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New iterative method based on the Q-iteration
method for robust and rapid determination of

concentration distribution in multicomponent
separation cascades
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Abstract

The determination of concentration distributions in isotope separation cascades is crucial for design and opti-
mization, directly impacting efficiency and costs. While the conventional Q-iteration method is widely used
for its simplicity and rapid convergence, it suffers from three limitations: manual tuning of the relaxation fac-
tor without adaptability, suboptimal update directions leading to oscillations, and extremely slow or stalled
convergence under strong separation or critical parameters.

This study proposes the Minimal Residuals Q-iteration (MR Q-iteration), integrating traditional Q-iteration
with an enhanced Q-iteration strategy. The method operates in two phases: generating an initial approxima-
tion via Q-iteration, then switching to Q-iteration to optimize update directions and step sizes using gradient
information, transforming nonlinear problems into linear solutions. By adaptively adjusting the relaxation
factor and leveraging global gradients, the method balances convergence speed with stability while avoiding
local oscillations.

Experiments demonstrate that MR Q-iteration significantly reduces iterations and computational time, achiev-
ing robust convergence even in scenarios where conventional Q-iteration fails. Its adaptive mechanisms and
global optimization capabilities enhance applicability to complex cascades, offering a novel approach for effi-
cient isotope separation. Future extensions may address transient processes and multi-objective optimization.
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