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oudepeHLiaTbHUX PiBHSIHD 31 3MiHHMMU KoedillieHTaMy TPYU HAsIBHOCTI ?-PyHKILi
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Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BUKOPUCTAHHIO riOpUIHOr0 aCMMIITOTUYHOrO MiAX0ny (Ha 6a3i MeToxiB
30ypeHHs i Ha3HuK iHTerpasis) 1o po3B’sI3aHHS 33724 MEXaHIKM CUCTEM 3 INCKPETHO-KOHTUHYAJIbHUMU
XapaKTepUCTHUKaMU Ta 3MiHHUMHU 33 YaCOM [TapaMeTpaMU y HeJliHiliHill nocTaHoBLi. 30KpemMa, B poOOTi
PO3IJISAAI0THCS IPUKIIA/HI 3a/1a4i 3 HeJIiHINHUM CUHTYJISIPHUM JuepeHLialbHUM PiBHSIHHAM 3i 3MiHHUMU
PO3pUBHMMHU Koe(illieHTaMU 3a HasiBHOCTI ?-¢QyHKUii Jlipaka y mpasiil yacTuHi; 3afa4i HeIiHINHOI AUHAMIKK
II0JIOTMX 000JIOHOK 3 QYHKIIOHANIbHO-TPAJiEHTHUX MaTepiaiB 3 1apamMeTpamu, 10 3MiHIOIOTbCS B Yaci; Ta 3ajayi
IVIHaMiKU [IPYKHOI CUCTEMHU, Tle IPUCYTHS HeJliHilHa QyHKLis geM@yBaHHS Ta IapaMeTpH, 1110 3MiHIOIOTbCS 3
4acoM, 3 ypaxyBaHHSIM HasBHOCTI JIOKaJ1i30BaHOTO 30BHIIIHBOTO 30ypeHHs. OCHOBHA YaCTHHA AUCEPTALilHO]
pPOOOTH CKJIaA€ThCS 3i BCTYIy, YOTUPbOX PO3/iJIiB Ta BUCHOBKIB. Y BCTYIIi OOIPYHTOBAHO aKTyaJIbHICTb TEMU

IOCIinKeHHs], cOpMyJIbOBAaHO METY Ta 3aBIAHHS JOCIIiIKEHHS, OIIICAaHO [IPEeMETHU, METOAM Ta 00 €KTH



IOCJIiIKeHHs], 3a3Ha4eH0 HayKOBY HOBU3HY Ta IIPAKTUYHE 3HAUYEHHSI OTPMMAaHUX pe3ysbTaTiB. OnrcaHo 0COOUCTUI
BHECOK 37100yBaya y AOCJiIpKeHHsX, BAKOHAHUX Yy CIIiBaBTOPCTBi. HaBeneHo faHi po anpobariio pe3ysbraris
Iycepralii Ta CIIMCOK Iy6JTiKallii, 10 Bifo6pakaioTh pe3ysbTaTy AucepTallii. Y epuomy poszisi npencTaBieHo
3arajibHUM OIJIAT, QaHANITUYHUX Ta YMCEJIbHAX METO/IIB, 5IKi 3aCTOCOBYIOTBCS 117151 HOCJIIKEHHS qU(pepeHLiaIbHIX
piBHSIHB 3 KoedillieHTamMu pi3HOTO BUTJIALY. JJOCIIiIKEHHS OXOIII0E HACTYITHI TEMU: O OIJIS]] aHAIITUYHUX Ta

