
 

 
 

 

  

ʉʦˁʘ ʉ. ʂʥʝʞʝʚʠ˂ 

ʇʨʝʜʠʢʪʠʚʥʦ ʫʧʨʘʚˀʘˁʝ ʨʝʩʫʨʩʠʤʘ ʫ 

ʤʠʢʨʦʤʨʝʞʠ 

-ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ- 

ɹʝʦʛʨʘʜ, 2026. 



 

 
 

Sonja S. Knezevic 

Predictive Control of Resources in Microgrid 

Systems 

-doctoral dissertation- 

Belgrade, 2026. 



 

- 1 - 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʆɼɸʎʀ ʆ ʄɽʅʊʆʈʋ ʀ ʏʃɸʅʆɺʀʄɸ ʂʆʄʀʉʀɱɽ 
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ɿʘʭʚʘʣʥʠʮʘ  

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʨʝʟʫʣʪʘʪ ʚʠʰʝʛʦʜʠʰˁʝʛ ʨʘʜʘ, ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʦʩʚʝ˂ʝʥʦʩʪʠ ʪʦʢʦʤ ʜʦʢʪʦʨʩʢʠʭ 

ʩʪʫʜʠʿʘ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʤ ʤʝʥʪʦʨʫ, ʧʨʦʬ. ʜʨ ʄʠʣʝʪʠ ɾʘʨʢʦʚʠ˂ʫ, ʥʘ ʩʪʨʫʯʥʦʿ ʧʦʤʦ˂ʠ, 

ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʤʦʿʘ ʨʘʟʤʠʰˀʘˁʘ ʢʚʘʣʠʪʝʪʥʦ ʫʩʤʝʨʠ. ʍʚʘʣʘ ʤʫ ʠ ʥʘ 

ʧʦʜʨʰʮʠ, ʧʦʚʝʨʝˁʫ ʠ ʥʘʯʠʥʫ ʥʘ ʢʦʿʠ ʿʝ ʫʤʝʦ ʜʘ ʤʝ ʧʦʢʨʝʥʝ ʫ ʪʨʝʥʫʮʠʤʘ ʟʘʩʪʦʿʘ.  

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʧʨʦʬ. ʜʨ ɿʣʘʪʘʥʫ ʉʪʦʿʢʦʚʠ˂ʫ, ʢʦʿʠ ʿʝ ʙʠʦ ʤʦʿ ʧʨʚʠ ʠʟʘʙʨʘʥʠ ʤʝʥʪʦʨ ʪʦʢʦʤ 

ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ ʠ ʫʩʤʝʨʠʦ ʤʝ ʢʘ ʧʨʦʬ. ʜʨ ʄʠʣʝʪʠ ɾʘʨʢʦʚʠ˂ʫ. ʀʩʢʨʝʥʫ ʟʘʭʚʘʣʥʦʩʪ ʫʧʫ˂ʫʿʝʤ 

ʠ ʧʨʦʬ. ʜʨ ɼʘʨʢʫ ʐʦʰʠ˂ʫ, ʢʦʿʠ ʫʤʝ ʜʘ ʛʦʚʦʨʠ ʠ ʦ ʪʝʭʥʠʮʠ ʠ ʦ ʢˁʠʛʘʤʘ ʠ ʪʠʤʝ ʧʦʜʩʝʪʠ ʜʘ ʟʥʘˁʝ 

ʠʤʘ ʰʠʨʠ ʩʤʠʩʘʦ.  

ʇʨʦʬ. ʜʨ ɻʦʨʘʥʫ ɼʦʙʨʠ˂ʫ ʟʘʭʚʘˀʫʿʝʤ ʥʘ ʢʨʠʪʠʯʢʠʤ ʟʘʧʘʞʘˁʠʤʘ, ʩʥʘʞʥʦʿ ʩʪʨʫʯʥʦʿ ʧʦʜʨʰʮʠ ʠ 

ʙʨʦʿʥʠʤ ʜʠʩʢʫʩʠʿʘʤʘ ʪʦʢʦʤ ʠʟʨʘʜʝ ʨʘʜʘ, ʢʦʿʝ ʩʫ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʝ ʢʚʘʣʠʪʝʪʫ ʠ ʦʙʣʠʢʦʚʘˁʫ ʦʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʜʨ ɸʣʝʢʩʘʥʜʨʫ ʄʠʣʠ˂ʝʚʠ˂ʫ ʜʨ ɻʦʨʘʥʫ ʂʚʘʰ˂ʝʚʫ ʥʘ 

ʨʘʟʫʤʝʚʘˁʫ, ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʚʨʝʤʝʥʫ ʧʦʩʚʝ˂ʝʥʦʤ ʜʝʪʘˀʥʦʤ ʧʨʝʛʣʝʜʫ ʦʚʝ ʪʝʟʝ. ʍʚʘʣʘ ʤʫ ʥʘ 

ʧʨʝʜʘʥʦʤ ʯʠʪʘˁʫ, ʨʝʜ ʧʦ ʨʝʜ.  

ʍʚʘʣʘ ʪʘʪʠ ʟʘ Ăʿʫʥʘʯʝñ ʧʦʩʣʝ ʩʚʘʢʦʛ ʥʘʧʠʩʘʥʦʛ ʧʦʛʣʘʚˀʘ. ʍʚʘʣʘ ʤʘʤʠ, ʢʦʿʘ ʤʝ ʿʝ ʥʘʫʯʠʣʘ ʜʘ 

ʤʠʩʣʠʤ ʠ ʪʨʘʿʝʤ.  
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ʇʨʝʜʠʢʪʠʚʥʦ ʫʧʨʘʚˀʘˁʝ ʨʝʩʫʨʩʠʤʘ ʫ ʤʠʢʨʦʤʨʝʞʠ 

ʈʝʟʠʤʝ 

ʉʘʚʨʝʤʝʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʠʥʪʝʥʟʠʚʥʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʫʩʣʝʜ ʟʥʘʯʘʿʥʦ 

ʧʦʚʝ˂ʘʥʠʭ ʫʜʝʣʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʪʝʞʝˁʘ ʢʘ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʿʠ ʧʨʦʠʟʚʦʜˁʝ, ʨʘʟʚʠʿʘˁʝʤ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʝ ʥʝ ʧʦʪʧʦʤʘʞʫ ʩʠʩʪʝʤʫ ʨʘʜʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ. ʆʚʝ ʧʨʦʤʝʥʝ 

ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘʿʫ ʢʦʤʧʣʝʢʩʥʦʩʪ ʧʣʘʥʠʨʘˁʘ ʠ ʫʧʨʘʚˀʘˁʘ ʩʠʩʪʝʤʠʤʘ ʛʜʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠ 

ʧʨʠʩʪʫʧ ʧʦʢʘʟʫʿʝ ʩʚʦʿʘ ʦʛʨʘʥʠʯʝˁʘ. 

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʨʘʟʚʠʿʝʥʝ ʩʫ ʤʝʪʦʜʝ ʟʘ ʧʨʝʜʠʢʪʠʚʥʦ ʫʧʨʘʚˀʘˁʝ ʨʝʩʫʨʩʠʤʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʉʨʙʠʿʝ (ɽɽʉ) ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʤʙʠʥʫʿʝ ʚʝʰʪʘʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ ʠ ʘʜʘʧʪʠʚʥʝ ʥʝʫʨʦ ʬʘʟʠ ʩʠʩʪʝʤʝ 

ʫ ʮʠˀʫ ʧʨʝʮʠʟʥʠʿʝ ʧʨʝʜʠʢʮʠʿʝ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʝʤʠʩʠʿʝ CO . 

ANN (Artificial Neural Networks ï ANN) ʤʦʜʝʣ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʢʨʘʪʢʦʨʦʯʥʫ ʠ ʜʫʛʦʨʦʯʥʫ ʧʨʝʜʠʢʮʠʿʫ 

ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʿ ʤʨʝʞʠ. ANFIS (Adaptive 

Neuro-Fuzzy Inference System - ANFIS) ʤʦʜʝʣʠ ʩʝ, ʫʟ ʨʝʟʫʣʪʘʪʝ ʜʦʙʠʿʝʥʝ ʧʨʠʤʝʥʦʤ ANN ʤʦʜʝʣʘ ʠ 

ʝʢʩʧʝʨʪʩʢʘ ʟʥʘˁʘ ʠ ʠʩʢʫʩʪʚʘ ʜʠʩʧʝʯʝʨʘ, ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʠ ʝʤʠʩʠʿʘ CO . ARIMA (Autoregressive Integrated Moving Average ï ARIMA) 

ʤʦʜʝʣ ʩʣʫʞʠ ʢʘʦ ʨʝʬʝʨʝʥʪʥʘ ʩʪʘʪʠʩʪʠʯʢʘ ʤʝʪʦʜʘ ʩʘ ʢʦʿʦʤ ʩʝ ʧʦʨʝʜʝ ʧʨʝʜʚʠʹʘˁʘ ʜʦʙʠʿʝʥʘ 

ʤʦʜʝʣʠʤʘ ʙʘʟʠʨʘʥʠʤ ʥʘ ʚʝʰʪʘʯʢʦʿ ʠʥʪʝʣʠʛʝʥʮʠʿʠ.  

ʄʦʜʝʣʠ ʩʫ ʦʙʫʯʝʥʠ ʠ ʪʝʩʪʠʨʘʥʠ ʥʘ ʨʝʘʣʥʠʤ ʤʝʨʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ɽɽʉ-ʘ ʉʨʙʠʿʝ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ. 

ʋʢˀʫʯʫʿʫ ʨʝʘʣʥʝ ʧʦʜʘʪʢʝ ʦ ʧʦʪʨʦʰˁʠ ʠ ʧʨʦʠʟʚʦʜˁʠ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ 

ʨʝʣʝʚʘʥʪʥʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʫʩʣʦʚʝ, ʯʠʿʠ ʿʝ ʫʪʠʮʘʿ ʥʘ ʨʘʜ ɽɽʉïʘ ʫʟʝʪ ʫ ʦʙʟʠʨ ʢʨʦʟ ʧʨʦʨʘʯʫʥʝ. 

ʊʘʯʥʦʩʪ ʨʘʟʚʠʿʝʥʠʭ ʤʦʜʝʣʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʨʦʟ ʚʠʰʝ ʤʝʪʨʠʢʘ ʛʨʝʰʘʢʘ (Mean Absolute Error ï MAE, 

MSE ï Mean Squared Error, RMSE ï Root Mean Square Error, MAPE ï Mean Absolute Percentage 

Error), ʢʦʿʝ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʩʫ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣʠ ʩʘ ʚʠʩʦʢʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ. ʇʦʩʝʙʥʦ ʿʝ ʧʨʠʢʘʟʘʥʦ 

ʜʘ ʩʧʘʿʘˁʝ ANN ʠ ANFIS ʤʝʪʦʜʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʫʢʫʧʥʫ ʛʨʝʰʢʫ ʧʨʝʜʠʢʮʠʿʝ, ʢʦʿʘ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʠʟʥʦʩʠ ʤʘˁʝ ʦʜ 6%, ʜʦʢ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʝʤʠʩʠʿʝ CO ʠʟʥʦʩʠ 1,3%. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʧʨʝʜʣʦʞʝʥʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʧʦʫʟʜʘʥʦ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ 

ɽɽʉ-ʘ, ʧʨʫʞʘ ʟʥʘʯʘʿʥʫ ʧʦʜʨʰʢʫ ʝʢʩʧʝʨʪʠʤʘ ʠ ʩʤʘˁʫʿʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ˀʫʜʩʢʝ ʛʨʝʰʢʝ. 

ʇʨʝʜʩʪʘʚˀʝʥ ʿʝ ʜʦʧʨʠʥʦʩ ʧʨʝʜʠʢʪʠʚʥʦʤ ʫʧʨʘʚˀʘˁʫ, ʢʘʢʦ ʧʦʩʪʦʿʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ, ʪʘʢʦ ʠ 

ʤʠʢʨʦʤʨʝʞʘʤʘ ʠ ʩʠʩʪʝʤʠʤʘ ʩʘ ʟʥʘʯʘʿʥʠʤ ʫʜʝʣʦʤ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʠ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʇʨʝʜʠʢʪʠʚʥʦ ʫʧʨʘʚˀʘˁʝ ʨʝʩʫʨʩʠʤʘ ɽɽʉ-ʘ; ɺʝʰʪʘʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ; ANFIS; 

ʇʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ, ʇʨʝʜʠʢʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ; ɺʝʣʠʢʠ ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ; ʄʠʢʨʦʤʨʝʞʘ; 

ʀʥʪʝʛʨʘʮʠʿʘ ʤʠʢʨʦʤʨʝʞʝ ʫ ɽɽʉ.  

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʊʝʭʥʠʯʢʝ ʥʘʫʢʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ 

ʋʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ 

ʋɼʂ:621.3  
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Predictive Control of Resources in Microgrid Systems 

Abstract 

Modern electric power systems are undergoing an intensive transformation due to the rapidly increased 

penetration of renewable sources, the tendency toward decentralization of generation, and the 

development of new technologies that do not support the operating principles of traditional systems. 

These changes significantly increase the complexity of planning and managing the systems themselves, 

where the traditional approach shows its limitations. 

In this dissertation, methods for predictive management of EPS resources using artificial intelligence 

methods have been developed. The proposed methodology combines artificial neural networks and 

adaptive neuroïfuzzy systems with the aim of more precise prediction of electricity consumption and 

energy production, as well as CO  emissions. The ANN model is used for shortïterm and longïterm 

prediction of electricity consumption, as well as power flows in the electric power network. ANFIS 

models, together with the results obtained from ANN models and the expert knowledge and experience 

of dispatchers, are used to predict electricity generation from various sources and CO  emissions. The 

ARIMA model serves as a reference statistical method with which predictions from models based on 

artificial intelligence are compared. 

The models were trained and tested on real, measured values of the Serbian EPS at an hourly level. 

They include actual data on consumption, generation from different energy sources, as well as relevant 

ambient conditions whose influence on EPS operation is taken into account through calculations. The 

accuracy of the developed models is presented through several types of errors (MAE, MSE, RMSE, 

MAPE), which have shown that a highïprecision model has been achieved. It is particularly shown that 

the combination of ANN and ANFIS methods significantly reduces the overall prediction error, which 

for consumption forecasting is below 6%, while for CO  emission prediction it amounts to 1.3%. 

The research results show that the proposed approach enables reliable planning of EPS operation with 

significant assistance to experts and a reduction of potential human errors. A contribution to predictive 

system management is presented, both for existing systems and for microgrids and systems with a 

significant share of renewable energy sources and new technologies. 

Keywords:.Predictive resource management in power systems; Artificial Neural Networks (ANN); 

Adaptive NeuroïFuzzy Inference System (ANFIS); Load forecasting; Generation forecasting; Big data 

analytics; Microgrid; Microgrid integration into the power system 

Scientific field: Technical science ï Electrical engineering 

Specific scientific field: Power systems 

UDK :621.3  



 

V 
 

ʉɸɼʈɾɸɱ 

ʃʀʉʊɸ ʉʃʀʂɸ .................................................................................................................................... VIII 

ʃʀʉʊɸ ʊɸɹɽʃɸ .................................................................................................................................... XI 

1. ʋɺʆɼ ................................................................................................................................................... 1 

2. ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʉʂʀ ʉʀʉʊɽʄ ʉɸ ʅʆɺʀʄ ʊɽʍʅʆʃʆɻʀɱɸʄɸ ʀ ʀɿɸɿʆɺʀʄɸ ........... 4 

2.1. ʆɼ ʃʀʅɽɸʈʅʆɻ ʂɸ ʂʆʄʇʃɽʂʉʅʆʄ, ɹʀïɼʀʈɽʂʎʀʆʅʆʄ ʉʀʉʊɽʄʋ ................................................. 5 

2.2. ʀʅʊɽʈʄʀʊɽʅʊʅʆʉʊ ʆɹʅʆɺɲʀɺʀʍ ʀɿɺʆʈɸ ɽʅɽʈɻʀɱɽ .................................................................... 6 

2.3. ʉʂʃɸɼʀʐʊɸ ɽʃɽʂʊʈʀʏʅɽ ɽʅEʈɻʀɱɽ ............................................................................................... 8 

2.4. ʇʆʈɸʉʊ ɹʈʆɱA ʂʋʇɸʎɸïʇʈʆʀɿɺʆɫɸʏA ............................................................................................ 9 

2.5. ʄʀʂʈʆʄʈɽɾɽ ʀ ʃʆʂɸʃʅɸ ʌʃɽʂʉʀɹʀʃʅʆʉʊ................................................................................ 10 

2.6. ɸʅɸʃʀɿɸ ʉʀʉʊɽʄɸ ........................................................................................................................ 10 

3. ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ .................................................................................................................... 12 

3.1. ʊʀʇʆɺʀ ʄɸʐʀʅʉʂʆɻ ʋʏɽɳɸ ........................................................................................................ 13 

3.1.1. ʅɸɼɻʃɽɼɸʅʆ ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ .......................................................................................................... 14 

3.1.2. ʅɽʅɸɼɻʃɽɼɸʅʆ ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ ...................................................................................................... 15 

3.1.3. ʇʆɼʉʊɸʂʅʋʊʆ ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ ........................................................................................................ 15 

3.1.4. ʉɸʄʆʅɸɼɻʃɽɼɸʅʆ ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ ................................................................................................. 17 

3.1.5. ʍʀɹʈʀɼʅʆ ʄɸʐʀʅʉʂʆ ʋʏɽɳɽ ............................................................................................................... 17 

4. ɺɽʐʊɸʏʂɽ ʅɽʋʈɸʃʅɽ ʄʈɽɾɽ ................................................................................................. 18 

4.1. ɸʈʍʀʊɽʂʊʋʈɸ ANN-A ..................................................................................................................... 19 

4.2. ʆɹʋʏɸɺɸɳɽ ANN-A ........................................................................................................................ 24 

4.3. ɸʅɸʃʀɿɸ ʇɽʈʌʆʈʄɸʅʉʀ ANN ʄʆɼɽʃɸ......................................................................................... 27 

4.4. ʇʈɸʂʊʀʏʅɽ ʇʈʀʄɽʅɽ ʋ ɽɽʉïʋ ..................................................................................................... 28 

5. ANFIS ................................................................................................................................................ 30 

5.1. ʉʊʈʋʂʊʋʈɸ ANFIS ʄʆɼɽʃɸ ............................................................................................................ 31 

5.2. ʇʈɽɼʅʆʉʊʀ ANFIS ʄʆɼɽʃɸ .......................................................................................................... 34 

5.3. ʇʈʀʄɽʅɸ ANFIS ʄʆɼɽʃɸ .............................................................................................................. 36 

6. ARIMA  .............................................................................................................................................. 38 



 

VI 
 

6.1. ʋɺʆɼ ʋ ARIMA  ʄʆɼɽʃɽ .................................................................................................................... 38 

6.2. ʄɸʊɽʄɸʊʀʏʂʀ ʄʆɼɽʃ ARIMA ...................................................................................................... 40 

6.3. ʇʈʆʎɽʉ ʌʆʈʄʀʈɸɳɸ ARIMA  ʄʆɼɽʃɸ .......................................................................................... 41 

6.4. ʆɻʈɸʅʀʏɽɳɸ ARIMA  ʄʆɼɽʃɸ ...................................................................................................... 45 

6.5. ʇʈʀʄɽʅɽ ARIMA  ʄʆɼɽʃɸ ʋ ɽʅɽʈɻɽʊʀʎʀ .................................................................................... 47 

7. ʋʇʆʊʈɽɹɸ ɺɽʐʊɸʏʂɽ ʀʅʊɽʃʀɻɽʅʎʀɱɽ ɿɸ ʇʃɸʅʀʈɸɳɽ ʈɸɼɸ 
ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʉʂʆɻ ʉʀʉʊɽʄɸ ................................................................................................ 48 

7.1. ʌʆʈʄʀʈɸɳɽ ANN ʄʆɼɽʃɸ ................................................................................................................ 49 

7.2. ʈɽɿʋʃʊɸʊʀ ʇʈɽɼɺʀɫɸɳɸ ʇʆʊʈʆʐɳɽ ........................................................................................... 55 

7.3. ʇʆʈɽɫɽɳɽ ANN ʀ ARIMA  ʇʈɽɼɺʀɫɸɳɸ ʇʆʊʈʆʐɳɽ .................................................................. 57 

7.4. ʊʈʆɼʀʄɽʅɿʀʆʅɸʃʅɸ ɿɸɺʀʉʅʆʉʊ ʇʈʆʀɿɺʆɼɳɽ ɽʃɽʂʊʈʀʏʅɽ ɽʅɽʈɻʀɱɽ ʆɼ ɸʄɹʀɱɽʅʊɸʃʅʀʍ 

ʋʉʃʆɺɸ ..................................................................................................................................................... 57 

7.5. ʇʈɽɼʀʂʎʀɱɸ ʇʈʆʀɿɺʆɼɳɽ ʀɿ ʊɽʈʄʆɽʃɽʂʊʈɸʅɸ ʀ ʍʀɼʈʆɽʃɽʂʊʈɸʅɸ ʇʆʄʆɴʋ ANFISïɸ ......... 59 

7.6. ʈɽɿʋʃʊɸʊʀ ʇʈɽɼʀʂʎʀɱɽ ʇʈʆʀɿɺʆɼɳɽ ʇʆʄʆɴʋ ANFIS ʄʆɼɽʃɸ ................................................. 60 

7.7. ʈɽɿʋʃʊɸʊʀ ʇʈɽɼʀʂʎʀɱɽ ɽʄʀʉʀɱɽ ʉʆ2 ......................................................................................... 62 

8. ʇʈɽɼʀʂʊʀɺʅʆ ʄʆɼɽʃʆɺɸɳɽ ɿɸ ʇʈʆʎɽʅʋ ʉʊɸɳɸ ɽɽʉïɸ ............................................ 68 

8.1. ʈɸɿɺʀɱɽʅʀ ɸʃɻʆʈʀʊɸʄ ..................................................................................................................... 69 

8.2. ʄʆɼɽʃʆɺɸɳɽ ʉʀʉʊɽʄɸ ................................................................................................................ 73 

8.2.1. ʊɽʈʄʀʏʂʀ ɿɸɺʀʉʊɸʅ ʄʆɼɽʃ ʅɸɼɿɽʄʅʆɻ ɺʆɼɸ .................................................................................. 73 

8.2.2. ʄʆɼɽʃʆɺɸɳɽ ʇʈʆʀɿɺʆɼɳɽ ʀ ʇʆʊʈʆʐɳɽ ............................................................................................ 75 

8.2.3. ʇʆʉʄɸʊʈɸʅɸ ʄʈɽɾɸ .............................................................................................................................. 77 

8.3. ʈɽɿʋʃʊɸʊʀ ʇʈʆʈɸʏʋʅɸ ................................................................................................................... 78 

9. ʀɿʆʃʆɺɸʅʀ ʈɸɼ ʄʀʂʈʆʄʈɽɾɽ ʉɸ ɺʀʐɽʉʊʈʋʂʀʄ ʉʂʃɸɼʀʐʊʀʄɸ ɽʅɽʈɻʀɱɽ .... 84 

9.1. ʉʂʃɸɼʀʐʊɸ ɽʅɽʈɻʀɱɽ ʋ ʄʆɼɽʃʋ ʉʀʉʊɽʄɸ .................................................................................... 85 

9.2. ʊɽʍʅʆʃʆɻʀɱɸ ʈɸɼɸ ɽʃɽʂʊʈʆʃʀɿɽʈɸ ʋ ʄʆɼɽʃʋ ʉʀʉʊɽʄɸ ........................................................... 87 

9.3. ʇʈʀʅʎʀʇ ʈɸɼɸ ʉʀʉʊɽʄɸ ............................................................................................................... 88 

9.4. ʄʆɼɽʃʆɺɸɳɽ ɽʃɽʄɽʅɸʊɸ ʉʀʉʊɽʄɸ ............................................................................................ 90 

9.4.1. ɽʃɽʂʊʈʆʃʀɿɽʈ ʀ ʉʇʋʐʊɸʏ ʅɸʇʆʅɸ ...................................................................................................... 90 

9.4.2. ɹɸʊɽʈʀɱɽ ʀ ɽɺ ......................................................................................................................................... 92 

9.4.3. ɻʆʈʀɺɽ ɴɽʃʀɱɽ ʀ ʇʆɼʀɿɸʏ ʅɸʇʆʅɸ ...................................................................................................... 92 

9.4.4. ʉʂʃɸɼʀʐʊɽ ɺʆɼʆʅʀʂɸ ......................................................................................................................... 93 

9.4.5. ʂʆʅʊʈʆʃɸ ʉʀʉʊɽʄɸ ............................................................................................................................... 93 

9.5. ʈɽɿʋʃʊɸʊʀʇʈʆʈɸʏʋʅɸ .................................................................................................................... 95 

9.5.1. ʊʆʂ ʉʅɸɻɸ ʀ ɸʂʊʀɺɸʎʀɱɸ ʉʂʃɸɼʀʐʊɸ ................................................................................................ 95 

10. ʇʈʆʈɸʏʋʅ ʉʊɸɳɸ ɽɽʉ-ɸ ʋɿ ɸʅɻɸɾʆɺɸɳɽ ʄʀʂʈʆʄʈɽɾɽ ........................................... 99 



 

VII 
 

10.1. ʈɸɿɺʀɱɽʅʀ ɸʃɻʆʈʀʊɸʄ ................................................................................................................. 100 

10.2. ʇʆɼɸʎʀ ʇʈʆʈɸʏʋʅɸ ...................................................................................................................... 103 

10.3. ʈɽɿʋʃʊɸʊʀ ʇʈʆʈɸʏʋʅɸ .................................................................................................................. 105 

10.3.1. ʅʀɺɽʃʀʉɸɳɽ ʅɸʇʆʅʉʂʆɻ ʅʀɺʆɸ ......................................................................................................... 106 

10.3.2. ʉʄɸɳʀɺɸɳɽ ɻʋɹʀʊɸʂɸ ʉʅɸɻɽ ............................................................................................................. 109 

11. ɿɸʂɲʋʏɸʂ .................................................................................................................................. 114 

ʃʀʊɽʈɸʊʋʈɸ........................................................................................................................................ 116 

ʇʈʀʃʆɿʀ ............................................................................................................................................. 123 

ʇʈʀʃʆɻ 1 ï ʅʋʄɽʈʀʏʂɽ ɺʈɽɼʅʆʉʊʀ ʋɿ ʇʆɻʃɸɺɲɽ 10 ......................................................................... 123 

ʅʀɺɽʃʀʉɸɳɽ ʅɸʇʆʅʉʂʀʍ ʅʀɺʆɸ ................................................................................................................ 123 

ʉʄɸɳɽɳɽ ɻʋɹʀʊɸʂɸ ʉʅɸɻɽ .......................................................................................................................... 123 

 



 

VIII 
 

ʃʠʩʪʘ ʩʣʠʢʘ 
 

ʉʣ.1 ï ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ .............................................................................. 5 

ʉʣ.2 ï ʄʦʜʝʨʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ .......................................................................................... 6 

ʉʣ. 3 ï ʇʨʦʤʝʥʝ a) ɹʨʟʠʥʘ ʚʝʪʨʘ; ʙ) ʉʦʣʘʨʥʘ ʠʨʘʜʠʿʘʮʠʿʘ .................................................................. 8 

ʉʣ.4 ï ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʥʘʣʠʟʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ................................................................... 11 

ʉʣ.5 ï ʄʦʜʝʣ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ ................................................................................................. 11 

ʉʣ.6 ï ɸʨʭʠʪʝʢʪʫʨʘ ʜʫʙʦʢʦʛ ʫʯʝˁʘ ..................................................................................................... 12 

ʉʣ.7 ï ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ............................................................................... 14 

ʉʣ.8 ï ʅʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ .................................................................................................... 14 

ʉʣ.9 ï ʅʝʥʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ................................................................................................ 15 

ʉʣ.10 ï ʊʠʧʦʚʠ ʧʦʪʢʨʝʧˀʝʥʦʛ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ .............................................................................. 16 

ʉʣ.11ïʉʪʨʫʢʪʫʨʘ ʧʝʨʮʝʧʪʨʦʥʘ ............................................................................................................. 19 

ʉʣ.12ï ʊʝʞˁʘ ʫʪʠʮʘʿʘ ʪʝʞʠʥʝ/bias-ʘ ʥʘ ʠʟʣʘʟ .................................................................................... 20 

ʉʣ.13 ï ʇʦʨʝʹʝˁʝ ʩʪʝʧ (ʘ) ʠ ʩʠʛʤʦʠʜʥʝ (ʙ) ʬʫʥʢʮʠʿʝ ....................................................................... 21 

ʉʣ.14 ï ʇʨʠʤʝʨ ANN-ʘ ʩʘ 2 ʩʢʨʠʚʝʥʘ ʩʣʦʿʘ ....................................................................................... 22 

ʉʣ.15 ï ɸʨʭʠʪʝʢʪʫʨʘ ʢʦʥʚʦʣʫʮʠʦʥʝ ʥʝʨʫʘʣʥʝ ʤʨʝʞʝ ........................................................................ 22 

ʉʣ.16 ï ʇʨʦʮʝʩ ʦʙʫʯʘʚʘˁʘ ANN ʤʦʜʝʣʘ ............................................................................................. 24 

ʉʣ.17 ï ɸʣʛʦʨʠʪʘʤ ʦʙʫʯʘʚʘˁʘ ANNïʘ ................................................................................................ 25 

ʉʣ.18 ï ANFIS ʤʦʜʝʣ: ʩʧʦʿ ANN-a ʠ ʬʘʟʠ ʣʦʛʠʢʝ .............................................................................. 30 

ʉʣ.19 ï ɸʨʭʠʪʝʢʪʫʨʘ ANFISïʘ ............................................................................................................. 31 

ʉʣ.20 ï ʂʨʠʚʝ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ................................................................................................. 32 

ʉʣ.21 ï ʇʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ANFISʤʦʜʝʣʘ ......................................................................................... 35 

ʉʣ.22 ï ARIMA ʘʣʛʦʨʠʪʘʤ ................................................................................................................... 42 

ʉʣ.23 ï ʆʛʨʘʥʠʯʝʥʿʘ ARIMA ʤʦʜʝʣʘ ................................................................................................... 46 

ʉʣ.24 ï ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ANNïʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ....................................................... 49 

ʉʣ.25 ï ɸʣʛʦʨʠʪʘʤ ʫʯʝˁʘ ANN ʤʦʜʝʣʘ. ............................................................................................. 51 

ʉʣ.26 ï ʇʨʦʤʝʥʘ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʪʦʢʦʤ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ ................................... 52 

ʉʣ.27 ï ʇʨʦʤʝʥʘ ʛʨʘʜʠʿʝʥʪʘ, ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʪʦʢʦʤ ʪʨʝʥʠʨʘˁʘ ANN 

ʤʦʜʝʣʘ. .................................................................................................................................................... 53 

ʉʣ.28 ï ʈʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ANN ʤʦʜʝʣʘ ʥʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʦʤ, ʪʝʩʪ ʠ ʮʝʣʦʢʫʧʥʦʤ ʩʢʫʧʫ 

ʧʦʜʘʪʘʢʘ. ................................................................................................................................................. 54 

ʉʣ.29 ï ɻʦʜʠʰˁʘ ʧʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʠʟ ANN ʤʦʜʝʣʘ ................................................................. 55 

ʉʣ.30 ï ʇʨʝʜʠʢʮʠʿʘ ʜʥʝʚʥʝ ʧʦʪʨʦʰˁʝ ................................................................................................ 56 

ʉʣ.31 ï ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʦʜ ʧʦʪʨʦʰˁʝ ʠ (ʘ) ï 

ʪʝʤʧʝʨʘʪʫʨʝ; (ʙ) ï ʚʝʪʨʘ........................................................................................................................ 58 

ʉʣ.32 ï ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʦʜ ʧʦʪʨʦʰˁʝ ʠ (ʘ) ï 

ʪʝʤʧʝʨʘʪʫʨʝ; (ʙ) ï ʚʝʪʨʘ........................................................................................................................ 58 

ʉʣ.33 ï ʉʪʨʫʢʪʫʨʘ ANFIS ʤʦʜʝʣʘ ........................................................................................................ 60 

ʉʣ.34 ï ʇʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʟʘ ʘ) ɿʠʤʫ; ʙ) ʇʨʦʣʝ˂ʝ; ʚ) ʃʝʪʦ; ʛ) ɱʝʩʝʥ ......... 61 



 

IX 
 

ʉʣ.35 ï ʇʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʟʘ ʘ) ɿʠʤʫ; ʙ) ʇʨʦʣʝ˂ʝ; ʚ) ʃʝʪʦ; ʛ) ɱʝʩʝʥ ......... 61 

ʉʣ.36 ï ɽʤʠʩʠʿʘ ʉʆ2 ʧʦ ʠʟʚʦʨʠʤʘ ʫ ʉʨʙʠʿʠ ....................................................................................... 62 

ʉʣ.37 ï ɻʦʜʠʰˁʘ ʧʨʝʜʠʢʮʠʿʘ ʝʤʠʩʠʿʝCO .......................................................................................... 63 

ʉʣ.38 ï ʇʨʦʤʝʥʘ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʪʦʢʦʤ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ ................................... 63 

ʉʣ.39 ï ʇʨʦʤʝʥʘ ʛʨʘʜʠʿʝʥʪʘ, ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʪʦʢʦʤ ʪʨʝʥʠʨʘˁʘ ANN 

ʤʦʜʝʣʘ. .................................................................................................................................................... 64 

ʉʣ.40 ï ʈʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ANN ʤʦʜʝʣʘ ʥʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʦʤ, ʪʝʩʪ ʠ ʫʢʫʧʥʦʤ ʩʢʫʧʫ 

ʧʦʜʘʪʘʢʘ. ................................................................................................................................................. 65 

ʉʣ.41 ï ɸʣʛʦʨʠʪʘʤ ʧʨʦʨʘʯʫʥʘ ʠ ʧʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʦʤ ............................................................. 71 

ʉʣ.42 ï ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ANN ʤʨʝʞʝ ʫ ʧʨʦʨʘʯʫʥʫ ...................................................................... 72 

ʉʣ.43 ï ʄʦʜʝʣ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ ............................................................................................................. 73 

ʉʣ.44 ï ʆʜʩʪʫʧʘˁʝ ʨʝʘʢʪʘʥʩʝ ʫʩʣʝʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ............................................................. 75 

ʉʣ.45 ï ʆʜʩʪʫʧʘˁʝ ʨʝʟʠʩʪʘʥʩʝ ʫʩʣʝʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ........................................................... 75 

ʉʣ.46 ï ɺʘʨʠʨʘˁʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘʪʦʢʦʤ ʤʝʩʝʮʘ ............................................................................ 76 

ʉʣ.47 ï ʇʨʦʠʟʚʦʜˁʘ ʝʥʝʨʛʠʿʝʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʪʦʢʦʤ ʥʝʜʝˀʝ .......................................................... 76 

ʉʣ.48 ï ʇʦʪʨʦʰˁʘ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʪʦʢʦʤ ʥʝʜʝˀʝ ................................................................................ 77 

ʉʣ.49 ï ɸʥʘʣʠʟʠʨʘʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʫ ɹʘʥʘʪʫ ....................................................................... 78 

ʉʣ.50 ï ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʤʨʝʞʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʫʩʣʦʚʝʟʘ ʿʝʜʘʥ ʩʘʪ ........................................ 79 

ʉʣ.51 ï ʇʨʝʜʚʠʹʘˁʝ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ .............................................................................................. 80 

ʉʣ.52 ï ʇʨʝʜʚʠʹʘˁʝ ʬʘʟʥʦʛ ʩʪʘʚʘ ʥʘʧʦʥʘ .......................................................................................... 81 

ʉʣ.53 ï ʇʨʝʜʚʠʹʘˁʝ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʤʝʩʝʮ ʜʘʥʘ ............................................................. 81 

ʉʣ.54 ï ʇʨʝʜʚʠʹʘˁʝ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʿʝʜʘʥ ʜʘʥ ................................................................ 82 

ʉʣ.55 ï ʇʨʦʤʝʥʘ a) ɹʨʟʠʥʝ ʚʝʪʨʘ; ʙ) ʉʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ ............................................................... 86 

ʉʣ.56 ï ɿʘ ʥʝʜʝˀʫ ʜʘʥʘ: a) ʇʨʦʠʟʚʦʜˁʘ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ; ʙ) ʇʦʪʨʦʰˁʘ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ..... 86 

ʉʣ.57 ï ʇʨʠʥʮʠʧ ʇɽʄ ʝʣʝʢʪʨʦʣʠʟʝ .................................................................................................... 88 

ʉʣ.58 ï ʄʦʜʝʣ ʩʠʩʪʝʤʘ ......................................................................................................................... 89 

ʉʣ.59 ï ʉʪʘˁʝ ʩʠʩʪʝʤʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ ................................................................................................. 96 

ʉʣ.60 ï ɸʢʪʠʚʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʢʣʘʜʠʰʪʝˁʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ ................................................ 96 

ʉʣ.61 ï ʉʥʘʛʘ ʟʘ ʥʝʜʝˀʫ ʜʘʥʘ .............................................................................................................. 97 

ʉʣ.62 ï SOC ʙʘʪʝʨʠʿʘ ʠ ɽɺ ................................................................................................................... 97 

ʉʣ.63 ï ʇʨʝʥʦʩʥʘ ʤʨʝʞʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ..................................................................................... 100 

ʉʣ.64 ï ʈʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ ʧʨʦʘʯʫʥʘ ............................................................................................. 101 

ʉʣ.65 ï ɸʤʙʠʿʝʥʪʘʣʥʝ ʟʦʥʝ ʉʨʙʠʿʝ .................................................................................................... 104 

ʉʣ.66 ï ʇʨʦʤʝʥʘ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʫʩʣʝʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ....................................................... 105 

ʉʣ.67 ï ʅʘʧʦʥʩʢʠ ʥʠʚʦʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʧʨʝ ʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ .......................... 106 

ʉʣ.68 ï ʈʘʩʧʦʨʝʜ ʘʢʪʠʚʠʨʘˁʘ ʩʢʣʘʜʠʰʪʘ ......................................................................................... 107 

ʉʣ.69 ï ɸʢʪʠʚʘʮʠʿʘ ʩʢʣʘʜʠʰʪʘ ʠ ʨʘʟʤeʥʘ ʝʥʝʨʛʠʿʝ ......................................................................... 107 

ʉʣ.70 ï ʈʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ .................................................................................. 108 

ʉʣ.71 ï ʊʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ............................................................................................. 108 

ʉʣ.72 ï ʈʘʟʤʝˁʝʥʘ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ ............................................................................................. 109 

ʉʣ.73 ï ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝ ʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ .............................................. 110 

ʉʣ.74 ï ʅʘʧʦʥʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʧʨʠ ʩʤʘˁʝˁʫ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ...................................................... 110 



 

X 
 

ʉʣ.75 ï ɻʫʙʠʮʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝ ʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ ........................................... 111 

ʉʣ.76 ï ʈʘʩʧʦʨʝʜ ʘʢʪʠʚʠʨʘˁʘ ʩʢʣʘʜʠʰʪʘ .......................................................................................... 111 

ʉʣ.77 ï ɸʢʪʠʚʘʮʠʿʘ ʩʢʣʘʜʠʰʪʘ ʠ ʨʘʟʤeʥʘ ʝʥʝʨʛʠʿʝ .......................................................................... 112 

ʉʣ.78 ï ʈʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ ................................................................................... 112 

ʉʣ.79 ï ʊʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ .............................................................................................. 113 

ʉʣ.80 ï ʋʢʫʧʥʘ ʨʘʟʤʝˁʝʥʘ ʝʥʝʨʛʠʿʘ ................................................................................................... 113 



 

XI 
 

ʃʠʩʪʘ ʪʘʙʝʣʘ 
 

ʊʘʙ. 1 ï ʇʨʝʛʣʝʜ ʪʝʭʥʦʣʦʛʠʿʘ ʩʢʣʘʜʠʰʪʝˁʘ ʝʥʝʨʛʠʿʝ ................................................................ 9 

ʊʘʙ. 2 ï ʇʦʨʝʹʝˁʝ ʪʝʨʤʠʥʦʣʦʛʠʿʝ ANN ʠ ʙʠʦʣʦʰʢʠʭ ʥʝʫʨʘʣʥʠʤ ʤʨʝʞʘʤʘ ......................... 18 

ʊʘʙ. 3 ï ɺʨʝʜʥʦʩʪʠ ʧʨʦʨʘʯʫʥʘʪʠʭ ʛʨʝʰʘʢʘ ............................................................................... 28 

ʊʘʙ. 4 ï ʇʦʨʝʹʝˁʝ ʬʘʟʘ ʦʙʫʯʘʚʘˁʘ ANFIS ʤʦʜʝʣʘ ʠ ʧʨʠʤʝˁʝʥʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ .... 34 

ʊʘʙ. 5 ï ʆʩʥʦʚʥʘ ʧʨʘʚʠʣʘ ʟʘ ʠʟʙʦʨ ARIMA ʤʦʜʝʣʘ: ................................................................ 44 

ʊʘʙ. 6 ï ʇʘʨʘʤʝʪʨʠ ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ ........................................................................... 54 

ʊʘʙ. 7 ï ɻʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʘ ................................................................................. 55 

ʊʘʙ. 8 ï ʇʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʘ ʟʘ ʿʝʜʘʥ ʜʘʥ ʫ ʟʠʤʩʢʦʿ ʩʝʟʦʥʠ ............................................ 56 

ʊʘʙ. 9 ï ʇʦʨʝʹʝˁʝ ʛʨʝʰʘʢʘ ʧʨʝʜʠʢʮʠʿʝ ʟʘ ANN ʠ ARIMA ʤʦʜʝʣʝ......................................... 57 

ʊʘʙ. 10 ï ʋʣʘʟʥʠ ʠ ʠʟʣʘʟʥʠ ʧʦʜʘʮʠ ANFIS ʤʦʜʝʣʘ................................................................... 59 

ʊʘʙ. 11 ï ʉʝʟʦʥʩʢʝ ʚʨʝʜʥʦʩʪʠ MAPE ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʭʠʜʨʦ- ʠ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ .............. 60 

ʊʘʙ. 12 ï ʇʘʨʘʤʝʪʨʠ ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ ......................................................................... 65 

ʊʘʙ. 13 ï ɻʨʝʰʢʘ MAPE ʟʘ ʛʦʜʠʰˁʫ ʧʨʝʜʠʢʮʠʿʫ ʝʤʠʩʠʿʝ CO2 ʫʧʦʪʨʝʙʦʤ ʨʘʟʣʠʯʠʪʠʭ ʙʘʟʘ 

ʧʦʜʘʪʘʢʘ ........................................................................................................................................ 66 

ʊʘʙ. 14 ï ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʘʥʘʣʠʟʫ ........................................................................................... 77 

ʊʘʙ. 15 ï ʇʘʨʘʤʝʪʨʠ ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ ......................................................................... 79 

ʊʘʙ. 16 ï ɺʨʝʜʥʦʩʪʠ MAPE ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʩʮʝʥʘʨʠʿʝ ............................................................ 79 

ʊʘʙ. 17 ï ɻʨʝʰʢʝ ʧʨʝʜʚʠʹʘˁʘ ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʧʘʨʘʤʝʪʨʝ ....................................................... 80 

ʊʘʙ. 18 ï ʅʫʤʝʨʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ ʟʘ 24 ʩʘʪʘ .......................................................... 82 

ʊʘʙ. 19 ï ʇʨʝʛʣʝʜ ʪʝʭʥʦʣʦʛʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʝʣʝʢʪʨʦʣʠʟʝ ............................................... 87 

ʊʘʙ. 20 ï ʉʪʘˁʝ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʥʝʜʝˀʝ ..................................................................................... 95 

ʊʘʙ. 21 ï ʏʚʦʨʦʚʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ......................................................................................... 103 

ʊʘʙ. 22 ï ʏʚʦʨʦʚʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʛʨʫʧʠʩʘʥʠ ʧʦ ʟʦʥʘʤʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ .............. 104 



 

 

1 
 

1. ʋʚʦʜ 
ʉʘʚʨʝʤʝʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ (ɽɽʉ) ʧʨʦʣʘʟʝ ʢʨʦʟ ʟʥʘʯʘʿʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʫʩʣʝʜ ʩʚʝ 

ʚʝ˂ʝ ʠʥʪʝʛʨʘʮʠʿʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʢʫʧʘʮʘïʧʨʦʠʟʚʦʹʘʯʘ, ʢʘʦ ʠ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʝʥʝʨʛʠʿʝ. ɳʠʭʦʚʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʨʘʩʪʝ ʠ ʧʦʣʘʢʦ ʧʨʝʣʘʟʝ ʩʘ ʩʪʘʥʜʘʨʜʥʦʛ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʥʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʨʘʩʪʫ˂ʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʤʦʜʝʨʥʠʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ, ʟʥʘʯʘʿʥʦ ʿʝ ʟʘʢʦʤʧʣʠʢʦʚʘʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʧʣʘʥʠʨʘˁʝ ʩʠʩʪʝʤʘ. 

ʇʨʝʜʠʢʮʠʿʘ ʩʪʘˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʿʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʿʝʤ ʥʠʚʦʫ. ʆʚʘʿ ʧʨʦʮʝʩ, ʠʘʢʦ 

ʜʦʥʦʩʠ ʙʨʦʿʥʝ ʝʢʦʣʦʰʢʝ ʠ ʝʥʝʨʛʝʪʩʢʝ ʢʦʨʠʩʪʠ, ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʚʝ˂ʘʚʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʩʠʩʪʝʤʘ ʠ 

ʟʘʭʪʝʚʘ ʨʘʟʚʦʿ ʥʘʧʨʝʜʥʠʭ ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ, ʫʧʨʘʚˀʘˁʝ ʠ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ ʨʝʩʫʨʩʘ. 

ʂʣʘʩʠʯʥʘ ʧʨʝʜʠʢʮʠʿʘ ʩʪʘˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʩʝ ʨʘʜʠ ʚʝ˂ ʛʦʜʠʥʘʤʘ ʢʘʢʦ ʙʠ ʩʠʩʪʝʤ 

ʬʫʥʢʮʠʦʥʠʩʘʦ ʝʬʠʢʘʩʥʦ ʠ ʧʦʫʟʜʘʥʦ. ʇʦʩʪʦʿʠ ʢʦʥʩʪʘʥʪʥʘ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʙʘʣʘʥʩʠʨʘ ʧʦʪʨʦʰˁʘ ʠ 

ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʦʚʘʿ ʧʨʦʮʝʩ ʟʘʭʪʝʚʘ ʢʦʥʩʪʘʥʪʦ ʨʝʰʘʚʘˁʝ ʤʘʪʝʤʘʪʠʯʢʠ 

ʟʘʭʪʝʚʥʠʭ, ʥʝʣʠʥʝʘʨʥʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ ʥʘ ʜʥʝʚʥʦʤ, ʩʘʪʥʦʤ, ʯʘʢ ʠ ʤʠʥʫʪʥʦʤ ʥʠʚʦʫ 

[1]. ʇʣʘʥʠʨʘˁʝ ʨʘʜʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʩʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʩʘʩʪʦʿʠ ʦʜ ʧʨʝʜʚʠʹʘˁʘ 

ʧʦʪʨʦʰˁʝ, ʧʨʦʠʟʚʦʜˁʝ, ʠ ʝʬʠʢʘʩʥʦʛ ʠ ʩʠʛʫʨʥʦʛ ʧʨʝʥʦʩʘ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʈʝʟʫʣʪʘʪʠ ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʬʘʟʘ ʧʣʘʥʠʨʘˁʘ ʤʦʨʘʿʫ ʜʘ ʙʫʜʫ ʢʦʦʨʜʠʥʠʩʘʥʠ ʪʘʢʦ ʜʘ ʦʙʝʟʙʝʜʝ 

ʩʠʛʫʨʥʫ ʠ ʝʬʠʢʘʩʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʝʥʝʨʛʠʿʝ [2]. 

ʉʘ ʨʘʩʪʫ˂ʠʤ ʪʨʦʰʢʦʚʠʤʘ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʠ ʝʢʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʠʤʘ ʧʦʚʝʟʘʥʠʤ ʩʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ, ʠʥʪʝʛʨʘʮʠʿʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʧʦʿʘʚʠʣʘ ʩʝ ʢʘʦ 

ʦʜʨʞʠʚʦ ʨʝʰʝˁʝ ʟʘ ʟʘʜʦʚʦˀʘʚʘˁʝ ʧʦʪʨʘʞˁʝ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ, ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ 

ʧʦʙʦˀʰʘˁʝ ʝʢʦʣʦʰʢʝ ʩʠʪʫʘʮʠʿʝ. ʄʝʹʫʪʠʤ, ʫʢˀʫʯʠʚʘˁʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʫ ɽɽʉ ʫʥʦʩʠ 

ʦʜʨʝʹʝʥʝ ʠʟʘʟʦʚʝ. ɱʝʜʥʘ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʿʝ ˁʠʭʦʚʘ ʠʥʪʝʨʤʠʪʝʥʪʥʘ 

ʧʨʦʠʟʚʦʜˁʘ. ʂʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʛʝʥʝʨʠʰʫ ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ ʟʘʚʠʩʠ ʦʜ ʫʩʣʦʚʘ ʦʢʦʣʠʥʝ ʠ 

ʙʨʟʠʥʝ ʚʝʪʨʘ, ʢʦʿʠ ʩʫ ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʥʝʧʨʝʜʚʠʜʠʚʠ. ʉʣʠʯʥʦ ʪʦʤʝ, ʝʥʝʨʛʠʿʘ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ 

ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʟʘʚʠʩʠ ʦʜ ʜʦʩʪʫʧʥʦʩʪʠ ʫʧʦʪʨʝʙˀʠʚʠʭ ʩʚʝʪʣʦʩʥʠʭ ʟʨʘʢʘ, ʥʘ ʢʦʿʝ ʫʪʠʯʫ ʬʘʢʪʦʨʠ 

ʢʘʦ ʰʪʦ ʩʫ ʜʦʙʘ ʜʘʥʘ, ʦʙʣʘʯʥʦʩʪ ʠ ʧʦʣʦʞʘʿ ʧʘʥʝʣʘ. ʇʦʰʪʦ ʩʝ ʦʚʘ ʚʨʩʪʘ ʧʨʦʠʟʚʦʜˁʝ ʥʝ ʤʦʞʝ ʣʘʢʦ 

ʧʨʝʜʚʠʜʝʪʠ ʠʣʠ ʿʦʿ ʩʝ ʧʨʠʩʪʫʧʠʪʠ ʧʦ ʧʦʪʨʝʙʠ, ʙʘʣʘʥʩʠʨʘˁʝ ʪʘʢʚʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ 

ʧʦʩʪʘʿʝ ʩʣʦʞʝʥʦ. ʊʨʘʜʠʮʠʦʥʘʣʥʦ, ɽɽʉ ʿʝ ʙʘʣʘʥʩʠʨʘʥ ʥʘ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʘ ʜʘ ˂ʝ ʩʝ ʧʨʦʠʟʚʦʜˁʘ 

ʫʩʢʣʘʜʠʪʠ ʩʘ ʟʘʭʪʝʚʠʤʘ ʧʦʪʨʦʰˁʝ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʪʝʞʝ ʦʜʨʞʘʪʠ ʢʘʜʘ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ 

ʥʝ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ ʝʥʝʨʛʠʿʫ ʧʦ ʧʦʪʨʝʙʠ. 

ʋ ʢʣʘʩʠʯʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʿʝ ʧʨʝʜʚʠʹʘʥʦ ʫ ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʿʝʨ ʿʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ ʧʨʦʠʟʚʦʜˁʘ ʜʦʧʨʝʤʘʣʘ ʝʥʝʨʛʠʿʫ ʟʘʭʪʝʚʘʥʫ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ. ʋʟ ʨʘʟʚʦʿ 

ʩʠʩʪʝʤʘ ʠ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʿʝ ʦʨʛʘʥʠʟʘʮʠʿʘ ɽɽʉïʘ ʟʥʘʯʘʿʥʦ ʟʘʢʦʤʧʣʠʢʦʚʘʥʘ. 

ɺʣʘʜʘ ʯʝʩʪʦ ʧʦʜʩʪʠʯʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ʮʠˀ 

ʥʝʪʦ ʥʫʣʪʝ ʩʪʦʧʝ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʘ ʜʦ 2050. [3], [4]. ʆʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʩʫ 

ʫ ʟʥʘʯʘʿʥʦʿ ʝʢʩʧʘʥʟʠʿʠ ʧʨʠʢʘʟʫʿʫ˂ʠ ʨʘʩʪ ʦʜ 17% ʫ ʧʝʨʠʦʜʫ ʦʜ 2021. ʛʦʜʠʥʝ, ʜʦʢ ʩʫ ʩʝ ʝʥʝʨʛʠʿʘ 

ʚʝʪʨʘ ʠ ʩʦʣʘʨʘ ʫʜʚʦʩʪʨʫʯʠʣʝ ʠʟʤʝʹʫ 2019. ʠ 2024.ʛʦʜʠʥʝ [5]. ʋ ʧʨʦʮʝʩʫ ʠʥʪʝʛʨʘʮʠʿʝ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʫ ʧʦʩʪʦʿʝ˂ʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʩʠʩʪʝʤʝ ʧʦʩʪʦʿʝ ʦʜʨʝʹʝʥʠ ʠʟʘʟʦʚʠ. ʏʝʩʪʦ ʩʫ ʦʥʠ ʨʘʟʣʦʛ 

ʨʝʤʝ˂ʝˁʘ ʙʘʣʘʥʩʘ ʠʟʤʝʹʫ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʠ ʿʝ ʥʝʦʧʭʦʜʘʥ ʟʘ ʩʪʘʙʠʣʥʦ 

ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʠʩʪʝʤʘ ʫʩʣʝʜ ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪʠ ʩʘʤʠʭ ʠʟʚʦʨʘ ʠʟ ʢʦʿʠʭ ʩʝ ʜʦʙʠʿʘ ʦʙʥʦʚˀʠʚʘ 

ʝʥʝʨʛʠʿʝ [6]. ʂʫʧʮʠïʧʨʦʠʟʚʦʹʘʯʠ, ʠʥʜʠʚʠʜʫʘʣʥʦ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʤʥʦʛʠʤ ʨʘʜʦʚʠʤʘ [7], [8] ʠʤʘʿʫ 

ʜʚʦʩʪʨʫʢʫ ʫʣʦʛʫ ʫ ʩʠʩʪʝʤʫ, ʘʣʠ ʠʤʘʿʫ ʦʛʨʘʥʠʯʝʥʫ ʧʨʠʤʝʥˀʠʚʦʩʪ ʫ ʧʣʘʥʠʨʘˁʫ ʩʠʩʪʝʤʘ ʫʩʣʝʜ 

ʪʝʰʢʝ ʧʨʝʜʚʠʜʠʚʦʩʪʠ ˁʠʭʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɼʦʜʘʪʥʦ ʧʦʚʝ˂ʘˁʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʫʟʨʦʢʫʿʫ 

ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʢʘʧʘʮʠʪʝʪʘ [9], [10]. ʀʘʢʦ ʩʫ ʦʚʠ 
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ʝʣʝʤʝʥʪʠ ʢˀʫʯʥʠ ʟʘ ʘʜʝʢʚʘʪʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʤʦʜʝʨʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ, ʟʥʘʯʘʿʥʦ 

ʢʦʤʧʣʠʢʫʿʫ ˁʝʛʦʚ ʨʘʜ ʪʠʤʝ ʦʪʝʞʘʚʘʿʫ˂ʠ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ ʩʠʩʪʝʤʘ ʝʢʩʧʝʨʪʠʤʘ ʢʦʿʠ ʩʝ ˁʠʤʘ ʙʘʚʝ.  

ʉʘ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʧʘʨʘʣʝʣʥʦ ʩʝ ʨʘʟʚʠʿʘʿʫ ʠ ʤʝʪʦʜʝ 

ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ. ʆʚʝ ʤʝʪʦʜʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʦʙʨʘʜʠ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʩʚʝ ʧʨʝʮʠʟʥʠʿʫ ʘʥʘʣʠʟʫ ʠ ʫʧʨʘʚˀʘˁʝ ʩʣʦʞʝʥʠʤ ʩʠʩʪʝʤʠʤʘ. ʋ ʝʥʝʨʛʝʪʠʮʠ ʿʝ ʜʦʩʪʫʧʥʘ 

ʟʥʘʯʘʿʥʘ ʢʦʣʠʯʠʥʘ ʨʝʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʤʝʨʝˁʘ ʠ ʦʧʝʨʘʪʠʚʥʦʛ ʥʘʜʟʦʨʘ, ʧʘ ʩʝ ˁʠʭʦʚʦʤ 

ʦʙʨʘʜʦʤ ʤʦʛʫ ʜʦʙʠʪʠ ʤʦʜʝʣʠ ʢʦʿʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʣʘʢʰʘʚʘʿʫ ʨʘʜ ʩʪʨʫʯˁʘʮʠʤʘ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʋʧʨʘʚʦ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ 

ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʨʘʟʚʠʪʠ ʧʨʝʜʠʢʪʠʚʥʝ ʤʦʜʝʣʝ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʝʬʠʢʘʩʥʠʿʝʤ ʧʣʘʥʠʨʘˁʫ ʠ 

ʫʧʨʘʚˀʘˁʫ ʝʥʝʨʛʝʪʩʢʠʤ ʨʝʩʫʨʩʠʤʘ. 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʧʦʩʪʦʿʝ ʜʦʚʦˀʥʦ ʜʫʛʦ ʜʘ ʦʨʛʘʥʠʟʘʮʠʿʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ˁʠʭʦʚʠʤ 

ʥʘʜʟʦʨʦʤ ʠʤʘʿʫ ʧʦʜʘʪʢʝ ʤʝʨʝˁʘ ʧʦʪʨʦʰˁʝ, ʧʨʦʠʟʚʦʜˁʝ ʠ ʫʩʣʦʚʘ ʢʦʿʠ ʥʘ ˁʠʭ ʫʪʠʯʫ. ʋʧʦʪʨʝʙʦʤ 

ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʧʨʝʜʠʢʪʠʚʥʠ ʤʦʜʝʣʠ ʙʘʟʠʨʘʥʠ ʥʘ ʚʝʰʪʘʯʢʦʿ ʠʥʪʝʣʠʛʝʥʮʠʿʠ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ 

ʙʫʜʫ˂ʫ ʧʦʪʨʦʰˁʫ ʠ ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʠʭ ʠʩʢʫʩʪʘʚʘ. ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ 

(ʄʋ) ʩʝ ʥʝʨʝʪʢʦ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʚʘʢʚʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠʩʢʦʨʠʩʪʠʣʝ ʫ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ 

ʨʘʩʪʫ˂ʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ɽɽʉïʘ ʫʩʣʝʜ ʫʯʝʰ˂ʘ ʠʥʪʝʨʤʠʪʝʥʪʥʠʭ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ [11]ï

[13]. ʋ ʧʨʦʨʘʯʫʥʠʤʘ ʛʜʝ ʜʦʥʦʰʝˁʝ ʦʧʪʠʤʘʣʥʝ ʦʜʣʫʢʝ ʟʘʚʠʩʠ ʦʜ ʟʘʭʪʝʚʘ ʧʦʪʨʦʰʘʯʘ ʫ 

ʥʝʧʨʝʜʚʠʜʠʚʠʤ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʄʋ ʿʝ ʢʦʨʠʩʥʘ ʤʝʪʦʜʘ [14]. 

ɸʢʦ ʩʝ ʢʦʨʠʩʪʝ ʧʨʝʪʭʦʜʥʘ ʠʩʢʫʩʪʚʘ ʩʪʨʫʯˁʘʢʘ, ʠʩʪʦʨʠʿʘ ʨʘʜʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʠ 

ʚʝʣʠʢʠ ʙʨʦʿ ʜʦʩʪʫʧʥʠʭ ʤʝʨʝˁʘ ʠʟ ʧʨʦʰʣʦʩʪʠ, ʄʋ ʠ ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ (ɺʀ) ʩʫ ʦʜʣʠʯʥʝ 

ʤʝʪʦʜʝ ʟʘ ˁʠʭʦʚʦ ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʰ˂ʘʚʘˁʝ. ʀʟ ˁʠʭ ʙʠ ʩʝ ʤʦʛʣʘ ʥʘʧʨʘʚʠʪʠ ʙʫʜʫ˂ʘ 

ʧʨʝʜʚʠʹʘˁʘ ʢʦʿʘ ʙʠ ʦʤʦʛʫ˂ʠʣʘ ʠʥʞʝˁʝʨʠʤʘ ʠ ʦʧʝʨʘʪʝʨʠʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʜʘ 

ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʦʜʘʮʠʤʘ ʦʜʣʫʢʝ ʠ ʦʧʪʠʤʠʟʫʿʫ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ. 

ɼʦ ʩʘʜʘ ʿʝ ʦʜʣʫʢʘ ʦ ʪʦʤʝ ʢʦʿʠ ˂ʝ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʙʠʪʠ ʘʢʪʠʚʥʠ ʫ ʦʜʨʝʹʝʥʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʧʝʨʠʦʜʠʤʘ, ʨʘʜʠ ʙʝʟʙʝʜʥʝ ʠ ʧʦʫʟʜʘʥʝ ʠʩʧʦʨʫʢʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʪʨʦʰʘʯʠʤʘ, ʙʠʣʘ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʫ ʥʘʜʣʝʞʥʦʩʪʠ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ. ʀʩʢʫʩʥʦ ʜʠʩʧʝʯʝʨʩʢʦ ʦʩʦʙˀʝ ʿʝ, ʥʘ ʦʩʥʦʚʫ 

ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ ʠ ʧʨʘʢʩʝ, ʜʦʥʦʩʠʣʦ ʢˀʫʯʥʝ ʦʜʣʫʢʝ ʫ ʫʧʨʘʚˀʘˁʫ ʠ ʦʨʛʘʥʠʟʘʮʠʿʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. 

ʂʘʢʦ ɽɽʉ ʧʦʩʪʦʿʝ ʚʝ˂ ʜʝʮʝʥʠʿʘʤʘ, ʜʦʩʪʫʧʥʠ ʩʫ ʦʙʠʤʥʠ ʩʢʫʧʦʚʠ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʜʦʢʫʤʝʥʪʫʿʫ 

ˁʠʭʦʚ ʨʘʜ ʠ ʜʠʥʘʤʠʢʫ ʬʫʥʢʮʠʦʥʠʩʘˁʘ. ʊʠ ʧʦʜʘʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʟʫʣʪʘʪ ʨʘʟʣʠʯʠʪʠʭ 

ʦʧʝʨʘʪʠʚʥʠʭ ʩʠʪʫʘʮʠʿʘ ʢʦʿʝ ʩʫ ʦʙʣʠʢʦʚʘʣʝ ʠʩʢʫʩʪʚʦ ʜʠʩʧʝʯʝʨʘ. 

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʨʘʜʘ, ʫʧʨʘʚʦ ʩʫ ʪʠ ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʠʩʢʦʨʠʰ˂ʝʥʠ ʟʘ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʢʦʿʠ 

ʧʨʝʫʟʠʤʘʿʫ ʫʣʦʛʫ ʫ ʧʨʦʮʝʩʫ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʦʜʨʝʹʫʿʫ˂ʠ ʢʦʿʠ ˂ʝ ʩʝ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʠʪʠ ʫ 

ʧʦʿʝʜʠʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ɼʘˀʠʤ ʫʥʘʧʨʝʹʝˁʝʤ ʦʚʠʭ ʤʦʜʝʣʘ, ʢʨʦʟ ʢʦʥʪʠʥʫʘʣʥʦ 

ʫʚʦʹʝˁʝ ʩʘʚʨʝʤʝʥʠʭ ʠ ʘʢʪʫʝʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʤʦʛʫ˂ʝ ʿʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʛʨʝʰʢʝ ʫ ʧʨʝʜʚʠʹʘˁʫ ʠ 

ʧʦʚʝ˂ʘʪʠ ʧʦʫʟʜʘʥʦʩʪ ʩʠʩʪʝʤʘ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʨʠʨʦʜʝ ʧʨʦʙʣʝʤʘ. ɿʘ ʦʜʨʝʹʝʥʝ ʟʘʜʘʪʢʝ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ, ʧʨʦʠʟʚʦʜˁʝ ʠʣʠ 

ʩʪʘˁʘ ʩʠʩʪʝʤʘ, ʧʦʩʪʦʿʝ ʧʨʝʬʝʨʝʥʩʝ ʧʦ ʧʠʪʘˁʫ ʘʜʝʢʚʘʪʥʦʩʪʠ ʦʜʨʝʹʝʥʠʭ ʪʝʭʥʠʢʘ ʥʘʩʧʨʘʤ ʜʨʫʛʠʭ. 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʘʥʘʣʠʟʠʨʘʥʦ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ɺʀ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʠʧʦʚʠʤʘ 

ʧʨʦʙʣʝʤʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʢʦʿʝ ʦʜ ˁʠʭ ʥʘʿʙʦˀʝ ʦʜʛʦʚʘʨʘʿʫ ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʠ 

ʧʦʪʨʝʙʘʤʘ ʧʦʿʝʜʠʥʠʭ ʧʨʦʙʣʝʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ.  
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ʋ ʧʦʛʣʘʚˀʫ 2 ʧʨʠʢʘʟʘʥʝ ʩʫ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʠʟʘʟʦʚʠ ʢʦʿʠ 

ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʠʥʪʝʛʨʘʮʠʿʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. ʋ ʧʦʛʣʘʚˀʫ 3 ʨʘʟʤʘʪʨʘʥʘ ʿʝ ʧʨʠʤʝʥʘ 

ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ ʘʥʘʣʠʟʠ ʠ ʧʨʝʜʠʢʮʠʿʠ ʨʘʜʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʋ ʧʦʛʣʘʚˀʫ 

4 ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʧʨʠʤʝʥʝ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ (Artificial Neural Networks ï ANN) ʟʘ 

ʧʨʝʜʠʢʮʠʿʫ ʧʦʪʨʦʰˁʝ ʠ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ʋ ʧʦʛʣʘʚˀʫ 5 ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ANFIS (Adaptive 

Neuro-Fuzzy Inference System - ANFIS) ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʝʤʠʩʠʿʝ CO . ʋ 

ʧʦʛʣʘʚˀʫ Error! Reference source not found. ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ARIMA (Autoregressive I

ntegrated Moving Average ï ARIMA) ʤʦʜʝʣʘ ʢʘʦ ʨʝʬʝʨʝʥʪʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʧʦʨʝʹʝˁʝ ʩʘ 

ʤʝʪʦʜʘʤʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. 

ʋ ʧʦʛʣʘʚˀʫ 7 ʨʘʟʚʠʿʝʥ ʿʝ ʤʦʜʝʣ ʧʨʝʜʠʢʮʠʿʝ ʫʧʦʪʨʝʙʦʤ ANN ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʠ ʿʝ ʪʨʝʥʠʨʘʥ ʥʘ 

ʤʝʨʥʠʤ ʧʦʜʘʮʠʤʘ ʠʟ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʉʨʙʠʿʝ. ʋʟʝʪʠ ʩʫ ʫ ʦʙʟʠʨ ʫʪʠʮʘʿʠ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʠ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʙʠ ʩʝ ʫ ʢʣʘʩʠʯʥʦʤ ʧʨʠʩʪʫʧʫ ʟʘʥʝʤʘʨʠʚʘʣʠ ʨʘʜʠ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʘ ʧʨʦʨʘʯʫʥʘ ʠ ˁʝʛʦʚʦʛ ʫʙʨʟʘʚʘˁʘ. ʆʚʘʿ ʤʦʜʝʣ ʫʧʦʨʝʹʝʥ ʿʝ ʩʘ ANFIS 

ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʠ ʢʣʘʩʠʯʥʦʤ ʧʨʝʜʠʢʪʠʚʥʦʤ ʤʝʪʦʜʦʤ ARIMA. ʋʩʪʘʥʦʚʠʣʝ ʩʫ ʩʝ ʟʥʘʯʘʿʝ ʧʨʝʜʥʦʩʪʠ 

ANN ʤʝʪʦʜʦʣʦʛʠʿʝ ʠ ʫ ʜʘˀʝʤ ʨʘʜʫ ʿʝ ʬʦʢʫʩ ʥʘ ʦʚʦʤ ʩʝʛʤʝʥʪʫ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. ʀʟ ʪʦʛ 

ʨʘʟʣʦʛʘ ʩʝ ʜʘˀʝ ʧʨʠʩʪʫʧʠʣʦ ʫʧʦʪʨʝʙʠ ANN ʤʝʪʦʜʦʣʦʛʠʿʝ ʫ ʨʘʟʚʦʿʫ ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʜʝʬʠʥʠʰʝ 

ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʫʟ ʫʚʘʞʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʝ ʫ ʢʣʘʩʠʯʥʦʤ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘʥʝʤʘʨʫʿʫ. 

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʧʦʛʣʘʚˀʫ 8 ʛʜʝ ʩʝ, ʥʘ ʜʝʣʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʫ ɹʘʥʘʪʫ, ʛʜʝ ʿʝ 

ʘʣʛʦʨʠʪʘʤ ʪʝʩʪʠʨʘʥ ʥʘ ʤʝʨʥʠʤ ʧʦʜʘʮʠʤʘ ʩʘ ʧʦʩʤʘʪʨʘʥʝ ʪʝʨʠʪʦʨʠʿʝ. ʆʚʜʝ ʩʫ ʫʚʘʞʝʥʠ ʫʪʠʮʘʿʠ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʠ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ ʥʘ ʩʝʛʤʝʥʪʝ ʤʨʝʞʝ ʢʘʦ ʰʪʦ ʩʫ ʫʪʠʮʘʿ ʥʘ ʩʘʤ ʥʘʜʟʝʤʥʠ ʚʦʜ, 

ʧʨʦʠʟʚʦʜˀʫ ʠ ʧʦʪʨʦʰˁʫ ʫ ʩʠʩʪʝʤʫ.  

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʟʚʦʿ ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʨʠʤʝʥˀʠʚʠʭ ʫ ʥʦʚʠʤ 

ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʢʦʿʝ ʧʦʩʪʘʿʫ ʩʚʝ ʟʘʩʪʫʧˀʝʥʠʿʝ ʫ ʦʢʚʠʨʫ ʢʣʘʩʠʯʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʋ 

ʧʦʛʣʘʚˀʫ 9 ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʠʟʦʣʦʚʘʥʘ ʤʠʢʨʦʤʨʝʞʘ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʩʢˀʫʯʠʚʦ ʦʜ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʢʫʧʘʮʘ-ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ. ʅʘ ʦʚʦʤ ʧʨʠʤʝʨʫ 

ʠʟʦʣʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʨʘʟʚʠʿʝʥ ʿʝ ʧʨʠʥʮʠʧ ʫʧʨʘʚˀʘˁʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʩʘʤʦʦʜʨʞʠʚ ʨʘʜ ʩʠʩʪʝʤʘ, ʫʟ 

ʫʢˀʫʯʠʚʘˁʝ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ ʠ ʢʫʧʘʮʘ-ʧʨʦʠʟʚʦʹʘʯʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʚʨʝʤʝʥʩʢʠʤ ʧʝʨʠʦʜʠʤʘ 

ʨʘʜʠ ʙʘʣʘʥʩʠʨʘˁʘ ʩʠʩʪʝʤʘ. 

ʋ ʧʦʛʣʘʚˀʫ 10 ʧʨʠʢʘʟʘʥʦ ʿʝ ʩʿʝʜʠˁʘʚʘˁʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ. ɸʥʘʣʠʟʠʨʘʥʦ ʿʝ ʧʦʥʘʰʘˁʝ 

ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʘʦ ʩʚʦʿ ʩʝʛʤʝʥʪ ʠʤʘ ʜʝʬʠʥʠʩʘʥʫ ʤʠʢʨʦʤʨʝʞʫ ʩʘ ʩʚʦʿʦʤ ʨʘʟʚʠʿʝʥʦʤ ʢʦʥʪʨʦʣʦʤ. ʆʚʘ 

ʤʨʝʞʘ ʿʝ ʧʦʚʝʟʘʥʘ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʇʨʠ ʘʥʘʣʠʟʠ ʫʚʘʞʠʣʘ ʩʝ ʧʨʦʤʝʥʘ ʩʪʘˁʘ 

ʩʠʩʪʝʤʘ ʠ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʩʘ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʠ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʀʩʭʦʜ ʦʚʦʛ ʧʨʦʨʘʯʫʥʘ ʿʝ 

ʦʧʪʠʤʘʣʥʘ ʘʢʪʠʚʘʮʠʿʘ ʩʢʣʘʜʠʰʪʘ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʠ ʛʫʙʠʮʠ ʩʥʘʛʝ ʠʣʠ 

ʧʦʙʦˀʰʘʣʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦʠ ʫʥʫʪʘʨ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. 
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2. ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʘ ʥʦʚʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʠ 

ʠʟʘʟʦʚʠʤʘ 
ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ ɽɽʉ ʧʨʦʣʘʟʠ ʢʨʦʟ ʟʥʘʯʘʿʥʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʩʚʦʿʝ ʮʝʣʦʢʫʧʥʝ 

ʩʪʨʫʢʪʫʨʝ. ʋʚʦʜʝ ʩʝ ʥʦʚʠ ʝʣʝʤʝʥʪʠ, ʘ ʜʫʛʦʛʦʜʠʰˁʘ ʧʨʘʢʩʘ ʥʘ ʢʦʿʫ ʩʫ ʠ ʢʦʨʠʩʥʠʮʠ ʠ ʦʧʝʨʘʪʦʨʠ 

ʥʘʚʠʢʣʠ ʧʦʩʪʝʧʝʥʦ ʝʚʦʣʫʠʨʘ. ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʩʠʩʪʝʤ ʿʝ ʙʠʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥ. ɹʠʦ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʚʝʣʠʢʠʤ ʧʨʦʠʟʚʦʜʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʢʦʿʝ ʿʝʜʥʦʩʤʝʨʥʦ ʩʥʘʙʜʝʚʘʿʫ ʧʦʪʨʦʰʘʯʝ. ʎʠˀ ʿʝ ʙʠʦ ʢʦʣʠʢʦ 

ʧʨʘʚʦʣʠʥʠʿʩʢʠ ʠ ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʨʘʟʫʤʝʚʘˁʝ, ʪʦʣʠʢʦ ʝʢʩʪʝʤʥʦ ʟʘʭʪʝʚʘʥ ʟʘ ʠʟʚʨʰʝˁʝ. ʎʠˀ ʿʝ 

ʦʙʝʟʙʝʹʠʚʘˁʝ ʧʦʫʟʜʘʥʦʛ ʠ ʝʬʠʢʘʩʥʦʛ ʩʥʘʙʜʝʚʘˁʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʪʨʘʞˁʦʤ 

[15]. 

ʂʘʢʦ ʚʨʝʤʝ ʧʨʦʣʘʟʠ, ʦʚʘʿ ʩʠʩʪʝʤ ʩʝ ʤʝˁʘ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʠ ʩʠʩʪʝʤ ʧʦʩʪʘʿʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥ, 

ʜʦʙʠʿʘ ʦʜʨʝʹʝʥʠ ʩʪʝʧʝʥ ʜʠʥʘʤʠʯʥʦʩʪʠ ʠ ʪʦʢʦʚʠ ʝʥʝʨʛʠʿʝ ʧʦʩʪʘʿʫ ʚʠʰʝʩʤʝʨʥʠ. ʋ ʩʠʩʪʝʤ ʩʝ ʫʥʦʩʠ 

ʢʦʤʧʣʝʢʩʥʦʩʪ ʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʢʦʿʘ ʜʦ ʧʨʝ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʥʠʿʝ ʧʦʩʪʦʿʘʣʘ. ʇʦʿʘʚˀʫʿʫ ʩʝ ʤʘˁʠ 

ʧʨʦʠʟʚʦʹʘʠ, ʩʢʣʘʜʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʝʣʝʢʪʨʠʯʥʘ ʚʦʟʠʣʘ, ʜʦʣʘʟʠ ʜʦ ʬʦʨʤʠʨʘˁʝ 

ʤʠʢʨʦʤʨʝʞʘ. 

ɺʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʧʨʦʤʝʥʝ ʢʦʿʝ ʫ ʩʠʩʪʝʤʫ ʥʘʩʪʘʿʫ ʠʤʘ ʧʦʣʠʪʠʢʘ ʜʝʢʘʨʙʦʥʠʟʘʮʠʿʝ. ʅʘ ʛʣʦʙʘʣʥʦʤ 

ʥʠʚʦʫ ʩʝ ʪʝʞʠ ʦʯʫʚʘˁʫ ʢʣʠʤʘʪʩʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʩʤʘˁʝˁʫ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ. ʆʚʦ ʩʫ 

ʨʘʟʣʦʟʠ ʟʙʦʛ ʢʦʿʠʭ ʜʦʣʘʟʠ ʜʦ ʝʢʩʧʘʥʟʠʿʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ. ɳʠʭ ʧʨʘʪʠ ʧʦʪʨʝʙʘ ʟʘ ʩʢʣʘʜʠʰʪʠʤʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʥʘʧʨʝʜʥʠʭ ʩʠʩʪʝʤʘ ʫʧʨʘʚʘˁʘ. ʉʠʩʪʝʤ ʿʝ ʧʨʝʧʣʘʚʝˀʥ ʝʣʝʤʝʥʪʠʤʘ 

ʥʦʚʦʥʘʩʪʘʣʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʦʜ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʜʦ ʩʢʣʘʜʠʰʪʘ, ʢʦʘʿ ʪʨʝʙʘ ʜʘ ʦʜʨʞʝ ʙʘʣʘʥʩ ʨʘʜʘ 

ʘʧʩʦʨʧʠʮʠʿʦʤ ʚʠʰʢʦʚʘ ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ ʠ ʩʥʘʙʜʝʚʘˁʝʤ ʫ ʪʨʝʥʫʮʠʤʘ ˁʝʥʦʛ ʥʝʜʦʩʪʘʪʘʢʘ. [6] 

ʌʦʨʤʠʨʘʿʫ ʩʝ ʥʦʚʝ ʢʘʪʝʛʦʨʠʿʝ ʫʯʝʩʥʠʢʘ ʫ ʩʠʩʪʝʤʫ, ʧʦʧʫʪ ʢʫʧʘʮʘïʧʨʦʠʟʚʦʹʘʯʘ (prosumers), ʘ ʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ ʧʦʯʠˁʫ ʜʘ ʩʝ ʿʘʚˀʘʿʫ ʤʠʢʨʦʤʨʝʞʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʨʘʜʝ ʧʦʣʫïʘʫʪʦʥʦʤʥʦ 

ʠʣʠ ʧʦʪʧʫʥʦ ʩʘʤʦʩʪʘʣʥʦ. ʆʚʦ ʫʥʦʩʠ ʥʦʚʫ ʜʠʤʝʥʟʠʿʫ ʫ ʧʣʘʥʠʨʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ, ʧʦʩʝʙʥʦ ʟʘʪʦ 

ʰʪʦ ʤʥʦʛʠ ʦʜ ʦʚʠʭ ʠʟʚʦʨʘ ʨʘʜʝ ʩʪʦʭʘʩʪʠʯʢʠ. 

ʉʠʩʪʝʤ ʚʠʰʝ ʥʝ ʬʫʥʢʮʠʦʥʠʰʝ ʧʦ ʧʨʠʥʮʠʧʫ ʜʘ ʧʦʪʨʦʰʘʯ ʿʝʜʥʦʩʪʘʚʥʦ ʟʘʪʨʘʞʠ ʝʥʝʨʛʠʿʫ, ʘ ʚʝʣʠʢʝ 

ʝʣʝʢʪʨʘʥʝ ʩʝ ʫʢˀʫʯʫʿʫ ʜʘ ʙʠ ʟʘʜʦʚʦˀʠʣʝ ʧʦʪʨʝʙʝ. ʆʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʘʢʪʠʚʠʨʘʿʫ 

ʥʘ ʟʘʭʪʝʚ. ɳʠʭʦʚʘ ʧʨʦʠʟʚʦʜˁʘ ʟʘʚʠʩʠ ʦʜ ʜʦʩʪʫʧʥʦʩʪʠ ʩʫʥʮʘ, ʚʝʪʨʘ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʘ, ʰʪʦ ʟʥʘʯʠ 

ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʦʜʠ ʦʥʜʘ ʢʘʜʘ ʦʜʛʦʚʘʨʘ ʫʩʣʦʚʠʤʘ ʫ ʧʨʠʨʦʜʠ, ʘ ʥʝ ʫ ʪʨʝʥʫʮʠʤʘ ʢʘʜʘ ʧʦʩʪʦʿʠ 

ʧʦʪʨʘʞˁʘ ʟʘ ʝʥʝʨʛʠʿʦʤ[11]. 

ʂʘʜʘ ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʠʤʘʿʫ ʚʠʰʘʢ ʧʨʦʠʟʚʦʜˁʝ, ʪʘ ʝʥʝʨʛʠʿʘ ʤʦʨʘ ʥʝʛʜʝ ʜʘ ʩʝ ʩʢʣʘʜʠʰʪʠ. ʎʠˀ 

ʿʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʠ ʫ ʢʘʩʥʠʿʠʤ ʤʦʤʝʥʪʠʤʘ ʧʦʨʘʩʪʘ ʧʦʪʨʦʰˁʝ. ʉʪʦʛʘ ʫʣʦʛʫ ʙʘʣʘʥʩʠʨʘˁʘ ʨʘʜʘ 

ʩʠʩʪʝʤʘ ʧʨʫʟʠʤʘʿʫ ʥʦʚʦʥʘʩʪʘʣʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʩʢʣʘʜʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ.  

