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3 BUKOpHCTaHHSM BapianiHoro npuHIuy ['amineToHa copMynbpoBaHO cu-
cteMy OalaHCOBUX PIBHSIHb Ta KpaliOBI YMOBH JIHIHHMX HEKIACHYHMX 3a/a4 JIO-
KaJbHO T'PaJi€HTHOI eIEeKTPOMEXaHiKH. 3rajlana CUCTeMa PiBHSHb BPAXOBYE BILINB
MIKpPOCTPYKTYpPH, MIKpOiHEpIii Ta TUHAMIYHOTO (IEKCOENEKTPUYHOTO e(eKTy Ha
JIMHaMIYHY TOBEIIHKY TIOJIIPU30BHUX HEe(PEpOMAarHiTHUX MpYXHUX Til. BoHa
I'PYHTY€ETHCS Ha TPaJIiEHTHOTO THITY PIBHSHHSIX CTaHy JIOKAILHO IPaieHTHOI Teopii
JienekTpuKiB [ 1], sika BpaXxoBYy€ BILIMB BIUIMB MiKPOCTPYKTYPH MaTtepiairy Ha OoBe-
JHKY NoJsipu30BHUX Tij. [Ipu 3ammci BapianifHOTO piBHSHHS BpaXxOBaHO, IIIO TyC-
THHA KIHETUYHOI €HEpTii, OKPIM CTAHIAPTHOTO IHEPIIHHOTO JOJAHKY, MPOMOPITiH-
HOTO BEKTOPY IIBHJIKOCTI, MICTUTh TaKOX JOAAHOK, POTIOPLIHHUN TPaliEHTy BEK-
TOpa MIBUJKOCTI, Ta JIOJAHOK, KW BKJIFOYA€ YacOBI MOXI/HI BiI BEKTOpa MOJISPH-
3aii:
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Ta IUTOMOI IOJSIpH3aii, /x — XapakTepHa BifIanb JUls MiKpoisepuii, M;;— diek-

Tyt p—rycTuna mMacu mMartepiaiy, u; Ta T; — KOMIOHEHTH BEKTOPA NEPEMillIeHHS

conuHaMivHi KoeillieHTH, Kparka HaJ] CAMBOJIOM BiJI3HAa4Ya€ MOXIIHY IO Yacy. 3a-
3HAYMMO, III0 XapaKTepHa BiJJlaib JUIS MIKpOiHEpHii TICHO IOB’si3aHa 3 MIKpo-
CTPYKTYpOIO Matepiaiy (CTalor0 rpaTKi KPUCTAIIYHOTO MaTepially, po3MipoM 3ep-
Ha TOII0). 3a TAKOTO OMHUCY Y PIBHSAHHI OallaHCy JTIHIHHOTO MOMEHTY MOPIBHSHO 3
KJIACHYHOIO TEOPI€I0 BUHUKAIOTH JOJAHKH, MPOIOPIIiHHI APYTii MOXiaHiHi Mo Yacy
BiJl BEKTOpA IOJISIpU3allii Ta MillIaHUM ITOXiHUM BiJl BEKTOpa MEPEMIIIEHHS 110 Ya-
COBIlf Ta MPOCTOPOBHMX 3MIHHMX. 3TajiaHi JOJaHKH KOHTPOJIOIOTH BIUIUB JMHAMIY-
HOTO (JIEKCOENIEKTPUYHOTO e(eKTy Ta MIKpOiHepIii Ha MEXaHIYHUH pyX TBEPAMX
nienexTpruuHuX Tii. [okazaHo, M0 oTprMaHa cUcTEMa PiBHSHb YTOKYETHCS 3 pe-
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3ynbratamu, oTpuMaHuMu FOninuMm Ta Tarannesnm [2] y pamkax y3arajibHEeHO! Te-
opii (IIeKCOENEKTPHUKH, IO BPAXOBYE 3aJIEXKHICTh €Heprii AeopMariii Bix rpajieH-
Ta TeH30pa Jedopmartii. AHaTi3 OTPUMAHHUX PEe3yJIbTATiB 3aCBiIUUB, MO cHopmy-
JIbOBaHa CHCTEMa PiBHSHB onucye eneKTpOMexaHquy B33a€EMOJIII0 Y JIieNIeKTPHY-
HUX Martepiaiax i3 BACOKUM PiBHEM cheTpn KpHCTasiuHol rpaTky. BoHa € kopuc-
HOIO Ul BUBUCHHS TOBEPXHEBHX i pO3M1pHI/IX e(eKTiB y ):[p16HOMaCIJ_ITa6HI/IX
CTPYKTypax, a TAKOX JTOCII/PKEHHS BIJINBY MIKPOCTPYKTYpH MaTepiaiy Ha CTaTH4-
HUH Ta JMHAMIYHUH BIITYKH IPY>KHHX TiJl, SKi IPAIIOOTh HA BUCOKHUX YaCTOTAaX.

