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ʜʨ ɹʦʰʢʦ ʅʠʢʦʣʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʏʣʘʥʦʚʠ ʢʦʤʠʩʠʿʝ 

Å ʜʨ ʄʠʣʦʰ ʎʚʝʪʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ 

ʬʘʢʫʣʪʝʪ 

Å ʜʨ ɿʦʨʘʥ ʐʝʚʘʨʘʮ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ʌʘʢʫʣʪʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ 

ʥʘʫʢʘ 

Å ʜʨ ɻʦʨʘʥ ʂʚʘʰʯʝʚ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ 

ʬʘʢʫʣʪʝʪ 

Å ʜʨ ʄʠʣʝʪʘ ɾʘʨʢʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ 

ʬʘʢʫʣʪʝʪ 

Å ʜʨ ɺʣʘʜʠʤʠʨ ɱʦʮʦʚʠ˂, ʜʦʮʝʥʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ 
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ʄʝʥʪʦʨ 



 

 

ʆʥʦʤʝ ʢʦʿʠ Ăʜʘʿʝ ʤʫʜʨʦʩʪῤ ʠ ʠʟ ʯʠʿʠʭ ʫʩʪʘ Ăʜʦʣʘʟʠ ʟʥʘˁʝ ʠ ʨʘʟʫʤῤ (ʇʨʠʯʝ ʉʦʣʦʤʫʥʦʚʝ 2:6). 

ʇʨʦʬ. ʜʨ ɹʦʰʢʫ ʅʠʢʦʣʠ˂ʫ ʠ ʧʨʦʬ. ʜʨ ʅʝʙʦʿʰʠ ɹʘʯʘʥʠʥʫ, ʥʘ ʦʜʣʠʯʥʦʿ ʩʘʨʘʜˁʠ ʠ ʧʦʤʦ˂ʠ ʪʦʢʦʤ 

ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʄʦʤ ʦʮʫ, ʜʨ ʉʣʦʙʦʜʘʥʫ ʉʪʦʿʢʦʚʠ˂ʫ, ʢʦʿʠ ʤʝ ʿ ʝ ʦʜ ʤʘʣʠʭ ʥʦʛʫ ʫʩʤʝʨʠʦ ʢʘ ʥʘʫʮʠ. ʈʘʜʦʚʘʦ ʙʠ ʩʝ 

ʦʚʦʤʝ, ʠʘʢʦ ʜʦʢʪʦʨʠʨʘʤ ʢʦʜ Ăʛʣʫʧʠʭ ʞʠʮʘʨʘῤ. 

ʄʦʿʦʿ ʤʘʿʮʠ ɿʦʨʢʠ. ɺʦʣʠʤ ʊʝ, ʤʘʤʘ. 

ɹʦʞʠʜʘʨʫ, ʄʠʣʘʥʠ ʠ ɼʘʨʠʿʠ. ɺʠ ʩʪʝ ʦʥʦ ʥʘʿʣʝʧʰʝ ʫ ʤʦʤ ʞʠʚʦʪʫ. 

ɱʘʩʤʠʥʠ, ʟʘʪʦ ʰʪʦ ʤʝ ʿʝ ʪʨʧʝʣʘ ʪʦʣʠʢʝ ʛʦʜʠʥʝ. 

ɼʨ ɺʘʣʝʥʪʠʥʠ ʊʠʤʯʝʥʢʦ, ʟʘʪʦ ʰʪʦ ʤʠ ʥʠʿʝ ʜʦʟʚʦʣʠʣʘ ʜʘ ʦʜʫʩʪʘʥʝʤ. 

ɻʦʨʜʘʥʫ ʂʦʥʝʯʥʦʤ, ʥʘ ʩʚʝʩʨʜʥʦʿ ʧʦʤʦ˂ʠ ʦʢʦ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ. 

ʋʥʠ ʂʠʩʠ˂ ʠ ʜʨ ɹʦʨʠʩʣʘʚʫ ɫʦʨʹʝʚʠ˂ʫ, ʥʘ ʠʩʢʨʝʥʦʿ ʧʦʜʨʰʮʠ. 

ʀʨʠʥʠ ʉʪʝʬʘʥʦʚʠ˂, ʥʘ ʤʦʪʠʚʘʮʠʿʠ ʟʘ ʠʟʙʦʨ ʪʝʤʝ, ʠ ʟʘʪʦ ʰʪʦ ʤʝ ʿ ʝ, ʢʨʦʟ ʯʝʩʪʘ ʩʘʤʦʠʩʧʠʪʠʚʘˁʘ, 

ʯʠʥʠʣʘ ʙʦˀʠʤ ʯʦʚʝʢʦʤ. 

ɱʝʣʝʥʠ, ʞʝʥʠ ʢʦʿʝ ʥʝʤʘ. ʊʝʙʝ ʯʫʚʘʤ ʟʘ ʢʨʘʿ. ʍʚʘʣʘ ʊʠ ʰʪʦ ʩʠ ʙʘʨ ʥʘʢʨʘʪʢʦ ʧʨʝʩʪʘʣʘ ʜʘ ʙʫʜʝʰ 

ʠʤʘʛʠʥʘʨʥʘ. (ʀʧʘʢ, ʤʦʣʠʤ ʤʘʣʦ ʜʫʞʝ ʩʣʝʜʝ˂ʠ ʧʫʪ.) ɿʘʭʚʘˀʫʿʫ˂ʠ ʊʝʙʠ, Ăʫʩʨʝʜ ʟʠʤʝ ʩʘʤ ʥʘʿʟʘʜ 

ʦʪʢʨʠʦ ʜʘ ʫ ʩʝʙʠ ʥʦʩʠʤ ʥʝʧʦʙʝʜʠʚʦ ʣʝʪʦῤ. ɿʙʦʛ ʊʝʙʝ ʩʘʤ ʪʫ ʛʜʝ ʿʝʩʘʤ. 

ɿʘʭʚʘʣʥʦʩʪ 



 

 

ʇʨʝʜʚʠʹʘˁʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʘʤʘ 

ʉʘʞʝʪʘʢ 

ʆʛʨʘʥʠʯʝʥʘ ʜʦʩʪʫʧʥʦʩʪ ʠ ʧʨʠʨʦʜʥʘ ʥʝʦʜʨʞʠʚʦʩʪ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʜʦʚʝʣʠ ʩʫ ʜʦ ʨʘʩʪʘ 

ʠʥʪʝʨʝʩʦʚʘˁʘ ʟʘ ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ. ʄʝʹʫʪʠʤ, ʧʦʪʨʝʙʥʠ ʩʫ ʥʘʧʦʨʠ ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ ʠʟ 

ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʧʦʪʧʫʥʠʿʝ ʫʢˀʫʯʠ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. ʇʦʰʪʦ ʿʝ ʧʦʫʟʜʘʥʦʩʪ ʢˀʫʯʥʘ 

ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ, ʟʘʚʠʩʥʦʩʪ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʦʜ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ ʧʨʝʜʩʪʘʚˀʘ 

ʠʟʘʟʦʚ ʟʘ ʦʜʨʞʘʚʘˁʝ ʢʦʥʟʠʩʪʝʥʪʥʝ ʧʨʦʠʟʚʦʜˁʝ. ɿʘʪʦ ʿʝ ʧʨʝʮʠʟʥʦ ʧʨʝʜʚʠʹʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ ʠ ʫʯʝʰ˂ʝ ʥʘ ʪʨʞʠʰʪʫ ʝʥʝʨʛʠʿʝ. 

ʄʦʜʝʣʠ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʝʨʩʧʝʢʪʠʚʥʦ ʨʝʰʝˁʝ ʟʙʦʛ ʩʚʦʿʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ 

ʦʙʨʘʹʫʿʫ ʚʝʣʠʢʝ ʩʢʫʧʦʚʝ ʧʦʜʘʪʘʢʘ ʠ ʭʚʘʪʘʿʫ ʩʣʦʞʝʥʝ ʦʙʨʘʩʮʝ ʫʥʫʪʘʨ ʧʦʜʘʪʘʢʘ. 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʙʘʚʠ ʩʝ ʧʨʠʤʝʥʦʤ ʪʝʭʥʠʢʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘ ʧʦʙʦˀʰʘˁʝ 

ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ LSTM ʤʨʝʞʘʤʘ ʩʘ ʠ ʙʝʟ ʧʘʞˁʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ. ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʤʦʜʠʬʠʢʦʚʘʥʘ ʤʝʪʦʜʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʦʿʘ ʯʝʩʪʠʮʘ, ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. 

ʉʧʨʦʚʝʜʝʥʝ ʩʫ ʩʠʤʫʣʘʮʠʿʝ ʥʘ ʧʦʜʘʮʠʤʘ ʠʟ ʩʪʚʘʨʥʦʛ ʩʚʝʪʘ, ʫʟ ʫʧʦʨʝʜʥʫ ʘʥʘʣʠʟʫ ʩʘ ʥʝʢʦʣʠʢʦ 

ʧʦʟʥʘʪʠʭ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ. ʂʦʨʠʰ˂ʝʥ ʿʝ ʿʘʚʥʦ ʜʦʩʪʫʧʘʥ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʤʝʨʝˁʘ ʠʟ ʜʚʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʫ ʀʥʜʠʿʠ. ʆʩʠʤ ʪʦʛʘ, ʢʨʝʠʨʘʥ ʿʝ ʠ ʢʦʨʠʰ˂ʝʥ ʜʦʜʘʪʥʠ 

ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʧʨʠʢʫʧˀʝʥ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʥʘ ʢʨʦʚʫ ʀʥʩʪʠʪʫʪʘ Ăʄʠʭʘʿʣʦ ʇʫʧʠʥῤ ʫ 

ɹʝʦʛʨʘʜʫ. 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʦʧʫˁʘʚʘ ʧʨʘʟʥʠʥʫ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʦʙʣʘʩʪʠ; ʥʘʠʤʝ, ʧʨʝʤʘ ʧʨʝʛʣʝʜʫ 

ʣʠʪʝʨʘʪʫʨʝ, LSTM ʤʦʜʝʣʠ ʤʘʣʝ ʪʝʞʠʥʝ ʥʠʩʫ ʜʦʚʦˀʥʦ ʠʩʧʠʪʘʥʠ ʟʘ ʧʨʦʙʣʝʤ ʧʨʝʜʚʠʹʘˁʘ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ. ʅʘʿʙʦˀʠ ʢʨʝʠʨʘʥʠ ʤʦʜʝʣʠ ʧʦʩʪʠʛʣʠ ʩʫ ʚʨʝʜʥʦʩʪʠ nMSE ʦʜ ʩʘʤʦ 

0,001812 ʜʦ 0,007662 ʟʘ ʢʦʨʠʰ˂ʝʥʝ ʩʢʫʧʦʚʝ ʧʦʜʘʪʘʢʘ. ʊʦ ʧʦʢʘʟʫʿʝ ʟʥʘʯʘʿʘʥ ʧʦʪʝʥʮʠʿʘʣ 

ʧʨʝʜʣʦʞʝʥʦʛ ʨʝʰʝˁʘ ʟʘ ʧʨʠʤʝʥʝ ʫ ʩʪʚʘʨʥʦʤ ʩʚʝʪʫ. ʇʨʠʤʝʥˀʠʚʦʩʪ ʥʘʿʙʦˀʠʭ ʤʦʜʝʣʘ ʧʦʪʚʨʹʝʥʘ 

ʿʝ ʠ ʧʦʤʦ˂ʫ ʤʠʥʠʿʘʪʫʨʥʦʛ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ 

ʆʙʥʦʚˀʠʚʘ ʝʥʝʨʛʠʿʘ, ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ, ʧʨʦʛʥʦʟʠʨʘˁʝ, ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʨʦʿʘ 

ʯʝʩʪʠʮʘ, LSTM 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ 

ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ 

ʋʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ 

ɺʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ 

ʅʘʩʣʦʚ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 



 

 

Industrial production forecasting using machine learning models optimized with metaheuristics 

Abstract 

Limited availability and natural unsustainability of fossil fuel sources have led to a surge in interest 

in renewable energy sources. However, efforts are required to fully integrate renewable energy into 

distribution networks. Since reliability is crucial for energy production, the dependence of solar power 

plants on weather conditions poses a challenge to maintaining consistent production. Consequently, 

accurate forecasting of photovoltaic production is essential for efficient grid management and energy 

market participation. Machine learning models are a promising solution due to their ability to process 

large datasets and capture complex patterns in data. 

This research deals with the application of metaheuristic optimization techniques to improve models 

based on LSTM networks with and without attention for predicting photovoltaic generation. A 

modified metaheuristic optimization method based on the particle swarm optimization algorithm is 

proposed to improve hyperparameter optimization. Simulations were conducted on real-world data, 

with comparative analysis with several well-known metaheuristics. A publicly available dataset 

consisting of measurements from two power plants in India was used. In addition, a supplementary 

dataset collected from a rooftop photovoltaic power plant at the Institute ñMihailo Pupinò in Belgrade 

was created and used. 

This research fills a gap in the field, since, according to a literature review, lightweight LSTM models 

are not sufficiently tested for the problem of photovoltaic generation forecasting. The best of the 

produced models achieved nMSE values of only 0.001812 to 0.007662 for the used datasets. This 

demonstrates the significant potential of the proposed approach for real-world applications. The 

applicability of the best-performing models was also validated using TinyML. 
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ʇʦʛʣʘʚˀʝ 1 ʋʚʦʜ 

1 

ʋ ʩʘʚʨʝʤʝʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ, ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʧʨʝʜʩʪʘʚˀʘ 

ʢˀʫʯʥʠ ʠʟʘʟʦʚ ʢʦʿʠ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʦʧʝʨʘʪʠʚʥʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪ 

ʧʨʝʜʫʟʝ˂ʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʪʝʟʝ ʠʩʪʨʘʞʫʿʝ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʤ ʧʨʠʩʪʫʧʠʤʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʪʘʯʥʦʩʪʠ 

ʧʨʝʜʠʢʮʠʿʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ. ʈʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʨʝʛʨʝʩʠʦʥʠ ʤʦʜʝʣʠ, ʩʪʘʙʣʘ ʦʜʣʫʯʠʚʘˁʘ ʠ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʤʦʛʫ ʩʝ ʩʠʥʝʨʛʠʿʩʢʠ ʧʦʚʝʟʘʪʠ ʩʘ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʨʦʿʘ ʯʝʩʪʠʮʘ, ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʠ ʠʟʙʦʨ ʬʫʥʢʮʠʿʘ. ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʦʢʘʟʫʿʫ 

ʜʘ ʢʦʤʙʠʥʘʮʠʿʘ ʪʠʭ ʧʨʠʩʪʫʧʘ ʦʤʦʛʫ˂ʘʚʘ ʧʦʩʪʠʟʘˁʝ ʟʥʘʯʘʿʥʦ ʙʦˀʝ ʧʨʝʮʠʟʥʦʩʪʠ ʫ ʧʨʝʜʠʢʮʠʿʘʤʘ 

ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʝʪʦʜʘʤʘ. ʊʠʤʝ ʩʝ ʧʨʫʞʘ ʩʚʝʦʙʫʭʚʘʪʘʥ ʦʢʚʠʨ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʠʢʘ ʫ ʧʨʝʜʚʠʹʘˁʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ, ʩ ʧʦʪʝʥʮʠʿʘʣʦʤ 

ʜʘ ʫʥʘʧʨʝʜʠ ʩʪʨʘʪʝʛʠʿʝ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʫ ʠʥʜʫʩʪʨʠʿʠ. 

ʉʢʦʨʦ ʩʚʘʢʘ ʛʨʘʥʘ ʠʥʜʫʩʪʨʠʿʝ ʤʦʞʝ ʠʤʘʪʠ ʢʦʨʠʩʪʠ ʦʜ ʧʨʠʤʝʥʝ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʅʘ 

ʧʨʠʤʝʨ, ʫ ʪʝʰʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʤʦʛʫ˂ʝ ʿʝ ʚʨʰʠʪʠ ʧʨʝʜʚʠʹʘˁʝ ʦʜʨʞʘʚʘˁʘ ʠ ʢʚʘʨʦʚʘ (ʝʥʛʣ. smart 

maintenance). ʋ ʬʘʙʨʠʢʘʤʘ ʩʘ ʢʦʤʧʣʝʢʩʥʠʤ ʧʨʦʠʟʚʦʜʥʠʤ ʣʠʥʠʿʘʤʘ (ʥʧʨ. ʫ ʤʝʪʘʣʫʨʛʠʿʠ, 

ʭʝʤʠʿʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʧʨʦʠʟʚʦʜˁʠ ʮʝʤʝʥʪʘ, ʝʣʝʢʪʨʘʥʘʤʘé), ʧʦʤʦ˂ʫ ʘʣʛʦʨʠʪʘʤʘ ʤʘʰʠʥʩʢʦʛ 

ʫʯʝˁʘ ʤʦʛʫ ʩʝ ʘʥʘʣʠʟʠʨʘʪʠ ʩʝʥʟʦʨʩʢʠ ʧʦʜʘʮʠ ʩʘ ʦʧʨʝʤʝ. ʂʘʦ ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʮʝʩʘ, ʤʦʜʝʣʠ 

ʦʧʪʠʤʠʟʦʚʘʥʠ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘʤʘ ʤʦʛʫ ʜʘ ʧʦʤʦʛʥʫ ʫ ʧʨʝʜʚʠʹʘˁʫ ʦʪʢʘʟʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ 

ʪʨʦʰʢʦʚʠ ʚʘʥʨʝʜʥʦʛ ʦʜʨʞʘʚʘˁʘ ʠ ʛʫʙʠʮʠ ʫ ʧʨʦʠʟʚʦʜˁʠ. 

ɺʝʣʠʢʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʧʦʩʪʦʿʠ ʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʫ ʧʨʦʮʝʩʠʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʨʘʜʘ ʠ ʧʨʦʠʟʚʦʜˁʝ. ʅʘ ʦʩʥʦʚʫ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʪʨʝʥʜʦʚʘ ʙʦʣʝʩʪʠ ʤʦʛʫ˂ʝ ʿʝ ʚʨʰʠʪʠ 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʝʙʥʝ ʧʨʦʠʟʚʦʜˁʝ ʣʝʢʦʚʘ ʠ ʧʦʤʦ˂ʥʠʭ ʩʨʝʜʩʪʘʚʘ. ʀ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʤʦʜʝʣʠ 

ʦʧʪʠʤʠʟʦʚʘʥʠ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘʤʘ ʤʦʛʫ ʜʘ ʧʦʤʦʛʥʫ ʫ ʧʨʦʥʘʣʘʞʝˁʫ ʥʘʿʙʦˀʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʩʤʘˁʫʿʝ ʧʦʪʨʦʰˁʘ ʩʢʫʧʠʭ 

ʩʠʨʦʚʠʥʘ. 

ʂʘʦ ʜʦʙʘʨ ʧʨʠʤʝʨ ʚʘʞʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʠ ʬʦʪʦʥʘʧʦʥʩʢʠ (ʌʅ, 

ʝʥʛʣ. photovoltaic ï PV) ʩʠʩʪʝʤʠ ʠ ʝʣʝʢʪʨʘʥʝ, ʠ ʪʦʤ ʧʨʠʤʝʨʫ ʧʦʩʚʝ˂ʝʥʘ ʿʝ ʥʘʨʦʯʠʪʘ ʧʘʞˁʘ ʫ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. ɻʣʦʙʘʣʥʘ ʧʦʪʨʘʞˁʘ ʟʘ ʯʠʩʪʦʤ ʝʥʝʨʛʠʿʦʤ ʩʪʘʣʥʦ ʨʘʩʪʝ, ʘ ʨʘʟʚʦʿ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʪʝʭʥʦʣʦʛʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ ʢʦʨʠʰ˂ʝˁʝ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ. ʌʦʪʦʥʘʧʦʥʩʢʝ 

ʝʣʝʢʪʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʚʘʞʥʠʿʝ ʧʦʜʨʫʯʿʝ ʧʨʠʤʝʥʝ ʪʝ ʪʝʭʥʦʣʦʛʠʿʝ. ɿʘʿʝʜʥʦ ʩʘ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠʤʘ, ʬʦʪʦʥʘʧʦʥʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʤʥʦʛʠʤ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʠ 

ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ ʜʘ ʧʨʦʠʟʚʦʜʝ ʩʦʧʩʪʚʝʥʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʠ ʪʠʤʝ ʩʫ ʤʥʦʛʠ ʧʦʪʨʦʰʘʯʠ 

ʧʦʩʪʘʣʠ ʢʫʧʮʠ-ʧʨʦʠʟʚʦʹʘʯʠ (ʝʥʛʣ. prosumer). ʊʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʩʫʰʪʠʥʩʢʠʭ ʧʨʦʤʝʥʘ ʫ 

ʢʦʥʮʝʧʪʠʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ, ʯʠʥʝ˂ʠ ʧʘʤʝʪʥʝ ʤʨʝʞʝ ʥʝʦʧʭʦʜʥʠʤ. 

ʈʘʟʚʦʿ ʬʦʪʦʥʘʧʦʥʩʢʝ ʪʝʭʥʦʣʦʛʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʯʦʚʝʯʘʥʩʪʚʫ ʜʘ ʢʦʨʠʩʪʠ ʚʠʰʝ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʥʘʰʘ 

ʧʣʘʥʝʪʘ ʜʦʙʠʿʘ ʦʜ ʉʫʥʮʘ. ʃʫʤʠʥʦʟʥʦʩʪ (ʠʟʣʘʟʥʘ ʩʥʘʛʘ) ʉʫʥʮʘ, ʪʿ. ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ 

ʢʦʿʫ ʉʫʥʮʝ ʦʩʣʦʙʘʹʘ ʩʚʘʢʝ ʩʝʢʫʥʜʝ, ʠʟʥʦʩʠ ʦʢʦ 3,86Ĭ1026 W. ʇʦʰʪʦ ʩʝ ʪʘ ʝʥʝʨʛʠʿʘ ʨʘʚʥʦʤʝʨʥʦ 

ʟʨʘʯʠ ʫ ʩʚʠʤ ʧʨʘʚʮʠʤʘ, ʥʘʰʘ ʧʣʘʥʝʪʘ ʧʨʝʩʨʝ˂ʝ ʩʘʤʦ ˁ ʝʥ ʤʘʿʫʰʥʠ ʜʝʦ, ʘʣʠ ʪʦ ʥʘʤ ʠ ʜʘˀʝ ʜʘʨʫʿʝ 

ʦʛʨʦʤʥʠʭ 1,75Ĭ1017 W ʙʝʩʧʣʘʪʥʝ ʠ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ [51]. 

ʆʧʰʪʘ ʧʦʪʨʘʞˁʘ ʟʘ ʯʠʩʪʦʤ ʝʥʝʨʛʠʿʦʤ, ʤʦʪʠʚʠʩʘʥʘ ʦʯʠʛʣʝʜʥʦʤ ʧʦʪʨʝʙʦʤ ʟʘ ʩʤʘˁʝˁʝʤ 

ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ, ʜʦʚʝʣʘ ʿʝ ʜʦ ʥʘʛʣʦʛ ʧʦʚʝ˂ʘˁʘ ʠʥʩʪʘʣʠʨʘʥʦʛ ʢʘʧʘʮʠʪʝʪʘ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʩʘ ʦʢʦ 1 GW ʫ 2000. ʛʦʜʠʥʠ ʥʘ ʧʨʝʢʦ 1 TW ʫ 2022. ʛʦʜʠʥʠ [52], ʩʘ 

ʿʘʩʥʦʤ ʪʝʥʜʝʥʮʠʿʦʤ ʜʘˀʝʛ ʨʘʩʪʘ. ʇʦ ʧʨʝʜʚʠʹʘˁʠʤʘ, ʜʦ ʢʨʘʿʘ 2025. ʛʦʜʠʥʝ ʛʣʦʙʘʣʥʠ ʢʘʧʘʮʠʪʝʪ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʪʨʝʙʘʣʦ ʿʝ ʜʘ ʜʦʩʪʠʛʥʝ 3 TW, ʰʪʦ ʿʝ ʩʢʦʨʦ ʪʨʦʩʪʨʫʢʦ ʚʠʰʝ ʟʘ ʩʘʤʦ 3 
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ʛʦʜʠʥʝ [53]. ɽʋ, ʥʘ ʧʨʠʤʝʨ, ʞʝʣʠ ʜʘ ʧʨʦʠʟʚʦʜʠ ʥʘʿʤʘˁʝ 42,5% ʩʚʦʿʝ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʜʦ 2030. ʛʦʜʠʥʝ, ʘʣʠ ʪʝʞʠ ʜʘ ʜʦʩʪʠʛʥʝ 45% [54]. ʊʦ ʿ ʝ ʜʚʦʩʪʨʫʢʦ ʚʠʰʝ ʦʜ 21,8%, ʢʦʣʠʢʠ 

ʿʝ ʙʠʦ ʫʜʝʦ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʫ ʧʦʪʨʦʰˁʠ ʝʥʝʨʛʠʿʝ ɽʋ ʫ 2021. ʛʦʜʠʥʠ [55]. ʇʨʦʮʝˁʫʿʝ ʩʝ ʜʘ 

ʙʠ ʜʦ 2050. ʛʦʜʠʥʝ 86% ʛʣʦʙʘʣʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʛʣʦ ʙʠʪʠ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ [56]. 

ɻʣʘʚʥʠ ʧʨʦʙʣʝʤ ʫ ʚʝʟʠ ʩʘ ʜʦʙʠʿʘˁʝʤ ʝʣʝʢʪʨʠʯʥʝ ʠʟ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʧʨʦʤʝʥˀʠʚʦʩʪ 

ʢʦʣʠʯʠʥʝ ʛʝʥʝʨʠʩʘʥʝ ʝʥʝʨʛʠʿʝ. ʀʟʣʘʟʥʘ ʩʥʘʛʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʢʠ ʩʝ ʤʝˁʘ 

ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʟʙʦʛ ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʬʘʢʪʦʨʘ ʦʢʦʣʠʥʝ. ʇʨʦʠʟʚʦʜˁʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʪʿ. ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠʤˀʝʥʝ ʦʜ ʉʫʥʮʘ ʧʦ 

ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ, ʘʣʠ ʠ ʜʨʫʛʠ ʤʝʪʝʦʨʦʣʦʰʢʠ ʬʘʢʪʦʨʠ ʧʦʧʫʪ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠʤʘʿʫ 

ʦʜʨʝʹʝʥʠ ʫʪʠʮʘʿ [72]. ʉʫʥʯʝʚʦ ʟʨʘʯʝˁʝ ʟʘʚʠʩʠ ʧʨʝ ʩʚʝʛʘ ʦʜ ʘʪʤʦʩʬʝʨʩʢʠʭ ʫʩʣʦʚʘ ʠ ʦʙʣʘʯʥʦʩʪʠ. 

ʇʨʠʨʦʜʥʘ ʧʨʦʤʝʥˀʠʚʦʩʪ ʨʘʩʧʦʣʦʞʠʚʝ ʩʫʥʯʝʚʝ ʩʚʝʪʣʦʩʪʠ ʠ ʜʨʫʛʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʪʦʢʦʤ ʜʘʥʘ ʠ ʛʦʜʠʥʝ ʜʦʚʦʜʠ ʜʦ ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʛʝʥʝʨʠʩʘʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. 

ʂʦʣʠʯʠʥʘ ʛʝʥʝʨʠʩʘʥʝ ʝʥʝʨʛʠʿʝ ʟʘʚʠʩʠ ʠ ʦʜ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ, ʧʦʧʫʪ ʦʧʝʨʘʪʠʚʥʦʛ ʩʪʘˁʘ 

ʠʥʚʝʨʪʦʨʘ ʠ ʤʦʜʫʣʘ. ʇʦʰʪʦ ʬʦʪʦʥʘʧʦʥʩʢʝ ˂ʝʣʠʿʝ ʧʨʦʠʟʚʦʜʝ ʿʝʜʥʦʩʤʝʨʥʫ ʩʪʨʫʿʫ, 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʩʘʜʨʞʝ ʠʥʚʝʨʪʦʨʝ ʢʦʿʠ ʧʨʝʪʚʘʨʘʿʫ ʿ ʝʜʥʦʩʤʝʨʥʫ ʩʪʨʫʿʫ ʫ ʥʘʠʟʤʝʥʠʯʥʫ 

ʟʘ ʿʘʚʥʫ ʫʧʦʪʨʝʙʫ. ʃʦʝh ʩʪʘˁʝ ˂ʝʣʠʿʘ (ʟʘʧʨˀʘʥʦʩʪ, ʥʝʧʨʘʚʠʣʘʥ ʫʛʘʦ, ʜʝʬʝʢʪʠ ʠʪʜ.) ʠ/ʠʣʠ 

ʠʥʚʝʨʪʦʨʘ ʤʦʞʝ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʠʪʠ ʞʝˀʝʥʠ ʠʟʣʘʟ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʙʨʦʿʥʠ ʬʘʢʪʦʨʠ ʫʪʠʯʫ ʥʘ 

ʧʨʦʠʟʚʦʜˁʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʠ ʩʪʦʛʘ ʢʦʤʧʣʠʢʫʿʫ ˁʝʥʦ ʧʨʦʛʥʦʟʠʨʘˁʝ [73], [74]. 

ʅʝʩʪʘʙʠʣʥʦʩʪ ʢʦʣʠʯʠʥʝ ʛʝʥʝʨʠʩʘʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʠʟʘʟʦʚ ʟʘ 

ʩʪʘʙʠʣʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. ɺʘʨʠʿʘʮʠʿʝ ʫʣʘʟʘ ʫ ʤʨʝʞʫ ʫʟʨʦʢʫʿʫ 

ʬʣʫʢʪʫʘʮʠʿʝ ʥʘʧʦʥʘ ʠ/ʠʣʠ ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʜʨʫʛʝ ʧʨʦʙʣʝʤʝ ʩʘ ʢʚʘʣʠʪʝʪʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

ʢʘʦ ʠ ʥʝʫʩʢʣʘʹʝʥʦʩʪ ʧʦʥʫʜʝ ʠ ʧʦʪʨʘʞˁʝ [66]. ʉʧʦʩʦʙʥʦʩʪ ʧʨʝʮʠʟʥʦʛ ʠ ʙʣʘʛʦʚʨʝʤʝʥʦʛ 

ʧʨʝʜʚʠʹʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʧʦʩʪʘʣʘ ʿʝ ʢˀʫʯʥʘ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ ʫ ʤʥʦʛʠʤ ʟʝʤˀʘʤʘ, ʟʘʪʦ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʩʠʩʪʝʤʠʤʘ ʧʘʤʝʪʥʠʭ ʤʨʝʞʘ 

ʠ ʦʧʝʨʘʪʝʨʠʤʘ ʜʘ ʧʨʦʘʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʰʫ ʠʥʭʝʨʝʥʪʥʫ ʧʨʦʤʝʥˀʠʚʦʩʪ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʪʘʢʦ 

ʜʘ ʝʬʠʢʘʩʥʦ ʫʨʘʚʥʦʪʝʞʝ ʧʨʦʠʟʚʦʜˁʫ ʠ ʧʦʪʨʦʰˁʫ, ʪʿ. ʧʦʥʫʜʫ ʠ ʧʦʪʨʘʞˁʫ ʝʥʝʨʛʠʿʝ, ʠ ʪʠʤʝ 

ʦʜʨʞʝ ʩʪʘʙʠʣʥʦʩʪ ʤʨʝʞʝ [67], [68]. 

ʇʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʩʠʩʪʝʤʫ ʧʦʤʘʞʝ ʥʝ ʩʘʤʦ ʫ 

ʦʜʨʞʘʚʘˁʫ ʩʠʩʪʝʤʘ, ʚʝ˂ ʠ ʫ ʙʦˀʝʤ ʢʦʨʠʰ˂ʝˁʫ ʝʥʝʨʛʝʪʩʢʠʭ ʨʝʩʫʨʩʘ. ʊʘ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʠ ʧʨʝʜʚʠʹʘˁʝʤ ʢʘʜʘ ʠ ʫ ʢʦʤ ʧʝʨʠʦʜʫ ˂ʝ ʩʝ ʚʠʰʝ ʪʨʘʞʠʪʠ ʦʜ ʩʠʩʪʝʤʘ, ʠ ʪʦ ʪʘʢʦʹʝ 

ʧʦʤʘʞʝ ʫ ʢʨʝʠʨʘˁʫ ʧʦʣʠʪʠʢʝ ʨʘʮʠʦʥʘʣʠʟʘʮʠʿʝ ʝʥʝʨʛʠʿʝ. ʋʟ ʘʜʝʢʚʘʪʥʫ ʧʨʦʛʥʦʟʫ ʤʦʞʝ ʩʝ 

ʧʨʦʮʝʥʠʪʠ ʥʧʨ. ʢʘʜʘ ˂ʝ ʙʠʪʠ ʧʦʪʨʝʙʥʦ ʫʣʘʛʘʪʠ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ [148], [149]. 

ʂʚʘʣʠʪʝʪ ʧʨʦʛʥʦʟʘ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʚʝʦʤʘ ʿʝ ʙʠʪʘʥ ʠ ʟʘ ʚʣʘʩʥʠʢʝ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ, ʟʘʪʦ ʰʪʦ ʠʤ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʙʫʜʫ ʢʦʥʢʫʨʝʥʪʥʠʿʠ ʥʘ ʪʨʞʠʰʪʫ 

ʝʥʝʨʛʠʿʝ. ʋ ʪʨʞʠʰʥʠʤ ʫʩʣʦʚʠʤʘ, ʩʧʦʤʝʥʫʪʠ ʧʨʦʙʣʝʤʠ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʨʝʧʫʪʘʮʠʿʫ 

ʧʨʦʠʟʚʦʹʘʯʘ ʫ ʧʦʛʣʝʜʫ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ˁʠʭʦʚ ʧʦʪʝʥʮʠʿʘʣ ʣʠʮʠʪʠʨʘˁʘ [69]. ʇʨʝʤʘ [31], 

ʧʦʙʦˀʰʘˁʝ ʪʘʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʦʜ ʩʘʤʦ 1% ʜʦʚʦʜʠ 

ʜʦ ʟʥʘʯʘʿʥʠʭ ʝʢʦʥʦʤʩʢʠʭ ʢʦʨʠʩʪʠ ʟʙʦʛ ʩʤʘˁʝˁʘ ʢʘʟʥʠ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʩʪʠʟʘˁʘ ʙʦˀʠʭ ʮʝʥʘ ʥʘ 

ʪʨʞʠʰʪʫ. ʉʪʦʛʘ, ʧʨʝʮʠʟʥʦ ʧʨʝʜʚʠʹʘˁʝ ʥʝ ʩʘʤʦ ʰʪʦ ʧʦʙʦˀʰʘʚʘ ʧʦʫʟʜʘʥʦʩʪ ʤʨʝʞʝ, ʚʝ˂ ʠ 

ʦʣʘʢʰʘʚʘ ʞʝˀʝʥʠ ʧʦʨʘʩʪ ʫʜʝʣʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʠʟʚʦʨʘ ʢʘʦ ʫʣʘʟʘ ʫ ʤʨʝʞʫ [70], [71]. 

ʆʜ ʧʨʦʠʟʚʦʹʘʯʘ ʩʝ ʥʘ ʪʨʞʠʰʪʫ ʥʘʿʯʝʰ˂ʝ ʦʯʝʢʫʿʝ ʜʘ ʜʦʩʪʘʚˀʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʿ ʝʜʘʥ ʜʘʥ ʫʥʘʧʨʝʜ. 

ʍʦʨʠʟʦʥʪʠ ʢʨʘ˂ʠ ʦʜ ʿʝʜʥʦʛ ʜʘʥʘ ʢʦʨʠʩʥʠ ʩʫ ʟʘ ʦʧʝʨʘʪʝʨʝ ʤʨʝʞʝ, ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʙʦˀʝ ʫʧʨʘʚˀʘˁʝ ʨʝʟʝʨʚʘʤʘ ʩʥʘʛʝ ʠ ʦʧʪʠʤʘʣʥʦ ʘʥʛʘʞʦʚʘˁʝ ʨʝʩʫʨʩʘ. ɼʫʞʠ ʭʦʨʠʟʦʥʪʠ ʧʦʪʨʝʙʥʠ 

ʩʫ ʟʘ ʦʧʝʨʘʪʠʚʥʦ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ, ʟʘʢʘʟʠʚʘˁʝ ʦʜʨʞʘʚʘˁʘ ʠ ʧʣʘʥʠʨʘˁʝ ʢʘʧʘʮʠʪʝʪʘ. 

ʂʦʨʠʰ˂ʝˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʩʪʘʣʦ ʿʝ 

ʧʦʧʫʣʘʨʥʦ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ, ʫʛʣʘʚʥʦʤ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʦʜʩʪʠʮʘʿʠʤʘ ʚʣʘʜʘ ʨʘʟʚʠʿʝʥʠʭ ʟʝʤʘˀʘ ʠ 

ʨʘʩʪʫ˂ʦʿ ʧʦʪʨʘʞˁʠ ʟʘ ʯʠʩʪʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ. ʐʪʘʚʠʰʝ, ʬʦʪʦʥʘʧʦʥʩʢʠ ʧʘʥʝʣʠ ʩʫ 

ʪʝʭʥʦʣʦʰʢʠ ʝʚʦʣʫʠʨʘʣʠ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʚʝ˂ʝ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʧʦʫʟʜʘʥʦʩʪ. ʌʦʪʦʥʘʧʦʥʩʢʠ 
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ʩʠʩʪʝʤʠ ʦʜʣʠʢʫʿʫ ʩʝ ʬʣʝʢʩʠʙʠʣʥʦʰ˂ʫ, ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘʿʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ 

ʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʩʪʦʨʠʤʘ [146], [147]. 

ʊɸɹ. 1: ɻʣʦʙʘʣʥʘ ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ ʧʦ ʠʟʚʦʨʠʤʘ (ʩʘʤʦ ʟʘ ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ) ʫ TWh 

(ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ: [126]) 

ɻʦʜʠʥʘ ɹʠʦʛʦʨʠʚʘ ʉʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ ɺʝʪʘʨ ʍʠʜʨʦʝʣʝʢʪʨʘʥʝ 
ʆʩʪʘʣʠ ʦʙʥʦʚˀʠʚʠ 

ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ 

2010 699,7631 94,1262 961,4860 9520,602 1173,9039 

2011 735,3815 181,1018 1215,6783 9635,082 1232,3865 

2012 762,4717 278,3655 1454,6062 9985,715 1334,9750 

2013 828,6506 377,7236 1732,0238 10324,202 1442,0590 

2014 878,8694 534,4008 1912,3210 10535,740 1560,9077 

2015 912,9778 689,3456 2238,8726 10447,261 1688,6459 

2016 953,7291 879,1791 2575,6694 10746,731 1714,8402 

2017 974,0694 1185,5515 3037,9270 10834,706 1826,1881 

2018 1049,8936 1523,3044 3358,8267 11084,954 1973,9960 

2019 1124,6016 1858,9540 3744,7256 11185,189 2072,3691 

2020 1073,7583 2243,8350 4186,1810 11448,027 2182,6973 

2021 1142,8717 2771,8290 4851,5940 11222,360 2335,3115 

2022 1199,2067 3448,2373 5487,6000 11299,816 2413,8076 

% ʨʘʩʪʘ 71,37% 3563,42% 470,74% 18,69% 105,62% 

 
ʉʃ. 1: ɻʣʦʙʘʣʥʘ ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ ʧʦ ʠʟʚʦʨʠʤʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [126]) 

ʊʘ ʧʦʧʫʣʘʨʠʟʘʮʠʿʘ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʥʘ ʛʨʘʬʠʢʦʥʫ ʥʘ ʉʃ. 1, ʘ ʥʘʨʦʯʠʪʦ ʫ ʊɸɹ. 1 [126]. ɻʨʘʬʠʢʦʥ 

ʧʨʠʢʘʟʫʿʝ ʛʣʦʙʘʣʥʫ ʧʦʪʨʦʰˁʫ ʝʥʝʨʛʠʿʝ ʧʦ ʠʟʚʦʨʠʤʘ ʦʜ 1800. ʜʦ 2022., ʘ ʪʘʙʝʣʘ ʩʘʜʨʞʠ 

ʧʦʜʩʢʫʧ ʧʦʜʘʪʘʢʘ ʩʘ ʛʨʘʬʠʢʦʥʘ ï ʩʘʤʦ ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ, ʠ ʪʦ ʦʜ 2010. ʜʦ 2022. 

ɻʦʜʠʥʝ 2010. ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ ʙʠʣʘ ʿʝ ʫʙʝʜˀʠʚʦ ʥʘʿʤʘˁʝ ʟʘʩʪʫʧˀʝʥʘ ʤʝʹʫ ʩʚʠʤ ʠʟʚʦʨʠʤʘ 

ʝʥʝʨʛʠʿʝ, ʩʘ ʧʦʪʨʦʰˁʦʤ ʦʜ ʩʚʝʛʘ 94,1 TWh, ʘ ʩʘʤʦ ʜʝʮʝʥʠʿʫ ʢʘʩʥʠʿʝ ʚʝ˂ ʿʝ ʙʠʣʘ ʟʘʩʪʫʧˀʝʥʠʿʘ 

ʦʜ ʙʠʦʛʦʨʠʚʘ ʠ ʦʩʪʘʣʠʭ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. ʅʘʨʦʯʠʪʦ ʿʝ ʠʤʧʨʝʩʠʚʘʥ ʧʨʦʮʝʥʘʪ ʨʘʩʪʘ 

ʫʧʦʪʨʝʙʝ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 2010. ʜʦ 2022., ʧʨʠʢʘʟʘʥ ʫ ʧʦʩʣʝʜˁʝʤ ʨʝʜʫ ʪʘʙʝʣʝ, ʢʦʿʠ ʿʝ 

ʫʙʝʜˀʠʚʦ ʥʘʿʚʝ˂ʠ ʤʝʹʫ ʩʚʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ. 

ʋ ʢʦʥʩʪʘʥʪʥʦʤ ʧʦʨʘʩʪʫ ʫ ʯʠʪʘʚʦʤ ʩʚʝʪʫ ʿʝ ʠ ʫʜʝʦ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʩʦʣʘʨʥʝ 

ʫ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʝʥʝʨʛʠʿʠ (ʊɸɹ. 2 ʠ ʉʃ. 2) [152]. ʆʢʦ 2000. ʛʦʜʠʥʝ ʪʘʿ ʫʜʝʦ 
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ʙʠʦ ʿʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢ ʥʫʣʠ, ʜʦʢ ʿʝ 2022. ʥʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ ʠʟʥʦʩʠʦ 4,59%. ʋ ʪʦʤʝ 

ʧʨʝʜˁʘʯʠ ɸʫʩʪʨʘʣʠʿʘ ʠ ʆʢʝʘʥʠʿʘ ʩʘ ʫʜʝʣʦʤ ʦʜ 11,97% ʫ 2022. ʛʦʜʠʥʠ ʠ ʠʟʨʘʞʝʥʠʤ ʪʨʝʥʜʦʤ 

ʥʘʛʣʦʛ ʨʘʩʪʘ ʫʜʝʣʘ. ʎʝʣʘ ɽʚʨʦʧʘ ʥʝʰʪʦ ʿʝ ʙʦˀʘ ʦʜ ʛʣʦʙʘʣʥʦʛ ʧʨʦʩʝʢʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ɽʚʨʦʧʩʢʦʿ 

ʫʥʠʿʠ, ʢʦʿʘ ʿʝ ʙʠʣʘ ʛʣʦʙʘʣʥʠ ʣʠʜʝʨ ʜʦ 2018., ʘʣʠ ʢʨʠʚʘ ʟʘ ʮʝʣʫ ɽʚʨʦʧʫ ʤʝˁʘ ʩʝ ʠʩʪʦ ʢʘʦ ʠ ʢʨʠʚʘ 

ʟʘ ɽʋ, ʰʪʦ ʧʦʢʘʟʫʿʝ ʜʘ ʝʚʨʦʧʩʢʝ ʟʝʤˀʝ ʚʘʥ ɽʋ ʿʦʰ ʫʚʝʢ ʩʘʤʦ ʢʚʘʨʝ ʧʨʦʩʝʢ. 

ʊɸɹ. 2: ʋʜʝʦ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʩʦʣʘʨʥʝ ʫ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʝʥʝʨʛʠʿʠ, ʧʦ ʢʦʥʪʠʥʝʥʪʠʤʘ ʦʜʥ. ʨʝʛʠʦʥʠʤʘ, ʫ ʧʨʦʮʝʥʪʠʤʘ (ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ: [152]) 

ɻʦʜʠʥʘ ɸʬʨʠʢʘ ɸʟʠʿʘ 
ʎʝʣʘ 

ɽʚʨʦʧʘ 

ʉʘʤʦ 

ɽʋ 

ʃʘʪʠʥʩʢʘ 

ɸʤʝʨʠʢʘ 

ʉɸɼ ʠ 

ʂʘʥʘʜʘ 

ɸʫʩʪʨʘʣʠʿʘ ʠ 

ʆʢʝʘʥʠʿʘ 

ʎʝʦ 

ʩʚʝʪ 

2000 0 0,01 0 0 0 0,01 0,02 0,01 

2001 0 0,01 0 0,01 0 0,01 0,02 0,01 

2002 0 0,02 0,01 0,01 0 0,01 0,02 0,01 

2003 0 0,02 0,01 0,01 0 0,01 0,02 0,01 

2004 0 0,03 0,01 0,02 0 0,01 0,02 0,02 

2005 0 0,03 0,03 0,05 0 0,01 0,03 0,02 

2006 0,01 0,03 0,05 0,09 0 0,01 0,03 0,03 

2007 0 0,04 0,08 0,13 0 0,01 0,04 0,04 

2008 0,01 0,04 0,15 0,25 0 0,02 0,05 0,06 

2009 0,01 0,05 0,29 0,51 0 0,02 0,10 0,10 

2010 0,03 0,07 0,46 0,80 0,01 0,03 0,32 0,15 

2011 0,08 0,11 0,95 1,64 0,01 0,05 0,66 0,29 

2012 0,13 0,16 1,42 2,43 0,03 0,11 0,80 0,43 

2013 0,10 0,29 1,71 2,90 0,05 0,22 1,28 0,57 

2014 0,24 0,56 1,98 3,31 0,09 0,65 1,66 0,83 

2015 0,46 0,86 2,18 3,49 0,20 0,88 2,05 1,07 

2016 0,62 1,23 2,24 3,48 0,32 1,24 2,44 1,33 

2017 0,86 1,83 2,42 3,67 0,54 1,71 2,92 1,75 

2018 1,01 2,41 2,67 3,91 0,98 2,00 3,97 2,18 

2019 1,30 2,93 2,99 4,33 1,73 2,30 5,82 2,64 

2020 1,79 3,44 3,61 5,26 2,55 2,87 7,60 3,20 

2021 2,02 4,02 3,86 5,67 3,35 3,53 9,83 3,75 

2022 2,41 4,85 4,97 7,59 4,26 4,27 11,97 4,59 

 

ʉʃ. 2: ʋʜʝʦ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʩʦʣʘʨʥʝ ʫ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʝʥʝʨʛʠʿʠ, ʧʦ ʢʦʥʪʠʥʝʥʪʠʤʘ ʦʜʥ. ʨʝʛʠʦʥʠʤʘ, ʫ ʧʨʦʮʝʥʪʠʤʘ (ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ: [152]) 
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ɹʨʦʿ ʩʘʪʠ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ ʠʟʥʦʩʠ ʠʟʤʝʹʫ 1500 ʠ 2200, 

ʰʪʦ ʿʝ ʚʠʰʝ ʥʝʛʦ ʫ ʚʝ˂ʠʥʠ ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ. ʇʨʦʩʝʯʥʘ ʝʥʝʨʛʠʿʘ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʠʟʥʦʩʠ ʦʜ 

1200 kWh/m2 ʛʦʜʠʰˁʝ ʫ ʩʝʚʝʨʦʟʘʧʘʜʥʦʿ ʉʨʙʠʿʠ ʜʦ 1550 kWh/m2 ʛʦʜʠʰˁʝ ʫ ʿʫʛʦʠʩʪʦʯʥʦʿ 

ʉʨʙʠʿʠ, ʜʦʢ ʫ ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ʉʨʙʠʿʝ ʠʟʥʦʩʠ ʦʢʦ 1400 kWh/m2 ʛʦʜʠʰˁʝ. ʋ ʿ ʘʥʫʘʨʫ, ʧʨʦʩʝʢ ʿʝ 

ʦʜ 1,1 kWh/m2 ʜʥʝʚʥʦ ʥʘ ʩʝʚʝʨʫ ʜʦ 1,7 kWh/m2 ʜʥʝʚʥʦ ʥʘ ʿʫʛʫ, ʘ ʫ ʿʫʣʫ ʦʜ 5,9 ʜʦ 6,6 kWh/m2 

ʜʥʝʚʥʦ [179]. 

ʋʢʫʧʘʥ ʢʘʧʘʮʠʪʝʪ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʫ ʉʨʙʠʿʠ, ʧʦ ʧʦʜʘʮʠʤʘ ʠʟ [152], 2010. ʛʦʜʠʥʝ ʙʠʦ ʿ ʝ ʦʢʦ 

0,01 GW (ʪʿ. 10 MW), ʘ 2022. ʠʟʥʦʩʠʦ ʿʝ ʦʢʦ 0,14 GW (ʪʿ. 140 MW). ʊʨʝʥʜ ʨʘʩʪʘ ʫ ʪʦʤ ʧʝʨʠʦʜʫ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʃ. 3. ʇʦ ʠʥʩʪʘʣʠʨʘʥʦʤ ʩʦʣʘʨʥʦʤ ʢʘʧʘʮʠʪʝʪʫ, ʉʨʙʠʿʘ ʿʝ 2022. ʛʦʜʠʥʝ ʙʠʣʘ ʥʘ 

ʜʝʦʙʠ 90. ʤʝʩʪʘ ʦʜ 210 ʜʨʞʘʚʘ ʠʣʠ ʪʝʨʠʪʦʨʠʿʘ ʟʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ. ʋ ʦʢʨʫʞʝˁʫ ʧʨʝʜˁʘʯʠ 

ɻʨʯʢʘ ʢʦʿʘ ʿʝ ʪʝ ʛʦʜʠʥʝ ʙʠʣʘ ʥʘ 23. ʤʝʩʪʫ, ʜʦʢ ʿʝ ʥʘʿʤʘˁʝ ʩʦʣʘʨʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʫ ʎʨʥʦʿ ɻʦʨʠ ʠ 

ʥʘ ʪʟʚ. ʂʦʩʦʚʫ, ʢʦʿʠ ʩʫ ʙʠʣʠ ʥʘ ʜʝʦʙʠ 133. ʤʝʩʪʘ (ʊɸɹ. 3). 

ʊɸɹ. 3: ʉʦʣʘʨʥʠ ʢʘʧʘʮʠʪʝʪʠ ʠ ˁʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ ʫ ʉʨʙʠʿʠ ʠ ʦʢʨʫʞʝˁʫ, ʫ 2022. ʛʦʜʠʥʠ 

(ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ: [152]) 

ɿʝʤˀʘ ʠʣʠ 

ʪʝʨʠʪʦʨʠʿʘ 

ʂʘʧʘʮʠʪʝʪ 

ʩʦʣʘʨʥʠʭ 

ʝʣʝʢʪʨʘʥʘ 

(GW) 

ʄʝʩʪʦ ʥʘ 

ʩʚʝʪʫ ʧʦ 

ʢʘʧʘʮʠʪʝʪʫ 

ʩʦʣʘʨʥʠʭ 

ʝʣʝʢʪʨʘʥʘ 

ʇʦʨʘʩʪ 

ʢʘʧʘʮʠʪʝʪʘ 

2021-2022 

ɽʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ 

ʧʨʦʠʟʚʝʜʝʥʘ 

ʠʟ ʩʦʣʘʨʥʝ 

(TWh) 

ʇʦʨʘʩʪ 

ʧʨʦʠʟʚʦʜˁʝ 

2021-2022 

ʋʜʝʦ 

ʩʦʣʘʨʥʝ ʫ 

ʫʢʫʧʥʦ 

ʧʨʦʠʟʚʝʜʝʥʦʿ 

ʝʣʝʢʪʨʠʯʥʦʿ 

ʝʥʝʨʛʠʿʠ (%) 

ʄʝʩʪʦ ʥʘ ʩʚʝʪʫ 

ʧʦ 

ʠʩʢʦʨʠʰ˂ʝʥʦʩʪʠ 

ʩʦʣʘʨʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ 

GW % TWh % 

ɸʣʙʘʥʠʿʘ 0,03 126 0,01 50,00 0,04 0 0 0,57 62 

ɸʫʩʪʨʠʿʘ 3,55 28 0,77 27,70 3,79 1,01 36,33 5,90 93 

ɹʦʩʥʘ ʠ 

ʍʝʨʮʝʛʦʚʠʥʘ 

0,11 95 0,05 83,33 0,14 0,07 100,00 0,85 71 

ɹʫʛʘʨʩʢʘ 1,95 35 0,68 53,54 2,09 0,62 42,18 4,16 91 

ɻʨʯʢʘ 5,56 23 1,28 29,91 7,14 1,89 36,00 13,83 70 

ʪʟʚ. ʂʦʩʦʚʦ 0,02 133 0,01 100,00 0,02 0 0 0,29 97 

ʄʘʹʘʨʩʢʘ 2,99 31 0,02 0,67 4,73 0,93 24,47 13,23 41 

ʈʫʤʫʥʠʿʘ 1,41 41 0,02 1,44 1,99 0,29 17,06 3,64 54 

ʉʝʚʝʨʥʘ 

ʄʘʢʝʜʦʥʠʿʘ 

0,08 108 0 0 0,03 0 0 0,52 155 

ʉʣʦʚʝʥʠʿʘ 0,63 51 0,17 36,96 0,65 0,20 44,44 4,87 96 

ʉʨʙʠʿʘ 0,14 90 0,09 180,00 0,01 0 0 0,03 157 

ʍʨʚʘʪʩʢʘ 0,18 86 0,04 28,57 0,15 0 0 1,05 127 

ʎʨʥʘ ɻʦʨʘ 0,02 133 0,02  0 0  0  

 

ʉʃ. 3: ʋʢʫʧʘʥ ʢʘʧʘʮʠʪʝʪ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʫ ʉʨʙʠʿʠ, ʫ GW (ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ: [152]) 

ʄʝʹʫʪʠʤ, ʘʢʦ ʩʫ ʪʘʯʥʠ ʧʦʜʘʮʠ ʦ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʠʟ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʫ ʉʨʙʠʿʠ 

ʥʘʚʝʜʝʥʠ ʫ [152], ʧʦ ʠʩʢʦʨʠʰ˂ʝʥʦʩʪʠ ʩʦʣʘʨʥʠʭ ʢʘʧʘʮʠʪʝʪʘ (ʪʿ. ʦʜʥʦʩʫ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʢʘʧʘʮʠʪʝʪʘ) ʉʨʙʠʿʘ ʿ ʝ ʤʝʹʫ ʥʘʿʣʦʰʠʿʠʤʘ ʫ ʩʚʝʪʫ! ʊʘʯʥʠʿʝ, 2022. ʙʠʣʘ ʿ ʝ ʥʘ 157. ʤʝʩʪʫ 

ʦʜ 166 ʟʝʤʘˀʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʝ ʩʦʣʘʨʥʠ ʢʘʧʘʮʠʪʝʪʠ ʦʜ ʙʘʨ 10 MW! ʉʘʤʠʤ ʪʠʤ, ʫʜʝʦ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʩʦʣʘʨʥʝ ʫ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʝʥʝʨʛʠʿʠ ʫ 

ʉʨʙʠʿʠ ʿʦʰ ʫʚʝʢ ʿʝ ʩʠʤʙʦʣʠʯʘʥ. 

ʊɸɹ. 4: ʇʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʉʨʙʠʿʠ ʧʦ ʠʟʚʦʨʠʤʘ, ʫ ʧʨʦʮʝʥʪʠʤʘ 

(ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ: [152]) 

ɻʦʜʠʥʘ ɹʠʦʛʦʨʠʚʘ ʋʛʘˀ ɻʘʩ 
ʍʠʜʨʦ-

ʝʣʝʢʪʨʘʥʝ 

ʆʩʪʘʣʘ 

ʬʦʩʠʣʥʘ 

ʛʦʨʠʚʘ 

ʉʦʣʘʨʥʘ 

ʝʥʝʨʛʠʿʘ 
ɺʝʪʘʨ 

2000 0 66,00 1,20 31,84 0,95 0 0 

2001 0 65,65 1,50 31,89 0,96 0 0 

2002 0 66,82 1,48 30,95 0,74 0 0 

2003 0 71,33 1,56 26,33 0,78 0 0 

2004 0 68,29 1,80 29,50 0,40 0 0 

2005 0 64,09 0,88 32,98 2,06 0 0 

2006 0 68,57 0,33 30,06 1,04 0 0 

2007 0 69,96 1,18 27,47 1,40 0 0 

2008 0 71,39 1,10 27,05 0,45 0 0 

2009 0 70,09 0,44 29,08 0,39 0 0 

2010 0 65,67 0,87 32,99 0,47 0 0 

2011 0 74,40 1,30 23,94 0,36 0 0 

2012 0,03 71,50 1,30 26,92 0,24 0 0 

2013 0,05 71,89 0,75 27,21 0,10 0 0 

2014 0,06 64,97 0,68 34,12 0,15 0,03 0 

2015 0,05 70,93 0,57 28,15 0,26 0,03 0 

2016 0,08 69,24 0,97 29,28 0,33 0,03 0,08 

2017 0,22 71,44 1,48 26,32 0,38 0,03 0,13 

2018 0,27 66,86 1,60 30,44 0,40 0,03 0,40 

2019 0,37 68,03 1,78 27,13 0,27 0,03 2,39 

2020 0,50 69,72 1,34 25,69 0,13 0,03 2,58 

2021 0,65 62,18 2,80 31,34 0,18 0,03 2,83 

2022 0,64 65,70 4,98 26,04 0 0,03 2,61 

2023 0,59 60,04 4,06 32,90 0 0,03 2,40 

 

ʋ ʊɸɹ. 4 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʧʦʿʝʜʠʥʠʭ ʠʟʚʦʨʘ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʉʨʙʠʿʠ. ʂʦʥʩʪʘʥʪʥʦ ʩʝ ʦʢʦ ʜʚʝ ʪʨʝ˂ʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʦʜʠ ʠʟ ʫʛˀʘ ʠ 

ʥʝʰʪʦ ʤʘˁʝ ʦʜ ʿ ʝʜʥʝ ʪʨʝ˂ʠʥʝ ʫ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ, ʩʘ ʤʘˁʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ ʠʟ ʛʦʜʠʥʝ ʫ ʛʦʜʠʥʫ. 

ɼʦʙʨʦ ʿʝ ʰʪʦ ʿʝ ʧʦʨʘʩʣʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʧʨʠʨʦʜʥʦʛ ʛʘʩʘ ʠ ʰʪʦ ʿʝ ʧʨʝʩʪʘʣʘ 

ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʦʩʪʘʣʠʭ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ, ʪʿ. ʥʘʬʪʝ ʠ ˁʝʥʠʭ ʜʝʨʠʚʘʪʘ. ʄʝʹʫʪʠʤ, ʦʯʠʛʣʝʜʥʘ ʿʝ 

ʩʪʘʛʥʘʮʠʿʘ ʫ ʫʜʝʣʫ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. ʅʘʢʦʥ ʧʦʯʝʪʥʦʛ ʟʘʤʘʭʘ, ʧʨʦʠʟʚʦʜˁʘ ʠʟ 

ʝʥʝʨʛʠʿʝ ʚʝʪʨʘ ʩʪʘʛʥʠʨʘ ʥʘ ʦʢʦ 2,5%, ʠʟ ʙʠʦʛʦʨʠʚʘ ʥʘ ʦʢʦ 0,6%, ʘ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʩʦʣʘʨʥʝ 

ʝʥʝʨʛʠʿʝ, ʧʦ ʪʠʤ ʧʦʜʘʮʠʤʘ, ʢʦʥʩʪʘʥʪʥʦ ʿʝ ʥʘ ʩʠʤʙʦʣʠʯʥʠʭ 0,03% [152]. 

ʋ ʪʨʝʥʫʪʢʫ ʧʠʩʘˁʘ ʦʚʦʛ ʜʝʣʘ ʪʝʢʩʪʘ, [152] ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʟʘʢˀʫʯʥʦ ʩʘ 2022., ʘ ʟʘ ʧʦʿʝʜʠʥʝ 

ʢʘʪʝʛʦʨʠʿʝ 2023. ʛʦʜʠʥʦʤ. ʋ ʘʧʨʠʣʫ 2023. ʦʪʚʦʨʝʥʘ ʿʝ, ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ, ʥʘʿʚʝ˂ʘ ʩʦʣʘʨʥʘ 

ʝʣʝʢʪʨʘʥʘ ʫ ʉʨʙʠʿʠ ʦʜ 9,9 MW ʫ ʦʢʦʣʠʥʠ ʃʘʧʦʚʘ [153]. ʄʝʹʫʪʠʤ, ʫ ʦʢʦʣʠʥʠ ʂʫʣʝ ʛʨʘʜʠ ʩʝ 

ʘʛʨʦʩʦʣʘʨʥʠ ʧʘʨʢ (ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʠʟ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʫʧʦʨʝʜʦ ʩʘ 

ʧʨʦʠʟʚʦʜˁʦʤ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʢʫʣʪʫʨʘ) ʢʘʧʘʮʠʪʝʪʘ ʯʘʢ 660 MW, ʰʪʦ ʙʠ ʧʦ ʧʦʜʘʮʠʤʘ ʩʘ 

ʧʦʯʝʪʢʘ 2024. ʙʠʣʘ ʥʘʿʚʝ˂ʘ ʩʦʣʘʨʥʘ ʝʣʝʢʪʨʘʥʘ ʫ ɽʚʨʦʧʠ [155]! ʋ ʉʨʙʠʿʠ ʩʫ ʫ ʠʟʛʨʘʜˁʠ ʿ ʦʰ ʥʝʢʝ 

ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ. ɼʘʢʣʝ, ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʩʝ ʢʘʧʘʮʠʪʝʪ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ, ʧʨʦʠʟʚʦʜˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʠʟ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʫʜʝʦ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʩʦʣʘʨʥʝ ʫ 

ʫʢʫʧʥʦ ʛʝʥʝʨʠʩʘʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʝʥʝʨʛʠʿʠ ʫ ʉʨʙʠʿʠ ʜʨʘʩʪʠʯʥʦ ʧʦʚʝ˂ʘʿʫ ʫ ʥʘʨʝʜʥʦʤ ʧʝʨʠʦʜʫ. 
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ʐʪʦ ʩʝ ʪʠʯʝ ʤʘʣʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʝʣʝʢʪʨʠʯʥʝ ʠʟ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ, ʪʟʚ. ʧʨʦʟʿʫʤʝʨʘ ʠʣʠ 

ʢʫʧʘʮʘ-ʧʨʦʠʟʚʦʹʘʯʘ, ʧʘʜ ʮʝʥʘ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʠʟ ʛʦʜʠʥʝ ʫ ʛʦʜʠʥʫ ʫʯʠʥʠʦ ʿʝ ʜʘ ʤʘʣʝ ʩʦʣʘʨʥʝ 

ʝʣʝʢʪʨʘʥʝ ʧʦʩʪʘʥʫ ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʠʚʝ ʠ ʚʨʘʪʝ ʫʢʫʧʥʦ ʧʦʯʝʪʥʦ ʫʣʘʛʘˁʝ ʥʘʢʦʥ 4 ʜʦ 12 ʛʦʜʠʥʘ, 

ʟʘʚʠʩʥʦ ʦʜ ʢʘʧʘʮʠʪʝʪʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʦʯʝʢʠʚʘʥʠ ʞʠʚʦʪʥʠ ʚʝʢ ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ ʦʜ 25 ʛʦʜʠʥʘ, 

ʿʘʩʥʦ ʿ ʝ ʜʘ ˂ ʝ ʦʥʘ ʛʦʜʠʥʘʤʘ ʜʦʥʦʩʠʪʠ ʙʠʪʥʫ ʫʰʪʝʜʫ. ʇʦʯʝʪʢʦʤ 2025. ʫ ʉʨʙʠʿʠ ʿ ʝ ʙʠʣʦ ʦʢʦ 5000 

ʧʨʦʟʿʫʤʝʨʘ, ʘ ʫʢʫʧʘʥ ʢʘʧʘʮʠʪʝʪ ˁ ʠʭʦʚʠʭ ʧʘʥʝʣʘ ʙʠʦ ʿ ʝ ʦʢʦ 93 MW [156]. ɿʘʰʪʦ ʥʝʤʘ ʿ ʦʰ ʚʠʰʝ 

ʧʨʦʟʿʫʤʝʨʘ ʠ ʧʘʥʝʣʘ, ʥʘʨʦʯʠʪʦ ʤʝʹʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ? ɼʨʞʘʚʘ ʿʝ ʜʦʥʝʜʘʚʥʦ ʙʠʣʘ ʧʨʠʣʠʯʥʦ 

ʨʝʩʪʨʠʢʪʠʚʥʘ ʧʨʝʤʘ ʧʨʦʟʿʫʤʝʨʠʤʘ: ʥʠʩʫ ʠʤʘʣʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʨʦʜʘʿʫ ʚʠʰʢʦʚʝ, ʥʘʧʣʘ˂ʠʚʘʣʦ 

ʠʤ ʩʝ Ăʜʨʞʘˁʝò ʚʠʰʢʦʚʘ ʧʨʝʜʘʪʠʭ ɽɼʉ-ʫ, ʪʿ. ʪʦ ʰʪʦ ʩʝ ʠʟ ˁʠʭʦʚʝ ʧʝʨʩʧʝʢʪʠʚʝ ɽɼʉ ʧʦʥʘʰʘʦ 

ʢʘʦ ʚʠʨʪʫʝʣʥʘ ʙʘʪʝʨʠʿʘ, ʘ ʚʠʰʢʦʚʠ ʢʦʿʝ ʥʝ ʠʩʢʦʨʠʩʪʝ ʜʦ ʜʘʪʫʤʘ ʧʦʨʘʚʥʘˁʘ ʩʫ ʧʨʦʧʘʜʘʣʠ. 

ʅʘʠʤʝ, ʟʙʦʛ ʥʝʜʦʚʦˀʥʝ ʪʝʭʥʠʯʢʝ ʦʧʨʝʤˀʝʥʦʩʪʠ ʠ ʟʘʩʪʘʨʝʣʝ ʿʝʜʥʦʩʤʝʨʥʝ ʘʨʭʠʪʝʢʪʫʨʝ ʤʨʝʞʝ, 

ʧʦʚʨʘʪʥʘ ʩʥʘʛʘ ʢʦʿʫ ʛʝʥʝʨʠʰʫ ʧʨʦʟʿʫʤʝʨʠ ʧʨʝʜʩʪʘʚˀʘ ʦʟʙʠˀʘʥ ʪʝʭʥʠʯʢʠ ʠʟʘʟʦʚ ʟʘ ɽɼʉ. 

ɼʦʣʘʟʠ ʜʦ ʣʦʢʘʣʥʠʭ ʩʢʦʢʦʚʘ ʥʘʧʦʥʘ, ʥʝʠʩʢʦʨʠʩʪʠʚʠʭ ʚʠʰʢʦʚʘ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʥʠʩʫ ʧʨʝʜʚʠʹʝʥʠ ʟʘ ʧʦʚʨʘʪʥʫ ʩʪʨʫʿʫ. ʇʨʦʙʣʝʤ ʿʝ ʫ ʥʝʜʦʩʪʘʪʢʫ Ăʧʘʤʝʪʥʝ 

ʤʨʝʞʝò (ʪʿ. ʥʘʧʨʝʜʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʠʟʦʚʘʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʦʠʟʚʦʜˁʦʤ ʠ ʧʦʪʨʦʰˁʦʤ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ), Ăʧʘʤʝʪʥʠʭ ʙʨʦʿʠʣʘò (ʪʿ. ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʣʦʢʘʣʥʦʤ ʩʪʘˁʫ ʥʠʩʢʦʥʘʧʦʥʩʢʝ 

ʤʨʝʞʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ), ʢʘʦ ʠ ʙʘʪʝʨʠʿʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʚʠʰʢʦʚʘ. 

ʆʯʝʢʫʿʝ ʩʝ ʜʘ ʥʝʜʘʚʥʝ ʠʟʤʝʥʝ ʟʘʢʦʥʘ ʢʦʿʝ ʫʚʦʜʝ ʢʦʥʮʝʧʪ ʘʢʪʠʚʥʦʛ ʢʫʧʮʘ ʧʦʧʨʘʚʝ ʩʠʪʫʘʮʠʿʫ. 

ʊʘʿ ʢʦʥʮʝʧʪ ʤʦʪʠʚʠʰʝ ʘ ʜʝʣʦʤ ʠ ʦʙʘʚʝʟʫʿʝ ʘʢʪʠʚʥʝ ʢʫʧʮʝ ʜʘ ʠʥʩʪʘʣʠʨʘʿʫ ʩʦʧʩʪʚʝʥʝ ʙʘʪʝʨʠʿʩʢʝ 

ʩʠʩʪʝʤʝ. ʋʚʦʜʠ ʩʝ ʠ ʥʘʿʘʚˀʠʚʘˁʝ ʠʩʧʦʨʫʯʝʥʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʧʝʥʘʣʠ ʘʢʦ ʩʝ ʠʩʧʦʨʫʯʠ 

ʤʘˁʝ, ʘʣʠ ʠ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʿʝ ʥʘʿʘʚˀʝʥʦ. ʊʠʤʝ ʩʝ ʘʢʪʠʚʥʠ ʢʫʧʮʠ ʤʦʪʠʚʠʰʫ ʜʘ ʢʦʨʠʩʪʝ ʩʠʩʪʝʤʝ 

ʟʘ ʧʨʝʮʠʟʥʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʠ ʜʘ ʧʨʝʫʟʤʫ ʜʝʦ ʦʜʛʦʚʦʨʥʦʩʪʠ ʟʘ ʩʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ. ɸʢʪʠʚʥʠ 

ʢʫʧʮʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʜʘʿʝ ʚʠʰʢʦʚʘ ʧʦ ʪʨʞʠʰʥʠʤ ʮʝʥʘʤʘ, ʘ ʤʦʞʝ ʠʤ ʩʝ ʧʣʘ˂ʘʪʠ ʠ 

ʩʤʘˁʠʚʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʧʨʠʣʠʢʦʤ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ (ʪʟʚ. ʫʩʣʫʛʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ). ʋʚʦʜʠ ʩʝ ʠ 

ʢʦʥʮʝʧʪ ʘʛʨʝʛʘʪʦʨʘ ï ʧʦʩʨʝʜʥʠʢʘ ʠʟʤʝʹʫ ɽɼʉ-ʘ ʠ ʚʝ˂ʝʛ ʙʨʦʿʘ ʤʘʣʠʭ ʘʢʪʠʚʥʠʭ ʢʫʧʘʮʘ [157]. 

ʋ ʥʝʢʠʤ ʜʨʞʘʚʘʤʘ ʚʝ˂ ʜʫʞʝ ʚʨʝʤʝ ʧʦʩʪʦʿʝ ʪʘʢʚʘ ʨʝʰʝˁʘ, ʘ ʥʘ ʧʨʦʟʿʫʤʝʨʝ ʩʝ ʛʣʝʜʘ ʢʘʦ ʥʘ 

ʩʘʨʘʜʥʠʢʝ ʫ ʦʙʝʟʙʝʹʠʚʘˁʫ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ. ʅʘ ʧʨʠʤʝʨ, ʫ ʂʦʣʫʤʙʠʿʠ ʧʨʦʟʿʫʤʝʨʠ ʠʤʘʿʫ 

ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʘ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʮʠʿʦʤ ʫʛʦʚʦʨʝ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʟʘ ʢʦʿʫ ʛʘʨʘʥʪʫʿʫ ʜʘ ˂ʝ ʿʝ 

ʨʝʜʦʚʥʦ ʠʩʧʦʨʫʯʠʚʘʪʠ ʫ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ. ʋʢʦʣʠʢʦ ʠʩʧʫˁʘʚʘʿʫ ʪʦ ʦʙʝ˂ʘˁʝ, ʦʩʠʤ 

ʮʝʥʝ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʩʧʣʘ˂ʫʿʝ ʠʤ ʩʝ ʠ ʜʦʜʘʪʥʘ ʥʘʢʥʘʜʘ ʟʘ ʧʦʫʟʜʘʥʦʩʪ [177], 

ʟʘʪʦ ʰʪʦ ʜʦʧʨʠʥʦʩʝ ʩʪʘʙʠʣʥʦʩʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʩʫʰʪʠʥʩʢʠ ʚʘʞʥʘ 

ʧʦʫʟʜʘʥʘ ʧʨʦʛʥʦʟʘ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʧʨʦʟʿʫʤʝʨʠ ʤʦʛʫ ʜʘ ʧʣʘʥʠʨʘʿʫ ʧʨʦʜʘʿʫ ʚʠʰʢʦʚʘ, ʠʣʠ ʨʝʟʝʨʚʫ 

ʟʘ ʧʝʨʠʦʜʝ ʫ ʢʦʿʠʤʘ ʿʝ ʧʨʦʠʟʚʝʜʝʥʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʤʘˁʘ ʦʜ ˁʠʭʦʚʠʭ ʧʦʪʨʝʙʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʠʩʪʘʢʥʫʪʦ, ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ 

ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʠʢʦʚʘʥ ʟʘʜʘʪʘʢ ʩ ʦʙʟʠʨʦʤ ʥʘ ʟʘʚʠʩʥʦʩʪ ʪʝ ʧʨʦʠʟʚʦʜˁʝ ʦʜ ʙʨʦʿʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʥʪʝʥʟʠʪʝʪ ʟʨʘʯʝˁʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʜʨʫʛʝ ʤʝʪʝʦʨʦʣʦʰʢʝ 

ʧʨʦʤʝʥˀʠʚʝ, ʛʦʜʠʰˁʝ ʜʦʙʘ, ʩʪʘˁʝ ʨʘʟʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʘ, ʠʪʜ. ʊʝʭʥʠʢʝ ʤʘʰʠʥʩʢʦʛ 

ʫʯʝʘˁ ʧʦʩʪʘʣʝ ʩʫ ʧʨʝʧʦʨʫʯʝʥʠ ʥʘʯʠʥ ʨʝʰʘʚʘˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙʣʝʤʘ ʩʘ ʚʝʣʠʢʠʤ ʩʢʫʧʦʚʠʤʘ 

ʧʦʜʘʪʘʢʘ [136]. ʉʪʦʛʘ, ʫʧʦʪʨʝʙʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝʘˁ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʚʝʣʠʢʠʤ ʩʢʫʧʦʚʠʤʘ 

ʧʦʜʘʪʘʢʘ ʧʦʩʪʘʿʝ ʠʥʪʝʨʝʩʘʥʪʥʦ ʨʝʰʝˁʝ ʟʘ ʧʨʦʙʣʝʤʝ ʧʨʦʮʝʥʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʨʘʜʠ ʜʦʙʠʿʘˁʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʭ ʧʨʦʛʥʦʟʘ ʫ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ [141]. ʆʙʣʘʩʪ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʧʨʫʞʘ 

ʨʘʟʥʝ ʤʝʪʦʜʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ (ʧʨʦʮʝʥʫ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ) ʠ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʥʘ ʦʩʥʦʚʫ 

ʠʩʪʦʨʠʿʝ ʜʘʪʦʛ ʩʠʛʥʘʣʘ ʠʣʠ ʩʠʩʪʝʤʘ. 

ʇʨʝʜʤʝʪ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ (ʄʋ) ʟʘ ʧʨʝʜʚʠʹʘˁʝ 

ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʬʦʪʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʘʥʘʤʘ, ʢʘʦ ʠ ʤʦʜʠʬʠʢʦʚʘʥʠ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʘʤ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʛʥʦʟʠʨʘˁʘ. ʊʝʭʥʦʣʦʛʠʿʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʜʦʢʘʟʘʣʝ ʩʫ ʩʚʦʿʫ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʨʝʰʘʚʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʩʣʦʞʝʥʠʭ ʧʨʦʙʣʝʤʘ ʥʘ ʢʦʿʝ ʫʪʠʯʝ ʥʠʟ ʬʘʢʪʦʨʘ [4], [75], [76]. ɱʝʜʥʘ ʦʜ 

ʪʠʧʠʯʥʠʭ ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʩʫ ʧʨʦʙʣʝʤʠ ʧʨʝʜʚʠʹʘˁʘ, ʘ ʪʦ ʦʙʫʭʚʘʪʘ ʠ 

ʧʦʩʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤ. ʄʝʹʫʪʠʤ, ʤʦʜʝʣʠ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʦʛʨʘʥʠʯʝʥʠ ʩʫ ʪʠʤʝ ʰʪʦ ʟʘʭʪʝʚʘʿʫ 
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ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʩʚʦʿʠʭ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʟʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʧʨʦʙʣʝʤ, ʢʘʦ ʰʪʦ ʿʝ 

ʦʙʿʘʰˁʝʥʦ ʪʝʦʨʝʤʦʤ ʦ ʥʝʧʦʩʪʦʿʘˁʫ ʙʝʩʧʣʘʪʥʦʛ ʨʫʯʢʘ (ʝʥʛʣ. no free lunch theorem) [77]. 

ʀʟʙʦʨ ʦʧʪʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʦʜ ʩʫʰʪʠʥʩʢʝ ʿʝ ʚʘʞʥʦʩʪʠ ʟʘ ʢʚʘʣʠʪʝʪ ʨʝʰʝˁʘ 

ʜʦʙʠʿʝʥʠʭ ʤʦʜʝʣʠʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʚʝ˂ʠ ʙʨʦʿ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ˁʠʭʦʚʘ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ NP-ʪʝʞʘʢ ʟʘʜʘʪʘʢ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʦʿʠ ʩʝ ʥʝ ʠʩʧʣʘʪʠ ʨʝʘhʚʘʪʠ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ ʥʘʰʣʠ ʩʫ ʩʝ ʫ 

ʬʦʢʫʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʟʘʪʦ ʰʪʦ ʩʝ ʠʩʪʠʯʫ ʫ ʨʝʰʘʚʘˁʫ ʪʘʢʚʠʭ ʟʘʜʘʪʘʢʘ 

ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʦʿ ʩʪʦʭʘʩʪʠʯʢʦ ʿʧʨʠʨʦʜʠ. ʆʥʠ ʩʫ ʫ ʩʪʘˁʫ ʜʘ ʧʦʩʪʠʛʥʫ ʜʦʚʦˀʥʦ ʜʦʙʨʘ ʨʝʰʝˁʘ 

ʟʘ ʧʨʦʙʣʝʤʝ ʢʦʿʝ ʿʝ ʥʝʤʦʛʫ˂ʝ ʠʣʠ ʥʝʧʨʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʠ ʨʝʰʠʪʠ ʝʢʩʧʣʠʮʠʪʥʠʤ, 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʘʣʛʦʨʠʪʤʠʤʘ [58], [78], [79], ʫʟ ʨʘʟʫʤʘʥ ʫʪʨʦʰʘʢ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ ʠ 

ʚʨʝʤʝʥʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʢʝ ʩʫ ʯʝʩʪʦ ʠʥʩʧʠʨʠʩʘʥʝ ʢʦʣʝʢʪʠʚʥʦʤ ʠʥʪʝʣʠʛʝʥʮʠʿʦʤ ʞʠʚʠʭ ʙʠ˂ʘ 

(ʪʟʚ. ʠʥʪʝʣʠʛʝʥʮʠʿʦʤ ʨʦʿʝʚʘ, ʥʧʨ. ʤʨʘʚʘ, ʧʯʝʣʘ ʠ ʩʣ.) ʠ ʜʨʫʛʠʤ ʧʨʦʮʝʩʠʤʘ ʫ ʧʨʠʨʦʜʠ. 

ɻʣʘʚʥʠ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʝʘʣʠʟʘʮʠʿʘ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʟʘ ʧʨʝʮʠʟʥʫ ʧʨʦʛʥʦʟʫ 

ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʦʧʪʠʤʠʟʫʿʫ ʧʦʤʦ˂ʫ 

ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ. ɿʘ ʚʘʣʠʜʘʮʠʿʫ ʫʩʧʝʰʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʢʦʨʠʩʪʝ ʩʝ 

ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ ʩʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ, ʠ ʪʦ ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʧʨʠʢʫʧˀʝʥʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʝʥʟʦʨʠʤʘ, ʢʘʦ ʠ ʧʦʜʘʮʠ ʦ ʛʝʥʝʨʠʩʘʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʝʥʝʨʛʠʿʠ. ɼʝʪʘˀʘʥ ʧʨʝʛʣʝʜ 

ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʘˁʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ, ʠʟʚʨʰʝʥ ʫ ʩʢʣʦʧʫ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʦʧʪʠʤʠʟʘʮʠʿʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʦʤʦ˂ʫ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʥʠʿʝ ʧʦʩʚʝ˂ʝʥʦ ʜʦʚʦˀʥʦ ʧʘʞˁʝ ʫ ʪʦʿ ʦʙʣʘʩʪʠ. 

ɼʦʜʘʪʥʠ ʮʠ ˀʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʝʢʦʛ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʙʦˀʝ ʠ ʝʬʠʢʘʩʥʠʿʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʆʩʠʤ ʪʝ ʥʦʚʝ, ʤʦʜʠʬʠʢʦʚʘʥʝ 

ʚʝʨʟʠʿʝ ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ, ʢʦʨʠʩʪʠ ʩʝ ʠ ʥʝʢʦʣʠʢʦ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ, ʘ ʨʝʟʫʣʪʘʪʠ 

ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ ʩʚʠʭ ʪʠʭ ʘʣʛʦʨʠʪʘʤʘ ʫʧʦʨʝʹʝʥʠ ʩʫ ʧʦʤʦ˂ʫ ʨʘʟʥʠʭ ʤʝʪʨʠʢʘ. ʊʘʢʦʹʝ ʿʝ 

ʠʟʚʨʰʝʥʘ ʧʨʠʧʨʝʤʘ ʥʦʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʩʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ, ʢʦʿʠ ʿʝ ʫ ʩʘʤʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥ ʫʧʦʨʝʜʦ ʩʘ ʿʘʚʥʦ ʜʦʩʪʫʧʥʠʤ ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ. 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʣʘʞʝ ʩʝ ʫʧʦʪʨʝʙʘ ʤʨʝʞʘ ʜʫʛʦʛ ʢʨʘʪʢʦʨʦʯʥʦʛ ʧʘʤ˂ʝˁʘ (ʝʥʛʣ. Long 

Short-Term Memory ï LSTM) [122] ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ. ʇʦʰʪʦ 

LSTM ʤʨʝʞʝ ʪʘʢʦʹʝ ʟʘʭʪʝʚʘʿʫ ʧʦʜʝʰʘʚʘˁʝ ʩʚʦʿʠʭ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʟʘ ʨʝʰʘʚʘˁʝ ʪʦʛ ʟʘʜʘʪʢʘ 

ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʠʟʤʝˁʝʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʦʿʘ ʯʝʩʪʠʮʘ (ʝʥʛʣ. Particle 

Swarm Optimization ï PSO) [80]. PSO ʿʝ ʠʟʘʙʨʘʥ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʥʦʚʠ ʘʣʛʦʨʠʪʘʤ ʟʘʪʦ ʰʪʦ ʿʝ ʪʦ 

ʧʦʟʥʘʪʘ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʢʦʿʘ ʧʦʩʪʦʿʠ ʜʫʞʝ ʚʨʝʤʝ ʠ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʫ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ 

ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤʘ ʫʟ ʚʝʦʤʘ ʦʙʝ˂ʘʚʘʿʫ˂ʝ ʨʝʟʫʣʪʘʪʝ [59], [81], [82], [83]. ɼʠʟʘʿʥʠʨʘʥʠ ʩʫ 

ʤʦʜʝʣʠ ʤʘʣʝ ʪʝʞʠʥʝ ʦʧʪʠʤʠʟʦʚʘʥʠ ʟʘ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʢʦʿʠ ʤʦʛʫ ʜʘ ʨʘʜʝ 

ʥʘ ʠʩʧʣʘʪʠʚʠʤ ʫʛʨʘʹʝʥʠʤ (ʝʥʛʣ. embedded) TinyML ʧʣʘʪʬʦʨʤʘʤʘ, ʧʦʙʦˀʰʘʚʘʿʫ˂ʠ ʦʧʝʨʘʪʠʚʥʫ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʠʥʪʝʛʨʘʮʠʿʫ ʧʨʦʛʥʦʟʠʨʘˁʘ ʠ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. 

ɿʥʘʯʘʿ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʫ ʫʥʘʧʨʝʹʝˁʫ ʤʝʪʦʜʘ ʧʨʝʮʠʟʥʦʛ ʧʨʦʛʥʦʟʠʨʘˁʘ ʠʥʜʫʩʪʨʠʿʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ. ʈʘʟʚʠʿʝʥʝ ʥʦʚʝ ʤʝʪʦʜʝ ʤʦʛʫ ʜʘ ʩʝ ʧʨʠʤʝʥʝ ʫ ʧʨʘʢʩʠ ʟʘ ʜʦʧʨʠʥʦʩ ʧʦʙʦˀʰʘˁʫ 

ʩʪʘʙʠʣʥʦʩʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ, ʫ ʩʚʨʭʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʘʥʘ, ʧʣʘʥʠʨʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʙʘʪʝʨʠʿʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʩʣ. ʅʦʚʘ, ʧʦʙʦˀʰʘʥʘ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ 

ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʘ ʫ ʜʨʫʛʠʤ ʩʣʠʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʘʣʠ ʠ ʫ ʩʚʘʢʦʿ ʜʨʫʛʦʿ ʦʙʣʘʩʪʠ ʫ ʢʦʿʦʿ 

ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʅʦʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥ ʟʘ 

ʜʨʫʛʘ ʩʣʠʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʝʟʠ ʩʘ ʬʦʪʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʘʥʘʤʘ. 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʦʢʫʰʘʚʘ ʜʘ ʧʦʧʫʥʠ ʧʨʘʟʥʠʥʝ ʫ ʧʦʩʪʦʿʝ˂ʦʿ ʣʠʪʝʨʘʪʫʨʠ ʦ ʧʦʩʤʘʪʨʘʥʦʿ 

ʦʙʣʘʩʪʠ ʫ ʜʚʘ ʘʩʧʝʢʪʘ. ʅʘʿʧʨʝ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʫʦʯʝʥʘ ʥʝʜʦʚʦˀʥʘ ʧʨʠʤʝʥʘ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʨʠ ʧʨʦʛʥʦʟʠʨʘˁʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ. ʊʘʢʦʹʝ, ʧʨʝʤʘ 

ʧʨʝʛʣʝʜʫ ʩʘʚʨʝʤʝʥʝ ʣʠʪʝʨʘʪʫʨʝ, LSTM ʤʦʜʝʣʠ ʤʘʣʝ ʪʝʞʠʥʝ ʥʠʩʫ ʜʦʚʦˀʥʦ ʠʩʧʠʪʘʥʠ ʟʘ 

ʧʦʩʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤ. ʆʩʠʤ ʪʦʛʘ, ʜʝʦ ʫʧʦʪʨʝʙˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʥʠʿʝ ʢʦʨʠʰ˂ʝʥ ʥʠ ʫ ʿʝʜʥʦʤ 

ʧʨʝʪʭʦʜʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. 
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ɻʣʘʚʥʦ ʧʠʪʘˁʝ ʢʦʠʿʤ ʩʝ ʙʘʚʠ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʛʣʘʩʠ: ʜʘ ʣʠ ʿʝ ʤʦʛʫ˂ʝ ʥʘʧʨʘʚʠʪʠ 

ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʟʘ 

ʧʨʦʛʥʦʟʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʠ ʙʠ ʫʥʘʧʨʝʜʠʦ ʧʨʝʮʠʟʥʦʩʪ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʪʦʜʘ? 

ʅʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʛʫ ʩʝ ʩʫʤʠʨʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Å ʇʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʠʥʜʫʩʪʨʠʿʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ, ʘ ʧʦʩʝʙʥʦ ʫ ʚʝʟʠ ʩʘ ʧʨʦʠʟʚʦʜˁʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʬʦʪʦʥʘʧʦʥʩʢʠʤ 

ʝʣʝʢʪʨʘʥʘʤʘ. 

Å ʂʨʝʠʨʘˁʝ ʥʦʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʥʘ ʦʩʥʦʚʫ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ, 

ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥ ʠ ʫ ʜʨʫʛʠʤ ʩʣʠʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. 

Å ɸʥʘʣʠʟʘ ʥʝʢʠʭ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. 

Å ʂʨʝʠʨʘˁʝ ʥʦʚʦʛ, ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʦʛ ʘʣʛʦʨʠʪʤʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʢʦʿʠ ˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʙʦˀʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʙʦˀʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ ʫ ʨʝʰʘʚʘˁʫ ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. ʅʦʚʠ ʘʣʛʦʨʠʪʘʤ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥ ʠ 

ʫ ʜʨʫʛʠʤ ʦʙʣʘʩʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ. 

Å ʋʥʘʧʨʝʹʝˁʝ ʨʝʰʘʚʘˁʘ ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ ʧʦʤʦ˂ʫ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʫʟ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʦʤʦ˂ʫ ʨʘʟʥʠʭ ʧʦʩʪʦʿʝ˂ʠʭ ʠ ʥʦʚʦʛ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʦʛ 

ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʤʧʘʨʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʨʝʟʫʣʪʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʘʣʛʦʨʠʪʘʤʘ. 

ʆʩʪʘʪʘʢ ʦʚʝ ʪʝʟʝ ʦʨʛʘʥʠʟʦʚʘʥ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʇʦʛʣʘʚˀʝ 2 ʩʘʜʨʞʠ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ. 

ʇʦʛʣʘʚˀʝ 3 ʜʘʿʝ ʧʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʘˁʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ. ʇʦʛʣʘʚˀʝ 

4 ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʦʣʦʛʠʿʫ ʠ ʤʦʜʠʬʠʢʦʚʘʥʠ ʘʣʛʦʨʠʪʘʤ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʘ ʟʘʪʠʤ 

ʩʢʫʧʦʚʝ ʧʦʜʘʪʘʢʘ ʠ ʧʦʩʪʘʚʢʝ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʠʤ ʿʝ ʪʘʿ ʘʣʛʦʨʠʪʘʤ 

ʚʝʨʠʬʠʢʦʚʘʥ. ʇʦʛʣʘʚˀʝ 5 ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪʝ ʩʧʨʦʚʝʜʝʥʠʭ ʩʠʤʫʣʘʮʠʿʘ. ʇʦʛʣʘʚˀʝ 6 ʜʘʿʝ 

ʢʨʘʪʢʝ ʟʘʚʨʰʥʝ ʥʘʧʦʤʝʥʝ ʠ ʨʘʟʤʘʪʨʘ ʦʛʨʘʥʠʯʝˁʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʘʦ ʠ ʧʦʪʝʥʮʠʿʘʣʥʘ 

ʙʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ. 
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ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʘʙʨʘʥʝ ʩʫ ʦʩʥʦʚʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʨʘʟʥʠʤ ʦʙʣʘʩʪʠʤʘ ʢʦʿʝ ʩʫ ʫ ʚʝʟʠ ʩʘ ʦʚʠʤ 

ʠʩʪʨʘʞʠʚʘˁʝʤ: ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ, ʤʝʪʨʠʢʘʤʘ ʟʘ ʦʮʝˁʠʚʘˁʝ ʤʦʜʝʣʘ, ʨʝʛʨʝʩʠʦʥʠʤ 

ʤʦʜʝʣʠʤʘ, ʤʘʰʠʥʩʢʠʤ ʫʯʝˁʝʤ, ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʦʤ ʦʧʪʠʤʠʟʘʮʠʿʦʤ, ʢʘʦ 

ʠ ʠʩʪʨʘʞʠʚʘʯʢʦʤ ʘʥʘʣʠʟʦʤ ʧʦʜʘʪʘʢʘ. 

2.1 ̅ͦͭͦͤ͊ͨͦͤͫ͊͟ ͭ ͔ͻ͎͙ͤͦͦ͊͡͞ 

ʇʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʤʦʛʫ˂ʘ ʿʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʬʦʪʦʥʘʧʦʥʩʢʦʿ 

ʪʝʭʥʦʣʦʛʠʿʠ, ʫ ʢʦʿʦʿ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ, ʩʘʩʪʘʚˀʝʥʠ ʦʜ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ˂ʝʣʠʿʘ, ʧʨʝʪʚʘʨʘʿʫ 

ʝʥʝʨʛʠʿʫ ʩʫʥʯʝʚʝ ʩʚʝʪʣʦʩʪʠ ʫ ʝʣʝʢʪʨʠʯʥʫ, ʥʘ ʦʩʥʦʚʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛ ʝʬʝʢʪʘ. ɹʫʜʫ˂ʠ ʜʘ 

ʟʘʚʠʩʠ ʦʜ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʬʦʪʦʥʘʧʦʥʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ ʢʘʦ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʩʫʦʯʘʚʘ ʩʝ ʩʘ 

ʧʦʩʝʙʥʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ. ʅʘʿʧʨʝ, ʧʨʦʠʟʚʦʜˁʘ ʩʝ ʧʨʝʢʠʜʘ ʪʦʢʦʤ ʥʦ˂ʠ ʠ ʫ ʧʝʨʠʦʜʠʤʘ ʜʘʥʘ ʢʘʜʘ 

ʥʝʤʘ ʜʦʚʦˀʥʦ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ. ɿʘʪʠʤ, ʧʨʦʠʟʚʦʜˁʘ ʚʝʦʤʘ ʟʘʚʠʩʠ ʦʜ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ, 

ʘ ʿʘʚˀʘʿʫ ʩʝ ʠ ʩʠʪʫʘʮʠʿʝ ʩʝʥʯʝˁʘ, ʢʘʜʘ ʦʙʣʘʮʠ ʠʣʠ ʦʢʦʣʥʠ ʦʙʿʝʢʪʠ ʙʣʦʢʠʨʘʿʫ ʧʨʦʣʘʟ ʩʫʥʯʝʚʝ 

ʩʚʝʪʣʦʩʪʠ. ʋʧʨʢʦʩ ʪʘʢʚʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ, ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʠʥʩʪʘʣʠʨʘˁʘ ʩʠʩʪʝʤʘ, ʫʚʘʞʘʚʘˁʝ 

ʠʤʦʚʠʥʝ ʥʘ ʢʦʿʦʿ ʿ ʝ ʩʠʩʪʝʤ ʠʥʩʪʘʣʠʨʘʥ, ʙʨʟʠ ʧʦʚʨʘ˂ʘʿ ʚʠʩʦʢʠʭ ʧʦʯʝʪʥʠʭ ʫʣʘʛʘˁʘ ʠ ʤʘʣʠ ʫʪʠʮʘʿ 

ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʦʧʨʘʚʜʘʚʘʿʫ ʢʦʨʠʰ˂ʝˁʝ ʪʝ ʪʝʭʥʦʣʦʛʠʿʝ. ʇʦʨʝʜ ʪʦʛʘ, ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ ʩʝ ʧʨʝʚʘʟʠ˂ʠ ʧʨʠʤʝʥʦʤ ʙʘʪʝʨʠʿʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ. ʅʘ ʉʃ. 4 ʧʨʠʢʘʟʘʥ ʿʝ ʪʠʧʠʯʘʥ ʠʟʛʣʝʜ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʧʦʩʪʨʦʿʝˁʘ. 

 

ʉʃ. 4: ʇʨʠʟʦʨ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ Ăʊʦʧʘʟò ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʂʘʣʠʬʦʨʥʠʿʠ [223] 

ʌʦʪʦʥʘʧʦʥʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ ʚʨʰʠ ʜʠʨʝʢʪʥʫ ʢʦʥʚʝʨʟʠʿʫ ʝʥʝʨʛʠʿʝ ʬʦʪʦʥʘ ʩʫʥʯʝʚʝ ʩʚʝʪʣʦʩʪʠ ʫ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʠ ʪʠʤʝ ʦʤʦʛʫ˂ʘʚʘ ʫʧʦʪʨʝʙʫ ʿʝʜʥʦʛ ʦʜ ʥʘʿʢʦʨʠʰ˂ʝʥʠʿʠʭ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. ɻʣʘʚʥʠ ʥʝʜʦʩʪʘʮʠ ʪʝ ʪʝʭʥʦʣʦʛʠʿʝ ʩʫ ʥʝʠʟʚʝʩʥʦʩʪ ʠ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪ 

ʧʨʦʠʟʚʦʜˁʝ, ʢʘʦ ʠ ʟʘ ʚʝ˂ʠʥʫ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. ʏʠʥʠʣʘʮ ʢʦʿʠ ʜʦʥʦʩʠ ʥʘʿʚʠʰʝ 

ʩʤʝʪˁʠ ʿʝ ʦʙʣʘʯʥʦʩʪ, ʟʘʪʦ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʘʜʘ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʜʝʣʦʤ ʟʙʦʛ 

ʧʘʜʘ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʘ ʜʝʣʦʤ ʟʙʦʛ ʦʛʨʘʥʠʯʝˁʘ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ [197]. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʘʢʚʝ 

2 ͔͙͔́ͦͪͫ͟͞ ͦ ͍͔ͫͤͦ 
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ʧʨʦʙʣʝʤʝ, ʬʦʪʦʥʘʧʦʥʩʢʘ ʝʣʝʢʪʨʘʥʘ ʤʦʞʜʘ ʥʝ˂ʝ ʤʦ˂ʠ ʜʘ ʧʨʦʠʟʚʦʜʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ 

ʥʝʧʨʝʢʠʜʥʦ ʪʦʢʦʤ ʮʝʣʦʛ ʜʘʥʘ, ʘ ʪʦ ʦʛʨʘʥʠʯʘʚʘ ʬʘʢʪʦʨ ʢʘʧʘʮʠʪʝʪʘ (ʝʥʝʨʛʠʿʘ ʩʪʚʘʨʥʦ 

ʧʨʦʠʟʚʝʜʝʥʘ ʪʦʢʦʤ ʥʝʢʦʛ ʧʝʨʠʦʜʘ, ʥʧʨ. ʛʦʜʠʥʝ, ʧʦʜʝˀʝʥʘ ʩʘ ʪʝʦʨʝʪʩʢʦʤ ʝʥʝʨʛʠʿʦʤ ʧʨʠ ʧʫʥʦʿ 

ʥʘʟʠʚʥʦʿ ʩʥʘʟʠ ʥʝʧʨʝʢʠʜʥʦ ʪʦʢʦʤ ʠʩʪʦʛ ʧʝʨʠʦʜʘ). ʐʪʘʚʠʰʝ, ʢʨʠʚʘ ʧʨʦʠʟʚʦʜˁʝ ʙʣʠʩʢʦ ʧʨʘʪʠ 

ʢʨʠʚʫ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ. 

ʋ ʥʘʩʪʘʚʢʫ ʦʚʦʛ ʦʜʝˀʢʘ ʦʧʠʩʘʥʝ ʩʫ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ, 

ʧʦʥʘʰʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʤʦʜʫʣʘ, ʢʘʦ ʠ ʥʝʢʠ ʥʘʯʠʥʠ ʟʘ ʦʢʚʠʨʥʦ ʧʨʝʜʚʠʹʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ. 

2.1.1 ˿ͯͤ;͔͍ͦ ͘ ͪ͊;͔͔ͥ 

ʉʫʥʮʝ ʜʦʙʠʿʘ ʝʥʝʨʛʠʿʫ ʠʟ ʧʨʦʮʝʩʘ ʥʫʢʣʝʘʨʥʝ ʬʫʟʠʿʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʚʦʜʦʥʠʢ ʧʨʝʪʚʘʨʘ ʫ ʭʝʣʠʿʫʤ, 

ʟʘʭʚʘˀʫʿʫ˂ʠ ʨʝʘʢʮʠʿʠ ʢʦʿʘ ʩʝ ʟʦʚʝ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʩʢʠ ʣʘʥʘʮ. ʊʘ ʨʝʘʢʮʠʿʘ ʦʩʣʦʙʘʹʘ ʥʝʚʝʨʦʚʘʪʥʫ 

ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʞʠʚʦʪ ʥʘ ʦʚʦʿ ʧʣʘʥʝʪʠ ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʝʥʝʨʛʠʿʫ ʩʚʘʢʦʤ ʞʠʚʦʤ 

ʙʠ˂ʫ. ʃʫʤʠʥʦʟʥʦʩʪ, ʪʿ. ʫʢʫʧʥʘ ʩʥʘʛʘ ʟʨʘʯʝˁʘ ʉʫʥʮʘ ʠʟʥʦʩʠ ʦʢʦ 3,86Ĭ1026 W. ʇʨʦʠʟʚʝʜʝʥʘ 

ʝʥʝʨʛʠʿʘ ʥʘʧʫʰʪʘ ʉʫʥʮʝ ʢʘʦ ʠʟʨʘʯʝʥʘ (ʨʘʜʠʿʘʪʠʚʥʘ) ʢʦʤʧʦʥʝʥʪʘ, ʘ ʤʘʣʠ ʜʝʦ ʿʝ ʫ ʦʙʣʠʢʫ 

ʤʘʪʝʨʠʿʝ (ʩʦʣʘʨʥʠ ʚʝʪʘʨ). ʈʝʛʠʩʪʨʦʚʘʥʠ ʩʧʝʢʪʘʨ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ ʉʫʥʮʘ ʧʨʠʙʣʠʞʥʦ 

ʿʝ ʿʝʜʥʘʢ ʟʨʘʯʝˁʫ ʮʨʥʦʛ ʪʝʣʘ ʠʩʪʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʿʘ ʥʘ ʧʦʚʨʰʠʥʠ ʉʫʥʮʘ ʠʟʥʦʩʠ ʦʢʦ 5777 K 

[224]. ʅʘʿʚʘʞʥʠʿʠ ʜʝʦ ʩʦʣʘʨʥʦʛ ʩʧʝʢʪʨʘ ʿ ʝ ʚʠʜˀʠʚʘ ʩʚʝʪʣʦʩʪ. ʂʘʜʘ ʟʨʘʯʝˁʝ ʩʪʠʛʥʝ ʜʦ ʧʦʚʨʰʠʥʝ 

ɿʝʤˀʝ, ʦʜʚʠʿʘ ʩʝ ʥʝʢʦʣʠʢʦ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʤʘˁʫʿʫ ˁʝʛʦʚ ʩʪʚʘʨʥʠ ʠʥʪʝʥʟʠʪʝʪ ʠ ʤʝˁʘʿʫ ʩʧʝʢʪʘʨ 

ʢʦʿʠ ʜʦʩʧʝʚʘ ʜʦ ʟʝʤˀʝ [204]. 

 
ʉʃ. 5: ʉʧʝʢʪʘʨ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [224]) 

ʅʘ ʉʃ. 5 ʞʫʪʦʤ ʙʦʿʦʤ ʧʨʠʢʘʟʘʥ ʿ ʝ ʩʦʣʘʨʥʠ ʩʧʝʢʪʘʨ ʧʨʝ ʥʝʛʦ h ʪʦ ʩʪʠʛʥʝ ʫ ʘʪʤʦʩʬʝʨʫ, ʘ ʮʨʚʝʥʦʤ 

ʩʧʝʢʪʘʨ ʠʟʤʝʨʝʥ ʥʘ ʟʝʤˀʠ [201], [224]. ɻʣʘʚʥʠ ʤʝʭʘʥʠʟʤʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʪʝ ʧʨʦʤʝʥʝ ʩʧʝʢʪʨʘ 

ʦʧʠʩʘʥʠ ʩʫ ʫ ʥʘʩʪʘʚʢʫ. 

Å ɸʧʩʦʨʧʮʠʿʘ ʩʝ ʿʘʚˀʘ ʢʘʜʘ ʬʦʪʦʥ ʫʜʘʨʠ ʫ ʯʝʩʪʠʮʫ. ʊʘʿ ʩʫʜʘʨ ʜʦʚʦʜʠ ʜʦ ʧʨʝʥʦʩʘ ʝʥʝʨʛʠʿʝ ʩʘ 

ʬʦʪʦʥʘ ʠ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʯʝʩʪʠʮʝ. ʊʘʿ ʧʨʦʮʝʩ ʦʜʚʠʿʘ ʩʝ ʠ ʥʘ ʩʘʤʦʤ 

ʉʫʥʮʫ ʠ ʜʦʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʪʟʚ. ʌʨʘʫʥʭʦʬʝʨʦʚʠʭ ʣʠʥʠʿʘ ʫ ʉʫʥʯʝʚʦʤ ʩʧʝʢʪʨʫ (ʪʿ. ʮʨʥʠʭ 

ʣʠʥʠʿʘ ʥʘ ʦʜʨʝʹʝʥʠʤ ʪʘʣʘʩʥʠʤ ʜʫʞʠʥʘʤʘ), ʟʙʦʛ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʉʫʥʮʘ. ʄʦʣʝʢʫʣʠ ʢʦʿʠ 

ʘʧʩʦʨʙʫʿʫ ʟʨʘʯʝˁʝ ʫ ɿʝʤˀʠʥʦʿ ʘʪʤʦʩʬʝʨʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ ˀʫʙʠʯʘʩʪʦʤ ʙʦʿʦʤ; ʪʦ ʩʫ 

ʫʛʣʘʚʥʦʤ ʦʟʦʥ (ʆ3), ʚʦʜʝʥʘ ʧʘʨʘ ʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ. ʆʢʦ 23% ʜʦʣʘʟʥʝ ʝʥʝʨʛʠʿʝ ʟʨʘʯʝˁʘ ʉʫʥʮʘ 

ʘʧʩʦʨʙʫʿʝ ʩʝ ʫ ʘʪʤʦʩʬʝʨʠ [202], [230]. 

Å ʈʘʩʝʿʘˁʝ (ʝʥʛʣ. scattering) ʧʨʝʜʩʪʘʚˀʘ ʬʠʟʠʯʢʠ ʧʨʦʮʝʩ ʧʨʠ ʢʦʤ ʩʝ ʟʨʘʯʝˁʝ ʧʨʝʫʩʤʝʨʘʚʘ ʫ 

ʨʘʟʥʠʤ ʧʨʘʚʮʠʤʘ ʧʨʠʣʠʢʦʤ ʩʫʜʘʨʘˁʘ ʩʘ ʯʝʩʪʠʮʘʤʘ ʠ ʤʦʣʝʢʫʣʠʤʘ; ʧʨʠʣʠʢʦʤ ʨʘʩʝʿʘˁʘ, 

ʝʣʝʢʪʨʦʥ ʧʦʛʦʹʝʥ ʬʦʪʦʥʦʤ ʥʝ ʟʘʜʨʞʘʚʘ ʝʥʝʨʛʠʿʫ ʢʦʿʫ ʿʝ ʧʨʠʤʠʦ, ʚʝ˂ ʦʜʤʘʭ ʦʩʣʦʙʘʹʘ ʥʦʚʠ 

ʬʦʪʦʥ ʠʩʪʝ ʝʥʝʨʛʠʿʝ ʫ ʜʨʫʛʦʤ ʧʨʘʚʮʫ [203]. ɼʝʦ ʨʘʩʫʪʝ ʩʚʝʪʣʦʩʪʠ ʰʠʨʠ ʩʝ ʧʦ ʘʪʤʦʩʬʝʨʠ, ʘʣʠ 

ʜʝʦ ʩʝ ʨʝʬʣʝʢʪʫʿʝ ʦʜ ʘʪʤʦʩʬʝʨʝ ʠ ʫʩʣʝʜ ʪʦʛʘ ʛʫʙʠ ʫ ʩʚʝʤʠʨʫ. ʆʢʦ 22% ʟʨʘʯʝˁʘ ʉʫʥʮʘ 
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ʨʝʬʣʝʢʪʫʿʝ ʩʝ ʦʜ ʘʪʤʦʩʬʝʨʝ, ʠ ʿʦʰ ʦʢʦ 7% ʦʜ ʪʣʘ [202], [230]. ɻʣʘʚʥʝ ʚʨʩʪʝ ʨʘʩʝʿʘˁʘ ʩʫ 

ʈʝʿʣʠʿʝʚʦ ʠ ʄʠʿʝʚʦ. 

ï ʈʝʿʣʠʿʝʚʦ ʨʘʩʝʿʘˁʝ (ʝʥʛʣ. Rayleigh scattering) [225] ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʝʿʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ 

ʟʨʘʯʝˁʘ ʧʨʠʣʠʢʦʤ ʩʫʜʘʨʘˁʘ ʩʘ ʯʝʩʪʠʮʘʤʘ ʢʦʿʝ ʩʫ ʤʘˁʝ ʦʜ ˁ ʝʛʦʚʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ. ʊʦ ʿ ʝ ʧʨʦʮʝʩ 

ʦʜʛʦʚʦʨʘʥ ʟʘ ʧʣʘʚʫ ʙʦʿʫ ʥʝʙʘ, ʧʦhʪʦ ʧʣʘʚʘ ʩʚʝʪʣʦʩʪ ʠʤʘ ʥʘʿʤʘˁʫ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫ ʠ ʟʘʪʦ ʩʝ 

ʥʘʿʚʠʰʝ ʨʘʩʝʿʘʚʘ [226], [227], [228]. ʊʘʢʦʹʝ ʠ ʟʘ ʮʨʚʝʥʢʘʩʪʫ ʙʦʿʫ ʉʫʥʮʘ ʥʘ ʭʦʨʠʟʦʥʪʫ, ʧʦʰʪʦ 

ʩʚʝʪʣʦʩʪ ʪʘʜʘ ʤʦʨʘ ʜʘ ʧʨʦʹʝ ʜʫʞʠ ʧʫʪ ʢʨʦʟ ʘʪʤʦʩʬʝʨʫ ʠ ʙʠʚʘ ʚʠʰʝ ʨʘʩʝʿʘʥʘ, ʦʩʪʘʚˀʘʿʫ˂ʠ 

ʮʨʚʝʥʫ (ʢʦʿʘ ʠʤʘ ʥʘʿʚʝ˂ʫ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫ ʠ ʟʘʪʦ ʩʝ ʥʘʿʤʘˁʝ ʨʘʩʝʿʘʚʘ) ʢʘʦ ʛʣʘʚʥʫ ʙʦʿʫ ʉʫʥʮʘ. 

 

ʉʃ. 6: ɹʠʣʘʥʩ ʝʥʝʨʛʠʿʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʥʘ ɿʝʤˀʠ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [230]) 

ï ʄʠʿʝʚʦ ʨʘʩʝʿʘˁʝ (ʝʥʛʣ. Mie scattering) [229] ʿʘʚˀʘ ʩʝ ʢʘʜʘ ʩʫ ʯʝʩʪʠʮʝ ʩʣʠʯʥʠʭ ʜʠʤʝʥʟʠʿʘ ʠʣʠ 

ʚʝ˂ʝ ʦʜ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʟʨʘʯʝˁʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʈʝʿʣʠʿʝʚʦʛ ʨʘʩʝʿʘˁʘ, ʧʨʠʣʠʢʦʤ ʄʠʿʝʚʦʛ 

ʨʘʩʝʿʘˁʘ ʩʚʝ ʙʦʿʝ ʫ ʚʠʜˀʠʚʦʤ ʜʝʣʫ ʩʧʝʢʪʨʘ ʨʘʩʝʿʘʚʘʿʫ ʩʝ ʩʢʦʨʦ ʧʦʜʿʝʜʥʘʢʦ. ʄʠʿʝʚʦ ʨʘʩʝʿʘˁʝ 

ʦʜʛʦʚʦʨʥʦ ʿʝ ʟʘ ʙʝʣʫ ʙʦʿʫ ʦʙʣʘʢʘ, ʟʘʪʦ ʰʪʦ ʩʝ ʦʙʣʘʮʠ ʩʘʩʪʦʿʝ ʦʜ ʢʘʧˀʠʮʘ ʚʦʜʝ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ 

ʪʘʿ ʧʨʦʮʝʩ. 

ɿʙʦʛ ʥʘʚʝʜʝʥʠʭ ʧʨʦʮʝʩʘ, ʝʥʝʨʛʠʿʘ ʟʨʘʯʝˁʘ ʉʫʥʮʘ ʜʦʩʪʫʧʥʘ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ ʟʘʚʠʩʠ ʦʜ 

ʜʝʙˀʠʥʝ ʘʪʤʦʩʬʝʨʝ, ʪʿ. ʜʫʞʠʥʝ ʧʫʪʘˁʝ ʟʨʘʯʝˁʘ ʢʨʦʟ ʘʪʤʦʩʬʝʨʫ (ʪʦ ʿʝ ʪʟʚ. ʢʦʝʬʠʮʠʿʝʥʪ 

ʚʘʟʜʫʰʥʝ ʤʘʩʝ, ʝʥʛʣ. air  mass). ʇʦʨʝʜ ʪʦʛʘ, ʧʦʩʪʦʿʠ ʟʘʚʠʩʥʦʩʪ ʦʜ ʛʝʦʛʨʘʬʩʢʝ ʣʦʢʘʮʠʿʝ, 

ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ, ʜʦʙʘ ʜʘʥʘ, ʛʦʜʠʰˁʝʛ ʜʦʙʘ ʠ ʠʥʜʝʢʩʘ ʚʝʜʨʦʛ ʥʝʙʘ. ʅʘ ʦʚʦ ʧʦʩʣʝʜˁʝ ʫʪʠʯʝ 

ʧʨʝ ʩʚʝʛʘ ʦʙʣʘʯʥʦʩʪ. ʆʙʣʘʮʠ ʠʤʘʿʫ ʧʨʝʩʫʜʘʥ ʫʪʠʮʘʿ ʥʘ ʢʦʣʠʯʠʥʫ ʩʚʝʪʣʦʩʪʠ ʜʦʩʪʫʧʥʫ ʥʘ ʥʠʚʦʫ 

ʪʣʘ, ʟʙʦʛ ʩʚʠʭ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʧʨʦʮʝʩʘ. ʆʩʪʘʣʠ ʯʠʥʠʦʮʠ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʛʫʙʠʪʢʫ ʝʥʝʨʛʠʿʝ 

ʟʨʘʯʝˁʘ ʩʫ ʧʨʠʩʫʩʪʚʦ ʨʘʩʧʨʰʝʥʠʭ ʯʝʩʪʠʮʘ (ʘʝʨʦʩʦʣʘ), ʟʘʛʘʹʝʥʦʩʪ ʠ ʚʣʘʞʥʦʩʪ. ɹʠʣʘʥʩ ʝʥʝʨʛʠʿʝ 

ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʥʘ ɿʝʤˀʠ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʃ. 6. 

ʀʥʪʝʥʟʠʪʝʪ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʯʝʩʪʦ ʩʝ ʠʟʨʘʞʘʚʘ ʧʦʤʦ˂ʫ ʠʨʘʜʠʿʘʥʩʝ (ʝʥʛʣ. irradiance), ʢʦʿʘ ʩʝ 

ʜʝʬʠʥʠʰʝ ʢʘʦ ʛʫʩʪʠʥʘ ʬʣʫʢʩʘ, ʪʿ. ʩʥʘʛʘ ʟʨʘʯʝˁʘ ʉʫʥʮʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ, ʠ ʠʟʨʘʞʘʚʘ ʩʝ 

ʫ W/m2 [231]. ɿʨʘʯʝˁʝ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ, ʘ ʪʦ ʩʫ ʜʠʨʝʢʪʥʦ 

ʟʨʘʯʝˁʝ ʠʣʠ ʟʨʘʯʝˁʝ ʩʥʦʧʘ (ʝʥʛʣ. beam radiation ï Gb), ʜʠʬʫʟʥʦ ʟʨʘʯʝˁʝ (Gd) ʠ ʨʝʬʣʝʢʪʦʚʘʥʦ 

ʟʨʘʯʝˁʝ (Gr). ʋʢʫʧʥʦ ʟʨʘʯʝˁʝ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʪʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ: 

 rdb GGGG ++=  (1). 

ʅʘ ʉʃ. 7 ʧʨʠʢʘʟʘʥʘ ʿ ʝ ʛʣʦʙʘʣʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʠʨʘʜʠʿʘʮʠʿʘ (ʝʥʛʣ. irradiation), ʪʿ. ʫʧʘʜʥʘ ʝʥʝʨʛʠʿʘ 

ʧʦ ʿʝʜʠʥʠʮʠ ʭʦʨʠʟʦʥʪʘʣʥʝ ʧʦʚʨʰʠʥʝ ʜʦʩʪʫʧʥʘ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ. 

ɱʦʰ ʿʝʜʘʥ ʯʠʥʠʣʘʮ ʢʦʿʠ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʿʝ ʫʛʘʦ ʜʠʨʝʢʪʥʦʛ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʦʚʨʰʠʥʫ ʦʜ ʠʥʪʝʨʝʩʘ. ʂʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʟʨʘʯʝˁʘ ʢʦʿʘ ʜʦʩʧʝʚʘ ʥʘ ʧʦʚʨʰʠʥʫ ʩʨʘʟʤʝʨʥʘ ʿʝ 

ʩʠʥʫʩʫ ʪʦʛ ʫʛʣʘ. ɼʘʢʣʝ, ʫ ʦʧʪʠʤʘʣʥʦʤ ʩʣʫʯʘʿʫ ʪʘʿ ʫʛʘʦ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʰʪʦ ʙʣʠʞʠ 90Á, ʪʿ. 

ʧʦʚʨʰʠʥʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʦʩʪʘʚˀʝʥʘ ʫʧʨʘʚʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʥʯʝʚʝ ʟʨʘʢʝ. 
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ʉʃ. 7: ɻʣʦʙʘʣʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʠʨʘʜʠʿʘʮʠʿʘ [232] 

2.1.2 ͔͔͙̅ͦͭͦͭͪ͟͡;͙ͤ ͔ ͺ͔͊ͭ͟ 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ʿʝ ʬʠʟʠʯʢʠ ʬʝʥʦʤʝʥ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʨʘʜ ʩʦʣʘʨʥʠʭ ˂ʝʣʠʿʘ. ʂʘʜʘ ʬʦʪʦʥ 

ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʢʦʣʠʯʠʥʦʤ ʝʥʝʨʛʠʿʝ ʫʜʘʨʠ ʫ ʝʣʝʢʪʨʦʥ, ʪʘʿ ʝʣʝʢʪʨʦʥ ʦʜʚʘʿʘ ʩʝ ʦʜ ʩʚʦʛ ʘʪʦʤʘ, 

ʪʿ. ʚʘʣʝʥʪʥʠ ʝʣʝʢʪʨʦʥ (ʝʣʝʢʪʨʦʥ ʫ ʧʦʩʣʝʜˁʝʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʦʤʦʪʘʯʫ ʘʪʦʤʘ) ʧʦʩʪʘʿʝ ʩʣʦʙʦʜʘʥ. 

ʉʦʣʘʨʥʘ ˂ ʝʣʠʿʘ ʩʘʜʨʞʠ ʧʦʣʫʧʨʦʚʦʜʥʝ PN ʩʧʦʿʝʚʝ. ʉʣʦʙʦʜʥʠ ʝʣʝʢʪʨʦʥʠ ʙʠʚʘʿʫ ʧʨʠʚʫʯʝʥʠ ʥʘ N 

ʩʪʨʘʥʫ ʩʧʦʿʘ, ʘ ʰʫʧˀʠʥʝ (ʥʦʩʠʦʮʠ ʧʦʟʠʪʠʚʥʦʛ ʥʘʙʦʿʘ) ʥʘ P ʩʪʨʘʥʫ. ʊʠʤʝ ʩʝ ʩʪʚʘʨʘ ʝʣʝʢʪʨʠʯʥʠ 

ʧʦʪʝʥʮʠʿʘʣ ʠ ʦʤʦʛʫ˂ʘʚʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʿʘ [233]. 

