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B pabore paccmaTpuBaeTCsl HOBBIM aKyCTO3JEKTPOHHBIM METOI M3MEPEHUsSI CKOPOCTU YJIbTPa3ByKOBBIX
BOJTH B XXUIKOCTH. [ToKa3zaHO, 4TO MO U3MEHEHUIO yIJIa MKy HallpaBJIeHUEM paclpOCTPaHEHMST YIbTpa-
3BYKOBOI BOJHBI 1 HOPMAJIbIO K TMTOBEPXHOCTHU MbE30KBAPIIEBOTO MPUEMHHUKA, TOMEIIEHHOTO B UCCIIEAye-
MYIO SKUJIKOCTb, MOKHO OMPENEIUTh CKOPOCTh PACIIPOCTPAHEHMST 3TOI BOJHBI B KUIKOCTH. DTUM METO-
JIOM IIpM YacToTe BOJHbI 3 MIT1 Obu1M M3MepeHbl CKOPOCTH 3ByKa B IMCTUIJIMPOBAHHOM BOJe, NIUMIIEPUHE,
xyanoHe. [Toay4eHHBbIe 9KCIIepUMEHTATbHBIC BETUNIUHBI CKOPOCTEN YIOBIETBOPUTEIBLHO COIIACYIOTCS C

TaOIUYHBIMU TaHHBIMMU.
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B skcrniepuMeHTaNbHOI TTPaKTUKE CKOPOCThH YiIb-
TPa3BYKOBBIX BOJH B Cpelax U3MEPSETCS UMIYJIbC-
HO-(}a30BbIM METOJIOM, OCHOBaHHBIM Ha ompejesie-
HUM HaOera ¢a3 Mpu UBMEHEHUU PACCTOSTHUST MEXIY
JlaTYMKaMU WIW YaCTOThl 30HAUPYIOILIETO NUMITYJIbCca
[1, 2]. MeTonbl n3MepeHMUsI CKOPOCTH YIbTPa3ByKa
MPOJIOJIKAIOT YCOBEPIIIEHCTBOBATLCS, OJHAKO BCE
ellle OCTalOTCSl OTHOCUTENLHO CIOXHBIMU U BpeMsi-
emkumu [3—7].

B naHHOIt pabote paccMaTpuBaeTCsi HOBBI aKy-
CTORJIEKTPOHHBIN METON U3MEPEHUSI CKOPOCTHU YJib-
Tpa3ByKoBbIX BoJIH (Y3B) B xxunkocTu. MeTom ocHO-
BaH Ha 0COOEHHOCTSIX pa0OThI MbE303JIEKTPUUECKOTO
npeo6pas3oBarelisl IJIOCKO aKyCTUYeCKOil BOJIHBI
MpYU U3MEHEHUU yriaa Mmexay (a3zoBbiM (DPOHTOM
BOJIHBI 1 TIJTOCKOCTBIO TIpeobpa3osatend [1, 8].

M3BecTHO, UTO Ha TOBEPXHOCTU IMbe30KBaplia
MpU BO3ACHCTBUU aKyCTUUYECKUX BOJH BO3HMKAIOT
aJieKTpuuyeckue 3apsabl. [lpu meramnuzalum mo-
BEPXHOCTEM KBaplila CBOOOIHbBIE SJIEKTPOHbI “CUUTHI-
BaloT” 3 eKTUBHOE TEKTPUIECKOE TI0JIE.

Hanpsixenue U, cHUMaeMoe co BCeil TOBEPXHO-
CTU S IpUEMHOTO0 KBaplia:

U=D j P,ds,
S
rae P,, — naBjeHHe aKyCTMYECKOI BOJHBI B IIPOU3-

BOJIBHOM TOYKE TMOBEPXHOCTH MpUEMHNKaA, D — pa3-
MepHasl BeJIWYMHA, CBA3BIBAIONIas HampssKeHUE C

3(hhEeKTUBHBIM JaBJICHUEM U 3aBUCSIIAs OT KO3dh-
duLMeHTa 37eKTpoMexaHnyeckoii cesa3u [ 1, 8].

PaccMmoTpum ciydait, Korna IpoKeKTOPHBIN Yib-
Tpa3BYKOBOI Jy4 MaJaeT Ha IMbe30KBApLEBbI MpU-
€MHUK, pa3Mepbl KOTOPOIO MHOTO OOJIbIIE IIMHBI
BOJIHBL: R > A.

