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[lpuBeneHo  KpaTkoe  OMHCAaHUE  HEOOBIYHOTO  (PU3UYECKOTO  SIBJICHUSI.
MexaHu4eckoe HarpykeHUe MeTallla BMECTE C YJIbTPa3ByKOBBIM BO3JICHCTBHEM, B
HEKOTOPBIX CITydasiX, MPUBOJUT K WU3MEHEHHIO IMOBEPXHOCTHOHW IMPOBOJUMOCTH C
YaCTOTOHM YJIbTPa3ByKa. Y CIOBHEM pEaln3allid HEOOBIYHBIX PE3yJbTATOB SIBISICTCS
HAJIMYME AKTHBHBIX NE(EKTOB, BBIABISEMBIX METOJAMH aKyCTUYECKOH SMHUCCHHU.
3HauynTeNbHbIe KOA(POUIMEHTH NpeoOpa3oBaHUsl YJIbTpa3Byka B HM3MEHEHUS
MOBEepXHOCTHOM TipoBoguMocTH, Ha 20...36 n1b BhIIe MOPOrOBBIX IO IIyMY,
MO3BOJISIIOT TIOCTPOUTh M IUPOKO HCIOJIB30BAaTh JUCTAHIMOHHBIN WHIUKATOP
akTuBHBIX AedekToB (JIMAJ]) ¢ ucnonp3oBanuem CBY mos.

KiroueBble ciioBa: yabTpa3BYK, IIOBEpXHOCTHAs poBoauMocTb, CBY cencop.

BBEJEHUE

Heckonbko ner Hazaxg corpyaHukud Tomckoro IlonurexHuueckoro YHHUBEpcUTETa
BBIMOJIHSJIM  Pa0OTHl 110  ONPEJCIICHUIO MMapaMeTpoB aKycTudeckoir smuccuu (AD)
nucTaHionHo, ¢ momomnpio CBY moms wacroter 9,8 m 28ITw [1]. B mpormecce
UCCJIEIOBAaHUM OBLJIO MOCTPOEHO M MCIBITAHO HECKOJIbKO JaboparopHbix MakeroB CBY
CEHCOpPOB yJIbTpa3ByKa. VcnbITaHus IPOBOJWINCH Ha Pa3pbIBHBIX MAIIMHAX ¢ oOpa3lamu U3
cramu Mapku Ct45. TlomydeHHbIe pe3yabTaThl ObUTH OGOPMIIEHBI B BUJE OTYETOB, YacTh U3
HHX OMyOJrKOoBaHa [2].

[anHast craThs SBISETCS KpPAaTKUM OIMCAHMEM IIPOBEIEHHBIX HCCieqoBaHUM. bblio
3aMEUeHO, YTO COBMECTHOE MPUMCHEHHE MEXaHWYECKOW Harpy3kd (pacTsDKCHHE) W BOJIH
yJIbTpa3ByKa B HEKOTOPBIX CIydasx MPUBOAUT K PE3KOMY YBEIMUEHUIO UYBCTBUTEIHHOCTHU
CBUY cencopa, perucTpupyroIiero CreKTpaabHbIe COCTABIISIIONINE yIbTpa3ByKa. B 0ObIYHBIX
YCIIOBUSIX PETUCTpalMsl yJIbTPa3ByKOBBIX BOJH Ha moBepxHocTu Mmerauia CBY cencopom
NPaKTUYECKH HEBO3MOXKHA. AMIUIMTYJA YNPYTHX KOJEOaHWH KPUCTAUTMYECKOH perIeTKu
(momepedHbie KOJI€OAHMUS) JOIDKHA COCTABISTh HECKOJIBKO JECATKOB MUKPOH, YTOOBI MOXKHO
obu10 00HapyxuTh uX ¢ momoinsio CBY mons (10...40 I'Tu). Ho npu Takux amruiuTtyaax
yIBTPa3BYKOBBIX KOJIEOaHHWH TPOHMCXOIUT OBICTpOE paspylleHHe MeTaia. be3ycloBHO,
MOHO PErHCTPUPOBAThH yMpyrue kKoneOanus menbiierd ammintyasl (1...10 HaHOMeTpoB) ¢
nomompio  Jazepa. OpHako OOHApy>KEHHOE aBTOpPAaMH  SIBJICHME —  WHIUKAIMS
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yIBTPa3BYKOBBIX KoyieOaHuii moBepxHocTH amiumatyaoi 40...60 aarctpem CBY cencopom
gacToThl 10 I'T'1 MOXHO cUMTATh HEOOBIYHBIM COOBITHEM, KOTOPOE U3MEHUIIO MPEICTaBICHUE
aBTOPOB O BO3MOMKHOCTSIX METOJA JUCTAaHIIMOHHOTO KOHTPOJISL CKpPBITHIX Je(dEKTOB
METAJNTMYECKUX JEeTalel U KOHCTPYKIUH.