ʇʦʪʨʦʰʘʯʠ ʚʠʰʝ ʥʠʩʫ ʩʘʤʦ ʧʘʩʠʚʥʠ ʢʦʨʠʩʥʠʮʠ. ʄʥʦʛʠ ʦʜ ˁʠʭ ʧʦʩʪʘʿʫ ʘʢʪʠʚʥʠ ʫʯʝʩʥʠʮʠ, 

ʧʨʦʠʟʚʦʜʝ ʩʦʧʩʪʚʝʥʫ ʝʥʝʨʛʠʿʫ ʢʨʦʟ ʩʦʣʘʨʥʝ ʧʘʥʝʣʝ ʠ ʧʨʦʜʘʿʫ ʚʠʰʢʦʚʝ ʥʘʟʘʜ ʫ ʤʨʝʞʫ. ʆʚʦ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʝˁʘ ʪʦʢʦʚʝ ʝʥʝʨʛʠʿʝ ʰʪʦ ʯʠʥʠ ʤʨʝʞʫ ʤʥʦʛʦ ʩʣʦʞʝʥʠʿʦʤ ʟʘ ʫʧʨʘʚˀʘˁʝ. [7] 

ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʦʚʠʭ ʧʨʦʤʝʥʘ, ʧʦʿʘʚˀʫʿʫ ʩʝ ʜʝʣʦʚʠ ʩʠʩʪʝʤʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʬʫʥʢʮʠʦʥʠʰʫ ʧʦʪʧʫʥʦ 

ʥʝʟʘʚʠʩʥʦ ʦʜ ʜʨʞʘʚʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ʊʦ ʩʫ ʠʟʦʣʦʚʘʥʝ ʠʣʠ ʧʦʣʫïʠʟʦʣʦʚʘʥʝ 

ʤʠʢʨʦʤʨʝʞʝ ʩʘ ʩʦʧʩʪʚʝʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ, ʩʦʧʩʪʚʝʥʦʤ ʧʦʪʨʦʰˁʦʤ ʠ ʩʢʣʘʜʠʰʪʠʤʘ. ʆʥʝ ʤʦʛʫ ʜʘ 

ʙʫʜʫ ʠʥʪʝʛʨʠʩʘʥʝ ʫ ʚʝʣʠʢʠ ʩʠʩʪʝʤ ʠʣʠ ʜʘ ʨʘʜʝ ʦʜʚʦʿʝʥʦ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 
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ʋʢʦʣʠʢʦ ʿʝ ʤʠʢʨʦʤʨʝʞʘ ʧʦʚʝʟʘʥʘ ʥʘ ʚʝ˂ʠ ʩʠʩʪʝʤ, ʦʥʘ ʤʦʨʘ ʜʘ ʠʩʧʫˁʘʚʘ ʩʚʝ ʪʝʭʥʠʯʢʝ ʫʩʣʦʚʝ ʟʘ 

ʩʪʘʙʠʣʘʥ ʥʘʧʦʥ, ʬʨʝʢʚʝʥʮʠʿʫ ʠ ʢʚʘʣʠʪʝʪ ʥʘʧʘʿʘˁʘ. ʋʢʦʣʠʢʦ ʿʝ ʥʝʟʘʚʠʩʥʘ, ʪʘ ʦʙʘʚʝʟʘ ʥʝ ʧʦʩʪʦʿʠ. 

ʆʥʜʘ ʮʝʣʦʢʫʧʥʘ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʧʦʫʟʜʘʥʦʩʪ ʠ ʩʠʛʫʨʥʦʩʪ ʥʘʧʘʿʘˁʘ ʦʩʪʘʿʝ ʥʘ ʫʥʫʪʨʘʰˁʠʤ 

ʨʝʩʫʨʩʠʤʘ ʩʘʤʝ ʤʠʢʨʦʤʨʝʞʝ [16]. 

ʉʘʤ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ɽɽʉïʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʫ ʦʥʠ ʠʟʫʟʝʪʥʦ ʩʧʦʨʠ ʧʨʠ 

ʧʦʪʨʝʙʠ ʟʘ ʧʨʦʤʝʥʦʤ ʩʪʘˁʘ ʠ ʨʝʣʘʪʠʚʥʦ ʧʨʝʜʚʠʜʠʚʠ ʫ ʥʦʨʤʘʣʥʠʤ ʨʘʜʥʠʤ ʨʝʞʠʤʠʤʘ. ʅʘʩʫʧʨʦʪ 

ˁʠʤʘ, ʧʦʤʝʨʘˁʝʤ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʨʘʩʪʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ, 

ʧʦʪʨʝʙʝ ʟʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʦʤ ʠ ʠʥʪʝʨʤʠʪʝʥʪʥʦʰ˂ʫ ʝʥʝʨʛʝʪʩʢʠʭ ʠʟʚʦʨʘ. ʉʘ ʦʚʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʝʥʠʿʠʭ ʦʩʮʠʣʘʮʠʿʘ ʠ ʚʝ˂ʠʭ ʟʘʭʪʝʚʘ ʟʘ ʩʝʢʫʥʜʘʨʥʠʤ ʠ ʪʝʨʮʠʿʘʨʥʠʤ ʨʝʟʝʨʚʘʤʘ 

ʩʥʘʛʝ. 

2.1. ʆʜ ʣʠʥʝʘʨʥʦʛ ʢʘ ʢʦʤʧʣʝʢʩʥʦʤ, ʙʠïʜʠʨʝʢʮʠʦʥʦʤ ʩʠʩʪʝʤʫ 

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʠʤʘ ʧʨʘʚʦʣʠʥʠʿʩʢʠ ʠ ʿʘʩʘʥ ʣʘʥʘʮ ʬʫʥʢʮʠʦʥʠʩʘˁʘ. ɽʥʝʨʛʠʿʫ 

ʧʨʦʠʟʚʦʜʝ ʚʝʣʠʢʝ ʝʣʝʢʨʪʨʘʥʝ. ʇʨʝʥʦʩʥʦʤ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʤʨʝʞʦʤ ʦʥʘ ʠʜʝ ʢʘ ʧʦʪʨʦʰʘʯʠʤʘ, 

ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.1. 

 

ʉʣ.1 ï ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ 

ʄʦʜʝʨʥʠ ʩʠʩʪʝʤʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʜʘʣʝʢʦ ʢʦʤʧʣʢʝʩʥʠʿʠ ʥʘʯʠʥ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 

ʩʠʩʪʝʤʘ, ʦʜʣʠʢʫʿʫ ʩʝ ʩʣʝʜʝ˂ʠʤ ʜʦʜʘʪʥʠʤ ʦʩʦʙʠʥʘʤʘ: 

Á ʚʠʰʝʩʣʦʿʥʦʰ˂ʫ, 

Á ʟʘʚʠʩʥʦʩʰ˂ʫ ʦʜ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ, 

Á ʤʠʥʫʪʥʦʤ ʠ ʩʘʪʥʦʤ ʚʘʨʠʿʘʙʠʣʥʦʰ˂ʫ, 

Á ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʥʝʧʨʝʜʚʠʜʠʚʠʭʤʘʣʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. 

ʋʩʣʝʜ ʦʚʠʭ ʦʩʦʙʠʥʘ ʩʠʩʪʝʤʠ ʛʫʙʝ ʥʘ ʧʨʝʜʚʠʜʠʚʦʩʪʠ, ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ 

ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʘ ʧʣʘʥʠʨʘˁʘ ʠ ʫʧʨʘʚˀʘˁʘ. ɺʠʰʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʜʨʞʘʚʘʪʠ ʙʘʣʘʥʩ ʩʠʩʪʝʤʘ 

ʧʨʠʤʝʥʦʤ ʢʣʘʩʠʯʥʠʭ ʧʨʠʩʪʫʧʘ ʿʝʨ ʩʠʩʪʝʤ ʚʠʰʝ ʥʠʿʝ ʢʣʘʩʠʯʘʥ. ʆʚʠ ʧʨʠʩʪʫʧʠ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ 

ʨʝʣʘʪʠʚʥʦ ʩʧʦʨʝ ʜʠʥʘʤʠʯʢʝ ʧʨʦʤʝʥʝ ʠ ʜʦʙʨʫ ʧʨʝʜʚʠʜʠʚʦʩʪ ʦʧʪʝʨʝ˂ʝˁʘ. ʄʦʜʝʨʥʠ ʩʠʩʪʝʤʠ ʠʤʘʿʫ 

ʩʣʦʞʝʥʘ ʥʝʣʠʥʝʘʨʥʘ ʧʦʥʘʰʘˁʘ, ʚʠʩʦʢʫ ʩʪʦʭʘʩʪʠʯʥʦʩʪ ʠ ʯʝʩʪʝ ʧʨʦʤʝʥʝ ʩʤʝʨʘ ʪʦʢʦʚʘ ʩʥʘʛʝ ʫʩʣʝʜ 
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ʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʤʠʢʨʦʤʨʝʞʘ ʠ ʢʫʧʘʮʘïʧʨʦʠʟʚʦʹʘʯʘ. ʋʧʨʘʚʦ ʟʘʪʦ ʥʦʚʠʿʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʩʚʘʿʘˁʝ ʥʘʧʨʝʜʥʠʭ ʤʝʪʦʜʘ ʄʋ ʠ ʬʠʟʠʯʢʠ ʠʥʬʦʨʤʠʩʘʥʠʭ 

ʤʦʜʝʣa ʢʦʿʠ ʤʦʛʫ ʜʘ ʦʙʨʘʜʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʠ ʝʬʠʢʘʩʥʦ ʤʦʜʝʣʫʿʫ ʢʦʤʧʣʝʢʩʥʫ 

ʜʠʥʘʤʠʢʫ ʩʘʚʨʝʤʝʥʠʭ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ [3]. ʇʨʠʢʘʟ ʩʪʨʫʢʪʫʨʝ ʩʘʚʨʝʤʝʥʦʛ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʜʘʪ ʿʝ ʥʘ ʉʣ.2. 

 

ʉʣ.2 ï ʄʦʜʝʨʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ 

2.2. ʀʥʪʝʨʤʠʪʝʥʪʥʦʩʪ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ 

ʉʘ ʩʚʝ ʚʝ˂ʠʤ ʪʨʦʰʢʦʚʠʤʘ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʠ ʝʢʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʠʤʘ [17] ʧʦʚʝʟʘʥʠʤ ʩʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ, ʤʥʦʛʝ ʟʝʤˀʝ ʩʫ ʩʝ ʦʢʨʝʥʫʣʝ ʢʘ ʧʨʦʠʟʚʦʜˁʠ ʦʙʥʦʚˀʠʚʝ 

ʝʥʝʨʛʠʿʝ. ɺʣʘʜʝ ʯʝʩʪʦ ʧʦʜʩʪʠʯʫ ʢʦʨʠʰ˂ʝˁʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʠ 

ʮʠˀʝʚʠ ʥʝʪʦïʥʫʣʪʝ ʝʤʠʩʠʿʝ ʜʦ 2050. ʛʦʜʠʥʝ [3], [15]. ʄʝʹʫʪʠʤ, ʫʢˀʫʯʠʚʘˁʝ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʫ ɽɽʉ ʜʦʥʦʩʠ ʦʜʨʝʹʝʥʝ ʠʟʘʟʦʚʝ. ʋʩʣʝʜ ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪʠ ʠ ʥʝʠʟʚʝʩʥʦʩʪʠ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʜʦʣʘʟʠ ʜʦ ʜʠʩʙʘʣʘʥʩʘ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ[6]. ʂʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ 

ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʚʝʪʨʦʧʘʨʢʦʚʠ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ, ʢʦʿʠ ʩʫ 

ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʥʝʧʨʝʜʚʠʜʠʚʠ. ʉʣʠʯʥʦ ʪʦʤʝ, ʝʥʝʨʛʠʿʘ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʟʘʚʠʩʠ 

ʦʜ ʜʦʩʪʫʧʥʦʩʪʠ ʫʧʦʪʨʝʙˀʠʚʠʭ ʩʚʝʪʣʦʩʥʠʭ ʟʨʘʢʘ, ʥʘ ʢʦʿʝ ʫʪʠʯʫ ʬʘʢʪʦʨʠ ʢʘʦ ʰʪʦ ʩʫ ʜʦʙʘ ʜʘʥʘ, 

ʦʙʣʘʯʥʦʩʪ ʠ ʧʦʣʦʞʘʿ ʧʘʥʝʣʘ. ʂʘʢʦ ʩʝ ʦʚʘ ʚʨʩʪʘ ʧʨʦʠʟʚʦʜˁʝ ʥʝ ʤʦʞʝ ʣʘʢʦ ʧʨʝʜʚʠʜʝʪʠ ʠʣʠ 

ʢʦʨʠʩʪʠʪʠ ʥʘ ʟʘʭʪʝʚ, ʙʘʣʘʥʩʠʨʘˁʝ ʪʘʢʚʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʧʦʩʪʘʿʝ ʩʣʦʞʝʥʦ. 
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ʊʨʘʜʠʮʠʦʥʘʣʥʦ, ɽɽʉ ʿʝ ʙʠʦ ʙʘʣʘʥʩʠʨʘʥ ʥʘ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʘ ʜʘ ʧʨʦʠʟʚʦʜˁʘ ʧʨʘʪʠ ʧʦʪʨʦʰʘʯʢʝ 

ʧʦʪʨʝʙʝ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʪʝʞʝ ʦʜʨʞʘʪʠ ʢʘʜʘ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʥʝ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ 

ʝʥʝʨʛʠʿʫ ʥʘ ʟʘʭʪʝʚ. 

ɿʙʦʛ ʝʢʦʣʦʰʢʠʭ ʠʟʘʟʦʚʘ ʠ ʩʚʝ ʚʝ˂ʠʭ ʮʝʥʘ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ, ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʘʜʝʢʚʘʪʥʦ ʨʝʰʝˁʝ ʟʘ ʝʥʝʨʛʝʪʩʢʫ ʢʨʠʟʫ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʧʦʩʪʘʣʠ ʩʫ ʝʢʦʥʦʤʩʢʠ 

ʠʩʧʣʘʪʠʚʠʿʠ, ʘ ʤʥʦʛʝ ʟʝʤˀʝ ʧʨʫʞʘʿʫ ʬʠʥʘʥʩʠʿʩʢʝ ʧʦʜʩʪʠʮʘʿʝ ʟʘ ˁʠʭʦʚ ʨʘʟʚʦʿ ʢʘʢʦ ʙʠ ʩʝ ʩʫʦʯʠʣʝ 

ʩʘ ʛʣʦʙʘʣʥʠʤ ʝʢʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʠʤʘ. 

 

ʄʝʹʫʪʠʤ, ʠʥʪʝʨʤʠʪʝʥʪʥʘ ʧʨʠʨʦʜʘ ʧʨʦʠʟʚʦʜˁʝ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ ʠʟʘʟʦʚ ʟʘ 

ʧʦʩʪʦʿʝ˂ʝ ʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ. ʇʦʪʨʦʰʘʯʠ ʤʦʞʜʘ ʥʝ˂ʝ ʜʦʙʠʪʠ ʝʥʝʨʛʠʿʫ ʦʥʜʘ ʢʘʜʘ ʠʤ ʿʝ ʧʦʪʨʝʙʥʘ, 

ʿʝʨ ʦʥʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʤʘʨʥʠʭ ʠʟʚʦʨʘ ʢʘʦ ʰʪʦ ʩʫ ʚʝʪʘʨ ʠ ʩʫʥʯʝʚʘ ʨʘʜʠʿʘʮʠʿʘ. 

 

ʉʣ. 3 ʧʨʠʢʘʟʫʿʝ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʠʟʤʝʨʝʥʝ ʥʘ ʧʦʜʨʫʯʿʫ ʉʨʙʠʿʝ, ʢʦʿʝ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʚʝʪʨʦʪʫʨʙʠʥʝ ʠ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ. ʆʚʝ ʤʝʨʥʝ 

ʚʨʝʜʥʦʩʪʠ ʩʫ ʢʦʨʠʰʝ˂ʥʝ ʫ ʧʨʦʨʘʯʫʥʫ ʫ ʧʦʛʣʘʚˀʫ 9. ʅʘ ʉʣ. 3 ʧʨʠʢʘʟʫʿʝ ʩʝ ʚʘʨʠʿʘʮʠʿʝ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʦʣʘʨʥʠʭ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ, ʢʘʦ ʠ ʧʦʪʨʦʰˁʠ ʪʦʢʦʤ ʥʝʜʝˀʝ. 

ʂʘʢʦ ʩʝ ʦʚʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʦʜʠ ʫ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʤ ʪʨʝʥʫʮʠʤʘ, ʯʝʩʪʦ ʿʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʜʤʘʭ 

ʠʩʢʦʨʠʩʪʠʪʠ ʠʣʠ ʠʩʧʦʨʫʯʠʪʠ ʧʦʪʨʦʰʘʯʠʤʘ. 
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a)  ʙ)  

ʉʣ. 3 ï ʇʨʦʤʝʥʝ a) ɹʨʟʠʥʘ ʚʝʪʨʘ; ʙ) ʉʦʣʘʨʥʘ ʠʨʘʜʠʿʘʮʠʿʘ 

 

  

a)  ʙ)  

ʉʣ. 4 ï ɿʘ ʥʝʜʝˀʫ ʜʘʥʘ: a) ʇʨʦʠʟʚʦʜˁʘ ʠʟ ʩʦʣʘʨʥʠʭ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘʙ) ʇʦʪʨʦʰˁʘ 

ʜʦʤʘ˂ʠʥʩʪʘʚʘ 

2.3. ʉʢʣʘʜʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥeʨʛʠʿʝ 

ʉʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʤʦʛʫ˂ʝ ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʩʨʝʜ ʦʜʩʪʫʧʘˁʘ 

ʠʟʤʝʹʫ ʧʨʦʠʟʚʝʜʝʥʝ ʠ ʟʘʭʪʝʚʘʥʝ ʝʥʝʨʛʠʿʝ ʫ ʦʜʨʝʹʝʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʧʝʨʠʦʜʠʤʘ. ʆʥʠ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʜʘ ʩʝ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʠ ʘʢʫʤʫʣʠʨʘ ʠ ʠʩʢʦʨʠʩʪʠ ʫ ʤʦʤʝʥʪʠʤʘ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʥʝʜʦʩʪʘʪʢʘ. 

ʀʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʩʢʣʘʜʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʩʪʘʿʫ ʥʝʠʟʦʩʪʘʚʥʠ ʝʣʝʤʝʥʪ 

ʤʦʜʝʨʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ [18][10]. 

ʋ ʮʠˀʫ ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʨʘʟʚʠʿʝʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʪʝʭʥʦʣʦʛʠʿʘ. ʉʚʘʢʘ ʦʜ 

ˁʠʭ ʠʤʘʿʫ ʦʜʨʝʹʝʥʝ ʤʘʥʝ ʠ ʧʨʝʜʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʩʚʦʿʝ ʬʫʥʢʮʠʦʥʠʩʘˁʝ. ʇʨʝʛʣʝʜ ʦʚʠʭ ʩʢʣʘʜʠʰʪʘ 

ʝʥʝʨʛʠʿʘ ʠ ˁʠʭʦʚʠʭ ʦʩʦʙʠʥʘ ʿʝ ʜʘʪ ʫ ʊʘʙ.1. ʅʘ ʧʨʠʤʝʨ, ʩʠʩʪʝʤʠ ʩʢʣʘʜʠʰʪʝˁʘ ʝʥʝʨʛʠʿʝ ʫ 

ʟʘʤʘʿʮʠʤʘ (Flywheel Energy Storage ï FES) ʠ ʩʫʧʝʨʧʨʦʚʦʜʥʠʤ ʤʘʛʥʝʪʥʠʤ ʩʠʩʪʝʤʠʤʘ 

(Superconducting magnetic energy storage ï SMES) ʠʤʘʿʫ ʠʟʫʟʝʪʥʦ ʙʨʟʦ ʚʨʝʤʝ ʦʜʟʠʚʘ ʫ ʦʧʩʝʛʫ ʦʜ 

ʥʝʢʦʣʠʢʦ ʤʠʣʠʩʝʢʫʥʜʠ ʠ ʜʫʛ ʞʠʚʦʪʥʠ ʚʝʢ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʮʠʢʣʫʩʘ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ. 

ʄʝʹʫʪʠʤ, ˁʠʭʦʚʘ ʮʝʥʘ ʧʦ ʿʝʜʠʥʠʮʠ ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʚʠʩʦʢʘ, ʟʙʦʛ ʯʝʛʘ ʩʫ ʥʘʿʠʩʧʣʘʪʠʚʠʿʠ 

ʟʘ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ [19][20]. 
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ʊʘʙ.1 ï ʇʨʝʛʣʝʜ ʪʝʭʥʦʣʦʛʠʿʘ ʩʢʣʘʜʠʰʪʝˁʘ ʝʥʝʨʛʠʿʝ 

ʊʝʭʥʦʣʦʛʠʿʘ 

ʩʢʣʘʜʠʰʪʝˁʘ 

 

ʇʨʠʥʮʠʧ 

ʨʘʜʘ 

ɺʨʝʤʝ 

ʦʜʟʠʚʘ 

ɽʬʠʢʘʩʥ

ʦʩʪ [%] 

ʎʝʥʝ 

ʧʦ 

kWh 

ʇʨʝʜʥʦʩʪʠ ʄʘʥʝ 

Flywheel (FES) ʄʝʭʘʥʦʯʢʦ 

ʩʢʣʘʜʠʰʪʝ 

ʨʦʪʘʮʠʦʥʦʤ 

ʝʥʝʨʛʠʿʦʤ 

<10 ms  85ï95 ɺʠʩʦʢʘ ʀʟʫʟʝʪʥʦ ʙʨʟ 

ʦʜʟʠʚ, ʚʝʣʠʢʠ 

ʙʨʦʿ ʮʠʢʣʫʩʘ 

 

ɺʠʩʦʢʠ ʪʨʦʰʢʦʚʠ; 

ʤʘʣʠ ʢʘʧʘʮʠʪʝʪ 

ʝʥʝʨʛʠʿʝ 

Superconducting 

Magnetic (SMES) 

ɽʥʝʨʛʠʿʘ ʫ 

ʤʘʛʥʝʪʥʦʤ 

ʧʦˀʫ 

ʩʫʧʝʨʧʨʦʚʦʜʥ

ʠʭ ʢʘʣʝʤʦʚʘ 

<10 ms 95ï98 ɺʠʩʦʢʘ ɹʨʟ ʦʜʟʠʚ; 

ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ  

ʉʢʫʧʦ ʢʨʠʦʛʝʥʦ 

ʭʣʘʹʝˁʝ 

ɹʘʪʝʨʠʿʝ  ɽʣʝʢʪʨʦʭʝʤʠʿ

ʩʢʘ ʢʦʥʚʝʨʟʠʿʘ 

ʝʥʝʨʛʠʿʝ 

10ms ï 

1s 

80ï95 

 

 

ʉʨʝʜˁʘ

ï

ɺʠʩʦʢʘ 

ɺʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪʙʨ

ʟʘ ʨʝʘʢʮʠʿʘ 

ʆʛʨʘʥʠʯʝʥ ʚʝʢ ʪʨʘʿʘˁʘ, 

ʚʠʩʦʢʘ ʮʝʥʘ ʧʦ kWh 

ʉʢʣʘʜʠʰʪʘ 

ɺʦʜʦʥʠʢʘ 

ʏʫʚʘˁʝ 

ʝʥʝʨʛʠʿʝ ʫ 

ʚʠʜʫ H2 

1s ï min 30ï45 

(ʮʝʣʦʢʫʧ

ʥʠ 

ʮʠʢʣʫʩ) 

 

ʉʨʝʜˁʘ 

 

 

ɼʫʛʘʯʘʢ 

ʧʝʨʠʦʜ 

ʩʢʣʘʜʠʰʪʝˁʘ 

ʚʠʩʦʢʘ 

ʝʥʤʝʨʛʝʪʩʢʘ 

ʛʫʩʪʠʥʘ; ʥʫʣʪʝ 

ʝʤʠʩʠʿʝ ʧʨʠ 

ʩʘʛʦʨʝʚʘˁʫ 

 

ʅʠʞʘ ʝʬʠʢʘʩʥʦʩʪ 

ʫʢʫʧʥʦʛ ʮʠʢʣʫʩʘ; 

ʚʠʩʦʢʠ ʢʘʧʠʪʘʣʥʠ 

ʪʨʦʰʢʦʚʠ 

Pumped Hydro 

Storage (PHS) 

ʇʫʤʧʘˁʝ ʚʦʜʝ 

ʠʟ ʜʚʘ ʥʠʚʘʦ 

ʨʝʟʝʨʚʦʘʨʘ 

1min ïh 70ï85 ʅʠʩʢʘ ʅʘʿʚʝ˂ʠ 

ʢʘʧʘʮʠʪʝʪ; ʜʫʛ 

ʚʝʢ ʪʨʘʿʘˁʘ 

ɿʘʭʪʝʚʘ ʦʜʨʝʹʝʥʫ 

ʪʦʧʦʛʨʘʬʠʿʫʟ ʠ 

ʟʥʘʯʘʿʥʝ ʛʨʘʹʝʚʠʥʩʢʝ 

ʨʘʜʦʚʝ  

Comperssed Air 

(CEAS) 

ʂʦʤʧʨʝʩʠʿʘ 

ʚʘʟʜʫʭʘ ʫ 

ʧʦʜʟʝʤʥʠ 

ʨʝʟʝʨʚʦʘʨ 

min 

 

40ï70 ʉʨʝʜˁʘ ɺʝʣʠʢʠ 

ʢʘʧʘʮʠʪʝʪ, 

ʥʠʞʠ 

ʪʨʦʰʢʦʚʠ 

ʅʠʞʘ ʝʬʠʢʘʩʥʦʩʪ; 

ʦʛʨʘʥʠʯʝʥʝ ʣʦʢʘʮʠʿʝ 

 

2.4. ʇʦʨʘʩʪ ʙʨʦʿa ʢʫʧʘʮʘïʧʨʦʠʟʚʦʹʘʯa 

ʋ ʤʦʜʝʨʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʟʥʘʯʘʿʘʥ ʿʝ ʧʦʨʘʩʪ ʢʫʧʘʮʘ-ʧʨʦʠʟʚʠʹʘʯʘ. ʊʦ ʩʫ, ʥʘʿʯʝʰ˂ʝ, ʜʦ ʩʢʦʨʘ 

ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʩʫ ʠʤʘʣʝ ʫʣʦʛʫ ʩʘʤʦ ʧʦʪʨʦʰʘʯʘ ʢʦʿʝ ʩʫ ʥʘ ʩʝʙʝ ʥʘʜʦʚʝʟʘʣʝ ʧʨʦʠʟʚʦʜˁʫ ʤʘʣʠʭ 

ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ. ʅʘ ʧʨʠʤʝʨ, ʜʦʤʘ˂ʠʥʩʪʚʘ ʢʦʿʘ ʠʤʘʿʫ ʠʥʩʪʘʣʠʩʘʥʝ ʩʦʣʘʨʥʝ ʧʘʥʝʣʝ ʥʘ 

ʢʨʦʚʦʚʠʤʘ ʨʘʜʠ ʟʘʜʦʚʦˀʝˁʘ ʩʦʧʩʪʚʝʥʠʭ ʧʦʪʨʝʙʘ, ʢʦʿʠ ʫ ʪʨʝʥʫʮʠʤʘ ʚʠʰʢʘ ʧʨʦʠʟʚʦʜˁʝ ʩʚʦʿʫ 

ʝʥʝʨʛʠʿʫ ʚʨʘ˂ʘʿʫ ʤʨʝʞʠ ʜʦʢ ʿʝ ʫ ʤʦʤʝʥʪʠʤʘ ʤʘˁʢʘ ʠʟ ʠʩʪʝ ʫʟʠʤʘʿʫ.  

ʇʨʝʤʘ [21] ʥʘʿʯʝʰ˂ʠ ʢʫʧʮʠ ʫ ʤʦʜʝʨʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʩʠʩʪʝʤʠʤʘ ʩʫ: 

Á ɼʦʤʘ˂ʠʥʩʪʚʘ ʩʘ ʢʨʦʚʥʠʤ ʩʦʣʘʨʥʠʤ ʧʘʥʝʣʠʤʘ 

Á ʄʘʣʝ ʢʦʤʝʨʮʠʿʘʣʥʝ ʜʝʣʘʪʥʦʩʪʠ  

Á ʄʠʢʨʦʤʨʝʞʝ 

Á ʇʦˀʦʧʨʠʚʨʝʜʥʘ ʛʘʟʜʠʥʩʪʚʘ 

ʀʘʢʦ ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʤʨʝʞʫ ʧʦ ʧʠʪʘˁʫ ʥʝʧʨʝʜʚʠʜʠʚʦʩʪʠ, ʢʫʧʮʠïʧʨʦʠʟʚʦʹʘʯʠ ʪʘʢʦʹʝ 

ʜʦʧʨʠʥʦʩʝ ʦʜʨʝʹʝʥʦʤ ʩʪʝʧʝʥʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ [8]. 
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2.5. ʄʠʢʨʦʤʨʝʞʝ ʠ ʣʦʢʘʣʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ 

ʄʠʢʨʦʤʨʝʞʘ ʿʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʠ ʛʨʫʧʠʩʘʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʢʦʿʠ ʠʥʪʝʛʨʠʰʝ ʜʠʩʪʨʠʙʫʠʨʘʥʝ 

ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ (Distributed Energy Sources ï DER), ʧʦʪʨʦʰʘʯʝ ʠ ʩʢʣʘʜʠʰʪʘ ʥʘ ʣʦʢʘʣʥʦʤ ʥʠʚʦʫ, 

ʢʦʥʪʨʦʣʠʩʘʥ ʢʘʦ ʿʝʜʠʥʩʪʚʝʥʘ ʮʝʣʠʥʘ [22]. ʊʦ ʿʝ ɽɽʉ ʩʘ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʠʤ ʛʨʘʥʠʮʘʤʘ, ʢʦʿʠ 

ʩʘʜʨʞʠ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʨʝʩʫʨʩʝ, ʧʨʦʠʟʚʦʜˁʫ, ʩʢʣʘʜʠʰʪʘ ʠ ʢʦʥʪʨʦʣʠʩʘʥʝ ʧʦʪʨʦʰʘʯʝ ʠ ʢʦʿʠ ʤʦʞʝ 

ʜʘ ʨʘʜʠ ʧʦʚʝʟʘʥ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʫ ʤʨʝʞʫ ʠʣʠ ʫ ʠʟʦʣʦʚʘʥʦʤ ʨʝʞʠʤʫ [23][24]. 

ʄʠʢʨʦʤʨʝʞʝ ʦʤʦʛʫ˂ʘʚʘʿʫ: 

Á ʃʦʢʘʣʥʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʘ 

Á ɽʥʝʨʛʝʪʩʢʫ ʘʫʪʦʥʦʤʠʿʫ 

Á ɹʦˀʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʚʘʥʨʝʜʥʘ ʩʪʘˁʘ 

Á ʃʘʢʰʝ ʫʧʨʘʚˀʘˁʝ ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ 

 

2.6. ɸʥʘʣʠʟʘ ʩʠʩʪʝʤʘ 

ʋ ʧʦʛʣʘʚʫˀ 7 ʚʨʰʠ ʩʝ ʧʨʝʜʠʢʮʠʿʘ ʘʥʛʘʞʦʚʘʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʠʟʚʦʨʘ ʥʘ ɽɽʉïʫ ʉʨʙʠʿʝ. ʋʧʦʪʨʝʙʦʤ 

ʨʘʟʚʠʿʝʥʦʛ ANN ʤʦʜʝʣʘ ʜʦʣʘʟʠ ʩʝ ʜʦ ʩʘʪʥʝ ʧʨʝʜʠʢʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʠʟʚʦʨʘ 

ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʘʥʛʘʞʦʚʘʥʠ, ʢʘʦ ʠ ʧʦʪʨʦʰˁʝ. ʈʘʜʠ ʩʝ ʧʨʝʜʠʢʮʠʿʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʿʝʜʥʦʛ 

ʜʨʞʘʚʥʦʛ ʩʠʩʪʝʤʘ. ʅʘ ʉʣ.4. ʧʨʠʢʘʟʘʥ ʿʝ ʤʦʜʝʨʘʥ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʧʦʜʝˀʝʥ ʥʘ ʥʠʚʦʝ 

ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʬʘʟʘʤʘ ʧʨʦʨʘʯʫʥʘ. ʅʘ ʦʚʦʤ ʥʠʚʦʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ 

ʤʦʜʝʣ, ʦʜʥʦʩʥʦ ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʭʠʜʨʦ ʠ ʪʝʨʤʦ ʠʟʚʦʨʘ (Pʭʠʜʨʦ ʠ Pʪʝʨʤʦ), ʢʘʦ ʠ ʧʦʪʨʦʰˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (Pʧʦʪʨʦʰˁʘ). 

ʉʣ.5 ʧʨʠʢʘʟʫʿʝ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥ ʫ ʬʠʥʘʣʥʦʤ 

ʧʨʦʨʘʯʫʥʫ ʦʚʦʛ ʨʘʜʘ. ʅʘ ʦʩʥʦʚʫ ʠʟʚʨʰʝʥʝ ʧʨʝʜʠʢʮʠʿʝ ʫ ʧʦʛʣʘʚˀʫ 7 ʨʘʩʧʦʨʝʹʫʿʝ ʩʝ ʘʥʛʘʞʦʚʘˁʝ 

ʧʨʦʠʟʚʦʜˁʝ ʘʢʪʠʚʘʮʠʿʘʤʘ ʧʦʿʝʜʠʥʠʭ ʝʣʝʢʪʨʘʥʘ ʘʥʘʣʠʟʠʨʘʥʝ ʤʨʝʞʝ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʉʨʙʠʿʝ 

ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʉʣ.5. ʆʚʠ ʧʦʜʘʮʠ ʩʝ ʚʨʘ˂ʘʿʫ ʠ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʩʝ ʨʘʩʧʦʨʝʹʫʿʫ ʚʨʝʜʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜˁʝ ʥʘ ʯʚʦʨʦʚʝ 1, 2, 3, 5, 6 ʠ 28. 

ʋ ʧʦʛʣʘʚˀʫ 8 ʦʙʨʘʹʝʥ ʿʝ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫʟ ʫʚʘʞʘʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʤʨʝʞʝ ʦʜ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ɸʣʛʦʨʠʪʘʤ ʢʦʿʠ ʩʝ ʨʘʟʚʠʦ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʤʝˁʫʿʝ ʩʝ ʥʘ ʧʨʦʨʘʯʫʥʫ ʟʘ 

ʧʨʠʢʘʟʘʥʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʩʘ ʫʩʣʦʚʠʤʘ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʜʝʬʠʥʠʩʘʥʠʤ ʠʟ ʧʨʦʨʘʯʫʥʘ ʫ 

ʧʦʛʣʘʚˀʫ7. ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝ ʦʙʝʣʝʞʝʥ ʥʘ ʉʣ.4 ʢʘʦ ʥʠʚʦ 2. ʀʟʣʘʟ ʥʠʚʦʘ 2 ʩʫ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʠ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʘʦ ʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦʠ ʯʚʦʨʦʚʘ.  

ʅʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘʪʠʭ ʩʥʘʛʘ ʩʝ ʜʝʬʠʥʠʰʝ ʜʠʩʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ. ʋʢʦʣʠʢʦ 

ʿʝ ʫ ʩʠʩʪʝʤʫ ʟʙʠʨ ʛʫʙʠʪʘʢʘ ʫ ʤʨʝʞʠ ʠ ʧʦʪʨʦʰˁʝ ʚʝ˂ʠ ʦʜ ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʠˁʝʢʪʠʨʘʪʠ ʜʦʜʘʪʥʫ ʝʥʝʨʛʠʿʫ ʫ ʩʠʩʪʝʤ. ʋʢʦʣʠʢʦ ʿʝ ʟʙʠʨ ʤʘˁʠ, ʧʦʩʪʦʿʠ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʦʥʘ ʙʠ ʪʨʝʙʘʣʘ ʥʝʛʜʝ ʜʘ ʩʝ ʩʢʣʘʜʠʰʠ.  

ʀʜʝʿʘ ʿʝ ʜʘ ʦʚʘʿ ʜʠʩʙʘʣʘʥʩ ʥʠʚʝʣʠʰʝ ʤʠʢʨʦʤʨʝʞʘ ʨʘʟʚʠʿʝʥʘ ʫ ʧʦʛʣʘʚˀʫ 9. ɸʣʛʦʨʠʪʘʤ ʢʦʿʠ 

ʧʨʦʨʘʯʫʥʘʚʘ ʩʪʘʝˁ ʫ ɽɽʉïʫ ʉʨʙʠʿʝ ʪʘʢʦʹʝ ʢʘʦ ʠʟʣʘʟ ʧʨʝʜʣʘʞʝ ʥʘʿʧʦʜʦʙʥʠʿʝ ʤʝʩʪʦ ʟʘ 

ʧʨʠʢˀʫʯʝˁʝ ʤʠʢʨʦʤʨʝʞʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʰʣʦ ʜʦ ʧʦʙʦˀʰʘʥʦʛ ʩʪʘˁʘ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ. ɼʦ 

ʤʠʢʨʦʤʨʝʞʝ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʜʦʣʘʟʠ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʪʦʤʝ ʢʦʣʠʢʘ ʿʝ ʟʘʭʪʝʚʘʥʘ 

ʩʥʘʛʘ ʢʦʿʘ ʪʨʝʙʘ ʦʜ ˁʝ ʜʘ ʩʝ ʜʦʙʠʿʝ ʠʣʠ ʫ ˁʦʿ ʜʘ ʩʝ ʩʢʣʘʜʠʰʪʠ, ʥʠʚʦ 3. ʉʭʦʜʥʦ ʪʦʤʝ ʩʝ ʫ 

ʤʠʢʨʦʤʨʝʞʠ ʘʢʪʠʚʠʨʘʿʫ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ ʢʘʢʦ ʙʠ ʠʩʧʫʥʠʣʠ ʦʚʘʿ ʟʘʭʪʝʚ. ʂʨʘʿˁʠ ʨʝʟʫʣʪʘʪ 
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ʧʨʦʨʘʯʫʥʘ ʿʝ ʜʚʘʜʝʩʝʪʯʘʩʦʚʥʘ ʘʢʪʠʚʘʮʠʿʘ ʨʘʜʘ ʤʠʢʨʦʤʨʝʞʝ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ, ʢʘʦ ʠ ʚʨʝʜʥʦʩʪʠ 

ʥʘʧʦʥʘ ʠ ʛʫʙʠʪʘʢʘ ʫ ʧʨʠʢʘʟʘʥʦʤ ʩʠʩʪʝʤʫ. 

 

ʉʣ.4 ï ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʥʘʣʠʟʠʨʘʥʦʛ ʩʠʩʪʝʤʘ 

 

 

ʉʣ.5 ï ʄʦʜʝʣ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ 
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3. ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ 
ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ (Machine Learning ï ML) ʧʨʝʜʩʪʘʚˀʘ ʜʠʩʮʠʧʣʠʥʫ ʫ ʦʢʚʠʨʫ ʚʝʰʪʘʯʢʝ 

ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʘ ʩʝ ʙʘʚʠ ʨʘʟʚʦʿʝʤ ʘʣʛʦʨʠʪʘʤʘ ʠ ʤʦʜʝʣʘ ʩʧʦʩʦʙʥʠʭ ʜʘ ʠʟ ʧʦʜʘʪʘʢʘ ʫʯʝ, 

ʧʨʝʧʦʟʥʘʿʫ ʦʙʨʘʩʮʝ ʠ ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʙʝʟ ʝʢʩʧʣʠʮʠʪʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ, ʉʣ.6. ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʿʝ ʜʘ 

ʩʝ ʢʨʦʟ ʘʥʘʣʠʟʫ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʨʘʟʚʠʿʝ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʫ ʩʪʘˁʫ ʜʘ ʛʝʥʝʨʘʣʠʟʫʿʝ ʥʘʫʯʝʥʦ ʟʘ 

ʥʦʚʝ, ʥʝʚʠʹʝʥʝ ʧʨʠʤʝʨʝ. ʆʚʠʤ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʘʜʘʧʪʠʚʥʦ ʠ ʠʥʪʝʣʠʛʝʥʪʥʦ ʧʦʥʘʰʘˁʝ ʨʘʯʫʥʘʨʩʢʠʭ 

ʩʠʩʪʝʤʘ ʫ ʨʝʘʣʥʠʤ ʦʢʨʫʞʝˁʠʤʘ. 

 
ʉʣ.6 ï ɸʨʭʠʪʝʢʪʫʨʘ ʜʫʙʦʢʦʛ ʫʯʝˁʘ 

ʉʫʰʪʠʥʘ ʄʋ ʿʝ ʩʧʦʩʦʙʥʦʩʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʰʘʙʣʦʥʘ, ʜʦʥʦʰʝˁʘ ʧʨʝʜʠʢʮʠʿʘ, ʠ ʩʢʫʧˀʘˁʫ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ. ʋʧʦʪʨʝʙˀʘʚʘ ʩʪʘʪʠʩʪʠʯʢʝ ʪʝʭʥʠʢʝ ʠ ʩʥʘʛʫ ʤʦʜʝʨʥʠʭ 

ʢʦʤʧʿʫʪʝʨʘ ʢʘʢʦ ʙʠ ʥʘʰʘʦ ʢʦʨʝʣʘʮʠʿʝ ʢʦʿʝ ʟʘ ˀʫʜʩʢʦ ʦʢʦ ʥʠʩʫ ʿʝʜʥʦʩʪʘʚʥʦ ʫʦʯˀʠʚʝ. ʄʋ ʧʦʩʪʘʿʝ 

ʠʥʪʝʛʨʠʩʘʥʦ ʫ ʝʥʝʨʛʝʪʠʢʫ ʿʝʨ ʛʘ ʜʝʬʠʥʠʰʫ ʩʧʦʩʦʙʥʦʩʪ ʩʭʚʘʪʘˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤʘ ʠ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʤʝʨʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʦʜʨʘʟ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʂʘʢʦ ʩʝ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 

ʤʨʝʞʘʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ, ʜʦʣʘʟʠ ʜʦ ʯʝʩʪʠʭ ʬʣʫʢʪʫʘʮʠʿʘ ʫ 

ʧʦʪʨʘʞˁʠ, ʧʨʠ ʯʝʤʫ ʨʘʩʪʝ ʠ ʩʣʦʞʝʥʦʩʪ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ ʠ ʥʘʜʛʣʝʜʘˁʘ ʩʠʩʪʝʤʘ. ʄʋ ʫ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʥʫʜʠ ʩʚʦʿʝ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʩʚʦʜʝ ʥʘ ʥʘʧʨʝʜʥʝ ʘʥʘʣʠʪʠʯʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʿʝ ʤʦʛʫ 

ʦʧʪʠʤʠʟʦʚʘʪʠ ʨʘʜ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʘ, ʧʨʝʜʠʢʮʠʿʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʢʚʘʨʦʚʘ ʯʠʤʝ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ 

ʝʬʠʢʘʩʥʦʩʪ ʨʘʜʘ.  

ʇʦʩʪʦʿʠ ʚʠʰʝ ʨʘʟʣʦʛʘ ʫʩʣʝʜ ʢʦʿʠʭ ʩʫ ʤʝʪʦʜʝ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʧʨʠʤʝˁʠʚʝ ʟʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ [25]: 

1. ɼʦʩʪʫʧʥʦʩʪ ʧʦʜʘʪʘʢʘ ï ʤʦʜʝʨʥʠ ɽɽʉ ʛʝʥʝʨʠʰʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ. ʋʟ ʧʦʨʘʩʪ 

ʜʠʛʠʪʘʣʠʟʘʮʠʿʝ ʠ ʧʦʚʝ˂ʘʥ ʙʨʦʿ ʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ (ʇʄʋ ʤʝʨʝˁʘ), ʢʘʦ ʠ ʫʧʨʘʚˀʘʯʢʠ 

ʫʨʝʹʘʿʠ, ʜʦʣʘʟʠ ʩʝ ʜʦ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʩʪʘˁʝ ʤʨʝʞʝ. ʋ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʣʘʢʰʠʤ ʩʢʣʘʜʠʰʪʝˁʝʤ ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʪʠʭ. 

2. ʈʘʯʫʥʘʨʩʢʘ ʩʥʘʛʘ ï ʘʿʢʠ ʧʨʦʮʝʩʦʨʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʫʜʘˀʝʥʝ ʤʘʰʠʥʝ ʤʝʹʫʩʦʙʥʦ 

ʢʦʥʝʢʪʫʿʫ ʨʘʜʠ ʙʨʟʝ ʨʘʟʤʝʥʝ ʧʦʜʘʪʘʢʘ. ʉʚʝ ʤʘˁʠ ʪʨʦʰʢʦʚʠ ʨʘʯʫʥʘʨʩʢʝ ʩʥʘʛʝ ʜʦʧʨʠʥʦʩʝ 
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ʰʠʨʦʢʦʿ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʥʝ ʟʘ ʪʨʝʥʠʨʘˁʝ ʘʣʛʦʨʠʪʘʤʘ, ʨʘʟʚʦʿ ʥʦʚʠʭ 

ʤʦʜʝʣʘ ɺʀ ʢʘʦ ʠ ʦʙʨʘʜʫ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʜʘʪʘʢʘ.  

3. ʀʥʦʚʘʮʠʿʝ ʫ ʘʣʛʦʨʠʪʤʠʤʘ ï ʥʦʚʝ ʪʝʭʥʠʢʝ ʄʋ, ʢʘʦ ʰʪʦ ʿʝ ʜʫʙʦʢʦ ʫʯʝˁʝ ʢʦʿʝ ʿʝ ʧʨʠʤʝˁʝʥʦ 

ʫ ʚʝʰʪʘʯʢʠʤ ʥʝʫʨʘʣʥʠʤ ʤʨʝʞʘʤʘ ʩʘ ʚʠʰʝ ʩʣʦʿʝʚʘ. ʆʚʝ ʪʝʭʥʠʢʝ ʩʫ ʧʦʩʪʘʣʝ ʦʩʥʦʚʘ ʤʥʦʛʠʭ 

ʩʘʚʨʝʤʝʥʠʭ ʧʨʠʩʪʫʧʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ ʝʥʝʨʛʝʪʠʢʝ (ʧʣʘʥʠʨʘˁʝ ʩʠʩʪʝʤʘ, ʘʥʘʣʠʟʘ 

ʩʪʘˁʘ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʪʦʢʦʚʘ ʩʥʘʛʘ). 

 

3.1. ʊʠʧʦʚʠ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 

ɼʫʙʦʢʦ ʩʪʨʫʢʪʫʠʨʥʦ/ʭʠʿʝʨʘʨʭʠʩʢʦ ʫʯʝˁʝ (Deep Learning ï DL) ʧʨʝʜʩʪʘʚˀʘ ʧʦʜʩʢʫʧ ʄʋ ʢʦʿʠ ʩʝ 

ʦʩʣʘˁʘ ʥʘ ʚʠʰʝʩʣʦʿʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ ʫ ʮʠˀʫ ʤʦʜʝʣʦʚʘˁʘ ʩʣʦʞʝʥʠʭ ʠ ʚʠʩʦʢʦ ʥʝʣʠʥʝʘʨʥʠʭ 

ʦʜʥʦʩʘ ʫ ʧʦʜʘʮʠʤʘ. ʆʥʦ ʦʤʦʛʫ˂ʘʚʘ ʘʫʪʦʤʘʪʩʢʦ ʠʟʜʚʘʿʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ 

ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ, ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʨʫʯʥʠʤ ʜʝʬʠʥʠʩʘˁʝʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɼʫʙʦʢʝ ʤʨʝʞʝ, ʧʦʧʫʪ 

ʢʦʥʚʦʣʫʪʠʚʥʠʭ ʠ ʨʝʢʫʨʝʥʪʥʠʭ, ʧʦʢʘʟʘʣʝ ʩʫ ʠʟʫʟʝʪʥʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʟʘʜʘʮʠʤʘ ʢʘʦ ʰʪʦ ʩʫ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʩʣʠʢʝ, ʨʘʟʫʤʝʚʘˁʝ ʧʨʠʨʦʜʥʦʛ ʿʝʟʠʢʘ, ʩʠʥʪʝʟʘ ʛʦʚʦʨʘ ʠ ʧʨʝʜʚʠʹʘˁʝ ʚʨʝʤʝʥʩʢʠʭ 

ʩʝʨʠʿʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʦʿ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʫʯʝ ʭʠʿʝʨʘʨʭʠʿʩʢʠ, ʜʫʙʦʢʦ ʫʯʝˁʝ ʿʝ ʧʦʩʪʘʣʦ ʦʩʥʦʚʘ 

ʤʦʜʝʨʥʠʭ ʩʠʩʪʝʤʘ ɺʀ [26]. 

ʈʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʄʋ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʝʰʘʚʘˁʝ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʧʨʦʙʣʝʤʘ: ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʠ 

ʨʝʛʨʝʩʠʿʝ, ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʿʝʢʘʪʘ, ʨʘʟʫʤʝʚʘˁʘ ʧʨʠʨʦʜʥʦʛ ʿʝʟʠʢʘ ʠ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ. ʄʝʪʦʜʝ ʄʋ ʩʝ ʛʝʥʝʨʘʣʥʦ ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʥʝʢʦʣʠʢʦ ʦʩʥʦʚʥʠʭ ʩʢʫʧʦʚʘ, ʟʘʚʠʩʥʦ ʦʜ 

ʧʨʠʨʦʜʝ ʧʦʜʘʪʘʢʘ ʠ ʥʘʯʠʥʘ ʫʯʝˁʘ, ʉʣ.7. [27] 

ʆʩʥʦʚʥʠ ʪʠʧʦʚʠ ʄʋ: 

1) ʅʘʜʛʣʝʜʘʥʦ ʄʋ (Supervised Machine Learning) 

2) ʅʝʥʘʜʛʣʝʜʘʥʦ ʄʋ (Unsupervised Machine Learning) 

3) ʇʦʜʩʪʘʢʥʫʪʦ (ʧʦʿʘʯʘʥʦ) ʄʋ (Reinforcement Machine Learning) 

4) ʉʘʤʦʥʘʜʛʣʝʜʘʥʦ ʄʋ (SelfïSupervised Machine Learning) 

5) ʍʠʙʨʠʜʥʠ ʧʨʠʩʪʫʧʠ (Hybrid Machine Learning). 
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ʉʣ.7 ï ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 

 

3.1.1. ʅʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʋ ʥʘʜʛʣʝʜʘʥʦʤ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ ʤʦʜʝʣ ʜʦʙʠʿʘ ʩʢʫʧ ʫʣʘʟʥʦïʠʟʣʘʟʥʠʭ ʧʘʨʦʚʘ ʧʦʜʘʪʘʢʘ, ʛʜʝ ʩʚʘʢʠ 

ʫʣʘʟ ʠʤʘ ʦʟʥʘʢʫ ʠʣʠ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʫ ʚʨʝʜʥʦʩʪ, ʉʣ.8. ʎʠˀ ʤʦʜʝʣʘ ʿʝ ʜʘ ʥʘʫʯʠ ʬʫʥʢʮʠʿʫ ʢʦʿʘ 

ʰʪʦ ʧʨʝʮʠʟʥʠʿʝ ʧʦʚʝʟʫʿʝ ʫʣʘʟʥʝ ʠ ʠʟʣʘʟʥʝ ʧʦʜʘʪʢʝ. ʎʠˀ ʿʝ ʜʘ ʟʘ ʥʦʚʝ, ʥʝʚʠʹʝʥʝ ʫʣʘʟʝ ʤʦʞʝ ʜʘ 

ʧʨʝʜʚʠʜʠ ʠʩʧʨʘʚʘʥ ʠʟʣʘʟ. ʆʙʫʢʘ ʩʝ ʚʨʰʠ ʢʨʦʟ ʧʨʦʮʝʩ ʤʠʥʠʤʠʟʘʮʠʿʝ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʢʦʿʘ ʤʝʨʠ 

ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʝʥʦʛ ʠ ʩʪʚʘʨʥʦʛ ʠʟʣʘʟʘ. 

 
ʉʣ.8 ï ʅʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʅʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʟʘʜʘʪʘʢʘ, ʢʘʦ ʰʪʦ ʩʫ: 
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 ʂʣʘʩʠʬʠʢʘʮʠʿʘ: ʧʨʝʧʦʟʥʘʚʘˁʝ ʢʘʪʝʛʦʨʠʿʘ (ʥʧʨ. ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʧʦ 

ʩʪʘˁʫ ï ʠʩʧʨʘʚʥʘ/ʦʰʪʝ˂ʝʥʘ), 

 ʈʝʛʨʝʩʠʿʘ: ʢʦʥʪʠʥʫʘʣʥʘ ʧʨʦʛʥʦʟʘ (ʥʧʨ. ʧʨʝʜʚʠʹʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ 

ʥʘ ʦʩʥʦʚʫ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ). 

ɸʣʛʦʨʠʪʤʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫʢˀʫʯʫʿʫ ʣʦʛʠʩʪʠʯʢʫ ʨʝʛʨʝʩʠʿʫ, ʧʦʜʨʞʘʚʘʿʫ˂ʝ ʚʝʢʪʦʨʩʢʝ ʤʘʰʠʥʝ 

(SVM), ʚʝʰʪʘʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ ʠ ʘʥʩʘʤʙʣ ʤʝʪʦʜʝ (ʥʧʨ. Random Forest). 

3.1.2. ʅʝʥʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʅʝʥʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʜ ʩʘ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʥʠʩʫ ʦʟʥʘʯʝʥʠ, ʦʜʥʦʩʥʦ ʥʝʤʘʿʫ 

ʩʦʧʩʪʚʝʥʝ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ, ʉʣ.9. ɸʣʛʦʨʠʪʘʤ ʘʥʘʣʠʟʠʨʘ ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʩʧʦʜʝʣʫ ʫʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ ʢʘʢʦ ʙʠ ʦʪʢʨʠʦ ʣʘʪʝʥʪʥʝ ʦʙʨʘʩʮʝ, ʛʨʫʧʝ, ʢʦʨʝʣʘʮʠʿʝ ʠʣʠ ʫʥʫʪʨʘʰˁʝ ʩʪʨʫʢʪʫʨʝ. 

 
ʉʣ.9 ï ʅʝʥʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

 

ʅʘʿʯʝʰ˂ʝ ʪʝʭʥʠʢʝ ʫʢˀʫʯʫʿʫ: 

 ʂʣʘʩʪʝʨʦʚʘˁʝ: ʛʨʫʧʠʩʘˁʝ ʩʣʠʯʥʠʭ ʧʨʠʤʝʨʘ ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʢʘʪʝʛʦʨʠʟʘʮʠʿʝ (ʥʧʨ. 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʠʧʦʚʘ ʧʦʪʨʦʰʘʯʘ ʫ ʝʥʝʨʛʝʪʩʢʦʿ ʤʨʝʞʠ), 

 ʈʝʜʫʢʮʠʿʫ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ: ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝˁʠʚʠʭ ʫʟ ʦʯʫʚʘˁʝ ʙʠʪʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ. 

ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʢʦʨʠʩʪʘʥ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʛʜʝ ʿʝ ʩʚʨʩʪʘʚʘˁʝ ʧʦʜʘʪʘʢʘ ʩʢʫʧʦ ʠʣʠ ʥʝʧʨʘʢʪʠʯʥʦ, ʘ 

ʪʘʢʦʹʝ ʩʣʫʞʠ ʠ ʢʘʦ ʧʨʠʧʨʝʤʥʘ ʬʘʟʘ ʟʘ ʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʠʣʠ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʚʠʰʝʜʠʤʝʥʟʠʦʥʠʭ 

ʧʦʜʘʪʘʢʘ. 

3.1.3. ʇʦʜʩʪʘʢʥʫʪʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʋ ʧʦʜʩʪʘʢʥʫʪʦʤ ʤʘʰʠʥʩʢʦʤ ʫʯʝˁʫ, ʉʣ.10, ʤʦʜʝʣ ʜʝʣʫʿʝ ʫ ʥʝʢʦʤ ʦʢʨʫʞʝˁʫ ʠ ʫʯʠ ʧʫʪʝʤ 

ʧʦʚʨʘʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʦʙʣʠʢʫ ʥʘʛʨʘʜʘ ʠʣʠ ʢʘʟʥʠ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʥʘʜʛʣʝʜʘʥʦʛ ʫʯʝˁʘ, ʦʚʜʝ ʥʝ 

ʧʦʩʪʦʿʠ ʝʢʩʧʣʠʮʠʪʥʘ ʦʟʥʘʢʘ ʟʘ ʩʚʘʢʠ ʫʣʘʟ. ʄʦʜʝʣ ʜʦʥʦʩʠ ʦʜʣʫʢʝ (ʘʢʮʠʿʝ), ʧʨʠʤʘ ʧʦʚʨʘʪʥʫ 

ʠʥʬʦʨʤʘʮʠʿʫ ʠ ʥʘ ʦʩʥʦʚʫ ˁʝ ʘʞʫʨʠʨʘ ʩʚʦʿ ʧʨʠʥʮʠʧ ʦʜʣʫʯʠʚʘˁʘ ʫ ʮʠˀʫ ʤʘʢʩʠʤʠʟʦʚʘˁʘ ʫʢʫʧʥʦʛ 

ʢʚʘʣʠʪʝʪʘ ʧʨʝʜʠʢʮʠʿʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. 
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ʉʣ.10 ï ʊʠʧʦʚʠ ʧʦʪʢʨʝʧˀʝʥʦʛ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ 

 

ʇʨʠʥʮʧʠ ʧʦʜʩʪʘʢʥʫʪʦʛ ʫʯʝˁʘ: 

1. ʅʘʛʨʘʜʘ ï ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʠ ʤʝʭʘʥʠʟʘʤ ʟʘ ʫʩʤʝʨʘʚʘˁʝ ʧʦʥʘʰʘˁʘ ʤʦʜʝʣʘ. ʆʥʘ ʩʣʫʞʠ 

ʢʘʦ ʧʦʚʨʘʪʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʧʦʞʝˀʥʦʩʪ ʠʟʚʨʰʝʥʝ ʘʢʮʠʿʝ. ʅʘʛʨʘʜʝ ʩʫ 

ʩʢʘʣʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʧʦʟʠʪʠʚʥʝ, ʥʝʛʘʪʠʚʥʝ ʠʣʠ ʥʝʫʪʨʘʣʥʝ. ʆʩʥʦʚʥʠ ʮʠˀ 

ʤʦʜʝʣʘ ʿʝ ʜʘ ʤʘʢʩʠʤʠʟʫʿʝ ʟʙʠʨ ʩʚʠʭ ʥʘʛʨʘʜʘ ʢʨʦʟ ʚʨʝʤʝ, ʦʜʥʦʩʥʦ ʜʘ ʫʩʚʦʿʠ ʩʪʨʘʪʝʛʠʿʫ 

ʜʝʣʦʚʘˁʘ ʢʦʿʘ ʜʦʥʦʩʠ ʥʘʿʚʝ˂ʠ ʫʢʫʧʘʥ ʜʦʙʠʪʘʢ. 

2. ʂʘʟʥʘ ï ʢʦʨʠʩʪʠ ʩʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʤʦʜʝʣ ʠʟʚʨʰʠ ʥʝʧʦʞʝˀʥʝ ʨʘʜˁʝ. ʋʣʦʛʘ ʢʘʟʥʝ ʿʝ ʜʘ 

ʦʜʚʨʘʪʠ ʤʦʜʝʣ ʦʜ ʥʝʘʜʝʢʚʘʪʥʦʛ ʧʦʥʘʰʘˁʘ. ʋ ʤʝʪʦʜʦʣʦʛʠʿʠ ʧʦʜʩʪʘʢʥʫʪʦʛ ʫʯʝˁʘ, ʢʘʟʥʝ 

ʩʣʫʞʝ ʟʘ ʦʙʣʠʢʦʚʘˁʝ ʧʦʥʘʰʘˁʘ, ʢʦʨʠʛʫʿʫ˂ʠ ʣʦʰʝ ʦʜʣʫʢʝ ʠ ʫʩʤʝʨʘʚʘʿʫ˂ʠ ʤʦʜʝʣ ʢʘ ʙʦˀʠʤ 

ʠʟʙʦʨʠʤʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. 

3. ʂʫʤʫʣʘʪʠʚʥʘ ʥʘʛʨʘʜʘ ï ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʫ ʩʫʤʫ ʩʚʠʭ ʥʘʛʨʘʜʘ ʢʦʿʝ ʤʦʜʝʣ ʜʦʙʠʿʘ ʪʦʢʦʤ 

ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʝʧʠʟʦʜʘ ʫʯʝˁʘ. ʇʦʟʥʘʪʘ ʿʝ ʠ ʧʦʜ ʥʘʟʠʚʦʤ Ăʧʦʚʨʘʪñ (return) ʠ ʩʣʫʞʠ ʢʘʦ 

ʦʩʥʦʚʥʠ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʩʪʨʘʪʝʛʠʿʝ ʢʦʿʫ ʤʦʜʝʣ ʫʩʚʘʿʘ. ɸʣʛʦʨʠʪʤʠ ʧʦʜʩʪʘʢʥʫʪʦʛ 

ʫʯʝˁʘ ʪʝʞʝ ʧʨʠʥʮʠʧʫ ʢʦʿʠ ˂ʝ ʤʘʢʩʠʤʠʟʦʚʘʪʠ ʦʚʫ ʚʨʝʜʥʦʩʪ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠ ʪʨʝʥʫʪʥʝ 

ʠ ʜʫʛʦʨʦʯʥʝ ʝʬʝʢʪʝ ʦʜʣʫʢʘ. 

4. ʅʝʧʦʩʨʝʜʥʘ ʥʘʛʨʘʜʘ ï ʦʥʘ ʢʦʘʿ ʩʝ ʜʦʙʠʿʘ ʦʜʤʘʭ ʥʘʢʦʥ ʠʟʚʨʰʝˁʘ ʦʜʨʝʹʝʥʝ ʨʘʜˁʝ. 

ʆʙʝʟʙʝʹʫʿʝ ʙʨʟʫ ʠ ʿʘʩʥʫ ʧʦʚʨʘʪʥʫ ʠʥʬʦʨʤʘʮʠʿʫ. ʆʚʦ ʤʦʜʝʣʫ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʠʿʝ 

ʫʩʤʝʨʘʚʘˁʝ ʫ ʧʨʦʮʝʩʫ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ. ʆʚʘ ʚʨʩʪʘ ʥʘʛʨʘʜʝ ʿʝ ʧʦʩʝʙʥʦ ʢʦʨʠʩʥʘ ʫ 

ʩʠʪʫʘʮʠʿʘʤʘ ʛʜʝ ʧʦʩʪʦʿʠ ʜʠʨʝʢʪʥʘ ʠ ʦʯʠʛʣʝʜʥʘ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʘʢʮʠʿʝ ʠ ʨʝʟʫʣʪʘʪʘ. 

5. ʆʜʛʦʹʝʥʘ ʥʘʛʨʘʜʘ ï ʿʘʚˀʘ ʩʝ ʪʝʢ ʥʘʢʦʥ ʚʠʰʝ ʫʟʘʩʪʦʧʥʠʭ ʘʢʮʠʿʘ ʠʣʠ ʫ ʢʘʩʥʠʿʠʤ ʬʘʟʘʤʘ 

ʫʯʝˁʘ. ʋ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʤʦʜʝʣ ʤʦʨʘ ʜʘ ʥʘʫʯʠ ʜʘ ʧʦʚʝʟʫʿʝ ʨʘʜˁʝ ʢʦʿʝ ʩʫ ʧʨʝʪʭʦʜʠʣʝ 

ʩʘ ʢʘʩʥʠʿʝ ʜʦʙʠʿʝʥʦʤ ʥʘʛʨʘʜʦʤ. ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʠʟʘʟʦʚʘ ʫ 

ʧʦʜʩʪʘʢʥʫʪʦʤ ʫʯʝˁʫ, ʿʝʨ ʟʘʭʪʝʚʘ ʜʫʛʦʨʦʯʥʦ ʧʣʘʥʠʨʘˁʝ ʠ ʩʧʦʩʦʙʥʦʩʪ ʤʦʜʝʣʦʚʘˁʘ 

ʫʟʨʦʯʥʦʧʦʩʣʝʜʠʯʥʠʭ ʦʜʥʦʩʘ. 

6. ʈʝʪʢʘ ʥʘʛʨʘʜʘ ï ʥʘʩʪʘʿʝ ʫ ʦʢʨʫʞʝˁʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʧʨʫʞʘʿʫ ʩʘʤʦ ʫ 

ʩʧʝʮʠʬʠʯʥʠʤ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʜʦʩʪʠʛʥʫ˂ʝ ʦʜʨʝʹʝʥʦʛ ʮʠˀʘ. 
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ʆʚʘʢʚʠ ʫʩʣʦʚʠ ʦʪʝʞʘʚʘʿʫ ʧʨʦʮʝʩ ʫʯʝˁʘ ʿʝʨ ʤʦʜʝʣ ʤʦʨʘ ʜʘ ʠʩʪʨʘʞʠ ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʘˁʘ ʧʨʝ 

ʥʝʛʦ ʰʪʦ ʜʦʙʠʿʝ ʙʠʣʦ ʢʘʢʚʫ ʥʘʛʨʘʜʫ, ʰʪʦ ʯʠʥʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʦʣʠʪʠʢʝ ʠʟʫʟʝʪʥʦ 

ʢʦʤʧʣʝʢʩʥʦʤ. 

7. ʆʙʣʠʢʫʿʫ˂ʘ ʥʘʛʨʘʜʘ ï ʧʨʝʜʩʪʘʚˀʘ ʜʦʜʘʪʥʝ, ʯʝʩʪʦ ʚʝʰʪʘʯʢʠ ʢʦʥʩʪʨʫʠʩʘʥʝ ʥʘʛʨʘʜʝ ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʝ ʨʘʜʠ ʫʙʨʟʘʚʘˁʘ ʧʨʦʮʝʩʘ ʫʯʝˁʘ. ɳʠʭʦʚʘ ʩʚʨʭʘ ʿʝ ʜʘ ʤʦʜʝʣʫ ʦʙʝʟʙʝʜʝ 

ʠʥʪʝʨʤʝʜʠʿʘʨʥʫ ʧʦʚʨʘʪʥʫ ʠʥʬʦʨʤʘʮʠʿʫ ʪʦʢʦʤ ʧʦʩʪʠʟʘˁʘ ʢʦʥʘʯʥʦʛ ʮʠˀʘ, ʯʠʤʝ ʩʝ 

ʩʪʠʤʫʣʠʰʝ ʞʝˀʝʥʦ ʧʦʥʘʰʘˁʝ ʠ ʩʢʨʘ˂ʫʿʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʩʪʨʘʪʝʛʠʿʝ. 

ɸʣʛʦʨʠʪʤʠ ʢʘʦ ʰʪʦ ʩʫ Qïlearning, Deep Q Networks (DQN) ʠ Policy Gradient ʢʦʨʠʩʪʝ ʩʝ ʟʘ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʥʝ ʦʜʣʫʢʝ ʫ ʩʪʦʭʘʩʪʠʯʢʠʤ ʦʢʨʫʞʝˁʠʤʘ. 

3.1.4. ʉʘʤʦʥʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʉʘʤʦʥʘʜʛʣʝʜʘʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʭʠʙʨʠʜʥʠ ʧʨʠʩʪʫʧ ʫ ʢʦʿʝʤ ʤʦʜʝʣ ʫʯʠ ʠʟ 

ʥʝʦʙʝʣʝʞʝʥʠʭ ʧʦʜʘʪʘʢʘ ʩʪʚʘʨʘˁʝʤ ʠʥʪʝʨʥʠʭ ʟʘʜʘʪʘʢʘ ʢʦʿʠ ʩʠʤʫʣʠʨʘʿʫ ʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ. ʅʘ ʪʘʿ 

ʥʘʯʠʥ ʤʦʜʝʣ ʤʦʞʝ ʫʯʠʪʠ ʠʟ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʙʝʟ ʨʫʯʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ. 

ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʧʦʩʪʘʦ ʢˀʫʯʘʥ ʫ ʠʟʛʨʘʜˁʠ ʚʝʣʠʢʠʭ ʿʝʟʠʯʢʠʭ ʤʦʜʝʣʘ (ʥʧʨ. GPT, BERT), 

ʚʠʟʫʝʣʥʠʭ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ, ʢʘʦ ʠ ʫ ʧʨʠʤʝʥʘʤʘ ʛʜʝ ʿʝ ʦʟʥʘʯʝʥʝ ʧʦʜʘʪʢʝ ʪʝʰʢʦ ʠʣʠ ʩʢʫʧʦ ʜʦʙʠʪʠ. 

ʉʘʤʦʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʜʦʧʨʠʥʦʩʠ ʙʦˀʦʿ ʛʝʥʝʨʘʣʠʟʘʮʠʿʠ ʠ ʝʬʠʢʘʩʥʠʿʦʿ ʫʧʦʪʨʝʙʠ ʨʝʩʫʨʩʘ. 

3.1.5. ʍʠʙʨʠʜʥʦ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʍʠʙʨʠʜʥʦ ʫʯʝˁʝ ʢʦʤʙʠʥʫʿʝ ʚʠʰʝ ʪʠʧʦʚʘ ʫʯʝˁʘ ʫ ʿʝʜʠʥʩʪʚʝʥʫ ʘʨʭʠʪʝʢʪʫʨʫ ʠʣʠ ʧʨʦʮʝʩ ʦʙʫʢʝ, 

ʢʘʢʦ ʙʠ ʩʝ ʠʩʢʦʨʠʩʪʠʣʝ ʧʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ ʧʨʠʩʪʫʧʘ. ʅʘ ʧʨʠʤʝʨ, ʤʦʛʫ˂ʝ ʿʝ 

ʧʨʠʤʝʥʠʪʠ ʥʝʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʟʘ ʠʥʠʮʠʿʘʣʥʫ ʝʢʩʪʨʘʢʮʠʿʫ ʦʩʦʙʠʥʘ ʠʟ ʧʦʜʘʪʘʢʘ, ʟʘʪʠʤ 

ʧʨʠʤʝʥʠʪʠ ʥʘʜʛʣʝʜʘʥʦ ʫʯʝˁʝ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ, ʘ ʧʦʜʩʪʘʢʥʫʪʦ ʫʯʝˁʝ ʟʘ ʘʜʘʧʪʘʮʠʿʫ ʥʘ 

ʧʨʦʤʝˁʠʚʦ ʦʢʨʫʞʝˁʝ. 

ʍʠʙʨʠʜʥʠ ʤʦʜʝʣʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʢʦʤʧʣʝʢʩʥʠʤ ʩʠʩʪʝʤʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: 

 ɸʫʪʦʥʦʤʥʘ ʚʦʟʠʣʘ (ʦʙʨʘʜʘ ʩʣʠʢʝ + ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ), 

 ʀʥʪʝʣʠʛʝʥʪʥʝ ʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ (ʢʣʘʩʪʝʨʦʚʘˁʝ ʧʦʪʨʦʰʘʯʘ + ʦʧʪʠʤʠʟʘʮʠʿʘ ʨʘʜʘ), 

 ɼʠʿʘʛʥʦʩʪʠʢʘ ʠ ʤʝʜʠʮʠʥʩʢʠ ʩʠʩʪʝʤʠ. 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʨʘʟʣʦʛʘ ʫʩʣʝʜ ʢʦʿʠʭ ʩʫ ʤʝʪʦʜʝ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʧʨʠʤʝˁʠʚʝ ʟʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ [25]. 

ʄʦʜʝʨʥʠ ɽɽʉ ʛʝʥʝʨʠʰʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ. ʋʟ ʧʦʨʘʩʪ ʜʠʛʠʪʘʣʠʟʘʮʠʿʝ ʠ ʧʦʚʝ˂ʘʥ ʙʨʦʿ 

ʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ (ʇʄʋ ʤʝʨʝˁʘ), ʢʘʦ ʠ ʫʧʨʘʚˀʘʯʢʠ ʀɽɼ ʫʨʝʹʘʿʠ ʜʦʣʘʟʠ ʩʝ ʜʦ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ 

ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʩʪʘˁʝ ʤʨʝʞʝ. ʋ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʣʘʢʰʠʤ ʩʢʣʘʜʠʰʪʝˁʝʤ ʦʚʠʭ ʧʦʜʘʪʘʢʘ 

ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʪʠʭ. 

ɱʘʢʠ ʧʨʦʮʝʩʦʨʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʫʜʘˀʝʥʝ ʤʘʰʠʥʝ ʤʝʹʫʩʦʙʥʦ ʢʦʥʝʢʪʫʿʫ ʨʘʜʠ ʙʨʟʝ ʨʘʟʤʝʥʝ 

ʧʦʜʘʪʘʢʘ. ʉʚʝ ʤʘˁʠ ʪʨʦʰʢʦʚʠ ʨʘʯʫʥʘʨʩʢʝ ʩʥʘʛʝ ʜʦʧʨʠʥʦʩʝ ʰʠʨʦʢʦʿ ʜʦʩʪʫʧʥʦʩʪʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʥʝ ʟʘ ʪʨʝʥʠʨʘˁʝ ʘʣʛʦʨʠʪʘʤʘ, ʨʘʟʚʦʿ ʥʦʚʠʭ ʤʦʜʝʣʘ ɺʀ ʢʘʦ ʠ ʦʙʨʘʜʫ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʜʘʪʘʢʘ. 

ʅʦʚʝ ʪʝʭʥʠʢʝ ʄʋ, ʢʘʦ ʰʪʦ ʿʝ ʜʫʙʦʢʦ ʫʯʝˁʝ ʢʦʿʝ ʿʝ ʧʨʠʤʝˁʝʥʦ ʫ ʚʝʰʪʘʯʢʠʤ ʥʝʫʨʘʣʥʠʤ ʤʨʝʞʘʤʘ 

ʩʘ ʚʠʰʝ ʩʣʦʿʝʚʘ ʩʫ ʧʦʩʪʘʣʝ ʦʩʥʦʚʘ ʤʥʦʛʠʭ ʩʘʚʨʝʤʝʥʠʭ ʧʨʠʩʪʫʧʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ 

ʝʥʝʨʛʝʪʠʢʝ (ʧʣʘʥʠʨʘˁʝ ʩʠʩʪʝʤʘ, ʘʥʘʣʠʟʘ ʩʪʘˁʘ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʪʦʢʦʚʘ ʩʥʘʛʘ). 
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4. ɺʝʰʪʘʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ 
 

ɺʝʰʪʘʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ (Artificial Neural Networks ï ANN) ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʧʨʝʜʥʫ ʢʣʘʩʫ 

ʘʣʛʦʨʠʪʘʤʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʠʥʩʧʠʨʠʩʘʥʫ ʘʨʭʠʪʝʢʪʫʨʦʤ ʠ ʤʝʭʘʥʠʟʤʠʤʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ 

ˀʫʜʩʢʦʛ ʤʦʟʛʘ. ʈʘʟʚʠʿʝʥʝ ʩʫ ʩʘ ʮʠˀʝʤ ʜʘ ʠʤʠʪʠʨʘʿʫ ʧʨʦʮʝʩʝ ʦʙʨʘʜʝ ʠʥʬʦʨʤʘʮʠʿʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʙʠʦʣʦʰʢʝ ʥʝʨʚʥʝ ʩʠʩʪʝʤʝ, ʊʘʙ.2. ANN ʩʫ ʜʠʟʘʿʥʠʨʘʥʝ ʜʘ ʩʘʤʦʩʪʘʣʥʦ ʫʯʝ ʥʘ 

ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ, ʧʨʝʧʦʟʥʘʿʫ ʦʙʨʘʩʮʝ ʠ ʜʦʥʦʩʝ ʟʘʢˀʫʯʢʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʛʜʝ ʝʢʩʧʣʠʮʠʪʥʦ 

ʜʝʬʠʥʠʩʘˁʝ ʧʨʘʚʠʣʘ ʥʠʿʝ ʧʨʘʢʪʠʯʥʦ ʠʣʠ ʤʦʛʫ˂ʝ. 

ʇʨʚʠ ʢʦʥʮʝʧʪʠ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʘ ʥʘʩʪʘʣʠ ʩʫ ʪʦʢʦʤ ʧʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ, ʘʣʠ ʿʝ 

ʟʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʦʤʦʛʫ˂ʝʥ ʪʝʢ ʩʘ ʨʘʟʚʠʿʘˁʝʤ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ ʠ ʤʦʜʝʨʥʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ ʫʯʝˁʘ. ʆʩʥʦʚʥʠ ʝʣʝʤʝʥʪ ANN-a ʿʝ ʚʝʰʪʘʯʢʠ ʥʝʫʨʦʥ, ʢʦʿʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦ ʦʧʦʥʘʰʘ ʙʠʦʣʦʰʢʠ ʥʝʫʨʦʥ: ʫʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ (ʩʠʛʥʘʣʠ) ʧʨʦʣʘʟʝ ʢʨʦʟ ʚʝʟʝ 

(ʩʠʥʘʧʩʝ) ʨʘʟʣʠʯʠʪʝ ʿʘʯʠʥʝ (ʪʝʞʠʥʝ), ʠʥʪʝʛʨʠʰʫ ʩʝ ʠ ʘʢʪʠʚʠʨʘʿʫ ʠʟʣʘʟ ʧʨʝʤʘ ʜʝʬʠʥʠʩʘʥʦʿ 

ʬʫʥʢʮʠʿʠ ʧʨʝʥʦʩʘ.  

ʊʘʙ.2 ï ʇʦʨʝʹʝˁʝ ʪʝʨʤʠʥʦʣʦʛʠʿʝ ANN-a ʠ ʙʠʦʣʦʰʢʠʭ ʥʝʫʨʘʣʥʠʤ 

ʤʨʝʞʘʤʘ 

 

ɹʠʦʣʦʰʢʠ ʥʝʫʨʦʥ ɺʝʰʪʘʯʢʠ ʥʝʫʨʦʥ (ANN) 

ʅʝʫʨʦʥ ʅʝʫʨʦʥ  

ʉʠʥʘʧʩʘ ɺʝʟʘ 

ʅʝʫʨʦʪʨʘʥʩʤʠʩʠʿʘ ʊʝʞʠʥʘ ʚʝʟʝ (ʿʘʯʠʥʘ ʢʦʥʝʢʮʠʿʝ) 

ʌʨʝʢʚʝʥʮʠʿʘ ʥʝʨʚʥʠʭ ʠʤʧʫʣʩʘ ʀʟʣʘʟ ʥʝʫʨʦʥʘ 

ɼʝʥʜʨʠʪʠ ʋʣʘʟʥʠ ʧʦʜʘʮʠ 

ɸʢʩʦʥ ʀʟʣʘʟʥʠ ʩʠʛʥʘʣ 

ʄʝʤʙʨʘʥʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ɸʢʪʠʚʠʨʘʥʘ ʚʨʝʜʥʦʩʪ 

ʇʦʪʝʥʮʠʿʘʣ ʜʝʿʩʪʚʘ ɸʢʪʠʚʘʮʠʦʥʘ ʬʫʥʢʮʠʿʘ 

ʀʥʪʝʛʨʘʮʠʿʘ ʩʠʛʥʘʣʘ ʉʘʙʠʨʘʯ (ʘʛʨʝʛʘʮʠʿʘ ʫʣʘʟa) 

ʉʠʥʘʧʪʠʯʢʘ ʧʣʘʩʪʠʯʥʦʩʪ ɸʞʫʨʠʨʘˁʝ ʪʝʞʠʥʘ (ʪʨʝʥʠʥʛ) 

 

ʂˀʫʯʥʘ ʧʨʝʜʥʦʩʪ ANN-a ʿʝ ˁʠʭʦʚʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʤʦʜʝʣʫʿʫ ʩʣʦʞʝʥʝ ʥʝʣʠʥʝʘʨʥʝ ʦʜʥʦʩʝ ʫ 

ʧʦʜʘʮʠʤʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʝʢʩʧʣʠʮʠʪʥʠʤ ʧʨʦʛʨʘʤʠʨʘˁʝʤ ʧʨʘʚʠʣʘ ʧʦʥʘʰʘˁʘ. ʆʚʘ ʦʩʦʙʠʥʘ ʿʝ 

ʥʘʨʦʯʠʪʦ ʟʥʘʯʘʿʥʘ ʫ ʧʨʠʤʝʥʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʙʨʘʟʘʮʘ, ʢʣʘʩʠʬʠʢʘʮʠʿʘ, ʨʝʛʨʝʩʠʿʘ, 

ʢʘʦ ʠ ʧʨʝʜʚʠʹʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʋ ʦʙʣʘʩʪʠ ʝʥʝʨʛʝʪʠʢʝ, ANN ʥʘʣʘʟʝ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ 

ʧʨʝʜʚʠʹʘˁʫ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʜʠʿʘʛʥʦʩʪʠʮʠ ʠ ʧʨʝʜʠʢʪʠʚʥʦʤ ʦʜʨʞʘʚʘˁʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʪʫʨʙʠʥʘ, ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʢʘʦ ʠ ʫ 

ʩʠʩʪʝʤʠʤʘ ʫʧʨʘʚˀʘˁʘ ʧʘʤʝʪʥʠʤ ʤʨʝʞʘʤʘ (smart grids). 
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ʀʧʘʢ, ʧʨʠʤʝʥʘ ANN-a ʥʠʿʝ ʙʝʟ ʦʛʨʘʥʠʯʝˁʘ. ɽʬʠʢʘʩʥʦʩʪ ˁʠʭʦʚʦʛ ʫʯʝˁʘ ʟʘʚʠʩʠ ʦʜ ʜʦʩʪʫʧʥʦʩʪʠ 

ʚʝʣʠʢʠʭ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʫ ʥʝʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚˀʘʪʠ 

ʟʥʘʯʘʿʘʥ ʠʟʘʟʦʚ. ʉʢʫʧ ʧʦʜʘʪʘʢʘ ʪʨʝʙʘ ʜʘ ʧʨʫʞʘ ʢʦʨʠʩʥʝ ʠʥʬʦʨʤʘʮʠʿʝ, ʘ ʜʘ ʩʫ ʠʟ ˁʝʛʘ 

ʝʣʠʤʠʥʠʩʘʥʝ ʛʨʝʰʢʝ, ʧʦʥʘʚˀʘˁʘ ʠ ʙʠʣʦ ʢʦʿʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʙʠ ʤʦʛʣʝ ʟʙʫʥʠʪʠ ANN. ʇʦʨʝʜ ʪʦʛʘ, 

ʟʙʦʛ ʧʨʠʨʦʜʝ ˁʠʭʦʚʝ ʠʥʪʝʨʥʝ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ, ANN ʩʝ ʯʝʩʪʦ ʢʘʨʘʢʪʝʨʠʰʫ ʢʘʦ ʮʨʥʝ ʢʫʪʠʿʝ, 

ʤʦʜʝʣʠ ʯʠʿʝ ʿʝ ʫʥʫʪʨʘʰˁʝ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʪʝʰʢʦ ʠʥʪʫʠʪʠʚʥʦ ʨʘʟʫʤʝʪʠ ʠ ʦʙʿʘʩʥʠʪʠ. ʆʚʦ, ʢʘʦ 

ˁʠʭʦʚʘ ʛʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʛʜʝ ʥʝ ʟʘʭʪʝʚʘʿʫ ʝʢʩʧʣʠʮʠʪʥʘ ʫʧʫʪʩʪʚʘ, ʤʦʞʝ ʙʠʪʠ ʠ ʤʘʥʘ ʿʝʨ ʦʥʝ ʥʝ 

ʤʦʛʫ ʝʢʩʧʣʠʮʠʪʥʦ ʥʠ ʧʦʢʘʟʘʪʠ ʜʦ ʢʦʿʠʭ ʧʨʘʚʠʣʘ ʟʘʢˀʫʯʠʚʘˁʘ ʩʝ ʜʦʰʣʦ ʦʙʨʘʜʦʤ ʙʘʟʝ ʧʦʜʘʪʘʢʘ, 

ʚʝ˂ ʩʘʤʦ ʜʘʿʫ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ, ʪʘʢʦʹʝ ʫ ʬʦʨʤʠ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʆʚʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʛʨʘʥʠʯʘʚʘ 

ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʫ ʦʙʣʘʩʪʠʤʘ ʛʜʝ ʿʝ ʦʙʿʘʰˁʠʚʦʩʪ ʤʦʜʝʣʘ ʢʨʠʪʠʯʥʘ. 

