O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0826U002702
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 21-06-2026

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JTaropzincekuit Osiekcanap €BreHinoBruy

2. Oleksandr Y. Lahodzinskyi

KBasmigikamis: 113

InenTudikarop ORCID ID: 0000-0002-6244-6708

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHeniaJabHOCTI: 113

Ha3zBa HayKoOBOIi cIeniaJbHOCTI: [puKia/jHa MaTeMaThKa

FaJIy3b / ralesi 3HAaHb. MaTreMaTHvKa Ta CTaTUCTHKA

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTIi: MareMaTiuHi Ipo6IeMI MEXAHIKM Ta 0GYKCIIOBAIbHA

MaTeMaTHuKa

Jdara 3axucTy: 04-08-2026

CrneniaJbHICTh 3a OCBiTOIO: 113 TIpuk/aziHa MaTeMaTHKa

Micue p060TI/l 3a06yBaqa: IncTuTyT Marematuku HanjioHanpHOI akazemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417207

Micuesﬂaxo,lI)KeHHﬂ: ByJ1. Tepewmenkiscoka, Kuis, 01024, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Creliaai30BaHOi BYEHOI pazu). PhD 14915
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCcTUTYT MaTemaTnky HarjioHasnbHO akaziemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417207

Micue3HaxoaKeHHS: ByJI. TepeleHkiBcbka, Kuis, 01024, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IHcTuTyT MaTemaTuku HarjioHanbHOi akamemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417207

Micue3HaxoaKeHHS: ByJI. TepemeHkiBcbka, Kuis, 01024, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpainu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHX PYyOPHK: 27.35.21, 27.35.

Tema gucepranii:
1. ACMMIITOTMYHA HeJIiHIHA TEOPis yCTaJIEHMX PE30HAHCHUX KOJIMBAHb PiHY B KOHTEMHED] KBaAPATHOIO IIEPEPi3y

2. Asymptotic nonlinear theory of steady-state resonant liquid sloshing in a square-based container

Pedepat/anoranis:

1. Inceprarifina po60Ta IPUCBIY€HA PO3BUTKY METOiB HEJIiHIHOI aHATITUYHOI MeXaHIKu Ta aCUMIITOTUYHUX
METO/IB [1J14 aHaJIi3y YCTaJIEHUX PE30HAHCHUX XBUJIbOBUX PYXiB PiiMHU B KOHTEMHEPI KBaAPaTHOTO NEepePidy, IKUI
KOJIMBAETLCS 32 33JJaHMM 3aKOHOM I1€PiOAMYHO B IPOCTOPI i3 Majoo aMIlIiTy010. Po60Ta po3BrBae HeliHINHMN
MyJIbTUMOJIAJIPHUM MiAXiN 4O 33184 IMHAMIKYM PiTUHN B PyXOMUX KOHTEHHepax, MifixXif, 1m0 6yJI0 3a1I04aTKOBAHO Y
pi3Hi yacu B po6otax M.MoiceeBa ta I"HapimaHoBa, B.Ctonbenona, [>x.Maiin3a, Ixx.Oxkennona, O.QanrinceHa,
LJlykoscekoro, O.Jlumapuenko, F0.Kononosa, O.Tumoxu, T.Ikegu, O.KoHcTaHTiHOBA, ].PaliHOBCBLKOTO Ta iHIIKX.
MynbTUMOZANBPHUN MiJIXiT J03BOJISE 3BECTU KPAMOBY 33/1auy 3 BiJIbHOIO IOBEPXHEIO 10 CUCTEMU 3BUYAHUX
nvdepeHLiaTbHUX PIBHSHD BiTHOCHO y3arajbHEHUX IilpOAMHAMIYHNX KOOPAMHAT, SIKi OIIMCYIOTh 30ypeHHSs
BJIaCHUX (POPM KOJIMBaHHS PiJMHU. 3aCTOCOBYIOUYM Pi3HOTO TUITy aCUMIITOTUYHI CXEMHU, Lii MOJIaJIbHi CUCTEMU
PEIYKYIOTbCS 10 CKIHYEHHOI PO3MiPHOCTI, 1O BiJKPUBAa€ MOXJIMBICTb [100YI0OBY aHAJIITUYHUAX ACUMIITOTUYHUX
nepioANYHMX PO3B’A3KiB, iX Kinacudikanii, aHanmiTHIHOro JOCHiIKeHHS iX CTIMKOCTI, BUusABIeHHS 6idypKamiitHuX

