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Pedepar:

1. Inceprarist npUCBs4Y€Ha PO3pOoOLi TEOPETUYHUX 3aCa]l PO3PaXyHKIB Ta IPOEKTYBAaHHS LUIIHAPUYHUAX
II'e30KEpPaMiyHMX BUIPOMIHIOBAYiB 3 BHYTPIlIHIMU €KpaHaMU 3 ypaXyBaHHSIM B3a€MOJi €JIeKTPUYHNX, MEXaHIYHUX
Ta aKyCTUYHUX I10J1iB BUIIPOMIHIOBaUiB Ta IIPaKTUYHIl peanizauii nyx 3acas. Po3pobseHi meTony L03BOJISIOTH
BpPaxOBYBaTH BILJIMB KOHCTPYKTHMBHUX OCOOJIMBOCTEN BUIPOMIHIOBAYiB Ha (Pi3W4HI 110J1s1, YTBOPIOBAHi
BUIIPOMIHIOBaYaMHU B IIpolieci po60Tu.Bu3HaueHi MeToayu po3B’sI3Ky XBUIbOBUX 33124 TAKOTO THUITY, SIKi BDAXOBYIOTb
0COOJIMBOCTI BUIIPOMIHIOBAaHHS 3BYKY JOCJIII)KYBaHIMU ITIepeTBOPIoBaYaMu. 1o ux 0COOINBOCTEN BifHEeCEHI
3B'SI3aHICTb €JIEKTPUYHUX, MEXaHIYHUX Ta aKyCTUYHUX I10J1iB [1IpY II€PETBOPEHHI €Heprii i B3aeMofisi aKyCTUYHUX
I0J1iB IT'€30KePaMiuyHOI 000JIOHKM Ta €eKpaHy NpU (POpMyBaHHi aKyCTUYHMX I10J1iB, 00yMOBJIEHAa MHOTOKPATHICTIO
BiIOUTTSI BUIIPOMIHIOBAaHMX Ta PO3CiSIHUX 3BYKOBUX XBUJIb. 3HaYHA yBara NpujijieHa npouecam: NepeTBOPEHHS

€JIEKTPUYHOI eHeprii B MexaHiuHy, a MexaHiuYHOI B aKyCTUYHY; B3a€MO/Iii Yepe3 aKyCTHYHe I10JIe II'€30KepaMiiyHOl



