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This research explored transport phenomena peculiar to high-dimensional
multi-body models by focusing on the instability associated with periodic orbits. The study
identified dynamical phenomena exhibiting unidirectional changes in the inclination, eccentricity,
and Jacobi energy in the spatial circular restricted three-body problem, elliptic restricted
three-body problem, and bicircular restricted four-body problem, respectively. To handle delicate
weakly unstable cases that can cause difficulties in extracting the corresponding instability, a
regularized direct optimization method was developed to robustly find solutions. This study also
indicated the usefulness of retrograde periodic orbits around Earth in deep-space exploration.
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