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Pedepar:

1.V npuceprauii gociigpKeHO NOWMPEHHS MIJIOCKUX i UMIIHAPUYHMX XBUJIb B KOHCTPYKTLIIMHUX Marepianax, mo
1e(OPMYIOTbCS IPYKHO HENiHINHO, i CeICMIYHUX XBUJIb B TPYHTOBHUX IIApax, 0 Ae(OPMYIOTbCS BI3KOIPYKHO,
BUSBJISIIOUY HeJliHilHICT pu nedopmyBaHHi. XBUili B MaTepiasiax BBaKalOThCsl IOOJUHOKUMU Pi3HOTO
[I0YaTKOBOTO NPO(Piss 32 BUHSATKOM KPYTUJIbHUX XBUJIb, IPOQIJIb SIKUX OIIMCY€EThCSI TAPDMOHIYHOIO PYHKLi€0. XBUJIi
B TPYHTaX BBaKAIOTHCSI CEMCMIYHUMMU (B LIUX XBUJISIX YACTOTHU € MaJIMMU). BUBYaIOThCS HEMiHIMHI O300BXHI MJI0CKi
XBWJIi 1 HeJiHINHI DMTiHAPUYHI XBWJIi, 3 IKMX BUOPAHO [1Ba TUIY — LWJIIHAPUYHI pafiajibHi i KpyTUibHI. B po6oTi
OCHOBHY yBary NnpuzizeHo BIIJIUBY HeJiHIHHOCTI lepOpMYyBaHHS Ha €BOJIIOLLI0 XBUJIb Pi3HOTO II0YaTKOBOTO
npodins. [Ipy HbOMY PO3BMHYTO HOBI IiAXOIM PO3B’SI3yBaHHS OTPUMAHUX JJIs1 Pi3HUX TUIIIB XBUJIb Ta Pi3HUX
CEpenOoBUI HEJIIHIMHUX XBUJIbOBUX PiBHSIHD. YCi XBUJIi, 32 BUHATKOM CEVCMIYHOI XBUJIi, BABYAIOTHCS 13

3aCTOCYBaHHSIM OJHi€l 3 HAlOIIbI PO3BUHEHUX MOJeJIeil HeJliHilHOI Teopii MPYXHOCTI - M'ITU-KOHCTAaHTHOI Mozei