ɼʘ ʙʠ ʩʝ ʿʘʚʠʦ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ, ʝʥʝʨʛʠʿʘ ʬʦʪʦʥʘ ʤʦʨʘ ʙʠʪʠ ʚʝ˂ʘ ʦʜ ʝʥʝʨʛʠʿʝ ʧʦʪʨʝʙʥʝ 

ʜʘ ʩʝ ʚʘʣʝʥʪʥʠ ʝʣʝʢʪʨʦʥ ʦʩʣʦʙʦʜʠ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʰʪʦ ʿʝ ʝʥʝʨʛʠʿʘ ʬʦʪʦʥʘ ʩʨʘʟʤʝʨʥʘ ˁʝʛʦʚʦʿ 

ʬʨʝʢʚʝʥʮʠʿʠ, ʩʦʣʘʨʥʘ ˂ʝʣʠʿʘ ʥʝ ʤʦʞʝ ʜʘ ʠʩʢʦʨʠʩʪʠ ʮʝʦ ʩʧʝʢʪʘʨ ʟʨʘʯʝˁʘ ʉʫʥʮʘ, ʟʘʪʦ ʰʪʦ 

ʠʥʬʨʘʮʨʚʝʥʘ ʩʚʝʪʣʦʩʪ ʥʝʤʘ ʜʦʚʦˀʥʦ ʝʥʝʨʛʠʿʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʝʣʝʢʪʨʦʥʘ. ɼʘ ʙʠ ʩʝ ʪʦ 

ʧʨʝʚʘʟʠʰʣʦ, ʧʦʩʪʦʿʝ ʩʦʣʘʨʥʝ ˂ʝʣʠʿʝ ʩʘ ʜʦʜʘʪʥʠʤ ʩʣʦʿʝʚʠʤʘ ʢʦʿʠ ʧʦʚʝ˂ʘʚʘʿʫ ʠʩʢʦʨʠʰ˂ʝˁʝ 

ʝʥʝʨʛʠʿʝ ʠʥʬʨʘʮʨʚʝʥʦʛ ʠ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦʛ ʟʨʘʯʝˁʘ [200]. 

ʉʚʝ ʪʨʠ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʩʪʚʘʨʘʿʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ. 

ʅʘʿʚʝ˂ʠ ʜʝʦ ʥʘʩʪʘʿʝ ʜʠʨʝʢʪʥʠʤ ʟʨʘʯʝˁʝʤ, ʘʣʠ ʠ ʜʠʬʫʟʥʦ ʠ ʨʝʬʣʝʢʪʦʚʘʥʦ ʟʨʘʯʝˁʝ ʤʦʛʫ ʜʘʪʠ 

ʚʘʞʘʥ ʜʦʧʨʠʥʦʩ. ɼʠʬʫʟʥʦ ʟʨʘʯʝˁʝ ʧʨʝʦʚʣʘʹʫʿʝ ʫ ʦʙʣʘʯʥʠʤ ʫʩʣʦʚʠʤʘ, ʜʦʢ ʨʝʬʣʝʢʪʦʚʘʥʦ 

ʟʘʚʠʩʠ ʦʜ ʨʝʬʣʝʢʪʠʚʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʦʣʠʥʝ ʢʦʿʘ ʦʢʨʫʞʫʿʝ ʩʦʣʘʨʥʫ ˂ʝʣʠʿʫ. ʉ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʥʝ ʘʧʩʦʨʙʫʿʫ ʩʝ ʩʚʠ ʬʦʪʦʥʠ ʢʦʿʠ ʩʪʠʛʥʫ ʜʦ ʩʦʣʘʨʥʝ ˂ʝʣʠʿʝ; ʫ ʩʚʠʤ ˁʝʥʠʤ ʩʣʦʿʝʚʠʤʘ, 

ʜʝʦ ʬʦʪʦʥʘ ʩʝ ʨʝʬʣʝʢʪʫʿʝ. 

ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʠʥʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ 

ʢʦʿʝ ʩʪʠʞʝ ʜʦ ʩʦʣʘʨʥʝ ˂ʝʣʠʿʝ, ʪʿ. ʜʠʨʝʢʪʥʦ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʠʨʘʜʠʿʘʥʩʠ. ʅʘ ʉʃ. 8 ʧʨʠʢʘʟʘʥʘ 

ʿʝ ʬʦʪʦʝʣʝʢʪʨʠʯʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʣʘʨʥʝ ˂ʝʣʠʿʝ, ʪʿ. ʟʘʚʠʩʥʦʩʪ ʩʪʨʫʿʝ ʦʜ ʥʘʧʦʥʘ (ʪʟʚ. I-V 

ʢʨʠʚʘ) ʠ ʩʥʘʛʝ ʦʜ ʥʘʧʦʥʘ (ʪʟʚ. P-V ʢʨʠʚʘ) [198], [234]. ʇʨʠ ʪʦʤʝ ʩʫ: 

Å Imax ï ʤʘʢʩʠʤʘʣʥʘ ʩʪʨʫʿʘ, 

Å ISC ï ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ (ʝʥʛʣ. Short Circuit ï SC), 

Å Imp ï ʩʪʨʫʿʘ ʫ ʪʘʯʢʠ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ (ʝʥʛʣ. Maximum Power Point ï MPP), 

Å Vmax ï ʤʘʢʩʠʤʘʣʥʠ ʥʘʧʦʥ, 



ʇʦʛʣʘʚˀʝ 2 ʊʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ 

14 

Å VOC ï ʥʘʧʦʥ ʦʪʚʦʨʝʥʦʛ ʢʦʣʘ (ʝʥʛʣ. Open Circuit ï OC), 

Å Vmp ï ʥʘʧʦʥ ʫ ʪʘʯʢʠ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ, 

Å Pmax ï ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ. 

 
ʉʃ. 8: ʌʦʪʦʝʣʝʢʪʨʠʯʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʣʘʨʥʝ ˂ʝʣʠʿʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [234]) 

 
ʉʃ. 9: ʉʦʣʘʨʥʝ ˂ʝʣʠʿʝ, ʤʦʜʫʣʠ, ʧʘʥʝʣʠ ʠ ʥʠʟʦʚʠ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [235]) 

ʌʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ˂ʝʣʠʿʘ ʧʦʚʝʟʘʥʠʭ ʫ ʤʦʜʫʣʝ. ʄʦʜʫʣʠ ʩʝ ʩʧʘʿʘʿʫ 

ʫ ʧʘʥʝʣʝ, ʘ ʧʘʥʝʣʠ ʫ ʥʠʟʦʚʝ (ʝʥʛʣ. string, ʉʃ. 9). ʈʝʜʥʠʤ ʚʝʟʠʚʘˁʝʤ ʝʣʝʤʝʥʘʪʘ ʧʦʚʝ˂ʘʚʘ ʩʝ 

ʥʘʧʦʥ, ʘ ʧʘʨʘʣʝʣʥʠʤ ʿ ʘʯʠʥʘ ʩʪʨʫʿʝ. ʋ ʦʢʚʠʨʫ ʤʦʜʫʣʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʠ ʨʝʜʥʦ ʠ ʧʘʨʘʣʝʣʥʦ 

ʚʝʟʠʚʘˁʝ. ʇʘʥʝʣʠ ʫ ʥʠʟʫ ʥʘʿʯʝʰ˂ʝ ʩʫ ʩʧʦʿʝʥʠ ʨʝʜʥʦ, ʘ ʥʠʟʦʚʠ ʧʘʨʘʣʝʣʥʦ. 

2.1.3 ˽ͦͤ͊΄͔͊ͥ ͅ ͙ͦͭͦͤ͊ͨͦͤͫ͟ͻ ͣ ͦ͒ͯ͊͡ 

ɽʣʝʢʪʨʠʯʥʘ ʩʥʘʛʘ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʬʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤʠ ʧʦʚʝʟʘʥʘ ʿʝ ʩʘ ʠʨʘʜʠʿʘʥʩʦʤ ʠ ʩʘ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʘʤʙʠʿʝʥʪʘ (ʢʦʿʘ ʫʪʠʯʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʜʫʣʘ), ʘʣʠ ʠ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ ʧʦʩʪʨʦʿʝˁʝ. ʋ ʬʦʪʦʥʘʧʦʥʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʢʦʨʠʩʪʝ ʩʝ ʘʣʛʦʨʠʪʤʠ 

ʠ ʫʨʝʹʘʿʠ ʟʘ ʪʨʘʞʝˁʝ ʪʘʯʢʝ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ (ʝʥʛʣ. Maximum Power Point Tracker ï MPPT) ʜʘ 

ʙʠ ʩʝ ʧʨʦʥʘʰʣʘ ʪʘʯʢʘ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʿ ʢʘʨʘʢʪʝʨʠʩʪʠʮʠ ʛʜʝ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʧʨʦʠʟʚʦʜˁʫ ʤʘʢʩʠʤʘʣʥʝ ʤʦʛʫ˂ʝ ʩʥʘʛʝ ʫ ʜʘʪʠʤ ʫʩʣʦʚʠʤʘ ʦʢʦʣʠʥʝ [199], [236]. 

ʅʘ ʉʃ. 10 ʧʨʠʢʘʟʘʥʦ ʿʝ ʜʘ ʩʘ ʩʤʘˁʠʚʘˁʝʤ ʠʨʘʜʠʿʘʥʩʝ ʚʨʝʜʥʦʩʪ ʧʨʦʠʟʚʝʜʝʥʝ ʩʪʨʫʿʝ ʦʧʘʜʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʜʦʢ ʥʘʧʦʥ ʦʩʪʘʿʝ ʩʢʦʨʦ ʢʦʥʩʪʘʥʪʘʥ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ 

ʨʘʩʪʝ, ʥʘʧʦʥ ʩʝ ʩʤʘˁʫʿʝ (ʉʃ. 11), ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʩʥʘʛʘ ʦʧʘʜʘ. ʇʨʠ ʪʦʤʝ ʩʫ: 

Å Tc ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ, 
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Å Pmax ï ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ, 

Å G ï ʠʨʘʜʠʿʘʥʩʘ. 

 
ʉʃ. 10: ɿʘʚʠʩʥʦʩʪ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʩʠʩʪʝʤʫ ʦʜ ʠʨʘʜʠʿʘʥʩʝ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [199]) 

 
ʉʃ. 11: ɿʘʚʠʩʥʦʩʪ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʩʠʩʪʝʤʫ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʜʫʣʘ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [199]) 

 
ʉʃ. 12: ʊʨʝʥʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʩʠʩʪʝʤʫ ʪʦʢʦʤ ʜʘʥʘ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [199]) 
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ʅʘ ʉʃ. 12 ʧʨʠʢʘʟʘʥʠ ʩʫ ʪʨʝʥʜʦʚʠ ʥʘʿʚʘʞʥʠʿʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʪʦʢʦʤ 

ʜʘʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ Tʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʤʙʠʿʝʥʪʘ. ɱʘʩʥʦ ʿʝ ʚʠʜˀʠʚʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʝʜʝʥʝ ʩʥʘʛʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʜʫʣʘ ʦʜ ʠʨʘʜʠʿʘʥʩʝ. ʄʝˁʘˁʝ ʧʨʦʠʟʚʝʜʝʥʦʛ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʪʦʢʦʤ ʜʘʥʘ 

ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʉʃ. 13. ʇʨʠ ʪʦʤʝ ʩʫ Imp ʠ Vmp ʩʪʨʫʿʘ ʠ ʥʘʧʦʥ ʫ ʪʘʯʢʠ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʰʪʦ ʩʝ ʩʥʘʛʘ ʧʨʦʮʝˁʫʿʝ ʥʘ ʦʩʥʦʚʫ ʪʨʝʥʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ 

ʠ ʩʪʨʫʿʝ, ʪʨʝʙʘ ʧʨʠʤʝʪʠʪʠ ʜʘ ʥʘ ʩʪʨʫʿʫ ʥʘʿʚʠʰʝ ʫʪʠʯʝ ʠʨʘʜʠʿʘʥʩʘ, ʘ ʥʘ ʥʘʧʦʥ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʦʜʫʣʘ. 

 
ʉʃ. 13: ʊʨʝʥʜ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʩʠʩʪʝʤʫ ʪʦʢʦʤ ʜʘʥʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [199]) 

2.1.4 ˽ͪ ͔͍͙͒Ώ͔͊ͥ ͅ ͔ͦͭͦͤ͊ͨͦͤͫ͟ ͨ ͙͍͔ͪͦͦ͒ͥ͘ 

ɿʘ ʦʢʚʠʨʥʫ ʧʨʦʮʝʥʫ ʧʝʨʬʦʨʤʘʥʩʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ 

ʬʠʟʠʯʢʠ ʤʦʜʝʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʠʤ ʤʘʪʝʤʘʪʠʯʢʠʤ ʿʝʜʥʘʯʠʥʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ 

ʝʿʜʥʘʯʠʥʘ (2), ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝˁʠʚʘˁʝ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʤʦʜʫʣʘ (ʠʣʠ ˂ʝʣʠʿʝ) 

[199]. 

 )1()(),( cpmMcm TGSTCPTGP DÖ+ÖÖ= l  (2). 

ʇʨʠ ʪʦʤʝ ʩʫ: 

Å Pm ï ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʤʦʜʫʣʘ, 

Å G ï ʠʨʘʜʠʿʘʥʩʘ, 

Å Tc ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ, 

Å PM(STC) ï ʥʘʟʠʚʥʘ ʩʥʘʛʘ ʤʦʜʫʣʘ ʧʨʠ ʩʪʘʥʜʘʨʜʥʠʤ ʫʩʣʦʚʠʤʘ ʠʩʧʠʪʠʚʘˁʘ (ʝʥʛʣ. Standard 

Test Conditions ï STC), ʪʿ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʜʫʣʘ TcSTC (ʥʘʿʯʝʰ˂ʝ 25ÜC) ʠ ʠʨʘʜʠʿʘʥʩʠ GSTC 

(ʥʘʿʯʝʰ˂ʝ 1000 W/m2), 

Å ɚpm ï ʪʦʧʣʦʪʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ, 

Å æTc ï ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʜʫʣʘ ʠ TcSTC. 

ɸʢʦ ʩʝ ʢʘʦ ʧʨʦʤʝʥˀʠʚʝ ʢʦʨʠʩʪʝ ʩʘʤʦ ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ ʤʦʞʝ ʩʝ 

ʧʨʦʮʝʥʠʪʠ ʥʘ ʦʩʥʦʚʫ ʠʨʘʜʠʿʘʥʩʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʤʙʠʿʝʥʪʘ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (3) [235]. 

 
G

m

W

NOCT
TT ac

2
800

Cº20-
+=  

(3). 

ʇʨʠ ʪʦʤʝ ʩʫ: 
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Å Tc ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ, 

Å Tʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, 

Å NOCT ï ʥʦʤʠʥʘʣʥʘ ʨʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ (ʝʥʛʣ. Nominal Operating Cell Temperature), 

ʪʿ. ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ ʧʨʠ ʠʨʘʜʠʿʘʥʩʠ 800 W/m2, ʪʝʤʧʝʨʘʪʫʨʠ ʘʤʙʠʿʝʥʪʘ 20ÜC, ʙʨʟʠʥʠ 

ʚʝʪʨʘ 1 m/s ʠ ʥʘʛʠʙʫ ʤʦʜʫʣʘ 45Ü [237], ʠ 

Å G ï ʠʨʘʜʠʿʘʥʩʘ. 

ʂʦʨʠʰ˂ʝˁʝ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ ʫ ʧʨʘʢʩʠ ʥʠʿʝ ʪʘʢʦ ʿʝʜʥʦʩʪʘʚʥʦ, ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʧʦʨʝʜ 

ʠʨʘʜʠʿʘʥʩʝ ʤʦʨʘʿʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ ʠ ʝʣʝʢʪʨʠʯʥʠ ʧʘʨʘʤʝʪʨʠ. ʅʘʚʝʜʝʥʝ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʝ ʿʝʜʥʘʯʠʥʝ ʥʝ ʜʘʿʫ ʜʦʚʦˀʥʦ ʜʦʙʨʝ ʧʨʦʮʝʥʝ ʫ ʩʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ɺʝ˂ʠʥʘ 

ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ ʤʥʦʛʦ ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʫʩʣʦʚʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ, 

ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʨʫʞʝˁʘ ʥʘ ʣʦʢʘʮʠʿʠ ʥʘ ʢʦʿʦʿ ʩʝ ʩʠʩʪʝʤ ʥʘʣʘʟʠ 

(ʥʧʨ. ʦʩʝʥʯʝˁʝ ʦʜ ʩʪʨʘʥʝ ʦʢʦʣʥʠʭ ʦʙʿʝʢʘʪʘ), ʰʪʦ ʩʝ ʥʝ ʤʦʞʝ ʫʥʘʧʨʝʜ ʧʨʝʜʚʠʜʝʪʠ ʚʝ˂ ʟʘʭʪʝʚʘ 

ʜʦʜʘʪʥʝ ʧʨʠʣʘʛʦʹʝʥʝ ʧʨʦʮʝʥʝ. 

ʄʝʹʫʪʠʤ, ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʪʘʢʦʹʝ ʩʝ ʤʦʞʝ ʧʨʝʜʚʠʜʝʪʠ ʩʪʘʪʠʩʪʠʯʢʠʤ 

ʤʝʪʦʜʘʤʘ ʠ ʤʝʪʦʜʘʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ (ML). ʈʘʟʣʠʯʠʪʝ ʩʪʘʪʠʩʪʠʯʢʝ ʠ ML ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ʩʝ 

ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʨʘʜʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ, ʢʘʦ ʥʧʨ. ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ, ʤʘʰʠʥʝ ʚʝʢʪʦʨʘ 

ʧʦʜʨʰʢʝ (ʝʥʛʣ. Support Vector Machine ï SVM), ʘʫʪʦʨʝʛʨʝʩʠʚʥʠ ʧʦʢʨʝʪʥʠ ʧʨʦʩʝʮʠ (ʝʥʛʣ. 

AutoRegressive Moving Average ï ARMA), ʨʝʛʨʝʩʠʦʥʘ ʩʪʘʙʣʘ (ʝʥʛʣ. Regression Trees), 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʠʪʜ. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, ʠ ʟʘ ʪʝ ʤʝʪʦʜʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʤʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ 

ʢʦʣʠʯʠʥʫ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʥʧʨ. ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʠʨʘʜʠʿʘʥʩʝ. 

ʆʩʠʤ ʫʢʫʧʥʝ ʠʨʘʜʠʿʘʥʩʝ, ʤʦʛʣʝ ʙʠ ʙʠʪʠ ʦʜ ʠʥʪʝʨʝʩʘ ʠ ʚʨʝʜʥʦʩʪʠ ʪʨʠ ˁʝʥʝ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʟʘʩʝʙʥʦ. ʅʧʨ. ʚʨʝʜʥʦʩʪʠ ʜʠʨʝʢʪʥʝ ʠ ʨʝʬʣʝʢʪʦʚʘʥʝ ʠʨʘʜʠʿʘʥʩʝ ʧʦʪʨʝʙʥʝ ʩʫ ʜʘ ʙʠ 

ʩʝ ʫʭʚʘʪʠʣʝ ʚʘʨʠʿʘʮʠʿʝ ʦʙʣʘʯʥʦʩʪʠ ʪʦʢʦʤ ʦʜʨʝʹʝʥʦʛ ʧʝʨʠʦʜʘ. ɼʨʫʛʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʝ ʙʠ ʪʨʝʙʘʣʦ 

ʧʨʘʪʠʪʠ ʩʫ ʧʨʦʠʟʚʝʜʝʥʘ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥ, ʩʧʦˀʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʪʜ. ʅʘ ʦʩʥʦʚʫ ʠʩʪʦʨʠʿʩʢʠʭ 

ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʙʫʢʫ ʤʦʜʝʣʘ, ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʤʘʰʠʥʩʢʦʤ 

ʫʯʝˁʫ. ʅʘʢʦʥ ʦʙʫʢʝ ʤʦʜʝʣʘ, ʤʦʛʫ˂ʝ ʿʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʤʝʥʩʢʝ ʧʨʦʛʥʦʟʝ ʧʨʝʜʚʠʜʝʪʠ ʩʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʠʟʣʘʟʥʫ ʩʥʘʛʫ ʤʦʜʫʣʘ ʟʘ ʢʨʘʪʢʝ ʠ ʜʫʞʝ ʚʨʝʤʝʥʩʢʝ ʧʝʨʠʦʜʝ 

[190]. 

2.2 ˸͔͙͔ͭͪ͟ ͘  ͊ͦ ͼ͔͙͍͔ͥ͊ͥ ͣ ͔ͦ͒͊͡ 

ʇʦʩʪʦʿʝ ʨʘʟʥʝ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʜʘ ʣʠ ʿʝ ʤʦʜʝʣ ʙʠʦ ʫʩʧʝʰʘʥ ʫ ʧʨʝʜʚʠʹʘˁʫ 

ʧʦʜʘʪʘʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (R
2
), ʩʨʝʜˁʫ ʢʚʘʜʨʘʪʥʫ ʛʨʝʰʢʫ (MSE) ʠ 

ʢʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (RMSE). ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʦʧʠʩʘʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʥʘʿʯʝʰ˂ʠʭ 

ʤʝʪʨʠʢʘ, ʘ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʤʦʛʫ ʩʝ ʥʘ˂ʠ ʫ ʦʜʝˀʮʠʤʘ 3.3.13 ʠ 3.3.14. ʆʧʠʩʠ ʪʠʭ ʬʫʥʢʮʠʿʘ 

ʜʘʪʠ ʩʫ ʧʨʝ ʦʧʠʩʘ ʩʘʤʠʭ ʤʦʜʝʣʘ ʟʘʪʦ ʰʪʦ ʩʝ ʥʝʢʝ ʦʜ ˁʠʭ ʢʦʨʠʩʪʝ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʤʦʜʝʣʘ. 

2.2.1 ˴͔ͦͺ͙ͼ͙͔ͤͭ͞ ͒ ͔͔͙ͭͪͣͤ͊ͼ͙͔͞ (R2) 

ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (R
2
) ʧʦʢʘʟʫʿʝ ʢʦʿʠ ʧʨʦʮʝʥʘʪ ʚʘʨʠʿʘʥʩʝ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʿʝ 

ʦʙʿʘʰˁʝʥ ʤʦʜʝʣʦʤ, ʪʿ. ʟʘ ʢʦʿʠ ʜʝʦ ʧʦʜʘʪʘʢʘ ʿʝ ʤʦʜʝʣ ʜʘʦ ʪʘʯʥʦ ʧʨʝʜʚʠʹʘˁʝ. ʅʝʤʘ ʜʠʤʝʥʟʠʿʫ. 

ʊʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʪʘʢʦʹʝ ʧʦʢʘʟʫʿʝ ʢʦʣʠʢʦ ʿʝ ʢʨʝʠʨʘʥʠ ʤʦʜʝʣ ʙʦˀʠ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʠʚʠʿʘʣʘʥ 

ʦʩʥʦʚʥʠ ʤʦʜʝʣ ʢʦʿʠ ʫʚʝʢ ʚʨʘ˂ʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʩʪʚʘʨʥʠʭ ʧʦʜʘʪʘʢʘ, ʟʘʪʦ ʰʪʦ ʿʝ ʟʘ ʪʘʿ ʤʦʜʝʣ 

ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʿʝʜʥʘʢ ʥʫʣʠ. 

ɺʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʥʘʿʯʝʰ˂ʝ ʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 0 ʜʦ 1, ʘ ʥʝʛʘʪʠʚʥʘ ʚʨʝʜʥʦʩʪ 

ʪʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʤʦʜʝʣ ʣʦʰʠʿʠ ʦʜ ʦʩʥʦʚʥʦʛ. ʅʘ ʧʨʠʤʝʨ, ʢʦʝʬʠʮʠʿʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʿʝʜʥʘʢ 0,87 ʟʥʘʯʠ ʜʘ ʿʝ ʤʦʜʝʣ ʫʩʧʝʰʥʦ ʧʨʝʜʚʠʜʝʦ 87% ʚʘʨʠʿʘʥʩʝ ʠʟʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʊʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʿʝʜʥʘʢ ʿʝ 1 ʟʘ Ăʩʘʚʨʰʝʥò ʤʦʜʝʣ, ʪʿ. ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʟʘ ʩʚʝ ʧʦʜʘʪʢʝ ʜʘʦ 

ʪʘʯʥʦ ʧʨʝʜʚʠʹʘˁʝ. 
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ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (4), ʛʜʝ ʩʫ 
iy  ʩʪʚʘʨʥʝ 

(ʠʟʤʝʨʝʥʝ) ʚʨʝʜʥʦʩʪʠ, iyĔ ʧʨʝʜʚʠʹʝʥʝ (ʧʨʦʛʥʦʟʠʨʘʥʝ) ʚʨʝʜʥʦʩʪʠ, y  ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

(ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ), ʘ n ʙʨʦʿ ʫʟʦʨʘʢʘ. ʉʫʤʘ ʫ ʙʨʦʿʠʦʮʫ ʥʘʟʠʚʘ ʩʝ ʩʫʤʘ 

ʢʚʘʜʨʘʪʘ ʦʩʪʘʪʘʢʘ (ʝʥʛʣ. residual sum of squares ï SSres), ʘ ʫ ʠʤʝʥʠʦʮʫ ʫʢʫʧʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ 

(ʝʥʛʣ. total sum of squares ï SStot). 

 
tot
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n
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=
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 (4).  

ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʿ ʝʜʥʘʢ ʿ ʝ ʢʚʘʜʨʘʪʫ ʇʠʨʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʫʦʯʝʥʠʭ ʠ ʧʨʦʛʥʦʟʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʠʣʠ ʠʟʤʝʹʫ 

ʫʣʘʟʥʝ ʠ ʠʟʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʊʦ ʥʝ ʪʨʝʙʘ ʤʝʰʘʪʠ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʜʚʝ 

ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ. 

ʇʨʦʙʣʝʤ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʿ ʝ h ʪʦ ʩʝ ʥʠʢʘʜ ʥʝ ʩʤʘˁʫʿʝ ʘʢʦ ʩʝ ʥʦʚʘ ʧʨʦʤʝʥˀʠʚʘ 

ʜʦʜʘ ʫ ʤʦʜʝʣ, ʯʘʢ ʠ ʘʢʦ ʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʨʝʣʝʚʘʥʪʥʘ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. 

ɿʘʪʦ ʩʝ ʧʦʥʝʢʘʜ ʢʦʨʠʩʪʠ ʧʨʠʣʘʛʦʹʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (ʝʥʛʣ. adjusted R
2
, ʪʿ. 2

adjR ), 

ʜʠʟʘʿʥʠʨʘʥ ʪʘʢʦ ʜʘ ʩʝ ʩʤʘˁʫʿʝ ʧʨʠ ʜʦʜʘʚʘˁʫ ʠʨʝʣʝʚʘʥʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʇʨʠʣʘʛʦʹʝʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʫʚʝʢ ʿʝ ʤʘˁʠ ʠʣʠ ʿʝʜʥʘʢ R
2
, ʠ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ 

ʿʝʜʥʘʯʠʥʝ (5). 

 ( )
1

1
R111R 22

adj
--

-
--=-=

pn

n

dfSS

dfSS

tottot

resres  (5). 

ʋ ʪʦʿ ʿʝʜʥʘʯʠʥʠ, 1--= pndfres  ʥʘʟʠʚʘ ʩʝ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʦʩʪʘʪʘʢʘ (ʪʿ. ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ 

ʢʦʿʝ ʩʝ ʤʦʛʫ ʩʣʦʙʦʜʥʦ ʤʝˁʘʪʠ ʫ ʧʨʦʮʝʥʠ ʚʘʨʠʿʘʥʩʝ ʧʦʧʫʣʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʛʥʦʟʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ), 1-=ndftot  ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ (ʪʿ. ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʤʦʛʫ 

ʩʣʦʙʦʜʥʦ ʤʝˁʘʪʠ ʫ ʧʨʦʮʝʥʠ ʚʘʨʠʿʘʥʩʝ ʧʦʧʫʣʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ), n ʿʝ ʙʨʦʿ 

ʫʟʦʨʘʢʘ (ʪʿ. ʫʢʫʧʘʥ ʙʨʦʿ ʦʧʩʝʨʚʘʮʠʿʘ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ) ʘ p ʙʨʦʿ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ 

ʤʦʜʝʣʫ [145], [165], [166]. 

2.2.2 ˿͔ͪ͒ͥ͊ ͟ ͍͊͒ͪ͊ͭͤ͊ ͎ ͔ͪ΄͊͟ (MSE) ͙  ͟ ͔ͦͪͤ ͫ ͔͔ͪ͒ͥ ͟ ͍͔͊͒ͪ͊ͭͤ ͎ ͔ͪ΄͔͟ (RMSE) 

ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Square Error ï MSE) ʠ ʢʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ 

(ʝʥʛʣ. Root Mean Square Error ï RMSE) ʩʧʘʜʘʿʫ ʫ ʥʘʿʯʝʰ˂ʝ ʤʝʪʨʠʢʝ ʠ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʤʝʨʝˁʝ 

ʪʘʯʥʦʩʪʠ ʤʦʜʝʣʘ ʧʨʠʤʝˁʝʥʠʭ ʫ ʨʘʟʥʦʚʨʩʥʠʤ ʦʙʣʘʩʪʠʤʘ, ʦʜ ʤʝʪʝʦʨʦʣʦʛʠʿʝ ʜʦ ʧʨʝʚʠʹʘˁʘ 

ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ [118], [190]. ʋʧʦʪʨʝʙʘ ʪʠʭ ʤʝʪʨʠʢʘ ʧʨʠʢʣʘʜʥʘ ʿʝ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ 

ʿʝ ʨʘʩʧʦʜʝʣʘ ʛʨʝʰʘʢʘ ʩʣʠʯʥʘ ʥʦʨʤʘʣʥʦʿ (ɻʘʫʩʦʚʦʿ) ʨʘʩʧʦʜʝʣʠ. ʐʪʦ ʿʝ ʥʠʞʘ ʚʨʝʜʥʦʩʪ ʪʠʭ 

ʤʝʪʨʠʢʘ, ʪʦ ʿʝ ʧʨʝʜʚʠʹʘˁʝ ʤʦʜʝʣʘ ʙʦˀʝ. 

MSE ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʢʚʘʜʨʘʪʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʠ ʧʨʦʛʥʦʟʠʨʘʥʠʭ 

ʚʨʝʜʥʦʩʪʠ, ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (6). RMSE ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʝʥ ʠʟ MSE, ʜʘ ʙʠ ʤʝʪʨʠʢʘ ʠʤʘʣʘ ʠʩʪʫ 

ʜʠʤʝʥʟʠʿʫ ʢʘʦ ʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ, ʠ ʜʘʪʘ ʿʝ ʫ ʿʝʜʥʘʯʠʥʠ (7). 
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 (7). 

ʋ ʧʨʘʢʩʠ, ʧʦʨʝʹʝˁʝ ʤʦʜʝʣʘ ʧʦʤʦ˂ʫ MSE ʠʣʠ RMSE ʜʦʚʦʜʠ ʜʦ ʠʩʪʦʛ ʨʝʟʫʣʪʘʪʘ, ʧʦʰʪʦ 

ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʤʠʥʠʤʠʟʫʿʝ ʥʝʢʫ ʬʫʥʢʮʠʿʫ ʪʘʢʦʹʝ ʤʠʥʠʤʠʟʫʿʝ ˁʝʥ ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ [119]. 

2.2.3 ˨͎͔ͪͯ ͔͙͔ͣͭͪ͟ 

ʉʣʝʜʝ˂ʝ ʤʝʪʨʠʢʝ ʪʘʢʦʹʝ ʩʝ ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʦ ʢʦʨʠʩʪʝ: ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean 

Absolute Error ï MAE, ʿʝʜʥʘʯʠʥʘ (8)), ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean 

Absolute Percentage Error ï MAPE, ʿʝʜʥʘʯʠʥʘ (9)), ʢʘʦ ʠ ʩʨʝʜˁʘ ʛʨʝʰʢʘ ʧʨʠʩʪʨʘʩʥʦʩʪʠ (ʝʥʛʣ. 

Mean Bias Error ï MBE, ʿʝʜʥʘʯʠʥʘ (10)). ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥ ʿʝ ʠ ʠʥʜʝʢʩ ʩʣʘʛʘˁʘ 

(ʝʥʛʣ. Index of Agreement ï IoA) [114], ʧʨʝʜʩʪʘʚˀʝʥ ʿʝʜʥʘʯʠʥʦʤ (11). 
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ʋ ʥʘʚʝʜʝʥʠʤ ʿʝʜʥʘʯʠʥʘʤʘ, iy  ʠ iyĔ ʦʜʛʦʚʘʨʘʿʫ ʩʪʚʘʨʥʠʤ ʠ ʧʨʦʛʥʦʟʠʨʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ i-ʪʦʛ 

ʫʟʦʨʢʘ, ʨʝʩʧʝʢʪʠʚʥʦ, y  ʿʝ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʜʦʢ n ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʫʟʦʨʘʢʘ. 

2.3 ˾͔͎͔͙͙ͪͫͦͤ ͣ ͔͙ͦ͒͡ 

ʈʝʛʨʝʩʠʦʥʠ ʤʦʜʝʣʠ, ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʝ ʠ ʩʘʤʠ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʥʘ ʦʩʥʦʚʫ ʩʝʨʠʿʘ 

ʧʦʜʘʪʘʢʘ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ ʦʜ ʤʘʪʝʤʘʪʠʯʢʠʭ ʦʩʥʦʚʘ ʟʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʉʪʦʛʘ ʿʝ 

ʫ ʦʚʦʤ ʦʜʝˀʢʫ ʦʧʠʩʘʥʘ ʥʘʿʧʨʝ ʣʠʥʝʘʨʥʘ, ʘ ʟʘʪʠʤ ʠ ʧʦʣʠʥʦʤʩʢʘ ʨʝʛʨʝʩʠʿʘ. 

2.3.1 ˶͙͔ͤ͊ͪͤ͊ ͪ ͔͎͔͙ͪͫ͊͞ 

ʃʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʿʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ʢʦʨʠʩʪʠ ʪʟʚ. ʣʠʥʝʘʨʥʫ ʭʠʧʦʪʝʟʫ ʟʘ ʫʦʧʰʪʝʥʫ 

ʧʨʦʮʝʥʫ ʩʝʨʠʿʝ ʧʦʜʘʪʘʢʘ, ʪʿ. ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ ʦʜʥʦʩ ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ ʣʠʥʝʘʨʘʥ. ɿʘ ʪʫ ʧʨʦʮʝʥʫ, 

ʤʦʜʝʣ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ ʨʘʯʫʥʘ ʧʦʥʜʝʨʠʩʘʥʠ ʟʙʠʨ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ (ʪʟʚ. ʣʠʥʝʘʨʥʫ 

ʢʦʤʙʠʥʘʮʠʿʫ), ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (12). ʇʨʠ ʪʦʤʝ ʿʝ )(Ĕiy  ʧʨʝʜʚʠʹʝʥʘ ʚʨʝʜʥʦʩʪ i-ʪʦʛ ʫʟʦʨʢʘ, n ʿʝ 

ʙʨʦʿ ʫʣʘʟʥʠʭ ʘʪʨʠʙʫʪʘ (n ʦʜʨʝʹʫʿʝ ʜʠʤʝʥʟʠʿʫ ʫʣʘʟʥʦʛ ʧʨʦʩʪʦʨʘ), )(i

jx  ʿ ʝ j-ʪʠ ʫʣʘʟʥʠ ʘʪʨʠʙʫʪ i-ʪʦʛ 

ʫʟʦʨʢʘ, wj ʿʝ j-ʪʠ ʫʛʘʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ (ʪʝʞʠʥʘ) ʤʦʜʝʣʘ, ʘ b ʧʨʝʜʩʪʘʚˀʘ ʣʠʥʝʘʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʤʦʜʝʣʘ (ʪʟʚ. ʦʪʢʣʦʥ, ʝʥʛʣ. bias) [119], [151]. 
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x

wwwy xw+=
ù
ù

ú

ø

é
é

ê

è

Ö+= 42  (13). 

ɱʝʜʥʘʯʠʥʘ (13) ʜʘʿʝ ʚʝʢʪʦʨʩʢʫ ʥʦʪʘʮʠʿʫ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ. ʇʨʠ ʪʦʤʝ ʿ ʝ b = w0, [ ]n
T ww 21=w  

ʠ [ ])(

1

)( i

n

Ti xx 2=x , ʘ ʊ ʫ ʝʢʩʧʦʥʝʥʪʫ ʦʟʥʘʯʘʚʘ ʪʨʘʥʩʧʦʥʦʚʘʥʠ ʚʝʢʪʦʨ ʠʣʠ ʤʘʪʨʠʮʫ. 

ɱʝʜʥʘʯʠʥʘ (13) ʤʦʞʝ ʩʝ ʧʦʿʝʜʥʦʩʪʘʚʠʪʠ ʜʦʜʘʚʘˁʝʤ ʢʦʥʩʪʘʥʪʥʝ ʫʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ x0 = 1. ʊʘʜʘ 

ʩʝ ʫʣʘʟʥʠ ʘʪʨʠʙʫʪʠ ʤʦʛʫ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ [ ])(

1

)( 1
i

n

Ti xx 2=x , ʘ ʪʝʞʠʥʝ ʤʦʜʝʣʘ ʢʘʦ 

[ ]n
T www 210=w . ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ, ʿ ʝʜʥʘʯʠʥʘ (13) ʤʦʞʝ ʩʝ ʧʨʝʪʚʦʨʠʪʠ ʫ ʿʝʜʥʘʯʠʥʫ (14): 

 )()(Ĕ iTiy xw=  (14). 

ʌʫʥʢʮʠʿʘ ʪʨʦʰʢʘ J(w) ʧʨʠʢʘʟʘʥʘ ʿʝ ʫ ʿʝʜʥʘʯʠʥʠ (15); ʫ ʪʦʤ ʧʨʠʤʝʨʫ, ʢʘʦ ʬʫʥʢʮʠʿʘ ʪʨʦʰʢʘ 

ʢʦʨʠʩʪʠ ʩʝ ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (MSE) ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ )(Ĕiy  ʠ ʩʪʚʘʨʥʠʭ 

ʚʨʝʜʥʦʩʪʠ )(iy . ʄʠʥʠʤʠʟʦʚʘˁʝʤ ʬʫʥʢʮʠʿʝ ʪʨʦʰʢʘ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ʪʝʞʠʥʘ. ʇʨʠ ʪʦʤʝ m ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʠʥʩʪʘʥʮʠ, ʪʿ. ʫʢʫʧʘʥ ʙʨʦʿ ʫʟʦʨʘʢʘ ʫ ʩʢʫʧʫ ʟʘ ʦʙʫʢʫ. 

 ää
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i
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i
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2)()(

1

2)()( )(
1

)Ĕ(
1

)( xww  (15). 

ɼʘ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʣʘ ʚʨʝʜʥʦʩʪ w ʢʦʿʘ ʤʠʥʠʤʠʟʫʿʝ ʬʫʥʢʮʠʿʫ ʪʨʦʰʢʘ J(w), ʦʟʥʘʯʝʥʘ ʩʘ wopt, 

ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʥʘ˂ʠ ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ ʠʟʚʦʜʘ ʬʫʥʢʮʠʿʝ ʪʨʦʰʢʘ: 0
)(
=

µ

µ

jw

J w
. ʊʘ ʧʨʦʮʝʜʫʨʘ 

ʧʦʟʥʘʪʘ ʿʝ ʢʘʦ ʤʝʪʦʜ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ (ʝʥʛʣ. ordinary least squares ï ʦʙʠʯʥʠ ʥʘʿʤʘˁʠ 

ʢʚʘʜʨʘʪʠ), ʘ ˁʝʥʦ ʨʝʰʝˁʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿ ʝ ʿ ʝʜʥʘʯʠʥʦʤ (16), ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʥʦʨʤʘʣʥʘ ʿ ʝʜʥʘʯʠʥʘ 

[119]. ʊʘ ʿʝʜʥʘʯʠʥʘ ʧʨʫʞʘ ʦʜʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʤʘʣʫ ʢʦʣʠʯʠʥʫ ʧʦʜʘʪʘʢʘ, ʧʦʰʪʦ ʠʥʚʝʨʟʠʿʘ 

ʤʘʪʨʠʮʘ ʫ ʿʝʜʥʘʯʠʥʠ (ʦʟʥʘʯʝʥʘ ʩʘ -1 ʫ ʝʢʩʧʦʥʝʥʪʫ) ʟʘʭʪʝʚʘ ʚʝʣʠʢʫ ʨʘʯʫʥʘʨʩʢʫ ʩʥʘʛʫ. 

 wopt = (XTX)-1XTy (16). 

ʇʨʠ ʪʦʤʝ ʿʝ X ʤʘʪʨʠʮʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʪʿ. ʤʘʪʨʠʮʘ ʢʦʿʘ ʩʘʜʨʞʠ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʘʪʨʠʙʫʪʘ ʟʘ 

ʩʚʝ ʠʥʩʪʘʥʮʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʘ y ʤʘʪʨʠʮʘ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʢʦʿʘ ʩʘʜʨʞʠ ʩʚʝ ʠʥʩʪʘʥʮʝ 

ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʩʢʫʧʫ ʟʘ ʦʙʫʢʫ. 

ɿʘ ʣʠʥʝʘʨʥʫ ʨʝʛʨʝʩʠʿʫ ʢʦʿʘ ʢʦʨʠʩʪʠ ʩʘʤʦ ʿʝʜʥʫ ʫʣʘʟʥʫ ʧʨʦʤʝʥˀʠʚʫ (ʧʨʦʩʪʫ ʣʠʥʝʘʨʥʫ 

ʨʝʛʨʝʩʠʿʫ), ʠʟʣʘʟ ʿʝ ʿʝʜʥʦʩʪʘʚʥʘ ʧʨʘʚʘ ʣʠʥʠʿʘ, ʜʦʢ ʩʝ ʟʘ ʣʠʥʝʘʨʥʫ ʨʝʛʨʝʩʠʿʫ ʢʦʿʘ ʢʦʨʠʩʪʠ ʚʠʰʝ 

ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʚʠʰʝʩʪʨʫʢʫ ʣʠʥʝʘʨʥʫ ʨʝʛʨʝʩʠʿʫ) ʜʦʙʠʿʘ ʭʠʧʝʨʨʘʚʘʥ ʫ 

n-ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ʧʦʜʘʪʘʢʘ, ʛʜʝ ʿʝ n ʙʨʦʿ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ [120]. 

2.3.2 ˽͙ͦͤͦͣͫ͊͟͡ ͪ ͔͎͔͙ͪͫ͊͞ 

ʋ ʚʝ˂ʠʥʠ ʧʦʩʤʘʪʨʘʥʠʭ ʧʨʦʙʣʝʤʘ ʥʝ ʤʦʞʝ ʩʝ ʣʠʥʝʘʨʥʦʤ ʨʝʣʘʮʠʿʦʤ ʦʧʠʩʘʪʠ ʥʝʣʠʥʝʘʨʥʠ ʦʜʥʦʩ 

ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ. ʃʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʿʘ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʧʦʣʠʥʦʤʩʢʠ ʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ʘʪʨʠʙʫʪʘ 

ʤʦʞʝ ʙʠʪʠ ʜʦʙʘʨ ʠʟʙʦʨ ʫ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʪʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʜʘ ʩʝ ʙʠʣʦ ʢʦʿʘ 

ʢʨʠʚʘ ʤʦʞʝ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʧʦʤʦ˂ʫ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʠʿʘ (ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʧʦʣʠʥʦʤ), ʩʚʝ ʜʦʢ ʩʝ 

ʥʝ ʧʨʦʥʘʹʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʥʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʥʘʯʠʥ ʢʘʨʘʢʪʝʨʠʰʝ ʢʨʠʚʫ 
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ʧʦʜʘʪʘʢʘ ʦʜ ʠʥʪʝʨʝʩʘ. ʀʟʙʦʨ ʜʦʙʨʠʭ ʘʪʨʠʙʫʪʘ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʘʪʨʠʙʫʪʘ ʿʝ ʧʨʦʙʣʝʤ 

ʠʥʞʝˁʝʨʠʥʛʘ ʦʙʝʣʝʞʿʘ (ʝʥʛʣ. feature engineering), ʢʦʿʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʠʩʪʨʘʞʠʚʘʯʢʝ 

ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ. 

ʇʦʣʠʥʦʤʩʢʘ ʨʝʛʨʝʩʠʿʘ ʿʝ ʧʦʩʝʙʘʥ ʩʣʫʯʘʿ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ ʩʘ ʚʠʰʝ ʧʨʦʤʝʥˀʠʚʠʭ. ʇʨʠ ʪʦʤʝ 

ʩʝ ʩʚʘʢʘ ʫʣʘʟʥʘ ʧʨʦʤʝʥˀʠʚʘ ʪʨʘʥʩʬʦʨʤʠʰʝ ʧʦʣʠʥʦʤʦʤ ʩʪʝʧʝʥʘ p, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ 

ʿʝʜʥʘʯʠʥʠ (17). 
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 (17). 

ʋʣʘʟʥʠ ʘʪʨʠʙʫʪʠ ʤʦʛʫ ʩʝ ʫʦʧʰʪʝʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ xj = űj(x, p). ʉʭʦʜʥʦ ʪʦʤʝ, ʧʦʣʠʥʦʤʩʢʘ 

ʨʝʛʨʝʩʠʿʘ (ʣʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʿʘ ʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʘʪʨʠʙʫʪʘ ʧʦʣʠʥʦʤʦʤ ʩʪʝʧʝʥʘ p) ʦʧʠʩʘʥʘ ʿʝ 

ʿʝʜʥʘʯʠʥʦʤ (18). 

 ),(w),(w),(wĔ
2211 pxpxpxy nnjjj +++= 2  (18). 

ʏʘʢ ʠ ʘʢʦ ʩʘʜʨʞʠ ʥʝʣʠʥʝʘʨʥʝ ʯʣʘʥʦʚʝ, ʤʦʜʝʣ ʧʦʣʠʥʦʤʩʢʝ ʨʝʛʨʝʩʠʿʝ ʠ ʜʘˀʝ ʩʝ ʩʤʘʪʨʘ 

ʣʠʥʝʘʨʥʠʤ ʤʦʜʝʣʦʤ, ʧʦʰʪʦ ʿʝ ʣʠʥʝʘʨʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʞʠʥʝ w ʩ ʦʙʟʠʨʦʤ ʥʘ ˁʠʭʦʚʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʘʟʥʝ ʬʫʥʢʮʠʿʝ ),( pxjj  [124]. 

2.4 ˸͊ ΄͙ͤͫͦ͟ ͯ ;͔͔ͥ 

ɺʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ (ʝʥʛʣ. Artificial  Intelligence ï AI) ʢʘʦ ʥʘʫʯʥʘ ʦʙʣʘʩʪ ʬʦʨʤʘʣʥʦ ʧʦʩʪʦʿʠ 

ʦʜ 1956. ʛʦʜʠʥʝ. ʊʦʢʦʤ ʥʘʨʝʜʥʠʭ ʜʝʮʝʥʠʿʘ ʧʦʩʪʘʣʘ ʿʝ ʧʦʧʫʣʘʨʥʘ ʫ ʧʦʢʫʰʘʿʠʤʘ ʨʝʰʘʚʘˁʘ 

ʨʘʟʥʠʭ ʧʨʦʙʣʝʤʘ, ʥʧʨ. ʢʨʦʟ ʝʢʩʧʝʨʪʩʢʝ ʩʠʩʪʝʤʝ, ʢʦʿʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʣʦʛʠʯʢʠʭ ʧʨʘʚʠʣʘ 

ʧʦʢʫʰʘʚʘʣʠ ʜʘ ʨʝʧʨʦʜʫʢʫʿʫ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʧʨʦʬʝʩʠʦʥʘʣʘʮʘ ʫ ʦʜʨʝʹʝʥʠʤ ʦʙʣʘʩʪʠʤʘ ʟʥʘˁʘ. 

ʄʝʹʫʪʠʤ, h ʠʨʘ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʧʦʯʝʣʘ ʿ ʝ ʪʝʢ ʢʘʜʘ ʩʫ ʧʦʙʦˀʰʘˁʘ 

ʧʝʨʬʦʨʤʘʥʩʠ ʨʘʯʫʥʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʭʘʨʜʚʝʨʘ ʟʘ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ ʦʤʦʛʫ˂ʠʣʘ ʜʘ ʩʝ 

ʪʝʦʨʠʿʩʢʘ ʜʦʩʪʠʛʥʫ˂ʘ ʩʧʨʦʚʦʜʝ ʫ ʧʨʘʢʩʠ. ʆʪʧʨʠʣʠʢʝ ʦʜ 2010. ʛʦʜʠʥʝ ʧʦʯʠˁʝ ʧʝʨʠʦʜ ˁʝʥʦʛ 

ʥʘʛʣʦʛ ʨʘʟʚʦʿʘ ʠ ʰʠʨʦʢʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ, ʘ ʨʝʰʘʚʘˁʝ ʩʚʝ ʩʣʦʞʝʥʠʿʠʭ ʧʨʦʙʣʝʤʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʧʦʩʪʘʣʦ ʿʝ ʫʦʙʠʯʘʿʝʥʦ [136], [180]. 

ʅʘʧʨʝʜʘʢ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ, ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʠ ʧʦʨʘʩʪ ʙʨʦʿʘ 

ʨʘʜʥʠʢʘ ʦʙʫʯʝʥʠʭ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʜʠʛʠʪʘʣʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (ʠʘʢʦ ʿʦʰ ʫʚʝʢ ʥʝʜʦʚʦˀʘʥ), 

ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʢʦʤʧʘʥʠʿʘʤʘ ʜʘ ʫʩʚʦʿʝ ʚʝʰʪʘʯʢʫ ʠʥʪʝʣʠʛʝʥʮʠʿʫ ʟʘ ʧʨʠʤʝʥʫ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʩʝʢʪʦʨʠʤʘ ʩʚʦʛ ʧʦʩʣʦʚʘˁʘ. 

ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ (ʝʥʛʣ. Machine Learning ï ML) ʿʝ ʛʨʘʥʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʘ 

ʪʨʝʥʫʪʥʦ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʧʨʘʚʘʮ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʪʦʿ ʦʙʣʘʩʪʠ ʠ ʩʚʝ ʚʠʰʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ 

ʠʥʜʫʩʪʨʠʿʠ. ʇʦ ʦʧʰʪʦʿ ʜʝʬʠʥʠʮʠʿʠ, ʘʢʦ ʩʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʦʛʨʘʤʘ ʧʦʙʦˀʰʘʚʘʿʫ ʧʨʠ 

ʠʟʚʨʰʘʚʘˁʫ ʥʝʢʦʛ ʟʘʜʘʪʢʘ, ʢʘʞʝ ʩʝ ʜʘ ʧʨʦʛʨʘʤ ʫʯʠ ʥʘ ʦʩʥʦʚʫ ʠʩʢʫʩʪʚʘ ʩʪʝʯʝʥʦʛ ʠʟʚʨʰʘʚʘˁʝʤ 

ʪʦʛ ʟʘʜʘʪʢʘ. ʅʝʢʝ ʦʜ ʙʨʦʿʥʠʭ ʧʨʠʤʝʥʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʩʫ ʥʧʨ. ʧʨʝʧʦʟʥʘʚʘˁʝ ʥʝʞʝˀʝʥʝ 

ʝʣʝʢʪʨʦʥʩʢʝ ʧʦʰʪʝ (ʝʥʛʣ. spam e-mail), ʛʝʥʝʨʠʩʘˁʝ ʘʫʪʦʤʘʪʩʢʠʭ ʪʠʪʣʦʚʘ ʫ ʚʠʜʝʦ ʩʥʠʤʮʠʤʘ ʥʘ 

YouTube-ʫ, ʧʨʝʧʦʟʥʘʚʘˁʝ ʣʠʮʘ ʠ/ʠʣʠ ʛʣʘʩʘ, ʨʘʟʚʨʩʪʘʚʘˁʝ ʩʣʠʢʘ, ʠʪʜ. [136]. 

ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ ʠʥʩʧʠʨʠʩʘʥʦ ʿʝ ʤʝʭʘʥʠʟʤʠʤʘ ʫʯʝˁʘ ʞʠʚʦʛ ʙʠ˂ʘ, ʛʜʝ ʩʪʝʯʝʥʘ ʠʩʢʫʩʪʚʘ ʚʦʜʝ 

ʜʦ ʟʥʘˁʘ. ʋ ʢʣʘʩʠʯʥʦʤ ʧʨʦʛʨʘʤʠʨʘˁʫ ʫʥʘʧʨʝʜ ʩʝ ʜʝʬʠʥʠʰʫ ʧʦʩʪʫʧʮʠ, ʪʿ. ʘʣʛʦʨʠʪʤʠ ʠʣʠ 

ʧʨʘʚʠʣʘ, ʠ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʦʛʨʘʤ ʢʦʿʠ ʨʘʜʠ ʧʦ ʟʘʜʘʪʦʤ ʧʦʩʪʫʧʢʫ ʢʘʦ ʨʝʟʫʣʪʘʪʝ 
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ʜʘʿʝ ʨʝʰʝˁʘ. ʋʤʝʩʪʦ ʪʦʛʘ, ʫ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ, ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʦʛʨʘʤ ʢʘʦ 

ʨʝʟʫʣʪʘʪʝ ʜʘʿʝ ʧʦʩʪʫʧʢʝ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʠʟ ʪʠʭ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʘʿʫ ʢʦʥʢʨʝʪʥʘ ʨʝʰʝˁʘ. 

ʐʪʘʚʠʰʝ, ʤʘʰʠʥʘ ʥʝ ʤʦʨʘ ʙʠʪʠ ʧʨʦʛʨʘʤʠʨʘʥʘ ʟʘ ʢʦʥʢʨʝʪʘʥ ʧʨʦʙʣʝʤ, ʚʝ˂ ʤʦʨʘ ʙʠʪʠ ʦʙʫʯʝʥʘ 

ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ. ʆʙʫʢʘ ʿʝ ʩʨʮʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ɼʝʣʠʤʠʯʥʦ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʠʤ 

ʤʝʪʦʜʘʤʘ, ʘʣʠ ʿʝ ʚʦʹʝʥʘ ʧʦʜʘʮʠʤʘ. ʇʨʠ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ ʥʘʿʯʝʰ˂ʝ ʩʝ ʙʘʨʘʪʘ ʩʘ ʦʛʨʦʤʥʦʤ 

ʢʦʣʠʯʠʥʦʤ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʪʠʧʠʯʥʦ ʭʝʪʝʨʦʛʝʥʠ. ɿʘʪʦ ʿ ʝ ʚʝʦʤʘ ʚʘʞʥʘ ʧʨʠʧʨʝʤʘ ʧʦʜʘʪʘʢʘ, ʢʦʿʘ 

ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʛʣʘʚʥʝ ʬʘʟʝ: ʧʨʠʢʫʧˀʘˁʘ, ʦʨʛʘʥʠʟʦʚʘˁʘ ʠ ʯʠʰ˂ʝˁʘ ʧʦʜʘʪʘʢʘ. ʊʝʢ ʥʘʢʦʥ 

ʧʨʦʮʝʩʘ ʧʨʠʧʨʝʤʝ, ʧʦʜʘʮʠ ʩʝ ʤʦʛʫ ʫʧʦʪʨʝʙʠʪʠ ʟʘ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ [181]. 

ʋ ʥʘʩʪʘʚʢʫ ʦʚʦʛ ʦʜʝˀʢʘ ʦʧʠʩʘʥʝ ʩʫ ʚʨʩʪʝ ʧʨʠʤʝʥʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʢʘʦ ʠ ʦʩʥʦʚʥʝ ʚʨʩʪʝ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. 

2.4.1 ˤ͔ͪͫͭ ͨ ͙͔ͪͣͤ͊ ͣ ͊΄͙͎ͤͫͦ͟ ͯ ;͔ͥ͊ 

ʇʨʠʤʝʥʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʤʦʛʫ ʩʝ ʫ ʛʨʫʙʠʤ ʮʨʪʘʤʘ ʧʦʜʝʣʠʪʠ ʥʘ ʪʨʠ ʛʣʘʚʥʝ ʚʨʩʪʝ: 

ʢʣʘʩʠʬʠʢʘʮʠʿʫ, ʛʨʫʧʠʩʘˁʝ ʠ ʨʝʛʨʝʩʠʿʫ (ʉʃ. 14) [206]. 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʝ ʚʨʰʠ ʢʘʜʘ ʥʦʚʝ ʝʣʝʤʝʥʪʝ ʪʨʝʙʘ ʧʨʠʜʨʫʞʠʪʠ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʤ ʛʨʫʧʘʤʘ. 

ɸʣʛʦʨʠʪʤʠ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʟʘ ʪʘʢʚʝ ʧʨʠʤʝʥʝ ʩʫ ʩʪʘʙʣʘ ʦʜʣʫʯʠʚʘˁʘ (ʝʥʛʣ. Decision 

Trees ï DT), ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (ʝʥʛʣ. Artificial Neural Networks ï ANN) ʠ k-ʥʘʿʙʣʠʞʠʭ 

ʩʫʩʝʜʘ (ʝʥʛʣ. k-Nearest Neighbors ï kNN). 

 

ʉʃ. 14: ɺʨʩʪʝ ʧʨʠʤʝʥʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [206]) 

ɻʨʫʧʠʩʘˁʝ (ʝʥʛʣ. clustering) ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʢʘʜʘ ʩʝ ʧʦʜʘʮʠ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʠ ʛʨʫʧʠʩʘʪʠ 

ʧʨʝʤʘ ʩʚʦʿʠʤ ʘʪʨʠʙʫʪʠʤʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, ʢʣʘʩʝ ʥʠʩʫ ʫʥʘʧʨʝʜ ʟʘʜʘʪʝ, ʘʣʠ 

ʧʨʦʛʨʘʤ ʤʦʨʘ ʜʘ ʙʫʜʝ ʫ ʩʪʘˁʫ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʝ ʜʘ ʣʠ ʩʫ ʧʦʜʘʮʠ ʩʣʠʯʥʠ ʿʝʜʥʠ ʜʨʫʛʠʤʘ ʠ ʥʘ 

ʢʨʘʿʫ ʠʭ ʛʨʫʧʠʰʝ ʟʘʿʝʜʥʦ. ʅʘʿʢʦʨʠʰ˂ʝʥʠʿʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʪʘʢʚʝ ʧʨʠʤʝʥʝ ʩʫ ʛʨʫʧʠʩʘˁʝ 

k-ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. k-Means Clustering), ʛʨʫʧʠʩʘˁʝ ʩʘ ʧʦʤʝʨʘˁʝʤ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

(ʝʥʛʣ. Mean-Shift Clustering) ʠ ʘʛʣʦʤʝʨʘʪʠʚʥʦ ʭʠʿʝʨʘʨʭʠʿʩʢʦ ʛʨʫʧʠʩʘˁʝ (ʝʥʛʣ. Agglomerative 

Hierarchical Clustering). 

ʈʝʛʨʝʩʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʬʫʥʢʮʠʿʘ (ʥʘ ʩʣʠʮʠ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʣʠʥʠʿʘʤʘ) ʢʦʿʝ 

ʥʘʿʙʦˀʝ ʦʜʛʦʚʘʨʘʿʫ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ, ʪʿ. ʥʘʿʙʦˀʝ ʠʭ ʦʧʠʩʫʿʫ. ʄʦʞʝ ʜʘ ʨʘʜʠ ʩʘ ʿʝʜʥʦʩʪʘʚʥʠʤ 

ʠʣʠ ʚʠʰʝʩʪʨʫʢʠʤ ʤʦʜʝʣʠʤʘ, ʢʦʿʠ ʠʤʘʿʫ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʦʙʝʣʝʞʿʘ, ʠ ʩʘ ʣʠʥʝʘʨʥʠʤ ʠʣʠ 

ʥʝʣʠʥʝʘʨʥʠʤ ʤʦʜʝʣʠʤʘ. ɿʘ ʪʘʢʚʝ ʧʨʠʤʝʥʝ, ʥʝʢʠ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʘʣʛʦʨʠʪʘʤʘ ʩʫ ʨʝʛʨʝʩʠʿʘ ʩʪʘʙʣʘ 

ʦʜʣʫʯʠʚʘˁʘ (ʝʥʛʣ. Decision Tree Regression), ʨʝʛʨʝʩʠʿʘ ʩʣʫʯʘʿʥʝ ʰʫʤʝ (ʝʥʛʣ. Random Forest 

Regression) ʠ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. 

2.4.2 ˤ͔ͪͫͭ ͣ ͊΄͙͎ͤͫͦ͟ ͯ ;͔ͥ͊ 

ɼʚʝ ʛʣʘʚʥʝ ʚʨʩʪʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʩʫ ʥʘʜʛʣʝʜʘʥʦ ʠ ʥʝʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ, ʘ ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʠ 

ʫʯʝˁʝ ʧʦʪʢʨʝʧˀʠʚʘˁʝʤ. 
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ʅʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʠʣʠ ʫʯʝˁʝ ʧʦʜ ʥʘʜʟʦʨʦʤ (ʝʥʛʣ. supervised learning, ʉʃ. 15) [184] ʪʠʧʠʯʥʦ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʠʢʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʊʦ ʩʫ ʘʢʪʠʚʥʦʩʪʠ ʢʦʜ ʢʦʿʠʭ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʘʪʨʠʙʫʪʘ 

ʪʨʝʙʘ ʧʨʝʜʚʠʜʝʪʠ ʮʠˀʥʝ ʘʪʨʠʙʫʪʝ; ʥʘ ʧʨʠʤʝʨ, ʪʨʝʙʘ ʧʨʝʜʚʠʜʝʪʠ ʠʟʥʦʩ ʨʘʯʫʥʘ ʟʘ ʝʥʝʨʛʠʿʫ ʟʘ 

ʥʘʨʝʜʥʠʭ ʥʝʢʦʣʠʢʦ ʤʝʩʝʮʠ, ʥʘ ʦʩʥʦʚʫ ʠʩʪʦʨʠʿʝ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ ʫ ʩʪʘʥʫ. ʋ ʪʫ ʚʨʩʪʫ ʩʧʘʜʘ ʠ 

ʧʨʠʤʝʥʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʥʘ ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʠʩʪʨʘʞʫʿʝ ʫ ʦʚʦʤ ʨʘʜʫ, ʪʿ. ʧʨʝʜʚʠʹʘˁʝ 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʬʦʪʦʥʘʧʦʥʩʢʦʤ ʩʠʩʪʝʤʫ. ʊʘ ʚʨʩʪʘ ʫʯʝˁʘ ʫʛʣʘʚʥʦʤ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʙʣʝʤʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʠ ʨʝʛʨʝʩʠʿʝ. 

 

ʉʃ. 15: ʐʝʤʘ ʫʯʝˁʘ ʧʦʜ ʥʘʜʟʦʨʦʤ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [184]) 

ʇʨʦʮʝʩ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʝ ʬʘʟʝ, ʦʙʫʢʝ ʠ ʧʨʝʜʚʠʹʘˁʘ. ʆʙʫʢʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʘʞʥʠʿʠ ʜʝʦ ʧʨʦʮʝʩʘ. 

ʟʘʪʦ ʰʪʦ ʿʝ ʪʦ ʬʘʟʘ ʫ ʢʦʿʦʿ ʩʝ ʤʦʜʝʣ ʢʨʝʠʨʘ ʠ ʦʙʫʯʘʚʘ ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ. ʋʣʘʟ ʫ ʬʘʟʠ ʦʙʫʢʝ ʿʝ 

ʪʘʢʦʟʚʘʥʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ (ʝʥʛʣ. training dataset), ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʅʘʢʦʥ ʰʪʦ ʿʝ ʤʦʜʝʣ ʜʦʙʨʦ ʦʙʫʯʝʥ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʬʘʟʘ ʧʨʝʜʚʠʹʘˁʘ, ʫ ʢʦʿʦʿ ʩʝ 

ʥʦʚʠ ʩʢʫʧ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫʥʦʩʠ ʫ ʤʦʜʝʣ, ʢʦʿʠ ʥʘ ʦʩʥʦʚʫ ʪʠʭ ʧʦʜʘʪʘʢʘ ʜʘʿʝ ʞʝˀʝʥʠ ʠʟʣʘʟ. ʅʘ 

ʧʨʠʤʝʨ, ʪʘ ʚʨʩʪʘ ʫʯʝˁʘ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʩʣʠʢʘ: ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʩʣʠʢʘ ʫʥʦʩʠ ʩʝ ʫ 

ʧʨʦʛʨʘʤ ʩʘ ʦʙʿʘʰˁʝˁʝʤ h ʪʘ ʩʚʘʢʘ ʦʜ ˁ ʠʭ ʟʥʘʯʠ, ʘ ʥʘʢʦʥ h ʪʦ ʿ ʝ ʤʦʜʝʣ ʦʙʫʯʝʥ, ʤʦʞʝ ʥʦʚʝ ʩʣʠʢʝ 

ʢʦʿʝ ʩʫ ʫ ʚʝʟʠ ʩʘ ʦʥʠʤ ʢʦʿʝ ʿʝ Ăʚʠʜʝʦò ʪʦʢʦʤ ʦʙʫʢʝ ʜʘ ʢʣʘʩʠʬʠʢʫʿʝ ʧʨʝʤʘ ʧʨʝʪʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʦʩʦʙʠʥʘʤʘ. ɼʨʫʛʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʝ ʩʫ ʥʧʨ. ʧʨʝʜʚʠʹʘˁʝ ʮʝʥʝ ʘʢʮʠʿʘ ʥʘ ʪʨʞʠʰʪʫ, 

ʤʝʪʝʦʨʦʣʦʰʢʘ ʧʨʝʜʚʠʹʘˁʘ, ʠʪʜ. 

 

ʉʃ. 16: ʐʝʤʘ ʫʯʝˁʘ ʙʝʟ ʥʘʜʟʦʨʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [184]) 

ʅʝʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʠʣʠ ʫʯʝˁʝ ʙʝʟ ʥʘʜʟʦʨʘ (ʝʥʛʣ. unsupervised learning, ʉʃ. 16) [184] ʪʠʧʠʯʥʦ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʝʩʢʨʠʧʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʪʿ. ʘʢʪʠʚʥʦʩʪʠ ʢʦʜ ʢʦʿʠʭ ʧʨʦʛʨʘʤ ʦʪʢʨʠʚʘ ʦʜʥʦʩʝ ʠ 

ʰʘʙʣʦʥʝ ʫ ʥʝʦʟʥʘʯʝʥʠʤ ʧʦʜʘʮʠʤʘ, ʧʦʢʫʰʘʚʘ ʜʘ ʠʭ ʛʨʫʧʠʰʝ ʠ ʩʣ., ʠ ʪʠʤʝ ʦʧʠʩʫʿʝ ʪʝ ʧʦʜʘʪʢʝ 
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ʥʘ ʥʦʚʝ ʥʘʯʠʥʝ. ɼʘʢʣʝ, ʦʙʠʯʥʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ ʧʨʦʙʣʝʤʝ ʛʨʫʧʠʩʘˁʘ, ʢʘʜʘ ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ ʢʦʿʠ 

ʥʠʩʫ ʦʟʥʘʯʝʥʠ, ʘ ʪʨʝʙʘ ʠʭ ʛʨʫʧʠʩʘʪʠ. ʅʘ ʧʨʦʛʨʘʤʫ ʿʝ ʜʘ Ăʨʘʟʫʤʝò ʦʙʨʘʟʘʮ ʢʦʿʠ ʩʪʦʿʠ ʠʟʘ 

ʧʦʜʘʪʘʢʘ, ʪʘʢʦ ʜʘ ʿʝ ˀʫʜʩʢʘ ʠʥʪʝʨʚʝʥʮʠʿʘ, ʫ ʪʦʤ ʩʣʫʯʘʿʫ, ʦʛʨʘʥʠʯʝʥʘ. ʅʝʢʠ ʦʜ ʧʨʠʤʝʨʘ ʩʫ 

ʦʪʢʨʠʚʘˁʝ ʧʨʝʚʘʨʘ ʩʘ ʢʨʝʜʠʪʥʠʤ ʢʘʨʪʠʮʘʤʘ ʠʣʠ ʥʝʞʝˀʝʥʝ ʝ-ʧʦʰʪʝ, ʧʨʠʤʝʥʝ ʫ ʘʥʘʣʠʟʠ 

ʜʨʫʰʪʚʝʥʠʭ ʤʨʝʞʘ, ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʢʫʧʘʮʘ ʫ ʤʘʨʢʝʪʠʥʛʫ ʠ ʩʣ. [137], [138]. 

ɱʦʰ ʿʝʜʘʥ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝ ʿʝ ʧʨʝʧʦʟʥʘʚʘˁʝ ʙʦʣʝʩʪʠ, ʧʦʧʫʪ ʪʫʤʦʨʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʝʦʟʥʘʯʝʥʝ 

ʩʣʠʢʝ h ʘˀʫ ʤʦʜʝʣʫ ʘ ʦʥ ʩʘʤ ʫʯʠ ʜʘ ʣʠ, ʥʘ ʧʨʠʤʝʨ, ʦʩʦʙʘ ʤʦʞʝ ʠʤʘʪʠ ʨʘʢ ʧʣʫ˂ʘ. ʊʘʿ ʪʠʧ ʫʯʝˁʘ 

ʥʘʟʠʚʘ ʩʝ ʧʦʣʫʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ (ʝʥʛʣ. semi-supervised learning) ʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʰʘʚʠʥʫ ʫʯʝˁʘ 

ʙʝʟ ʥʘʜʟʦʨʘ ʠ ʫʯʝˁʘ ʩʘ ʥʘʜʟʦʨʦʤ. ʇʦʣʫʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʟʘʭʪʝʚʘ ʦʟʥʘʯʘʚʘˁʝ ʜʝʣʘ ʧʦʜʘʪʘʢʘ, 

ʰʪʦ ʧʦʤʘʞʝ ʧʨʦʛʨʘʤʫ ʜʘ ʧʨʦʥʘʹʝ ʦʙʨʘʟʘʮ ʥʝʦʟʥʘʯʝʥʠʭ ʧʦʜʘʪʘʢʘ. 

ʋʯʝˁʝ ʧʦʪʢʨʝʧˀʠʚʘˁʝʤ ʠʣʠ ʫʯʝˁʝ ʫʟ ʧʦʜʩʪʠʮʘʿ (ʝʥʛʣ. reinforcement learning, ʉʃ. 17) [184] 

ʩʣʠʯʥʦ ʿʝ ʫʯʝˁʫ ʙʝʟ ʥʘʜʟʦʨʘ ʧʦ ʪʦʤʝ ʰʪʦ ʥʝʦʙʨʘʹʝʥʠ ʧʦʜʘʮʠ ʥʠʩʫ ʦʟʥʘʯʝʥʠ, ʘʣʠ ʧʨʦʮʝʩ ʿʝ 

ʜʨʫʛʘʯʠʿʠ. ʇʦʤʦ˂ʫ ʧʝʪˀʝ, ʪʿ. ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ, ʘʛʝʥʪ ʿʝ ʚʦʹʝʥ ʧʦʚʨʘʪʥʠʤ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʦʜ 

ʦʢʨʫʞʝˁʘ ʫ ʢʦʤ ʩʝ ʥʘʣʘʟʠ. ʊʝ ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʩʫ ʧʦʟʠʪʠʚʥʝ ʠʣʠ ʥʝʛʘʪʠʚʥʝ, ʥʘ ʦʩʥʦʚʫ 

ʩʠʩʪʝʤʘ ʝʚʘʣʫʘʮʠʿʝ. ʊʘ ʚʨʩʪʘ ʫʯʝˁʘ ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʛʨʝʩʠʿʫ, ʥʧʨ. ʫ ʨʦʙʦʪʠʮʠ, 

ʘʫʪʦʤʦʙʠʣʠʤʘ ʙʝʟ ʚʦʟʘʯʘ ʠ ʩʣ. 

 

ʉʃ. 17: ʐʝʤʘ ʫʯʝˁʘ ʧʦʪʢʨʝʧˀʠʚʘˁʝʤ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [184]) 

2.5 ˹͔ ͔ͯͪͦͤͫ͟ ͣ ͔͔ͪ͗ 

ʂʦʥʮʝʧʪ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʢʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʠʟ ʠʤʝʥʘ, ʧʦʪʠʯʝ ʦʜ 

ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ˀʫʜʩʢʦʛ ʤʦʟʛʘ. ɲʫʜʩʢʠ ʤʦʟʘʢ ʠʟʫʟʝʪʥʦ ʿʝ 

ʢʦʤʧʣʠʢʦʚʘʥ ʠ ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʦʤʥʫ ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ ï ʧʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ʫ ˀʫʜʩʢʦʤ ʤʦʟʛʫ 

ʧʦʩʪʦʿʠ ʦʢʦ 85 ʤʠʣʠʿʘʨʜʠ ʥʝʫʨʦʥʘ [115], [182]. ʉʚʘʢʠ ʥʝʫʨʦʥ ʧʦʚʝʟʘʥ ʿʝ ʩʘ ʭʠˀʘʜʘʤʘ ʜʨʫʛʠʭ 

ʥʝʫʨʦʥʘ ʧʨʝʢʦ ʚʝʟʘ ʟʚʘʥʠʭ ʩʠʥʘʧʩʝ, ʪʘʢʦ ʜʘ ʧʦʩʪʦʿʝ ʤʠʣʠʦʥʠ ʤʠʣʠʿʘʨʜʠ ʚʝʟʘ. 

ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʦʧʦʥʘʰʘʿʫ ˀʫʜʩʢʠ ʤʦʟʘʢ; ʦʥʝ ʥʠʩʫ ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ 

ʩʫ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʦʙʘʚˀʘˁʝ ʦʜʨʝʹʝʥʠʭ ʟʘʜʘʪʘʢʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʠʛʨʘˁʝ ʰʘʭʘ, ʠʟʚʦʹʝˁʝ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʧʨʦʨʘʯʫʥʘ ʠʣʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʥʝʢʝ ʤʘʥʫʝʣʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʯʥʦ ʿʝ ʜʘ ˀʫʜʩʢʠ 

ʤʦʟʘʢ ʤʦʞʝ ʜʘ ʦʙʘʚˀʘ ʠ ʪʘʢʚʝ ʘʢʪʠʚʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ʧʨʠʤʝʨʘ ʨʘʜʠ, ʢʘʜʘ ʩʝ ʚʠʜʝʦ-ʠʛʨʠʮʘ ʠʛʨʘ 

ʧʦ ʧʨʚʠ ʧʫʪ, ʤʦʟʘʢ ʧʨʝʧʦʟʥʘʿʝ ʰʪʘ ʪʨʝʙʘ ʜʘ ʩʝ ʫʨʘʜʠ ʧʫʪʝʤ ʧʦʢʫʰʘʿʘ ʠ ʛʨʝʰʘʢʘ, ʧʨʝʧʦʟʥʘʿʝ 

ʦʙʨʘʩʮʝ, ʫʯʠ ʜʘ ʣʠʢ ʪʨʝʙʘ ʥʧʨ. ʜʘ ʩʢʦʯʠ ʫ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʠ ʩʣ. ʊʠʤʝ ʩʪʠʯʝ ʟʥʘˁʝ ʢʦʿʝ ʨʝʟʫʣʪʠʨʘ 

ʨʝʰʝˁʝʤ, ʘ ʪʦ ʿʝ ʜʘ ʩʝ ʠʛʨʠʮʘ ʠʛʨʘ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʿʝ ʥʝʦʧʭʦʜʘʥ ʟʘ ʫʩʧʝʰʘʥ ʟʘʚʨʰʝʪʘʢ. 

ʉʣʠʯʥʦ ʤʦʟʛʫ, ʚʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʫʣʘʟʠʤʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʪʠʯʝ ʟʥʘˁʝ. 

ʆʙʣʠʢʫʿʫ˂ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʪʝʞʠʥʘʤʘ, ʨʘʟʚʠʿʘ ʩʝ ʘʫʪʦʥʦʤʥʦ, ʫʯʠ ʜʘ ʠʛʨʘ ʠʛʨʫ ʩʘʤʦʩʪʘʣʥʦ, ʜʘ 

ʧʨʘʚʠ ʧʨʝʜʚʠʹʘˁʘ ʧʨʝʤʘ ʦʙʨʘʩʮʠʤʘ ʠ ʤʘʪʝʤʘʪʠʯʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ, ʢʣʘʩʠʬʠʢʫʿʝ ʦʙʿʝʢʪʝ, 

ʧʨʝʧʦʟʥʘʿʝ ʦʙʨʘʩʮʝ ʥʘ ʩʣʠʢʘʤʘ, ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʧʨʠʤʝʥʘ. 
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ʅʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʠʤʠʪʠʨʘʿʫ ʧʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʠ ʩʝ ʜʦʛʘʹʘ ʫ ˀʫʜʩʢʦʤ 

ʤʦʟʛʫ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʦʜʨʝʹʝʥʠʭ ʟʘʜʘʪʘʢʘ. ʈʘʜʠ ʪʦʛʘ, ʚʝʟʝ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʫ 

ʤʦʟʛʫ ʘʧʨʦʢʩʠʤʠʨʘʿʫ ʩʝ ʤʦʜʝʣʠʤʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʯʫʚʘʿʫ˂ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʠ ʫʯʝ˂ʠ ʠʟ ˁʠʭ. 

ʇʦ ʿʝʜʥʦʿ ʜʝʬʠʥʠʮʠʿʠ, ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʿʝ ʤʘʩʦʚʥʦ ʧʘʨʘʣʝʣʥʦ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʧʨʦʮʝʩʦʨ 

ʩʘʩʪʘʚˀʝʥ ʦʜ ʿʝʜʥʦʩʪʘʚʥʠʭ ʧʨʦʮʝʩʥʠʭ ʿʝʜʠʥʠʮʘ, ʢʦʿʝ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʩʢʣʘʜʠʰʪʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʟʥʘˁʝ ʠ ʫʯʠʥʝ ʛʘ ʜʦʩʪʫʧʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ. ʅʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʧʦʜʩʝ˂ʘ ʥʘ ʤʦʟʘʢ 

ʫ ʜʚʘ ʘʩʧʝʢʪʘ: ʤʨʝʞʘ ʩʪʠʯʝ ʟʥʘˁʝ ʠʟ ʩʚʦʛ ʦʢʨʫʞʝˁʘ ʢʨʦʟ ʧʨʦʮʝʩ ʫʯʝˁʘ, ʠ ʿʘʯʠʥʝ ʚʝʟʘ ʠʟʤʝʹʫ 

ʥʝʫʨʦʥʘ (ʧʦʟʥʘʪʝ ʢʘʦ ʩʠʥʘʧʪʠʯʢʝ ʪʝʞʠʥʝ) ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ. 

ɼʦʙʨʦ ʜʠʟʘʿʥʠʨʘʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʠʤʘ ʚʝʣʠʢʠ ʢʘʧʘʮʠʪʝʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, 

ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʠ ʠ ʢʘʜʘ ʤʨʝʞʘ ʨʘʜʠ ʩʘ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʥʠʩʫ Ăʚʠʹʝʥʠò 

ʫ ʬʘʟʠ ʦʙʫʢʝ, ʪʿ. ʢʘʜʘ ʩʝ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʨʘʟʣʠʢʫʿʫ ʦʜ ʦʥʠʭ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ 

ʦʙʫʯʘʚʘʥʘ, h ʪʦ ʥʘʿʯʝʰ˂ʝ ʿʝʩʪʝ ʩʣʫʯʘʿ [121]. 

ɿʘʥʠʤˀʠʚʦ ʿʝ ʥʘʿʧʨʝ ʫʢʨʘʪʢʦ ʦʧʠʩʘʪʠ ʢʘʢʦ ʬʫʥʢʮʠʦʥʠʰʝ ʥʝʨʚʥʘ ˂ʝʣʠʿʘ ʫ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʫ, 

ʪʿ. ʙʠʦʣʦʰʢʠ ʥʝʫʨʦʥ, ʧʨʝ ʦʧʠʩʘ ʦʧʰʪʝ ʩʪʨʫʢʪʫʨʝ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʘ 

ʚʝʰʪʘʯʢʦʛ ʥʝʫʨʦʥʘ. ɿʘʪʠʤ ʩʫ ʦʧʠʩʘʥʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ: ʬʫʥʢʮʠʿʝ 

ʘʢʪʠʚʘʮʠʿʝ, ʧʨʦʮʝʩ ʦʙʫʢʝ, ʦʩʥʦʚʥʝ ʚʨʩʪʝ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʢʘʦ ʠ ʧʨʦʮʝʩ ʧʨʠʧʨʝʤʝ 

ʧʦʜʘʪʘʢʘ ʠ ʢʨʝʠʨʘˁʘ ʤʦʜʝʣʘ. 

2.5.1 ˣ͙ͦͦ͡΄͙͟ ͤ ͔ͯͪͦͤ 

ʅʝʫʨʦʥʠ ʚʨʰʝ ʦʙʨʘʜʫ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʥʝʨʚʥʦʤ ʩʠʩʪʝʤʫ. ʊʨʘʿʘˁʝ ʥʝʫʨʦʥʩʢʠʭ ʜʦʛʘʹʘʿʘ ʫ ʤʦʟʛʫ 

ʿʝ ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʤʠʣʠʩʝʢʫʥʜʠ, h ʪʦ ʟʥʘʯʠ ʜʘ ʩʫ ʙʠʦʣʦʰʢʠ ʥʝʫʨʦʥʠ ʦʢʦ 5 ʜʦ 6 ʨʝʜʦʚʘ ʚʝʣʠʯʠʥʝ 

ʩʧʦʨʠʿʠ ʦʜ ʩʠʣʠʮʠʿʫʤʩʢʠʭ ʣʦʛʠʯʢʠʭ ʢʘʧʠʿʘ, ʢʦʿʠʤʘ ʿʝ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ʨʝʜʘ 

ʚʝʣʠʯʠʥʝ ʥʘʥʦʩʝʢʫʥʜʠ [121]. ʄʘˁʫ ʙʨʟʠʥʫ ʙʠʦʣʦʰʢʠʭ ʥʝʫʨʦʥʘ ʢʦʤʧʝʥʟʫʿʝ ʦʛʨʦʤʘʥ ʙʨʦʿ ʚʝʟʘ 

ʠʟʤʝʹʫ ˁʠʭ. 

 

ʉʃ. 18: ʆʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʙʠʦʣʦʰʢʦʛ ʥʝʫʨʦʥʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [127]) 

ʆʩʥʦʚʥʠ ʜʝʣʦʚʠ ʪʠʧʠʯʥʦʛ ʥʝʫʨʦʥʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʃ. 18. ʎʝʥʪʨʘʣʥʠ ʜʝʦ ʥʝʫʨʦʥʘ ʥʘʟʠʚʘ ʩʝ 

ʪʝʣʦ ˂ ʝʣʠʿʝ, ʩʦʤʘ ʠʣʠ ʧʝʨʠʢʘʨʠʦʥ, ʘ ʠʟ ˁ ʝʛʘ ʠʟʣʘʟʠ ʥʝʢʦʣʠʢʦ ʚʝʟʘ ʥʘʣʠʢ ʪʘʥʢʠʤ ʮʝʚʠʤʘ ï ʘʢʩʦʥ 

ʠ ʜʝʥʜʨʠʪʠ. ɸʢʩʦʥ ʿʝ ʜʫʞʠ ʦʜ ʜʝʥʜʨʠʪʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʣʠʥʠʿʫ ʟʘ ʧʨʝʥʦʩ ʧʦʜʘʪʘʢʘ ï ʢʨʦʟ ʘʢʩʦʥ 

ʩʝ ʥʝʨʚʥʠ ʠʤʧʫʣʩʠ ʩʧʨʦʚʦʜʝ ʦʜ ʪʝʣʘ ˂ʝʣʠʿʝ ʜʦ ʩʣʝʜʝ˂ʝʛ ʥʝʫʨʦʥʘ. ɸʢʩʦʥ ʿʝ ʥʘ ʢʨʘʿʫ ʨʘʟʛʨʘʥʘʪ, 

ʟʘʚʨʰʘʚʘ ʩʝ ʪʟʚ. ʘʢʩʦʥʩʢʠʤ ʪʝʨʤʠʥʘʣʠʤʘ. ɼʝʥʜʨʠʪʠ ʩʫ ʤʥʦʛʦ ʤʘˁʠ ʦʜ ʘʢʩʦʥʘ, ˁ ʠʭʦʚʘ ʦʩʥʦʚʥʘ 

ʫʣʦʛʘ ʿʝ ʜʘ ʧʨʠʤʘʿʫ ʩʪʠʤʫʣʫʩʝ ʠ ʩʧʨʦʚʦʜʝ ʠʭ ʜʦ ʪʝʣʘ ˂ʝʣʠʿʝ. ʅʝʨʚʥʠ ʟʘʚʨʰʝʮʠ ʩʫ ʤʘʣʘ 

ʧʨʦʰʠʨʝˁʘ ʫ ʦʙʣʠʢʫ ʯʚʦʨʠ˂ʘ ʥʘ ʢʨʘʿʝʚʠʤʘ ʥʝʫʨʦʥʘ. ʅʝʨʚʥʠ ʟʘʚʨʰʝʮʠ ʬʦʨʤʠʨʘʿʫ ʩʠʥʘʧʩʝ, ʪʿ. 

ʚʝʟʝ ʩʘ ʩʫʩʝʜʥʠʤ ʥʝʫʨʦʥʠʤʘ [115], [127]. 
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ʂʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ ʦʜʚʠʿʘ ʩʝ ʢʨʦʟ ʩʠʥʘʧʩʝ, ʢʦʿʝ ʩʣʫʞʝ ʟʘ ʧʨʝʥʦʰʝˁʝ ʠʥʬʦʨʤʘʮʠʿʘ 

ʜʨʫʛʠʤ ʥʝʫʨʦʥʠʤʘ, ʘ ʧʦ ʥʘʯʠʥʫ ʧʨʝʥʦʰʝˁʘ ʠʥʬʦʨʤʘʮʠʿʘ ʤʦʛʫ ʙʠʪʠ ʝʣʝʢʪʨʠʯʥʝ ʠʣʠ ʭʝʤʠʿʩʢʝ. 

ʉʠʥʘʧʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʟʝ ʘʢʩʦʥʘ ʿʝʜʥʦʛ ʥʝʫʨʦʥʘ ʩʘ ʜʝʥʜʨʠʪʠʤʘ ʜʨʫʛʦʛ, ʤʘʜʘ ʩʝ 

ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ ʠ ʠʟʤʝʹʫ ʘʢʩʦʥʘ ʠ ʪʝʣʘ ˂ʝʣʠʿʝ, ʜʚʘ ʘʢʩʦʥʘ, ʘ ʧʦʥʝʢʘʜ ʯʘʢ ʠ ʜʚʘ ʜʝʥʜʨʠʪʘ. 

ʀʥʬʦʨʤʘʮʠʿʝ ʠʟ ʩʠʥʘʧʩʠ ʦʙʨʘʹʫʿʫ ʩʝ ʫ ʪʝʣʫ ˂ʝʣʠʿʝ ʠ ʧʨʝʥʦʩʝ ʩʣʝʜʝ˂ʝʤ ʥʝʫʨʦʥʫ ʜʫʞ ʘʢʩʦʥʘ 

(ʪʨʘʥʩʤʠʩʠʦʥʝ ʣʠʥʠʿʝ). ɺʝ˂ʠʥʘ ʩʠʥʘʧʩʠ ʫ ˀʫʜʩʢʦʤ ʤʦʟʛʫ ʩʫ ʭʝʤʠʿʩʢʝ. ʍʝʤʠʿʩʢʝ ʩʠʥʘʧʩʝ ʫ 

ʚʝʣʠʢʦʿ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʩʫ ʿʝʜʥʦʩʤʝʨʥʝ, ʘ ʩʚʝ ʝʣʝʢʪʨʠʯʥʝ ʩʠʥʘʧʩʝ ʩʫ ʜʚʦʩʤʝʨʥʝ [115], [127]. 

2.5.2 ˻ͨ΄ͭ͊ ͫ ͭͪͯͭͯͪ͊͟ ͍ ͔΄ͭ͊;͔͟ ͤ ͔͔ͯͪͦͤͫ͟ ͣ ͔͔ͪ͗ 

ɺʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʩʘʩʪʘʚˀʝʥʘ ʿʝ ʦʜ ʠʟʚʝʩʥʦʛ ʙʨʦʿʘ ʥʝʫʨʦʥʘ, ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ 

ʧʦʚʝʟʘʥʠ ʩʠʥʘʧʪʠʯʢʠʤ ʚʝʟʘʤʘ ʢʦʿʠʤʘ ʩʫ ʜʦʜʝˀʝʥʝ ʪʝʞʠʥʝ. ʊʝʞʠʥʝ ʤʦʛʫ ʜʘ ʧʦʧʨʠʤʘʿʫ 

ʧʦʟʠʪʠʚʥʝ ʠʣʠ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʨʠʣʘʛʦʹʘʚʘʿʫ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʫʯʝˁʘ, ʢʦʜʠʨʘʿʫ˂ʠ 

ʪʠʤʝ ʟʥʘˁʝ ʢʦʿʝ ʤʨʝʞʘ ʩʪʠʯʝ, ʠ ʫʪʠʯʫ˂ʠ ʥʘ ʪʘʯʥʦʩʪ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ [121], [139]. 

ʅʝʫʨʦʥʠ ʫ ʤʨʝʞʠ ʨʘʩʧʦʨʝʹʝʥʠ ʩʫ ʫ ʩʣʦʿʝʚʝ. ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʩʣʦʿʝʚʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʧʨʠʤʝʥʝ. ʅʘʿʯʝʰ˂ʝ, ʩʚʘʢʠ ʥʝʫʨʦʥ ʧʦʚʝʟʘʥ ʿʝ ʩʘ ʩʚʠʤ ʥʝʫʨʦʥʠʤʘ ʫ ʩʫʩʝʜʥʠʤ ʩʣʦʿʝʚʠʤʘ. 

ʊʠʧʠʯʥʘ ʚʠʰʝʩʣʦʿʥʘ ʚʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ (ʉʃ. 19) ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʫʣʘʟʥʦʛ ʩʣʦʿʘ, ʠʟʣʘʟʥʦʛ 

ʩʣʦʿʘ ʠ ʥʝʢʦʣʠʢʦ ʤʝʹʫʩʣʦʿʝʚʘ, ʢʦʿʠ ʩʝ ʥʘʟʠʚʘʿʫ ʩʢʨʠʚʝʥʠ ʩʣʦʿʝʚʠ. ʋʣʘʟʥʠ ʩʠʛʥʘʣʠ (ʘʪʨʠʙʫʪʠ) 

ʜʦʚʦʜʝ ʩʝ ʥʘ ʧʨʠʿʝʤʥʝ ʿ ʝʜʠʥʠʮʝ (ʩʝʥʟʦʨʝ, ʫʣʘʟʥʝ ʯʚʦʨʦʚʝ) ʫ ʫʣʘʟʥʦʤ ʩʣʦʿʫ. ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʤʦʛʫ 

ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʚʝʢʪʦʨʦʤ ʠʣʠ ʤʘʪʨʠʮʦʤ. ʀʟʣʘʟʠ ʧʨʠʿʝʤʥʠʭ ʿʝʜʠʥʠʮʘ ʧʦʚʝʟʘʥʠ ʩʫ ʩʘ 

ʥʝʫʨʦʥʠʤʘ ʫ ʧʨʚʦʤ ʩʢʨʠʚʝʥʦʤ ʩʣʦʿʫ, ʠʪʜ. ʊʦ ʤʦʞʝ ʙʠʪʠ ʧʦʥʦʚˀʝʥʦ ʚʠʰʝ ʧʫʪʘ, ʪʿ. ʤʦʞʝ ʙʠʪʠ 

ʦʥʦʣʠʢʦ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ [121]. 

 
ʉʃ. 19: ʇʨʠʤʝʨ ʪʠʧʠʯʥʝ ʚʠʰʝʩʣʦʿʥʝ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [121]) 

ʂʦʥʘʯʥʦ, ʧʦʩʪʦʿʠ ʠʟʣʘʟʥʠ ʩʣʦʿ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʩʘʩʪʘʚˀʝʥ ʦʜ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʥʝʫʨʦʥʘ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʥʦʛ ʙʨʦʿʘ ʠʟʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʅʧʨ. ʘʢʦ ʩʝ ʤʨʝʞʘ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʙʣʝʤ 

ʧʨʝʜʚʠʹʘˁʘ ʿ ʝʜʥʝ ʚʨʝʜʥʦʩʪʠ, ʠʟʣʘʟʥʠ ʩʣʦʿ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʩʘʤʦ ʿ ʝʜʥʦʛ ʥʝʫʨʦʥʘ, ʯʠʿʠ ʠʟʣʘʟ ˂ ʝ ʙʠʪʠ 

ʧʨʝʜʚʠʹʝʥʘ ʚʨʝʜʥʦʩʪ [119], [121]. ʉʚʘʢʠ ʥʝʫʨʦʥ ʫ ʩʣʦʿʫ ʩʪʫʧʘ ʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʩʫʩʝʜʥʠʤ 

ʥʝʫʨʦʥʠʤʘ ʧʨʝʢʦ ʩʠʥʘʧʩʠ ʠ ʿʝʜʠʥʠʮʘ ʢʦʝʿ ʠʟʚʨʰʘʚʘʿʫ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ ʠ ʘʢʪʠʚʘʮʠʿʝ [187]. 

2.5.3 ˤ͔΄ͭ͊;͙͟ ͤ ͔ͯͪͦͤ 

ɺʝʰʪʘʯʢʠ ʥʝʫʨʦʥ ʥʝ ʤʦʞʝ ʜʘ ʧʦʥʦʚʠ ʩʣʦʞʝʥʦʩʪ ʧʨʘʚʦʛ ʥʝʫʨʦʥʘ; ʤʝʹʫʪʠʤ, ʦʥ ʿʝ ʫ 

ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʤʠʩʣʫ ʥʘʿʙʣʠʞʠ ʩʠʤʫʣʘʮʠʿʠ ʧʨʦʮʝʩʘ ʫʯʝˁʘ. ʅʘ ʉʃ. 20 ʧʨʠʢʘʟʘʥ ʿʝ ʪʠʧʠʯʘʥ 

ʤʦʜʝʣ ʚʝʰʪʘʯʢʦʛ ʥʝʫʨʦʥʘ. ʉʘʙʠʨʥʠ ʯʚʦʨ (ʝʥʛʣ. summing junction) ʠʟʨʘʯʫʥʘʚʘ ʬʫʥʢʮʠʿʫ 

ʧʨʝʥʦʩʘ (ʝʥʛʣ. transfer function), ʪʿ. ʩʘʙʠʨʘ ʫʣʘʟʥʝ ʩʠʛʥʘʣʝ (xj) ʧʦʤʥʦʞʝʥʝ ʩʠʥʘʧʪʠʯʢʠʤ 

ʪʝʞʠʥʘʤʘ ʚʝʟʘ (wkj, ʦʜ ʝʥʛʣ. weight), ʢʘʦ ʠ ʦʪʢʣʦʥ (bk, ʦʜ ʝʥʛʣ. bias). ʊʝʞʠʥʘ ʠʣʠ ʪʝʞʠʥʩʢʠ 
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ʢʦʝʬʠʮʠʿʝʥʪ ʧʦʢʘʟʫʿʝ ʚʘʞʥʦʩʪ ʦʜʨʝʹʝʥʝ ʚʝʟʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʚʘʞʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʦʙʝʣʝʞʿʘ. 

ʇʨʝʤʘ ʪʦʤʝ, ʥʠʩʢʘ ʚʨʝʜʥʦʩʪ ʠʣʠ ʥʫʣʪʘ ʚʨʝʜʥʦʩʪ ʪʝʞʠʥʝ ʟʥʘʯʠ ʜʘ ʿʝ ʦʜʨʝʹʝʥʦ ʦʙʝʣʝʞʿʝ ʤʘˁʝ 

ʚʘʞʥʦ ʠʣʠ ʥʝʚʘʞʥʦ. ʆʪʢʣʦʥ ʠʣʠ ʧʨʠʩʪʨʘʩʥʦʩʪ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʤʦʜʠʬʠʢʦʚʘˁʝ, 

ʪʿ. ʧʦʚʝ˂ʘʚʘˁʝ ʠʣʠ ʩʤʘˁʠʚʘˁʝ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ ʫ ʮʠˀʫ ʙʨʞʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ [121], [207], 

[208]. 

 
ʉʃ. 20: ʄʦʜʝʣ ʚʝʰʪʘʯʢʦʛ ʥʝʫʨʦʥʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [121]) 

ʆʧʰʪʠ ʦʙʣʠʢ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ ʜʘʪ ʿʝ ʫ ʿʝʜʥʘʯʠʥʠ (19). ʅʘ ʨʝʟʫʣʪʘʪ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ (vk) 

ʧʨʠʤʝˁʫʿʝ ʩʝ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ű, h ʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʿʝʜʥʘʯʠʥʠ (20). ʌʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ 

ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʚʝʰʪʘʯʢʦʿ ʥʝʫʨʦʥʩʢʦʿ ʤʨʝʞʠ, ʟʘʪʦ h ʪʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʫʚʦʜʠ ʥʝʣʠʥʝʘʨʥʦʩʪ 

ʫ ʤʨʝʞʫ ʠ ʪʠʤʝ ʦʤʦʛʫ˂ʘʚʘ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ ʜʘ ʤʦʜʝʣʠʨʘʿʫ ʩʣʦʞʝʥʝ ʥʝʣʠʥʝʘʨʥʝ ʦʙʨʘʩʮʝ 

ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ ʧʨʠʢʘʟʘʪʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʤʦʜʝʣʠʤʘ [123], [191]. ʋʿ ʝʜʥʦ ʤʦʞʝ ʦʛʨʘʥʠʯʘʚʘʪʠ 

ʘʤʧʣʠʪʫʜʫ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʥʝʫʨʦʥʘ. 
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 (19). 

 )( kk vy j=  (20). 

ʇʨʠ ʪʦʤʝ ʿʝ m ʫʢʫʧʘʥ ʙʨʦʿ ʫʣʘʟʘ, ʘ k ʦʟʥʘʢʘ ʥʝʫʨʦʥʘ. ɱʝʜʥʘʯʠʥʘ (19) ʤʦʞʝ ʩʝ ʧʦʿʝʜʥʦʩʪʘʚʠʪʠ 

ʧʦ ʫʟʦʨʫ ʥʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʫ ʥʦʪʘʮʠʿʫ ʤʦʜʝʣʘ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ ʜʘʪʫ ʫ ʿ ʝʜʥʘʯʠʥʠ (14). ʋ ʪʦʤ 

ʮʠˀʫ, ʜʦʜʘʿʝ ʩʝ ʥʦʚʘ ʩʠʥʘʧʩʘ ʩʘ ʠʥʜʝʢʩʦʤ 0, ʯʠʿʠ ʿʝ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʿʝʜʥʘʢ ʦʪʢʣʦʥʫ 

(wk0 = bk), ʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʣʘʟ ʿʝ 1 (x0 = 1). ʊʘʜʘ ʩʝ ʤʦʜʝʣ ʥʝʫʨʦʥʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ 

ʿʝʜʥʘʯʠʥʘʤʘ (21) ʠ (20) ʠ ʧʨʠʢʘʟʘʪʠ ʥʘ ʉʃ. 21 [121]. 

 
ʉʃ. 21: ɸʣʪʝʨʥʘʪʠʚʥʠ ʤʦʜʝʣ ʚʝʰʪʘʯʢʦʛ ʥʝʫʨʦʥʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [121]) 
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2.5.4 ̅ͯͤ͟ͼ͙͔͞ ͊ ͙͍ͭ͊͟ͼ͙͔͞ 

ʌʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʦʜʨʝʹʫʿʫ ʜʘ ʣʠ ʥʝʫʨʦʥ ʪʨʝʙʘ ʜʘ ʩʝ ʘʢʪʠʚʠʨʘ (ʠ ʪʘʢʦ ʩʘʯʫʚʘ ˁʝʛʦʚʘ 

ʚʨʝʜʥʦʩʪ) ʠʣʠ ʥʝ, ʫ ʩʢʣʘʜʫ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʝʞʠʥʘʤʘ, ʪʿ. ʟʥʘʯʘʿʝʤ ʟʘ ʤʦʜʝʣ. ʇʦʩʪʦʿʝ ʨʘʟʥʝ 

ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ. ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʦʧʠʩʘʥʦ ʿʝ 

ʥʝʢʦʣʠʢʦ ʥʘʿʯʝʰ˂ʠʭ, ʘ ʜʦʜʘʪʥʠ ʜʝʪʘˀʠ ʤʦʛʫ ʩʝ ʥʘ˂ʠ ʫ ʦʜʝˀʢʫ 3.3.16. 

ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʿ ʝ ʣʠʥʝʘʨʥʘ ʘʢʪʠʚʘʮʠʿʘ ʢʦʜ ʢʦʿʝ ʩʫ ʫʣʘʟ ʠ ʠʟʣʘʟ ʿ ʝʜʥʘʢʠ. 

ʊʦ ʟʘʭʪʝʚʘ ʥʘʿʥʠʞʝ ʤʦʛʫ˂ʝ ʨʘʯʫʥʩʢʝ ʪʨʦʰʢʦʚʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʥʝʣʠʥʝʘʨʥʠʤ ʬʫʥʢʮʠʿʘʤʘ, ʘʣʠ 

ʙʠ ʦʛʨʘʥʠʯʠʣʦ ʩʧʦʩʦʙʥʦʩʪ ʤʦʜʝʣʘ ʜʘ ʩʝ ʛʝʥʝʨʘʣʠʟʫʿʝ ʰʪʦ ʿʝ ʚʠʰʝ ʤʦʛʫ˂ʝ. ʋ ʥʘʩʪʘʚʢʫ ʩʫ 

ʦʧʠʩʘʥʝ ʥʘʿʯʝʰ˂ʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ. 

ʉʠʛʤʦʠʜʥʘ ʬʫʥʢʮʠʿʘ ʿʝ, ʫʦʧʰʪʝʥʦ ʛʦʚʦʨʝ˂ʠ, ʩʚʘʢʘ ʤʘʪʝʤʘʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʯʠʿʠ ʿʝ ʛʨʘʬʠʢʦʥ ʫ 

ʦʙʣʠʢʫ ʪʟʚ. ʩʠʛʤʦʠʜʥʝ ʢʨʠʚʝ, ʪʿ. ʠʩʢʦʰʝʥʦʛ ʣʘʪʠʥʠʯʥʦʛ ʩʣʦʚʘ S [209]. ʋ ʢʦʥʪʝʢʩʪʫ ʚʝʰʪʘʯʢʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʧʦʜ ʪʠʤ ʥʘʟʠʚʦʤ ʥʘʿʯʝʰ˂ʝ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʪʟʚ. ʣʦʛʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ, 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝʜʥʘʯʠʥʦʤ (22) ʠ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʃ. 22 [180]. 
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ʉʃ. 22: ʃʦʛʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [180]) 

ʆʧʰʪʠ ʦʙʣʠʢ ʣʦʛʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ, ʜʘʪ ʫ ʿʝʜʥʘʯʠʥʠ (23), ʩʘʜʨʞʠ ʠ ʧʘʨʘʤʝʪʘʨ ʘ ʢʦʿʠ ʦʜʨʝʹʫʿʝ 

ʥʘʛʠʙ ʬʫʥʢʮʠʿʝ. ʐʪʦ ʿ ʝ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʪʦʛ ʧʘʨʘʤʝʪʨʘ, ʪʦ ʿ ʝ ʩʪʨʤʠʿʠ ʥʘʛʠʙ ʢʨʠʚʝ ʫ ʦʢʦʣʠʥʠ ʥʫʣʝ 

[121]. 
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ʉʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ ʩʫ ʫʥʠʬʦʨʤʥʦ ʨʘʩʪʫ˂ʝ ʠ ʦʜʣʠʢʫʿʫ ʩʝ ʨʘʚʥʦʪʝʞʦʤ ʠʟʤʝʹʫ ʣʠʥʝʘʨʥʦʛ ʠ 

ʥʝʣʠʥʝʘʨʥʦʛ ʧʦʥʘʰʘˁʘ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʩʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʝ. 

ʊʘ ʦʩʦʙʠʥʘ ʚʝʦʤʘ ʿʝ ʚʘʞʥʘ ʟʘ ʪʝʦʨʠʿʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʟʘʪʦ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʣʘʛʦʹʘʚʘˁʝ 

ʪʝʞʠʥʘ ʩʠʥʘʧʩʠ ʢʦʨʠʰ˂ʝˁʝʤ ʧʘʨʮʠʿʘʣʥʠʭ ʜʝʨʠʚʘʮʠʿʘ. 

ʃʦʛʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʿʝ ʙʠʣʘ ʥʘʿʯʝʰ˂ʘ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ, ʘʣʠ ʫ ʥʦʚʠʿʝ 

ʚʨʝʤʝ ʢʦʨʠʩʪʠ ʩʝ ʤʘˁʝ ʥʝʛʦ ʫ ʧʨʦʰʣʦʩʪʠ. ʆʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʪʝ ʬʫʥʢʮʠʿʝ ʿʝ (0, 1), ʪʿ. 

ʟʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʘ ʣʦʛʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʚʨʘ˂ʘ ʚʨʝʜʥʦʩʪʠ ʙʣʠʟʫ 0, ʘ ʟʘ ʚʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ 

ʨʝʟʫʣʪʘʪ ʿʝ ʙʣʠʟʫ 1 [183]. ʄʝʹʫʪʠʤ, ʟʘ ʤʘʣʝ ʠʣʠ ʚʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʘ ʪʦ ʫʟʨʦʢʫʿʝ ʧʨʦʙʣʝʤ 

ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʥʝʩʪʘʿʫ˂ʠ ʛʨʘʜʠʿʝʥʪ (ʝʥʛʣ. vanishing gradient). ɿʙʦʛ ʪʦʛ ʧʨʦʙʣʝʤʘ ʤʦʜʝʣ ʚʠʰʝ 

ʥʝ ʤʦʞʝ ʜʘ ʫʯʠ ʠʣʠ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʩʧʦʨ, ʩʘ ʚʠʩʦʢʠʤ ʨʘʯʫʥʩʢʠʤ ʪʨʦʰʢʦʚʠʤʘ. 
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ʌʫʥʢʮʠʿʘ tanh (ʭʠʧʝʨʙʦʣʠʯʢʠ ʪʘʥʛʝʥʩ) ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʿʝʜʥʘʯʠʥʦʤ (24) ʠ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʃ. 
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ʉʃ. 23: ʌʫʥʢʮʠʿʘ tanh (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [180]) 

ʆʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʿ ʝ (-1, 1). ʌʫʥʢʮʠʿʘ tanh ʪʘʢʦʹʝ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʩʠʛʤʦʠʜʥʠʭ ʬʫʥʢʮʠʿʘ, 

ʪʿ. ʜʘʿʝ ʢʨʠʚʫ ʫ ʦʙʣʠʢʫ ʣʘʪʠʥʠʯʥʦʛ ʩʣʦʚʘ S. ʉʪʦʛʘ, ʦʥʘ ʠʤʘ ʠʩʪʝ ʥʝʜʦʩʪʘʪʢʝ ʢʘʦ ʣʦʛʠʩʪʠʯʢʘ 

ʬʫʥʢʮʠʿʘ, ʘʣʠ ʠ ʧʨʝʜʥʦʩʪ ʰʪʦ ʦʣʘʢʰʘʚʘ ʤʦʜʝʣʠʨʘˁʝ ʫʣʘʟʘ ʩʘ ʚʝʣʠʢʠʤ ʥʝʛʘʪʠʚʥʠʤ ʠʣʠ 

ʧʦʟʠʪʠʚʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. 

ʌʫʥʢʮʠʿʘ softmax, ʧʦʟʥʘʪʘ ʠ ʢʘʦ ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ, ʧʨʝʪʚʘʨʘ 

ʥʫʤʝʨʠʯʢʠ ʥʠʟ ʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʚʝʨʦʚʘʪʥʦ˂ʘ [61]. ʇʨʝʜʩʪʘʚˀʘ ʛʝʥʝʨʘʣʠʟʘʮʠʿʫ ʦʧʠʩʘʥʝ 

ʣʦʛʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʟʘ ʚʠʰʝ ʜʠʤʝʥʟʠʿʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ ʬʫʥʢʮʠʿʘ ʩʧʦʤʝʥʫʪʠʭ ʫ 

ʦʚʦʤ ʦʜʝˀʢʫ, softmax ʿʝ ʤʫʣʪʠʚʘʨʠʿʘʥʪʥʘ ʬʫʥʢʮʠʿʘ ï ʦʥʘ ʫʟʠʤʘ ʚʝʢʪʦʨ ʫʣʘʟʘ ʠ ʚʨʘ˂ʘ ʚʝʢʪʦʨ 

ʚʝʨʦʚʘʪʥʦ˂ʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʫ ʦʧʩʝʛ (0, 1) ʠ ʟʙʠʨ ʩʚʠʭ 

ʚʨʝʜʥʦʩʪʠ ʠʟʥʦʩʠ 1. ʌʫʥʢʮʠʿʘ softmax ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʿʝʜʥʘʯʠʥʦʤ (25). ʅʘ ʩʚʘʢʠ ʝʣʝʤʝʥʪ 

ʫʣʘʟʥʦʛ ʥʠʟʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ, ʠ ʜʝʣʠ ʟʙʠʨʦʤ ʩʚʠʭ ʪʠʭ ʝʢʩʧʦʥʝʥʘʪʘ. 
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(25). 

ʇʨʠ ʪʦʤʝ ʩʫ: 

Å x ï ʫʣʘʟʥʠ ʥʠʟ, 

Å K ï ʙʨʦʿ ʝʣʝʤʝʥʘʪʘ ʥʠʟʘ x, 

Å i = 1..K ï ʠʥʜʝʢʩ ʪʨʝʥʫʪʥʦʛ ʝʣʝʤʝʥʪʘ ʥʠʟʘ x. 

ʈʝʟʫʣʪʘʪʠ ʪʝ ʬʫʥʢʮʠʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʩʫ ʝʢʩʧʦʥʝʥʪʠʤʘ ʫʣʘʟʘ, ʪʘʢʦ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ 

ʤʦʞʝ ʚʨʰʠʪʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ. ɿʘʪʦ ʩʝ ʪʘ ʬʫʥʢʮʠʿʘ ʧʨʝ ʩʚʝʛʘ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʦʙʣʝʤʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, ʠ ʪʦ ʫʛʣʘʚʥʦʤ ʟʘ ʠʟʣʘʟʥʠ ʩʣʦʿ, ʢʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʊɸɹ. 6. 

ʌʫʥʢʮʠʿʘ ReLU (ʝʥʛʣ. Rectified Linear Unit ï ʠʩʧʨʘʚˀʝʥʘ ʣʠʥʝʘʨʥʘ ʿʝʜʠʥʠʮʘ) ʨʘʜʠ ʩʣʠʯʥʦ 

ʩʠʛʤʦʠʜʥʦʿ ʬʫʥʢʮʠʿʠ, ʘʣʠ ʩʘ ʙʦˀʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ. ʌʫʥʢʮʠʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝʜʥʘʯʠʥʦʤ 

(26) ʠ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʃ. 24 [180]. 
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ReLU ʿ ʝ ʜʘʥʘʩ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ. ʀʟʣʘʟ ʿ ʝ ʫ ʦʧʩʝʛʫ [0, Ð), ʠ ʠʤʘ ʟʥʘʪʥʦ 

ʤʘˁʠ ʨʘʯʫʥʩʢʠ ʪʨʦʰʘʢ ʦʜ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠʭ ʬʫʥʢʮʠʿʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʦʜ ʪʝ ʬʫʥʢʮʠʿʝ 
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ʿʘʚˀʘ ʩʝ ʧʨʦʙʣʝʤ ʧʦʜ ʥʘʟʠʚʦʤ Ăʫʤʠʨʫ˂ʠ ReLUῤ (ʝʥʛʣ. Dying ReLU) ʧʨʠ ʢʦʤ, ʟʘ ʫʣʘʟʝ ʢʦʿʠ ʩʫ 

ʥʝʛʘʪʠʚʥʠ ʠʣʠ ʙʣʠʟʫ ʥʫʣʝ, ʤʦʜʝʣ ʥʝ ʤʦʞʝ ʜʘ ʫʯʠ. 

 
ʉʃ. 24: ʌʫʥʢʮʠʿʘ ReLU [180] 

ʌʫʥʢʮʠʿʘ ReLU ʩʘ ʮʫʨʝˁʝʤ (ʝʥʛʣ. Leaky ReLU) ʧʨʝʜʩʪʘʚˀʘ ʚʘʨʠʿʘʥʪʫ ʬʫʥʢʮʠʿʝ ReLU ʪʘʢʚʫ 

ʜʘ ʟʘ x < 0, ʫʤʝʩʪʦ ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ 0, ʜʘʿʝ ʣʠʥʠʿʫ ʩʘ ʤʘʣʠʤ ʢʦʥʩʪʘʥʪʥʠʤ ʥʘʛʠʙʦʤ Ŭ. 

ʇʨʠʤʝʨʘ ʨʘʜʠ, ʧʦʜʨʘʟʫʤʝʚʘʥʘ ʚʨʝʜʥʦʩʪ ʢʦʥʩʪʘʥʪʝ Ŭ ʫ Python ʙʠʙʣʠʦʪʝʮʠ Keras ʠʟʥʦʩʠ 0,3 

[183]. ʊʦʤ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʠʟʙʝʛʥʫʪ ʿʝ ʧʨʦʙʣʝʤ Ăʫʤʠʨʫ˂ʠ ReLUῤ. ʈʝʟʫʣʪʘʪʠ ʤʦʛʫ ʙʠʪʠ ʫ 

ʦʧʩʝʛʫ (ïÐ, +Ð). ʌʫʥʢʮʠʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝʜʥʘʯʠʥʦʤ (27) ʠ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʃ. 25 [180]. 
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ʉʃ. 25: ʌʫʥʢʮʠʿʘ ReLU ʩʘ ʮʫʨʝˁʝʤ [180] 

ʊɸɹ. 5: ʊʠʧʠʯʥʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ʩʢʨʠʚʝʥʝ ʩʣʦʿʝʚʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [185]) 

ɺʨʩʪʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʌʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ 

ɺʠʰʝʩʣʦʿʥʠ ʧʝʨʮʝʧʪʨʦʥ (ʝʥʛʣ. MultiLayer Perceptron) ReLU 

ʂʦʥʚʦʣʫʪʠʚʥʘ ʅʄ (ʝʥʛʣ. Convolutional NN) ReLU 

ʈʝʢʫʨʝʥʪʥʘ ʅʄ (ʝʥʛʣ. Recurrent NN) logistic, tanh 

ʊɸɹ. 6: ʊʠʧʠʯʥʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ʠʟʣʘʟʥʠ ʩʣʦʿ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [185]) 

ɺʨʩʪʘ ʧʨʠʤʝʥʝ ʌʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ 

ʈʝʛʨʝʩʠʿʘ linear 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ 

ɹʠʥʘʨʥʘ logistic 

ʉʘ ʚʠʰʝ ʢʣʘʩʘ (ʝʥʛʣ. Multiclass) softmax 

ʉʘ ʚʠʰʝ ʦʟʥʘʢʘ (ʝʥʛʣ. Multilabel) logistic 

 

ʀʟʙʦʨ ʥʘʿʙʦˀʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ʩʢʨʠʚʝʥʠ ʩʣʦʿ ʟʘʚʠʩʠ ʦʜ ʚʨʩʪʝ ʤʨʝʞʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ, 

ʜʦʢ ʠʟʙʦʨ ʟʘ ʠʟʣʘʟʥʠ ʩʣʦʿ ʟʘʚʠʩʠ ʦʜ ʚʨʩʪʝ ʧʨʠʤʝʥʝ [185]. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, ʿ ʘʩʥʦ ʿʝ ʜʘ ʩʝ ʦʙʠʯʥʦ 

ʥʝ ʢʦʨʠʩʪʠ ʠʩʪʘ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ʩʚʝ ʩʣʦʿʝʚʝ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʌʫʥʢʮʠʿʝ 
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ʘʢʪʠʚʘʮʠʿʝ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʟʘ ʩʢʨʠʚʝʥʝ ʩʣʦʿʝʚʝ ʫ ʥʝʢʠʤ ʚʨʩʪʘʤʘ ʚʝʰʪʘʯʢʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʘʚʝʜʝʥʝ ʩʫ ʫ ʊɸɹ. 5, ʘ ʟʘ ʠʟʣʘʟʥʠ ʩʣʦʿ ʫ ʊɸɹ. 6. 

2.5.5 ˽ͪͦͼ͔ͫ ͦ ͔͋ͯ͟ 

ɻʣʘʚʥʠ ʢʦʥʮʝʧʪ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʿ ʝ ʜʘ ʧʨʦʮʝʩ ʫʯʝˁʘ ʚʦʜʠ ʢʘ ʧʨʦʥʘʣʘʞʝˁʫ ʥʘʿʙʦˀʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʤʨʝʞʝ, ʪʿ. ʪʝʞʠʥʘ ʠ ʦʪʢʣʦʥʘ, ʟʘ ʦʜʨʝʹʝʥʠ ʧʨʦʙʣʝʤ. ʊʘʿ ʧʨʦʮʝʩ ʥʘʟʠʚʘ ʩʝ ʦʙʫʢʘ. 

ʊʦʢʦʤ ʦʙʫʢʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʛʫʙʠʮʠ, ʘ ʟʘʪʠʤ ʩʝ ʤʠʥʠʤʠʟʫʿʫ ʧʦʤʦ˂ʫ ʤʝʪʦʜʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

[188]. 

2.5.5.1 ̅ͯͤ͟ͼ͙͊͞ ͎ ͙ͯ͋ͭ͊͟ 

ʉʚʨʭʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ (ʝʥʛʣ. loss function) ʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʫʙʠʪʘʢʘ C(W) ʢʦʿʝ ʤʦʜʝʣ ʪʨʝʙʘ 

ʜʘ ʤʠʥʠʤʠʟʫʿʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʦʙʫʢʝ [183]. ʅʘʿʚʘʞʥʠʿʝ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʩʫ [186]: 

Å ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʝ: 

ï ɹʠʥʘʨʥʘ ʫʥʘʢʨʩʥʘ ʝʥʪʨʦʧʠʿʘ (ʝʥʛʣ. binary crossentropy) ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʙʠʥʘʨʥʫ 

ʢʣʘʩʠʬʠʢʘʮʠʿʫ, ʪʿ. ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʢʦʜ ʢʦʿʝ ʧʦʩʪʦʿʝ ʩʘʤʦ ʜʚʝ ʠʟʣʘʟʥʝ ʢʣʘʩʝ. 