ʉʘ ʨʘʟʚʦʿʝʤ ʪʝʭʥʠʢʘ ʜʫʙʦʢʦʛ ʫʯʝˁʘ ʠ ʠʥʪʝʛʨʘʮʠʿʦʤ ANN-a ʩʘ ʜʨʫʛʠʤ ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʩʠʩʪʝʤʠʤʘ 

ʢʘʦ ʰʪʦ ʩʫ ʬʘʟʠ ʣʦʛʠʢʘ ʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ, ʜʦʰʣʦ ʿʝ ʜʦ ʝʚʦʣʫʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʤʦʜʝʣʘ ʢʦʿʠ 

ʜʦʜʘʪʥʦ ʧʨʦʰʠʨʫʿʫ ˁʠʭʦʚʝ ʤʦʛʫ˂ʥʦʩʪʠ. ʋ ʢʦʥʪʝʢʩʪʫ ʝʥʝʨʛʝʪʠʢʝ, ʦʚʠ ʭʠʙʨʠʜʥʠ ʧʨʠʩʪʫʧʠ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʝʮʠʟʥʠʿʝ ʧʨʦʛʥʦʟʝ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʦʣʘʨʥʠʭ ʠ ʚʝʪʨʦʧʘʨʢʦʚʘ, ʢʘʦ ʠ 

ʬʣʝʢʩʠʙʠʣʥʠʿʝ ʫʧʨʘʚˀʘˁʝ ʦʧʪʝʨʝ˂ʝˁʝʤ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ. 

ɹʫʜʫ˂ʥʦʩʪ ʨʘʟʚʦʿʘ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʫʩʤʝʨʝʥʘ ʿʝ ʥʘ ʧʦʙʦˀʰʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʮʝʩʘ 

ʫʯʝˁʘ, ʦʙʣʠʢʦʚʘˁʝ ʘʜʝʢʚʘʪʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʠ ʨʘʟʚʦʿ ʦʙʿʘʰˁʠʚʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ 

ʜʫʙˀʝ ʨʘʟʫʤʝʚʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ. ʋ ʝʥʝʨʛʝʪʩʢʦʤ ʩʝʢʪʦʨʫ, ʦʚʘʢʘʚ ʨʘʟʚʦʿ ˂ʝ ʠʛʨʘʪʠ 

ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʠʟʛʨʘʜˁʠ ʦʜʨʞʠʚʠʿʠʭ, ʧʦʫʟʜʘʥʠʿʠʭ ʠ ʠʥʪʝʣʠʛʝʥʪʥʠʿʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. 

4.1. ɸʨʭʠʪʝʢʪʫʨʘ ANN-a 

ɸʨʭʠʪʝʢʪʫʨʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ ʜʝʬʠʥʠʰʝ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʫ ʥʝʫʨʦʥʠ ʧʦʚʝʟʘʥʠ, ʢʘʦ ʠ 

ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʠʥʬʦʨʤʘʮʠʿʝ ʧʨʝʥʦʩʝ ʠ ʦʙʨʘʹʫʿʫ ʢʨʦʟ ʤʨʝʞʫ. ʆʜ ʠʟʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʝ ʟʘʚʠʩʠ 

ʩʧʦʩʦʙʥʦʩʪ ʤʨʝʞʝ ʜʘ ʨʝʰʘʚʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʧʨʦʙʣʝʤʘ, ˁʝʥʘ ʩʧʦʩʦʙʥʦʩʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ, ʢʘʦ ʠ 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʮʝʩʘ ʫʯʝˁʘ. 

ʇʝʨʮʝʧʪʨʦʥ, ʉʣ.11, ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʨʘʥʠʿʠ ʤʦʜʝʣ ʚʝʰʪʘʯʢʦʛ ʥʝʫʨʦʥʘ, ʨʘʟʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ ʌʨʝʥʢʘ 

ʈʦʟʝʥʙʣʘʪʘ 1958. ʛʦʜʠʥʝ. ɱʝʜʥʦʩʪʨʫʢʠ ʧʝʨʮʝʧʪʨʦʥ ʿʝ ʤʨʝʞʘ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʫʣʘʟʥʦʛ ʩʣʦʿʘ ʠ 

ʠʟʣʘʟʥʦʛ ʥʝʫʨʦʥʘ, ʩʧʦʩʦʙʥʦʛ ʜʘ ʢʣʘʩʠʬʠʢʫʿʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʫ ʣʠʥʝʘʨʥʦ ʨʘʟʜʚʦʿʠʚʠ.  

 
ʉʣ.11ïʉʪʨʫʢʪʫʨʘ ʧʝʨʮʝʧʪʨʦʥʘ 

 

ʆʩʥʦʚʥʘ ʦʛʨʘʥʠʯʝˁʘ ʧʝʨʮʝʧʪʨʦʥʩʢʠʭ ʤʦʜʝʣʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ˁʠʭʦʚʫ ʧʨʠʤʝʥˀʠʚʦʩʪ ʩʘʤʦ ʥʘ 

ʣʠʥʝʘʨʥʦ ʩʝʧʘʨʘʙʠʣʥʝ ʧʨʦʙʣʝʤʝ ʠ ʫʧʦʪʨʝʙʫ ʜʠʩʢʨʝʪʥʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ. ʇʝʨʮʝʧʪʨʦʥ 

ʢʦʨʠʩʪʠ ʜʠʩʢʨʝʪʥʫ ʬʫʥʢʮʠʿʫ ʘʢʪʠʚʘʮʠʿʝ ʧʨʠ ʯʝʤʫ ʿʝ ʠʟʣʘʟ ʜʠʩʢʨʝʪʘʥ. ʄʦʞʝ ʙʠʪʠ 0 ʠʣʠ 1, ʠʣʠ -1 

ʠʣʠ 1, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʝʬʠʥʠʮʠʿʝ. ʇʨʠʤʝʨ ʫʢʦʣʠʢʦ ʿʝ ʠʟʣʘʟ 0 ʠʣʠ 1 ʿʝ ʜʘʪ ʿʝʜʥʘʯʠʥʦʤ 1. 
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̉̈̌́ ̈

ừ
Ừ

ứπ ́̋  ̏ ̗́̉̎́̑̄ ‫ὼ

ρ ́̋  ̏ ̗́̉̎́̑̄ ‫ὼ
 1 

 

ɿʙʦʛ ʜʠʩʢʦʥʪʠʥʫʘʣʥʦʩʪʠ ʦʚʝ ʬʫʥʢʮʠʿʝ, ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʛʨʘʜʠʿʝʥʪʥʝ ʤʝʪʦʜʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ, ʰʪʦ ʟʥʘʯʘʿʥʦ ʦʛʨʘʥʠʯʘʚʘ ʧʨʠʤʝʥʫ ʧʝʨʮʝʧʪʨʦʥʘ ʫ ʪʨʝʥʠʨʘˁʫ ʚʠʰʝʩʣʦʿʥʠʭ 

ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ. ʄʘʣe ʧʨʦʤʝʥe ʧʘʨʘʤʝʪʘʨʘ ʥʝ ʜʦʚʦʜʝ ʥʫʞʥʦ ʜʦ ʧʦʩʪʝʧʝʥʠʭ ʧʨʦʤʝʥʘ ʠʟʣʘʟʘ, 

ʚʝ˂ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʥʘʛʣʝ ʧʨʦʤʝʥʝ, ʰʪʦ ʜʦʜʘʪʥʦ ʦʪʝʞʘʚʘ ʧʨʦʮʝʩ ʦʧʪʠʤʠʟʘʮʠʿʝ. 

ʉʫʰʪʠʥʩʢʠ ʿʝ ʧʦʪʨʝʙʘʥ ʧʨʠʥʮʠʧ ʛʜʝ ʤʘʣʘ ʧʨʦʤʝʥʘ ʫ ʧʘʨʘʤʝʪʨʠʤʘ ʤʨʝʞʝ ʫʟʨʦʢʫʿʝ ʠ ʤʘʣʝ 

ʧʨʦʤʝʥʝ ʫ ʠʟʣʘʟʠʤʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.12. 

 
ʉʣ.12ï ʊʝʞˁʘ ʫʪʠʮʘʿʘ ʪʝʞʠʥʝ/bias-ʘ ʥʘ ʠʟʣʘʟ 

ʂʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ʞʝˀʝʥʠ ʧʨʠʥʮʠʧ, ʫʚʝʜʝʥʠ ʩʫ ʩʠʛʤʦʠʜʥʠ ʥʝʫʨʦʥʠ. ʆʥʠ, ʟʘ ʬʫʥʢʮʠʿʫ 

ʘʢʪʠʚʘʮʠʿʝ, ʫʤʝʩʪʦ ʦʜʩʢʦʯʥʝ ʬʫʥʢʮʠʿʝ ʢʦʨʠʩʪʝ ʛʣʘʪʢʝ ʠ ʢʦʥʪʠʥʫʘʣʥʝ ʬʫʥʢʮʠʿʝ ʧʦʧʫʪ ʩʠʛʤʦʠʜʥʝ 

ʬʫʥʢʮʠʿʝ, ʧʨʠʢʘʟʘʥʝ ʿʝʜʥʘʯʠʥʦʤ 2, ʠʣʠ ʭʠʧʝʨʙʦʣʠʯʢʝ ʪʘʥʛʝʥʩʝ ʬʫʥʢʮʠʿʝ. 

„ᾀḳ 
ρ

ρ Ὡ
 2 

 

ʀʟʣʘʟ ʩʠʛʤʫʠʜʥʝ ʬʫʥʢʮʠʿʝ ʿʝ, ʧʨʝʢʦ ʫʣʘʟʘ, ʪʝʞʠʥʘ ʠ bias, ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʿʝʜʥʘʯʠʥʠ 3. 

̉̈̌́̈ḳ 
ρ

ρ ὩὼὴВ‫ὼ ὦ
 3 

ʛʜʝ ʩʫ: 

ὼ  ʫʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ, 

‫  ʪʝʞʠʥʝ ʦʜʨʝʹʝʥʠʭ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠʪʠ, 

ὦ  bias. 

ɿʘ ʘʥʘʣʠʟʫ ʿʝ ʟʥʘʯʘʿʥʠʿʠ ʦʙʣʠʢ ʬʫʥʢʮʠʿʝ ʢʘʦ ʛʣʘʪʢʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʦʜʩʢʦʯʥʝ ʬʫʥʢʮʠʿʝ, ʥʝʛʦ ˁʝʥ 

ʪʘʯʘʥ ʘʥʘʣʠʪʠʯʢʠ ʦʙʣʠʢ. ʇʦʨʝʹʝˁʝ ʦʜʩʢʦʯʥʝ ʬʫʥʢʮʠʿʝ ʠ ʩʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ ʜʘʪʦ ʿʝ ʥʘ ʉʣ.13. 
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ʘ) ʙ) 

ʉʣ.13 ï ʇʦʨʝʹʝˁʝ ʩʪʝʧ (ʘ) ʠ ʩʠʛʤʦʠʜʥʝ (ʙ) ʬʫʥʢʮʠʿʝ 

ʂʘʜʘ ʙʠ ʫʤʝʩʪʦ ʩʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ ʙʠʣʘ ʩʪʝʧ ʬʫʥʢʮʠʿʘ, ʦʥʜʘ ʙʠ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ 1 ʠʣʠ 

0, ʢʘʦ ʢʦʜ ʧʝʨʮʝʧʪʨʦʥʘ. ʆʚʦ ʟʥʘʯʠ ʜʘ ʩʠʛʤʦʠʜʥʠ ʥʝʫʨʦʥ ʫʧʦʪʨʝʙʦʤ ʩʪʝʧ ʬʫʥʢʮʠʿʝ ʧʦʧʨʠʤʘ 

ʧʦʥʘʰʘˁʝ ʧʝʨʮʝʧʪʨʦʥʘ.  

ʆʚʘʢʚʘ ʬʫʥʢʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʤʘʣʝ ʧʨʦʤʝʥʝ ʪʝʞʠʥʝ ʧʘʨʘʤʝʪʨʘ ʤʨʝʞʝ, ʠʟʘʟʠʚʘʿʫ ʤʘʣʫ ʧʨʦʤʝʥʫ ʫ 

ʠʟʣʘʟʫ, ʿʝʜʥʘʯʠʥʘ 4. ʋʩʣʝʜ ʦʚʦʛʘ ʿʝ ʦʤʦʛʫ˂ʝʥʘ ʧʨʠʤʝʥʘ ʘʣʛʦʨʠʪʘʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʙʘʟʠʨʘʥʠʭ ʥʘ 

ʛʨʘʜʠʿʝʥʪʥʦʤ ʩʧʫʩʪʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʦʩʪʘʿʝ ʤʦʛʫ˂ʝ ʝʬʠʢʘʩʥʦ ʠ ʩʪʘʙʠʣʥʦ ʪʨʝʥʠʨʘˁʝ ʜʫʙʦʢʠʭ 

ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ, ʫʟ ʧʨʝʮʠʟʥʦ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʝ ʛʨʝʰʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʝ ʫ ʧʘʨʘʤʝʪʨʠʤʘ 

ʤʨʝʞʝ. 

ɝ ̉̈̌́̈
‏̉ ̈̌́̈

‫‏
ɝ‫  

‏̉ ̈̌́̈

ὦ‏
ɝὦ 4 

 

ʀʘʢʦ ʿʝ ʦʚʘʿ ʤʦʜʝʣ ʧʝʨʮʝʧʪʨʦʥʘ ʙʠʦ ʨʝʚʦʣʫʮʠʦʥʘʨʘʥ ʟʘ ʩʚʦʿʝ ʚʨʝʤʝ, ˁʝʛʦʚʘ ʦʛʨʘʥʠʯʝˁʘ ʢʘʦ ʰʪʦ 

ʿʝ ʥʝʤʦʛʫ˂ʥʦʩʪ ʨʝʰʘʚʘˁʘ ʥʝʣʠʥʝʘʨʥʦ ʨʘʟʜʚʦʿʠʚʠʭ ʧʨʦʙʣʝʤʘ, ʫʢʘʟʘʣʘ ʩʫ ʥʘ ʧʦʪʨʝʙʫ ʟʘ 

ʩʣʦʞʝʥʠʿʠʤ ʘʨʭʠʪʝʢʪʫʨʘʤʘ. 

1. ʄʨʝʞʝ ʩʘ ʿʝʜʥʠʤ ʩʢʨʠʚʝʥʠʤ ʩʣʦʿʝʤ 

ʄʨʝʞʘ ʩʘ ʿʝʜʥʠʤ ʩʢʨʠʚʝʥʠʤ ʩʣʦʿʝʤ ʿʝ ʧʦʛʦʜʥʘ ʟʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʟʘʜʘʪʢʝ ʢʘʦ ʰʪʦ ʩʫ ʦʩʥʦʚʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʨʝʛʨʝʩʠʿʘ. ʄʝʹʫʪʠʤ, ʟʘ ʢʦʤʧʣʝʢʩʥʠʿʝ ʧʨʦʙʣʝʤʝ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʦʙʨʘʟʘʮʘ ʫ ʚʨʝʤʝʥʩʢʠʤ ʩʝʨʠʿʘʤʘ, ʦʙʨʘʜʘ ʩʣʠʢʝ ʠʣʠ ʧʨʝʜʚʠʹʘˁʝ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ ʫ 

ʝʥʝʨʛʝʪʠʮʠ, ʿʝʜʘʥ ʩʣʦʿ ʦʙʠʯʥʦ ʥʠʿʝ ʜʦʚʦˀʘʥ. 

2. ɺʠʰʝʩʣʦʿʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ 

ɺʠʰʝʩʣʦʿʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ, ʉʣ.14, ʫʚʦʜʝ ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʩʢʨʠʚʝʥʠ ʩʣʦʿ ʠʟʤʝʹʫ ʫʣʘʟʥʦʛ ʠ 

ʠʟʣʘʟʥʦʛ ʩʣʦʿʘ, ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʤʦʜʝʣʦʚʘˁʝ ʩʣʦʞʝʥʠʿʠʭ ʥʝʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ. ʉʢʨʠʚʝʥʠ 

ʩʣʦʿʝʚʠ ʦʙʨʘʹʫʿʫ ʧʦʜʘʪʢʝ ʧʨʠʤʝʥʦʤ ʥʝʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ ReLU 

(Rectified Linear Unit), ʩʠʛʤʦʠʜʥʘ ʠʣʠ ʭʠʧʝʨʙʦʣʠʯʢʘ ʪʘʥʛʝʥʩ ʬʫʥʢʮʠʿʘ. ʊʨʝʥʠʥʛ ʚʠʰʝʩʣʦʿʥʠʭ 

ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʩʝ ʚʨʰʠ ʤʝʪʦʜʦʤ ʧʨʦʧʘʛʘʮʠʿʝ ʛʨʝʰʢʝ ʫʥʘʟʘʜ (backpropagation), ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʤʝʪʦʜʘʤʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʪʘ ʢʘʦ ʰʪʦ ʿʝ ʩʪʦʭʘʩʪʠʯʢʠ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (SGD). 

ʃʝʚʦ ʧʦʩʪʘʚˀʝʥʠ ʩʣʦʿ ʫ ʦʚʦʿ ʤʨʝʞʠ ʥʘʟʠʚʘ ʩʝ ʫʣʘʟʥʠ ʩʣʦʿ, ʘ ʥʝʫʨʦʥʠ ʫ ʪʦʤ ʩʣʦʿʫ ʩʫ ʫʣʘʟʥʠ 

ʥʝʫʨʦʥʠ. ʀʟʣʘʟʥʠ ʩʣʦʿ, ʜʝʩʥʦ, ʩʘʜʨʞʠ ʠʟʣʘʟʥʝ ʥʝʫʨʦʥʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʿʝʜʘʥ ʠʟʣʘʟʥʠ ʥʝʫʨʦʥ. 

ʉʨʝʜʠʰˁʠ ʩʣʦʿ ʥʘʟʠʚʘ ʩʝ ʩʢʨʠʚʝʥʠ ʩʣʦʿ. ʅʝʫʨʦʥʠ ʫ ʦʚʦʤ ʩʣʦʿʫ ʥʠʩʫ ʥʠ ʫʣʘʟʥʠ ʥʠ ʠʟʣʘʟʥʠ. 

ʉʢʨʠʚʝʥʠ ʩʣʦʿ ʟʘʧʨʘʚʦ ʟʥʘʯʠ ʿʝʜʥʦʩʪʘʚʥʦ ʜʘ ʥʠʿʝ ʫʣʘʟʥʠ ʥʠ ʠʟʣʘʟʥʠ. ʇʦʩʪʦʿʝ ʤʨʝʞʝ ʩʘ ʚʠʰʝ 

ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ. ʋ ʧʨʘʢʩʠ, ʠʟʙʦʨ ʙʨʦʿʘ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʟʘʚʠʩʠ ʦʜ ʥʝʢʦʣʠʢʦ ʬʘʢʪʦʨʘ: 
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ʩʣʦʞʝʥʦʩʪʠ ʟʘʜʘʪʢʘ, ʢʦʣʠʯʠʥʝ ʠ ʧʨʠʨʦʜʝ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘʪʘʢʘ, ʨʠʟʠʢʘ ʦʜ ʧʨʝʦʙʫʯʘʚʘˁʘ 

(overfitting), ʢʘʦ ʠ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ. ʇʨʝʚʠʰʝ ʩʣʦʿʝʚʘ ʙʝʟ ʜʦʚʦˀʥʦ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʩʣʘʙʝ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ, ʜʦʢ ʧʨʝʤʘʣʦ ʩʣʦʿʝʚʘ ʤʦʞʝ ʙʠʪʠ ʥʝʜʦʚʦˀʥʦ ʜʘ ʤʨʝʞʝ ʜʝʪʝʢʪʫʿʫ ʚʝʟʝ ʠ 

ʰʘʙʣʦʥʝ ʤʝʹʫ ʧʦʜʘʮʠʤʘ. ʏʝʩʪʦ ʩʝ ʟʙʦʛ ʪʦʛʘ, ʫ ʨʝʘʣʥʦʿ ʧʨʠʤʝʥʠ ʦʙʠʯʥʦ ʧʨʠʩʪʫʧʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʧʨʦʿʝʢʪʦʚʘˁʫ ʘʨʭʠʪʝʢʪʫʨʝ. 

 

 
ʉʣ.14 ï ʇʨʠʤʝʨ ANN-ʘ ʩʘ 2 ʩʢʨʠʚʝʥʘ ʩʣʦʿʘ 

 

ɹʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ ʫ ANN-ʫ ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʩʧʦʩʦʙʥʦʩʪʠ ʤʨʝʞʝ ʜʘ ʤʦʜʝʣʫʿʝ 

ʢʦʤʧʣʝʢʩʥʝ ʦʜʥʦʩʝ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. ʉʘ ʪʝʦʨʠʿʩʢʦʛ ʩʪʘʥʦʚʠʰʪʘ, ʚʝ˂ ʿʝʜʘʥ 

ʩʢʨʠʚʝʥʠ ʩʣʦʿ ʩʘ ʜʦʚʦˀʥʠʤ ʙʨʦʿʝʤ ʥʝʫʨʦʥʘ ʤʦʞʝ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʙʠʣʦ ʢʦʿʫ ʢʦʥʪʠʥʫʘʣʥʫ 

ʬʫʥʢʮʠʿʫ (ʪʟʚ. Universal Approximation Theorem), ʘʣʠ ʫ ʧʨʘʢʩʠ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʚʠʰʝ ʩʢʨʠʚʝʥʠʭ 

ʩʣʦʿʝʚʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʪʘʯʥʦʩʪ ʤʦʜʝʣʘ. 

 

3. ʂʦʥʚʦʣʫʮʠʦʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ 

ʂʦʥʚʦʣʫʮʠʦʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ (Convolutional Neural Networks ï CNN) ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʩʪʫ ʪʠʧa 

ʜʫʙʦʢʦʛ ʫʯʝˁʘ ʢʦʿʘ ʿʝ ʧʦʩʝʙʥʦ ʝʬʠʢʘʩʥʘ ʫ ʘʥʘʣʠʟʠ ʧʦʜʘʪʘʢʘ ʩʘ ʧʨʦʩʪʦʨʥʦʤ ʠʣʠ ʚʨʝʤʝʥʩʢʦʤ 

ʩʪʨʫʢʪʫʨʦʤ (ʥʧʨ. ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, ʩʠʛʥʘʣʥʠ ʧʦʜʘʮʠ,...). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʣʘʩʠʯʥʠʭ ʤʨʝʞʘ, ʂʅʅ 

ʢʦʨʠʩʪʠ ʢʦʥʚʦʣʫʮʠʦʥʝ ʩʣʦʿʝʚʝ ʢʦʿʠ ʧʨʠʤʝˁʫʿʫ ʬʠʣʪʝʨʝ ʥʘʜ ʫʣʘʟʦʤ ʢʘʢʦ ʙʠ ʘʫʪʦʤʘʪʩʢʠ ʠʟʜʚʦʿʠʣʠ 

ʨʝʣʝʚʘʥʪʥʝ ʦʩʦʙʠʥʝ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʨʫʯʥʠʤ ʜʝʬʠʥʠʩʘˁʝʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.15. 

 
ʉʣ.15 ï ɸʨʭʠʪʝʢʪʫʨʘ ʢʦʥʚʦʣʫʮʠʦʥʝ ʥʝʨʫʘʣʥʝ ʤʨʝʞʝ 
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ʆʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʘʨʭʠʪʝʢʪʫʨʝ ʢʦʥʚʦʣʫʮʠʦʥʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʫʢˀʫʯʫʿʫ: 

Á ʢʦʥʚʦʣʫʮʠʦʥʝ ʩʣʦʿʝʚʝ; 

Á ʩʣʦʿʝʚʝ ʟʘ ʩʘʙʠʿʘˁʝ (pooling); 

Á ʠʟʣʘʟʥʠ ʩʣʦʿ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʛʨʘʜʠ ʭʠʿʝʨʘʨʭʠʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ CNN ʩʫ ʠʟʫʟʝʪʥʦ ʫʩʧʝʰʥʝ ʫ 

ʟʘʜʘʮʠʤʘ ʧʦʧʫʪ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʿʝʢʘʪʘ ʠ ʘʥʘʣʠʟʝ ʩʣʠʢʘ. ʊʘʢʦʹʝ ʩʫ ʢʦʨʠʩʥʝ ʫ ʝʥʝʨʛʝʪʩʢʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʜʠʿʘʛʥʦʩʪʠʢʘ ʪʝʨʤʘʣʥʠʭ ʘʥʦʤʘʣʠʿʘ, ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʪʘˁʘ ʦʧʨʝʤʝ ʠ 

ʧʨʝʜʚʠʹʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʦʩʥʦʚʫ ʚʨʝʤʝʥʩʢʠʭ ʠ ʩʝʥʟʦʨʩʢʠʭ ʧʦʜʘʪʘʢʘ. 

4. ʈʝʢʫʨʝʥʪʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ 

ʈʝʢʫʨʝʥʪʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ (Recurrent Neural Networks ï RNN) ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʣʘʩʫ ʥʝʫʨʘʣʥʠʭ 

ʤʨʝʞʘ ʢʦʿʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ feedforward ʘʨʭʠʪʝʢʪʫʨʘ ʧʦ ʪʦʤʝ ʰʪʦ ʜʦʟʚʦˀʘʚʘʿʫ 

ʧʨʦʪʦʢ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʦʙʘ ʩʤʝʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʠʤ ʧʦʚʨʘʪʥʠʤ 

ʩʧʨʝʛʘʤʘ, RNN ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʟʘʜʨʞʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʝʪʭʦʜʥʠʤ ʩʪʘˁʠʤʘ, ʰʪʦ ʠʤ 

ʦʤʦʛʫ˂ʘʚʘ ʤʦʜʝʣʦʚʘˁʝ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʚʨʝʤʝʥʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ. 

ʆʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʠʟʣʘʟ ʠʟ ʿʝʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ʫʪʠʯʝ ʥʘ ʦʙʨʘʜʫ ʫ ʥʘʨʝʜʥʦʤ 

ʢʦʨʘʢʫ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʤʨʝʞʘ ʧʘʤʪʠ ʢʦʥʪʝʢʩʪ ʠ ʜʠʥʘʤʠʢʫ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ʋʧʨʘʚʦ ʪʘ ʩʧʦʩʦʙʥʦʩʪ 

ʯʠʥʠ RNN ʠʟʫʟʝʪʥʦ ʧʦʛʦʜʥʠʤ ʟʘ ʟʘʜʘʪʢʝ ʛʜʝ ʿʝ ʚʨʝʤʝʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʧʦʜʘʪʘʢʘ ʢˀʫʯʥʘ, ʢʘʦ ʰʪʦ 

ʩʫ: 

Á ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ; 

Á ʘʥʘʣʠʟʘ ʬʣʫʢʪʫʘʮʠʿʘ ʮʝʥʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦʤ ʪʨʞʠʰʪʫ; 

Á ʧʨʦʛʥʦʟʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. 

ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʨʝʢʫʨʝʥʪʥʠʭ ʤʦʜʝʣʘ ʿʝ ʫ ʪʦʤʝ ʜʘ ʥʝʫʨʦʥʠ ʤʦʛʫ ʙʠʪʠ ʘʢʪʠʚʠʨʘʥʠ ʪʦʢʦʤ 

ʦʛʨʘʥʠʯʝʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʥʘʢʦʥ ʯʝʛʘ ʧʨʝʣʘʟʝ ʫ ʤʠʨʥʦ ʩʪʘˁʝ. ʊʘ ʘʢʪʠʚʘʮʠʿʘ ʤʦʞʝ 

ʧʦʜʩʪʘ˂ʠ ʘʢʪʠʚʘʮʠʿʫ ʜʨʫʛʠʭ ʥʝʫʨʦʥʘ ʩʘ ʦʜʣʦʞʝʥʠʤ ʝʬʝʢʪʦʤ, ʯʠʤʝ ʩʝ ʢʨʝʠʨʘ ʜʠʥʘʤʠʯʘʥ ʣʘʥʘʮ 

ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ ʘʢʪʠʚʘʮʠʿʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ʇʦʚʨʘʪʥʝ ʧʝʪˀʝ ʫ ʦʚʘʢʚʠʤ ʤʨʝʞʘʤʘ ʥʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʙʣʝʤ, ʿʝʨ ʩʝ ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʧʨʠʤʝˁʫʿʫ ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʦʜʣʘʛʘˁʝʤ, ʘ ʥʝ 

ʤʦʤʝʥʪʘʣʥʦ. 

ʀʘʢʦ ʩʫ RNN ʫ ʜʦʩʘʜʘʰˁʦʿ ʧʨʘʢʩʠ ʠʤʘʣʝ ʤʘˁʠ ʫʪʠʮʘʿ ʫ ʦʜʥʦʩʫ ʥʘ feedforward ʤʨʝʞʝ, 

ʜʝʣʠʤʠʯʥʦ ʟʙʦʛ ʩʣʦʞʝʥʠʿʠʭ ʠ ʤʘˁʝ ʝʬʠʢʘʩʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʫʯʝˁʘ, ʦʥʝ ʠ ʜʘˀʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʚʝʦʤʘ ʚʘʞʘʥ ʠ ʘʢʪʫʝʣʘʥ ʧʨʘʚʘʮ ʫ ʦʙʣʘʩʪʠ ʜʫʙʦʢʦʛ ʫʯʝˁʘ. RNN ʙʦˀʝ ʦʜʨʘʞʘʚʘʿʫ ʥʘʯʝʣʘ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʙʠʦʣʦʰʢʦʛ ʤʦʟʛʘ ʠ ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʨʝʰʘʚʘʿʫ ʩʣʦʞʝʥʝ ʟʘʜʘʪʢʝ ʢʦʿʝ ʢʣʘʩʠʯʥʝ 

ʤʨʝʞʝ ʤʦʛʫ ʦʙʨʘʜʠʪʠ ʩʘʤʦ ʫʟ ʟʥʘʪʥʦ ʚʝ˂ʠ ʥʘʧʦʨ ʠ ʨʝʩʫʨʩʝ. 
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4.2. ʆʙʫʯʘʚʘˁʝ ANN-a 

ʆʙʫʯʘʚʘˁʝ ANNïʘ ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʪʨʘʣʥʠ ʜʝʦ ʧʨʦʮʝʩʘ ʄʋ, ʫ ʢʦʿʝʤ ʤʦʜʝʣ ʩʪʠʯʝ ʩʧʦʩʦʙʥʦʩʪ ʜʘ 

ʧʨʝʧʦʟʥʘʿʝ ʰʘʙʣʦʥʝ, ʦʙʨʘʹʫʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠ ʜʦʥʦʩʠ ʦʜʣʫʢʝ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. ɿʘ 

ʢʚʘʣʠʪʝʪʥʦ ʦʙʫʯʘʚʘˁʝ ʤʦʜʝʣʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʘʜʝʢʚʘʪʥʦ ʧʨʠʧʨʝʤʠʪʠ ʠ ʧʦʜʝʣʠʪʠ ʧʦʜʘʪʢʝ ʥʘ 

ʩʢʫʧʦʚʝ ʟʘ ʦʙʫʢʫ, ʚʘʣʠʜʘʮʠʿʫ ʠ ʪʝʩʪʠʨʘˁʝ, ʦʜʘʙʨʘʪʠ ʘʨʭʠʪʝʢʪʫʨʫ ʤʨʝʞʝ ʠ ʧʨʦʮʝʥʠʪʠ 

ʧʝʨʬʦʨʤʘʥʩʝ ʤʦʜʝʣʘ. ʎʠˀ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʿʝ ʜʘ ʧʨʠʢʘʞʝ ʢʦʨʘʢʝ ʧʨʦʮʝʩʘ ʦʙʫʯʘʚʘˁʘ ANNïʘ, ʦʜ 

ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ ʜʦ ʧʨʠʤʝʥʝ ʥʘ ʥʦʚʝ, ʥʝʧʦʟʥʘʪʝ ʫʣʘʟʝ.  

ʇʨʦʮʝʩ ʦʙʫʯʘʚʘˁʘ ʧʦʯʠˁʝ ʬʦʨʤʠʨʘˁʝʤ ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʢʦʿʘ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʦʙʠʤʥʘ ʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ. ʇʨʠʧʨʝʤʘ ʧʦʜʘʪʘʢʘ ʫʢˀʫʯʫʿʝ: ʯʠʰ˂ʝˁʝ (ʝʣʠʤʠʥʘʮʠʿʫ ʥʝʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʠ 

ʧʨʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ), ʥʦʨʤʘʣʠʟʘʮʠʿʫ, ʢʣʘʩʠʬʠʢʦʚʘˁʝ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʝʚʝʥʪʫʘʣʥʦ ʩʤʘˁʝˁʝ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ. ʅʘʢʦʥ ʪʦʛʘ, ʧʦʜʘʮʠ ʩʝ ʜʝʣʝ ʥʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʩʢʫʧʘ, ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.16. 

1. ʊʨʝʥʠʨʘʿʫ˂ʠ ʩʢʫʧ ï ʦʙʫʭʚʘʪʘ ʧʨʠʙʣʠʞʥʦ 60ï80% ʧʦʜʘʪʘʢʘ, ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʠʣʘʛʦʹʘʚʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ ʤʨʝʞʝ, ʦʜʥʦʩʥʦ ʩʠʥaʧʪʠʯʢʠʭ ʪʝʞʠʥʘ, ʢʨʦʟ ʠʪʝʨʘʪʠʚʥʠ ʧʨʦʮʝʩ ʫʯʝˁʘ.  

2. ɺʘʣʠʜʘʮʠʦʥʠ ʩʢʫʧ ï ʯʠʥʠ 10ï20% ʧʦʜʘʪʘʢʘ, ʩʣʫʞʠ ʟʘ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʤʦʜʝʣʘ, ʧʨʘ˂ʝˁʝ 

ˁʝʛʦʚʝ ʩʧʦʩʦʙʥʦʩʪʠ ʫʦʧʰʪʘʚʘˁʘ ʠ ʧʨʝʚʝʥʮʠʿʫ ʧʨʝʦʙʫʯʘʚʘˁʘ (overfitting), ʧʨʠ ʯʝʤʫ ʩʝ 

ʤʦʜʝʣ ʥʝ ʘʞʫʨʠʨʘ ʥʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ, ʚʝ˂ ʩʝ ˁʠʭʦʚʘ ʘʥʘʣʠʟʘ ʢʦʨʠʩʪʠ ʟʘ ʠʟʙʦʨ 

ʦʧʪʠʤʘʣʥʝ ʘʨʭʠʪʝʢʪʫʨʝ ʠʣʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. 

3. ʊʝʩʪʠʨʘʿʫ˂ʠ ʩʢʫʧ ï ʫ ʨʘʩʧʦʥʫ ʦʜ 10ï20%, ʢʦʨʠʩʪʠ ʩʝ ʠʩʢˀʫʯʠʚʦ ʟʘ ʬʠʥʘʣʥʫ ʝʚʘʣʫʘʮʠʿʫ 

ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʟʘ ʧʨʦʮʝʥʫ ʪʘʯʥʦʩʪʠ ʤʦʜʝʣʘ. 

 

 
ʉʣ.16 ï ʇʨʦʮʝʩ ʦʙʫʯʘʚʘˁʘ ANN ʤʦʜʝʣʘ 

 

ɸʣʛʦʨʠʪʘʤ ʦʙʫʯʘʚʘˁʘ ANNïʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣ.17. ʇʦʢʘʟʘʥʦ ʿʝ ʢʘʢʦ ʤʦʜʝʣ ʧʦʩʪʝʧʝʥʦ 

ʧʨʠʣʘʛʦʹʘʚʘ ʩʚʦʿʝ ʫʥʫʪʨʘʰˁʝ ʧʘʨʘʤʝʪʨʝ (ʪʝʞʠʥʝ ʠ bias-ʝ) ʢʘʢʦ ʙʠ ʤʠʥʠʤʠʟʦʚʘʦ ʛʨʝʰʢʫ ʫ 

ʧʨʝʜʚʠʹʘˁʫ. ʎʠˀ ʿʝ ʜʘ ʩʝ ʤʨʝʞʘ ʦʙʫʯʠ ʪʘʢʦ ʜʘ ʟʘ ʧʨʦʠʟʚʦˀʘʥ ʫʣʘʟ ʙʫʜʝ ʫ ʩʪʘˁʫ ʜʘ ʧʨʦʠʟʚʝʜʝ 

ʰʪʦ ʪʘʯʥʠʿʠ ʠʟʣʘʟ, ʦʜʥʦʩʥʦ ʜʘ ʥʘʫʯʠ ʬʫʥʢʮʠʦʥʘʣʥʫ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ. ʆʙʫʯʘʚʘˁʝ 

ʩʝ ʥʘʿʯʝʰ˂ʝ ʨʝʘʣʠʟʫʿʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʛʣʦʙʘʣʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʘʣʛʦʨʠʪʘʤ ʫʥʘʟʘʜʥʝ 

ʧʨʦʧʘʛʘʮʠʿʝ ʛʨʝʰʢʝ (backpropagation) ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʛʨʘʜʠʿʝʥʪʥʠʤ ʩʧʫʩʪʦʤ (gradient descent) 

ʠʣʠ ʥʝʢʦʤ ʦʜ ˁʝʛʦʚʠʭ ʚʘʨʠʿʘʥʪʠ. 
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ʉʣ.17 ï ɸʣʛʦʨʠʪʘʤ ʦʙʫʯʘʚʘˁʘ ANNïʘ 

ɸʣʛʦʨʠʪʘʤ ʦʙʫʭʚʘʪʘ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ: 

1. ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʤʨʝʞʝ ï ʅʘ ʧʦʯʝʪʢʫ ʧʨʦʮʝʩʘ, ʤʨʝʞʘ ʩʝ ʠʥʠʮʠʿʘʣʠʟʫʿʝ ʥʘʩʫʤʠʯʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʪʝʞʠʥʘ ʠ bias-ʘ. ɺʘʞʥʦ ʿʝ ʜʘ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʙʫʜʝ ʪʘʢʚʘ ʜʘ ʥʝ ʜʦʚʝʜʝ ʜʦ 

ʩʠʤʝʪʨʠʯʥʦʛ ʫʯʝˁʘ ʠʣʠ ʠʰʯʝʟʘʚʘʿʫ˂ʠʭ ʩʠʛʥʘʣʘ (ʪʟʚ. vanishing/exploding gradients), ʰʪʦ ʩʝ 

ʨʝʰʘʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʝʭʥʠʢʘʤʘ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ (ʥʧʨ. Xavier, He). 

2.  ʇʨʦʧʘʛʘʮʠʿʘ ʫʥʘʧʨʝʜ (Forward Propagation) ï ɿʘ ʩʚʘʢʠ ʫʣʘʟʥʠ ʚʝʢʪʦʨ ʠʟ ʪʨʝʥʠʨʘʿʫ˂ʝʛ ʩʢʫʧʘ, 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʧʨʦʩʣʝʹʫʿʫ ʢʨʦʟ ʤʨʝʞʫ, ʩʣʦʿ ʧʦ ʩʣʦʿ, ʫʟ ʧʨʠʤʝʥʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʠ 

ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ (ʥʧʨ. ReLU, ʩʠʛʤʦʠʜʥʘ, ʪʘʥʛʝʥʩ ʭʠʧʝʨʙʦʣʠʯʢʘ), ʩʚʝ ʜʦ ʜʦʙʠʿʘˁʘ ʠʟʣʘʟʥʝ 

ʚʨʝʜʥʦʩʪʠ ʤʦʜʝʣʘ. ʆʚʘ ʚʨʝʜʥʦʩʪ ʩʝ ʟʘʪʠʤ ʧʦʨʝʜʠ ʩʘ ʩʪʚʘʨʥʦʤ ʚʨʝʜʥʦʰ˂ʫ. 

3.  ʀʟʨʘʯʫʥʘʚʘˁʝ ʛʨʝʰʢʝ ï ʌʫʥʢʮʠʿʘ ʛʨʝʰʢʝ (ʠʣʠ ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʢʘ, loss function) ʠʟʨʘʯʫʥʘʚʘ 

ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʨʝʘʣʥʦʛ ʠʟʣʘʟʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʟʘʜʘʪʢʘ, ʢʦʨʠʩʪʝ ʩʝ 

ʨʘʟʣʠʯʠʪʝ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ, ʢʘʦ ʰʪʦ ʩʫ: 

Á ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (Mean Squared Error ï MSE) ʟʘ ʨʝʛʨʝʩʠʦʥʝ ʧʨʦʙʣʝʤʝ, 

Á ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ (Mean absolute percentage error ï MAPE), 

Á ʂʨʦʩïʝʥʪʨʦʧʠʿʘ (crossïentropy) ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ. 

 

4. ʄʠʥʠʤʠʟʘʮʠʿʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ ʠ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ 

 

ʎʠˀ ʧʨʦʮʝʩʘ ʦʙʫʯʘʚʘˁʘ ANNïʘ ʿʝ ʜʘ ʩʝ ʟʘ ʩʚʘʢʠ ʫʣʘʟʥʠ ʧʦʜʘʪʘʢ x ʧʨʝʜʚʠʜʠ ʠʟʣʘʟ a(x) ʢʦʿʠ ʿʝ 

ʰʪʦ ʙʣʠʞʠ ʩʪʚʘʨʥʦʤ ʠʟʣʘʟʫ y(x). ɼʘ ʙʠʩʤʦ ʤʝʨʠʣʠ ʢʦʣʠʢʦ ʿʝ ʤʦʜʝʣ ʫʩʧʝʰʘʥ ʫ ʦʚʦʤ ʟʘʜʘʪʢʫ, 
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ʫʚʦʜʠ ʩʝ ʬʫʥʢʮʠʿʘ ʛʫʙʠʪʘʢʘ (ʝʥʛʣ. cost function), ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʫʢʫʧʥʝ ʛʨʝʰʢʝ 

ʤʦʜʝʣʘ ʥʘ ʜʘʪʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

ɱʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʦʙʣʠʢʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʛʨʝʰʢʘ ʩʨʝʜˁʝ 

ʚʨʝʜʥʦʩʪʠ, ʿʝʜʥʘʯʠʥʘ 5. 

 

#‫ȟὦ
ρ

ςὲ
ᴁώὼ ὥᴁ 5 

ʛʜʝ ʿʝ:  

‫  ʚʝʢʪʦʨ ʪʝʞʠʥʝ;  

ὦ  ʚʝʢʪʦʨ bias-ʘ; 

ὲ  ʫʢʫʧʘʥ ʙʨʦʿ ʧʨʠʤʝʨʘ ʫ ʪʨʝʥʠʨʘʿʫ˂ʝʤ ʩʢʫʧʫ; 

ὥ  ʠʟʣʘʟ ʤʨʝʞʝ ʟʘ ʜʘʪʠ ʫʣʘʟ ὼ; 
ώὼ  ʞʝˀʝʥʠ ʠʟʣʘʟ ʟʘ ʜʘʪʠ ʫʣʘʟ ὼ. 
 

ʐʪʦ ʿʝ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ #‫ȟὦ ʤʘˁʘ, ʪʦ ʿʝ ʤʨʝʞʘ ʧʨʝʮʠʟʥʠʿʘ. ʀʜʝʘʣʘʥ ʩʣʫʯʘʿ ʿʝ ʢʘʜʘ 

ὅ‫ȟὦ  0, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʤʦʜʝʣ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʝʜʚʠʜʝʦ ʩʚʝ ʠʟʣʘʟʝ. 

 

ʋ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ ʢʦʨʠʩʪʠ ʩʝ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ. ʊʦ ʿʝ ʠʪʝʨʘʪʠʚʥʘ ʤʝʪʦʜʘ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʘ ʩʠʤʫʣʠʨʘ ʢʨʝʪʘˁʝ ʥʠʟ ʧʦʚʨʰʠʥʫ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ ʢʘ ˁʝʥʦʤ ʤʠʥʠʤʫʤʫ. 

ʌʦʨʤʘʣʥʦ ʧʨʘʚʠʣʦ ʘʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʿʝʜʥʘʯʠʥʠ 6. 

‫ ‫ –ɳὅ 6 

ʛʜʝ ʿʝ: 

,ï ʪʨʝʥʫʪʥʘ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ (ʥʧʨ. ʪʝʞʠʥʝ) ‫ 

– ï ʢʦʥʩʪʘʥʪʘ ʦʙʫʯʘʚʘˁʘ (learning rate), ʢʦʿʘ ʜʝʬʠʥʠʰʝ ʚʝʣʠʯʠʥʫ ʢʦʨʘʢʘ, 

ὅɳ ï ʛʨʘʜʠʿʝʥʪ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ, ʦʜʥʦʩʥʦ ʚʝʢʪʦʨ ʧʘʨʮʠʿʘʣʥʠʭ ʠʟʚʦʜʘ. 

 

ɻʨʘʜʠʿʝʥʪ ʫʚʝʢ ʧʦʢʘʟʫʿʝ ʩʤʝʨ ʥʘʿʙʨʞʝʛ ʨʘʩʪʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ, ʧʘ ʩʝ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

ʚʨʰʠ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ, ʰʪʦ ʦʩʠʛʫʨʘʚʘ ʩʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʘʢʘ. ʂʣʘʩʠʯʘʥ 

ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ʟʘʭʪʝʚʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʨʘʜʠʿʝʥʪʘ ʥʘʜ ʮʝʣʦʤ ʙʘʟʦʤ ʧʦʜʘʪʘʢʘ. ʆʚʦ ʿʝ 

ʩʦʬʪʚʝʨʩʢʠ ʟʘʭʪʝʚʘʥ ʧʨʦʮʝʩ ʢʘʜ ʩʝ ʦʜʚʠʿʘ ʥʘʜ ʚʝʣʠʢʠʤ ʩʢʫʧʦʤ ʧʦʜʘʪʘʢʘ, ʘʣʠ ʫ ʧʨʘʢʩʠ ʩʝ ʢʦʨʠʩʪʝ 

ʝʬʠʢʘʩʥʠʿʝ ʚʘʨʠʿʘʥʪʝ. ʇʨʘʢʪʠʯʥʝ ʚʘʨʠʿʘʥʪʝ ʧʨʠʥʮʠʧʘ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ ʩʫ ʩʪʦʭʘʩʪʠʯʢʠ ʠ 

ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ʩʘ ʤʠʥʠ ʛʨʫʧʘʤʘ: 

Á ʉʪʦʭʘʩʪʠʯʢʠ ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (SGD) ï ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʩʝ ʚʨʰʠ ʥʘʢʦʥ ʩʚʘʢʦʛ 

ʧʦʿʝʜʠʥʘʯʥʦʛ ʧʨʠʤʝʨʘ; 

Á MiniïBatch ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ï ʘʞʫʨʠʨʘˁʝ ʩʝ ʚʨʰʠ ʥʘʢʦʥ ʩʚʘʢʝ ʤʠʥʠïʛʨʫʧʝ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʫ ʩʪʘʙʠʣʥʦʩʪ ʠ ʫʙʨʟʘʚʘ ʦʙʨʘʜʫ. 

Á ɻʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (GD) ï ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʩʝ ʚʨʰʠ ʥʘʢʦʥ ʦʙʨʘʜʝ ʮʝʣʦʛ ʩʢʫʧʘ 

ʧʦʜʘʪʘʢʘ. 

 

ʆʚʝ ʤʝʪʦʜʝ ʦʙʝʟʙʝʹʫʿʫ ʫʩʢʣʘʹʝʥʦʩʪ ʠʟʤʝʹʫ ʪʘʯʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ, ʰʪʦ ʠʭ ʯʠʥʠ ʧʨʠʤʝʥˀʠʚʠʤ 

ʟʘ ʦʙʫʢʫ ʜʫʙʦʢʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʘʨʘʤʝʪʘʨʘ. 

 

5. ʋʥʘʟʘʜʥʘ ʧʨʦʧʘʛʘʮʠʿʘ (Backpropagation) ï ɻʨʝʰʢʘ ʩʝ ʟʘʪʠʤ ʚʨʘ˂ʘ ʫʥʘʟʘʜ, ʧʨʠʤʝˁʫʿʫ˂ʠ 

ʧʨʘʚʠʣʦ ʣʘʥʮʘ ʜʝʨʠʚʘʮʠʿʘ, ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʛʨʘʜʠʿʝʥʘʪʘ ʬʫʥʢʮʠʿʝ ʛʫʙʠʪʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ 
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ʧʘʨʘʤʝʪʨʝ ʫ ʤʨʝʞʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫʪʚʨʹʫʿʝ ʢʘʢʦ ʧʨʦʤʝʥʘ ʩʚʘʢʝ ʧʦʿʝʜʠʥʘʯʥʝ ʪʝʞʠʥʝ ʫʪʠʯʝ 

ʥʘ ʫʢʫʧʥʫ ʛʨʝʰʢʫ. 

 

6.  ɸʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ï ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʪʠʭ ʛʨʘʜʠʿʝʥʘʪʘ, ʪʝʞʠʥʝ ʠ bias-ʠ ʩʝ ʘʞʫʨʠʨʘʿʫ 

ʫ ʩʤʝʨʫ ʩʫʧʨʦʪʥʦʤ ʦʜ ʛʨʘʜʠʿʝʥʪʘ (ʢʘ ʩʤʝʨʫ ʥʘʿʚʝ˂ʝʛ ʩʤʘˁʝˁʘ ʛʨʝʰʢʝ), ʫʟ ʦʜʨʝʹʝʥʫ ʙʨʟʠʥʫ 

ʫʯʝˁʘ (learning rate). ɸʞʫʨʠʨʘˁʝ ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ ʧʦʿʝʜʠʥʘʯʥʦ ʧʦ ʧʨʠʤʝʨʫ (ʩʪʦʭʘʩʪʠʯʢʠ 

ʛʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ), ʧʦ ʤʠʥʠïʛʨʫʧʘʤʘ (miniïbatch) ʠʣʠ ʥʘʜ ʮʝʣʠʤ ʩʢʫʧʦʤ. 

 

7. ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ï ʇʦ ʟʘʚʨʰʝʪʢʫ ʩʚʘʢʝ ʝʧʦʭʝ, ʤʦʜʝʣ ʩʝ ʪʝʩʪʠʨʘ ʥʘ ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ, 

ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʘ ˁʝʛʦʚʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʛʝʥʝʨʘʣʠʟʫʿʝ. ʇʨʝʦʙʫʯʘʚʘˁʝ (overfitting) ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʿʝ ʫ ʩʠʪʫʘʮʠʿʠ ʢʘʜʘ ʛʨʝʰʢʘ ʥʘ ʪʨʝʥʠʨʘʿʫ˂ʝʤ ʩʢʫʧʫ ʥʘʩʪʘʚˀʘ ʜʘ ʦʧʘʜʘ, ʜʦʢ ʛʨʝʰʢʘ 

ʥʘ ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ ʧʦʯʠˁʝ ʜʘ ʨʘʩʪʝ. ʆʚʘ ʧʦʿʘʚʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʤʦʜʝʣ ʧʨʝʚʠʰʝ 

ʧʨʠʣʘʛʦʹʝʥ ʪʨʝʥʠʥʛ ʧʦʜʘʮʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʰʫʤ ʠ ʩʣʫʯʘʿʥʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʧʦʜʘʮʠʤʘ, ʫʩʣʝʜ 

ʯʝʛʘ ʛʫʙʠ ʩʧʦʩʦʙʥʦʩʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ ʥʘ ʥʦʚʝ, ʥʝʚʠʹʝʥʝ ʧʦʜʘʪʢʝ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʧʨʠʤʝˁʫʿʫ 

ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʩʫ: ʨʝʛʫʣʘʨʠʟʘʮʠʿʘ, ʨʘʥʦ ʟʘʫʩʪʘʚˀʘˁʝ (early stopping) ʠʣʠ ʩʤʘˁʝˁʝ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʝ. 

 

8. ɽʚʘʣʫʘʮʠʿʘ ʠ ʠʪʝʨʘʮʠʿʘ ï ɸʢʦ ʿʝ ʛʨʝʰʢʘ ʫ ʬʘʟʠ ʪʝʩʪʠʨʘˁʘ ʧʨʠʭʚʘʪˀʠʚʘ, ʤʦʜʝʣ ʩʝ ʩʤʘʪʨʘ 

ʦʙʫʯʝʥʠʤ ʠ ʩʧʨʝʤʥʠʤ ʟʘ ʧʨʝʜʠʢʮʠʿʫ. ʋ ʩʫʧʨʦʪʥʦʤ, ʧʦʩʪʫʧʘʢ ʩʝ ʚʨʘ˂ʘ ʫ ʬʘʟʫ ʧʦʥʦʚʥʦʛ 

ʪʨʝʥʠʨʘˁʘ. ʏʝʩʪʦ ʩʝ ʪʫ ʧʨʠʣʘʛʦʹʘʚʘʿʫ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʠ ʢʘʦ ʰʪʦ ʩʫ ʙʨʦʿ ʩʣʦʿʝʚʘ, ʙʨʦʿ 

ʥʝʫʨʦʥʘ, ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ, ʠ ʩʣʠʯʥʦ. ʆʚʘʿ ʧʨʦʮʝʩ ʩʝ ʧʦʥʘʚˀʘ ʜʦ ʠʩʧʫˁʝˁʘ ʟʘʜʘʪʠʭ 

ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ, ʢʘʦ ʰʪʦ ʩʫ: ʜʦʩʪʠʟʘˁʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʪʘʯʥʦʩʪʠ ʥʘ 

ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ, ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʝʧʦʭʘ ʠʣʠ ʠʪʝʨʘʮʠʿʘ, ʢʘʦ ʠ ʧʦʿʘʚʘ ʧʨʝʦʙʫʯʘʚʘˁʘ. 

4.3. ɸʥʘʣʠʟʘ ʧʝʨʬʦʨʤʘʥʩʠ ANN ʤʦʜʝʣʘ 

ʊʘʯʥʘ ʠ ʧʦʫʟʜʘʥʘ ʧʨʦʮʝʥʘ ʧʝʨʬʦʨʤʘʥʩʠ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʦʜ ʢˀʫʯʥʦʛ ʿʝ ʟʥʘʯʘʿʘ ʟʘ 

ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʫ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʀʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʪʨʠʢʘ ʝʚʘʣʫʘʮʠʿʝ ʟʘʚʠʩʠ ʦʜ 

ʧʨʠʨʦʜʝ ʧʨʦʙʣʝʤʘ: ʜʘ ʣʠ ʩʝ ʨʘʜʠ ʦ ʨʝʛʨʝʩʠʿʠ (ʧʨʝʜʚʠʹʘˁʝ ʢʦʥʪʠʥʫʘʣʥʠ ʭʚʨʝʜʥʦʩʪʠ) ʠʣʠ 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ (ʦʜʣʫʯʠʚʘˁʝ ʠʟʤʝʹʫ ʜʠʩʢʨʝʪʥʠʭ ʢʘʪʝʛʦʨʠʿʘ). 

1. ʄʝʪʨʠʢʝ ʫ ʟʘʜʘʮʠʤʘ ʨʝʛʨʝʩʠʿʝ 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʦʠʟʚʦʜˁʝ ʠʟ 

ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʠʣʠ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫ ʥʝʢʦʤ ʤʦʤʝʥʪʫ, ʢʦʨʠʩʪʝ ʩʝ ʩʣʝʜʝ˂ʝ ʤʝʪʨʠʢʝ: 

Á RMSE (Root Mean Squared Error) ï ʢʦʨʝʥ  ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ; ʥʘʛʣʘʰʘʚʘ 

ʚʝʣʠʢʝ ʛʨʝʰʢʝ; 

Á MAE (Mean Absolute Error) ï ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ; ʤʘˁʝ ʿʝ ʦʩʝʪˀʠʚʘ ʥʘ ʧʦʛʨʝʰʥʘ 

ʤʝʨʝˁʘ ʧʦʧʫʪ outlier-ʘ ʦʜ RMSEïʘ; 

Á MAPE (Mean Absolute Percentage Error) ï ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ; 

ʧʦʛʦʜʥʘ ʟʘ ʧʦʨʝʹʝˁʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʩʢʘʣʘʤʘ. 

2. ʄʝʪʨʠʢʝ ʫ ʟʘʜʘʮʠʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ 

ʂʘʜʘ ʩʝ ANN ʢʦʨʠʩʪʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʩʪʘˁʘ ʩʠʩʪʝʤʘ (ʥʧʨ. ʠʩʧʨʘʚʥʦ/ʥʝʠʩʧʨʘʚʥʦ, 

ʩʪʘʙʠʣʥʦ/ʥʝʩʪʘʙʠʣʥʦ), ʧʨʠʤʝˁʫʿʫ ʩʝ: 

Á ʊʘʯʥʦʩʪ ï ʦʜʥʦʩ ʪʘʯʥʦ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʫʟʦʨʘʢʘ ʠ ʫʢʫʧʥʦʛ ʙʨʦʿʘ; 

Á F1ïscore ï ʭʘʨʤʦʥʠʿʩʢʘ ʩʨʝʜʠʥʘ ʧʨʝʮʠʟʥʦʩʪʠ ʠ ʦʜʟʠʚʘ; ʢʦʨʠʩʥʘ ʫ ʥʝʫʨʘʚʥʦʪʝʞʝʥʠʤ 

ʩʢʫʧoʚʠʤʘ; 
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Á ʂʦʥʬʫʟʠʦʥʘ ʤʘʪʨʠʮʘ ï ʤʘʪʨʠʮʘ ʢʦʿʘ ʧʨʠʢʘʟʫʿʝ ʧʦʨʝʹʝˁʝ ʩʪʚʘʨʥʠʭ ʢʣʘʩʘ ʠ ʢʣʘʩʘ ʢʦʿʝ 

ʧʨʝʜʚʠʹʘ ʤʦʜʝʣ, ʦʜʥʦʩʥʦ ʙʨʦʿ ʠʩʪʠʥʠʪʦ ʧʦʟʠʪʠʚʥʠʭ, ʣʘʞʥʦ ʧʦʟʠʪʠʚʥʠʭ, ʠʩʪʠʥʠʪʦ 

ʥʝʛʘʪʠʚʥʠʭ ʠ ʣʘʞʥʦ ʥʝʛʘʪʠʚʥʠʭ ʢʣʘʩʠʬʠʢʘʮʠʿʘ; 

Á ROC AUC ʢʨʠʚʘ (ʝʥʛʣ. Area Under the Receiver Operating Characteristic curve) ï ʤʝʨʘ 

ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʠʬʠʢʘʪʦʨʘ. 

ʀʟʙʦʨ ʤʝʪʨʠʢʝ ʤʦʨʘ ʙʠʪʠ ʫʩʢʣʘʹʝʥ ʩʘ ʢʦʥʢʨʝʪʥʠʤ ʟʘʭʪʝʚʠʤʘ ʘʧʣʠʢʘʮʠʿʝ. ʋ ʟʘʜʘʮʠʤʘ 

ʧʨʝʜʚʠʹʘˁʘ, ʚʝ˂ʠ ʟʥʘʯʘʿ ʩʝ ʯʝʩʪʦ ʜʘʿʝ RMSEïʫ ʿʝʨ ʦʩʝʪˀʠʚʠʿʝ ʨʝʘʛʫʿʝ ʥʘ ʚʝʣʠʢʝ ʦʜʩʪʫʧʘˁʘ, ʢʦʿʘ 

ʫ ʝʥʝʨʛʝʪʠʮʠ ʤʦʛʫ ʫʢʘʟʠʚʘʪʠ ʥʘ ʢʨʠʪʠʯʥʝ ʜʦʛʘʹʘʿʝ. 

ʊʘʯʥʦʩʪ ANN ʤʦʜʝʣʘ ʘʥʘʣʠʟʠʨʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʧʨʦʨʘʯʫʥʘʪʠʭ ʛʨʝʰʘʢʘ: MAPE (Mean 

Absolute Percentage Error), MAE (Mean Absolute Error), MSE (Mean Square Error) ʠ RMSE (Root 

Mean Square Error), ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʘʤʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʊʘʙ.3 ʧʨʠ ʯʝʤʫ ʿʝ N ʙʨʦʿ ʫʟʦʨʘʢʘ ʫ ʙʘʟʠ 

ʧʦʜʘʪʘʢʘ, yi ʿʝ ʧʨʝʜʠʢʮʠʦʥʘ ʚʨʝʜʥʦʩʪ, ʘ y ʩʪʚʘʨʥʘ ʚʨʝʜʥʦʩʪ. 

ʇʨʝʤʘ Yadav ʠ Chandel [28], ʤʦʜʝʣ ʩʝ ʩʤʘʪʨʘ ʚʠʩʦʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʘʢʦ ʿʝ MAPE < 10%, ʜʦʙʘʨ ʘʢʦ 

ʿʝ 10% < MAPE < 20%, ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʘʢʦ ʿʝ 20% < MAPE < 50%, ʜʦʢ ʩʝ ʟʘ MAPE > 50% ʩʤʘʪʨʘ 

ʥʝʪʘʯʥʠʤ. 

ʊʘʙ.3 ï ɺʨʝʜʥʦʩʪʠ ʧʨʦʨʘʯʫʥʘʪʠʭ ʛʨʝʰʘʢʘ 
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4.4. ʇʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ ʫ ɽɽʉïʫ 

ʀʘʢʦ ANN ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʫ ʤʦʜʝʣʦʚʘˁʫ, ʧʨʝʜʠʢʮʠʿʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʫ ʝʥʝʨʛʝʪʩʢʦʤ 

ʩʝʢʪʦʨʫ, ˁʠʭʦʚʘ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʫ ʨʝʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʧʨʘ˂ʝʥʘ ʿʝ ʙʨʦʿʥʠʤ ʠʟʘʟʦʚʠʤʘ.  

ʋ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʧʦʩʝʙʥʦ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʠʣʠ ʣʦʢʘʣʥʠʤ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ, ʥʝ ʧʦʩʪʦʿʠ ʜʦʚʦˀʥʦ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʢʚʘʣʠʪʝʪʥʦ 

ʦʙʫʯʘʚʘˁʝ ʤʦʜʝʣʘ. ɹʝʟ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ, ʤʨʝʞʘ ʨʠʟʠʢʫʿʝ ʜʘ ʛʝʥʝʨʘʣʠʟʫʿʝ 

ʣʦʰʝ ʠ ʜʦʚʝʜʝ ʜʦ ʧʦʛʨʝʰʥʠʭ ʟʘʢˀʫʯʘʢʘ ʠʣʠ ʜʘ ʙʫʜʝ ʧʦʜʣʦʞʥʘ ʧʨʝʦʙʫʯʘʚʘˁʫ (overfitting). 

ɽɽʉ ʯʝʩʪʦ ʟʘʭʪʝʚʘʿʫ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ANN ʤʦʜʝʣʠ ʤʦʛʫ ʙʠʪʠ ʨʘʯʫʥʩʢʠ 

ʟʘʭʪʝʚʥʠ ʠ ʚʨʝʤʝʥʩʢʠ ʦʩʝʪˀʠʚʠ, ʰʪʦ ʦʪʝʞʘʚʘ ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʫ ʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʥʝ ʪʦʣʝʨʠʰʫ 

ʢʘʰˁʝˁʝ ʠʣʠ ʥʝʩʪʘʙʠʣʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ. 

ʋ ʦʙʣʘʩʪʠ ʝʥʝʨʛʝʪʠʢʝ ʯʝʩʪʦ ʥʝ ʧʦʩʪʦʿʠ ʜʦʚʦˀʥʦ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ, ʿʘʚʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ 

ʙʠ ʦʤʦʛʫ˂ʠʣʠ ʧʦʨʝʹʝˁʝ ANN ʤʦʜʝʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʮʝʥʘʨʠʿʠʤʘ. ʆʚʦ ʦʪʝʞʘʚʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

ʨʝʟʫʣʪʘʪʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʤʦʜʝʣʘ. ʇʦʪʨʝʙʘ ʟʘ ʟʘʰʪʠʪʦʤ ʧʦʜʘʪʘʢʘ ʠ ʙʝʟʙʝʜʥʦʩʥʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ 

ʜʦʜʘʪʥʦ ʫʩʧʦʨʘʚʘ ʨʘʟʚʦʿ ʨʝʰʝˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 
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ʇʨʝʜʥʦʩʪʠ ANNïʘ ʠ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʜʝʤʦʥʩʪʨʠʨʘʥʝ ʩʫ ʫ ʤʥʦʛʠʤ 

ʨʘʜʦʚʠʤʘ [30]ï[32]. ANN ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ [33], ʯʘʢ ʠ ʟʘ ʧʝʨʠʦʜʝ 

ʦʜ ʚʠʰʝ ʛʦʜʠʥʘ [34]. ʇʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ANN ʙʠʣʘ ʩʫ ʜʦʚʦˀʥʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʜʘ ʩʝ ʢʦʨʠʩʪʝ 

ʟʘ ʝʢʦʥʦʤʩʢʦ ʧʨʦʛʥʦʟʠʨʘˁʝ [35]. ʈʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʚʝʣʠʢʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʠʥʦʚʘʪʠʚʥʘ 

ʧʨʝʜʚʠʹʘˁʘ ʫ ʧʘʤʝʪʥʠʤ ʤʨʝʞʘʤʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ [36], ʜʦʢ ʩʝ ʧʨʝʜʚʠʹʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ ʚʨʰʠ ʠ 

ʧʦʤʦ˂ʫ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ ʧʘʤʝʪʥʠʤ ʤʨʝʞʘʤʘ [37]. 

ʋʧʨʢʦʩ ʟʥʘʯʘʿʥʠʤ ʧʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ANN ʧʦʩʝʜʫʿʫ ʠ ʜʦʙʨʦʤ ʧʨʝʜʚʠʹʘˁʫ ʧʦʪʨʦʰˁʝ, ʦʥʠ ʠʤʘʿʫ ʠ 

ʦʜʨʝʹʝʥʝ ʥʝʜʦʩʪʘʪʢʝ. ʅʝʜʦʩʪʘʿʝ ʠʤ ʦʜʨʝʹʝʥʠ ʥʠʚʦ ʠʥʪʝʨʧʨʝʪʘʙʠʣʥʦʩʪʠ ʫ ʤʦʤʝʥʪʠʤʘ ʢʘʜʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʿʝ ʦʜʨʝʹʝʥʠ ʧʨʦʙʣʝʤ ʨʝʰʝʥ [38]. ʆʚʝ ʤʝʪʦʜʝ ʦʙʝʟʙʝʹʫʿʫ ʢʦʥʘʯʥʦ 

ʨʝʰʝˁʝ, ʘʣʠ ʥʝ ʧʨʫʞʘʿʫ ʪʨʘʥʩʧʘʨʝʥʪʘʥ ʫʚʠʜ ʫ ʤʝʭʘʥʠʟʘʤ ʧʦʚʝʟʠʚʘˁʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʠ 

ʠʟʣʘʟʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

ʈʘʟʣʠʯʠʪʠ ʘʣʛʦʨʠʪʤʠ ʩʝ ʨʘʟʚʠʿʘʿʫ ʢʘʢʦ ʙʠ ʨʝʰʠʣʠ ʧʨʦʙʣʝʤ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʧʨʠʤʝˁʫʿʫ 

ʥʦʚʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʧʨʠʣʘʛʦʜˀʠʚʝ ʢʦʥʢʨʝʪʥʠʤ ʧʨʦʙʣʝʤʠʤʘ. ɻʨʘʬ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ (GNNï Graph 

Neural Networks) ʩʫ ʧʨʝʜʣʦʞʝʥʝ ʢʘʦ ʨʝʰʝˁʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʩʠʩʪʝʤʫ 

ʛʜʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʛʣʘʩʠʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʦʛʨʘʥʠʯʝˁʘ [11]. ʌʠʟʠʯʢʠ ʠʥʬʦʨʤʠʩʘʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ 

(Physicsïinformed Neural Networks) ʩʝ ʨʘʟʚʠʿʘʿʫ ʢʘʢʦ ʙʠ ʩʝ ʧʨʠʤʝʥʠʣʝ ʟʘ ʨʝʰʘʚʘˁʝʿʝʜʥʘʯʠʥʘ 

ACPF (Alternating Current Power Flow) ʫʟ ʫʚʘʞʘʚʘˁʝ ʫʪʠʮʘʿʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʥʘʣʘʟʠ ʥʘ ʨʘʜ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ [12]. ʆʚʜʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʠ ʜʠʥʘʤʠʯʢʠ 

ʤʝʪʦʜ ʟʘʩʥʦʚʘʥ ʥʘ ʛʨʘʬʦʚʠʤʘ ʟʘ ʧʨʠʤʝʥʫ ʧʨʦʙʣʝʤʘ ʧʣʘʥʠʨʘˁʘ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʢʣʘʩʠʯʥʦʤ 

ʤʝʪʦʜʫ ʨʝʰʘʚʘˁʘ ʪʦʢʦʚʘ ʩʥʘʛʝ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʧʨʠʩʪʫʧʘ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʠ 

ʜʠʥʘʤʠʯʢʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ, ʢʘʦ ʰʪʦ ʩʫ RNN ʠ LSTM ʤʨʝʞʝ, ʢʦʿʝ ʩʫ ʧʦʩʝʙʥʦ ʧʦʛʦʜʥʝ ʟʘ 

ʤʦʜʝʣʦʚʘˁʝ ʚʨʝʤʝʥʩʢʝ ʟʘʚʠʩʥʦʩʪʠ ʠ ʧʨʝʜʠʢʮʠʿʫ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 
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5. ANFIS 
 

ɸʜʘʧʪʠʚʥʠ ʅʝʫʨʦ ʌʘʟʠ ʉʠʩʪʝʤʠ (Adaptive NeuroïFuzzy Inference System ï ANFIS) ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʤʝʪʦʜʦʣʦʛʠʿʫ ʢʦʿʘ ʢʦʤʙʠʥʫʿʝ ʧʨʠʥʮʠʧʝ ʨʘʜʘ ANNïʘ ʠ ʬʘʟʠ ʣʦʛʠʢʝ, ʉʣ.18. ʆʚʘʢʘʚ ʩʢʣʦʧ ʦʩʦʙʠʥʘ 

ʠʟ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʧʨʠʩʪʫʧʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʝ ʧʨʝʜʥʦʩʪʠ ʦʙʘ ʧʨʠʥʮʠʧʘ. ʂʘʦ ʧʨʝʜʥʦʩʪ 

ANN-a ʢʦʨʠʩʪʠ ʩʝ ˁʠʭʦʚʘ ʘʜʘʧʪʠʚʥʦʩʪ ʠ ʩʧʦʩʦʙʥʦʩʪ ʫʯʝˁʘ, ʘ ʠʟ ʬʘʟʠ ʣʦʛʠʢʝ ʩʝ ʫʟʠʤʘ 

ʩʧʦʩʦʙʥʦʩʪ ʟʘʢˀʫʯʠʚʘˁʘ ʫ ʫʩʣʦʚʠʤʘ ʥʝʠʟʚʝʩʥʦʩʪʠ.  

 

 
ʉʣ.18 ï ANFIS ʤʦʜʝʣ: ʩʧʦʿ ANN-a ʠ ʬʘʟʠ ʣʦʛʠʢʝ 

 

ANFIS ʤʦʜʝʣ ʬʫʥʢʮʠʦʥʠʰʝ ʢʘʦ ʥʝʫʨʘʣʥʘ ʤʨʝʞʘ ʫ ʯʠʿʝʤ ʩʝ ʿʝʟʛʨʫ ʥʘʣʘʟʠ ʬʘʟʠ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥ 

ʥʘ ʊʘʢʘʛʠïʉʫʛʝʥʦïʂʘʥʛ (TakagiïSugenoïKangtype) ʣʦʛʠʯʢʠʤ ʧʨʠʥʮʠʧʠʤʘ. ɳʝʛʦʚʘ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʠʰʝ ʩʣʦʿʝʚʘ, ʧʨʠ ʯʝʤʫ ʩʚʘʢʠ ʩʣʦʿ ʠʤʘ ʢʦʥʢʨʝʪʥʫ ʫʣʦʛʫ ʫ ʦʙʨʘʜʠ ʧʦʜʘʪʘʢʘ. ʉʣʦʿʝʚʠ 

ʧʦʯʠˁʫ ʦʜ ʬʘʟʠʬʠʢʘʮʠʿʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʝʚʘʣʫʘʮʠʿʝ ʬʘʟʠ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʣʠʟʘʮʠʿʝ, ʧʘ ʩʚʝ ʜʦ 

ʜʝʬʘʟʠʬʠʢʘʮʠʿʝ ʠ ʦʜʨʝʹʠʚʘˁʘ ʢʨʘʿˁʝʛ ʠʟʣʘʟʘ. ʆʚʘʿ ʩʠʩʪʝʤ ʢʦʨʠʩʪʠ ifïthen ʧʨʘʚʠʣʘ ʠ ʬʫʥʢʮʠʿʝ 

ʧʨʠʧʘʜʥʦʩʪʠ ʜʘ ʙʠ ʧʨʝʜʩʪʘʚʠʦ ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ [39]. 

ANFIS ʦʙʨʘʹʫʿʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʪʘʢʦ ʰʪʦ ʠʭ ʧʨʚʦ ʧʨʝʚʦʜʠ ʫ ʬʘʟʠ ʦʙʣʠʢ ʦʜʨʝʹʫʿʫ˂ʠ ʩʪʝʧʝʥʝ 

ʧʨʠʧʘʜʥʦʩʪʠ ʩʚʘʢʦʛ ʫʣʘʟʘ ʦʜʨʝʹʝʥʠʤ ʬʘʟʠ ʢʘʪʝʛʦʨʠʿʘʤʘ. ʆʚʠ ʩʪʝʧʝʥʠ ʧʨʠʧʘʜʥʦʩʪʠ ʩʝ ʟʘʪʠʤ 

ʢʦʤʙʠʥʫʿʫ ʢʨʦʟ ʜʝʬʠʥʠʩʘʥʘ ʧʨʘʚʠʣʘ, ʢʦʿʘ ʚʦʜʝ ʜʦ ʠʟʣʘʟʘ ʢʨʦʟ ʧʨʦʮʝʩ ʜʝʬʘʟʠʬʠʢʘʮʠʿʝ.  

ʂʘʢʦ ʙʠ ANFIS ʤʦʜʝʣ ʤʦʛʘʦ ʜʘ ʩʝ ʧʨʠʣʘʛʦʹʘʚʘ ʥʦʚʠʤ ʧʦʜʘʮʠʤʘ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʘʯʫʚʘ 

ʨʘʟʫʤˀʠʚʦʩʪ ʧʨʘʚʠʣʘ, ʦʙʫʯʘʚʘ ʩʝ ʢʦʤʙʠʥʦʚʘˁʝʤ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʫʯʝˁʘ. ʆʚʘ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʫʯʝˁʘ 

ʩʫ:  

1. ʄʝʪʦʜʘ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ ï ʟʘ ʠʥʠʮʠʿʘʣʥʫ ʧʨʦʮʝʥʫ ʧʘʨʘʤʝʪʘʨʘ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ; 

2. ɻʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ï ʟʘ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʦʚʘʣʘ ʛʨʝʰʢʘ.  
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ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʜʝ ʥʝʿʘʩʥʠʭ, ʥʝʣʠʥʝʘʨʥʠʭ ʠ ʰʫʤʦʚʠʪʠʭ ʧʦʜʘʪʘʢʘ, ANFIS ʿʝ 

ʝʬʠʢʘʩʘʥ ʫ ʤʦʜʝʣʦʚʘˁʫ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ. ʇʦʩʝʙʥʦ ʿʝ ʟʥʘʯʘʿʘʥ ʫ ʦʙʣʘʩʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ 

ʫʧʨʘʚˀʘˁʝ ʝʥʝʨʛʠʿʦʤ, ʧʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʠ ʦʪʢʨʠʚʘˁʝ ʥʝʧʨʘʚʠʣʥʦʩʪʠ, ʢʘʦ ʠ ʫ 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʠ ʨʝʛʨʝʩʠʿʠ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʠ ʪʝʭʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

5.1. ʉʪʨʫʢʪʫʨʘ ANFIS ʤʦʜʝʣʘ 

ANFIS ʿʝ ʩʣʦʞʝʥ ʦʜ ʧʝʪ ʩʣʦʿʝʚʘ ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʩʣʠʮʠ ʉʣ.19. ʉʚʘʢʠ ʩʣʦʿ ʫ ʦʚʦʿ ʘʨʭʠʪʝʢʪʫʨʠ ʠʤʘ 

ʩʧʝʮʠʬʠʯʥʫ ʫʣʦʛʫ ʫ ʦʙʨʘʜʠ ʧʦʜʘʪʘʢʘ. ʆʚʜʝ ʩʣʦʿ 0 ʧʨʠʢʘʟʫʿʝ ʫʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ANFIS ʤʦʜʝʣ 

[40]. 

 

 
ʉʣ.19 ï ɸʨʭʠʪʝʢʪʫʨʘ ANFISïʘ 

 

1. ʉʣʦʿ 1 ï ʌʘʟʠʬʠʢʘʮʠʦʥʠ ʩʣʦʿ (ʫʣʘʟʥʠ ʩʣʦʿ) 

ʎʠˀ: ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʦʚʦʛ ʩʣʦʿʘ ʩʫ ʙʨʦʿʯʘʥʝ ʚʨʝʜʥʦʩʪʠ. ʆʥʝ ʩʝ ʢʨʦʟ ʦʚʘʿ ʩʣʦʿ, ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʘ 

ʧʨʠʧʘʜʥʦʩʪʠ, ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ ʬʘʟʠ ʚʨʝʜʥʦʩʪʠ ʨʘʜʠ ʧʨʠʤʝʥʝ ʤʝʪʦʜʘ ʬʘʟʠ ʣʦʛʠʢʝ.  

ʇʨʠʤʝʨ: ʅʝʢʘ ʿʝ ʫʣʘʟ ʧʨʦʤʝˁʠʚʘ x. ɿʘ ʜʘʪʠ ʫʣʘʟ ʤʦʛʫ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʬʘʟʠ ʩʢʫʧʦʚʠ ʢʘʦ ʰʪʦ ʩʫ 

ʥʠʩʢʦ, ʩʨʝʜˁʝ ʠ ʚʠʩʦʢʦ. ʌʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʩʣʫʞʠ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʦ ʫ ʢʦʿʦʿ ʤʝʨʠ ʫʣʘʟʥʘ 

ʚʨʝʜʥʦʩʪ x ʧʨʠʧʘʜʘ ʧʦʿʝʜʠʥʠʤ, ʜʝʬʠʥʠʩʘʥʠʤ ʩʢʫʧʦʚʠʤʘ. 

ʅʘʿʯʝʰ˂ʝ ʬʫʥʢʮʠʿʝ ʧʨʠʧʘʜʥʦʩʪʠ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʬʣʝʢʩʠʙʠʣʥʫ ʬʘʟʠʬʠʢʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʠ 

ʜʝʬʠʥʠʩʘˁʝ ʥʝʿʘʩʥʠʭ ʧʦʿʤʦʚʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʿʝʜʥʘʯʠʥʘʤʘ 7-9 ʠ ʛʨʘʬʠʯʢʠ ʥʘ ʩʣʠʮʠ ʉʣ.20. 

Á ɻʘʫʩʦʚʘ ʬʫʥʢʮʠʿʘ:  

‘ὼ  Ὡ  7 

Á ʊʨʦʫʛʘʦʥʘ ʬʫʥʢʮʠʿʘ 
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‘ὼ  

ừ
Ử
Ừ

Ử
ứ

πȟὼ ὥ
ὼ ὥ

ὦ ὥ
ȟὥ ὼ ὦ

ὧ ὼ

ὧ ὦ
ȟὦ ὼ ὧ

πȟὼ Ὠ

 8 

 

Á ʊʨʘʧʝʟʥʘ ʬʫʥʢʮʠʿʘ 

‘ὼ  

ừ
ỬỬ
Ừ

ỬỬ
ứ

πȟὼ ὥ
ὼ ὥ

ὦ ὥ
ȟὥ ὼ ὦ

ρȟὦ ὼ ὧ
Ὠ ὼ

Ὠ ὧ
ȟὧ ὼ Ὠ

πȟὼ Ὠ

 

 

9 

 

   
ʘ) ɻʘʫʩʦʚʘ ʙ) ʊʨʦʫʛʘʦʥʘ ʚ) ʊʨʘʧʝʟʥʘ 

ʉʣ.20 ï ʂʨʠʚʝ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ 

 

2. ʉʣʦʿ 2 ï ʉʣʦʿ ʧʨʘʚʠʣʘ (ʝʚʘʣʫʘʮʠʿʘ ʬʘʟʠ ʧʨʘʚʠʣʘ) 

ʎʠˀ: ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʦʚʦʛ ʩʣʦʿʘ ʩʫ ʬʘʟʠʬʠʢʦʚʘʥʝ ʫʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ANFIS ʤʦʜʝʣʘ. ʉʚʘʢʠ ʯʚʦʨ ʫ 

ʦʚʦʤ ʩʣʦʿʫ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦ ʬʘʟʠ ʧʨʘʚʠʣʦ ʠ ʠʟʨʘʯʫʥʘʚʘ ˁʝʛʦʚʫ ʿʘʯʠʥʫ ʘʢʪʠʚʠʨʘˁʘ. 

ʆʙʨʘʜʘ: ɱʘʯʠʥʘ ʘʢʪʠʚʠʨʘˁʘ ὡ  je ʧʨʦʠʟʚʦʜ ʚʨʝʜʥʦʩʪʠ ʧʨʠʧʘʜʥʦʩʪʠ ʟʘ ʩʚʝ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ, 

ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ 10: 

ὡ “ ὼϽ “ ὼ 
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ʛʜʝ ʩʫA ʠ B ʬʘʟʠ ʩʢʫʧʦʚʠ ʟʘ ʧʨʦʤʝʥˀʠʚʝ x ʠ y. 

