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BripoBapkeHHS cydacHUX KOMITO3UTHHX MaTepialliB y MPAKTUKY IIPOEKTYBAHHS
Ta BUTOTOBJICHHS] HOBHX 3Pa3KiB TEXHIKH €HEPIeTHYHOrO Ta aBialifHOro MalmmHoOY-
JTyBaHHS JIa€ 3MOT'Y JIOCSITTH 1X BHCOKOI KOHKYPEHTOCIIPOMOXHOCTI. BoiHOYac ymo-
B €KCIUTyaTalii TaKkoi TeXHIKM YacTo ITOB’sI3aHi 3 Ji€f0 IHTEHCUBHUX HECTallioHap-
HUX HaBaHTaXEHb, 10 MOTpeOye po3poOK e(EeKTUBHUX METOJIB 3a0e3neyeHHs iX
BiOpaIliifHoi HaaiiHOCTI. B OCTaHHI NECSTHIITTS HaOYJIM PO3BUTKY MPUKIAJHI JOC-
JIJDKEHHS y Tally3i MEXaHiKW 3B’S3aHHX MOJIB B €JIEeMEHTaX KOHCTPYKIii MO0 ak-
TUBHOTO Ta aKTUBHO-MTACUBHOTO (TiOpUAHOTO) neMripyBaHHS KOJIMBaHb 33 JOIIOMO-
TOIO I’ €30€JICKTPUYHUX MEPETBOPIOBaviB. J[0 mepeBar TaKuX METOJIB CJIiJl BiJTHECTH
MOXJIMBICTh 3a0e3NedeHHs] BHUCOKOI JeMr(yBabHOI 3/1aTHOCTI KOHCTPYKTHBHHX
€JIEMCHTIB y IIMPOKOMY JTiala30Hi 4acTOT X KOJIWBAaHb Ta MOXKJIMBICTH 3a0¢3IeUCH-
HSI CYTTEBOTO 3MEHILEHHS aMIUTITY/] KOJIMBaHb Yy MOYaTKOBI MOMeHTH 4acy [1]. He-
00XiIHICTh 3aCTOCYBaHHS aJAITHBHUX METO/IIB KOHTPOJIIO 32 YMOB aKTHBHOTO JIEMII-
(yBaHHS KOJMMBaHL OOYMOBIIOE OCOOJHBY aKTYaJbHICTh PO3POOKH MaTEMAaTHUHHX
MoJieIell KOMITO3UTHUX KOHCTPYKIIH i3 B’S3KONPYXHUMHU Ta I’ €30€JeKTPUYHUMH
mapamMy Matepiaiy, 10 MaloTh €JEKTPOB’I3KONPYXHI BIAaCTHUBOCTI. Tak, 30KkpeMa,
JUIs TOOY/IOBM PO3pPaxyHKOBUX PIBHSIHB JUHAMIKU B’S3KONPYXHUX Ta EJIEKTPOB’sI3-
KOIPY>KHUX KOHCTpYKUil B [1] Oyi0 BukopucTaHo BapiauiiiHi piBHAHHS Jlarpamxa y
3roprkax. [Ipu pbOMy BBaKayiocs, IO YIS MIApiB HA MOBEPXHSX KOHTAKTY BUKOHY-
I0ThCSI YMOBH HEPO3PHBHOCTI BiOBIAHMX NepeMilieHb. [IIsl yTOuHEeHHsT po3paxyH-
KOBOI MOJIEJI JIOLIJIBHUM € 3aCTOCYBaHHSI MaTeMaTHYHHX MOJIEJIEH, 1110 BPaxOBYIOTh
HEpPO3PUBHICTH HaNpyXeHb. Tak, /I J0JaTKOBOTO BU3HAYEHHS HANpy)KeHb Ha MO-
BEPXHSX PO3LTY LIapiB y JAaHild poOoTi 3acTocoBaHo (hyHKIioHan XeniHrepa—Peiicc-
Hepa 3 YMOBOIO, sIka BCTaHOBJIIOE HE3aJIEXKHICTh Halpy>KeHb, 110 JII0Th MiX IIapaMu,
BiJl IepeMillleHb Ta eJIeKTPUYHOTO IOTeHIiay. TakuM YHHOM, METOIO MpeCTaBIIe-
HOI po0OOTH € po3poOKa YTOYHEHNX MOJIeNel OaraTomapoBHX IUIACTHH 3 TAaCHBHUMHU
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B’SI3KONPY)KHUMH 1 aKTHBHUMH 11’ €30€JIEKTPUIHIMH IIapaMH Ha OCHOBI JAHOT'O 3Mi-
IIAHOTO BapPIalliifHOTO TPUHIIUITY.

