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B macTosimieit paboTe M3I0KEHBI Pe3yIbTaThl SKCIEPUMEHTAIBHOW anmpoOaIun
MPEATIOKEHHBIX ~ aBTOPaMH  METOJIOB  CEMCMOAKyCTHYECKOTO  OOHApyKEHHS
MO/IMTOBEPXHOCTHBIX HEOJHOPOAHOCTEH. Mest MeTo10B OCHOBaHA HA HAIMYUU TaK
Ha3bIBACMBbIX YCTaHOBOYHBIX PE30HAHCOB O6’beKTOB, 3aBUCAIIINX oT
reOMETPUUYECKUX U (PUBUYECKUX XapaKTEPUCTHK CAMON HEOAHOPOIHOCTH, a TaKXKe
OT XapakTepHUCTUK BMEIIAIOIIEr0 €€ TpyHTa. Bo30OyxkIeHue pe30HAHCHBIX
KojeOaHui BO3MOXHO pa3NIWyHbIMU MmyTsAMU. B pabote paccMoTpeHo nBa
TEXHUYECKH  peanu3yeMblX  cmocoba  BO30OYXKIEHUS  HEOJHOPOIHOCTH:
aKyCTUYECKOW BOJHOM ¥  BUOpPATOpoM. OKCIEPUMEHTAIBHO  IOJYYEHBI
aMIUTUTYAHO-YaCTOTHBIC XapaKTEPUCTHKH KOJeOaHHH IMOBEPXHOCTU PA3TUYHBIX
TUIIOB TPYHTOB MPHU HAJIWYUHM B HUX JIOKATbHBIX HEOAHOPOJHOCTEH M pacCMOTPEH
Croco0 KOHTAaKTHOTO cheMa KoJIeOaHUil TPYHTA C MOABHUKHOTO HOCUTEISL.

KnioueBble  cioBa:  ympyrue — Mois, — BUOPOMCTOYHMK,  JIOKaJbHas
HEOIHOPOJHOCTh, 0OHAPYKCHHE.

BBEJEHUE

[Torck MOAMOBEPXHOCTHBIX HEOJHOPOAHOCTEH, B KayecTBE KOTOPHIX MOTYT BBICTYHaTh
MpEeIMEThl apXEOJOTUH, BalyHbI, HEPA30PBABUIMECS CHAPSbI U T. 1., SBJISETCS aKTyaJlbHOMN
3ajaueil B Pa3NMYHBIX 00JIacTAX HayKd U TeXHUKU. CyIIEeCTBYeT MHOXKECTBO METOJOB U
MOJIXOJI0B K PEIleHUI0 yKazaHHOW 3amaun. K coxaneHuio, Bce OHU MMEIOT OTpaHUYEHUs B
cBoeM mnpuMeHeHHH. [loaToMy MHOTHE uCCIeqoBaTeNu BUAST BBIXOJ B KOMIUIEKCHOM
WCITOJIb30BAaHNN (PU3UYECKUX TIOJICH pasIuyHOW mpupoabl. B manHo# paboTe B KadecTBe
BCIIOMOTaTeIbHOTO MeToaa npearaeTcs UCIIOJIb30BaTh yhapyrue BOJIHBI,
pachpoCTpaHsIOIIUecs 1O BO3AYXY M IPOHUKAIOIIME B IPYHT, a TaKke BO30yXJaeMble B
TpyHTE pa3IMYHBIMH MOBEPXHOCTHBIMM HCTOYHUKaMU. VX B3aumonelcTBHE C OOBEKTOM
MoMcKa TPUBOAUT K €ro XapakTepHbIM KoJeOaHUSM MO3BOJIAIONIUM IPOU3BOJIUTH
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uneHTuukamuioo mend. IlpemmoxeHHsrii  meton [1] MBI Ha3Baaum  PE30HAHCHBIM
CEeCMOaKyCTUUECKUM. SIBIICHMS, JIeKAIllME B €r0 OCHOBE, M3BECTHBI B ceilcMonorun [2—4].
Tak B psige paboT 10 U3MEPUTENTHHON CEWCMOJIOTHH [5] yKa3bIBaeTCA Ha HEXEIATeIbHBIN IS
uccienoBareneil pakT U3MEHEHUs aMIUTUTYIHO-YaCTOTHBIX XapakTepucTuk (AUX) matumkoB
IpY X TOCTaHOBKE Ha rpyHT. Ilpu aTom popma AUX 3aBHCHUT OT CBONCTB IpyHTa U, TJIaBHOE,
oT (GOpPMBI M MAacCChl CAMOTO MPUEMHHKA. AHATOTHYHBIMH CBOMCTBAMH JIOJDKHBI O0JIa/IaTh
T00BIe HEOHOPOIHOCTH, HAXOMSIINECsS HA TMOBEPXHOCTH WU BHEAPEHHBIC B CIION 3EMIIH.
[IpenBaputenbHo n3mepuB AUX 11e51eBbIX OOBEKTOB B PA3IMUHBIX YCIOBUSAX UX pa3MEIICHUS
MOKHO TIOCTPOUTH CHUCTEMY OOHapyxkeHus. Peanuzanus 3Toil maeu TpedyeT pa3pabOTKu
METOJIOB BO30Y:KJIeHUsI KoeOaHi 3ariayOeHHbIX OOBEKTOB, a TAKXKE CO3JaHHs CXEM CheMa
AUX ux kosmebaHuM.

