O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0526U000323
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 08-10-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ycnencokuil bopuc BanepirioBuy

2. Borys V. Uspenskyi

KBasigikanis: k. r. u., c.z.

InenTudikarop ORCID ID: 0000-0001-6360-7430

Bup, pucepranii: nokrop Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi creniaIbHOCTI: 01.02.04

Ha3zBa HayKoBOIi cIeniaJIbHOCTI: MexaHika fe)OpMiBHOrO TBEPHOTO Tiza
T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
Jara 3axucTy: 03-11-2026

CnenianbHICTB 32 OCBITOMO: [IpuKkiaHa MaTeMaTKa

Micue po60oTH 34,00yBava: [HCTUTYT eHEPreTHYHMX MalvH i cucteM im. A. M. TTigropxoro HaujonansHoi

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHSI: By KomyHanbHUKiB, XapKiB, XapKiBcbkuii p-H., 61046, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOoi BYEHOI pagH (pa30Boi CIeliaai30BaHOi BY€HOI pagH): [ 64.180.01

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOH: [HCTUTYT eHepreTUYHUX MallvH i cucteM im. A. M. TlizropHoro

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHSI: By KomyHanbHUKiB, XapkiB, XapKiBcbkuii p-H., 61046, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPUAHUYHOI OCOOH: [HCTUTYT EHEPreTHYHNX MalvH i cucteM im. A. M. TTigropsoro
HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHS: By KomyHanbHUKiB, XapkiB, XapKiBcbkuii p-H., 61046, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TeMaTHYHHX PyOPHK: 30.15.27

Tema guceprauii:
1. KosimBaHHS KOMIIO3UTHUX 6araTomapoByUX TOHKOCTIHHUX KOHCTPYKIl IIpY FeOMETPUYHO HeJliHITHOMY
nepopMyBaHHi

2. Vibrations of composite multilayered thin-walled structures under geometrically nonlinear deformation
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1. Incepraniiiny po60Ty IIPUCBSIYEHO PO3B’SI3aHHIO BAXKJIMBOI HAYKOBOI IIPOGIEMH aHaJIi3y HeJliHIHHUX KOJIMBaHb
KOMITO3UTHUX 000JIOHOK Pi3HOi popmu. B poboTi po3pobsieHo HOBY METOLMKY [1JIs1 aHAJIi3y KOJIMBAaHb KOMIIO3UTHUX
6araTomapoBUx 0O0JIOHOK IIPY IXHbOMY Fr€OMETPUYHO HeJliHiHHOMY fedopMyBaHHi. TOHKOCTIHHMM KOMIIO3UTHUM
000JI0HKaM NIpUTaMaHHa CKJIaiHa HeJliHilfHa NToBeJiHKa: aBTOKOJIMBAaHHS, XaOTUYHi KOJIMBAaHHS, BTpaTa CTiMKOCTi. Lli
SIBUIIA XapaKTEPU3YIOTbCI 3HAYHUMU aMILIITyJaMU KOJIMBaHb i MOXYTb IPU3BOAUTH 10 MOMKOKEHHS Ta
PYVHYBaHHS KOHCTPYKLiNA. ToMy aHasi3 HeJliHiliHOI [MHaMIKU cTae 0O0BSI3KOBUM €TallOM KOHCTPYIOBAHHS
000JI0HKOBOiI KOHCTPYKIii. CTBOPEHHSI HOBUX METOJUK JOCJIiI)KEHHS HEJIiHIMHUX SIBUIL Y TOHKOCTIHHUX
KOMIIO3UTHUX KOHCTPYKLSIX IMif [i€10 Pi3HMX BULIB HABAHTKEHHS JO3BOJISIE IIPOBOIUTY aHAJII3, SIKUA

