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1. Y po6oTi po3ryispaioTbes 3a7adi PO HeCTallioHAPHI Ta yCTajleHi KOJIMBAHHS I1'€30€JIeKTPUYHUX OGHOPITHUX,
6araTtomapoBux Ta QyHKIiOHaJIbHO-HEOQHOPIJHUX TiJl 3 BpaXyBaHHSIM AMCUIIATUBHUX BJIACTUBOCTEN maTepiany. Ha
OCHOBI 3aIIPONIOHOBAHOI YOTUPUIIAPAMETPUYHOI MOJeJli AEMII(PYBaHHS KOJIMBAaHb IOOYOBAHO MAaTEMATU4HI MOZEI
€JIEKTPOB'SI3KOINPYKHMUX KOMITO3ULIMHUX MaTepiasiB 6araromapoBoi Ta QyHKIiOHaTIbHO-HEOQHOPITHOI CTPYKTYPU.
Jl71s1 BpaxyBaHHS BIUIMBY aKyCTUYHOI'O CEPEIOBUIIA HAa KOJIMBAHHS I1'€30€JIeMEHTa PiBHSIHHS aKyCTUKU
PO3B’A3YI0TbCS B IIPOCTOPi IEPETBO-PEHB 3a JIanjacoM 3 NOCiIOBHAM BUK/IIOYEHHSIM 3MIHHUAX aKyCTUYHOTO T10JIS 3
rPaHMYHUX YMOB Ha IIOBEPXHi BUNPOMiHIOBa4ya. Ha 6a3i 3arrporloHOBaHOI MaTEMAaTUYHOI MOZEJI YCTAJIEHUX Ta