1. OIMMCAHUE METOJA TIOMCKA JIOKAJIBHOW HEOJHOPOJHOCTH C

NCTIOJIbB3OBAHUEM AKYCTUYECKOI'O UICTOYHUKA

TexHuueckass peajaus3alus CIOCOO0B BO30YXAEHUS KOJIOAHWH TIpyHTa Mpearnosiaraer
MHOI'0 BapHaHTOB. MBI paccCMOTpPUM JBa HauOosee MPOCThIX C TOUYKH 3PEHUS TEXHHUYECKOTO
UCIIOJIb30BaHUSI — 3TO WHUIMHMPOBAaHUE BUOpAIMM OOBEKTa aKyCTHUYECKUM M3JIydaTeleM U
BUOpoUCTOYHUKOM. CbhbeM KoyleOaHHUM OCYLIECTBISETCd C MOBEpXHOCTH 3emiuu. Crienyer
OTMETHTb, YTO TPU ITOM KOJICOAHUS MOBEPXHOCTH IPYHTA, XOTS U HE COOTBETCTBYIOT B
TOYHOCTH KOJICOAHUSAM Iiesiel, HO B TOM WJIM WHOW CTENEHM OTPa)xkaloT MX OCOOEHHOCTH,
JOCTaTOYHBIE I IPUHATHS peleHus 00 0OHapy KEeHHH.

PaccmoTtpum Oosnee moapoOHO SIBICHMS, MPOUCXOASIINE B TPYHTE NPU pa3MEIICHUU B
HPUIIOBEPXHOCTHOM CJIO€ KaKOH-JIMOO JOKaiabHON HeoaHopoaHocTu (cM. puc. 1). Cam ¢dakr
YCTaHOBKM OOBEKTa MPUBOJUT K H3MEHEHHIO MEXaHWYECKMX I[apaMeTpoB TIpyHTa M3-3a
paspbixieHus nmouBsl. Kpome Toro, MexaHuueckre XapakTepuCTUKU OOBEKTa U IPYHTa TaKxKe
OTJIMYAIOTCS MEXIy COOO0M, cienoBaTenbHO, NPU aKyCTMYECKOM BO30YXKAECHUU KOJIeOaHUs
HEOJHOPOAHOCTH W TIpyHTa OyAyT OTIMYAThCAd MO  CHEKTPaIbHO-AMIUIMTYIHBIM
XapakTepucTukaM. B oOmieM ciydae MOXHO TOBOPUTh O HAJIWYMM JABYX KoJeOaTelbHBIX
CHCTEM CO CBOUMH PE30HAHCHBIMHU YaCTOTAMHU.

- 3
T Puc. 1.
F’ﬂ ----- :
B Meroarka npoBeICHHS UCIIBITAHUM C
-
e 77 HCIIOJb30BAHUEM aKyCTHUYECKOIO UICTOUHUKA

$

Jist mpoBepky GU3NUECKUX MPENTON0KEHUN ObUIH TIPOBEICHBI HATYPHBIE U3MEPEHUSI.

