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Yepkachkuii Aep)KaBHUN TEXHOJIOTIYHUH YHIBEPCUTET

IHOKPAIIEHHA AKYCTHYHUX XAPAKTEPUCTUK II’€30EJIEKTPUYHOI'O
ITEPETBOPIOBAYA JIUIA YJIbTPA3BYKOBUX BUMIPIOBAJIBHUX CUCTEM

Y pobomi onucaHo enaue esnemeHmis KOHCMpPYKYil Ha  Xxapakmepucmuku  n’€30€/1eKmpuyvHo20
e/1eKmpoakycmuyvHoz2o nepemsopiosaya. Ilpueedeni koHCmMpyKyii, a makoxc diazpamu cnpsamosaHocmi nepemeoprsaya.
Po3zasitnymi npukaadu nokpaujeHHsl 8ubipkogocmi YeHmpa/nbHO20 NeAloCmKa eneKmpoakyCmu4yHo20 nepemeopiosayd,
wsixom dodasaHHs 0o KOoHcmpyKYii dodamkogo2o 06’ €eMHO20 pe3oHamopa.

Katouosi cnosa: esekmpoakycmuyHuill nepemeopiogay, 6imop@Hull n’ezoesemenm, diazpama cnpssmMosaHocmi,
06’emHuUll pezoHamop, pesoHamop ['eabMzobya.
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IMPROVING ACOUSTIC CHARACTERISTICS OF PIEZOELECTRIC TRANSDUCER FOR ULTRASONIC
MEASURING SYSTEMS

Abstract - This work highlights the influence of structural elements on the characteristics of the piezoelectric electroacoustic
transducer.

The major tasks of ultrasonic measuring systems are sound waves concentrated sending to the controlled object and reflected
waves receiving. Electro-acoustic transducer is an oscillating system with a sufficiently high quality factor and contains an asymmetric
bimorph element. Directional effect of concentration can be obtained using the irradiator as Helmholtz resonator consisting of bimorph
piezoelectric resonator and tube of required length and diameter, which orients sound beam on the acoustic axis of the electroacoustic
transducer.

An example of improving the selectivity of the central lobe electroacoustic transducer is adding additional cavity resonator to the
construction of the piezoelectric transducer.
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Beryn

[IpucTpoi, 1m0 NEepeTBOPIOIOTh ENEKTPUYHUN CUTHAJI B aKyCTHYHHH, HAa3WBAIOTh EJIEKTPOAKyCTHUYHHMH
neperBoproBauamu (EAIT) [1, 2]. Haituacrinre sik EAIT BukopucToByIoTh IT'e30enekTpuyHi nepersoprosadi (ITEAIT).

[T'e30emexTpuyHi MepeTBOPIOBaYi HMIMPOKO BUKOPHCTOBYIOTHCSI B €JIEKTPOAKYCTHIN, B YJIbTPa3BYKOBIH,
MeINYHil, BUMIPIOBaJIbHIN TEXHIIll, B CKaHyIOUMX 30HIOBHX HAaHOMIKPOCKOINAX, II’€30/J[BUTYHAX, B IHIIUX TaITy3sX
HAyKH 1 TexHIiKH [3].

Jns BUTOTOBNIEHHS M'€30€NIEKTPUYHHMX TIEPETBOPIOBAYIB BHUKOPHCTOBYIOTH IT'€30€JIEMEHTH Y BHUIIIAIL
IT’€30pe30HATOPiB 1 I’e30TpaHcopMaTopiB, KOTpPi B Psi BHUIMAAKIB JO3BOJITIOTH MOJINIIUTH XapaKTEPUCTHKU
repeTBoproBadiB [4].

Y pobGorax [5-7] ommcani MeTOmM CHHTE3y (CTBOPEHHS, MPOEKTYBAaHHS) IT'€30CTMEKTPUIHUAX
nepetBoproBauiB. L{i MeToaM 103BONISAIOTH CTBOPIOBATH NEPETBOPIOBAY] 3 HEOOXITHUMHU XapaKTePUCTHKAMH.

