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Discussion:

Introduction

Recently, the number of countries involved in space
exploration of the Moon has increased significantly.
The work is devoted to the development of a software
for two-parameter cross-correlation dependence
construction in order to describe stochastic similarity
manifested in time series of satellite observations of
gravity field and lunar physical libration [1, 2]. The
software package “Automated stochastic analytical
complex” (ASAC) was created [3].

The presented research assumes the analysis of complex multiparameter systems, such as heterogeneous satellite observations, physical libration of the
Moon, parameters of the lunar gravitational field [10]. To study the dynamic and stochastic
features of such systems, as well as to develop statistical indicators for the purpose of
parametrizing the time series of satellite observations, it was decided to additionally use
modern methods of statistical physics and physics of complex systems. In particular, we are
talking about the method of the abbreviated description of multiparameter processes of
high dimensionality and the finite-difference generalization of the theoretical-functional
technique of Zvanzig-Mori projection operators, adapted for the case of analyzing the
dynamics of correlations of discrete systems [11]. Fundamentally new possibilities in
extracting information contained in the satellite time series of lunar missions will be
demonstrated thanks to the input of two-parameter cross-correlators characterizing the
dynamic interconnection – the cross-correlations of simultaneously recorded signals of
experimental parameters [12]. The ASAC software allows making expansions into spherical
harmonics up to the 86th order while modeling gravity field of the planets. The accuracy of
the ASAC model’s coefficients is as high as 19 decimal places. Using 65 thousand
measurements of elevations of the lunar surface (by Kaguya mission) an analysis of 2
versions for the 85th and 86th orders of expansions was conducted (see Table 1). In doing so,
the program’s worktime increases due to the computer memory loading. For this reason, it
is more efficient to make the expansion up to the 85th order, if it is enough.

Methods

ASAC is based on the new method of processing and
analyzing lunar satellite observations taken over long
time periods developed on the basis of modern
researches in the fields of non-equilibrium statistical
physics and physics of complex systems [4]. This method
will allow to analyze the effects of statistical memory,
describe the dynamics of short- and long-term
correlations and establish Markov and non-Markov
features of long-term satellite observations [5]. The
software to construct the two-parameter crosscorrelation dependencies for stochastic similarity
description, which manifest themselves in time series of
satellite observations of the Moon’s gravity field and
physical libration, is going to be developed. The
statistical indicators designed to study the dynamic
states of the Moon’s gravitational field and physical
libration will be derived [6].

Results:

Fig.1 Two-color diagram of meteors genetically related to NEO [7]

Conclusion

As a result of this work, we developed the automated stochastic analytical
complex for solving the fundamental problems of selenodesy and space lunar
navigation [13]. The work includes development and implementation of a range of
advanced physical models, experimental and data analysis methods, software
development to solve the tasks of construction of highly accurate space
navigational systems, which have a significant practical importance, as it will be
possible to use the project results to create navigational devices for space
exploration in the future [14].
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