHOCTH, HPOU3OMIECIIINE C BPEMEHHBIMHM 3aJIep’)KKaMH, HE MPEBBIMLAIOIUMHI JIMTEIbHOCTU
BO3JICHCTBHS.

Meroanka BbIIEIEHUSI OTKIMKOB aKyCTH4YecKod sMuccuu B skcnepumeHtax B UMCC YpO
PAH mnpaktuyecku He OTIMYAeTCs OT BBIIIEONUCAHHOW. PasHMIla COCTOMT JIMIIb B XapakTepe
U3MEHEHUs aKTUBHOCTH AD Mpu CTyNeHYaTOM HW3MEHEHHWU Harpy3Kd W TPOBEJCHUHM CEaHCOB
AJIEKTPOMAarHUTHOTO BO3JIEUCTBUS MPHU MOCTOSIHHOM ypoBHE Harpy3ku. Ha pucynke 2.22 a mokaszaHo
cXeMaTHuYecKoe NpeicTaBieHue rpaguka AD B peKUME CO CTYNEHYAaThIM HM3MEHEHHEM Harpys3Ku
[JIaBpos, IlIkypatHuk, 2005]. OT™MeTHM, YTO IPU CTYNEHYATOM HArpy>X€HUH TOPHBIX MOPOJ MOCIE
¢buKkcanuu Harpy3Kku crajJi akTUBHOCTH AD Ha KaXKIOW CTYyNEeHH (T.€. MPH MOCTOSHHOM MPHIIOKEHHOMN
Harpy3ke) OOBIYHO ONMCHIBAETCS CTENEHHBIM paclpesieleHreM, MOoAOOHBIM 3akoHy Owmopu ais

aTepIIOKOBON aKTUBHOCTH:
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Pucynoxk 222 a — Cxemaruueckue o0O0OOIIEHHbIE TpaQUKH 3aBUCUMOCTEH  HAIPSIKCHUS

(IUTPUXITyHKTUPHAS. JIMHUSI) W CIJIKCHHOW aKTUBHOCTH AD (CIUIONIHAS JHMHHUS) OT BPEMEHH B MpoIecce
MOHOTOHHOTO HarpyxeHus (yuyactok OA) 1 mocieayromniero 1ehopMUPOBaHUS B PSKHUME MOJI3Y4eCTH (Y4aCTOK
AB) cornacuo [JlaBpos, Ilkypathuk, 2005]; 6 — akTHBHOCTE AD TIpaHHTa B SKCIEPUMEHTE C BO3JICHCTBHEM

QJICKTPUUCCKUMU UMITYJIbCAMMU.

IIo MECpPEC HpI/I6J'II/I)KeHI/I${ K MAaKpOpa3pyuICHUIO BCIMYUHA NO YBCINYNBACTCA, a IOKA3aTCJIb

CTeNeHH d YMEHbIIaeTcsa. Y4acTok crmana AD akTUBHOCTHU (BBIIEICHHBIN Ha pucyHke 2.22 6 uudpoi

1) kak pa3 cBsi3aH C MEPEXOJHBIMU HpolleccaMHu Tocie HarpyxkeHus. Jlainee axkTuBHOCTH AD
XapakTepu3yeTcs IUIaBHBIM YOBIBAIOIIUM TPEHIOM, KOTOPBI MOXKHO amMpOKCUMHUPOBATH JIHOO
CHajamIel JIMHEHHOW 3aBUCHMOCTBIO, a TMPHU JJIMTEIbHOM BBIIEPKKE B PEKUME MOI3YYECTH —
KOHCTaHTOM (pucyHok 2.22). [Ins OoJbLIIMHCTBA TOPHBIX MOPOJ M KOMIIO3UTHBIX MaTepUasioB
JUINTEIBHOCTh y4acTKa crnana akTuBHOcTH AD He mpessimaeTr 30-60 munyt [3akynuH u ap., 20006].
Onwupasicb Ha ATOT Pe3yNbTaT UIUTENBHOCTh MHTEPBAJIOB BBIIEPKKU 0Opasla mocje HarpyXeHus,

MHTEpPBaJ BO3ACHCTBUS U HHTEPBAJ NOCIEAEHCTBUS OBbLIN BHIOPAaHbI paBHBIMM | Yac Kaxablil.

2.4.3. IlpuMeHeHne MHOTOKAHAJILHOI cucTeMbl perucrpamuu AD Vallen Amsy-5

B okcnepumentax, mnpoBeneHHbix B MMCC VYpO PAH ¢ nenbio BBISIBUTH HOBBIE
3aKOHOMEPHOCTH DJIEKTPOMAarHUTHOTO BIMAHUA Ha JedekrooOpasoBaHue (AD), U TOATBEPAUTH
BBICOKYIO CTETIEHh BOCIPOM3BOIUMOCTH ATOro 3¢ (deKTa MpUMEHsIACh Jpyras CUCTeMa H3MEPEHHUI
aKycTH4ecKor 3mMuccur. CylmecTBEHHbIM OTINYUEM OT U3MEPUTEILHOM CHCTEMBI, OTMCAHHOU BBHILIE B
pasnene 2.4.1 u UCTIONB30BaHHOW B JTA0OPAaTOPUU MOEIMPOBAHUS DHEProHACHINEHHBIX cpex B HC

PAH, Obuio mpuMeHeHHE COBPEMEHHOH IMarHOCTUYecKod cuctembl AMSY-5, paspaboTaHHOU U
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U3rOTOBJICHHOW MHUPOBBIM MPOM3BOAUTENIEM aKyCTOAMUCCHOHHOTO 000pyaoBaHus kommanuei Vallen
System, T'epmanus [Vallen, 2016]. Cucrema AMSY-5 COCTOMT U3 BOCBMHU MapajlICIbHBIX
U3MEPUTENIbHBIX KAaHAJIOB W MPHUMEHSETCS il OOHApyKEHHUs, H3MEPEHHs] XapakTepUCTHK U
oTpeziesieHUs] PaclooKeHUsT UCTOUHUKOB AD. OIMH M3MEpPHUTENbHBIM KaHal HpeCcTaBisIeT coOOou
KOMIUIEKT U3 aatunka AD, mpexycunutens tuna AEP4 u omnoro xanama ASIP-2 (nByxkaHaiabHOTO
nporieccopa 00pabOTKN aKyCTHYECKHX CHUTHAJIOB).

Kak Obut0 OTMEUEHO B MpEIbIAYIIEM pas3zeliie JaHHOW TJaBbl, aKyCTOIMUCCHOHHBIE CHTHAIIBI
PETUCTPUPYIOTCSI C TOMOIIBIO  IMbE30IEKTPUYECKUX JTATUYUKOB, MpPeoOpasyroumx KojaebaHus
MOBEPXHOCTH MaTepuajga B OJJIEKTpUYECKUH CcUTHai. J{as MakCUMalabHOrO MNPUOIMKEHHUS K
OPEIbIAYIIMM HCCICIOBAaHUAM (II0 YaCTOTHOMY JMAana3oHy PErMCTpalud) B KaueCcTBE JAaTUYUKOB
UCIIOJIb30BAIMCh PACCMOTPEHHBIE paHee MIMPOKONOIOCHBIe mpeodpazoBatemn SE-2MEG-P, a Taxxke
natunku kommanuu Vallen System crammapraoro tuna AE104A, pabGoraroniie B Auana3oHe 4acTOT
100-400 xI'11.

[locne perucTpanmuu  JAaTYAKOM  DJCKTPUYECKUN  CUTHAN,  SIBJSIFOINMICS — aHAJIOrOM
aKyCTOAPMHUCCHOHHOTI'0, IOCTyNAaeT Ha BXoJ npexycunutend. Kak B ciydyae oJHOKaHaJIbHON CUCTEMBbI
peructpauuu AD B HC PAH, B MHOrokananeHOM cucteme AMSY-5 Takke UCIOIb30BAINCh BHEITHHE
npenycunutenu tuna AEP4, umeromume nuanazon kosdduuuenta ycunenus ot 34 nb mo 49 nb ¢
mraroM 3 ab, mpudeM Ko3(pGUIHMEHT MOKET OBITh H3MEHEH BPYYHYIO IPH TIOMOIIH JpKaMIiepa BHYTPH
npenycuiutens. Haumbonee pacnpocTpaHEHHBIMH —SIBISIFOTCS  TPEAYCHIUTENH, paloTaromye B
HIMPOKOM YacTOTHOM JuamnazoHe (oO0bryHO oT enuuul kl'nm mo eaumnun MI'n), a dunpTpanus
npoucxomuT B 1utatax ASIP-2. B kommuektanuun AMSYy-5 HCHONB3YIOTCS IIHPOKOMOJIOCHBIE
NPeIyCHIINTENN, TaK Kak YK€ OTMEYalloch paHee, YaCTOTHBIM JMamna3oH aKyCTHYeCKOH IMHCCUU
TOPHBIX MOPOJ BapbupyeTcs oT eaunull Kl 1 1o enuann MI 1.

VYcunenuslii AD curHal mo JUIMHHOMY Ka0enmro mocTynmaer Ha BXxoja Iuiatel ASIP-2
MHOTrOKaHanbHOM cuctemMbl Amsy-5. Ilmata ASIP-2 mpezacraBiser co0oi ABYXKaHAJIbHYIO IUIATy-
npoueccop 00paboTKH CUTHaIOB AD, KOTOpas yCTaHaBJIMBAaeTCs B JIIOOOM OJIOKE, CBSI3aHHOM 4Yepe3
untepdeiic USB ¢ nepconanpHpM KommbioTepoM. Kaknast torata ASIP-2 1 Kakaplii KaHa Ha TuIaTe
00pabaTbhIBalOT JaHHbIE HE3aBUCUMO Apyr oT Apyra. CymecTByroT 1Be Moaupukanuu ASIP-2: ASIP-
2/S (cranpaprabiii Bapuant) u ASIP-2/A (ycoBepiueHcTBOBaHHBIN BapuaHt). ASIP-2/S coueraeT B
cebe 3BEHO aHAJOTOBOM perucTpamu u 0y0ka 1udpoBoil 00pabOTKH CUTHAJIOB. AHAJIOTOBOE 3BEHO
BKITIOYAET B Ce0sI PErHCTPALIMIO CUTHAIOB U (DMIIBTPALIMIO TTPH TIOMOIIH TIEPEKITI0YAEMbIX aHAIOTOBBIX
MOJIOCOBBIX (UIBTPOB ¢ auanazoHamu dYactoT: 1.6 k[1-2.4 MIm wmm 18 x[n-2.4 MIu. brok
udpoBoii 06paboTku curHanoB BkiItouaeT B cedst AL (c wactoToit nuckperuzanuu 40 MI' npu 16
OuT Ha KaHai) W Habop W3 § CHenuaIu3upPOBAHHBIX NU(PPOBBIX MOJIOCOBBIX (PMIbTpoB. Kpome

nepeunciienHoro miatel ASIP-2 copepikar MOJIyJIb 3alTOMHHAOIIETO YCTPOHCTBA 3aIMCH BOJHOBBIX
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dopm curraioB AD VisualTR, ucmonb3oBaHue KOTOPOTO IMO3BOJIMIO TapaHTUPOBATh OTCYTCTBHE
JIOXKHBIX CUTHAJIOB (ITOMEX, HABOJIOK) OT KOMILJIEKCA 3JI€KTPOMAarHUTHOTO BO3ACHCTBUSI.

N3meputenbHasd cucrema Amsy-5 perucTpupyeT cCUrHaibl AD P NPEBBILIEHUN HEKOTOPOTO
MIOPOTrOBOTO  YPOBHA (33aBaeMOro HCCIEI0BaTeIeM) UWHAMBUAYAIbHO KaXKIBIM KaHAJIOM U
HE3aBHCHMO OT JpYrux KaHasioB. He3aBUCHMOCTh H3MEpPEHHMH aKyCTHYECKOW SMHUCCUU KaXKIbIM
KaHaAJIOM I103BOJIMJIA OCYIIECTBUTh HACTPOWKY YPOBHSI IIOPOTOBOTO 3HAYEHUS PETHUCTPAIMU CHTHAJIOB
AD: MUHMMAaJIBHBIN opor 6 MKB ObuT ycTaHOBIIEH Ha KaHajlaX ¢ JAaTYMKAMU YaCTOTHOTO JMAaNa3oHa
(100-400 xI'm), Gomee BBICOKMIA MOPOr BhICTaBieH Ha ypoBHe 100 MKB JuIs MIMPOKOMOJIOCHBIX
KaHaJIOB. DTO 00ECIEeUUIIO PETUCTPALIMIO MAKCUMAIIBHO BO3MOXKHOTO KOJIMYECTBA CUTHANIOB AD (B TOM
Yyucia€ C HU3KUM 3HAYCHHEM aMIUIUTYyAbl). BpIcOkuMii ypoBeHb TMopora sl KaHAJIOB C
IMIMPOKOMOJIOCHBIMU JJaTYMKAMH OOYCJIOBJICH HMITYJIbCHBIMU IOMEXaMH, HIYLIIUMH OT CHCTEMbI
AIEKTPOMArHUTHOTO BO3/ICHCTBUSI.

Ha mepconanbHOM KOMIIBIOTEpPE OCYIIECTBISAETCS (YHKIIMOHUPOBAHHE CHCTEMBI 00OpabOTKH
CurHajioB AD U COXpaHEHHUS pe3yslbTaTOB H3MEpeHud Onarogaps clenuaiu3upOBaHHOMY
nporpamMmHoMy obecnieuenuto VisualAE, VisualTR u VisualClass. O6paboTka curnaioB AD B
VisualAE Amsy-5 npou3BOAKUTCS B PEeXKUME PEaibHOTO BPEMEHHU U COACPIKUT B ceOe Takue QYHKIIHH,
KaK: OIlpe/eJieHHe BPEMEHHU IMEepPBOT0 MepecedeHus Mmopora (Bpemsi MPUOBITHS CHUTHANA), BPEMEHU
HapacTaHWs CUTHAJA, €ro JUIMTEIBHOCTH, aMmIuuTyibsl W sHepruu [Vallen AE Suite V6, 2010].
DHeprusi CUTHAIOB AD pacCUMTHIBAETCS IO OTrHOAIONIEH MOIYNS aMIUIUTYABI AJIEKTPUYECKOTO
CUTHAJIa Ha BBIXOJIE Mbe3orpeoOdpasoparens B HBc (¢ Tounoctsio 10 1 HBC).

IIpy uCHONB30BAaHUMM HECKOJIIBKMX KaHAJOB perucrpauud AD BO3MOXKHO OIpeaesieHue
MECTOTIOJIOKEHHUSI UICTOYHHUKA CUTHANA, IJIsl TOTO MCIIOIB3YIOTCSI UMITYIIBCHI, 3apETUCTPUPOBAHHBIE TI0
HECKOJIbKMM KaHajaM B TEUCHHE 33JaHHOTO WHTEpBaJIa BpeMeHH (He MEHee JTUTEIFHOCTH CUTHANA).
Wmnynbebl MIeHTUGUIUPYIOTCS U TPYIIUPYIOTCS B HAO0Op JaHHBIX 3alUCH COOBITHS, BKIIIOYAIOIIUI
UHGOPMALIMIO O TIEPBOM M MOCIEAYIOUIMX MPEBBIMLIEHUSIX MOPOra, pa3HUIE BPEMEHH PErucTpaluu U
KOJIMYECTBE TPEBBIIICHUH TOpOTa B HMHTEPBaJie BPEMEHH, COOTBETCTBYIOUIEM COOBITHIO. K sTOMY
HaOOpy [MaHHBIX TPHUMEHSETCS aJTOPUTM pacdyera MECTOPACIONOKEHUS HWCTOYHHKA (JIOKAINH),
KOTOPBII BEIOMpPAETCs B 3aBUCUMOCTH OT T€OMETPUM KOHCTPYKLMU/00paslia, KOIUYecTBa U MPUHIIKIIA
pasMmeleHuss Ha HeM jaaTuukoB AD. B cuctreme AmSy-5 mpenycMOTpeHbl CIEIyOLUe aaropuTMbl
JOKAlMU: JIMHEWHas JIOKAlWs, IUIaHApHAS/IWIMHAPUYECKas, JIOKAlWs JUIsi KOHTPOJS  JTHHII
pe3epBYyapoB, AITOPUTMBI TPEXMEPHOU JIoKauu (JIoKaIus B 00beMe) U chepruueckast JIOKaIus.

B cmnemuanbHOM LMKIE OKCIEPUMEHTOB JJIS PACHIMPEHMs JMana3oHa MOJy4aeMoil
aKyCTOPMHUCCHOHHON WH(popManuu ObUIa peanu3oBaHa 3amuch AD CUTHAJIOB B IIECTHKAHAJIHHOM

peXHUMe, TEOMETPUS PACTIONOKEHHS TaTUYMKOB U300pakeHa Ha pUCyHKe 2.23.
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Pucynoxk 2.23 a — ®ororpadus odpasna rpannuta KanHIHHCKOTO MECTOPOXKICHHUS, YCTAHOBICHHOTO JIJIS
UCTIBITAHUI C IIECTBIO JaTYnkaMd AD W 3JEKTPOJAaMHU BO3JCHCTBHS, 0) CXEMAaTHYECKOE PACIOI0KEHHUE

AIIEKTPONIOB | JaTdukoB AD Ha 0bOpa3sie, coriaacHo [MyOaccapoBa u ap., 2014].

JI7st BBITIOJTHEHHSI JIOKAIMOHHBIX PacYeTOB CKOPOCTh 3ByKa B Marepuaie (rpaHuTe) 3a1aBaiach
paBuoit 5350-5600 m/c [doOpeiHuH u np., 1991; ®uswmueckwue..., 1984]. Ius pacuera KOOpauHAT
UCTOYHUKAa AD OBUT MPUMEHEH IOIIArOBBI METOJ] TPEXMEPHOMW JIOKAIMU, KOTOPBIH Oasmpyercs Ha
YHCJIIEHHOM TOIIArOBOM HMTEPAIMOHHOM AJTOPUTME, CICIHAIBHO MPUMEHSIOMEMCS IS CIUTOMTHBIX
00BEKTOB (TBEPABIX MIJIM HAMOJHEHHBIX JKUAKOCTBIO) C PACIIPOCTPAHEHHEM 3BYKa B TPEX M3MEPEHUSIX.
CyTh airopuT™Ma COCTOMT B CJICAYIOIIEM: IEPBOHAYAIBHO OIPEICISCTCS IMPEANOI0KUTEIBHOS
MECTOTIOIOKEHNE UCTOUYHUKA AD, 3aTeM CTPOMTCSA KyO C ONMpeIeIeHHONW UIMHOW CTOPOHBI, IICHTPOM
KOTOPOTO SIBJISIETCS MPEATOIOKUTEIFHOE MECTOIIOJIOKEHUE HCTOYHHKA. B IeHTpe KaX 101 rpaHu Kyoa
3aJJaf0TCSI MECTh HOBBIX BUPTYAIBHBIX UCTOYHUKOB, JUISI KQKJOTO U3 KOTOPBIX BBIYUCIISICTCS] 3HAUCHUE
nokazaressi HeONpPEACICHHOCTH JIOKAMU (CTaHAapPTHOE OTKJIOHCHHE BBIUMCIICHHBIX PACCTOSHHHA OT
JaTyrka AD 10 UCTOYHHKA U 3TOTO0 PacCTOSHUS B COOTBETCTBUU C 3apErHCTPUPOBAHHOW pa3HUIIEH
BpPEMEHHU TPUXOJa CHUTHAjA). PellleHne ¢ HauMEHBIIUM 3HAUYEHUEM ITOKAa3aTellss HEONPeIeIeHHOCTH
CTaHOBUTCS HOBOMW TO3HMIIMEH HCTOYHHUKA. 3aTeM MpPOIlelypa MOBTOPSAETCS, TTOKA IMO3UIIHSI UICTOYHHKA B
IIEHTpe KyOa He Oy/IeT UMeTh HauMeHbIIIee 3HAYCHHE TI0Ka3aTes HeonpeneHHocTH. [locie yero amnHa
CTOPOHEIL KY6a YMCHBIIACTCA W IIarvu IMOBTOPSAIOTCA, IIOKa MJJIMHA CTOPOHLI KY6a HE IOOCTHUTHET
OTpeIeIIEHHOr0 MUHUMAIBHOTO 3HaueHus1. KoopauHaThI IIeHTpa Ky0a ABJSIOTCS Pe3yabTaTOM pacueTa

HCTOYHHKA aKYCTOOMUCCHUOHHOI'O COOBITHSL.

2.5. Bb100p MOIeJIbHBIX MATEPHATOB
[Ipoueccrl nepopmupoBaHus 3eMHOU KOPbI U 00pa30BaHUs B HEMl pa3pbIBOB, BHI3bIBAIOIINE MX
CHJIBI H (1)I/ISI/IKO-MGX3HI/I‘—IeCKI/Ie CBOMCTBaA TOPHBIX IIOPOA XapaKTCPU3YIOTCA OOJBIINM YHCIOM

¢usnueckux BenuuuH [[30Bckmii, 1975]. Ilpum mocTaHOBKE BOMPOCOB, pEIIAEMBIX METOJIOM
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MOJIEJIMPOBAHUS, BO BpeMs HUCIBITAHUS MOJENIeH U MPH MOCIEIYIOIeM HUCIIONIb30BAaHUH PE3yJIbTaTOB
AKCIIEPUMEHTOB HEOOXOJWMO YYHUTHIBATH Psif OOIIMX MPUHIIUIIOB, OJHUM W3 KOTOPBIX SIBJISIETCS
NPHUHIAIT TOJ00UsT Mojeled NpupoaHbiM oObekTam. [lpu BeIOOpe Marepualia HCIBITAHWH s
MOJCIUPOBaHUs BIMsAHUSA DM mosst Ha aedopMaIlMoOHHBIA (CeHCMHYECKUI) MpoIece B HACTOSIICH
paboTe onmupasuch (MOMHUMO COOOpaKeHU MOJ00Ms) HA PEe3yNbTaThl, NOJYyYEHHBIC B MPEIbIIYLIUX
uccieoBaHMsIX [3aKkynuH u ap., 2006, 2006 a; borosomos u np., 2011]. IlepBoe — 3TO TUI TOPHBIX
nopoJ; (MarmMaTu4yeckue, MeTaMOpP(QHUECKHE WM OCaJ0YHBIC), 3aJeTarollliX Ha TEPPUTOPUH, IS
KOTOpPOM TMepBOHAYaIbHO ObUT yCTaHOBJIEH 3()(EKT 3ANEKTPOBO3ACHCTBUS HA MPUPOCT JIOKATHHOU
CEHCMUYHOCTH M celicMoTekToHndyeckux naedopmanuii [Tapacos, Tapacosa, 2011, 2016]. Taxxe
UCTIOJIb30BAaHUE METOA aKyCTHUECKOM 3MUCCHH MPEAONPEACTHIO BEIOOP TOPHBIX MOPOJ — HATHYHE Y
HUX BBIPAKEHHBIX aKYCTOIMHCCHOHHBIX CBOMCTB. CreayeT Takke OTMETUTb, UYTO paHee He
MPOBOAWIOCH HUCCIEOBAaHMM Ha TMOpOJAax, OOJaJalolUX CBOMCTBAMU IUIACTUYHOCTH, HO
MOJIBEPTalOIIUXCS XPYIKOMY THITY pa3pylieHus (Mpamop), HECMOTps Ha OJH30CTh TaKOro THUIIA
pa3pylIeHHs K peajJbHbIM TEKTOHMYECKHUM IpolieccaM B 3eMHOI kope [ 'onbaun, 2004].

B cBs3u C BBIMIEU3IOKEHHBIM, I HCHOBITAHUNA OBLIM IMOJAOOpAaHBI 00pa3lbl Mpamopa,
mectopoxkaenne Ak-Tam (Kuprusus), M3roroBl€HHbIE W3 MOHOJIUTHOrO OJloKa moponsl. L[Ber
Mpamopa — Oenbrif. J{ns muxma sxcnepumentoB B UMCC YpO PAH B kauecTBe marepuana s
UCIIBITAaHUH OBUT BEIOpaH TpaHuT KamHIWHCKOTO MECTOPOXKACHHS, KOTOPBIA 00J1a1aeT XPYIIKUM THIIOM
pa3pylieHUs: U B OTJIMYUE OT MpaMopa HE MMEET BBIPAKECHHBIX IUIacTU4YeCKux nedopmaruii. Kpome
9TOro, MpU HCHObITaHUSIX cepuil obOpasuoB rpanuta B HC PAH Obulo monydeno HaumOobliee
KOJIMYECTBO JAHHBIX 00 OTKIMKAaX aKTUBHOCTU AD Ui IIMPOKOTO AHMAra3oHa HAarpy3oK U THUIIOB
BHEIIHUX BO3eicTBU [3akynuH u ap., 2006, 2006 a; Bogomolov et al., 2004; boromomnoB u 1p.,
2011]. IlpoBenenue sxcriepumenToB Ha rpanute B UMCC YpO PAH MoxeT moATBEpIUTH paHee
MOJTy4YE€HHBIE 3aKOHOMEPHOCTH U CIIOCOOCTBOBATh OOHAPYKEHHUIO HOBBIX, ONaromaps COBpEMEHHOU
JMAarHOCTHYECKOM CUCTEME PEruCTPAllMM CUTHAJIOB aKyCTHYECKON SMHUCCHUHU.

Mpamop — 3TO MOJHOKpHUCTAJUIMUECKass MeTamop¢uueckas KapOOHaTHas TOpHas IMOpoja,
oOpa3oBaBIIasicsl B pe3yJibTaTe NEePEKpUCTAIIIN3ALNN U3BECTHIKA UM 10JI0OMUTa. MpaMop COCTOUT U3
kapOoHaTa (Kaimpllusi ¥ MarHus) WIM KajbluTa (KapOoHaTa KanbIus), WIM U3 000MX MHHEpAJIOB.
OOBIYHO MpaMoOp COJEPKUT OOJBINOE KOJIMYECTBO MpUMEce APYrux MHUHEpasoB (KBapll, XallleIoH,
MOJICBOM IIMAT, JIMNMOHUT, TEMATUT, MMUPUT U JIP.) U OPTaHUYECKUX COCTUHEHUN, KOTOPBIC Pa3JIMIHO
BJIMSIIOT Ha €T0 KauecTBo.

[Ipy n3ydeHuu BIMSHUS JIEKTPOMArHUTHOTO IOJSI HA HAIMPSIYKEHHOE COCTOSHUE MOJENbHBIX
00pa3IioB BaKHEHIIEH XapaKTepUCTHKOW Marepualia SBISETCS YIPYrocTh, KOTOpas OMpeensercs

KHHEMATUYCCKUMU IMapaMETpaMH — CKOPOCTBIO PACIIPOCTPAHCHUA MMPOJOJbHBIX U IMONCPEUYHBIX BOJIH, d

TaKKe MOyJieM npojoibHoi ynpyroctu E (Momynem IOura), koadduieHToM monepevyHoro cxaTus
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V (ko3¢ purmentom Ilyaccona), koncranToii Jlame A u moayinem casura G. Jlns mpamopa cKopocTb
MIPOJIOJIBHBIX BOJIH BapbHpyeTCss B auamnaszoHe: 3.75-6.94 xM/c, CKOpOCTh TOIMEPEYHBIX BOJH paBHA:
2.02-3.86 km/c, monynp FOHra: 2.3-9.8-10* MI1a, MOJYJIb CIBUTA: 2.8-3.6-10* MIla u kodurmeHT

[Tyaccona: 0.22-0.4. ®u3nko-MeXaHHYECKHUE CBOMCTBA MPaMOPOB clieaytomue: 00beMHbIN Bec — 2590-

2740 KF/MB; nopuctocth — He Oonee 4%; BogomnornoueHue — 2%. IIpoyHOCTh B BO3AYIIHO-CYXOM
cocrosgunu — 80-110 MIla, B BogonaceimenuoM — 45-105 MITa.

Bonpuioe 3HaueHwe TakkKe HrparOT IEKTPUUYECKHE M MarHUTHBIE CBOMCTBAa Marepuala.
Munepassl, ciararoiue Mpamop, OTHOCSTCS K BEIIECTBaM — JIUAJIEKTPUKAM, B OOJBIIMHCTBE CBOEM
0o0JafaomMM HOHHOM MPOBOJMMOCTBIO. YJIENbHOE JIIEKTPUUYECKOE COINPOTUBICHHUE MpamMopa
mensiercs oT 108 0 107 Om-M; audnekTpudeckas IPOHUIAEMOCTh BapbUpyeTcs B mpeaenax 8.3-13.5,
y/ienbHas 00bEMHAs MArHUTHAS BOCIPUUMYHBOCTE MEHsETCS B auanaszone 2.5-6.0-107°, a npobusHOe
Hanpsxenne — or 10° 1o 4.5-10% kB/M [JIo6psmun u ap., 1991, Kop6anosa, 1986; CrpaBodHUK...,
1975].

B nacrosei pabote npeacTaBieHbl pe3yJbTaThl YKCIIEPUMEHTOB, MPOBEACHHBIX KaK HA CYyXHX
obOpasmnax mpamopa (KOMHATHOW BIIQXXHOCTH, HE TMOJBEPraeMbIX CYIIKE), TAK U BOJIOHACHIIICHHBIX.
Boponaceiienne 00pasioB Mpamopa MPOU3BOAWIIOCH MIPHUPOJHOM MHHEPaATW30BaHHOW BOAOU
(Ypouumie "Ana-Kym", pogauk "Ana-Apuya", coctaB npuBezieH B Ta0bnuiie 2.4) B TeU€HUE HECKOIBKHIX
CYTOK B CHEIMaIbHOM pe3epByape. CTeneHb BOJOHACKIIEHUS cocTaBuia 2% oT Macchl 00pa3LoB 10
BOJIOHACHIIICHNA. [l IPeIOTBPAIleHNs] UCTIApEH sl BIIard B Ipolecce aedopmMannu o0pasibl cpasy
1ocJie BOJOHACHIIICHHUS] 00Ma3bIBATMCh CUIIMKOHOBOM CMa3Koii, TeM CaMbIM MUHUMH3UPYS U3MEHEHUS
yIEeTBHOTO COMPOTUBJICHHS (YAETbHOE COMPOTUBIICHHE BOJOHACKHIIIEHHOT0 MpaMopa B 10 pa3 MeHbIie
COOTBETCTBYIOIIETO 3HaUeHUs y cyxux oopasiuos [Kopbanona, 1986]).

Tabnuna 2.4 — CoctaB MUHEpATM30BaHHOW BOJIBI /ISl BOJIOHACKIIIIEHUS 00pa3IioB Mpamopa.

AHUOHEI: CopepxaHue
SO 10-30 mr\nm®
HCO:s 50-80 mr\mm®
Cl- 2-10 mr\nm®
KatnoHsr:

Ca* 20-30 mr\am®
Mg** 2-10 mr\nm®
Na* + K* 2-10 mr\nm®
Mumnepanuzanust 80-250 mr\mm®

I'panuT sABIsAETCS KUCION MarMaTH4ecKol HHTPY3UBHOM rOpHOM noponoil. CocTOUT U3 KBapl1ia,
IJIaruoKI1as3a, KaJueBoro MmoJjieBoro 1maTa u CioJ — OMOTUTA W/WIK MYCKOBUTA (XMMHYECKHH COCTaB
rpaauTa KanHInHCKOTro MeCTOpOXKIeHHs IpuBeAcH B Tabsmile 2.5). LIBeT rpanuTa cepslii, mo pasmepy
3epHa OTHOCHTCA K cpenHe3epHUCTHIM. [lpu nedopmMupoBaHMM W pa3pylIeHHMH B YCIOBHSAX

OIHOOCHOI'O CiKaTUA T'paHUT MPOABIIACT YIIPYTruUc CBOMCTBA H XapaKTCPUIYCTCA XPYIKUM THIIOM
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paspyuieHust  (OCHOBHbIE  (U3MKO-MEXaHMUYECKHE XapaKTepUCTHKU TpaHuTa KaumHAMHCKOTO
MECTOpPOKJCHUS TpuBeAeHbl B Tabmuue 2.6). Monyns ynpyroctu (moayns FOHra) st rpaHuTOB
nexut B uHTeppane 2.0-8.5-10* MIla, moxyns casura pased 1.6-2.8-10* MIla, xo>dduuument
ITyaccona: 0.08-0.34. CkopocTy NMpOAOIBHBIX U IMONEPEUYHBIX BOJIH JISXKAT B Iuarna3onax 3.7-6.51 km/c
u 2.7-3.8 xm/c cootBeTcTBeHHO [KopbOaHnoBa, 1986].

Tabnuna 2.5 — Xumuueckuii coctaB rpaHuTa KauHanHCKOro MECTOPOKACHUS.

ConeprxaHne Enunuiia uamMmepenus ITokazarenb
Kanummat % 45+50
buotut % 5+10
IInarnoxmnas % 15+20
AKI1eCCOpHBIE % 5

KBapn % 25+30

OcCHOBHBIE MMHEpAJbl, CJIaralollde TPAHUTHI, OTHOCATCS K MHHEpajsaM TPEThEH TPYIIbI
(TUAIEKTpUKaM), yHeTbHOE COMPOTHBIEHHE KOTOPHIX HM3MeHsercs oT 5-107 mo 2.7-10% Omm u
0661980 Gonpie 101t Om M. Munepansl paccMaTpuBaeMoii TPYIIIbI (KBapLl, MOIEBbIE MINATHI, CIIObI
U Jp.) SIBISIOTCS CIAOOMONAPU3YIOIIMMHUCA TUAJIEKTPUKAMHU, JII KOTOPBIX XapaKTepeH HMOHHBIN
MEXaHMU3M MOJSIpU3aluU. 3HAYEHMs] TUAIEKTPUYECKOW IpoHULaeMocTu MeHsiercss oT 4.5 no 11.1,
ylIenbHOE dMeKTpudeckoe conporusierne — oT 10° 1o 8107 Om-M; ynenpHas oObeMHAs MarHUTHAS
BOCIIPMMMYHBOCTH ) MeHseTcs B ananaszone — 0-7.5-1072, [JIo6psinun 1 1p., 1991, Kopbanosa, 1986].
Kpome storo, ocHOBHOM ciararouiuii mopoay muHepan kBapi (25-30%) umeeT mbe303JeKTPUUSCKUn
MOJIyITb, KOTOPHIii Bapbupyercss B uHTepBane 0.6:102 1o 2:107° Ki/H u obycnaBnuBaeT Hanndue B
MaTepuae Mbe303JIEKTPUUECKUX CBONCTB.

Pa3mepsl 00pasnoB ObUIM BBIOpAaHBI coryiacHO wuccienoBaHusM [IIpodHOCTb..., 1979], B
KOTOPBIX HW3Y4alioch BIMSHME (OPMBI U pa3MepoB OOPA3IOB TOPHBIX TOPOJ Ha pPe3yabTaThl
MEXaHWYECKUX UCIBITAaHUH, 1 PEKOMEHTYEMbIM YCIIOBUSIM JIJIsl POBECHUS UCTIHITAHUNA HAa OJHOOCHOE
oxkarue [Dudley et al., 2016]. {ns numuHaprYecKuX 00pa3iioB ObLIO MOKA3aHO, YTO MPU OTHOIICHUH
pa3mepoB obpasua (BeIcoTs K auamerpy) N/ > 2 mpaktuueckn He M3MEHSIOTCS M HE 3aBHCAT OT

TOPIEBBIX  YCJIOBHM  KOIPOUIIMEHTHI IKECTKOCTH W TOMEPEYHOro  paciiupeHus (yCcIoBHO
IepecuYnThIBa€Mble Ha MOJYJb YNPYroctu U koddpouiueHt [lyaccona B mpuOIMKEHUN OJHOPOIHOMN
nedopmarnmn). Kpome storo, 10 Benuuunsl h/d =~ 1/5-2 mo mMepe pocTa 3TOro OTHONICHUS TPOHCXOTUT
JIOBOJIBHO OBICTPOE CHMXKEHHE NMPOoYHOCTHU. [ToBbIIIEHHAsI MPOYHOCTH "HU3KHX" 00pa31oB 0OBACHAETCS

TEM, YTO 30HBI BJIMSHHUS TOPIIEBOTO TPEHUS y HUX CMBIKAIOTCS, B TeJe 00pa3IoB MpeoOsIa aroiium
ABJISETCS HANPHKEHHOE COCTOSHUE TPeXocHoro cxkarus. Ilpu ornomennu h/d > 2 B cpenneii wactu

obpasma yxe popmupyercst 06J1acTh OJTHOPOTHOTO CKAaTHs U AP (HEKTUBHAS KECTKOCTh 00pa3IoB MPH
}IaJ'IBHeI\/IIIHeM YBCIIMUYCHWH YK€ HE 3aBUCUT OT TPCHHUA HA TOpLIAX.

Tabnuua 2.6 — Pu3uko-MexaHn4eckrue XapakTepucTuku rpanura (Kannmaa).
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HaumenoBanue cBOWCTB Enununa uzmepenus 3HaueHue
IIpenen mpounocTu Ha cxarue B | MIla 191.17
CYXOM COCTOSTHHU

IIpenen MIPOYHOCTH B | MIla 173.56
BOJIOHACHIIIICHHOM COCTOSIHUH

Kosddurment pa3sMArdeHus 0.92
(koxdbdhunmeHt CHIDKCHUS

MPOYHOCTH  NPH  HACBIIICHUH

BOJIOM)

VcTrHHAs MIIOTHOCTH r/em® 2.79
CpeHsis III0THOCTD r/cm® 2.77
[Topucrocts % 1.13
Boponornomnienue % 0.19
Panuarnuonusiil GoH MIla 10

O06pa3siel Mpamopa ObLTH BBITOJIHEHBI B (hopme mapaiienenuneaa ¢ pazmepamu 40x20x80 M.
OO0pa3iibl rpaHUTa OBUTA M3TOTOBJIEHBI U3 MOHOJUTHOTO KaMHs pazMepoM 25%50x100 mm. JIunelinpie
pa3Mepbl OTKJIOHSIIOTCS OT 3aJaHHBIX B npezenax = 0.1 MM, OTKJIOHEHHE OT MapajuieIbHOCTH TpaHei

He npeBbimaet 0.1 mm.

BriBoabl 1o riiase 2

Pa3zpa0Gotana u oTyia)keHa METOJMKA MPOBEAECHUS SKCIEPUMEHTOB Ha PhIYaKHOM IIpecce s
BBIABJICHUSA pCaKIUU HarpymeHHoﬁ CpCabl Ha BO3H€ﬁCTBHC SJICKTPOMArduTHOI'O IOJIA (HO JaHHBIM O
ckopoctu nedopmanuii 1 aktuBHOCTH AD). OOOCHOBaH BBIOOp Marepuana u (opMbl 00pas3IOB s
UCTIBITAHUH, peKHMMa HArpyKeHUs (OJHOOCHOE C)KaTHE) M CKOPOCTH POCTa CKUMAIOIEH Harpys3KH.
[ToaroToBieHa cuctema JUIsl 3JIEKTPOMArHUTHBIX BO3JCHCTBUN Ha HarpykeHHble 0Opa3libl TOPHBIX
MOpOJI, BKJIIOYAIOIIAsi TeHEepaTOpbl MMIYJIbCOB, I'paUTOBBIE AJIEKTPOAbBI U MArHUTHYIO KaTYyILIKY
HHAYKTUBHOCTHU, C IapaMETpaMu: HANPSAKCHHOCTH OBJICKTPUUCCKOr'O IOJIsA, MHAYKIHUA MAarHuTHOI'O
Hnojst M Jip., HEOOXOTUMBIMH ISl MCCIENOBaHUN MO Teme Hactosimed pabotrel. I[lonTBepxaeHa
paboTOCTIOCOOHOCTh U 3PPEKTUBHOCTh aANMNapaTHO-IPOTPAMMHBIX CHUCTEM JJIS IIUPOKOIMOJIOCHBIX
I/ISMCpCHI/II\/II aKYCTquCKOﬁ OMHCCHUHU B OJHOKAHAJBbHOM MW MHOI'OKAHAJIbBHOM HCIIOJIHCHHH, a TaKXKE
MNPEUU3NOHHBIX I/I3M€p€HHfI I[G(l)OpMaIII/II/I. OTtnaxena MCTOAWKA MHTCPHPETAINU SKCIICPUMCHTAJIbHbBIX
JAHHBIX JJIs1 BBIABJIECHUS OTKJIMKA AKTUBHOCTH AKyCTUYECKOH SMHCCHM HArpy>KeHHOW cpenbl Ha

BO3JCHCTBHUE QJICKTPOMATrHUTHOT'O ITOJIA.
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I'maBa 3. Bapumanum ckopoctu aedopmanuu M napamMeTpoB aKyCTHYeCKOH IMHCCHH
HArpy’KeHHBIX 00pa3loB MpaMopa NpH KOMOMHHPOBAHHBIX BO3ACHCTBHUSX JJIEKTPHYECKOI0 U
MarHUTHOIO IoJiei

3.1. MeToanyeckne JKCIEPUMEHTHI IO OJHOOCHOMY C:KaTHMI0 00pa3umoB MpaMopa B
peKuMe ¢ MOCTOSTHHOM CKOPOCTHI0 HATPY:KeHMs (0€3 BO31elCTBHUS 3JIeKTPOMATHUTHBIX I0JIei)

3.1.1. U3mepenusi aepopManuii, HArPy3KH M AKYCTHYECKOHl 3MHCCHM INPH OJXHOOCHOM
C/KATHM B OTCYTCTBHE 3JIeKTPOMATHUTHBIX BO3/1eiicTBUI

Jis aHann3a pe3yiabTaTOB HKCIEPUMEHTOB Ha 00Opa3lax IOPHBIX MOPOJ, UCHBITHIBAEMBIX C
BO3CHCTBUEM 3JEKTPOMAarHUTHOIO II0JIA, U NPUOMMKEHUS K IOHUMAHHIO M TEOPETHYECKOMY
ONHCAaHUIO MEXaHU3MOB NpeoOpa3oBaHusl SHEprur OM TMONs B YHPYTYI0 SHEPTHI0 HEOOXOAMMO
NpeBapUTEIbHO HM3YYUTh TUIMYHBIA Xapakrep AeGopMUpOBaHHs MaTepHaja, KOrja Ha oOpaserr
JeHcTBYeT TONBKO OOUH (akTop — cuia cxarud. s sToro w3 cepuu oOpas3loB Mpamopa,
IpeJHa3HAYCHHbIX A MccieloBaHUM BiauaHUS OM mouss, Obulo oTOOpaHO 4 3K3eMIuisipa JUls
NPOBEICHUS M3MEPEHHI TPeX KOMIOHEHT JedopManuu (C MOCTPOSHHEM JHarpaMMbl HampsHKCHUs -
nedopManuu — G-€) M aKyCTHUECKOW SMHCCUU B OTCyTcTBME DM Bo3aelcTBUN. J[OMOIHUTENHHO
OIpeIeNsIINCh OCHOBHBIE MEXaHUUECKUE XapaKTePUCTUKU (TIpeieNbl YIPYrocT U MPOYHOCTH, MOy b
FOnra). Takxe onTUMU3KMPOBalIaCh MOCTAHOBKA 3KCIEPUMEHTA, ONMCaHHas B pasjenax 2.3 u 2.4.1, ¢
OTpabOTKON TEXHUYECKUX JIeTalel: CUHXPOHU3ALMU IIPOLEcca HAarpyKEHUs C U3MEPEHUEM Harpys3KH,
TpeX KOMIIOHEHT JiedopMalluu U peructpanueii AD marepuana B yCIOBHIX OAHOOCHOTrO cxkatus. Kak
ObUIO OTMEYEHO BbIlIE B pasjene 2.3, mpojoibHas aAedopMainus onpenensyiach yYKOPOYEHHEM
pabouero mpOCTpaHCTBA MEXIY BEpPXHEH TpaBepcod M HIKHEH MTaBUIBHOM TISITOM, B KOTOPOM
ycTaHaBluBaeTcsi obOpasen. M3MmepeHue mnomepedHbIXx AedopMainuil MpPOU3BOAMIOCHE B TOUKAX —
IIEHTpax OOKOBBIX I'paHell oOpa3iia (oTMeueHs! 1Udpoii 2 Ha pucyHke 2.7, ctp. 75).