Cepen onucaHuX TEXHOJIOTIH OCOOJIMBHIA IHTEpEC MPEACTABIISE TEXHOJIOTIsS JOAaTKOBUX EJIEMEHTIB, TaK K
y bOMY BHIAJKy 3MiHa XapaKTEPUCTUK MEPETBOPIOBaYa 3/IIHCHIOETHCS 32 PaXyHOK 30BHIIIHIX JUIs I’ €30€JIeMEeHTa
JIQHIIFOTIB [6].

CyTb wi€l TexHOJOTI] MONATae B TOMY, IO IO I'€30€JIEMEHTH MPUETHYIOTH JIOJATKOBI €JIEMEHTH, SKi
3MIHIOIOTh XapaKTePUCTUKH NIepeTBOPrOBaya [8, 9].

BaxmuBumu xapaxtepuctukamu EAIl € pe3onaHcHa yacroTra fp, niarpama CHpsSIMOBAHOCTI @, PiBEHb
CTBOPIOBAHOTO 3BYKOBOT'O THCKY P36 1 IIMPHHA CMYTH POOOYMX YacTOT (CMyTa IPOIyCcKaHHs) Af.

AHaNITHYHI BUpa3W I8 PO3paxyHKy miarpam cupsmoBanocTi (JIC) Takux KOMWBANIBHUX CHCTEM BiJICYTHI,
Tomy Bm3HaueHHA J[C 9acTo MpOBOAATH EKCIIEPHMEHTANBFHUM IUIIXOM, TaK SK Ie € HaWOUTbII iHGOPMATHBHUM
3ac000M IIpH MIPOEKTYBAHHI IT'€30€TIEKTPUIHNX IIEPETBOPIOBAUIB.

Tomy Mmerol0 pnaHOi poOOTH € TOKpAllEeHHS AaKyCTHYHHUX XapaKTePUCTHK I €30€IEeKTPHYHOIO
IepeTBOPIOBaYa, SIKI 3aCTOCOBYIOThCSA B SIKOCTI NEpelaBalbHO — NPUHMANBHOTO €JeMEHTa VIS YJIBTPa3ByKOBHX
BUMIPIOBAJIbHUX CHCTEM.

ExcrniepuMeHTAaTbHA YaCTHHA

[M'e3oenexTpuunnii  enexrpoakyctuunuii neperBoptoBau ([IEAIT) sBisie co0oro  enekTpoMexaHidHy
KOJIMBAJIbHY CHCTEMY 3 JOCHTh BHCOKOIO NOOPOTHICTIO, 1 MicTUTh acumeTpuuHuii Gimop¢uuii enement (BIIE) 1,
SIKMIA CKJIQIA€ThCs 3 MeTajeBoi iacTiHu i3 ctaii 40X miamerpom 32 i tomuHOW 0,15 MMm. IT'e30enement 2, @23 i
ToBIIMHOIO 0,2 MM TIPHUKJICEHUH O TUIACTUHM €NOKCHUIHMM KommayHaoM (puc. 1, a). Ha BXix m'e3oenexkTpudHoro
TepeTBOpIOBaYa IojaBajiacs Hampyra Big reneparopa [3-109 ammmitymoro 1B. Jliarpama crnpsiMoBaHOCTI
€JIEKTPOAKyCTHYHOTO IIEPETBOPIOBaYa 110 3BYKOBOMY THCKY (puc. 1, 0) BUMiproBajacsi 3a JIOIIOMOTOI0 LIyMOMipa
¢ipmu RFTO00 024. MikpooH po3TamoByBaBCs Hal poOOYMM 3pa3KoM Ha Takiii BifcTaHi, 00 BHKOHYyBajacs
yMoBa niepeOyBaHHS HOTo B 0011acTi ceprIHOTO BUIIPOMiHIOBaHHS (30Ha audpakiii @payrrodepa) [2], ToOTO:
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Ie d — HalOinpImMi TiHIMHAT po3Mip IEpEeTBOPIOBaYA; A — JOBXHHA XBUII.
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Puc. 1 EnextpoakycTu4yHuii nepersoproBady (@) i iioro aiarpama cnpsimoBaHocTi (0)

