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B cratee nmpemiokeH CHmoco0 CYIIECTBEHHOTO TIOBBIIICHHS TOYHOCTH
ONpeAeeHUs HaNpsSHKEHUH B METAUIMYECKUX KOHCTPYKIHUSIX C MOMOIIBIO
Monudukanuu MeTofa M3MEpPEeHHs] CKOPOCTH YJIbTpa3ByKa. BBOAMTCS HOBBIiA
AJIEMEHT — CYETYMK HMIYJbCOB, TO3BOJISIIOIIUA HM3MEPATh HMMIIYJIbC C
MAaKCHUMaJIbHOM aMIUIUTYJIOM W 3allOMMHAaHMEM €ro B cueruuke. [lpuBonsarcs
AKCIIEPUMEHTAIbHBIE TAHHBIE 110 U3MEPEHUIO CKOPOCTH B MOCTOBBIX KOHCTPYKIIUSX.
IToxazaHo, 4TO TOYHOCTH OMNpeAeNeHUs HalpsbkeHud B auanasone 10-100 MlIla
nocturaet 2—4%.

Meramnieckne KOHCTPYKIIMU U IETAIM MAIlIMH B TIPOIIECCE IKCILTyaTallMX MOIBEPTaroTCs
JCHCTBUIO TIEPEMEHHBIX BO BPEMEHH MEXaHHYECKHX HAarpy30K, KOTOpPBIE MOTYT OBITh
NPUYMHOM  W3MEHEHHUS CTPYKTYphl MeTaula W  HAKOIUICHWS MHKpOIe(eKToB, a
CJIeZIOBATENIbHO, 00Pa30BaHUs MaKpOIe(EKTOB, 3aPOXKICHUS TPEIIUH U Pa3pyIICHUS H3ICITHS.
Hcnonb3yeMbie METOIBI U TPUOOPHI 1e(HEKTOCKOITUN MMEIOT CYIIECTBEHHBIC OTPAaHUYCHUS
JUIE OOHapyXCHHsT TaKWX H3MEHECHUH. YIbTPa3BYKOBBIC, DJIEKTPOMArHUTHBIC, BHXPEBBIC
JNeQEKTOCKOIBI TIO3BOJISIFOT TOJIFKO BBISIBUTh HAMYHME YK€ 0Opa30BaBIIMXCS JOCTATOYHO
KpymHBIX TpemmH. OJHAKO BaXHEe BOBpPEeMsI OOHAPYKUTHh TOATOTOBUTEIBHBIN ATall
nporiecca, CBSI3aHHBIN C HAKOIUIGHHEM IOBPEKIAEMOCTH B METalUle, a MMEHHO: CTaJHI0
HaKOIJIEHUsI Ne(PEKTHOCTH — O0Opa30BaHME MHUKPOTPEIINH, KOTOpPhIE HE OOHAPYKUBAIOTCS
TPaIUIIMOHHBIME METOJAMH U CEPHIHBIMU TpuOOopaMu. /s penieHns Takou 3a1a4u MOKHO
UCTIOJIB30BaTh aKyCTHYECKUI METO/, OCHOBaHHBI Ha M3MEHEHUH CKOPOCTH 3BYKa B METaJlIe
B 3aBHUCHMOCTH OT CTPYKTYPbl M HAKOIUICHHUS MHKpPOAC(EKTOB IMPH AKCIUTyaTallddl IOJ
JICHCTBHEM LHKJIMYECKH MEHSIOIMXCS HArpy3oK WiM Temmeparypsl. llpu skcruryatanuum
METaJUIMYECKUX KOHCTPYKIMH TSDKENO Harpy»aeMoro oOOpyJoBaHUSI B Marepuaie
HaOJI0TaeTCSl HEPAaBHOMEPHOE PACIPENICIICHUE HAIMPSHKCHHBIX 00JAcTei, YTO MPHBOIUT K
HeoOpatuMol nedopmanuu M, Kak CIEICTBHE, K OOpa30BaHHUIO MHUKPOTPEIINH, UX POCTY
BIUIOTH O MaKpoOpa3pyuiCHUA. KOHTpOJ'II) COCTOAHUA MCTaJlJIa KaK IMIPHU CTPOUTCIILCTBE, TaK U
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B IIpollecce OKCIUTyaTalMd JOCTaTOYHO CIOXKEH M TPYAOEMOK, a TakKe 3a4acTylo,
HEBO3MOXXEH, TaK Kak s Ja0OpaTOpHBIX MCCIEJOBAHUN HEOOXOAMMO BbIpE3aTh KyCKU
MeTajula U3 paboTaroIel KOHCTPYKIUH.