3. ʉʣʦʿ 3 ï ʉʣʦʿ ʥʦʨʤʘʣʠʟʘʮʠʿʝ 

ʎʠˀ: ʇʦʪʨʝʙʥʦ ʿʝ ʥʦʨʤʘʣʠʟʦʚʘʪʠ ʪʝʞʠʥʫ ʧʨʘʚʠʣʘ ʢʘʢʦ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʧʨʘʚʠʣʘ ʥʝ ʙʠ ʙʠʣʝ ʪʝʞʝ 

ʧʦʨʝʜʠʚʝ. ʋʢʦʣʠʢʦ ʩʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʝʧʝʥʠʤʘ ʚʝʣʠʯʠʥʘ ʥʘ ʦʩʥʦʚʫ ʪʠʧʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʦʙʨʘʹʫʿʫ, 

ʪʦ ʥʝ ʩʤʝ ʠʤʘʪʠ ʫʪʠʮʘʿ ʥʘ ʚʘʞʥʦʩʪ ʧʨʘʚʠʣʘ ʢʦʿʘ ʠʟ ʪʝ ʚʨʩʪʝ ʧʦʜʘʪʘʢʘ ʜʦʣʘʟʝ. ʇʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ 

ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʝʪʠʨʘʿʫ ʢʘʦ ʨʝʣʘʪʠʚʥʝ ʚʘʞʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʋ ʦʚʫ ʩʚʨʭʫ ʩʝ 

ʥʦʨʤʘʣʠʟʫʿʫ ʿʘʯʠʥʝ ʘʢʪʠʚʠʨʘˁʘ ʧʨʘʚʠʣʘ ʪʘʢʦ ʜʘ ˁʠʭʦʚ ʟʙʠʨ ʙʫʜʝ ʿʝʜʥʘʢ 1, ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ 11. 



 

 

33 
 

ὡ
ὡ

Вὡ
 

 

11 

 

4. ʉʣʦʿ 4 ï ɼʝʬʘʟʠʬʠʢʘʮʠʦʥʠ ʩʣʦʿ (ʠʟʣʘʟ ʠʟ ʧʨʘʚʠʣʘ) 

ʎʠˀ: ʋʣʘʟ ʦʚʦʛ ʩʣʦʿʘ ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʘʚʠʣʘ ʠ ʬʘʟʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ, ʘ ʠʟʣʘʟʠ ʩʫ 

ʜʝʬʠʥʠʩʘʥʠ ʥʘ ʦʩʥʦʚʫ ʧʦʥʜʝʨʠʩʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʨʘʚʠʣʘ. ʀʟʨʘʯʫʥʘʚʘ ʩʝ ʠʟʣʘʟ ʩʚʘʢʦʛ ʧʨʘʚʠʣʘ 

ʢʘʦ ʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ ʫʣʘʟʘ, ʧʦʥʜʝʨʠʩʘʥʝ ʥʦʨʤʘʣʠʟʦʚʘʥʦʤ ʿʘʯʠʥʦʤ ʘʢʪʠʚʠʨʘˁʘ, ʧʨʝʤʘ 

ʿʝʜʥʘʯʠʥʠ 12, ʫ ʦʢʚʠʨʫ ʬʘʟʝ ʬʘʟʠ ʟʘʢˀʫʯʠʚʘˁʘ. 

 

̉̈̌́ὡ̈ Ͻὥὼ ὦώ ὧ  
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5. ʉʣʦʿ 5 ï ʀʟʣʘʟʥʠ ʩʣʦʿ 

ʎʠˀ: ʂʦʥʘʯʥʠ ʠʟʣʘʟ ʤʦʜʝʣʘ ʜʦʙʠʿʘ ʩʝ ʢʘʦ ʟʙʠʨ ʩʚʠʭ ʧʦʥʜʝʨʠʩʘʥʠʭ ʠʟʣʘʟʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʩʣʦʿʘ, 

ʿʝʜʥʘʯʠʥʘ 13. 

̉̈̌́̈ ὡϽὪὼȟώ 

 

13 

ʆʚʘ ʩʪʨʫʢʪʫʨʘ ʦʤʦʛʫ˂ʘʚʘ ANFIS ʩʠʩʪʝʤʫ ʜʘ ʫʯʠ ʧʘʨʘʤʝʪʨʝ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʠ ʧʨʘʚʠʣʘ 

ʢʦʨʠʩʪʝ˂ʠ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʨʝʛʨʝʩʠʿʝ. 

ʆʙʫʯʘʚʘˁʝ ANFISïʘ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʢʦʨʘʢ ʫ ʦʩʠʛʫʨʘʚʘˁʫ ˁʝʛʦʚʝ ʪʘʯʥʦʩʪʠ, 

ʧʨʠʣʘʛʦʜˀʠʚʦʩʪʠ ʠ ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʫ ʨʝʰʘʚʘˁʫ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤʘ [39]. ANFIS ʤʦʜʝʣ 

ʩʘʜʨʞʠ ʜʚʘ ʩʢʫʧʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʤʦʨʘʿʫ ʙʠʪʠ ʦʧʪʠʤʠʟʦʚʘʥʠ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʫʯʝˁʘ:  

1. ʧʘʨʘʤʝʪʨʝ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ, 

2. ʧʘʨʘʤʝʪʨʝ ʫ ʢʦˁʫʥʢʮʠʿʠ ʬʘʟʠ ʧʨʘʚʠʣʘ. 

ʉʪʘʥʜʘʨʜʥʠ ʧʨʠʩʪʫʧ ʪʨʝʥʠʨʘˁʫ ANFISïʘ ʦʩʣʘˁʘ ʩʝ ʥʘ ʭʠʙʨʠʜʥʠ ʘʣʛʦʨʠʪʘʤ ʫʯʝˁʘ ʢʦʿʠ 

ʢʦʤʙʠʥʫʿʝ: 

¶ ʄʝʪʦʜ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ (Least Square Error, LSE) ï ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ ʫ 

ʧʦʩʣʝʜˁʝʤ ʩʣʦʿʫ, 

¶ ɻʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ (Batch Gradient Descent, BP) ï ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʬʫʥʢʮʠʿʘ 

ʧʨʠʧʘʜʥʦʩʪʠ ʫ ʫʣʘʟʥʦʤ ʩʣʦʿʫ. 

ʊʨʝʥʠʥʛ ʩʝ ʦʜʚʠʿʘ ʫ ʜʚʝ ʬʘʟʝ ʧʨʠʢʘʟʘʥʝ ʫ ʊʘʙ.4: 

¶ ʇʨʦʩʣʝʹʠʚʘˁʝ ʫʥʘʧʨʝʜ (Forward pass): ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʤʨʝʞʫ ʠ ʠʟʨʘʯʫʥʘʚʘ 

ʩʝ ʠʟʣʘʟ ʢʦʨʠʩʪʝ˂ʠ ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ. ʋ ʦʚʦʿ ʬʘʟʠ ʩʝ ʧʨʠʤʝˁʫʿʝ LSE ʟʘ 

ʧʦʜʝʰʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨa ʧʦʩʣʝʜˁʝʛ ʩʣʦʿʘ, 
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¶ ʇʦʚʨʘʪʥʘ ʢʦʨʝʢʮʠʿʘ (Backward pass): ɻʨʝʰʢʘ ʠʟʤʝʹʫ ʜʦʙʠʿʝʥʦʛ ʠ ʩʪʚʘʨʥʦʛ ʠʟʣʘʟʘ ʩʝ 

ʫʥʘʟʘʜ ʧʨʦʩʣʝʹʫʿʝ ʢʨʦʟ ʤʨʝʞʫ. ʇʨʠʤʝˁʫʿʝ ʩʝ ʘʣʛʦʨʠʪʘʤ ʛʨʘʜʠʿʝʥʪʩʢʦʛ ʩʧʫʩʪʘ ʨʘʜʠ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ. 

ʊʘʙ.4 ï ʇʦʨʝʹʝˁʝ ʬʘʟʘ ʦʙʫʯʘʚʘˁʘ ANFIS ʤʦʜʝʣʘ ʠ ʧʨʠʤʝˁʝʥʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ 

 

ʌʘʟʘ ʇʘʨʘʤʝʪʨʠ ʧʨʝʤʠʩʝ ʇʘʨʘʤʝʪʨʠ ʢʦˁʝʢʚʝʥʮʠʿʝ ʄʝʪʦʜ 

ʋʥʘʧʨʝʜ ʌʠʢʩʥʠ ʅʘʿʤʘˁʠ ʢʚʘʜʨʘʪʠ  ʇʨʦʩʣʝʹʠʚʘˁʝ ʫʥʘʧʨʝʜ 

ʋʥʘʟʘʜ ɻʨʘʜʠʿʝʥʪʥʠ ʩʧʫʩʪ ʌʠʢʩʥʠ ʇʦʚʨʘʪʥʘ ʢʦʨʝʢʮʠʿʘ 

 

ʆʚʦʿ ʤʝʪʦʜʠ ʿʝ ʧʨʝʜʥʦʩʪ ʪʦ ʰʪʦ ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʝʬʝʢʪʠʚʘʥ ʟʘ ʤʘˁʝ ʢʦʤʧʣʝʢʩʥʝ ANFIS ʤʦʜʝʣʝ. 

ɸʣʠ ʠʤʘ ʟʥʘʯʘʿʥʘ ʦʛʨʘʥʠʯʝˁʘ ʧʦ ʧʠʪʘˁʫ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠ ʨʠʟʠʢʘ ʦʜ ʟʘʛʣʘʚˀʠʚʘˁʘ ʫ ʣʦʢʘʣʥʠʤ 

ʤʠʥʠʤʫʤʠʤʘ. 

ʋʧʨʢʦʩ ʟʥʘʯʘʿʥʠʤ ʧʨʝʜʥʦʩʪʠʤʘ, ʧʨʠʤʝʥʘ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʧʨʘ˂ʝʥʘ ʿʝ ʦʜʨʝʹʝʥʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ ʠ 

ʠʟʘʟʦʚʠʤʘ. ʇʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ, ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ 

ʨʘʩʪʝ ʙʨʦʿ ʧʨʘʚʠʣʘ. ɺʝ˂ʠ ʙʨʦʿ ʧʨʘʚʠʣʘ ʦʪʝʞʘʚʘ ʪʫʤʘʯʝˁʝ ʠ ʧʨʠʤʝˁʫʿʝ ʚʝ˂ʝ ʪʨʦʰʢʦʚʝ ʦʙʨʘʜʝ. 

ɺʝ˂ʠʥʘ ʩʪʫʜʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʩʘʤʦ ʥʘ ʧʘʨʘʤʝʪʨʝ, ʘ ʤʘˁʝ ʥʘ ʩʘʤʫ ʙʘʟʫ ʧʨʘʚʠʣʘ. 

ʀʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʩʪʦʚʨʝʤʝʥʦ ʤʘʢʩʠʤʠʟʠʨʘʪʠ ʪʘʯʥʦʩʪ ʠ ʤʠʥʠʤʠʟʠʨʘʪʠ 

ʢʦʤʧʣʝʢʩʥʦʩʪ ʩʠʩʪʝʤʘ, ʢʨʦʟ ʫʚʦʹʝˁʝ ʘʜʘʧʪʠʚʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʟʘ ʨʝʜʫʢʮʠʿʫ ʧʨʘʚʠʣʘ ʠ ʝʬʠʢʘʩʥʠʿʫ 

ʩʝʣʝʢʮʠʿʫ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ. 

5.2. ʇʨʝʜʥʦʩʪʠ ANFIS ʤʦʜʝʣʘ 

ANFIS, ʢʘʦ ʭʠʙʨʠʜʥʠ ʤʦʜʝʣ ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʧʨʝʜʥʦʩʪʠ ANN-ʘ ʠ ʬʘʟʠ ʣʦʛʠʢʝ, ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʣʘʩʠʯʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʧʨʠʩʪʫʧʝ ʥʫʜʠ ʟʥʘʯʘʿʥʝ ʧʨʝʜʥʦʩʪʠ. ʌʘʟʠ ʣʦʛʠʢʘ ʤʫ ʜʦʥʦʩʠ ʦʙʿʘʰˁʠʚʦʩʪ, 

ʜʦʢ ʩʝ ʟʘʜʨʞʘʚʘʿʫ ʧʨʝʜʥʦʩʪʠ ʨʝʟʦʥʦʚʘˁʘ ANN-ʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʠʢʘʟʘʥʝ ʧʦʿʝʜʠʥʘʯʥʝ 

ʧʨʝʜʥʦʩʪʠ ʢʦʿʠʤʘ ʦʥ ʜʦʧʨʠʥʦʩʠ [30], ʰʪʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʉʣ.21. 
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ʉʣ.21 ï ʇʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ANFISʤʦʜʝʣʘ 

ʈʘʯʫʥʘʿʫ˂ʠ ʟʘʿʝʜʥʠʯʢʠ ʨʘʜ ANNïʘ ʠ ʬʘʟʠ ʣʦʛʠʢʝ, ANFIS ʤʦʜʝʣʠ ʤʦʛʫ ʩʘ ʚʝʣʠʢʦʤ 

ʢʦʤʧʣʝʢʩʥʦʰ˂ʫ ʜʘ ʩʠʤʫʣʠʨʘʿʫ ʢʦʤʧʣʝʢʩʥʝ, ʥʝʣʠʥʝʘʨʥʝ ʠ ʚʠʰʝʜʠʤʝʥʟʠʦʥʝ ʬʫʥʢʮʠʿʝ. ʇʨʠʤʝʥʦʤ 

if-then ʧʨʘʚʠʣʘ ʤʦʛʫ ʩʝ ʤʦʜʝʣʦʚʘʪʠ ʧʦʿʘʚʝ ʢʦʿʝ ʥʝʤʘʿʫ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʫ ʤʘʪʝʤʘʪʠʯʢʫ ʩʪʨʫʢʪʫʨʫ, 

ʚʝ˂ ʩʝ ʦʧʠʩʫʿʫ ʿʝʟʠʢʦʤ ʣʦʛʠʢʝ. ʆʚʦ ʠʤʘ ʟʥʘʯʘʿʥʫ ʧʨʝʜʥʦʩʪ ʧʨʠ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʠ ʧʨʦʛʥʦʟʠʨʘˁʫ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʢʣʘʩʠʯʥʠʤ ʧʨʠʩʪʫʧʠʤʘ ʧʦʧʫʪ ARIMA -e ʠʣʠ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ. 

ɱʝʜʥʘ ʦʜ ʢˀʫʯʥʠʭ ʧʨʝʜʥʦʩʪʠ ANFISïʘ ʿʝ ˁʝʛʦʚʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʧʨʠʣʘʛʦʹʘʚʘ ʥʦʚʠʤ 

ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ. ɳʝʛʦʚʘ ʟʥʘʯʘʿʥʘ ʧʨʝʜʥʦʩʪ ʿʝ ʢʦʤʙʠʥʦʚʘʥʦ ʫʯʝˁʝ. ʋʧʦʪʨʝʙʘ ʠ ʤʝʪʦʜʝ 

ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ ʠ ʛʨʘʜʠʿʝʥʪʥʦʛ ʩʧʫʩʪʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʜʦʧʨʠʥʦʩʠ ʜʠʥʘʤʠʯʥʦʤ ʘʞʫʨʠʨʘˁʫ 

ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʠ ʬʘʟʠ ʧʨʘʚʠʣʘ. ʂʘʢʦ ʩʝ ʦʙʨʘʩʮʠ ʧʦʜʘʪʘʢʘ ʤʝˁʘʿʫ ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ ʫ 

ʨʝʘʣʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʨʦʙʫʩʥʦʩʪ ʢʦʿʫ ʦʚʘ ʦʩʦʙʠʥʘ ʜʘʿʝ ʿʝ ʦʜ ʚʝʣʠʢʝ ʢʦʨʠʩʪʠ.  

ʆʥʦ ʰʪʦ ʤʦʞʝ ʥʝʜʦʩʪʘʿʘʪʠ ʫ ʤʦʜʝʣʠʤʘ ʧʦʧʫʪ ANNïʘ ʟʘ ʫʧʦʪʨʝʙʫ ʛʜʝ ʞʝʣʠ ʜʘ ʩʝ ʩʘʟʥʘ ʧʨʘʚʠʣʦ 

ʟʘʢˀʫʯʠʚʘˁʘ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʩʫ ʜʝʦ ʤʦʜʝʣʘ ʿʝ ʠʥʪʝʨʧʨʝʪʘʙʠʣʥʦʩʪ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʬʘʟʠ 

ʣʦʛʠʮʠ, ANFIS ʤʦʜʝʣ ʦʚʫ ʦʩʦʙʠʥʫ ʧʦʩʝʜʫʿʝ. ʌʘʟʠ ʧʨʘʚʠʣʘ ʩʫ ʠʟʨʘʞʝʥʘ ʫ ʦʙʣʠʢʫ ʙʣʠʩʢʦʤ 

ˀʫʜʩʢʦʿ ʣʦʛʠʮʠ. ʆʚʠʤ ʤʦʞʝ ʪʘʯʥʦ ʜʘ ʩʝ ʠʟʨʘʟʠ ʰʪʘ ʢʦʨʠʩʥʠʢ ʞʝʣʠ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ 

ʨʘʟʫʤʝʚʘˁʝ ʠ ʚʘʣʠʜʠʨʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʩʠʩʪʝʤʘ. 

ʄʦʜʝʣ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʥʘʫʯʠʪʠ ʙʠʣʦ ʢʦʿʫ ʬʫʥʢʮʠʿʫ ʜʝʬʠʥʠʩʘʥʫ ʥʘ ʦʩʥʦʚʫ ʩʢʫʧʘ ʫʣʘʟʥʦï

ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʛʘ ʯʠʥʠ ʠʜʝʘʣʥʠʤ ʟʘ ʧʨʦʙʣʝʤʝ ʙʝʟ ʝʢʩʧʣʠʮʠʪʥʝ ʬʦʨʤʫʣʝ. 

ʋʧʨʢʦʩ ʩʚʦʿʦʿ ʫʥʫʪʨʘʰˁʦʿ ʩʣʦʞʝʥʦʩʪʠ, ANFIS ʜʝʤʦʥʩʪʨʠʨʘ ʚʠʩʦʢʫ ʨʘʯʫʥʘʨʩʢʫ ʝʬʠʢʘʩʥʦʩʪ, 

ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ 

ʜʫʙʦʢʠʤ ʤʦʜʝʣʠʤʘ, ʢʦʿʠ ʯʝʩʪʦ ʟʘʭʪʝʚʘʿʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʠ ʨʝʩʫʨʩʘ, ANFIS ʤʦʞʝ ʜʘ 
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ʧʨʫʞʠ ʢʦʥʢʫʨʝʥʪʥʝ ʨʝʟʫʣʪʘʪʝ ʫʟ ʤʘˁʫ ʨʘʯʫʥʘʨʩʢʫ ʩʣʦʞʝʥʦʩʪ, ʰʪʦ ʛʘ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ 

ʘʧʣʠʢʘʮʠʿʫ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. 

ANFIS ʩʝ ʣʘʢʦ ʠʥʪʝʛʨʠʰʝ ʫ ʜʨʫʛʝ ʠʥʪʝʣʠʛʝʥʪʥʝ ʩʠʩʪʝʤʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʜʝʣʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ANNï

ʫ, ʛʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʠʤʘ ʠʣʠ ʩʠʩʪʝʤʠʤʘ ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʧʨʘʚʠʣʠʤʘ. ʊʘʢʘʚ ʤʦʜʫʣʘʨʥʠ ʧʨʠʩʪʫʧ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʰʠʨʝˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʩʠʩʪʝʤʘ ʠ ˁʠʭʦʚʫ ʘʜʘʧʪʘʮʠʿʫ ʩʧʝʮʠʬʠʯʥʠʤ 

ʟʘʜʘʮʠʤʘ ʫʟ ʤʠʥʠʤʘʣʥʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ. 

5.3. ʇʨʠʤʝʥʘ ANFIS ʤʦʜʝʣʘ 

ANFIS ʿʝ ʥʘʘhʦ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʨʘʟʥʦʚʨʩʥʠʤ ʦʙʣʘʩʪʠʤʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʦʿ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ 

ʤʦʜʝʣʫʿʝ ʥʝʣʠʥʝʘʨʥʝ, ʥʝʦʜʨʝʹʝʥʝ ʠ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ ʦʜʥʦʩʝ. ʂʦʤʙʠʥʫʿʫ˂ʠ ʫʯʝˁʝ ʠʟ ʧʦʜʘʪʘʢʘ 

ʠ ʣʠʥʛʚʠʩʪʠʯʢʦ ʨʘʩʫʹʠʚʘˁʝ, ANFIS ʩʝ ʠʟʜʚʘʿʘ ʢʘʦ ʘʣʘʪ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʚʠʩʦʢʫ ʧʨʝʮʠʟʥʦʩʪ, 

ʩʪʘʙʠʣʥʦʩʪ ʫ ʨʘʜʫ ʠ ʠʥʪʝʨʧʨʝʪʘʙʠʣʥʦʩʪ ʤʦʜʝʣʘ, ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʦ ʫ ʪʝʭʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ 

ʛʜʝ ʩʝ ʪʨʘʞʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪ ʠ ʨʘʟʫʤˀʠʚʦʩʪ ʨʝʟʫʣʪʘʪʘ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʬʘʟʠ ʣʦʛʠʯʢʦʿ ʢʦʤʧʦʥʝʥʪʠ, ANFIS ʧʦʢʘʟʫʿʝ ʦʪʧʦʨʥʦʩʪ ʥʘ ʥʝʩʘʚʨʰʝʥʝ, ʥʝʧʦʪʧʫʥʝ 

ʠʣʠ ʟʘʰʫʤˀʝʥʝ ʧʦʜʘʪʢʝ. ʊʦ ʛʘ ʯʠʥʠ ʠʟʫʟʝʪʥʦ ʧʨʠʤʝʥˀʠʚʠʤ ʫ ʩʮʝʥʘʨʠʿʠʤʘ ʛʜʝ ʩʫ ʤʝʨʝˁʘ 

ʦʧʪʝʨʝ˂ʝʥʘ ʛʨʝʰʢʦʤ, ʧʦʜʘʮʠ ʥʠʩʫ ʫʿʝʜʥʘʯʝʥʠ ʠʣʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʥʝʦʜʨʝʹʝʥʠ ʫʣʘʟʥʠ ʫʩʣʦʚʠ. ʆʚʘ 

ʨʦʙʫʩʥʦʩʪ ʫʪʠʯʝ ʥʘ ʚʝ˂ʫ ʧʦʫʟʜʘʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ ʫ ʨʝʘʣʥʦʤ ʩʚʝʪʫ. 

ʌʣʝʢʩʠʙʠʣʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ANFIS ʤʦʜʝʣʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʫ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ ʦʙʣʘʩʪʠ: 

¶ ʪʝʭʥʠʯʢʝ ʥʘʫʢʝ (ʢʦʥʪʨʦʣʘ ʩʠʩʪʝʤʘ, ʤʝʭʘʪʨʦʥʠʢʘ, ʨʦʙʦʪʠʢʘ), 

¶ ʬʠʥʘʥʩʠʿʝ (ʘʥʘʣʠʟʝ ʨʠʟʠʢʘ, ʧʨʦʛʥʦʟʘ ʪʨʞʠʰʪʘ), 

¶ ʟʜʨʘʚʩʪʚʦ (ʜʠʿʘʛʥʦʩʪʠʯʢʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʙʨʘʟʘʮʘ ʫ ʤʝʜʠʮʠʥʩʢʠʤ 

ʧʦʜʘʮʠʤʘ), 

¶ ʝʥʝʨʛʝʪʠʢʘ (ʧʨʝʜʚʠʹʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʠʥʪʝʛʨʘʮʠʿʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ). 

ANFIS ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʨʝʛʫʣʘʪʦʨʘ ʟʘ ʜʠʥʘʤʠʯʢʝ ʠ ʢʦʤʧʣʝʢʩʥʝ 

ʩʠʩʪʝʤʝ. ʇʦʩʝʙʥʦ ʿʝ ʝʬʠʢʘʩʘʥ ʫ ʘʧʣʠʢʘʮʠʿʘʤʘ ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʘ ʧʨʝʮʠʟʥʘ ʢʦʥʪʨʦʣʘ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ, ʢʘʦ ʰʪʦ ʩʫ ʘʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ ʚʦʟʠʣʠʤʘ (ʘʫʪʦʥʦʤʥʘ ʚʦʞˁʘ, ʘʜʘʧʪʠʚʥʠ ʪʝʤʧʦʤʘʪ), 

ʫʧʨʘʚˀʘˁʝ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʨʦʮʝʩʠʤʘ ʩʘ ʥʝʣʠʥʝʘʨʥʠʤ ʧʦʥʘʰʘˁʝʤ, ʨʦʙʦʪʠʢʘ (ANFIS ʦʤʦʛʫ˂ʘʚʘ 

ʨʦʙʦʪʫ ʜʘ ʘʜʘʧʪʠʚʥʦ ʨʝʘʛʫʿʝ ʥʘ ʧʨʦʤʝʥʝ ʫ ʦʢʨʫʞʝˁʫ). ʋ ʦʚʠʤ ʩʠʩʪʝʤʠʤʘ, ANFIS ʜʝʣʫʿʝ ʢʘʦ 

ʟʘʤʝʥʘ ʠʣʠ ʜʦʧʫʥʘ PID ʨʝʛʫʣʘʪʦʨʠʤʘ, ʥʘʨʦʯʠʪʦ ʫ ʫʩʣʦʚʠʤʘ ʛʜʝ ʿʝ ʢʣʘʩʠʯʥʘ ʢʦʥʪʨʦʣʘ ʥʝʜʦʚʦˀʥʘ 

ʟʙʦʛ ʥʝʣʠʥʝʘʨʥʦʩʪʠ, ʭʠʩʪʝʨʝʟʝ ʠʣʠ ʢʘʰˁʝˁʘ. 

ʋ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʤʦʜʝʣʝ (ARIMA, ʨʝʛʨʝʩʠʿʘ), ANFIS ʯʝʩʪʦ ʧʦʩʪʠʞʝ ʙʦˀʝ 

ʨʝʟʫʣʪʘʪʝ ʫ ʧʨʠʩʫʩʪʚʫ ʰʫʤʦʚʘ, ʥʝʣʠʥʝʘʨʥʦʩʪʠ ʠ ʫ ʥʝʜʦʩʪʘʪʢʫ ʝʢʩʧʣʠʮʠʪʥʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ 

ʤʦʜʝʣʘ. 

ANFIS ʩʝ ʝʬʠʢʘʩʥʦ ʢʦʨʠʩʪʠ ʫ ʟʘʜʘʮʠʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʠ ʧʨʝʧʦʟʥʘʚʘˁʘ ʦʙʣʠʢʘ.  

ɳʝʛʦʚʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʫʿʝʜʠʥʠ ʣʠʥʛʚʠʩʪʠʯʢʘ ʧʨʘʚʠʣʘ ʩʘ ʧʨʦʮʝʩʦʤ ʫʯʝˁʘ ʦʤʦʛʫ˂ʘʚʘ 

ʬʣʝʢʩʠʙʠʣʥʠʿʫ ʘʥʘʣʠʟʫ ʠ ʙʦˀʫ ʪʦʣʝʨʘʥʮʠʿʫ ʥʘ ʥʝʦʜʨʝʹʝʥʝ ʠʣʠ ʥʝʧʦʪʧʫʥʝ ʧʦʜʘʪʢʝ. 

ANFIS ʤʦʜʝʣʠ ʩʚʝ ʚʠʰʝ ʜʦʙʠʿʘʿʫ ʥʘ ʟʥʘʯʘʿʫ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʠ, ʧʦʩʝʙʥʦ ʫ ʦʙʣʘʩʪʠʤʘ: 

¶ ʧʨʝʜʚʠʹʘˁʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʿʝ ʢˀʫʯʥʦ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʜʠʩʪʨʠʙʫʮʠʿʝ, 
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¶ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʘʜʘ ʤʠʢʨʦʤʨʝʞʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʙʘʣʘʥʩ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ (ʩʦʣʘʨʥʠ, ʚʝʪʘʨ) 

ʠ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ, 

¶ ʦʪʢʨʠʚʘˁʘ ʠ ʜʠʿʘʛʥʦʩʪʠʢʝ ʢʚʘʨʦʚʘ ʥʘ ʧʨʝʥʦʩʥʦʿ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ, 

¶ ʧʣʘʥʠʨʘˁʘ ʨʘʜʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʘʤʝʪʥʝ 

ʤʨʝʞʝ (smart grid). 

ʋ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ, ANFIS ʦʤʦʛʫ˂ʘʚʘ ʠʥʪʝʣʠʛʝʥʪʥʫ ʘʥʘʣʠʟʫ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʫ ʫʩʣʦʚʠʤʘ 

ʚʠʩʦʢʠʭ ʬʣʫʢʪʫʘʮʠʿʘ ʠ ʥʝʩʠʛʫʨʥʦʩʪʠ, ʯʠʤʝ ʜʦʧʨʠʥʦʩʠ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ. 

ʇʨʝʜʠʢʪʠʚʥʠ ʤʦʜʝʣ ʢʦʿʠ ʠʤʘ ʚʝ˂ʠ ʥʠʚʦ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʠ ʫ ʩʠʩʪʝʤʫ ʩʚʦʛ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʿʝ 

ANFIS. ANFIS ʿʝ ʨʝʟʫʣʪʘʪ ʠʟʫʟʝʪʥʦ ʫʩʧʝʰʥʝ ʠʥʪʝʛʨʘʮʠʿʝ ʬʘʟʠ ʩʠʩʪʝʤʘ ʠ ANNïʘ [39] ʢʦʿʠ 

ʧʦʩʝʜʫʿʝ ʧʨʝʜʥʦʩʪʠ ʦʙʝ ʤʝʪʦʜʦʣʦʛʠʿʝ. ANN ʠ ʬʘʟʠ ʩʠʩʪʝʤʠ ʩʫ ʩʣʠʯʥʠ ʧʦ ʩʚʦʿʦʿ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʘʜʘ ʩʘ ʥʝʣʠʥʝʘʨʥʠʤ, ʜʠʥʘʤʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ ʟʘ ʢʦʿʝ ʥʝ ʧʦʩʪʦʿʠ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥ ʤʘʪʝʤʘʪʠʯʢʠ 

ʤʦʜʝʣ. ʌʘʟʠ ʩʠʩʪʝʤʠ ʠʤʘʿʫ ʢʦʤʧʣʝʪʥʫ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪ ʢʨʦʟ ʥʠʟ ʢʦʥʢʨʝʪʠʟʦʚʘʥʠʭ 

ʣʠʥʛʚʠʩʪʠʯʢʠʭ ʧʨʘʚʠʣʘ, ʘʣʠ ʠʤ ʥʝʜʦʩʪʘʿʫ ʘʜʝʢʚʘʪʥʠ ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʦʙʨʘʹʫʿʫ ʚʝʣʠʢʫ 

ʙʘʟʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ.  

ANFIS ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʙʘʟʘ ʟʘ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʛʜʝ ʩʝ ˁʠʭʦʚʠ ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ ʧʦʜʝʩʠʪʠ ʠ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʢʨʘʪʢʦʨʦʯʥʘ ʧʨʝʚʠʹʘˁʘ [42]. ʆʚʦ ʿʝ ʛʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʟʙʦʛ ʢʦʿʝ ʩʝ ANFIS ʢʦʨʠʩʪʠ 

ʧʨʠ ʤʥʦʛʠʤ ʤʦʜʝʣʠʤʘ ʧʨʝʜʚʠʹʘˁʘ [43], ʢʘʦ ʠ ʫ ʨʘʟʚʦʿʫ ʤʝʪʦʜʝ ʟʘ ʢʦʥʪʨʦʣʫ ʩʪʘʪʫʩʘ ʧʦʚʝʟʘʥʦʩʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʦʟʠʣʘ [44].  
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6. ARIMA  

6.1. ʋʚʦʜ ʫ ARIMA ʤʦʜʝʣʝ 

ARIMA ʤʦʜʝʣʠ (Auto Regressive Integrated Moving Averageï ARIMA) ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʣʘʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʘʥʘʣʠʟʫ, ʤʦʜʝʣʦʚʘˁʝ ʠ ʧʨʝʜʚʠʹʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʋ 

ʥʘʫʮʠ ʠ ʧʨʘʢʩʠ, ARIMA ʩʝ ʩʤʘʪʨʘ ʿʝʜʥʠʤ ʦʜ ʥʘʿʤʦ˂ʥʠʿʠʭ ʠ ʥʘʿʬʣʝʢʩʠʙʠʣʥʠʿʠʭ ʘʣʘʪʘ ʟʘ ʨʘʜ ʩʘ 

ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʫ ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʠ, ʥʘʨʦʯʠʪʦ ʫ ʜʦʤʝʥʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʦʯʫʚʘˁʝ 

ʠʥʪʝʨʧʨʝʪʘʙʠʣʥʦʩʪʠ ʤʦʜʝʣʘ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ. ʈʘʟʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ ɷʦʨ˅ʘ ɹʦʢʩʘ ʠ 

ɻʚʠʥʜʦʣʠʥʘ ɷʝʥʢʠʥʩʘ, ʦʚʘʿ ʤʦʜʝʣ ʿʝ ʧʦʟʥʘʪ ʠ ʢʘʦ BoxïJenkins ʤʦʜʝʣ ʠ ʧʦʜʨʘʟʫʤʝʚʘ ʬʦʨʤʘʣʘʥ 

ʧʦʩʪʫʧʘʢ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ, ʝʩʪʠʤʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ [45]. 

ARIMA ʤʦʜʝʣʠ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʘʥʘʣʠʟʠ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʢʦʿʝ ʩʘʜʨʞʝ ʘʫʪʦʢʦʨʝʣʘʮʠʿʫ, 

ʩʝʟʦʥʘʣʥʦʩʪ, ʪʨʝʥʜʦʚʝ ʠ ʰʫʤʦʚʝ. ɻʣʘʚʥʠ ʮʠˀ ʿʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʢʦʿʠ ʤʦʛʫ 

ʥʘʿʙʦˀʝ ʦʙʿʘʩʥʠʪʠ ʧʦʥʘʰʘˁʝ ʩʝʨʠʿʝ ʠ ʧʨʝʜʚʠʜʝʪʠ ʙʫʜʫ˂ʝ ʚʨʝʜʥʦʩʪʠ. ARIMA ʤʦʜʝʣʠ ʩʝ ʯʝʩʪʦ 

ʢʦʨʠʩʪʝ ʫ ʝʢʦʥʦʤʠʿʠ, ʬʠʥʘʥʩʠʿʘʤʘ, ʤʝʪʝʦʨʦʣʦʛʠʿʠ, ʠʥʞʝˁʝʨʩʪʚʫ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʦʙʣʘʩʪʠʤʘ. 

ARIMA ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʠ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʠ 

ʧʨʝʜʚʠʹʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ɼʠʟʘʿʥʠʨʘʥʘ ʿʝ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʝ ʦʙʨʘʩʮʝ ʠ ʩʪʨʫʢʪʫʨʝ ʫ ʧʦʜʘʮʠʤʘ 

ʢʦʿʠ ʩʫ ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʠ, ʢʘʦ ʰʪʦ ʩʫ ʪʨʝʥʜʦʚʠ, ʩʝʟʦʥʘʣʥʦʩʪʠ ʠ ʤʝʹʫʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ 

ʧʨʦʰʣʠʭ ʠ ʩʘʜʘʰˁʠʭ ʚʨʝʜʥʦʩʪʠ ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʂʨʦʟ ʧʨʦʮʝʩ ʘʥʘʣʠʟʠʨʘˁʘ ʧʨʦʰʣʠʭ 

ʚʨʝʜʥʦʩʪʠ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, ARIMA ʦʤʦʛʫ˂ʘʚʘ ʬʦʨʤʫʣʘʮʠʿʫ ʧʨʝʜʠʢʮʠʿʘ ʙʫʜʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʫ ʦʪʢʨʠʚʝʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ʄʦʜʝʣ ʢʦʿʠ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʦʚʦʤ ʨʘʜʫ ʧʨʝʜʩʪʘʚˀʘ ʫʥʠʚʘʨʠʿʘʥʪʥʠ ʧʨʠʩʪʫʧ, ʦʜʥʦʩʥʦ ʙʘʚʠ ʩʝ 

ʤʦʜʝʣʦʚʘˁʝʤ ʿʝʜʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʥʝʟʘʚʠʩʥʦ ʦʜ ʜʨʫʛʠʭ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

ʇʨʝʜʚʠʹʘˁʝ ʩʝ ʟʘʩʥʠʚʘ ʠʩʢˀʫʯʠʚʦ ʥʘ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʩʘʜʨʞʘʥʠʤ ʫ ʧʨʝʪʭʦʜʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʮʠˀʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʰʪʦ ʛʘ ʯʠʥʠ ʧʦʩʝʙʥʦ ʢʦʨʠʩʥʠʤ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʜʦʜʘʪʥʝ ʧʦʤʦ˂ʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʥʠʩʫ ʜʦʩʪʫʧʥʝ. 

ARIMA ʤʦʜʝʣ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʢˀʫʯʥʝ ʢʦʤʧʦʥʝʥʪʝ: 

Á ɸʫʪʦʨʝʛʨʝʩʠʿʘ (AR) ï ʤʦʜʝʣ ʘʫʪʦʨʝʛʨʝʩʠʿʝ ʫʚʦʜʠ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʝ ʩʘʜʘʰˁʝ ʚʨʝʜʥʦʩʪʠ 

ʩʝʨʠʿʝ ʤʦʛʫ ʦʙʿʘʩʥʠʪʠ ʧʨʝʪʭʦʜʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʘʤʝ ʩʝʨʠʿʝ. ʊʦ ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʚʨʝʤʝʥʩʢʘ ʢʦʨʝʣʘʮʠʿʘ ʫʥʫʪʘʨ ʩʝʨʠʿʝ. ʅʘ ʧʨʠʤʝʨ, ʜʥʝʚʥʘ ʧʦʪʨʦʰˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ ʟʘʚʠʩʠʪʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʜʘʥʘ, 

Á ʀʥʪʝʛʨʘʮʠʿʘ (I) ï ʧʦʰʪʦ ʤʥʦʛʝ ʨʝʘʣʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʧʦʢʘʟʫʿʫ ʪʨʝʥʜʦʚʝ ʠʣʠ ʩʝʟʦʥʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ, ʧʦʪʨʝʙʥʦ ʠʭ ʿʝ ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʫ ʩʪʘʮʠʦʥʘʨʥʝ ʩʝʨʠʿʝ ʧʨʝ ʧʨʠʤʝʥʝ 

ʤʦʜʝʣʦʚʘˁʘ. ʆʚʦ ʩʝ ʧʦʩʪʠʞʝ ʜʠʬʝʨʝʥʮʠʨʘˁʝʤ ʩʝʨʠʿʝ ï ʦʜʫʟʠʤʘˁʝʤ ʧʨʝʪʭʦʜʥʝ ʚʨʝʜʥʦʩʪʠ 

ʦʜ ʪʨʝʥʫʪʥʝ, ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʫ ʩʨʝʜˁʦʿ ʚʨʝʜʥʦʩʪʠ, 

Á ʇʦʢʨʝʪʥʠ ʧʨʦʩʝʢ (MA) ï ʤʦʜʝʣʫʿʝ ʫʪʠʮʘʿ ʩʣʫʯʘʿʥʠʭ ʩʤʝʪˁʠ ʠ ʛʨʝʰʘʢʘ ʠʟ ʧʨʦʰʣʦʩʪʠ. ʆʥʘ 

ʧʦʤʘʞʝ ʜʘ ʩʝ ʫʙʣʘʞʝ ʥʝʥʘʜʘʥʝ ʬʣʫʢʪʫʘʮʠʿʝ ʫ ʧʦʜʘʮʠʤʘ ʢʦʿʝ ʥʠʩʫ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʝ ʩʘ 

ʩʪʨʫʢʪʫʨʦʤ ʩʘʤʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ. 

ʉʪʘʮʠʦʥʘʨʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʫʩʣʦʚʘ ʟʘ ʧʨʠʤʝʥʫ ARIMA ʤʦʜʝʣʘ. ɺʨʝʤʝʥʩʢʘ 

ʩʝʨʠʿʘ ʿʝ ʩʪʘʮʠʦʥʘʨʥʘ ʘʢʦ ʠʤʘ ʢʦʥʩʪʘʥʪʥʫ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ, ʚʘʨʠʿʘʥʩʫ ʠ ʢʦʚʘʨʠʿʘʥʩʫ ʪʦʢʦʤ 

ʚʨʝʤʝʥʘ. ɸʢʦ ʩʝʨʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ, ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʪʘʯʥʠʭ ʟʘʢˀʫʯʘʢʘ. 

ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʝ ʤʦʜʝʣʦʚʘˁʘ ʠʟʚʨʰʠʪʠ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʩʝʨʠʿʝ ʠ ʧʨʦʚʝʨʠʪʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪ 
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ʬʦʨʤʘʣʥʠʤ ʪʝʩʪʦʚʠʤʘ (ADF, KPSS). ʊʝʢ ʥʘʢʦʥ ʧʦʪʚʨʜʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʤʦʞʝ ʩʝ ʧʨʠʩʪʫʧʠʪʠ 

ʠʟʙʦʨʫ AR ʠ MA ʧʘʨʘʤʝʪʘʨʘ. 

ARIMA ʤʦʜʝʣ ʩʝ ʦʟʥʘʯʘʚʘ ʢʘʦ ARIMA (p, d, q), ʛʜʝ ʩʫ: 

Á p ï ʨʝʜ ʘʫʪʦʨʝʛʨʝʩʠʚʥʦʛ ʜʝʣʘ, 

Á d ï ʩʪʝʧʝʥ ʜʠʬʝʨʝʥʮʠʨʘˁʘ ʩʝʨʠʿʝ, 

Á q ï ʨʝʜ ʧʦʢʨʝʪʥʦʛ ʧʨʦʩʝʢʘ. 

ʋ ʢʦʥʪʝʢʩʪʫ ʝʥʝʨʛʝʪʠʢʝ, ARIMA ʤʦʜʝʣʠ ʥʘʣʘʟʝ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʟʘʜʘʮʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: 

ʧʨʝʜʚʠʹʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʤʦʜʝʣʦʚʘˁʝ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʪʨʞʠʰʪʫ, 

ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʫ ʩʠʩʪʝʤʫ ʩʘ ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ ʠ ʫʧʨʘʚˀʘˁʝ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ. ɳʠʭʦʚʘ ʧʨʝʜʥʦʩʪ ʫ ʦʚʠʤ ʧʨʠʤʝʥʘʤʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʢʨʝʠʨʘˁʘ ʪʘʯʥʠʭ ʠ 

ʩʪʘʙʠʣʥʠʭ ʢʨʘʪʢʦʨʦʯʥʠʭ ʧʨʦʛʥʦʟʘ ʫ ʫʩʣʦʚʠʤʘ ʢʘʜʘ ʩʫ ʧʦʜʘʮʠ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʠ ʠ ʨʝʣʘʪʠʚʥʦ 

ʫʿʝʜʥʘʯʝʥʠ. 

ʀʧʘʢ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʦʜʝʣʘ ʜʫʙʦʢʦʛ ʫʯʝˁʘ ʠ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ, ARIMA ʤʦʜʝʣʠ ʩʫ 

ʤʘˁʝ ʝʬʠʢʘʩʥʠ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʩʫ ʧʦʜʘʮʠ ʚʠʩʦʢʦ ʥʝʩʪʘʮʠʦʥʘʨʥʠ, ʥʝʣʠʥʝʘʨʥʠ ʠʣʠ ʥʝʜʦʚʦˀʥʦ 

ʦʙʠʣʥʠ. ʋʧʨʢʦʩ ʪʦʤʝ, ʟʙʦʛ ʩʚʦʿʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ, ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʠ ʠ ʤʘʣʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ, ʠ 

ʜʘˀʝ ʦʩʪʘʿʫ ʦʩʥʦʚʘ ʫ ʩʪʘʪʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ [46]. 

ʋ ʥʘʩʪʘʚʢʫ ʨʘʜʘ ʙʠ˂ʝ ʜʝʪʘˀʥʦ ʧʨʝʜʩʪʘʚˀʝʥ ʧʨʦʮʝʩ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ARIMA ʤʦʜʝʣʘ, 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʪʨʝʥʠʥʛʘ ʠ ʚʘʣʠʜʘʮʠʿʝ, ʢʘʦ ʠ ʧʨʠʤʝʨʠ ˁʠʭʦʚʝ ʢʦʥʢʨʝʪʥʝ ʧʨʠʤʝʥʝ ʫ ʝʥʝʨʛʝʪʩʢʠʤ 

ʩʠʩʪʝʤʠʤʘ. 
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6.2. ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ARIMA  

ʂʘʜʘ ʢʦʤʙʠʥʫʿʝʤʦ ʩʚʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ (AR, I ʠ MA), ʜʦʙʠʿʘʤʦ ARIMA (p, d, q) ʤʦʜʝʣ, ʢʦʿʠ ʩʝ 

ʬʦʨʤʫʣʠʰʝ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ 14. 

ρ ‰ὒ ρ ὒ ὣ ρ —ὒ ‐ 14 

ʛʜʝ ʩʫ: 

ὒ ï ʦʧʝʨʘʪʦʨ ʢʘʰˁʝˁʘ, ʪʘʢʦ ʜʘ ʚʘʞʠ ὒὣ ὣ ; 

d ï ʙʨʦʿ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʧʦʪʨʝʙʥʠʭ ʜʘ ʩʝʨʠʿʘ ʧʦʩʪʘʥʝ ʩʪʘʮʠʦʥʘʨʥʘ; 

‰ȟȣ ‰ïARïʧʘʨʘʤʝʪʨʠ; 

—ȟȣ —ïMAïʧʘʨʘʤʝʪʨʠ; 

‐ïʙʝʣʠ ʰʫʤ (ʥʝʟʘʚʠʩʠ ʦʜ ʧʨʦʰʣʠʭ ʚʨʝʜʥʦʩʪʠ). 

ʋ ʦʚʦʤ ʟʘʧʠʩʫ: 

1. ρ ὒ ʦʟʥʘʯʘʚʘ ʜʘ ʿʝ ʩʝʨʠʿʘ ὣʜʠʬʝʨʝʥʮʠʨʘʥʘ d ʧʫʪʘ ʜʦ ʜʦʙʠʿʘˁʘ ʩʪʘʮʠʦʥʘʨʥʦʛ ʦʙʣʠʢʘ, 

2. ARïʦʧʝʨʘʪʦʨ ρ В ‰ὒʫʚʦʜʠ ʫʪʠʮʘʿ ʧʨʝʪʭʦʜʥʠʭ p ʢʘʰˁʝˁʘ ï ʣʠʥʝʘʨʥʘ 

ʘʫʪʦʢʦʨʝʣʘʮʠʿʘ, 

3. MAïʦʧʝʨʘʪʦʨ ρ В —ὒ  ʫʢˀʫʯʫʿʝ ʝʬʝʢʪʝ ʧʨʝʪʭʦʜʥʠʭ q ʛʨʝʰʘʢʘ. 

ʆʚʘʢʚʘ ʬʦʨʤʫʣʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʫ ʿʝʜʥʦʿ ʿʝʜʥʘʯʠʥʠ ʦʙʫʭʚʘʪʝ ʪʨʝʥʜ, ʩʝʟʦʥʘʣʥʦʩʪ (ʢʨʦʟ 

ʜʠʬʝʨʝʥʮʠʨʘˁʝ) ʠ ʫʪʠʮʘʿ ʧʨʝʪʭʦʜʥʠʭ ʛʨʝʰʘʢʘ, ʯʠʤʝ ARIMA ʤʦʜʝʣ ʧʦʩʪʘʿʝ ʿʝʜʘʥ ʦʜ ʩʥʘʞʥʠʿʠʭ 

ʘʣʘʪʘ ʟʘ ʘʥʘʣʠʟʫ ʠ ʢʨʘʪʢʦʨʦʯʥʦ ʧʨʝʜʚʠʹʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʫ ʝʥʝʨʛʝʪʠʮʠ ʠ ʜʨʫʛʠʤ ʜʦʤʝʥʠʤʘ. 

ARIMA ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ ʪʨʠ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ: ʘʫʪʦʨʝʛʨʝʩʠʿʝ (AR), ʧʦʢʨʝʪʥʦʛ 

ʧʨʦʩʝʢʘ (MA) ʠ ʜʠʬʝʨʝʥʮʠʨʘˁʘ (I), ʢʦʿʝ ʟʘʿʝʜʥʦ ʦʤʦʛʫ˂ʘʚʘʿʫ ʤʦʜʝʣʦʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʋ ʥʘʩʪʘʚʢʫ ʩʫ ʧʨʠʢʘʟʘʥʝ ʧʦʿʝʜʠʥʘʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʦʚʦʛ 

ʤʦʜʝʣʘ, ˁʠʭʦʚʘ ʫʣʦʛʘ ʠ ʤʘʪʝʤʘʪʠʯʢʘ ʬʦʨʤʫʣʘʮʠʿʘ 

1. ɸʫʪʦʨʝʛʨʝʩʠʿʘ (AR) 

ɸʫʪʦʨʝʛʨʝʩʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ AR ʤʦʜʝʣʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʪʨʝʥʫʪʥʘ ʚʨʝʜʥʦʩʪ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ 

ʤʦʞʝ ʧʨʝʜʚʠʜʝʪʠ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʩʪʝ ʩʝʨʠʿʝ. ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʧʨʠʢʘʟʘʥ ʿʝ 

ʿʝʜʥʘʯʠʥʦʤ 15. 

ὣ •ὣ •ὣ Ễ •ὣ ‐ 15 

ʛʜʝ ʩʫ: 

ὣ ï ʪʝʢʫ˂ʘ ʚʨʝʜʥʦʩʪ ʩʝʨʠʿʝ, 

•ȟȣ •ï ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ, 

Ů ï ʙʝʣʠ ʰʫʤ, ʦʜʥʦʩʥʦ ʥʘʩʫʤʠʯʥʘ ʛʨʝʰʢʘ. 



 

 

41 
 

ʆʚʘ ʢʦʤʧʦʥʝʥʪʘ ʤʦʜʝʣʫʿʝ ʫʥʫʪʨʘʰˁʫ ʩʪʨʫʢʪʫʨʫ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, ʦʜʨʘʞʘʚʘʿʫ˂ʠ ʩʪʝʧʝʥ ʫʪʠʮʘʿʘ 

ʧʨʝʪʭʦʜʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘ ʪʨʝʥʫʪʥʫ. ʅʘ ʧʨʠʤʝʨ, ʜʥʝʚʥʘ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ 

ʙʠʪʠ ʢʦʨʝʣʠʨʘʥʘ ʩʘ ʧʦʪʨʦʰˁʦʤ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʜʘʥʘ. 

2. ʇʦʢʨʝʪʥʠ ʧʨʦʩʝʢ (MA) 

ʂʦʤʧʦʥʝʥʪʘ ʧʦʢʨʝʪʥʦʛ ʧʨʦʩʝʢʘ ʢʦʨʠʩʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʝʪʭʦʜʥʠʤ ʛʨʝʰʢʘʤʘ ʫ ʤʦʜʝʣʦʚʘˁʫ 

ʩʝʨʠʿʝ. MA ʤʦʜʝʣ ʩʝ ʤʦʞʝ ʟʘʧʠʩʘʪʠ ʿʝʜʥʘʯʠʥʦʤ 16. 

ὣ ‘ ‐ —‐ —‐ Ễ —‐  16 

ʛʜʝ ʩʫ: 

ɛ ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʝʨʠʿʝ; 

—ȟȣ —ï ʧʘʨʘʤʝʪʨʠ MA ʜʝʣʘ ʤʦʜʝʣʘ; 

Ů ï ʪʨʝʥʫʪʥʘ ʛʨʝʰʢʘ (ʙʝʣʠ ʰʫʤ). 

MA ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʤʝʭʘʥʠʟʘʤ ʟʘ ʫʨʘʚʥʦʪʝʞʝˁʝ ʩʣʫʯʘʿʥʠʭ ʚʘʨʠʿʘʮʠʿʘ ʫ ʧʦʜʘʮʠʤʘ, 

ʧʦʙʦˀʰʘʚʘʿʫ˂ʠ ʩʪʘʙʠʣʥʦʩʪ ʧʨʦʛʥʦʟʝ. ʆʚʠʤ ʥʘʯʠʥʦʤ MAïʢʦʤʧʦʥʝʥʪʘ ʢʦʨʠʛʫʿʝ ʩʝʨʠʿʫ ʥʘ ʦʩʥʦʚʫ 

ʧʨʦʰʣʠʭ ʦʜʩʪʫʧʘˁʘ ʦʜ ʧʨʝʜʚʠʹʘˁʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʥʝʥʘʜʘʥʝ ʠ ʥʝʣʠʥʝʘʨʥʝ ʬʣʫʢʪʫʘʮʠʿʝ. 

3. ʀʥʪʝʛʨʘʮʠʿʘ (I) 

ɸʢʦ ʚʨʝʤʝʥʩʢʘ ʩʝʨʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ (ʠʤʘ ʪʨʝʥʜ ʠʣʠ ʧʨʦʤʝʥˀʠʚʫ ʚʘʨʠʿʘʥʩʫ), ʧʦʪʨʝʙʥʦ ʿʫ ʿʝ 

ʧʨʝʪʚʦʨʠʪʠ ʫ ʩʪʘʮʠʦʥʘʨʥʠ ʦʙʣʠʢ ʧʨʝ ʧʨʠʤʝʥʝ AR ʠ MA ʢʦʤʧʦʥʝʥʘʪʘ. ʊʦ ʩʝ ʧʦʩʪʠʞʝ 

ʜʠʬʝʨʝʥʮʠʨʘˁʝʤ ʧʨʠʢʘʟʘʥʠʤ ʫ ʿʝʜʥʘʯʠʥʠ 17. 

ᶯὣ ὣ ὣ ὣ ὣ Ễ ὣ ὣ  17 

ʋʢʦʣʠʢʦ ʿʝ, ʥʘʢʦʥ ʿʝʜʥʝ ʜʠʬʝʨʝʥʮʠʿʝ, ʩʝʨʠʿʘ ʿʦʰ ʫʚʝʢ ʥʝʩʪʘʙʠʣʥʘ, ʨʘʜʠ ʩʝ ʜʨʫʛʘ (ʠʣʠ ʚʠʰʘ) 

ʜʠʬʝʨʝʥʮʠʿʘ. ʅʘʢʦʥ ʰʪʦ ʩʝʨʠʿʘ ʧʦʩʪʘʥʝ ʩʪʘʮʠʦʥʘʨʥʘ, AR ʠ MA ʤʦʜʝʣʠ ʤʦʛʫ ʜʘ ʩʝ ʧʨʠʤʝʥʝ ʥʘ 

ʨʘʟʣʠʢʫ ʩʝʨʠʿʘ. 

ɿʘ ʩʪʘʙʠʣʥʦ ʧʦʥʘʰʘˁʝ ʤʦʜʝʣʘ, AR ʢʦʤʧʦʥʝʥʪʘ ʤʦʨʘ ʟʘʜʦʚʦˀʠʪʠ ʫʩʣʦʚʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, 

ʦʜʥʦʩʥʦ ʜʘ ʢʦʨʝʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʢʦʛ ʧʦʣʠʥʦʤʘ ʙʫʜʫ ʠʟʚʘʥ ʿʝʜʠʥʠʯʥʦʛ ʢʨʫʛʘ ʫ ʢʦʤʧʣʝʢʩʥʦʿ 

ʨʘʚʥʠ. ʉʣʠʯʥʦ, MA ʢʦʤʧʦʥʝʥʪʘ ʤʦʨʘ ʙʠʪʠ ʠʥʚʝʨʪʠʙʠʣʥʘ ʢʘʢʦ ʙʠ ʤʦʜʝʣʠ ʙʠʣʠ ʿʝʜʠʥʩʪʚʝʥʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʙʠʣʥʠ. 

6.3. ʇʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ ARIMA ʤʦʜʝʣʘ 

ʀʟʛʨʘʜˁʘ ARIMA ʤʦʜʝʣʘ ʟʘʭʪʝʚʘ ʩʠʩʪʝʤʘʪʠʯʘʥ ʧʨʠʩʪʫʧ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʥʝʢʦʣʠʢʦ ʫʟʘʩʪʦʧʥʠʭ 

ʢʦʨʘʢʘ. ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʿʝ ʫ 

ʩʪʘʮʠʦʥʘʨʥʫ ʬʦʨʤʫ, ʧʨʦʮʝʥʠʪʠ ʧʘʨʘʤʝʪʨʝ ʤʦʜʝʣʘ ʠ ʠʟʚʨʰʠʪʠ ʚʘʣʠʜʘʮʠʿʫ ʥʘ ʦʩʥʦʚʫ 

ʧʨʝʜʚʠʹʘʿʫ˂ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʜʘʪ ʘʣʛʦʨʠʪʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ ʠʟʛʨʘʜˁʝ ARIMA ʤʦʜʝʣʘ ʧʨʝʤʘ BoxïJenkins 

ʤʝʪʦʜʦʣʦʛʠʿʠ, ʧʨʠʢʘʟʘʥ ʥʘ ʉʣ.22. ɼʠʿʘʛʨʘʤ ʦʙʫʭʚʘʪʘ ʢˀʫʯʥʝ ʢʦʨʘʢʝ: ʧʨʦʚʝʨʫ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, 

ʠʟʙʦʨ ʧʘʨʘʤʝʪʘʨʘ, ʬʠʪʦʚʘˁʝ ʤʦʜʝʣʘ ʠ ʝʚʘʣʫʘʮʠʿʫ ʪʘʯʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ. 
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ʆʚʘʢʦ ʩʪʨʫʢʪʫʨʠʨʘʥ ʧʨʦʮʝʩ ʤʦʜʝʣʦʚʘˁʘ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ARIMA ʤʦʜʝʣ ʙʫʜʝ ʥʝ ʩʘʤʦ ʩʪʘʪʠʩʪʠʯʢʠ 

ʚʘˀʘʥ, ʚʝ˂ ʠ ʧʨʠʤʝʥˀʠʚ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʧʦʩʝʙʥʦ ʫ ʧʨʝʜʚʠʹʘˁʫ ʝʥʝʨʛʝʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʘʦ ʰʪʦ ʩʫ ʧʦʪʨʦʰˁʘ, ʦʧʪʝʨʝ˂ʝˁʝ, ʧʨʦʠʟʚʦʜˁʘ ʠ ʮʝʥʝ ʝʥʝʨʛʠʿʝ. 

 

ʉʣ.22 ï ARIMA ʘʣʛʦʨʠʪʘʤ 
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ɸʢʦ ʩʝʨʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ, ʧʨʠʤʝˁʫʿʝ ʩʝ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʨʘʜʠ ʦʪʢʣʘˁʘˁʘ ʪʨʝʥʜʦʚʘ ʠ 

ʩʝʟʦʥʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʇʦʪʨʝʙʘ ʟʘ ʧʨʠʤʝʥʦʤ ʜʠʬʝʨʝʥʮʠʨʘˁʘ ʦʜʨʝʹʫʿʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, ʢʦʿʘ ʩʝ ʩʧʨʦʚʦʜʠ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʤʝʪʦʜʘ: 

Á ɺʠʟʫʝʣʥʘ ʘʥʘʣʠʟʘ: ʛʨʘʬʠʢʦʥ ʩʝʨʠʿʝ ʤʦʞʝ ʫʢʘʟʘʪʠ ʥʘ ʪʨʝʥʜ ʠʣʠ ʩʝʟʦʥʘʣʥʦʩʪ, 

Á ACF/PACF ʛʨʘʬʠʮʠ: ʘʫʪʦʢʦʨʝʣʘʮʠʦʥʘ (ACF) ʠ ʧʘʨʮʠʿʘʣʥʘ ʘʫʪʦʢʦʨʝʣʘʮʠʦʥʘ ʬʫʥʢʮʠʿʘ 
(PACF) ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʝʜʦʚʘ AR ʠ MA ʜʝʣʦʚʘ ʤʦʜʝʣʘ, 

Á ʊʝʩʪʦʚʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ: DickeyïFuller ʠʣʠ KPSS ʪʝʩʪ ʩʝ ʢʦʨʠʩʪʝ ʨʘʜʠ ʬʦʨʤʘʣʥʝ 

ʧʨʦʚʝʨe ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ. 

ʅʘʢʦʥ ʰʪʦ ʩʫ ʨʝʜʦʚʠ p, d ʠ q ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ, ʩʣʝʜʠ ʝʩʪʠʤʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ. ʅʘʿʯʝʰ˂ʝ 

ʩʝ ʧʨʠʤʝˁʫʿʫ ʤʝʪʦʜʝ ʤʘʢʩʠʤʘʣʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠʣʠ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ. ʋ ʦʚʦʤ ʢʦʨʘʢʫ ʦʜʨʝʹʫʿʫ 

ʩʝ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ AR ʠ MA ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʿʠ ʥʘʿʙʦˀʝ ʦʧʠʩʫʿʫ ʟʘʚʠʩʥʦʩʪʠ ʫʥʫʪʘʨ 

ʩʝʨʠʿʝ. 

 

1) ʆʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʜʠʬʝʨʝʥʮʠʨʘˁʘ (d) 

ʇʨʚʠ ʢʦʨʘʢ ʫ ARIMA ʤʦʜʝʣʦʚʘˁʫ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʜʘ ʣʠ ʿʝ ʚʨʝʤʝʥʩʢʘ ʩʝʨʠʿʘ ʩʪʘʮʠʦʥʘʨʥʘ. ʋʢʦʣʠʢʦ 

ʥʠʿʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʫʢʣʦʥʠʣʠ ʪʨʝʥʜʦʚʠ ʠʣʠ ʩʝʟʦʥʘʣʥʝ 

ʢʦʤʧʦʥʝʥʪʝ. 

ʉʪʘʮʠʦʥʘʨʥʦʩʪ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʪʘʪʠʩʪʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʝʨʠʿʝ (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʚʘʨʠʿʘʥʩʘ, 

ʘʫʪʦʢʦʨʝʣʘʮʠʿʘ) ʦʩʪʘʿʫ ʢʦʥʩʪʘʥʪʥʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ɸʢʦ ʩʝʨʠʿʘ ʧʦʢʘʟʫʿʝ ʪʨʝʥʜ (ʥʧʨ. ʢʦʥʪʠʥʫʠʨʘʥʠ 

ʨʘʩʪ ʠʣʠ ʧʘʜ) ʠʣʠ ʩʝʟʦʥʘʣʥʦʩʪ, ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ. 

ʄʝʪʦʜʝ ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ: 

Á ADF ʪʝʩʪ (Augmented DickeyïFuller): ʅʫʣʪʘ ʭʠʧʦʪʝʟʘ (H) ʿʝ ʜʘ ʩʝʨʠʿʘ ʠʤʘ ʿʝʜʠʥʩʪʚʝʥʠ ʢʦʨʝʥ 

(ʜʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ). ɸʢʦ ʿʝ p< 0,05, ʦʜʙʘʮʫʿʝʤʦ H. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʩʝʨʠʿʘ ʩʪʘʮʠʦʥʘʨʥʘ, 

Á KPSS ʪʝʩʪ (KwiatkowskiïPhillipsïSchmidtïShin): ʆʚʜʝ ʿʝ ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ ʜʘ ʿʝ ʩʝʨʠʿʘ 

ʩʪʘʮʠʦʥʘʨʥʘ. ɸʢʦ ʿʝ p< 0,05, ʦʜʙʘʮʫʿʝʤʦ H. ʆʚʦ ʟʥʘʯʠ ʜʘ ʩʝʨʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ. 

ʇʨʘʢʪʠʯʘʥ ʧʦʩʪʫʧʘʢ: 

Á ɸʢʦ ʩʝʨʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ, ʧʨʠʤʝˁʫʿʝ ʩʝ ʧʨʚʠ ʩʪʝʧʝʥ ʜʠʬʝʨʝʥʮʠʨʘˁʘ, ʧʨʠʢʘʟʘʥ ʫ 

ʿʝʜʥʘʯʠʥʠ 18. 

ὢɳ ὢ ὢ  18 

Á ʋʢʦʣʠʢʦ ʥʠ ʥʘʢʦʥ ʪʦʛʘ ʩʝʨʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ, ʜʠʬʝʨʝʥʮʠʨʘ ʩʝ ʧʦʥʦʚʦ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ 19. 

ᶯὢ ὢɳ ὢɳ  19 

ʇʨʦʮʝʩ ʩʝ ʧʦʥʘʚˀʘ ʩʚʝ ʜʦʢ ʩʝʨʠʿʘ ʥʝ ʧʦʩʪʘʥʝ ʩʪʘʮʠʦʥʘʨʥʘ. ʊʠʧʠʯʥʦ, ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ d 

ʠʟʥʦʩʠ 0, 1 ʠʣʠ ʤʘʢʩʠʤʫʤ 2. ɺʠʰʠ ʩʪʝʧʝʥ ʜʠʬʝʨʝʥʮʠʨʘˁʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʨʝʢʦʤʧʣʠʢʦʚʘʥʦʛ 

ʤʦʜʝʣʘ ʠ ʛʫʙʠʪʢʘ ʚʘʞʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ. 

 

2) ʆʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʘʫʪʦʨʝʛʨʝʩʠʿʝ (p) ʠ ʧʦʢʨʝʪʥʦʛ ʧʨʦʩʝʢʘ (q) 

ʂʘʜʘ ʿʝ ʩʝʨʠʿʘ ʪʨʘʥʩʬʦʨʤʠʩʘʥʘ ʫ ʩʪʘʮʠʦʥʘʨʥʫ, ʩʣʝʜʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ p ʠ q. 

ʆʚʘʿ ʢʦʨʘʢ ʩʝ ʦʙʠʯʥʦ ʩʧʨʦʚʦʜʠ, ʪʫʤʘʯʝˁʝʤ ʛʨʘʬʠʢʘ ʩʝʨʠʿʝ ʧʦʜʘʪʘʢʘ ʠʢʦʨʠʰ˂ʝˁʝʤ: 
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Á ɸʫʪʦʢʦʨʝʣʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ (ACF) ï ʧʨʠʢʘʟʫʿʝ ʫʢʫʧʥʝ ʢʦʨʝʣʘʮʠʿʝ ʩʝʨʠʿʝ ʩʘ ˁʝʥʠʤ 

ʟʘʢʘʰˁʝʣʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (ʣʘʛʦʚʠʤʘ), 

Á ʇʘʨʮʠʿʘʣʥʝ ʘʫʪʦʢʦʨʝʣʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ (PACF) ïʧʦʢʘʟʫʿʝ ʯʠʩʪʝ ʢʦʨʝʣʘʮʠʿʝ ʩʚʘʢʦʛ 

ʧʦʿʝʜʠʥʘʯʥʦʛ ʣʘʛʘ, ʝʣʠʤʠʥʠʰʫ˂ʠ ʫʪʠʮʘʿ ʠʥʪʝʨʤʝʜʠʿʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ACF ʠ PACF ʬʫʥʢʮʠʿʘ ʤʦʛʫ ʩʝ ʬʦʨʤʫʣʠʩʘʪʠ ʧʨʘʚʠʣʘ ʟʘ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ARIMA  ʤʦʜʝʣʘ, ʢʦʿʘ ʩʫ ʧʨʠʢʘʟʘʥʘ ʫ ʊʘʙ.5. 

ʊʘʙ.5 ï ʆʩʥʦʚʥʘ ʧʨʘʚʠʣʘ ʟʘ ʠʟʙʦʨ ARIMA ʤʦʜʝʣʘ: 

ʆʙʨʘʟʘʮ ʉʫʛʝʩʪʠʿʘ ʟʘ ʤʦʜʝʣ 

PACF ʥʘʛʣʦ ʧʘʜʘ ʥʘʢʦʥ ʣʘʛʘ p, ACF ʦʧʘʜʘ ʧʦʩʪʝʧʝʥʦ AR(p) ʤʦʜʝʣ 

ACF ʥʘʛʣʦ ʧʘʜʘ ʥʘʢʦʥ ʣʘʛʘ q, PACF ʦʧʘʜʘ ʧʦʩʪʝʧʝʥʦ MA(q) ʤʦʜʝʣ 

ʀ ACF ʠ PACF ʦʧʘʜʘʿʫ ʧʦʩʪʝʧʝʥʦ ARMA(p,q) ʤʦʜʝʣ 

ɺʠʟʫʝʣʥʦʤ ʘʥʘʣʠʟʦʤ ʩʝ ʜʦʣʘʟʠ ʜʦ: 

Á ɹʨʦʿ ʟʥʘʯʘʿʥʠʭ ʣʘʛʦʚʘ ʥʘ ACF ʛʨʘʬʠʢʦʥʫ ʜʘʿʝ ʧʨʝʜʣʦʛ ʟʘ q 

Á ɹʨʦʿ ʟʥʘʯʘʿʥʠʭ ʣʘʛʦʚʘ ʥʘ PACF ʛʨʘʬʠʢʦʥʫ ʜʘʿʝ ʧʨʝʜʣʦʛ ʟʘ p 

 

3) ʆʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʘʫʪʦʨʝʛʨʝʩʠʿʝ (p) ʠ ʧʦʢʨʝʪʥʦʛ ʧʨʦʩʝʢʘ (q) 

ʅʘʢʦʥ ʰʪʦ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ (p, d, q), ʙʠʨʘ ʩʝ ʥʘʿʙʦˀʠ 

ʤʦʜʝʣ ʢʦʨʠʩʪʝ˂ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʢʨʠʪʝʨʠʿʫʤʝ ʢʘʦ ʰʪʦ ʩʫ: 

Á ɸʢʘʠʢʝʦʚ ʠʥʬʦʨʤʘʮʠʦʥʠ ʢʨʠʪʝʨʠʿʫʤ (AIC): 

ɸʢʘʠʢʝʦʚ ʠʥʬʦʨʤʘʮʠʦʥʠ ʢʨʠʪʝʨʠʿʫʤ ʢʘʞˁʘʚʘ ʤʦʜʝʣʝ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʧʘʨʘʤʝʪʘʨʘ. ʐʪʦ ʿʝ ʥʠʞʘ 

ʚʨʝʜʥʦʩʪ AIC, ʪʦ ʿʝ ʤʦʜʝʣ ʙʦʠˀ. ʌʦʨʤʫʣʘ ʟʘ ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠʢʘʟʘʥʘ ʿʝ ʢʨʦʟ ʿʝʜʥʘʯʠʥʫ 20. 

 

ὃὍὅςὯ ςÌÎὒ 20 

ʛʜʝ ʩʫ: 

k ï ʙʨʦʿ ʧʨʦʮʝˁʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, 

L ï ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʣʦʛïʚʝʨʦʚʘʪʥʦ˂ʝ ʤʦʜʝʣʘ, 

ʋ ʧʨʘʢʩʠ ʩʝ ʪʝʩʪʠʨʘ ʚʠʰʝ ʢʦʤʙʠʥʘʮʠʿʘ (p, d, q) ʠ ʙʠʨʘ ʩʝ ʤʦʜʝʣ ʩʘ ʩʘ ʥʘʿʥʠʞʦʤ AIC (ʠʣʠ BIC) 

ʚʨʝʜʥʦʰ˂ʫ. 

Á ɹʘʿʝʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʠ ʢʨʠʪʝʨʠʿʫʤ (BIC) 

ɱʦʰ ʩʪʨʦʞʝ ʢʘʞˁʘʚʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʤʦʜʝʣʘ ʫ ʦʜʥʦʩʫ ʥʘ AIC. ʅʠʞʘ ʚʨʝʜʥʦʩʪ BIC ʟʥʘʯʠ ʙʦˀʠ 

ʤʦʜʝʣ [47]. 

ʋ ʤʦʜʝʨʥʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʦʢʨʫʞʝˁʠʤʘ, ʢʘʦ ʰʪʦ je Python (ʙʠʙʣʠʦʪʝʢʝ statsmodels, pmdARIMA ) 

ʝʩʪʠʤʘʮʠʿʘ ʩʝ ʠʟʚʨʰʘʚʘ ʘʫʪʦʤʘʪʩʢʠ, ʘʣʠ ʠʟʙʦʨ ʜʦʙʨʦʛ ʤʦʜʝʣʘ ʫʚʝʢ ʟʘʭʪʝʚʘ ʘʥʘʣʠʪʠʯʢʦ 

ʨʘʟʤʠʰˀʘˁʝ ʠ ʧʨʦʚʝʨʫ ʩʪʘʪʠʩʪʠʯʢʝ ʦʧʨʘʚʜʘʥʦʩʪʠ. 

ʅʘʢʦʥ ʝʩʪʠʤʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʚʨʰʠ ʩʝ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʤʦʜʝʣ 

ʜʦʙʨʦ ʦʧʠʩʫʿʝ ʧʦʜʘʪʢʝ. ʋ ʦʚʦʿ ʬʘʟʠ ʠʩʧʠʪʫʿʝ ʩʝ ʜʘ ʣʠ ʩʫ ʨʝʟʠʜʫʘʣʠ ʤʦʜʝʣʘ (ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 
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ʧʨʝʜʚʠʹʝʥʠʭ ʠ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ) ʥʝʥʘʩʫʤʠʯʥʠ, ʙʝʟ ʘʫʪʦʢʦʨʝʣʘʮʠʿʝ ʠ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ. 

ɺʘʣʠʜaʮʠʿʘ ʤʦʜʝʣʘ ʦʙʫʭʚʘʪʘ ʧʨʠʤʝʥʫ ʚʠʰʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʭ ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ ʨʝʟʠʜʫʘʣʘ ʠ 

ʧʨʦʮʝʥʫ ʪʘʯʥʦʩʪʠ, ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʥʘʩʪʘʚʢʫ: 

Á ʊʝʩʪʦʚʠ ʨʝʟʠʜʫʘʣʘ ï ɲʫʥʛ-ɹʦʢʩ ʪʝʩʪ ʠ ACF ʘʥʘʣʠʟʘ ʨʝʟʠʜʫʘʣʘ ʦʪʢʨʠʚʘʿʫ ʧʦʩʪʦʿʘˁʝ 

ʧʨʝʦʩʪʘʣʝ ʘʫʪʦʢʦʨʝʣʘʮʠʿʝ. 

Á ɻʨʘʬʠʯʢʘ ʘʥʘʣʠʟʘ ï QïQ ʛʨʘʬʠʢʦʥ ʠ ʛʨʘʬʠʢʦʥ ʨʝʟʠʜʫʘʣʘ ʧʦʤʘʞʫ ʫ ʧʨʦʮʝʥʠ ʥʦʨʤʘʣʥʦʩʪʠ. 

Á ɽʚʘʣʫʘʮʠʦʥʝ ʤʝʪʨʠʢʝ ï RMSE (Root Mean Square Error), MAE (Mean Absolute Error), MAPE 

(Mean Absolute Percentage Error) ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʪʘʯʥʦʩʪʠ ʥʘ ʪʝʩʪ ʩʢʫʧʫ. 

 

ʇʨʝʜʚʠʹʘˁʝ ʿʝ ʧʦʩʣʝʜˁʠ ʢʦʨʘʢ ʟʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʤʦʜʝʣ. ʂʘʜʘ ʤʦʜʝʣ ʟʘʜʦʚʦˀʘʚʘ ʩʚʝ 

ʢʨʠʪʝʨʠʿʫʤʝ, ʧʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʢʨʘʪʢʦʨʦʯʥʦ ʠʣʠ ʜʫʛʦʨʦʯʥʦ ʧʨʝʜʚʠʹʘˁʝ ʙʫʜʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ. 

ARIMA ʤʦʜʝʣʠ ʩʫ ʥʘʨʦʯʠʪʦ ʝʬʠʢʘʩʥʠ ʫ ʢʨʘʪʢʦʨʦʯʥʠʤ ʧʨʦʛʥʦʟʘʤʘ ʢʘʜʘ ʿʝ ʜʠʥʘʤʠʢʘ ʩʝʨʠʿʝ 

ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʥʘ ʠ ʙʝʟ ʜʨʘʩʪʠʯʥʠʭ ʝʢʩʪʝʨʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

ɸʢʦ ʩʝʨʠʿʘ ʧʦʢʘʟʫʿʝ ʩʝʟʦʥʘʣʥʦʩʪ, ʧʨʠʤʝˁʫʿʝ ʩʝ SARIMA ʤʦʜʝʣ (Seasonal ARIMA), ʢʦʿʠ ʫʢˀʫʯʫʿʝ 

ʜʦʜʘʪʥʝ ʩʝʟʦʥʩʢʝ ʧʘʨʘʤʝʪʨʝ (P,D,Q,s). ʌʦʨʤʫʣʘ SARIMA ʤʦʜʝʣʘ ʧʨʠʢʘʟʘʥ ʿʝ ʿʝʜʥʘʯʠʥʦʤ 21. ɿʘ 

ʢʦʤʧʣʝʢʩʥʠʿʝ ʩʠʩʪʝʤʝ ʢʦʨʠʩʪʝ ʩʝ: 

Á ARIMA X ï ʢʦʿʠ ʫʚʦʜʠ ʝʛʟʦʛʝʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʤʦʜʝʣ, 

Á VAR ï ʟʘ ʤʫʣʪʠʚʘʨʠʿʘʥʪʥʝ ʩʝʨʠʿʝ, 

Á ʍʠʙʨʠʜʥʠ ʤʦʜʝʣʠ ï ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ANN, ʬʘʟʠ ʣʦʛʠʢʦʤ ʠʣʠ ʜʨʫʛʠʤ ʪʝʭʥʠʢʘʤʘ ʨʘʜʠ 

ʧʦʙʦˀʰʘˁʘ ʧʨʝʜʠʢʪʠʚʥʝ ʩʥʘʛʝ. 

 

ρ ‰ὒ ρ ɮὒ ρ ὒ ρ ὒ ὣ ρ —ὒ ρ ɡὒ ‐ȟ 21 

 

ʛʜʝ ʿʝ: 

‰ ï ʥʝʩʝʟʦʥʩʢʠ ɸʈ ʧʘʨʘʤʝʪʘʨ; 

ɮ  ï ʩʝʟʦʥʩʢʠ ɸʈ ʧʘʨʘʤʝʪʘʨ; 

— ï ʥʝʩʝʟʦʥʩʢʠ ʄɸ ʧʘʨʘʤʝʪʘʨ; 

ɡ ï ʩʝʟʦʥʩʢʠ ʄɸ ʧʘʨʘʤʝʪʘʨ; 

ὒ ï ʦʧʝʨʘʪʦʨ ʢʘʰˁʝˁʘ, ʪʘʢʦ ʜʘ ʚʘʞʠ ὒὣ ὣ ; 

d, D ï ʨʝʜ ʜʠʬʝʨʝʥʮʠʨʘˁʘ ʠ ʩʝʟʦʥʩʢʦʛ ʜʠʬʝʨʝʥʮʠʨʘˁʘ. 

6.4. ʆʛʨʘʥʠʯʝˁʘ ARIMA ʤʦʜʝʣʘ 

ʀʘʢʦ ARIMA ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʥʘʞʘʥ ʩʪʘʪʠʩʪʠʯʢʠ ʘʣʘʪ ʟʘ ʘʥʘʣʠʟʫ ʠ ʧʨʝʜʚʠʹʘˁʝ 

ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ, ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʥʠʿʝ ʙʝʟ ʦʛʨʘʥʠʯʝˁʘ. ʋʧʨʢʦʩ ʚʝʣʠʢʦʿ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʫ 

ʦʙʨʘʜʠ ʣʠʥʝʘʨʥʠʭ ʠ ʩʪʘʮʠʦʥʘʨʥʠʭ ʧʨʦʮʝʩʘ, ʧʦʩʪʦʿʝ ʩʠʪʫʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʦʚʠ ʤʦʜʝʣʠ ʥʠʩʫ 
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ʜʦʚʦˀʥʦ ʝʬʠʢʘʩʥʠ ʠʣʠ ʫʦʧʰʪʝ ʥʠʩʫ ʧʨʠʤʝʥˀʠʚʠ. ʆʛʨʘʥʠʯʝˁʘ ARIMA ʤʦʜʝʣʘ ʧʨʠʢʘʟʘʥʘ ʩʫ ʥʘ 

ʉʣ.23. 

 

ʉʣ.23 ï ʆʛʨʘʥʠʯʝʥʿʘ ARIMA ʤʦʜʝʣʘ 

ʆʩʥʦʚʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ARIMA ʤʦʜʝʣʘ ʿʝ ʣʠʥʝʘʨʥʦʩʪ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʪʨʝʥʫʪʥʘ ʚʨʝʜʥʦʩʪ ʩʝʨʠʿʝ 

ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʢʘʦ ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʦʰʣʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʧʨʦʰʣʠʭ ʛʨʝʰʘʢʘ. ʆʚʦ ʟʥʘʯʠ ʜʘ 

ʤʦʜʝʣ ʥʝ ʤʦʞʝ ʘʜʝʢʚʘʪʥʦ ʜʘ ʦʙʫʭʚʘʪʠ ʥʝʣʠʥʝʘʨʥʝ ʦʙʨʘʩʮʝ ʠʣʠ ʩʣʦʞʝʥʝ ʜʠʥʘʤʠʢʝ ʢʦʿʝ ʫʢˀʫʯʫʿʫ 

ʧʨʦʤʝʥʫ ʫ ʟʘʚʠʩʥʦʩʪʠʤʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ʋ ʩʠʩʪʝʤʠʤʘ ʛʜʝ ʩʫ ʧʦʿʘʚʝ ʢʦʥʪʝʢʩʪʫʘʣʥʝ ʠʣʠ ʫʩʣʦʚˀʝʥʝ 

ʢʦʤʧʣʝʢʩʥʠʤ ʩʧʦˀʘʰˁʠʤ ʬʘʢʪʦʨʠʤʘ (ʥʧʨ. ʜʠʥʘʤʠʢʘ ʮʝʥʘ ʫ ʫʩʣʦʚʠʤʘ ʢʨʠʟʝ), ARIMA ʤʦʜʝʣ 

ʤʦʞʝ ʙʠʪʠ ʥʝʜʦʚʦˀʘʥ. 