B skcnepuMeHTE HM3KOYaCTOTHBIM I'POMKOIOBOPUTEIb M3Jydald 3BYKOBOM CHUIHAI B
nosoce 20...300 I'n. KoneGanust rpyHTa perucTpupoBaIUCh TaTYUKOM CKOPOCTH CMELICHHUS
CB-10L], ycTaHOBJIEHHOM Ha TIOBEPXHOCTH TPYHTA, 3aTeM IPeoOpa3OBBHIBAINUCH B
AIIEKTPUYECKUI CHUTHAJ, KOTOPBIA TOJBEpraicsi CIeKTpajdbHOH obOpaborke. Ha puc. 2
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npuBenaeHbl AUX koneOGaHuii MOBEpXHOCTH TpyHTa (KpuBbie 1, 2, 3), MOJydYEHHBIC TPHU
YCTaHOBKE OJTHOM U TOM € HEOJHOPOJHOCTH B Pa3HbI€ TUILI TPyHTOB. [0 BepTHKanbHOU OCH
OTJIO’)KEHBl ~ BEJIMYMHBI AJIEKTPUYECKOTO HAMPSIKEHHs, MPOMOPLHOHAIBHOIO CKOPOCTH
cMmerieHus rpyHTa. COBOKYMHOCTb OCTaIbHBIX KPUBBIX (4) OTBEYAEeT OTKIUKY CEHCMHUYECKOTO
JaTYMKa, YCTAHOBJICHHOI'O Ha HEB3PBIXJIEHHBIN IPYHT 0€3 HEOAHOPOAHOCTH.

740

Puc. 2. Pe3oHaHCHBIE KPUBBIE CEMICMUYECKOTO CUTHAJIA, PUHSITOTO HaJT
HEOJJHOPOAHOCTBIO ISl TPEX TUIIOB ITPYHTOB.
1 — mecok, 2 — CyIIIMHOK (CyXo#), 3 — cynech (BIaKHBIN),
4 — MaTepuKOBBIN TPYHT

AHanu3 NpuBEIEHHBIX aMIUIUTYIHO-YACTOTHBIX XapaKTEPUCTHK KoyieOaHUIl MOBEPXHOCTH
TPYHTOB IO3BOJIIET CAENaTh CIEAYIOUIME BBIBOABI. Bce 3TH XapaKTepUCTHKU OKa3bIBAIOTCS
YYBCTBUTEJIbHBIMU K M3MEHEHHMIO MEXaHMYECKHX CBOMCTB TIpyHTa. B  oTcyTcTBUUM
HEOJTHOPOJHOCTH Ha BBIXOJI€ PETUCTPUPYIOIIETO CEHCMUUECKOro AaTyuKa, TOMEUIEHHOTO Ha
HEHApYIICHHbIM TPYyHT, HaOMroAaercs cialblii CUTHAN MPAKTUYECKH HE MEHSIOIIUN CBOIO
BEJIMUMHY TMPU M3MEHEHUHU YacTOThl aKyCTHYECKOro MCTOYHMKA. Hamuuue BBIPHITON SIMKU U
BCKOIMIAHHOTO TPyHTa MPHUBOJIUT K TOSBICHUIO SIPKO BBIPAKEHHBIX PE30HAHCHBIX KPUBBIX,
COOTBETCTBYIOIIUX KOJEOAaHUSM MacChl M3MEIbUYEHHOTO TPyHTa U HEOJHOPOAHOCTH. Tak
KpuBas 3 MMeeT JBa XOpOIIO HaOJI0IaeMbIX pPE30HAHCA, a JJisi KpUBOM 2 00a pe3oHaHca
MPAKTUUYECKH COBNAAAIOT. Takoe TMOBEJEHUE CIEKTPAIbHBIX KpPUBBIX COTJIaCyeTcs C
pUBEIEHHON BbIlIe (u3nueckoil Mozenbio. COOTHOIICHHWE CUTHAI/IIyM H3MEHSETCS MpHU
aToM oT 8 10 15 b, 4TO MO3BOJIsET yBEPEHHO OOHAPYKUBATH HEOTHOPOIHOCTD.

