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1. Cuenapii nomupeHHs xBUJb Pi3HUX [109aTKOBUX NPO(PisiB B MaTepiasax, sKi 1e(pOpMYIOThCS HEJiHINHO IIPY>KHO

2. Scenarios of propagation of waves of different initial profiles in materials that deform nonlinearly elastically

Pedepar:
1.V npuceprauii jociigpKeHO NOMKPEHHS MI0CKUX i HMIIHAPUYHUX XBUJIb B KOHCTPYKTLIMHUX MaTepianax, o
IepOpMYyIOThCSI IIPY>KHO HEJIiHIIHO, i CeMICMIYHUX XBUJIb B TPYHTOBUX IIapax, 110 Ae(OopMyIOThCs BSI3KOIIPY>KHO,

BUSBJISIIOUM HEJIiHINHICTD Ipy gedopMyBaHHi. XBUJIi B MaTepiasax BBAKAIOTbCSl IOOJUHOKUMU Pi3HOTO

II0YaTKOBOTO NPOQiist 32 BUHATKOM KPYTUJIBHUX XBWJIb, TPOQi/b SIKUX ONUCYETbCSI FAPMOHIYHOI0 (QYHKLi€. XBUJI

B TPYHTaX BBXAIOThCS CEMCMIYHMMU (B LIMX XBUJISIX YACTOTU € MaJMMU). BUBYaIOThCS HEJTiHiMHI TO30BXHI I1JI0CKi

XBWIi 1 HeJiHINHI UMIIHOPWUYHI XBUJI, 3 IKMX BUOPAHO [1Ba TUIY — LWJIHAPUYHI pafiiajibHi i KpyTUibHI. B po6oTi

OCHOBHY yBary NpufiJieHo BIJIMBY HEJiHINHOCTI AepopMyBaHHS Ha €BOJIIOLIiI0 XBUJIb PiI3HOTO TOYaTKOBOTO