PaccmoTpuM THIMUHBIN TpuMep edopMHUpOBaHUs 0Opa3lia MpaMopa B YCIOBHSX OJTHOOCHOTO
ckartusg. B TeueHue sKcmepuMeHTa HaIpsDKEHHE, PAacCUMTaHHOE C Y4YeTOM HadajlbHOM IuIouaau
TOPLOB, Ha oOpa3le U3MEHSAJIOCh JUHEHHO, (ayKkTyanuu (CTaHJAapTHOE OTKJIOHEHHE MpPU BbIYETE
auHenHoro Tpenaa) He npesbimany 0.6 MIla. OOpasen paspymmics npu Hanpsbkenuu 152.5 MITa. Ha
pucyHke 3.1 mokazaHbl BpeMEHHas 3aBHCHMOCTh HM3MEHEHHUs CHJIbl CXaTus (a) M JuarpaMmma
nedhopmupoBanus (0) oOpasiia B KOOpAMHATAaX HampspkeHue-nedopmanusa. Kak BuaHo u3 pucynka 3.1
a mocJie CTapToBoM Harpy3ku a0 25 kH Ha HauanbHOM y4acTke rpaduka CKOPOCTh U3MEHEHUS YCUITUS
menble, yem 0.5 H/c. D10 cBsizaHO ¢ 0COOEHHOCTSIMH pabOThl PHIYAKHOM YCTAaHOBKH TPH MAaJIbIX
Harpy3kax. Jlanee HakioH rpaduka yBenuuuBaercs A0 3HadeHus 0.5 H/c u BmioTe 10 paspymieHus
OCTaeTcsi HeM3MEHHBIM. 3aBUCUMOCTb HamnpsikeHus oT nedopmanuu (pucyHok 3.1 6) geMoHCTpupyer
TUMIUYHYIO KapTUHY OJHOOCHOIO CXaTHsl TOPHOM MOPOJIbI U XapakTepusyeTcs TpeMs ydactkamu. [lo
3HayeHus 63 MIla 3aBUCHUMOCTb HaNpspKEHUS OT JeopMaliy U3MEHSETCsl HEIMHEHHO, UTO SBIISIETCS
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TUMIUYHBIM ISl OOJIBIIMHCTBA TOPHBIX MOPOJA M BBI3BAHO IPOIIECCOM YIUIOTHEHHS. YIUIOTHEHHE
NPOUCXOAUT 3a CYET CMBIKAaHMS PA3IUMYHBIX MYCTOT (MOp, TPEUIUH), PAaCMOIO0KEHHBIX
MPEUMYILIECTBEHHO MEPICHAUKYIISPHO HAMIPABICHUIO CHKATHS, U XapaKTEPU3YEeTCs] HATUUUEM YIIPYTOM
u Heynpyro coctaBistomux [JlaBpoB u gp., 2004]. B manHoM ciydae HallMuve€ HEIMHEUHOCTH
TOBOPHUT O MpeobsiaflaHiK B JIaHHOM MaTepualie HEeyNpyro KOMIIOHEHTHI yroTHeHus. Heympyras
CcOCTaBJIsifolasi OOYCJIOBJIGHA pa3pylICHUEM I[EePEMbIUeK, HMEIOIIMXCS MEXIy HadalbHbIMHU
MyCTOTaMH (IIOpaMH U TPEIIMHAMM) U PACTIOI0KEHHBIX OOBIYHO BJIOJIb TPAHULL 3€PEH, YTO MPUBOAUT K
ux HeoOpatuMomy 3akpeiThio. [lanee nedhopmupoBanue oOpas3ia NpoOUCXOIUT 10 3aKoHy ['yka, a nmpu

OTHOCUTENBHBIX 3HAaueHusX Harpysku csbime K*=0.7 (K* — ormomrenme Tekymeil Harpysku k

pazpyuiaroniei) mpouecc neopMUPOBaHHS BHOBb MPHOOpETAaeT HENUHEHHBIA XapakTep ¢ pOCTOM

MPOJOIBHOM JeopMaIui BILIOTH 10 MOMEHTA pa3pyLICHUs.
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Pucynok 3.1 — I'paduku: a — u3MeHeHHs yCWiIusi CKaTsa, O — HampspbkeHus-aedopmarmu oOpasna
Mpamopa, CrUIaKeHHble BO BpeMeHH. KpacHOW JHMHHEHW OTMEYeHa AamMpOKCHMAIMOHHAS — JIMHHUS,

JEMOHCTPHPYIOIIAsl y4aCTOK YIPYTHX JeopMannii.

PaccMoTpuM BpeMeHHbIE 3aBUCUMOCTH MPOAOJIBHOM €77 U MOMEPEUHBIX AedopMaluid €xx, Eyy
(mayee mpoOCTO €7, €x, €y) M aKTUBHOCTH AD, MOJYYEHHBIC B 3TOM IKCIEPUMEHTE M OTPaXKaroIllue
XapakTep JeOopMHpOBaHUS BCeX 00pa3loB, UCHBITAaHHBIX 0e3 OM Bo3zelicTBus (pucyHok 3.2). Kak
BUJHO U3 rpauKoB, MPOJOJbHAs £z U MoONepedHas €y aedopMalvy yBEJIWYUBAIOTCSA IO MEpe pocTa
HANpPSKEHUs: €7 — NMHEHHO, €y — HenuHeiHo. Hammyunreit anmpokcumarueii 3aBucumoctu €y (1)
ABIIseTcs Jorapudmudeckas GyHKIMS BUaa & = a— b- In(c + t) , Tae a, b, c- K02 (D PUITUEHTHI.

W3MeHeHus TI0NepedHoil AeopMaluy €x HeCyLIeCTBEHHBI 10 MomenTa t=12-10% ¢ (iudpa 3
Ha pHCYHKe 3.2 a), KOorja NpOM3OINEN pPe3Kuii ckauok €x B Teuenne At=3.4 ¢ ¢ mpupocrom

nedopmaruu Ha Aex=103, cooTBeTcTBYrOIMN 35% oT o0mieir negopManuu B 3TOM HaIpaBICHUH

101



(umu Alx=40 mxm). Hanpsikenue na o6pasie npu 5toM (t=12-10% ¢) cootBeTcTBOBaNO KO DUIIHEHTY
narpyskun K*=0.68. CunxpoHHO HabmiomaeTcs MPUPOCT U TIPOAONBLHON AehOpMAIUM, OJHAKO OH
meHee BhIpakeH (A€z=3.7 10°) m HaumHaercs Ha mpuMmepHO 0.6 C TO3XKE POCTAa IONEPEUHOI
nedopmaruu €x (BeiIeneHo mudpoi 3 Ha pucyHke 3.2). 3HaYUTENbHBIC 110 AMIUTUTY/IE TPUPAIICHUS
Aez=2.8-10* u Aez=5.6-10"* HabGrOMAIOTCS ABAXKIBI 32 TIEpUO/] UCTIBITAHUS TIPU HANPSIKEHUU k*=0.4
n K*=0.76 or paspymeHus COOTBETCTBEHHO, IHTENBHOCTH mepBoro cocrapiser At;~110 munyr,
BToporo — Aty=150 munyr (0603na4uenus 2 u 4 Ha pucyHke 3.2 a). Bo BTopoM cilydae M3MeHEHHUE
MPOJOIBHON JedopMaIi COMPOBOXKIACTCS YMEHBIICHUEM aMIUIUTY]l IOTIEPEUHbIX AeGopManuii: €x
HAYMHAET YMEHBIIATHCS CIYCTS 5 MHHYT, a €y — cmycTs okojo 20 munyT. [dedopmarus obpasna 3a

BECh MEPUOJ UCTIBITAHUN B TPEX HAMPABICHUIX COCTABISET: EX = 2.8" 103, &y =36.7-10%, e2=7-103.

48_\,, 107 a) €, {0'3 8571 (()) Pucynok 3.2 — I'paduku: a —
L35 | U3MEHEHHS Tpex KOMIIOHEHT
-30 [0 nedopmanuii, YepHbI Tpaguk — E€X,
Lo [OD
i 20 __5'5 KpacHbIll Tpaduk — €y, cuHuii Tpaduk
15 50 — &€z; 6 — axtuBHoctH AD. P —
B 10 f4'5 Harpy3ka; | —  MakcHMalabHOE
e [0 3HaueHHe aKTHBHOCTH AD mpu mocie
r9 33 crapToBoil Harpysku 36 ¢t 2 + 4 —
?P 4 . 2 Lo ; 104200 [pHpaICHAE KOMIIOHEHT
100 ¢! 0) | nedopmMaliuii;, 3 — IpUPOCT KOMIIOHEHT
4();:: | nedopmanii €x U €7 U aKTUBHOCTH
—: I 3 J AD mo 77 ¢t 5 — MakcumanbHOe
37 3HaUYCHHWE AaKTUBHOCTH AD  1ipu
’ : paspymennn 98 ¢! cormacmo
] [boromomoB u np., 2017].
1

o#wﬁnwmmm%wwmuw

4 8 12 16 20
P £, 10% ¢

PaccmoTpum rpaduk aktuBHOCTH AD B 3TOM 3KcnepuMenTe. Kak BUaHO U3 pucyHka 3.2 6
1ocje PeaKCallMOHHOTO Ipoliecca BCIIE 3a CTapTOBOM HArpy3kod HaOMIoNaeTcs JUHEHHBIA TpeH[
yBenmueHus akTuBHOCTH AD ¢ =2.5:102 ¢ mo ~0.2 ¢! Bmmors g0 Bpemenn t=12-10* ¢, xorma

MMPOU30LICIT HaBI/IH006p83HBII7I INpUPOCT AKTHUBHOCTU CHUI'HAJIOB aKYCTquCKOﬁ aMUCCUM 10 77 C_l
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(mudpa 3 Ha pucyHke 3.2 6). CpeaHsis CKOPOCTh HAKOIUICHHUS COOBITHIT AD Ha ydacTKe OT Harpy3KH J0
3TOro MOMeHTa mpubnusutenbHo pasua 0.07 cl. BelleynoMsHYTHIH TPHPOCT uncia coObITHIE AD
(un¢pa 3 nHa pucynke 3.2 6) cocraBun okosno 2130 curnama 3a 30 MuHYT akTuBHM3auuMu AD U

MPOM3OIIEI MOYTH CHHXPOHHO CO CKaYKOM IMPOJIOJIBHON €7 W MOMEpeuHOn Ex AedopMannu (PUCyHOK

3.2). Jlanee akTUBHOCTH crana 10 ypoBHs 0.1 ¢, KOTOpsI# coxpaHscs Ha mpoTskenun t=5.6-10% c.

[Tepen pazpymieHueM oOpasiia CKOpOCTh HAKOIUICHHS cOObITHI AD coctaBmiia 98 COOBITHI B CEKYHITY.
3a Bpemsi ucmblTaHusi ObUTO 3apeructpupoBaHo 38850 curnHanoB AD, amMIuMTyaa KOTOPBIX (B
AIIEKTPUUYECKUX €IMHUIAX Ha BBIXOJIE MEPBUYHOTO Mpeodpa3zoBaress) M3MEHsuIach B npeaenax ot 20
1o 2090 mxB.

OcTaHoBUMCS Ha MOAPOOHOCTAX BBIIICYHOMSIHYTOTO CHHXPOHHOTO MPUPOCTa JAehopManuu U
akyctrueckoi smuccun (mudpa 3 Ha pucyHke 3.2), UIsl 3TOTO JOIMOJHUTEIBHO MOCTPOUM Trpaduk

HaKoIUIeHUs coObITHii AD (pucyHoK 3.3 0).

% 3
SZ, 10 a) 8,\»’ 10 n, 103 6)
. - 0.6
5.55— e -
] /; 0.4
5.50 C
- 02
45— 3
243 — 0.0
540 0.2
5.35+ 0.4
5.30 TTTTTTTTT IIIITIllllllHlIHINIIIIHIlelllIHTIIHIIHIHIIHIIIHIIHIIk_0,6
11.0 11.4 11.8 12.2 11.0 11.4 11.8 12.2
t 10%c i 10¢
Pucynok 3.3 — MacmrabupoBaHHble 1O BpeMeHH TpaduKd: a — H3MEHEHHS 2-X KOMIIOHEHT

nedopmaruii, 6 — HaKOIJICHHUS CUTHATIOB AD.,

B Teuenne xak MunumyM | yaca 30 MuUHYT B 00pa3lie BO3HUKAIM CUTHAIBI AD C MOCTOSHHOM
CKOpOCTBIO MX Hakomimenus (O = 0.15 c), 3atem yron HaxioHa rpaduka HaKOIUIEHMS CHUIHAIOB
HE3HAYUTENbHO yBemuumics 10 Op ~ 0.2 ¢t u coxpaHsancs Ha 5TOM ypoBHe B TedeHHe OKojo 18
MuHYT. HabmoaemMoe pe3koe yBelIMUeHHEe CKOPOCTH HAKOIUIEHUS COObITUH AD (B MOMEHT BpeMEHU
{aE) mpomsomuto wa mpumepHo 370 CeKyHI paHbIle CHHXPOHHOIO MPHPOCTa B IPOJOIBHON M
nonepevyHoit aegopmarun (pucyHok 3.3). OTMETHM, YTO B COBOKYIHOCTH NMPUPOCT AePopMaiuu £x
Ha 35%, a Takxke IpOJOJIbHON nedopMalMu €z, HO 3HAUUTEIBHO MEHBIIMHM 1o aMrumutyae, u 2130

curHanioB AD 3a 30 MUHYT MO3BOJSIOT TOBOPUTH O €IMHOM IIPOLIECCE, KOTOPBIM MBI PErHCTPUPYEM

MIPU TIOMOIIY JIBYX METOJIOB — HEMTOCPEICTBEHHOTO M3MepeHus neopmanuu u Metoga AD, KOTOPBIE B
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COUYETaHUH JTOTOJHSIOT APYT ApYra.

YunureiBas 1M0ON00ME BpPEMEHHBIX 3aBHCHUMOCTEH KOMITIOHEHT naedopManud W rpadukoB
HanpsDKeHUs-1eopMalii sl BCEX YETHIpeX 00pas3loB CEpHH, MOXXHO OTMETHTH CIIEAYIOIee.
OO6pazenr Ne 2 oTiMyaeTcssi OT OCTalbHBIX TpPeX O0O0pa3lioB 3HAYMUTEIBHO MEHBIIUMH MpPeleioM
OPOYHOCTH M 3HadeHueM wmoayis ympyroctu (FOHra), 4ro BO3MOXKHO SIBISIETCSl CJEICTBUEM
CYIIECTBOBaHMS B HEM HM3HAYaJIbHO OOJIBIIET0 KOJMUYECTBA HapylmIeHUH. B 3Toil cBsA3M B manpHeimem
3TOT oOpaseln; He paccMmarpuBaercs. g ocTambHBIX Tpex 0O0pa3loB MOJY4YEHbI OJIM3KUE 3HAUYCHUS
npejaena MpoYHOCTH, KOTOPBIM Bapbupyercss B auanazone 130-150 Mlla u npenena ymnpyroctw.
[Ipenen ympyrocta Obul oOmpeselieH IO OTKIOHEHHI0 Trpaduka HanpspkeHus-neopManud ot
JUHEHHOTO TPEHJa, U €ro BeIMYMHA COCTaBIIseT pu 3ToM 60-75% oT mpenena nmpoyHocTH (Tadnuia
3.1). Moayne FOHra onpexnensiicst Kak yriioBoi ko3¢ GuiuenT rpaduka HanpsHKeHUS-aeGopMany Ha
JUHEHHOM y4YacTKe 3aBUCHMOCTH HamnpspkeHus-aegopmanuu. Moayns FOHra Bapeupyercs B mpeaenax
3.3-4.1 10 I'Tla.

Tabmuna 3.1. OCHOBHBIC MEXaHUYECKHE XapaKTEPUCTUKUA 00pa3IoB MpaMopa.

[Tapamerpsl
o, (82 ) =E-g nepexo/a B
Cranus ynpyroro obusacth
nepopMUPOBaHHS HEYNpYrux
nedopMaruii
O6pasern OMB E, I'Tla Gpaspy MI1a i)(()’_3 ?.8‘3 ;:'_6’3 ;ﬁ‘i’[’a Kymp, %0
1 - 40.1 153 2.8 36.7 |6.97 |102.8 |67.5
2 - 25.9 84 0.3 4.9 12,5 | 50.9 60.6
3 - 32.9 134 0.2 8.0 534 | n\a n\a
4 - 40.6 150 3.7 17.7 |53 107.9 | 72.2

Ocobennoctu  aedopMHpoBaHUsT 00pa3loOB  Mpamopa (IO JuUarpaMme  HampsoKeHUs -
nedopmaruu, pucyHok 3.1, rpagukam Tpex KOMIOHEHT AedopMaIiiii U akTUBHOCTU AD, pucyHOK 3.2)
JEMOHCTPUPYIOT CHIIBHYIO HEOJIHOPOJHOCTh HANPSKEHHOTO COCTOsIHMS. B ciyyae ucmblTaHMil Ha
o0Opa3iax Mpamopa IonepedHble JeGopMaluu pPa3BUBAIOTCSA HEPABHOMEPHO, YTO OTpa)kaercss B
HEJIMHEWHOM HW3MEHEHHH O00beMHOM JedopManuii obpaslia Ha MPOTSKEHUM BCEro BPEMEHU
nedhopMupOBaHUs, TO €CTh J0 npejena npoyHocTy. C yueToM 3HaKa 3HaueHue 00beMHOU nedopmaruu

pacuUTHIBAIOCH 1O hopMyIie:
O=¢c, +e, +&y, (3.1).
3a MOI0KHUTEIBHOE HaIlpaBJICHUC OBLIO BBI6paHO HaIllpaBJICHHUEC CXKaTH4. Ha PUCYHKC 34

IIpeJICTaBICHbl BPEMEHHAsI 3aBUCUMOCTh 00beMHOM NlehopMaliny U rpaduK HapsHKEHUsI OT 00BEMHON

nedopmaruu, CriaXeHHbIE 0 BpEMEHH.
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Pucynok 3.4 — 3aBucumocts 00BeMHON Aedopmannu oOpas3ia Mpamopa OT BpeMeHH (a) U OT YpOBHS

0CeBOTO HampsoKeHUs (0), CriaXeHHbIC TTPH TIOMOIIM METOa CKOJIB3SIIETO CPEIHETO.

OHeHKa CTaHAAPTHOI'O OTKJIOHCHHUS BCIUMYHHBI 00BeMHOI I[e(l)OpMaI_[I/II/I U BCCTO IICpUOa

BpeMeHH cocTaBisier 8.6 10™. JloBepuTenbHblil nnTepBan 3HaueHnit € s Hanpsxenus B 1 Mlla
cocraBisier 10 %. Bapuanun Hanpsokenus, paBaeie 3 MIla, coOOTBeTCTBYIOT BenmmunHe (DIyKTyarui
o0beMHOM nedhopmarun 1073,

B mpoBeneHHBIX 3KCHEpUMEHTaX HEPaBHOMEPHOCTh PAa3BUTHS TMOMEPEUYHBIX Aedopmaruii B
OoybIIeH CTereHr MOXeT OBITh CBS3aHAa C TE€M, YTO B HAIIeM CIIydae HCIBITBIBAIOTCS 00pasIbl ¢
OPSMOYTOJIBHBIM TIONEPEYHBIM cedeHHeM. JIpyriM OOBSCHEHHeM MOXKET OBITh TPEHMYIIECTBEHHAS
OpHEHTalsl TPEIMH B HarpaBlieHUH OoJiee «aKTHBHO peardupyroleid MOMepeyHol KOMIIOHEHTHI JedopMarin

BCJIEZICTBHE TIPOLIECCOB 00pa3oBaHys (MeTamMopdur3Ma) Mpamopa.

3.1.2. Onmnpenesenue ckopocrteii aedopmanuii (MIM MeTOAMKA pacueTa CKOpocTeid
nedgopmanmii)

CnenyromuM IaroM B aHaIM3€ KAYECTBEHHBIX M KOJIMYECTBEHHBIX KPUTEPUEB pPEAKIUU
MaTepuaia Ha Bo3jaelicTBue DM mojs sSBISETCS ONpeaeNeHre CKOpOCTH JehopMaliuii Harpy>KeHHBIX
00pa3ioB U €e M3MEHEHHUs B XOJI€ DKCIEepUMEHTa (KpUTEPUU OIEHKH aKTUBHOCTH AD OINHCAaHBI B
pasnene 2.4.2).

Kak w3BectHo (pa3zmen 1.3.1), OTKIMKM aKycTHYecKOil smMuccuu Ha DM Bo3faeiicTBHe
MPEUMYILIECTBEHHO HUMEIM MECTO Cpa3y IOocje BKIIOUYEHHS HCTOYHHKOB BO3JCHCTBUSA, WIH C
3a/iepKKaMH, HE TIPEBBIMAIOIMUMH JJIUTEIIBHOCTH BO3aeHcTBHs (00bI9HO 1 wac). Takum oOpaszom,
MOXXHO TIPEIINOJIOKUTh, YTO C OTKJIMKaAaMH Ha OM BO3JEHCTBHE MOXKHO CBS3bIBATh OBICTpHIC
U3MEHEHHUsI CKOpPOCTH JedeKkTooOpa3oBaHHs, a C YIOpoyHeHHWeM — Oornee MeyieHHble. s
MOATBEPXKIICHUSI JTOW THUIOTE3bl OyAeM aHalW3UpOBaTh HE TOJNBKO 3HAUEHHUS TMOMEPEYHBIX U
MPOJIOTFHOM KOMIIOHEHT Je(OpMaIiil OT BPEMEHH, HO ¥ UX CKOPOCTH, T.K. 3TO yJ00HEe U HarJsiIHee.
B naHHOW TOCTaHOBKE SKCHEPHUMEHTOB CKOPOCTh jAedopmaruu OyneM OIICHHUBATh Kak MEPBYIO
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IPOM3BOJIHYIO Je(popMalUud OT BPEMEHHM, a OTKIMKH Ha BO3AECHCTBHE MOTYT NpPOSIBUTHCS B €€
WU3MEHEHNU (KaK B yBEJIMYEHUH, TaK U B YMEHBLIECHUH).

N3 paboT, MOCBALICHHBIX CBOWCTBAM OTKJIMKOB AD Ha 3JIGKTPOMAarHWTHOE BO3/ACHCTBHE
(pazmen 1.3.1), BbITEKaeT Takke BBIOOP MHTEpBaja BPEMEHM, Ha KOTOPOM CIENyeT OLIEHUBATh
ckopocTh Aedopmanun — 1 yac. DT0 BpeMs IPEBBIIACT XapaKTEPHYIO JIMTEIbHOCTh OTKIUKOB AD,
CBHUJICTEJICTBYIOIIMX O pEaKIMH Cpelbl Ha BHeImHee Bo3zaeWcTBHe. lloscHUM BBIOOpP YacOBBIX
UHTEpBAIOB. B mpemmectByrommx padorax (0630p B [boromonoB u ap., 2011]) ycranoBieHo
BO3MOKHOE TMocienercteue OM 1mosneld Ha akTUBHOCTh AD NpU MOCTOSHHOM YPOBHE HArpysKH.
Otcrozia cieqyeT, YTO HHTepBabl AJIs OLIEHKU U3MEHEHUH CKOPOCTH JeGopMaluil JOIKHBI € 3a11aCOM
IIPEBBINIATh XaPAKTEPHYIO JJIUTEIBHOCTh aKyCTO3IMHMCCHOHHHBIX OTKIMKOB Ha OM Bo3zelicTBuHE.
Bwmecrte ¢ Tem, B cilydae pexuma pocTa Harpy3Ku € MOCTOSIHHOM CKOpOCThIO 3a | yac Harpyska Ha
oOpasue yBenuuuBaercs Ha 1.8 kH. B omimume or pexxuMa KBa3unoia3ydectu NMpHu (HUKCUPOBAHHOMN
Harpy3ke, U3MEHEHHUsI CKOpOCTel JaedopMaly MOcie BBIKIOYEHUS MCTOYHHMKA 3JIEKTPOMArHUTHOIO
BO3/JCICTBUS MOTYT OBITH CBSI3aHBI IIPOCTO C POCTOM HAIPSDKEHUM, HO HE ¢ mnocieneiicteuemM OM
noisi. M3-3a 3Toro ucnonbs30Bath 0osee JTUHHBIE HHTEPBAIBI BPS JIU 1IEJIECO00pasHo.

Onupasch Ha ONBIT MPEAbIAYIINX UccienoBanuii (0630p B [boromonos u ap., 2011]), peakiuto

MaTepHalia, BHIPAKAIOILYIOCA B IIPUPOCTAX KOMIIOHEHT AeOpMAluM €7, €, &y M MX CKOPOCTEN &£ ,

Ey, &y ,a Takke akTUBHOCTH AD (0TKIHKE AD), 11e]1ec000pa3sHO MCCIIEN0BATh OTAEIBHO B 00JaCTH

nedopMupoBaHUsl IPH OTHOCUTENILHBIX 3HAYCHUSIX Harpy3ku Hiwke 0.7 oT paspyuienus u npu K*>0.7.
OTMmeTuM, 4YTO B OIKCIEPUMEHTAaX NpU (UKCUPOBAHHOM YPOBHE HAINPSDKEHUS JIMIIb B JMAra30He
k*>0.7 nmosiBneHue oTKIUKOB AD Ha DIEKTPOBO3ACHCTBUE OBLIO CTATUCTHYECKU TOCTOBEPHBIM.

B 9T0i1 CBSI3M CKOPOCTH MPOAOJBHON nAedopmanvy OLEHUBANACh OTAEIBHO [UISl KaKJIOM
obnactu (pucyHok 3.5). [lo maHHBIM 4-X 3KCIIEpUMEHTOB OLIEHKU YIJIOBOTrO Kod¢duuueHTa rpapuka

IPOI0JIbHON AedopMaIy oKa3aid, 4To MPU HArpy>KeHUH 00pa3loB MpaMopa B peXHMe aKTUBHOTO
HArpyKEHUsI OJJHOOCHBIM CXKaThHeM co CKopocThio 0.5 H/c ckopocTh MpomonbHOi AedopMmaruu &£,

umeer nopsaaok 108 ¢, 3a uckmouennem Tpex mepronos BpemeHu, 0603HaueHHBIX IHbpaMu 2-4 Ha

pucyHke 3.5.
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Pucynok 3.5 a — I'paduxu u3MeHeHUS TPOAOIBHON nedopmaryu (depHas KpHUBas) U €€ CKOPOCTH
(TOYKHM W TPEYTONBHUKH), OIlEHEHHbIE 3a 1-4acoBoil mepuoj BpeMeHH, O — TO K€ B MacIITa0MPOBAaHHOM BHUJE.

Kpacubie Touku — o6xacts | (k*<0.7), cunne tpeyronsauku — oonacts I (k*>0.7).

W3meHenust mpo1osibHON 1ehopMalii OT BPEMEHH Ha y4dacTKax 2 U 4 CXOIHBI MEXIy coOOii:
ckopocTh aedopmanuu umeeT mopsaaok 107 ¢, abcomornblil mpupocT mehopMamEE COCTaBISET
nopsinka 2.8-5.6- 10%, a mmTensHOCTH 000HX MPOIECCOB BO BPEMEHU TaKkKe€ 3HAUYUTEIIbHBI U
cocrapysroT At1=110 mun u Atp=150 mun. Ipu 5ToM 06a nporecca He CONPOBOKIAIOTCS KAKUM-ITHO0

3HAYUTEIBHBIM aKyCTOOMHUCCHOHHBIM HM3IIydeHHEM, TaKk Kak B AD coxpansercss (JOHOBBIA JTHMHEHHBIN
Tpeun (pucyHok 3.2 0). U3menenuss nedopmamuu B obmactu 3 ObUIM MOAPOOHO pacCMOTPEHBI B
Hayaje JaHHOTO pas3fielia, 3/1eCh JHIIb CTOUT OTMETHTh, YTO OLEHEHHAsl B JaHHBIA MEPHUOJ BPEeMEHU
ckopocTh aedopmamuu cocrasnser 107° ¢t
CpenHsisi CKOpPOCTh MPOJOJIBHONW Aedopmanyu, oleHeHHass 3a 1 yac B CKOJIb3SIIIEM OKHE B
obnactu | (uckmouas MoMeHTHI 2-3) coctapmser 1.9-108 ¢, ee cranmapTHOe oTKNOHEHME — 2.3-10° ¢
! (pucynox 3.6). CpemHsis cKOpoCTh TpPOAONBHOM AeopMaluu, Takke OlleHeHHas 3a 1 wac B
108 o1
CKOJIB3SI1IIeEM OKHE B oOsactu aepopmupoBanus |l (uckmrouas MoMeHT 4) menblle U paBHa 1.8-10° ¢,
-8 -1
a ee CTaHJapTHOE OTKJIOHEHHEe, Hao0OopoT, Bhime — 10 ¢~ (pucyHok 3.7). YBenuueHue Ha TOPSIOK
CTaHJApTHOIO OTKJIOHEHUss B oOmactu xaepopmupoBanus |l cBszaHO Tmpexkae Bcero ¢
HKCHOHEHIMAJIBHBIM POCTOM JedopManuu Ha CTaguu mnpenpaspymeHus 3a 1-1.5 waca g0
HENOCPEJICTBEHHOTO MOMEHTa pa3pyuieHus. VckiounB 1 cTaanuio npeapa3pyleHns U3 pacCMOTPEHUs
(uTo cormacyercs ¢ TeM (aKTOM, YTO Ha CTaJAuU MpenapaspyuieHuss DM Bo3zaelcTBUE UTPaeT poJlb
«KaTajau3aTtopa» paspylleHHs, a He MPEBEHTUBHOrO (hakTopa), CpeIHss BEeIMYMHA CKOPOCTH OCEBOM

nedopMaIuu COCTaBIsIeT 1.1-10% ¢, a CTaHJapHOE OTKJIOHEeHHuE — 3.9- 10° ¢L.
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€,107 échl, 10 ¢ - 10%¢! Pucynok 3.6 — BpemeHHBIE
6.0 — B 20 3aBHCUMOCTH MIPOIOJILHON
. - g nedopMarni, CKOPOCTH
55 B 16 L npoposnsbHOW — gedopmanuu (10
| L N MOZIYJIIO), BBIYHCIICHHON B
50— N 6 CKOJIB3AIIEM OKHE BEJIMYMHOM 5
| 12 [ MUHYT Ezpeary (CUHHE TOUKH) H
4.5 — N B 4 CKOpOCTH MIPOAOIBHON
| - nedopmartiuu (o MOJIYITIO),
40— [ — BBIYMCIICHHON B CKOJB3allleM OKHE
o : L 4 T 5) pasmepoM 1 Yac Eypeany (KpacHas
3.5 AR RV O L kpuBas) B obmactu | mpu k*<0.7.
= B4 7.?.5!%5 e 3111 _— |
b R TSOT k"“’é&’g’g Lo O
3,0 TTTTTTTT T T I T T I T I I T T T T T I T T T T T T I I T T I T T T T I I T I T T T ] omTT -
[ | | | [ \ |
0 Z -+ 6 8§ 10 12 14
t, 10*c
g, 107 éch] o T g éch” 107 ¢! Pucynoxk 3.7 — BpemeHnsie
- 3aBHCHUMOCTH MPOIOIBHOMN
negopManyu, MOAYNSA CKOPOCTH
MIPOIOJIBHON nedopmalivu,

BBIYMCJIEHHOM B CKOJIB3SALIEM OKHE
BEIMYMHOW 5 MHHYT  Ezpeam

(cuHHE TOYKH) ¥ MOIYJSI CKOPOCTH
MIPOJOTBHON nedopmarvm,
BBIYVCJICHHON B CKOJIB3AIlEM OKHE

pasmepoM 1 4ac Ezeany (KpacHas

kpuBasg) B obmactm |l Bemme
npeena ynpyrocTH.

5.6 IIHIHII|IIIII]IH|IIIIIHIIlIIIIIIHI{IIIIIIIII]IIIIIIIII

14 15 16 17 18 19 20
t, 10* ¢

JIOTIOJIHUTENBHO TOCTPOUM CTAaTHUCTUYECKUE PpaCHpellelieHuss CKOpPOCTH JAedopmanuu Jyis
obnacreit nepopmupoBanus | u |l (pucynok 3.8). B obnactu | ckopocTs npononsHON nedopmanuu
BapbHpyeTCcs B y3KOM amamnasoHe 3HaueHnii ot 5-10° ¢ 1o 2.4-108 ¢t B o6macti nedopmupoanus
Il mucmepcusi CKOpOCTH 3HAYUTENHHO OOJBINE, OJHAKO Mpeodiianaromiee OONBIIMHCTBO 3HAYEHUN

CKOPOCTH Takke yKIaasiBarorest B quanazon 5 10° ¢t no 2.4 108 ¢,
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Pucynok 3.8 — CraTHCTHUYECKHE pacIpeleSicHus CKOPOCTH IMPOAosbHON aedopmanuu mpu K*<0.7
(romy0oii rpaduk) u nmpu K*>0.7 (po3oBblii rpaduk).
[Ipn mpoBeaeHHH aHAJIOTMYHBIX OIIEHOK CKOPOCTEH MOIepeuHbIX AedopMaliuii, Moxydum

cnenyromue BenuyuHbl (pucyHok 3.9). CpenHsst cKOpoCTh morepeuHoil aedopmanuu Ha ctaauu |

1 1

PaBHA &y, =1.5-10° ¢!, a ee crammaprnoe orknomenme cocrapiser 10° c¢l. B o6nactu

nedopmuposanus |l ckopocts nedopmanu £y, e, =1.3:108 ¢, a ee crammaptroe oTkIOHEHHE — 3.7

10° ¢,

g, 107 £,107¢! g,107 &,10°% ¢!
1.25+ -6 ’ 12,5
1.00~ -5 100

1 B - 7.5
0.75 -4 I

1 - 5.0

-3
0.50- I N

1 ) _— )
0.25- - - 0.0

] -1 .
0.00 I 2.5

] W -0 i

—0.25- i —3.0
||||||||||||||l||||||||||||||||||||||||||||||||HI\IIHIH\IHHHHllHHl\l\l‘l\||\||\|||||||||| _l IIIIIIIHIIlIHHHI\lHHIHI‘\HHHH'\IIIHHll||||||||l||||||l||||||||||||||||||||||||!||||||||
16 20 0 4 8 12 16 20
t, 10% ¢ t,10%¢

Pucynok 3.9. M3MeHeHus nonepedHblx aedopManuii U UX CKOpOCTeH: a) £y U £ x,0) & U &,

BBIYHCJIICHHBIC B CKOJIB3AIICM OKHE PA3MCPOM 10 MUHYT.

B cBsa3u ¢ TEM, 4YTO B UBMCHCHUU ne@opMauI/m 8Y Ha OPOTAKCHHUU BCEIO OSKCIICPUMEHTA HE

Ha6J'IIOI[aeTC$[ BBIPAXKCHHBIX TICPEXOIA0B BOJIM3U npeaciza ynpyroctu u €€ MOXKHO OIUCATh

JIOI‘apI/I(pMI/I‘-IeCKI/IM YpaBHCHHUEM, TO OLICHUBAJIACh CKOPOCTH He(bOpMaLII/II/I 3a BECh IICPHUO HUCIIBITAHUS.
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Cpennsisi CKOpPOCTh MOIMEPEYHOI AegopMaliiil B HAIlpaBICHUHU OCH Y, OLEHEHHas Ha MPOTSKEHUU

BCETo BPEMEHH HarpyKEHUs, PaBHA Eypean=1.2 108 ¢, a ee crannaprhoe otknonenne — 4 10 ¢,

3.2. BausiHue KPATKOBPEMEHHBIX CeaHCOB 3JIEKTPOMATHUTHBIX BO31eCTBHII HA CKOPOCTH
nedopmanum u 1edexToodpazoBaHme (AKYCTHYECKYI0 IMHUCCHIO) 00pa31i0B MpaMopa

B nanHoM pasnene mpeacTaBieHbl pe3yibTaThl SKCIEPUMEHTOB Ha oOpaslax mpamopa, Ha
KOTOpbIE B TEYEHHE YACOBBIX CEAaHCOB BO3ACHCTBOBAIM KOMOMHUPOBAHHBIE DSJIEKTPUYECKOE U
MarHUTHOE MOJIsl (METOIMYECKHUE ACTIEKThl ceaHCOB DM BO3/€iCTBUI onucaHbl B pasjeie 2.2).

PaccmoTpum pesynbpTarthl ucnbiTanuii obOpasua Ne 5. I'paduku Harpy3kd M 3aBUCHMOCTD
HanpspKeHus oT Aedopmanuu npuseeHbl Ha pucyHke 3.10, a u3MeHeHHUs] KOMIIOHEHT AegopMaluu u
AKTUBHOCTH AaKyCTHYECKOM HMHCCHM OT BpPEMEHM MpeacTaBieHbl Ha pucynke 3.11. B xoxe

AKCTIEpUMEHTa ObLIO peanu3oBaHo 10 ceaHcoB BO3ACUCTBUSI.

F,xH a) 140-.0,, MIla 6)

100 120
] ] y

80 100 /
4 80_ S/

& ] i E)=F
4 60_ / 071 87[ - Cu

4Of 40

20~ Py Frorroe oo 20— SN \ | I
0 4 8 12 16 20 25 30 35 40 45 50
e £ 10% ¢ g, 107

Pucynok 3.10 — I'paduku a — Harpysku, 0 — HampspkeHus-nedopmanuu obpasma mpamopa Ne 5.
HITpUXITyHKTUPHBIMUA JIMHUSIMH C CEpPBIMH TIPSIMOYTOJIbHUKAMHU CHH3Y BBIICIEHBI BPEMEHHBIE HHTEPBAJIbI

CCaHCOB KOM6HHI/Ip0BaHHOI‘O BO3H6ﬁCTBH$I SJICKTPUYCCKUM U MAIrHUTHBIM IIOJISIMU.

Kak u B cimydae 00pa31oB, UCIIBITAHHBIX 0€3 BO3JIEHCTBUA U pacCMOTPEHHBIX B paznene 3.1, Ha
rpadpuke HanpsokeHus-nedpopmanuu HaOmogaercss o0jacTb, oOmHMChiBaeMas 3akoHoM ['yka
(BbIIENIEHHAs! KpacHOM JIMHKEN) M 001acTh BBILIE Npeesa YIPYrocTH, Ha KOTOPOW J0Jisi HEYNPYTrUx
negopmanuii BO3pacTaeT, YTO BBIPAXKAETCS OTKIOHEHHEM G-£ XapaKTePUCTUKU OT JMHEWHOTo TpeHAa
(pucynok 3.10 0). IIpenen mpoyHOCTH ISl AAHHOTO 00pasiia OJM30K K HUKHEMY MpeAeny IPOYHOCTH
00pa3110B, UCIIBITAHHBIX 0€3 3JIeKTpOMarHUTHOro Bo3aeiictaus (OMB), u cocraBnser ~133 Mlla.

Kak BuaHo wu3 rpaduxoB Ha pucynke 3.11, mpononpHass nedopmanus €z H3MEHsETCS
PEUMYIIECTBEHHO JHHENHHO, HaOII01al0TCsl Bapualli €e CKOPOCTH (3aMeTHbIE N0 M3MEHEHHIO yriia
HakjoHa rpaduka). OTMeuaercss HeGonbinoe mpupanienue npu t=13.9-10% ¢ B Teuenne At=4.6 ¢ u

BLIpa)KeHHLIﬁ nepexon K  MNOCCBAOINIACTHUYCCKOMY I[C(I)OpMI/IpOBaHI/IIO nepea paspymcHuem
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(yBemuuenue ckopoctu aedopmanuu npu £>16.47-10* ¢). Ionepeunas nedopmarus €y B TeueHUE
BCETO DKCIIEPUMEHTA JEMOHCTPUPYET POCT Kak B dKcrepuMeHTax 6e3 DOMB (pucynok 3.11 a). [Ipu
annpokcUMaluu €y Jorapudmuueckoil (ynkiueil Buma & =a—b- In(t+c) ObUTH TIOTY4EHbI
cnenyromue koddounments: a=-0.14, b=-0.0015, C€=9-10*, npm >TOM CKOPPEKTHPOBAHHHIIL
KOX(P(UIIMEHT NEeTEPMHUHALUU (TOYHOCTH ANMPOKCHUMAIIHH ) R2=0.92. [Ipu wanpsokenun 108 Mlla
(mpu t=13.9-10* ¢ u K*=0.81) npowusomno ysenuuenne nedopmamuii €x U £z, MpuUeM abCOMIOTHAS
nedopManys B ONEpPedHOM HampasieHun coctaBuna Alx=26 MKkM nnm B OTHOCHTENBHEIX €IMHMIIAX

ex=8-10", uro paBHO OKOJIO 22% OT MaKCHUMaJbHOTO 3HAYCHUS B JAHHOM HAIPABICHUH.
Pucynok 3.11 — I'paduku a — n3MeHeHHs
TpeX KOMIOHEHT jaepopmarmu, ©6 —

aktuBHOCTH AD. P — HavanmpHas Harpyska.

