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Pedepar:

1. Incepratis npucCBsiY€Ha JOCIIIKEHHIO HOBUX KJIACiB 33/1a4 [1PO HEJIiHIVHI KOJIMBAHHS CKJIQJHUX MEXaHIYHMX
CHCTEM, CKJIaJOBMMU KOMIIOHEHTAMMU SIKMX € BEJIMKi DyXOMi MacH PijuHU I pe3epByapy, sIKi BAKOHYIOTb QyHKIii
TPaHCIIOPTYBaHHS i 30epiraHHs pifvHY 3a Pi3HUX BUJIIB TapaMeTPUYHOTrO 30yPEHHS], 30BHIIIHbOTO 30yI>KEHHS Y1
KepyBaHHS. 31iICHEHO y3arajbHeHHs Kjlacu4Hoi 3agadi Papazes 4J1s1 TaKUX MEXaHIYHUX [IOCTAaHOBOK 3a1ay: 1)
pesepByap PyXaeTbCs BEPTUKAJIBLHO 32 3aJaHMM rapMOHIYHMM 3aKOHOM i MOXKe 37ilICHIOBATY FOPU30OHTAJIbHI
nepeminieHHs 3aBASKY [IOTIEPeYHMM KOJIMBAHHSM PigyHU (BHECEHHS IO CUCTEMU NOJATKOBOTO CTYIIEHS BiJIBHOCTI —
MOXJIMBOCTI PyXy pe3epByapa B FOPU3OHTAJIbHIN IIJIOLIMHI); 2) pe3epByap PyXaeTbCsl BEPTUKAJIBHO 32 33JaHUM
rapMOHIYHMM 32KOHOM i MOXe 37ilICHIOBAaTH KyTOBi KOJIMBaHHS OO0 LIEHTPY Mac CUCTEMHU (BHECEHHSI 10 CUCTEMU
IOJATKOBOTO CTYIEHSI BIIbHOCTI — MOKJIMBOCTI KYTOBUX PYXIiB pe3epByapa); 3) pe3epByap PyXaeTbCsl BEPTUKAJIbHO,

ajie He 32 33/laHUM rapMOHIYHMM 3aKOHOM, a TIiJ| 1i€l0 rapMOHIYHOI CUJjIN; 4) pe3epByap PyXaeTbCs BEPTUKAJIBHO IIif



Ili€e10 rapMOHIYHOI CUIK 11 MOXKE 37iICHIOBATH TOPU30HTAJIbHI ITepeMillleHHS; 5) pe3epByap PyXa€eThCsl BEPTUKAIBHO
Mif, [ielo rapMOHIYHOI CUJIM ¥ MOJKE 37ilICHIOBAaTH KyTOBi KOJIMBAHHS OO LEHTPY Mac CUCTEeMMU. [I71s1 BUlIe
3a3HavyeHUX y3arajbHeHb 3aa4i Gapajes NoOyA0BaHO 30HU CTiMKOCTI i1 HECTIMKOCTI, IPOBEJIEHO SIKICHUH i
CIIEKTPaJIbHUI aHaJli3 KOJIMBAHb BiJIbHOI IOBEPXHI PiAvHU 1 pe3epByapa. BCTaHOBJIEHO, 110 AMHAMIYHI IPOLIECH B
CHCTEMI PO3BUBAIOTLCA SIK CYKYIHICTb NTaPaMETPUYHOTO PE3OHAHCY i BUMYIIEHUX KOJIMBaHb. 38 HASIBHOCTI
IIOATKOBUX CTYIIEHIB BiJIbHOCTI B y3arajibHeHiil 3a1a4i Papagest MOXJIMBUI BUXif, CUCTEMHU HA HEJIHIMHUN pesxXxum
KOJIMBaHb Ha OyJb-$IKill 4acTOTi. 3AifiCHEHO NOOYAOBY 1 anrpoballilo aJropuTMiB KepyBaHHS (OOUMCIIEHHSI aKTUBHOI
30BHILIHBOI CUJIK, SIKA MifBEIEHA IO PE3EPBYapa), IKe 3a0e3Me4nTh PyX pe3epByapa 3a 3aJaHuM 3aKOHOM
(mporpaMHu#1 pyx) 32 HasIBHOCTI MTOCTIMHO Jif04u0ro 30ypeHHs — KOJIMBaHb BiJIbHOI IIOBEpXHi piguHu. Ha ocHOBI
JIiHiNHOI Mogeni y 36ypeHHsIX (BiIXUJIEHHSIX NlepeMillleHb i BUIKOCTEH BifJ, IPOrpaMHUX 3HaY€Hb) HAa OCHOBI
METO/IiB MOJIaJILHOTO K€PYBaHHSI, €TAJIOHHOI MoZeJIi 1 MiHimizallii KBaApaTUYHOTO PYHKIIOHAJY SIKOCTi IOOYA0BAaHO
aJrOPUTMU KE€PYBaHHS 3i 3BOPOTHUM 3B'13KOM. KepyBaHH$ 3i 3BOPOTHUM 3B'$I3KOM Ha OCHOBI JIiHIITHOI cCUCTEMU Y
30ypEHHSIX MOXKe OyTU BUKOPUCTaHe /1J1s 3abe3nedeHHs «<KOMPOPTHUX» PYyXiB pesepByapa, TOOTO 3a BiICYTHOCTI
BEJIMKUX 30ypeHb BiJIbHOI NOBEPXHI pifguHMU. [y 33124 KEPYBaHHSI 32 HasIBHOCTI BEJIMKUX 30YpeHb BiIbHOI IIOBEPXHi
pigvHYM O0OYZOBAHO AJITOPUTMU KEPYBAaHHS Ha OCHOBI KOMIIEHCAllii TOJIOBHOTO BEKTOPY CUJI TUCKY PiJMHU Ha
CTiHKY pe3epByapa Ta BapialiliHOro NpUHLUUITY HaliMeHIIoro npumyiieHHs ['ayca. ITokasaHo, 10 o6uBa nigxonu
3a0€31e4yI0Th [IPUIHSITHY [1J1 IPAKTUKU TOYHICTb BUKOHAHHSI IPOIPaMHOr0 PyXY 3a Oy[ib-SKUX BUCOKO
iHTEHCUBHUX HaBaHTAXEHHSX HAa CUCTEMY, KPiM TOT0, JITOPUTM KEPYBAaHHS HAa OCHOBI BapialillHOro NPUHLIUIY
l'ayca mae 3mory MiHiMi3yBaTU €HepreTU4Hi BUTPATX Ha KepyBaHHSL. JOCiIKEHO YMOBU i OCOOJIMBOCTI BUXOLY
KOJIMBaHb BiJIbHOI IOBEPXHI PiAMHU Iif, [i€l0 30BHIMIHbOI CUJIU HA YCTAJIEHUIN PEXXUM 32 BiICYTHOCTI I HaABHOCTI
y3arajibHEHO]I JycuIalii 4 KanisipHOCTi. JoCigKeHHs IPOBOAWIMCE IJ15 PI3HUX YaCTOTHMX Jialla3oHiB
30y/I>)KeHHS PyxXy CUCTEMU. 3a BiICYTHOCTI C/JI TIOBEPXHEBOTO HATATY i AUCUNallii BUXiJ, KOJIMBaHb BiJIbHOI TOBEPXHi
PioVHY Ha yCTaJIeHUI PEXXUM Y KJIaCUYHOMY CEHCI He BiZi0yBaeThCsl, KOJIMBAaHHS MAlOTh HECTALIIOHAPHUIT XapaKTep.
TinbKK 32 3pOCTaHHS B PifjMHi y3araJbHEHOI JUCHUIIALI] B CUCTEMI CIIOCTEPIraeThCs BUXIiM, HA YCTAJIEHUN PEKUM.
Taxko>x BCTaHOBJIEHO, 110 HASIBHICTb CUJI IOBEPXHEBOTO HATATY 3a0e3ledye MBUALIMI BUXif, CUCTEMHU Ha
PE30HAHCHUI PEXKUM, OJHAK HAsIBHICTb CUJI IOBEPXHEBOT0 HATATY 3a KOHTYPOM KOHTAKTY “TIOM’SIKIIy€e” pE30HAHC