CTaHJAPTHUMU METOJUKaMHU (JIiHIHUI, CKIHU€HHO-€eJIeMeHTHUI1 aHasli3) He BIAEThCS BUKOHATU. TaKUM YMHOM,



po3po6Ka ePeKTUBHUX METOIiB aHAJII3y HeJliHITHMX KOJIMBaHb TOHKOCTIHHMX KOMIIO3UTHUX KOHCTPYKLiH, SKi
BPaxXOBYIOTb OCOOJIMBOCTI IXHBOT'O HeJiHIHHOTO fedopMyBaHHS, € aKTyaJIbHOIO 33aueto. Ha 6a3i po3paxyHKOBUX
IOCJTiI)KeHb PO3BUHYTO MOJI€Jli TeOMETPUYHO HEJHIMHUX KOJIMBaHb KOMIIO3UTHUX 6araTolapoBuX 060JIOHOK,
BIOCKOHAJIEHO METOJI, TPOJIOBKEHHS 32 NAPAaMETPOM JOBXUHU JIyTY YaCTOTHOTO BiATYKy IJIs1 aHATI3y
IapaMeTPUYHMX Ta BUMYLIEHUX HEJiHITHMX KOJIMBaHb 6araTomapoBUX 060JI0HOK, 3alIPOIIOHOBAHO HOBY METOJIUKY
aHasli3y KOJIMBaHb KOMIIO3UTHUX 6araTolmapoBuX OO0JIOHOK IIif i€l NapaMeTpUYHUX, BUMYIIEHUX HaBaHTaXXeHb Ta
BHACJIiZJOK B3a€MOJIii 3 Ha[I3ByKOBMM Ia30BUM CTPYMEHEM 3 YPaxXyBaHHSIM reOMETPUYHO HEJIiHIHOro
Ie(pOopMyBaHHS, BUSIBJIEHO HOBi BIACTUBOCTI HEJIIHIMHMX IapaMeTPUYHMX KOJIMBaHb TPUIIAPOBOI HUJIiHAPUYHOI
000JIOHKM TIiT, 1i€l0 NepioANYHOTrO I103/J0BKHBOTO HABAaHTA)KEHHSI. YIleplile BUSIBJIEHO B TAKUX 000JIOHKAX
6ipypKauiiiHy NOBeLiHKY, 110 XapaKTepU3YyeThCS [1EPEXOIOM Bifl CTOSIYOI 40 6iryyoi XBUJli Ta HaBIAKU. BUSBJIEHO
HOBI BJIaCTUBOCTi aBTOKOJIMBAHb TPUIIAPOBO]i yCi4€HOI KOHIYHOI 000JIOHKY B HAI3ByKOBOMY IIOBITPSIHOMY CTPYMEHI.
BusiBieHo, 110 B 060JIOHILi MOKYTb BUHUKATHU MalKe MepioAyHi Ta XaOTUYHI KOJIMBaHHS, SIKi MalOTh Habarato
OinpIny aMILIITYAy 3a [1epioguYHI PEXXUMHY; BIIeplle 3allpOIIOHOBAHO HOBY MaTeMAaTUYHY MOZEJb [JIsl aHAJIi3y
KOJIMBaHb CKJIaJIEHUX TPULIAPOBUX KOHIKO-LUIHAPUYHUX 0OO0JIOHOK, SIKa JO3BOJISIE 3BECTH LII0 3371a4y 10 CUCTEMU
3BMYANHMX AU EPEeHLiHUX PiBHSIHb; BUSBJIEHO HOBI BJIACTUBOCTI HEJIiHIHMX BUMYIIEHUX KOJIMBaHb TPUILAPOBOI
000JIOHKM NOJBIHOI KpUBU3HY; yIIEpIe OTPUMAHO OCEepeIHEH] BlaCTUBOCTI PiI3HOMAHITHUX CTIIbBHUKOBUX
3aIMIOBHIOBAYiB NJISIXOM CKiHUEHHO-eJIeMeHTOi roMoreHisaliii. Po3po6yieHi MaTeMaTUYHi MeTOIH, a TAKOX
IIporpamHe 3a6e3Me4eHHs, sKe iX peasisye, JO3BOJINIIN IPOBECTU PO3PAXYHKU HEJiHITHUX KOJIMBAaHb KOMIIO3UTHUAX
6araTrouapoBuX 0O0JIOHOK, IKi MOXKYTb ITPELCTABILATA OOTIYHUKHY, aIallTEPH, KOPITyCU a€POKOCMIYHOI Ta iHIIO1
TEeXHIKU. ByJI0 BUSIBIIEHO HOBI SIBUIA Ta PEKUMU KOJIMBAaHb, Ki MOKYTh BUHMKATH B TAKMX KOHCTPYKTUBHUX
eJleMeHTax. 3allpoNIoOHOBaHa METOIMKA FOMOreHi3allii CTiIbHUKOBUX 3alI0BHIOBAYiB MOXXE BUKOPUCTOBYBATUCS JJ1s1
BHMOOPY ONTUMAJIbHOTO TUITy Ta TEOMETPUYHMX BIIACTUBOCTEN CTLIBHUKIB 17151 33JI0BOJIEHHSI KOHKPETHUX I1IOTPEO
IIpU NIPOEKTYBaHHI KOHCTPYKLil. HaykoBi pe3ysbTaTl poOOTH BUKOPUCTAHO [IPY BUKOHAHHI AEP>KOIOIKETHUX TEM,
a TaKO>X ITPM BUKOHAHHI HAyKOBO-JIOCJIAHUX POOiT: «Po3p06ieHHs NporpaMHOro 3abe3nedeHHs JJ1s1 aHali3y
IVHAMIK/ Ta MILHOCTI KOPIIYCHUX KOMITO3UTHUX €JIEMEHTIB 3 HAHOAPMYBaHHAM», «ONTUMI3alis TOnoJorii Ta
IiBUIIEHHS MIlJHICHMX XapaKT€PUCTUK 6araTomapoBUX 0O0JIOHOK i TBEpAUX Tijl IPY BUKOPUCTAHHI aiUTUBHUX
TEXHOJIOTiN», «KOMIT03UTHI MeTamaTepianu 115 aepOKOCMIYHUX KOHCTPYKLiA — CoMetA», «Bukopucranus
TOHKOCTiHHUX KOMIIO3UTHUX CEHJBiU-KOHCTPYKLii i3 BUTOTOBJIEHUMHU aJUTUBHUMU TEXHOJIOTISIMU CTiIbHUKOBUMU
3aMOBHIOBaYaMU [J1s MiABUIEHHS IMHAMIYHOI MIITHOCTi Ta 3MEHIIEHHSI MUTOMOI Baru pakeT i 6e3mioTHUX