3 BUKOPHUCTAaHHSM PiBHSHD JIOKAIBHOI I'PaJi€HTHOI €IEeKTPONPY>KHOCTI Mpo-
aHaJII30BaHO TOIIMPEHHS TIOCKOT FAPMOHIYHOT XBHJI Y 0€3MEKHOMY 130TPOITHOMY
nienexTpuky. IlokasaHo, M0 MIIOCKA MO30BXKHS MPYXKHA XBWIIS € JTUCIIEPCIHHOIO
Ha BHCOKMX YacTOTax 4epe3 BIUIMB JAUHAMIYHOTO (JIEKCOENEKTPHUUHOTO e(deKTy.
Jlucnepcist BUpakeHila y BUMa Ky KOPOTKUX XBUJIb. OTprMaHi pe3ynbTaTH MOXYTh
OyTH BUKOPHCTaHI JJIsl TEOPETHYHOTO aHaJIi3y MOUIMPEHHS BUCOKOYACTOTHUX IMO-
BEPXHEBUX 1 IJIOCKUX XBHJIb y MOJISIPU30BHUX IIPYKHUX CTPYKTYpaXx.

Pobomy euxonano 3a inancosoi niompumku Slovak Research and Development
Agency (epanm nomep SK-UA-21-0010) ma Ministry of Education, Science, Research and
Sport of the Slovak Republic (epanm nomep VEGA-2/0061/20).
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VARIATIONAL FORMULATION OF BOUNDARY PROBLEMS
OF LOCAL GRADIENT ELECTROELASTICITY INCORPORATING MICRO-INERTIA
AND FLEXODYNAMIC EFFECT

The non-classical theories of electroelasticity are extensively used to study wave propaga-
tion in dielectrics and the mechanical response of small-scale structures to dynamic loads.
In this work, using the Hamilton variation principle and the gradient-type constitutive rela-
tions of the local gradient electrothermoelasticity, the governing equations and correspon-
ding boundary conditions for piezoelectric solids are derived. To take the micro-inertia and
dynamic flexoelectric effects into account, it is assumed that the kinetic-energy density func-
tion includes three terms. The first term contains the velocity vector (the classical inertia
term), the second term involves the velocity gradients whereas the third one includes the
first-time derivatives of the polarization vector. As a result, within this higher-grade theory,
the linear moment balance equation additionally contains the phenomenological coefficients
controlling the dynamics of polarization and one material constant (the micro-inertia length
scale parameter) to capture the micro-inertia effect. Making use of the obtained system of
governing equations, the propagation of a plane harmonic wave is analyzed. It is shown that
the local gradient theory of dielectrics with dynamic flexoelectric effect allows for capturing
the experimentally observed phenomenon of high-frequency dispersion of a longitudinal
elastic wave. This research can be useful for the study of surface and size effects in small-
scale structures as well as static and dynamic responses of microstructure-dependent solids
having complex shapes and operating at high frequencies.
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