Jns  mpakTudyecko peanu3allid  MOOMJIBHBIX TOJBHKHBIX CHCTEM OOHapy>KeHUs
HEOOXOJAMMO OCYIIECTBIIATh OCCKOHTAKTHBIM CheM KOJIeOaHM C MOBEPXHOCTH TpyHTa. B
HACTOsIIEe BpEMS B JIUTEPAType PacCMaTPUBAIOTCS BO3MOXKHOCTU TaKOrO ChbeMa C MOMOIIbIO
JOTJIEPOBCKUX Paguo M ONTHYeCKHX cucreM. OJHAaKO OCYIIECTBIEHHE TaKOro CheMa C
MOJABMKHOTO HOCHUTENSI BCTPEYAET MLENbId pAn TpyAHOCTEH. B TO ke Bpemsi BO3MOKHA
peanu3anysi KOHTAaKTHOTO CheMa KoJieOaHHHl C MOABM)KHOTO HOCHUTENS IYyTEM pa3MeIIeHUS
BUOpPALIMOHHOTO JJaTUYMKA HA OCH KOJeca.
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[Ipu peanuzanuy KOHTAaKTHOTO YCTPOMCTBa HEOOXOJUMO PEIINTh 3a7aud YMEHBLICHHS
BUOpPALIMOHHOTO IIyMa, CO3/1aBa€MOT0 NpU BpAIlEHWH OCH KOjeca, a TaKXkKe IOMEXH,
BO3HUKAIOIIEH B  Tpolecce  JBMKEHHs  Kojeca IO  HEPOBHOW  IMOBEPXHOCTH.
DKcrnepuMeHTallbHasl anpobanusi MeTosa Obula MpoBeAeHa B JTAOOPATOPHBIX YCIOBUSIX MPHU
OTCYTCTBHUM HEPOBHOCTEW TpyHTa. Pe3ynbTaThl 5SKCIEpUMEHTa B BHUJE TEKylUIEH
CHEKTPOrpaMMbl BUOPAIIMOHHOTO CUTHAJA MPHUBEAEHBI Ha pHcC. 3. 31eCh MO OCH ) OTJIOKEHBI
3Ha4YeHMs HaOI0JaeMO YacTOThI, a [0 OCH X TEKYyIlee BpeMs, IPKOCTh OTPaKaeT aMILUIUTY 1y
YaCTOTHOW COCTABJISAIOILIEH.

Frequency (Hz)

569 4.7
Time

Puc. 3. Texymas cnekTporpaMMa HOpMUPOBAHHOT'O CUTHANA, IPUHATOIO JaTYMKOM Ha OCH
KoJieca IIPH €ro IBHKEHUHU

Koneco nepememaercsi mo MOBEPXHOCTU I'PyHTA, OJHOBPEMEHHO C 3TUM IIPOU3BOJIUTCS
JUCTAHLIMOHHOE O3BYyYHMBAaHUE TpyHTa AaKyCTUYECKUM U3JIydaTesleM, HOPMHUPOBAHHBIN
AIIEKTPUYECKHI CHUTHAJ C JaTydka B pealbHOM MaclTade BpeMeHH oOpabaTbiBaeTcs
KOMIIBIOTEPOM. VICTMHHOE MECTONOIOKEHHE HEOIHOPOJHOCTH YKa3aHO CTpenkou. Jlns
OTpeNeNIeHUs]  TMEPCIEeKTUBHOCTH  3TOTO0  HANpAaBJICHUS  HEOOXOOUMO  JajibHeiIee
MPOJOJKEHUE UCCIEAOBAHUMN.

Bo30yxnenne koneOaHUH MEXaHHYECKOH CHCTeMBbl HEOAHOPOJHOCTH-TPYHT MOKHO
OCYILECTBIISATh U CEMCMMYECKOW BOJIHOM IOBEPXHOCTHOTO TUIA. B 3TOM Cilyyae MCTOYHHK

CelCMHUYECKOro CUTHalla pasMeacTCAa Ha HCKOTOPOM YAAJICHHUU OT ITPUCMHUKA.