Wntepsans KOMOWHHPOBAHHOT'O
BO3/ICHCTBHUSA 3JIEKTPUIECKOTO u
MarHUTHOTO MOJISIMH BBIJICIICHBI

LITPUXIYHKTUPHBIMH TPSIMBIMA U CEPBIMU
NPSAMOYTOJIBHUKAaMH ~ CHH3Y. Makcumym

akTMBHOCTH: | — npu Harpyske — 84 ¢?, 2 —

120 ¢t u 3 — 102 ¢! npu paspymenun

obpasra.

16
tp 1, 10% ¢

OTnuuuTENbHBIMA 0COOEHHOCTSAMH J1e(OPMHUPOBAHUS JAaHHOTO oOpaslia B MpHUCYTCTBUU DM
nosis oT oOpa3loB, HUCHBITAHHBIX 0e3 OM Bo3zaelicTBusa (omucaHHBIX B pasnene 3.1), saBusercs
OTCYTCTBHE TIPOIIECCOB, MPOJODKUTENFHBIX BO BPEMEHM W 3HAYUTENBHBIX MO TPHPAIICHUIO
POI0JIbHON Jeopmanuu 1 0603HaueHHBIX udpamu 2 u 4 Ha pucyHke 3.12 a (moBTop pucyHka 3.2 a

H3 pasacia 31) B NOIMNECPCUHBIX HAMNPABJICHUAX TAKXKC OTCYTCTBYIOT 3HAUUTCIILHBIC MNMPHUPAICHUA
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(mponymepoBanHbIe 1M (]poit 4 Ha pucyHke 3.12). DTO CBUIETEILCTBYET O TOM, YTO KOMOMHHUPOBAHHOE
BO3/ICUCTBHE BHOCUT H3MEHEHHMS B Je(QOPMALMOHHBIA pPEXHUM O00pa3loB, YAaCTHUYHO YCTpaHsISA

3HAUUTENBHBIE 110 aMILIUTY Ie TPUPOCTHI fedhopmanuu (pucyHok 3.12 6).

e, 107 a) e,10% ¢,107
-7 a9

I ~16

-1.5

I L 12

= 1.0 r

L F

~ 0.5 L

L >

- 0.0

L s

0.5 L , m

20 0 4 8 12 16
tp 1, 10% ¢ tp 1, 10 ¢

Pucynok 3.12. I'padmku n3MeHEHUs] TpeX KOMIIOHEHT JieopMalui oO0pa3loB, UCTIBITAHHBIX: a — 0e3
BO3/IeHCTBHS (OomucaHHOTO B pasaene 3.1) u 6 — ¢ Bo3neiictBueM DM mouns. €x — YepHasi KpuBasi, £y — KpacHast
KpHBasi, €7 — CUHSIA KpuBas. HTepBalbl BO3JACHCTBHS BBIACICHBI IITPUX-MYHKTUPHBIMUA MPSIMBIMH U CEPBHIMH

IPSAMOYTOJIbHUKaMH CHH3Y.

[Ipupamienne nepopmanuy U aKyCTUYECKOH SMHUCCUU, 0003HaUe€HHOE IU(PON 2 HA PUCYHKE
3.11, mmeer CXOACTBO C MPOIECCOM, IMPOUCXOAAIIEM B oOpa3lax MpaMopa, HCIBITAHHBIX 0e3
BO3JCHCTBUA. [l TOATBEPKACHUS HAEHTUYHOCTH 3TOrO IIpolecca, MPOBENEM aHAIMU3 JAHHBIX,
aHAJIOTMYHO MpojeraHHoMy B pasnene 3.1. Kak BuaHo u3 pucynka 3.13, 3HaUUTENIbHOE YBEIHMYCHUE
yuciaa coObITH AD Havaaock 3aJ10Jr0 0 Havyala pocta Aeopmaiuu (3a 25 MUHYT), Kak U B cliydyae

06p213]_[OB, HCIIBITAHHBIX 0€3 BO3JCHCTBHS.

g, 10° a) g, 107 n, 10* b)
: ~4.15 207
1.75 i 1
| _74.1() 18-
1.50 - 4.05 ]
1.25 —4.00 1.6
; B 395 | HAYA0 pocta
1.00 | 1.4 @10 pocts
1 — 3 90 aedopmanmn
0.75- L T
1 —3.85 1.2 { o,
0.50 .50 |
0.25 L 95 109 tl it
1 I — T T o Ty
12.0 12.5 13.0 13.5 14.0 14.5 15.0 12.0 125 13.0 135 140 145 15.0
t,10%c t,10%c

Pucynok 3.13. ®parMeHTsl rpadMKOB a — U3MEHEHHUS JBYX KOMIIOHEHT JeopManuii, 0 — HaKOIJICHUs
curHaioB AD. UYepHblii rpaduk — momnepedHas jedopmainus B HampaBieHMH ocd X, CHHUH rpaduk —

npooiabHas aedopmaitus. [lonepeunas aedopmainus €y He NpHUBEJEHA, T.K. B HEH HeT u3MeHeHui. CUHEH u
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KpacHOW JTMHUSAME 0003HAUCHBI JINHEHHbIC aNIPOKCUMAIIMOHHBIC KPUBBIC HAKOIUICHHS CUTHAIOB AD. tae 1 g —

BpeMeHa Havana pocta AD u nedopMannuu COOTBETCTBEHHO.

DTO CBHIETENBCTBYET O TOM, YTO HE3aBUCUMO OT TOTO, nedopMupyercs obOpaserm Oe3
9JIEKTPOMArHUTHOTO BO3ACUCTBUS MIU COBMECTHO C HHM, YKa3aHHBIH NPOLECC peanu3yercs, U
KOMOMHHMPOBAaHHOE BO3/ICHCTBHE HE BHOCUT B HEro CYIIECTBEHHBIX HM3MeHeHHU. B 3Toil cBsizu B
TAITBHEUINEM aHAlIM3€ CKOPOCTU JedopMaluu U BIMSHAM HAa Hee ceaHcoB DMB maHHBIH MPUPOCT
negopMalnuu paccMaTpUBaTHCS HE OyIeT.

PaccMmoTpuM oTebHO rpaduKH CKOPOCTH MPOAOIbHON aedopmanuu st obiacreit K*<0.7 u

k*>0.7 (pucynox 3.14). Jlo cepeauHsl BTOpOoro ceanca OM BO3JACHCTBHSA HAOIIOJAIOTCS

He3HAYUTeNbHbIe (QUyKTyanuu ckopoctd aedopmaruu (AE, =1.7-10° ¢1) ornocuTensno cpeanero

3HAYEHUS &7 ,.,,=1.6-10® ¢, mocne 4ero ckopocts nedopmanmu cnanaer g0 yposust £, =0.4-108 ¢

(uepHas mpsimast Ha pucyHke 3.14 a). K KoHIly TpeTbero ceaHca craj 3aBepIIMIICS U Jlalee CKOPOCTh
negopMaluy yBEeIMYWIACh. 3HAUUTENbHbIE (IIYKTyallud CKOPOCTH OTMEYArOTCs KakK B IMPOMEXKYTKax
MEXy BO3JIEHCTBUAMHU, HAIPUMEP, MEXKY TPEThUM U YETBEPTHIM CEaHCOM (BblAEIEHHAs 00sacThb 1),
TaK W B TEYECHUE CeaHcoB (BbIAENEHHas obOmactp 2). B Hawame mnsatoro ceanca OM mone
CTUMYJTUPOBAIO POCT CKOPOCTH TPOJOJIBHONW JedopMaIiuu, MpoIoJDKaBIIMiCS 2 daca (BBIACICHHAS

obnactb 2). HecmoTps Ha Oonbliue GuIyKTyaluu, Mociie TPEeThbero ceanCa HaOMoAaeTcs: CTabunu3anus

TPEH/Ia U CPE/IHEE 3HAYEHHE CKOPOCTU COCTABUIO &7 00 =9.1:107° ¢! (cumsia muumst ma pucynxe 3.14

—1 8,107 [” O\Ll

4.8 r

] -6

46~ -5

] 4
2 4.4 i

1 -3

1 42 2

7 —1

‘ L 18 4.0 ‘ o
Z.ZS_WTTMWWHIHH'IHWHH |\|HH]|||||;|\|||m|1|||||||(|rum—0 2

0 2 4 6 8 10 12 14 14 15 16 17
t, 10 c t, lOJ

Pucynok 3.14 — llpomonpHas nedopmarus (depHasi KpuBas) U €€ CKOPOCTb 32 BECh IKCIIEPUMEHT
(kpacHas kpuBas) (a) u npu Hanpsokenusx K*>0.7 (6). Ueproit u cuHeii npsiMoii Ha pucyHke (2) 0003HaYEHBI
yOBIBalOIM M KBa3UCTAMOHApHBIN TpeHnasl. Ha pucyHke 0 — kpacHas KpuBas — CKOpPOCTb, OLICHEHHas B

CKOJIB341IEM OKHE BEJIMYMHON mojigaca, CHHUH l"pa(bI/IK — T0 ke 3a 1 4gac. CepBIMI/I OpAMOYTOJIbHUKAMU CHU3Y U
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MITPUX-ITYHKTHPHBIMH TPSIMBIMA ITOKa3aHbI CEAHCHI BO3JACHCTBHS: a — ¢ 1-T0 110 7-0# ceaHcwl, 0) 8-oi, 9-brif, 10-

BIM CEaHCHI.

[Ipu HampsHKEHUAX k*>0.7 wsmenenust CKOPOCTH TPOAOJBHON AehopMaIviy, BbI3BaHHBIC
nerictBueM DM 10JI MPOSBIIAIOTCS 00JIee OTYETIIMBO. Y OBIBAIOIIMI TPEH]T 8'2 HaOMroaeTCs mepes

BOCbMBIM CC€AHCOM, K KOHIY KOTOPOI'O ‘éZ Ha4YWHACT YBCIUMYUBATHCA, U CHIC OoNBIINI pocT ‘éZ

HAYMHAETCS Cpa3y IOCJIe BKIIOUYCHUS UCTOYHHMKA DM mojs B neBsiToMm ceaHce (pucyHok 3.14 6). Bo

Bpems 10-ro ceanca Bo3aeiicTBHS 00pa3ell pa3pyImics.

[pu manpsxenusx K*<0.7 ckopocts momepedHoii nedopmanuu &£y  OOHApYXKHBAeT
HeGobIIMe (IYKTyallud OTHOCHTEIHHO HEKOTOporo ypoBHS (pucyHok 3.15 6). Ilpu K*>0.7

BOCBMOM C€aHCC é'x CTa6I/IJII/I3I/IpOBaJIaCB C JaJbHEHUITHUM POCTOM IIOCJIC 3aBCPHICHUA CCaHCa, a

JIEBATHIA CEaHC BBI3BAI OOPATHYIO PEAKIIMI0 — TOPMOXKEHUE TonepeyHoit nedopmaruu (pucyHok 3.15

6) Ilocne BBIKIIOUEHHS MCTOYHHUKOB QJICKTPHYCCKOI'0O W MAruuTHOI'O Iojie BO300HOBHJIOCH

YBEIMYEHHUE &£y , & JIECATHIN CEaHC MPUBEIT K PE3KOMY POCTY £y U paspylIeHHI0 00pasiia.

[pu Hanpsxenusx K*<0.7 noctoBepHO BHIABUTH peakiuio Ha DM Bo3[eHCTBUE B CKOPOCTH
nonepeuHoi geopManu €, , UCIONbL3YS BBHIYMCICHHS B CKOJIB3SILIEM OKHE, HE IIPEICTAaBIACTCS
BO3MOKHBIM BCIIEICTBHE BHICOKHX (IyKTyaruii ee 3Hauenns A&, =1.1-107 ¢! npu cpenneii ckopoctn

32 yac paBHOM & .,,=1.3'107 ¢ (pucynox 3.15 B). Ilpu manpsxennn K*>0.7 usmenenus,

BBI3BaHHBIE CEAHCaMH KOMOWHHPOBAHHOTO BO3IEHCTBHSI, HaOIIOMAINCh B JBYX ceaHcax (pocT &, B
BOCBMOM H JIECATOM C€aHCax, pUCyHOK 3.15 B). MakcumalnbHble 3Ha4eHHsI KOMIIOHEHT AedopMaiiu B
HTOM DKCIIEPUMEHTE COCTABISIOT: £x = 4 103, &y =47 10%, &7 =4.8 102

Taxxke OBUIM BBIYMCIEHBI 3HAUEHUS CKOPOCTEH MpPOJOJIBHOW M IONepeuHbIX aedopmariuii
(€, ,€¢,&) TO TepBOH MeToauke. B Tabmume 3.2 TpUBENEHBI TE 3HAUEHHS CKOPOCTEN,
OTHOCHUTEJIbHbIE U3MEHEHUS KOTOPbIX NpeBbImaoT 10%, u MoryT ObITh CBsA3aHbI ¢ Bo3AeicTBUeM OM

HOHCﬁ, rac OHMB — CPEAHEE 3HAUYCHUEC HANIPSOKEHUS BO BpEMs CE€aHCa BO3JCHUCTBHS.

Tabnuua 3.2 — 3HaueHus: CKopocTer JedopMariy, NoJdy4eHHbIE 10 U BO BpeMs ceaHcoB OMB oOpasua

mpamopa Ne 5.
Howmep ceanca o £,,108c? £y, 108 ¢t &y, 108 c?
BO3CUCTBUA O»BMB, OMB — . ’ BO BO
(Bcero 10 MITa pap | M0 | | om0 | mospems | g0 | ol
cearcop) % SMB | DU | OMB | OMB 5MB | ANE
3 62.6 0.47 0.75 0.67 - - - -
4 72.4 0.54 0.36 1.0 - - - -
8 112.4 0.85 1.0 0.5 - - 0.9 1.3
9 122.5 0.92 1.1 1.7 3.4 31 1.8 0.5 31.6
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10 | 1326 | 0.99 | 29 | 39 | 38 [56]126] 115 | 456

a)

€, 107 €, 107 £,107 ¢!
7 | | 50 I T | TR i BV
e . 5 ‘ -
N | | | | — 1.0
3_— ! | .‘2 : — 0.8
. It | - 0.6
2~ :&'\ : [
a1 oo ‘ - 0.4
9 NI (1 ERILATL T THNE LY
| L | R e VR i T i \‘A:'M\J{"ﬂ\l‘\w\,n‘," i 0.0
S (I AT U 1/ 0 oo e
| it AN AR 0 A | T O A O O (1))
-1 0—
0 2 4 6 8 10 12 14 16 18 BB % 9B LA
1, 10%c ? -
£, 10° 6) £,107 ¢ Pucynox 3.15 - H3MmeHeHus momepevyHON
1IN 1.6 nedopmanu  €x  (YepHas  KpHMBasg) M ee
1.0 _—l 4
1 e CKOPOCTH €y , BBIYUCICHHON B CKOJB3AIIEM OKHE
3.5+ 1.2
_ - BEJIMYMHOW moidaca (KpacHas KpuBas) M | dac
1.0
3.0 - 0% (cuHsis KpHUBasi): a — 32 BECh OKCIIEPUMEHT, O — B
2.5 - 0.6 MacIITaOMPOBAHHBIA ~ TMEPUOJ, BPEMEHU  MPH
; 0__ j ‘_0 g k*>0.7, B — u3smenenue nomnepedynoil aedopmanun
e 1 | __0.2 €y (uepHas KpuBasg) M €€ CKOPOCTH &y,
TTTT hl [T l‘w\;w TTTTTTTTTTT W_OO BBIYUCJIEHHOA B CKOJIB3AIIEM OKHE BEJIMYNHON
14 15 16 17 18
£, 10% ¢ norgaca (KpacHast KpuBasi).

OOpatuMmcsi K 3aBUCUMOCTAM AaKTHUBHOCTH AD, TMOIY4YEHHBIM B 3TOM D3KCIEPUMEHTE U
MPEJICTAaBICHHBIM Ha pucyHke 3.16. OTKIMKM B aKyCTHYECKOW 3MHCCHH HAa KOMOWHUPOBAHHOE
BO3/ICUCTBUE AIEKTPUUECKOTO M MArHUTHOTO MoJied 3aMKCUPOBAHBI B BOCBMHU M3 JIECATH CEAHCOB,
TIepBBIil OTKIMK 3aperMCTPUPOBAH B IMEPBOM CeaHce MpH HampskeHuH okonmo 42 MITa (K*=0.32,
pucyHok 3.16 a). Kputepusmu ujaeHTUGUKALUMU OTKJIMKA HAa BO3JEHCTBUE, HAIIOMHUM (CM. pasnen
2.4.2), sBnsroTcs: 1) — mpeBbIlIeHHe aKTUBHOCTH BO Bpems OMB moporoBoro ypoBHst 36* (rae 6* —
CPEIHEKBAIpaTUYECKOE OTKIOHEHHE, ONpPEIENICHHOE 0 BO3IACUCTBUS) U 2) — BPEMEHHON HHTEpBaJ
ceaHca BO3/eHCTBUS (3aJep’KKa OTKJIMKA HE JOJKHA MPEBbIATh JUIMTENLHOCTh ceaHca — 1 4dac). B
CBSI3H C 3TUM, 3HAYUTENBHBIH TIPHPOCT akTUBHOCTH AD 110 120 cobbiTuii B cexynmy npu t=13.9-10% c,
COMPOBOXKAABIINNCA HM3MEHEHHSIMH B MPOJOJIBHOM M momepeuHoil aedopmanuu (0003HAUEHHBIH
nudpoit 2 Ha pucynke 3.10), He MOXKET CUUTATHCS OTKIMKOM Ha BO3JCHCTBHE CEABMOTO CeaHca M3-3a

JIINTEIIbHOM 3aACPIKKH, HpeBBIH_IaIOH_[eﬁ JJIIUTCIIBHOCTE CCaHcCa. KpOMe KpUTCpUA 3aJCPIKKU,
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YKa3aHHBIM TMPUPOCT aKTUBHOCTH AD HaAOMIOAAeTCS BO BCEX HCHBITAHUAX OOpaslloB Mpamopa,
nedopMUpyeMbIX B OTCyTcTBHM DM moins (paccMoTpeHHBIX B pasznmene 3.1). Takum oOpazom, Ha
yuacTke aedopmupoBanus npu K*¥<0.7, B 4eTbIpex U3 MATH CEAHCOB AJICKTPOMArHUTHOE T10JI¢ BBHI3BAJIO

YBEJIIMUYCHHUE KOJIUYECTBA CUTHAIOB AD.
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Pucynok 3.16 — BpemeHHbIE 3aBUCHIMOCTH aKTUBHOCTH AD: a — ()parMeHT ¢ mepBeIM ceaHcom OMB
npu k*=0.32, 6 — dparMeHT 3KCriepuMeHTa co BTOpbIM ceancoM DMB npu k*=0.4, B — ()pareMHT ¢ IATHIM
ceancom OMB mpu k*=0.59. MHTepBanbl KOMOMHUPOBAHHOTO BO3ICHCTBUS AJICKTPUYSCKUM U MAarHUTHBIM

ITOJISIMH 0003HAYEHBI MTPUX-MMIYHKTUPHBIMHA JIUHUAMHA U CEPLIMU JIMHUAMU BHU3Y.
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Pucynok 3.17 — BpemeHHbIe 3aBUCUMOCTH aKTUBHOCTH AD: a — (pparMeHT ¢ BOCBMBIM CEaHCOM HIpHU
k*=0.92, 6 — ¢parmeHT oTkiMKa Ha AeBsTHI ceanc OMB mpu k*=0.99. MuTepBanbl KOMOMHHPOBAHHOTO

BOSILCﬁCTBPISI 0003HAYEHBI MTPpUX-IYHKTUPHBIMHA JIMHUAMU U CEPBIMU MIPAMOYT'OJIbBHUKAMU CHU3Y.

[Tpu HampspkeHHsIX, cOOoTBeTCTBYOUMX K*>0.7 B BOCBMOM M JIEBATOM CEaHCAX BO3JCHCTBHS
OTKIMKM AD Ha BozneiictBue DM monsg OOHApYXKEHbl C JIUTEIbHBIMU 3aJepXKKaMH OT Hayaja
BozaeiicTBus (50 u 40 MUHYT) U IpEeBBIIIAIOT (POHOBBIM YPOBEHD [0 MAKCUMAIIBHOMY 3HauU€HUIO OoJiee
yeM B 5 u 10 pa3 cooTBeTcTBeHHO (pucyHOK 3.17 a, 0). /laHHbIe 00 aMIUIMTYAEe OTKIWKOB AD, HX

JJIUTCIIBHOCTH W BCJIMYUHBI 3aJCPIKKHU CBCIACHLI B Ta6n1/1uy 33.B nmponecce 3JICKTPOMArHuTHOIO
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BO3/ICHCTBUS B TEUCHME JECATOrO CEaHCca IPOM3O0LUIO pa3pyllieHHe oOpaslia, MO3TOMY B TaOIHIly
BHECEHBI Bce COOBITHS AD, MPOU3O0IIEAIINE B TEUCHHE ITOI0 CEaHca.

Tabnuna 3.3. XapakTepuCTHKH OTKIMKOB AD Ha KOMOWHHPOBAaHHOE BO3ACHCTBHE B IKCIIEPUMEHTE C

obpazmom Mpamopa Ne 5.

Ne O3MB, k _%ous KoJ1-Bo HHUITUUPOBAHHBIX JIHTEeILHOCTD Benuuuna
ceaHca MIIa IMB i coOpITHH AD OTKJINKA, C 3aIepKKH OTKJIMKA

1 42.2 0.32 56 1490 826 ¢

2 53.1 0.4 28 391 1658 ¢
3 62.6 0.47 - - -

4 72.4 0.54 42 131 918 ¢

5 78.3 0.59 49 1011 643 c

6 92.7 0.7 - - -

7 102.3 0.77 51 141 1822 ¢

8 112.4 0.85 110 653 2949 c

9 122.5 0.92 90 74 2499 ¢
10 132.6 0.99 10702 194400 -

[lepeiinem k pe3yibTraTaM CIEAYIOLIET0 M3 CEPUH AKCIEPUMEHTAa C AIIEKTPOMAarHUTHBIM
BoznelictBueM. Ha pucynke 3.18 mpencraBiiensl rpaduk Harpy>KeHUs: U O-€ XapakTEepUCTHKa oOpasiia

Ne 6, u3MeHeHHs] KOMIOHEHT JeopMalui ¥ aKTUBHOCTH aKyCTHYECKOW SMHCCHU BO BpPEMS BCETO

JKCIIEPUMEHTA MPOJIEMOHCTPUPOBAHBI HA pucyHke 3.19.

F,xH a) 5, MIla 6)
801 « | 100
i % 90;
70- § |
N g 80—
60 = 1
| SQ: 70—_
50— S 60~
40 50-_
1 40
30_ ||||\IHII\IIHI'\IIH\I“IY T [ T I T | T | T | T N T I 1
0 2 4 6 8 10 28 3.0 32 34 36 38 40 42
tp 1, 10% ¢ g, 107

Pucynok 3.18 a — I'paduk Harpysku, 0 — criiaxkeHHbIH rpaduk HanpsoKeHus-aedopMauu odpasiia
mpamopa Ne 6. IITpUX-TIyHKTUPHBIMH JIMHUSMH W CEPhIMU MPSAMOYTOJIBHUKAMH O0O3HAYEHBI CEaHCHI

KOMOWHHPOBAHHOTO BO3IEHUCTBHS. P — HadanmpHas Harpy3Ka.

[Ipenen mpo4yHOCTH AaHHOTO 0Opa3lia OKa3aJcs CYIIECTBEHHO HMKE, YEM Y MpPENbIIyIIero, 1
pasen 103 MIla, B mpouecce HCHBITAHUN OBUIO MPOBEAEHO S5 CEAHCOB C KOMOMHHPOBAHHBIM

BO3JICHCTBUEM QJICKTPUYICCKOTO U MArHUTHOT'O MOJIEH.
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‘. 107 | a) N N ‘. 10° ¢, 10° Pucynoxk 3.19 — I'papuxu a —
1 | | || r — U3MEHEHUS TPEX KOMIIOHEHT
5 43 [ ] ] _—4.2 neopManuu: €x — depHas
B % ' — KpuBasi, €y — KpacHas
1.8 § | __3-8 KpHBasi, €7 — CUHSAA KpUBai,
= 5 : B 0 — akTuBHOCTH AD 00pasia
1.2 é\ :1 —3.4  wmpamopa Ne6. ILludpamu
B % B — 0003HaUYCHbI  CHHXPOHHBIE
0'6—: : —3.0 wu3MeHeHHs JAcopMalvik U
0 O_: : — akKTUBHOCTH AD coryiacHo
T o _—2.6 [boromonoB u gp., 2017].
OT p 2 4 6 8 ; 10140 MakcumanbHbple  3HAYCHUS
: c
5 aktuBHOCTH AD: 1 — 115 ¢,
N, ¢! ‘ ) . ‘ 2-28c¢t 3 -111ct4-
5__ | [ | 1 1 1
= % | [ [ ’/4 /6 100c+5-32¢c*6-121c¢c™.
2 % : ] 2 - HHTepBabl
4 | 3 | | ‘1 ‘ | 5 l
— g ‘ ' ‘ 3 KOMOWHHPOBaHHOTO
37| 5 : & : BO3JEHCTBUS
. % | ] : 3IEKTPUUECKUM u
2__ | ‘ I ‘ MarHATHBIM MOJISIMU
] : | : 0003HaUCHBI
1] | | i \m J w MITPUXITYHKTHPHBIMH
O—— | ‘ b | JUHUSAMU u cepbIMU
IIIII|IIII|IIHI||IIIHI|llllﬂlllll’llllllmllllll OpsAMOYTOJIbHUKAMU CHH3Y.
0 2 4 6 8 10
tp £ 10% ¢ P — navanpHas Harpyska.

Kak BumHo wu3 pucynka 3.19 a, BpeMeHHBIE 3aBHCUMOCTH KOMIIOHEHT Je(opManuu

JEMOHCTPUPYIOT TEHIEHIIMU, OOHAapy>KEHHbIE B MPEABIAYNIMX OJKcrepuMeHTtax. [IpomonbHas
negopmanusi €z BO3pacTaeT MO 3aKOHY, OJIM3KOMY K JIMHEHHOMY, a romnepedHas €y JedopMarus
BO3pAcTaeT Mo Jorapu(pMUUECKOMY 3aKOHY Buga & =a—b- In(t + C). ITonepeunast £x KOMIOHEHTA
nedopManuu He JEMOHCTPHUPYET 3HAYUTENIbHBIX M3MEHEHUH /10 MOMEHTa BpeMEHH, 0003HaYeHHOIO
nuopoit 1 Ha pucynxe 3.24. Ilpu manpssxerun 79 MIla (K*=0.77) mabmonaercsa pe3kuii mpupoct (B
TE€YEHHE YeThIpeX CEKyHJ) 3HA4eHWH NpPOAOJIbHONW £z W MomepeyHou €x aedopmanuii, B ciaydae €x
OPUPOCT cocTaBisieT npuMepHo 28% oOT MakcUManbHON Jedopmanuu obpasla B JaHHOM
Hanpasnennn (madpa 1 Ha pucynke 3.19). TlpononsHoe ykopodenme obpasma coctasmio Alz=3.2

MKM, a nonepeunoe ymmuHenme Alx=14.8 mxm. Kak u B ciydae obpasma Ne 5 m oOpasios,
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UCTIBITAaHHBIX 0€3 JJIEKTPOMAarHUTHOTO MOJNS W ONHMCAaHHBIX B paszene 3.1, DaHHBIA TPHPOCT
CONPOBOXKIAJICSI MHTCHCHUBHBIM aKyCTHUECKHM U3inydeHHeM (10 115 coObITuil B CEKyHIY, PHCYHOK
3.19 6). IIpu comocraBnennu rpadukoB AepopManuy OT BPEeMEHHM W HAKOIUICHUs cOObITHH AD
OTMEUYCHO, YTO HM3MEHEHHE YIJIa HakJIOHa Tpaduka HakormieHHs AD, KOTOPHIH OTpa)kaeT PEeKUM
nedopmupoBanus, npousonuio paseire Ha ~1190 cekyHn, 4eM 3TO NMPOSBWIOCH B HPOJOIBHOU U
norepeyHoi aedopmariuu (Ipupoct, 0003HaueHHbIH U poit 1 Ha pucynke 3.19).

Bo3zeiicTBue 3IEKTPOMArHUTHOTO MOJISI U3MEHUIIO CKOPOCTH IPOAOJILHOM U TONEPEUHBIX
nedopmanuii Bo BceX MATH ceaHcaX, YCPETHEHHBbIC 3a | dYac 3HAUYEHHsS CKOPOCTEH INpHUBEACHBI B

tabnuie 3.4, a TMHaMHUKa U3MEHEHHS TpecTaBiieHa Ha pucynke 3.20 u pucynke 3.21.

0)

359&,10% ¢! 3.07&,108 ¢!
i e
3.0+ 2.5 )
2.57 2.0 |
2.0 1.5 —
1.5 |
| 1.0 —
1.0,/ 1
| 0.5 ,
0.5 | I L, S | IlllllIlIIllI“IIIIlIIIIIIII
1.2 3.0 4.0 50 1 10%c

0 | B Y P R | I TTTTTTTTT | | T S lmm_h—h_‘ —2 |I||lIIllIIlIIIlIIIIIIIImI TTTTT | TTTTTTTTT | TTT1
5.0 5.5 6.0 6.5 8.0 8.5 9.0 9.5 10.0
t, 10% ¢ t, 10% ¢

Pucynok 3.20. CkopocTh TpoJIONBHON JieopMaliuy, OIICHEHHAsh B CKOJB3SIIEM OKHE BETUYWHOM:
cunss kpuBas — 900 cekyH I, KpacHasi KpUBas — rmoidaca, (pparMeHThl SKCIIEPUMEHTA C CEAHCAMH BO3JICHCTBHS:
a — npu k¥=0.51; 6 — mpu k*=0.61; B — mpu k¥=0.71 u r — npu k*=0.9. NurepBasibi KOMOMHHPOBAHHOTO

BOSHCﬁCTBI/ISI 0003HaYEeHBI IOTPpUX-IIYHKTUPHBIMU JIMHUAMU U CEPBIMU MIPAMOYTI'OJIbHUKAMU CHU3Y.
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Kak BumHo u3 pucynka 3.20 Ha Ha4aJIbHOM YYacTKe CKOPOCTh MPOIOJbHOW aedhopmariiu
3HAYUTEBHO MEHSETCS, 3TO CBS3aHO C MPHUTPY3KOH, BBIIEPKKONW 00paslia B peKUME CTAOMIN3AINH
YPOBHSI Harpy3Kyd M MOCJIEIYIOIIMM HAarpyK€HUEM C MOCTOSIHHOM CKOpocThto. HaumHas ¢ MoMmeHTa

Bpemenn 1=11000 C ckxopocTh aedopmamuu crabummsupoBagach Ha ypoBHe &,=1.6-10% ¢

CTaHJapTHOE OTKJIOHEHHE MpHU 3ToM coctapiser A&, =3.2-10° ¢, a B Teuenne 1-ro ceanca DMB
CKOpOCTh yBeNMYWIach N0 3HaueHus &,=2.9-10% ¢t (pucymox 3.20). Jlanee wHaGmonaercs

cnafaromuii Tpena ¢ Gaykryanusmu Ha yposHe AE, =2.8-10°, koTophli ycHiMBaeTCS BO BTOPOM
ceaHce BozjaeucTBuA. Tpertwit ceanc DMB BbI3Ban 0OpaTHYH PEAKIUIO — CKOPOCTh MPOIOJBbHON
nedopManuu Havajga pacTd, BO BpeMs YETBEPTOro ceaHca cliadblii BO3pACTAIOMIMM TPEH CMEHsETCs
JUIMTETFHBIM (OKOJIO 3 4YacoB) KBa3UCTAIlMOHApHBIM ypoBHeM (pucyHok 3.20). HawuOGombinee

HN3MCHCHHUEC CKOPOCTH BbI3BAJI IISTBIM CEaHC QJICKTPOMAriuTHOI'O BO3I{€I\/JICTBI/I$I — CKOpPOCThb HpOI[OJIBHOfI
,I[e(bOpMaI_[I/II/I (c;'z HU3MCHSJIACH YCTBIPCIKIBI 3a CCAHC IIPU TOM, 4YTO IICPCI HAYAJIOM CCaHCa Ha6J'IIOI[aJ'ICH

ee cnaj B TedyeHue 1 gaca.
Tabnmumna 3.4. 3naueHns ckopocTeil nedopMmarviv, MONyYeHHBIE 1O W BO BpeMms ceaHcoB OMB mis

obpa3sia mpamopa Ne 6.

Ne | Koms £,,108¢? &y ,10%c? & ,107 ¢t
OMB 10 BO BpeMsi OMB iy} BO Bpems OMB 110 BO BpeMs
SMB SMB SMB SMB
1 [o51] 14 [ 17 ] 1.3 | 2.4 - - 1.0 15
2 [061] 15 1.3 | 0.7 - - 0.8 1.3
3 [071] 08 1.4 - - 0.5 0.7
4 |08 ] 11 1.3 0.2 1.7 0.4 -1.0
5 |09 ] 07 |03][148]10]76] 10| 27 [27]27]07]48]51] 10 | 19.2 | 0.2

HpI/I aHaJIn3¢C CKOpOCTCfI TMOMNCPCUHBIX ,HC(I)OpMaI_II/Iﬁ TaK)Ke OBUIM BBISBIICHBI HN3MCHCHMUA,

BbI3BaHHbIE OM monem (pucyHok 3.21). Hecmorps Ha 3HauuTenbHble (GIYKTyallid CKOPOCTU

nonepeynoil geopMani £, MOXKHO BBIIEIUTH CIEAYIOUIME OCOOEHHOCTH: Cpasy II0CIe

BEIKITIOUEHHS HCTOYHMKAa DM TIONS B TIEpBOM CeaHce &, yMeHbINaeTcs 10 ypoBHS &, =-1.6-107 ¢,
IIPUYEM 13TA BEJIMYMHA 3HAYUTENIBHO MPEBBIIIAET CTAaHIaPTHOE OTKJIIOHEHHE cKopocTu 10 OMB, paBHOe
9.7-108 ¢! (pucynok 3.21 a). Bo BpeMs BTOPOro ceanca cKopocTh AedopMalliy &, CHayaja Mmajgaet

Ha BCJIIMYMHY, PABHYIO CTAHAAPTHOMY OTKJIIOHCHHUIO, a 3aTEM KPAaTKOBPEMCHHO BO3PACTacT U )IaHHBIﬁ

npupocT B 1.8 pa3a Gosbliie MakCUMalbHOTO ypoBHA 70 OMB. VYka3aHHBIM mpUpOCT 3aBeplIaeTcs

crniazoM 110 ypoBHs &, =-2-107 ¢,
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Pucynok 3.21 a — I'padukm momepeunoil medopmaruu €y (CTIQKEHHOW METOJOM CKOJB3SIIETO

CpEIIHEr0, YepHas KpHUBas) U €€ CKOPOCTH é‘Y, BBIYHCIICHHON B CKOJB3AIIEM OKHE BEIMYMHON 15 MUHYT —

KpacHasi KpuBas; 0 — H3MEHEHME CKOPOCTH momnepeuHoil nedopmarmu &y tmpu K*>0.7, oueHeHHoil B

CKOJIB3SIIIIEM OKHE pa3MepoM 15 MUHYT (CHHSIS KpuBasi) U moidaca (KpacHas KpuBasi), (hparMeHT dKCIIepUMEHTa
¢ 4-6IM U 5-bIM ceaHcaMu KOM6I/IHI/IpOBaHHOI‘O BO3,Z[CI7[CTBH$I OJICKTPUYCCKUM ©W MArdvMTHBIM I10JISAMU,

IMMOKa3aHHBIMU ITPUX-ITYHKTUPHBIMHA JIMHUAMU U CEPLIMU IIPSAMOYT'OJIbHUKAMH CHU3Y.

Jlo Tperbero ceanca W 26 MHHYT B €ro TEYCHHU (IyKTyallud CKOPOCTH IIONEPEUHOM

nepopMaluu &, 3HAYUTENbHO yMeHbIMIuch (A, =4.7-108 ¢) napsany co crabummsanueii cpenuero

3HAYEHUsI Ha YPOBHE éycp =5-108 ¢1. TTocne wero DM mone CTUMYIHPOBIO POCT CKOPOCTH [0

snadenus &, =3.1-107 ¢ Poct ckopoctu &, , HauaBmmiicss 32 10 MUHYT /10 YETBEPTOTO CEaHCa U HE
IpeBbIIIAIOIINNA pa3mep (QUIyKTyaluil, mocie nojadyud Ha oOpazen DM mosig 3aBepHIMiICS U Jaiee

3HaYEHWE &, OCTABAIOCH MOCTOSHHBIM B TeueHhe 24 muHyT. [locie 3TOro CKOpOCTh IONEPEYHON
nepopmaiuy ynana no sHadenus &, =-2.5-107 ¢! (pucynok 3.21 a). C He3HaunTENLHOM 3a1epXKKOH (8

MHHYT) OT Hayaja IATOTO ceanca &, yBEeIHYHnach 10 3HaueHus &, =3.7-107 ¢, 510 B 2 pasa Gonbie
MaKCHUMaJIbHOT'O 3HAYE€HUsI CKOPOCTH JI0 IATOro ceanca OMB.

HN3menenus CKOpPOCTH HOHGpG‘IHOfI ,Z[e(l)OpMaI_II/II/I éX , MTHUIITUUPOBAHHBIC OM 1oiieM BBISIBIICHBI

B YETBEPTOM M IATOM ceaHcax (pucyHok 3.21 6). B Tedenme uyaca 10 Havana 4-ro ceaHca &y
HE3HAUUTENIbHO YMEHbIIANACh, a B niepuo aeicteus OMB oTMeuaercs ee pocT. DIEKTpPOMArHUTHOE
mojse B TEPHOJ TSATOTO CeaHca NpH HampsbkeHMH K*=0.92 oka3amo Bo3jeficTBMe Ha Bce TpH
KOMITOHEHTHI JeopManii M Ha aKyCTHYECKYI0 AsMHuccHI0. [loapoOHO paccMOTpuM 3TOT cCirydait
(pucyHok 3.22).
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C 3amepKKoll OKOJIO 8 MUHYT OT Hayajga ce€aHca OTMEYEHO IEePBOE HM3MEHEHHUE CKOPOCTH

nepopmaruu &, (mdppa 1 Ha pucyrke 3.22 a). C Gonbuieit 3aaepxkoii B 15 MunyT oT Hauama DMB
IPOU30LLIO CHHXPOHHOE YBEJIMYEHUE CKOPOCTU NPOIOJBLHON &, W MorepevHol aedopmauuu &y ,
JUTATENIBHOCTBIO OKOJIO 50 CeKyHI: &y =2.7-107" ¢, éz =1.5-107 ¢t (o6o3HaueH mmdpoi 2 Ha
pucynke 3.22). 3a 3To Bpems INpojoNbHOE ykopoueHme obpasuma coctasuno Alz=0.8 mxm, a

nonepeunoe yamunenue — Alx~0.9 mxm. Jlanee CHHXpPOHHO pocT £, M &y 3aMEIMICA M CKOPOCTH

COXpaHAIMCh HEU3MEHHBIMHM B TedeHHe 35 MuHYT Ha ypoBHe &, =9.8:-10° ¢! u &,=7-10° ¢
COOTBETCTBEHHO.
Bropoii mpupoct ckopocteit nedopmaruu Habronaercs 3a 10 MUHYT 10 OKOHYaHMS CeaHca

Bo3zelicTBUs (0Oo3HaueH 1udpoi 3 Ha pucyHke 3.22): B MPOJOJIHHOM HAMPAaBICHUH CKOPOCTh

neopMalUy yBeTHUHIACh U TIPH 3TOM 6blia paBHa &, =7.6-10°8 ¢ u mocrosuuna na nporsxenuun 209

CeKyHI. B To e BpeMst CKOpOCTh MOTEPeYHOi £y nedopmanuu 2 pasa KpaTKOBPEMEHHO (B TeueHue 6
MHUHYT) U HE3HAUUTEIFHO MEHSIACh, 3aTeM 3a 4 CEKyH/IbI ITOCIIEIOBATIO PE3K0e YAIHMHEHNE 00pasia Ha
Alx=0.9 mxm, xoTopoe mpomsomio Ha TpuMmepHO 50 CeKyHA MO3Ke, YeM Hadyala BO3PACTaTh

pojoibHas nedopManus. AHATOTUYIHO TPEIBIIYIEMY IPHPOCTY OCEBOC YKOPOUCHUE H TOTICPEIHOE

YAJIMHCHUEC B JaHHOM CJ1ydac HC IIPCBBICHUIIN 1 MKM.

g, 107 2) g, 10° &,10° N, ¢! o
2.4+ 5" ceanc o —4.12 20 5v ceanc
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2'0; - [4.08 y
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] - 406 ] | I
L] “13 | = ‘ k ‘
= B B =] | ‘
| B _—4.04 5 ‘ ’ | ﬂ D t
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Pucynok 3.22 — MacmrabupoBanHble TpaQuku: a — HM3MEHEHHS TpeX KOMIIOHEHT jedopmaruy,
CTJIa)KeHHBIE METO/IOM CKOJB3AIIETO CPEIHET0: YepHasi KpUBasi — X, KpacHas — £y, CHHSSA — £z; 0 — aKTUBHOCTH
AD obpasna mpamopa Ne 6 B mepuoj msaroro ceanca OMB. IITpux-myHKTHPHBIMH JHHUSMH W CEPHIMHU
IPAMOYTOJLHUKAMU OTMEYEHBI CEAHChI BO3IEHCTBUA. MakcuMasbHble 3HaueHus akTuBHOCTH AD: 2 — 111 ¢, 3
—-100 c™.

OrnucaHHbIE TIPOLIECCH COMPOBOXKAAINCH UHTEHCHUBHBIM aKyCTHYECKUM M3YyYEHUEM, aHAIU3

KOTOpPOro IpeacCTaBJICH Ha PHCYHKCE 3.23. B omimume oOT BPEMCHHBIX 3aBHCUMOCTEN KOMIIOHEHT
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nedopmaruii 1 uX CKOPOCTeH, HHTEHCUBHBIN POCT aKyCTHYECKON SMUCCHH, 0003HAYCHHBIN IUPOH 2
Ha pHCyHKe 3.22 Hauajics cpasy Iocie BKIIOYEHHS UCTOYHHMKa OM BoszzeiicTtBus. KommuectBo

BBIJICJIMBIIMXCSI CUTHAJIOB cocTaBiisgeT nopsiaka 3800.

n, 10* Pucynok 3.23 — HakoruieHne CUTHAIOB
2.8 | | AD oOpasua wMmpamopa Ne6 (uactb
) 6; ‘ b 7 IKCIIEPUMEHTA, JIEMOHCTPHPYOTIAsT

T i | 5ag i nAaTsI ceanc DMB).

