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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JLOBrOBIYHICTb | TEPMOEJIEKTPOMEXAHIYHA NIOBEIiHKA HENIPY>KHUX €JIEMEHTIB KOHCTPYKLIN 3 I1'€30€JIEKTPUYHMMU

CEHCOpaMM Ta aKTyaTOpaMU IIpU BUMYHIE€HUX KOJIMBAHHAX

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Durability and thermoelectromechanical behavior of inelastic structural elements with piezoelectric sensors and
actuators under forced vibrations

Pedepar yKpaiHCBKOIO:

Y paMKax reoMeTprU4HO HeJliHiliHOI Teopii mapyBaTx 000JIOHOK B KBaJPaTUYHOMY HaOJIVKEHHI ITpeiCTaBIeHO
METO,0JIOTII0 YMCEJIbHOTO AOCIIIIKEHHS €JIEKTPOTEPMOMEXAHIYHO]I ITOBEIHKY i IPOrHO3yBaHHS NOBrOBIYHOCTI
B'I3KOTIPY>KHUX FHYYKUX O00JIOHOK OOEPTAHHS 3 II'€30€JIEKTPUYHIMHU aKTyaTOpaMU i CEHCOpaMu IIPU BUMYIIEHUX
OoCecUMeTPUYHMX KOJIMBaHHAX. Ha NpuKiazi Kpyriioi i1acTUHKY 3 II'€30CEHCOpaMU [1J1sl HAalOibIll e HeproeMHoOi
MOJY 3rMHAJIbHUX KOJIUBaHb YMCEJIbHO JOCIiIPKEHO BILJIMB T€OMETPUYHOI HEJiHIMHOCTI Ta YMOB TEIJIOOOMiHY Ha
YaCTOTHI 3aJIEXKHOCTi aMIJIITyAy TPOTHHIB 3TMHAIbHOI MOJIY OCECUMETPUYHUX KOJIMBaHb i TEMIIEPATYPU
IVCUIIAaTUBHOTO PO3irpisy. Ha OCHOBI OLIiHKY [OBrOBIiYHOCTI HENIPY>KHOI KOJIMBAJILHOI CUCTEMU I10 AONYCTUMUM
3HAYEHHSIM MAaKCHMAaJIbHOI TEMIIEPATYpU JUCUIIATUBHOTO PO3irpiBy B JIiHINHIN i HEJiHINHIN TOCTAHOBKAaX 3a7ayi
TE€PMOB’I3KOIIPY>KHOCTI OCJIIIPKEHO JOBrOBiUHICTb IPALle3IaTHOCTI CUCTEMU [TPY MEXAHIYHOMY HaBaHTaXXEHHI, 110
nepesullye KpUTUYHE. Ha OCHOBI MeTOLy CKIHUEHHUX €JIEMEHTIB PO3PO06JIEHO YNCEIbHO-aHATITUYHY METOAUKY
IIOCJIiIKEHHSI TOBrOBIYHOCTI i TEpMOEIEKTPOMEXaHIYHOI MOBE[iHKY TPUBUMIPHUX HEOJHOPIOHUX Tijl 06€pTaHHS 3
€JIEKTPOB'SI3KOIIPY>KHUX MaTepiajliB IPU BUMYIIEHUX KOJIUBaHHSIX. [IpoBeeHO TeCTyBaHHS PO3POOIEHUX
aJITOPUTMIB [1J151 BUTIQJIKY IIaPyBaTUX LUJiHIPUYHUX [TaHeJIel IPU Pi3HUX PAaHUYHUX YMOBax. JlaHO OLIiHKY
IOBrOBIYHOCTI [TaHeJIeN NIPU €KCTPEMAJIbHUX YMOBAX €KCILTyaTallii Ta JOCIIIKEHO 3aJIEXKHICTh 4acy
[IpaLe3aTHOCTI €JIEMEHTA Bifl BEJIMYMHU €JIEKTPUYHOTO Ta MEXAHIYHOIO HAaBAaHTAKEHHS, a TAKOX BiJl YMOB
TEIJIO0OOMIHY 3 HAaBKOJIMIIHIM cepefioBulleM. [IpeicTaBIeHO METOIUKY PO3PaXyHKY AOBrOBIYHOCTI BHACJiOK
BTOMU TOHKOCTiHHUX LMJIIHAPUYHUX 0O0JIOHOK 32 YMOB JIBOBICHOTO KOMOIiHOBAaHOTO HaBAHTAKEHHS, IKa 6a3y€E€ThCs