Jis onpeneneHus (PU3MKO-MEXAaHUYECKMX CBOWCTB METAUIMYECKUX KOHCTPYKLUUH H
JleTalied pa3BUThl METOIUKH [1—6], MO3BOJISIONINE HAXOUTHh KOPPEIALMOHHBIE 3aBUCUMOCTH
MEXJY HW3MEHEHHUEM CKOpPOCTH YJbTPa3ByKa M Pa3IMYHBIMM XapaKTepUCTUKAMHU OOBEKTa
UCCIICIOBaHMSl, TAKUMH KaK CMPYKMypd, npeoei npouyHoCcmu, npeoei meKyyecmu, yYOapHas
gaskocmo U Apyrue. OTHOCUTEIBHOE U3MEHEHUE CKOPOCTHU YJIbTpa3ByKa COCTaBJIAET OOBIYHO
0,1...1%. Tax xak u3mMeHeHHe HanpsKeHus B MeTaiutiax Ha 0,69 Mlla npuBoauT K U3MEHEHUIO
CKOPOCTH yJIbTPa3ByKa BCEro Ha BENMUHHY mopsiaka 107, mpakTideckoe MCIoTb30BaHme ST
METOAMKH TpeOyeT H3MepeHHsI N3MEHEHHU BpeMeHH! Topsinka | He.

OtuM  TpeOOBaHUsS YJIOBJIETBOPSET METOJ aBTOLMPYJALMUA HMIYJIbCOB, KOTOPBII
OTJIMYAETCS TE€M, YTO T€HEepaTop UMILYJbCOB, BO30YXKIAIOMUN yJIbTPa3ByKOBOM H3ITydaTelb,
CUHXPOHMU3UPYETCS] HMMITYJIbCaMH, MPOLIEAIIMMU Yepe3 aHalau3upyemyro cpeay. B Takoit
CUCTEME YCTaHaBJIMBAETCS YacTOTa CJIeIOBaHUS UMIYJbcoB. CyTh METO/A aBTOLUPKYJIISUU
3aKIJII0YAETCsl B TOM, YTO MPOIMICIIINI 10 00pa3ily yIbTPa3BYKOBOH MUMITYJIBC MPEOOpazyeTcs
B TIPUEMHOM I1be30Ipeo0pa3oBaTelie B AINEKTPHUECKUI CUTHAT, (POPMUPYIOMINN CIIETYIOMIHN
BBOAMMBIN B oOpaszen ummyibc. [Ipu 3TOM yacToTa CielOBaHUS HMMIIYJbCOB 3aBUCUT OT
BpEMEHHU Npolera UMITYJIbCOM PAcCTOSHUS MEX1y be30IpeoOpa3oBaTEeIsIMU, CIE10BATEIBHO
(mpy  HEU3MEHHOM pPAacCTOSSHUM MEXJIy I[be30Ipeo0pa3oBareiIsiMi), OT CKOPOCTH
pacrpocTpaHeHHsl yIbTpa3ByKa B 00pasIie.

B paborax MypaBbeBa [7—11] moka3aHo JOCTaTOYHO YCIHENIHOE HCIIOJB30BAaHUE METO/IA
U3MEPEHUs] CKOPOCTH PO3JIEEBCKUX BOJH JJS ONPENCNICHUs psAda XapaKTepPUCTUK
METAIMYECKUX Y3JI0B U jAeraieil. OpHako A ONpeneieHHs] TaKUX BaKHBIX JUIS
NPaKTUYECKOTO HCIIONB30BAHMUS BEJIWYMH KaK HANpSHKCHUST TOYHOCTH JIaHHOW CXEMBI
HejocTaToyHO. B HekoTopbix pabotax [12] roBopuTcs 0 TPYAHOCTH MU3MEPEHUS HU3MEHEHUS
aAMIUTUTY Bl PIJIEEBCKOI BOHBI IIPH MPHUIIOKEHHBIX HEOOIBIINX HAIPSKECHHSX.

B paGorax aBtopoB [13-15] mokazaHa NpHHIUNHAILHAS BO3MOXKHOCTH ONPEACTICHHS
HANpsOKEHUN aKyCTHUYECKUM METOJOM. 371eCh CIIEAYEeT OrOBOPUTHLCS, YTO HANpPsHKEHUS,
KOHEYHO K€, HE OIPENEISAI0TCS, @ pACCUUTHIBAIOTCS MO KOPPEISILIMOHHBIM 3aBUCUMOCTSIM.