OIIMCAHHME OBHAPYXEHHOI'O ABJIEHWA

OCHOBHBIM TPUOOPOM, HCIIOJIB3YEMBIM aBTOpAaMH JJIsi JUCTAHIIMOHHOW pETUCTPAIUH
(MHOMKAMK) SIMHUYHBIX aKTOB aKyCTHYECKOW SMHCCHU ObLT mpuOOp Ha OCHOBE pajapa
Homnepa. Bo Bpemst wuccienoBaHuif, TOCTPOCHHBIM aBTOpaMH pajap pacrojaraics
HEepIEHIUKYJIIPHO UCTIBITHIBAEMOM MOBEpXHOCTH oOpa3sua Ha paccrostHuu 140...180 mm. Cam
oOpasel] MJaBHO pAcTATMBAJICS pPAa3pbIBHOM MalIMHON, NpUYeM, B OTJIMYME OT METoAa
aKyCTU4eCKol smuccuu, oOpasenl MOABEprajcs JONOJHUTENIbHOMY  BO3JCHCTBHIO
yabTpa3Byka. VICTOYHMK ynbTpa3Byka (OZHOW WM [BYX 4YacTOT) Urpal pojb HMHUTATOpa
yJIBTPa3BYKOBBIX KOJICOaHUH, BbI3BAHHBIX aKTaMU aKyCTHYECKOM sMHccUM. Takas METoAMKa
oOHapy’KeHHs] OJUHOYHBIX CUTHAJIOB aKyCTHMUECKOW 3MHUCCHU HE SBISETCA MICAbHOU, HO
MMEHHO OHa [T03BOJINIIa OOHAPYKUTh HOBOE (PU3MUECKOE SIBJICHHUE.

Bo Bpewmst ucnibITaHuit ObII0 BBISIBJICHO aHOMAJIbHOE yBEJIHUeHUe dyBcTBUTEIbHOCTH CBY
CeHcopa K MMUTAIlMOHHOMY CHTHally yJIbTpa3ByKa. VcnblTaHMS NPOBOJMINCH HA pa3pbIBHON
Mamiae ¢ MakcumansHbiM yermueMm 10 tonn (100 kH). J[ns mpoBepkH 4yBCTBUTEIBHOCTH
CBY cencopa uactotel 9,8 u 28 [T metamnnueckas MOBEPXHOCTh CTaJbHOW TMIACTHHBI
(3x45x450 MmM) B030YKmanach YJIbTPa3BYKOBO# BOJHOW 4yacTOThl 44 KI'I, MOIIHOCTHIO HE
6onee 5 Br. Jlo Hauana ucnbiTanuii ¢ Beixoga CBY ceHcopa He ynaBanoch perucTpupoBaTh
KaKoi-Ti00 YpOBEHb CUTHAJIOB YaCTOTHI YJIbTPa3ByKa Ha dKpaHe aHanm3artopa crekrpa CK4-
49. Tlpu Harpy3kax OJM3KHX K IDIACTHYECKUM Je(opMammsM PEerUCTPHPOBAIOCH PE3KOE
YBEIIMYCHUE YPOBHS MOJIE3HOTO CHTHala, KoTopklid nocturan 20...26 nb Hag ypoBHeM mryma.
[lpyuem Ha MakCUMyMe MEXaHMUYECKOW HArpys3Kd, NMpH BO30YKICHUH OMTapMOHUYECKHM

CUTHAJIOM YJIBTPAa3ByKOBOM YacCTOTHI (fl, fz), YAABaJIOCh PETUCTPUPOBATH HE TOJBKO JBE

GOKOBBIE, HO i CyMMapHO-pasHocTHbIe coctasmsromue ((f, + f,),(f, - f,)) [2].

PACYHET YYBCTBUTEJIbHOCTU CBY CEHCOPA

s mcmonms3yeMoi 4acTtoThl yiubTpasByka (44 KI'm) u TONMIMHBI TUTACTHHBI (3 MM)
OCHOBHBIM THIIOM KOJICOaHHUil SIBISUTMCH M3THOHBIC BOMHBI [3]. V3MepeHHas mayuHa cTOsSYEH
BOTHBI ATUX Koyebanuit cocraBmsuia 100...120 MM, 4YTO TO3BOJSET PETUCTPUPOBATH
Mexanuueckue konebanus nosepxHoctd CBY mosem gacroroit 10 I'T' (o:umurnc auarpaMmsl
HanpaBJIeHHOCTH ¢ pasMepamMu — 30x32 mm). M3mepeHHas aMIUIMTya CTOSYEH W3THOHON
BOJIHBI, OIpEACJICHHAs C MOMOIIbI0 KaTMOpOBaHHOTO mbe3omnpeodpaszoBarens (33 KB/mm),
cocrasisia 200 MB wim 60 anrcrpem (dl). Tlpu takoii amrumuTyme KojaeGaHWN M YacTOTE
CBY mnons 10 I'Tu (mmua Bomabl A= 30 MM) 3meKkTpudeckuil caBur (asbl OTPaKCHHOT'O

curHaga He mpeBbimaer 27 xdl/ A =6,28x 6°/30=12"° pamuaHa, 4YTO COOTBETCTBYET

K03(pPULIMEHTY aMIUTUTYJHOH MOJIYJISILIMKA HA CMECUTEIILHOM THOJIe JOIJICPOBCKOTO pajaapa
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dl x100%/(A/2) = 64/15=28"% wmmm 129 1B ornocutensuo 100% MOJIYJISIIIAA  TIPU