Jis migBWINEHHS piBHSA 3BYKOBOTO THCKY aBTopamm 3amporoHoBaHo a0 IIEAIT nmomatu 00’emHmMit
pe3oHaTop, SIKMW SBISE COOOK0 CHUMETPUYHY JBOKOHTYPHY KOJIMBAJIbHY CHUCTEMY, IO CKJIAIa€ThCs 3
enexkTpoMexaHiuHoi konuBanmbHOI cucremu (BIIE) 1 Ta akyctuyHol (MeXaHI4HOi) KOJIMBAJIbHOI CHCTEMH —
o0’emHoro pezonaropa 2. (puc.2, a) [10] HaBaHTaxkeHy Ha BHYTpilIHIO Macy cepenoBuma M (2). Jliarpama
CHPSIMOBAHOCTI MEPETBOPIOBAYA 110 3ByKOBOMY THUCKY TOKa3aHa Ha puc. 2, 6.

7

80

a
Puc. 2 EslekTpoakycTHYHHUI nepeTBOPIOBaY 3 00’€MHHM Pe30HATOPOM (a) i iioro aiarpama cnpsiMmoBaHocTi (0)

Ha puc. 2, BuIHO, IO CHUMETpis HaBaHTAKEHHS IEPETBOPIOBAYA TO3BOJISE 30UIBIINTH PiBEHh BUXITHOTO
3BYKOBOT'O THCKY, IPUIYLIUTH O1YHI MENIOCTKH — THM CaMHM TOJIMIIUTHA reoMeTpiro crpsimoBanocti [TEATIL
KonuBansHa mMaca cepenoBuia M (B TpaMax) BU3HAYAETHCA SK:

M; =M, (@)
M=0,33pd"’. 3)

st moBiTpst:
M=810"d". 4)

[T'e30emexTpuuHil BUIPOMIHIOBAaY KiHIIEBUX PO3MIpIB HE € JDKEPEJIOM IUIOCKOi XBHWI. BiH BHIIpoMiHIOE
EHEeprilo B JeIKOMY TiiecHoMY KyTi, mpuuomy aist [IEATT konmBanHs B 00'eMHOMY PE30HATOPI Ta XapaKTEpUCTHKA
CIIPSIMOBAHOCT] BU3HAYAETHCS SIK:
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Ie PP/p0 — BiTHOCHE 3HMKEHHS 3BYKOBOTO THCKY BHIIPOMIHIOBaua MPH 3CyBax 3 HOro akycTHYHOT OCl Ha KyT f.
BpaxoByrouu 3B'130K MiXK IHTEHCUBHICTIO 3BYKY 1 3ByKOBUM THCKOM, MOXKHA 3aITHCATH:
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PiBusiHHS (6) BM3Ha4ae cuily 3BYKYy, BUMIPIOBAaHY MiJ KyTOM [3 0 aKyCTHYHOI OCi BHIIPOMIHIOBaua IO
BIZIHOIIICHHIO JI0 3HAYCHHS CWJIM 3BYKY Ha OCi BHIpoMiHIoBada. IIpy mpoMy HeoOXigHO BpaxoBYyBaTH, IO CHIIA
3BYKY BUMIPIOETBCSI Ha €JIEMEHTI ITOBEPXHi, OPIEHTOBAHOMY HOPMAJIFHO JI0 HANIPSMKY MOIMINPEHHS XBHIII.

[MizcuieHHs: pe3oHaTOpa v XapaKTEepU3y€eThCsl BiHOUIEHHSIM MaKCHMAaJIbHOTO THCKY 0p,, B MOPOXXHHUHI 10
MaKCHMAaIIFHOTO (aMILTITy THOMY) 3HAUE€HHIO TUCKY p,, TTJaf090] 3BYKOBOI XBHIIL:

op

_ m

vVE——, (7
Pm

ne 5pm — BiHHOHIeHHH MAaKCUMAJIBHOI'O TI/ICKy; pm — MAaKCHUMaAJIbHEC 3HAYCHHS TI/ICKy.