NepexoziB MK HUMH, a TAKOK BUBUYEHHS XaOTUYHOI AMHAMIKU. TeMaTuka HayKOBUX NOCIIIPKEHb JUCEPTALiAHOI



po6OTH MOB’SI3aHA 3 TEMATUKOIO PyHIAMEHTAIbHUX HAYKOBUX JOCTiIXKeHb IHCTUTYTY MaTemaTuku HAH Ykpainu. ¥V
[IepIIOMY PO3Tisi AA€ThCS AeTaIbHUN OIJISA JITEepaTypH 3a TEMOIO IUCEePTaLiiiHOi pOOOTH, OMUCYIOThCS PO3B's3aHi
Ta BiIKpUTi IpoGJIEMH, a TaKOXX (POPMYJIIOETHCSI OCHOBHA 33/iaya AUcepTaliiiHoi poboTu: Kinacudikaris
(BM3HAYEHHS BCiX MOMUJIMBUX CTIMKMX Ta HECTIMKMX) YCTAJI€HUX PE30HAHCHUX XBWJIb B 6a3i KBaJpaTHOTO [IepePi3y
D715 JOBIJIbHUX MaJIOAMIUITYIHUX NTePioguYHuX pyxiB 6aKy. Po3nin 2 1iei nucepraniiiHoi po60TH HABOAUTD
[TIOCTAHOBKY BUXIiIHOI KpalloBOi 3a/a4i i3 BiJIbHOIO MEXXEI0, a B paMKax peasisdalii MOJasbHOro MigXx0oly BUBOJAUTHCS
aCUMIITOTUYHA MOJAJIbHA cucTeMa TUIly HapimaHoBa-MoiceeBa, sKa € 6a30BOI0 17151 TOAAJIBLIINX JTOCTiIKEHb.
Po3pnin 3 6yaye 3arajibHy aHAiTUYHY TEOPIiI0 YCTaJI€HUX PE3OHAHCHUX XBUJIb 17151 JOBIIbHUX [1€PIOJUYHUX PYXiB
0aKy. BuBeneHo aHaJIiTMYHI aCUMIITOTHYHI IIepiofnyHi po3B’a3Kku cucremu Tully HapimanoBa-MoiceeBa, ski
OIMCYIOTh YCTaJI€Hi pe30HAHCHI XBUJIbOBI PEKMMU, a TAKOXX YMOBY iCHYBaHHS TaKOT'O PO3B'sI3Ky (CEKYJIIpHY
CHCTEMY), sIKa [IOB'SI3y€ JOMiHAHTHI aMIIITYyJ PE30HAHCHOI XBUJI, 6€3PO3MipHY YacTOTY 30ypeHHsL. [JoBeeHO, o
(i) cTifiKicTb aCUMIITOTUYHUX PO3B'sA3KiB OJHO3HAYHO BU3HAYAETHCS MEPIIMM HAOIVKEHHSAM, (ii) 17151 TOBiIBHOTO
PE30HAHCHOTO0 30ypeHHs 6aKy icHye ekBiBasieHTHe Y GopMi OpOiTaIbHOrO MOCTYIANIBHOTO €JIIITUYHOTO
TOPU30HTAJIBHOTO (i3 Ti€l0 )X CAMOI0 YaCTOTOIO) PYXY, sIKE€ IPMBOAUTH 3 TOUHICTIO [0 WIEHIB HallBULIOTO [OPSIIKY 1O
AQHAJIOTIYHUX YCTAJIEHVX PE30HAHCHUX XBUJIb, (iil) iCHye JMIlle YOTUPY TUINM YCTAJI€HUX XBUJIb: CTOSIYi, Malike
CTOSI4i, KPYTOBi Ta XaOTUYHI ((KOLHUI i3 ITONepeHix TUIIIB XBUJIb HeCTiNKui). [laHo 4iTKi KpuTepii peanisawii onHiei
3 LIMX YCTaJIEHUX PE30HAHCHUX XBUJb (Kacudikallis). Busenena asprepHaTUBHA (pOpMa CEKYJIISIPHOI CUCTEMU, SIKA
3B's13y€ aMILTITy14 Ta 3CyBU (a3, a TAKOX BXiJIHi IapaMeTpH €JINTUYHOTO 30ypEeHHS: Hailbi/IblIa BiCh, BiHOILEHHS
MeHIIOi Ta 6isbmmoi ocet -1<o_1<1 (Bin'eMHMI1 3HaK BiNOBifa€e TpaekTOPii 30ypeHHs 3a TOAMHHUKOBOIO CTPIJIKOIO,
IOJATHIi -~ IPOTH), @ TAKOK KYTOM O MK OCHOBHOIO Biccio Ta Ox. Po3po6sieHo edeKTUBHUI YUCEIbHUN METOZ,
PO3B’13yBaHHs aJIbTEPHATUBHOI CEKyJISIPHOI cucTemu. [Toka3aHo, 110 el YMCeIbHUI METO/, JO3BOJIsIE 3HAXOIUTU
BCi 1OMTyCTUMIi PO3B’13KH, BKJIIOYAIOUM TaKi, SKi 3a/1a10Th IJIaAKi TiJIKY, TaK i JJOKaJIbHi eTJIbOBI CTPYKTYPH, SIKi
MO>XYTb BUHUKATU BHACJIiOK HEJIiHINHOI B3aemonii Moz, Po3nin 4 1€eMOHCTPY€E aMILITy4HO-4YaCTOTHI
XapaKTEePUCTUKHU BCIX MOXKJIMBUX YCTAJIEHUX XBUJIb, CTIMKUX Ta HECTIMKUX, IJ1s1 OBIIbBHUX OpOiTaIbHUX
TOPU30HTAJIbHUX €JIINITUYHUX 30ypeHb KOHTeHepa. Po31in BU3Havae [iana3oHy iCHyBaHHS BUBHAYEHUX B PO31ii 3