JIeBHALIMU B TOJBOJIHBL. [I0CKOIBKY M3MEpEeHHAs! MOITHOCTh HA CMECHTEIBHOM JHO/E paaapa
cocraBisna 0,4...0,5 MBt, nepemennas cocraBisionasi MOAyIAIMU He npeBbimaer 129 nb
oTHOCHUTENbHO 3Toi BenmuuuHbl (—132 nb/MBT). VYuunthiBas BiausHue kodd¢uimeHTa myma
maketa CBY cencopa (-10,12 ab), cTaHOBUTCS OYEBUIHO, YTO HAOJIIOJCHHUE CIEKTPATbHBIX
cocrapsironux Ha ypoBHe (—142n1b/MBT) Ha skpane npudopa CK4-59 (4yBCTBUTEIBHOCTHIO
munyc 110 nb/MBT /MI'n/rpan.), mpakTu4ecKku HEBO3MOXHO. PacyeTHOe 3HaUeHHE CUTHAIA
JOJDKHO ObITh Ha ypoBHe myma (—143 n1B) mo »kpany CK4-59 st mosockl 4acToT
peructpanuu 300 ['n. D10 mpoTUBOpedre, pacueTHOrO 3HAUYEHUSI CHTHANA, KOTOPOU JOJKEH
ObITh Ha ypoBHe myMma (—141...142 nb/mMBT) 1 npaktuueckn Habiromaemoro, Ha 20...36 nb
OoJbllIe TOPOTOBOTO MO IIIyMy, BHadaje KaszajoCh aBTOpaM ammapaTrypHoil ommoOkoil. Ho
JanbHEHIINe SKCIEPUMEHTHl C pa3HbIMU TOJIIMHAMM, COCTaBOM CTajieil MOATBEPIMIH
oOHapy’KeHHOE SIBJIEHHE, JajJl BO3MOXKHOCTh HadyaTh MpaKkTH4ecKoe ucrnojinp3zoBanue CBY
CeHcopa Ui JUCTAHIMOHHOTO KOHTPOJII CHUTHAJOB, NPEAYNpPEXKAAOUMX O Havyaie
pa3pylIeHUs] METATHYECKUX JIeTaIeH.

M3BECTHBIE BAPUAHTHI OIIbITOB C IIEPEMEHHON ITOBEPXHOCTHOM
[TPOBOJUMOCTBIO

ABTOpBI NPEANOIOKUIH, YTO IPUYNHONW 3HAYUTENBHOTO YBEIUYEHUS YPOBHS MOIYJISALUN
CBY mnong n0mKHO OBITH HE MEXAaHMYECKOE KoyieO0aHHME IIOBEPXHOCTH, a HW3MEHEHHUE
POBOJUMOCTH «CKHH CIIOS» METallla, M3MEHSIOUIET0 CBOWCTBA MPH TOSBICHUU JE(PEKTOB.

W3BecTHa 3amuch MOBEPXHOCTHOTO UMITEIaHCca Yepe3 KoaddumuenT orpaxkenus p [4]:
p=H (X)/H,0)=Q1-cZ/4x)/(Ll+cZ/4r), 1)

rae H, — BEeKTOp MarHMTHOrO IOJisl, ¢ — CKOPOCTh CBETa (3-10°mlc), Z(w,0) —

HIOBEPXHOCTHBIN umnenanc (c/m),

Z(w,0) = (4rlcWe(w,0),e=¢ + jdnol o, )
rie  &(w,0) — KOMIUIEKCHas [UAJCKTpUuYecKas mnpoHuiaemocts (®/v), & —
JCHCTBUTENIbHAS YacTh, @ — Kpyrosas udactota (pam/c) m © — dIeKTpudecKas

npoBoxumocth Metamta (1/Om-m). TloxcraBnmsis umcnenHsie 3Hadenmst § =10 (Tw),
g =087 (®/m), o= 2" (1/OM'M) anmsi METaTHYeCKOro 06pasiia, MOKHO 3aMETHTh, UTO
JICUCTBUTENIbHAS YacTh BbIpaKeHHsS (2) MHOTO MEHBIIE MHHMON YacTH IO MOJYJIO

(3,2>>0,87 10-11), nosromy (1) MoskHO TIepenucaTh:
p=0- jVdro !l w)I(1+ jNiro | @) .

IMoacrariss (2) B (1), momyuwm:

p=Helwo)-1)I{e(wo)+1). 3)

B. N. NopbyHos, B. A. CyTOpUXUH
Bo3MOXHOCTb AedeKTocKonun MeTananyeckmx getanen CBY nonem



DNeKTPOHHbIN XypHan «TexHunyeckas akyctuka» 2010, 16 4 (9)

W3mepeHHoe cpenHee 3HAUYEHHWE YPOBHS IIOJIE3HOTO CHUTHajla B OKCIIEPUMEHTE
cootrBerctBoBaio 20 nb Hanm ypoBHem miyma. [l geTambHOTO HMCCIEAOBAHHS — OBLIT
W3TOTOBJICH HMHTATOP, MPEACTABISAIONANA COOOH HEIUIOTHBIM KOHTAKT MEAHOW (Obru
(40x20x0,2 Mm) ¢ MetautoM oOpasmna (mpocTeilinmii aHajmor axkTuBHOTO maedekra). B
OTCYTCTBUM PACTSDKEHUS YAAIOCHh MONYyYUTh TpaduK 3aBUCUMOCTH aMIUTUTYIBI CUTHAIa C
Bbixoa CBY ceHcopa OT aMIUIUTYAbl BO30YXACHUS IMbE30XJIEKTPUUYECKOTO IMepeIaTINKa.
AMiutyna cursana, peructpupyemas CBY ceHcopoM, JTHMHENHHO 3aBUCENa OT aMILIUTYIbI
yIbTpasBykoBoro curnana (Ta6. 1). PacueTHoe 3HaueHHe ypoBHS MOAYJISIHH IO (aze ObLIo
MOJYYCHO OTHOCHTEIBHO MPOTHO3UpyeMoro ypoBHs curHaia (60 n1b) mpu makcumaibHOM
ypoBHe Moxysiiuu (100 %).

