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Field observations
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One-dimensional g-model
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Temporal and spatial correlations of E: fluctuations
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Models of time ACF (R) and frequency PSD (S)

R (1:) = IS(O))COS otdo, S((o) = %TR (’C)COS otdt
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Relationships between ACF-PSD models 1 and 2

Integral scale

Matching smoothness parameters
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Comparison of ACF-PSD models 1 and 2
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Comparison of time series parameters and ACF-PSD models 1-3

Distribution of the density of the number of zeros of a normalized time series ACF and PSD of models 1 and 3
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Joint approximations of the ACF and the PSD of E_ fluctuations
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Joint Levenberg-Marquardt approximations of the ACF and the PSD of E_ fluctuations
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Joint Levenberg-Marquardt approximations of the ACF and the PSD of E_ fluctuations
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Joint Levenberg-Marquardt approximations of the ACF and the PSD of E_ fluctuations
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Approximation parameters and deviation statistics
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Statistics of ACF difference derivatives
and derivatives of approximating functions
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Adaptation of the electrodynamics module in PALM for large-eddy simulation
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Average LES vertical profiles
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LES dynamics of electric space charge and potential difference
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Conclusions

Using nonlinear regression methods, the parameters of the models of joint approximations of the ACF and the PSD of
observed and LES turbulent fluctuations E, were determined, which have a power-law asymptotic behavior in the
high-frequency region.

Models that differ in ACF by less than 1% in the Chebyshev and L2 metrics describe random processes with different
local properties and have a power-law asymptotic behavior of the spectral density in the high-frequency region S o
f with different indices, the difference of which can approach 1.

New approximate relationships are defined between incomplete gamma functions with parameter a € [1, 2] and
Macdonald functions with parameter v € [0.5, 1.5], which become exact on the corresponding boundaries of the
specified segments.

When analyzing time intervals of finite length, significantly different ACFs may correspond to similar a indices in the
high-frequency asymptotics of the spectral density.

In the samples under consideration, at least 95% of the time series segments are characterized by an ACF that does
not have a second derivative at zero, and the E, time series with a resolution of 1 s are not differentiable in the root
mean square.

The developed methods and obtained results can be applied to the analysis of time series of physical quantities of any
nature, the spectral density of fluctuations of which has a power-law asymptotic behavior in a limited frequency range
and saturates in the low-frequency region.

Pabora BeimonHeHa npu yactuuHoM puHaHcupoBaHuu PH® (mpoext Ne 22-17-00053-11).



r

e CIIACUEO 3A BHUMAH




Ag. Bim
+
| 0.010 A
12 -
10~ 0.008
L +
£ L 0,006 -
a.
10-1r-
, 0.004 -
10-2
= 0.002 -
0.000 -
i -200 -100 0 100 200 300
L4 L3 102 10 At c —E,, Bim
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