npodins. [Ipu 1bOMY PO3BUHYTO HOBI MiAXOM PO3B’I3yBaHHS OTPUMAHUX [J1s1 Pi3HUX TUIIIB XBUJIb Ta Pi3HUX
CcepenoBuUll HeJliHIMHUX XBUJIbOBUX PiBHSIHD. YCi XBUJIi, 32 BUHATKOM CECMiYHOi XBUJIi, BUBYAIOThCS i3
3aCTOCYBAaHHSIM OJHi€i 3 HAlOiIbI pO3BUHEHUX MOJeJIell HeJliHiliHOI Teopii MPYXHOCTI - N'SITU-KOHCTAaHTHOI Moz e
MepHarana. B ganiil guceprauiiiHiil po60Ti HesIiHIMHICTb MOZEJIEN OCHOBaHA Ha BpaxyBaHHI KBaAPATUYHO]I Ta
Ky6iuHOI HesTiHIMHOCTeH, 0 MOKe TPAKTYBATUCS K OJUT 3 €JIeMEHTIB HOBU3HY IIPOBEAEHUX JOCiIKeHb. B
IMCePTalliliHilil po60Ti MOPIBHSHO €BOJIIOIIiI0 TOYAaTKOBOTO MPO@issl XBUJIb MPU Pi3HUX PiBHSIX HAOIMKEHHSX
(mepuioro, nepumx ABOX i TPbOX HAOJIMKEHD) PO3B'SI3KY HEJIiHIMHOTrO XBUJIbOBOT'O PiBHSIHHS. BUBYEHO BIJIVB
IapaMeTpiB, 3aJaHUX NIPY HEeJIiHiMHIN IOCTAHOBL 33[1a4i, Ha 3arajibHy KapTUHY NOLIMPEHHS XBWIb (XapaKTep
€BOJIIOLIi] T0YaTKOBOro Npo@diio) Ta iHMKUX XapaKTEePUCTUK XBUJIb. [I71 YOTUPBHOX THUIIIB XBUJIb (T1JIOCKA [103[I0BXKHA,
II7I0CKa IoNepeyvHa — 3CyBHa, UWIHAPPUYHA pajiianbHa, KpYyTUIIbHA) I00Y40BaHO cLeHapii eBosmowii. Lli xBui
XapaKTEPU3YIOThCS Pi3HUMU IIOYATKOBUMHU MPOQIIsIMY - TaDMOHIYHMIA KOCUHYCOiaJIbHUM, IOJUHOKUN
CHUMETPUYHUI 3 OJHMM rop6om (pyHKuis ['aycca), MOOIMHOKMIT HECUMETPUYHUI 3 OHUM ropooM (PyHKLi
Yirrekepa), HecuMeTpU4HUI 6e3 ropoa (pyHkuii MaknoHanpna ta @pinsngnpepa). 3acTocoBaHul 10 TPYNU XBUJIb
IiAXizn YMOXJIMBUB IOOYAOBY HOBUX CLI€HApIiB, Ki BiZiNI0Bifal0Th (i3MYHOMY CEHCY IpOaHasli3oBaHux 3agad. [Ipu
BHMBUYEHHI CEICMIYHUX XBUJIb 1e()OPMYBaHHS I'PYHTOBUX IapiB OMMUCAHO CTAHJAPTHOIO TPUKOHCTAHTHOIO
PEOJIOTIYHOI MOJEJIIIIO, IPOAaHaJi30BaHO IMOMMPEHHS XBUJIb B TPYHTOBUX MIAPaxX i 3aCTOCOBAHO METOJ, BUBHAUYEHHS
[apaMeTpiB PEOJIOTiYHOI MOJIEli 3 EKCIIEPUMEHTY Ha [TOB3Y4iCTb KOHKPETHOI'O IPYHTOBOrO mapy. BusHaveHi
PEOJIOTiUHI NapamMeTpy BUKOPUCTAHO 17151 IOOYJOBY CLI€HApPiiB 3MiHU IIBUAKOCTI BOX BapiaHTiB 3CYBHO]
rapMOHIYHOI CEMCMIYHOI XBUJII 1 aMILIITYyIM XBUJII [1J1s1 TPhOX LOCJIJI)KEHUX TUIIIB IPYHTIB. B nucepraii, njs
[I037JOBXXHbOI FTAPMOHIYHOI XBUJIi HEJIiHiIHI XBUJIbOBI PiBHSIHHS aHaJIi3yl0ThCSI METOJIaMU I1OCJIiJOBHUX HAOKEHDb
Ta OOMEKEHHS Ha IpajlieHT 3MillleHHs 3 METOIO NIPOBEIeHHs [IOPIBHSHHS LIUX NiJX0iB [1pY N106Y0Bi pO3BsI3KiB, Y
SIKMX BPaxOBaHO Iepuli Tpu HabmvpkeHHs. [1py aHani3i [usliHAPUYHUX pafiaibHUX TOOAVMHOKUX XBUJIb 3aCTOCOBAHO
MEeTOo[, OOME>KEeHHS Ha IPA/IiEHT 3MillleHHS Ta OTPUMAaHO HeJliHiHe XBUJIbOBE PiBHSIHHS, IJ151 SIKOTO 3HAIEHO
PO3B’30K Y BUIJISIZ] NEpUIUX IBOX Ta TPhOX HAOGIMKEHD 3 METOIO iX TEOPETUYHOTrO i YMCEeJIbHOTO NOPiBHAHHSL. [Ipu
BUBYEHHI HEJIHIHO MPY>KHOI KPYTUJIbHOI XBUJIi 3aIIPOITIOHOBAHO y3arajabHEHUI METO, OOMEKEHHS Ha IPaJieHT
(IuBUAKOCTI) 3MileHHS AJ1s1 3HAXOPKEHHS IepIInX OBOX HabskeHb. OCKiIbKY IIPOaHali30BaHe HeJliHiiiHe
XBUJIbOBE PiBHSIHHSI € HOBUM, TO II€ IEMOHCTPY€E 3aCTOCOBHICTb METOAY 7151 OiIbII HIMPOKOTO KJIaCy XBUJIbOBUX
3azay. [Ipy aHanisi rapMOHIYHOI CEMCMIYHOI XBUIII, SIKA [TOMMUPIOETHCS B TPYHTOBHUX LIapax BIIEPILIE 3aCTOCOBAHO
IPSIMUI METOJ, 1Py NOGY 0B HAOIV>KEHOT0 PO3B’s13Ky XBUJIL. UM CesIbHUIL aHai3 €BOJIIOLil 109aTKOBOrO MpOdinio
XBWJIi BUKOHAHMM 32 IOIIOMOTOIO0 [IPOLeNypP CUCTEMU KOMITIOTEPHOI anrebpu. Lle mo3Boanio npoaHa-jizyBaTu
YMCEJIbHO BIUIMB Pi3HUX MOPSAIKIB HEJIIHIMHOCTEN 114 [TO3L0BXHUX, [IOIIEPEYHUX, HWITIHIPUYHNAX Ta KPYTUIIBHUX
XBWJIb, 4 TAKOXX BU3HAYUTU PEOJIOTiUHI IapaMeTpy 3 METOI0 NOOYA0BU clieHapiiB eBosowLii. OTXe, ofepskaHi
TEOPETUYHI i YMCIIOBI pe3yIbTaTy YMOXJIMBUAIIM NI0OYIOBY CLIEHApPiiB MOMMPEHHS XBUJIb B MaTepiaiax, mo
OIIMCYIOThCSI HEeJIIHIMHUMU MOJIEJISIMU IIPY>KHOTO i BA3KOIPY>XHOTO JeOpMyBaHHS, KPallor0 pO3yMiHHS BILJIMBY