ï ʂʘʪʝʛʦʨʠʯʢʘ ʫʥʘʢʨʩʥʘ ʝʥʪʨʦʧʠʿʘ (ʝʥʛʣ. categorical crossentropy) ʧʨʠʣʘʛʦʹʝʥʘ ʿʝ ʟʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʫ ʚʠʰʝ ʢʣʘʩʘ. ɹʨʦʿ ʥʝʫʨʦʥʘ ʫ ʠʟʣʘʟʥʦʤ ʩʣʦʿʫ ʤʦʨʘ ʙʠʪʠ ʿʝʜʥʘʢ ʙʨʦʿʫ ʢʣʘʩʘ. 

Å ʈʝʛʨʝʩʠʿʩʢʝ: 

ï ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Square Error ï MSE, ʿ ʝʜʥʘʯʠʥʘ (6)) ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ 

ʟʙʠʨ ʢʚʘʜʨʘʪʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʮʠˀʥʠʭ (ʪʿ. ʩʪʚʘʨʥʠʭ) ʠ ʧʨʦʛʥʦʟʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ. ɽʬʠʢʘʩʥʠʿʘ 

ʿʝ ʧʨʠ ʧʨʦʥʘʣʘʞʝˁʫ ʨʝʰʝˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʬʫʥʢʮʠʿʘʤʘ ʛʨʝʰʢʝ, ʘʣʠ ʠ ʦʩʝʪˀʠʚʠʿʘ ʥʘ 

ʠʟʫʟʝʪʢʝ (ʪʿ. ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʚʝ˂ʠʥʝ ʜʨʫʛʠʭ, ʝʥʛʣ. outliers). 

ï ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Absolute Error ï MAE, ʿʝʜʥʘʯʠʥʘ (8)) ʧʨʝʜʩʪʘʚˀʘ 

ʟʙʠʨ ʘʧʩʦʣʫʪʥʠʭ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʮʠˀʥʠʭ ʠ ʧʨʦʛʥʦʟʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʋ ʦʜʥʦʩʫ ʥʘ MSE, 

ʦʪʧʦʨʥʠʿʘ ʿʝ ʥʘ ʠʟʫʟʝʪʢʝ, ʘʣʠ ʤʘˁʝ ʝʬʠʢʘʩʥʘ ʫ ʧʨʦʥʘʣʘʞʝˁʫ ʨʝʰʝˁʘ. 

ï ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Absolute Percentage Error ï MAPE, 

ʿʝʜʥʘʯʠʥʘ (9)) ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʥʪʫʘʣʥʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʘʧʩʦʣʫʪʥʝ ʛʨʝʰʢʝ ʠ ʮʠˀʥʠʭ ʚʨʝʜʥʦʩʪʠ. 

ʀʟʨʘʞʘʚʘʿʫ˂ʠ ʛʨʝʰʢʫ ʫ ʧʨʦʮʝʥʪʠʤʘ, ʦʤʦʛʫ˂ʘʚʘ ʫʧʦʨʝʹʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʧʨʠʤʝʥʝ. ʄʝʹʫʪʠʤ, ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʫ ʮʠˀʥʝ ʚʨʝʜʥʦʩʪʠ ʙʣʠʩʢʝ ʠʣʠ ʿʝʜʥʘʢʝ ʥʫʣʠ, ʥʝ ʤʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ. 

ɼʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʫ ʚʝʟʠ ʩʘ ʬʫʥʢʮʠʿʘʤʘ ʛʫʙʠʪʢʘ ʤʦʛʫ ʩʝ ʧʨʦʥʘ˂ʠ ʫ ʦʜʝˀʢʫ 3.3.18. 

2.5.5.2 ˻͙͙ͨͭͣ͊ͭͦͪ͘ ͙

ʅʘʢʦʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʛʨʝʰʘʢʘ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ, ʦʥʝ ʩʝ ʤʦʨʘʿʫ ʤʠʥʠʤʠʟʦʚʘʪʠ ʧʦʤʦ˂ʫ 

ʤʝʪʦʜʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ. ʌʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʥʝʫʨʦʥʘ ʪʠʧʠʯʥʦ ʩʫ ʥʝʣʠʥʝʘʨʥʝ ʠ 

ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʝ. ɸʢʦ ʙʠ ʩʝ ʥʘ ʩʚʘʢʠ ʥʝʫʨʦʥ ʧʨʠʤʝˁʠʚʘʣʘ ʠʥʚʝʨʟʠʿʘ ʤʘʪʨʠʮʝ ʜʘ ʙʠ ʩʝ 

ʤʠʥʠʤʠʟʦʚʘʣʘ ʛʨʝʰʢʘ ʧʦ ʤʝʪʦʜʠ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ, ʪʿ. ʨʝʰʘʚʘʣʘ ʿʝʜʥʘʯʠʥʘ (16) ʧʦʟʥʘʪʘ ʢʘʦ 

ʥʦʨʤʘʣʥʘ ʿʝʜʥʘʯʠʥʘ, ʙʠʣʦ ʙʠ ʥʝʠʟʚʦʜˀʠʚʦ ʩʧʨʦʚʝʩʪʠ ʦʙʫʢʫ, ʟʘʪʦ ʰʪʦ ʙʠ ʪʦ ʟʘʭʪʝʚʘʣʦ ʤʥʦʛʦ 

ʨʘʯʫʥʩʢʝ ʦʙʨʘʜʝ. ʇʦʨʝʜ ʪʦʛʘ, ʢʘʜʘ ʿʝ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʥʝʣʠʥʝʘʨʥʘ, ʧʨʦʩʪʦʨ ʛʨʝʰʘʢʘ ʚʠʰʝ 

ʥʠʿʝ ʢʚʘʜʨʘʪʘʥ. ʉʪʦʛʘ, ʦʧʪʠʤʘʣʥʦ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʨʝʰʝˁʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʥʦʨʤʘʣʥʦʤ 

ʿʝʜʥʘʯʠʥʦʤ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʪʝʰʢʦ ʧʨʦʥʘ˂ʠ. 

ʀʟ ʪʠʭ ʨʘʟʣʦʛʘ, ʫ ʥʝʫʨʦʥʩʢʦʿ ʤʨʝʞʠ ʛʨʝʰʢʘ ʩʝ ʪʠʧʠʯʥʦ ʤʠʥʠʤʠʟʫʿʝ ʧʦʤʦ˂ʫ ʤʝʪʦʜʝ 

ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ ʠʣʠ ʥʝʢʝ ʦʜ ʠʟʚʝʜʝʥʠʭ ʤʝʪʦʜʘ. ʊʝ ʤʝʪʦʜʝ ʩʫ ʠʪʝʨʘʪʠʚʥʝ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ʄʦʜʝʣ ʥʘʿʧʨʝ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ ʜʦʜʝˀʫʿʝ ʩʣʫʯʘʿʥʝ 

ʚʨʝʜʥʦʩʪʠ ʠʟʘʙʨʘʥʝ ʧʨʝʤʘ ʪʠʧʫ ʩʣʦʿʘ [183], ʘ ʟʘʪʠʤ ʿʝ ʟʘʜʘʪʘʢ ʦʧʪʠʤʠʟʘʪʦʨʘ ʜʘ ʧʨʦʥʘʹʝ ʫ ʢʦʤ 

ʧʨʘʚʮʫ ʤʦʜʝʣ ʪʨʝʙʘ ʜʘ ʩʝ ʢʨʝ˂ʝ ʜʘ ʙʠ ʩʝ ʜʦʩʪʠʛʘʦ ʤʠʥʠʤʫʤ ʛʫʙʠʪʘʢʘ [192]. ʋ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ 
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ʦʧʪʠʤʠʟʘʪʦʨ ʘʞʫʨʠʨʘ ʢʦʝʬʠʮʠʿʝʥʪʝ (ʪʝʞʠʥʝ ʠ ʦʪʢʣʦʥʝ) ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʧʦʤʦ˂ʫ 

ʪʝʭʥʠʢʝ ʧʨʦʧʘʛʘʮʠʿʝ ʫʥʘʟʘʜ, ʫ ʧʦʪʨʘʟʠ ʟʘ ʛʣʦʙʘʣʥʠʤ ʤʠʥʠʤʫʤʦʤ ʬʫʥʢʮʠʿʝ ʛʨʝʰʢʝ [119], [121]. 

ʅʘʿʚʘʞʥʠʿʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʦʧʠʩʘʥʠ ʩʫ ʫ ʥʘʩʪʘʚʢʫ, ʘ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʪʘʢʚʠʤ ʘʣʛʦʨʠʪʤʠʤʘ ʜʘʪʝ ʩʫ ʫ ʦʜʝˀʢʫ 3.3.17. 

2.5.5.2.1 ˥͙͔͙ͪ͊͒ͤͭͤ͞ ͫ ͨͯͫͭ 

ɻʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (ʝʥʛʣ. Gradient Descent ï GD) ʧʨʝʜʩʪʘʚˀʘ ʘʣʛʦʨʠʪʘʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʠ ʿʝ 

ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠ ʧʨʚʠ ʠʟʤʠʰˀʝʥ, ʩʨʝʜʠʥʦʤ 19. ʚʝʢʘ. ʇʨʝʢʦ ʧʨʚʦʛ ʠʟʚʦʜʘ 

ʬʫʥʢʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʦʥʘ˂ʠ ʤʠʥʠʤʘʣʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ, ʟʘʪʦ ʰʪʦ ʿʝ ʫ 

ʪʠʤ ʪʘʯʢʘʤʘ ʧʨʚʠ ʠʟʚʦʜ ʿʝʜʥʘʢ ʥʫʣʠ. ʀʩʪʠ ʧʨʠʥʮʠʧ ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʟʘ ʬʫʥʢʮʠʿʝ ʚʠʰʝ 

ʧʨʦʤʝʥˀʠʚʠʭ. ɻʨʘʜʠʿʝʥʪ ʿʝ ʛʝʥʝʨʘʣʠʟʘʮʠʿʘ ʠʟʚʦʜʘ ʟʘ ʬʫʥʢʮʠʿʝ ʚʠʰʝ ʧʨʦʤʝʥˀʠʚʠʭ; ʪʦ ʿʝ 

ʚʝʢʪʦʨ ʯʠʿʝ ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʧʘʨʮʠʿʘʣʥʠ ʠʟʚʦʜʠ ʧʦ ʧʦʿʝʜʠʥʘʯʥʠʤ ʧʨʦʤʝʥˀʠʚʠʤ. ʅʘ ʢʨʘʿʫ 

ʮʠʢʣʫʩʘ (ʪʿ. ʝʧʦʭʝ) ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʛʨʘʜʠʿʝʥʪ ʟʘ ʮʝʦ ʩʢʫʧ ʧʦʜʘʪʘʢʘ, ʘ ʟʘʪʠʤ ʘʞʫʨʠʨʘʿʫ 

ʢʦʝʬʠʮʠʿʝʥʪʠ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʊʘʿ ʘʣʛʦʨʠʪʘʤ ʚʝʦʤʘ ʩʧʦʨʦ ʢʦʥʚʝʨʛʠʨʘ ʠ ʟʘʭʪʝʚʘ 

ʚʠʩʦʢʝ ʨʘʯʫʥʩʢʝ ʪʨʦʰʢʦʚʝ [192]. ʌʫʥʢʮʠʦʥʠʩʘˁʝ ʪʦʛ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʿʝʜʥʘʯʠʥʦʤ 

(28). ʀʩʢʘʟʘʥʦ ʨʝʯʠʤʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʰʪʦ ʿʝ ʮʠ ˀʜʘ ʛʨʘʜʠʿʝʥʪ ʙʫʜʝ ʿʝʜʥʘʢ ʥʫʣʠ, ʪʨʝʙʘ 

ʥʘʧʨʘʚʠʪʠ ʤʘʣʠ ʢʦʨʘʢ ʥʘʩʫʧʨʦʪ ʛʨʘʜʠʿʝʥʪʫ [210]. 

 W = W ī ŬLC(W; x, y) (28). 

ʇʨʠ ʪʦʤʝ ʩʫ: 

Å W ï ʩʪʘˁʝ ʤʦʜʝʣʘ, ʪʿ. ʩʢʫʧ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, 

Å Ŭ ï ʢʦʨʘʢ, ʪʿ. ʩʪʦʧʘ ʫʯʝˁʘ (ʝʥʛʣ. learning rate), 

Å C ï ʬʫʥʢʮʠʿʘ ʛʨʝʰʢʝ, 

Å LC(W; x, y) ï ʛʨʘʜʠʿʝʥʪ ʬʫʥʢʮʠʿʝ ʛʨʝʰʢʝ, 

Å x, y ï ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ, ʩʘʯʠˁʝʥ ʦʜ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. 

ʉʪʦʭʘʩʪʠʯʢʠ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (ʝʥʛʣ. Stochastic Gradient Descent ï SGD): ʫʤʝʩʪʦ ʜʘ 

ʠʟʨʘʯʫʥʘʚʘ ʬʫʥʢʮʠʿʫ ʛʨʝʰʢʝ ʥʘ ʦʩʥʦʚʫ ʮʝʣʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʪʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝ ʠʟʨʘʯʫʥʘʚʘ ʟʘ 

ʿʝʜʥʫ ʩʣʫʯʘʿʥʦ (ʩʪʦʭʘʩʪʠʯʢʠ) ʠʟʘʙʨʘʥʫ ʦʧʩʝʨʚʘʮʠʿʫ ʠʟ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ, ʠ ʥʘ ʦʩʥʦʚʫ 

ʪʦʛʘ ʘʞʫʨʠʨʘ ʢʦʝʬʠʮʠʿʝʥʪʝ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʊʦ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʩʪʘʣʥʝ ʧʨʦʤʝʥʝ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʠ ʚʝʣʠʢʝ ʬʣʫʢʪʫʘʮʠʿʝ ʧʨʠ ʧʨʦʥʘʣʘʞʝˁʫ ʤʠʥʠʤʫʤʘ, ʢʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ 

ʉʃ. 26. ɼʦʩʪʠʞʝ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʤʥʦʛʦ ʙʨʞʝ ʠ ʟʘʭʪʝʚʘ ʟʥʘʪʥʦ ʤʘˁʝ ʨʘʯʫʥʩʢʠʭ ʨʝʩʫʨʩʘ ʥʝʛʦ GD. 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʚʝʣʠʢʝ ʬʣʫʢʪʫʘʮʠʿʝ, ʧʦʩʪʠʞʝ ʥʝʰʪʦ ʣʦʰʠʿʝ ʨʝʟʫʣʪʘʪʝ ʥʝʛʦ GD, ʘʣʠ ʥʘʿʯʝʰ˂ʝ 

ʜʦʚʦˀʥʦ ʜʦʙʨʝ [192]. ʌʫʥʢʮʠʦʥʠʩʘˁʝ ʪʦʛ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʿʝʜʥʘʯʠʥʦʤ (29) [211], 

[212]. 

 W = W ī ŬLC(W; xi, yi) (29). 

ʇʨʠ ʪʦʤʝ ʿʝ { xi, yi}  ʦʧʩʝʨʚʘʮʠʿʘ ʠʟʘʙʨʘʥʘ ʟʘ ʦʙʫʢʫ (ʪʿ. ʿʝʜʘʥ ʨʝʜ ʠʟ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ). 

ɻʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ʧʦ ʤʘʣʠʤ ʛʨʫʧʘʤʘ (ʝʥʛʣ. Mini-Batch Gradient Descent ï MBGD) 

ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ ʜʚʘ ʧʨʝʪʭʦʜʥʘ ʘʣʛʦʨʠʪʤʘ: ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʝ ʘʞʫʨʠʨʘʿʫ ʥʘʢʦʥ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʬʫʥʢʮʠʿʝ ʛʨʝʰʢʝ ʟʘ ʩʣʫʯʘʿʥʦ ʠʟʘʙʨʘʥʫ ʛʨʫʧʫ ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. batch). ʅʘ ʪʘʿ ʥʘʯʠʥ 

ʦʩʪʚʘʨʫʿʫ ʩʝ ʧʨʝʜʥʦʩʪʠ ʦʙʘ ʧʨʝʪʭʦʜʥʘ ʘʣʛʦʨʠʪʤʘ ʘ ʠʟʙʝʛʘʚʘʿʫ ˁʠʭʦʚʠ ʥʝʜʦʩʪʘʮʠ. ʀ ʜʘˀʝ ʠʤʘ 

ʩʣʫʯʘʿʥʫ ʢʦʤʧʦʥʝʥʪʫ ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʦʩʮʠʣʘʮʠʿʘ, ʘʣʠ ʦʥʝ ʩʫ ʟʥʘʪʥʦ ʤʘˁʝ ʥʝʛʦ ʢʦʜ SGD-ʘ. ʆʩʠʤ 

ʪʦʛʘ, ʚʝʣʠʯʠʥʘ ʛʨʫʧʝ ʤʦʞʝ ʩʝ ʧʨʠʣʘʛʦʜʠʪʠ ʢʦʥʢʨʝʪʥʦʤ ʧʨʦʙʣʝʤʫ [192]. ʌʫʥʢʮʠʦʥʠʩʘˁʝ ʪʦʛ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʿʝʜʥʘʯʠʥʦʤ (30), ʫ ʢʦʿʦʿ Bi ʧʨʝʜʩʪʘʚˀʘ ʠʟʘʙʨʘʥʫ ʛʨʫʧʫ ʧʦʜʘʪʘʢʘ. 

 W = W ī ŬLC(W; Bi) (30). 

ʅʘʯʠʥ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʦʧʪʠʤʠʟʘʪʦʨʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʘʣʛʦʨʠʪʤʠʤʘ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʃ. 26. 
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ʉʃ. 26: ʆʧʪʠʤʠʟʘʪʦʨʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʘʣʛʦʨʠʪʤʠʤʘ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [180]) 

2.5.5.2.2 ˻͙͙ͨͭͣ͊ͭͦͪ͘ ͘ ͍͊ͫͤͦ͊ͤ ͤ  ͊ͣ ͔ͦͣͤͭͯͣͯ 

ʆʧʪʠʤʠʟʘʪʦʨ ʟʘʩʥʦʚʘʥ ʥʘ ʤʦʤʝʥʪʫʤʫ ʧʨʝʜʩʪʘʚˀʘ ʜʦʧʫʥʫ ʘʣʛʦʨʠʪʤʘ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ ʩʘ 

ʮʠˀʝʤ ʜʘ ʩʝ ʫʙʨʟʘ ʦʙʫʢʘ, ʪʿ. ʢʨʝʪʘˁʝ ʤʦʜʝʣʘ ʫ ʧʦʚʦˀʥʦʤ ʧʨʘʚʮʫ, ʫʟ ʩʤʘˁʝˁʝ ʦʩʮʠʣʘʮʠʿʘ. 

ʂʦʥʮʝʧʪ ʪʦʛ ʦʧʪʠʤʠʟʘʪʦʨʘ ʦʧʠʩʘʥ ʿʝ ʿʝʜʥʘʯʠʥʦʤ (31), ʘ ʢʦʝʬʠʮʠʿʝʥʪʠ ʤʨʝʞʝ ʘʞʫʨʠʨʘʿʫ ʩʝ 

ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (32). 

 Vt = ɔVt-1 + ŬLC(W) (31). 

 W = W ī Vt (32). 

ʇʨʠ ʪʦʤʝ ʩʫ: 

Å t ï ʠʪʝʨʘʮʠʿʘ, 

Å Vt ï ʧʨʦʤʝʥʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʜʘʪʦʿ ʠʪʝʨʘʮʠʿʠ, 

Å ɔ ï ʤʦʤʝʥʪʫʤ. 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʿʝʜʥʘʯʠʥʘ, ʫʟʠʤʘʿʫ ʩʝ ʫ ʦʙʟʠʨ ʪʨʝʥʫʪʥʘ ʠ ʧʨʝʪʭʦʜʥʘ ʠʪʝʨʘʮʠʿʘ, ʘ 

ʫʪʠʮʘʿ ʧʨʦʤʝʥʝ ʠʟ ʧʨʝʪʭʦʜʥʝ ʠʪʝʨʘʮʠʿʝ ʦʜʨʝʹʝʥ ʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʨʦʤ ʥʘʟʚʘʥʠʤ ʤʦʤʝʥʪʫʤ ʠʣʠ 

ʟʘʤʘʭ. ɺʨʝʜʥʦʩʪʠ ʪʦʛ ʭʠʧʝʨʧʘʨʘʤʝʪʨʘ ʩʫ ʫ ʦʧʩʝʛʫ [0, 1]. ʊʠʧʠʯʥʘ ʚʨʝʜʥʦʩʪ ʤʦʤʝʥʪʫʤʘ ʿʝ ʦʢʦ 

0,9. ɸʢʦ ʿʝ ʤʦʤʝʥʪʫʤ 0, ʪʘʿ ʘʣʛʦʨʠʪʘʤ ʧʨʝʪʚʘʨʘ ʩʝ ʫ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ [213]. 

2.5.5.2.3 ˢ͙͍͒͊ͨͭͤ͊ ͨ ͪͦͼ͔ͤ͊ ͣ ͔ͦͣͤ͊ͭ͊ 

ɸʜʘʧʪʠʚʥʘ ʧʨʦʮʝʥʘ ʤʦʤʝʥʘʪʘ (ʝʥʛʣ. ADAptive Moment estimation ï Adam, ʧʠʰʝ ʩʝ ʢʘʦ ʠʤʝ ʘ ʥʝ 

ʢʘʦ ʩʢʨʘ˂ʝʥʠʮʘ) [62] ʪʘʢʦʹʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʛʨʘʜʠʿʝʥʪʥʦʤ ʩʧʫʩʪʫ, ʘʣʠ ʢʦʨʠʩʪʠ ʧʨʚʠ )Ĕ( tm  ʠ ʜʨʫʛʠ 

)Ĕ( tv  ʤʦʤʝʥʪ ʛʨʘʜʠʿʝʥʪʘ ʫ ʮʠˀʫ ʙʨʞʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠ ʙʦˀʠʭ ʨʝʟʫʣʪʘʪʘ. ʇʨʚʠ ʤʦʤʝʥʪ ʥʝʢʝ 

ʬʫʥʢʮʠʿʝ ʿ ʝ ˁ ʝʥʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʘ ʢʘʦ ʜʨʫʛʠ ʢʦʨʠʩʪʠ ʩʝ ʥʝʮʝʥʪʨʠʨʘʥʘ ʚʘʨʠʿʘʥʩʘ [214]. ʉʪʦʧʝ 

ʫʯʝˁʘ ʩʫ ʧʨʠʣʘʛʦʜˀʠʚʝ (ʘʜʘʧʪʠʚʥʝ) ʠ ʠʥʜʠʚʠʜʫʘʣʥʝ, ʪʿ. ʨʘʟʣʠʢʫʿʫ ʩʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʘʨʘʤʝʪʨʝ. 

ʋʯʝˁʝ ʩʝ ʫʙʨʟʘʚʘ ʫ ʨʝʛʠʦʥʠʤʘ ʫʜʘˀʝʥʠʤ ʦʜ ʤʠʥʠʤʫʤʘ ʘ ʫʩʧʦʨʘʚʘ ʫ ʙʣʠʟʠʥʠ ʤʠʥʠʤʫʤʘ. 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʧʨʦʮʝʥʘ ʤʦʤʝʥʘʪʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʿʝʜʥʘʯʠʥʘʤʘ (33)-(35). 

 )(WCgt Ð=  (33). 

 ttt gmm )1( 111 bb -+= -  (34). 

 
2

212 )1( ttt gvv bb -+= -  (35). 

ʇʨʠ ʪʦʤʝ ʩʫ: 

Å t ï ʠʪʝʨʘʮʠʿʘ, 
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Å gt ï ʚʝʢʪʦʨ ʛʨʘʜʠʿʝʥʘʪʘ ʬʫʥʢʮʠʿʝ ʛʨʝʰʢʝ, 

Å ɓ1 ʠ ɓ2 ï ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʩʪʦʧʝ ʦʧʘʜʘˁʘ (ʝʥʛʣ. decay rates) ʧʨʦʮʝʥʘ ʤʦʤʝʥʘʪʘ, 

Å mt ï ʚʝʢʪʦʨ ʧʨʦʮʝʥʘ ʧʨʚʠʭ ʤʦʤʝʥʘʪʘ ʛʨʘʜʠʿʝʥʘʪʘ, 

Å vt ï ʚʝʢʪʦʨ ʧʨʦʮʝʥʘ ʥʝʮʝʥʪʨʠʨʘʥʠʭ ʜʨʫʛʠʭ ʤʦʤʝʥʘʪʘ ʛʨʘʜʠʿʝʥʘʪʘ. 

ɿʘʪʠʤ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʢʦʨʠʛʦʚʘʥʝ ʧʨʦʮʝʥʝ ʤʦʤʝʥʘʪʘ, ʿ ʝʜʥʘʯʠʥʘʤʘ (36) ʠ (37): 

 t
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b-
=  (36). 
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Ĕ
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ʇʨʠ ʪʦʤʝ ʩʫ: 

Å tmĔ ï ʚʝʢʪʦʨ ʢʦʨʠʛʦʚʘʥʠʭ ʧʨʦʮʝʥʘ ʧʨʚʠʭ ʤʦʤʝʥʘʪʘ ʛʨʘʜʠʿʝʥʘʪʘ, 

Å tvĔ ï ʚʝʢʪʦʨ ʢʦʨʠʛʦʚʘʥʠʭ ʧʨʦʮʝʥʘ ʥʝʮʝʥʪʨʠʨʘʥʠʭ ʜʨʫʛʠʭ ʤʦʤʝʥʘʪʘ ʛʨʘʜʠʿʝʥʘʪʘ. 

ɸʞʫʨʠʨʘˁʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʿʝʜʥʘʯʠʥʦʤ (38). 
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ʇʨʠ ʪʦʤʝ ʩʫ: 

Å Ŭ ï ʢʦʨʘʢ, ʪʿ. ʩʪʦʧʘ ʫʯʝˁʘ, 

Å Ů ï ʢʦʨʝʢʮʠʿʘ ʚʘʨʠʿʘʥʩʝ. 

ɺʝʢʪʦʨʠ ʧʨʦʮʝʥʘ ʤʦʤʝʥʘʪʘ ʠʥʠʮʠʿʘʣʥʦ, ʪʿ. ʟʘ t = 0, ʧʦʧʫˁʝʥʠ ʩʫ ʥʫʣʘʤʘ. ʍʠʧʝʨʧʘʨʘʤʝʪʨʠ ɓ1 ʠ 

ɓ2 ʤʦʛʫ ʙʠʪʠ ʫ ʦʧʩʝʛʫ [0, 1). ɸʫʪʦʨʠ ʪʦʛ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʣʦʞʠʣʠ ʩʫ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ: Ŭ = 0,001, ɓ1 = 0,9, ɓ2 = 0,999, Ů = 10-8. ʆʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ ʭʠʧʝʨʧʘʨʘʤʝʪʨʘ Ů 

ʿʝ ʥʫʤʝʨʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ, ʪʿ. ʠʟʙʝʛʘʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʜʝˀʝˁʘ ʥʫʣʦʤ; ʤʝʹʫʪʠʤ, ʫ ʥʝʢʠʤ 

ʧʨʦʙʣʝʤʠʤʘ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ ʧʦʩʪʠʞʫ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʟʥʘʪʥʦ ʚʝ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʪʦʛ 

ʭʠʧʝʨʧʘʨʘʤʝʪʨʘ [215], [216]. ʇʨʝʛʣʝʜ ʚʨʝʜʥʦʩʪʠ ʪʠʭ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʨʝʜʣʦʞʝʥʠʭ ʫ ʨʘʟʥʠʤ 

ʠʟʚʦʨʠʤʘ ʥʘʚʝʜʝʥ ʿʝ ʫ [217]. 

ɱʝʜʥʘʯʠʥʝ (36)-(38) ʤʦʛʫ ʩʝ ʟʘʤʝʥʠʪʠ ʿʝʜʥʘʯʠʥʘʤʘ (39) ʠ (40), h ʪʦ ʜʦʧʨʠʥʦʩʠ ʝʬʠʢʘʩʥʦʩʪʠ. 
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ʇʨʠ ʪʦʤʝ ʩʫ: 

Å Ŭt ï ʘʜʘʧʪʠʚʥʠ ʢʦʨʘʢ, 

Å eĔ ï ʜʦʜʘʪʥʘ ʢʦʨʝʢʮʠʿʘ ʚʘʨʠʿʘʥʩʝ. 

2.5.5.2.4 ˢ͔͙͍͙ͭͪͤ͊ͭͤ͡ ͦ ͙͙͙ͨͭͣ͊ͭͦͪ͘ 

ʉʚʠ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʛʨʘʜʠʿʝʥʪʥʦʤ ʩʧʫʩʪʫ, ʠ 

ʟʙʦʛ ʪʦʛʘ ʟʘʭʪʝʚʘʿʫ ʜʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʙʫʜʝ ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʘ, ʢʦʥʚʝʢʩʥʘ ʠ ʥʝʧʨʝʢʠʜʥʘ 
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(ʢʦʥʪʠʥʫʠʨʘʥʘ) ʫ ʮʝʣʦʤ ʜʦʤʝʥʫ ʨʝʰʝˁʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʰʪʦ ʪʘ ʩʚʦʿʩʪʚʘ ʯʝʩʪʦ ʥʠʩʫ ʧʦʟʥʘʪʘ 

ʫʥʘʧʨʝʜ, ʢʦʨʠʩʪʝ ʩʝ ʠ ʜʨʫʛʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠ 

ʘʣʛʦʨʠʪʤʠ [205]. ʊʠ ʘʣʛʦʨʠʪʤʠ ʦʧʠʩʘʥʠ ʩʫ ʫ ʟʘʩʝʙʥʦʤ ʦʜʝˀʢʫ 2.6, ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʫ 

ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ ʤʦʛʫ ʧʨʠʤʝˁʠʚʘʪʠ ʥʝ ʩʘʤʦ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʤʨʝʞʝ, ʚʝ˂ ʠ ʟʘ 

ʨʝʰʘʚʘˁʝ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʦʧʪʠʤʠʟʘʮʠʿʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. 

2.5.5.3 ˽͎ͪͦͨ͊͊ͼ͙͊͞ ͯ ͤ͊͊͒͘ 

ʇʨʦʮʝʜʫʨʘ ʢʦʿʦʤ ʿʝ ʚʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʫ ʩʪʘˁʫ ʜʘ ʦʙʝʟʙʝʜʠ ʠʟʣʘʟʝ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʘ, 

ʧʦʤʦ˂ʫ ʪʝʞʠʥʘ ʠ ʦʪʢʣʦʥʘ, ʥʘʟʠʚʘ ʩʝ ʧʨʦʧʘʛʘʮʠʿʘ ʫʥʘʧʨʝʜ (ʝʥʛʣ. forward propagation) ʿʝʨ 

ʠʥʬʦʨʤʘʮʠʿʝ ʧʫʪʫʿʫ ʦʜ ʫʣʘʟʥʠʭ ʢʘ ʠʟʣʘʟʥʠʤ ʩʣʦʿʝʚʠʤʘ ʤʦʜʝʣʘ. ʅʘ ʢʨʘʿʫ ʪʦʛ ʧʨʦʮʝʩʘ ʛʝʥʝʨʠʰʝ 

ʩʝ ʩʢʘʣʘʨʥʘ ʮʝʥʘ C(W). ʋʤʝʩʪʦ ʪʦʛʘ, ʘʣʛʦʨʠʪʘʤ ʧʨʦʧʘʛʘʮʠʿʝ ʫʥʘʟʘʜ (ʝʥʛʣ. backpropagation) 

ʦʤʦʛʫ˂ʘʚʘ ʚʨʘ˂ʘˁʝ ʪʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʢʘʣʘʨʥʦʿ ʮʝʥʠ, ʠʟʨʘʯʫʥʘʚʘʿʫ˂ʠ ʠʟʚʦʜ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʝʬʠʮʠʿʝʥʪʝ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ [188]. ʊʘʿ ʘʣʛʦʨʠʪʘʤ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ 

1986. ʛʦʜʠʥʝ ʫ [135], ʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ˁʝʤʫ, ʧʦʩʪʘʣʦ ʿʝ ʤʦʛʫ˂ʝ ʫʩʧʝʰʥʦ ʦʙʫʯʠʪʠ ʚʝʰʪʘʯʢʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ɸʣʛʦʨʠʪʘʤ ʠʟʨʘʯʫʥʘʚʘ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʤʦʜʝʣʘ ʧʦʤʦ˂ʫ ʤʝʪʦʜʝ 

ʠʪʝʨʘʪʠʚʥʦʛ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ, ʦʧʠʩʘʥʝ ʿ ʝʜʥʘʯʠʥʦʤ (41). ɱʝʜʥʘʯʠʥʘ (42) ʧʨʝʜʩʪʘʚˀʘ ʦʧʠʩ ʪʝ 

ʤʝʪʦʜʝ ʫ ʤʘʪʨʠʯʥʦʿ ʥʦʪʘʮʠʿʠ, ʘ ʿʝʜʥʘʯʠʥʘ (43) ʨʘʟʨʘʜʫ ʤʘʪʨʠʯʥʝ ʥʦʪʘʮʠʿʝ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ 

ʜʘ ʩʝ MSE ʢʦʨʠʩʪʠ ʢʘʦ ʬʫʥʢʮʠʿʘ ʛʨʝʰʢʝ. 
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ʇʨʠ ʪʦʤʝ ʩʫ w[t] ʠ w[t-1] ʤʘʪʨʠʮʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʤʦʜʝʣʘ (ʪʝʞʠʥʘ ʠ ʦʪʢʣʦʥʘ) ʫ ʪʨʝʥʫʮʠʤʘ t ʠ t-1, 

ʨʝʩʧʝʢʪʠʚʥʦ, wi,j ʩʫ ʧʦʿʝʜʠʥʘʯʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ, Ŭ ʧʨʝʜʩʪʘʚˀʘ ʩʪʦʧʫ ʫʯʝˁʘ ʤʦʜʝʣʘ, m ʿʝ ʙʨʦʿ 

ʠʥʩʪʘʥʮʠ, ʘ X ʠ y ʤʘʪʨʠʮʝ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʨʝʩʧʝʢʪʠʚʥʦ, ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫʟ 

ʿʝʜʥʘʯʠʥʝ (15) ʠ (16) [119]. 

ɻʨʘʜʠʿʝʥʪ ʧʦʢʘʟʫʿʝ ʢʦʣʠʢʦ ʩʝ ʥʝʢʠ ʧʘʨʘʤʝʪʘʨ ʤʦʨʘ ʧʨʦʤʝʥʠʪʠ (ʫ ʧʦʟʠʪʠʚʥʦʤ ʠʣʠ ʥʝʛʘʪʠʚʥʦʤ 

ʩʤʝʨʫ) ʜʘ ʙʠ ʩʝ ʤʠʥʠʤʠʟʦʚʘʣʘ ʬʫʥʢʮʠʿʘ ʦʜ ʠʥʪʝʨʝʩʘ. ʄʝʹʫʪʠʤ, ʥʫʤʝʨʠʯʢʦ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʛʨʘʜʠʿʝʥʪʘ ʤʦʞʝ ʟʘʭʪʝʚʘʪʠ ʧʨʝʚʝʣʠʢʝ ʨʘʯʫʥʩʢʝ ʪʨʦʰʢʦʚʝ, ʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ (ʪʿ. ʬʫʥʢʮʠʿʘ 

ʪʨʦʰʢʘ ʜʦʙʠʿʝʥʘ ʠʟ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ) ʟʘʚʠʩʠ ʦʜ ʚʠʰʝ ʧʨʦʤʝʥˀʠʚʠʭ. ɼʘ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʘʦ ʪʘʿ 

ʧʨʦʙʣʝʤ, ʧʨʠʤʝˁʫʿʝ ʩʝ ʃʘʿʙʥʠʮʦʚʦ ʧʨʘʚʠʣʦ ʣʘʥʮʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʪʘ ʢʦʤʧʦʟʠʪʥʝ 

ʬʫʥʢʮʠʿʝ ʪʨʦʰʢʘ. ɻʨʘʜʠʿʝʥʪ ʩʝ ʨʘʯʫʥʘ ʟʘ ʿʝʜʘʥ ʧʦ ʿʝʜʘʥ ʩʣʦʿ, ʠ ʪʦ ʦʜ ʠʟʣʘʟʘ ʫʥʘʟʘʜ ʢʘ ʫʣʘʟʫ, 

ʨʘʟʨʝʰʘʚʘˁʝʤ ʚʝ˂ ʧʦʟʥʘʪʠʭ ʠʟʚʦʜʘ [218]. ʅʘ ʦʩʥʦʚʫ ʪʘʢʦ ʠʟʨʘʯʫʥʘʪʦʛ ʛʨʘʜʠʿʝʥʪʘ, ʦʧʪʠʤʠʟʘʪʦʨ 

ʜʦʙʠʿʘ ʠʥʬʦʨʤʘʮʠʿʫ ʢʘʢʦ ʜʘ ʘʞʫʨʠʨʘ ʢʦʝʬʠʮʠʿʝʥʪʝ ʜʘ ʙʠ ʩʝ ʧʨʠʙʣʠʞʠʦ ʞʝˀʝʥʦʤ ʠʟʣʘʟʫ [193]. 

ɸʣʛʦʨʠʪʘʤ ʧʨʦʧʘʛʘʮʠʿʝ ʫʥʘʟʘʜ ʧʨʠʣʘʛʦʹʘʚʘ ʪʝʞʠʥʝ ʚʝʟʘ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ ʫ ʩʚʘʢʦʤ ʩʣʦʿʫ ʤʨʝʞʝ. 

ʋ ʪʦʤ ʧʨʦʮʝʩʫ ʥʘʿʧʨʝ ʩʝ ʚʨʰʠ ʧʨʦʛʥʦʟʘ (ʧʨʦʣʘʟ ʫʥʘʧʨʝʜ) ʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʛʨʝʰʢʘ. ɿʘʪʠʤ ʩʝ 

ʚʨʰʠ ʧʦʚʨʘʪʥʠ ʧʨʦʣʘʟ, ʫ ʢʦʤ ʩʝ ʢʨʦʟ ʧʘʨʮʠʿʘʣʥʝ ʠʟʚʦʜʝ ʠʟʨʘʯʫʥʘʚʘ ʢʦʣʠʢʦ ʩʚʘʢʘ ʚʝʟʘ ʫ ʿ ʝʜʥʦʤ 

ʧʦ ʿʝʜʥʦʤ ʩʣʦʿʫ ʜʦʧʨʠʥʦʩʠ ʛʨʝʰʮʠ. ʀʟʨʘʯʫʥʘʚʘ ʩʝ ʜʦʧʨʠʥʦʩ ʩʚʘʢʝ ʚʝʟʝ ʛʨʝʰʮʠ ʧʦʯʝʚ ʦʜ 

ʠʟʣʘʟʥʦʛ ʩʣʦʿʘ, ʟʘʪʠʤ ʩʣʦʿʘ ʢʦʿʠ ʤʫ ʧʨʝʪʭʦʜʠ, ʠʪʜ. ʩʚʝ ʜʦ ʫʣʘʟʥʦʛ ʩʣʦʿʘ. ʅʘ ʢʨʘʿʫ, ʪʝʞʠʥʝ ʩʝ 

ʧʨʠʣʘʛʦʹʘʚʘʿʫ ʫ ʧʨʘʚʮʫ ʤʠʥʠʤʠʟʦʚʘˁʘ ʛʨʝʰʢʝ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ (41), ʯʠʤʝ ʩʝ ʠʟʚʨʰʘʚʘ 

ʿʝʜʘʥ ʢʦʨʘʢ ʫ ʤʝʪʦʜʠ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ [119]. ʋ ʧʨʘʢʩʠ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʧʦʤʦ˂ʫ ʙʠʙʣʠʦʪʝʢʘ 

ʢʘʦ ʰʪʦ ʿʝ TensorFlow ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʝʞʠʥʘ ʧʦʤʦ˂ʫ ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʠʿʘ, ʥʘ 

ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ (42), ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʚʨʝʤʝʥʦʛ ʭʘʨʜʚʝʨʘ ʟʘ ʦʙʨʘʜʫ ʪʝʥʟʦʨʘ. 
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2.5.6 ˤ͔ͪͫͭ ͍ ͔΄ͭ͊;͙͟ͻ ͤ ͔͙ͯͪͦͤͫ͟ͻ ͣ ͔ͪ͗͊ 

ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʪʠʧʦʚʘ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʢʦʿʠ ʩʝ ʧʨʝ ʩʚʝʛʘ ʨʘʟʣʠʢʫʿʫ ʧʦ 

ʘʨʭʠʪʝʢʪʫʨʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʜʝʬʠʥʠʰʝ ʚʨʩʪʝ ʠ ʙʨʦʿ ʥʝʫʨʦʥʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ, ʢʘʦ ʠ ʙʨʦʿ ʩʣʦʿʝʚʘ 

ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ. ʆʜ ʘʨʭʠʪʝʢʪʫʨʝ ʟʘʚʠʩʝ ʥʘʯʠʥʠ ʥʘ ʢʦʿʝ ʩʝ ʠʥʬʦʨʤʘʮʠʿʝ 

ʦʙʨʘʹʫʿʫ ʠ ʧʘʤʪʝ [121]. 

ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʠʟʚʦʹʝˁʘ ʥʝʣʠʥʝʘʨʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʨʝʢʦ ʘʢʪʠʚʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ, ʟʘʪʦ ʰʪʦ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʛʝʥʝʨʠʰʝ ʚʠʰʝ 

ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʠʭ ʘʪʨʠʙʫʪʘ ʟʘ ʜʘʪʠ ʧʨʦʙʣʝʤ. ɸʥʘʣʦʛʥʦ ʧʦʣʠʥʦʤʩʢʦʿ ʨʝʛʨʝʩʠʿʠ, ʚʝʰʪʘʯʢʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʘʪʨʠʙʫʪʘ, ʘʣʠ ʪʘʢʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠʟʚʦʜʝ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʥʝʣʠʥʝʘʨʥʠʭ ʠʟʣʘʟʘ ʠʟ ʩʚʘʢʦʛ ʩʣʦʿʘ ʤʨʝʞʝ. 

2.5.6.1 ˸͔͔ͪ͗ ͫ  ͊ͨ ͔ͪͦͫ͡Ώ͙͍͔͊ͥͣ ͯ ͔ͤ͊ͨͪ͒ 

ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʩʘ ʧʨʦʩʣʝʹʠʚʘˁʝʤ ʫʥʘʧʨʝʜ (ʝʥʛʣ. feedforward ANN, ʉʃ. 27) [189] 

ʩʫ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ ʠ ʧʨʚʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ. ʇʦʜʘʮʠ ʩʝ ʧʨʦʩʪʠʨʫ ʢʨʦʟ ʤʨʝʞʫ ʩʘʤʦ ʫ ʿʝʜʥʦʤ 

ʩʤʝʨʫ, ʫʥʘʧʨʝʜ, ʫʣʘʟʝ˂ʠ ʫ ʫʣʘʟʥʠ ʩʣʦʿ ʠ ʠʟʣʘʟʝ˂ʠ ʠʟ ʠʟʣʘʟʥʦʛ. ʋʣʘʟʥʠ ʩʣʦʿ ʦʟʥʘʯʝʥ ʿʝ 

ʥʘʨʘʥ˅ʘʩʪʠʤ ʢʨʫʛʦʚʠʤʘ, ʠʟʣʘʟʥʠ ʮʨʚʝʥʠʤ, ʘ ʟʝʣʝʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʢʨʠʚʝʥʝ ˂ʝʣʠʿʝ. ʉʚʘʢʠ 

ʥʝʫʨʦʥ ʧʦʚʝʟʘʥ ʿ ʝ ʩʘ ʩʚʠʤ ʥʝʫʨʦʥʠʤʘ ʫ ʩʫʩʝʜʥʠʤ ʩʣʦʿʝʚʠʤʘ. ʄʨʝʞʘ ʩʘ ʧʨʦʩʣʝʹʠʚʘˁʝʤ ʫʥʘʧʨʝʜ 

ʩʘ ʿʝʜʥʠʤ ʠʣʠ ʚʠʰʝ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʥʘʟʠʚʘ ʩʝ ʚʠʰʝʩʣʦʿʥʠ ʧʝʨʮʝʧʪʨʦʥ (ʝʥʛʣ. MultiLayer 

Perceptron ï MLP). 

 
ʉʃ. 27: ʄʨʝʞʘ ʩʘ ʧʨʦʩʣʝʹʠʚʘˁʝʤ ʫʥʘʧʨʝʜ [189] 

2.5.6.2 ˾͔͔͔ͯͪͤͭͤ͟ ͔͔ͤͯͪͦͤͫ͟ ͔͔ͣͪ͗ 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʥʘʿʧʨʝ ʩʫ ʦʧʠʩʘʥʝ ʩʪʘʥʜʘʨʜʥʝ ʨʝʢʫʨʝʥʪʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʘ ʟʘʪʠʤ ʤʨʝʞʝ 

ʜʫʛʦʛ ʢʨʘʪʢʦʨʦʯʥʦʛ ʧʘʤ˂ʝˁʘ, ʢʘʦ ʥʘʨʦʯʠʪʦ ʟʘʩʪʫʧˀʝʥʘ ʧʦʜʚʨʩʪʘ. 

2.5.6.2.1 ˿͔ͭ͊ͤ͒͊ͪ͒ͤ ͪ ͔͔͔ͯͪͤͭͤ͟ ͔͔ͤͯͪͦͤͫ͟ ͔͔ͣͪ͗ 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʤʨʝʞʘ ʩʘ ʧʨʦʩʣʝʹʠʚʘˁʝʤ ʫʥʘʧʨʝʜ, ʢʦʜ ʢʦʿʠʭ ʧʦʜʘʮʠ ʪʝʢʫ ʿʝʜʥʦʩʤʝʨʥʦ, ʦʜ 

ʫʣʘʟʥʦʛ ʜʦ ʠʟʣʘʟʥʦʛ ʩʣʦʿʘ, ʫ ʨʝʢʫʨʝʥʪʥʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ (ʝʥʛʣ. Recurrent Neural 

Network ï RNN) ʧʦʩʪʦʿʝ ʠ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ. ʇʦʤʦ˂ʫ ʪʠʭ ʩʧʨʝʛʘ, ʠʟʣʘʟ ʥʝʫʨʦʥʘ ʤʦʞʝ ʩʝ 

ʩʧʨʦʚʝʩʪʠ ʥʘ ʫʣʘʟ ʥʝʫʨʦʥʘ ʫ ʠʩʪʦʤ (ʉʃ. 28) [189] ʠʣʠ ʥʝʢʦʤ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʩʣʦʿʝʚʘ (ʉʃ. 29) 

[178], ʥʦʩʝ˂ʠ ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʥʝʫʨʦʥʠ ʩʫ ʧʦʚʝʟʘʥʠ ʨʝʢʫʨʟʠʚʥʦ, 

ʩʪʚʘʨʘʿʫ˂ʠ ʮʠʢʣʫʩʝ. ʊʦ ʟʥʘʯʠ ʜʘ ʤʨʝʞʘ ʧʦʩʪʘʿʝ ʤʥʦʛʦ ʩʣʦʞʝʥʠʿʘ ʠ ʩʘ ʟʥʘʯʘʿʥʠʤ ʧʦʚʝ˂ʘˁʝʤ 

ʙʨʦʿʘ ʚʝʟʘ, ʘ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʥʝʫʨʦʥ ʧʨʫʞʘʿʫ ʠ ʧʨʝʪʭʦʜʥʠ ʩʣʦʿ ʠ ʥʧʨ. ʩʘʤ ʥʝʫʨʦʥ. ʇʨʝʤʘ ʪʦʤʝ, 

ʫʣʘʟʠ ʫ ʥʝʫʨʦʥ ʟʘʚʠʩʝ ʦʜ ʪʝʞʠʥʘ ʠ ʦʪʢʣʦʥʘ ʥʝ ʩʘʤʦ ʧʨʝʪʭʦʜʥʦʛ ʩʣʦʿʘ, ʚʝ˂ ʠ ʧʨʝʪʭʦʜʥʦʛ 

ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ. ʊʘ ʦʩʦʙʠʥʘ ʦʤʦʛʫ˂ʘʚʘ ʨʝʢʫʨʝʥʪʥʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ ʜʘ ʦʙʨʘʹʫʿʫ 

ʩʝʢʚʝʥʮʝ ʧʦʜʘʪʘʢʘ ʧʨʦʤʝʥˀʠʚʝ ʜʫʞʠʥʝ, ʠ ʟʘʪʦ ʩʝ ʢʦʨʠʩʪʝ ʥʧʨ. ʫ ʧʨʦʙʣʝʤʠʤʘ ʚʨʝʤʝʥʩʢʠʭ 

ʩʝʨʠʿʘ ʠ ʫ ʩʠʤʫʣʘʮʠʿʠ ʥʝʣʠʥʝʘʨʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ [121], [139], [140]. ɺʨʝʤʝʥʩʢʠ ʢʦʨʘʢ 

ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʠʯʠʥʫ ʢʘʰˁʝˁʘ ʫ ʨʝʢʫʨʝʥʪʥʦʿ ʤʨʝʞʠ, ʘ ʪʠʤʝ ʠ ʙʨʦʿ ʧʨʝʪʭʦʜʥʠʭ ʧʦʩʤʘʪʨʘˁʘ 

ʧʦʪʨʝʙʘʥ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʣʝʜʝ˂ʝʛ. 

ʋ ʨʝʢʫʨʝʥʪʥʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ, ʥʝʫʨʦʥʠ ʧʨʠʤʘʿʫ ʥʝ ʩʘʤʦ ʫʣʘʟʥʝ ʠʥʬʦʨʤʘʮʠʿʝ, ʚʝ˂ ʠ 

ʧʨʝʪʭʦʜʥʦ ʧʨʦʛʥʦʟʠʨʘʥʝ ʠʥʬʦʨʤʘʮʠʿʝ; ʜʘʢʣʝ, ʧʨʝʜʚʠʹʘˁʘ ʢʦʿʘ ʩʫ ʚʝ˂ ʥʘʧʨʘʚˀʝʥʘ ʫʪʠʯʫ ʥʘ 

ʪʨʝʥʫʪʥʘ ʧʨʝʜʚʠʹʘˁʘ [116]. ʊʦ ʿʝ ʚʘʞʥʘ ʦʩʦʙʠʥʘ ˀʫʜʩʢʦʛ ʤʦʟʛʘ: ˀʫʜʠ ʥʝ ʨʘʟʤʠʰˀʘʿʫ ʩʚʘʢʠ 

ʧʫʪ ʠʩʧʦʯʝʪʢʘ, Ăʦʜ ʥʫʣʝò ï ʩʚʘʢʘ ʤʠʩʘʦ ʦʙʣʠʢʦʚʘʥʘ ʿʝ ʟʥʘˁʝʤ ʩʪʝʯʝʥʠʤ ʢʨʦʟ ʧʨʦʰʣʘ ʠʩʢʫʩʪʚʘ 

[125]. ʈʝʢʫʨʝʥʪʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʤʦʞʝ ʩʝ ʟʘʤʠʩʣʠʪʠ ʢʘʦ ʥʠʟ, ʪʿ. ʣʘʥʘʮ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 
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ʥʝʢʦʣʠʢʦ ʢʦʧʠʿʘ ʠʩʪʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (ʉʃ. 30), ʛʜʝ ʩʚʘʢʘ ʢʦʧʠʿʘ ʧʨʝʥʦʩʠ ʛʝʥʝʨʠʩʘʥʫ 

ʠʥʬʦʨʤʘʮʠʿʫ ʜʦ ʩʣʝʜʝ˂ʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʤʨʝʞʘ ʥʘʩʪʘʚˀʘ ʜʘ ʨʘʟʤʘʪʨʘ ʧʨʝʪʭʦʜʥʘ ʧʨʝʜʚʠʹʘˁʘ ʧʨʠ 

ʛʝʥʝʨʠʩʘˁʫ ʙʫʜʫ˂ʠʭ ʧʨʝʜʚʠʹʘˁʘ. ʇʨʠ ʪʦʤʝ ʿʝ ʚʝʦʤʘ ʚʘʞʘʥ ʚʨʝʤʝʥʩʢʠ ʨʝʜʦʩʣʝʜ ʠʥʬʦʨʤʘʮʠʿʘ. 

 
ʉʃ. 28: ʈʝʢʫʨʝʥʪʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʩʘ ʧʦʚʨʘʪʥʠʤ ʚʝʟʘʤʘ ʫ ʠʩʪʦʤ ʩʣʦʿʫ [189] 

 
ʉʃ. 29: ʈʝʢʫʨʝʥʪʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʩʘ ʧʦʚʨʘʪʥʠʤ ʚʝʟʘʤʘ ʢʘ ʧʨʝʪʭʦʜʥʦʤ ʩʣʦʿʫ [178] 

 

ʉʃ. 30: Ăʈʘʟʤʦʪʘʥʘò ʨʝʢʫʨʝʥʪʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ [125] 

 

ʉʃ. 31: ʄʦʜʫʣ ʢʦʿʠ ʩʝ ʧʦʥʘʚˀʘ ʫ ʩʪʘʥʜʘʨʜʥʦʿ ʨʝʢʫʨʝʥʪʥʦʿ ʥʝʫʨʦʥʩʢʦʿ ʤʨʝʞʠ 

ʩʘʜʨʞʠ ʿʝʜʘʥ ʝʣʝʤʝʥʪ [125] 

ʅʘ ʉʃ. 31 [125] ʜʝʪʘˀʥʠʿʝ ʿʝ ʧʨʠʢʘʟʘʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʪʘʥʜʘʨʜʥʝ ʨʝʢʫʨʝʥʪʥʝ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ. ʅʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʫ ʪʨʝʥʫʪʢʫ t ʧʨʠʤʘ ʫʣʘʟʥʫ ʠʥʬʦʨʤʘʮʠʿʫ (xt). ʊʘ ʠʥʬʦʨʤʘʮʠʿʘ ʧʨʦʣʘʟʠ 

ʢʨʦʟ ʩʣʦʿ ʥʝʫʨʦʥʘ ʢʦʿʠʤʘ ʿʝ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʥʧʨ. ʭʠʧʝʨʙʦʣʠʯʢʠ ʪʘʥʛʝʥʩ (tanh), ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʪʨʝʥʫʪʥʠʤ ʠʟʣʘʟʦʤ (ht) ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʫ ʦʧʩʝʛʫ ʦʜ -1 ʜʦ 1 (ʟʘʭʚʘˀʫʿʫ˂ʠ 

ʭʠʧʝʨʙʦʣʠʯʢʦʤ ʪʘʥʛʝʥʩʫ). ʄʝʹʫʪʠʤ, ʧʦʨʝʜ ʧʨʠʤʘˁʘ ʫʣʘʟʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʩʣʦʿ ʥʝʫʨʦʥʘ 

ʪʘʢʦʹʝ ʧʨʠʤʘ ʧʨʝʜʚʠʹʘˁʘ ʤʨʝʞʝ ʫ ʧʨʦʰʣʦʩʪʠ (ht-1), ʠ ʧʨʝʥʦʩʠ ʪʨʝʥʫʪʥʦ ʧʨʝʜʚʠʹʘˁʝ ʫ ʙʫʜʫ˂ʠ 

ʪʨʝʥʫʪʘʢ (t+1). ʆʥʦ ˂ʝ ʙʠʪʠ ʦʙʨʘʹʝʥʦ ʟʘʿʝʜʥʦ ʩʘ ʙʫʜʫ˂ʠʤ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ (xt+1), ʰʪʦ ˂ʝ 
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ʨʝʟʫʣʪʠʨʘʪʠ ʙʫʜʫ˂ʠʤ ʠʟʣʘʟʦʤ (ht+1). ɼʘʢʣʝ, ʫ ʩʣʦʿʫ ʫ ʪʨʝʥʫʪʢʫ t, ʫʣʘʟʥʠ ʧʦʜʘʮʠ (xt) ʧʦʚʝʟʘʥʠ 

ʩʫ ʩʘ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʧʨʦʛʥʦʟʠʨʘʥʠʤ ʫ ʪʨʝʥʫʪʢʫ tï1 (ht-1), ʪʘʢʦ ʜʘ ʯʠʥʝ ʫʣʘʟʥʠ ʚʝʢʪʦʨ [ht-1, xt]. 

ʄʝʹʫʪʠʤ, ʩʪʘʥʜʘʨʜʥʘ ʨʝʢʫʨʝʥʪʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʠʤʘ ʧʦʪʝʰʢʦ˂ʘ ʧʨʠ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʩʘ 

ʜʫʛʦʪʨʘʿʥʠʤ ʟʘʚʠʩʥʦʩʪʠʤʘ, ʢʦʜ ʢʦʿʠʭ ʩʫ ʧʦʪʨʝʙʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠʟ ʜʘˀʝ ʧʨʦʰʣʦʩʪʠ ʫ ʦʜʥʦʩʫ 

ʥʘ ʪʨʝʥʫʪʘʢ ʫ ʢʦʤ ʩʝ ʪʨʘʞʝ. ɼʘ ʙʠ ʩʝ ʨʝʰʠʦ ʪʘʿ ʧʨʦʙʣʝʤ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ 

ʜʫʛʦʛ ʢʨʘʪʢʦʨʦʯʥʦʛ ʧʘʤ˂ʝˁʘ. 

2.5.6.2.2 ˸͔͔ͪ͗ ͒ ͎ͯͦ ͎͟ ͪ͊ͭͦͪͦ͟;ͤͦ ͎ͨ ͊ͣΐ͔ͥ ͊ς LSTM 

ʅʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʜʫʛʦʛ ʢʨʘʪʢʦʨʦʯʥʦʛ ʧʘʤ˂ʝˁʘ (ʝʥʛʣ. Long Short-Term Memory ï LSTM), ʧʨʚʠ 

ʧʫʪ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ [122] ʘ ʢʘʩʥʠʿʝ ʧʦʙʦˀʰʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʝʢʦʣʠʢʦ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʛʨʫʧʘ, 

ʧʨʝʜʩʪʘʚˀʘ ʚʘʨʠʿʘʥʪʫ ʠ ʫʥʘʧʨʝʹʝˁʝ RNN ʘʨʭʠʪʝʢʪʫʨʝ. LSTM ʤʨʝʞʝ ʢʘʨʘʢʪʝʨʠʰʝ 

ʧʨʝʧʦʟʥʘʪˀʠʚʘ ʩʪʨʫʢʪʫʨʘ ˂ʝʣʠʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʃ. 32 [219]. LSTM ʿʝ ʩʪʚʦʨʝʥʘ ʟʘ ʤʦʜʝʣʠʨʘˁʝ 

ʜʫʛʦʪʨʘʿʥʠʭ ʟʘʚʠʩʥʦʩʪʠ [125]. ɿʘʥʠʤˀʠʚʘ ʦʩʦʙʠʥʘ LSTM ʤʨʝʞʝ ʿʝ ʜʘ ʤʦʞʝ ʩʝʣʝʢʪʠʚʥʦ 

ʟʘʙʦʨʘʚˀʘʪʠ ʠ ʧʘʤʪʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ. ʋ ʦʙʠʯʥʦʿ ʨʝʢʫʨʝʥʪʥʦʿ ʤʨʝʞʠ, ˂ ʝʣʠʿʘ ʢʦʘʿ ʩʝ ʧʦʥʘʚˀʘ ʿʝ 

ʿʝʜʥʦʩʪʘʚʥʘ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʦʛʘ, ʫ LSTM ʤʨʝʞʠ ˂ʝʣʠʿʘ ʢʦʘʿ ʩʝ 

ʧʦʥʘʚˀʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʥʝʢʦʣʠʢʦ ʝʣʝʤʝʥʘʪʘ ʦʨʛʘʥʠʟʦʚʘʥʠʭ ʫ ʪʨʠ ʪʟʚ. ʢʘʧʠʿʝ, ʢʦʿʝ ʦʣʘʢʰʘʚʘʿʫ 

ʜʠʥʘʤʠʯʢʦ ʩʢʣʘʜʠʰʪʝˁʝ ʠʥʬʦʨʤʘʮʠʿʘ. ʉʚʘʢʘ LSTM ˂ʝʣʠʿʘ ʩʘʜʨʞʠ ʫʣʘʟʥʫ ʢʘʧʠʿʫ (ʝʥʛʣ. input 

gate ï Ὥ), ʢʘʧʠʿʫ ʟʘ ʟʘʙʦʨʘʚˀʘˁʝ (ʝʥʛʣ. forget gate ï Ὢ) ʠ ʠʟʣʘʟʥʫ ʢʘʧʠʿʫ (ʝʥʛʣ. output gate ï έ), 

ʛʜʝ ὸ ʧʨʝʜʩʪʘʚˀʘ ʪʨʝʥʫʪʥʠ ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ. ʊʝ ʢʘʧʠʿʝ ʫʧʨʘʚˀʘʿʫ ʩʪʘˁʝʤ ʤʝʤʦʨʠʿʝ ˂ ʝʣʠʿʝ (ὅ). 

 
ʉʃ. 32: ɴʝʣʠʿʘ LSTM ʤʨʝʞʝ [219] 

ʇʨʚʘ ʬʘʟʘ ʧʨʠ ʦʙʨʘʜʠ ʫʣʘʟʘ ʫ ˂ʝʣʠʿʫ LSTM ʤʨʝʞʝ ʫʢˀʫʯʫʿʝ ʦʜʨʝʹʠʚʘˁʝ ʢʦʿʠ ʜʝʦ ʧʨʝʪʭʦʜʥʦ 

ʟʘʧʘʤ˂ʝʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ˂ʝ ʙʠʪʠ ʟʘʙʦʨʘʚˀʝʥ. ʇʨʝʪʭʦʜʥʘ ʧʨʝʜʚʠʹʘˁʘ ʠ ʥʦʚʝ ʠʥʬʦʨʤʘʮʠʿʝ 

ʦʙʨʘʹʫʿʫ ʩʝ ʧʦʤʦ˂ʫ ʩʠʛʤʦʠʜʥʝ (ʪʿ. ʣʦʛʠʩʪʠʯʢʝ) ʬʫʥʢʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʿʝʜʥʘʯʠʥʠ 

(44). ɺʨʝʜʥʦʩʪ ʪʝ ʬʫʥʢʮʠʿʝ ʿʝ ʫ ʦʧʩʝʛʫ (0, 1) ʠ ʩʣʫʞʠ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʘ ʣʠ 

ʦʜʨʝʹʝʥʫ ʠʥʬʦʨʤʘʮʠʿʫ ʪʨʝʙʘ ʩʘʯʫʚʘʪʠ ʠʣʠ ʟʘʙʦʨʘʚʠʪʠ. 

 Ὢ ʎὡȟὼ ὡȟὬ ὦ  (44). 

ʇʨʠ ʪʦʤʝ ʿʝ ὼ ʫʣʘʟʥʠ ʥʠʟ ʫ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ ὸȟὬ  ʠʟʣʘʟʥʠ ʥʠʟ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʢʦʨʘʢʘ, ʘ ὦ 

ʚʝʢʪʦʨ ʦʪʢʣʦʥʘ ʢʘʧʠʿʝ ʟʘ ʟʘʙʦʨʘʚˀʘˁʝ. ʄʘʪʨʠʮʝ ʪʝʞʠʥʘ ʦʟʥʘʯʝʥʝ ʩʫ ʩʘ ὡȟ ʠ ὡȟ. 

ʋ ʜʨʫʛʦʿ ʬʘʟʠ ʦʜʨʝʹʫʿʝ ʩʝ ʢʦʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ˂ʝ ʙʠʪʠ ʩʘʯʫʚʘʥʝ, ʪʿ. ʜʦʜʘʪʝ ʩʪʘˁʫ ˂ʝʣʠʿʝ. ʋʟ 

ʩʠʛʤʦʠʜʥʫ ʬʫʥʢʮʠʿʫ, ʬʫʥʢʮʠʿʘ ʭʠʧʝʨʙʦʣʠʯʢʠ ʪʘʥʛʝʥʩ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʫʣʘʟʥʦʛ 

ʥʠʟʘ ʫ ʛʨʘʥʠʮʘʤʘ (-1, 1). ɱʝʜʥʘʯʠʥʝ (45) ʠ (46) ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ὅ ʠ 

ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʥʝ ʢʘʧʠʿʝ Ὥ. 

 ὅ ÔÁÎÈὡ ȟὼ ὡ ȟὬ ὦ  (45). 

 Ὥ ʎὡȟὼ ὡȟὬ ὦ  (46). 

ʇʨʠ ʪʦʤʝ ὦ ʠ ὦ ʦʟʥʘʯʘʚʘʿʫ ʥʠʟʦʚʝ ʦʪʢʣʦʥʘ, ʘ ὡ ȟȟὡ ȟȟὡȟ ʠ ὡȟ ʩʫ ʤʘʪʨʠʮʝ ʪʝʞʠʥʘ. ʅʘʢʦʥ 

ʙʠʨʘˁʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ˂ ʝ ʙʠʪʠ ʟʘʙʦʨʘʚˀʝʥʝ ʠ ʟʘʧʘʤ˂ʝʥʝ, ʫ ʪʨʝ˂ʦ ʿʬʘʟʠ ʦʜʨʝʹʫʿʝ ʩʝ ʩʪʘˁʝ ὅ ʥʘ 
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ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʧʨʚʝ ʜʚʝ ʬʘʟʝ ʠ ʩʪʘˁʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ὅ , ʢʘʦ ʰʪʦ 

ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝʜʥʘʯʠʥʦʤ (47): 

 ὅ Ὢ ὅ Ὥ ὅ (47). 

ʇʨʠ ʪʦʤʝ ʩʠʤʙʦʣ  ʧʨʝʜʩʪʘʚˀʘ ɸʜʘʤʘʨʦʚ (ʬʨ. Hadamard) ʧʨʦʠʟʚʦʜ, ʪʿ. ʧʨʦʠʟʚʦʜ ʧʦ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʝʣʝʤʝʥʪʠʤʘ. ʇʨʚʠ ʩʘʙʠʨʘʢ ʦʟʥʘʯʘʚʘ ʟʘʙʦʨʘʚˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʫ ʧʨʚʦʿ 

ʬʘʟʠ ʠʟʘʙʨʘʥʝ ʜʘ ʩʝ ʟʘʙʦʨʘʚʝ, ʘ ʜʨʫʛʠ ʧʘʤ˂ʝˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʫ ʜʨʫʛʦʿ ʬʘʟʠ ʠʟʘʙʨʘʥʝ ʜʘ 

ʩʝ ʟʘʧʘʤʪʝ. ʋ ʯʝʪʚʨʪʦʿ ʬʘʟʠ ʦʜʨʝʹʫʿʝ ʩʝ ʢʦʿʠ ʜʝʦ ʧʨʝʪʭʦʜʥʠʭ ʧʨʝʜʚʠʹʘˁʘ ʠ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ 

˂ʝ ʧʦʩʪʘʪʠ ʥʦʚʠ ʠʟʣʘʟ, ʪʿ. ʥʦʚʦ ʧʨʝʜʚʠʹʘˁʝ. ʇʦʤʦ˂ʫ ʩʠʛʤʦʠʜʥʝ ʠ tanh ʬʫʥʢʮʠʿʝ, ʥʘ ʥʘʯʠʥ 

ʦʧʠʩʘʥ ʿʝʜʥʘʯʠʥʘʤʘ (48) ʠ (49), ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʠʟʣʘʟʥʠ ʨʝʟʫʣʪʘʪ Ὤ, ʦʟʥʘʯʝʥ ʠ ʢʘʦ ώ. 

 έ ʎὡȟὼ ὡ ȟὬ ὦ  (48). 

 Ὤ έ ÔÁÎÈὅ  (49). 

ʇʨʠ ʪʦʤʝ ʿʝ ʥʠʟ ʦʪʢʣʦʥʘ ʟʘ ʠʟʣʘʟʥʫ ʢʘʧʠʿʫ ʦʟʥʘʯʝʥ ʩʘ ὦ, ʜʦʢ ʩʫ ὡȟ ʠ ὡ ȟ ʤʘʪʨʠʮʝ ʪʝʞʠʥʘ. 

ʅʦʨʤʘʣʠʟʘʮʠʿʦʤ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʝ tanh ʩʧʨʝʯʘʚʘ ʩʝ ʜʘ ʚʨʝʜʥʦʩʪ ʠʟʣʘʟʘ Ὤ ʙʫʜʝ ʧʨʝʚʝʣʠʢʘ, ʟʘʪʦ 

ʰʪʦ ʚʨʝʜʥʦʩʪ ʩʪʘˁʘ ˂ʝʣʠʿʝ ὅ ʤʦʞʝ ʙʠʪʠ ʟʥʘʪʥʦ ʠʟʚʘʥ ʦʧʩʝʛʘ (-1, 1) [125]. 

ʀʥʪʝʛʨʘʮʠʿʘ ʪʝ ʪʨʠ ʢʘʧʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʫ ʩʥʘʛʫ LSTM ʤʨʝʞʘ, ʟʘʪʦ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ 

ʜʫʛʦʨʦʯʥʦ ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ ʫʥʫʪʘʨ ʤʨʝʞʝ. ʊʘ ʤʦʛʫ˂ʥʦʩʪ ʦʩʧʦʩʦʙˀʘʚʘ LSTM ʤʨʝʞʝ ʜʘ 

ʝʬʠʢʘʩʥʦ ʟʘʜʨʞʝ ʠ ʩʝʣʝʢʪʠʚʥʦ ʦʩʣʦʙʘʹʘʿʫ ʩʝʛʤʝʥʪʝ ʧʦʜʘʪʘʢʘ ʧʦʚʝʟʘʥʝ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʫʣʘʟʠʤʘ. 

ʊʝ ʦʩʦʙʠʥʝ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʤʦʜʝʣʘ ʜʘ ʦʙʨʘʹʫʿʝ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʧʦʜʘʪʢʝ ʠ 

ʦʪʢʨʠʚʘ ʬʠʥʝ ʦʜʥʦʩʝ ʫʥʫʪʘʨ ʩʣʦʞʝʥʠʭ ʥʠʟʦʚʘ ʧʦʜʘʪʘʢʘ. LSTM ʤʦʞʝ ʜʘ ʤʦʜʝʣʠʨʘ ʜʫʛʦʪʨʘʿʥʝ 

ʠ ʢʨʘʪʢʝ ʚʨʝʤʝʥʩʢʝ ʟʘʚʠʩʥʦʩʪʠ, ʘ ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ ʿ ʝ ʪʦ ʩʚʦʿʩʪʚʦ ʢˀʫʯʥʦ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʥʘ ʦʩʥʦʚʫ 

ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. 

2.5.6.3 ˴͍͙͍͔ͦͤͦͯͭͤ͡ ͣ ͔͔ͪ͗ 

ʂʦʥʚʦʣʫʪʠʚʥʝ ʤʨʝʞʝ ʙʠʪʥʦ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʚʨʩʪʝ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, 

ʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʩʣʠʢʘ ʠʣʠ ʟʚʫʢʘ. ʉʧʝʮʠʬʠʯʥʦʩʪ ʪʝ ʚʨʩʪʝ ʤʨʝʞʘ 

ʧʨʦʠʩʪʠʯʝ ʠʟ ˂ʝʣʠʿʘ ʧʨʠʢʘʟʘʥʠʭ ˀʫʙʠʯʘʩʪʦʤ ʙʦʿʦʤ ʥʘ ʉʃ. 33. ʅʘʿʧʨʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʝ 

ʜʚʝ ʚʨʩʪʝ ʤʨʝʞʘ, ʪʠ ʥʝʫʨʦʥʠ ʥʠʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʩʚʠʤ ʥʝʫʨʦʥʠʤʘ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠ ʩʣʝʜʝ˂ʝʤ ʩʣʦʿʫ, 

ʚʝ˂ ʩʘʤʦ ʩʘ ʩʫʩʝʜʥʠʤ ʥʝʫʨʦʥʠʤʘ. ɳʠʭʦʚ ʨʘʜ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʤʘʪʝʤʘʪʠʯʢʦʿ ʦʧʝʨʘʮʠʿʠ 

ʢʦʥʚʦʣʫʮʠʿʝ, ʪʿ. ʠʥʪʝʛʨʘʣʫ ʧʨʦʠʟʚʦʜʘ ʜʚʝ ʬʫʥʢʮʠʿʝ ʥʘʢʦʥ ʰʪʦ ʩʝ ʿʝʜʥʘ ʦʜ ˁʠʭ ʧʨʝʩʣʠʢʘ ʫ 

ʦʜʥʦʩʫ ʥʘ y-ʦʩʫ ʠ ʧʦʤʝʨʠ [220]. ʊʘ ʦʧʝʨʘʮʠʿʘ ʫ ʧʨʘʢʩʠ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʬʠʣʪʝʨ ʢʦʿʠ ʩʤʘˁʫʿʝ ʙʨʦʿ 

ʝʣʝʤʝʥʘʪʘ ʫ ʤʘʪʨʠʮʠ ʢʦʤʧʦʥʝʥʪʠ ʩʣʠʢʝ. ʉʤʘˁʠʚʘˁʝ ʩʝ ʚʨʰʠ ʜʘ ʙʠ ʩʝ ʦʣʘʢʰʘʣʘ ʦʙʨʘʜʘ ʩʣʠʢʝ, 

ʠ ʢʘʢʦ ʠʥʬʦʨʤʘʮʠʿʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʩʣʦʿʝʚʝ, ʦʥʘ ʩʝ ʩʚʝ ʚʠʰʝ ʠ ʚʠʰʝ ʩʤʘˁʫʿʝ. ʅʘ ʢʨʘʿʫ, 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʦʜʨʝʹʫʿʫ ʩʝ ʧʦʤʦ˂ʫ ʢʣʘʩʠʯʥʝ ʤʨʝʞʝ ʩʘ ʧʨʦʩʣʝʹʠʚʘˁʝʤ ʫʥʘʧʨʝʜ. 

 
ʉʃ. 33: ʂʦʥʚʦʣʫʪʠʚʥʘ ʤʨʝʞʘ [189] 
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2.5.7 ˽͙͔ͪͨͪͣ͊ ͨ ͦ͒͊ͭ͊͊͟ ͙  ͟ ͔͙͔ͪͪ͊ͥ ͔ͣͦ͒͊͡ 

ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʥʘ ʉʃ. 34 [180] ʨʝʟʠʤʠʨʘ ʢʦʤʧʣʝʪʘʥ ʧʦʩʪʫʧʘʢ ʢʨʝʠʨʘˁʘ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ 

ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. ʇʨʚʠ ʙʣʦʢ, ʢʦʿʠ ʩʝ ʟʦʚʝ ʨʫʢʦʚʘˁʝ ʧʦʜʘʮʠʤʘ (ʝʥʛʣ. data handling), ʩʘʩʪʦʿʠ ʩʝ 

ʦʜ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ ʫ ʮʠˀʫ ʨʘʟʫʤʝʚʘˁʘ ʢʦʨʠʩʥʦʩʪʠ ʦʜʨʝʹʝʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʢʘʦ ʠ 

ʨʝʰʘʚʘˁʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʥʝʜʦʩʪʘʿʫ ʠʣʠ ʥʠʩʫ ʙʨʦʿ (ʝʥʛʣ. Not a Number ï NaN). 

 
ʉʃ. 34: ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʢʨʝʠʨʘˁʘ ʤʦʜʝʣʘ ʚʦʹʝʥʦʛ ʧʦʜʘʮʠʤʘ [180] 

ɿʘʪʠʤ, ʟʥʘʿʫ˂ʠ ʢʘʢʦ ʬʫʥʢʮʠʦʥʠʰʝ ʘʣʛʦʨʠʪʘʤ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʚʘʞʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʩʢʘʣʠʨʘˁʝ 

ʦʙʝʣʝʞʿʘ (ʝʥʛʣ. feature scaling) ʧʨʠʣʘʛʦʹʘʚʘˁʝʤ ʦʧʩʝʛʘ ʩʚʘʢʦʛ ʦʙʝʣʝʞʿʘ. ɹʝʟ ʪʦʛʘ, ʩʘ 

ʭʝʪʝʨʦʛʝʥʠʤ, ʨʘʟʣʠʯʠʪʦ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ ʧʦʜʘʮʠʤʘ, ʦʧʪʠʤʠʟʘʪʦʨ ʙʠ ʧʨʘʚʠʦ ʚʝʣʠʢʝ ʦʩʮʠʣʘʮʠʿʝ 

ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ. ʉʢʘʣʠʨʘˁʝʤ ʦʙʝʣʝʞʿʘ, ʤʝʹʫʪʠʤ, ʪʝ ʬʣʫʢʪʫʘʮʠʿʝ ʩʝ ʩʤʘˁʫʿʫ ʠ ʧʦʪʨʘʛʘ ʟʘ 

ʤʠʥʠʤʫʤʦʤ ʬʫʥʢʮʠʿʝ ʪʨʦʰʢʘ ʿʝ ʧʦʙʦˀʰʘʥʘ. ʅʘʿʯʝʰ˂ʝ ʤʝʪʦʜʝ ʟʘ ʩʢʘʣʠʨʘˁʝ ʦʙʝʣʝʞʿʘ ʩʫ 

ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ [194]. 

Å ʅʦʨʤʘʣʠʟʘʮʠʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝʜʥʘʯʠʥʦʤ (50) ʠ ʩʢʘʣʠʨʘ ʧʦʜʘʪʢʝ ʫ ʦʧʩʝʛ [0, 1] ʥʘ ʦʩʥʦʚʫ 

ʤʠʥʠʤʘʣʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʦʙʝʣʝʞʿʘ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

 
minmax

min

xx

xx
x

-

-
='  (50). 

ʇʨʠ ʪʦʤʝ ʩʫ xmin ʠ xmax ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʧʦʩʤʘʪʨʘʥʦʛ ʦʙʝʣʝʞʿʘ, ʨʝʩʧʝʢʪʠʚʥʦ, 

x ʿʝ ʚʨʝʜʥʦʩʪ ʪʦʛ ʦʙʝʣʝʞʿʘ ʫ ʿʝʜʥʦʿ ʦʧʩʝʨʚʘʮʠʿʠ, ʘ x' ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʧʦʜʘʪʢʘ x. 
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Å ʉʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʿ ʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿ ʝʜʥʘʯʠʥʦʤ (51) ʠ ʤʝˁʘ ʜʠʩʪʨʠʙʫʮʠʿʫ ʧʦʜʘʪʘʢʘ ʪʘʢʦ ʜʘ ʠʤ 

ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʙʫʜʝ 0 ʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 1. ʆʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʥʠʿʝ ʦʛʨʘʥʠʯʝʥ 

[221]. 

 
s

xx
x

-
='  (51). 

ʇʨʠ ʪʦʤʝ ʩʫ x  ʠ s ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ, ʨʝʩʧʝʢʪʠʚʥʦ, ʘ x' 

ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʧʦʜʘʪʢʘ x. 

ɿʘʪʠʤ ʿʝ ʚʘʞʥʦ ʠʟʚʨʰʠʪʠ ʧʦʜʝʣʫ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʥʘ ʧʦʜʩʢʫʧʦʚʝ ʟʘ ʦʙʫʢʫ, ʚʘʣʠʜʘʮʠʿʫ ʠ 

ʪʝʩʪʠʨʘˁʝ. ʇʦʜʩʢʫʧʦʚʠ ʟʘ ʦʙʫʢʫ ʠ ʚʘʣʠʜʘʮʠʿʫ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʠʟʛʨʘʜˁʫ ʤʦʜʝʣʘ ʚʝʰʪʘʯʢʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʘ ʧʦʜʩʢʫʧ ʟʘ ʪʝʩʪʠʨʘˁʝ ʧʨʠʣʠʢʦʤ ʝʚʘʣʫʘʮʠʿʝ ʤʦʜʝʣʘ. 

ï ʇʦʜʩʢʫʧ ʟʘ ʦʙʫʢʫ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʘʞʥʠʿʠ ʜʝʦ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʂʘʦ ʰʪʦ ʤʫ ʠʤʝ ʢʘʞʝ, ʢʦʨʠʩʪʠ 

ʩʝ ʟʘ ʦʙʫʢʫ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʇʨʦʛʨʘʤ ʚʠʜʠ ʦʚʝ ʧʦʜʘʪʢʝ ʠ ʧʦʢʫʰʘʚʘ ʜʘ ʫʢʣʦʧʠ ʤʦʜʝʣ 

ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ. 

ï ʇʦʜʩʢʫʧ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʢʦʨʠʩʪʠ ʩʝ ʪʦʢʦʤ ʬʘʟʝ ʦʙʫʢʝ, ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʤʦʜʝʣʘ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ. 

ʅʝʦʧʭʦʜʘʥ ʿʝ ʟʘ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʜʝʣʘ. 

ï ʇʦʜʩʢʫʧ ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʣʫʞʠ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʤʦʜʝʣʘ ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʦʙʫʢʝ ʠ ʧʦʩʪʘʚˀʘˁʘ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʧʦʰʪʦ ʧʨʦʛʨʘʤ ʥʝ ʚʠʜʠ ʪʝ ʧʦʜʘʪʢʝ ʪʦʢʦʤ ʦʙʫʢʝ. 

ʉʚʘʢʠ ʦʜ ʧʦʜʩʢʫʧʦʚʘ ʟʘʪʠʤ ʩʝ ʜʝʣʠ ʥʘ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ (ʦʟʥʘʯʝʥʝ ʥʧʨ. ʩʘ x ʠ y, ʨʝʩʧʝʢʪʠʚʥʦ), ʧʨʠ 

ʯʝʤʫ ʩʫ ʫʣʘʟʠ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʤʦʜʝʣ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʠʟʣʘʟʘ. ʋʣʘʟʠ ʠʟ ʧʦʜʩʢʫʧʘ ʟʘ 

ʦʙʫʢʫ ʫʥʦʩʝ ʩʝ ʫ ʚʝʰʪʘʯʢʫ ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ, ʘ ʥʘ ʦʩʥʦʚʫ ʧʨʦʛʥʦʟʝ ʠ ʠʟʣʘʟʘ ʦʜʨʝʹʫʿʝ ʩʝ ʛʨʝʰʢʘ, 

ʪʿ. ʨʝʟʫʣʪʘʪ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʨʦʧʘʛʘʮʠʿʠ ʫʥʘʟʘʜ, ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʛʨʝʰʮʠ ʚʨʘ˂ʘ 

ʩʝ ʢʨʦʟ ʤʨʝʞʫ, ʘʞʫʨʠʨʘʿʫ˂ʠ ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʘ ʠ ʦʪʢʣʦʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʠʟʘʙʨʘʥʠʤ 

ʦʧʪʠʤʠʟʘʪʦʨʦʤ. 

ʂʘʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʠʣʠ ʩʝ ʟʘʚʨʰʠ ʟʘʜʘʪʠ ʙʨʦʿ ʝʧʦʭʘ, ʤʦʛʫ ʩʝ ʢʨʝʠʨʘʪʠ ʢʨʠʚʝ 

ʫʯʝˁʘ (ʝʥʛʣ. learning curves), ʢʦʿʝ ʧʦʢʘʟʫʿʫ ʜʘ ʣʠ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʤʨʝʞʝ ʜʦʙʨʦ ʦʜʘʙʨʘʥʠ ʠ ʜʘ 

ʣʠ ʩʫ ʫ ʩʪʘˁʫ ʜʘ ʛʝʥʝʨʘʣʠʟʫʿʫ ʧʨʦʫʯʘʚʘʥʠ ʧʨʦʙʣʝʤ. ʅʘʿʚʘʞʥʠʿʠ ʩʣʫʯʘʿʝʚʠ ʦʧʠʩʘʥʠ ʩʫ ʫ 

ʥʘʩʪʘʚʢʫ [195], [196]. 

1. ʅʝʜʦʚʦˀʥʘ ʧʨʠʣʘʛʦʹʝʥʦʩʪ (ʝʥʛʣ. underfit) ʿʘʚˀʘ ʩʝ ʢʘʜʘ ʤʦʜʝʣ ʥʝ ʫʩʧʝʚʘ ʜʘ ʩʝ ʦʙʫʯʠ ʥʘ 

ʦʩʥʦʚʫ ʧʦʜʩʢʫʧʘ ʟʘ ʦʙʫʢʫ. ɸʢʦ ʿ ʝ ʤʦʜʝʣ ʧʨʝʚʠʰʝ ʿ ʝʜʥʦʩʪʘʚʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʦʞʝʥʦʩʪ ʧʨʦʙʣʝʤʘ, 

ʛʫʙʠʪʘʢ ʧʨʠ ʦʙʫʮʠ (ʝʥʛʣ. training loss) ʦʩʪʘʿʝ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʠ ʠ ʧʨʠʙʣʠʞʥʦ ʿʝ ʠʩʪʠ ʪʦʢʦʤ 

ʮʝʣʦʛ ʧʨʦʮʝʩʘ ʦʙʫʢʝ (ʉʃ. 35), ʪʿ. ʦʙʫʢʘ ʥʝ ʜʦʚʦʜʠ ʜʦ ʫʯʝˁʘ. ɸʢʦ ʩʝ ʦʙʫʢʘ ʤʦʜʝʣʘ ʟʘʫʩʪʘʚʠ 

ʧʨʝʨʘʥʦ, ʛʫʙʠʪʘʢ ʧʨʠ ʦʙʫʮʠ ʩʪʨʤʦ ʩʝ ʩʤʘˁʫʿʝ ʜʦ ʩʘʤʦʛ ʢʨʘʿʘ ʦʙʫʢʝ (ʉʃ. 36). 

 
ʉʃ. 35: ʂʨʠʚʝ ʫʯʝˁʘ ʟʘ ʤʦʜʝʣ ʢʦʿʠ ʥʝʤʘ ʜʦʚʦˀʘʥ ʢʘʧʘʮʠʪʝʪ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 
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ʉʃ. 36: ʂʨʠʚʝ ʫʯʝˁʘ ʟʘ ʤʦʜʝʣ ʢʦʿʠ ʟʘʭʪʝʚʘ ʿʦʰ ʦʙʫʢʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 

 
ʉʃ. 37: ʂʨʠʚʝ ʫʯʝˁʘ ʟʘ ʧʨʝʪʝʨʘʥʦ ʧʨʠʣʘʛʦʹʝʥ ʤʦʜʝʣ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 

2. ʇʨʝʪʝʨʘʥʘ ʧʨʠʣʘʛʦʹʝʥʦʩʪ (ʝʥʛʣ. overfit) ʿ ʘʚˀʘ ʩʝ ʢʘʜʘ ʿ ʝ ʤʦʜʝʣ ʧʨʝʚʠʰʝ ʦʙʫʯʝʥ, ʥʧʨ. ʥʘʫʯʠʦ 

ʿʝ ʯʘʢ ʠ ʩʪʘʪʠʩʪʠʯʢʠ h ʫʤ ʠ ʩʣʫʯʘʿʥʝ ʬʣʫʢʪʫʘʮʠʿʝ ʠʟ ʧʦʜʩʢʫʧʘ ʟʘ ʦʙʫʢʫ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʤʦʜʝʣ 

ʩʝ ʧʨʝʚʠʰʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʦ ʟʘ ʧʦʜʩʢʫʧ ʟʘ ʦʙʫʢʫ ʠ ʥʝ ʤʦʞʝ ʜʦʙʨʦ ʜʘ ʛʝʥʝʨʘʣʠʟʫʿʝ ʧʨʦʙʣʝʤ. ʋ 

ʪʦʤ ʩʣʫʯʘʿʫ, ʛʫʙʠʪʘʢ ʧʨʠ ʚʘʣʠʜʘʮʠʿʠ (ʝʥʛʣ. validation loss) ʥʘʢʦʥ ʥʝʢʝ ʪʘʯʢʝ ʧʦʯʠˁʝ ʜʘ ʨʘʩʪʝ 

ʫʤʝʩʪʦ ʜʘ ʩʝ ʩʤʘˁʫʿʝ, ʘ ʛʫʙʠʪʘʢ ʧʨʠ ʦʙʫʮʠ ʥʝ ʧʦʩʪʠʞʝ ʩʪʘʙʠʣʘʥ (ʪʿ. ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʘʥ) 

ʥʠʚʦ ʚʝ˂ ʩʝ ʣʘʛʘʥʦ ʩʤʘˁʫʿʝ ʜʦ ʩʘʤʦʛ ʢʨʘʿʘ ʦʙʫʢʝ (ʉʃ. 37). 

3. ɼʦʙʨʘ ʧʨʠʣʘʛʦʹʝʥʦʩʪ (ʝʥʛʣ. good fit) ʿʝ ʮʠ ˀʤʦʜʝʣʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ; ʫ ʪʦʤ 

ʩʣʫʯʘʿʫ ʢʨʠʚʝ ʛʫʙʠʪʘʢʘ ʧʨʠ ʦʙʫʮʠ ʠ ʚʘʣʠʜʘʮʠʿʠ ʧʦʩʪʠʞʫ ʩʪʘʙʠʣʘʥ ʥʠʚʦ ʠ ʥʘ ʪʦʤ ʥʠʚʦʫ ʩʝ 

ʧʨʠʙʣʠʞʥʦ ʧʦʢʣʘʧʘʿʫ (ʉʃ. 38), h ʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʤʦʜʝʣ ʫ ʩʪʘˁʫ ʜʘ ʜʦʙʨʦ ʛʝʥʝʨʘʣʠʟʫʿʝ ʧʨʦʙʣʝʤ. 

 
ʉʃ. 38: ʂʨʠʚʝ ʫʯʝˁʘ ʟʘ ʜʦʙʨʦ ʧʨʠʣʘʛʦʹʝʥ ʤʦʜʝʣ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 
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ʉʃ. 39: ʂʨʠʚʝ ʫʯʝˁʘ ʫ ʩʣʫʯʘʿʫ ʥʝʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛ ʧʦʜʩʢʫʧʘ ʟʘ ʦʙʫʢʫ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 

 
ʉʃ. 40: ʂʨʠʚʝ ʫʯʝˁʘ ʫ ʩʣʫʯʘʿʫ ʥʝʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛ ʧʦʜʩʢʫʧʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 

ʊʘʢʦʹʝ ʩʝ ʤʦʞʝ ʜʦʛʦʜʠʪʠ ʜʘ ʢʦʨʠʰ˂ʝʥʠ ʧʦʜʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ ʥʠʩʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʟʘ 

ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʨʝʰʘʚʘ (ʥʧʨ. ʥʝʢʠ ʦʜ ʧʦʜʩʢʫʧʦʚʘ ʿʝ ʧʨʝʤʘʣʠ). ɸʢʦ ʧʦʜʩʢʫʧ ʟʘ ʦʙʫʢʫ ʥʠʿʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ, ʢʨʠʚʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʙʠ˂ʝ ʫʚʝʢ ʠʟʥʘʜ ʢʨʠʚʝ ʟʘ ʦʙʫʢʫ, ʘ ʢʨʠʚʘ ʟʘ ʦʙʫʢʫ 

ʥʘʩʪʘʚʠ˂ʝ ʣʘʛʘʥʦ ʜʘ ʧʘʜʘ ʜʦ ʩʘʤʦʛ ʢʨʘʿʘ ʦʙʫʢʝ (ʉʃ. 39). ɸʢʦ ʧʦʜʩʢʫʧ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʥʠʿʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ, ʢʨʠʚʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ˂ʝ ʦʩʮʠʣʦʚʘʪʠ ʦʢʦ ʩʪʘʙʠʣʥʦʛ ʥʠʚʦʘ (ʉʃ. 40). ʄʦʞʝ ʩʝ 

ʜʦʛʦʜʠʪʠ ʠ ʜʘ ʧʦʜʩʢʫʧ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʙʫʜʝ ʩʫʚʠʰʝ ʣʘʢʦ ʧʨʝʜʚʠʜʠʚ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʜʩʢʫʧ ʟʘ 

ʦʙʫʢʫ (ʉʃ. 41). 

 
ʉʃ. 41: ʂʨʠʚʝ ʫʯʝˁʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʧʦʜʩʢʫʧ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʧʨʝʜʚʠʜʝʪʠ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [196]) 

ʄʝʪʦʜʝ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʧʨʝʪʝʨʘʥʝ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ ʩʫ: 

Å ʀʩʢˀʫʯʠʚʘˁʝ (ʝʥʛʣ. dropout) ʧʨʝʜʩʪʘʚˀʘ ʥʘʩʫʤʠʯʥʦ ʦʜʙʘʮʠʚʘˁʝ ʜʝʣʘ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ 

ʥʘ ʠʟʣʘʟʫ ʥʝʢʦʛ ʩʣʦʿʘ. ʊʠʤʝ ʩʝ ʫʩʧʦʨʘʚʘ ʧʦʩʪʠʟʘˁʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ, ʘʣʠ ʠ ʠʟʙʝʛʘʚʘ ʧʨʝʪʝʨʘʥʘ 
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ʧʨʠʣʘʛʦʹʝʥʦʩʪ. ʐʪʦ ʩʝ ʚʠʰʝ ʠʟʦʩʪʘʚˀʝʥʠ ʜʝʦ ʧʦʚʝ˂ʘʚʘ, ʧʨʦʮʝʩ ʫʯʝˁʘ ʧʦʩʪʘʿʝ ʭʘʦʪʠʯʥʠʿʠ ʠ 

ʥʘʩʫʤʠʯʥʠʿʠ. ʇʨʠ ʪʦʤʝ ʩʝ ʦʙʠʯʥʦ ʮʝʣʠ ʥʝʫʨʦʥʠ ʧʨʠʚʨʝʤʝʥʦ ʠʩʢˀʫʯʫʿʫ. 

Å ʈʝʛʫʣʘʨʠʟʘʮʠʿʘ ʧʨʠʤʝˁʫʿʝ ʢʘʟʥʫ ʢʦʿʘ ʩʝ ʜʦʜʘʿʝ ʥʘ ʬʫʥʢʮʠʿʫ ʛʫʙʠʪʢʘ. ʊʘ ʢʘʟʥʘ ʤʦʞʝ ʩʝ 

ʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʟʙʠʨʘ ʘʧʩʦʣʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (ʪʟʚ. L1 ʨʝʛʫʣʘʨʠʟʘʮʠʿʘ ʠʣʠ 

ʣʘʩʦ ʨʝʛʨʝʩʠʿʘ, ʝʥʛʣ. Lasso regression), ʠʣʠ ʥʘ ʦʩʥʦʚʫ ʟʙʠʨʘ ʢʚʘʜʨʘʪʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (ʪʟʚ. L2 

ʨʝʛʫʣʘʨʠʟʘʮʠʿʘ ʠʣʠ ʛʨʝʙʝʥʘʩʪʘ ʨʝʛʨʝʩʠʿʘ, ʝʥʛʣ. Ridge regression). ʄʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʥʘ 

ʪʝʞʠʥʝ, ʦʪʢʣʦʥʝ ʠʣʠ ʠʟʣʘʟʝ ʩʣʦʿʘ [222]. 

2.6 ˸͔ͭ͊ͻ͔͙͙ͯͪͫͭ;͊͟ ͦ ͙͙ͨͭͣ͊͘ͼ͙͊͞ 

ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʦʧʪʠʤʠʟʘʪʦʨʠ ʩʫ ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʩʪʦʭʘʩʪʠʯʢʝ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʨʘʟʚʠʿʝʥʝ ʟʘ ʨʝʰʘʚʘˁʝ ʩʣʦʞʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʜ ʢʦʿʠʭ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʪʝʭʥʠʢʝ 

ʥʠʩʫ ʧʨʘʢʪʠʯʥʝ. ʄʝʪʘʭʝʫʨʠʩʪʠʢʝ ʥʝ ʤʦʛʫ ʜʘ ʛʘʨʘʥʪʫʿʫ ʧʨʦʥʘʣʘʞʝˁʝ ʘʧʩʦʣʫʪʥʦ ʥʘʿʙʦˀʝʛ 

ʨʝʰʝˁʘ, ʘʣʠ ʩʝ ʦʜʣʠʢʫʿʫ ʝʬʠʢʘʩʥʠʤ ʢʨʝʪʘˁʝʤ ʢʨʦʟ ʚʝʣʠʢʝ, ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ʜʦʤʝʥʝ 

ʧʨʝʪʨʘʞʠʚʘˁʘ ʠ ʫʩʧʝʰʥʦ ʧʨʦʥʘʣʘʟʝ ʨʝʰʝˁʘ ʙʣʠʩʢʘ ʦʧʪʠʤʘʣʥʠʤ [85], [86]. ʀʥʩʧʠʨʠʩʘʥʠ 

ʧʨʠʨʦʜʥʠʤ ʧʦʿʘʚʘʤʘ ʠ ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧʠ ʚʝʦʤʘ ʩʫ 

Ăʩʥʘʣʘʞˀʠʚʠῤ ʠ ʨʦʙʫʩʥʠ, h ʪʦ ʠʭ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʨʝʰʘʚʘˁʝ ʯʘʢ ʠ NP-ʪʝʰʢʠʭ [84] ʧʨʦʙʣʝʤʘ 

ʫʟ ʨʘʟʫʤʥʦ ʢʦʨʠʰ˂ʝˁʝ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ. ʊʠ ʘʣʛʦʨʠʪʤʠ ʥʘʣʘʟʝ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʧʨʘʢʪʠʯʥʠʤ ʦʙʣʘʩʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʠʥʞʝˁʝʨʩʪʚʦ, ʣʦʛʠʩʪʠʢʘ, ʤʝʜʠʮʠʥʘ, ʤʘʰʠʥʩʢʦ 

ʫʯʝˁʝ ʠ ʬʠʥʘʥʩʠʿʝ, ʨʝʰʘʚʘʿʫ˂ʠ ʧʨʦʙʣʝʤʝ ʧʦʧʫʪ ʧʨʦʥʘʣʘʞʝˁʘ ʥʘʿʙʦˀʝ ʨʫʪʝ, ʨʘʩʧʦʜʝʣʝ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʨʝʩʫʨʩʘ ʠ ʟʘʢʘʟʠʚʘˁʘ [87]. ʅʝʢʝ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʢʘʪʝʛʦʨʠʿʘ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʩʫ 

ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ ʠ ʪʝʭʥʠʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʥʪʝʣʠʛʝʥʮʠʿʠ ʨʦʿʘ. 

ʄʝʪʦʜʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʨʦʿʘ ʠʥʩʧʠʨʠʩʘʥʝ ʩʫ ʢʦʣʝʢʪʠʚʥʠʤ ʧʦʥʘʰʘˁʝʤ ʧʨʠʤʝ˂ʝʥʠʤ ʢʦʜ 

ʜʨʫʰʪʚʝʥʠʭ ʦʨʛʘʥʠʟʘʤʘ ʧʦʧʫʪ ʧʯʝʣʘ, ʧʪʠʮʘ ʠ ʨʠʙʘ. ʊʠ ʘʣʛʦʨʠʪʤʠ ʝʤʫʣʠʨʘʿʫ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʝ, ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʝ ʩʠʩʪʝʤʝ ʜʘ ʙʠ ʢʦʣʘʙʦʨʘʪʠʚʥʦ ʨʝʰʘʚʘʣʠ ʩʣʦʞʝʥʝ 

ʧʨʦʙʣʝʤʝ. ʅʘ ʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʘʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʣʦʥʠʿʝ ʤʨʘʚʘ (ʝʥʛʣ. Ant Colony Optimization 

ï ACO) [88] ʨʝʧʣʠʮʠʨʘ ʧʦʥʘʰʘˁʝ ʪʠʭ ʠʥʩʝʢʘʪʘ ʜʦʢ ʧʨʦʥʘʣʘʟʝ ʥʘʿʢʨʘ˂ʝ ʧʫʪʝʚʝ ʦʜ ʩʚʦʿʝ 

ʢʦʣʦʥʠʿʝ ʜʦ ʠʟʚʦʨʘ ʭʨʘʥʝ, ʜʦʢ PSO [80] ʤʦʜʝʣʠʨʘ ʭʘʨʤʦʥʠʟʦʚʘʥʦ ʢʨʝʪʘˁʝ ʿʘʪʘ ʧʪʠʮʘ. 

ʅʘʛʣʘʰʘʚʘʿʫ˂ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠ ʩʚʝʩʪʨʘʥʦʩʪ, ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʨʦʿʘ ʚʝʦʤʘ ʩʫ 

ʝʬʠʢʘʩʥʝ ʟʘ ʨʝʰʘʚʘˁʝ ʜʠʥʘʤʠʯʢʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʊʘʿ ʦʩʥʦʚʥʠ 

ʢʦʥʮʝʧʪ ʧʦʜʩʪʘʢʘʦ ʿ ʝ ʨʘʟʚʦʿ ʙʨʦʿʥʠʭ ʪʝʭʥʠʢʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ɱʦʰ ʥʝʢʝ ʦʜ ʜʦʙʨʦ ʧʦʟʥʘʪʠʭ ʤʝʪʦʜʘ 

ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʨʦʿʘ ʩʫ ʚʝʰʪʘʯʢʘ ʢʦʣʦʥʠʿʘ ʧʯʝʣʘ (ʝʥʛʣ. Artificial Bee Colony ï ABC) [91] ʠ 

ʘʣʛʦʨʠʪʘʤ ʩʚʠʪʘʮʘ (ʝʥʛʣ. Firefly Algorithm ï FA) [92]. ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʧʦʿʘʚʠʣʠ 

ʩʫ ʩʝ ʥʦʚʠ ʧʨʝʜʩʪʘʚʥʠʮʠ ʪʝ ʢʘʪʝʛʦʨʠʿʝ ï ʘʣʛʦʨʠʪʘʤ ʧʨʝʪʨʘʛʝ ʛʤʠʟʘʚʘʮʘ (ʝʥʛʣ. Reptile Search 

Algorithm ï RSA) [94], ʦʧʪʠʤʠʟʘʮʠʿʘ ʮʨʚʝʥʝ ʣʠʩʠʮʝ (ʝʥʛʣ. Red Fox Optimization ï RFO) [95], 

ʘʣʛʦʨʠʪʘʤ ʦʧʪʠʤʠʟʘʮʠʿʝ h ʠʤʧʘʥʟʠ (ʝʥʛʣ. Chimp Optimization Algorithm ï ChOA) [111] ʠ ʜʨʫʛʠ. 

ʋ ʪʫ ʢʘʪʝʛʦʨʠʿʫ ʩʧʘʜʘ ʠ sinh cosh ʦʧʪʠʤʠʟʘʪʦʨ (SCHO) [93], ʢʦʿʠ ʥʠʿʝ ʠʥʩʧʠʨʠʩʘʥ ʧʨʠʨʦʜʦʤ 

ʚʝ˂ ʤʘʪʝʤʘʪʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ ʩʧʦʤʝʥʫʪʠʭ ʬʫʥʢʮʠʿʘ, ʘʣʠ ʧʦʧʫʪ ʤʝʪʦʜʘ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʨʦʿʘ 

ʢʦʨʠʩʪʠ ʧʦʧʫʣʘʮʠʿʫ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ (ʪʟʚ. ʘʛʝʥʘʪʘ). 

ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʠʥʪʝʣʠʛʝʥʮʠʿʠ ʨʦʿʘ ʧʦʢʘʟʘʣʠ ʩʫ ʩʝ ʢʘʦ ʚʝʦʤʘ 

ʝʬʠʢʘʩʥʠ ʠ ʧʨʠʣʘʛʦʜˀʠʚʠ, ʠʩʪʠʯʫ˂ʠ ʩʝ ʫ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ ʧʨʦʙʣʝʤʘ ʠʟ ʩʪʚʘʨʥʦʛ ʩʚʝʪʘ. 

ʋʩʧʝʰʥʝ ʩʢʦʨʘʰˁʝ ʧʨʠʤʝʥʝ ʦʙʫʭʚʘʪʘʿʫ ʤʝʜʠʮʠʥʫ [96], [97], ʘʥʘʣʠʟʫ ʨʘʩʧʦʣʦʞʝˁʘ [98], [99], 

[100] ʢʘʦ ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʚʦʿʘ ʠ ʪʝʩʪʠʨʘˁʘ ʩʦʬʪʚʝʨʘ [101], [102]. ɼʨʫʛʝ ʟʥʘʯʘʿʥʝ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝ ʫʢˀʫʯʫʿʫ ʨʘʯʫʥʘʨʩʪʚʦ ʫ ʦʙʣʘʢʫ [59], [81], ʧʦˀʦʧʨʠʚʨʝʜʫ [103], [104], ʢʘʦ ʠ 

ʧʨʦʠʟʚʦʜˁʫ ʠ ʧʦʪʨʦʰˁʫ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ [105], [106]. 

2.7 ˮ͙͍ͫͭͪ͊͗͊;͊͟ ͊ ͙ͤ͊͊͘͡ ͨ ͦ͒͊ͭ͊͊͟ 

ʉʘ ʨʘʟʚʦʿʝʤ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ, ʫʥʘʧʨʝʹʝˁʝʤ ʭʘʨʜʚʝʨʘ ʟʘ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ 

ʩʠʛʥʘʣʘ ʠ ʧʦʨʘʩʪʦʤ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ, ʧʦʪʨʝʙʘ ʟʘ ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʠʤ 

ʟʥʘˁʝʤ ʦ ʧʦʜʘʮʠʤʘ ʫ ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʜʘʪʦʛ ʧʨʦʙʣʝʤʘ ʧʦʩʪʘʿʝ ʩʚʝ ʚʠʰʝ ʟʘʤʝʥˀʠʚʘ ʯʠʩʪʦ 
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ʘʫʪʦʤʘʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʊʘʢʚʠ ʩʠʩʪʝʤʠ ʪʠʧʠʯʥʦ ʩʫ ʧʦʟʥʘʪʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ʢʘʦ ʩʠʩʪʝʤʠ ʮʨʥʠʭ 

ʢʫʪʠʿʘ, ʫ ʢʦʿʠʤʘ ʩʝ ʤʦʞʝ ʠʟʦʩʪʘʚʠʪʠ ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʦ ʟʥʘˁʝ ʧʨʦʬʝʩʠʦʥʘʣʮʘ ʦ ʧʦʜʘʮʠʤʘ, ʩʚʝ 

ʜʦʢ ʿʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʠ ʚʝʣʠʢʘ ʨʘʯʫʥʘʨʩʢʘ ʤʦ˂. ʄʝʹʫʪʠʤ, ʟʘ 

ʦʙʣʘʩʪʠ ʢʘʦ ʰʪʦ ʿʝ ʠʥʞʝˁʝʨʠʥʛ, ʥʝʢʦʨʠʰ˂ʝˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʟʥʘˁʘ ʠʟ ʜʘʪʝ ʦʙʣʘʩʪʠ ʥʠʿʝ 

ʠʥʪʝʨʝʩʘʥʪʥʦ. ʋʤʝʩʪʦ ʿʝʜʥʦʩʪʘʚʥʝ ʟʘʤʝʥʝ ʯʦʚʝʢʘ ʤʘʰʠʥʦʤ ʢʘʦ ʫ ʩʠʩʪʝʤʠʤʘ ʮʨʥʠʭ ʢʫʪʠʿʘ, 

ʘʣʪʝʨʥʘʪʠʚʥʦ ʨʝʰʝˁʝ ʤʦʛʘʦ ʙʠ ʜʘ ʙʫʜʝ ʟʘʿʝʜʥʠʯʢʠ ʨʘʜ ï ʫʧʦʪʨʝʙʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʤʘʰʠʥʩʢʦ 

ʫʯʝˁʝ ʫʟ ʢʨʠʪʠʯʢʫ ʘʥʘʣʠʟʫ ʧʦʜʘʪʘʢʘ ʦʜ ʩʪʨʘʥʝ ʩʧʝʮʠʿʘʣʠʩʪʝ ʫ ʜʘʪʦʿ ʦʙʣʘʩʪʠ. ʋ ʪʦʤ ʢʦʥʪʝʢʩʪʫ, 

ʪʘʢʚʘ ʢʨʠʪʠʯʢʘ ʘʥʘʣʠʟʘ ʩʧʨʦʚʦʜʠ ʩʝ ʠ ʜʠʩʢʫʪʫʿʝ ʫ ʬʘʟʠ ʠʩʪʨʘʞʠʚʘʯʢʝ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ. 

ɼʘ ʙʠ ʩʝ ʩʪʝʢʣʦ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʠ ʠʟʚʨʰʠʣʘ ʢʨʠʪʠʯʢʘ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʜʦʩʪʫʧʥʠʭ ʫ ʩʢʫʧʫ 

ʟʘ ʦʙʫʢʫ, ʚʘʣʠʜʘʮʠʿʫ ʠ ʪʝʩʪʠʨʘˁʝ, ʠʩʪʨʘʞʠʚʘʯʢʘ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. Exploratory Data 

Analysis ï EDA) ʧʨʝʜʩʪʘʚˀʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʢʦʨʘʢ, ʘʣʠ ʠ ʿʝʜʘʥ ʦʜ ʥʘʿʟʘʭʪʝʚʥʠʿʠʭ. ʆʜʨʝʹʫʿʫ ʩʝ 

ʠʟʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʦʙʨʘʹʫʿʫ ʥʝʜʦʩʪʘʿʫ˂ʝ ʠ ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ (ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʦʜʩʪʫʧʘʿʫ ʦʜ ʧʨʦʩʝʢʘ, ʝʥʛʣ. outliers) ʜʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʦ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʥʝʢʘ ʘʥʦʤʘʣʠʿʘ, 

ʧʨʦʚʝʨʘʚʘ ʩʝ ʧʨʘʚʠʣʥʦʩʪ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ, ʘ ʠ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʘʪʨʠʙʫʪʘ ʠʟʨʘʯʫʥʘʚʘˁʝʤ 

ʢʦʨʝʣʘʮʠʿʝ. ʇʦʨʝʜ ʪʦʛʘ, ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʦ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʧʦʜʘʪʘʢʘ, ʤʦʛʫ ʩʝ ʬʦʨʤʫʣʠʩʘʪʠ 

ʭʠʧʦʪʝʟʝ ʢʦʿʝ ʪʨʝʙʘ ʧʦʪʚʨʜʠʪʠ ʠʣʠ ʦʜʙʘʮʠʪʠ. ɸʢʦ ʿʝ ʧʦʪʨʝʙʥʦ, ʤʦʛʫ ʩʝ ʢʨʝʠʨʘʪʠ ʥʦʚʝ ʠʣʠ 

ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʧʦʩʪʦʿʝ˂ʝ ʧʨʦʤʝʥˀʠʚʝ [117]. 

ʀʩʪʨʘʞʠʚʘʯʢʘ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʣʘʪʠʚʥʦ ʥʦʚʫ ʦʙʣʘʩʪ ʫ ʩʪʘʪʠʩʪʠʮʠ ï ʧʨʚʠ ʧʫʪ ʿ ʝ 

ʦʧʠʩʘʥʘ 1977. ʛʦʜʠʥʝ ʫ [150]. ʋ ʥʘʩʪʘʚʢʫ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʝʢʝ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ 

ʟʘ ʠʩʪʨʘʞʠʚʘʯʢʫ ʘʥʘʣʠʟʫ ʧʦʜʘʪʘʢʘ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. 

2.7.1 ˾͔͊ͫͨͦ͒͊͡ ͅ ͔͍͔ͪͤ͟ͼ͙͊͞ 

ʇʨʦʚʝʨʘ ʨʘʩʧʦʜʝʣʝ (ʜʠʩʪʨʠʙʫʮʠʿʝ) ʬʨʝʢʚʝʥʮʠʿʘ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʧʨʝ ʥʝʛʦ h ʪʦ ʩʝ ʦʥʠ ʧʨʠʤʝʥʝ 

ʫ ʤʦʜʝʣʫ ʟʘ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ, ʠʟʫʟʝʪʥʦ ʿʝ ʢʦʨʠʩʥʘ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʠ 

ʦʪʢʨʠʚʘˁʝ ʦʙʨʘʟʘʮʘ ʟʘ ʩʚʘʢʠ ʘʪʨʠʙʫʪ ʫ ʫʟʦʨʢʫ. ʅʘʿʯʝʰ˂ʘ ʩʠʤʝʪʨʠʯʥʘ ʨʘʩʧʦʜʝʣʘ ʿ ʝ ɻʘʫʩʦʚʘ ʠʣʠ 

ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ, ʯʠʿʘ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʠʤʘ ʦʙʣʠʢ ʟʚʦʥʘ, ʢʘʦ ʥʘ ʉʃ. 42 [128], [129]. 

ʄʝʹʫʪʠʤ, ʥʠʩʫ ʩʚʝ ʩʠʤʝʪʨʠʯʥʝ ʨʘʩʧʦʜʝʣʝ ɻʘʫʩʦʚʝ. 

ɸʩʠʤʝʪʨʠʯʥʦʩʪ (ʝʥʛʣ. skewness) ʠ ʩʧˀʦʰʪʝʥʦʩʪ (ʝʥʛʣ. kurtosis, ʦʜ ʛʨʯ. əɡɟŰɧɠ = ʟʘʢʨʠʚˀʝʥ, 

ʢʦʥʚʝʢʩʘʥ) ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʧʦʢʘʟʘʪʝˀʠ ʫ ʢʦʿʦʿ ʤʝʨʠ ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʦʜʩʪʫʧʘ ʦʜ 

ʥʦʨʤʘʣʥʝ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʠʟʨʘʯʫʥʘ ʢʦʝʬʠʮʠʿʝʥʪ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ (Ŭ3 ʠʣʠ As) ʜʘʪ ʿʝ ʫ 

ʿʝʜʥʘʯʠʥʠ (52). ʇʨʠ ʪʦʤʝ ʿʝ x  ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʧʦʜʘʪʘʢʘ, Mo ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʫʩ (ʚʨʝʜʥʦʩʪ ʩʘ 

ʥʘʿʚʝ˂ʦʤ ʘʧʩʦʣʫʪʥʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ), ʘ s ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ. ʊʦ ʿʝ ʪʟʚ. ʇʠʨʩʦʥʦʚ ʧʨʚʠ ʢʦʝʬʠʮʠʿʝʥʪ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ [130], 

[131]. 
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ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʩʧˀʦʰʪʝʥʦʩʪʠ ʂ ʥʘʿʯʝʰ˂ʝ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʯʝʪʚʨʪʠ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠ 

ʤʦʤʝʥʪ, ʪʿ. ʯʝʪʚʨʪʠ ʮʝʥʪʨʘʣʥʠ ʤʦʤʝʥʪ ɛ4 ʥʦʨʤʘʣʠʟʦʚʘʥ ʯʝʪʚʨʪʠʤ ʩʪʝʧʝʥʦʤ ʩʪʘʥʜʘʨʜʥʝ 

ʜʝʚʠʿʘʮʠʿʝ s. ʆʜ ʪʘʢʦ ʠʟʨʘʯʫʥʘʪʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʦʜʫʟʠʤʘ 3 ʠ ʪʠʤʝ ʩʝ ʜʦʙʠʿʘ 

ʢʦʝʬʠʮʠʿʝʥʪ ʩʧˀʦʰʪʝʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ (Ke, ʝʥʛʣ. excess kurtosis), ʢʘʦ ʫ 

ʿʝʜʥʘʯʠʥʠ (53) [173]. ʋ ʥʘʩʪʘʚʢʫ, ʧʦʜ Ăʢʦʝʬʠʮʠʿʝʥʪ ʩʧˀʦʰʪʝʥʦʩʪʠò ʤʠʩʣʠ ʩʝ ʥʘ Ke. 

 3
4

4 -=
s

m
Ke  (53). 
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ʉʃ. 42: ʉʠʤʝʪʨʠʯʥʦʩʪ ʢʨʠʚʝ ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [128]) 

ʅʘ ʦʩʥʦʚʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʧˀʦʰʪʝʥʦʩʪʠ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʢʦʣʠʢʦ ʫ ʧʦʜʘʮʠʤʘ ʠʤʘ 

ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. outliers). ʐʪʦ ʿʝ ʚʠʰʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ, ʪʦ ʢʨʠʚʘ 

ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ ʠʤʘ ʠʟʨʘʞʝʥʠʿʝ Ăʨʝʧʦʚʝò (ʟʘʪʦ h ʪʦ ʠʤʘ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʜʘʣʝʢʦ 

ʦʜ ʧʨʦʩʝʯʥʠʭ) ʠ ʦʙʨʥʫʪʦ. ʈʘʩʧʦʜʝʣʝ ʟʘ ʢʦʿʝ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʩʧˀʦʰʪʝʥʦʩʪʠ Ke ʧʨʠʙʣʠʞʥʦ 

ʿʝʜʥʘʢ ʥʫʣʠ ʥʘʟʠʚʘʿʫ ʩʝ ʤʝʟʦʢʫʨʪʠʯʢʝ (ʦʜ ʛʨʯ. ɛɏůɞɠ = ʧʨʦʩʝʯʘʥ). ʋ ʪʘʢʚʠʤ ʨʘʩʧʦʜʝʣʘʤʘ ʙʨʦʿ 

ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʥʠʿʝ ʥʠ ʥʘʨʦʯʠʪʦ ʚʝʣʠʢʠ ʥʠ ʥʘʨʦʯʠʪʦ ʤʘʣʠ. 

ʂʘʜʘ ʿʝ ʪʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʤʘˁʠ ʦʜ ʥʫʣʝ, ʪʘʢʚʝ ʨʘʩʧʦʜʝʣʝ ʥʘʟʠʚʘʿʫ ʩʝ ʧʣʘʪʠʢʫʨʪʠʯʢʝ (ʦʜ ʛʨʯ. 

ˊɚŬŰɨɠ = ʰʠʨʦʢ). ʂʨʠʚʘ ʪʘʢʚʝ ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ ʠʤʘ ʤʘˁʝ ʨʝʧʦʚʝ, ʘ ʫ ʧʦʜʘʮʠʤʘ ʠʤʘ ʤʘˁʝ 

ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ. ʂʘʜʘ ʿ ʝ ʢʦʝʬʠʮʠʿʝʥʪ ʩʧˀʦʰʪʝʥʦʩʪʠ Ke ʚʝ˂ʠ ʦʜ ʥʫʣʝ, ʪʘʢʚʝ ʨʘʩʧʦʜʝʣʝ 

ʥʘʟʠʚʘʿʫ ʩʝ ʣʝʧʪʦʢʫʨʪʠʯʢʝ (ʦʜ ʛʨʯ. ɚŮˊŰɧɠ = ʪʘʥʘʢ). ʅʘ ʢʨʠʚʦʿ ʣʝʧʪʦʢʫʨʪʠʯʢʝ ʨʘʩʧʦʜʝʣʝ ʨʝʧʦʚʠ 

ʩʫ ʠʟʨʘʞʝʥʠʿʠ, h ʪʦ ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʠ ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ (ʉʃ. 43) [174]. 

