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1. MogemnoBaHHs BHYTPIIIHIX XBUJIbOBUX IIPOLECIB y IAPYBATUX PiAnHAX

2. Modeling of internal wave processes in layered fluids

Pedepar:

1. Incepraujifina po60oTa IpUCBIYeHa JOCiIKEHHIO YMOB IIOMIUPEHHS Ta B3a€MOJIii BHYTPIIIHIX CJIaOKOHEeJiHIHHAX
XBUJIbOBYX I1aKETIB Yy TPUIIAPOBIi IiApOANHAMIYHIN CUCTEMI «IIiBIIPOCTIp — ap — Wap 3 TBEPAOI0 KPUILKOIO» i3
3aCTOCYBAaHHSIM METO/ly 6araTomMacIITabHUX PO3BUHEHDb. Y pOOOTI PO3IJISIHYTO IIOCTAHOBKY CJIa0KOHEJIiHIHOI 3aaayi
MOIIMPEHHS Ta B3a€MOIii XBUJIbOBUX MAKETIB Yy CUCTEMI «IIiBIIPOCTIp — map — WAap 3 TBEPAOI0 KPUIIKO». 3
BUKOPHCTaHHSIM METOAY 6araToMacliTaOHMX PO3BMHEHb BUBEICHO Ieplli TPU JIiHilHI Ha6IVDKEeHHS 3a1a4i ITpo
NOUMPEHHS Ta B3aEMO/IiI0 XBUJIb B3[,0BXK [I0BEPXOHb KOHTAKTY B JIaHill cucTemi. PO3B’13aHO 3a7iauy Nepuioro
HaGJIMKEHHS Ta OTPUMAHO NUCIIepCiliHe CIiBBiIHOIEHHS, sIKe Ma€ [Bi Napy JiHIMHO He3aJIeXKHUX PO3B'SI3KiB.
3HaiieHO PO3B'sI3KM 33Jja4i APYroro HabI>KeHHs. BuBeieHO yMOBU PO3B'SI3HOCTI Pyroro Ta TpeThOoro HabIVKeHb.
Ha ocHOBI IUX yMOB 3 ypaxyBaHHSIM JUCIIEPCITHOTO PiBHSIHHSI OTPMMAHO €BOJIIOLiMHI PiBHSIHHS 00BigHO]
BHYTPIIIHbOTO BEPXHBOTO Ta HMKHBOTO XBUJILOBOTO MaKeTy y GpopMi HesiHiliHoro piBHsHHS llpeninrepa. Anani3
3aJIEXKHOCTI YaCTOT LIEHTPY XBUJIbOBOI'O NIaKeTy Bifl Pi3UYHUX Ta reOMeTPUIHUX I1apaMeTPiB CUCTEMU 3
yPpaxyBaHHSM BILIMBY [I0BEPXHEBOTO HATSTY II0KAa3aB, 110 [IPY NI€PEX0/ii CUCTEMU Bifl OTHOTO BUPOIPKEHOT'O BUMAJIKY
IO IPYroro CIOCTEepPiraeThes SIKiCHa CUMETPisl Tpa@ikiB 4aCTOT LEHTPY XBUJIbOBOTO MAKETY BiTHOCHO 3HAYEHHS
TYCTMHU CEPEeAHbOro mapy. [1py 1boMy BIJIMB IOBEPXHEBOTO HATSTY HA OJHIN i3 MOBEPXOHb KOHTAKTYy ab0 Ha IBOX
IIOBEPXHSIX OJHOYACHO IIPU3BOJUTS 10 30i/IbIIeHHS aOCOIIOTHOrO 3HaU€HHS YaCTOTH LIEHTPa XBUJILOBOT'O I1aKeTa.
JocinKeHo 3ay1eXKHICTh aMIIIITY]] XBUJIb-BiAT'YKiB BiJl TapaMeTpiB cucTeMU. BusiBiieHo, 1o npu 36iblIeHHi
TOBILVHY BEPXHBOTO APy aMIUIITyAX XBUJIb-BiII'yKiB MIPSMYIOTh IO TPAHUYHOIO 3HAaYEHHS, a [IpY PiBHUX CTPUOKax
I'yCTUHM Ha [I0BEPXHIX KOHTAKTy abCOJIIOTHI 3HAUE€HHSI aMIUIITY]] XBUJIb-BiATYKiB CIiBNIaAaloTh. JOCimKeHHs
(opMU BiIXWJIEHHS IOBEPXOHb KOHTAKTy Y pPaMKax 3a/iayi nepuoro HabnKeHHs [10Ka3ajlo 3aJI€XKHICTb aMILITy AU
BiJIXMJIEHHY, SIK BEPXHbBOI TaK i HUKHbBOI IIOBEPXOHb KOHTAKTY, Bifl 3MiHM I'YCTMHU CEPEIHBOrO wapy. [Ipore, 3
HaOJIVDKEHHSIM 3HaY€HHS T'YCTMHYU CEPEHbOrO MAPy 0 3HAYE€HHS ITYCTUHU HIKHBOTO MIAPY L€ BIIJIUB € Oibll
BUPKEHMM Ha HVDKHIN [IOBEPXHI KOHTAKTY. AMIUIITYZja BEPXHbOI [IOBEPXHi KOHTAKTY 3a3HA€ iCTOTHUX 3MiH TiJIbKU
IIpY 3MiHi TOBIIMHY BEPXHBbOTO MIApy. AHANI3 (OPMU BiIXUJIEHHS IOBEPXOHb KOHTAKTY 3 YPaXyBaHHS HAOIVDKEHHS
IpPYroro NopsaKy BUSIBUB IaPAMETPU CUCTEMH, 3a KX BUHUKAIOTb XBUJIi 3 3arOCTPEHUMU IPEOIHIMU Ta