KiJIbKOCTi HabJIM>KEHb [IPY PO3B’s13yBaHHI XBUJIbOBOI 33ja4i Ha CLi€Hapil IOMIMPEHHS! Pi3HUX TUIIIB XBUJIb.

2. In this dissertation, the propagation of plane and cylindrical waves in structural materials that deform elastically
nonlinearly, and seismic waves in soil layers that deform viscoelastically, revealing nonlinearity during deformation
is studied. The waves in materials are considered to be solitary waves of different initial profiles, except for the
torsional waves, the profile of which is described by a harmonic function. The waves in the soil are considered
seismic ones (in these waves, the frequencies are small). The nonlinear longitudinal and transverse plane waves
and nonlinear cylindrical waves are studied, two types of which are selected - cylindrical radial and torsional. In
the work, the main attention is paid to the influence of deformation nonlinearity on the evolution of waves of
different initial profiles. At that, the new approaches to solving the nonlinear wave equations obtained for different
types of waves and different media are developed. All waves, except for a seismic wave, are studied using one of
the most developed models of nonlinear elasticity theory - the five-constant Murnaghan model. In this
dissertation, the nonlinearity of the models is based on the consideration of quadratic and cubic nonlinearities,
which can be treated as the element of novelty of the carried-out research. The dissertation compares the
evolution of the initial wave profile at different levels of approximation (the first, first two and three



