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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: 3anopi3bKuii HaL[iOHANILHUI TEXHIYHUI yHIBEPCUTET
Koz 3a €JIPIIOY: 02070849
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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTuyHuX pyoOpHK: 30.19.17

Tema gucepranii:

1. 3ruHanbHi KOMMBaHHA i AeOpMyBaHHS LUIIHAPUIHUX OO0JOHOK 3 YHIKOIPKEHHSIMMU.
2. Bending vibration and the deformation of cylindrical shells with damages.
Pedepar:

1. O6'exT mOCHiI)KeHHs - 3rMHAJIbHI KOJIMBAaHHS i AMHAMIYHI TPO1eCU B UMJTiHAPUYHUX OO0JIOHKAX 3

VIIKOAKEHHSIMU. [IpegmeT BOoCHimpKeHHs - ifeHTUdiKalis yIIKOIKeHb IMIiHIPUYHUX O00JIOHOK Ha OCHOBI aHai3y

iX HeJliHITHUX KOJIMBaHb. MeTa POOOTH - PO3pOOKa MiIX0AiB 10 ineHTH(iKaLil YIIKOIKEeHb KOHCTPYKLIl
000JIOHKOBOI'O TUILY METO/IaMU Bi6palliliHOi AiarHOCTUKU. MeTonu [NOoCiI )KeHHs: FapMOHIMHOro 6ajlaHCy,

KOH(QOPMHUX BiloOpa’keHb (KOMIIJIEKCHUX NIOTEHIiasliB), HAIMEHIINX KBaAPaTiB, IPSIMUI METOM, [PAaHUYHUAX

esnieMeHTiB. OJlep>KaHO aHaJliTUYHi PO3B'sI3KU PiBHSIHD BiJIbHMX Ta BUMYIIEHUX KOJIMBAHb OiJIiHITHOTO OCLUJISTOPY,

SIKMI MOJIEJIIOE YIIKO/KEeHY 000JIOHKY, Ta 3[ilICHEHO iX rapMOHIYHUI aHasi3. BusBneHo HariedeKTHBHili BibpariiHi

IHIMKATOPH YIIKOIKE€HHS i BCTAHOBJIEHO, 1110 BOHM BU3HAYAIOTLCS BiTHOCHUM 3MEHIIEHHSM KOPCTKOCTI.

C¢dopMyJIbOBAHO Ta PO3B'SI3aHO NEPITY OCHOBHY I'PaHMYHY 33a4y T€OPii IPY>KHOCTI /1715 KiJIbLI€BOTO CEKTOPY, SIKUI

€ repepizoM UWIIHAPUYHOI 060JI0HKU. BUKOHAHO aHai3 noJss nepemiueHs. I1py HasgBHOCTI BUPi3y B CEKTOPI

BCTaHOBJIEHO $aKT nopymeHHs rinore3u Kipxroda-Jlssa B Toukax 6is1st Bupi3y. JociimpKeHo mBUIKICTD



HaKOIMYEHHS KYTiB IIOBOPOTY pafiajIbHUX IepepisiB. 3a BiIHOBJIEHHAM L€l IBMUIKOCTI OLiHEHO KyTOBI po3Mipu
30HU 30ypEHHS M0JI NepPeMillleHb, BUKJIMKAHOTO YIIKOJKEHHSIM. BU3HaU€HO 3aJ1€KHICTh BEJIMYMHU BiJHOCHOTO
3MEHIIEHHS >)KOPCTKOCTI KiJIbLIeBOTO CEKTOPY IIPY MOSIBi BUPI3y Bif, 1Oro rIn6UHU. 3aCTOCOBAHO NPSIMUIN METOZ,
IPAaHMYHUX €JIEMEHTIB 17151 MiATBEPKEHHS JOCTOBIPHOCTI OTPMMAaHUX pe3yJbTaTiB. Pesynbratu poboTu

BrpoBagkeHo Ha OA "Morop Ciu". I'ayy3s 3acTOCYBaHHS - aBiaiBUTYHOOYIyBaHHS, IMBijIbHE OyIiBHULITBO.

2. Object of research is bending vibrations and dynamic processes in cylindrical shells with damage. The subject of
research is identifying of damage of a cylindrical shells on the basis of their non-linear oscillations. Purpose of the
work is to develop approaches to the damage identification of the shell-type constructions by vibration
diagnostics methods. Research methods: a harmonic balance, conformal mappings (complex potentials), the least
squares, the direct method of boundary elements. The analytical solutions of the free and forced vibration
equations of a bilinear oscillator, modeling the damaged shell, are obtained, and their harmonic analysis is made.
The most effective vibrating indicators of damage are founded. It was established that they are determined by the
relative decrease of stiffness. Formulated and solved first basic boundary value problem of elasticity theory for a
circular sector, which is a cross section of the cylindrical shell. The analysis of the displacement field is made. In
the presence of the cutout in the sector a violation of the Kirchhoff-Love hypothesis at points around the cutout is
established. The rate of accumulation of the rotation angles of radial cuts is investigated. The angular size of the
perturbation zone of the displacement field, induced by damage, was estimate with restore of this speed. The
dependence of the relative decrease of stiffness of the ring sector in the case, when the cut is appears, on his
depth is determined. The direct boundary element method for the validation of the results is used. Results have
been implemented on JSC "Motor Sich". Area of application is aeroenginebuilding, civil building.
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