Tabmuma 1. 3aBUCMMOCTB PETHCTPUPYEMOT0 CUTHAJIA OT YPOBHS YJIbTPa3ByKOBOT'O BO3ACHCTBUS

Awmmuntya Y3 (Bosbr) 24 37 44 54
Curnan aHanu3. crektp. (ab ) Hag nrymom 18 22 24 26
PacuetHoe 3HaueHue Moayisiuu 1o dase (pa) 0,012 0,019 | 0,024 | 0,0314
PacyeTHOE 3HaUEHHE JeBUAIIMH POBOIUMOCTH, %0 0,17-10'3 0,09 0,146 0,25

JlaHHbIe TaOMUIIBI TOKA3BIBAIOT, YTO BEChMa HE3HAYUTENIbHbIE U3MEHEHHUS TTOBEPXHOCTHON
npoBoaumoct (0,1...0,3%) crmocoOHBI MPUBECTH K 3HAYMTEIBLHBIM H3MCHEHHUSIM (a3bl
orpaxenHoro currana (0,02...0,03 paguan) ¥ COOTBETCTBEHHO 3HAYMTEIILHBIM AMILTUTYAaM
M3MEPEHHOT0 MOJIE3HOT0 CUTHAJa Ha SKpaHe aHanmu3atopa cnektpa CK4-59.

Kpome mpoBeneHHBIX aBTOpaMU OIBITOB C MEPEMEHHOM MOBEPXHOCTHOM MPOBOIUMOCTHIO
U3BECTHBI JIPyTHe SKCIEPUMEHTANbHbIe PaOOTHl. Y CIOBHUS MX BBINOJHEHUS OTIUYAIOTCS OT
MEPEYUCICHHBIX paHee. B maHHONl paboTe 3TH JKCHEPUMEHTHI TPHUBENEHBI C LEIbI0
JEMOHCTPAIMK MPUHIMITUATIBHBIX OTIHYUHN, TOJYEPKHYTh HEOOBIYHOCTh HOBOTO SIBJICHHS.

W3BeCTHBI 3KCIIEPUMEHTHI UIS TeMIepaTyp OJM3KuX K abcoiaroTHOMy HyJio [5, 6],
MOKa3bIBAIOIINe, YTO B MAarHUTHOM TMOJ€, MPHJIOKEHHOM MapaielbHO HCCIeayeMOoi
METAIMYECKOM MOBEpXHOCTH (MEOHOM IJIaCTHHE), MOXHO HaOJI0AaTh HM3MEHCHUE
K03 dunreHTa oTpakeHus (B HECKOJIBKO pa3) OT BEJIUYHUHBI MPHUIOKEHHOIO MArHHUTHOTO
nosisi. deHoMeHonornueckoe oobsicHeHue sBineHus A. [lunmapaoM ¢ MOMOIIBIO KOHIEHITUN
HeapdekTuBHOCTH  B3auMmonelictBus CBY monsg ¢ Oojblueld YacThio  DIEKTPOHOB
MPOBOAMMOCTH TPU HU3KOH TeMIiepaType U CHIBHOM MarHUTHOM IIOJie, IEMOHCTPUPYET 3TO
sBicHue [5].

[lepemenHoe 3HaueHHe MOBepXHOCTHOW mpoBoauMocTd s CBY moms 251Th, mpu
BapHalMAX MArHUTHOTO MMOJS M3BECTHO Kak 3¢dekt Asbensa-Kanepa [6]. 3naunmtensHOe
u3MeHeHne Kod(QuIMeHTa OTpa)KeHUs TOCTUraeTcsl 3/1eCh MPUMEHEHHEM IEePEeMEHHOTO
MarHUTHOTO TOJS ¥ Majoi TONIIMHBI MEJHOTo oOpasma. B  oTmimume oT Hammx
SKCTIICPUMEHTAIBHBIX ~ PE3yJIbTAaTOB BapHaIlMd IMOBEPXHOCTHOMW MPOBOJAMMOCTH  37€Ch
JIOCTUTAIOTCS 32 CUET CBEPXHHU3KHX TEMIIEpaTyp, MEPEMEHHOTO MarHUTHOTO moJjisi. M3BecTeH
9KCIEPUMEHT [7], KOTOpBIA JAEMOHCTPHPYET MPEPBIBUCTYIO Ae(POpPMAIlHi0 ayCTEHHUTHBIX
HepkaBeromux ctaned 310S wm 304L mnpu cTraTUYeCcKOM pACTSHKEHWH B YCIOBHUSX
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amnabaruaeckoil nedopmamuu mpu temmeparype 4K u ckopocrr xedopmuposanus 3-107 1/c.
B skcnepuMeHTax (UKCHpPOBATM CKAadyKH TeMmepaTypbl AT, COOTBETCTBYIOIIHE CKauyKaM
HarpyXeHus. bbpluta ycTaHOBIEHAa CTENEHHAs 3aBHCHMOCTh MEXIy YacTOTOW IOBTOPCHUS

temneparypHbix mukoB N u BemmumHON AT :
N(AT) ~10/(ATP), (4)

rae N(AT) — 4ncno TEIUIOBBIX OCHM/UBALMHA B CEKYHAy B 3aBUCHMOCTH OT Ieperaja

temneparypsl AT , D = 0,63 — ¢dpakransHas pasmepHOCTs MHOKeCTBa KaHTopa.