IToTyXHiCTh BHIIPOMIHIOBAaHHX XBHWIIb P, 3ale)XUTh BiJ IUIOHI MOBEpPXHi S, aMIUTITyId KOJNHBaHb & 1
JTIOBKMHH BHIIPOMIHIOBAHOI XBHJII A, B TOH 4Yac SIK CIPSMOBAHICTh BH3HAYAETHCS JIMIIC TEOMETPIEI0 MMOBEPXHIi, IO
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BUIIPOMIHIOE (200 TeOMETPiel0 PO3MIILIEHHS JKEepe 3BYKY MpH MOOYAOBI rPyMoOBHX cUCTEM) i AoBroi xBuui. s
KOPCTKO 3aKPIiIJICHOT0 aKyCTHYHOTO [IePEeTBOPIOBaYa, 110 BUIIPOMIHIOE B CEpely OJHIEI0 CTOPOHOIO, CIIPaBEIJIMBUI
Bupas (8):

d
3 2Jl 2r—
V1 2 7 A
Py =7pcS(§fd) -10 1——d Bm, (8)
2w —
A
e S — mIoIIa MOBEPXHi BUMPOMIiHIOBaYa; & — aMIUTITY1a KOJIMBaHb TOPI(Sl aKyCTHYHOTO MEPETBOPIOBAYa, CM;
f — yactoTta, I'i; d — miamerp pe3oHaTopa, cM; A — JNOBXKHHA XBWI, cM; J; — cuMBOJI (yHKIii Beccenst nmeprroro

HOPSIKY.

HaiiBayxUBIIIMMH 3aBIaHHSMH YJIBTPA3BYKOBUX BUMIPIOBATBHUX CHCTEM € KOHIICHTPOBaHa MOCHIIKA
3BYKOBHX XBHJIb IO KOHTPOJIBOBAHOTO Tijia i HANPABJICHUI PUITOM BiZOUTUX XBHJIb. [Ipo BUMIpH JUCTAaHLINA MOXKHA
TOBOPHUTH JIMIIE B 3BSI3Ky 3 IE€BHOIO IPOCTOPOBOIO OpI€HTAIli€l0 KaHaly BHUNpOMiHIOBaHHS. Harmpasiene
BHUIIPOMIHIOBAaHHA XBWJIb € PI3HOBHI KOOPAWHATHOI NPHWB'I3KH BHUMIPIOBAJHFHOTO IHCTPYMEHTa OO0 00'ekTa
BHUMIPIOBaHb;, CIIPIMOBAHICTh aKyCTHYHOTO MPOMEHS B JACAKIA Mipi TOTOXHA CBITIOBOMY IpoMeH0. Pazom 3 Tum
AHAJIOTIs 31 CBITJIOBUM MPOMEHEM Y 1IbOMY BHIJKY JOCUTH BiJIalieHa, OCKUIbKH PI3HHII B JIOBKUHAX aKyCTUUHHX
1 CBITJIOBMX XBHJIb JOCHTH ICTOTHA [7].