3aBISIKY 361/IbLIIEHHIO €HEPreTUYHOI0 BHECKY OCECUMETPUYHUX (POPM KOJIMBAHb.

2. The dissertation deals with the research of new classes of problems of nonlinear oscillations of complex
mechanical systems, the components of which are large moving masses of liquid and reservoirs, which perform the
functions of liquid transport and storage under different types of parametric perturbation, external disturbance or
control. A generalization of the classical Faraday problem is done for the following mechanical problems 1) the tank
moves vertically according to a given harmonic law and can perform horizontal motion due to transverse
oscillations of the fluid (additional degree of freedom is added in the system, i.e., the potential of the tank motion
in the horizontal plane); 2) the tank moves vertically according to the given harmonic law and can carry out angular
oscillations about the center of masses of system (additional degree of freedom is added in the system, i.e., the
potential of angular motion of the tank); 3) the tank moves vertically, but not according to a given harmonic law,
but under the action of a harmonic force; 4) the tank moves vertically under the action of a harmonic force and can
perform horizontal motion; 5) the tank moves vertically under the action of harmonic force and can perform
angular oscillations about the center of mass of the system. For the above-mentioned generalizations of the
Faraday problem, domains of stability and instability are constructed, and a qualitative and spectral analysis of the
oscillations of the free surface of the liquid and the reservoir is performed. It is established that dynamic processes
in the system are developed as a set of parametric resonance and forced oscillations. Under the presence of
additional degrees of freedom in the generalized Faraday problem the system can enter a nonlinear mode of
oscillations for any frequency. Algorithms of motion’s control of reservoir with liquid with a free surface is
constructed and tested (calculation of the active external force applied to the tank), which will provide the tank
motion according to a given law (prescribed motion) under the presence of constant perturbations, i.e., oscillations
of the free surface of the liquid. Based on the linear model in perturbations (deviations of displacements and
velocities from the program values) on the basis of modal control methods, reference model and minimization of



the quadratic quality functional, feedback control algorithms are built. Feedback control based on a linear system
in perturbations can be used to provide «comfortable» tank movements, without large perturbations of the free
surface of the liquid. or control problems under the presence of large perturbations of the free surface of the
liquid, control algorithms are constructed on the basis of compensation of the main vector of fluid pressure forces
on the tank walls and the variational principle of least Gaussian coercion. It is shown that both approaches provide
acceptable for practice accuracy of program motion for any high-intensity loads on the system, in addition, the
control algorithm based on the Gaussian variation principle allows the minimization of energy costs for control.
The conditions and specific features of the oscillations reaching the free surface of a liquid under the action of an
external force at a steady state in the absence and presence of the generalized dissipation or capillarity are
studied. The research was performed for different frequency ranges of excitations of the system motion. In the
absence of surface tension and dissipative forces, the steady state oscillations of the free surface of the liquid in
the classical sense do not occur, the oscillations are non-stationary. Only at with the growth of the generalized
dissipation in the liquid the system reaching of the steady mode is observed. It is also established that the presence
of surface tension forces provides a faster output of the system to the resonant mode, but the presence of surface
tension forces along the contact contour "softens" the resonance by increasing the energy contribution of
axisymmetric oscillations.
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