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Theoretical Derivation of Unified Constant for 0—-6 Order Global Spacetime

High-order Perturbation and Multi-scale Verification with Celestial

Observations

Abstract

Traditional celestial mechanics mostly adopts piecewise superposition



algorithms of high-order perturbation to correct celestial orbital deviations. This
conventional method has inherent defects such as discrete parameters,
separated spacetime scales, and unconverged systematic errors between
near-Earth objects and extragalactic systems, resulting in fragmented models

and continuous accumulation of orbital residuals.

To solve the problems of poor cross-scale adaptability, long-term residual
accumulation and lack of unified correction framework in traditional
perturbation theories, this paper constructs a global unified spacetime
high-order perturbation correction model covering 0—6 orders based on the
steady-state convergence law of spacetime and the global cosmic perturbation

overflow ratio.

Through rigorous mathematical derivation combining steady-state
normalization coefficients and global perturbation amplitude ratios, a
closed-loop unified constant for 0 — 6 order global high-order spacetime
perturbation is obtained. Multi-scale cross-verification is carried out using
observational data including Earth polar motion and tidal variation, Earth-Moon
orbital evolution, solar planetary system, Beidou celestial reference frame,
equatorial calibration of the Twenty-Eight Mansions, local galactic structural

motion and large-scale observation data of extragalactic clusters.



The verification results show that the global unified perturbation constant
derived in this paper realizes synchronous residual convergence of celestial
orbits from near-Earth space, the Solar System, the Milky Way to extragalactic
systems, and completely eliminates the systematic cumulative deviation
inherent in traditional piecewise high-order perturbation algorithms. The unified
correction model established in this paper has strong mathematical
self-consistency, excellent cross-scale adaptability and high reproducibility. It
provides a novel standardized theoretical basis and engineering reference for
high-precision orbital fitting, weak spacetime perturbation correction and

long-term evolutionary modeling of cosmic orbits.

Keywords: global perturbation constant; high-order perturbation; spacetime

perturbation; orbital residual; astronomical observation; multi-scale verification
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