Ha KOHILIEMIii €KBiBaJIEHTHUX HANIPY’>KE€Hb 3 BUKOPUCTAHHIM KJIACUYHUX KPUTEPIIB pyHHYBaHHS.

Pedepar aHr1ilicbKOIO:

Within the framework of the geometrically nonlinear theory of layered shells in the quadratic approximation, the
numerical research methodology of electrothermomechanical behavior and prediction of the durability of flexible
viscoelastic shells of rotation with piezoelectric actuators and sensors under forced axisymmetric vibrations is
presented. On the example of a circular plate with piezoelectric sensors for the most energy-intensive mode of
flexural vibrations, the effect of geometric nonlinearity and heat exchange conditions on the frequency
dependence of the amplitude of deflections of the flexural mode of axisymmetric vibrations and the temperature
of dissipative heating is numerical investigated. Based on the assessment of the durability of an inelastic oscillating
system on the permissible values of the maximum temperature of dissipative heating in linear and nonlinear
formulations of the thermoviscoelasticity problem, the durability of the system's performance under mechanical
loads exceeding the critical one is investigated. On the basis of finite element method, the numeral-analytical
research methodology of the durability and electrothermomechanical behavior of three-dimensional
inhomogeneous solids of revolution worked out from electroviscoelastic materials at forced vibrations was
developed. Testing of the developed algorithms was conducted for the case of the layered cylindrical panels at
different boundary conditions. The estimation of panels’ durability at extreme operating conditions is given, and
the dependence of the time of the element working capacity from the value of the electric and mechanical loading
and the conditions of heat exchange with the external environment was investigated. The methodology for
calculating durability due to fatigue of thin-walled cylindrical shells under biaxial combined loading based on the



concept of equivalent stresses using classical failure criteria is presented.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: MeToayKa 9MCebHOTO JOCTiIPKEHHS OBIOBIYHOCTI | TEDMOEJIEKTPOMEXAHIYHOI
MOBE/IiHKY HETIPY>KHUX TOHKOCTIHHUX €JIEMEHTIB 3 II'€30€IEKTPUYHUMU BKIIIOYEHHSIMU TIPU BUMYLIEHUX

OCECUMETPUYHUX KOJIMBAHHAX

Hassa HTII aHr1ificbKO¥0: Numerical study methodology of durability and thermoelectromechanical

behavior of inelastic thin-walled elements with piezoelectric inclusions under forced axisymmetric vibrations
HTII, sxy nepezn6ayasiocsi CTBOPUTH:

IIpuunHnu, yepe3s saki HTII He 6ysi0 cTBOpeHO:

OTpumaHi pe3yJsIbTaTH: Mertoay, Teopii

l'asy3s 3acToCyBaHHs: 72.19 Jloci)KeHHsI i1 eKCliepeMeHTasIbHi PO3POOKHU y cdepi iHIIMX NPUPOJHNYKX i

TEXHIYHUX HayK
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: 3anpononoBana meTouKa IPYHTYEThCS HA BUKOPUCTAHHI FEOMETPUYHO HEJTHINHOI Teopii
IIapyBaTHUX 0O0JIOHOK B KBaJpaTUYHOMY HabJIVDKEHHI, MeTOiB KBasisliHeapu3aallii, JMCKpeTHOI OpToroHamisanii ta
KiHLIeBUX pisHULb. [IpoBenieHo anpobaliilo 3alIpOIIOHOBAHUX aJITOPUTMIB /1711 BUNAJIKY KPYIJIOi IIJIACTUHKY 3