approximations) of the solution of the nonlinear wave equation. An influence of the parameters specified in the
nonlinear statement of the problem on the general picture of wave propagation (the kind of evolution of the initial
profile) and other wave characteristics is studied. The scenarios of evolution are constructed for four types of
waves (plane longitudinal, plane transverse - shear, cylindrical radial, and torsional). These waves are characterized
by different initial profiles - harmonic cosine, single symmetric with one hump (Gauss function), single asymmetric
with one hump (Whittaker functions), asymmetric without hump (McDonald and Friedlander functions). The
approach applied to the group of waves made it possible to construct new scenarios that correspond to the
physical sense of the analyzed problems. When studying seismic waves, the deformation of soil layers is described
by a standard three-constant rheological model, the propagation of waves in soil layers is analyzed, and the
method of determining the parameters of the rheological model from an experiment on the creep of a specific soil
layer is applied. The determined rheological parameters are used to construct the scenarios of the change in the
speed of two variants of the shear harmonic seismic wave and the wave amplitude for the three investigated soil
types. In the dissertation, longitudinal harmonic wave, the nonlinear wave equations are analyzed by the methods
of successive approximations and constraint on the displacement gradient to compare these approaches when
constructing the solutions that take into account the first three approximations. In the analysis of cylindrical radial
solitary waves, the method of restrition on displacement gradient is applied, and a nonlinear wave equation is
obtained, for which a solution is found in the form of the first two and three approximations for their theoretical
and numerical comparison. When studying a nonlinear elastic torsional wave, a generalized method of restriction
on the (velocity) displacement is proposed for finding the first two approximations. Since the analyzed nonlinear
wave equation is new, it demonstrates the applicability of the method for a wider class of wave problems. In the
analysis of the harmonic seismic wave propagating in the soil layers, the direct method is used for the first time in
the construction of the approximate solution of the wave. Numerical analysis of the evolution of the initial wave
profile was performed using computer algebra system procedures. This anables to analyze numerically the
influence of different orders of nonlinearities for the longitudinal, transverse, cylindrical, and torsional waves, as
well as to determine the rheological parameters to construct the scenarios of evolution. Therefore, the obtained
theoretical and numerical results made it possible to construct the scenarios of wave propagation in materials
described by the nonlinear models of elastic and viscoelastic deformation, and a better understanding the
influence of the number of approximations when solving a wave problem on the scenarios of propagation of
different types of waves.
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Micue3HaxoaKeHHS: ByJl. M. OMengHoBuua-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JlIumapueHko Osner CrenaHOBUY

2. Oleg S. Lymarchenko

KBasigikamnis: 1.1.1., npodecop, 01.02.06
InenTudikarop ORCHID ID: 0000-0002-2068-8987
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBCchKuil HaLioOHAIbHMIA YHiIBepCUTET iMeHi Tapaca

[leByeHKa

Kog 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bosmogumupceska, 6yg. 60, Kuis, 01033, YkpaiHa
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu
ImentTudikarop ROR: He zacrocoyerbcs

CeKTOop HayKH: YHiBePCUTETChKUIL

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. CTopoXyK €BreH AHaTOJIMOBUY

2. Yevhen A. Storozhuk

KBasidikanis: n. ¢.-m. 1., unen-kop.HAH Vkpainu, npodecop, 01.02.04
Imentudikarop ORCHID ID: 0000-0003-1720-7887

HoparkoBa indpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOH: IncTTyT MexaHiky im. C. IT. Tumomenka HaujoHanbHOI

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417070

Micue3Haxoa KeHHS: By [1. Hecreposa, 6ya. 3, Kuis, 03057, Vkpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. MakcuMIok Bosogumup AHaHinoBUY

2. Volodymyr A. Maksymiuk

KBasmigikanis: 1. ¢.-m. 1., c.H.c., 01.02.04
ImenTudikarop ORCHID ID: 0009-0003-8622-6405
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0Cc00H: TucTuTyT Mexaniku im. C. T1. Tumomenka HaiioHasbHOi

akazeMii Hayk YKpaiHu

Kog 3a €IPIIOY: 05417070

Micue3HaxoaKeHHS: By I1. Hecreposa, 6yz. 3, Kuis, 03057, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Babuyu Crenan IOpiiioBud

2. Stepan Y. Babych

KBasigikamis: 1. 1. ., npodecop, 01.02.04
Inentugikarop ORCHID ID: 0000-0003-2642-9115
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: IHcTuTyT MexaHiky im. C. IT. Tumomerka HaujoHanbHOI

akagemii HayK YKpainu

Kopg, 3a €IPIIOY: 05417070

Micue3Haxoa>KeHHs: By I1. Hecreposa, 6ys. 3, Kuis, 03057, Ykpaina
dopma BracHOCTI: JlepxaBHa

Coepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

VIII. 3aKkJIl04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI MapTuHIOK AHaTOi#i AHTIPiIOBIY

roJIOBH pagu

Biacue IpizBume Im's ITo-6aThKOBI MapTuHIOK AHaTOI!l AHAPIHOBIY

roJIOBYIOYOrO Ha 3aciJaHHi



BignoBigasibHuUI 3a MiATOTOBKY IOpuyk Bacuns Mukonaiosuy

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