24_ | | |
224 N\
2.0+ | Havajio pocra i

71 1 nedopmaryu ||\ Hayajo
1.8 | | pocra AD
l 6— | |
14 !lilllllll!lllllllllm

8.4 8.6 8.8 9.0 9.2 9.4
t, 10% ¢

Bropoit mpupoct curnamoB AD Hayaics CHHXPOHHO C POCTOM CKOPOCTH IMPOJOIHHOU
nedopmaruu (pucyHok 3.22 a), a yx 3areMm cnycTs okojio 50 CeKyHJ MpOM30IUI0 H3MCHCHHE
nornepeyHoit aeopmanuu €x. B TedeHume naHHOTO Tporecca BeIEIWIOCh ~3920 curHanoB (10
BeIKITIOUeHHS DM mons). Beero 3a 1 wac DMB 65110 3apeructpupoBano ~10240 coObITHH, B TO BpeMs
Kak 3a 1 gac 1o Hero Beienmiock Beero ~1180 curnama AD (IpUPOCT MO KOJUYECTBY CUTHAIIOB B 8.7
pa3a). Cremyer OTMETUTh, YTO TIOCIE BBIKJIIOYEHHsS UCTOYHMKA OM mons Halmrogaercs
MOCJIEIEUCTBHE B AaKyCTHYECKOM »Muccuu. Bo3Bpar akTuBHOCTH AD K MOPOrOBOMY YPOBHIO
oOHapykeHHsI OTKIMKOB Ha DOMB mpowmsomen uepes ~1960 cekyHa mociie OKOHYAaHHUS CeaHca
(ompezenseMblii, KaKk M3BECTHO, IIPEBBILIEHHEM I10 HpaBuily 30, rie 0% — cpemnexpampaTnueckoe
OTKJIOHEHHE aKTUBHOCTH AD JIO ceaHca 3a BBIYETOM TPEHJa, PUCYHOK 3.22 0). JIyis cpaBHEHUS TaKxke
IPUBEIEM CKOpPOCTh HAKOIUIEHHS CHTHaioB AD 1o maroro ceasca: 3a 1 yac g0 Havana OMB
aKTUBHOCTH AD Oblia paBHa ~(.3 ¢! u B Teuenue yaca u3mMeHmIack He 6onee, yem Ha 20%, B TO BpeMsl
KaK MaKCHMaJlbHbIE 3HAYEHHUS aKTUBHOCTH AD B TeUYEHHME ceaHca JOCTUTanu 3HaudeHus Oozxee 100
COOBITHI B CEKYHTY.

AHanu3 akTUBHOCTH AD B YeThIpEX JIPYruX CeaHcax TakKe IMO3BOJMJI BBIIBUTH OTKIUKUA AD B
YyeThIpex U3 maTu ceaHcoB DOMB. B Tabmume 3.5 cBemeHbl qaHHBIE 00 OTKIMKAX aKTUBHOCTH AD Ha
KOKIBIA ceaHc Bo3AeicTBus. Kak BHIHO W3 TaOMUIBI, MEPBBIA MPHPOCT aKyCTOAMHUCCHOHHBIX

CHTHANOB HMMeNn MecTo npu Hampsokenmu K*=0.62 (pucymox 3.24). Ha rpaduke oT4eTIMBO
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0OHapy)XMBAETCSl BO3PACTAIONINN JIMHEHHBIA TPEH]T aKTUBHOCTH AD, Ha (POHE KOTOPOTO 3HAYUTEITHHO
BBLIEJISAIOTCS OTKJIUKHA AD Ha ceaHchl DOMB.

Tabmuna 3.5. JlanHbIe OTKIMKOB AD Ha 3JIEKTPOMAarHUTHOE BO3JICHCTBHE B SKCIIEPUMEHTE C 00pa3iioM

mpamopa Ne 6.
- Osus
No oMB = ) Koi1-Bo MHHUIIMUPOBaHHBIX JInmuTenbHOCTD Benuunna 3aaepxku
OoMB o, =
ceaHca pasp coObITHiT AD OTKJIUKA, C OTKJIMKA, C
%
1 54 0.52 - - -
2 64 0.62 48 394 95
3 74.4 0.72 271 1130 -
4 83 0.8 35 31 3035
5 94.3 0.91 12132 5562 0
N, ¢’ N, ¢! 0)
0.25+ | 1 ; | i
0.20- | |
0.15 ] :
. N MW
0.05- /J ‘ L
_| I lllllllH‘Illllllllllllﬁll|llIIIII!IV
2 3 4 7 8 9 4,10*cl0

Pucynox 3.24 — AKTHUBHOCTb aKyCTHYECKOH SMHUCCHUHU: a — HAYaJbHBIM MEPUOJ SKCHEPUMEHTA,
HoKa3aHbl 1epBbie 3 ceanca OMB; 6 — npu Hanpsokenun k*>0.61 MIla u BIUIOTH O pa3pyIICHUS] COTNIACHO
[My6accaposa, 2013]. MnTepBansl KOMOMHUPOBAHHOTO BO3ACUCTBUS JJIEKTPHYECKUM M MArHUTHBIM TIOJSIMH

0003HAYEHBI CCPBIMHU MIPAMOYTOJIbHUKAMHU CHU3Y WU INITPUXITYHKTUPHBIMU JIMHUSMU.

PaccmoTpuM npuMmep BIMSHMSA 3JIEKTPOMAarHUTHOTO IOJS HAa CKOPOCTh JedopMalnuud u
aKyCTHYECKYI0 AMHUccUI0 oOpasziia mpamopa Ne 7. IlocraHoBka skcnepuMeHTa ObUTa aHaJIOTUYHOM
npeasaymuM obpasmam Mpamopa NeS u Ne6. JlnmurenbHOCTH SKCnepuMeHTa cocraBmiia 28.3 daca,
npezien MPOYHOCTH Ui 0Opasia okasajics Belule mpeasiayuiero — 138 MIla u B TeueHHe UCTIbITaHUH
ObUIO pean30BaHo 9 ceaHCOB BO3JICHCTBHUS.

[Ipoananusupyem rpagukyd akTUBHOCTH AD U TpeX KOMIOHEHT jAedopmanuu sl 3TOro

obpasma (pucynok 3.25).
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Pucynok 3.25 a — H3MeHeHHe Tpex

KOMIIOHEHT nedopMaryu BO
BpEMECHM: dYepHash KpuBas — E&x,
KpacHass — &y, CHUHII — &z, 0 —

aKTUBHOCTH AD o0pasma mpamopa
Ne 7. P — mnHavanmpHas Harpyska,
MaKCUMyMBl aKTUBHOCTH: | — mpu
HavanbHOM Harpyske 66.7 c?t, 2 —
118 coObiTHii B cekyHay, 3 — mpu
paspymennn 121  coOwmite B

CeKYyHY.

OCOOCHHOCTH HM3MCHEHHMS KOMIIOHCHT I[G(IJOpMaHI/Iﬁ JaHHOI'O 06pa3ua CXOAHbI C

npeaAbIAymrMHn, T.C. SKCICPUMCHTAJIbBHO AOCTUTACTCA BBICOKAs BOCIHPOU3BOAMMOCTL HAIPSKCHHOI'O

coctosHUA. Poct HpOI[OJ'IBHOﬁ €z 1 nonepequﬁ EX He(bopMaHHH N aKTHUBHOCTHU aKYCTquCKOﬁ

sMHccud, 0003HaueHHbIN Udpoit 2 Ha pucynke 3.25, Habmonaercs crnycts npumepHo 370 CekyHI

nocne ceapMoro ceanca OMB. B momepeunom Hampasnenuu mpupocT coctasun Alx=0.02 mm. B

TIPOJIOILHOM HATIPABIEHHH B 3TOT MOMEHT MPOUCXOIMT yKopodenue obpasma Ha Alz=1.3 mxm, a

AKTUBHOCTh aKyCTHYECKOM SMUCCHH NPHU 3TOM Bo3pacTtaeT 10 118 coOwithii B cekynay. T.k. naHHbIN

npupoct AD u nedopManuii TPOU30IIET CIYCTS NPUMEPHO 6 MUHYT MOCHE BBIKJIIOYEHUs UCTOUHUKA

OM oJrsA, MpoaHaJIu3nupyeM, CTUMYJIHUPOBAH JIM 3TOT HPOLECC OM moiem. I[JBI 9TOro pacCMOTpuUM

rpaduK HaKOIIEHHs CHTHATOB AD: B TedeHnue 2.4 gaca CKOPOCTh HAKOTLIEHHs cHrHanoB 6brta 0.3 ¢t

(cunsas mpsimasi Ha pucyHke 3.26 a), 3atem 3a 200 cekyHJ 10 Hadaja CeIbMOIO CeaHca OHa
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yBenuumnach 10 ypoBHA 0.4 ¢! (kpacHas npsmas Ha pHCYHKe 3.26 a), KOTOPHI COXpaHscs
noCcTOSTHHBIM B TeueHue ~3025 cexynn. Hawano aktuBuzanuu AD TpOHU30IIIO BO BpEeMs CEAbMOTO
ceanca OMB 3a =10 MunyT 70 ero okoHuaHus. TakuM 0O6pa3zom mporecc yBenudeHus aegopmanuu u
AD, ob603HaueHHBIN (PO 2 Ha pUCYHKE 3.25 a, MOKHO CUMTATh OTKJIMKOM Ha DM mone. Pa3znuna
COCTOMT JIMIIb B TOM, 4TO akTWBM3alus AD HaunHaeTcs paHbiie Ha 950 cekyHJ MO OTHOIICHHIO K

Havany pocra jaedopmarium.

a) 0)
n, 10*en. 7-01l ceawnc 46 ™ 10%en. 9-vb111 ceanc
2.0~ . |
1 4.2 ‘
18— —_ |
1 3.8 |
1.6+ B Havaio I
] 34 ] npoyecca :
_ Havailo = paspyuteHus | #
14 akmusuzayuu N \\a
N A9 \ J////./ 3 & 0 —_ = -3
1.2+ 5 :
] 2.6 % 1
1.0 - -
_WWFWWIHHH“HIIIHINIIIIIIIITI 2.2 IIIHIIllllllllllll‘llllIHITlll?lllllllm
76 78 80 82 84 86 88 90 92 94 96 98 100 102
t,10° ¢ t,10° ¢

Pucynok 3.26 — I'paduku HakoruteHus: curHaioB AD: a — pparMeHT ¢ CelbMbIM C€aHCOB, O — PpaMeHT ¢
JICBATBIM CEaHCOM. L[BETHBIMH NPSIMBIMH TPOMJLUTIOCTPHPOBAHO M3MEHEHHE CKOPOCTH HAKOIUICHUS] CHT'HAJIOB.
HITpuX-IyHKTHPHBIMH ~ JHHUSIMA M CEPhIMH  TNIPSIMOYTOJbHUKAMH  CHH3Y  IOKa3aHbl  HMHTEPBAJIbI

KOM6I/IHI/Ip0BaHHOI‘O B03HeﬁCTBHﬁ.

[IpuMeHHB METOIMKY OMpENeNeHNus yCpelaHeHHOoH 3a 1 Jac ckopoctu nedopmanuil Kak yria
HaKoOHa TpaUKOB TpeX KOMIIOHEHT AedopMaliiii, MoIydnM Cleayrolnue pe3yiabTatsl (Tabmumna 3.6).
N3menenune ckopoctu mpoaoiibHOM nedopmaruu, npessimatomee 10% U cBsi3aHHOE C BIUSHUEM

OMB, 3adukcupoBaHO B MITH W3 JAEBITH CEAHCOB BO3JEHCTBUS, IPU STOM B YETHIPEX CIydasx
IpUpPOCT cKopocTH coctaBmwi oT 1.1 g0 1.2 pa3. MakcuMmasibHble M3MEHEHHS &, HAOIIOIAINCH B

LIECTOM M CEJbMOM CEaHCE U COCTABIISIM 2.5 1 2.9 pa3a.

Ha pucynke 3.27 npencraBieHo U3MEHEHHE CKOPOCTH MPOJIOJIBHON JedopMaliui BO BPEMEHH,
BBIYUCIICHHON B CKOJIB3AIIEM OKHE pa3MepoM rmordaca. Kak BUIHO U3 rpaduika, yBEIMICHHUE CKOPOCTH
npojoNIbHON Aedopmar HaOMOAaeTcsl B TSATH W3 JICBATH CEAHCOB BO3JCHCTBHS, JBa W3 HHUX
npuxonsaTcs Ha obnacTe gedopmupoBanus npu k*<0.7.

Tabmuna 3.6. CkopocTH Tpex KOMIOHEHT aedopmanmu Mpamopa Ne 7, oneHeHHble 3a 1 yac 10 U BO

BpEMA ZICI‘/'ICTBI/ISI OJICKTPOMArHuTHOI'O I10JIA.

Ne ceanca G5MB, koms &,,10%c? &y ,10%¢? & ,108 ¢t

126




Bo3 LA Mila bits) BO BpeMsI 10 bi (0] 5o
(Bcero 5 SMB SMB SMB BO Bpemsi OMB SMB | BPeMA
CCaHCOB) OMB
1 57.8 042 | - - - - - -

2 66.5 048 | - - - - - -

3 76.3 0.55 | 2.8 2.5 - - - -

4 86 0.62 | 2.5 21 |14 - - - -

5 96.6 0.7 |- - - - - - -

6 106.3 0.77 | 2.2 55 1.9 - - - -

7 115.6 0.85 | 1.7 19 |5728 |12 27 [1510° - -

8 125 0.91

9 135.2 0.98 | 2.7 32 |43 - -

JUid HarasgHOCTU NPOWLIIOCTpUpPYEM (pUCYHOK 3.28) ABaXkIbl MPOU3OLIEAILIEE W3MEHEHHE
CKOPOCTH MPOAOJBHON aedopManuu obpasiia Mpamopa Ne 7 aBakabl 3a Mepuoi BO3AeHCTBUS DM
II0JIEM U IPUPOCT aKTUBHOCTH AD, oTMeueHHbIH BO Bpems DMB nipu k*=0.77 (wectoii ceanc).

-1 Pucynok 3.27 — I'paduk
5.5

MPOJOILHON  JiehopMaliiu

(uepHast KpuBas) MW ec

CKOpOCTh (CHHSSI KpHUBasi),

S0

OLCHCHHAas1A B CKOJIB3AIIEM

OKHE BEJIMYNHON 900

4.5+

CEeKyH]. NHuTepBanst

BO3JIEHMCTBUSA 0003HAYEHBI

IMYHKTUPHBIMU JIMHUSIMU W

CephIMHU

NpAMOYTOJIbHUKAMU CHHU3Y.

MomeHT HPUTPY3KH

0003HAaYeH CTpPEeNnKoO |

OykBoii P.

Kak u 110 Bo3zeiicTBus nepsoie 13 MunyT ceanca DMB cKOpoCTh &, OCTaBaiach MOCTOSHHOM
(€,=2.2:108 ¢?), 3arem mpomsomio ee yBenmuenue B 2.5 pasa, MOCTE 4ero CKOPOCTh MPOAOILHOM

nedopManyy CHU3MIACh 10 ypoBHA &, =1.9-10® ¢! u He m3Mensanacy 10 KoHIA ceaHca U B TeueHHE

emie Tpex vacoB nocie OMB (pucynok 3.27). Ilpupoct akTuBHOCTH AD, MPEBBHIMIAOIINA YPOBEHB
3c*, mpousomien ¢ 3aaepxkoir ~1710 C, a KOMMYECTBO CUTHANOB AD, BBIICTUBIINXCS CBEPX ITOTO
ypoBHs coctaBnsieT okojo 200 coOwiTuit AD. Bo BpeMs MOCIEIHEro JIEBSITOr0 ceaHca HAaYMHAETCS

MPOILIECC PA3PYIICHHUS — 3HAYUTEIHFHO BO3PACTAECT CKOPOCTh MPOI0IBbHOM Aedopmarun (pUcyHok 3.27).
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a) 0)
g, 107 6-oti ceanc = 6-oti ceanc

I ‘ T
66 68 70 72 74 66 68 70 72 74
t,10°c t,10°c

Pucynok 3.28 — MacmtabupoBaHHbIE MO BPEMEHH IIIECTOTO CeaHca BO3ACHCTBUSA TpapuKku: a —
WU3MEHEHUS TIPOJIONILHOM TeopManiy OT BpeMEHH, O — aKTHBHOCTH aKyCTHYECKOW AIMHUCCHH 00pasiia 3a TOT ke
nepuoJ BpeMeHH. MHTepBanbl BO3AEHCTBHS 0003HAYCHBI IITPUX-MTYHKTHPHBIMH MPSIMBIMH U CEPbIMU JTHHUSMH

CHH3Y.

[Ipoananusupyem ckopocTu nomnepedynsix nedopmanuii (pucynok 3.29). B rpaduke ckopoctu
nonepeuHoi gedopmanuu £y, HM3MEHEHHMs, NPEBBINIAIONMINE €€ (IIYKTyallud, KOrja Ha oOpasel He

neiicreoBasio DM morie, HaOMIOAIOTCSA B IBYX ceaHcax. B mepBoM ceaHce BO3pacTaloOUIMid TPEH IpU

OMB cmeHnsieTcsi yObIBaIOIIMM, a B CEIbMOM CEaHCE CKOPOCTh YBEIMUYMBACTCA B 57 pa3 cO 3HAYCHUS
£, =4.910°c! o £, =2.8 107 ¢ (pucynok 3.29). IIpu oneHKe CKOPOCTH MONEPEUHOH Aedopmalmu
&, ObLI BHISBJICH yOBIBAIOIIMI TPEH/ HA NPOTSHKEHUM BCETO BPEMEHH MCIBITAHUH ¢ (QIYKTyalusAMH,

ne npesbimatomuvu A&, =9.4 108 ¢ 1, xotoprle Habmonamick kak Bo Bpems ceancoB DMB, Tak u B

TCYCHUC BPEMCHH, KOI'la OM mnoine Ha 06138,36]_[ HC HeﬁCTBOBaHO, B CBA3M C UEM I/I,HCHTI/I(I)I/II_II/IpOBaTB

KaKHEe-TO U3 HUX KaK PCaKIHUIO Ha BO3JCHCTBUE HE MMpEaACTaBIACTCA BO3MOKHBIM (pI/ICYHOK 335)

85 107 a) &, 108 ¢ 107 ¢
257 124 ] -8
7 - 2.0 307 -
2.0 [ L6 E — 6
_ L 24+ N

i 1.2 E - 4
1.5 I o -

| C 0.8 E - 2

- — 0.4 e -
1.0 i .~ F

] — 0.0 g E
g —04  6- o

R 0.8 - u
00 I IIIIIIIIIIIIIIIIIIIIMWMWWWMMM— O— __4

0 2 4 6 8 10 0

£ [0%¢
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Pucynok 3.29 a — I'paduku momepeunoil nedopmaruu €x (CriIaKEHHOW METOJOM CKOJIB3SIIErO
CpE/IHero, 4epHas KpHBas) U €e CKOPOCTH &y , BBIUMCICHHOH B CKOJIB3AIEM OKHE BENMYMHON 15 MuHYT,
KpacHass KpuBas; 0 — u3MeHeHue JedopManuM €y (YepHas KpuBas) M €€ CKOPOCTH &, , OLIEHEHHOW B

CKOJB3sIIeM OKkHe pazmepoM 30 MUHYT (KpacHas KpuBasi) oOpasia mpamopa Ne7.

BoimonHuB aHanu3 akTUBHOCTH AD B 3TOM HIKCIEPUMEHTE, COCTaBHUM TaONuUIly, B KOTOPOi
BHeceHa mHpopManus o0 OoTKIukKax AD B 3ToM 3kcnepumente (tabmuna 3.7). B 6 u3z 10 ceancos
HAOMIOANNCh OTKIMKM AD pa3inyHOl BeaMYMHBL. MakcuManbHbI OTKIMK 3aperucTpUpoOBaH B
CEIbMOM CEaHCe, KOTOPbIM OblUI MOJPOOHO pacCMOTPEH paHee, U B JEBATOM, KOTOPBIN CTUMYJIMPOBAI
paspyliieHne oopasia cnycts 14 MUHYT 1ociie mojaayu Ha Hero DM mos.

Tabmuma 3.7. Jlanubie OTKIHKOB AD Ha AJIEKTPOMAarHUTHOE BO3ACHCTBHE B AKCIIEPUMEHTE C 00pas3moM

Mpamopa Ne 7.

No k _ 95us | Kon-Bo MHMIIMMPOBAaHHBIX JIIMTEIbHOCTh Bemrania
ceanca | OOMB oME coObITHIl AD OTKJIMKA, C SaICpaEH

pasp OTKJIMKaA, C

1 57.8 0.42 44 718 c 1001 c

2 66.5 0.48 - - -

3 76.3 0.55 - - -

4 86 0.62 18 70 ¢ 8l6¢c

5 96.6 0.7 - - -

6 106.3 0.77 204 422 ¢ 1711c

7 115.6 0.85 7255 3196 ¢ 3024 c

8 125 0.91 109 138 ¢ 1177 ¢

9 135.2 0.98 15430 3202 ¢ 827 ¢

3.3. O0cy:kaeHue pe3yJibTaTOB

Brienum o0miyie uepThl cpeid pe3yaIbTaToOB CEPUU HKCIIEPUMEHTOB € BO3AeHCTBHEM DM mous
(trabmuua 3.8). CHayasna paccMOTPUM MEXaHMYECKUE XapaKTEPUCTHUKU OOpas3IOB U CPAaBHUM HUX C
XapaKTEepUCTHUKaMHU OO0pa3lloB, KOTOpbIE HE MOJABEPrajiuCh JEHCTBHIO 3JIEKTPOMArHUTHOIO IOJIs
(onrcanHbIe B pazzene 3.1). DIeKTpoMarHuTHOE BO3/IeMCTBUE CHU3MIIO Mpe/iesl IPOYHOCTH MaTepHasa
Ha 12%, mpu 5TOM [Wana3oH 3HAYEHUW MOIYJNsl ympyroctu yeenuuwics (tadbmuma 3.9). O6pasiibl
Mpamopa, nepopMupoBanHbie 6€3 OM nons, umenu auana3zod Moaynst FOura pasubiil 32.9 I'Tla — 40.6
['Tla. B mpucyrctBun OM 1ot MOAyJb YOpyroctu odpasioB mpamopa cocraBuil 39.4 I'Tla — 60.1
I'Tla. TIpesen ympyrocTH yBemmMumICsS cO CPEIHETo 1o cepuu 6e3 BosaeiictBusa k*=0.67 mo K*=0.80
i cepun obpasuoB ¢ OMB. Obpamaer Ha ce0s BHUMaHHE YBEIMYEHHE KaK MPOJOJIBHOM, Tak U
nornepeyHsIx AedopManuii Mo CpaBHEHMIO € WX MaKCUMaJbHBIMH 3HAYEHHUSMHU JUIsI OOpas3loB,
nehopMupoBaHHBIX 0€3 Bo3ercTBH (Tadmuma 3.9).

Tabnumna 3.8. OCHOBHbIE MEXaHMYECKHE XapaKTEPUCTHKH 00pasnoB Mpamopa Ne5-7, MCHBITaHHBIX C

BOSHeﬁCTBHeM QJICKTPOMArHMuTHOT'O ITOJIA.
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Oy (gz ) =E-¢

Cragus ynpyroro - ) ) ]
O6p33€].[ OMB I[e(bopMI/IPOBaHI/ISI MH’a ex, 10 3 gy, 10 3 ez, 10 3

E, I'Tla
9) + 60.1 133 1.9 23 4.8
6 + 39.4 103 1.3 8 4.3
7 + 42.4 138 6 16 5.4

Tabmuma 3.9. CpaBHuUTenbHas TaOIHIA

HACIIBITAaHHBIX 0€3 BO3IEHCTBUS U ¢ ceancaMu DM II0JIsl.

MEXaHMYECKHX XapaKTepUCTUK 0O0pasloB Mpamopa,

ITapametp O6pazier 6e3 OMB | O6pasnier ¢ OMB
(1,3,4) (5,6,7)

Monyine ynpyroctu FOHra, nuanazon uamenenui, [ Tla 25.9-40.6 39.4-60.1
IIpenen ynpyroctu, MIla 87.2 102.8
OTHOCHUTENBHBIA TpeNeNl YNpyroctd, cpeanee 3Hadenue | 0.7 0.8
Oynp/ O
[Ipenen mpounoctu, Mlla 84-152.5 102.9-138.9
MakcuManbHbIe 3HAY€HUs IPOIOJIBHOM JehopManuu, £z 4.3-54-10° 5.3-12.5-10°
MakcumanbHble 3HaU€HHs TONEePEeYHON 1eopManut, X 0.2-3.7-10° 1.2-6-10°
MakcuManbHbIe 3HAYEHHUs IOTEPEIHOM TedopMaIyu, Ey 4.9-36.7-107 8.4-23.4-10°

Jlis cBeneHUs BOEOUHO pE3YNbTAaTOB, MOMYYEHHBIX IO CEpUHd 00paslioB, COCTaBUM

00001ICHHYIO Ta0NHITy, BKIIOYAIONIYI0O OIEHKH TPEeX KOMIIOHEHT JedopMaiiid U UX CKOPOCTEH, a

Tarkke akTuBHOCTU AD (Tabmuma 3.10). Takke mocTpouM AuarpaMMy HU3MEHEHHUS CKOPOCTEH Bcex

TPEX KOMIIOHCHT ,Z[e(l)OpMaLII/II/I (B OTHOCHUTCIBHBIX C,Z[I/IHI/II_IaX) n HOpMHpOBaHHOﬁ AKTUBHOCTH A3, B

HEepUOJIbl C BO3JICHCTBUAMU 3JIEKTPOMArHUTHBIX noseit (pucynku 3.37 u 3.38).
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Pucynoxk 3.30 —  OrtHocurenbHOE

U3MEHEHHE CKOpocTel fedopmanuu: a —
HonepeyHoil £y , 6 — nonepeyHoii &y u

B — MPOJIOJIbHON £ , @ TaKke MPUPOCT
aktuBHOocTH AD (T) OOpasma mpamopa
Ne5, pu KOMOMHHPOBaHHOM
BO3ACUCTBHU JNEKTPHIECKOTO u
MarHUTHOTO  TIOJIEH  TpPH  PasHBIX

ko3 purmeHTax OTHOOCHOTO CIXKATHS,

k*.



Tabmuna 3.10 — OTKIMKH TpeX KOMIIOHEHT CKOPOCTel aedopMariiu, akTUBHOCTH AD Ui cepuH 00pas3noB, 1e(OPMHUPYEMBIX B IPUCYTCTBHH

KOM6I/IHI/IpOBaHHOF0 BOSI[CﬁCTBHSI SJICKTPHUYCCKOI'0O U MArHuTHOI'O IOJICH.

Mpamop Ne 5 Mpamop Ne 6 Mpamop Ne 7
(c"‘Z OMB éx OMB éY OMB N /3% (C’.‘Z OMB (c;‘X SMB éY OMB N /3% éz OMB éx OMB éY OMB N /36*
. . . OMB . . . OMB: . . . OMB!
€2109MB | €xz0oMB | EYnodMB €2709MB | €xzooMB | EYronMB €2109MB | €xz0oMB | EYnodMB
k*<0.4 1.2 - - 2.4 H/a H/a H/a H/a H/a H/a H/a H/a
0.4<k*<0.5 2.8 - - 2.2 H/a H/a H/a H/a - - - 1.7
- - - 1.6
0.5<k*<0.6 - - - K 1.4 - 1.5 1.2 1.2 - - -
0.6<k*<0.7 - - - - 2.1 - 1.6 2 1.8 - - 1.3
0.7<k*<0.8 - - - 1.8 1.8 - 1.4 2.8 2.5 - - 5
0.8<k*<0.9 2.0 - 1.4 9 1.2 8.5 2.5 1.3 337 12:10° - 444
1.6 1.9 63 125 ’1 178 19 180 - - - 7.5
* .
k*>0.9 13 33 40 25 16 i i 70

H/a — OTCYTCTBOBAJIM CCAHCEHI ITPU NAHHOM YPOBHC HAIrpy3KHU

- OTCYTCTBUC U3MEHEHMI B CKOPOCTAX ,[[e(l)OpMaI_II/II/I " OTKJIMKOB aKTHBHOCTH A3, CBA3aHHBIX C DJICKTPOMAIrHUTHBIM BO3JCHCTBHEM



Kak BuaHo w3 ructorpamm (Ha pucyHkax 3.30 a-B m 3.31 a-B), 3HauMMBble TPUPAIICHUI
ckopocteit neopmariiy HaOII0JAI0TCS IPH HATPSDKEHHUIX okaTust ¢ K* > 0.7 oT ypoBHS pa3pylicHuUS.
[Ipupoctsl akTUBHOCTH AD OTMEUaroTCs pu 0oJiee HU3KUX 3HAYCHHAX HanpspkeHud (pucyHok 3.30 T
u 3.31 r). Bmecte ¢ tem, pucynok 3.30 r moka3bsIBacT CHOBA, YTO HanOoOJiee KOHTPACTHBIE OTKIUKH
aKTUBHOCTH AD Ha >JIEeKTPOMArHUTHBIE BO3JeHcTBHS mMeroT Mecto mpu K* > 0.7. C yuerom s1uX
PE3YJIBTATOB, a TAKXKE OIBITA MPEABIIYIINX HUcclenoBanuii (0030p B [boromomnos u ap., 2011]), peakiuto
MarepHaa 11eJecoo0pa3Ho aHAM3UPOBATh OTJEIBHO B 00JacTH JeOPMUPOBAHUS IIPU HANPSDKEHUSIX HIKE

0.7 ot paspymenust (oomacts ) u npu k*>0.7 (obmacte Il). Jns xaxkmort u3 3tux obiacteil Oymem
paccMaTpuBaTh MPUPOCTHI KOMIIOHEHT JieopMaiiil €z, €x, &y U UX CKOPOCTEH £ 7 £ X s é‘Y , @ TaKXKe

akTuBHOCTH AD (OTKIMKH AD) 1 M3MeHeHH s yriaosoro koaddurmenta D.

B obnactu nedopmuposanus | mposenero 11 ceancos, a mporeHT ceaHcoB DMB, B KOTOpPBIX
oOHapyxeHo Bimsane OMB Ha cKOpOCTh MpOMONIBHON nedopMaiuu coctaBiseT 54% oT o0iero
KOJIMYECTBA CEaHCOB B OTOM CEpUH OSKCIEPUMEHTOB. BenuunHa OTHOCHUTENBHOTO HW3MEHEHUs

YCpeIHEHHOM 3a yac CKOPOCTHU MPO0NbHOM nedopMmariuu Bapbupyercs oT 1.1 mo 2.9 pas, a cpennee 3a

6 ceaHCOB M3MEHEHHUe &£, coctamisier 1.8 paza.

o ’EXSMB/SXHO9MB ZO,SyQMB/SyJIOQMB Pucynok 3.31 —  OTHOCHUTEIbHBIE
i 64‘ 1 H3MEHEHUsT CKOpocTeil nedopmarmm: a —
J 16
124 a) 12' 0) nonepeuHoil &y , 6 — momnepevyHon &y u
8; 8 B — MPOJIONBHOH &, , a TaKKe TPUPOCT
N ]
| 4 - aktuBHoctT AD () cepuu 00pa3ioB
0 ’ 7 .
| _ _ , 0 %‘ % / 1//“ Mpamopa pu KOMOMHHUPOBAHHBIX
0.5 0.6 0.7 0.8 K* 0.9 0.5 0.6 0.7 0.8 K* 0.9
;s . 2 BO3IEHCTBUAX IIEKTPHIECKOTO u
)5-& /& _N/3c
zOMB' T zpo9OMB o
] g | MarH¥THOrO  TOJIEH  MpH  Pa3HBIX
207 1
] | K03((HUIMEHTaX OIHOOCHOTO  CHKATHS,
1 J k*.
10 4
5 27
1 593062050
o] BB 5 0 EEED DEEmm
I L | T % I » 1 ¥ I
0.5 0.6 0.6 0.7 0.8 I 0.9

B unenom mo CCPUHU U3 TPEX ISKCICPUMCHTOB B o0actu ,[Ie(bOpMI/IpOBaHI/I}I | m3MmeHeHUs

CKOpPOCTH TMONEPEYHOM nepopManvu &, BBIABIEHBI B JBYX W3 OAMHHAANATH ceancoB OMB, a

CKOPOCTH TomepeyHoil nedopmaiuu £y He oOHapykeHbl BoBce (PUCYHOK 3.32 a-B). B BochMM

ceancax u3 onuHHanuatu (73%) B 9T0O# 00J1aCTH YCTAaHOBJIEHO BIMsHUE DM MOl Ha aKTHBHOCTH AD,
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OpuyeM B ISITH U3 HHUX HaONIONAIOTCS OJHOBPEMEHHO HM3MEHEHHS B CKOPOCTH MPOAOJIbHOU
nedopmanuu &, .

3Hasi KOJIMYECTBO MHUIIMUPOBAHHBIX DM BO3/IeHiCTBHEM CUTHAJIIOB A, MOKHO CJieJaTh BBIBOJ,
YTO OTKJIUKA AaKTUBHOCTU B obOnactu JedopmupoBaHus | HUMEOT HEOONBIIYI0 aMIUIUTY.Y,
MUHHUMAJIbHBIA TIPUPOCT cocTaBui 1.1, makcumanbHbli — 2.4 pasza (B CpelHEM ke yBenuueHue AD

paBHsu1och 1.8 pasa, pucynok 3.32 1).

7()0()*8x3MB/ quoaMB 78y3MB/ 8y;103MB Pucynox 3.32 — Ycpeanennoe no Bceit
2888 30 CepHUH 3KCIIEPUMEHTOB OTHOCUTEJIBHOE
31888 a) 0) W3MEHEHUe CKopocTed nedopmanuu: a
2000 20 .
. i — nomepeyHoil £y , 0 — HonepeyHoi
6 10~ . Lo
4 | &y W B — MNPOJOIBHOU &7, a TaKXKE
2
01— B e L mprpocT akTuBHOCTH AD (T) 06pasios
03 04 05 06 0.7 08 09 1.003 04 05 06 0.7 08 09 1.0
k* k* Mpamopa Ne 5-7 npu
& & -N/3c* .
120 zSMB/ znodMB 200‘ KOM6I/IHI/Ip0BaHHI>IX BO3JICUCTBUIX
110 ) 160' r) ANEKTPUIECKOTO U MArHUTHOTO TOJeH
| 1207 npu PasHbBIX ko3 puIHEnTaX

100=F ,,j,

i
e llll

0+
03 04 05 06 07 08 09 1003 04 05 06 0.7 08 09 I.

OJHOOCHOTO ckatusi, K*.

B o6nactu mepopmuposanus 1l (K*>0.7) 6s11o0 nposenerno 13 ceancor DMB, a mponeHTHOE
COOTHOILIEHUE CEAaHCOB, B KOTOPHIX HAECHTU(UUIUPOBaHO BiIusHUE DMB Ha ckopocThb HpPOJOJILHON
nepopmanuu, cocraBisier 69% or oO0mero 4Yuciaa IpPOBEIEHHBIX CEaHCOB  BO3JCHCTBUAL.
OTHOCHUTENBHOE M3MEHEHHE YCPEJIHEHHOU 3a 1 yac CKOpOCTH MPOAOIBHOM aedopMalv Ha JTaHHON
CTaguu BhIIE W Bappupyercst oT 1.2 mo mpumepno 340 pa3 (pucyHok 3.32 B). MakcumanabHOE

n3MeHeHue B npumepHo 340 pa3, BeI3BaHHOE DM TMojeM, 3aperucTPUPOBAHO OIHAXKBI, CKOPOCTh
TpoaoNbHON AeopManuu yBenuuunach co 3Hadenus &, =1.9 108 ¢! no yposma &, =5.7 10 ¢,
ykopouenue npu 5tom coctauno Alz=1.3 Mxm. CkopocTs momepeuHoit fedopmaruu €y TpPU ITOM

BEIpocia Ha 4 mopsaka (B 12.5 102 pasa), a nonepeunoe ymmnenne cocrasuno Alx=20 mxm. Baxwo,

YTO Ha 3TOM CTaauu Harpy>k€Husi 1Ipyu M3MCHCHUAX CKOPOCTU HpOIIOJIBHOﬁ I[e(I)OpMaLII/II/I KaK IIpaBUIIO

NPOMCXOIMIIN M3MEHEHHUS CKOpPOCTel MornepeyHoit gegopmaiu €y (OTMEUYEHO B IISTU U3 JIEBSATH CEaHCOB,
pucyHok 3.32 a) u &y (1IeCTH U3 JIEBATH CEaHCOB, PUCYHOK 3.32 0). lI3MeHeHne CKOpPOCTH MOTepeuHON

nedopmanuu £, BapbupoBamuch oT 1.9 pasa mo 12.5 10% pas. M3MeHeHHe CKOPOCTH TIOTEPEUHOM
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nedopmanun £, BapbUpOBaIKCh OT 1.4 pa3 no 63.2 pas, cpemHee mpupalieHne coctaBuio 15.3 pasa
(pucynok 3.32 0).

AKycTHYeCcKasi SMUCCHS OKa3anach 0ojiee UyBCTBUTEIBHBIM MapaMeTpoM, ueM JedopManus u
€e CKOpOCTH, T.K. IPUPOCTHI aKTUBHOCTH 3apErMCTPUPOBAHbI B OJIMHHA/ALATH CEaHCax U3 JBEHAALATH
(85%), mpotuB 69%, B KOTOPHIX HAOIIOAATUCH BapUallMK CKOpOCcTH Aedopmannu (pucyHok 3.32 r).
Taxske HEO6XOAUMO OTMETHTh, UTO AKyCTOIMHUCCHOHHBIE OTKIUKH B IUANa3oHe Harpy3ok mpu K*>0.7
OTIMYAIOTCSl OOJbIICH aMIUTUTYI0M Hpupocta akTUBHOCTH AD. B Tpex skcmepuMeHTax U3 cepuu
o0pa3lpl pa3pylIMJIUCh B TEYEHHE ceaHca BO3JeHCTBUSA. B 3Tux ciywae mpupoct AD HOCUT
JaBUHOOOPA3HBIM XapakTep ¢ BbAEICHHEM mopsaka 10 ThICSY CUTHAJIOB cBepX (POHOBOTO YPOBHS
akTUBHOCTH AD 10 Bo3zzaeicTBus. CpenHui mpupocT akTUBHOCTH AD cocraBui npumepHo 110 pas
BBIIIIE TPEXKPATHOTI'O CPEIHEKBAIPATHUECKOTO OTKJIIOHEHHS aKTUBHOCTU AD 10 ceaHcoB (pucyHok 3.32
r).

JUis mony4eHust 1eTIOCTHOM KapTHHBI XapaKTepa B3auMOJICHCTBHS JIEKTPOMArHUTHBIX TOJIEH C
NOJISIMH HAIPsDKEHUH B 00pasiax Mpamopa pacCMOTPUM SKCHEPUMEHTHI B YCIOBUSAX HETPEPHIBHOTO
(HeTpeKkpalamerocss B TEUEHUE BCEr0 BPEMEHU HCIBITAaHUS) BO3JIEHCTBUSA. B maHHOM ciydae
9JIEKTPOMArHuTHOE Moje OyIeT UrpaTh pojb CKOpee He Tpurrepa (CIyCKOBOIO KpPIOUKAa HEKOETro
0OJIBIIOTO TIO0 JHEPreTUKE COOBITHS, MPEIBAPSIEMOro [UIMTENBHBIM HAKOIUICHHEM HANpsOKeHUH), a
“coyuacTHUKOM™ Je(QOpPMAIIMOHHOTO MpoIlecca Ha BCeX ero craausax. Kak mokasanu 3KCIepUMEHTHI,
MOKHO BBIICIUTHh pPe3yibTaThl ABYX TumnoB. Ha pucynke 3.33 moka3aHbl W3MEHEHHUS KOMIIOHEHT

negopManuu 1 akTUBHOCT AD uis riepBoro npumepa (Mpamop Ne 8). Ilonepeunas negopmanus £y u

MpoaoJIbHAA HCCI)OpMaI_[I/ISI €7 B TCUCHUE BCECI0O DKCIICPUMECHTA YBCINYHUBAINCH JII/IHCI>'IHO, B OTJIIMYUEC OT

MPEAMIECTBYIOMUX IKCIIEPUMEHTOB CKOJIb JIMOO 3HAYMMBIX MPUPOCTOB Jedopmaiuu HaOJroaaeTCst

BCEro J1Ba. MakCUMaIbHOE H3MEHEHHE CKOPOCTH MPOA0NIbHON nedopmariuu mpousonwio mpu kK*=0.91

(t=17.1-10* ¢) u cocrasuno 3.6 pasa (pucyHok 3.33 a). OJHOBPEMEHHO C OITHM CKOPOCTb

TonepevHoi neopmanus ynana co sHauenus &y = 5.7-108 ¢t 1o yposna &, =-3-108 ¢,
AxTHBHOCTE AD oTpakana mpouecc Ae(pOopMHUpOBaHUS: C Hayajla HCHBITAHUI IOCTENEHHO
JUHENHO Bo3pacTana 0e3 JaBUHOOOPAa3HBIX BBHIOPOCOB, XapaKTEPHBIX AJii 0Opa3lOB, UCIBITAHHBIX B
pexuMe ¢ ceaHcamu BoszieiicTsus. Ilepen paspylieHneM ¢ MOMeHTa Bpemenu t=17.9-10* ¢ cormacHo
YBEJIMUEHHUIO CKOPOCTHU JieopManuu £y Ha rpaduke aKTUBHOCTH HaOIOJaeTcs IJIaBHBIA pocT 10 4
COOBITHI B CEKYHJY, TaKOM TeMIT HaKOIUIEHUs J1e()eKTOB COXpaHSIICS B TEUEHHE MOpsiKa 2-X 4acos,

MI0CJIE€ Yero MpH pa3pylIeHHNH aKTUBHOCTH Bo3pocia 10 87 coObITHil B cekyHay (uudpa 1 Ha puc. 3.33

0).
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Pucynox 3.33 - TIpapuxm: a -
W3MEHEHUS Tpex KOMITOHEHT
nedopmaruii, depHBIA Tpapuk — Ex,
KpacHblll TpaduK — €y, CHHUN Tpadux
— &z; 6 — axtuBHOCTH AD. CepniM

3aTeMHEHHEM TIpaduka aKTUBHOCTH H
cepoil JNMHMEH CHU3y Ha Trpaduke

nedopmaruii MOKa3aHo

]‘IIIIIIIH|IIHIHHIIHIHIH Tll!llllll”ll”lll I|IIIHII|II”llllIIIIIIIIITIIHIHIIHVH _‘2

SJICKTPOMArHuTHOC BOSI[GﬁCTBI/IG. P -

q 4 8 12 16 £ 10%c
P : Harpy3ka; 1 — MakCMMaJbHOE 3HAYCHUE
90— N, ¢! 6) akTUBHOCTH AD mpu paspymeHuu 87 ¢
70;:; ! cornmacuo [Boromonos u ap., 2017].
204 s,

15 1

10

5 -

|N -

?P - 8 12 16 £, 10 ¢

Bo BrTopom oskcmepumente (Mpamop Ne 9) aKTHBHBIMH OKAa3alUCh BCE KOMIIOHEHTHI
nedopMaIuu, HO £y Hadalla MEHSThCS HE cpasy, B OTJIIMYME OT JIBYX APYTHX, a TOJBKO C HEKOTOPOM
3aJIep:KKOM moce BKIroYeHus moss (puc. 3.34 a). Ormetum HeOomnboi Bemieck AD (110 20 coObIThii
B CEKYH/Y), KOTOpbIii pousoten npu k*=0.87 (BbimeneHHas 061acTh Ha puc. 3.34 6). DTOT BCIUIECK
COTMPOBOXKAAIICS IPUPOCTOM EX (BbIAETIECHHBIE 007acTH Ha pHC. 3.34), HO MEHee PE3KHUM I10 aMIUIUTY e

¥ CKOPOCTH HapacTaHWs, YeM U3MEHEHHUs B MPENIbIIYIINX dKCIepuMeHTax. KpoMe 3Toro JuiMTensHOCTh
mpUpocTa cocraBuia mopsaka 2770 cekyH[, 9YTO He HAOMIOJANOCh B MPEAbIAYIIUX JKCIIEPUMEHTAX.
AHanmu3 ToKa3zall, 4YTO IOCJI€ BKJIIOYEHHS IIOJS CITYCTSI HEKOoTopoe Bpemsi (2.5 daca) Bo3pacTaeT

CKOpOCTh TIOTIEpedHOH nepopMalMy Ha [Ba MOPSAAKA — OT CPEJHEr0 3HA4YeHHs [0 Hadaa
3IEKTPOMATHUTHOTO BO3IEHCTBHSA Eymean = 5.9-1071° ¢ 10 cpennero Bo BpeMs BO3AEHCTBHSA Eypean =

6.3-10% ¢, D10 mMO3BONAET TOHATH, MOYEMy B JKCIEPUMEHTAX C YACOBBIMH CEAHCAMH TaKOTO
negopmanmoHHoro s¢dexra He HAOMIOIANOCh, M 3aMETHbIE MPUPOCTH JleopMallid B YCIOBHO
«ympyroit» obmactu (n0 HanpsbkeHui ¢ K*<0.7) mosSBISUTUCH UL K KOHILy ceaHcoB. IIpononbHas

nedopManusi 1 aKkTUBHOCTh AD B cilydae HENPEPbIBHOTO 3JEKTPOMArHUTHOTO BO3AECUCTBUS MMEIOT
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YCTOMUYMBYIO TEHACHIIUIO K pocTy. B cimyuae pucynka 3.34 6 akTHBHOCTh AD yBETMYMBACTCS CUIIbHEE,
yeM B OKcrepuMeHTe Ha puc. 3.33 6. B o00bmuHBIX 3KcnepuMmeHTax (ceaHcoBsle OMB u 6e3
BO3JICUCTBHS) IO HATPY30K, COOTBETCTBYIOMINX K*<(.7, aKTUBHOCTb KOJICOJICTCSI HA YPOBHE OJU3KOM K

0.3 ¢! 1 pacTeT IpH YBEINUCHNH HATPY3KH.