MepHarana. B ganiit guceprauiiiHiil po60Ti HeJIiHIAHICTb MOZEJ el OCHOBaHA Ha BpaxyBaHHI KBaAPATUYHO]I Ta
KyOiuHOI HesliHIHOCTeH, 1[0 MOKe TPAKTYBATUCS K OJUT 3 €JIeMEHTIB HOBU3HYU IIPOBEEHUX JOCiIKeHb. B
IMCepTalliliHill po60Ti MOPIBHSHO €BOJIIOIIiI0 TOYATKOBOTO MPOdissl XBUJIb MPU Pi3HUX PiBHSIX HAOIMKEHHSX
(mepuioro, nepumx ABOX i TPbOX HAGJIMKEHD) PO3B'SI3KY HEJIiHIMHOrO XBUJIbOBOTO PiBHSIHHS. BUBYEHO BIJIVB
napaMeTpiB, 3aJJaHUX IIPY HEJIiHINHII I0CTaHOBL 331a4i, Ha 3arajJlbHy KapTUHY NOMKMPEHHS XBUJIb (XapaKTep
€BOJIIOLIi] TOYaTKOBOro Npo@diio) Ta iHMKUX XapaKTEePUCTUK XBUJIb. JI71 YOTUPBHOX THUIIIB XBUJIb (I1JIOCKA [103[I0BXKHA,
I1I7I0CKa TIoNepeyYHa — 3CyBHA, UWIHAPPUYHA pajiianbHa, KpYTUIIbHA) TI0OYL0BaHO cLeHapii eBosmowii. i xBui
XapaKTEePU3YIOThCS Pi3HUMU IIOYATKOBUMHU MPOQIIsIMY - TaADMOHIYHMIA KOCUHYCOiaJIbHUM, TIOGUHOKNM
CHMETPUYHUI1 3 ofHUM ropboom (dyHk1is ['aycca), IOOIUHOKUI HECUMETPUYHUN 3 OHUM rop6om (PyHKIL
Yirrekepa), HecuMeTpU4HUI 6e3 ropoa (PyHkuii MaknoHanpna ta Opinngnaepa). 3acTocoBaHU 10 TPYNU XBUJIb
IiAxin yMOXIMBUB IOOYAOBY HOBUX CLIEHApIiB, Ki BiiNIOBiNa0Th (Qi3MYHOMY CEHCY IPOaHali30BaHuX 3agad. [Ipu
BUBYEHHI CEMICMIYHUX XBUJIb J€(POPMYBAHHS TPYHTOBHUX IIAPiB ONKMCAHO CTAHJIAPTHOK TPUKOHCTAHTHOIO
PEOJIOTIYHOI MOJEJIIIIO, IPOAaHasi30BaHO MMOMMPEHHS XBUJIb B TPYHTOBUX MIAPaX i 3aCTOCOBAHO METOJ, BUBHAYEHHS
IlapaMeTpiB Pe0JIOriYHOi MOZEJ 3 eKCIIEPMMEHTY Ha [I0B3y4iCTh KOHKPETHOTO I'PYHTOBOrO apy. BusHaueHi
PEOJIOTiUHI NapamMeTpy BUKOPUCTAHO 117151 TOOYOBU CLE€HAPIiB 3MiHU IIBUAKOCTI BOX BapiaHTiB 3CYBHOI
rapMOHIYHOI CEMCMIYHOI XBUJIi | aMIUTITYAM XBUJIi 7151 TPhOX JOCJiIKEHUX TUIIIB TPYHTIB. B nuceprauii, nng
[I03[JOBXXHbOI FTAPMOHIUHOI XBUJIi HEJIiHiIHI XBUJIbOBI PiBHSIHHS aHAJIi3ylOThCSI METOJIAMU I10CJIJOBHUX HAOIM>KEHD
Ta OOMEKEHHS Ha IPajlieHT 3MillleHHS 3 METOIO NIPOBEIeHH: IIOPIBHAHHS LUX NiIX0LiB [1pY 00YL0Bi PO3BSI3KiB, Y
SIKMX BpPaXOBaHO NepLIi Tpy HabIVDKeHHs. [1py aHamisi UUIiHIPUYHKX paliaIbHUX MOOJMHOKUX XBUJIb 3CTOCOBAHO
MeTOj 0OMesKeHHSI Ha IPajlieHT 3MillleHHSI Ta OTPMMAaHO HeJliHiliHe XBUJIbOBE PiBHSIHHS, IJ151 SIKOTO 3HAMIEHO
PO3B’30K y BUIJISZ] MEPUIUX IBOX Ta TPhOX HAOGJDKEHD 3 METOIO iX TEOPETUYHOTrO i YMCEJIbHOTO NOPiBHSHHSL. [Ipu
BUBYEHHI HEJIiHITHO MPY>KHOI KPYTUJIbHOI XBUJIi 3aIIPONIOHOBAHO y3arajabHEHUI MEeTO, OOMEeKEHHs Ha IPaJieHT
(luBUAKOCTI) 3MillleHHS IJ1s1 3HAXOPKEHHS IIepIInX OBOX HabskeHb. OCKiIbKY IIpOaHali3oBaHe HeJliHiliHe
XBWJIbOBE PiBHSIHHS € HOBUM, TO II€ IEMOHCTPY€E 3aCTOCOBHICTb METOAY [J1s1 OiJIbII MIMPOKOTO KJIaCy XBUJIbOBUX
3azady. [Ipy ananisi rapMOHIYHOI CEMCMIYHOI XBUIII, SIKA ITOMMUPIOETLCS B PYHTOBHUX LIapax BIIEPILIE 3aCTOCOBAHO
IPSIMUI METOJ, IIpY NOOY 0B HAOJIVPKEHOT0 PO3B’s13KY XBUJIL. UM CeIbHMIL aHai3 €BOJIIOLi 109aTKOBOTO MPOdino
XBWJIi BUKOHAHU 33 IOIIOMOTOI0 [IPOLieSyp CUCTEMU KOMITIOTEPHOI anrebpu. Lle mo3Boinsio npoaHa-jizyBaTu
YMCEJIBHO BIUIUB Pi3HUX NOPSIKiB HEJIIHIHHOCTEN /1J15 [103[10BXHUX, [10NI€PEYHUX, LIMIiHIPUIHUX Ta KPYTUJIBHAX
XBUJIb, @ TAKOXK BUBHAYUTH PEOJIOTIUHI IapaMeTpy 3 METOI0 [T06Y[0BU clieHapiiB eBosoLii. OTxe, ofepskaHi
TEOPEeTUYHi i YMCII0Bi pe3yJIbTaTy YMOKIIMBUIIN ITOOYIOBY CLeHapiiB [IOMKUPEeHHS XBUJIb B MaTepiasnax, 1o
OIMCYIOTHCS HEJIIHIMHUMU MOJIEJISIMU IIPY>KHOTO i BI3KOIPY>KHOTO Je(OpMyBaHHS, KPallloro pO3yMiHHS BIJIMBY

