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HpeI[CTaBJ'IeHBI PE3YIbTAaThI OKCIICPUMCHTAJIBHOT'O HCCICAO0BAaHUA
AKyCTHYCCKOI'O IOJIA  YJBTPA3BYKOBOI'O HMITyJIbCa B THUAPOBOJIHOBOJAC C
HUMIICJaHCHBIMHU CTCHKaMH YCIIOBHO OeCcKOHEYHOI TOJIITWHBI. Z[J'IH

THJIPOBOJTHOBOJIOB ~ Pa3iIMYHOTO JWaMeTpa ¥ JUIMHBI TPUBEACHBI Tpaduku
pacnpesieNieHusl aMIUTUTYAbl KOJIeOATeNbHOM CKOPOCTH B IONEPEYHOM CEYEHHUHU
BOJIHOBOZA. Takke MpHBEIEHBl BpEeMEHHbIE ()OPMBI HMITYyJIbCA B PA3IUUHBIX
TOYKAX IIONEPEYHOr0 CEYEHHUs BOJHOBOJA. Pe3ynbTaTbl COMOCTaBICHBI C IOJIEM
MMIIyJIbCA B HEOTPAHUYEHHOM Cpele, a TakkKe C JaHHBIMU YHUCJICHHOIO
MOJIECTTUPOBAHUS.

KitoueBbie cioBa: yIbTpa3ByK, JKHIKOCTHBIN BOJTHOBO/I, THIPOBOJTHOBOI.

BBEJIEHUE

MMMepcHOHHBIA BBOJA YyJIbTpa3Byka B M3JEIUE TMOJYYHJ IIMPOKOE PACHpPOCTpaHEHUE B
MPAKTUKE CO3/IaHUS aBTOMATHU3UPOBAHHBIX YCTAHOBOK. HeoTheMiieMoit 4acThio TaKMX CUCTEM
ABJIIETCS MMMEpPCHUOHHAs BaHHA, B KOTOPYIO U3JENHe TIOMEUIaeTcsl UEIUKOM st
MOCNEAYIOEr0 MPO3BYYMBAHUS TPYMNNON  AJIEKTPOAKYCTUYECKUX IMpeolOpa3oBaTesneil.
OCHOBHBIM HEJOCTAaTKOM JTHUX YCTaHOBOK SIBJISIOTCS 3HAa4YUTeNIbHbIE MaccorabapUTHbBIE
MOKa3aTeld BaHHbBI, YacTO 3aTPyAHAIONIME BHEAPEHHWE U OOCIyXHBaHHE YCTAaHOBKH B
3aBOJICKOM Iiexe. BO3MOXHBIM pelieHHeM 3TOi MpoOJeMbl CTaHOBUTCS OOecreueHue
aKyCTHYECKOI0 KOHTAaKTa TMOCPEICTBOM CTPYH >KUIAKOCTHU — TOTJa TPOMO3JKYIO BaHHY
MOXHO 3aMEHUTh CpPABHUTEJIIBHO KOMIIAKTHOM CTPYHHOM aKyCTHYECKOW CHCTEMOH,
BKJTFOYAFOITIEH MaorabapuTHbBIN BOAOCOOPHHUK.

[IpoekTupoBaHHe TaKUX CHUCTEM HEBO3MOXKHO 0e3 yueTa 0COOEHHOCTEW yJIbTpPa3ByKOBOTO
HOJISL B CTPYeoOpa3yomux yCTPOCTBax U cTpysax. B [1, 2] Oblax paccMOTpEHBI HEKOTOPBIE
OCHOBHBIE AaCMEKTbl TEOPUU CTPYHHOTO aKyCTHUYECKOTO TpaKTa s ciydas HAeadbHBIX
rpaHUYHBIX yCI0BUMA. OJHAKO MPAKTUYECKOE 3HAYEHHUE UMEET CIydail TpaHUYHBIX YCIOBUU
UMIIEJAHCHOTO THIA, YTO COOTBETCTBYET CTPYEOOpa3yIOUIMM YCTPOUCTBAM, U3rOTOBICHHBIM
U3 KOHCTPYKIIMOHHBIX IJJacTMacc. Teopusi JaHHOTO YacTHOTO ciiydas cliokHa. [IpencraBiser
MHTEpEC SKCIIEPUMEHTAJIbHOE MCCIEI0BaHUE CTPYKTYpPbl aKyCTHUECKOTO IOJII MMITyJIbca B
TUAPOBOJHOBOJE C HMIICJAHCHBIMU CTEHKaMH. MeTroauka M pe3ysibTaThl  TaKOro
HCCJIEIOBaHMsI TIPEICTaBIIEHBI B JaHHOU paboTe.
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1. DKCIIEPUMEHTAJIbHBINA CTEH/T

