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Abstract

In response to the physical risks and geological environmental uncertainties present in underground mining operations, this study
analyzes key aspects such as the stability of rock mass structure, the distribution of ventilation flow fields, the control of blasting
disturbances, and the management of mined-out areas. Based on this, a scientific operational robustness guarantee mechanism
is established. By real-time collection and analysis of surrounding rock stress monitoring data, the support scheme and support
parameters are optimized, which can effectively prevent collapse accidents. Additionally, the ventilation network is improved using
fluid mechanics principles to reduce harmful gas concentrations. The precise control of blasting vibration energy also inhibits
disturbance damage at the source. This research aims to enhance the stability and reliability of the operation site through technical
means.
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