H’EBOCJICKTPI/I‘IHI/IMI/I CEHCOpaMU.
ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: 3menmenns snocy obnagHanus
Bnius HTII Ha moBKiJj1s:
BnpoBaaykennss HTII: He snposamxeno
ITpakTnyHa peasnisanis HTII
IToyaTok eramy:
3aKiHYeHHs eTamy:
Cno>kuBaui npo,uyKuii': KoHcTpyKTOpCBHKi OpraHizauii-po3po6HUKY €J1eKTPOMEXaHIYHOrO YCTaTKyBaHHS
IlepcneKTHBHI PHHKH: VkpaiHa, kpaiHu €C
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHUI 06CAT iHBECTHILLiH, THC. TPH.:
IIpaBa, 10 HaAAIOTHCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHS:
IToTeHUiaILHUM 00CAT IIPOJAAKY, THUC. TPH.:
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB):
HopaTrkoBa iHdopmamist:

Ha3zsa HTII yKpaiHCBKOIO: YncesbHO-aHAITMYHA METO/MKA LOCIIII)KEHHS JOBrOBIYHOCTI i
TEPMOEJIEKTPOMEXAHIYHOI [I0BEiHKY €JIeKTPOB'SI3KOIIPYKHMX TPUBUMIPHUX Tijl 06€pTaHHS [IPY FTapMOHIYHOMY

€JIEKTPOMEXaHIYHOMY HaBaHTaKEHHI

Ha3zpa HTII aHrsi#icbKo¥0: The numerical-analytical technique of studying durability and
thermoelectromechanical behavior of electroviscoelastic three-dimensional solids of rotation under harmonic



electromechanical loading

HTII, aKy nepenba4asiocss CTBOPHTH:
IIpuunnmu, yepe3s saki HTII ne 6ysio cTBOpeHoO:
OTpuMaHi pe3yJbTaTH: Meronu, Teopii

l'asmy3b 3acTOCyBaHHS: 72.19 Jlocif)KeHHs i eKCliepeMeHTabHi po3po6Ky y cdepi iHIMX IPUPOAHIYHX i

TEXHIYHUX HayK
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: B ocHOBi MeTOQMKY JIEXKUTH BUKOPUCTAHHS PO3POGJIEHOTO aBTOPAMU TPUBUMIPHOTO BapiaHTy
METOJly CKIHYEHHUX €JIEMEHTIB Ta HESIBHOI CXEMU METO/Y KiHLIEBUX Pi3HUIIb IIPU PO3B’13yBaHHI 3a1a4i
TEIJIONPOBIHOCTI /17151 €JIEKTPOB’I3KOINIPY>KHUX €JIEMEHTIB KOHCTPYKILiil. [IpoBeieHO TeCTyBaHHS pO3PO0JIEHUX

QJITOPUTMIB [1J151 BUTIQJIKY IIAPYBaTUX LUJIIHIPUYHUX [1aHEJIEeH.
ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: 3menmenns snocy o6nagHanus
Bnyins HTII Ha moBKiJjs:
BrnpoBags>keHnHns HTII: He snposamxkeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eTamy:
3aKiHYeHHs eTamy:
Crno>kuBavi NPOAYKILii: KOHCTPYKTOPCHKi OpraHisanii-po3po6HUKY €1€KTPOMEXAHIYHOTO yCTATKYBAHHSI
IlepcneKTHBHI PHHKH: VkpaiHa, kpaiHu €C
XapakTep CriBpOGIiTHHIITBA 3 iHBECTOPOM
IloTpiOGHMI 0GCAT iHBECTHILiH, THC. TPH.:
IlpaBa, 0 HaAAI0ThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HasaBHicTb 6i3Hec-ILJIaHY:
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUI 0OCST IIPOJAIKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:
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