PaccMoTpuM CTpyKTypHyIO cxemy MpuOOpa MO HU3MEPEHHI0 CKOPOCTH YJIbTpa3ByKa
METOJIOM aBTOLMPKYJISIUN UMITYJIbCOB (puc. 1). B Takoil cTpykTypHOI cxeme ocoboe MecTo
CIIeZlyeT YIeNUTh KOMIapaTopy, TaK KaK MMEHHO MOTU(HKAIMS JAaHHOTO y3Jia IO3BOJIMIIA
aBTOpaM HACTOSLIEH CTAaThU YBEIWYUTh TOUYHOCTH CXEMbl M3MEPEHHsS. YPOBEHb CpPaBHEHUS
KOMIIapaTtopa JOHKEH ObITh, OUEBUIHO, OJIM30K K «HYJIIO», TaK KaK CKOPOCTh HapacTaHHs
UMIyJIbCa MaKCUMallbHa UMEHHO B «HyJe». OJHako HpU ATOM €CThb OMNACHOCTb, 4YTO
aMIUTUTYJa IIyMOB MOXET OBITh CpaBHMMAa C AaMIUIMTYJOM HaIlpsDKEHHUs CMENICHUS
[10J1aBa€MOT0 Ha BTOPOM BbIBOA KommapaTopa. CKOpocTh HapacTaHus (M3MEHEHUs) UMITyJIbca
¢ HauOonblled aMIUIMTYAOM, OYEBUAHO, MakcuMmainbHa. [loaTomy nenecoobpa3HO BecTH
OTCYET HE M0 MEePBOMY HMITYJIbCY C HEOONBIIMM HM3MEHEHUEM CKOPOCTH HapacTaHHs, a 110

UMIYJIbCYy C MaKCUMaJbHOM aMIUIMTYyZoW. Jlns 3Toro peanusoBaHa cxema IpuOopa-
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WU3MEPUTEIIS YaCTOThI aBTOLUPKYJISILIMM C HOBBIM 3JIEMEHTOM — CYETUYUKOM UMITYJIbCOB. [Ipu
HACTpOMKe Mpudopa Ha TpeOyeMblil TUara3oH 4acToT, TO €CTh Ha ONPEACICHHBIA METAIIIT UITH
CIUIaB aBTOMATHYECKH ONPENENACTCS HOMEP HUMITyJIbCa C MAKCUMAJbHOM aMIUTUTYAOU M
3allOMHHAeTCsT B CYETYMKE (Ha CXeMe JTO «KOJ NpPeayCTaHOBKM cueTdyuka»). Cxema
UPKYJISLUU 3aMBIKaeTCsl HE 110 IEPBOMY UMITYJIBCY, @ IO 7-MY. DTO MPUBEAET K HEOOIbILIOMN
omnOKe B OMpeesieHHH aOCOJIOTHOTO 3HAYEHUs CKOPOCTH YJIbTpa3ByKa Ui JaHHOTO
maTtepuana. OmHaKo, Kak MOKa3aHO B paboTax aBTOPOB M B aTTECTOBAHHON METOIUKE I10
OTIPENICTICHUIO HAIpPSDKEHUH aKyCTHYecKuM MmetonoM [16, 17], HeT HeoOXoAMMOCTH B
U3MEpEeHUH AaOCONIOTHBIX 3HA4YeHWH CKOpocTd. JIjisi TOCTpOCHHS KOPPETISIUOHHOMN
3aBUCHMOCTH MOXXHO BBHIOpaTh MPHUPANICHUEC CKOPOCTH YIIbTPa3ByKa OT HAIPSHKCHH.
[TosTomMy, BBIOpaB HUMITYJBC C MAaKCHMAaJIbHOW aMIUTUTYJOW, MBI MOXXEM YyBEPEHHO €ro
(UKCUPOBATH U 3aTEM IO U3MEHEHHUIO CKOPOCTH OMPEIEISATh HAMTPSKEHUSI.

Puc. 1. O6muii BUI U3MEpUTENs 4YaCTOThl aBTOUUPKYJISIUN
1 — anexkmponno-usmepumensvrulii 010k (OUB), 2 — y3en asmoyupkyiayuu,
3 — ghopmuposamens umnyiocos, 4 — UMNYIbCHBII YCUIUMEND, 5 — KOMINAPAMOop,
6 — cuémuuk, 7 — 00Ho8ubpamop, 8 — uacmomomep, 9 — 3adarowuil 2enepamop,
10 — oenumens, 11 — cuémyux, 12 — dewugpamop, 13 — unouxkamop, 14 — ynompasgykogoti
oamyux, 15 — konmpoaupyemoe uzoenue, 16 — nepcoHaIbHblll KOMNbIOMep