. | Pucynox 3.34 — TIpajukm: a -—
23 a -3 -3
1 B 10 ) £,10° €, 10
’ 12k6 U3MEHEHHS Tpex KOMIIOHEHT
12 . B ey B 10L 5 nepopmanmii, uepHslii rpapuk — EX,
](){ i N -8 | 4 KpacHblll TpaduK — €y, CHHUN Tpadux
] /// / B =
g /// € P /// i 6 | 3 — €z; 6 — aktuBHOCTH AD Mpamopa Ne
7 X /// | =
g ////’ e I 4 L 2 9. CepriM 3areMHeHHEM Trpaduka
] # ; L
- //// ) B 2 1 AKTUBHOCTH U CEpOil JHHHEH CHU3Y Ha
L e -0 0 rpapuke  gedopmanumii  MokazaHo
IIH”H”[IH””H]Hll”l”llll”llllllllllllllllIXIIIlll[llll””ll”l”l” IHIHIIHI”H _
(? 4 8 12 16 £ 10* 3JIEKTPOMAarHUTHOE Bo3zAeicTBHE. P —
P ’ G
N ¢l 6) Harpyska; | — MaKCHMaibHOE 3HAYCHUE
2
140 akTUBHOCTH AD mpu paspyueHuu 87 ¢
100
= 2 ! cornmacuo [Boromomnos u ap., 2017].
20
154

?P - 8 12 16

1, 10* ¢

OTMmeTnM Ba)kKHBIM pe3yJbTaT: B NPHUBEAEHHBIX Ha pucyHkax 3.33 u 3.34 skcnepuMeHTax He
HAOJII0/IaeTCsl 3HAYUTENIbHBIX M3MEHEHUN TpeX KOMIIOHEHT AeQopMaiii U OTMEYaroTCs 3aMETHO
MEHBIIINE MO0 KOJUYECTBY U aMIUIUTYAE NMPUPOCTHI aKTUBHOCTH AD (a IJ1e-TO U BOBCE OTCYTCTBYIOT).
Crnenyer OTMETHTh TO, YTO TMIpeles] MPOYHOCTH OOpa3loB, MCIBITAHHBIX C CEaHCOBBIMHU
BO3CUCTBUAMHU, HIKE Mpejiena MpOoYHOCTH 00pasioB cepun 6e3 BozzeicTBus. [y cepun oOpas1os,
KOTOpBIE MOABEPraJIUCh AEHCTBHUIO AJIEKTPOMATHUTHOTO IOJISI B TEYEHUE BCErO BPEMEHU HCIBITAHUSA,
mpeaes TMPOYHOCTH CPaBHUM C TPEJEIOM MPOYHOCTH Marepuaia (pasHuina He Oonee 6%),

HCIIBITEIBAEMOTO 0€3 BO3JICHCTBUA.

BriBoabl o riase 3
[Ipn wucnelTaHusIx 0Opa3llOB MpamMopa B OTCYTCTBHE 3JIEKTPOMAarHUTHOTO BO3AECHCTBUS
y()TaHOBJ'IeHI)I XapaKTepHBIe BpeMeHHLIe 3aBUCUMOCTHU HpO}IOJ’IBHOﬁ nu Honepequx )Ie(l)OpMaHI/Iﬁ H Ux
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ckopocteil. [1o 3TUM 3aBUCHUMOCTSIM OIpenieieHbl MapaMeTpbl, KOTOPhIE MOKHO paccMaTpuBaTh Kak
¢doHOBBIE (T.€. MapaMeTphl CPABHEHUS) JIJIsl HIKCIIEPUMEHTOB Ha 00pa3iax MpaMopa 3TOH ke CepHH, HO
C BO3JICHCTBUEM 3JIEKTPOMAarHUTHBIX IOJIEH: CPEAHEYACOBBIE OTHOCUTENbHBIE U3MEHEHUSI CKOPOCTEN
MPOJIOJIBLHOM U MOMEPEYHBIX JehopMaIuii.

B skcnepumenTtax Ha oOpasmax Mpamopa, 1eOpMHPYEMBIX B pEXKHME pOCTa Harpy3kd B
IPUCYTCTBUH HJIEKTPUYECKOTO U MATHUTHOTO T0JIeH, OOHAPYKEHBI PEBBIMICHHS 3TUX 3HaUYeHUH. Tem
CaMbIM YCTAHOBJIEHO BJIMSIHUE KOMOWHHPOBAHHOIO BO3AECUCTBUS 3JIEKTPUUECKOTO M MAarHUTHOIO
MOJIEH Ha CKOPOCThH JAedopManuu oOpasiioB Mpamopa. B obmactu HanpspkeHuit Huxe 0.7 OoT ypoBHs
pa3pylIeHus IPUPOCTHI CKOPOCTH 1ehopMaliii OTMEUYEHBI B ITOJIOBUHE CITy4aeB, a Mpu 00siee BHICOKUX
3HAUCHUSX HANpsDKEHHs — B OOJIBIIMHCTBE CceaHCOB ¢ OM BozzaeicTBuaAMH. BenuunHa u3mMeHeHUM
cKkopocTeil aedopmarum, SBISIONMXCS pEeaKkIHed MaTepuana Ha BO3JCHCTBUE, BapbUpYeTCS OT
MUHUMAJbHBIX 3HAYEHUH (JECATH MPOLIEHTOB) IO HECKOIbKUX MOPSAKOB. OTKIMKUA aKTUBHOCTU
AKyCTHMUYECKON SMHUCCUU MpHU HampspkeHHUsX Hibke 0.7 OT ypoBHS pa3pylICHHUs 3aperuCTPUpPOBaHBI B
73% ciay4aeB W HMMEIOT HEOOJNBIIYIO aMIUMTYXy mnpupocta. [Ipm 0Oonee BBICOKMX CHKUMAIOIIAX
HaIPSHKEHUSAX MPOIICHT CEaHCOB C OTKIUKaMu AD Bo3pacrtaeT 10 85%, nmpuueM amIUIUTya OTKIMKOB
CTaHOBUTCSA B Pa3bl U JACCITKHU pa3 OoJIbIIIe.

Pe3ynbTarhl 3KCHEPUMEHTOB, MPOBEACHHBIX C HEMPEPBHIBHO JEHCTBYIOIIMM B TEYCHHE BCETO
UCHBITAaHUS 3JEKTPOMArHUTHBIM IIOJIEM, NPOAEMOHCTPUPOBAIN CYILIECTBEHHOE OTIMYHME U OT
OKCIIEPUMEHTOB 0€3 BO3JEHCTBUS U OT UCHBITAHUI C CEaHCOBBIMU 3JIEKTPOMArHUTHBIMU
BO3JCHCTBUSAMU. B HUX NpakTUYECKH OTCYTCTBYIOT 3HAUUTENbHBIC MpHUpaIeHUs AaedopManuu, a
MPUPOCTHI aKTUBHOCTH aKyCTUYECKON SMUCCHUM PEJIKH U UMEIOT MEHBIIYIO0 aMIUIUTYy IPUPOCTa, YEM
B CJy4yae CEaHCOBBIX BO3JEHUCTBUN. YBelIMUE€HUE CKOPOCTH jAedopmanuu Habmoaaercs ¢ OOoJbLION
3a/Iep>KKOH, YTO MO3BOJISIET OOBSICHUTDH MOYEMY B IKCIIEPUMEHTAX C CEAaHCOBBIM THIIOM BO3JEHCTBUS
MPUPOCTH CKopocTed naedopmanuu OTMEUAIOTCS TPU BBICOKUX 3HAUEHUSX HAMPSDKEHUS U C
3aJiepKKaMH, OJIM3KUMH K JJIUTEIbHOCTH ceaHca. V31oKeHHbIe pe3ynbTaThl MO3BOJSIOT 000CHOBATH
3alIMIaeMble Hay4HbIe ToiokeHus 1, 2 (Beenenue, ctp. 7).

Pe3ynbTarhl aKyCTOOMHUCCHOHHBIX OTKJIMKOB OOpa3IoB Mpamopa Ha Bo3zeiicTBue DM monei
COIJIaCYIOTCS C pe3yJbTaTaMu MPEIIIECTBYIOIUX paboT 00 IEKTPOUYBCTBUTENBHOCTH aKyCTHYECKOM

OMHUCCHUHU O6p33].IOB TOPHBIX TOPOJ, UCIIBITBIBAEMbBIX Ha OJHOOCHOC CIKATHC.
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I'maBa 4. Oco0eHHocTH peaknuu o00pa3lNOB MpaMopa M TIPAaHUTAa HAa BO3JCHCTBHA
3JIeKTPOMATHUTHBIX NoJIeil. Pa3imyHasi MOCTAHOBKA 3KCIIEPHMEHTA

B nanHOI riaBe M3I0XKEHbI pe3yabTaThl SKCIIEPUMEHTOB, IIPOBEIEHHBIX YTOOBI MOATBEPAUTD,
YTOUYHUTh WM JOINOJHHUTH ONKCAaHHbIC B IJIaBE€ 3 TEHJEHIMM H3MEHEHUs CKOpOCTH nAedopMaluu U
AKTUBHOCTH aKyCTHYECKOH sMuccuu 0o0pas3noB mpamopa. s 3Toil menn MoxkeT ObITh NMPUMEHEH
IPUHLIMI PaHI0MU3aL1H, 10Pa3yMEBAIOINN HEKOTOPbIE N3MEHEHHUS B IOCTAHOBKE 3KCIIEPUMEHTOB —
UCIOJIb30BaHUE BOJOHACHIIIEHHBIX OOPa3llOB MpamMopa M CTYNEHYaTOro Harpy)KeHus, a Takke
00pa3uoB Apyroi ropHoil mopoas! (rpaHuTa). YacTe SKCIIEPUMEHTOB IIPOBEIEHA HA JPYTrO YCTaHOBKE
B J1aboparopuu (U3MYECKUX OCHOB MpoyHOCTH WMHCTHTYyTa MexaHuku criomHbix cpen YpO PAH.
(pazmen 4.1). B pazmene 4.1 mnpeacrtaBieHbl pe3yJbTaThbl 3KCIIEPUMEHTOB Ha BOJIOHACHIIIEHHBIX
o0Opa3lax Mpamopa, HaleJIeHHbIX Ha YTOYHEHHE POJIM BOABI B A(PQEKTEe 3IEKTPOCTUMYIUPOBAHUSA
CEICMMYECKHUX MOABUKEK B 3¢MHOU Kope. Paznensl 4.2 u 4.3 moCBAILIEHBI UCCIEJOBAHUIO PEAKLUU
00pa310B MpaMopa U TpaHUTa Ha BO3AECUCTBHUE 3JIEKTPOMArHUTHBIX MOJEH MPU KBa3UCTALMOHAPHOM
YpOBHE Harpy3ku (10 JaHHBIM O CKOPOCTSIX IPOAOJIbHON U MONEPEYHBIX AePopMaliil 1 aKTUBHOCTH
AD). IlpoBenenue »sKkcnepuMeHTOB ¢ OM Bo3zielcTBMEM Ha o0paslax reoMaTepualioB IpU
(UKCUPOBAHHOM YpPOBHE HAarpy3KM BaXKHO JUIsl CPAaBHEHHUS C paHee IOJIyYEHHBIMH pe3yIbTaTaMH.
Taxske MpeJCTaBIeHbl HOBbIE PE3yNbTaThl 00 H3MEHEHHSX YrIoBoro kodddumuenta D s o6pasios
IPaHUTA TOJ BIMSHUEM NIEKTPUUECKUX UMITYJIbCOB.

4.1. Bapuanum ckopoctu aegopManuv ¥ aKTMBHOCTH AD BOJOHACBHIIIECHHBIX 00pPa3LoOB
MpamMopa npu KOMOMHHPOBAHHBIX BO3/1eHCTBUSAX 3JIEKTPHUYECKOr0 U MATHUTHOIO T0JIeH

B cBsi3u ¢ pacnpocTpaHEHHBIMH NPECTABIECHUSIMHU, YTO B 3€MHOI KOpe MPHUCYTCTBHE BOJBI B
NOPO-TPEIMHHOM MPOCTPAHCTBE MOBBIIIAET YyBCTBUTEIBHOCTD CPENBI K BO3AEHCTBUIO OM mosnel, B
TOM 4YHCJI€ TPU 30HAMPOBAHUSAX C NPUMEHEHHEM MOIIHBIX HCTOYHUKOB TOKA, OBUIM TNPOBEICHBI
HKCIIEPUMEHThl Ha BOJOHACBIIIEHHBIX O0pa3imax Mmpamopa. i 3KCIEpPUMEHTOB HCHOJIb30BAINCH
o0pasmpl MpamMopa M3 TOW K€ MapTUU, YTO W CyXHhe O0O0paslbl, pPacCMOTPEHHBbIE B TrjaBe 3.
DKcrepuMeHTHI ObUTH MPOBEICHBI M0 CTaHAAPTHOM CXeMe, ONMCaHHO B pa3zaene 2.2.

[IpogeMoHcTpUpyeM  npuMep KOMOMHHPOBAHHOTO  BO3ACHUCTBUS  DJIEKTPUYECKOTO U
MarHUTHOTO TIOJIEH Ha BOJOHACHIIEHHBIH oOpaserr Mpamopa NelO, rpaduku HarpyxeHHs U

HaNpspKeHUs-AeQopMaliii KOTOpOro NpeCTaBlIeHbl Ha pUcyHKe 4. 1.
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Pucynoxk 4.1 a — J[lmarpamma HarpyxeHuss u 0 — rpaduk HanpsbkeHUsS-IedopMauu odpasia

BOJIOHACHIIIIEHHOr0 Mpamopa Nel0.

[Tpu nepopmupoBanum TaHHOTO 00pa3na HarsIIHO MposiBuiIcs 3¢ ekt PeObunnepa [Pedbunnep,
1979], T.e. mpousouuio 3HauuTeNbHOE (B 2.4 pa3a) yMeHbIICHHE TMpefesia MPOYHOCTH Mpamopa
(pucyHok 4.1 a) Mo CpaBHEHHIO C YCpPEIHEHHBIM 3HAUEHUEM JJIsi 00paslioB, HE MOJBEPraBIIUXCS
BOJIOHACHIIIICHNIO. Jparpamma HampspKeHus-neopMany  XapakTepu3yeTcsi, BO-TIEPBBIX, HU3KUM
3HaueHueM monayis FOura, paBHeiM 16 I'Tla, a BO-BTOpBIX, OOJIBIIMMHU 3HAUYEHHUSMU IPOJOJIBHON
nedopmaruu B quanasone Hanpskernii K*>0.8 (pucynox 4.1 6).

PaccmMoTpuM u3MEHEHUS BO BpPEMEHU AKTUBHOCTH AKyCTUYECKOM SMHUCCHUU M KOMIIOHEHT
nedopmaiuu BO BpeMEHH 3Toro oOpasia (pucyHoK 4.2), OmyCTUB HAaYaJIbHBIA 3Tall HArpy>KeHUs, HE

HpeI[CTaBJ'IHI-OH_II/Iﬁ HHTEpECa BBUAY €ro OAHOTUIIHOCTHU C NPCABIAYIIUMU O6p33].IaMI/I, OIIMCaHHBIMHU B

riase 3.
-3 a) -1 0
e 10 [-wiit ceanc / 4 N, c [-wiit c)eanc
) IZOi
| &
40= ‘
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4 &
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Pucynok 4.2 — I'paduku u3mMeHeHUs: KOMIOHEHT AedopMmanuu €7 — CHHSS KpUBasi, EX - KpacHasi KpuBast

(a) ¥ aKTUBHOCTH aKyCTHUYeCKOH smuccum (0) BOJOHACHIIIEHHOro oOpasma Mpamopa Ne 10 coryacHo
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[Myb6accapoBa, 3akynun, 2013]. I'padux nonepeunoir aedopmanmu €y HE NpUBEACH, T.K. B HEH He OBLIO

BBISIBJICHO M3MCHCHHH, CBS3aHHBIX C Bo3aciicTBueM. MHTepBan BO3ACHCTBHS O0003HAYCH ITyHKTHPHBIMU
TUHUSIMA W cepoir depToit cHm3y. LludpoBpie o0003HAUeHHS — W3MEHEHHS KOMITOHEHT aedopmari,
COOTBETCTBYIOIIME MAKCHMAIIbHBIM 3Ha4eHUAM akTHBHOCTH AD: 2 — 103 ¢, 3 - 104 ¢4 - 119 ¢t 5106 ¢

6-36ct7-123c¢t

Hepez[ CIAUHCTBCHHBIM CCaHCOM KOM6I/IHI/IpOBaHHOFO BOSI[CI;'ICTBPIX SJICKTPHUYECKOIO H

MarHUTHOTO ToJeld mnpu HanpskeHnu ~45 MITa (K*=0.85) mabmomaercs pe3Koe yBeIHMUYCHHE
akTUBHOCTH AD 10 103 coOBITHI B CEKYHIY, YTO COOTBETCTBYET pHUpOCTy Aedopmaruu £x Ha 4.6 10

$u ez Ha 5.6 10 (mdpa 2 Ha pucynke 4.2) B cirydae nonepedHoii qeopMamnuu €x 3TOT IPUPOCT HE
npesbicui1 10% OT MakCHMalabHOTO 3HAUYEHHUS B DKCIEPUMEHTE, B TO BpeMs KaK Ha Cyxux oOpasmax
3TOT TpupocT ObuT mopsiaka 30% or mMakcuMyma. 3areM B TedeHHe 16 MUHYT 1O Hayaja ceaHca
BO3JICICTBUS TonepeuHas €x Aedopmanusi yMeHbIIAeTcss U crabunusupyercs Ha ypoBHe 1.1 1073,
KOTOPBIA HE MEHSETCS Ha MPOTSHKEHUU 47 MUHYT B TIEPHOJ TIOJAYH JICKTPHUYESCKOTO U MarHUTHOTO

noJieii. B TedeHune 3Toro yaca CKOpoCTh MPOI0JIbHOM nedopmanmu 3ameyisiercs Ha 40%.

0) .
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Pucynok 4.3 a — IlpononbHas nedopmarus (depHas KpuBas) W €€ CKOpOCTh (CHHsIsI KpuBas) B
3aBHCUMOCTH OT BpeMeHH, 0 — norepednas €x nedopmanus (YepHas KpuBasi) U €e CKOpocTh (KpacHasi KpuBas)
OT BpEMEHM BOAOHACHIIIEHHOro obOpasma mpamopa Ne 10. MHTepBan Bo3aeHCTBHS OTMEUYEH NYHKTHPHBIMH
JUHUSMH U cepoil 4epToil Ha mikaje BpeMeHU. OBajaMu BBIJENCHBl CHHXPOHHBIE M3MEHEHHS CKOpPOCTEH

KOMITOHEHT Jie(opMaLuii.

3HaunTeNbHBIE W3MEHEHHs CKopocTed obeux nedopmanumit Havanuceb npu t=30690 ¢ u

MPOJOKUIIUCH TOCE BBIKIIOYEHHUS] MCTOYHMKA DJIEKTPOMAarHUTHOTO BO3JEHCTBUS (pUCYHOK 4.3).
OceBoe ykopouennme oopasna Ha Alz=0.9 Mxm (Beimenennas o6macte 3 Ha pucynke 4.2 a)

COTPOBOXKAAIOCH MPUPOCTOM akTUBHOCTH AD 1o 104 coObituii B cekyHay B TeueHue 100 cexyHI.

141



3aTeM CKOpOCTh MONEPEYHON medopManuu &£y XapaKTepu3yeTcsl HEIMHEHHBIM pOCTOM, a B

IPOJIOJILHOM HarpaBlIeHUH HaOJrofaeTcst cepusi pe3kux (KpaTKoBpeMeHHbIX He Oonee 40 cexyHn)
YepeayIoIIUXCsl IPUPOCTOB CKOPOCTU AedopMaliy, ociae KOTOPbIX HabmroaaeTcs: 6ojee MeAIeHHOe

yObIBaHUE CKOPOCTH 10 YPOBHS, MPEBBIMIAIONIETO TaKoBOMl A0 mpupocta. Ilpu stom ammuurtyna

IPHPOCTAa OTHOCHTENBHO (hOHOBOTO YpoBHS &, =3.8-10% ¢ cocraBmser or 2.6 pa3z mo 100 pas. B
OTJIMYHE OT MEJIEHHOIO pOCTa CKOPOCTH HoNepedHoll nedopManuu &y, Kakablii M3 Pe3KUX

KPAaTKOBPEMEHHBIX IIPUPOCTOB CKOPOCTH &£, OTMeYaeTcs 4yTh OmHepexaromuM (oT =65 no <400
CEKYHJ[) OTKJIMKOM B aKTUBHOCTH AD ammutynoil He Hike 100 coObiTuii B cekyHIy (pUCyHOK 4.2).
JIunis eMHONKIBI PE3KHii IPUPOCT CKOPOCTU &, , COCTABMBIINIA 26 Pa3 U OTMEUYEHHBIH Ha pUcyHKe 4.3
nudpoit 5, mpou3oI1Ies CHHXPOHHO C IPUPOCTOM CKOPOCTH morepedHon nedopmaruu. 3a 2060 cexyHq
aKTUBM3AIMK Tpolecca AedekToodpazoBaHusi oOpaszel] YMEHBIIMJICS B OCEBOM HANpaBICHUH Ha
Al>=83 MKM, a B TIONIEPEYHOM BBIPOC HA Alx=4.6 MKM, OpH 3TOM BbiAenusioch 2190 curnanos AD
(Tabmuna 4.1).

Tabnmuua 4.1. lanable OTKIMKOB AD Ha 3JEKTPOMArHUTHOE BO3JCHCTBUE B 3KCIEPUMEHTE C

BOJIOHACHIIIICHHBIM 00pa3iioM Mpamopa Ne 1.

Ne s k _ Oous Kon-Bo nHULIMMPOBAaHHBIX JauTenbHOCTh BenuunHa 3aepxku
ceaHca oMB oMB O pap coObITHI AD OTKJINKA, C OTKJINKA, C
1 45.6 0.87 2190 2060 2396

Cnenyrome 22 MHHYTBI CKOPOCTh TPOJOIBHOW JedopManuu CHU3WIACH 10 3HAYCHUS
£,=6.4-108 ¢! u mepen campIM paspynIeHHEM CHAaYaTa HA HOPAJOK YBEIHUMIACH, COMPOBOKIAEMA
BBIICIEHHEM aKYCTUYECKMX CHrHanoB 10 36 ¢ (iudpa 6 Ha pucynke 4.2), a 3aTeM yCTaHOBUIACH Ha

L= 7l .
ypoBere &7 =19.7 107" ¢, KOTOpBIi COXpaHsUICS BIUIOTH A0 paspylieHust oOpasna. BemmanHbl

cKkopocTell nedopmannii, BbI3BaHHBIE 3JEKTPOMAarHUTHBIM BO3/I€HCTBHEM, NPUBEIEHBI B Tabuuie 4.2.
CornacHo TaOMWYHLIM 3HAYEHHSIM MHHHMAalbHOE HM3MEHEHHE CKOpPOCTH KOMITOHCHT I[C(bOpMaIII/H/I
Beiencteue OMB cocraBuio 22%, a MakCUMaIbHBIA IPUPOCT — IOYTH HA 2 MOPsIJIKA.

Tabmuua 4.2. KoMnoHeHTsl cKOpocTH jAedopMaiuil BOJOHACHIILIEHHOrO o0paslia Mpamopa,

OIICHCHHBIC 3a 1 gac A0 U BO BpeMA JEHUCTBUSA QJICKTPOMArHUTHOT O ITOJIA.

Ne ceanca &y, 108c? g, ,108 ¢t Ey 108 ¢t
BOIIA | Oowm. | k* = Oous o
(Bcero 1 | MIla p 10 BO BpeMsl 110 .
ceanc) pasp | g | BPEMA 1o OMB SMB * SMB BO Bpemsi OMB
OMB
1).44
2). 3.4 1).08
3). 109 2).28.3
1 45.6 0.87 - - 5.8 4).12.4 4.7 3). 69.8
5). 115 4).16.1
6). 1660
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7). 350
8). 89.6
9). 35.9
10). 27.2

[losichenne k Tabnwime: * - B TEYEHUE CeaHCAa MPOM3OLUIO MHOTOKPATHOE HM3MEHEHHUE
CKOPOCTEH TpPOJOJIBHOW W TONMEpPedHON nedopmarui, B TaONHIle MO HOMEpaM MPUBEIACHBI HX

BCJIMYHHBI.

Paccmotpum npumep nedopMupoBaHUs APYroro BOJOHACHIIIEHHOTO oOpasia Mpamopa Ne 11,
XapaKTepUCTHKA HaIpsDKeHUA-IedopMaui U rpauk Harpy3ku KOTOPOro M300pakeHbl HA PUCYHKE
4.4,

F, kH a) o, MIla 0)
‘ 100

’mmnmnﬁwwhﬂvrﬁmﬁmﬁl 20 T T T T T ] T I ¥ I T I
0 2 4 6 8 10 12 14 30 35 40 45 50 55 60
tp £ 10°c g, 10°

1

Pucynok 4.4 a — I'paduk Harpy3kd OT BpeMEHH M O — 3aBUCHMOCTh HANPSHKCHUS OT OCEBOH

nedopMmalu oopasiia BoJOHACKIIICHHOTO Mpamopa Ne 11,

[IpouHocTs 00pa3lia oka3anach BbIIIE OYTH B 2 pa3a, YEM y MIEPBOr0, OJHAKO IO CPABHEHHUIO C
CEpUSIMHU SKCTIEPUMEHTOB C CyXUMH o0pa3iiaMu, Kak UCTIbITaHHBIMU 0e3 DMB, Tak u ¢ Bo3ielcTBUEM,
Huke Ha 30%. B xone ucnbiTaHus 6 pa3 OCYIIECTBISUIMCH CEAHChl KOMOMHUPOBAHHOTO BO3ACHCTBUS
SJICKTPUYCCKOTO U MAarHUTHOI'O TTOJIEH.

[Ipoananusupyem rpaduku KOMIIOHEHT JaedopManud OT BPEMEHH B COBOKYNHOCTH C
AKTUBHOCTBIO aKyCTHYECKOW amuccuu (pucyHok 4.5). XapakTepHoil 0COOEHHOCThIO JTaHHOTO 0o0pasia
ABJCTCA CTYNICHYATOC HM3MCHCHUC HOHGpG‘IHOﬁ z[e(bopMaum/I E€x Ha MMPOTAKCHUNU BCECTO0 BPEMCHHU
nedhopMUpOBaHUs, B TOM YHKCJIE€ BO BpeMs MpoBelneHusi ceancoB DM mons. HekoTopoe cxoAcTBo
HAOIIO/IETCSl ¢ U3MEHEHUSIMU TPOAOIbHON Aedopmannu BogoHackeHHOro oopasia Ne 10 (pucyHok

4.3 a). B cmyuae o6pasma Ne 11 peszkue npupocTsl 1eopMaliyi BCTPEYAIOTCs TAKXKe U B OCEBOM (€7) U

JIPYTOM TIOTIEPEYHOM HAIPABICHUH — £y, OJHAKO OHH MEHEE BBIPAKEHBI (PUCYHOK 4.5 a).
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Pucynox 4.5 -  I'paduxu
HU3MEHEHUS KOMIIOHEHT
neopManu: €z — CUHsISI KpUBasi,
€x — YepHasi KpuBasi, &y — KpacHas
KpuBas (@) W aKTUBHOCTH
akycrmuecko  ammccun  (0)
BOJIOHACHILIICHHOTO obpasna
mpamopa Ne 11  cormacHo

[Myb6accapoBa, 3axynun, 2013].

HuTepBans BO3EHCTBUS
0003HaYEHBI CepPBIMH
MPSIMOYTOJIEHUKaMHU "
ITyHKTHPHBIMA JTUHUSIMIL.

Maxkcumymsl aktuBHOCTH: 1 — 30
COOBITMA B CEKYHAY  IpH
HauagbHOU Harpyske, 2 — 121 ¢,

3 — 120 coOwITHIl B CEKyHIY TpH

paspyIieHHn.

VcepennenHas 3a 360 cekyHJ CKOpOCTh MonepedHoil pedopmamuu &y IpeicTaBlIeHa Ha

pucyHke 4.6 a. MakcuMaibHbBII NPUPOCT MoOnepedHoi negopmanuu €x npu HampsbkeHun 63 MIla

(k*=0.63) cocraBmser €x=5-10"* (B abcomotnpix 3Hauerusx Alx=21 mxm) n npuxomurcs Ha Bpems

AJIEKTPOMAarHUTHOTO Bo3AeicTBUs (1udpa 2 Ha pucyHKe 4.6 a). CHHXPOHHO IPOUCXOAUT MPOA0IbHOE

ykopouernue obpasna Ha Alz=1.7 mxm, a axtuBHOCTE AD yBenmmumpaercs B 1200 pas, gocTuras

MakcuMyma B 120 coObiTuil B cekyH1y. Bo3OyxkieHue akycTHUECKOH SMHUCCHHM MPOU30LUI0 0Oe3

3aJIepKKU 10 BPEMEHH OT Hadasia 3Toro ceanca (pucyHok 4.5, tabnuina 4.4). CKopocTh NONEpeuHOi

nebopmamuu €y B 3TOT MOMEHT cocTaBuma &y =2.2-10% ¢! u, xax BumHO M3 pucymka 4.6 a, Ha

MOpsAAKU MPCBBIITACT MAKCHUMAJIbHBIC 3HAYCHHA B OTCYTCTBUH BO3ACHUCTBHSI. OTMCTI/IM, 4qTO IpUu
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YBCIIMUCHUHN HANIPSKCHUS 3HAUCHUA MAKCHUMYMOB CKOPOCTHU & x CHHIKAIOTCA, 4 HaCTOTA UX IOABJICHUS

YBCIUYHUBACTCA.
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Pucynok 4.6 a — V3meHenue nomnepeuHoi nedopMmanuu € (CriIaKEHHON METOAOM CKOJIB3SINEro
CpEIIHEro, YepHas KpUBas) U €€ CKOPOCTH, BBIUMCIICHHOM B CKOJIB3SINEM OKHE BeiauunHoW 10 MUHYT (po30oBas
KpHBasi); 6 — n3MeHeHue nomnepeyHol nedopmauuu €y (UepHas KpHUBas) M €€ CKOPOCTU (KpacHas KpuBas),

OIICHEHHOM B CKOJIB3sI1IEM OKHE pazmepoM 10 MUHYT.

Ckopoctb nonepeuHoit aepopmanmu B oTiimaue o0pas3ioB 1-9 He oOHapyKUBaeT TCHACHIINU K

POCTY 10 JTorapH(pMHUUECKOMY 3aKOHY, a BHaYaje CIajaeT 10 OTPULATENBHBIX 3HAUeHUH 10 t~6-10* C,

a 3aTeM CTaOMIBHO yBEIMYHBAETCA. £y OTIMYAETCS 3HAUMTENbHBIME druykTyarmusvu A&, =3.1-107 ¢

! ma mporsmxenun Gonbinel wacTu mchbITaHus g0 Hanpskenus K*=0.83 — mawanma maToro ceadca

Bo3zeiictBus (mpu t=13-10* ¢, pucynok 4.6 6). CKopocTh &, pacTeT OueHb MEMJIEHHO OT Hayana

SKCTIEpHMEHTa M JI0 MOMEHTa IMATOro ceaHca co 3Hauenus &y =-2.4-10° ¢! no &,=3.7-10° ¢? 3a

oyt 35 YacoB (YepHas anmpoKCHMAIMOHHAs NpsiMasi Ha pucyHke 4.6 0). C 3axepxkkoit 760 cexyHz
OT Hauanma 5 ceaHca CKOpOCTh MOMepedHoil AeopMaluy TOAHANAch 10 ypoBHa &, =9.6 10° c¢?,
COXpaHSIBIIErocs Ha MPOTsDKEHUH 4.8 yaca MOCTOSHHBIM — DM moJie oKa3ajo MpPOJOHTHMPOBAaHHOE
BO3/ICIICTBHE (CHHSS alNpOKCUMAIMOHHAs NpsiMast Ha pucyHke 4.6 6). Topmoxenue nedopmaiuu €y
MIPOU30IIIO TIOCIIE 3aBEPIICHHS] MOCIEIHEro CeaHca BO3JACHUCTBHS — 3a 2.5 yaca A0 paspylIeHUsS
obpasua.

CKOpOCTh TIPOAONBHON AedopMaruu &, , ycpeaHeHHas 3a 470 CeKyHJ, MpeACTaBIeHA Ha

pucynke 4.7. [Ipupoctsl aedgopmanmu (1 ee CKOPOCTH) BO BpeMsi ceaHcoB DMB oTMeuanuchk B Tpex

C€aHCax M3 HICCTH. HpI/I HAIMpPsKCHUAX, COOTBETCTBYIOIINUX k*>0.63, OHHU HOCAT KpaTKOBpCMCHHBIﬁ
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Xapaktep U 007aaa0T OoblIeH aMIUIUTYION B CpaBHEHHH C MOJOOHBIMU MPUPOCTAMH BHE CEaHCOB

OMB (mocnemaHmii mECTOH CeaHc W MPUPOCTHI cKopocTu aedopmarnuu 10 Hero). B tabmuime 4.3

NPUBE/ICHBI JAHHBIE O BApUAIMIX CKOPOCTH MPOAOIBHOM JeOopMaluy B IEPHO BO3ICHCTBUSI.

e, 107

0 2
P

4

6

8

£,10°% ¢

—10

Pucynox 4.7

IIpononbHas

nedopmartis (depHas KpuBas) U ee

CKOpOCTh

3aBUCUMOCTHU

(cwmsIs

KpuBas) B

oT

BpPEMEHH.

HYHKTI/IpHBIMI/I JIMHUAMU U CEPBIMU

OpsAMOYTOJIbHUKAMH

0003HaYEeHbI

KOM6I/IHI/IpOBaHHOFO

DJICKTPUYCCKUM

IIOJIAMU.

CHU3Y

HWHTCPBAJIbl

BO3JICUCTBUS

MAardouTHBIM

Tabnuma 4.3 — Tpu KOMIIOHEHTHI CKOPOCTH AeopMannu, OlleHeHHbBIE 3a | Jac 10 u BO BpeMsl IEHCTBUS

SJICKTPOMArumuTHOIO I1OJIA.

Ne ceanca cx  _ Tous £,,10% 1/c &y, 108 1/c é,,10° 1/c
BO31-9 SMB
(Bcero 6 OoMB pasp | IO BO BpeMs b1 (0] BO BpeMs 110 BO BpeMs
ceaticon) SMB | DMB* SMB | DMB* SMB | DMB*
1 44.2 0.44 - -
2 53.5 0.53 19 16 - - - -
1). 2276
1).2.0 2).05
3 63.7 0.63 1.9 2).5724 | 0.2 3).21946.7 | 07 |46
3).24 4).08
5). 25
1).23
4 74.1 0.73 2.1 2).511.6
3).2.0
1).21
2).16.8
5 84 0.83 - - 0.5 3. 0.8 2.1 9.8
4). 1215
1).34
2).42.7
1).2.6 3).13
2). 644.2 4).198.8
6 94.6 0.94 17 3).25 0.7 5). 2.0
4). 541 6). 5018
5). 1.4 7).06
8). 5784
9).0.6
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[losichenne k Tabnuume: * - B TEUEHUE CeaHCa IPOM3OLUI0O MHOTOKPAaTHOE H3MEHEHHE
CKOpOCTEH TPOJOJILHOW M MomepedHoi nedopmanuu, B TaOMUIE 1O HOMEpaM IPHUBEIEHBl HX

BCJIMYHHBI.

PaccmoTpuM TOAPOOHO OTKJIMKM AaKTUBHOCTH AD Ha D3JIEKTPOMarHUTHOE BO3JEHCTBUE
(pucynku 4.5 0, 4.8). IlepBblif OTKIMK aKTUBHOCTH AD TpPOHU30IIEN B TPEThEM CEaHCE BO3ICHCTBUS
TIpU HanpspkeHuHu, cootBercTBytomeM K*=0.63. CpenHuii ypoBeHb aKTHBHOCTH O BO3IEHCTBHS HeE
npesbiman 3Hadenue 0.1 ¢ u cpasy mocie BKIIOUEHHS MCTOYHHKOB 3JIEKTPHYECKOrO M MArHHTHOTO
moseil cTan NaBMHOOOpasHO Bo3pacTaTh 10 Makcumyma 121 ¢ (pucynok 4.5 6). JmUTeNbHOCTS
OTKJIMKa cocTaBisuia mpuMepHo 3590 ¢ (MpakTUYEeCKH BECh CEaHC BO3JICHCTBUS) U 32 3TO BpeMs OBLIO
3apeructpupoBano ~2930 WHUIMUPOBAHHBIX coObITHH (Tabmuma 4.4). Chemyomuid ceaHC
BO3JICHCTBUS OKa3aj 3HAYMTEIHLHO MEHbIIeE BIUSHUE HA aKyCTUYECKYI0 SMUCCHIO: C 3aJIepKKOU
nopsika 2500 ¢ OpuT0 MHUIMUPOBAHO Bcero okono 70 coOwituii AD (pucyHok 4.8 a). YBenuueHue
aKTHBHOCTH TAKKe MPOU3OIIIO B MOCIEIHEM ceance Bosaeiicteus npu K*=0.94 (pucynok 4.8 6). Kak
BUJHO U3 PHUCYHKA, BO3pACTAIOMIMA TPEHJ AaKTHUBHOCTU AD YCWIMBAeTCAd C CEpelIMHBI ceaHca
KOMOWHHUPOBAHHOTO BO3JIEHCTBUSI M1 HEKOTOPOE BPEMsI TOCIIE BBIKIIOUEHUS UCTOYHUKOB BO3JICUCTBUS

(pucynok 4.8 6).

a) 0)

_N, g ‘ 0.8~ Na ¢’ |

0.12 - i :

j 0.6 1

0.10 - | ‘

0.08 - | 0.4 @

al ‘,. i® : | ! 3

0.06 1| Aft - | i |

| | 0.2 L |

] | l'- 1““. ‘ | |
004 IIIII!IIIIlII|1H|IIIII|III|IIII1IIIIwIIIIIII[IIIIIIIIH|l||||lHHH|I|IIIHII| ’memm

10.8 11.2 11.6 12.0 12.4 13.6 14.0 14.4 14.8 15.2
t, 10* ¢ £ 10 ¢

Pucynok 4.8 — AxtuBHOCTE AD BOJOHACHIIIEHHOTO oOpasua Mpamopa Ne 2: a — ¢parMeHT ¢ 4-bIM
ceaHcoM Bo3neiicTBus npu K*=0.63, 6 — ¢parMeHT sKcrepuMeHTa ¢ mecTbiM ceancom OMB mpu k*=0.94.

KOM6I/IHI/Ip0BaHHOC BO3I[CI71CTBI/IC MMOKAa3aHO CCPhIMU MPAMOYT'OJIbHUKAMHU CHU3Y U ITYHKTUPHBIMU JIMHUAMU.

Nudopmanus o KaxaOM OTKIMKE AaKTUBHOCTH AD, ero IJIUTENbHOCTH € 33JePiKKe
OTHOCHTEIIFHO HaJaJia ceaHca CBeJieHa B Ta0nuity 4.4.

Tabnuna 4.4 — JlanHble OTKIMKOB AD Ha DJIEKTPOMArHWTHOE BO3JICHCTBHE B JKCHEPUMEHTE C

BOJIOHACHITIICHHBIM 00pa3moM Mpamopa Ne 2.