000JIOHKHM i BHYTPIIIHBOT'O €KPaHy BUIIPOMiHIOBA4a; B3a€MOJIii MPOLECiB IEPETBOPEHHS €HEPTii i ii BUIPOMiHEHHS B
OTOYYyIOUi cepenioBuIna. JOCiIKeHO BIIJIMB KOHCTPYKTUBHUX XapaKTePUCTUK BUIIPOMiHIOBaYa Ha Horo ¢i3nyHi
110J151. BCTaHOBJIEHO, 1110 NIPU Pafia/lbHO CUMETPUYHOMY €JIEKTPUYHOMY 30y K€HHI LUJIIHAPUYHOI IT'€30KepaMidHOi
000JIOHKM BUIIPOMiHIOBa4Ya BBEJEHHS [I0 OT0 CKJIa[ly BHYTPIIIHBOTO aKyCTUYHOTO €KPaHy 00YMOBIIIOE MOSIBY PSILY
($isnyHMX 0CO6IMBOCTEN (POPMYBAHHSI MEXAHIYHHUX I10J1iB BUIIPOMiHIOBa4Ya. BU3Hau€eHi 3aKOHOMiPHOCTI IOBE[iHKI
YaCTOTHUX i KyTOBUX 3aJIe>KHOCTE aMILIiTyZ, i (a3 MOBHOI KOJIMBaJIbHOI LIBUAKOCTI Ta ii MO, B 3a/1€5KHOCTI Bif, :
PO3MipiB €KpaHiB IpU CTajlill BiicTaHi MK MOBEPXHIMU OOOJIOHKU Ta €KPaHy; BiJl BiiCTaHi MiX [103I0BXHIMU
BicsIMM OGOJIOHKH i €KpaHy IPU HE3MIHHUX PO3Mipax eKpaHy; CKJIaJy 3aCTOCOBAHO]I II'e30Kepamiky; (PisnuHuX
XapaKTepPUCTUK PiIUHY y BHYTPIIIHIN IOPOXXHMHI BUIPOMIHIOBaYa; pO3MipiB IT'€30KepaMidHOi 060JI0HKY — ii paniycy
i TOBIMHU. BCTaHOBJIEHO, 1O [IPU MAJIMX PO3Mipax €eKpaHy 3aHOBO F€HEPOBaHi BJIaCHI PE30HAHCU 3aXOITh JaJIEKO
BHU3 B 00J1aCTh HM3bKUX 4aCTOT. [Ipy eKkpaHax cepefHix po3MipiB 1ii HOBi BJIaCHI PE30HAHCH MEXaHIYHOTO MOJIs HE
YTBOPIOIOTBCSI B HU3bKOYACTOTHIH 0671aCTi, @ 30Cce€peIpKeHi B 00J1aCTSIX PE30HAHCHIN Ta BUCOKOYACTOTHIM.
BcraHoBJ€HO, 1110 B pOPMYBaHHI 3aKOHOMIPHOCTE! NIOBEIiHKM aKyCTUYHUX I10J1iB BUIIPOMIHIOBAiB 3 BHYTPIIIHIM
€KPaHOM 3 ypaxyBaHHSIM Ha3BaHUX BUIIE B3a€MOJ il BUBHaYaJIbHY pOJib IPalOTh TaKi Qi3uyHi GakTopu sK
PE30HAHCHI BJIACTUBOCTI I'€30KEPaMiqHOi 0G0JIOHKU Ta BHYTPIIHBOTO 06'€eMY BUIIPOMiHIOBAaYa 3 €EKPAHOM i CTEIiHb
acumeTpii ftoro no6ymosu. OCHOBHI 3aKOHOMIPHOCTI BIUIMBY UUX Qi3UYHUX OCOGIMBOCTEN Ha aKyCTHUYHI OIS
€KPaHOBaHOI'O BUIIPOMIHIOBAYa MOJISITalOTh B 30arau€HHi CIIeKTPy MOro BJAaCHUX 4aCcTOT i 3HAUHOMY MOIIMPEHHI iX B
00671aCTh HU3BKUX YACTOT IIOPIBHSIHO 3 BIACHOIO YaCTOTOIO IT'€30KepaMiuyHOi 0O0JIOHKM B BaKyyMi 6€3 3MiH po3mipiB
€KPaHOBaHOTrO BUNIPOMiHIOBaya. KisbKiCHI 3HaY€HHS 11X 3MiH B BEJIMYMHAX HOBUX aKyCTUYHUX PE3OHAHCIB Ta
aMILUIITY[, aKyCTUYHOTO TUCKY € Pi3HMMU B 3aJI€XKHOCTI Bifl XapaKTEPUCTUK TOTO YU iHIIOTO KOHCTPYKTHUBHOTO
(daxTopa. BcTaHOB/IEHO, 11O B 06J1ACTSIX MAKCMMAaJIbHOTO BUIIPOMIiHIOBaHHS 3BYKY, OOYMOBJIEHUX BJIaCHUMU
pe30HaHCaMU BHYTPIIIHBOTO 06’eMy BUIIPOMiHIOBaYa, HEe 3MiHIOIOTBCS IOTO HEHAIIPaBJIeHi BIaCTUBOCTI. B TOi1 ke
4ac Ha YaCTOTaxX MaKCHMAaJIbHOTO BUIIPOMIHIOBaHHSI, 00YMOBJIEHUX aKyCTUYHUMHU CKJIAZJOBUMU 3aHOBO F€HEPOBAHUX
3aBISIKM aCUMeTPii N06Y0BY BUIIPOMiHIOBaYa MOJL KOJIMBAaHB, i€ BUIIPOMIHIOBAaHHS HabyBa€ CyTTEBOI
HarnpasJjleHOCTi. [Ipy 1[bOMY OCHOBHA YaCTHMHA aKyCTUYHOI €HEPTii (POpMyeThCs B HAIPSIMi, TPOTUJIEXKHOMY
HaIpsIMKY PO3MIllleHHS BHYTPIIHbOTO €KpaHy. BcTaHOBIIEHI AKiCHI 1 KiZIbKICHI BIUIMBY Ha3BaHUX BUILE
KOHCTPYKLiMHUX [TapaMeTpPiB €KPAaHOBAHUX BUIIPOMIHIOBAYiB Ha TaKi XapaKT€PUCTUKHU IX €JIEKTPUYHUX IOJIIB 5K
YaCTOTHI 3aJI€5KHOCTI iX CTPyMiB Ta BXiJHUX €JIEKTPUYHUX ONopiB. [IoKa3aHOo, 110 IOBHUM CTPYM 30y KEHHS
BUIIPOMIHIOBaYa Ma€ [Bi CKJIQ[OBIi: EMHICHY i JMHAaMi4YHy. B 6inbIOCTi BUNIaAKiB 3aKOHOMIPHOCTI 3MiH [TIOBHOTO
CTPyMY B IIMPOKOMY [lialla30Hi AOCIiIPKyBaHNUX YaCTOT BU3HAYAIOTHCS 3aKOHOMIPHOCTSIMU YaCTOTHUX 3MiH
IMHAMIYHOI CKJIaOBOI €JIEKTPUYHOIO CTPyMY. Uepes ITOCIiIKEeHHS BXiJHUX €JIEKTPUYHUX OIIOPiB EKPAaHOBAHOTO
BUIIPOMIHIOBaYa BCTAHOBJIEHA CIIPOMOXKHICTb MO0 €JIEKTPUYHOTO MOJIS1 CIPUIHATU €JIeKTPUYHY €HEeprilo Bif,
30yI’KYI04OTo BUITPOMiHIOBA4 reHeparopa. EkcriepruMeHTalbHUM IUISIXOM MiITBEPAKEHA aleKBaTHICTh
3aIIPONIOHOBAHUX PO3PAaXyHKOBUX MOJEJIEN Ta OTPUMAHUX YUCEJIbHUX PE3YJbTaTiB PeabHUM LUJIIHAPUYHIM
II'e€30KepaMiuHUM BUNPOMIHIOBaYaM 3 BHYTPILIHIMM eKpaHaMU. Pe3ysibTaTi AucepTaliiiHoi po60TU BIIPOBAIKEHO
Ha Jlep;kaBHOMY IiAnpueMcTBi «KMiBCbKUI HAYKOBO-AOCIIAHUI iHCTATYT IiApONpuIajiB» NPy BUKOHAHHI

