
Radiophysics and Quantum Electronics, Vol. 44, Nos. 5–6, 2001PROGNOSIS OF QUALITATIVE BEHAVIOR OF A DYNAMIC SYSTEM BY THEOBSERVED CHAOTIC TIME SERIESA.M.Feigin, Ya. I.Molkov, D.N.Mukhin,and E.M. Loskutov UDC 538.56:517.33:621.373An approach to the long-term prognosis of qualitative behavior of a dynamic system (DS) isproposed, which is based on the nonlinear-dynamical analysis of a weakly nonstationary chaotictime series (TS). A method for constructing prognostic models using the observed evolution ofa single dynamic variable is described, which employs the proposed approach for prediction ofbifurcations of low-dimensional DSs. The method is applied to analyze the TS generated by theRössler system and the system of equations modeling photochemical processes in the mesosphere.The analysis is performed for a TS calculated in the case of a slow variation in the controlparameter of the system. The duration of the “observed” TS is limited such that the systemdemonstrates only one, chaotic, type of behavior without any bifurcations during the observed TS.The proposed algorithm allows us to predict correctly the bifurcation sequences for both systemsat times much longer than the duration of the observed TS, to point out the expected instants ofspecific bifurcation transitions and accuracy of determining these instants, as well as to calculatethe probabilities to observe the predicted regimes of the system’s behavior at the time of interest.1. INTRODUCTION1.1. Methods of analysis of chaotic time series (TS) were developed in the recent twenty yearsin several hundred works (see, e.g., the book [1] and the references therein). Such an analysis is aimedat reconstruction of the phase space in which the observed system evolves and finding the characteristicsof this evolution, such as the range of Lyapunov exponents and attractor dimensions. These studies arebased on the Takens theorems [2] stating that the topological structure of a phase-space region and theabove-mentioned quantitative characteristics can be reconstructed rigorously using the corresponding singleinfinite and stationary observable. In real life, however, the observed TS are always finite in time, whichleads to errors in reconstructing an attractor and in determining its characteristics. Nevertheless, availablealgorithms allow one to retrieve quite accurately the dynamic properties of a broad class of systems using afinite stationary 1 time series. In particular, it is possible to make a quantitative (“local”) prognosis, namely,to predict future evolution of the system within the basin of the observed chaotic attractor [3].1.2. In many cases, the observed dynamic process is nonstationary.2 It was shown in [8] that theTakens theorems can be extended to include the case of nonstationary TSs, i.e., in principle, nonstationaritydoes not impose principal constraints on reconstructing the observed attractor.3 This paper is aimed at1With an accuracy of finite duration of the time series.2Several methods for revealing the nonstationarity of a TS were proposed (see, e.g., [4–7]. The algorithm described in thispaper includes one more way to diagnose nonstationarity.3Or attractors if bifurcations occur during the observations. One method of estimating the characteristics of observedattractors was described, e.g., in [7].Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia. Translatedfrom Izvestiya Vysshikh Uchebnykh Zavedenii, Radiofizika, Vol. 44, Nos. 5–6, pp. 376–398, May–June, 2001.Original article submitted April 11, 2001.348 0033-8443/01/445-6-0348$25.00 c� 2001 Plenum Publishing Corporation