Kak 0buto mokaszano B [1, 2], ummynbc B THUAPOBOJHOBOJIE PACIPOCTPAHSACTCS B BHUC
HabOpa BOJTHOBBIX MOJA. MOJIbI MPEACTABISIOT COOO0M OTAENbHBIC YIHTPA3BYKOBBIC HMITYJIbCHI,
UMEIOIINE BPEMEHHYI0 (OpPMY COOTBETCTBYIOIIYIO BO30YKIAIOIIEMy HMIYJbCY Ha BXOJE
TUIPOBOITHOBOIA, OJJHAKO UMEIONINE PAa3IMIHOE pacHpeesieHne aMIUTUTYIbl KoJIeOaHu 1mo
¢dpouTy. Kpome TOro, M3BECTHO, YTO BOJHOBBIC MOJBI B BOJHOBOJE PACIPOCTPAHSIOTCS C
Pa3TUYHBIMU TPYMIIOBBIMH CKOPOCTSMH, YTO MPUBOIUT K PA3HOBPEMEHHOCTH MX MPHUXOJa B
BBIXO/JIHOE CEYCHHE THAPOBOJIHOBOJA. B pe3ynbTaTe B BBIXOJAHOM CEYEHHH OOpazyeTcs
CJIOKHOE pacIpe/ielicHHe KoyieOaTelnbHON CKOPOCTH, HM3MEHsSMoIIeecs BO BpeMeHHU. bbuia
pa3paboTaHa METOJMKA YHCICHHOTO MOJCIUpOBaHusS (OPMBI HMITYyJIbCA Ha BBIXOJE
BoJIHOBO/a. OfHako el Oblla XapakTepHa MPUOIM3UTEIHHOCTh, CBA3aHHASI C 3aBBIIICHUEM
OLICHOYHON JJINTENHHOCTH KOHEYHOTO HUMIyJbca. JTO OBUIO CBS3aHO C TEM, 4TO MpHU
UCIIOJIb30BaHUHM KOPOTKHUX HMMITYJIbCOB BBICIIAE MOJIBI BO30YKmaroTcss MeHee 3(h(EeKTHBHO,
yeM OBUIO TPUHATO B pacyere, W TPU HCIOJIb30BAHUU BO30YIKIAIOUIMX HMMITYJIHCOB
JUIMTEIBHOCTRI0 2—3 Tepuoja, peallbHO HAOMIONAIOTCS B BOJHOBOAE MOJbBI 2-X — 3-X
TIOPSIIKOB.

Crenpa 1uisi M3y4YeHHs] aKyCTHYECKOTO TMOJIA B TUIPOBOJHOBOJE M300pakeH Ha cXeMe Ha
puc. 1. Ha cxeme o00o03HaueHbl: BaHHa 1 ¢ JKHAKOCTBIO (BOZOW), W3IydarOmHii
nbe3onpeodpazoBatens (I1211) 2, npueMHbIil Mhe30Mpeodpa3oBaTellb 3, MUKPOMETPUYECKAs
cucTeMa MO3UIIMOHMPOBAHUS MMPUEMHOTO The30mpeoOpasoBarens 4, TpyOKa, UIMUTUPYIOIIAs
THJIPOBOJTHOBOJI C HMIICIAaHCHBIMH CTEHKaMHU 5, YIbTPa3ByKOBOH ae(eKTOCKoI 0O0Iiero
HAa3HAYCHUS C BO3MOXXHOCTHIO MHIMKAIIMUA ¥ IOKYMEHTHPOBAHUS PAIHOMMITYJILCHOU (hOPMBI

CUTHAJIOB O.
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2 (R Puc. 1.
EI] \\ CxeMa dKCTIepUMEHTAIBHOTO CTCH A
s bl 3

Ucnonpzyemplii n3nyvaromuii [I9I1 Obul HM3roTOBIEH C NbHE3OIUIACTUHOW TUAMETPOM
24 MM Ha HOMHUHAJIBHYIO pabouyto yactoty 1,25 MI'n. [Tpuemustit [1311, ucronb3yemsliit 1iis
MECTHOTO M3y4eHHus noisi u3nmydatomiero 1311, Obl1 M3roTOBIEH HAa OCHOBE MbE30IIIACTHHBI
JTMaMeTpoM 2 MM Ha HOMHHAJIbHYI0 yacToTy 10 MI'.