Jnist BUKITIOUSHHS TIONaJaHHs CUTHAIIIB BIIOMTHX BiJl CYCITHIX KOHTPOJBOBAHMX E€JIEMEHTIB, a TAKOX ISt
30UIBIIEHHS MIIIBHOCTI MOTOKY BifOOpakeHOi eHeprii HeoOXiJHO MaTh Malui JiaMeTp BUIIPOMIHIOBaYa i 110
MOXITMBOCTI MaJIMi KyT po30iKHOCTI 3ByKOBOro Iydka. Lli 1Bi BUMOTM cynepedyarb OJUH OIHOMY, OCKUIBKU IS
3MEHIIEHHS! KyTa pO30DKHOCTI KOPHCHOTO CHUTHAJly HEOOXiZHO NpONOpLiHHO 30UThIIyBaTH  JiaMeTp
BUIIPOMIiHIOBaYa, a Le NPH3BOIUTH 10 30iNbLICHHS MMOYAaTKOBOTO JiaMeTpa 3BYKOBOro Imyd4ka. [IpoTe iCHYIOTbH
METOJM, TpH SIKHX pO3MIpH 3BYKOBOro Iyuka OynyTe MiHiMambHuMmu! Takuii eekT MoxHa OTpUMaTH
3aCTOCOBYIOUH SIK ONPOMIHIOBAaY pe3oHaTop [embmronbla, SIKMHA ckiamaeTscst 3 OimopdHopro m'ezoenemenra 1 i
TIOBITPSTHOTO pe30HaTopa 2, Ha SKOMY BCTAaHOBJCHAa PE30HATOpPHA TPyOKka 3 HEOOXimHOI HOBXKHWHU Ta IiaMeTpy
(puc. 3, a), AKa IPOCTOPOBO OPIEHTYE 3BYKOBUH ITyYOK IIOA0 aKyCTHIHOI OCi €JIEeKTPOAKyCTHYHOTO TIEPETBOPIOBAYA.
JiarpaMa cripssMOBaHOCTI IIEPETBOPIOBaYA IO 3BYyKOBOMY THCKY ITOKa3aHa Ha puc. 3, 0.

a 0
Puc. 3 EnekTpoakycTHYHUI nepeTBopoBay 3 pe3oHaTopoM ['esibMroJibua (@) i ioro aiarpama cnpsimoBanocri (6)

HdiameTtp i 1oBXUHY TpyOKH po3paxoByIOTh BUXOASYH 3 BHpasis (9, 10):

C
L=-2; ©
4f
2kC,L
D= |/ (10)
A
ne k — ducioBmiA KOEMIIIEHT, 10 BPaXOBY€E BITHOCHY 3MiHY 3BYKOBOTO THCKY Ha MEXi 3BYKOBOI ILISMU,

L — noBxwuHa pe3oHaTOPHOI TPyOKH; Cy — MBHIKICTH PO3MOBCIOHKEHHS 3BYKa B moBiTpi (340 M/c); f'— pe3oHaHCHA
4acToTa.
Brnacura wacrora pezonaropa ['enmpMromnsIiia TOpiBHIOE:

¢ S
fr=2=, (11)
2z N VL
ae f, —uacrora, I'; ¢, — mBHAKICTE 3ByKy B mOBITpi (~ 340 M/c); S — mepetuH oTBOpY, M’ L — noBkuHa

pesoHaTopHOi TPyOKH, M; V' — 06'eM pe3oHaTopa, M’.

VY BHCHOBKY CIHiJi 3a3HAYWTH, [I0 BHKOPUCTAHHS O0’€MHHX pPE30OHATOPIB, & TAaKOXK pPE30HATOPIB
[enpMroneia sk eIeMEHTIB KOHCTPYKIIl, JO3BOJISE PO3MIMPHUTH MOXKIUBOCTI MPOCKTYBAHHS €JICKTPOAKYCTHYHHX
MIePETBOPIOBAYIB ISl YIBTPA3BYKOBUX BUMIPIOBAIBHUX CHCTEM.
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BucHoBknu
1. Po3pobneHo M'€30€NeKTPUYHUIA €IEeKTPOAKyCTUUHHUI MEePEeTBOPIOBadY 3 00’€MHHM PE30HATOPOM 1
HOJIIIIIEHNMH XapaKTePUCTUKAMH.
2. lns MOJNIMIIEHHS XapaKTEPHCTHK IT'€30€JEKTPUYHUX €JIEKTPOaKyCTHYHUX IEPETBOPIOBAYIB MOXXYTh
BUKOPUCTOBYBATHCS JIOJaTKOBI MEXaHIYHI KOJIMBAJIbHI KOHTYPH, 30KpeMa pe3oHaTopu [ ebMIosibiia.
3. INomanpnii OCHIIPKEHHST MOXKYTh OyTH CHIpsIMOBaHI Ha 1MoOyJOBY MaTeMaTH4YHUX MOAENEH IS Pi3HUX
KOHCTPYKTUBHHX CXEM IT'€30€JIEKTPUYHHX ITEPETBOPIOBAYIB.
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