VY n1omoBizi po3rNIAAalOThCS ANTOPUTMH 3aCTOCYBAHHS BapialifHOTO piBHSH-
Hs1 XeniHrepa—PeliccHepa y 3ropTkax, a TakoX HOro ciiabka BapialiiiHa ITOCTaHOB-
Ka 3MiIIaHol 3a/1aui eJIeKTPOB’ I3KONPYKHOCTI 0€3M0CepeIHbO Y YaCTOTHOMY IPOC-
Topi @yp’e. ns moOyJ0BH PO3paxyHKOBUX PIBHSHB OYJIO 3aCTOCOBAHO JMCKPET-
HO-CTPYKTYpHUH mijxin. Tak, TpUBMMIipHY 3a1a4y OyJio 3BEIEHO /IO JBOBUMIpHOI,
a HEOJHOPIJIHICTh MJIACTHHU I10 TOBIIMHI BPaXxOBAaHO LUISAXOM Ii pO3[iNEHHS Ha
po3paxyHKoBi mapu. [yt BpaXyBaHHS €(EKTy €JIeKTPOMEXaHIYHOi 3B’3aHOCTI B
KO)KHOMY PO3paxyHKOBOMY MIapi marepially Uil MeXaHIYHHX Ta EJIEKTPHUYHUX
3MIHHHX OYJ10 MPUITHATO KyOiuHY arpOKMMAIIiIo IT0 TOBIIMHI KOKHOTO IIapy.

Po3paxyHKOBI piBHSHHS /IS MIAPHIPHO 3aKPIMJIEHOI MO KpasM MPsIMOKYTHOI
TUTACTHHH OJIEpKaHO y TpocTopi 300pakeHs Dyp’e mepemilieHb, HANpyXeHb Ta
€JIEKTPUYHOTO roTeHniany. Lle 103Boisie MpoBOMUTH aHai3 HecTallioHapHUX, Oa-
raToyacTOTHHX Ta BUITJKOBHX KOJMBAaHb 3 yPaxyBaHHSM 3aJIE)KHOCTI MPYXHUX Ta
JIMCUTIATUBHUX BJIACTUBOCTEH BiJl YaCTOTH, XapaKTEpPHOI Ul B’SI3KOMPYKHUX Ma-
Tepiais.

Jlns minTBepIUKEHHsST JOCTOBIPHOCTI OTPUMAHOi MOJETi IMPOBEJIEHO aHaji3
301’KHOCTI pO3B’SI3KiB, @ PE3YJIBTATH TECTOBUX PO3PAXYHKIB CITIBCTaBIECHO 3 TOYHH-
MU pe3yJbTaTaMH, SIKi BifioMi 3 siteparypu. Jlist neMoHcTparii epeKTHBHOCTI 3a-
MIPOIIOHOBAHOI METOAMKN HABEJECHO PE3YJIbTaTH PO3PAXyHKOBHX JOCII/KEHb 3 BH-
3HAYEHHS PO3MOJUTYy IEepeMillieHb, €IeKTPUYHOIO MOTEHIlially, a TaKoX Harpy-
KEHb, IO MIIOTh MK IIapaMH MaTepiajly IO TOBILIMHI aHI30TPOIHMX OaraTormapo-
BHX IUTACTHH 13 Pi3HOIO KOHQITYpAIli€r0 mapiB.
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APPLICATION OF THE HELLINGER-REISSNER VARIANCE PRINCIPLE
FOR THE ANALYSIS OF DAMPING OF NON-STATIONARY VIBRATIONS
OF MULTILAYER PLATES

The algorithms for applying the Hellinger-Reissner variational principle in convolutions, as
well as its weak variational formulation of the mixed electroviscoelasticity problem directly
in the Fourier frequency space were considered. A discrete-structural approach was used to
construct the displacement equations. To take into account the effect of electromechanical
coupling, a cubic approximation of displacements and electric potentials through the thick-
ness of each calculated layer of the multilayer plate was adopted. Resolving equations are
obtained for a simply-supported plate in the Fourier frequency domain, which allows provi-
ding the analysis of non-stationary vibrations taking into account the dependence of elastic
and dissipative properties on the frequency. The results of calculation studies on the deter-
mination of the stress distribution for anisotropic multilayer plates with different configura-
tions of the layers are presented.
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