JIiTa7IbHUX aNapaTiBy.

2. This dissertation addresses the important scientific problem of analyzing nonlinear vibrations in composite
shells of various shapes. A new methodology has been developed for analyzing the vibrations of multilayer
composite shells undergoing geometrically nonlinear deformation. Thin-walled composite shells exhibit complex
nonlinear behavior, including self-excited oscillations, chaotic vibrations, and loss of stability. These phenomena
are characterized by large oscillation amplitudes and can lead to structural damage or failure. Consequently, the
analysis of nonlinear dynamics has become an essential stage in the design of shell structures. Developing new
methods to investigate nonlinear phenomena in thin-walled composite structures under various types of loading
enables analyses that cannot be performed using standard techniques (such as linear or finite element analysis).
Thus, the development of effective methods for analyzing nonlinear vibrations in thin-walled composite
structures—methods that account for the specific characteristics of their nonlinear deformation—is a task of
current importance. Based on computational studies, models for the geometrically nonlinear vibrations of
composite multilayer shells were developed, and the arc-length continuation method for frequency response
analysis was refined to study the parametric and forced nonlinear vibrations of multilayer shells. A new
methodology was proposed for analyzing the vibrations of composite multilayer shells subjected to parametric and
forced loads, as well as interactions with a supersonic gas jet, while accounting for geometrically nonlinear
deformation. New properties of nonlinear parametric vibrations in a three-layer cylindrical shell under periodic
longitudinal loading were identified; specifically, bifurcation behavior characterized by transitions between
standing and traveling waves was observed for the first time in such shells. New properties of self-excited



vibrations in a three-layer truncated conical shell within a supersonic air jet were also identified, revealing the
potential for quasi-periodic and chaotic vibrations with amplitudes significantly exceeding those of periodic
regimes. A new mathematical model was proposed for analyzing the vibrations of composite three-layer conical-
cylindrical shells, enabling the problem to be reduced to a system of ordinary differential equations. Additionally,
new properties of nonlinear forced vibrations in a three-layer shell of double curvature were identified, and the
averaged properties of various honeycomb cores were determined for the first time using finite element
homogenization. The developed mathematical methods and the corresponding software enabled the analysis of
nonlinear oscillations in composite multilayer shells—components that can serve as fairings, adapters, or structural
casings for aerospace and other equipment. New phenomena and oscillation modes inherent to such structural
elements were identified. The proposed homogenization technique for honeycomb cores can be used to select the
optimal honeycomb type and geometric properties to meet specific design requirements. The research findings
have been applied in state-funded projects and research initiatives, including: "Development of software for

analyzing the dynamics and strength of nano-reinforced composite structural elements," "Topology optimization
and strength enhancement of multilayer shells and solid bodies using additive manufacturing,” "Composite
metamaterials for aerospace structures (CoMetA)," and "Utilization of thin-walled composite sandwich structures
with additively manufactured honeycomb cores to enhance dynamic strength and reduce the specific weight of

rockets and unmanned aerial vehicles."
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