ARIMA ʤʦʜʝʣʠ ʟʘʭʪʝʚʘʿʫ ʜʘ ʩʝʨʠʿʘ ʙʫʜʝ ʩʪʘʮʠʦʥʘʨʥʘ, ʦʜʥʦʩʥʦ ʜʘ ʠʤʘ ʢʦʥʩʪʘʥʪʥʫ ʩʨʝʜˁʫ 

ʚʨʝʜʥʦʩʪ, ʚʘʨʠʿʘʥʩʫ ʠ ʢʦʚʘʨʠʿʘʥʩʫ ʫ ʚʨʝʤʝʥʫ. ʀʘʢʦ ʩʝ ʦʚʘʿ ʫʩʣʦʚ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ 

ʠʣʠ ʜʠʬʝʨʝʥʮʠʨʘˁʝʤ ʩʝʨʠʿʝ, ʧʦʩʪʦʿʝ ʩʠʪʫʘʮʠʿʝ ʛʜʝ ʩʝʨʠʿʘ ʦʩʪʘʿʝ ʥʝʩʪʘʙʠʣʥʘ ʠʣʠ ʛʜʝ ʩʝ ʪʨʝʥʜʦʚʠ 

ʠ ʩʝʟʦʥʘʣʥʦʩʪʠ ʤʝˁʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʧʦˀʥʠʭ ʦʢʦʣʥʦʩʪʠ. ʋ ʪʘʢʚʠʤ ʫʩʣʦʚʠʤʘ, ARIMA ʤʦʜʝʣʠ 

ʤʦʛʫ ʜʘ ʠʟʛʫʙʝ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʜʘʿʫ ʚʘʣʠʜʥʝ ʧʨʦʛʥʦʟʝ. 

ʂʣʘʩʠʯʘʥ ARIMA ʤʦʜʝʣ ʿʝ ʫʥʠʚʘʨʠʿʘʥʪʘʥ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʘʤʦ ʿʝʜʥʫ ʚʨʝʤʝʥʩʢʫ 

ʩʝʨʠʿʫ ʠ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʧʨʦʛʥʦʟʫ ʧʦʩʪʦʿʝ ʫʥʫʪʘʨ ʪʝ ʩʝʨʠʿʝ. 

ʄʝʹʫʪʠʤ, ʫ ʧʨʘʢʩʠ, ʧʦʩʝʙʥʦ ʫ ʝʥʝʨʛʝʪʠʮʠ, ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ ʯʝʩʪʦ ʟʘʚʠʩʝ ʦʜ ʝʢʟʦʛʝʥʠʭ 

ʬʘʢʪʦʨʘ (ʥʧʨ. ʪʝʤʧʝʨʘʪʫʨʘ, ʠʥʜʫʩʪʨʠʿʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʨʝʛʫʣʘʪʦʨʥʘ ʠʥʪʝʨʚʝʥʮʠʿʘ), ʰʪʦ ARIMA 

ʤʦʜʝʣ ʫ ʦʩʥʦʚʥʦʿ ʚʝʨʟʠʿʠ ʥʝ ʧʦʜʨʞʘʚʘ. ɿʘ ʪʘʢʘʚ ʪʠʧ ʧʨʦʙʣʝʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ARIMAX 

ʤʦʜʝʣ ʠʣʠ ʧʨʝʣʘʟʘʢ ʥʘ ʤʫʣʪʠʚʘʨʠʿʘʥʪʥʝ ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʩʫ VAR ʤʦʜʝʣʠ. 

ʋ ʨʝʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ, ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʣʠ 

ʧʦʪʨʦʰʘʯʢʝ ʥʘʚʠʢʝ, ʯʝʩʪʦ ʜʦʣʘʟʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʝʢʠʜʘ (structural breaks) ʠʣʠ ʨʝʛʫʣʘʪʦʨʥʠʭ 

ʠʟʤʝʥʘ. ARIMA ʤʦʜʝʣʠ ʥʠʩʫ ʧʦʛʦʜʥʠ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠʣʠ ʘʜʘʧʪʘʮʠʿʫ ʥʘ ʪʘʢʚʝ ʧʨʦʤʝʥʝ ʙʝʟ 

ʝʢʩʧʣʠʮʠʪʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʠʣʠ ʧʦʜʝʣʝ ʩʝʨʠʿʝ ʥʘ ʧʦʜʠʥʪʝʨʚʘʣʝ. 

ʀʘʢʦ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ARIMA ʤʦʜʝʣ ʥʘ ʩʝʟʦʥʩʢʝ ʩʝʨʠʿʝ, ʦʚʘ ʩʧʦʩʦʙʥʦʩʪ ʧʦʩʪʘʿʝ ʦʛʨʘʥʠʯʝʥʘ 

ʙʝʟ ʫʚʦʹʝˁʘ ʜʦʜʘʪʥʠʭ ʩʝʟʦʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɿʘ ʪʘʢʚʝ ʩʣʫʯʘʿʝʚʝ ʨʘʟʚʠʿʝʥ ʿʝ SARIMA ʤʦʜʝʣ ʢʦʿʠ 

ʦʤʦʛʫ˂ʘʚʘ ʦʙʨʘʜʫ ʩʝʟʦʥʩʢʠʭ ʦʙʨʘʟʘʮʘ, ʘʣʠ ʪʦ ʚʠʰʝ ʥʝ ʩʧʘʜʘ ʫ ʦʩʥʦʚʥʠ ARIMA ʦʢʚʠʨ. 
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6.5. ʇʨʠʤʝʥʝ ARIMA ʤʦʜʝʣʘ ʫ ʝʥʝʨʛʝʪʠʮʠ 

ARIMA ʤʦʜʝʣʠ ʥʘʣʘʟʝ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʘʥʘʣʠʟʠ ʠ ʧʨʝʜʚʠʹʘˁʫ ʧʦʜʘʪʘʢʘ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʩʝʢʪʦʨʠʤʘ, ʘ ʧʦʩʝʙʥʦ ʩʝ ʠʩʪʠʯʫ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʩʝʢʪʦʨʫ ʟʙʦʛ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʤʦʜʝʣʫʿʫ 

ʩʣʦʞʝʥʝ ʜʠʥʘʤʠʢʝ ʧʦʪʨʦʰˁʝ, ʧʨʦʠʟʚʦʜˁʝ ʠ ʮʝʥʘ ʝʥʝʨʛʠʿʝ. ʋ ʥʘʩʪʘʚʢʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ 

ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʧʨʠʤʝʥʝ ARIMA ʤʦʜʝʣʘ ʫ ʦʢʚʠʨʫ ʝʥʝʨʛʝʪʠʢʝ: 

ɱʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʧʨʠʤʝʥʘ ARIMA ʤʦʜʝʣʘ ʿʝ ʢʨʘʪʢʦʨʦʯʥʦ ʠ ʩʨʝʜˁʝʨʦʯʥʦ ʧʨʝʜʚʠʹʘˁʝ 

ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʨʝʮʠʟʥʘ ʧʨʦʛʥʦʟʘ ʦʧʪʝʨʝ˂ʝˁʘ ʦʤʦʛʫ˂ʘʚʘ ʦʧʝʨʘʪʝʨʠʤʘ ʩʠʩʪʝʤʘ 

ʜʘ ʙʦˀʝ ʧʣʘʥʠʨʘʿʫ ʧʨʦʠʟʚʦʜˁʫ, ʦʧʪʠʤʠʟʫʿʫ ʨʘʜ ʝʣʝʢʪʨʘʥʘ ʠ ʩʤʘˁʝ ʪʨʦʰʢʦʚʝ ʙʘʣʘʥʩʠʨʘˁʘ. 

ARIMA ʤʦʜʝʣʠ ʩʫ ʧʦʩʝʙʥʦ ʝʬʠʢʘʩʥʠ ʫ ʩʪʘʙʠʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʛʜʝ ʩʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ 

ʢʘʨʘʢʪʝʨʠʰʫ ʿʘʩʥʠʤ ʦʙʨʘʩʮʠʤʘ ʙʝʟ ʟʥʘʯʘʿʥʠʭ ʩʧʦˀʘʰˁʠʭ ʧʦʨʝʤʝ˂ʘʿʘ [49]. 

ʋ ʣʠʙʝʨʘʣʠʟʦʚʘʥʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʪʨʞʠʰʪʠʤʘ, ARIMA ʤʦʜʝʣʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʢʨʝʪʘˁʘ 

ʮʝʥʘ ʥʘ ʜʘʥ ʫʥʘʧʨʝʜ. ʆʚʠ ʤʦʜʝʣʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʪʨʛʦʚʮʠʤʘ ʠ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʜʘ ʫʥʘʧʨʝʜ ʨʝʘʛʫʿʫ ʥʘ 

ʮʝʥʦʚʥʝ ʬʣʫʢʪʫʘʮʠʿʝ, ʩʤʘˁʝ ʨʠʟʠʢʝ ʠ ʧʦʚʝ˂ʘʿʫ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪ [50]. 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʦʣʘʨʥʠʭ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ, ARIMA ʤʦʜʝʣʠ ʤʦʛʫ ʩʝ 

ʧʨʠʤʝʥʠʪʠ ʟʘ ʢʨʘʪʢʦʨʦʯʥʦ ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʙʘʟʠʨʘʥʝ ʥʘ ʠʩʪʦʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ, ʧʦʩʝʙʥʦ 

ʢʘʜʘ ʥʝʤʘ ʜʦʩʪʫʧʥʠʭ ʝʢʩʪʝʨʥʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʀʘʢʦ ʥʠʩʫ ʠʜʝʘʣʥʠ ʟʘ ʚʠʩʦʢʦ 

ʚʘʨʠʿʘʙʠʣʥʝ ʠʟʚʦʨʝ, ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʜʝʦ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ [51]. 

ʆʧʝʨʘʪʝʨʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʝ ARIMA ʤʦʜʝʣʝ ʟʘ ʧʨʘ˂ʝˁʝ ʠ ʘʥʘʣʠʟʫ ʧʦʪʨʦʰˁʝ ʧʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʠʤ ʩʪʘʥʠʮʘʤʘ, ʫʣʠʮʘʤʘ ʠʣʠ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʟʦʥʘʤʘ, ʢʘʢʦ ʙʠ ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ 

ʘʙʥʦʨʤʘʣʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʛʫʙʠʪʢʝ ʫ ʤʨʝʞʠ [52]. 
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7. ʋʧʦʪʨʝʙʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ 
 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ANN ʠ ANFIS ʤʝʪʦʜʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ANN 

ʤʦʜʝʣ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ, ʜʦʢ ʩʝ ANFIS ʤʦʜʝʣ ʧʨʠʤʝˁʫʿʝ 

ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʪʝʨʤʦ- ʠ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ, ʢʘʦ ʠ ʝʤʠʩʠʿʝ ʉʆ2. 

ʊʘʯʥʦʩʪ ʦʚʠʭ ʤʦʜʝʣʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʢʦʣʝʢʪʠʚʥʦʤ ʠʩʢʫʩʪʚʫ ʝʢʩʧʝʨʘʪʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʧʣʘʥʠʨʘˁʝʤ 

ɽɽʉ-ʘ, ʢʘʦ ʠ ʥʘ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʿʝʜʥʦʯʘʩʦʚʥʘ ʤʝʨʝˁʘ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʫ ʉʨʙʠʿʠ. ʆʚʠ 

ʧʦʜʘʮʠ ʩʘʜʨʞʝ ʩʘʪʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ, 

ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ, ʠ ʨʝʣʝʚʘʥʪʥʠʭ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ, ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʠ ʩʦʣʘʨʥʘ ʨʘʜʠʿʘʮʠʿʘ. 

ʂʘʢʦ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʜʣʦʞʝʥʦʛ ANN ʤʦʜʝʣʘ, ˁʝʛʦʚʝ ʧʨʝʜʠʢʮʠʿʝ ʩʝ ʧʦʨʝʜʝ ʩʘ 

ʧʨʝʜʠʢʮʠʿʘʤʘ ʜʦʙʠʿʝʥʠʤ ʧʨʠʤʝʥʦʤ ARIMA ʤʝʪʦʜʝ. ʈʘʟʚʠʿʝʥʠ ʧʨʝʜʠʢʪʠʚʥʠ ʤʦʜʝʣʠ ʩʝ ʢʦʨʠʩʪʝ 

ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʜʚʠʜʝʣʘ ʛʦʜʠʰˁʘ ʠ ʜʥʝʚʥʘ ʧʦʪʨʦʰˁʘ, ʩʝʟʦʥʩʢʘ ʚʘʨʠʨʘˁʘ ʫ ʭʠʜʨʦ ʠ ʪʝʨʤʦ 

ʧʨʦʠʟʚʦʜˁʠ ʠ ʛʦʜʠʰˁʘ ʝʤʠʩʠʿʘ ʉʆ2. ɿʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʦʜ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʿʝ ʚʠʟʫʝʣʥʦ ʧʨʠʢʘʟʘʥʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʦʤ ʤʦʜʝʣʫ.  

ʊʘʯʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ ANN ʤʦʜʝʣʘ ʿʝ ʧʨʦʮʝˁʝʥʘ ʛʨʘʬʠʯʢʠ ʠ ʥʫʤʝʨʠʯʢʠ, ʢʦʨʠʩʪʝ˂ʠ ʯʝʪʠʨʠ 

ʨʘʟʣʠʯʠʪʘ ʪʠʧʘ ʛʨʝʰʘʢʘ. ʋʧʦʪʨʝʙʘ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʫʚʠʜʘ ʝʢʩʧʝʨʘʪʘ ʢʦʿʠ ʩʫ ʨʘʜʠʣʠ ʥʘ 

ʧʣʘʥʠʨʘˁʫ ʧʨʦʠʟʚʦʜˁʝ ʦʤʦʛʫ˂ʘʚʘ ʦʚʠʤ ʤʦʜʝʣʠʤʘ ʜʘ ʩʤʘʝˁ ʛʨʝʰʢʝ ʙʫʜʫ˂ʠʭ ʧʨʝʜʚʠʹʘˁʘ. ʆʚʘ ʿ

ʧʨʠʩʪʫʧ ʤʠʥʠʤʠʟʫʿʝ ʛʨʝʰʢʫ ʢʦʿʘ ʤʦʞʝ ʜʦ˂ʠ ʫʩʣʝʜ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ, ʤʘʢʩʠʤʠʟʫʿʝ ʟʥʘˁʝ ʢʦʿʝ 

ʜʦʣʘʟʠ ʠʟ ˀʫʜʩʢʦʛ ʠʩʢʫʩʪʚʘ ʠ ʫʩʧʦʩʪʘʚˀʘ ʧʨʠʥʮʠʧʝ ʧʣʘʥʠʨʘˁʘ ʚʝʣʠʢʠʭ ɽɽʉïʘ. 

ʎʠˀ ʧʨʦʨʘʯʫʥʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʫʩʧʦʩʪʘʚˀʘˁʝ ʩʚʝʦʙʫʭʚʘʪʥʦʛ ʦʢʚʠʨʘ ʟʘ 

ʦʨʛʘʥʠʟʘʮʠʿʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʧʣʘʥʠʨʘˁʫ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʧʦʪʨʦʰˁʝ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʦʮʝˁʫʿʝ ʩʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʘˁʘ ʢʘʢʦ ʙʠ 

ʩʝ ʠʩʢʦʨʠʩʪʠʣʝ ʿʝʜʠʥʩʪʚʝʥʝ ʧʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʧʨʠʥʮʠʧʘ. ʉʪʦʛʘ ʿʝ ʨʘʟʚʠʿʝʥ ANN ʤʦʜʝʣ ʟʘ 

ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʧʨʦʰʣʦʩʪʠ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ 

ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ʠʟ ANN ʠ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʨʘʟʚʠʿʝʥ ʿʝ ANFIS ʤʦʜʝʣ ʢʦʿʠ ˂ʝ 

ʧʨʝʜʚʠʜʝʪʠ ʧʨʦʠʟʚʦʜˁʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʠ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ, ʢʘʦ ʠ ʝʤʠʩʠʿʫ ʉʆ2. ʇʨʝʜʚʠʹʘˁʘ 

ʧʦʪʨʦʰˁʝ ʠʟ ARIMA ʠ ANN ʤʦʜʝʣʘ ʩʫ ʫʢˀʫʯʝʥʘ ʫ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ANFIS ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˁʘ 

ʝʤʠʩʠʿʝ ʉʆ2, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʢʦʿʘ ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ʜʘʿʫ ʤʘˁʫ ʛʨʝʰʢʫ. 

ʇʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣʠ ʩʫ ʪʨʝʥʠʨʘʥʠ ʥʘ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʤʝʨʝˁʘ ʧʦʪʨʦʰˁʝ, 

ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʠʟ ɽɽʉïʘ ʉʨʙʠʿʝ ʢʘʦ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ 

ˁʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʙʨʟʠʥʘ ʚʝʪʨʘ, ʩʦʣʘʨʥʘ ʨʘʜʠʿʘʮʠʿʘ), ʜʦʙʘ ʛʦʜʠʥʝ, ʧʝʨʠʦʜ ʜʘʥʘ ʠ ʩʘʪ.  

ʂʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʦʚʘʣʘ ʛʨʝʰʢʘ ʧʨʝʜʠʢʮʠʿʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʜʘʙʨʘʪʠ ʘʜʝʢʚʘʪʥʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ 

ʢʦʿʠ ʫ ʩʝʙʠ ʥʦʩʝ ʥʝʦʧʭʦʜʥʝ ʠʥʬʦʨʤʘʮʠʿʝ. ʋ ʦʚʦʤ ʧʨʦʮʝʩʫ, ʧʦʜʘʮʠ ʢʦʿʠ ʥʠʩʫ ʙʠʣʠ ʢʦʨʠʩʥʠ ʠʣʠ ʩʫ 

ʙʠʣʠ ʥʝʧʦʪʧʫʥʠ ʠʣʠ ʥʝʪʘʯʥʠ ʩʫ ʝʣʠʤʠʥʠʩʘʥʠ ʠʟ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʢʘʢʦ ʥʝ ʙʠ ʠʤʘʣʠ ʥʝʛʘʪʠʚʘʥ 

ʫʪʠʮʘʿ ʥʘ ʪʘʯʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ.  

ɼʘ ʙʠ ʩʝ ʦʣʘʢʰʘʣʦ ʧʦʨʝʹʝˁʝ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʤʦʜʝʣʠʤʘ ʧʨʦʛʥʦʟʠʨʘˁʘ ʠ ʠʩʪʘʢʣʝ ʧʨʝʜʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʠʭ ʤʦʜʝʣʘ, ʧʨʝʜʚʠʹʘˁʘ ʠʟ ANNïʘ ʩʫ ʫʧʦʨʝʹʝʥʘ ʩʘ ʧʨʝʜʚʠʹʘˁʠʤʘ ʠʟ ARIMA ʤʦʜʝʣʘ.  
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ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʨʝʜʠʢʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʛʨʘʬʠʯʢʠ ʠ ʥʫʤʝʨʠʯʢʠ ʧʨʝʢʦ ʛʨʝʰʘʢʘ ʢʦʿʝ 

ʜʝʬʠʥʠʰʫ ʦʜʩʪʫʧʘˁʝ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʜ ʧʨʝʜʚʠʹʘʥʠʭ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ 

ʟʘʚʠʩʥʦʩʪ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ.  

ʇʦʛʣʘʚˀʝ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʋ ʧʦʪʧʦʛʣʘʚˀʫ 7.1 ʦʧʠʩʘʥ ʿʝ ANN ʤʦʜʝʣ ʠ 

ʧʨʠʢʘʟʘʥʦ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʝ ʧʦʨʝʜʝ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ ARIMA 

ʤʦʜʝʣʘ. ʋʧʦʪʨʝʙʦʤ ʨʝʟʫʣʪʘʪʘ ʠʟ ʧʦʛʣʘʚˀʘ 7.1 ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ ʠʟ ANNïʘ, ʫ 

ʧʦʪʧʦʛʣʘʚˀʫ 7.2 ʨʘʟʚʠʿʝʥ ʿʝ ANFIS ʤʦʜʝʣ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ 

ʠ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ. ʆʚʜʝ ʩʫ ʪʘʢʦʹʝ ʧʨʠʢʘʟʘʥʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ 

ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ʋ ʧʦʪʧʦʛʣʘʚˀʫ 7.3, ʛʦʜʠʰˁʘ ʧʨʝʜʠʢʮʠʿʘ ʝʤʠʩʠʿʝ 

ʉʆ2 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʠ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʧʨʠʤʝʥʦʤ ANN ʠ ANFIS 

ʤʦʜʝʣʘ. ʋ ʧʦʪʧʦʛʣʘʚˀʫ 7.4 ʿʝ ʧʨʠʢʘʟʘʥ ʟʘʢˀʫʯʘʢ ʦʚʦʛ ʧʦʛʣʘʚˀʘ. 

ʇʨʠʤʘʨʥʘ ʧʨʝʜʥʦʩʪ ʦʚʘʢʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʝ ʢʦʤʙʠʥʦʚʘˁʝ ANN ʠ ANFIS ʤʦʜʝʣʘ. ʆʚʘʢʚʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʤʠʥʠʤʠʟʫʿʝ ʤʘʥʝ ʩʚʘʢʝ ʤʝʪʦʜʝ ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʠʩʢʦʨʠʰ˂ʘʚʘ ˁʠʭʦʚʝ ʧʨʝʜʥʦʩʪʠ. 

7.1. ʌʦʨʤʠʨʘˁʝ ANN ʤʦʜʝʣʘ 

ʇʨʠ ʧʨʦʨʘʯʫʥʫ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʙʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʠʪʠ ʤʝʪʦʜ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝʥʫ 

ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʙʝʟ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʝ ʧʨʝʥʦʩʥʝ ʬʫʥʢʮʠʿʝ 

ʩʘʤʦʛ ʩʠʩʪʝʤʘ [53]. 

ʇʨʠʤʝˁʝʥʘ ʿʝ Feed Forward ANN ʟʘ ʥʘʜʛʣʝʜʘʥʦ ʄʋ ʛʜʝ ʩʫ ʫʣʘʟʠ x ʠ ʠʟʣʘʟʠ y ʚʝ˂ ʧʦʟʥʘʪʠ, ʘ ʚʝʟʝ 

ʠʟʤʝʹʫ ˁʠʭ ʫʩʧʦʩʪʘʚˀʘ ʤʦʜʝʣ. ʂʘʢʦ ʙʠ ʩʝ ʩʘʤ ANN ʤʦʜʝʣ ʬʦʨʤʠʨʘʦ, ʫʯʠ ʩʝ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ 

ʤʝʨʥʠʭ ʧʦʜʘʪʘʢʘ. ʐʪʦ ʿʝ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʜʦʩʪʫʧʥʦ, ʪʦ ˂ʝ ʪʘʯʥʠʿʝ ʙʠʪʠ ʧʨʝʜʠʢʮʠʿʝ [54]. 

ʅʘ ʩʣʠʮʠ ʉʣ.24 ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʘʪʝʤʘʪʠʯʢʘ ʧʨʝʜʩʪʘʚʘ ANN-ʘ ʢʦʿʠ ʿʝ ʦʙʫʯʘʚʘʥ ʨʘʜʠ ʬʦʨʤʠʨʘˁʘ 

ʧʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ. ʅʘ ʦʩʥʦʚʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʥʘ ʩʣʠʮʠ 

ʦʙʝʣʝʞʝʥʠ ʢʘʦ ʫʣʘʟʠ, ʤʨʝʞʘ ʩʝ ʪʨʝʥʠʨʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʰʪʦ ʪʘʯʥʠʿʝ ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʘ.  

 
ʉʣ.24 ï ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ANNïʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʦʙʫʭʚʘʪʘʿʫ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ 

ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ, ʢʘʦ ʠ ʧʦʪʨʦʰˁʫ ʠʟʤʝʨʝʥʫ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ ʉʨʙʠʿʝ. 
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ʇʨʦʠʟʚʦʜˁʘ ʿʝ ʛʨʫʧʠʩʘʥʘ ʧʨʝʤʘ ʪʠʧʦʚʠʤʘ ʠʟʚʦʨʘ (ʪʝʨʤʦ, ʭʠʜʨʦ ʠ ʚʝʪʨʦ), ʜʦʢ ʩʫ, ʧʦʨʝʜ ʦʚʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʫ ʤʦʜʝʣ ʫʢˀʫʯʝʥʠ ʠ ʨʝʣʝʚʘʥʪʥʠ ʘʤʙʠʿʝʥʪʘʣʥʠ ʠ ʚʨʝʤʝʥʩʢʠ ʬʘʢʪʦʨʠ, ʢʘʦ ʰʪʦ ʩʫ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʙʨʟʠʥʘ ʚʝʪʨʘ, ʩʦʣʘʨʥʘ ʨʘʜʠʿʘʮʠʿʘ, ʜʦʙʘ ʜʘʥʘ, ʩʘʪ ʠ ʛʦʜʠʰˁʝ ʜʦʙʘ. ʅʘ ʦʩʥʦʚʫ 

ʨʝʘʣʠʟʦʚʘʥʦʛ ʢʦʜʘ, ʫ ʤʦʜʝʣ ʿʝ ʫʚʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʦʤʘʢ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʝʜʠʢʮʠʿʘ ʫ 

ʪʨʝʥʫʪʢʫ t ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʚʨʝʜʥʦʩʪʠ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʯʘʩʘ 

(tī1). ʇʨʠ ʪʦʤʝ, ʧʦʪʨʦʰˁʘ ʢʦʿʘ ʫʣʘʟʠ ʫ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ 

ʢʦʨʘʢʘ, ʦʜʥʦʩʥʦ ʧʨʝʪʭʦʜʥʫ ʧʨʝʜʠʢʮʠʿʫ, ʯʠʤʝ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʫʟʘʩʪʦʧʥʠʭ 

ʚʨʝʤʝʥʩʢʠʭ ʪʨʝʥʫʪʘʢʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʮʠʟʥʠʿʝ ʧʨʝʜʚʠʹʘˁʝ ʙʫʜʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ. 

ʅʘ ʩʣʠʮʠ ʉʣ.25 ʚʠʜʠ ʩʝ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ, ʪʨʝʥʠʨʘˁʘ ʠ ʪʝʩʪʠʨʘˁʘ ANN ʤʦʜʝʣʘ ʫ ʮʠˀʫ 

ʜʦʙʠʿʘˁʘ ʧʨʝʜʠʢʮʠʿʝ ʧʦʪʨʦʰˁʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʪʘʯʥʦʩʪʠ. ʌʦʨʤʠʨʘˁʝ ANN ʤʦʜʝʣʘ ʿʝ ʠʟʚʨʰʝʥʦ 

ʢʨʦʟ ʪʨʠ ʬʘʟʝ, ʚʠʟʫʝʣʥʦ ʦʙʝʣʝʞʝʥʝ ʙʦʿʘʤʘ ʥʘ ʧʦʤʝʥʫʪʦʿ ʩʣʠʮʠ. 

ʇʦʜʘʮʠ ʧʨʚʝʥʩʪʚʝʥʦ ʤʦʨʘʿʫ ʙʠʪʠ ʧʨʠʧʨʝʤˀʝʥʠ ʠ ʩʝʣʝʢʪʦʚʘʥʠ ʟʘ ʦʙʨʘʜʫ. ʋ ʦʚʦʤ ʧʨʦʮʝʩʫ ʧʦʜʘʮʠ 

ʩʝ ʜʝʣʝ ʥʘ ʫʣʘʟʥʝ, x, ʠ ʠʟʣʘʟʥʝ, y. ʌʦʨʤʠʨʘʥʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʧʨʦʮʝʩ ʥʦʨʤʘʣʠʟʘʮʠʿʝ 

ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʧʦʨʝʹʝˁʝ ʚʨʝʜʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʙʝʟ ʜʘ ˁʠʭʦʚʘ ʘʧʩʦʣʫʪʥʘ 

ʚʝʣʠʯʠʥʘ ʥʝʩʨʘʟʤʝʨʥʦ ʫʪʠʯʝ ʥʘ ʟʥʘʯʘʿ ʧʦʿʝʜʠʥʠʭ ʫʣʘʟʘ. 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʠʤʝʥʦʤ MinMax ʪʝʭʥʠʢʝ [28]. ʋ ʩʫʧʨʦʪʥʦʤ, 

ʧʦʿʝʜʠʥʠ ʧʘʨʘʤʝʪʨʠ ʙʠ ʤʦʛʣʠ ʠʤʘʪʠ ʚʝ˂ʠ ʫʪʠʮʘʿ ʠʩʢˀʫʯʠʚʦ ʟʙʦʛ ʚʝ˂ʠʭ ʥʫʤʝʨʠʯʢʠʭ ʚʨʝʜʥʦʩʪʠ. 

ʀʘʢʦ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʯʝʩʪʦ ʧʨʝʧʦʨʫʯʫʿʝ ʜʘ ʩʝ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʚʨʰʠ ʠʩʢˀʫʯʠʚʦ ʥʘ ʪʨʝʥʠʨʘʿʫ˂ʝʤ 

ʩʢʫʧʫ, ʫ ʦʚʦʤ ʨʘʜʫ ʿʝ ʧʨʠʤʝˁʝʥʘ ʫʥʠʬʦʨʤʥʘ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʨʘʜʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʠ ʫʿʝʜʥʘʯʝʥʝ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ. ʆʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʧʦʩʪʠʞʝ ʩʝ ʩʪʘʙʠʣʥʦʩʪ ʦʙʫʯʘʚʘˁʘ ʤʦʜʝʣʘ. ʉ 

ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʨʘʜʠ ʦ ʧʦʜʘʮʠʤʘ ʧʦʟʥʘʪʦʛ ʦʧʩʝʛʘ ʠʟ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʦʚʘʢʘʚ 

ʧʨʠʩʪʫʧ ʥʝ ʫʪʠʯʝ ʟʥʘʯʘʿʥʦ ʥʘ ʪʘʯʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ 

ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ ʜʝʦ ʟʘ ʪʨʝʥʠʨʘˁʝ ʢʦʿʠ ʠʟʥʦʩʠ 70% ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʧʦʜʘʪʘʢʘ ʠ ʜʝʦ ʟʘ 

ʪʝʩʪʠʨʘˁʝ ʢʦʿʠ ʿʝ ʧʨʝʦʩʪʘʣʠʭ 30% ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʿʝ ʯʝʩʪʘ ʧʨʘʢʩʘ ʫ ʧʨʠʤʝʥʘʤʘ ANN-a ʠ ʄʋ-

a. ʆʚʠʤ ʩʝ ʟʘʜʨʞʘʚʘ ʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ ʨʘʟʣʠʯʠʪʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʪʨʝʥʠʨʘˁʝ ʜʦʢ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʤʦʞʝ ʪʝʩʪʠʨʘʪʠ ʠʩʪʨʝʥʠʨʘʥʠ ʤʦʜʝʣ. ʂʘʢʦ ʩʝ ʧʦʜʘʮʠ ʥʠ ʫ ʿʝʜʥʦʤ 

ʩʢʫʧʫ ʥʝ ʙʠ ʛʨʫʧʠʩʘʣʠ ʧʨʝʤʘ ʥʝʢʦʤ ʪʠʧʫ ʚʨʝʜʥʦʩʪʠ, ʧʨʠʤʝˁʝʥ ʿʝ ʄʦʥʪʝ ʂʘʨʣʦ ʘʣʛʦʨʠʪʘʤ. ʆʥ 

ʦʤʦʛʫ˂ʘʚʘ ʥʘʩʫʤʠʯʘʥ ʦʜʘʙʠʨ ʧʦʜʘʪʘʢʘ ʧʨʠ ʜʝˀʝˁʫ ʥʘ ʜʚʘ ʩʢʫʧʘ, ʪʨʝʥʠʨʘʿʫ˂ʝʛ ʠ ʪʝʩʪʠʨʘʿʫ˂ʝʛ. ʋ 

ʩʫʧʨʦʪʥʦʤ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʜʝʩʠ ʜʘ ʿʝ ʤʦʜʝʣ ʪʨʝʥʠʨʘʥ ʥʘ ʦʜʨʝʹʝʥʦʿ ʚʨʩʪʠ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʿʝ ʧʦʜʝʣʦʤ 

ʠʟʫʟʝʪʘ ʠʟ ʙʘʟʝ ʟʘ ʪʨʝʥʠʨʘˁʝ. ʅʘ ʧʨʠʤʝʨ ʜʘ ʿʝ ʢʦʤʧʣʝʪʘʥ ʪʝʩʪʠʨʘʿʫ˂ʠ ʩʢʫʧ ʬʦʨʤʠʨʘʥ ʦʜ ʤʝʨʥʠʭ 

ʧʦʜʘʪʘʢʘ ʠʟ ʟʠʤʩʢʦʛ ʧʝʨʠʦʜʘ, ʘ ʜʘ ʩʝ ʤʦʜʝʣ ʪʨʝʥʠʨʘʦ ʥʘ ʧʝʨʠʦʜʠʤʘ ʿʝʩʝʥʠ, ʣʝʪʘ ʠ ʧʨʦʣʝ˂ʘ. ʆʚʠʤ 

ʧʨʦʮʝʩʦʤ ʥʝ ʩʘʤʦ ʜʘ ʙʠ ʛʨʝʰʢʘ ʧʨʠ ʪʝʩʪʠʨʘˁʫ ʤʦʜʝʣʘ ʥʘ ʟʠʤʩʢʠʤ ʧʦʜʘʮʠʤʘ ʙʠʣʘ ʧʨʝʚʝʣʠʢʘ, 

ʥʝʛʦ ʤʦʜʝʣ ʥʝ ʙʠ ʙʠʦ ʘʜʝʢʚʘʪʘʥ ʟʘ ʮʝʣʦʢʫʧʥʫ ʛʦʜʠʰˁʫ ʧʨʝʜʠʢʮʠʿʫ.  
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ʉʣ.25 ï ɸʣʛʦʨʠʪʘʤ ʫʯʝˁʘ ANN ʤʦʜʝʣʘ. 

ʆʜʘʙʨʘʥʠ ʭʠʧʝʨʧʘʨʘʤʝʪʨʠ ANN ʤʦʜʝʣʘ ʦʙʫʭʚʘʪʘʿʫ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ, ʙʨʦʿ ʥʝʫʨʦʥʘ ʧʦ 

ʩʣʦʿʝʚʠʤʘ, ʪʠʧ ʘʢʪʠʚʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʠ ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʪʨʝʥʠʨʘˁʘ ʤʦʜʝʣʘ. ʋ ʦʚʦʤ ʨʘʜʫ ʥʠʿʝ 

ʢʦʨʠʰ˂ʝʥʘ ʨʝʢʫʨʝʥʪʥʘ ʥʝʫʨʘʣʥʘ ʤʨʝʞʘ, ʚʝ˂ ʚʠʰʝʩʣʦʿʥʘ feedforward ANN ʩʪʨʫʢʪʫʨʘ. ʋʚʦʹʝˁʝʤ 

ʚʨʝʤʝʥʩʢʦʛ ʧʦʤʘʢʘ ʫ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʜʘ ʤʦʜʝʣ ʠʥʜʠʨʝʢʪʥʦ ʫʟʤʝ ʫ ʦʙʟʠʨ 

ʚʨʝʤʝʥʩʢʫ ʟʘʚʠʩʥʦʩʪ, ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʝʬʝʢʘʪ ʩʣʠʯʘʥ ʘʫʪʦʨʝʛʨʝʩʠʦʥʦʤ ʤʦʜʝʣʫ.  

ʅʘʢʦʥ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ, ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʪʝ ʛʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʝ ʫʪʚʨʹʝʥʝ ʩʫ ʦʧʪʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ, ʢʦʿʝ ʩʫ ʥʘʚʝʜʝʥʝ ʫ ʊʘʙ.6. ʋʢʫʧʥʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ 8760 

ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʫʟʦʨʘʢʘ ʠ ʧʦʜʝˀʝʥʘ ʿʝ ʥʘ ʪʨʝʥʠʨʘʿʫ˂ʠ, ʚʘʣʠʜʘʮʠʦʥʠ ʠ ʪʝʩʪ ʩʢʫʧ ʫ ʦʜʥʦʩʫ 70%ï

15%ï15%. ʈʝʛʫʣʘʮʠʦʥʠ ʧʘʨʘʤʝʪʨʠ, ʢʘʦ ʰʪʦ ʩʫ L2 ʨʝʛʫʣʘʨʠʟʘʮʠʿʘ ʠ ʨʘʥʦ ʟʘʫʩʪʘʚˀʘˁʝ ʪʨʝʥʠʥʛʘ, 

ʢʦʨʠʩʪʝ ʩʝ ʫ ʮʠˀʫ ʩʧʨʝʯʘʚʘˁʘ ʧʨʝʦʙʫʯʘʚʘˁʘ ʠ ʧʦʙʦˀʰʘˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ ANN 

ʤʦʜʝʣʘ. 

ʉʣ.29 ï ɻʦʜʠʰˁʘ ʧʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʠʟ ANN ʤʦʜʝʣʘʉʣ.29 ʧʨʠʢʘʟʫʿʝ ʧʨʦʤʝʥʫ ʩʨʝʜˁʝ 

ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ, ʟʘ ʪʨʝʥʠʥʛ ʠ ʚʘʣʠʜʘʮʠʦʥʠ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ. ʋʦʯʘʚʘ ʩʝ ʜʘ ʛʨʝʰʢʘ ʥʘʛʣʦ ʦʧʘʜʘ ʫ ʧʦʯʝʪʥʠʤ ʝʧʦʭʘʤʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʙʨʟʦ 
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ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʤʦʜʝʣʘ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ. ʅʘʢʦʥ ʪʦʛʘ, ʩʤʘˁʝˁʝ ʛʨʝʰʢʝ ʧʦʩʪʘʿʝ ʧʦʩʪʝʧʝʥʠʿʝ, ʩʚʝ 

ʜʦ ʜʦʩʪʠʟʘˁʘ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ ʫ 19. ʝʧʦʭʠ. ʅʘʢʦʥ ʦʚʝ ʪʘʯʢʝ ʜʦʣʘʟʠ 

ʜʦ ʧʨʝʩʪʘʥʢʘ ʧʦʙʦˀʰʘˁʘ ʚʘʣʠʜʘʮʠʦʥʝ ʛʨʝʰʢʝ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ ʪʨʝʥʠʥʛʘ 

ʧʨʠʤʝʥʦʤ ʢʨʠʪʝʨʠʿʫʤʘ ʨʘʥʦʛ ʟʘʫʩʪʘʚˀʘˁʘ (early stopping). ʄʘʣʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʨʝʥʠʥʛ ʠ 

ʚʘʣʠʜʘʮʠʦʥʝ ʛʨʝʰʢʝ ʫʢʘʟʫʿʝ ʥʘ ʜʦʙʨʫ ʩʧʦʩʦʙʥʦʩʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ ʤʦʜʝʣʘ ʠ ʦʜʩʫʩʪʚʦ ʠʟʨʘʞʝʥʦʛ 

ʧʨʝʦʙʫʯʘʚʘˁʘ. 

 

 
ʉʣ.26 ï ʇʨʦʤʝʥʘ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʪʦʢʦʤ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ 

 

ʉʣ.27 ʧʨʠʢʘʟʫʿʝ ʪʦʢ ʧʨʦʤʝʥʝ ʛʨʘʜʠʿʝʥʪʘ, ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ. ʋʦʯʘʚʘ ʩʝ ʜʘ ʚʨʝʜʥʦʩʪ ʛʨʘʜʠʿʝʥʪʘ ʦʧʘʜʘ ʪʦʢʦʤ ʝʧʦʭʘ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʥʘ ʧʦʩʪʝʧʝʥʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʘʣʛʦʨʠʪʤʘ ʢʘ ʦʧʪʠʤʘʣʥʦʤ ʨʝʰʝˁʫ. ʇʘʨʘʤʝʪʘʨ ɛ ʟʘʜʨʞʘʚʘ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ, ʫʟ ʤʘˁʝ ʦʩʮʠʣʘʮʠʿʝ ʪʦʢʦʤ ʪʨʝʥʠʥʛʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʩʪʘʙʠʣʘʥ ʨʘʜ 

LevenbergïMarquardt ʘʣʛʦʨʠʪʤʘ ʫ ʝʬʠʢʘʩʥʦʤ ʨʝʞʠʤʫ ʦʙʫʯʘʚʘˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʙʨʦʿ 

ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʧʦʯʠˁʝ ʜʘ ʨʘʩʪʝ ʥʘʢʦʥ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʝʧʦʭʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʜʘˀʝ 

ʪʨʝʥʠʨʘˁʝ ʥʝ ʜʦʚʦʜʠ ʜʦ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ. ɼʦʩʪʠʟʘˁʝʤ 

ʤʘʢʩʠʤʘʣʥʦʛ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ, ʪʨʝʥʠʥʛ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʟʘʫʩʪʘʚˀʘ, ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ 

ʧʦʿʘʚʘ ʧʨʝʦʙʫʯʘʚʘˁʘ ʤʦʜʝʣʘ. 
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ʉʣ.27 ï ʇʨʦʤʝʥʘ ʛʨʘʜʠʿʝʥʪʘ, ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʪʦʢʦʤ 

ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ. 

 

ʉʣ.28 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ ANN ʤʦʜʝʣʘ, ʢʨʦʟ ʧʦʨʝʹʝˁʝ ʩʪʚʘʨʥʠʭ (ʮʠˀʥʠʭ) ʠ 

ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʠ, ʪʝʩʪ ʠ ʫʢʫʧʥʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ. ʋʦʯʘʚʘ ʩʝ ʜʘ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʚʠʩʦʢʦ ʢʦʨʝʣʠʩʘʥʝ, ʰʪʦ ʧʦʪʚʨʹʫʿʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ ʢʦʿʠ ʠʟʥʦʩʝ ʦʢʦ 0.95 ʟʘ 

ʪʨʝʥʠʥʛ, ʦʢʦ 0.94 ʟʘ ʚʘʣʠʜʘʮʠʦʥʠ ʠ ʦʢʦ 0.92 ʟʘ ʪʝʩʪ ʩʢʫʧ, ʜʦʢ ʿʝ ʟʘ ʫʢʫʧʘʥ ʩʢʫʧ ʚʨʝʜʥʦʩʪ ʦʢʦ 0.94. 

ʊʘʯʢʝ ʩʫ ʫʛʣʘʚʥʦʤ ʨʘʩʧʦʨʝʹʝʥʝ ʦʢʦ ʠʜʝʘʣʥʝ ʣʠʥʠʿʝ Y = T, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʜʦʙʨʫ ʩʧʦʩʦʙʥʦʩʪ 

ʤʦʜʝʣʘ ʜʘ ʘʧʨʦʢʩʠʤʠʨʘ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʄʘʣʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʨʝʟʫʣʪʘʪʘ ʥʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʦʤ ʠ ʪʝʩʪ ʩʢʫʧʫ ʫʢʘʟʫʿʝ ʥʘ ʜʦʙʨʫ ʛʝʥʝʨʘʣʠʟʘʮʠʿʫ ʤʦʜʝʣʘ ʠ 

ʦʜʩʫʩʪʚʦ ʟʥʘʯʘʿʥʦʛ ʧʨʝʦʙʫʯʘʚʘˁʘ. ʀʘʢʦ ʿʝ ʫʦʯʝʥʦ ʙʣʘʛʦ ʦʜʩʪʫʧʘˁʝ ʦʜ ʠʜʝʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ, 

ʫʢʫʧʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʤʦʜʝʣ ʫʩʧʝʰʥʦ ʧʨʝʜʚʠʹʘ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ. 
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ʉʣ.28 ï ʈʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ANN ʤʦʜʝʣʘ ʥʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʦʤ, ʪʝʩʪ ʠ 

ʮʝʣʦʢʫʧʥʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

ʆʙʫʯʘʚʘˁʝ ʤʨʝʞʝ ʚʨʰʝʥʦ ʿʝ ʫ batch ʨʝʞʠʤʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʝʧʦʭʘ ʧʦʩʪʘʚˀʝʥ ʥʘ 

1000. Mini-batch ʧʨʠʩʪʫʧ ʥʠʿʝ ʢʦʨʠʰ˂ʝʥ, ʚʝ˂ ʩʝ ʫ ʩʚʘʢʦʿ ʝʧʦʭʠ ʢʦʨʠʩʪʠ ʮʝʦ ʪʨʝʥʠʨʘʿʫ˂ʠ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ.  

ʊʘʙ.6ï ʇʘʨʘʤʝʪʨʠ ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ 

ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ 

ɹʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ 5 

ɹʨʦʿ ʥʝʫʨʦʥʘ ʧʦ ʩʣʦʿʝʚʠʤʘ ʧʨʚʠ ʜʨʫʛʠ ʪʨʝ˂ʠ ʯʝʪʚʨʪʠ ʧʝʪʠ 

24 12 12 12 12 

ɽʧʦʭʝ ʪʨʝʥʠʥʛʘ 39 
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7.2. ʈʝʟʫʣʪʘʪʠ ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ 

ʆʙʫʯʝʥʠ ANN ʤʦʜʝʣ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ. ʈʝʟʫʣʪʘʪ ʛʦʜʠʰˁʝʛ ʧʨʝʜʚʠʹʘˁʘ 

ʧʦʪʨʦʰˁʝ ʟʘ ʧʦʜʘʪʢʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ ʉʣ.29. ʎʨʚʝʥʘ ʣʠʥʠʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʜʚʠʹʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʩʫ ʧʣʘʚʝ ʣʠʥʠʿʝ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʩʘ ʢʦʿʠʤʘ ʩʝ 

ʧʨʝʜʚʠʹʝʥʝ ʫʧʦʨʝʹʫʿʫ. ɻʨʘʬʠʯʢʠ, ʧʨʝʢʣʘʧʘˁʝ ʦʚʠʭ ʣʠʥʠʿʘ ʧʦʢʘʟʫʿʝ ʤʘʣʘ ʦʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʦʚʝ 

ʜʚʝ ʚʨʝʜʥʦʩʪʠ. ɻʨʝʰʢʝ ʥʘʧʨʘʚˀʝʥʝ ʦʚʠʤ ʧʨʝʜʚʠʹʘˁʝʤ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʫ ʊʘʙ.7. ʆʥʝ ʧʦʢʘʟʫʿʫ 

ʩʣʠʯʥʝ ʥʘʣʘʟʝ, ʘ ʛʨʝʰʢʝ ʩʫ ʜʦʚʦˀʥʦ ʤʘʣʝ ʜʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʧʨʝʜʚʠʹʘˁʘ. ɹʫʜʫ˂ʠ ʜʘ 

ʿʝ MAPE ʧʨʦʮʝʥʪʫʘʣʥʘ ʤʝʪʨʠʢʘ, ʣʘʢʰʝ ʿʝ ʨʘʟʫʤʝʪʠ ʠ ʫʧʦʨʝʹʠʚʘʪʠ. ʋ ʥʘʩʪʘʚʢʫ ʘʥʘʣʠʟʝ, ʦʥʘ ˂ʝ 

ʩʣʫʞʠʪʠ ʢʘʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʤʝʨʘ ʛʨʝʰʢʝ. 

 

 
ʉʣ.29 ï ɻʦʜʠʰˁʘ ʧʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʠʟ ANN ʤʦʜʝʣʘ 

ʇʨʦʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ MAPE ʿʝ ʫ ʨʘʥʛʫ MAPE < 10%, ʧʘ ʩʝ ʟʘʢˀʫʯʫʿʝ ʜʘ ʿʝ ʦʚʘʿ ʤʦʜʝʣ 

ʟʘʜʦʚʦˀʠʦ ʚʠʩʦʢʫ ʪʘʯʥʦʩʪ.  

ʊʘʙ.7 ï ɻʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʘ 

ɺʨʩʪʘ ʛʨʝʰʢʝ MAE [MW]  MSE [MW 2] RMSE [MW]  MAPE [%]  

ɺʨʝʜʥʦʩʪ 

ʛʨʝʰʢʝ 

229,91 7.8 104 295,45 5,64 

 

ɿʘ ʧʨʝʜʠʢʮʠʿʫ ʧʨʝʢʦ ʢʨʘ˂ʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʜʥʝʚʥʘ ʧʨʝʜʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ. ʥʘ 

ʉʣ.30. ʆʚʜʝ, ʧʣʘʚʘ ʣʠʥʠʿʘ ʪʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʩʫ ʮʨʚʝʥʘ ʧʨʝʜʚʠʹʝʥʝ. ʐʪʦ 

ʩʫ ʦʚʝ ʣʠʥʠʿʝ ʙʣʠʞʝ ʿʝʜʥʘ ʜʨʫʛʦʿ, ʚʝ˂ʘ ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʢʘʢʦ ʦʚʝ ʣʠʥʠʿʝ 

ʠʤʘʿʫ ʧʨʠʙʣʠʞʘʥ ʦʙʣʠʢ ʠ ʧʠʢʦʚʝ, ʧʨʝʜʠʢʮʠʿʘ ʿʝ ʥʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʤ ʥʠʚʦʫ ʿʝʨ ʜʝʚʠʿʘʮʠʿʝ, ʠʘʢʦ 

ʧʦʩʪʦʿʝ, ʥʠʩʫ ʟʥʘʯʘʿʥʝ. ʆʚʦ ʩʝ ʚʠʜʠ ʠ ʢʨʦʟ ʚʨʝʜʥʦʩʪ MAPE ʢʦʿʘ ʠʟʥʦʩʠ 5,64 % ʟʘ ʮʝʣʫ ʜʥʝʚʥʫ 

ʧʦʪʨʦʰˁʫ.  
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ʉʣ.30 ï ʇʨʝʜʠʢʮʠʿʘ ʜʥʝʚʥʝ ʧʦʪʨʦʰˁʝ 

ʂʘʢʦ ʙʠ ʩʝ ʠʤʘʦ ʫʚʠʜ ʫ ʥʫʤʝʨʠʯʢʝ ʚʨʝʜʥʦʩʪʠ, ʜʝʦ ʧʦʜʘʪʘʢʘ ʟʘ ʜʥʝʚʥʫ ʧʦʪʨʦʰˁʫ ʿʝ ʧʨʠʢʘʟʘʥ ʫ 

ʊʘʙ.8. ʆʚʜʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʪʘʯʥʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʠʟ ʙʨʟʠʥʝ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʝ, 

ʛʦʜʠʰˁʝ ʜʦʙʘ, ʜʦʙʘ ʜʘʥʘ ʠ ʩʘʪ ʩʫ ʧʨʠʢʘʟʘʥʠ, ʢʘʦ ʠ ʩʪʚʘʨʥʘ ʠ ʧʨʝʜʚʠʹʘʥʘ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ. ɿʘ ʩʚʘʢʫ ʧʨʝʜʚʠʹʘʥʫ ʚʨʝʜʥʦʩʪ, ʘʧʩʦʣʫʪʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ ʿʝ ʧʨʦʨʘʯʫʥʘʪʘ. ʆʚʦ ʿʝ 

ʧʘʥʜʘʤ ʛʨʝʰʢʠ MAPE, ʘʣʠ ʩʝ ʥʝ ʧʨʦʨʘʯʫʥʘʚʘ ʟʘ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʥʝʛʦ ʟʘ ʿʝʜʘʥ ʧʘʨ ʚʨʝʜʥʦʩʪʠ. 

ʊʘʙ.8 ï ʇʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʘ ʟʘ ʿʝʜʘʥ ʜʘʥ ʫ ʟʠʤʩʢʦʿ ʩʝʟʦʥʠ 

ʋʣʘʟʠ 
ʉʪʚʘʨʥʘ 

ʧʦʪʨʦʰˁʘ 

[MW]  

ʇʨʝʜʚʠʹʘʥʘ 

ʧʦʪʨʦʰˁʘ 

[MW]  

MAPE 

[%]  ʉʘʪ ɼʘʥ/ʅʦ˂ 
ɻʦʜʠʰˁʝ 

ʜʦʙʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

[°C] 

ɹʨʟʠʥʘ 

ʚʝʪʨʘ 

[m/s] 

1 ʥʦ˂ ʟʠʤʘ 1,6 0,07 3922 3925,31 0,08 

2 ʥʦ˂ ʟʠʤʘ 1,6 0,12 3835 3853,92 0,49 

3 ʥʦ˂ ʟʠʤʘ 1,6 0,27 3864 4105,49 6,25 

4 ʥʦ˂ ʟʠʤʘ 1,6 0,06 4087 4240,05 3,74 

5 ʥʦ˂ ʟʠʤʘ 1,6 0,16 4388 4643,74 5,83 

6 ʥʦ˂ ʟʠʤʘ 1,6 0,38 4722 4983,40 5,54 

7 ʜʘʥ ʟʠʤʘ 1,6 0,09 4956 5176,33 4,45 

8 ʜʘʥ ʟʠʤʘ 2,1 0,13 5107 5133,40 2,07 

9 ʜʘʥ ʟʠʤʘ 2,1 0,18 5056 5201,82 2,88 

10 ʜʘʥ ʟʠʤʘ 2,1 0,21 4970 5116,99 2,93 

11 ʜʘʥ ʟʠʤʘ 2,1 0,19 4970 4989,64 0,40 

12 ʜʘʥ ʟʠʤʘ 1,6 0,19 5059 5159,29 1,98 

13 ʜʘʥ ʟʠʤʘ 1,6 0,36 4924 5042,22 2,40 

14 ʜʘʥ ʟʠʤʘ 2,1 0,98 5240 5075,14 3,15 

15 ʜʘʥ ʟʠʤʘ 2,1 1,09 5440 5384,82 0,65 

16 ʜʘʥ ʟʠʤʘ 2,1 1,03 5462 5521,90 1,09 

17 ʜʘʥ ʟʠʤʘ 2,1 1,02 5411 5352,14 1,09 

18 ʜʘʥ ʟʠʤʘ 2,1 1,02 5215 5617,00 4,02 

19 ʥʦ˂ ʟʠʤʘ 2,1 0,27 5130 5409,85 5,46 
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20 ʥʦ˂ ʟʠʤʘ 2,1 0,28 5260 5204,33 0,90 

21 ʥʦ˂ ʟʠʤʘ 2,1 0,25 4982 5322,00 3,00 

22 ʥʦ˂ ʟʠʤʘ 2,1 0,05 4650 4980,00 3,30 

23 ʥʦ˂ ʟʠʤʘ 2,1 0,03 4531 4498,90 0,71 

24 ʥʦ˂ ʟʠʤʘ 2,1 0,11 4231 4128,33 2,43 

 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʛʨʘʬʠʯʢʦʛ ʧʨʠʢʘʟʘ ʥʘ ʩʣʠʢʘʤʘ ʉʣ.29 ʠ ʉʣ.30, ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʩʪʚʘʨʥʠʭ ʠ 

ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʫ ʤʘʣʝ. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʦʚʦ ʠ ʥʠʩʢʫ ʚʨʝʜʥʦʩʪ ʥʫʤʝʨʠʯʢʠʭ ʛʨʝʰʘʢʘ, 

ʦʚʘ ʚʨʩʪʘ ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ʿʝ ʚʠʩʦʢʝ ʪʘʯʥʦʩʪʠ. 

7.3. ʇʦʨʝʹʝˁʝ ANN ʠ ARIMA ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ 

ʂʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʘ ʪʘʯʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʘ, ʧʦʨʝʹʝʥʘ ʿʝ ʩʘ ʢʣʘʩʠʯʥʦʤ ʩʪʘʪʠʩʪʠʯʢʦʤ 

ʧʨʝʜʠʢʪʠʚʥʦʤ ʤʝʪʦʜʦʤ, ARIMA . ARIMA ʿʝ ʣʠʥʝʘʨʘʥ ʤʦʜʝʣ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʥʘ ʩʝʨʠʿʘʤʘ ʧʦʜʘʪʘʢʘ 

ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʫ ʪʠ ʧʦʜʘʮʠ ʩʪʘʮʠʦʥʘʨʥʠ. ʆʙʘ ʤʦʜʝʣʘ ʩʫ ʨʘʟʚʠʿʝʥʘ ʟʘ ʠʩʪʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ. 

ʏʝʪʠʨʠ ʪʠʧʘ ʛʨʝʰʘʢʘ ʩʫ ʧʨʦʨʘʯʫʥʘʪʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʠʢʘʟʘʣʦ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ, 

ʧʨʠʢʘʟʘʥʘ ʫ ʊʘʙ.9. 

ʊʘʙ.9 ï ʇʦʨʝʹʝˁʝ ʛʨʝʰʘʢʘ ʧʨʝʜʠʢʮʠʿʝ ʟʘ ANN ʠ ARIMA ʤʦʜʝʣʝ 

 ANN ARIMA  

MAE [MW]  229,91 401,50 

MSE [MW 2] 8,416 104 16,6254 104 

RMSE [MW]  295,45 407,74 

MAPE [%]  5,64 10,0025 

ʅʘʢʦʥ ʧʦʩʤʘʪʨʘˁʘ ʚʘʨʠʿʘʮʠʿʝ ʫ ʛʨʝʰʢʘʤʘ ʧʨʝʜʚʠʹʘˁʘ, ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʩʫ ʛʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʝ 

50% ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʝ ʠʟ ARIMA ʤʦʜʝʣʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʝʜʠʢʮʠʿʝ ʧʦʪʨʦʰˁʝ 

ʜʦʙʠʿʝʥʝ ANN ʤʦʜʝʣʦʤ ʢʦʨʠʩʪʝ ʢʘʦ ʜʝʦ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʟʘ ʜʘˀʠ ʧʨʦʨʘʯʫʥ ʠ ʬʦʨʤʠʨʘˁʝ ANFIS 

ʤʦʜʝʣʘ ʟʘ ʥʘʨʝʜʥʝ ʧʨʝʜʠʢʮʠʿʝ.  

7.4. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

ʂʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʦ ʫʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

ʧʦʩʤʘʪʨʘʥʘ ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ, ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʠʟʚʦʨʘ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦʩʤʘʪʨʘ ʩʝ ʜʦʤʠʥʘʥʪʥʦʩʪ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʠ ʩʘʤʠʤ ʪʠʤ ʜʝʬʠʥʠʰʫ ʘʤʙʠʿʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʢʦʿʠ ˂ʝ ʫ˂ʠ ʫ 

ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʟʘ ʪʨʝʥʠʨʘˁʝ ʤʦʜʝʣʘ ʢʦʿʠ ʧʨʝʜʚʠʹʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ.  

ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣ.31. ʆʚʘʢʚʝ ʟʘʚʠʩʥʦʩʪʠ ʛʨʘʬʠʯʢʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʝʥʦʩʥʫ ʬʫʥʢʮʠʿʫ ʠʟʤʝʹʫ 

ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ ANFIS ʤʦʜʝʣʘ. ʆʚʘʢʘʚ ʥʘʯʠʥ ʧʨʠʢʘʟʠʚʘˁʘ ʨʝʟʫʣʪʘʪʘ ʦʤʦʛʫ˂ʘʚʘ ʫʚʠʜ ʫ ʦʯʝʢʠʚʘʥʝ 

ʠʟʣʘʟʝ ANFIS ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʧʨʦʠʟʚʦˀʥʠʭ ʫʣʘʟʘ.  

ʀʟ ʦʚʠʭ ʛʨʘʬʠʢʘ ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʩʪʝ ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ, ʘ ʩʘʤʠʤ 

ʪʠʤ ʧʨʦʠʟʚʦʜˁʘ ʤʦʨʘ ʧʨʘʪʠʪʠ ʦʚʘʿ ʪʨʝʥʜ. ɿʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʠʞʫ ʧʦʪʨʦʰˁʫ, ʧʨʦʠʟʚʦʜˁʘ 

ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʿʝ ʪʘʢʦʹʝ ʥʠʞʘ. ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʦʜʥʦʩʠ ʪʨʝʥʜʦʚʘ ʩʫ 

ʨʘʟʣʠʯʠʪʠ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.32. ʅʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʧʨʘ˂ʝʥʝ ʩʫ ʥʠʞʦʤ ʧʦʪʨʦʰˁʦʤ 
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ʝʥʝʨʛʠʿʝ, ʘʣʠ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʚʝ˂ʘ ʥʝʛʦ ʧʨʠ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʘʜʘ ʿʝ ʧʦʪʨʦʰˁʘ ʧʦʢʨʠʚʝʥʘ 

ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ. 

 
 

(ʘ) (ʙ) 

ʉʣ.31 ï ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʦʜ ʧʦʪʨʦʰˁʝ ʠ (ʘ) ï 

ʪʝʤʧʝʨʘʪʫʨʝ; (ʙ) ï ʚʝʪʨʘ 

 
 

(ʘ) (ʙ) 

ʉʣ.32 ï ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʦʜ ʧʦʪʨʦʰˁʝ ʠ (ʘ) ï 

ʪʝʤʧʝʨʘʪʫʨʝ; (ʙ) ï ʚʝʪʨʘ 

ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ, ʟʘʚʠʩʥʦʩʪ ʦʜ ʙʨʟʠʥʝ ʚʝʪʨʘ ʧʦʢʘʟʫʿʝ ʜʘ ʧʨʠ ʚʝ˂ʦʿ ʙʨʟʠʥʠ, 

ʧʨʦʠʟʚʦʜˁʘ ʨʘʩʪʝ ʿʝʨ ʤʦʨʘ ʜʘ ʧʨʦʧʨʘʪʠ ʪʨʝʥʜ ʧʦʨʘʩʪʘ ʧʦʪʨʦʰˁʝ.  

ʂʘʢʦ ʨʘʩʪʝ ʙʨʟʠʥʘ ʚʝʪʨʘ, ʪʘʢʦ ʨʘʩʪʫ ʠ ʟʘʭʪʝʚʠ ʟʘ ʝʥʝʨʛʠʿʦʤ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ. ʆʚʝ ʟʘʭʪʝʚʝ 

ʧʦʢʨʠʚʘ ʧʨʠʤʘʨʥʦ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ, ʪʘʢʦ ʜʘ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʩʘʤʦ 

ʥʝʟʥʘʪʥʦ ʚʘʨʠʨʘ. ʋ ʚʝ˂ʠʤ ɽɽʉ, ʛʜʝ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʟʥʘʯʘʿʥʠʿʘ, ʦʚʘ ʟʘʚʠʩʥʦʩʪ ʙʠ 

ʚʠʰʝ ʚʘʨʠʨʘʣʘ. ʆʚʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʩʝ ʧʨʠʢʘʟʘʥʝ ʟʘʚʠʩʥʦʩʪʠ ʤʝˁʘʪʠ ʟʘ ʜʨʫʛʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ 

ʩʠʩʪʝʤʝ ʠ ʧʨʝʜʠʢʪʠʚʥʠ ʤʦʜʝʣʠ ʙʠ ʤʦʨʘʣʠ ʙʠʪʠ ʪʨʝʥʠʨʘʥʠ ʟʘ ʩʚʘʢʠ ʦʜ ˁʠʭ. 
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7.5. ʇʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʠ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ 
ʧʦʤʦ˂ʫ ANFISïʘ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ANFIS ʿʝ ʫʧʦʪʨʝʙˀʝʥ ʢʘʢʦ ʙʠ ʧʨʘʪʠʦ ʠʩʢʫʩʪʚʘ ʩʪʨʫʯˁʘʢʘ ʢʦʿʠ ʩʝ ʙʘʚʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʠ ʜʦʥʦʩʠʦ ʦʜʣʫʢʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʦʛ ʜʫʛʦʛʦʜʠʰˁʝʛ ʨʘʜʘ ʢʘʢʦ ʙʠ 

ʧʨʝʜʚʠʜʝʦ ʧʦʪʨʦʰˁʫ ʠʟ ʭʠʜʨʦ ʠ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʦʮʝʥʘʪ ʫʜʝʣʘ ʩʚʘʢʝ 

ʚʨʩʪʝ ʧʨʦʠʟʚʦʜˁʝ ʥʝʦʧʭʦʜʘʥ ʟʘ ʘʜʝʢʚʘʪʥʦ ʧʦʩʪʠʟʘˁʝ ʙʘʣʘʥʩʠʨʘʥʦʛ ʩʠʩʪʝʤʘ. ANFIS ʢʦʨʠʩʪʠ ʬʘʟʠ 

ʧʨʘʚʠʣʘ ʢʘʢʦ ʙʠ ʦʚʘ ˀʫʜʩʢʘ ʠʩʢʫʩʪʚʘ ʫʚʨʩʪʠʦ ʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʠʟ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʧʨʝʜʚʠʹʘˁʘ ʟʘ 

ʙʫʜʫ˂ʥʦʩʪ.  

ANFIS ʿʝ ʦʚʜʝ ʢʦʨʠʰʪʝʥ ʿʝʨ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʬʘʟʠ ʪʝʭʥʠʢʘʤʘ, ʠʤʘ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʫʯʝˁʘ. 

ʆʙʫʯʘʚʘˁʝ ʤʫ ʿʝ ʙʨʞʝ, ʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʟʘ ʫʧʦʪʨʝʙʫ. ʀʘʢʦ ʿʝ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ 

ʠʥʪʝʛʨʠʩʘʥʠʭ ʤʦʜʝʣʘ, ʧʦʢʘʟʘʦ ʩʝ ʢʘʦ ʥʘʿʙʦˀʠ ʫ ʘʧʨʦʢʩʠʤʘʮʠʿʠ, ʩʘ ʥʘʿʙʨʞʦʤ ʢʦʥʚʝʨʛʝʥʮʠʿʦʤ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʥʝʫʨʦïʬʘʟʠ ʤʦʜʝʣʠʤʘ. 

ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʦʚʦʛ ʤʝʪʦʜʘ ʿʝ ʪʘ ʰʪʦ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʠʿʝ ʧʨʠʧʘʜʥʦʩʪʠ ʥʠʩʫ ʥʘʩʫʤʠʯʥʦ 

ʠʟʘʙʨʘʥʠ. ʆʥʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ. ʇʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʫ 

ʧʦʚʝʟʘʥʠ ʧʨʝʢʦ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʩʝ ʤʝˁʘʿʫ ʟʘ ʚʨʝʤʝ ʫʯʝˁʘ. ANFIS ʢʦʨʠʩʪʠ ʭʠʙʨʠʜʥʠ 

ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʤʝʪʦʜʫ ʧʨʦʧʘʛʘʮʠʿʝ ʛʨʝʰʢʝ ʫʥʘʟʘʜ ʩʘ ʤʝʪʦʜʦʤ ʥʘʿʤʘˁʝ ʢʚʘʜʨʘʪʥʝ 

ʛʨʝʰʢʝ ʢʘʢʦ ʙʠ ʩʪʚʦʨʠʦ ʬʘʟʠ ʩʠʩʪʝʤ ʩʧʦʩʦʙʘʥ ʟʘ ʫʯʝˁʝ. ɹʘʟʠʨʘʥʦ ʥʘ ʦʚʦʤ ʧʨʠʥʮʠʧʫ, ʬʫʥʢʮʠʿʘ 

ʧʨʠʧʘʜʥʦʩʪʠ ʿʝ ʠʪʝʨʘʪʠʚʥʦ ʧʦʜʝʰʘʚʘʥʘ ʧʨʝʤʘ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʩʘʜʨʞʠ ʫʣʘʟʥʝ ʠ ʠʟʣʘʟʥʝ 

ʚʨʝʜʥʦʩʪʠ [36]. 

ʈʝʟʫʣʪʘʪ ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ʥʘ ʦʩʥʦʚʫ ANN ʤʦʜʝʣʘ ʢʦʿʠ ʿʝ ʜʦʙʠʿʝʥ ʫ ʧʦʛʣʘʚˀʫ 7.2, ʫʚʨʰʪʝʥ 

ʿʝ ʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ ʦʙʫʯʘʚʘ ANFIS ʤʦʜʝʣ ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʧʨʝʜʚʠʹʘ ʧʨʦʠʟʚʦʜˁʫ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʎʠˀ ʿʝ ʜʘ ʩʝ ʧʨʝʜʚʠʹʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʜʚʘ ʨʘʟʣʠʯʠʪʘ 

ʠʟʚʦʨʘ, ʪʝʨʤʦ- ʠ ʭʠʜʨʦ-ʝʣʝʢʪʨʘʥʘ, ʢʘʦ ʠ ʜʘ ʩʝ ʧʨʝʜʚʠʹʘ ʝʤʠʩʠʿʘ ʉʆ2 ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ ʟʘ 

ʜʝʬʠʥʠʩʘʥʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʈʝʟʫʣʪʘʪ ʦʚʘʢʚʦʛ ʤʦʜʝʣʘ ʿʝ ʧʦʩʝʜʦʚʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʧʦʪʨʝʙʠ 

ʟʘ ʘʢʪʠʚʘʮʠʿʦʤ ʦʜʨʝʹʝʥʝ ʚʨʩʪʝ ʝʥʝʨʛʝʪʩʢʦʛ ʠʟʚʦʨʘ ʟʘ ʦʜʨʝʹʝʥʠ ʧʝʨʠʦʜ ʠ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʫ 

ʪʨʝʙʘ ʜʘ ʜʦʧʨʝʤʝ. ʇʦʩʝʜʦʚʘˁʝʤ ʦʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʪʦʢ ʝʥʝʨʛʠʿʝ ʙʠ ʩʝ ʤʦʛʘʦ ʦʨʛʘʥʠʟʦʚʘʪʠ 

ʫʥʘʧʨʝʜ ʯʠʤʝ ʙʠ ʩʝ ʦʣʘʢʰʘʦ ʨʘʜ ʩʪʨʫʯˁʘʢʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʠʟʙʝʛʣʠ ʚʝ˂ʠ ʧʨʦʙʣʝʤʠ.  

ʋ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ, ʨʘʟʚʠʿʝʥʘ ʩʫ ʜʚʘ ANFIS ʤʦʜʝʣʘ ʫ MATLAB  ʩʦʬʪʚʝʨʫ. ɱʝʜʘʥ ʟʘ ʧʨʝʜʚʠʹʘˁʝ 

ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ, ʘ ʜʨʫʛʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ. ʆʙʘ ʤʦʜʝʣʘ ʠʤʘʿʫ 

ʠʩʪʝ ʪʠʧʦʚʝ ʠ ʙʨʦʿ ʫʣʘʟʘ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʊʘʙ.10. 

ʊʘʙ.10ï ʋʣʘʟʥʠ ʠ ʠʟʣʘʟʥʠ ʧʦʜʘʮʠ ANFIS ʤʦʜʝʣʘ 

ʋʣʘʟʠ  
ʀʟʣʘʟ ANFIS ʤʦʜʝʣʘ ʟʘ 

ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ 
ʀʟʣʘʟ ANFIS ʤʦʜʝʣʘ ʟʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ 

ʉʘʪ 

ʂʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʥʝʦʧʭʦʜʥʘ ʥʘ 

ʩʘʪʥʦʤ ʥʠʚʦʫ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ 

ʂʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʥʝʦʧʭʦʜʥʘ ʥʘ ʩʘʪʥʦʤ 

ʥʠʚʦʫ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ 

ʆʙʜʘʥʠʮʘ/ʥʦ˂ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ɹʨʟʠʥʘ ʚʝʪʨʘ 

ʇʨʝʜʚʠʹʘʥʘ ʧʨʦʠʟʚʦʜˁʘ 

ʠʟ ANN ʤʦʜʝʣʘ 

 

ʉʣ.33 ʧʨʠʢʘʟʫʿʝ ʘʨʭʠʪʝʢʪʫʨʫ ANFIS ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ. ʆʚʜʝ 

ʩʝ ʚʠʜʠ ʢʦʿʠ ʩʫ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʨʠʰʪʝʥʠ ʠ ʢʦʿʠ ʿʝ ʠʟʣʘʟ ANFIS ʤʦʜʝʣʘ. ANFIS ʤʦʜʝʣ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʿʝ ʠʩʪʝ ʩʪʨʫʢʪʫʨʝ.  
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ʉʣ.33 ï ʉʪʨʫʢʪʫʨʘ ANFIS ʤʦʜʝʣʘ 

7.6. ʈʝʟʫʣʪʘʪʠ ʧʨʝʜʠʢʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʧʦʤʦ˂ʫ ANFIS ʤʦʜʝʣʘ 

ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʙʫʢʫ ANFIS ʤʦʜʝʣʘ ʿʝ ʧʦʜʝˀʝʥʘ ʫ ʯʝʪʠʨʠ ʩʢʫʧʘ ʧʨʝʤʘ 

ʛʦʜʠʰˁʠʤ ʜʦʙʠʤʘ. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʚʨʝʤʝʥʩʢʝ ʧʨʠʣʠʢʝ ʠ ˀʫʜʩʢʝ ʥʘʚʠʢʝ ʫ ʦʜʨʝʹʝʥʠʤ ʛʦʜʠʰˁʠʤ 

ʧʝʨʠʦʜʠʤʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʟʘʭʪʝʚʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʂʘʢʦ ʙʠ ʩʝ ʤʦʜʝʣ 

ʧʦʿʝʜʥʦʩʪʘʚʠʦ, ʘ ʪʠʤʝ ʤʫ ʩʝ ʧʦʜʠʛʣʘ ʪʘʯʥʦʩʪ, ʧʨʝʜʚʠʹʘˁʘ ʩʫ ʚʨʰʝʥʘ ʟʘ ʧʨʦʣʝ˂ʝ, ʣʝʪʦ, ʿʝʩʝʥ ʠ 

ʟʠʤʫ, ʧʦʿʝʜʠʥʘʯʥʦ.  

ANFIS ʤʦʜʝʣ ʿʝ ʦʙʫʯʘʚʘʥ ʥʘ ʜʝʣʫ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʟʘ ʪʨʝʥʠʨʘˁʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʩʝʟʦʥʠ ʠ ʪʝʩʪʠʨʘʥ ʥʘ 

ʪʝʩʪʠʨʘʿʫ˂ʝʤ ʜʝʣʫ ʧʦʜʘʪʘʢʘ ʠʟ ʠʩʪʝ ʩʝʟʦʥʝ. ɻʨʝʰʢʝ ʧʨʝʜʚʠʹʘʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʭʠʜʨʦ- ʠ 

ʪʝʨʤʦ-ʝʣʝʢʪʨʘʥʘ, ʠʟʨʘʞʝʥʝ ʧʨʝʢʦ MAPE, ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʊʘʙ.11 ʟʘ ʩʚʘʢʦ ʛʦʜʠʰˁʝ ʜʦʙʘ ʠʟ 

ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʠʭ ʛʨʝʰʘʢʘ. ʅʘ ʉʣ.34 ʠ ʉʣ.35 ʜʘʪʠ ʩʫ ʧʨʠʤʝʨʠ ʧʦ  ʜʚʘ ʜʘʥʘ ʠʟ ʩʚʘʢʦʛ 

ʛʦʜʠʰˁʝʛ ʜʦʙʘ ʛʨʘʬʠʯʢʦʛ ʧʨʠʢʘʟʘ ʦʚʠʭ ʧʨʝʜʚʠʹʘˁʘ. ʆʚʜʝ ʩʝ ʚʠʜʠ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʹʫ 

ʧʨʝʜʚʠʹʘʥʠʭ (ʮʨʚʝʥʘ ʣʠʥʠʿʘ) ʠ ʩʪʚʘʨʥʠʭ (ʧʣʘʚʘ ʣʠʥʠʿʘ) ʚʨʝʜʥʦʩʪʠ. ʀʘʢʦ ʧʦʩʪʦʿʠ ʥʫʤʝʨʠʯʢʦ 

ʦʜʩʪʫʧʘˁʝ ʤʝʹʫ ʧʦʿʝʜʠʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʪʨʝʥʜ ʧʨʦʤʝʥʝ ʿʝ ʠʩʪʠ. ʇʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʿʝ ʥʘʿʚʝ˂ʝ 

ʦʜʩʪʫʧʘˁʝ ʧʨʝʜʚʠʹʘˁʘ ʠ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ, ʢʘʜʘ ʩʫ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʭʪʝʚʠ ʟʘ ʧʨʦʠʟʚʦʜˁʦʤ ʥʘʿʚʝ˂ʠ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʩʠʩʪʝʤʘ ʠʟʘʟʚʘʥʦʛ 

ʭʣʘʹʝˁʝʤ ʜʦʢ ʦʩʪʘʪʘʢ ʛʦʜʠʰˁʠʭ ʜʦʙʘ ʠʤʘ ʧʨʠʙʣʠʞʥʫ ʜʝʚʠʿʘʮʠʿʫ. ɿʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ, ʥʘʿʚʝ˂ʘ 

ʛʨʝʰʢʘ ʧʨʝʜʚʠʹʘˁʘ ʿʝ ʫ ʿʝʩʝʥ, ʘʣʠ ʠ ʟʘ ʦʩʪʘʣʝ ʩʝʟʦʥʝ ʪʨʝʥʜ ʿʝ ʩʣʠʯʘʥ.  

ʇʨʝʜʠʢʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʿʝ ʢˀʫʯʥʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ ʩʠʩʪʝʤʘ ʫ 

ʙʫʜʫ˂ʠʤ ʚʨʝʤʝʥʩʢʠʤ ʧʝʨʠʦʜʠʤʘ. ʉʘ ʪʘʯʥʦʤ ʧʨʝʜʠʢʮʠʿʦʤ, ʦʧʝʨʘʪʦʨʠ ʩʠʩʪʝʤʘ ʤʦʛʫ ʠʤʘʪʠ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʘʪʥʦʿ ʧʦʪʨʦʰˁʠ, ʯʠʤʝ ʙʠ ʝʣʝʢʪʨʘʥʝ ʤʦʛʣʝ ʙʠʪʠ ʧʨʠʧʨʝʤˀʝʥʝ ʜʘ ʦʜʛʦʚʦʨʝ 

ʩʘʪʥʠʤ ʟʘʭʪʝʚʠʤʘ. ʆʚʘʢʚʘ ʧʨʠʧʨʝʤʘ ʧʦʪʧʦʤʘʞʝ ʩʧʨʝʯʘʚʘˁʫ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʥʝʟʛʦʜʘ ʢʦʿʝ ʙʠ ʤʦʛʣʝ 

ʜʘ ʩʝ ʜʝʩʝ, ʫʢʦʣʠʢʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʟʘʭʪʝʚʘʥʘ ʘʢʪʠʚʘʮʠʿʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ, ʘʣʠ ʦʩʦʙˀʝ ʥʠʿʝ 

ʩʧʨʝʤʥʦ ʜʘ ʨʝʘʛʫʿʝ ʫ ʤʦʤʝʥʪʫ. ʇʦʩʝʜʦʚʘˁʝʤ ʩʘʪʥʠʭ ʟʘʭʪʝʚʘ ʤʝʩʝʮʠʤʘ ʫʥʘʧʨʝʜ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʫ 

ʦʨʛʘʥʠʟʘʮʠʿʫ ʩʠʩʪʝʤʘ ʠ ʝʢʩʧʝʨʘʪʘ, ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʠʛʫʨʥʦʩʪ ʫ ʧʦʫʟʜʘʥʦʩʪ ʩʘʤʦʛ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ.  

ʊʘʙ.11ï ʉʝʟʦʥʩʢʝ ʚʨʝʜʥʦʩʪʠ MAPE ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʭʠʜʨʦ- ʠ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ 

 ʇʨʦʠʟʚʦʜˁʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʇʨʦʠʟʚʦʜˁʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ 

MAPEɿʠʤʘ [%] 2,01 2,12 

MAPEʇʨʦʣʝ˂ʝ [%] 2,54 2,51 
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MAPEʃʝʪʦ [%] 3,12 3,51 

MAPEɱʝʩʝʥ [%] 3,23 1,94 

 

 
ʉʣ.34 ï ʇʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʟʘ ʘ) ɿʠʤʫ; ʙ) ʇʨʦʣʝ˂ʝ; ʚ) 

ʃʝʪʦ; ʛ) ɱʝʩʝʥ 

 
ʉʣ.35 ï ʇʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʟʘ ʘ) ɿʠʤʫ; ʙ) ʇʨʦʣʝ˂ʝ; ʚ) 

ʃʝʪʦ; ʛ) ɱʝʩʝʥ 

ʇʨʠ ʧʨʦʨʘʯʫʥʫ MAPE ʟʘ ʧʦʜʘʪʢʝ ʧʦ ʧʦʿʝʜʠʥʘʯʥʠʤ ʩʝʟʦʥʘʤʘ, ʚʨʝʜʥʦʩʪ ʛʨʝʰʢʝ ʟʘ ʩʚʘʢʦ 

ʧʨʝʜʚʠʹʘˁʝ ʠʟʥʦʩʠ ʠʩʧʦʜ 10%. ʂʫʤʫʣʘʪʠʚʥʘ MAPE ʥʘ ʥʠʚʦʫ ʮʝʣʦʢʫʧʥʝ ʛʦʜʠʥʝ ʠʟʥʦʩʠ 2,73% ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ, ʦʜʥʦʩʥʦ 2,52% ʟʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ 

ʚʠʩʦʢ ʥʠʚʦ ʧʨʝʮʠʟʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʢʨʠʪʝʨʠʿʫʤʦʤ MAPE < 10%. 
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7.7. ʈʝʟʫʣʪʘʪʠ ʧʨʝʜʠʢʮʠʿʝ ʝʤʠʩʠʿʝ ʉʆ2 

ʉʘ ʧʦʨʘʩʪʦʤ ʛʣʦʙʘʣʥʝ ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʝ ʠ ʧʨʝʪʝʨʘʥʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʦʤ ʥʝʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ 

ʝʥʝʨʛʠʿʝ, ʝʤʠʪʫʿʫ ʩʝ ʤʥʦʛʠ ʛʘʩʦʚʠ ʩʘ ʝʬʝʢʪʦʤ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ. ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʧʦʨʘʩʪʘ ʛʣʦʙʘʣʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʟʘʟʠʚʘ ʚʝʣʠʢʠ ʙʨʦʿ ʝʢʦʣʦʰʢʠʭ ʧʨʦʙʣʝʤʘ [58]. ʈʘʩʪʫ˂ʘ ʛʣʦʙʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝ˂ 

ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʣʘ ʦʰʪʝ˂ʝˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʢʘʦ ʰʪʦ ʩʫ ʥʝʩʪʘʥʘʢ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ, ʛʫʙʠʪʘʢ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ, ʩʫʰʝ, ʧʦʧʣʘʚʝ, ʰʫʤʩʢʠ ʧʦʞʘʨʠ, ʟʘʢʠʩʝˀʘʚʘˁʝ ʦʢʝʘʥʘ, ʪʦʧˀʝˁʝ ʧʦʣʘʨʥʠʭ 

ʛʣʝʯʝʨʘ ʠ ʧʦʨʘʩʪ ʥʠʚʦʘ ʤʦʨʘ [59]ï[61]. 