004U CII0BANIbHUX MiIXOiB 10 pOo3B's3yBaHHs AudepeHIiabHUX PiBHSHD i3 3MiHHUMU KoedillieHTamu; 0 OIS
AQHaJIITUYHUX Ta YUCEJIbHUX IiAXOMiB 10 BUPilleHHS Nu(epeHLiaTbHUX PiBHSIHb 3 PO3PUBHUMMU KoedillieHTaMu; O
aHaJli3 NOTeHIliaNy BUKOPUCTAHHS PO3pPUBHOTO MeTony ['anbopKiHa A1 BUpilIeHHS PisHOMaHITHUX
IvdepeHLiaJbHUX PiBHSHD; O OIS, aHATITUYHUX Ta YMCEJIbHUX MMiXO0iB [0 MOIYKY aCUMITOTUYHUX PO3B’sI3KiB
piBHsiHHS KopTeBeraone ®pica; 0 oIy, aHaliTUYHUX | YMCTI0BUX CIIOCO0IB 3HAXO/I’)KEHHS! PO3B'sI3KiB
nudepeHLiaTbHUX PiBHSIHB, 0 MIiCTSITh AesnbTa-¢yHKUio [ipaka. JIpyruil po3aia NpucBsS4eHui po3Bsi3Ky
CHHTYJISIPHUX HEJIiHIHUX, i3 «MaJMM» TIapaMeTPOM IpY CTApUIii NOXiIHIN, IU(epeHLialbHNAX PiBHSHD 3i
3MiHHUMHU PO3PUBHUMU KoedillieHTaMU 3a HasiBHOCTI ?-QYHKIIii y IpaBiil YacTUHi 3a [J0IIOMOT0I0 PO3BUTKY
ribpuIHOro aCMMIITOTUYHOrO migxony. ?-gynkuis Jipaka, 3 MEXaHIYHOI TOYKHU 30PY, € IHCTPYMEHTOM [J15
JIOKaJi30BaHOTO 30BHIIIHBOTO BIIMBY. JJOCIiIKEHHs BKIIIOYA€E TaKi TEMU: O 3aIIPOIIOHOBAHO aJITOPUTM HAGJIMKEHOTO
aHaJIiITUYHOT'O PO3B'SI3aHHS, IPUIATHOTO [10 BUPILIEHHs IPUKJIAJHUX 3a/1a4 MaTeMaTUIHOi (i3uKY i3 3aCTOCYBaHHIM
MEeTO[ly 30YPEHHS, SIKUI1 J03BOJIsIE€ OLIIHUTU BILJIUB HEJIiHIHOI CK/Ia[l0BOI YaCTMHY PiBHSIHHS, Ta KOMITIOTEPHO]
anre6py; 0 0co6IMBaA yBara IpUijieHa BIJIMBY XapaKTepy 3MiHM KOoeQillieHTiB OCHOBHOT'O CUHTYJISIPHOTO
IudepeHLiaTbHOro piBHSIHHA Ha e(EeKT HasIBHOCTI ?-(yHKLii Ipy nepuiil noxifgHiii. Ik npukiaz, pos3risHyTo
HeJliHiliHe nudepeHianbHe piBHSIHHSA TUNY Jo¢diHra; 0 HaBeJeHO YUCesbHi pe3yabTaTu aHaIiTUYHUX PO3B'SI3KiB,
3aJIEXKHO Bifl BEJIMYMHU [TapaMeTpPiB aCUMIITOTMYHOIO PO3BMHEHHS Y IBOX HAOJIMKEHHSIX; O [IOPiBHSIHHS
HaGJIMKEHOTO aHAJITUYHOTO PO3B'SI3KY i3 PSMUM YMCEIbHUM PO3B'SI3KOM JOCIIpKyBaHOi 3a/1a4i; 0 HajaHo rpadiyHe
IIpeJCTaBJIeHHS pe3yJIbTaTiB 004YMCIeHb OCHOBHOTO PiBHSHHS 337a4i 3a IPSIMUM YMCEJIbHUM iHTEeIPyBaHHSM i
riopuaHUM aCUMIITOTUYHUM METOTIOM i3 BUKOPUCTAHHSIM CUCTEMU KOMITIOTEpHOi anredbpu «Mathematica». B
TPETbOMY PO37iJli 3alIPONIOHOBAHO HAOJIMKEHE aHAIITUYHE PO3B'sI3aHHS 337a4i HEJIiHIMHOI AMHAMIKA [TOJIOTUX
000JI0HOK 3 (PYHKIIOHAJIbHO-TPa/lieHTHUX MaTepiaiB 3 IapamMeTpamMy, 110 3MiHIOIOTbCS B 4Yaci, 3 ypaxyBaHHSIM
BIIJIUBY [IOYAaTKOBUX HEJOCKOHAJIOCTEN Ta JIOKAIi30BAHOTO 30BHIIIHBOTO MEPIOJAYHOrO JUHAMIYHOTO
HaBaHTaXEHHS. Y PO3[iii JOCTiIKy€eTbCs aHANITUIHUN aJIFTOPUTM 3 BUKOPUCTAHHSIM TiOPUIHOTO aCUMITOTUYHOTO
niAxoy, Ha OCHOBI METO/iB 36ypeHb Ta (Pa3oBUX iHTErpaliB, 1yl pO3PaxyHKy TUHAMIYHUX XapaKT€PUCTUK
reOMeTPUYHO HeJiHIMHUX CUCTeM 3i BMiIHHMMU IIapaMeTpaMy 3a HassBHOCTI ?-QyHKuii Jlipaka. 30kpema, po3risHyTO
PO3B’13aHHS CUHTYJISIPHOTO JIiHITHOTO IrudepenIialbHOro PiBHSIHHS 3i 3MiHHUMU Koe(illieHTaMU y JJBOX OCHOBHUX
ACUMITOTAYHUX HAOJIMKEHHSX: HA YaCOBOMY iHTEPBAJI, e CIIOCTEPIraeThCsl JIOKalIi30BaHe 30ypPEHHS (BHYTPIlIHS
aCUMIITOTHKA), Ta HA JiISHKaX 32 Me>KaMu 06J1acTi JioKasizanii 30ypeHHs (30BHIIIHS acCUMIITOTUKA). HaBeneHo
Pe3yJIbTaTU YMCIIOBUX PO3PAaXYHKIB JIiHIMHOI AUHAMIKU 110J10r0i 000JI0HKY IIPU 33jaHOMY XapaKTepi

