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Abstract

Against the backdrop of accelerating global energy structure transformation, nuclear energy, as a clean and efficient base load
energy, is increasingly prominent in its strategic position. However, the systemic risks hidden in the operation of nuclear power
plants have always been the Damocles sword hanging over human heads - from material fatigue at the reactor pressure boundary
to cyber attacks on digital control systems, from human error to the composite threat of extreme natural disasters, the complex
chain of multidimensional risks interwoven constantly tests the safety defense line of nuclear power. According to statistics from
the International Atomic Energy Agency, approximately 68% of global nuclear incidents in the past decade are directly related
to equipment aging and management loopholes, exposing the limitations of traditional risk assessment systems in the face of
dynamically evolving risks. It is precisely this dual attribute that makes the construction of scientific risk assessment models and
three-dimensional control strategies the lifeline to ensure the sustainable development of nuclear power. The integration of new
generation artificial intelligence technology and resilience engineering concepts is providing a new path to solve this problem.
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