KiJIbKOCTi HabJIVDKEHb NIPY PO3B’s13yBaHHI XBUJIbOBOI 33124l Ha CLi€HApii IOMMPEHHS! 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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Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. JIumapuenko Oser CrenaHoBUY

2. Oleg S. Lymarchenko

KBasigikamis: 5.1.1., npodpecop, 01.02.06
InenTudgikarop ORCID ID: 0000-0002-2068-8987
JopaTrkoBa inpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[lleByenka

Kopg 3a €IPIIOY: 02070944

Micue3Haxoa KeHHS: By/. Bonogumupcebka, 6ya. 60, Kuis, 01033, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Cropoxyk €BreH AHaTOJINOBUY

2. Yevhen A. Storozhuk

KBasidikamis: n. ¢.-m. H., unen-kop.HAH Vkpainu, npodecop, 01.02.04
Imentudikarop ORCID ID: 0000-0003-1720-7887

JoparkoBa indpopmamist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOH: IHcTUTYT MexaHiky im. C. IT. Tumomenka HaujoHanbHOI

akazeMii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 05417070

Micue3HaxoO KeHHS: By [1. Hecreposa, 6ya. 3, Kuis, 03057, Vkpaina
dopma BiracHOCTI: lepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR:

BsacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. MakcuMIok Bosogumup AHaHioBUY

2. Volodymyr A. Maksymiuk
KBasigikanis: n. ¢.-m. 1., c.H.C., 01.02.04

ImenTudikarop ORCID ID: 0009-0003-8622-6405



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0Cc00H: TucruryT Mexaniku im. C. T1. Tumomenka HaijoHasbHOi

akagemii HayK YKpainu

Kopg, 3a €IPIIOY: 05417070

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

Cdepa yllpaBJIiHHSIZ HaujonanbHa akageMig HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Babuu Crenan IOpiitoBuy

2. Stepan Y. Babych

KBasigikanis: 1. 1. ., npodecop, 01.02.04
Inentudikarop ORCID ID: 0000-0003-2642-9115
JoparkoBa iHdpopmamist:

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

akagemii HayK YKpainu

Kopg 3a €IPIIOY: 05417070

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

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi

BaacHe IlpizBuime Im's [10-6aTbKOBI MapTuHioK AHaToIill AHNPiHOBUY
rOJIOBH pajgu

BaacHe IlpizBuie Im's [10-6aTbKOBI MapruHioKk AHaToTill AHAPiHOBIY
roJIOBYIOYOrO Ha 3aCifiaHHi

BignoBigasibHuUI 32 HiATOTOBKY HOpuyk Bacumne MukosaioBuy

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




