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    Solar proton events (SPEs) represent one of the main manifestations of solar activity and constitute a radiation hazard factor in space weather, making the forecasting of SPE power an urgent problem. The primary sources of solar energetic particle fluxes are considered to be two components of the explosive process on the Sun: solar flares and coronal mass ejections (CMEs). Currently, experimental data available in real-time are limited to flare characteristics only, namely soft X-ray solar radiation (0.05–0.4 mm and 0.1–0.8 mm) during the flare: the flare onset time and maximum radiation flux density (X-ray flare classification). The maximum solar proton flux is typically achieved several hours (≥2 hours) after the initial detection of protons in near-Earth space. Therefore, for real-time forecasting of SPE power, the event onset time can be utilized. Experimental data from geostationary GOES satellites are available every 5 minutes.
    The objective of this work is to develop a real-time forecasting system for two SPE characteristics: the maximum proton flux with energy >10 MeV and the time of its occurrence (duration of the flux rise phase). To address this task, three machine learning models were developed using the following algorithms: linear regression, random forest, and gradient boosting. Model training was performed using data from the SPE catalogs of the 23rd and 24th solar activity cycles, available on the Space Weather Center website of Moscow State University [https://swx.sinp.msu.ru/apps/sep_events_cat/]. Events were selected where the proton flux with energy >10 MeV exceeded 10 particles/(cm²⋅s⋅sr). The input parameters for the models were the X-ray flare classification and the time interval between the onset of the flare and the beginning of the solar proton flux increase. Model validation was performed. Model accuracy was evaluated using data from the 25th solar activity cycle SPE catalog.The prediction results are presented, the contributions of input parameters to model forecasting are evaluated, and the feasibility of using machine learning algorithms for solving this task is discussed. The research was conducted as part of the state assignment of Lomonosov Moscow State University.