['uapoBOnHOBOA MMMUTHUPOBAJCA TpyOKOM U3 mnonaunponwieHa. s HCKIIOYEHUS
BO3HUKHOBEHHUSI CTOSAYUX BOJIH B CTEHKax TPYOKM M UX BIUSHUS Ha aKyCTHYECKOE IOJie B
XKHUJIKOCTH BHYTPH TpPyOKH, CTEHKH €€ ObUIM CHapyXd JeMII(UPOBAHBI CHINKOHOBOU
pEe3WHOM, HuMEIoNmed HUMIEAaHC, ONM3KHM K HWMIICJAHCy TMOJIUNPOIUICHa, U OOJBIION
koo dunmeHT 3aryxaHus. Bpiio M3roToBICHO 4 MakeTa THAPOBOJIHOBOAA — TPYOKH ¢
BHyTpeHHUM nuameTpom 14 mm, 18 mm (o 200 mm mtuHoit), 27 u 36 (mo 250 MM 1THHOIA).
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Hccnemyemass TpyOka ycTaHaBIMBAJIaCh COOCHO C HW3JIYYalONMM IpeoOpa3oBareieM Ha
OTIPENIEIICHHOM PACCTOSIHUU S, CMBICT KOTOPOTO OBUT MOJIPOOHO PACCMOTPEH B MPEIBITYIIINX
nyOnukanusx. [IpuemMHbI mpeoOpa3oBaTelb MepeMenalicsi B BBIXOIHOM CEUCHHH TPYOKH Ha
paccTostHUK 1 MM OT HETO C AUCKPETHOCTHIO 1 MM (st TpyOok 14 mm u 18 mm) u 2 mm (st
TpyOok 27 MM u 36 MM). B kax10it Touke (PUKCHpOBAIACh AMILIMTY 14 IPUHATOrO CHTHAJIA.

Kpome TOrO, B OmpezieneHHBIX TOUYkax (pUKcHpoBaiach BpeMEHHas (Gopma IMPHHATOTO
UMITyJIbCa. a) Ha aKyCTHYECKOW OCH THIPOBOJHOBOMA; 0) BOIW3M CTEHKH, B) Ha PACCTOSHHH
0,5 nuameTpa OT aKyCTHUYECKOU OCH (T.€. MoCepeInHE MEKIY aKyCTHUECKOW OChIO U CTCHKOM
BOJIHOBO/IA).

JlaHHbIC UCCIIEAOBAHMS OBLIH MPOBEACHBI IS KAXKIO0H TPYOKH TPHK/IBI — MPH Pa3THIHBIX
3HaueHus mapamerpa S, pasHoro 0,5, 0,8 m 1,5 OmwKHHMX 30H, YTO COOTBETCTBOBAJIO
paccrostHuto B okuakoctrm 60 MM, 96 MM u 180 MM. Pesynbrarhl 3KCHIEpUMEHTAIBHBIX
UCCIIC/IOBAaHUI OBLTH COMOCTABJCHBI C JAHHBIMH, MOJYYEHHBIMH PACUCTHBIM IYTEM IS
JICHCTBUTEIBHBIX 3HAYCHUM MapaMeTpOB aKyCTHYECKOrOo TpakTa. AHaIW3 pe3yJbTaToB
NpE/ICTABJICH HIDKE.