3aTyIUIEHMMU MifouBaMu, abo XBUJIi 3 3aTYIJIEHUM IpebiHeM i roctporo nifomsoro. [TIobynoBaHo Aiarpamu
MOJIYJISILIMHOI CTIMKOCTI [J15 Pi3HUX 3Ha4Y€Hb TOBLIVMHY BEPXHBOTO 1I1aPy Ha IUIOLMHI «[YCTHUHA LIaPy — XBUJIbOBE
YHUCJI0», IIPU 1IbOMY BUSIBJIEHO KPUBI, SKi BifJinsA0Th 0651aCTh MOYJISLIAHOI CTIKOCTI Bif, HECTIMKOCTI 714
KaliJIIpHUX Ta TPaBiTaliiHUX XBUJIb. BUsBIeHO, 10 06J1aCTi MOLYISLiHOI HECTIHKOCTI iCTOTHO PO3LIMPIOIOTHCS
IIpy 30iJIbII€HH] TOBIMHY BEPXHbOrO apy. BuBeneHo BUpa3u 111 OLiHKY IIOTOKY €Heprii TphOox IapiB PifvHU Ta
CyMapHOi eHeprii riipoanHamMi4yHOi CUCTEMM «IIiBIIPOCTIp — ap — Wap 3 TBEPAOIO KPUILKOIO» Y BUTJIAI iHTErpaiis
3a 4aCOBOIO Ta BEPTUKAJIBHOIO IPOCTOPOBOIO 3MiHHUMU BiJl JOOYTKY NOXiIHUX IIOTEHLiasiB MBUAKOCTEN 3a
4aCOBOIO Ta TOPU30HTAIbHOK ITPOCTOPOBOIO 3MiHHMMU. ByJl0 BUSBIIEHO, IO €HEPTisi CEPEIHBOTO Ta BEPXHBOTO
1Iapy TPULIAPOBOI riipoAMHAMIYHOI CUCTEeMU 3i 301/IbLIIEHHSIM 3HAUEHHS XBUJIbOBOTO YMCJIAa MA€ CIIAHUI XapaKTep
i IpsiMye 1,0 MEeBHOrO IPAaHUYHOTO 3HAYEHHS, SKe [J151 KOPOTKMX XBUJIb HE 3aJI€KUTh BiJl TOBLUIMHU BEPXHBOTO 1IAPYy.
AHasi3 BIJIMBY reOMeTPUYHUX IIAPAMETPIiB CUCTEMHU Ha €HEepPreTUYHi XapaKTepUCTYUKY BUSIBUB TaKi e(peKTH Ta
3aKOHOMIPHOCTI: HasBHICTb IIPOTPECUBHOI IPaBiTallitHOI XBUJIi HA BEPXHIN [TOBEPXHi KOHTAKTy IIPU3BOJUTD 110
3POCTaHHS CYMapHOI €HePrii CUCTEMHU [0 TPAHUYHOTO 3HAYEHHS, B TOM Yac SIK IJ1s1 KaliISIPHUX XBUJIb CYMapHa
€HEeprig CUCTEMU Mae CIIaAHUM XapaKTep; AJ1s BUIMIAKY I'PaBiTalliiiHO-KaMiIsSpPHUX XBUJIb, 38 YMOBH, 110
IIPOrpeCrBHA XBUJIA HA BEPXHIll TIOBEPXHi KOHTAKTY BiJICYTH4, a € JIUIIE IPOrPECHBHA XBUJIS Ha HWDKHIN MIOBEPXHI
KOHTaKTy, €Hepris CUCTEMHU 3i 30iJIbIIeHHSIM TOBLIMHYU BEPXHbOrO LIapy Ma€ CIafHUI XxapakTep i AJ1s1 rpaBiTalifHUX
XBWJIb Mag€ 6iJIbllle 3HAUE€HHS NIOPIBHSHO 3 KalliJIIPHUMU XBUWISIMU. Pe3yJIbTaTu JUCEPTALiHOI pOOOTH B LIJIOMY
HOCSITb TEOPETUYHMI XapaKTep, Y HUX, B 3HA4Hii1 Mipi, BpaxoBaHi Cy4acHi Ipo6IeMr MOJEII0BaHHS XBUJIbOBUX
MpOIIEeCiB, SIKi BUHMKAIOTh B MPAKTUYHIl AisisibHOCTI. HasgBHICTh BEMKOI KiNbKOCTI Gi3MYHUX Ta TeOMETPUYHUX
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OTPUMAaHUX PE3YJIbTATIB, SKi CTBOPIOIOTH LiJIICHY KAPTUHY XBUJIbOBOTO MIPOLIECY i y MOBHIN Mipi MOXYTb 6yTH
3aCTOCOBAaHI /1151 BUBYEHHSI XBUJIbOBHX ITPOLECIB B OK€aHi 3 JIbOJIOBUM MOKPUTTSIM Ta 3 IIAPYBATOI CTPYKTYPOIO
piguHY, sIKa BUHMKae N06JIM3Y I'MpJia Piuok, a TaKOX Y BiIKPUTOMY OKeaHi y niepiof TaHEeHHs JiboAly. BuBueHHs
BIUIMBY [TOBEPXHEBOT'O HATSTY Ma€ MPAKTUYHE 3aCTOCYBAHHS Y pO3pOOKaxX HOBUX TEXHOJIOTIH 3 BUKOPUCTAHHSIM
1IapyBaTHX CEPENOBULY, AKi HE IIEPEMIIIYIOTHCS, 0 MA€ NIEPCIEKTUBY 3aCTOCYBaHHS Y CTBOPEH] iIHHOBALIMHUX
pillleHb [J1s1 Pi3HUX ranay3el NpUKIagHOI HAyKU.