2. OIIMCAHUE METOJA TIOMCKA JIOKAJIBHOM HEOJHOPOHOCTH C

NCIIOJIbB3OBAHUEM BUBPAITMOHHOT'O UICTOYHHUKA

Kak otmedanoch, mpakTuuecku yIOOHBIM CIIOCOOOM BO30YKICHHs KOJeOaHUW TPYHTa C
BHE/JIPEHHON B HEro HEOJHOPOAHOCTBIO  SBJISIETCS  [MOCTAHOBKA — M3JIydaTess ¢
nepecTpauBaeMoOil 4aCTOTOH Ha TOBEPXHOCTH TrpyHTa. llpuHIMNI paboTBl TaKoro
OoOHapy>KuTeNsi OCHOBAaH Ha TOM, 4TO (hopMa CHEKTPalIbHOM KpHBOW KojeOaHMI BuOpaTopa
3aBUCUT OT MEXaHMYECKHX CBOMCTB IpyHTa M PE30HAHCHBIX YacTOT IMOMEIIEHHON B IpyHTE
HeogHopoaHocTH [1]. Ha puc. 4 npuBeaeHa CTpyKTypHasi cXxema MpOBEAECHUS! UCIIBITAHUH O
METOAy CEMCMHYECKOr0 MCTOYHHMKA, a Ha pHUC. S MPEICTaBICHbl XapaKTEpHbIE CIEKTPHI
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BUOPAIMOHHOTO CHUTHAJIa, TMPUHUMAEMOTO Ha W3JIydaTele s pa3IdYHBIX YCIOBHI
BO30OYXKICHHUS.

OCOOCHHOCTBIO CXEMBI, MPECTABICHHON Ha pHC. 4, SBIACTCS PACIOIOKEHNE MPUEMHOTO
JaTyriKa 2 Ha BUOpAIIMOHHOM HCTOYHWKE 1. B 3TOM ciiyyae BIMsSHHE TBEpPIOW Cpembl,
OKa3bIBAEMOE Ha HM3JTy4YarolIHe MapaMeTpbl UCTOYHHUKA, OTPAKAETCS MPUEMHUKOM 2 B BHJEC
CIIEKTPATbHBIX U aMIUTUTYTHBIX XapaKTEPUCTUK €T0 KOJIeOaHUHA.

2 Touxka perucrpauuu

Puc. 4. Cxema ucnbiTanuii: 1 — BUOPOUCTOUHUK, 2 — NMPUEMHHK, 3 — 3aJal0LIHi
TEHEpaTOp U YCUIMTEIb MOLIHOCTH, 4 — NPEABAPUTEIbHBIA yCHUINTENb CUTHAJIA C
IIPUEMHHUKA, 5 — MEPCOHANIBHBIN KOMIIbIOTEP, H — HEOqHOPOAHOCTH

A, OTH. EX

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

J | FTo
400

=

Puc. 5. AUX Bubpouctounnka CB-10L] ans pa3nuuHbIX yCIOBHIA:
| — Ha HeHapyILLIEHHOM I'PyHTE, 2 — Ha JIHE BBIKONIAHHOW SIMbI, 3 — Ha IPUCHITAHHOM SME,
4 — Ha siMe, B KOTOPYIO [TIOMEILIEHA HEOJHOPOIHOCTh

Kak cnegyer u3 aHanm3a KpUBBIX, IPUBEACHHBIX HA PUC. S, UMEET MECTO CYILIECTBEHHOE
M3MEHEHUE PE30HAHCHBIX YacTOT M JOOPOTHOCTEH KoJieOaHWUW B 3aBHCHMOCTH OT CBOWCTB
cpeabl U JIOKaJbHOW HEOAHOPOJHOCTH. AHAINU3 JAPYTUX SKCIEPUMEHTAIBHBIX JaHHBIX
MOKa3aJl, YTO BJIMSIHUE HEOJHOPOJHOCTH WIIM JIOKAJIBHOTO HAapYyIIEHUsI CTPYKTYphbl TPyHTa Ha
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YACTOTHBIC XapAKTEPUCTUKU KoJieOaHUN BUOpaTopa OBICTPO CHAAACT C YIAAJICHHEM OT TOYKH

pacmojio’)keHusi O0beKTa ToMcKa W Ha paccTosHUsIX Oonee uvem 30 cM  cTaHOBHUTCA

HECYHICCTBCHHBIM.

Takum 00pa3oMm, TOKa3aHO, YTO CEHCMUYECKHE W aKyCTHYECKHE DPE30HAHCHBIC METOJIbI

MOTY 3(h()EKTUBHO MCIOJIB30BATHCS KaK ISl OOHAPYIKEHUS, TaK U JUIS KJIacCU(UKAIIUU THIIA

HeOoHOPOAHOCTH. ClenyeT OTMETUTD, YTO MPEJI0KEHHBIN METOJ] MOYKET OBITh MCIIOJIb30BaH

KaK CaMOCTOSITENIbHO, TaK M KaK BCIIOMOTATENbHBIA MpPHU JIPYTUX METOAAaX OOHapyKEHHS

HGOI[HOpOI[HOCTCﬁ — WHAYKTHUBHBIX, 3JICKTPOMArHUTHBLIX U T. II.
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