2. PACIPEJIEJIEHUE AMIUIATY JIbI KOJIEBAHHWM 110 CEYEHUIO BOJIHOBOJIA

Ha AuarpaMmax, IIPEACTABJIICHHBIX Ha PHUC. 2, MPUBCACHBI PACIIPECACIICHUS aAMIIIUTYAbI
INPUHATOIO CUTHAJIa B BBIXOJHOM CCYCHHU KaAKAOTO BOJHOBOJA. KpI/IBbIe HOPMHPOBAHBI K
MaKCUMAaJIbHOMY 3HA4YCHUIO, H8.6J'IIOI[aeMOMy Ha aKYCTquCKOﬁ ocu BomHOBOja. Ha xaxxnoi
AuarpaMme IpeaACTaBJICHBI pE3YyJIbTAThl JJIS OJIHOM Tp}/'6KI/I IpH pa3JIMYHbIX 3HAYCHUSIX S.
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Puc. 2. PacnipeneneHust aMIUIATY 16l CUTHAJIA B TIONEPEYHOM CEYCHUHU BOJTHOBOJIA
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JInst OIEHKH SKCIEPUMEHTAIBHBIX JAHHBIX OBbLIM YHCJICHHO CMOJCIHUPOBAHBI (HOPMBI
UMITYJIbCA JIJISI KaXIOro HCCICJOBAHHOTO ciydvas (T.e. KomMOuHaiuu nuametpa u S). OHu
MpHUBEICHBI Ha pHC. 3—6.
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Puc. 6. TpyOka 36 mm
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OKCHEepUMEHT MOATBEPKAAET TEOPETUUYECKOE MPEAINOI0KEHUE, YTO aKyCTUYECKOE IOJIe
COCPEIOTOYEHO BOJIM3M aKyCTHYecKoi ocu. Yem TpyOka TOHbIIE, TeM OO0Jee TUIOTHO
cocpeloToueHa JHEPrusi, TeM pacrpezeneHue «ocrpee». C yBelInYeHHEM JUaMeTpa TPyOKu
3Ta KOHIIEHTpallKsl 3BYKOBOW HEPrHMM CTAaHOBUTCS MEHee BbIpakeHHOW. bosee toro, s
TpyOku auameTpoM 36 MM MaKCUMyM aMIUTUTYAbl HAOJIIOJAeTCs 10 CTOpPOHaM OT
TEOMETPUUYECKOW OCH TPYOKH, Ha CaMOW K€ OCH CYIIECTBYET JIOKAJIbHBIH MHHHUMYM. DTO
XOpOIIO MPOCJEKMUBAETCA Ha pacueTHBIX 3aBUCUMOCTAX. [Ipu nanbHeileM yBeTHYEHUU
nuaMeTpa TpyOkd mosiie B Heil OyneT mpuOImkaThCs K IO B HEOTPAaHUYEHHOH cpene.
CornacHo pacdery yKe MpHU yBEIMUYSHUH JHaMeTpa TPYOKH 10 BEIWYHHBI JBYX TUAMETPOB
npeoOpazoBareis, IIHPUHA  30HBI  «PABHOMEPHOTO»  PACHPENCIICHUS  aMIUIATYIbI
KosiebaTenbHOM ckopoctu coctaBuT 80% auamerpa TpyOKH.

V3MeHeHne paccTOsSHUS S HE MPUBOJUT K 3aMETHOMY U3MEHEHUIO (DOpPMBI pacrpeaesieHus,
OJTHAKO ISl TPYOOK OOJIBIIOTO THamMeTpa MPUBOAMT K O0IIEMY CHH)KEHUIO aMILTUTY IbI.

3. BPEMEHHAS ®OPMA UMIITYJIbCA B PA3JIMYHBIX TOYKAX ITOITEPEYHOI'O
CEYEHMA BOJIHOBOJIA

[Ipu oTCyTCTBUM B aKyCTHYECKOM TPAKTE THAPOBOJIHOBOJA MOTYYEH HCXOMHBIH MMITYJIbC
Ha PACCTOSHHUU MEXAy uanydaroumMm u npueMHbiM [1OI1, paBHbiM 240 MM (2 OnmxHHX
30HbI). Ero ¢opma u ciektp npuBeaeHs! Ha puc. 7.
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Puc. 7. ®opma 1 cieKTp UMITyJIbCa, U3TYYEHHOTO U IPUHATOrO B HEOTPaHUYEHHOM cpefie

Ha puc. 8-19 npusenens! GpopmMbl MMITyJIbCa, U3MEPEHHBIE TIPU PA3IUYHBIX S B Pa3IMYHbBIX
TOYKaX BBIXOJHOT'O C€UYEHUS THAPOBOIHOBOJOB Pa3HbIX JHAMETPOB.
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a) Ha OCH 0) Ha paccrosiauu 0,5b B) BOJIM3U CTCHKHU