MIPOEKTHUX PO3PAXYHKIB UMIIHAPUYHOrO BUIIPOMiHIOBada 1yt KHP.

2. The dissertation is devoted to the development of theoretical principles of calculations and design of cylindrical
piezoceramic emitters with internal screens, taking into account the interaction of electric, mechanical and
acoustic fields of emitters and the practical implementation of these principles. The developed methods allow to
take into account the influence of design features of radiators on the physical fields formed by radiators in the
course of work. Methods of the decision of wave problems of this type which consider features of sound emission
by the investigated converters are defined. These features include the interconnection of electric, mechanical and
acoustic fields in energy conversion and the interaction of the acoustic fields of the piezoceramic shell and the
screen in the formation of acoustic fields, due to the multiple reflection of emitted and scattered sound waves.
Considerable attention is paid to the processes: conversion of electrical energy into mechanical and mechanical
into acoustic; interactions through the acoustic field of the piezoceramic shell and the inner screen of the emitter;
interaction of energy conversion processes and its radiation into the environment. The influence of the design



characteristics of the radiator on its physical fields is investigated. It is established that at radially symmetrical
electric excitation of a cylindrical piezoceramic cover of the radiator introduction to its structure of the internal
acoustic screen causes emergence of a number of physical features of formation of mechanical fields of the
radiator. The regularities of the behavior of frequency and angular dependences of the amplitudes and phases of
the total oscillatory velocity and its modes depending on: the size of the screens at a constant distance between
the surfaces of the shell and the screen; from the distance between the longitudinal axes of the shell and the
screen at constant screen sizes; composition of applied piezoceramics; physical characteristics of the liquid in the
inner cavity of the radiator; the size of the piezoceramic shell - its radius and thickness. It is established that at
small screen sizes the newly generated natural resonances go far down into the low frequency range. With
medium-sized screens, these new intrinsic resonances of the mechanical field are not formed in the low-
frequency region, but are concentrated in the resonant and high-frequency regions. It is established that in the
formation of patterns of behavior of acoustic fields of emitters with an internal screen, taking into account the
above interactions, physical factors such as resonant properties of the piezoceramic shell and the internal volume
of the emitter with a screen and the degree of asymmetry. The main laws of influence of these physical features on
the acoustic fields of the shielded emitter are to enrich the spectrum of its natural frequencies and significantly
spread them in the low frequency range compared to the natural frequency of the piezoceramic shell in vacuum
without changing the size of the shielded emitter. Quantitative values ooof these changes in the values ooof new
acoustic resonances and amplitudes of acoustic pressure are different depending on the characteristics of a design
factor. It is established that in the areas of maximum sound radiation, due to the own resonances of the internal
volume of the emitter, its non-directional properties do not change. At the same time, at the frequencies of the
maximum radiation caused by the acoustic components newly generated due to the asymmetry of the
construction of the emitter modes of oscillations, this radiation acquires a significant direction. The main part of
the acoustic energy is formed in the direction opposite to the direction of placement of the internal screen.
Qualitative and quantitative influences of the above design parameters of shielded emitters on such characteristics
of their electric fields as frequency dependences of their currents and input electric resistances are established. It
is shown that the total excitation current of the emitter has two components: capacitive and dynamic. In most
cases, the patterns of changes in total current in a wide range of studied frequencies are determined by the
patterns of frequency changes of the dynamic component of the electric current. Through the study of the input
electrical resistances of the shielded emitter, the ability of its electric field to absorb electric energy from the
generator exciting the emitter is established. The adequacy of the proposed calculation models and the obtained
numerical results to real cylindrical piezoceramic emitters with internal screens have been experimentally
confirmed. The results of the dissertation work were implemented at the State Enterprise "Kyiv Research Institute
of Hydraulic Devices" when performing design calculations of a cylindrical radiator for China.
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