Ha puc. 1 npencraBnensl cutyanuu (/), Kordga
BOJHOBOM BeKTOp k M HOpMajb m K ITOBEPXHOCTU
MpUEMHUKA ITapajijIeJIbHbI ApyT Apyry. I1pu aToM Ha-
Oer a3 Ha moBepxHOCTU pueMHuKa A@ = 0, a Benu-
YMHA HaIpPSDKeHUsI, CHUMaeMasl ¢ MpUueMHUKa, MaK-
cuManbHasg U, Ilpy oOpazoBaHuU yrjia Mexnuy
HOPMAJIbIO K ITOBEPXHOCTH KBaplia U BOJTHOBBIM BEK-
TopoM (Z2), Takoro, 4ro OJHa IMOJOBMHA IUIOIIAIU
MIPHUEMHOTIO KBaplia OyIeT HaXOAUTCS B 30HE CXKaTHs, a
JIpyTasi B 30HE pa3pexXeHus, Ha0er a3 OT OMHOIO Kpast
TIPYEMHUKA 10 TIPOTUBOITOIOXHOTO OyneT A@ = 360°.
Hampstxkenue, cHuUMaeMoe ¢ IpueMHUKa, OyIeT Mu-
HUManbHOE U, ;..

IMponomkas panblie yBEIUYUBATH YIOJ MEXITY
HOPMAaJIbIO U BOJIHOBBIM BEKTOPOM (3), MOXKHO OIISITh
JIOCTUYb TaKOTo Habera (a3 Ha MpUEMHUKE, TPU KO-
TOPOM BCJIMYMHA HaIIPSAKCHHNS BO3pacTacT 10 HEKO-
TOpoii MakcuMaibHOW BeaudyuHbl U, ,, 1 T.1. Oc-
LWIISIIMOHHBIN XapaKTep CUTHalIa OyneT 3aBUCETh
OT Pa3HOCTH XOJIa JTy4eit, TPUXOIAIINX K KpastM IpH-
€MHUKA.
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Puc. 1. HaGer a3 Ha mOBEepXHOCTH ITbe30JaTYMKaA MPU
MaJeHUY YJIbTPa3BYKOBOM BOJIHBI.

Haiinem BeIipaxkeHue >(Pp@PEKTUBHOIO ITaBJICHUS
(P) mns moplIHEeBOro MpHUEeMHUKa pammyca R > A,
OOBIYHO TIPUMEHSIEMOI0 B BKCIEPUMEHTAILHOM
npakTruKe. BBemeM chepudecKkyio cucTteMy KOOpIH-
Hart P, 0, ¢ c HaYaJIOM B LIEHTPe MPUEMHOTO KBaplia.
Ha puc. 2 npencraBieHa cxeMa HaKJIOHHOIO Maje-
HUs Y3 Iyya Ha MOBEPXHOCTh MPpUEMHUKA U MoKa3a-
HEBI ITapaMeTpPhl, BXOISIIE B (hOPMYIIEL.

Korma mnoBepXHOCTh NpHEMHMKA MapalijiejbHa
¢$a30BOI1 MOBEPXHOCTH BOJIHEI, TO JIaBJIcHUE P B Kax-
JIOif TOUKe IpUeMHMKA MMeeT OOHY U Ty Xe a3y u

Puc. 2. PazHOCTb X01a Jiydeil Ipy HAKJIOHHOM IMaJeHUn
aKyCTUYECKOW BOJIHBI Ha IThe30TPUEMHUK KOHEUHBIX
pa3MepoB.

aMmMIuiuTyay. B ciyyae BOSHUKHOBEHUS yIjla MEXIy
HalpaBjJieHMEM BOJHOBOIO BEKTOpa U HOPMaJIblO K
TMMOBEPXHOCTH MpPUEMHHKA HWMEBIIIEE MECTO paBeH-
CTBO JaBJICHUI U TOCTOSIHCTB (a3 Ha IpUEeMHUKE Ha-
pymaercsd. PazHocTh xoma Jiydyeit, MpUXONSIIUX B
pa3Hble TOYKU MpUeMHUKa Ar OymaeT oIpencsiThCs
cienyomum obpaszomM: Ar = p cos@ sinf.

DddexTuBHOE naBneHue ( P), onpenesioliee Be-
JIMYUHY HaMpsoKeHWs, CHUMaeMoro ¢ MpUEeMHMKA,
3aImchIBaeTCs cleayrolmum oopas3om [1, 8]:

R2n

P) _ Cosej I cos(kpsin 6 cos ) pdp, (1)
LI

rne k — BOJIHOBOE uuciio. MIcoab3ysl COOTHOIIIEHUE
U3 TEOpUHU CrielIaTbHBIX PYHKLMI [ 14]:

T

Jo(2) = l_[cos(z cost)dt,
T 0

rne J, — dyHkuus beccens, npeodpasyem (1) K Buay:

R
(P) _cos® :
b lzn.lo(kp sin O)pdp. 2)

Brruucnus MHTErpai, rnmojaydymm:

Taomuna 1. DKcnepuMeHTalbHBIE JaHHBIE U3MepeHUs CKOpocTr Y3B B Boze, xj1agoHe, NIMLIEPUHE MIPU HOPMaJIbHBIX
yCI0BUSIX M yacTtoTe V = 3 MIT1, paguyce npuemuuka R = 0.007 m

BerectBo 010, TPAT sinB,;, B cx Ac,m/c
JlvucTuiuimpoBaHHasl Boja 2.45 0.04 3.8 1480 * 30
XnanoH 1.3 0.02 3.8 81520
TJINLEPUH 2.9 0.05 3.8 1850 + 40
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Puc. 3. biok-cxema yctaHoBKu: I/ — reHeparop, 2, 3 —
Mbe30IaTINKH, 4 — YCUIIUTENb, 5 — aTTeHI0aTop, 6 — OC-
wwutorpad, 7 — KioBeTa, § — TepMocTat, 9 — TEpMOMETD.

P

0

= cos BNOT(B) = f(k,R,sin 0), 3)

B = kRsin®6. 4)
W cronb3yst BRIpaxeHUe TS 3, MOXKHO ITOJTyINTh:

¢ =sin@,, VR 5)

min

V — 4aCTOTa BOJHHBI.

W3mepsas 3aBucumMocts (P)/P, ot 0, onpenensieM

0/ min, IPY KOoTOpOM { P) / Py nOCTUTaeT MUHUMYMa. [To
tabaunam Jy(B) onpenessiem Benuauny 3. BeaumauHbt
v, R 3amatotcs ycioBusimu skcreprumenTa. [Toacras-
JIsIs1 9TU JaHHBbIe B hopmyity (5), pacCUMThIBAEM CKO-
pPOCTb 3ByKa B UCCIIEIyeMOiT JKUIKOCTHU.

AKYCTO3JIEKTPOHHBIN CITOCO0 U3MEPEHMS CKOPO-
CTU YJIbTpa3ByKa B XKUIKOCTSIX OTpadaThIBaJICS NP
U3MEPEHUSX CKOPOCTU B TUCTUUIMPOBAHHOM BOJE.

Ha puc. 3 npeacraBneHa 0JI0K-CXeMa YCTaHOBKMU,
Ha KOTOPOM M3Mepsiiaachk CKopocTh Y3B B muctminm-
pOBaHHOI Boje, XJIaloHe, DIMLEPUHE aKyCTO3JIeK-
TPOHHBLIM METOIOM. B KI0BeTy, 3aI0JTHEHHYIO UCCIIEeIy-
eMOIi cpefoii, ONyCKaJIMCh TepMETU3MPOBAHHbIE Mbe-
3odaTyuku (2, 3) Ha /d0O0YyI0 TEXHOJOTMYECKU
Tpebyemyro rayouHy. LIeHTpbl HAaTYMKOB HaXOdM-
JIUCh Ha OMHOM OCH, IJIOCKOCTU YCTaHABIMBAINCH
napajuieibHO APYT Apyry. PacctosiHue Mexay HUMU
BBEIOMPAJIOCH TaK, YTOOLI OHM OBLIM BO B3aMMOIIPO-
XeKTopHbIX 30Hax. [Tpm yacrore 3 MI11 1 pannyce 00-
pasia kBapiia R = 7 MM TIPOTSIKEHHOCTD TTPOXKEKTOP-
HOIi 30HBI L onpenensuiack 1o ¢popmyine L = R?/2)\ [9]
IUISL BOIBI, NIMLEPUHA, XaanoHa: L, =5 X 1072 M, L. =
=4 x 1072 wm, L, =9 X 1072 m. B aToM cityuae yroma
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Puc. 4. 3aBucumocts In(P)/Fy oT 6 B IMCTUIIMPOBAH-
HOI BOJIE.