Puc. 8. Tpyoka 14 mm, s = 0,5
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Puc. 12. Tpy6ka 18 mm, s = 0,8
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Puc. 19. Tpy6ka 36 MM, S = 2

BuaHo, 4To yBenMUeHHE TUTEILHOCTH HUMITyJIbca 0oJiee BBIPAKEHO HAa OCH BOJIHOBO/A,
yeM BOJHM3M €ro CTeHkKH. B BoaHOBomax wmanoro auamerpa (14 um 18 Mm) Omaromaps
PEUMYIIICCTBEHHOMY BO30YIKICHHIO HYJIEBOM MOJBI MPH COOTHOIIEHWH b/a < 1, ummysbe
UCTIBITHIBACT HE3HAYUTEIILHOE YBEJIMUYCHHE JUIUTEIBHOCTH. B BOJHOBOAAX OOJIBIIOTO
JMamMeTpa HaOJIONAeTCs 3aMEeTHOE pa30MeHHE HCXOJHOTO HMMITyJbca Ha [Ba, YaCTHYHO
HAKJIapIBAIONIMXCS pyr Ha apyra. C OJHON CTOPOHBI 3TO OOBACHIETCS BO30YKICHHEM
HYJCBOW W TIEPBOM MOJ Ha COMOCTaBUMOM YpOBHE. Pa3jeneHue uMIysnbca Ha JIBa,
NPUXOSIIUX TTOCIIEA0BATEILHO, MOKHO OOBSICHUTH W JIPYIMM OOpa3oM: 4YacThb SHEPIHU

C. B. Peyka
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UMITYJIbCa TPUXOIUT OT M3ITydaTelisl K MPUEMHHUKY HaIlpSIMYIO MO0 KpaT4alleMy pacCTOSTHUIO
(Bmonp ocu BoNHOBOHA). BTOpoit ummyibc o0Opasyercss OOKOBBIMH JIy4aMH JHarpaMMbI
HANpaBJICHHOCTH U MPUXOJNUT HAa TIPUEMHHK 32 CUET NePEOTPAKEHHSI OT CTCHOK BOJIHOBOJA, B
pe3yspTate 4ero ero IyTh YUIMHHSETCA. JTOT MEXaHW3M IEePEOTPAKCHUS W BEACT K
00pa3oBaHMIO TIEPBOI MOJIBI.

PaccrosiHue S, coryiacHO SKCIIEPHMEHTAIBHBIM JAHHBIM, HE TPOSIBIISET CYNIECTBEHHOTO
BJIMSIHUSL HA JUTUTEIBHOCTH WMITYJILCOB, XOTSI B OTACIBHBIX CIy4asx OOJIbIIEe PacCTOSTHUE S
COOTBETCTBYET MEHBIINM JUIUTEIILHOCTSIM MMITYJIbCA Ha BBIXOJIE BOJTHOBO/IA.

BBIBOIBI 10 3KCTIEPUMEHTY Ka4eCTBEHHO COOTBETCTBYIOT PACUCTHBIM JaHHBIM (puc. 3—6).

3AKJIIOYEHUE

Pe3ynbpraThl  MPOBENEHHBIX  OKCIIEPUMEHTANBHBIX ~ HCCIEAOBAaHUN  JEMOHCTPUPYIOT
Ka4eCTBEHHOE COOTBETCTBHE PACUCTHHIM JaHHBIM. Ha OCHOBaHMM TONYyYEHHBIX PE3yJIbTATOB
MOHO C(POpMYIHPOBATH CIECIYIOUIHE MPAKTHUECKHE PEKOMEHIAINH: TP KOHCTPYUPOBaHUU
JCUCTBYIOIINX aKyCTUYECKUX CHUCTEM TpeoOpa3oBaTely IUaMeTpa OOJBIIEro, YeM ITUaMeTp
cTpyeoOpa3ymolero ycrpoictsa B 1,5 ... 2 pa3a u pacmnonarate ux Ha paccrosHuu 0,5 ... 1
OMMKHUX 30H OT BXOJHOTO CEUEHHMs CTPyeoOpas3yIoLIero yCTpOWCTBa. OTO TMO3BOJIMT
HOJIYYUTh UMITYJIECHl MAKCUMAJIbHOM aMILTUTYIbI ¥ TPUEMIIEMOH JUTNTEIBHOCTH.
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