ʀʘʢʦ ʨʘʟʣʠʯʠʪʠ ʩʝʢʪʦʨʠ, ʧʦʧʫʪ ʩʘʦʙʨʘ˂ʘʿʘ, ʛʨʘʹʝʚʠʥʘʨʩʪʚʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʮʝʩʘ, ʜʦʧʨʠʥʦʩʝ 

ʫʢʫʧʥʠʤ ʝʤʠʩʠʿʘʤʘ, ʥʘʿʚʝ˂ʠ ʫʜʝʦ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ (ʦʢʦ 67%) ʧʦʪʠʯʝ ʫʧʨʘʚʦ ʠʟ ʝʥʝʨʛʝʪʩʢʦʛ 

ʩʝʢʪʦʨʘ, ʰʪʦ ʿʘʩʥʦ ʫʢʘʟʫʿʝ ʥʘ ˁʝʛʦʚʫ ʜʦʤʠʥʘʥʪʥʫ ʫʣʦʛʫ ʫ ʫʢʫʧʥʦʤ ʫʛˀʝʥʠʯʥʦʤ ʦʪʠʩʢʫ ʟʝʤˀʝ. 

ʆʚʠ ʧʦʜʘʮʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣ.36 [62]. 

 
ʉʣ.36 ï ɽʤʠʩʠʿʘ ʉʆ2 ʧʦ ʠʟʚʦʨʠʤʘ ʫ ʉʨʙʠʿʠ 

ʇʦʨʘʩʪ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ ʩʘ ʝʬʝʢʪʦʤ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʧʦʜʩʪʘʢʘʦ ʿʝ ʙʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ 

ʘʥʘʣʠʟʠʨʘʿʫ ʫʪʠʮʘʿ ʝʣʝʢʪʨʘʥʘ ʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʥʘ ʝʤʠʩʠʿʫ [62]ï[66]. ʊʘʯʥʦ ʦʜʨʝʹʠʚʘˁʝ 

ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ CO  ʿʝ ʢʦʤʧʣʝʢʩʥʦ, ʿʝʨ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦʪʠʯʝ ʠʟ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ 

[67]. 

ʇʦʟʥʘʚʘˁʝʤ ʙʫʜʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ CO  ʤʦʛʫ ʩʝ ʙʣʘʛʦʚʨʝʤʝʥʦ ʧʨʝʜʫʟʝʪʠ ʤʝʨʝ ʟʘ ˁʝʥʦ 

ʩʤʘˁʝˁʝ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʿʘʢʫ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠ ʝʤʠʩʠʿʝ CO , ʤʦʜʝʣ 

ʧʨʝʜʚʠʹʘˁʘ ʤʦʞʝ ʩʝ ʦʙʫʯʠʪʠ ʥʘ ʠʩʪʦʿ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʠ ʟʘ ʧʨʦʛʥʦʟʫ 

ʧʨʦʠʟʚʦʜˁʝ. ʈʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ANFIS ʤʝʪʦʜʦʣʦʛʠʿʠ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʜʚʠʹʘˁʝ 

ʝʤʠʩʠʿʝ CO  ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ, ʢʘʢʦ ʟʘ ʿʝʜʘʥ ʜʘʥ, ʪʘʢʦ ʠ ʟʘ ʮʝʣʫ ʛʦʜʠʥʫ ʫʥʘʧʨʝʜ. ʈʝʟʫʣʪʘʪʠ 

ʧʨʝʜʠʢʮʠʿʝ ʝʤʠʩʠʿʝ CO2 ʥʘ ʦʩʥʦʚʫ ʙʘʟʝ ʧʦʜʘʪʘʢʘʢʘ ʧʨʦʠʩʪʝʢʣʝ ʠʟ ANN ʤʦʜʝʣʘ ʧʨʝʜʠʢʮʠʿʝ ʟʘ 

ʧʦʪʨʦʰˁʫ ʩʫ ʧʨʠʢʘʟʘʥʠ ʉʣ.37, ʛʜʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʩʫ ʦʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʝʥʠʭ ʠ 

ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʠʥʠʤʘʣʥʘ. 
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ʉʣ.37 ï ɻʦʜʠʰˁʘ ʧʨʝʜʠʢʮʠʿʘ ʝʤʠʩʠʿʝCO 

ʉʣ.38 ʧʨʠʢʘʟʫʿʝ ʧʨʦʤʝʥʫ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (MSE) ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ 

ʟʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʠ ʠ ʪʝʩʪ ʩʢʫʧ ʧʦʜʘʪʘʢʘ. ʋʦʯʘʚʘ ʩʝ ʙʨʟ ʧʘʜ ʛʨʝʰʢʝ ʫ ʧʦʯʝʪʥʠʤ ʝʧʦʭʘʤʘ, 

ʥʘʢʦʥ ʯʝʛʘ ʩʣʝʜʠ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʩʚʝ ʜʦ ʜʦʩʪʠʟʘˁʘ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʦʤ ʩʢʫʧʫ 

ʫ ʜʝʚʝʪʦʿ ʝʧʦʭʠ. ʅʘʢʦʥ ʪʦʛʘ ʥʝ ʜʦʣʘʟʠ ʜʦ ʜʘˀʝʛ ʧʦʙʦˀʰʘˁʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʟʘʫʩʪʘʚˀʘˁʘ 

ʪʨʝʥʠʥʛʘ ʧʨʠʤʝʥʦʤ ʢʨʠʪʝʨʠʿʫʤʘ ʨʘʥʦʛ ʟʘʫʩʪʘʚˀʘˁʘ. ʉʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʛʨʝʰʢʝ ʟʘ ʩʚʝ ʩʢʫʧʦʚʝ 

ʧʦʜʘʪʘʢʘ ʫʢʘʟʫʿʫ ʥʘ ʜʦʙʨʫ ʩʧʦʩʦʙʥʦʩʪ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ ʤʦʜʝʣʘ. 

 
ʉʣ.38 ï ʇʨʦʤʝʥʘ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʪʦʢʦʤ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ 

ʉʣ.39 ʧʨʠʢʘʟʫʿʝ ʪʦʢ ʧʨʦʤʝʥʝ ʛʨʘʜʠʿʝʥʪʘ, ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ. ʋʦʯʘʚʘ ʩʝ ʜʘ ʛʨʘʜʠʿʝʥʪ ʦʧʘʜʘ ʪʦʢʦʤ ʝʧʦʭʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʘʣʛʦʨʠʪʤʘ. ʇʘʨʘʤʝʪʘʨ ɛ ʨʘʩʪʝ ʠ ʜʦʩʪʠʞʝ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ, ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ 

ʟʘ ʟʘʚʨʰʥʫ ʬʘʟʫ ʦʙʫʯʘʚʘˁʘ. ɹʨʦʿ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʧʦʯʠˁʝ ʜʘ ʨʘʩʪʝ ʥʘʢʦʥ ʦʜʨʝʹʝʥʝ ʝʧʦʭʝ, 

ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʜʘˀʝ ʪʨʝʥʠʨʘˁʝ ʥʝ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʤʦʜʝʣʘ, ʪʝ ʩʝ ʪʨʝʥʠʥʛ ʟʘʫʩʪʘʚˀʘ 

ʧʨʠʤʝʥʦʤ ʨʘʥʦʛ ʟʘʫʩʪʘʚˀʘˁʘ. 
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ʉʣ.39 ï ʇʨʦʤʝʥʘ ʛʨʘʜʠʿʝʥʪʘ, ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʙʨʦʿʘ ʥʝʫʩʧʝʰʥʠʭ ʚʘʣʠʜʘʮʠʿʘ ʪʦʢʦʤ 

ʪʨʝʥʠʨʘˁʘ ANN ʤʦʜʝʣʘ. 

ʉʣ.40 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ ANN ʤʦʜʝʣʘ ʢʨʦʟ ʧʦʨʝʹʝˁʝ ʩʪʚʘʨʥʠʭ ʠ 

ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʠ, ʪʝʩʪ ʠ ʫʢʫʧʥʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ. ʋʦʯʘʚʘ ʩʝ ʚʝʦʤʘ 

ʚʠʩʦʢʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ, ʧʨʠ ʯʝʤʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ ʟʘ ʩʚʝ ʩʢʫʧʦʚʝ ʠʟʥʦʩʝ 

ʦʢʦ 0,99. ʊʘʯʢʝ ʩʫ ʩʢʦʨʦ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʘʩʧʦʨʝʹʝʥʝ ʜʫʞ ʠʜʝʘʣʥʝ ʣʠʥʠʿʝ Y = T, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʚʠʩʦʢʫ ʪʘʯʥʦʩʪ ʤʦʜʝʣʘ. ʄʘʣʘ ʦʜʩʪʫʧʘˁʘ ʠ ʫʿʝʜʥʘʯʝʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘ ʩʚʠʤ ʩʢʫʧʦʚʠʤʘ ʧʦʪʚʨʹʫʿʫ 

ʜʦʙʨʫ ʛʝʥʝʨʘʣʠʟʘʮʠʿʫ ʠ ʩʪʘʙʠʣʥʦʩʪ ʦʙʫʯʝʥʦʛ ʤʦʜʝʣʘ. 

ʍʠʧʝʨʧʘʨʘʤʝʪʨʠ ANN ʤʦʜʝʣʘ ʦʙʫʭʚʘʪʘʿʫ ʘʨʭʠʪʝʢʪʫʨʫ ʤʨʝʞʝ, ʙʨʦʿ ʥʝʫʨʦʥʘ ʠ ʧʘʨʘʤʝʪʨʝ 

ʪʨʝʥʠʨʘˁʘ. ʋ ʨʘʜʫ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʚʠʰʝʩʣʦʿʥʘ feedforward ʤʨʝʞʘ, ʙʝʟ ʨʝʢʫʨʝʥʪʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʜʦʢ 

ʿʝ ʚʨʝʤʝʥʩʢʘ ʟʘʚʠʩʥʦʩʪ ʫʚʝʜʝʥʘ ʧʨʠʤʝʥʦʤ ʚʨʝʤʝʥʩʢʦʛ ʧʦʤʘʢʘ ʫ ʫʣʘʟʠʤʘ. 

ʅʘʢʦʥ ʪʨʝʥʠʨʘˁʘ, ʥʘ ʦʩʥʦʚʫ ʛʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʝ ʦʜʨʝʹʝʥʝ ʩʫ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ʭʠʧʝʨʧʘʨʘʤʝʪʘʨʘ. ʉʢʫʧ ʦʜ 8760 ʫʟʦʨʘʢʘ ʧʦʜʝˀʝʥ ʿʝ ʥʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʠ ʠ ʪʝʩʪ ʩʢʫʧ (70%ï

15%ï15%), ʫʟ ʧʨʠʤʝʥʫ L2 ʨʝʛʫʣʘʨʠʟʘʮʠʿʝ ʠ ʨʘʥʦʛ ʟʘʫʩʪʘʚˀʘˁʘ ʨʘʜʠ ʩʧʨʝʯʘʚʘˁʘ ʧʨʝʦʙʫʯʘʚʘˁʘ. 
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ʉʣ.40 ï ʈʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ANN ʤʦʜʝʣʘ ʥʘ ʪʨʝʥʠʥʛ, ʚʘʣʠʜʘʮʠʦʥʦʤ, ʪʝʩʪ ʠ ʫʢʫʧʥʦʤ 

ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. 

ʇʦʤʦ˂ʫ ʤʦʜʝʣʘ ʢʦʿʠ ʚʨʰʠ ʧʨʝʜʠʢʮʠʿʫ CO  ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʜʚʠʜʝʪʠ ʛʦʜʠʰˁʠ ʥʠʚʦ ʝʤʠʩʠʿʝ ʫʛˀʝʥ-

ʜʠʦʢʩʠʜʘ ʩʘ ʛʨʝʰʢʦʤ ʦʜ MAPE ʢʦʿʘ ʿʝ 1,27%, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢ ʩʪʝʧʝʥ ʧʨʝʮʠʟʥʦʩʪʠ 

ʧʨʝʜʚʠʹʘˁʘ. ANN ʤʦʜʝʣ ʿʝ ʪʨʝʥʠʨʘʥ, ʧʨʠ ʯʝʤʫ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘʪʝ ʛʨʝʰʢʝ ʫʪʚʨʹʝʥʦ ʜʘ 

ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʘ ʦʜʛʦʚʘʨʘʿʫ ʧʘʨʘʤʝʪʨʠʤʘ ʪʨʝʥʠʨʘˁʘ ʜʝʬʠʥʠʩʘʥʠʤ ʫ ʊʘʙ.12. ʂʘʦ 

ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʫ ʤʦʜʝʣ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʘʪ, ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʜʝʣʫ ʜʘʥʘ (ʜʘʥ/ʥʦ˂), ʛʦʜʠʰˁʝ ʜʦʙʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʙʨʟʠʥʘ ʚʝʪʨʘ ʠ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʊʘʙ.12ï ʇʘʨʘʤʝʪʨʠ ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ 

ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ 

ɹʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ 4 

ɹʨʦʿ ʥʝʫʨʦʥʘ ʧʦ ʩʣʦʿʝʚʠʤʘ ʧʨʚʠ ʜʨʫʛʠ ʪʨʝ˂ʠ ʯʝʪʚʨʪʠ 

48 24 12 12 

ɽʧʦʭʝ ʪʨʝʥʠʥʛʘ 29 

 

ɺʠʩʦʢʘ ʪʘʯʥʦʩʪ ʦʚʦʛ ʤʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʨʝʰʝˁʝ ʟʘ ʙʫʜʫ˂ʝ ʧʣʘʥʠʨʘˁʝ ʝʤʠʩʠʿʘ 

CO , ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʜʦʥʦʰʝˁʝ ʠʥʬʦʨʤʠʩʘʥʠʭ ʦʜʣʫʢʘ ʦ ʤʝʨʘʤʘ ʟʘ ˁʠʭʦʚʦ ʩʤʘˁʝˁʝ. 
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ʋ ʜʘˀʦʿ ʘʥʘʣʠʟʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʿʦʰ ʿʝʜʥʘ ʧʨʝʜʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ ʫʧʦʪʨʝʙʦʤ ANN ʤʦʜʝʣʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ARIMA ʤʦʜʝʣʦʤ. ʈʘʟʚʠʿʝʥʘ ʩʫ ʜʚʘ ANFIS ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʝʤʠʩʠʿʝ CO . ɱʝʜʘʥ 

ʤʦʜʝʣ ʿʝ ʦʙʫʯʘʚʘʥ ʥʘ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʫ ʢʦʿʦʿ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʦʪʨʦʰˁʝ ʜʦʙʠʿʝʥʝ ʧʨʠʤʝʥʦʤ ANN 

ʤʦʜʝʣʘ, ʜʦʢ ʿʝ ʜʨʫʛʠ ANFIS ʤʦʜʝʣ ʦʙʫʯʘʚʘʥ ʥʘ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʬʦʨʤʠʨʘʥʦʿ ʥʘ ʦʩʥʦʚʫ ʧʨʝʜʠʢʮʠʿʝ 

ʧʦʪʨʦʰˁʝ ʧʨʠʤʝʥʦʤ ARIMA ʤʦʜʝʣʘ. 

ʇʨʠ ʧʨʝʜʠʢʮʠʿʠ ʝʤʠʩʠʿʝ CO , ʫʦʯʝʥʦ ʿʝ ʜʘ ʤʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ ANN ʧʨʝʜʠʢʮʠʿʠ ʧʦʪʨʦʰˁʝ 

ʧʦʩʪʠʞʝ ʤʘˁʫ ʛʨʝʰʢʫ MAPE ʦʜ 5,64%, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ 

ʧʨʠʩʪʫʧʝ. ʆʚʘ ʛʨʝʰʢʘ ʩʝ ʜʘˀʝ ʧʨʝʥʦʩʠ ʫ ʧʨʦʮʝʩ ʧʨʝʜʠʢʮʠʿʝ ʝʤʠʩʠʿʝ, ʯʠʤʝ ʩʝ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʫ 

ʪʘʯʥʦʩʪ ʤʦʜʝʣʘ. ʆʚʘ ʜʚʘ ʤʦʜʝʣʘ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ, ʿʝʨ ʩʝ ʠʟʣʘʟ ANN ʤʦʜʝʣʘ ʢʦʨʠʩʪʠ ʢʘʦ 

ʫʣʘʟ ʫ ANFIS ʤʦʜʝʣ. ʋʢʦʣʠʢʦ ʿʝ ʠʥʠʮʠʿʘʣʥʠ ANN ʤʦʜʝʣ ʚʠʩʦʢʝ ʪʘʯʥʦʩʪʠ, ʜʦʙʠʿʝʥʝ ʧʨʝʜʠʢʮʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʫʟʜʘʥʫ ʦʩʥʦʚʫ ʟʘ ʜʘˀʝ ʤʦʜʝʣʠʨʘˁʝ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʚʠʩʦʢʦʤ ʪʘʯʥʦʰ˂ʫ ANFIS 

ʤʦʜʝʣʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʫ ʩʣʫʯʘʿʫ ʥʠʞʝ ʪʘʯʥʦʩʪʠ ANN ʤʦʜʝʣʘ, ʛʨʝʰʢʝ ʩʝ ʧʨʝʥʦʩʝ ʥʘ ANFIS 

ʤʦʜʝʣ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʫʢʫʧʥʦʛ ʢʚʘʣʠʪʝʪʘ ʧʨʝʜʠʢʮʠʿʝ. 

ʂʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʦ ʫʪʠʮʘʿ ʤʦʜʝʣʘ ʧʨʝʜʠʢʮʠʿʝ ʧʦʪʨʦʰˁʝ, ʠʟ ARIMA -ʝ ʠ ANN-ʘ, ʫʨʘʹʝʥʘ ʿʝ 

ʩʣʝʜʝ˂ʘ ʘʥʘʣʠʟʘ. ʀʟʣʘʟʥʘ ʧʨʝʜʠʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʥʘ ʦʩʥʦʚʫ ARIMA ʤʦʜʝʣʘ ʿʝ ʢʦʨʠʰʪʝʥʘ ʟʘ ʜʨʫʛʠ 

ANFIS ʤʦʜʝʣ ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʧʨʝʜʚʠʹʘ ʝʤʠʩʠʿʫ CO2. ɻʨʝʰʢʝ ʧʨʝʜʠʢʮʠʿʘ ʦʚʘ ʜʚʘ ANFIS ʤʦʜʝʣʘ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʫ ʊʘʙ.13.  

ʊʘʙ.13ïɻʨʝʰʢʘ MAPEʟʘ ʛʦʜʠʰˁʫ ʧʨʝʜʠʢʮʠʿʫ ʝʤʠʩʠʿʝCO2 ʫʧʦʪʨʝʙʦʤ ʨʘʟʣʠʯʠʪʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ 

 ʇʦʪʨʦʰˁʘ ʠʟ ANN ʤʦʜʝʣʘ 

ʧʨʝʜʠʢʮʠʿʝ 

ʇʦʪʨʦʰˁʘ ʠʟ ARIMA  ʤʦʜʝʣʘ 

ʧʨʝʜʠʢʮʠʿʝ 

MAPE 1,27 % 8,35 % 

 

ɿʘ ʦʙʘ ANFIS ʤʦʜʝʣʘ, ʦʩʪʘʪʘʢ ʙʘʟʝ ʧʦʜʘʪʘʢʘʢʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʿʝ ʦʙʫʯʘʚʘʥ, ʿʝ ʦʩʪʘʦ ʠʜʝʥʪʠʯʘʥ. 

ɱʝʜʠʥʦ ʰʪʦ ʩʝ ʤʝˁʘʣʦ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʚʠʹʘʥʝ ʧʦʪʨʦʰˁʝ ʧʨʦʠʩʪʝʢʣʝ ʠʟ ANN ʠ ARIMA ʤʦʜʝʣʘ. 

ʇʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʚʨʝʜʥʦʩʪ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʪʘʯʥʦʩʪ 

ʧʨʝʜʚʠʹʘˁʘ ʝʤʠʩʠʿʝ CO2. ʀʘʢʦ ʛʨʝʰʢʘ ʧʨʠ ʧʨʝʜʚʠʹʘˁʫ ʢʦʨʠʰʪʝˁʝʤ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʩʘ 

ʧʨʝʜʠʢʮʠʿʘʤʘ ʠʟ ARIMA ʤʦʜʝʣʘ ʩʧʘʜʘ ʫ ʛʨʝʰʢʝ ʥʠʩʢʝ ʚʨʝʜʥʦʩʪʠ, ʫʧʦʪʨʝʙʦʤ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ 

ʧʦʩʣʝʜʠʮʘ ANN ʧʨʝʜʚʠʹʘˁʘ ʦʚʘ ʛʨʝʰʢʘ ʩʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ. ʆʚʦ ʿʝ ʠʩʭʦʜ ʢʦʤ ʩʝ ʧʨʠ 

ʨʘʟʚʠʿʘˁʠʤʘ ʧʨʝʜʠʢʪʠʚʥʠʭ ʤʦʜʝʣʘ ʢʦʥʩʪʘʥʪʥʦ ʪʝʞʠ, ʤʘˁʘ ʛʨʝʰʢʘ ʧʨʝʜʠʢʮʠʿʝ. ʇʦʩʪʠʟʘˁʝ 

ʤʘˁʠʭ ʛʨʝʰʘʢʘ ʫ ʧʨʝʜʚʠʹʘˁʫ ʦʤʦʛʫ˂ʘʚʘ ʚʝ˂ʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʫ ʜʝʬʠʥʠʩʘˁʫ ʠ ʧʨʠʤʝʥʠ 

ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ CO . ʆʚʠʤ ʧʨʦʨʘʯʫʥʦʤ ʧʦʥʦʚʦ ʩʫ ʧʦʪʚʨʹʝʥʝ ʧʨʝʜʥʦʩʪʠ ʤʝʪʦʜʘ 

ʧʨʝʜʚʠʹʘˁʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ANNïʫ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʝ ʧʨʠʩʪʫʧʝ ʧʨʦʛʥʦʟʠʨʘˁʫ. 

ʂʘʢʦ ʩʝ ɽɽʉ ʨʘʟʚʠʿʘʿʫ ʠʥʪʝʛʨʘʮʠʿʦʤ ʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʘʦ ʰʪʦ ʩʫ ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ, 

ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʠ ʢʫʧʘʮʘïʧʨʦʠʟʚʠʹʘʯʘ, ʦʙʝʟʙʝʹʠʚʘˁʝ ˁʠʭʦʚʦʛ ʝʬʠʢʘʩʥʦʛ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʩʚʝ ʚʝ˂ʠ ʠʟʘʟʦʚ ʟʘ ʩʪʨʫʯˁʘʢʝ. ʀʘʢʦ ʩʫ ʦʚʠ ʥʘʧʨʝʪʮʠ ʦʜ ʩʫʰʪʠʥʩʢʦʛ 

ʟʥʘʯʘʿʘ ʠ ʜʦʥʦʩʝ ʙʨʦʿʥʝ ʧʨʝʜʥʦʩʪʠ, ʦʥʠ ʠʩʪʦʚʨʝʤʝʥʦ ʫʥʦʩʝ ʜʦʜʘʪʥʫ ʩʣʦʞʝʥʦʩʪ ʢʦʿʘ ʟʘʭʪʝʚʘ 

ʧʨʠʤʝʥʫ ʥʘʧʨʝʜʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʫʧʨʘʚˀʘˁʘ ʠ ʢʦʦʨʜʠʥʘʮʠʿʝ. 

ʆʩʣʘˁʘʿʫ˂ʠ ʩʝ ʥʘ ʙʦʛʘʪʦ ʠʩʢʫʩʪʚʦ ʠ ʦʙʠʤʥʝ ʧʦʜʘʪʢʝ ʠʟ ʜʦʩʘʜʘʰˁʝʛ ʨʘʜʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ 

ʩʠʩʪʝʤʘ, ʤʦʛʫ˂ʝ ʿʝ ʨʘʟʚʠʪʠ ʧʨʝʜʠʢʪʠʚʥʠ ʤʦʜʝʣ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʧʦ 

ʠʟʚʦʨʠʤʘ, ʢʘʦ ʠ ʫʚʠʜ ʫ ʫʪʠʮʘʿ ʩʚʘʢʦʛ ʦʜ ˁʠʭ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʠ ʪʝʩʪʠʨʘʥʘ 

ʿʝʜʠʥʩʪʚʝʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ANN ʠ ANFIS ʤʝʪʦʜʦʣʦʛʠʿʘ. ɳʠʭʦʚʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ ʠʩʢʦʨʠʰ˂ʝʥʝ ʩʫ 

ʧʨʝʜʥʦʩʪʠ ʦʙʘ ʧʨʠʩʪʫʧʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʤʠʥʠʤʘʣʥʦʤ ʛʨʝʰʢʦʤ ʫ ʧʨʝʜʚʠʹʘˁʫ. ʄʦʜʝʣ ANN-a, 

ʢʦʿʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʘʤʙʠʿʝʥʪʘʣʥʝ ʫʩʣʦʚʝ, ʚʨʝʤʝ ʠ ʝʥʝʨʛʝʪʩʢʝ ʧʘʨʘʤʝʪʨʝ, ʧʦʩʪʠʛʘʦ ʿʝ ʧʨʝʮʠʟʥʦʩʪ 
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ʩʘ ʛʨʝʰʢʦʤ ʦʜ ʩʘʤʦ 5,64%. ʀʘʢʦ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʫ ʨʘʜʫ [69] ʠʤʘʣʘ ʤʘˁʫ ʛʨʝʰʢʫ ʦʜ 4,57%, ʦʥʘ ʿʝ 

ʦʙʫʭʚʘʪʘʣʘ ʩʘʤʦ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʧʨʝʜʚʠʹʘˁʝ ʝʤʠʩʠʿʝ CO  

ʧʨʠʤʝʥʦʤ ANFIS ʤʦʜʝʣʘ ʦʙʫʯʝʥʦʛ ʥʘ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʠʟ ANN ʤʦʜʝʣʘ ʜʘʣʦ ʿʝ ʛʨʝʰʢʫ ʦʜ ʩʚʝʛʘ 

1,27%. ʄʝʪʦʜʦʣʦʰʢʠ ʧʨʠʩʪʫʧʠ ʧʦʧʫʪ HoltïWinters ʠʟ ʨʘʜʘ [70] ʧʦʩʪʠʛʣʠ ʩʫ ʥʠʞʫ ʛʨʝʰʢʫ 

(0,75%), ʘʣʠ ʥʠʩʫ ʧʨʝʜʚʠʹʘʣʠ ʮʝʣʦʢʫʧʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ. ʊʦ ʧʦʪʚʨʹʫʿʝ ʢˀʫʯʥʫ ʧʨʝʜʥʦʩʪ 

ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ ʩʚʝʦʙʫʭʚʘʪʥʦʛ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʠ 

ʠʟʜʚʘʿʘˁʘ ʢʨʠʪʠʯʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʢʘʦ ʰʪʦ ʿʝ ʝʤʠʩʠʿʘ CO . 

ʀʥʪʝʛʨʘʮʠʿʘ ʟʥʘˁʘ ʠ ʠʩʢʫʩʪʚʘ ʜʠʩʧʝʯʝʨʘ ʫ ʧʨʦʮʝʩ ʦʙʫʯʘʚʘˁʘ ʤʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʜʦʧʨʠʥʦʩʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. ɼʠʩʧʝʯʝʨʠ ʧʦʩʝʜʫʿʫ ʜʫʙʦʢʦ ʩʪʨʫʯʥʦ ʟʥʘˁʝ ʠ 

ʩʧʦʩʦʙʥʦʩʪ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʟʘʩʥʦʚʘʥʫ ʥʘ ʠʩʢʫʩʪʚʫ ʠʟ ʨʝʘʣʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʩʠʪʫʘʮʠʿʘ. 

ʋʥʦʰʝˁʝʤ ʪʠʭ ʫʚʠʜʘ ʫ ʧʨʦʮʝʩ ʦʙʫʯʘʚʘˁʘ ANN ʤʦʜʝʣʘ, ʜʦʙʠʿʝʥʝ ʩʫ ʧʨʝʮʠʟʥʠʿʝ ʧʨʦʛʥʦʟʝ ʠ ʙʦˀʝ 

ʨʘʟʫʤʝʚʘˁʝ ʩʫʧʪʠʣʥʠʭ ʰʘʙʣʦʥʘ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʥʠʩʫ ʫʚʝʢ ʚʠʜˀʠʚʠ ʫ ʧʦʜʘʮʠʤʘ. ʆʚʠʤ 

ʧʨʠʩʪʫʧʦʤ ʥʝ ʩʘʤʦ ʜʘ ʿʝ ʧʦʙʦˀʰʘʥʘ ʪʘʯʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ, ʚʝ˂ ʿʝ ʤʦʜʝʣ ʧʦʩʪʘʦ ʦʪʧʦʨʥʠʿʠ ʠ 

ʧʨʠʣʘʛʦʜˀʠʚʠʿʠ ʜʠʥʘʤʠʯʥʠʤ ʠ ʩʣʦʞʝʥʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ ʫ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʇʨʝʜʚʠʹʘˁʝ ʛʦʜʠʰˁʝ ʝʤʠʩʠʿʝ CO  ʧʦʩʪʠʛʥʫʪʦ ʿʝ ʩʘ ʤʠʥʠʤʘʣʥʦʤ ʛʨʝʰʢʦʤ ʟʘʭʚʘˀʫʿʫ˂ʠ 

ʠʥʪʝʛʨʠʩʘʥʦʿ ʫʧʦʪʨʝʙʠ ANN ʠ ANFIS ʤʦʜʝʣʘ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʠ ʫ ʚʨʝʤʝʥʫ 

ʛʣʦʙʘʣʥʠʭ ʥʘʩʪʦʿʘˁʘ ʜʘ ʩʝ ʩʤʘˁʠ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʘ ʝʬʝʢʪʦʤ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʧʦʙʦˀʰʘ ʩʪʘˁʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʇʨʘʚʦʚʨʝʤʝʥʠʤ ʧʨʝʜʚʠʹʘˁʝʤ ʝʤʠʩʠʿʝ ʤʦʛʫ ʩʝ ʙʣʘʛʦʚʨʝʤʝʥʦ ʧʣʘʥʠʨʘʪʠ ʤʝʨʝ 

ʫʙʣʘʞʘʚʘˁʘ, ʦʧʪʠʤʘʣʥʦ ʨʘʩʧʦʨʝʜʠʪʠ ʬʠʥʘʥʩʠʿʩʢʠ ʨʝʩʫʨʩʠ ʠ ʦʨʛʘʥʠʟʦʚʘʪʠ ʬʫʥʢʮʠʦʥʠʩʘˁʝ 

ʩʠʩʪʝʤʘ ʪʘʢʦ ʜʘ ʩʝ ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʤʠʥʠʤʠʟʫʿʫ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʝʜʠʢʮʠʿʝ ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʟʘ ʘʥʘʣʠʟʫ ʫ ʧʦʛʣʘʚˀʫ 10. 

ʇʨʝʜʠʢʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ, ʢʘʦ ʠ 

ʧʨʝʜʠʢʮʠʿʝ ʧʦʪʨʦʰˁʝ, ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩʫ ʫ ʘʣʛʦʨʠʪʘʤ ʨʘʟʚʠʿʝʥ ʫ ʧʦʛʣʘʚˀʫ 10. ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʚʠ ʢʦʨʘʢ ʫ ʬʦʨʤʠʨʘˁʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ 
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8. ʇʨʝʜʠʢʪʠʚʥʦ ʤʦʜʝʣʦʚʘˁʝ ʟʘ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ɽɽʉïʘ 
ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʢˀʫʯʥʘ ʘʥʘʣʠʟʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʩʪʘˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. 

ʆʧʩʢʨʙˀʫʿʝ ʠʥʞʝˁʝʨʝ ʠ ʦʧʝʨʘʪʦʨʝ ʩʠʩʪʝʤʘ ʟʥʘˁʝʤ ʦ ʪʦʢʦʚʠʤʘ ʩʥʘʛʘ, ʧʨʝʜʚʠʹʘˁʝ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʰʝ ʝʬʠʢʘʩʥʦ ʠ ʩʠʛʫʨʥʦ. 

ʇʣʘʥʠʨʘˁʝ ʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʜʠʟʘʿʥ, ʢʦʥʪʨʦʣʘ, ʘʥʘʣʠʟʘ ʩʠʛʫʨʥʦʩʪʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʩʝ 

ʦʩʣʘˁʘʿʫ ʥʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ [71]ï[74]. ʂʦʥʩʪʘʥʪʥʘ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʞʠ ʙʘʣʘʥʩ ʠʟʤʝʹʫ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʟʘʭʪʝʚʘ ʨʝʰʘʚʘˁʝ ʢʦʤʧʣʝʢʩʥʠʭ, ʥʝʣʠʥʝʘʨʥʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ 

ʧʨʦʙʣʝʤʘ ʩʪʘʣʥʠʤ ʧʨʦʨʘʯʫʥʘʚʘˁʝʤ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʜʥʝʚʥʦʤ, ʩʘʪʥʦʤ ʧʘ ʯʘʢ ʠ ʤʠʥʫʪʥʦʤ 

ʥʠʚʦʫ[1]. ʇʨʠ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʝ, ʤʥʦʛʠ ʧʨʦʨʘʯʫʥʠ ʫʚʦʜʝ ʦʜʨʝʹʝʥ ʥʠʚʦ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʠ 

ʟʘʥʝʤʘʨʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʰʣʦ ʜʦ ʢʦʨʠʩʥʠʭ ʨʝʟʫʣʪʘʪʘ [75]. ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʝ ʨʘʜʠ ʜʦ 

ʥʠʚʦʘ ʪʘʯʥʦʩʪʠ ʦʜ 0,1% ʛʨʝʰʢʝ ʦʧʪʠʤʘʣʥʦʩʪʠ, ʘʣʠ ʫʟ ʟʘʥʝʤʘʨʝˁʘ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ 

ʫʩʣʦʚʘ[1]. 

ʈʘʩʪʫ˂ʘ ʢʦʣʠʯʠʥʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʠ ʦʩʪʘʣʠʭ ʘʩʧʝʢʘʪʘ ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʩʠʩʪʝʤʠʤʘ 

ʟʥʘʯʘʿʥʦ ʢʦʤʧʣʠʢʫʿʝ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʘʥʘʣʠʟʫ ʩʘʤʦʛ ʩʠʩʪʝʤʘ. ʄʥʦʛʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʤʝʪʦʜʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠ ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. ʆʜ ʧʨʦʮʝʥʝ 

ʧʦʫʟʜʘʥʦʩʪʠ ʩʠʩʪʝʤʘ ʠ ʢʦʥʪʨʦʣʝ [76], ʜʦ ʧʨʦʨʘʯʫʥʘ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ [77] ʠ ʫʧʦʪʨʝʙʝ 

ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʠʥʬʦʨʤʠʩʘʥʦʛ ʧʨʝʪʭʦʜʥʠʤ ʟʥʘˁʠʤʘ ʩʘ ʦʙʨʘʜʦʤ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ 

[78].  

ʇʨʝʜʥʦʩʪʠ ANN-a ʠ ʤʝʪʦʜʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʧʦʢʘʟʘʥʝ ʩʫ ʫ 

ʙʨʦʿʥʠʤ ʨʘʜʦʚʠʤʘ. ʋ ʨʘʜʫ [79] ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʥʦʚʘ ʘʨʭʠʪʝʢʪʫʨʘ Heterogeneous Multiïview Graph 

Neural Network ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʭʘʥʠʟʤʫ ʧʘʞˁʝ (attentionïbased). ɸʨʭʠʪʝʢʪʫʨʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʛʨʘʬ 

ʥʝʫʨʘʣʥʠʤ ʤʨʝʞʘʤʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʫ ʨʘʜʫ [80], ʜʦʢ ʿʝ ʫ ʨʘʜʫ [31]ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʠʥʪʝʛʨʠʩʘʥ ʫ ʧʨʦʮʝʩ ʦʙʫʢʝ ʤʦʜʝʣʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʆʚʠ ʨʘʜʦʚʠ ʫʩʧʦʩʪʘʚˀʘʿʫ ʜʠʨʝʢʪʥʫ 

ʚʝʟʫ ʠʟʤʝʹʫ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʫ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʪʦʢʦʚʘ ʩʥʘʛʝ. 

ʄʝʹʫʪʠʤ, ʧʨʦʨʘʯʫʥʠ ʪʦʢʦʚʘ ʩʥʘʛʝ ʫ ʥʘʚʝʜʝʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʧʨʦʚʝʜʝʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ 

ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʘ, ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʫʪʠʮʘʿʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ʋʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠʘʢʦ ʩʝ ʫ ʚʝ˂ʠʥʠ ʧʨʠʩʪʫʧʘ ʟʘʥʝʤʘʨʫʿʝ. ʎʠˀ ʧʨʦʨʘʯʫʥʘ ʫ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʜʘ ʫʚʨʩʪʠ ʠ ʘʤʙʠʿʝʥʪʘʣʥʫ ʟʘʚʠʩʥʦʩʪ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʧʦʪʨʦʰˁʝ ʠ 

ʧʨʦʠʟʚʦʜˁʝ, ʫ ʧʨʦʮʝʩ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʝ.  

ʋ [81] ʧʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʫʚʘʞʘʚʘ ʪʝʨʤʠʯʢʫ ʟʘʚʠʩʥʦʩʪ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ 

ʫʩʣʦʚʘ ʥʘ ʧʨʦʨʘʯʫʥʝ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʇʨʦʨʘʯʫʥ ʿʝ ʠʟʚʨʰʝʥ ʟʘ ʿʝʜʘʥ ʚʨʝʤʝʥʩʢʠ ʪʨʝʥʫʪʘʢ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʫʦʯʝʥʦ ʜʦʙʨʦ ʧʦʢʣʘʧʘˁʝ ʩʘ ʩʪʚʘʨʥʠʤ ʩʪʘˁʝʤ ʩʠʩʪʝʤʘ. ʀʧʘʢ, ʫʧʨʢʦʩ ʧʦʩʪʠʛʥʫʪʦʿ ʪʘʯʥʦʩʪʠ, 

ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ ʥʠʿʝ ʧʦʛʦʜʘʥ ʟʘ ʘʥʘʣʠʟʫ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʧʦʚʝ˂ʘʥʫ ʨʘʯʫʥʩʢʫ 

ʩʣʦʞʝʥʦʩʪ. ʆʚʘʢʚʠ ʧʨʦʨʘʯʫʥʠ ʠʤʘʿʫ ʟʥʘʯʘʿʥʦ ʜʫʞʝ ʚʨʝʤʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʨʦʨʘʯʫʥ ʫʩʣʝʜ ʯʝʛʘ ʥʠʩʫ 

ʧʨʠʤʝˁʠʚʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʇʨʠʩʪʫʧ ʟʘʚʠʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ 

ʫʩʣʦʚʘ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʢʫ ANN ʤʦʜʝʣʘ ʢʦʿʠ ʙʠ 

ʧʨʝʜʚʠʹʘʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʩʘ ʤʘˁʠʤ ʚʨʝʤʝʥʦʤ ʧʦʪʨʝʙʥʠʤ ʟʘ ʨʘʯʫʥ, ʘ ʚʝ˂ʝ ʪʘʯʥʦʩʪʠ ʧʦʧʫʪ 

ʧʨʦʨʘʯʫʥʘ ʢʦʿʠ ʫʚʘʞʘʚʘ ʘʤʙʠʿʝʥʪʘʣʥʫ ʟʘʚʠʩʥʦʩʪ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ. ʋ [82] ʨʘʟʚʠʿʝʥ ʿʝ ʩʠʩʪʝʤ 

ʨʘʯʫʥʘˁʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫʟ ʫʚʘʞʘʚʘˁʝ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʫʟ ʘʥʘʣʠʟʫ ʚʨʝʤʝʥʩʢʝ ʟʘʚʠʩʥʦʩʪʠ 

ʧʨʦʨʘʯʫʥʘ. 

ʋʚʨʰʪʘʚʘˁʝʤ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʫ ʧʨʠʨʦʜʫ ʧʨʦʠʟʚʦʜˁʝ, ʧʦʪʨʦʰˁʝ ʠ 

ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ, ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʙʠ ʜʘʦ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʪʘʯʥʠʿʝ ʨʝʬʣʝʢʪʫʿʫ ʩʣʠʢʫ 

ʩʪʚʘʨʥʦʛ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ʆʚʦ ʙʠ ʦʤʦʛʫ˂ʠʣʦ ʠʥʞʝˁʝʨʠʤʘ ʠ ʦʧʝʨʘʪʦʨʠʤʘ ʩʠʩʪʝʤʘ ʜʘ ʜʦʥʦʩʝ 

ʦʜʣʫʢʝ ʫʪʝʤʝˀʝʥʝ ʥʘ ʚʝ˂ʦʿ ʢʦʣʠʯʠʥʠ ʢʦʨʠʩʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʪʠʤʝ ʦʧʪʠʤʠʟʫʿʫ ʨʘʜ ʩʠʩʪʝʤʘ. ʋ 
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ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʫʚʘʞʝʥʝ ʩʫ ʦʚʘʢʚʝ ʟʘʚʠʩʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ. ʆʚʦ ʫʢˀʫʯʫʿʝ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʜʦʙʘ ʜʘʥʘ, ʧʝʨʠʦʜʘ ʫ ʛʦʜʠʥʠ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ʧʘʨʘʤʝʪʨʝ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ, 

ʧʦʪʨʦʰˁʫ ʠ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ. 

ʋʧʦʪʨʝʙˀʝʥ ʿʝ ʪʝʨʤʘʣʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʥʘʜʟʝʤʥʝ ʚʦʜʦʚʝ ʢʦʿʠ ʫʚʘʞʘʚʘ ʚʘʨʠʨʘˁʝ 

ʨʝʘʢʪʘʥʩʝ ʠ ʨʝʟʠʩʪʘʥʩʝ ʧʨʦʚʦʜʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʦʣʘʨʥʫ ʠʨʘʜʠʿʘʮʠʿʫ, ʙʨʟʠʥʫ ʚʝʪʨʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʣʠʥʝ.  

ʆʚʘʢʘʚ ʪʠʧ ʧʨʦʨʘʯʫʥʘ, ʢʦʿʠ ʿʝ ʧʨʠʙʣʠʞʥʠʿʠ ʩʪʚʘʨʥʠʤ ʫʩʣʦʚʠʤʘ, ʟʘʭʪʝʚʘ ʟʥʘʯʘʿʥʦ ʚʨʝʤʝ ʠ ʥʠʿʝ 

ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʂʘʢʦ ʙʠ ʩʝ ʦʚʘʿ ʥʝʜʦʩʪʘʪʘʢ ʧʨʝʚʘʟʠʰʘʦ, ʘʣʛʦʨʠʪʘʤ 

ʧʨʦʨʘʯʫʥʘ ʿʝ ʫʥʘʧʨʝʹʝʥ. ʇʨʦʨʘʯʫʥ ʢʦʿʠ ʫʚʘʞʘʚʘ ʫʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠʟʚʨʰʝʥ ʿʝ 

ʿʝʜʥʦʢʨʘʪʥʦ, ʥʘ ʧʦʯʝʪʢʫ, ʟʘ ʩʚʝ ʜʦʩʪʫʧʥʝ ʤʝʨʥʝ ʚʨʝʜʥʦʩʪʠ, ʦʙʫʭʚʘʪʘʿʫ˂ʠ ʧʨʦʤʝʥʝ ʫ ʦʧʪʝʨʝ˂ʝˁʫ, 

ʧʨʦʠʟʚʦʜˁʠ ʠ ʝʣʝʤʝʥʪʠʤʘ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʧʦʩʤʘʪʨʘʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. 

ʈʝʟʫʣʪʘʪʠ ʦʚʦʛ ʧʨʦʨʘʯʫʥʘ ʯʠʥʝ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ANN ʤʦʜʝʣʘ. ʅʘʢʦʥ ʦʙʫʯʘʚʘˁʘ, 

ʤʦʜʝʣ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʧʦʥʦʚʥʠʤ 

ʠʟʚʨʰʘʚʘˁʝʤ ʩʣʦʞʝʥʦʛ ʧʨʦʨʘʯʫʥʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʫʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʚʝ˂ 

ʠʤʧʣʠʮʠʪʥʦ ʩʘʜʨʞʘʥ ʫ ʧʦʜʘʮʠʤʘ ʥʘ ʢʦʿʠʤʘ ʿʝ ʤʦʜʝʣ ʦʙʫʯʝʥ. 

ʆʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʧʦʩʪʠʞʝ ʩʝ ʚʠʩʦʢʘ ʪʘʯʥʦʩʪ ʫʟ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ 

ʧʨʦʨʘʯʫʥ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʠʿʝ ʧʣʘʥʠʨʘˁʝ ʩʠʩʪʝʤʘ ʠ ʙʨʞʝ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʦʜ ʩʪʨʘʥʝ 

ʦʧʝʨʘʪʦʨʘ. 

ɻʣʘʚʥʠ ʜʦʧʨʠʥʦʩʠ ʢʦʿʠ ʦʚʘʢʘʚ ʘʣʛʦʨʠʪʘʤ ʧʨʫʞʘ ʩʫ: 

Á ʫʚʘʞʘʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʫʪʠʮʘʿʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ʩʪʘˁʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ. 

Á ʫʚʘʞʘʚʘˁʝ ʧʨʦʤʝʥʝ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʩʘ ʘʤʙʠʿʝʥʪʘʣʥʠʤ 
ʫʩʣʦʚʠʤʘ. 

Á ʨʘʟʚʠʿʘˁʝ ANN ʤʦʜʝʣʘ ʢʦʿʠ ʫʚʘʞʘʚʘ ʧʨʦʤʝʥʝ ʫ ʧʘʨʘʤʝʪʨʠʤʘ ʩʠʩʪʝʤʘ ʠ ʚʘʨʠʿʘʮʠʿʫ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʠ ʧʦʪʨʦʰˁʠ ʝʥʝʨʛʠʿʝ. 

Á ʧʦʩʪʠʟʘˁʝ ʙʘʣʘʥʩʘ ʠʟʤʝʹʫ ʧʦʪʨʝʙʝ ʟʘ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ, ʘ ʤʘˁʠʤ ʚʨʝʤʝʥʦʤ ʧʨʦʨʘʯʫʥʘ 
ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʦʧʝʨʘʪʦʨʠʤʘ ʩʠʩʪʝʤʘ ʜʘ ʩʘ ʩʠʛʫʨʥʠʤ ʠ ʙʨʟʦ ʜʦʩʪʫʧʥʠʤ 

ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʜʦʥʦʩʝ ʝʬʠʢʘʩʥʝ ʦʜʣʫʢʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʘ ʤʨʝʞʝ. 

ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʪʝʩʪʠʨʘʥ ʥʘ ʨʝʘʣʥʦʿ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 35 kV ʩʘ 

28 ʯʚʦʨʦʚʘ, ʣʦʮʠʨʘʥʦʿ ʫ ɹʘʥʘʪʫ, ʧʨʠ ʯʝʤʫ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʩʪʚʘʨʥʘ ʤʝʨʝˁʘ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ 

ʩʘ ʪʝ ʤʨʝʞʝ. 

8.1. ʈʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʂʘʢʦ ʙʠ ʩʝ ʦʬʦʨʤʠʦ ʢʦʤʧʣʝʪʘʥ ʧʨʦʮʝʩ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʩʠʩʪʝʤʘ, ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʩʝ ʩʘʩʪʦʿʠ 

ʦʜ ʩʧʦʿʘ ʢʣʘʩʠʯʥʦʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʫʚʘʞʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʦʜ ʦʢʦʣʥʠʭ ʫʩʣʦʚʘ. 

ʆʩʥʦʚʥʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠʟʚʝʜʝʥ ʿʝ ʧʨʠʤʝʥʦʤ ʐʠʨʤʦʭʘʤʘʜʠ ʤʝʪʦʜʝ, ʢʦʿʘ ʿʝ ʠʟʘʙʨʘʥʘ ʟʙʦʛ 

ʜʦʙʨʝ ʪʘʯʥʦʩʪʠ ʠ ʤʘˁʝʛ ʨʘʯʫʥʩʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʨʦʨʘʯʫʥʘ, ʫ ʤʦʜʝʣ ʩʫ 

ʠʥʪʝʛʨʠʩʘʥʝ ʚʨʝʤʝʥʩʢʠ ʠ ʘʤʙʠʿʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʢʘʢʦ ʙʠ ʩʝ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ 

(ʦʪʧʦʨʥʦʩʪ, ʨʝʘʢʪʘʥʩʘ ʠ ʛʫʙʠʮʠ) ʜʠʥʘʤʠʯʢʠ ʧʨʠʣʘʛʦʹʘʚʘʣʠ ʨʝʘʣʥʦʤ ʩʪʘˁʫ ʩʠʩʪʝʤʘ. 

ʆʚʘʢʚʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ ʜʦʙʠʿʝʥ ʿʝ ʤʦʜʝʣ ʢʦʿʠ ʟʘʜʨʞʘʚʘ ʚʠʩʦʢʫ ʧʨʝʮʠʟʥʦʩʪ ʢʣʘʩʠʯʥʦʛ ʧʨʦʨʘʯʫʥʘ, 

ʘʣʠ ʠʩʪʦʚʨʝʤʝʥʦ ʟʥʘʯʘʿʥʦ ʩʢʨʘ˂ʫʿʝ ʚʨʝʤʝ ʩʠʤʫʣʘʮʠʿʝ, ʿʝʨ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʚʠʭ ʧʨʦʨʘʯʫʥʘ ʢʦʨʠʩʪʝ 

ʢʘʦ ʙʘʟʘ ʟʘ ʪʨʝʥʠʨʘˁʝ ANN-a. ANN ʤʦʜʝʣ ʟʘʪʠʤ ʦʤʦʛʫ˂ʘʚʘ ʙʨʟʫ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʟʘ 
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ʙʫʜʫ˂ʝ ʚʨʝʤʝʥʩʢʝ ʠʥʪʝʨʚʘʣʝ, ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʧʦʥʦʚʥʠʤ ʢʦʤʧʣʝʪʥʠʤ ʪʝʨʤʠʯʢʠʤ ʠ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʨʦʨʘʯʫʥʠʤʘ. 

ʈʝʟʫʣʪʘʪ ʦʚʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʤʦʜʝʣ ʚʠʩʦʢʝ ʪʘʯʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʦʿʠ ʨʝʘʣʥʠʿʝ ʦʜʨʘʞʘʚʘ 

ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʫ ʧʨʦʤʝʥˀʠʚʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ.  

ʈʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʉʣ.41. ʃʦʛʠʯʢʠ ʿʝ ʧʦʜʝˀʝʥ ʫ ʜʚʘ ʩʝʛʤʝʥʪʘ: 

1. ʂʨʝʠʨʘˁʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ANN ʤʦʜʝʣʘ ï ʧʨʦʨʘʯʫʥʠ ʪʦʢʦʚʘ ʩʥʘʛʘ, 

2. ʆʙʫʯʘʚʘˁʝ ANN ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. 

ʂʨʝʠʨʘˁʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʥʘ ʢʦʿʦʿ ʩʝ ʦʙʫʯʘʚʘ ANN ʤʦʜʝʣ ʿʝ ʧʨʦʮʝʩ ʫ ʢʦʤ ʩʝ ʦʜʚʠʿʘʿʫ ʧʨʦʨʘʯʫʥʠ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʜʝʬʠʥʠʩʘʥʫ ʤʨʝʞʫ ʫʟ ʫʚʘʞʘʚʘˁʝ ʫʩʣʦʚʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʦʿ ʤʨʝʞʠ 

ʤʝˁʘʿʫ. ʆʚʘʿ ʧʨʦʨʘʯʫʥ ʩʝ ʠʟʚʨʰʘʚʘ ʟʘ ʩʚʘʢʠ ʩʘʪ ʫ ʪʦʢʫ ʿʝʜʥʝ ʛʦʜʠʥʝ ʟʘ ʢʦʿʫ ʩʫ ʜʦʩʪʫʧʥʠ ʤʝʨʥʠ 

ʧʦʜʘʮʠ ʩʪʘˁʘ ʩʠʩʪʝʤʘ.  

ʂʘʢʦ ʙʠ ʩʝ ʧʨʠʤʝʥʠʦ ʪʝʨʤʠʯʢʠ ʟʘʚʠʩʘʥ ʤʦʜʝʣ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ, ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 8.2.1, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ɷʫʣʦʚʝ ʛʫʙʠʪʢʝ. ʀʥʠʮʠʿʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʪʨʫʿʝ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʦʨʘʯʫʥ ɷʫʣʦʚʠʭ ʛʫʙʠʪʘʢʘ, ʦʜʨʝʹʝʥʘ ʿʝ ʐʠʤʦïʍʘʤʘʜʠʿʝʚʠʤ ʤʝʪʦʜʦʤ ʙʝʟ ʫʚʘʞʘʚʘˁʘ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ʆʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʟʘʪʠʤ ʠʩʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʟʘ ʧʦʥʦʚʥʠ 

ʧʨʦʨʘʯʫʥ ʩʪʨʫʿʝ ʧʨʠʤʝʥʦʤ ʠʩʪʦʛ ʤʝʪʦʜʘ, ʘʣʠ ʫʟ ʫʚʘʞʘʚʘˁʝ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. 

ʅʘ ʦʩʥʦʚʫ ʪʘʢʦ ʜʦʙʠʿʝʥʝ ʩʪʨʫʿʝ ʚʨʰʠ ʩʝ ʧʨʦʨʘʯʫʥ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʘʨʘʤʝʪʘʨʘ 

ʩʠʩʪʝʤʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʧʦʥʦʚʦ ʩʧʨʦʚʦʜʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʯʠʤʝ ʩʝ ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪʠ 

ʩʪʨʫʿʘ ʫ ʛʨʘʥʘʤʘ ʤʨʝʞʝ ʠ ʥʘʧʦʥʘ ʫ ʯʚʦʨʦʚʠʤʘ.  

ʇʨʚʠ ʜʝʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʿʠ ʿʝ ʧʨʦʮʝʩ ʦʬʦʨʤˀʠʚʘˁʘ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʥʘ ʢʦʿʦʿ ʩʝ ʦʙʫʯʘʚʘ ANN, ʩʝ 

ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʢʦʨʘʢʘ: 

1. ʇʨʚʠ ʢʦʨʘʢ 

Á ʇʨʠʤʝʥʘ ʐʠʤʦïʍʘʤʘʜʠ ʤʝʪʦʜʝ ʥʘ ʜʝʬʠʥʠʩʘʥʫ ʤʨʝʞʫ ʙʝʟ ʫʚʘʞʘʚʘˁʘ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

Á ɼʦʙʠʿʝʥʘ ʩʪʨʫʿʘ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʠʥʠʮʠʿʘʣʥʘ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʥʠʢʘ ʟʘ 
ʧʦʩʤʘʪʨʘʥʠ ʩʘʪ. 

2. ɼʨʫʛʠ ʢʦʨʘʢ 

Á ʋ ʤʦʜʝʣ ʩʝ ʫʚʦʜʝ ʘʤʙʠʿʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʠ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʥʠʢʘ ʠʟ 
ʧʨʚʦʛ ʢʦʨʘʢʘ. 

Á ʇʦʥʦʚʥʘ ʧʨʠʤʝʥʘ ʐʠʨʤʦʭʘʤʘʜʠ ʤʝʪʦʜʝ, ʩʘʜʘ ʩʘ ʢʦʨʠʛʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ 
ʩʠʩʪʝʤʘ, ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʨʝʘʣʥʠʿʝʛ ʩʪʘˁʘ ʤʨʝʞʝ.  

ɿʘ ʩʚʘʢʠ ʩʘʪ, ʧʨʦʨʘʯʫʥ ʩʪʘˁʘ ʮʝʣʦʢʫʧʥʝ ʤʨʝʞʝ ʧʨʦʣʘʟʠ ʢʨʦʟ ʦʚʘ ʜʚʘ ʢʦʨʘʢʘ. ʈʝʟʫʣʪʘʪ ʧʨʦʨʘʯʫʥʘ 

ʿʝ ʩʪʘˁʝ ʤʨʝʞʝ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ ʟʘ ʜʝʬʠʥʠʩʘʥʠ ʧʝʨʠʦʜ ʦʜ ʛʦʜʠʥʫ ʜʘʥʘ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʢʦʨʠʩʪʝ 

ʢʘʦ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ANN ʤʦʜʝʣʘ.  
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ʉʣ.41 ï ɸʣʛʦʨʠʪʘʤ ʧʨʦʨʘʯʫʥʘ ʠ ʧʨʝʜʠʢʮʠʿʝ ANN ʤʦʜʝʣʦʤ 
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ʅʘ ʦʩʥʦʚʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʠ ʨʘʟʤʝʥʝ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ, ANN ʤʦʜʝʣ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ [55]. ʉʣ.42 ʧʨʝʜʩʪʘʚˀʘ ʥʝʫʨʦʥ 

ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʨʘʟʚʠʿʝʥʦʤ ʘʣʛʦʨʠʪʤʫ. ʂʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʚʝ˂ʘ ʪʘʯʥʦʩʪ 

ʧʨʝʜʚʠʹʘˁʘ, ʟʘ ʧʨʝʜʠʢʮʠʿʝ ʫ ʪʝʢʫ˂ʝʤ ʩʘʪʫ ʢʦʨʠʰʪʝʥʝ ʩʫ ʧʨʝʜʚʠʹʘʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʧʨʝʪʭʦʜʥʦʛ 

ʩʘʪʘ ʢʘʦ ʜʦʜʘʪʥʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʪʝʢʫ˂ʝ ʧʨʝʜʠʢʮʠʿʝ. ʀʥʬʦʨʤʘʮʠʿʝ ʠʟ ʿʝʜʥʦʛ ʩʣʦʿʘ ʥʝʫʨʦʥʘ 

ʧʨʝʥʦʩʝ ʩʝ ʫ ʥʘʨʝʜʥʠ. ʋʥʫʪʨʘʰˁʘ ʩʪʨʫʢʪʫʨʘ ANN-a ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʫʣʘʟʥʦʛ ʩʣʦʿʘ, ʢʦʿʠ ʧʨʠʤʘ ʠ 

ʧʨʦʩʣʝʹʫʿʝ ʩʠʛʥʘʣ, ʠʟʣʘʟʥʦʛ ʩʣʦʿʘ, ʢʦʿʠ ʦʜʨʝʹʫʿʝ ʢʦʥʘʯʘʥ ʠʟʣʘʟ ʤʨʝʞʝ, ʠ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ, ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʟʫ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ. ʊʘʯʥʦʩʪ ANN ʤʦʜʝʣʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʩʢʨʠʚʝʥʠʭ 

ʩʣʦʿʝʚʘ ʠ ˁʠʭʦʚʝ ʩʪʨʫʢʪʫʨʝ. 

 
ʉʣ.42 ï ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ANN ʤʨʝʞʝ ʫ ʧʨʦʨʘʯʫʥʫ 

 

ʉʥʘʛʘ ʚʝʟʘ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ ʫ ʤʦʜʝʣʫ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʢʨʦʟ ʩʠʥʘʧʪʠʯʢʝ ʪʝʞʠʥʝ, ɤ♯, ʛʜʝ ʧʦʟʠʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʙʫʹʫʿʫ˂ʝ ʚʝʟʝ, ʘ ʥʝʛʘʪʠʚʥʝ ʠʥʭʠʙʠʪʦʨʥʝ ʚʝʟʝ. ʋ ʦʚʦʤ ʤʦʜʝʣʫ, ʩʚʘʢʠ 

ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʧʦʤʥʦʞʝʥ ʿʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʪʝʞʠʥʦʤ, ʘ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʘʙʠʨʘʿʫ ʩʝ 

ʫʥʫʪʘʨ ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʝ ʥʝʫʨʦʥʘ. ʀʟʣʘʟ ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʝ ʟʘʪʠʤ ʩʝ ʧʦʨʝʜʠ ʩʘ ʧʨʘʛʦʤ 

ʘʢʪʠʚʘʮʠʿʝ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʝ ʦʜʨʝʹʫʿʝ ʜʘ ʣʠ ˂ʝ ʩʝ ʥʝʫʨʦʥ ʘʢʪʠʚʠʨʘʪʠ, ʚʨʝʜʥʦʩʪ 1, ʠʣʠ ʥʝ, 

ʚʨʝʜʥʦʩʪ 0, [83]. 

ʆʚʘʿ ʧʨʠʥʮʠʧ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʤʨʝʞʘ ʧʨʝʧʦʟʥʘ ʥʝʣʠʥʝʘʨʥʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʩʠʩʪʝʤʘ ʠ ʜʘ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʬʦʨʤʠʨʘ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʤʨʝʞʝ. 

ʉʚʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʥʦʨʤʘʣʠʟʦʚʘʥʠ ʤʝʪʦʜʦʤ MinïMax ʫ ʦʧʩʝʛʫ ʦʜ ï1 ʜʦ 1, ʢʘʢʦ ʙʠ ʩʝ 

ʠʟʙʝʛʣʘ ʥʝʨʘʚʥʦʤʝʨʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʧʦʿʝʜʠʥʠʭ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ ʠ ʩʧʨʝʯʠʣʘ ʩʘʪʫʨʘʮʠʿʘ 

ʩʠʛʥʘʣʘ ʪʦʢʦʤ ʦʙʫʯʘʚʘˁʘ. ʆʚʘʢʚʘ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʦʩʠʛʫʨʘʚʘ ʜʘ ʥʠʿʝʜʘʥ ʧʘʨʘʤʝʪʘʨ (ʥʧʨ. ʥʘʧʦʥ, 

ʩʪʨʫʿʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʙʨʟʠʥʘ ʚʝʪʨʘ) ʥʝ ʜʦʙʠʿʝ ʧʨʝʚʝʣʠʢʫ ʪʝʞʠʥʫ ʩʘʤʦ ʟʙʦʛ ʩʚʦʿʝ ʘʧʩʦʣʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ, ʚʝ˂ ʠʩʢˀʫʯʠʚʦ ʥʘ ʦʩʥʦʚʫ ʩʪʚʘʨʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʩʪʘˁʝ ʩʠʩʪʝʤʘ. 
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ʇʨʦʮʝʩ ʦʙʫʯʘʚʘˁʘ ʠ ʪʝʩʪʠʨʘˁʘ ANN ʤʦʜʝʣʘ ʠʟʚʝʜʝʥ ʿʝ ʫ ʪʨʠ ʬʘʟʝ. ʆʜ ʮʝʣʦʢʫʧʥʦʛ ʩʢʫʧʘ 

ʧʦʜʘʪʘʢʘ, 70% ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʟʘ ʦʙʫʯʘʚʘˁʝ, 15% ʟʘ ʪʝʩʪʠʨʘˁʝ, ʘ ʧʨʝʦʩʪʘʣʠʭ 15% ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

ʤʦʜʝʣʘ. ʇʦʜʘʪʢʝ ʿʝ ʩʠʩʪʝʤ ʥʘʩʫʤʠʯʥʦ ʨʘʩʧʦʜʝʣʠʦ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʛʨʫʧʠʩʘˁʝ ʠ ʦʙʝʟʙʝʜʠʣʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʩʠʩʪʝʤʘ. ʋʣʘʟʥʠ ʜʝʦ ʙʘʟʝ, x, ʯʠʥʝ ʘʤʙʠʿʝʥʪʘʣʥʠ ʠ 

ʦʧʝʨʘʪʠʚʥʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʙʨʟʠʥʘ ʚʝʪʨʘ, ʩʦʣʘʨʥʘ ʨʘʜʠʿʘʮʠʿʘ, ʜʦʙʘ ʜʘʥʘ ʠ 

ʘʢʪʠʚʥʘ ʧʦʪʨʦʰˁʘ, ʜʦʢ ʠʟʣʘʟʥʠ ʜʝʦ, y, ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʜʠʢʮʠʿʫ ʩʪʘˁʘ ʤʨʝʞʝ, ʦʜʥʦʩʥʦ ʥʘʧʦʥʝ ʫ 

ʯʚʦʨʦʚʠʤʘ ʠ ʘʢʪʠʚʥʝ ʛʫʙʠʪʢʝ ʧʦ ʛʨʘʥʘʤʘ. 

ʇʦʚʝ˂ʘˁʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʬʘʢʪʦʨ ʟʘ ʧʦʙʦˀʰʘˁʝ ʪʘʯʥʦʩʪʠ 

ʧʨʝʜʠʢʮʠʿʝ [84]. ANN ʤʦʜʝʣ ʧʦʩʪʠʞʝ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʢʘʜʘ ʿʝ ʦʙʫʯʝʥ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ 

ʚʨʝʤʝʥʩʢʠʭ ʫʟʦʨʘʢʘ ʢʦʿʠ ʦʙʫʭʚʘʪʘʿʫ ʨʘʟʣʠʯʠʪʝ ʫʩʣʦʚʝ ʨʘʜʘ ʩʠʩʪʝʤʘ. ʊʘʯʥʦʩʪ ʤʦʜʝʣʘ ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʢʨʦʟ ʧʨʦʨʘʯʫʥ ʛʨʝʰʘʢʘ MAPE, MAE, MSE ʠ RMSE.  

8.2. ʄʦʜʝʣʦʚʘˁʝ ʩʠʩʪʝʤʘ 

8.2.1. ʊʝʨʤʠʯʢʠ ʟʘʚʠʩʪʘʥ ʤʦʜʝʣ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ 

ʋ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ, ʥʘʜʟʝʤʥʠ ʚʦʜ ʿʝ ʤʦʜʝʣʦʚʘʥ ʧʨʝʢʦ ʩʚʦʿʝ ʨʝʘʢʪʘʥʩʝ ʠ ʨʝʟʠʩʪʘʥʩʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ 

ʠʟʤʝʹʫ ʜʚʘ ʯʚʦʨʘ, ʉʣ.43. 

 
ʉʣ.43 ï ʄʦʜʝʣ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ 

 

ɺʨʝʜʥʦʩʪʠ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʚʦʜʘ ʩʫ ʚʘʨʠʨʘʥʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ʦʩʥʦʚʫ 

IEEE Std. 738Ê ï2006 [85], IEEE Std. 738Ê ï2012 [86], and CIGRE WG 22.12 [87], ʰʪʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʫ ʿʝʜʥʘʯʠʥʘʤʘ 22 ʠ 23. 

ὙὝ
ὙὝ ὙὝ

Ὕ Ὕ
Ὕ Ὕ ὙὝ  22 

 

ὢὝ ὢὝ ρ ‍Ὕ Ὕ , 

 

 

23 

ʛʜʝ ʩʫ: 

Tcon ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ [°C];  

Th ï ʛʦʨˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ [°C];  

Tlï ʜʦˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ [°C];  

R(Th) ï ʦʪʧʦʨʥʦʩʪ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʛʦʨˁʦʿ ʪʝʤʧʝʨʘʪʫʨʠ [ɋ];  

R(Tl) ï ʦʪʧʦʨʥʦʩʪ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʜʦˁʦʿ ʪʝʤʧʝʨʘʪʫʨʠ [ɋ];  

Tref ï ʨʝʬʝʨʝʥʪʥʘ / ʪʨʝʥʫʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ [ɋ];  
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ɓ ï ʪʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʚʦʜʥʠʢʘ [1/ÁC]. 

ʂʘʢʦ ʙʠ ʩʝ ʧʨʦʨʘʯʫʥʘʣʘ ʨʝʟʠʩʪʘʥʮʘ ʠ ʨʝʘʢʪʘʥʩʘ ʧʨʦʚʦʜʥʠʢʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʦ˂ʠ ʜʦ ʚʨʝʜʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʥʠʢʘ, Tcon, [86][87]. ɼʦ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʜʦʣʘʟʠ ʨʝʰʘʚʘˁʝʤ ʥʝʣʠʥʝʘʨʥʝ 

ʿʝʜʥʘʯʠʥʝ ʪʦʧʣʦʪʥʝ ʨʘʚʥʦʪʝʞʝ ʫ ʩʪʘʙʠʣʥʦʤ ʩʪʘˁʫ 24.  

Ὄ Ὄ Ὄ Ὄ  24 

ʛʜʝ ʿʝ: 

Hs ï ʜʦʙʠʪʘʢ ʪʦʧʣʦʪʝ ʫʩʣʝʜ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ 

Hj ï ˅ʫʣʦʚʠ ʛʫʙʠʮʠ (ʝʣʝʢʪʨʠʯʥʘ ʪʦʧʣʦʪʘ) 

Hc ï ʛʫʙʠʮʠ ʪʦʧʣʦʪʝ ʢʦʥʚʝʢʮʠʿʦʤ 

Hr ï ʛʫʙʠʮʠ ʪʦʧʣʦʪʝ ʟʨʘʯʝˁʝʤ 

ɻʫʙʠʪʘʢ ʪʦʧʣʦʪʝ ʫʩʣʝʜ ʢʦʥʚʝʢʮʠʿʝ ʜʘʪ ʿʝ ʿʝʜʥʘʯʠʥʦʤ 25, ʜʦʢ ʿʝ ʛʫʙʠʪʘʢ ʪʦʧʣʦʪʝ ʟʨʘʯʝˁʝʤ 

ʧʨʠʢʘʟʘʥ ʿʝʜʥʘʯʠʥʦʤ 26. 

 

Ὄ πȢχυτϽὑ ὔȢϽὑ Ὕ Ὕ  25 

 

Ὄ ρȢχψϽὈϽ‐Ͻ
Ὕ ςχσ

ρππ

Ὕ ςχσ

ρππ
 

 

26 

 

ʛʜʝ ʿʝ: 

Kangle ï ʬʘʢʪʦʨ ʧʨʘʚʮʘ ʚʝʪʨʘ 

NRe ï ʈʝʿʥʦʣʜʩʦʚ ʙʨʦʿ 

kf ï ʪʝʨʤʘʣʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ ʚʘʟʜʫʭʘ [W/(mïέC)], 

Ta ï ʘʤʙʠʿʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ[έC] 

ɟf ï ʛʫʩʪʠʥʘ ʚʘʟʜʫʭʘ [Kg/m3] 

Ў ï ʝʤʠʩʠʚʥʦʩʪ 

ʊʦʧʣʦʪʥʠ ʜʦʙʠʪʘʢ ʫʩʣʝʜ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʧʨʠʢʘʟʘʥ ʿʝ ʿʝʜʥʘʯʠʥʦʤ 27, ʜʦʢ ʿʝ ʪʦʧʣʦʪʥʠ ʜʦʙʠʪʘʢ 

ʫʩʣʝʜ ɷʫʣʦʚʠʭ ʛʫʙʠʪʘʢʘ ʜʘʪ ʿʝʜʥʘʯʠʥʦʤ 28. 

Ὄ ‌ϽὛ ϽὈ 27 

Ὄ ὍϽὝ  28 

 

ʛʜʝ ʿʝ: 

Ŭs ï ʘʧʩʦʨʧʮʠʦʥʘ ʩʧʦʩʦʙʥʦʩʪ ʧʦʚʨʰʠʥʝ ʧʨʦʚʦʜʥʠʢʘ;  

Sg ï ʛʣʦʙʘʣʥʘ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ[W/m
2]; 

D ï ʧʨʝʯʥʠʢ ʧʨʦʚʦʜʥʠʢʘ [m]. 
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ʂʘʢʦ ʙʠ ʩʝ ʠʣʫʩʪʨʦʚʘʣʘ ʨʘʟʣʠʢʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʫʚʘʞʝʥʘ ʚʘʨʠʿʘʮʠʿʘ ʨʝʘʢʪʘʥʩʝ ʠ ʨʝʟʠʩʪʘʥʩʝ 

ʩʘ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʛʨʘʬʠʯʢʠ ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʜʝʚʠʿʘʮʠʿʝ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ 

ʩʣʫʯʘʿʘ ʥʘ ʉʣ.44 ʠ ʉʣ.45. 

 
ʉʣ.44 ï ʆʜʩʪʫʧʘˁʝ ʨʝʘʢʪʘʥʩʝ ʫʩʣʝʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

 

 
ʉʣ.45 ï ʆʜʩʪʫʧʘˁʝ ʨʝʟʠʩʪʘʥʩʝ ʫʩʣʝʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

 

ʈʝʰʘʚʘˁʝʤ ʿʝʜʥʘʯʠʥʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛ ʙʘʣʘʥʩʘ, ʜʦʣʘʟʠ ʩʝ ʜʦ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʥʠʢʘ. 

ʆʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʟʘʪʠʤ ʢʦʨʠʩʪʠ ʢʘʦ ʙʘʟʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʨʝʟʠʩʪʘʥʩʝ ʠ ʨʝʘʢʪʘʥʩʝ 

ʩʚʠʭ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ ʫ ʤʨʝʞʠ.  

8.2.2. ʄʦʜʝʣʦʚʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ 

ʂʘʢʦ ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʠʤʘʿʫ ʠʥʪʝʨʤʠʪʝʥʪʥʫ ʧʨʠʨʦʜʫ, ʥʝʦʧʭʦʜʥʦ ʿʫ ʿʝ ʫʚʘʞʠʪʠ ʧʨʠ 

ʤʦʜʝʣʦʚʘˁʫ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʩʠʩʪʝʤʘ ʫ ʢʦʤ ʦʥʘ ʠʤʘ ʫʜʝʦ. ʄʝʨʝˁʘ ʟʘ ʥʝʜʝˀʫ ʜʘʥʘ ʩʫʥʯʝʚʦʛ 

ʟʨʘʯʝˁʘ ʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʢʦʨʠʰʪʝʥʘ ʫ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʥʘ ʩʣʠʢʘʤʘ ʉʣ.46 ʠ ʉʣ.47, [88]. ʅʘ ʉʣ.48 ʧʨʠʢʘʟʘʥʘ ʿʝ ʟʘʚʠʩʥʦʩʪ ʧʦʪʨʦʰˁʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ʪʦʢʫ 

ʠʩʪʠʭ ʥʝʜʝˀʫ ʜʘʥʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʤʝʨʝˁʠʤʘ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ. ʀʟ ʦʚʠʭ ʛʨʘʬʠʯʢʠʭ ʧʨʠʢʘʟʘ ʩʝ 
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ʚʠʜʠ ʿʘʩʥʦ ʦʜʩʪʫʧʘˁʝ ʫ ʧʝʨʠʦʜʠʤʘ ʢʘʜʘ ʩʫ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʘʢʪʠʚʥʠ ʠ ʩʧʦʩʦʙʥʠ ʜʘ ʦʧʩʢʨʙʝ 

ʧʦʪʨʦʰˁʫ ʠ ʩʪʚʘʨʥʠʭ ʟʘʭʪʝʚʘ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʧʦʜʤʠʨʝʥʘ.  

 
ʉʣ.46 ï ɺʘʨʠʨʘˁʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘʪʦʢʦʤ ʤʝʩʝʮʘ 

 

 
ʉʣ.47 ï ʇʨʦʠʟʚʦʜˁʘ ʝʥʝʨʛʠʿʝʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʪʦʢʦʤ ʥʝʜʝˀʝ 
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ʉʣ.48 ï ʇʦʪʨʦʰˁʘ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʪʦʢʦʤ ʥʝʜʝˀʝ 

ʇʨʦʤʝʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʦʣʘʨʥʠʭ ʠʟʚʦʨʘ ʫʩʣʦʚˀʝʥʝ ʩʫ ʚʘʨʠʿʘʮʠʿʘʤʘ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ, ʢʦʿʝ ʦʙʫʭʚʘʪʘʿʫ ʠʥʪʝʥʟʠʪʝʪ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʙʨʟʠʥʫ ʚʝʪʨʘ ʠ ʜʦʙʘ ʜʘʥʘ. 

ʉʣʠʯʥʦ ʪʦʤʝ, ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ ʧʦʢʘʟʫʿʝ ʚʨʝʤʝʥʩʢʝ ʬʣʫʢʪʫʘʮʠʿʝ ʢʦʿʝ ʟʘʚʠʩʝ ʦʜ ʥʘʚʠʢʘ 

ʢʦʨʠʩʥʠʢʘ, ʢʘʦ ʠ ʦʜ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ, ʜʦʙʘ ʜʘʥʘ ʠ ʛʦʜʠʰˁʝʛ ʜʦʙʘ. 

ʆʚʝ ʧʨʦʤʝʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʧʦʪʨʦʰˁʠ ʠʥʪʝʛʨʠʩʘʥʝ ʩʫ ʫ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʦʨʘʯʫʥ 

ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ʇʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʜʦʙʠʿʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʤʝʨʥʠʭ 

ʧʦʜʘʪʘʢʘ ʟʘ ɹʘʥʘʪʩʢʠ ʨʝʛʠʦʥ ʉʨʙʠʿʝ, ʘ ʟʘʪʠʤ ʩʫ ʚʘʨʠʨʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʨʝʥʠʤ ʘʤʙʠʿʝʥʪʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ ʪʦʛ ʧʦʜʨʫʯʿʘ ʙʨʟʠʥʦʤ ʚʝʪʨʘ, ʩʦʣʘʨʥʠʤ ʟʨʘʯʝˁʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʤ. ɺʨʝʤʝʥʩʢʠ ʫʩʣʦʚʠ 

ʢʦʿʠ ʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʦʙʫʭʚʘʪʘʿʫ ʩʘʪ ʫ ʜʘʥʫ, ʜʝʦ ʜʘʥʘ (ʜʘʥ/ʥʦ˂), ʜʘʥ ʫ ʥʝʜʝˀʠ ʠ ʛʦʜʠʰˁʝ ʜʦʙʘ. 

ʆʚʦ ʿʝ ʪʘʙʝʣʘʨʥʦ ʧʨʠʢʘʟʘʥʦ ʫ ʊʘʙ.14. 

ʊʘʙ.14 ï ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʘʥʘʣʠʟʫ 

ɺʘʨʠʨʘʥʠ ʧʦʜʘʮʠ 
ʋʩʣʦʚʠ ʟʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʿʝ ʚʘʨʠʨʘ 

ɸʤʙʠʿʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ɺʨʝʤʝʥʩʢʠ ʫʩʣʦʚʠ 

ʇʦʪʨʦʰˁʘ 
ɹʨʟʠʥʘ ʚʝʪʨʘ ʉʘʪ ʫ ʜʘʥʫ 

ʉʦʣʘʨʥʘ ʨʘʜʠʿʘʮʠʿʘ ɼʘʥ/ʅʦ˂ 

ʇʨʦʠʟʚʦʜˁʘ 
ʊʝʤʧʝʨʘʪʫʨʘ ɼʘʥ ʫ ʥʝʜʝˀʠ 

 

8.2.3. ʇʦʩʤʘʪʨʘʥʘ ʤʨʝʞʘ 

ʂʘʢʦ ʙʠ ʩʝ ʨʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ ʪʝʩʪʠʨʘʦ, ʚʨʰʠ ʩʝ ʧʨʦʯʫʥ ʥʘ ʩʪʚʘʨʥʦʤ ʜʝʣʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ 

ʤʨʝʞʝ ʫ ɹʘʥʘʪʫ. ʉʣ.49 ʧʨʠʢʘʟʫʿʝ 35 kV ʪʝʩʪ ʤʨʝʞʫ ʦʜ 28 ʯʚʦʨʦʚʘ. 



 

 

78 
 

 
ʉʣ.49 ï ɸʥʘʣʠʟʠʨʘʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʫ ɹʘʥʘʪʫ 

ʋ [89] ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʜʘ ʩʝ ʥʘ ʯʚʦʨ 22 ʧʦʚʝʞʝ ʩʦʣʘʨʥʘ ʧʨʦʜʫʢʮʠʿʘ ʦʜ 1244,8 kWʯʠʤʝ ʩʝ 

ʤʠʥʠʤʠʟʫʿʫ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʤʨʝʞʠ. ʆʚʘ ʧʨʦʠʟʚʦʜˁʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʿ 

ʤʨʝʞʠ.  

8.3. ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ 

ʋ ʧʨʚʦʤ ʩʝʛʤʝʥʪʫ ʨʘʟʚʠʿʝʥʦʛ ʘʣʛʦʨʠʪʤʘ, ʪʦʢ ʩʥʘʛʘ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ ʿʝ ʧʨʦʨʘʯʫʥʘʪ ʟʘ ʮʝʣʫ ʛʦʜʠʥʫ 

ʐʠʤʦïʍʘʤʘʜʠʿʝʚʠʤ ʤʝʪʦʜʦʤ. ʋʚʘʞʝʥʠ ʩʫ ʘʤʙʠʿʝʥʪʘʣʥʠ ʠ ʚʨʝʤʝʥʩʢʠ ʫʩʣʦʚʠ, ʢʘʦ ʠ ʩʘʪʥʝ 

ʧʨʦʤʝʥʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ. ʆʚʦ ʿʝ ʨʝʟʫʣʪʦʚʘʣʦ ʫ 8760 ʧʨʦʨʘʯʫʥʘʪʠʭ ʩʪʨʫʿʘ ʛʨʘʥʘ ʟʘ ʩʚʘʢʫ 

ʛʨʘʥʫ, ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʟʘ ʩʚʘʢʠ ʯʚʦʨ ʠ ʛʫʙʠʪʘʢʘ ʩʥʘʛʘ ʟʘ ʮʝʣʦʢʫʧʥʫ ʤʨʝʞʫ. ɺʨʝʜʥʦʩʪʠ ʤʝʹʫʩʦʙʥʦ 

ʦʜʩʪʫʧʘʿʫ ʩ ʦʙʟʠʨʦʤ ʥʘ ʫʚʘʞʝʥʝ ʚʘʨʠʿʘʮʠʿʝ. 