2. The thesis is devoted to the investigation of the conditions of propagation and interaction of internal weakly
nonlinear wave packets in a three-layer hydrodynamic system "half-space - layer - layer with a rigid lid" using the
asymptotic method of multiscale expansion. The thesis deals with the formulation of a weakly nonlinear problem
of propagation and interaction of wave packets in the system "half-space - layer - layer with a rigid lid". Using the
method of multiscale expansion to the third order, the first three linear approximations of the problem of
propagation and interaction of waves along the contact surfaces in the system are obtained. The problem of the
first approximation is solved and a dispersion relation is obtained, which has two pairs of linearly independent
solutions. The solutions of the second approximation problem are found. The conditions for the solvability of the
second and third approximations are derived. Two evolution equations of the envelopes of internal upper and
lower wave-packets are obtained in the form of a nonlinear Schrédinger equation. Taking into account the effect
of surface tension, the analysis of the dependence of the frequencies of the center of wave-packet up to the
physical and geometric parameters of the system is completed. The transition of the system from first degenerate
case to the second one leads to a qualitative symmetry of graphs of the frequencies of center of wave-packet via to
the value of density of middle layer. The effect of the surface tension on one of the contact surfaces or on two
surfaces simultaneously leads to an increase of the absolute value of the frequency of the center of the wave-
packet. The response waves’ amplitudes dependence on the system parameters is investigated. It is found that
with increasing thickness of the upper layer, the amplitudes of the response waves limit to the fixed value. In the
case of the equal jumps in density on the contact surfaces, the absolute values of the amplitudes of the response
waves coincide. The study of the form of the elevation of the contact surfaces in the framework of the solution of
the first approximation problem had showed the dependence of the amplitude of the elevation of both, the upper
and lower, contact surfaces on the density of the middle layer. Taking into account the second-order
approximation, the analysis of the form of the elevation of the contact surfaces have revealed the parameters of
system where waves with sharpened combs and blunted soles are formed or waves with blunted combs and
sharpened soles are formed. Diagrams of modulation stability for different values of the thickness of upper layer on
the plane "layer density — wave number” were constructed, and curves that separate the region of modulation
stability from instability for capillary and gravitational waves were found. It is revealed that the areas of
modulation instability substantially expand with increasing of the upper layer thickness. The expressions for
quantitative and qualitative estimation of energy of three layers of fluid and total energy of the hydrodynamic
system "half-space - layer - layer with a rigid lid" in the form of integrals on time and vertical space variables from
the product of velocity potentials derivations on time and horizontal space variables are derived. The analysis of
the influence of the geometrical parameters of the system on the energy characteristics revealed the following
effects and regularities: the presence of the progressive gravitational wave on the upper contact surface leads to
an increase of the total energy of the system to the limit value, while the total energy of the system for capillary
waves has a decreasing nature; in the case of gravitational-capillary waves, if the progressive wave on the upper
contact surface is not taken into account and the progressive wave on the lower contact surface is taken into
account, then the energy of the system has a decreasing nature with increasing thickness of the upper layer and,
also, gravitational waves energy is larger then capillary waves energy. In general, the results of the investigation
have a theoretical nature. To a large extent, it take into account the modern problems of wave processes modeling
that arise in practical activity. The presence of a large number of interconnected physical and geometric
parameters of the system leads to the need for detailed analysis and interpretation of the results. It create a
holistic picture of the wave process and, to the fullest extent, can be applied to study wave processes in an ice-
covered ocean and with a layered fluid structure that occurs near the mouth of rivers and in the open ocean



during ice melt. The study of the influence of surface tension has practical application in the development of new
technologies using layered media that do not mixed, which has the potential to be used in creating innovative
solutions for various fields of applied science.
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