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BUPIIIE€HHIO BXJIMBOI HAYyKOBO-TEXHIYHOI IIPOGIEMYU CTBOPEHHSI TEOPETUYHUX OCHOB PO3PaxXyHKIB i (i3nko-
TEXHIYHUX 3acaJ] KOHCTPYIOBaHHS €JIeKTPOMEXaHiYHNX NpuiafiB akycTuku (EMITA) npyXHUX cepenoBull,
11o0yJ0BaHMX HA OCHOBI 6araTOMOJJOBMX KOJIMBAJIbHUX CUCTEM B YACTHHI iX Me€XaHiYHOi, eJIeKTpUYHOI i TeIn1oBoi
MILIHOCTIi 3 ypaxXyBaHHSM I10SIBM HOBUX 3HaHb 100 B3aemoii (pi3yHMX MOJIB i IpOLeciB IPU IEPETBOPEHHI Ta
(dopMmyBaHHi eHeprii Ta yMOB 3aCTOCYBaHHSI LIUX [IPUJaliB B IPY>KHUX CepeloBULIAX. B nucepTauiiiHiil po6oTi
IIPOBEJIEHO aHaJli3 HOBUX 3HaHb B TEXHIYHIN aKyCTHL, B YaCTHHI 3B's13Ky Qi3WYHUX I10J1iB Pi3HOI IpUPOAU I1pU
[IepEeTBOPEHHI €Heprii B I'e30KepaMidyHUX CEpPeIOBUINAX, B3a€MOIii aKyCTUYHMX I10J1iB IpU iX GOpMyBaHH] B
OTOYYIOUUX [IPYKHMX CEPEJOBUIIAX i B3AEMHOTO 3B'13Ky ITPOLIECIB IEPETBOPEHHS i (POPMYBAHHS €HEPTii Ta ix
BIUJIMBY Ha NpoLiec KOHCTpyoBaHHS EMITA Ha OCHOBI 6araToOMOIOBUX KOJIMBAJIbHUX cucTeM. [IpoaHasnizoBaHo
€KCIIIyaTaliliHi HABAHTa)KEHHS €JIEKTPOMEXAHIYHUX IIPUJIAZiB aKyCTUKY 3 yPaXyBaHHAM HACJIIKIB Iil IPY>KHUX
CEepenoBUII Ta B3a€MO/Iii TIOJIIB i TPOIIECiB, 1[0 TPU3BOAUTH 10 MOsIBU 6araTomonoBocTi EMITA Tta po3pobyieHo
(i3uKo-TeXHIUHi 3aX0[M 100 iX BpaxyBaHHS B IPOLECi KOHCTPYIOBaHHS. Po3po6ieHi TeopeTuyHi 0CHOBU Ta
METOJIM PO3PaxXyHKiB MEXaHIYHOI, €JIEKTPUYHOI Ta TEIMJIOBOI MIlJHOCTi KOHCTPYKILill BUIIPOMIHIOIOYUX
I1'e30KE€paMiuHMX NPUJIAJiB Pi3HUX TUIIIB HA OCHOBi 6araTOMOJIOBMX KOJIMBAaJIbHUX crcTeM. Kilto4oBi cioBa:
KOHCTPYKLisl, MilJHiCTb, HABAHTAKEHHS €JIEKTPUYHI, HABAHTAKEHHSI MEXaHIYHi, HABAHTaXEHHS TEILJIOBI,

[IEPETBOPIOBAY I1'€30KEPAMIYHMI €JIEKTPOAKyCTUYHUH, IPUJIAT, €JIEKTPOMEXaHIYHUN

2. Drozdnenko O.I. Theoretical Foundations for Calculations and Physical-Technical Principles of Designing
Electromechanical Devices for Acoustics of Elastic Media. — Qualification Scientific Work in Manuscript Form.
Dissertation for the degree of Doctor of Technical Sciences in the specialty 05.09.08 "Applied Acoustics and Audio
Engineering". - National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute," Ministry of
Education and Science of Ukraine, Kyiv, 2025. The dissertation is dedicated to solving an important scientific and
technical problem of developing theoretical foundations for the calculation and physical-technical principles of
designing electromechanical acoustic devices for elastic media. These devices are based on multimode oscillatory
systems concerning their mechanical, electrical, and thermal strength, considering new knowledge about the
interaction of physical fields and processes during energy conversion and formation, as well as the conditions for
their application in elastic media. The first chapter analyzes the physical problems that limit the level of acoustic
power radiation by electroacoustic devices in various elastic media. Acoustic power radiation is associated with
the interaction of three physical fields—mechanical, electrical, and acoustic—and the specific features of the liquid
medium (cavitation) in which these devices operate. The interaction of these fields also leads to the emergence of
a thermal field in the structures of electromechanical devices. In piezoceramic devices, energy conversion is
characterized by the interconnection of electrical, mechanical, and acoustic fields. The formation of fields in
elastic media is influenced by the interaction of emitted and scattered fields from device elements, which is
determined by multiple reflections of sound waves. Additionally, the interaction between energy conversion and
formation processes plays a crucial role. Recent advances in determining acoustic fields of electroacoustic devices
have made it possible to consider acoustic interactions between fields. This new knowledge has significantly
altered engineers' understanding of oscillatory processes in piezoceramic acoustic devices, the limits of maximum
acoustic power radiation depending on the type of elastic medium, and the associated structural strength issues. A
problem related to sound radiation by an arbitrary system of emitters consisting of a finite number of circular
piezoceramic cylindrical radiators with circumferential polarization was examined. Analysis of the results indicates
that in advanced piezoceramic acoustic devices, the mechanical and electrical strength of structures should be
several times higher compared to cases where existing physical fields and their interactions are not considered.
Chapter 2 analyzes modern physical and technical problems related to the design and technological
implementation of electroacoustic devices, taking into account advanced requirements for their parameters and
operating conditions. The main operational loads for elastic liquid media are identified, and approaches to their
resolution for underwater electroacoustic devices of various purposes are substantiated. The analysis allows for
the development of new approaches to the comprehensive solution of design and technological implementation of
underwater electroacoustic devices. New methods for designing promising electroacoustic devices of various
purposes are proposed, differing in operating frequency ranges, working conditions, and a wide range of



hydroacoustic technologies and manufacturing processes. Strict design requirements for underwater
electroacoustic devices arise due to their prolonged operation under high external pressure, exposure to
aggressive environments, and the impact of significant electrical voltages. This necessitates continuous research
and practical implementation of different physical principles of device construction, improvement of design
methodologies, the use of new structural materials, and constant refinement of device configurations. Chapter 3 is
dedicated to ensuring the mechanical strength of electromechanical acoustic device structures. These devices
experience both static and dynamic loads during operation. To maintain structural integrity, the working loads
from all influencing factors must not exceed critical values, with a sufficient safety margin. Design solutions for
reducing static mechanical stresses include increasing prism thickness and inserting materials with lower modulus
of elasticity than piezoceramics. These measures increase static mechanical strength by approximately 1.5 times.
The dynamic mechanical stresses arising during sound radiation depend on the emission mode, structural design,
reinforcement nodes, oscillation characteristics, vibrational system parameters, and device assembly technology.
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