147



_ Osyp Kom-Bo Bennunna
No Koys = ) JnurensHOCTh
OSMB WHUIIMAPOBAHHBIX 3aJICPKKH
ceaHca pasp . OTKJIHKA, C
% coObITUl AD OTKJIMKA, MHUH/C
1 44.2 0.44 - - -
2 535 0.53 - - -
3 63.7 0.63 2931 3587 0
4 74.1 0.73 712 834 2568
5 84 0.83 - - -
6 94.6 0.94 952 2504 2834

[TonBonst UTOTH MO pe3yibTaTaM 3KCIIEPUMEHTOB C BOJOHACHIIIEHHBIMU 00pa3laMi MpaMopa,
CTOUT IMOAYEPKHYThH CJEAYyIOLIee: Mpeaesl MPOYHOCTH 00pa3loB BOJOHACBHILIEHHONW T'OPHOW MOPOAbBI
3HAYUTENIbHO HUXKeE, HEeXKEJIM COOTBETCTBYIOIIEE 3HAYeHHE s cyXux oOpasuoB. Cpemanuii mpenen
MIPOYHOCTH I CyXuX 00pa3ioB paBeH 128 MIla, B To BpeMs Kak aHaJOTMYHOE 3HAYEHHUE IS
BOJIOHACHIIIICHHBIX cocTaBiseT 76.6 MIla. [ BOJOHACHIIIEHHBIX 00pa3llOB OTMEUEHO YMEHBIICHUE
moxayisi FOnra B 2 paza B cpaBHEHUHU ¢ CyXUMH 0Opa3ziamu (Tabnuma 4.5).

Tabmuma 4.5 — OcHOBHBIE MEXaHWYECKHE XapaKTePUCTHKH 00pas3loB MpaMopa, HCIBITAHHBIX C

BO3JCHCTBHEM SJIECKTPOMAaruuTHOI'O MOJIA.

= 0'(8) =E-¢ ITapameTpsl mepexoja
é SMB Craus ynpyroro Om.m., sx,_ , SY,_ ; SZ’_g B 007aCThb Iileynpymx
O ,I[G(I)OpMI/IpOBaHI/ISI MlIIa 10 10 10 ,Z[e(bOpMaI_II/II/I
© Vx Vy E, I'Tla oymp, MITa | Kynp

1 + 0.025 |2.210% |16.0 52.3 015 | 05 6.7 |44.6 0.85

2 + 0.3 1.310° | 248 100.9 4.8 0.3 6.0 | 63.3 0.63

Habmtonaemoe moHM»keHHEe MPOYHOCTH, 3HAYUTENbHAs JeopMaliis U XapakTep pa3pyLIeHUs
BOJIOHACBIIIIEHHBIX 00pa3loB SIBJSETCS CKopee Bcero mposiieHueM s¢dekxra Pebunnepa. ns cemu

CEaHCOB KOMOMHUPOBAHHOI'O BO3JEHCTBUS DJEKTPUUYECKOTO U MArHUTHOIO TOJIEH, MPOBEACHHBIX Ha
JIBYX BOJIOHACBHIIIEHHBIX 00pa3lax MpaMopa MpupoCTbl CKOPOCTH MPOOIbHOM fedopmanuu &, ObLIH

nonydensl B 71% ciydaes, mpudeM Bce B oOnacTH HampskeHuit K*>0.5 (tabmuma 4.6). Benmunna

OTHOCHUTEJIIBHOTO HM3MEHEHHUS YCPEJIHEHHOW 3a dac CKOPOCTH TPOJOJIBHON  Jedopmaiud,
OTIpe/IeIeHHON KaK peakiys Ha Bo3jeicTBHe, BapbupyeTcs oT 1.2 1o =290 pa3. Haubonee anurenbHoe
0 BpeMeHU Hu3MeHeHue B mpumepHo 290 pa3, BBI3BAHHOE IEKTPHUUECKUM M MAarHUTHBIM TOJSIMH,
3apeTUCTPUPOBAHO, KOTJ]a CKOPOCTH MPOAOIBHON eopMalii H3MEHsIach HECKOJIBKO pa3 B TEYCHUE
ceaHca W TPOJOJDKHIIA CBOW POCT TOCJE 3aBEepIICHHUs] CeaHca BIUIOThH /IO pa3pylieHus obOpasma. B

JaHHOM CJIy4dac Ha6J'IIOI[aJ'IOCL XapaKTCPHOC IOCJIEICICTBHE QJICKTPOMATrHUTHOTO I10JIA. 3HaucHUE

£,=5.8 108 ¢! 1o nauana Bo3aeiicTus yBemmummoch B 290 pa3 10 MAKCHMAIBHOTO YPOBHS B CEaHCE
£,=17-10° ¢, npu srom obmas nedopmarus cocraBuna Alz=95 mxm. CkopocTh momepeuHoit

nedopmanmu €y BO BpeMsi 3TOr0 ceaHca BbIpocia B 15 pas, a momepevHoe yIUIMHEHHE COCTaBHIIO
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Alx=6 mxm. Poct pmedopmanuy CONpPOBOXKIANCA CHHXPOHHBIM aKyCTOIMHCCHOHHBIM HPHPOCTOM
AKTUBHOCTH AD, KOTOpBIM TaKKe MPOMCXOJAWI JIABUHOOOPa3HO, IIUTEIBbHOCTh OTKJIMKAa COCTaBUia

2060 cexynn u Obu10 MHHIMUPOBAHO 2190 curnanoB AD. B 57% ceaHcOB M3MEHEHHS TPOUCXOIMIN

OTHOBPEMEHHO B CKOPOCTSIX JABYX M TpeX KOMIOHEHT nedopmanmy. MUHIMaIbHOE U3MEHEeHHe £y ObLIo

15, a MakcuManbHBINA POCT — HA MATH NOPAAKOB. CKOPOCTh MomnepeyHoit aedopmaiyiu £y yBeIMYUBAIACH B

IBYX ceaHcax B 4.6 u 6.7 pa3 (tabsuma 4.6).
Tabmuma 4.6 — OTKIMKKM TpeX KOMIIOHEHT CKOpOCTel naedopManny, aKTUBHOCTH ISl CEpUu

BOJOHACHIIICHHBIX o6pa3u013, I[e(bopMpreme B IPUCYTCTBUU 3JICKTPUICCKOTO U MArHUTHOT'O MOJICH.

Mpamop Ne 10 Mpamop Ne 11
Cow | Lxow | Grown || Foow | Sxows | Grows |
€210oMB | €xnooMB | EYooMB €210oMB | €xnooMB | EvooMB
k*<0.4 H/a H/a H/a H/a H/a H/a H/a H/a
0.4<k*<0.5 H/a H/a H/a H/a - - - -
0.5<k*<0.6 H/a H/a H/a H/a 1.2 - - -
0.6<k*<0.7 H/a H/a H/a H/a 300 ~10° 6.6 3265
0.7<k*<0.8 H/a H/a H/a H/a 240 - - 1.9
0.8<k*<0.9 290 15 - 2500 - 243 4.7 -
K*>0.9 H/a H/a H/a H/a 380 | 12.5:10° - 2.6

[Ipumeuanue k Tabnuie: H/a — OTCYTCTBOBAJIM CEAaHChl IPU JAHHOM YPOBHE Harpy3ku; —
OTCYTCTBHE M3MEHEHHUIl B CKOPOCTIX JAedopManmuu M OTKIMKOB AaKTMBHOCTH AD, CBS3aHHBIX C
AIIEKTPOMAarHUTHBIM BO3JCHCTBUEM.

Otnmuuuem  mporecca  1eOpMUPOBAHMST — BOJOHACBHIINIEHHOM  MOpPOABl  OT  ciyyas
HEBOJIOHACHIIIIEHHOW TakXKe SBISIETCS CTYNEHUYaThld XapakTep Hu3MeHeHus Jedopmauuu. s
BOJIOHACBHIIIIEHHBIX O00pa3lOoB 3TH M3MEHEHUS MOTYT NPOMCXOIUTh PE3KUMHU CKayKaMmH, 4TO,
BO3MOXXHO, CBHUJETEIILCTBYET O JMCIOKAIMOHHOM CKOJIBXEHHUH, JIBOMHUKOBAHUM (MMEHHO 3THU
MEXAaHMU3MBbl SIBJISIIOTCS JOMMHAHTHBIMHM JUIsI MpaMmopa), MPOCKAIb30BaHUM KOHTAKTHUPYIOILINX
MOBEPXHOCTEH 3epeH, 0JIOKOB OTHOCUTEIBHO JIPYT APYTa, a poJib CMa3KU MEXAYy HUMHU UIPaeT BOJa.

3HaunTeNbHbIE U3MEHEHUsI CKOpOCTel neopManuii B BBIIMICONHCAHHBIX JKCIIEPUMEHTaX IO
BCEH BHUIUMOCTU OOBSACHAIOTCA BiIUsHUEM Bojabl. [loMuMo sddekra cMazku HaaU4ue BOIBI MOKET
W3MEHUThH AJIEKTPUUYECKYIO TOJSPHU3AINI0, BO3HUKAIOUIYIO MPU HalIOXKeHHMH DM Mojis ¥ BHOCSIIYIO

BKJ1a/J B 06pa3OBaHI/IC HOBBIX HOBerHOCTeﬁ pa3psiBa.
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4.2. KoMOMHMpOBaHHOE BO3JeiiCTBHE JJIEKTPUYECKOT0 MW MATHUTHOIO ToJieii Ha
CKOpOCTh JedopManuu 00pa3sloB MpPaMoOpa e€CTEeCTBEHHOH BJIAKHOCTH NPH (UKCHPOBAHHOM
YPOBHE HANPSI:KeHU

B nganHoM pasnene mpencTaBieHbl pe3yibTaThl SKCIEPUMEHTOB Ha o0Opasliax mpamopa, Ha
KOTOphIE B TEYEHHE YAaCOBBIX CEAHCOB BO3JEHCTBOBAIO 3JEKTPOMArHUTHOE TMOJE€ B PEXKUME
IIOCTOSIHCTBA Harpy3ku (KBa3HUIIOI3y4eCTh). MeToAMKa HAarpy>KEHUs U JONOJHUTENbHbBIE aclleKThl OM
BO3/ICIICTBUI onucaHsbl B paszaene 2.2.

PaccmoTpuM pe3ynbTaThl SKCIIEPUMEHTa CO CTYIEHYaThIM HarpyeHuem Ha oOpasiie MpaMmopa
No 13 ¢ marom w3menenus HanpspkeHus 20 MIla. Ilpu mocTossHHON Harpys3ke oOpasell JBaXKIbl
MOJBEPrasiCs JEMCTBUI0 KOMOMHUPOBAHHBIX 3JIEKTPHUUECKOr0 M MarHuTHoro noseit. [Tonpobno cxema
MOCTAaHOBKH JKCIEPUMEHTA BBHIMJIAIUT CICTYIOIUM 00pa3oM: MOCIe MPUTPY3KH CKUMAIOIIEE YCHIINE
dbukcupyercss Ha IPOTSKEHUH 7 4YacoB, U3 KOTOPHIX B MEPBBIN yac HAOMIOAAETCs pejaKkcalliOHHBIN
CHajJ aKTMBHOCTH aKyCTHUECKOH 3MHCCUU JO HEKOTOPOTO KBa3HIOCTOSHHOTO YpPOBHS. 3aTeM B
TE€YeHHE yaca 00pasel] BbIIEPKUBAETCSA B JJIEKTPUUECKOM M MAarHUTHOM IOJISIX, IOCJE YEro CIexyeT
JUIMTENIBHBIA TPEX4acoBOM IepephlB. BTOpol ceaHC BO3IEHCTBHS ClEAYyeT IIOCIE TPEXYacOBOIO
nepephiBa, 3aBEPIIAIOLIUICS YacoM OXUIaHHS BO3MOXKHOTO OTKIMKa AD ¢ 3azepxkkoil. [lanee
ClelyeT HOBas MPUTPY3Ka U IIArM MOBTOPSIOTCS MO Tod ke cxeme (pucynok 4.9). IlomobnHoe
MIOBTOPHOE BO3JICHCTBHE AJIEKTPOMArHUTHBIM IOJIEM OCYILECTBIIEHO /IS mpoBepku 3 dekra Kaitzepa
[Kaiser, 1953]. Kak u3Bectno [JIaBpos, IllkypatHuk, 2003], aKyCTOAMHCCHOHHBIH 3((HEKT maMsITH
OPUCYIl TOPHBIM TMOPOJaM U 3aKJIYaeTcs B HEBOCIPOU3BOJIMMOCTH AaKTUBHOCTH AD mpu
[UKIUYECKOM HArpyXeHHH MPH BEIMYMHAX HANpPSOKEHUH, KOTOpblEe HE MPEBBHINAI0T MaKCUMAaIbHO
JOCTUTHYTBHIM paHee ypoBeHb. TakuM 00pa3oM, MOBTOPHOE BO3JEHCTBUE CHYCTA 3 yaca MpPU3BAHO
UrpaTh pPOJb MHPOBEPOYHOrO K JPQPEKTy MaMsaTH, HO YyXKE€ HEe K HANpsDKEHUIO, a BO3JEHCTBHUIO
AIIEKTPOMATrHUTHOTO TOJIS.

IIpenen mnpounoctu obpasua Ne 13 cocraBun 138.5 Mlla, Obuio peanuzoBaHo 5
KBa3UCTAIIMOHAPHBIX YPOBHEH HAarpy3ku € JECATbIO ceaHcaMu BoO3jAeWcTBUA. ['padmku M3MeHeHus

HaANPsDKEHUS U POI0JIbHOM Aeopmaniy puBeaeHbl Ha pucyHke 4.10.

pl  DMB SMB  ip

lyac 1 uac 3 yaca lyac 1 uac

Pucynok 4.9 — Cxemarmueckoe 0003HaYeHHE OJHOTO KBA3WUCTALMOHAPHOIO YPOBHS HArpy3Kd H

CJICOOBAHUA IBYX CCAaHCOB BO3HeﬁCTBHH.
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a
1201 kH A 140-0> Mlla

10 12 : 1.8 20 22 24 26 28
1, 104 ¢ €, 10

Pucynok 4.10 — I'paduku Harpy3kud W HampsbkeHus-medopmauuu obpasua mMpamopa Nel cormacHo
[Myb6accapoBa, 2013]. [IyHKTUpHBIMU JIMHUSMH M CEPBIMH TMPSIMOYTOJBHUKAMH CHU3Y 0003HAYEHBI CEaHCHI

OMB, a ctpenkamu ¢ 6ykBoi P — MOMEHTBI Harpy>KEeHHSL.

B pexxume nocTossHCTBa Harpy3ku KojeOaHus HalpsyKeHUs Ha o0paslie B TEUYEHHE CEMH 4acOB
He npesbrmano 0.7 MIla. Tlpu 3tom oceBas aedopmanusi B MPOIECCe KBA3HUITON3YISCTH COCTABHIIA
3HAuYeHHs, JIeKalue B AuanazoHe ot £2=5.5-10° no €z=1.4-10* (umm ot Alz=4.4 mxm no Alz=11.2
MKM). PaccmoTpum rpaduku KoMmoHeHT aedopmanuii, mpeacraBieHnble Ha pucyHke 4.11. Ocesas
negopmanusi €7 M3MEHSAETCS CTYNEHYaTo, MOAOOHO Harpys3ke, ¥ MMEHHO £z OKa3ajach HamOoiee
YYBCTBUTEIPHOW K BO3JCHCTBHSIM DJEKTPOMAarHUTHOrO mois. Peakuuss Ha BoszaeicTBue Obuia
obHapyxena B 6 u3 10 ceancoB. PaccMoTpuM Gostee moapoOHO U3MEHEHHS IPOAOIBHON nedopmanuu
U €€ CKOPOCTHU B IIEPUO/IbI CEaHCOB.

Pucynox  4.11 -

I'paduku  n3MeHeHUs

| | || | | (| |

: : 1 | : : : : | : || :_24 28 Tpex KOMITOHEHT
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[ [ ] [ ! [ Ll E 20 26 Mpamopa Ne 1.
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» N L]t || 16 2.4 WuTepBaiisl OMB

| sl [ || . :

M PEyrd [ i 0003HaYeHbl CephIMU
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| [ [ [ [ 1 r ~
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f, 104 C HarpysKH.
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Kak BugHO u3 pucyHka 4.11 a, peakuus Ha OMB B Buie KpaTKOBPEMEHHOI'O IPUPOCTA &, B
1.6 pasa c moc/eyIOIMM YMEHbIIEHUEM JI0 YPoBHSA &, =5.5-10"° ¢ npousomta npu Hanpsvkenuy,

cootBerctByfomeM K*=0.3 (BbenenHas o6nacTs). B manbHeifeM mpyu IOBTOPHOM BO3SHCTBHHU HA
JAaHHOW Harpy3ke Imocje HeOOJIBIIOr0 CHUKEHHUS CKOpPOCTH JedopMaluu MOYTH [0 HYJIEBOTO
3HAYeHU, TPU BKIIOYEHUH HMCTOYHHMKA BO3JEHCTBHS cpa3y HaOIromaeTcss pe3kas cMeHa TpeHJa Ha
BO3pacTalmuil (BeIIeNeHHas obnacth 2 Ha pucynke 4.11 a). K cepemmHe ceanca CKOpPOCTh
neopMaluu cTabuM3upoBanach Ha yposHe &, =6-10° ¢, ITo06HbIe KpaTKOBPEMEHHBIE PUPOCTHI
3HaueHus JedopMalMl W U3MEHEHHUsS €€ CKOPOCTH TpH KOMOWHUPOBAHHBIX BO3JICHCTBUSIX
AIIEKTPUYECKOTO M MAarHUTHOTO TIOJIeH OOHApY)XMBAaIOTCSA M TpuU 0Oosiee BBICOKHX 3HAYCHHAX
HANPSDKEHUS. KaK C 3aJIep>KKOM Iociie BKIOYeHHs] uctouHuka OB, tak u 0e3 3anepxku. [Ipumepom
peaxkuu cKopocTu aedopmanuu ¢ 3aAepKKOM OT Havala BO3ACHCTBUS CIIYKaT 2 IPUPOCTAa CKOPOCTH
oceBoil aedopmarnuu Ha pucyHnke 4.11 6: mepBbiii HaOmOmaercs crycts 21 MHHYTY Tociie Havaja
MIEepPBOro ceaHca (BBIICICHHAsS 00JIacTh 1), IpH 3TOM YBEIMYEHUE CKOPOCTH Je(opMariivi COCTABUIIO
11 pa3. A mOBTOpHBI ceaHC Ha TOW >X€ HArpy3Ke BbI3BaJl HECKOJIBKO MEHbIEE MO aMILTUTY/E

yBeJIM4eHHe CKOPOCTH JepopManiiu (0T HyleBoro 3Hadenus go &, =7.5-10% ¢1) ¢ Gonee purensHoit

3a/ICpXKKOU, paBHOU 55 MuHyTaMm (BblfeneHHas 00acTh 2 Ha pucynke 4.11 0).

a)

3 : LB ]
170E2 107 6,107 ¢y 224
1.66- | - 220
] | -1 ]
1.62- ‘ - 2161
} 0 ]
1.58 - 2121
1.54 S_. -1 2.08
05 1.0 1.5 2.0 25
t,10% ¢

Pucynok 4.11 — M3menenust npoJoibpHON Nedopmalinn (depHasi 3aBUCUMOCTB) M €€ CKOpOCTH (CHHSS
3aBUCMMOCTB) 00pasiia Mpamopa NpH HalpPsKEHHH, COOTBETCTByRomeM: a — K*=0.3, 6 — k*=0.58 cormacno
[Zakupin et al, 2012; Mybaccapoa, 2014]. KomOMHHpOBaHHOE BO3JEHCTBHE TIIOKa3aHO CEPHIMU

MpAMOYTOJIbHUKAMU CHU3Y U BCPTUKAJIBbHBIMU TIYHKTUPHBIMU JIMHUSMU.

YMeHbIlIeHHe CKOPOCTH AepopManiy B IEPUO]T CEaHca BO3ICHCTBUS HAOMIOJaeTCsl ITIs CeaHca,
TIPOBEIEHHOTO, KOT/a KO3 HIMEHT Harpy3Kku uMen 3HaueHne K*=0.71: poct ckopoctu nedopmarinm,

HAYaBILIUNCS IO MIEPBOTO BO3JCHCTBUS, C 3aA€PKKOM 9 MUHYT OT Havajia ceaHca pe3Ko MpeKpaTHiics U
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CKOpOCTh fehopmanuu crabunusuposanach Ha yposHe &, =0.8:108 ¢! B Teuenue 36 munyT (pucyHox
4.12 a, BwimeneHHas oOyacTe). 3a 15 MHHYT 40 3aBEpIICHHUs] CEaHCAa ITOCTOSIHCTBO CKOPOCTH
nedopmannuu CMEHUIIOCh €€ POCTOM J0 IEPBOHAYAIBHOIO «(OHOBOI0» 3HAUCHHUS A0 ceaHca &, =1.4

108 ¢,

g, 107 8) £,10%c g, 107 5) &,10°% ¢
2.50- ‘ ¥ : ,
. i 2.0 2.66- -1.5
2.46 | L1 5 1 \ I
1 0 - 2.64 K
2424 ‘ s 4 05
] : “.‘ Wh - |F0.5 2.62+ ! 1 e
- v f — WA
238 | 0.0
i ‘ 0.0 2,60+ o
0 | 0.5 1 =0.5
e S0 85 80T 100 AN Es 110 T 150 195
0785 90 95 100 .. 5TIL0 105120 12S |

Pucynok 4.12 — ®parmenTsl rpaduKoB Ipoa0IbHOM qedopMaliy (YepHast KpUBasi) € CKOPOCTH (CHHSS
KpHBasi) MPHU OTHOCHTENbHBIX Harpy3kax: a — k*=0.71 u 6 — k*=0.85 ot paspymienust coritacio [Mybaccaposa,

2013]. KoMOuHHpOBaHHOE BO3/ICHCTBHIE TIOKA3aHO MTYHKTUPHBIMU JTHMHUSMHU U CEPHIMHU MTPSIMOYTOIbHHKA CHU3Y.

B ceance npy HanpsKeHUH, Ui KoToporo K*=0.85, moBTOpHOE BO3/EiCTBHE OKA3A/I0 BIMAHHE
Ha CKOpOCTh Aedopmaruu (pucyHok 4.12 06). 3mech HaOmMOAaeTcs Kak HEOOJBIIOE TOPMOXKCHUE
nedopMmaruu (MOJ0OHO MPEABIAYIIEMY CIydaro) ¢ 3ajepKkod 15 mMuHyT oT Havana OMB, Tak u
IPUPOCT €€ CKOPOCTH B 2.5 pasa ¢ MOCIEAYIOUIMM CTafioM (BblesIeHHast 00acTh Ha pucyHke 4.12 6).
3HaueHus: ckopocTel aedopmaliiu, OlleHEHHbIE B IEPUOIbl KBa3UCTATUYECKUX YPOBHEHM HArpy3KkH IO
Y BO BpeMs BO3/IeCTBUS IpUBeeHBI B Tabauie 4.7.

Tabnuna 4.7 — CkopocTu Tpex KOMIOHEHT jaedopMaliuu oopasiia Mpamopa Ne 13, orieHeHHbIe 3a 1 yac

A0 1 BO BpeMs ILCﬁCTBHfI QJICKTPOMATrHUTHOTIO IMOJIA U OTMCYCHHBIC KaK pCaKIUA Ha BOBHeﬁCTBHe.

Ne ceanca O 5B £,,10% 1/c £y, 10%1/c & ,10°1/c
BO31-4 GOBMB; k3MB =
(BCCFO 10 MlIla O-pa'}p 0 BO BpEMs a0 BO BpEMs a0 BO BpEMs
CEaHCOB) OMB OMB* OMB OMB* OMB OMB*
1).36
2). 0.6
1 41.8 0.3 0.6 3). 5.7 - 5 - -
4).0.2
2 41.8 0.3 -0.025 | 0.5 - - - N
5 80.3 0.58 0.1 1.6 - = - N
1).0.08
7 98.4 0.71 1.2 i R i i )
10 117.9 0.85 0.5 0.3 - = - -
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[losichenne k Tabnuume: * - B TEUYEHUE CeaHCa IPOM3OLUIO MHOTOKPAaTHOE H3MEHEHHE
CKOpOCTEH TPOJOJILHOW M MomepedHoi nedopmanuu, B TaOMUIE 1O HOMEpaM IPHUBEIEHBl HX

BCJIMYHHBI.

[TonydyeHHble pe3ynbTaThl CBHUJIETENBCTBYIOT O TOM, UYTO IMPU OJHOM U TOM € YPOBHE
HanpsDKeHUH B 00pasllie MOBTOPHOE BO3/ACWUCTBHE 3JIEKTPOMATHUTHBIM IOJIEM, MPOBEIECHHOE 4Yepes
OTIPEICNIEHHOE JIOCTATOYHO JUIMTEIHHOE BpEMs, CIOCOOHO BBI3BATH JIOTIOJHUTEIHLHOE YBEITUYCHHE
ckopoctu aedopmaruu. [IpumedarenbHO, YTO U3MEHEHHSI CKOPOCTH MPOHUCXOMAT MPEUMYIIICCTBCHHO
IUTABHO B TEUCHUE €AMHUII-IECIKOB MUHYT, a HAUaBIIMICS O ceaHca pocT caMoil nedopmaniuy MOXKeT
OBITH YCHJICH MoJ1a4ueii Ha oOpa3en DM moJsi.

XapakTepHBIM OTIMYMEM MpPaMopa OT UCTBITAHHBIX paHee TPAHUTOB, TPAHOAHOPHUTOB, TAOOPO
U Apyrux marepuanoB [3akynuH u ap., 2006; 2006a; boromonoB u nap., 2011] sBisercs Oonee
JUIUTETIbHBIA PeNlaKCallMOHHBIA TPOIECC AKTHBHOCTU aKyCTHMUYECKOH SMHCCHUU TOCIE MPUTPY3KH —
6onee 1 yaca. OTMeUueHO, YTO TIPU YBEIWYCHUH HAIPSHKEHUS PEIaKCAIMOHHBINA MPOLECC YAJIUHACTCS
BO BpeMeHU OT | yaca mpu mepBoHauyaibHON Harpyske (K*~0.3) mo modtu 7 4acoB mpu Harpyske,
cocrasystoleii 0.85 ot paspyuieHus.

OTt4acTu, BO3BMOXKHO, IMEHHO H3-32 MPOJOJIKUTEIHFHOTO PENaKCallMOHHOTO MPOoIlecca OTKIUKH
AD Ha mepBUYHOE BO3JEHCTBUE OBLTM YPE3BBIUANHO CJ1a00 BBIPAKEHHBIMH, IO CPABHEHHIO C
OTKJIMKaMH JAPYTHX TOPHBIX mopoj [3akynuH u ap., 2006; 2006a; boromosnos u ap., 2011]. Tem He
MeHee, MPU aHajau3e rpaduka aKTUBHOCTU aKyCTHMUYECKOM SMHCCHHU CJIa0ble OTKIMKU BCE K€ OBLIN
3apEeTUCTPUPOBAHBI KaK MPHU MEPBOM CEaHCE BO3ACHCTBUSA MOCIE MPUTPY3KH, TaK U MPU TOBTOPHOM
(pucynok 4.13). OtmeTum, uTo Hanboliee BHICOKOAMIUIMTYAHBIM OBLT 3apPETUCTPUPOBAH OTKIUK Ha
noBTOpHOE JAckicTBue DM mosis npu HanpspkeHuu k*=0.71 ot paspymenus (pucynok 4.13, r). On
MIPOM3OIIIEIT C 3aJEPKKON 53 MUHYTHI OT Hayajia CeaHca U KPaTKOBPEMEHHOE YBEITUYCHUE aKTHBHOCTH
AD coctaBmio 18 pa3 mo CpaBHEHUIO C TPEXKPATHBIM CpPEIHEKBAIPATUYECKUM OTKIOHEHHEM
akTUBHOCTH AD 10 ceaHca (pucyHok 4.13, r). B tabnuity 4.8 cBeeHbl IOMHBIE JaHHBIE 00 OTKJIMKAX
aKyCTHYECKOW SMHUCCHUU.

Tabnuna 4.8. JlaHHble OTKIMKOB AD Ha 3JIEKTPOMarHUTHOE BO3JIEHCTBHE B SKCIIEPUMEHTE ¢ 00pa3IioM

mpamopa Ne 13.

Osums Bennuunna
Ne Konp = » | KoJy-Bo MHUIIMMPOBaHHBIX JnurenbHOCTh
OHMB N 3aJIePIKKU
ceaHca pasp coObITHii AD OTKJIMKA, MUH/C
% OTKJIMKA, MUH/C
1 41.8 0.3 12 952 ¢c 467 c
2 41.8 0.3 - - -
3 61 0.44 35 317 ¢ 0
4 61 0.44 - - -
5 80.3 0.58 7 49.7c 2591 ¢
6 80.3 0.58 - - -
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7 98.4 0.71 - - -
8 98.4 0.71 31 330 c 3200 ¢
9 117.9 0.85 - - -
10 117.9 0.85 - - -

a) 0) Pucynox 4.13 — AxtuBHOCTE AD
10N> 107 ¢! 10 Noc? obpasia Mpamopa COIJIACHO
8: \ '\ 0.8: [My6accapoBa, 3akymuH, 2013].

] \ ]
PN ~‘\ rk \‘ 0.6- dparMeHThI OTKJIMKOB Ha
4 I J\‘ 'JM || 0 4 ’( r’ . BO3/ICHCTBHE TP HANPSDKEHUM: A —
bl WY \ g
W My 11 “W ’; ‘ k*=0.3 (oba ceanca DMB); 6 —
24 LAY 0.2 'J."w] W rk | "
1 e ot 1 M'N WA \Nw\j"‘g\r\ k*=0.44 (mepBblii ceacH); B —
O T T T | R G i Gl 00 T ! | T Im " 3
4 8 12 16 20 24 30 32 34 36 38 40 42 k*=0.58 (mepBbiii ceaHC) W T —
t, 10°c t,10°c .
) ) k*=0.71 (HOBTOpHBI ceaHC) OT
B r
05N c! 10N il pa3pyLIeHHs. KomOunmpoBannoe
G o BO3JIEMCTBME  IOKA3aHO  CEPBIMH
1 IPAMOYTOJILHUKAMHU CHU3 7
0.3 0.6- pAMOYT y
] ' ' IYHKTHPHBIMH JINHUSMH.
0.2 1 \H\ 0.4-
0.1+ Hw (R} \ "H.\L\ \M 0.2 r ‘
| ke J (‘J‘ W\J\j —M‘I”\j“\'}“ WAYN [‘\, \ A ]\\
0.0 | — = 00 M i
54 56 58 60 62 64 90 92 94 96 98 1 00 1 02
t, 10°¢ t, 10°¢c

PaccmoTpuM pe3ysbTaThl APYroro 3KCIepUMEHTa CO CTYIEHYAThIM HarpyKeHueM Ha oOpasiie
mpamopa Nel4 ¢ marom usmeHenuss Harpy3ku 7.85 kH. YuuteiBag mnpenpiaymmili pe3yiabTaT —
JuInTeNbHBIA (Oonee 1 waca) penakcallMOHHBIM cmajg akTuBHOCTH AD mo 3akoHy Omopu mocine
HOPUTPY3KHU U1l Mpamopa, — ObUIa HECKOJIbKO M3MEHEHa IMOCTAaHOBKA SKCIEepHUMEHTa. [|MuTenbHOCTh
BBIIEPKKU 00pasiia mocie NpUrpys3Ku /10 Bo3AeHCTBUS ObUla YBETMYEHA 0 TPEX 4acoB, a OBTOPHOE
BO3/ICIICTBHE IPH JAHHOM YypPOBHE Harpy3ku He MpoBoAWOCh. Takum o0pa3oMm, OblLia NpUHATA
cieayromas cxema: Harpys3ka Ha 7.85 kH, perucrpauus nedopmanuu U akycTHYeCKOW sMHUccHU Oe3
OM nons B TEUYEHHE TPEX 4YacoB, 3aTEM OJMH 4ac BO3JEHCTBUS U €Ill€ OJUH 4Yac Il peallu3alun
BO3MOXKHOTO TMoOcienedcTBuss OM 1o, IOoclie Yero MpoBOJAWIACh CIEAyolllas NpUrpyska u
mporenypa TMOBTOPSUTaCh BIUIOTH 10 paspymeHus oOpasua. Ha pucynke 4.14 mnpeacrtaBieHa
qyarpaMMma HarpykeHuss ¢ OTMEUYeHHbIMM ceaHcamMu OMB, a Takke rpapuk HanpsHKeHH-

nedopMaruu.
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Pucynox 4.14 a — J[lmarpamma Harpyxenus ooOpasma Neld c ormeueHHeiMu ceancamu OMB
NYHKTUPHBIMU JIMHUSIMA M CEPBIMH  MPSIMOYTOJLHHUKAMH CHH3Y, MOMMEHTBI MPHUIPY3KH 0003HAYCHBI

CTpeNIOYKaMHu C MOANUCKIo P; 6 — rpaduk HanmpspkeHus-nehopMaIim.

[Ipenen mnpounoctu o6pasua coctaBuin 101.9 MlIla, OpuI0O NpPOBEAEHO NATH CEAHCOB
AJIEKTPOMAarHUTHOro BO3JeHcTBUA. llpyu aHanu3e BpeMEHHBIX 3aBUCUMOCTEH TpPEX KOMIIOHEHT
negopMaluu U UX CKOPOCTEeH B TpeX ceaHcax W3 ISATH ObUIM BBISBICHBI U3MEHEHUs, BbI3BaHHbIE DM
nojeM. PaccMoTpumM uX moapoOHO. YBeIn4eHHue CKOpOCTH MpoAoiabHOM aedopmaruu noutu B 10 pas
Habmoanock npu Hanpsokenun ¢ K*=0.49 B mepumop mepBoro ceadca (BblAeneHHas 00JacTh Ha
pucynke 4.15 a). Poct ckopoctu aedopmarnuu mpousolien ¢ HeOonblon 3amepxkoit 520 cexkyHn,
CMEHss CHaJarolluii 10 HyJleBOro 3HaueHus TpeHa a0 OMB. Ha cnenyromeil cryneHu Harpys3ku
(k*=0.69) Temmenums pocta ckopocTH &, (3eleHas aNMPOKCHMAIMOHHAS MpAMas) CMEHMIAch
YCTOMUYUBBIM MOYTH KBa3MCTAI[MOHAPHBIM YPOBHEM (KpacHas MpsiMas), IpudeM pasmep (Qiaykryanui
CTaJl 3HAYUTENIbHO HIKE (pUCYHOK 4.15 6). O ToM, 4TO 3TO ABISETCS pe3yabTaToM JAeicTBUS DM noss
MOJKET CBUJETEIbCTBOBATh KaK YBEIMUEHUE CKOPOCTH, TaK M ee (PIyKTyaluid cpasy Ioclie ceaHca

Bo3ieiicTBuA. Eciu /10 BO3/ieiicTBHS CTaHIapTHOE OTKIOHEHHE OT TpeH/a cocTaBisio Ag, =1.5-107 ¢

1 -1

, TO B TEPUOJ BO3IEHCTBHS OHO YMEHBLIMIOCh MOYTH B 2 pasa 70 3HadeHus A&, =8.9-1070 ¢
(pucynok 4.15 0).

CKOpOCTh MOMepedHoi aedopManuu &, JHIIb OAHAK/BI YBEITHMUYMIACH B TEUCHUE TPETHETO
ceaHca IIpH OTHOCHTENbHOM Harnpsikenun 0.69 oT paspymienus. CTaOUIbHBIH ypoBeHb £y =-6-10711 ¢t

CMEHWICS POCTOM IMPH BKIIIOUEHUU MCTOYHMKOB BO3JEHCTBUS (pucyHOK 4.16). Peaknus nedopmanmu

Ha OMB 6b1a npopomkuTenbHOM (B TeueHue 40 MUHYT), 3aT€M CKOPOCTh AeQopMaIiii YMEHbIINIACh

co 3Hauenns £y =10.3-10° ¢! no &, =7.4-10° ¢? (pucynox 4.16).
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Pucynox 4.15 — MacmrabupoBanHble TpaduKkd TPOAONBHON nedopmaruu (depHas KpuBas) ee

CKOpPOCTH (CHMHsS KpHMBas) NPHM 3HAa4eHUAX Kod(duuuenta Harpysku: a — K*=0.49 u 6 — K*=0.59 or

paspyumenus. KomOuHupoBaHHOE BO3JEHCTBIE TTOKA3aHO MyHKTUPHBIMU JTUHUAMHU U CEPHIMU MPSIMOYTOIBHUKA

BHH3Y. 3eneHas u KpacCcHasd — alllpOKCUMAallMOHHBIC MPAMBIC, JCMOHCTPUPYIOMIUE TPCHA U3MCHCHUA CKOPOCTHU

JedopMaIiu 10 U BO BpeMsl BO3JICHCTBHSL.

6.6
t, 104 ¢

—2.5

—5.0
6.8

Pucynok 4.16 — MacmrabupoBaHHbIi rpaduk

MOTIEPEYHON €x JedopManuu (depHas KpuBas)

ee ckopocTH &y (KpacHas KpuBas) mpH
Harpyske k*=0.69 oT paspyIeHus.
KomOuaMpOBanHOE BO3/IeiiCTBHE
5JIEKTPUYECKUM M MAarHUTHBIM  TIOJSAMH

MMOKAa3aHO MNYHKTUPHBIMHU JIMHUSIMU W CEPLBIM

NpAMOYTOJIbHUKOM BHH3Y.

HpI/I CTYIICHYATOM YBCIIMYCHUU HAIIPAKCHUA OBLIO pCaIM30BaHO CIIC 2 C€aHCa, B TCUCHUC

KOTOPBIX o6paseu TAKXKXC TIOABCPrajicia JIEHCTBUIO QJICKTPUICCKOI0 W MArHUTHOI'O HOJICI\/'I, OJHaKo

U3MEHEHUH B CKOPOCTSIX KOMIIOHEHT Jedopmanuy He ObUIO BBISBICHO. 3HA4Y€HMsI CKOpocTel

nedopmaruu, onpeneaeHHble Kak peaknus Ha OMB npuBenensl B Tabnuiie 4.9 U BBIICICHBI CEPHIM

LIBETOM.

Tabnuna 4.9. Ckopoctu Tpex KOMIOHeHT aedopmarmu Mpamopa Nel4, oumeHeHHble 3a 1 4ac 10 U BO

BpeMs ).IeﬁCTBPISI QJICKTPOMArHUTHOI'O I10JIA.

Ne ceanca
BO3I-
(Bcero 5

OBMB

k

_Osus

SMB —
pasp

&,,10 l/c

éy,10° 1/c é,,10° 1/c

10

BO BpEMs

0 BO BpEMs A0 BO BpEMs
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Cearcos) SMB | DMB* SDMB | DMB* OMB | DMB*
1). 6.9

1 50.0 0.49 18 |5 04 - - -

2 60.0 0.59 075 |-12 - - - -

3 70.3 0.69 19 | -41 07 |103 - -

4 81.2 0.8 - - - - - -

5 92.0 0.9 - - - - - -

[losicnenne k Tabnume: * - B TEUEHUE CEaHCAa NPOM3OLUIO MHOTOKPAaTHOE H3MEHEHHE
CKOPOCTEH TPOJOJIBHOW W TOMEpPedHON nedopmari, B TaONHIle MO HOMEpaM MPUBEIACHBI HX

BCJIMYHHBEI.

JInst Bcex mATH ceaHcoB (OT MajbIX HAarpy3oK A0 HpeApa3pyLIeHHs) OTMEYEHO HEOOBIYHOE
noBeJeHNe akTHMBHOCTH AD. bomnpinas uyacTe ympyroil sHepruum Obuia peanu3oBaHa B Buge AD
CHUTHAJIOB B INepHoAbl Npurpy3ok. [locnme vero aktuBHOCTH AD cmajgana 10 (OHOBOTO YpOBHS IO

pCiIaKCalMOHHOMY  3aKOHY OMOpI/I B TCUCHHC OKOJO TpEex YacCoB. Haumnasgs ¢ ManbIx

KBa3UCTAIIMOHAPHBIX Harpy3ok npu K*=0.49 or paspymenus (OHOBBIA ypOBEHb AKTHBHOCTH

Bo3pactai ot 0.01 ¢t 10 0.08 ¢t IIPU OTHOCUTEJIBHOU Harpy3ke k*=0.9. JITATEILHOCTD CIIaIar0IIEro

TpeH/la TaKXe YBEIMYMBaJCs OT 2 yacoB (mpu Harpy3kax Mmensbiie 50%) mgo 4.2 daca B cTaauu
npenpaspyuienus. B Teuenue ceancoB OMB He Obul0 1OJMy4€HO HHM OJHOTO OTKJIMKA

aKyCTOPMHCCUOHHOW aKTUBHOCTH.

N, ¢! a) 3 N, ¢! 0)
1203

1203
4. |5 80>

803
40=
15+
=21
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Pucynok 4.17 — AKTUBHOCTh aKyCTHMUECKOW 3MHUCCHUHM: a — 3apErUCTPUPOBAaHHAs B TEUYECHHUE BCETrO
SKCIIEPUMEHTa, O — B IIEPHOJ] CEIBMOr0 KBA3UCTALMOHAPHOIO YPOBHS IPH OTHOCHUTENLHON Harpyske K*=0.9.

MakcuManbHbIe 3HaYeHUsI aKTUBHOCTA AD, 0003HaYeHHbIe nudpamu: 1 — 112 ch2-1214ct 3-121c¢t 4-

50.5¢%,5-102.2 ¢t
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OnHaKo, MpU KBa3UCTAIMOHAPHOM ypOBHE HArpy3ku mpu K*=0.9 6Gbin oTMedeH CHOHTaHHBIH

MPUPOCT aKTUBHOCTH AD TOCHE ceaHca BO3ACUCTBHS, & UMEHHO CIYCTS 38 MUHYT. YUUTHIBask OIbIT
MPEAMICCTBYIOMNUX MCIBITAHUA Ha JApyrux marepuanax (o63op B [boromosos, 2011]), maHHBII
IPUPOCT CUTHATIOB AD MOXKHO CBSI3bIBATh C MOCJIECAECHCTBUEM OT 3JIEKTPOMArHUTHBIX UMIyjiIbcoB. Ha
3TO MOYKET YKa3bIBaTh OOJIbIIAS pa3HUIIA MEKTY UKOBBIM 3HAUEHUEM MIPUPOCTA, COCTaBiAoNEM 4.3
¢, u cpetHUM (hoHOBEIM 3HaueHHeM 10 Hero 0.06 ¢ L. Takum 06pa3oM, aKTHBHOCTb MPEBHIIAET B 33.9
pa3a TpexXKpaTHOE CpeIHEKBAJIpaTHUeCKOe OTKJIOHEHHWE aKTHUBHOCTH AD 10 BO3ZeicTBUS,
JUTUTEIBHOCTh OTKJIMKA paBHsuiach 1165 cexynaam.

