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Brief description of the project idea. Investigation of unbounded 

unpredictable functions and weakly unpredictable functions. The proof 

of limit theorems, Dini’s theorem for sequences of unpredictable 

functions and the mean value theorem for unpredictable functions on 

group. Confirmation of the Poincare chaos through the sequential test 

and comparison with conservative types of chaos. 

Abstract      Oscillations are functions, which of indisputable importance for 

applications. This is why they are in the focus not only of applied 

mathematics, theory of differential equations, first of all, but also 

attracts strong attention of mathematicians in theory of functions, 

theory of operators and, even group theory. This is true for periodic 

oscillations and almost periodic motions, primerely. Theory of almost 

periodic and periodic functions is the well-developed research, which 

consider problems of integration, Fourier series, generalized functions, 

special functional spaces, periodic and almost periodic operators and 

functions on groups. This all, are needed first of all for applications 

connected to mechanics, physics, astronomy, quantum physics and 

biology. Another modern line of oscillations theory is related to 

chaotic dynamics, where oscillations are not personalized in their 

behavior, and are described in their collective motions. Chaos research 

considers first of all mutual relations of coupled motions and also 

relations of a special single oscillation to all others, involved in the 

dynamics. For this reason, despite of more than half-century history of 

the chaos theory, individual characteristics of chaotic oscillations have 

been out of interests of mathematicians. The main and unique reason 

for this has been the fact that chaotic dynamics is considered as a 

collective one, despite irregularity in behavior is an individual 

property. The state of deals was changed sharply with the introduction 

of a new type of oscillations, unpredictable functions. This was done 

in 2017-2019 years, in papers of M. Tleubergenova, M. Akhmet, and 

their colleagues. 

Purpose The goal of the project is foundation and development of the basics of 

the theory of unpredictable functions by considering, needs of the 

theory of differential equations as well as chaos.  To make the research 

more strongly connected with applications, beside the functional, 

theoretical, investigations, we shall develop the numerical methods of 

analysis, which are confirmed by simulations and MATLAB 

programs.    

 

Expected results 
 The definition and theorems on basic properties of unbounded 

unpredictable functions. 

 Limit theorems for sequences of unpredictable functions. The 

analog of the Dini's theorem for sequences of unpredictable 

functions. 

 The mean value theorem.  

 Conditions for expansion of unpredictable functions in 

trigonometric series. 

 The definition of unpredictable functions on abstract groups, 



unpredictable functions from a group into a Banach space. The 

criterion of total-boundedness for families of functions. 

 The properties of weakly unpredictable functions: weak 

unpredictablity, weak continuity, boundedness and closeness of 

the set of weakly unpredictable functions. 

 The Poincaré chaos identification in various models by the 

sequential test. 

 Relations between Poincare chaos and chaos  of Devaney and Li-

Yorke types. 

 Programs and algorithms will be developed in the MATLAB 

environment with illustrative graphs of solutions. 
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