HECTallilOHAapHUX KOJIMBaHb II'€30KepPaMiyHUX €JIeMEHTIB KaHOHIYHMX (POPM PO3BHUHYTO €(PEKTHBHI YNCEIbHI



MiIXOAM HAa OCHOBI METOAY CKIHUEHHMX Pi3HULb, BapialliiHO-CIIJIAWHOBOIO METOY, METOLY CKIHYEHHUX €JIEMEHTIB,
ramiszibTOHOBOrO (popmMasi3my Ta iH. [171s1 po3B’sI3aHHS OTPUMAHUX KPaloBUX Ta IOYAaTKOBO-KPANHOBUX 33734
BAKOPUCTOBYBAJIMCS METOJ, IUC-KPETHOI OPTOrOHai3allii, IBHa YMCesbHa cxeMa, MeTog, Hpromapka, meton, PyHre-
KytTa Ta iH. 3a JONOMOr00 PO3BUHYTUX MiIXOMiB AOCTIIXYIOTbCS YCTaleHi KOJMBAHHS €J1€KTPOB SI3KOIPYKHUX
OHOPIAHUX Ta KOMIIO3UTHUX LUJIHPIB CKIHYEHHOI JOBKUHY; IIepexifiHi Mpolecy B 6araTomapoBux Ta
(dyHKIiOHAIbHO-HEOJHOPIIHUX [10JIIPU30BaHUX 32 TOBLIMHOIO [IJIOCKUX TijlaX, IOPOKHUCTUX LUJIIHAPAX Ta KyJIsX;
IIJIaHapHi HecTalioOHapHi KOJIMBAHHS KPYIVIMX Ta KiJIbLIEBUX II'€30KePaMiuyHUX MTOJISIPU30BAHUX 32 TOBIIXHOIO
IJIACTUH NPU €JIEKTPUYHUX Ta MEXaHIYHUX HaBaHTAXXEHHSX; aHaJli3 BIaCHUX, BUMYIIEHUX Ta HECTAl[iOHAPHUX
KOJIMBaHb (DYHKIiOHAJIbHO-HEOIHOPINHUX Tijl B TPUBUMIPHIl IoCTaHOBLi. PO3BUHYTO YMCeIbHUM MiAXin 10
IOCJIiI)KEHHS BJIaCHUX, YCTaJIEHUX Ta HECTalliOHAPHUX KOJIMBAaHb I1'€30€JIeKTPUYHUX PYHKIIOHATIBHO-
HEOJHOPIJHUX TiJl METOJJOM CKiHUEHHUX €JIEMEHTIB. JIO0CIIiIKy€eTbCs BIUIUB (PYHKIIOHAJIbHOI HEOHOPiIHOCTI Ta
Ioucuranii eHeprii Ha IUHaMIiYHi Tpolecy B II'€30KepaMiyHNUX HEOTHOPIHNX CEKL[iOHOBAaHUX LMJTiHPaX CKiIHYEHHO]
IIOBXKMHU 3 >KOPCTKOi Ta M'IKOi ITe30Kkepamiku. [Ipy rapMOHIYHMX KOJIMBAHHSX BU3HAYAIOTHCS JUCUTIATUBHI
XapaKTEPUCTUKY PE30HAHCHUX KPUBHUX 3 BpaxyBaHHSM JeMIpyBaHH: 3a PesieeM, 4aCTOTHO-HE3aJI€5KHOTO
Iemi@yBaHHS, KOMIIJIEKCHUX MOAYJIiB. [Ipy HecTalioHapHUX 30ypPEHHSIX AOCHIIKYETbCS 3aTyXaHHS KOJIMBaHb IIPU
BpaxyBaHHS AeMII(pyBaHHS KOJIMBaHb 3a PejieeM B BUCOKOOOPOTHI Ta HU3bKOLIO-OPOTHI ITe30Kepamili 3
BpaxyBaHHSM HEOJHOPIIHOCTI MaTepiany. OCHOBHI HAyKOBi P€3yJIbTAaTHU [IOJIATalTh Y HACTYITHOMY: ® JlaHO
IIOCTAHOBKY HOBOTO KJIACy 33/1a4 €JIEKTPOB sI3KONPY>KHOCTI, [0 BPaxOBYIOTh HEOJHOPIIHICTh MaTepiany
I1'€30€JIEKTPHKA, MOr0 SUCUIIATYBHI BIACTUBOCTI Ta BIUIMB aKyCTUYHOTO CEPELOBUILA HA OCHOBI TEOPii
€JIEKTPOIIPYKHOCTI, MEXaHIKH CIIaIKOBOTO CEPELOBUILA, PEOJIOTIYHUX CIIiBBIIHOLIIEHb, MEXaHIKA KOMIIO3UTIB,
TiPONPYKHOCTI B aKyCTUYHOMY HaOJIMKEHHI. ® Y paMKaXx MOHOIapMOHIYHOI'O HaGJIVDKEHHSI PO3BUHYTO MiTX04M 10
PO3B’SI3aHHS JUHAMIYHMX 3a71a4 €JIeKTPOIIPYKHOCTI Ha OCHOBI BapialiliHO-CIIIIaliHOBOro MeTony Ta ['amMinbTOHOBOTO
dopmanizmy. BUKOHaHO YncCesbHY peasisalilo pO3BUHYTHX MiIXOiB 32 IOIIOMOTOI0 METOLly JUCKPETHOI
OopTOroHasi3auii. PO3BUHYTI MiIX0IM alaiTOBaHO 10 PO3PAaXyHKY FaPMOHIYHUX BiCECUMETPUYHUX KOJIMBAaHb
OJHOPiAHUX Ta KOMIIO3UTHUX €JIEKTPOB'SI3KOIPY>KHUX Tijl. ® PO3p06IeHO HOBUI y3arajibHEHNI YUCEIbHUM TiAXiT
IJ151 OCJIiIPKEHHS HeCTallioHApHUX ITYJIbCYI0YMX KOJIMBAHb OJHOPITHUX, 6araTomapoBuX Ta PyHKLiOHAJIBHO-
HEOJHOPIHUX IT'€30€JIEeMEeHTIB IJIOCKOi, LUIiHAPUYHOI Ta cpeprnyHoi GOopM 3 BpaXyBaHHIM MEXaHIYHUX,
II'€30€JIEKTPUYHUX Ta i€JIEKTPUYHUX BTPAT eHeprii. PO3BUHYTO cloci6 BU3HAUYEHHS €JIEKTPOPYILIiiHOI cruiu
II'€30€JIEeMEHTIB IPY MEXaHIYHMX HECTAl[ilOHAPHNUX HaBaHT)KeHHX ®* CHUCTEeMaTHU30BaHO MiIX0IU 4O BpaXyBaHHS
IUCUIIATUBHYX XapaKTEPUCTUK MaTepiajy 3a ONOMOro0 KOMIIJIEKCHUX MOAYJIB, 4aCTOTHO-HE3aJIe>KHOTO
nemndysanHs, JemndyBaHHs 3a PesieeM, TAaHTeHCIB [ie/IeKTPUYHUX Ta I1'€30€JIeKTPUYHUX BTPAT NPU YCTaTI€HUX
KOJIMBAaHHSIX. 3alIPOIIOHOBAHO Ta JOCIIiI)KEHO YOTUPUIIAPAMETPUYHY MOJIEJIb €J1IEKTPOB I3KOIPY>KHOCTI IIPU
HeCTaljOHapHUX HaBaHTAXXEHHSIX. ® 3alIPOIIOHOBAHO CIOCIO aHasli3y BiJIbHUX, FTADMOHIYHUX Ta HECTAL[iOHAPHUX
KOJIMBaHb €JIEKTPOB'SI3KOIIPY>KHUX (PYHKIIIOHAJIbHO-HEOAHOPIAHUX IT'€30€JIeMEHTIB CKIafiHOi GPOPMHU 3a JOTIOMOIOI0
METOJly CKiHYEHHUX €JIeMeHTIB. EPeKTHUBHICTb JAaHOTO MiAX0My allpobOBaHO Ha 3a/iayax AOCiIKEHHS

€JIEKTPOMEXaHIYHOI'O CTaHY CEKLIIOHOBAHUX LMJIIHIPIB.