[TponeMoHCTpUpYEM pe3yiabTaThl €Iie OJHOTO SKCIEPUMEHTa, IMPOBEACHHOTO Ha oO0pasie
mpamopa Ne 15 mo To# e cxemMe ¢ KOMOMHHUPOBAHHBIM BO3JIEHCTBUEM AJIEKTPUUECKOTO U MATHUTHOTO
MoJIel MpH MOCTOSHHON Harpyske. Pe3ynbTraTthl HOMOTYT MPOSICHUTH 3aKOHOMEPHBIN BOIIPOC MOYEMY
DIIEKTPOMAarHUTHOE  BO3JICMCTBHME  BBI3BIBACT HM3MEHEHHMS B KOMIIOHEHTaX  JaeopManuu
(MpeuMyIEeCTBEHHO B IIPOJOJIBHON) U UX CKOPOCTEH, OIHAKO JaHHbIE U3MEHEHHS HE COPOBOXKIAIOTCS
AKyCTOAPMUCCHOHHBIMH OTKJIMKAMHU KakK B cllydae o0pa3loB, UCIBITAHHBIX B PEXUME POCTa HArpy3Ku,
paccMOTpeHHBIX B rinaBe 3. M mouemy mpHpOCThl aKTUBHOCTH BO BpEMs CEAaHCOB M, KaK B CiIydae
mMpamopa Ne 14, ¢ 3a1epKKO¥ 1mociie ceanca He OTPa3HINCh B 1e(POPMALIMOHHOM I10JIe?

Ha pucynxe 4.18 mpencrasiieHa nauarpaMMa HarpyeHus ¢ OTMEYeHHbIMU ceaHcamu OMB, a
Takxke rpaduk HampspkeHus-nedopmanuu. Ilpexen mpounoctu obpasma cocraBui 144.9 Mlla, sto
MO3BOJIUJIO peain3oBaTh 11 KBa3UCTAllMOHAPHBIX YPOBHEW HArpy3Kd C BO3ACHCTBUSMU DM mos.
AHanu3 Tpex KOMIOHEHT JehopMallii U UX CKOPOCTEH BBISBUI PEAKIMIO Ha BO3/ICHCTBUE B TEUCHUE

CEaHCOB U C 33Jep>KKOM 1ocie 3aBepiieHus ceaHca. [IpogonpHas nedopmanus u ee CKOPOCTh B MATH

N3 OJWMHHaAIaTH CCaHCOB 06Hapy>1<1/ma TCHACHIHUN K POCTY, B HOHCpC‘-IHOfI I[e(l)OpMaI_[I/II/I Ex U ee
CKOPOCTH (c:'X B TCUCHHUEC CCMH CCaHCOB Ha6J'IIO,Z[aJ'II/ICB npupoCTel, U B nonepequfI KOMIIOHCHTC

I[e(l)OpMaL[I/II/I €y B UCTBIPEX CCAHCAX BBISABJIICHBI HW3MCHCHUS, CBA3AHHBIC C 3JICKTPOMAarHUTHBLIM

BO31€HCTBUEM.
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Pucynoxk 4.18 a — J[lmarpamma Harpyxenus ooOpasma Nel5 ¢ ormeueHHeiMu ceancamu OMB
IMYHKTUPHBIMU JIMHUAMU U CEPBIMU NPAMOYT'OJIbHUKAMU CHU3Y, MOMCHTBI Harpy3kKu O603Ha‘-ICHLI CTpCIIOYKaMH1

¢ moanuchio P; 6 — rpaduk HanpspKeHUA-NeOpMaLni.

Kak u B mpenpimynmx SKCIIEpHUMEHTaX, peakiys MaTepuaia oOpasia Ha 3JIEKTPOMAarHUTHOE

BO3JIelicTBUE HaOmonaercs B AehOpPMAIIMOHHOM IIOJIE YK€ IMPU MabIX 3HAYEHUAX HANPSHKCHUS
(pucyHok 4.19 a). MI3MeHeHus: KOMIOHEHT Aedopmanuii Ex U €y, a TAKKE UX CKOPOCTEH HAYATUCH TIPU

narpyske 28 kH (k*=0.24) (tabnuua 4.9, pucyrok 4.19). IIpu 3TOM B momnepeyHoOM HampaBieHuH X

z[e(bopMauI/m CMCHMJIA TPCH/ € BO3PACTAOIICTO HA Y6I>IB8.I-OH_II/II71, d B IIPOTUBOIIOJIOKHOM HAITpaBJICHUHA

ckopocThb seopMmaru £, BIpOCia B 2.4 pasa.

Hauunas ¢ Tpetsero ceanca (K*=0.36) mabmonaroTcs nsmenenns ckopocteii qedopMaruy npu
AJIEKTPOMAarHUTHBIX BO3JeHCTBUAX (pucyHku 4.19-4.20). UeM Bblllle ypoBEHb HANpsKEHUI B 0Opaslie,

TeM 0oJjiee BBICOKON aMIUIMTYJION XapaKTepu3ytoTcs nedopManvoHHble n3MeHeHus. Ha pucynke 4.19
IpeJICTaBICHbl MaclITaOUpoBaHHbIE Tpa@UKU MONEpeyHOM AedopMalu €x M €€ CKOPOCTH MpHU
HanpsKeHusx, coorsercTByomux K*=0.36 u K*=0.57 or paspymenus. Jlo Bo3aelcTBHS CKOPOCTH
nebopMau €, CMEHsET YOBIBAIOIINM TPEH/ Ha KBA3UCTAIMOHAPHBINA (COXPAHSIONMIACS B TCUECHHE
yaca) co 3HadeHueM &, =-6-10° ¢}, B xone ceanca mpoucxomuT pocT ckopocTu aedopmaiyu 0
£y =15.1-10° ¢! (Brinenennas ob6macts Ha pucynke 4.19 a). B coydae apyroro ceanca npu K*=0.57

HaOJroaeTcsl KpPaTKOBPEMEHHBIH 13-MUHYTHBI CKAayoOK CKOpOCTH JeopMmanuu 10 2-X pa3

(BpIIENIeHHAs 001acTh Ha pucyHKe 4.19 0).
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0)

g,10% ¢! g, 107 &,10% ¢
C4 | C
- -3
-3 '_
-2 [
6.5 | W“ W -1 -1
. ‘ ‘ | | WM— -
6.6- | W | -0 o
_ W | - e
6.4 i : —1 »
T 1 | - 1
6.2 —2 -

34 3.6 3.8 4.0 4.2 44

Pucynok 4.19 — ®parmentsl TpadukoB monepeyHol €x aedopmanuu (YepHas KpuBas) €€ CKOPOCTU
(KpacHast KpuBas) IpHM OTHOCHTENBHBIX Harpy3kax: a — K*=0.36 ot paspymenus u 6 — K*=0.57 ot paspymenus.

KomOuunpoBanHOe BO3/eiCTBHE [TOKA3aHO MyHKTUPHBIMU JIMHUSIMU M CEPHIM IPSMOYTOJIBHUKOM BHHU3Y.

B BochMoM ceance npu Hanpskeann K*=0.71 ot paspymrenus poHoBas ckopocTh AehopMaluu

£, =17.8:10° c-! ypenmumpaercs B 2.1 pasa M K KOHIy CeaHCa 3aBepIIAETCS BO3BPAIICHHEM K

YpOBHIO, 4yTh HIKE (hoHOBOTO (prcyHok 4.20 a). B obnactu npeapaspyuieHuss OM mose BbI3BAIO €Il

Ooee 3HAYUTEILHBIE MMPHUPOCThI 3HAYCHHUA I[e(i)OpMaI_[I/II/I " €€ CKOPOCTHU: CIIYCTA 32 MHHYTBI OT HavdaJia

JIECATOrO CeaHca CKOPOCTh MOIMEPEeYHOM AehopMau £, Bo3pocia B 19 pas, IHIlb K KOHIy ceaHca

POCT 3aMeJTUIICA U BeJIMYMHA CKOPOCTH YCTaHOBUIIACh Ha ypoBHE &y =4.5-10® ¢! (pucynok 4.20 6).

10 €

105 ¢ g, 107 €

‘ 6.72- |
3_90 |I||II|II|III|IIIIW’1—|—|—H—V_|—|—'_|—|—HTHT__ __rm—l—rrnmllllllllllllllllll
10.6 10.8 11.0 11.2 11.4 11.6 13.6 13.8 14.0 14.2 14.4
1, 10%c t, 10 ¢

Pucynok 4.20 — I'paduku mnomepeuHoir €x nedopmaiuu (depHas KpHBas) €€ CKOPOCTH (KpacHas
KpHBasi) MPH OTHOCHUTEILHBIX Harpyskax: a — (parmeHt skcrepumenta npu k*=0.71 oT paspyuieHus u 6 —
¢parmeHT okcnepuMmenta npu  k*=0.85 ot paspymienns. KomMOWHHpOBaHHOE BO3JCHCTBUE MMOKA3aHO

IMYHKTUPHBIMU JIMHUAMU U CCPBIM IPAMOYT'OJIbBHUKOM BHU3Y.
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B omimume oT mpeablymuMX SKCHEPUMEHTOB, ONMCAHHBIX B JaHHOM pas3fene, B Ciydae
MPOJOTBHOM JIehOpMaIIUU U €€ CKOPOCTH AIIEKTPOMATHUTHOE BO3/ICHCTBHE HE BBI3BAIO 3HAYUTEIHHBIX
W3MEHEHUH, HO HU3KOAMIUTUTYIHbIC U3MEHEHHS BCE ke ObLTM 3apeructpupoBanbl. Ha pucynke 4.21

MpeJICTaBlIeHbl rpadUuKu MPOJOIBLHON AeQopMallii U €e CKOPOCTH B MEPHUObI IIECTOr0 M JECSITOro

CEaHCOB NPH HANpsKeHusX ¢ kodpdurmenramu K*=0.57 u K*=0.86 ot paspymrenus coorBeTcTBeHHO.

a)

€,10° £,10% ¢!
& 538
4.10 WNW“{
T 6
4.09 -
— 4
4.08
2
4.07 - |
i ~ 0 |
4.06 | | - . | I
| | —2  5.28 | 0
4.05 L A L | T T TR T T T T T T T
79 8.1 8.3 8.5 8.7 13.6 13.8 14.0 14.2 14.4
t,10% ¢ t,10%¢c
Pucynok 4.21 — MacmrabupoBannsie mo Bpemenn 6 u 10 ceancoB rpaduku MpoAONBLHOU €7

nedopmaruu (4epHas KpuBas) ee CKOPOCTH (CHHsA KpuBas) MPH OTHOCUTENBHBIX Harpyskax: a — K*=0.57 ot
paspymenus u 6 — K*=0.85 or paspymenus. KoMOMHMpOBaHHOE BO3IEHCTBUE MOKA3aHO ITyHKTHPHBIMU

JIMHUSMH U CEPBIM NPSIMOYTOJIbHUKOM BHU3Y.

Peakuuss B ckopoctn gedopmaiiuu, NPOJEMOHCTPUpOBaHHas Ha pucyHke 4.21 a,

XapaKTEPU3YETCsl CMEHOM CAaloNIEro TpeH 1a CkopocTy aedopmaiuu 10 3HaueHus &, =-8.5-1011 ¢t

1

Ha cnaboBo3pacTalolMii ¢ Hayama ceaHca 10 ypoBHs &, =4-1070 ¢l A sarem, c¢ 3amepxkoii,

IpEeBbIIIAIOIEH JIUTEIBHOCTh C€aHca, CKOPOCTh JedopManuu BbIpocia B 29 pa3, U TeM CaMbIM
nposiBuiioch aericteue OM nond. [lpu yBenuueHuwn HampspkeHus 10 ypoBHs 0.85 oT paspylieHus B

MEepPUOJI ACCATOTO CeaHca ¢ 3aJePKKOM B 27 MUHYT (ITOYTH MOJOBHHA BPEMEHHU C€aHca) HaOJI0aaeTCs

HeGOMBINOH POCT CKOPOCTH TPOAOJBHON nedopManuu A0 3HadeHus &, =12.6-10° ¢, a zarem

crabunmsanus Ha ypoBHe &, =3.8:10° ¢! (pucynok 4.21 6).

PaccmoTpuM ere mpuMepbl YBEIMUYEHHUsST CKOPOCTH JieopManuy (B HMOMEPEYHOM HaIrpaBlIeHUH
Y) ams ABYX KBa3HCTAalMOHAPHBIX ypoBHe# Harpysku K*=0.71 u K*=0.85 ot paspymenus (pucyHok
4.22). B oboux ciydasx HEUCTBHE TOJISA MPOSBUIOCH C HE3HAYUTEIHHBIMH 3aJ€p’KKaMU OT Hadaja

ceanca OMB (12 u 3 MHHYTBI COOTBETCTBEHHO). B BOCBMOM ceaHCE HW3MEHEHHE CKOPOCTH

I[e(pOpMaL[I/II/I HECYIICCTBCHHO, B OTJIUMYHUC OT MIPUPOCTa BCIUYUHBI ,Z[C(I)OpMaI_II/II/I CO 3HA4YCHUA

ey=4.14-10° mo €y=4.18-107 (BeIIENIEHHAs 00nmacTh Ha pucyHke 4.22 a). B mecsitom ceaHce mpu
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1

k*=0.85 ¢ ¢onosoro yposus &,6=0.1 107 ¢! no Bkmouenuss ucrounuka DM MOJS CKOPOCTH

MOTNIEPEeYHON aedopMalii BO3pOCia JIBAXKIbI 3a ceaHC (BBIAEICHHBIC 00J1acTU Ha pucyHke 4.22 0).

Komner ceanca xapakrepusyercsi yMEHbILICHHEM CKOpocTH aedopmanuu 10 GOHOBOTO YpoBHA 10 OM

BO3JECHCTBHUS.
a s
g,107 ) S
4.22+ o - 2.5
| - 2.0
4.18 ; m,wﬂw\u | - 1.5
| 1 = 1.0
4.14 ‘ | : L o5
T YL i Mo.o
4.10 | s
; ~1.0 | I
4.06 | — | |
HI|I|!IIIIII||II‘HIIIHII'IIIIW——],5 5_2 |||1|IIH]I|[HIHIH‘IIHIIHWHTWWW__I_O
104 10.6 10.8 11.0 112 11.4 132 134 13.6 13.8 140 142 144
t, 10* ¢ 1, 10* ¢

Pucynok 4.22 — MacmtabupoBanable 1o BpeMeHH 8 W 10 ceaHCOB TpauKé MOMEPEHIHON £y
nedopmMariu (depHast KpuBas) ee CKOPOCTH (PO30Bast KpUBasi) MPHU OTHOCHTENBHBIX Harpys3kax: a — k*=0.71 or
paspymenuss 1 6 — Kk*=0.85 or paspymenus. KomMOWHUpOBaHHOE BO3ACHCTBHE IMMOKA3aHO MYyHKTHPHBIMH

JIMHUSAMUA U CEPBIM MPAMOYTOJILHUKOM BHU3Y.

W3MeHeHnst CKOpoCTel MPOO0IbHON 1 TONEPEYHbIX AehopMayii, HIeHTH()UITUPOBAHHBIE KaK
peakuys Ha 3JeKTPOMarHUTHOE BO3/EHCTBHE, IpuBeAeHb! B Tabuie 4.10.
Tabmuua 4.10 — Ckopocty Tpex KOMHOHEHT Aedopmannu oOpas3ua mpamopa Nel5, onenennsle 3a 1 gyac

A0 1 BO BpEMs IleﬁCTBI/Iﬂ QJICKTPOMArHUTHOTIO I10JIS.

k*. —Oous g, 10° 1/c Ex s 10° 1/c &y, 109 1/c
Ne ceanca o omB
BO3JI-5 SMB e mo BO BpeMsI 0 BO BpeMs J0 BO BpeMsI
OMB OMB* OMB OMB* OMB OMB*
1 34.9 0.24 - = 6.4 -5.7 2.1 51
-7.110 | 1).-21 o
2 42.2 0.29 2 2).7.3 1510 -5.7 - =
1).15.1
3 52.2 0.36 - = 0.6 2). 73 - =
1).-35
4 62.3 0.43 - = - = 3.2 2).34.8
3).-4.4
1).2.8
5 72.9 05 -1.6 2).0.2 - = - =
) 1).0.4 1).-3.1
6 82.1 0.57 28'5 10 2).11.7 5.7102 | 2).50.4 - =
(mocinen.) 3).-7.5
1).6.3
7 92.4 0.64 - = 6.3 2).-14.8 - =
3).17.3
8 103.1 0.71 0.3 1).7.9 17.8 1). 38 2.1 1).11.0
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2). 2.0 2).15.7 2).-2.5
9 1126 0.78 - - - - - -

1). 47 1).7.0 1). 132
10 123.1 0.85 2.3 2).12.6 7.0 2).1338 |65 2). 416

3).38 3).58.3 3).-28.2
11 133.4 0.92 - - - - - -

[losicnenne k Tabmuue: * - B TEUYeHHE ceaHCa MPOU3OLLIO MHOTOKPATHOE H3MEHEHHE
CKOpOCTEeH MpOJOJIbHONW M ToNepedyHol nedopmanuy, B TalnMile MO HOMEpaM NpPUBEIEHBI HUX

BCJIMYHHBI.

OOparuM BHHMaHHE Ha pe3yJabTaThl PETHCTPALlMM CUTHAJIOB AD B 3TOM SKCIEPUMEHTE.
AxTuBHOCTH AD MMEeT TeHJeHLIUU, OOHApY)KEHHBIE U paHee MIPOAEMOHCTPUPOBAHHBIE B IPEABIIYIIIMX
JBYX MCIBITaHUAX. JIMIIb eTUHOMX/IbI OBl 3apErMCTPUPOBAH OTKIIMK aKyCTOIMHCCUOHHOIN aKTUBHOCTH
npu Harpyske K*=0.43 or paspymieHus, BO BCeX OCTalbHBIX CIy4asX [OYTH BCE CHMTHANBI
aKyCTUYECKON SMHUCCUM BO3HMKAJM BCIEJICTBUE HarpyxeHus odpasua (pucyHok 4.23 a). [Ipupoct no
MaKCUMyMY aKTHBHOCTHU B 4eTBepTOM ceaHce DMB cocrtaBui 3.3 pasa 1o CpaBHEHHIO C YpOBHEM 3G%,
OINpPEECIIEHHOM JI0 CEaHCca BO3/CHCTBHS, @ KOJUYECTBO JONOJHUTEIBHO MHULMHUPOBAHHBIX COOBITUN

cBepx (hoHOBOTO ypoBHS cocTaBmiio 18 3a Bpemst 9.6 MunyT (pucyHok 4.23 0).

N,C'l 5 N’C-I
80 | X B2 0o, 0.087
40% T 5 b
151 Co 0.06-
1.0 0.04—
057 0.021
0— P‘P 0.00 |IIIIIIHIIIIIIIIIIIIHIIIImm
0 2 4 6 8 10 12 14 16 46 48 50 52 54 56 5.8
t, 10%c t,10%¢c

Pucynok 4.23 — AKTHUBHOCTH aKyCTHMYECKOW 3MHCCHU: a — 3apErHCTPUPOBAHHAsI B TEUEHHE BCETO
BpEMEHHU HUCTBITaHus obpasna Nel5, 6 — B MepUoJ YETBEPTOrO KBA3UCTAIMOHApHOTO yposHs npu K*=0.43.
MakcuManbHbIe 3Ha9eHns aKTUBHOCTH AD, 0603Ha4eHHble mupamu: 1 — 36 ¢, 2 -756 ¢, 3 - 114 ¢t 4 —

46ct,5-82ch

[lonBoass WTOrM SKCIEPUMEHTOB € O00pa3llaMM MpaMopa, HCIBITAHHBIMH B  peXHUME
CTYNEHUYaTOr0 HArpy>KeHusi, HEOOXOJUMO BBLICIUTH CIEAYIOIIME MOMEHTBI: MX CpeIHUil mpeaen

MMPOYHOCTU PaBCH CPpCAHCMY MpCACly IMPOYHOCTHU 06pa3u013, HCIIBITAHHBIX B PCKHUME C JIMHENHO
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Hapacrarouiei Harpyskou — 128.4 Mlla, a moayne FOnra mensiie B 1.85 pasza u cocrapiser 25.6 ['Tla
(tabmuma 4.11).
Tabmuuma 4.11 — OcHOBHBIE MEXaHHUYECKHE XapaKTEPHCTUKU OOpa3loB MpaMopa, HCHIBITAHHBIX C

BO3JCHCTBHEM SJICKTPOMArumuTHOI'O MOJIA IIPU KBAa3UCTALTUOHAPHOM YPOBHE HAIrpy3KH.

g Oz (gzz): E-&

3 sMB | CTamus ympyroro | Onn. ex, 107 ev, 107 ez, 107

S nepopmupopanus | Mlla

© E,ITla
13 + 14.0 138.9 0.4 2.5 2.9
14 + 27.3 101.9 2.9 3.1 6.6
15 + 354 144.9 9.6 7.2 6.0

N3 26 ceaHcoB KOMOMHHMPOBAHHOTO BO3JCHCTBHUS JIEKTPUYECKOTO M MArHUTHOTO TIOJNEH TP
(MKCUPOBAHHBIX 3HAUCHUSX CXKaTHSA B TPHUHAIIATH BBISBICHB W3MEHEHUs] CKOPOCTH IPOJIOJIBHON
nedopmain £, . CkopocTh &, BO3pacTaa Kak MUHMMYM B 1.6 pa3, a makcumansHo — B 137.6 pa3

(tabmria 4.12). Tlpu Harpyskax k*<0.7 U3 niecTHaIATH TPOBEICHHBIX CEAHCOB B JCBITH ObLIO BBISIBJICHO
m3MeHenne £, or 1.6 pas mo 137 pas, KoTopoe, B CpeHEM, COCTABISUIO 33.5 pasa. M3 JecsATH CeaHCOB,

TIPOBE/IEHHBIX MPH Harpyskax Bbie K*=0.7, n3mMeHeHus ckopocTH MpoaoIbHOI AehopMaIii 0GHApYKEHbI
B UETHIPEX CeaHCax CO CpeIHHM HpHpocToM paBHBIM 12.1 pasza. U3menenue &y nabmonanoch B 30%

CEaHCOB CO CPEAHUM IIPUPOCTOM B 166 paz, v B UEThIpEX ceaHcaX UMENO MECTO YBEJIMYEHHE &y B CPEAHEM

B 6.2 paza (Tabmuia 4.12). B 1Byx ciyuasx HabIrOancst poct Bcex Tpex ckopocteil nedopmariuii. OTKINKH
AD Ha BozzeiicTBre DM Moeii MpOsSBIITKCH JIUIIb B ISTH CeaHcax (4 mpu MajibIx Harpyskax, korma k*<0.7)
Y MIMEJIA HEOOJBIIYI0 aMILTUTYIy M JUTHTENbHOCTD. [Ipu K*>0.7 nprpocTsl aktuBHOCTH AD HaOMIIOIAIHCH
JBaKIBI U cocTaBM 18 1 34 paza (tabmuia 4.12).

Tabmuua 4.12 — M3MeHeHHs Tpex KOMIIOHEHT CKopocTed aedopmanuu, akTUBHOCTH AD amnsi cepuu

00pa3uoB, AepopMUpPyEeMbIX B IPUCYTCTBUU 3JEKTPUUECKOTO M MATHUTHOTO IOJIEH.

Mpamop Ne 13 Mpamop Ne 14 Mpamop Ne 15
éZSMB éX DOMB éY S5MB N3M éZSMB éx OMB éY S5MB N3M éZSMB éx OMB éY S5MB N3M
éZuoSMB éXnoSMB évgoams 8l éZuoSMB ‘c’.‘XnOSMB évgoams 8l éZuoSMB ‘c’.‘XnOSMB évgoams 8l
30%* 30% 30%
- 1.12 2.4 -
k*<0 H/a H/a H/a H/a H/a H/a H/a H/a
3 102.8 380 - -
0.3< 9.5
k* - - 2.0 H/a H/a H/a H/a 25.2 - -
<0.4 20
0.4<
k* - - - 1.8 3.8 - - - - - 10.9 3.3
<0.5
0.5< 16 - - 1.4 1.6 - - - 8 - - -
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k*
<0.6

137.6

884

0.6<
k* H/a

<0.7

H/a

H/a

2.15

14.7

2.7

0.7<
k* 15

<0.8

17.9

26.3

2.1

5.2

0.8<
K* 1.6

<0.9

5.5

19.1

6.4

k*>0 -

33.9

[Ipumeuanue Kk Tabnuie: H/a — OTCYTCTBOBAJIM CEAHCHhl IPHU JAHHOM YpPOBHE HArpy3Ku; —

OTCYTCTBHE N3MCHCHUN B CKOPOCTAX ,Z[C(bOpMaHI/II/I N OTKJIIMKOB AKTHBHOCTH A:‘), CBA3aHHBIX C

SJICKTPOMAariuTHBIM BO3ﬂ€ﬁCTBHCM.

4.3. IlepepacnpenesieHue XapaKTePUCTHK AKYCTHYECKONl 3MHCCHM O0pa3loOB I'PaAaHUTA B

YciaoBusiX OAHOOCHOIO C:KATHA U BJIAUAHUSA JICKTPUICCKUX UMITYJIbLCOB

PaccmoTpuM pe3ynbTaThl KCIIEpIMEHTa Ha oOpasie rpanuta Kannna, muarpaMma Harpys>KeHus
U Iepuoibl BO3JAEHCTBUS IOKa3aHbl Ha pUCyHKe 4.24. MeToauka HarpyKeHusi U JONOJHUTEIbHbIE

aCIIEKThl BO3CUCTBHUS HOI[pO6HO OIMMCaHbl B paszcic 22, a HCIIOJIB30BaHHOC 060py,HOBaHI/Ie — B

pazaenax 2.1, 2.4.3.

Hanpsokenue paspyiienus (o1HoocHoe cxxatue) coctasmiio 79 Mlla. Beero Obuio peann3oBaHo

6 KBa3UCTAI[MOHAPHBIX YPOBHEN Harpy3Ku M 7 CEaHCOB JIEKTPOBO3ACHCTBHUS.
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Pucynox  4.24 -

Juarpamma

k*=0.89 Harpy>xeHus oOpasia

rpaHnuTa COTJIaCHO

[MybaccapoBa u p.,
2014]. YepHbIMU

Oapamu MOKa3aHbl
MEPUOJIBI BO3ICHCTBUS

SJICKTPOMArHUTHBIM

moteM. Crpenku ¢
o HOAIMUCHIO P -

MOMEHT IPUTPY3KH.

6 ¢, 1045

PesynpTaThl  HM3MepeHHs ~ aKyCTOSMUCCHOHHOM  aKTUBHOCTM  o0Opa3ua, IOJy4eHHOM
HIECTUKAHAJIbHOM cucteMol Amsy-5, mokazaHbl Ha pucyHkax 4.25-4.26. KparkoBpeMeHHbIE

MMPUPOCTBI AKTUBHOCTU aKYCTHHeCKOﬁ SMHUCCUH, MTHUITUHUPYCMBIC JJICKTPUICCKUMHU UMITYJIbCAMU, ObLTH

TIOJTydeHbI P Harpyskax, cootercTayromux K*=0.41, K*=0.61, k*=0.79, k*=0.85 u k*=0.94. Kak

BUIHO M3 pucyHKa 4.25 a, mpu ypoBHe Harpysku K*=0.41 cpennee 3Hauenue GOHOBOM aKTUBHOCTH
AD 3a | yac 1o Hauana BO3JEHUCTBHSA COCTAaBJSUIO 6.7 CUTHAlIOB B CEKYHIy, KPaTKOBPEMEHHBIN
npupocT AD, BBI3BaHHBIH BO3JEHCTBHEM DJIEKTPOMMITYJIHCOB, HACTYNHI ¢ 3anmepkkoi <2540 c or
Hayaja 1noJa4v UMIyiIbCcoB. MakcuMyM akTUBHOCTU AD mpu npupocte B 14 pa3 npeBbIIaeT ypOBEHb

36*, rne 6*=6.9 (pucynok 4.25 a).

309N, 10:2 c' a) k*=0.41 6.011\1, 10° ¢’ 0) k*=0.61
2.5 3'01’ | ‘
1.5 ! E 1
5] : 1.0—:
_ 0.5
‘ LA&MMMMM%M»MM@ E* ALMJWM\M w

"

. o e

IIII!IlIlIlIIIlITI IlllllIllllllllllllllllll

1 1.2 1.4 I. . 2
£10%8 b 13

; 2
(%, 10*¢
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Pucynok 4.25 AKTHBHOCTH aKyCTHYECKOW 3MHCCHH oOpasma rpannTa KawHma mpH OTHOCHTEIHHBIX
narpyskax: a — K*=0.41 u 6 — k*=0.61 cornacuo [MyGaccaposa u ap., 2014]. [lyHKTUPHBIME NPSAMBIMH U

YCPHBIMU JIMHUSAMU CHU3Y MMOKA3aHbI MHTCPBAJIbI BO3I[€I>'ICTBPISI SJICKTPUYCCKUMHU UMITYJIbCAMU.

Ha crenyromieii crynenn Harpysku npu K*=0.61 (hoHOBas aKTHBHOCTb 10 Ha4aja BO3CHCTBHS
ObITa BBIIIE, CPEJHEKBAAPATHUECKOE OTKIOHEHHME paBHsIOCh OF=42.6 ¢! (pucyHok 4.25 6).
KpartkoBpemennbiii mpupoct AD mnpouszomen ¢ 3aaepkkoil 480 ¢ oT Hayana ceaHca U IO
MaKCHMaJIbHOMY 3HA4eHMIO B 48 pa3 IpeBbimaeT yposeHb 36, IIpy yBeIuueHUH HATPY3KH 10 YPOBHS

0.79 ot paspymieHUs YBETUYMIICS M CpeAHHN (DOHOBBIA YPOBEHb aKyCTOIMHUCCHOHHOW aKTHBHOCTH,

KOTOpBIN cocTaBui 213 c'l, a 3HaYCHUE CPEIHEKBAIPATUUECKOTO OTKJIOHEHUS 3a 1 4ac 10 BO3IEUCTBUS

paBHsock 6*=177 ¢! (pucynok 4.26 a). AKTUBHOCTh CHUTHAJIOB AD MOBBICHIACH 0 MAKCUMYMa

N=~1050 ¢! u npesricuna yposens 36* mouru B 2 pasa, 3aaepskka coctapuaa ~850 cexyH/.

[TpupocT aKyCTOSMUCCHOHHON aKTHBHOCTH, MMEBIIWK MecTO npu Harpyske c¢ k*=0.85 Obun
6onee murensHBIM 1m0 BpeMenu (Af=1050 ¢) nmo cpaBHeHHIO ¢ TPEIBIAYIIMMHA OTKIMKaMd AD mpu
MEHBIIUX YPOBHAX Harpy3ku (pucyHok 4.26 6). C zagepxxkoi B 1520 cexyna otkimuk AD B 29 paza
IIPEBOCXOIUI TPEXKPATHBIA YPOBEHb CPEIHEKBAIPATUUECKOIO OTKIOHEHHUS akTUBHOCTH AD 110 ceaHca
(0*=228 c ).

Tpu NpuGIMKEHUH yPOBHS HArpy3ku K mpeapaspymaronmm npu K*=0.94 aktusHocts AD,
UHULIMMPOBAaHHAsT BO3JICHCTBUEM AIIEKTPUUYECKUMH HMMITYJbCAMM, IPEBBILAET AaKTHUBHOCTb IpHU
HarpyxeHuu B 18 pas, npu 3ToM 3aj7epkka akTUBU3auu AD coctaBiseT npumepHo 1620 cexkyHn ot
HayaJia 1moja4y Ha o0paszell dJIeKTPouMNIyabcoB (pucyHok 4.27). Cneayer OTMETUTh TOT (akT, YTO B
TEYEHHE 3TOT0 ceaHca BO3JCHCTBUS NPOU30ILIO0 (OPMUPOBAHHME MarucTpaibHOW TpemuHbl. llpu
NpUrpy3Ke H3MEHEHHE HampspkeHuss Ha obOpasue coctaBwiio 6.6 Mlla (9.8% or HampsbkeHus a0

TIPUIPY3KH) U IPMBENO K YBEIUYEHHIO aKTUBHOCTH J10 ypoBHs 2750 ¢t

:N, 102 ¢! a) | k*=0.79 7_N, 10° ¢t 6) | k*=0.85
10 ! | ' 6 5 '
8 5
] 4— 5
6 :
; | Sy | i
4— | -] :
a ‘ | - \
2 E ‘ | WMM‘ o /'L“v#,%.\_»,vm‘,\‘,.,,,M;,,w,-,b.wwa«,»‘\ u\w-m.‘[w i \“%“_M J I, S
O T T mllllilllllllllllll
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Pucynok 4.26 — AKTUBHOCTH aKyCTHYECKON dMHCCHU 00pa3iia rpanuta KanHmaa mpu OTHOCHTEIBHBIX
narpyskax: a — K*=0.79 u 6 — k*=0.85 cormacno [My6Gaccaposa u ap., 2014]. TIyHKTUPHBIMA TPAMBIMA H

YCPHBIMU JIMHUSAMU CHU3Y MMOKA3aHbI MHTCPBAJIbL BOSHCﬁCTBHH QJICKTPUUICCKUMHU UMITYJIbCAMU.

Otknuk AD Ha BO3/IE€HCTBHE NMPH BO3HUKHOBEHUH TPEIIMHBI OKA3aJICS CYIIECTBEHHO OOJIBIINM
— 110 ~49850 ¢! u B 41 pa3 NpeBBICKIT TPEXKPATHOE CPETHEKBAIPATHIECKOE OTKIOHEHHE aKTHBHOCTH

AD, OLIGCHEHHOE JI0 Havaja ceaHca JIEeKTPOBO3IeHCTBHS (PUCYHOK 4.27).

N 104 C-l . Pucynox  4.27 —  AKTUBHOCTB
TV ] BO3AEHCTBHE ; k*=0.94
5 i . | aKyCTUYECKOM  3MUCCUHU oOpa3sia
| |
| |
i 1 i rpanuta KamHna npu OTHOCHTENBHOMN
| |
| |
4— npurpyska n ! | HeeIE uarpyske K*=0.94 [My6accapoBa u
i I BO3AEICTBHUA
| BEEEER 3 ‘ ap., 2014]. TlyHKTUPHBIMH TIPSIMBIMA 1
3— A0 ! OTKJIHK !
Hauana ! ‘ | YEPHBIMHM JIMHUSAMH CHHM3Y IIOKa3aHbI
— | 1
BO3/1E€HCTBHA i AN HHTEPBAJIBI BO3JIEHCTBHS
| \ |
2— i i
i (ITOCJIC OTK/IHKA JJIEKTPUYECKUMH UMITYJIbCAMU.
- | |
| |
e . 110 OTK/THKA
1
i /
1 /1
| |,
|
| |
| |

| ' |
104 . 10.6
t, 10* ¢

B cBopnoii Tabmuie 4.13 mpuBeAeHBI KOJIWYECTBEHHbBIE [IaHHBIE O BEIUYHHE MPHUPOCTOB
aKTUBHOCTH AD, BpPEMEHHM 3aJepKKU OTKIMKOB AaKTUBHOCTM AD OT Hayana BO3ICHCTBHUS U
JUIMTENILHOCTH OTKJIMKa AD.

Tabnuna 4.13 — JlanHble OTKIUKOB AD Ha 3JIEKTPOMarHUTHOE BO3JIEMCTBHE B DKCIEPUMEHTE C

00pa3moM rpaHura.

Ne T O suB o JIUTeIbHOCTh Beunumsa
SMB = , /0 N/3c* 3aJIePKKH OTKJIUKA,
ceaHca OTKJIMKA, MUH/C
pasp MUH/C
1 0.41 14.1 118 ¢ 2537 ¢
2 0.61 48 260 c 480 c
3 0.79 2 18¢ 854 C
4 0.85 28.8 1456 ¢ 1520 ¢
5 0.89 - - -
6 0.94 40.9 2528 ¢ 1616 c
B pomonnenue k rpadukaM aKTUBHOCTH, OTPAKAIOIIUM pa3BUTHE BO BPEMEHHU Mpoliecca
nedexroobpa3zoBanus  (KpaTKo, KHHETUKY Je(eKTOB), OBUIM TIOCTPOEHBI  JHEPTETHUUYECKHUE

pacnipeienieHusi KoiuuecTBa cuUrHaigoB AD. KommuecTBO 3aperuCTpUpOBAHHBIX CHUTHAIOB AD Juis
Ka)KJ0ro MHTEpBala BPEMEHHU (IIEPBBIM — 0 BO3ACHCTBUS, BKIIOYasl Harpy3Ky, BTOPOM — B TE€UEHHE
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ceaHca BO3JICUCTBHS U TPETHH — mocie Bo3nercTBus) Obuto He MeHee, yeM 14000 coOwiThii AD mipu
k*=0.61, ne menee 32000 curnanoB AD nipu k*=0.84 u ve menee 113000 curnanos AD nipu k*=0.94.
VYcnoBHast sHepreTUUecKas XapakTepucTuka, BBeAeHHas ananoruuno [Cobounes, [Tonomapes, 2003] K
= lg E, u3mensuiace B quana3zone ot 0 no 4.4, uyro cornacyerca ¢ BeauunHaMu K, mosydeHHBIMU
aBTOpaMu JJisi CUTHaJI0B AD 00pa3lioB rpaHuTa Y3CTEpiu.

Cornacno [damackuHckas u ap., 2018] npu npuOIMmKeHNH K KPUTHISCKOW CTaIWH Mpoliecca
nehOpMUPOBAHUS IKCIIOHEHITMAIBHBIN 3aKOH PACIpe/IeIICHIs] CUTHAIOB AD 1O YCIIOBHBIM JHEPTHIM
NEPEeXOJUT B CTENEHHOW, T[O3TOMY MPOBEIEM aHalIW3 MOJYYHMBIIUXCS  DHEPreTUYECKUX
pacnpeznenenuil. [loctpoeHHbIe KyMYISATUBHBIE pAaCIpPEEICHNUs CUTHAIIOB aKyCTUYECKON 3MUCCUU OT
SHEPruil MOKa3aay CIEIYIOIIee: B PABHOW Mepe 3TH PaCIpeIeICHHsI MOTYT OBITh alllIPOKCHMHUPOBAHBI
KaK CTeNeHHOW (ykHIMEH, Tak u yorapudmuyeckoi. Ha pucynke 4.28 mpeacraBieH mpumep, A
KOTOPOTO JHEPreTHYecKOe pachpelesieHne CHTHajioB AD TOTYMHSETCS pPaBHO3HAYHO —Kak
SKCIIOHEHIHATFHOMY, TaK M CTETIEHHOMY 3aKOHY paclpe/eleHus ¢ paBHoii BeposTHocThio (R?=0.86 u
R?=0.88 coorBercTBeHHO). I109TOMY JUIsl BBIABICHMS pA3IMUMi, BBI3BAHHBIX KOMOHMHHMPOBAHHBIM
BO3JICUCTBUEM SJEKTPUYECKOTO M MArHUTHOTO ToJied OyJeM HCIoJb30BaTh Oosiee ymoOHOe

JorapuMUUECcKOe pacipeieieHue U OICHUBATh yriioBbie koaddurments! (b-value).

In(m)6/ . In(m) 6
5 5
4 4
3 3
2 2
I . I
0 0 ; ‘ ©
66 70 74 78 In(E) 82 1.0 15 20 25 30 3.5E’ 1(4)1"‘.(;1_&

Puc. 4.28. PacnpeneneHue curHaioB AD 1O SHEPruM: B JBOMHBIX JIOrapu(pMHUUECKHX
KoopAuHaTtax (a) W mnodyiorapudmuueckux KoopauHarax (0), UIsl KOTOPbIX KO3 ULIHMEHTHI
JeTepMUHAIMH (TOYHOCTH AMIMpoKcUManuy paBHbl R?=0.86 n R?=0.88 cooTBeTcTBEHHO.

Kak BumHO u3 pucyHkos 4.29-4.30 pacnpenenceHue curHaioB AD Uil pa3HBIX YpPOBHEU
Harpy3ku MOXeT CBMJIETENLCTBOBAaTh 00 MX COOTBETCTBMM JIMHEHHOMY 3aKOHY MOBTOPSEMOCTH (B
Jorapu(pMHUECKUX €IMHUIAX), aHAJIOTHYHOMY 3akoHy I'yrenOepra-Puxrepa B ceiicmonoruu. Bmecrte

C TEM IIPU BCEX YPOBHAX HArpy3Ku MOKHO OTMETUTDH pa3iNyuus B YIVIOBBIX Kod(dduunenTax rpaduxkos

pacripesenenuii D mpn »1eKTpoMarHNTHOM BO3/ICHCTBHH U /10 HETO.
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Pucynok 4.29 — KyMynsTHBHBIE paclpeelieHUs CHTHAJIOB aKyCTMYECKOH 3MuccuM rpanuta Kamnja
(PaccopTHpPOBaHHBIX MO BPEMEHU PETHCTPAIIMH: YEPHBIE KBaAPaThl — 10 BO3JAEHCTBHSA, KPACHBIE KPYXKKH — BO
BpeMs BO3JEHCTBHS, PO30BBIE TPEYTOJIBHHKM — IIOCJIE BO3JEHCTBHA) 10 SHEPIUSAM HPU OTHOCHTEJBHBIX
Harpyskax: a — K*=0.41, 6 — k*=0.61 ot paspymenus; b — yrnossie kodduuments [My6Gaccaposa u ap.,

2014].

Ipu marpyskax, cootsercTByromux K*=0.61 u K*=0.85, pasmumums B  yrmossix

K02 dunmenTax (KoTopsle yaoO0HO HaseBaTh D-daxTopom, mo amamormu ¢ 3akoHOM I'yreHOGepra-

PuxTtepa) 1o, Bo BpeMs u nocie Bo3aeiicTBus He Oonee 25%, npu 3TOM J1Mania3oH 3HEPTUil CUTHAIOB

AD me npessimaer 10* y.e. (pucyHok 4.29 6, 4.30 6). B ciaydae mepBoro ceaHca mpy OTHOCHTENBHOI
Harpyske K*=0.41 yrinoBoii koahpduImenT Bo BpeMs Bo3IeHCTBHS Ha 35% HIKE €ro )K€ 3HAUYSHHS JI0
ceanca (pucyHok 4.29 a). I[lpu yBenmueHunm Harpy3ku 1m0 ypoBHs 0.79 ot paspymenus (miepuon
HEMOCPEACTBEHHO HAarpy3KM M pellakcalliM Tocie Hee) HAOMI0AaeTcsl CMELIeHWE SHEprHil CUTHAJIOB
AD B muanasoH Gonmpmux 3Ha4Yenuit 10 10° y.e. u cHmkeHme 3HaueHus yrmosoro kodhdurmenta D
(pucynoxk 4.30 a).