MeKIy BOJTHOBBIM BEKTOpPOM Kk pacripocTpaHsOmmx-
¢S BOJTH 1 HOPMaJTbIo TTipreMHUKa 0 = (), Ha OCLIAJIIO-
rpade pUKcHpoBasach BEICOTa aMILUIATYIbI IIEPBOTO
MpOIIEAIIero UMMIYJbCca, OTMEYAJOCh ITOKa3aHME
aTTeHioaTopa. 3aTeM IIPUEMHBII KBapl HaYWMHAIU
BpallaTh BOKPYT OCH, JIEXKAIllel B €ro MJIOCKOCTU 1
JIeJISIIIe ero Iiomanb B oTHoweHuu S/2. I1pu Bpa-
IIECHUY IIPUEMHNKA €ro IUIoIIaAh HauMHAaJIa I1oIa-
IaTh B pa3Ho(a3oBhie MMJIOCKOCTH Y3B, Bo3HUKAaI
Haber ¢a3. BodHuKan COOTBETCTBYIOIINE M3MEHE-
HUS BBICOTHI MMITYJIbCA. BBICOTY MMITy/IbCa Ha 9KpaHe
ocuutorpada, ¢ HIOMOIIbIO aTTeHIoaTopa, IMoACTpa-
MBaJIi 10 MepBOHAaYaabHOII BeanduHbl. [1o rpamyn-
pPOBOYHOIT KpUBOM aTTeHIOATOpa HAXOAWJIM Jiora-
pudMrYecKre 3Ha4eHUS BeJIMYUH BEICOT UMITYJILCOB
IIpU IIOBOPOTE NPHUEMHOIO KBapla, IIPU COOTBET-
cTByloniux ymax 0. Crpouics rpaduk: mo ocu abe-
LUCC HAHOCWIKMCH YIJIbl ITOBOPOTA MPHUEMHUKA, II0
OCH OpAMHAT COOTBETCTBYIOIIME JIOrapupMUIecKe
3HAYCHUsI BEJIWYMH BBICOT MMITYJILCOB. BrIOupacs
IIar yrjia NoBOpoOTa NpUEeMHMKA, IT03BOJISIOLINIT Ha-
IeKHO (PUKCUPOBATh YTOJI IEPBOTO MUHUMYMA 0,;,,.

Ha puc. 4—6 npuseneHsl 3aBucumoctu (P)/P, ot
ymia 0, 061acTy yIJIOB TePBOr0 MUHUMYyMa, TOJIy-
YeHHbIE MPU U3MepeHur ckopoctu Y3B B Boe, xi1a-
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Puc. 5. 3aBucumocts In{P)/ By oT 6 B xJ1a/10He.

TIOHE, TTULIEPUHE TTPY HOPMATBHBIX YCJIOBUSX M 9YacTO-
Te v = 3 MTIu, paguyce npuemHuka R = 0.007 M. Dkc-
TIepUMEHTAIbLHBIC TaHHBIE TIPUBEICHBI B Ta0I. 1.

[MonyyeHHble JaHHBIE YIOBJIETBOPUTEIBHO CO-
JIACOBBIBAJIUCH C TabJMYHBIMU [15]. OcHOBHas Mo-
I'PEIIHOCTh U3MEPEHUS cKopocTu Y3B akycToanek-
TPOHHBIM METOIOM OMNpPENENSIETCS MOTPENTHOCTSIMU
W3MEepEeHUs yIJI0B U pa3MepoB MpueMHuKa. B o01iem
ciIyJae oHa JeXana B obnact 1—5%. MIaMeHeHre yT-
Jla MeXIy HalpaBJieHUEM PacIpPOCTPaHEHUST BOJTHBI
1 HOPMaJIbIO K TJIOCKOCTH MPHUEeMHUKA OCYIIECTBIISI-
JIOCh Bpy4YHYI0. M3 puc. 4—6 Xopo1110 BUIHO, KaK MpU
YMEHBIIIEHUU 1lIara U3MEeHEHUs yIiia yBeJININBACTCS
TOYHOCTH OIlpeneieHus yria 0., JaHHbrit meton
MOXHO peajiu30BaTh B aBTOMAaTMUYE€CKOM BapHaHTE,
MPENyCMOTPEB MaKCUMAJIbHBIE YCIOBUS JJI1 YMEHb-
LIEHUS] MOTPELTHOCTU U3MEPEHUSI.

Takum o0Opa3zoM, B paboTe paccMaTpHBaETCs
CBsI3b MEXY CKOpOCThIO ¥Y3B B ncciienyemMoii cpene,
HaberoM ha3 Ha TIOBEPXHOCTU MTbe30NPUEMHUKA, Be-
JIMYMHOU MMMyjbca KakK (yHKIIMU OT yIjla MEXIy
BOJIHOBBIM BEKTOPOM YJIbTPa3BYKOBOI BOJIHBI 1 HOP-
MaJIblo K TOBEPXHOCTU Mbe30MPUEMHUKA.

KOJIbIIOBA, XOMYTOBA

0~

90
Puc. 6. 3aBucumocts In(P)/ Py OT 6 B IIMLEpHHe.

AKXYCTOBJIEKTPOHHBIII METOI M3MEPEeHMsI CKOpPO-
CTHU yJIbTpa3ByKa, B YACTHOCTH, MOXET OBITh yCHEIl-
HO MPUMEHEH IJIsI OIIepaTUBHOIO KOHTPOJISI TEMIIS-
paTypHBIX, NOJIUMEPU3ALMOHHBIX, AWHAMWYECKUX
MPOILIECCOB B IMOJUMEPHBIX Cpelax, Tak KakK Majble
CMeELLECHUS Tbe30IIPHEMHUKA B IIPOLIECCE UBMEPEHUST
0,,i, He OYIyT BEI3BIBATH MECTPYKITMIO B BI3KOM MO -
MEpHOI cpele.
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