JIMCKpeTHOCTh ~ Tpollecca IUIACTHYECKOW JeopMalMyd  CXEMATHYECKH  OIHCHIBAIIH
IIOCJIEIOBATEIBHOCTBIO 1e(pOPMUPOBAHHBIX M HeAe(OPMHUPOBAHHBIX «o0OiacTeil» Merania,
NpUHUMAsT TIPU 3TOM, 4TO HelehOpMHUPOBAHHBIE 00JIaCTH 00pa3yroT MHOXecTBO KaHTopa ¢
¢pakranpHOi pasmepHocThio D =0,63. B 3TOM »KCHepuMeHTe BHEIIHSS TeMIleparypa
cocraBisier 4K, oTcyTcTByeT BHEImIHee MAarHMTHOE TIOJI€ W JIOTIONHUTENBHBI HCTOYHUK
yIbTpa3Byka. M3 ommcaHHWs SKCIIEPHUMEHTa CTAaHOBUTCS SICHO, YTO JHANa30H W3MEHEHHS
Temreparypsl npu Tuiactudeckoi aedopmarmm cocraBmsger 80...90 K, mpu sToM uactoTa
kosiebanunii cocraisa ot 1 1o 30...40 I'epu. B aToM ciry4ae He HCKITIOYAETCSI BO3SMOKHOCTD
HaOJIO/IaTh TIEPEeMEHHOE 3HAYCHHE ITOBEPXHOCTHOH IPOBOJAMMOCTH, BO3HHUKAIOIIEEe NpHU
CKa4Kax MOBEPXHOCTHON TEMITEPATYypHI, B YCIOBHUAX PACTSHKEHUST 00Pa3IIOB.

BoJbIIMHCTBO MIPAKTUYECKH BAXXHBIX CIIyYaeB OINMpPENeNICHUS NePEKTOB MPOUCXOIUT IPH
HOpPMaJIBHBIX WM TOBbIIeHHBIX Temmeparypax (300...900 K), npakTHueckoM OTCYTCTBHUH
CHJIHBIX MarHUTHBIX Tojei. Omnpenenerne kodpduuuenta orpaxenuss CBU momns yepes
KOMIUIEKCHYIO JIMDJICKTPUYCCKYI0 TPOHHUIAEMOCTh (3) MOKa3bIBaeT, YTO JJIsi HEM3MEHHOMN
4acTOThl (@ = cONSt ) apryMeHTOM ocTaercs MPOBOAUMOCTh O . IlockonbKy nedopmupyemoe
TBEPJOE TEJIO SBIACTCS OTKPBHITOW CHCTEMOM, €ro CBOWCTBa HamOojJee OTYETIUBO
OpPOSIBJIAIOTCS TPH Tepexojie B IUIACTHUECKyr0 oOmactb. lMeHHo B 3TOH ob6mactu
(¢uKCHpyeTcss MpEepBIBUCTOCTh TeUeHUs JAepopManuy, Ha TPOSBICHHE KOTOPOH B
MakpomacmTade, TOMUMO XHMMHYECKOTO COCTaBa CIUIaBa, OKa3bIBAIOT BIHMSHHUE CKOPOCTb

negopmanuy, Temreparypa u apyrue pakTopsl.

BO3MOXHBIE BAPUAHTBI OB BbACHEHWA HOBOI'O ABJIEHUA

Kak wusBectHo [7], mns MeTamioB HarpeThlx Bblme TemmnepaTypsl Jebas (6>0°C)
IPOBOJUMOCTh MPSIMO MPOMOPIMOHATILHA BPEMEHH CBOOOMHOrO Tpodera 3JIEKTPOHOB
pOBOIUMOCTH (7 ):

o=ne’z/m, (5)

re N — YUCIIO AJIEKTPOHOB MPOBOIUMOCTH (OJIM3KO K YHCIYy aTOMOB METasla, MPAKTHYCCKU
He 3aBHCHT OT TeMIeparypsi), € — 3apsa snextpona (1,6:10°K), m — macca snexrpona
(9-103' kr), 7 — Bpems cBoGogHOrO mpobera sekTpoHoB mposoxumoctr (107°...10™ ¢)
o0paTHO mpornopuuoHaibHO Temieparype KenpBuna. ClienoBaTenbHO, B COOTBETCTBHHU C
BBIIIC TPHBEACHHBIMH TECOPETHYCCKUMU  BBIKIAJKAMH, HW3MCHCHHE IMPOBOAUMOCTH
MOBEPXHOCTH BO3MOXKHO B 0OO0JacTH IuiacTudeckod nedopmarmu. PacueTHoe 3HaueHHE