 
ʉʃ. 43: ʉʧˀʦʰʪʝʥʦʩʪ ʢʨʠʚʝ ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [174]) 

ɿʘ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ, ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʠ ʩʧˀʦʰʪʝʥʦʩʪʠ ʿ ʝʜʥʘʢʝ ʩʫ 

ʥʫʣʠ [159]. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʿʝ ʩʠʤʝʪʨʠʯʥʘ ʠ ʤʝʟʦʢʫʨʪʠʯʢʘ. ʅʝ ʧʦʩʪʦʿʠ 

ʦʧʰʪʝ ʧʨʠʭʚʘ˂ʝʥʦ ʧʨʘʚʠʣʦ ʢʦʿʝ ʩʫ ʧʨʠʭʚʘʪˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʪʘ ʜʚʘ ʢʦʝʬʠʮʠʿʝʥʪʘ. ʇʦ [158], 
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ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʥʝ ʧʦʢʘʟʫʿʝ ʙʠʪʥʠʿʘ ʦʜʩʪʫʧʘˁʘ ʦʜ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʘʢʦ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ 

ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʫ ʦʧʩʝʛʫ [-2, 2] ʘ ʢʦʝʬʠʮʠʿʝʥʪ ʩʧˀʦʰʪʝʥʦʩʪʠ ʫ ʦʧʩʝʛʫ [-7, 7]. ʇʦ [160], 

ʧʨʠʭʚʘʪˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʩʫ ʫ ʦʧʩʝʛʫ [-3, 3], ʘ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʩʧˀʦʰʪʝʥʦʩʪʠ ʫ ʦʧʩʝʛʫ [-10, 10]; ʧʦ [159], ʚʨʝʜʥʦʩʪʠ ʠʟʚʘʥ ʪʠʭ ʦʧʩʝʛʘ ʫʢʘʟʫʿʫ ʥʘ ʧʨʦʙʣʝʤʝ ʩʘ 

ʧʦʜʘʮʠʤʘ. 

2.7.2 ˴͔ͦͪ͊͡ͼ͙͊͞ 

ʂʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ (r) ʠʟʨʘʞʘʚʘ ʩʪʝʧʝʥ ʚʝʟʝ (ʟʘʚʠʩʥʦʩʪʠ) ʠʟʤʝʹʫ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ (x ʠ y). 

ɺʨʝʜʥʦʩʪ ʪʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʿʝ ʫ ʦʧʩʝʛʫ [-1, 1]. ʇʨʠ ʪʦʤʝ, ʰʪʦ ʿʝ ʪʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʙʣʠʞʠ 

ʚʨʝʜʥʦʩʪʠ 1 ʠʣʠ -1, ʪʦ ʩʫ ʧʨʦʤʝʥˀʠʚʝ ʫ ʚʝ˂ʦʿ ʢʦʨʝʣʘʮʠʿʠ, ʦʜʥʦʩʥʦ ʚʝ˂ʘ ʿ ʝ ʣʠʥʝʘʨʥʘ ʚʝʟʘ ʠʟʤʝʹʫ 

ˁʠʭ. ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (54). ʇʨʠ ʪʦʤʝ 

ʩʫ x  ʠ y  ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ x ʠ y, ʨʝʩʧʝʢʪʠʚʥʦ, xi ʠ yi ʚʨʝʜʥʦʩʪʠ ʪʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʫʟʦʨʮʠʤʘ, ʘ n ʙʨʦʿ ʫʟʦʨʘʢʘ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ [132], [133]. 
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2.7.3 ˸͙͙͔ͯͭͦͤ͊ͪͤͦͫͭ͟͡͡ 

ʄʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʪʘʢʦʹʝ ʠʩʪʨʘʞʫʿʝ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʤʦʜʝʣʘ. 

ʇʦʥʝʢʘʜ ʥʠʿʝ ʜʦʚʦˀʥʦ ʠʩʧʠʪʘʪʠ ʟʘʚʠʩʥʦʩʪ ʩʘʤʦ ʠʟʤʝʹʫ ʧʘʨʦʚʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʢʘʦ h ʪʦ 

ʪʦ ʯʠʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ, ʟʘʪʦ ʰʪʦ ʩʝ ʤʦʞʝ ʜʦʛʦʜʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʪʨʠ 

ʠʣʠ ʚʠʰʝ ʧʨʦʤʝʥˀʠʚʠʭ. ʋ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʞʝ ʩʝ ʜʘ ʧʦʩʪʦʿʠ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ. 

ʄʝʹʫʩʦʙʥʦ ʚʠʩʦʢʦ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʩʫ ʨʝʜʫʥʜʘʥʪʥʝ ʟʘ ʧʨʦʮʝʥʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʫ ʪʨʝʙʘ 

ʧʨʝʜʚʠʜʝʪʠ, ʪʿ. ʥʝʢʝ ʦʜ ˁʠʭ (ʠʣʠ ʯʘʢ ʩʚʝ ʦʩʠʤ ʿʝʜʥʝ) ʤʦʛʫ ʩʝ ʠʟʦʩʪʘʚʠʪʠ. 

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʦʪʢʨʠʿʝ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʿ ʝ ʧʨʝʢʦ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ (ʝʥʛʣ. 

Variance Inflation Factor ï VIF). ʊʘʿ ʬʘʢʪʦʨ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (55), ʧʨʠ 

ʯʝʤʫ ʿʝ RĮ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (ʦʧʠʩʘʥ ʫ ʦʜʝˀʢʫ 2.2.1). ʋ ʩʣʫʯʘʿʫ ʧʨʦʩʪʝ ʣʠʥʝʘʨʥʝ 

ʨʝʛʨʝʩʠʿʝ, ʪʿ. ʘʢʦ ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʥʘ ʫʣʘʟʥʘ ʠ ʿʝʜʥʘ ʠʟʣʘʟʥʘ ʧʨʦʤʝʥˀʠʚʘ, ʫʤʝʩʪʦ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʢʦʨʠʩʪʠ ʩʝ rĮ, ʪʿ. ʢʚʘʜʨʘʪ ʇʠʨʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ [134], [142], 

[161]. 

 
2R1

1
VIF

-
=  (55). 

ʌʘʢʪʦʨ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʟʘ ʥʝʢʫ ʫʣʘʟʥʫ ʧʨʦʤʝʥˀʠʚʫ ʿʝ ʤʝʨʘ ʧʦʨʘʩʪʘ ʚʘʨʠʿʘʥʩʝ 

ʧʨʦʛʥʦʟʠʨʘʥʝ ʧʨʦʤʝʥˀʠʚʝ ʘʢʦ ʩʝ ʪʘ ʫʣʘʟʥʘ ʧʨʦʤʝʥˀʠʚʘ ʜʦʜʘ ʫ ʨʝʛʨʝʩʠʿʫ, ʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ 

ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪʠ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʈʝʛʨʝʩʠʿʦʤ ʧʦ ʤʝʪʦʜʠ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ, ʪʘ ʫʣʘʟʥʘ 

ʧʨʦʤʝʥˀʠʚʘ (Xi) ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʢʘʦ ʬʫʥʢʮʠʿʘ ʩʚʠʭ ʦʩʪʘʣʠʭ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʿʝʜʥʘʯʠʥʘ 

(56)), ʧʨʠ ʯʝʤʫ ʿʝ Ŭ0 ʢʦʥʩʪʘʥʪʘ ʘ Ů ʛʨʝʰʢʘ [162]. 

 eaaaaa +++++++= ++-- nniiiii XXXXX ...... 1111110  (56). 

ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʨʘʯʫʥʘ ʩʝ ʟʘ ʪʫ ʿʝʜʥʘʯʠʥʫ ʨʝʛʨʝʩʠʿʝ, ʠ ʟʘʪʠʤ ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʝʛʘ 

ʨʘʯʫʥʘ ʬʘʢʪʦʨ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ. ʆʧʰʪʝ ʧʨʘʚʠʣʦ ʿʝ ʜʘ ʚʨʝʜʥʦʩʪʠ ʪʦʛ ʬʘʢʪʦʨʘ ʠʩʧʦʜ 4 (ʠʣʠ 

ʧʦ ʥʝʢʠʤ ʘʫʪʦʨʠʤʘ 5) ʧʦʢʘʟʫʿʫ ʥʠʩʢʫ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʪʝ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ʩʘ ʦʩʪʘʣʠʤ ʫ 
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ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ 4 (ʠʣʠ 5) ʠ 10 ʩʫ ʧʨʠʭʚʘʪˀʠʚʝ ʘʣʠ ʙʠ ʠʭ ʪʨʝʙʘʣʦ ʠʩʧʠʪʘʪʠ, 

ʜʦʢ ʚʨʝʜʥʦʩʪʠ ʠʟʥʘʜ 10 ʧʦʢʘʟʫʿʫ ʚʠʩʦʢʫ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʢʦʿʘ ʟʘʭʪʝʚʘ ʢʦʨʝʢʮʠʿʫ. 

2.7.4 ˴͍͙͙͊ͪͭ͡ 

ʂʦʨʠh˂ʝˁʝʤ ʪʝʦʨʠʿʝ ʢʚʘʨʪʠʣʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʢʫʪʠʿʘʩʪʠʤ (ʢʚʘʥʪʠʣʥʠʤ) ʜʠʿʘʛʨʘʤʠʤʘ (ʝʥʛʣ. 

box plots) ʤʦʛʫ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. outliers) ʫ ʫʟʦʨʢʫ 

ʧʦʜʘʪʘʢʘ. ʆʩʠʤ ʪʦʛʘ, ʢʚʘʨʪʠʣʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ. 

ʂʚʘʨʪʠʣʠ ʜʝʣʝ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʥʘ 4 ʿʝʜʥʘʢʘ ʜʝʣʘ: ʧʨʚʠ ʢʚʘʨʪʠʣ (Q1) ʦʟʥʘʯʘʚʘ 25% ʥʘʿʥʠʞʠʭ 

ʚʨʝʜʥʦʩʪʠ, ʤʝʜʠʿʘʥʘ ʦʜʥ. ʜʨʫʛʠ ʢʚʘʨʪʠʣ (Q2) ʮʝʥʪʨʘʣʥʠʭ 50% ʚʨʝʜʥʦʩʪʠ, ʘ ʪʨʝ˂ʠ ʢʚʘʨʪʠʣ (Q3) 

ʧʨʝʜʩʪʘʚˀʘ 25% ʥʘʿʚʠʰʠʭ ʚʨʝʜʥʦʩʪʠ. ʇʨʚʦʤ, ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ ʢʚʘʨʪʠʣʫ ʦʜʛʦʚʘʨʘʿʫ 

ʧʝʨʮʝʥʪʠʣʠ P25, P50 ʠ P75, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʈʘʟʣʠʢʘ ʪʨʝ˂ʝʛ ʠ ʧʨʚʦʛ ʢʚʘʨʪʠʣʘ (Q3 ï Q1) ʥʘʟʠʚʘ ʩʝ ʠʥʪʝʨʢʚʘʨʪʠʣʥʘ ʫʜʘˀʝʥʦʩʪ (ʝʥʛʣ. 

Interquartile Range ï IQR). ʊʘ ʚʨʝʜʥʦʩʪ ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʤʝʨʘ ʜʠʩʧʝʨʟʠʿʝ ʧʦʜʘʪʘʢʘ ʠ ʧʨʫʞʘ 

ʠʜʝʿʫ ʦ ʜʠʩʧʝʨʟʠʿʠ ʮʝʥʪʨʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʘʩʧʦʜʝʣʝ. ʊʘʢʦʹʝ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. outliers). ɼʦˁʘ (ʝʥʛʣ. Lower Fence ï LF) ʠ ʛʦʨˁʘ 

ʛʨʘʥʠʮʘ ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. Upper Fence ï UF) ʤʦʛʫ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʿʝʜʥʘʯʠʥʘʤʘ (57) ʠ (58), 

ʨʝʩʧʝʢʪʠʚʥʦ, ʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʠʟʚʘʥ ʪʠʭ ʛʨʘʥʠʮʘ ʩʤʘʪʨʘʪʠ ʟʘ ʦʜʩʪʫʧʘʿʫ˂ʝ [143], [144]. 

 IQRQLF Ö-= 5.11  (57). 

 IQRQUF Ö+= 5.13  (58). 

2.7.5 ˾͔͔͍͊ͤͭͤͦͫͭ͡ ͙  ͫ ͙͙ͭ͊ͭͫͭ;͊͟ ͘ ͤ͊;͊ͤͦͫͭ͞ 

ʉʪʫʜʝʥʪʦʚ t-ʪʝʩʪ (ʝʥʛʣ. Student's t-test) [169] ʧʨʝʜʩʪʘʚˀʘ ʩʪʘʪʠʩʪʠʯʢʠ ʪʝʩʪ ʢʦʿʠʤ ʩʝ ʧʨʦʚʝʨʘʚʘ 

ʜʘ ʣʠ ʿ ʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʜʚʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ, ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʧʦʜʘʮʠ 

ʦʜʛʦʚʘʨʘʿʫ ʉʪʫʜʝʥʪʦʚʦʿ t-ʨʘʩʧʦʜʝʣʠ (ʝʥʛʣ. Student's t-distribution) [168]. ʊʘ ʨʘʩʧʦʜʝʣʘ ʿʝ 

ʛʝʥʝʨʘʣʠʟʘʮʠʿʘ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʪʘʢʚʘ ʜʘ ˁʝʥʘ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘʚʠʩʠ ʦʜ 

ʙʨʦʿʘ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ɜ (ʉʃ. 44). 

ʉʪʫʜʝʥʪʦʚ t-ʪʝʩʪ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʫ ʪʟʚ. t-ʚʨʝʜʥʦʩʪʠ. ʂʘʜʘ ʿ ʝ ʧʦʪʨʝʙʥʦ ʫʧʦʨʝʜʠʪʠ ʜʚʝ 

ʥʝʟʘʚʠʩʥʝ ʛʨʫʧʝ ʫʟʦʨʘʢʘ, ʦʜʛʦʚʘʨʘʿʫ˂ʘ t-ʚʨʝʜʥʦʩʪ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 

(59). ʇʨʠ ʪʦʤʝ ʩʫ 1x  ʠ 2x  ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ, 1s ʠ 2s  ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ, ʘ n1 ʠ n2 ʙʨʦʿ 

ʦʧʩʝʨʚʘʮʠʿʘ (ʫʟʦʨʘʢʘ) ʫ ʧʨʚʦʿ ʠ ʜʨʫʛʦʿ ʛʨʫʧʠ, ʨʝʩʧʝʢʪʠʚʥʦ [172]. 

 
ʉʃ. 44: ʌʫʥʢʮʠʿʝ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʉʪʫʜʝʥʪʦʚʝ t-ʨʘʩʧʦʜʝʣʝ ʟʘ ʨʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ɜ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʠʟ [168]) 
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(59). 

ɸʢʦ ʩʝ ʫ ʤʦʜʝʣʫ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʠʟʨʘʯʫʥʘʿʫ t-ʚʨʝʜʥʦʩʪʠ ʟʘ ʿ ʝʜʥʫ ʧʦ ʿ ʝʜʥʫ ʥʝʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ 

ʧʨʝʤʘ ʮʠˀʥʦʿ, ʦʥʝ ʧʦʢʘʟʫʿʫ ʧʨʝʜʠʢʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʪʿ. ˁʠʭʦʚʫ 

ʨʝʣʝʚʘʥʪʥʦʩʪ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ɺʝ˂ʘ t-ʚʨʝʜʥʦʩʪ ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʫ 

ʨʝʣʝʚʘʥʪʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʤʝʥˀʠʚʝ (ʘʪʨʠʙʫʪʘ). 

ʊʟʚ. p-ʚʨʝʜʥʦʩʪʠ (ʣʘʪʠʥʠʯʥʦ p) ʧʦʢʘʟʫʿʫ ʩʪʘʪʠʩʪʠʯʢʫ ʟʥʘʯʘʿʥʦʩʪ (ʝʥʛʣ. statistical significance) 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʆʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʨʦʤʝʥˀʠʚʘ ʅɽ 

ʜʦʧʨʠʥʦʩʠ ʧʨʦʛʥʦʟʠ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʪʿ. ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʿʝ ʝʚʝʥʪʫʘʣʥʠ ʫʪʠʮʘʿ ʪʝ 

ʧʨʦʤʝʥˀʠʚʝ ʥʘ ʧʨʦʛʥʦʟʫ ʧʦʩʣʝʜʠʮʘ ʩʣʫʯʘʿʥʦʩʪʠ. ɸʥʘʣʠʟʘ ʩʝ ʚʨʰʠ ʧʦʨʝʹʝˁʝʤ p-ʚʨʝʜʥʦʩʪʠ ʩʘ 

ʪʟʚ. ʥʠʚʦʦʤ ʟʥʘʯʘʿʥʦʩʪʠ (ʝʥʛʣ. significance level), ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʦʙʝʣʝʞʘʚʘ ʩʘ Ŭ. ʀʟʙʦʨ 

ʚʨʝʜʥʦʩʪʠ Ŭ ʟʘʚʠʩʠ ʦʜ t-ʚʨʝʜʥʦʩʪʠ, ʟʘʪʦ ʰʪʦ ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʦʜʨʝʹʫʿʫ ʪʟʚ. ʠʥʪʝʨʚʘʣʠ 

ʩʠʛʫʨʥʦʩʪʠ (ʝʥʛʣ. confidence intervals) ʟʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘʿʫ ʉʪʫʜʝʥʪʦʚʫ t-ʨʘʩʧʦʜʝʣʫ. 

ʋ ʧʨʘʢʩʠ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʙʠʨʘ ʚʨʝʜʥʦʩʪ Ŭ = 0,05 (ʪʿ. 5%, ʦʜʥ. 1 ʦʜ 20 ʫʟʦʨʘʢʘ). 

ʊʟʚ. ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ (ʝʥʛʣ. null hypothesis) [170] ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʅɽ ʧʦʩʪʦʿʠ ʝʬʝʢʘʪ 

ʢʦʿʠ ʩʝ ʠʟʫʯʘʚʘ, ʥʧʨ. ʩʪʘʪʠʩʪʠʯʢʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʜʚʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʚʝʟʘ ʠʟʤʝʹʫ ʜʚʝ 

ʧʨʦʤʝʥˀʠʚʝ ʠ ʩʣ. ɸʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ ʿ ʝ ʜʘ ʧʦʩʪʦʿʠ ʝʬʝʢʘʪ, ʨʘʟʣʠʢʘ, ʚʝʟʘ ʠ ʩʣ. ɸʢʦ ʿ ʝ p Ò Ŭ, 

ʪʦ ʿʝ ʠʥʜʠʢʘʮʠʿʘ ʜʘ ʩʝ ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ ʤʦʞʝ ʦʜʙʘʮʠʪʠ [171]. ʋ ʩʣʫʯʘʿʫ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʮʘʿʘ 

ʿʝʜʥʝ ʧʨʦʤʝʥˀʠʚʝ ʥʘ ʜʨʫʛʫ, ʘʢʦ ʿʝ p Ò Ŭ, ʪʦ ʿʝ ʜʦʙʘʨ ʧʦʢʘʟʘʪʝˀ ʜʘ ʧʦʩʪʦʿʠ ʩʪʘʪʠʩʪʠʯʢʘ ʚʝʟʘ 

ʠʟʤʝʹʫ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ, ʦʜʥ. ʜʘ ʧʨʦʤʝʥˀʠʚʘ ʥʘ ʢʦʿʫ ʩʝ ʦʜʥʦʩʠ ʢʦʥʢʨʝʪʥʘ p-ʚʨʝʜʥʦʩʪ ʫʪʠʯʝ ʥʘ 

ʧʨʦʛʥʦʟʫ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʀ ʦʙʨʥʫʪʦ, ʘʢʦ ʿʝ p > Ŭ, ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʨʦʤʝʥˀʠʚʘ 

ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʝʤʘ ʙʠʪʘʥ ʫʪʠʮʘʿ ʥʘ ʧʨʦʛʥʦʟʫ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʉʪʘʪʠʩʪʠʯʢʝ ʟʥʘʯʘʿʥʦʩʪʠ 

ʥʝ ʪʨʝʙʘ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʜʝʬʠʥʠʪʠʚʘʥ ʜʦʢʘʟ, ʘʣʠ ʩʚʘʢʘʢʦ ʩʫ ʿʝʜʘʥ ʦʜ ʧʦʢʘʟʘʪʝˀʘ ʫʪʠʮʘʿʘ 

ʦʜʨʝʹʝʥʝ ʧʨʦʤʝʥˀʠʚʝ ʥʘ ʤʦʜʝʣ. 
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50 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʩʘʜʨʞʠ ʩʚʝʦʙʫʭʚʘʪʘʥ ʧʨʝʛʣʝʜ ʘʢʪʫʝʣʥʦʛ ʩʪʘˁʘ ʫ ʧʨʦʛʥʦʟʠʨʘˁʫ ʧʨʦʠʟʚʦʜˁʝ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ, ʧʨʝʜʩʪʘʚˀʘʿʫ˂ʠ 50 ʥʘʿʙʦˀʠʭ ʨʘʜʦʚʘ ʦʜʘʙʨʘʥʠʭ ʧʦ ʫʪʚʨʹʝʥʠʤ 

ʢʨʠʪʝʨʠʿʫʤʠʤʘ. ʇʨʝʛʣʝʜʘʥʠ ʨʘʜʦʚʠ ʜʝʪʘˀʥʦ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʧʦʛʣʝʜʫ ʚʠʰʝ ʬʘʢʪʦʨʘ ʢʦʿʠ 

ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʧʨʦʛʥʦʟʝ, ʢʘʦ ʰʪʦ ʩʫ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʦʙʫʭʚʘʪʠ, ʚʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ, 

ʭʦʨʠʟʦʥʪʠ, ʧʨʝʜʦʙʨʘʜʘ, ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʤʝʪʨʠʢʝ, 

ʚʝʣʠʯʠʥʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ, ʦʧʪʠʤʠʟʘʪʦʨʠ, ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʠʪʜ. 

ʇʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠ ʢʚʘʣʠʪʘʪʠʚʥʠ ʘʩʧʝʢʪʠ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʟʘ, ʠ ʥʘʛʣʘʰʝʥʘ ʩʫ 

ʧʦʜʨʫʯʿʘ ʢʦʿʘ ʥʠʩʫ ʜʦʚʦˀʥʦ ʦʙʫʭʚʘ˂ʝʥʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. 

ʆʩʪʘʪʘʢ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʦʨʛʘʥʠʟʦʚʘʥ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʆʜʝˀʘʢ 3.1 ʦʧʠʩʫʿʝ ʢʨʠʪʝʨʠʿʫʤʝ ʠ 

ʥʘʯʠʥ ʦʜʘʙʠʨʘ ʨʘʜʦʚʘ ʟʘ ʦʚʘʿ ʧʨʝʛʣʝʜ. ʆʜʝˀʘʢ 3.2 ʩʘʜʨʞʠ ʢʨʘʪʢʝ ʨʝʟʠʤʝʝ ʟʘ ʚʝ˂ʠʥʫ ʨʘʜʦʚʘ. 

ʆʜʝˀʘʢ 3.3 ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʘʢʪʦʨʝ. 

ʆʜʝˀʘʢ 3.4 ʟʘʢˀʫʯʫʿʝ ʦʚʘʿ ʧʨʝʛʣʝʜ. 

3.1 ˴͙͔͙͙ͪͭͪͯͣ͞ ͘  ͙͊ ͋ͦͪ͘ 

ʈʘʜʦʚʠ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ ʦʜʘʙʨʘʥʠ ʩʫ ʧʨʝʤʘ ʩʣʝʜʝ˂ʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ: 

Å ɸʢʪʫʝʣʥʦʩʪ: ʨʘʜʦʚʠ ʤʦʨʘʿʫ ʜʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʩʘʚʨʝʤʝʥʠʿʘ ʜʦʩʪʠʛʥʫ˂ʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ 

ʦʙʣʘʩʪʠ, ʪʿ. ʜʘ ʫʢˀʫʯʫʿʫ ʥʘʿʥʦʚʠʿʠ ʥʘʧʨʝʜʘʢ ʠ ʪʨʝʥʜʦʚʝ. 

Å ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪ: ʥʘʫʯʥʘ ʟʘʿʝʜʥʠʮʘ ʤʦʨʘ ʠʭ ʧʨʝʧʦʟʥʘʪʠ ʢʘʦ ʥʘʿʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʿʝ ʠ 

ʥʘʿʫʪʠʮʘʿʥʠʿʝ ʫ ʪʦʿ ʦʙʣʘʩʪʠ. 

Å ɼʦʩʪʫʧʥʦʩʪ: ʨʘʜʦʚʠ ʤʦʨʘʿʫ ʙʠʪʠ ʿʘʚʥʦ ʜʦʩʪʫʧʥʠ ʜʘ ʙʠ ʫʪʠʮʘʣʠ ʥʘ ʥʘʿʰʠʨʫ ʧʫʙʣʠʢʫ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʪʝ ʢʨʠʪʝʨʠʿʫʤʝ, ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʝʪʨʘʛʘ ʥʘ Google Scholar-ʫ. ɼʘ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʦ 

ʢʨʠʪʝʨʠʿʫʤ ʘʢʪʫʝʣʥʦʩʪʠ, ʨʘʟʤʘʪʨʘʿʫ ʩʝ ʩʘʤʦ ʨʘʜʦʚʠ ʦʙʿʘʚˀʝʥʠ 2020. ʛʦʜʠʥʝ ʠʣʠ ʥʦʚʠʿʠ. 

ʂʨʠʪʝʨʠʿʫʤ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʠ ʫʪʠʮʘʿʘ ʦʙʝʟʙʝʹʝʥ ʿʝ ʥʝ ʩʘʤʦ ʨʝʜʦʩʣʝʜʦʤ ʫ ʨʝʟʫʣʪʘʪʠʤʘ 

ʧʨʝʪʨʘʛʝ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʥʝʟʥʘʪʥʦ ʤʝˁʘʪʠ ʦʜ ʧʨʝʪʨʘʛʝ ʜʦ ʧʨʝʪʨʘʛʝ, ʚʝ˂ ʧʨʚʝʥʩʪʚʝʥʦ ʙʨʦʿʝʤ 

ʮʠʪʠʨʘˁʘ ʫ ʜʨʫʛʠʤ ʥʘʫʯʥʠʤ ʧʫʙʣʠʢʘʮʠʿʘʤʘ. ʇʦʪʨʝʙʘʥ ʙʨʦʿ ʮʠʪʠʨʘˁʘ ʦʜʨʝʹʝʥ ʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʛʦʜʠʥʫ ʦʙʿʘʚˀʠʚʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʊɸɹ. 7; ʦʜʥʦʩ ʥʠʿʝ ʩʪʨʦʛʦ ʣʠʥʝʘʨʘʥ, ʜʘ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʦ ʫʢˀʫʯʠʚʘˁʝ ʥʦʚʠʿʠʭ ʨʘʜʦʚʘ. 

ʊɸɹ. 7: ʇʦʪʨʝʙʘʥ ʙʨʦʿ ʮʠʪʠʨʘˁʘ 

ɻʦʜʠʥʘ ʦʙʿʘʚˀʠʚʘˁʘ ʄʠʥʠʤʘʣʘʥ ʙʨʦʿ ʮʠʪʠʨʘˁʘ 
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ʀʟʨʘʟ ʟʘ ʧʨʝʪʨʘʛʫ ʙʠʦ ʿʝ: Ăallintitle : photovoltaic OR photovoltaics OR PV forecast OR 
forecasting -reviewò. ʊʨʘʞʝʥʝ ʛʦʜʠʥʝ ʦʙʿʘʚˀʠʚʘˁʘ ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʧʦʤʦ˂ʫ ʥʘʧʨʝʜʥʠʭ ʦʧʮʠʿʘ 

ʧʨʝʪʨʘʛʝ. ʀʟʘʙʨʘʥʦ ʿʝ ʧʨʚʠʭ 50 ʨʘʜʦʚʘ ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʚʝ ʢʨʠʪʝʨʠʿʫʤʝ. ʇʨʝʛʣʝʜʥʠ ʨʘʜʦʚʠ 

ʠ ʨʘʜʦʚʠ ʢʦʿʠ ʩʝ ʥʝ ʙʘʚʝ ʧʨʦʛʥʦʟʠʨʘˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ (ʚʝ˂ ʩʘʤʦ ʥʧʨ. 

ʧʨʦʛʥʦʟʠʨʘˁʝʤ ʠʨʘʜʠʿʘʥʩʝ ʠʣʠ ʧʦʪʨʦʰˁʝ) ʠʟʦʩʪʘʚˀʝʥʠ ʩʫ ʠʟ ʦʚʦʛ ʧʨʝʛʣʝʜʘ. ʈʝʬʝʨʝʥʮʝ ʦʜ [1] 

ʜʦ [50] ʦʜʛʦʚʘʨʘʿʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, ʧʦʨʝʹʘʥʠʤ ʢʘʦ ʫ ʧʨʝʪʨʘʟʠ. 

3 ˽͔͎͔ͪ͒͡ ͫ ͭ͊ͥ͊ ͯ  ͦ ͙͋͊ͫͭ͡ 
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3.2 ˴͙ͪ͊ͭ͟ ͪ ͔͙͔͙ͣ͘ 

ʆʚʘʿ ʦʜʝˀʘʢ ʩʘʜʨʞʠ ʢʨʘʪʢʝ ʨʝʟʠʤʝʝ ʟʘ ʚʝ˂ʠʥʫ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ. 

ɸʫʪʦʨʠ ʫ [1], ʩʚʝʩʥʠ ʠʟʘʟʦʚʘ ʚʝʟʘʥʠʭ ʟʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, 

ʘʥʘʣʠʟʠʨʘʿʫ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ ʥʘ ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʝ: ʚʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ ʫʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ, ʭʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʝ, ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ ʠ ʪʝʩʪʠʨʘˁʝ ʠ 4 ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ 

ʫʯʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʢʣʘʩʘ ï RF, SVR, LR ʠ MLP. ʊʘʢʦʹʝ ʠʩʧʠʪʫʿʫ ʚʘʞʥʦʩʪ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʠ 

ˁʠʭʦʚ ʠʟʙʦʨ ʠ ʫʧʦʨʝʹʫʿʫ ʙʨʟʠʥʝ ʦʙʫʢʝ ʠ ʧʨʝʜʚʠʹʘˁʘ. MLP ʿʝ ʧʦʩʪʠʛʘʦ ʥʘʿʙʦˀʫ ʪʘʯʥʦʩʪ ʫ 8 ʦʜ 

12 ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʘʣʠ RF ʿʝ ʦʩʪʚʘʨʠʦ ʥʘʿʙʦˀʠ ʧʨʦʩʝʯʥʠ RMSE, ʘ LR ʿʝ ʟʘʙʝʣʝʞʠʦ ʥʘʿʢʨʘ˂ʝ 

ʚʨʝʤʝ ʦʙʫʢʝ. ɱʝʜʘʥ ʦʜ ˁʠʭʦʚʠʭ ʟʘʢˀʫʯʘʢʘ ʿʝ ʜʘ ʢʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ ʧʦʙʦˀʰʘʚʘ ʪʘʯʥʦʩʪ ʚʠʰʝ 

ʥʝʛʦ ʢʚʘʥʪʠʪʝʪ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʧʨʝʟʝʥʪʦʚʘʥʦ ʫ [2] ʧʨʝʜʩʪʘʚˀʘ ʧʨʚʠ ʢʦʨʘʢ ʢʘ ʮʠˀʫ ʘʫʪʦʨʘ ʜʘ ʩʝ ʩʪʚʦʨʠ 

ʨʝʛʠʦʥʘʣʥʠ ʩʠʩʪʝʤ ʟʘ ʬʦʪʦʥʘʧʦʥʩʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ, ʢʦʿʠ ʧʨʠʢʫʧˀʘ ʧʦʜʘʪʢʝ ʠʟ ʛʫʩʪʝ ʤʨʝʞʝ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʪʠʤʝ ʦʤʦʛʫ˂ʘʚʘ ʚʠʩʦʢʫ ʧʨʦʩʪʦʨʥʫ ʠ ʚʨʝʤʝʥʩʢʫ ʨʝʟʦʣʫʮʠʿʫ 

ʧʨʦʛʥʦʟʘ. ʋ ʧʨʝʛʣʝʜʘʥʦʤ ʨʘʜʫ, ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʤʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ LSTM ʤʨʝʞʠ ʟʘ ʿʝʜʥʫ 

ʬʦʪʦʥʘʧʦʥʩʢʫ ʝʣʝʢʪʨʘʥʫ. 

ɻʣʘʚʥʘ ʠʜʝʿʘ ʫ [3] ʿʝ ʜʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʠʩʢˀʫʯʠʚʦ ʥʘ ʧʦʜʘʮʠʤʘ, 

ʚʝ˂ ʜʘ ʫʢˀʫʯʫʿʝ ʠ ʥʝʢʦ ʟʥʘˁʝ ʠʟ ʜʦʤʝʥʘ, ʪʿ. ʜʘ ʙʫʜʝ ʧʨʠʣʘʛʦʹʝʥʘ ʩʧʝʮʠʬʠʯʥʦʤ ʧʨʦʙʣʝʤʫ ʢʦʿʠ 

ʩʝ ʨʝʰʘʚʘ. ɸʫʪʦʨʠ ʩʫ ʢʣʘʩʠʯʥʦʿ LSTM ʤʝʪʦʜʠ ʜʦʜʘʣʠ ʤʦʜʫʣʝ ʢʦʿʠ ʬʠʣʪʨʠʨʘʿʫ ʥʝʤʦʛʫ˂ʝ ʠ 

ʦʜʩʪʫʧʘʿʫ˂ʝ ʧʦʜʘʪʢʝ ʠ ʥʘʟʚʘʣʠ ʩʚʦʿʫ ʤʝʪʦʜʫ LSTM ʦʛʨʘʥʠʯʝʥ ʬʠʟʠʢʦʤ (ʝʥʛʣ. 

Physics-Constrained LSTM ï PC-LSTM). ɳʠʭʦʚʘ ʤʝʪʦʜʘ ʧʦʩʪʠʛʣʘ ʿ ʝ ʙʦˀʝ ʤʝʪʨʠʢʝ ʦʜ ʢʣʘʩʠʯʥʝ 

LSTM ʤʝʪʦʜʝ ʫ 9 ʦʜ 10 ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʊʘʢʦʹʝ ʠʩʧʠʪʫʿʫ ʫʪʠʮʘʿ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ ʠ 

ʧʨʠʤʝ˂ʫʿʫ ʦʯʠʛʣʝʜʥʦ ʩʤʘˁʝˁʝ ʪʘʯʥʦʩʪʠ ʧʨʦʛʥʦʟʝ ʟʘ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ. 

ʋ [4], ʫʧʦʨʝʹʝʥʝ ʩʫ ʯʘʢ 24 ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ, ʧʦʤʦ˂ʫ 3 ʩʢʫʧʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ. ɸʫʪʦʨʠ ʪʚʨʜʝ 

ʜʘ ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ ʠʤʘ ʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʪʘʯʥʦʩʪ ʥʝʛʦ ʠʟʙʦʨ ʤʦʜʝʣʘ. ʋʢˀʫʯʠʚʘˁʝ ʫʛʣʦʚʘ ʉʫʥʮʘ 

ʫ ʩʢʫʧʦʚʝ ʦʙʝʣʝʞʿʘ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘ ʧʨʦʛʥʦʟʝ. KRR (ʝʥʛʣ. Kernel Ridge Regression) ʠ MLP 

ʧʦʩʪʠʛʣʠ ʩʫ ʥʘʿʙʦˀʫ ʪʘʯʥʦʩʪ, ʘʣʠ MLP ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʟʙʦʛ ʠʟʫʟʝʪʥʦ ʜʫʛʝ ʦʙʫʢʝ KRR-ʘ. LR ʿʝ 

ʙʠʦ ʥʘʿʙʨʞʠ, ʘ ʠ ʪʘʯʥʠʿʠ ʦʜ ʪʟʚ. ʥʘʧʨʝʜʥʠʭ ʣʠʥʝʘʨʥʠʭ ʤʦʜʝʣʘ. ɸʫʪʦʨʠ ʪʘʢʦʹʝ ʥʘʛʣʘʰʘʚʘʿʫ 

ʚʘʞʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʇʨʝʧʦʨʫʯʫʿʝ ʩʝ ʥʘʿʤʘˁʝ ʿʝʜʥʘ ʛʦʜʠʥʘ ʧʦʜʘʪʘʢʘ ʟʘ 

ʪʨʝʥʠʨʘˁʝ ʠ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ, ʟʙʦʛ ʛʦʜʠʰˁʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʨʝʤʝʥʩʢʠʭ ʦʙʨʘʟʘʮʘ. 

ɸʫʪʦʨʠ ʫ [5] ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʠʙʨʠʜ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʬʠʟʠʮʠ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʦʛʥʦʟʠʨʘˁʝ ʪʨʝʥʜʦʚʘ, ʠ ʤʦʜʝʣʘ ʚʦʹʝʥʦʛ ʧʦʜʘʮʠʤʘ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʬʠʥʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʥʘ 

ʦʩʥʦʚʫ ʬʣʫʢʪʫʘʮʠʿʘ ʦʙʣʘʯʥʦʩʪʠ. ʍʠʙʨʠʜ ʩʘʜʨʞʠ 3 TCN ʤʨʝʞʝ ï ʧʦ ʿ ʝʜʥʫ ʫ ʩʚʘʢʦʤ ʦʜ ʦʩʥʦʚʥʠʭ 

ʤʦʜʝʣʘ, ʠ ʪʨʝ˂ʫ ʢʦʿʘ ʦʙʿʝʜʠˁʫʿʝ ʨʝʟʫʣʪʘʪʝ ʪʠʭ ʤʦʜʝʣʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʦʯʝʢʫʿʝ ʩʝ ʧʦʩʪʠʟʘˁʝ 

ʜʦʙʨʝ ʪʘʯʥʦʩʪʠ ʠ ʟʘ ʧʨʦʛʥʦʟʝ ʜʦ ʿʝʜʥʦʛ ʩʘʪʘ ʠ ʟʘ ʧʨʦʛʥʦʟʝ ʦʜ ʚʠʰʝ ʩʘʪʠ ʫʥʘʧʨʝʜ, ʟʘʪʦ ʰʪʦ ʿʝ 

ʤʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ ʬʠʟʠʮʠ ʙʦˀʠ ʟʘ ʜʫʞʝ ʭʦʨʠʟʦʥʪʝ, ʘ ʤʦʜʝʣ ʚʦʹʝʥ ʧʦʜʘʮʠʤʘ ʟʘ ʢʨʘ˂ʝ 

ʭʦʨʠʟʦʥʪʝ. ʂʦʨʠʩʪʝ ʩʝ ʧʦʜʘʮʠ ʩʘ ʩʫʩʝʜʥʠʭ ʣʦʢʘʮʠʿʘ, ʰʪʦ ʿʝ ʿʝʬʪʠʥʠʿʝ ʦʜ ʥʧʨ. ʩʘʪʝʣʠʪʩʢʠʭ 

ʩʥʠʤʘʢʘ. ʈʘʟʚʠʿʝʥʘ ʿʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʝ ʢʦʨʝʣʘʮʠʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʮʝʥʘʨʠʿʠʤʘ, ʢʦʿʘ ʘʫʪʦʤʘʪʩʢʠ 

ʠʜʝʥʪʠʬʠʢʫʿʝ ʩʫʩʝʜʥʝ ʣʦʢʘʮʠʿʝ ʢʦʿʝ ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʦʩʝ. 

ʋ [6], ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʥʘʩʣʘʛʘʥʠ ʘʥʩʘʤʙʣ (ʝʥʛʣ. stacked ensemble) ʩʘʩʪʘʚˀʝʥ ʦʜ 4 ʨʘʟʣʠʯʠʪʝ 

ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʪʘʙʣʠʤʘ ʦʜʣʫʯʠʚʘˁʘ (DT). ɸʥʩʘʤʙʣ ʿʝ ʫʧʦʨʝʹʝʥ ʩʘ ʧʦʿʝʜʠʥʘʯʥʠʤ 

ʤʝʪʦʜʘʤʘ ʠ ʜʨʫʛʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʤʝʪʦʜʘ. 

ʈʝʛʠʦʥʘʣʥʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ ʛʣʘʚʥʘ ʿʝ ʪʝʤʘ ʫ [7], ʛʜʝ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ 6 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʩʢʘʣʠʨʘˁʘ. ʅʘʿʙʦˀʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʘʿʫ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʭʠʙʨʠʜʘ ʬʠʟʠʯʢʦʛ 

ʤʦʜʝʣʘ ʠ MLP-ʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʦʛʥʦʟʘ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʝʣʝʢʪʨʘʥʝ, ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʨʝʛʠʦʥʘʣʥʠʤ 

ʧʨʦʛʥʦʟʘʤʘ, ʧʦʚʝ˂ʘˁʝ ʭʦʨʠʟʦʥʪʘ ʩʘ 1 ʥʘ 3 ʜʘʥʘ ʥʝ ʫʪʠʯʝ ʟʥʘʯʘʿʥʦ ʥʘ ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʘ, ʢʦʿʘ 

ʚʠʰʝ ʟʘʚʠʩʠ ʦʜ ʤʝʪʦʜʝ ʩʢʘʣʠʨʘˁʘ ʥʝʛʦ ʦʜ ʢʚʘʣʠʪʝʪʘ NWP ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. Numerical Weather 

Prediction ï ʥʫʤʝʨʠʯʢʘ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ). ʇʦʚʝ˂ʘˁʝ ʢʚʘʣʠʪʝʪʘ NWP ʧʦʜʘʪʘʢʘ ʦʜ 50% ʜʦʚʝʣʦ 

ʿʝ ʜʦ ʧʦʚʝ˂ʘˁʘ ʪʘʯʥʦʩʪʠ ʧʨʦʛʥʦʟʝ ʦʜ ʩʘʤʦ 20%; ʜʘ ʙʠ ʩʝ ʪʦ ʧʦʙʦˀʰʘʣʦ, ʤʦʨʘ ʩʝ ʦʙʨʘʪʠʪʠ 
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ʧʘʞˁʘ ʥʘ ʧʨʝʜʦʙʨʘʜʫ ʠ ʥʘʢʥʘʜʥʫ ʦʙʨʘʜʫ (ʝʥʛʣ. pre- and post-processing). ʇʦʚʝ˂ʘˁʝ ʧʦʜʨʫʯʿʘ 

ʟʘ ʢʦʿʝ ʩʝ ʜʘʿʝ ʧʨʦʛʥʦʟʘ ʧʦʚʝ˂ʘʚʘ ʪʘʯʥʦʩʪ, ʟʙʦʛ ʝʬʝʢʪʘ ʠʟʛʣʘʹʠʚʘˁʘ ʧʨʦʛʥʦʟʝ (ʝʥʛʣ. forecast 

smoothing effect). ʄʦʨʘ ʩʝ ʥʘʧʨʘʚʠʪʠ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʜʦʜʘʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʩʣʦʞʝʥʦʩʪʠ 

ʦʙʫʢʝ ʜʘ ʙʠ ʩʝ ʦʧʪʠʤʠʟʦʚʘʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. 

ʋʪʠʮʘʿ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ ʥʘ ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʝ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʫ [8], ʘ ʫʧʦʨʝʹʝʥʝ ʩʫ 4 

ʪʝʭʥʠʢʝ ʟʘ ʨʫʢʦʚʘˁʝ ʥʝʜʦʩʪʘʿʫ˂ʠʤ ʧʦʜʘʮʠʤʘ: ʙʨʠʩʘˁʝ ʮʝʣʦʛ ʨʝʜʘ, ʣʠʥʝʘʨʥʘ ʠʤʧʫʪʘʮʠʿʘ, kNN 

ʠʤʧʫʪʘʮʠʿʘ ʠ ʛʝʥʝʨʘʪʠʚʥʘ ʩʫʧʘʨʥʠʯʢʘ ʤʨʝʞʘ ʟʘ ʠʤʧʫʪʘʮʠʿʫ (ʝʥʛʣ. Generative Adversarial 

Imputation Network ï GAIN). ʍʠʙʨʠʜ CNN-ʘ ʠ GRU-ʘ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʤʝʪʦʜʘ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ. 

ʊʘʢʦʹʝ ʩʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʪʠʧ ʥʝʙʘ. ɿʘ 10% ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ, ʙʨʠʩʘˁʝ ʧʨʦʠʟʚʦʜʠ ʥʘʿʙʦˀʝ 

ʧʨʦʛʥʦʟʝ, ʟʘ 20% GAIN, ʘ ʟʘ 30% kNN. ʋ ʧʨʦʩʝʢʫ, kNN ʿ ʝ ʥʘʿʙʦˀʘ ʪʝʭʥʠʢʘ, ʘʣʠ ʥʠʿʝʜʥʘ ʦʜ ˁ ʠʭ 

ʥʠʿʝ ʥʘʿʙʦˀʘ ʫ ʩʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʠ ʟʘ ʩʚʝ ʤʝʪʨʠʢʝ. 

ɻʣʘʚʥʘ ʠʜʝʿʘ ʫ [9] ʿʝ ʛʝʥʝʨʠʩʘˁʝ ʩʠʥʪʝʪʠʯʢʝ ʧʨʦʛʥʦʟʝ ʠʨʘʜʠʿʘʥʩʝ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʩʪʦʨʠʿʩʢʠʤ 

ʧʦʜʘʮʠʤʘ ʦ ʠʨʘʜʠʿʘʥʩʠ ʛʨʫʧʠʩʘʥʠʤ ʧʦ ʩʘʪʫ ʫ ʜʘʥʫ ʠ ʜʘʥʫ ʫ ʛʦʜʠʰˁʝʤ ʜʦʙʫ, ʠ ʢʣʘʩʠʬʠʢʦʚʘʥʠʤ 

ʫ 5 ʢʘʪʝʛʦʨʠʿʘ ʧʦʤʦ˂ʫ ʘʣʛʦʨʠʪʤʘ ʛʨʫʧʠʩʘˁʘ k-ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. k-means clustering). 

ʉʚʘʢʘ ʦʜ ʪʠʭ 5 ʢʘʪʝʛʦʨʠʿʘ ʦʜʛʦʚʘʨʘ ʿʝʜʥʦʿ ʦʜ 5 ʢʘʪʝʛʦʨʠʿʘ ʫ ʧʨʦʛʥʦʟʠ ʪʠʧʘ ʥʝʙʘ (ʦʜ ʩʫʥʯʘʥʦʛ 

ʜʦ ʦʙʣʘʯʥʦʛ). ʅʘ ʪʘʿ ʥʘʯʠʥ, ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ ʧʦʙʦˀʰʘʥʘ ʿʝ ʟʘ 33-44,6% ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʦʛʥʦʟʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʩʘʤʦ ʪʠʧ ʥʝʙʘ. 

ɸʫʪʦʨʠ [11] ʢʦʨʠʩʪʝ CNN ʟʘ ʘʥʘʣʠʟʫ ʧʦʜʘʪʘʢʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʜʘʥʘ, ʟʘʪʦ ʰʪʦ ʿʝ ʢʦʨʝʣʘʮʠʿʘ 

ʠʟʤʝʹʫ ʠʟʣʘʟʥʠʭ ʩʥʘʛʘ ʫ ʩʫʩʝʜʥʠʤ ʜʘʥʠʤʘ ʫ ʧʨʦʩʝʢʫ 0,885. CNN ʿʝ ʧʦʚʝʟʘʥ ʩʘ LSTM ʤʨʝʞʦʤ, 

ʢʦʿʘ ʘʥʘʣʠʟʠʨʘ ʧʨʝʪʭʦʜʥʝ ʧʦʜʘʪʢʝ ʠʟ ʜʘʥʘ ʟʘ ʢʦʿʠ ʩʝ ʜʘʿʝ ʧʨʦʛʥʦʟʘ. ʀʟʣʘʟʠ ʪʝ ʜʚʝ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ ʩʧʦʿʝʥʠ ʩʫ ʧʦʤʦ˂ʫ ʧʦʥʜʝʨʠʩʘʥʦʛ ʟʙʠʨʘ (ʝʥʛʣ. weighted sum). 

ʋ [12], ʩʪʘʪʠʩʪʠʯʢʘ ʟʘʚʨʰʥʘ ʦʙʨʘʜʘ ʧʦʤʦ˂ʫ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʧʦʙʦˀʰʘˁʝ 

ʧʨʦʛʥʦʟʘ MLP ʤʨʝʞʝ ʫʙʣʘʞʘʚʘˁʝʤ ʠʟʦʙʣʠʯʝˁʘ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʥʩʝ. 

ʎʠ ˀʨʘʜʘ [13] ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘʤʝʥʝ ʠʩʪʦʨʠʿʩʢʠʭ NWP ʧʦʜʘʪʘʢʘ, ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ 

ʩʢʫʧʠ, ʠʟʤʝʨʝʥʠʤ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʧʦʜʘʮʠʤʘ ʫ ʧʨʦʮʝʩʠʤʘ ʦʙʫʢʝ ʠ ʪʝʩʪʠʨʘˁʘ ʤʦʜʝʣʘ. 

ɽʤʧʠʨʠʿʩʢʦ ʠ ʬʠʟʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʤʦʜʫʣʘ ʠʩʪʨʘʞʝʥʦ ʿʝ ʫ [14]. 

ʀʟʣʘʟʥʘ ʩʥʘʛʘ 5 ʪʠʧʦʚʘ ʤʦʜʫʣʘ (ʤʦʥʦ-Si, ʧʦʣʠ-Si, ʘ-Si, CIGS ʠ CdTe) ʧʨʦʮʝˁʝʥʘ ʿʝ ʧʦʤʦ˂ʫ 3 

ʤʦʜʝʣʘ: ʤʦʜʝʣʘ ʿʝʜʥʦʩʪʘʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ (ʝʥʛʣ. simple efficiency model), ʤʦʜʝʣʘ ʿʝʜʥʦʩʪʘʚʥʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʩʘ ʢʦʨʝʢʮʠʿʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʦʜʝʣʘ ʩʘ ʿʝʜʥʦʤ ʜʠʦʜʦʤ. ʇʦʩʣʝʜˁʠ ʤʦʜʝʣ 

ʧʦʩʪʠʛʘʦ ʿʝ ʥʘʿʙʦˀʫ ʪʘʯʥʦʩʪ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ. 

ʋ [15], ʘʥʩʘʤʙʣ ʟʘ ʥʫʤʝʨʠʯʢʦ (NWP) ʧʨʝʜʚʠʹʘˁʝ ʠʨʘʜʠʿʘʥʩʝ ʫʧʘʨʝʥ ʿʝ ʩʘ ʘʥʩʘʤʙʣʦʤ ʣʘʥʮʘ 

ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦ ʧʨʝʜʚʠʹʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ. ʇʨʠʩʪʫʧ 

ʟʘʩʥʦʚʘʥ ʥʘ ʘʥʩʘʤʙʣʫ ʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʧʨʝʜʚʠʹʘˁʫ ʧʦʜʨʘʟʫʤʝʚʘ ʥʝʢʦʣʠʢʦ ʠʟʚʨʰʘʚʘˁʘ 

ʤʦʜʝʣʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʯʝʪʥʠʤ ʫʩʣʦʚʠʤʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʥʧʨ. ʠʟʨʘʯʫʥʘʚʘ ʧʨʦʩʝʢ ʩʚʠʭ 

ʩʮʝʥʘʨʠʿʘ. ʊʘʢʚʝ ʧʨʦʛʥʦʟʝ ʦʙʠʯʥʦ ʩʫ ʪʘʯʥʠʿʝ ʦʜ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ, ʘʣʠ ʧʦʪʨʝʙʥʦ ʠʭ ʿʝ 

ʢʘʣʠʙʨʠʩʘʪʠ ʧʦʩʪʫʧʢʦʤ ʚʦʹʝʥʠʤ ʧʦʜʘʮʠʤʘ (ʝʥʛʣ. data-driven). 

ɸʫʪʦʨʠ ʨʘʜʘ [16] ʫʧʦʨʝʜʠʣʠ ʩʫ 3 ʩʪʘʪʠʩʪʠʯʢʘ ʤʦʜʝʣʘ, 5 ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʬʘʟʠ ʛʨʫʧʠʩʘˁʝ 

ʤʝʪʦʜʦʤ C-ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. Fuzzy C-Means Clustering ï FCM). ʊʘʢʦʹʝ ʩʫ ʠʩʧʠʪʘʣʠ 

ʢʦʨʠʩʪʘʥ ʫʪʠʮʘʿ ʫʢʣʘˁʘˁʘ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. outliers) ʥʘ ʪʘʯʥʦʩʪ. 

ʋ [17], 5 ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫʧʦʨʝʹʝʥʦ ʿ ʝ ʧʦʤʦ˂ʫ ʯʘʢ 20 ʢʦʤʙʠʥʘʮʠʿʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʟʘʢˀʫʯʫʿʝ ʜʘ ʩʫ MLP ʠ RF ʛʝʥʝʨʘʣʥʦ ʥʘʿʧʨʠʣʘʛʦʜˀʠʚʠʿʝ ʠ ʥʘʿʧʦʫʟʜʘʥʠʿʝ ʤʝʪʦʜʝ 

ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ. ʅʝ ʧʦʩʪʦʿʠ ʩʢʫʧ ʦʙʝʣʝʞʿʘ ʢʦʿʠ ʜʘʿʝ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʩʘ 

ʩʚʠʤ ʤʝʪʦʜʘʤʘ, ʟʘʪʦ h ʪʦ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʨʘʜʝ ʨʘʟʣʠʯʠʪʦ. ʈʘʟʣʠʯʠʪʘ ʦʙʝʣʝʞʿʘ ʜʝʣʫʿʫ ʢʘʦ h ʫʤ 

ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ; ʠʧʘʢ, ʥʝʢʘ ʦʙʝʣʝʞʿʘ ʧʦʿʘʚˀʫʿʫ ʩʝ ʫ ʩʚʠʤ ʥʘʿʙʦˀʠʤ ʩʢʫʧʦʚʠʤʘ. 

ʇʨʝʜʥʦʩʪʠ ʭʠʙʨʠʜʠʟʘʮʠʿʝ ʬʠʟʠʯʢʠʭ ʠ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠʩʪʨʘʞʝʥʝ ʩʫ ʫ [18]. ɸʫʪʦʨ 

ʬʘʚʦʨʠʟʫʿʝ ʧʦʩʪʫʧʘʢ ʫ 3 ʢʦʨʘʢʘ: 1) ʧʨʦʛʥʦʟʠʨʘˁʝ ʠʨʘʜʠʿʘʥʩʝ, 2) ʥʘʢʥʘʜʥʘ ʦʙʨʘʜʘ ʧʨʦʛʥʦʟʝ 

ʠʨʘʜʠʿʘʥʩʝ ʠ 3) ʧʨʝʪʚʘʨʘˁʝ ʠʨʘʜʠʿʘʥʩʝ ʫ ʧʨʦʛʥʦʟʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ. ʄʦʜʝʣ ʪʨʝʙʘ ʜʘ ʩʘʜʨʞʠ 
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ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʚʠʰʝ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ. ʋʧʦʨʝʹʝʥʦ ʿʝ 8 ʭʠʙʨʠʜʥʠʭ ʤʦʜʝʣʘ, 4 ʯʠʩʪʘ ʤʦʜʝʣʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʫʣʘʟʥʠʤ ʦʙʝʣʝʞʿʠʤʘ ʠ 1 ʯʠʩʪ ʬʠʟʠʯʢʠ ʤʦʜʝʣ. 

ʌʦʢʫʩ ʨʘʜʘ [19] ʿʝ ʥʘ ʤʝʪʦʜʘʤʘ ʦʙʿʘʰˁʠʚʝ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ (ʝʥʛʣ. eXplainable 

AI  ï XAI ): LIME, SHAP ʠ ELI5. ʇʨʦʛʥʦʟʠʨʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʧʦʤʦ˂ʫ RF-ʘ 

ʩʣʫʞʠ ʢʘʦ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝ ʪʠʭ ʤʝʪʦʜʘ. ʅʘʿʙʦˀʫ ʪʘʯʥʦʩʪ ʧʦʩʪʠʛʘʦ ʿʝ SHAP, ʘʣʠ ˁʝʛʦʚʦ ʚʨʝʤʝ 

ʠʟʚʨʰʘʚʘˁʘ ʜʨʘʩʪʠʯʥʦ ʿ ʝ ʜʫʞʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʝ ʜʚʝ ʤʝʪʦʜʝ, ʘ ʪʘʯʥʦʩʪ ʪʠʭ ʤʝʪʦʜʘ ʪʘʢʦʹʝ ʿ ʝ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ. 

ʀʜʝʿʘ ʫ [20] ʿʝ ʜʘ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʚʨʰʠ ʠʤʧʫʪʘʮʠʿʘ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ ʠ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦ ʧʨʝʜʚʠʹʘˁʝ ʧʦʤʦ˂ʫ ʨʝʢʫʨʟʠʚʥʦʛ LSTM (Rec-LSTM) ʤʦʜʝʣʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ 

ʘʫʪʦʨʝʛʨʝʩʠʚʥʦʿ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʘ, ʧʨʝʜʚʠʹʘˁʝ ʟʘ ʚʠʰʝ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ 

ʨʝʢʫʨʟʠʚʥʠʤ ʠʟʚʣʘʯʝˁʝʤ ʫʟʦʨʢʘ ʠʟ ʧʨʝʪʭʦʜʥʦ ʧʨʦʛʥʦʟʠʨʘʥʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʨʘʩʧʦʜʝʣʝ ʠ 

ˁʝʛʦʚʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʢʘʦ ʫʣʘʟʘ ʫ ʤʦʜʝʣ. ɸʥʘʣʠʟʠʨʘʿʫ ʩʝ ʩʣʫʯʘʿʝʚʠ ʩʘ ʦʜ 0 ʜʦ 90% 

ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ. 

ɸʫʪʦʨʠ ʫ [21] ʢʦʨʠʩʪʝ ʧʝʨʠʦʜʠʯʥʦʩʪ ʫ ʧʦʜʘʮʠʤʘ ʦ ʩʥʘʟʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʨʘʟʣʘʞʫ ʠʭ 

ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʥʠʩʢʠʭ ʠ ʚʠʩʦʢʠʭ ʬʨʝʢʚʝʥʮʠʿʘ ʧʦʤʦ˂ʫ ʙʨʟʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (ʝʥʛʣ. 

Fast Fourier Transformation ï FFT). ʅʠʩʢʝ ʬʨʝʢʚʝʥʮʠʿʝ ʦʜʛʦʚʘʨʘʿʫ ʨʝʜʦʚʥʦʤ ʛʝʥʝʨʠʩʘˁʫ ʠ 

ʧʦʢʘʟʫʿʫ ʪʨʝʥʜ, ʜʦʢ ʚʠʩʦʢʝ ʦʜʛʦʚʘʨʘʿʫ ʩʣʫʯʘʿʥʠʤ ʬʣʫʢʪʫʘʮʠʿʘʤʘ. CNN ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʩʚʘʢʝ ʬʨʝʢʚʝʥʮʠʿʝ ʟʘʩʝʙʥʦ, ʘ ʧʦʥʜʝʨʠʩʘʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘʩʪʘʚˀʘʿʫ ʩʝ ʫ ʢʦʥʘʯʥʫ 

ʧʨʦʛʥʦʟʫ. 

ʉʣʦʞʝʥʠ ʘʥʩʘʤʙʣ ʦʧʠʩʘʥ ʿʝ ʫ [23], ʧʨʠ ʯʝʤʫ ʩʫ LSTM ʠ MLP ʤʨʝʞʝ ʫʧʦʪʨʝʙˀʝʥʝ ʢʘʦ ʦʩʥʦʚʥʠ 

ʤʦʜʝʣʠ (ʝʥʛʣ. base learners), ʜʦʢ ʿʝ XGBoost ʘʣʛʦʨʠʪʘʤ ʧʨʠʤʝˁʝʥ ʢʘʦ ʤʝʪʘʤʦʜʝʣ (ʥʘʜʨʝʹʝʥʠ 

ʤʦʜʝʣ, ʝʥʛʣ. meta-learner). SHAP ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʣʫʩʪʨʘʮʠʿʫ ʫʪʠʮʘʿʘ ʩʚʘʢʦʛ ʫʣʘʟʥʦʛ ʦʙʝʣʝʞʿʘ 

ʥʘ ʨʝʟʫʣʪʘʪ ʧʨʦʛʥʦʟʝ. 

ɺʨʝʤʝʥʩʢʘ ʩʝʨʠʿʘ ʧʦʜʘʪʘʢʘ ʦ ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʩʘ ʚʠʰʝ ʣʦʢʘʮʠʿʘ 

ʤʦʜʝʣʠʨʘʥʘ ʿʝ ʫ [25] ʛʨʘʬʦʤ ʫ ʢʦʤ ʯʚʦʨʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ, ʩʠʛʥʘʣʠ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ, ʘ ʚʝʟʝ ʩʫ ʦʜʥʦʩʠ (ʪʿ. ʦʯʝʢʠʚʘʥʝ ʢʦʨʝʣʘʮʠʿʝ) ʠʟʤʝʹʫ 

ʧʦʩʪʨʦʿʝˁʘ. ɸʫʪʦʨʠ ʧʨʝʜʣʘʞʫ ʜʚʘ ʤʦʜʝʣʘ ʛʨʘʬʦʚʩʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ: ʛʨʘʬ-ʢʦʥʚʦʣʫʮʠʦʥʠ 

LSTM (GCLSTM) ʠ ʛʨʘʬ-ʢʦʥʚʦʣʫʮʠʦʥʠ ʪʨʘʥʩʬʦʨʤʝʨ (GCTrafo). ʂʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 

ʫʯʝ ʩʝ ʪʦʢʦʤ ʦʙʫʢʝ ʤʦʜʝʣʘ, ʟʘʿʝʜʥʦ ʩʘ ʪʝʞʠʥʘʤʘ ʠ ʦʪʢʣʦʥʠʤʘ. 

ʈʝʟʫʣʪʘʪ ʨʘʜʘ [26] ʿʝ ʿʘʚʥʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʘʜʨʞʠ ʩʣʠʢʝ ʠ ʚʠʜʝʦ-ʟʘʧʠʩʝ ʥʝʙʘ ʫ ʚʠʩʦʢʦʿ 

ʨʝʟʦʣʫʮʠʿʠ ʪʦʢʦʤ ʩʢʦʨʦ 3 ʛʦʜʠʥʝ, ʧʨʘ˂ʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʫʤʘˁʝʥʠʤ (ʝʥʛʣ. downsampled) 

ʩʣʠʢʘʤʘ ʥʠʩʢʝ ʨʝʟʦʣʫʮʠʿʝ ʠ ʧʦʜʘʮʠʤʘ ʦ ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ. CNN ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʦʛʥʦʟʠʨʘˁʝ. 

ʋ [27], ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʠ ʫʧʦʨʝʹʝʥʦ 5 ʪʝʭʥʠʢʘ ʠʟʛʣʘʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ ʪʦʢʦʤ ʧʨʝʜʦʙʨʘʜʝ, ʘ 

ʥʘʿʤʘˁʝ ʛʨʝʰʢʝ ʫ ʧʨʝʜʚʠʹʘˁʫ ʧʨʦʠʟʚʝʣʘ ʿʝ ʪʝʭʥʠʢʘ ʣʦʢʘʣʥʦ ʧʦʥʜʝʨʠʩʘʥʦ ʠʟʨʘʚʥʘʚʘˁʝ 

ʜʠʿʘʛʨʘʤʘ ʨʘʩʝʿʘˁʘ (ʝʥʛʣ. Locally Weighted Scatterplot Smoothing ï LOWESS). RF ʩʝ ʧʨʠʤʝˁʫʿʝ 

ʢʘʦ ʦʤʦʪʘʯʢʘ ʤʝʪʦʜʘ (ʝʥʛʣ. wrapper method) ʟʘ ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʜʦʢ ʩʝ GRU 

ʢʦʤʙʠʥʦʚʘʥ ʩʘ ʩʣʦʿʝʤ RepeatVector ʠ ʩʣʦʿʝʤ TimeDistributed ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ. 

ʉʮʝʥʘʨʠʿʩʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʟʘ 7 ʜʘʥʘ ʫʥʘʧʨʝʜ ʠʩʪʨʘʞʫʿʝ ʩʝ ʫ [28]. ʊʝʤʧʦʨʘʣʥʘ ʨʝʟʦʣʫʮʠʿʘ 

ʧʦʜʘʪʘʢʘ ʚʨʝʤʝʥʩʢʝ ʧʨʦʛʥʦʟʝ ʧʦʙʦˀʰʘʥʘ ʿʝ ʙʠʢʫʙʠʯʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ, ʘ ʟʘʪʠʤ ʢʦʨʠʛʦʚʘʥʘ 

ʧʦʤʦ˂ʫ Bi-LSTM ʤʨʝʞʝ. ɸʫʪʦʨʠ ʪʚʨʜʝ ʜʘ ʩʝ ʪʘʯʥʦʩʪ ʩʝʜʤʠʯʥʝ ʩʠʤʫʣʘʮʠʿʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ 

ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʧʨʘʚʠʣʥʦʤ ʢʣʘʩʠʬʠʢʘʮʠʿʦʤ ʤʝʨʝˁʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ ʩ ʦʙʟʠʨʦʤ ʥʘ 

ʤʝʪʝʦʨʦʣʦʰʢʝ ʫʩʣʦʚʝ. ʂʣʘʩʠʬʠʢʦʚʘʣʠ ʩʫ ʚʨʝʤʝ ʪʦʢʦʤ ʩʝʜʤʠʮʝ ʫ 6 ʢʘʪʝʛʦʨʠʿʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʙʨʦʿʘ ʩʫʥʯʘʥʠʭ, ʦʙʣʘʯʥʠʭ, ʢʠʰʥʠʭ ʠ ʩʥʝʞʥʠʭ ʜʘʥʘ. ɿʘʪʠʤ ʩʫ ʪʨʝʥʠʨʘʣʠ ʟʘʩʝʙʥʝ GRU-CNN 

ʤʨʝʞʝ ʟʘ ʩʚʘʢʫ ʦʜ ʢʘʪʝʛʦʨʠʿʘ, ʧʨʠ ʯʝʤʫ ʩʫ GRU ʢʦʤʧʦʥʝʥʪʝ ʫʯʠʣʝ ʪʝʤʧʦʨʘʣʥʝ, ʘ CNN 

ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʩʪʦʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʜʘʪʘʢʘ ʦ ʬʦʪʦʥʘʧʦʥʩʢʦʿ ʩʥʘʟʠ. 
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ʋʪʠʮʘʿʠ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʥʘ ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʝ ʠʩʧʠʪʘʥʠ ʩʫ ʫ [29]. ʇʦʜʘʮʠ ʤʦʛʫ ʙʠʪʠ 

ʦʨʛʘʥʠʟʦʚʘʥʠ ʢʘʦ ʩʪʨʫʢʪʫʨʥʠ, ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʠʣʠ ʭʠʙʨʠʜʥʠ. LR ʠ MLP ʤʦʜʝʣʠ ʫʧʦʨʝʹʝʥʠ 

ʩʫ ʫʟ ʢʦʨʠʰ˂ʝˁʝ 6 ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. 

ʋ [30], ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ LFBAS (ʧʨʝʪʨʘʛʘ ʘʥʪʝʥʘ ʙʫʙʘ ʩʘ ʃʝʚʠʿʝʚʠʤ ʣʝʪʦʤ, ʝʥʛʣ. Levy-Flight 

Beetle Antennae Search) ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʟʘ ʦʜʘʙʠʨ ʠʩʪʦʨʠʿʩʢʠʭ ʜʘʥʘ ʩʣʠʯʥʠʭ ʜʘʥʫ ʧʨʦʛʥʦʟʝ. 

ɼʝʢʦʤʧʦʟʠʮʠʿʘ ʧʘʢʝʪʘ ʪʘʣʘʩʠ˂ʘ (ʝʥʛʣ. Wavelet Packet Decomposition ï WPD) ʨʘʟʣʘʞʝ 

ʦʨʠʛʠʥʘʣʥʝ ʧʦʜʘʪʢʝ ʦ ʩʥʘʟʠ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʥʘ 4 ʧʦʜʩʠʛʥʘʣʘ. ɿʘ ʩʚʘʢʠ ʦʜ ʧʦʜʩʠʛʥʘʣʘ 

ʦʧʪʠʤʠʟʦʚʘʥ ʿʝ ʧʦʩʝʙʘʥ GRU ʤʦʜʝʣ. 

ʇʦʜʘʮʠ ʩʘ ʩʘʪʝʣʠʪʩʢʠʭ ʩʥʠʤʘʢʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʫ [31], ʢʦʤʙʠʥʦʚʘʥʠ ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʩʥʘʟʠ ʠ 

ʦʙʣʘʮʠʤʘ ʠʟ ʚʠʰʝ ʧʦʩʪʨʦʿʝˁʘ. ʇʨʦʩʪʦʨʥʦ-ʚʨʝʤʝʥʩʢʘ ʫʥʘʢʨʩʥʘ ʢʦʨʝʣʘʮʠʿʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʟʘ 

ʠʟʙʦʨ ʩʫʩʝʜʘ ʢʦʿʠ ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʦʩʠ ʧʨʦʛʥʦʟʠ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʤʝʨ ʢʨʝʪʘˁʘ ʦʙʣʘʢʘ. 

ʃʠʥʝʘʨʥʘ ʝʢʩʪʨʘʧʦʣʘʮʠʿʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʢʨʝʪʘˁʘ ʦʙʣʘʢʘ. 

ʋ [32], ʫʧʦʨʝʹʝʥʝ ʩʫ 3 ʚʘʨʠʿʘʥʪʝ CNN ʘʨʭʠʪʝʢʪʫʨʝ: ʩʪʘʥʜʘʨʜʥʠ CNN, CNN ʩʘ ʚʠʰʝ ʛʣʘʚʘ ʠ 

ʭʠʙʨʠʜ CNN-ʘ ʠ LSTM-ʘ. ʉʚʝ 3 ʢʦʨʠʩʪʝ ʢʣʠʟʥʝ ʧʨʦʟʦʨʝ (ʝʥʛʣ. sliding windows). 

ɸʫʪʦʨʠ ʨʘʜʘ [33] ʪʚʨʜʝ ʜʘ ʿʝ ʪʦ ʧʨʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʢʦʨʠʩʪʠ ʚʨʝʤʝʥʩʢʠ ʬʫʟʠʦʥʠ 

ʪʨʘʥʩʬʦʨʤʝʨ (ʝʥʛʣ. Temporal Fusion Transformer ï TFT) ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ 

ʩʠʩʪʝʤʘ. TFT ʢʦʤʙʠʥʫʿʝ LSTM ʩʣʦʿʝʚʝ ʩʘ ʠʥʪʝʨʧʨʝʪʘʙʠʣʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʧʘʞˁʝ ʟʘʩʥʦʚʘʥʠʤ 

ʥʘ ʪʨʘʥʩʬʦʨʤʝʨʫ ʩʘ ʚʠʰʝ ʛʣʘʚʘ, ʨʘʜʠ ʦʙʫʭʚʘʪʘˁʘ ʜʫʛʦʨʦʯʥʠʭ ʟʘʚʠʩʥʦʩʪʠ. 

ʏʘʢ 8 ʦʧʪʠʤʠʟʘʪʦʨʘ ʫʧʦʨʝʹʝʥʦ ʿʝ ʫ [34]. ɸʫʪʦʨʠ ʩʫ ʦʜʘʙʨʘʣʠ Nadam ʢʘʦ ʥʘʿʙʦˀʠ ʧʨʝʤʘ ʩʚʦʿʦʿ 

ʤʝʪʦʜʦʣʦʛʠʿʠ, ʘʣʠ RMSProp ʠ Adam ʜʘʣʠ ʩʫ ʧʨʠʣʠʯʥʦ ʩʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ, ʘ Adamax ʠ SGD 

ʪʘʢʦʹʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ. 

ʋ [35], ʚʘʨʠʿʘʮʠʦʥʠ ʘʫʪʦʝʥʢʦʜʝʨ (ʝʥʛʣ. Variational AutoEncoder ï VAE) ʫʧʦʨʝʹʝʥ ʿʝ ʩʘ ʥʠʟʦʤ 

ʜʨʫʛʠʭ ʤʝʪʦʜʘ. ɸʫʪʦʝʥʢʦʜʝʨʠ ʫʯʝ ʢʘʢʦ ʜʘ ʢʦʤʧʨʠʤʫʿʫ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʫʟ ʟʘʜʨʞʘʚʘˁʝ 

ʥʘʿʚʘʞʥʠʿʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʤʠʥʠʤʠʟʦʚʘˁʝʤ ʛʨʝʰʢʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟʤʝʹʫ ʜʝʢʦʜʠʨʘʥʦʛ ʠ 

ʦʨʠʛʠʥʘʣʥʦʛ ʫʣʘʟʘ; ʦʥʠ ʚʨʰʝ ʧʨʝʜʚʠʹʘˁʝ ʧʫʪʝʤ ʩʤʘˁʝˁʘ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ. ɺʘʨʠʿʘʮʠʦʥʠ 

ʘʫʪʦʝʥʢʦʜʝʨʠ ʫ ʩʪʘˁʫ ʩʫ ʜʘ ʨʝʰʝ ʧʨʦʙʣʝʤ ʧʨʝʢʦʤʝʨʥʦʛ ʧʨʠʣʘʛʦʹʘʚʘˁʘ (ʝʥʛʣ. overfitting) ʫ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ɸɽ ʠ ʜʘ ʝʬʠʢʘʩʥʦ ʦʙʨʘʹʫʿʫ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʩʣʦʞʝʥʠʭ ʧʦʜʘʪʘʢʘ. 

ɸʫʪʦʨʠ [37] ʢʨʝʠʨʘʣʠ ʩʫ ʭʠʙʨʠʜ GCN-ʘ ʠ ʠʥʬʦʨʤʝʨʘ. GCN ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʜʚʘʿʘˁʝ ʦʙʝʣʝʞʿʘ, 

ʧʨʠ ʯʝʤʫ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʦʙʝʣʝʞʿʘ ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ. ʀʥʬʦʨʤʝʨ ʩʝ ʠʩʪʠʯʝ ʫ ʦʙʫʭʚʘʪʘˁʫ 

ʜʫʛʦʨʦʯʥʠʭ ʟʘʚʠʩʥʦʩʪʠ ʠ ʛʝʥʝʨʠʩʘˁʫ ʧʨʝʜʚʠʹʘˁʘ ʟʘ ʚʠʰʝ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ. ʄʘʪʨʠʮʘ 

ʧʦʚʝʟʘʥʦʩʪʠ (ʝʥʛʣ. adjacency matrix) ʫ GCN-ʫ ʛʝʥʝʨʠʰʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ 

ʠʥʬʦʨʤʝʨʦʚʦʛ ʤʝʭʘʥʠʟʤʘ ʧʘʞˁʝ; ʟʘʪʦ ʿʝ ʭʠʙʨʠʜ ʫ ʩʪʘˁʫ ʜʘ ʦʙʫʭʚʘʪʠ ʜʠʥʘʤʠʯʢʝ ʦʜʥʦʩʝ. 

ɽʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪʠ ʧʨʦʛʥʦʟʠʨʘˁʘ ʟʘ ʿʝʜʥʫ ʠ ʚʠʰʝ ʣʦʢʘʮʠʿʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʫ [38]. ɸʫʪʦʨʠ ʩʫ 

ʜʝʬʠʥʠʩʘʣʠ ʩʧʝʮʠʬʠʯʥʫ ʤʝʪʨʠʢʫ ʥʘʟʚʘʥʫ ʝʢʦʥʦʤʩʢʠ ʧʨʠʭʦʜ (ʝʥʛʣ. Economic Revenue ï ER), 

ʢʦʿʘ ʧʨʦʮʝˁʫʿʝ ʝʢʦʥʦʤʩʢʝ ʧʦʩʣʝʜʠʮʝ ʛʨʝʰʘʢʘ ʫ ʧʨʦʛʥʦʟʠ; ʪʘ ʤʝʪʨʠʢʘ ʟʘʚʠʩʠ ʦʜ ʪʨʞʠʰʥʝ ʮʝʥʝ 

ʠ ʢʘʟʥʠ. ʋʧʦʨʝʜʠʣʠ ʩʫ 12 ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʠ ˁ ʠʭʦʚ ʟʘʢˀʫʯʘʢ ʿ ʝ ʜʘ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʤʦʜʝʣʘ 

ʟʘʚʠʩʠ ʦʜ ʧʦʩʪʘʚˀʝʥʦʛ ʮʠˀʘ. ɸʢʦ ʿʝ ʮʠ ˀʪʘʯʥʘ ʧʨʦʛʥʦʟʘ, RF ʠ LSTM ʩʫ ʥʘʿʙʦˀʠ; ʘʣʠ ʘʢʦ ʿʝ 

ʮʠ ˀʧʨʦʬʠʪ, ʬʠʟʠʯʢʠ ʠ LSTM ʩʫ ʥʘʿʙʦˀʠ. 

ʀʜʝʿʘ ʫ [39] ʿʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʘʥʩʘʤʙʣ LSTM-ʘ ʠ ʠʥʬʦʨʤʝʨʘ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʜʦʙʨʘ ʪʘʯʥʦʩʪ ʠ 

ʟʘ ʢʨʘʪʢʦʨʦʯʥʝ ʠ ʟʘ ʩʨʝʜˁʦʨʦʯʥʝ ʧʨʦʛʥʦʟʝ, ʧʦʰʪʦ ʿʝ LSTM ʙʦˀʠ ʟʘ ʢʨʘʪʢʦʨʦʯʥʝ, ʘ ʠʥʬʦʨʤʝʨ 

ʟʘ ʩʨʝʜˁʦʨʦʯʥʝ ʧʨʦʛʥʦʟʝ. ɸʫʪʦʨʠ ʢʦʨʠʩʪʝ ʩʣʘʙ ʤʝʪʘʤʦʜʝʣ, LR, ʜʘ ʙʠ ʠʟʙʝʛʣʠ ʧʨʝʢʦʤʝʨʥʦ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʠʟʣʘʟʥʠʭ ʨʝʟʫʣʪʘʪʘ. ʊʘʢʦʹʝ ʧʨʝʜʣʘʞʫ ʫʥʘʢʨʩʥʫ ʚʘʣʠʜʘʮʠʿʫ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ, 

ʧʦʙʦˀʰʘˁʝ ʢʦʿʝ ʨʝʰʘʚʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʙʣʝʤ ʫ k-ʩʪʨʫʢʦʿ ʫʥʘʢʨʩʥʦʿ ʚʘʣʠʜʘʮʠʿʠ (ʝʥʛʣ. k-fold 

cross-validation). 

ʋ [40], ʧʨʝʜʣʦʞʝʥ ʿʝ ʭʠʙʨʠʜ ʚʘʨʠʿʘʮʠʦʥʝ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʤʦʜʘ (ʝʥʛʣ. Variational Mode 

Decomposition ï VMD, ʪʿ. ʨʘʟʣʘʛʘˁʘ ʧʦ ʤʦʜʦʚʠʤʘ ʥʘ ʦʩʥʦʚʫ ʚʘʨʠʿʘʮʠʿʘ), ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʣʦʥʠʿʝ ʤʨʘʚʘ (ʝʥʛʣ. Ant Colony Optimization ï ACO) ʠ ʜʚʝ FitNet ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ. VMD ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʚʠʩʦʢʦ ʬʣʫʢʪʫʠʨʘʿʫ˂ʠʭ ʦʨʠʛʠʥʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʥʘ 
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ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʥʝ ʢʦʤʧʦʥʝʥʪʝ. ACO ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʥʠʿʝ ʫʧʦʪʨʝʙˀʝʥʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʚʝ˂ ʢʘʦ ʝʢʩʪʝʨʥʠ ʦʧʪʠʤʠʟʘʪʦʨ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ. 

ʉʣʠʢʝ ʥʝʙʘ ʢʦʨʠʩʪʝ ʩʝ ʫ [41] ʠ ʦʙʨʘʹʫʿʫ ʧʦʤʦ˂ʫ ʢʦʤʙʠʥʘʮʠʿʝ Vision Transformer-ʘ (ViT), ʜʚʘ 

GRU-ʘ ʠ MLP-ʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʜʦʜʘʪʥʝ CNN ʩʣʦʿʝʚʝ. ʇʨʦʩʪʦʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʟʜʚʘʿʘʿʫ ʩʝ 

ʧʦʤʦ˂ʫ CNN-ʘ ʠ ViT-ʘ, ʘ ʪʝʤʧʦʨʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʤʦ˂ʫ GRU-ʘ. ʀʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦ 

ʩʥʘʟʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʝʛʟʦʛʝʥʠ ʧʦʜʘʮʠ ʦʙʨʘʹʫʿʫ ʩʝ ʫ ʦʜʚʦʿʝʥʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ 

ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʩʧʦʿʝ ʟʘ ʢʦʥʘʯʥʫ ʧʨʦʛʥʦʟʫ. 

ʍʠʙʨʠʜ NARXNN-ʘ ʠ LSTM-ʘ ʢʦʨʠʩʪʠ ʩʝ ʫ [42] ʠ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʠ ʟʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦ 

ʧʨʝʜʚʠʹʘˁʝ, ʠ ʫʧʦʨʝʹʝʥ ʿʝ ʩʘ ʯʘʢ 25 ʜʨʫʛʠʭ ʤʦʜʝʣʘ. NARXNN ʿʝ ʫʧʦʪʨʝʙˀʝʥ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʚʝʢʪʦʨʘ ʢʦʨʝʢʮʠʿʝ ʛʨʝʰʢʝ ʨʝʟʠʜʫʘʣʘ, ʘ ʪʘʿ ʚʝʢʪʦʨ ʩʣʫʞʠ ʢʘʦ ʿʝʜʘʥ ʦʜ ʫʣʘʟʘ ʫ LSTM ʜʘ ʙʠ ʩʝ 

ʩʤʘˁʠʣʘ ʦʩʝʪˀʠʚʦʩʪ ʤʨʝʞʝ ʥʘ ʪʝʤʧʦʨʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ. 

ʋ [43], ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝʥˀʠʚʘ ʬʠʣʪʝʨʩʢʦ-ʝʤʧʠʨʠʿʩʢʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʤʦʜʘ (ʝʥʛʣ. Time-Varying 

Filter-Empirical Mode Decomposition ï TVF-EMD) ʫʧʦʪʨʝʙˀʝʥʘ ʿʝ ʟʘ ʧʦʜʝʣʫ ʧʦʜʘʪʘʢʘ ʦ 

ʬʦʪʦʥʘʧʦʥʩʢʦʿ ʩʥʘʟʠ ʫ ʩʪʘʙʠʣʥʠʿʝ ʠ ʢʦʥʩʪʘʥʪʥʠʿʝ ʧʦʜʩʝʨʠʿʝ. ʂʘʦ ʤʦʜʝʣ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ 

ʢʦʨʠʩʪʠ ʩʝ ʝʢʩʪʨʝʤʥʘ ʤʘʰʠʥʘ ʟʘ ʫʯʝˁʝ (ʝʥʛʣ. Extreme Learning Machine ï ELM). 

ɸʫʪʦʨʠ ʨʘʜʘ [44] ʢʨʝʠʨʘʣʠ ʩʫ ʭʠʙʨʠʜ ʚʨʝʤʝʥʩʢʝ ʢʦʥʚʦʣʫʮʠʦʥʝ ʤʨʝʞʝ (ʝʥʛʣ. Temporal 

Convolutional Network ï TCN), ʝʬʠʢʘʩʥʝ ʤʨʝʞʝ ʧʘʞˁʝ ʢʘʥʘʣʘ (ʝʥʛʣ. Efficient Channel Attention 

Network ï ECANet) ʠ GRU-ʘ. TCN ʩʣʦʿʝʚʠ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʠʟʜʚʘʿʘˁʝ ʧʨʦʩʪʦʨʥʠʭ ʦʙʝʣʝʞʿʘ, ʘ ECA 

ʤʦʜʫʣʠ ʫʙʘʮʫʿʫ ʩʝ ʫ TCN ʙʣʦʢʦʚʝ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʝ ˁʠʭʦʚʝ ʤʦʛʫ˂ʥʦʩʪʠ ʦʙʫʭʚʘʪʘˁʘ 

ʦʙʝʣʝʞʿʘ. GRU ʛʝʥʝʨʠʰʝ ʢʦʥʘʯʥʫ ʧʨʦʛʥʦʟʫ. 

ʈʝʛʠʦʥʘʣʥʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʠʩʪʨʘʞʝʥʦ ʝʿ ʫ [45] ʧʦʤʦ˂ʫ ʜʠʥʘʤʠʯʢʝ ʢʦʥʚʦʣʫʮʠʦʥʝ ʤʨʝʞʝ 

ʫʩʤʝʨʝʥʠʭ ʛʨʘʬʦʚʘ (ʝʥʛʣ. Dynamic Directed Graph Convolution Network ï DDGCN), ʢʦʿʘ ʿʝ 

ʭʠʙʨʠʜ DGCN-ʘ ʠ LSTM-ʘ ʩʘ ʧʘʞˁʦʤ. ʉʚʘʢʘ ʬʦʪʦʥʘʧʦʥʩʢʘ ʝʣʝʢʪʨʘʥʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿ ʝ ʯʚʦʨʦʤ 

ʥʘ ʛʨʘʬʫ, ʘ ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦ ʬʦʪʦʥʘʧʦʥʩʢʦʿ ʩʥʘʟʠ ʟʘ ʝʣʝʢʪʨʘʥʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʙʝʣʝʞʿʝ ʪʦʛ 

ʯʚʦʨʘ. ɿʙʦʛ ʫʩʤʝʨʝʥʦʛ ʢʨʝʪʘˁʘ ʦʙʣʘʢʘ, ʦʜʥʦʩʠ ʠʟʤʝʹʫ ʝʣʝʢʪʨʘʥʘ ʩʫ ʘʩʠʤʝʪʨʠʯʥʠ, ʪʘʢʦ ʜʘ 

ʤʦʜʝʣ ʤʦʨʘ ʜʘ ʦʙʫʭʚʘʪʠ ʘʩʠʤʝʪʨʠʯʥʫ ʠ ʜʠʥʘʤʠʯʢʫ ʧʨʦʩʪʦʨʥʦ-ʚʨʝʤʝʥʩʢʫ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ 

ʣʦʢʘʮʠʿʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʦʙʠʯʥʦʛ GCN-ʘ, DGCN ʤʦʞʝ ʜʘ ʦʙʨʘʹʫʿʝ ʫʩʤʝʨʝʥʝ ʛʨʘʬʦʚʝ. LSTM ʩʘ 

ʧʘʞˁʦʤ ʢʦʥʩʪʨʫʠʰʝ ʘʩʠʤʝʪʨʠʯʥʘ ʩʫʩʝʜʩʪʚʘ ʢʦʿʘ ʩʝ ʤʝˁʘʿʫ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ʇʦʨʝʜ ʪʦʛʘ, 

ʝʣʝʢʪʨʘʥʝ ʩʫ ʛʨʫʧʠʩʘʥʝ ʫ ʛʝʦʛʨʘʬʩʢʝ ʢʣʘʩʪʝʨʝ ʧʦʩʪʫʧʢʦʤ k-ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ, ʠ ʪʠ ʢʣʘʩʪʝʨʠ 

ʢʦʨʠʩʪʝ ʩʝ ʢʘʦ ʚʠʨʪʫʝʣʥʝ ʝʣʝʢʪʨʘʥʝ ʧʨʠ ʧʨʦʛʥʦʟʠʨʘˁʫ. 

ʋ [46], Bi-LSTM, GRU ʠ 1D-CNN ʫʧʦʨʝʹʝʥʠ ʩʫ ʢʨʦʟ 2 ʩʮʝʥʘʨʠʿʘ: ʩʘ ʠ ʙʝʟ ʥʦ˂ʥʠʭ ʧʦʜʘʪʘʢʘ. 

ʉʢʦʨʦ ʩʚʝ ʤʝʪʨʠʢʝ ʥʝʰʪʦ ʩʫ ʙʦˀʝ ʘʢʦ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʥʦ˂ʥʠ ʧʦʜʘʮʠ. 

ɱʝʜʠʥʠ ʨʘʜ ʤʝʹʫ ʧʨʝʛʣʝʜʘʥʠʤ ʢʦʿʠ ʠʩʪʨʘʞʫʿʝ ʪʨʘʥʩʬʝʨ ʫʯʝˁʘ (ʝʥʛʣ. Transfer Learning ï TL) ʿʝ 

[47]. ʊʨʘʥʩʬʝʨ ʫʯʝˁʘ ʤʦʞʝ ʙʠʪʠ ʧʦʩʝʙʥʦ ʢʦʨʠʩʪʘʥ ʟʘ ʥʦʚʦʠʟʛʨʘʹʝʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ 

ʟʘ ʢʦʿʝ ʥʝʜʦʩʪʘʿʫ ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ. ɸʫʪʦʨʠ ʫʧʦʨʝʹʫʿʫ 6 ʤʝʪʦʜʘ ʟʘ ʪʨʘʥʩʬʝʨ ʫʯʝˁʘ ʠ ʧʨʝʜʣʘʞʫ 

ʥʦʚʫ ʤʝʪʦʜʫ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʥʘʟʚʘʥʫ Constrained LSTM (C-LSTM). ʌʠʟʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ 

ʠʟʚʣʘʯʝ ʩʝ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʟʥʘˁʘ ʦ ʜʦʤʝʥʫ ʧʦʤʦ˂ʫ kNN-ʘ ʠ ʫʢˀʫʯʫʿʫ ʫ ʦʙʫʢʫ C-LSTM ʤʦʜʝʣʘ 

ʧʨʝʢʦ ʢʘʟʥʝʥʦʛ ʜʝʣʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ. 

ɸʫʪʦʨʠ ʨʘʜʘ [48] ʠʩʪʨʘʞʫʿʫ ʟʥʘʯʘʿ ʠʟʙʦʨʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʠ ʧʨʝʜʣʘʞʫ ʜʦʜʘʚʘˁʝ ʦʙʝʣʝʞʿʘ 

ʠʟʨʘʯʫʥʘʪʠʭ ʥʘ ʦʩʥʦʚʫ ʬʠʟʠʯʢʦʛ ʤʦʜʝʣʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʧʘʥʝʣʘ. ʆʥʠ ʫʧʦʨʝʹʫʿʫ 8 ʤʝʪʦʜʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʧʦʤʦ˂ʫ 5 ʩʢʫʧʦʚʘ ʦʙʝʣʝʞʿʘ ʠ ʟʘʢˀʫʯʫʿʫ ʜʘ ʫʢˀʫʯʠʚʘˁʝ ʝʛʟʦʛʝʥʠʭ ʧʦʜʘʪʘʢʘ 

ʧʦʙʦˀʰʘʚʘ ʪʘʯʥʦʩʪ. ʊʘʢʦʹʝ ʩʫʛʝʨʠʰʫ ʜʘ ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ ʠ ʠʟʙʦʨ ʤʦʜʝʣʘ ʠʤʘʿʫ ʚʝʣʠʢʠ ʫʪʠʮʘʿ 

ʥʘ ʨʝʟʫʣʪʘʪʝ ʧʨʦʛʥʦʟʠʨʘˁʘ. 

ʋ [49], ʧʨʝʜʣʦʞʝʥ ʿʝ ʘʥʩʘʤʙʣ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 4 ʨʘʟʣʠʯʠʪʘ LSTM-ʘ ʢʘʦ ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʘ ʠ 

SVR-ʘ ʢʘʦ ʤʝʪʘʤʦʜʝʣʘ. ʈʘʟʣʠʯʠʪʠ ʦʩʥʦʚʥʠ ʤʦʜʝʣʠ ʧʦʩʪʠʞʫ ʥʘʿʙʦˀʝ ʤʝʪʨʠʢʝ ʥʘ ʩʚʘʢʦʿ ʦʜ 3 

ʢʦʨʠʰ˂ʝʥʝ ʝʣʝʢʪʨʘʥʝ, ʘʣʠ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʘ ʥʠʩʫ ʥʠ 

ʢʦʥʟʠʩʪʝʥʪʥʝ ʥʠ ʟʥʘʯʘʿʥʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʥʩʘʤʙʣ ʧʦʙʦˀʰʘʚʘ RMSE ʜʦ 5% ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʥʘʿʙʦˀʠʤ ʦʩʥʦʚʥʠʤ ʤʦʜʝʣʦʤ. 
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ʍʠʙʨʠʜ CNN-ʘ ʠ LSTM ʘʫʪʦʝʥʢʦʜʝʨʘ ʧʨʝʜʣʦʞʝʥ ʿʝ ʫ [50] ʠ ʫʧʦʨʝʹʝʥ ʩʘ 4 ʜʨʫʛʝ ʤʝʪʦʜʝ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʈʝʟʫʣʪʘʪʠ ʥʘʛʣʘʰʘʚʘʿʫ ʧʦʙʦˀʰʘˁʝ ʪʘʯʥʦʩʪʠ ʢʘʜʘ ʩʝ ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ 

ʢʦʨʠʩʪʝ ʧʦʨʝʜ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʦ ʬʦʪʦʥʘʧʦʥʩʢʦʿ ʩʥʘʟʠ. 

3.3 ˾͔͙ͯͭ͊ͭ͘͡ ͊ ͙ͤ͊͘͡ ͊

ʋ ʦʚʦʤ ʦʜʝʢˀʫ ʜʘʪʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʘʢʪʦʨʝ. 

3.3.1 ˴͔͎͙͔͊ͭͦͪ͞ ͪ ͍͊͒ͦ͊ 

ʇʨʝʛʣʝʜʘʥʠ ʨʘʜʦʚʠ ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ 4 ʢʘʪʝʛʦʨʠʿʝ, ʠʣʠ ʛʣʘʚʥʝ ʚʨʩʪʝ, ʧʨʠʢʘʟʘʥʝ ʫ ʊɸɹ. 

8 ʠ ʥʘ ʉʃ. 45. ɺʠʰʝ ʦʜ ʧʦʣʦʚʠʥʝ, ʪʿ. 27 ʦʜ 50 ʨʘʜʦʚʘ (54%), ʧʨʝʜʣʘʞʝ ʥʦʚʫ, ʧʦʙʦˀʰʘʥʫ ʤʝʪʦʜʫ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʢʨʝʠʨʘʥʫ ʤʦʜʠʬʠʢʦʚʘˁʝʤ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʪʦʜʘ ʠ/ʠʣʠ ˁʠʭʦʚʠʤ ʩʧʘʿʘˁʝʤ ʫ 

ʭʠʙʨʠʜʥʘ ʨʝʰʝˁʘ. 

ʊɸɹ. 8: ʂʘʪʝʛʦʨʠʿʝ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ 

ʂʘʪʝʛʦʨʠʿʘ ʨʘʜʦʚʘ ɹʨʦʿ 

ʨʘʜʦʚʘ 

ʈʘʜʦʚʠ 

ʇʦʙʦˀʰʘʥʘ ʤʝʪʦʜʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 

27 (54%) [3], [5], [6], [8], [11], [12], [18], [20], [21], [23], 

[24], [25], [27], [28], [30], [32], [37], [39], [40], 

[41], [42], [43], [44], [45], [47], [49], [50] 

ʄʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʙʝʟ 

ʤʦʜʠʬʠʢʘʮʠʿʘ 

11 (22%) [2], [9], [13], [19], [22], [26], [29], [33], [34], 

[35], [36] 

ʇʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠ ʜʨʫʛʠʭ 

ʤʝʪʦʜʘ 

10 (20%) [1], [4], [7], [10], [16], [17], [31], [38], [46], [48] 

ʀʩʢˀʫʯʠʚʦ ʤʝʪʦʜʝ ʢʦʿʝ ʥʠʩʫ 

ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

2 (4%) [14], [15] 

 
ʉʃ. 45: ʂʘʪʝʛʦʨʠʿʝ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ 

ɼʨʫʛʘ ʢʘʪʝʛʦʨʠʿʘ ʩʘʜʨʞʠ 11 ʨʘʜʦʚʘ (22%) ʢʦʿʠ ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʙʝʟ 

ʤʦʜʠʬʠʢʘʮʠʿʘ. (ʅʝʢʝ ʦʜ ʧʨʠʤʝˁʝʥʠʭ ʤʝʪʦʜʘ ʧʨʠʣʠʯʥʦ ʩʫ ʥʘʧʨʝʜʥʝ, ʥʧʨ. ʫ [33] ʠ [35], ʘʣʠ 

ʪʘʢʚʠ ʨʘʜʦʚʠ ʠʧʘʢ ʩʫ ʫʚʨʰʪʝʥʠ ʫ ʪʫ ʢʘʪʝʛʦʨʠʿʫ ʟʘʪʦ ʰʪʦ ʫ ˁʠʤʘ ʥʠʿʝ ʧʨʝʜʣʦʞʝʥʘ ʥʠʢʘʢʚʘ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʤʝʪʦʜʝ ʧʦʟʥʘʪʝ ʦʜ ʨʘʥʠʿʝ.) ʄʝʹʫʪʠʤ, ʨʘʜʦʚʠ ʫ ʪʦʿ ʢʘʪʝʛʦʨʠʿʠ ʪʝʞʝ ʧʦʩʪʠʟʘˁʫ 

ʧʦʙʦˀʰʘˁʘ ʥʘ ʜʨʫʛʝ ʥʘʯʠʥʝ, ʥʧʨ. ʢʨʦʟ ʙʦˀʠ ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʧʨʝʜʦʙʨʘʜʫ ʠ/ʠʣʠ 

ʥʘʢʥʘʜʥʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ, ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʠʪʜ., ʠʣʠ ʫʧʦʪʨʝʙʦʤ ʤʝʪʦʜʝ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʢʦʿʘ ʨʘʥʠʿʝ ʥʠʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. 

ʊʨʝ˂ʘ ʢʘʪʝʛʦʨʠʿʘ ʩʘʜʨʞʠ 10 ʨʘʜʦʚʘ (20%) ʢʦʿʠ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʧʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʤʝʹʫʩʦʙʥʦ ʠ/ʠʣʠ ʩʘ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʥʠʩʫ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ. ʊʘ ʢʘʪʝʛʦʨʠʿʘ 

ʩʘʜʨʞʠ ʩʘʤʦ ʨʘʜʦʚʝ ʢʦʿʠ ʧʦʨʝʜʝ ʤʝʪʦʜʝ ʥʘ ʨʘʚʥʦʧʨʘʚʥʦʿ ʦʩʥʦʚʠ, ʘ ʥʝ ʨʘʜʦʚʝ ʢʦʿʠ ʥʘʛʣʘʰʘʚʘʿʫ 
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ʿʝʜʥʫ ʤʝʪʦʜʫ ʠ ʫʧʦʨʝʹʫʿʫ ʿʝ ʩʘ ʜʨʫʛʠʤ ʨʘʜʠ ʧʨʦʚʝʨʝ ʧʝʨʬʦʨʤʘʥʩʠ ï ʪʘʢʚʠ ʨʘʜʦʚʠ ʥʘʣʘʟʝ ʩʝ ʫ 

ʦʩʪʘʣʠʤ ʢʘʪʝʛʦʨʠʿʘʤʘ. 

ʇʨʚʝ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ ʩʘʜʨʞʝ ʫʢʫʧʥʦ 48 ʨʘʜʦʚʘ (96%) ʢʦʿʠ ʢʦʨʠʩʪʝ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʘʤʦ 2 ʨʘʜʘ (4%) ʫ ʧʦʩʣʝʜˁʦʿ ʢʘʪʝʛʦʨʠʿʠ, ʢʦʿʠ ʧʨʠʤʝˁʫʿʫ 

ʠʩʢˀʫʯʠʚʦ ʨʝʰʝˁʘ ʢʦʿʘ ʥʠʩʫ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ. (ɱʦʰ 3 ʨʘʜʘ ʫʧʦʨʝʹʫʿʫ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʩʘ 

ʬʠʟʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʠʣʠ ʘʥʘʣʠʟʠʨʘʿʫ ʭʠʙʨʠʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠ ʬʠʟʠʯʢʠʭ ʤʝʪʦʜʘ, [7], [18] ʠ 

[38], ʘʣʠ ʧʦʰʪʦ ʪʠ ʨʘʜʦʚʠ ʢʦʨʠʩʪʝ ʠ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ, ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʧʨʝʪʭʦʜʥʠʤ 

ʢʘʪʝʛʦʨʠʿʘʤʘ.) ʀʩʪʨʘʞʠʚʘʯʠ ʧʦʩʤʘʪʨʘʥʝ ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʘʥʠ ʩʫ ʥʘ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʜʦ ʪʝ ʤʝʨʝ 

ʜʘ ʩʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʤʘʨʛʠʥʘʣʠʟʦʚʘʥʝ. ʌʠʟʠʯʢʝ ʤʝʪʦʜʝ, ʥʝʢʘʜʘ ʜʦʤʠʥʘʥʪʥʝ ʟʘ 

ʧʨʝʜʚʠʹʘˁʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ, ʜʘʥʘʩ ʩʫ ʛʦʪʦʚʦ Ăʠʟʫʤʨʣʝò ʢʘʦ ʩʘʤʦʩʪʘʣʥʘ ʨʝʰʝˁʘ. 

ʋ ʦʧʠʩʘʥʦʿ ʢʣʘʩʠʬʠʢʘʮʠʿʠ, ʬʠʟʠʯʢʝ ʤʝʪʦʜʝ ʨʘʟʣʠʢʦʚʘʥʝ ʩʫ ʦʜ ʧʦʜʘʪʘʢʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʠʟʠʮʠ; 

ʪʠʧʦʚʠ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʧʦʩʝʙʥʦʤ ʦʜʝˀʢʫ. ʇʦʰʪʦ 

ʧʦʜʘʪʢʝ ʦ ʥʫʤʝʨʠʯʢʦʤ ʧʨʝʜʚʠʹʘˁʫ ʚʨʝʤʝʥʘ (NWP) ʦʙʠʯʥʦ ʧʨʫʞʘʿʫ ʩʧʦˀʥʝ ʘʛʝʥʮʠʿʝ, ʤʦʜʝʣʠ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʢʦʿʠ ʢʦʨʠʩʪʝ NWP ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ ʥʝ ʪʨʝʪʠʨʘʿʫ ʩʝ ʢʘʦ ʭʠʙʨʠʜʠ ʤʘʰʠʥʩʢʦʛ 

ʫʯʝˁʘ ʠ ʬʠʟʠʯʢʠʭ ʤʝʪʦʜʘ. ʉʘʤʦ ʫ ʿʝʜʥʦʤ ʦʜ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʘʫʪʦʨʠ ʩʘʤʠ ʠʟʨʘʯʫʥʘʚʘʿʫ 

NWP [7]. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, NWP ʧʨʝʜʩʪʘʚˀʘ ʩʘʤʦ ʧʦʜʘʪʢʝ. 

ʊʝ ʧʦʜʘʪʢʝ ʦʙʠʯʥʦ ʧʨʫʞʘ ʥʝʢʠ ʩʧʦˀʥʠ ʝʥʪʠʪʝʪ, ʘ ʧʨʦʮʝʩ ʢʨʝʠʨʘˁʘ NWP ʿʝ Ăʫ ʦʙʣʘʢʫò, 

ʠʨʝʣʝʚʘʥʪʘʥ ʟʘ ʧʨʠʤʝˁʝʥʫ ʤʝʪʦʜʫ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʌʠʟʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʩʤʘʪʨʘʥʝ ʩʫ ʿʝʜʠʥʦ 

ʤʝʪʦʜʝ ʢʦʿʝ ʫ ʧʨʝʜʣʦʞʝʥʠʤ ʨʝʰʝˁʠʤʘ ʧʨʫʞʘʿʫ ʧʨʦʛʥʦʟʝ ʩʘʤʦ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʬʦʨʤʫʣʘ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʠʟʠʮʠ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʧʦʩʣʝʜˁʝ ʢʘʪʝʛʦʨʠʿʝ, ʦʙʘ ʨʘʜʘ ʙʘʚʝ ʩʝ ʬʠʟʠʯʢʠʤ ʤʝʪʦʜʘʤʘ. ɱʝʜʘʥ ʦʜ ˁʠʭ 

ʠʩʪʨʘʞʫʿʝ ʤʦʜʝʣʠʨʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʤʦʜʫʣʘ [14], ʘ ʜʨʫʛʠ ʠʥʜʠʨʝʢʪʥʦ ʧʨʝʜʚʠʹʘˁʝ (ʧʨʚʦ 

ʠʨʘʜʠʿʘʥʩʝ ʘ ʟʘʪʠʤ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ) ʧʫʪʝʤ ʣʘʥʘʮʘ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ [15]. 

3.3.2 ˸͔͔ͭͦ͒ ͨ ͎͙ͪͦͤͦͪ͊ͥ͊͘ 

ʊɸɹ. 9 ʠ ʉʃ. 46 ʩʫʤʠʨʘʿʫ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠ ʜʨʫʛʝ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ 

ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʀʟ ʨʘʜʦʚʘ ʢʦʿʠ ʧʨʝʜʣʘʞʫ ʠ/ʠʣʠ ʥʘʛʣʘʰʘʚʘʿʫ ʿʝʜʥʫ ʤʝʪʦʜʫ, ʥʘʚʝʜʝʥʘ 

ʿʝ ʩʘʤʦ ʪʘ ʤʝʪʦʜʘ, ʜʦʢ ʦʩʪʘʣʝ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʿʝ ʩʫ ʫʧʦʪʨʝʙˀʝʥʝ ʟʘ ʧʦʨʝʹʝˁʝ ʥʠʩʫ 

ʥʘʚʝʜʝʥʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʜʘ ʨʘʜ ʥʝ ʥʘʛʣʘʰʘʚʘ ʿʝʜʥʫ ʤʝʪʦʜʫ, ʚʝ˂ ʧʨʫʞʘ ʧʦʨʝʹʝˁʝ ʚʠʰʝ 

ʤʝʪʦʜʘ ʥʘ ʨʘʚʥʦʧʨʘʚʥʦʿ ʦʩʥʦʚʠ, ʥʘʚʝʜʝʥʝ ʩʫ ʩʚʝ ʫʧʦʨʝʹʝʥʝ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ. ʍʠʙʨʠʜʥʝ 

ʤʝʪʦʜʝ ʥʘʚʝʜʝʥʝ ʩʫ ʫ ʚʠʰʝ ʦʜ ʿ ʝʜʥʦʛ ʨʝʜʘ ʫ ʪʘʙʝʣʠ, ʥʧʨ. CNN-LSTM ʫʚʨʰʪʝʥ ʿʝ ʠ ʫ ʢʘʪʝʛʦʨʠʿʫ 

Ăʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ CNNò ʠ ʫ Ăʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ LSTMò. ʉʭʦʜʥʦ ʪʦʤʝ, 

ʥʝʢʦʣʠʢʦ ʨʘʜʦʚʘ ʧʦʿʘʚˀʫʿʝ ʩʝ ʫ ʪʘʙʝʣʠ ʚʠʰʝ ʧʫʪʘ ï ʫʢʫʧʘʥ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʫ ʪʘʙʝʣʠ ʿʝ 125. 

ʈʘʜʠ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ, ʤʝʪʦʜʝ ʥʘʩʣʘʛʘʥʦʛ ʘʥʩʘʤʙʣʘ ʩʘ ʤʝʪʘʤʦʜʝʣʦʤ ʠ ʩʣʠʯʥʘ ʨʝʰʝˁʘ ʥʘʚʝʜʝʥʝ 

ʩʫ ʢʘʦ ʭʠʙʨʠʜʠ. 

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʢʘʢʦ ʫ ʦʩʥʦʚʥʦʤ ʦʙʣʠʢʫ, ʪʘʢʦ ʠ ʢʘʦ ʤʦʜʠʬʠʢʦʚʘʥʦ 

ʠʣʠ ʭʠʙʨʠʜʥʦ ʨʝʰʝˁʝ, ʿʝʩʪʝ ʜʫʛʦ ʢʨʘʪʢʦʨʦʯʥʦ ʧʘʤ˂ʝˁʝ (ʝʥʛʣ. Long Short-Term 

Memory ï LSTM). ʊʦ ʿ ʝ ʩʘʩʚʠʤ ʦʯʝʢʠʚʘʥʦ ʢʘʜʘ ʩʝ ʠʤʘ ʫ ʚʠʜʫ ʩʧʦʩʦʙʥʦʩʪ LSTM-ʘ ʜʘ ʤʝʤʦʨʠʰʝ 

ʜʫʛʦʨʦʯʥʝ ʟʘʚʠʩʥʦʩʪʠ, ʠʟʙʝʛʘʚʘʿʫ˂ʠ ʧʨʦʙʣʝʤ ʥʝʩʪʘʿʫ˂ʝʛ ʛʨʘʜʠʿʝʥʪʘ. ʊʘʢʚʝ ʦʩʦʙʠʥʝ ʚʝʦʤʘ ʩʫ 

ʧʦʞʝˀʥʝ ʢʘʜʘ ʩʝ ʨʘʜʠ ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʩʝʨʠʿʘʤʘ. ʅʘʨʘʚʥʦ, LSTM ʥʠʿʝ Ăʩʚʝʤʦʛʫ˂ò ï ʥʠʿʝ ʧʦʛʦʜʘʥ 

ʟʘ ʩʚʝ ʩʠʪʫʘʮʠʿʝ, ʩʚʝ ʚʨʩʪʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʠʪʜ. ʅʝʢʠ ʘʫʪʦʨʠ ʠʟʚʝʩʪʠʣʠ ʩʫ ʜʘ LSTM ʥʠʿʝ 

ʜʦʚʝʦ ʜʦ ʧʦʙʦˀʰʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʤʝʪʦʜʝ, ʘ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʯʘʢ ʿʝ ʧʦʩʪʠʛʘʦ 

ʥʘʿʣʦʰʠʿʝ ʨʝʟʫʣʪʘʪʝ ʦʜ ʩʚʠʭ ʫʧʦʨʝʹʝʥʠʭ ʤʝʪʦʜʘ [10], [17]. ɺʝʨʦʚʘʪʥʠ ʫʟʨʦʮʠ ʤʦʛʣʠ ʙʠ ʙʠʪʠ 

ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʦʜʘʮʠ ʠʣʠ ʩʫʙʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ: ʢʘʦ ʠ ʩʚʝ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ, LSTM ʟʘʭʪʝʚʘ ʧʘʞˀʠʚʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. 

ʈʝʢʫʨʝʥʪʥʘ ʿʝʜʠʥʠʮʘ ʩʘ ʢʘʧʠʿʘʤʘ (ʝʥʛʣ. Gated Recurrent Unit ï GRU), ʙʫʜʫ˂ʠ ʜʘ ʿʝ ʥʝʰʪʦ 

ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʠ ʩʪʦʛʘ ʤʘˁʝ ʨʘʯʫʥʩʢʠ ʟʘʭʪʝʚʥʘ ʦʜ LSTM-ʘ, ʧʨʠ ʯʝʤʫ ʟʘʜʨʞʘʚʘ ˁʝʛʦʚʝ 

ʢʚʘʣʠʪʝʪʝ, ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʟʘ Ăʟʚʝʟʜʫ ʫ ʫʩʧʦʥʫò. ʊʝ ʜʚʝ ʤʝʪʦʜʝ ʟʘʿʝʜʥʦ ʯʠʥʝ ʨʝʢʫʨʝʥʪʥʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (RNN) ʫʙʝʜˀʠʚʦ ʥʘʿʧʦʧʫʣʘʨʥʠʿʦʤ ʛʨʫʧʦʤ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ. 
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ʊɸɹ. 9: ʄʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ 

ʨʝʬʝʨʝʥʮʠ 

ʈʝʬʝʨʝʥʮʝ 

LSTM 10 [2], [9], [10], [16], [17], [22], [34], [36], [38], 

[48] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

LSTM 

18 [3], [11], [16], [20], [23], [24], [25], [28], 

[32], [33], [39], [42], [45], [46], [47], [48], 

[49], [50] 

GRU 1 [46] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

GRU 

6 [8], [27], [28], [30], [41], [44] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ RNN-ʫ 35 (28%)  

DT 3 [4], [10], [17] 

RF 7 [1], [4], [10], [17], [19], [38], [48] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

RF 

1 [6] 

GB 3 [4], [31], [38] 

XGBoost 2 [4], [17] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

XGBoost 

2 [6], [23] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ DT-ʫ 18 (14,4%)  

CNN 4 [26], [32], [46], [48] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

CNN 

9 [8], [11], [21], [28], [32], [41], [48], [49], [50] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

TCN 

2 [5], [44] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

GCN 

3 [25], [37], [45] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʢʦʥʚʦʣʫʮʠʿʠ 

18 (14,4%)  

MLP 9 [1], [4], [10], [13], [16], [17], [18], [29], [38] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

MLP 

6 [7], [12], [18], [23], [25], [41] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ MLP -ʫ 15 (12%)  

SVR 7 (5,6%) [1], [4], [10], [31], [38], [48], [49] 

LR 5 (4%) [1], [4], [10], [29], [38] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

ʪʨʘʥʩʬʦʨʤʝʨ 

3 [25], [33], [41] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

ʠʥʬʦʨʤʝʨ 

2 [37], [39] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʪʨʘʥʩʬʦʨʤʝʨʫ 

5 (4%)  

kNN 1 [4] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ 

kNN 

2 [7], [47] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ kNN-ʫ 3 (2,4%)  

ʆʩʪʘʣʝ ʤʝʪʦʜʝ ʄʋ 10 (8%) [4], [6], [10], [16], [31], [35], [38], [40], [43], 

[48] 
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ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ 

ʨʝʬʝʨʝʥʮʠ 

ʈʝʬʝʨʝʥʮʝ 

ARMA ʠ ˁʝʥʝ ʚʘʨʠʿʘʥʪʝ 3 [16], [31], [38] 

ʆʩʪʘʣʝ ʩʪʘʪʠʩʪʠʯʢʝ 1 [7] 

ʋʢʫʧʥʦ ʩʪʘʪʠʩʪʠʯʢʝ 4 (3,2%)  

ʃʘʥʮʠ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ 3 [15], [18], [38] 

ʈʘʟʣʠʯʠʪʠ ʤʦʜʝʣʠ ʌʅ ʤʦʜʫʣʘ 1 [14] 

ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʤʦʜʝʣʠ ʩʘ 

ʧʦʚʝ˂ʘʚʘˁʝʤ ʩʢʘʣʝ 

1 [7] 

ʋʢʫʧʥʦ ʬʠʟʠʯʢʝ 5 (4%)  

 

ʉʃ. 46: ʄʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɼʨʫʛʦ ʤʝʩʪʦ ʜʝʣʝ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʪʘʙʣʠʤʘ ʦʜʣʫʯʠʚʘˁʘ ʠ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʢʦʥʚʦʣʫʮʠʿʠ. ʉʪʘʙʣʘ ʦʜʣʫʯʠʚʘˁʘ (ʝʥʛʣ. Decision Trees ï DT), ʥʘʨʦʯʠʪʦ ʩʣʫʯʘʿʥʘ ʰʫʤʘ (ʝʥʛʣ. 

Random Forest ï RF) ʠ ʝʢʩʪʨʝʤʥʦ ʧʦʿʘʯʘʚʘˁʝ ʛʨʘʜʠʿʝʥʪʘ (ʝʥʛʣ. eXtreme Gradient Boosting 

ï XGBoost), ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʧʦʧʫʣʘʨʥʠʿʫ ʛʨʫʧʫ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʠʟʚʘʥ ʚʝʣʠʢʝ ʧʦʨʦʜʠʮʝ 

ʨʘʟʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. ɹʨʦʿʥʠ ʘʫʪʦʨʠ (ʥʧʨ. [1], [10], ʠʪʜ.) ʪʚʨʜʝ ʜʘ ʤʝʪʦʜʘ RF ʧʨʫʞʘ ʪʘʯʥʝ 

ʧʨʦʛʥʦʟʝ ʠ ʜʘ ʿʝ ʤʘˁʝ ʦʩʝʪˀʠʚʘ ʥʘ ʣʦ hʢʚʘʣʠʪʝʪ ʠʣʠ ʤʘʣʫ ʢʦʣʠʯʠʥʫ ʧʦʜʘʪʘʢʘ. ɱʝʜʥʘ ʦʜ 

ʧʨʝʜʥʦʩʪʠ ʪʝ ʤʝʪʦʜʝ ʿʝ ʙʨʟʦ ʪʨʝʥʠʨʘˁʝ, ʘʣʠ ʧʘʪʠ ʦʜ ʩʧʦʨʦʛ ʧʨʦʛʥʦʟʠʨʘˁʘ. 

ʄʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ, ʧʦʩʝʙʥʦ ʢʦʥʚʦʣʫʮʠʦʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ 

(CNN), ʜʦʙʨʦ ʩʫ ʧʦʟʥʘʪʝ ʠʟ ʧʨʦʙʣʝʤʘ ʦʙʨʘʜʝ ʩʣʠʢʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʢʦʨʠʰ˂ʝˁʫ ʦʧʝʨʘʮʠʿʝ 

ʢʦʥʚʦʣʫʮʠʿʝ ʠ ʩʣʦʿʝʚʘ ʟʘ ʩʘʞʠʤʘˁʝ (ʝʥʛʣ. pooling layers), ʪʘʢʚʝ ʤʝʪʦʜʝ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʘ 

ʧʦʿʝʜʥʦʩʪʘʚʝ ʧʦʜʘʪʢʝ ʫʟ ʟʘʜʨʞʘʚʘˁʝ ʥʘʿʚʘʞʥʠʿʠʭ ʦʙʝʣʝʞʿʘ. ʇʦʩʝʙʥʦ ʩʫ ʢʦʨʠʩʥʝ ʟʘ ʦʙʫʭʚʘʪʘˁʝ 

ʧʨʦʩʪʦʨʥʠʭ ʟʘʚʠʩʥʦʩʪʠ, ʠ ʟʘʪʦ ʩʝ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʫ ʟʘ ʧʨʦʛʥʦʟʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʣʠʢʘʤʘ. 

ʐʪʘʚʠʰʝ, ʥʝʢʠ ʘʫʪʦʨʠ ʢʦʨʠʩʪʝ ʪʘʢʚʝ ʤʝʪʦʜʝ ʜʘ ʦʙʫʭʚʘʪʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ, ʥʧʨ. [5], [25]. 

ɺʠʰʝʩʣʦʿʥʠ ʧʝʨʮʝʧʪʨʦʥ (ʝʥʛʣ. MultiLayer Perceptron ï MLP), ʢʦʿʠ ʥʝʢʠ ʘʫʪʦʨʠ ʥʘʟʠʚʘʿʫ 

ʧʦʪʧʫʥʦ ʧʦʚʝʟʘʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ (ʝʥʛʣ. Fully Connected NN ï FCNN) ʠʣʠ ʯʘʢ, ʧʨʝʚʠʰʝ 

ʫʦʧʰʪʝʥʦ, ʚʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ (ʝʥʛʣ. Artificial  NN ï ANN), ʧʨʝʜʩʪʘʚˀʘ ʜʨʫʛʫ 

ʥʘʿʧʦʧʫʣʘʨʥʠʿʫ ʤʝʪʦʜʫ (ʠʟʘ LSTM-ʘ) ʘʢʦ ʩʝ ʫʟʤʝ ʫ ʦʙʟʠʨ ʩʘʤʦ ʦʩʥʦʚʥʠ ʦʙʣʠʢ. ʇʨʝʜʥʦʩʪʠ ʪʝ 

ʤʝʪʦʜʝ ʩʫ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʠ ʤʘˁʠ ʨʘʯʫʥʘʨʩʢʠ ʟʘʭʪʝʚʠ ʥʝʛʦ ʢʦʜ ʚʝ˂ʠʥʝ ʜʨʫʛʠʭ ʥʝʫʨʦʥʩʢʠʭ 

ʤʨʝʞʘ. ʋ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʧʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʨʝʰʝˁʘ ʢʦʿʘ ʩʘʜʨʞʝ ʧʦʿʝʜʠʥʘʯʥʝ ʧʦʪʧʫʥʦ 

ʧʦʚʝʟʘʥʝ ʩʣʦʿʝʚʝ (ʥʧʨ. ʢʘʦ ʠʟʣʘʟʥʠ ʩʣʦʿ ʮʝʣʦʛ ʤʦʜʝʣʘ ʠʣʠ ˁʝʛʦʚʦʛ ʜʝʣʘ), ʘʣʠ ʧʦʰʪʦ ʩʝ ʥʝ ʨʘʜʠ 

ʦ ʚʠʰʝ ʩʣʦʿʝʚʘ, ʪʘʢʚʝ ʤʝʪʦʜʝ ʥʠʩʫ ʨʘʯʫʥʘʪʝ ʢʘʦ ʭʠʙʨʠʜʥʠ MLP. 

ʆʩʪʘʣʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʚʝ˂ʝʤ ʙʨʦʿʫ ʨʘʜʦʚʘ ʩʫ ʨʝʛʨʝʩʠʿʘ ʚʝʢʪʦʨʘ 

ʧʦʜʨʰʢʝ (ʝʥʛʣ. Support Vector Regression ï SVR, 7 ʨʘʜʦʚʘ), ʣʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʿʘ (ʝʥʛʣ. Linear 



ʇʦʛʣʘʚˀʝ 3 ʇʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ 

60 

Regression ï LR, 5 ʨʘʜʦʚʘ), ʨʝʰʝˁʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʨʘʥʩʬʦʨʤʝʨʫ (5 ʨʘʜʦʚʘ) ʠ ʤʝʪʦʜʘ 

k-ʥʘʿʙʣʠʞʠʭ ʩʫʩʝʜʘ (ʝʥʛʣ. k-Nearest Neighbors ï kNN, 3 ʨʘʜʘ). ʏʘʢ 10 ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ 

ʿʘʚˀʘ ʩʝ ʫ ʩʘʤʦ ʧʦ 1 ʨʘʜʫ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ; ʪʘʢʚʠ ʨʘʜʦʚʠ ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʢʘʪʝʛʦʨʠʿʠ Ăʆʩʪʘʣʝ 

ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘò. 

ʉʧʠʩʘʢ ʟʘʢˀʫʯʫʿʫ ʫʢʫʧʥʦ 4 ʨʘʜʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ (Ăʚʘʨʠʿʘʥʪʝ ARMAò ʩʫ 

ARIMA , SARIMA, SARIMAX ʠ ʜʨʫʛʝ ʩʣʠʯʥʝ ʤʝʪʦʜʝ) ʠ ʫʢʫʧʥʦ 5 ʨʘʜʦʚʘ ʢʦʿʠ ʘʥʘʣʠʟʠʨʘʿʫ 

ʬʠʟʠʯʢʝ ʤʝʪʦʜʝ, ʫʛʣʘʚʥʦʤ ʣʘʥʮʝ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ. 

ʋ ʊɸɹ. 10 ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʟʠʤʝ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʣʝ nRMSE ʤʘˁʠ ʦʜ 2% ʫ 

ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ɸʢʦ ʩʝ ʫ ʨʘʜʫ ʢʦʨʠʩʪʠ ʚʠʰʝ ʦʜ ʿ ʝʜʥʝ ʤʝʪʦʜʝ, ʫʟʠʤʘ ʩʝ ʫ ʦʙʟʠʨ ʩʘʤʦ ʦʥʘ 

ʢʦʿʘ ʿʝ ʧʦʩʪʠʛʣʘ ʥʘʿʙʦˀʠ nRMSE. ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʿ ʪʘʙʝʣʠ, ʭʠʙʨʠʜʥʝ ʠ ʘʥʩʘʤʙʣ ʤʝʪʦʜʝ 

ʥʘʚʝʜʝʥʝ ʩʫ ʫ ʚʠʰʝ ʨʝʜʦʚʘ. ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʩʘʤʦ ʜʚʝ ʤʝʪʦʜʝ ʫ ʪʘʙʝʣʠ ʫ ʦʩʥʦʚʥʦʤ ʦʙʣʠʢʫ, 

ʪʿ. ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʿʝ ʠʣʠ ʭʠʙʨʠʜʠʟʘʮʠʿʝ. ʇʨʝʤʘ ʪʦʿ ʘʥʘʣʠʟʠ, LSTM, GRU ʠ ʨʝʰʝˁʘ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ ʦʙʠʯʥʦ ʜʘʿʫ ʥʘʿʙʦˀʫ ʪʘʯʥʦʩʪ. 

ʊɸɹ. 10: ʄʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʣʝ nRMSE < 2% 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʨʝʬʝʨʝʥʮʠ ʈʝʬʝʨʝʥʮʝ 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ LSTM 5 [3], [11], [33], [42], [50] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ GRU 3 [8], [30], [44] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ RNN-ʫ 8 (42,11%)  

ɿʘʩʥʦʚʘʥʝ ʥʘ ʩʪʘʙʣʠʤʘ ʦʜʣʫʯʠʚʘˁʘ 1 (5,26%) [6] 

CNN 1 [32] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ CNN 4 [8], [11], [21], [50] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ TCN 1 [44] 

ʋʢʫʧʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ 6 (31,58%)  

MLP  1 (5,26%) [17] 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʣʠ ʭʠʙʨʠʜʥʠ ʪʨʘʥʩʬʦʨʤʝʨ 1 (5,26%) [33] 

ʆʩʪʘʣʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 2 (10,53%) [6], [40] 

3.3.3 ˤ͔ͪͫͭ ͨ ͎͙ͪͦͤͦͪ͊ͥ͊͘ ͯ  ͨ ͎͔ͦ͒ͯ͡ ͦ ͔͒ͪΏ͔͙ͤͦͫͭ ͪ ͔ͯͭ͊ͭ͊͘͡ 

ɺʨʩʪʝ ʧʨʝʜʚʠʹʘˁʘ ʫ ʧʦʛʣʝʜʫ ʦʜʨʝʹʝʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʩʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ, ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦ (ʚʝʨʦʚʘʪʥʦʩʥʦ) ʠ ʩʮʝʥʘʨʠʿʩʢʦ ʧʨʝʜʚʠʹʘˁʝ. ʂʦʜ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʧʨʝʜʚʠʹʘˁʘ (ʪʘʢʦʹʝ ʧʦʟʥʘʪʦʛ ʢʘʦ ʧʨʝʜʚʠʹʘˁʝ ʿʝʜʥʝ ʪʘʯʢʝ, ʿ ʝʜʥʝ ʚʨʝʜʥʦʩʪʠ, 

ʥʘʿʙʦˀʝ ʧʨʝʪʧʦʩʪʘʚʢʝ), ʧʨʝʜʚʠʹʘ ʩʝ ʩʘʤʦ ʿʝʜʥʘ ʚʨʝʜʥʦʩʪ (Ăʪʘʯʢʘò) ʧʦ ʮʠˀʥʦʤ ʪʨʝʥʫʪʢʫ. ʂʦʜ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʛ ʧʨʝʜʚʠʹʘˁʘ (ʪʘʢʦʹʝ ʧʦʟʥʘʪʦʛ ʢʘʦ ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʠʣʠ ʘʥʩʘʤʙʣʩʢʦ), ʫʤʝʩʪʦ 

ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʧʨʦʛʥʦʟʘ ʩʝ ʜʘʿʝ ʢʘʦ ʨʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʫ ʦʙʣʠʢʫ 

ʛʫʩʪʠʥʝ, ʢʚʘʥʪʠʣʘ, ʠʥʪʝʨʚʘʣʘ ʠ ʩʣ. 

ʋ ʩʮʝʥʘʨʠʿʩʢʦʤ ʧʨʦʛʥʦʟʠʨʘˁʫ, ʨʝʟʫʣʪʘʪʠ ʧʨʦʛʥʦʟʝ ʩʫ ʚʠʰʝʩʪʨʫʢʠ ʧʦʪʝʥʮʠʿʘʣʥʠ ʙʫʜʫ˂ʠ 

ʠʩʭʦʜʠ, ʪʿ. ʩʮʝʥʘʨʠʿʠ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʊɸɹ. 11, ʤʝʹʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʧʦʩʪʦʿʝ 4 

ʨʘʜʘ (8%) ʢʦʿʠ ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʠ 1 ʨʘʜ (2%) ʢʦʿʠ ʢʦʨʠʩʪʠ 

ʩʮʝʥʘʨʠʿʩʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ, ʪʿ. ʘʥʘʣʠʟʫ ʩʮʝʥʘʨʠʿʘ. ʊʠʭ 5 ʨʘʜʦʚʘ ʪʘʢʦʹʝ ʜʘʿʫ ʠ ʨʝʟʫʣʪʘʪʝ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦʛ ʧʨʦʛʥʦʟʠʨʘˁʘ. ʇʨʝʦʩʪʘʣʠʭ 45 ʨʘʜʦʚʘ (90%) ʧʨʠʤʝˁʫʿʝ ʩʘʤʦ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ. 

ʊɸɹ. 11: ɺʨʩʪʝ ʧʨʝʜʚʠʹʘˁʘ ʧʦ ʦʜʨʝʹʝʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɺʨʩʪʘ ʧʨʝʜʚʠʹʘˁʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ʇʨʦʙʘʙʠʣʠʩʪʠʯʢʦ ʧʨʝʜʚʠʹʘˁʝ 4 (8%) [15], [20], [21], [42] 

ʉʮʝʥʘʨʠʿʩʢʦ ʧʨʝʜʚʠʹʘˁʝ 1 (2%) [28] 

ʉʘʤʦ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʧʨʝʜʚʠʹʘˁʝ 45 (90%) ʩʚʠ ʦʩʪʘʣʠ 
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3.3.4 ˻͋ͯͻ͍͙͊ͭ ͨ ͎ͪͦͤͦ͊͘ 

ʇʨʝʤʘ ʦʙʫʭʚʘʪʠʤʘ ʜʘʪʠʭ ʧʨʦʛʥʦʟʘ, ʧʨʝʛʣʝʜʘʥʠ ʨʘʜʦʚʠ ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʘʦ ʰʪʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʫ ʊɸɹ. 12. ʈʘʜʦʚʠ [14] ʠ [17] ʜʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʿ ʝʜʘʥ ʬʦʪʦʥʘʧʦʥʩʢʠ ʤʦʜʫʣ. ʈʘʜʦʚʠ [25] 

ʠ [38] ʙʘʚʝ ʩʝ ʧʨʦʛʥʦʟʘʤʘ ʟʘ ʚʠʰʝ ʣʦʢʘʮʠʿʘ, ʪʿ. ʟʘʿʝʜʥʠʯʢʠʤ ʧʨʦʛʥʦʟʘʤʘ ʟʘ ʛʨʫʧʝ ʛʝʦʛʨʘʬʩʢʠ 

ʙʣʠʩʢʠʭ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ; ʦʙʘ ʨʘʜʘ ʪʘʢʦʹʝ ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ 

ʝʣʝʢʪʨʘʥʝ. ʈʘʜʦʚʠ [7] ʠ [45] ʜʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʮʝʣʝ ʨʝʛʠʦʥʝ. 

ʊɸɹ. 12: ʆʙʫʭʚʘʪʠ ʧʨʦʛʥʦʟʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʆʙʫʭʚʘʪ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ʄʦʜʫʣ 2 (4%) [14], [17] 

ɻʨʫʧʘ ʝʣʝʢʪʨʘʥʘ 2 (4%) [25], [38] 

ʈʝʛʠʦʥ 2 (4%) [7], [45] 

ɱʝʜʥʘ ʝʣʝʢʪʨʘʥʘ 44 (88%) ʩʚʠ ʦʩʪʘʣʠ 

 

ʉʚʠ ʦʩʪʘʣʠ ʨʘʜʦʚʠ (44 ʨʘʜʘ, ʦʜʥ. 88%) ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʣʦʢʘʮʠʿʝ, ʪʿ. ʟʘ 

ʿʝʜʥʫ ʬʦʪʦʥʘʧʦʥʩʢʫ ʝʣʝʢʪʨʘʥʫ. ʅʝʢʠ ʨʘʜʦʚʠ ʢʦʨʠʩʪʝ ʧʦʜʘʪʢʝ ʠʟ ʩʫʩʝʜʥʠʭ ʝʣʝʢʪʨʘʥʘ ʜʘ ʙʠ 

ʧʦʙʦˀʰʘʣʠ ʨʝʟʫʣʪʘʪʝ [5], [31], ʘʣʠ ʮʠ ˀʿʝ ʠ ʜʘˀʝ ʿʝʜʥʘ ʣʦʢʘʮʠʿʘ ï ˁʠʭʦʚʝ ʧʨʦʛʥʦʟʝ ʜʘʪʝ ʩʫ ʟʘ 

ʧʦʿʝʜʠʥʘʯʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ. 

3.3.5 ˴͙ͦ͡;͙͔ͤ ͨ ͦ͒͊ͭ͊͊͟ 

ɿʘ ʤʝʪʦʜʝ ʚʦʹʝʥʝ ʧʦʜʘʮʠʤʘ, ʢʘʦ ʰʪʦ ʠ ʩʘʤʦ ʠʤʝ ʠʤʧʣʠʮʠʨʘ, ʢʚʘʣʠʪʝʪ ʠ ʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ 

ʧʦʜʘʪʘʢʘ ʩʫʰʪʠʥʩʢʠ ʩʫ ʚʘʞʥʠ. ʂʦʜ ʤʘʣʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʧʦʩʪʦʿʠ ʨʠʟʠʢ ʜʘ ʥʠʩʫ ʜʦʚʦˀʥʦ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ, h ʪʦ ʜʦʚʦʜʠ ʜʦ ʥʝʜʦʚʦˀʥʦʛ ʦʙʫʯʘʚʘˁʘ ʤʦʜʝʣʘ, ʜʦʢ ʚʝʣʠʢʠ ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ 

ʟʘʭʪʝʚʘʿʫ ʚʠʰʝ ʦʙʨʘʜʝ. ʀʧʘʢ, ʙʨʦʿ ʟʘʧʠʩʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʚʘʨʠʨʘ ʦʜ ʩʘʤʦ 

335 [1] ʜʦ ʩʢʦʨʦ 1,6 ʤʠʣʠʦʥʘ [35]. ɹʨʦʿ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʠ ʟʘʧʠʩʘ ʫ ˁ ʠʤʘ ʦʜʨʝʹʝʥ ʿ ʝ ʫʟʠʤʘʿʫ˂ʠ 

ʫ ʦʙʟʠʨ ʦʙʫʭʚʘʪ ʧʨʦʛʥʦʟʝ, ʪʿ. ʜʘ ʣʠ ʩʝ ʧʨʦʛʥʦʟʘ ʜʘʿʝ ʟʘ ʤʦʜʫʣ, ʿ ʝʜʥʫ ʝʣʝʢʪʨʘʥʫ, ʛʨʫʧʫ ʝʣʝʢʪʨʘʥʘ 

ʠʣʠ ʨʝʛʠʦʥ. ʅʧʨ. ʘʢʦ ʨʘʜ ʜʘʿʝ ʧʨʦʛʥʦʟʝ ʟʘ 5 ʧʦʿʝʜʠʥʘʯʥʠʭ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʢʦʨʠʩʪʠ 

ʟʘʿʝʜʥʠʯʢʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʩʘ ʧʦ 10 000 ʟʘʧʠʩʘ ʟʘ ʩʚʘʢʫ ʦʜ ʪʠʭ ʝʣʝʢʪʨʘʥʘ, ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʪʦ ʩʝ 

ʙʨʦʿʠ ʢʘʦ ʿʝʜʘʥ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʩʘ 10 000 ʟʘʧʠʩʘ, ʠʘʢʦ ʠʭ ʟʘʧʨʘʚʦ ʠʤʘ 50 000. ʄʝʹʫʪʠʤ, ʘʢʦ ʙʠ 

ʪʘʿ ʨʘʜ ʜʘʚʘʦ ʩʘʤʦ ʟʙʠʨʥʫ ʧʨʦʛʥʦʟʫ ʟʘ ʩʚʠʭ 5 ʝʣʝʢʪʨʘʥʘ, ʙʨʦʿ ʟʘʧʠʩʘ ʫ ʪʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʫ 

ʦʚʦʿ ʘʥʘʣʠʟʠ ʙʠʦ ʙʠ 50 000. 

ɸʥʘʣʠʟʠʨʘ ʩʝ ʙʨʦʿ ʟʘʧʠʩʘ ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ, ʟʘʪʦ h ʪʦ ʿ ʝ ʪʦ ʙʨʦʿ ʟʘʧʠʩʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʙʫʢʫ 

ʠ ʪʝʩʪʠʨʘˁʝ ʤʦʜʝʣʘ. ɿʘ ʥʝʢʝ ʨʘʜʦʚʝ, ʙʨʦʿ ʟʘʧʠʩʘ ʝʤʧʠʨʠʿʩʢʠ ʿʝ ʧʨʦʮʝˁʝʥ, ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ 

ʫʢʣʘˁʘˁʘ ʥʦ˂ʥʠʭ ʟʘʧʠʩʘ. ɹʨʦʿ ʟʘʧʠʩʘ ʧʦ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʜʘʪ ʿʝ ʫ ʊɸɹ. 13 ʠ ʥʘ ʉʃ. 47. ʆʜ 50 

ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ, 5 ʢʦʨʠʩʪʠ ʩʢʫʧʦʚʝ ʧʦʜʘʪʘʢʘ ʩʘ ʤʘˁʝ ʦʜ 2 000 ʟʘʧʠʩʘ: [1], [6], [8], [27] ʠ 

[34]. ʉʢʦʨʦ ʧʦʣʦʚʠʥʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʠʟʤʝʹʫ 10 000 ʠ 49 999 ʟʘʧʠʩʘ. 

ʇʨʦʩʝʯʘʥ ʙʨʦʿ ʟʘʧʠʩʘ ʫ ʢʦʨʠʰ˂ʝʥʠʤ ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ ʠʟʥʦʩʠ 104 431, ʘʣʠ ʤʝʜʠʿʘʥʘ ʿʝ 

ʤʥʦʛʦ ʤʘˁʘ ï 32 160. 

ʊɸɹ. 13: ɹʨʦʿ ʟʘʧʠʩʘ ʧʦ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɹʨʦʿ ʟʘʧʠʩʘ ɹʨʦʿ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʇʨʦʮʝʥʘʪ 

ʤʘˁʝ ʦʜ 2 000 5 8% 

2 000 ʜʦ 9 999 8 13% 

10 000 ʜʦ 49 999 30 49% 

50 000 ʜʦ 99 999 7 12% 

100 000 ʜʦ 499 999 8 13% 

500 000 ʠ ʚʠʰʝ 3 5% 
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ʉʃ. 47: ɹʨʦʿ ʟʘʧʠʩʘ ʧʦ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʆʚʘ ʘʥʘʣʠʟʘ ʥʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʫʪʠʮʘʿ ʪʝʭʥʠʢʘ ʢʘʦ ʰʪʦ ʩʫ k-ʩʪʨʫʢʘ ʫʥʘʢʨʩʥʘ ʚʘʣʠʜʘʮʠʿʘ (ʢʦʿʘ ʿʝ 

ʚʝʦʤʘ ʢʦʨʠʩʥʘ ʢʦʜ ʤʘʣʠʭ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ) ʠ ʢʣʠʟʥʠ ʧʨʦʟʦʨʠ, ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʙʨʦʿʥʠʤ 

ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʄʝʹʫʪʠʤ, ʦʧʰʪʘ ʧʨʝʧʦʨʫʢʘ ʦ ʚʝʣʠʯʠʥʠ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʩʘʩʚʠʤ ʿʝ 

ʦʯʠʛʣʝʜʥʘ ʠʟ ʪʘʙʝʣʝ ʠ ʩʘ ʩʣʠʢʝ. 

ʊɸɹ. 14 ʧʨʠʢʘʟʫʿʝ ʩʪʘʪʠʩʪʠʢʫ ʫ ʚʝʟʠ ʩʘ ʚʝʣʠʯʠʥʘʤʘ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʛʨʫʧʠʩʘʥʠʭ ʧʦ ʤʝʪʦʜʘʤʘ 

ʧʨʦʛʥʦʟʠʨʘˁʘ. ʊʘʙʝʣʘ ʿʝ ʩʦʨʪʠʨʘʥʘ ʧʦ ʧʨʦʩʝʯʥʦʤ ʙʨʦʿʫ ʟʘʧʠʩʘ, ʦʧʘʜʘʿʫ˂ʠʤ ʨʝʜʦʩʣʝʜʦʤ. ʅʧʨ. 

ʨʝʜ Ăɿʘʩʥʦʚʘʥʘ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠò ʫʢˀʫʯʫʿʝ CNN, GCN, TCN ʠ ˁʠʭʦʚʝ ʭʠʙʨʠʜʝ, Ăɿʘʩʥʦʚʘʥʘ ʥʘ 

ʪʨʘʥʩʬʦʨʤʝʨʫò ʪʘʢʦʹʝ ʫʢˀʫʯʫʿʝ ʠʥʬʦʨʤʝʨ ʠ ʭʠʙʨʠʜʝ ʦʙʘ, Ăɿʘʩʥʦʚʘʥʘ ʥʘ LSTM-ʫò ʫʢˀʫʯʫʿʝ 

ʦʩʥʦʚʥʫ, ʤʦʜʠʬʠʢʦʚʘʥʝ ʠ ʭʠʙʨʠʜʥʝ ʚʘʨʠʿʘʥʪʝ, ʠʪʜ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʫ ʩʢʦʨʦ ʩʚʝ ʤʝʪʦʜʝ 

ʢʦʨʠʰ˂ʝʥʝ ʠ ʟʘ ʤʘʣʝ ʠ ʟʘ ʚʝʣʠʢʝ ʩʢʫʧʦʚʝ ʧʦʜʘʪʘʢʘ ï ʥʠʿʝʜʥʘ ʦʜ ʤʝʪʦʜʘ ʥʝ ʠʩʪʠʯʝ ʩʝ ʢʘʦ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʘ ʠʣʠ ʥʝʧʨʠʢʣʘʜʥʘ ʟʘ ʥʝʢʫ ʢʘʪʝʛʦʨʠʿʫ ʚʝʣʠʯʠʥʝ. 

ʊɸɹ. 14: ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʚʝʣʠʯʠʥʘʤʘ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʧʦ ʤʝʪʦʜʘʤʘ ʧʨʦʛʥʦʟʠʨʘˁʘ 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʩʢʫʧʦʚʘ 

ʧʦʜʘʪʘʢʘ 

ʄʠʥ. ʄʘʢʩ. ʇʨʦʩʝʢ ʄʝʜʠʿʘʥʘ 

VAE 2 35 040 1 578 240 806 640,00 806 640 

ɿʘʩʥʦʚʘʥʝ ʥʘ ʪʨʘʥʩʬʦʨʤʝʨʫ 8 5 848 966 711 145 011,88 26 400 

ʌʠʟʠʯʢʝ 5 11 837 525 600 126 776,60 31 579 

ɿʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ 20 1 746 966 711 114 722,30 35 088 

ARMA ʠ ʩʣʠʯʥʝ 4 3 640 157 248 59 902,00 39 360 

ɿʘʩʥʦʚʘʥʝ ʥʘ LSTM-ʫ 32 366 420 768 58 712,94 32 640 

SVR 8 335 157 248 53 519,00 33 330 

ɿʘʩʥʦʚʘʥʝ ʥʘ GRU-ʫ 9 1 096 210 528 53 471,11 20 952 

ɿʘʩʥʦʚʘʥʝ ʥʘ RF-ʫ 7 335 131 616 34 655,29 19 728 

LR 6 335 105 792 32 110,67 21 998,5 

ɿʘʩʥʦʚʘʥʝ ʥʘ MLP-ʫ 15 335 105 792 28 464,13 29 232 

ɿʘʩʥʦʚʘʥʝ ʥʘ XGBoost-ʫ 3 1 461 49 247 28 402,67 34 500 

ɿʘʩʥʦʚʘʥʝ ʥʘ kNN-ʫ 3 17 520 34 500 23 916,00 19 728 

 

ʀʟʫʟʠʤʘʿʫ˂ʠ VAE, ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ ʩʘʤʦ ʫ ʿʝʜʥʦʤ ʨʘʜʫ [35], ʧʨʦʩʝʯʘʥ ʙʨʦʿ ʟʘʧʠʩʘ ʥʘʿʚʝ˂ʠ ʿʝ 

ʟʘ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʨʘʥʩʬʦʨʤʝʨʫ, ʘ ʟʘʪʠʤ ʩʣʝʜʝ ʬʠʟʠʯʢʝ ʠ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʢʦʥʚʦʣʫʮʠʿʠ. ʋ ʩʣʝʜʝ˂ʦʿ ʛʨʫʧʠ ʩʣʠʯʥʠʭ ʧʨʦʩʝʢʘ ʩʫ ARMA, LSTM, SVR ʠ GRU. ɻʨʫʧʫ ʤʝʪʦʜʘ 

ʩʘ ʥʘʿʤʘˁʠʤ ʧʨʦʩʝʮʠʤʘ ʯʠʥʝ RF, LR, MLP, XGBoost ʠ kNN. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʜʠʿʘʥʘ ʿʝ 

ʨʝʣʘʪʠʚʥʦ ʩʣʠʯʥʘ ʟʘ ʚʝ˂ʠʥʫ ʤʝʪʦʜʘ. ʊʨʝʙʘ ʩʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʩʪʘʪʠʩʪʠʢʝ ʟʘ LSTM ʠ GRU ʩʣʠʯʥʝ, 

ʰʪʦ ʿʝ ʦʯʝʢʠʚʘʥʦ. 
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3.3.6 ˤ͔͔͔ͪͣͤͫ͟ ͪ ͔ͦͯ͘͡ͼ͙͔͞ ͨ ͦ͒͊ͭ͊͊͟ 

ɱʦʰ ʿʝʜʘʥ ʚʘʞʘʥ ʘʩʧʝʢʪ ʧʦʜʘʪʘʢʘ ʿʝ ˁʠʭʦʚʘ ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʠʣʠ ʛʨʘʥʫʣʘʨʥʦʩʪ, ʪʿ. 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʫʟʘʩʪʦʧʥʠʭ ʟʘʧʠʩʘ ʫ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ. ɻʨʘʥʫʣʘʨʥʦʩʪ ʧʦʜʘʪʘʢʘ 

ʿʘʩʥʦ ʫʪʠʯʝ ʥʝ ʩʘʤʦ ʥʘ ʛʨʘʥʫʣʘʨʥʦʩʪ ʨʝʟʫʣʪʘʪʘ, ʚʝ˂ ʠ ʥʘ ʦʩʪʚʘʨʠʚʝ ʭʦʨʠʟʦʥʪʝ ʧʨʦʛʥʦʟʝ, ʧʨʠ 

ʯʝʤʫ ʩʫ ʪʘ ʜʚʘ ʮʠˀʘ ʩʫʧʨʦʪʩʪʘʚˀʝʥʘ. ʐʪʘʚʠʰʝ, ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʿʝ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ 

ʬʘʢʪʦʨʘ ʦʜ ʢʦʿʠʭ ʟʘʚʠʩʠ ʙʨʦʿ ʟʘʧʠʩʘ ʫ ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʧʨʦʩʪʦʨ ʧʦʪʨʝʙʘʥ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ, ʢʘʦ ʠ ʚʨʝʤʝ ʦʙʨʘʜʝ. ʉʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ ʥʝ ʧʦʿʘʚˀʫʿʫ ʩʝ ex nihilo ï ʩʚʠ ʪʠ ʧʦʜʘʮʠ 

ʤʦʨʘʿʫ ʙʠʪʠ ʠʟʤʝʨʝʥʠ, ʩʥʠʤˀʝʥʠ, ʠʟʨʘʯʫʥʘʪʠ ʠʣʠ ʧʨʠʢʫʧˀʝʥʠ ʥʘ ʥʝʢʠ ʜʨʫʛʠ ʥʘʯʠʥ, 

ʘʥʘʣʠʟʠʨʘʥʠ, ʧʨʝʜʦʙʨʘʹʝʥʠ, ʩʘʯʫʚʘʥʠ, ʠʪʜ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʪʨʝʙʘ ʥʘʧʨʘʚʠʪʠ ʢʦʤʧʨʦʤʠʩ 

ʠʟʤʝʹʫ ʧʦʪʨʝʙʥʠʭ ʨʝʩʫʨʩʘ ʠ ʞʝˀʝʥʝ ʚʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʧʨʘʢʪʠʯʥʝ ʧʦʪʨʝʙʝ. 

ʋ ʥʝʢʠʤ ʦʜ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ, ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʤʝˁʘ ʩʝ ʪʦʢʦʤ 

ʧʨʝʜʦʙʨʘʜʝ ʜʘ ʙʠ ʩʝ ʦʣʘʢʰʘʣʠ ʧʨʦʨʘʯʫʥʠ. ʋ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʘʥʘʣʠʟʠʨʘ ʩʝ ʨʝʟʦʣʫʮʠʿʘ 

ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ, ʟʘʪʦ h ʪʦ ʩʝ ʪʘ ʨʝʟʦʣʫʮʠʿʘ ʢʦʨʠʩʪʠ ʟʘ ʦʙʫʢʫ ʠ ʪʝʩʪʠʨʘˁʝ ʤʦʜʝʣʘ. ʅʧʨ. ʫ [16], 

ʠʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʫʟʦʨʘʢʘ ʫ ʦʨʠʛʠʥʘʣʥʠʤ (ʩʠʨʦʚʠʤ) ʧʦʜʘʮʠʤʘ ʿʝ 15 ʤʠʥʫʪʘ, ʘʣʠ ʟʘ ʦʙʫʢʫ ʠ 

ʪʝʩʪʠʨʘˁʝ ʧʨʠʤʝˁʫʿʫ ʩʝ ʧʨʦʩʝʮʠ ʟʘ 1 ʩʘʪ; ʟʙʦʛ ʪʦʛʘ, ʨʝʟʦʣʫʮʠʿʘ ʪʠʭ ʧʦʜʘʪʘʢʘ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʿʝ 

1 ʩʘʪ. 

ʊɸɹ. 15: ɺʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɺʨʝʤʝʥʩʢʘ 

ʨʝʟʦʣʫʮʠʿʘ 

ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

1 ʤʠʥ 3 (5%) [14], [26], [35] 

5 ʤʠʥ 11 (18,33%) [5], [10], [17], [24], [30], [31], [41], [42], [44], [46], [48] 

15 ʤʠʥ 18 (30%) [1], [2], [4], [8], [11], [15], [18], [20], [21], [22], [23], [25], 

[29], [31], [32], [35], [36], [45] 

30 ʤʠʥ 1 (1,67%) [50] 

1 ʩʘʪ 20 (33,33%) [1], [3], [5], [7], [9], [12], [13], [16], [19], [23], [25], [28], 

[33], [37], [38], [39], [40], [42], [47], [49] 

3 ʩʘʪʘ 3 (5%) [8], [25], [28] 

1 ʜʘʥ 4 (6,67%) [1], [6], [27], [34] 

 
ʉʃ. 48: ɺʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʈʝʟʠʤʝ ʚʨʝʤʝʥʩʢʠʭ ʨʝʟʦʣʫʮʠʿʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʠʢʘʟʘʥ ʿ ʝ ʫ ʊɸɹ. 15 ʠ ʥʘ ʉʃ. 48. ʅʝʢʠ ʨʘʜʦʚʠ 

ʩʧʦʤʠˁʫ ʩʝ ʚʠʰʝ ʧʫʪʘ ʫ ʪʘʙʝʣʠ ʿʝʨ ʢʦʨʠʩʪʝ ʧʦʜʘʪʢʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʨʝʟʦʣʫʮʠʿʘʤʘ 

(ʥʧʨ. ʨʘʟʣʠʯʠʪʠ ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ, ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʧʦʜʘʪʘʢʘ, ʨʘʟʣʠʯʠʪʠ ʠʟʚʦʨʠ ʧʦʜʘʪʘʢʘ). ʋ 

ʥʝʢʠʤ ʜʨʫʛʠʤ ʨʘʜʦʚʠʤʘ, ʨʝʟʦʣʫʮʠʿʘ ʩʝ ʥʝ ʩʧʦʤʠˁʝ ʠ ʥʝ ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ. ʋʢʫʧʘʥ ʙʨʦʿ 

ʨʝʬʝʨʝʥʮʠ ʫ ʪʘʙʝʣʠ ʿ ʝ 60. ʆʯʠʛʣʝʜʥʦ ʿ ʝ ʜʘ ʿ ʝ ʥʘʿʯʝʰ˂ʘ ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ 



ʇʦʛʣʘʚˀʝ 3 ʇʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ 

64 

ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 1 ʩʘʪ (ʢʦʨʠʰ˂ʝʥʘ ʫ 20 ʨʘʜʦʚʘ), ʟʘʪʠʤ 15 ʤʠʥʫʪʘ (18 ʨʘʜʦʚʘ) ʠ 

5 ʤʠʥʫʪʘ (11 ʨʘʜʦʚʘ). 

3.3.7 ͙͙̆ͦͪͦͤͭ͘ ͨ ͎͔ͪͦͤͦ͘ 

ʇʦʨʝʜ ʪʘʯʥʦʩʪʠ, ʭʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʝ (ʪʿ. ʚʨʝʤʝʥʩʢʘ ʫʜʘˀʝʥʦʩʪ ʫ ʙʫʜʫ˂ʥʦʩʪ ʟʘ ʢʦʿʫ ʩʝ ʧʨʦʛʥʦʟʘ 

ʧʨʘʚʠ, ʦʜʥ. ʠʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʪʨʝʥʫʪʢʘ ʥʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʧʦʩʣʝʜˁʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ 

ʠ ʪʨʝʥʫʪʢʘ ʥʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʧʨʦʛʥʦʟʘ) ʚʝʨʦʚʘʪʥʦ ʿʝ ʥʘʿʚʘʞʥʠʿʘ ʦʩʦʙʠʥʘ ʙʠʣʦ ʢʦʛ ʤʦʜʝʣʘ ʢʦʿʠ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. ʆʯʝʢʠʚʘʥʦ ʿʝ ʜʘ ʪʘʯʥʦʩʪ 

ʦʧʘʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʭʦʨʠʟʦʥʪʘ. ʊʠʧʠʯʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʦʛʥʦʟʘ ʧʦ ʭʦʨʠʟʦʥʪʫ ʫ ʧʦʩʤʘʪʨʘʥʦʿ 

ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʜʘʪʘ ʿ ʝ ʫ ʊɸɹ. 16 [2], [34]. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʿ ʝ ʦʯʠʛʣʝʜʥʦ ʧʨʠʣʠʯʥʦ h ʠʨʦʢʘ 

ʠ ʨʘʟʣʠʢʫʿʝ ʩʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʠʟʚʦʨʠʤʘ; ʫ ʪʘʙʝʣʠ ʩʫ ʜʘʪʘ ʜʚʘ ʤʦʛʫ˂ʘ ʠʥʪʝʨʚʘʣʘ ʟʘ ʩʨʝʜˁʦʨʦʯʥʝ 

ʧʨʦʛʥʦʟʝ, ʢʘʦ ʧʦʢʫʰʘʿ ʜʘ ʩʝ ʧʦʤʠʨʝ ʪʝ ʨʘʟʣʠʢʝ. ʌʦʢʫʩ ʿʝ ʥʘ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʥʘʤʘ, ʰʪʦ 

ʫʟʨʦʢʫʿʝ ʧʨʘʟʥʠʥʝ ʫ ʫʢˀʫʯʝʥʠʤ ʭʦʨʠʟʦʥʪʠʤʘ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʫ ʨʘʟʣʠʯʠʪʠ ʭʦʨʠʟʦʥʪʠ 

ʧʨʦʛʥʦʟʝ ʦʧʪʠʤʘʣʥʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʦʨʠʩʥʠʢʝ: ʦʧʝʨʘʪʝʨʝ ʤʨʝʞʝ, ʚʣʘʩʥʠʢʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ 

ʧʦʩʪʨʦʿʝˁʘ, ʚʣʘʜʝ ʠʪʜ. 

ʊɸɹ. 16: ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʦʛʥʦʟʘ ʧʦ ʭʦʨʠʟʦʥʪʫ 

ʂʘʪʝʛʦʨʠʿʘ 

ʧʨʦʛʥʦʟʝ 

ʍʦʨʠʟʦʥʪ ʇʨʠʤʝʥʝ 

ɺʝʦʤʘ 

ʢʨʘʪʢʦʨʦʯʥʘ 

ɼʦ 1 ʩʘʪʘ ʉʪʘʙʠʣʥʦʩʪ ʤʨʝʞʝ, ʨʝʛʫʣʘʮʠʿʘ ʩʥʘʛʝ ʠ ʥʘʧʦʥʘ 

(Ăʠʟʛʣʘʹʠʚʘˁʝò), ʜʠʩʧʝʯʝʨʩʢʠ ʨʘʜ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ 

ʂʨʘʪʢʦʨʦʯʥʘ ʆʜ 1 ʩʘʪʘ ʜʦ 1 ʜʘʥʘ ɹʝʟʙʝʜʥʦʩʪ ʤʨʝʞʝ, ʫʧʨʘʚˀʘˁʝ ʨʝʟʝʨʚʘʤʘ ʩʥʘʛʝ, 

ʦʧʪʠʤʘʣʥʦ ʘʥʛʘʞʦʚʘˁʝ ʨʝʩʫʨʩʘ, ʝʚʘʣʫʘʮʠʿʘ 

ʢʫʧʦʧʨʦʜʘʿʥʠʭ ʫʛʦʚʦʨʘ 

ʉʨʝʜˁʦʨʦʯʥʘ ʆʜ 7 ʜʦ 30 ʜʘʥʘ 

(ʠʣʠ ʦʜ 30 ʜʘʥʘ ʜʦ 

1 ʛʦʜʠʥʝ) 

ʆʧʝʨʘʪʠʚʥʦ ʧʣʘʥʠʨʘˁʝ, ʟʘʢʘʟʠʚʘˁʝ ʦʜʨʞʘʚʘˁʘ 

ɼʫʛʦʨʦʯʥʘ ʇʨʝʢʦ 1 ʛʦʜʠʥʝ ʇʣʘʥʠʨʘˁʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ 

 

ʈʘʜʦʚʠ ʫ ʢʦʿʠʤʘ ʩʝ ʭʦʨʠʟʦʥʪ ʥʠʿʝ ʤʦʛʘʦ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʦʜʨʝʜʠʪʠ, ʟʙʦʛ ʪʦʛʘ h ʪʦ ʥʠʿʝ ʩʧʦʤʝʥʫʪ 

ʠʣʠ ʿʝ ʥʝʿʘʩʘʥ ʠʣʠ ʩʫʤˁʠʚ, ʠʟʦʩʪʘʚˀʝʥʠ ʩʫ ʠʟ ʦʚʝ ʘʥʘʣʠʟʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ 

ʦʧʠʩʘʥʦ, ʥʝʢʠ ʨʘʜʦʚʠ ʧʦʿʘʚˀʫʿʫ ʩʝ ʚʠʰʝ ʧʫʪʘ ʫ ʪʘʙʝʣʘʤʘ. 

ʋ ʊɸɹ. 17 ʠ ʥʘ ʉʃ. 49 ʧʨʠʢʘʟʘʥʠ ʩʫ ʤʘʢʩʠʤʘʣʥʠ ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʢʦʨʠʰ˂ʝʥʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ, ʠʟʨʘʞʝʥʠ ʫ ʚʨʝʤʝʥʩʢʠʤ ʿʝʜʠʥʠʮʘʤʘ. ʋʙʝʜˀʠʚʦ ʥʘʿʯʝʰ˂ʠ ʤʘʢʩʠʤʘʣʥʠ ʭʦʨʠʟʦʥʪ, 

ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ 18 ʨʘʜʦʚʘ, ʜʘʿʝ ʧʨʦʛʥʦʟʝ ʟʘ 1 ʜʘʥ ʫʥʘʧʨʝʜ. ʊʦ ʿʝ ʩʘʩʚʠʤ ʦʯʝʢʠʚʘʥʦ, ʩ ʦʙʟʠʨʦʤ 

ʥʘ ʪʦ ʰʪʦ ʫ ʤʥʦʛʠʤ ʟʝʤˀʘʤʘ ʧʨʦʠʟʚʦʹʘʯʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʤʦʨʘʿʫ ʜʘ ʩʝ ʧʨʠʜʨʞʘʚʘʿʫ 

ʟʘʭʪʝʚʘ ʪʨʞʠʰʪʘ ʠ ʰʘˀʫ ʩʚʦʿʝ ʧʨʦʛʥʦʟʝ ʦʧʝʨʘʪʝʨʠʤʘ ʤʨʝʞʝ ʟʘ 1 ʜʘʥ ʫʥʘʧʨʝʜ. ʆʩʪʘʣʠ 

ʧʦʿʝʜʠʥʘʯʥʠ ʭʦʨʠʟʦʥʪʠ ʢʦʿʝ ʪʨʝʙʘ ʩʧʦʤʝʥʫʪʠ ʩʫ 5 ʠ 15 ʤʠʥʫʪʘ, 1 ʩʘʪ ʠ 7 ʜʘʥʘ ʫʥʘʧʨʝʜ; ʩʚʠ ʩʫ 

ʧʨʠʤʝˁʝʥʠ ʫ ʧʦ 3 ʜʦ 4 ʨʘʜʘ. (ʈʘʩʧʦʥ ʦʜ 1,5 ʜʦ 6 ʩʘʪʠ ʩʘʜʨʞʠ 10 ʨʘʜʦʚʘ, ʘʣʠ ʟʘ 7 ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʭʦʨʠʟʦʥʘʪʘ ʦʜ ʢʦʿʠʭ ʿ ʝ ʩʚʘʢʠ ʢʦʨʠʰ˂ʝʥ ʫ ʧʦ 1 ʜʦ 2 ʨʘʜʘ.) ʊʘʙʝʣʘ ʩʘʜʨʞʠ ʫʢʫʧʥʦ 49 ʨʝʬʝʨʝʥʮʠ. 

ʀʟ ʪʘʙʝʣʝ ʿʝ ʪʘʢʦʹʝ ʦʯʠʛʣʝʜʥʦ ʜʘ ʩʘʤʦ ʤʘʣʠ ʙʨʦʿ ʨʘʜʦʚʘ ʠʩʪʨʘʞʫʿʝ ʜʫʞʝ ʭʦʨʠʟʦʥʪʝ. ʅʘʿʜʫʞʠ 

ʭʦʨʠʟʦʥʪ ʫʢˀʫʯʝʥ ʫ ʦʚʫ ʘʥʘʣʠʟʫ ʿ ʝ 60 ʜʘʥʘ ʫʥʘʧʨʝʜ [34], ʘ ʩʘʤʦ ʿ ʦʰ 2 ʨʘʜʘ ʙʘʚʝ ʩʝ ʭʦʨʠʟʦʥʪʠʤʘ 

ʜʫʞʠʤ ʦʜ 7 ʜʘʥʘ ʫʥʘʧʨʝʜ [37], [39]. ʊʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʩʝ ʪʝʭʥʦʣʦʛʠʿʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʚʝʣʠʢʦʿ ʚʝ˂ʠʥʠ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ, ʩʤʘʪʨʘ ʥʝʧʨʠʢʣʘʜʥʦʤ 

ʟʘ ʜʫʛʦʨʦʯʥʝ ʧʨʦʛʥʦʟʝ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʩʫ ʩʝ ʠʩʪʨʘʞʠʚʘʯʠ ʬʦʢʫʩʠʨʘʣʠ ʥʘ 

ʜʥʝʚʥʝ ʧʦʪʨʝʙʝ ʧʨʦʠʟʚʦʹʘʯʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʦʧʝʨʘʪʝʨʘ ʤʨʝʞʝ. ʄʝʹʫʪʠʤ, ʜʫʛʦʨʦʯʥʦ 

ʧʨʦʛʥʦʟʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʩʚʘʢʘʢʦ ʿʝ ʦʙʣʘʩʪ ʢʦʿʫ ʪʨʝʙʘ ʜʝʪʘˀʥʠʿʝ 

ʠʩʧʠʪʘʪʠ ʫ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. 
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ʊɸɹ. 17: ʄʘʢʩʠʤʘʣʥʠ ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʠʟʨʘʞʝʥʠ ʫ ʚʨʝʤʝʥʩʢʠʤ ʿʝʜʠʥʠʮʘʤʘ 

ʍʦʨʠʟʦʥʪ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

5 ʤʠʥ 3 (6,12%) [17], [30], [46] 

15 ʤʠʥ 4 (8,16%) [26], [35], [36], [41] 

30-45 ʤʠʥ 2 (4,08%) [43], [44] 

1 ʩʘʪ 4 (8,16%) [8], [21], [24], [49] 

1,5-6 ʩʘʪʠ 10 (20,41%) [2], [5], [11], [16], [25], [31], [35], [45], [48], [50] 

12 ʩʘʪʠ 1 (2,04%) [42] 

1 ʜʘʥ 18 (36,73%) [1], [3], [4], [6], [9], [12], [13], [15], [18], [20], [23], [27], [29], [33], 

[38], [40], [42], [47] 

3-7 ʜʘʥʘ 4 (8,16%) [1], [5], [7], [28] 

10-14 ʜʘʥʘ 2 (4,08%) [37], [39] 

60 ʜʘʥʘ 1 (2,04%) [34] 

 
ʉʃ. 49: ʄʘʢʩʠʤʘʣʥʠ ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʠʟʨʘʞʝʥʠ ʫ ʚʨʝʤʝʥʩʢʠʤ ʿʝʜʠʥʠʮʘʤʘ 

ʐʪʦ ʩʝ ʪʠʯʝ ʤʘʢʩʠʤʘʣʥʦʛ ʙʨʦʿʘ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ, ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʢʨʝ˂ʫ ʩʝ ʦʜ 1 ʜʦ 336, ʢʘʦ h ʪʦ ʿ ʝ ʧʨʠʢʘʟʘʥʦ ʫ ʊɸɹ. 18. ʋʢʦʣʠʢʦ ʥʠʿʝ ʝʢʩʧʣʠʮʠʪʥʦ ʥʘʚʝʜʝʥ ʫ ʨʘʜʫ, 

ʙʨʦʿ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ ʠʟʨʘʯʫʥʘʪ ʿʝ ʢʘʦ ʢʦʣʠʯʥʠʢ ʭʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʝ (ʠʟʨʘʞʝʥʦʛ ʢʘʦ ʚʨʝʤʝ) ʠ 

ʫʣʘʟʥʝ ʚʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ; ʧʨʠ ʪʦʤʝ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʿʝ ʠʟʣʘʟʥʘ ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ 

ʠʩʪʘ ʢʘʦ ʫʣʘʟʥʘ, ʰʪʦ ʿʝ ʩʢʦʨʦ ʫʚʝʢ ʩʣʫʯʘʿ. ʂʦʨʠʰ˂ʝʥʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘ ʥʝ ʠʤʧʣʠʮʠʨʘ ʪʝʭʥʠʢʝ 

ʢʦʿʝ ʫʧʦʪʨʝʙˀʝʥʝ ʠʟʨʘʜʫ ʧʨʦʛʥʦʟʘ ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ; ʛʝʥʝʨʘʣʥʦ, ʠʪʝʨʘʪʠʚʥʠ 

ʧʨʠʩʪʫʧ ʥʠʿʝ ʧʦʛʦʜʘʥ ʟʘ ʪʦ ʟʙʦʛ ʘʢʫʤʫʣʘʮʠʿʝ ʛʨʝʰʘʢʘ. ʅʘʿʯʝʰ˂ʠ ʧʦʿʝʜʠʥʘʯʥʠ ʤʘʢʩʠʤʘʣʥʠ 

ʙʨʦʿʝʚʠ ʢʦʨʘʢʘ ʩʫ ʩʣʝʜʝ˂ʠ: 

¶ 24 ʢʦʨʘʢʘ (12 ʨʘʜʦʚʘ, ʦʙʠʯʥʦ ʟʘ ʧʨʦʛʥʦʟʫ ʟʘ 1 ʜʘʥ ʫʥʘʧʨʝʜ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʦʜ 1 ʩʘʪʘ), 

¶ 96 ʢʦʨʘʢʘ (7 ʨʘʜʦʚʘ, ʦʙʠʯʥʦ ʟʘ ʧʨʦʛʥʦʟʫ ʟʘ 1 ʜʘʥ ʫʥʘʧʨʝʜ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʦʜ 15 ʤʠʥʫʪʘ), ʠ 

¶ 1 ʢʦʨʘʢ (7 ʨʘʜʦʚʘ). 

ʊɸɹ. 18: ʄʘʢʩʠʤʘʣʥʠ ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʠʟʨʘʞʝʥʠ ʙʨʦʿʝʤ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ 

ɹʨʦʿ ʢʦʨʘʢʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

1 7 (14%) [6], [17], [27], [30], [36], [46], [49] 

3-9 8 (16%) [1], [2], [8], [16], [21], [41], [44], [50] 

12-16 6 (12%) [11], [24], [26], [31], [35], [45] 

24 12 (24%) [1], [3], [9], [12], [13], [23], [25], [33], [38], [40], [42], [47] 

48-72 5 (10%) [5], [7], [31], [34], [48] 

96 7 (14%) [1], [4], [15], [18], [20], [23], [29] 

144-336 5 (10%) [5], [28], [37], [39], [42] 
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ʅʘʿʚʝ˂ʠ ʙʨʦʿ ʢʦʨʘʢʘ, 336 [39], ʦʜʛʦʚʘʨʘ ʧʨʦʛʥʦʟʠ ʟʘ 14 ʜʘʥʘ ʫʥʘʧʨʝʜ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʦʜ 1 ʩʘʪʘ. 

ʉʚʝʛʘ ʿʦʰ 4 ʨʘʜʘ ʙʘʚʝ ʩʝ ʧʨʦʛʥʦʟʘʤʘ ʟʘ ʚʠʰʝ ʦʜ 100 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ: 144 [42], 168 [5], [28] ʠ 

240 ʢʦʨʘʢʘ [37]. ʊʦ ʿʝ ʦʯʝʢʠʚʘʥʦ, ʧʦʰʪʦ ʪʘʯʥʦʩʪ ʩʢʦʨʦ ʫʚʝʢ ʦʧʘʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʢʦʨʘʢʘ 

ʫʥʘʧʨʝʜ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʦʧʠʩʘʥʦ, ʥʝʢʠ ʨʘʜʦʚʠ ʥʠʩʫ ʥʘʚʝʜʝʥʠ ʫ ʪʘʙʝʣʠ, ʜʦʢ ʩʫ ʥʝʢʠ ʩʧʦʤʝʥʫʪʠ 

ʚʠʰʝ ʧʫʪʘ; ʤʝʹʫʪʠʤ, ʥʝʥʘʤʝʨʥʦ ʩʝ ʠʩʧʦʩʪʘʚʠʣʦ ʜʘ ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʫ ʪʘʙʝʣʠ ʿʝʜʥʘʢ 

ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ, ʪʿ. 50. 

ʋ ʊɸɹ. 19 ʧʨʝʜʩʪʘʚˀʝʥ ʿ ʝ ʨʝʟʠʤʝ ʩʚʠʭ (ʥʝ ʩʘʤʦ ʤʘʢʩʠʤʘʣʥʠʭ) ʭʦʨʠʟʦʥʘʪʘ ʧʨʦʛʥʦʟʝ ʢʦʨʠʰ˂ʝʥʠʭ 

ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʄʦʪʠʚʘʮʠʿʘ ʟʘ ʪʘʢʚʫ ʪʘʙʝʣʫ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʤʘʢʩʠʤʘʣʥʠ 

ʭʦʨʠʟʦʥʪʠ ʩʘʤʠ ʟʘ ʩʝʙʝ ʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʰʠʨʠʥʫ ʠʩʪʨʘʞʠʚʘˁʘ. ɺʝ˂ʠʥʘ ʨʘʜʦʚʘ 

ʜʘʿʝ ʨʝʟʫʣʪʘʪʝ ʩʘʤʦ ʟʘ ʿʝʜʘʥ ʭʦʨʠʟʦʥʪ ʠʣʠ ʟʘ ʥʝʢʦʣʠʢʦ ʜʠʩʢʨʝʪʥʠʭ ʭʦʨʠʟʦʥʘʪʘ, ʘʣʠ ʥʝʢʠ 

ʠʩʪʨʘʞʫʿʫ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʭʦʨʠʟʦʥʘʪʘ ʫ ʰʠʨʦʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ, ʥʧʨ. ʦʜ 5 ʤʠʥʫʪʘ ʜʦ 6 ʩʘʪʠ 

ʩʘ ʢʦʨʘʢʦʤ ʦʜ 5 ʤʠʥʫʪʘ [5], ʦʜ 1 ʩʘʪʘ ʜʦ 10 ʜʘʥʘ ʩʘ ʢʦʨʘʢʦʤ ʦʜ 1 ʩʘʪʘ [37], ʠʣʠ 8 ʜʠʩʢʨʝʪʥʠʭ 

ʭʦʨʠʟʦʥʘʪʘ ʫ ʨʘʩʧʦʥʫ ʦʜ 1 ʩʘʪʘ ʜʦ 14 ʜʘʥʘ [39]. ʈʘʜʦʚʠ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʥʝʢʦʣʠʢʦ ʨʝʜʦʚʘ 

ʪʘʙʝʣʝ ʜʘʿʫ ʨʝʟʫʣʪʘʪʝ ʟʘ ʰʠʨʠ ʩʢʫʧ ʭʦʨʠʟʦʥʘʪʘ. ʋ ʪʘʙʝʣʠ ʿʝ ʥʘʚʝʜʝʥʦ ʫʢʫʧʥʦ 97 ʨʝʬʝʨʝʥʮʠ. 

ɱʦʰ ʿʝʜʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʘ ʩʝ ʥʠʿʝ ʤʦʛʣʘ ʚʠʜʝʪʠ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʪʘʙʝʣʘ ʿʝʩʪʝ ʜʘ ʥʝʢʠ ʨʘʜʦʚʠ 

ʠʩʪʨʘʞʫʿʫ ʧʨʦʛʥʦʟʝ ʩʘ ʚʝʦʤʘ ʢʨʘʪʢʠʤ ʭʦʨʠʟʦʥʪʠʤʘ, ʧʦʟʥʘʪʠʤ ʢʘʦ nowcasts [26], [35]. ʂʘʦ ʠ ʫ 

ʧʨʝʪʭʦʜʥʠʤ ʪʘʙʝʣʘʤʘ, ʥʘʿʯʝʰ˂ʠ ʧʦʿʝʜʠʥʘʯʥʠ ʭʦʨʠʟʦʥʪʠ ʩʫ 1 ʜʘʥ (ʿʘʚˀʘʿʫ ʩʝ ʫ 22 ʨʘʜʘ), 1 ʩʘʪ 

(16 ʨʘʜʦʚʘ) ʠ 15 ʤʠʥʫʪʘ ʫʥʘʧʨʝʜ (14 ʨʘʜʦʚʘ). ʉʘʤʦ 7 ʨʘʜʦʚʘ ʫʢˀʫʯʝʥʠʭ ʫ ʦʚʫ ʘʥʘʣʠʟʫ 

ʠʩʪʨʘʞʫʿʝ ʭʦʨʠʟʦʥʪʝ ʧʨʦʛʥʦʟʝ ʜʫʞʝ ʦʜ 1 ʜʘʥʘ ʫʥʘʧʨʝʜ. 

ʊɸɹ. 19: ʋʢˀʫʯʝʥʠ ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʠʟʨʘʞʝʥʠ ʫ ʚʨʝʤʝʥʩʢʠʤ ʿʝʜʠʥʠʮʘʤʘ 

ʍʦʨʠʟʦʥʪ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

< 5 ʤʠʥ 2 (2,06%) [26], [35] 

5-10 ʤʠʥ 8 (8,25%) [5], [17], [30], [35], [41], [42], [44], [46] 

15 ʤʠʥ 14 (14,43%) [1], [2], [5], [11], [20], [23], [25], [26], [31], [35], [36], [41], 

[44], [45] 

20-55 ʤʠʥ 8 (8,25%) [5], [11], [25], [35], [43], [44], [45], [50] 

1 ʩʘʪ 16 (16,49%) [1], [5], [8], [11], [16], [21], [23], [24], [25], [35], [37], [39], 

[42], [45], [49], [50] 

65 ʤʠʥ ï 6 ʩʘʪʠ 14 (14,43%) [2], [5], [9], [11], [16], [25], [31], [35], [37], [39], [42], [45], 

[48], [50] 

7-23 ʩʘʪʘ 4 (4,12%) [9], [37], [39], [42] 

1 ʜʘʥ 22 (22,68%) [1], [3], [4], [5], [6], [7], [9], [12], [13], [15], [18], [20], [23], 

[27], [29], [33], [37], [38], [39], [40], [42], [47] 

25 ʩʘʪʠ ï 7 ʜʘʥʘ 6 (6,19%) [1], [5], [7], [28], [37], [39] 

10-14 ʜʘʥʘ 2 (2,06%) [37], [39] 

30-60 ʜʘʥʘ 1 (1,03%) [34] 

ʊɸɹ. 20: ʄʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʨʠʰ˂ʝʥʝ ʟʘ 96 ʠʣʠ ʚʠʰʝ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ 

ʫ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʨʘʜʘ 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ɿʘʩʥʦʚʘʥʝ ʥʘ MLP-ʫ 5 [1], [4], [18], [23], [29] 

ɿʘʩʥʦʚʘʥʝ ʥʘ LR-ʫ 4 [1], [4], [29], [39] 

ɿʘʩʥʦʚʘʥʝ ʥʘ LSTM-ʫ 4 [20], [23], [39], [42] 

ɿʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ 3 [5], [28], [37] 

ʌʠʟʠʯʢʝ 3 [5], [15], [18] 

ɿʘʩʥʦʚʘʥʝ ʥʘ ʠʥʬʦʨʤʝʨʫ 2 [37], [39] 

RF 2 [1], [4] 

SVR 2 [1], [4] 

ɿʘʩʥʦʚʘʥʝ ʥʘ XGBoost-ʫ 2 [4], [23] 
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ʋ ʊɸɹ. 20 ʜʘʪ ʿʝ ʩʧʠʩʘʢ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 96 ʠʣʠ ʚʠʰʝ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ ʫ 

ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʨʘʜʘ. ʍʠʙʨʠʜʥʘ ʠ ʘʥʩʘʤʙʣ ʨʝʰʝˁʘ ʫ ʪʦʿ ʪʘʙʝʣʠ ʩʫ ʨʘʟʣʦʞʝʥʘ ʥʘ ʧʦʿʝʜʠʥʘʯʥʝ 

ʤʝʪʦʜʝ; ʥʧʨ. ʨʝʜ Ăʟʘʩʥʦʚʘʥʘ ʥʘ LSTM-ʫò ʩʘʜʨʞʠ ʩʪʘʚʢʝ ʥʝ ʩʘʤʦ ʟʘ ʦʩʥʦʚʥʫ ʤʝʪʦʜʫ, ʚʝ˂ ʠ ʟʘ 

ʤʦʜʠʬʠʢʦʚʘʥʘ ʠ ʭʠʙʨʠʜʥʘ ʨʝʰʝˁʘ. ʄʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ (CNN, GCN ʠ TCN) 

ʩʧʦʿʝʥʝ ʩʫ ʫ ʪʘʙʝʣʠ. 

ɼʦʥʝʢʣʝ ʿʝ ʠʟʥʝʥʘʹʫʿʫ˂ʝ ʰʪʦ ʿʝ LR, ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ ʤʝʪʦʜʘ ʦʜ ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʝʣʠ, ʠ 

ʛʝʥʝʨʘʣʥʦ ʥʝ ʙʘʰ ʧʨʝʮʠʟʥʘ, ʥʘ ʜʝʦʙʠ ʜʨʫʛʦʛ ʤʝʩʪʘ. ʄʦʞʜʘ ʿ ʝ ʧʦʧʫʣʘʨʥʘ ʫ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʟʙʦʛ ʩʚʦʿʝ ʙʨʟʠʥʝ. ʋ [39], ʪʘ ʤʝʪʦʜʘ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʩʣʘʙ ʤʝʪʘʤʦʜʝʣ ʫ ʩʪʝʢʦʚʘʥʦʤ ʘʥʩʘʤʙʣʫ. 

ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʩʫ ʬʠʟʠʯʢʝ ʤʝʪʦʜʝ ʧʦʛʦʜʥʝ ʟʘ ʜʫʞʝ ʭʦʨʠʟʦʥʪʝ. ʀʥʬʦʨʤʝʨ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ 2 ʨʘʜʘ 

ʫ ʪʘʙʝʣʠ, ʘʣʠ ʫʧʨʘʚʦ ʪʘ 2 ʨʘʜʘ ʜʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ. ʉʚʝ ʤʝʪʦʜʝ ʢʦʿʝ 

ʩʫ ʧʨʠʤʝˁʝʥʝ ʟʘ ʚʠʰʝ ʦʜ 100 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʠʙʨʠʜʥʘ ʠʣʠ ʘʥʩʘʤʙʣ ʨʝʰʝˁʘ: 

¶ ʥʘʩʣʘʛʘʥʠ ʘʥʩʘʤʙʣ LSTM-ʘ ʠ ʠʥʬʦʨʤʝʨʘ ʢʘʦ ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʘ ʠ LR-ʘ ʢʘʦ 

ʤʝʪʘʤʦʜʝʣʘ ï 336 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ [39] 

¶ ʭʠʙʨʠʜ GCN-ʠʥʬʦʨʤʝʨ ï 240 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ [37] 

¶ ʭʠʙʨʠʜ GRU-CNN ï 168 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ [28] 

¶ ʭʠʙʨʠʜ TCN-ʬʠʟʠʯʢʠ ï 168 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ [5] 

¶ ʭʠʙʨʠʜ NARX-LSTM ï 144 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ [42]. 

3.3.8 ˤ͔ͪͫͭ ͯ ͙͊ͤ͘͡ͻ ͨ ͦ͒͊ͭ͊͊͟ 

ʈʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʥʘʚʝʜʝʥʝ ʩʫ ʫ ʊɸɹ. 21 ʠ 

ʥʘ ʉʃ. 50. 

 
ʉʃ. 50: ɺʨʩʪʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʇʦʰʪʦ ʿʝ ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʤʦʜʫʣʘ ʮʠˀʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫ ʩʚʠʤ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ, ʠʩʪʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʪʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʨʠʩʪʝ ʩʝ ʫ ʩʚʠʤ ʨʘʜʦʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʙʘʨ ʟʘ ʤʠʥʠʤʠʟʦʚʘˁʝ ʛʨʝʰʘʢʘ ʪʦʢʦʤ ʦʙʫʢʝ, ʘ ʯʝʩʪʦ ʠ ʢʘʦ 

ʫʣʘʟʥʦ ʦʙʝʣʝʞʿʝ. ʇʨʠʤʝˁʝʥʝ ʩʫ ʯʘʢ ʠ ʫ ʿʝʜʥʦʤ ʦʜ ʜʚʘ ʧʨʝʛʣʝʜʘʥʘ ʨʘʜʘ ʫ ʢʦʿʠʤʘ ʩʝ ʥʝ ʢʦʨʠʩʪʠ 

ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ, ʟʘ ʩʣʠʯʥʫ ʩʚʨʭʫ ï ʢʘʣʠʙʨʘʮʠʿʫ ʣʘʥʘʮʘ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ [15]. ʈʘʜ ʫ ʢʦʤ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʠʟʣʘʟ ʧʦʿʝʜʠʥʘʯʥʠʭ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʤʦʜʫʣʘ [14] ʿʝʜʠʥʠ ʿʝ ʫ ʢʦʤ ʩʝ ʥʝ ʩʧʦʤʠˁʝ 

ʫʧʦʪʨʝʙʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ ʢʘʦ ʫʣʘʟʥʦʛ ʦʙʝʣʝʞʿʘ ʠ/ʠʣʠ ʟʘ ʦʧʪʠʤʠʟʦʚʘˁʝ ʧʦʩʪʫʧʢʘ. 

ʉʣʝʜʝ˂ʠʭ 8 ʨʘʜʦʚʘ (16%) ʢʦʨʠʩʪʠ ʠʩʪʦʨʠʿʩʢʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ ʢʘʦ ʿ ʝʜʠʥʠ 

ʫʣʘʟ ʫ ʤʦʜʝʣ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ: [2], [11], [16], [20], [35], [43], [45], [46]. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʝʢʠ 

ʘʫʪʦʨʠ ʩʚʝʩʥʠ ʩʫ ʜʘ ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦ ʩʥʘʟʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʥʠʩʫ ʜʦʩʪʫʧʥʠ ʟʘ 

ʧʦʪʧʫʥʦ ʥʦʚʝ ʝʣʝʢʪʨʘʥʝ ʠ ʩʪʦʛʘ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʤʠʥʠʤʠʟʫʿʫ ˁʠʭʦʚʫ ʫʧʦʪʨʝʙʫ. 

ɽʥʝʨʛʠʿʘ ʧʨʠʤˀʝʥʘ ʦʜ ʉʫʥʮʘ ʥʝʦʧʭʦʜʥʘ ʿ ʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ, ʩʪʦʛʘ ʿ ʝ ʩʘʩʚʠʤ 

ʨʘʟʫʤʥʦ ʫʟʝʪʠ ʿʝ ʫ ʦʙʟʠʨ ʫ ʤʦʜʝʣʫ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʪʘʢʚʝ ʧʨʦʠʟʚʦʜˁʝ. ʆʜ 50 ʧʨʝʛʣʝʜʘʥʠʭ 

ʨʘʜʦʚʘ, 38 (76%) ʢʦʨʠʩʪʠ ʙʘʨʝʤ ʿʝʜʥʫ ʫʣʘʟʥʫ ʧʨʦʤʝʥˀʠʚʫ ʧʦʚʝʟʘʥʫ ʩʘ ʪʦʤ ʝʥʝʨʛʠʿʦʤ, ʦʙʠʯʥʦ 
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ʥʝʢʫ ʚʨʩʪʫ ʠʨʘʜʠʿʘʥʩʝ (ʪʨʝʥʫʪʥʝ ʩʥʘʛʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ, ʠʟʨʘʞʝʥʝ ʫ 

W/mĮ), ʠʣʠ ʧʦʥʝʢʘʜ ʠʨʘʜʠʿʘʮʠʿʫ (ʫʢʫʧʥʫ ʝʥʝʨʛʠʿʫ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ 

ʪʦʢʦʤ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʠʟʨʘʞʝʥʫ ʫ J/mĮ ʠʣʠ Wh/mĮ, ʪʿ. ʩʥʘʛʫ ʧʨʠʤˀʝʥʫ ʪʦʢʦʤ ʦʜʨʝʹʝʥʦʛ 

ʚʨʝʤʝʥʘ). 

ʊɸɹ. 21: ɺʨʩʪʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɺʨʩʪʘ ʧʦʜʘʪʘʢʘ ɹʨʦʿ 

ʨʘʜʦʚʘ 

ʈʘʜʦʚʠ 

ʌʦʪʦʥʘʧʦʥʩʢʘ 

ʩʥʘʛʘ 

49 (98%) ʩʚʠ ʦʩʠʤ [14] 

ʀʨʘʜʠʿʘʥʩʘ ʠ 

ʩʣʠʯʥʦ 

38 (76%) [3], [4], [5], [6], [7], [8], [9], [10], [12], [13], [14], [15], [17], 

[18], [19], [22], [23], [24], [25], [27], [28], [29], [30], [32], 

[33], [34], [36], [37], [38], [39], [40], [41], [42], [44], [47], 

[48], [49], [50] 

ʆʙʣʘʯʥʦʩʪ 14 (28%) [1], [3], [8], [9], [13], [19], [27], [28], [29], [31], [38], [40], 

[42], [47] 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʘʟʜʫʭʘ 

38 (76%) [1], [3], [4], [5], [6], [7], [8], [9], [10], [12], [13], [14], [15], 

[17], [18], [19], [22], [23], [24], [25], [27], [28], [29], [30], 

[32], [33], [34], [37], [38], [39], [40], [41], [42], [44], [47], 

[48], [49], [50] 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʦʜʫʣʘ 

10 (20%) [5], [6], [8], [14], [17], [24], [29], [32], [39], [48] 

ʆʩʪʘʣʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠ 

ʧʦʜʘʮʠ 

34 (68%) [1], [3], [4], [6], [8], [9], [10], [12], [13], [14], [15], [17], [18], 

[19], [22], [23], [24], [27], [28], [29], [30], [32], [33], [34], 

[36], [37], [38], [39], [40], [41], [42], [44], [47], [48] 

ʇʨʦʬʠʣ ʚʨʝʤʝʥʘ 2 (4%) [21], [49] 

ɼʘʪʫʤ ʠ ʚʨʝʤʝ 16 (32%) [1], [3], [6], [9], [13], [19], [23], [31], [34], [37], [38], [40], 

[41], [42], [48], [49] 

ʉʦʣʘʨʥʠ ʫʛʣʦʚʠ 6 (12%) [4], [12], [18], [31], [33], [38] 

ʉʣʠʢʝ ʥʝʙʘ ʩʘ 

ʟʝʤˀʝ 

2 (4%) [26], [41] 

ʉʘʪʝʣʠʪʩʢʝ ʩʣʠʢʝ 1 (2%) [31] 

ʆʩʪʘʣʦ 3 (6%) [31], [37], [42] 

 

ʀʨʘʜʠʿʘʥʩʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʞʘʚʘ ʢʘʦ ʛʣʦʙʘʣʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʠʨʘʜʠʿʘʥʩʘ (ʝʥʛʣ. Global 

Horizontal Irradiance ï GHI) ʠʣʠ ʜʠʨʝʢʪʥʘ ʥʦʨʤʘʣʥʘ ʠʨʘʜʠʿʘʥʩʘ (ʝʥʛʣ. Direct Normal Irradiance 

ï DNI). ʄʝʹʫʪʠʤ, ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ, ʚʝʨʦʚʘʪʥʦ ʥʘʿʙʦˀʘ ʚʝʨʟʠʿʘ ʿʝ 

ʠʨʘʜʠʿʘʥʩʘ ʨʘʚʥʠ ʥʠʟʘ (ʝʥʛʣ. Plane of Array ï POA, ʪʿ. ʫʢʫʧʥʘ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ ʢʦʫʿ ʧʨʠʤʠ 

ʬʦʪʦʥʘʧʦʥʩʢʠ ʧʘʥʝʣ, ʘ ʢʦʘʿ ʜʦʣʘʟʠ ʦʜ ʜʠʨʝʢʪʥʦʛ, ʜʠʬʫʟʥʦʛ ʠ ʟʨʘʯʝˁʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʦʜ ʪʣʘ), 

ʘʢʦ ʿ ʝ ʜʦʩʪʫʧʥʘ. ʅʝʢʠ ʘʫʪʦʨʠ ʢʦʨʠʩʪʝ ʠʨʘʜʠʿʘʥʩʫ ʚʝʜʨʦʛ ʥʝʙʘ (ʝʥʛʣ. Clear-Sky Irradiance ï CSI); 

ʥʧʨ. ʫ [28], CSI ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʜʘʪʫʤʘ, ʚʨʝʤʝʥʘ ʠ ʛʝʦʛʨʘʬʩʢʝ ʣʦʢʘʮʠʿʝ. ʀʩʪʘ 

ʩʢʨʘ˂ʝʥʠʮʘ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ, ʥʧʨ. [18], ʦʟʥʘʯʘʚʘ ʠʥʜʝʢʩ ʚʝʜʨʦʛ ʥʝʙʘ (ʦʜʥʦʩ ʩʪʚʘʨʥʝ 

ʠʨʘʜʠʿʘʥʩʝ ʠ ʠʨʘʜʠʿʘʥʩʝ ʚʝʜʨʦʛ ʥʝʙʘ). 

ʉʣʠʯʥʠ ʠʟʨʘʟʠ ʧʦʩʪʦʿʝ ʠ ʟʘ ʠʨʘʜʠʿʘʮʠʿʫ. ʆʥʘ ʩʝ ʧʦʥʝʢʘʜ ʥʘʟʠʚʘ ʨʘʜʠʿʘʮʠʿʘ (ʚʝʨʦʚʘʪʥʦ ʥʘʤʝʨʥʦ 

ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ ʨʘʟʣʠʯʠʪʝ ʩʢʨʘ˂ʝʥʠʮʝ, ʥʧʨ. GHR) ʠʣʠ ʠʥʩʦʣʘʮʠʿʘ, ʘ ʧʦʥʝʢʘʜ ʩʝ ʠʨʘʜʠʿʘʥʩʘ 

ʧʦʛʨʝʰʥʦ ʥʘʟʠʚʘ ʠʨʘʜʠʿʘʮʠʿʦʤ. 

ʈʘʟʣʠʯʠʪʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʠʟʨʘʞʘʚʘʿʫ ʦʙʣʘʯʥʦʩʪ ʢʦʨʠʩʪʝ ʩʝ ʫ 14 ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ (28%). 

ʅʝʢʠ ʘʫʪʦʨʠ ʧʨʠʤʝˁʫʿʫ ʧʨʝʮʠʟʥʝ ʠʥʜʠʢʘʮʠʿʝ ʦʙʣʘʯʥʦʩʪʠ ʩʘ ʬʠʥʦʤ ʧʨʦʩʪʦʨʥʦ-ʚʨʝʤʝʥʩʢʦʤ 

ʨʝʟʦʣʫʮʠʿʦʤ, ʜʦʢ ʜʨʫʛʠ, ʥʧʨ. [9], ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʩʘʤʦ ʧʨʦʩʝʯʥʦ ʩʪʘˁʝ ʥʝʙʘ ʪʦʢʦʤ ʮʝʣʦʛ ʜʘʥʘ, 

ʦʜ ʩʫʥʯʘʥʦʛ ʜʦ ʚʝʦʤʘ ʦʙʣʘʯʥʦʛ. ʋ [27], ʫʤʝʩʪʦ ʦʙʣʘʯʥʦʩʪʠ ʢʦʨʠʩʪʠ ʩʝ ʙʨʦʿ ʩʫʥʯʘʥʠʭ ʩʘʪʠ. 
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ʀʟʥʝʥʘʹʫʿʫ˂ʝ ʿʝ hʪʦ ʩʘʤʦ 2 ʨʘʜʘ, [1] ʠ [31], ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʦʙʣʘʯʥʦʩʪ ʫʤʝʩʪʦ ʠʨʘʜʠʿʘʥʩʝ; 

ʦʩʪʘʣʠʭ 12 ʢʦʨʠʩʪʠ ʠʭ ʟʘʿʝʜʥʦ. ʋ [31], ʦʙʣʘʯʥʦʩʪ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘ ʦʩʥʦʚʫ ʩʘʪʝʣʠʪʩʢʠʭ ʩʥʠʤʘʢʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʘʤʙʠʿʝʥʪʘ) ʥʘʿʯʝʰ˂ʘ ʿʝ ʤʝʪʝʦʨʦʣʦʰʢʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ 

ʧʨʠʤʝˁʫʿʝ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ï ʢʦʨʠʩʪʠ ʩʝ ʫ 38 ʨʘʜʦʚʘ (76%). 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʤʦʜʫʣʘ ʦʙʠʯʥʦ ʠʤʘ ʙʦˀʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʮʠˀʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ 

ʥʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʘʣʠ ʟʘʭʪʝʚʘ ʩʝʥʟʦʨʝ ʥʘ ʤʦʜʫʣʠʤʘ; ʪʦ ʿʝ ʚʝʨʦʚʘʪʥʦ ʨʘʟʣʦʛ ʟʙʦʛ ʢʦʛ ʩʝ 

ʧʨʠʤʝˁʫʿʝ ʫ ʩʘʤʦ 10 ʨʘʜʦʚʘ (20%). ʋ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ, ʥʧʨ. [29], ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ 

ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʪʝʤʧʝʨʘʪʫʨʝ ʘʤʙʠʿʝʥʪʘ ʠ ʠʨʘʜʠʿʘʥʩʝ. 

ʋ ʯʘʢ 34 ʨʘʜʘ (68%) ʢʦʨʠʩʪʝ ʩʝ ʜʨʫʛʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʧʨʦʤʝʥˀʠʚʝ, ʥʧʨ. ʙʨʟʠʥʘ ʚʝʪʨʘ, ʧʨʘʚʘʮ 

ʚʝʪʨʘ, ʚʘʟʜʫʰʥʠ ʧʨʠʪʠʩʘʢ, ʚʣʘʞʥʦʩʪ, ʧʘʜʘʚʠʥʝ ʠʪʜ., h ʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʚʝ˂ʠʥʘ ʘʫʪʦʨʘ ʚʝʨʫʿʝ 

ʜʘ ʯʘʢ ʠ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʪʠʧʠʯʥʦ ʠʤʘʿʫ ʤʘʣʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʮʠˀʥʦʤ ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ 

ʧʨʦʛʥʦʟʠ. ɼʚʘ ʨʘʜʘ (4%) ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʧʨʦʬʠʣ ʚʨʝʤʝʥʘ ʠʣʠ ʪʠʧ ʜʘʥʘ (ʥʧʨ. ʩʫʥʯʘʥʦ, ʩʣʘʙʦ 

ʢʠʰʦʚʠʪʦ ʠʪʜ.) ʫʤʝʩʪʦ ʦʩʪʘʣʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠʣʠ ʢʘʦ ʜʦʜʘʪʘʢ ˁʠʤʘ. 

ʄʝʪʝʦʨʦʣʦʰʢʝ ʧʨʦʤʝʥˀʠʚʝ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʩʪʦʨʠʿʩʢʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʠ/ʠʣʠ ʢʘʦ 

ʧʨʦʛʥʦʟʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ. ʊʘʢʚʘ ʧʨʦʛʥʦʟʘ ʜʦʙʠʿʘ ʩʝ ʧʦʤʦ˂ʫ ʥʫʤʝʨʠʯʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ 

(NWP), ʦʙʠʯʥʦ ʦʜ ʿʘʚʥʠʭ ʘʛʝʥʮʠʿʘ. ʇʨʦʙʣʝʤ ʩʘ NWP ʧʨʦʛʥʦʟʘʤʘ ʧʨʝʜʩʪʘʚˀʘ ˁʠʭʦʚʘ ʥʠʩʢʘ 

ʧʨʦʩʪʦʨʥʦ-ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ, ʰʪʦ ʠʭ ʯʠʥʠ ʤʘˁʝ ʫʧʦʪʨʝʙˀʠʚʠʤ ʟʘ ʢʨʘ˂ʝ ʭʦʨʠʟʦʥʪʝ 

ʧʨʦʛʥʦʟʝ ʠ ʤʘʣʘ ʛʝʦʛʨʘʬʩʢʘ ʧʦʜʨʫʯʿʘ. ʊʠʧʠʯʥʘ ʫʯʝʩʪʘʣʦʩʪ ʘʞʫʨʠʨʘˁʘ ʠʟʥʦʩʠ 3-6 ʩʘʪʠ, ʘ 

ʪʠʧʠʯʥʘ ʚʝʣʠʯʠʥʘ ʧʦʜʨʫʯʿʘ 10Ĭ10 km ʠʣʠ ʚʠʰʝ; ʩʪʦʛʘ, ʪʘʢʚʘ ʧʨʦʛʥʦʟʘ ʥʝ ʤʦʞʝ ʜʘ ʦʙʫʭʚʘʪʠ 

ʢʨʘʪʢʦʪʨʘʿʥʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʬʣʫʢʪʫʘʮʠʿʝ ʠ ʣʦʢʘʣʥʝ ʧʦʿʘʚʝ. 

NWP ʧʨʦʛʥʦʟʝ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ, ʜʦʙʠʿʝʥʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʜʝʣʘ ʩʘ ʨʝʟʦʣʫʮʠʿʘʤʘ ʦʜ 15-20 ʤʠʥ 

ʠ 1 km, ʦʙʠʯʥʦ ʠʟʜʘʿʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʢʦʤʧʘʥʠʿʝ ʠ ʪʝ ʧʨʦʛʥʦʟʝ ʤʦʛʫ ʙʠʪʠ ʧʨʠʣʠʯʥʦ ʩʢʫʧʝ. 

ɹʝʩʧʣʘʪʥʠ NWP ʧʦʜʘʮʠ ʥʘʿʙʦˀʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʟʘ ʩʨʝʜˁʦʨʦʯʥʝ ʠ ʜʫʛʦʨʦʯʥʝ ʧʨʦʛʥʦʟʝ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ. ɸʢʦ ʩʝ ʤʦʨʘʿʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʢʨʘ˂ʝ ʭʦʨʠʟʦʥʪʝ ʧʨʦʛʥʦʟʝ, ʤʦʨʘ ʠʤ ʩʝ 

ʧʦʙʦˀʰʘʪʠ ʨʝʟʦʣʫʮʠʿʘ ʩʢʘʣʠʨʘˁʝʤ ʠ ʤʦʨʘʿʫ ʩʝ ʢʦʤʙʠʥʦʚʘʪʠ ʩʘ ʧʦʜʘʮʠʤʘ ʠʟ ʜʨʫʛʠʭ ʠʟʚʦʨʘ. 

ʀʨʘʜʠʿʘʥʩʘ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʧʨʦʛʥʦʟʠʨʘʪʠ ʧʦʤʦ˂ʫ ʩʣʠʢʘ ʠ ʩʥʠʤʘʢʘ, ʘ ʪʘʢʚʝ ʤʝʪʦʜʝ ʩʧʦʤʝʥʫʪʝ 

ʩʫ ʢʘʩʥʠʿʝ ʫ ʦʚʦʤ ʦʜʝˀʢʫ. ʋ [9], ʩʠʥʪʝʪʠʯʢʘ ʧʨʦʛʥʦʟʘ ʠʨʘʜʠʿʘʥʩʝ ʛʝʥʝʨʠʩʘʥʘ ʿ ʝ ʠʟ ʠʩʪʦʨʠʿʩʢʠʭ 

ʧʦʜʘʪʘʢʘ ʦ ʠʨʘʜʠʿʘʥʩʠ ʠ ʿʘʚʥʦ ʜʦʩʪʫʧʥʝ ʧʨʦʛʥʦʟʝ ʪʠʧʘ ʥʝʙʘ. 

ʇʨʦʤʝʥˀʠʚʝ ʫ ʚʝʟʠ ʩʘ ʜʘʪʫʤʦʤ ʠ ʚʨʝʤʝʥʦʤ ʢʦʨʠʩʪʝ ʩʝ ʫ 16 ʨʘʜʦʚʘ (32%). ʌʦʪʦʥʘʧʦʥʩʢʘ ʩʥʘʛʘ 

ʦʯʠʛʣʝʜʥʦ ʟʘʚʠʩʠ ʦʜ ʜʦʙʘ ʜʘʥʘ ʠ ʦʜ ʤʝʩʝʮʘ ʫ ʛʦʜʠʥʠ, ʘʣʠ ʜʘ ʙʠ ʠʤʘʣʠ ʢʦʨʠʩʪʠ ʦʜ ʪʘʢʚʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ, ʠʩʪʨʘʞʠʚʘʯʠ ʠʭ ʧʨʚʦ ʤʦʨʘʿʫ ʧʨʝʪʚʦʨʠʪʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʦʙʣʠʢ. ʋ ʥʝʢʠʤ 

ʨʘʜʦʚʠʤʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʩʠʥʫʩʥʝ ʠ ʢʦʩʠʥʫʩʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ [33], ʘ ʫ ʥʝʢʠʤ ʯʘʢ ʢʦʜʠʨʘ ʤʝʩʝʮ 

ʫ ʛʦʜʠʥʠ ʧʦʤʦ˂ʫ ʿ ʝʜʥʦʘʢʪʠʚʥʦʛ (ʝʥʛʣ. one-hot) ʢʦʜʠʨʘˁʘ [49], ʢʦʿʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʧʨʦʠʟʚʦʜʠ 12 

ʙʠʥʘʨʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʄʝʹʫʪʠʤ, ʿ ʝʜʥʦʩʪʘʚʥʠʿʘ ʨʝʰʝˁʘ ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʧʦʤʦ˂ʫ ʦʜʫʟʠʤʘˁʘ 

ʦʜ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ. ʋ [3], ʢʦʨʠʩʪʠ ʩʝ ʪʨʠʚʠʿʘʣʥʘ ʙʠʥʘʨʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʦʟʥʘʯʘʚʘ ʜʘʥ 

ʠʣʠ ʥʦ˂. 

ʉʦʣʘʨʥʠ ʫʛʣʦʚʠ, ʪʿ. ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʧʦʣʦʞʘʿ ʉʫʥʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʬʦʪʦʥʘʧʦʥʩʢʫ 

ʝʣʝʢʪʨʘʥʫ ʠʣʠ ʤʦʜʫʣ, ʧʨʠʤʝˁʝʥʠ ʩʫ ʫ 6 ʨʘʜʦʚʘ (12%). ʇʨʦʤʝʥˀʠʚʝ ʠʟ ʪʝ ʛʨʫʧʝ ʢʦʿʝ ʩʝ 

ʫʦʙʠʯʘʿʝʥʦ ʢʦʨʠʩʪʝ ʩʫ ʩʦʣʘʨʥʘ ʝʣʝʚʘʮʠʿʘ (ʫʛʘʦ ʠʟʤʝʹʫ ʉʫʥʯʝʚʠʭ ʟʨʘʢʘ ʠ ʭʦʨʠʟʦʥʪʘ), ʩʦʣʘʨʥʠ 

ʘʟʠʤʫʪ (ʧʦʟʠʮʠʿʘ ʉʫʥʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʝʚʝʨ), ʘ ʧʦʥʝʢʘʜ ʠ ʩʦʣʘʨʥʘ ʜʝʢʣʠʥʘʮʠʿʘ (ʫʛʘʦ ʠʟʤʝʹʫ 

ʉʫʥʯʝʚʠʭ ʟʨʘʢʘ ʠ ʝʢʚʘʪʦʨʠʿʘʣʥʝ ʨʘʚʥʠ ɿʝʤˀʝ). ʋ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ, ʫʤʝʩʪʦ ʩʦʣʘʨʥʝ ʝʣʝʚʘʮʠʿʝ 

ʢʦʨʠʩʪʠ ʩʝ ʫʛʘʦ ʩʦʣʘʨʥʦʛ ʟʝʥʠʪʘ ï ʪʘ ʜʚʘ ʫʛʣʘ ʩʫ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ. ʉʚʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʪʦʿ ʛʨʫʧʠ 

ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʛʝʦʛʨʘʬʩʢʝ ʣʦʢʘʮʠʿʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ, ʜʘʪʫʤʘ ʠ ʚʨʝʤʝʥʘ. 

ʉʣʠʢʝ ʠ ʩʥʠʤʮʠ ʢʦʨʠʩʪʝ ʩʝ ʫ 3 ʨʘʜʘ; ʦʜ ʪʦʛʘ, ʫ 2 ʨʘʜʘ (4%) ʧʨʠʤʝˁʫʿʫ ʩʝ ʩʣʠʢʝ ʥʝʙʘ ʩʘ ʟʝʤˀʝ, 

ʘ ʫ 1 ʨʘʜʫ (2%) ʩʘʪʝʣʠʪʩʢʝ ʩʣʠʢʝ. ʉʣʠʢʝ ʥʝʙʘ ʩʘ ʟʝʤˀʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʪʘʯʥʝ ʧʨʦʛʥʦʟʝ ʩʘ ʚʝʦʤʘ 

ʢʨʘʪʢʠʤ ʨʦʢʦʚʠʤʘ, ʜʦ 1 ʩʘʪʘ, ʘʣʠ ʟʘʭʪʝʚʘʿʫ ʧʦʩʝʙʥʝ ʢʘʤʝʨʝ ʠ ʤʦʛʫ ʟʘʭʪʝʚʘʪʠ ʟʥʘʯʘʿʥʝ ʨʝʩʫʨʩʝ 

ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʦʙʨʘʜʫ. ʄʝʹʫʪʠʤ, ʦʙʘ ʨʘʜʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʪʫ ʤʝʪʦʜʫ ʠʟʚʝʰʪʘʚʘʿʫ ʦ ʥʠʩʢʦʿ 

ʪʘʯʥʦʩʪʠ ʪʦʢʦʤ ʚʝʦʤʘ ʦʙʣʘʯʥʠʭ ʠ ʢʠʰʥʠʭ ʜʘʥʘ, ʜʝʣʠʤʠʯʥʦ ʟʘʪʦ ʰʪʦ ʢʠʰʥʝ ʢʘʧʠ ʫʤʘˁʫʿʫ 

ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ. 
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ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʿʘʚʥʦ ʜʦʩʪʫʧʥʠ ʩʘʪʝʣʠʪʩʢʠ ʩʥʠʤʮʠ ʥʝ ʥʫʜʝ ʜʦʚʦˀʥʫ ʧʨʦʩʪʦʨʥʫ ʨʝʟʦʣʫʮʠʿʫ ʟʘ 

ʧʨʦʛʥʦʟʝ ʥʘ ʥʠʚʦʫ ʧʦʩʪʨʦʿʝˁʘ; ʟʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʧʦʩʪʨʦʿʝˁʘ, ʦʥʠ ʥʝ ʤʦʛʫ ʜʦʚʦˀʥʦ ʜʝʪʘˀʥʦ 

ʜʘ ʧʨʠʢʘʞʫ ʣʦʢʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʦʙʣʘʢʘ ʠʟʥʘʜ ʧʦʩʪʨʦʿʝˁʘ. ʊʘʢʚʠ ʩʥʠʤʮʠ ʤʦʛʫ ʙʦˀʝ ʧʦʩʣʫʞʠʪʠ 

ʟʘ ʨʝʛʠʦʥʘʣʥʝ ʧʨʦʛʥʦʟʝ. ʐʪʘʚʠʰʝ, ʦʙʠʯʥʦ ʠʤʘʿʫ ʠʟʚʝʩʥʦ ʢʘʰˁʝˁʝ ʠ ʥʝ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʇʨʦʙʣʝʤ ʥʠʩʢʝ ʧʨʦʩʪʦʨʥʝ ʨʝʟʦʣʫʮʠʿʝ ʢʦʤʧʝʥʟʦʚʘʥ ʿʝ ʫ [31] ʫʧʦʪʨʝʙʦʤ 

ʧʦʜʘʪʘʢʘ ʠʟ ʩʫʩʝʜʥʠʭ ʧʦʩʪʨʦʿʝˁʘ. 

ʅʝʢʠ ʨʘʜʦʚʠ ʢʦʨʠʩʪʝ ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʧʨʠʤʝˁʫʿʫ˂ʠ ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʩʫ 

ʙʨʟʘ ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ (FFT) [21], ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʧʘʢʝʪʘ ʪʘʣʘʩʠ˂ʘ (WPD) [30], 

ʚʘʨʠʿʘʮʠʦʥʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʤʦʜʘ (VMD) [40] ʠʣʠ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝʥˀʠʚʘ 

ʬʠʣʪʝʨʩʢʦ-ʝʤʧʠʨʠʿʩʢʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʤʦʜʘ (TVF-EMD) [43]. ʇʦʤʦ˂ʫ ʪʘʢʚʠʭ ʪʝʭʥʠʢʘ, 

ʚʨʝʤʝʥʩʢʠ ʥʠʟ ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʥʝ ʠ ʩʪʦʛʘ ʠʭ ʿ ʝ ʣʘʢʰʝ 

ʧʨʝʜʚʠʜʝʪʠ. 

3.3.9 ˽͔ͪ͒ͦ͋ͪ͊͒͊ 

ɿʥʘʯʘʿ ʧʨʝʜʦʙʨʘʜʝ (ʧʨʠʧʨʝʤʥʝ ʦʙʨʘʜʝ, ʝʥʛʣ. pre-processing) ʢʦʜ ʤʝʪʦʜʘ ʚʦʹʝʥʠʭ ʧʦʜʘʮʠʤʘ 

ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʩʢʦʨʦ ʩʚʠ ʧʨʝʛʣʝʜʘʥʠ ʨʘʜʦʚʠ ʦʧʠʩʫʿʫ ʠʣʠ ʙʘʨʝʤ ʩʧʦʤʠˁʫ. 

ʋ ʪʦʿ ʬʘʟʠ ʪʠʧʠʯʥʦ ʩʝ ʠʟʚʦʜʝ ʩʣʝʜʝ˂ʝ ʦʧʝʨʘʮʠʿʝ: 

Å ʈʝʰʘʚʘˁʝ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ: ʦʙʠʯʥʦ ʩʝ ʧʦʧʫˁʘʚʘʿʫ ʣʠʥʝʘʨʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ ʠʣʠ 

ʜʨʫʛʠʤ ʚʨʩʪʘʤʘ ʠʥʪʝʨʧʦʣʘʮʠʿʝ. ʋ [1], ʢʦʨʠʩʪʠ ʩʝ ʧʦʢʨʝʪʥʠ ʧʨʦʩʝʢ. ʋ [5], ʫʟʠʤʘʿʫ ʩʝ 

ʚʨʝʜʥʦʩʪʠ ʠʟ ʟʘʧʠʩʘ ʢʦʿʠ ʢʦʨʝʣʠʨʘʿʫ ʫ ʜʨʫʛʠʤ ʧʦˀʠʤʘ. ʋ [7], ʟʘʧʠʩʠ ʩʘ ʥʝʜʦʩʪʘʿʫ˂ʠʤ 

ʧʦʜʘʮʠʤʘ ʩʝ ʫʢʣʘˁʘʿʫ, ʜʦʢ ʩʝ ʟʘ ʥʝʢʝ ʚʨʩʪʝ ʧʦʜʘʪʘʢʘ ʧʨʠʤʝˁʫʿʝ ʢʫʙʠʯʥʘ ʩʧʣʘʿʥ 

ʠʥʪʝʨʧʦʣʘʮʠʿʘ. ʋ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʢʦʨʠʩʪʝ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʩʣʠʯʥʠʭ ʜʘʥʘ; ʥʧʨ. 

ʫ [23], ʧʨʦʩʝʢ ʫ ʠʩʪʦ ʚʨʝʤʝ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʜʘʥʘ. ʅʝʢʦʣʠʢʦ ʤʝʪʦʜʘ ʠʤʧʫʪʘʮʠʿʝ ʥʝʜʦʩʪʘʿʫ˂ʠʭ 

ʧʦʜʘʪʘʢʘ ʦʧʠʩʘʥʦ ʿʝ ʠ ʫʧʦʨʝʹʝʥʦ ʫ [8] ʠ [20]. ʋ [38] ʠ [44], ʘʢʦ ʥʝʜʦʩʪʘʿʝ ʧʨʝʚʠʰʝ ʧʦʜʘʪʘʢʘ 

ʟʘ ʥʝʢʠ ʜʘʥ, ʮʝʦ ʪʘʿ ʜʘʥ ʩʝ ʫʢʣʘˁʘ. 

Å ɼʝʪʝʢʮʠʿʘ ʠ ʨʝʰʘʚʘˁʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. outliers): ʦʙʠʯʥʦ ʩʝ ʧʨʦʥʘʣʘʟʝ ʧʦʤʦ˂ʫ 

ʢʫʪʠʿʘʩʪʠʭ ʜʠʿʘʛʨʘʤʘ ʠʣʠ ʩʣʠʯʥʝ ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʹʫʿʫ ʩʝ ʩʣʠʯʥʦ ʢʘʦ ʥʝʜʦʩʪʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ. 

ʋ [16], ʢʦʨʠʩʪʠ ʩʝ ʍʘʤʧʝʣʦʚ ʬʠʣʪʝʨ. ʋ [30], ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘʤʝˁʫʿʫ ʩʝ ʥʘʿʙʣʠʞʦʤ 

ʛʨʘʥʠʮʦʤ ʫ ʘʥʘʣʠʟʠ ʧʦʤʦ˂ʫ ʢʫʪʠʿʘʩʪʠʭ ʜʠʿʘʛʨʘʤʘ. ʋ [33], ʧʨʠʤʝˁʫʿʝ ʩʝ DBSCAN (ʝʥʛʣ. 

Density-Based Spatial Clustering of Applications with Noise ï ʧʨʦʩʪʦʨʥʦ ʛʨʫʧʠʩʘˁʝ 

ʘʧʣʠʢʘʮʠʿʘ ʩʘ ʰʫʤʦʤ ʟʘʩʥʦʚʘʥʦ ʥʘ ʛʫʩʪʠʥʠ). 

Å ɼʝʪʝʢʮʠʿʘ ʠ ʨʝʰʘʚʘˁʝ ʜʨʫʛʠʭ ʘʙʥʦʨʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʥʧʨ. ʟʘʧʠʩʘ ʩʘ ʥʫʣʪʦʤ ʩʥʘʛʦʤ ʪʦʢʦʤ 

ʜʘʥʘ, ʟʘʧʠʩʘ ʩʘ ʥʝʛʘʪʠʚʥʦʤ ʩʥʘʛʦʤ ʠ ʩʣʠʯʥʦ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʨʠʰ˂ʝʥʠʭ ʫʣʘʟʥʠʭ 

ʦʙʝʣʝʞʿʘ. 

Å ʋ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ, ʥʦ˂ʥʠ ʟʘʧʠʩʠ ʪʘʢʦʹʝ ʩʝ ʫʢʣʘˁʘʿʫ, ʘʣʠ ʩʘʤʦ ʘʢʦ ʫʧʦʪʨʝʙˀʝʥʘ ʤʝʪʦʜʘ 

ʧʨʦʛʥʦʟʠʨʘˁʘ ʜʦʟʚʦˀʘʚʘ ʚʨʝʤʝʥʩʢʝ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʝ (ʥʧʨ. ʥʝʢʝ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʠʭ ʥʝ 

ʜʦʟʚʦˀʘʚʘʿʫ). 

Å ʉʢʘʣʠʨʘˁʝ ʿʝ ʪʘʢʦʹʝ ʚʝʦʤʘ ʚʘʞʥʦ, ʟʘʪʦ ʰʪʦ ʦʩʠʛʫʨʘʚʘ ʜʘ ʤʦʜʝʣʠ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 

ʪʨʝʪʠʨʘʿʫ ʩʚʘ ʫʣʘʟʥʘ ʦʙʝʣʝʞʿʘ ʧʦʜʿʝʜʥʘʢʦ, ʪʿ. ʩʧʨʝʯʘʚʘ ʜʘ ʦʙʝʣʝʞʿʘ ʩʘ ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʜʦʤʠʥʠʨʘʿʫ. ʅʘʿʯʝʰ˂ʘ ʤʝʪʦʜʘ ʩʢʘʣʠʨʘˁʘ ʿʝ min-max ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʫ ʦʧʩʝʛ [0, 1], ʦʧʠʩʘʥʘ 

ʿʝʜʥʘʯʠʥʦʤ (50). ʅʝʢʠ ʨʘʜʦʚʠ, ʥʧʨ. [18], [24], [33], ʢʦʨʠʩʪʝ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ, ʪʘʢʦʹʝ ʥʘʟʚʘʥʫ 

ʥʦʨʤʘʣʠʟʘʮʠʿʘ z-ʩʢʦʨʘ (ʪʿ. ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʟʘ ʥʫʣʪʫ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʠ ʿʝʜʠʥʠʯʥʫ 

ʩʪʘʥʜʘʨʜʥʫ ʜʝʚʠʿʘʮʠʿʫ), ʦʧʠʩʘʥʫ ʿʝʜʥʘʯʠʥʦʤ (51). ʋ [10], ʠʟʚʝʜʝʥʠ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʠ 

ʙʝʟ ʥʦʨʤʘʣʠʟʘʮʠʿʝ, ʘ ʚʝ˂ʠʥʘ ʤʝʪʨʠʢʘ ʤʥʦʛʦ ʩʫ ʣʦʰʠʿʝ ʙʝʟ ʥʦʨʤʘʣʠʟʘʮʠʿʝ. 

Å ʉʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ, ʧʨʦʚʝʨʝ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʢʚʘʣʠʪʝʪʘ ʧʦʜʘʪʘʢʘ (ʥʧʨ. ʧʘʨʘʤʝʪʨʠ 

ʨʘʩʧʦʜʝʣʝ, ʢʦʨʝʣʘʮʠʿʘ ʠʪʜ.) 

Å ʇʨʦʤʝʥʘ ʫʟʦʨʢʦʚʘˁʘ ʧʦʜʘʪʘʢʘ ʯʠʿʘ ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʤʦʨʘ ʙʠʪʠ ʧʨʠʣʘʛʦʹʝʥʘ: 

ʥʘʜʫʟʦʨʢʦʚʘˁʝ (ʧʦʚʝ˂ʘˁʝ ʛʫʩʪʠʥʝ ʫʟʦʨʘʢʘ, ʝʥʛʣ. upsampling) ʠʣʠ ʧʦʜʫʟʦʨʢʦʚʘˁʝ (ʩʤʘˁʝˁʝ 

ʛʫʩʪʠʥʝ ʫʟʦʨʘʢʘ, ʝʥʛʣ. downsampling). 
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ʇʨʝʜʦʙʨʘʜʘ ʤʦʞʝ ʪʘʢʦʹʝ ʫʢˀʫʯʠʚʘʪʠ ʥʝʢʝ ʧʦʩʝʙʥʝ ʦʧʝʨʘʮʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʨʠʰ˂ʝʥʠʭ 

ʧʦʜʘʪʘʢʘ, ʤʝʪʦʜʘ ʠ ʪʝʭʥʠʢʘ, ʥʧʨ. ʦʙʨʘʜʫ ʩʣʠʢʝ (ʠʩʝʮʘˁʝ, ʩʢʘʣʠʨʘˁʝ, ʧʦʥʦʚʥʦ ʫʟʦʨʢʦʚʘˁʝ 

ʠʪʜ.), ʜʝʢʦʤʧʦʟʠʮʠʿʫ, ʢʦʜʠʨʘˁʝ (ʥʧʨ. ʿʝʜʥʦʘʢʪʠʚʥʦ ʢʦʜʠʨʘˁʝ, ʪʨʠʛʦʥʦʤʝʪʨʠʿʩʢʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠʪʜ.), ʠʟʛʣʘʹʠʚʘˁʝ ʧʦʜʘʪʘʢʘ [27] ʠ ʩʣʠʯʥʝ ʦʧʝʨʘʮʠʿʝ. 

3.3.10 ˤͪ΄͔ͤ ͫ ͎͔ͤ͊ 

ʋ ʊɸɹ. 22 ʥʘʚʝʜʝʥʝ ʩʫ ʚʝʣʠʯʠʥʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʫʧʦʪʨʝʙˀʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ, ʠʟʨʘʞʝʥʝ ʫ ʚʨʰʥʠʤ ʩʥʘʛʘʤʘ. ʋ ʚʝ˂ʠʥʠ ʨʘʜʦʚʘ ʢʦʨʠʩʪʝ ʩʝ ʧʦʜʘʮʠ ʠʟ ʿ ʝʜʥʝ ʠʣʠ ʤʘʣʦʛ 

ʙʨʦʿʘ ʝʣʝʢʪʨʘʥʘ, ʜʦʢ ʩʝ ʫ ʥʝʢʠʤ ʧʨʠʤʝˁʫʿʫ ʧʦʜʘʮʠ ʠʟ ʜʝʩʝʪʠʥʘ ʠʣʠ ʯʘʢ ʩʪʦʪʠʥʘ ʝʣʝʢʪʨʘʥʘ; ʥʧʨ. 

ʫ [25], ʫʟʝʪʠ ʩʫ ʧʦʜʘʮʠ ʠʟ 304 ʩʪʚʘʨʥʝ ʠ 1000 ʩʠʤʫʣʠʨʘʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʉʪʦʛʘ, ʰʪʦ ʩʝ ʪʠʯʝ 

ʚʝʣʠʯʠʥʘ ʝʣʝʢʪʨʘʥʘ, ʙʨʦʿʘʥʠ ʩʫ ʨʘʜʦʚʠ, ʘ ʥʝ ʧʦʿʝʜʠʥʘʯʥʝ ʝʣʝʢʪʨʘʥʝ. ʅʝʢʠ ʨʘʜʦʚʠ ʢʦʨʠʩʪʝ 

ʝʣʝʢʪʨʘʥʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʨʘʩʧʦʥʘ ʚʝʣʠʯʠʥʘ, ʠ ʩʭʦʜʥʦ ʪʦʤʝ, ʧʦʿʘʚˀʫʿʫ ʩʝ ʫ ʪʘʙʝʣʠ ʚʠʰʝ ʧʫʪʘ. 

ʋ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ, ʚʨʰʥʝ ʩʥʘʛʝ ʧʦʩʤʘʪʨʘʥʠʭ ʝʣʝʢʪʨʘʥʘ ʨʘʟʣʠʢʫʿʫ ʩʝ ʟʘ ʚʠʰʝ ʦʜ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 

(ʥʧʨ. [4], [5], [15], ʠʪʜ.), ʯʘʢ ʠ ʧʨʝʢʦ 50 ʧʫʪʘ ʫ [43]. ʋʢʫʧʘʥ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʫ ʪʘʙʝʣʠ ʿʝ 53. 

ʈʘʜʦʚʠ ʢʦʿʠ ʩʝ ʙʘʚʝ ʩʘʤʦ ʨʝʛʠʦʥʘʣʥʠʤ ʧʨʦʛʥʦʟʘʤʘ [7], [45] ʥʠʩʫ ʫʢˀʫʯʝʥʠ ʫ ʦʚʫ ʘʥʘʣʠʟʫ. 

ʊʘʙʝʣʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʢʦʨʠʩʪʝ ʧʦʩʪʨʦʿʝˁʘ ʩʚʠʭ ʚʝʣʠʯʠʥʘ, ʩʘ ʧʨʠʣʠʯʥʦ 

ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʦʜʝʣʦʤ. ɸʥʘʣʠʟʠʨʘʥʘ ʧʦʩʪʨʦʿʝˁʘ ʢʨʝ˂ʫ ʩʝ ʦʜ ʤʠʢʨʦʩʠʩʪʝʤʘ ʦʜ 500 W [38] 

ʜʦ ʦʛʨʦʤʥʦʛ ʩʠʩʪʝʤʘ ʦʜ 451,82 MW [11]. ʇʨʦʩʝʯʥʘ ʚʝʣʠʯʠʥʘ ʧʦʩʪʨʦʿʝˁʘ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʿʝ ʦʢʦ 

14,3 MW, ʘʣʠ ʤʝʜʠʿʘʥʘ ʿʝ ʤʥʦʛʦ ʤʘˁʘ, 67,5 kW. ʄʝʹʫʪʠʤ, ʟʘ ʨʘʜʦʚʝ ʢʦʿʠ ʩʘʜʨʞʝ ʨʘʩʧʦʥʝ 

ʚʝʣʠʯʠʥʘ ʝʣʝʢʪʨʘʥʘ, ʫ ʪʘʿ ʧʨʦʨʘʯʫʥ ʫʢˀʫʯʝʥʝ ʩʫ ʩʘʤʦ ʥʘʿʤʘˁʘ ʠ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ, ʙʝʟ ʦʙʟʠʨʘ 

ʥʘ ʙʨʦʿ ʧʦʩʪʨʦʿʝˁʘ ʫ ʨʘʩʧʦʥʫ. ʋ ʨʘʜʦʚʠʤʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʧʦʿʝʜʠʥʘʯʥʠʤ ʤʦʜʫʣʠʤʘ [14], [17], 

ʜʝʢʣʘʨʠʩʘʥʝ ʩʥʘʛʝ ʤʦʜʫʣʘ ʢʨʝ˂ʫ ʩʝ ʦʜ 80 ʜʦ 305 W. 

ʊɸɹ. 22: ɺʨʰʥʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɺʨʰʥʘ ʩʥʘʛʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

< 5 kW 7 (13,21%) [3], [6], [12], [23], [33], [38], [46] 

[5-20] kW 8 (15,09%) [10], [13], [23], [32], [33], [36], [38], [48] 

(20-70] kW 8 (15,09%) [1], [20], [25], [26], [27], [30], [39], [49] 

[100-1000) kW 10 (18,87%) [4], [5], [15], [18], [20], [29], [34], [35], [40], [42] 

[1-20] MW 13 (24,53%) [4], [5], [8], [15], [16], [18], [22], [28], [35], [41], [42], [43], [50] 

> 20 MW 7 (13,21%) [5], [9], [11], [21], [28], [37], [43] 

 

ʐʪʦ ʩʝ ʪʠʯʝ ʚʝʣʠʯʠʥʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ ʜʘʣʠ nRMSE ʤʘˁʠ ʦʜ 2%, ʥʝ ʧʦʩʪʦʿʠ ʿʘʩʥʘ 

ʧʨʘʚʠʣʥʦʩʪ ï ʫ ʪʠʤ ʨʘʜʦʚʠʤʘ ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʣʠʯʠʪʝ ʚʝʣʠʯʠʥʝ, ʦʜ ʿ ʝʜʥʦʛ ʤʦʜʫʣʘ ʜʦ ʥʘʿʚʝ˂ʝʛ ʌʅ 

ʩʠʩʪʝʤʘ. 

3.3.11 ˮ͋ͦͪ͘ ͯ ͙͊ͤ͘͡ͻ ͦ ͔͔͋͗͊͡͞ 

ʆʧʪʠʤʘʣʥʠ ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ (ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʧʨʝʜʠʢʪʦʨʘ) ʧʦʙʦˀʰʘʚʘ ʪʘʯʥʦʩʪ 

ʧʨʦʛʥʦʟʝ ʠ ʩʤʘˁʫʿʝ ʨʘʯʫʥʩʢʝ ʪʨʦʰʢʦʚʝ ʚʝʟʘʥʝ ʟʘ ʦʙʫʢʫ ʠ ʠʟʚʨʰʘʚʘˁʝ ʤʦʜʝʣʘ. ʇʘʞˀʠʚʦ 

ʩʧʨʦʚʝʜʝʥʘ ʠʩʪʨʘʞʠʚʘʯʢʘ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. Exploratory Data Analysis ï EDA) ʚʝʦʤʘ ʿʝ 

ʢʦʨʠʩʥʘ ʟʘ ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ ʠ ʠʟʨʘʜʫ ʤʦʜʝʣʘ. ʅʝʢʘ ʦʙʝʣʝʞʿʘ ʠʤʘʿʫ ʥʠʩʢʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʮʠˀʥʦʤ 

(ʧʨʦʛʥʦʟʠʨʘʥʦʤ, ʠʟʣʘʟʥʦʤ) ʧʨʦʤʝʥˀʠʚʦʤ ʠ ʥʝ ʜʦʧʨʠʥʦʩʝ ʤʦʜʝʣʫ; ʰʪʘʚʠʰʝ, ʤʦʛʫ ʯʘʢ ʠ 

ʩʤʘˁʠʪʠ ˁʝʛʦʚʫ ʪʘʯʥʦʩʪ [39]. ʆʙʝʣʝʞʿʘ ʩʘ ʥʠʩʢʦʤ ʢʦʨʝʣʘʮʠʿʦʤ ʤʦʛʫ ʩʝ ʜʝʪʝʢʪʦʚʘʪʠ ʧʦʤʦ˂ʫ 

ʇʠʨʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ (ʦʜʝˀʘʢ 2.7.2) ʠ ʜʨʫʛʠʭ ʩʣʠʯʥʠʭ ʧʦʢʘʟʘʪʝˀʘ. 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʹʫʩʦʙʥʝ ʟʘʚʠʩʥʦʩʪʠ ʤʦʛʫ ʩʝ ʿʘʚʠʪʠ ʠʟʤʝʹʫ ʪʨʠ ʠʣʠ ʚʠʰʝ ʦʙʝʣʝʞʿʘ; ʪʘ 

ʩʠʪʫʘʮʠʿʘ ʥʘʟʠʚʘ ʩʝ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ (ʦʜʝˀʘʢ 2.7.3). ʆʙʝʣʝʞʿʘ ʩʘ ʚʠʩʦʢʠʤ ʤʝʹʫʩʦʙʥʠʤ 

ʟʘʚʠʩʥʦʩʪʠʤʘ ʩʫ ʩʫʚʠʰʥʘ, ʠ ʥʝʢʘ ʦʜ ˁʠʭ, ʠʣʠ ʯʘʢ ʩʚʘ ʦʩʠʤ ʿʝʜʥʦʛ, ʤʦʛʫ ʠ ʚʝʨʦʚʘʪʥʦ ʪʨʝʙʘ ʜʘ 

ʙʫʜʫ ʠʩʢˀʫʯʝʥʘ ʠʟ ʩʢʫʧʘ ʦʙʝʣʝʞʿʘ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪʠ ʿʝ 
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ʧʦʤʦ˂ʫ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ (ʝʥʛʣ. Variance Inflation Factor ï VIF), ʢʦʿʠ ʧʦʢʘʟʫʿʝ 

ʧʦʚʝ˂ʘˁʝ ʚʘʨʠʿʘʥʩʝ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ ʘʢʦ ʩʝ ʥʝʢʦ ʦʙʝʣʝʞʿʝ ʜʦʜʘ ʩʢʫʧʫ ʦʙʝʣʝʞʿʘ. 

ʀʤʘʿʫ˂ʠ ʩʚʝ ʪʦ ʫ ʚʠʜʫ, ʜʦʥʝʢʣʝ ʿʝ ʠʟʥʝʥʘʹʫʿʫ˂ʝ ʰʪʦ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʠʟʙʦʨʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ 

ʦʧʠʩʘʥʘ, ʠʣʠ ʙʘʨʝʤ ʩʧʦʤʝʥʫʪʘ, ʫ ʩʘʤʦ 18 (36%) ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ. ʅʘʨʘʚʥʦ, ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ 

ʥʠʿʝ ʧʨʠʤʝʥˀʠʚ ʫ ʨʘʜʦʚʠʤʘ ʛʜʝ ʩʝ ʢʦʨʠʩʪʠ ʩʘʤʦ ʿʝʜʥʦ ʦʙʝʣʝʞʿʝ, ʪʿ. ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦ ʩʥʘʟʠ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ; ʪʠ ʨʘʜʦʚʠ ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʦʜʝˀʢʫ 3.3.8. ɿʘ ʦʩʪʘʣʝ ʨʘʜʦʚʝ, ʤʦʞʝ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʩʫ ʦʙʝʣʝʞʿʘ ʠʣʠ ʝʤʧʠʨʠʿʩʢʠ ʦʜʘʙʨʘʥʘ, ʠʣʠ ʜʘ ʩʫ ʫʧʦʪʨʝʙˀʝʥʘ ʩʚʘ ʜʦʩʪʫʧʥʘ 

ʦʙʝʣʝʞʿʘ. 

ʅʘ ʧʦʯʝʪʢʫ ʪʨʝʙʘ ʩʧʦʤʝʥʫʪʠ 3 ʨʘʜʘ ʫ ʢʦʿʠʤʘ ʿ ʝ ʬʦʢʫʩ ʥʘ ʧʦʨʝʹʝˁʫ ʨʘʟʣʠʯʠʪʠʭ ʩʢʫʧʦʚʘ ʫʣʘʟʥʠʭ 

ʦʙʝʣʝʞʿʘ. ʋ [17], ʘʫʪʦʨʠ ʩʫ ʦʜʘʙʨʘʣʠ 9 ʦʙʝʣʝʞʿʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ ʣʠʪʝʨʘʪʫʨʝ ʠ ʢʨʝʠʨʘʣʠ 20 

ʢʦʤʙʠʥʘʮʠʿʘ ʪʠʭ ʦʙʝʣʝʞʿʘ: 1 ʩʘ ʩʚʠʤ ʫʢˀʫʯʝʥʠʤ ʦʙʝʣʝʞʿʠʤʘ, 9 ʫ ʢʦʿʠʤʘ ʿʝ ʠʟʦʩʪʘʚˀʝʥʦ ʧʦ 

ʿʝʜʥʦ ʦʙʝʣʝʞʿʝ, ʠ ʧʨʝʦʩʪʘʣʠʭ 10 ʥʘ ʦʩʥʦʚʫ ʇʠʨʩʦʥʦʚʝ ʘʥʘʣʠʟʝ ʢʦʨʝʣʘʮʠʿʝ. ɿʘʪʠʤ ʩʫ ʪʝʩʪʠʨʘʣʠ 

ʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʦʤʦ˂ʫ 5 ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ: MLP (ʥʘʟʚʘʥ ANN ʫ ʨʘʜʫ), RF, 

DT, XGBoost ʠ LSTM. ɳʠʭʦʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʥʠʿʝʜʥʘ ʦʜ ʢʦʤʙʠʥʘʮʠʿʘ ʥʠʿʝ ʥʘʿʙʦˀʘ 

ʟʘ ʩʚʝ ʤʝʪʦʜʝ, ʢʘʦ ʠ ʜʘ ʟʘ ʩʚʘʢʫ ʦʜ ʤʝʪʦʜʘ ʥʝʢʦ ʦʙʝʣʝʞʿʝ (ʛʝʥʝʨʘʣʥʦ, ʜʨʫʛʘʯʠʿʝ ʟʘ ʩʚʘʢʫ) ʪʨʝʙʘ 

ʜʘ ʙʫʜʝ ʠʟʦʩʪʘʚˀʝʥʦ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʠ ʨʝʟʫʣʪʘʪʠ. ʉʣʝʜʝ˂ʘ ʦʙʝʣʝʞʿʘ ʫʢˀʫʯʝʥʘ ʩʫ ʫ ʩʚʝ 

ʥʘʿʙʦˀʝ ʤʦʜʝʣʝ: POA ʠʨʘʜʠʿʘʥʩʘ, GHI, DNI, ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʜˁʝ ʧʦʚʨʰʠʥʝ ʌʅ ʤʦʜʫʣʘ (ʝʥʛʣ. 

Back-Surface Temperature ï BST) ʠ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ (RH). 

ʉʣʠʯʘʥ ʢʦʥʮʝʧʪ ʧʨʠʤʝˁʝʥ ʿʝ ʫ [4]: ʘʫʪʦʨʠ ʩʫ ʢʨʝʠʨʘʣʠ 3 ʩʢʫʧʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ (ʥʘʟʚʘʥʘ 

ʦʩʥʦʚʥʠ, ʢʦʤʧʣʝʢʩʥʠ ʠ ʩʢʫʧ ʥʠʩʢʝ ʨʝʟʦʣʫʮʠʿʝ) ʠ ʪʝʩʪʠʨʘʣʠ ʠʭ ʩʘ ʯʘʢ 24 ʤʝʪʦʜʝ. ʂʦʤʧʣʝʢʩʥʠ 

ʩʢʫʧ ʦʙʝʣʝʞʿʘ ʧʨʦʠʟʚʝʦ ʿʝ ʥʘʿʙʦˀʝ ʧʨʦʛʥʦʟʝ. ʄʝʹʫʪʠʤ, ʿʝʜʥʘ ʦʜ ʛʣʘʚʥʠʭ ʢʦʨʠʩʪʠ ʦʜ ʪʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʿʝ ʩʢʫʧ ʥʠʩʢʝ ʨʝʟʦʣʫʮʠʿʝ (ʢʦʿʠ ʩʘʜʨʞʠ ʩʘʤʦ ʜʥʝʚʥʫ ʩʨʝʜˁʫ 

ʚʨʝʜʥʦʩʪ GHI ʠ ʩʦʣʘʨʥʝ ʫʛʣʦʚʝ) ʧʨʦʠʟʚʝʦ ʩʘʩʚʠʤ ʧʨʠʭʚʘʪˀʠʚʫ ʪʘʯʥʦʩʪ ʩʘ ʥʝʢʠʤ ʤʝʪʦʜʘʤʘ; ʪʦ 

ʿʝ ʚʘʞʥʦ ʿʝʨ NWP ʧʨʦʛʥʦʟʝ ʧʦʪʨʝʙʥʝ ʟʘ ʢʦʤʧʣʝʢʩʥʠ ʩʢʫʧ ʦʙʝʣʝʞʿʘ ʤʦʛʫ ʙʠʪʠ ʧʨʠʣʠʯʥʦ ʩʢʫʧʝ, 

ʜʦʢ ʿʝ ʧʨʦʛʥʦʟʘ ʧʦʪʨʝʙʥʘ ʟʘ ʩʢʫʧ ʥʠʩʢʝ ʨʝʟʦʣʫʮʠʿʝ ʙʝʩʧʣʘʪʥʘ. ʉʢʫʧ ʥʠʩʢʝ ʨʝʟʦʣʫʮʠʿʝ ʧʦʢʘʟʘʦ 

ʩʝ ʢʘʦ ʙʦˀʠ ʦʜ ʦʩʥʦʚʥʦʛ ʟʘʭʚʘˀʫʿʫ˂ʠ ʢʦʨʠʰ˂ʝˁʫ ʩʦʣʘʨʥʠʭ ʫʛʣʦʚʘ. ɱʝʜʘʥ ʦʜ ʟʘʢˀʫʯʘʢʘ ʘʫʪʦʨʘ 

ʿʝ ʜʘ ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʙʠʪʠ ʯʘʢ ʠ ʚʘʞʥʠʿʠ ʦʜ ʠʟʙʦʨʘ ʤʦʜʝʣʘ. 