[Tpu yBenuuenuun HanpspkeHus 10 0.94 ot paspyiieHus pacrpeaeneHusl CHTHAIOB M0 SHEPTUIM

JJIA COOBITHI A3, 3apCTUCTPUPOBAHHBIX 10 U I1OCJIC BO3ACHCTBUSI MPAaKTUYCCKU COBIIAAAIOT. Bo BpeMA
SJICKTPOMAaraiuTHOT O BO3JCHCTBUSI Ha6J'IIO,[[aI-OTC$[ CYIICCTBECHHBIC OTIINYUA OT IMPEABICTOPUHN KakK I10 b'

(bakTopy, TaK U MO MOJIOKEHUIO rpaduka (T.e. quana3ony sHepruit). Pucynok 4.30 B mokasbIBaeT, 4yTo

B MEpHOJl BO3JAEHCTBHS PErMCTPUPYIOTCS cHrHambl AD ¢ sHeprusmu, npepocxoasmumu 104 yee., a
YraoBoit kod()(HIMEHT Tpaduka JHEPreTHUeCKOTo pachpeneieHus D Mewsme B 1Ba pasa 10

CpaBHEHHIO C Tiepuojamu 0e3 Bo3JeHCTBUNA. DTO CBUIETEILCTBYET, YTO HA JAHHOM CTYIEHU HArpy3KH
9JIEKTPOMarHUTHOE II0J€ CYIIECTBEHHO M3MEHWIO PEeXHUM JePEeKTO0Opa3oBaHUS — B HEKOTOPOH

obyactu oOpasia Jokamu3amnus AeGpopMaIiy MprBeia K BOSHUKHOBEHUIO MAaKPOTPEIIUHEI.

171



am a) - k*=0.79 m 3—_\)77 B) k*=0.94
- . ‘ 10 ERN
4: - b=1.6 10* LN AW b=2.3
10% b=2.5 i\ 102 \\; b=1.1
E \ o 10% I
1021 . b=2.9 ] ] b=2.3
7 1 \ . . 10" 10" E \\'.'.‘.
0] L e i ] L0 - I
10 S IO(L; 10% %;. e
i RSN T R RS W R goiee R S R L s
10 10 ij,y.e. 10 102 10° 10* 1 E }ll()e

Puc. 430 — KymynsaTUBHBIE paclpeieliecHUs CHUTHAIOB aKyCTHUYECKOW smuccuu Trpanuta Kaumnna

(paccopTUPOBAHHBIX 10 BPEMEHH PETHCTPAIIMM: YSPHBIC KBAAPAThl — J0 BO3ACHCTBUS, KPACHBIC KPYKKH — BO
BpeMsl BO3JCHCTBHS, PO30BBIC TPEYTONBHHUKH — TIOCNIE BO3ACHCTBHSA) IO DHEPTUAM TMPH OTHOCHUTEIBHBIX
Harpyskax: a — k*=0.79, 6 — k*=0.85 ot paspymienus, B - k*=0.94; b — yrmossie kK03)HHUIHEHTEI, COTTIACHO

[My6accaposa u ap., 2014].

PaCCMOTpI/IM Fpa(bI/IKI/I QHCPIrCTUYCCKUX pacnpeﬂeneHHﬁ CHUI'HAJI0B aKYCTquCKOﬁ OMHCCHUHU B
nepuoabl CCaHCOB BHCKTPOBOSHCﬁCTBHH, COPTUPOBAHHLIX IO BPECMCHHU: CUI'HAJIbI, IIPOU30IMCAIINEC OO0

OTKJIMKA aKTUBHOCTH AD, HEIOCPEICTBEHHO COCTABJISIONINE OTKIMK AD M CHTHAJbBI, BO3HUKIIUE TI0
OKOHYAHWH OTKIIMKA (TIOSCHSIOMME 0603HaueHns Ha pucyHke 4.27). B cBs3u ¢ Tem, uto mpu K*=0.41
n K*=0.79 memocpeacTBEHHO OTKIMKM aKTHBHOCTH AD COCTOANM M3 HEOOIBIIOr0 KOJIHMYECTBA

CUTHAJIOB, IPOBCCTH BBIYUCICHUA KYMYJIITUBHBIX pacnpez[eneHHﬁ curHajgoB AD 1o OHCPIrusiM HEC

npeaCTaBIAI0Ch BO3MOXKHBIM. HOBTOMy pPacCMOTPpUM KYMYJIIATUBHBIC PACIIPEACICHUA I ypOBHeﬁ

narpysok npu K*=0.61, K*=0.85 u K*=0.94 (pucynox 4.31).

10% .m a) k*=0.61 40 g 0) k*=0.85 m, B) k*=0.94
10°
i * ! " 5 103_. ‘*

102 1 \ b=2.0 ) L VM b=2.2 e % b=2.3

* . b=2.0 10° %, % b=22 18] %\ b=1.4

%, N b=19 % b=2.3 " ¥ =22
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Puc. 431 — KymynsTUBHBIE pacCIpelleieHHsT CUTHAIOB aKyCTHYECKOW sMuccHH TpaHuTa Kawmnna
(paccopTUpOBaHHBIX 110 BPEMEHH PETUCTPALMU: CHUHHE 3BE30YKH — /0 OTKJIMKA, (PHOJIETOBBIE POMOBI — BO

BpEMsl OTKJIMKA, 3€JIEHbIE POMOBI — MOCIE OTKJIMKA) [0 SHEPIUsIM IIPH OTHOCUTEJBHBIX Harpyskax: a — K*=0.61,

6 — k*=0.85 or paspymenus, B — K*=0.94; b — yrnossie k03ppUreHTsI.

Kak BUIHO M3 TpaduKoB, yriaosble kodhdumuentsl D curnanos AD, 3aperncTpupoBaHHBIX

HCIMMOCPCACTBCHHO B IMCPUOJ OTKIIMKA AKTHBHOCTHU, OTIIMYANOTCA OT YIJIOBBIX KO3(I)(1)I/IL[I/IGHTOB

CUTHAJIOB, BOSHUKIIWX 0 OTKJIMKA U ITPU CITaA€ aKTUBHOCTHU AD mocie oTKIMKa. HpI/I OTHOCHUTCIBHBIX
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narpyskax k*=0.61 u k*=0.94 nHabmogaeTcss CMEIIEHHE DHEPTUi CHUTHAJIOB B JMANa30H OOJBIIAX
SHEprUii: B MepBOM ciydyae Auanas3oH paseH 2-10% — 4-10° y.e. (pucynok 4.31 a), a Bo BTOpOM —
CMEIIICHNE Ha TOPSAOK M0 CPABHEHUIO C JUANA30HOM DHEPrUil CHTHAJIOB, BO3HUKIINX 1O OTKJIMKA

aktTuBHOCTH AD (pucyHok 4.31 B). B oTnuume ot mMeHbImux Harpy3ok, npu k*=0.94 nabmromaercs

yMEHBIIEHNE 3HAYeHHs yriaoBoro kodddummenta D B 1.6 pasa — ot 3navenus Do oromea = 2.31 10

Dorcmmca = 1.44 (pucynox 4.31 B).

Jlokayus ouazoe akycmuueckou dSMuccuu

Kak Obut0 oTMEuUeHO BBINIE, [UIS BBISBICHUS PA3IMYUil B MPOCTPAHCTBEHHOM PACIIONIOKEHUHU
HMCTOYHUKOB CHUTHAJIOB TMpU MPUTPY3KE M B TEUYECHHE BO3JCHCTBUS OblIa peanu3oBaHa JIOKAIUS
HMCTOYHHKOB CUTHAJIOB AD (medexToB) B oObeMe obOpasma. PacmonokeHne maTyukoB Ha 0Opasie B
JAHHOM SKCIIEPUMEHTE MTOKa3aHo Ha pUcyHKe 4.32 a.

Haunbonee wHQOpPMATUBHBIM SIBISETCS paclpeieleHne HCTOYHUKOB AD, TOJIYYeHHOE B
W3MEPUTENIbHOI CecCUu € 3JIEKTPOMArHUTHBIM Bo3zeiicTBHEeM npHu Harpyske 0.94 oT MakcuMaabHOM.
Pucynok 4.32 6 nemMoHCTpHpyeT BBIOOPKY CUTHANOB AD, IJii KOTOPBIX JTOCTOBEPHO OIMpEIeNICHBI
KOOpDAWHATBHl €r0 HMCTOYHHMKA, T.€. HAJEKHO OICHEH II0Ka3aTellb HEONPEIEICHHOCTH JIOKALUU
(cranmapTHOE OTKJIIOHEHHWE BBIYMCICHHBIX PACCTOSHUH OT AaTtunka AD 10 HCTOYHHKA U ITOTO
paccTOSHUSL B COOTBETCTBUU C 3apErMCTPUPOBAHHON pa3sHUIIEH BPEeMEHU MPUX0Ja CUTHAJIA JI0 Pa3HBIX
JMAaTYMKOB B MHOTOKAHAJbHOW CHCTEME PErucTpallyy), OMIMOKa OLIEHKH KOOpAUHAT He mpeBbimaeT 0.1
MM. OHako, ommOKa, CBsA3aHHAsl C TOUHOCTHIO YCTAaHOBKH JaTyuKoB AD Ha 00pasie, cocrapinset +0.5
MM, YTO OTPEAEISIET MOTPEITHOCTh ONPEISIICHUS] KOOPINHAT HCTOYHIKOB CUTHANIOB AD HE XyXKe, 4eM
5% ot nuHEeNHBIX pa3MepoB 00pa3IoB.

B cBia3u ¢ TemM, 4YTO YypOBEHb IOPOTOBOIO 3HAUEHMs, INPU MPEBBILIEHUH KOTOPOTO
PETUCTPUPOBAINCH aKyCTOOMUCCHOHHBIE CUTHAIBI, OBLT JOCTATOYHO HU30K, ONpEICIICHHE KOOPIUHAT
CHUTHAJIOB, UMEIOIINX MaJloe 3HaueHHE aMIUTUTYABI, OBUIO 3aTpyAHHUTENbHO. Kak BHIHO M3 pUCYHKA
432 6 B mepuoA HPUTPY3KHM M JO BO3JEHCTBHUS HCTOUHUKU cUrHAJIOB AD (nedextsl) auddysHo
paccesiHbl 110 BceMy o0bemy oOpasua. [Ipu mopaye 3MeKTpUYECKUX HUMITYJIBCOB YHUCIO COOBITUH AD
BO3pAacTaeT U OOJbINast OIS UCTOYHUKOB KOHIICHTPUPYETCSI B HEKOTOPOH 00JIACTH, KOTOpast SIBIISETCS
30HOW 3apOXKICHHUS MarkCTPaIbHON TPEIIMHBI (BBIIENIEHHAS CBETIIOCepasi 00yacTh Ha pucyHke 4.32 0).
[Tocne Toro kak Bo3JeicTBHE OBUIO BBIKJIIIOYEHO, aKTUBHOCTH AD He mpeBbimiana ypoeHb 900
COOBITHI B CEKyH/y B TE€UEHME yaca, XOTs TpellrHa yke oOpasoBaiach. [Ipu 3ToM ncTOUHMKH AD
OBLTM CKOHIIEHTPHUPOBAHBI B JPyToi o0yiactu oOpasna (pucyHok 4.32 0, TeMHO-cepasi 00J1acTh). ITOT
PHCYHOK JE€MOHCTPUPYET, YTO TPH PEaKIMH Cpelbl Ha BHEIIHEE BO3JCHCTBHE OTMEYCHHBIN BHIIIE
IOPUPOCT aKTUBHOCTU AD (cM. puUCYHOK 4.27) mpou301IeN 3a cYeT COOBITUM, MECTO PacloJIOKEHUS
KOTOPBIX MPH 00pa30BaHUU MAaruCTPalIbHOM TpeIuHbl C(HOPMUPOBATIO 30HY («KJIACTEP»), B OTIUYNE

OT PacCPCaAOTOYCHHLIX HCTOYHHUKOB AS, 3apCrUCTPUPOBAHHBIX IO BO3JICHCTBHUS. CHGILYIOIJ_IaSI 3a OTUM
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NpUTpYy3Ka OKa3ajach IMOCIEIHEW — oOpasel] pa3pyluics, MPUYeM OJHa M3 IUIOCKOCTEH pa3pbiBa

pacmoaranach B 00JIaCTH COCPEIOTOUYCHHSI 1e(hEKTOB MOCIIe BO3ACUCTBUS (CUHUE IAPUKH ).

a) 0)
A7 e 10 DMB
I e BO Bpemst OMB -
= - on MB
A 1 ~) ocie 3
ol < (| . ;
JZ. | : J_ ,!| S R oo o R
L | 7 A ° d£
, ° °
s : amyux CO o 2,9 {o &%Q,
=1 N WV, | AD s ° ? P
O -~ o °° °°
<. N QS % ) X
Il 1 O N e e aFe | ]
| » B 20
| .2 L e .
A —X s = S
V.~ b i 2 )
' &I\ Q Q N Q N Q 9
50 Mm e S, T T
Y X, MM
Pucynok 4.32 — Cxema pacmonokeHus HaTdukoB AD U DJIEKTPOJOB BO3ACUCTBUSA (a) U

MPOCTPAHCTBEHHOE pacmpeielieHHe NCTOYHUKOB cHUTHANOB AD (0) mpu mocTossHHOM ypoBHe cxkatus 0.94 ot
paspymenus cornacHo [Myb6accapoBa u ap., 2014]. UepHsiMu miapukaMu 0003HA4YE€HBI HCTOYHUKHA CHUTHAJIOB,
HPOU30IMICIIIMX BO BpeMsi IPUTPY3KH M 70 Hayajaa BO3ACHCTBUS, KPACHBIMH IIAPHKAMU — MPOH3OLICILNINX BO
BpeMs BO3JICUCTBUS U CUHUMU — I1OCJIE BO3ACUCTBUSL.

[logBeneM wWTOrM HWCCIENOBAaHMI HAa HEBOJOHACHIIIEHHBIX O0paslax TpaHUTa, MPOBEACHHBIX B
NUMCC ¥YpO PAH. Ilpu nHarpyskax Bbiue 0.4 or paspylueHus oOHapyKEHbl 3HAUUTEIbHBIE OTKIMKU
aKTHUBHOCTH AD Ha BO3JICUCTBHE UMITYJICOB JIEKTPUUYECKOTO TMOJIsl HANpsbKEHHOCTHIO 10 1 kB/Mm (B 83%
ceancoB). [Ipu oTkiMkax akTUBHOCTH AD Bo3pactana B nuarna3oHe 2-40 pa3 mo cpaBHEHUIO C TPEXKPATHBIM
CPEIHEKBAAPATUUECKUM OTKJIIOHEHHEM aKTMBHOCTH JI0 BO3JICHCTBUS, CPEAHEE 3HAUECHUE IIPUPOCTA I10 IIATH
ceancam coctaBwio 27 pa3. llpum HanpsbkeHwsx Hwke 0.9 oT paspymieHus] pa3duus B YIJIOBBIX
ko uImenTax rpadUKOB SHEPreTHYecKoro pacmhpenenenus curaanos AD D mo, Bo Bpems m mocne
BO3/IeiicTBUs He Gonee 25%, TIpH 3TOM JMANa30H SHepruii curuanos AD ne mpesbimaer 10% y.e. Bo
BpeMsi BHEIIHETO BO3JCHCTBUS MpH Harpys3kax, Omm3kux Kk paspymreHuto (K*>0.9), HaOmromaroTcs
CYIIECTBEHHBIE M3MEHEHHs YrioBoro kodpdummenta D 10 mByXx pa3 M cMemenwe rpaduKoB
IHEPreTHYECKOro pacipeieNieHys B IMana3oH 6onbmx suepruii (>10% y.e.).

Pe3ynbraTh! JIOKaIMy MCTOYHUKOB aKyCTOAMHCCHOHHBIX CUTHAIOB (I€(PEKTOB) MOKA3bIBAIOT, UTO B
MIEpUOJ] HArpy3Kd W B TEUCHHE PEJTAKCAIIMOHHOTO CIaja aKTUBHOCTU AD 10 BO3ACHUCTBUS eDEKTHI
mddy3HO pacronokeHsl Mo BceMy o0ObeMmy oOpasia. [Ipu momaue SMeKTPUYECKUX HUMITYIIBCOB YHCIIO
coObITii AD Bo3pactaeT, u Oonblias 0N WCTOYHUKOB KOHIIGHTPHPYETCS B HEKOTOPOH 00IacTu

(“xmacrepe’), KOTopasi SIBISIETCSI 30HOH 3apOXKICHNST MAaTHCTPATGHON TPEIITHEI.
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BeiBoab! 1o riase 4

B cepusix sKkcriepMMeHTOB Ha oOpasiax MpaMopa (BOJOHACBHIIICHHBIX W HEBOJOHACBHIIIEHHBIX) U
rpaHuTa (HEBOJOHACHIIICHHBIX) IPOJEMOHCTPUPOBAHO CYIIECTBEHHOE BIHMSHHE AJICKTPOMArHUTHBIX
BO3/IEHCTBUI HA KMHETUKY Ae(OpMUPOBaHUsA U e(heKTo00pa3oBaHusL

JU1sl BOJIOHACBHIILIEHHBIX O00pa3LioOB Mpamopa, Hapsaay ¢ IpossieHusMu 3ddexra Pebunnepa —
YMEHBIIICHUEM TIpeniesia MPOYHOCTH U Monyinst ympyroctd (FOHra), — Obum OOHapy>KeHBI MPUPOCTHI
CKOpPOCTEH TPOJONBHOM M TMONEpeuHbIX AedopMaliii, a Takke akTHBHOCTH AD 00pasloB Mpamopa.
AMIIUTY 1B IPUPOCTOB CKOpOCTEH edopMarii 1 akTUBHOCTH AD JOCTUTaaM JECSTKOB M COTEH pa3 U
HAOJIOJAIUCh TPU OTHOCHUTEJBHBIX 3HAUCHUSX HanpspkeHuid 0.5 OT paspylleHHs, YTO HMXKE, 4eM i
HEBOJIOHACHIIIICHHBIX 00pa3loB (U1 KOTOphIX 3HaueHue paBHO (.7). B Oonee yeMm MONOBHHE CEAHCOB
U3MEHEHHs1 CKOpocTell nedopmarmii MpOMCXOJUIM OJHOBPEMEHHO B TPOAOIBHOM M TIONEPEYHOM
HaIpaBJICHUU.

OKCIIepHMEHTBI, POBECHHBIE HAa HEBOJOHACKILIIEHHBIX 00pa3liax MpaMopa, UCIIBITAHHBIX B PEXKUME
CTYIIEHYaTOro pocTa Harpy3KH MpoIEMOHCTPUPOBAIIN CIIEAYIOIIME Pe3yIbTaThl. B ceaHcax a1eKTpruueckoro
¥ MarHiTHOTO TIOJICH B TTOJIOBHHE CITy4aeB MPOUCXOIMIIA H3MEHEHUSI CKOPOCTH TPOIOIBHOM JeopManuy B
CpeIIHEM B JIECATKHU pa3. B psine ceaHcoB 0THOBPEMEHHO M3MEHSUTCh CKOPOCTH IIPO/IOIBHOM U MONEPEYHBIX
nepopmarmid. OTKIMKY aKTUBHOCTU aKyCTMUYECKOW 3MUCCHM Ha BO3JEHUCTBUE IEKTPOMArHUTHBIX MOJIEH
MMEITH HEOOJIBIIYIO aMIUTUTY/TY U JUTUTETIEHOCT U HAOJFOIANIMCh B HEOOJIBIIIOM YHCIIE CEAHCOB.

B pesynbrare nccienosanuii, mpoereHHsx B UMCC YpO PAH Ha HEeBOJOHACKHIIIEHHBIX 00pa3max
IpaHHUTa C perucrpauyeil aKkyCTUYeCKOH SMUCCHU B IIECTHMKAHAIBHOM PEXMME U JIOKALMeH MCTOYHHKOB
curHajioB AD, nonydeHo cieayrouiee. Ilpu Harpyskax Beie ypoBHs 0.4 OT paspylieHHss OOHapy>KeHBI
3HAUMTEIbHBIE OTKIMKH AaKTHBHOCTH AD Ha BO3JIEHCTBHE HMITYJBCOB DJIEKTPHUECKOTO  ITOJIS
HarpsHkeHHOCThIO 710 1 kB/M B monapnstonieM OOJNBIIMHCTBE CE€aHCOB. AKTUBHOCTh AD, MHUIMUpYyeMast
AJIIEKTPOBO3/IEHCTBUAMH, Bo3pacTaia B 2-40 pa3 Mo CpaBHEHUIO C TPEXKPAaTHBIM CpPEJHEKBapaTHYECKHM
OTKJIOHEHHEM aKTUBHOCTU AD 110 BO3IEHCTBHSI.

KymynsatuBHble pacrpeneneHus CcurHajioB AD MO YCIOBHBIM  (3JEKTPUYECKMM) 3HEpPIUsSM
OIMCBHIBAIOTCS JIMHEWHOW 3aBUCUMOCTBIO (B JIOTapU(MUYECKUX CIAWHMIAX), AHAJIOTHYHOW 3aKOHY
I'yrenOepra-Puxtepa B ceiicmonorun. Ilpu Harpyskax, ONM3KMX K paspylIeHHIO, B CeaHcax ¢
HIIEKTPUUYECKMMH UMITYJIbCAMH HAOJFOIAt0TCS CYLIECTBEHHBIE OTIIMUMS OT NPEBICTOPUH (JI0 ceaHca) Kak o
yrioBoMy kodddummenty D, Tak 1 o nonoxkennio rpaduka (T.e. AMAMA30HY YHEPTHIA).

Pe3ynbrarhl JoKamy UCTOYHUKOB AD (11e(heKTOB) MOKA3bIBAIOT, YTO B MEPHOJ MPUTPY3KH U JI0
Bo3zeiicTBus feekThl Tuddy3HO paccesHbl MO BceMy o0beMy oOpasua. IIpu mojade snmeKTpuuecKux
HMITYJICOB YHCIIO COOBITHI AD BO3pacTaeT, i OOJIbIIIast 0JIsi HCTOYHUKOB KOHIIGHTPUPYETCS] B HEKOTOPOH
obmactu (“kimactepe”), KoTopasi SIBISETCS 30HOW 3apOKIACHUS MarucTpaibHOM TpenmHbl. [lomydeHHbIe

pe3ysbTaThl MO3BOJISIOT 0OOCHOBATH 3alllMIllaeMble HayuHble ojoxeHus 3, 4 (Beeaenue, ctp. 7).
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O0cyxkaeHne pe3yJbTATOB IKCIIEPUMEHTOB

CpaBHUTENBHBI aHAIM3 PE3yJbTaTOB AKCIEPUMEHTOB, INPOBEAEHHBIX Ha 00paslax Mpamopa,
MOKa3aJl, YTO HauOOJbIIME N0 aMIUIMTY/E MPUPOCTa U3MEHEHHUs CKOpocTell aedopManiuy HabIoIaIuCch B
HKCIEPUMEHTaX Ha BOJOHACHIIICHHBIX O0pa3liax Mpamopa, UCIBITHIBAEMBIX B PEXXHMME HApacTAaIOIICH ¢
IIOCTOSHHOM CKOPOCTBIO HAarpy3kd. OTH M3MEHEHWs MPOMCXOJWIM 4allle, YeM B ciydae oOpa3LoB
€CTECTBCHHOM BJIQ)KHOCTH W IIPM MEHBIIMX 3HAYEHWAX YPOBHA cxkarus. [lo Bcell BHOMMOCTH, 3TO
O0BSICHSIETCS BIMSHUAEM BOJBI, TAKXKE KaK M CHIDKEHHE YPOBHS CXKaTWs, TIPH KOTOPOM OOHApyKHUBAeTCs
«OIIEKTPOYYBCTBUTEILHOCTE» 00PA3I0B. TO CBUACTENBCTBYET B TOJIB3Y TUIIOTE3bI, YTO 3alIOJTHEHUE BOION
HOPO-TPEIIMHHOTO  IIPOCTPAHCTBA ~ CHOCOOCTBYET ~YMEHBLIEHHIO CHJIBI TpeHHs JUIl  OOJerdeHus
MEX3EpPEHHOI0 CKOJIbKeHus. CieayeT OTMETUTb, 4TO BOJAa CIa00d MUHEpAIM3alMd MOXKET BHOCHUTH
CYILIECTBEHHBI! BKJIaJl B JIEKTPUUECKYIO MOJSIPU3ALIUIO, BOSHUKHOBEHUE JIBOMHBIX NIEKTPUUYECKUX CIIOEB,
KOTOpPBIE BO3HHUKAIOT ITPY BHEIIHEM SJICKTPOMArHUTHOM BO3ACHCTBUH, CTUMYIIHPYS (POPMHPOBAHHE HOBBIX
HOBEPXHOCTEH pa3phiBa (CKOIBKEHUS).

Peakiuss mMareprana Ha KOMOMHHPOBAHHOE BO3JICHCTBUE 3JIEKTPUYECKOTO W MAarHUTHOTO MOl
OKa3ajlaCh HaMMEHEE BBIPAKEHHOH B Cllydae HMCIBITAHMHA 0OpasloB MpaMopa €CTECTBEHHOM BIIa’KHOCTH,
JIePOPMUPYEMBIX B YCIOBHSX CTYIEHYATOrO M3MEHEHHs Harpy3Kd. JTO MOXKET OBbITh BBI3BAHO CAMOM
crielupuKoi pexnma (YCIOBHAMM) HarpY>KeHUs], T.K. B POLIECCE KPATKOBPEMEHHOI'O M 3HAUYUTENIBHOIO 10
aMIUTUTY/IE YBEJIMUYEHHs HAarpy3Kd B oOpaslie NMPOUCXOIUT MEPECTPOMKa CTPYKTYpbI, COITPOBOXKIAFOLIASCS
nepepacipeiefieHieM U HOCIeAyIoLel penakcauueil (OJHOM WM YaCTUYHOM) JIOKAJIBHBIX HAIpPSHKEHUH.
JnurenpHas BbiaepxKa (0T 1 10 3 yacoB) 00pa3LoB IOCHE HATPYKEHUS IPUBOJUT K TOMY, UYTO K Hadaly
ceaHcoB DM BO3IEHCTBUS KOJIMUECTBO 30H KOHIIEHTPALIMU HAIIPSHKEHUI MOXKET ObITh 04eHb MasibiM. Kpome
3TOTO, JAXe IPU BHECEHUM JOMOJIHUTENBHON SHEprun OM mosel BO3MOXKHA TaKKe CUTyallysi, YTO JIMIIb
4acTh U3 3THX 30H OKa3bIBACTCS B COCTOSIHUM, SHEPTETUYECKH MTOATOTOBIEHHOM K JaIbHEHIIEH PelaKkCaluy
HAKOIUJICHHBIX HAINpsHKEHUM, KOTOpasi OTpakaeTcs B M3MEHEHusX akThBHOCTH AD u nedopmarmu. [lpu
MEJUIEHHOM (C TOCTOSIHHOM CKOPOCTBIO) HArpY>KEHUH 3TH 30HbI KOHLIEHTPAIMM BO3HUKAIOT MOCTENIEHHO U
Cpa3y B3aMMOJCHCTBYIOT C BHEIIHMM IojeM. bosee Toro, He3HaUMTENBHBIE 10 aMIUIMTYAE IPUPOCTa U
CTOJIb PENKUE OTKIMKHM aKTMBHOCTM AD Ha 2JIEKTPOMAarHUTHOE BO3ACHCTBHE IPU TOM, YTO HW3MEHEHMS
cKopocTed nedopMalii  HAaOMIOAATMCh HAMHOTO 4Yallle, MOTYT OBITh CIEICTBHEM ILIACTUYECKHX
nedopMaryii, MPUCYIIMX MPaMoOpy, B OTJMYHE OT PE3yJIbTaTOB PaHHUX HCCienoBaHui [boroMomnos u p.,
2011], rme ObUIM TONY4YEHBI KOHTPACTHBIE AKYCTOOMHUCCHOHHBIE OTKJIMKH OOpa3lOB TpPAaHUTOB,
IPaHOAMOPUTOB U rabopo.

AHanmm3 pe3ynbTaToB SKCIEPHUMEHTOB, TPOBEICHHBIX Ha oOpasnax rpanuta B UMCC YpO PAH,
MOKa3aJl, YTO IEKTPHUUYECKOE T10JI€ BHI3BIBACT 3HAUUTEIBHOE (B JECATKU pa3) YBEJIMUEHHE aKTUBHOCTH AD,
KOTOpPOE MpH Harpyskax OJM3KUX K pa3pyILCHUIO MPOMCXOUT 3a CUET CUTHAIOB AD ¢ SHEPIrusiMHU, Ha JBa

nopsijika OOJBIINMY, YeM SHEPIHU CUTHATOB AD, 3aperiCTpHPOBAHHBIX B OTCYTCTBUE BO3JeUCTBUA. [Ipn
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OKOJIOpa3pyIIAIONIMX HArpy3Kax oOyard aKyCTHYECKOH SMHUCCHU (IeEKThI) TPU AIIEKTPOBO3ICHCTBHU
KJIaCTepU3yloTcs B oOnactd  (pOpMUpOBaHMSI ~ MaruCTpalbHOTO  paspeiBa. B obmaparomem
[IbE302JIEKTPUUECKUMHM  CBOMCTBAMHM TPAaHUTE C YYETOM IIPOBEICHHBIX pAHEE OLEHOK BO3MYLICHUI
Hanpsokenns (He Gomee 10® or manpsokenmst paspymenms) [3axymuH, 2008], BBI3BAHHOTO BHEIIHMM
JNEKTPUIECKUM ToJieM (¢ HampspkeHHOCThi0 E He Oomee 1 kB/M), MOXKHO 3aKiIFOUMTh, Y4TO OOpATHBIMA
116e309(p(HEKT HUYTOXKHO Mall U HE WIpaeT NMPUHLMIHAIGHON PONM B CTUMYJIMPOBAaHHMM aKTHBHOCTH AD
[Cobones, emun, 1980]. D10 Takxke MOATBEPKIACTCS pe3yIbTaTaMu, IMOJTyYSHHBIMU Ha BOJIOHACBIICHHBIX
o0pasiax Mmpamopa.

[IponeMOHCTPUPOBaHHBIE 3aKOHOMEPHOCTH IMO3BOJISIIOT JIOMYCTUThH IMapauIe/bHbIA, MPaKTUYECKU
COBITQJIAOIMI 110 BPEMEHU PEAM3ALUY, JPYTror MEXaHU3M I'eHepalyy yIpyroro Mo, OIMYAOIMNACS OT
o0parHoro mbe303(ekra, KOTOPBI MOXKET OBITH OIHCAH paHee MpeIokeHHoi B [Bogomolov et al., 2004;
Bogomolov et al., 2004 a] dbeHomeHONIOrMYECKOW MOJENBIO. DTa MOJETb OMNUCHIBACT AJIEKTPHUYECKYIO
MOJISIPU3AIMIO, BO3HUKAIOIIYIO BCJEACTBHE MHAMHYECKUX SIBICHHN, MPOUCXOSIMX BONHM3U YCTHEB
TPELMH MPY UX YJUTHHEHUH, TJIe, KaK U3BECTHO, JOCTUTAIOTCS OTpOMHBIe ycKkopeHus. Hanbonbmmii addexr
IIEKTPOMArHUTHOTO BO3JICMCTBUS, MOJIYYEHHBIM IPU HApacTarOLIeH C ITOCTOSIHHOM CKOPOCTBIO HArpy3KH,
MOXET CIY)KUTb TOATBEPXKICHHEM OJTOM MOJENHM, T.K. TMONSpU3aLUs B TOPHBIX IOPOAaX HUMEEeT
HETIPEPBbIBHBIA XapakTep MO Mepe Bo3pacraHusi Harpysku [AnymkuH, CrnuBak, 2014]. BOomusu yctbs
pacTylieil TpelMHbl CO3Jal0TCSl 3HAUMTENbHBIE TI'PAJMEHTbl HANPSDKEHUM, HEynpyrue (IUIacTUYECKUE)
nedopmay ¥ HakoIUIEHHE OOBEMHOIO 3apsiia U Jp., KOTOpbIe ONPENEISIOT aHOMAJIbHOE MOITIOIIEHNE
AIIEKTPOMAarHUTHOW sHeprun. [Ipu 00pa3zoBaHuyU B MOSIPHU30BAHHOM Marepualie HOBBIX MUKPOTPEIIMH WU
YIUIMHEHHE YK€ MMEIOLIUXCS Ha UX 0OpTax HaKaIIMBAIOTCsl MOBEPXHOCTHBIE 3aps/ibl, M3-3a2 YEro MOXKET
CHIDKATBCS BEIMUKMHA TMOBEPXHOCTHOM sHepruu (mapamerp I'puddurca yef). DNEeKTpOMArHUTHBIC TIOJS, B
YaCTHOCTH, B3aHMHO IEPIEHIUKYIISIPHbIE, BIUSIOT Ha AU Qy3HI0 3apsDKEHHBIX YacTHLL, U, KaK CIEJICTBHE,
Ha TMapaMeTp Yef . B NEpHON CO CHIKEHHBIM 3HAUEHHUEM Yef AKTUBHOCTH AD BO3pacTacT, HO IIOCIE
penaKcaly IUIOTHOCTU 3apsAfoB ATOT MapaMeTp BOCCTAHABIMBACT OObIYHOE 3HAYEHHE M aKTUBHOCTh
BO3Bpaulaercs K ypoBHIO (hoHa. Habmromarenem 3TO BOCHPUMHHMMAETCSl KaK OTKIMK aKTUBHOCTH AD Ha

BHEIITHEE BO3CHCTBHUE.

3aki04enne

TpurrepHoe BiIMAHHE >JIEKTPOMArHUTHBIX MOJEH Ha TMpoLecchl JepOPMUPOBAHMS HA Pa3HBIX
MaclITaOHBIX YPOBHSX (OT CEWCMOTEHEpPUPYIOIINX CTPYKTYp 3E€MHOM KOpbl 1O HCIBITHIBAEMBIX B
7a0b0paTOpHBIX YCIOBUSX OOpa3loB CAaHTHMETPOBBIX pa3MEpOB), YCTAHOBJIEHHOE IO BapHalUsaM
CEHCMHYECKOH, CeHCMOaKyCTUUECKOH U aKyCTOOMUCCHOHHOM aKTHBHOCTH, 00YCIIaBIMBAET HEOOXOIMMOCTD

MOJTy4EeHUS! JOCTOBEPHBIX JJAHHBIX 00 M3MEHEHUSX AeOopMalii B IEPHUOJ] ITUX BapHaLUid.
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[IpoBeneHHoe Mccen0BaHKe MPOLIECCOB Je(opMallii HarpyKeHHbIX 00pa3I[oB MpaMopa 1 TpaHuTa
C BO3ICHCTBHEM DJJICKTPOMATHUTHBIX TIOJNIEH BechMa CIa0OH WHTEHCHUBHOCTH  (HAMPSHKEHHOCTHIO
aNeKTpuyecKkoro monst He Oomee 1 kB/M w wHaykumeld MarHuTHOro mons mopsiaka 4 M)
MPOJIEMOHCTPUPOBATIO BIMSIHUE ATUX TMOJIEH Ha CKOPOCTh Ae(OPMUPOBAHHS YKa3aHHBIX MAaTepUasIoB.
YcTaHoBJIEHO, YTO KOMOMHHUPOBAHHOE BO3/ICHCTBHE AIIEKTPUYECKOr0 M MAarHUTHOTO TOJIEH, KaK MpaBuJIo,
BBI3bIBAECT CHHXPOHHBIC M3MEHEHHSI CKOPOCTEH IMPOJOJIBHOW M TOMEPeYHbIX JedopMaliii 1 aKTUBHOCTH
AKYCTHUYECKOH SMUCCHM 00pa3liOB MPaMopa, UCHBITHIBAEMBIX B pexuMe (PMKCUPOBAHHOM M HapacTarolen
Harpy3ku. KparkoBpeMeHHbIH pocT akTUBHOCTH AD 00pa3loB MpaMopa MOXKeET ObITb Oojee uem
CTOKpaTHbIM U HE MpPEIIIECTBOBATh paspylieHHio. B oOpasnax rpanuta npu (UKCUPOBAHHOM YpPOBHE
HArpy3KH 3JIEKTPUYECKOE T10JI€ CTUMYJIHPYET YBEIMUCHHE KOJIMYECTBA CUTHAJIOB aKyCTHUYECKOH SMHCCHU B
JIECSITKH Pa3 10 CPaBHEHHIO ¢ (JOHOBBIM YPOBHEM 10 Bo3aencTBys. [Ipy yBenmmuennn HanpsbkeHus Boiie 0.9
OT pa3pylleHus] IPUPOCTHI aKTUBHOCTH AD B 00pasliax IpaHUTa MPOUCXOMAAT 32 CYET CUTHAIIOB, SHEPTUH
KOTOPBIX Ha JiBa MOpPSAKa MPEBBINAIOT SHEPIUM CUTHAJIOB, 3apErMCTPUPOBAHHBIX B MEPHOABI 0e3
DIIEKTPOBO3ICHCTBUS, TPU 3aMETHOM YMEHBIICHHH YIioBoro kodgguuumenra (b-value) rpadukos
SHEPreTUYECKOro pacrpefiesieHnss CUTHAIOB AD. B sKcmeprMeHTe C JIOKAlMeW OYaroB aKyCTHYeCKOU
smuccuu (1e)eKTOB) MOMYyUYEHO, YTO Ha cTraauu AudQy3HOro (paccperoTOYeHHOr0) HaKOIIeHUs Ae(heKTOB
BO3JICUCTBUE AIIEKTPUYECKOTO TMOJsI MPUBOAUT K TepepaclipefeieHHI0 M KiacTepusaluu J1e(ekToB B

o0pa3iie rpaHuTa B 00JIaCTH OYIyIIer0 MaKpopa3phiBa.

[Tonmy4yeHnsle B JpicCEpTAIIMOHHON paboTe pe3ysbTaThl COTIACYIOTCS C paHee MPEIOKEHHON B
[Bogomolov et al., 2004; Bogomolov et al., 2004 a] ¢peHOMEHOIOTUYECKONH MOENBIO, OIMUCHIBAIOIICH
BO3HUKHOBEHHUE DJIEKTPUYECKOM TOJSApU3ALUM BCJIEACTBUE NUHAMUYECKHX SIBICHHUM, NPOMCXOIAIIUX B
YCThSIX TPELMH NPU UX YUIMHEHHUH, I71e, KaK U3BECTHO, JOCTUTAlOTCs OrPOMHBIE ycKopeHust. Hanbonbrmmii
3pPEKT AIEKTPOMArHUTHOTO BO3/IEHCTBHUS, TOMYYEHHBIA MPH HAPACTAIONICH C TMOCTOSHHOW CKOPOCTBHIO
Harpy3Ky, MOXKET CIY>KUTb MOJATBEPXKJIEHUEM 3TOM MOJENM, T.K. MOJSIPU3ALMs B TOPHBIX MOpOJax MMEET
HEMPEPBIBHBIA XapakTep MO Mepe Bo3pacTanusi Harpysku [AmymkuH, CrmBak, 2014]. Obpa3oBanue B
Marepuajge HOBBIX MHKPOTPELMH WIM YIJIMHEHHE YK€ HMEIOUMXCA NPUBOIUT K BO3HUKHOBEHMIO
Pa3HOMMEHHBIX 3apsA/0B Ha MX Ooprax. BOmm3m ycTesi pacTymieid TpeluHbl CO3Jal0TCsl 3HAYUTEbHbBIE
IpaJieHTh] HAPsDKEHUH, Heynpyrue (M1acTudeckue) neopmMaluy 1 HakoIuieHHe 0OBEeMHOT0 3apsiia U Jip.,
KOTOpbIE ONPENIENIIOT aHOMAJILHOE TOIJIOIIEHUE 3JIEKTPOMAarHUTHOM SHepruu. B koHewHoM cuete (M3-3a
CTpeMJIeHHs K PacTaJKMBAaHUIO OOBEMHBIX 3aps/IOB), 3TO JODKHO NMPHUBOAUTH K YBEIMUYEHHIO CKOPOCTH
IJIACTUYECKON JedopMaluy, a He TOJMBKO K TE€HEpalMy YIPYrHX CHIHAJOB (aKyCTHYECKOM SMHCCHM).
HaGmofgaemplii  BBHICOKMI ypOBEHb MPUPOCTOB AKTUBHOCTH AD MOXET CIY)KUTh IOATBEPKIECHUEM
MPUMEHMMOCTH 3TON MOJIENH K MOTYYEHHBIM B JJa0OpaTOPHBIX SKCIIEpUMEHTaxX pe3ysibTataM. Bmecte ¢ Tem,
BO3MO)KEH HEKOTOPBI BKJIaJ MarHUTOILIACTUUECKOTrO 3(deKTa, B OCOOCHHOCTH MPU HAIPSHKEHUSIX HIDKE

0.7 ot ypoBHs pa3pymieHus. Ha 370 MOryT KOCBEHHO yKa3bIBaTh M3MEHEHHUS! CKOpocTell aedopMany npu
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MPAKTUYECKH TOJTHOM OTCYTCTBHHM MPHU 3TOM IMPUPOCTOB aKTMBHOCTH AD B ceaHcaX 3JIEKTPOMAarHUTHOTO
BO3ZeHicTBMS Ha  oOpasuax Mpamopa TpH  (HUKCHPOBAHHOM  ypOBHE  Harpysku. OdheKTs
MarHUTOIUIACTUYHOCTH, 110 BCEH BUAMMOCTH, NPOSBIIAIOTCS B MEPHOJ 33I€P>KKH AKTUBALMH aKyCTUUECKOU
SMUCCUM M W3MEHEHUH CKOpocTel nedopMalui Ha HU3IIMX CTPYKTYPHBIX ypoBHsX [boromonos u mp.,
2006]. ITomy4yeHHBIC pe3yIbTaThl TOATBEPKIAIOT paHee OOHapyeHHbIE 2(P(EKThI aKTHBAIIUN aKyCTUIECKON
SMHUCCHU W JOIMOJHSIOTCS HOBBIMH CBEICHUSIMA — 3aKOHOMEPHOCTSMHM HM3MEHEHWH Jedopmanmu mpu

BO3CHCTBUU JIEKTPOMATHUTHBIX MOJIEH.
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