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HasBa po6oTH (aHrJ1)

Qualitative behavior of solutions to dissipative evolution coupled partial differential equations

Pedepar (yxp)

O6'extamu gociigxeHHss HJIP e mouyaTKoBO-KpailoBi 3ajadi Ij1s1 HAaCTYIHUX CUCTEM: 3B'3aHUX HEJIHIHHUX CTOXaCTUYHUX
piBHSIHB; MoOJeJiell, IO OMMCYIOTb KOJIMBAaHHS 3B'SI3aHMX CHUCTEM "HeJliHifiHa MjacTUHKA + PiguHA" (#J1 BUMNAAKIB TiJIbKU
MOTepPEeYHNX KOJIMBaHb IUIACTUHKU Ta CYMICHMX ITIONEpPEYHUX Ta MPOJOJIbHUX KOJIMBAaHb IJIACTUHKU); KBAa3iMiHIHOTO PiBHSIHHS
Kipxrodda 3 HeniHiliHOWO guccumnanjiero; cucremu lllpeninrepa-byciHecka. Meta po60TH - BUBUMUTHU SIBUINIA CHHXPOHI3aLii AJis
3B'SI3aHMX HEJIiHIMHMX CTOXaCTMHYMX DiBHSIHb Ha OCHOBI IOHSTTS iHEPLiaJbHOIO MHOTOBHUIY; IOBECTU KODEKTHY DPO3B'S3HICTb
CHCTEM, IO ONUCYIOTb CYMiCHi KOJIMBAaHHS IJIACTUHKM Ta PiJMHM T4 BUBYUATU ACUMIITOTUYHY NOBEMIiHKY LIMX CUCTEM; BUBYUTU
KOPEKTHY PO3B'S3HICTb Ta aCUMITOTHYHY MOBEAIHKY, JOCTITUTH CTPYKTYPY aTPaKkTopy s KBasiiiHiHoro piBHsHHS Kipxrodda ta
cucremu lllpeninrepa-bycinecka. JlociifKeHHs1 NPOBELEHO B paMKax Teopii AuHaMiuHMX cucTeM. Ha nepmomy ertami Gysa
IOBelleHa KOPEKTHA pO3B'SI3HICTb IMOYAaTKOBO-KPAiloOBOi 3amayi myst KBasimiHiiHoro piBHsaHHS Kipxrodda 3 HemiHiliHO0O
JUCHUIIAL€0 [l MOYaTKOBUX JIaHUX i3 BiATIOBIAHOro (YHKLIOHAJIBHOTO NPOCTOPY, OTPUMAaHI BiAIOBifHI anpiopHi OIjiHKM Ta
JIOBEJlEHa €HepreTuyHa piBHICTb. Bysi0 MOBENEHO iCHYBaHHS KOMIIAKTHOTO T106a7IbHOTO aTPAKTOPY AJIs Liel Mogjerni, y BUNAIKy
HaJKPUTUYHOI HEeJHIMHOCTI - B "mocuyieHux" (pas3oBUX MPOCTOpaxX. Y CYyOKPUTUYHOMY BUIANKY L€l pe3yabTaT OyJso MOJIMIIEeHO:
BCTaHOBJIEHO BJIACTUBICTb 301KHOCTI N0 BiJHOLIEHHIO [0 CUJBHOI Tomojorii ¢pa3oBoro (eHepreTnyHoOro) npocropy. Kpim Toro, B
IIbOMY BUIAJIKy JJOBEIEHO iCHYBaHHS (PPAKTAJIbHOIO €KCIIOHEHI}iaIbHOTO aTPAKTOPY i OTPMMAaHO YMOBU [JI iCHYBaHHS CKiHY€HOI
MHOXVHY BU3Ha4YayibHUX (QyHKUiOHanmiB. Ha gpyromy erani 6ysna BUBYEHA AMHaMiKa psfly 3B'SI3aHUX CUCTEM "MJIACTAHKA +
pimuna". Tlepia cucreMa CKIajaeThCcs 3 TPMBUMIPHOI cucteMu piBHAHL Hap'e-CTokca, siKa JliHeapizoBaHa HaBKOJIO MTEBHOTO TUITY
noTtoky Ilyazeisis y HEOOMEXEHill 00JIacTi, Ta KJIACUYHOTO (MOJKJIMBO HEJHiiHOTO) PiBHSIHHS [JI NPYKHOi TJIACTMHU 3