ɱʦʰ ʿʝʜʘʥ ʨʘʜ ʩʘ ʩʣʠʯʥʠʤ ʢʦʥʮʝʧʪʦʤ ʿʝ [13]: ʘʫʪʦʨʠ ʩʫ ʢʨʝʠʨʘʣʠ 3 ʩʢʫʧʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ 

(ʥʘʟʚʘʥʘ ʦʩʥʦʚʥʠ, ʘʣʪʝʨʥʘʪʠʚʥʠ ʠ ʦʧʪʠʤʠʩʪʠʯʥʠ) ʜʘ ʙʠ ʫʪʚʨʜʠʣʠ ʜʘ ʣʠ ʩʝ ʠʟʤʝʨʝʥʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫʤʝʩʪʦ NWP ʧʨʦʛʥʦʟʘ. ʂʨʝʠʨʘʥʠ ʩʢʫʧʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʢʦʤʙʠʥʘʮʠʿʝ ʪʘ ʜʚʘ ʠʟʚʦʨʘ. 

ʄʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʪʨʠ ʪʠʧʘ: ʬʠʣʪʝʨʩʢʝ, ʦʤʦʪʘʯʢʝ ʠ 

ʫʛʨʘʹʝʥʝ ʤʝʪʦʜʝ [39]. 

Å ʌʠʣʪʝʨʩʢʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ʙʠʪʥʝ ʦʩʦʙʠʥʝ ʦʙʝʣʝʞʿʘ, ʥʧʨ. ʢʦʨʝʣʘʮʠʿʫ ʠ ʜʨʫʛʝ ʩʪʘʪʠʩʪʠʯʢʝ 

ʧʦʢʘʟʘʪʝˀʝ. 

Å ʆʤʦʪʘʯʢʝ (ʝʥʛʣ. wrapper) ʤʝʪʦʜʝ ʧʨʦʮʝˁʫʿʫ ʩʢʫʧʦʚʝ ʦʙʝʣʝʞʿʘ ʪʘʢʦ ʰʪʦ ʚʠʰʝ ʧʫʪʘ 

ʪʨʝʥʠʨʘʿʫ ʠ ʧʨʦʮʝˁʫʿʫ ʤʦʜʝʣ ʄʋ ʧʦʤʦ˂ʫ ʨʘʟʣʠʯʠʪʠʭ ʩʢʫʧʦʚʘ, ʫʧʦʪʨʝʙˀʘʚʘʿʫ˂ʠ 

ʧʝʨʬʦʨʤʘʥʩʝ ʤʦʜʝʣʘ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤ. ʂʦʜ ʪʦʛ ʪʠʧʘ, ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ ʿʝ ʩʧʦˀʘʰˁʠ ʫ ʦʜʥʦʩʫ 

ʥʘ ʤʦʜʝʣ. ʇʨʠʤʝʨʠ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʤʦʪʘʯʢʠʤ ʤʝʪʦʜʘʤʘ ʩʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠ 

ʠʟʙʦʨ ʫʥʘʧʨʝʜ, ʝʣʠʤʠʥʘʮʠʿʘ ʫʥʘʟʘʜ ʠ ʨʝʢʫʨʟʠʚʥʘ ʝʣʠʤʠʥʘʮʠʿʘ ʦʙʝʣʝʞʿʘ. 

Å ʋʛʨʘʹʝʥʝ (ʝʥʛʣ. embedded) ʤʝʪʦʜʝ ʠʥʪʝʛʨʠʰʫ ʩʝʣʝʢʮʠʿʫ ʦʙʝʣʝʞʿʘ ʫ ʦʙʫʢʫ ʤʦʜʝʣʘ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʪʘʢʦ ʜʘ ʩʝ ʩʝʣʝʢʮʠʿʘ ʜʝʰʘʚʘ ʪʦʢʦʤ ʦʙʫʢʝ ʤʦʜʝʣʘ. ʉʘʤ ʤʦʜʝʣ ʜʦʜʝˀʫʿʝ 

ʚʘʞʥʦʩʪ ʦʙʝʣʝʞʿʠʤʘ ʠ ʤʦʞʝ ʠʭ ʝʣʠʤʠʥʠʩʘʪʠ. ɸʣʛʦʨʠʪʤʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʩʪʘʙʣʫ ʦʜʣʫʯʠʚʘˁʘ 

(ʥʧʨ. RF), ʪʝʭʥʠʢʝ ʨʝʛʫʣʘʨʠʟʘʮʠʿʝ ʠʣʠ ʤʝʭʘʥʠʟʤʠ ʧʘʞˁʝ ʯʝʩʪʦ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʪʘʢʚʠʤ 

ʤʝʪʦʜʘʤʘ. 

ʋ [1], ʢʦʨʠʰ˂ʝʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʤʠʥʠʤʘʣʥʝ ʨʝʜʫʥʜʘʥʪʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʥʝ ʨʝʣʝʚʘʥʪʥʦʩʪʠ (ʝʥʛʣ. 

minimal Redundancy Maximal Relevance ï mRMR). ʊʘ ʬʠʣʪʝʨʩʢʘ ʤʝʪʦʜʘ ʨʝʰʘʚʘ ʦʙʘ ʧʨʦʙʣʝʤʘ 

ʩʧʦʤʝʥʫʪʘ ʫ ʫʚʦʜʫ ʦʚʦʛ ʦʜʝˀʢʘ ï ʥʠʩʢʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʮʠˀʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ ʠ ʤʝʹʫʩʦʙʥʝ 



ʇʦʛʣʘʚˀʝ 3 ʇʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ 

73 

ʟʘʚʠʩʥʦʩʪʠ. ʌʦʢʫʩ ʫ [19] ʿʝ ʥʘ ʦʙʿʘʰˁʠʚʦʿ ʚʝʰʪʘʯʢʦʿ ʠʥʪʝʣʠʛʝʥʮʠʿʠ (XAI ); ʩʪʦʛʘ ʩʝ ʚʘʞʥʦʩʪ 

ʦʙʝʣʝʞʿʘ ʢʦʿʫ ʧʨʫʞʘʿʫ XAI  ʘʣʘʪʠ ʧʨʠʤʝˁʫʿʝ ʟʘ ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ. 

ʋ [3], ʘʫʪʦʨʠ ʦʧʠʩʫʿʫ ʩʚʦʿʫ ʤʝʪʦʜʫ ʢʘʦ ʭʠʙʨʠʜ ʬʠʣʪʝʨʩʢʝ ʠ ʦʤʦʪʘʯʢʝ: ʫ ʬʘʟʠ ʬʠʣʪʝʨʘ, 

ʧʦʜʩʢʫʧʦʚʠ ʦʙʝʣʝʞʿʘ ʢʨʝʠʨʘʿʫ ʩʝ ʥʘ ʦʩʥʦʚʫ ʇʠʨʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ (ʇʂʂ), ʘ ʫ 

ʬʘʟʠ ʦʤʦʪʘʯʘ, ʥʘʿʙʦˀʠ ʧʦʜʩʢʫʧ ʙʠʨʘ ʩʝ ʝʚʘʣʫʘʮʠʿʦʤ ʥʘ ʤʦʜʝʣʫ ʄʋ. ʇʂʂ ʩʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ ʫ 

[30], ʘ ʠʟʙʦʨ ʩʝ ʚʝʨʠʬʠʢʫʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʫʪʠʮʘʿʘ (ʝʥʛʣ. Mean Impact Value 

ï MIV ). ʋ [37], ʇʂʂ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʨʫʜʠʤʝʥʪʘʨʘʥ ʥʘʯʠʥ: ʦʙʝʣʝʞʿʘ ʩʘ |ʇʂʂ| < 0,4 ʩʝ ʦʜʙʘʮʫʿʫ. 

ʋ [48], ʢʨʝʠʨʘ ʩʝ ʥʝʢʦʣʠʢʦ ʧʦʜʩʢʫʧʦʚʘ ʦʙʝʣʝʞʿʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ: ʠʥʪʫʠʪʠʚʥʦ, ʧʦʤʦ˂ʫ 

ʇʂʂ, ʥʘ ʦʩʥʦʚʫ ʟʥʘˁʘ ʦ ʬʠʟʠʯʢʠʤ ʧʨʦʮʝʩʠʤʘ, ʠ ʢʦʥʘʯʥʦ, ʧʨʝʪʨʘʛʦʤ ʛʨʫʙʦʤ ʩʠʣʦʤ. 

ʅʝʢʠ ʨʘʜʦʚʠ ʧʨʠʤʝˁʫʿʫ ʜʨʫʛʝ ʩʣʠʯʥʝ ʧʦʢʘʟʘʪʝˀʝ ʫʤʝʩʪʦ ʇʂʂ. ʋ [39], ʉʧʠʨʤʘʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ 

ʢʦʨʝʣʘʮʠʿʝ ʨʘʥʛʘ (ʝʥʛʣ. Spearmanôs Rank Correlation Coefficient ï SRCC ʦʜʥ. ɟ) ʠʟʨʘʯʫʥʘʪ ʿʝ ʟʘ 

ʩʚʘ ʫʣʘʟʥʘ ʦʙʝʣʝʞʿʘ, ʠ ʦʙʝʣʝʞʿʘ ʩʘ ʥʘʿʚʝ˂ʦʤ ʚʨʝʜʥʦʰ˂ʫ SRCC ʜʦʜʘʿʫ ʩʝ ʿ ʝʜʥʦ ʧʦ ʿ ʝʜʥʦ ʫ ʦʙʫʢʫ 

ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʘ. ɿʘ ʚʠʰʝ ʦʜ 5 ʦʙʝʣʝʞʿʘ, ʤʝʪʨʠʢʝ ʧʦʯʠˁʫ ʜʘ ʩʝ ʧʦʛʦʨʰʘʚʘʿʫ. ʋ [40], ʢʦʨʠʩʪʝ 

ʩʝ ʚʨʝʜʥʦʩʪʠ ʤʝʹʫʩʦʙʥʝ ʠʥʬʦʨʤʘʮʠʿʝ (ʝʥʛʣ. Mutual Information ï MI) ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʮʠˀʥʝ 

ʧʨʦʤʝʥˀʠʚʝ. MI ʪʘʢʦʹʝ ʤʦʞʝ ʜʘ ʜʝʪʝʢʪʫʿʝ ʥʝʣʠʥʝʘʨʥʝ ʦʜʥʦʩʝ ʠʟʤʝʹʫ ʦʙʝʣʝʞʿʘ. ʋ [42], ʘʥʘʣʠʟʘ 

ʚʘʞʥʦʩʪʠ ʦʙʝʣʝʞʿʘ ʩʧʨʦʚʦʜʠ ʩʝ ʦʜʨʝʹʠʚʘˁʝʤ ʪʝʞʠʥʘ ʦʙʝʣʝʞʿʘ ʫ Elastic Net-ʫ ʠ XGBoost-ʫ. 

ʋ [12], ʢʦʨʠʰ˂ʝʥ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʩʪʫʧ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʧʦʜʩʢʫʧʘ ʫʣʘʟʥʠʭ 

ʦʙʝʣʝʞʿʘ ʟʘʿʝʜʥʦ ʩʘ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʇʦʯʝʪʥʠ ʧʦʜʩʢʫʧ ʦʙʝʣʝʞʿʘ ʙʠʨʘ ʩʝ 

ʝʤʧʠʨʠʿʩʢʠ. ɿʘʪʠʤ ʩʝ ʬʘʟʝ ʦʙʫʢʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʨʝʢʫʨʟʠʚʥʦ ʠʟʚʨʰʘʚʘʿʫ ʜʦʢ ʩʝ ʤʝˁʘʿʫ ʫʣʘʟʥʘ 

ʦʙʝʣʝʞʿʘ ʠ ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʜʘ ʙʠ ʩʝ ʦʜʘʙʨʘʣʘ ʦʧʪʠʤʘʣʥʘ ʦʙʝʣʝʞʿʘ ʠ ʢʦʥʩʪʨʫʠʩʘʣʘ 

ʦʧʪʠʤʘʣʥʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ. 

ʋ [27], RF ʩʘ 200 ʩʪʘʙʘʣʘ ʦʜʣʫʯʠʚʘˁʘ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʦʤʦʪʘʯʢʘ ʤʝʪʦʜʘ ʟʘ ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ. ʋ 

[33], ʧʨʠʤʝˁʫʿʝ ʩʝ ʦʤʦʪʘʯʢʘ ʤʝʪʦʜʘ ʧʦʚʨʘʪʥʝ ʝʣʠʤʠʥʘʮʠʿʝ (ʝʥʛʣ. backward elimination). ʄʦʜʝʣ 

ʩʝ ʠʥʠʮʠʿʘʣʥʦ ʪʨʝʥʠʨʘ ʩʘ ʩʚʠʤ ʧʨʦʤʝʥˀʠʚʠʤ; ʟʘʪʠʤ, ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ, ʥʘʿʤʘˁʝ ʟʥʘʯʘʿʥʘ 

ʧʨʦʤʝʥˀʠʚʘ ʩʝ ʫʢʣʘˁʘ. ʇʨʦʮʝʩ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʘʜʘ ʩʝ ʥʝ ʧʨʠʤʝʪʠ ʥʠʢʘʢʚʦ ʧʦʙʦˀʰʘˁʝ. 

ʂʦʥʘʯʥʦ, ʫ [18], [23] ʠ [32], ʫʣʘʟʥʘ ʦʙʝʣʝʞʿʘ ʦʜʘʙʨʘʥʘ ʩʫ ʥʘ ʦʩʥʦʚʫ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ, ʧʨʝʛʣʝʜʘ 

ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʝʧʦʨʫʢʘ ʄʝʹʫʥʘʨʦʜʥʝ ʘʛʝʥʮʠʿʝ ʟʘ ʝʥʝʨʛʠʿʫ (ʝʥʛʣ. International Energy Agency 

ï IEA), ʨʝʩʧʝʢʪʠʚʥʦ. 

ʈʝʟʠʤʝ ʤʝʪʦʜʘ ʟʘ ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʊɸɹ. 23 ʠ ʥʘ 

ʉʃ. 51. ʈʘʜʦʚʠ ʢʦʿʠ ʢʦʨʠʩʪʝ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʚʨʩʪʝ ʤʝʪʦʜʝ, ʠʣʠ ʭʠʙʨʠʜ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʫ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ, ʩʧʦʤʠˁʫ ʩʝ ʫ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʨʝʜʘ. ʉʪʦʛʘ ʩʫ ʫ ʪʘʙʝʣʠ ʥʘʚʝʜʝʥʝ ʫʢʫʧʥʦ 22 

ʨʝʬʝʨʝʥʮʝ. ɸʢʦ ʩʝ ʩʢʫʧʦʚʠ ʦʙʝʣʝʞʿʘ ʫʧʦʨʝʹʫʿʫ ʥʘ ʤʦʜʝʣʫ ʄʋ ʥʘ ʥʝʬʦʨʤʘʣʘʥ ʥʘʯʠʥ, ʙʝʟ 

ʧʨʝʪʨʘʛʝ ʠʣʠ ʩʣʠʯʥʦʛ ʘʣʛʦʨʠʪʤʘ, ʪʘʢʚʘ ʤʝʪʦʜʘ ʥʝ ʩʤʘʪʨʘ ʩʝ ʦʤʦʪʘʯʢʦʤ. ʇʨʝʪʨʘʛʘ ʛʨʫʙʦʤ ʩʠʣʦʤ 

ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʦʤʦʪʘʯʢʦʤ ʤʝʪʦʜʦʤ, ʘʣʠ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ ʠʧʘʢ ʿʝ ʥʘʚʝʜʝʥʘ ʟʘʩʝʙʥʦ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʝ ʥʠʩʫ ʩʧʦʤʝʥʫʪʝ ʢʘʦ ʟʘʩʝʙʘʥ ʪʠʧ ʫ ʪʘʙʝʣʠ ʿʝʨ ʿʝ ʥʝʢʘ ʚʨʩʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʦʚʝʟʘʥʘ ʩʘ ʩʢʦʨʦ ʩʚʠʤ ʪʠʧʦʚʠʤʘ. ʅʧʨ. ʫ [12], ʪʝʤʝˀʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʜʝʣʠʤʠʯʥʦ ʩʫ ʚʦʹʝʥʠ ʠʥʪʫʠʮʠʿʦʤ ʠ ʧʦʯʠˁʫ ʦʜ ʝʤʧʠʨʠʿʩʢʠ ʦʜʨʝʹʝʥʦʛ ʧʦʜʩʢʫʧʘ, ʜʦʢ ʩʫ ʫ [39] 

ʚʨʝʜʥʦʩʪʠ SRCC ʦʩʥʦʚʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʝ. 

ʊɸɹ. 23: ʄʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ɽʤʧʠʨʠʿʩʢʝ 8 (36,36%) [4], [12], [13], [17], [18], [23], [32], [48] 

ʌʠʣʪʝʨʩʢʝ 10 (45,45%) [1], [3], [17], [19], [30], [37], [39], [40], [42], [48] 

ʆʤʦʪʘʯʢʝ 3 (13,64%) [3], [27], [33] 

ɻʨʫʙʘ ʩʠʣʘ 1 (4,55%) [48] 
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ʉʃ. 51: ʄʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʋ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʚʠʰʝ ʧʘʞˁʝ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ ʩʝʣʝʢʮʠʿʠ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʧʦʩʝʙʥʦ 

ʘʣʛʦʨʠʪʘʤʩʢʠʤ, ʩʠʩʪʝʤʘʪʩʢʠʤ ʤʝʪʦʜʘʤʘ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʘʫʪʦʤʘʪʠʟʦʚʘʪʠ. ʇʨʝʛʣʝʜʘʥʠ ʨʘʜʦʚʠ 

ʦʧʠʩʫʿʫ ʥʝʢʦʣʠʢʦ ʟʘʥʠʤˀʠʚʠʭ ʤʝʪʦʜʘ ʩʝʣʝʢʮʠʿʝ. ʄʝʹʫʪʠʤ, ʩʘʤʦ 3 ʨʘʜʘ ʢʦʨʠʩʪʝ ʦʤʦʪʘʯʢʝ 

ʤʝʪʦʜʝ, ʘ ʫʛʨʘʹʝʥʝ ʤʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʦʙʝʣʝʞʿʘ ʥʠʩʫ ʫʧʦʪʨʝʙˀʘʚʘʥʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. 

ʋ ʊɸɹ. 24 ʠ ʧʣʘʚʠʤ ʪʨʘʢʘʤʘ ʥʘ ʉʃ. 51 ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʟʠʤʝ ʤʝʪʦʜʘ ʟʘ ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ ʢʦʿʝ ʩʫ 

ʧʨʦʠʟʚʝʣʝ nRMSE ʤʘˁʠ ʦʜ 2% ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʪʭʦʜʥʦʤ, ʦʚʘ 

ʪʘʙʝʣʘ ʩʘʜʨʞʠ ʩʘʤʦ 1 ʦʜ 8 ʝʤʧʠʨʠʿʩʢʠʭ, ʘʣʠ 5 ʦʜ 10 ʬʠʣʪʝʨʩʢʠʭ ʠ 1 ʦʜ 3 ʦʤʦʪʘʯʢʝ ʤʝʪʦʜʝ. 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʟʘ ʬʠʣʪʝʨʩʢʝ ʠ ʦʤʦʪʘʯʢʝ ʤʝʪʦʜʝ ʚʝʨʦʚʘʪʥʠʿʝ ʿʝ ʜʘ ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʚʨʭʫʥʩʢʫ 

ʪʘʯʥʦʩʪ ʥʝʛʦ ʟʘ ʝʤʧʠʨʠʿʩʢʝ. 

ʊɸɹ. 24: ʄʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʣʝ nRMSE < 2% 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ɽʤʧʠʨʠʿʩʢʝ 1 ʦʜ 8 (12,5%) [32] 

ʌʠʣʪʝʨʩʢʝ 5 ʦʜ 10 (50%) [3], [17], [30], [40], [42] 

ʆʤʦʪʘʯʢʝ 1 ʦʜ 3 (33,33%) [33] 

ɻʨʫʙʘ ʩʠʣʘ 0 ʦʜ 1 (0%) ï 

3.3.12 ˻͙͙ͨͭͣ͊͘ͼ͙͊͞ ͻ͙͔͔ͨͪͨ͊ͪ͊ͣͭ͊ͪ͊ 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʨʝʜʩʪʘʚˀʘ ʩʫʰʪʠʥʩʢʠ ʢʦʨʘʢ ʢʘ ʧʦʙʦˀʰʘʥʦʿ ʪʘʯʥʦʩʪʠ 

ʧʨʝʜʚʠʹʘˁʘ, ʟʘʪʦ ʰʪʦ ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ ʜʝʬʠʥʠʰʫ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪ ʤʦʜʝʣʘ, ʧʨʦʮʝʩ 

ʫʯʝˁʘ ʠ ʩʣ. ʅʧʨ. ʫ [4], ʯʘʢ 24 ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʧʨʠʤʝˁʝʥʝ ʩʫ ʠ ʩʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʠ 

ʩʘ ʧʦʜʨʘʟʫʤʝʚʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ; ʫ ʥʝʢʠʤ ʦʜ ʤʝʪʦʜʘ, ʦʧʪʠʤʠʟʦʚʘʥʠ 

(Ăʧʦʜʝʰʝʥʠò) ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ ʨʝʟʫʣʪʠʨʘʿʫ 47% ʙʦˀʠʤ ʤʝʪʨʠʢʘʤʘ ʦʜ ʧʦʜʨʘʟʫʤʝʚʘʥʠʭ. 

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʦʟʥʘʪʘ ʿ ʝ ʢʘʦ ʧʨʝʪʨʘʛʘ ʧʦ ʤʨʝʞʠ 

(ʝʥʛʣ. grid search). ʋ ʪʦʿ ʤʝʪʦʜʠ, ʧʝʨʬʦʨʤʘʥʩʝ ʤʦʜʝʣʘ ʧʨʦʮʝˁʫʿʫ ʩʝ ʩʘ ʩʚʠʤ ʤʦʛʫ˂ʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʦʙʠʯʥʦ ʥʘ ʧʦʜʩʢʫʧʫ 

ʧʦʜʘʪʘʢʘ. ɸʢʦ ʿʝ ʙʨʦʿ ʢʦʤʙʠʥʘʮʠʿʘ ʚʝʣʠʢʠ, ʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʜʫʛʦʛ ʚʨʝʤʝʥʘ 

ʠʟʨʘʯʫʥʘʚʘˁʘ. ɿʙʦʛ ʪʦʛʘ, ʤʦʨʘ ʩʝ ʦʜʘʙʨʘʪʠ ʨʘʟʫʤʥʦ ʤʘʣʠ ʙʨʦʿ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʦʜ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʂʦʤʙʠʥʘʮʠʿʝ ʪʠʭ ʚʨʝʜʥʦʩʪʠ ʜʝʬʠʥʠʰʫ ʯʚʦʨʦʚʝ ʤʨʝʞʝ. ʇʨʠ ʪʦʤʝ ʧʦʩʪʦʿʠ 

ʨʠʟʠʢ ʜʘ ʩʝ ʧʦʛʨʝʰʥʦ ʠʟʘʙʝʨʫ ʤʦʛʫ˂ʝ ʚʨʝʜʥʦʩʪʠ. 

ɱʦʰ ʚʝ˂ʠ ʧʨʦʙʣʝʤ ʩʘ ʧʨʝʪʨʘʛʦʤ ʧʦ ʤʨʝʞʠ ʜʦʣʘʟʠ ʦʜ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʯʚʦʨʦʚʝ, ʪʿ. 

ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʘ ʬʫʥʢʮʠʿʘ ʢʦʿʫ ʪʨʝʙʘ ʜʘ ʤʠʥʠʤʠʟʫʿʝ 

ʥʘʿʯʝʰ˂ʝ ʿʝ ʥʝʧʨʝʢʠʜʥʘ. ɸʢʦ ʩʝ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʿʝ, ʪʿ. ʥʘʿʙʦˀʘ ʢʦʤʙʠʥʘʮʠʿʘ ʚʨʝʜʥʦʩʪʠ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʥʘʣʘʟʠ ʥʝʛʜʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ, ʧʨʝʪʨʘʛʘ ʧʦ ʤʨʝʞʠ ʥʝ˂ʝ ʤʦ˂ʠ ʜʘ ʛʘ ʧʨʦʥʘʹʝ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʨʘʥʫʣʘʨʥʦʩʪʠ ʤʨʝʞʝ, ʤʦʞʜʘ ʩʝ ʥʝ˂ʝ ʥʠ ʧʨʠʙʣʠʞʠʪʠ ʤʠʥʠʤʫʤʫ. 
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ʉʪʦʛʘ, ʜʘ ʙʠ ʩʝ ʧʨʦʥʘʰʣʝ ʥʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʤʦʨʘʿʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʥʘʧʨʝʜʥʝ 

ʤʝʪʦʜʝ ʧʨʝʪʨʘʞʠʚʘˁʘ. ʆʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʟʘ ʪʘʢʚʝ NP-ʪʝʰʢʝ ʧʨʦʙʣʝʤʝ ʧʨʝʪʨʘʛʝ ʣʝʞʠ ʫ 

ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʤ ʘʣʛʦʨʠʪʤʠʤʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʢʝ ʪʘʢʦʹʝ ʥʝ ʤʦʛʫ ʛʘʨʘʥʪʦʚʘʪʠ ʜʘ ˂ʝ ʫʚʝʢ 

ʧʨʦʥʘ˂ʠ ʘʧʩʦʣʫʪʥʠ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʿʝ, ʘʣʠ ʚʨʣʦ ʚʝʨʦʚʘʪʥʦ ˂ ʝ ʧʨʦʥʘ˂ʠ ʜʦʚʦˀʥʦ ʜʦʙʨʦ ʨʝʰʝˁʝ 

(ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʢʦʤʙʠʥʘʮʠʿʫ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ) ʫʟ ʨʘʟʫʤʥʫ ʫʧʦʪʨʝʙʫ ʨʘʯʫʥʘʨʩʢʠʭ 

ʨʝʩʫʨʩʘ. 

ʈʝʟʠʤʝ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʜʘʪ ʿʝ ʫ 

ʊɸɹ. 25 ʠ ʥʘ ʉʃ. 52. ʊʘʢʚʝ ʤʝʪʦʜʝ ʩʧʦʤʝʥʫʪʝ ʩʫ ʠʣʠ ʦʧʠʩʘʥʝ ʫ 25 ʦʜ 50 ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ, ʘ 

ʪʦ ʿʝ ʠ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʫ ʪʘʙʝʣʠ. ɽʤʧʠʨʠʿʩʢʠ ʧʨʠʩʪʫʧ ʥʠʿʝ ʥʘʚʝʜʝʥ ʫ ʟʘʩʝʙʥʦʤ ʨʝʜʫ ʪʘʙʝʣʝ, 

ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʿʝ ʫʩʢʦ ʧʦʚʝʟʘʥ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʨʠʩʪʫʧʦʤ ʠ ʫʚʝʢ ʩʝ ʢʦʤʙʠʥʫʿʝ ʩʘ ˁʠʤ. 

ʊɸɹ. 25: ʄʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 11 (44%) [3], [5], [12], [16], [17], [24], [36], [37], [41], [43], [44] 

ʇʨʝʪʨʘʛʘ ʧʦ ʤʨʝʞʠ 9 (36%) [4], [13], [18], [20], [23], [28], [38], [48], [49] 

ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ 2 (8%) [30], [42] 

ʆʩʪʘʣʦ 3 (12%) [33], [39], [40] 

 
ʉʃ. 52: ʄʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʅʘʞʘʣʦʩʪ, ʤʝʹʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, ʩʚʝʛʘ 2 ʢʦʨʠʩʪʝ ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʋ [30], ʧʨʠʤʝˁʝʥ ʿʝ LFBAS (ʝʥʛʣ. Levy Flight Beetle Antennae Search); ʩʚʘʢʘ 

ʦʜ 4 GRU ʤʨʝʞʝ ʦʧʪʠʤʠʟʦʚʘʥʘ ʿʝ ʟʘʩʝʙʥʦ ʟʘ ʩʚʘʢʠ ʜʘʥ ʪʝʩʪʥʦʛ ʧʦʜʩʢʫʧʘ. ʆʧʪʠʤʘʣʘʥ ʙʨʦʿ 

ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʪʿ. ʢʘʰˁʝˁʘ, ʦʜʨʝʹʝʥ ʿʝ ʧʘʨʮʠʿʘʣʥʦʤ ʘʫʪʦʢʦʨʝʣʘʮʠʿʦʤ (PACF). ʋ [42], 

ʫʧʦʪʨʝʙˀʝʥʘ ʿʝ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ TSA (ʝʥʛʣ. Tabu Search Algorithm). 

ʋ [13], ʢʦʨʠʩʪʠ ʩʝ ʫʛʥʝʞʹʝʥʘ ʫʥʘʢʨʩʥʘ ʚʘʣʠʜʘʮʠʿʘ. ɺʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʦʜʨʝʹʫʿʫ ʩʝ ʫ 

ʫʥʫʪʨʘʰˁʦʿ ʧʝʪˀʠ ʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʠʤʝˁʫʿʫ ʥʘ ʩʧʦˀʘʰˁʫ ʧʝʪˀʫ. ʋ [48], ʧʨʠʤʝˁʝʥʘ ʿʝ 

ʜʚʦʩʪʨʫʢʘ ʧʨʝʪʨʘʛʘ ʧʦ ʤʨʝʞʠ, ʘ ʦʧʩʝʟʠ ʟʘ ʜʨʫʛʦ ʧʦʢʨʝʪʘˁʝ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʚʦʛ 

ʧʦʢʨʝʪʘˁʘ. 

ʋ [33], ʢʦʨʠʰ˂ʝʥ ʿʝ ʢʦʤʧʣʝʪ ʘʣʘʪʘ ʟʘ ʘʫʪʦʤʘʪʠʟʦʚʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ Neural Network 

Intelligence (NNI). ɺʨʰʠ ʩʝ ʦʙʫʢʘ ʟʘ ʩʚʘʢʫ ʢʦʤʙʠʥʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʦʤʦ˂ʫ ʩʣʫʯʘʿʥʠʭ 

ʧʦʜʩʢʫʧʦʚʘ ʠʟ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. NNI ʧʦʜʨʞʘʚʘ ʚʝ˂ʠ ʙʨʦʿ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʦʜʝʰʘʚʘˁʝ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʘʣʠ ʘʫʪʦʨʠ ʥʠʩʫ ʩʧʦʤʝʥʫʣʠ ʢʦʿʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʤʝˁʝʥ. ʋ [39], ʢʦʨʠʩʪʠ ʩʝ 

ʩʣʫʯʘʿʥʘ ʧʨʝʪʨʘʛʘ. ʋ [40], ʧʦʯʝʪʥʘ ʚʝʣʠʯʠʥʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʦʜʨʝʹʫʿʝ ʩʝ ʝʤʧʠʨʠʿʩʢʠ, ʘ ʧʦʪʦʤ 

ʤʦʜʠʬʠʢʫʿʝ ʦʨʝʟʠʚʘˁʝʤ (ʫʢʣʘˁʘˁʝʤ ʥʝʫʨʦʥʘ ʩʘ ʤʘˁʠʤ ʪʝʞʠʥʘʤʘ); ʧʦʰʪʦ ʩʝ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʢʦʣʦʥʠʿʝ ʤʨʘʚʘ (ACO) ʫʧʦʪʨʝʙˀʘʚʘ ʢʘʦ ʝʢʩʪʝʨʥʠ ʦʧʪʠʤʠʟʘʪʦʨ ʧʘʨʘʤʝʪʘʨʘ ʫ ʪʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʩʫ ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ ʠʥʜʠʨʝʢʪʥʦ ʦʧʪʠʤʠʟʦʚʘʥʠ ʪʦʤ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʦʤ. 
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ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʙʠ ʫ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʪʨʝʙʘʣʦ ʧʦʩʚʝʪʠʪʠ ʚʠʰʝ ʧʘʞˁʝ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʧʦʩʝʙʥʦ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʦʤ ʧʨʠʩʪʫʧʫ. ʅʝʢʦʣʠʢʦ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘʛʣʘʰʘʚʘ 

ʧʨʝʜʥʦʩʪʠ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʫ ʧʨʝʜʚʠʹʘˁʫ ʠ ʨʘʟʥʠʤ ʜʨʫʛʠʤ 

ʧʨʦʙʣʝʤʠʤʘ ʢʦʿʝ ʨʝʰʘʚʘ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ [57], [58], [59]. 

ʋ ʊɸɹ. 26 ʠ ʧʣʘʚʠʤ ʪʨʘʢʘʤʘ ʥʘ ʉʃ. 52 ʧʨʠʢʘʟʘʥ ʿ ʝ ʨʝʟʠʤʝ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ 

ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʣʝ nRMSE ʤʘˁʠ ʦʜ 2% ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʪʭʦʜʥʦʤ 

ʪʘʙʝʣʦʤ, ʦʚʘ ʩʘʜʨʞʠ ʩʘʤʦ 3 ʦʜ 11 ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ, 0 ʦʜ 9 ʧʨʝʪʨʘʛʘ ʧʦ ʤʨʝʞʠ, ʩʚʝ 3 

ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ (2 ʜʠʨʝʢʪʥʝ ʠ 1 ʠʥʜʠʨʝʢʪʥʫ [40]) ʠ NNI ʢʦʤʧʣʝʪ ʘʣʘʪʘ [33]. ɼʘʢʣʝ, 

ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʩʢʦʨʦ ʩʠʛʫʨʥʦ ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʚʨʭʫʥʩʢʫ ʪʘʯʥʦʩʪ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʤʝʪʦʜʝ ʟʥʘʪʥʦ ʩʫ ʣʦʰʠʿʝ, ʜʦʢ ʧʨʝʪʨʘʛʫ ʧʦ ʤʨʝʞʠ ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ. 

ʊɸɹ. 26: ʄʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʣʝ nRMSE < 2% 

ʂʘʪʝʛʦʨʠʿʘ ʤʝʪʦʜʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 3 ʦʜ 11 (27,27%) [3], [17], [44] 

ʇʨʝʪʨʘʛʘ ʧʦ ʤʨʝʞʠ 0 ʦʜ 9 (0%) ï 

ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ 2 ʦʜ 2 (100%) [30], [42] 

ʆʩʪʘʣʦ 2 ʦʜ 3 (66,67%) [33], [40] 

3.3.13 ˸͔͙͔ͭͪ͟ 

ʄʝʪʨʠʢʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʫʰʪʠʥʩʢʠ ʚʘʞʘʥ ʘʣʘʪ ʟʘ ʧʨʦʮʝʥʫ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʘ. ʆʚʘʿ ʦʜʝˀʘʢ 

ʩʘʜʨʞʠ ʨʝʟʠʤʝ ʤʝʪʨʠʢʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, ʜʦʢ ʩʝ ʩʣʝʜʝ˂ʠ ʦʜʝˀʘʢ ʙʘʚʠ 

ʨʘʟʣʠʯʠʪʠʤ ʬʘʢʪʦʨʠʤʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʤʝʪʨʠʢʝ, ʢʘʦ ʠ ʥʝʢʠʤ ʦʜʥʦʩʠʤʘ ʠʟʤʝʹʫ ʤʝʪʨʠʢʘ. ʈʝʟʠʤʝ 

ʤʝʪʨʠʢʘ ʫʧʦʪʨʝʙˀʝʥʠʭ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʜʘʪ ʿʝ ʫ 

ʊɸɹ. 27 ʠ ʥʘ ʉʃ. 53. ɼʝʬʠʥʠʮʠʿʝ ʥʝʢʠʭ ʯʝʩʪʠʭ ʤʝʪʨʠʢʘ ʜʘʪʝ ʩʫ ʫ ʦʜʝˀʢʫ 2.2. 

ʊɸɹ. 27: ʄʝʪʨʠʢʝ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʧʨʝʜʚʠʹʘˁʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʄʝʪʨʠʢʘ ɹʨʦʿ 

ʨʘʜʦʚʘ 

ʈʘʜʦʚʠ 

RMSE ʠ 

ʧʦʚʝʟʘʥʝ 

49 (98%) ʩʚʠ ʦʩʠʤ [36] 

MAE ʠ ʧʦʚʝʟʘʥʝ 37 (74%) [3], [4], [6], [7], [8], [9], [10], [11], [13], [15], [17], [18], [22], 

[23], [24], [25], [26], [27], [29], [30], [31], [32], [33], [34], [35], 

[36], [37], [38], [39], [41], [42], [43], [44], [45], [46], [48], [50] 

RĮ ʠ ʩʣʠʯʥʝ 22 (44%) [3], [6], [8], [10], [11], [14], [17], [22], [23], [24], [29], [30], 

[33], [35], [36], [39], [40], [41], [42], [44], [46], [48] 

MAPE ʠ 

ʧʦʚʝʟʘʥʝ 

11 (22%) [1], [9], [12], [17], [20], [21], [22], [27], [36], [39], [48] 

ʇʨʠʩʪʨʘʩʥʦʩʪ ʠ 

ʧʦʚʝʟʘʥʝ 

10 (20%) [4], [7], [9], [13], [14], [15], [18], [29], [32], [38] 

ʂʦʨʝʣʘʮʠʿʘ 8 (16%) [4], [7], [15], [16], [18], [21], [24], [43] 

ʆʩʪʘʣʦ 9 (18%) [8], [10], [13], [15], [18], [33], [36], [38], [46] 

 

ʂʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (ʝʥʛʣ. Root Mean Square Error ï RMSE, ʿ ʝʜʥʘʯʠʥʘ (7)) ʠ/ʠʣʠ 

ʥʝʢʝ ʦʜ ʧʦʚʝʟʘʥʠʭ ʤʝʪʨʠʢʘ ʢʦʨʠʩʪʝ ʩʝ ʫ 49 ʦʜ 50 ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ. ʂʘʦ ʤʝʪʨʠʢʘ, RMSE ʩʝ 

ʧʨʠʤʝˁʫʿʝ ʯʝʰ˂ʝ ʦʜ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (MSE, ʿ ʝʜʥʘʯʠʥʘ (6)) ʟʘʪʦ ʰʪʦ ʩʝ ʠʟʨʘʞʘʚʘ ʫ 

ʠʩʪʠʤ ʿʝʜʠʥʠʮʘʤʘ ʤʝʨʝ ʢʘʦ ʠ ʮʠˀʥʘ ʧʨʦʤʝʥˀʠʚʘ, ʠ ʩʪʦʛʘ ʿʝ ʠʥʪʫʠʪʠʚʥʠʿʘ ʢʘʦ ʠʥʜʠʢʘʪʦʨ. 

ɼʨʫʛʝ ʧʦʚʝʟʘʥʝ ʤʝʪʨʠʢʝ ʫʧʦʪʨʝʙˀʝʥʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʘ RMSE 

(nRMSE), ʨʝʣʘʪʠʚʥʘ RMSE (rRMSE) [8], [14], ʥʦʨʤʘʣʠʟʦʚʘʥʘ MSE (nMSE) [40] ʠ RMSE ʦʮʝʥʘ 

ʫʩʧʝʰʥʦʩʪʠ (ʝʥʛʣ. RMSE skill score), ʢʦʿʘ ʩʝ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʥʘʟʠʚʘ ʚʝʰʪʠʥʘ ʧʨʦʛʥʦʟʝ ʠʣʠ 
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ʠʥʜʝʢʩ ʚʝʰʪʠʥʝ ʧʨʦʛʥʦʟʝ (ʝʥʛʣ. forecast skill index), ʥʧʨ. [49], ʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʙʦˀʰʘˁʝ RMSE 

ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ ʧʦʩʪʦʿʘʥʦʩʪʠ (ʝʥʛʣ. persistence model). 

 
ʉʃ. 53: ʄʝʪʨʠʢʝ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʦ ʧʨʝʜʚʠʹʘˁʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Absolute Error ï MAE, ʿʝʜʥʘʯʠʥʘ (8)) ʠ ʧʦʚʝʟʘʥʝ 

ʤʝʪʨʠʢʝ ʯʠʥʝ ʜʨʫʛʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʫ ʛʨʫʧʫ, ʟʘʩʪʫʧˀʝʥʫ ʫ 37 ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ. 

ʇʦʚʝʟʘʥʝ ʤʝʪʨʠʢʝ ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʘ MAE (nMAE) ʠ ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʩʢʘʣʠʨʘʥʘ ʛʨʝʰʢʘ 

(ʝʥʛʣ. Mean Absolute Scaled Error ï MASE, ʪʿ. MAE ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ ʧʦʩʪʦʿʘʥʦʩʪʠ) [33]. ʋ 

[9], MAE ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʥʦʤʠʥʘʣʥʠʤ ʢʘʧʘʮʠʪʝʪʦʤ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʥʘʟʠʚʘ ʩʝ ʩʨʝʜˁʘ 

ʨʝʣʘʪʠʚʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Relative Error ï MRE). 

RĮ ʠ ʩʣʠʯʥʝ ʤʝʪʨʠʢʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʨʝ˂ʫ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʫ ʛʨʫʧʫ, ʫʧʦʪʨʝʙˀʝʥʫ ʫ 22 

ʧʨʝʛʣʝʜʘʥʘ ʨʘʜʘ. ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (RĮ, ʿʝʜʥʘʯʠʥʘ (4)) ʧʦʢʘʟʫʿʝ ʧʨʦʮʝʥʘʪ ʚʘʨʠʿʘʥʩʝ 

ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʠ ʤʦʜʝʣ ʦʙʿʘʰˁʘʚʘ, ʪʿ. ʧʨʦʮʝʥʘʪ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʿʝ ʤʦʜʝʣ 

ʠʩʧʨʘʚʥʦ ʧʨʝʜʚʠʜʝʦ. ʅʝʢʠ ʘʫʪʦʨʠ ʢʦʨʠʩʪʝ ʩʣʠʯʥʝ ʤʝʪʨʠʢʝ ʥʘʟʚʘʥʝ ʦʙʿʘʰˁʝʥʘ ʚʘʨʠʿʘʥʩʘ (ʝʥʛʣ. 

Explained Variance ï EV) [35] ʠʣʠ ʦʮʝʥʘ ʦʙʿʘʰˁʝʥʝ ʚʘʨʠʿʘʥʩʝ (ʝʥʛʣ. EV Score ï EVS) [10]. 

ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean Absolute Percentage Error ï MAPE, 

ʿʝʜʥʘʯʠʥʘ (9)) ʠ ʧʦʥʜʝʨʠʩʘʥʘ MAPE (ʝʥʛʣ. Weighted MAPE ï WMAPE) [20] ʥʘ ʯʝʪʚʨʪʦʤ ʩʫ 

ʤʝʩʪʫ, ʦʜʤʘʭ ʠʩʧʨʝʜ ʤʝʪʨʠʢʘ ʫ ʚʝʟʠ ʩʘ ʧʨʠʩʪʨʘʩʥʦʰ˂ʫ (ʝʥʛʣ. bias). ʊʫ ʛʨʫʧʫ ʯʠʥʝ ʩʨʝʜˁʘ 

ʛʨʝʰʢʘ ʧʨʠʩʪʨʘʩʥʦʩʪʠ (ʝʥʛʣ. Mean Bias Error ï MBE, ʿʝʜʥʘʯʠʥʘ (10)), ʥʦʨʤʘʣʠʟʦʚʘʥʘ MBE 

(nMBE) [4], [18], ʨʝʣʘʪʠʚʥʘ MBE (rMBE) [14], ʧʨʠʩʪʨʘʩʥʦʩʪ (ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʥʘʟʚʘʥʘ ʛʨʝʰʢʘ 

ʧʨʝʜʚʠʹʘˁʘ ʠʣʠ ʩʘʤʦ ʛʨʝʰʢʘ) [7], [13], [29] ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʧʨʠʩʪʨʘʩʥʦʩʪ (nBias) [13]. ʋ 8 

ʨʘʜʦʚʘ (16%), ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʫʧʦʪʨʝʙˀʘʚʘ ʩʝ ʢʘʦ ʤʝʪʨʠʢʘ. 

ʅʘ ʢʨʘʿʫ ʪʘʙʝʣʝ ʥʘʣʘʟʠ ʩʝ 9 ʨʘʜʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʨʠʢʝ ʢʦʿʝ ʥʠʩʫ ʫʢˀʫʯʝʥʝ 

ʫ ʧʨʝʪʭʦʜʥʝ ʛʨʫʧʝ: ʩʨʝʜˁʘ ʨʝʣʘʪʠʚʥʘ ʜʝʚʠʿʘʮʠʿʘ (ʝʥʛʣ. Mean Relative Deviation ï MRD) [8], 

ʢʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʜʝʚʠʿʘʮʠʿʝ (ʝʥʛʣ. Root Mean Squared Deviation ï RMSD) [8], ʤʝʜʠʿʘʥʘ 

ʘʧʩʦʣʫʪʥʝ ʛʨʝʰʢʝ (ʝʥʛʣ. Median Absolute Error ï MedAE) [10], ʠʥʜʝʢʩ ʩʣʘʛʘˁʘ (ʝʥʛʣ. Index of 

Agreement ï IoA, ʿʝʜʥʘʯʠʥʘ (11)) [13], ʦʜʥʦʩ ʚʘʨʠʿʘʥʩʝ (ʝʥʛʣ. variance ratio) [15], [18], 

ʢʚʘʥʪʠʣʥʠ ʛʫʙʠʪʘʢ (ʝʥʛʣ. quantile loss) [33], ʢʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʛʨʝʰʢʝ 

(ʝʥʛʣ. Root Mean Square Percent Error ï RMSPE) [36], ʝʢʦʥʦʤʩʢʠ ʧʨʠʭʦʜ (ʝʥʛʣ. Economic 

Revenue ï ER) [38] ʠ ʤʘʢʩʠʤʘʣʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Max Error ï ME) [46]. 

ʆʜʥʦʩ ʚʘʨʠʿʘʥʩʝ ʧʨʝʜʩʪʘʚˀʘ ʠʥʬʦʨʤʘʪʠʚʥʠ ʠʥʜʠʢʘʪʦʨ ʨʘʩʧʦʜʝʣʝ ʧʨʦʛʥʦʟʘ. ʋ ʦʚʦʤ ʧʨʝʛʣʝʜʫ 

ʥʠʿʝ ʫʚʨʰʪʝʥ ʫ ʠʩʪʫ ʛʨʫʧʫ ʩʘ RĮ ʠ ʦʩʪʘʣʠʤ ʤʝʪʨʠʢʘʤʘ ʧʦʚʝʟʘʥʠʤ ʩʘ ʚʘʨʠʿʘʥʩʦʤ, ʟʘʪʦ ʰʪʦ ʠʤʘ 

ʩʘʩʚʠʤ ʜʨʫʛʘʯʠʿʝ ʟʥʘʯʝˁʝ ʠ ʫʧʦʪʨʝʙʫ. ɽʢʦʥʦʤʩʢʠ ʧʨʠʭʦʜ (ER) ʧʨʦʮʝˁʫʿʝ ʝʢʦʥʦʤʩʢʝ 

ʧʦʩʣʝʜʠʮʝ ʛʨʝʰʘʢʘ ʫ ʧʨʦʛʥʦʟʠ; ʟʘʚʠʩʠ ʦʜ ʪʨʞʠʰʥʝ ʮʝʥʝ ʠ ʢʘʟʥʠ ʠ ʤʦʞʝ ʙʠʪʠ ʧʨʠʣʠʯʥʦ 

ʨʝʣʝʚʘʥʪʘʥ ʟʘ ʠʟʙʦʨ ʤʦʜʝʣʘ. ʄʘʢʩʠʤʘʣʥʘ ʛʨʝʰʢʘ (ME) ʧʨʠʣʠʯʥʦ ʿʝ ʿʝʜʥʦʩʪʘʚʥʘ, ʘʣʠ 

ʠʥʬʦʨʤʘʪʠʚʥʘ ʤʝʪʨʠʢʘ, ʢʦʿʘ ʦʪʢʨʠʚʘ ʥʘʣʿʦʰʠʿʫ ʫʦʯʝʥʫ ʧʨʦʛʥʦʟʫ ʤʦʜʝʣʘ ʠ ʪʠʤʝ ʫʢʘʟʫʿʝ ʥʘ 

ˁʝʛʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʥʘʿʛʦʨʝʤ ʩʣʫʯʘʿʫ. 
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ʇʨʦʩʝʯʘʥ ʨʘʥʛ (ʝʥʛʣ. Ranking Mean ï RM) [17] ʧʨʝʜʩʪʘʚˀʘ ʠʥʪʝʨʥʫ ʤʝʪʨʠʢʫ ʥʘʤʝˁʝʥʫ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʦ ʥʘʿʙʦˀʝʛ ʤʦʜʝʣʘ ʫ ʨʘʜʫ. ɹʫʜʫ˂ʠ ʜʘ ʿʝ ʪʦ ʠʥʪʝʨʥʘ ʤʝʪʨʠʢʘ ʫ ʨʘʜʫ, ʥʠʿʝ 

ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʝʣʠ, ʘʣʠ ʪʨʝʙʘ ʿʝ ʠʩʪʘ˂ʠ ʠ ʧʨʝʧʦʨʫʯʠʪʠ ʟʘʪʦ ʰʪʦ ʟʥʘʪʥʦ ʦʣʘʢʰʘʚʘ ʘʥʘʣʠʟʫ 

ʨʝʟʫʣʪʘʪʘ. ʇʦʨʝʜ ʤʝʪʨʠʢʘ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʝʣʠ, ʥʝʢʠ ʘʫʪʦʨʠ, ʥʧʨ. [1], [4], ʪʘʢʦʹʝ ʩʫ ʫʧʦʨʝʜʠʣʠ 

ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʦʙʫʢʫ ʠ/ʠʣʠ ʠʟʚʨʰʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ, h ʪʦ ʤʦʞʝ ʙʠʪʠ ʚʘʞʥʦ ʟʘ ʠʟʙʦʨ 

ʤʦʜʝʣʘ ʫ ʧʨʘʢʩʠ. 

ɼʘ ʙʠ ʩʝ ʫʧʦʨʝʜʠʣʝ ʤʝʪʨʠʢʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʌʅ ʩʠʩʪʝʤʘ, ʦʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʥʦʨʤʘʣʠʟʦʚʘʥʝ, ʟʘʪʦ 

ʰʪʦ ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʝ ʦʜ ʚʝʣʠʯʠʥʝ ʩʠʩʪʝʤʘ. ɻʣʘʚʥʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʦʪʝʞʘʚʘ ʧʦʨʝʹʝˁʝ 

ʤʝʪʨʠʢʘ ʿʝʩʪʝ ʪʦ ʰʪʦ ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ˁʠʭʦʚʫ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʥʠʩʫ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʝ. 

ʋ ʜʦʤʝʥʫ ʧʨʦʛʥʦʟʠʨʘˁʘ ʌʅ ʩʥʘʛʝ, ʧʨʝʧʦʨʫʢʘ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ ʿʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʥʦʤʠʥʘʣʥʠ 

ʢʘʧʘʮʠʪʝʪ ʧʦʩʪʨʦʿʝˁʘ, ʠ ʦʥ ʩʝ ʠ ʢʦʨʠʩʪʠ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ. ʋʢʦʣʠʢʦ ʥʦʤʠʥʘʣʥʠ ʢʘʧʘʮʠʪʝʪ 

ʥʠʿʝ ʧʦʟʥʘʪ, ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʟʘʤʝʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʫʦʯʝʥʘ ʚʨʝʜʥʦʩʪ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʧʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʜʦʚʦˀʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ), ʧʘ ʠ ʦʧʩʝʛ ʫʦʯʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

(ʢʦʿʠ ʿ ʝ ʫ ʩʣʫʯʘʿʫ ʌʅ ʩʥʘʛʝ ʦʙʠʯʥʦ ʿ ʝʜʥʘʢ ʤʘʢʩʠʤʘʣʥʦʿ ʫʦʯʝʥʦʿ ʚʨʝʜʥʦʩʪʠ). ɸʣʠ ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʥʝʢʠ ʘʫʪʦʨʠ ʧʨʠʤʝˁʫʿʫ ʘʨʠʪʤʝʪʠʯʢʫ ʩʨʝʜʠʥʫ ʫʦʯʝʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʚʘʨʠʿʘʥʩʫ, ʯʘʢ ʠ ʟʙʠʨ 

ʫʦʯʝʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʘ ʥʝʢʠ ʦʜʫʟʠʤʘʿʫ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʦʜ 100%. ʉʪʦʛʘ, ʧʨʠʣʠʢʦʤ 

ʫʧʦʨʝʹʠʚʘˁʘ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʤʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʥʘʯʠʥ ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ. 

ɿʘ ʧʨʦʮʝʥʫ ʨʘʟʣʠʯʠʪʠʭ ʘʩʧʝʢʘʪʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʛ ʧʨʝʜʚʠʹʘˁʘ ʢʦʨʠʩʪʠ ʩʝ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠ 

ʩʢʫʧ ʤʝʪʨʠʢʘ. ʉʣʝʜʝ˂ʝ ʤʝʪʨʠʢʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʧʦʫʟʜʘʥʦʩʪʠ (ʪʿ. ʩʪʘʪʠʩʪʠʯʢʝ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʟʘʧʘʞʘˁʘ ʠ ʧʨʦʛʥʦʟʘ) ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ: 

Å ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʦʢʨʠʚʝʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʚʠʹʘˁʘ (ʝʥʛʣ. Prediction Interval Coverage 

Probability ï PICP) [21], [42] 

Å ʧʨʦʩʝʯʥʘ ʛʨʝʰʢʘ ʧʦʢʨʠʚʝʥʦʩʪʠ (ʝʥʛʣ. Average Coverage Error ï ACE) [20], [42] 

Å ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ ʧʦʫʟʜʘʥʦʩʪʠ (ʝʥʛʣ. Mean Absolute Reliability Error ï MARE) [15] 

ʆʰʪʨʠʥʘ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʧʨʦʛʥʦʟʝ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʝʜʠʢʪʠʚʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʛʥʦʟʝ. 

ʆʰʪʨʠʿʘ ʧʨʦʛʥʦʟʘ ʠʤʘ ʫʞʫ, ʢʦʥʮʝʥʪʨʠʩʘʥʠʿʫ ʨʘʩʧʦʜʝʣʫ, h ʪʦ ʦʜʨʘʞʘʚʘ ʚʝ˂ʫ ʧʦʫʟʜʘʥʦʩʪ ʠ ʚʝ˂ʫ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪ. ʄʝʪʨʠʢʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʦʰʪʨʠʥʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʩʫ 

ʩʣʝʜʝ˂ʝ: 

Å ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʚʠʹʘˁʘ (ʝʥʛʣ. Prediction Interval Width ï PIW) [21] 

Å ʧʨʦʩʝʯʥʘ ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʚʠʹʘˁʘ (ʝʥʛʣ. Prediction Interval Average Width ï PIAW) 

[15] 

Å ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʧʨʦʩʝʯʥʘ ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʚʠʹʘˁʘ (ʝʥʛʣ. Prediction Interval 

Normalized Average Width ï PINAW) [20], [42] 

ʉʣʝʜʝ˂ʝ ʤʝʪʨʠʢʝ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʫʢʫʧʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ ʧʨʦʛʥʦʟʝ ʫ 

ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ: 

Å ʢʦʥʪʠʥʫʠʨʘʥʠ ʨʘʥʛʠʨʘʥʠ ʩʢʦʨ ʚʝʨʦʚʘʪʥʦ˂ʝ (ʝʥʛʣ. Continuous Ranked Probability Score 

ï CRPS) [15], ʯʠʿʝ ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʧʦʫʟʜʘʥʦʩʪ (ʝʥʛʣ. Reliability ï REL) ʠ ʨʝʟʦʣʫʮʠʿʘ (ʝʥʛʣ. 

Resolution ï RES) 

Å ʠʥʪʝʨʚʘʣʥʠ ʩʢʦʨ (ʝʥʛʣ. Interval Score ï IS) [20] 

ʆʩʠʤ ʪʦʛʘ, ʥʝʢʝ ʤʝʪʨʠʢʝ ʢʦʨʠʩʪʝ ʩʝ ʜʘ ʙʠ ʩʝ ʠʟʨʘʟʠʣʘ ʪʘʯʥʦʩʪ ʦʜʨʝʹʝʥʦʛ ʢʚʘʥʪʠʣʘ. ʊʦ ʩʫ 

ʢʚʘʥʪʠʣʥʠ ʩʢʦʨ (ʝʥʛʣ. Quantile Score ï QS) [15] ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʠ ʩʢʦʨ ʧʠʥʙʦʣ ʛʫʙʠʪʢʘ (ʝʥʛʣ. 

Normalized Pinball Loss Score ï L) [42]; ʤʝʹʫʪʠʤ, ʫ [42], L ʿʝ ʧʨʦʩʝʢ ʩʚʠʭ ʢʚʘʥʪʠʣʘ ʟʘ ʦʜʨʝʹʝʥʠ 

ʭʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʝ ʠ ʧʨʠʤʝˁʫʿʝ ʩʝ ʢʘʦ ʤʝʪʨʠʢʘ ʟʘ ʫʢʫʧʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʝ 

ʧʨʦʛʥʦʟʝ. 

ʋ ʨʘʜʫ ʢʦʿʠ ʩʝ ʙʘʚʠ ʧʨʦʛʥʦʟʠʨʘˁʝʤ ʩʮʝʥʘʨʠʿʘ [28] ʫʧʦʪʨʝʙˀʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʤʝʪʨʠʢʝ: 

Å ʫʥʘʢʨʩʥʘ ʝʥʪʨʦʧʠʿʘ (ʝʥʛʣ. Cross Entropy ï CE) ï ʦʜʨʘʞʘʚʘ ʩʣʠʯʥʦʩʪ ʠʟʤʝʹʫ ʨʘʩʧʦʜʝʣʘ 

ʚʝʨʦʚʘʪʥʦ˂ʝ 
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Å ʛʨʝʰʢʘ ʜʥʝʚʥʝ ʚʨʰʥʝ ʩʥʘʛʝ (ʝʥʛʣ. Daily Peak Power Error ï DPPE) ï ʧʨʠʢʘʟʫʿʝ ʨʝʣʘʪʠʚʥʫ 

ʛʨʝʰʢʫ ʠʟʤʝʹʫ ʩʮʝʥʘʨʠʿʘ ʚʨʰʥʝ ʩʥʘʛʝ ʠ ʫʦʯʝʥʝ ʚʨʰʥʝ ʩʥʘʛʝ 

Å ʜʥʝʚʥʘ ʛʨʝʰʢʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʥʝʨʛʠʿʝ (ʝʥʛʣ. Daily Energy Production Error ï DEPE) 

ï ʧʨʦʮʝˁʫʿʝ ʩʧʦʩʦʙʥʦʩʪ ʩʮʝʥʘʨʠʿʘ ʜʘ ʩʠʤʫʣʠʨʘʿʫ ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ 

Å ʬʘʢʪʦʨ ʘʫʪʦʢʦʨʝʣʘʮʠʿʝ (ʝʥʛʣ. Autocorrelation Factor ï ACF) ï ʫ ʪʦʤ ʨʘʜʫ ʧʨʦʮʝˁʫʿʝ 

ʚʨʝʤʝʥʩʢʫ ʢʦʨʝʣʘʮʠʿʫ 

Å ʉʧʠʨʤʘʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʨʘʥʛʘ (ʝʥʛʣ. Spearmanôs Rank Correlation Coefficient 

ï SRCC ʦʜʥ. ɟ) ï ʫ ʪʦʤ ʨʘʜʫ ʦʜʨʘʞʘʚʘ ʧʨʦʩʪʦʨʥʫ ʢʦʨʝʣʘʮʠʿʫ 

3.3.14 ˹͊͋ͦ͢͞ ͔ͭ ͊;ͤͦͫͭ ͙

ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʣʠʯʥʦ ʥʝʟʘʚʠʜʘʥ ʟʘʜʘʪʘʢ. ʂʘʦ 

ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʦʜʝˀʢʫ, ʠʩʪʝ ʤʝʪʨʠʢʝ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʫ ʚʠʰʝ ʨʘʜʦʚʘ. ɼʘ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʦ ʧʦʨʝʹʝˁʝ, ʤʦʨʘʿʫ ʙʠʪʠ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʥʘ ʠʩʪʠ ʥʘʯʠʥ; ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ, ʟʘ 

ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʤʝʪʨʠʢʘ ʧʨʠʤʝˁʝʥ ʿʝ ʥʦʤʠʥʘʣʥʠ ʢʘʧʘʮʠʪʝʪ. ɸʣʠ ʯʘʢ ʠ ʘʢʦ ʩʫ ʪʠ ʟʘʭʪʝʚʠ 

ʠʩʧʫˁʝʥʠ, ʤʦʨʘ ʩʝ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ ʨʝʟʫʣʪʘʪʠ ʧʨʦʛʥʦʟʝ ʟʘʚʠʩʝ ʦʜ ʤʥʦʛʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʩʫ 

ʚʝʨʦʚʘʪʥʦ ʨʘʟʣʠʯʠʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. 

ʇʨʝ ʩʚʝʛʘ, ʤʝʪʨʠʢʝ ʟʘʚʠʩʝ ʦʜ ʭʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʝ, ʢʘʢʦ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ, ʪʘʢʦ ʠ ʙʨʦʿʘ 

ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ. ɼʚʘ ʧʨʦʠʟʚʦˀʥʦ ʠʟʘʙʨʘʥʘ ʧʨʠʤʝʨʘ ʠʟ ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʧʨʠʢʘʟʘʥʘ ʩʫ ʫ ʊɸɹ. 

28 ʠ ʊɸɹ. 29. ʋ ʦʙʘ ʧʨʠʤʝʨʘ, ʧʦʚʝ˂ʘˁʝ ʭʦʨʠʟʦʥʪʘ ʜʦʚʦʜʠ ʜʦ ʦʯʠʛʣʝʜʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʤʝʪʨʠʢʘ. 

ʐʪʘʚʠʰʝ, ʤʝʪʨʠʢʝ ʩʝ ʦʙʠʯʥʦ ʤʝˁʘʿʫ ʥʘ ʥʝʧʨʘʚʠʣʘʥ ʥʘʯʠʥ, ʘ ʠʩʪʘ ʤʝʪʨʠʢʘ ʤʦʞʝ ʩʝ ʤʝˁʘʪʠ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʅʧʨ., nRMSE ʩʝ ʧʨʦʤʝʥʠʦ ʟʘ 112% ʫ [25] ʠ 

ʟʘ 215% ʫ [39]; ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, nMAE ʩʝ ʧʨʦʤʝʥʠʦ ʟʘ 151% ʫ [25], ʘʣʠ ʟʘ ʩʘʤʦ 94% ʫ [39], ʠʘʢʦ 

ʿʝ ʙʨʦʿ ʚʨʝʤʝʥʩʢʠʭ ʢʦʨʘʢʘ 24 ʫ ʦʙʘ ʩʣʫʯʘʿʘ. 

ʊɸɹ. 28: ʇʨʦʤʝʥʘ ʤʝʪʨʠʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʭʦʨʠʟʦʥʪʝ ʧʨʦʛʥʦʟʝ ʫ [25]  

ʄʝʪʨʠʢʘ ʍʦʨʠʟʦʥʪ ʇʨʦʤʝʥʘ 

15 ʤʠʥ 6 ʩʘʪʠ 

nRMSE 7,32% 15,53% 112,16% 

nMAE 15,71% 39,44% 151,05% 

ʊɸɹ. 29: ʇʨʦʤʝʥʘ ʤʝʪʨʠʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʭʦʨʠʟʦʥʪʝ ʧʨʦʛʥʦʟʝ ʫ [39]  

ʄʝʪʨʠʢʘ ʍʦʨʠʟʦʥʪ ʇʨʦʤʝʥʘ 

1 ʩʘʪ 24 ʩʘʪʘ 

nRMSE 2,91% 9,18% 215,46% 

nMAE 2,25% 4,37% 94,22% 

MAPE 2,23% 8,04% 260,54% 

RĮ 0,973 0,910 -6,47% 

 

ɺʝʨʫʿʝ ʩʝ ʜʘ ʚʝ˂ʠ ʬʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤʠ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʜʘʿʫ ʙʦˀʝ ʚʨʝʜʥʦʩʪʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʤʝʪʨʠʢʘ, ʘʣʠ ʘʥʘʣʠʟʘ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ ʥʠʿʝ ʪʦ ʜʦʢʘʟʘʣʘ. ʄʝʹʫʪʠʤ, ʫ [42], 

ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʜʚʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ï ʠʟ ʧʦʩʪʨʦʿʝˁʘ ʦʜ 211 kW ʠ ʧʦʩʪʨʦʿʝˁʘ ʦʜ 4,7 MW; ʧʦʜʘʮʠ 

ʠʟ ʚʝ˂ʝʛ ʧʦʩʪʨʦʿʝˁʘ ʧʨʫʞʠʣʠ ʩʫ 33% ʙʦˀʠ nRMSE ʥʝʛʦ ʠʟ ʤʘˁʝʛ, ʘʣʠ ʩʘʤʦ 3% ʙʦˀʠ nMAE ʠ 

0,86% ʙʦˀʠ RĮ. ʋ [3], nRMSE ʿʝ 131% ʙʦˀʠ, ʘ nMAE 128% ʙʦˀʠ ʟʘ ʚʝ˂ʠ ʩʠʩʪʝʤ, ʘʣʠ RĮ ʿʝ 

1,21% ʣʦʰʠʿʠ. ʉʚʘʢʘ ʤʝʪʨʠʢʘ ʤʦʞʝ ʩʝ ʧʨʦʤʝʥʠʪʠ ʥʘ ʩʧʝʮʠʬʠʯʘʥ ʥʘʯʠʥ. 

ʊʘʯʥʦʩʪ ʧʨʦʛʥʦʟʝ ʟʘʚʠʩʠ ʯʘʢ ʠ ʦʜ ʛʦʜʠʰˁʝʛ ʜʦʙʘ; ʪʦ ʿʝ ʟʘʥʠʤˀʠʚ ʬʘʢʪʦʨ ʢʦʿʠ ʩʝ ʯʝʩʪʦ 

ʟʘʥʝʤʘʨʫʿʝ. ʇʦʥʦʚʦ, ʤʝʪʨʠʢʝ ʠʟ ʜʚʘ ʧʨʦʠʟʚʦˀʥʦ ʠʟʘʙʨʘʥʘ ʧʨʠʤʝʨʘ ʤʝʹʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ ʜʘʪʝ ʩʫ ʫ ʊɸɹ. 30 ʠ ʊɸɹ. 31. ʋ [32], ʠ nRMSE ʠ nMAE ʟʥʘʪʥʦ ʩʫ ʙʦˀʠ ʟʘ ʟʠʤʫ ʥʝʛʦ ʟʘ 

ʣʝʪʦ, ʩʫʧʨʦʪʥʦ ʦʥʦʤʝ ʰʪʦ ʙʠ ʩʝ ʤʦʛʣʦ ʦʯʝʢʠʚʘʪʠ. ʋ [36], ʥʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʤʝʪʨʠʢʘ 
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ʦʩʪʚʘʨʝʥʝ ʩʫ ʟʘ ʧʨʦʣʝ˂ʝ; ʟʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʿʝ ʥʘʣʿʦʰʠʿʘ ʚʨʝʜʥʦʩʪ nMAE ʦʩʪʚʘʨʝʥʘ ʟʘ ʣʝʪʦ ʠ 

ʿʝʩʝʥ, MAPE ʟʘ ʿʝʩʝʥ, ʘ RĮ ʟʘ ʟʠʤʫ. 

ʊɸɹ. 30: ʇʨʦʤʝʥʘ ʤʝʪʨʠʢʘ ʟʘ ʨʘʟʣʠʯʠʪʘ ʛʦʜʠʰˁʘ ʜʦʙʘ ʫ [32]  

ʄʝʪʨʠʢʘ ɻʦʜʠʰˁʝ ʜʦʙʘ ʇʨʦʤʝʥʘ 

ʟʠʤʘ ʣʝʪʦ 

nRMSE 0,72% 0,9% 25,00% 

nMAE 0,36% 0,6% 66,67% 

ʊɸɹ. 31: ʇʨʦʤʝʥʘ ʤʝʪʨʠʢʘ ʟʘ ʨʘʟʣʠʯʠʪʘ ʛʦʜʠʰˁʘ ʜʦʙʘ ʫ [36]  

ʄʝʪʨʠʢʘ ɻʦʜʠʰˁʝ ʜʦʙʘ ʇʨʦʤʝʥʘ ʦʜ ʥʘʿʙʦˀʝʛ ʜʦ ʥʘʣʿʦʰʠʿʝʛ 

ʧʨʦʣʝ˂ʝ ʣʝʪʦ ʿʝʩʝʥ ʟʠʤʘ 

nMAE 1,24% 2,05% 2,05% 1,51% 65,32% 

MAPE 2,96% 5,00% 5,18% 3,52% 75,00% 

RĮ 0,991 0,986 0,989 0,982 -0,91% 

 

ɱʦʰ ʿ ʝʜʘʥ ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʤʝʪʨʠʢʝ ʿ ʝ ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʤʦʜʝʣʘ. MAE ʠ MSE ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʫʧʨʦʪʩʪʘʚˀʝʥʝ ʤʝʪʨʠʢʝ, ʟʘʪʦ ʰʪʦ ʩʝ MAE ʤʠʥʠʤʠʟʫʿʝ 

ʤʝʜʠʿʘʥʦʤ, ʘ MSE ʠ RMSE ʤʠʥʠʤʠʟʫʿ ʫ ʩʝ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ʧʨʦʤʝʥˀʠʚʝ [4], [15]. ɼʨʫʛʠʤ 

ʨʝʯʠʤʘ, ʘʢʦ ʩʝ ʤʦʜʝʣ ʦʧʪʠʤʠʟʫʿʝ ʧʦʤʦ˂ʫ MAE, ʚʝʨʦʚʘʪʥʦ ʥʝ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʦʧʪʠʤʘʣʥʫ RMSE 

ʠ ʦʙʨʥʫʪʦ. ɿʘʪʦ ʥʝʢʠ ʘʫʪʦʨʠ, ʥʧʨ. [18], ʯʘʢ ʠʟʚʦʜʝ ʜʚʝ ʦʜʚʦʿʝʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʦʨʠʩʪʝ˂ʠ ʠ 

MSE ʠ MAE. RMSE ʩʝ ʛʝʥʝʨʘʣʥʦ ʤʝˁʘ ʢʦʥʟʠʩʪʝʥʪʥʦ ʩʘ MBE, RMSE ʦʮʝʥʦʤ ʫʩʧʝʰʥʦʩʪʠ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʦʨʝʣʘʮʠʿʝ, ʘʣʠ ʥʝ ʠ ʩʘ MAE [18]. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, MAPE ʩʝ ʤʠʥʠʤʠʟʫʿʝ 

ʩʣʦʞʝʥʦʤ ʤʝʨʦʤ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʛʝʦʤʝʪʨʠʿʩʢʘ ʤʝʜʠʿʘʥʘ; ʪʘ ʤʝʨʘ ʥʠʿʝ ʧʦʚʝʟʘʥʘ ʥʠ ʩʘ ʤʝʜʠʿʘʥʦʤ 

ʥʠ ʩʘ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ. 

ʐʪʘʚʠʰʝ, ʤʥʦʛʠ ʠʩʪʨʘʞʠʚʘʯʠ ʦʙʠʯʥʦ ʠʤʘʿʫ ʩʧʝʮʠʬʠʯʘʥ ʬʦʢʫʩ. ɹʠʣʦ ʙʠ ʙʝʩʤʠʩʣʝʥʦ 

ʫʧʦʨʝʹʠʚʘʪʠ ʥʧʨ. ʨʝʟʫʣʪʘʪʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʠʩʪʨʘʞʫʿʝ ʠʤʧʫʪʘʮʠʿʫ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ 

[20] ʠ ʥʝʢʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʢʦʨʠʩʪʠ Ăʙʝʩʧʨʝʢʦʨʘʥò ʩʢʫʧ ʧʦʜʘʪʘʢʘ, ʠʣʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʫʩʤʝʨʝʥʦʛ ʥʘ ʧʦʪʧʫʥʦ ʜʨʫʛʫ ʦʙʣʘʩʪ, ʥʧʨ. XAI  ʘʣʘʪʝ [19]. ʇʦʨʝʜ ʪʦʛʘ, ʥʝʢʠ ʨʘʜʦʚʠ ʥʘʚʦʜʝ 

ʧʨʦʩʝʢʝ ʫʤʝʩʪʦ ʥʘʿʙʦˀʠʭ ʤʝʪʨʠʢʘ. 

ɿʙʦʛ ʩʚʠʭ ʪʠʭ ʨʘʟʣʦʛʘ, ʮʠ ˀʥʘʚʦʹʝˁʘ ʨʝʟʫʣʪʘʪʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʦʚʘ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ ʩʚʘʢʘʢʦ 

ʥʠʿʝ ʧʦʨʝʹʝˁʝ ʢʚʘʣʠʪʝʪʘ ʩʧʨʦʚʝʜʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʚʝ˂ ʧʦʪʨʝʙʘ ʜʘ ʩʝ, ʨʘʜʠ ʧʦʪʧʫʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʿʝ, ʧʨʫʞʝ ʨʘʩʧʦʥʠ ʦʯʝʢʠʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʘʿʯʝʰ˂ʝ ʤʝʪʨʠʢʝ ï nRMSE, nMAE, 

MAPE ʠ RĮ. ɿʘ ʥʝʢʝ ʨʘʜʦʚʝ, nRMSE ʠ nMAE ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʫ ʦʢʚʠʨʫ ʦʚʝ ʘʥʘʣʠʟʝ ʥʘ ʦʩʥʦʚʫ 

ʜʘʪʠʭ ʤʝʪʨʠʢʘ ʠ ʥʦʤʠʥʘʣʥʦʛ ʢʘʧʘʮʠʪʝʪʘ. ʈʘʜʦʚʠ ʫ ʢʦʿʠʤʘ ʨʝʟʫʣʪʘʪʠ ʥʠʩʫ ʩʧʝʮʠʬʠʮʠʨʘʥʠ, ʠʣʠ 

ʩʫ ʥʝʿʘʩʥʠ ʠʣʠ ʦʜʩʪʫʧʘʿʫ˂ʠ, ʠʟʦʩʪʘʚˀʝʥʠ ʩʫ ʠʟ ʦʚʝ ʘʥʘʣʠʟʝ. 

 

ʉʃ. 54: ʈʘʩʧʦʜʝʣʘ ʚʨʝʜʥʦʩʪʠ nRMSE ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 
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ʅʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ nRMSE ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʢʨʝ˂ʫ ʩʝ ʦʜ 0,46% [11] ʜʦ ʦʢʦ 14%, ʧʨʠ 

ʯʝʤʫ 4 ʨʘʜʘ ʠʟʚʝʰʪʘʚʘʿʫ ʦ ʚʨʝʜʥʦʩʪʠʤʘ nRMSE ʤʘˁʠʤ ʦʜ 1%, ʘ ʫ 9 ʨʘʜʦʚʘ nRMSE ʠʤʘ 

ʚʨʝʜʥʦʩʪʠ ʫ ʨʘʩʧʦʥʫ ʦʜ 1% ʜʦ 2%. nMAE ʦʙʠʯʥʦ ʠʤʘ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʦʜ nRMSE; ʥʘʿʙʦˀʝ 

ʚʨʝʜʥʦʩʪʠ nMAE ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʢʨʝ˂ʫ ʩʝ ʦʜ 0,23% [11] ʜʦ 5%, ʧʨʠ ʯʝʤʫ ʥʝʢʠ ʨʘʜʦʚʠ 

ʠʟʚʝʰʪʘʚʘʿʫ ʦ ʟʥʘʪʥʦ ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʥʘʿʚʝ˂ʠ ʌʅ ʩʠʩʪʝʤ ʤʝʹʫ 

ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʢʦʨʠʰ˂ʝʥ ʫ [11]. ʈʘʜʦʚʠ ʩʘ nRMSE ʤʘˁʠʤ ʦʜ 2% ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʫ 

ʧʦʛʣʝʜʫ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʚʨʰʥʠʭ ʩʥʘʛʘ, ʤʝʪʦʜʘ ʠʟʙʦʨʘ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʤʝʪʦʜʘ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʦʧʪʠʤʠʟʘʪʦʨʘ ʠ ʚʝʣʠʯʠʥʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʘ ʨʝʟʫʣʪʘʪʠ ʪʠʭ 

ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʜʝˀʮʠʤʘ. 

ʊʠʧʠʯʥʝ ʥʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ MAPE ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʢʨʝ˂ʫ ʩʝ ʦʜ 2,23% [39] ʜʦ ʦʢʦ 9%, 

ʩʘ ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʚʝ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ. ʅʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ RĮ ʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ ʢʨʝ˂ʫ ʩʝ ʦʜ 0,9991 [30] ʜʦ 0,91. ʅʧʨ. ʫ [33], ʥʘʿʙʦˀʘ ʚʨʝʜʥʦʩʪ RĮ ʟʘ ʧʦʿʝʜʠʥʘʯʥʫ 

ʬʦʪʦʥʘʧʦʥʩʢʫ ʝʣʝʢʪʨʘʥʫ ʿ ʝ 0,999, ʜʦʢ ʿ ʝ ʧʨʦʩʝʢ ʟʘ ʩʚʝ ʝʣʝʢʪʨʘʥʝ ʫ ʪʦʤ ʨʘʜʫ 0,991. ʆʜ 20 ʨʘʜʦʚʘ 

ʢʦʿʠ ʜʘʿʫ ʚʨʝʜʥʦʩʪ ʟʘ ʪʫ ʤʝʪʨʠʢʫ, ʯʘʢ 12 ʠʟʚʝʰʪʘʚʘ ʦ ʥʘʿʙʦˀʠʤ ʚʨʝʜʥʦʩʪʠʤʘ RĮ ʚʝ˂ʠʤ ʦʜ 0,99! 

ʍʠʩʪʦʛʨʘʤʠ ʢʦʿʠ ʧʨʠʢʘʟʫʿʫ ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ nRMSE, nMAE ʠ RĮ ʜʘʪʠ ʩʫ ʥʘ ʉʃ. 54, ʉʃ. 55 

ʠ ʉʃ. 56, ʨʝʩʧʝʢʪʠʚʥʦ. ʅʝʢʦʣʠʢʦ ʚʨʝʜʥʦʩʪʠ ʚʝ˂ʠʭ ʦʜ 10% ʥʠʩʫ ʧʨʠʢʘʟʘʥʝ. ʉʘ ʩʣʠʢʘ ʩʝ ʤʦʞʝ 

ʚʠʜʝʪʠ ʜʘ ʩʫ ʨʘʩʧʦʜʝʣʝ nRMSE, nMAE ʠ RĮ ʨʝʣʘʪʠʚʥʦ ʩʣʠʯʥʝ. 

 

ʉʃ. 55: ʈʘʩʧʦʜʝʣʘ ʚʨʝʜʥʦʩʪʠ nMAE ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

 

ʉʃ. 56: ʈʘʩʧʦʜʝʣʘ ʚʨʝʜʥʦʩʪʠ R
2
 ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

3.3.15 ˤ͔͙͡;͙͔ͤ ͤ ͔͙ͯͪͦͤͫ͟ͻ ͣ ͔ͪ͗͊ 

ʆʚʘʿ ʦʜʝˀʘʢ ʦʧʠʩʫʿʝ ʚʝʣʠʯʠʥʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, 

ʠʟʨʘʞʝʥʝ ʧʨʝʢʦ ʙʨʦʿʘ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʠ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ (ʠʣʠ LSTM/GRU 

ʿʝʜʠʥʠʮʘ). ɺʨʩʪʝ ʤʨʝʞʘ ʯʠʿʘ ʩʝ ʚʝʣʠʯʠʥʘ ʥʝ ʤʦʞʝ ʣʘʢʦ ʠʟʨʘʟʠʪʠ ʙʨʦʿʝʤ ˂ʝʣʠʿʘ (ʥʧʨ. ʤʨʝʞʝ 
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ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ ʠʣʠ ʥʘ ʪʨʘʥʩʬʦʨʤʝʨʫ) ʥʠʩʫ ʫʢˀʫʯʝʥʝ ʫ ʦʚʫ ʘʥʘʣʠʟʫ. ɸʢʦ ʤʦʜʝʣ ʄʋ 

ʩʘʜʨʞʠ ʚʠʰʝ ʦʜ ʿ ʝʜʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʘʥʘʣʠʟʠʨʘʿʫ ʩʝ ʚʝʣʠʯʠʥʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʨʝʞʘ. ɿʘ ʥʝʢʝ 

ʨʘʜʦʚʝ, ʥʝʢʦʣʠʢʦ ʚʝʣʠʯʠʥʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫʢˀʫʯʝʥʦ ʿʝ ʫ ʦʚʫ ʘʥʘʣʠʟʫ, ʜʦʢ ʿʝ ʟʘ ʥʝʢʝ ʜʨʫʛʝ 

ʨʘʜʦʚʝ ʫʢˀʫʯʝʥʘ ʩʘʤʦ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʜʘʿʝ ʥʘʿʙʦˀʫ ʪʘʯʥʦʩʪ. 

ɽʤʧʠʨʠʿʩʢʦ ʧʨʘʚʠʣʦ ʟʘ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ ʫ MLP ʤʨʝʞʠ [12] ʜʘʪʦ ʿʝ ʫ ʿʝʜʥʘʯʠʥʠ (60): 

 1-+= oih NNN  (60). 

ʋ ʪʦʿ ʿʝʜʥʘʯʠʥʠ, Nh, Ni  ͙ No ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʨʦʿʝʚʝ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ, ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ 

ʦʙʝʣʝʞʿʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ɼʘʢʣʝ, ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʢʘʦ ʟʙʠʨ ʙʨʦʿʝʚʘ 

ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʤʠʥʫʩ ʿʝʜʘʥ. ʄʝʹʫʪʠʤ, ʟʥʘʪʥʦ ʜʨʫʛʘʯʠʿʝ ʧʨʘʚʠʣʦ [29], ʪʘʢʦʹʝ 

ʧʦʚʝʟʘʥʦ ʩʘ MLP ʤʨʝʞʘʤʘ, ʜʘʪʦ ʿʝ ʫ ʿʝʜʥʘʯʠʥʠ (61): 

 
3

i
h

N
N =  (61). 

ʆʛʨʦʤʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝ ʜʚʝ ʬʦʨʤʫʣʝ ʠʣʫʩʪʨʫʿʝ ʯʠˁʝʥʠʮʫ ʜʘ ʧʨʘʚʠʣʘ ʤʦʛʫ ʜʘʪʠ ʩʤʝʨʥʠʮʝ, 

ʘʣʠ ʦʧʪʠʤʘʣʥʘ ʚʝʣʠʯʠʥʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʟʘʚʠʩʠ ʦʜ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʠ ʩʪʦʛʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ 

ʦʜʨʝʜʠ ʪʦʢʦʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʀʩʪʨʘʞʠʚʘˁʘ ʦʙʠʯʥʦ ʧʦʢʘʟʫʿʫ ʜʘ ʢʦʨʠʰ˂ʝˁʝ 

ʧʨʝʚʠʰʝ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ ʥʝ ʩʘʤʦ ʜʘ ʧʦʚʝ˂ʘʚʘ ʨʘʯʫʥʩʢʝ ʟʘʭʪʝʚʝ ʚʝ˂ ʠ ʩʤʘˁʫʿʝ ʪʘʯʥʦʩʪ. 

ʊɸɹ. 32: ʉʪʘʪʠʩʪʠʢʝ ʦ ʙʨʦʿʫ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʠ ˂ʝʣʠʿʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʊʠʧ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ 

ʉʢʨʠʚʝʥʠ ʩʣʦʿʝʚʠ ʉʢʨʠʚʝʥʝ ˂ʝʣʠʿʝ/ʿʝʜʠʥʠʮʝ 

ʇʨʦʩʝʢ ʄʝʜʠʿʘʥʘ ʄʠʥ. ʄʘʢʩ. ʇʨʦʩʝʢ ʄʝʜʠʿʘʥʘ ʄʠʥ. ʄʘʢʩ. 

MLP 1,49 1 1 3 40,63 16 4 388 

LSTM 2,00 2 1 4 166,19 122,5 11 804 

ʉʚʝ RNN 1,82 2 1 4 156,93 132,5 11 804 

ʉʚʝ ʚʨʩʪʝ 1,63 1 1 4 92,32 32 4 804 

 

ɹʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʠ ˂ʝʣʠʿʘ ʧʨʠʤʝ˂ʝʥ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʩʫʤʠʨʘʥ ʿʝ ʫ ʊɸɹ. 32. ʋ 

MLP ʤʨʝʞʘʤʘ, ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʚʘʨʠʨʘ ʦʜ 1 ʜʦ 3 [4], [25], [28], ʘ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ 

ʦʜ ʩʘʤʦ 4 [12], [18], [29] ʜʦ 388 [28], ʩʘ ʧʨʦʩʝʢʦʤ ʦʜ ʦʢʦ 40 ˂ ʝʣʠʿʘ. LSTM ʤʨʝʞʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ ʪʠʧʠʯʥʦ ʩʫ ʚʝ˂ʝ ʦʜ MLP-ʦʚʘ, ʩʘ 1 ʜʦ 4 [2], [36] ʩʣʦʿʘ, ʠ ʦʜ 11 [16] ʜʦ ʯʘʢ 804 ʿ ʝʜʠʥʠʮʝ 

[42], ʩʘ ʧʨʦʩʝʯʥʦ 166 ʿʝʜʠʥʠʮʘ. ʆʩʪʘʣʝ ʚʨʩʪʝ RNN ʫʢˀʫʯʝʥʝ ʫ ʦʚʫ ʘʥʘʣʠʟʫ ʫʛʣʘʚʥʦʤ ʩʫ GRU 

ʠ Bi-LSTM, ʠ ʩʪʦʛʘ ʿʝ ʩʘʩʚʠʤ ʨʘʟʫʤˀʠʚʦ ʰʪʦ ʩʫ ʩʪʘʪʠʩʪʠʢʝ ʟʘ ʩʚʝ ʪʠʧʦʚʝ RNN-ʦʚʘ 

(ʫʢˀʫʯʫʿʫ˂ʠ LSTM) ʩʣʠʯʥʝ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʢˀʫʯʠʚʦ ʟʘ ʩʪʘʥʜʘʨʜʥʝ LSTM ʤʨʝʞʝ. ɿʘ ʩʚʝ 

ʘʥʘʣʠʟʠʨʘʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʧʨʦʩʝʯʘʥ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʠʟʥʦʩʠ 1,63, ʘ ʧʨʦʩʝʯʘʥ ʙʨʦʿ 

ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ ʠʣʠ ʿʝʜʠʥʠʮʘ ʿʝ ʦʢʦ 92, ʩʘ ʤʝʜʠʿʘʥʦʤ ʿʝʜʥʘʢʦʤ 32. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿ ʝ ʩʘʤʘ LSTM ʿ ʝʜʠʥʠʮʘ ʤʥʦʛʦ ʨʘʯʫʥʩʢʠ ʠʥʪʝʥʟʠʚʥʠʿʘ ʦʜ ʦʙʠʯʥʦʛ ʚʝʰʪʘʯʢʦʛ 

ʥʝʫʨʦʥʘ (˂ʝʣʠʿʝ MLP ʤʨʝʞʝ), ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ LSTM ʤʨʝʞʝ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʦʙʠʯʥʦ ʟʥʘʪʥʦ ʚʝ˂ʝ 

ʦʜ MLP ʤʨʝʞʘ ʜʦʥʝʢʣʝ ʿʝ ʠʟʥʝʥʘʹʫʿʫ˂ʘ. ʀʧʘʢ, ʩʘʤʦ 4 ʨʘʜʘ ʫʢˀʫʯʝʥʘ ʫ ʦʚʫ ʘʥʘʣʠʟʫ ʢʦʨʠʩʪʝ 

MLP ʤʨʝʞʝ ʩʘ ʚʠʰʝ ʦʜ 64 ʩʢʨʠʚʝʥʝ ˂ʝʣʠʿʝ, ʜʦʢ ʿʝ ʩʠʪʫʘʮʠʿʘ ʟʘ LSTM ʤʨʝʞʝ ʩʫʧʨʦʪʥʘ: ʩʘʤʦ 5 

ʨʘʜʦʚʘ ʧʨʠʤʝˁʫʿʝ LSTM ʤʨʝʞʝ ʩʘ ʙʨʦʿʝʤ ʩʢʨʠʚʝʥʠʭ ʿʝʜʠʥʠʮʘ ʤʘˁʠʤ ʠʣʠ ʿʝʜʥʘʢʠʤ 64. 

ɿʘʥʠʤˀʠʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʦʧʠʩʘʥʦ ʫ [18] ʩʫʤʠʨʘʥʦ ʿʝ ʫ ʊɸɹ. 33. ɸʫʪʦʨʠ ʩʫ ʦʧʪʠʤʠʟʦʚʘʣʠ MLP 

ʤʨʝʞʝ 6 ʬʠʢʩʥʠʭ ʚʝʣʠʯʠʥʘ (ʩʘ ʿʝʜʥʠʤ ʩʢʨʠʚʝʥʠʤ ʩʣʦʿʝʤ ʢʦʿʠ ʩʘʜʨʞʠ 4, 8, 16, 32, 64 ʠʣʠ 128 

˂ʝʣʠʿʘ) ʟʘ 12 ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʥʘ ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ ʠʟ 14 ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ, 

ʢʦʨʠʩʪʝ˂ʠ ʠ MAE ʠ MSE ʢʘʦ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ. ʅʧʨ. MLP ʩʘ 4 ʩʢʨʠʚʝʥʝ ˂ʝʣʠʿʝ, ʦʧʪʠʤʠʟʦʚʘʥ 

ʧʦʤʦ˂ʫ MAE, ʜʘʦ ʿʝ ʥʘʿʤʘˁʫ ʛʨʝʰʢʫ ʫ 4 ʦʜ 168 (12Ĭ14), ʪʿ. 2,38% ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ɳʠʭʦʚʠ 

ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʦʚʘʥʠ ʧʦʤʦ˂ʫ MAE ʦʙʠʯʥʦ ʟʘʭʪʝʚʘʿʫ ʚʠʰʝ ʥʝʫʨʦʥʘ 

ï ʙʘʨ 16, ʩʘ ʥʘʿʙʦˀʦʤ ʪʘʯʥʦʰ˂ʫ ʢʘʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ 64 ʠʣʠ 128 ʥʝʫʨʦʥʘ. ʄʦʜʝʣʠ ʦʧʪʠʤʠʟʦʚʘʥʠ 
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ʧʦʤʦ˂ʫ MSE ʦʙʠʯʥʦ ʠʤʘʿʫ ʙʦˀʫ ʪʘʯʥʦʩʪ ʩʘ ʤʘˁʠʤ ʙʨʦʿʝʤ ʥʝʫʨʦʥʘ ï 4 ʠʣʠ 8, ʘʣʠ ʟʘ ʨʘʟʣʠʢʫ 

ʦʜ MAE, ʪʘʯʥʦʩʪ ʧʨʠ ʫʧʦʪʨʝʙʠ MSE ʤʥʦʛʦ ʿʝ ʨʘʚʥʦʤʝʨʥʠʿʝ ʨʘʩʧʦʨʝʹʝʥʘ ʧʦ ʮʝʣʦʤ ʦʧʩʝʛʫ 

ʚʝʣʠʯʠʥʘ ʤʨʝʞʘ. 

ʊɸɹ. 33: ʆʧʪʠʤʘʣʥʝ ʚʝʣʠʯʠʥʝ MLP ʤʨʝʞʘ ʟʘ ʤʦʜʝʣʝ ʦʧʪʠʤʠʟʦʚʘʥʝ ʧʦʤʦ˂ʫ MAE ʠ MSE 

(ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʦʙʨʘʜʦʤ ʧʦʜʘʪʘʢʘ ʠʟ [18] ) 

ɹʨʦʿ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ 4 8 16 32 64 128 

ʅʘʿʙʦˀʠ ʟʘ ʤʦʜʝʣʝ 

ʦʧʪʠʤʠʟʦʚʘʥʝ ʧʦʤʦ˂ʫ MAE 

2,38% 7,74% 17,26% 21,43% 25,00% 26,19% 

ʅʘʿʙʦˀʠ ʟʘ ʤʦʜʝʣʝ 

ʦʧʪʠʤʠʟʦʚʘʥʝ ʧʦʤʦ˂ʫ MSE 
19,05% 19,05% 16,07% 13,69% 15,48% 16,67% 

 

ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʢʦʿʠʤʘ ʿ ʝ ʜʦʙʠʿʝʥ nRMSE ʤʘˁʠ ʦʜ 2%, ʧʨʠʩʫʪʥʝ ʩʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʩʚʠʭ 

ʚʝʣʠʯʠʥʘ, ʦʜ MLP-ʘ ʩʘ 12 ʩʢʨʠʚʝʥʠʭ ˂ ʝʣʠʿʘ [17] ʜʦ ʥʘʿʚʝ˂ʝʛ LSTM-ʘ ʩʘ 804 ʿ ʝʜʠʥʠʮʝ. ʇʨʦʩʝʯʘʥ 

ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʫ ʨʝʢʫʨʝʥʪʥʠʤ ʤʨʝʞʘʤʘ ʧʨʠ ʪʦʤʝ ʿʝ 1,83 ï ʛʦʪʦʚʦ ʠʜʝʥʪʠʯʘʥ ʦʥʦʤ ʫ 

ʊɸɹ. 32, ʜʦʢ ʩʝ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʿ ʝʜʠʥʠʮʘ/˂ʝʣʠʿʘ ʢʨʝ˂ʝ ʦʜ 20 ʜʦ 804, ʩʘ ʧʨʦʩʝʢʦʤ 227. ʏʠʥʠ ʩʝ ʜʘ 

ʨʝʢʫʨʝʥʪʥʠʤ ʤʨʝʞʘʤʘ ʛʝʥʝʨʘʣʥʦ ʪʨʝʙʘ ʚʠʰʝ ʿʝʜʠʥʠʮʘ/˂ʝʣʠʿʘ ʟʘ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ. 

3.3.16 ̅ͯͤ͟ͼ͙͔͞ ͊ ͙͍ͭ͊͟ͼ͙͔͞ 

ɸʢʪʠʚʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʫʚʦʜʝ ʥʝʣʠʥʝʘʨʥʦʩʪ ʫ ʤʦʜʝʣʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʪʠʤʝ ʠʤ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʜʘ ʫʯʝ ʩʣʦʞʝʥʝ ʦʙʨʘʩʮʝ. ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʘʢʪʠʚʘʮʠʦʥʘ ʬʫʥʢʮʠʿʘ ʙʫʜʝ: 

Å ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʠʣʠ ʙʘʨʝʤ ʩʢʦʨʦ ʩʚʫʜʘ (ʟʘʪʦ ʰʪʦ ʩʫ ˁʝʥʠ ʠʟʚʦʜʠ 

ʧʦʪʨʝʙʥʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʪʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʫ ʦʧʪʠʤʠʟʘʪʦʨʠʤʘ ʟʘʩʥʦʚʘʥʠʤ ʥʘ 

ʛʨʘʜʠʿʝʥʪʫ), 

Å ʨʘʯʫʥʩʢʠ ʝʬʠʢʘʩʥʘ, 

Å ʮʝʥʪʨʠʨʘʥʘ ʦʢʦ ʥʫʣʝ (ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʫʨʘʚʥʦʪʝʞʝʥʠʿʝʛ ʛʨʘʜʠʿʝʥʪʘ ʠ ʩʘʤʠʤ ʪʠʤ ʧʦʙʦˀʰʘʚʘ 

ʙʨʟʠʥʫ ʢʦʥʚʝʨʛʝʥʮʠʿʝ), 

Å ʤʦʥʦʪʦʥʘ (ʰʪʦ ʪʘʢʦʹʝ ʧʦʙʦˀʰʘʚʘ ʙʨʟʠʥʫ ʢʦʥʚʝʨʛʝʥʮʠʿʝ), ʠ 

Å ʥʝʟʘʩʠ˂ʝʥʘ (ʪʿ. ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʠʟʙʝʛʥʝ ʧʨʦʙʣʝʤ ʥʝʩʪʘʿʘˁʘ ʛʨʘʜʠʿʝʥʪʘ). 

ʂʦʥʘʯʘʥ ʦʧʩʝʛ ʘʢʪʠʚʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʦʙʠʯʥʦ ʧʨʦʤʦʚʠʰʝ ʩʪʘʙʠʣʥʦʩʪ ʦʙʫʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʛʨʘʜʠʿʝʥʪʫ, ʜʦʢ ʙʝʩʢʦʥʘʯʘʥ ʦʧʩʝʛ ʦʙʠʯʥʦ ʧʨʦʤʦʚʠʰʝ ʝʬʠʢʘʩʥʦʩʪ ʦʙʫʢʝ [60]. ʆʧʠʩʠ 

ʥʘʿʚʘʞʥʠʿʠʭ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʜʘʪʠ ʩʫ ʫ ʦʜʝˀʢʫ 2.5.4. 

ʋ ʊɸɹ. 34 ʠ ʥʘ ʉʃ. 57 ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʟʠʤʝ ʘʢʪʠʚʘʮʠʦʥʠʭ ʬʫʥʢʮʠʿʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ. ʌʫʥʢʮʠʿʝ ʠʥʪʝʨʥʝ ʟʘ ʛʨʘʜʠʚʥʠ ʙʣʦʢ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʥʧʨ. ʣʦʛʠʩʪʠʯʢʝ 

(Ăʩʠʛʤʦʠʜʥʝò) ʠ tanh ʬʫʥʢʮʠʿʝ ʠʥʪʝʨʥʝ ʟʘ LSTM ʿʝʜʠʥʠʮʫ, ʥʠʩʫ ʫʢˀʫʯʝʥʝ ʫ ʦʚʫ ʘʥʘʣʠʟʫ. ʋ 

ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʘʢʪʠʚʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ, ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠʣʠ ʨʘʟʣʠʯʠʪʝ ʩʚʨʭʝ ʫʥʫʪʘʨ ʠʩʪʝ ʤʨʝʞʝ ï ʟʘ ʧʨʝʥʦʩ ʠʟʤʝʹʫ ʩʣʦʿʝʚʘ, ʫ 

ʠʟʣʘʟʥʦʤ ʩʣʦʿʫ, ʫ ʩʣʦʿʫ ʟʘ ʠʩʢˀʫʯʠʚʘˁʝ (ʝʥʛʣ. dropout), ʫ ʤʝʭʘʥʠʟʤʫ ʧʘʞˁʝ, ʠʪʜ.; ʩʪʦʛʘ ʩʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʨʘʜʦʚʠ ʧʦʿʘʚˀʫʿʫ ʫ ʪʘʙʝʣʠ ʚʠʰʝ ʧʫʪʘ. ʋʢʫʧʘʥ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʫ ʪʘʙʝʣʠ ʿʝ 29. 

ʌʫʥʢʮʠʿʝ ʫ ʪʘʙʝʣʠ ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʩʫ ʫ 3 ʛʨʫʧʝ. ʇʨʚʘ ʛʨʫʧʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʬʫʥʢʮʠʿʝ ʠʩʧʨʘʚˀʝʥʝ 

ʣʠʥʝʘʨʥʝ ʿʝʜʠʥʠʮʝ (ʝʥʛʣ. Rectified Linear Unit ï ReLU) ʠ ʩʣʠʯʥʠʭ ʬʫʥʢʮʠʿʘ, ʫʛʣʘʚʥʦʤ 

ʜʠʟʘʿʥʠʨʘʥʠʭ ʜʘ ʧʨʝʚʘʟʠʹʫ ʥʝʜʦʩʪʘʪʢʝ ʬʫʥʢʮʠʿʝ ReLU. ʄʝʹʫʪʠʤ, ʢʘʦ ʰʪʦ ʪʘʙʝʣʘ ʠ ʜʨʫʛʠ 

ʠʟʚʦʨʠ ʧʦʢʘʟʫʿʫ [18], ReLU (ʉʃ. 24, ʿʝʜʥʘʯʠʥʘ (26)) ʠ ʜʘˀʝ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʢʦʨʠʰ˂ʝʥʠʿʫ 

ʬʫʥʢʮʠʿʫ ʘʢʪʠʚʘʮʠʿʝ. ʊʦ ʿʝ ʿʝʜʥʦʩʪʘʚʥʘ, ʘʣʠ ʝʬʝʢʪʠʚʥʘ ʠ ʨʘʯʫʥʩʢʠ ʝʬʠʢʘʩʥʘ ʬʫʥʢʮʠʿʘ; ʠʤʘ 

ʥʝʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʫ ʪʘʯʢʫ ʥʘ ʥʫʣʠ, ʘʣʠ ʪʦ ʩʝ ʣʘʢʦ ʤʦʞʝ ʟʘʦʙʠ˂ʠ. ʆʩʪʘʣʝ ʬʫʥʢʮʠʿʝ ʫ ʪʦʿ ʛʨʫʧʠ 

ʩʫ ʩʣʝʜʝ˂ʝ: 
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Å ReLU ʩʘ ʮʫʨʝˁʝʤ (ʝʥʛʣ. Leaky ReLU, ʉʃ. 25, ʿ ʝʜʥʘʯʠʥʘ (27)) ï ʠʩʪʘ ʢʘʦ ReLU ʟʘ ʧʦʟʠʪʠʚʥʝ 

ʫʣʘʟʝ, ʢʦʨʠʩʪʠ ʤʘʣʠ ʣʠʥʝʘʨʥʠ ʥʘʛʠʙ ʟʘ ʥʝʛʘʪʠʚʥʝ; ʦʙʠʯʥʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʩʣʦʿʝʚʠʤʘ ʟʘ 

ʠʩʢˀʫʯʠʚʘˁʝ, ʥʧʨ. ʫ [44] 

Å softplus ï ʢʦʥʪʠʥʫʠʨʘʥʦ ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ReLU ʧʦʤʦ˂ʫ ʧʨʠʨʦʜʥʦʛ 

ʣʦʛʘʨʠʪʤʘ ʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ 

Å ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʣʠʥʝʘʨʥʘ ʿʝʜʠʥʠʮʘ (ʝʥʛʣ. Exponential Linear Unit ï ELU) ï ʠʩʪʘ ʢʘʦ ReLU 

ʟʘ ʧʦʟʠʪʠʚʥʝ ʫʣʘʟʝ, ʢʦʨʠʩʪʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʬʫʥʢʮʠʿʫ ʟʘ ʥʝʛʘʪʠʚʥʝ 

Å ʣʠʥʝʘʨʥʘ ʿʝʜʠʥʠʮʘ ʩʘ ɻʘʫʩʦʚʦʤ ʛʨʝʰʢʦʤ (ʝʥʛʣ. Gaussian Error Linear Unit ï GELU) 

ï ʧʨʠʤʝˁʫʿʝ ɻʘʫʩʦʚʫ ʢʫʤʫʣʘʪʠʚʥʫ ʬʫʥʢʮʠʿʫ ʨʘʩʧʦʜʝʣʝ; ʦʙʠʯʥʦ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʫ 

ʪʨʘʥʩʬʦʨʤʝʨʩʢʠʤ ʤʦʜʝʣʠʤʘ ʟʙʦʛ ʜʦʙʨʠʭ ʧʝʨʬʦʨʤʘʥʩʠ; ʯʝʩʪʦ ʩʝ ʟʘʤʝˁʫʿʝ ʩʚʦʿʦʤ ʨʘʯʫʥʩʢʠ 

ʝʬʠʢʘʩʥʠʿʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ 

ʌʫʥʢʮʠʿʝ ʫ ʪʦʿ ʛʨʫʧʠ ʿʝʜʥʘʢʝ ʩʫ ʠʣʠ ʙʣʠʩʢʝ ʣʠʥʠʿʠ y = x ʟʘ ʧʦʟʠʪʠʚʥʝ ʫʣʘʟʝ, ʘ ʿʝʜʥʘʢʝ ʥʫʣʠ 

ʠʣʠ ʠʤʘʿʫ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʝʛʘʪʠʚʥʝ ʫʣʘʟʝ. 

ʊɸɹ. 34: ʌʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʌʫʥʢʮʠʿʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

ReLU 10 [1], [13], [17], [18], [23], [28], [32], [37], [44], [50] 

ReLU ʩʘ ʮʫʨʝˁʝʤ 2 [44], [45] 

softplus 2 [20], [42] 

ELU 1 [8] 

GELU 1 [39] 

ʋʢʫʧʥʦ ReLU ʠ ʩʣʠʯʥʝ 16 (55,17%)  

ʣʦʛʠʩʪʠʯʢʘ 7 [12], [13], [18], [29], [37], [42], [44] 

tanh 3 [13], [18], [24] 

tansig 1 [29] 

ʋʢʫʧʥʦ ʩʠʛʤʦʠʜʥʝ 11 (37,93%)  

softmax 2 (6,9%) [22], [45] 

 
ʉʃ. 57: ʌʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɼʨʫʛʫ ʛʨʫʧʫ ʯʠʥʝ ʩʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ. ʇʨʝʮʠʟʥʦ ʛʦʚʦʨʝ˂ʠ, ʪʝʨʤʠʥ Ăʩʠʛʤʦʠʜʥʘ ʬʫʥʢʮʠʿʘò ʫ 

ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ ʟʘʧʨʘʚʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʣʦʛʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ (ʉʃ. 22, ʿʝʜʥʘʯʠʥʘ (22)), ʘ 

ʩʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ ʫ ʦʧʰʪʝʤ ʩʤʠʩʣʫ ʩʫ ʩʚʝ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʧʨʦʠʟʚʦʜʝ ʢʨʠʚʫ ʫ ʦʙʣʠʢʫ 

ʣʘʪʠʥʠʯʥʦʛ ʩʣʦʚʘ S (ʣʦʛʠʩʪʠʯʢʘ, ʭʠʧʝʨʙʦʣʠʯʢʠ ʪʘʥʛʝʥʩ, ʘʨʢʫʩ ʪʘʥʛʝʥʩ, ʠʪʜ.). ʃʦʛʠʩʪʠʯʢʘ 

ʬʫʥʢʮʠʿʘ ʧʨʦʠʟʚʦʜʠ ʠʟʣʘʟ ʫ ʦʧʩʝʛʫ (0, 1), ʜʦʢ ʿʝ ʠʟʣʘʟ ʬʫʥʢʮʠʿʝ ʭʠʧʝʨʙʦʣʠʯʢʠ ʪʘʥʛʝʥʩ (tanh, 

ʉʃ. 23, ʿʝʜʥʘʯʠʥʘ (24)) ʠʟʤʝʹʫ -1 ʠ 1. ʊʘʥʛʝʥʩʥʘ ʩʠʛʤʦʠʜʥʘ ʬʫʥʢʮʠʿʘ (tansig) ʤʘʪʝʤʘʪʠʯʢʠ ʿʝ 

ʝʢʚʠʚʘʣʝʥʪʥʘ ʬʫʥʢʮʠʿʠ tanh, ʘʣʠ ʟʙʦʛ ʩʧʝʮʠʬʠʯʥʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ, ʙʨʞʝ ʩʝ ʠʟʚʨʰʘʚʘ ʫ 

MATLAB -ʫ. ʋ [29], ʬʫʥʢʮʠʿʘ tansig ʢʦʨʠʩʪʠ ʩʝ ʫʤʝʩʪʦ ʣʦʛʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʟʘ ʥʝʛʘʪʠʚʥʝ 

ʫʣʘʟʥʝ ʠʣʠ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ. 

ʌʫʥʢʮʠʿʘ softmax, ʜʘʪʘ ʫ ʿʝʜʥʘʯʠʥʠ (25), ʧʨʝʜʩʪʘʚˀʘ ʛʨʫʧʫ ʟʘ ʩʝʙʝ. ʊʦ ʿʝ ʛʝʥʝʨʘʣʠʟʘʮʠʿʘ 

ʣʦʛʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʚʠʰʝ ʜʠʤʝʥʟʠʿʘ ʠ ʤʦʞʝ ʿʦʿ ʚʠʟʫʝʣʥʦ ʙʠʪʠ ʩʣʠʯʥʘ ʧʦʜ ʥʝʢʠʤ 
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ʦʢʦʣʥʦʩʪʠʤʘ, ʘʣʠ ʟʘʧʨʘʚʦ ʿʝ ʜʨʫʛʘʯʠʿʘ ʫ ʩʘʤʦʿ ʩʫʰʪʠʥʠ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ 

ʩʧʦʤʝʥʫʪʠʭ ʬʫʥʢʮʠʿʘ, softmax ʿʝ ʤʫʣʪʠʚʘʨʠʿʘʥʪʥʘ ʬʫʥʢʮʠʿʘ ï ʦʥʘ ʫʟʠʤʘ ʚʝʢʪʦʨ ʫʣʘʟʘ ʠ ʚʨʘ˂ʘ 

ʚʝʢʪʦʨ ʚʝʨʦʚʘʪʥʦ˂ʘ, ʛʜʝ ʿʝ ʩʚʘʢʘ ʚʨʝʜʥʦʩʪ ʠʟʤʝʹʫ 0 ʠ 1 ʠ ʟʙʠʨ ʩʚʠʭ ʚʨʝʜʥʦʩʪʠ ʠʟʥʦʩʠ 1. ʏʝʩʪʦ 

ʩʝ ʢʦʨʠʩʪʠ ʫ ʠʟʣʘʟʥʦʤ ʩʣʦʿʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʜʘ ʥʦʨʤʘʣʠʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʫ ʨʘʩʧʦʜʝʣʫ 

ʚʝʨʦʚʘʪʥʦ˂ʝ [61]. 

3.3.17 ˻͙͙͙ͨͭͣ͊ͭͦͪ͘ 

ʈʝʟʠʤʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʠʤʝˁʝʥʠʭ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʜʘʪ ʿʝ ʫ ʊɸɹ. 35 ʠ ʥʘ 

ʉʃ. 58. ʂʘʦ ʠ ʢʦʜ ʦʩʪʘʣʠʭ ʘʥʘʣʠʟʘ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ, ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʢʦʨʠʩʪʠ ʩʝ ʚʠʰʝ ʦʜ ʿ ʝʜʥʦʛ 

ʦʧʪʠʤʠʟʘʪʦʨʘ, ʧʘ ʩʝ ʩʪʦʛʘ ʪʠ ʨʘʜʦʚʠ ʧʦʿʘʚˀʫʿʫ ʫ ʪʘʙʝʣʠ ʚʠʰʝ ʧʫʪʘ. ʋʢʫʧʘʥ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʫ 

ʪʘʙʝʣʠ ʿʝ 37. ɸʣʛʦʨʠʪʤʠ ʫ ʪʘʙʝʣʠ ʛʨʫʧʠʩʘʥʠ ʩʫ ʧʦ ʩʣʠʯʥʦʩʪʠ. ɼʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʘʣʛʦʨʠʪʤʠʤʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ, ʢʘʦ ʠ ʦʧʠʩʠ ʥʝʢʦʣʠʢʦ ʥʘʿʚʘʞʥʠʿʠʭ, ʜʘʪʠ ʩʫ ʫ ʦʜʝˀʢʫ 2.5.5.2. 

ʊɸɹ. 35: ʆʧʪʠʤʠʟʘʪʦʨʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʆʧʪʠʤʠʟʘʪʦʨ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

Adam 22 (59,46%) [4], [5], [8], [13], [16], [17], [18], [20], [22], 

[23], [25], [30], [32], [35], [36], [39], [41], 

[42], [44], [45], [47], [50] 

RMSProp 2 (5,41%) [28], [35] 

Nadam 1 (2,7%) [34] 

Levenberg-Marquardt 4 (10,81%) [1], [16], [42], [24] 

Levenberg-Marquardt ʩʘ 

ɹʘʿʝʩʦʚʦʤ ʨʝʛʫʣʘʨʠʟʘʮʠʿʦʤ 

1 (2,7%) [16] 

SGD 2 (5,41%) [3], [25] 

SGD ʩʘ ɹʘʿʝʩʦʚʦʤ ʠʥʬʝʨʝʥʮʠʿʦʤ 

ʠ L2 ʨʝʛʫʣʘʨʠʟʘʮʠʿʦʤ 

1 (2,7%) [12] 

ACO ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ 1 (2,7%) [40] 

ʆʩʪʘʣʦ 3 (8,11%) [11], [29], [37] 

 

ʉʃ. 58: ʆʧʪʠʤʠʟʘʪʦʨʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʌʫʥʜʘʤʝʥʪʘʣʥʠ ʢʦʥʮʝʧʪ ʫ ʦʧʪʠʤʠʟʘʮʠʿʠ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʿʝ ʧʨʦʧʘʛʘʮʠʿʘ ʫʥʘʟʘʜ (ʝʥʛʣ. 

backpropagation) ï ʤʝʪʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʪʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʞʠʥʩʢʝ 

ʢʦʝʬʠʮʠʿʝʥʪʝ ʤʨʝʞʝ. ɻʨʘʜʠʿʝʥʪ ʿʝ ʛʝʥʝʨʘʣʠʟʘʮʠʿʘ ʠʟʚʦʜʘ ʟʘ ʬʫʥʢʮʠʿʝ ʚʠʰʝ ʧʨʦʤʝʥˀʠʚʠʭ ï ʪʦ 

ʿʝ ʚʝʢʪʦʨ ʧʘʨʮʠʿʘʣʥʠʭ ʠʟʚʦʜʘ. ʉʘʤʘ ʧʦ ʩʝʙʠ, ʧʨʦʧʘʛʘʮʠʿʘ ʫʥʘʟʘʜ ʥʝ ʘʞʫʨʠʨʘ ʪʝʞʠʥʩʢʝ 

ʢʦʝʬʠʮʠʿʝʥʪʝ, ʘʣʠ ʜʦʩʪʘʚˀʘ ʛʨʘʜʠʿʝʥʪʝ ʦʧʪʠʤʠʟʘʪʦʨʫ, ʢʦʿʠ ʠʭ ʢʦʨʠʩʪʠ ʟʘ ʘʞʫʨʠʨʘˁʝ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʪʘ. ɺʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʧʨʦʧʘʛʘʮʠʿʠ ʫʥʘʟʘʜ ʜʘʪʦ ʿʝ ʫ ʦʜʝˀʢʫ 2.5.5.3. 
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ʉʪʦʭʘʩʪʠʯʢʠ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (ʝʥʛʣ. Stochastic Gradient Descent ï SGD) ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ, ʘʣʠ ʩʝ ʠ ʧʦʨʝʜ ʪʦʛʘ ʧʨʠʤʝˁʫʿʝ ʫ 3 ʨʘʜʘ. ʉʤʘˁʫʿʝ 

ʨʘʯʫʥʩʢʫ ʩʣʦʞʝʥʦʩʪ ʦʩʥʦʚʥʦʛ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ (GD) ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʧʫʥʦʛ ʛʨʘʜʠʿʝʥʪʘ: 

ʫʤʝʩʪʦ ʜʘ ʢʦʨʠʩʪʠ ʮʝʦ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʢʘʦ GD, SGD ʠʟʨʘʯʫʥʘʚʘ ʛʨʘʜʠʿʝʥʪ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʝ 

ʥʘʩʫʤʠʯʥʦ ʦʜʘʙʨʘʥʝ ʪʘʯʢʝ ʧʦʜʘʪʘʢʘ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ (ʠʣʠ ʤʘʣʝ ʛʨʫʧʝ ʪʘʯʘʢʘ ʧʦʜʘʪʘʢʘ ï ʪʘ 

ʚʘʨʠʿʘʥʪʘ ʘʣʛʦʨʠʪʤʘ ʥʘʟʠʚʘ ʩʝ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ʧʦ ʤʘʣʠʤ ʛʨʫʧʘʤʘ). ʋ [12], SGD ʩʝ 

ʫʧʦʪʨʝʙˀʘʚʘ ʟʘʿʝʜʥʦ ʩʘ ɹʘʿʝʩʦʚʦʤ ʠʥʬʝʨʝʥʮʠʿʦʤ ʠ L2 ʨʝʛʫʣʘʨʠʟʘʮʠʿʦʤ. 

ʋʙʝʜˀʠʚʦ ʥʘʿʢʦʨʠʰ˂ʝʥʠʿʠ ʦʧʪʠʤʠʟʘʪʦʨ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʿʝ Adam (ʝʥʛʣ. Adaptive 

Moment Estimation ï ʘʜʘʧʪʠʚʥʘ ʧʨʦʮʝʥʘ ʤʦʤʝʥʪʘ). ʊʦ ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ ʘʣʛʦʨʠʪʘʤʘ Adagrad 

(ʝʥʛʣ. Adaptive Gradient ï ʘʜʘʧʪʠʚʥʠ ʛʨʘʜʠʿʝʥʪ) ʠ RMSProp (ʝʥʛʣ. Root Mean Square 

Propagation ï ʧʨʦʧʘʛʘʮʠʿʘ ʩʨʝʜˁʝʛ ʢʚʘʜʨʘʪʥʦʛ ʢʦʨʝʥʘ ʛʨʘʜʠʿʝʥʪʘ), ʢʦʿʠ ʩʫ ʧʨʦʰʠʨʝˁʘ 

ʘʣʛʦʨʠʪʤʘ SGD [32]. ʈʝʯ Ăʘʜʘʧʪʠʚʥʠò ʫ ʥʘʟʠʚʠʤʘ ʘʣʛʦʨʠʪʘʤʘ ʟʥʘʯʠ ʜʘ ʦʥʠ ʜʠʥʘʤʠʯʢʠ 

ʧʦʜʝʰʘʚʘʿʫ ʙʨʟʠʥʫ ʫʯʝˁʘ ʟʘ ʩʚʘʢʠ ʧʘʨʘʤʝʪʘʨ ʫʥʫʪʘʨ ʤʦʜʝʣʘ, ʫʤʝʩʪʦ ʜʘ ʢʦʨʠʩʪʝ ʠʩʪʫ ʙʨʟʠʥʫ 

ʫʯʝˁʘ ʟʘ ʩʚʝ. Adam ʧʨʠʤʝˁʫʿʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ ʦʧʘʜʘʿʫ˂ʠ ʧʨʦʩʝʢ ʧʨʦʰʣʠʭ ʛʨʘʜʠʿʝʥʘʪʘ 

(ʥʘʟʚʘʥ ʧʨʦʮʝʥʘ ʧʨʚʦʛ ʤʦʤʝʥʪʘ) ʠ ʢʚʘʜʨʘʪʘ ʧʨʦʰʣʠʭ ʛʨʘʜʠʿʝʥʘʪʘ (ʥʘʟʚʘʥ ʧʨʦʮʝʥʘ ʜʨʫʛʦʛ 

ʤʦʤʝʥʪʘ) ʜʘ ʙʠ ʫʙʨʟʘʦ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʠ ʧʦʩʪʠʛʘʦ ʙʨʞʫ ʦʙʫʢʫ [62]. RMSProp ʿʝ ʪʘʢʦʹʝ 

ʘʜʘʧʪʠʚʥʠ ʘʣʛʦʨʠʪʘʤ, ʢʦʿʠ ʢʦʨʠʩʪʠ ʧʨʦʨʘʯʫʥ ʩʣʠʯʘʥ Adam-ʦʚʦʿ ʧʨʦʮʝʥʠ ʜʨʫʛʦʛ ʤʦʤʝʥʪʘ. 

