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Abstract

The primary circuit pressure in nuclear power plants serves as a critical parameter for ensuring reactor safety and stable operation.
The precision of control directly impacts both operational efficiency and nuclear safety margins. Traditional control methods struggle
to balance dynamic response speed and steady-state accuracy when dealing with nonlinear systems, time-varying parameters, and
complex disturbances in primary circuit systems. This paper proposes an reinforcement learning-based optimization scheme for
primary circuit pressure control. The study first analyzes the control mechanisms of nuclear power plant primary circuit pressure and
the core theories of reinforcement learning, then establishes a reinforcement learning model tailored for pressure control scenarios.
By improving traditional algorithms to enhance control robustness and designing comprehensive optimization strategies, the
proposed approach demonstrates advantages in disturbance adaptability and steady-state error control through simulation platform-
based comparative experiments. This work aims to provide a more reliable technical pathway for critical parameter control in nuclear
power plants, contributing to safer and more efficient reactor operations.
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