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Abstract. In the work, the empirical Hurst’s law, the wavelet-analysis and mathematical 
methods of nonlinear dynamics are used for the first time for the EBCD laser output pulses 
analysis. It has been shown that among a great number of the processes occurring in active 
medium, there is certain process manifests itself in peculiar features of the laser radiation time 
characteristics and introduces an element of unpredictability. The criterion is offered for the 
correctness of EBCD laser mathematical models being developed. The research of the 
frequency structure of EBCD laser output pulses was carried out on the base wavelet-analysis. 
It is shown that the transition to chaos in the EBCD laser dynamic system occurs through the 
period duplication..  
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In this work, the empirical Hurst’s law, the wavelet-analysis and mathematical methods of nonlinear 
dynamics are used for the first time for the EBCD laser [1] output pulses analysis. 
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Figure 1. The output pulses of EBCD laser for separate vibration-rotation transitions for various resonators and 
types of mixes, N= 0.5 Amaga. 
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It has been shown, that the received values of the Hurst parameter [2] within a wide spectral range 
don't depend on the specific power contribution and for the gas mix СО:N2 =1:9 this parameter is 
equal to Н~0,84. For the mix СО:N2:Не=1:9:10 this value is Н~0,87.

It is concluded, that time numbers of the EBCD laser radiation pulses are persistent and they 
are fractals [3].  

As Н <1, it means that among a great number of processes occurring in the active medium there is 
certain process manifests itself in peculiar features of the laser radiation time characteristics and 
introduces an element of unpredictability.

The following criterion is offered for the correctness of EBCD laser mathematical models being 
developed: the value of Hurst parameter of the output pulses time numbers calculated theoretically 
should correspond to the parameter experimentally obtained.

In the work it is shown that the overall performance of the system is extreme at the border of the 
Hurst parameter change. So it is reasonable to generalize that this conclusion can be referred to the
functioning of any difficult dynamic system. 

The research of the frequency structure of the EBCD laser radiation pulses was carried out on the 
base wavelet-analysis [4]. For the first time the wavelet – spectra analysis of the EBCD laser output 
pulses of allowed to reveal the dependence a2 /a1 �2, where 1a  and 2a  are components of the two time 
scales on the of analyzed signals wavelet -spectrum. 

The detailed analysis of the kinetic equations allowed finding the reason for the given dependence. 
The equation of the Feigenbaum [5] type, 2
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����� ����  describing the behavior of the 
weak signal strengthening factor was obtained. 

The analysis of the given equation properties showed, that in case of the EBCD laser pulse rating 
the time path for radiation pulse show the transition to the determined chaos if the time of the 
threshold gain doubled value achievement for separate vibration-rotation transitions of a CO molecule 
doesn't exceed the characteristic time of the vibration - vibration exchange. The required condition is 
quite realizable for the EBCD laser. 

Thus, the transition to chaos in the EBCD laser dynamic system occurs through the period 
duplication. 
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