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1. Po3po6ka uncenbHO-aHaNiTUYHOTO METOY AOCJIiIPKEHHS IIepeXOly Bifi peryssipHoi 4o XaoTUYHOI AUHAMIKY B

HeJIIHIMHNX CUCTeEMAaXxX

2. Development of numerical-analytical method of investigation of transition from regular to chaotic dynamics in

nonlinear systems

Pedepar:

1. O6'eKT mocCIimKeHHs - HeJliHiMHI AUHAMIUHI CUCTEeMU 3 [IeKiJIbKOMa [10JIO’KEHHSIMU PiBHOBAry, 110 nepebyBaloTh
iz, fiero 30BHILIHIX NepioguYHUX 30yIKEHb, [Ie € MOXKJIMBUM II€PEXif, Bif] peryJsipHOi [0 XaOTUYHOI AVHAMIKU.
Merto10 po60THU € Mo6yA0Ba €PEKTUBHUX YMCEIbHO-aHANITUYHNX METOLiB BUSHAUEHHS IEPEXOY Bifl PETYJISPHOI 0
XaOTHUYHOI JVHAMIKU B HEMIHIMHUX CUCTEMAX 3 JI€KiJIbKOMA [TOJIOKEHHSIMU PIBHOBAru Ta OOCIIKEHHS LbOTO
Iepexoly B Pi3HUX MOAENAX. JJOCiIKeHHs IPOBEIEHE i3 3aCTOCYBAaHHSIM KJIACUYHUX ACUMIITOTUYHUX METO/IB,
anpokcumauin Ilage ta kBasi-Ilage, metozis Teopii cTiKocTi pyxy Ta metoziB HetoTona, Cimiicona, Pynre-Kyrra.
TeopeTuyHi pe3ysbTaTy POOOTHU MOJISITAIOTh B CTBOPEHHI €()EKTUBHOTO METOLY AOCIIIPKEHHS IIePeX0oly HeJliHINHUX

IVHaMiYHUX CHCTEM 3 JleKiJIbKoMa I10JI0>KeHHSIMU PiBHOBATrH Bifl PeryJsIpHOi 10 XaOTUYHOI IMHAMIKH, 110 6a3yeThCsl



Ha KpUTePii roMo- Ta reTEPOKJIiHIYHMX TPAEKTOPI Ta J03BOJISE BU3HAYMTY 3HAYEHHS KEPYIOUUX ITapaMETPIB, SKi
BiATIOBINAIOTh IOYATKY Xaocy. [IpakTUyHMi1 pe3yabTaT pOOOTH I10JIAra€e y CTBOPEHHI MaTeMaTUYHOTO Ta
IIPOrpaMHOTOo 3ab6e3eyeHHs 1151 YMCeIbHOTO TOCiIKeHHS AUHaMIYHOI TOBEIiHKU CUCTEM 3 TOMO- Ta
reTepOKJIiHIYHUMU CTPYKTypaMu. HaykoBa HOBM3HA OTPMMAHUX PE3YJIbTaTiB: - BIleplle po3p006JeHO e(peKTUBHUI
YUCEIbHO-aHAMITUYHNI METO, 1110 AO3BOJISIE€ BUSHAUUTH [IaPAaMETPHU CUCTEMY, 32 SIKUX [TIOYMHAETHCS MEPEXIT Bif,
PETYJIIPHOI 10 XaOTUYHOI JVMHAMIKY, IJIs1 MaJIMX 3Ha4€Hb JUCUNallii CHCTEMU. BiIMiHHOIO pUCOIO 3aIIPOIIOHOBAHOTO
METO[ly € T€, 110 BiH 6a3yeThCs Ha MOOYJOBi FTOMO- Ta FeTEPOKJIHIYHUX TPAEKTOPiN, POPMYBAHHS SIKUX
IIPUIIMAETHCS K KpUTEPill BU3HAYEHHS HIDKHBOI MexXXi 0671aCTi XaOTUYHOI [TOBEiHKY HeJliHIHOI cuctemy, Ta
3acTocoBye anpokcumatii [Tame ta kBaszi-Ilage; - 3aTpONIOHOBAHO HOBUI METOZ, NOCJIT)KEHHS Xa0Cy Y BUNIATKY
HeMasloi pucunari, o 6a3yeTbcsi Ha KpUTepii B3aeMHOI HECTIMKOCTI (a30BUX TPAaeKTOPIl y 06J1aCTi XaOTUYHOI
NOBEJiHKY; - YIOCKOHAJIEHO METO]] BUBHAUEHHS 3aJIEKHOCTEN MDK KEepYIOUMMHU NTapaMeTpaMy, 1O Bif[OBiAAI0Th
[I0YaTKy XaoCy B HEJIHINHUX CUCTEMAX 3 IEeKiIbKOMA ITOJIOKEHHSIMU PIBHOBAru, Ha OCHOBI 3allPOIIOHOBAHUX
MeToJiB (BU3Ha4eHi BiJl[IOBiAHI 3a/1€>KHOCTI [1JITHEAaBTOHOMHOTO PiBHSAHHAM [lyddinra, piBHSIHb MasTHUKA 3
KOJIMBAJIBHOIO TOYKOIO MifiBiCy, aBTOKOIMBaIbHOI cucTemu Ban-nep-Tlons-Iyddinra, pyxy pepmu Mizeca 3
MO>KJIMBICTIO ITPOKJIALIIOBAHHS Ta PIBHSIHHSIM OCLAJISITOPA 3 HEJIIHIMHOI XapaKTEPUCTUKOIO TEPTS Mif A€o
30BHILIHBOTO NEPIOANYHOTrO0 30yIKeHHsI). Pe3ysbraty aHaJIITUYHUX TOCTIIKeHb Ta YUCEIbHOIO €eKCIIEPUMEHTY
BUKOPUCTOBYIOTbCS B HAyKOBUX fJociimkeHHsax HTY "XIII" Ta cTaHOBNATh IPAKTUYHUN iHTEpEC B HEJIIHINHIN
IVHaMIlli THyYKHX €JIEMEHTIB KOHCTPYKLiM; AJ1s1 aHaJIi3y IMHAMIKY aBTOKOJIMBAJIILHUX CUCTEM, Y TOMY YMCJ CUCTEM
3 HEJIHIMHUM TEPTSIM; 1J1 aHaJi3y CUCTeM BiOpOraciHHs 3 BUKOPUCTAHHSIM FACHUKIB Tuny pepmu Miseca, o mae