ʉʣ.50 ʧʨʠʢʘʟʫʿʝ ʢʦʣʠʢʦ ʚʘʨʠʨʘʿʫ ʚʨʝʜʥʦʩʪʠ ʫʟ ʧʨʦʤʝʥʫ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ʇʨʠʢʘʟʘʥ ʿʝ 

ʛʫʙʠʪʘʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʩʚʘʢʫ ʛʨʘʥʫ ʤʨʝʞʝ ʟʘ 8 ʨʘʟʣʠʯʠʪʠʭ ʩʝʪʦʚʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʢʦʿʠ 

ʥʘʿʚʠʰʝ ʚʘʨʠʨʘʿʫ ʿʝʜʥʠ ʦʜ ʜʨʫʛʠʭ. ʆʜʘʚʜʝ ʩʝ ʫʦʯʘʚʘ ʜʘ ʛʫʙʠʮʠ ʩʥʘʛʝ ʤʦʛʫ ʜʘ ʚʘʨʠʨʘʿʫ ʠ ʜʦ 50% 

ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʚʨʝʜʥʦʩʪʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ɿʘ ʨʘʟʣʠʯʠʪʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʫʩʣʦʚʝ, ʙʠʪʥʦ ʿʝ 

ʫʩʪʘʥʦʚʠʪʠ ʢʦʣʠʢʘ ʿʝ ʜʝʚʠʿʘʮʠʿʘ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʧʨʦʨʘʯʫʥʘ ʫʢʦʣʠʢʦ ʿʝ ʦʚʘ ʟʘʚʠʩʥʦʩʪ ʫʚʘʞʝʥʘ ʠ 

ʫʢʦʣʠʢʦ ʿʝ ʟʘʥʝʤʘʨʝʥʘ.  
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ʉʣ.50 ï ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʤʨʝʞʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʫʩʣʦʚʝʟʘ ʿʝʜʘʥ ʩʘʪ 

ʇʦʩʣʝ ʟʘʚʨʰʝʥʦʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʦʬʦʨʤˀʝʥʘ ʿʝ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʦʜ 8760 ʚʨʝʜʥʦʩʪʠ ʟʘ 12 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʩʪʘˁʝ ʤʨʝʞʝ. ANN ʤʦʜʝʣ ʿʝ ʪʨʝʥʠʨʘʥ ʜʘ ʧʨʝʜʚʠʜʠ ʥʘʧʦʥʝ ʟʘ 28 

ʯʚʦʨʦʚʘ ʠ ʛʫʙʠʪʢʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ 26 ʛʨʘʥʘ. ʇʘʨʘʤʝʪʨʠ ʩʘʤʦʛ ʤʦʜʝʣʘ, ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ, 

ʪʠʧ ʘʢʪʠʚʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ, ʨʝʛʫʣʘʮʠʦʥʠ ʧʘʨʘʤʝʪʨʠ, ʜʘʪʠ ʩʫ ʫ ʊʘʙ.15. ʂʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʘ 

ʪʘʯʥʦʩʪ ʧʨʝʜʚʠʘ́ˁʘ ANN ʤʦʜʝʣʘ, ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʛʨʘʬʠʯʢʠ, ʜʦʢ ʿʝ ʥʫʤʝʨʠʯʥʘ ʪʘʯʥʦʩʪ 

ʜʘʪʘ ʢʨʦʟ ʛʨʝʰʢʝ ʧʨʝʜʚʠʘ́ˁʘ. 

ʊʘʙ.15ï ʇʘʨʘʤʝʪʨʠ ʪʨʝʥʠʨʘʥʦʛ ANN ʤʦʜʝʣʘ 

ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ 

ɹʨʦʿ ʩʢʨʠʚʝʥʠʭ ʩʣʦʿʝʚʘ 5 

ɹʨʦʿ ʥʝʫʨʦʥʘ ʧʦ ʩʣʦʿʝʚʠʤʘ ʧʨʚʠ ʜʨʫʛʠ ʪʨʝ˂ʠ ʯʝʪʚʨʪʠ ʧʝʪʠ 

48 24 24 12 12 

ɽʧʦʭʝ ʪʨʝʥʠʥʛʘ 25 

 

ʋ ʊʘʙ.16 ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʛʨʝʰʢʝ ʧʨʝʜʚʠʹʘˁʘ ʟʘ ʜʝʦ ʙʘʟʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʪʨʝʥʠʨʘˁʝ ʠ 

ʪʝʩʪʠʨʘˁʝ ANN ʤʦʜʝʣʘ. ɻʨʝʰʢʝ ʢʦʿʝ ʩʝ ʧʨʠʤʝ˂ʫʿʫ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ, ʬʘʟʥʦʛ 

ʩʪʘʚʘ ʠ ʢʫʤʫʣʘʪʠʚʥʠʭ ʘʢʪʠʚʥʠʭ ʛʫʙʠʪʘʢʘ ʩʫ ʨʝʜʦʤ 0,9326 %, 3,79 % ʠ 7,4 %. 

ʊʘʙ.16 ï ɺʨʝʜʥʦʩʪʠMAPEʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʩʮʝʥʘʨʠʿʝ 

MAPE ƅUʯʚʦʨʘƅ ɗ Pʛʫʙʠʮʠ 

MAPEt [%] (ʪʨʝʥʠʨʘˁʘ) 0,8868 2,54 6,2 

MAPEtest[%] (ʪʝʩʪʠʨʘˁʘ) 0,9326 3,79 7,4 

 

ʈʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʛʨʝʰʘʢʘ ʩʫ ʪʘʢʦʹʝ ʧʨʦʨʘʯʫʥʘʪʠ ʠ ʜʘʪʠ ʫ ʊʘʙ.17 ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʦ ʥʠʚʦ 

ʪʘʯʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ANN ʤʦʜʝʣʘ.  
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ʊʘʙ.17 ï ɻʨʝʰʢʝ ʧʨʝʜʚʠʹʘˁʘʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʧʘʨʘʤʝʪʨʝ 

 ƅUʯʚʦʨʘƅ ɗ Pʛʫʙʠʮʠ 

MAE  0,375 kV 2,233 10ï3 rad 2,903 10ï4MW 

MSE  0,251 kV2 9,960 10ï8 rad2 1,497 10ï7MW2 

RMSE  0,501 kV 3,156 10ï4 rad 3,869 10ï4MW 

MAPE  0,933 % 3,791 % 7,432 % 

 

ʂʘʦ ʨʝʧʨʝʟʝʥʪ ʧʦʢʘʟʘʪʝˀʘ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ, ʥʘ ʉʣ.51 ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʪʚʘʨʥʝ ʠ ʧʨʝʜʚʠʹʘʥʝ 

ʚʨʝʜʥʦʩʪʠ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ ʫ ʤʨʝʞʠ, ʜʦʢ ʉʣ.52 ʧʨʠʢʘʟʫʿʝ ʩʪʚʘʨʥʝ ʠ ʧʨʝʜʚʠʹʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʬʘʟʥʦʛ ʩʪʘʚʘ ʩʚʠʭ ʯʚʦʨʦʚʘ ʤʨʝʞʝ. ʆʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʦʜʨʝʹʫʿʫ ʦʚʝ ʣʠʥʠʿʝ ʩʫ 

ʧʦʢʘʟʘʪʝˀʠ ʪʘʯʥʦʩʪʠ ʧʨʝʜʠʢʪʠʚʥʦʛ ʤʦʜʝʣʘ. 

 
ʉʣ.51 ï ʇʨʝʜʚʠʹʘˁʝ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ  
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ʉʣ.52 ï ʇʨʝʜʚʠʹʘˁʝ ʬʘʟʥʦʛ ʩʪʘʚʘ ʥʘʧʦʥʘ  

 

ʆʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʩʪʚʘʨʥʠʭ ʠ ʧʨʝʜʚʠʹʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʛʫʙʠʪʢʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʿʝʜʘʥ ʤʝʩʝʮ 

ʜʦʙʠʿʝʥʝ ʦʜ ʨʘʟʚʠʿʝʥʦʛ ANN ʤʦʜʝʣʘ ʢʦʿʠ ʫʚʘʞʘʚʘ ʘʤʙʠʿʝʥʪʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʉʣ.53. 

ʂʘʢʦ ʙʠ ʩʝ ʜʝʪʘˀʥʠʿʝ ʧʨʠʢʘʟʘʣʦ ʦʚʦ ʦʜʩʪʫʧʘˁʝ, ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʉʣ.54 ʟʘ 24 ʩʘʪʘ.  

 
ʉʣ.53 ï ʇʨʝʜʚʠʹʘˁʝ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʤʝʩʝʮ ʜʘʥʘ 
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ʉʣ.54 ï ʇʨʝʜʚʠʹʘˁʝ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʿʝʜʘʥ ʜʘʥ 

ʋ ʊʘʙ.18 ʥʫʤʝʨʠʯʢʠ ʩʫ ʜʘʪʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʚʠʹʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʠ ʩʪʚʘʨʥʠʭ, ʢʘʦ ʠ 

ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ ʦʜʩʪʫʧʘˁʘ ʟʘ ʩʚʘʢʫ ʦʜ ʚʨʝʜʥʦʩʪʠ.  

ʊʘʙ.18 ï ʅʫʤʝʨʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ ʟʘ 24 ʩʘʪʘ 

ʉʘʪ 

ʉʪʚʘʨʥʠ 

ʛʫʙʠʮʫ 

[kW]  

ʇʨʝʜʚʠʹʘʥʠ 

ʛʫʙʠʮʠ 

[kW]  

APE 

[%]  
ʉʘʪ 

ʉʪʚʘʨʥʠ 

ʛʫʙʠʮʫ 

[kW]  

ʇʨʝʜʚʠʹʘʥʠ 

ʛʫʙʠʮʠ 

[kW]  

APE 

[%]  

1 5,8 6,5 12,07 13 12,4 11,7 5,65 

2 7,3 8,4 15,07 14 10,1 8,8 12,87 

3 11,6 13,3 14,66 15 4,5 4,2 6,67 

4 14 12,6 10,00 16 5 4,8 4,00 

5 13,1 12,2 6,87 17 8,2 8,5 3,66 

6 12,2 11,7 4,10 18 10,6 11,1 4,72 

7 10 11,3 13,00 19 12,8 13,5 5,47 

8 7,4 9,6 29,73 20 12,6 10,3 18,25 

9 7,4 9,4 27,03 21 11 10,4 5,45 

10 10,2 9,4 7,84 22 10,1 10,3 1,98 

11 11,8 9,5 19,49 23 9,2 10 8,70 

12 12,5 9,3 25,60 24 6,4 8 25,00 

 

ʅʘ ʦʩʥʦʚʫ ʠʟʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ANN ʤʦʜʝʣʘ ʧʨʠʢʘʟʘʥʠʭ ʛʨʘʬʠʯʢʠ ʠ ʧʨʝʢʦ ʚʨʝʜʥʦʩʪʠ ʛʨʝʰʢe 

ʧʨʝʜʠʢʮʠʿʝ MAPE, ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ ʪʘʯʥʦʩʪ ʦʚʦʛ ʧʨʝʜʠʢʪʠʚʥʦʛ ʤʦʜʝʣʘ ʧʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ ʠʟ 

[28] ʥʘ ʚʠʩʦʢʦʤ ʥʠʚʦʫ. ɿʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʪʘʯʥʦʩʪʠ ʜʘ ʤʦʛʫ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ 

ʩʠʩʪʝʤʘ. ʇʦʰʪʦ ʩʝ ANN ʤʦʜʝʣ ʦʬʦʨʤʠ, ʜʦʣʘʟʠ ʩʝ ʜʦ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʟʘ 

ʙʫʜʫ˂ʥʦʩʪ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰʪʝʥʠ ʢʘʢʦ ʙʠ ʩʝ ʦʬʦʨʤʠʣʘ ʙʘʟʘ 

ʧʦʜʘʪʘʢʘ ʟʘʜʫʞʝʥʘ ʟʘ ʪʨʝʥʠʨʘˁʝ ANN ʤʦʜʝʣʘ ʠ ʜʘ ʩʫ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʠʟ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ 

ʢʦʿʠ ʫʚʘʞʘʚʘ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʦʚʘ, ʧʨʝʜʚʠʹʘˁʘ ʩʫ ʥʘ ʚʠʩʦʢʦʤ ʥʠʚʦʫ ʪʘʯʥʦʩʪʠ. ʂʘʢʦ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʢʦʨʠʰʪʝʥ ʟʘ ʜʦʙʠʿʘʝˁ ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʩʚʘʢʦʿ ʘʢʪʠʚʘʮʠʿʠ 
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ʧʨʝʜʚʠʹʘˁʘ ʚʝ˂ ʦʙʫʯʝʥʦʛ ANN ʤʦʜʝʣʘ, ʟʥʘʯʘʿʥʦ ʩʝ ʰʪʝʪʠ ʥʘ ʚʨʝʤʝʥʫ ʥʝʦʧʭʦʜʥʦʤ ʟʘ ʨʘʯʫʥ. 

ʆʚʘʢʘʚ ʧʨʠʥʮʠʧ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʠ ʥʘ ʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ 

ʰʪʦ ʩʫ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʙʠʣʠ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ.  

ʂʣʘʩʠʯʘʥ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʯʝʩʪʦ ʥʝ ʦʛʣʝʜʘ ʩʪʚʘʨʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʿʝʨ ʩʝ ʫʚʘʞʘʚʘʿʫ 

ʦʜʨʝʹʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ, ʟʘʥʝʤʘʨʝˁʘ ʢʦʿʘ ʠʛʥʦʨʠʰʫ ʧʨʦʤʝʥʝ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʧʘʨʘʤʝʪʘʨʘ 

ʤʨʝʞʝ ʩ ˁʠʤʘ. ɸʣʛʦʨʠʪʘʤ ʢʦʿʠ ʿʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʨʘʟʚʠʿʝʥ ʿʝ ʫʥʘʧʨʝʹʝʥʘ ʚʝʨʟʠʿʘ ʧʨʠʩʪʫʧʘ 

ʧʣʘʥʠʨʘˁʫ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʦʨʠʩʪʠ ANN ʠ ʫʚʘʞʘʚʘ ʟʘʥʝʤʘʨʝʥʝ ʬʘʢʪʦʨʝ, ʯʠʤʝ ʧʦʙʦˀʰʘʚʘ 

ʪʘʯʥʦʩʪ ʧʨʦʮʝʥʝ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. 

ɸʣʛʦʨʠʪʘʤ ʢʦʨʠʩʪʠ ʧʨʦʤʝˁʠʚʠ ʤʦʜʝʣ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ ʥʘ ʢʦʿʠ ʫʪʠʯʫ ʚʨʝʤʝʥʩʢʝ ʧʨʠʣʠʢʝ, ʰʪʦ 

ʜʦʧʨʠʥʦʩʠ ʪʘʯʥʦʩʪʠ ʤʦʜʝʣʘ ʟʘ ʧʣʘʥʠʨʘˁʝ, ʦʧʪʠʤʠʟʘʮʠʿʫ ʠ ʢʦʥʪʨʦʣʫ. ʀʘʢʦ ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ 

ʠʟʠʩʢʫʿʝ ʟʥʘʯʘʿʥʦ ʚʨʝʤʝ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ANN ʤʝʪʦʜʘ ʦʚʘʿ ʧʨʦʮʝʩ ʩʝ ʫʙʨʟʘʚʘ ʿʝʨ ʩʝ ʩʚʦʜʠ ʥʘ 

ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʪʨʝʥʠʨʘʥ ʥʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʨʘʯʫʥʘ ʟʘʚʠʩʥʠʭ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ 

ʠ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ.  

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʨʠʤʝˁʠʚ ʥʘ ʙʠʣʦ ʢʦʿʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʢʦʿʠ ʠʤʘ ʜʦʩʪʫʧʥʝ ʧʦʜʘʪʢʝ, 

ʘ ˁʝʛʦʚʘ ʪʘʯʥʦʩʪ ʨʘʩʪʝ ʚʨʝʤʝʥʦʤ ʫʢʦʣʠʢʦ ʿʝ ʭʨʘˁʝʥ ʜʦʜʘʪʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʩʝ 

ʩʢʫʧˀʘʿʫ ʢʨʦʟ ʚʨʝʤʝ. ʆʚʠʤ ʩʝ ʧʦʙʦˀʰʘʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʨʘʜʘ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ. ɹʫʜʫ˂ʝ 

ʧʣʘʥʠʨʘˁʝ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʧʦʩʪʘʿʝ ʪʘʯʥʠʿʝ ʠ ʧʨʠʙʣʠʞʥʠʿʝ ʩʪʚʘʨʥʦʤ ʩʪʘˁʫ ʫʧʦʪʨʝʙʦʤ ANNïʘ. ɹʝʟ 

ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ, ʦʚʘʢʘʚ ʜʝʪʘˀʘʥ ʧʨʦʨʘʯʫʥ ʥʝ ʙʠ ʙʠʦ ʫʧʦʪʨʝʙˀʠʚ ʟʘ ʤʦʥʠʪʦʨʠʥʛ 

ʠ ʧʣʘʥʠʨʘˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʢʘʢʚʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʤʦʜʝʨʥʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ. 

ʃʦʛʠʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʟʚʠʿʝʥʘ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʢʘʦ ʠ ʢˀʫʯʥʠ ʜʝʣʦʚʠ ʩʘʤʦʛ ʘʣʛʦʨʠʪʤʘ ʩʫ ʜʝʦ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʧʦʛʣʘʚˀʫ 10. ʋʚʘʞʘʚʘ ʩʝ ʩʠʩʪʝʤ ʛʜʝ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʠ ʤʝˁʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʰʣʦ ʜʦ ʥʫʤʝʨʠʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʰʪʦ 

ʪʘʯʥʠʿʝ ʧʨʠʢʘʟʫʿʫ ʩʪʚʘʨʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ.  
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9. ʀʟʦʣʦʚʘʥʠ ʨʘʜ ʤʠʢʨʦʤʨʝʞʝ ʩʘ ʚʠʰʝʩʪʨʫʢʠʤ 
ʩʢʣʘʜʠʰʪʠʤʘ ʝʥʝʨʛʠʿʝ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʥʝʟʘʚʠʩʘʥ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʝ ʫ 

ʦʩʪʨʚʩʢʦʤ ʨʝʞʠʤʫ. ʋ ʧʦʪʧʫʥʦʩʪʠ ʿʝ ʦʜʚʦʿʝʥ ʦʜ ʙʠʣʦ ʢʘʢʚʝ ʚʨʩʪʝ ʚʝ˂ʝ ʤʨʝʞʝ ʠ ʧʨʦʠʟʚʦʜˁʘ ʢʦʿʘ 

ʩʝ ʦʩʪʚʘʨʠ ʫ ʩʠʩʪʝʤʫ ʪʨʝʙʘ ʜʘ ʩʝ ʫ ʠʩʪʦʤ ʠ ʧʦʪʨʦʰʠ. ʉʠʩʪʝʤ ʿʝ ʦʬʦʨʤˀʝʥ ʠʩʢˀʫʯʠʚʦ ʠʟ 

ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʫʟ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ ʠ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ ʥʦʚʠʿʠ ʪʨʝʥʜʦʚʠ 

ʫ ʝʥʝʨʛʝʪʠʮʠ. ʇʦʪʨʦʰˁʘ ʿʝ ʦʬʦʨʤˀʝʥʘ ʦʜ ʢʫʧʘʮʘïʧʨʦʠʟʚʦʹʘʯʘ ʠ ʢʣʘʩʠʯʥʠʭ ʜʦʤʘ˂ʠʥʩʪʘʚʘ. ʎʠˀ 

ʿʝ ʜʘ ʩʝ ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʩʪʠ ʩʚʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʪʨʝʥʫʪʥʝ ʧʦʪʨʝʙʝ ʧʦʪʨʦʰˁʝ. ʉʚʘʢʠ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʥʝ ʤʦʞʝ ʙʠʪʠ ʦʜʤʘʭ ʧʦʪʨʦʰʝʥ 

ʩʢʣʘʜʠʰʪʠ ʩʝ ʫ ʩʠʩʪʝʤʫ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ. ʆʚʘ ʩʢʣʘʜʠʰʪʝʥʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʩʝ ʟʘʪʠʤ 

ʢʦʨʠʩʪʠʪʠ ʫ ʪʨʝʥʫʮʠʤʘ ʢʘʜʘ ʧʦʪʨʘʞˁʘ ʟʘ ʝʥʝʨʛʠʿʦʤ ʧʨʝʤʘʰʫʿʝ ʢʘʧʘʮʠʪʝʪ ʧʨʦʠʟʚʦʜˁʝ. 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʜʘˀʝ ʠʩʪʨʘʞʫʿʝ ʧʨʠʥʮʠʧʝ ʩʢʣʘʜʠʰʪʝˁʘ ʚʦʜʦʥʠʢʘ ʠ ʤʦʛʫ˂ʫ ʠʥʪʝʛʨʘʮʠʿʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʦʟʠʣʘ ʫ ʢʫ˂ʥʝ ʩʠʩʪʝʤʝ. ʂʦʥʮʝʧʪ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʨʠʰ˂ʝˁʝ ʚʠʰʢʘ ʝʥʝʨʛʠʿʝ ʠʟ 

ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʟʘ ʝʣʝʢʪʨʦʣʠʟʫ ʚʦʜʝ, ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʚʦʜʦʥʠʢ ʢʦʿʠ ʩʝ ʩʢʣʘʜʠʰʪʠ ʫ 

ʨʝʟʝʨʚʦʘʨʠʤʘ ʟʘ ʙʫʜʫ˂ʫ ʫʧʦʪʨʝʙʫ. 

ʇʨʠʥʮʠʧ ʜʦʙʠʿʘˁʘ ʚʦʜʦʥʠʢʘ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʫ ʚʠʰʝ ʩʪʫʜʠʿʘ [90]ï[91], ʫ 

ʢʦʿʠʤʘ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʝʣʝʢʪʨʦʣʠʟʝʨʘ [92]ï[94] ʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ 

ʧʦʪʚʨʹʫʿʫ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠʤʝʥʝ ʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

ɼʘ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʦʥʠʢʘ, ʩʧʨʦʚʝʜʝʥʘ ʩʫ ʦʙʠʤʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʧʨʠʥʮʠʧʠʤʘ ˁʝʛʦʚʦʛ ʥʘʩʪʘʥʢʘ, ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʜʠʟʘʿʥʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ 

ʧʦʜʨʞʘʚʘʿʫ ʨʘʟʚʦʿ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ [92]. ʅʘʯʠʥʠ ʧʨʦʠʟʚʦʜˁʝ ʚʦʜʦʥʠʢʘ ʤʦʛʫ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ 

ʝʢʦʣʦʰʢʝ ʫʪʠʮʘʿʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʠʭ ʧʨʠʥʮʠʧʘ. ʅʘʿʯʠʩʪʠʿʠ ʦʙʣʠʢ ʚʦʜʦʥʠʢʘ ʜʦʙʠʿʘ ʩʝ 

ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʿʝʨ ʠʤʘ ʤʠʥʠʤʘʣʥʝ ʥʝʛʘʪʠʚʥʝ ʩʧʦʨʝʜʥʝ ʝʬʝʢʪʝ [95]ï[96]. ʂʘʢʦ 

ʯʠʩʪʦ˂ʘ ʩʢʣʘʜʠʰʪʝʥʦʛ ʚʦʜʦʥʠʢʘ ʟʘʚʠʩʠ ʦʜ ʠʥʠʮʠʿʘʣʥʦʛ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʪʘʢʦ ʿʝ ʯʠʩʪʦ˂ʘ 

ʚʦʜʦʥʠʢʘ ʢʦʿʠ ʩʢʣʘʜʠʰʪʠ ʝʥʝʨʛʠʿʫ ʜʦʙʠʿʝʥʫ ʠʟ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʿʝʜʥʘʢʘ ʯʠʩʪʦ˂ʠ ʪʝ ʩʘʤʝ 

ʝʥʝʨʛʠʿʝ [94].  

ʇʨʠʥʮʠʧ ʢʦʨʠʰ˂ʝˁʘ ʝʥʝʨʛʠʿʝ ʠʟ ʚʦʜʦʥʠʢʘ ʥʫʜʠ ʥʝʢʦʣʠʢʦ ʧʨʝʜʥʦʩʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʠʩʦʢʫ 

ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ, ʝʢʦʣʦʰʢʝ ʠ ʜʨʫʰʪʚʝʥʝ ʢʦʨʠʩʪʠ, ʢʘʦ ʠ ʧʦʚʝ˂ʘʥʫ ʝʢʦʥʦʤʩʢʫ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ [97]ï[98]. ʂʘʜʘ ʩʝ ʚʦʜʦʥʠʢ ʢʦʨʠʩʪʠ ʫ ʛʦʨʠʚʥʠʤ 

˂ʝʣʠʿʘʤʘ, ʢʘʦ ʥʫʩʧʨʦʠʟʚʦʜ ʿʘʚˀʘʿʫ ʩʝ ʩʘʤʦ ʚʦʜʘ ʠ ʪʦʧʣʦʪʘ, ʙʝʟ ʜʠʨʝʢʪʥʠʭ ʰʪʝʪʥʠʭ ʠʩʧʘʨʝˁʘ. 

ʆʚʦ ʩʤʘˁʫʿʝ ʟʘʛʘʹʝˁʝ ʚʘʟʜʫʭʘ ʠ ʧʦʙʦˀʰʘʚʘ ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ɿʥʘʯʘʿʥʘ ʧʨʝʜʥʦʩʪ 

ʚʦʜʦʥʠʢʘ ʿʝ ʠ ʚʝʣʠʢʘ ʪʝʭʥʦʣʦʰʢʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ: ʚʦʜʦʥʠʢ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʧʨʠʤʝʥʝ. ʋ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʫ ʩʝʢʪʦʨʠʤʘ ʛʨʝʿʘˁʘ, ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʠʥʜʫʩʪʨʠʿʝ, ʚʦʜʦʥʠʢ ʥʘʣʘʟʠ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ, ʰʪʦ ʛʘ ʯʠʥʠ ʢʦʥʢʫʨʝʥʪʥʠʤ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 

ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ. 

ʇʨʠʣʠʢʦʤ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʩʠʩʪʝʤʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʦʜʦʥʠʢʘ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʠ ʝʣʝʢʪʨʦʣʠʟʝʨʠ, ʦʜ ʢˀʫʯʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʫʨʝʹʘʿ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ˁʠʭʦʚ ʨʘʜ. 

ʆʚʘʿ ʫʨʝʹʘʿ ʠʛʨʘ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʦʜʨʝʹʠʚʘˁʫ ʧʝʨʠʦʜʘ ʢʘʜʘ ʩʝ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʫʩʤʝʨʘʚʘ ʢʘ 

ʝʣʝʢʪʨʦʣʠʟʝʨʫ ʨʘʜʠ ʧʨʦʠʟʚʦʜˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ ʚʦʜʦʥʠʢʘ, ʫʤʝʩʪʦ ʜʘ ʩʝ ʪʨʦʰʠ ʫ ʤʨʝʞʠ [99]. 



 

 

85 
 

ʉʪʚʘʨʘˁʝ ʪʘʢʚʦʛ ʫʧʨʘʚˀʘʯʢʦʛ ʧʨʠʥʮʠʧʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ ʩʢʫʧʘ ʫʩʣʦʚʘ ʧʦʜ ʢʦʿʠʤʘ 

ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʨʘʜʠ ʥʘʿʝʬʠʢʘʩʥʠʿʝ, ʘ ʟʘʪʠʤ ˁʝʛʦʚʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʫ ʨʝʘʣʥʠ ʩʠʩʪʝʤ. ʇʦʩʪʦʿʠ 

ʥʝʢʦʣʠʢʦ ʤʝʪʦʜʘ ʟʘ ʨʘʟʚʦʿ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʠʥʮʠʧʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʫ ʩʠʩʪʝʤ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʧʨʦʛʨʘʤʩʢʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʨʘ˂ʝˁʝ ʪʨʝʥʫʪʥʦʛ ʥʠʚʦʘ ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ. ʅʘ 

ʦʩʥʦʚʫ ʦʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʫʩʣʦʚʘ, ʩʠʩʪʝʤ ʰʘˀʝ ʩʠʛʥʘʣʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʝʣʝʤʝʥʪʠʤʘ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʦʧʪʠʤʘʣʘʥ ʨʘʜ ʠ ʢʦʥʪʨʦʣʫ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ 

ʚʦʜʦʥʠʢʘ [100]. 

ɸʥʘʣʠʟʠʨʘʥ ʿʝ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʢʦʨʠʩʪʠ ʝʥʝʨʛʠʿʫ ʠʟ ʚʝʪʨʦʪʫʨʙʠʥʘ, ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʠ 

ʝʣʝʢʪʨʦʣʠʟʝʨʘ. ʎʠˀ ʿʝ ʠʩʢʦʨʠʩʪʠʪʠ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʟʘ ʜʦʙʠʿʘˁʝ ʠ 

ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ, ʢʘʦ ʠ ʩʢʣʘʜʠʰʪʝˁʝ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʙʘʪʝʨʠʿʘʤʘ ʠ ʙʘʪʝʨʠʿʘʤʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʦʟʠʣʘ (ɽɺ). ʌʦʢʫʩ ʧʦʪʨʦʰˁʝ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʧʦʜʨʫʯʿʫ ʩʫ ʜʦʤʘ˂ʠʥʩʪʚʘ. ʇʦʪʨʝʙʥʠ 

ʧʦʜʘʮʠ ʟʘ ʘʥʘʣʠʟʫ ʜʦʙʠʿʝʥʠ ʩʫ ʤʝʨʝˁʠʤʘ ʦʙʝʟʙʝʹʝʥʠʤ ʦʜ ʣʦʢʘʣʥʠʭ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʘ, 

ʩʧʨʦʚʝʜʝʥʠʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ.  

9.1. ʉʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ ʫ ʤʦʜʝʣʫ ʩʠʩʪʝʤʘ 

ʇʨʦʠʟʚʦʜˁʘ ʤʦʜʝʣʦʚʘʥʘ ʫ ʩʠʩʪʝʤʫ ʟʘ ʦʚʘʿ ʧʨʦʨʘʯʫʥ ʩʝ ʧʦʩʤʘʪʨʘ ʠʩʢˀʫʯʠʚʦ ʠʟ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ ʠ ʚʝʪʨʦʪʫʨʙʠʥʘ. ɺʨʝʜʥʦʩʪʠ ʩʘʪʥʠʭ ʠʟʣʘʟʘ ʠʟ ʦʚʠʭ ʝʣʝʢʪʨʘʥʘ ʩʫ 

ʜʝʬʠʥʠʩʘʥʝ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʉʣ.55 ʧʨʠʢʘʟʫʿʝ ʧʨʦʩʝʯʥʝ ʩʘʪʥʝ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʠʟʤʝʨʝʥʝ ʥʘ ʧʦʜʨʫʯʿʫ 

ʉʨʙʠʿʝ ʛʜʝ ʩʝ ʥʘʣʘʟʝ ʚʝʪʨʦ- ʠ ʩʦʣʘʨʥʝ- ʝʣʝʢʪʨʘʥʝ, ʢʦʿʝ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʢʦʿʫ 

ʧʨʦʠʟʚʦʜʝ ʚʝʪʨʦʪʫʨʙʠʥʝ ʠ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ. ʉʣ.56 ʧʨʠʢʘʟʫʿʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʦʙʥʦʚˀʠʚʝ 

ʝʥʝʨʛʠʿʝ ʠ ʧʦʪʨʦʰˁʠ ʪʦʢʦʤ ʥʝʜʝˀʝ. ʂʘʢʦ ʩʝ ʦʚʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʦʜʠ ʫ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʤ 

ʪʨʝʥʫʮʠʤʘ, ʯʝʩʪʦ ʿʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʜʤʘʭ ʠʩʢʦʨʠʩʪʠʪʠ ʠʣʠ ʠʩʧʦʨʫʯʠʪʠ ʧʦʪʨʦʰʘʯʠʤʘ. 

ʉʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʤʦʛʫ˂ʝ ʨʝʰʝˁʝ ʦʚʠʭ ʠʟʘʟʦʚʘ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʚʠʰʘʢ 

ʝʥʝʨʛʠʿʝ ʘʢʫʤʫʣʠʨʘ ʫ ʤʨʝʞʠ ʠ ʢʦʨʠʩʪʠ ʦʥʜʘ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʘʥ. 

ʀʟ ʧʨʠʤʝʨʘ ʤʝʨʝˁʘ ʢʦʿʘ ʩʫ ʢʦʨʠʰʪʝʥʘ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʩʠʩʪʝʤʘ ʟʘ ʦʚʘʿ ʧʨʦʨʘʯʫʥ, ʧʨʠʤʝ˂ʫʿʝ ʩʝ 

ʟʥʘʯʘʿʥʘ ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪ ʩʘʤʠʭ ʠʟʚʦʨʘ ʠʟ ʢʦʿʠʭ ʩʝ ʜʦʙʠʿʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʂʘʢʦ ʩʫ ʠʟʚʦʨʠ 

ʠʥʪʝʨʤʠʪʝʥʪʥʠ ʠ ʩʘʤʘ ʧʨʦʠʟʚʦʜˁʘ ˂ʝ ʙʠʪʠ ʪʘʢʚʘ. ʅʘ ʉʣ.56ï ʙ ʧʨʠʢʘʟʘʥʘ ʩʫ ʤʝʨʝˁʘ ʢʦʿʘ ʩʫ 

ʢʦʨʠʰʪʝʥʘ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʧʦʪʨʦʰˁʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ʩʠʩʪʝʤʫ. ʀʟ ʩʘʤʠʭ ʛʨʘʬʠʢʘ ʿʝ ʦʯʠʛʣʝʜʥʦ ʜʘ 

ʩʝ ʦʚʘ ʜʚʘ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʥʝ ʧʦʢʣʘʧʘʿʫ ʪʝ ʜʘ ʧʨʦʠʟʚʦʜˁʘ ʥʠʢʘʢʦ ʥʝ ʤʦʞʝ ʟʘʜʦʚʦˀʠʪʠ ʧʦʪʨʝʙʝ 

ʧʦʪʨʦʰʘʯʘ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ. ʆʚʦ ʟʥʘʯʠ ʜʘ ʧʦʪʨʦʰʘʯʠ ʫ ʜʘʪʦʤ ʩʠʩʪʝʤʫ ʥʝ˂ʝ ʜʦʙʠʪʠ ʝʥʝʨʛʠʿʫ 

ʦʥʜʘ ʢʘʜʘ ʠʤ ʿʝ ʥʝʦʧʭʦʜʥʘ, ʥʝʛʦ ʦʥʜʘ ʢʘʜʘ ʿʝ ʠʟʚʦʨ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʿʝ ʩʪʚʦʨʠ. ʆʚʦ ʿʝ ʧʨʦʙʣʝʤ 

ʫʩʣʝʜ ʢʦʛ ʩʠʩʪʝʤ ʥʝ ʤʦʞʝ ʬʫʥʢʮʠʦʥʠʩʘʪʠ ʿʝʨ ʧʦʩʪʦʿʠ ʚʨʝʤʝʥʩʢʠ ʿʘʟ ʠʘʢʦ ʿʝ ʢʦʣʠʯʠʥʘ 

ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʯʠʪʘʚʦʤ ʚʨʝʤʝʥʩʢʦʤ ʭʦʨʠʟʦʥʪʫ ʿʝʜʥʘʢʘ ʢʦʣʠʯʠʥʠ ʧʦʪʨʦʰʝʥʝ ʝʥʝʨʛʠʿʝ. 

ʂʘʦ ʨʝʰʝˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʩʢʣʘʜʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ.  
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ʘ) ʙ) 

ʉʣ.55 ï ʇʨʦʤʝʥʘ a) ɹʨʟʠʥʝ ʚʝʪʨʘ; ʙ) ʉʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ 

  
ʘ) ʙ) 

ʉʣ.56 ï ɿʘ ʥʝʜʝˀʫ ʜʘʥʘ: a) ʇʨʦʠʟʚʦʜˁʘ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ; ʙ) ʇʦʪʨʦʰˁʘ 

ʜʦʤʘ˂ʠʥʩʪʘʚʘ 

FES ʠ SMES ʠʤʘʿʫ ʙʨʟʦ ʚʨʝʤʝ ʦʜʟʠʚʘ ʫʟ ʜʫʛ ʞʠʚʦʪʥʠ ʚʝʢ, ʘʣʠ ʿʝ ˁʠʭʦʚʘ ʮʝʥʘ ʧʦ ʿʝʜʠʥʠʮʠ 

ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʚʠʩʦʢʘ. ʅʘʩʧʨʘʤ ˁʠʭ, ʙʘʪʝʨʠʿʝ ʠ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʫ ʚʠʜʫ ʚʦʜʦʥʠʢʘ 

ʠʤʘʿʫ ʥʠʞʝ ʪʨʦʰʢʦʚʝ ʧʦ ʿʝʜʠʥʠʮʠ ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʠʭ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʚʝ˂ʝ 

ʢʦʣʠʯʠʥʝ. ʀʧʘʢ, ˁʠʭʦʚʦ ʚʨʝʤʝ ʦʜʟʠʚʘ ʿʝ ʜʫʞʝ ʫ ʦʜʥʦʩʫ ʥʘ FES ʠ SMES. ʂʦʤʙʠʥʘʮʠʿʦʤ ʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ (ʥʧʨ. ʙʘʪʝʨʠʿʘ + ʚʦʜʦʥʠʢ) ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʦʧʪʠʤʘʣʘʥ ʙʘʣʘʥʩ ʠʟʤʝʹʫ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ, ʮʝʥʝ ʠ ʙʨʟʠʥʝ ʦʜʟʠʚʘ, ʰʪʦ ʿʝ ʩʫʰʪʠʥʩʢʘ ʠʜʝʿʘ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʠʨʘ ʫ 

ʦʚʦʤ ʨʘʜʫ. ʂʦʣʠʯʠʥʘ ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʟʘʚʠʩʠ ʦʜ ʢʘʧʘʮʠʪʝʪʘ ʩʢʣʘʜʠʰʥʦʛ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʿʝ 

ʜʠʨʝʢʪʥʦ ʫʩʣʦʚˀʝʥ ʚʝʣʠʯʠʥʦʤ ʨʝʟʝʨʚʦʘʨʘ ʠ ʝʬʠʢʘʩʥʦʰ˂ʫ ʧʨʦʮʝʩʘ ʝʣʝʢʪʨʦʣʠʟʝ. 

ʇʦʚʝ˂ʘˁʝʤ ʧʨʠʪʠʩʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʨʘʜʘ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʤʦʞʝ ʩʝ ʧʦʚʝ˂ʘʪʠ ʢʦʣʠʯʠʥʘ 

ʧʨʦʠʟʚʝʜʝʥʦʛ ʚʦʜʦʥʠʢʘ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. ʋʢʫʧʥʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʧʦʥʦʚʥʝ ʢʦʥʚʝʨʟʠʿʝ ʚʦʜʦʥʠʢʘ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʟʘʚʠʩʠ ʦʜ ʚʠʰʝ ʬʘʢʪʦʨʘ ʢʘʦ ʰʪʦ ʩʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʜʘ, ʩʪʨʫʿʥʘ ʛʫʩʪʠʥʘ, ʤʘʪʝʨʠʿʘʣ ʝʣʝʢʪʨʦʜʘ ʠ ʤʝʤʙʨʘʥʝ ʫ ʇɽʄ ʝʣʝʢʪʨʦʣʠʟʝʨʫ. [101] 

ʉʘʚʨʝʤʝʥʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʣʠʟʝ ʢʦʨʠʩʪʝ ʥʘʧʨʝʜʥʝ ʤʝʤʙʨʘʥʝ ʩʘ ʥʠʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʪʧʦʨʦʤ ʠ 

ʚʠʩʦʢʦʤ ʧʨʦʚʦʜˀʠʚʦʰ˂ʫ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʛʫʙʠʮʠ ʠ ʧʦʚʝ˂ʘʚʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʥʚʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ.  

ʆʚʘʿ ʨʘʜ ʘʥʘʣʠʟʠʨʘ ʧʨʠʥʮʠʧ ʩʢʣʘʜʠʰʪʝˁʘ ʚʦʜʦʥʠʢʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʢʣʘʜʠʰʪʝˁʝʤ ʤʘˁʝ 

ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʙʘʪʝʨʠʿʘʤʘ. ɺʠʰʘʢ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʢʦʨʠʩʪʠ ʩʝ 

ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʦʜʦʥʠʢʘ ʧʫʪʝʤ ʝʣʝʢʪʨʦʣʠʟʝ, ʜʦʢ ʩʝ ʙʘʪʝʨʠʿʝ ʢʦʨʠʩʪʝ ʟʘ ʢʨʘʪʢʦʨʦʯʥʦ 

ʩʢʣʘʜʠʰʪʝˁʝ. ʆʚʠʤ ʩʝ ʤʘʢʩʠʤʠʟʠʨʘ ʧʨʝʜʥʦʩʪ ʦʙʘ ʚʠʜʘ ʩʢʣʘʜʠʰʪʝˁʘ ʝʥʝʨʛʠʿʝ, ʫʟ ʘʜʝʢʚʘʪʥʫ 

ʫʧʦʪʨʝʙʫ ʦʙʘ.  
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9.2. ʊʝʭʥʦʣʦʛʠʿʘ ʨʘʜʘ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʫ ʤʦʜʝʣʫ ʩʠʩʪʝʤʘ 

ɽʣʝʢʪʨʦʣʠʟʘ ʿʝ ʧʨʦʮʝʩ ʢʦʿʠ ʢʦʨʠʩʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʟʘ ʨʘʟʣʘʛʘˁʝ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʥʘ ʚʦʜʦʥʠʢ 

ʠ ʢʠʩʝʦʥʠʢ. ʋʢʦʣʠʢʦ ʩʝ ʦʚʘ ʿʝʜʥʦʩʤʝʨʥʘ ʩʪʨʫʿʘ ʜʦʙʠʿʘ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʢʦʜ ʧʨʦʠʟʚʦʜˁʝ 

ʚʦʜʦʥʠʢʘ, ʿʝʜʠʥʠ ʥʫʩʧʨʦʠʟʚʦʜ ʥʘʩʪʘʿʝ ʯʠʩʪ ʢʠʩʝʦʥʠʢ [102][103].  

ʇʦʩʪʦʿʝ ʯʝʪʠʨʠ ʪʠʧʘ ʝʣʝʢʪʨʦʣʠʟʝ ʥʘ ʦʩʥʦʚʫ ʝʣʝʢʪʨʦʣʠʪʘ, ʫʩʣʦʚʘ ʨʘʜʘ ʠ ʿʦʥʩʢʠʭ ʘʛʝʥʘʩʘ. ʋ ʦʚʦʤ 

ʨʘʜʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʇɽʄ ʝʣʝʢʪʨʦʣʠʟʘ ʚʦʜʝ [104]. ʆʚʘ ʤʝʪʦʜʘ ʩʝ ʩʤʘʪʨʘ ʿʝʜʥʦʤ ʦʜ ʥʘʿʧʦʛʦʜʥʠʿʠʭ 

ʟʘ ʢʦʥʚʝʨʟʠʿʫ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ ʫ ʯʠʩʪ ʚʦʜʦʥʠʢ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʿʘ ʟʘ ʧʨʠʤʝʥʫ ʫ 

ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ [105]. ʀʟ ʊʘʙ.19 ʛʜʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʦʩʦʙʠʥʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ 

ʝʣʝʢʪʨʦʣʠʟʝ, ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʿʝ ʇɽʄ ʝʣʝʢʪʨʦʣʠʟʘ ʪʝʭʥʦʣʦʛʠʿʘ ʩʘ ʥʘʿʚʠʰʝ ʧʝʨʩʧʝʢʪʠʚʝ ʟʘ 

ʧʨʠʤʝʥʫ ʫ ʤʠʢʨʦʤʨʝʞʘʤʘ ʢʦʿʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ. ʀʤʘ ʟʥʘʯʘʿʥʫ 

ʩʧʦʩʦʙʥʦʩʪ ʨʘʜʘ ʫ ʜʠʥʘʤʠʯʢʠʤ ʫʩʣʦʚʠʤʘ ʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʝʬʠʢʘʩʥʦʩʪʠ, ʰʪʦ ʿʝ ʧʨʠʢʣʘʜʥʦ ʟʘ 

ʠʥʪʝʨʤʠʪʝʥʪʥʫ ʧʨʠʨʦʜʫ ʚʝʪʨʦ ʠ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ.  

ʊʘʙ.19 ï ʇʨʝʛʣʝʜ ʪʝʭʥʦʣʦʛʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʝʣʝʢʪʨʦʣʠʟʝ 

 ɽʣʝʢʪʨʦʣʠʪ/ 

ʄʝʤʙʨʘʥʘ 

ɽʬʠʢʘʩʥʦʩʪ 

[%]  

ʇʨʝʜʥʦʩʪʠ ʄʘʥʝ 

ɸʣʢʘʣʥʘ 

(ɸɽʃ) 

ɺʦʜʝʥʠ 

ʨʘʩʪʚʦʨKOH 

ʠʣʠ NaOH 

60ï80 ʇʦʫʟʜʘʥʘ; ʜʫʛ ʚʝʢ ʪʨʘʿʘˁʘ; 

ʥʠʩʢʘ ʮʝʥʘ ʘʤʪʝʨʠʿʘʣʘ; 

ʧʦʛʦʜʥʦ ʟʘ ʚʝ˂ʝ ʢʘʧʘʮʠʪʝʪʝ 

ʅʠʞʘ ʛʫʩʪʠʥʘ ʩʪʨʫʿʝ ʟʥʘʯʠ ʚʝ˂ʠ 

ʩʠʩʪʝʤʠ; ʩʧʦʨʠʿʘ ʜʠʥʘʤʠʢʘ ʦʜʟʠʚʘ; 

ʦʛʨʘʥʠʯʝʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʧʨʠ 

ʧʨʦʤʝʥʘʤʘ ʩʥʘʛʝ 

ʇʦʣʠʤʝʨʥʦï

ʝʣʝʢʪʨʦʣʠʪʥʘ 

ʤʝʤʙʨʘʥʘ 

(PEM ï 

Proton 

Exchange 

Membrane 

Electrolysis) 

ʉʫʣʬʦʥʠʨʘʥʠ  

ʧʦʣʠʤʝʨ 

65ï85 ɺʠʩʦʢʘ ʛʫʩʪʠʥʘ ʩʪʨʫʿʝ; ʙʨʟ 

ʦʜʟʠʚ; ʢʦʤʧʘʢʪʘʥ ʜʠʟʘʿʥ; 

ʧʦʛʦʜʥʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʩʘ 

ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ; 

ʚʠʩʦʢ ʧʨʠʪʠʩʘʢ ʚʦʜʦʥʠʢʘ ʙʝʟ 

ʢʦʤʧʨʝʩʠʿʝ 

ɺʠʩʦʢʠ ʢʘʧʠʪʘʣʥʠ ʪʨʦʰʢʦʚʠ; 

ʫʧʦʪʨʝʙʘ ʧʣʝʤʝʥʠʪʠʭ ʤʝʪʘʣʘ (Pt, 

Ir, Ru); ʜʝʛʨʘʜʘʮʠʿʘ ʤʝʤʙʨʘʥʝ 

ʪʦʢʦʤ ʜʫʛʦʪʨʘʿʥʦʛ ʨʘʜʘ 

ʏʚʨʩʪʠ ʦʢʩʠʜ 

(SOE ï Solid 

Oxide 

Electrolysis) 

ʂʝʨʘʤʠʯʢʠ  

ʝʣʝʢʪʨʦʣʠʪ 

80ï90 ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫʩʣʝʜ 

ʨʘʜʘ ʥʘ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ; ʤʦʛʫ˂ʥʦʩʪ 

ʢʦʨʠʰ˂ʝˁʘ ʦʪʧʘʜʥʝ 

ʪʦʧʣʦʪʝ; ʧʦʛʦʜʥʘ ʟʘ 

ʠʥʪʝʛʨʘʮʠʿʫ ʩʘ 

ʠʥʜʫʩʪʨʠʿʦʤ 

 
 

ɺʠʩʦʢʠ ʟʘʭʪʝʚʠ ʟʘ ʪʝʨʤʠʯʢʫ 

ʩʪʘʙʠʣʥʦʩʪ; ʩʣʦʞʝʥʦ ʦʜʨʞʘʚʘˁʝ; 

ʩʧʦʨ ʩʪʘʨʪ; ʦʛʨʘʥʠʯʝʥʘ 

ʜʫʛʦʪʨʘʿʥʦʩʪ ʤʝʤʙʨʘʥʘ 

ɸʥʠʦʥï

ʤʝˁʘʿʫ˂ʘ 

ʤʝʤʙʨʘʥʘ 

(AEM ï Anion 

Exchange 

Membrane 

Electrolysis) 

ʂʘʪʠʦʥʩʢʠ  

ʧʦʣʠʤʝʨ ʩʘ 

OH  ʧʨʝʥʦʩʦʤ 

60ï75 ʂʦʤʙʠʥʫʿʝ ʧʨʝʜʥʦʩʪʠ ɸɽʃ ʠ 

ʇɽʄ; ʥʝ ʢʦʨʠʩʪʠ ʧʣʝʤʝʥʠʪʝ 

ʤʝʪʘʣʝ; ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʠʞʠ 

ʪʨʦʰʢʦʚʠ 

ʊʝʭʥʦʣʦʛʠʿʘ ʫ ʨʘʟʚʦʿʫ; 

ʥʝʩʪʘʙʠʣʥʦʩʪ ʤʝʤʙʨʘʥʘ; ʢʨʘ˂ʠ 

ʞʠʚʦʪʥʠ ʚʝʢ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʇɽʄ 

*ʇɽʄ ï 

ʥʘʧʨʝʜʥʠ 

ʩʠʩʪʝʤ; 

ʚʝʣʠʢʝ ʩʢʘʣʝ 

ʅʘʧʨʝʜʥʝ 

ʧʝʨʬʣʫʦʨʠʩʘʥʝ 

ʤʝʤʙʨʘʥʝ 

(PFSA) 

70ï85 ʄʦʛʫ˂ʥʦʩʪ ʜʠʥʘʤʠʯʢʦʛ ʨʘʜʘ 

ʧʨʠ ʧʨʦʤʝʥˀʠʚʦʿ ʩʥʘʟʠ; 

ʚʠʩʦʢʘ ʯʠʩʪʦ˂ʘ H ; ʧʦʛʦʜʥʘ 

ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ʠ 

ʤʠʢʨʦʤʨʝʞʝ 

ɿʘʭʪʝʚʘ ʧʨʝʮʠʟʥʫ ʢʦʥʪʨʦʣʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ; ʚʠʩʦʢʠ 

ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ 
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ʅʘ ʉʣ.57 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʥʮʠʧ ʨʘʜʘ ʇɽʄ ʝʣʝʢʪʨʦʣʠʟʝʨʘ [91]. ʇʨʠʤʝʥʦʤ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ ʥʘ 

ʝʣʝʢʪʨʦʜʝ, ʤʦʣʝʢʫʣʠ ʚʦʜʝ ʩʝ ʥʘ ʘʥʦʜʠ ʨʘʟʣʘʞʫ ʥʘ ʢʠʩʝʦʥʠʢ, ʧʨʦʪʦʥʝ ʠ ʝʣʝʢʪʨʦʥʝ. ʇʨʦʪʦʥʠ (H ) 

ʧʨʦʣʘʟʝ ʢʨʦʟ ʧʦʣʠʤʝʨʥʦïʝʣʝʢʪʨʦʣʠʪʥʫ ʤʝʤʙʨʘʥʫ (ʧʨʦʪʦʥïʧʨʦʚʦʜʥʫ ʤʝʤʙʨʘʥʫ), ʜʦʢ ʝʣʝʢʪʨʦʥʠ 

ʧʫʪʫʿʫ ʩʧʦˀʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʣʦʤ ʢʘ ʢʘʪʦʜʠ. ʅʘ ʢʘʪʦʜʠ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʝ ʨʝʢʦʤʙʠʥʘʮʠʿʝ, ʛʜʝ 

ʩʝ ʧʨʦʪʦʥʠ ʠ ʝʣʝʢʪʨʦʥʠ ʩʧʘʿʘʿʫ ʠ ʬʦʨʤʠʨʘʿʫ ʤʦʣʝʢʫʣʝ ʚʦʜʦʥʠʢʘ (H ). ʅʘ ʘʥʦʜʠ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ 

ʦʩʣʦʙʘʹʘ ʢʠʩʝʦʥʠʢ (O ). 

ʇʨʦʪʦʥïʧʨʦʚʦʜʥʘ ʤʝʤʙʨʘʥʘ ʦʙʝʟʙʝʹʫʿʝ ʧʨʝʥʦʩ H  ʿʦʥʘ, ʘʣʠ ʥʝ ʜʦʟʚʦˀʘʚʘ ʧʨʦʣʘʟ ʛʘʩʦʚʘ, ʯʠʤʝ ʩʝ 

ʩʧʨʝʯʘʚʘ ˁʠʭʦʚʦ ʤʝʰʘˁʝ ʠ ʦʤʦʛʫ˂ʘʚʘ ʚʠʩʦʢ ʩʪʝʧʝʥ ʯʠʩʪʦ˂ʝ ʧʨʦʠʟʚʝʜʝʥʦʛ ʚʦʜʦʥʠʢʘ. ʅʘʧʦʥ 

ʝʣʝʢʪʨʦʣʠʟʝʨʘ (U ) ʦʙʝʟʙʝʹʫʿʝ ʝʥʝʨʛʠʿʫ ʧʦʪʨʝʙʥʫ ʟʘ ʧʨʝʢʠʜ OïH ʚʝʟʘ ʫ ʤʦʣʝʢʫʣʫ ʚʦʜʝ ʠ 

ʧʦʢʨʝʪʘˁʝ ʮʝʣʦʢʫʧʥʝ ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ.  

ɸʥʦʜʘ: ςὌὕ O  ὕ τὌ τὩ  29 

ʂʘʪʦʜʘ:  ςὌ ςὩ ᴼὌ  30 

 

 
ʉʣ.57 ï ʇʨʠʥʮʠʧ ʇɽʄ ʝʣʝʢʪʨʦʣʠʟʝ 

ɿʘ ʨʘʜ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʿʝʜʥʦʬʘʟʥʠ ʥʘʧʦʥ ʥʘ ʘʥʦʜʫ ʠ ʢʘʪʦʜʫ, ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʥʘʧʦʥʘ ʝʣʝʢʪʨʦʜʘ ʠ ʛʫʙʠʪʘʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʘʢʪʠʚʘʮʠʦʥʝ, ʿʦʥʩʢʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʝ ʛʫʙʠʪʢʝ. ʂˀʫʯʥʦ ʿʝ ʜʘ ʦʚʘʿ ʥʘʧʦʥ ʙʫʜʝ ʦʙʝʟʙʝʹʝʥ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ 

ʢʘʢʦ ʙʠ ʝʣʝʢʪʨʦʣʠʟʝʨ ʨʘʜʠʦ ʝʬʠʢʘʩʥʦ [106]. 

Ὗ  Ὗ   – –Џ – ȟ 31 

ʛʜʝ ʩʫ Urɽɺï ʥʘʧʦʥ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ; ɖactï ʘʢʪʠʚʘʮʠʦʥʠ ʛʫʙʠʮʠ; ɖÝï ʿʦʥʩʢʠ ʛʫʙʠʮʠ; ɖconcï 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʠ ʛʫʙʠʮʠ. 

9.3. ʇʨʠʥʮʠʧ ʨʘʜʘ ʩʠʩʪʝʤʘ 

ɸʥʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʧʦʩʝʙʥʦ 

ʚʝʪʨʦʪʫʨʙʠʥʘ ʠ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ. ɺʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʦʚʠʭ ʠʟʚʦʨʘ ʫʩʤʝʨʘʚʘ ʩʝ ʢʘ 

ʩʢʣʘʜʠʰʪʠʤʘ. ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧ ʩʠʩʪʝʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣ.58. 

ʇʨʠʢʘʟʘʥ ʿʝ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʩʘ ʿʝʜʥʦʤ DC ʩʘʙʠʨʥʠʮʦʤ ʢʘʦ ʟʘʿʝʜʥʠʯʢʦʤ ʪʘʯʢʦʤ ʩʚʠʭ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʮʝʣʠʥʘ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ. ʇʨʝʢʦ ʦʚʝ ʩʘʙʠʨʥʠʮʝ ʧʦʚʝʟʘʥʠ ʩʫ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ, 
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ʧʦʪʨʦʰʘʯʠ ʫ ʚʠʜʫ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʠ ʝʣʝʢʪʨʠʯʥʠʭ ʚʦʟʠʣʘ, ʢʘʦ ʠ ʧʨʠʥʮʠʧ ʩʢʣʘʜʠʰʪʝˁʘ ʚʠʰʢʘ 

ʝʥʝʨʛʠʿʝ ʨʘʜʠ ʥʦʨʤʘʣʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʮʝʣʦʛ ʩʠʩʪʝʤʘ.  

ʀʜʝʿʘ ʿʝ ʜʘ ʩʝ ʩʢʣʘʜʠʰʪʝʥʘ ʝʥʝʨʛʠʿʘ ʢʦʨʠʩʪʠ ʜʘ ʧʦʢʨʠʿʝ ʟʘʭʪʝʚʝ ʧʦʪʨʦʰʘʯʘ ʫ ʪʨʝʥʫʮʠʤʘ ʢʘʜ 

ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʥʝ ʟʘʜʦʚʦˀʘʚʘʿʫ ʧʦʪʨʝʙʝ ʧʦʪʨʦʰʘʯʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʚʦʜʦʥʠʢʘ ʢʘʦ ʥʦʩʠʦʮʘ 

ʝʥʝʨʛʠʿʝ ʩʠʩʪʝʤ ʧʨʝʚʘʟʠʣʘʟʠ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʪʨʦʰˁʝ, 

ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʩʪʘʙʠʣʥʦ ʠ ʢʦʥʪʠʥʫʠʨʘʥʦ ʩʥʘʙʜʝʚʘˁʝ [107][108]. 

 
ʉʣ.58 ï ʄʦʜʝʣ ʩʠʩʪʝʤʘ 

ɽʥʝʨʛʠʿʘ ʩʝ ʩʢʣʘʜʠʰʪʠ ʫ ʚʠʜʫ ʚʦʜʦʥʠʢʘ ʟʘ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʠ ʙʘʪʝʨʠʿʘ ʠʣʠ ɽɺ ʟʘ ʤʘˁʝ 

ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ. ʂʘʢʦ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʫ ɽɺ ʥʦ˂ʫ ʧʦʚʝʟʘʥʠ ʥʘ ʧʫˁʘʯʝ ʫʥʫʪʘʨ 

ʜʦʤʘ˂ʠʥʩʪʘʚʘ, ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʩʠʩʪʝʤʘ ʦʥʠ ʩʝ ʚʠʜʝ ʢʘʦ ʿʦʰ ʿʝʜʘʥ ʚʠʜ ʙʘʪʝʨʠʿʘ.  

ɽʥʝʨʛʠʿʘ ʩʝ ʪʨʘʥʩʧʦʨʪʫʿʝ ʫ ʨʝʟʝʨʚʦʘʨʝ ʟʘ ʚʦʜʦʥʠʢ ʟʘ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʚʠʰʢʘ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ 

ʧʦʿʘʚʠ ʫ ʩʠʩʪʝʤʫ ʿʝʨ ʿʝ ʪʘʿ ʧʨʠʥʮʠʧ ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʠʚʠʿʠ ʢʘʜ ʩʝ ʫʚʘʞʠ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʦʚʦʛ 

ʧʨʠʥʮʠʧʘ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ. ɺʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʿʝ ʩʝ ʧʦʩʪʠʞʫ ʧʨʠ ʜʫʞʝʤ ʩʢʣʘʜʠʰʪʝˁʫ 

ʚʝ˂ʠʭ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ, ʧʦʙʦˀʰʘʚʘʿʫ ʝʬʠʢʘʩʥʦʩʪ ʝʣʝʢʪʨʦʣʠʟʝʨʘ. ʄʝʹʫʪʠʤ, ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʥʠʿʝ 

ʝʢʦʥʦʤʠʯʘʥ ʟʘ ʤʘʣʝ ʠ ʪʨʝʥʫʪʥʝ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʤʨʝʞʦʤ. 

ɹʘʪʝʨʠʿʝ ʠʣʠ ɽɺ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʢʨʘʪʢʦʨʦʯʥʦ ʩʢʣʘʜʠʰʪʝˁʝ ʤʘˁʠʭ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ. ʂʘʢʦ ʚʝʣʠʢʠ 

ʙʨʦʿ ʮʠʢʣʫʩʘ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ ʩʤʘˁʫʿʝ ʚʝʢ ʪʨʘʿʘˁʘ ʙʘʪʝʨʠʿʘ, ʮʠˀ ʿʝ ʜʘ ʩʝ ʦʚʘʿ ʧʨʦʮʝʩ 
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ʤʠʥʠʤʠʟʫʿʝ. ɹʘʪʝʨʠʿʝ ʩʝ ʰʪʝʜʝ ʩʤʘˁʠʚʘˁʝʤ ʧʝʨʠʦʜʘ ˁʠʭʦʚʝ ʫʧʦʪʨʝʙʝ, ʫʟ ʢʦʨʠʰ˂ʝˁʝ ɽɺ ʪʦʢʦʤ 

ʥʦ˂ʥʠʭ ʩʘʪʠ. ʃʦʛʠʯʢʠ ʿʝ ʘʢʪʠʚʘʮʠʿʘ ʙʘʪʝʨʠʿʩʢʦʛ ʪʠʧʘ ʩʢʣʘʜʠʰʪʘ ʧʦʜʝˀʝʥʘ ʪʘʢʦ ʜʘ ʩʝ ʜʘˁʫ 

ʘʢʪʠʚʠʨʘʿʫ ʠʩʢˀʫʯʠʚʦ ʙʘʪʝʨʠʿʝ, ʜʦʢ ʩʝ ʥʦ˂ʫ ʘʢʪʠʚʠʨʘʿʫ ɽɺ. ʈʘʟʤʝʥʘ ʝʥʝʨʛʠʿʝ ʩʘ ɽɺ ʩʝ ʚʨʰʠ ʢʘʜʘ 

ʩʫ ʚʦʟʠʣʘ ʧʦʚʝʟʘʥʘ ʥʘ ʧʫˁʘʯʝ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ [109][110]. 

ɿʘ ʜʝʪʘˀʥʠʿʝ ʤʦʜʝʣʦʚʘˁʝ ʠ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ ʦʚʘʢʚʦʛ ʩʠʩʪʝʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʨʘʟʤʦʪʨʠʪʠ 

ʢʦʥʚʝʨʟʠʿʫ ʝʥʝʨʛʠʿʝ ʠʟ ʿʝʜʥʦʛ ʦʙʣʠʢʘ ʫʟ ʜʨʫʛʠ. ʎʠˀ ʦʚʝ ʘʥʘʣʠʟʝ ʿʝ ʧʨʠʢʘʟ ʠʥʪʝʛʨʠʩʘʥʦʛ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʜʦʤʘ˂ʠʥʩʪʘʚʘ, ɽɺ ʠ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʢʣʘʜʠʰʪʘ 

ʝʥʝʨʛʠʿʝ ʧʦʚʝʟʘʥʠʭ ʧʨʝʢʦ ʩʘʙʠʨʥʠʮʝ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ. 

ʋ ʦʚʦʤ ʩʠʩʪʝʤʫ ʬʠʛʫʨʠʰʝ ʝʥʝʨʛʝʪʩʢʘ ʝʣʝʢʪʨʦʥʠʢʘ ʯʠʿʠ ʿʝ ʨʘʜ ʪʘʢʦʹʝ ʫʚʘʞʝʥ ʢʨʦʟ ʘʥʘʣʠʟʫ. 

ɺʝʪʨʦʝʣʝʢʪʨʘʥʝ ʩʝ ʧʦʚʝʟʫʿʫ ʥʘ DC ʩʘʙʠʨʥʠʮʫ ʧʨʝʢʦ ʠʩʧʨʘʚˀʘʯʘ, ʧʦʪʨʦʰʘʯʠ ʧʨʝʢʦ ʠʥʚʝʨʪʦʨʘ 

ʜʦʢ ʿʝ ʝʣʝʢʪʨʦʣʠʟʝʨ ʧʦʚʝʟʘʥ ʧʨʝʢʦ ʢʦʥʚʝʨʪʦʨʘ ʩʧʫʰʪʘʯʘ ʥʘʧʦʥʘ. ɹʘʪʝʨʠʿʝ ʟʘ ʧʨʠʚʨʝʤʝʥʦ 

ʩʢʣʘʜʠʰʪʝˁʝ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʧʦʚʝʟʘʥʝ ʩʫ ʜʠʨʝʢʪʥʦ ʥʘ DC ʩʘʙʠʨʥʠʮʫ. ɽʥʝʨʛʠʿʘ ʠʟ 

ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ʨʘʜʦʤ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʩʝ ʥʘ DC ʩʘʙʠʨʥʠʮʫ ʩʧʘʿʘʿʫ ʧʨʝʢʦ ʜʠʟʘʯʘ 

ʥʘʧʦʥʘ. ʂʘʢʦ ʙʠ ʮʝʣʦʢʫʧʥʠ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʩʘʦ, ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘˁʘ ʠ ʢʦʥʪʨʦʣʝ ʢʦʿʘ 

ʫʩʤʝʨʘʚʘ ʪʦʢʦʚʝ ʝʥʝʨʛʠʿʝ ʠ ʘʢʪʠʚʠʨʘ ʨʘʟʣʠʯʠʪʝ ʝʣʝʤʝʥʪʝ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ. 

9.4. ʄʦʜʝʣʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ 

ʈʘʜʠ ʪʘʯʥʝ ʧʨʦʮʝʥʝ ʪʦʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʩʚʠ ʝʣʝʤʝʥʪʠ ʩʫ ʧʦʿʝʜʠʥʘʯʥʦ ʤʦʜʝʣʦʚʘʥʠ. ʎʝʣʠʥʝ 

ʩʠʩʪʝʤʘ ʩʫ ʛʨʫʧʠʩʘʥʝ ʟʘʿʝʜʥʦ ʩʘ ʩʚʦʿʠʤ ʧʨʝʪʚʘʨʘʯʢʠʤ ʝʣʝʤʝʥʪʠʤʘ. ʎʝʣʠʥʝ ʩʫ ʧʦʜʝˀʝʥʝ ʥʘ: 

1. ɽʣʝʢʪʨʦʣʠʟʝʨ + Buck (ʩʧʫʰʪʘʯ ʥʘʧʦʥʘ) 

2. ɹʘʪʝʨʠʿʝ 

3. ɽɺ 
4. ɻʦʨʠʚʝ ˂ʝʣʠʿʝ + Boost (ʇʦʜʠʟʘʯ ʥʘʧʦʥʘ) 

5. ɺʝʪʨʦʪʫʨʙʠʥʝ + ʠʩʧʨʘʚˀʘʯʠ 

6. ʉʦʣʘʨʥʠ ʧʘʥʝʣʠ 

7. ɼʦʤʘ˂ʠʥʩʪʚʘ + ʠʥʚʝʨʪʦʨʠ 

ʂʦʥʪʨʦʣʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʪʘʢʦ ʜʘ ʫʪʠʯʝ ʥʘ ʧʨʝʪʚʘʨʘʯʝ ʧʨʠ ʠʩʧʦʨʫʮʠ ʝʥʝʨʛʠʿʝ ʠʟ ʩʢʣʘʜʠʰʪʘ ʠ 

ʧʨʠ ʧʨʝʫʟʠʤʘˁʫ ʝʥʝʨʛʠʿʝ ʟʘ ʝʣʝʢʪʨʦʣʠʟʫ. ʇʨʦʠʟʚʦʜˁʘ ʨʘʜʠ ʪʝʤʧʦʤ ʢʦʿʠ ʿʦʿ ʿʝ ʩʚʦʿʩʪʚʝʥ ʫ ʨʠʪʤʫ 

ʩʘ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ ʠ ʧʦʪʨʦʰˁʘ ʥʝ ʢʦʥʪʨʦʣʠʰʝ ʩʚʦʿʝ ʟʘʭʪʝʚʝ ʥʝʛʦ ʩʝ ʦʥʠ ʠʩʧʫˁʘʚʘʿʫ ʧʨʝʢʦ 

ʢʦʥʪʨʦʣʝ. ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʩʠʩʪʝʤʘ ʩʫ ʿʝʜʥʦʩʘʪʥʘ ʤʝʨʝˁʘ ʧʨʦʠʟʚʦʜˁʝ ʚʝʪʨʦʪʫʨʙʠʥʘ, ʩʦʣʘʨʥʠʭ 

ʧʘʥʝʣʘ, ʧʦʪʨʦʰˁʝ, ʢʘʦ ʠ ʧʦʜʘʮʠ ʦ ʝʣʝʤʝʥʪʠʤʘ ʤʨʝʞʝ ʠ ˁʠʭʦʚʦʤ ʬʫʥʢʮʠʦʥʠʩʘˁʫ. ʅʘ ʦʩʥʦʚʫ 

ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʜʝʬʠʥʠʩʘʥʠʭ ʧʨʘʚʠʣʘ ʚʨʰʠ ʩʝ ʧʦʜʝʰʘʚʘˁʝ ʢʦʥʪʨʦʣʝ. 

 

9.4.1. ɽʣʝʢʪʨʦʣʠʟʝʨ ʠ ʩʧʫʰʪʘʯ ʥʘʧʦʥʘ 

ʇʦʰʪʦ ʩʫ ʜʠʥʘʤʠʢʘ ʢʦʥʚʝʨʪʦʨʘ ʠ ˁʠʭʦʚʦ ʚʨʝʤʝ ʦʜʟʠʚʘ ʟʥʘʪʥʦ ʙʨʞʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʜʝʣʦʚʝ 

ʩʠʩʪʝʤʘ, ʦʥʠ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʠʜʝʘʣʥʠ ʠʟʚʦʨ ʥʘʧʦʥʘ ʥʘ ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʝʣʝʢʪʨʦʣʠʟʝʨ. ʀʟʣʘʟʥʘ 

ʩʥʘʛʘ ʝʣʝʢʪʨʦʣʠʟʝʨʘ PEl ʿʝ ʩʥʘʛʘ ʢʦʿʘ ʫʣʘʟʠ ʫ ʙʘʢ ʧʨʝʪʚʘʨʘʯ PBu, ʫʤʘˁʝʥʘ ʟʘ ʢʦʝʬʠʮʠʿʝʥʪ 

ʝʬʠʢʘʩʥʦʩʪʠ ɖBu. ʄʘʪʝʤʘʪʠʯʢʠ ʧʨʠʢʘʟ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʜʘʪ ʿʝ ʢʨʦʟ ʿʝʜʥʘʯʠʥʝ 32-

35. 

ὖ – Ͻὖ  32 

Ὗ
ὖ

Ὅ
 33 
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Ὗ Ὗ ȟ ὅ ϽὝ ὸ ὅ ϽÌÎ
Ὅ ὸ

Ὅȟ

Ὑ ϽὍ ὸ

Ὕ ὸ
 34 

 

ʅʘʧʦʥ ʧʦʪʨʝʙʘʥ ʟʘ ʝʣʝʢʪʨʦʣʠʟʫ ʠʟʨʘʞʘʚʘ ʩʝ ʢʘʦ ʦʜʥʦʩ ʩʥʘʛʝ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʠ ʩʪʨʫʿʝ ʢʦʿʫ ʧʨʠʤʘ 

ʠʟ ʢʦʥʚʝʨʪʦʨʘ. ɱʝʜʥʘʯʠʥʘ 34 ʦʧʠʩʫʿʝ ʟʘʚʠʩʥʦʩʪ ʥʘʧʦʥʘ ʦʜ ʩʪʨʫʿʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʝʬʠʮʠʿʝʥʪʠ 

UEl,0, C1El, C2El, REl ʠ IEl,0 ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʝʬʠʥʠʩʘʥʠ ʟʘ ʝʣʝʢʪʨʦʣʠʟʝʨ, ʘ TEl ʧʨʝʜʩʪʘʚˀʘ 

ˁʝʛʦʚʫ ʨʘʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʀʟ ʦʚʠʭ ʿʝʜʥʘʯʠʥʘ ʜʦʙʠʿʘ ʩʝ ʚʝʟʘ ʠʟʤʝʹʫ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ʢʦʥʚʝʨʪʦʨʘ ʠ 

ʩʪʨʫʿʝ ʝʣʝʢʪʨʦʣʠʟʝ, ʯʠʤʝ ʩʝ ʜʝʬʠʥʠʰʝ ʩʪʝʧʝʥ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʦʣʠʟʝʨʘ: 

ὠ ὔ ȟ Ͻ
–ȟ ϽὍ ὸ

ὅ
 35 

 

ʛʜʝ ʩʫ:  

NCell,El ï ʙʨʦʿ ˂ʝʣʠʿʘ;  

ɖI,El ï ʬʘʢʪʦʨ ʠʩʢʦʨʠʰʪʝˁʘ ʝʣʝʢʪʨʣʠʟʝʨʘ;  

CH2 ï ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʥʚʝʨʟʠʿʝ. 
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9.4.2. ɹʘʪʝʨʠʿʝ ʠ ɽɺ 

ɹʘʪʝʨʠʿʝ ʧʦʚʝʟʘʥʝ ʥʘ DC ʩʘʙʠʨʥʠʮʫ ʠ ʙʘʪʝʨʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʚʦʟʠʣʘ ʩʠʤʫʣʠʨʘʥʝ ʩʫ ʠʩʪʠʤ 

ʧʨʠʥʮʠʧʦʤ ʨʘʜʘ. ɼʠʤʝʥʟʠʦʥʠʨʘʥʝ ʩʫ ʥʘ ʠʩʪʠ ʥʘʯʠʥ, ʘ ʠʩʪʠ ʧʨʠʥʮʠʧ ʢʦʥʚʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ 

ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ. ɹʘʪʝʨʠʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʧʘʨʘʣʝʣʥʦ ʩʘ DC ʩʘʙʠʨʥʠʮʘʤʘ, ʘ ʩʪʨʫʿʘ ʢʦʿʘ 

ʪʝʯʝ ʢʨʦʟ ʙʘʪʝʨʠʿʫ ʜʘʪʘ ʿʝ ʿʝʜʥʘʯʠʥʦʤ 36. 

Ὅὸ Ὅ ὸ Ὅ ὸ Ὅ ὸ Ὅ ὸ Ὅ ὸ 36 

ʛʜʝ ʩʫ: 

IPV ï ʩʪʨʫʿʘ ʠʟ ʩʦʣʘʨʥʠʭ ʧʘʥʝʣʘ;  

IWind ï ʩʪʨʫʿʘ ʠʟ ʚʝʪʨʦʘʛʨʝʛʘʪʘ;  

IBu ï ʩʪʨʫʿʘ ʢʘ ʙʘʢ ʧʨʝʪʚʘʨʘʯʫ;  

IB0 ï ʩʪʨʫʿʘ ʢʘ ʙʫʩʪ ʧʨʝʪʚʘʨʘʯʫ;  

ILoad ï ʩʪʨʫʿʘ ʩʠʩʪʝʤʘ. 

ʅʘʧʦʥ ʙʘʪʝʨʠʿʝ ʿʝ ʜʘʪ ʿʝʜʥʘʯʠʥʦʤ 37, ʜʦʢ ʿʝ ʩʪʘˁʝ ʥʘʧʫˁʝʥʦʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʜʝʬʠʥʠʩʘʤʦ ʢʨʦʟ 

ʿʝʜʥʘʯʠʥʫ 38.  

Ὗ ὸ ρ ‌ϽὸϽὟȟϽὸ ὙϽὍὸ ὑϽὗὸȟ  37 

Ὓὕὅ ρππϽ
Ὁ

Ὁȟ
 38 

ʛʜʝ ʿʝ: 

Ŭ ï ʬʨʝʢʚʝʥʮʠʿʘ ʧʨʘʞˁʝˁʘ;  

UB,0ï ʥʘʧʦʥ ʦʪʚʦʨʝʥʦʛ ʢʦʣʘ ʟʘ t = 0;  

EB ï ʝʥʝʨʛʠʿʘ ʙʘʪʝʨʠʿʝ.  

 

9.4.3. ɻʦʨʠʚʝ ˂ʝʣʠʿʝ ʠ ʧʦʜʠʟʘʯ ʥʘʧʦʥʘ 

ɼʠʥʘʤʠʢʘ ʢʦʥʚʝʨʪʦʨʘ ʿʝ ʟʥʘʪʥʦ ʙʨʞʘ ʦʜ ʦʩʪʘʣʠʭ ʜʝʣʦʚʘ ʩʠʩʪʝʤʘ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʩʧʫʰʪʘʯʘ ʥʘʧʦʥʘ. 

ʆʥʠ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʘʦ ʠʜʝʘʣʥʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʯʠʿʠ ʠʟʣʘʟ ʟʘʚʠʩʠ ʦʜ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʥʚʝʨʪʦʨʘ. 

ɱʝʜʥʘʯʠʥʘ 39 ʧʨʝʜʩʪʘʚˀʘ ʠʟʣʘʟʥʫ ʩʥʘʛʫ boost ʧʨʝʪʚʘʨʘʯʘ, ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʧʨʦʠʟʚʦʜ 

ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʚʘʨʘʯʘ ʠ ʩʥʘʛʝ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ. ɱʝʜʥʘʯʠʥʘ 40 ʜʝʬʠʥʠʰʝ ʥʘʧʦʥ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ ʢʘʦ 

ʦʜʥʦʩ ʩʥʘʛʝ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ ʠ ʩʪʨʫʿʝ ʢʦʿʫ ʦʥʘ ʠʩʧʦʨʫʯʫʿʝ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʦʜʥʦʩʘ ʫʩʧʦʩʪʘʚˀʘ ʩʝ 

ʚʝʟʘ ʠʟʤʝʹʫ ʩʥʘʛʝ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ, ˁʝʥʦʛ ʥʘʧʦʥʘ ʠ ʨʘʜʘ boost ʧʨʝʪʚʘʨʘʯʘ ʫ ʩʠʩʪʝʤʫ. ʋ ʿʝʜʥʘʯʠʥʠ 41 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʟʘʚʠʩʥʦʩʪ ʥʘʧʦʥʘ ʦʜ ʩʪʨʫʿʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʝʬʠʮʠʿʝʥʪʠ UFC,0, C1FC, C2FC, RFC, ʠ 

IFC,0 ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʝʬʠʥʠʩʘʥʠ ʟʘ ʛʦʨʠʚʫ ˂ʝʣʠʿʫ, ʘ TFC ʿʝ ˁʝʥʘ ʨʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʉʪʝʧʝʥ 

ʧʨʦʠʟʚʦʜˁʝ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ ʠʟʨʘʞʘʚʘ ʩʝ ʢʨʦʟ ʿʝʜʥʘʯʠʥʫ 42. 

ὖ – Ͻὖ  39 

Ὗ
ὖ

Ὅ
 40 

Ὗ Ὗ ȟ ὅ ϽὝ ὸ ὅ ϽÌÎ
Ὅ ὸ

Ὅ ȟ

Ὑ ϽὍ ὸ

Ὕ ὸ
 41 
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ὠ ὔ ȟ Ͻ
–ȟ ϽὍ ὸ

ὅ
 42 

ʛʜʝ ʩʫ: 

NCell,FCï ʙʨʦʿ ˂ʝʣʠʿʘ;  

ɖI,FC ï ʬʘʢʪʦʨ ʠʩʢʦʨʠʰʪʝˁʘ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ;  

CH2 ï ʢʦʝʬʠʮʿʝʥʪ ʢʦʥʚʝʨʟʠʿʝ 

 

9.4.4. ʉʢʣʘʜʠʰʪʝ ʚʦʜʦʥʠʢʘ 

ɽʥʝʨʛʠʿʘ ʩʢʣʘʜʠʰʪʝʥʘ ʫ ʚʦʜʦʥʠʢʫ ʤʦʞʝ ʩʝ ʤʦʜʝʣoʚʘʪʠ ʿʝʜʥʘʯʠʥʦʤ 43. ɱʝʜʥʘʯʠʥʘ 44 ʧʨʝʜʩʪʘʚˀʘ 

ʟʘʚʠʩʥʦʩʪ ʝʥʝʨʛʠʿʝ ʩʢʣʘʜʠʰʪʝʥʝ ʫ ʦʙʣʠʢʫ ʚʦʜʦʥʠʢʘ ʦʜ ʫʣʘʟʥʠʭ ʩʥʘʛʘ ʝʣʝʢʪʨʦʣʠʟʝʨʘʠ ʛʦʨʠʚʝ 

˂ʝʣʠʿʝ ʢʘʦ ʠ ʦʜ ʧʘʨʘʤʝʪʘʨʘ ʩʠʩʪʝʤʘ. ʇʨʦʮʝʥʘʪ ʝʥʝʨʛʠʿʝ ʫ ʚʦʜʦʥʠʢʫ ʿʝ ʜʘʪ ʿʝʜʥʘʯʠʥʦʤ 45 ʢʨʦʟ HL 

[%]. 

Ὁ Ὁ ȟ ὖ ὖ Ὠὸ 43 

Ὁ Ὁ ȟ

ρ

ί
Ͻ
ὠ ϽɝὌ

ὠ

ὠ ϽɝὌ

ὠ
 44 

Ὄὒ ρππϽ
Ὁ

Ὁ ȟ
 45 

ʛʜʝ ʩʫ:  

EH2 ï ʠʥʠʮʠʿʘʣʥʘ ʝʥʝʨʛʠʿʝ ʫ ʭʠʜʨʦʛʝʥʫ;  

PElï ʩʥʘʛʘ ʝʣʝʢʨʨʦʣʠʟʝʨʘ;  

PFCï ʩʥʘʛʘ ʘʧʩʦʨʙʦʚʘʥʘ ʫ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ; 

t0 ï ʧʦʯʝʪʥʠ ʪʨʝʥʫʪʘʢ; 

tï ʧʦʩʤʘʪʨʘʥʠ ʪʨʝʥʫʪʘʢ. 

 

9.4.5. ʂʦʥʪʨʦʣʘ ʩʠʩʪʝʤʘ 

ʆʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʩʣʦʞʝʥ ʧʨʦʙʣʝʤ. ɱʝʜʥʦʩʪʘʚʥʦ ʫʩʤʝʨʘʚʘˁʝ ʚʠʰʢʘ 

ʝʥʝʨʛʠʿʝ ʫ ʩʢʣʘʜʠʰʪʝ ʥʠʿʝ ʜʦʚʦˀʥʦ. ʂʦʥʪʨʦʣʥʠ ʩʠʩʪʝʤ ʤʦʨʘ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ ˂ʝ ʝʥʝʨʛʠʿʘ ʙʠʪʠ 

ʧʦʩʣʘʪʘ ʫ ʩʢʣʘʜʠʰʪʝ ʚʦʜʦʥʠʢʘ ʠʣʠ ʫ ʙʘʪʝʨʠʿʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ. ʂʦʥʪʨʦʣʥʠ 

ʩʠʩʪʝʤ ʤʦʨʘ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ ˂ʝ ʝʥʝʨʛʠʿʘ ʙʠʪʠ ʧʦʩʣʘʪʘ ʫ ʩʢʣʘʜʠʰʪʝ ʚʦʜʦʥʠʢʘ ʠʣʠ ʫ ʙʘʪʝʨʠʿʩʢʝ 

ʩʠʩʪʝʤʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʠ ʨʘʩʧʦʣʦʞʠʚʠʭ ʢʘʧʘʮʠʪʝʪʘ ʩʢʣʘʜʠʰʪʝˁʘ. 