2. The dissertation is devoted to solving the current scientific problem of building an effective numerical
methodology for studying the dynamic electromechanical state of homogeneous and inhomogeneous piezoelectric
structural elements taking into account the dissipative properties of the material. Problems of non-stationary and
steady oscillations of piezoelectric homogeneous, multilayer and functionally gradient bodies taking into account
the dissipative properties of the material are considered. Based on the Kelvin-Voigt viscoelastic model, generalized
to the case of coupled electromechanical fields, mathematical models of electroviscoelastic composite materials of
multilayer and functionally inhomogeneous structures are constructed. To take into account the influence of the
acoustic environment on the oscillations of the piezoelectric element, the acoustic equations are solved in the
space of Laplace transforms with the sequential exclusion of the acoustic field variables from the boundary
conditions on the surface of the actuators. On the basis of the proposed mathematical model of steady and non-
stationary oscillations of piezoceramic elements of canonical forms, effective numerical approaches based on finite
differences, the variational spline method, the finite element method, the Hamiltonian formalism, etc. were



developed. To solve the obtained boundary and initial-boundary problems, the method of discrete
orthogonalization, an explicit numerical scheme, the Newmark method, the Runge-Kutta method, etc. were used.
With the help of these developed approaches, steady oscillations of electroviscoelastic homogeneous and
composite cylinders of limited length are investigated; transient processes in multilayer and functionally
inhomogeneous thickness-polarized flat bodies, hollow cylinders and spheres; planar non-stationary oscillations of
round and annular thickness-polarized piezoceramic plates under electrical and mechanical loads; analysis of
natural, forced and non-stationary oscillations of functionally inhomogeneous bodies in a three-dimensional
setting. A numerical approach to studying natural, steady, and nonstationary oscillations of piezoelectric
functionally inhomogeneous bodies using the finite element method is developed. The influence of functional
inhomogeneity and energy dissipation on dynamic processes in piezoceramic inhomogeneous sectioned cylinders
of finite length made of hard and soft piezoceramics is studied. In the case of harmonic oscillations, the dissipative
characteristics of the resonance curves are determined taking into account Rayleigh damping, frequency-
independent damping, and complex moduli. In the case of non-stationary disturbances, the damping of oscillations
is investigated taking into account the damping of Rayleigh oscillations in high-Q and low-Q pie-zoceramics,
taking into account the heterogeneity of the material. The main scientific results are as follows: * A new class of
electroviscoelasticity problems is formulated, which takes into account the heterogeneity of the piezoelectric
material, its dissipative properties and the influence of the acoustic environment based on the theory of
electroelasticity, mechanics of the hereditary medium, rheological relations, mechanics of composites, and
hydroelasticity in the acoustic approximation. * Within the framework of the monoharmonic approximation,
approaches to solving dynamic electroelasticity problems based on the variational spline method and Hamiltonian
formalism have been developed. The developed approaches have been numerically implemented using the discrete
orthogonalization method. The developed approaches have been adapted to the calculation of harmonic
axisymmetric vibrations of homogeneous and composite electroviscoelastic bodies. * A new generalized numerical
approach has been developed for the study of nonstationary pulsating oscillations of homogeneous, multilayer and
functionally inhomogeneous piezoelectric elements of flat, cylindrical and spherical shapes, taking into account
mechanical, piezoelectric and dielectric energy losses. A method for determining the electromotive force of
piezoelectric elements under mechanical nonstationary loads has been developed. * A comparison and
systematization of approaches to taking into account the dissipative characteristics of the material using complex
modules, frequency-independent damping, Rayleigh damping, dielectric and piezoelectric loss tangents under
steady oscillations have been carried out. A four-parameter model of electroviscoelasticity under non-stationary
loads has been proposed and investigated. * A method for analyzing free, harmonic, and nonstationary oscillations
of electroviscoelastic functionally inhomogeneous piezoelectric elements of complex shape using the finite
element method is proposed. The effectiveness of this approach has been tested on the problems of studying the
electromechanical state of sectioned cylinders.
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