B. N. NopbyHos, B. A. CyTOpUXUH
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aMITTUTY 1Bl BapuaIliy TeMIIepaTypbl TIPH TutacTruueckoit nedopmaruu ve npesbimaet 30...40
rpanycoB KenbpBuna B ombiTax [7]. Takoe HM3MEHEHHE TeMIEpaTypbl MOXXET MPUBECTU K
U3MEHEHHIO TOBEPXHOCTHON mpoBogumocTr (te ke 10...15%). Ilpocreiimmii pacuer,
coracHo (3), MO3BOJISAET CCNIATh BHIBOJ, UTO U3MEHeHHe o Ha 1...2% crmocoOHO MPUBECTH K
Moy (a3l ko3 duIMeHTa OTpakeHUs, COOTBETCTBYIOLIETO YPOBHIO IOJIE3HOTO
curnaia CBY cencopa no Benmuunsl 20...26 1b. IlpeanoxeHHoe oOBsICHEHHE MOTIIO OB
YIOBJIETBOPUTH IOJyUYEHHBIM TMPAKTHUECKUM pe3yJIbTaTaM, HO OCTaeTCs HE BBIICHEHHBIM
BONPOC TpeoOpazoBaHMs YJIbTPA3BYKOBOW BOJHBI B MEXaHH3M IPEPBIBUCTOIO TEUYCHUS
IUTAaCTHYECKOW JeopManuu, BBICOKAs CKOPOCTh 3TOro mpeodpasoBanus. Haumbonbiime
3aTpyJHEHUS  TPEACTaBIseT OOBSCHEHHE MeXaHu3Ma HU3MEHEHHS IOBEPXHOCTHOM
OPOBOJUMOCTH YJIBTPAa3BYKOM Majod MOIIHOCTU. [IpsiMoe H3MEHEeHHe NPOBOAUMOCTH
metauia Ha 1...2% wMoxker OBITH CIIEACTBHEM e€ro HarpeBa Ha Ttemmeparypy 1...2%
NPEBBIIAIONIYI0 TEepBOHAYaNbHYI0. llpuueM H3MEHEHUE STOW TemIeparypsl IOJKHO
IPOMCXOJUTh CO CKOPOCTHIO M3MEHEHUs YJIbTPa3ByKOBOTO CxKaTus-pacTsbkeHus. Ho B sTom
cilydae HeT OOBSICHEHUS HEOTpPaHHYEHHOW 00JaCTH pErucTpand HOBOTO siBJeHus. Hamm
OTMBITHI TIOKA3BIBAIOT, YTO 30HA IEPEMEHHOW IPOBOJAMMOCTH HE OrpPaHWYEHA 30HOU
IUIACTUYECKOTO  pacTsbkeHusi (30Ha M3MEHEeHWs Temrneparypsl). [lojies3Hblid  cUrHan
pETUCTPUPYETCS B IIO00M TOUKE UCCIIEyeMON TOBEPXHOCTH.

WHTepecHbII Marepual OTHOCHUTEIBHO BO3MOYKHOCTHM H3MEHEHUs IOBEPXHOCTHOU
IPOBOJIMMOCTH TPEUIOKEH aBTopaMu paboThl [8]. PaccmaTpuBas Monenb 3JIEKTPOHHOTO
®depmu-raza B MeTajlie, aBTOPbI MOJXYYHIN (POPMYIIbI AJs TOJTHON SHEPrUM U XUMHUYECKOTO
NOTEHIMAJa 3JIEKTPOHOB MPOBOJUMOCTH B HEASPOPMHUPOBAHHBIX U J1e(HOPMHUPOBAHHBIX
KpHcTaiiax MeTajuia. Ha 3Toif ocHOBe MU TIOKa3aHO, YTO IPU HEOAHOPOAHBIX JedopMariusix
KPUCTAZIOB METajsla BO3HUKACT JJIEKTPUYECKOE II0JIe, MPOMOPLUOHATIBHOE TPaJUCHTY
o0beMHOM  nedopmanmu, a Takke OOBEMHBIM 3apsi, KOTOPBIH KOMIIEHCHUPYETCS
IPOTHUBOMOJIOKHBIM TI0 3HAKy MOBEPXHOCTHBIM 3apsaoM. CKOpOCTh M3MEHEHHsI 00bEeMHOU
negopManuu MOXKeT OBITh MPSMO CBS3aHA C YAaCTOTOW YJIBTPa3BYKOBBIX BOJH, SIBIISIOIIUXCS
MCTOYHUKOM WJIM CIIOCOOCTBYIOIIUX TOSBICHUIO 00beMHON nedopMaruu Metamia. B mobom
cllydae MOBEPXHOCTHBIN 3aps]] MPUBOAUT K U3MEHEHUIO TOBEPXHOCTHOM MPOBOJUMOCTH MO
OpUYMHE TIOSIBICHUS  JIONOJHHUTENBHBIX  HOCHTENEW  3apsla, KpoMme  DJICKTPOHOB
NPOBOAUMOCTH. ABTOpHI [8] moOKa3anu, 4TO KOHLEHTpALUs HOCHUTENCH 3apsiia M3MEHSCTCS
UMEHHO Ha TMOBEPXHOCTH — TaM, IJI€ KOHLEHTpAIUs MPsIMO CBs3aHa C NPOBOJAMMOCTBIO
«CKHH cy1051». HecnokHo moicunuTaTh, 4T0 00beM, COACpIKaIIHiA MOBBIIICHHYIO J1e(hOopMalluio,
MOXET BbI3BaTh IIOBEPXHOCTHOE M3MEHEHHE 3apsAa  MPOIMOPLHOHAIBHOE  YHCITY
neopMUpPOBaHHBIX MUKPOOOBEMOB, PaBHBIX MUHHMAJILHOMY (MEKaTOMHOMY) PacCTOSHHIO.
Tak, ecnu HpeArnoyNoKuTh, YTO 00beM ae(HOPMUPOBAHHBIX MEKATOMHBIX COCTOSHHN PaBeH
KyOHMYeCKOMY MUIJUTUMETPY, 00BbEM, OTpaHHUUYCHHBIA YBEITUUCHHEM 3apsoB (KCKUH CIIOW» B
OJTHO MEXAaTOMHOE PAaCCTOSIHUE) COCTaBUT KyOmueckuid MeTp. [IposBUTCS 3aKOH cTerneHu 3/2,
CBSI3BIBAIOIMI pa3Mep TIpaHu oObema IeOpPMHPOBAHHBIX COCTOSHHM C pa3MepoM TpaHd
MOBEPXHOCTU C JOMOJHUTENBHBIM 3apsoM. [IOCKONBKY MpekHee COCTOSHUE MOBEPXHOCTH
(4MCIIO  BIIEKTPOHOB MPOBOAWMOCTH) COOTBETCTBYET YHCIY MEXATOMHBIX DPACCTOSHUH,
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MPOU3OHAET UX YABOCHUE IS Ciydas OMMCAHHOTO Bbimie. CienoBaTeNbHO, TTOBEPXHOCTHAS
MIPOBOJAMMOCTb CJIOSI B OJJTHO MEXKATOMHOE PacCTOSIHUE U3MEHUTCS B JIBa pasa.