ʋ [34], ʘʫʪʦʨʠ ʫʧʦʨʝʹʫʿʫ ʯʘʢ 8 ʦʧʪʠʤʠʟʘʪʦʨʘ. ʇʦ ˁʠʭʦʚʦʿ ʤʝʪʦʜʦʣʦʛʠʿʠ, Nadam (ʝʥʛʣ. 

Nesterov-accelerated Adaptive Moment Estimation ï ʘʜʘʧʪʠʚʥʘ ʧʨʦʮʝʥʘ ʤʦʤʝʥʪʘ ʫʙʨʟʘʥʘ 

ʅʝʩʪʝʨʦʚˀʝʚʠʤ ʤʦʤʝʥʪʦʤ) ʧʦʩʪʠʞʝ ʧʦʙʦˀʰʘˁʝ ʦʜ 1,35%, 1,43%, 3,51%, 4,88%, 11,84%, 

50,69% ʠ 58,29% ʫ ʦʜʥʦʩʫ ʥʘ ʦʧʪʠʤʠʟʘʪʦʨʝ RMSProp, Adam, Adamax, SGD, Adagrad, Adadelta 

ʠ Ftrl, ʨʝʩʧʝʢʪʠʚʥʦ. ʄʝʹʫʪʠʤ, ʨʝʟʫʣʪʘʪʠ ʧʨʚʠʭ ʥʝʢʦʣʠʢʦ ʚʝʦʤʘ ʩʫ ʩʣʠʯʥʠ, ʘ ʨʝʜʦʩʣʝʜ ʿʝ 

ʧʦʜʣʦʞʘʥ ʪʫʤʘʯʝˁʫ. Nadam ʢʦʤʙʠʥʫʿʝ ʢʚʘʣʠʪʝʪʝ Adam-ʘ ʩʘ ʅʝʩʪʝʨʦʚˀʝʚʠʤ ʤʦʤʝʥʪʦʤ, ʰʪʦ 

ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʧʨʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʛʨʘʜʠʿʝʥʪʘ. ʊʦ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ 

ʙʨʟʠʥʫ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ [63], [64]. 

ʃʝʚʝʥʙʝʨʛ-ʄʘʨʢʚʘʨʜʦʚ ʘʣʛʦʨʠʪʘʤ (ʧʦʥʝʢʘʜ ʩʝ ʥʘʟʠʚʘ ʃʝʚʝʥʙʝʨʛ-ʄʘʨʢʚʘʨʜʦʚʘ ʧʨʦʧʘʛʘʮʠʿʘ 

ʫʥʘʟʘʜ, ʝʥʛʣ. Levenberg-Marquardt BackPropagation ï LMBP) [24] ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ 

ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ (GD) ʠ ɻʘʫʩ-ɳʫʪʥʦʚʦʛ ʘʣʛʦʨʠʪʤʘ. ʇʦʥʘʰʘ ʩʝ ʚʠʰʝ ʢʘʦ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ 

(ʫʟ ʚʝʣʠʢʝ ʢʦʨʘʢʝ) ʢʘʜʘ ʿʝ ʜʘʣʝʢʦ ʦʜ ʨʝʰʝˁʘ, ʘ ʚʠʰʝ ʢʘʦ ɻʘʫʩ-ɳʫʪʥʦʚ ʘʣʛʦʨʠʪʘʤ (ʩʘ ʬʠʥʠʤ 

ʢʦʨʘʮʠʤʘ) ʢʘʜʘ ʿʝ ʙʣʠʟʫ ʨʝʰʝˁʘ, ʜʠʥʘʤʠʯʢʠ ʧʨʠʣʘʛʦʹʘʚʘʿʫ˂ʠ ʩʚʦʿʝ ʧʦʥʘʰʘˁʝ. ʂʦʨʠʩʪʠ 

ʧʨʦʧʘʛʘʮʠʿʫ ʫʥʘʟʘʜ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ɱʘʢʦʙʠʿʝʚʝ ʤʘʪʨʠʮʝ, ʢʦʿʘ ʿʝ ʢˀʫʯʥʘ ʢʦʤʧʦʥʝʥʪʘ LM 

ʘʣʛʦʨʠʪʤʘ. ʋ [16], ʫʧʦʨʝʹʝʥʝ ʩʫ ʜʚʝ ʚʝʨʟʠʿʝ LM ʘʣʛʦʨʠʪʤʘ ï ʦʙʠʯʘʥ ʃʝʚʝʥʙʝʨʛ-ʄʘʨʢʚʘʨʜʦʚ 

ʘʣʛʦʨʠʪʘʤ (ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʢʘʦ ʬʫʥʢʮʠʿʘ trainlm ʫ MATLAB -ʫ) ʠ ʃʝʚʝʥʙʝʨʛ-ʄʘʨʢʚʘʨʜʦʚ 

ʘʣʛʦʨʠʪʘʤ ʩʘ ɹʘʿʝʩʦʚʦʤ ʨʝʛʫʣʘʨʠʟʘʮʠʿʦʤ (ʬʫʥʢʮʠʿʘ trainbr); ʙʦˀʝ ʤʝʪʨʠʢʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ 

ʧʨʫʞʠʦ ʿʝ trainlm. 

ɿʘʥʠʤˀʠʚʦ ʨʝʰʝˁʝ ʦʧʠʩʘʥʦ ʿʝ ʫ [40]: ʧʘʨʘʤʝʪʨʠ ʤʨʝʞʝ ʝʢʩʪʝʨʥʦ ʩʝ ʦʧʪʠʤʠʟʫʿʫ ʧʦʤʦ˂ʫ ʜʦʙʨʦ 

ʧʦʟʥʘʪʝ ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʣʦʥʠʿʝ ʤʨʘʚʘ (ʝʥʛʣ. Ant Colony Optimization ï ACO). 

ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ nRMSE ʤʘˁʝ ʦʜ 2%, 7 ʨʘʜʦʚʘ ʢʦʨʠʩʪʠ Adam (31,82% ʦʜ 22), 1 

LM (20% ʦʜ 5), 1 SGD (33,33% ʦʜ 3) ʠ 1 ACO (100%). ʊʠ ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ 

ʢʦʥʟʠʩʪʝʥʪʥʠʤ ʩʘ ʧʨʝʪʭʦʜʥʦʤ ʪʘʙʝʣʦʤ, ʦʩʠʤ ʰʪʦ ʿʝ LM ʧʦʩʪʠʛʘʦ ʥʝʰʪʦ ʣʦʰʠʿʠ, ʘ SGD ʙʦˀʠ 

ʨʝʟʫʣʪʘʪ ʦʜ ʦʯʝʢʠʚʘʥʦʛ. ɱʝʜʠʥʩʪʚʝʥʦ ʨʝʰʝˁʝ ʩʘ ʤʝʪʘʭʝʫʨʠʩʪʠʢʦʤ ʜʘʣʦ ʿʝ ʚʝʦʤʘ ʜʦʙʘʨ 

ʨʝʟʫʣʪʘʪ. 

3.3.18 ̅ͯͤ͟ͼ͙͔͞ ͎ ͙ͯ͋ͭ͊͟ 

ʌʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ (ʢʦʿʘ ʩʝ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʥʘʟʠʚʘ ʬʫʥʢʮʠʿʘ ʪʨʦʰʢʦʚʘ, ʬʫʥʢʮʠʿʘ ʛʨʝʰʢʝ ʠʣʠ 

ʬʫʥʢʮʠʿʘ ʮʠˀʘ, ʠʘʢʦ ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʩʫʧʪʠʣʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʪʠʭ ʪʝʨʤʠʥʘ) ʧʨʝʜʩʪʘʚˀʘ 

ʤʝʪʨʠʢʫ ʛʨʝʰʢʝ ʧʨʝʜʚʠʹʘˁʘ, ʪʿ. ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʝʥʠʭ ʠ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʢʦʿʘ 

ʩʣʫʞʠ ʢʘʦ ʚʦʜʠʯ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʦʜʝʣʘ ʪʦʢʦʤ ʦʙʫʢʝ. ʄʠʥʠʤʠʟʦʚʘˁʝʤ ʪʝ ʬʫʥʢʮʠʿʝ, 
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ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʧʦʜʝʰʘʚʘʿʫ ʩʝ ʧʫʪʝʤ ʧʨʦʧʘʛʘʮʠʿʝ ʫʥʘʟʘʜ, ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʦʜʝʮˀʠʤʘ 

2.5.5 ʠ 3.3.17. ʊʦʢʦʤ ʪʦʛ ʧʨʦʮʝʩʘ, ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʛʨʘʜʠʿʝʥʪ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ [65]. 

ʂʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʦʜʝˀʢʫ 3.3.14, ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʢʦʥʟʠʩʪʝʥʪʥʘ ʩʘ 

ʤʝʪʨʠʢʘʤʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʦʙʫʯʝʥʦʛ ʤʦʜʝʣʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʰʪʦ ʩʫ RMSE ʠ 

ʧʦʚʝʟʘʥʝ ʬʫʥʢʮʠʿʝ ʥʘʿʯʝʰ˂ʝ ʤʝʪʨʠʢʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, ʦʯʝʢʠʚʘʥʦ ʿʝ ʰʪʦ MSE 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʯʝʰ˂ʫ ʬʫʥʢʮʠʿʫ ʛʫʙʠʪʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʀʟ ʊɸɹ. 36 ʠ ʩʘ ʉʃ. 59 ʚʠʜʠ 

ʩʝ ʜʘ ʜʚʝ ʪʨʝ˂ʠʥʝ (18 ʦʜ 27) ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʧʨʠʤʝˁʫʿʫ ʦʩʥʦʚʥʫ ʠʣʠ ʤʦʜʠʬʠʢʦʚʘʥʫ MSE 

ʢʘʦ ʬʫʥʢʮʠʿʫ ʛʫʙʠʪʢʘ, 7 ʨʘʜʦʚʘ ʢʦʨʠʩʪʠ MAE, ʘ 2 ʨʘʜʘ ʜʨʫʛʝ ʬʫʥʢʮʠʿʝ. 

ʊɸɹ. 36: ʌʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʌʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

MSE 15 (55,56%) [3], [4], [5], [16], [17], [18], [22], [28], [29], [30], [37], 

[38], [41], [44], [50] 

ʄʦʜʠʬʠʢʦʚʘʥʘ 

MSE 

3 (11,11%) [40], [45], [47] 

MAE 7 (25,93%) [8], [13], [18], [34], [36], [37], [48] 

ʆʩʪʘʣʦ 2 (7,41%) [20], [35] 

 
ʉʃ. 59: ʌʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʂʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʧʨʝʪʭʦʜʥʠʤ ʦʜʝˀʮʠʤʘ, ʠ MSE ʠ MAE ʢʦʨʠʩʪʝ ʩʝ ʢʘʦ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ 

ʟʘ ʦʙʫʯʘʚʘˁʝ ʥʝʢʦʣʠʢʦ ʤʦʜʝʣʘ ʫ [18], ʘ ʘʫʪʦʨʠ ʩʫ ʦʪʢʨʠʣʠ ʜʘ ʤʦʜʝʣʠ ʦʙʫʯʝʥʠ ʧʦʤʦ˂ʫ MAE 

ʦʙʠʯʥʦ ʟʘʭʪʝʚʘʿʫ ʚʝ˂ʝ ʤʨʝʞʝ ʦʜ ʤʦʜʝʣʘ ʦʙʫʯʝʥʠʭ ʧʦʤʦ˂ʫ MSE. ʆʙʝ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʪʘʢʦʹʝ 

ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ [37]. 

ʋ [40], ʥʦʨʤʘʣʠʟʦʚʘʥʘ MSE (nMSE) ʢʦʨʠʩʪʠ ʩʝ ʫʤʝʩʪʦ MSE, ʜʦʢ ʩʝ ʫ [45] ʟʙʠʨ ʢʚʘʜʨʘʪʘ 

ʛʨʝʰʘʢʘ ʫʧʦʪʨʝʙˀʘʚʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ. ʋ [47], ʧʨʠʤʝˁʫʿʝ ʩʝ MSE ʩʘ ʛʫʙʠʪʢʦʤ ʫʩʣʝʜ 

ʢʘʟʥʝ, ʪʿ. ʟʙʠʨ MSE ʟʘ ʧʦʜʘʪʢʝ ʠ MSE ʟʘ ʧʦʥʜʝʨʠʩʘʥʝ ʢʘʟʥʝ. ʂʘʟʥʝ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʟʘ 

ʫʢˀʫʯʠʚʘˁʝ ʬʠʟʠʯʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʠʟʚʫʯʝʥʠʭ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʟʥʘˁʘ ʦ ʜʦʤʝʥʫ ʫ ʦʙʫʢʫ ʤʦʜʝʣʘ. 

ʆʩʪʘʣʝ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʩʫ ʥʝʛʘʪʠʚʥʘ ʣʦʛʘʨʠʪʘʤʩʢʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ (ʩʘ ʜʦʜʘʪʥʠʤ ʙʠʥʘʨʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʢʦʿʠ ʠʩʢˀʫʯʫʿʝ ʠʤʧʫʪʠʨʘʥʝ ʧʦʜʘʪʢʝ) [20] ʠ 

ʫʥʘʢʨʩʥʘ ʝʥʪʨʦʧʠʿʘ [35]. ʊʘʢʦʹʝ ʫ [35], ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʿʝ ʚʘʨʠʿʘʮʠʦʥʠ ʘʫʪʦʝʥʢʦʜʝʨ 

(VAE), ʘ ʧʦʜʨʘʟʫʤʝʚʘʥʘ ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ ʟʘ ʪʫ ʤʝʪʦʜʫ ʿʝ ʛʫʙʠʪʘʢ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʠ, ʘʣʠ ʫ 

ʪʦʤ ʨʘʜʫ ʦʜ ʪʝ ʬʫʥʢʮʠʿʝ ʦʜʫʟʠʤʘ ʩʝ ʚʨʝʜʥʦʩʪ ʨʝʛʫʣʘʨʠʟʘʪʦʨʘ (ʂʫʣʙʝʢ-ʃʘʿʙʣʝʨʦʚʝ 

ʜʠʚʝʨʛʝʥʮʠʿʝ). 

3.3.19 ˽͎͙ͪͦͪ͊ͣͫ͟ ͞ ͔͙͘ͼ͙ 

ʆʚʘʿ ʦʜʝˀʘʢ ʥʘʚʦʜʠ ʧʨʦʛʨʘʤʩʢʝ ʿʝʟʠʢʝ, ʦʢʨʫʞʝˁʘ ʠ ʧʘʢʝʪʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ 

ʨʘʜʦʚʠʤʘ. ʊɸɹ. 37 ʠ ʉʃ. 60 ʧʨʠʢʘʟʫʿʫ ʨʝʟʠʤʝ ʧʨʠʤʝˁʝʥʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ. ʆʚʘʿ ʧʨʝʛʣʝʜ 

ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ Python ʫʙʝʜˀʠʚʦ ʥʘʿʢʦʨʠʰ˂ʝʥʠʿʠ ʿʝʟʠʢ ʟʘ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʋ 
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ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʫʧʦʪʨʝʙˀʝʥʦ ʿʝ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʿʝʟʠʢʘ, ʥʧʨ. [8] ï R ʠ Python, [29] ï R ʠ 

MATLAB , [45] ï Python ʠ MATLAB . ʋ ʪʘʙʝʣʠ ʩʝ ʥʘʣʘʟʠ ʫʢʫʧʥʦ 40 ʨʝʬʝʨʝʥʮʠ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʦʢʨʫʞʝˁʘ, Jupyter Notebook ʩʧʦʤʠˁʝ ʩʝ ʫ [17], [26] ʠ [32] (ʫ [17] ʭʦʩʪʦʚʘʥ ʥʘ 

Google Colab-ʫ), ʘ Spyder ʫ [23]. 

ʋ ʊɸɹ. 38 ʥʘʚʝʜʝʥʠ ʩʫ Python ʧʘʢʝʪʠ ʢʦʿʠ ʩʫ ʠʩʪʘʢʥʫʪʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʅʘʨʘʚʥʦ, ʫ 

ʤʥʦʛʠʤ ʨʘʜʦʚʠʤʘ ʩʧʦʤʠˁʝ ʩʝ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʧʘʢʝʪʘ, ʘ ʦʩʥʦʚʥʠ ʧʘʢʝʪʠ ʧʦʧʫʪ Pandas ʠ NumPy 

ʥʠʩʫ ʫʢˀʫʯʝʥʠ ʫ ʦʚʫ ʘʥʘʣʠʟʫ. ʋ ʪʦʿ ʪʘʙʝʣʠ ʪʘʢʦʹʝ ʩʝ ʥʘʣʘʟʠ ʫʢʫʧʥʦ 40 ʨʝʬʝʨʝʥʮʠ. ʅʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʠ ʧʘʢʝʪʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʩʫ Keras ʠ TensorFlow. 

ʊɸɹ. 37: ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ɱʝʟʠʢ ɹʨʦʿ 

ʨʘʜʦʚʘ 

ʈʘʜʦʚʠ 

Python 31 (77,5%) [4], [6], [8], [10], [13], [15], [17], [18], [19], [20], [21], [22], [23], [25], 

[26], [27], [28], [30], [32], [33], [34], [37], [38], [39], [41], [42], [44], 

[45], [48], [49], [50] 

MATLAB  7 (17,5%) [9], [16], [29], [31], [40], [43], [45] 

R 2 (5%) [8], [29] 

 
ʉʃ. 60: ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʊɸɹ. 38: ʅʘʿʚʘʞʥʠʿʠ Python ʧʘʢʝʪʠ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʇʘʢʝʪ ɹʨʦʿ ʨʘʜʦʚʘ ʈʘʜʦʚʠ 

Keras 13 (32,5%) [8], [10], [13], [18], [22], [23], [28], [32], [34], [42], [44], [49], [50] 

TensorFlow 10 (25%) [17], [21], [23], [26], [32], [38], [42], [44], [49], [50] 

Scikit-learn 9 (22,5%) [4], [10], [15], [17], [19], [32], [38], [42], [49] 

PyTorch 4 (10%) [37], [39], [41], [45] 

PyTorch 

Forecasting 

1 (2,5%) [33] 

PVlib 2 (5%) [25], [38] 

pmdarima 1 (2,5%) [34] 

 

Keras ʿ ʝ ʠʥʪʝʨʬʝʿʩ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʘʧʣʠʢʘʮʠʿʘ (ʝʥʛʣ. Application Programming Interface ï API) 

ʚʠʩʦʢʦʛ ʥʠʚʦʘ ʢʦʿʠ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʧʨʦʮʝʩ ʠʟʨʘʜʝ ʠ ʦʙʫʢʝ ʤʦʜʝʣʘ ʄʋ. ɱʝʜʥʦʩʪʘʚʘʥ ʿʝ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʠ ʠʥʪʫʠʪʠʚʘʥ, ʰʪʦ ʦʣʘʢʰʘʚʘ ʢʨʝʠʨʘˁʝ, ʦʙʫʢʫ ʠ ʝʚʘʣʫʘʮʠʿʫ ʤʦʜʝʣʘ ʄʋ. ʉ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʤʦʞʝ ʙʠʪʠ ʤʘˁʝ ʧʦʛʦʜʘʥ ʟʘ ʚʠʩʦʢʦ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʘʨʭʠʪʝʢʪʫʨʝ 

ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʜʫʙʠʥʩʢʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ. ʉʪʦʛʘ ʛʘ ʯʝʩʪʦ ʧʨʝʬʝʨʠʨʘʿʫ ʠʩʪʨʘʞʠʚʘʯʠ ʢʦʿʠ ʪʨʘʞʝ 

ʙʨʟʠ ʨʘʟʚʦʿ. 

TensorFlow ʿ ʝ ʙʠʙʣʠʦʪʝʢʘ ʠ ʦʢʚʠʨ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ (ʝʥʛʣ. open-source framework) ʢʦʿʠ ʥʫʜʠ ʩʢʫʧ 

ʬʫʥʢʮʠʿʘ, ʘʣʘʪʘ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘ ʠʟʨʘʜʫ, ʦʙʫʢʫ, ʝʚʘʣʫʘʮʠʿʫ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʧʣʠʢʘʮʠʿʘ ʟʘ 
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ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ. ʊʝʥʟʦʨʠ ʩʫ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠ ʥʠʟʦʚʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ 

ʧʦʜʘʪʘʢʘ ʧʨʠ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ. TensorFlow ʤʦʞʝ ʠʥʪʝʨʥʦ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʢʘʦ 

ʛʨʘʬʦʚʝ ʪʦʢʘ ʧʦʜʘʪʘʢʘ, ʛʜʝ ʯʚʦʨʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʘʪʝʤʘʪʠʯʢʝ ʦʧʝʨʘʮʠʿʝ, ʘ ʠʚʠʮʝ ʪʦʢʦʚʝ 

ʪʝʥʟʦʨʘ ʠʟʤʝʹʫ ˁʠʭ. ʇʨʫʞʘ API-ʿʝ ʠ ʚʠʩʦʢʦʛ ʠ ʥʠʩʢʦʛ ʥʠʚʦʘ, ʘʣʠ ʛʝʥʝʨʘʣʥʦ ʨʘʜʠ ʥʘ ʥʠʞʝʤ 

ʥʠʚʦʫ ʦʜ Keras-ʘ, ʧʨʫʞʘʿʫ˂ʠ ʜʝʪʘˀʥʠʿʫ ʢʦʥʪʨʦʣʫ ʥʘʜ ʠʟʨʘʯʫʥʘʚʘˁʠʤʘ ʠ ʘʨʭʠʪʝʢʪʫʨʦʤ ʤʦʜʝʣʘ. 

ʉʪʦʛʘ, ʤʦʞʝ ʙʠʪʠ ʩʣʦʞʝʥʠʿʠ ʟʘ ʫʧʦʪʨʝʙʫ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʩʧʦʤʠˁʘˁʘ Keras-ʘ ʠ TensorFlow-ʘ ʫ ʨʘʜʦʚʠʤʘ, ʪʨʝʙʘ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ ʩʝ ʫ 

ʘʢʪʫʝʣʥʠʤ ʚʝʨʟʠʿʘʤʘ, ʧʦ ʧʦʜʨʘʟʫʤʝʚʘʥʠʤ ʧʦʜʝʰʘʚʘˁʠʤʘ, ʦʥʠ ʢʦʨʠʩʪʝ ʟʘʿʝʜʥʦ. Keras ʤʦʞʝ ʜʘ 

ʫʧʦʪʨʝʙˀʘʚʘ ʠ ʜʨʫʛʝ ʧʦʟʘʜʠʥʩʢʝ ʤʝʭʘʥʠʟʤʝ (ʝʥʛʣ. backend engine), ʥʧʨ. PyTorch, ʘʣʠ ˁʝʛʦʚ 

ʧʦʜʨʘʟʫʤʝʚʘʥʠ ʧʦʟʘʜʠʥʩʢʠ ʤʝʭʘʥʠʟʘʤ ʿʝ TensorFlow. ʇʦʩʪʦʿʝ ʘʣʘʪʠ ʪʨʝ˂ʠʭ ʩʪʨʘʥʘ ʩʘ 

ʛʨʘʬʠʯʢʠʤ ʢʦʨʠʩʥʠʯʢʠʤ ʠʥʪʝʨʬʝʿʩʦʤ ʢʦʿʠ ʛʝʥʝʨʠʰʫ Keras ʢʦʜ ʫ ʧʦʟʘʜʠʥʠ, ʘʣʠ ʥʠʿʝʜʘʥ ʦʜ 

ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʥʝ ʩʧʦʤʠˁʝ ʪʘʢʚʦ ʨʝʰʝˁʝ. 

Scikit-learn ʿʝ ʙʠʙʣʠʦʪʝʢʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʢʦʿʘ ʧʨʫʞʘ ʩʚʝʦʙʫʭʚʘʪʘʥ ʩʢʫʧ ʘʣʘʪʘ ʠ ʬʫʥʢʮʠʿʘ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʤʝʪʨʠʢʝ ʠ ʧʦʤʦ˂ʥʝ ʪʝʭʥʠʢʝ (ʥʧʨ. ʠʤʧʫʪʘʮʠʿʫ, ʫʥʘʢʨʩʥʫ 

ʚʘʣʠʜʘʮʠʿʫ ʠʪʜ.). 

PyTorch ʧʨʝʜʩʪʘʚˀʘ ʦʢʚʠʨ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʟʘ ʜʫʙʦʢʦ ʫʯʝˁʝ ʢʦʿʠ ʧʨʫʞʘ ʘʣʘʪʝ ʟʘ ʠʟʨʘʜʫ ʠ 

ʪʨʝʥʠʨʘˁʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. ʇʦʜʨʞʘʚʘ ʪʝʥʟʦʨʩʢʝ ʦʧʝʨʘʮʠʿʝ ʥʠʩʢʦʛ ʥʠʚʦʘ, ʘʫʪʦʤʘʪʩʢʦ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʘʪʘ ʠ ʜʨʫʛʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʦʿʝ ʦʣʘʢʰʘʚʘʿʫ ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʨʘʟʚʦʿ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. PyTorch Forecasting ʿ ʝ ʙʠʙʣʠʦʪʝʢʘ ʚʠʩʦʢʦʛ ʥʠʚʦʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʚʨʝʤʝʥʩʢʠʭ 

ʩʝʨʠʿʘ, ʢʦʿʘ ʢʦʨʠʩʪʠ PyTorch ʠ PyTorch Lightning. ʇʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʨʘʜ ʩʘ PyTorch-ʦʤ ʩʣʠʯʥʦ 

ʢʘʦ ʰʪʦ Keras ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʨʘʜ ʩʘ TensorFlow-ʦʤ. 

PVlib ʧʨʫʞʘ ʩʢʫʧ ʬʫʥʢʮʠʿʘ ʠ ʢʣʘʩʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʝʨʬʦʨʤʘʥʩʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. 

Pmdarima ʿ ʝ ʙʠʙʣʠʦʪʝʢʘ ʟʘ ʨʘʜ ʩʘ ARIMA ʤʦʜʝʣʠʤʘ. 

3.4 ˭͊ͯ͟͢;ͼ͙ 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʛʣʝʜ 50 ʥʘʿʙʦˀʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʧʨʦʛʥʦʟʠʨʘˁʝʤ 

ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʥʘʛʝ, ʦʜʘʙʨʘʥʠʭ ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʘʢʪʫʝʣʥʦʩʪʠ, 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʈʘʜʦʚʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʟ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ 

ʥʘ ʧʨʦʛʥʦʟʠʨʘˁʝ. 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʘʜʦʚʘ ʫ ʢʘʪʝʛʦʨʠʿʝ ʦʪʢʨʠʚʘ ʠʟʨʘʟʠʪʫ ʧʨʝʚʘʛʫ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ ʦʚʦʿ 

ʦʙʣʘʩʪʠ: ʩʚʝʛʘ 2 ʦʜ 50 ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ ʢʦʨʠʩʪʝ ʠʩʢˀʫʯʠʚʦ ʨʝʰʝˁʘ ʢʦʿʘ ʥʠʩʫ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ. ʅʦʚʝ, ʧʦʙʦˀʰʘʥʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʧʨʝʜʣʦʞʝʥʝ ʩʫ ʫ 54% ʨʘʜʦʚʘ. 

11 ʨʘʜʦʚʘ ʧʨʠʤʝˁʫʿʝ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʿʘ, ʘʣʠ ʦʩʪʚʘʨʫʿʝ ʥʘʧʨʝʜʘʢ 

ʫʧʦʪʨʝʙʦʤ ʤʝʪʦʜʝ ʢʦʿʘ ʜʦʩʘʜ ʥʠʿʝ ʢʦʨʠʰ˂ʝʥʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʠʣʠ ʪʠʤʝ ʰʪʦ ʪʝʞʠ ʜʘ ʧʦʙʦˀʰʘ 

ʜʨʫʛʝ ʘʩʧʝʢʪʝ ʧʨʦʮʝʩʘ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʥʧʨ. ʠʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ, ʧʨʝʜʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ, ʠʪʜ. 

ʇʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʬʦʢʫʩ ʫ 20% ʨʘʜʦʚʘ. 

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʿʝ LSTM, ʢʘʢʦ ʫ ʦʩʥʦʚʥʦʤ ʦʙʣʠʢʫ, ʪʘʢʦ ʠ ʢʘʦ 

ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʣʠ ʭʠʙʨʠʜʥʦ ʨʝʰʝˁʝ. ʊʘ ʤʝʪʦʜʘ ʧʦʩʝʙʥʦ ʿʝ ʝʬʠʢʘʩʥʘ ʫ ʨʘʜʫ ʩʘ ʚʨʝʤʝʥʩʢʠʤ 

ʩʝʨʠʿʘʤʘ, ʘʣʠ ʥʠʿʝ ʧʦʛʦʜʥʘ ʟʘ ʩʚʝ ʪʠʧʦʚʝ ʧʦʜʘʪʘʢʘ: ʥʝʢʠ ʠʩʪʨʘʞʠʚʘʯʠ ʠʟʚʝʩʪʠʣʠ ʩʫ ʜʘ LSTM 

ʥʠʿʝ ʜʦʥʝʦ ʥʠʢʘʢʚʦ ʧʦʙʦˀʰʘˁʝ ʠʣʠ ʿʝ ʯʘʢ ʧʨʫʞʠʦ ʣʦʰʠʿʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ ʤʝʪʦʜʘʤʘ. ʊʦ ʙʠ ʪʘʢʦʹʝ ʤʦʛʣʦ ʙʠʪʠ ʫʟʨʦʢʦʚʘʥʦ ʥʝʘʜʝʢʚʘʪʥʠʤ ʧʦʜʝʰʘʚʘˁʝʤ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʆʩʠʤ ʪʦʛʘ, ʫ ʥʝʢʦʣʠʢʦ ʨʘʜʦʚʘ ʧʨʠʤʝˁʝʥ ʿʝ GRU, ʢʦʿʠ ʿʝ ʩʣʠʯʘʥ LSTM-ʫ. 

ʄʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʪʘʙʣʠʤʘ ʦʜʣʫʯʠʚʘˁʘ, ʧʦʩʝʙʥʦ RF, ʠ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʚʦʣʫʮʠʿʠ, 

ʧʦʩʝʙʥʦ CNN, ʜʝʣʝ ʜʨʫʛʦ ʤʝʩʪʦ, ʘ ʩʣʝʜʠ ʠʭ MLP. ʆʩʪʘʣʝ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ, ʩʚʘʢʘ ʟʘ ʩʝʙʝ, 

ʢʦʨʠʩʪʝ ʩʝ ʟʥʘʪʥʦ ʤʘˁʝ ʦʜ 4 ʩʧʦʤʝʥʫʪʝ ʛʨʫʧʝ; ʠʧʘʢ, ʪʘ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʘ ʿ ʝ ʜʘ ʩʝ h ʠʨʦʢ ʩʧʝʢʪʘʨ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʧʨʠʤʝˁʫʿʝ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. 

ʄʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʟʘʩʥʦʚʘʥʝ ʥʘ LSTM-ʫ, GRU-ʫ ʠ ʢʦʥʚʦʣʫʮʠʿʠ ʫʛʣʘʚʥʦʤ ʧʨʫʞʘʿʫ ʥʘʿʙʦˀʫ 

ʪʘʯʥʦʩʪ, ʪʿ. ʦʥʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʤʝʹʫ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʣʝ nRMSE ʤʘˁʠ ʦʜ 2% ʫ 
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ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʇʨʝʤʘ ʪʦʿ ʘʥʘʣʠʟʠ, ʭʠʙʨʠʜʥʝ ʠ/ʠʣʠ ʤʦʜʠʬʠʢʦʚʘʥʝ ʤʝʪʦʜʝ ʛʝʥʝʨʘʣʥʦ 

ʜʘʿʫ ʙʦˀʫ ʪʘʯʥʦʩʪ ʦʜ ʦʩʥʦʚʥʠʭ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʚʨʩʪʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʫ ʧʦʛʣʝʜʫ ʦʜʨʝʹʝʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ, 90% ʨʘʜʦʚʘ ʙʘʚʠ ʩʝ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʧʨʦʛʥʦʟʠʨʘˁʝʤ, ʜʦʢ ʙʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦ (ʠʥʪʝʨʚʘʣʥʦ) ʠ ʩʮʝʥʘʨʠʿʩʢʦ 

ʧʨʦʛʥʦʟʠʨʘˁʝ ʪʨʝʙʘʣʦ ʚʠʰʝ ʠʩʧʠʪʘʪʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. ɸʥʘʣʠʟʘ ʦʙʫʭʚʘʪʘ ʧʨʦʛʥʦʟʘ ʧʦʢʘʟʘʣʘ ʿ ʝ ʜʘ 

88% ʨʘʜʦʚʘ ʜʘʿʝ ʧʨʦʛʥʦʟʝ ʩʘʤʦ ʟʘ ʿʝʜʥʫ ʝʣʝʢʪʨʘʥʫ; ʧʨʝʦʩʪʘʣʠʭ 12% ʧʦʜʿʝʜʥʘʢʦ ʿʝ ʧʦʜʝˀʝʥʦ 

ʠʟʤʝʹʫ ʧʨʦʛʥʦʟʘ ʟʘ ʿ ʝʜʘʥ ʤʦʜʫʣ, ʛʨʫʧʫ ʝʣʝʢʪʨʘʥʘ ʠ ʨʝʛʠʦʥ, ʰʪʦ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʫ ʪʠʤ ʦʙʫʭʚʘʪʠʤʘ 

ʧʦʪʨʝʙʥʦ ʚʠʰʝ ʠʩʪʨʘʞʠʚʘˁʘ. ʈʝʛʠʦʥʘʣʥʝ ʧʨʦʛʥʦʟʝ ʤʦʛʫ ʙʠʪʠ ʟʘʥʠʤˀʠʚʝ ʥʝ ʩʘʤʦ ʦʧʝʨʘʪʝʨʠʤʘ 

ʤʨʝʞʝ ʚʝ˂ ʠ ʜʨʞʘʚʥʠʤ ʚʣʘʩʪʠʤʘ, ʜʦʢ ʧʨʦʛʥʦʟʝ ʟʘ ʛʨʫʧʫ ʝʣʝʢʪʨʘʥʘ ʤʦʛʫ ʙʠʪʠ ʟʘʥʠʤˀʠʚʝ ʠ 

ʚʝ˂ʠʤ ʧʨʦʠʟʚʦʹʘʯʠʤʘ. 

ɹʨʦʿ ʟʘʧʠʩʘ ʫ ʢʦʨʠʰ˂ʝʥʠʤ ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ (ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ) ʚʘʨʠʨʘ ʦʜ ʩʘʤʦ 335 ʜʦ ʯʘʢ 

1,6 ʤʠʣʠʦʥʘ, ʘʣʠ ʩʢʦʨʦ ʧʦʣʦʚʠʥʘ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʠʤʘ ʠʟʤʝʹʫ 10 000 ʠ 50 000 ʟʘʧʠʩʘ. 

ʅʘʿʯʝʰ˂ʝ ʚʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ (ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ) ʩʫ 1 ʩʘʪ, 15 ʤʠʥʫʪʘ ʠ 5 ʤʠʥʫʪʘ. ɺʨʝʤʝʥʩʢʘ 

ʨʝʟʦʣʫʮʠʿʘ (ʛʨʘʥʫʣʘʨʥʦʩʪ) ʫʪʠʯʝ ʥʘ ʠʟʚʦʜˀʠʚʝ ʭʦʨʠʟʦʥʪʝ ʧʨʦʛʥʦʟʝ ʠ ʥʘ ʙʨʦʿ ʟʘʧʠʩʘ ʫ 

ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ; ʩʪʦʛʘ, ʪʨʝʙʘ ʥʘʧʨʘʚʠʪʠ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʧʦʪʨʝʙʥʠʭ ʨʝʩʫʨʩʘ ʠ ʞʝˀʝʥʝ 

ʚʨʝʤʝʥʩʢʝ ʨʝʟʦʣʫʮʠʿʝ. 

ʋʙʝʜˀʠʚʦ ʥʘʿʯʝʰ˂ʠ ʭʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʿʝ 1 ʜʘʥ ʫʥʘʧʨʝʜ, ʚʝʨʦʚʘʪʥʦ 

ʟʙʦʛ ʦʙʘʚʝʟʝ ʧʨʦʠʟʚʦʹʘʯʘ ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʜʘ ʜʦʩʪʘʚˀʘʿʫ ʪʘʢʚʝ ʧʨʦʛʥʦʟʝ ʥʘ ʪʨʞʠʰʪʫ. ʆʩʪʘʣʠ 

ʧʦʿʝʜʠʥʘʯʥʠ ʭʦʨʠʟʦʥʪʠ ʢʦʿʠ ʩʝ ʿ ʘʚˀʘʿʫ ʫ ʧʦ 3 ʜʦ 4 ʨʘʜʘ ʩʫ 5 ʠ 15 ʤʠʥʫʪʘ, 1 ʩʘʪ ʠ 7 ʜʘʥʘ ʫʥʘʧʨʝʜ. 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʘʤʦ 3 ʨʘʜʘ ʫʢˀʫʯʝʥʘ ʫ ʪʫ ʘʥʘʣʠʟʫ ʠʩʪʨʘʞʠʚʘʣʘ ʩʫ ʭʦʨʠʟʦʥʪʝ ʜʫʞʝ ʦʜ 7 ʜʘʥʘ; 

ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʪʘʢʚʝ ʭʦʨʠʟʦʥʪʝ ʪʨʝʙʘ ʧʘʞˀʠʚʠʿʝ ʠʩʧʠʪʘʪʠ ʫ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʀʩʪʦ 

ʚʘʞʠ ʠ ʟʘ ʭʦʨʠʟʦʥʪʝ ʢʨʘ˂ʝ ʦʜ 5 ʤʠʥʫʪʘ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʤʘʢʩʠʤʘʣʥʦʛ ʙʨʦʿʘ ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ, ʭʦʨʠʟʦʥʪʠ ʧʨʦʛʥʦʟʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ 

ʢʨʝ˂ʫ ʩʝ ʦʜ 1 ʜʦ ʯʘʢ 336. (ʅʘʨʘʚʥʦ, ʪʦ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘ ʠʪʝʨʘʪʠʚʥʠ ʧʨʠʩʪʫʧ.) ʅʘʿʯʝʰ˂ʠ ʙʨʦʿʝʚʠ 

ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ ʩʫ 24 (ʪʠʧʠʯʥʦ ʟʘ ʧʨʦʛʥʦʟʫ ʟʘ 1 ʜʘʥ ʫʥʘʧʨʝʜ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʦʜ 1 ʩʘʪʘ), 96 

(ʪʠʧʠʯʥʦ ʟʘ ʧʨʦʛʥʦʟʫ ʟʘ 1 ʜʘʥ ʫʥʘʧʨʝʜ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʦʜ 15 ʤʠʥʫʪʘ) ʠ 1. ʉʚʝ ʤʝʪʦʜʝ 

ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʚʠʰʝ ʦʜ 100 ʢʦʨʘʢʘ ʫʥʘʧʨʝʜ ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʠʙʨʠʜʥʘ ʠʣʠ 

ʘʥʩʘʤʙʣ ʨʝʰʝˁʘ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʚʨʩʪʘ ʧʦʜʘʪʘʢʘ, ʦʯʝʢʠʚʘʥʦ ʿʝ ʰʪʦ ʩʝ ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦ ʩʥʘʟʠ ʬʦʪʦʥʘʧʦʥʩʢʦʛ 

ʩʠʩʪʝʤʘ ʧʨʠʤʝˁʫʿʫ ʫ ʩʢʦʨʦ ʩʚʠʤ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʙʘʨʝʤ ʟʘ ʤʠʥʠʤʠʟʦʚʘˁʝ ʛʨʝʰʘʢʘ, ʘ ʫ 

ʤʥʦʛʠʤ ʨʘʜʦʚʠʤʘ ʠ ʢʘʦ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʤʦʜʝʣ. ʋ 8 ʨʘʜʦʚʘ ʥʝ ʢʦʨʠʩʪʝ ʩʝ ʥʠʢʘʢʚʠ ʜʨʫʛʠ 

ʧʦʜʘʮʠ ʦʩʠʤ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʦ ʩʥʘʟʠ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ. ʆʩʪʘʣʘ ʥʘʿʯʝʰ˂ʘ ʫʣʘʟʥʘ 

ʦʙʝʣʝʞʿʘ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ ʥʝʢʘ ʚʨʩʪʘ ʠʨʘʜʠʿʘʥʩʝ. ʆʜ ʜʨʫʛʠʭ ʦʙʝʣʝʞʿʘ ʪʨʝʙʘ ʠʩʪʘ˂ʠ 

ʩʦʣʘʨʥʝ ʫʛʣʦʚʝ, ʠʘʢʦ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʩʘʤʦ 6 ʨʘʜʦʚʘ, ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʣʘʢʦ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ, ʘ 

ʧʦʩʪʦʿʝ ʠʟʚʝʰʪʘʿʠ ʜʘ ʩʫ ʚʨʣʦ ʢʦʨʠʩʥʠ ʟʘ ʪʘʯʥʦʩʪ ʧʨʦʛʥʦʟʝ. ʉʚʝʛʘ 3 ʨʘʜʘ ʙʘʚʝ ʩʝ ʩʥʠʤʮʠʤʘ ʥʝʙʘ 

ʠ ʩʘʪʝʣʠʪʩʢʠʤ ʩʥʠʤʮʠʤʘ; ʪʠ ʨʘʜʦʚʠ ʠʟʚʝʰʪʘʚʘʿʫ ʦ ʥʝʨʝʰʝʥʠʤ ʧʨʦʙʣʝʤʠʤʘ, ʪʘʢʦ ʜʘ ʙʠ ʪʦ 

ʧʦʜʨʫʯʿʝ ʤʦʛʣʦ ʟʘʭʪʝʚʘʪʠ ʚʠʰʝ ʧʘʞˁʝ ʫ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. 

ʇʨʝʜʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʦʧʠʩʘʥʘ ʿʝ ʠʣʠ ʙʘʨʝʤ ʩʧʦʤʝʥʫʪʘ ʫ ʩʢʦʨʦ ʩʚʠʤ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, 

ʰʪʦ ʿʝ ʜʦʢʘʟ ˁʝʥʦʛ ʰʠʨʦʢʦ ʧʨʝʧʦʟʥʘʪʦʛ ʟʥʘʯʘʿʘ. 

ʋ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʦʣʘʨʥʠ ʩʠʩʪʝʤʠ ʩʥʘʛʝ ʦʜ 500 W ʜʦ 451,82 MW, ʩʘ 

ʧʨʠʣʠʯʥʦ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʦʜʝʣʦʤ. ʇʨʦʩʝʯʥʘ ʚʝʣʠʯʠʥʘ ʧʦʩʪʨʦʿʝˁʘ ʫ ʪʦʿ ʘʥʘʣʠʟʠ ʠʟʥʦʩʠ ʦʢʦ 

14,3 MW, ʘʣʠ ʤʝʜʠʿʘʥʘ ʿʝ ʤʥʦʛʦ ʤʘˁʘ, 67,5 kW. 

ʀʟʙʦʨ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʪʨʝʙʘʣʦ ʙʠ ʜʝʪʘˀʥʠʿʝ ʠʩʧʠʪʘʪʠ ʫ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʟʘʪʦ ʰʪʦ 

ʥʠʿʝ ʘʜʝʢʚʘʪʥʦ ʠʩʪʨʘʞʝʥ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ. ʊʦ ʧʦʩʝʙʥʦ ʚʘʞʠ ʟʘ ʘʣʛʦʨʠʪʘʤʩʢʝ ʤʝʪʦʜʝ 

ʩʝʣʝʢʮʠʿʝ ʦʙʝʣʝʞʿʘ, ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ. ʋʦʯʝʥʦ ʿʝ ʜʘ ʩʚʝʛʘ 3 ʨʘʜʘ ʧʨʠʤʝˁʫʿʫ 

ʦʤʦʪʘʯʢʝ ʤʝʪʦʜʝ, ʜʦʢ ʫʛʨʘʹʝʥʝ ʤʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʦʙʝʣʝʞʿʘ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʝ ʥʠ ʫ ʿʝʜʥʦʤ ʦʜ 

ʧʨʝʛʣʝʜʘʥʠʭ ʨʘʜʦʚʘ. ʐʪʘʚʠʰʝ, ʥʝʢʠ ʠʩʪʨʘʞʠʚʘʯʠ ʫʧʦʨʝʜʠʣʠ ʩʫ ʥʝʢʦʣʠʢʦ ʩʢʫʧʦʚʘ ʦʙʝʣʝʞʿʘ ʠ 

ʥʘʚʝʣʠ ʜʘ ʠʟʙʦʨ ʦʙʝʣʝʞʿʘ ʤʦʞʝ ʙʠʪʠ ʯʘʢ ʠ ʚʘʞʥʠʿʠ ʦʜ ʠʟʙʦʨʘ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ. ɸʥʘʣʠʟʘ 
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ʨʘʜʦʚʘ ʩʘ ʥʘʿʙʦˀʠʤ nRMSE ʤʘˁʠʤ ʦʜ 2% ʧʦʢʘʟʫʿʝ ʜʘ ʬʠʣʪʝʨʩʢʝ ʠ ʦʤʦʪʘʯʢʝ ʤʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ 

ʦʙʝʣʝʞʿʘ ʠʤʘʿʫ ʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʧʨʦʠʟʚʝʜʫ ʚʨʭʫʥʩʢʫ ʪʘʯʥʦʩʪ ʥʝʛʦ ʝʤʧʠʨʠʿʩʢʝ. 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʧʨʝʜʩʪʘʚˀʘ ʿʦʰ ʿʝʜʘʥ ʘʩʧʝʢʪ ʢʦʤ ʙʠ ʪʨʝʙʘʣʦ ʧʦʩʚʝʪʠʪʠ ʤʥʦʛʦ 

ʚʠʰʝ ʧʘʞˁʝ ʫ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʧʦʩʝʙʥʦ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, 

ʢʦʿʝ ʛʝʥʝʨʘʣʥʦ ʧʨʦʠʟʚʦʜʝ ʙʦˀʝ ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ ʦʜ ʦʩʪʘʣʠʭ ʧʨʠʩʪʫʧʘ. ʅʘʞʘʣʦʩʪ, 

ʩʘʤʦ 2 ʨʘʜʘ ʜʠʨʝʢʪʥʦ ʠ 1 ʠʥʜʠʨʝʢʪʥʦ ʢʦʨʠʩʪʝ ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʟʘ ʪʫ ʩʚʨʭʫ; ʚʝ˂ʠʥʘ ʩʝ ʦʩʣʘˁʘ 

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʠ ʝʤʧʠʨʠʿʩʢʝ ʧʨʠʩʪʫʧʝ, ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ ʘʫʪʦʤʘʪʠʟʦʚʘʪʠ. ʅʘ ʦʩʥʦʚʫ 

ʘʥʘʣʠʟʝ ʨʘʜʦʚʘ ʩʘ ʥʘʿʙʦˀʠʤ nRMSE ʤʘˁʠʤ ʦʜ 2%, ʚʝʦʤʘ ʿʝ ʧʨʝʧʦʨʫʯˀʠʚʘ ʫʧʦʪʨʝʙʘ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʫ ʩʚʝ ʢʦʨʠʰ˂ʝʥʝ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʧʨʦʠʟʚʝʣʝ ʚʨʭʫʥʩʢʫ ʪʘʯʥʦʩʪ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʫʪʝʤ ʧʨʝʪʨʘʛʝ ʧʦ 

ʤʨʝʞʠ ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ. 

ʅʘʿʯʝʰ˂ʘ ʛʨʫʧʘ ʤʝʪʨʠʢʘ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʧʨʦʛʥʦʟʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 

RMSE ʠ ʧʦʚʝʟʘʥʠʭ ʤʝʪʨʠʢʘ (MSE, nRMSE, RMSE ʦʮʝʥʘ ʫʩʧʝʰʥʦʩʪʠ, ʠʪʜ.), ʟʘʪʠʤ ʩʣʝʜʝ MAE 

ʩʘ ʧʦʚʝʟʘʥʠʤ ʤʝʪʨʠʢʘʤʘ (nMAE, MASE) ʠ RĮ (ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ) ʩʘ ʩʣʠʯʥʠʤ 

ʤʝʪʨʠʢʘʤʘ. ʄʝʹʫʪʠʤ, ʧʦʩʪʦʿʠ ʦʯʠʛʣʝʜʥʘ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʩʪʘʥʜʘʨʜʠʟʫʿʝ ʨʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʟʘ 

ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʤʝʪʨʠʢʘ. ɿʙʦʛ ʥʝʜʦʩʪʘʪʢʘ ʟʘʿʝʜʥʠʯʢʦʛ ʩʪʘʥʜʘʨʜʘ, ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʟʘ 

ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʩʝ ʢʦʨʠʩʪʠ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʜʥʦʩʪʠ, ʰʪʦ ʦʥʝʤʦʛʫ˂ʘʚʘ ʧʦʨʝʹʝˁʝ 

ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʤʝʪʨʠʢʘ. ʋ ʦʚʦʤ ʧʨʝʛʣʝʜʫ, ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʩʝ ʧʨʝʜʣʘʞʝ ʫʧʦʪʨʝʙʘ 

ʤʘʢʩʠʤʘʣʥʝ ʤʦʛʫ˂ʝ ʚʨʝʜʥʦʩʪʠ; ʫ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʘˁʘ ʩʥʘʛʝ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ, ʪʦ ʿʝ 

ʥʦʤʠʥʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ. ɸʢʦ ʪʘ ʚʨʝʜʥʦʩʪ ʥʠʿʝ ʧʦʟʥʘʪʘ, ʤʦʞʝ ʩʝ 

ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʤʘʢʩʠʤʘʣʥʦʤ ʫʦʯʝʥʦʤ ʚʨʝʜʥʦʰ˂ʫ, ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʜʦʚʦˀʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ. 

ʋʦʯʝʥʠ ʨʘʩʧʦʥʠ ʥʝʢʦʣʠʢʦ ʥʘʿʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʿʠʭ ʤʝʪʨʠʢʘ ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʦʜʝˀʢʫ 3.3.14, 

ʟʘʿʝʜʥʦ ʩʘ ʧʨʠʤʝʨʠʤʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʝʢʝ ʬʘʢʪʦʨʝ ʢʦʿʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʪʘʯʥʦʩʪ 

ʧʨʝʜʚʠʹʘˁʘ. ɸʥʘʣʠʟʘ ʚʝʣʠʯʠʥʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʫ MLP ʤʨʝʞʝ ʦʙʠʯʥʦ ʟʥʘʪʥʦ 

ʤʘˁʝ ʦʜ LSTM ʠ ʜʨʫʛʠʭ ʨʝʢʫʨʝʥʪʥʠʭ ʤʨʝʞʘ. ʇʨʦʩʝʯʘʥ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ˂ʝʣʠʿʘ ʟʘ MLP ʫ 

ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʠʟʥʦʩʠ 40,63, ʜʦʢ ʿʝ ʧʨʦʩʝʢ ʟʘ ʩʚʝ ʨʝʢʫʨʝʥʪʥʝ ʤʨʝʞʝ 156,93 ʩʢʨʠʚʝʥʠʭ 

ʿʝʜʠʥʠʮʘ ʠʣʠ ˂ʝʣʠʿʘ. ʐʪʦ ʩʝ ʪʠʯʝ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ, ReLU ʿʝ 

ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ, ʘ ʟʘʪʠʤ ʩʣʝʜʠ ʣʦʛʠʩʪʠʯʢʘ (Ăʩʠʛʤʦʠʜʥʘò) ʬʫʥʢʮʠʿʘ. 

ʅʘʿʯʝʰ˂ʠ ʦʧʪʠʤʠʟʘʪʦʨ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ ʿʝ Adam. ʃʝʚʝʥʙʝʨʛ-ʄʘʨʢʚʘʨʜʦʚ ʘʣʛʦʨʠʪʘʤ, 

ʥʘ ʜʨʫʛʦʤ ʤʝʩʪʫ, ʜʘʣʝʢʦ ʟʘʦʩʪʘʿʝ, ʘ ʩʣʝʜʝ ʛʘ SGD ʠ RMSProp. ɿʘʥʠʤˀʠʚʦ ʨʝʰʝˁʝ ʩʘ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʦʤ ʢʘʦ ʝʢʩʪʝʨʥʠʤ ʦʧʪʠʤʠʟʘʪʦʨʦʤ ʫ [40] ʧʨʦʠʟʚʝʣʦ ʿ ʝ ʦʜʣʠʯʥʫ ʪʘʯʥʦʩʪ. ʋ ʩʢʣʘʜʫ 

ʩʘ ʪʠʤ ʰʪʦ ʩʫ RMSE ʠ ʧʦʚʝʟʘʥʝ ʤʝʪʨʠʢʝ ʥʘʿʯʝʰ˂ʝ, MSE ʿʝ ʥʘʿʯʝʰ˂ʘ ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ ʫ ʦʚʦʤ 

ʧʨʝʛʣʝʜʫ. Python ʿʝ ʫʙʝʜˀʠʚʦ ʥʘʿʢʦʨʠʰ˂ʝʥʠʿʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʫ ʧʨʝʛʣʝʜʘʥʠʤ ʨʘʜʦʚʠʤʘ; 

ʦʩʪʘʣʠ ʫʧʦʪʨʝʙˀʝʥʠ ʿʝʟʠʮʠ ʩʫ MATLAB  ʠ R. ʅʘʿʯʝʰ˂ʝ Python ʙʠʙʣʠʦʪʝʢʝ ʫʢˀʫʯʫʿʫ Keras, 

TensorFlow ʠ Scikit-learn. 

ʆʚʘʿ ʧʨʝʛʣʝʜ ʧʦʢʘʟʘʦ ʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʨʘʟʥʦʣʠʢʦʩʪ ʫ ʧʦʛʣʝʜʫ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʠ ʥʝʢʠʭ 

ʜʨʫʛʠʭ ʘʩʧʝʢʘʪʘ ʢʘʦ h ʪʦ ʩʫ ʚʝʣʠʯʠʥʝ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ, ʢʘʧʘʮʠʪʝʪʠ ʧʦʩʪʨʦʿʝˁʘ, ʛʨʘʥʫʣʘʨʥʦʩʪ, 

ʚʝʣʠʯʠʥʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠʪʜ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʚʝʪʠʪʠ ʚʠʰʝ ʧʘʞˁʝ 

ʧʨʦʛʥʦʟʘʤʘ ʟʘ ʨʝʛʠʦʥ ʠ ʛʨʫʧʫ ʧʦʩʪʨʦʿʝˁʘ, ʜʫʞʠʤ ʭʦʨʠʟʦʥʪʠʤʘ, ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʠ 

ʩʮʝʥʘʨʠʿʩʢʦʤ ʧʨʦʛʥʦʟʠʨʘˁʫ, ʘ ʧʦʩʝʙʥʦ ʠʟʙʦʨʫ ʫʣʘʟʥʠʭ ʦʙʝʣʝʞʿʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. 
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ʆʚʦ ʧʦʛʣʘʚˀʝ ʧʨʝʜʩʪʘʚˀʘ ʥʦʚʠ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ. ʅʘʢʦʥ ʦʧʠʩʘ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ, ʠʩʪʨʘʞʠʚʘʯʢʘ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ, 

ʢʘʦ ʠ ʧʦʩʪʘʚʢʝ ʩʠʤʫʣʘʮʠʿʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʪʝʩʪʠʨʘʥ. 

4.1 ˸͙ͦ͒ͺ͙͍͙ͦ͊ͤ͟ ͔ͣͭ͊ͻ͔͙͙ͯͪͫͭ;͙͟ ͎͙͊ͦͪͭ͊ͣ͡ 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʥʘʿʧʨʝ ʿʝ ʦʧʠʩʘʥʘ ʦʩʥʦʚʥʘ ʚʝʨʟʠʿʘ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʦʿʘ ʯʝʩʪʠʮʘ (ʝʥʛʣ. 

Particle Swarm Optimization ï PSO). ʅʘʢʦʥ ʪʦʛʘ, ʦʧʠʩʘʥʠ ʩʫ ʫʦʯʝʥʠ ʥʝʜʦʩʪʘʮʠ ʪʝ ʤʝʪʦʜʝ ʠ 

ʜʝʪʘˀʥʦ ʿʝ ʦʙʿʘʰˁʝʥʘ ʤʦʜʠʬʠʢʦʚʘʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ PSO ʢʦʿʘ ʨʝʰʘʚʘ ʪʝ ʥʝʜʦʩʪʘʪʢʝ. 

4.1.1 ˻ͪ ͙͎͙͙ͤ͊ͤ͡ PSO ͊ ͎͙ͦͪͭ͊ͣ͡ 

ʆʩʥʦʚʥʠ PSO ʘʣʛʦʨʠʪʘʤ ʧʨʝʜʩʪʘʚˀʘ ʝʚʦʣʫʪʠʚʥʫ ʨʘʯʫʥʘʨʩʢʫ ʪʝʭʥʠʢʫ ʠʥʩʧʠʨʠʩʘʥʫ 

ʜʨʫʰʪʚʝʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʫʦʯʝʥʠʤ ʫ ʿ ʘʪʠʤʘ ʧʪʠʮʘ ʠ ʨʠʙʘ [80]. ʊʦ ʿ ʝ ʩʪʨʘʪʝʛʠʿʘ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʧʫʣʘʮʠʿʠ. ʊʘʿ ʘʣʛʦʨʠʪʘʤ ʦʙʨʘʹʫʿʝ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠ ʜʦʤʝʥ ʧʨʝʪʨʘʛʝ, ʧʨʠ 

ʯʝʤʫ ˁʝʛʦʚʘ ʨʝʰʝˁʘ (ʯʝʩʪʠʮʝ) ʦʜʛʦʚʘʨʘʿʫ ʤʦʛʫ˂ʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʬʫʥʢʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ, ʠ 

ʤʦʛʫ ʩʝ ʢʨʝʪʘʪʠ ʫʥʫʪʘʨ ʪʦʛ ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʛʝ. ʉʚʘʢʘ ʯʝʩʪʠʮʘ ʧʨʘʪʠ ʠ ʩʚʦʿʫ ʧʨʝʪʭʦʜʥʫ ʥʘʿʙʦˀʫ 

ʧʦʟʠʮʠʿʫ (ʪʿ. ʧʦʟʠʮʠʿʫ ʟʘ ʢʦʿʫ ʿʝ ʜʦʙʠʿʝʥʘ ʥʘʿʙʦˀʘ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ, ʝʥʛʣ. 

personal best ï ὴὦὩίὸ) ʠ ʥʘʿʙʦˀʫ ʧʦʟʠʮʠʿʫ ʢʦʫʿ ʩʫ ʫʪʚʨʜʠʣʝ ˁʝʥʝ ʩʫʩʝʜʥʝ ʯʝʩʪʠʮʝ (ʝʥʛʣ. 

neighbor best ï ὲὦὩίὸ). ʆʧʪʠʤʘʣʥʘ ʧʦʟʠʮʠʿʘ ʩʤʘʪʨʘ ʩʝ ʛʣʦʙʘʣʥʦ ʥʘʿʙʦˀʦʤ (ʝʥʛʣ. global 

best ï ὫὦὩίὸ) ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʩʚʝ ʯʝʩʪʠʮʝ ʫʥʫʪʘʨ ʧʦʧʫʣʘʮʠʿʝ ʩʤʘʪʨʘʿʫ ʩʫʩʝʜʠʤʘ; ʪʦ ʿʝ ʚʘʨʠʿʘʥʪʘ 

ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʤʘʣʠ ʙʨʦʿ ʯʝʩʪʠʮʘ ʫ ʧʦʧʫʣʘʮʠʿʠ. ʄʦʞʝ ʩʝ 

ʨʝ˂ʠ ʜʘ ʯʝʩʪʠʮʝ Ăʢʦʤʫʥʠʮʠʨʘʿʫò ʦ ʨʝʛʠʦʥʫ ʧʨʝʪʨʘʛʝ, ʧʦʰʪʦ ʩʚʘʢʘ ʯʝʩʪʠʮʘ ʠʤʘ ʫʚʠʜ ʫ ὫὦὩίὸ. 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʨʦʿʘ ʯʝʩʪʠʮʘ ʧʦʯʠˁʝ ʩʣʫʯʘʿʥʠʤ ʩʠʥʪʝʪʠʩʘˁʝʤ ʧʦʣʦʞʘʿʘ ʩʚʘʢʝ ʯʝʩʪʠʮʝ. ʉʚʘʢʘ 

ʯʝʩʪʠʮʘ ʟʘʪʠʤ ʩʝ ʢʨʝ˂ʝ ʢʘ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ ʜʦʢ ʮʝʦ ʨʦʿ ʢʦʣʝʢʪʠʚʥʦ ʠʜʝʥʪʠʬʠʢʫʿʝ ʛʣʦʙʘʣʥʦ 

ʦʧʪʠʤʘʣʥʫ ʣʦʢʘʮʠʿʫ. ʂʘʦ ʜʝʦ ʧʨʦʮʝʩʘ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ, ʧʦʣʦʞʘʿʠ ʠ ʙʨʟʠʥʝ (ʪʿ. ʧʦʤʝʨʘʿʠ) ʩʚʠʭ 

ʯʝʩʪʠʮʘ ʥʘʩʫʤʠʯʥʦ ʩʝ ʧʨʦʠʟʚʦʜʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʩʪʫʧʢʘ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ PSO, ʧʨʝʜʩʪʘʚˀʝʥʦʛ 

ʿʝʜʥʘʯʠʥʘʤʘ (62) ʠ (63). 

 ὼȟ π ÒÎÄ ὼ ȟ ὼ ȟ ὼ ȟ (62). 

 ὺȟ π ÒÎÄ ς ὺ ȟ  ὺ ȟ (63). 

ʇʨʠ ʪʦʤʝ ὼȟ π ʦʜʛʦʚʘʨʘ ʧʦʯʝʪʥʦʿ ʧʦʟʠʮʠʿʠ ʯʝʩʪʠʮʝ (ʠʥʜʠʚʠʜʫʝ) Ὥ ʫ ʜʠʤʝʥʟʠʿʠ Ὠ, ʬʫʥʢʮʠʿʘ 

ÒÎÄ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʧʨʦʠʟʚʦˀʥʦʛ ʙʨʦʿʘ ʫʥʫʪʘʨ ʦʧʩʝʛʘ [0, 1], ʜʦʢ ὼ ȟ ʠ ὼ ȟ 

ʦʟʥʘʯʘʚʘʿʫ ʛʨʘʥʠʮʝ ʜʦʤʝʥʘ ʧʨʝʪʨʘʛʝ ʫ ʜʘʪʦʿ ʜʠʤʝʥʟʠʿʠ. ɸʥʘʣʦʛʥʦ ʪʦʤʝ, ὺȟ π ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʯʝʪʥʫ ʙʨʟʠʥʫ ʯʝʩʪʠʮʝ Ὥ ʫ ʜʠʤʝʥʟʠʿʠ Ὠ. ɹʨʟʠʥʘ ʯʝʩʪʠʮʝ ʦʛʨʘʥʠʯʝʥʘ ʿʝ ʫʥʫʪʘʨ ʦʧʩʝʛʘ 

ὺ ȟȟὺ ȟ , ʛʜʝ ʿʝ ὺ ȟ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʘ ʛʨʘʥʠʮʘ. ʊʦ ʦʛʨʘʥʠʯʝˁʝ ʦʩʠʛʫʨʘʚʘ ʜʘ 

ʢʨʝʪʘˁʝ ʯʝʩʪʠʮʝ ʦʩʪʘʥʝ ʫʥʫʪʘʨ ʜʦʜʝˀʝʥʦʛ ʧʦʜʨʫʯʿʘ ʧʨʝʪʨʘʛʝ. ʇʦʨʝʜ ʪʦʛʘ, ʚʨʝʜʥʦʩʪ ὺ ȟ 

ʦʛʨʘʥʠʯʘʚʘ ʦʙʠʤ ʧʨʝʪʨʘʛʝ ʠʟʤʝʹʫ ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ ʠ ʮʠˀʥʝ ʣʦʢʘʮʠʿʝ. 

ʉʚʘʢʘ ʯʝʩʪʠʮʘ ʘʞʫʨʠʨʘ ʩʚʦʿʫ ʣʦʢʘʮʠʿʫ ʠ ʧʨʘʪʠ ʩʦʧʩʪʚʝʥʫ ʙʨʟʠʥʫ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʇʨʝʪʭʦʜʥʘ 

ʥʘʿʙʦˀʘ ʧʦʟʠʮʠʿʘ ʯʝʩʪʠʮʝ Ὥ ʫ ʜʠʤʝʥʟʠʿʠ Ὠ (ʪʿ. ʢʦʤʧʦʥʝʥʪʘ ὴὦὩίὸ ʫ ʪʦʿ ʜʠʤʝʥʟʠʿʠ) ʜʘʪʘ ʿ ʝ ʩʘ ὴȟ, 

ʘ ὴȟ ʦʟʥʘʯʘʚʘ ʛʣʦʙʘʣʥʦ ʥʘʿʙʦˀʫ ʧʦʟʠʮʠʿʫ ʫ ʪʦʿ ʜʠʤʝʥʟʠʿʠ (ʪʿ. ʢʦʤʧʦʥʝʥʪʫ ὫὦὩίὸ ʫ ʪʦʿ 

ʜʠʤʝʥʟʠʿʠ). ɱʝʜʥʘʯʠʥʝ (64) ʠ (65) ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʪʨʝʥʫʪʥʝ ʙʨʟʠʥʝ ʯʝʩʪʠʮʝ Ὥ ʢʨʦʟ 

ʜʠʤʝʥʟʠʿʫ Ὠ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʝ ὸ: 

4 ˽͔͔ͪ͒ͦ͗ͤͦ͡ ͔ͪ΄͔͔ͥ 
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ὺȟ ὸ ύ ὺȟ ὸ ρ

 ὧ ÒÎÄ ὴȟ ὸ ρ ὼȟ ὸ ρ

 ὧ ÒÎÄ ὴȟ ὸ ρ ὼȟ ὸ ρ

 (64). 

 ὺȟᶰ ὺ ȟȟὺ ȟ  (65). 

ɻʦʨˁʝ ʿʝʜʥʘʯʠʥʝ ʩʘʩʪʦʿʝ ʩʝ ʦʜ ʥʝʢʦʣʠʢʦ ʢˀʫʯʥʠʭ ʜʝʣʦʚʘ. ʌʫʥʢʮʠʿʘ ÒÎÄ ʧʨʦʠʟʚʦʜʠ 

ʧʨʦʠʟʚʦˀʥʫ ʚʨʝʜʥʦʩʪ ʫ ʦʧʩʝʛʫ [0, 1], ʨʘʟʣʠʯʠʪʫ ʧʨʠ ʩʚʘʢʦʤ ʧʦʟʠʚʫ. ɺʨʝʜʥʦʩʪʠ ὧ ʠ ὧ ʧʦʟʥʘʪʝ 

ʩʫ ʢʘʦ ʢʦʝʬʠʮʠʿʝʥʪʠ ʫʙʨʟʘˁʘ ʠ ʦʜʛʦʚʘʨʘʿʫ ʫʪʠʮʘʿʠʤʘ ʠʥʜʠʚʠʜʫʘʣʥʦʛ ʠ ʜʨʫʰʪʚʝʥʦʛ ʠʩʢʫʩʪʚʘ, 

ʨʝʩʧʝʢʪʠʚʥʦ; ʦʜ ʪʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʠ ʫ ʢʦʿʦʿ ʤʝʨʠ ʯʝʩʪʠʮʘ ʪʝʞʠ ʜʘ ʩʝ ʢʨʝ˂ʝ ʢʘ ʩʦʧʩʪʚʝʥʦ ʿ

ʥʘʿʙʦˀʦ ʿʧʦʟʠʮʠʿʠ ʠ ʛʣʦʙʘʣʥʦ ʿʥʘʿʙʦˀʦʿ ʧʦʟʠʮʠʿʠ. ʊʝʞʠʥʘ ʠʥʝʨʮʠʿʝ, ʦʟʥʘʯʝʥʘ ʩʘ ύ, ʩʣʫʞʠ ʟʘ 

ʫʨʘʚʥʦʪʝʞʝˁʝ ʣʦʢʘʣʥʦʛ ʠ ʛʣʦʙʘʣʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʧʨʝʪʨʘʛʝ. 

ʃʦʢʘʮʠʿʘ ʯʝʩʪʠʮʝ Ὥ ʢʨʦʟ ʜʠʤʝʥʟʠʿʫ Ὠ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʝ ὸ ʦʜʨʝʹʫʿʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʝ 
ʣʦʢʘʮʠʿʝ ʠ ʪʨʝʥʫʪʥʝ ʙʨʟʠʥʝ (ʪʿ. ʧʦʤʝʨʘʿʘ) ʥʘ ʥʘʯʠʥ ʧʨʠʢʘʟʘʥ ʿʝʜʥʘʯʠʥʘʤʘ (66) ʠ (67). ʃʦʢʘʮʠʿʝ 

ʯʝʩʪʠʮʘ ʫ ʩʚʘʢʦʿ ʜʠʤʝʥʟʠʿʠ ʦʛʨʘʥʠʯʝʥʝ ʩʫ ʫʥʫʪʘʨ ʜʦʟʚʦˀʝʥʦʛ ʦʧʩʝʛʘ ʟʘ ʪʫ ʜʠʤʝʥʟʠʿʫ. 

 ὼȟ ὸ ὼȟ ὸ ρ ὺȟ ὸ (66). 

 ὼȟᶰὼ ȟȟὼ ȟ  (67). 

ʇʨʦʮʝʜʫʨʘʣʥʠ ʧʩʝʫʜʦʢʦʜ ʟʘ ʦʩʥʦʚʥʠ PSO ʜʘʪ ʿʝ ʫ ʘʣʛʦʨʠʪʤʫ 1. 

ɸʣʛʦʨʠʪʘʤ 1: ʇʨʦʮʝʜʫʨʘʣʥʠ ʧʩʝʫʜʦʢʦʜ ʟʘ ʦʩʥʦʚʥʠ PSO 

1  # ɼʝʦ I: ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ 
2  ɿʘ ʩʚʘʢʫ ʯʝʩʪʠʮʫ Ὥ 
3   ɿʘ ʩʚʘʢʫ ʜʠʤʝʥʟʠʿʫ Ὠ 
4    ʀʥʠʮʠʿʘʣʠʟʫʿ ὼȟ π ʧʦ ʿʝʜʥʘʯʠʥʠ (62) 
5    ʀʥʠʮʠʿʘʣʠʟʫʿ ὺȟ π ʧʦ ʿʝʜʥʘʯʠʥʠ (63) 
6    ʇʦʩʪʘʚʠ ὴȟ π  ὼȟ π 
7   ʂʨʘʿ 
8   ʀʟʨʘʯʫʥʘʿ Ὢὼπ, ʪʿ. ʬʫʥʢʮʠʿʫ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ ʟʘ ʯʝʩʪʠʮʫ 
9   ɸʢʦ ʿʝ Ὥ ρ ʠʣʠ ʿʝ Ὢὼπ  ʙʦˀʝ ʦʜ ὪὫὦὩίὸπ  
10    ɸʞʫʨʠʨʘʿ ὫὦὩίὸπ, ʪʿ. ʟʘ ʩʚʘʢʫ ʜʠʤʝʥʟʠʿʫ Ὠ ʧʦʩʪʘʚʠ ὴȟ π  ὼȟ π 

11   ʂʨʘʿ 
12  ʂʨʘʿ 

13  # ɼʝʦ II: ʀʪʝʨʘʮʠʿʝ 
14  ɿʘ ʩʚʘʢʫ ʠʪʝʨʘʮʠʿʫ ὸ 
15   ʇʦʩʪʘʚʠ ὫὦὩίὸὸ ὫὦὩίὸὸ ρ 
16   ɿʘ ʩʚʘʢʫ ʯʝʩʪʠʮʫ Ὥ 
17    ʇʦʩʪʘʚʠ ὴὦὩίὸὸ ὴὦὩίὸὸ ρ 
18    ɿʘ ʩʚʘʢʫ ʜʠʤʝʥʟʠʿʫ Ὠ 
19     ʀʟʨʘʯʫʥʘʿ ὺȟ ὸ ʧʦ ʿʝʜʥʘʯʠʥʘʤʘ (64) ʠ (65) 
20     ʀʟʨʘʯʫʥʘʿ ὼȟ ὸ ʧʦ ʿʝʜʥʘʯʠʥʘʤʘ (66) ʠ (67) 
21    ʂʨʘʿ 
22    ʀʟʨʘʯʫʥʘʿ ʬʫʥʢʮʠʿʫ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ ʟʘ ʯʝʩʪʠʮʫ Ὢὼὸ  
23    ɸʢʦ ʿʝ Ὢὼὸ  ʙʦˀʝ ʦʜ ὪὴὦὩίὸὸ , ʟʘ ʩʚʘʢʫ ʜʠʤ. Ὠ ʧʦʩʪʘʚʠ ὴȟ ὸ  ὼȟ ὸ 
24    ɸʢʦ ʿʝ Ὢὼὸ  ʙʦˀʝ ʦʜ ὪὫὦὩίὸὸ , ʟʘ ʩʚʘʢʫ ʜʠʤ. Ὠ ʧʦʩʪʘʚʠ ὴȟ ὸ  ὼȟ ὸ 

25   ʂʨʘʿ 
26  ʂʨʘʿ 
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27  # ɼʝʦ III: ʈʝʟʫʣʪʘʪʠ 
28  ɺʨʘʪʠ ὫὦὩίὸὸ, ʪʿ. ʨʝʰʝˁʝ ʢʦʿʝ ʠʤʘ ʥʘʿʙʦˀʫ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ 

4.1.2 ˽ͪ ͔͔͙͒ͦ͗ͤ͡ ͙ ͔͔͙ͣͥͤ͘ PSO ͊ ͎͙ͦͪͭ͊ͣ͡ 

ʆʩʥʦʚʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ PSO ʛʝʥʝʨʘʣʥʦ ʩʝ ʩʤʘʪʨʘ ʚʝʦʤʘ ʤʦ˂ʥʦʤ ʪʝʭʥʠʢʦʤ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʦʿʘ 

ʿʝ ʠ ʜʘˀʝ ʧʨʠʤʝʥˀʠʚʘ ʫ ʤʥʦʛʠʤ ʩʘʚʨʝʤʝʥʠʤ ʧʨʦʙʣʝʤʠʤʘ, ʠʘʢʦ ʿ ʝ ʨʘʟʚʠʿʝʥʘ ʧʨʝ ʩʢʦʨʦ ʪʨʠʜʝʩʝʪ 

ʛʦʜʠʥʘ. ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʪʘʿ ʘʣʛʦʨʠʪʘʤ ʠʟʜʨʞʘʚʘ ʪʝʩʪ ʚʨʝʤʝʥʘ, ʦʧʩʝʞʥʝ ʩʠʤʫʣʘʮʠʿʝ ʩʘ 

ʥʘʿʥʦʚʠʿʠʤ ʨʝʬʝʨʝʥʪʥʠʤ ʬʫʥʢʮʠʿʘʤʘ [107] ʦʪʢʨʠʚʘʿʫ ʥʝʢʘ ʧʦʜʨʫʯʿʘ ʛʜʝ ʩʝ ʤʦʛʫ ʥʘʧʨʘʚʠʪʠ 

ʧʦʙʦˀʰʘˁʘ. ʊʦ ʩʝ ʧʨʝ ʩʚʝʛʘ ʦʜʥʦʩʠ ʥʘ ʦʛʨʘʥʠʯʝʥʠ ʧʦʪʝʥʮʠʿʘʣ ʠʩʪʨʘʞʠʚʘˁʘ (ʝʢʩʧʣʦʨʘʮʠʿʝ) 

ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʪʦʢʦʤ ʢʘʩʥʠʿʠʭ ʠʪʝʨʘʮʠʿʘ. ʆʩʠʤ ʪʦʛʘ, ʧʨʠʤʝ˂ʝʥʦ ʿ ʝ ʠ ʜʘ ʙʠ ʘʣʛʦʨʠʪʘʤ 

ʤʦʛʘʦ ʠʤʘʪʠ ʢʦʨʠʩʪʠ ʦʜ ʧʦʯʝʪʥʦʛ ʧʦʚʝ˂ʘˁʘ ʨʘʟʥʦʣʠʢʦʩʪʠ ʨʝʰʝˁʘ. ɼʘ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ 

ʫʦʯʝʥʠ ʥʝʜʦʩʪʘʮʠ ʦʩʥʦʚʥʦʛ PSO, ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʣʘʞʝ ʩʝ ʤʦʜʠʬʠʢʦʚʘʥʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʪʦʛ ʘʣʛʦʨʠʪʤʘ ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʦʥʪʨʦʣʠ ʨʘʟʥʦʣʠʢʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ. 

ɼʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʨʘʟʥʦʣʠʢʦʩʪ ʨʝʰʝˁʘ ʪʦʢʦʤ ʬʘʟʝ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ, ʫ ʘʣʛʦʨʠʪʘʤ ʿʝ ʜʦʜʘʪ 

ʧʦʩʪʫʧʘʢ ʢʚʘʟʠ-ʨʝʬʣʝʢʩʠʚʥʦʛ ʫʯʝˁʘ (ʝʥʛʣ. Quasi-Reflexive Learning ï QRL) [108]. ʇʦʣʦʚʠʥʘ 

ʧʦʯʝʪʥʠʭ ʨʝʰʝˁʘ (Ăʿ ʝʜʠʥʢʠῤ) ʩʠʥʪʝʪʠʩʘʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʮʝʜʫʨʝ ʦʩʥʦʚʥʦʛ PSO ʜʘʪʝ ʫ 

ʿʝʜʥʘʯʠʥʠ (62). ɿʘʪʠʤ ʿʝ ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʚʝ ʧʦʤʦ˂ʫ QRL ʤʝʭʘʥʠʟʤʘ, 

ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ ʨʘʟʥʦʣʠʢʦʩʪʠ ʫʢʫʧʥʝ ʩʠʥʪʝʪʠʩʘʥʝ ʧʦʧʫʣʘʮʠʿʝ. ɿʘ ʨʝʰʝˁʝ ὼ ʛʝʥʝʨʠʰʝ ʩʝ 

ʢʚʘʟʠ-ʨʝʬʣʝʢʩʠʚʥʦ ʨʝʰʝˁʝ ὼ  ʥʘ ʥʘʯʠʥ ʦʧʠʩʘʥ ʿʝʜʥʘʯʠʥʦʤ (68). 

 ὼȟ ÒÎÄ
ὼ ȟ ὼ ȟ

ς
ȟὼȟ  (68). 

ʇʨʠ ʪʦʤʝ ʿʝ ȟ ȟ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʛʨʘʥʠʮʘ ʜʘʪʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʜʠʤʝʥʟʠʿʠ Ὠ, ʘ ʬʫʥʢʮʠʿʘ 

rnd() ʛʝʥʝʨʠʰʝ ʩʣʫʯʘʿʘʥ ʙʨʦʿ ʫʥʫʪʘʨ ʟʘʜʘʪʠʭ ʛʨʘʥʠʮʘ. 

ɿʘ ʧʨʘ˂ʝˁʝ ʨʘʟʥʦʣʠʢʦʩʪʠ (ʜʠʚʝʨʟʠʪʝʪʘ) ʧʦʧʫʣʘʮʠʿʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ L1 ʥʦʨʤʘ [109]. Tʘ ʤʝʨʘ 

ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʠ ʨʘʟʥʦʣʠʢʦʩʪ ʤʝʹʫ ʨʝʰʝˁʠʤʘ ʠ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʠ 

ʩʝ ʨʝʰʘʚʘ. ɿʘ ʧʦʧʫʣʘʮʠʿʫ ʦʜ ὔ ʨʝʰʝˁʘ ʠ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ Ὀ, L1 ʥʦʨʤʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ 

ʥʘʯʠʥ ʧʨʠʢʘʟʘʥ ʫ ʿʝʜʥʘʯʠʥʘʤʘ (69)-(71): 

 ὼӶ
ρ

ὔ
ὼȟ (69). 

 Ὀί
ρ

ὔ
ὼȟ ὼӶ (70). 

 Ὀί
ρ

Ὀ
Ὀί (71). 

ʇʨʠ ʪʦʤʝ ʿ ʝ ὼӶ ʥʠʟ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʟʠʮʠʿʘ ʨʝʰʝˁʘ ʧʦ ʜʠʤʝʥʟʠʿʘʤʘ ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʛʝ, Ὀί 

ʩʫ ʨʘʟʥʦʣʠʢʦʩʪʠ ʧʦ ʜʠʤʝʥʟʠʿʘʤʘ, ʜʦʢ Ὀί ʧʨʝʜʩʪʘʚˀʘ ʧʦʢʘʟʘʪʝˀ ʨʘʟʥʦʣʠʢʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ ʢʘʦ 

ʮʝʣʠʥʝ, ʪʿ. L1 ʥʦʨʤʫ ʧʦʧʫʣʘʮʠʿʝ. 

ʇʦʰʪʦ ʿʝ ʚʝ˂ʘ ʨʘʟʥʦʣʠʢʦʩʪ ʧʦʞʝˀʥʘ ʪʦʢʦʤ ʧʦʯʝʪʥʝ ʬʘʟʝ, ʨʘʟʥʦʣʠʢʦʩʪ ʪʨʝʙʘ ʜʠʥʘʤʠʯʢʠ 

ʧʨʠʣʘʛʦʹʘʚʘʪʠ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʦʙʫʢʝ. L1 ʥʦʨʤʘ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʨʝʛʫʣʠʩʘˁʝ ʨʘʟʥʦʣʠʢʦʩʪʠ ʧʦʤʦ˂ʫ 

ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʢʦʛ ʧʨʘʛʘ ʨʘʟʥʦʣʠʢʦʩʪʠ Ὀί. ʋ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʥʝʢʦʣʠʢʦ ʥʘʿʣʦʰʠʿʠʭ 

ʨʝʰʝˁʘ ʙʨʠʰʝ ʩʝ ʠʟ ʧʦʧʫʣʘʮʠʿʝ ʠ ʟʘʤʝˁʫʿʝ ʥʦʚʠʤ, ʢʦʿʘ ʩʝ ʧʨʦʠʟʚʦʜʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 
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ʨʘʟʥʦʣʠʢʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ. ʈʘʟʥʦʣʠʢʦʩʪ ʩʝ ʧʨʘʪʠ ʧʦʤʦ˂ʫ ʧʘʨʘʤʝʪʨʘ Ὀί, ʧʨʠ ʯʝʤʫ ʩʝ ʧʦʯʝʪʥʠ 

ʧʨʘʛ ʨʘʟʥʦʣʠʢʦʩʪʠ Ὀί  ʠʟʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ (72). 

 Ὀί
ὼ ȟ ὼ ȟ

ςὈ
 (72). 

ʊʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʘʣʛʦʨʠʪʤʘ, ʢʘʜʘ ʨʝʰʝˁʘ ʧʦʯʥʫ ʜʘ ʢʦʥʚʝʨʛʠʨʘʿʫ ʢʘ ʦʧʪʠʤʘʣʥʦʿ ʦʙʣʘʩʪʠ, 

ʚʨʝʜʥʦʩʪ Ὀί ʪʨʝʙʘ ʩʤʘˁʠʚʘʪʠ ʦʜ ʧʦʯʝʪʥʝ Ὀί Ὀί  ʥʘ ʥʘʯʠʥ ʦʧʠʩʘʥ ʿʝʜʥʘʯʠʥʦʤ (73). 

 Ὀί Ὀί ὈίϽ
ὸ

Ὕ
 (73). 

ʇʨʠ ʪʦʤʝ ʩʫ ὸ ʠ ὸ ρ ʪʝʢʫ˂ʘ ʠ ʩʣʝʜʝ˂ʘ ʠʪʝʨʘʮʠʿʘ, ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʢ Ὕ ʦʟʥʘʯʘʚʘ ʫʢʫʧʘʥ ʙʨʦʿ 

ʠʪʝʨʘʮʠʿʘ ʧʦ ʠʟʚʨʰʝˁʫ. ʊʦʢʦʤ ʢʘʩʥʠʿʠʭ ʬʘʟʘ ʠʟʚʨʰʝˁ ʘ, ʧʦʰʪʦ ʩʝ Ὀί ʜʠʥʘʤʠʯʢʠ ʩʤʘˁʫʿʝ, 

ʧʨʦʮʝʜʫʨʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʨʘʟʥʦʣʠʢʦʩʪʠ ˂ʝ ʧʨʝʩʪʘʪʠ ʜʘ ʩʝ ʧʦʢʨʝ˂ʝ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʚʨʝʜʥʦʩʪ Ὀί. 

ʅʘ ʢʨʘʿʫ ʩʚʘʢʝ ʠʪʝʨʘʮʠʿʝ, ʫʢʫʧʥʦ ὲὶί ʨʝʰʝˁʘ ʠʟʙʘʮʫʿʝ ʩʝ ʠʟ ʧʦʧʫʣʘʮʠʿʝ ʠ ʟʘʤʝˁʫʿʝ ʩʚʝʞʝ 

ʧʨʦʠʟʚʝʜʝʥʠʤ ʨʝʰʝˁʠʤʘ. ɽʤʧʠʨʠʿʩʢʠ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʧʝʨʬʦʨʤʘʥʩʝ 

ʦʧʪʠʤʘʣʥʝ ʟʘ ὲὶίς. ɸʢʦ ʿ ʝ Ὀί Ὀί, ʪʿ. ʘʢʦ ʿ ʝ ʨʘʟʥʦʣʠʢʦʩʪ ʧʦʧʫʣʘʮʠʿʝ ʤʘˁʘ ʦʜ ʜʠʥʘʤʠʯʢʦʛ 

ʧʨʘʛʘ, ʥʦʚʘ ʨʝʰʝˁʘ ʧʨʦʠʟʚʦʜʝ ʩʝ ʨʝʢʦʤʙʠʥʦʚʘˁʝʤ (ʫʢʨʰʪʘˁʝʤ) ʜʚʘ ʥʘʩʫʤʠʯʥʦ ʦʜʘʙʨʘʥʘ 

ʨʝʰʝˁʘ ʠʟ ʧʦʧʫʣʘʮʠʿʝ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʨʘʟʥʦʣʠʢʦʩʪʠ ʠ ʩʪʠʤʫʣʠʰʝ ʠʩʪʨʘʞʠʚʘˁʝ. ʋ 

ʩʫʧʨʦʪʥʦʤ, ʥʦʚʘ ʨʝʰʝˁʘ ʧʨʦʠʟʚʦʜʝ ʩʝ ʦʜ ʜʚʘ ʥʘʿʙʦˀʘ ʨʝʰʝˁʘ, ʯʠʤʝ ʩʝ ʩʪʠʤʫʣʠʰʝ 

ʝʢʩʧʣʦʘʪʘʮʠʿʘ. ʅʦʚʘ ʨʝʰʝˁʘ ʩʠʥʪʝʪʠʰʫ ʩʝ ʤʝʭʘʥʠʟʤʠʤʘ ʫʢʨʰʪʘˁʘ ʠ ʤʫʪʘʮʠʿʝ ʠʥʩʧʠʨʠʩʘʥʠʤ 

ʛʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ (ʝʥʛʣ. Genetic Algorithm ï GA) [110]. ʇʨʦʮʝʩ ʫʢʨʰʪʘˁʘ ʢʦʤʙʠʥʫʿʝ 

ʧʘʨʘʤʝʪʨʝ ʠʟ ʨʦʜʠʪʝˀʩʢʠʭ ʨʝʰʝˁʘ ʜʘ ʙʠ ʩʝ ʧʨʦʠʟʚʝʣʘ ʨʝʰʝˁʘ-ʧʦʪʦʤʮʠ, ʢʘʦ ʰʪʦ ʿʝ 

ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʉʃ. 61. 

 

ʉʃ. 61: ʄʝʭʘʥʠʟʘʤ ʛʝʥʝʪʩʢʦʛ ʫʢʨʰʪʘˁʘ 

ʇʨʦʮʝʩ ʤʫʪʘʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘˀʝ ʤʘˁʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʨʦʠʟʚʝʜʝʥʠʭ ʨʝʰʝˁʘ ʬʠʥʠʤ ʤʝˁʘˁʝʤ 

ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʠʟʚʝʜʝʥʦʛ ʨʝʰʝˁʘ ʫ ʧʨʦʠʟʚʦˀʥʦʤ ʩʤʝʨʫ. ʊʘʿ ʧʦʩʪʫʧʘʢ ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʥʘ ʉʃ. 62. 

ʇʨʦʮʝʩʝ ʫʢʨʰʪʘˁʘ ʠ ʤʫʪʘʮʠʿʝ ʢʦʥʪʨʦʣʠʰʫ ʧʘʨʘʤʝʪʨʠ ὅὖ (ʚʝʨʦʚʘʪʥʦ˂ʘ ʫʢʨʰʪʘˁʘ, ʝʥʛʣ. 

Crossover Probability) ʠ ὓὖ (ʚʝʨʦʚʘʪʥʦ˂ʘ ʤʫʪʘʮʠʿʝ, ʝʥʛʣ. Mutation Probability), ʢʦʿʠ ʩʫ 
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ʝʤʧʠʨʠʿʩʢʠ ʧʦʜʝʰʝʥʠ ʟʘ ʥʘʿʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʠ ὅὖ πȟω ʠ ὓὖ πȟρ. ʋʢʨʰʪʘˁʝ ʩʝ ʚʨʰʠ 

ʩʘʤʦ ʘʢʦ ʿʝ ʩʣʫʯʘʿʘʥ ʙʨʦʿ ʤʘˁʠ ʦʜ ὅὖ. ʋ ʩʣʫʯʘʿʫ ʤʫʪʘʮʠʿʝ, ʧʨʦʚʝʨʘ ʧʦʤʦ˂ʫ ὓὖ ʠ ʩʣʫʯʘʿʥʠʭ 

ʙʨʦʿʝʚʘ ʚʨʰʠ ʩʝ ʟʘ ʩʚʘʢʠ ʧʘʨʘʤʝʪʘʨ ʟʘʩʝʙʥʦ. 

 

ʉʃ. 62: ʄʝʭʘʥʠʟʘʤ ʛʝʥʝʪʩʢʝ ʤʫʪʘʮʠʿʝ 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠʟʚʨʰʝʥʝ ʠʟʤʝʥʝ, ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʥʘʟʚʘʥ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʨʦʿʘ 

ʯʝʩʪʠʮʘ ʚʦʹʝʥʘ ʨʘʟʥʦʣʠʢʦʰ˂ʫ (ʝʥʛʣ. Diversity-Guided PSO ï DGPSO). ʇʨʦʮʝʜʫʨʘʣʥʠ 

ʧʩʝʫʜʦʢʦʜ ʜʘʪ ʿʝ ʫ ʘʣʛʦʨʠʪʤʫ 2. 

ɸʣʛʦʨʠʪʘʤ 2: ʇʨʦʮʝʜʫʨʘʣʥʠ ʧʩʝʫʜʦʢʦʜ ʟʘ ʧʨʝʜʣʦʞʝʥʠ DGPSO 

1  # ɼʝʦ I: ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ 
2  ʀʥʠʮʠʿʘʣʠʟʫʿ ʧʦʟʠʮʠʿʝ ὼȟ π ʟʘ 50% ʧʦʧʫʣʘʮʠʿʝ ʢʘʦ ʫ ʦʩʥʦʚʥʦʤ PSO 
3  ʉʠʥʪʝʪʠʰʠ ʜʨʫʛʫ ʧʦʣʦʚʠʥʫ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʚʝ ʧʦ ʿʝʜʥʘʯʠʥʠ (68) 
4  ʀʥʠʮʠʿʘʣʠʟʫʿ ὺȟ π, ὴȟ π ʠ ὴȟ π ʢʘʦ ʫ ʦʩʥʦʚʥʦʤ PSO 

5  ʀʟʨʘʯʫʥʘʿ Ὀί Ὀί  ʧʦ ʿʝʜʥʘʯʠʥʠ (72) 

6  # ɼʝʦ II: ʀʪʝʨʘʮʠʿʝ 
7  ɿʘ ʩʚʘʢʫ ʠʪʝʨʘʮʠʿʫ ὸ 
8   ʇʦʩʪʘʚʠ ὫὦὩίὸὸ ὫὦὩίὸὸ ρ 
9   ɿʘ ʩʚʘʢʫ ʯʝʩʪʠʮʫ Ὥ 
10    ʇʦʩʪʘʚʠ ὴὦὩίὸὸ ὴὦὩίὸὸ ρ 
11    ɿʘ ʩʚʘʢʫ ʜʠʤʝʥʟʠʿʫ Ὠ 
12     ʀʟʨʘʯʫʥʘʿ ὺȟ ὸ ʧʦ ʿʝʜʥʘʯʠʥʘʤʘ (64) ʠ (65) 
13     ʀʟʨʘʯʫʥʘʿ ὼȟ ὸ ʧʦ ʿʝʜʥʘʯʠʥʘʤʘ (66) ʠ (67) 
14    ʂʨʘʿ 
15    ʀʟʨʘʯʫʥʘʿ ʬʫʥʢʮʠʿʫ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ ʟʘ ʯʝʩʪʠʮʫ Ὢὼὸ  
16    ɸʢʦ ʿʝ Ὢὼὸ  ʙʦˀʝ ʦʜ ὪὴὦὩίὸὸ , ʟʘ ʩʚʘʢʫ ʜʠʤ. Ὠ ʧʦʩʪʘʚʠ ὴȟ ὸ  ὼȟ ὸ 
17    ɸʢʦ ʿʝ Ὢὼὸ  ʙʦˀʝ ʦʜ ὪὫὦὩίὸὸ , ʟʘ ʩʚʘʢʫ ʜʠʤ. Ὠ ʧʦʩʪʘʚʠ ὴȟ ὸ  ὼȟ ὸ 

18   ʂʨʘʿ 

19  # ɼʝʦ IIʘ: ʂʦʨʝʢʮʠʿʘ ʨʘʟʥʦʣʠʢʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ 
20   ʀʟʨʘʯʫʥʘʿ Ὀί ʧʦ ʿʝʜʥʘʯʠʥʘʤʘ (69)-(71) 
21   ɸʢʦ ʿʝ Ὀί Ὀί 
22    ʉʠʥʪʝʪʠʰʠ ʟʘʤʝʥʩʢʘ ʨʝʰʝˁʘ ʫʢʨʰʪʘˁʝʤ ὲὶί ʧʨʦʠʟʚʦˀʥʠʭ ʨʝʰʝˁʘ 
23   ʀʥʘʯʝ 
24    ʉʠʥʪʝʪʠʰʠ ʟʘʤʝʥʩʢʘ ʨʝʰʝˁʘ ʫʢʨʰʪʘˁʝʤ ὲὶί ʥʘʿʙʦˀʠʭ ʨʝʰʝˁʘ 
25   ʂʨʘʿ 
26   ʄʫʪʠʨʘʿ ʟʘʤʝʥʩʢʘ ʨʝʰʝˁʘ 
27   ɿʘʤʝʥʠ ὲὶί ʥʘʣʿʦʰʠʿʠʭ ʨʝʰʝˁʘ 
28   ʀʟʨʘʯʫʥʘʿ Ὀί  ʧʦ ʿʝʜʥʘʯʠʥʠ (73) 
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29  ʂʨʘʿ 

30  # ɼʝʦ III: ʈʝʟʫʣʪʘʪʠ 
31  ɺʨʘʪʠ ὫὦὩίὸὸ, ʪʿ. ʨʝʰʝˁʝ ʢʦʿʝ ʠʤʘ ʥʘʿʙʦˀʫ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥʦʩʪʠ 

4.2 ˿͍͙ͯͨͦ͟ ͨͦ͒͊ͭ͊͊͟ 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʜʚʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʇʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ 

ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʠʟ ʜʚʝ ʝʣʝʢʪʨʘʥʝ ʫ ʀʥʜʠʿʠ ʠ ʿ ʘʚʥʦ ʿ ʝ ʜʦʩʪʫʧʘʥ ʥʘ ʚʝʙ ʩʘʿʪʫ 

Kaggle. ɼʨʫʛʠ ʩʢʫʧ ʢʨʝʠʨʘʥ ʿʝ ʠʟ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

4.2.1 ˳͍͊ͤͦ ͒ ͦͫͭͯͨ͊ͤ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ ͙  ͘ˮ ͙͔ͤ͒͞ 

ʇʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ ʠʟ ʜʚʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʫ ʀʥʜʠʿʠ. ɽʣʝʢʪʨʘʥʘ 1 ʥʘʣʘʟʠ ʩʝ ʫ ʙʣʠʟʠʥʠ ɻʘʥʜʠʢʦʪʝ 

ʫ ʩʘʚʝʟʥʦʿ ʜʨʞʘʚʠ ɸʥʜʨʘ ʇʨʘʜʝʰ, ʘ ʝʣʝʢʪʨʘʥʘ 2 ʿʝ ʫ ʙʣʠʟʠʥʠ ʅʘʰʠʢʘ ʫ ʩʘʚʝʟʥʦʿ ʜʨʞʘʚʠ 

ʄʘʭʘʨʘʰʪʨʘ. ɽʣʝʢʪʨʘʥʝ ʩʫ ʫʜʘˀʝʥʝ ʿʝʜʥʘ ʦʜ ʜʨʫʛʝ ʦʢʦ 750 km ʫ ʚʘʟʜʫʰʥʦʿ ʣʠʥʠʿʠ, ʘʣʠ ʠʤʘʿʫ 

ʠʩʪʠ ʙʨʦʿ ʠʥʚʝʨʪʦʨʘ ï 22, ʩʣʠʯʥʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʫʩʣʦʚʝ ʠ ʩʣʠʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ. ʅʘ ʩʚʘʢʠ 

ʠʥʚʝʨʪʦʨ ʧʦʚʝʟʘʥ ʿʝ ʠʩʪʠ ʙʨʦʿ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ. ʉʢʫʧ ʧʦʜʘʪʘʢʘ ʧʦʢʨʠʚʘ ʧʝʨʠʦʜ ʦʜ 15. ʤʘʿʘ 

2020. ʜʦ 17. ʿʫʥʘ 2020. ʛʦʜʠʥʝ, ʫʢʫʧʥʦ 34 ʜʘʥʘ, ʩʘ ʧʦʩʤʘʪʨʘˁʠʤʘ ʟʘʙʝʣʝʞʝʥʠʤ ʫ ʠʥʪʝʨʚʘʣʠʤʘ 

ʦʜ 15 ʤʠʥʫʪʘ. ɱʘʚʥʦ ʿʝ ʜʦʩʪʫʧʘʥ ʥʘ ʘʜʨʝʩʠ https://www.kaggle.com/datasets/anikannal/solar-

power-generation-data ʠ ʧʦʩʣʝʜˁʠ ʧʫʪ ʤʫ ʿʝ ʧʨʠʩʪʫʧˀʝʥʦ 1. ʜʝʮʝʤʙʨʘ 2024. 

ʉʢʫʧ ʧʦʜʘʪʘʢʘ ʠʟʚʦʨʥʦ ʩʝ ʥʘʣʘʟʠ ʫ 4 ʜʘʪʦʪʝʢʝ ï ʟʘ ʩʚʘʢʫ ʦʜ ʝʣʝʢʪʨʘʥʘ, ʫ ʟʘʩʝʙʥʠʤ ʜʘʪʦʪʝʢʘʤʘ 

ʩʫ ʧʦʜʘʮʠ ʦ ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʜʘʮʠ ʩʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʩʝʥʟʦʨʘ. ʋ ʩʚʘʢʦʿ 

ʦʜ ʜʘʪʦʪʝʢʘ ʥʝʜʦʩʪʘʿʝ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʟʘʧʠʩʘ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʦʜʨʞʘʚʘˁʘ ʠʣʠ ʢʚʘʨʦʚʘ. ʂʦʣʦʥʝ ʫ 

ʦʙʝ ʜʘʪʦʪʝʢʝ ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʬʦʪʦʥʘʧʦʥʩʢʦ ʿʧʨʦʠʟʚʦʜˁʠ ʩʫ ʩʣʝʜʝ˂ʝ: 

Å DATE_TIME ï ʚʨʝʤʝʥʩʢʘ ʦʟʥʘʢʘ (ʜʘʪʫʤ ʠ ʚʨʝʤʝ) ʟʘʧʠʩʘ, 

Å PLANT_ID ï ʠʩʪʦ ʟʘ ʮʝʣʫ ʝʣʝʢʪʨʘʥʫ, 

Å SOURCE_KEY ï ʦʟʥʘʢʘ ʠʥʚʝʨʪʦʨʘ, 

Å DC_POWER ï ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ ʥʘ ʠʥʚʝʨʪʦʨʫ, 

Å AC_POWER ï ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ ʥʘ ʠʥʚʝʨʪʦʨʫ, 

Å DAILY _YIELD ï ʧʨʠʥʦʩ ʠʥʚʝʨʪʦʨʘ ʪʦʛ ʜʘʥʘ ʜʦ ʪʦʛ ʪʨʝʥʫʪʢʘ, 

Å TOTAL_YIELD ï ʫʢʫʧʘʥ ʧʨʠʥʦʩ ʠʥʚʝʨʪʦʨʘ ʜʦ ʪʦʛ ʪʨʝʥʫʪʢʘ. 

ʂʦʣʦʥʝ ʫ ʦʙʝ ʜʘʪʦʪʝʢʝ ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ʩʫ ʩʣʝʜʝ˂ʝ: 

Å DATE_TIME ï ʚʨʝʤʝʥʩʢʘ ʦʟʥʘʢʘ (ʜʘʪʫʤ ʠ ʚʨʝʤʝ) ʟʘʧʠʩʘ, 

Å PLANT_ID ï ʠʩʪʦ ʟʘ ʮʝʣʫ ʝʣʝʢʪʨʘʥʫ, 

Å SOURCE_KEY ï ʦʟʥʘʢʘ ʩʝʥʟʦʨʩʢʦʛ ʧʘʥʝʣʘ (ʟʘʿʝʜʥʠʯʢʘ ʟʘ ʮʝʣʫ ʜʘʪʦʪʝʢʫ ʿʝʨ ʧʦʩʪʦʿʠ ʩʘʤʦ 

ʿʝʜʘʥ ʩʝʥʟʦʨʩʢʠ ʧʘʥʝʣ ʧʦ ʝʣʝʢʪʨʘʥʠ), 

Å AMBIENT_TEMPERATURE ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, 

Å MODULE_TEMPERATURE ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʘʨʥʦʛ ʧʘʥʝʣʘ ʧʦʚʝʟʘʥʦʛ ʥʘ ʩʝʥʟʦʨʩʢʠ ʧʘʥʝʣ, 

Å IRRADIATION ï ʩʫʥʯʝʚʦ ʟʨʘʯʝˁʝ. 

ʇʨʝʤʘ ʘʫʪʦʨʫ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʩʥʘʛʝ ʩʫ ʜʘʪʝ ʫ kW. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ 

ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʣʦʥʝ DC_POWER ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʛʨʝʰʢʦʤ ʧʦʤʥʦʞʝʥʝ ʩʘ ʜʝʩʝʪ; ʩʪʦʛʘ ʿʝ 

ʚʨʝʜʥʦʩʪ ʟʘ ʩʧʨʦʚʝʜʝʥʝ ʩʠʤʫʣʘʮʠʿʝ ʧʦʜʝˀʝʥʘ ʩʘ ʜʝʩʝʪ. ʇʦʰʪʦ ʿʝʜʠʥʠʮʘ ʤʝʨʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʠʿʝ ʥʘʚʝʜʝʥʘ, ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʪʝ 

ʫ ÁC. 

ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʘ ʟʘʙʫʥʘ, ʢʦʣʦʥʘ IRRADIATION ʧʨʝʠʤʝʥʦʚʘʥʘ ʿʝ ʫ IRRADIANCE. ʉʦʣʘʨʥʘ 

ʠʨʘʜʠʿʘʮʠʿʘ (ʝʥʛʣ. irradiation, ʥʘʟʠʚʘ ʩʝ ʠ ʠʥʩʦʣʘʮʠʿʘ) ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʢʫʤʫʣʘʪʠʚʥʝ ʝʥʝʨʛʠʿʝ 

ʧʨʠʤˀʝʥʝ ʦʜ ʉʫʥʮʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʪʦʢʦʤ ʜʝʬʠʥʠʩʘʥʦʛ ʧʝʨʠʦʜʘ, ʜʦʢ ʿʝ ʠʨʘʜʠʿʘʥʩʘ 

(ʝʥʛʣ. irradiance) ʤʝʨʘ ʪʨʝʥʫʪʥʝ ʩʦʣʘʨʥʝ ʩʥʘʛʝ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ. ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʫ 
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ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʿ ʝ ʠʨʘʜʠʿʘʥʩʘ ʠʟʨʘʞʝʥʘ ʫ kW/m2. ʄʝʹʫʪʠʤ, ʜʘ ʙʠ ʩʝ 

ʪʘ ʢʦʣʦʥʘ ʫʩʢʣʘʜʠʣʘ ʩʘ ʜʨʫʛʠʤ ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ ʠ ʫʦʙʠʯʘʿʝʥʦʤ ʿʝʜʠʥʠʮʦʤ ʤʝʨʝ, ʧʦʤʥʦʞʝʥʘ ʿʝ 

ʩʘ 1000 ʠ ʠʟʨʘʞʘʚʘ ʩʝ ʫ W/m2. 

ʋ ʥʘʩʪʘʚʢʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ, ʥʘʢʦʥ ʦʧʠʩʘ ʜʨʫʛʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʩʣʝʜʝ ʦʧʠʩʠ ʩʧʨʦʚʝʜʝʥʝ 

ʠʩʪʨʘʞʠʚʘʯʢʝ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ ʠ ʧʨʝʜʦʙʨʘʜʝ. 

4.2.2 ˹͍͙ͦ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ 

ɼʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʢʨʦʚʫ ʀʥʩʪʠʪʫʪʘ Ăʄʠʭʘʿʣʦ ʇʫʧʠʥῤ 

(ʀʄʇ) ʫ ɹʝʦʛʨʘʜʫ. ʊʘ ʝʣʝʢʪʨʘʥʘ ʤʥʦʛʦ ʿʝ ʤʘˁʘ ʦʜ ʦʥʠʭ ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ï ʩʘʜʨʞʠ 2 

ʠʥʚʝʨʪʦʨʘ ʩʘ ʫʢʫʧʥʦ 180 ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ, ʩʚʘʢʠ ʩʥʘʛʝ 280 W. ʉʘ ʠʥʚʝʨʪʦʨʦʤ ʦʜ 30 kW 

ʧʦʚʝʟʘʥʦ ʿʝ 6 ʥʠʟʦʚʘ ʩʘ ʫʢʫʧʥʦ 108 ʧʘʥʝʣʘ, ʘ ʩʘ ʠʥʚʝʨʪʦʨʦʤ ʦʜ 20 kW ʧʦʚʝʟʘʥʘ ʩʫ 4 ʥʠʟʘ ʩʘ 

ʫʢʫʧʥʦ 72 ʧʘʥʝʣʘ. ʉʢʫʧ ʧʦʜʘʪʘʢʘ ʦʙʫʭʚʘʪʘ ʮʝʣʫ 2020. ʛʦʜʠʥʫ ʠ ʩʘʩʪʘʚˀʝʥ ʿʝ ʦʜ ʩʠʨʦʚʠʭ 

ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʩʠʩʪʝʤʘ ʟʘ ʥʘʜʟʦʨ ʠ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. Supervisory Control and 

Data Acquisition ï SCADA) ʀʄʇ-ʘ. ʉʠʨʦʚʠ ʧʦʜʘʮʠ ʩʘʜʨʞʝ ʚʝʣʠʢʠ ʙʨʦʿ ʫʟʦʨʘʢʘ ʟʘ ʧʨʝʢʦ 200 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʆʢʦ 90 ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʩʠʨʦʚʠʤ ʧʦʜʘʮʠʤʘ ʦʜʥʦʩʠ ʩʝ ʥʘ 

ʬʦʪʦʥʘʧʦʥʩʢʫ ʝʣʝʢʪʨʘʥʫ, ʘ ʦʩʪʘʣʝ ʧʦʪʠʯʫ ʠʟ ʥʝʢʠʭ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘ ʫ ʀʄʇ-ʫ. 

ʂʦʣʦʥʝ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʩʫ ʩʣʝʜʝ˂ʝ: 

Å elementId ï ʥʫʤʝʨʠʯʢʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʤʝʥˀʠʚʝ, 

Å time ï ʚʨʝʤʝ ʟʘʧʠʩʘ, 

Å msec ï ʤʠʣʠʩʝʢʫʥʜʝ (ʥʝ ʢʦʨʠʩʪʠ ʩʝ), 

Å value ï ʚʨʝʜʥʦʩʪ ʧʨʦʤʝʥˀʠʚʝ, 

Å status ï ʩʪʘʪʫʩ ʟʘʧʠʩʘ (ʜʦʙʠʿʝʥ ʩʧʘʿʘˁʝʤ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʦʧʝʨʘʮʠʿʦʤ ʀʃʀ ʥʘ ʥʠʚʦʫ 

ʙʠʪʘ). 

ʋ ʩʠʨʦʚʠʤ ʧʦʜʘʮʠʤʘ, ʩʚʘʢʠ ʜʘʪʫʤ ʯʫʚʘ ʩʝ ʫ ʧʦʩʝʙʥʦʿ ʪʘʙʝʣʠ. ʂʘʦ ʧʨʠʤʝʨ, ʥʘ ʉʃ. 63 ʧʨʠʢʘʟʘʥ 

ʿʝ ʤʘʣʠ ʜʝʦ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʟʘ 3. ʘʚʛʫʩʪ 2020. ʆʩʠʤ ʪʦʛʘ, ʫ ʟʘʿʝʜʥʠʯʢʠʤ ʪʘʙʝʣʘʤʘ ʜʝʬʠʥʠʩʘʥʝ 

ʩʫ ʧʨʦʤʝʥˀʠʚʝ, ʢʦʤʧʦʥʝʥʪʝ ʩʪʘʪʫʩʘ ʠ ʩʣʠʯʥʦ. 

 

ʉʃ. 63: ʀʩʝʯʘʢ ʠʟ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʜʨʫʛʠ ʩʢʫʧ 

ʉʪʘʪʫʩ ʩʝ ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʦʙʨʘʜʝ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʟʘʪʦ ʰʪʦ ʟʘʧʠʩʠ ʩʘ ʥʝʢʠʤ 

ʩʪʘʪʫʩʠʤʘ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʢʦʥʘʯʥʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ. ʐʪʘʚʠʰʝ, ʩʢʫʧʦʚʠ ʤʦʛʫ˂ʠʭ 

ʩʪʘʪʫʩʘ ʚʘʨʠʨʘʿʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʨʦʤʝʥˀʠʚʝ. ʂʘʜʘ ʩʝ ʥʝʢʠ ʩʪʘʪʫʩʠ ʿʘʚʝ, ʧʨʠʣʠʢʦʤ ʦʜʨʝʹʠʚʘˁʘ 

ʢʘʢʦ ʦʙʨʘʜʠʪʠ ʟʘʧʠʩ ʤʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʢʦʥʪʝʢʩʪ (ʥʧʨ. ʜʦʙʘ ʜʘʥʘ, ʜʘ ʣʠ ʿʝ ʛʝʥʝʨʠʩʘˁʝ 

ʧʦʯʝʣʦ, ʠʪʜ.), ʘ ʥʝʢʠ ʩʪʘʪʫʩʠ ʯʘʢ ʫʪʠʯʫ ʥʘ ʦʙʨʘʜʫ ʥʘʨʝʜʥʠʭ ʟʘʧʠʩʘ ʟʘ ʠʩʪʫ ʧʨʦʤʝʥˀʠʚʫ! ʊʦ ʿʝ 

ʙʠʦ ʿʝʜʘʥ ʦʜ ʠʟʘʟʦʚʘ ʧʨʠʣʠʢʦʤ ʦʙʨʘʜʝ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ. ɼʘ ʙʠ ʩʝ ʦʣʘʢʰʘʣʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ, 

ʠʥʪʝʨʚʘʣ ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʠʩʪʠ ʿ ʝ ʢʘʦ ʫ ʧʨʚʦʤ ï 15 ʤʠʥʫʪʘ. ʇʦʰʪʦ ʩʫ ʫʟʦʨʮʠ ʫ ʩʠʨʦʚʠʤ 

ʧʦʜʘʮʠʤʘ ʫʟʝʪʠ ʫ ʧʨʦʠʟʚʦˀʥʠʤ ʪʨʝʥʫʮʠʤʘ, ʥʝʜʦʩʪʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʜʦʜʘʪʝ ʩʫ ʧʦʤʦ˂ʫ ʣʠʥʝʘʨʥʝ 
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ʠʥʪʝʨʧʦʣʘʮʠʿʝ, ʘ ʥʘʢʦʥ ʪʦʛʘ ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʠʥʪʝʨʚʘʣ ʦʜ 15 ʤʠʥʫʪʘ. 

ʇʦʰʪʦ ʩʫ ʠʥʚʝʨʪʦʨʠ ʥʝʿʝʜʥʘʢʠ ʠ ʤʥʦʛʦ ʤʘˁʠ ʦʜ ʦʥʠʭ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʩʥʘʛʝ ʫ ʜʨʫʛʦʤ 

ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʢʘʦ ʟʙʠʨ ʩʥʘʛʘ ʦʙʘ ʠʥʚʝʨʪʦʨʘ, ʘ ʥʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʢʘʦ ʫ 

ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

ʉʣʝʜʝ˂ʝ ʧʨʦʤʝʥˀʠʚʝ ʧʦʩʪʦʿʝ ʩʘʤʦ ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ: 

Å WIND_DIRECTION ï ʩʤʝʨ ʚʝʪʨʘ ʫ ʩʪʝʧʝʥʠʤʘ, 

Å WIND_SPEED ï ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ m/s. 

ʆʩʪʘʣʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʠʩʪʝ ʩʫ ʢʘʦ ʦʥʝ ʢʦʿʝ ʩʫ ʟʘʜʨʞʘʥʝ ʫ ʧʨʚʦʤ ʩʢʫʧʫ 

ʧʦʜʘʪʘʢʘ ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ (ʦʧʠʩʘʥʝ ʫ ʦʜʝˀʢʫ 4.4), ʩʘ ʠʩʪʠʤ ʥʘʟʠʚʠʤʘ, ʟʥʘʯʝˁʠʤʘ ʠ 

ʿʝʜʠʥʠʮʘʤʘ ʤʝʨʝ. 

4.3 ˮ͙͍ͫͭͪ͊͗͊;͊͟ ͊ ͙ͤ͊͊͘͡ ͨ ͦ͒͊ͭ͊͊͟ 

ʀʩʪʨʘʞʠʚʘʯʢʘ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ (Exploratory Data Analysis ï EDA) ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʜʫʩʣʦʚ ʟʘ 

ʜʦʙʠʿʘˁʝ ʙʠʣʦ ʢʘʢʚʝ ʫʧʦʪʨʝʙˀʠʚʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠʟ ʥʝʢʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ɿʘʪʦ ʿ ʝ ʥʘʜ ʠʟʘʙʨʘʥʠʤ 

ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ ʥʘʿʧʨʝ ʠʟʚʨʰʝʥʘ ʘʥʘʣʠʟʘ ʠ ʦʜʨʝʹʝʥʝ ʧʨʠʧʨʝʤʥʝ ʨʘʜˁʝ, ʪʿ. ʧʨʝʜʦʙʨʘʜʘ. ʊʝ 

ʜʚʝ ʬʘʟʝ ʦʙʘʚˀʘʿʫ ʩʝ ʫʧʦʨʝʜʦ, ʠ ʟʘʪʦ ʩʫ ʫ ʥʝʢʝ ʦʜ ʠʟʚʨʰʝʥʠʭ ʘʥʘʣʠʟʘ ʫʢˀʫʯʝʥʝ ʠ ʧʨʦʤʝʥˀʠʚʝ 

ʜʦʜʘʪʝ ʪʦʢʦʤ ʧʨʝʜʦʙʨʘʜʝ (TIME, DAY_OF_YEAR, EFF, EFF_PREV, AC_POWER_PREV). 

ɺʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʪʠʤ ʧʨʦʤʝʥˀʠʚʠʤ ʜʘʪʦ ʿʝ ʫ ʦʜʝˀʢʫ 4.4. 

4.3.1 ˽͙ͪ͊͘͟ ͍ ͔͙ͪ͒ͤͦͫͭ ͨ ͦ͒͊ͭ͊͊͟ 

ʅʘ ʉʃ. 64, ʉʃ. 65 ʠ ʉʃ. 66 ʧʨʠʢʘʟʘʥʦ ʿʝ ʤʝˁʘˁʝ ʧʨʦʩʝʯʥʝ ʩʥʘʛʝ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ (AC ʩʥʘʛʝ) 

ʠ ʧʨʦʩʝʯʥʝ ʠʨʘʜʠʿʘʥʩʝ ʟʘ ʦʙʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʪʦʢʦʤ ʯʠʪʘʚʠʭ ʧʝʨʠʦʜʘ ʢʦʿʠ ʪʠ ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ 

ʦʙʫʭʚʘʪʘʿʫ: 34 ʜʘʥʘ ʟʘ ʧʨʚʠ, ʦʜʥʦʩʥʦ ʛʦʜʠʥʫ ʜʘʥʘ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ. ʉʚʘʢʘ ʪʨʘʢʘ ʥʘ 

ʛʨʘʬʠʢʦʥʫ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʩʝʢ ʪʨʝʥʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʪʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʪʦʢʦʤ ʠʥʪʝʨʚʘʣʘ ʢʦʿʠ ʿ ʝ 

ˁʦʤʝ ʦʙʫʭʚʘ˂ʝʥ; ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ, ʩʚʘʢʘ ʪʨʘʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʜʘʥ, ʘ ʟʘ ʜʨʫʛʠ, ʿʝʜʥʫ 

ʩʝʜʤʠʮʫ. ʇʨʦʩʝʯʥʘ AC ʩʥʘʛʘ ʦʟʥʘʯʝʥʘ ʿʝ ʧʣʘʚʦʤ, ʘ ʧʨʦʩʝʯʥʘ ʠʨʘʜʠʿʘʥʩʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ. 