MOXUIMBICTb ITPOKJIALI0OBaHHS. Pe3ysibTaTi MOKYTh OyTY BUKOPUCTAHI IPU [IPOEKTYBaHHI Cy4yaCHOI TEXHIKH.

2. The object of reserch is nonlinear dynamical systems with several equilibrium positions under external
periodical excitation where the passing from regular to chaotic dynamics is possible. The goal of work is
construction of effective numerical-analytical methods for determination of chaos onset in nonlinear systems with
several equilibrium positions and investigation of passing to chaos in different models. Investigation is made by
means of classical asymptotic methods, Pade and quasi-Pade approximants, methods by Runge-Kutta, Simpson,
Newton. The theoretical result is creation of effective method for investigation of the passing to chaos in nonlinear
systems which is based on criterion of homo- and heteroclinic trajectories and allows to determine the values of
the governing parameters corresponding to chaos onset. The practical outcome is the creation of mathematical
and program tools for numerical investigation of dynamical behavior of systems with homo- and heteroclinic
structures. The scientificnovelty of obtained results is the following: - for the first time effective numerical-
analytical method to determine the parameters of system corresponding to chaos onset for small values of
dissipation in system is developed. The distinguishing features of proposed method are a construction of homo-
and heteroclinic trajectories creation of which is a criterion of lower boundary of chaotic behavior domain and
that that this method uses Pade and quasi-Pade appriximants; - new method of chaos investigation for the case
when the dissipation is not small is proposed. It is based on the criterion of mutual instability of phase trajectories
in domain of chaotic behavior; - the method of determination of dependences between parameters corresponding
to chaos onset in nonlinear systems with several equilibrium positions by means of proposed methods is improved.
Corresponding dependences are obtained for nonautonomous Duffing equation, equations of the pendulum with
excited point of suspension, of the self-sustainedoscillation system Van der Pole-Duffing, of the motion of snap-
through-truss and equation of oscillator with nonlinear dissipation characteristic under external periodical
excitation. The results of analytical investigations and numerical experiment are used in scientific work of NTU
"KhPI" and interesting in nonlinear dynamics of supple elements of constructions, for analysis of self-sustained
oscillation system dynamics, for analysis of damping systems by means of dampers like snup-through-truss.
Results can be used for the projection of modern equipment.
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