B nHacrtosmee BpeMst 3Ta MoJIeTh HauOOoJIee TTOJIHO OTpaXkaeT 0OHAPYKEHHBIM HaMH (P HEeKT
moayiupoBanuss CBUY mons moBepXHOCTBhIO MeTaiia, cojaepxamiero nedextsl. [Ipudem
teopernueckas pabora b. B. BacunmbeBa u B. JI. JIrobommuia yka3siBaeT Ha BO3MOXKHOCTh
KOHTpOJIs 1e(heKTOB HE TOJIBKO Ha MOBEPXHOCTU METaJlIa, HO U B TEJE, I'/Ie CKPBIThIE e(hEeKThI
paHblle MOTJU OBbITh OOHAPYKEHBI TOJBKO KOHTAaKTHBIMH METOJaMHU. ABTOPBI CUHMTAIOT
HEOOXOJUMBIM MPOAODKEHHE pPadOT Kak TEOPETUYECKOro, TaK U MPaKTUYECKOTO
HalpaBjeHui. BaxkHeWmen 3agadeil Il COBPEMEHHBIX HCCIEAOBAHUM SIBISECTCS CO3JAaHUE
HOBOTO TpUOOpa Al AUCTAHIIMOHHOTO KOHTPOJIS YPOBHSI Harpy>K€HHOCTH METAJUTHYECKHX
JeTanei, creneHu ux uHoca. [lpumepom takoro mpudopa siBisiercss MakeT ycraHoBku JJUAJ]

BBINIOJIHEHHBIH aBTOpamu (Puc. 1).

COCTAB YCTAHOBKU

Opnna w3 ycranoBok JAMAJI, coctosmas u3 CBY cencopa paboueit wactorsr 9,8 ['TT,
HCTOYHHUKA YJIBTPa3BYKa BMECTE C IbE30MpeoOpazoBaTeseM, PerucTpUpyIoLIiel anmnapaTypsl
tumna ananu3atopos crektpa (CK4-59 nnu ¢pupmer POJIE u IIBAPLI), nMuTaTopa akTHBHBIX
nedeKToB, MpenHazHaueHHoro Juisi HacTtpoiiku CBY ceHcopa mno panbHOCTH, Oblia
UCIIOJIb30BaHa JUIsl MOJTyYeHHsI SKCIIEPUMEHTAIbHBIX PE3YJIbTaTOB.