MONEPEYHUM 3MIIlEHHSIM Ha MPY>KHIl IJIOCKiN 4acTuHi Kpato. Bysio moBeneHo, mo 1s npobaema NopoaKye €BOJIOLiNHY MiBrpymmy
Ha BiiNOBiIHOMY (Pa30BOMY IIPOCTOPi i BCTAHOBJIEHO iCHYBaHHSI KOMIIAKTHOTO CKiH4E€HHOBHMMIPHOrO I7106a/IbHOTO aTPaKTOpy IJIst
uiei nmiBrpynu. Takox Oys0 JOBeAEHO, IO L5 MiBIPyINa € eKCIOHEeHLjanbHO CTiiikolo CO - miBrpymnor JiHiiHMX onepaTopiB y
MOBHICTIO JIiHiliHOMY BUmnaaky. OCKiNbKM y Lill cucTeMi He mepeznbaydanocsi KOLHOTO TUIY MEXaHIYHOro JeMIipoBaHHS, Lie
O3Hauvae, 10 PO3CilOBaHHS eHeprii B MOTOL piguHY, sKe BifdyBaeTbCsl yepes B'SA3KiCTh, JOCTAaTHBO, 06 CTabini3yBaTH CUCTEMY.
AnasioriuHi pesysnbTaTi 6yJ10 OTPUMAaHO JJ14 3B'sI3aHOI CUCTEMHU B OOMEXKEHIlN 00J1aCTi, 110 CKIAJAEThCS 3 JIiHEapU30BaHUX PiBHSIHb
Has'e-CroKca i KJIJaCMYHOTO HEJIHIHOTO €JIaCTUYHOIO PiBHSAHHSA IIJIACTUHU [IJ1S [TONIEPEYHOTO NEPEMIIIEHHS Ha IIPY>KHI IJIOCKIN
YacTMHI Kpaloo. Y LbOMY BUIAJKy PE3yJbTaTd BUSIBUIMCSL BipHMMM TNpM Oifibll C/IaOKMX yMOBax Ha CHUCTeMy.. Takox Oysa
po3rysiHyTa Oinbll 3arajibHa 3a/ada PO KOPEKTHICTb i aCHMIITOTUYHY MOBEAIHKY 3B'S3aHOi CHCTEMM, LIO CKJIAJAEThCS 3
JliHeapr30BaHUX TPUBMMIpPHUX PiBHIHBb HaB'e-CToKca B 0OMEKeHiil 061acTi, Ta KJIACUYHOTO HeJIiHIITHOro IIOBHOTO PiBHSIHHS (POH
KapmaHa 11osoroi 060710HKY, 1O ONHKCYE SK IOTEePeyHi, Tak i 6iuHi nmepemilmeHHs Ha NPYyXHiil 4acTuHi kpato. Kpim mporo, 6yiio
B3SITO [I0 yBaru iHepuLil obGepTaHHS eJeMeHTiB 000JIOHKU. [ToKa3aHo, IO L CHUCTEMA PIBHSHb MA€ IJI00aJbHUN PO3B'SI30K Ta
MOPOXY€E OMHAMIYHY CHCTEMy Y BimmoBimHOMY ¢a3zoBoMmy mnpocTtopi. Takox Oysi0 [OBEHNEHO iCHYBaHHS KOMIIQKTHOTO
r7106aIbHOTO aTPAKTOPY IJIs L€l JUHAMIYHOI CUCTeMH y Pa3i HasBHOCTI AMCUNATHBHOTO AOJAHKY B IONEPEYHill KOMIIOHEHTI Ta
ClelliaybHIA CTPYKTYpi 30BHiWHIX cuil. Ha TpeTtbomy erami pociimkyBanucst cucrema lllpepinrepa-ByciHecka Ta cucrema
3B'SI3aHMX HEJIHIMHMX CTOXaCTUYHUX PiBHsHb. [y cucremu lllpeninrepa-bByciHecka 6y[0 JOBEEHO KOPEKTHY PO3B'SI3HICTH Y
BiAAMOBiIHMX (QYHKI[IOHAJIBPHUX MPOCTOPAx Ta BUBYEHi YMOBM Ha HEJIHIAHICTH, 32 SIKUX CHUCTEMa MAa€ KOMIIAKTHHUH TJI00aIbHUN
aTpakrop. Takox 6ys0 IoBe#eHO MPUHLUI peayKuii (o piBHAHHS ByciHecka) y BUNaKy CIeliajbHOI CTPYKTYpH 30BHIIIHIX CHIL.

