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Tema un uenb nccnegosanus. Llenb paboTbl — BBECTU B paCCMOTPEHME MEXAHUYECKYHO
CUCTEMY B BUAE LEMNOYKM OCLUNNATOPOB, CNOCOBHYI0 AEMOHCTPUpPOBaTh rmnepbonnyeckunii
xaoc, 00ycrnoBneHHbIN NpucyTcTBnem coneHonga Cmenna— Bunbamca. Nccneayemele
mMogenu. MayyaeTcsa KonbLeBasi Lienovka MasgTHUKOB C napameTpuyeckum Bo3byxaeHnem 3a
CYEeT BePTUKANbHOro OCUUIMNPYIOLLEro ABUKEHUS NogBeca NonepemMeHHo Ha ABYX pasHbIX
YyacToTax, Tak YTo B LiernoYvke no ovepean BO3HUKAOT NaTTepHbl CTOSAYMX BOSTH C
NPOCTPaAHCTBEHHbIM MacwTabom, oTnmnyarLwmumMes B Tpu pasa. [1pu 3ToM NpoCTpaHCTBEHHas
drasa 3a NonHbIN Nepnog MoAynsLMU TpaHCoOpMUPYeTCa B COOTBETCTBUM C TPEXKPATHO
pacTarMBaoLLMM OTOBpaXKeHNneM OKPYXHOCTU, a brnarogaps cxaTuio Mo ocTaribHbIM
HanpaBneHNsIM B NPOCTPaHCTBE COCTOAHUI OToOpaxeHus [NyaHkape B cuny
NPUCYTCTBYIOLLEN Ouccunaumm peanmsyeTcsa aTTpaktop Cmenna—Buneamca. PesynbTtarthl.
lMpoBeaeHO YMCNEHHOE NccnegoBaHne JUHaAMUKM MaTemMmaTU4eCcKon Mogenu,
noaTBepavBLLEE CYLLEeCTBOBaHWE aTTpakTopa B BMAE coneHonga npy nogobpaHHbIX
Hagnexaiwimm obpa3omM napameTpax cuctemsl. [peacraBsneHbl MANOCTPALMKM ANHAMUKN
CUCTEMbI: Auarpammbl, UNNIOCTPUPYIOLLME TONOMOMMYECKYHO NPUPOAY OTOBpakeHnsa Ang
NPOCTPaAHCTBEHHOWN ha3bl CTOSAYMX BOSH, MOPTPETHI aTTpakTopa, 4EMOHCTpUpyoLme
XapakTepHyto ansa coneHovaa Cmenna—Bunbsimca CTpyKTypy, CNeKTpbl konebaHun,
nokasartenu JlanyHoa. O6cyxgeHme. B meTogmyeckom nnaHe npeanaraemMbiini Matepuarn
MOXeT ObITb MHTEPECEH A5 CTYAEHTOB U aCNMpaHTOB B NfaHe 06yyYeHnss npuHumMnam
NMOCTPOEHUSA N aHanM3a CUCTEM C XaoTUYeCcKnm nosegeHnem. MNMockonbKy ypaBHEHUS C
XapaKTepHOM ANs MasiTHUKa HENIMHENHOCTLIO B BUAe oyHKLUUKN CMHYCa BCTpeYaloTCcs B
ANEKTPOHUKE (KOHTaKTbI [o3edcoHa, uenovkm ¢asoBon aBTOMNOACTPONKN 4YacToThl),
npeacTaBnsieTcs BO3MOXHbBIM NOCTPOEHNE 3NEKTPOHHBLIX aHanoros AaHHOW CUCTEMBI,
KoTopble ByayT BbICTyNaTb Kak reHepaTopbl Xaoca, HEYyBCTBUTENBHOMO K Bapuaumm
napamMeTpoB U HECOBEPLUEHCTBAM M3rOoTOBIEHUS B CUITY NpUCyLLero runepbonmyeckomy
atTpakTopy Cmeinna—-Bunbamca cBoncTBa CTPYKTYPHOW YCTONYNBOCTH.
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Topic and aim. The aim of the work is to introduce into consideration a mechanical system
that is a chain of oscillators capable of demonstrating hyperbolic chaos due to the presence
of attractor in the form of the Smale—Williams solenoid. Investigated model. We study the
pendulum ring chain with parametric excitation due to the vertical oscillating motion of the
suspension alternately at two different frequencies, so that the standing wave patterns
appear in the chain with a spatial scale that differs by three times. In this case, the spatial
phase on a full modulation period is transformed in accordance with the three-fold expanding
circle map, and due to the present dissipation, compression in the remaining directions in the
state space of the Poincar’e map gives rise to the Smale—Williams attractor. Results. A
numerical study of the dynamics of the mathematical model was carried out, which
confirmed the existence of attractor in the form of a solenoid, if the system parameters are
selected properly. The illustrations of the dynamics are presented: diagrams illustrating the
topological nature of the mapping for the spatial phase of standing waves, portraits of the
attractors showing structure characteristic of the Smale—Williams solenoid, power density
spectra, Lyapunov exponents. Discussion. Methodically, the proposed material may be
interesting for students and post-graduate students for teaching principles of design and
analyzing for systems with chaotic behavior. Since equations with nonlinearity intrinsic to a
pendulum in a form of sine function occur in electronics (Josephson junctions, phase-locked
loops), it may be possible to build electronic analogs of this system, which will operate as
chaos generators insensitive to variation of parameters and fabrication imperfections
because of the property of structural stability inherent to the hyperbolic Smale—Williams
attractor.
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