 
ʉʃ. 64: ʇʨʦʩʝʯʥʝ AC ʩʥʘʛʝ ʠ ʠʨʘʜʠʿʘʥʩʝ ʧʦ ʜʘʥʠʤʘ ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1 

ʉʘ ʩʣʠʢʘ ʿʝ ʦʯʠʛʣʝʜʥʘ ʪʝʩʥʘ ʧʦʚʝʟʘʥʦʩʪ ʪʝ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ, ʦʜʥ. ʯʠˁʝʥʠʮʘ ʜʘ ʛʝʥʝʨʠʩʘʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʚʘʩʭʦʜʥʦ ʟʘʚʠʩʠ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ. ʀʧʘʢ, ʪʨʝʙʘ ʠʤʘʪʠ 

ʫ ʚʠʜʫ ʜʘ ʩʝ ʨʘʜʠ ʦ ʧʨʦʩʝʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʠ ʪʦ ʪʦʢʦʤ ʨʝʣʘʪʠʚʥʦ ʜʫʛʠʭ ʠʥʪʝʨʚʘʣʘ (ʥʘʨʦʯʠʪʦ 

ʫ ʩʣʫʯʘʿʫ ʜʨʫʛʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ), ʘ ʫ ʤʥʦʛʠʤ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʥʘʤʘ ʧʦʪʨʝʙʥʘ ʿʝ ʢʨʘʪʢʦʨʦʯʥʘ 

ʧʨʦʛʥʦʟʘ ʪʨʝʥʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʆʩʠʤ ʪʦʛʘ, ʩʘ ʩʣʠʢʘ ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʫ ʧʦʿʝʜʠʥʠʤ ʠʥʪʝʨʚʘʣʠʤʘ 

ʙʠʣʦ ʠʟʚʝʩʥʠʭ ʦʜʩʪʫʧʘˁʘ ʧʨʠ ʤʝˁʘˁʫ ʪʝ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʤʘ 

ʧʨʦʩʪʦʨʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʧʨʦʛʥʦʟʝ ʪʠʤʝ ʰʪʦ ˂ʝ ʩʝ ʧʨʠʣʠʢʦʤ ʧʨʦʛʥʦʟʠʨʘˁʘ 

ʛʝʥʝʨʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʠʪʠ ʠ ʜʨʫʛʝ ʜʦʩʪʫʧʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʘ ʥʝ ʩʘʤʦ 

ʠʨʘʜʠʿʘʥʩʘ. 
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ʉʃ. 65: ʇʨʦʩʝʯʥʝ AC ʩʥʘʛʝ ʠ ʠʨʘʜʠʿʘʥʩʝ ʧʦ ʜʘʥʠʤʘ ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2 

 
ʉʃ. 66: ʇʨʦʩʝʯʥʝ AC ʩʥʘʛʝ ʠ ʠʨʘʜʠʿʘʥʩʝ ʧʦ ʩʝʜʤʠʮʘʤʘ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʅʘ ʉʃ. 67, ʉʃ. 68 ʠ ʉʃ. 69 ʧʨʠʢʘʟʘʥʦ ʿʝ ʤʝˁʘˁʝ ʧʨʦʩʝʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ï ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʜʫʣʘ 

ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʤʙʠʿʝʥʪʘ (ʪʿ. ʚʘʟʜʫʭʘ) ʟʘ ʦʙʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʪʦʢʦʤ ʯʠʪʘʚʠʭ ʧʝʨʠʦʜʘ ʢʦʿʠ ʪʠ 

ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ ʦʙʫʭʚʘʪʘʿʫ. ʉʚʘʢʘ ʪʨʘʢʘ ʥʘ ʛʨʘʬʠʢʦʥʫ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʩʝʢ ʪʨʝʥʫʪʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʪʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʪʦʢʦʤ ʠʥʪʝʨʚʘʣʘ ʢʦʿʠ ʿʝ ˁʦʤʝ ʦʙʫʭʚʘ˂ʝʥ; ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ, 

ʩʚʘʢʘ ʪʨʘʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʜʘʥ, ʘ ʟʘ ʜʨʫʛʠ, ʿʝʜʥʫ ʩʝʜʤʠʮʫ. ʇʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ 

ʦʟʥʘʯʝʥʘ ʿʝ ʧʣʘʚʦʤ, ʘ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ. 

 
ʉʃ. 67: ʇʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʤʦʜʫʣʘ ʧʦ ʜʘʥʠʤʘ 

ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1 

ʉʘ ʩʣʠʢʘ ʿʝ ʦʯʠʛʣʝʜʥʦ ʜʘ ʩʝ ʪʝ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝˁʘʿʫ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʪʿ. ʧʦ ʠʩʪʠʤ 

ʪʨʝʥʜʦʚʠʤʘ. ʇʨʠ ʪʦʤʝ ʿʝ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ ʩʢʦʨʦ ʫʚʝʢ ʚʝ˂ʘ ʦʜ ʧʨʦʩʝʯʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʨʘʞʝʥʠʿʘ ʿʝ ʪʦʢʦʤ ʧʨʦʣʝ˂ʥʠʭ ʠ 

ʣʝʪˁʠʭ ʤʝʩʝʮʠ, ʧʨʠʙʣʠʞʥʦ ʦʜ ʢʨʘʿʘ ʤʘʨʪʘ ʜʦ ʢʨʘʿʘ ʦʢʪʦʙʨʘ. ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝ ʰʪʦ ʩʝ ʩʦʣʘʨʥʠ 

ʤʦʜʫʣʠ ʟʘʛʨʝʚʘʿʫ ʙʨʞʝ ʦʜ ʘʤʙʠʿʝʥʪʘ ʢʦʿʠ ʠʭ ʦʢʨʫʞʫʿʝ. 
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ʉʃ. 68: ʇʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʤʦʜʫʣʘ ʧʦ ʜʘʥʠʤʘ 

ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2 

 
ʉʃ. 69: ʇʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʤʦʜʫʣʘ ʧʦ ʩʝʜʤʠʮʘʤʘ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʇʨʦʩʝʯʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘˁʘ ʿʝ ʫ ʜʨʫʛʦʤ ʥʝʛʦ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝ ʰʪʦ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʦʙʫʭʚʘʪʘ ʠ ʿʝʩʝʥ ʠ ʟʠʤʫ. ɱʦʰ ʿʝʜʘʥ ʨʘʟʣʦʛ ʿʝ ʪʦ ʰʪʦ ʩʫ 

ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʟʥʘʪʥʦ ʚʠʰʝ ʦʜ ʦʯʝʢʠʚʘʥʠʭ, ʪʿ. ʦʜ 

ʤʝʨʝˁʘ ʈʍʄɿ-ʘ, h ʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʦʜʝˀʢʫ 4.4. 

ʂʘʜʘ ʩʝ ʩʚʘʢʘ ʦʜ ʪʠʭ ʩʣʠʢʘ ʢʦʿʝ ʧʨʠʢʘʟʫʿʫ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫʧʦʨʝʜʠ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ 

ʩʣʠʢʦʤ ʧʨʦʩʝʯʥʠʭ AC ʩʥʘʛʘ ʠ ʠʨʘʜʠʿʘʥʩʠ, ʫʦʯʘʚʘ ʩʝ ʠʟʚʝʩʥʘ ʩʣʠʯʥʦʩʪ ʧʨʠʢʘʟʘʥʠʭ ʛʨʘʬʠʢʦʥʘ: 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʤʦʜʫʣʘ ʫ ʧʨʠʥʮʠʧʫ ʩʝ ʤʝˁʘʿʫ ʧʦ ʠʩʪʠʤ ʪʨʝʥʜʦʚʠʤʘ ʢʘʦ ʠʥʪʝʥʟʠʪʝʪ 

ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ. ʆʩʠʤ ʪʦʛʘ, ʧʦʩʪʦʿʠ ʠʟʚʝʩʪʘʥ ʫʪʠʮʘʿ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʜʫʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʘʟʜʫʭʘ ʥʘ ʮʠˀʥʫ ʧʨʦʤʝʥˀʠʚʫ. 

4.3.2 ˢ͙ͤ͊͊͘͡ ͤ ͙ͦͪͣ͊ͤͦͫͭ͡ ͨ ͦ͒͊ͭ͊͊͟ 

ɸʩʠʤʝʪʨʠʯʥʦʩʪ (ʝʥʛʣ. skewness) ʠ ʩʧˀʦʰʪʝʥʦʩʪ (ʝʥʛʣ. kurtosis) ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ 

ʧʦʢʘʟʘʪʝˀʠ ʫ ʢʦʿʦʿ ʤʝʨʠ ʨʘʩʧʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʦʜʩʪʫʧʘ ʦʜ ʥʦʨʤʘʣʥʝ. ʅʘʯʠʥ ʨʘʯʫʥʘˁʘ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʠ ʩʧˀʦʰʪʝʥʦʩʪʠ ʦʧʠʩʘʥ ʿʝ ʫ ʦʜʝˀʢʫ 2.7.1. ʇʨʠʭʚʘʪˀʠʚʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʩʫ ʫ ʦʧʩʝʛʫ [-2, 2], ʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʧˀʦʰʪʝʥʦʩʪʠ ʫ 

ʦʧʩʝʛʫ [-7, 7], ʤʘʜʘ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʤʦʛʫ ʥʘ˂ʠ ʠ ʜʨʫʛʘʯʠʿʠ ʧʨʝʜʣʦʟʠ. 

ʋ ʊɸɹ. 39 ʠ ʊɸɹ. 40 ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʠ ʩʧˀʦʰʪʝʥʦʩʪʠ ʟʘ ʧʨʚʠ 

ʠ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʟʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʪʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʥʘʚʝʜʝʥʠʤ ʦʧʩʝʟʠʤʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʥʝ ʧʦʢʘʟʫʿʫ ʙʠʪʥʠʿʘ 

ʦʜʩʪʫʧʘˁʘ ʦʜ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ. 
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ʊɸɹ. 39: ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʠ ʩʧˀʦʰʪʝʥʦʩʪʠ 

ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʇʨʦʤʝʥˀʠʚʘ 
ɽʣʝʢʪʨʘʥʘ 1 ɽʣʝʢʪʨʘʥʘ 2 

ɸʩʠʤʝʪʨʠʯʥʦʩʪ ʉʧˀʦʰʪʝʥʦʩʪ ɸʩʠʤʝʪʨʠʯʥʦʩʪ ʉʧˀʦʰʪʝʥʦʩʪ 

IRRADIANCE 1,047586 -0,207574 1,068811 -0,311171 

MODULE_TEMPERATURE 0,854903 -0,637280 0,960009 -0,381987 

AMBIENT_TEMPERATURE 0,684766 -0,515818 0,654174 -0,677571 

TIME -0,024704 -1,184542 0,004095 -1,204568 

DAY_OF_YEAR -0,048072 -1,190709 0,002388 -1,202970 

AC_POWER_PREV 0,942092 -0,551008 1,032859 -0,392852 

EFF_PREV -0,129932 -1,982545 -0,114526 -1,984887 

AC_POWER 0,942092 -0,551008 1,032859 -0,392852 

ʊɸɹ. 40: ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʠ ʠ ʩʧˀʦʰʪʝʥʦʩʪʠ 

ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʇʨʦʤʝʥˀʠʚʘ ɸʩʠʤʝʪʨʠʯʥʦʩʪ ʉʧˀʦʰʪʝʥʦʩʪ 

WIND_DIRECTION 0,152067 -0,934940 

WIND_SPEED 1,818856 4,037461 

IRRADIANCE 1,753171 1,783454 

MODULE_TEMPERATURE 0,865789 0,164143 

AMBIENT_TEMPERATURE 0,284214 -0,611439 

TIME 0,000000 -1,200260 

DAY_OF_YEAR 0,000000 -1,200018 

AC_POWER_PREV 1,678623 1,533296 

EFF_PREV -0,125608 -1,984048 

AC_POWER 1,678623 1,533296 

4.3.3 ˢ͙ͤ͊͊͘͡ ͟ ͔ͦͪ͊͡ͼ͙͔͞ 

ʂʦʨʝʣʘʮʠʿʘ (ʣʘʪ. con = ʩʘ, relatio = ʦʜʥʦʩ) ʦʟʥʘʯʘʚʘ ʤʝʹʫʩʦʙʥʫ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ 

ʧʦʿʘʚʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʚʨʝʜʥʦʩʪʠʤʘ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ [164]. ʅʘʿʯʝʰ˂ʝ ʩʝ ʠʟʨʘʞʘʚʘ ʇʠʨʩʦʥʦʚʠʤ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʦʨʝʣʘʮʠʿʝ, ʯʠʿʝ ʚʨʝʜʥʦʩʪʠ ʤʦʛʫ ʙʠʪʠ ʫ ʦʧʩʝʛʫ [-1, 1]. ʅʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʪʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʦʧʠʩʘʥ ʿʝ ʫ ʦʜʝˀʢʫ 2.7.2. ʐʪʦ ʿʝ ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʪʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʙʣʠʞʘ 1, 

ʪʦ ʿʝ ʚʝ˂ʠ ʤʝʹʫʩʦʙʥʠ ʫʪʠʮʘʿ ʘʪʨʠʙʫʪʘ ʥʘ ʢʦʿʝ ʩʝ ʢʦʝʬʠʮʠʿʝʥʪ ʦʜʥʦʩʠ. ʇʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʧʦʢʘʟʫʿʫ ʜʠʨʝʢʪʥʫ (ʨʘʩʪʫ˂ʫ) ʚʝʟʫ ʠʟʤʝʹʫ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ. ʅʝʛʘʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʫʿʫ ʠʥʚʝʨʟʥʫ (ʦʧʘʜʘʿʫ˂ʫ) ʚʝʟʫ, ʪʿ. ʜʘ ʧʦʚʝ˂ʘˁʝ ʿʝʜʥʝ ʧʨʦʤʝʥˀʠʚʝ ʜʦʚʦʜʠ ʜʦ 

ʩʤʘˁʝˁʘ ʜʨʫʛʝ. 

ʅʘ ʉʃ. 70, ʉʃ. 71 ʠ ʉʃ. 72 ʧʨʠʢʘʟʘʥʝ ʩʫ ʤʝʹʫʩʦʙʥʝ ʢʦʨʝʣʘʮʠʿʝ ʘʪʨʠʙʫʪʘ ʫ ʧʦʩʤʘʪʨʘʥʠʤ 

ʩʢʫʧʦʚʠʤʘ ʧʦʜʘʪʘʢʘ. ɺʨʩʪʘ ʜʠʿʘʛʨʘʤʘ ʫʧʦʪʨʝʙˀʝʥʘ ʥʘ ʪʠʤ ʩʣʠʢʘʤʘ ʥʘʟʠʚʘ ʩʝ ʪʦʧʣʦʪʥʘ ʤʘʧʘ 

(ʝʥʛʣ. heatmap) ʟʘʪʦ ʰʪʦ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʨʝʣʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʙʦʿʘʤʘ ʫ ʩʢʣʘʜʫ ʩʘ ʣʝʛʝʥʜʦʤ 

ʧʦʨʝʜ ʜʠʿʘʛʨʘʤʘ: ʩʚʝʪʣʠʿʝ ʙʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʠ ʦʙʨʥʫʪʦ. ʊʦʧʣʦʪʥʝ ʤʘʧʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʘʪʢʝ ʫ ʪʦʢʫ ʧʨʝʜʦʙʨʘʜʝ, ʘʛʨʝʛʠʨʘʥʝ ʧʦ ʧʦʜʘʪʢʫ DATE_TIME, ʘ ʩʘʜʨʞʝ ʠ ʥʝʢʝ 

ʦʜ ʢʦʣʦʥʘ ʫʚʝʜʝʥʠʭ ʪʦʢʦʤ ʧʨʝʜʦʙʨʘʜʝ. (ʊʦʧʣʦʪʥʝ ʤʘʧʝ ʢʦʨʝʣʘʮʠʿʘ ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ ʜʘʪʝ ʩʫ ʫ 

ʦʜʝˀʢʫ 4.4.) 

AC_POWER ʿʝ ʮʠˀʥʘ ʧʨʦʤʝʥˀʠʚʘ ʟʘ ʧʨʦʛʥʦʟʝ, ʟʘʪʦ ʰʪʦ ʥʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʢʦʥʘʯʥʠ ʠʟʣʘʟ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ. ɱʘʩʥʦ ʿʝ ʜʘ ʠʨʘʜʠʿʘʥʩʘ ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʮʠˀʥʫ 

ʧʨʦʤʝʥˀʠʚʫ, ʘʣʠ ʠ ʥʝʢʝ ʜʨʫʛʝ ʧʨʦʤʝʥˀʠʚʝ ʙʠʪʥʦ ʜʦʧʨʠʥʦʩʝ ʮʠˀʥʦʿ, ʥʧʨ. ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʫʣʘ. 

ʉʘ ʩʣʠʢʘ ʿʝ ʦʯʠʛʣʝʜʥʦ ʜʘ ʥʘ ʮʠˀʥʫ ʧʨʦʤʝʥˀʠʚʫ AC_POWER ʥʘʿʚʠʰʝ ʫʪʠʯʫ ʧʨʦʤʝʥˀʠʚʝ 

IRRADIANCE ʠ MODULE_TEMPERATURE. ʅʝʰʪʦ ʿʝ ʤʘˁʠ ʫʪʠʮʘʿ ʧʨʦʤʝʥˀʠʚʠʭ 

AMBIENT_TEMPERATURE ʠ EFF, ʜʦʢ ʿ ʝ ʫʪʠʮʘʿ ʦʩʪʘʣʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘ ʮʠˀʥʫ ʧʨʦʤʝʥˀʠʚʫ 

ʚʝʦʤʘ ʤʘʣʠ. 
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ʉʃ. 70: ʊʦʧʣʦʪʥʘ ʤʘʧʘ ʢʦʨʝʣʘʮʠʿʘ ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1, ʫ ʪʦʢʫ ʧʨʝʜʦʙʨʘʜʝ 

 
ʉʃ. 71: ʊʦʧʣʦʪʥʘ ʤʘʧʘ ʢʦʨʝʣʘʮʠʿʘ ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2, ʫ ʪʦʢʫ ʧʨʝʜʦʙʨʘʜʝ 

ʅʘ ʦʩʥʦʚʫ ʚʠʩʦʢʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ ʧʨʦʤʝʥˀʠʚʝ DC_POWER ʧʨʝʤʘ 

ʮʠˀʥʦʿ ʧʨʦʤʝʥˀʠʚʦʿ, ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʪʝ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ ʥʠʩʫ ʤʝʹʫʩʦʙʥʦ ʥʝʟʘʚʠʩʥʝ, ʪʝ ʩʪʦʛʘ 

ʧʨʦʤʝʥˀʠʚʫ DC_POWER ʥʝ ʪʨʝʙʘ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ɼʨʫʛʠ 

ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʢʨʝʠʨʘʥ ʿʝ ʪʘʢʦ ʜʘ ʥʝ ʩʘʜʨʞʠ ʧʨʦʤʝʥˀʠʚʫ DC_POWER. 

ʉʘ ʩʣʠʢʘ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʧʦʩʪʦʿʠ ʙʠʪʘʥ ʫʪʠʮʘʿ ʠʨʘʜʠʿʘʥʩʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʘʦ ʰʪʦ 

ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʥʘ ʦʩʥʦʚʫ ʚʠʟʫʝʣʥʦʛ ʧʨʠʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʪʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʦʜʝˀʢʫ 4.3.1. 

ʊʘʿ ʫʪʠʮʘʿ ʥʝʰʪʦ ʿʝ ʤʘˁʠ ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʠ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʫʪʠʮʘʿʘ 

ʧʦʜʣʦʛʝ ʦʧʠʩʘʥʦʛ ʫ ʦʜʝˀʢʫ 4.4. 

ʇʦʤʘʣʦ ʿʝ ʠʟʥʝʥʘʹʫʿʫ˂ʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʢʦʨʝʣʘʮʠʿʘ ʧʨʦʤʝʥˀʠʚʠʭ TIME ʠ DAY_OF_YEAR ʩʘ 

ʠʨʘʜʠʿʘʥʩʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʠʘʢʦ ʿʝ ʠʟ ʧʦʜʘʪʘʢʘ ʦʯʠʛʣʝʜʥʦ ʜʘ ʠʨʘʜʠʿʘʥʩʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʚʠʩʝ ʠ ʦʜ ʜʦʙʘ ʜʘʥʘ ʠ ʦʜ ʜʦʙʘ ʛʦʜʠʥʝ. (ʊʘ ʢʦʨʝʣʘʮʠʿʘ ʥʘʨʦʯʠʪʦ ʿʝ ʤʘʣʘ ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ 

ʧʦʜʘʪʘʢʘ, ʰʪʦ ʿʝ ʚʝʨʦʚʘʪʥʦ ʜʦʜʘʪʥʘ ʧʦʩʣʝʜʠʮʘ ʩʧʦʤʝʥʫʪʦʛ ʫʪʠʮʘʿʘ ʧʦʜʣʦʛʝ.) ʊʦ ʫʢʘʟʫʿʝ ʥʘ 

ʧʦʪʨʝʙʫ ʜʘ ʩʝ ʜʦʙʘ ʜʘʥʘ ʠ ʜʦʙʘ ʛʦʜʠʥʝ ʧʨʝʜʩʪʘʚʝ ʥʘ ʜʨʫʛʘʯʠʿʠ ʥʘʯʠʥ, ʪʘʢʦ ʜʘ ʚʨʝʜʥʦʩʪʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʙʫʜʫ ʙʦˀʝ ʫʩʘʛʣʘʰʝʥʝ ʩʘ ʧʨʠʨʦʜʦʤ ʧʦʩʤʘʪʨʘʥʠʭ ʧʨʦʮʝʩʘ. ʅʘ 
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ʧʨʠʤʝʨ, ʜʘ ʩʝ ʜʦʙʘ ʜʘʥʘ ʧʨʝʜʩʪʘʚʠ ʧʨʦʤʝʥˀʠʚʦʤ ʯʠʿʠ ʙʠ ʤʘʢʩʠʤʫʤ ʙʠʦ ʫ ʧʦʜʥʝ ʘ ʤʠʥʠʤʫʤʠ 

ʫ ʧʦʥʦ˂, ʘ ʜʦʙʘ ʛʦʜʠʥʝ, ʘʥʘʣʦʛʥʦ ʪʦʤʝ, ʧʨʦʤʝʥˀʠʚʦʤ ʯʠʿʠ ʙʠ ʤʘʢʩʠʤʫʤ ʙʠʦ ʥʘ ʩʨʝʜʠʥʠ ʛʦʜʠʥʝ 

ʘ ʤʠʥʠʤʫʤʠ ʥʘ ʢʨʘʿʝʚʠʤʘ. 

 
ʉʃ. 72: ʊʦʧʣʦʪʥʘ ʤʘʧʘ ʢʦʨʝʣʘʮʠʿʘ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ, ʫ ʪʦʢʫ ʧʨʝʜʦʙʨʘʜʝ 

4.3.4 ˢ͙ͤ͊͊͘͡ ͣ ͙͙͔͙ͯͭͦͤ͊ͪͤͦͫͭ͟͡͡ 

ʇʨʝʜʠʢʪʦʨʩʢʠ ʘʪʨʠʙʫʪʠ ʩʫ ʘʪʨʠʙʫʪʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʫʣʘʟ ʫ ʤʦʜʝʣ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʮʠˀʥʦʛ 

ʘʪʨʠʙʫʪʘ. ʇʨʝʜʠʢʪʦʨʩʢʠ ʘʪʨʠʙʫʪʠ ʢʦʿʠ ʩʫ ʫ ʿ ʘʢʦʿ ʤʝʹʫʩʦʙʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʫ ʨʝʜʫʥʜʘʥʪʥʠ, ʪʿ. ʥʝ 

ʜʘʿʫ ʙʠʪʘʥ ʜʦʧʨʠʥʦʩ ʧʨʝʜʠʢʮʠʿʠ. 

ɸʥʘʣʠʟʘ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪʠ, ʪʿ. ʤʝʹʫʩʦʙʥʝ ʟʘʚʠʩʥʦʩʪʠ ʚʠʰʝ ʦʜ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ, ʠʟʚʨʰʝʥʘ 

ʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ (ʝʥʛʣ. Variance Inflation Factor ï VIF), ʥʘ 

ʥʘʯʠʥ ʦʧʠʩʘʥ ʫ ʦʜʝˀʢʫ 2.7.3. ʀʟʨʘʯʫʥʘʚʘˁʘ ʪʦʛ ʬʘʢʪʦʨʘ ʠʟʚʝʜʝʥʘ ʩʫ ʫ ʥʝʢʦʣʠʢʦ ʠʪʝʨʘʮʠʿʘ, 

ʧʨʠ ʯʝʤʫ ʿʝ ʥʘʢʦʥ ʩʚʘʢʝ ʠʪʝʨʘʮʠʿʝ ʧʨʦʤʝʥˀʠʚʘ ʩʘ ʥʘʿʚʝ˂ʦʤ ʚʨʝʜʥʦʰ˂ʫ ʪʦʛ ʬʘʢʪʦʨʘ 

ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʩʣʝʜʝ˂ʠʭ ʠʪʝʨʘʮʠʿʘ. ʊʘʿ ʧʦʩʪʫʧʘʢ ʧʦʥʘʚˀʘʥ ʿʝ ʩʚʝ ʜʦʢ ʥʠʩʫ ʜʦʙʠʿʝʥʝ 

ʧʨʠʭʚʘʪˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʟʘ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʨʦʤʝʥˀʠʚʝ. 

4.3.4.1 ˢ͙ͤ͊͊͘͡ ͣ ͙͙͔͙ͯͭͦͤ͊ͪͤͦͫͭ͟͡͡ ͘  ͊ͨ ͍͙ͪ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ ς ͔ ͔ͭͪ͊ͤ͊͟͡ 1 

ʅʘʿʧʨʝ ʿʝ ʬʘʢʪʦʨ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʠʟʨʘʯʫʥʘʪ ʟʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʦʩʠʤ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ 

AC_POWER ʠ ʥʝ-ʥʫʤʝʨʠʯʢʝ ʧʨʦʤʝʥˀʠʚʝ DATE_TIME, ʠ ʨʝʟʫʣʪʘʪʠ ʪʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 41. 

ʊɸɹ. 41: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ 

(ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

AMBIENT_TEMPERATURE 443,144165 

MODULE_TEMPERATURE 570,067014 

IRRADIANCE 39,605013 

TIME 4,875935 

DAY_OF_YEAR 67,838021 

AC_POWER_PREV 35,313506 

EFF_PREV 4,893858 
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ʅʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʟʘ 

ʧʨʦʤʝʥˀʠʚʫ MODULE_TEMPERATURE. ʊʦ ʟʥʘʯʠ ʜʘ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʧʦʩʪʦʿʠ ʿʘʢʘ 

ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʫ ʢʦʿʦʿ ʫʯʝʩʪʚʫʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ. ɿʘʪʦ ʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ 

ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ. ɺʨʝʜʥʦʩʪʠ ʪʦʛ ʬʘʢʪʦʨʘ ʠʟʨʘʯʫʥʘʪʝ ʫ ʜʨʫʛʦʿ 

ʠʪʝʨʘʮʠʿʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʊɸɹ. 42. 

ʊɸɹ. 42: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

MODULE_TEMPERATURE (ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

AMBIENT_TEMPERATURE 92,141447 

IRRADIANCE 18,278962 

TIME 4,837570 

DAY_OF_YEAR 65,703262 

AC_POWER_PREV 20,208415 

EFF_PREV 4,882925 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʜʨʫʛʦʿ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ 

ʠʪʝʨʘʮʠʿʫ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʟʦʩʪʘʚˀʝʥʘ ʧʨʦʤʝʥˀʠʚʘ MODULE_TEMPERATURE ʠʤʘ 

ʿʘʢʫ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʩʘ ʧʨʦʤʝʥˀʠʚʠʤʘ AMBIENT_TEMPERATURE, IRRADIANCE ʠ 

AC_POWER_PREV. ʋ ʜʨʫʛʦʿ ʠʪʝʨʘʮʠʿʠ, ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ 

ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʟʘ ʧʨʦʤʝʥˀʠʚʫ AMBIENT_TEMPERATURE, ʠ ʟʘʪʦ ʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ 

ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ ʪʦʛ ʬʘʢʪʦʨʘ. ʈʝʟʫʣʪʘʪʠ ʪʨʝ˂ʝ ʠʪʝʨʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ 

ʊɸɹ. 43. 

ʊɸɹ. 43: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

AMBIENT_TEMPERATURE (ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

IRRADIANCE 18,274443 

TIME 4,061224 

DAY_OF_YEAR 4,865805 

AC_POWER_PREV 19,413579 

EFF_PREV 4,676209 

 

ʅʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʪʨʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʟʘ 

ʧʨʦʤʝʥˀʠʚʫ AC_POWER_PREV, ʠ ʟʘʪʦ ʿ ʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʪʦʛ ʬʘʢʪʦʨʘ. ɺʨʝʜʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪʝ ʫ ʯʝʪʚʨʪʦʿ ʠʪʝʨʘʮʠʿʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʊɸɹ. 44. 

ʊɸɹ. 44: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

AC_POWER_PREV (ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 1) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

IRRADIANCE 3,262813 

TIME 4,029887 

DAY_OF_YEAR 4,843510 

EFF_PREV 4,442096 

 

ʇʦʰʪʦ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʦʙʫʭʚʘʪʘ ʟʥʘʪʥʦ ʤʘˁʠ ʧʝʨʠʦʜ ʦʜ ʜʨʫʛʦʛ, ʥʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʧʨʠʤʝˁʝʥ ʿʝ ʙʣʘʞʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʘʥʘʣʠʟʠ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪʠ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʠʭʚʘʪˀʠʚʠʤ 

ʩʤʘʪʨʘʿʫ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʤʘˁʝ ʦʜ 5. ɿʘʪʦ ʩʝ ʚʨʝʜʥʦʩʪʠ ʪʦʛ ʬʘʢʪʦʨʘ 

ʠʟʨʘʯʫʥʘʪʝ ʫ ʯʝʪʚʨʪʦʿ ʠʪʝʨʘʮʠʿʠ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʧʨʠʭʚʘʪˀʠʚʠʤ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʧʨʝʦʩʪʘʣʝ 

ʧʨʦʤʝʥˀʠʚʝ ʦʜʣʠʢʫʿʫ ʤʘʣʦʤ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʰ˂ʫ. 
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4.3.4.2 ˢ͙ͤ͊͊͘͡ ͣ ͙͙͔͙ͯͭͦͤ͊ͪͤͦͫͭ͟͡͡ ͘  ͊ͨ ͍͙ͪ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ ς ͔ ͔ͭͪ͊ͤ͊͟͡ 2 

ʅʘʿʧʨʝ ʿʝ ʬʘʢʪʦʨ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʠʟʨʘʯʫʥʘʪ ʟʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʦʩʠʤ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ 

AC_POWER ʠ ʥʝ-ʥʫʤʝʨʠʯʢʝ ʧʨʦʤʝʥˀʠʚʝ DATE_TIME, ʠ ʨʝʟʫʣʪʘʪʠ ʪʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 45. 

ʊɸɹ. 45: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ 

(ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

AMBIENT_TEMPERATURE 419,503297 

MODULE_TEMPERATURE 533,321779 

IRRADIANCE 44,068524 

TIME 4,805751 

DAY_OF_YEAR 50,462631 

AC_POWER_PREV 24,823646 

EFF_PREV 4,496485 

 

ʅʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʟʘ 

ʧʨʦʤʝʥˀʠʚʫ MODULE_TEMPERATURE. ɿʘʪʦ ʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʜʘˀʠʭ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʪʦʛ ʬʘʢʪʦʨʘ. ʈʝʟʫʣʪʘʪʠ ʜʨʫʛʝ ʠʪʝʨʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 46. 

ʊɸɹ. 46: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

MODULE_TEMPERATURE (ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

AMBIENT_TEMPERATURE 70,438989 

IRRADIANCE 19,614008 

TIME 4,805710 

DAY_OF_YEAR 50,038335 

AC_POWER_PREV 21,271485 

EFF_PREV 4,479647 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʜʨʫʛʦʿ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ 

ʠʪʝʨʘʮʠʿʫ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʟʦʩʪʘʚˀʝʥʘ ʧʨʦʤʝʥˀʠʚʘ MODULE_TEMPERATURE ʠʤʘ 

ʿʘʢʫ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʩʘ ʧʨʦʤʝʥˀʠʚʠʤʘ AMBIENT_TEMPERATURE ʠ IRRADIANCE. ʋ 

ʜʨʫʛʦʿ ʠʪʝʨʘʮʠʿʠ, ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʠʟʨʘʯʫʥʘʪʘ ʿ ʝ ʟʘ ʧʨʦʤʝʥˀʠʚʫ 

AMBIENT_TEMPERATURE, ʠ ʟʘʪʦ ʿ ʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ ʪʦʛ 

ʬʘʢʪʦʨʘ. ɺʨʝʜʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪʝ ʫ ʪʨʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʊɸɹ. 47. 

ʊɸɹ. 47: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

AMBIENT_TEMPERATURE (ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

IRRADIANCE 19,613942 

TIME 3,978423 

DAY_OF_YEAR 4,700208 

AC_POWER_PREV 20,249266 

EFF_PREV 4,435526 

 

ʅʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʪʨʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʟʘ 

ʧʨʦʤʝʥˀʠʚʫ AC_POWER_PREV, ʠ ʟʘʪʦ ʿ ʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʪʦʛ ʬʘʢʪʦʨʘ. ʈʝʟʫʣʪʘʪʠ ʯʝʪʚʨʪʝ ʠʪʝʨʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 48. 
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ʊɸɹ. 48: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

AC_POWER_PREV (ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ï ʝʣʝʢʪʨʘʥʘ 2) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

IRRADIANCE 3,079817 

TIME 3,928434 

DAY_OF_YEAR 4,664744 

EFF_PREV 4,295078 

 

ɿʘ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʨʦʤʝʥˀʠʚʝ, ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʤʘˁʝ ʩʫ ʦʜ 5 ʠ ʤʦʛʫ ʩʝ 

ʩʤʘʪʨʘʪʠ ʧʨʠʭʚʘʪˀʠʚʠʤ; ʜʘʢʣʝ, ʪʝ ʧʨʦʤʝʥˀʠʚʝ ʦʜʣʠʢʫʿʫ ʩʝ ʤʘʣʦʤ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʰ˂ʫ. ɿʘ 

ʦʙʝ ʝʣʝʢʪʨʘʥʝ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥ ʿ ʝ ʠʩʪʠ ʟʘʚʨʰʥʠ ʩʢʫʧ ʧʨʦʤʝʥˀʠʚʠʭ, ʠ ʪʦ ʫʟ ʠʩʪʠ 

ʨʝʜʦʩʣʝʜ ʠʟʦʩʪʘʚˀʘˁʘ ʨʝʜʫʥʜʘʥʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

4.3.4.3 ˢ͙ͤ͊͊͘͡ ͣ ͙͙͔͙ͯͭͦͤ͊ͪͤͦͫͭ͟͡͡ ͘  ͊͒ ͎͙ͪͯ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ 

ʅʘʿʧʨʝ ʿʝ ʬʘʢʪʦʨ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʠʟʨʘʯʫʥʘʪ ʟʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʦʩʠʤ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ 

AC_POWER ʠ ʥʝ-ʥʫʤʝʨʠʯʢʝ ʧʨʦʤʝʥˀʠʚʝ DATE_TIME, ʠ ʨʝʟʫʣʪʘʪʠ ʪʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 49. 

ʊɸɹ. 49: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ 

(ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

WIND_DIRECTION 5,307595 

WIND_SPEED 2,837083 

IRRADIANCE 37,214322 

MODULE_TEMPERATURE 199,704464 

AMBIENT_TEMPERATURE 114,039707 

TIME 3,679360 

DAY_OF_YEAR 3,729060 

AC_POWER_PREV 18,915412 

EFF_PREV 3,189935 

 

ʋʙʝʜˀʠʚʦ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ 

ʟʘ ʧʨʦʤʝʥˀʠʚʫ MODULE_TEMPERATURE. ʊʦ ʟʥʘʯʠ ʜʘ ʫ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʧʦʩʪʦʿʠ ʿʘʢʘ 

ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʫ ʢʦʿʦʿ ʫʯʝʩʪʚʫʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ. ɿʘʪʦ ʿʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ 

ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ. ʈʝʟʫʣʪʘʪʠ ʜʨʫʛʝ ʠʪʝʨʘʮʠʿʝ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʪʦʛ ʬʘʢʪʦʨʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 50. 

ʊɸɹ. 50: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

MODULE_TEMPERATURE (ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

WIND_DIRECTION 5,273882 

WIND_SPEED 2,819668 

IRRADIANCE 17,760229 

AMBIENT_TEMPERATURE 4,837523 

TIME 3,639701 

DAY_OF_YEAR 3,696481 

AC_POWER_PREV 18,482498 

EFF_PREV 3,149688 

 



ʇʦʛʣʘʚˀʝ 4 ʇʨʝʜʣʦʞʝʥʦ ʨʝʰʝˁʝ 

108 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʫ ʜʨʫʛʦʿ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ 

ʠʪʝʨʘʮʠʿʫ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʟʦʩʪʘʚˀʝʥʘ ʧʨʦʤʝʥˀʠʚʘ MODULE_TEMPERATURE ʠʤʘ 

ʿʘʢʫ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ ʩʘ ʧʨʦʤʝʥˀʠʚʠʤʘ IRRADIANCE ʠ AMBIENT_TEMPERATURE. ʋ 

ʜʨʫʛʦʿ ʠʪʝʨʘʮʠʿʠ, ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʠʟʨʘʯʫʥʘʪʘ ʿ ʝ ʟʘ ʧʨʦʤʝʥˀʠʚʫ 

AC_POWER_PREV, ʠ ʟʘʪʦ ʿ ʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʦʩʪʘʚˀʝʥʘ ʠʟ ʜʘˀʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ ʪʦʛ ʬʘʢʪʦʨʘ. 

ɺʨʝʜʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪʝ ʫ ʪʨʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʊɸɹ. 51. 

ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʜʦʙʠʿʝʥʝ ʫ ʪʨʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ 

ʧʨʠʭʚʘʪˀʠʚʠʤ, ʟʘʪʦ ʰʪʦ ʿʝ ʩʘʤʦ ʟʘ ʧʨʦʤʝʥˀʠʚʫ WIND_DIRECTION ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʪʦʛ 

ʬʘʢʪʦʨʘ ʤʘʣʦ ʚʝ˂ʘ ʦʜ 5, ʘ ʠʟ ʨʘʥʠʿʝ ʩʧʨʦʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʢʦʨʝʣʘʮʠʿʝ ʚʠʜʠ ʩʝ ʜʘ ʪʘ ʧʨʦʤʝʥˀʠʚʘ 

ʠʤʘ ʟʘʥʝʤʘʨˀʠʚ ʫʪʠʮʘʿ ʥʘ ʮʠˀʥʫ ʧʨʦʤʝʥˀʠʚʫ AC_POWER. ɱʦʰ ʿʝ ʩʘʤʦ ʟʘ ʧʨʦʤʝʥˀʠʚʫ 

AMBIENT_TEMPERATURE ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʠʟʤʝʹʫ 4 ʠ 5, 

ʘ ʟʘ ʩʚʝ ʦʩʪʘʣʝ ʧʨʦʤʝʥˀʠʚʝ ʚʨʝʜʥʦʩʪ ʪʦʛ ʬʘʢʪʦʨʘ ʿʝ ʠʩʧʦʜ 4. ʇʨʦʙʝ ʨʘʜʠ, ʠʧʘʢ ʩʫ ʠʟʚʨʰʝʥʝ 

ʿʦʰ ʜʚʝ ʠʪʝʨʘʮʠʿʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ. ʋ ʯʝʪʚʨʪʦʿ ʠʪʝʨʘʮʠʿʠ 

ʠʟʦʩʪʘʚˀʝʥʘ ʿʝ ʧʨʦʤʝʥˀʠʚʘ WIND_DIRECTION, ʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 

ʊɸɹ. 52. 

ʊɸɹ. 51: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

AC_POWER_PREV (ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

WIND_DIRECTION 5,270154 

WIND_SPEED 2,818526 

IRRADIANCE 2,194856 

AMBIENT_TEMPERATURE 4,779399 

TIME 3,634378 

DAY_OF_YEAR 3,676574 

EFF_PREV 3,099422 

ʊɸɹ. 52: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

WIND_DIRECTION (ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

WIND_SPEED 2,636325 

IRRADIANCE 2,190778 

AMBIENT_TEMPERATURE 4,652185 

TIME 3,158974 

DAY_OF_YEAR 3,488346 

EFF_PREV 2,833475 

 

ɱʦʰ ʿʝ ʩʘʤʦ ʟʘ ʧʨʦʤʝʥˀʠʚʫ AMBIENT_TEMPERATURE ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ 

ʚʘʨʠʿʘʥʩʝ ʚʝ˂ʘ ʦʜ 4, ʠ ʟʘʪʦ ʫ ʧʝʪʦʿ ʠʪʝʨʘʮʠʿʠ ʠʟʦʩʪʘʚˀʘʤʦ ʪʫ ʧʨʦʤʝʥˀʠʚʫ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊɸɹ. 53. 

ʊɸɹ. 53: ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʥʘʢʦʥ ʠʟʦʩʪʘʚˀʘˁʘ ʧʨʦʤʝʥˀʠʚʝ 

AMBIENT_TEMPERATURE (ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ) 

ʇʨʦʤʝʥˀʠʚʘ VIF 

WIND_SPEED 2,634474 

IRRADIANCE 1,926243 

TIME 2,719717 

DAY_OF_YEAR 2,967451 

EFF_PREV 2,695074 
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ɿʘ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʨʦʤʝʥˀʠʚʝ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ ʤʘˁʘ ʿ ʝ ʦʜ 3, ʜʘʢʣʝ ʟʥʘʪʥʦ 

ʤʘˁʘ ʦʜ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʩʧʦʤʠˁʫ ʫ ʣʠʪʝʨʘʪʫʨʠ (4 ʠʣʠ 5). ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʧʨʝʦʩʪʘʣʝ 

ʧʨʦʤʝʥˀʠʚʝ ʦʜʣʠʢʫʿʫ ʚʝʦʤʘ ʤʘʣʦʤ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʰ˂ʫ, ʪʿ. ʜʘ ʚʝʦʤʘ ʤʘʣʦ ʫʪʠʯʫ ʿʝʜʥʘ ʥʘ 

ʜʨʫʛʫ. ʅʘʨʦʯʠʪʦ ʿ ʝ ʙʠʪʥʦ h ʪʦ ʿ ʝ ʟʘ ʧʨʦʤʝʥˀʠʚʫ IRRADIANCE, ʟʘ ʢʦʿʫ ʩʝ ʠʟ ʨʘʥʠʿʝ ʩʧʨʦʚʝʜʝʥʝ 

ʘʥʘʣʠʟʝ ʢʦʨʝʣʘʮʠʿʝ ʚʠʜʠ ʜʘ ʥʘʿʚʠʰʝ ʫʪʠʯʝ ʥʘ ʮʠˀʥʫ ʧʨʦʤʝʥˀʠʚʫ AC_POWER, ʠʟʨʘʯʫʥʘʪʘ 

ʚʝʦʤʘ ʤʘʣʘ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʠʥʬʣʘʮʠʿʝ ʚʘʨʠʿʘʥʩʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʤʘ ʚʝʦʤʘ 

ʤʘʣʫ ʤʝʹʫʩʦʙʥʫ ʟʘʚʠʩʥʦʩʪ ʩʘ ʧʨʝʦʩʪʘʣʠʤ ʧʨʦʤʝʥˀʠʚʠʤʘ. 

ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʫ ʧʨʝʦʩʪʘʣʝ ʧʨʦʤʝʥˀʠʚʝ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʠʩʪʝ ʢʘʦ ʟʘ ʦʙʝ 

ʝʣʝʢʪʨʘʥʝ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʫʟ ʜʦʜʘʪʘʢ ʧʨʦʤʝʥˀʠʚʝ WIND_SPEED ʢʦʿʘ ʥʝ ʧʦʩʪʦʿʠ ʫ 

ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

4.3.5 ˢ͙ͤ͊͊͘͡ ͨ ͦͣͦΐͯ ͡ ͙͔͔ͤ͊ͪͤ ͪ ͔͎͔͙͔ͪͫ͞ 

ɼʦʜʘʪʥʘ ʘʥʘʣʠʟʘ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʦʤʦ˂ʫ ʛʦʪʦʚʦʛ ʤʦʜʝʣʘ OLS (ʝʥʛʣ. Ordinary 

Least Squares ï ʦʙʠʯʥʠ ʥʘʿʤʘˁʠ ʢʚʘʜʨʘʪʠ) ʫ ʢʦʤ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ. 

ɸʥʘʣʠʟʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʥʝʢʦʣʠʢʦ ʠʪʝʨʘʮʠʿʘ, ʠ ʫ ʩʚʘʢʦʿ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʠʩʪʝ ʧʨʦʤʝʥˀʠʚʝ ʢʘʦ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪʠ. ɼʘʢʣʝ, ʥʘʢʦʥ ʩʚʘʢʝ ʠʪʝʨʘʮʠʿʝ 

ʿʝʜʥʘ ʦʜ ʧʨʦʤʝʥˀʠʚʠʭ ʠʟʙʘʯʝʥʘ ʿʝ ʠʟ ʜʘˀʝ ʘʥʘʣʠʟʝ, ʘ ʟʘʪʠʤ ʧʦʥʦʚˀʝʥʦ ʢʨʝʠʨʘˁʝ, ʦʙʫʢʘ ʠ 

ʠʟʚʨʰʘʚʘˁʝ ʤʦʜʝʣʘ. ʋ ʜʦʜʘʪʥʦʿ ʧʦʩʣʝʜˁʦʿ ʠʪʝʨʘʮʠʿʠ, ʫ ʤʦʜʝʣ ʿʝ ʫʥʝʪʘ ʩʘʤʦ ʧʨʦʤʝʥˀʠʚʘ 

IRRADIANCE. 

ʅʘ ʢʨʘʿʫ ʩʚʘʢʝ ʠʪʝʨʘʮʠʿʝ ʛʝʥʝʨʠʩʘʥ ʿ ʝ ʜʝʪʘˀʘʥ ʩʪʘʪʠʩʪʠʯʢʠ ʠʟʚʝʰʪʘʿ. ʇʨʠʤʝʨ ʪʘʢʚʦʛ ʠʟʚʝʰʪʘʿʘ 

ʜʘʪ ʿʝ ʫ ʊɸɹ. 54, ʢʦʿʘ ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʧʨʚʫ ʝʣʝʢʪʨʘʥʫ ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʫ ʧʨʚʦʿ 

ʠʪʝʨʘʮʠʿʠ. ʉʘʞʝʪ ʦʧʠʩ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʨʠʢʘʟʘʥʠʭ ʫ ʪʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʜʘʪ ʿʝ ʫ [167], 

ʘ ʥʘʿʙʠʪʥʠʿʠ ʧʦʢʘʟʘʪʝˀʠ ʦʧʠʩʘʥʠ ʩʫ ʫ ʦʜʝˀʢʫ 2.7.5. 

ʊɸɹ. 54: ʂʦʤʧʣʝʪʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʨʝʟʫʣʪʘʪʠ ʨʝʛʨʝʩʠʿʝ ʧʦʤʦ˂ʫ ʤʦʜʝʣʘ OLS, 

ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʫ ʧʨʚʦʿ ʠʪʝʨʘʮʠʿʠ 

                            OLS Regression Results  

==============================================================================  

Dep.  Variable :                       y   R - squared :                        0.994  

Model :                             OLS   Adj .  R- squared :                   0.994  

Method :                  Least Squares   F - statistic :                  7.740 e+04 

Date :                 Tue, 24 Dec 2024    Prob ( F- statistic ):                0.00  

Time :                         18:00:00    Log- Likelihood :                 - 15207.  

No.  Observations :                 3158    AIC :                          3.043 e+04 

Df Residuals :                     3150    BIC :                          3.048 e+04 

Df Model :                            7 

Covariance Type :             nonrobust  

======================================= ===========================================  

                          coef    std err          t      P >| t |       [0.025  0.975]  

----------------------------------------------------------------------------------  

const                 - 19.4911      13.040      - 1.495       0.135      - 45.059   6.077  

AMBIENT_TEMPERATURE     2.3940       0.492       4.862       0.000        1.429   3.359  

MODULE_TEMPERATURE     - 3.2237       0.379      - 8.504       0.000       - 3.967  - 2.480  

IRRADIANCE              1.2348       0.009     139.790       0.000        1.217   1.252  

TIME                   - 0.0100       0.089      - 0.113       0.910       - 0.184   0.164  

DAY_OF_YEAR             0.2145       0.059       3.648       0.000        0.099   0.330  

AC_POWER_PREV           0.1145       0.007      17.617       0.000        0.102   0.127  

EFF_PREV               24.6256       1.691      14.565       0.000       21.310  27.941  

==============================================================================  

Omnibus :                       831.098    Durbin - Watson :                    1.503  

Prob ( Omnibus ):                   0.000    Jarque - Bera ( JB):             34954.851  

Skew:                           - 0.489    Prob ( JB):                          0.00  

Kurtosis :                       19.269    Cond.  No.                      1.55 e+04 

==============================================================================  
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ʄʝʹʫ ʥʘʚʝʜʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʥʘʨʦʯʠʪʦ ʩʫ ʙʠʪʥʝ ʪʟʚ. t-ʚʨʝʜʥʦʩʪʠ (ʜʘʪʝ ʫ ʢʦʣʦʥʠ Ătò), ʢʦʿʝ 

ʧʦʢʘʟʫʿʫ ʨʝʣʝʚʘʥʪʥʦʩʪ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʟʘ ʧʨʦʛʥʦʟʠʨʘˁʝ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ɺʝ˂ʘ 

t-ʚʨʝʜʥʦʩʪ ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʫ ʨʝʣʝʚʘʥʪʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʤʝʥˀʠʚʝ (ʘʪʨʠʙʫʪʘ). 

ʋ ʢʦʣʦʥʠ ĂP>|t|ò ʜʘʪʝ ʩʫ ʪʟʚ. p-ʚʨʝʜʥʦʩʪʠ, ʢʦʿʝ ʧʦʢʘʟʫʿʫ ʩʪʘʪʠʩʪʠʯʢʫ ʟʥʘʯʘʿʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ɸʢʦ ʿʝ p Ò Ŭ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʘʿʯʝʰ˂ʝ ʙʠʨʘ Ŭ = 0,05, ʪʦ ʿʝ ʜʦʙʘʨ ʧʦʢʘʟʘʪʝˀ ʜʘ 

ʧʨʦʤʝʥˀʠʚʘ ʥʘ ʢʦʿʫ ʩʝ ʦʜʥʦʩʠ ʪʘ p-ʚʨʝʜʥʦʩʪ ʫʪʠʯʝ ʥʘ ʧʨʦʛʥʦʟʫ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʀ ʦʙʨʥʫʪʦ, 

ʘʢʦ ʿʝ p > Ŭ, ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʨʦʤʝʥˀʠʚʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʝʤʘ ʙʠʪʘʥ ʫʪʠʮʘʿ ʥʘ ʧʨʦʛʥʦʟʫ ʮʠˀʥʝ 

ʧʨʦʤʝʥˀʠʚʝ. 

ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (R
2
), ʦʧʠʩʘʥ ʫ ʦʜʝˀʢʫ 2.2.1, ʧʦʢʘʟʫʿʝ ʢʦʿʠ ʧʨʦʮʝʥʘʪ ʚʘʨʠʿʘʥʩʝ 

ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ ʿʝ ʦʙʿʘʰˁʝʥ ʤʦʜʝʣʦʤ, ʪʿ. ʟʘ ʢʦʿʠ ʜʝʦ ʧʦʜʘʪʘʢʘ ʿʝ ʤʦʜʝʣ ʜʘʦ ʪʘʯʥʦ 

ʧʨʝʜʚʠʹʘˁʝ. ʇʨʠʣʘʛʦʹʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ 2

adjR  ʢʘʞˁʘʚʘ ʜʦʜʘʚʘˁʝ ʨʝʛʨʝʩʦʨʘ ʢʦʿʠ 

ʥʝ ʜʦʧʨʠʥʦʩʝ ʝʢʩʧʣʘʥʘʪʦʨʥʦʤ ʢʘʧʘʮʠʪʝʪʫ ʨʝʛʨʝʩʠʿʝ; ʜʨʫʛʠʤ ʨʝʯʠʤʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ R
2
, ʩʤʘˁʫʿʝ 

ʩʝ ʧʨʠʣʠʢʦʤ ʜʦʜʘʚʘˁʘ ʠʨʝʣʝʚʘʥʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʤʦʜʝʣ. ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʪʘ ʜʚʘ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʙʫʜʫ ʰʪʦ ʚʝ˂ʠ, ʪʿ. ʜʘ ʤʦʜʝʣ ʙʫʜʝ ʰʪʦ ʫʩʧʝʰʥʠʿʠ ʫ ʧʨʝʜʚʠʹʘˁʫ. ʊʘʢʦʹʝ ʿʝ 

ʧʦʞʝˀʥʦ ʜʘ ʧʨʠʣʘʛʦʹʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʙʫʜʝ ʰʪʦ ʙʣʠʞʠ ʠʣʠ ʯʘʢ ʿʝʜʥʘʢ 

ʢʦʝʬʠʮʠʿʝʥʪʫ ʜʝʪʝʨʤʠʥʘʮʠʿʝ, h ʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʫ ʤʦʜʝʣʫ ʥʝʤʘ ʠʨʝʣʝʚʘʥʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, 

ʦʜʥ. ʜʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʤʦʜʝʣʫ ʜʦʧʨʠʥʦʩʝ ʧʨʦʛʥʦʟʠ. 

ʆʜ ʊɸɹ. 55 ʜʦ ʊɸɹ. 57 ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘʿʙʠʪʥʠʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʠʟʜʚʦʿʝʥʠ ʠʟ ʢʦʤʧʣʝʪʥʠʭ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʝʟʫʣʪʘʪʘ, ʘ ʪʦ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ, ʧʨʠʣʘʛʦʹʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʿʝ, t-ʚʨʝʜʥʦʩʪʠ ʠ p-ʚʨʝʜʥʦʩʪʠ. 

ʊɸɹ. 55: ʅʘʿʚʘʞʥʠʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʨʝʟʫʣʪʘʪʠ ʨʝʛʨʝʩʠʿʝ ʧʦʤʦ˂ʫ ʤʦʜʝʣʘ OLS 

ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ 

ʀʪʝʨʘʮʠʿʘ 1 2 3 4 5 

ʇʨʦʤʝʥˀʠʚʘ t P>| t| t P>| t| t P>| t| t P>| t| t P>| t| 

MODULE_TEMP. -8,504 0,000         

AMBIENT_TEMP. 4,862 0,000 -2,825 0,005       

AC_POWER_PREV 17,617 0,000 15,671 0,000 15,601 0,000     

TIME -0,113 0,910 0,586 0,558 -0,826 0,409 0,576 0,565   

DAY_OF_YEAR 3,648 0,000 4,412 0,000 5,877 0,000 5,997 0,000   

EFF_PREV 14,565 0,000 14,016 0,000 13,779 0,000 17,082 0,000   

IRRADIANCE 139,790 0,000 194,184 0,000 194,180 0,000 475,109 0,000 665,718 0,000 

RĮ 0,994 0,994 0,994 0,994 0,993 

ʇʨʠʣʘʛʦʹʝʥʦ RĮ 0,994 0,994 0,994 0,994 0,993 

ʊɸɹ. 56: ʅʘʿʚʘʞʥʠʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʨʝʟʫʣʪʘʪʠ ʨʝʛʨʝʩʠʿʝ ʧʦʤʦ˂ʫ ʤʦʜʝʣʘ OLS 

ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ 

ʀʪʝʨʘʮʠʿʘ 1 2 3 4 5 

ʇʨʦʤʝʥˀʠʚʘ t P>| t| t P>| t| t P>| t| t P>| t| t P>| t| 

MODULE_TEMP. -9,998 0,000         

AMBIENT_TEMP. 7,634 0,000 -1,618 0,106       

AC_POWER_PREV 27,787 0,000 25,541 0,000 26,294 0,000     

TIME -0,243 0,808 0,136 0,892 -0,740 0,459 1,967 0,049   

DAY_OF_YEAR 0,415 0,678 -0,466 0,641 0,224 0,822 -0,380 0,704   

EFF_PREV 4,115 0,000 4,971 0,000 4,724 0,000 8,688 0,000   

IRRADIANCE 57,919 0,000 75,122 0,000 75,336 0,000 225,244 0,000 326,239 0,000 

RĮ 0,977 0,976 0,976 0,971 0,970 

ʇʨʠʣʘʛʦʹʝʥʦ RĮ 0,977 0,976 0,976 0,971 0,970 

 

ʅʘ ʦʩʥʦʚʫ t-ʚʨʝʜʥʦʩʪʠ ʥʘʚʝʜʝʥʠʭ ʫ ʊɸɹ. 55 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʨʦʤʝʥˀʠʚʘ IRRADIANCE 

ʠʤʘ ʥʘʿʚʝ˂ʠ ʧʨʝʜʠʢʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʫ ʩʚʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʧʦ ʤʦʜʝʣʫ OLS, ʪʿ. ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ 

ʧʨʦʛʥʦʟʫ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʄʝʹʫʪʠʤ, ʥʘ ʦʩʥʦʚʫ p-ʚʨʝʜʥʦʩʪʠ ʚʠʜʠ ʩʝ ʜʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ 

ʦʩʠʤ TIME ʠʤʘʿʫ ʩʪʘʪʠʩʪʠʯʢʫ ʚʝʟʫ ʩʘ ʮʠˀʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʠ ʦʥʝ ʜʦʧʨʠʥʦʩʝ 
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ʧʨʦʛʥʦʟʠ ʠ ʫʪʠʯʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʤʦʜʝʣʘ. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʠ ʧʨʠʣʘʛʦʹʝʥʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʤʦʜʝʣ ʫ ʩʚʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʦʩʪʚʘʨʠʦ ʠʟʚʘʥʨʝʜʥʝ 

ʨʝʟʫʣʪʘʪʝ, ʪʿ. ʫʩʧʝʰʥʦ ʧʨʦʛʥʦʟʠʨʘʦ ʚʨʝʜʥʦʩʪ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʙʘʨ 99,3% ʩʣʫʯʘʿʝʚʘ. 

ʉʣʠʯʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʟʘ ʜʨʫʛʫ ʝʣʝʢʪʨʘʥʫ ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʧʨʠʢʘʟʘʥʠ ʫ ʊɸɹ. 56. ʈʘʟʣʠʢʘ 

ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʫ ʥʝʢʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʠ ʜʨʫʛʝ ʧʨʦʤʝʥˀʠʚʝ ʠʤʘʿʫ p-ʚʨʝʜʥʦʩʪʠ ʚʝ˂ʝ ʦʜ ʪʠʧʠʯʥʦʛ 

ʥʠʚʦʘ ʟʥʘʯʘʿʥʦʩʪʠ Ŭ, ʧʨʝ ʩʚʝʛʘ DAY_OF_YEAR. ʅʘ ʦʩʥʦʚʫ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ R
2
 ʠ 

2

adjR  ʚʠʜʠ ʩʝ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫʩʧʝʰʥʦ ʧʨʦʛʥʦʟʠʨʘʥʘ ʫ ʙʘʨ 97% ʩʣʫʯʘʿʝʚʘ, 

ʰʪʦ ʿ ʝ ʦʜʣʠʯʥʦ. ʊʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʦʤʘʣʦ ʧʘʜʘʿʫ ʩʘ ʠʟʙʘʮʠʚʘˁʝʤ ʧʨʦʤʝʥˀʠʚʠʭ ʢʨʦʟ ʠʪʝʨʘʮʠʿʝ, 

ʰʪʦ ʟʥʘʯʠ ʜʘ ʠ ʠʟʙʘʯʝʥʝ ʧʨʦʤʝʥˀʠʚʝ ʜʘʿʫ ʤʘʢʘʨ ʤʘʣʠ ʜʦʧʨʠʥʦʩ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʦʛʥʦʟʝ. 

ʋ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ (ʊɸɹ. 57), ʫ ʧʨʚʝ ʜʚʝ ʠʪʝʨʘʮʠʿʝ ʚʠʩʦʢʝ t-ʚʨʝʜʥʦʩʪʠ (ʪʿ. ʚʠʩʦʢ 

ʧʨʝʜʠʢʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ) ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʥʝ ʩʘʤʦ ʟʘ ʧʨʦʤʝʥˀʠʚʫ IRRADIANCE ʚʝ˂ ʠ ʟʘ 

ʧʨʦʤʝʥˀʠʚʫ AC_POWER_PREV, ʘ ʧʨʦʤʝʥˀʠʚʘ DAY_OF_YEAR ʠʤʘ ʚʠʩʦʢʝ p-ʚʨʝʜʥʦʩʪʠ (ʪʿ. 

ʩʣʘʙʫ ʚʝʟʫ ʩʘ ʮʠˀʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ). ʄʝʹʫʪʠʤ, ʧʦʯʝʚ ʦʜ ʪʨʝ˂ʝ ʠʪʝʨʘʮʠʿʝ ʧʨʦʤʝʥˀʠʚʘ 

AC_POWER_PREV ʠʟʙʘʯʝʥʘ ʿʝ ʟʙʦʛ ʚʠʩʦʢʝ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪʠ (ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ 

ʧʨʝʪʭʦʜʥʦʤ ʦʜʝˀʢʫ) ʠ ʟʘʪʦ IRRADIANCE ʦʩʪʘʿʝ ʥʘʿʨʝʣʝʚʘʥʪʥʠʿʘ. ʋ ʪʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʚʠʩʦʢʝ 

p-ʚʨʝʜʥʦʩʪʠ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʟʘ ʧʨʦʤʝʥˀʠʚʫ TIME. ʂʦʝʬʠʮʠʿʝʥʪʠ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʢʨʦʟ ʠʪʝʨʘʮʠʿʝ 

ʦʧʘʜʘʿʫ ʦʜ 98,2% ʜʦ 96,6%, ʘ ʥʘʿʚʝ˂ʠ ʧʘʜ ʟʘʙʝʣʝʞʝʥ ʿʝ ʫʧʨʘʚʦ ʠʟʤʝʹʫ ʜʨʫʛʝ ʠ ʪʨʝ˂ʝ ʠʪʝʨʘʮʠʿʝ, 

ʰʪʦ ʪʘʢʦʹʝ ʫʢʘʟʫʿʝ ʥʘ ʜʦʧʨʠʥʦʩ ʧʨʦʤʝʥˀʠʚʝ AC_POWER_PREV. 

ʊɸɹ. 57: ʅʘʿʚʘʞʥʠʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʨʝʟʫʣʪʘʪʠ ʨʝʛʨʝʩʠʿʝ ʧʦʤʦ˂ʫ ʤʦʜʝʣʘ OLS 

ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʀʪʝʨʘʮʠʿʘ 1 2 3 4 5 6 

ʇʨʦʤʝʥˀʠʚʘ t P>| t| t P>| t| t P>| t| t P>| t| t P>| t| t P>| t| 

MODULE_TEMP. -20,712 0,000           

AC_POWER_PREV 166,513 0,000 164,264 0,000         

WIND_DIRECTION 5,803 0,000 5,663 0,000 7,883 0,000       

AMBIENT_TEMP. 18,469 0,000 -8,351 0,000 8,910 0,000 8,317 0,000     

WIND_SPEED -4,301 0,000 -3,568 0,000 -1,359 0,174 -2,728 0,006 -3,707 0,000   

TIME -11,716 0,000 -10,288 0,000 -0,404 0,686 -0,706 0,480 0,688 0,491   

DAY_OF_YEAR 1,817 0,069 -0,613 0,540 -5,815 0,000 -6,953 0,000 -5,279 0,000   

EFF_PREV 11,222 0,000 8,659 0,000 23,413 0,000 24,108 0,000 25,125 0,000   

IRRADIANCE 160,026 0,000 209,246 0,000 775,244 0,000 774,898 0,000 830,964 0,000 1002,868 0,000 

RĮ 0,982 0,981 0,967 0,967 0,967 0,966 

ʇʨʠʣʘʛʦʹʝʥʦ RĮ 0,982 0,981 0,967 0,967 0,967 0,966 

 

ʋ ʩʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪʠ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʩʫ ʦʜʣʠʯʥʠ, ʘʣʠ ʥʘʿʙʦˀʠ ʢʦʝʬʠʮʠʿʝʥʪʠ 

ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ. ʊʘʢʦʹʝ, ʫ ʩʚʠʤ ʠʪʝʨʘʮʠʿʘʤʘ 

ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ R
2
 ʿʝʜʥʘʢ ʿʝ ʧʨʠʣʘʛʦʹʝʥʦʤ ʢʦʝʬʠʮʠʿʝʥʪʫ ʜʝʪʝʨʤʠʥʘʮʠʿʝ 2

adjR . ʊʦ 

ʟʥʘʯʠ ʜʘ, ʫʦʧʰʪʝʥʦ ʛʦʚʦʨʝ˂ʠ, ʥʝʤʘ ʧʦʪʧʫʥʦ ʠʨʝʣʝʚʘʥʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʪʿ. ʩʚʝ ʢʦʨʠʰ˂ʝʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʙʘʨ ʤʘʣʦ ʫʪʠʯʫ ʥʘ ʧʨʦʛʥʦʟʫ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʦʩʥʦʚʫ t-ʚʨʝʜʥʦʩʪʠ ʠ p-ʚʨʝʜʥʦʩʪʠ 

ʚʠʜʠ ʩʝ ʜʘ ʥʝʢʝ ʦʜ ʧʨʦʤʝʥˀʠʚʠʭ ʠʤʘʿʫ ʥʠʩʢʫ ʨʝʣʝʚʘʥʪʥʦʩʪ. 

ɺʘʞʥʦ ʿʝ ʠʩʪʘ˂ʠ ʜʘ ʦʚʘ ʘʥʘʣʠʟʘ ʚʘʞʠ ʟʘ ʣʠʥʝʘʨʥʝ ʤʦʜʝʣʝ. ɿʘ ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ ʫ ʧʨʠʥʮʠʧʫ ʿʝ 

ʧʦʚʦˀʥʠʿʝ ʘʢʦ ʩʝ ʢʦʨʠʩʪʠ ʚʝ˂ʠ ʙʨʦʿ ʘʪʨʠʙʫʪʘ, ʟʘʪʦ ʰʪʦ ʦʥʘ ʪʨʘʥʩʬʦʨʤʠʰʝ ʘʪʨʠʙʫʪʝ ʢʨʦʟ 

ʥʝʣʠʥʝʘʨʥʝ ʢʦʤʙʠʥʘʮʠʿʝ, ʩʪʚʘʨʘʿʫ˂ʠ ʪʠʤʝ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʠʿʝ ʘʪʨʠʙʫʪʝ ʢʦʿʠ ʫʥʦʩʝ ʚʝ˂ʫ 

ʧʦʫʟʜʘʥʦʩʪ ʫ ʧʨʦʛʥʦʟʫ. 

4.3.6 ˴͍͙͊ͪͭͤ͊͡ ͊ ͙ͤ͊͊͘͡ 

ʆʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ (ʝʥʛʣ. outliers), ʪʿ. ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʨʦʩʝʯʥʠʭ, 

ʤʦʛʫ ʩʝ ʧʨʝʧʦʟʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʪʝʦʨʠʿʝ ʢʚʘʨʪʠʣʘ ʥʘ ʥʘʯʠʥ ʦʧʠʩʘʥ ʫ ʦʜʝˀʢʫ 2.7.4. ʂʫʪʠʿʘʩʪʠ 

ʜʠʿʘʛʨʘʤʠ (ʝʥʛʣ. box plots) ʦʣʘʢʰʘʚʘʿʫ ʚʠʟʫʘʣʠʟʦʚʘˁʝ ʢʚʘʨʪʠʣʘ ʠ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ, ʘ 

ʜʦʧʨʠʥʦʩʝ ʠ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ. ʅʘ ʪʘʢʚʦʤ ʜʠʿʘʛʨʘʤʫ, ʦʢʚʠʨ (Ăʢʫʪʠʿʘò) 
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ʦʟʥʘʯʘʚʘ ʮʝʥʪʨʘʣʥʠʭ 50% ʧʦʜʘʪʘʢʘ, ʪʿ. ʛʨʘʥʠʮʝ ʢʫʪʠʿʝ ʩʫ ʧʨʚʠ ʠ ʪʨʝ˂ʠ ʢʚʘʨʪʠʣ (Q1 ʠ Q3). 

ʃʠʥʠʿʘ ʫ ʢʫʪʠʿʠ ʦʟʥʘʯʘʚʘ ʜʨʫʛʠ ʢʚʘʨʪʠʣ (Q2), ʪʿ. ʤʝʜʠʿʘʥʫ (ʚʨʝʜʥʦʩʪ ʥʘ ʩʨʝʜʠʥʠ ʩʦʨʪʠʨʘʥʦʛ 

ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ). ʂʨʘʮʠ ʦʢʦ ʢʫʪʠʿʝ (ʪʟʚ. Ăʙʨʢʦʚʠò, ʝʥʛʣ. whiskers) ʦʟʥʘʯʘʚʘʿʫ ʥʘʿʤʘˁʫ ʠ ʥʘʿʚʝ˂ʫ 

ʚʨʝʜʥʦʩʪ ʢʦʿʝ ʩʫ ʫʥʫʪʘʨ ʜʦˁʝ ʠ ʛʦʨˁʝ ʛʨʘʥʠʮʝ (ʝʥʛʣ. Lower Fence ï LF, ʠ Upper Fence ï UF), ʘ 

ʝʚʝʥʪʫʘʣʥʝ ʪʘʯʢʝ ʠʟʚʘʥ Ăʙʨʢʦʚʘò ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ [175], [176]. 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʪʘʢʦʹʝ ʩʫ ʜʘʪʠ ʩʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʪʦʢʫ 

ʧʨʝʜʦʙʨʘʜʝ. ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʟʘ ʢʦʤʧʣʝʪʘʥ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ ʜʘʪʠ ʩʫ ʫ 

ʦʜʝˀʢʫ 4.4. 

4.3.6.1 ˴͍͙͊ͪͭͤ͊͡ ͊ ͙ͤ͊͊͘͡ ͘  ͊ͨ ͍͙ͪ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ ς ͔ ͔ͭͪ͊ͤ͊͟͡ 1 

ʅʘ ʉʃ. 73 ʜʘʪʠ ʩʫ ʢʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʧʨʚʫ ʝʣʝʢʪʨʘʥʫ ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʉʘ ʜʠʿʘʛʨʘʤʘ 

ʩʝ ʚʠʜʠ ʜʘ ʠʤʘ ʚʝʦʤʘ ʤʘʣʦ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ, ʘ ʪʦ ʧʦʪʚʨʹʫʿʝ ʠ ʊɸɹ. 58. 

 
ʉʃ. 73: ʂʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʚʠ ʟʘʧʠʩʠ) 

ʊɸɹ. 58: ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʚʠ ʟʘʧʠʩʠ) 

ʇʨʦʤʝʥˀʠʚʘ ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

AMBIENT_TEMPERATURE 0 

MODULE_TEMPERATURE 0 

IRRADIANCE 2 

TIME 0 

DAY_OF_YEAR 0 

AC_POWER_PREV 0 

EFF_PREV 0 

 

ʄʝʹʫʪʠʤ, ʩʘ ʜʠʿʘʛʨʘʤʘ ʩʝ ʪʘʢʦʹʝ ʚʠʜʠ ʜʘ ʥʘ ʨʘʩʧʦʜʝʣʫ ʧʦʜʘʪʘʢʘ ʠ ʦʚʫ ʘʥʘʣʠʟʫ ʙʠʪʥʦ ʫʪʠʯʝ 

ʰʪʦ ʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʠ ʧʝʨʠʦʜʠ ʫ ʢʦʿʠʤʘ ʥʝʤʘ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʥʠ ʛʝʥʝʨʠʩʘʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʅʧʨ. ʤʝʜʠʿʘʥʝ ʟʘ ʧʨʦʤʝʥˀʠʚʝ IRRADIANCE ʠ AC_POWER_PREV 

ʙʣʠʩʢʝ ʩʫ ʥʫʣʠ, h ʪʦ ʿʝ ʥʝʨʝʘʣʥʦ ʟʘ ʧʝʨʠʦʜ ʢʦʿʠ ʿʝ ʥʘʿʙʠʪʥʠʿʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʦʚʦʛ ʨʘʜʘ. 

ʈʘʜʠ ʧʨʝʮʠʟʥʠʿʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʩʧʨʦʚʝʜʝʥʝ ʩʫ ʠ ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʢʦʿʠʤʘ ʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʩʘʤʦ ʧʝʨʠʦʜʠ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʛʝʥʝʨʠʩʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋ ʊɸɹ. 

59 ʜʘʪʠ ʩʫ ʟʙʠʨʦʚʠ ʛʝʥʝʨʠʩʘʥʝ AC ʩʥʘʛʝ ʧʦ 15-ʤʠʥʫʪʥʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʟʘ ʯʠʪʘʚ ʧʝʨʠʦʜ 

ʦʙʫʭʚʘ˂ʝʥ ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ. ʀʟ ʪʘʙʝʣʝ ʩʝ ʚʠʜʠ ʜʘ ʙʘʨ ʤʘʣʦ ʛʝʥʝʨʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 
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ʧʦʩʪʦʿʠ ʫ ʠʥʪʝʨʚʘʣʠʤʘ ʢʦʿʠ ʧʦʯʠˁʫ ʦʜ 6:00 ʜʦ 18:30. ʅʘʢʦʥ ʜʦʜʘʪʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʙʨʦʿʘ ʟʘʧʠʩʘ 

ʙʝʟ ʛʝʥʝʨʠʩʘʥʝ ʩʥʘʛʝ ʫ ʪʦʤ ʧʝʨʠʦʜʫ, ʠʟʘʙʨʘʥʠ ʩʫ ʠʥʪʝʨʚʘʣʠ ʢʦʿʠ ʧʦʯʠˁʫ ʦʜ 6:15 ʜʦ 18:15. 

ʉʨʝʜʠʥʘ ʪʦʛ ʧʝʨʠʦʜʘ ʿʝ ʫ 12:15, ʘʣʠ ʟʙʠʨ ʿʝ ʥʘʿʚʝ˂ʠ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 11:15. 

ʊɸɹ. 59: ʋʢʫʧʥʘ AC ʩʥʘʛʘ ʧʦ ʠʥʪʝʨʚʘʣʠʤʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ 

ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ 

0:00 0,00 6:00 228,21 12:00 32444,21 18:00 1851,14 

0:15 0,00 6:15 1090,17 12:15 31446,37 18:15 845,16 

0:30 0,00 6:30 2115,83 12:30 31686,35 18:30 140,62 

0:45 0,00 6:45 3610,08 12:45 32710,49 18:45 0,00 

1:00 0,00 7:00 5521,96 13:00 32013,45 19:00 0,00 

1:15 0,00 7:15 7448,07 13:15 31188,09 19:15 0,00 

1:30 0,00 7:30 9038,14 13:30 29223,09 19:30 0,00 

1:45 0,00 7:45 11273,63 13:45 29841,07 19:45 0,00 

2:00 0,00 8:00 13685,33 14:00 27525,06 20:00 0,00 

2:15 0,00 8:15 16118,38 14:15 25933,65 20:15 0,00 

2:30 0,00 8:30 18235,20 14:30 25969,23 20:30 0,00 

2:45 0,00 8:45 19820,41 14:45 23825,64 20:45 0,00 

3:00 0,00 9:00 22333,23 15:00 23808,27 21:00 0,00 

3:15 0,00 9:15 23585,03 15:15 20898,44 21:15 0,00 

3:30 0,00 9:30 25299,80 15:30 20533,36 21:30 0,00 

3:45 0,00 9:45 25314,09 15:45 18244,98 21:45 0,00 

4:00 0,00 10:00 26479,19 16:00 16466,71 22:00 0,00 

4:15 0,00 10:15 27799,46 16:15 13918,34 22:15 0,00 

4:30 0,00 10:30 30252,39 16:30 12058,67 22:30 0,00 

4:45 0,00 10:45 31514,10 16:45 10400,55 22:45 0,00 

5:00 0,00 11:00 31884,48 17:00 8399,96 23:00 0,00 

5:15 0,00 11:15 33022,87 17:15 6539,02 23:15 0,00 

5:30 0,00 11:30 32619,94 17:30 4849,92 23:30 0,00 

5:45 0,00 11:45 32019,82 17:45 3227,72 23:45 0,00 

 

ʂʘʜʘ ʩʝ ʟʘ ʧʨʚʫ ʝʣʝʢʪʨʘʥʫ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʫʟʤʝ ʫ ʦʙʟʠʨ ʩʘʤʦ ʠʟʘʙʨʘʥʠ ʧʝʨʠʦʜ (ʦʜ 6:15 

ʜʦ 18:15), ʦʩʪʘʿʝ 1637 ʟʘʧʠʩʘ. ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʪʠʭ ʧʦʜʘʪʘʢʘ ʜʘʪʠ ʩʫ ʫ ʊɸɹ. 60, ʢʫʪʠʿʘʩʪʠ 

ʜʠʿʘʛʨʘʤʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʃ. 74, ʘ ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʊɸɹ. 61. 

ʊɸɹ. 60: ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʫ ʝʣʝʢʪʨʘʥʠ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

 
IRRADIANCE 

(W/m2) 

MODULE_ 

TEMP. (ÁC) 

AMBIENT_ 

TEMP. (ÁC) 

AC_POWER_ 

PREV (kW) 
EFF_PREV 

AC_POWER 

(kW) 

ɿʘʧʠʩʘ 1637 1637 1637 1637 1637 1637 

ʉʨʝʜ. ʚʨ. 443,8744 40,2010 27,6887 589,6845 0,9711 590,0614 

ʉʪʘʥ. ʜʝʚ. 283,6470 10,9162 3,1383 361,1878 0,0754 360,5918 

ʄʠʥ. 0,3286 18,7289 20,8384 0 0 0 

25% 193,7693 30,7913 25,4051 261,1851 0,9761 261,1851 

50% 437,6690 40,7786 27,7427 606,5544 0,9785 606,5544 

75% 661,3622 48,4874 29,9117 872,1119 0,9802 872,1119 

ʄʘʢʩ. 1221,6518 65,5457 35,2525 1394,7520 0,9831 1394,7520 

 

ʀʟ ʢʫʪʠʿʘʩʪʠʭ ʜʠʿʘʛʨʘʤʘ ʚʠʜʠ ʩʝ ʜʘ ʩʫ ʨʘʩʧʦʜʝʣʝ ʧʦʜʘʪʘʢʘ ʩʘʜʘ ʩʣʠʯʥʠʿʝ ʥʦʨʤʘʣʥʦʿ. ʊʘʢʦʹʝ, 

ʥʝʤʘ ʚʠʰʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥˀʠʚʫ IRRADIANCE, ʘʣʠ ʩʘʜʘ ʧʦʩʪʦʿʝ 

ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥˀʠʚʫ EFF_PREV. ʊʦ ʩʝ ʤʦʞʝ ʧʨʦʪʫʤʘʯʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʝ EFF_PREV ʚʝʦʤʘ ʛʨʫʧʠʩʘʥʝ, h ʪʦ ʩʝ ʚʠʜʠ ʠ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʫʪʠʿʘʩʪʦʛ 
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ʜʠʿʘʛʨʘʤʘ. ʀʥʪʝʨʢʚʘʨʪʠʣʥʦ ʨʘʩʪʦʿʘˁʝ ʟʘ ʧʨʦʤʝʥˀʠʚʫ EFF_PREV ʚʝʦʤʘ ʿʝ ʤʘʣʦ ï ʠʟʥʦʩʠ ʩʘʤʦ 

ʦʢʦ 0,004. ʉʘʤʠʤ ʪʠʤ, ʫ ʩʣʫʯʘʿʫ ʪʝ ʧʨʦʤʝʥˀʠʚʝ ʦʚʘ ʤʝʪʦʜʘ ʧʨʦʛʣʘʰʘʚʘ ʥʝʨʝʘʣʥʦ ʤʥʦʛʦ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʜʩʪʫʧʘʿʫ˂ʝ. ɼʦʜʘʪʥʦʤ ʘʥʘʣʠʟʦʤ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʦʢʦ 96% ʪʠʭ Ăʦʜʩʪʫʧʘʿʫ˂ʠʭò 

ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʩʪʠ ʟʘʧʨʘʚʦ ʩʘʩʚʠʤ ʧʨʠʭʚʘʪˀʠʚʝ. ʆʩʠʤ ʪʦʛʘ, ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʛʣʘʰʝʥʝ ʟʘ 

ʦʜʩʪʫʧʘʿʫ˂ʝ ʿʘʚʠʣʝ ʩʫ ʩʝ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʠʣʠ ʢʨʘʿʫ, ʠʣʠ ʙʣʠʟʫ ʧʦʯʝʪʢʘ ʠʣʠ ʢʨʘʿʘ ʛʝʥʝʨʠʩʘˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ ʜʘʥʘ, ʜʘʢʣʝ, ʫ ʧʨʝʣʘʟʥʠʤ ʧʝʨʠʦʜʠʤʘ ʢʘʜʘ ʩʝ ʧʦ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʘ 

ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʠʟʚʝʩʥʘ ʦʜʩʪʫʧʘˁʘ ʠ ʥʝʩʪʘʙʠʣʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨʫ ʪʝ ʧʨʦʤʝʥˀʠʚʝ ʚʠʜʠ ʩʝ ʜʘ 

ʥʠʿʝ ʤʦʛʫ˂ʝ ʿʝʜʥʠʤ ʧʨʘʚʠʣʦʤ (ʪʿ. ʬʠʢʩʥʠʤ ʬʘʢʪʦʨʦʤ ʦʜ 1,5) ʦʙʫʭʚʘʪʠʪʠ ʩʚʝ ʩʠʪʫʘʮʠʿʝ, ʘʣʠ ʫ 

ʚʝʣʠʢʦʿ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʪʦ ʧʨʘʚʠʣʦ ʜʘʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʨʝʟʫʣʪʘʪʝ. 

 
ʉʃ. 74: ʂʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

ʊɸɹ. 61: ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

ʇʨʦʤʝʥˀʠʚʘ ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

AMBIENT_TEMPERATURE 0 

MODULE_TEMPERATURE 0 

IRRADIANCE 0 

TIME 0 

DAY_OF_YEAR 0 

AC_POWER_PREV 0 

EFF_PREV 137 
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4.3.6.2 ˴͍͙͊ͪͭͤ͊͡ ͊ ͙ͤ͊͊͘͡ ͘  ͊ͨ ͍͙ͪ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ ς ͔ ͔ͭͪ͊ͤ͊͟͡ 2 

ʉʘ ʉʃ. 75 ʠ ʠʟ ʊɸɹ. 62 ʚʠʜʠ ʩʝ ʜʘ ʠ ʫ ʝʣʝʢʪʨʘʥʠ 2, ʢʘʜʘ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʩʚʠ ʟʘʧʠʩʠ, ʠʤʘ ʚʝʦʤʘ 

ʤʘʣʦ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ, ʠ ʪʦ ʟʘ ʧʨʦʤʝʥˀʠʚʝ IRRADIANCE ʠ MODULE_TEMPERATU-

RE. 

 
ʉʃ. 75: ʂʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʚʠ ʟʘʧʠʩʠ) 

ʊɸɹ. 62: ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʚʠ ʟʘʧʠʩʠ) 

ʇʨʦʤʝʥˀʠʚʘ ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

AMBIENT_TEMPERATURE 0 

MODULE_TEMPERATURE 2 

IRRADIANCE 1 

TIME 0 

DAY_OF_YEAR 0 

AC_POWER_PREV 0 

EFF_PREV 0 

 

ɸʥʘʣʠʟʘ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʪʘʢʦʹʝ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʠ ʩʘʤʦ ʟʘ ʟʘʧʠʩʝ ʧʨʠʢʫʧˀʝʥʝ ʪʦʢʦʤ 

ʜʘʥʘ, ʪʿ. ʫ ʧʝʨʠʦʜʫ ʪʦʢʦʤ ʢʦʛ ʩʦʣʘʨʥʘ ʝʣʝʢʪʨʘʥʘ ʧʨʦʠʟʚʦʜʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ʋ ʊɸɹ. 63 ʜʘʪʠ 

ʩʫ ʟʙʠʨʦʚʠ ʛʝʥʝʨʠʩʘʥʝ AC ʩʥʘʛʝ ʧʦ 15-ʤʠʥʫʪʥʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʟʘ ʯʠʪʘʚ ʧʝʨʠʦʜ ʦʙʫʭʚʘ˂ʝʥ 

ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ. ʋ ʪʦʿ ʝʣʝʢʪʨʘʥʠ ʙʘʨ ʤʘʣʦ ʛʝʥʝʨʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʘʚʠʣʦ ʩʝ ʫ 

ʠʥʪʝʨʚʘʣʠʤʘ ʢʦʿʠ ʧʦʯʠˁʫ ʦʜ 5:45 ʜʦ 18:45; ʤʝʹʫʪʠʤ, ʚʨʝʜʥʦʩʪʠ ʛʝʥʝʨʠʩʘʥʝ ʩʥʘʛʝ ʟʘʙʝʣʝʞʝʥʝ 

ʫ 5:45 ʠ 18:45 ʙʠʣʝ ʩʫ ʟʘʥʝʤʘʨˀʠʚʝ. ʅʘʢʦʥ ʜʦʜʘʪʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʙʨʦʿʘ ʟʘʧʠʩʘ ʙʝʟ ʛʝʥʝʨʠʩʘʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʤ ʧʝʨʠʦʜʫ, ʟʙʦʛ ʥʝʰʪʦ ʚʝ˂ʝ ʥʝʫʿʝʜʥʘʯʝʥʦʩʪʠ ʧʦʯʝʪʘʢʘ ʠ ʢʨʘʿʝʚʘ 

ʛʝʥʝʨʠʩʘˁʘ, ʠʟʘʙʨʘʥʠ ʩʫ ʠʥʪʝʨʚʘʣʠ ʢʦʿʠ ʧʦʯʠˁʫ ʦʜ 6:30 ʜʦ 18:00. ʉʨʝʜʠʥʘ ʪʦʛ ʧʝʨʠʦʜʘ ʿʝ ʫ 

12:15, ʘ ʫ ʪʦʤ ʠʥʪʝʨʚʘʣʫ ʟʘʙʝʣʝʞʝʥ ʿʝ ʠ ʥʘʿʚʝ˂ʠ ʟʙʠʨ. ʇʨʦʩʝʯʥʝ ʩʥʘʛʝ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ ʧʦ 

ʩʘʪʠʤʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʉʃ. 76. 
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ʊɸɹ. 63: ʋʢʫʧʥʘ AC ʩʥʘʛʘ ʧʦ ʠʥʪʝʨʚʘʣʠʤʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ 

ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ 

0:00 0,00 6:00 367,95 12:00 33277,57 18:00 2310,89 

0:15 0,00 6:15 1274,64 12:15 35024,64 18:15 1285,46 

0:30 0,00 6:30 2399,44 12:30 34460,97 18:30 491,39 

0:45 0,00 6:45 3811,94 12:45 33044,29 18:45 28,16 

1:00 0,00 7:00 5342,94 13:00 31747,28 19:00 0,00 

1:15 0,00 7:15 7177,62 13:15 32434,69 19:15 0,00 

1:30 0,00 7:30 9298,56 13:30 29898,49 19:30 0,00 

1:45 0,00 7:45 11362,71 13:45 28661,49 19:45 0,00 

2:00 0,00 8:00 13663,70 14:00 28547,02 20:00 0,00 

2:15 0,00 8:15 16116,23 14:15 27188,16 20:15 0,00 

2:30 0,00 8:30 18925,33 14:30 24725,68 20:30 0,00 

2:45 0,00 8:45 20500,94 14:45 23932,11 20:45 0,00 

3:00 0,00 9:00 23183,42 15:00 23279,92 21:00 0,00 

3:15 0,00 9:15 23307,01 15:15 20914,43 21:15 0,00 

3:30 0,00 9:30 25205,07 15:30 19677,54 21:30 0,00 

3:45 0,00 9:45 26494,41 15:45 18804,40 21:45 0,00 

4:00 0,00 10:00 28030,40 16:00 15115,69 22:00 0,00 

4:15 0,00 10:15 29564,44 16:15 14614,78 22:15 0,00 

4:30 0,00 10:30 30741,76 16:30 12843,18 22:30 0,00 

4:45 0,00 10:45 29417,44 16:45 11302,65 22:45 0,00 

5:00 0,00 11:00 31089,63 17:00 8955,75 23:00 0,00 

5:15 0,00 11:15 32691,05 17:15 6652,07 23:15 0,00 

5:30 0,00 11:30 33914,39 17:30 5192,04 23:30 0,00 

5:45 0,43 11:45 32662,31 17:45 3622,67 23:45 0,00 

 
ʉʃ. 76: ʇʨʦʩʝʯʥʝ AC ʩʥʘʛʝ ʧʦ ʩʘʪʠʤʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ 

ʂʘʜʘ ʩʝ ʟʘ ʜʨʫʛʫ ʝʣʝʢʪʨʘʥʫ ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʫʟʤʝ ʫ ʦʙʟʠʨ ʩʘʤʦ ʠʟʘʙʨʘʥʠ ʧʝʨʠʦʜ (ʦʜ 

6:30 ʜʦ 18:00), ʦʩʪʘʿʫ 1584 ʟʘʧʠʩʘ. ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʪʠʭ ʧʦʜʘʪʘʢʘ ʜʘʪʠ ʩʫ ʫ ʊɸɹ. 64, ʢʫʪʠʿʘʩʪʠ 

ʜʠʿʘʛʨʘʤʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʃ. 77, ʘ ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʊɸɹ. 65. 

ʀ ʫ ʩʣʫʯʘʿʫ ʜʨʫʛʝ ʝʣʝʢʪʨʘʥʝ, ʢʘʜʘ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʩʘʤʦ ʟʘʧʠʩʠ ʧʨʠʢʫʧˀʝʥʠ ʪʦʢʦʤ ʜʘʥʘ, ʥʝʤʘ 

ʚʠʰʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥˀʠʚʝ IRRADIANCE ʠ MODULE_TEMPERATURE, 

ʘʣʠ ʩʝ ʿʘʚˀʘʿʫ ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥˀʠʚʫ EFF_PREV. ɺʘʞʝ ʩʢʦʨʦ ʩʚʝ ʠʩʪʝ 

ʥʘʧʦʤʝʥʝ ʢʘʦ ʢʦʜ ʧʨʚʝ ʝʣʝʢʪʨʘʥʝ: ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʝ EFF_PREV ʚʝʦʤʘ ʩʫ ʛʨʫʧʠʩʘʥʝ, 

ʠʥʪʝʨʢʚʘʨʪʠʣʥʦ ʨʘʩʪʦʿʘˁʝ ʪʘʢʦʹʝ ʠʟʥʦʩʠ ʩʘʤʦ ʦʢʦ 0,004, ʘ ʚʨʝʜʥʦʩʪʠ ʢʚʘʨʪʠʣʘ ʩʢʦʨʦ ʩʫ ʠʩʪʝ 

ʢʘʦ ʟʘ ʧʨʚʫ ʝʣʝʢʪʨʘʥʫ. ʆʜ ʚʨʝʜʥʦʩʪʠ ʧʨʦʛʣʘʰʝʥʠʭ ʟʘ ʦʜʩʪʫʧʘʿʫ˂ʝ, ʫ 4 ʟʘʧʠʩʘ ʨʘʜʠ ʩʝ ʦ ʥʫʣʪʠʤ 
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ʚʨʝʜʥʦʩʪʠʤʘ ʟʘʙʝʣʝʞʝʥʠʤ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʨʘʜʘ, ʘ ʩʚʝ ʦʩʪʘʣʝ Ăʦʜʩʪʫʧʘʿʫ˂ʝò ʝʬʠʢʘʩʥʦʩʪʠ 

ʟʘʧʨʘʚʦ ʩʫ ʩʘʩʚʠʤ ʧʨʠʭʚʘʪˀʠʚʝ. 

ʊɸɹ. 64: ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʫ ʝʣʝʢʪʨʘʥʠ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

 
IRRADIANCE 

(W/m2) 

MODULE_ 

TEMP. (ÁC) 

AMBIENT_ 

TEMP. (ÁC) 

AC_POWER_ 

PREV (kW) 
EFF_PREV 

AC_POWER 

(kW) 

ɿʘʧʠʩʘ 1584 1584 1584 1584 1584 1584 

ʉʨʝʜ. ʚʨ. 473,4978 41,3702 30,4770 618,7455 0,9747 619,3997 

ʉʪʘʥ. ʜʝʚ. 292,9688 10,5261 3,8930 373,6096 0,0495 372,6511 

ʄʠʥ. 0 21,1217 22,0126 0 0 0 

25% 214,3282 32,6828 27,3269 285,0754 0,9757 285,0754 

50% 447,1517 40,6833 30,2848 600,4120 0,9783 600,4120 

75% 744,3152 50,3408 33,6523 938,5499 0,9802 938,5499 

ʄʘʢʩ. 1098,7660 66,6360 39,1816 1308,2733 0,9974 1308,2733 

ʊɸɹ. 65: ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

ʇʨʦʤʝʥˀʠʚʘ ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

AMBIENT_TEMPERATURE 0 

MODULE_TEMPERATURE 0 

IRRADIANCE 0 

TIME 0 

DAY_OF_YEAR 0 

AC_POWER_PREV 0 

EFF_PREV 92 

 
ʉʃ. 77: ʂʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʝʣʝʢʪʨʘʥʫ 2 ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 
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4.3.6.3 ˴͍͙͊ͪͭͤ͊͡ ͊ ͙ͤ͊͊͘͡ ͘  ͊͒ ͎͙ͪͯ ͫ ͯͨ͟ ͨ ͦ͒͊ͭ͊͊͟ 

ʋ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʢʘʜʘ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʩʚʠ ʟʘʧʠʩʠ, ʥʘʨʦʯʠʪʦ ʜʦʣʘʟʝ ʜʦ ʠʟʨʘʞʘʿʘ 

ʥʝʨʝʘʣʥʦ ʥʠʩʢʠ ʢʚʘʨʪʠʣʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʰʪʦ ʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʠ ʧʝʨʠʦʜʠ ʫ ʢʦʿʠʤʘ ʥʝʤʘ 

ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʥʠ ʛʝʥʝʨʠʩʘˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʉʃ. 78 ʠ ʊɸɹ. 66, 

ʩʢʦʨʦ ʟʘ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ. 

 
ʉʃ. 78: ʂʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ (ʩʚʠ ʟʘʧʠʩʠ) 

ʊɸɹ. 66: ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ (ʩʚʠ ʟʘʧʠʩʠ) 

ʇʨʦʤʝʥˀʠʚʘ ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

WIND_DIRECTION 0 

WIND_SPEED 1932 

IRRADIANCE 5334 

MODULE_TEMPERATURE 1076 

AMBIENT_TEMPERATURE 46 

TIME 0 

DAY_OF_YEAR 0 

AC_POWER_PREV 5042 

EFF_PREV 0 

 

ɿʘʪʦ ʿʝ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʙʠʣʦ ʥʘʨʦʯʠʪʦ ʙʠʪʥʦ ʜʘ ʩʝ ʘʥʘʣʠʟʘ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʩʧʨʦʚʝʜʝ ʠ ʩʘʤʦ ʟʘ ʧʝʨʠʦʜ ʪʦʢʦʤ ʢʦʛ ʧʦʩʪʦʿʠ ʛʝʥʝʨʠʩʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋ ʊɸɹ. 67 ʜʘʪʠ 

ʩʫ ʟʙʠʨʦʚʠ ʛʝʥʝʨʠʩʘʥʝ AC ʩʥʘʛʝ ʧʦ 15-ʤʠʥʫʪʥʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʟʘ ʯʠʪʘʚ ʧʝʨʠʦʜ ʦʙʫʭʚʘ˂ʝʥ 

ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ. ɹʘʨ ʤʘʣʦ ʛʝʥʝʨʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʘʚʠʣʦ ʩʝ ʫ ʠʥʪʝʨʚʘʣʠʤʘ ʢʦʿʠ 

ʧʦʯʠˁʫ ʦʜ 2:30 ʜʦ 18:30 (ʩʚʘ ʚʨʝʤʝʥʘ ʥʘʚʝʜʝʥʘ ʩʫ ʧʦ ʟʠʤʩʢʦʤ ʨʘʯʫʥʘˁʫ). ʄʝʹʫʪʠʤ, ʥʘʢʦʥ 

ʜʦʜʘʪʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʙʨʦʿʘ ʟʘʧʠʩʘ ʙʝʟ ʛʝʥʝʨʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʤ ʧʝʨʠʦʜʫ, 

ʠʟʘʙʨʘʥʠ ʩʫ ʠʥʪʝʨʚʘʣʠ ʢʦʿʠ ʧʦʯʠˁʫ ʦʜ 6:15 ʜʦ 14:45. ʉʨʝʜʠʥʘ ʪʦʛ ʧʝʨʠʦʜʘ ʿʝ ʫ 10:30, ʘ ʫ ʪʦʤ 

ʠʥʪʝʨʚʘʣʫ ʟʘʙʝʣʝʞʝʥ ʿʝ ʠ ʥʘʿʚʝ˂ʠ ʟʙʠʨ. 
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ʊɸɹ. 67: ʋʢʫʧʥʘ AC ʩʥʘʛʘ ʧʦ ʠʥʪʝʨʚʘʣʠʤʘ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ ɺʨʝʤʝ ʋʢ. ʩʥʘʛʘ 

0:00 0,00 6:00 2407,06 12:00 7364,96 18:00 13,90 

0:15 0,00 6:15 2948,31 12:15 7013,92 18:15 3,93 

0:30 0,00 6:30 3462,26 12:30 6670,74 18:30 0,73 

0:45 0,00 6:45 3948,40 12:45 6218,64 18:45 0,00 

1:00 0,00 7:00 4566,48 13:00 5746,83 19:00 0,00 

1:15 0,00 7:15 5127,50 13:15 5227,45 19:15 0,00 

1:30 0,00 7:30 5601,84 13:30 4899,54 19:30 0,00 

1:45 0,00 7:45 6162,51 13:45 4462,98 19:45 0,00 

2:00 0,00 8:00 6624,53 14:00 3909,51 20:00 0,00 

2:15 0,00 8:15 7042,50 14:15 3355,08 20:15 0,00 

2:30 0,16 8:30 7374,82 14:30 2813,69 20:30 0,00 

2:45 3,35 8:45 7888,56 14:45 2366,98 20:45 0,00 

3:00 11,23 9:00 8119,75 15:00 1959,45 21:00 0,00 

3:15 33,44 9:15 8370,88 15:15 1544,88 21:15 0,00 

3:30 65,04 9:30 8503,74 15:30 1228,59 21:30 0,00 

3:45 108,70 9:45 8593,88 15:45 910,75 21:45 0,00 

4:00 161,41 10:00 8755,18 16:00 658,66 22:00 0,00 

4:15 239,33 10:15 8815,16 16:15 466,19 22:15 0,00 

4:30 355,50 10:30 8837,51 16:30 325,78 22:30 0,00 

4:45 519,29 10:45 8684,99 16:45 231,07 22:45 0,00 

5:00 772,84 11:00 8559,76 17:00 163,68 23:00 0,00 

5:15 1127,94 11:15 8245,54 17:15 111,76 23:15 0,00 

5:30 1540,10 11:30 8045,94 17:30 65,47 23:30 0,00 

5:45 1979,85 11:45 7720,59 17:45 33,77 23:45 0,00 

 

ʂʘʜʘ ʩʝ ʠʟ ʜʨʫʛʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʧʦʩʤʘʪʨʘʿʫ ʩʘʤʦ ʟʘʧʠʩʠ ʫ ʠʟʘʙʨʘʥʦʤ ʧʝʨʠʦʜʫ (ʦʜ 6:15 ʜʦ 

14:45), ʦʩʪʘʿʝ 12 810 ʟʘʧʠʩʘ. ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʪʠʭ ʧʦʜʘʪʘʢʘ ʜʘʪʠ ʩʫ ʫ ʊɸɹ. 68, ʢʫʪʠʿʘʩʪʠ 

ʜʠʿʘʛʨʘʤʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʃ. 79, ʘ ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʊɸɹ. 69. 

ʊɸɹ. 68: ʉʪʘʪʠʩʪʠʯʢʠ ʦʧʠʩʠ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʫ ʜʨʫʛʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

 
IRRADIANCE 

(W/m2) 

MODULE_ 

TEMP. (ÁC) 

AMBIENT_ 

TEMP. (ÁC) 

AC_POWER_ 

PREV (kW) 
EFF_PREV 

AC_POWER 

(kW) 

ɿʘʧʠʩʘ 12 810 12 810 12 810 12 810 12 810 12 810 

ʉʨʝʜ. ʚʨ. 406,7478 27,0790 17,5017 17,3373 0,9805 17,3342 

ʉʪʘʥ. ʜʝʚ. 322,7600 15,9320 9,8406 13,1298 0,0156 13,1293 

ʄʠʥ. 0,0741 -4,7209 -2,9014 0 0 0,0032 

25% 98,0163 13,1699 9,2829 4,5548 0,9798 4,5674 

50% 347,2237 26,2057 17,6617 15,8676 0,9809 15,8910 

75% 698,8869 40,4386 25,3844 28,8528 0,9820 28,8528 

ʄʘʢʩ. 1107,4278 62,7144 47,2820 47,4297 0,9999 47,4297 

 

ʂʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʩʘ ʦʙʝ ʝʣʝʢʪʨʘʥʝ ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʠ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʥʘʪʥʦ ʩʝ ʤʝˁʘʿʫ ʢʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʩʘʤʦ ʟʘʧʠʩʠ ʧʨʠʢʫʧˀʝʥʠ ʪʦʢʦʤ 

ʜʘʥʘ. ɿʘ ʧʨʦʤʝʥˀʠʚʝ IRRADIANCE, MODULE_TEMPERATURE, AMBIENT_TEMPERA-

TURE ʠ AC_POWER_PREV ʥʝʤʘ ʚʠʰʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ, ʟʘ ʧʨʦʤʝʥˀʠʚʫ 

WIND_SPEED ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʿʝ ʤʘˁʠ, ʘʣʠ ʟʘ ʧʨʦʤʝʥˀʠʚʫ EFF_PREV 

ʧʨʠʿʘʚˀʝʥ ʿ ʝ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʠ ʙʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ h ʪʦ ʧʨʦʤʝʥˀʠʚʘ 

WIND_SPEED ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠ ʫʪʠʮʘʿ ʥʘ ʮʠˀʥʫ ʧʨʦʤʝʥˀʠʚʫ, ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʫ 
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ʧʨʦʤʝʥˀʠʚʫ ʥʠʩʫ ʜʦʜʘʪʥʦ ʘʥʘʣʠʟʠʨʘʥʝ, ʘ ʠ ʣʦʛʠʯʢʠ ʿ ʝ ʨʘʟʫʤˀʠʚʦ ʜʘ ʪʝ ʦʜʩʪʫʧʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ 

ʦʜʛʦʚʘʨʘʿʫ ʫʜʘʨʠʤʘ ʚʝʪʨʘ. 

 
ʉʃ. 79: ʂʫʪʠʿʘʩʪʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

ʊɸɹ. 69: ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ (ʩʘʤʦ ʪʦʢʦʤ ʜʘʥʘ) 

ʇʨʦʤʝʥˀʠʚʘ ɹʨʦʿ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

WIND_DIRECTION 0 

WIND_SPEED 702 

IRRADIANCE 0 

MODULE_TEMPERATURE 0 

AMBIENT_TEMPERATURE 0 

TIME 0 

DAY_OF_YEAR 0 

AC_POWER_PREV 0 

EFF_PREV 2148 

 

ʋ ʩʣʫʯʘʿʫ ʧʨʦʤʝʥˀʠʚʝ EFF_PREV ʚʘʞʝ ʩʢʦʨʦ ʩʚʝ ʥʘʧʦʤʝʥʝ ʢʘʦ ʢʦʜ ʦʙʝ ʝʣʝʢʪʨʘʥʝ ʠʟ ʧʨʚʦʛ 

ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ɺʨʝʜʥʦʩʪʠ ʪʝ ʧʨʦʤʝʥˀʠʚʝ ʿʦʰ ʠʟʨʘʞʝʥʠʿʝ ʩʫ ʛʨʫʧʠʩʘʥʝ ʥʝʛʦ ʫ ʧʨʚʦʤ ʩʢʫʧʫ 

ʧʦʜʘʪʘʢʘ ï ʠʥʪʝʨʢʚʘʨʪʠʣʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʥʦʩʠ ʩʘʤʦ ʦʢʦ 0,002. ʊʦʣʠʢʘ ʩʪʘʙʠʣʥʦʩʪ ʠ 

ʫʿʝʜʥʘʯʝʥʦʩʪ ʿʝ ʥʝʦʯʝʢʠʚʘʥʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʙʨʦʿ ʟʘʧʠʩʘ ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʦʙʫʭʚʘʪʘ 

ʯʠʪʘʚʫ ʛʦʜʠʥʫ. ɺʨʝʜʥʦʩʪʠ ʢʚʘʨʪʠʣʘ ʩʣʠʯʥʝ ʩʫ ʢʘʦ ʢʦʜ ʦʙʝ ʝʣʝʢʪʨʘʥʝ ʠʟ ʧʨʚʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. 

ʆʜ ʯʘʢ 2148 ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ, 3 ʩʫ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʩʝ ʿʘʚʠʣʝ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ 

ʛʝʥʝʨʠʩʘˁʘ, ʰʪʦ ʿʝ ʦʯʝʢʠʚʘʥʦ. ʉʚʠʭ ʦʩʪʘʣʠʭ 2145 Ăʦʜʩʪʫʧʘʿʫ˂ʠʭò ʝʬʠʢʘʩʥʦʩʪʠ ʠʟʥʦʩʝ ʦʜ ʦʢʦ 

0,95 ʜʦ ʥʝʰʪʦ ʤʘˁʝ ʦʜ 1, ʰʪʦ ʿʝ ʩʘʩʚʠʤ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʠ ʥʝ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʧʦʛʨʝʰʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ. ʂʘʦ h ʪʦ ʿ ʝ ʚʝ˂ ʨʝʯʝʥʦ, ʥʘ ʧʨʠʤʝʨʫ ʪʝ ʧʨʦʤʝʥˀʠʚʝ ʚʠʜʠ ʩʝ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʿ ʝʜʥʠʤ 

ʧʨʘʚʠʣʦʤ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʜʩʪʫʧʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʦʙʫʭʚʘʪʠʪʠ ʩʚʝ ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʿ ʘʚʠʪʠ. 

4.4 ˽͔ͪ͒ͦ͋ͪ͊͒͊ ͨ ͦ͒͊ͭ͊͊͟ 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ʠʩʪʨʘʞʠʚʘʯʢʘ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʚʨʰʠ ʩʝ ʫʧʦʨʝʜʦ ʩʘ ʧʨʝʜʦʙʨʘʜʦʤ ʠ 

ʫʩʤʝʨʘʚʘ ʿʝ ʩʚʦʿʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʘ ʧʦʿʝʜʠʥʝ ʬʘʟʝ ʠʩʪʨʘʞʠʚʘʯʢʝ ʘʥʘʣʠʟʝ ʠ ʧʨʝʜʦʙʨʘʜʝ ʚʨʰʝ ʩʝ 

ʠʪʝʨʘʪʠʚʥʦ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘʯʢʝ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ, ʟʘ ʧʨʚʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ 

ʠʟʚʨʰʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʢʦʨʘʮʠ ʧʨʝʜʦʙʨʘʜʝ, ʥʘʚʝʜʝʥʠʤ ʨʝʜʦʤ, ʟʘʩʝʙʥʦ ʟʘ ʩʚʘʢʫ ʝʣʝʢʪʨʘʥʫ: 
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1) ʆʙʨʠʩʘʥʝ ʩʫ ʢʦʣʦʥʝ PLANT_ID (ʟʘ ʧʦʜʘʪʢʝ ʦ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ʠ ʧʨʦʠʟʚʦʜˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ) ʠ SOURCE_KEY (ʩʘʤʦ ʟʘ ʧʦʜʘʪʢʝ ʦ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ), ʟʘʪʦ 

ʰʪʦ ʥʝ ʜʦʧʨʠʥʦʩʝ ʧʨʦʛʥʦʟʠ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. 

2) ʊʘʢʦʹʝ ʩʫ ʦʙʨʠʩʘʥʝ ʢʦʣʦʥʝ DAILY _YIELD ʠ TOTAL_YIELD, ʟʘʪʦ ʰʪʦ ʥʝ˂ʝ ʦʜʛʦʚʘʨʘʪʠ 

ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʧʨʝʦʩʪʘʥʫ ʥʘʢʦʥ ʯʠʰ˂ʝˁʘ. 

3) ʉʧʦʿʝʥʠ ʩʫ ʧʦʜʘʮʠ ʦ ʧʨʦʠʟʚʦʜˁʠ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʜʘʮʠ ʩʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ 

ʩʝʥʟʦʨʘ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʢʘ DATE_TIME. 

4) ɺʨʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʩʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʩʝʥʟʦʨʘ ʢʦʿʝ ʩʫ ʥʝʜʦʩʪʘʿʘʣʝ ʥʘʢʦʥ ʩʧʘʿʘˁʘ 

ʧʦʧʫˁʝʥʝ ʩʫ ʧʦʤʦ˂ʫ ʣʠʥʝʘʨʥʝ ʠʥʪʝʨʧʦʣʘʮʠʿʝ. ɹʠʣʘ ʩʫ 4 ʪʘʢʚʘ ʟʘʧʠʩʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 1, ʠ 

ʥʠʿʝʜʘʥ ʟʘ ʝʣʝʢʪʨʘʥʫ 2. 

5) ɿʘʧʠʩʠ ʫ ʢʦʿʠʤʘ ʩʫ ʥʝʜʦʩʪʘʿʘʣʠ ʧʦʜʘʮʠ ʦ ʩʥʘʟʠ ʩʫ ʦʜʙʘʯʝʥʠ. ɹʠʣʦ ʿʝ 25 ʪʘʢʚʠʭ ʟʘʧʠʩʘ ʟʘ 

ʝʣʝʢʪʨʘʥʫ 1, ʠ ʥʠʿʝʜʘʥ ʟʘ ʝʣʝʢʪʨʘʥʫ 2. 

6) ʋʚʝʜʝʥʝ ʩʫ ʢʦʣʦʥʝ TIME ʠ DAY_OF_YEAR ʜʘ ʙʠ ʩʝ ʫʢˀʫʯʠʦ ʫʪʠʮʘʿ ʜʦʙʘ ʜʘʥʘ ʠ ʛʦʜʠʰˁʝʛ 

ʜʦʙʘ. 

7) ɿʘʧʠʩʠ ʫ ʢʦʿʠʤʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʦʜʘʪʢʘ AC_POWER ʿʝʜʥʘʢʘ ʥʫʣʠ ʠʟʤʝʹʫ 7:00 ʠ 17:30 ʩʫ 

ʦʜʙʘʯʝʥʠ. ʇʦʰʪʦ ʿʝ ʩʫʥʯʝʚʦ ʟʨʘʯʝˁʝ ʙʠʣʦ ʧʨʠʩʫʪʥʦ (ʪʿ. ʚʨʝʜʥʦʩʪʠ ʧʦʜʘʪʢʘ IRRADIANCE 

ʫ ʪʠʤ ʟʘʧʠʩʠʤʘ ʚʝ˂ʝ ʩʫ ʦʜ ʥʫʣʝ), ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʩʫ ʪʘʢʚʠ ʟʘʧʠʩʠ ʥʘʩʪʘʣʠ ʟʙʦʛ 

ʦʜʨʞʘʚʘˁʘ ʠʣʠ ʢʚʘʨʦʚʘ ʠʥʚʝʨʪʦʨʘ. ɿʘ ʝʣʝʢʪʨʘʥʫ 1 ʙʠʣʘ ʩʫ 63 ʪʘʢʚʘ ʟʘʧʠʩʘ, ʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 

2 ʯʘʢ 3808. 

8) ɼʦʜʘʪʘ ʿʝ ʢʦʣʦʥʘ EFF (ʝʬʠʢʘʩʥʦʩʪ ʠʥʚʝʨʪʦʨʘ), ʛʜʝ ʿʝ %&&
ͺ

ͺ
. Kʘʦ ʰʪʦ ʿʝ ʚʝ˂ 

ʥʘʚʝʜʝʥʦ, ʚʨʝʜʥʦʩʪʠ ʧʦʜʘʪʢʘ DC_POWER ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʧʨʝ ʪʦʛʘ ʩʫ ʧʦʜʝˀʝʥʝ ʩʘ ʜʝʩʝʪ ʿ ʝʨ 

ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʩʫ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʛʨʝʰʢʦʤ ʧʦʤʥʦʞʝʥʝ ʩʘ ʜʝʩʝʪ. 

9) ɿʘʧʠʩʠ ʩʘ EFF > 1 ʩʫ ʦʜʙʘʯʝʥʠ. ɹʠʣʦ ʿʝ 18 ʪʘʢʚʠʭ ʟʘʧʠʩʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠ ʪʘʢʦʹʝ 18 ʟʘ 

ʝʣʝʢʪʨʘʥʫ 2. 

10) ʆʜʙʘʯʝʥʠ ʩʫ ʟʘʧʠʩʠ ʩʘ ʤʘʣʦʤ ʩʥʘʛʦʤ, ʪʿ. ʟʘʧʠʩʠ ʢʦʜ ʢʦʿʠʭ ʿ ʝ ʚʨʝʜʥʦʩʪ ʧʦʜʘʪʢʘ AC_POWER 

ʤʘˁʘ ʦʜ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ. ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʢʘʦ πȟυϽήόὥὲὸὭὰὩπȟυ, ʪʿ. 

50% ʤʝʜʠʿʘʥʝ ʧʦʜʘʪʢʘ AC_POWER. ɺʝ˂ʠʥʘ ʟʘʧʠʩʘ ʩʘ ʤʘʣʦʤ ʩʥʘʛʦʤ ʧʨʝʪʭʦʜʠ ʠʣʠ ʩʣʝʜʠ 

ʛʦʨʝʧʦʤʝʥʫʪʝ ʟʘʧʠʩʝ ʩʘ ʥʫʣʪʦʤ ʩʥʘʛʦʤ. ɹʠʣʦ ʿʝ 17 ʟʘʧʠʩʘ ʩʘ ʤʘʣʦʤ ʩʥʘʛʦʤ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 

ʠ 263 ʟʘ ʝʣʝʢʪʨʘʥʫ 2. 

11) ʅʘʢʦʥ ʯʠʰ˂ʝˁʘ, ʧʨʝʦʩʪʘʣʦ ʿʝ 68 680 ʟʘʧʠʩʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠ 63 609 ʟʘ ʝʣʝʢʪʨʘʥʫ 2. 

12) ʆʙʨʠʩʘʥʘ ʿʝ ʢʦʣʦʥʘ SOURCE_KEY (ʟʘ ʧʦʜʘʪʢʝ ʦ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ) ʿʝʨ ʥʝ 

ʜʦʧʨʠʥʦʩʠ ʧʨʦʛʥʦʟʠ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. (ʅʝ ʩʤʝ ʩʝ ʨʘʥʠʿʝ ʦʙʨʠʩʘʪʠ ʟʘʪʦ 

ʰʪʦ ʩʣʫʞʠ ʢʘʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʠʩʘ ï ʙʝʟ ʪʝ ʢʦʣʦʥʝ ʧʨʠ ʦʧʠʩʘʥʦʤ ʯʠʰ˂ʝˁʫ ʧʦʜʘʪʘʢʘ 

ʙʠʣʠ ʙʠ ʦʙʨʠʩʘʥʠ ʩʚʠ ʟʘʧʠʩʠ ʩʘ ʠʩʪʠʤ DATE_TIME, ʘ ʥʝ ʩʘʤʦ ʟʘʧʠʩ ʫ ʢʦʤ ʩʝ ʿʘʚʠʣʘ 

ʧʦʛʨʝʰʥʘ ʚʨʝʜʥʦʩʪ.) 

13) ʇʦʜʘʮʠ ʩʫ ʛʨʫʧʠʩʘʥʠ ʧʦ ʧʦʜʘʪʢʫ DATE_TIME. ʇʨʠʣʠʢʦʤ ʛʨʫʧʠʩʘˁʘ, ʢʦʣʦʥʝ AC_POWER, 

DC_POWER ʠ EFF ʘʛʨʝʛʠʨʘʥʝ ʩʫ ʧʦʤʦ˂ʫ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʧʨʝʦʩʪʘʣʝ ʢʦʣʦʥʝ 

(AMBIENT_TEMPERATURE, MODULE_TEMPERATURE, IRRADIANCE, TIME ʠ 

DAY_OF_YEAR) ʠʤʘʿʫ ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʝ ʟʘʧʠʩʝ ʩʘ ʠʩʪʠʤ DATE_TIME, ʪʘʢʦ ʜʘ ʩʫ 

ʫʟʝʪʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʧʨʚʠʭ ʟʘʧʠʩʘ. 

14) ʅʘʢʦʥ ʛʨʫʧʠʩʘˁʘ, ʙʠʣʦ ʿʝ 3158 ʟʘʧʠʩʘ ʟʘ ʝʣʝʢʪʨʘʥʫ 1 ʠ 3249 ʟʘ ʝʣʝʢʪʨʘʥʫ 2. 

15) ɼʦʜʘʪʝ ʩʫ ʢʦʣʦʥʝ AC_POWER_PREV ʠ EFF_PREV, ʢʦʿʝ ʩʘʜʨʞʝ ʚʨʝʜʥʦʩʪʠ AC_POWER ʠ 

EFF, ʨʝʩʧʝʢʪʠʚʥʦ, ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʠʥʪʝʨʚʘʣʘ. 

16) ʆʙʨʠʩʘʥʘ ʿʝ ʢʦʣʦʥʘ DC_POWER, ʟʘʪʦ ʰʪʦ ʿʝ ʫ ʿʘʢʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʮʠˀʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ 

AC_POWER; ʪʝ ʜʚʝ ʢʦʣʦʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʩʪʝ ʠʥʬʦʨʤʘʮʠʿʝ. 

17) ʂʦʣʦʥʘ EFF ʪʘʢʦʹʝ ʿʝ ʦʙʨʠʩʘʥʘ, ʟʘʪʦ ʰʪʦ ʩʝ ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʠʟʨʘʯʫʥʘʚʘ ʧʦʤʦ˂ʫ ʮʠˀʥʝ 

ʧʨʦʤʝʥˀʠʚʝ AC_POWER ʠ ʩʪʦʛʘ ʩʝ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ˁʝʥʝ ʚʨʝʜʥʦʩʪʠ. 

ʂʦʥʘʯʥʦ, ʥʘʢʦʥ ʧʨʝʜʦʙʨʘʜʝ, ʫ ʧʨʚʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ ʦʩʪʘʣʝ ʩʫ ʩʣʝʜʝ˂ʝ ʢʦʣʦʥʝ: 

Å DATE_TIME (ʥʝ ʢʦʨʠʩʪʠ ʩʝ ʫ ʜʘˀʠʤ ʦʙʨʘʜʘʤʘ, ʦʩʪʘʚˀʝʥʘ ʨʘʜʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʧʨʘ˂ʝˁʘ), 

Å AMBIENT_TEMPERATURE, 

Å MODULE_TEMPERATURE, 






















































































