JIns1 cucTeMn 3B'SI3aHMX HEJIIHIMHMX CTOXaCTUYHUX PiBHSHB OyJIM BCTAaHOBJIEHI YMOBM Ha OIEPATOpH, IO BXOIAThH IO PiBHSIHbB, Ta



BUMAAKOBI JOJAHKMU (TUIy "6innil mym"), 3a SIKUX CUCTEMa € KOPEKTHO PO3B'SI3HOI0 Ta aCUMIITOTUYHO CHHXPOHIi3yeThbCs. ByB
no6yAOBaHUI BiIMOBITHMI BUNAIKOBUI MHOTOBU, 1J0 ONMCY€E XapaKTep CMHXPOHi3aljii. Takox 6ya1 BU3HAYEHi OJATKOBI yMOBU
Ha BUIIAJKOBi [OJAHKM, 33 [KUX CHCTEMA CUHXDOHI3yeThCSl EKCIIOHEHLjaJbHO MIBUJKO. MEeTOJ AOCIHiIKEHHS TEOPETUYHI
no6y10B1. PO60Ta HOCUTb TEOPETUYHUII XapaKTep. 1i pesyIbTaTi MOXKYTh 3HANTU 3aCTOCYBAHHS TIPY TPOTHO3YBaHHi OBFOYACHO]
MOBEJiHKM Pi3HOMAaHITHUX BiOpalifiHUX MalInH. PO3BUHYTI METOOM MOXYTb OYTH BUKOPHUCTAHI [Jis1 AOCIIIXEHHS iHIIUX CUCTEM

3B'I3aHUX PiBHAHbD.
Pedepar (aHrI)

Objects of the research are initial-boundary value problems for the following systems: coupled nonlinear stochastic equations;
models describing oscillations of coupled systems "nonlinear plate + fluid" (for the cases of transversal oscillations of the plate
only and for simultaneous transversal and in-plane oscillations of the plate); quasilinear Kirchhoff equation with nonlinear
damping; Schr?dinger-Boussinesq system. A goal of the work is to study synchronization phenomena for coupled nonlinear
stochastic equations using inertial manifolds; to prove well-posedness of systems, describing coupled oscillations of plate and
fluid and to study asymptotical behaviour of these systems; to investigate well-posedness and asymptotical behaviour, to study
attractor structure for quasilinear Kirchhoff equation and Schr?dinger-Boussinesq system. The research is performed in
framework of dynamical systems theory. At the first stage well-posedness of initial-boundary value problem for quasilinear
Kirchhoff equation with nonlinear dissipation was proved for initial data from appropriate functional space, a-priory bounds
where obtained and energy equality was proved. Also for this model existence of compact global attractor was established (in
"stronger" phase space in the supercritical case). In subcritical case the result was improved: it was proved that trajectories tend
to attractor with respect to energy space topology. Moreover, in this case existence of fractal exponential attractor was proved
and conditions of existence of finite set of determining functionals were obtained. At the second stage dynamics of several
coupled systems "plate + fluid" was investigated. The first system consists of 3D Navier-Stocks equations linearized near
Poiseulle flow in an unbounded domain and classical (possibly nonlinear) elastic plate equation for transversal displacement at
the elastic part of the boundary. It was proved that this problem generates evolution semigroup at the corresponding phase
space and compact finite-dimensional global attractor exists for the semigroup. It was also proved that the semigroup is
exponentially stable CO semigroup of linear operators in the purely linear case. Since no mechanical damping was accounted for
in the system, this means energy dissipation due to viscosity in the fluid flow is sufficient for stabilization of the entire system.
Similar results were obtained for the coupled system in bounded domain, that consists of linearized Navier-Stocks equations
and classical nonlinear elastic plate equation for transversal displacement at the elastic flat part of the boundary. In this case the
results have place under weaker assumptions about the system. Also we considered the problem of well-posedness and
asymptotical behaviour of the coupled system consisting of linearized 3D Navier-Stocks equations and classical nonlinear full
von Karman equation for shallow shell, that describes both transversal and in-plane displacement on the elastic part of the
boundary. Rotational inertia of the filaments of the shell was accounted for. It was proved, that the equation system has global
solution and generates a dynamical system in the corresponding phase space. Also existence of a compact global attractor for
the dynamical system was proved for the case of dissipative term included in the transversal displacement equation and under
certain structure of external loads. At the third stage Schr?dinger-Boussinesq system and coupled nonlinear stochastic system
were considered. Well-posedness of Schr?dinger-Boussinesq system was proved in the corresponding phase spaces and
conditions on nonlinear term under which a compact global attractor exists were established. In the case of certain structure of
external loads the reduction principle (to the Boussinesq equation) was proved. For the coupled nonlinear stochastic system
conditions on equation operators and stochastic terms under which the system is well-posed and asymptotical synchronization
has place were established. The corresponding random manifold which describes synchronization character was constructed.
Also additional requirements were established under which the system synchronizes exponentially quickly. The methods of the
research are theoretical considerations. The research is of theoretical nature. Its results can be applied for prediciton of long
time behaviour of various vibration machines. The methods developed in the research can be used for investigation of the other
systems of coupled equations.
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YaCTKOBUMU l'IOXi,HHI/IMI/I CKJIaJ€HOT'O TUILY.

Hassa npoaykuii (aurJi): Methods of investigation of qualitative behaviour of solutions to dissipative evolution partial
differential equations of coupled type.
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