Jlis mocTpoeHHs KOPPeNALMOHHON 3aBUCUMOCTU V = f (G, +G,) NPOBOJIWIN, HAPUMED,
U3MEPEHUsS] CKOPOCTH YJbTPa3ByKa Ha pa3iMyHbIX oObekTax u3 cranu mapku 15XCH:
CBAapHOE TaBPOBOE COEJUHEHUE, CBAapHOE CTBIKOBOE COEAMHEHUE U oO0pasel CTajH,
HEIOCPEICTBEHHO BBIPE3aHHBIM M3 KOHCTPYKLIMH KOMMYHAJIbHOTO MOCTa depe3 peky Towms,
r. Tomck.
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AHanu3 pe3ylbTaTOB aKyCTHUYECKHX HM3MEpPEHUM, BBINOJHEHHBIX Ha oOpaslax u3 cTaju
MO3BOJIWJ YCTAHOBUTh MEXIY 3HAYCHHEM HANpsOKEHUH M 4YacTOTOM aBTOLMPKYJIISIIUU
UMITYJIbCOB JINHEHHYIO KOPPEJIALUOHHYIO CBSI3b, KOTOPas BhIpa)kaeTcsl ypaBHEHUEM

Y=aX+b, R,
rae Y — BHyTpeHHee ynpyroe HampsbkeHue (o, +0,), MIla; X =v—-v, — u3meHeHue

YacTOThl ABTOUUPKYJISALUU TMPH HPOXOXKICHUU YIbTPa3ByKa B HCCIEIYEMOM OOBEKTE I10

OTHOLICHHUIO K «HEHarpykeHHomy» obOpasumy (v,), 'y a, b — KkoHcTaHTHI (pa3MepHbIE

K03 punneHTs); R — KO3PPHUIHUEHT KOPPEIALUH.
Jnsa cranu 15XCH/I Takoe ypaBHEHHE IPUHUMAET CIEAYIOLIUN BUA:

y=0,56X-0,77;
R=09.

Ha ocHOBaHMM TOJIy4EeHHOUW KOPPEISLMOHHOM 3aBUCUMOCTH CTPOMUTCS I'PAaJlyHpOBOYHAs
3apucumocts (I'3) g ompeneneHuss 3HAYEHUM NPUIOKEHHBIX HAINPSDKEHUH 110
aKyCTHYECKUM U3MEPEHUSIM.

JlaHHBIN METOJ ABISETCS HEpa3pyILIAOLIUM, II0O3TOMY U3MepeHus (¢ ucnosb3oBaHueM ['3),
KakK IMPaBUJIO, MPOBOAATCS HA TOTOBBIX M3ACTHIX MU 1Moirydadpukarax 0e3 H3rOTOBJICHUS
CHELMANTbHBIX O0pa3lloB M JOMOJHHUTEIbHOM IMOATOTOBKH, T.€. Ha PEAIbHBIX OOBEKTax.
OO0pa31bl UCTIONB3YIOTCS TOJIBKO /7Sl 3TAJIOHOB WJIM TPU PEIICHUH CIICIMATbHBIX 3a1ad.

Hwuxe npusenena 3aBucuMocTh xapakTepucTHk CKO mnorpemHocTd HanpspKeHMH OT
WU3MEHEHUSI CKOPOCTH YJIBTPa3ByKa, IOJyYEHHas TaKUM METOJOM JJIsi MOCTOBOM CTaiau
15XCH/.
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Puc. 2. 3nauenue xapaxkrepuctuk CKO norpentHocTi npu 10BEpUTENbHOM
BepositHocTH P=0,95
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Bunno, uro Hambosblnas omuOKa B ONpEAENCHUM HAMpPsDKEHUN JIeKHUT B JUAna3oHe
HanpspkeHud 1—10 MITa. JlaHHbBINA quana3oH peaKo peain3yeTcs Ha MPAaKTUKE, TaK KaK Ja)e
nocjie MpPOKaTKU B JINCTOBOM MaTtepHalie (CTajin) HaOII0Jal0TCsl OCTaTOYHbIE HANpsKEHUs B
necatku MlTa.

Takum o0pa3om, peann3oBaHa cxema BbICOKOTOYHOT'O U3MEPEHUSI CKOPOCTH YJIbTPa3ByKa B
MeTaie 000pyJOBaHMSI WIM KOHCTPYKIUN W TOJydeHa KOpPPENSIMOHHAs 3aBHUCHUMOCTh
MeXy NEHCTBYIOIIMMHU HANPSHKEHUSMH M YacTOTOW aBTOLUPKYJSIUHU Ui OIpeaeieHHs
MOCIEAHUX Hepa3pyIIalOIIUM METOIOM.
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