JIOKaJIi30BaHOTO 36yPEHHS.

2. The dissertation is devoted to the application of a hybrid asymptotic approach based on perturbation and phase
integral methods for solving dynamic problems in systems of discrete-continuous characteristics and time-varying
coefficients within a nonlinear framework. In particular, the research addresses applied problems with a nonlinear
singular differential equation with variable discontinuous coefficients in the presence of a ?-function on the right-
hand side; problems in the nonlinear dynamics of hollow shells made of functionally gradient materials with time-
varying parameters; and problems of dynamics of an elastic system with a nonlinear damping function and time-
varying parameters, taking into account the presence of a localised external perturbation. The main part of the
dissertation work consists of an introduction, four chapters and conclusions. The introduction substantiates the
relevance of the research topic, formulates the purpose and objectives, describes the subjects, methods and
objects of the research, indicates the scientific novelty and practical significance of the obtained results. The
applicant’s personal contribution to the research carried out in co-authorship is described. Data on the approval of
the dissertation results and a list of publications reflecting the findings of the research are given. The first chapter
provides a comprehensive review of analytical and numerical methods applied to study differential equations with



coefficients of various types. The research encompasses: o an overview of analytical and numerical approaches to
solving differential equations with variable coefficients; o an overview of analytical and numerical approaches to
solving differential equations with discontinuous coefficients; o an analysis of the potential of the discontinuous
Galerkin method for solving various differential equations; o an overview of analytical and numerical approaches to
finding asymptotic solutions to the Korteweg-de Vries equation; o a review of analytical and numerical methods for
finding solutions to differential equations containing the Dirac delta function. The second chapter is devoted to
the solution of nonlinear singular, with a “small” parameter at the highest derivative, differential equations with
variable discontinuous coefficients in the presence of a ?-function on the right side through the development of a
hybrid asymptotic approach. From the mechanical perspective, the ?-Dirac function used as a tool for localised
external perturbation. An algorithm of approximate analytical solution suitable for solving applied problems of
mathematical physics involving the perturbation method, which allows to estimate the influence of the nonlinear
component of the equation, and computer algebra is proposed. Particular attention is paid to the influence of the
nature of the change in the coefficients of the basic singular differential equation on the effect of the presence of
the ?-function at the first derivative. An example based on the nonlinear differential equation of the Duffing type is
considered. Numerical results of analytical solutions, depending on the magnitude of parameters of asymptotic
development in two approximations are proposed. A comparison of approximate analytical solution with direct
numerical solution of the problem under study is provided. A graphical representation of the computational results
of the basic equation of the problem by direct numerical integration and hybrid asymptotic method using the
computer algebra software “Mathematica” is proposed. The third chapter offers an approximate analytical solution
to the problem of the nonlinear dynamics of the hollow shells made of functionally graded materials with time-
varying parameters taking into account the influence of the initial imperfections and a localised external periodic
dynamic load. The chapter investigates an analytical algorithm using a hybrid asymptotic approach, based on
perturbation methods and phase integrals, for computing the dynamic characteristics of geometrically nonlinear
systems with variable parameters in the presence of the ?-Dirac function. In particular, the solution of the singular
linear differential equation with variable coefficients is considered within two main asymptotic approximations: in
the time interval where the localised perturbation is observed (internal asymptotic), and in the regions outside the
area of localisation of the perturbation (external asymptotic).
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