TenepaTop
yaLTpasBykKa

Enox mmMraHMsa
Yeunurens ceHcopa

Cencop CBY dep . MvmTaTop

Puc. 1. Bapuant xommiekra JIMAJl, ceacop CBY 10 [T
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BonnoBonnbie cexknuu CBY ceHcopa W3roTaBiIMBaiIvuCh WX JATyHU C TMOCIEAYIONIUMU
MOJIMPOBKOU U cepedpenueM. TommmHaa cepeOpssHOro MOKphITHS Obuta He MeHee 20 MUKpOH.
O06e cekuuu, TeHEpPaTOpHAs U CMECHUTEIbHAs!, JOMOJIHUTEIHHO 000pYA0BaINCH PYTOPHBIMHU
u3nyyaTesnsMu u3 Meau. [lnomanp packpeiBa pynopoB 25x25 MM npu iuHe pynopa 50 mwm.
[IpuHATHIH CUTHAN Ha BBIXOJE CMECHTEIBHOTO JAMOJA NpEIBapUTENbHO 00pabaThiBaiCs
yCUIIUTENEeM-IeMOyisiTopoM. Pabodas wacrora reneparopa cocrapisiia 9,8 I'T, BeixomHas
MoutHocTh He 6onee 50 MBT. [l ynoOGcTBa HACTPOMKHM Ha HCCIeTyeMyl0 TOBEPXHOCTh ObUIH
UCIIOJIb30BaHBI JIYYH JIBYX MOJYIPOBOJHUKOBBIX JIa3€pOB, 00pa3yolIie OJHYy TOUKY (IJUTHIIC
2x3MM) B cilydae yJalieHHsi OT IMOBEPXHOCTU packpbiBa pymopoB Ha 180 mm (pabouee
paccrostare aedekrockomna). Hacroiika CBY mpeoOpasoBaressi-ceHCOpa BBIOIHSIIACH C
MIOMOIIIBIO CTEIUATBHO U3rOTOBICHHBIX «Momynsropa [IpoBoauMocTi» (d4acToTa MOIYISIIAA
100 I'm) u «MmuraTopa akTHBHBIX AedekToB» (dyactota moayssiiuu 44 u 74 T'n). [lnomans
MrHOBeHHOTO 0030pa CBY momem cocraBiser ammunc ¢ pasmepamu 30x32 MM mipu
nanbHocTH 120...140 MmM. Ha puc. 2 npencraBieHsl pe3ynbTaTsl u3MepeHuid. M3o0paskeHus
COOTBETCTBYIOT (aitnam ananuzaropa cnekrpa ¢upmsl POJIE u IIIBAPILI, noxy4yeHHbIM npu
9KCIIEPUMEHTAX Ha CTAbHBIX 00pasliax ¢ pa3pbIBHOW MAIIWHOM, TI00E3HO MpeoCTaBICHHON
corpynHukamu nuHctutryta @usuku Ilpounoctu u Marepuanosenenus CO PAH r. Tomcka.

Puc. 2.

a) pacrevarka (aiiia MoJIe3HOr0 CUIHAA PU PacTsHKEHUH CTATbHOTO 00pas3iia,
0) pacrnevatka (aiiya npu perucTpanuu caadoro CUruana (Hayaao SKCIepUMEHTA)

3AKIIIOYEHUE

OOHapy>keHHOE ABJICHHE, OTHOCAIIMECS K 00JIACTH HEpa3pyILAIOIIero KOHTPOJIS METaJlIOB
P BO3JICHCTBUU BHEIIHUX (DaKTOPOB (MEXaHMYECKOE HArpyKeHHE, yIbTpa3ByK, noie CBY),
OTHOCHUTCSI K c1a00 M3y4eHHbIM, HE MMEIOLIMM CTPOrOi TeopeTudeckoil 6a3bl. ABTOpaM He
U3BECTHBl  HKCIEPUMEHTAlbHble  pabOThl, CBS3BIBAIOLIME  YCJIOBUS ~ MEXaHHMYECKOTO
Harpy»KeHusi NpH JONOJHUTEIbHOM BO3ICHCTBUHM YIJIbTpa3BykKa HEOOJBIIOW MOIIHOCTU C
HOSIBICHUEM B crekTpe oTpakeHHoro CBY mosis CUrHAJIOB C 4acTOTOM MPHIIOKEHHOTO
ynpTpa3Byka.  HauOonmee Onm3koil K MOJHOMY OOBSICHEHHUIO HOBOTO SBJIEHUS, IIO
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COBOKYMHOCTH 3¢ (EKTOB, sBIASCTCS TeOpHs, BbaBHHYTas B pabore [8]. IlpakTmueckoe
UCIOJIb30BaHUE OOHAPYKEHHOT'O SIBJICHUSI BO3MOKHO MPU OECKOHTAKTHOM KOHTpOJIE JeTalleH,
y3JI0B, HMEIOIIUX CKpbIThIe Je(eKThl B BHAE TpPEIIWH, OTCIOCHUN, HEIUIOTHOCTEH
npujieraHys, BBITOJHCHHBIX M3 METa/ioB M ciutaBoB [9-11]. B wactHOCTH, MOpa®oTaHHBIH
puOOP MOXKET OBITh HCTIOIB30BaH JIJIsi 0OHAPYKEHUS AePEKTOB KEIE3HOJOPOKHBIX KOJIEC BO
BpeMs JBW)KCHHUS COCTaBa MUMO CHEIHMaJbHO HM3TOTOBJIIEHHOTO NpUOOpa, COCTOSIIETO W3
HECKOJIbKMX YJIbTPa3BYKOBBIX IepeJaTUNKOB, YCTAHOBJIEHHBIX Ha peibcax, Heckonbkux CBY
CEHCOPOB, HEIMOABMKHO 3aKPEIUICHHBIX PsIOM ¢ Kojecom, Ha pacctosauu 170...180 mwm.
[Ipsimoit sxoHOMUYecKkui 3(ddekT mocTuraercs 3a CYET HCKIIOYCHHS OCTAHOBKH COCTaBa,
COKpAIIIEHUs] pacxojla SHEPruH Ha Tocieayroniee yckopenue. Kpome Toro, mpubop Moxer
HAlTH TpUMEHEHWE I yIPaBICHHUS TPOIECCOM pe3aHusl MeTauia. DKCIIePUMEHTAIbHAS
YCTaHOBKA C TaKUM pE3IOM I[IOKa3aja BO3MOXKHOCTH IIOJNyYEHHs] TOYHOCTH pE3aHUs B
npenenax 0,2...0,3 mukpona [11].
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