ʉʢʣʘʜʠʰʪʝˁʝ ʫ ʚʠʜʫ ʚʦʜʦʥʠʢʘ ʥʠʿʝ ʝʬʠʢʘʩʥʦ ʟʘ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʝʥʝʨʛʠʿʘ 

ʰʘˀʝ ʫ ʩʢʣʘʜʠʰʪʝ ʚʦʜʦʥʠʢʘ ʩʘʤʦ ʘʢʦ ʿʝ ʢʦʣʠʯʠʥʘ ʜʦʚʦˀʥʦ ʚʝʣʠʢʘ ʜʘ ʦʧʨʘʚʜʘ ʧʦʢʨʝʪʘˁʝ 

ʝʣʝʢʪʨʦʣʠʟʝʨʘ. ʋ ʩʫʧʨʦʪʥʦʤ, ʝʥʝʨʛʠʿʘ ʩʝ ʩʢʣʘʜʠʰʪʠ ʫ ʙʘʪʝʨʠʿʘʤʘ. 

ʀʩʪʠ ʧʨʠʥʮʠʧ ʚʘʞʠ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ. ɸʢʦ ʿʝ ʧʦʪʨʘʞˁʘ ʤʘʣʘ ʠ ʥʝ ʤʦʞʝ ʩʝ ʧʦʢʨʠʪʠ 

ʧʨʦʠʟʚʦʜˁʦʤ, ʝʥʝʨʛʠʿʘ ʩʝ ʫʟʠʤʘ ʠʟ ʙʘʪʝʨʠʿʘ. ɸʢʦ ʿʝ ʧʦʪʨʘʞˁʘ ʚʝʣʠʢʘ, ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʝʫʟʠʤʘ ʠʟ 
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ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ. ɱʝʜʥʘʯʠʥʘ 46 ʧʨʝʜʩʪʘʚˀʘ ʙʠʣʘʥʩ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʩʠʩʪʝʤʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʫʢʫʧʥʘ 

ʨʘʩʧʦʣʦʞʠʚʘ ʩʥʘʛʘ ʜʝʬʠʥʠʩʘʥʘ ʢʘʦ ʟʙʠʨ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʠ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ, 

ʫʤʘˁʝʥ ʟʘ ʧʦʪʨʦʰˁʫ.  

˟˛˗ὖ ὖ ὖ  46 

ɹʘʪʝʨʠʿʝ ʩʫ ʫʢˀʫʯʝʥʝ ʢʘʦ ʧʨʠʚʨʝʤʝʥʦ ʩʢʣʘʜʠʰʪʝ ʟʘ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ, ʫʟ ʩʢʣʘʜʠʰʪʝˁʝ ʫ 

ʚʦʜʦʥʠʢʫ. ʇʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʤʝʪʦʜʝ ʩʢʣʘʜʠʰʪʝˁʘ ʤʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʝʬʠʢʘʩʥʦʩʪ ʢʦʥʚʝʨʟʠʿʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʝʣʝʢʪʨʠʯʥʝ ʫ ʚʦʜʦʥʠʢ ʠ ʦʙʨʥʫʪʦ. 

ʈʘʮʠʦʥʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʙʘʪʝʨʠʿʘ ʿʝ ʪʘʢʦʹʝ ʚʘʞʥʦ. ʅʝ ʪʨʝʙʘ ʠʭ ʧʨʘʟʥʠʪʠ ʠʩʧʦʜ ʦʜʨʝʹʝʥʝ ʛʨʘʥʠʮʝ, 

ʘ ʯʝʩʪʠ ʮʠʢʣʫʩʠ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʙʝʛʥʫ ʢʘʢʦ ʙʠ ʩʝ ʦʯʫʚʘʦ ˁʠʭʦʚ ʚʝʢ ʪʨʘʿʘˁʘ. 

ɿʙʦʛ ʪʦʛʘ ʢʦʥʪʨʦʣʥʠ ʩʠʩʪʝʤ ʤʦʨʘ ʧʨʘʪʠʪʠ ʩʪʘˁʝ ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʠ ʫʧʨʘʚˀʘʪʠ ˁʠʭʦʚʦʤ 

ʫʧʦʪʨʝʙʦʤ. 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʢʦʥʪʨʦʣʥʠ ʩʠʩʪʝʤ ʩʫ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʤʨʝʞʝ, ʦʜʥʦʩʥʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ, ʪʦʢ ʝʥʝʨʛʠʿʝ ʠ ʩʪʘˁʝ ʙʘʪʝʨʠʿʘ, ʢʦʿʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʚʨʝʜʥʦʰ˂ʫ ʩʪʘˁʘ 

ʥʘʧʫˁʝʥʦʩʪʠ, SOC. ʆʚʠ ʧʦʜʘʮʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʝ. 

H2 ʛʨʘʥʠʮʘ ʧʨʝʜʩʪʘʚˀʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʫ ʛʨʘʥʠʮʫ ʝʥʝʨʛʠʿʝ ʧʨʠ ʢʦʿʦʿ ʩʝ ʝʣʝʢʪʨʦʣʠʟʝʨʠ ʠ 

ʛʦʨʠʚʝ ˂ʝʣʠʿʝ ʘʢʪʠʚʠʨʘʿʫ. ɳʝʛʦʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʦʜʨʝʹʝʥʘ ʢʘʧʘʮʠʪʝʪʦʤ ʝʣʝʢʪʨʦʣʠʟʝʨʘ, ʢʦʿʠ ʿʝ 

ʦʜʘʙʨʘʥ ʟʘ ʢʦʥʢʨʝʪʘʥ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʦʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʬʠʢʩʥʘ ʠ ʠʟʥʦʩʠ 

50 kW. ɸʢʦ ʿʝ ʧʦʪʨʝʙʥʘ ʢʦʣʠʯʠʥʘ ʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʤʘˁʘ ʦʜ ʦʚʝ ʛʨʘʥʠʮʝ, ʘʢʪʠʚʠʨʘʿʫ ʩʝ 

ʙʘʪʝʨʠʿʝ ʠ ɽɺ. 

ʀʥʬʦʨʤʘʮʠʿʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʢʦʥʪʨʦʣʫ ʩʠʩʪʝʤʘ: 

1. ʊʦʢ ʝʥʝʨʛʠʿʝ: ʜʝʬʠʥʠʰʝ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʚʠʰʘʢ ʠʣʠ ʤʘˁʘʢ ʝʥʝʨʛʠʿʝ ʟʘ ʧʦʪʨʦʰʘʯʝ 

ɸ) ʊʆʂ > 0: ʧʦʩʪʦʿʠ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʩʢʣʘʜʠʰʪʠ; ʝʥʝʨʛʠʿʘ ʠʜʝ ʢʘ 

ʝʣʝʢʪʨʦʣʠʟʝʨʫ, ʙʘʪʝʨʠʿʘʤʘ ʠʣʠ ɽɺ. 

ɹ) ʊʆʂ < 0: ʧʦʩʪʦʿʠ ʤʘˁʘʢ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʫʟʠʤʘ ʠʟ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ, ʙʘʪʝʨʠʿʘ ʠʣʠ ɽɺ.  

2. ʂʦʣʠʯʠʥʘ ʚʠʰʢʘ ʝʥʝʨʛʠʿʝ: 

ɸ) ʊʆʂ > H2 ʛʨʘʥʠʮʘ: ʜʦʚʦˀʥʦ ʝʥʝʨʛʠʿʝ ʜʘ ʩʝ ʧʘʣʠ ʝʣʝʢʪʨʦʣʠʟʝʨ 

ɹ) ʊʆʂ < H2 ʛʨʘʥʠʮʘ: ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʚʠʰʢʘ ʝʥʝʨʛʠʿʝ; ʩʢʣʘʜʠʰʪʠ ʩʝ ʫ ʙʘʪʝʨʠʿʘʤʘ ʠʣʠ ɽɺ 

3. ɼʦʙʘ ʜʘʥʘ: 

ɸ) 18h ï 8h: ɽɺ ʩʫ ʥʘ ʧʫˁʘʯʠʤʘ, ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʩʢʣʘʜʠʰʪʘ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ 

ɹ) 8h ï 18h: ʫ ʪʦʢʫ ʜʘʥʘ ʩʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʝ ʙʘʪʝʨʠʿʝ 

ɾʝˀʝʥʦ ʧʦʥʘʰʘˁʝ ʦʚʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʝ ʣʘʢʦ ʜʝʬʠʥʠʩʘʪʠ ʢʨʦʟ ʧʨʘʚʠʣʘ, ʰʪʦ ʥʫʜʠ ʙʨʦʿʥʝ 

ʧʨʝʜʥʦʩʪʠ ʟʘ ʫʧʨʘʚˀʘˁʝ. ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʘʢʚʝ ʢʦʥʪʨʦʣʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʘʚʠʣʠʤʘ, ʮʝʦ ʩʧʝʢʪʘʨ 

ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʦʞʝ ʩʝ ʝʬʠʢʘʩʥʦ ʫʢˀʫʯʠʪʠ ʙʝʟ ʧʦʚʝ˂ʘˁʘ ʩʣʦʞʝʥʦʩʪʠ ʫʧʨʘʚˀʘˁʘ. ʆʚʘʿ 

ʦʙʣʠʢ ʢʦʥʪʨʦʣʝ ʠʤʘ ʦʜʨʝʹʝʥʝ ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʛʦʨʠʪʤʝ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ, ʿʝʨ ʥʝ ʟʘʭʪʝʚʘ 
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ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ ʠʩʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʢʦʿʠ ʤʦʞʜʘ ʥʠʩʫ ʣʘʢʦ ʜʦʩʪʫʧʥʠ ʟʘ ʧʦʿʝʜʠʥʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʠ ʩʠʩʪʝʤʝ ʫ ʢʦʿʠʤʘ ʩʫ ʩʚʠ ʥʘʚʝʜʝʥʠ ʝʣʝʤʝʥʪʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ. 

9.5. ʈʝʟʫʣʪʘʪʠʧʨʦʨʘʯʫʥʘ 

9.5.1. ʊʦʢ ʩʥʘʛʘ ʠ ʘʢʪʠʚʘʮʠʿʘ ʩʢʣʘʜʠʰʪʘ 

ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʛʨʘʬʠʯʢʦʤ ʦʙʣʠʢʫ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʦ ʧʨʘʪʠʪʠ ʘʢʪʠʚʠʨʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ ʠ ʢʦʣʠʯʠʥʘ ʩʥʘʛʝ ʨʘʟʤʝˁʝʥʝ ʠʟʤʝʹʫ ʩʚʘʢʦʛ ʩʢʣʘʜʠʰʪʘ 

ʧʦʥʘʦʩʦʙ ʠ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ. ʇʦʜʘʮʠ ʤʝʨʝˁʘ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʟʘ ʩʥʘʛʫ ʚʝʪʨʘ, ʩʫʥʮʘ ʠ 

ʧʦʪʨʦʰˁʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʨʝʢʦ ʛʨʘʬʠʢʘ ʥʘ ʉʣ.55 ʠ ʉʣ.56. ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʜʘʪʠ ʩʫ ʫ 

ʊʘʙ.20. 

ʊʘʙ.20 ï ʉʪʘˁʝ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʥʝʜʝˀʝ 

ɽʣʝʢʪʨʦʣʠʟʝʨ ɻʦʨʠʚʝ ˂ʝʣʠʿʝ 

╤╔■ȟ ἤ 22.25 ╡ ╔ ᴈ  ï3.3198 ╤╕╒ȟ ἤ 33.18 ╡╕╒ ᴈ  ï2.04 

╒ ╔■ ἤȾᴈ  
ï

0.1765 
╒ ╔■ ἤ 5.5015 

╒ ╕╒ ἤ
Ⱦᴈ  

ï0.013 ╒ ╕╒ ἤ ï1.57 

╘╔■ȟ Ἃ 0.1341 ╝╒▄■■ȟ╔■ 24 ╘╕╒ȟ Ἃ 8.798 ╝╒▄■■ȟ╕╒ 35 

Ɫ╘ȟ╔■ 0.7 
╒╗  Ἃἰ
ȾἘ 

8604 Ɫ╘ȟ╕╒ 0.45 
╒╗  Ἃἰ
ȾἘ 

8604 

Ɫ║◊ 0.95 ï ï Ɫ║▫ 0.95 ï ï 

ɹʘʪʝʨʠʿʝ ɽɺ 

♪ ἒὂ 0 ╡░  0.076 ♪ ╔╥ἒὂ 0 ╡░ȟ╔╥  0.076 

╤║ȟ ἤ 48 ╚░ 0 ╤║ȟȟ╔╥ ἤ 48 ╚░ȟ╔╥ 0 

ʉʢʣʘʜʠʰʪʝ ɺʦʜʦʥʠʢʘ 

╗ ἳἔȾἵἷἴ 286 ╥╣ ἘȾἵἷἴ 22.4 

 

ʉʣ.59 ʧʨʠʢʘʟʫʿʝ ʚʨʝʤʝʥʩʢʝ ʚʘʨʠʿʘʮʠʿʝ ʟʘʭʪʝʚʘ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝʤ ʠʣʠ ʧʦʪʨʦʰˁʦʤ 

ʝʥʝʨʛʠʿʝ. ʇʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʫʢʘʟʫʿʫ ʥʘ ʧʝʨʠʦʜʝ ʢʘʜʘ ʿʝ ʧʦʩʪʦʿʘʦ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ 

ʢʦʿʘ ʿʝ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʩʢʣʘʜʠʰʪʝʥʘ, ʜʦʢ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʦʟʥʘʯʘʚʘʿʫ ʧʝʨʠʦʜʝ ʢʘʜʘ ʿʝ 

ʝʥʝʨʛʠʿʘ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʧʨʝʫʟʝʪʘ ʠʟ ʩʢʣʘʜʠʰʪʘ. ʉʣ.60 ʠʣʫʩʪʨʫʿʝ ʧʝʨʠʦʜʝ ʫ ʢʦʿʠʤʘ ʿʝ ʢʦʿʘ ʚʨʩʪʘ 

ʩʢʣʘʜʠʰʪʘ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʠʨʘʥʘ. ɺʨʝʜʥʦʩʪʠ ʩʥʘʛʝ ʩʫ ʧʦʟʠʪʠʚʥʝ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʣʠʯʠʥʫ ʩʥʘʛʝ 

ʨʘʟʤʝˁʝʥʝ ʩʘ ʧʦʿʝʜʠʥʘʯʥʠʤ ʩʢʣʘʜʠʰʪʠʤʘ. ʄʘˁʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʨʘʟʤʝˁʫʿʫ ʩʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʚʦʟʠʣʠʤʘ (ɽɺ) ʪʦʢʦʤ ʥʦ˂ʠ (ˀʫʙʠʯʘʩʪʘ ʣʠʥʠʿʘ ʥʘ ʛʨʘʬʫ), ʜʦʢ ʩʝ ʪʦʢʦʤ ʜʘʥʘ 

ʨʘʟʤʝˁʫʿʫ ʩʘ ʙʘʪʝʨʠʿʘʤʘ (ʞʫʪʘ ʣʠʥʠʿʘ ʥʘ ʛʨʘʬʫ). ɽʣʝʢʪʨʦʣʠʟʝʨʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʣʘʚʦʤ ʣʠʥʠʿʦʤ 

ʥʘ ʛʨʘʬʫ ʠ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʮʨʚʝʥʦʤ ʨʘʜʝ ʠ ʪʦʢʦʤ ʜʘʥʘ ʠ ʥʦ˂ʠ, ʿʝʨ ʥʠʩʫ ʦʛʨʘʥʠʯʝʥʠ 

ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ. 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʜʘʿʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚˀʘˁʘ ʫʢˀʫʯʫʿʫ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʤʨʝʞʝ. ʆʚʠ ʫʣʘʟʠ 

ʫʩʤʝʨʘʚʘʿʫ ʧʨʦʮʝʩ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʫ ʢʦʥʪʨʦʣʥʦʤ ʩʠʩʪʝʤʫ. 

ʈʘʟʤʘʪʨʘʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʜʚʝ ʚʨʝʜʥʦʩʪʠ:  

1. ʊʆʂ ï ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ, ʪʿ. ʪʦʢ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʿʝ ʠʟʨʘʞʝʥʦ ʫ 
ʿʝʜʥʘʯʠʥʠ 46; 

2. ʉʪʘˁʝ ʙʘʪʝʨʠʿʘ ï ʜʝʬʠʥʠʩʘʥʦ ʚʨʝʜʥʦʰ˂ʫ ʩʪʘˁʘ ʥʘʧʫˁʝʥʦʩʪʠ, SOC.  
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ʈʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ ʉʣ.59ïʉʣ.61 ʧʦʢʘʟʫʿʫ ʩʥʘʛʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʟʤʝˁʝʥʫ 

ʩʘ ʩʠʩʪʝʤʦʤ ʫ ʪʦʢʫ ʿʝʜʥʝ ʥʝʜʝˀʝ. ʇʨʘʚʘʮ ʪʦʢʘ ʝʥʝʨʛʠʿʝ ʿʘʩʥʦ ʿʝ ʦʟʥʘʯʝʥ ʟʘ ʩʥʘʛʫ ʩʢʣʘʜʠʰʪʝʥʫ ʫ 

ʚʠʜʫ ʚʦʜʦʥʠʢʘ ʠ ʩʥʘʛʫ ʛʝʥʝʨʠʩʘʥʫ ʘʢʪʠʚʠʨʘˁʝʤ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ. ʋ ʩʣʫʯʘʿʫ ʝʣʝʢʪʨʦʣʠʟʝʨʘ, 

ʝʥʝʨʛʠʿʘ ʪʝʯʝ ʠʟ ʩʠʩʪʝʤʘ ʫ ʩʢʣʘʜʠʰʪʝ ʚʦʜʦʥʠʢʘ, ʜʦʢ ʟʘ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ ʝʥʝʨʛʠʿʘ ʪʝʯʝ ʠʟ ʩʢʣʘʜʠʰʪʘ 

ʫ ʩʠʩʪʝʤ ʢʘʜʘ ʧʦʩʪʦʿʠ ʥʝʜʦʩʪʘʪʘʢ ʝʥʝʨʛʠʿʝ ʟʘ ʧʦʜʤʠʨʠʚʘˁʝ ʟʘʭʪʝʚʘ ʧʦʪʨʦʰˁʝ. 

 

 
ʉʣ.59 ï ʉʪʘˁʝ ʩʠʩʪʝʤʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ 

 

 
ʉʣ.60 ï ɸʢʪʠʚʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʢʣʘʜʠʰʪʝˁʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ 

 

  
ʘ) ʉʥʘʛʘ ʩʢʣʘʜʠʰʪʝʥʘ ʫ ʚʠʜʫ ʭʠʜʨʦʛʝʥʘ ʫ ʪʦʢʫ 

ʥʝʜʝˀʝ 

ʙ) ʉʥʘʛʘ ʫʟʝʪʘ ʠʟ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ 
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ʚ) ʉʥʘʛʘ ʨʘʟʤʝˁʝʥʘ ʩ ʙʘʪʝʨʠʿʘʤʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ ʛ) ʉʥʘʛʘ ʨʘʟʤʝˁʝʥʘ ʩ ɽɺ ʫ ʪʦʢʫ ʥʝʜʝˀʝ 

ʉʣ.61 ï ʉʥʘʛʘ ʟʘ ʥʝʜʝˀʫ ʜʘʥʘ 

ɿʘ ʙʘʪʝʨʠʿʝ ʠ ɽɺ, ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʪʝ˂ʠ ʫ ʦʙʘ ʩʤʝʨʘ, ʰʪʦ ʩʝ ʫʦʯʘʚʘ ʢʨʦʟ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʝ. 

ʅʝʛʘʪʠʚʘʥ ʟʥʘʢ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ ʜʦʚʦʜʠ ʫ ʩʢʣʘʜʠʰʪʝ, ʜʦʢ ʧʦʟʠʪʠʚʘʥ ʟʥʘʢ ʦʟʥʘʯʘʚʘ ʜʘ 

ʩʝ ʝʥʝʨʛʠʿʘ ʠʟ ʩʢʣʘʜʠʰʪʘ ʢʦʨʠʩʪʠ ʟʘ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰʘʯʘ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʧʨʫʞʘʿʫ ʫʚʠʜ ʫ 

ʜʠʥʘʤʠʢʫ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ ʠ ʫʧʦʪʨʝʙʫ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʤʝʥʘʪʘ ʩʢʣʘʜʠʰʪʝˁʘ ʫ ʦʢʚʠʨʫ ʩʠʩʪʝʤʘ. 

ʅʘ ʉʣ.62 ʧʨʠʢʘʟʘʥʦ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʦ ʩʪʘˁʝ ʥʘʧʫˁʝʥʦʩʪʠ ʩʢʣʘʜʠʰʪʘ ʚʦʜʦʥʠʢʘ ʠ ʙʘʪʝʨʠʿʘ. ʆʚʘ 

ʛʨʘʬʠʯʢʘ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʘ˂ʝˁʝ ʚʘʨʠʿʘʮʠʿʘ ʫ ʩʪʘˁʫ ʥʘʧʫˁʝʥʦʩʪʠ ʪʦʢʦʤ ʨʘʜʘ 

ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʪʫʘʣʥʠ ʦʜʥʦʩ ʘʥʛʘʞʦʚʘˁʘ ʠʟʤʝʹʫ ʜʚʘ ʪʠʧʘ ʩʢʣʘʜʠʰʪʝˁʘ. 

 
ʉʣ.62 ï SOC ʙʘʪʝʨʠʿʘ ʠ ɽɺ 

ʂʘʢʦ ʩʝ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ ʿʘʚˀʘ ʯʝʰ˂ʝ ʫ ʤʘˁʠʤ ʢʦʣʠʯʠʥʘʤʘ, ʙʘʪʝʨʠʿʝ ʩʝ ʢʦʨʠʩʪʝ ʚʠʰʝ. 

ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʠʭ ʜʠʥʘʤʠʯʢʠʭ ʧʨʦʤʝʥʘ ʫ ˁʠʭʦʚʦʤ ʩʪʘˁʫ ʥʘʧʫˁʝʥʦʩʪʠ. ʋ ʦʚʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʠʩʪʝʤʫ, ʙʘʪʝʨʠʿʝ ʩʫ ʙʠʣʝ ʘʥʛʘʞʦʚʘʥʝ ʫ ʚʝ˂ʦʿ ʤʝʨʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʦʿ ʢʘʧʘʮʠʪʝʪ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʩʢʣʘʜʠʰʪʘ ʚʦʜʦʥʠʢʘ. ʄʝʹʫʪʠʤ, ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʿʝ ʙʠʣʘ ʩʢʣʘʜʠʰʪʝʥʘ ʫ ʚʠʜʫ ʚʦʜʦʥʠʢʘ, 

ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʦʤ ʦʚʘʢʚʦʛ ʥʘʯʠʥʘ ʩʢʣʘʜʠʰʪʝˁʘ ʝʥʝʨʛʠʿʝ. 

ʆʚʘ ʟʘʧʘʞʘˁʘ ʠʩʪʠʯʫ ʜʠʥʘʤʠʯʢʦ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʠ ʨʘʟʣʠʯʠʪʫ ʫʧʦʪʨʝʙʫ ʚʨʩʪʘ ʩʢʣʘʜʠʰʪʝˁʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ ʟʘ ʝʥʝʨʛʠʿʦʤ ʠ ˁʝʥʝ ʜʦʩʪʫʧʥʦʩʪʠ. 

ʆʚʘʿ ʧʨʦʨʘʯʫʥ ʩʝ ʬʦʢʫʩʠʨʘʦ ʥʘ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʠʟʦʣʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʠʤʘ ʩʦʧʩʪʚʝʥʫ 

ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʧʦʪʨʦʰˁʫ ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ ʩʥʘʙʜʝʚʘˁʫ 

ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʠ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʩʢʣʘʜʠʰʪʝˁʘ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʫ ʦʜʛʦʚʦʨʥʠ ʟʘ ʦʜʨʞʘʚʘˁʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʪʘʢʚʝ ʤʨʝʞʝ. ʇʦʩʤʘʪʨʘʥʘ ʿʝ ʩʥʘʛʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʩʢʣʘʜʠʰʪʘ ʠ ʦʜʥʦʩ ˁʠʭʦʚʦʛ 

ʘʥʛʘʞʦʚʘˁʘ ʫ ʨʘʜʫ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʩʧʦʩʦʙʥʦʩʪ ʥʝʟʘʚʠʩʥʦʛ ʠ 
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ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʨʘʜʘ ʦʚʘʢʚʦʛ ʩʠʩʪʝʤʘ, ʫʧʨʢʦʩ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʥʝʧʨʝʜʚʠʜʠʚʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʠ ˁʠʭʦʚʠʭ ʩʢʣʘʜʠʰʪʘ. 

ʆʯʝʢʠʚʘʥʦ ʜʠʥʘʤʠʯʢʦ ʧʦʥʘʰʘˁʝ ʙʘʪʝʨʠʿʘ ʿʝ ʧʦʪʚʨʹʝʥʦ. ʂʘʢʦ ʙʠ ʩʝ ʦʣʘʢʰʘʦ ʨʘʜ ʙʘʪʝʨʠʿʘ ʠ 

ʧʨʦʜʫʞʠʦ ˁʠʭʦʚ ʚʝʢ ʢʘʦ ʜʦʜʘʪʥʦʛ ʩʢʣʘʜʠʰʪʘ, ʪʦʢʦʤ ʥʦ˂ʠ ʩʫ ʢʦʨʠʰʪʝʥʘ ʜʦʩʪʫʧʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʚʦʟʠʣʘ. ʋʩʧʝʰʥʦ ʩʫ ʧʨʠʤʝˁʝʥʘ ʧʨʘʚʠʣʘ ʢʦʿʠʤʘ ʩʝ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʩʢʣʘʜʠʰʪʝ ʫ ʚʠʜʫ 

ʚʦʜʦʥʠʢʘ. 

ʋ ʦʚʘʢʚʦʤ ʩʠʩʪʝʤʫ, ʤʝʹʫʩʦʙʥʘ ʧʦʜʨʰʢʘ ʝʣʝʤʝʥʘʪʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʟʥʘʯʘʿʥʠʿʫ ʧʨʝʜʥʦʩʪ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʫ ʬʫʥʢʮʠʦʥʠʩʘˁʫ ʦʚʦʛ ʪʠʧʘ ʤʨʝʞʝ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʠʜʝʿʘ, ʧʦʧʫʪ ʩʢʣʘʜʠʰʪʝˁʘ ʚʦʜʦʥʠʢʘ, ʩʘ ʮʠˀʝʤ ʫʙʣʘʞʘʚʘˁʘ 

ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪʠ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʠ ʙʘʣʘʥʩʠʨʘˁʘ ʤʠʢʨʦʤʨʝʞʝ, ʢʦʿʘ ʥʝ ʤʦʨʘ ʜʘ ʩʝ ʦʩʣʘˁʘ ʥʘ 

ʚʝ˂ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʨʘʜʠ ʦʜʨʞʘʚʘˁʘ ʩʚʦʿʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʫ ʩʚʠʭ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʙʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ, ʩʦʣʘʨʥʝ ʧʘʥʝʣʝ 

ʠ ʝʣʝʢʪʨʦʣʠʟʝʨʝ ʤʦʛʘʦ ʙʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʨʝʰʝˁʝ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ. 

ʀʟʦʣʦʚʘʥʘ ʤʠʢʨʦʤʨʝʞʘ ʢʦʿʘ ʿʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʨʘʟʚʠʿʝʥʘ ʠ ʥʘʯʠʥ ˁʝʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʩʫ 

ʫʧʦʪʨʝʙˀʝʥʠ ʢʘʦ ʿʝʜʘʥ ʜʝʦ ʩʠʩʪʝʤʘ ʧʦʩʤʘʪʨʘʥʦʛ ʫ ʧʦʛʣʘʚˀʫ 10. ʄʠʢʨʦʤʨʝʞʘ ʨʘʟʚʠʿʝʥʘ ʦʚʜʝ ʿʝ 

ʫʧʨʘʚʦ ʪʘ ʢʦʿʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʢʘʦ ʠʩʧʦʤʦ˂ ɽɽʉïʘ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ ʥʝ ʙʠ ʣʠ ʧʦʤʦʛʣʘ ʫ 

ʥʠʚʝʣʘʮʠʿʠ ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ ʠ ʩʤʘˁʝˁʫ ʫʢʫʧʥʠʭ ʛʫʙʠʪʘʢʘ ʢʦʿʝ ʤʨʝʞʘ ɽɽʉïʘ ʠʤʘ. 
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10. ʇʨʦʨʘʯʫʥ ʩʪʘˁʘ ɽɽʉ-ʘ ʫʟ ʘʥʛʘʞʦʚʘˁʝ ʤʠʢʨʦʤʨʝʞʝ  
 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʫʿʝ ʩʝ ʩʧʘʿʘˁʝ ʩʚʠʭ ʧʦʿʝʜʠʥʘʯʥʦ ʨʘʟʚʠʿʝʥʠʭ ʣʦʛʠʢʘ ʠ ʤʝʪʦʜʦʣʦʛʠʿʘ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫ ʮʠˀʫ ʩʘʛʣʝʜʘʚʘˁʘ ʝʬʝʢʘʪʘ ʧʨʝʜʠʢʪʠʚʥʦʛ ʨʘʜʘ ʤʠʢʨʦʤʨʝʞʝ ʥʘ ʧʨʝʥʦʩʥʠ 

ʩʠʩʪʝʤ ɽɽʉ-ʘ ʉʨʙʠʿʝ. ʀʟ ʧʦʛʣʘʚˀʘ 7 ʠ ʥʘ ʙʘʟʠ ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʬʦʨʤʠʨʘʥʘ ʩʫ 

ʿʝʜʥʦʯʘʩʦʚʥʘ ʧʨʝʜʚʠʹʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʠ 

ˁʝʥʝ ʧʦʪʨʦʰˁʝ. ʆʚʦ ʩʫ ʫʿʝʜʥʦ ʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ 

ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ ʤʨʝʞʝ ɽɽʉïʘ ʉʨʙʠʿʝ. ʇʨʦʨʘʯʫʥ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʫʚʘʞʘʚʘ ʘʤʙʠʿʝʥʪʘʣʥʝ ʫʩʣʦʚʝ ʫ 

ʢʦʿʠʤʘ ʩʝ ʜʝʣʦʚʠ ʤʨʝʞʝ ʥʘʣʘʟʝ ʠ ʤʝˁʘ ʧʘʨʘʤʝʪʨʝ ʤʨʝʞʝ ʩʭʦʜʥʦ ˁʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ 

ʧʦʛʣʘʚˀʫ 8. ʈʝʟʫʣʪʘʪ ʦʚʠʭ ʧʨʦʨʘʯʫʥʘ ʿʝ ʨʝʘʣʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʠʟ ʢʦʛ ʩʝ ʜʦʣʘʟʠ ʜʦ ʧʨʝʮʠʟʥʠʭ 

ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʧʦ ʛʨʘʥʘʤʘ ʠ ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ ʯʚʦʨʦʚʘ ʤʨʝʞʝ ʧʨʠʢʘʟʘʥʝ ʥʘ ʉʣ.63. ʇʦʰʪʦ ʩʝ 

ʧʨʦʨʘʯʫʥʘʿʫ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʠ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʯʠʪʘʚʦʿ ʤʨʝʞʠ, 

ʚʨʰʠ ʩʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʩʪʘˁʘ ʤʨʝʞʝ. ʆʚʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʩʪʘˁʘ ʩʫ ʠʩʭʦʜ ʧʨʠʢˀʫʯʠʚʘˁʘ 

ʤʠʢʨʦʤʨʝʞʝ ʨʘʟʚʠʿʝʥʝ ʫ ʧʦʛʣʘʚˀʫ 9 ʥʘ ʨʘʟʣʠʯʠʪʝ ʣʦʢʘʮʠʿʝ ʫ ʤʨʝʞʠ ʫ ʮʠˀʫ ʝʬʠʢʘʩʥʠʿʝʛ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘʿʫ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʣʦʢʘʮʠʿʝ ʯʚʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʧʨʠʢˀʫʯʝˁʝ ʤʠʢʨʦʤʨʝʞʝ ʥʝ ʙʠ ʣʠ ʩʝ 

ʤʘʢʩʠʤʠʟʦʚʘʦ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʠʥʪʝʨʚʝʥʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ ʥʘ ʟʘʭʪʝʚʝ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʘ. 

ʇʦʩʣʝʜˁʠ ʜʝʦ ʧʨʦʨʘʯʫʥʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʘʢʪʠʚʘʮʠʿʠ ʩʢʣʘʜʠʰʪʘ ʠ ʣʦʛʠʮʠ ʨʘʜʘ ʩʘʤʝ ʤʠʢʨʦʤʨʝʞʝ ʥʝ 

ʙʠ ʣʠ ʩʝ ʠʩʧʫʥʠʣʠ ʟʘʭʪʝʚʠ ʩʠʩʪʝʤʘ ʥʘ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʥʘʯʠʥ. ʉʚʠ ʦʚʠ ʧʨʦʨʘʯʫʥʠ ʩʝ ʚʨʰʝ ʥʘ 

ʩʘʪʥʦʤ ʥʠʚʦʫ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʩʪʘˁʝ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʤʝˁʘ ʠʟ ʩʘʪʘ ʫ ʩʘʪ ʠ ʜʘ ʿʝ ʤʠʢʨʦʤʨʝʞʘ 

ʟʘʜʫʞʝʥʘ ʜʘ ʠʩʧʫˁʘʚʘ ʟʘʭʪʝʚʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ.  
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ʉʣ.63 ï ʇʨʝʥʦʩʥʘ ʤʨʝʞʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ 

10.1. ʈʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ɸʣʛʦʨʠʪʘʤ ʨʘʟʚʠʿʝʥ ʟʘ ʦʚʘʿ ʧʨʦʨʘʯʫʥ ʿʝ ʩʪʨʫʢʪʫʨʠʨʘʥʦ ʥʘʩʪʘʦ ʩʧʘʿʘˁʝʤ ʚʝ˂ ʨʘʟʚʠʿʝʥʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʠ ˁʠʭʦʚʦʤ ʜʦʨʘʜʦʤ ʢʘʢʦ ʙʠ ʩʝ ʧʨʠʣʘʛʦʜʠʣʠ ʢʦʥʢʨʝʪʥʦʤ 

ʧʨʦʙʣʝʤʫ. ɳʝʛʦʚ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʩʝ ʥʘʣʘʟʠ ʥʘ ʉʣ.64. 
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ʉʣ.64 ï ʈʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ ʧʨʦʘʯʫʥʘ 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʩʫ ʠʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʩʘʪʥʠʭ ʧʨʝʜʚʠʹʘˁʘ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʠʟ ʧʦʛʣʘʚˀʘ 7. 
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ʇʨʚʠ ʜʝʦ ʘʣʛʦʨʠʪʤʘ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʧʨʦʨʘʯʫʥʘʚʘˁʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʉʨʙʠʿʝ. ʆʚʠ 

ʧʨʦʨʘʯʫʥʠ ʩʝ ʫ ʘʣʛʦʨʠʪʤʫ ʚʨʰʝ ɳʫʪʥïʈʘʧʩʦʥʦʚʦʤ ʤʝʪʦʜʦʤ ʿʝʨ ʦʥʘ ʥʘʿʧʨʝʮʠʟʥʠʿʝ ʨʝʰʘʚʘ 

ʧʨʦʙʣʝʤʝ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ ʧʨʝʥʦʩʥʦʿ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʿ ʤʨʝʞʠ. ʀʥʠʮʠʿʘʣʥʠ ʧʨʦʨʘʯʫʥ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʠʟʚʨʰʝʥ ʫʟ ʟʘʥʝʤʘʨʝˁʝ ʫʪʠʮʘʿʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ʧʘʨʘʤʝʪʨʝ ʤʨʝʞʝ. 

ʈʝʟʫʣʪʘʪ ʦʚʦʛ ʠʥʠʮʠʿʘʣʥʦʛ ʧʨʦʨʘʯʫʥʘ ʿʝ ʩʪʨʫʿʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʚʠʭ ʧʨʦʚʦʜʥʠʢʘ, ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ, ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʟʘ ʧʨʚʠ ʩʘʪ. ʀʥʠʮʠʿʘʣʥʝ ʩʪʨʫʿʝ ʟʘ ʩʚʘʢʠ 

ʜʨʫʛʠ ʩʘʪ ʩʝ ʫʟʠʤʘʿʫ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʢʘʢʦ ʙʠ ʧʦʯʝʪʥʘ ʧʦʟʠʮʠʿʘ ʙʠʣʘ ʧʨʠʙʣʠʞʥʘ ʨʝʘʣʥʦʤ ʩʪʘˁʫ. 

ʉʘ ʠʥʠʮʠʿʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʥʠʢʘ, ʫʣʘʟʠ ʩʝ ʫ ʜʨʫʛʠ ʢʦʨʘʢ ʘʣʛʦʨʠʪʤʘ. ɼʨʫʛʠ 

ʢʦʨʘʢ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʝʨʘʯʫʥʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʝʣʝʤʝʥʘʪʘ ɽɽʉïʘ ʢʘʢʦ ʙʠ ʩʝ ʫʚʘʞʠʦ ʫʪʠʮʘʿ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ˁʝʥʝ ʝʣʝʤʝʥʪʝ. ʆʚʘʿ ʧʨʦʨʘʯʫʥ ʩʝ ʚʨʰʠ ʟʘ ʩʚʝ ʚʦʜʦʚʝ ʩʠʩʪʝʤʘ ʥʘ ʩʘʪʥʦʤ 

ʥʠʚʦʫ. ɿʘʪʠʤ ʩʝ ʩʘ ʜʦʙʠʿʝʥʠʤ ʥʦʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʘʨʘʤʝʪʨʘ ʚʦʜʦʚʘ, R ʠ X, ʧʦʥʦʚʦ ʧʦʢʨʝ˂ʝ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʀʟʣʘʟ ʦʚʦʛ ʧʨʦʨʘʯʫʥʘ ʿʝ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʢʦʿʝ ʿʝ ʥʘʿʧʨʠʙʣʠʞʥʠʿʝ ʨʝʘʣʥʦʤ 

ʩʪʘˁʫ ʿʝʨ ʫʚʘʞʘʚʘ ʩʧʦˀʥʝ ʫʪʠʮʘʿʝ ʥʘ ʧʘʨʘʤʝʪʨʝ ʤʨʝʞʝ ʠ ʧʨʝʮʠʟʥʠʿʝ ʠ ʨʝʘʣʥʠʿʝ ʧʨʦʨʘʯʫʥʝ 

ʛʫʙʠʪʘʢʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. 

ʉʘ ʦʚʠʤ ʩʪʘˁʝʤ ʤʨʝʞʝ ʧʦʟʥʘʪʠ ʩʫ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦ ʚʦʜʦʚʠʤʘ, ʢʘʦ ʠ ʥʘʧʦʥʠ 

ʥʘ 33 ʯʚʦʨʘ ʤʨʝʞʝ. ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʫ ʘʣʛʦʨʠʪʤʫ ʿʝ ʘʥʘʣʠʟʘ ʦʚʦʛ ʩʪʘˁʘ ʤʨʝʞʝ ʠ ʠʟʙʦʨ ʯʚʦʨʘ ʢʦʿʠ 

ʙʠ ʙʠʦ ʧʦʪʝʥʮʠʿʘʣʥʘ ʣʦʢʘʮʠʿʘ ʤʠʢʨʦʤʨʝʞʝ. ʎʠˀ ʧʦʚʝʟʠʚʘˁʘ ʤʠʢʨʦʤʨʝʞʝ ʩʘ ʿʝʜʥʠʤ ʯʚʦʨʦʤ ʿʝ 

ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʩʠʩʪʝʤʘ, ʩʤʘˁʝˁʝʤ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʠʣʠ ʧʦʙʦˀʰʘˁʝʤ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ. 

ʇʨʦʙʣʝʤ ʦʧʪʠʤʘʣʥʦʛ ʤʝʩʪʘ ʧʨʠʢˀʫʯʝˁʘ ʤʨʝʞʝ ʨʝʰʘʚʘ ʩʝ ʧʨʝʪʨʘʛʦʤ ʩʚʠʭ ʯʚʦʨʦʚʘ ʫ ʤʨʝʞʠ. ɿʘ 

ʩʚʘʢʠ ʯʚʦʨ ʩʠʤʫʣʠʨʘ ʩʝ ʧʨʠʢˀʫʯʝˁʝ ʤʠʢʨʦʤʨʝʞʝ ʠ ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʢʦʤʙʠʥʘʮʠʿʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʤʠʢʨʦʤʨʝʞʝ. ʆʧʪʠʤʘʣʥʦ ʤʝʩʪʦ ʧʨʠʢˀʫʯʝˁʘ ʿʝ ʦʥʦ ʢʦʿʝ 

ʜʦʚʦʜʠ ʜʦ ʥʘʿʙʦˀʝʛ ʧʦʙʦˀʰʘˁʘ ʩʪʘˁʘ ʤʨʝʞʝ ʜʝʬʠʥʠʩʘʥʦʛ ʢʨʠʪʝʨʠʿʫʤʦʤ ʩʤʘˁʝˁʘ ʛʫʙʠʪʘʢʘ 

ʩʥʘʛʝ ʠʣʠ ʧʦʙʦˀʰʘˁʘ ʥʘʧʦʥʘ. 

ʇʦʰʪʦ ʩʝ ʜʝʬʠʥʠʰʝ ʯʚʦʨ ʥʘʿʧʦʛʦʜʥʠʿʠ ʠʟ ʘʩʧʝʢʪʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʧʦʙʦˀʰʘˁʘ ʩʪʘˁʘ ʤʨʝʞʝ, 

ʟʘʭʪʝʚʘʥʘ ʨʘʟʤʝʥʘ ʝʥʝʨʛʠʿʝ ʥʘ ʿʝʜʥʦʯʘʩʦʚʥʦʤ ʥʠʚʦʫ ʩʝ ʧʨʦʩʣʝʹʫʿʝ ʢʘʦ ʟʘʭʪʝʚ ʤʠʢʨʦʤʨʝʞʠ. 

ʋʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ ʩʝ ʚʨʰʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ˁʝʥʦʛ ʨʘʜʘ ʢʘʢʦ ʙʠ ʟʘʜʦʚʦˀʠʣʘ ʫʩʣʦʚʝ ʩʚʦʛ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʠ ʫʟ ʪʦ ʧʨʠʧʦʤʦʛʣʘ ʩʪʘˁʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʩʤʘˁʠʣʘ ʛʫʙʠʪʢʝ ʠʣʠ 

ʧʦʙʦˀʰʘʣʘ ʥʘʧʦʥʩʢʝ ʧʨʠʣʠʢʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʧʨʠʦʨʠʪʝʪ ʧʦʙʦˀʰʘˁʝ ʛʫʙʠʪʘʢʘ 

ʩʥʘʛʝ ʠʣʠ ʥʠʚʝʣʘʮʠʿʘ ʥʘʧʦʥʘ, ʥʝʦʧʭʦʜʥʘ ʿʝ ʤʠʢʨʦʤʨʝʞʘ ʜʨʫʛʘʯʠʿʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʠ. ʋ 

ʨʘʜʫ ʩʫ ʘʥʘʣʠʟʠʨʘʥʘ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘʭʪʝʚʘ ʩʠʩʪʝʤʘ, ʫʢʦʣʠʢʦ ʿʝ ʧʨʠʦʨʠʪʝʪ ʧʨʠʙʣʠʞʠʪʠ ʥʘʧʦʥ ʩʚʘʢʦʛ 

ʯʚʦʨʘ ʥʦʤʠʥʘʣʥʦʤ ʥʘʧʦʥʫ ʤʨʝʞʝ ʠ ʘʢʦ ʿʝ ʧʨʠʦʨʠʪʝʪ ʩʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʥʘ ʚʦʜʦʚʠʤʘ ʫʟ 

ʦʜʨʞʘʚʘˁʝ ʥʘʧʦʥʘ ʫ ʦʧʩʝʛʫ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ ʦʜ Ñ5%. 

ʂʦʥʘʯʘʥ ʠʟʣʘʟ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʩʫ ʥʠʚʝʣʠʩʘʥʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦʠ, ʩʤʘˁʝʥʠ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʠ 

ʦʧʪʠʤʘʣʥʘ ʘʢʪʠʚʘʮʠʿʘ ʨʝʩʫʨʩʘ ʫ ʤʠʢʨʦʤʨʝʞʠ.   
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10.2. ʇʦʜʘʮʠ ʧʨʦʨʘʯʫʥʘ 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʫ ʚʝ˂ ʜʝʬʠʥʠʩʘʥʠ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ ʧʨʝʜʚʠʹʘˁʘ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʉʨʙʠʿʝ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ. ʇʨʝʜʚʠʹʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʙʠʣʘ ʩʫ 

ʜʝʬʠʥʠʩʘʥʘ ʢʫʤʫʣʘʪʠʚʥʦ ʧʨʝʤʘ ʚʨʩʪʠ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. ɿʘ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʧʨʝʜʚʠʹʘʪʠ ʧʨʦʠʟʚʦʜˁʫ ʩʚʘʢʝ ʝʣʝʢʪʨʘʥʝ ʜʝʬʠʥʠʩʘʥʝ ʫ ʦʚʦʤ ʩʠʩʪʝʤʫ ʩʘ ʉʣ.5 ʢʦʿʘ ʧʨʠʢʘʟʫʿʝ 

ʤʦʜʝʣ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʂʫʤʫʣʘʪʠʚʥʘ ʧʨʝʜʚʠʹʘˁʘ ʝʥʝʨʛʠʿʝ ʩʫ ʧʦʜʝˀʝʥʘ ʥʘ 

ʧʦʿʝʜʠʥʘʯʥʝ ʝʣʝʢʪʨʘʥʝ ʥʘ ʦʩʥʦʚʫ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʩʚʘʢʝ ʦʜ ˁʠʭ. 

ʅʘʟʠʚʠ ʯʚʦʨʦʚʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ˁʠʭʦʚʘ ʫʣʦʛʘ ʫ ʤʨʝʞʠ, ʩʫ ʜʘʪʠ ʫ ʊʘʙ.21. ʋ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʯʚʦʨʦʚʠʤʘ ʧʦʪʨʦʰˁʝ ʿʝ ʜʦʜʝˀʝʥ PQ ʪʠʧ, ʜʦʢ ʿʝ ʯʚʦʨʦʚʠʤʘ ʛʜʝ ʩʝ ʥʘʣʘʟʝ ʝʣʝʢʪʨʘʥʝ 

ʜʦʜʝˀʝʥ PV ʪʠʧ. 

ʊʘʙ.21 ï ʏʚʦʨʦʚʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ 

ʈʝʜʥʠ ʙʨʦʿ ʅʘʟʠʚ ʯʚʦʨʘ ʈʝʜʥʠ ʙʨʦʿ ʅʘʟʠʚ ʯʚʦʨʘ 

1 ï ʍɽ ʈʇ ɫʝʨʧʘʜ 
15 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ɹʝʦʛʨʘʜ 8 

2 ï ʊɽ ʊɽ ʂʦʩʦʚʦ ɹ 
16 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʃʝʩʢʦʚʘʮ 2 

3 ï ʊɽ ʊɽʅʊ ɹ 
17 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʉʦʤʙʦʨ 3 

4 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ɱʘʛʦʜʠʥʘ 4 

18 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʆʙʨʝʥʦʚʘʮ 

5 ï ʊɽ ʊɽʅʊ ɸ 
19 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʇʝ˂ 

6 ï ʊɽ ʈʇ ɼʨʤʥʦ 
20 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʋʨʦʰʝʚʘʮ 

7 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʉʫʙʦʪʠʮʘ 3 

21 ï 

ʧʦʪʨʦʰˁʘ 

ɻʚʦʟʜʝʥʘ 

ʚʨʘʪʘ (ʈʫʤʫʥʠʿʘ) 

8 ï 

ʧʦʪʨʦʰˁʘ 

ʊʉ ʉʨʝʤʩʢʘ 

ʄʠʪʨʦʚʠʮʘ 

22 ï 

ʧʦʪʨʦʰˁʘ 
ɽʨʥʝʩʪʠʥʦʚʦ (ʍʨʚʘʪʩʢʘ) 

9 ï 

ʧʦʪʨʦʰˁʘ 
ʈʇ ʄʣʘʜʦʩʪ 

23 ï 

ʧʦʪʨʦʰˁʘ 
ʋʛˀʝʚʠʢ (ɹʠʍ) 

10 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʇʘʥʯʝʚʦ 2 

24 ï 

ʧʦʪʨʦʰˁʘ 
ʉʦʬʠʿʘ (ɹʫʛʘʨʩʢʘ) 

11 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʅʦʚʠ ʉʘʜ 3 

25 ï 

ʧʦʪʨʦʰˁʘ 

ʐʘʥʜʦʨʬʘʣʚʘ 

(ʄʘʹʘʨʩʢʘ) 

12 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ʅʠʰ 2 

26 ï 

ʧʦʪʨʦʰˁʘ 
ʉʢʦʧˀʝ (ʄʘʢʝʜʦʥʠʿʘ) 

13 ï

ʧʦʪʨʦʰˁʘ 
ʊʉ ʂʨʘʛʫʿʝʚʘʮ 2 

27 ï

ʧʦʪʨʦʰˁʘ 
ʈʠʙʘʨʝʚʠʥʘ 

14 ï 

ʧʦʪʨʦʰˁʘ 
ʊʉ ɹʦʨ 2 28 ï ɺɽ ʇʈʇ ʏʠʙʫʢ 

 

ʇʘʨʘʤʝʪʨʠ ʚʦʜʦʚʘ, R ʠ X, ʩʝ ʢʨʦʟ ʧʨʦʨʘʯʫʥ ʧʨʝʨʘʯʫʥʘʚʘʿʫ ʥʘ ʩʚʘʢʠʭ ʩʘʪ ʚʨʝʤʝʥʘ. ʇʨʝʤʘ 

ʬʦʨʤʫʣʘʤʘ ʠʟ ʧʦʛʣʘʚˀʘ 8 ʫʚʘʞʘʚʘ ʩʝ ʫʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʥʘ ˁʠʭʦʚʝ ʬʠʟʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʂʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʣʝ ʰʪʦ ʧʨʠʙʣʠʞʥʠʿʝ ʚʨʝʜʥʦʩʪʠ ʦʚʠʭ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ, 
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ʉʨʙʠʿʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ ʧʝʪ ʨʘʟʣʠʯʠʪʠʭ ʟʦʥʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʧʨʠʤʝˁʝʥʠ ʨʘʟʣʠʯʠʪʠ ʘʤʙʠʿʝʥʪʘʣʥʠ 

ʫʩʣʦʚʠ. ɼʝʬʠʥʠʩʘʥʦ ʿʝ ʢʦʿʠ ʯʚʦʨʦʚʠ ʠ ʢʦʿʝ ʛʨʘʥʝ ʧʨʠʧʘʜʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʟʦʥʘʤʘ ʢʘʢʦ ʙʠ ʫʪʠʮʘʿ 

ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʰʪʦ ʚʝʨʥʠʿʝ ʦʜʨʘʞʘʚʘʦ ʩʪʚʘʨʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ. ʆʚʦ ʧʦʜʨʘʟʫʤʝʚʘ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʥʝ ʧʨʠʤʝˁʫʿʫ ʠʩʪʠ ʚʨʝʤʝʥʩʢʠ ʫʩʣʦʚʠ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʮʝʣʝ ʜʨʞʘʚʝ, ʚʝ˂ ʜʘ ʩʫ ʦʥʠ 

ʢʦʥʢʨʝʪʠʟʦʚʘʥʠ ʟʘ ʜʝʦ ʫ ʢʦʤ ʩʝ ʜʝʣʦʚʠ ʤʨʝʞʝ ʥʘʣʘʟʝ. ʇʦʜʝʣʘ ʥʘ ʘʤʙʠʿʝʥʪʘʣʥʝ ʟʦʥʝ ʿʝ ʜʘʪʘ ʥʘ 

ʉʣ.65. 

 
ʉʣ.65 ï ɸʤʙʠʿʝʥʪʘʣʥʝ ʟʦʥʝ ʉʨʙʠʿʝ 

ʇʦʜʝʣʘ ʯʚʦʨʦʚʘ ʧʨʝʤʘ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʝʤʘ ʊʘʙ.22. ʇʨʝʤʘ ʦʚʦʿ 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʯʚʦʨʦʚʘ ʨʘʟʣʠʯʠʪʠ ʩʝʪʦʚʠ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʩʫ ʫʟʠʤʘʥʠ ʢʘʦ ʫʪʠʮʘʿ ʥʘ ʪʘʿ ʜʝʦ 

ʤʨʝʞʝ.  

ʊʘʙ.22 ï ʏʚʦʨʦʚʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʛʨʫʧʠʩʘʥʠ ʧʦ ʟʦʥʘʤʘ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

ɻʨʫʧʠʩʘˁʝ ʯʚʦʨʦʚʘ ʧʨʝʤʘ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʟʦʥʘʤʘ 

ɿʦʥʘ 1 ɿʦʥʘ 2 ɿʦʥʘ 3 ɿʦʥʘ 4 ɿʦʥʘ 5 

ʊʉ ʉʫʙʦʪʠʮʘ 

3 
ʊɽʅʊ ɹ 

ʋʛˀʝʚʠʢ 

(ɹʠʍ) 
ʈʇ ɫʝʨʧʘʜ 

ʊʉ ɱʘʛʦʜʠʥʘ 

4 

ʊʉ ʉʨʝʤʩʢʘ 

ʄʠʪʨʦʚʠʮʘ 
ʊɽʅʊ ɸ  ʊʉ ɹʦʨ 2 ʈʠʙʘʨʝʚʠʥʘ 

ʊʉ ʅʦʚʠ ʉʘʜ 

3 
ʈʇ ɼʨʤʥʦ  

ɻʚʦʟʜʝʥʘ 

ʚʨʘʪʘ (ʈʫʤʫʥʠʿʘ) 
ʊɽ ʂʦʩʦʚʦ ɹ 

ʊʉ ʉʦʤʙʦʨ 3 ʈʇ ʄʣʘʜʦʩʪ   ʊʉ ʅʠʰ 2 

ɽʨʥʝʩʪʠʥʦʚʦ 

(ʍʨʚʘʪʩʢʘ) 

ʊʉ ʇʘʥʯʝʚʦ 

2 
  

ʊʉ ʃʝʩʢʦʚʘʮ 

2 

ʐʘʥʜʦʨʬʘʣʚʘ 

(ʄʘʹʘʨʩʢʘ) 

ʊʉ 

ʂʨʘʛʫʿʝʚʘʮ 2 
  ʊʉ ʇʝ˂ 

ʇʈʇ ʏʠʙʫʢ 
ʊʉ ɹʝʦʛʨʘʜ 

8 
  ʊʉ ʋʨʦʰʝʚʘʮ 

 
ʊʉ 

ʆʙʨʝʥʦʚʘʮ 
  

ʉʦʬʠʿʘ 

(ɹʫʛʘʨʩʢʘ) 
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ʉʢʦʧˀʝ 

(ʄʘʢʝʜʦʥʠʿʘ) 

10.3. ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ 

ʅʘ ʛʨʘʬʠʢʫ ʩʘ ʉʣ.66 ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʟʫʣʪʘʪ ʠʥʠʮʠʿʘʣʥʦʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ ʟʘʥʝʤʘʨʫʿʫ 

ʫʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ. ʇʦʪʦʤ ʿʝ ʥʘ ʠʩʪʦʤ ʛʨʘʬʠʢʫ ʧʨʠʢʘʟʘʥʘ ʚʘʨʠʿʘʮʠʿʘ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʟʘ ʩʚʘʢʫ ʛʨʘʥʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʫʩʣʦʚʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʩʘʪʠʤʘ. ʅʘ 

ʦʚʦʤ ʛʨʘʬʠʢʫ ʩʝ ʧʨʠʢʘʟʫʿʝ ʢʦʣʠʢʦ ʚʘʨʠʨʘʿʫ ʚʨʝʜʥʦʩʪʠ ʫʢʦʣʠʢʦ ʩʝ ʘʤʙʠʿʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʫʚʘʞʝ 

ʠʣʠ ʟʘʥʝʤʘʨʝ ʟʘ ʧʨʦʨʘʯʫʥ ʩʥʘʛʘ ʛʫʙʠʪʘʢʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʉʨʙʠʿʝ ʟʘ 24 ʩʘʪʘ. ɻʫʙʠʮʠ 

ʧʨʦʮʝʥʪʫʘʣʥʦ ʚʘʨʠʨʘʿʫ ʜʦ ʯʘʢ 60 % ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʘʪʠʤʘ ʜʝʬʠʥʠʩʘʥʠʤ ʩʚʦʿʠʤ ʘʤʙʠʿʝʥʪʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ. 

 
ʉʣ.66 ï ʇʨʦʤʝʥʘ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʫʩʣʝʜ ʘʤʙʠʿʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ 

ʇʨʠ ʦʜʘʙʠʨʫ ʤʝʩʪʘ ʧʨʠʢˀʫʯʠʚʘˁʘ ʤʠʢʨʦʤʨʝʞʝ ʠ ʢʦʣʠʯʠʥʝ ʟʘʭʪʝʚʘʥʝ ʝʥʝʨʛʠʿʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʪʠ ʟʘʭʪʝʚʝ. ʋ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʘʥʘʣʠʟʠʨʘʥʘ ʩʫ ʜʚʘ ʤʦʛʫ˂ʘ ʩʣʫʯʘʿʘ: 

1. ʆʜʨʞʘʚʘˁʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʰʪʦ ʙʣʠʞʝ 1ʨ.ʿ. ʆʚʘʢʘʚ ʩʣʫʯʘʿ 

ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʟʘʭʪʝʚ ʟʘ ʦʜʨʞʘʚʘˁʝʤ ʥʘʧʦʥʘ ʠʤʘ ʚʝ˂ʫ ʪʝʞʠʥʫ ʦʜ ʧʦʪʨʝʙʝ ʜʘ ʩʝ ʩʤʘˁʝ 

ʛʫʙʠʮʠ ʩʥʘʛʝ ʫ ʤʨʝʞʠ. ʎʠˀ ˁʠʭʦʚʦʛ ʩʤʘˁʝˁʘ ʿʝ ʠ ʜʘˀʝ ʧʨʠʩʫʪʥʘ, ʘʣʠ ʥʠʿʝ ʬʦʢʫʩ ʟʘʜʘʪʢʘ; 

2. ʉʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. ɻʣʘʚʥʠ ʮʠˀ ʘʢʪʠʚʘʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ 

ʿʝ ʩʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. ʋʩʣʦʚ ʢʦʿʠ ʧʨʘʪʠ ʥʘʧʦʥʝ ʿʝ ʜʘ ʦʩʪʘʥʫ ʫʥʫʪʘʨ 

ʛʨʘʥʠʮʘ ʦʜ Ñ5%.  

ʀʟʚʦʨʥʦ, ʤʠʢʨʦʤʨʝʞʘ ʿʝ ʜʠʤʝʥʟʠʦʥʠʩʘʥʘ ʢʘʦ ʠʟʦʣʦʚʘʥʠ ʩʠʩʪʝʤ ʦʧʪʠʤʠʟʦʚʘʥ ʟʘ ʩʘʤʦʩʪʘʣʥʠ ʨʘʜ. 

ɳʝʛʦʚʠ ʢʘʧʘʮʠʪʝʪʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʩʢʣʘʜʠʰʪʠʤʘ ʝʥʝʨʛʠʿʝ ʠ ʣʦʢʘʣʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʚʝʪʨʦ ʠ 

ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʆʨʠʛʠʥʘʣʥʠ ʧʨʦʨʘʯʫʥ ʢʦʿʠ ʫʚʘʞʘʚʘ ˁʝʥʝ ʠʟʚʦʨʥʝ ʢʘʧʘʮʠʪʝʪʝ ʿʝ ʜʘʪ ʫ 

ʧʦʛʣʘʚˀʫ 9. ʄʘʢʩʠʤʘʣʥʠ ʢʘʧʘʮʠʪʝʪʠ ʙʘʪʝʨʠʿʘ ʩʫ 60 kVA, ʜʦʢ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ ʠʟʥʦʩʠ 150 kVA. ʋ 

ʮʠˀʫ ʩʠʩʪʝʤʩʢʝ ʧʦʜʨʰʢʝ ʦʚʝ ʢʘʧʘʮʠʪʝʪʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʢʘʣʠʨʘʪʠ ʢʘʢʦ ʙʠ ʿʝʜʥʘ ʤʠʢʨʦʤʨʝʞʘ 

ʤʦʛʣʘ ʠʤʘʪʠ ʧʦʟʠʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʉʨʙʠʿʝ. ʆʚʦ ʩʢʘʣʠʨʘˁʝ ʩʚʦʜʠ ʩʣʫʯʘʿ ʥʘ ʪʦ ʜʘ 

ʩʝ ʧʨʠʢˀʫʯʫʿʝ ʩʘʤʦ ʿʝʜʥʘ ʤʠʢʨʦʤʨʝʞʘ ʥʘ ʿʝʜʥʫ ʬʠʟʠʯʢʫ ʣʦʢʘʮʠʿʫ, ʘʣʠ ʤʦʛʫ˂ʝ ʩʫ ʠ ʦʧʮʠʿʝ 

ʧʨʠʢˀʫʯʝˁʘ ʤʠʢʨʦʤʨʝʞʘ ʤʘˁʠʭ ʢʘʧʘʮʠʪʝʪʘ ʥʘ ʨʘʟʣʠʯʠʪʝ ʣʦʢʘʮʠʿʝ ʫ ʉʨʙʠʿʠ.  
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10.3.1. ʅʠʚʝʣʠʩʘˁʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 

ʋ ʮʠˀʫ ʥʠʚʝʣʠʩʘˁʘ ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ, ʧʨʝʪʨʘʛʦʤ ʧʦ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʜʦʣʘʟʠ ʩʝ ʜʦ ʧʨʝʧʦʨʫʯʝʥʦʛ 

ʤʝʩʪʘ ʧʦʚʝʟʠʚʘˁʘ ʤʠʢʨʦʤʨʝʞʝ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ, ʯʚʦʨʘ ʙʨʦʿ 27. ʅʘʧʦʥʩʢʠ ʥʠʚʦʠ ʧʨʝ ʠ ʧʦʩʣʝ 

ʠʥʪʝʨʚʝʥʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ ʟʘ 24 ʩʘʪʘ ʩʫ ʜʘʪʠ ʥʘ ʉʣ.67. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʩʪʫʧʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʿʝ 

ʤʦʛʫ˂ʝ ʨʘʟʤʝʥʠʪʠ ʩʘ ʤʠʢʨʦʤʨʝʞʦʤ ʜʦʣʘʟʠ ʩʝ ʜʦ ʚʝ˂ʠʭ ʠʣʠ ʤʘˁʠʭ ʝʬʝʢʘʪʘ. ʋʢʦʣʠʢʦ ʤʠʢʨʦʤʨʝʞʘ 

ʠʤʘ ʚʝ˂ʝ ʢʘʧʘʮʠʪʝʪʝ, ʥʠʚʝʣʘʮʠʿʘ ʥʘʧʦʥʘ ʿʝ ʟʥʘʯʘʿʥʠʿʘ. ʂʘʢʦ ʙʠ ʤʠʢʨʦʤʨʝʞʘ ʠʤʘʣʘ ʧʦʟʠʪʠʚʘʥ 

ʫʪʠʮʘʿ ʥʘ ʥʘʧʦʥʩʢʝ ʥʠʚʦʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ˁʝʥʠ ʦʨʠʛʠʥʘʣʥʠ ʢʘʧʘʮʠʪʝʪʠ ʩʫ ʫ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ 

ʩʢʘʣʠʨʘʥʠ ʩʘ 10. ʇʦʪʝʥʮʠʿʘʣʥʦ ʚʝ˂ʠ ʝʬʝʢʘʪ ʙʠ ʠʤʘʦ ʚʝ˂ʠ ʙʨʦʿ ʤʘˁʠʭ ʤʠʢʨʦʤʨʝʞʘ ʧʦʚʝʟʘʥʠʭ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʜʝʣʦʚʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʂʫʤʫʣʘʪʠʚʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʩʝ ʦʜ ˁʠʭ ʜʦʙʠʿʘ ʙʠʣʘ ʙʠ 

ʝʬʠʢʘʩʥʠʿʘ ʫ ʥʠʚʝʣʠʩʘˁʫ ʥʘʧʦʥʘ, ʘ ʫʟ ʪʦ ʙʠ ʩʝ ʠʤʘʣʦ ʠ ʨʘʩʧʦʨʝʹʝʥʦ ʠʥʿʝʢʪʠʨʘˁʝ ʫʥʫʪʘʨ ʩʠʩʪʝʤʘ 

ʯʠʤʝ ʿʝ ʦʜʨʞʘʚʘˁʝ ʥʘʧʦʥʘ ʣʘʢʰʝ. ʀʟ ʛʨʘʬʠʢʘ ʩʘ ʉʣ.67 ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʜʘ ʩʫ ʥʘʧʦʥʠ ʧʨʝʥʦʩʥʝ 

ʤʨʝʞʝ ʩʚʘʢʘʢʦ ʫʥʫʪʘʨ ʜʝʬʠʥʠʩʘʥʠʭ ʛʨʘʥʠʮʘ ʦʜ Ñ5%, ʘʣʠ ʜʘ ʪʝʞʝ ʢʘ ʛʦʨˁʦʿ ʛʨʘʥʠʮʠ. ʆʚʠʤ 

ʧʨʦʮʝʩʦʤ, ʤʘʢʩʠʤʘʣʥʠ ʥʘʧʦʥʠ ʫ ʤʨʝʞʠ ʩʫ ʧʨʠʤʝʪʥʦ ʩʥʠʞʝʥʠ.  

 
ʉʣ.67 ï ʅʘʧʦʥʩʢʠ ʥʠʚʦʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʧʨʝ ʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʿʝ 

ʤʠʢʨʦʤʨʝʞʝ 

 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ ʉʣ.68, ʫ ʦʚʫ ʩʚʨʭʫ ʿʝ ʥʘʿʚʝ˂ʠ ʪʝʨʝʪ ʫ ʤʠʢʨʦʤʨʝʞʠ ʧʨʝʫʟʝʦ 

ʝʣʝʢʪʨʦʣʠʟʝʨ ʩʘ ʤʘˁʦʤ ʘʢʪʠʚʘʮʠʿʦʤ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ. ʊʠʧ ʘʢʪʠʚʠʨʘʥʦʛ ʩʢʣʘʜʠʰʪʘ ʿʝ ʜʝʬʠʥʠʩʘʥ 

ʙʠʣʘʥʩʦʤ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʤʠʢʨʦʤʨʝʞʠ. ʅʘ ʉʣ.69 ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʢʪʠʚʘʮʠʿʘ ʩʢʣʘʜʠʰʪʘ ʩʘ 

ʢʦʣʠʯʠʥʦʤ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʘ ʿʝ ʠʟ ʧʦʿʝʜʠʥʝ ʚʨʩʪʝ ʩʢʣʘʜʠʰʪʘ ʟʘʭʪʝʚʘʥʘ.  
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ʉʣ.68 ï ʈʘʩʧʦʨʝʜ ʘʢʪʠʚʠʨʘˁʘ ʩʢʣʘʜʠʰʪʘ 

 
ʉʣ.69 ï ɸʢʪʠʚʘʮʠʿʘ ʩʢʣʘʜʠʰʪʘ ʠ ʨʘʟʤeʥʘ ʝʥʝʨʛʠʿʝ 

ʋ ʮʠˀʫ ʩʤʘˁʝˁʘ ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ ʫʥʫʪʘʨ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ʟʘʜʘʪʘʢ ʤʠʢʨʦʤʨʝʞʝ ʦʜ ʢʦʿʝ ʩʝ 

ʟʘʭʪʝʚʘʦ ʦʚʘʢʘʚ ʝʬʝʢʘʪ ʿʝ ʙʠʦ ʧʨʝʚʘʩʭʦʜʥʦ ʜʘ ʘʧʩʦʨʙʫʿʝ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʨʝʘʢʪʠʚʥʝ ʝʥʝʨʛʠʿʝ. 

ʆʧʩʢʨʙˀʠʚʘˁʝ ʨʝʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.70. ʅʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ ʫʢʘʟʫʿʝ ʥʘ 

ʧʨʠʨʦʜʫ ʟʘʭʪʝʚʘʥʝ ʫʩʣʫʛʝ. ʇʨʠʨʦʜʘ ʥʘʧʦʥʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʉʨʙʠʿʝ ʿʝ ʜʘ ʠʜʫ ʙʣʠʞʝ ʛʦʨˁʦʿ 

ʛʨʘʥʠʮʠ. ʋ ʧʨʦʮʝʩʫ ʥʠʚʝʣʘʮʠʿʝ ʥʘʧʦʥʘ ʢʘ 1 ʨ.ʿ., ʪʦ ʿʝ ʚʝ˂ʠʥʩʢʠ ʙʠʣʦ ˁʝʛʦʚʦ ʩʤʘˁʠʚʘˁʝ. ʋ ʮʠˀʫ 

ʩʤʘˁʝˁʘ ʥʘʧʦʥʘ ʫ ʤʨʝʞʠ ʥʝʦʧʭʦʜʥʦ ʿʝ ʙʠʣʦ ʜʘ ʤʠʢʨʦʤʨʝʞʘ ʘʧʩʦʨʙʫʿʝ ʦʜʨʝʹʝʥʝ ʢʦʣʠʯʠʥʝ 

ʨʝʘʢʪʠʚʥʝ ʝʥʝʨʛʠʿʝ. ʀʟ ʦʚʝ ʣʦʛʠʢʝ ʜʦʣʘʟʠ ʥʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ ʟʘ ʪʦʢ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʠ ʩʝ 

ʦʛʣʝʜʘ ʫ ʘʢʪʠʚʘʮʠʿʠ ʠʥʚʝʨʪʦʨʘ ʙʘʪʝʨʠʿʘ ʠ ʛʦʨʠʚʠʭ ˂ʝʣʠʿʘ.  
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ʉʣ.70 ï ʈʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ 

ʊʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʧʨʦʤʝʥʘ ʦʚʠʭ ʩʥʘʛʘ ʫ 24 ʩʘʪʘ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ 

ʩʘ ʧʨʝʥʦʩʥʦʤ ʤʨʝʞʦʤ ʿʝ ʜʘʪʘ ʉʣ.71. ʇʨʠʤʝʪʥʦ ʿʝ ʜʘ ʿʝ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʙʠʣʘ 

ʥʝʦʧʭʦʜʥʘ ʟʘ ʥʠʚʝʣʘʮʠʿʫ ʥʘʧʦʥʘ, ʥʝʛʦ ʰʪʦ ʿʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʘʪʦ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʫ ʮʠˀʫ 

ʩʤʘˁʝˁʘ ʛʫʙʠʪʘʢʘ. ʆʚʜʝ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʪʝʞʠʥʘ ʧʨʠʦʨʠʪʠʟʘʮʠʿʝ ʟʘʭʪʝʚʘʥʠʭ ʫʩʣʫʛʘ. ʌʦʢʫʩ ʿʝ ʥʘ 

ʥʘʧʦʥʠʤʘ ʠ ʤʠʢʨʦʤʨʝʞʘ ʪʘʢʘʚ ʟʘʭʪʝʚ ʠʟʚʨʰʘʚʘ.  

 
ʉʣ.71 ï ʊʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʈʘʟʤʝˁʝʥʝ ʝʥʝʨʛʠʿʘ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣ.72 ʟʘ ʩʚʝ ʪʠʧʦʚʝ 

ʩʢʣʘʜʠʰʪʘ. ʇʨʠʢˀʫʯʝˁ ʝʤ ʤʠʢʨʦʤʨʝʞʝ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ, ˁʝʥ ʫʥʫʪʨʘʰˁʠ ʨʝʞʠʤ ʨʘʜʘ ʩʝ 

ʩʫʰʪʠʥʩʢʠ ʤʝˁʘ. ɺʠʰʝ ʥʠʿʝ ʣʦʢʘʣʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʿʝ ʟʘʜʫʞʝʥ ʠʩʢˀʫʯʠʚʦ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʩʦʧʩʪʚʝʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ, ʚʝ˂ ʿʝ ʧʦʩʪʘʦ ʝʣʝʤʝʥʪ ʢʦʿʠ ʧʨʠʦʨʠʪʝʪʥʦ ʧʨʫʞʘ ʩʠʩʪʝʤʩʢʝ ʫʩʣʫʛʝ. ʋ 

ʩʣʫʯʘʿʫ ʥʠʚʝʣʠʩʘˁʘ ʥʘʧʦʥʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʫʥʫʪʘʨ ʤʠʢʨʦʤʨʝʞʝ ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʝ 

ʧʨʝʨʘʩʧʦʜʝʣʝ ʘʥʛʘʞʦʚʘʥʠʭ ʩʢʣʘʜʠʰʪʘ. ʇʦʚʝ˂ʘʥʘ ʿʝ ʮʠʨʢʫʣʘʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʝʥʝʨʛʠʿʝ ʫʥʫʪʘʨ ʩʘʤʝ 

ʤʠʢʨʦʤʨʝʞʝ ʫʩʣʝʜ ʯʝʛʘ ʩʫ ʧʦʚʝ˂ʘʥʠ ʛʫʙʠʮʠ ʢʦʥʚʝʨʪʦʨʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʤʠʢʨʦʤʨʝʞʘ ʜʝʣʠʤʠʯʥʦ 

ʞʨʪʚʫʿʝ ʩʦʧʩʪʚʝʥʘ ʦʧʪʠʤʘʣʥʦʩʪ ʢʘʢʦ ʙʠ ʙʠʣʘ ʠʩʧʦʤʦ˂ ʚʝ˂ʝʤ ʩʠʩʪʝʤʫ.  
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ʉʢʣʘʜʠʰʪʘ ʩʝ ʥʝ ʘʢʪʠʚʠʨʘʿʫ ʠʩʢˀʫʯʠʚʦ ʦʥʜʘ ʢʘʜʘ ʿʝ ʪʦ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʩʣʫʯʘʿ ʟʘ ʩʘʤʫ 

ʤʠʢʨʦʤʨʝʞʫ, ʚʝ˂ ʿʝ ʫʩʣʦʚˀʝʥʘ ʟʘʭʪʝʚʠʤʘ ʩʧʦˀʘʰˁʝʛ ʩʠʩʪʝʤʘ. ɽʣʝʢʪʨʦʣʠʟʝʨʠ ʠ ʛʦʨʠʚʝ ˂ʝʣʠʿʝ 

ʧʦʩʪʘʿʫ ʨʝʛʫʣʘʮʠʦʥʠ ʝʣʝʤʝʥʪʠ ʯʝʩʪʦ ʫʟ ʧʦʚʝ˂ʘˁʝ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ. ʄʠʢʨʦʤʨʝʞʘ ʨʘʜʠ ʢʘʦ 

ʩʠʩʪʝʤ ʫʩʣʫʛʝ, ʘ ʥʝ ʢʘʦ ʝʢʦʥʦʤʩʢʠ ʦʧʪʠʤʘʣʘʥ ʠʟʦʣʦʚʘʥʠ ʩʠʩʪʝʤ.  

ʆʚʠʤ ʧʨʦʮʝʩʦʤ ʤʠʢʨʦʤʨʝʞʘ ʛʫʙʠ ʧʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʦʛ ʩʠʩʪʝʤʘ, ʘʣʠ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʚʝ˂ʘʚʘ 

ˁʝʥʘ ʚʨʝʜʥʦʩʪ ʢʘʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʫʟ ʛʝʥʝʨʘʣʥʦ ʙʦˀʫ ʠʩʢʦʨʠʰ˂ʝʥʦʩʪ ʧʦʩʪʦʿʝ˂ʠʭ ʨʝʩʫʨʩʘ. 

ʇʨʫʞʘˁʝʤ ʩʠʩʪʝʤʩʢʠʭ ʫʩʣʫʛʘ ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʚʝ˂ʠʭ ʩʠʩʪʝʤʘ, ʤʠʢʨʦʤʨʝʞʘ 

ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʩʪʘʥ ʨʝʩʫʨʩ ʫ ʩʣʫʯʘʿʫ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. 

 
ʉʣ.72 ï ʈʘʟʤʝˁʝʥʘ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ 

 

10.3.2. ʉʤʘˁʠʚʘˁʝ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ 

ʂʘʢʦ ʙʠ ʩʝ ʧʨʠʤʝʪʥʦ ʩʤʘˁʠʣʠ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʤʠʢʨʦʤʨʝʞʘ ʙʫʜʝ ʫ 

ʧʨʠʧʨʘʚʥʦʩʪʠ ʜʘ ʩʠʩʪʝʤ ʦʧʩʢʨʙʠ ʩʘ ʚʝ˂ʦʤ ʢʦʣʠʯʠʥʦʤ ʘʢʪʠʚʥʝ ʩʥʘʛʝ. ʋ ʦʚʫ ʩʚʨʭʫ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ 

ʦʥʘ ʠʤʘ ʟʥʘʯʘʿʥʝ ʢʘʧʘʮʠʪʝʪʝ. ʇʦʨʘʩʪʦʤ ʢʘʧʘʮʠʪʝʪʘ ʤʠʢʨʦʤʨʝʞʝ, ʨʘʩʪʝ ʠ ʝʥʝʨʛʠʿʘ ʢʦʿʫ ʿʝ ʤʦʛʫ˂ʝ 

ʜʦʧʨʝʤʠʪʠ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʛʫʙʠʪʘʢʘ. ʉʘ ʧʦʨʘʩʪʦʤ ʠˁʝʢʪʠʨʘʥʝ ʩʥʘʛʝ ʠʟ 

ʤʠʢʨʦʤʨʝʞʝ, ʫʢʫʧʥʠ ʛʫʙʠʮʠ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʩʝ ʫ ʧʦʯʝʪʢʫ ʩʤʘˁʫʿʫ ʫʩʣʝʜ ʨʘʩʪʝʨʝ˂ʝˁʘ ʪʦʢʦʚʘ 

ʩʥʘʛʘ, ʘʣʠ ʥʘʢʦʥ ʜʦʩʪʠʟʘˁʘ ʦʜʨʝʹʝʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʩʤʝʨʘ ʪʦʢʦʚʘ ʩʥʘʛʘ 

ʠ ʧʦʥʦʚʥʦʛ ʨʘʩʪʘ ʛʫʙʠʪʘʢʘ. ʆʚʘʢʚʘ ʧʨʦʤʝʥʘ ʧʦʪʚʨʹʫʿʝ ʧʦʩʪʦʿʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʥʠʚʦʘ ʠˁʝʢʪʠʨʘˁʘ 

ʩʥʘʛʝ. ʏʚʦʨ ʥʘ ʢʦʤ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʟʘ ʩʚʝ ʯʚʦʨʦʚʝ, ʧʨʝʧʦʨʫʯʝʥʦ ʜʘ ʩʝ ʥʘʣʘʟʠ ʤʠʢʨʦʤʨʝʞʘ 

ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʿʝ ʙʨʦʿ 23. ʋʢʫʧʥʦ ʩʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʥʘ 

ʜʥʝʚʥʦʤ ʥʠʚʦʫ ʿʝ 1200 MWh. ʅʘ ʜʥʝʚʥʦʤ ʥʠʚʦʫ ʧʨʦʮʝʥʪʫʘʣʥʦ ʩʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ ʫ ʧʨʝʥʦʩʥʦʿ 

ʤʨʝʞʠ ʿʝ 7%. ʉʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʢʘʧʘʮʠʪʝʪʠʤʘ ʤʠʢʨʦʤʨʝʞʝ. 

ʀʥʠʮʠʿʘʣʥʠ ʢʘʧʘʮʠʪʝʪʠ ʤʠʢʨʦʤʨʝʞʝ ʫ ʦʚʦʤ ʮʠˀʫ ʩʫ ʧʦʚʝ˂ʘʥʠ 30 ʧʫʪʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, 

ʤʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ ʩʥʘʛʘ ʢʦʿʫ ʤʠʢʨʦʤʨʝʞʘ ʤʦʞʝ ʜʘ ʜʦʧʨʝʤʠ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʧʦ ʩʘʪʫ ʿʝ 

50 MW. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʘʧʘʮʠʪʝʪʘ ʤʠʢʨʦʤʨʝʞʝ, ʦʚʘʿ ʫʯʠʥʘʢ ʤʦʞʝ ʙʠʪʠ ʚʝ˂ʠ ʠʣʠ ʤʘˁʠ. ɻʫʙʠʮʠ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝ ʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ ʩʫ ʜʘʪʠ ʥʘ ʉʣ.73. ʅʘʧʦʥʠ ʫʥʫʪʘʨ ʧʨʝʥʦʩʥʝ 

ʤʨʝʞʝ ʩʫ ʦʩʪʘʣʠ ʫʥʫʪʘʨ ʜʦʟʚʦˀʝʥʠʭ Ñ5%, ʰʪʦ ʩʝ ʚʠʜʠ ʥʘ ʉʣ.74. ʂʘʢʦ ʩʫ ʥʘʧʦʥʠ ʫ ʧʨʝʥʦʩʥʦʿ 

ʤʨʝʞʠ ʩʚʘʢʘʢʦ ʫʥʫʪʘʨ ʜʦʟʚʦˀʝʥʠʭ ʦʧʩʝʛʘ, ʠʥʪʝʨʚʝʥʮʠʿʘ ʤʠʢʨʦʤʨʝʞʝ ʥʠʿʝ ʥʠʢʘʢʦ ʫʪʠʮʘʣʘ ʥʘ 

ˁʠʭ. ʌʦʢʫʩ ʿʝ ʙʠʦ ʜʘ ʩʝ ʦʜʨʞʝ ʦʥʘʢʚʠʤ ʢʘʢʚʠ ʩʫ, ʘ ʜʘ ʩʝ ʨʘʜʠ ʥʘ ʩʤʘˁʝˁʫ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ. 
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ʊʘʢʦʹʝ, ʤʠʢʨʦʤʨʝʞʘ ʿʝ ʘʢʪʠʚʥʦ ʫʯʝʩʪʚʦʚʘʣʘ ʫ ʨʝʛʫʣʠʩʘˁʫ ʥʠʚʦʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʰʪʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣ.75. 

 

 
ʉʣ.73 ï ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝ ʠ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʿʝ ʤʠʢʨʦʤʨʝʞʝ 

 

ʉʣ.74 ï ʅʘʧʦʥʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʧʨʠ ʩʤʘˁʝˁʫ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ 

 

 




