yCTajl€HUX PE3OHAHCHUX XBUJIb.

2. The dissertation is devoted to the development of methods of nonlinear analytical mechanics and asymptotic
methods for analyzing steady-state resonant wave motions of liquid in a container of square cross-section, which
oscillates according to a prescribed law, periodically in space, with small amplitude. The work develops the
nonlinear multimodal approach to problems of liquid dynamics in moving containers, an approach that was
initiated at various times in the works of M.Moiseev and G.Narimanov, V.Stolbetsov, J.Miles, J.Ockendon,
O.Faltinsen, I.Lukovsky, O.Limarchenko, Yu.Kononov, A.Timokha, T.Ikeda, O.Konstantinov, I.Raynovskyy, and
others. The multimodal approach makes it possible to reduce the free-surface boundary-value problem to a
system of ordinary differential equations with respect to generalized hydrodynamic coordinates, which describe
the perturbations of the natural modes of liquid oscillation. By applying various types of asymptotic schemes, these
modal systems are reduced to finite dimension, which opens up the possibility of constructing analytical
asymptotic periodic solutions, classifying them, analytically investigating their stability, identifying bifurcation
transitions between them, as well as studying chaotic dynamics. The subject of the scientific research of the
dissertation is related to the topics of fundamental scientific research of the Institute of Mathematics of the
National Academy of Sciences of Ukraine. The first chapter gives a detailed review of the literature on the topic of
the dissertation, describes the solved and open problems, and formulates the main task of the dissertation: the
classification (determination of all possible stable and unstable) steady-state resonant waves in a tank of square
cross-section for arbitrary small-amplitude periodic motions of the tank. Chapter 2 of this dissertation presents
the formulation of the original free-boundary boundary-value problem, and, within the framework of
implementing the modal approach, derives an asymptotic modal system of the Narimanov-Moiseev type, which is
the basis for further research. Chapter 3 constructs a general analytical theory of steady-state resonant waves for
arbitrary periodic motions of the tank. Analytical asymptotic periodic solutions of the Narimanov-Moiseev type
system are derived, which describe steady-state resonant wave regimes, as well as the condition for the existence



of such a solution (the secular system), which relates the dominant amplitudes of the resonant wave and the
dimensionless perturbation frequency. It is proved that (i) the stability of the asymptotic solutions is uniquely
determined by the first approximation, (ii) for an arbitrary resonant perturbation of the tank there exists an
equivalent one in the form of an orbital translational elliptic horizontal motion (with the same frequency), which
leads, up to terms of the highest order, to analogous steady-state resonant waves, (iii) there exist only four types of
steady-state waves: standing, almost standing, swirling, and chaotic (none of the preceding wave types being
unstable). Clear criteria for the realization of one of these steady-state resonant waves are given (the
classification). An alternative form of the secular system is derived, which relates the amplitudes and phase shifts,
as well as the input parameters of the elliptic perturbation: the major axis, the ratio of the minor and major axes -
1<n_1<1 (a negative sign corresponds to a clockwise perturbation trajectory, a positive one -- counterclockwise),
and the angle o between the principal axis and Ox. An efficient numerical method for solving the alternative secular
system is developed. It is shown that this numerical method makes it possible to find all admissible solutions,
including those that define smooth branches as well as local loop structures that may arise as a result of the
nonlinear interaction of modes. Chapter 4 demonstrates the amplitude-frequency characteristics of all possible
steady-state waves, stable and unstable, for arbitrary orbital horizontal elliptic perturbations of the container. The
chapter determines the ranges of existence of the steady-state resonant waves defined in Chapter 3.
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